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General Information: Infrared spectra were recorded on a Shimadzu IRAffinity-1 spectrometer.  1H NMR spectra 
were recorded on a JEOL JNM-ECS400 (400 MHz).  Chemical shifts are reported in ppm from the solvent resonance 
(C6D6; 7.16 ppm) or tetramethylsilane (0.0 ppm) resonance as the internal standard (CDCl3).  Data are reported as 
follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quin = quintet, sext = 
sextet, sept = septet, m = multiplet) and coupling constants (Hz).  13C NMR spectra were recorded on a JEOL 
JNM-ECS400 (101 MHz) spectrometer with complete proton decoupling.  Chemical shifts are reported in ppm from 
the solvent resonance as the internal standard (C6D6; 128.06 ppm, CDCl3; 77.16 ppm).  Optical rotations were 
measured on a HORIBA SEPA-500 polarimeter.  The high resolution mass spectra were conducted on Thermo Fisher 
Scientific Exactive.  Analytical thin layer chromatography (TLC) was performed on Merck precoated TLC plates 
(silica gel 60 GF254, 0.25 mm) and Chromatorex® TLC plates SO3H (0.2 mm; Fuji Silysia Chemical ltd.).  Flash 
column chromatography was performed on PSQ60AB (spherical, av. 55 μm; Fuji Silysia Chemical ltd.), Silica gel 60 
(Merck 1.09385.9929, 230-400 mesh), and Chromatorex® SO3H MB100-40/75 (spherical, 40-75 μm; Fuji Silysia 
Chemical ltd.).  Enantiomeric excesses were determined by HPLC analysis using chiral columns [ϕ 4.6 mm x 250 mm, 
DAICEL CHIRALPAK AD-3 (AD3), CHIRALPAK OJ-H (OJH), CHIRALPAK AD-H (ADH), and CHIRALCEL 
OD-H (ODH)] with hexane (H), 2-propanol (IPA), and ethanol (EtOH) as eluent. 

Toluene, dichloromethane (CH2Cl2), diethylether (Et2O), and tetrahydrofuran (THF) were supplied from Kanto 
Chemical Co., Inc. as “Dehydrated” and further purified by passing through neutral alumina under nitrogen atmosphere.  
Chiral phosphonium barfates 1·HBArF (BArF = [3,5-(CF3)2C6H3]4B) were prepared by following the literature 
procedure.1  p-Methoxybenzyl (PMB) 2,2,2-trichloroacetimidate was prepared by following literature procedure.2  
Pelleted molecular sieves 4A (MS 4A) was supplied from Merck.  Other simple chemicals were purchased and used as 
such. 

 

Experimental Section: 

Preparation and Characterization of Ketene Disilyl Acetals 2 

Representative Procedure for Syntheses of 2-Halo Ketene Disilyl Acetals 21: 

 

To a solution of (Me3Si)2NH (0.58 mL, 2.8 mmol) in THF (2.8 mL) was added a solution of nBuLi in nhexane (1.62 
M, 1.7 mL, 2.8 mmol) dropwise at 0 °C.  After being stirred for 30 min, the mixture was cooled to –78 °C and a 
solution of 3a (229.1 mg, 1.0 mmol) in THF (5.0 mL) was slowly introduced.  Stirring was continued for 1 h at –
78 °C and Me3SiCl (0.36 mL, 2.8 mmol) was added dropwise to the reaction solution.  The reaction mixture was 
allowed to warm to room temperature over 1 h.  All volatiles were removed in vacuo and then, the residue was filtered 

                                                        
1 D. Uraguchi, N. Kinoshita, T. Ooi, J. Am. Chem. Soc. 2010, 132, 12240. 
2 J. E. Audia, L. Boisvert, A. D. Patten, A. Villalobos, S. J. Danishefsky, J. Org. Chem. 1989, 54, 3738. 
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by suction through a pad of Celite with Et2O.  The filtrate was concentrated and the crude residue was purified by 
standard flash column chromatography on silica gel (H/ethyl acetate (EA) = 30:1) to afford 2-bromo ketene disilyl 
acetal 2a (165.8 mg, 0.44 mmol).  2a: Colorless oil. 1H NMR (400 MHz, C6D6) δ 7.35 (2H, d, J = 7.5 Hz), 7.21 (2H, t, 
J = 7.5 Hz), 7.08 (1H, t, J = 7.5 Hz), 3.81 (2H, s), 0.27 (9H, s), 0.10 (9H, s); 13C NMR (101 MHz, C6D6) δ 149.2, 140.2, 
128.9, 128.6, 126.6, 88.1, 40.2, 0.7, 0.3; IR (film): 2959, 1663, 1495, 1454, 1238, 1140, 1026, 837 cm–1; HRMS (ESI) 
Calcd for C15H26O2

79BrSi2
+ ([M+H]+) 373.0649. Found 373.0645. 

2b: Colorless oil.  1H NMR (400 MHz, C6D6) δ 2.13 (3H, s), 0.26 (9H, s), 0.09 (9H, s); 13C NMR 
(101 MHz, C6D6) δ 148.1, 83.3, 21.4, 0.5, 0.2; IR (film): 2961, 2918, 1676, 1439, 1416, 1252, 1233, 
1152, 1086, 961, 920, 837 cm–1; HRMS (APCI) Calcd for C9H22O2

79BrSi2
+ ([M+H]+) 297.0336. 

Found 297.0338. 

2c: Colorless oil.  1H NMR (400 MHz, C6D6) δ 2.47 (2H, q, J = 7.4 Hz), 1.15 (3H, t, J = 7.4 Hz), 
0.27 (9H, s), 0.11 (9H, s); 13C NMR (101 MHz, C6D6) δ 147.5, 92.1, 27.4, 14.0, 0.6, 0.2; IR (film): 
2967, 2936, 1667, 1456, 1418, 1252, 1233, 1148, 1105, 1005, 932, 837 cm–1; HRMS (APCI) Calcd for 
C10H24O2

79BrSi2
+ ([M+H]+) 311.0493. Found 311.0492. 

2d: Colorless oil.  1H NMR (400 MHz, C6D6) δ 2.50 (2H, t, J = 7.3 Hz), 1.67 (2H, quin, J = 7.3 
Hz), 1.40−1.22 (6H, m), 0.89 (3H, t, J = 6.6 Hz), 0.29 (9H, s), 0.14 (9H, s); 13C NMR (101 MHz, 
C6D6) δ 148.1, 90.4, 33.8, 32.0, 29.0, 28.7, 23.1, 14.4, 0.6, 0.3; IR (film): 2957, 2926, 2859, 1667, 
1456, 1418, 1252, 1233, 1146, 1123, 1018, 839 cm–1; HRMS (APCI) Calcd for C14H32O2

79BrSi2
+ 

([M+H]+) 367.1119. Found 367.1121. 

