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General information 
 

Proton (1H NMR) and carbon (13C NMR) nuclear magnetic resonance spectra were 

recorded at 600 MHz and 151 MHz, respectively. The chemical shifts are given in 

parts per million (ppm) on the delta (δ) scale. The solvent peak was used as a 

reference value, for 1H NMR: CDCl3 = 7.26 ppm, C6D6 = 7.15 ppm, for 13C NMR: 

CDCl3 = 77.23, C6D6 = 128.62. Analytical TLC was performed on precoated silica gel 

GF254 plates. Column chromatography was carried out on silica gel (200–300 mesh). 

HRMS were carried out on an Orbitrap analyzer. Optical rotations were measured 

using a 1.0 mL cell with a 10 cm path length on ANTON PAAR MCP 200 polarimeter 

and concentrations (c) were reported in g×(100 mL)-1. Enantiomeric excesses were 

determined by HPLC using a Daicel Chiralpak AD-H, OJ-H, AS-H or OD-H column 

with hexane/i-PrOH as the eluent. 
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General procedure for synthesis 4-aryl-3,6-dihydro-2H-pyrans 
 

O
O

O

+

MgBr
THF -78℃

then BF3-Et2O

 
 

A solution of arylmagnesium bromide (0.5 M in THF, 6 mL, 12 mmol) was added 

to a stirred solution of tetrahydro-4H-pyran-4-one (1g, 10 mmol) in THF (40 mL) 

at -78 oC. The reaction mixture was stirred at rt for 2 h. The total procedure was 

monitored by TLC until the reaction was completed. Without further purification, 

BF3-OEt2 (10 mL) was added to a stirred solution of the resulting reaction mixture 

at 0 oC. The reaction mixture was stirred at rt for 15 min. Saturated aqueous 

NaHCO3 solution (10 mL) was added to the reaction mixture and the solvent was 

removed under reduced pressure. Water (20 mL) and AcOEt (30 mL) was added to 

the residue and the mixture was filtered through a short plug of Celite. The filtrate 

was concentrated under reduced pressure. The residue was extracted with AcOEt 

(3 x 30 mL). The combined organic layers were washed with brine, dried, filtered 

and evaporated to afford crude product. Purification by column on SiO2 

(hexane/AcOEt = 6/1) afforded 4-aryl-3,6-dihydro-2H-pyrans. 

4-Methyl-3,6-dihydro-2H-pyran was prepared following the reported method [1].  
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General procedure for the one-pot asymmetric alkylation of 
4-aryl-3,6-dihydro-2H-pyrans with aldehydes 

 

To a solution of 4-aryl-3,6-dihydro-2H-pyrans (0.2 mmol, 1.0 equiv.) in CH2Cl2 (2.0 

mL) was added DDQ (0.19 mmol, 0.95 equiv.) at room temperature. The reaction 

was monitored by TLC and, upon starting material consumption, 90% solvent was 

evaporated and CH3NO2 (1.8 mL) was added to the mixture. Subsequently, 

Zn(OTf)2 (0.1 mmol, 0.5 equiv.), B·TFA (0.04 mmol, 20 mol %), aldehyde (0.8 

mmol, 4.0 equiv.), and H2O (12.0 mmol, 60 equiv.) were successively added at 0 °C. 

The reaction mixture was stirred at 0 °C until TLC analysis showed complete 

consumption of starting material. The reaction mixture was then poured into the 

suspension of excess NaBH4 (0.4 mmol, 2.0 equiv.) in MeOH (1.0 mL) at 0 °C, and 

after stirring for 20 min, the solution was treated with saturated aqueous NaHCO3. 

The mixture was extracted with Et2O (10 mL × 3), and the combined organic layer 

was dried over MgSO4, filtered and the solvent was evaporated under vacuum. The 

residue was purified by flash chromatography to give the desired product. 
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Analytical data 

 

 

4-Phenyl-3,6-dihydro-2H-pyran (1a) 

Yield: 0.966 g (60%). 1H NMR (400 MHz, CDCl3) δ 7.46–7.14 (m, 5H), 6.15–6.02 

(m, 1H), 4.29 (q, J = 2.7 Hz, 2H), 3.90 (t, J = 5.5 Hz, 2H), 2.49 (ddt, J = 8.0, 5.3, 2.6 

Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 140.5, 134.4, 128.6, 127.5, 124.9, 122.6, 

66.1, 64.7, 27.4; HRMS (EI) m/z [M + H]+ calculated for C11H13O: 161.0961, found 

161.0952. 

 

 

4-(4-Methoxyphenyl)-3,6-dihydro-2H-pyran (1b) 

Yield: 1.237 g (65%). 1H NMR (400 MHz, CDCl3) δ 7.34 (d, J = 8.8 Hz, 2H), 6.89 (d, 

J = 8.8 Hz, 2H), 6.10–5.98 (m, 1H), 4.32 (dd, J = 5.3, 2.6 Hz, 2H), 3.94 (t, J = 5.5 Hz, 

2H), 3.82 (s, 3H), 2.51 (dd, J = 4.3, 2.6 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 

159.2, 133.7, 133.1, 126.0, 120.9, 114.0, 66.1, 64.7, 55.5, 27.5; HRMS (EI) m/z [M + 

H]+ calculated for C12H15O2: 191.1067, found 191.1065. 

 

 
4-(p-Tolyl)-3,6-dihydro-2H-pyran (1c) 
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Yield: 1.083 g (62%). 1H NMR (400 MHz, CDCl3) δ 7.31 (d, J = 8.1 Hz, 2H), 7.17 (d, 

J = 8.0 Hz, 2H), 6.26–5.98 (m, 1H), 4.34 (dd, J = 5.4, 2.6 Hz, 2H), 3.95 (t, J = 5.5 Hz, 

2H), 2.53 (dt, J = 7.0, 2.6 Hz, 2H), 2.36 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 137.6, 

137.2, 134.1, 129.3, 124.7, 121.7, 66.1, 64.7, 27.4, 21.3; HRMS (EI) m/z [M + H]+ 

calculated for C12H15O: 175.1117, found 175.1136. 

 

 

4-(m-Tolyl)-3,6-dihydro-2H-pyran (1d) 

Yield: 1.046 g (60%). 1H NMR (400 MHz, CDCl3) δ 7.33–7.02 (m, 4H), 6.21–6.05 

(m, 1H), 4.35 (dd, J = 5.4, 2.7 Hz, 2H), 3.96 (t, J = 5.5 Hz, 2H), 2.55 (dt, J = 7.0, 2.6 

Hz, 2H), 2.39 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 140.5, 138.1, 134.4, 128.5, 

128.2, 125.7, 122.5, 122.0, 66.1, 64.7, 27.5, 21.7; HRMS (EI) m/z [M + H]+ 

calculated for C12H15O: 175.1117, found 175.1107. 

 

 

4-(o-Tolyl)-3,6-dihydro-2H-pyran (1e) 

Yield: 0.905 g (52%). 1H NMR (400 MHz, CDCl3) δ 7.25–7.03 (m, 4H), 5.63 (d, J = 

1.5 Hz, 1H), 4.31 (q, J = 2.7 Hz, 2H), 3.94 (t, J = 5.4 Hz, 2H), 2.44–2.28 (m, 5H); 13C 

NMR (101 MHz, CDCl3) δ 142.6, 136.7, 135.1, 130.4, 128.3, 127.2, 125.9, 124.5, 

65.7, 64.7, 30.2, 20.1; HRMS (EI) m/z [M + H]+ calculated for C12H15O: 175.1117, 

found 175.1128. 
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4-(4-Bromophenyl)-3,6-dihydro-2H-pyran (1f) 

Yield: 1.189 g (50%). 1H NMR (400 MHz, CDCl3) δ 7.46 (d, J = 8.6 Hz, 2H), 7.26 (d, 

J = 8.5 Hz, 2H), 6.17–6.08 (m, 1H), 4.32 (q, J = 2.7 Hz, 2H), 3.94 (t, J = 5.5 Hz, 2H), 

2.49 (dt, J = 7.0, 2.7 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 139.4, 133.5, 131.7, 

126.6, 123.3, 121.4, 66.1, 64.6, 27.3; HRMS (EI) m/z [M + H]+ calculated for 

C11H12BrO: 239.0066, found 239.0079. 

 

 

4-(Thiophen-2-yl)-3,6-dihydro-2H-pyran (1g) 

Yield: 0.885 g (53%). 1H NMR (400 MHz, CDCl3) δ 7.22–7.11 (m, 1H), 6.99 (d, J = 

3.4 Hz, 2H), 6.19–6.01 (m, 1H), 4.31 (dd, J = 5.4, 2.7 Hz, 2H), 3.93 (t, J = 5.5 Hz, 

2H), 2.54 (td, J = 5.4, 2.7 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 145.1, 129.0, 

127.4, 123.7, 121.9, 121.5, 65.6, 64.3, 27.7; HRMS (EI) m/z [M + H]+ calculated for 

C9H11OS: 167.0525, found 167.0523. 

 

 

(S)-2-((R)-4-Phenyl-5,6-dihydro-2H-pyran-2-yl)pentan-1-ol (3a) 

Major diastereomer: 

Colorless oil. Yield: 39.4 mg (80%, d.r. = 2.4:1). 1H NMR (300 MHz, CDCl3) δ 
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7.46–7.23 (m, 5H), 6.07 (s, 1H), 4.37 (s, 1H), 4.23 (ddd, J = 11.2, 5.8, 1.2 Hz, 1H), 

3.86 (dd, J = 11.2, 2.5 Hz, 1H), 3.81–3.54 (m, 2H), 2.74 (dddd, J = 9.5, 5.9, 4.8, 2.5 

Hz, 1H), 2.51 (s, 1H), 2.40–2.28 (m, 1H), 1.68 (dd, J = 4.8, 2.6 Hz, 1H), 1.61–1.36 (m, 

4H), 0.97 (t, J = 7.1 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 140.4, 135.9, 128.7, 

127.7, 125.6, 125.0, 78.7, 64.8, 63.6, 44.9, 30.5, 27.5, 20.8, 14.5; HRMS (EI) m/z [M 

+ H]+ calculated for C16H23O2: 247.1693, found 247.1682; [α]25
D= -52.6 (c = 0.93, 

CHCl3); HPLC: (Chiralcel OD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), 

retention time: tminor = 15.070 min, tmajor = 7.860 min, ee = 98%. 

