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entry 5/6yield of
5+6

(%)timeLewis acid

1 BF3
.OEt2 CH2Cl2

solvent

SnCl4

CH3CN

1.0 h 74 1 : 2.5

2 BF3
.OEt2 CH2Cl2 1.5 h 87 1 : 2.5

3 CH2Cl2 15 min 83 1 : 2

SnCl44 60 4 : 115 min

eq. 3

To a solution of 1 (0.05 g, 0.18 mmol) and 1,3-bis(trimethylsilyl)propyne 2 (0.08 g, 0.37 mmol) in

35 ml. CH2Cl2 was added dropwise the solution of SnCl4 (0.02 ml, 0.18 mmol) in 5 ml CH2Cl2 at

–20oC under argon atmosphere. The mixture was stirred for 15 min. and then poured into the

mixture of saturated sodium hydrogen carbonate and saturated potassium sodium tartrate (1vol./1

vol.).  After stirring at 0oC for 30 min, the organic layer was separated and the water layer was

extracted with CH2Cl2.  The combined organic layer was washed with water, brine, dried over

anhydrous sodium sulfate and concentrated in vacuo.  The residue was purified by silica gel

column chromatrography (10% EtOAc/hexane) to afford a mixture of compound 3 and 4.
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[RNS-59-2, 49-2-2]

Compound 3.   [α]D
25 62.8o  (c = 0.06, CHCl3).  IR (KBr) :  2955, 2926, 2854, 1933, 1744,

1370, 1233, 1047, 844 cm-1. 1H-NMR  (500 MHz, CDCl3) : δ 0.11 (9H, s, SiMe3), 2.05 (3H, s,

Ac), 2.06 (3H, s, Ac), 3.74 (1H, ddd, J = 9.0, 6.0, 2.5 Hz, H-5), 4.12 (1H, dd, J = 12.0, 6  Hz, H-

6a), 4.22 (1H, dd, J = 12.0, 2.5 Hz, H-6b), 4.46 (1H, dd, J = 12.0, 2.5 Hz,  H-3’a), 4.50 (1H, dd, J

= 12.0, 2.5 Hz,  H-3’b), 4.85 (1H, m, H-1), 5.29 (1H, ddd, J = 9.0, 4.0, 2.0 Hz, H-4), 5.71 (1H, dt,

J = 10.0, 2.0 Hz, H-2), 5.93 (1H, dt, J = 10.0, 2.0 Hz, H-3). 13C-NMR  (100 MHz, CDCl3): δ -

0.64, 20.8, 63.5, 65.5, 70.9, 74.4, 75.4, 97.0, 124.5, 133.1, 170.3, 170.9, 208.9.  Anal. Calcd. For

C16H24O5Si: C, 59.23; H, 7.46   Found: C, 59.39; H, 7.50.
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[RA-20-3 = RNS-21]

Compound 4.  [α]D
26 –64.0o (c = 0.84, CHCl3). IR (KBr) :  2956, 2891, 2211, 1743, 1370, 1235,

1051, 853, 699 cm-1.  1H-NMR  (500 MHz, CDCl3) : δ 0.09 (9H, s, SiMe3), 1.49 (2H, d, J = 2.0

Hz, H-3’), 2.06 (3H, s, Ac), 2.07 (3H, s, Ac), 4.09 (1H, dt, J = 9.0, 4.0 Hz, H-5), 4.18 (2H, d, J =

4.0 Hz, H-6), 4.92 (1H, brs, H-1), 5.24 (1H, ddd, J = 9.0, 4.0, 2.0 Hz, H-4), 5.68 (1H, dt, J = 10.0,

2.0 Hz, H-2), 5.84 (1H, ddd, J = 10.0, 4.0, 2.0 Hz, H-3). 13C-NMR  (125 MHz, CDCl3): δ -2.1,

7.2, 20.8, 20.9, 63.3, 64.5, 65.0, 69.5, 74.6, 85.9, 124.4, 130.4, 170.3, 170.9.  Anal. Calcd. For

C16H24O5Si: C, 59.23; H, 7.46   Found: C, 59.38; H, 7.16.
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To a solution of 1 (0.05 g, 0.18 mmol) and 1-trimethylsilyl-3-triisopropylsilylpropyne 8 (0.06 g,

