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Introduction
The δ-lactone moiety is an important structural unit found in various 

bioactive natural products, which show a wide range of biological 
activities, [1-13] such as anti-cancer and anti-leukemic activity, anti-
HIV (protease), inducing apoptosis. Due to the biological importance of 
this class of molecules, several syntheses [14-17] were reported for the 
5,6-dihydro-2H-pyran-2-one containing (-)-anamarine (2), which is a 
non-natural δ-lactone. Herein, I report the synthesis of (-)-anamarine 
from D-mannitol (Figure 1).

Experimental
General methods

Solvents were dried over standard drying agents and were freshly 
distilled prior to use. Chemicals were purchased and used without 
further purification. All column chromatographic separations were 
performed using silica gel (Acme’s, 60–120 mesh). Organic solutions 
were dried over anhydrous Na2SO4 and concentrated below 40°C in 
vacuo. 1H NMR (300 MHz and 500 MHz) and 13C NMR (75 MHz and 
125 MHz) spectra were measured with a, Bruker Avance 300 MHz, 600 
MHz and Varian Unity Inova-500 MHz with tetramethylsilane as an 
internal standard for solutions in CDCl3. J values are given in Hertz. 
IR spectra were recorded on at Perkin–Elmer IR-683, JASCO FT/IR-
5300 spectrophotometer with NaCl and KBr optics. Optical rotations 
were measured with JASCO DIP 300 digital polarimeter. Mass spectra 
were recorded on BRUKER MAXIS and CEC-21–11013 or Fannigan 
Mat 1210 double focusing mass spectrometers operating at a direct inlet 
system or LC/MSD Trap SL (Agilent Technologies).

(S)-1-((R)-1,4-Dioxaspiro[4.5]decan-2-yl)but-3-enyl acrylate (7)

To a stirred solution of 6 (0.74 g, 3.49 mmol) in CH2Cl2 (7.5 mL) at 
0°C, Et3N (1.46 mL, 10.46 mmol), DMAP (cat.) and acryloyl chloride 
(0.31 mL, 3.84 mmol) were added sequentially and stirred at room 
temperature for 2 h. The reaction mixture was diluted with CHCl3 

(10 mL) and washed with water (10 mL), brine (10 mL) and dried 
(Na2SO4). Solvent was evaporated and purified the residue by column 
chromatography (60-120 mesh Silica gel, 5% EtOAc in pet. ether) 
afforded 7 (0.76 g, 82%) as a pale yellow syrup; [α]28

D = +17.5 (c 0.30, 
CHCl3); IR (neat): 2935, 2858, 2313, 1727, 1644, 1568, 1551, l516, 1466, 
1449, 1406, 1367, 1264, 1047, 925, 846, 807, 772, 669 cm-1; 1H NMR (300 
MHz, CDCl3): δ 6.41 (d, 1H, J = 17.4 Hz, olefinic), 6.11 (dd, 1H, J = 10.2, 
17.0 Hz, olefinic), 5.88-5.69 (m, 2H, olefinic), 5.15-5.03 (m, 2H, olefinic), 
4.22-3.98 (m, 3H, 3 x -OCH), 3.82 (dd, 1H, J = 6.4, 7.9 Hz, -OCH), 2.55-
2.33 (m, 2H, allylic), 1.67-1.50 (m, 8H, cyclohexyl), 1.40-1.32 (m, 2H, 
cyclohexyl); 13C NMR (75 MHz, CDCl3): δ 165.4, 133.0, 131.1, 128.3, 118.1, 
110.1, 75.8, 72.9, 65.7, 36.0, 34.8, 35.3, 25.1, 23.9, 23.8; HRMS (ESI+): m/z 
calculated for C15H22O4 (M+Na)+ 289.1410, found 289.1408.

(S)-6-((R)-1,4-Dioxaspiro[4.5]decan-2-yl)-5,6-dihydro-2H-
pyran-2-one (8)

To a stirred solution of 7 (0.07 g, 0.27 mmol) in CH2Cl2 (50 mL), 
Grubbs-I catalyst (10 mol %) was added and stirred at reflux for 
6 h. Most of the solvent was then distilled off and the concentrated 
solution was left to stir at room temperature for 2 h under a flow of air 
to decompose the catalyst. The reaction mixture was evaporated and 
purified the residue by column chromatography (60-120 mesh Silica 
gel, (60-120 mesh Silica gel, 30% EtOAc in pet. ether) afforded 8 (0.05 
g, 81%) as a colorless syrup; [α]28

D = -59.0 (c 0.70, CHCl3); IR (neat): 
3020, 2314, 1727, 1711, 1663, 1569, 1551, 1533, 1483, 1467, 1215, 928, 
742, 668 cm-1; 1H NMR (300 MHz, CDCl3): δ 6.91 (m, 1H, olefinic), 6.02 
(dd, 1H, J = 2.0, 10.1 Hz, olefinic), 4.30-4.24 (m, 1H, -OCH), 4.18-4.12 
(m, 2H, -OCH), 4.06-4.00 (m, 1H, -OCH), 2.61 (td, 1H, J = 5.0, 18.1 Hz, 
allylic), 2.48 (td, 1H, J = 3.0, 10.1 Hz, allylic), 1.65-1.53 (m, 8H, allylic), 
1.48-1.32 (m, 2H, allylic); 13C NMR (75 MHz, CDCl3): δ 163.1, 144.9, 
121.3, 110.6, 78.1, 75.8, 66.7, 36.6, 34.5, 26.4, 25.0, 23.7; HRMS (ESI+): 
m/z calculated for C13H18O4 (M+Na)+ 261.1097, found 261.1097.