 

Minor diastereomer: 

Colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.51–7.19 (m, 5H), 6.02 (s, 1H), 4.54 (s, 

1H), 4.23 (dd, J = 11.1, 5.8 Hz, 1H), 3.89–3.55 (m, 3H), 2.85–2.65 (m, 1H), 2.36 (t, J 

= 21.9 Hz, 2H), 2.01–1.86 (m, 1H), 1.49–1.30 (m, 4H), 0.94 (t, J = 6.7 Hz, 3H); 13C 

NMR (75 MHz, CDCl3) δ 140.4, 136.5, 128.7, 127.7, 125.0, 123.8, 78.7, 64.9, 64.7, 

44.7, 28.5, 27.5, 21.1, 14.5; HRMS (EI) m/z [M + H]+ calculated for C16H23O2: 

247.1693, found 247.1699; [α]25
D= +64.5 (c = 0.72, CHCl3); HPLC: (Chiralcel OD-H, 

i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), retention time: tminor = 6.45 min, tmajor 

= 7.19 min, ee = 98%. 

 

 

(S)-2-((R)-4-(4-Methoxyphenyl)-5,6-dihydro-2H-pyran-2-yl)pentan-1-ol (3b) 

Major diastereomer: 

Colorless oil. Yield: 42.5 mg (77%, d.r. = 2.5:1). 1H NMR (300 MHz, CDCl3) δ 

7.40–7.28 (m, 2H), 6.93–6.80 (m, 2H), 5.97 (s, 1H), 4.35 (s, 1H), 4.22 (ddd, J = 11.2, 

5.8, 1.2 Hz, 1H), 3.93–3.77 (m, 4H), 3.75–3.56 (m, 2H), 2.80–2.62 (m, 1H), 2.50 (s, 
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1H), 2.38–2.24 (m, 1H), 1.71–1.35 (m, 5H), 0.96 (t, J = 7.1 Hz, 3H); 13C NMR (75 

MHz, CDCl3) δ 159.3, 135.2, 132.9, 126.1, 123.9, 114.0, 78.8, 64.8, 63.7, 55.5, 44.9, 

30.5, 27.6, 20.8, 14.5; HRMS (EI) m/z [M + H]+ calculated for C17H25O3: 277.1798, 

found 277.1797; [α]25
D= -48.3 (c = 0.44, CHCl3); HPLC: (Chiralcel OJ-H, 

i-PrOH/Hexane = 20/80, 1.0 mL/min, 210 nm), retention time: tminor = 15.78 min, 

tmajor = 12.14 min, ee = 99%. 

 

Minor diastereomer: 

Colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.39–7.30 (m, 2H), 6.95–6.83 (m, 2H), 

5.92 (s, 1H), 4.52 (s, 1H), 4.21 (dd, J = 11.3, 5.3 Hz, 1H), 3.83 (s, 3H), 3.78–3.62 (m, 

3H), 2.78–2.57 (m, 2H), 2.31 (dd, J = 11.2, 8.3 Hz, 1H), 1.93 (dd, J = 7.0, 3.4 Hz, 1H), 

1.47–1.30 (m, 4H), 0.93 (t, J = 6.8 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 159.3, 

135.8, 133.0, 126.1, 122.0, 114.0, 78.8, 64.9, 64.7, 55.5, 44.7, 28.5, 27.6, 21.1, 14.5; 

HRMS (EI) m/z [M + H]+ calculated for C17H25O3: 277.1798, found 277.1784; 

[α]25
D= +48.3 (c = 0.62, CHCl3); HPLC: (Chiralcel OJ-H, i-PrOH/Hexane = 20/80, 

1.0 mL/min, 210 nm), retention time: tminor = 13.57 min, tmajor = 14.67 min, ee = 98%. 

 

 

(S)-2-((R)-4-(p-Tolyl)-5,6-dihydro-2H-pyran-2-yl)pentan-1-ol (3c) 

Major diastereomer: 

Colorless oil. Yield: 45.8 mg (88%, d.r. = 2.2:1). 1H NMR (300 MHz, CDCl3) δ 7.31 

(d, J = 8.2 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 6.03 (s, 1H), 4.36 (s, 1H), 4.22 (ddd, J = 

11.2, 5.8, 1.2 Hz, 1H), 3.86 (dd, J = 11.2, 2.5 Hz, 1H), 3.78–3.57 (m, 2H), 2.80– 2.64 

(m, 1H), 2.57 (d, J = 1.9 Hz, 1H), 2.39–2.26 (m, 4H), 1.67 (dd, J = 11.0, 5.5 Hz, 1H), 

1.59–1.34 (m, 4H), 0.97 (t, J = 7.1 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 137.5, 
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135.7, 129.3, 124.9, 124.7, 78.7, 64.8, 63.6, 44.9, 30.5, 27.5, 21.3, 20.8, 14.5; HRMS 

(EI) m/z [M + H]+ calculated for C17H25O2: 261.1849, found 261.1857; [α]25
D= -84.4 

(c = 0.43, CHCl3); HPLC: (Chiralcel OD-H, i-PrOH/Hexane = 5/95, 1.0 mL/min, 210 

nm), retention time: tminor = 9.12 min, tmajor = 5.66 min, ee = 99%. 

 

Minor diastereomer: 

Colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.31 (d, J = 8.2 Hz, 2H), 7.17 (d, J = 8.0 

Hz, 2H), 5.98 (s, 1H), 4.53 (s, 1H), 4.22 (dd, J = 11.2, 5.3 Hz, 1H), 3.85–3.61 (m, 3H), 

2.82–2.56 (m, 2H), 2.40–2.25 (m, 4H), 2.00–1.87 (m, 1H), 1.50–1.30 (m, 4H), 0.94 (t, 

J = 6.8 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 137.5, 137.5, 136.3, 129.3, 124.9, 

122.9, 78.7, 64.9, 64.7, 44.7, 28.4, 27.5, 21.3, 21.1, 14.5; HRMS (EI) m/z [M + H]+ 

calculated for C17H25O2: 261.1849, found 261.1846; [α]25
D= +77.5 (c = 0.22, CHCl3); 

HPLC: (Chiralcel OJ-H, i-PrOH/Hexane = 5/95, 1.0 mL/min, 210 nm), retention time: 

tminor = 12.49 min, tmajor = 10.15 min, ee = 98%. 

 

 

(S)-2-((R)-4-(m-Tolyl)-5,6-dihydro-2H-pyran-2-yl)pentan-1-ol (3d) 

Major diastereomer: 

Colorless oil. Yield: 43.2 mg (83%, d.r. = 2.3:1). 1H NMR (300 MHz, CDCl3) δ 

7.26–7.17 (m, 3H), 7.10 (d, J = 6.9 Hz, 1H), 6.04 (s, 1H), 4.35 (s, 1H), 4.21 (ddd, J = 

11.2, 5.8, 1.3 Hz, 1H), 3.85 (dd, J = 11.2, 2.5 Hz, 1H), 3.79–3.54 (m, 2H), 2.89–2.61 

(m, 1H), 2.41–2.28 (m, 5H), 1.71–1.36 (m, 5H), 0.96 (t, J = 7.1 Hz, 3H); 13C NMR 

(75 MHz, CDCl3) δ 140.4, 138.2, 136.0, 128.6, 128.5, 125.8, 125.5, 122.2, 78.7, 64.8, 

63.6, 44.9, 30.5, 27.6, 21.7, 20.8, 14.5; HRMS (EI) m/z [M + H]+ calculated for 

C17H25O2: 261.1849, found 261.1857; [α]25
D= -64.5 (c = 0.72, CHCl3); HPLC: 

(Chiralcel OD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), retention time: tminor 
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= 7.80 min, tmajor = 5.95 min, ee = 99%. 

 

Minor diastereomer: 

Colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.27–7.17 (m, 3H), 7.11 (d, J = 6.9 Hz, 

1H), 6.00 (s, 1H), 4.53 (s, 1H), 4.27–4.15 (m, 1H), 3.84–3.56 (m, 3H), 2.85–2.60 (m, 

1H), 2.40–2.28 (m, 5H), 2.00–1.87 (m, 1H), 1.49–1.30 (m, 4H), 0.94 (t, J = 6.8 Hz, 

3H); 13C NMR (75 MHz, CDCl3) δ 140.4, 138.2, 136.6, 128.6, 128.5, 125.8, 123.6, 

122.2, 78.8, 64.9, 64.7, 44.7, 28.5, 27.6, 21.7, 21.1, 14.5; HRMS (EI) m/z [M + H]+ 

calculated for C17H25O2: 261.1849, found 261.1846; [α]25
D= +54.6 (c = 0.52, CHCl3); 

HPLC: (Chiralcel AD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), retention 

time: tminor = 10.12 min, tmajor = 6.40 min, ee = 99%. 

