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Experimental and spectroscopic details for 1, 3 and 4, and 

determination of the ee of 3 and 4. 

 

1. General remarks 

1
H NMR and 

13
C NMR spectra were recorded on a Varian AMX400 (400 and 100 

MHz, respectively) with CDCl3 as solvent. Chemical shifts were determined relative 

to the residual solvent peaks (CHCl3, δ = 7.19 ppm for 
1
H-NMR, δ = 77.0 ppm for 

13
C NMR). The following abbreviations are used to indicate signal multiplicity: s, 

singlet; d, doublet; t, triplet; m, multiplet; br, broad. Enantiomeric excesses were 

determined by chiral HPLC using a Shimadzu LC-20AD HPLC equipped with a 

Shimadzu SPD-M20A diode array detector and columns (Chiralpak AD-H and OD-H) 

provided by Daicel corporation, in comparison with the corresponding enantiomers 
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and racemic mixtures. (2S,3S)-2,3-Epoxygeraniol was obtained by the same procedure 

as used for (2R,3R)-2,3-epoxygeraniol, but using L-(+)-diethyl tartrate. 

(2R,3S)-2,3-Epoxynerol was obtained by the same procedure as used for 

(2S,3R)-2,3-epoxynerol, but using D-(-)-diisopropyl tartrate (DIPT). Optical rotations 

were measured on a Schmidt + Haensch polarimeter (Polartronic MH8) with a 10 cm 

cell (c given in g/100 mL) at approx. 20 °C. Thin-layer chromatography (TLC) was 

performed on Merck TLC Silica gel 60 Kieselguhr F254. Flash chromatography was 

performed on silica gel Merck Type 9385 230–400 mesh. Geraniol, nerol, 

D-(-)-diisopropyl tartrate (DIPT), L-(+)-DIPT, titanium tetraisopropoxide and 

tert-butyl hydroperoxide solution (TBHP) (5~6 M in decane) were purchased from 

Aldrich. Geraniol, nerol, D-(−)-DIPT, L-(+)-DIPT and titanium tetraisopropoxide 

were purified by Kugelrohr distillation. The catalyst 

[(2,9-dimethyl-1,10-phenanthroline)-Pd(µ-OAc)]2(OTf)2 was made according to the 

literature procedure.
1
 4 Ǻ molecular sieves were dried at 130 °C for 2 d in an oven 

and heated by a heat gun under vacuum before use.  

 

2. Experimental Section 

(2R,3R)-2,3-Epoxygeraniol (4).
2
 To 20 mL of dry CH2Cl2 containing 4 Ǻ molecular 

sieves (2.0 g) were added D-(-)-DIPT (228 mg, 0.97 mmol) and titanium 

tetraisopropoxide (184 mg, 0.65 mmol) successively at -10 °C under nitrogen. After 

having added TBHP (3.5 mL, 5~6 M in decane) slowly, the resulted mixture was 

stirred for an additional 30 min. Then the mixture was cooled to -23 °C by a Cryostat 

and freshly distilled geraniol (2.0 g, 13.0 mmol) was added over 0.5 h keeping the 

inner temperature below -20 °C. The mixture was stirred at -23 °C for an additional 

2.5 h, and was then quchenched by water (2 mL). The mixture was vigorously stirred 

for 30 min while allowing to warm to rt. After adding aq NaOH (1.2 mL, 3 M), the 

mixture was stirred for another 30 min at rt and then filtered over a Büchner funnel 

under suction. The filtrate was stirred vigorously with 10% aqueous citric acid (6 mL) 

for 1 h at rt. The organic layer was separated, and the aqueous layer was extracted 
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with DCM. The combined organic layers were dried over MgSO4, filtered and 

evaporated in vacuo. The residue was purified by Kugelrohr distillation (120–122 °C, 

2 torr) to afford epoxide (2R,3R)-4 (2.05 g, 93%) as a colorless oil. [α]
20

D = +2.3 (c 

1.32, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 5.04-5.00 (m, 1 H), 3.76 (d, J = 12.0 Hz, 

1 H), 3.61 (dd, J = 12.0, 6.4 Hz, 1 H), 2.91 (dd, J = 6.8, 4.4 Hz, 1 H), 2.02 (q, J = 7.6 

Hz, 2 H), 1.84 (br s, 1 H), 1.65-1.54 (m, 1 H), 1.62 (s, 3 H), 1.54 (s, 3 H), 1.44-1.37 

(m, 1 H), 1.23 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 132.1, 123.3, 62.9, 61.4, 61.2, 

38.5, 25.6, 23.7, 17.6, 16.7. The spectral data matched with those reported in the 

literature
2c

. 