(S)-6-Vinyl-5,6-dihydro-2H-pyran-2-one (5)

To a stirred solution of 8 (0.30 g, 1.27 mmol) in CH3CN (5 mL) at 
0°C, CuCl2.2H2O (0.47 g, 0.35 mmol) was added and stirred at room 
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Figure 1: Structures of 1 and 2.
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temperature for 30 min. It was quenched with sat. NaHCO3 (1 mL), 
filtered through a pad of celite and washed with EtOAc (10 mL). The 
organic layer was dried (Na2SO4), evaporated and used as such for the 
next reaction. To a stirred solution above diol (0.20 g, 1.27 mmol), 
Ph3P (1.33 g, 5.08 mmol) and imidazole (0.35 g, 5.08 mmol) in CH2Cl2 
(10 mL) at 0°C, I2 (0.97 g, 3.81 mmol) was added and stirred at room 
temperature for 4 h. The reaction mixture was quenched with sat. aq. 
NaOH (1 mL) solution and extracted with CHCl3 (3 × 5 mL). The 
organic layers were washed with aq. hypo (4 mL), brine (4 mL) and 
dried (Na2SO4). Solvent was evaporated and purification of the residue 
by column chromatography (60-120 mesh Silica gel, 20% EtOAc in pet. 
ether) gave olefin 5 (0.11 g, 70%) as a colorless liquid; [α]25

D = -87.5 (c 
0.10, CHCl3); lit.6[α]25

D = -93.4 (c 0.10, CHCl3); IR (neat): 3016, 2943, 
2882, 1726, 1426, 1382, 1215, 1160, 1108, 971, 819, 748, 703, 667, 609 
cm-1; 1H NMR (300 MHz, CDCl3): δ 6.89 (ddd, 1H, J = 3.8, 5.3, 9.8 Hz, 
olefinic), 6.10-5.90 (m, 2H, olefinic), 5.42 (d, 1H, J = 17.4 Hz, olefinic), 
5.31 (d, 1H, J = 10.6 Hz, olefinic), 4.94 (m, 1H, -OCH), 2.52-2.41 (m, 
2H, allylic); 13C NMR (75 MHz, CDCl3): δ 163.7, 144.4, 134.8, 121.6, 
117.8, 77.7, 29.3; HRMS (ESI+): m/z calculated for C7H8O2 (M+Na)+ 

147.0422, found 147.0429.

(1R)-1-((4R,4’R)-2,2,2’,2’-Tetramethyl-4,4’-bi(1,3-dioxolan)-
5-yl)ethanol (11)

To a stirred solution of 9 (21.00 g, 80.15 mmol) in CH2Cl2 (210 mL) 
at 0°C, Et3N (13.94 mL, 100.19 mmol) followed by n-Bu2SnO (0.50 g, 
2.00 mmol) and p-TsCl (15.28 g, 80.15 mmol) were added. The reaction 
mixture was stirred at room temperature for 1 h. The reaction mixture 
was diluted with CH2Cl2 (8 mL) and washed with water (2 × 5 mL), 
brine (2 × 5 mL) and dried (Na2SO4). Solvent was evaporated to give 
10, which was used as such for the next step. To a stirred suspension 
of LiAlH4 (2.92 g, 76.92 mmol) in THF (50 mL) at 0°C, a solution of 10 
(32.00 g, 76.92 mmol) in THF (100 mL) was added drop wise under 
nitrogen atmosphere and stirred at room temperature for 3 h, cooled 
to 0°C and treated with sat. Na2SO4 solution (10 mL) and filtered. Aq. 
layer was extracted EtOAc (50 mL) and dried (Na2SO4). Solvent was 
evaporated and purified the residue by column chromatography (60-
120 mesh Silica gel, 20% EtOAc in pet. ether) furnished 11 (13.9 g, 74%) 
as a light yellow syrup; [α]28

D = +6.4 (c 0.20, CHCl3); IR (neat): 3470, 
3434, 2990, 2936, 2890, 1597, 1460, 1373, 1306, 1252, 1217, 1179, 1069, 
938, 841, 710, 667, 554, 513, 490 cm-1; 1H NMR (300 MHz, CDCl3): δ 
4.15 (q, 1H, J = 5.7 Hz, -OCH), 4.05-4.00 (m, 2H, -OCH), 3.71 (m, 
1H, -OCH), 3.67-3.57 (m, 2H, -OCH), 2.47 (br. s, 1H, -OH), 1.44 (s, 
3H, Me), 1.35 (s, 6H, 2 x Me), 1.34 (s, 3H, Me), 1.24 (d, 3H, J = 6.0 Hz, 
Me); 13C NMR (75 MHz CDCl3): δ 110.1, 109.1, 84.4, 80.8, 76.4, 68.5, 
26.8, 26.7, 26.5, 25.1, 19.5; HRMS (ESI+): m/z calculated for C12H22O5 
(M+Na)+ 269.1364, found 269.1353.

tert.-Butyldiphenyl((1R)-1-((4R,4’R)-2,2,2’,2’-tetramethyl-
4,4’-bi(1,3-dioxolan)-5-yl) etho xy)silane (12)

To a stirred solution of alcohol 11 (13.80 g, 56.09 mmol) in CH2Cl2 
(68 mL), imidazole (11.44 g, 168.29 mmol), TPSCl (17.61 mL, 67.31 
mmol) and DMAP (cat.) were added sequentially and stirred at room 
temperature for 1 h. The reaction mixture was treated with water (25 
mL) and extracted with CH2Cl2 (2 × 100 mL). The combined organic 
layers were washed with brine (65 mL) and dried (Na2SO4). Solvent 
was evaporated and purified the residue by column chromatography 
(60-120 mesh Silica gel, 5% EtOAc in pet. ether) to afford 12 (18.20 
g, 66%) as a colorless syrup; [α]28

D = +4.4 (c 0.10, CHCl3); IR (neat): 
2930, 2859, 1659, 1462, 1428, 1379, 1240, 1152, 1111, 1057, 845, 739, 
702 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.69 (m, 4H, Ar-H), 7.36 (m, 
6H, Ar-H), 4.06-3.92 (m, 3H, -OCH), 3.88-3.75 (m, 3H, -OCH), 1.32 

(s, 6H, 2 x Me), 1.24 (s, 6H, 2 × Me), 1.06 (d, 3H, J = 6.04 Hz), 1.06 (s, 
9H, 3 × Me); 13C NMR (75 MHz, CDCl3): δ 135.9, 134.4, 133.9, 129.6, 
129.5, 127.5, 127.4, 109.5, 109.3, 84.4, 78.3, 76.9, 69.8, 66.8, 27.3, 27.2, 
27.0, 26.4, 25.3, 19.3, 18.6; HRMS (ESI+): m/z calculated for C28H40O5Si 
(M+Na)+ 507.2542, found 507.2533.

