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1. Materials and Methods 
 
General Methods. 
General Remarks: All reactions were carried out under argon atmosphere and monitored by thin-layer 
chromatography using Merck 60 F254 precoated silica gel plates (0.25 mm thickness). Specific optical 
rotations were measured using a JASCO P-1020 polarimeter and a JASCO DIP-370 polarimeter. FT-IR 
spectra were recorded on a JASCO FT/IR-410 spectrometer and a Perkin Elmer spectrum BX FT-IP 
spectrometer. 1H and 13C NMR spectra were recorded on an Agilent-400 MR (400 MHz for 1H NMR, 100 M 
Hz for 13C NMR) instrument. Data for 1H NMR are reported as chemical shift (δ ppm), integration multiplicity 
(s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, ddd = doublet of doublet of doublets, 
dt = double of triplets, m = multiplet), coupling constant (Hz), Data for 13C NMR are reported as chemical 
shift. High resolution ESI-TOF mass spectra were measured by Themo Orbi-trap instrument. HPLC analysis 
was performed on a HITACHI Elite LaChrom Series HPLC, UV detection monitored at appropriate 
wavelength respectively, using Chiralpak ID (0.46 cm × 25 cm) and Chiralpak IF (0.46 cm × 25 cm). Melting-
point apparatus was Yanaco MP-J3. 
 
 

Materials. 
 

 

The aldehyde [1] 1 (CAS number [11948-92-1])	 and ethyl 4-oxo-2-pentenoate [2] 2 (CAS number [10150-
93-3]) were commercially available. 
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2. Experimental Procedures 
 

2.1. Formal (3+2) cycloaddition reaction 
 

 
 To a solution of aldehyde 1 (32.4 mg, 0.18 mmol) and ethyl 4-oxo-2-pentenoate 2 (21.3 mg, 0.15 mmol) in 
iPrOH (75 µL), H2O (8.1 µL, 0.45 mmol), diphenylprolinol silyl ether (4.88 mg, 0.015 mmol), p-nitrophenol 
(20.8 mg, 0.15 mmol) were added at room temperature. After stirring the reaction mixture at this temperature 
for 1 h, the reaction mixture was directly purified by column chromatography on silica gel (nHexane: EtOAc 
= 6:1) to give the target compound (42.4 mg, 0.128 mmol) in 85% yield (single isomer). 
 
Ethyl 2-((1R,2S,3R)-3-(dimethyl(phenyl)silyl)-2-formyl-5-oxocyclopentyl)acetate (4) 

 
Yield: 85% (42.4 mg) 
Physical State: colorless oil 
1H NMR (CDCl3) δ 0.365 (s, 3H), 0.381 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H), 1.73 (ddd, J = 8.8, 12.0, 13.2 Hz, 
1H), 2.18 (dd, J = 13.2, 18.8 Hz, 1H), 2.49 (ddd, J = 1.2, 8.8, 18.4 Hz, 1H), 2.53 (dd, J = 6.8, 17.6 Hz, 1H), 
2.62 (dd, J = 4.0, 17.6 Hz, 1H), 2.69 (dddd, J = 1.2, 4.0, 6.4, 12.0 Hz, 1H), 2.82 (dt, J = 3.6, 12.0 Hz, 1H), 
4.06 (dq, J = 1.6, 7.2 Hz, 2H), 7.36-7.41 (m, 3H), 7.48-7.51 (m, 2H), 9.43 (d, J = 3.2 Hz, 1H) 
13C NMR (CDCl3) δ 215.5, 201.1, 171.3, 135.6, 133.8, 133.8, 129.8, 128.1, 128.1, 60.9, 55.9, 47.5, 38.7, 32.7, 
22.7, 14.0, -4.43, -4.65 
HRMS (ESI): [M+Na]+ calcd for C18H24O4SiNa: 355.1336, found: 355.1340 
IR(neat)ν 1725, 1427, 1375, 1253, 1189, 1113, 1026, 835, 818, 775, 736, 701 cm-1 
[α]D

 26 -59.30 (c 3.0, CHCl3) 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
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2.2. Reduction & Lactonization 
 

 
To a solution of aldehyde 5 (33.2 mg, 0.10 mmol) in THF (300 µL), LiAl(OtBu)3H (63.5 mg, 0.25 mmol) was 
added at room temperature. After stirring the reaction mixture at this temperature for 1 hour, 2N HCl (150 

µL) was added to the solution at room temperature. After stirring the reaction mixture at this temperature for 
1 h, the reaction mixture was quenched by aq. NaHCO3 (5 mL). Upon completion, H2O (2 mL) was added and 
the mixture was extracted with EtOAc (3 ×5 mL). The combined organic extracts were washed with aq. 
NaHCO3 (5 mL) and sat. NaCl solution (5 mL). Then, the combined organic extracts were dried with 
anhydrous Na2SO4, filtered, and concentrated under reduced pressure. After concentration in vacuo, the 
reaction mixture was purified by column chromatography on silica gel (nHexane: EtOAc = 2:1) to give the 
target compound in 91% yield (26.4 mg, 0.091 mmol). 
 
(3aR,4S,5R,6aS)-5-(Dimethyl(phenyl)silyl)-4-(hydroxymethyl)hexahydro-2H-cyclopenta[b]furan-2-one 
 

 
Yield: 91% (26.4 mg) 
Physical State: colorless oil 
1H NMR (CDCl3) δ 0.283 (s, 3H), 0.320 (s, 3H), 1.23 (ddd, J = 8.4, 12.0, 19.2 Hz, 1H), 1.63-1.76 (m, 3H), 
2.34 (dd, J = 7.2, 14.4 Hz, 1H), 2.37 (dd, J = 2.0, 15.6 Hz, 1H), 2.59-2.63 (m, 1H), 2.70 (dd, J = 9.2, 18.0 Hz, 
1H), 3.32 (dd, J = 6.4, 11.2 Hz, 1H), 3.53 (dd, J = 3.6, 11.2 Hz, 1H), 4.88 (dt, J = 4.0, 7.2 Hz, 1H), 7.32-7.37 
(m, 3H), 7.46-7.86 (m, 2H) 
13C NMR (CDCl3) δ 177.3, 137.6, 133.5, 133.5, 129.4, 128.1, 128.1, 85.6, 63.7, 50.2, 44.5, 35.7, 34.7, 27.6, 
-3.69, -5.23 
HRMS (ESI): [M+Na]+ calcd for C16H22O3SiNa: 313.1230, found: 313.1235 
IR(neat)ν 3441, 3069, 2956, 1748, 1427, 1251, 1171, 1112, 1037, 910, 818, 740, 648 cm-1 
[α]D

 26 -10.05 (c 0.90, CHCl3) 
Rf (nHexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.45 
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2.3. Tamao-Fleming oxidation 
 

 
To a solution of compound 8 (29.0 mg, 0.10 mmol) in ClCH2CH2Cl (300 µL), aq. HBF4 (160 µL, 1.0 mmol, 
47 wt. % in H2O) was added at 80 ºC. After stirring the reaction mixture at this temperature for 4 h, the reaction 
mixture was quenched by aq. NaHCO3 (1.0 mL). Upon completion, H2O (2 mL) was added and the mixture 
was extracted with EtOAc (3 ×5 mL). The combined organic extracts were washed with aq. NaHCO3 (5 mL) 
and sat. NaCl solution (5 mL). Then, the combined organic extracts were dried with anhydrous Na2SO4, 

filtered, and concentrated under reduced pressure. To a solution of the crude in DMF (300 µL), KF (56 mg, 
1.0 mmol) and aq. H2O2 (35 µL, 1.0 mmol, 35 wt. % in H2O) were added at room temperature. After stirring 
the reaction mixture at this temperature for 12 h, Me2S (35 µL) was added to the solution at room temperature. 
After concentration in vacuo, the reaction mixture was directly purified by column chromatography on silica 
gel (CHCl3: MeOH = 20:1, 10:1) to give the target compound in 86% yield (14.8 mg, 0.086 mmol). 
 
