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Experimental Section 

 

General. All the reactions were carried out under an atmosphere of argon or nitrogen 

in dried glassware unless otherwise indicated. Materials were obtained from commercial 

suppliers and used without further purification except when otherwise noted. Solvents 

were dried and distilled according to the standard protocols. Flash column 

chromatography was performed on silica gel using the indicated solvent. 

 

（5R）-5，6-Dihydroxy-6-methylhept-2-ynethiote (2) 

OH COOEt

HO

 

A 250-mL round-bottomed flask, equipped with a magnetic stirrer, was charged with 

K2CO3 (4.19 g, 30 mmol), K3Fe(CN)6 (9.98 g, 30 mmol), (DHQD)2-PHAL (410.0 mg, 

0.5 mmol), K2OsO4·H2O (37.2 mg, 0.1 mmol), water (50 ml) and tert-butyl alcohol (50 

mL). The resulting mixture was stirred at room temperature till it produced two clear 

phases. Methanesulfonamide (971.0 mg, 1.0 mmol) was added in one-portion and the 

reaction mixture was stirred for additional 1.5 h. The reaction mixture was cooled to 0 . ℃

Olefin 1 (1.5 ml, 8.0 mmol) was added at once, and the heterogeneous slurry was stirred 

vigorously at 0 ℃ overnight. Solid sodium sulfite (5.63 g) was added at 0℃ and the 

mixture was allowed to warm to room temperature and stirred for 90 min. EtOAc (100 ml) 

and water (50 ml) were added to the reaction mixture. The organic layer was separated 

and the aqueous layer was extracted with EtOAc (60 ml*3). The combined organic 

extracts were dried over anhydrous sodium sulfate and concentrated to give the crude 

product. This crude product was purified by flash chromatography on silica gel with 

EtOAc-Pet (33 67 v/v) as eluent to give diol∶  2 (1.57 g, 98%, over 96% ee) as a colorless 

oil. [α]13.0
D +40.0 (c 0.10 in CH2Cl2); IR (neat): 3409, 2237, 1706, 1465, 1370, 1258, 

1070, 1033 cm−1; 1H NMR (400 MHz, CDCl3 + D2O) δ 4.21 (q, J = 7.1 Hz, 2H), 3.64 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010



(dd, J = 8.9 Hz, 3.3 Hz, 1H), 2.60 (A of AB, dd, J = 17.2 Hz, 3.6Hz, 1H), 2.50 (B of AB, 

dd, J = 17.2 Hz, 8.8 Hz, 1H), 1.29 (t, J = 7.1 Hz, 3H), 1.24 (s, 3H), 1.17 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ 154.0, 87.8, 75.7, 74.3, 72.4, 62.1, 26.0, 24.3, 22.6, 14.0. 

HRMS (ES) m/z calcd for C10H16O4Na [M+Na]+ 223.0946, found 223.0944. 

Enantiomeric excess was determined by HPLC analysis [CHIRALCEL OD-H column, 

10% isopropanol-hexane, 1.0 mL/min, λ = 210 nm, retention times 7.17 min (S) and 8.14 

min (R)]. 

 

(R)-6-(2-hydroxypropan-2-yl)-5,6-dihydro-2H-pyran-2-one (4) 

 

O

OH

O

 

To a solution of ester 2 (373.3 mg, 1.86 mmol) in ethanol (19 ml), Lindlar’s catalyst 

(39.7 mg, 1.0 mol%) and quinoline (0.93 mL, 7.44 mmol) were added. The resulting 

mixture was stirred at room temperature for 30 min then exposed to an atom. pressure of 

hydrogen at the same temperature. The reaction mixture was stirred for 2.5 h. After this 

time, the mixture was filtered through Celite, washed with EtOAc and the volatiles were 

removed under reduced pressure. Then the residue was redissolved in EtOAc (50 ml) and 

the solution was washed with 1 N HCl (15 ml*2). The aqueous layer was saturated with 

NaCl and extracted with EtOAc (15 ml*3). The combined organic extracts were dried 

over anhydrous sodium sulfate and concentrated to give the crude product. The crude 

product was redissolved in toluene (13 ml). TsOH (0.5 eq.) was added at 25℃. The 

resulting mixture was stirred overnight. The reaction was quenched with sat. aq NaHCO3 

