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General Experimental Information 

All reactions were carried out in oven-dried glassware under nitrogen atmosphere. Solvents and 
molecular sieves were dried following suitable protocols. Commercially available 1,3-diketones 
were used without further purification. All the ynones used in this study were prepared by 
coupling the corresponding acetylene derivatives with chlorooxoacetates, using literature 
methods (Scheme S1).[1] Progress of the reactions were monitored by TLC. Analytical TLC was 
performed on commercially available aluminum-backed silica gel plates and the spots were 
visualized under UV light (λ = 254 nm). The interrupted Feist-Bénary reaction products were 
purified by flash column chromatography using hexane-ethyl acetate combination as the eluent 
on silica gel (100-200 mesh). 1H (400 MHz), 13C (100 MHz) and HMBC NMR (500 MHz) 
spectra were recorded at 25 °C using CDCl3 as solvent. 1H NMR chemical shifts are expressed in 
parts per million (δ) calibrated with reference to CHCl3 (δ = 7.26); 13C NMR chemical shifts are 
expressed in parts per million (δ) relative to the central CDCl3 resonance (δ = 77.0). The 
enantioselectivities were determined by HPLC analyses using Chiralpak AD-H and IC columns, 
and are presented in terms of ee values. 
 

 
 

Scheme S1. Preparation of ynone substrates.[1] 
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Spectral Characterization Data of Ynones (1a–k) 

Ethyl 2-oxo-4-phenylbut-3-ynoate (1a): Yield = 60%; 1H NMR (500 MHz, CDCl3): δ 7.64–
7.69 (m, 2H), 7.49–7.55 (m, 1H), 7.40–7.45 (m, 2H), 4.44 (q, J = 10.0 
Hz, 2H), 1.45 (t, J = 5Hz, 3H); 13C NMR (125 MHz, CDCl3): δ 169.6, 
159.2, 133.8 (2C), 131.8, 128.8 (2C), 119.1, 98.0, 87.1, 63.3, 14.0. 
 
 

 
Methyl 2-oxo-4-phenylbut-3-ynoate (1b): Yield =  68%; 1H NMR (400 MHz, CDCl3): δ 7.64–

7.69 (m, 2H), 7.49–7.56 (m, 1H), 7.39–7.46 (m, 2H), 3.96 (s, 3H); 13C 
NMR (100 MHz, CDCl3): δ 169.1, 159.7, 133.8 (2C), 131.9, 128.8 (2C), 
119.0, 98.2, 87.1, 53.7. 
 
 

 
Ethyl 4-(4-nitrophenyl)-2-oxobut-3-ynoate (1c): Yield= 71%; 1H NMR (400 MHz, CDCl3): δ 

8.28 (d, J = 8.8 Hz, 2H), 7.82 (d, J = 8.8 Hz, 2H), 4.42 (q, J = 7.2 
Hz, 2H), 1.42 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 
169.2, 158.7, 149.0, 134.3 (2C), 125.5, 123.8 (2C), 93.2, 89.2, 63.6, 
13.9. 
 

 
Ethyl 4-(4-bromophenyl)-2-oxobut-3-ynoate (1d): Yield=  65%; 1H NMR (400 MHz, CDCl3): 

δ 7.58 (d, J = 8.4 Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H), 4.41 (q, J = 7.2 
Hz, 2H), 1.42 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 
169.4, 159.1, 135.0 (2C), 132.3 (2C), 127.0, 118.0, 96.4, 87.8, 63.4, 
14.0. 
 

 
Ethyl 4-(4-fluorophenyl)-2-oxobut-3-ynoate (1e): Yield = 42%; 1H NMR (400 MHz, CDCl3): 

δ 7.64–7.71 (m, 2H), 7.08–7.16 (m, 2H), 4.40 (q, J = 7.2 Hz, 2H), 
1.41 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 169.4, 165.9, 
163.4, 159.2, 136.3 (2C), 116.4 (2C), 96.8, 87.1, 63.3, 13.9. 
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Ethyl 2-oxo-4-(p-tolyl)but-3-ynoate (1f): Yield = 56%; 1H NMR (400 MHz, CDCl3): δ 7.56 (d, 
J = 8.0 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 4.40 (q, J = 7.2 Hz, 2H), 
2.40 (s, 3H), 1.41 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): 
δ 169.5, 159.3, 142.9, 133.9 (2C), 129.6 (2C), 115.9, 98.9, 87.3, 
63.2, 21.8, 14.0. 
 

 
Ethyl 2-oxo-4-(o-tolyl)but-3-ynoate (1g): Yield = 48%; 1H NMR (400 MHz, CDCl3): δ 7.61 (d, 

J = 7.6 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7.18–7.33 (m, 2H), 4.40 (q, J = 
7.2 Hz, 2H), 2.56 (s, 3H), 1.42 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 169.4, 159.2 , 143.7, 134.3, 131.9, 130.0, 126.0, 118.9, 97.4, 
91.0, 63.2, 20.5, 14.0. 
 

 
Ethyl 4-(4-methoxyphenyl)-2-oxobut-3-ynoate (1h): Yield = 65%; 1H NMR (400 MHz, 

CDCl3): δ 7.61 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 8.8 Hz, 2H), 4.40 
(q, J = 4.0 Hz, 2H), 3.86 (s, 3H), 1.41 (t, J = 4.0 Hz, 3H);  13C 
NMR (100 MHz, CDCl3): δ 169.4, 162.6, 159.5, 136.1 (2C), 114.6 
(2C), 110.8, 99.8, 87.8, 63.1, 55.5, 14.0. 
 

 
Ethyl 4-(naphthalen-1-yl)-2-oxobut-3-ynoate (1i): Yield = 48%; 1H NMR (400 MHz, CDCl3): 

δ 8.48 (d, J = 8.0 Hz, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 8.0 
Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.68 (t, J = 8.0 Hz, 1H), 7.60 (t, J = 
8.0 Hz, 1H), 7.52 (t, J = 8.0 Hz, 1H), 4.48 (q, J = 8.0 Hz, 2H), 1.49 (t, 
J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 169.3, 159.3, 134.6, 
134.2, 133.1, 132.9, 128.6, 128.1, 127.2, 125.8, 125.2, 116.7, 96.8, 
92.1, 63.4, 14.1. 