(2R,3R)-1-tert-Butyldiphenylsilyloxy-2,3-epoxy-3,7-dimethyl-6-octene (5). To a 

stirred solution of (2R,3R)-4 (87 mg, 0.51 mmol) in CH2Cl2 (2 mL) were added 

imidazole (43 mg, 0.63 mmol) and TBDPSCl (0.15 mL, 0.58 mmol) successively at rt. 

After 5 min, 5 mL of saturated aq NH4Cl and 5 mL of CH2Cl2 were added to the 

reaction mixture. The organic layer was separated, and the aqueous layer was 

extracted with CH2Cl2. The combined organic layers were dried over MgSO4, filtered 

and evaporated in vacuo. The residue was purified by column chromatography on 

silica gel (pentane/Et2O = 50:1) to afford (2R,3R)-5 (188 mg, 90%) as a colorless oil. 

According to HPLC (Chiral OD-H column, heptane/iPrOH 99.9:0.1, 40 °C, 225 nm) 

the ee was 88%. Retention time: tmajor = 23.9 and tminor = 20.4 min. [α]
20

D = +9.7 (c 

1.17, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.62-7.60 (m, 4 H), 7.36-7.29 (m, 6 H), 

5.02 (t, J = 7.2 Hz, 1 H), 3.73 (dd, J = 11.2, 5.2 Hz, 1 H), 3.66 (dd, J = 11.2, 5.2 Hz, 1 

H), 2.92 (t, J = 5.2 Hz, 1 H), 1.99 (q, J = 7.6 Hz, 2 H), 1.60-1.32 (m, 2 H), 1.60 (s, 3 

H), 1.53 (s, 3 H), 1.06-0.99 (m, 12 H); 
13

C NMR (100 MHz, CDCl3) δ 135.6, 135.5, 

133.5, 133.3, 132.0, 129.7, 127.8, 127.70, 127.69, 123.5, 62.90, 62.86, 60.5, 38.5, 

26.8, 25.7, 23.8, 19.2, 17.6, 16.7; HRMS (C26H37O2Si, APCI): calcd. 409.2557, found 

409.2556. 

(2R,3S)-3,7-Dimethyl-6-octene-1,2,3-triol (3).
3
 To a solution of (2R,3R)-4 (200 mg, 

1.17 mmol) in THF (5.4 mL) was added dropwise a solution of HClO4 (0.07 mL, 70%) 

in H2O (1 mL) at rt. The resulting mixture was stirred for an additional 30 min at rt. 

Then ethyl acetate (10 mL) and water (3 mL) were added. The organic layer was 
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separated, and the aqueous layer was extracted with ethyl acetate. The combined 

organic layers were washed with brine, dried over MgSO4, filtered and evaporated in 

vacuo. The crude product (2R,3S)-3 (206 mg, 94%) was obtained as a colorless oil, 

sufficiently pure for the next step. [α]
20

D = +5.7 (c 1.02, CHCl3); 
1
H NMR (400 MHz, 

CDCl3) δ 5.04-5.01 (m, 1 H), 3.70-3.61 (m, 5 H), 3.41 (dd, J = 6.4, 3.2 Hz, 1 H), 

2.05-1.93 (m, 2 H), 1.61 (s, 3 H), 1.56-1.49 (m, 1 H), 1.54 (s, 3 H), 1.34-1.26 (m, 1 H), 

1.14 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 131.9, 124.1, 76.9, 74.5, 63.1, 37.7, 25.6, 

23.2, 22.1, 17.6.  

(2R,3S)-1-tert-Butyldiphenylsilyloxy-3,7-dimethyl-6-octene-2,3-diol (6). To a 

stirred solution of (2R,3S)-3 (50 mg, 0.27 mmol) in CH2Cl2 (2 mL) were added 

imidazole (23 mg, 0.34 mmol) and TBDPSCl (0.08 mL, 0.31 mmol) successively at rt. 

After 5 min, 5 mL of saturated aq. NH4Cl and 5 mL of CH2Cl2 were added to the 

reaction mixture. The organic layer was separated, and the aqueous layer was 

extracted with CH2Cl2. The combined organic layers were dried over MgSO4, filtered 

and evaporated in vacuo. The residue was purified by column chromatography on 

silica gel (pentane/Et2O = 3:1) to afford (2R,3S)-6 (92 mg, 80%) as a colorless oil. 

