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Experimental 

 

General Remarks: Unless otherwise stated, all commercially available compounds were used as 

provided without further purification. Solvents for chromatography were technical grade and 

distilled prior to use. Analytical thin-layer chromatography (TLC) was performed on Merck 

silica gel aluminium plates with F-254 indicator, visualised by irradiation with UV light. Column 

chromatography was carried out using silica gel Merck 60 (particle size 0.040-0.063 mm).   
1H-NMR and 13C-NMR were recorded on a Bruker AM 250, AV 300 or AV 400 spectrometer in 

CDCl3. Chemical shifts (δ) are given in ppm, coupling constants (J) in Hz. Mass spectra (MS-

ESI) were conducted on Micromass/ Waters Qtof Ultima 3 instrument and (MS-EI, 70 eV) were 

conducted on GC-MS Shimadzu QP2010 (column: Equity®-5, length × I.D. 30 m × 0.25 mm, df 

0.25 μm, lot # 28089-U, Supelco). IR spectra were recorded on a Jasco FT/IR-420 spectrometer 

and are reported in terms of frequency of absorption (cm-1).  

  

General procedure: A screw capped test tube equipped with a stir bar was charged with 

aldehyde (1,30 equiv), catalyst (0,02 equiv) and solvent (0,20 M) at the temperature indicated. 

The cyclic 1,3-dicarbonyl (1.00 equiv) compound was then added. The mixture was allowed to 

stir at the temperature indicated for 48 – 96h. The crude reaction mixture was directly subjected 

to column chromatography (hexane: ethyl acetate 5:1  hexane: ethyl acetate 1:1) on silica gel 

to afford the corresponding product.  

 

(4R)-4-Ethyl-2-hydroxy-3,4-dihydropyrano-[3,2-c]-chromen-5(2H)-one (3a):   

isolated as yellow solid; Mp: 120 - 121 °C; 1H NMR (300 MHz, CDCl3): δ = 7.75 – 7.71 (m, 

1H), 7.47 – 7.42 (m, 1H), 7.23 – 7.15 (m, 2H), 5.66 (d, J = 8.8 Hz, 1H), 5.06 (bs, 1H), 2.87 – 

2.80 (m, 1H), 2.29 (dt, J = 13.9 and 2.7 Hz, 1H), 2.11 – 1.88 (m, 2H), 1.39 – 1.37 (m, 1H), 1.01 

(t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ = 162.93, 158.47, 152.50, 131.52, 123.76, 

122.64, 116.30, 115.44, 104.69, 93.91, 31.44, 31.20, 26.48, 11.49; IR (NaCl): ν = 3372, 2965, 

1683, 1622, 1573, 1277, 1174, 1104, 758 cm-1; MS (EI): m/z (%) = 245.8 (5) [M]+, 216.9 (20), 

189 (26), 121 (100), 92 (51); [α]D = -5.49 (c = 0.24, CHCl3, 93% ee); HPLC conditions: AD-H 

column, n-hexane/2-propanol = 90/10, flow rate = 1.0 mL min-1, minor enantiomer: tR = 13.26 

min; major enantiomer: tR = 15.78 min. 
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(4R)-2-Hydroxy-4-propyl-3,4-dihydropyrano-[3,2-c]-chromen-5(2H)-one (3b):  

isolated as colorless solid; Mp: 64 - 66 °C; 1H NMR (300 MHz, CDCl3): δ = 7.78 – 7.75 (m, 1H), 

7.50 – 7.44 (m, 1H), 7.24 – 7.19 (m, 2H), 5.66 (d, J = 8.0 Hz, 1H), 4.33 (bs, 1H), 2.98 – 2.91 (m, 

1H), 2.28 (dt, J = 13.7 and 2.5 Hz, 1H), 1.95 – 1.87 (m, 1H), 1.59 – 1.25 (m, 3H), 0.95 (t, J = 7.0 

Hz, 3H); 13C NMR (75 MHz, CDCl3): δ = 162.65, 158.17, 152.62, 131.50, 123.75, 122.63, 

116.41, 115.49, 105.00, 93.85, 35.94, 31.88, 29.76, 20.21, 13.95; IR (NaCl): ν = 3371, 2959, 

1677, 1625, 1573, 1162, 1106, 1043, 758, 737 cm-1; MS (EI) m/z (%) = 259.9 (8) [M]+, 242.1 

(5), 218.1 (11), 189.0 (82), 174.9 (17), 121.1 (100), 92.0 (47); [α]D = +1.99 (c = 0.40, CHCl3, 

92% ee); HPLC conditions: AD-H column, n-hexane/2-propanol = 95/5, flow rate = 0.6 mL min-

1, minor enantiomer: tR = 48.98 min; major enantiomer: tR = 64.66 min. 