 
 
Ethyl 2-oxo-4-(thiophen-2-yl)but-3-ynoate (1j): Yield = 42%;  1H NMR (400 MHz, CDCl3): δ 

7.61–7.63 (t, J = 4.0 Hz, 2H), 7.11–7.13 (dd, J = 4.0 Hz, 1H), 4.40 (q, J = 
8.0 Hz, 2H), 1.41 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 
168.9, 159.1, 138.6, 133.8, 128.1, 118.9, 92.6, 92.2, 63.3, 13.9. 
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Ethyl 2-oxooct-3-ynoate (1k): Yield = 10%; 1H NMR (400 MHz, CDCl3): δ 4.35 (q, J = 7.2 Hz, 
2H), 2.48 (t, J = 7.2 Hz, 2H), 1.67–1.55 (m, 2H), 1.52–1.40 (m, 2H), 
1.37 (t, J = 7.2 Hz, 3H), 0.93 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 169.7, 159.3, 102.6, 79.7, 63.1, 29.3, 21.9, 19.1, 13.9, 13.4. 

 
 
1,1,1-Trifluoro-4-phenylbut-3-yn-2-one (1l):2 Yield = 51%; 1H NMR (400 MHz, CDCl3): δ 

7.68 (dd, J = 8.4, 1.2 Hz, 2H), 7.61–7.54 (m, 1H), 7.50–7.41 (m, 2H); 13C 
NMR (100 MHz, CDCl3): δ 167.2 (q, J = 41.9, 1C), 133.9 (2C), 132.5, 
128.9 (2C), 118.1, 114.9 (q, J = 286.7 Hz, 1C), 100.5 (d, J = 0.6 Hz, 1C), 
83.4. 
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General Procedure for IFB Reaction 

The procedure for IFB reaction between ethyl 2-oxo-4-phenylbut-3-ynoate (1a), and dimedone 
(2a) is described as representative. 

In a round bottomed flask, was taken silver trifluoromethanesulfonate (5.1 mg, 0.02 mmol, 10 
mol %) and (R)-BINAP (6.2 mg, 0.01 mmol, 5 mol %) in dichloromethane (1.0 mL), and the 
mixture was stirred at room temperature (25 °C) for 30 minutes under nitrogen atmosphere. 
Afterwards, this mixture was added slowly to a stirring suspension of ethyl 2-oxo-4-phenylbut-3-
ynoate (1a, 40.4 mg, 0.20 mmol, 1.0 equiv.), dimedone (2a, 56.1 mg, 0.40 mmol, 2.0 equiv.), and 
MS 4 Å (50 mg) in dichloromethane (1.0 mL) at -60 ˚C. Reaction was continued at the aforesaid 
temperature, and progress was monitored by TLC. Upon completion, the reaction mixture was 
allowed to attain room temperature, and charged over to a column packed with silica gel. The 
dihydrofuran product 4aa was isolated by flash column chromatography using ethyl acetate and 
hexane as eluent, and finally characterized by spectral analysis (48.0 mg, 0.14 mmol, 70% yield). 
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Table S1: Additional screening of IFB reaction with ligands, solvents and additives.a 

 

entry ligand solvent time (h) yield (%)b ee (%)c 

1 A CH2Cl2 3.0 91 0 

2 B CH2Cl2 1.0 92 14 

3 C CH2Cl2 4.0 89 -3 

4 D CH2Cl2 1.0 93 -2 

Table contd…
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5 E CH2Cl2 1.0 91 2 

6 F CH2Cl2 1.0 78 9 

7 G CH2Cl2 4.0 80 -4 

8 H CH2Cl2 1.0 89 4 

9 (R)-BINAP 
CH2Cl2/MeOH 

(10:01) 
2.0 61 60 

10 (R)-BINAP Cl(CH2)2Cl 8.0 71 68 

11 (R)-BINAP CHCl3 2.0 82 54 

12 (R)-BINAP THF 1.0 72 32 

13 (R)-BINAP CH3CN 12.0 79 2 

14 (R)-BINAP DMF 2.0 90 15 

15 (R)-BINAP AcOEt 3.0 92 47 

16 (R)-BINAP PhCH3 12.0 90 46 

17d (R)-BINAP CH2Cl2 4.0 89 60 

18e (R)-BINAP CH2Cl2 0.5 90 0 

aUnless otherwise mentioned all the reactions were carried out with 0.20 mmol ynone 1a, 0.40 
mmol dimedone (2a), 10 mol % silver triflate, and 11 mol % chiral ligand at 0 °C. bIsolated yield 
of dihydrofuran 4aa. cEnantiomeric excess of the product 4aa was determined by chiral HPLC, 
using AD-H column. Negative ee values represent the (S)-enantiomer to be major. dReaction was 
conducted with 10 mol % benzoic acid additive. eReaction was conducted with 10 mol % 
triethylamine additive. 
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Characterization Data for Dihydrofuran and Related Compounds 

Ethyl (R,Z)-2-benzylidene-3-hydroxy-6,6-dimethyl-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-
3-carboxylate (4aa): Yield = 70%; White solid, mp = 144–145 °C; 1H 
NMR (400 MHz, CDCl3): δ 7.63–7.54 (m, 2H), 7.39–7.31 (m, 2H), 
7.30–7.22 (m, 1H), 5.90 (s, 1H), 4.37 (s, 1H), 4.37–4.27 (m, 1H), 4.23–
4.12 (m, 1H), 2.69 (d, J = 18.0 Hz, 1H), 2.54 (dd, J = 18.0, 1.2 Hz, 1H), 
2.40 (d, J = 16.0 Hz, 1H), 2.24 (dd, J = 16.0, 1.2 Hz, 1H), 1.22 (s, 3H), 
1.21 (t, J = 7.2 Hz, 3H), 1.14 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

192.7, 176.0, 171.3, 154.8, 132.9, 129.2 (2C), 128.5 (2C), 127.8, 116.0, 107.5, 78.7, 63.2, 51.1, 
37.4, 35.0, 29.5, 27.4, 13.9; FTIR νmax (NaCl film, cm-1): 3015, 2918, 1733, 1695, 1651, 1540, 
1395, 1025; HRMS (ESI) calcd. for C20H21O4 [M - OH]+: 325.1440, found 325.1467; HPLC 
condition: CHIRALPAK AD-H (250.0 mm x 4.6 mm), Hexane/i-PrOH eluent (80/20 ratio, 1.0 
mL/min flow rate), 254 nm wave length UV, Retention time = 17.8 min (major) and 27.4 min 
(minor), 90% ee. After first recrystallization, ee of mother liquor >99%; [α]D

25 = +71.3 (c = 1.0, 
CH2Cl2). 
 