 

 

(S)-2-((R)-4-(4-Bromophenyl)-5,6-dihydro-2H-pyran-2-yl)pentan-1-ol (3f) 

Major diastereomer: 

Colorless oil. Yield: 45.3 mg (70%, d.r. = 2.1:1). 1H NMR (300 MHz, CDCl3) δ 

7.47–7.34 (m, 2H), 7.19 (dd, J = 6.4, 2.2 Hz, 2H), 5.99 (s, 1H), 4.27 (s, 1H), 4.15 

(ddd, J = 11.3, 5.9, 1.1 Hz, 1H), 3.76 (dd, J = 11.2, 2.5 Hz, 1H), 3.69–3.49 (m, 2H), 

2.76–2.55 (m, 1H), 2.39 (s, 1H), 2.26–2.15 (m, 1H), 1.60 (dd, J = 4.8, 2.8 Hz, 1H), 

1.54–1.29 (m, 4H), 0.89 (t, J = 7.0 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 139.2, 

134.9, 131.7, 126.6, 126.3, 121.6, 78.6, 64.7, 63.6, 44.8, 30.4, 27.4, 20.8, 14.5; 

HRMS (EI) m/z [M + H]+ calculated for C16H22BrO2: 325.0798, found 325.0796; 

[α]25
D= -60.1 (c = 0.77, CHCl3); HPLC: (Chiralcel OD-H, i-PrOH/Hexane = 10/90, 

1.0 mL/min, 210 nm), retention time: tminor = 8.02 min, tmajor = 6.18 min, ee = 94%. 
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Minor diastereomer: 

Colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.43–7.36 (m, 2H), 7.24–7.16 (m, 2H), 

5.94 (s, 1H), 4.43 (s, 1H), 4.14 (dd, J = 11.0, 5.6 Hz, 1H), 3.72–3.51 (m, 3H), 

2.75–2.57 (m, 1H), 2.44 (s, 1H), 2.17 (dd, J = 11.4, 8.4 Hz, 1H), 1.85 (dd, J = 6.8, 3.4 

Hz, 1H), 1.40–1.22 (m, 4H), 0.86 (dd, J = 8.9, 4.9 Hz, 3H); 13C NMR (75 MHz, 

CDCl3) δ 139.2, 135.5, 131.7, 126.6, 124.5, 121.6, 78.6, 64.7, 64.6, 44.6, 28.4, 27.4, 

21.1, 14.5; HRMS (EI) m/z [M + H]+ calculated for C16H22BrO2: 325.0782, found 

325.0797; [α]25
D= +43.6(c = 0.58, CHCl3); HPLC: (Chiralcel OD-H, i-PrOH/Hexane 

= 5/95, 1.0 mL/min, 210 nm), retention time: tminor = 8.78 min, tmajor = 9.65 min, ee = 

94%. 

 

 

(S)-2-((R)-4-(Thiophen-2-yl)-5,6-dihydro-2H-pyran-2-yl)pentan-1-ol (3g) 

Major diastereomer: 

Colorless oil. Yield: 37.8 mg (75%, d.r. = 2.0:1). 1H NMR (300 MHz, CDCl3) δ 7.18 

(dd, J = 3.9, 2.3 Hz, 1H), 6.99 (dd, J = 4.6, 3.0 Hz, 2H), 6.06 (s, 1H), 4.35 (s, 1H), 

4.27–4.13 (m, 1H), 3.84 (dd, J = 11.2, 2.5 Hz, 1H), 3.80–3.53 (m, 2H), 2.87–2.50 (m, 

2H), 2.43–2.31 (m, 1H), 1.69–1.35 (m, 5H), 0.96 (t, J = 7.0 Hz, 3H); 13C NMR (75 

MHz, CDCl3) δ 144.8, 130.5, 127.5, 124.3, 124.0, 122.4, 78.4, 64.5, 63.6, 44.8, 30.4, 

27.8, 20.8, 14.5; HRMS (EI) m/z [M + H]+ calculated for C14H21O2S: 253.1257, found 

253.1255; [α]25
D= -54.7 (c = 0.75, CHCl3); HPLC: (Chiralcel OJ-H, i-PrOH/Hexane = 

10/90, 1.0 mL/min, 210 nm), retention time: tminor = 8.70 min, tmajor = 9.86 min, ee = 

98%. 

 

Minor diastereomer: 

Colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.25–7.10 (m, 1H), 7.00 (dd, J = 4.4, 3.1 
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Hz, 2H), 6.00 (s, 1H), 4.51 (d, J = 2.3 Hz, 1H), 4.19 (dd, J = 11.3, 5.5 Hz, 1H), 

3.83–3.55 (m, 3H), 2.82–2.64 (m, 2H), 2.42–2.29 (m, 1H), 1.91 (dd, J = 6.9, 3.5 Hz, 

1H), 1.47–1.29 (m, 4H), 0.94 (t, J = 6.8 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 144.9, 

131.0, 127.6, 124.0, 122.6, 122.3, 78.4, 64.6, 64.6, 44.6, 28.4, 27.8, 21.1, 14.5; 

HRMS (EI) m/z [M + H]+ calculated for C14H21O2S: 253.1257, found 253.1239; 

[α]25
D= +73.4 (c = 0.37, CHCl3); HPLC: (Chiralcel OJ-H, i-PrOH/Hexane = 10/90, 

1.0 mL/min, 210 nm), retention time: tminor = 8.89 min, tmajor = 7.57 min, ee = 96%. 

 

 

(S)-2-((R)-4-Phenyl-5,6-dihydro-2H-pyran-2-yl)heptan-1-ol (4a) 

Major diastereomer: 

Colorless oil. Yield: 44.3 mg (81%, d.r. = 2.4:1). 1H NMR (300 MHz, CDCl3) δ 

7.46–7.28 (m, 5H), 6.07 (s, 1H), 4.37 (s, 1H), 4.23 (ddd, J = 11.2, 5.8, 1.2 Hz, 1H), 

3.86 (dd, J = 11.2, 2.3 Hz, 1H), 3.78–3.59 (m, 2H), 2.84–2.66 (m, 1H), 2.42–2.28 (m, 

2H), 1.64–1.30 (m, 9H), 0.91 (t, J = 6.6 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 140.3, 

135.9, 128.7, 127.7, 125.6, 125.0, 78.8, 64.8, 63.7, 45.1, 32.3, 28.3, 27.5, 27.4, 22.9, 

14.3; HRMS (EI) m/z [M + H]+ calculated for C18H27O2: 275.2006, found 275.2017; 

[α]25
D= -39.5 (c = 0.51, CHCl3); HPLC: (Chiralcel OD-H, i-PrOH/Hexane = 10/90, 

1.0 mL/min, 210 nm), retention time: tminor = 12.25 min, tmajor = 7.61 min, ee = 98%. 

 

Minor diastereomer: 

Colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.46–7.29 (m, 5H), 6.02 (s, 1H), 4.54 (s, 

1H), 4.23 (dd, J = 11.0, 5.6 Hz, 1H), 3.83–3.59 (m, 3H), 2.86–2.63 (m, 1H), 

2.36–2.24 (m, 2H), 1.98–1.87 (m, 1H), 1.34 (dd, J = 13.1, 9.4 Hz, 8H), 0.89 (t, J = 6.7 

Hz, 4H); 13C NMR (75 MHz, CDCl3) δ 140.4, 136.6, 128.7, 127.7, 125.1, 123.8, 78.8, 
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64.9, 64.8, 45.0, 32.3, 27.7, 27.6, 26.2, 22.8, 14.2; HRMS (EI) m/z [M + H]+ 

calculated for C18H27O2: 275.2006, found 275.2007; [α]25
D= +40.1 (c = 0.30, CHCl3); 

HPLC: (Chiralcel AD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), retention 

time: tminor = 11.02 min, tmajor = 7.05 min, ee = 97%. 

 

 

(S)-2-((R)-4-(p-Tolyl)-5,6-dihydro-2H-pyran-2-yl)propan-1-ol (4b) 

Major diastereomer: 

Colorless oil. Yield: 35.7 mg (77%, d.r. = 2.1:1). 1H NMR (300 MHz, CDCl3) δ 7.30 

(d, J = 8.2 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 6.07 (s, 1H), 4.20 (ddd, J = 11.2, 5.8, 1.8 

Hz, 2H), 3.76–3.61 (m, 3H), 2.79–2.64 (m, 1H), 2.41–2.28 (m, 5H), 1.94–1.87 (m, 

1H), 1.08 (d, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 137.6, 137.5, 135.6, 

129.4, 124.9, 124.1, 80.0, 66.9, 64.4, 40.1, 27.5, 21.3, 13.9; HRMS (EI) m/z [M + H]+ 

calculated for C15H21O2: 233.1536, found 233.1556; [α]25
D= -24.7 (c = 0.62, CHCl3); 

HPLC: (Chiralcel OD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), retention 

time: tminor = 8.68 min, tmajor = 6.67 min, ee = 99%. 

 

Minor diastereomer: 

Colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.31 (d, J = 8.2 Hz, 2H), 7.17 (d, J = 8.0 

Hz, 2H), 5.97 (s, 1H), 4.48 (s, 1H), 4.20 (dd, J = 11.2, 5.9 Hz, 1H), 3.72 (ddd, J = 9.4, 

7.8, 3.0 Hz, 3H), 2.78–2.61 (m, 1H), 2.42–2.25 (m, 5H), 2.10–2.01 (m, 1H), 0.96 (d, J 

= 7.2 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 137.6, 137.5, 136.2, 129.3, 124.9, 

123.2, 78.3, 66.6, 64.7, 39.9, 27.5, 21.3, 11.5; HRMS (EI) m/z [M + H]+ calculated 

for C15H21O2: 233.1536, found 233.1535; [α]25
D= +32.5 (c = 0.21, CHCl3); HPLC: 

(Chiralcel AD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), retention time: tminor 
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= 10.33 min, tmajor = 8.22 min, ee = 99%. 