(3aR,4S,5R,6aS)-5-Hydroxy-4-(hydroxymethyl)hexahydro-2H-cyclopenta[b]furan-2-one 

 
Yield: 86% (14.8 mg) 
Physical State: White solid (m.p. 115~117 ºC) 
1H NMR (CDCl3) δ 1.98-2.06 (m, 2H), 2.42 (td, J = 6.8, 14.8 Hz, 1H), 2.53 (dd, J = 1.2, 18.0 Hz, 1H), 2.62 
(dtd, J = 2.0, 7.2, 10.4 Hz, 1H), 2.81 (dd, J = 10.0, 18.0 Hz, 1H), 3.62 (dd, J = 7.2, 10.4 Hz, 1H), 3.74 (dd, J 
= 5.2, 10.4 Hz, 1H), 4.18 (q, J = 6.0 Hz, 1H), 4.93 (dt, J = 2.8, 6.8, 1H) 
13C NMR (CDCl3) δ 177.2, 83.6, 75.4, 63.5, 55.2, 40.6, 39.5, 35.3 
HRMS (ESI): [M+Na]+ calcd for C8H12O4Na: 195.0628, found: 195.0628 
IR(neat)ν 3419, 2925, 1760, 1634, 1336, 1071, 668 cm-1 
[α]D

 26 -41.87 (c 0.40, MeOH) 
Literature data [3]: [α]D -43.4 (c 1.12, MeOH) 
Rf (CH2Cl2: MeOH = 9:1, color reagent: Hanessian’s stain reagent): 0.45 
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2.4. One pot procedure of Corey lactone diol 
 

 

 To a solution of 3-(dimethylphenylsilyl)propenal 1 (2.28 g, 12 mmol) and ethyl 4-oxo-2-pentenoate 2 (1.42 

g, 10 mmol) in iPrOH (2.5 ml), H2O (540 µL, 30 mmol), diphenylprolinol silyl ether (325 mg, 1.0 mmol), p-
nitrophenol (1.39 g, 10 mmol) were added at room temperature. After stirring the reaction mixture at this 
temperature for 1 h, the reaction mixture was concentrated in vacuo. After the crude material was dissolved 
in THF (20 ml), LiAl(OtBu)3H (8.89 g, 35 mmol) was added to the solution at 60 ºC. After stirring the reaction 
mixture at this temperature for 15 min, aq. HBF4 (10.6 ml, 100 mmol, 47 wt. % in H2O) was added to the 
solution at room temperature. After stirring the reaction mixture at this temperature for 1 min, the reaction 
mixture was the resulting solution was concentrated in vacuo (80 ºC, 15 min). After the crude material was 
dissolved in DMF-H2O = (2:1) (30 ml), K2CO3 (13.8 g, 100 mmol) was added to the solution at room 
temperature. Then, KF (5.6 g, 100 mmol) and aq. H2O2 (3.5 ml, 100 mmol, 35 wt. % in H2O) were added at 
40 ºC. After stirring the reaction mixture at this temperature for 1 min, Me2S (2.3 ml) was added to the solution 
at room temperature. After concentration in vacuo, the reaction mixture was directly purified by column 
chromatography on silica gel (CHCl3: MeOH = 20:1~ 10:1) to give the target compound in 50% yield (865 
mg, 5.0 mmol). 
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2.5. Dibenzoylation of Corey lactone diol and determination of ee value 
 

 
To a solution of Corey lactone diol (8.1 mg, 0.050 mmol) in CH2Cl2 (100 µL), Et3N (69 µL, 0.50 mmol), 
benzoyl chloride (64 µL, 0.50 mmol), were added at room temperature. After stirring the reaction mixture at 
this temperature for 30 min, the reaction mixture was quenched by aq. NaHCO3 (1.0 mL). Upon completion, 
H2O (2 mL) was added and the mixture was extracted with EtOAc (3 ×5 mL). The combined organic extracts 
were washed with aq. NaHCO3 (5.0 mL) and sat. NaCl solution (5 mL). Then, the combined organic extracts 
were dried with anhydrous Na2SO4, filtered, and concentrated under reduced pressure. After concentration in 
vacuo, the reaction mixture was purified by column chromatography on silica gel (nHexane : EtOAc = 3:1) to 
give the target compound in 80% yield. 
The enantiomeric ratio was determined by HPLC using CHIRALPACK IF (nHexane / iPrOH = 9:11; flow rate 
1.0 ml/min, major isomer tR = 8.23 min, minor isomer tR = 8.91 min) (>99% ee). 
 
((3aS,4R,5S,6aR)-5-(benzoyloxy)-2-oxohexahydro-2H-cyclopenta[b]furan-4-yl)methyl benzoate 

 
Yield: 80% (15.2 mg) 
Physical State: White solid (m.p. 115.2~116.5 ºC) 
1H NMR (CDCl3) δ 2.40 (td, J = 0.80, 15.6 Hz, 1H), 2.57-2.68 (m, 3H), 2.87-2.93 (m, 1H), 2.97 (dd, J = 10.0, 
17.2 Hz, 1H), 4.40 (d, J = 10.8 Hz, 2H), 5.13 (dt, J = 1.6, 10.0 Hz, 1H), 5.47 (td, J = 4.0, 6.0 Hz, 1H), 7.42-
7.46 (m, 4H), 7.54-7.60 (m, 2H), 7.99-8.02(m, 4H) 
13C NMR (CDCl3) δ 176.2, 166.3, 165.9, 133.4, 133.4, 129.7, 129.7, 129.7, 129.7, 129.6, 129.6, 128.6, 128.6, 
128.5, 128.5, 84.0, 64.4, 64.4, 51.6, 40.6, 38.3, 35.8 
HRMS (ESI): [M+H]+ calcd for C22H20O6H: 381.1333, found: 381.1332 
IR(neat)ν 1772, 1718, 1415, 1315, 1272, 1176, 1111, 1070, 1026, 711 cm-1 
[α]D

 26 -70.08 (c 0.85, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK IF (hexane/ iPrOH = 9:11; flow rate 
1.0 ml/min, major isomer tR = 8.23 min, minor isomer tR = 8.91 min) (>99% ee). 
Rf (nHexane: EtOAc = 1:1, color reagent: Hanessian’s stain reagent): 0.45 
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2.6. Optimization and typical procedure of formal (3+2) cycloaddition reaction 

 
 

 