According to HPLC (Chiral AD-H column, heptane/iPrOH 99:1, 40 °C, 230 nm) the 

ee was 86%. Retention time: tmajor = 31.5 and tminor = 37.1 min. [α]
20

D = -1.8 (c 0.68, 

CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.61-7.58 (m, 4 H), 7.38-7.29 (m, 6 H), 4.97 (t, 

J = 7.2 Hz, 1 H), 3.77-3.71 (m, 2 H), 3.43-3.40 (m, 1 H), 2.68 (br s, 2 H), 2.03-1.97 

(m, 1 H), 1.90-1.83 (m, 1 H), 1.59 (s, 3 H), 1.51-1.45 (m, 1 H), 1.48 (s, 3 H), 

1.30-1.24 (m, 1 H), 1.11 (s, 3 H), 0.99 (s, 9 H); 
13

C NMR (100 MHz, CDCl3) δ 135.55, 

135.52, 132.7, 132.6, 131.7, 130.0, 127.873, 127.865, 124.3, 75.8, 73.9, 64.9, 38.1, 

26.9, 25.7, 23.2, 22.1, 19.2, 17.6; HRMS (C26H38O3SiNa, APCI): calcd. 449.2482, 

found 449.2477. 

(S)-1,3-Dihydroxy-3,7-dimethyl-6-octen-2-one (1). To a suspension of 3 (200 mg, 

1.06 mmol) and p-benzoquinone (346 mg, 3.20 mmol) in CH3CN/H2O (5 mL/0.5 mL) 

was added [(2,9-dimethyl-1,10-phenanthroline)-Pd(µ-OAc)]2(OTf)2 (5.6 mg, 

0.0054 mmol).
4
 The resulting mixture was stirred overnight at rt and subsequently 

filtered over a silica pad. The pad was washed with ethyl acetate and the combined 
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filtrate was concentrated in vacuo. The residue was purified by column 

chromatography on silica gel (pentane/EtOAc = 3/1) to afford 1 (180 mg, 91%) as a 

colorless oil. [α]
20

D = +1.6 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 4.97 (t, J = 

7.2 Hz, 1 H), 4.42 (br t, J = 21.6 Hz, 2 H), 2.89 (br s, 2 H), 2.07-1.98 (m, 1 H), 

1.88-1.78 (m, 1 H), 1.76-1.63 (m, 2 H), 1.60 (s, 3 H), 1.52 (s, 3 H), 1.30 (s, 3 H); 
13

C 

NMR (100 MHz, CDCl3) δ 214.1, 133.3, 122.9, 78.5, 64.6, 39.9, 26.1, 25.6, 22.2, 

17.7. 

(2S,3R)-2,3-Epoxynerol (4). (2S,3R)-4 was prepared from nerol following a 

procedure similar to that for geraniol to (2R,3R)-4. [α]
20

D = -13.0 (c 1.03, CHCl3); 
1
H 

NMR (400 MHz, CDCl3) δ 5.02 (tt, J = 7.2, 1.2 Hz, 1 H), 3.74 (d, J = 12.0 Hz, 1 H), 

3.60-3.55 (m, 1 H), 2.90 (dd, J = 7.2, 4.4 Hz, 1 H), 2.45 (br d, J = 32.0 Hz, 1 H), 

2.08-1.99 (m, 2 H), 1.62 (s, 3 H), 1.62-1.57 (m, 1 H), 1.54 (s, 3 H), 1.45-1.37 (m, 1 H), 

1.27 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 132.4, 123.3, 64.4, 61.5, 61.2, 33.1, 25.6, 

24.1, 22.1, 17.6. Spectral data matched with those reported in the literature
5
. 

(2S,3R)-1-tert-Butyldiphenylsilyloxy-2,3-epoxy-3,7-dimethyl-6-octene (5). 

(2S,3R)-5 was prepared from (2S,3R)-4 following a procedure similar to that for 

(2R,3R)-4 to (2R,3R)-5. According to HPLC (Chiral OD-H column, heptane/iPrOH 

99.9:0.1, 40 °C, 230 nm) the ee was 74%. Retention time: tmajor = 31.4 and tminor = 

24.7 min. [α]
20

D = -7.4 (c 0.76, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.61-7.58 (m, 

4 H), 7.37-7.32 (m, 6 H), 5.00-4.96 (m, 1 H), 3.81 (dd, J = 8.8, 2.4 Hz, 1 H), 

3.74-3.67 (m, 2 H), 2.04 (q, J = 8.4 Hz, 2 H), 1.79-1.65 (m, 2 H), 1.60 (s, 3 H), 1.52 (s, 

3 H), 1.40 (s, 3 H), 1.00 (s, 9 H); 
13

C NMR (100 MHz, CDCl3) δ 135.5, 132.9, 132.8 

132.2, 129.92, 129.89, 127.8, 123.3, 77.4, 75.5, 64.3, 40.3, 26.8, 25.64, 25.56, 23.0, 

19.2, 17.6. HRMS (C26H36O2SiNa, APCI): calcd. 431.2377, found 431.2372. 