 

 

(S)-2-Phenyl-2-((R)-4-phenyl-5,6-dihydro-2H-pyran-2-yl)ethanol (4c) 

Major diastereomer: 

Colorless oil. Yield: 40.9 mg (73%, d.r. = 2.6:1). 1H NMR (400 MHz, C6D6) δ 

7.25–6.95 (m, 10H), 5.87 (d, J = 0.8 Hz, 1H), 4.55–4.40 (m, 1H), 4.29–4.11 (m, 1H), 

4.06–3.93 (m, 1H), 3.80 (ddd, J = 11.2, 5.7, 2.2 Hz, 1H), 3.37 (ddd, J = 11.1, 10.3, 3.7 

Hz, 1H), 3.01 (ddd, J = 9.0, 7.0, 4.7 Hz, 1H), 2.74 (s, 1H), 2.46–2.21 (m, 1H), 

1.92–1.78 (m, 1H); 13C NMR (101 MHz, C6D6) δ 140.5, 140.4, 135.3, 128.9, 128.9, 

128.6, 128.5, 128.2, 128.0, 127.9, 127.8, 127.6, 127.2, 125.1, 124.8, 78.8, 66.6, 63.9, 

53.5, 27.2; HRMS (EI) m/z [M + H]+ calculated for C19H21O2: 281.1536, found  

281.1532; [α]25
D= -54.6 (c = 0.45, CHCl3); HPLC: (Chiralcel AD-H, i-PrOH/Hexane 

= 10/90, 1.0 mL/min, 210 nm), retention time: tminor = 22.02 min, tmajor = 16.90 min, 

ee = 89%. 

 

Minor diastereomer: 

Colorless oil. 1H NMR (400 MHz, C6D6) δ 7.23–7.18 (m, 2H), 7.14–7.00 (m, 8H), 

5.90 (t, J = 1.6 Hz, 1H), 4.67–4.44 (m, 1H), 4.16 (t, J = 8.8 Hz, 1H), 3.93 (d, J = 4.9 

Hz, 1H), 3.81 (ddd, J = 11.1, 5.8, 1.3 Hz, 1H), 3.34 (td, J = 11.1, 3.4 Hz, 1H), 

3.17–2.99 (m, 1H), 2.36–2.14 (m, 1H), 2.04–1.73 (m, 2H); 13C NMR (101 MHz, C6D6) 

δ 141.4, 140.4, 136.8, 130.0, 129.3, 128.9, 128.1, 127.5, 125.8, 125.1, 77.4, 64.9, 64.7, 

53.4, 28.0; HRMS (EI) m/z [M + H]+ calculated for C19H21O2: 281.1536, found  

281.1527; [α]25
D= +46.2 (c = 0.15, CHCl3); HPLC: (Chiralcel OD-H, i-PrOH/Hexane 

= 10/90, 1.0 mL/min, 210 nm), retention time: tminor = 17.48 min, tmajor = 12.90 min, 

ee = 80%. 
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(S)-3-Phenyl-2-((R)-4-phenyl-5,6-dihydro-2H-pyran-2-yl)propan-1-ol (4d) 

Major diastereomer: 

Colorless oil. Yield: 41.2 mg (70%, d.r. = 2.0:1). 1H NMR (300 MHz, CDCl3) δ 

7.29–7.12 (m, 10H), 5.93 (s, 1H), 4.30 (s, 1H), 4.19 (dd, J = 11.3, 5.1 Hz, 1H), 3.80 

(dd, J = 11.2, 2.7 Hz, 1H), 3.61 (ddd, J = 8.8, 7.2, 3.0 Hz, 1H), 3.49 (dd, J = 11.2, 4.5 

Hz, 1H), 2.87 (d, J = 7.7 Hz, 2H), 2.73–2.61 (m, 1H), 2.25 (dd, J = 13.7, 3.0 Hz, 2H), 

1.85 (ddd, J = 9.0, 5.0, 2.3 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 140.7, 140.2, 136.2, 

129.5, 128.7, 128.6, 127.7, 126.3, 125.5, 125.0, 77.5, 64.9, 62.9, 47.1, 34.8, 27.5; 

HRMS (EI) m/z [M + H]+ calculated for C20H23O2: 295.1693, found 295.1685; 

[α]25
D= -61.2 (c = 0.73, CHCl3); HPLC: (Chiralcel AD-H, i-PrOH/Hexane = 20/80, 

1.0 mL/min, 210 nm), retention time: tminor = 7.13 min, tmajor = 7.82 min, ee = 99%. 

 

Minor diastereomer: 

HPLC: (Chiralcel AD-H, i-PrOH/Hexane = 20/80, 1.0 mL/min, 210 nm), retention 

time: tminor = 10.96 min, tmajor = 7.34 min, ee = 98%. 

 

 

(2S)-3-(4-Methoxyphenyl)-2-(4-phenyl-5,6-dihydro-2H-pyran-2-yl)propan-1-ol 

(4e) 

Colorless oil. Yield: 42.8 mg (66%, d.r. = 1.8:1). Mixture of 1.8:1 diastereomers. 1H 
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NMR (500 MHz, CDCl3) δ 7.44–7.33 (m, 11.4H), 7.31–7.27 (m, 2.3H), 7.21–7.16 (m, 

6.6H), 7.15–7.09 (m, 2.3H), 6.88–6.78 (m, 4.3H), 6.07 (t, J = 1.7 Hz, 1.8H), 6.00 (d, J 

= 1.6 Hz, 1H), 4.58–4.51 (m, 1.8H), 4.35 (d, J = 15.3 Hz, 1H), 4.29–4.20 (m, 3.1H), 

3.80 (s, 3.0H), 3.77 (s, 5.4H), 3.73–3.65 (m, 6.5H), 2.89 (d, J = 7.6 Hz, 2.1H), 2.66 

(dd, J = 14.2, 8.4 Hz, 4.8H), 2.33 (d, J = 16.8 Hz, 3.5H), 2.18–2.07 (m, 3.5H); 13C 

NMR (126 MHz, CDCl3) δ 158.2, 158.1, 140.3, 136.6, 136.1, 132.7, 132.6, 130.4, 

130.2, 129.5, 128.7, 127.8, 127.8, 125.6, 125.1, 125.0, 124.1, 114.1, 77.9, 64.9, 64.8, 

64.2, 62.9, 62.5, 55.5, 47.3, 47.3, 34.7, 33.9, 31.4, 27.5; HRMS (EI) m/z [M + H]+ 

calculated for C21H25O3: 325.1798, found 325.1789.  

Major diastereomer: 

HPLC: (Chiralcel AS-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), retention 

time: tminor = 15.44 min, tmajor = 21.16 min, ee = 96%. 

 

Minor diastereomer: 

HPLC: (Chiralcel AD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), retention 

time: tminor = 28.15 min, tmajor = 17.69 min, ee = 97%. 

 

 

(S)-3-(3-Bromophenyl)-2-((R)-4-phenyl-5,6-dihydro-2H-pyran-2-yl)propan-1-ol 

(4f) 

Major diastereomer: 

Colorless oil. Yield: 48.4 mg (65%, d.r. = 2.0:1). 1H NMR (500 MHz, CDCl3) δ 

7.42–7.34 (m, 5H), 7.32–7.27 (m, 2H), 7.17–7.11 (m, 2H), 6.03 (t, J = 1.7 Hz, 1H), 

4.58 (s, 1H), 4.24 (dd, J = 11.2, 5.1 Hz, 1H), 3.83–3.60 (m, 3H), 2.79–2.66 (m, 3H), 

2.41–2.27 (m, 1H), 2.09 (ddd, J = 9.2, 5.9, 2.9 Hz, 1H); 13C NMR (126 MHz, CDCl3) 

δ 143.3, 140.1, 136.8, 132.3, 130.1, 129.3, 128.7, 128.1, 127.9, 125.0, 124.1, 122.7, 
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77.8, 64.7, 63.9, 47.0, 31.6, 27.4; HRMS (EI) m/z [M + H]+ calculated for 

C20H22BrO2: 373.0798, found 373.0807; [α]25
D= -78.2 (c = 0.35, CHCl3); HPLC: 

(Chiralcel AD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), retention time: tminor 

= 15.50 min, tmajor = 11.32 min, ee = 98%. 

 

Minor diastereomer: 

HPLC: (Chiralcel AD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), retention 

time: tminor = 12.15 min, tmajor = 13.56 min, ee = 98%. 

 

 

(S)-6-((tert-Butyldimethylsilyl)oxy)-2-((R)-4-(p-tolyl)-5,6-dihydro-2H-pyran-2-yl)

hexan-1-ol (4g) 

Major diastereomer: 

Colorless oil. Yield: 54.9 mg (68%, d.r. = 2.1:1). 1H NMR (300 MHz, CDCl3) δ 7.30 

(d, J = 8.2 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 6.01 (s, 1H), 4.37 (s, 1H), 4.21 (dd, J = 

11.3, 4.7 Hz, 1H), 3.86 (dd, J = 11.2, 2.0 Hz, 1H), 3.75–3.58 (m, 4H), 2.80–2.63 (m, 

1H), 2.39–2.20 (m, 5H), 2.02 (d, J = 5.3 Hz, 1H), 1.67–1.50 (m, 6H), 0.90 (s, 9H), 

0.06 (s, 6H); 13C NMR (75 MHz, CDCl3) δ 137.5, 137.5, 135.8, 129.4, 124.9, 124.7, 

78.7, 64.9, 63.6, 63.3, 45.1, 33.3, 28.1, 27.5, 26.2, 23.9, 21.3, 18.6, -5.0; HRMS (EI) 

m/z [M + H]+ calculated for C24H41O3Si: 405.2819, found 405.2835; [α]25
D= -40.3 (c 

= 0.67, CHCl3); HPLC: (Chiralcel OD-H, i-PrOH/Hexane = 5/95, 1.0 mL/min, 210 

nm), retention time: tminor = 10.26 min, tmajor = 6.84 min, ee = 99%. 