(10 ml), diluted with EtOAc (20 ml) and water (10 ml). The organic layer was separated 

and the aqueous layer was saturated with NaCl and extracted with DCM (20 ml*5). The 

combined organic extracts were dried over anhydrous sodium sulfate and concentrated to 

give the crude product. This crude product was purified by flash chromatography on 

silica gel with EtOAc-Pet (50 50 v/v) as eluent to give lactone∶  4 (247.0 mg, 85%) as a 

colorless oil. [α]13.0
D +125.2 (c 0.10 in CH2Cl2); IR (neat): 3448, 2979, 2904, 1715, 1469, 
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1385, 1261, 1040 cm−1; 1H NMR (400 MHz, CDCl3) δ 6.91 (ddd, J = 8.7 Hz, 6.4 Hz, 1.9 

Hz, 1H), 6.00 – 5.97 (m, 1H), 4.21 (dd, J = 12.7 Hz, 3.9 Hz, 1H), 2.53 – 2.31 (m, 3H), 

1.28 (s, 3H), 1.22 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 164.2, 145.9, 120.6, 83.8, 70.8, 

25.4, 24.8, 24.2. HRMS (ES) m/z calcd for C8H12O3NH4 [M+NH4]+ 174.1130, found 

174.1128. 

 

(4S,6R)-4-(2,5-dimethoxy-4-methylphenyl)-6-(2-hydroxypropan-2-yl)tet

rahydro-2H-pyran-2-one (6) 

 

O

OH

O

OMe

OMe

To a 25-mL one-neck flask, Pd2(dba)3 (68.7 mg, 0.075 mmol), PPh3 (40.2 mg, 0.150 

mmol), 2,5-Dimethoxy-4-methylphenylboronic acid 5d (1.03 g, 5.0 mmol), cesium 

carbonate (977.5 mg, 3.0 mmol), chloroform (6.3 µl, 0.075 mmol), lactone 4 (387.3 mg, 

2.42 mmol) and toluene (5 mL) were added. The resulting solution was stirred at room 

temperature for 80 min. The reaction mixture was immersed into a 60℃ oil-bath for 90 

min. The reaction mixture was cooled down to room temperature, diluted with brine (30 

ml) and EtOAc (30 ml). The organic layer was separated and the aqueous layer was 

extracted with EtOAc (30 ml*2). The combined organic extracts were dried over 

anhydrous sodium sulfate and concentrated to give the crude product. This crude product 

was purified by flash chromatography on silica gel with EtOAc-Pet (33 67 v/v) as ∶

eluent to give lactone 6 (657.0 mg, 88%) as a colorless oil. [α]14.5
D +14.3 (c 0.57 in 

CHCl3); IR (neat): 3446, 2973, 2935, 1735, 1508, 1465, 1399, 1212, 1043 cm−1; 1H 

NMR (300 MHz, CDCl3) δ 6.72 (s, 1H), 6.55 (s, 1H), 4.23 (dd, J = 11.1 Hz, 4.2 Hz, 1H),

3.78 (s, 3H), 3.76 (s, 3H), 3.52 – 3.38 (m, 1H), 2.92 (A of AB, dd, J = 16.2 Hz, 8.6 Hz, 

1H), 2.64 (B of AB, dd, J = 16.2 Hz, 6.1 Hz, 1H), 2.20 (s, 3H), 2.16 – 1.95 (m, 2H), 1.25

(s, 3H), 1.20 (s, 3H). 

 

 

0, 13C NMR (100 MHz, CDCl3) δ 173.0, 151.5, 150.5, 128.5, 126.

114.1, 110.8, 83.6, 71.3, 56.0, 55.6, 34.3, 31. 6, 28.5, 25.9, 24.3, 16.1. HRMS (ES) m/z 

calcd for C17H25O5 [M+H]+ 309.1702, found 309.1704. 
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The stereochemistry of the compound 6 was confirmed by the NOE experiments which 

have not shown any enhancement between the 3-H and 5-H. The transition state of the 

palladium-catalyzed Michael addition can also explain the stereochemistry of the 

resulting adduct. 

