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Flash chromatography was conducted using HSGF254. Analytical TLC was carried out utilizing 0.25-mm precoated plates from Yan-Tai SIL G-60 UV254 60-F, and spots were visualized by the use of UV light and ethanolic anisaldehyde followed by heating.  1H and 13C NMR spectra were recorded at ambient temperature in CDCl3 or C6D6 solution at 200 and 300 MHz (Brucker), respectively, using tetramethylsilane (TMS) or residual solvent as the reference. Chiral GC was performed using a chiral column (Cyclodex-() (25 m/0.25 mm i.d.) and N2 (12psi) as carrier gas. Chiral HPLC was performed using Chiralcel OD and Chiralpak AD column by employing Hexane/iPrOH with UV detection 254 nm. Melting points were measured on an Electrothermal digital melting point apparatus and were uncorrected. IR spectra were obtained on a Nicolet 200SXV spectrometer. Elemental analysis data were recorded on Carlo-1160 instrument.
2-(2,6-dichlorophenyl)-2,3-dihydro-4H-pyran-4-one (3b):

The crude was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:4, TLC Rf: 0.4) to afford 3b in 43% yield (37 mg, 0.177 mmol) as a yellowish oil. The chromatographed material was determined to be in 85% ee by chiral HPLC analysis (Chiralpak AD, 125:1 Hexanes: isopropanol, 1.0 mL/min, t(major)=23.5 min, t(minor)=27.4 min) [(]28D +26.5 (c = 0.20, CH2Cl2); 1H NMR (300 MHZ, CD3Cl): ( 7.47 (1H, d, 3J(H, H)=6.0 Hz, H-6), 7.26-7.39 (3H, m, ArH), 6.22 (1H, dd, 3J(H, H)=4.0 Hz and 3J(H, H)=15.7 Hz, H-2), 5.54 (1H, d, 3J(H, H)=6.0 Hz, H-5), 3.50 (1H, dd, 2J=17.1 Hz and 3J(H, H)=15.7 Hz, H-3), 2.48 (1H, dd, 2J(H, H)=17.1 Hz and 3J(H, H)=3.9 Hz, H-3); 13C NMR (300 MHZ, CD3Cl): ( 191.7, 163.5, 135.6, 132.6, 131.1, 130.3, 107.6, 78.1, 39.3; IR (thin film) 1680, 1589, 1480, 1404, 1274, 1228, 1038, 779 cm-1; Anal. Calcd for C11H8Cl2O2 (243.1): C 54.35, H 3.32; found: C 54.05, H 3.47.

2-(2-chlorophenyl)-2,3-dihydro-4H-pyran-4-one (3c)