Entry

1

2

3

4

Acid [Y mol%] i-PrOH [Z M] Time [h] Yield [%][b]

PhCO2H (100 mol%)

2,4,6-Trichlorophenol (100 mol%)

p-nitrophenol (100 mol%)

p-nitrophenol (50 mol%)

0.25

0.25

0.25

1.0

24

24

24

6

62

52

65

82

5 p-nitrophenol (50 mol%) 2.0 4 83

6 p-nitrophenol (50 mol%) 4.0 3 85

7 p-nitrophenol (50 mol%) 8.0 2 78

Catalyst [X mol%]

10

10

10

10

10

10

10

8 p-nitrophenol (100 mol%) 4.0 1 8510

9 p-nitrophenol (100 mol%) 4.0 8 905

10 p-nitrophenol (100 mol%) 4.0 24 792.5

Acid(Y mol%) 
H2O (3.0 eq)

i-PrOH (Z M), rt
+

1
1.0 eq

2
1.2 eq

O

PhMe2Si
CHO

CO2EtO

CO2Et
PhMe2Si

CHO

N
H

Ph
OTMS

Ph
X mol%

[a] Unless otherwise shown, reactions were performed by employing α,β-unsaturated aldehyde 1
(0.15 mmol), ketoe 2 (0.18 mmol), organocatalyst (S)-3 (X mol%) and acid (Y mmol) in
i-PrOH (Z M) at room temperature for the indicated time. [b] Isolated yield.
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 To a solution of cinnamaldehyde (19.6 mg, 0.15 mmol) and ethyl 4-oxo-2-pentenoate 2 (42.6 mg, 0.30 mmol) 

in iPrOH (75 µL), H2O (8.1 µL, 0.45 mmol), diphenylprolinol silyl ether (4.88 mg, 0.015 mmol), p-nitrophenol 
(20.8 mg, 0.15 mmol) were added at room temperature. After stirring the reaction mixture at this temperature 
for 10 h, the reaction mixture was directly purified by column chromatography on silica gel (nHexane: EtOAc 
= 6:1) to give the target compound (40.3 mg, 0.147 mmol) in 98% yield (single isomer).  
 
 

2.7. Compounds information 
 
Ethyl 2-((1R,2S,3R)-2-formyl-5-oxo-3-phenylcyclopentyl)acetate (Table 1, entry 1) 

 

Yield: 98% (40.3 mg) 
Physical State: White solid (m.p. 82.0~84.0 ºC) 
1H NMR (CDCl3) δ 1.26 (t, J = 7.2 Hz, 3H), 2.66-2.75 (m, 2H), 2.81-2.87 (m, 2H), 2.91 (q, J = 10.8 Hz, 1H), 
3.40 (dt, J = 2.0, 11.2 Hz, 1H), 3.50 (dt, J = 8.0, 11.6 Hz, 1H), 4.14 (dq, J = 1.6, 7.2 Hz, 2H), 7.27-7.40 (m, 
5H), 9.69 (d, J = 1.6 Hz, 1H) 
13C NMR (CDCl3) δ 213.7, 200.9, 171.5, 140.1, 129.0, 129.0, 127.6, 127.2, 127.2, 61.1, 59.9, 46.7, 45.8, 42.4, 
32.5, 14.1 
HRMS (ESI): [M+Na]+ calcd for C16H18O4Na: 297.1097, found: 297.1100 
IR(neat)ν 2982, 1726, 1497, 1455, 1406, 1376, 1197, 1031, 763, 702 cm-1 
[α]D

 26 +92.83 (c 3.2, CHCl3) 
Rf (nHexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.45 
 
Ethyl 2-((1R,2S,3R)-2-formyl-3-(naphthalen-2-yl)-5-oxocyclopentyl)acetate (Table 1, entry 2) 

 

Yield: 84% (40.9 mg) 

CHO
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O
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Physical State: White solid (m.p. 73.0~75.0 ºC) 
1H NMR (CDCl3) δ 1.28 (t, J = 7.2 Hz, 3H), 2.72-3.00 (m, 5H), 3.54 (dt, J = 2.4, 11.2 Hz, 1H), 3.64 (dt, J = 
8.0, 11.6 Hz, 1H), 4.16 (dq, J = 1.2, 7.2 Hz, 2H), 7.46-7.53 (m, 3H), 7.78-7.89 (m, 4H), 9.72 (d, J = 2.0 Hz, 
1H) 
13C NMR (CDCl3) δ 213.7, 200.9, 171.6, 137.4, 133.4, 132.8, 129.2, 127.7, 127.7, 126.5, 126.3, 126.2, 124.8, 
61.1, 59.7, 46.7, 45.8, 42.7, 32.6, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H20O4Na: 347.1254, found: 347.1258 
IR(neat)ν 1726, 1727, 1508, 1406, 1396, 1405, 1396, 1375, 1301, 1269, 1238, 1197, 1154, 1030, 860, 822, 
751, 478 cm-1 
[α]D

 26 +79.98 (c 1.2, CHCl3) 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.35 
 
Ethyl 2-((1R,2S,3R)-2-formyl-5-oxo-3-(p-tolyl)cyclopentyl)acetate (Table 1, entry 3) 

 

Yield: 91% (39.5 mg) 
Physical State: White solid (m.p. 80.5~83.1 ºC) 
1H NMR (CDCl3) δ 1.26 (t, J = 7.2 Hz, 3H), 2.34 (s, 3H), 2.67 (dd, J = 12.0, 18.8 Hz, 1H), 2.69-2.75 (m, 1H), 
2.81-2.90 (m, 2H), 3.35 (dt, J = 2.0, 11.2 Hz, 1H), 3.43 (dt, J = 8.0, 11.2 Hz, 1H), 4.14 (dq, J = 1.6, 7.2 Hz, 
2H), 7.17 (d, J = 7.6 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 9.68 (d, J = 2.0 Hz, 1H) 
13C NMR (CDCl3) δ 213.8, 201.1, 171.3, 137.4, 137.0, 129.7, 129.7, 127.1, 127.1, 61.0, 60.0, 46.7, 45.8, 42.1, 
32.5, 21.0, 14.1 
HRMS (ESI): [M+Na]+ calcd for C17H20O4Na: 311.1254, found: 311.1256 
IR(neat)ν 1726, 1238, 1192, 1030, 817, 503, 490, 467, 434, 418, 406 cm-1 
[α]D

 26 +76.44 (c 2.8, CHCl3) 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.40 
 
 
 
 
 
 

CHO
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Ethyl 2-((1R,2S,3R)-2-formyl-3-(4-methoxyphenyl)-5-oxocyclopentyl)acetate (Table 1, entry 4) 

 