(1R)-1-((4R)-5-((R)-1-(tert.-Butyldiphenylsilyloxy)ethyl)-
2,2-dimethyl-1,3-dioxolan-4-yl)ethane-1,2-diol (13)

To a stirred solution of 12 (18.0 g, 37.11 mmol) in CH3CN (360 
mL) at 0°C, CuCl2.2H2O (5.69 g, 33.40 mmol) was added and stirred 
at 0°C for 30 min. It was quenched with sat. NaHCO3 (4 mL), filtered 
through a pad of celite and washed with EtOAc (40 mL). The organic 
layers were dried (Na2SO4), evaporated and purified the residue by 
column chromatography (60-120 mesh Silica gel, 30% EtOAc in pet. 
ether) afforded 13 (9.0 g, 98%, based on starting material recovery) as 
a colorless syrup; [α]28

D = -14.6 (c 1.0, CHCl3); IR (neat): 3335, 3073, 
2934, 2859, 1721, 1590, 1474, 1429, 1381, 1319, 1252, 1159, 1113, 1082, 
1024, 949, 912, 872, 822, 743, 702, 612, 500 cm-1; 1H NMR (300 MHz, 
CDCl3): δ 7.74-7.67 (m, 4H, Ar-H), 7.43-7.35 (m, 6H, Ar-H), 3.90-3.78 
(m, 3H, 3 x -OCH), 3.71-3.43 (m, 3H, 3 x -OCH), 2.69 (d, 1H, OH, J 
= 4.5 Hz), 1.95 (t, 1H, OH, J = 5.3 Hz), 1.34 (s, 3H, Me), 1.28 (s, 3H, 
Me), 1.08 (d, 3H, J = 5.3 Hz, Me), 1.05 (s, 3H, 3 x Me); 13C NMR (75 
MHz, CDCl3): δ 134.8, 129. 9, 129.6, 84.1, 78.2, 76.6, 66.7, 63.6, 27.3, 
26.4, 19.9, 18.6; HRMS (ESI+): m/z calculated for C25H36O5Si (M+Na)+ 

467.2229, found 467.2233.

(2R)-2-((4R)-5-((R)-1-(tert.-Butyldiphenylsilyloxy)ethyl)-2,2-
dimethyl-1,3-dioxol an-4-yl)-2-hydroxyethyl benzoate (14)

To a stirred and cooled (0°C) solution of 13 (2.0 g, 4.50 mmol) 
in CH2Cl2 (20 mL), Et3N (1.5 mL, 9.01 mmol), n-Bu2SnO (cat.) 
followed by BzCl (0.52 mL, 4.50 mmol) were added and stirred at room 
temperature for 1 h. The reaction mixture was diluted with CH2Cl2 (8 
mL) and washed with water (2 × 5 mL), brine (2 × 5 mL) and dried 
(Na2SO4). Solvent was evaporated and purified the residue by column 
chromatography (60-120 mesh Silica gel, 15% EtOAc in pet. ether) 
afforded 14 (2.20 g, 89%) as a colorless syrup; [α]28

D = +51.2 (c 0.20, 
CHCl3); IR (neat): 3478, 3071, 2934, 2859,1723, 1599, 1452, 1428, 1379, 
1277, 1157, 1111, 822, 741 cm-1; 1H NMR (500 MHz, CDCl3): δ 8.03 (d, 
2H, J = 7.4 Hz, Ar-H), 7.68 (d, 4H, J = 6.4, 22.3 Hz, Ar-H), 7.54 (t, 1H, 
J = 7.4 Hz, Ar-H), 7.44-7.35 (m, 8H, Ar-H), 4.53 (dd, 1H, J = 2.5, 11.9 
Hz, -OCH), 4.30 (dd, 1H, J = 6.4, 11.9 Hz, -OCH), 3.94 (m, 3H, -OCH), 
3.84 (m, 1H, -OCH), 2.56 (d, 1H, J = 4.5 Hz, -OH), 1.36 (s, 3H, Me), 
1.31 (s, 3H, Me), 1.09 (d, 3H, J = 5.4 Hz, Me), 1.04 (s, 9H, 3 x Me); 13C 

NMR (75 MHz, CDCl3): δ 166.8, 135.8, 133.9, 133.3, 133.1, 129.8, 129.7, 
128.3, 127.7, 127.5, 109.8, 84.0, 78.5, 71.9, 71.2, 66.5, 27.2, 26.9, 19.8, 
19.2; HRMS (ESI+): m/z calculated for C32H40O6Si (M+Na)+ 571.2491, 
found 571.2479.

(2R)-2-((4S)-5-((R)-1-(tert.-Butyldiphenylsilyloxy)ethyl)-2,2-
dimethyl-1,3-dioxola n-4-yl)-2-(tosyloxy)ethyl benzoate (15)

To a stirred and cooled (0°C) solution of 14 (2.13 g, 3.89 mmol) in 
CH2Cl2 (10 mL), Et3N (0.68 mL, 4.86 mmol), DMAP (cat.) and p-TsCl 
(0.74 g, 3.89 mmol) were added and stirred at room temperature for 
5 h. Work up as described for 14 and purification of the residue by 
column chromatography (60-120 mesh Silica gel, 3% EtOAc in pet. 
ether) afforded 15 (2.30 g, 84%) as a colorless syrup; [α]25

D = -6.0 (c 
0.10, CHCl3); IR (neat): 3745, 3684, 3642, 3610, 3020, 2314, 1839, 1785, 
1765, 1743, 1727, 1678, 1568, 1551, 1516, 1449, 1115, 929, 742, 668, 
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purification of the residue by column chromatography (60-120 mesh 
Silica gel, 12% EtOAc in pet. ether) gave tetraacetate 17 (0.12 g, 81%) as 
a light yellow oil; [α]28