 

(4R)-4-Butyl-2-hydroxy-3,4-dihydropyrano-[3,2-c]-chromen-5(2H)-one (3c):  

isolated as pale yellow solid; Mp:  101 – 103 °C; 1H NMR (300 MHz, CDCl3): δ = 7.78 – 7.74 

(m, 1H), 7.50 – 7.44 (m, 1H), 7.27 – 7.18 (m, 2H), 5.66 (d, J = 8.7 Hz, 1H), 4.38 (bs, 1H), 2.96 – 

2.90 (m, 1H), 2.28 (dt, J = 13.8 and 2.7 Hz, 1H), 1.99 -1.86 (m, 2H), 1.46 – 1.25 (m, 5H), 0.91 (t, 

J = 6.9 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ = 162.66, 158.16, 152.61, 131.49, 123.75, 

122.63, 116.40, 115.49, 105.02, 93.85, 33.44, 31.86, 29.91, 29.20, 22.61, 13.98; IR (NaCl): ν = 

3352, 2958, 2931, 1685, 1622, 1407, 1108, 758, 1011, 738 cm-1; MS (EI) m/z (%) = 274.2 (7) 

[M]+, 257.1 (7), 217.1 (18), 189.1 (42), 175.1 (22), 121.2 (100), 92 (27), 57.0 (67); [α]D = -2.80 

(c = 0.50, CHCl3, 92% ee); HPLC conditions: AD-H column, n-hexane/2-propanol = 95/5, flow 

rate = 0.6 mL min-1, minor enantiomer: tR = 49.38 min; major enantiomer: tR = 64.00 min. 

 

(4R)-4-Heptyl-2-hydroxy-3,4-dihydropyrano-[3,2-c]-chromen-5(2H)-one (3d):  

isolated as  colourless oil, yield: 99%; 1H NMR (300 MHz, CDCl3): δ = 7.77 – 7.74 (m, 1H), 

7.49 – 7.43 (m, 1H), 7.25 – 7.17 (m, 2H), 5.66 (d, J = 8.7 Hz, 1H), 4.55 (s, 1H), 2.95 – 2.89 (m, 

1H), 2.28 (dt, J = 13.9 and 2.6 Hz, 1H), 1.98 – 1.86 (m, 2H), 1.35 – 1.26 (m, 11H), 0.89 – 0.84 (t, 

J = 7.0 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ = 162.71, 158.20, 152.58, 131.47, 123.74, 

122.62, 116.37, 115.48, 104.99, 93.88, 33.76, 31.83, 31.80, 29.97, 29.50, 29.23, 27.09, 22.61, 

14.04; IR (NaCl): ν = 3377, 2926, 2855, 1685, 1623, 1406, 1164, 1108, 758 cm-1; MS (ESI) m/z 

(%) = 316.4 (9) [M]+, 281.1 (8), 242.8 (12), 189.0 (56), 122.2 (8), 92.0 (36), 73.0 (100), 55.0 

(66); [α]D = +2.47 (c = 1.13, CHCl3, 91% ee); HPLC conditions: AD-H column, n-hexane/2-

propanol = 97/3, flow rate = 0.6 mL min-1, minor enantiomer: tR = 96.21 min; major enantiomer: 

tR = 110.08 min. 
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 (4R)-4-Decyl-2-hydroxy-3,4-dihydropyrano-[3,2-c]-chromen-5(2H)-one (3e):  

isolated as white solid; Mp: 82 – 84 °C; 1H NMR (300 MHz, CDCl3): δ = 7.76 – 7.73 (m, 1H), 

7.48 – 7.42 (m, 1H), 7.25 – 7.16 (m, 2H), 5.66 (bs, 1H), 4.62 (s, 1H), 2.95 – 2.89 (m, 1H), 2.28 

(dt, J = 13.8 and 2.6 Hz, 1H), 1.96 – 1.86 (m, 2H), 1.34 – 1.24 (m, 17H), 0.87 (t, J = 6.9 Hz, 3H); 
13C NMR (75 MHz, CDCl3): δ = 162.74, 158.23, 152.57, 131.47, 123.74, 122.62, 116.36, 115.48, 

104.98, 93.89, 33.77, 31.87, 31.82, 29.97, 29.61, 29.59, 29.58, 29.29, 27.10, 22.64, 14.06; IR 

(NaCl): ν = 3372, 2925, 2853, 1714, 1684, 1622, 1162, 1109, 758 cm-1; MS (EI) m/z (%) = 358.1 

(16) [M]+, 357.1 (55), 136.6 (4); [α]D = +2.79 (c = 1.15, CHCl3, 91% ee); HPLC conditions: AD-

H column, n-hexane/2-propanol = 97/3, flow rate = 0.5 mL min-1, minor enantiomer: tR = 76.63 

min; major enantiomer: tR = 97.59 min. 