2e: Colorless oil.  1H NMR (400 MHz, C6D6) δ 2.36 (2H, d, J = 7.0 Hz), 2.13 (1H, nonet, J = 
7.0 Hz), 0.98 (6H, d, J = 7.0 Hz), 0.29 (9H, s), 0.13 (9H, s); 13C NMR (101 MHz, C6D6) δ 148.8, 
89.2, 43.0, 27.9, 22.2, 0.7, 0.4; IR (film): 2957, 2899, 1667, 1464, 1418, 1252, 1233, 1146, 1126, 
1009, 837 cm–1; HRMS (APCI) Calcd for C12H28O2

79BrSi2
+ ([M+H]+) 339.0806. Found 

339.0807. 

2f: Colorless oil.  1H NMR (400 MHz, C6D6) δ 7.26 (2H, d, J = 7.6 Hz), 7.15 (2H, t, J = 7.6 Hz), 
7.03 (1H, t, J = 7.6 Hz), 3.75 (2H, s), 0.22 (9H, s), 0.03 (9H, s); 13C NMR (101 MHz, C6D6) δ 150.9, 
141.0, 129.0, 128.7, 126.6, 61.9, 42.8, 0.8, 0.3; IR (film): 2959, 1711, 1645, 1495, 1356, 1252, 1225, 
1167, 1128, 1020, 837 cm–1; HRMS (ESI) Calcd for C15H26O2ISi2

+ ([M+H]+) 421.0511. Found 
421.0511. 

2g: Colorless oil.  1H NMR (400 MHz, C6D6) δ 2.43 (2H, t, J = 7.4 Hz), 1.64 (2H, quin, J = 7.4 
Hz), 1.40−1.21 (6H, m), 0.89 (3H, t, J = 7.1 Hz), 0.30 (8H, s), 0.13 (9H, s); 13C NMR (101 MHz, 
C6D6) δ 149.8, 64.7, 36.2, 32.0, 30.5, 28.6, 23.1, 14.4, 0.7, 0.3; IR (film): 2957, 2926, 2857, 1649, 
1456, 1416, 1252, 1225, 1136, 1119, 995, 837 cm–1; HRMS (ESI) Calcd for C14H32O2ISi2

+ 
([M+H]+) 415.0980. Found 415.0980. 

2h: Colorless oil.  1H NMR (400 MHz, C6D6) δ 7.35 (2H, d, J = 7.6 Hz), 7.20 (2H, t, J = 7.6 Hz), 
7.08 (1H, t, J = 7.6 Hz), 3.72 (2H, s), 0.25 (9H, s), 0.12 (9H, s); 13C NMR (101 MHz, C6D6) δ 148.6, 
139.9, 128.9, 128.6, 126.6, 96.9, 38.8, 0.7, 0.3; IR (film): 2961, 1672, 1495, 1454, 1417, 1244, 1148, 
1044, 837 cm–1; HRMS (ESI) Calcd for C15H26O2

35ClSi2
+ ([M+H]+) 329.1154. Found 329.1154. 

2i: Colorless oil.  1H NMR (400 MHz, C6D6) δ 2.44 (2H, t, J = 7.4 Hz), 1.67 (2H, quin, J = 7.4 
Hz), 1.40−1.22 (6H, m), 0.89 (3H, t, J = 6.9 Hz), 0.29 (9H, s), 0.16 (9H, s); 13C NMR (101 MHz, 
C6D6) δ 147.5, 98.6, 32.4, 32.0, 28.9, 28.1, 23.1, 14.3, 0.7, 0.3; IR (film): 2959, 2926, 2859, 1676, 
1456, 1416, 1240, 1194, 1152, 1126, 1038, 995, 839 cm–1; HRMS (APCI) Calcd for 

C14H32O2
35ClSi2

+ ([M+H]+) 323.1624. Found 323.1626. 

2j: Colorless oil.  1H NMR (400 MHz, C6D6) δ 7.32 (2H, d, J = 7.3 Hz), 7.17 (2H, t, J = 7.3 Hz), 
7.06 (1H, t, J = 7.3 Hz), 3.66 (2H, d, JF−H = 22.9 Hz), 0.23 (9H, d, JF−H = 1.6 Hz), 0.16 (9H, s); 13C 
NMR (101 MHz, C6D6) δ 141.7 (d, JF−C = 37.7 Hz), 139.1 (d, JF−C = 2.9 Hz), 133.3 (d, JF−C = 224.5 
Hz), 128.7, 126.6, 34.0 (d, JF−C = 26.1 Hz), 0.44 (d, JF−C = 2.9 Hz), 0.35; IR (film): 2961, 1734, 1495, 

1454, 1252, 1229, 1192, 1098, 839 cm–1; HRMS (APCI) Calcd for C15H26O2FSi2
+ ([M+H]+) 313.1450. Found 

313.1451. 

2k: Colorless oil.  1H NMR (400 MHz, C6D6) δ 2.41 (2H, td, JH−H = 7.4 Hz, JF−H = 22.6 Hz), 
1.60 (2H, quin, J = 7.4 Hz), 1.35 (2H, quin, J = 7.4 Hz), 1.31–1.19 (4H, m), 0.87 (3H, t, J = 7.1 Hz), 
0.28 (9H, d, JF−H = 1.4 Hz), 0.20 (9H, s); 13C NMR (101 MHz, C6D6) δ 140.9 (d, JF−C = 38.7 Hz), 
134.6 (d, JF−C = 224.5 Hz), 32.0, 29.0, 27.4 (d, JF−C = 24.2 Hz), 27.2, 23.0, 14.3, 0.5 (d, JF−C = 2.9 

Hz), 0.4; IR (film): 2959, 2928, 2860, 1736, 1458, 1418, 1250, 1215, 1136, 1067, 839 cm–1; HRMS (APCI) Calcd for 
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C14H32O2FSi2
+ ([M+H]+) 307.1919. Found 307.1920. 

 

Representative Procedure for Syntheses of 2-Alkoxy Ketene Disilyl Acetals 21: 

 
To a solution of iPr2NH (0.14 mL, 1.0 mmol) in THF (1.0 mL) was added a solution of nBuLi in nhexane (1.63 M, 

0.61 mL, 1.0 mmol) dropwise at 0 °C.  After being stirred for 30 min at 0 °C, the mixture was cooled to −78 °C and 
Me3SiCl (0.15 mL, 1.2 mmol) was slowly introduced.  Subsequently, a solution of α-alkoxycarboxylic acid 3l (90.9 
mg, 0.5 mmol) in THF (0.30 + 0.20 mL) was added dropwise.  The reaction mixture was allowed to warm to room 
temperature and stirred for 1 h.  All volatiles were removed in vacuo and then, the residue was filtered by suction 
through a pad of Celite with Et2O.  The filtrate was concentrated and the crude residue was purified by standard flash 
column chromatography on silica gel (H/EA = 20:1).  The combined fractions were concentrated and the residue was 
filtered again by suction through a pad of florisil with Et2O.  The filtrate was concentrated to afford 2-alkoxy ketene 
disilyl acetal 2l (173.0 mg, 0.5 mmol).  2l: Colorless oil.  1H NMR (400 MHz, C6D6) δ 7.38 (2H, d, J = 7.3 Hz), 7.19 
(2H, t, J = 7.3 Hz), 7.10 (1H, t, J = 7.3 Hz), 4.64 (2H, s), 1.84 (3H, s), 0.27 (9H, s), 0.18 (9H, s); 13C NMR (101 MHz, 
C6D6) δ 143.6, 139.4, 128.4, 128.0, 127.6, 119.1, 71.4, 13.4, 0.7, 0.4; IR (film): 2934, 2903, 1713, 1250, 1211, 1138, 
837 cm–1; HRMS (ESI) Calcd for C16H29O3Si2

+ ([M+H]+) 325.1650. Found 325.1651. 