D = -10.6 (c 0.20, CHCl3); IR (neat): 2924, 2854, 
2314, 1743, 1678, 1645, 1586, 1569, 1551, 1533, 1483, 1450, 1372, 1219, 
1033, 722, 687, 671 cm-1; 1H NMR (300 MHz, CDCl3): δ 5.83-5.68 (m, 
1H, olefinic), 5.39-5.26 (m, 4H, 2 x olefinic, 2 x -OCH), 5.23 (m, 1H, 
-OCH), 4.94 (m, 1H, -OCH), 2.13 (s, 3H, OAc), 2.10 (s, 3H, OAc), 2.07 
(s, 3H, OAc), 2.02 (s, 3H, OAc), 1.19 (d, 3H, J = 6.4 Hz, Me); 13C NMR 
(75 MHz, CDCl3): δ 170.1, 169.8, 132.4, 119.4, 79.4, 78.6, 74.0, 70.4, 
27.2, 26.9, 21.1, 21.0, 15.5; HRMS (ESI+): m/z calculated for C15H22O8 
(M+Na)+ 353.1207, found 353.1207.

(S)-6-((S,E)-3-((4R,5S)-5-((R)-1-(tert.-Butyldiphenylsilyloxy)
ethyl)-2,2-dimethyl-1,3-dioxolan-4-yl)-3-hydroxyprop-1-
enyl)-5,6-dihydro-2H-pyran-2-one (3)

To a mixture of olefins 5 (0.02 g, 0.04 mmol) and 4 (0.01 g, 0.08 
mmol) in toluene (1 mL) under nitrogen atmosphere, Grubbs-II 
catalyst (0.01 g, 0.01 mmol) was added and stirred at reflux for 8 h. 
Work up as described for 8 and purification of the residue by column 
chromatography (60-120 mesh Silica gel, 35% EtOAc in pet. ether) 
afforded 3 (0.02 g, 81%) as a light yellow syrup; [α]25

D = -52.0 (c 0.20, 
CHCl3); IR (neat): 3020, 2924, 2054, 2313, 1785, 1727, 1678, 1663, 1630, 
1569, 1551, 1516, 1449, 1216, 929, 771, 668, 626 cm-1; 1H NMR (300 
MHz, CDCl3): δ 7.75-7.66 (m, 4H, Ar-H), 7.47-7.36 (m, 6H, Ar-H), 
6.87 (ddd, 1H, J = 3.4, 5.1, 8.5 Hz, olefinic), 6.06 (td, 1H, J = 1.5, 9.8 Hz, 
olefinic), 5.92-5.76 (m, 2H, olefinic), 4.91 (m, 1H, -OCH), 4.22 (t, 1H, J 
= 3.8 Hz, -OCH), 4.01-3.85 (m, 3H, -OCH), 2.86-2.37 (m, 2H, allylic), 
1.40 (s, 3H, Me), 1.27 (s, 3H, Me), 1.09 (d, 3H, J = 5.7 Hz, Me), 1.04 (s, 
9H, 3 x Me); 13C NMR (75 MHz, CDCl3): δ 163.8, 144.5, 135.9, 135.8, 
133.9, 133.4, 133.3, 129.8, 129.7, 128.4, 127.7, 127.5, 121.5, 109.6, 81.4, 
81.0, 77.0, 71.3, 70.6, 29.6, 29.5, 27.2, 27.0, 20.7, 19.3; HRMS (ESI+): 
m/z calculated for C31H40O6Si (M+Na)+ 559.2486, found 559.2487.

(2R,3R,4R,5S,E)-7-((S)-6-oxo-3,6-dihydro-2H-pyran-2-yl)
hept-6-ene-2,3,4,5-tetrayl tetraacetate ((-)-Anamarine) (2)

A solution of 3 (0.05 g, 0.09 mmol) in CH2Cl2 (1 mL) at 0°C was 
treated with CF3COOH (0.3 mL) and stirred at room temperature 
for 15 min. Evaporation of the solvent gave tetrol 3a, which was used 
as such for the next reaction. To a solution of the above tetrol 3a in 
pyridine (2 mL) at 0°C, Ac2O (0.5 mL) and DMAP (cat.) were added 
and stirred at room temperature for 20 h. Work up as described for 
17 and purification of the residue by column chromatography (60-120 
mesh silica gel, 28% EtOAc in pet. ether) gave tetraacetate 2 (0.03 g, 
86%) as a gummy liquid; [α]25

D = -17.8 (c 0.30, CHCl3); IR (neat): 3751, 
3656, 3574, 3019, 2313, 1742, 1727, 1550, 1532, 1215, 1058, 929, 747, 
668, 626 cm-1; 1H NMR (300 MHz, CDCl3): δ 6.90 (ddd, 1H, J = 9.6, 4.7, 
3.8 Hz, olefinic), 6.06 (td, 1H, J = 1.9, 9.8 Hz, olefinic), 5.86-5.76 (m, 
2H, olefinic), 5.37 (dd, 1H, J = 5.3, 7.2 Hz, -OCH), 5.31 (dd, 1H, J = 3.4, 
7.2 Hz, -OCH), 5.18 (dd, 1H, J = 3.4, 6.8 Hz, -OCH), 5.04-3.87 (m, 2H, 
2 x -OCH), 2.46 (m, 2H, allylic), 2.13 (s, 3H, OAc), 2.08 (s, 6H, 2 x OAc), 
2.03 (s, 3H, OAc), 1.18 (d, 3H, J = 6.4 Hz, Me); 13C NMR (75 MHz, CDCl3): 
δ 170.0, 169.9, 169.8, 169.7, 163.5, 144.5, 133.0, 125.5, 121.4, 75.8, 71.9, 71.6, 
70.4, 67.3, 29.1, 21.0, 20.9, 20.8, 20.6, 15.8; HRMS (ESI+): m/z calculated 
for C20H26O10 (M+Na)+ 449.1418, found 449.1420.