 

(4S)-2-Hydroxy-4-phenyl-3,4-dihydropyrano-[3,2-c]-chromen-5(2H)-one (3f):  

performed with 2 equiv aldehyde. Isolated as white solid; Mp: 182 – 184 °C; 1H NMR (400 

MHz, CDCl3): δ = 7.81 – 7.85 (m, 1H), 7.57 – 7.52 (m, 1H), 7.33 – 7.26 (m, 4H), 7.24 – 7.19 (m, 

1H), 7.17 – 7.15 (m, 2H), 5.50 (bs, 1H), 4.26 (dd, J = 5.7 and 3.5 Hz, 1H), 4.02 (bs, 1H), 2.31 

(dt, J = 13.6 and 3.1 Hz, 1H), 2.24 (dd, J = 8.8 and 5.9 Hz, 1H); 13C NMR (75 MHz, CDCl3): δ = 

162.02, 159.72, 153.06, 142.75, 131.93, 128.73 (2C), 127.37 (2C), 126.89, 123.91, 122.84, 

116.67, 115.29, 102.06, 93.74, 36.70, 35.65; IR (NaCl): ν = 3370, 1687, 1623, 1573, 1493, 1113, 

1083, 759, 735, 701 cm-1; MS (EI) m/z (%) = 294.9 (46) [M]+; [α]D = +32.92 (c = 0.24, CHCl3, 

89% ee); HPLC conditions: AD-H column, n-hexane/2-propanol = 80/20, flow rate = 0.6 

mL min-1, minor enantiomer: tR = 14.32 min; major enantiomer: tR = 24.17 min. 

 

(4R)-4-(2-Bromophenyl)-2-hydroxy-3,4-dihydropyrano-[3,2-c]-chromen-5(2H)-one (3g): 

performed with 2 equiv aldehyde . Isolated as white solid; Mp: 173 – 175 °C; 1H NMR (400 

MHz, CDCl3): δ = 7.90 - 7.88 (dd, J = 7.9 and 1.1 Hz, 1H), 7.64 – 7.62 (m, 1H), 7.60 – 7.55 (m, 

1H), 7.36 – 7.31 (m, 2H), 7.21 – 7.16 (m, 1H), 7.13 – 7.09 (td, J = 7.7 and 1.6 Hz, 1H), 7.00 – 

6.47 (dd, J = 7.5 and 1.5 Hz, 1H), 5.52 – 5.48 (m, 1H), 4.65 (dd, J = 6.2 and 3.3 Hz, 1H), 3.44 (d, 

J = 7.2 Hz, 1H), 2.45 (dt, J = 13.9 and 2.9 Hz, 1H), 2.24 (ddd, J = 13.9, 9.0 and 6.2 Hz, 1H); 13C 

NMR (75 MHz, CDCl3): δ = 161.42, 160.03, 153.17, 141.26, 133.72, 132.09, 128.60, 128.44, 

127.44, 124.20, 123.96, 122.84, 116.77, 115.16, 101.78, 93.82, 35.71, 34.34; IR (NaCl): ν = 

3394, 1710, 1686, 1624, 1574, 1400, 1111, 1087, 759, 735 cm-1; MS (EI) m/z (%) = 372.9 (100) 

[M]+ (Br-pattern), 355.3 (10), 322.1 (8), 290.9 (9), 195.9 (6), 162.9 (9); [α]D = +45.61(c = 0.35, 

CHCl3, 93% ee); HPLC conditions: AD-H column, n-hexane/2-propanol = 90/10, flow rate = 1.0 

mL min-1, minor enantiomer: tR = 27.15 min; major enantiomer: tR = 37.71 min. 
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 (4S)-4-(4-Bromophenyl)-2-hydroxy-3,4-dihydropyrano-[3,2-c]-chromen-5(2H)-one (3h): 

performed with 2 equiv aldehyde. Isolated as yellow solid;  Mp: 168 – 170 °C; 1H NMR (400 

MHz, CDCl3): δ = 7.87 – 7.85 (m, 1H), 7.59 – 7.54 (m, 1H), 7.44 – 7.42 (m, 2H), 7.34 – 7.30 (m, 

2H), 7.08 – 7.06 (m, 2H), 5.52 (dd, J = 11.3 and 6.3 Hz, 1H), 4.23 (t, J = 4.9 Hz, 1H), 3.72 (d, J 

= 6.7 Hz, 1H), 2.28 – 2.25 (m, 2H); 13C NMR (75 MHz, CDCl3): δ = 161.95, 159.88, 153.01, 

141.91, 132.12, 131.82 (2C), 129.11 (2C), 124.01, 122.87, 120.75, 116.69, 115.17, 101.62, 

93.52, 39.50, 35.05; IR (NaCl): ν = 3402, 1685, 1623, 1572, 1490, 1073, 1007, 760, 736 cm-1; 

MS (EI) m/z (%) = 372.9 (100) [M]+ (Br-pattern), 360.1 (7), 144.8 (19); [α]D = +44.80 (c = 0.25, 

CHCl3, 94% ee); HPLC conditions: AD-H column, n-hexane/2-propanol = 75/25, flow rate = 0.6 

mL min-1, minor enantiomer: tR = 10.68 min; major enantiomer: tR = 21.00 min. 