The crude was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:4, TLC Rf: 0.5) to afford 3c in 71% yield (18 mg, 0.089 mmol) as a white solid. The chromatographed material was determined to be in 90% ee by chiral HPLC analysis (Chiralcel OD, 50:3 Hexanes: isopropanol, 1.0 mL/min, t(minor)=10.31 min, t(major)=11.11 min); mp 73.5-74.5 °C; [(]26D +107.1 (c = 0.21, CH2Cl2); 1H NMR: ( 7.28-7.61 (5H, m, H-6 and ArH), 5.82 (1H, dd, 3J(H, H)=4.3Hz and 3J(H, H)=13.7 Hz, H-2), 5.56 (1H, d, 3J(H, H)=5.5 Hz, H-5), 2.66-2.79 (2H, m, H-3); 13C NMR (300 MHZ, CD3Cl): ( 191.6, 163.0, 135.9, 131.7, 129.83, 129.81, 127.4, 127.1, 107.6, 78.1, 42.2; IR (KBr) 1671, 1588, 1403, 1272, 1231, 1037, 765 cm-1; Anal. Calcd for C11H9ClO2 (208.6): C 63.32, H 4.35; found: C 62.95, H 4.46.
2-(2-methoxyphenyl)-2,3-dihydro-4H-pyran-4-one (3d):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:4, TLC Rf: 0.5) to afford 3d in 55% yield (28 mg, 0.137 mmol) as a yellowish oil. The chromatographed material was determined to be in 90% ee by chiral HPLC analysis (Chiralpak AD, 100:1 Hexanes: isopropanol, 1.0 mL/min, t(major)=22.49 min, t(minor)=28.22 min); [(]26D +87.6 (c = 0.20, CH2Cl2); 1H NMR (300 MHZ, CD3Cl): ( 6.91-7.53 (6H, m, H-6 and ArH), 5.80 (1H, dd, 3J(H, H)=6.5 Hz and 3J(H, H)=11.3 Hz, H-2), 5.52 (1H, d, 3J(H, H)=6.5 Hz, H-5), 3.64 (3H, s, OCH3), 2.73-2.77 (2H, m, H-3); 13C NMR (200 MHZ, CD3Cl): ( 192.9, 163.5, 155.8, 129.6, 126.4,126.3, 120.7, 110.5, 107.2, 77.1, 55.3, 42.3; IR (thin film) 2840, 1680, 1596, 1497, 1464, 1404, 1275, 1033, 757 cm-1; Anal. Calcd for C12H12O3 (208.6): C 70.57, H 5.92; found: C 70.28, H 5.91.
2-(3-chlorophenyl)-2,3-dihydro-4H-pyran-4-one (3e):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:4, TLC Rf: 0.5) to afford 3e in 81% yield (42 mg, 0.201 mmol) as a colorless oil. The chromatographed material was determined to be in 95% ee by chiral HPLC analysis (Chiralcel OD, 5:1 Hexanes: isopropanol, 1.0 mL/min, t(minor)=8.14 min, t(major)=10.27 min); [(]28D -100.6 (c = 0.30, CH2Cl2); 1H NMR (300 MHZ, CD3Cl): ( 7.47 (1H; d, 3J(H, H)=6.0 Hz, H-6), 7.25-7.43 (4H, m, ArH), 5.54 (1H, d, 3J=5.7 Hz, H-5), 5.41 (1H, dd, 3J(H, H)=14.2 Hz and 3J(H, H)=3.6Hz, H-2), 2.86 (1H, dd, 2J(H, H)=17.0 Hz and 3J(H, H)=14.8 Hz, H-3), 2.66 (1H, dd, 2J(H, H)=17.0 Hz and 3J(H, H)=3.7 Hz, H-3); 13C NMR (300 MHZ, CD3Cl): ( 191.5, 162.8, 139.9, 134.8, 130.2, 129.0, 126.3, 124.1, 107.6, 80.2, 43.4; IR (thin film) 1680, 1596, 1405, 1272, 1229, 1038, 790 cm-1; Anal. Calcd for C11H9ClO2 (208.6): C 63.32, H 4.35; found C: 63.00, H 4.53.
2-(3-methylphenyl)-2,3-dihydro-4H-pyran-4-one (3f):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:4, TLC Rf: 0.5) to afford 3f in 81% yield (38 mg, 0.202 mmol) as a colorless oil. The chromatographed material was determined to be in 99% ee by chiral HPLC analysis (Chiralcel OD, 5:1 Hexanes: isopropanol, 1.0 mL/min, t(minor)=7.08 min, t(major)=8.22 min); [(]28D -72.4 (c = 0.25 in CH2Cl2); 1H NMR (200 MHZ, CD3Cl): ( 7.50 (1H; d, 3J(H, H)=6.0 Hz, H-6), 7.20-7.35 (4H, m, ArH), 5.54 (1H, dd, 3J(H, H)=6.0 Hz and 4J(H, H)=1.2 Hz, H-5), 5.44 (1H, dd, 3J(H, H)=14.4 Hz and 3J(H, H)=3.6 Hz, H-2), 2.93 (1H, dd, 2J=16.8 Hz and 3J(H, H)=14.4 Hz, H-3), 2.70 (1H, dddd, 2J(H, H)=16.8 Hz, 3J(H, H)=3.6 Hz, and 4J(H, H)=1.2 Hz, H-3), 2.40 (3H, s, CH3); 13C NMR (300 MHZ, CD3Cl): ( 192.2, 163.1, 138.6, 137.7, 129.6, 128.7, 126.7, 123.1, 107.2, 81.1, 43.3, 21.3;  IR (thin film) 1679, 1593, 1402, 1271, 1220, 1039, 788 cm-1; Anal. Calcd for C12H12O2 (188.2): C 76.57, H 6.43; found: C 76.66, H 6.50.
2-(4-cyanophenyl)-2,3-dihydro-4H-pyran-4-one (3g):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:1, TLC Rf: 0.5) to afford 3g in 64% yield (32 mg, 0.161 mmol) as a colorless oil. The chromatographed material was determined to be in 95% ee by chiral HPLC analysis (Chiralcel OD, 5:1 Hexanes: isopropanol, 1.0 ml/min, t(minor)=16.23min, t(major)=19.48min); [(]28D -74.1 (c = 0.30, CH2Cl2); 1H NMR (300 MHZ, CD3Cl): ( 7.73 (1H, d, 3J(H, H)=6.6 Hz, H-6), 7.49-7.72 (4H, m, ArH), 5.56 (1H, dd, 3J(H, H)=6.6 Hz and 4J(H, H)=1.1 Hz H-5), 5.50 (1H, dd, 3J(H, H)=13.8 Hz and 3J(H, H)=3.7 Hz, H-2), 2.82 (1H, dd, 2J=17.0 Hz and 3J(H, H)=13.8 Hz, H-3), 2.69 (1H, dddd, 2J(H, H)=17.0 Hz, 3J(H, H)=3.7 Hz, and 4J(H, H)=1.1 Hz, H-3);  13C NMR (300 MHZ, CD3Cl): ( 190.7, 162.6, 143.0, 132.7, 126.5, 116.2, 112.6, 107.6, 79.7, 43.3; IR (KBr) 2228, 1678, 1593, 1405, 1267, 1230, 1039, 830 cm-1; Anal. Calcd for C12H9NO2 (199.2): C 72.35, H 4.55, N 7.03; found: C 72.10, H 4.67, N 6.95.