Yield: 88% (40.2 mg) 
Physical State: White solid (m.p. 95.4~98.1 ºC) 
1H NMR (CDCl3) δ 1.24 (t, J = 7.2 Hz, 3H), 2.63 (dd, J = 12.0, 18.8 Hz, 1H), 2.65 (dd, J = 3.2, 16.8 Hz, 1H), 
2.78-2.89 (m, 3H), 3.32 (dt, J = 1.6, 11.2 Hz, 1H), 3.40 (dt, J = 8.0, 11.2 Hz, 1H), 3.79 (s, 3H), 4.12 (dq, J = 
1.6, 7.2 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 9.66 (d, J = 1.6 Hz, 1H) 
13C NMR (CDCl3) δ 213.8, 201.1, 171.5, 158.9, 131.9, 128.2, 128.2, 114.4, 114.4, 61.0, 60.1, 55.3, 46.7, 45.9, 
41.7, 32.5, 14.1 
HRMS (ESI): [M+Na]+ calcd for C17H20O5Na: 327.1202, found: 327.1207 
IR(neat)ν 2981, 1745, 1726, 1613, 1516, 1376, 1298, 1252, 1182, 1157, 1033, 832 cm-1 
[α]D

 26 +56.93 (c 3.8, CHCl3) 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.19 
 
Ethyl 2-((1R,2S,3R)-3-(4-fluorophenyl)-2-formyl-5-oxocyclopentyl)acetate (Table 1, entry 5) 

 

Yield: 81% (35.5 mg) 
Physical State: yellow oil 
1H NMR (CDCl3) δ 1.26 (t, J = 7.2 Hz, 3H), 2.65 (dd, J = 12.0, 18.8 Hz, 1H), 2.72 (dd, J = 4.4, 17.2 Hz, 1H), 
2.81 (dddd, J = 0.80, 4.4, 5.6, 11.6 Hz, 1H), 2.89 (dd, J = 5.6, 17.6 Hz, 1H), 2.89 (ddd, J = 0.80, 8.8, 18.8 Hz, 
1H), 3.36 (dt, J = 2.0, 11.6 Hz, 1H), 3.47 (dt, J = 8.0, 11.6 Hz, 1H), 4.14 (dq, J = 2.0, 7.2 Hz, 2H), 7.06 (d, J 
= 8.8 Hz, 2H), 7.32 (dd, J = 5.2, 8.4 Hz, 2H), 9.68 (d, J = 2.0 Hz, 1H) 
13C NMR (CDCl3) δ 213.4, 200.7, 171.5, 162.1 (d, JC-F = 246 Hz), 135.9 (d, JC-F = 3.0 Hz), 128.8 (d, JC-F = 
8.0 Hz), 128.8 (d, JC-F = 8.0 Hz), 116.1 (d, JC-F = 21 Hz), 116.1 (d, JC-F = 21 Hz), 61.1, 60.1, 46.7, 45.8, 41.6, 
32.5, 14.1 
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HRMS (ESI): [M+Na]+ calcd for C16H17FO4Na: 315.1003, found: 315.1009 
IR(neat)ν 2983, 1747, 1727, 1605, 1513, 1376, 1350, 1226, 1197, 1160, 1097, 1030, 838, 737 cm-1 
[α]D

 26 +69.17 (c 1.0, CHCl3) 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.30 
 
Ethyl 2-((1R,2S,3R)-3-(4-chlorophenyl)-2-formyl-5-oxocyclopentyl)acetate (Table 1, entry 6) 

 

Yield: 85% (39.5 mg) 
Physical State: White solid (m.p. 70.4~72.9 ºC) 
1H NMR (CDCl3) δ 1.26 (t, J = 7.2 Hz, 3H), 2.65 (dd, J = 11.6, 18.8 Hz, 1H), 2.72 (dd, J = 3.6, 17.2 Hz, 1H), 
2.81 (dddd, J = 1.2, 3.6, 4.8, 10.8 Hz, 1H), 2.89 (ddd, J = 1.2, 8.0, 18.4 Hz, 1H), 2.65 (dd, J = 5.2, 17.6 Hz, 
1H), 3.37 (dt, J = 2.0, 11.2 Hz, 1H), 3.46 (dt, J = 8.0, 11.6 Hz, 1H), 4.14 (dq, J = 2.0, 7.2 Hz, 2H), 7.29 (d, J 
= 8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 9.68 (d, J = 2.4 Hz, 1H) 
13C NMR (CDCl3) δ 213.2, 200.5, 171.5, 138.7, 133.4, 129.2, 129.2, 128.6, 128.6, 61.1, 59.8, 46.6, 45.6, 41.6, 
32.5, 14.1 
HRMS (ESI): [M+Na]+ calcd for C16H17ClO4Na: 331.0708, found: 331.0714 
IR(neat)ν 2981, 1727, 1494, 1414, 1376, 1414, 1376, 1350, 1196, 1092, 1030, 1014, 830 cm-1 
[α]D

 26 +57.31 (c 1.1, CHCl3) 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.32 
 
Ethyl 2-((1R,2S,3R)-3-(4-bromophenyl)-2-formyl-5-oxocyclopentyl)acetate (Table 1, entry 7) 

 

Yield: 83% (43.8 mg) 
Physical State: White solid (m.p. 86.4~88.3 ºC) 
1H NMR (CDCl3) δ 1.26 (t, J = 7.2 Hz, 3H), 2.65 (dd, J = 12.0, 19.2 Hz, 1H), 2.71 (dd, J = 4.0, 17.2 Hz, 1H), 
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2.80 (dddd, J = 1.2, 3.2, 4.8, 10.4 Hz, 1H), 2.88 (ddd, J = 1.6, 8.0, 18.4, Hz, 1H), 2.90 (dd, J = 5.6, 17.2 Hz, 
1H), 3.36 (dt, J = 2.0, 11.2 Hz, 1H), 3.44 (dt, J = 8.0, 11.6 Hz, 1H), 4.13 (dq, J = 2.0, 7.2 Hz, 2H), 7.23 (d, J 
= 8.8 Hz, 2H), 7.49 (d, J = 8.8 Hz, 2H), 9.67 (d, J = 2.4 Hz, 1H) 
13C NMR (CDCl3) δ 213.2, 200.5, 171.5, 139.2, 132.2, 132.2, 129.0, 129.0, 121.4, 61.1, 59.8, 46.7, 45.6, 41.8, 
32.5, 14.1 
HRMS (ESI): [M+Na]+ calcd for C16H17BrO4Na: 375.0202, found: 375.0202 
IR(neat)ν 3463, 1745, 1726, 1490, 1375, 1239, 1196, 1157, 1074, 1029, 1010, 825 cm-1 
[α]D

 26 +35.95 (c 2.8, CHCl3) 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.32 
 
Ethyl 2-((1R,2S,3R)-3-(3-bromophenyl)-2-formyl-5-oxocyclopentyl)acetate (Table 1, entry 8) 

 