 

(4S)-2-Hydroxy-4-(4-methoxyphenyl)-3,4-dihydropyrano-[3,2-c]-chromen-5(2H)-one (3i):  

performed with 2.6 equiv aldehyde. Isolated as white solid; Mp: 79 – 81 °C; 1H NMR (400 MHz, 

CDCl3): δ = 7.88 – 7.86 (m, 1H), 7.58 – 7.53 (m, 1H), 7.35 – 7.29 (m, 2H), 7.11 – 7.09 (m, 2H), 

6.85 – 6.83 (m, 2H), 5.55 – 5.50 (m, 1H), 4.25 (dd, J = 5.8 and 3.3 Hz, 1H), 3.77 (s, 3H), 3.50 (d, 

J = 7.1 Hz, 1H), 2.32 (dt, J = 13.6 and 2.9 Hz, 1H), 2.22 (ddd, J = 13.5, 9.0 and 5.9 Hz, 1H); 13C 

NMR (75 MHz, CDCl3): δ = 161.87, 159.41, 158.54, 153.11, 134.82, 131.89, 128.40, 123.89, 

122.80, 116.71, 114.67, 114.22, 102.42, 93.78, 55.29, 36.94, 34.91; IR (NaCl): ν = 3393, 1684, 

1621, 1510, 1248, 763 cm-1; MS (EI) m/z (%) = 346.9 (34) [M + Na]+, 325.0 (100), 308.3 (16), 

162.9 (11); [α]D = +50.23 (c = 0.21, CHCl3, 94% ee); HPLC conditions: AD-H column, n-

hexane/2-propanol = 85/15, flow rate = 1.0 mL min-1, minor enantiomer: tR = 17.24 min; major 

enantiomer: tR = 31.23 min. 

 

(4R)-4-Ethyl-2-hydroxy-7-methyl-3,4-dihydropyrano-[4,3-b]-pyran-5(2H)-one (6a): 

isolated as colorless oil; 1H NMR (250 MHz, CDCl3): δ = 5.73 (s, 1H), 5.48 – 5.42 (m, 1H), 2.74 

– 2.64 (m, 1H), 2.22 – 2.14 (m, 1H), 2.18 (s, 3H), 2.08 – 1.90 (m, 2H), 1.82 – 1.68 (m, 1H), 1.34 

– 1.22 (m, 1H), 0.98 (t, J = 6.3 Hz, 3H); 13C NMR (62.5 MHz, CDCl3): δ = 164.75, 163.33, 

160.58, 101.97, 100.36, 93.31, 31.14, 30.66, 26.15, 19.67, 11.39; IR (NaCl): ν = 3422, 1677, 

1648, 1576 cm-1; MS (EI) m/z (%) = 211.1 (19) [M + H]+, 181.8 (43), 139.6 (100), 123.4 (29), 

85.2 (80), 69.0 (94); [α]D = -24.06 (c = 0.32, CHCl3, 92% ee); HPLC conditions: AD-H column, 

n-hexane/2-propanol = 95/5, flow rate = 0.6 mL min-1, minor enantiomer: tR = 58.50 min; major 

enantiomer: tR = 63.34 min. 

 

 



 6

(4R)-2-Hydroxy-7-methyl-4-propyl-3,4-dihydropyrano-[4,3-b]-pyran-5(2H)-one (6b):  

isolated as colorless oil; 1H NMR (250 MHz, CDCl3): δ = 5.73 (s, 1H), 5.46 (dd, J = 9.3 and 2.4 

Hz, 2H), 2.82 – 2.73 (m, 1H), 2.20 – 2.12 (m, 1H), 2.18 (s, 3H), 1.93 – 1.66 (m, 2H), 1.59 – 1.19 

(m, 3H), 0.93 (t, J = 7.2 Hz, 3H); 13C NMR (62.5 MHz, CDCl3): δ = 164.89, 163.52, 160.45, 

102.02, 100.47, 93.37, 35.62, 31.58, 29.01, 20.05, 19.60, 13.92; IR (NaCl): ν = 3394, 1683, 

1651, 1575, 1184, 1139, 1001 cm-1; MS (EI) m/z (%) = 225.2 (15) [M + H]+, 181.9 (29), 153.7 

(25), 139.6 (100), 123.5 (28), 85.1 (62), 69.0 (77), 53.0 (40); [α]D = -43.08 (c = 0.07, CHCl3, 

92% ee); HPLC conditions: AD-H column, n-hexane/2-propanol = 95/5, flow rate = 0.6 mL min-

1, minor enantiomer: tR = 45.33 min; major enantiomer: tR = 51.09 min. 