 

Minor diastereomer: 

Colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.30 (d, J = 8.2 Hz, 2H), 7.17 (d, J = 8.0 
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Hz, 2H), 5.96 (s, 1H), 4.53 (s, 1H), 4.21 (dd, J = 11.2, 5.5 Hz, 1H), 3.81–3.60 (m, 5H), 

2.80–2.64 (m, 1H), 2.37–2.27 (m, 4H), 1.92 (s, 2H), 1.52 (dd, J = 8.8, 3.4 Hz, 3H), 

1.38 (dd, J = 9.3, 3.8 Hz, 3H), 0.89 (s, 9H), 0.04 (s, 6H); 13C NMR (101 MHz, CDCl3) 

δ 137.5, 137.5, 136.4, 129.3, 124.9, 122.8, 78.8, 64.9, 64.7, 63.2, 44.9, 33.2, 27.5, 

26.2, 26.0, 24.3, 21.3, 18.6, -5.1; HRMS (EI) m/z [M + H]+ calculated for C24H41O3Si: 

405.2819, found 405.2814; [α]25
D= +48.3 (c = 0.33, CHCl3); HPLC: (Chiralcel AD-H, 

i-PrOH/Hexane = 5/95, 1.0 mL/min, 210 nm), retention time: tminor = 9.11 min, tmajor = 

6.20 min, ee = 98%. 

 

 

(S)-6-(Benzyloxy)-2-((R)-4-(p-tolyl)-5,6-dihydro-2H-pyran-2-yl)hexan-1-ol (4h) 

Major diastereomer: 

Colorless oil. Yield: 53.2 mg (70%, d.r. = 2.0:1). 1H NMR (400 MHz, CDCl3) δ 7.35 

(d, J = 4.4 Hz, 4H), 7.30 (d, J = 8.1 Hz, 5H), 7.16 (d, J = 8.0 Hz, 2H), 6.00 (s, 1H), 

4.52 (s, 2H), 4.37 (s, 1H), 4.21 (dd, J = 11.3, 5.1 Hz, 1H), 3.86 (dd, J = 11.2, 1.7 Hz, 

1H), 3.70 (td, J = 11.1, 3.4 Hz, 1H), 3.62 (dd, J = 11.2, 4.3 Hz, 1H), 3.51 (t, J = 6.5 

Hz, 1H), 2.80–2.66 (m, 1H), 2.41–2.28 (m, 2H), 1.67 (dt, J = 12.0, 5.9 Hz, 2H), 

1.57–1.45 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 138.9, 137.5, 137.5, 135.8, 129.4, 

128.6, 127.9, 127.7, 124.9, 124.7, 78.6, 73.1, 70.5, 64.9, 63.5, 45.1, 30.2, 28.1, 27.6, 

24.4, 21.3; HRMS (EI) m/z [M + H]+ calculated for C25H33O3: 381.2424, found  

381.2420; [α]25
D= -33.1 (c = 0.52, CHCl3); HPLC: (Chiralcel OD-H, i-PrOH/Hexane 

= 20/80, 1.0 mL/min, 210 nm), retention time: tminor = 10.41 min, tmajor = 8.41 min, ee 

= 99%. 

 

Minor diastereomer: 
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Colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.38–7.26 (m, 7H), 7.15 (d, J = 8.0 Hz, 

2H), 5.94 (s, 1H), 4.50 (d, J = 9.5 Hz, 3H), 4.20 (dd, J = 11.1, 5.8 Hz, 1H), 3.71 (qd, J 

= 11.0, 5.5 Hz, 3H), 3.46 (t, J = 6.4 Hz, 2H), 2.77–2.65 (m, 1H), 2.40–2.23 (m, 5H), 

1.89 (s, 1H), 1.64–1.58 (m, 2H), 1.39 (dd, J = 10.9, 5.1 Hz, 4H); 13C NMR (101 MHz, 

CDCl3) δ 138.8, 137.5, 137.5, 136.4, 129.4, 128.6, 127.8, 127.7, 124.9, 122.9, 78.7, 

73.1, 70.4, 64.9, 64.7, 44.9, 30.2, 27.5, 26.0, 24.7, 21.3; HRMS (EI) m/z [M + H]+ 

calculated for C25H33O3: 381.2424, found 381.2431; [α]25
D= +47.2 (c = 0.30, CHCl3); 

HPLC: (Chiralcel AD-H, i-PrOH/Hexane = 20/80, 1.0 mL/min, 210 nm), retention 

time: tminor = 12.00 min, tmajor = 7.29 min, ee = 99%. 

 

 

(S)-6-Hydroxy-5-((R)-4-(p-tolyl)-5,6-dihydro-2H-pyran-2-yl)hexyl benzoate (4i) 

Major diastereomer: 

Colorless oil. Yield: 52.8 mg (67%, d.r. = 2.0:1). 1H NMR (400 MHz, CDCl3) δ 

8.13–7.97 (m, 1H), 7.56 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.6 Hz, 2H), 7.30 (d, J = 8.2 

Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 6.00 (s, 1H), 4.37 (t, J = 6.6 Hz, 2H), 4.22 (dd, J = 

11.3, 5.1 Hz, 1H), 3.87 (dd, J = 11.2, 1.7 Hz, 1H), 3.75–3.58 (m, 1H), 2.80–2.66 (m, 

1H), 2.39–2.28 (m, 2H), 2.13 (s, 1H), 1.89–1.80 (m, 1H), 1.74–1.53 (m, 3H); 13C 

NMR (101 MHz, CDCl3) δ 166.9, 137.6, 137.4, 135.9, 133.0, 130.7, 129.8, 129.4, 

128.5, 124.9, 124.5, 78.5, 65.1, 64.9, 63.3, 45.0, 29.2, 28.0, 27.5, 24.3, 21.3; HRMS 

(EI) m/z [M + H]+ calculated for C25H31O4: 395.2217, found 395.2213; [α]25
D= -24.2 

(c = 0.43, CHCl3); HPLC: (Chiralcel AD-H, i-PrOH/Hexane = 20/80, 1.0 mL/min, 

210 nm), retention time: tminor = 10.79 min, tmajor = 12.53 min, ee = 99%. 

 

Minor diastereomer: 
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Colorless oil. 1H NMR (300 MHz, CDCl3) δ 8.03 (dd, J = 5.2, 3.3 Hz, 2H), 7.63–7.51 

(m, 1H), 7.43 (dd, J = 10.4, 4.6 Hz, 2H), 7.30 (d, J = 8.2 Hz, 2H), 7.16 (d, J = 8.1 Hz, 

2H), 5.96 (s, 1H), 4.54 (s, 1H), 4.33 (t, J = 6.5 Hz, 2H), 4.21 (dd, J = 11.2, 5.4 Hz, 

1H), 3.73 (ddd, J = 11.3, 6.9, 2.9 Hz, 3H), 2.82–2.62 (m, 1H), 2.39–2.21 (m, 5H), 

1.91 (d, J = 3.2 Hz, 1H), 1.84–1.74 (m, 2H), 1.60–1.39 (m, 4H); 13C NMR (75 MHz, 

CDCl3) δ 166.9, 137.6, 137.4, 136.4, 133.0, 130.6, 129.7, 129.4, 128.5, 124.9, 122.8, 

78.7, 65.1, 64.8, 64.6, 44.9, 29.2, 27.5, 25.7, 24.6, 21.3; HRMS (EI) m/z [M + H]+ 

calculated for C25H31O4: 395.2217, found 395.2226; [α]25
D= +24.8 (c = 0.23, CHCl3); 

HPLC: (Chiralcel AD-H, i-PrOH/Hexane = 20/80, 1.0 mL/min, 210 nm), retention 

time: tminor = 16.18 min, tmajor = 9.53 min, ee = 99%. 

 

 

(S)-2-((R)-4-(p-Tolyl)-5,6-dihydro-2H-pyran-2-yl)undec-10-en-1-ol (4j) 

Major diastereomer: 

Colorless oil. Yield: 49.3 mg (72%, d.r. = 2.0:1). 1H NMR (400 MHz, CDCl3) δ 7.30 

(d, J = 8.1 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 6.02 (s, 1H), 5.82 (ddt, J = 16.9, 10.1, 

6.7 Hz, 1H), 5.07–4.87 (m, 2H), 4.36 (s, 1H), 4.22 (dd, J = 11.3, 5.0 Hz, 1H), 3.85 (dd, 

J = 11.2, 2.1 Hz, 1H), 3.75–3.57 (m, 2H), 2.80–2.62 (m, 1H), 2.43–2.28 (m, 4H), 

2.16–1.98 (m, 4H), 1.61–1.48 (m, 2H), 1.41–1.29 (m, 10H); 13C NMR (101 MHz, 

CDCl3) δ 139.4, 137.5, 137.5, 135.7, 129.4, 124.9, 124.8, 114.3, 78.8, 64.8, 63.7, 45.1, 

34.0, 30.0, 29.7, 29.3, 29.1, 28.3, 27.7, 27.6, 21.3; HRMS (EI) m/z [M + H]+ 

calculated for C23H35O2: 343.2632, found 343.2635; [α]25
D= -44.7 (c = 0.63, CHCl3); 

HPLC: (Chiralcel OD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), retention 

time: tminor = 7.64 min, tmajor = 5.30 min, ee = 99%. 
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Minor diastereomer: 

Colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.31 (d, J = 8.2 Hz, 2H), 7.17 (d, J = 8.0 

Hz, 2H), 5.97 (s, 1H), 5.89–5.74 (m, 1H), 5.08–4.83 (m, 2H), 4.53 (s, 1H), 4.21 (dd, J 

= 11.3, 5.3 Hz, 1H), 3.79–3.60 (m, 3H), 2.89–2.61 (m, 1H), 2.42–2.26 (m, 4H), 2.04 

(dd, J = 14.1, 6.8 Hz, 2H), 1.95–1.87 (m, 1H), 1.47–1.28 (m, 13H); 13C NMR (75 

MHz, CDCl3) δ 139.4, 137.5, 136.3, 129.4, 124.9, 122.9, 114.3, 78.8, 64.9, 64.8, 44.9, 

34.0, 30.0, 29.6, 29.3, 29.1, 28.0, 27.5, 26.2, 21.3; HRMS (EI) m/z [M + H]+ 

calculated for C23H35O2: 343.2632, found 343.2638; [α]25
D= +49.2 (c = 0.27, CHCl3); 

HPLC: (Chiralcel AD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm), retention 

time: tminor = 8.38 min, tmajor = 6.05 min, ee = 97%. 