Yield: 74% (39.1 mg) 
Physical State: yellow oil 
1H NMR (CDCl3) δ 1.27 (t, J = 7.2 Hz, 3H), 2.66 (dd, J = 11.6, 18.4 Hz, 1H), 2.66 (dd, J = 11.6, 18.4 Hz, 
1H), 2.72 (dd, J = 3.2, 17.2 Hz, 1H), 2.81 (dddd, J = 1.2, 3.2, 5.6, 11.2 Hz, 1H), 2.89 (ddd, J = 1.2, 8.0, 18.8 
Hz, 1H), 2.90 (dd, J = 5.6, 17.2 Hz, 1H), 3.38 (dt, J = 2.0, 11.2 Hz, 1H), 3.44 (dt, J = 8.0, 11.2 Hz, 1H), 4.14 
(dq, J = 1.6, 7.2 Hz, 2H), 7.23 (d, J = 7.6 Hz, 1H), 7.28 (td, J = 1.6, 9.6 Hz, 1H), 7.43 (td, J = 2.0, 7.6 Hz, 1H), 
7.49 (d, J = 2.0 Hz, 1H), 9.69 (d, J = 2.0 Hz, 1H) 
13C NMR (CDCl3) δ 213.0, 200.4, 171.4, 142.5, 130.8, 130.7, 130.3, 126.0, 123.1, 61.2, 59.6, 46.7, 46.0, 42.0, 
32.5, 14.1 
HRMS (ESI): [M+Na]+ calcd for C16H17BrO4Na: 375.0202, found: 375.0202 
IR(neat)ν 1726, 1375, 1239, 1195, 1092, 1074, 1029, 787, 695, 442, 431, 413 cm-1 
[α]D

 26 +115.6 (c 1.0, CHCl3) 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.36 
 
Ethyl 2-((1R,2S,3R)-3-(2-bromophenyl)-2-formyl-5-oxocyclopentyl)acetate (Table 1, entry 9) 
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Yield: 82% (43.2 mg) 
Physical State: yellow oil 
1H NMR (CDCl3) δ 1.26 (t, J = 7.2 Hz, 3H), 2.55 (dd, J = 12.0, 18.8 Hz, 1H), 2.74 (dd, J = 5.2, 19.2 Hz, 1H), 
2.85-2.92 (m, 2H), 2.99 (dd, J = 8.4, 18.4 Hz, 1H), 3.43 (dt, J = 2.8, 11.2 Hz, 1H), 4.04 (dt, J = 8.4, 11.6 Hz, 
1H), 4.14 (dq, J = 2.0, 7.2 Hz, 2H), 7.16 (ddd, J = 1.6, 7.2, 8.0 Hz, 1H), 7.37 (dt, J = 1.2, 7.6 Hz, 1H), 7.49 
(dd, J = 1.6, 8.0 Hz, 1H), 7.60 (dd, J = 1.2, 8.0 Hz, 1H), 9.69 (d, J = 2.4 Hz, 1H) 
13C NMR (CDCl3) δ 213.2, 200.1, 171.6, 139.3, 133.3, 129.0, 128.4, 127.7, 124.8, 61.1, 59.4, 46.3, 44.7, 40.6, 
32.5, 14.1 
HRMS (ESI): [M+H]+ calcd for C16H17BrO4H: 353.0383, found: 353.0386 
IR(neat)ν 1747, 1727, 1473, 1375, 1239, 1196, 1157, 1026, 757 cm-1 
[α]D

 26 +19.29 (c 3.0, CHCl3) 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.30 
 
Ethyl 2-((1R,2S,3R)-2-formyl-3-(furan-2-yl)-5-oxocyclopentyl)acetate (Table 1, entry 10) 

 
Yield: 79% (31.5 mg) 
Physical State: yellow oil 
1H NMR (CDCl3) δ 1.25 (t, J = 7.2 Hz, 3H), 2.68-2.76 (m, 2H), 2.80-2.88 (m, 3H), 3.31 (dt, J = 2.0, 10.4 Hz, 
1H), 3.59 (dt, J = 8.4, 11.2 Hz, 1H), 4.17 (dq, J = 1.6, 7.2 Hz, 2H), 6.17 (d, J = 0.80, 3.2 Hz, 1H), 6.33 (d, J = 
2.0, 3.2 Hz, 1H), 7.36 (dd, J = 0.80, 2.0 Hz, 1H), 9.84 (d, J = 2.0 Hz, 1H) 
13C NMR (CDCl3) δ 211.7, 200.5, 171.2, 153.2, 142.2, 110.4, 106.2, 61.0, 57.6, 46.4, 42.2, 35.2, 32.6, 14.0 
HRMS (ESI): [M+Na]+ calcd for C14H16O5Na: 265.1071, found: 265.1076 
IR(neat)ν2983, 1748, 1730, 1409, 1376, 1346, 1240, 1195, 1154, 1014, 742 cm-1 
[α]D

 26 +112.7 (c 0.86, CHCl3) 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.25 
 
Ethyl 2-((1R,2S,3R)-3-(dimethyl(phenyl)silyl)-2-formyl-5-oxocyclopentyl)acetate 

 
Yield: 90% (45.1 mg) 
Physical State: colorless oil 
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1H NMR (CDCl3) δ 0.365 (s, 3H), 0.381 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H), 1.73 (ddd, J = 8.8, 12.0, 13.2 Hz, 
1H), 2.18 (dd, J = 13.2, 18.8 Hz, 1H), 2.49 (ddd, J = 1.2, 8.8, 18.4 Hz, 1H), 2.53 (dd, J = 6.8, 17.6 Hz, 1H), 
2.62 (dd, J = 4.0, 17.6 Hz, 1H), 2.69 (dddd, J = 1.2, 4.0, 6.4, 12.0 Hz, 1H), 2.82 (dt, J = 3.6, 12.0 Hz, 1H), 
4.06 (dq, J = 1.6, 7.2 Hz, 2H), 7.36-7.41 (m, 3H), 7.48-7.51 (m, 2H), 9.43 (d, J = 3.2 Hz, 1H) 
13C NMR (CDCl3) δ 215.5, 201.1, 171.3, 135.6, 133.8, 133.8, 129.8, 128.1, 128.1, 60.9, 55.9, 47.5, 38.7, 32.7, 
22.7, 14.0, -4.43, -4.65 
HRMS (ESI): [M+Na]+ calcd for C18H24O4SiNa: 355.1336, found: 355.1340 
IR(neat)ν 1725, 1427, 1375, 1253, 1189, 1113, 1026, 835, 818, 775, 736, 701 cm-1 
[α]D

 26 +59.42 (c 3.8, CHCl3) 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
 
 

2.8. Typical procedure of Wittig reaction and determination of ee value 
 

 

 To a solution of aldehyde (27.4 mg, 0.10 mmol) in toluene (100 µL), Wittig reagent (69.6 mg, 0.20 mmol) 
were added at room temperature. After stirring the reaction mixture at this temperature for 1 h, the reaction 
mixture was directly purified by column chromatography on silica gel (nHexane : EtOAc = 3:1) to give the 
target compound (32.7 mg, 0.095 mmol) in 95% yield (single isomer). 
The enantiomeric ratio was determined by HPLC using CHIRALPACK ID (hexane/ iPrOH = 10:1; flow rate 
1.0 ml/min, major isomer tR = 31.8 min, minor isomer tR = 43.5 min) (>99% ee). 
 