2m: Colorless oil.  1H NMR (400 MHz, C6D6) δ 7.91 (2H, d, J = 7.8 Hz), 7.40 (2H, d, J = 7.8 Hz), 
7.27 (2H, t, J = 7.8 Hz), 7.19 (2H, t, J = 7.8 Hz), 7.09 (1H, t, J = 7.8 Hz), 7.05 (1H, t, J = 7.8 Hz), 
4.72 (2H, s), 0.25 (9H, s), 0.20 (9H, s); 13C NMR (101 MHz, C6D6) δ 146.7, 139.1, 135.9, 128.5, 
128.4, 127.6, 127.4, 126.5, 125.6, 123.0, 72.5, 0.9, 0.5; IR (film): 3055, 2959, 2901, 1645, 1248, 1140, 

1042, 1018, 837 cm–1; HRMS (ESI) Calcd for C21H31O3Si2
+ ([M+H]+) 387.1806. Found 387.1806. 

2n: Colorless oil.  1H NMR (400 MHz, C6D6) δ 7.81 (2H, d, J = 9.2 Hz), 7.43 (2H, d, J = 
7.6 Hz), 7.21 (2H, t, J = 7.6 Hz), 7.10 (1H, t, J = 7.6 Hz), 6.89 (2H, t, J = 9.2 Hz), 4.76 (2H, 
s), 3.33 (3H, s), 0.28 (9H, s), 0.21 (9H, s); 13C NMR (101 MHz, C6D6) δ 158.2, 145.6, 139.2, 
128.6, 127.6, 127.5, 123.0, 113.9, 72.3, 54.8, 0.9, 0.5, two carbon atoms were not found 
probably due to overlapping; IR (film): 2957, 2901, 1653, 1508, 1244, 1138, 1024, 835 cm–1; 

HRMS (ESI) Calcd for C22H33O4Si2
+ ([M+H]+) 417.1912. Found 417.1908. 

2o: After filtration through a pad of Celite and concentration, the residual material was 
used for the asymmetric protonation without further purification due to the instability of the 
title compound.  Yellow oil.  1H NMR (400 MHz, C6D6) δ 7.81 (1H, s), 7.70 (1H, dd, J = 
1.8, 7.2 Hz), 7.66 (1H, d, J = 8.7 Hz), 7.64 (1H, dd, J = 1.8, 7.2 Hz), 7.52 (1H, dd, J = 1.8, 
8.7 Hz), 7.27 (1H, dt, J = 1.8, 7.2 Hz), 7.25 (1H, dt, J = 1.8, 7.2 Hz), 4.79 (2H, s), 1.87 (3H, 

s), 0.29 (9H, s), 0.17 (9H, s); 13C NMR (101 MHz, C6D6) δ 143.6, 136.9, 133.9, 133.5, 128.2, 127.9, 126.7, 126.3, 
126.0, 119.2, 71.6, 13.5, 0.7, 0.4, two carbon atoms were not found probably due to overlapping; IR (film): 3055, 2940, 
2901, 1728, 1715, 1252, 1211, 1140, 1065, 1020, 841 cm–1; HRMS (APCI) Calcd for C20H31O3Si2

+ ([M+H]+) 375.1806. 
Found 375.1807. 

2p: Colorless oil.  1H NMR (400 MHz, C6D6) δ 7.39 (2H, d, J = 7.3 Hz), 7.23−7.05 (8H, m), 
4.66 (2H, s), 2.91 (2H, t, J = 7.9 Hz), 2.57 (2H, t, J = 7.9 Hz), 0.23 (9H, s), 0.17 (9H, s); 13C 
NMR (101 MHz, C6D6) δ 44.3, 142.7, 139.4, 128.9, 128.6, 128.5, 128.0, 127.7, 126.0, 122.5, 
71.8, 34.1, 29.6, 0.6, 0.4; IR (film): 3028, 2930, 2901, 1701, 1250, 1211, 1099, 1007, 837 cm–1; 

HRMS (ESI) Calcd for C23H35O3Si2
+ ([M+H]+) 415.2119. Found 415.2121. 

 

 

 

 

 

 



S4 
 

Representative Procedure for Chiral Arylaminophosphonium Barfate 1·HBArF-Catalyzed Asymmetric 
Protonation: 

 

To a solution of 2,6-dimethylphenol 5 (13.5 mg, 0.11 mmol), 1c·HBArF (3.1 mg, 2.0 μmol), and 
2,6-di-tert-butylpyridine 4 (0.10 M in toluene, 20 μL, 2.0 μmol) in toluene (0.70 mL) was slowly added a solution of 2a 
(37.5 mg, 0.10 mmol) in toluene (0.20 + 0.10 mL) at –40 °C under argon atmosphere.  Consumption of 2a was 
confirmed by TLC and the reaction mixture was directly subjected to the purification by standard flash column 
chromatography on silica gel (H/EA = 15:1-0:100 as eluent) to give α-hetero carboxylic acid 3a in 99% yield (23.1 mg, 
0.10 mmol).  The enantiomeric excess of 3a was determined after esterification. 

 

Procedures for Esterification of Chiral α-Hetero Carboxylic Acids: 

 

Method A: To a solution of 3a (22.9 mg, 0.10 mmol) in benzene/MeOH (v/v = 7:3, 1.0 mL) was added a solution of 
trimethylsilyldiazomethane in Et2O (2.0 M, 0.1 mL, 0.2 mmol) with stirring at room temperature.  The reaction 
mixture was concentrated and the crude residue was purified by standard flash column chromatography on silica gel to 
give the corresponding methyl ester.  The enantiomeric excess of the methyl ester of 3a thus obtained was determined 
by chiral stationary phase HPLC analysis. 

 

 

Method B: To a solution of 3d (23.3 mg, 0.10 mmol) and benzyl 2,2,2-trichloroacetimidate (38 μL, 2.0 equiv) in 
CH2Cl2/cyclohexane (v/v = 2:1, 0.31 mL, cyclohexane was dried by activated MS 4A in advance) was added BF3·Et2O 
(2.1 μL, 16.0 mol%) with stirring at room temperature.  After being stirred for 12 h, the reaction mixture was filtered 
through a pad of Celite with the aid of cyclohexane.  The filtrate was concentrated and the residue was purified by 
standard flash column chromatography on silica gel to afford the corresponding benzyl ester (11.3 mg, 0.035 mmol).  
The enantiomeric excess of the benzyl ester thus obtained was determined by chiral stationary phase HPLC analysis. 

