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1. General 

 

1
H-NMR spectra and 

13
C-NMR spectra were measured with JEOL JNM-ECP 600 (600 MHz) or 

JEOL JNM-ECX300/TRH (300 MHz) spectrophotometer. Chemical shifts were relative to 

tetramethylsilane or chloroform as an internal standard. Splitting patterns are designated as an s 

( singlet ), d ( doublet ), t ( triplet ), q ( quartet ), quint ( quintet ), m ( multiplet ), and br 

( broadened ). Coupling constants were given in Hz. 

  

Infrared spectra (IR) were recorded on a JASCO Model FT / IR-6100 spectrophotometer. Data were 

given with only the significant diagnostic bans. Neat means directly record without any solvent. 

 

Low-resolution (MS) and high-resolution mass spectra (HRMS) were recorded on JEOL JMS-700 

spectrometer by electron impact (EI). 

 

Analytical thin layer chromatography (TLC) was performed by using Merck precoated TLC plate 60 

F254 (silica gel). Visualization of the spot was done by UV light and heated after dipping 

anisaldehyde-H2SO4 ethanol solution, ninhydrin ethanol solution or potassium permanganate. 

 

Tetrahydrofuran (THF) (dehydrate) and dichloromethane (CH2Cl2) (dehydrate) were purchased from 

KANTO CHEMICAL CO., INC. 

Diethyl ether was distilled from sodium benzophenone ketyl. 

Dimethylsulfoxide (DMSO), N,N-dimethylformamide (DMF) and acetonitrile were distilled from 

CaH2.  

Triethylamine (Et3N) and pyridine were distilled from KOH.  

Methanol was distilled from magnesium alcoholate. 

The solvents are toxic. 

 

Lindlar catalyst(Palladium on calcium carbonate), Ph3PAuCl and AgOTf were purchased from 

Sigma-Aldrich CO. and toxic. 



3 

 

2. Experimental procedures 

 

2-1 

Tri-O-acetyl D-glucal (1) was purchased from Sigma-Aldrich CO. Compounds (2), (3) and (4) were 

prepared according literature.
5e

  The data were matched with literature.
5e, 8, 12

 

 

(12) Nicolaou, K.C.; Hwang, C.-K.; Marron, B.E.; DeFrees, S.A.; Couladouros, E.; Abe, Y.; Carroll, 

P.J.; Snyder, J.P. J. Am. Chem. Soc. 1990, 112, 3040-3054. 

 

2-2 

(2’R,3’S,4S)-5-(tert-butyl-dimethylsilyloxy-1-[3-(tert-butyl-dimethylsiloxy)-tetrahydropyran-2-yl]-p

ent-3-yne-2-ol (5) 

(2’R,3’S,4R)-5-(tert-butyl-dimethylsilyloxy-1-[3-(tert-butyl-dimethylsiloxy)-tetrahydropyran-2-yl]-p

ent-3-yne-2-ol (6) 

 

A solution of propargyl TBS ether (0.96 g, 5.64 mmol) in THF (33 mL) was cooled to -78 °C. 

n-BuLi (2.9 mL, 5.25 mmol) was added to the solution under Ar atmosphere at -78 °C. The resultant 

mixture was stirred for 1 h and then a solution of aldehyde (4) (0.91 g, 3.52 mmol) in THF (2 mL) 

was added. The reaction mixture was stirred at -78 °C for 2 h and subsequently quenched with a 

saturated NH4Cl solution (50 mL). The aqueous layer was extracted with ethyl acetate (100 mL x 3). 

The combined organic phases were dried over MgSO4 and filtered. The eluent was concentrated to 

yield crude alcohol (2.7 g). The residue was purified on silica gel column chromatography 

(hexane-ethyl acetate, 96 : 4, v/v) to give the alcohol (6) (0.69 g, 46%) as a colorless oil and the 

alcohol (5) (0.49g, 33 %) as a colorless oil. 

 

 

Rf = 0.5 (Hexane:AcOEt= 3 : 1 ) 

1
 HNMR (600MHz, CDCl3 )  δ= ; 

4.65-4.63      (m, 1H) 

4.36          (m, 2H) 

3.88-3.86      (m, 1H) 

3.36-3.26      (m, 3H) 

2.26-2.23      (m, 1H) 
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2.01-2.00      (m, 1H) 

1.79-1.73      (m, 1H) 

1.70-1.39      (m, 3H) 

0.90          (s, 9H) 

0.88          (s, 9H) 

0.12          (m, 6H) 

0.06          (m, 6H) 

 

13
C NMR (150MHz, CDCl3)   δ= ; 

85.5, 82.9(x2), 71.3, 67.8, 62.4, 51.9, 40.1, 33.4, 25.9(x2), 25.4, 18.4, 18.0, -3.9, -4.5, -4.9, -5.0. 