0.22 mmol) in 35 ml. CH2Cl2 was added dropwise the solution of SnCl4 (0.02 ml, 0.18 mmol) in 5

ml CH2Cl2 at –25oC under argon atmosphere. The mixture was stirred for 15 min. and then poured

into the mixture of saturated sodium hydrogen carbonate and saturated potassium sodium tartrate

(1vol./1 vol.).  After stirring at 0oC for 30 min, the organic layer was separated and the water layer

was extracted with CH2Cl2.  The combined organic layer was washed with water, brine, dried over

anhydrous sodium sulfate and concentrated in vacuo.  The residue was purified by silica gel

column chromatrography (10% EtOAc/hexane) to afford the product  9.
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[RNS-28]

Compound 9.  [α]D
26 –53.0o (c = 0.59, CHCl3). IR (KBr) :  2943, 2867, 2212, 1747, 1465, 1369,

1240, 1054, 883 cm-1.  1H-NMR  (500 MHz, CDCl3) : δ 1.06, 1.07 (18H, s, 3xSiCH(CH3)2), 1.12

(3H, m, 3xSiCHMe2), 1.56 (2H, d, J = 2.5 Hz, H-3’), 2.06 (3H, s, Ac), 2.07 (3H, s, Ac), 4.08 (1H,

ddd, J = 9.0, 5.0, 2.5 Hz, H-5), 4.14 (1H, dd, J = 12.0, 2.5 Hz, H-6a), 4.23 (1H, dd, J = 12.0, 5.0 Hz,

H-6b), 4.90 (1H, brs, H-1), 5.26 (1H, ddd, J = 9.0, 4.0, 2.0 Hz, H-4), 5.68 (1H, dt, J = 10.0, 2.0 Hz,

H-2), 5.83 (1H, ddd, J = 10.0, 4.0, 2.0 Hz, H-3). 13C-NMR  (75 MHz, CDCl3): δ -0.9, 10.9, 18.4,

20.7, 20.9, 63.2, 64.5, 64.9, 69.4, 74.4, 86.7, 124.3, 130.4, 170.5, 171.1.  Anal. Calcd. For

C22H36O5Si: C, 64.67; H, 8.88   Found: C, 64.67; H; 8.91
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entry 8/9
yield of
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(%)
timeLewis acid

1 CH2Cl2

solvent

CH3CN

15 min 74 1 : 2.5

2 CH2Cl2 15 min 87 1 : 2.5

SnCl44 58 1 : 91 h

TiCl4

SnCl4

CH3CNSnCl45 60 1 : 915 min

SnCl43 CH2Cl2 45 min 69 1 : 5

CH3CNSnCl46 30 1 : 801.5 h

equiv. of 4
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To a solution of 1 (0.05 g, 0.18 mmol) and 1-triisopropylsilyl-3-trimethylsilylpropyne 5 (0.10 g,

0.37 mmol) in 35 ml. CH2Cl2 was added dropwise the solution of SnCl4 (0.02 ml, 0.18 mmol) in 5

ml CH2Cl2 at –20oC under argon atmosphere. The mixture was stirred for 15 min. and then poured

into the mixture of saturated sodium hydrogen carbonate and saturated potassium sodium tartrate

(1vol./1 vol.).  After stirring at 0oC for 30 min, the organic layer was separated and the water layer

was extracted with CH2Cl2.  The combined organic layer was washed with water, brine, dried over

anhydrous sodium sulfate and concentrated in vacuo.  The residue was purified by silica gel

column chromatrography (10% EtOAc/hexane) to afford a mixture of compound 6 and 7.
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[RNS-52-1-2]

Compound 6.  [α]D
27 –22.9o (c = 0.24, CHCl3). IR (KBr) :  2943, 2866, 1922, 1747, 1237, 1049,

804 cm-1.  1H-NMR  (500 MHz, CDCl3) : δ 1.06, 1.07, 1.08, 1.09 (18H, s, 3xSiCH(CH3)2), 1.25

(3H, m, 3xSiCHMe2), 2.04 (3H, s, Ac), 2.06 (3H, s, Ac), 3.96 (1H, ddd, J = 8.5, 5.5, 2.5 Hz, H-5),

4.10 (1H, dd, J = 12.0, 2.5 Hz, H-6a), 4.15 (1H, dd, J = 12.0, 5.5 Hz, H-6b), 4.50 (2H, m, H-3’),

4.77 (1H, m, H-1), 5.20 (1H, ddd, J = 10.0, 3.0, 1.5 Hz, H-4), 5.79 (1H, dt, J = 10.5, 1.5 Hz, H-2),

5.85 (1H, ddd, J = 10.5, 3.0, 1.5 Hz, H-3).