  

 

 

 

 

 

 

 

(3R,5R)-3-(2,5-dimethoxy-4-methylphenyl)-6-methylheptane-1,5,6-triol 

(7) 

 

OH

OH

OH

OMe

OMe

To a solution of lactone 6 (313.1 mg, 1.01 mmol) in ether (10.0 ml), a solution of LiBH4 

in THF (0.51 ml, 4.0M in THF, 2.02 mmol) was added dropwise at 0℃ and the resulting 

mixture was stirred for 10 min at the same temperature. The reaction mixture was 

warmed slowly to room temperature and stirred for 40 min. The reaction was quenched 

with 1.0 N NaOH ( 5.0 ml) at 0℃, warmed slowly to room temperature and stirred for 

additional 2 h. The mixture was diluted with EtOAc (30 ml) and water (15 ml). The 

aqueous layer was saturated with NaCl. The organic layer was separated and the aqueous 

layer was extracted with DCM (15 ml*6). The combined organic extracts were dried over 

anhydrous sodium sulfate and concentrated to give the crude product. This crude product 

was purified by flash chromatography on silica gel with DCM-Methanol (9 91 v/v) as ∶

eluent to give triol 7 (315.5 mg, quant.) as a colorless oil. [α]13.0
D +29.2 (c 0.10 in 

CH2Cl2); IR (neat): 3395, 2936, 1505, 1465, 1399, 1209, 1044 cm-1; 1H NMR (300 MHz, 
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CDCl3) δ 6.71 (s, 1H), 6.64 (s, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.56 – 3.51 (m, 2H), 3.46 

– 3.30 (m, 2H), 2.19 (s, 3H), 2.12 – 2.01 (m, 1H), 1.88 – 1.80 (m, 1H), 1.70 – 1.58 (m, 

2H), 1.19 (s, 3H), 1.13 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 152.4, 150.7, 131.2, 12

114.8, 110.4, 76.5, 73.0, 60.7, 56.7, 56.2, 38.0, 37.3, 31.3, 26.1, 23.5, 16.3. HRMS (ES) 

m/z calcd for C

5.3, 

te and 

17H28O5Na [M+Na]+ 335.1834, found 335.1837. 

 

(3R,5S)-5-(2,5-dimethoxy-4-methylphenyl)-2-methylhept-6-ene-2,3-diol 

(8) 

 

 

OH

OH

OMe

OMe

To a solution of triol 7 (93.7 mg, 0.3 mmol) and o-Nitrophenylselenocyanate (175.8 mg, 

0.75 mmol) in THF (3.0 ml), tributylphosphine (0.19 ml, 0.75 mmol) was added 

dropwise at 0℃ and stirred for 1h. The reaction was quenched with water (1.0 ml). The 

reaction mixture was diluted with Et2O (15 ml) and water (15 ml). The organic layer was 

separated and the aqueous layer was extracted with Et2O (15 ml*3). The combined 

organic extracts were dried over anhydrous sodium sulfate and concentrated to give the 

crude product. The crude product was re-dissolved in THF (3.0 ml), and H2O2 (1.5 ml, 

30%wt) was added dropwise at 0℃ and the resultant was stirred for 1 d. The reaction 

was quenched with sat. aq Na2S2O3 (2.0 ml), diluted with Et2O (20 ml) and brine ( 15 

ml). The organic layer was separated and the aqueous layer was extracted with Et2O (15 

ml*3). The combined organic extracts were dried over anhydrous sodium sulfa

concentrated to give the crude product. This crude product was purified by flash 

chromatography on silica gel with EtOAc-Pet (20 80 v/v, 200 ml, 25:75 v/v, 320 ml, ∶

33:67 v/v 120 ml) as eluent to give compound 8 (67.1 mg, 76%) as a faint yellow oil. 