 

IR( neat ) cm
-1

 

3200-3600, 2954, 2929, 2857, 1472, 1462, 1254, 1099, 838, 777. 

 

MS(EI) m/z 413 (M
+
-Me). 

HRMS(EI) calcd for C18H33O3Si2 (M
+
-
t
Bu-H2O) 353.1968, found 353.1984. 

 

 

 

Rf = 0.575(Hexane:AcOEt= 3 : 1 ), 

1
 HNMR (600MHz, CDCl3 )  δ= ; 

4.66-4.65      (m, 1H) 

4.37          (s, 2H) 

3.89-3.87      (m, 1H) 

3.64-3.61      (m, 1H) 

3.40-3.32      (m, 2H) 

2.17-2.14      (m, 1H) 

2.02-1.99      (m, 1H) 

1.82-1.78      (m, 1H) 

1.70-1.41      (m, 4H) 

0.91          (s, 9H) 

0.83          (s, 9H) 

0.13          (m, 6H) 
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0.06          (d, J= 3.66 Hz ,6H) 

 

13
C NMR (150MHz, CDCl3)   δ= ; 

85.5, 83.4, 81.1, 70.9, 67.8, 61.2, 51.9, 38.4, 33.4, 25.9(x2), 25.5, 18.4, 18.0, -3.9, -4.6, -4.9(x2), -5.0 

 

IR( neat ) cm
-1

 

3200-3600, 2955, 2929, 2857, 1472, 1255, 1121, 1097, 837, 776. 

 

MS(EI) m/z 371 (M
+
-
t
Bu). 

HRMS(EI) calcd for C18H33O3Si2 (M
+
-
t
Bu-H2O) 353.1968, found 353.1984. 

 

2-3 

(2’R, 3’S,4S)-5-(3-hydroxy-tetrahydropyran-2-yl)-pent-2-ene-1, 4-diol (7) 

 

 

To a stirred 0 °C solution of the silyl alcohol (5) (0.34 g, 0.79 mmol) in methanol (10.5 mL) was 

added p-toluenesulfonic acid (0.02 g, 0.16 mmol). The mixture was allowed to warm to room 

temperature and stirred for 50 h. The solution was quenched with Et3N (0.1 mL). The eluent was 

concentrated and the residue was purified on silica gel column chromatography(CHCl3-MeOH, 95: 5, 

V/V) to give the alcohol (0.19 g, quant.) as a colorless oil. 

To the alcohol (0.19 g, 0.95 mmol) in MeOH (9.4 mL) was added Lindlar catalyst (0.04 g). The 

mixture was stirred at room temperature under hydrogen atmosphere for 85 min and filtered. The 

eluent was concentrated and the residue was purified on silica gel column chromatography 

(CHCl3-MeOH, 94: 6, v/v) to give the alcohol (7) (0.15 g, 78 %) as a colorless oil. 

 

1
 HNMR (600MHz,  CD3OD )  δ= ; 

5.67-5.63       (m, 1H) 

5.41-5.38       (m, 1H) 

4.64-4.60       (m, 1H) 

4.26-4.20       (m, 1H) 

4.11-4.05       (m, 1H) 

3.83-3.82       (m, 1H) 

3.27-3.23       (m, 1H) 
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3.19-3.15       (m, 1H) 

2.94-2.91       (m, 1H) 

2.04-2.01       (m, 1H) 

1.98-1.94       (m, 1H) 

1.68-1.62       (m, 3H) 

1.41-1.30       (m, 1H) 

 

13
C NMR (150MHz, CD3OD)   δ= ; 

134.4, 131.8, 81.4, 71.2, 68.5, 66.1, 58.9, 40.8, 33.7, 26.7 

 

IR( neat ) cm
-1 

3200-3600, 2940, 2858, 1439, 1096, 1029, 942. 

 

MS(EI) m/z 184 (M
+
-H2O). 

HRMS(EI) calcd for C10H14O2 (M
+
-2H2O) 166.0994, found 166.1000. 

 

2-4 

 (2’R, 3’S, 4R)-5-(3-hydroxy-tetrahydropyran-2-yl)-pent-2-ene-1, 4-diol (8) 

 

 

 

To a stirred 0 °C solution of the silyl alcohol (6) (0.30 g, 0.70 mmol) in methanol (7.3 mL) was 

added p-toluenesulfonic acid (0.03 g, 0.15 mmol) . The mixture was allowed to warm to room 

temperature and stirred for 24 h. The solution was quenched with Et3N (0.1 mL). The eluent was 

concentrated and the residue was purified on silica gel column chromatography (CHCl3-MeOH, 94: 

6, V/V) to give the alcohol (0.15 g, quant.) as a colorless oil. 