Ethyl (S)-4-hydroxy-7,7-dimethyl-5-oxo-2-phenyl-5,6,7,8-tetrahydro-4H-chromene-4-

carboxylate (5aa): Yield = 26%; Colorless gummy liquid; 1H NMR (400 
MHz, CDCl3): δ 7.66–7.58 (m, 2H), 7.45–7.35 (m, 3H), 5.67 (s, 1H), 
4.44 (s, 1H), 4.34–4.22 (m, 1H), 4.22–4.09 (m, 1H), 2.67 (d, J = 17.6 Hz, 
1H), 2.55 (d, J = 17.6 Hz, 1H), 2.43–2.26 (m, 2H), 1.23 (t, J = 7.2 Hz, 
3H), 1.17 (s, 3H), 1.16 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 198.4, 
173.6, 165.4, 150.3, 131.9, 129.7, 128.6 (2C), 125.1 (2C), 112.5, 101.2, 

66.9, 62.5, 50.8, 41.2, 32.6, 29.0, 27.3, 14.1; FTIR νmax (NaCl film, cm-1): 3152, 3077, 2980, 
1740, 1732, 1681, 1383, 1285, 1230, 1056; HRMS (ESI) calcd. for C20H23O5 [M + H]+: 
343.1545, found 343.1528. 
 
Ethyl (R,Z)-2-benzylidene-3-hydroxy-7,7-dimethyl-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-

3-carboxylate (4ab): Yield = 51%; Colorless gummy liquid; 1H NMR 
(400 MHz, CDCl3): δ 7.59 (d, J = 7.2 Hz, 2H), 7.35 (pseudo-t, J = 7.2 
Hz, 2H), 7.29–7.23 (m, 1H), 5.89 (s, 1H), 4.37 (s, 1H), 4.36–4.27 (m, 
1H), 4.20–4.10 (m, 1H), 2.83–2.68 (m, 2H), 2.12–1.99 (m, 1H), 1.94 (dt, 
J = 13.6, 5.6 Hz, 1H), 1.19 (t, J = 7.2 Hz, 3H), 1.18 (s, 3H), 1.14 (s, 3H); 
13C NMR (100 MHz, CDCl3): δ 198.2, 175.0, 171.2, 154.9, 133.0, 129.1 

(2C), 128.5 (2C), 127.8, 115.7, 107.4, 79.0, 63.0, 41.3, 35.1, 24.0, 23.8, 21.2, 13.9; FTIR νmax 
(NaCl film, cm-1): 3609, 2918, 2851, 1731, 1693, 1556, 1536, 1391; HRMS (ESI) calcd. for 
C20H21O4 [M - OH]+: 325.1440, found 325.1477; HPLC condition: CHIRALPAK AD-H (250.0 
mm x 4.6 mm), Hexane/i-PrOH eluent (70/30 ratio, 1.0 mL/min flow rate), 254 nm wave length 
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UV, Retention time = 10.7 min (major) and 25.1 min (minor), 92% ee; [α]D
25 = +67.1 (c = 1.0, 

CH2Cl2). 
 
Ethyl (R,Z)-2-benzylidene-3-hydroxy-5,5-dimethyl-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-

3-carboxylate (4ab′): Yield = 26%; Colorless gummy liquid; 1H NMR 
(400 MHz, CDCl3): δ 7.58 (d, J = 7.2 Hz, 2H), 7.37 (pseudo-t, J = 7.6 Hz, 
2H), 7.30–7.23 (m, 1H), 5.89 (s, 1H), 4.35 (s, 1H), 4.35–4.24 (m, 1H), 
4.24–4.13 (m, 1H), 2.57–2.39 (m, 2H), 2.09–1.99 (m, 1H), 1.99–1.89 (m, 
1H), 1.44 (s, 3H), 1.40 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H); 13C NMR (100 
MHz, CDCl3): δ 193.0, 182.3, 171.2, 154.5, 133.2, 129.1 (2C), 128.6 (2C), 

127.8, 115.1, 107.4, 79.2, 63.1, 36.6, 34.4, 32.9, 24.82, 24.76, 13.9; FTIR νmax (NaCl film, cm-1): 
2963, 2914, 2848, 1730, 1695, 1537, 1395, 989; HRMS (ESI) calcd. for C20H22NaO5 [M + Na]+: 
365.1365, found 365.1387; HPLC condition: CHIRALPAK AD-H (250.0 mm x 4.6 mm), 
Hexane/i-PrOH eluent (70/30 ratio, 1.0 mL/min flow rate), 254 nm wave length UV, Retention 
time = 8.6 min (major) and 13.3 min (minor), 56% ee; [α]D

25 = +37.7 (c = 1.0, CH2Cl2). 
 
Ethyl (R,Z)-2-benzylidene-3-hydroxy-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-3-carboxylate 

(4ac): Yield = 82%; White solid, mp = 131 °C; 1H NMR (400 MHz, 
CDCl3): δ 7.59 (d, J = 7.6 Hz, 2H), 7.39–7.31 (m, 2H), 7.29–7.22 (m, 1H), 
5.89 (s, 1H), 4.42 (s, 1H), 4.33–4.15 (m, 2H), 2.82–2.63 (m, 2H), 2.52–
2.31 (m, 2H), 2.24–2.10 (m, 2H), 1.21 (t, J = 7.2 Hz, 3H); 13C NMR (100 
MHz, CDCl3): 193.1, 176.9, 171.2, 154.6, 132.9, 129.1, 128.5, 127.8, 
117.3, 107.5, 78.7, 63.2, 36.5, 23.5, 21.3, 13.9; FTIR νmax (NaCl film, cm-

1): 2846, 1729, 1695, 1650, 1559, 1538, 1392; HRMS (ESI) calcd. for C18H17O4 [M - OH]+: 
297.1127, found 297.1154; HPLC condition: CHIRALPAK AD-H (250.0 mm x 4.6 mm), 
Hexane/i-PrOH eluent (70/30 ratio, 1.0 mL/min flow rate), 254 nm wave length UV, Retention 
time = 12.5 min (major) and 20.2 min (minor), 95% ee. After first recrystallization, ee of crystal 
>99%; [α]D

25 = +70.3 (c = 1.0, CH2Cl2). 
 