 

(4R)-4-Butyl-2-hydroxy-7-methyl-3,4-dihydropyrano-[4,3-b]-pyran-5(2H)-one (6c): 

isolated as colorless oil; 1H NMR (300 MHz, CDCl3): δ = 5.73 (s, 1H), 5.46 (dd, J = 9.2 and 2.0 

Hz, 1H), 2.80 – 2.70 (m, 1H), 2.20 – 2.12 (m, 1H), 2.17 (s, 3H), 2.05 – 1.71 (m, 3H), 1.43 – 1.22 

(m, 5H), 0.92 – 0.86 (m, 3H); 13C NMR (75 MHz, CDCl3): δ = 164.38, 162.87, 160.59, 102.20, 

100.14, 93.23, 33.19, 31.85, 29.17, 29.12, 22.66, 19.73, 14.03; IR (NaCl): ν = 3371, 2957, 2930, 

1684, 1651, 1577, 1448, 1184, 1139, 1002 cm-1; MS (ESI) m/z (%) = 239.3 (12) [M + H]+, 182.9 

(14), 154.7 (14), 139.6 (100), 123.5 (23), 85 (54), 69 (58), 55 (48); [α]D = -33.15 (c = 0.54, 

CHCl3, 91% ee); HPLC conditions: AD-H column, n-hexane/2-propanol = 95/5, flow rate = 0.6 

mL min-1, minor enantiomer: tR = 47.74 min; major enantiomer: tR = 53.98 min. 

 

(4R)-4-Heptyl-2-hydroxy-7-methyl-3,4-dihydropyrano-[4,3-b]-pyran-5(2H)-one (6d):  

isolated as colorless oil; 1H NMR (250 MHz, CDCl3): δ = 5.73 - 5.72 (m, 1H), 5.47 – 5.44 (m, 

1H), 3.87 – 3.85 (m, 1H), 2.80 – 2.73 (m, 1H), 2.21 – 2.13 (m, 1H), 2.17 (s, 3H), 2.05 – 1.65 (m, 

3H), 1.35 – 1.19 (m, 10H), 0.89 – 0.84 (m, 3H); 13C NMR (62.5 MHz, CDCl3): δ = 164.38, 

162.87, 160.57, 102.21, 100.14, 93.23, 33.49, 31.82, 29.54, 29.27, 29.22, 27.00, 22.63, 19.73, 

14.07; IR (NaCl): ν = 3421, 1647 cm-1; MS (ESI) m/z (%) = 280.2 (17) [M]+, 249.0 (6), 234.7 

(4); [α]D = -26.26 (c = 0.66, CHCl3, 89% ee); HPLC conditions: AD-H column, n-hexane/2-

propanol = 97/3, flow rate = 0.6 mL min-1, minor enantiomer: tR = 92.41 min; major enantiomer: 

tR = 97.69 min. 
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(4R)-4-Decyl-2-hydroxy-7-methyl-3,4-dihydropyrano-[4,3-b]-pyran-5(2H)-one (6e):  

isolated as yellow solid; Mp: 46 – 48 °C; 1H NMR (250 MHz, CDCl3): δ = 5.73 – 5.72 (m, 1H), 

5.48 – 5.43 (m, 1H), 3.72 (d, J = 7.0 Hz, 1H), 2.81 – 2.74 (m, 1H), 2.21 – 2.13 (m, 1H), 2.18 (s, 

3H), 2.05 – 1.69 (m, 2H), 1.25 (bs, 17H), 0.90 – 0.85 (m, 3H); 13C NMR (62.5 MHz, CDCl3): δ = 

164.33, 162.81, 160.58, 102.22, 100.12, 93.22, 33.50, 31.89, 31.86, 29.62, 29.60, 29.32, 29.22, 

27.02, 22.67, 19.73, 14.11; IR (NaCl): ν = 3405, 2924, 1683, 1651, 1576 cm-1; MS (ESI) m/z (%) 

= 322.2 (21) [M]+; [α]D = -24.76 (c = 0.42, CHCl3, 91% ee); HPLC conditions: AD-H column, n-

hexane/2-propanol = 95/5, flow rate = 0.6 mL min-1, minor enantiomer: tR = 29.83 min; major 

enantiomer: tR = 34.29 min. 