 

2.9. Compounds information 
 
Ethyl (E)-3-((1S,2R,5R)-2-(2-ethoxy-2-oxoethyl)-3-oxo-5-phenylcyclopentyl)acrylate 
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Yield: 95% (32.7 mg) 
Physical State: White solid (m.p. 85.0~87.1 ºC) 
1H NMR (CDCl3) δ 1.22 (t, J = 7.2 Hz, 3H), 1.25 (t, J = 7.2 Hz, 3H), 2.48 (dddd, J = 1.2, 4.8, 5.2, 11.6 Hz, 
1H), 2.56 (dd, J = 4.8, 17.6 Hz, 1H), 2.61 (dd, J = 12.4, 18.8 Hz, 1H), 2.77 (dd, J = 5.2, 17.6 Hz, 1H), 2.83 
(ddd, J = 1.2, 8.0, 18.8 Hz, 1H), 3.04 (dd, J = 8.8, 11.2 Hz, 1H), 3.18 (dt, J = 8.0, 12.0 Hz, 1H), 4.08-4.16 (m, 
4H), 5.64 (d, J = 15.6 Hz, 1H), 6.78 (dd, J = 8.8, 15.6 Hz, 1H), 7.23-7.25 (m, 3H), 7.29-7.33 (m, 2H) 
13C NMR (CDCl3) δ 214.5, 171.3, 165.8, 147.1, 140.2, 128.8, 128.8, 127.3, 127.3, 127.2, 123.7, 60.9, 60.5, 
51.6, 51.5, 46.5, 45.6, 31.7, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H24O5Na: 367.1516, found: 367.1520 
IR(neat)ν 1744, 1726, 1372, 1308, 1269, 1250, 1227, 1188, 1154, 1033 cm-1 
[α]D

 26 +91.61 (c 1.2, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK ID (hexane/ iPrOH = 10:1; flow rate 
1.0 ml/min, major isomer tR = 31.8 min, minor isomer tR = 43.5 min) (>99% ee). 
Rf (nHexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.45 
 
Ethyl (E)-3-((1S,2R,5R)-2-(2-ethoxy-2-oxoethyl)-5-(naphthalen-2-yl)-3-oxocyclopentyl)acrylate 

 

Yield: 90% (35.5 mg) 
Physical State: White solid (m.p. 95.1~97.8 ºC) 
1H NMR (CDCl3) δ 1.21 (t, J = 7.2 Hz, 3H), 1.28 (t, J = 7.2 Hz, 3H), 2.55 (dddd, J = 0.80, 4.4, 5.2, 11.2 Hz, 
1H), 2.62 (dd, J = 4.4, 17.2 Hz, 1H), 2.73 (dd, J = 12.0, 18.8 Hz, 1H), 2.83 (dd, J = 5.2, 17.2 Hz, 1H), 2.91 
(ddd, J = 0.80, 8.0, 18.4 Hz, 1H), 3.19 (dd, J = 9.2, 11.2 Hz, 1H), 3.36 (dt, J = 8.0, 12.0 Hz, 1H), 4.06-4.20 
(m, 4H), 5.66 (dd, J = 0.4, 15.6 Hz, 1H), 6.78 (dd, J = 8.8, 15.6 Hz, 1H), 7.34 (dd, J = 2.0, 8.8 Hz, 1H), 7.44-
7.51 (m, 2H), 7.68 (m, 1H), 7.79-7.84 (m, 3H) 
13C NMR (CDCl3) δ 214.4, 171.4, 165.7, 147.1, 137.6, 133.4, 132.6, 128.7, 127.7, 126.3, 126.3, 125.8, 125.0, 
123.8, 61.0, 60.4, 51.6, 51.5, 46.8, 45.7, 31.7, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C24H26O5Na: 417.1673, found: 417.1673 
IR(neat)ν 3460, 1744, 1725, 1655, 1372, 1306, 1271, 1230, 1191, 1154 cm-1 
[α]D

 26 +96.47 (c 2.6, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK ID (hexane/ iPrOH = 10:1; flow rate 
1.0 ml/min, major isomer tR = 30.2 min, minor isomer tR = 50.9 min) (>99% ee). 
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Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.35 
 
Ethyl (E)-3-((1S,2R,5R)-2-(2-ethoxy-2-oxoethyl)-3-oxo-5-(p-tolyl)cyclopentyl)acrylate 

 

Yield: 92% (32.8 mg) 
Physical State: White solid (m.p. 91.5~93.2 ºC) 
1H NMR (CDCl3) δ 1.25 (t, J = 7.2 Hz, 6H), 2.36 (s, 3H), 2.49 (dddd, J = 0.80, 4.4, 5.2, 11.6 Hz, 1H), 2.58 
(dd, J = 4.4, 17.2 Hz, 1H), 2.59 (dd, J = 12.0, 18.8 Hz, 1H), 2.76 (dd, J = 5.2, 17.2 Hz, 1H), 2.82 (ddd, J = 
1.2, 8.0, 18.8 Hz, 1H), 3.02 (dd, J = 8.8, 11.2 Hz, 1H), 3.16 (dt, J = 8.0, 12.0 Hz, 1H), 4.09-4.18 (m, 4H), 5.67 
(dd, J = 0.4, 15.6 Hz, 1H), 6.79 (dd, J = 8.8, 15.6 Hz, 1H), 7.13 (s, 4H) 
13C NMR (CDCl3) δ 214.6, 171.4, 165.8, 147.3, 137.1, 136.8, 129.5, 129.5, 127.2, 127.2, 123.6, 60.9, 60.5, 
51.7, 51.6, 46.1, 45.7, 31.7, 21.0, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C21H26O5Na: 381.1673, found: 381.1684 
IR(neat)ν 1746, 1731, 1655, 1373, 1349, 1308, 1269, 1249, 1228, 1214, 1185, 1155, 1096, 1034, 818 cm-1 
[α]D

 26 +131.4 (c 0.34, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK ID (hexane/ iPrOH = 10:1; flow rate 
1.0 ml/min, major isomer tR = 23.7 min, minor isomer tR = 31.5 min) (>99% ee). 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.40 
 
Ethyl (E)-3-((1S,2R,5R)-2-(2-ethoxy-2-oxoethyl)-5-(4-methoxyphenyl)-3-oxocyclopentyl)acrylate 

 

Yield: 85% (31.8 mg) 
Physical State: yellow solid (m.p. 105~106 ºC) 
1H NMR (CDCl3) δ 1.25 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.49 (dtd, J = 0.80, 4.8, 11.6 Hz, 1H), 
2.57 (dd, J = 12.0, 18.8 Hz, 1H), 2.58 (dd, J = 4.8, 17.2 Hz, 1H), 2.78 (dd, J = 4.8, 16.8 Hz, 1H), 2.82 (ddd, J 
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= 1.2, 8.0, 18.4 Hz, 1H), 2.99 (dd, J = 9.2, 11.2 Hz, 1H), 3.15 (ddd, J = 8.0, 11.2, 12.0 Hz, 1H), 3.79 (s, 3H), 
4.09-4.17 (m, 4H), 5.66 (dd, J = 1.2 , 15.6 Hz, 1H), 6.79 (dd, J = 8.8, 15.6 Hz, 1H), 7.13 (s, 4H) 
13C NMR (CDCl3) δ 214.7, 171.4, 165.8, 158.6, 147.3, 132.2, 128.3, 128.3, 123.7, 114.2, 114.2, 60.9, 60.5, 
55.3, 51.9, 51.6, 45.8, 45,7, 31.7, 14.2, 14.1 
HRMS (ESI): [M+Na]+ calcd for C21H26O6Na: 397.1622, found: 397.1627 
IR(neat)ν 2982, 1745, 1730, 1655, 1515, 1373, 1308, 1252, 1226, 1183, 1035, 832 cm-1 
[α]D