[α]14.5
D +36.3 (c 0.25 in CHCl3); IR (neat): 3423, 2932, 1506, 1464, 1396, 1209, 1044 

cm−1; 1H NMR (400 MHz, CDCl3) δ 6.71 (s, 1 H), 6.67 (s, 1 H), 6.02 (ddd, J = 17.2 Hz, 

10.0 Hz, 8.0 Hz, 1H), 5.15 (d, J = 17.2 Hz, 1H), 5.11 (d, J = 10.8 Hz, 1H), 3.94 – 3.88 (m, 
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1H), 3.80 (s, 3H), 3.79(s, 3 H), 3.52 (d, J = 10.3 Hz, 1H), 2.33 (brs, 2H), 2.20 (s, 3H), 

1.93 (A of AB, ddd, J = 12.0 Hz, 10.4 Hz, 1.2 Hz, 1H), 1.60 (B of AB, ddd, J = 14.4 Hz, 

10.8 Hz, 4.4 Hz, 1H), 1.21 (s, 3H), 1.14 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 151.9, 

150.2, 140.3, 131.1, 125.1, 115.4, 114.8, 110.7, 76.3, 73.0, 56.5, 56.1, 40.3, 36.9, 26.1, 

23.4, 16.2. HRMS (ES) m/z calcd for C17H26O4Na [M+Na]+ 317.1729, found 317.1722. 

 

2-((3S,5R)-5,6-dihydroxy-6-methylhept-1-en-3-yl)-5-methylcyclohexa-2,

5-diene-1,4-dione (9) 

 

OHO

O

OH

To a solution of compound 8 (10.0 mg, 0.034 mmol) in MeCN (0.5 ml), CAN aq. (47.0 

mg in 0.1 ml water) was added dropwise at 0℃ and the resultant was stirred for 30 

min at 0℃. The reaction mixture was diluted with EtOAc (10 ml) and brine (5 ml). The 

organic layer was separated and the aqueous layer was extracted with EtOAc (10 ml*3). 

The combined organic extracts was washed with sat. aq NaHCO3 (10 ml*2). The 

resulting aqueous layer was extracted with EtOAc (10 ml*2). The combined organic 

extracts were dried over anhydrous sodium sulfate and concentrated to give the crude 

product. This crude product was purified by flash chromatography on silica gel with 

EtOAc-Pet (33 67 v/v) as eluent to give compound ∶ 9 (8.8 mg, 98%) as a yellow oil. 

[α]14.5
D +20.5 (c 0.108 in CHCl3); TLC (EtOAc : Pet, 1 : 1 v/v): Rf = 0.41; IR (neat): 

3415, 2968, 2924, 1653, 1376, 1259, 1165, 1071, 1015, 917 cm−1; 1H NMR (400 MHz, 

CDCl3) δ 6.59 (s, 1H), 6.53 (s, 1H), 5.77 (ddd, J = 17.8 Hz, 9.4 Hz, 1H), 5.23 – 5.18 (m

2H), 3.75 – 3.69 (m, 1H), 3.45 (d, J = 10.7 Hz, 1H), 2.03 (s, 3H), 1.75 – 1.69 (m, 2H), 

1.57 – 1.50 (m, 1H), 1.20 (s, 3H), 1.14 (s, 3H). 

, 

5.1440. 

13C NMR (100 MHz, CDCl3) δ 188.4, 

187.3, 151.5, 145.5, 137.4, 133.9, 132.0, 118.3, 76.0, 73.0, 39.5, 35.8, 26.5, 23.6, 15.5. 

HRMS (ESI) m/z calcd for C15H21O4 [M+H]+ 265.1440, found 26
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(+)-heliespirone A and (-)-heliespirone C 

O

O

O

OH O

O

O

OH

(+)-heliespirone A (-)-heliespirone C
 

To a solution of compound 9 (67.1 mg, 0.254 mmol) in THF (1.0 ml), LiCl (215.3 mg, 

5.08 mmol) was added at room temperature. The resulting mixture was immersed into an 

oil-bath (70 )℃  and stirred till there were no further increasing of the reaction products. 

The reaction mixture was cooled down to room temperature, diluted with EtOAc, filtered 

through Celite and concentrated to give the crude products. This crude products were 

purified by flash chromatography on silica gel with EtOAc-Pet (20∶80 v/v, 200 ml, 

25:75 v/v, 160 ml, 33:67 v/v, 90 ml) as eluent to give (+)-heliespirone A (15.2 mg, 23%, 

brsm 31%) as a colorless oil and (-)-heliespirone C (17.5 mg, 26%, brsm 36%) as a faint 

yellow oil. Recycled compound 9 (18.1 mg, 27%). 