Methyl (R,Z)-2-benzylidene-3-hydroxy-6,6-dimethyl-4-oxo-2,3,4,5,6,7-

hexahydrobenzofuran-3-carboxylate (4ba): Yield = 70%; White solid, 
mp = 146–147 °C; 1H NMR (400 MHz, CDCl3): δ 7.59 (d, J = 7.6 Hz, 
2H), 7.36 (pseudo-t, J = 7.2 Hz, 2H), 7.30–7.23 (m, 1H), 5.91 (s, 1H), 
4.29 (s, 1H), 3.79 (s, 3H), 2.67 (d, J = 17.6 Hz, 1H), 2.55 (dd, J = 17.6, 
4.0 Hz, 1H), 2.38 (d, J = 16.0 Hz, 1H), 2.27 (dd, J = 16.0, 4.0 Hz, 1H), 
1.21 (s, 3H), 1.15 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 192.8, 176.1, 

171.8, 154.6, 132.8, 129.2 (2C), 128.5 (2C), 127.9, 115.9, 107.7, 78.7, 54.0, 51.0, 37.4, 34.8, 
29.2, 27.8; FTIR νmax (NaCl film, cm-1): 3021, 2848, 1733, 1652, 1555, 1535, 1399, 1257, 1222; 
HRMS (ESI) calcd. for C19H19O4 [M - OH]+: 311.1283, found 311.1321; HPLC condition: 
CHIRALPAK AD-H (250.0 mm x 4.6 mm), Hexane/i-PrOH eluent (70/30 ratio, 1.0 mL/min 
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flow rate), 254 nm wave length UV, Retention time = 11.6 min (major) and 19.5 min (minor), 
87% ee. After first recrystallization, ee of mother liquor >99%; [α]D

25 = +38.2 (c = 1.0, CH2Cl2). 
 
Methyl (R,Z)-2-benzylidene-3-hydroxy-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-3-

carboxylate (4bc): Yield = 73%; White solid, mp = 168–170 °C; 1H NMR 
(400 MHz, CDCl3): δ 7.59 (d, J = 7.6 Hz, 2H), 7.39–7.31 (m, 2H), 7.29–
7.22 (m, 1H), 5.90 (s, 1H), 4.34 (s, 1H), 3.79 (s, 3H), 2.82–2.66 (m, 2H), 
2.53–2.34 (m, 2H), 2.24–2.12 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 
193.2, 177.0, 171.7, 154.4, 132.8, 129.2 (2C), 128.5 (2C), 127.9, 117.2, 
107.7, 78.7, 54.0, 36.5, 23.5, 21.3; FTIR νmax (NaCl film, cm-1): 3018, 

2918, 1733, 1695, 1651, 1540, 1397, 994; HRMS (ESI) calcd. for C17H15O4 [M - OH]+: 
283.0970, found 283.0975; HPLC condition: CHIRALPAK AD-H (250.0 mm x 4.6 mm), 
Hexane/i-PrOH eluent (70/30 ratio, 1.0 mL/min flow rate), 254 nm wave length UV, Retention 
time = 11.2 min (major) and 18.9 min (minor), 91% ee. After first recrystallization, ee of crystal 
>99%; [α]D

25 = +48.1 (c = 1.0, CH2Cl2). 
 
Ethyl (R,Z)-3-hydroxy-2-(4-nitrobenzylidene)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-3-

carboxylate (4cc): Yield = 95%; White solid, mp = 114 °C; 1H NMR 
(400 MHz, CDCl3): δ 8.20 (d, J = 8.8 Hz, 2H), 7.73 (d, J = 8.8 Hz, 2H), 
5.95 (s, 1H), 4.47 (s, 1H), 4.37–4.18 (m, 2H), 2.87–2.68 (m, 2H), 2.55–
2.35 (m, 2H), 2.28–2.12 (m, 2H), 1.22 (t, J = 7.2 Hz, 3H); 13C NMR 
(100 MHz, CDCl3): δ 192.9, 176.6, 170.6, 157.7, 146.6, 139.5, 129.6 
(2C), 123.8 (2C), 117.6, 105.2, 79.0, 63.5, 36.5, 23.4, 21.3, 13.9; FTIR 
νmax (NaCl film, cm-1): 2918, 1733, 1697, 1537, 1397, 998; HRMS 

(ESI) calcd. for C18H16NO6 [M - OH]+: 342.0978, found 342.0997; HPLC condition: 
CHIRALPAK AD-H (250.0 mm x 4.6 mm), Hexane/i-PrOH eluent (60/40 ratio, 1.0 mL/min 
flow rate), 254 nm wave length UV, Retention time = 13.2 min (major) and 21.9 min (minor), 
71% ee. After first recrystallization, ee of mother liquor = 99%; [α]D

25 = +89.6 (c = 1.0, CH2Cl2). 
 
Ethyl (R,Z)-2-(4-bromobenzylidene)-3-hydroxy-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-3-

carboxylate (4dc): Yield = 88%; White solid, mp = 106 °C; 1H NMR 
(400 MHz, CDCl3): δ 7.56–7.33 (m, 4H), 5.82 (s, 1H), 4.36 (s, 1H), 4.36–
4.15 (m, 2H), 2.85–2.65 (m, 2H), 2.54–2.32 (m, 2H), 2.28–2.08 (m, 2H), 
1.22 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 193.0, 176.7, 
171.0, 155.2, 131.9, 131.7 (2C), 130.6 (2C), 121.8, 117.4, 106.4, 78.8, 
63.3, 36.6, 23.5, 21.3, 13.9; FTIR νmax (NaCl film, cm-1): 2934, 2918, 
1733, 1695, 1537, 1395; HRMS (ESI) calcd. for C18H16BrO4 [M - OH]+: 

375.0232, found 375.0237; HPLC condition: CHIRALPAK AD-H (250.0 mm x 4.6 mm), 
Hexane/i-PrOH eluent (60/40 ratio, 1.0 mL/min flow rate), 254 nm wave length UV, Retention 
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time = 10.5 min (major) and 20.9 min (minor), 79% ee. After first recrystallization, ee of crystal 
>99%; [α]D

25 = +71.6 (c = 1.0, CH2Cl2). 
 
Ethyl (R,Z)-2-(4-fluorobenzylidene)-3-hydroxy-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-3-

carboxylate (4ec): Yield = 82%; White solid, mp = 110 °C; 1H NMR (400 
MHz, CDCl3): δ 7.56 (dd, J = 8.8, 5.6 Hz, 2H), 7.03 (pseudo-t, J = 8.8 Hz, 
2H), 5.85 (s, 1H), 4.40 (s, 1H), 4.35–4.16 (m, 2H), 2.82–2.66 (m, 2H), 
2.52–2.33 (m, 2H), 2.26–2.08 (m, 2H), 1.21 (t, J = 7.2 Hz, 3H); 13C NMR 
(100 MHz, CDCl3): δ 193.0, 176.7, 171.1, 163.3, 160.8, 154.2 (d, J = 2.6 
Hz, 1C), 130.9 (d, J = 8.1 Hz, 1C), 129.1 (d, J = 3.4 Hz, 1C), 117.4, 115.6, 
115.4, 106.4, 78.7, 63.2, 36.5, 23.5, 21.3, 13.9; FTIR νmax (NaCl film, cm-

1): 2918, 1730, 1697, 1540, 1393, 992; HRMS (ESI) calcd. for C18H16FO4 [M - OH]+: 315.1033, 
found 315.1069; HPLC condition: CHIRALPAK AD-H (250.0 mm x 4.6 mm), Hexane/i-PrOH 
eluent (70/30 ratio, 1.0 mL/min flow rate), 254 nm wave length UV, Retention time = 10.9 min 
(major) and 19.9 min (minor), 85% ee; [α]D

25 = +57.7 (c = 1.0, CH2Cl2). 
 