(2R,3R,4R,5S,E)-7-((S)-6-oxo-3,6-dihydro-2H-pyran-2-yl)
hept-6-ene-2,3,4,5-tetrayl tetraacetate ((-)-Anamarine) (2)

To a solution of 5 (0.02 g, 0.12 mmol) and 17 (0.02 g, 0.06 mmol) in 
CH2Cl2 (2 mL) under nitrogen atmosphere, Grubbs-II catalyst (0.01 g, 
0.01 mmol) was added and stirred at reflux for 5 h. Work up as described 

625 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.93 (d, 2H, J = 7.2 Hz, Ar-
H), 7.80-7.65 (m, 6H, Ar-H), 7.56 (t, 1H, J = 7.4 Hz, Ar-H), 7.49-7.30 
(m, 8H, Ar-H), 7.17 (d, 2H, J = 8.1 Hz, Ar-H), 4.85 (dt, 1H, J = 2.5, 6.0 
Hz, -OCH), 4.55 (dd, 1H, J = 2.5, 12.7 Hz, -OCH), 4.50-4.36 (m, 2H, 
-OCH), 4.01-3.87 (m, 3H, 3 x -OCH), 2.32 (s, 3H, Me), 1.38 (s, 3H, 
Me), 1.29 (s, 3H, Me), 1.03 (s, 9H, 3 x Me), 0.98 (d, 3H, J = 5.9 Hz, Me); 
13C NMR (75 MHz, CDCl3): δ 135.9, 135.8, 133.1, 129.8, 129.7, 129.6, 
128.3, 127.7, 127.6, 127.5, 110.6, 82.9, 79.0, 76.1, 69.2, 62.9, 27.9, 27.8, 
27.0, 22.7, 21.6, 19.6; HRMS (ESI+): m/z calculated for C39H46O8SSi 
(M+Na)+ 725.2575, found 725.2580.

tert.-Butyl((1R)-1-((5R)-2,2-dimethyl-5-((S)-oxiran-2-yl)-
1,3-dioxolan-4-yl) ethox y) diph enylsilane (16)

To a stirred solution of 15 (2.20 g, 3.14 mmol) in MeOH (4 mL) at 0°C, 
K2CO3 (1.29 g, 9.37 mmol) was added and stirred at room temperature 
for 1 h. Reaction mixture was treated with aq. NH4Cl solution (3 mL), 
MeOH was evaporated below 40°C under reduced pressure and residue 
extracted with solvent ether (3 × 10 mL). Organic layer was washed 
with water (10 mL), brine (10 mL) and dried (Na2SO4). Solvent was 
evaporated and purified the residue by column chromatography (60-
120 mesh Silica gel, 8% EtOAc in pet. ether) afforded 16 (1.20 g, 90%) 
as a colorless syrup; [α]28

D = +5.1 (c 0.10, CHCl3); IR (neat): 3077, 2984, 
2934, 2894, 2861, 1730, 1649, 1590, 1472, 1428, 1379, 1254, 1161, 1109, 
928, 876, 822, 741, 704 cm-1; 1H NMR (300 MHz, CDCl3): δ 7.74-7.65 
(m, 4H, Ar-H), 7.44-7.32 (m, 6H, Ar-H), 4.04-3.95 (m, 2H, -OCH), 
3.90 (m, 1H, -OCH), 2.99 (q, 1H, J = 3.8 Hz, epoxide), 2.66 (dq, 2H, J 
= 3.8, 5.3 Hz, epoxide), 1.33 (s, 6H, 2 x Me), 1.06 (s, 9H, 3 x Me), 1.04 
(d, 3H, J = 6.0 Hz); 13C NMR (75 MHz, CDCl3): δ 135.8, 134.1, 133.4, 
129.7, 129.6, 127.6, 127.5, 109.6, 82.4, 76.9, 69.5, 52.2, 44.5, 27.2, 27.0, 
26.5, 19.8, 19.2; HRMS (ESI+): m/z calculated for C25H34O4Si (M+Na)+ 

449.2124, found 449.2074.

(1S)-1-((4R)-5-((R)-1-(tert.-Butyldiphenylsilyloxy)ethyl)-2,2-
dimethyl-1,3-dioxo la n-4-yl)prop-2-en-1-ol (4)

To a stirred solution of Me3SI (0.95 g, 4.67 mmol) in THF (5 
mL) at -20C, n-BuLi (2.71 mL, 6.77 mmol, 2.5 molar) was added and 
stirred for 30 min. A solution of 16 (0.50 g, 1.16 mmol) in THF (5 mL) 
was added and stirred at -20°C for 30 min. The reaction mixture was 
quenched with aq. NH4Cl (2 mL) and extracted with EtOAc (2 × 10 
mL). Organic layers were washed with water (10 mL), brine (10 mL) 
and dried (Na2SO4). Solvent was evaporated and purified the residue 
by column chromatography (60-120 mesh Silica gel, 10% EtOAc in 
pet. ether) afforded 4 (0.34 g, 67%) as a colorless syrup; [α]28

D = +22.4 
(c 0.10, CHCl3); IR (neat): 3468, 3073, 2984, 2934, 2892, 2859, 1647, 
1590, 1472, 1428, 1373, 1242, 1111, 891, 822, 741, 704 cm-1; 1H NMR 
(300 MHz, CDCl3): δ 7.72-7.64 (m, 4H, Ar-H), 5.76 (m, 1H, olefinic), 
5.27 (td, 1H, J = 2.3, 17.4 Hz, olefinic), 5.14 (td, 1H, J = 1.5, 10.6 Hz, 
olefinic), 4.11 (t, 1H, J = 6.0 Hz, -OCH), 3.94-3.80 (m, 3H, 3 x -OCH), 
2.08 (d, 1H, J = 8.3 Hz, OH), 1.39 (s, 3H, Me), 1.28 (s, 3H, Me), 1.06 (d, 
3H, J = 5.3Hz, Me), 1.04 (s, 9H, 3 x Me); 13C NMR (75 MHz, CDCl3): δ 
137.6, 135.9, 135.8, 134.2, 133.5, 129.8, 129.7, 127.7, 127.5, 116.4, 109.5, 
81.6, 81.3, 72.1, 71.1, 27.4, 27.3, 27.0, 20.3, 19.3; HRMS (ESI+): m/z 
calculated for C26H36O4Si (M+Na)+ 463.2280, found 463.2273.