13C-NMR  (75 MHz, CDCl3): δ 11.9, 12.1, 18.5, 18.6, 20.8, 21.1, 29.7, 63.4, 65.4, 67.8, 70.6,
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71.2, 74.5, 90.1, 124.0, 131.6, 170.4, 171.0, 213.4.

 Anal. Calcd. For C22H36O5Si: C, 64.67; H, 8.88   Found: C, 64.67; H, 8.93

O
AcO

AcO
Si iPr3

7

[RNS-57-P]

Compound 7.  [α]D
27 –15.0o (c = 1.45, CHCl3). IR (KBr) :  2942, 2865, 2175, 1747, 1464, 1369,

1233, 1022, 883, 678 cm-1.  1H-NMR  (500 MHz, CDCl3) : δ 1.02, 1.03 (18H, s, 3xSiCH(CH3)2),

1.03 (3H, m, 3xSiCHMe2), 2.05 (3H, s, Ac), 2.07 (3H, s, Ac), 2.57 (1H, dd, J = 16.5, 8.0 Hz, H-1’a),

2.70 (1H, dd, J = 16.5, 5.0 Hz, H-1’b), 4.07 (1H, td, J = 6.0, 3.5 Hz, H-5), 4.14 (1H, dd, J = 12.0,

3.5 Hz, H-6a), 4.21 (1H, dd, J = 12.0, 6.0 Hz, H-6b), 4.36 (1H, m, H-1), 5.12 (1H, ddd, J = 6.0, 4.5,

2.5 Hz, H-4), 5.85 (1H, dt, J = 10.5, 2.5 Hz, H-2), 6.10 (1H, ddd, J = 10.5, 2.5, 2.0 Hz, H-3). 13C-

NMR  (75 MHz, CDCl3): δ 11.2, 18.6, 20.8, 21.0, 62.7, 64.8, 70.5, 83.7, 103.8, 124.6, 131.7,

170.4, 170.8

 Anal. Calcd. For C22H36O5Si: C, 64.67; H, 8.88   Found:  C, 64.68; H, 8.94
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To a solution of 1 (0.10 g, 0.37 mmol) and 1,3-bis(trimethylsilyl)propyne 2 (0.04 g, 0.19 mmol) in

35 ml. CH2Cl2 was added dropwise the solution of SnCl4 (0.04 ml, 0.37 mmol) in 5 ml CH2Cl2 at

–20oC under argon atmosphere. The mixture was stirred for 40 min. and then poured into the

mixture of saturated sodium hydrogen carbonate and saturated potassium sodium tartrate (1vol./1

vol.).  After stirring at 0oC for 30 min, the organic layer was separated and the water layer was

extracted with CH2Cl2.  The combined organic layer was washed with water, brine, dried over

anhydrous sodium sulfate and concentrated in vacuo.  The residue was purified by silica gel

column chromatrography (30-50% EtO2/hexane) to afford a mixture of compound 10, 11, 12 and

13.
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[RNS-55-1, RNS-59-1]

Compound 10.  IR (KBr) :  2957, 1743, 1606, 1370, 1236, 843 cm-1.  1H-NMR  (500 MHz,

CDCl3) : δ 0.14 (9H, s, SiMe3), 2.06 (3H, s, Ac), 2.07 (3H, s, Ac), 2.61 (1H, dd, J = 14.0, 7.0 Hz,

H-1’a), 2.75 (1H, dd, J = 16.5, 7.5 Hz, H-1’b), 3.95 (1H, m, H-5), 4.12 (1H, dd, J = 12.0, 4.0 Hz, H-

6a), 4.28 (1H, dd, J = 12.0, 6.5 Hz, H-6b), 4.61 (1H, m, H-1), 5.10 (1H, m, H-4), 5.85 (1H, ddd, J =

10.0, 3.5, 2.0 Hz, H-2), 5.96 (1H, ddd, J = 10.0, 2.0, 1.5 Hz, H-3).
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[RNS-49-3, RNS-55-2]