 

 

Method C: To a solution of 3b (13.6 mg, 0.087 mmol) in CH2Cl2 (0.18 mL) was added p-methoxybenzyl 
2,2,2-trichloroacetimidate (30.5 mg, 0.11 mmol) dropwise with stirring at room temperature.  Stirring was continued 
for 30 min and the reaction mixture was filtered through a pad of Celite with the aid of nhexane.  The filtrate was 
concentrated and the residue was purified by standard flash column chromatography on silica gel to afford the 
p-methoxybenzyl ester (19.8 mg, 0.072 mmol).  The enantiomeric excess of the p-methoxybenzyl ester thus obtained 
was determined by chiral stationary phase HPLC analysis. 
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3a3,4: Analytical and spectral data were in agreement with the literature data.  Colorless oil in 99% 
yield.  [α]19

D +16.2 (c = 2.21, CH2Cl2) for 93% ee [lit.3 [α]20
D −13.3 (c = 4.50, CH2Cl2) for (S)-isomer]; 

1H NMR (400 MHz, CDCl3) δ 7.36−7.26 (3H, m), 7.23 (2H, d, J = 8.2 Hz), 4.43 (1H, dd, J = 7.3, 8.2 Hz), 
3.47 (1H, dd, J = 8.2, 14.2 Hz), 3.25 (1H, dd, J = 7.3, 14.2 Hz), O-H proton was not found due to 

broadening.  Methyl ester of 3a5,6: The synthesis was performed according to the Method A and the title compound 
was obtained as colorless oil.  Analytical and spectral data were in agreement with the literature data.  HPLC OJH, 
H/IPA = 10:1, flow rate = 1.0 mL/min, λ = 210 nm, 9.4 min (R), 13.0 min (S); 1H NMR (400 MHz, CDCl3) δ 7.35−7.24 
(3H, m), 7.21 (2H, d, J = 8.7 Hz), 4.41 (1H, dd, J = 7.1, 8.4 Hz), 3.47 (1H, dd, J = 8.4, 14.3 Hz), 3.24 (1H, dd, J = 7.1, 
14.3 Hz). 

3b3,7: Analytical and spectral data were in agreement with the literature data.  Colorless oil in 87% 
yield.  [α]22

D +28.7 (c = 1.37, CHCl3) for 89% ee [lit.7 [α]21-25
D +29.1 (c = 2.00, CHCl3) for 

(R)-isomer]; 1H NMR (400 MHz, CDCl3) δ 4.41 (1H, q, J = 7.1 Hz), 1.86 (3H, d, J = 7.1 Hz), O-H 
proton was not found due to broadening.  PMB ester of 3b: The synthesis was performed according to 

the Method C and the title compound was obtained as colorless oil.  HPLC OJH, H/IPA = 10:1, flow rate = 1.0 
mL/min, λ = 210 nm, 14.1 min (S), 15.9 min (R); 1H NMR (400 MHz, CDCl3) δ 7.31 (2H, d, J = 8.7 Hz), 6.89 (2H, d, J 
= 8.7 Hz), 5.13 (2H, s), 4.38 (1H, q, J = 7.0 Hz), 3.80 (3H, s), 1.81 (3H, d, J = 7.0 Hz); 13C NMR (101 MHz, CDCl3) δ 
170.2, 159.9, 130.3, 127.3, 114.1, 67.6, 55.4, 40.3, 21.7; IR (film): 2959, 2936, 2837, 1732, 1613, 1514, 1445, 1333, 
1246, 1150, 1032, 820 cm–1; HRMS(ESI) Calcd for C11H13O3

79BrNa+ ([M+Na]+) 294.9940. Found 294.9941. 

3c: Colorless oil in 92% yield.  [α]22
D +33.5 (c = 1.64, CHCl3) for 92% ee; 1H NMR (400 MHz, 

CDCl3) δ 4.21 (1H, t, J = 7.3 Hz), 2.14 (1H, quin-d, J = 7.3, 14.5 Hz), 2.04 (1H, quin-d, J = 7.3, 14.5 Hz), 
1.07 (3H, t, J = 7.3 Hz), O-H proton was not found due to broadening; 13C NMR (101 MHz, CDCl3) δ 
176.3, 47.2, 28.2, 12.0; IR (film): 2974, 2938, 1709, 1420, 1279, 1223, 1173, 924, 887 cm–1; HRMS (ESI) 

Calcd for C4H6O2
79Br− ([M−H]−) 164.9546. Found 164.9548.  PMB ester of 3c: The synthesis was performed 

according to the Method C and the title compound was obtained as colorless oil.  HPLC OJH, H/IPA = 10:1, flow rate 
= 0.5 mL/min, λ = 210 nm, 22.9 min (minor isomer), 24.7 min (major isomer); 1H NMR (400 MHz, CDCl3) δ 7.31 (2H, 
d, J = 8.7 Hz), 6.89 (2H, d, J = 8.7 Hz), 5.13 (2H, s), 4.17 (1H, t, J = 7.3 Hz), 3.80 (3H, s), 2.10 (1H, quin-d, J = 7.3, 
14.6 Hz), 2.00 (1H, quin-d, J = 7.3, 14.6 Hz), 0.99 (3H, t, J = 7.3 Hz); 13C NMR (101 MHz, CDCl3) δ 169.7, 159.8, 
130.2, 127.4, 114.0, 67.5, 55.3, 47.9, 28.4, 11.9; IR (film): 2970, 2938, 1734, 1613, 1514, 1456, 1246, 1146, 1032, 820 
cm–1; HRMS (ESI) Calcd for C12H15O3

79BrNa+ ([M+Na]+) 309.0097. Found 309.0096. 

3d: Colorless oil in 93% yield.  [α]21
D +31.1 (c = 2.03, CHCl3) for 93% ee; 1H NMR (400 MHz, 

CDCl3) δ 4.25 (1H, t, J = 7.3 Hz), 2.15−1.94 (2H, m), 1.54−1.22 (8H, m), 0.89 (3H, t, J = 6.9 Hz), O-H 
proton was not found due to broadening; 13C NMR (101 MHz, CDCl3) δ 176.5, 45.5, 34.7, 31.6, 28.6, 
27.3, 22.6, 14.2; IR (film): 3013, 2955, 2926, 2857, 1713, 1456, 1422, 1281, 1186, 918 cm–1; HRMS 

(ESI) Calcd for C8H14O2
79Br− ([M−H]−) 221.0172. Found 221.0178.  Bn ester of 3d: The synthesis was performed 

according to the Method B and the title compound was obtained as colorless oil.  HPLC OJH, H/EtOH = 19:1, flow 
rate = 0.5 mL/min, λ = 210 nm, 10.8 min (minor isomer), 11.4 min (major isomer); 1H NMR (400 MHz, CDCl3) δ 
7.39−7.31 (5H, m), 5.20 (2H, s), 4.25 (1H, t, J = 7.5 Hz), 2.13−1.93 (2H, m), 1.50–1.38 (1H, m), 1.38−1.19 (7H, m), 
0.87 (3H, t, J = 7.1 Hz); 13C NMR (101 MHz, CDCl3) δ 169.9, 135.3, 128.8, 128.6, 128.4, 67.6, 46.1, 35.0, 31.6, 28.6, 
27.3, 22.6, 14.2; IR (film): 2955, 2926, 2857, 1738, 1456, 1263, 1144, 966 cm–1; HRMS (ESI) Calcd for 
C15H21O2

79BrNa+ ([M+Na]+) 335.0617. Found 335.0617. 