(2R,3R,4R,5S)-Hept-6-ene-2,3,4,5-tetrayl tetraacetate (17)
A solution of 4 (0.20 g, 0.82 mmol) in CH2Cl2 (1 mL) at 0°C was 

treated with CF3COOH (1 mL) and stirred at room temperature for 15 
min. Solvent was evaporated and the crude tetrol 4a was used as such 
for the next reaction. A solution of the above tetrol in pyridine (3 mL) 
was cooled to 0°C and treated with Ac2O (2 mL), DMAP (cat.) and 
stirred at room temperature for 20 h. Work up as described for 5 and 
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for 16 and purification of the residue by column chromatography (60-
120 mesh Silica gel, 28% EtOAc in pet. ether) afforded 2 (0.02 g, 68%), 
whose spectral data was comparable with 2 synthesized from 8.

Results and Discussion
Retrosynthesis

The retrosynthetic analysis of 2 revealed that 3 (Scheme 1) is the 
late stage intermediate. Olefin 3 could be realized by a cross-metathesis 
of olefin 4 and lactone 5. The requisite lactone 5 and olefin 4 could be 
prepared from D-mannitol.

Synthesis of vinyl lactone fragment 5 

Vinyl lactone 5 was achieved from D-mannitol (Scheme 2). 
Accordingly, reaction of alcohol 69 (6 was achieved from D-Mannitol 
in two steps with overal yield 70%) with acryloyl chloride and Et3N in 
CH2Cl2 furnished the acrylate 7 in 82% yield, Which on RCM reaction 
with Grubbs-I10 catalyst gave α,β-unsaturated lactone 8 in 81% yield 
(exclusively Z-olefin). Grubbs-I10 catalyst for RCM is more prior for 
construction of Z-olefin while compared to Wittig or related strategies 
for synthesis of olefin. Treatment of 8 with CuCl2.2H2O in CH3CN 
afforded the diol, which on subsequent treatment with Ph3P, iodine 
and imidazole11 in CH2Cl2 furnished 5 in 70% yield, [α]25

D = -87.5 (c 
0.10, CHCl3); lit. [17] [α]25

D = -93.4 (c 0.10, CHCl3).

Synthesis of tetraacetate fragment 4 

For the synthesis of 4, diol 912 (9 was achieved from D-Mannitol in 
one step with 80% yield) was subjected to reaction with p-TsCl in the 
presence of Et3N and n-Bu2SnO in CH2Cl2

13 to give tosylate 10, which 

on further deoxygenation with LiAlH4 in THF furnished 11 in 74% yield 
(Scheme 3). Treatment of the alcohol 11 with TPSCl and imidazole in 
CH2Cl2 afforded 12 in 66% yield. Selective deprotection of 12 using 
CuCl2.2H2O

14 in CH3CN furnished diol 13, which on treatment with 
benzoyl chloride in the presence of Et3N and n-Bu2SnO in CH2Cl2 to 
give 14 in 89% yield (Scheme 3). Reaction of alcohol 14 with p-TsCl, 
Et3N and cat. DMAP in CH2Cl2 furnished 15 in 84% yield. Treatment of 
tosylate 15 with K2CO3 in MeOH afforded 16 (90%), which on reaction 
with Me3SI and n-BuLi in THF at -20°C gave 4 in 67% yield. Treatment 
of 4 with CF3COOH in CH2Cl2 gave tetrol 4a, which on treatment with 
Ac2O and pyridine in CH2Cl2 furnished tetraacetate 178 in 81% yield.

Synthesis of 2
Finally, for the synthesis of (-)-anamarine 2, olefins 17 and 5 were 

subjected to olefin cross-metathesis conditions using Grubbs-II catalyst 
in toluene at reflux to give 3 (81%) yield (Scheme 4). Cross-metathesis 
conditions using Grubbs-II catalyst favours more percentage of 
E-olefin while compared to other strategies for synthesis of olefin. 
Compound 3 was treated with CF3COOH in CH2Cl2 to give tetrol 
3a by the simultaneous deprotection of silyl and acetonide groups. 
Finally, reaction of 3a with Ac2O and pyridine in CH2Cl2 furnished 
(-)-anamarine 2 (86%). The spectral data of 2 was in accordance with 
the literature values [17-31] (Tables 1 and 2). [α]25

D=-17.8 (c 0.3, 
CHCl3); lit.5 [α]24

D = -16.0 (c 0.5, CHCl3). Alternatively, coupling of 
5 with 4 under cross-metathesis conditions using Grubbs-II catalyst 
[26] afforded (-)-anamarine 2 (68%) (Scheme 4). Though 2 could 
be obtained from the alternative coupling, the yields were albeit less 
when compared to the earlier experiments. From the above studies, it 
is evident that, in the absence of acetyl group at allylic position, cross 
metathesis reaction is facilitated for higher yields.
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Scheme 1: Retrosynthetic strategy of (-)-anamarine 2.
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Scheme 2: Reagents and conditions: a) acryloyl chloride, Et3N, cat. DMAP, CH2Cl2, 0°C-rt, 2 h; b) Grubss-I catalyst, CH2CL2, reflux, 6 h; c) CuCl2.2H2O, CH3CN, 0°C, 
30min; d) Ph3P, I2, imidazole, CH2CL2, 0°C-rt, 2 h.
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Scheme 3: Reagents and conditions: a) p-TsCl, Et3N, n-Bu2SnO, CH2Cl2, 0°C-rt, 1 h; b) LiAlH4, THF, 0°C-rt; c) TPSCL, imidazole, CH2Cl2, 0°C-rt 1 h; d) CuCl2.2H2O, 
CH3CN, 0°C, 30 min; e) BzCl, Et3N, CH2Cl2, n-Bu2SnO, 0°C-rt, 1 h; f) p-TsCl, Et3N, cat. DMAP, CH2Cl2, rt, 12 h; g) K2O3, MeOH, 0°C-rt, 1 h; h) Me3Sl, n-BuLi, -20°C, 
30 min; i) CF3COOH, CH2Cl2, 0°C-rt, 15 mn; j) Ac2O, pyridine, cat. DMAP, CH2Cl2, rt, 20 h.
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Scheme 4: Reagents and conditions: a) Grubbs-II catalyst, toluene reflux, 8 h; b) CF3COOH, CH2Cl2, 0°C-rt, 15 min; c) Ac2O, pyridine, cat. DMAP, CH2Cl2, rt, 20 h; 
d) Grubbs-II catalyst, CH2Cl2, reflux, 5 h.