2-(4-chlorophenyl)-2,3-dihydro-4H-pyran-4-one (3h):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:4, TLC Rf: 0.4) to afford 3h in 67% yield (35 mg, 0.168 mmol) as a colorless oil. The chromatographed material was determined to be in 97% ee by chiral HPLC analysis (Chiralcel OD, 10:1 Hexanes: isopropanol, 1.0 mL/min, t(minor)=12.18 min, t(major)=14.71 min); [(]28D -112.5 (c = 0.28, CH2Cl2).

2-(4-fluorophenyl)-2,3-dihydro-4H-pyran-4-one (3i):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:4, TLC Rf: 0.4) to afford 3i in 54% yield (26 mg, 0.135 mmol) as a colorless oil. The chromatographed material was determined to be in 98% ee by chiral HPLC analysis (Chiralcel OD, 20:3 Hexanes: isopropanol, 1.0 mL/min, t(minor)=8.42 min, t(major)=9.46 min)); [(]28D -108.4 (c = 0.20, CH2Cl2); 1H NMR (300 MHZ, CD3Cl): ( 7.48 (1H, d, 3J(H, H)=6.0 Hz, H-6), 7.09-7.41 (4H, m, ArH), 5.53 (1H, dd, 3J(H, H)=6.0 Hz and 4J(H, H)=1.1 Hz H-5), 5.40 (1H, dd, 3J(H, H)=14.3 Hz and 3J(H, H)=3.5 Hz, H-2), 2.88 (1H, dd, 2J=16.7 Hz and 3J(H, H)=14.3 Hz, H-3), 2.65 (1H, dddd, 2J(H, H)=16.9 Hz, 3J(H, H)=3.5 Hz, and 4J(H, H)=1.1 Hz, H-3); 13C NMR (300 MHZ, CD3Cl): ( 190.8, 162.61, 162.58, 143.0, 132.7, 126.5, 107.6, 79.7, 43.3; IR (thin film) 1678, 1588, 1404, 1273, 1231, 1039, 836 cm-1; Anal. Calcd for C11H9FO2 (192.2): C 68.74, H 4.72; found: C 68.53, H 4.73.
2-(4-methylphenyl)-2,3-dihydro-4H-pyran-4-one (3j):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:4, TLC Rf: 0.5) to afford 3j in 60% yield (28 mg, 0.149 mmol) as a white solid. The chromatographed material was determined to be in 99% ee by chiral HPLC analysis (Chiralcel OD, 20:3 Hexanes: isopropanol, 1.0 mL/min, t(minor)=7.99 min, t(major)=8.92 min); white solid, mp 78-79 °C, [(]25D -123.1 (c = 0.20, CH2Cl2).

2-(4-methoxyphenyl)-2, 3-dihydro-4H-pyran-4-one (3k):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:4, TLC Rf: 0.5) to afford 3k in 51% yield (26 mg, 0.127 mmol) as a yellow oil. The chromatographed material was determined to be in 99% ee by chiral HPLC analysis (Chiralcel OD, 50:3 Hexanes: isopropanol, 1.0 mL/min, t(minor)=19.19 min, t(major)=21.34 min); [(]25D -134.5 (c = 0.17, CH2Cl2).