3e: Colorless oil in 90% yield.  [α]20
D +42.3 (c = 1.73, CHCl3) for 85% ee; 1H NMR (400 MHz, 

C6D6) δ 4.10 (1H, dd, J = 7.2, 8.3 Hz), 1.71 (1H, ddd, J = 6.8, 8.3, 14.5 Hz), 1.69 (1H, ddd, J = 6.8, 
7.2, 14.5 Hz), 1.57 (1H, nonet, J = 6.8 Hz), 0.62 (3H, d, J = 6.8 Hz), 0.57 (3H, d, J = 6.8 Hz) , O-H 
proton was not found due to broadening; 13C NMR (101 MHz, CDCl3) δ 176.6, 44.1, 43.3, 26.4, 22.4, 

21.7; IR (film): 3019, 2959, 2911, 2872, 1713, 1470, 1420, 1285, 1258, 1171, 920, 880 cm–1; HRMS (ESI) Calcd for 
C6H10O2

79Br− ([M−H]−) 192.9859. Found 192.9863.  Bn ester of 3e: The synthesis was performed according to the 
Method B and the title compound was obtained as colorless oil.  HPLC OJH, H/EtOH = 97:3, flow rate = 0.5 mL/min, 
λ = 210 nm, 12.2 min (minor isomer), 12.9 min (major isomer); 1H NMR (400 MHz, CDCl3) δ 7.40−7.31 (5H, m), 5.22 
(1H, d, J = 12.6 Hz), 5.18 (1H, d, J = 12.6 Hz), 4.32 (1H, dd, J = 7.4, 8.2 Hz), 1.98–1.86 (2H, m), 1.75 (1H, nonet, J = 
6.7 Hz), 0.94 (3H, d, J = 7.0 Hz), 0.89 (3H, d, J = 7.0 Hz); 13C NMR (101 MHz, CDCl3) δ 170.0, 135.3, 128.7, 128.6, 
128.3, 67.6, 44.7, 43.5, 26.4, 22.5, 21.7; IR (film): 2959, 2934, 1738, 1456, 1277, 1238, 1148, 1121, 966 cm–1; HRMS 

                                                        
3 M. Tenasova, B. Borhan, Eur. J. Org. Chem. 2012, 3261. 
4 J. G. Chen, J. Zhu, P. M. Skonezny, V. Rosso, J. J. Venit, Org. Lett. 2004, 6, 3233. 
5 N. Yoshikawa, Y. M. A. Yamada, J. Das, H. Sasai, M. Shibasaki, J. Am. Chem. Soc. 1999, 121, 4168. 
6 P.-Y. Géant, J. Martínez, X. J. Salom-Roig, Eur. J. Org. Chem. 2011, 1300. 
7 C. H. Archer, N. R. Thomas, D. Gani, Tetrahedron: Asymmetry 1993, 4, 1141. 
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(ESI) Calcd for C13H17O2
79BrNa+ ([M+Na]+) 307.0304. Found 307.0304. 

3f: White solid in 92% yield.  [α]23
D +38.5 (c = 2.59, CHCl3) for 93% ee; 1H NMR (400 MHz, 

CDCl3) δ 7.35−7.28 (3H, m), 7.21 (2H, d, J = 7.8 Hz), 4.54 (1H, dd, J = 7.0, 9.0 Hz), 3.45 (1H, dd, J = 
9.0, 14.7 Hz), 3.26 (1H, dd, J = 7.0, 14.7 Hz), O-H proton was not found due to broadening; 13C NMR 
(101 MHz, CDCl3) δ 176.6, 138.2, 129.0, 128.9, 127.5, 42.1, 19.4; IR (film): 3061, 3028, 1701, 1416, 

1284, 1240, 1169, 912 cm–1; HRMS (ESI) Calcd for C9H8O2I
− ([MH]) 274.9563. Found 274.9576.  Methyl ester of 

3f8: The synthesis was performed according to the Method A and the title compound was obtained as colorless oil.  
Analytical and spectral data were in agreement with the literature data.  HPLC OJH, H/IPA = 10:1, flow rate = 1.0 
mL/min, λ = 210 nm, 9.6 min (R), 12.3 min (S); [α]23

D +53.0 (c = 2.45, CHCl3) for 93% ee [lit.8 [α]30
D +24.8 (c = 1.0, 

CHCl3) for (R)-isomer 92% ee]; 1H NMR (400 MHz, CHCl3) δ 7.35−7.25 (3H, m), 7.20 (2H, d, J = 7.8 Hz), 4.52 (1H, 
dd, J = 6.9, 9.3 Hz), 3.70 (3H, s), 3.47 (1H, dd, J = 9.3, 14.3 Hz), 3.26 (1H, dd, J = 6.9, 14.3 Hz). 

3g: Colorless oil in 99% yield.  [α]19
D +48.6 (c = 2.64, CHCl3) for 90% ee; 1H NMR (400 MHz, 

CDCl3) δ 4.33 (1H, t, J = 7.6 Hz), 2.03–1.94 (2H, m), 1.50–1.37 (1H, m), 1.37−1.29 (7H, m), 0.89 (3H, 
t, J = 6.9 Hz), O-H proton was not found due to broadening; 13C NMR (101 MHz, CDCl3) δ 178.0, 
35.9, 31.6, 29.4, 28.5, 22.6, 20.1, 14.2; IR (film): 2955, 2924, 2855, 1703, 1456, 1418, 1277, 1236, 

1176, 1098, 909 cm–1; HRMS (ESI) Calcd for C8H14O2I
− ([M−H]−) 269.0033. Found 269.0044.  PMB ester of 3g: 

The synthesis was performed according to the Method C and the title compound was obtained as colorless oil.  HPLC 
ODH, H/IPA = 19:1, flow rate = 0.5 mL/min, λ = 210 nm, 9.9 min (minor isomer), 10.7 min (major isomer); 1H NMR 
(400 MHz, CDCl3) δ 7.32 (2H, d, J = 8.7 Hz), 6.90 (2H, d, J = 8.7 Hz), 5.13 (1H, d, J = 12.6 Hz), 5.10 (1H, d, J = 12.6 
Hz), 4.30 (1H, t, J = 7.8 Hz), 3.82 (3H, s), 2.01−1.93 (2H, m), 1.43−1.18 (8H, m), 0.87 (3H, t, J = 6.9 Hz); 13C NMR 
(101 MHz, CDCl3) δ 171.5, 159.9, 130.3, 127.5, 114.0, 67.4, 55.4, 36.2, 31.6, 29.4, 28.5, 22.6, 21.5, 14.2; IR (film): 
2953, 2926, 2855, 1728, 1612, 1514, 1462, 1246, 1171, 1128, 1034, 955, 820 cm–1; HRMS (ESI) Calcd for 
C16H23O3INa+ ([M+Na]+) 413.0584. Found 413.0583. 