 26 +85.60 (c 0.57, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK ID (hexane/ iPrOH = 10:1; flow rate 
1.0 ml/min, major isomer tR = 37.9 min, minor isomer tR = 58.1 min) (>99% ee). 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.19 
 
Ethyl (E)-3-((1S,2R,5R)-2-(2-ethoxy-2-oxoethyl)-5-(4-fluorophenyl)-3-oxocyclopentyl)acrylate 

 

Yield: 92% (33.2 mg) 
Physical State: White solid (m.p. 100~102 ºC) 
1H NMR (CDCl3) δ 1.25 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.48 (dddd, J = 0.80, 4.8, 5.2, 11.2 Hz, 
1H), 2.58 (dd, J = 4.8, 17.2 Hz, 1H), 2.59 (dd, J = 12.0, 18.8 Hz, 1H), 2.81 (dd, J = 5.2, 17.2 Hz, 1H), 2.83 
(ddd, J = 0.80, 8.0, 18.8 Hz, 1H), 3.01 (dd, J = 9.2, 10.8 Hz, 1H), 3.18 (ddd, J = 8.0, 11.2, 12.0 Hz, 1H), 4.09-
4.18 (m, 4H), 5.65 (dd, J = 0.80 , 15.6 Hz, 1H), 6.77 (dd, J = 9.2, 15.6 Hz, 1H), 7.02 (t, J = 8.8 Hz, 2H), 7.21 
(dd, J = 5.2, 8.8 Hz, 2H) 
13C NMR (CDCl3) δ 214.2, 171.3, 165.7, 161.8 (d, JC-F = 245 Hz), 146.8, 135.9 (d, JC-F = 3.0 Hz), 128.8 (d, 
JC-F = 8.0 Hz), 128.8 (d, JC-F = 8.0 Hz), 123.9, 115.8 (d, JC-F = 21 Hz), 115.8(d, JC-F = 21 Hz), 60.9, 60.5, 51.8, 
51.5, 45.8, 45.6, 31.6, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H23FO5Na: 385.1421, found: 385.1417 
IR(neat)ν 1745, 1720, 1655, 1512, 1373, 1308, 1270, 1226, 1186, 1159, 1095, 1033, 837 cm-1 
[α]D

 26 +72.19 (c 1.0, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK ID (hexane/ iPrOH = 10:1; flow rate 
1.0 ml/min, major isomer tR = 23.7 min, minor isomer tR = 41.9 min) (>99% ee). 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.30 
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Ethyl (E)-3-((1S,2R,5R)-5-(4-chlorophenyl)-2-(2-ethoxy-2-oxoethyl)-3-oxocyclopentyl)acrylate 

 

Yield: 81% (30.7 mg) 
Physical State: White solid (m.p. 103~105 ºC) 
1H NMR (CDCl3) δ 1.25 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.47 (dtd, J = 0.80, 4.8, 11.6 Hz, 1H), 
2.57 (dd, J = 4.4, 17.6 Hz, 1H), 2.58 (dd, J = 12.4, 18.8 Hz, 1H), 2.80 (dd, J = 4.8, 17.6 Hz, 1H), 2.83 (ddd, J 
= 0.80, 8.0, 18.8 Hz, 1H), 3.01 (dd, J = 9.2, 11.2 Hz, 1H), 3.17 (dd, J = 8.0, 12.0 Hz, 1H), 4.07-4.19 (m, 4H), 
5.65 (dd, J = 0.80, 15.6 Hz, 1H), 6.77 (dd, J = 9.2, 15.6 Hz, 1H), 7.18 (d, J = 8.4 Hz, 1H), 7.30 (d, J = 8.4 Hz, 
1H) 
13C NMR (CDCl3) δ 214.0, 171.3, 165.6, 146.7, 138.8, 132.9, 129.0, 129.0, 128.7, 128.7, 124.0, 61.0, 60.5, 
51.7, 51.5, 45.9, 45.4, 31.6, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C21H26ClO6Na: 401.1126, found: 401.1125 
IR(neat)ν 1745, 1720, 1495, 1373, 1308, 1272, 1249, 1227, 1187, 1155, 1092, 1033 cm-1 
[α]D

 26 +80.34 (c 1.0, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK ID (hexane/ iPrOH = 10:1; flow rate 
1.0 ml/min, major isomer tR = 19.5 min, minor isomer tR = 34.3 min) (>99% ee). 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.32 
 
Ethyl (E)-3-((1S,2R,5R)-5-(4-bromophenyl)-2-(2-ethoxy-2-oxoethyl)-3-oxocyclopentyl)acrylate 

 

Yield: 96% (40.6 mg) 
Physical State: White solid (m.p. 105~107 ºC) 
1H NMR (CDCl3) δ 1.25 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.47 (dtd, J = 1.2, 4.8, 11.2 Hz, 1H), 
2.57 (dd, J = 4.8, 17.6 Hz, 1H), 2.58 (dd, J = 12.0, 18.8 Hz, 1H), 2.81 (dd, J = 4.8, 17.6 Hz, 1H), 2.83 (ddd, J 
= 0.80, 8.0, 18.8 Hz, 1H), 3.02 (dd, J = 9.2, 11.2 Hz, 1H), 3.16 (dt, J = 8.0, 12.0 Hz, 1H), 4.07-4.19 (m, 4H), 
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5.66 (dd, J = 0.80 , 15.6 Hz, 1H), 6.77 (dd, J = 9.2, 15.6 Hz, 1H), 7.12 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.4 Hz, 
2H) 
13C NMR (CDCl3) δ 214.0, 171.3, 165.6, 146.7, 139.2, 131.9, 131.9, 129.0, 129.0, 124.0, 121.0, 61.0, 60.5, 
51.6, 51.5, 46.0, 45.4, 31.6, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H23BrO6Na: 445.0621, found: 3445.0634 
IR(neat)ν 1724, 1373, 1308, 1273, 1227, 1187, 1034, 1010 cm-1 
[α]D

 26 +67.76 (c 1.6, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK ID (hexane/ iPrOH = 10:1; flow rate 
1.0 ml/min, major isomer tR = 20.6 min, minor isomer tR = 36.8 min) (>99% ee). 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.32 
 
Ethyl (E)-3-((1S,2R,5R)-5-(3-bromophenyl)-2-(2-ethoxy-2-oxoethyl)-3-oxocyclopentyl)acrylate 

 

Yield: 94% (39.7 mg) 
Physical State: yellow oil 
1H NMR (CDCl3) δ 1.26 (t, J = 7.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 2.48 (dtd, J = 0.80, 4.8, 11.2 Hz, 1H), 
2.58 (dd, J = 4.4, 17.2 Hz, 1H), 2.58 (dd, J = 12.0, 18.8 Hz, 1H), 2.80 (dd, J = 5.2, 17.2 Hz, 1H), 2.84 (ddd, J 
= 0.80, 8.0, 18.8 Hz, 1H), 3.04 (dd, J = 8.8, 11.2 Hz, 1H), 3.15 (dt, J = 8.0, 12.0 Hz, 1H), 4.09-4.18 (m, 4H), 
5.68 (dd, J = 0.80 , 15.6 Hz, 1H), 6.77 (dd, J = 8.8, 15.6 Hz, 1H), 7.16-7.20 (m, 2H), 7.37-7.40 (m, 2H) 
13C NMR (CDCl3) δ 213.8, 171.3, 165.6, 146.5, 142.7, 130.4, 130.3, 130.3, 126.1, 124.0, 122.8, 61.0, 60.6, 
51.5, 51.4, 46.2, 45.5, 31.6, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H23BrO6Na: 445.0621, found: 445.0628 
IR(neat)ν 1745, 1724, 1655, 1476, 1373, 1349, 1308, 1270, 1249, 1227, 1187, 1155, 1095, 1074, 1033, 787, 
695 cm-1 
[α]D