(R)-2-Furyl-2,3-dihydro-4H-pyran-4-one (3l):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:2, TLC Rf: 0.5) to afford 3l in 78% yield (32 mg, 0.194 mmol) as a  colorless needle crystal. The chromatographed material was determined to be in 96% ee by chiral HPLC analysis (Chiralcel OD, 10:1 Hexanes: isopropanol, 1.0 mL/min, tr(major)=21.52 min, ts(minor)=23.37 min); mp 72-73 °C; [(]26D -350.1 (c = 0.35, CH2Cl2). The absolute stereochemisty was assigned as (-)-R based on comparison of the measured rotation with the literature value.7a, 10a
2-(2-pyridyl)-2,3-dihydro-4H-pyran-4-one (3m):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:1, TLC Rf: 0.5) to afford 3m in 55% yield (24 mg, 0.137 mmol) as a white slice solid. The chromatographed material was determined to be in 92% ee by chiral HPLC analysis (Chiralcel AD, 5:1 Hexanes: isopropanol, 1.0 mL/min, t(major)=8.48 min, t(minor)=9.94 min); mp 73-74 °C; [(]26D -154.7 (c 0.20, CH2Cl2); 1H NMR (300 MHZ, CD3Cl): ( 8.62 (1H, d, 3J(H, H)=4.5 Hz, H-6), 7.27-7.61 (4H, m, ArH), 5.51-5.57 (2H, m, H-5 and H-2), 3.01 (1H, dd, 2J=17.0 Hz and 3J(H, H)=13.3 Hz, H-3), 2.86 (1H, m, 2J=16.8 Hz and 3J(H, H)=4.48 Hz, H-3); 13C NMR (300 MHz, CD3Cl): ( 191.6, 162.4, 156.7, 149.5, 137.1, 123.6, 120.8, 107.8, 81.1, 41.6; IR (KBr) 1669, 1592, 1408, 1276, 1235, 1036, 704 cm-1; Anal. Calcd for C10H9NO2 (175.2): C 68.56, H 5.18, N 8.00; found: C 68.38, H 5.13, N 7.87.
(R)-2-(E)-Styryl-2,3-dihydro-4H-pyran-4-one (3n):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:2, TLC Rf: 0.5) to afford 3n in 80% yield (40 mg, 0.200 mmol) as a colorless crystal. The chromatographed material was determined to be in 98% ee by chiral HPLC analysis (Chiralcel OD, 5:1 Hexanes: isopropanol, 1.0 mL/min, ts(minor)=11.50 min, tr(major)=20.95 min); mp 57-58 °C; [(]26D -210.0 (c = 0.30, CH2Cl2). The absolute stereochemisty was assigned as (-)-R based on comparison of the measured rotation with the literature value.7a, 10a
2-(benzyloxymethyl)-2,3-dihydro-4H-pyran-4-one (3o):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:4, TLC Rf: 0.5) to afford 3o in 39% yield (20 mg, 0.098 mmol) as a yellowish oil. The chromatographed material was determined to be in 80% ee by chiral HPLC analysis (Chiralcel OD, 10:1 Hexanes: isopropanol, 1.0 mL/min, t(minor)=14.03 min, t(major)=15.93 min); [(]28D -100.2 (c = 0.30, CH2Cl2).

2-n-heptyl-2,3-dihydro-4H-pyran-4-one (3p):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:6, TLC Rf: 0.5) to afford 3p in 57% yield (30 mg, 0.142 mmol) as a colorless oil. The chromatographed material was determined to be in 96% ee by chiral HPLC analysis (Chiralcel OD, 100:1 Hexanes: isopropanol, 1.0 mL/min, t(minor)=10.81 min, t(major)=11.71 min); [(]27D -97.0 (c = 0.21, CH2Cl2).
(R)-4-oxo-3,4-dihydro-2H-pyran-2-carboxylic acid ethyl (3q):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:4, TLC Rf: 0.5) to afford 3q in 28% yield (12 mg, 0.070 mmol) as a colorless oil. The chromatographed material was determined to be in 25% ee by chiral HPLC analysis (Chiralpak AD, 10:1 Hexanes: isopropanol, 1.0 mL/min, t(major)=10.69 min, t(minor)=24.0 4min); [(]27D -36.4 (c = 0.25, CH2Cl2).13a
2-methyl-4-oxo-3,4-dihydro-2H-pyran-2-carboxylic acid ethyl (3r):

The crude product mixture was purified by flash chromatography (SiO2, EtOAc: Petroleum 1:4, TLC Rf: 0.5) to afford 3r in 26% yield (12 mg, 0.065 mmol) as a colorless oil. The chromatographed material was determined to be in 47% ee by chiral HPLC analysis (Chiralpak AD, 50:1 Hexanes: isopropanol, 1.0 mL/min, t(major)=14.55 min, t(minor)=15.77 min); [(]27D -70.6 (c = 0.30, CH2Cl2).
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