3h3: Analytical and spectral data were in agreement with the literature data.  Colorless oil in 86% 
yield.  [α]21

D +2.4 (c = 1.60, CH2Cl2) for 87% ee [lit.3 [α]20
D −4.7 (c = 5.0, CH2Cl2) for (S)-isomer]; 1H 

NMR (400 MHz, CDCl3) δ 7.36−7.26 (3H, m), 7.25 (2H, d, J = 8.2 Hz), 4.50 (1H, dd, J = 6.8, 7.8 Hz), 
3.40 (1H, dd, J = 6.8, 14.3 Hz), 3.20 (1H, dd, J = 7.8, 14.3 Hz), O-H proton was not found due to 

broadening; 13C NMR (101 MHz, CDCl3) δ 175.1, 135.6, 129.5, 128.8, 127.6, 57.4, 40.9; IR (film): 3065, 3030, 1717, 
1497, 1454, 1435, 1287, 1194, 916, 831 cm–1; HRMS (ESI) Calcd for C9H8O2

35Cl−([MH]) 183.0207. Found 
183.0211.  Methyl ester of 3h: The synthesis was performed according to the Method A and the title compound was 
obtained as colorless oil.  HPLC OJH, H/IPA = 10:1, flow rate = 1.0 mL/min, λ = 210 nm, 11.3 min (R), 15.2 min (S); 
1H NMR (400 MHz, CDCl3) δ 7.34−7.24 (3H, m), 7.22 (2H, d, J = 8.2 Hz), 4.45 (1H, t, J = 7.5 Hz), 3.74 (3H, s), 3.37 
(1H, dd, J = 7.5, 14.2 Hz), 3.17 (1H, dd, J = 7.5, 14.2 Hz); 13C NMR (101 MHz, CDCl3) δ 170.0, 136.8, 129.3, 128.8, 
127.5, 53.1, 45.2, 41.2; IR (film): 3030, 3005, 1738, 1495, 1454, 1435, 1360, 1227, 1148, 980, 845 cm–1; HRMS (ESI) 
Calcd for C10H11O2

35ClNa+ ([M+Na]+) 221.0340. Found 221.0341.  

3i: Colorless oil in 92% yield.  [α]22
D +18.3 (c = 1.64, CHCl3) for 90% ee; 1H NMR (400 MHz, 

CDCl3) δ 4.33 (1H, dd, J = 5.9, 8.0 Hz), 2.06 (1H, tdd, J = 5.9, 9.8, 13.7 Hz), 1.95 (1H, dddd, J = 5.5, 
8.0, 9.9, 13.7 Hz), 1.57–1.39 (2H, m), 1.39–1.24 (6H, m), 0.89 (3H, t, J = 7.1 Hz), O-H proton was not 
found due to broadening; 13C NMR (101 MHz, CDCl3) δ 176.3, 57.2, 34.9, 31.6, 28.6, 26.0, 22.6, 14.1; 

IR (film): 3017, 2955, 2928, 2859, 1719, 1456, 1422, 1285, 1202, 918 cm–1; HRMS (ESI) Calcd for C8H14O2
35Cl− 

([M−H]−) 177.0677. Found 177.0679.  PMB ester of 3i: The synthesis was performed according to the Method C and 
the title compound was obtained as colorless oil.  HPLC OJH, H/IPA = 10:1, flow rate = 0.5 mL/min, λ = 210 nm, 
13.4 min (minor isomer), 14.2 min (major isomer); 1H NMR (400 MHz, CDCl3) δ 7.30 (2H, d, J = 9.0 Hz), 6.89 (2H, d, 
J = 9.0 Hz), 5.13 (2H, s), 4.27 (1H, dd, J = 5.9, 7.8 Hz), 3.80 (3H, s), 1.99 (1H, tdd, J = 5.9, 9.6, 14.2 Hz), 1.90 (1H, 
dddd, J = 5.0, 7.8, 9.4, 14.2 Hz), 1.47−1.18 (8H, m), 0.87 (3H, t, J = 7.1 Hz); 13C NMR (101 MHz, CDCl3) δ 169.8, 
159.9, 130.3, 127.3, 114.0, 67.5, 57.5, 55.3, 35.0, 31.6, 28.6, 25.9, 22.5, 14.1; IR (film): 2955, 2928, 2859, 1742, 1612, 
1514, 1462, 1246, 1157, 1034, 953, 822 cm–1; HRMS (ESI) Calcd for C16H23O3

35ClNa+ ([M+Na]+) 321.1228. Found 
321.1226. 

3j3,9: Analytical and spectral data were in agreement with the literature data.  White solid in 93% yield.  
[α]21

D +38.3 (c = 1.17, CH2Cl2) for 88% ee [lit.3 [α]20
D −7.2 (c = 2.5, CH2Cl2) for (S)-isomer]; 1H NMR 

(400 MHz, CDCl3) δ 7.37−7.25 (5H, m), 5.18 (1H, ddd, JH−H = 3.9, 7.8 Hz, JF−H = 49.4 Hz), 3.31 (1H, 
ddd, JH−H = 3.9, 14.9 Hz, JF−H = 28.9 Hz), 3.20 (1H, ddd, JH−H = 7.8, 14.9 Hz, JF−H = 25.5 Hz), O-H 

proton was not found due to broadening.  Methyl ester of 3j: The synthesis was performed according to the Method A 

                                                        
8 T. Kano, M. Ueda, K. Maruoka, J. Am. Chem. Soc. 2008, 130, 3728. 
9 Y. Takeuchi, K. Nagata, T. Koizumi, J. Org. Chem. 1989, 54, 5453. 
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and the title compound was obtained as colorless oil.  HPLC OJH, H/IPA = 10:1, flow rate = 1.0 mL/min, λ = 210 nm, 
16.8 min (R), 18.1 min (S); 1H NMR (400 MHz, CDCl3) δ 7.35−7.21 (5H, m), 5.11 (1H, ddd, JH−H = 4.2, 8.3 Hz, JF−H = 
49.0 Hz), 3.24 (1H, ddd, JH−H = 4.2, 14.6 Hz, JF−H = 29.4 Hz), 3.15 (1H, ddd, JH−H = 8.3, 14.6 Hz, JF−H = 25.3 Hz); 13C 
NMR (101 MHz, CDCl3) δ 169.8 (d, JF−C = 27.0 Hz), 135.2, 129.5, 128.7, 127.4, 89.4 (d, JF−C = 190.6 Hz), 52.5, 38.8 
(d, JF−C = 21.3 Hz); IR (film): 3032, 2955, 1759, 1740, 1439, 1366, 1285, 1221, 1082, 1022 cm–1; HRMS (ESI) Calcd 
for C10H12O2F

+ ([M+H]+) 183.0816. Found 183.0817. 