 

 

(S)-5-Chloro-2-((R)-4-(p-tolyl)-5,6-dihydro-2H-pyran-2-yl)pentan-1-ol (4k) 

Major diastereomer: 

Colorless oil. Yield: 47.1 mg (80%, d.r. = 1.9:1). 1H NMR (400 MHz, CDCl3) δ 7.30 

(d, J = 8.1 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 6.00 (s, 1H), 4.38 (s, 1H), 4.22 (dd, J = 

11.3, 5.2 Hz, 1H), 3.87 (dd, J = 11.3, 2.4 Hz, 1H), 3.76–3.53 (m, 4H), 2.81–2.65 (m, 

1H), 2.41–2.29 (m, 4H), 2.18 (s, 1H), 2.00–1.69 (m, 5H); 13C NMR (101 MHz, 

CDCl3) δ 137.6, 137.3, 136.1, 1294, 124.9, 124.3, 78.5, 64.9, 63.1, 45.4, 44.5, 30.8, 

27.5, 25.7, 21.3; HRMS (EI) m/z [M + H]+ calculated for C17H24ClO2: 295.1459, 

found 295.1462; [α]25
D= -22.4 (c = 0.31, CHCl3); HPLC: (Chiralcel OD-H, 

i-PrOH/Hexane = 20/80, 1.0 mL/min, 210 nm), retention time: tminor = 8.66 min, tmajor 

= 5.66 min, ee = 99%. 

 

Minor diastereomer: 
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Colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.23 (d, J = 8.2 Hz, 2H), 7.09 (d, J = 8.0 

Hz, 2H), 5.88 (s, 1H), 4.46 (s, 1H), 4.13 (dd, J = 11.3, 5.2 Hz, 1H), 3.76–3.59 (m, 3H), 

3.47 (t, J = 6.6 Hz, 2H), 2.63 (tdd, J = 11.9, 5.9, 3.7 Hz, 1H), 2.31–2.15 (m, 5H), 

1.87–1.67 (m, 3H), 1.53–1.41 (m, 2H); 13C NMR (75 MHz, CDCl3) δ 137.6, 137.3, 

136.5, 129.4, 124.9, 122.8, 78.6, 64.8, 64.5, 45.3, 44.4, 31.0, 27.4, 23.3, 21.3; HRMS 

(EI) m/z [M + H]+ calculated for C17H24ClO2: 295.1459, found 295.1455; [α]25
D= 

+48.9 (c = 0.14, CHCl3); HPLC: (Chiralcel AD-H, i-PrOH/Hexane = 20/80, 1.0 

mL/min, 210 nm), retention time: tminor = 9.24 min, tmajor = 6.53 min, ee = 99%. 

 

 

4-Phenyl-5,6-dihydro-2H-pyran-2-ol (5) 

Colorless oil. 1H NMR (600 MHz, C6D6) δ 7.25 (d, J = 7.6 Hz, 2H), 7.14 (t, J = 7.5 

Hz, 2H), 7.09 (t, J = 7.2 Hz, 1H), 6.19 (s, 1H), 5.94 (s, 1H), 4.10 (td, J = 11.4, 3.2 Hz, 

1H), 3.74 (dd, J = 10.9, 5.9 Hz, 1H), 2.62–2.36 (m, 1H), 1.95–1.88 (m, 1H); 13C NMR 

(151 MHz, C6D6) δ 140.1, 138.7, 128.6, 128.3, 125.5, 122.6, 91.1, 58.0, 27.1; HRMS 

(EI) m/z [M + H]+ calculated for C11H13O2: 177.0910, found 177.0916. 
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Absolute stereochemistry determination 

 

O

OH

+

Br

O Cl Et3N
DMAP

DCM O

O

O

Br
3c-major 3c-p  

 
To a solution of 3c-major (0.2 mmol, 52 mg), Et3N (0.4 mmol, 55.6 μL), DMAP 

(0.02 mmol, 2.5 mg) in DCM (1 mL) was added dropwise a solution of 

4-bromobenzoyl chloride (0.3 mmol, 66 mg) in DCM at 0 °C. The resulted mixture 

was vigorously stirred at room temperature and the reaction was monitored by TLC. 

After the completion of the reaction, it was treated with saturated aqueous NaHCO3 (2 

mL). After stirring at room temperature for 20 min, the mixture was diluted with ethyl 

acetate, and the organic layer was separated and washed with water and brine, dried 

over MgSO4. After evaporation of the solvent, the crude product was purified by flash 

chromatography to give the desired product 3c-p. Colorless solid. Yield: 75.2 mg 

(85%). 1H NMR (300 MHz, CDCl3) δ 7.85–7.73 (m, 2H), 7.51–7.40 (m, 2H), 

7.28–7.23 (m, 2H), 7.12 (d, J = 8.0 Hz, 2H), 6.08 (s, 1H), 4.47 (dd, J = 11.2, 6.5 Hz, 

1H), 4.39 (s, 1H), 4.37–4.28 (m, 1H), 4.18 (ddd, J = 11.1, 5.7, 1.4 Hz, 1H), 3.74 (td, J 

= 10.9, 3.4 Hz, 1H), 2.77–2.58 (m, 1H), 2.36 (s, 3H), 2.35–2.00 (m, 1H), 2.20–2.08 

(m, 1H), 1.65–1.55 (m, 2H), 1.55–1.40 (m, 2H), 0.96 (t, J = 7.0 Hz, 3H); 13C NMR 

(75 MHz, CDCl3) δ 166.1, 137.6, 137.4, 135.3, 131.8, 131.3, 129.5, 129.3, 128.0, 

124.7, 124.4, 75.0, 65.4, 64.5, 43.1, 31.0, 27.5, 21.3, 20.9, 14.5; HRMS (EI) m/z [M + 

H]+ calculated for C24H28BrO3: 443.1216, found 443.1217; [α]25
D= -33.6 (c = 0.23, 

CHCl3). 
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The absolute stereochemistry (the major diastereomer from the reaction) was 

determined by the X-ray diffraction. A suitable crystal was selected and analyzed on 

an Xcalibur, Eos, Gemini diffractometer. Further information is contained in the 

CCDC file 1484800. 

 

CCDC file 1484800 

Identification code  160607_SD_1  

Empirical formula  C24H27BrO3  

Formula weight  443.37  

Temperature/K  295.15  

Crystal system  orthorhombic  

Space group  P212121  

a/Å  5.4590(3)  

b/Å  7.8884(3)  

c/Å  51.7461(18)  

α/°  90.00  

β/°  90.00  

γ/°  90.00  

Volume/Å3  2228.33(16)  

Z  4  
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ρcalcg/cm3  1.322  

μ/mm-1  2.672  

F(000)  920.0  

Crystal size/mm3  0.46 × 0.24 × 0.14  

Radiation  CuKα (λ = 1.54184)  

2Θ range for data collection/° 6.84 to 133.06  

Index ranges  -6 ≤ h ≤ 6, -9 ≤ k ≤ 9, -50 ≤ l ≤ 61  

Reflections collected  15055  

Independent reflections  3945 [Rint = 0.0420, Rsigma = 0.0245] 

Data/restraints/parameters  3945/0/255  

Goodness-of-fit on F2  1.055  

Final R indexes [I>=2σ (I)]  R1 = 0.0680, wR2 = 0.1962  

Final R indexes [all data]  R1 = 0.0752, wR2 = 0.2027  

Largest diff. peak/hole / e Å-3 0.58/-0.60  

Flack parameter 0.03(4) 
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Reference 

1：M. Chini, P. Crotti, C. Gardelli, F. Macchia, Tetrahedron, 1994, 50, 1261. 
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NMR spectra 
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HPLC traces  

 

 

3a-major 

 

No.  Ret.Time Peak Name Height Area  Rel.Area Type  

  min   mAU mAU*min %   

1  7.78  n.a. 221.491 46.903 50.91  BMB* 

2  14.92  n.a. 104.216 45.235 49.09  BMB 

Total:     325.707 92.138 100.00    

 

No.  Ret.Time Peak Name Height Area  Rel.Area Type  

  min   mAU mAU*min %   

1  7.86  n.a. 46.607 9.733 98.95  BMB 

2  15.07  n.a. 0.272 0.103 1.05  BMB* 

Total:     46.879 9.837 100.00    

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 17.3
-50

0

50

100

150

200

250 MZL #2 [modified by dell] mzl-zwqxx-1od UV_VIS_1
mAU

min

1 - 7.780

2 - 14.923

WVL:254 nm

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 19.1
-5.0

10.0

20.0

30.0

40.0

50.0 MZL #8 [modified by dell] mzl-zwqgh-1od UV_VIS_1
mAU

min

1 - 7.860

2 - 15.070

WVL:254 nm
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3a-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.45  n.a. 786.124 140.602 49.26  BM * 

2  7.18  n.a. 729.557 144.814 50.74   MB* 

Total:     1515.680 285.417 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.45  n.a. 0.370 0.081 0.92  BMB 

2  7.19  n.a. 43.311 8.686 99.08  BMB* 

Total:     43.681 8.767 100.00    

 

 

 

 

 

 

 

 

 