(2S,3S)-3,7-Dimethyl-6-octene-1,2,3-triol (3). (2S,3S)-3 was prepared from 

(2S,3R)-4 following a procedure similar to that for (2R,3R)-4 to (2R,3S)-3. [α]
20

D = 

-1.1 (c 1.09, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 5.06-5.02 (m, 1 H), 3.68-3.66 (m, 

2 H), 3.46-3.44 (m, 1 H), 2.84 (br s, 3 H), 1.99 (apparent q, J = 8.0 Hz, 2 H), 1.61 (s, 

3 H), 1.55 (s, 3 H), 1.52-1.50 (m, 1 H), 1.25-1.23 (m, 1 H), 1.10 (s, 3H); 
13

C NMR 

(100 MHz, CDCl3) δ 132.0, 124.1, 75.6, 74.5, 63.3, 39.1, 25.7, 22.2, 22.1, 17.6; 
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HRMS (C10H21O3, APCI): calcd. 189.1485, found 189.1484. 

(2S,3S)-1-tert-Butyldiphenylsilyloxy-3,7-dimethyl-6-octene-2,3-diol (6). (2S,3S)-6 

was prepared from (2S,3S)-3 following a procedure similar to that for (2R,3S)-3 to 

(2R,3S)-6. According to HPLC (Chiral AD-H column, heptane/iPrOH 99:1, 40 °C, 

230 nm) the ee was 68%. Retention time: tmajor = 26.7 and tminor = 20.7 min. [α]
20

D = 

-7.2 (c 1.09, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.61-7.59 (m, 4 H), 7.38-7.31 (m, 

6 H), 5.03-5.00 (m 1 H), 3.76-3.68 (m, 2 H), 3.46-3.43 (m, 1 H), 1.94 (dd, J = 17.2, 

6.8 Hz, 2 H), 1.60 (s, 3 H), 1.52 (s, 3 H), 1.49-1.43 (m, 2 H), 1.02 (s, 3 H), 1.00 (s, 9 

H); 
13

C NMR (100 MHz, CDCl3) δ 135.53, 135.50, 132.7, 132.6, 131.6, 130.0, 127.9, 

127.8, 124.3, 75.0, 73.6, 65.0, 39.0, 26.8, 25.7, 22.21, 22.17, 19.2, 17.6; HRMS 

(C26H38O3SiNa, APCI): calcd. 449.2482, found 449.2478. 

 

 

In our studies, the chemical shift of residual CHCl3 was set to 7.19 ppm whereas in the literature 

this was 7.26 ppm. Therefore the values of synthetic 1 are consistently 0.07 ppm lower. 
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4. 
1
H NMR, 

13
C NMR Spectra and HPLC chromatograms 

 

(2R,3R)-2,3-Epoxygeraniol (4). 
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(2R,3R)-1-tert-Butyldiphenylsilyloxy-2,3-epoxy-3,7-dimethyl-6-octene (5). 
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(2R,3R)-5 

 

Mixture of (2R,3R)-5 and (2S,3S)-5 
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(2R,3S)-3,7-Dimethyl-6-octene-1,2,3-triol (3). 
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(2R,3S)-1-tert-Butyldiphenylsilyloxy-3,7-dimethyl-6-octene-2,3-diol (6). 
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(2R,3S)-6 

 

Mixture of (2R,3S)-6 and (2S,3R)-6 
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(S)-1,3-Dihydroxy-3,7-dimethyl-6-octen-2-one (1).  
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(2S,3R)-2,3-Epoxynerol (4). 
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(2S,3R)-1-tert-Butyldiphenylsilyloxy-2,3-epoxy-3,7-dimethyl-6-octene (5). 
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(2S,3R)-5 

 

Mixture of (2S,3R)-5 and (2R,3S)-5 
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(2S,3S)-3,7-Dimethyl-6-octene-1,2,3-triol (3). 
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(2S,3S)-1-tert-Butyldiphenylsilyloxy-3,7-dimethyl-6-octene-2,3-diol (6). 
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(2S,3S)-6 

 

Mixture of (2S,3S)-6 and (2R,3R)-6 

 

 