 

(+)-heliespirone A 

[α]14.5
D +17.6 (c 0.09 in CHCl3), {lit.1 [α]25

D -29.0 (c = 0.1 in CHCl3)}. TLC (EtOAc : 

Pet, 1 : 1 v/v): Rf = 0.70; IR (neat): 3454, 2974, 2930, 1679, 1621, 1241, 1062 cm−1; 
1H-NMR (600 MHz, CDCl3) δ 6.62 (q, J = 1.4 Hz, 1H), 5.30 (ddd, J = 17.0 Hz, 9.7 Hz

9.7 Hz, 1H), 5.07 (d, J = 16.9 Hz, 1H), 4.97 (d, J = 10.0 Hz, 1H), 4.04 (dd, J = 10.6 Hz, 

5.2 Hz, 1H), 3.25 (A of AB, d, J = 15.5 Hz, 1H), 2.97 (B of AB, d, J = 15.5 Hz, 1H), 2.92 

(ddd, J = 12.6 Hz, 9.5 Hz, 6.5 Hz, 1H), 2.15 (ddd, J = 12.6 Hz, 10.9 Hz, 1H), 1.96 (d, J = 

1.4 Hz, 3H), 1.98-1.94 (m, 1H), 1.33 (s, 3H), 1.10 (s, 3H). 

, 

3, 

261. 

13C NMR (100 MHz, CDCl3) 

δ 201.4, 195.6, 153.6, 137., 135.4, 118.6, 87.6, 86.7, 70.3, 57.1, 51.8, 31.9, 28.4, 25.

16.0. HRMS (ES) m/z calcd for C15H20O4Na [M+Na]+ 287.1259, found 287.1

 

(-)-heliespirone C 

[α]14.5
D -31.8 (c 0.11 in CHCl3), {lit.2 [α]25

D +14.4 (c = 0.1 in CHCl3)}. TLC (EtOAc : 

Pet, 1 : 1 v/v): Rf = 0.58; IR (neat): 3469, 2975, 1688, 1622, 1420, 1378, 1250, 1115, 
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1071 cm−1; 1H-NMR (600 MHz, CDCl3) δ 6.68 (q, J = 1.4 Hz, 1H), 5.59 (ddd, J = 16.8 

Hz, 10.3 Hz, 8.6 Hz, 1H), 5.12 (dd, J = 9.3 Hz, 0.8 Hz, 1H), 5.11 (dd, J = 17.0 Hz, 0.8 

1H), 3.96 (dd, J = 10.7 Hz, 5.1 Hz, 1H), 3.30-3.26 (m, 1H), 2.95 (A of AB, d, J = 16.1 Hz, 

1H), 2.84 (B of AB, d, J = 16.2 Hz, 1H), 2.07-2.03 (m, 1H), 1.99 (d, J = 1.4 Hz, 3H), 

1.96-1.89 (m, 1H), 1.24 (s, 3H), 1.13 (s, 3H). 

Hz, 

13C NMR (100 MHz, CDCl3) δ 196.9, 

196.3, 151.9, 137.1, 134.6, 119.9, 86.9, 86.7, 70.3, 48.9, 47.0, 32.4, 27.6, 24.6, 16.2. 

HRMS (ES) m/z calcd for C15H20O4Na [M+Na]+ 287.1259, found 287.1257. 
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Table 1. Comparison of 1H NMR data between synthetic (+)-heliespirone A and natural 
(-)-heliespirone A reported data1. 
 