3k10: Analytical and spectral data were in agreement with the literature data.  Colorless oil in 90% 
yield.  [α]24

D +8.5 (c = 1.47, CHCl3) for 92% ee; [lit.10 [α]28
D +9.7 (c = 1.25, CHCl3) for (R)-isomer]; 

1H NMR (400 MHz, CDCl3) δ 4.98 (1H, td, JH−H = 5.7 Hz, JF−H = 49.6 Hz), 2.02−1.85 (2H, m), 
1.56−1.43 (2H, m), 1.42−1.24 (6H, m), 0.89 (3H, t, J = 6.9 Hz), O-H proton was not found due to 

broadening.  PMB ester of 3k: The synthesis was performed according to the Method C and the title compound was 
obtained as colorless oil.  HPLC OJH, H/IPA = 10:1, flow rate = 0.5 mL/min, λ = 210 nm, 14.9 min (S), 16.0 min (R); 
1H NMR (400 MHz, CDCl3) δ 7.32 (2H, d, J = 8.7 Hz), 6.90 (2H, d, J = 8.7 Hz), 5.16 (2H, s), 4.91 (1H, ddd, JH−H = 5.6, 
6.3 Hz, JF−H = 49.5 Hz), 3.82 (3H, s), 1.94−1.79 (2H, m), 1.50−1.19 (8H, m), 0.88 (3H, t, J = 7.1 Hz); 13C NMR (101 
MHz, CDCl3) δ 170.2 (d, JF−C = 24.2 Hz), 160.0, 130.5, 127.4, 114.1, 89.1 (d, JF−C = 186.7 Hz), 67.0, 55.4, 32.5 (d, JF−C 
= 21.3 Hz), 31.6, 28.8, 24.3, 22.6, 14.2; IR (film): 2955, 2928, 2859, 1757, 1738, 1614, 1514, 1414, 1246, 1173, 1134, 
1034, 914, 822 cm–1; HRMS (ESI) Calcd for C16H23O3FNa+ ([M+Na]+) 305.1523. Found 305.1522. 

3l11: Analytical and spectral data were in agreement with the literature data.  White solid in 86% yield.  
[α]19

D +91.0 (c = 1.61, EtOH) for 95% ee [lit.11 [α]D +82.7 (c = 2.25, EtOH) for (R)-isomer]; 1H NMR 
(400 MHz, CDCl3) δ 7.40−7.30 (5H, m), 4.70 (1H, d, J = 11.9 Hz), 4.56 (1H, d, J = 11.9 Hz), 4.12 (1H, q, 
J = 7.0 Hz), 1.50 (3H, d, J = 7.0 Hz), O-H proton was not found due to broadening.  Methyl ester of 

3l12: The synthesis was performed according to the Method A and the title compound was obtained as colorless oil. 
Analytical and spectral data were in agreement with the literature data.  HPLC OJH, H/IPA = 10:1, flow rate = 1.0 
mL/min, λ = 210 nm, 12.9 min (R), 15.2 min (S); 1H NMR (400 MHz, CDCl3) δ 7.39−7.27 (5H, m), 4.70 (1H, d, J = 
11.9 Hz), 4.46 (1H, d, J = 11.9 Hz), 4.08 (1H, q, J = 6.9 Hz), 1.44 (3H, d, J = 6.9 Hz). 

3m: Analytical and spectral data were in agreement with the literature data.  White solid in 99 % yield.  
[α]21

D −98.3 (c = 2.44, CHCl3) for 89% ee [lit.13 [α]25
D −108 (c = 2.40, CHCl3) for (R)-isomer]; 1H NMR 

(400 MHz, CDCl3) δ 7.46−7.31 (10H, m), 4.96 (1H, s), 4.65 (1H, d, J = 11.9 Hz), 4.53 (1H, d, J = 11.9 
Hz), O-H proton was not found due to broadening; 13C NMR (101 MHz, CDCl3) δ 174.7, 136.6, 135.5, 

129.2, 129.0, 128.7, 128.4, 128.3, 127.6, 79.2, 71.3; IR (film): 3065, 2891, 1755, 1724, 1456, 1393, 1167, 1086, 1065 
cm–1; HRMS (ESI) Calcd for C15H13O3

− ([M−H]−) 241.0859. Found 241.0865.  Methyl ester of 3m: The synthesis 
was performed according to the Method A and the title compound was obtained as colorless oil.  HPLC AD3, H/IPA = 
19:1, flow rate = 0.5 mL/min, λ = 210 nm, 14.1 min (S), 14.9 min (R); 1H NMR (400 MHz, CDCl3) δ 7.48−7.44 (2H, 
m), 7.41−7.28 (8H, m), 4.94 (1H, s), 4.61 (1H, d, J = 12.2 Hz), 4.57 (1H, d, J = 12.2 Hz), 3.71 (3H, s); 13C NMR (101 
MHz, CDCl3) δ 171.4, 137.2, 136.3, 128.9, 128.8, 128.6, 128.2, 128.1, 127.5, 79.6, 71.2, 52.4; IR (film): 3030, 3007, 
2926, 1748, 1454, 1250, 1207, 1171, 1098, 1026 cm–1; HRMS (ESI) Calcd for C16H16O3Na+ ([M+Na]+) 279.0992. 
Found 279.0996. 

3n: White solid in 93% yield.  [α]22
D −116.2 (c = 2.53, CHCl3) for 89% ee; 1H NMR (400 

MHz, CDCl3) δ 7.40−7.28 (7H, m), 6.92 (2H, d, J = 8.7 Hz), 4.89 (1H, s), 4.60 (1H, d, J = 11.9 
Hz), 4.51 (1H, d, J = 11.9 Hz), 3.81 (3H, s), O-H proton was not found due to broadening; 13C 
NMR (101 MHz, CDCl3) δ 175.0, 160.3, 136.7, 129.0, 128.7, 128.3, 127.5, 114.4, 78.7, 71.0, 
55.5, one carbon was not found probably due to overlapping; IR (film): 3036, 3011, 2880, 2839, 

1709, 1609, 1512, 1246, 1096, 1017, 835 cm–1; HRMS (ESI) Calcd for C16H15O4
− ([M−H]−) 271.0965. Found 271.0971.  