0.0 1.3 2.5 3.8 5.0 6.3 7.5 8.8 10.3
-100

200

400

600

900 MZL #4 [modified by dell] mzl-zwqxx-2od UV_VIS_1
mAU

min

1 - 6.450

2 - 7.180

WVL:254 nm

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 8.87
-5.0

10.0

20.0

30.0

40.0

50.0 MZL #14 [modified by dell] mzl-zwqgh-2od UV_VIS_1
mAU

min

1 - 6.450

2 - 7.187

WVL:254 nm
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3b-major 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  12.37  n.a. 23.178 8.109 50.62  BMB* 

2  15.97  n.a. 17.075 7.912 49.38  BMB* 

Total:     40.253 16.020 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  12.14  n.a. 113.407 40.088 99.32  BMB* 

2  15.78  n.a. 0.702 0.275 0.68  BMB* 

Total:     114.110 40.362 100.00    

 

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
-5.0

0.0

5.0

10.0

15.0

20.0

25.0 MZL #20 [modified by dell] mzl-pomexx-1OJ20% EXT261NM
mAU

min

1 - 12.367

2 - 15.967

WVL:261 nm

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.4
-20

0

20

40

60

80

100

120 MZL #23 [modified by dell] mzl-pomegh-1OJ20% UV_VIS_1
mAU

min

1 - 12.143

2 - 15.777

WVL:254 nm
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3b-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  13.69  n.a. 71.038 28.148 50.03  BMB* 

2  14.81  n.a. 65.954 28.113 49.97  BMB* 

Total:     136.992 56.262 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  13.57  n.a. 1.098 0.337 1.04  BMB* 

2  14.67  n.a. 75.705 32.199 98.96  BMB* 

Total:     76.803 32.536 100.00    

 

 

 

 

 

 

 

 

 

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
-10.0

12.5

25.0

37.5

50.0

62.5

80.0 MZL #26 [modified by dell] mzl-pomexx-2OJ UV_VIS_1
mAU

min

1 - 13.690

2 - 14.813

WVL:254 nm

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
-10

20

40

60

90 MZL #28 [modified by dell] mzl-pomegh-2OJ UV_VIS_1
mAU

min

1 - 13.570

2 - 14.667

WVL:254 nm
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3c-major 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  5.67  n.a. 17.592 2.930 50.45  BMB 

2  9.13  n.a. 11.216 2.878 49.55  BMB* 

Total:     28.808 5.807 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  5.66  n.a. 208.368 34.810 99.64  BMB* 

2  9.12  n.a. 0.600 0.127 0.36  BMB* 

Total:     208.967 34.937 100.00    

 

0.0 1.3 2.5 3.8 5.0 6.3 7.5 8.8 10.0 11.9
-2.0

5.0

10.0

15.0

20.0 MZL #8 [modified by dell] mzl-pmexx-1od UV_VIS_1
mAU

min

1 - 5.670

2 - 9.133

WVL:254 nm

0.0 1.3 2.5 3.8 5.0 6.3 7.5 8.8 10.0 11.7
-50

0

50

100

150

200

250 MZL #12 [modified by dell] mzl-pmegh-1od UV_VIS_1
mAU

min

1 - 5.660

2 - 9.117

WVL:254 nm
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3c-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  9.95  n.a. 209.371 68.165 50.63  BMB* 

2  11.93  n.a. 165.152 66.467 49.37  BMB* 

Total:     374.523 134.632 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  10.15  n.a. 135.570 44.597 98.80  BMB* 

2  12.49  n.a. 1.647 0.543 1.20  BMB* 

Total:     137.217 45.140 100.00    

 

 

 

 

 

 

 

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
-50

0

50

100

150

200

250 MZL #16 [modified by dell] mzl-pmexx-2OJ UV_VIS_1
mAU

min

1 - 9.947

2 - 11.933

WVL:254 nm

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
-20

25

50

75

100

125

160 MZL #25 [modified by dell] mzl-pmegh-2OJ UV_VIS_1
mAU

min

1 - 10.153

2 - 12.493

WVL:254 nm
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3d-major 

 

No.  Ret.Time  Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  5.94  n.a. 158.012 27.190 50.73  BMB* 

2  7.76  n.a. 124.159 26.409 49.27  BMB* 

Total:     282.171 53.599 100.00    

 

No.  Ret.Time  Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  5.95  n.a. 119.404 26.084 99.47  BMB* 

2  7.80  n.a. 0.626 0.139 0.53  BMB* 

Total:     120.030 26.223 100.00    

 

 

0.0 1.3 2.5 3.8 5.0 6.3 7.5 8.8 11.0
-20

50

100

150

180 MZL #52 [modified by dell] mzl-m-me-xx-1od10% UV_VIS_1
mAU

min

1 - 5.943

2 - 7.763

WVL:254 nm

0.0 1.3 2.5 3.8 5.0 6.3 7.5 8.8 10.5
-20

0

25

50

75

100

140 MZL #54 [modified by dell] mzl-m-me-gh-1od10% UV_VIS_1
mAU

min

1 - 5.950

2 - 7.803

WVL:254 nm
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3d-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.38  n.a. 75.025 13.288 50.97  BMB* 

2  10.14  n.a. 53.076 12.783 49.03  BMB* 

Total:     128.101 26.071 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.40  n.a. 363.206 59.104 99.42  BMB* 

2  10.12  n.a. 1.562 0.344 0.58  BMB* 

Total:     364.768 59.448 100.00    

 

 

 

 

 

 

 

 

 

0.0 2.0 4.0 6.0 8.0 10.0 12.5
-10.0

12.5

25.0

37.5

50.0

62.5

80.0 MZL #51 [modified by dell] mzl-m-me-xx-2ad10% EXT265NM
mAU

min

1 - 6.380

2 - 10.140

WVL:265 nm

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
-50

100

200

300

400 MZL #56 [modified by dell] mzl-m-me-gh-2ad10% EXT265NM
mAU

min

1 - 6.400

2 - 10.120

WVL:265 nm
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3f-major 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.29  n.a. 101.102 17.238 50.63  BMB* 

2  8.10  n.a. 76.861 16.811 49.37  BMB* 

Total:     177.963 34.049 100.00    

 

No.  Ret.Time  Peak Name Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.18  n.a. 192.016 44.306 97.08  BMB* 

2  8.02  n.a. 5.307 1.333 2.92  BMB* 

Total:     197.323 45.639 100.00    

 

0.0 1.3 2.5 3.8 5.0 6.3 7.5 8.8 10.5
-20

0

20

40

60

80

100

120 MZL #36 [modified by dell] mzl-pbrxx-1od UV_VIS_1
mAU

min

1 - 6.290

2 - 8.097

WVL:254 nm

0.0 1.3 2.5 3.8 5.0 6.3 7.5 8.8 10.5
-20

50

100

150

220 MZL #39 [modified by dell] mzl-pbrgh-1od UV_VIS_1
mAU

min

1 - 6.183

2 - 8.017

WVL:254 nm
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3f-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  8.72  n.a. 47.170 14.415 49.54  BMB* 

2  9.54  n.a. 45.699 14.680 50.46  BMB* 

Total:     92.869 29.095 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  8.78  n.a. 4.181 1.029 3.04  BMB* 

2  9.65  n.a. 110.270 32.869 96.96  BMB* 

Total:     114.451 33.898 100.00    

 

 

 

 

 

 

 

 

 

0.0 1.3 2.5 3.8 5.0 6.3 7.5 8.8 10.0 12.0
-5.0

10.0

20.0

30.0

40.0

55.0 MZL #40 [modified by dell] mzl-pbrxx-2od5% UV_VIS_1
mAU

min

1 - 8.720
2 - 9.540

WVL:254 nm

0.0 1.3 2.5 3.8 5.0 6.3 7.5 8.8 10.0 12.0
-20

0

20

40

60

80

100

120 MZL #42 [modified by dell] mzl-pbrgh-2od5% UV_VIS_1
mAU

min

1 - 8.783

2 - 9.653
WVL:254 nm
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3g-major 

 

No.  Ret.Time Peak Name Height Area  Rel.Area Type  

  min   mAU mAU*min %   

1  8.60  n.a. 360.435 80.040 49.59  BMB* 

2  9.75  n.a. 335.813 81.354 50.41  BMB* 

Total:     696.248 161.395 100.00    

 

No.  Ret.Time Peak Name Height Area  Rel.Area Type  

  min   mAU mAU*min %   

1  8.70  n.a. 0.526 0.119 1.06  BMB* 

2  9.86  n.a. 39.705 11.110 98.94  BMB* 

Total:     40.231 11.228 100.00    

 

 

0.0 1.3 2.5 3.8 5.0 6.3 7.5 8.8 10.0 11.5
-50

100

200

300

400 MZL #29 [modified by dell] mzl-sfxx-1OJ EXT290NM
mAU

min

1 - 8.597

2 - 9.753

WVL:290 nm

0.0 1.3 2.5 3.8 5.0 6.3 7.5 8.8 10.0 12.0
-5.0

10.0

20.0

30.0

45.0 MZL #34 [modified by dell] mzl-sfgh-1OJ EXT289NM
mAU

min

1 - 8.703

2 - 9.860

WVL:289 nm



 

78 
 

3g-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  7.57  n.a. 567.881 107.114 48.65  BMB* 

2  8.89  n.a. 462.065 113.044 51.35  BMB* 

Total:     1029.946 220.158 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  7.57  n.a. 79.310 20.772 97.97  BMB* 

2  8.89  n.a. 1.654 0.430 2.03  BMB* 

Total:     80.964 21.202 100.00    
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79 
 

 

4a-major 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  7.57  n.a. 443.023 121.900 50.54  BMB* 

2  12.20  n.a. 318.205 119.309 49.46  BMB* 

Total:     761.228 241.209 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  7.61  n.a. 170.456 43.491 98.89  BMB* 