To the alcohol (100 mg, 0.50 mmol) in MeOH (4.9 mL) was added Lindlar catalyst (24 mg). The 

mixture was stirred at room temperature under hydrogen atmosphere for 100 min and filtered. The 

eluent was concentrated and the residue was purified on silica gel column chromatography 

(CHCl3-MeOH, 95: 5, v/v) to give the alcohol (8) (85m g, 86 %) as a colorless oil. 

 

1
 HNMR (600MHz,  CD3OD )  δ= ; 

5.57-5.49       (m, 2H) 
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4.64-4.61       (m, 1H) 

4.22-4.19       (dd, J = 13.19, 6.23 Hz, 1H) 

4.13-4.10       (dd, J = 13.56, 5.86 Hz, 1H) 

3.86-3.84       (m, 1H) 

3.31           (br, 1H) 

3.25-3.22       (m, 1H) 

3.18-3.14       (m, 1H) 

2.06-2.03       (m, 2H) 

1.67-1.64       (m, 2H) 

1.45-1.37       (m, 2H) 

 

13
C NMR (150MHz, CD3OD)   δ= ; 

135.7, 130.4, 80.4, 71.3, 68.6, 64.8, 58.8, 41.6, 33.8, 26.8 

 

IR( neat ) cm
-1 

3200-3600, 2940, 2859, 1421, 1096, 1034, 943.  

 

MS(EI) m/z 184 (M
+
-H2O). 

HRMS(EI) calcd for C10H14O2 (M
+
-2H2O) 166.0994, found 166.1000. 

 

2-5 

2-vinyloctahydropyrano [3, 2-b] pyran-3-ol (9) 

 

Dry CH2Cl2 (1 mL) was added to an aluminum foil covered two necked flask containing PPh3AuCl 

(16 mg, 0.03 mmol), AgOTf (7.9 mg, 0.03 mmol) and activated MS-4Å (26 mg). After stirring for 10 

minutes, a solution of triol (7) (51.3 mg, 0.25 mmol) in dry THF (1 mL) was added.  After the 

mixture was stirred for 7 d and 20 h, it was diluted with CH2Cl2 and the mixture was filtered 

through a short plug of silica. The eluent was concentrated and the residue was purified on silica gel 

column chromatography (hexane-ethyl acetate, 70 : 30, v/v) to give the alcohol (9) (36.2 mg, 80%) 

as a single isomer and a colorless oil.  

 

1
 HNMR (600MHz, CDCl3 )  δ= ; 

5.82        (ddd, J = 17.59, 10.62, 7.33 Hz, 1H) 
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5.40        (d, J = 17.89 Hz, 1H) 

5.32        (d, J = 10.26 Hz, 1H) 

3.90-3.87    (m, 1H) 

3.56-3.54    (m, 1H) 

3.44-3.40    (m, 1H) 

3.38-3.31    (m, 1H) 

3.01-2.99    (m, 2H) 

2.38-2.35    (m, 1H) 

2.07-1.92    (m, 2H) 

1.73-1.69    (m, 2H) 

1.45-1.39    (m, 1H) 

 

 

13
C NMR (150MHz, CD3OD)   δ= ; 

135.7, 119.7, 83.9, 77.7, 76.8, 69.1, 68.0, 38.0, 29.3, 25.6 

 

IR( nujol ) cm
-1

 

3395, 2925, 2865, 1460, 1090, 1029. 

 

MS(EI) m/z 184 (M
+
). 

HRMS(EI) calcd for C10H14O2 (M
+
-H2O) 166.0994, found 166.1000. 

 

2-6 

3-Benzyloxy-2-vinyloctahydropyrano [3, 2-b] pyran (10) 

 

To a suspension of 116 mg (2.66 mmol) of 55% sodium hydride in THF (0.5 mL) was added a 

solution of the alcohol (9) (19.2 mg, 0.10 mmol) in THF (0.1 mL) at 0 °C. The mixture was stirred 

for 1 h and followed by the addition of benzyl bromide (0.3 mL, 2.52 mmol) and 

tetrabutylammonium iodide (79 mg, 0.21 mmol). After 16 h, the reaction mixture was quenched by 

the addition of NH4Cl aq. The mixture was extracted with ethyl acetate (5 mL x 3). The combined 

organic phases were dried over MgSO4
 
and filtered. The eluent was concentrated the residue was 

purified on silica gel column chromatography (hexane-ethyl acetate, 90 : 10, v/v) to give the mixture 

of benzyl ether (10) (23.5 mg, 82%) as a single isomer and a colorless oil.  
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1
 HNMR (600MHz, CDCl3 )  δ= ; 