 

(4S)-2-Hydroxy-7-methyl-4-phenyl-3,4-dihydropyrano-[4,3-b]-pyran-5(2H)-one (6f): 

isolated as yellow solid; Mp: 160 – 162 °C; 1H NMR (250 MHz, CDCl3): δ = 7.23 – 7.02 (m, 

5H), 5.77 (s, 1H), 5.19 (dd, J = 8.7 and 2.6 Hz, 1H), 4.01 (dd, J = 5.7 and 3.7 Hz, 1H), 2.15 (s, 

3H), 2.10 – 1.97 (m, 2H); 13C NMR (62.5 MHz, CDCl3): δ = 164.70, 164.03, 161.50, 142.80, 

128.90, 128.58, 127.33, 126.76, 126.72, 100.16, 99.10, 93.20, 36.55, 34.88, 19.83; IR (NaCl): 

ν = 3360, 2961, 2854, 1708, 1654, 1577, 1452, 1193, 1118, 992, 763, 735, 702 cm-1; MS (ESI) 

m/z (%) = 258.1 (100) [M]+, 240.1 (16), 229.1 (73), 215.1 (23), 145.1 (45), 131.1 (57), 115.1 

(42), 102.1 (60), 85.0 (43), 77.1 (38), 69.0 (31), 51.0 (23); [α]D = -14.42 (c = 1.08, CHCl3, 83% 

ee); HPLC conditions: AD-H column, n-hexane/2-propanol = 85/15, flow rate = 1.0 mL min-1, 

minor enantiomer: tR = 10.13 min; major enantiomer: tR = 15.33 min. 

 

(4S)-2-Hydroxy-4-(4-methoxyphenyl)-7-methyl-3,4-dihydropyrano-[4,3-b]-pyran-5(2H)-one 

(6g): 

isolated as white solid;  Mp: 166 – 168 °C; 1H NMR (300 MHz, CDCl3): δ = 7.05 – 6.83 (system 

AB, J = 8.5 Hz, 4H), 5.83 – 5.85 (m, 1H), 5.26 – 5.23 (m, 1H), 4.07 (dd, J = 5.6 and 3.4 Hz, 1H), 

3.77 (s, 3H), 2.25 – 2.17 (m, 2H), 2.23 (s, 3H), 2.08 (ddd, J = 13.5, 9.0 and 5.8 Hz, 1H); 13C 

NMR (75 MHz, CDCl3): δ = 164.14, 163.64, 161.54, 158.45, 134.90, 128.36 (2C), 114.15 (2C), 

99.89, 99.52, 93.22, 55.29, 36.95, 34.18, 19.87; IR (NaCl):  = 3394, 1684, 1651, 1574, 1510, 

1249, 1176, 1138, 1003 cm-1; MS (EI) m/z (%) = 288.0 (18) [M]+;   = -15.59 (c = 0.30, CHCl3, 

85% ee); HPLC conditions: AD-H column, n-hexane/2-propanol = 80/20, flow rate = 0.6 mL 

min-1, minor enantiomer: tR = 15.67 min; major enantiomer: tR = 26.08 min.  
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(4R)-4-(2-Chlorophenyl)-2-hydroxy-7-methyl-3,4-dihydropyrano-[4,3-b]-pyran-5(2H)-one 

(6h): isolated as white solid; Mp: 245 – 247 °C; 1H NMR (250 MHz, CDCl3): δ = 7.40 – 7.36 

(m, 1H), 7.16 – 7.10 (m, 2H), 6.94 – 6.90 (m, 1H), 5.84 (s, 1H), 5.27 – 5.23 (m, 1H), 4.48 (dd, J 

= 6.3 and 3.3 Hz, 1H), 3.29 (bs, 1H), 2.33 (dt, J = 14.3 and 3.1 Hz, 1H), 2.22 (s, 3H), 2.14 – 2.02 

(m, 1H); 13C NMR (62.5 MHz, CDCl3): δ = 164.79, 163.26, 161.88, 139.67, 133.65, 130.29, 

128.40, 128.22, 126.73, 99.86, 98.57, 93.33, 34.11, 32.61, 19.94; IR (NaCl): ν = 3420, 1684, 

1647, 1577, 1280, 1183, 1140 cm-1; MS (EI) m/z (%) = 292.0 (16) [M]+ (Cl-pattern); [α]D = -

18.69 (c = 1.07, MeOH, 95% ee); HPLC conditions: AD-H column, n-hexane/2-propanol = 

90/10, flow rate = 0.6 mL min-1, minor enantiomer: tR = 39.71 min; major enantiomer: tR = 42.18 

min. 

 

 (4S)-4-(4-Bromophenyl)-2-hydroxy-7-methyl-3,4-dihydropyrano-[4,3-b]-pyran-5(2H)-one 

(6i): isolated as white solid; Mp: 86 – 88 °C; 1H NMR (300 MHz, CDCl3): δ = 7.41 – 7.01 

(system AB, J = 8.5 Hz, 4H), 5.85 – 5.83 (m, 1H), 5.29 – 5.25 (m, 1H), 4.04 (t, J = 4.8 Hz, 1H), 

2.22 (s, 4H), 2.13 – 2.09 (m, 2H); 13C NMR (75 MHz, CDCl3): δ = 164.61, 163.73, 161.82, 

141.97, 131.72 (2C), 129.12 (2C), 120.60, 100.11, 98.85, 92.99, 36.51, 34.31, 19.85; IR (NaCl): 

ν = 3343, 1683, 1651, 1576, 1488, 1448, 1184, 1140, 1005, 737 cm-1; MS (EI) m/z (%) = 336.9 

(16) [M]+ (Br-pattern); [α]D = -26.57 (c = 0.29, CHCl3, 82% ee); HPLC conditions: AD-H 

column, n-hexane/2-propanol = 90/10, flow rate = 1.0 mL min-1, minor enantiomer: tR = 19.97 

min; major enantiomer: tR = 46.47 min. 