Ethyl (R,Z)-3-hydroxy-2-(4-methylbenzylidene)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-3-

carboxylate (4fc): Yield = 66%; White solid, mp = 128–129 °C; 1H 
NMR (400 MHz, CDCl3): δ 7.48 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 
2H), 5.86 (s, 1H), 4.34 (s, 1H), 4.34–4.17 (m, 2H), 2.82–2.66 (m, 2H), 
2.52–2.35 (m, 2H), 2.35 (s, 3H), 2.26–2.10 (m, 2H), 1.21 (t, J = 7.2 Hz, 
3H); 13C NMR (100 MHz, CDCl3): δ 193.1, 176.9, 171.2, 154.0, 137.8, 
130.1, 129.2 (2C), 129.1 (2C), 117.3, 107.5, 78.6, 63.1, 36.6, 23.5, 21.32, 
21.27, 13.9; FTIR νmax (NaCl film, cm-1): 2918, 2848, 1730, 1665, 1651, 

1564, 1537, 1397, 1246; HRMS (ESI) calcd. for C19H19O4 [M - OH]+: 311.1283, found 
311.1314; HPLC condition: CHIRALPAK AD-H (250.0 mm x 4.6 mm), Hexane/i-PrOH eluent 
(60/40 ratio, 1.0 mL/min flow rate), 254 nm wave length UV, Retention time = 10.1 min (major) 
and 23.0 min (minor), 93% ee. After first recrystallization, ee of mother liquor >99%; [α]D

25 = 
+76.3 (c = 1.0, CH2Cl2). 
 
Ethyl (R,Z)-3-hydroxy-2-(2-methylbenzylidene)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-3-

carboxylate (4gc): Yield = 40%; White solid, mp = 116° C; 1H NMR 
(400 MHz, CDCl3): δ 7.76 (d, J = 7.2 Hz, 1H), 7.25–7.13 (m, 3H), 6.06 
(s, 1H), 4.41 (s, 1H), 4.28 (q, J = 7.2 Hz, 2H), 2.79–2.61 (m, 2H), 2.53–
2.34 (m, 2H), 2.31 (s, 3H), 2.25–2.08 (m, 2H), 1.24 (t, J = 7.2 Hz, 3H); 
13C NMR (100 MHz, CDCl3): δ 193.1, 177.1, 171.3, 155.0, 136.3, 131.4, 
130.2, 129.3, 127.9, 125.9, 117.4, 105.0, 78.5, 63.1, 36.6, 23.5, 21.3, 

20.0, 14.0; FTIR νmax (NaCl film, cm-1): 2971, 2844, 1733, 1652, 1395, 1242, 994; HRMS (ESI) 
calcd. for C19H19O4 [M - OH]+: 311.1283, found 311.1295; HPLC condition: CHIRALPAK AD-
H (250.0 mm x 4.6 mm), Hexane/i-PrOH eluent (70/30 ratio, 1.0 mL/min flow rate), 254 nm 
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wave length UV, Retention time = 12.3 min (major) and 24.2 min (minor), 98% ee. After first 
recrystallization, ee of crystal >99%; [α]D

25 = +93.2 (c = 1.0, CH2Cl2). 
 
Ethyl (R,Z)-3-hydroxy-2-(4-methoxybenzylidene)-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-

3-carboxylate (4hc): Yield = 42%; White solid, mp = 144–145 °C; 1H 
NMR (400 MHz, CDCl3): δ 7.54 (dd, J = 6.8, 2.0 Hz, 2H), 6.89 (dd, J = 
6.8, 2.0 Hz, 2H), 5.84 (s, 1H), 4.33 (s, 1H), 4.35–4.16 (m, 2H), 3.82 (s, 
3H), 2.83–2.65 (m, 2H), 2.54–2.32 (m, 2H), 2.27–2.10 (m, 2H), 1.22 (t, 
J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 193.1, 176.8, 171.3, 
159.2, 153.1, 130.6 (2C), 125.7, 117.3, 114.0 (2C), 107.3, 78.6, 63.1, 
55.3, 36.6, 23.6, 21.4, 14.0; FTIR νmax (NaCl film, cm-1): 2918, 1733, 

1697, 1557, 1540, 1395; HRMS (ESI) calcd. for C19H20NaO6 [M + Na]+: 367.1158, found 
367.1163; HPLC condition: CHIRALPAK AD-H (250.0 mm x 4.6 mm), Hexane/i-PrOH eluent 
(60/40 ratio, 1.0 mL/min flow rate), 254 nm wave length UV, Retention time = 15.5 min (major) 
and 36.5 min (minor), 96% ee. After first recrystallization, ee of crystal >99%; [α]D

25 = +39.2 (c 
= 0.5, CH2Cl2). 
 
Ethyl (R,Z)-3-hydroxy-2-(naphthalen-1-ylmethylene)-4-oxo-2,3,4,5,6,7-

hexahydrobenzofuran-3-carboxylate (4ic): Yield = 75%; White 
solid, mp = 107–108 °C; 1H NMR (400 MHz, CDCl3): δ 8.00 (d, J = 
7.6 Hz, 1H), 7.90 (d, J = 7.2 Hz, 1H), 7.85 (dd, 7.2, 2.0 Hz, 1H), 7.81 
(d, J = 8.0 Hz, 1H), 7.58–7.42 (m, 3H), 6.62 (s, 1H), 4.53 (s, 1H), 
4.40–4.25 (m, 2H), 2.77–2.61 (m, 2H), 2.55–2.35 (m, 2H), 2.25–2.08 
(m, 2H), 1.27 (t, J = 7.2 Hz. 3H); 13C NMR (100 MHz, CDCl3): δ 

193.1, 177.2, 171.3, 156.0, 133.5, 131.2, 128.9, 128.6, 128.4, 127.5, 126.4, 125.9, 125.3, 123.6, 
117.5, 104.1, 78.6, 63.2, 36.6, 23.5, 21.3, 14.0; FTIR νmax (NaCl film, cm-1): 3090, 3027, 2855, 
1608, 1508, 1463, 1030, 757, 727, 698; HRMS (ESI) calcd. for C22H20NaO5 [M + Na]+: 
387.1208, found 387.1226; HPLC condition: CHIRALPAK-IC (250.0 mm x 4.6 mm), Hexane/i-
PrOH eluent (70/30 ratio, 1.0 mL/min flow rate), 254 nm wave length UV, Retention time = 26.5 
min (minor) and 29.3 min (major), 96% ee. After first recrystallization, ee of mother liquor = 
97%; [α]D

25 = +79.2 (c = 1.0, CH2Cl2). 
 