Synthetic (+)-heliespirone A 1H NMR 

(CDCl3, 600 MHz) 
(δ, multiplicity, coupling constant (Hz))

 

 
Natural (-)-heliespirone A 1H NMR 

(CDCl3, 400 MHz, reported in ref. 1) 
(δ, multiplicity, coupling constant (Hz)) 

6.62, q , 1.4 
5.30, ddd, 17.0, 9.7, 9.7 

5.07, d, 16.9 
4.97, d, 10.0 

4.04, dd, 10.6, 5.2 
3.25, A of AB, d, 15.5 
2.97, B of AB, d, 15.5 

2.92, ddd, 12.6, 9.5, 6.5 
2.15, ddd, 12.6, 10.9 

1.96, d, 1.4 
1.98-1.94, m 

1.33, s 
1.10, s 

6.61, s 
5.29, ddd, 9.8 

5.06, ddd, 16.8, 1.3, 0.7 
4.96, dd, 10.0 

4.03, dd 
3.23, d, 15.5 
2.95, d, 15.5 

2.91, ddd, 12.7, 6.4 
2.14, ddd, 10.6 

1.96, d, 1.5 
1.96, ddd, 12.7, 5.2 

1.32, s 
1.09, s 

 

Table 2. Comparison of 13C NMR data between synthetic (+)-heliespirone A and natural 
(-)-heliespirone A reported data1. 

 
Synthetic (+)-heliespirone A  

(CDCl3, 100 MHz) 
 

 
Natural (-)-heliespirone A  

(CDCl3, 100 MHz, reported in ref. 1) 
 

201.4 
195.6 
153.6 
137.1 
135.4 
118.6 
87.6 
86.7 
70.3 
57.1 
51.8 
31.9 
28.4 
25.3 
16.0 

201.5 
179.5＊ 

153.4 

137.0 
135.3 
118.4 
87.6 
86.7 
70.1 
57.1 
51,8 
31.9 
28.3 
25.3 
15.9 

＊This chemical shift was mis-read in Macias’ original paper and should be read as about 
196 ppm; please compare this data with the spectra in the original paper (ref. 1). 
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Table 3. Comparison of 1H NMR data between synthetic (-)-heliespirone C and natural 
(+)-heliespirone C reported data2. 

 
Synthetic (-)-heliespirone C 1H NMR 

(CDCl3, 600 MHz) 
(δ, multiplicity, coupling constant (Hz))

 

 
Natural (+)-heliespirone C 1H NMR 

(CDCl3, 400 MHz, reported in ref. 2) 
(δ, multiplicity, coupling constant (Hz)) 

6.68, q, 1.4 
 5.59, ddd, 16.8, 10.3, 8.6 

5.12, dd, 9.3, 0.8 
 5.11, dd, 17.0, 0.8  
 3.96, dd, 10.7, 5.1  

 3.30-3.26, m 
 2.95, A of AB, d, 16.1  
 2.84, B of AB, d, 16.2  

2.07-2.03, m 
1.99, d, 1.4 

 1.96-1.89, m  
 1.24, s 
 1.13, s  

6.63, q, 1.5 
5.61, ddd, 16.4, 10.5, 8.5 

5.12, dd, 8.5, 1.1 
5.09, dd, 16.4, 1.1 
3.95, dd, 10.7, 5.1 

3.26, brddd, 12.2, 12.2, 10.7 
2.95, d, 16.2 
2.83, d,16.2 

2.04, ddd, 12.2, 7.1, 5.1 
1.98, d, 1.5 

1.92, ddd, 12.2, 12.2, 10.7 
1.23, s 
1.12, s 

 

Table 4. Comparison of 13C NMR data between synthetic (-)-heliespirone C and natural 
(+)-heliespirone C reported data2. 

 
Synthetic (-)-heliespirone C  

(CDCl3, 100 MHz) 
 

 
Natural (+)-heliespirone C  

(CDCl3, 100 MHz, reported in ref. 2) 
 

 196.9 
 196.3 
 151.9 
 137.1 
 134.6 
 119.9 
 86.9 
 86.7 
 70.3 
 48.9 
 47.0 
 32.4 
 27.6 
 24.6 
 16.2 

196.5 
196.3 
151.7 
136.9 
134.6 
119.6 
86.9 
86.7 
70.3 
48.5 
47.0 
32.4 
27.5 
24.5 
16.1 

References: 1 F. A. Macias, R. M. Varela, A. Torres and J. M.G. Molinillo, Tetrahedron 
Lett., 1998, 39, 427-430. 

          2 F. A. Marcias, J. L. G. Galindo, R. M. Varela, A. Torres, J. M. G. Molinillo, 
F. R. Fronczek, Org. Lett., 2006, 8, 4513-4516.  
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