2  12.25  n.a. 1.766 0.490 1.11  BMB* 

Total:     172.222 43.981 100.00    
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80 
 

4a-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  7.08  n.a. 76.060 13.915 50.78  BMB* 

2  11.07  n.a. 51.709 13.487 49.22  BMB* 

Total:     127.769 27.402 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  7.05  n.a. 34.670 8.033 98.48  BMB* 

2  11.02  n.a. 0.549 0.124 1.52  BMB* 

Total:     35.220 8.157 100.00    
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81 
 

 

4b-major 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.55  n.a. 39.640 7.319 50.76  BMB* 

2  8.53  n.a. 31.466 7.101 49.24  BMB* 

Total:     71.106 14.419 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.67  n.a. 80.720 14.225 99.27  BMB* 

2  8.68  n.a. 0.518 0.104 0.73  BMB* 

Total:     81.238 14.329 100.00    
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82 
 

4b-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  8.13  n.a. 71.334 12.092 48.79  BMB* 

2  10.20  n.a. 58.112 12.692 51.21  BMB* 

Total:     129.446 24.784 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  8.22  n.a. 491.222 107.552 99.32  BMB* 

2  10.33  n.a. 3.153 0.737 0.68  BMB* 

Total:     494.375 108.289 100.00    
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83 
 

 

4c-major 

 
 Name Retention Time Area % Area Height Int Type Peak Type 

1  16.912 270550 50.76 10577 Bb Unknown 

2  22.055 262491 49.24 7984 Bb Unknown 

 

 
 Name Retention Time Area % Area Height Int Type Peak Type 

1  16.895 2812256 94.61 109543 bb Unknown 

2  22.015 160187 5.39 5602 bb Unknown 
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84 
 

4c-minor 

 

 Name Retention Time Area % Area Height Int Type Peak Type 

1  13.096 10287062 50.17 378949 bb Unknown 

2  17.330 10215507 49.83 328608 bb Unknown 

 

 

 Name Retention Time Area % Area Height Int Type Peak Type 

1  12.903 45658483 90.19 1586356 bb Unknown 

2  17.475 4966891 9.81 167410 bb Unknown 
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85 
 

 

4d-major 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  7.24  n.a. 247.128 39.942 49.46  BMB* 

2  7.93  n.a. 227.665 40.807 50.54  BMB* 

Total:     474.793 80.749 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  7.13  n.a. 1.967 0.264 0.59  BMB* 

2  7.82  n.a. 239.848 44.083 99.41  BMB* 

Total:     241.815 44.346 100.00    
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4d-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  7.37  n.a. 56.867 9.599 49.86  BMB* 

2  11.00  n.a. 35.855 9.655 50.14  BMB* 

Total:     92.722 19.255 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  7.34  n.a. 44.540 7.748 98.92  BMB* 

2  10.96  n.a. 0.363 0.085 1.08  BMB* 

Total:     44.903 7.832 100.00    
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87 
 

 

4e-major 

 

 Name Retention Time Area % Area Height Int Type Peak Type 

1  17.705 611139 48.15 22135 bb Unknown 

2  28.185 658163 51.85 16287 bb Unknown 

 

 

 Name Retention Time Area % Area Height Int Type Peak Type 

1  17.688 1397610 98.44 51039 bb Unknown 

2  28.147 22111 1.56 766 bb Unknown 
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88 
 

4e-minor 

 

 Name Retention Time Area % Area Height Int Type Peak Type 

1  15.606 3713554 48.22 85411 bb Unknown 

2  21.423 3988210 51.78 74043 bb Unknown 

 

 

 Name Retention Time Area % Area Height Int Type Peak Type 

1  15.444 25232 1.94 676 bb Unknown 

2  21.161 1276024 98.06 22343 bb Unknown 
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89 
 

 

4f-major 

 
 Name Retention Time Area % Area Height Int Type Peak Type 

1  11.305 9513435 50.70 539219 bb Unknown 

2  15.486 9249805 49.30 381010 VB Unknown 

 

 

 Name Retention Time Area % Area Height Int Type Peak Type 

1  11.319 2153901 99.03 122552 bb Unknown 

2  15.498 21200 0.97 1264 bb Unknown 
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4f-minor 

 

 Name Retention Time Area % Area Height Int Type Peak Type 

1  12.181 22029172 50.69 1005877 bb Unknown 

2  13.596 21428176 49.31 847364 bb Unknown 

 

 

 Name Retention Time Area % Area Height Int Type Peak Type 

1  12.149 16376 1.23 1177 bb Unknown 

2  13.562 1311373 98.77 60317 bb Unknown 

 
 

 

 

 

 

 

 

 

 

 

 

A
U

0.00

0.20

0.40

0.60

0.80

1.00

Minutes

2.00 4.00 6.00 8.00 10.00 12.00 14.00

12
.1

81

13
.5

96

A
U

0.00

0.02

0.04

0.06

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

12
.1

49

13
.5

62



 

91 
 

 

4g-major 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.75  n.a. 123.897 44.594 50.65  BMB* 

2  10.22  n.a. 111.975 43.451 49.35  BMB* 

Total:     235.872 88.045 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.84  n.a. 32.163 9.974 99.28  BMB* 

2  10.26  n.a. 0.200 0.072 0.72  BMB* 

Total:     32.363 10.047 100.00    
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4g-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.19  n.a. 96.912 30.538 49.92  BMB* 

2  9.02  n.a. 98.150 30.637 50.08  BMB* 

Total:     195.063 61.175 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.20  n.a. 54.111 11.442 99.06  BMB* 

2  9.11  n.a. 0.519 0.109 0.94  BMB* 

Total:     54.630 11.550 100.00    
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4h-major 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  8.36  n.a. 146.558 50.382 50.73  BMB* 

2  10.35  n.a. 123.807 48.924 49.27  BMB* 

Total:     270.365 99.306 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  8.41  n.a. 173.592 51.670 99.25  BMB* 

2  10.41  n.a. 1.141 0.391 0.75  BMB* 

Total:     174.733 52.061 100.00    
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4h-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  7.25  n.a. 81.974 14.522 50.51  BM * 

2  11.96  n.a. 44.957 14.230 49.49  BMB* 

Total:     126.931 28.752 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  7.29  n.a. 273.854 49.356 99.39  BMB* 

2  12.00  n.a. 1.019 0.302 0.61  BMB* 

Total:     274.872 49.658 100.00    
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4i-major 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  10.79  n.a. 83.390 24.022 48.71  BMB* 

2  12.55  n.a. 73.283 25.299 51.29  BMB* 

Total:     156.673 49.320 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  10.79  n.a. 4.086 0.967 0.74  BMB* 

2  12.53  n.a. 387.024 129.346 99.26  BMB* 

Total:     391.111 130.313 100.00    

 

0.0 2.0 4.0 6.0 8.0 10.0 12.0 15.2
-10

20

40

60

90 MZL #101 [modified by dell] mzl-bZXX-1AD-20 UV_VIS_1
mAU

min

1 - 10.790

2 - 12.553

WVL:254 nm

0.0 2.0 4.0 6.0 8.0 10.0 12.0 15.2
-50

100

200

300

450 MZL #96 [modified by dell] mzl-bZGH-1AD-20 UV_VIS_1
mAU

min

1 - 10.793

2 - 12.530

WVL:254 nm



 

96 
 

4i-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  9.53  n.a. 47.546 12.436 50.41  BMB* 

2  16.20  n.a. 27.273 12.232 49.59  BMB* 

Total:     74.819 24.668 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  9.53  n.a. 175.292 46.527 99.35  BMB* 

2  16.18  n.a. 0.685 0.306 0.65  BMB* 

Total:     175.977 46.833 100.00    
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4j-major 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  5.31  n.a. 119.977 18.680 51.10  BMB* 

2  7.65  n.a. 79.256 17.875 48.90  BMB* 

Total:     199.233 36.555 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  5.30  n.a. 59.560 11.490 99.34  BMB* 

2  7.64  n.a. 0.353 0.076 0.66  BMB* 

Total:     59.913 11.567 100.00    
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4j-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  5.93  n.a. 111.534 19.153 51.08  BMB* 

2  8.26  n.a. 86.155 18.342 48.92  BMB* 

Total:     197.689 37.495 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.05  n.a. 440.514 103.663 98.61  BMB* 

2  8.38  n.a. 7.999 1.464 1.39  BMB* 

Total:     448.512 105.127 100.00    
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mAU

min

1 - 5.930

2 - 8.263

WVL:254 nm

0.0 1.3 2.5 3.8 5.0 6.3 7.5 8.8 10.0
-50

100

200

300

400

500 MZL #44 [modified by dell] mzl-C11GH-2Ad10% UV_VIS_1
mAU

min

1 - 6.050

2 - 8.377

WVL:254 nm



 

99 
 

 

4k-major 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  5.66  n.a. 843.343 130.134 50.48  BMB* 

2  8.63  n.a. 475.875 127.668 49.52  BMB* 

Total:     1319.218 257.802 100.00    

 

No.  Ret.Time  Peak Name Height Area  Rel.Area Type  

  min   mAU mAU*min %   

1  5.66  n.a. 270.195 39.460 99.32  BMB* 

2  8.66  n.a. 1.170 0.271 0.68  BMB* 

Total:     271.365 39.731 100.00    
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100 
 

4k-minor 

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.53  n.a. 732.103 119.848 50.32  BMB* 

2  9.22  n.a. 513.259 118.330 49.68  BMB* 

Total:     1245.362 238.178 100.00    

 

No.  Ret.Time Peak Name  Height Area  Rel.Area  Type  

  min   mAU mAU*min %   

1  6.53  n.a. 141.723 25.067 99.54  BMB* 

2  9.24  n.a. 0.512 0.116 0.46  BMB* 

Total:     142.235 25.183 100.00    
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