Ethyl (R,Z)-3-hydroxy-4-oxo-2-(thiophen-2-ylmethylene)-2,3,4,5,6,7-hexahydrobenzofuran-

3-carboxylate (4jc): Yield = 85%; White solid, mp = 130–132 °C; 1H NMR 
(400 MHz, CDCl3): δ 7.34 (d, J = 5.2 Hz, 1H), 7.15 (d, J = 3.2 Hz, 1H), 
7.02 (dd, J = 5.2, 3.6 Hz, 1H), 6.19 (s, 1H), 4.35 (s, 1H), 4.35–4.25 (m, 1H), 
4.25–4.16 (m, 1H), 2.84–2.67 (m, 2H), 2.53–2.32 (m, 2H), 2.26–2.10 (m, 
2H), 1.22 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 193.1, 176.6, 
171.0, 152.8, 135.5, 128.2, 127.2, 127.0, 117.6, 101.7, 78.2, 63.2, 36.6, 23.5, 

21.3, 13.9; FTIR νmax (NaCl film, cm-1): 3086, 3069, 3024, 2917, 1741, 1640, 1601, 1496, 1452, 
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1185, 1053, 992, 757; HRMS (ESI) calcd. for C16H15O4S [M - OH]+: 303.0691, found 303.0687; 
HPLC condition: CHIRALPAK AD-H (250.0 mm x 4.6 mm), Hexane/i-PrOH eluent (60/40 
ratio, 1.0 mL/min flow rate), 254 nm wave length UV, Retention time = 10.1 min (major) and 
16.9 min (minor), 80% ee. After first recrystallization, ee of crystal >99%; [α]D

25 = +68.7 (c = 
1.0, CH2Cl2). 
 

Ethyl (R,Z)-3-hydroxy-4-oxo-2-pentylidene-2,3,4,5,6,7-hexahydrobenzofuran-3-carboxylate 
(4kc): Yield = 64%; Colorless gummy liquid; 1H NMR (400 MHz, 
CDCl3): δ 5.03 (t, J = 7.6 Hz, 1H), 4.29–4.17 (m, 3H), 2.71–2.55 (m, 
2H), 2.48–2.29 (m, 2H), 2.28–2.17 (m, 2H), 2.17–2.05 (m, 2H), 1.45–
1.25 (m, 4H), 1.22 (t, J = 7.2 Hz, 3H), 0.89 (t, J = 7.2 Hz, 3H); 13C 
NMR (100 MHz, CDCl3): δ 193.1, 176.9, 171.5, 155.3, 117.4, 109.1, 

77.1, 62.9, 36.5, 31.0, 24.8, 23.5, 22.1, 21.3, 13.9, 13.8; FTIR νmax (NaCl film, cm-1): 3088, 
3033, 2998, 2935, 2861, 1602, 1496, 996, 752, 692, 667; HRMS (ESI) calcd. for C16H21O4 [M - 
OH]+: 277.1440, found 277.1462; HPLC condition: CHIRALPAK AD-H (250.0 mm x 4.6 mm), 
Hexane/i-PrOH eluent (80/20 ratio, 1.0 mL/min flow rate), 254 nm wave length UV, Retention 
time = 8.6 min (major) and 13.1 min (minor), 95% ee, [α]D

25 = +37.2 (c = 0.5, CH2Cl2). 
 

(R,Z)-2-benzylidene-3-hydroxy-3-(trifluoromethyl)-3,5,6,7-tetrahydrobenzofuran-4(2H)-
one (4lc): Yield = 58%; White solid, mp = 145-146 °C; 1H NMR (400 
MHz, CDCl3): δ 7.63 (d, J = 7.6 Hz, 2H), 7.43–7.34 (m, 2H), 7.34–7.27 
(m, 1H), 6.26 (s, 1H), 4.48 (s, 1H), 2.84–2.62 (m, 2H), 2.60–2.47 (m, 1H), 
2.46–2.33 (m, 1H), 2.26–2.08 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 
194.0, 178.5, 150.1, 132.4, 129.5 (2C), 128.5 (2C), 128.3, 123.7 (q, J = 

283.9, 1C), 112.5, 111.0 (d, J = 1.8, 1C), 79.2 (q, J = 33.3, 1C), 36.6, 23.7, 20.9; FTIR νmax 
(NaCl film, cm-1): 3077, 1514, 1369, 1303, 1207, 1131, 1096, 969, 701; HRMS (ESI) calcd. for 
C16H12F3O2 [M - OH]+: 293.0789, found 293.0795; HPLC condition: CHIRALPAK AD-H 
(250.0 mm x 4.6 mm), Hexane/i-PrOH eluent (90/10 ratio, 1.0 mL/min flow rate), 254 nm wave 
length UV, Retention time = 9.8 min (major) and 11.2 min (minor), 44% ee, [α]D

25 = +50.7 (c = 
1.0, CH2Cl2). 
 

Ethyl (R,Z)-4-acetyl-2-benzylidene-3-hydroxy-5-methyl-2,3-dihydrofuran-3-carboxylate 
(4ad): Yield = 92%; White solid, mp = 128–130 °C; 1H NMR (400 MHz, 
CDCl3): δ 7.58 (d, J = 7.6 Hz, 2H), 7.38–7.30 (m, 2H), 7.28–7.21 (m, 
1H), 5.82 (s, 1H), 4.40 (s, 1H), 4.34–4.18 (m, 2H), 2.52 (s, 3H), 2.29 (s, 
3H), 1.23 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 192.8, 
171.8, 167.9, 153.3, 133.2, 129.0 (2C), 128.4 (2C) 127.6, 118.2, 106.0., 
81.8, 63.1, 29.0, 15.2, 13.9; FTIR νmax (NaCl film, cm-1): 2914, 2844, 

1715, 1697, 1557, 1540, 1395, 1121; HRMS (ESI) calcd. for C17H17O4 [M - OH]+: 285.1127, 
found 285.1151; HPLC condition: CHIRALPAK AD-H (250.0 mm x 4.6 mm), Hexane/i-PrOH 
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eluent (80/20 ratio, 1.0 mL/min flow rate), 254 nm wave length UV, Retention time = 9.9 min 
and 11.6 min, 0% ee. 
 