S. No Protan Spectral data for (-)- anamarine from literature (Meshram et al.) [17] (-) - anamarine

1 olefinic 6.89 (ddd, 1H, J = 9.3, 5.0, 3.5 Hz, olefinic), 6.90 (ddd, 1H, J = 9.6, 4.7, 3.8 Hz, olefinic),

2 olefinic 6.07 (d, 1H, J = 9.5 Hz, olefinic), 6.06 (td, 1H, J = 9.8, 1.9 Hz, olefinic),

3 olefinic   5.90-5.75 (m, 2H, olefinic), 5.86-5.76 (m, 2H, olefinic),

4 -OCH 5.36 (dd, 1H, J = 7.0, 6.0 Hz, -OCH), 5.37 (dd, 1H, J = 7.2, 5.3 Hz, -OCH),

5 -OCH 5.31 (dd, 1H, J = 7.3, 3.5 Hz, -OCH), 5.31 (dd, 1H, J = 7.2, 3.4 Hz, -OCH),

6 -OCH 5.18 (dd,1H, J = 6.9, 3.5 Hz, -OCH), 5.18 (dd, 1H, J = 6.8, 3.4 Hz, -OCH)

7 -OCH 4.97 (td, 1H, J = 12.6, 7.7 Hz, -OCH), 4.91 (quint, 1H, J = 6.5 Hz, -OCH), 5.04-3.87  (m, 2H, 2 x -OCH),

8 allylic  2.50-2.40(m, 2H, allylic) 2.46 (m, 2H, allylic),

9 OAc 2.13 (s, 3H, OAc), 2.13 (s, 3H, OAc),

10 OAc 2.07 (s, 6H, 2 x OAC),
2.03 (s, 3H, OAc),

2.08 (s, 6H, 2 x OAc),
2.03 (s, 3H, OAc)

11 methyl 1.18 (d, 3H, J = 6.42 Hz, Me), 1.18 (d, 3H, J = 6.4 Hz, Me)

Table 1: Comparison table of 1H NMR.
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Conclusion
In conclusion, an efficient convergent synthetic strategy is 

developed for the synthesis of (-)-anamarine from D-mannitol and 
explicated the effect of electron withdrawing group in cross-metathesis 
reaction. Vinyl lactone and olefinic acyclic fragments were synthesized 
and coupled to give (-)-anamarine. This approach is adoptable for the 
diversity oriented efficient synthesis of such relevant lactone class of 
compounds.

Acknowledgments

The author (K. R.) thanks the UGC, New Delhi, India for the financial support 
in the form of a fellowship.

References
1. Marco JA, Carda M, Murga J, Falomir E (2007) Stereoselective syntheses of

naturally occurring 5, 6-dihydropyran-2-ones. Tetrahedron 63: 2929-2958.

2. Kikuchi H, Sasaki K, Sekiya J, Maeda Y, Amagai A (2004) Structural
requirements of dictyopyrones isolated from Dictyostelium spp. in the regulation 
of Dictyostelium development and in anti-leukemic activity. Bioorg Med Chem
2: 3203-3214.

3. Agrawal VK, Singh J, Mishra KC, Khadikar PV, Jaliwala YA (2006) QSAR
Studies on the use of 5, 6-dihydro-2-pyrones as HIV-1 protease inhibitors.
ARKIVOC 2: 162-167. 

4. Hagen SE, Domagala JM, Gajda C, Lovdahl M, Tait BD, et al. (2001)
4-Hydroxy-5, 6-dihydropyrones as inhibitors of HIV protease: the effect of 
heterocyclic substituents at C-6 on antiviral potency and pharmacokinetic
parameters. J Med Chem 44: 2319-2332. 

5. Hagen SE, Vara-Prasad JVN, Tait BD (2000) Nonpeptide inhibitors of HIV
protease. Adv Med Chem 5: 159-195. 

6. Aristoff PA (1998) Dihydropyrone sulfonamides as a promising new class of HIV 
protease inhibitors. Drugs Future 23: 995-999. 

7. Romines KR, Chrusciel RA (1995) 4-Hydroxypyrones and related templates as 
nonpeptidic HIV protease inhibitors. Curr Med Chem 2: 825-838. 

8. Chan KM, Rajab NF, Ishak MHA, Ali AM, Yusoff K, et al. (2006) Goniothalamin
induces apoptosis in vascular smooth muscle cells. Chem Biol Interact 159: 
129-140.

9. Inayat-Hussain SH, Annuar BO, Din LB, Ali AM, Ross D (2003) Loss of
mitochondrial transmembrane potential and caspase-9 activation during 
apoptosis induced by the novel styryl-lactone goniothalamin in HL-60 leukemia 
cells. Toxicol in vitro 17: 433-439. 

10. Inayat-Hussain SH, Annuar BO, Din LB, Taniguchi N (2002) Altholactone, a
novel styryl-lactone induces apoptosis via oxidative stress in human HL-60 
leukemia cells. Toxicol Lett 131: 153-159.