Compound 11.  [α]D
25 +29.4o (c = 0.62, CHCl3). IR (KBr) :  3284, 2923, 1740, 1370, 1234, 1046

cm-1.  1H-NMR (500 MHz, CDCl3) : δ 2.04 (1H, t, J = 2.5 Hz, H-3’), 2.06 (3H, s, Ac), 2.07 (3H, s,

Ac), 2.47 (1H, ddd, J = 16.5, 7.5, 2.5 Hz, H-1’a), 2.58 (1H, ddd, J = 16.5, 6.5, 2.5 Hz, H-1’b), 3.98
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(1H, ddd, J = 9.0, 6.5, 3.5 Hz, H-5), 4.14 (1H, dd, J = 12.0, 3.5 Hz, H-6a), 4.24 (1H, dd, J = 12.0,

6.5 Hz, H-6b), 4.38 (1H, m, H-1), 5.12 (1H, m, H-4), 5.86 (1H, ddd, J = 10.0, 3.0, 2.0 Hz, H-2),

6.07 (1H, ddd, J = 10.0, 2.5, 1.5 Hz, H-3). 13C-NMR  (75 MHz, CDCl3): δ 20.8, 21.1, 23.9, 62.6,

64.7, 69.9, 70.4, 70.7, 79.8, 124.6, 131.6, 170.4, 170.8.  Anal. Calcd. For C13H16O5: C, 61.90; H,

6.39   Found:  C, 61.93; H, 6.36
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[RNS-55-3]

Compound 12.  [α]D
27 –145.0o  (c = 1.1, CHCl3). IR (KBr) :  2952, 1953, 1740, 1371, 1235,

1049 cm-1.  1H-NMR  (500 MHz, CDCl3) : δ 2.06 (3H, s, Ac), 2.07 (3H, s, Ac), 3.80 (1H, ddd, J

= 9.0, 5.0, 4.0 Hz, H-5), 4.14 (2H, m, H-6), 4.95 (1H, m, H-1), 5.24 (1H, ddd, J = 9.0, 3.0, 2.0 Hz,

H-4), 5.79 (1H, dt, J = 10.5, 2.0 Hz, H-2), 5.88 (1H, ddd, J = 10.5, 3.0, 2.0 Hz, H-3). 13C-NMR

(75 MHz, CDCl3): δ 20.7, 20.9, 63.3, 65.5, 68.5, 70.3, 78.8, 101.1, 125.6, 130.1, 170.3, 170.7,

208.6.

 Anal. Calcd. For C23H28O10: C, 59.48; H, 6.08   Found: C, 59.49; H, 6.16
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[RNS-55-4]

Compound 13.  [α]D
27 +20.2o (c = 0.35, CHCl3). IR (KBr) :  2922, 1740, 1372, 1234, 1049 cm-1.

1H-NMR  (500 MHz, CDCl3) : δ 2.05 (3H, s, Ac), 2.06 (3H, s, Ac), 2.07 (3H, s, Ac), 2.08 (3H, s,

Ac), 2.52 (1H, ddd, J = 17.0, 8.0, 2.0 Hz, H-9a), 2.63 (1H, ddd, J = 17.0, 6.0, 2.0 Hz, H-9b), 3.95
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(1H, m, H-14), 4.05 (1H, ddd, J = 9.0, 4.5, 3.0 Hz, H-2), 4.13 (1H, dd, J = 12.0, 3.5 Hz, H-15a),

4.14 (1H, m, H-1a), 4.22 (1H, m, H-1b), 4.24 (1H, dd, J = 12.0, 6.0 Hz, H-15b), 4.36 (1H, ddt, J =

8.0, 6.0, 2.0 Hz, H-10),

4.96 (1H, m, H-6), 5.12 (1H, m, H-13), 5.27 (1H, ddd, J = 9.0, 4.0, 2.0 Hz, H-3), 5.74 (1H, dt, J =

10.0, 2.0 Hz, H-4), 5.85 (1H, ddd, J = 10.0, 3.5, 2.0 Hz, H-5), 5.86 (1H, ddd, J = 10.0, 5.0, 3.0 Hz,

H-5), 6.06 (1H, ddd, J = 10.0, 2.5, 1.5 Hz, H-3).

 Anal. Calcd. For C23H28O10: C, 59.48; H, 6.08   Found:  C, 59.48; H, 6.27












