Ethyl (R,Z)-2-benzylidene-3-hydroxy-4-oxo-3,4,5,6-tetrahydro-2H-cyclopenta[b]furan-3-
carboxylate (4ae): Yield = 90%; White solid, mp = 117–118 °C; 1H NMR 
(400 MHz, CDCl3): δ 7.70–7.62 (m, 2H), 7.46–7.37 (m, 3H), 5.68 (s, 1H), 
4.33 (s, 1H), 4.36–4.18 (m, 2H), 2.90 (dd, J = 5.6, 4.4 Hz, 2H), 2.64–2.51 
(m, 2H), 1.25 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 201.7, 
179.1, 172.6, 151.8, 131.8, 129.9, 128.6 (2C), 125.4 (2C), 116.3, 102.1, 
65.9, 63.2, 33.5, 25.7, 14.0; FTIR νmax (NaCl film, cm-1): 2918, 1733, 1697, 

1559, 1395, 1044; HRMS (ESI) calcd. for C17H15O4 [M - OH]+: 283.0970, found 283.0974; 
HPLC condition: CHIRALPAK AD-H (250.0 mm x 4.6 mm), Hexane/i-PrOH eluent (60/40 
ratio, 1.0 mL/min flow rate), 254 nm wave length UV, Retention time = 8.0 min and 10.7 min, 
0% ee. 
 

Ethyl (2R,3R)-2-benzyl-3-hydroxy-4-oxo-2,3,4,5,6,7-hexahydrobenzofuran-3-carboxylate 
(6ac): Yield = 73%; Gummy liquid; 1H NMR (400 MHz, CDCl3): δ 
7.38–7.29 (m, 2H), 7.29–7.20 (m, 3H), 4.88 (dd, J = 10.4, 4.0 Hz, 1H), 
4.28 (q, J = 7.2 Hz, 2H), 4.05 (s, 1H), 3.04 (dd, J = 14.4, 10.4 Hz, 1H), 
2.87 (dd, J = 14.4, 4.0 Hz, 1H), 2.52 (t, J = 6.4 Hz, 2H), 2.44–2.26 (m, 
2H), 2.18–2.02 (m, 2H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3): δ 194.2, 179.9, 171.5, 136.5, 129.0 (2C), 128.6 (2C), 127.0, 
116.9, 94.9, 82.4, 62.8, 36.8, 36.4, 24.2, 21.4, 14.1; FTIR νmax (NaCl 

film, cm-1): 3085, 3033, 2928, 1732, 1644, 1402, 1232, 1187, 1094, 982, 759, 576, 504; HRMS 
(ESI) calcd. for C18H21O5 [M + H]+: 317.1389, found 317.1395; HPLC condition: CHIRALPAK 
AD-H (250.0 mm x 4.6 mm), Hexane/i-PrOH eluent (90/10 ratio, 1.0 mL/min flow rate), 254 nm 
wave length UV, Retention time = 22.7 min (minor) and 26.4 min (major), >99% ee, [α]D

25 = -
53.5 (c = 1.0, CH2Cl2). 
 

Ethyl (S)-2-(ethoxy(phenyl)methyl)-4-oxo-4,5,6,7-tetrahydrobenzofuran-3-carboxylate 
(7ac): Yield = 95%; Gummy liquid; 1H NMR (400 MHz, CDCl3): δ 7.55–
7.42 (m, 2H), 7.40–7.32 (m, 2H), 7.32–7.26 (m, 1H), 5.95 (s, 1H), 4.48–
4.32 (m, 2H), 3.64–3.48 (m, 2H), 2.95–2.70 (m, 2H), 2.58–2.38 (m, 2H), 
2.21–2.05 (m, 2H), 1.41 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H); 13C 
NMR (100 MHz, CDCl3): δ 192.0, 167.1, 163.1, 157.3, 138.4, 128.5 (2C), 

128.0, 126.7 (2C), 119.1, 113.9, 74.3, 65.1, 61.3, 38.5, 23.5, 22.0, 15.1, 14.1; FTIR νmax (NaCl 
film, cm-1): 2919, 1730, 1691, 1577, 1432, 1299, 1226, 1058, 1005; HRMS (ESI) calcd. for 
C20H23O5 [M + H]+: 343.1545, found 343.1538; HPLC condition: CHIRALPAK AD-H (250.0 
mm x 4.6 mm), Hexane/i-PrOH eluent (97/03 ratio, 1.0 mL/min flow rate), 254 nm wave length 
UV, Retention time = 19.0 min (minor) and 21.0 min (major), 02% ee, [α]D

25 = -1.6 (c = 1.0, 
CH2Cl2). 
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Crystal Data of Compound (+)-4dc 

 
 

Datablock: 4dc 

 
Bond precision: C-C = 0.0087 A Wavelength=0.71073 
Cell: a=5.6762(6) b=10.5443(11) c=14.1611(14)

alpha=90 beta=100.294(4)gamma=90
Temperature: 100 K 

Calculated Reported
Volume 833.92(15) 833.92(15)
Space group P 21 P 21
Hall group P 2yb P 2yb
Moiety formula C18 H17 Br O5 ?
Sum formula C18 H17 Br O5 C18 H17 Br O5 
Mr 393.22 393.23
Dx,g cm-3 1.566 1.566
Z 2 2
Mu (mm-1) 2.489 2.489
F000 400.0 400.0
F000' 399.63 
h,k,lmax 8,15,20 8,15,19
Nref 5273[ 2767] 14514
Tmin,Tmax 0.556,0.780 0.556,0.780 
Tmin' 0.469 
Correction method= # Reported T Limits: Tmin=0.556 
Tmax=0.780 AbsCorr = MULTI-SCAN  
Data completeness= 5.25/2.75 Theta(max)= 30.891

R(reflections)= 0.0518( 11178) wR2(reflections)= 0.1256( 14514) 
S = 0.904 Npar= 220
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NMR Spectra of Dihydrofuran and Related Compounds 

 
1H NMR of Compound 4aa (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4aa (100 MHz, CDCl3) 
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DEPT-135 of Compound 4aa (100 MHz, CDCl3) 

 

 
Mass Spectra of Compound 4aa (ESI) 
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1H NMR of Compound 5aa (400 MHz, CDCl3) 

 

 
13C NMR of Compound 5aa (100 MHz, CDCl3) 
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DEPT-135 of Compound 5aa (100 MHz, CDCl3) 

 