 

 (4R)-4-Propyl-3,4-dihydropyrano[3,2-c]-chromene-2,5-dione (7b):  

To a dichloromethane solution (0.02 M) of 3b (1.0 equiv) was added PCC (6.0 equiv). The 

resulting solution was stirred at room temperature for 24h and celite was added and filtered off. 

The solvent removed in vacuo and the residue was subjected to column chromatography. The 

product was isolated as white solid (94% yield); Mp: 115 – 117 °C; 1H NMR (250 MHz, CDCl3): 

δ = 7.84 (dd, J = 7.8 and 1.3 Hz, 1H), 7.63 – 7.56 (m, 1H), 7.38 – 7.31 (m, 2H), 3.34 – 3.25 (m, 

1H), 2.96 (dd, J = 16.1 and 2.0 Hz, 1H), 2.84 (dd, J = 16.1 and 6.7 Hz, 1H), 1.74 – 1.62 (m, 1H), 

1.56 – 1.25 (m, 3H), 0.93 (t, J = 7.1 Hz, 3H), 1.03 (t, J = 5.5 Hz, 3H); 13C NMR (62.5 MHz, 

CDCl3): δ = 165.10, 161.08, 156.75, 152.96, 132.57, 124.53, 122.53, 116.78, 113.67, 107.83, 

35.53, 33.30, 30.20, 19.52, 13.82; IR (NaCl): ν = 2953, 2930, 1787, 1714, 1649, 1386, 1131, 

1097, 762, 739 cm-1; MS (EI) m/z (%) = 257.8 (31) [M]+, 215.0 (74), 187.0 (49), 131.0 (66), 

121.1 (100), 103.1 (29), 92.0 (98), 77.0 (39), 63.0 (53), 53.0 (40); [α]D = +30.84 (c = 0.35, 

CHCl3, 89% ee); HPLC conditions: AD-H column, n-hexane/2-propanol = 90/10, flow rate = 0.6 

mL min-1, minor enantiomer: tR = 16.28 min; major enantiomer: tR = 22.24 min. 
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(4R)-4-Propyl-3,4-dihydropyrano-[3,2-c]-chromen-5(2H)-one (8b):  

To a solution of 3b (1.0 equiv) in ethanol was added sodium borohydride (10.0 equiv). The 

mixture was heated under reflux for 1 h. After cooling to room temperature, water was added and 

the resulting solution was acidified with sulphuric acid and extracted with dichloromethane. The 

combine extracts were concentrated under reduced pressure and to the residue was added conc. 

HCl. The resulting mixture was stirred at room temperature for 2 h. The clear solution was 

cooled, diluted with water and extracted with dichloromethane. The combined extracts washed 

with saturated aqueous sodium bicarbonate, water and dried over Na2SO4. The solvent was 

removed in vacuo and the residue was purified by column chromatography. The product was 

isolated as colourless oil in 83% yield. 1H NMR (250 MHz, CDCl3): δ = 7.70 (dd, J = 7.8 and 1.4 

Hz, 1H), 7.48 – 7.41 (m, 1H), 7.26 – 7.19 (m, 2H), 4.50 – 4.42 (m, 1H), 4.28 – 4.16 (m, 1H), 

2.84 – 2.76 (m, 1H), 1.98 – 1.93 (m, 2H), 1.91 – 1.80 (m, 1H), 1.53 – 1.16 (m, 3H), 0.93 (t, J = 

7.2 Hz, 3H); 13C NMR (62.5 MHz, CDCl3): δ = 162.66, 159.42, 152.30, 131.21, 123.60, 122.48, 

116.42, 115.82, 105.57, 63.82, 35.56, 28.49, 24.42, 20.27, 14.03; IR (NaCl): ν = 2957, 2930, 

1713, 1626, 1494, 1407, 1279, 1177, 1113, 1005, 757 cm-1; MS (EI) m/z (%) = 244.0 (13) [M]+, 

201.1 (100), 187.1 (10), 145.1 (16), 128.1 (89), 115.1 (64), 92.1 (52), 77.1 (29), 63.0 (43), 53.0 

(39); [α]D = +6.12 (c = 0.49, CHCl3, 91% ee); HPLC conditions: AD-H column, n-hexane/2-

propanol = 95/5, flow rate = 0.6 mL min-1, minor enantiomer: tR = 16.23 min; major enantiomer: 

tR = 19.09 min. 