 26 +57.39 (c 1.2, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK ID (hexane/ iPrOH = 10:1; flow rate 
1.0 ml/min, major isomer tR = 23.8 min, minor isomer tR = 40.0 min) (>99% ee). 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.30 
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Ethyl (E)-3-((1S,2R,5R)-5-(2-bromophenyl)-2-(2-ethoxy-2-oxoethyl)-3-oxocyclopentyl)acrylate 

 

Yield: 93% (39.2 mg) 
Physical State: yellow oil 
1H NMR (CDCl3) δ 1.25 (t, J = 7.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 2.41 (dd, J = 12.4, 18.8 Hz, 1H), 2.54 
(dddd, J = 0.80, 4.0, 5.2, 11.6 Hz, 1H), 2.61 (dd, J = 4.0, 17.2 Hz, 1H), 2.81 (dd, J = 5.2, 17.2 Hz, 1H), 2.97 
(ddd, J = 0.80, 8.0, 18.8 Hz, 1H), 3.20 (dt, J = 9.2, 11.2 Hz, 1H), 3.80 (ddd, J = 8.0, 10.8, 12.0 Hz, 1H), 4.10-
4.18 (m, 4H), 5.72 (dd, J = 0.80 , 15.6 Hz, 1H), 6.83 (dd, J = 8.8, 15.6 Hz, 1H), 7.11 (td, J = 4.4, 8.4 Hz, 1H), 
7.32 (d, J = 4.0 Hz, 2H), 7.56 (d, J = 8.0 Hz, 1H) 
13C NMR (CDCl3) δ 213.8, 171.4, 165.6, 146.5, 139.5, 133.2, 128.6, 128.1, 127.2, 125.3, 123.8, 61.0, 60.5, 
51.4, 50.3, 44.7, 44.6, 31.5, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H23BrO5H: 423.0802, found: 423.0807 
IR(neat)ν 1745, 1720, 1655, 1473, 1373, 1308, 1274, 1249, 1228, 1188, 1156, 1096, 1031, 757 ßßcm-1 
[α]D

 26 +37.77 (c 1.6, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK ID (hexane/ iPrOH = 10:1; flow rate 
1.0 ml/min, major isomer tR = 26.3 min, minor isomer tR = 39.0 min) (96% ee). 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.30 
 
Ethyl (E)-3-((1S,2R,5R)-2-(2-ethoxy-2-oxoethyl)-5-(furan-2-yl)-3-oxocyclopentyl)acrylate 

 
Yield: 80% (26.6 mg) 
Physical State: yellow oil 
1H NMR (CDCl3) δ 1.25 (t, J = 7.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 2.50 (dddd, J = 1.2, 4.8, 5.2, 11.2 Hz, 
1H), 2.58 (dd, J = 4.8, 17.2 Hz, 1H), 2.67 (dd, J = 12.0, 18.8 Hz, 1H), 2.71 (dd, J = 5.2, 17.2 Hz, 1H), 2.79 
(ddd, J = 1.2, 8.0, 18.4 Hz, 1H), 3.04 (dd, J = 9.2, 11.2 Hz, 1H), 3.30 (dt, J = 8.0, 11.2 Hz, 1H), 4.08-4.20 (m, 
4H), 5.78 (dd, J = 0.80 , 15.6 Hz, 1H), 6.10 (d, J = 3.6 Hz, 1H), 6.29 (dd, J = 2.0, 3.2 Hz, 1H), 6.88 (dd, J = 
8.8, 15.6 Hz, 1H), 7.33 (dd, J = 0.80 , 2.0 Hz, 1H), 
13C NMR (CDCl3) δ 213.5, 171.1, 165.7, 153.3, 146.9, 141.9, 123.9, 110.2, 106.2, 60.9, 60.5, 51.3, 49.4, 42.5, 
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39.5, 31.7, 14.1, 14.0 
HRMS (ESI): [M+Na]+ calcd for C18H22O6Na: 335.1490, found: 335.1490 
IR(neat)ν 2982, 1730, 1656, 1373, 1308, 1270, 1245, 1188, 1154, 1096, 1034, 1011, 737 cm-1 
[α]D

 26 +105.7 (c 0.80, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK ID (hexane/ iPrOH = 10:1; flow rate 
1.0 ml/min, minor isomer tR = 43.9 min, major isomer tR = 72.2 min) (96% ee). 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.25 
 
Ethyl (E)-3-((1R,2R,5R)-5-(dimethyl(phenyl)silyl)-2-(2-ethoxy-2-oxoethyl)-3-oxocyclopentyl)acrylate 

 
Yield: 90% (36.2 mg) 
Physical State: White solid (m.p. 111~112 ºC) 
1H NMR (CDCl3) δ 0.323 (s, 3H), 0.328 (s, 3H), 1.17 (t, J = 7.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 1.48 (ddd, 
J = 8.4, 11.6, 13.2 Hz, 1H), 2.11 (dd, J = 13.2, 18.8 Hz, 1H), 2.30 (dddd, J = 1.2, 5.2, 6.0, 9.2 Hz, 1H), 2.40 
(ddd, J = 1.2, 8.4, 18.4 Hz, 1H), 2.43 (dd, J = 5.2, 17.2 Hz, 1H), 2.50 (dd, J = 6.0, 17.2 Hz, 1H), 2.58 (q, J = 
11.6 Hz, 1H), 4.02 (dq, J = 1.6, 7.2 Hz, 2H), 4.15 (dq, J = 1.6, 7.2 Hz, 2H), 5.74 (d, J = 15.6 Hz, 1H), 6.68 
(dd, J = 9.6, 15.6 Hz, 1H), 7.32-7.35 (m, 3H), 7.43-7.45 (m, 2H) 
13C NMR (CDCl3) δ 216.4, 171.2, 165.6, 149.3, 136.3, 133.8, 133.8, 129.4, 129.4, 127.9, 122.6, 60.7, 60.3, 
52.4, 47.3, 39.2, 31.7, 27.5, 14.1, 14.0, -4.15, -4.25 
HRMS (ESI): [M+Na]+ calcd for C22H30O5SiNa: 425.1755, found: 425.1758 
IR(neat)ν 1734, 1653, 1428, 1371, 1348, 1253, 1179, 1113, 1040, 820, 737, 702 cm-1 
[α]D

 26 +98.79 (c 2.1, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK ID (hexane/ iPrOH = 10:1; flow rate 
1.0 ml/min, major isomer tR = 15.0 min, minor isomer tR = 19.2 min) (>99% ee). 
Rf (nHexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
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