 
Mass Spectra of Compound 5aa (ESI) 
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1H NMR of Compound 4ab (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4ab (100 MHz, CDCl3) 
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DEPT-135 of Compound 4ab (100 MHz, CDCl3) 

 

 
HMBC of Compound 4ab (700 MHz, CDCl3) 
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1H NMR of Compound 4ab′ (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4ab′ (100 MHz, CDCl3) 
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DEPT-135 of Compound 4ab′ (100 MHz, CDCl3) 

 

 
HMBC of Compound 4ab′ (500 MHz, CDCl3) 
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1H NMR of Compound 4ac (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4ac (100 MHz, CDCl3) 
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1H NMR of Compound 4ba (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4ba (100 MHz, CDCl3) 
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1H NMR of Compound 4bc (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4bc (100 MHz, CDCl3) 
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1H NMR of Compound 4cc (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4cc (100 MHz, CDCl3) 
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1H NMR of Compound 4dc (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4dc (100 MHz, CDCl3) 
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1H NMR of Compound 4ec (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4ec (100 MHz, CDCl3) 
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1H NMR of Compound 4fc (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4fc (100 MHz, CDCl3) 
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1H NMR of Compound 4gc (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4gc (100 MHz, CDCl3) 
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1H NMR of Compound 4hc (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4hc (100 MHz, CDCl3) 
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1H NMR of Compound 4ic (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4ic (100 MHz, CDCl3) 
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1H NMR of Compound 4jc (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4jc (100 MHz, CDCl3) 



S36 
 

 
1H NMR of Compound 4kc (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4kc (100 MHz, CDCl3) 

O

OH
EtO2C

O



S37 
 

 
1H NMR of Compound 4lc (400 MHz, CDCl3)  

 

 
13C NMR of Compound 4lc (100 MHz, CDCl3) 



S38 
 

 
DEPT-135 of Compound 4lc (100 MHz, CDCl3) 

 

 
Mass Spectra of Compound 4lc (ESI) 
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1H NMR of Compound 4ad (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4ad (100 MHz, CDCl3) 



S40 
 

 
1H NMR of Compound 4ae (400 MHz, CDCl3) 

 

 
13C NMR of Compound 4ae (100 MHz, CDCl3) 
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1H NMR of Compound 6ac (400 MHz, CDCl3) 

 

 
13C NMR of Compound 6ac (100 MHz, CDCl3) 

O

OOH
EtO2C



S42 
 

 
1H NMR of Compound 7ac (400 MHz, CDCl3) 

 

 
13C NMR of Compound 7ac (100 MHz, CDCl3) 

OPh

EtO

OEtO2C



S43 
 

HPLC Chromatograms of Dihydrofuran Compounds 
 

 
Compound-(±)-4aa 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (80:20) @ 1.0 mL/min, 254 nm WL. 



S44 
 

 
Compound-(+)-4aa 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (80:20) @ 1.0 mL/min, 254 nm WL. 

 



S45 
 

 
Compound-(+)-4aa 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (80:20) @ 1.0 mL/min, 254 nm WL. 

 
 
 



S46 
 

 
Compound-(±)-4ab 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 



S47 
 

 
Compound-(+)-4ab 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 
 
 



S48 
 

 
Compound-(±)-4ab′ 

 

 
 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 



S49 
 

 
Compound-(+)-4ab′ 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 
 
 



S50 
 

 
Compound-(±)-4ac 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 



S51 
 

 
Compound-(+)-4ac 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 



S52 
 

 
Compound-(+)-4ac 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 



S53 
 

 
Compound-(±)-4ba 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 



S54 
 

 
Compound-(+)-4ba 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 



S55 
 

 
Compound-(+)-4ba 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 
 
 



S56 
 

 
Compound-(±)-4bc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 



S57 
 

 
Compound-(+)-4bc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 



S58 
 

 
Compound-(+)-4bc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 
 
 



S59 
 

 
Compound-(±)-4cc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 

 



S60 
 

 
Compound-(+)-4cc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 

 



S61 
 

 
Compound-(+)-4cc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 

 



S62 
 

 
Compound-(±)-4dc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 

 



S63 
 

 
Compound-(+)-4dc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 

 



S64 
 

 
Compound-(+)-4dc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 

 
 



S65 
 

 
 

Compound-(±)-4ec 
 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 



S66 
 

 
Compound-(+)-4ec 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 



S67 
 

 
Compound-(±)-4fc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 

 



S68 
 

 
Compound-(+)-4fc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 

 



S69 
 

 
Compound-(+)-4fc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 

 
 



S70 
 

 
Compound-(±)-4gc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 



S71 
 

 
Compound-(+)-4gc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 



S72 
 

 
Compound-(+)-4gc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 
 
 



S73 
 

 
Compound-(±)-4hc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 



S74 
 

 
Compound-(+)-4hc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 

 



S75 
 

 
Compound-(+)-4hc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 
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Compound-(±)-4ic 

 

 
 

CHIRALPAK IC (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 
 



S77 
 

 
Compound-(+)-4ic 

 

 
 

CHIRALPAK IC (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (70:30) @ 1.0 mL/min, 254 nm WL. 

 
Compound-(+)-4ic 
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Compound-(±)-4jc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 



S79 
 

 
Compound-(+)-4jc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 



S80 
 

 
Compound-(+)-4jc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 



S81 
 

 
Compound-(±)-4kc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (80:20) @ 1.0 mL/min, 254 nm WL. 



S82 
 

 
Compound-(+)-4kc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (80:20) @ 1.0 mL/min, 254 nm WL. 
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O

OH
F3C

O

 
Compound-(±)-4lc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (90:10) @ 1.0 mL/min, 254 nm WL. 
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O

OH
F3C

O

 
Compound-(+)-4lc 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (90:10) @ 1.0 mL/min, 254 nm WL. 

 
   



S85 
 

 
Compound-(±)-4ad 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (80:20) @ 1.0 mL/min, 254 nm WL. 
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Compound-(±)-4ae 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (60:40) @ 1.0 mL/min, 254 nm WL. 

 
 



S87 
 

 
Compound-(±)-6ac 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (90:10) @ 1.0 mL/min, 254 nm WL. 
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Compound-(-)-6ac 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (90:10) @ 1.0 mL/min, 254 nm WL. 

 



S89 
 

 
Compound-(±)-7ac 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (97:03) @ 1.0 mL/min, 254 nm WL. 

 



S90 
 

 
Compound-(-)-7ac 

 

 
 

CHIRALPAK AD-H (250.0 mm x 4.6 mm) column, 
Hexane/i-PrOH (97:03) @ 1.0 mL/min, 254 nm WL. 

 
 