 

(4R)-4-Butyl-3,4-dihydro-6H-pyrano-[3,2-c]-quinoline-2,5-dione (10):   

Synthesised according to the general procedure. The isolated intermediate was subsequently 

oxidized with PCC affording the product as white solid; Mp: 196 – 198 °C; 1H NMR (250 MHz, 

CDCl3): δ = 7.93 (d, J = 7.9 Hz, 1H), 7.56 (t, J = 7.4 Hz, 1H), 7.34 – 7.19 (m, 2H), 3.68 (s, 3H), 

3.36 (dd, J = 13.0 and 6.7 Hz, 1H), 2.88 (d, J = 15.5 Hz, 1H), 2.71 (dd, J = 16.1 and 6.8 Hz, 1H), 

1.67 – 1.56 (m, 1H), 1.44 – 1.16 (m, 5H), 0.82 (t, J = 7.1 Hz, 3H); 13C NMR (62.5 MHz, CDCl3): 

δ = 166.65, 161.42, 153.23, 139.12, 131.31, 122.78, 122.37, 114.12, 113.93, 113.05, 33.45, 

33.01, 30.41, 29.70, 28.48, 22.58, 13.86; IR (NaCl): ν = 2927, 2851, 1776, 1659, 1631, 1598, 

1390, 1151, 757 cm-1; MS (EI) m/z (%) = 285.1 (48) [M]+, 229.1 (100), 201.1 (98), 149.0 (35), 

77.1 (29); [α]D = +32.42 (c = 0.33, CHCl3, 89% ee); HPLC conditions: AD-H column, n-

hexane/2-propanol = 80/20, flow rate = 0.6 mL min-1, minor enantiomer: tR = 11.18 min; major 

enantiomer: tR = 15.50 min. 
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(2S,4S)-2-(9H-Carbazol-9-yl)-4-phenyl-3,4-dihydropyrano-[3,2-c]-chromen-5(2H)-one (11): 

To a dichloromethane solution of 3f (1.0 equiv) was added p-toluenesulfonic acid (0.3 equiv) and 

carbazole (1.1 equiv). The resulting solution was stirred for 48 h at room temperature. The crude 

reaction mixture was directly charged on silica gel and purified by column chromatography 

affording the product as white solid in 55% yield; Mp: 160 – 162 °C; 1H NMR (250 MHz, 

CDCl3): δ = 8.02 (d, J = 7.5 Hz, 2H), 7.68 (dd, J = 7.9 and 1.5 Hz, 1H), 7.54 – 7.47 (m, 1H), 7.39 

– 7.13 (m, 13H), 6.51 (dd, J = 12.0 and 2.7 Hz, 1H), 4.50 (d, J = 4.2 Hz, 1H), 3.29 (ddd, J = 13.8, 

12.0 and 5.5 Hz, 1H), 2.27 (dt, J = 13.7 and 2.2 Hz, 1H); 13C NMR (62.5 MHz, CDCl3): δ = 

161.85, 160.47, 153.10, 142.15, 138.81, 132.25, 129.06, 127.58, 127.42, 126.14, 124.16, 124.09, 

122.89, 120.55, 120.48, 116.80, 114.95, 110.11, 102.35, 80.32, 36.48, 33.11; IR (NaCl): ν = 

1714, 1629, 1490, 1454, 1389, 1307, 1265, 1072, 738, 703 cm-1; MS (MALDI) m/z (%) = 444.7 

(76) [M + H]+, 283.4 (16), 252.1 (64), 237.1 (9), 193.3 (100); [α]D = -21.54 (c = 0.98, CHCl3, 

85% ee); HPLC conditions: AS-H column, n-hexane/2-propanol = 50/50, flow rate = 0.6 

mL min-1, minor enantiomer: tR = 19.41 min; major enantiomer: tR = 29.97 min. 
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Chromatogram : ES870-1rac_ADH_955_flow06_0
Data file: ES870-1rac_ADH_955_flow06_0.DATA
Method: HPLC2_ADH_955_flow06_acq90

ES870-1rac_ADH_955_flow06_0.DATA [Jasco UV 2]
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Chromatogram : Es870-6_toluene_-20 grad_ADH_955_flow06_0
Data file: Es870-6_ADH_955_flow06_0.DATA
Method: HPLC1_ADH_955_flow06_acq_90
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Chromatogram : ES872-1_ADH_955_flow06_2
Data file: ES872-1_ADH_955_flow06_2.DATA
Method: HPLC1_ADH_955_flow06_acq_120
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Chromatogram : ES872-3_toluene_-20 grad_ADH_955_flow06_0
Data file: ES872-3_ADH_955_flow06_0.DATA
Method: HPLC1_ADH_955_flow06_acq_90
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