Methyl ester of 3n: The synthesis was performed according to the Method A and the title compound was obtained as 
colorless oil.  HPLC ODH, H/IPA = 10:1, flow rate = 1.0 mL/min, λ = 210 nm, 8.7 min (minor isomer), 10.0 min 
(major isomer); 1H NMR (400 MHz, CDCl3) δ 7.37 (2H, d, J = 8.7 Hz), 7.36−7.27 (5H, m), 6.90 (2H, d, J = 8.7 Hz), 
4.88 (1H, s), 4.58 (1H, d, J = 12.4 Hz), 4.53 (1H, d, J = 12.4 Hz), 3.80 (3H, s), 3.70 (3H, s); 13C NMR (101 MHz, 
CDCl3) δ 171.6, 160.1, 137.3, 129.0, 128.6, 128.4, 128.2, 128.1, 114.2, 79.1, 71.0, 55.4, 52.4; IR (film): 2951, 2905, 
1748, 1611, 1510, 1246, 1207, 1171, 1094, 1028 cm–1; HRMS (ESI) Calcd for C17H18O4Na+ ([M+Na]+) 309.1097. 
Found 309.1097. 

 

                                                        
10 Y.-M. Zhao, M. S. Cheung, Z. Lin, J. Sun, Angew. Chem., Int. Ed. 2012, 51, 10359. 
11 H. Lubin, A. Tessier, G. Chaume, J. Pytkowicz, T. Brigaud, Org. Lett. 2010, 12, 1496. 
12 C. Dubost, B. Leroy, I. E. Markó, B. Tinant, J.-P. Declercq, J. Bryans, Tetrahedron 2004, 60, 7693. 
13 W. A. Bonner, J. Org. Chem. 1967, 32, 2496. 
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3o: White solid in 92% yield.  [α]19
D +36.2 (c = 2.09, CH2Cl2) for 91% ee; 1H NMR (400 

MHz, CDCl3) δ 7.88−7.82 (3H, m), 7.80 (1H, s), 7.53−7.46 (3H, m), 4.85 (1H, d, J = 11.9 Hz), 
4.75 (1H, d, J = 11.9 Hz), 4.18 (1H, q, J = 7.0 Hz), 1.53 (3H, t, J = 7.0 Hz), O-H proton was not 
found due to broadening; 13C NMR (101 MHz, CDCl3) δ 177.8, 134.5, 133.32, 133.29, 128.6, 

128.1, 127.9, 127.2, 126.4, 126.3, 125.9, 73.6, 72.4, 18.5; IR (film): 3050, 2986, 2938, 2897, 1705, 1456, 1262, 1136, 
1117, 910, 818 cm–1; HRMS (ESI) Calcd for C14H13O3

− ([M−H]−) 229.0859. Found 229.0861.  Methyl ester of 3o: 
The synthesis was performed according to the Method A and the title compound was obtained as colorless oil.  HPLC 
ADH, H/IPA = 10:1, flow rate = 0.5 mL/min, λ = 210 nm, 10.5 min (minor isomer), 11.5 min (major isomer); 1H NMR 
(400 MHz, CDCl3) δ 7.86−7.81 (3H, m), 7.80 (1H, s), 7.53−7.45 (3H, m), 4.86 (1H, d, J = 11.9 Hz), 4.62 (1H, d, J = 
11.9 Hz), 4.13 (1H, q, J = 6.9 Hz), 3.77 (3H, s), 1.47 (3H, d, J = 6.9 Hz); 13C NMR (101 MHz, CDCl3) δ 173.9, 135.1, 
133.4, 133.2, 128.4, 128.1, 127.8, 126.9, 126.3, 126.1, 126.0, 74.1, 72.3, 52.1, 18.9; IR (film): 3055, 2951, 2872, 1748, 
1435, 1271, 1204, 1140, 1113, 1026, 816 cm–1; HRMS (ESI) Calcd for C15H16O3Na+ ([M+Na]+) 267.0992. Found 
267.0990. 

3p: White solid in 99% yield.  [α]21
D +46.8 (c = 2.97, CHCl3) for 90% ee; 1H NMR (400 MHz, 

C6D6) δ 7.25 (2H, d, J = 7.2 Hz), 7.17−7.05 (5H, m), 7.04 (1H, t, J = 7.2 Hz), 6.96 (2H, d, J = 7.2 
Hz), 4.52 (1H, d, J = 11.4 Hz), 4.10 (1H, d, J = 11.4 Hz), 3.80 (1H, dd, J = 4.6, 7.8 Hz), 2.71 (1H, 
ddd, J = 5.5, 9.0, 14.1 Hz), 2.62 (1H, td, J = 8.1, 14.1 Hz), 2.13−1.96 (2H, m), O-H proton was not 

found due to broadening; 13C NMR (101 MHz, CDCl3) δ 177.3, 140.9, 137.1, 128.7, 128.64, 128.61, 128.3, 126.3, 72.8, 
34.3, 31.3, two carbon atoms were not found probably due to overlapping; IR (film): 3086, 3030, 2965, 1748, 1456, 
1196, 1169, 1088, 1005, 851 cm–1; HRMS (ESI) Calcd for C17H17O3

− ([M−H]−) 269.1172. Found 269.1178.  Methyl 
ester of 3p: The synthesis was performed according to the Method A and the title compound was obtained as colorless 
oil.  HPLC ODH, H/IPA = 10:1, flow rate = 1.0 mL/min, λ = 210 nm, 6.2 min (minor isomer), 8.1 min (major isomer); 
1H NMR (400 MHz, C6D6) δ 7.34 (2H, d, J = 7.3 Hz), 7.23−7.07 (5H, m), 7.04 (1H, t, J = 7.3 Hz), 7.00 (2H, d, J = 7.3 
Hz), 4.67 (1H, d, J = 11.4 Hz), 4.20 (1H, d, J = 11.4 Hz), 3.86 (1H, dd, J = 4.4, 8.7 Hz), 3.30 (3H, s), 2.74 (1H, ddd, J = 
5.5, 9.2, 14.0 Hz), 2.66 (1H, ddd, J = 7.5, 8.7, 14.0 Hz), 2.12 (1H, dtd, J = 5.5, 8.7, 14.0 Hz), 2.04 (1H, dddd, J = 4.4, 
7.5, 9.2, 14.0 Hz); 13C NMR (101 MHz, CDCl3) δ 173.4, 141.2, 137.6, 128.6, 128.49, 128.45, 128.2, 128.0, 126.2, 77.2, 
72.5, 52.0, 34.6, 31.4; IR (film): 3028, 2951, 2926, 1748, 1454, 1204, 1171, 1115, 1028 cm–1; HRMS (ESI) Calcd for 
C18H20O3Li+ ([M+Li]+) 291.1567. Found 291.1572. 
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Copies of 1H and 13C NMR spectra: 
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Methyl ester of 3a     PMB ester of 3b 

  
PMB ester of 3c     Bn ester of 3d 
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Bn ester of 3e     Methyl ester of 3f 

  
PMB ester of 3g     Methyl ester of 3h 
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PMB ester of 3i     Methyl ester of 3j 

  
PMB ester of 3k     Methyl ester of 3l 
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Methyl ester of 3m     Methyl ester of 3n 

  
Methyl ester of 3o     Methyl ester of 3p 

  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