7.35-7.31    (m, 5H) 

5.96        (ddd, J = 17.22, 10.63, 6.23, 1H) 

5.43        (d, J = 17.22, 1H) 

5.28        (d, J = 10.62, 1H) 

4.60        (d, J = 11.72, 1H) 

4.52        (d, J = 11.72, 1H) 

3.92-3.90    (m, 1H) 

3.75        (t, J = 8.79, 6.59, 1H) 

3.39-3.34    (m, 1H) 

3.30-3.26    (m, 1H) 

3.10-3.06    (m, 1H) 

2.98-2.94    (m, 1H) 

2.49-2.46    (m, 1H) 

2.10-2.08    (m, 1H) 

1.74-1.71    (m, 2H) 

1.56-1.51    (m, 1H) 

1.46-1.40    (m, 1H) 

 

The spectrometric data was matched with the data of literature.
11

 

 

2-7 

2-vinyloctahydropyrano [3, 2-b] pyran-3-ol (11) 

 

Dry CH2Cl2 (1 mL) was added to an aluminum foil covered two necked flask containing PPh3AuCl 

(15.2 mg, 0.03 mmol), AgOTf (9.0 mg, 0.04 mmol) and activated MS-4Å (24 mg). After stirring for 

10 minutes, a solution of triol (8) (52.5 mg, 0.26 mmol) in dry THF (1 mL) was added.  After the 

mixture was stirred for 6 d and 11 h, it was diluted with CH2Cl2 and the mixture was filtered through 

a short plug of silica. The eluent was concentrated and the residue was purified on silica gel column 

chromatography (hexane-ethyl acetate, 70 : 30, v/v) to give the mixture of alcohol (11) and (12) 

(43.2 mg, 95%) as colorless oils.  

 



10 

 

 

(11: major component) 

1
 HNMR (600MHz, CDCl3 )  δ= ; 

5.87        (ddd, J = 17.22, 10.63, 4.76 Hz, 1H) 

5.44-5.41    (m, 1H) 

5.32-5.30    (m, 1H) 

4.01-4.04    (m, 1H) 

3.94-3.90    (m, 2H) 

3.44-3.35    (m, 2H) 

3.16-3.12    (m, 1H) 

2.28-2.25    (m, 1H) 

2.07-2.04    (m, 1H) 

1.186       (br, s, 1H) 

1.76-1.72    (m, 2H) 

1.66-1.61    (m, 1H) 

1.54        (ddd, J = 24.18, 12.46, 5.50 Hz, 1H) 

 

13
C NMR (150MHz, CD3OD)   δ= ; 

135.1, 117.7, 80.1, 78.6, 74.1, 69.0, 68.3, 36.5, 29.5, 25.8 

 

IR( neat ) cm
-1

 

3200-3600, 2942, 2867, 1094, 963. 

 

MS(EI) m/z 184 (M
+
). 

 

2-8 

3-Benzyloxy-2-vinyloctahydropyrano [3, 2-b] pyran (13) 

 

To a suspension of 150 mg (3.44 mmol) of 55% sodium hydride in THF (0.1 mL) was added mixture 

of the alcohol (11) and (12) (24.1 mg, 0.13 mmol) in THF (0.1 mL) at 0 °C. The mixture was stirred 

for 1 h and followed by the addition of benzyl bromide (0.05 mL, 0.42 mmol) and 

tetrabutylammonium iodide (97.7 mg, 0.26 mmol). After 16 h, the reaction mixture was quenched by 

the addition of NH4Cl aq. The mixture was extracted with ethyl acetate (5 mL x 3). The combined 



11 

 

organic phases were dried over MgSO4
 
and filtered. The eluent was concentrated the residue was 

purified on silica gel column chromatography (hexane-ethyl acetate, 95 : 5, v/v) to give the benzyl 

ether (13) (32.4 mg, 90%) as a colorless oil.  

 

(13: major component) 

1
 HNMR (600MHz, CDCl3 )  δ= ; 

7.38-7.32    (m, 5H) 

5.97        (ddd, J = 17.2, 10.6, 6.22, 1H) 

5.31        (d, J = 17.59, 1H) 

5.20        (d, J = 10.26, 1H) 

4.68        (d, J = 12.46, 1H) 

4.49        (d, J = 12.09, 1H) 

3.95-3.90    (m, 2H) 

3.63        (s, 1H) 

3.49-3.37    (m, 2H) 

3.15-3.11    (m, 1H) 

2.36-2.34    (m, 1H) 

2.06-1.48    (s, 5H) 

 

The spectrometric data of major component (13) was matched with the data of literature.
11 

 

 