11. Miranda PR, Serrano FM, Cerda-Garcia-Rojas CM (2001) Application of
molecular mechanics in the total stereochemical elucidation of spicigerolide,
a cytotoxic 6-tetraacetyloxyheptenyl-5, 6-dihydro-α-pyrone from Hyptis. 
Tetrahedron 57: 47-53.

12. Kaskar B, Heise GL, Michalak RS, Vishnuvajjala BR (1990) A convenient large 
scale synthesis of protected D-ribonolactone from D-ribose. Synthesis 1990: 
1031-1032.

13. Choi WJ, Moon HR, Kim HO, Yoo BN, Lee JA, et al. (2004) Preparative
and stereoselective synthesis of the versatile intermediate for carbocyclic
nucleosides: effects of the bulky protecting groups to enforce facial selectivity.
J Org Chem 69: 2634-2638. 

14. Valverde S, Hernandez A, Herradon B, Rabanal RM, Martin-Lomas K (1987) 
The synthesis of (-)-anamarine. Tetrahedron 43: 3499-3504.

15. Lorenz K, Lichtenthaler FW (1987) A convergent total synthesis of (−)-anamarine 
from d-glucose. Tetrahedron Lett 28: 47-50. 

16. Prasad KR, Penchalaiah K (2011) Total Synthesis of (−)-Anamarine. J Org 
Chem 76: 6889-6893.

17. Ramesh P, Meshram HM (2012) An efficient total synthesis of (−)-anamarine. 
Tetrahedron Lett 53: 4008-4011.

18. Chattopadhyay A, Mamdapur VR (1995) (R)-2, 3-O-Cyclohexylideneglyceraldehyde, 
a Versatile Intermediate for Asymmetric Synthesis of Chiral Alcohol. J Org Chem
60: 585-587. 

19. Chattopadhyay A (1996) (R)-2, 3-O-Cyclohexylideneglyceraldehyde, a Versatile 
Intermediate for Asymmetric Synthesis of Homoallyl and Homopropargyl
Alcohols in Aqueous Medium. J Org Chem 61: 6104-6107. 

20. Furstner A, Langemann K (1996) Conformationally unbiased macrocyclization 
reactions by ring closing metathesis. J Org Chem 61: 3942-3943.

21. Garegg PG, Samuclson B (1979) Synthesis, pp: 813-815. 

22. Garegg P (1984) Some aspects of regio-, stereo-, and chemoselective reactions 
in carbohydrate chemistry. J Pure & Appl Chem 56: 845-858.

23. Yadav VK, Agrawal D (2007) Total syntheses of (+)-7-epi-goniofufurone,(+)-
goniopypyrone and (+)-goniofufurone from a common precursor. Chem
Commun, pp: 5232-5234.

24. Martinelli MJ, Nayyar NK, Moher ED, Dhokte UP, Pawlak JM, et al. (1999) 
Dibutyltin oxide catalyzed selective sulfonylation of α-chelatable primary 
alcohols. Org Lett 1: 447-450.

25. Saravanan P, Chandrasekhar M, Anand RV, Singh VK (1998) An efficient 
method for deprotection of acetals. Tetrahedron Lett 39: 3091-3092.

26. Grubbs RH (2004) Olefin metathesis. Tetrahedron 60: 7117-7140.

27. Nolen EG, Kurish AJ, Wong KA, Orlando MD (2003) Short, stereoselective
synthesis of C-glycosyl asparagines via an olefin cross-metathesis. Tetrahderon 
Lett 44: 2449-2453. 

28. Trnka TM, Grubbs RH (2001) The development of L2X2Ru CHR olefin metathesis 
catalysts: an organometallic success story. Acc Chem Res 34: 18-29. 

29. Grubbs RH, Chang S (1998) Recent advances in olefin metathesis and its 
application in organic synthesis. Tetrahedron 54: 4413-4450. 

30. Armstrong SJ (1998) Chem Soc Perkin Trans 1: 317-320. 

31. Schuster M, Blechert S (1997) Olefin metathesis in organic chemistry. Angew 
Chem Int Ed 36: 2036-2056.

S. No 13C Spectral data for (-)- anamarine 
from literature (Meshram et al.) (-) - anamarine

1 C-OAc 170.0 170.0
2 C-OAc 169.8 169.9
3 C-OAc 169.83 169.8
4 C-OAc 169.76 169.7
5 C1 163.5 163.5
6 C3 144.5 144.5
7 C7 133.0 133.0
8 C6 125.5 125.5
9 C2 121.5 121.4
10 C5 75.8 75.8
11 C8 71.9 71.9
12 C10 71.6 71.6
13 C9 70.4 70.4
14 C11 67.3 67.3
15 C4 29.1 29.1
16 C-CO 21.0 21.0
17 C-CO 20.91 20.9
18 C-CO 20.86 20.8
19 C-CO 20.6 20.6
20 C12 15.8 15.8

Table 2: Comparison table of 13CNMR.

http://www.sciencedirect.com/science/article/pii/S004040200602014X
http://www.sciencedirect.com/science/article/pii/S004040200602014X
http://www.sciencedirect.com/science/article/pii/S0968089604002731
http://www.sciencedirect.com/science/article/pii/S0968089604002731
http://www.sciencedirect.com/science/article/pii/S0968089604002731
http://www.sciencedirect.com/science/article/pii/S0968089604002731
http://www.arkat-usa.org/get-file/23598
http://www.arkat-usa.org/get-file/23598
http://www.arkat-usa.org/get-file/23598
http://pubs.acs.org/doi/abs/10.1021/jm0003844
http://pubs.acs.org/doi/abs/10.1021/jm0003844
http://pubs.acs.org/doi/abs/10.1021/jm0003844
http://pubs.acs.org/doi/abs/10.1021/jm0003844
http://www.sciencedirect.com/science/article/pii/S1067569800800061
http://www.sciencedirect.com/science/article/pii/S1067569800800061
https://journals.prous.com/journals/servlet/xmlxsl/pk_journals.xml_summary_pr?p_JournalId=2&p_RefId=858365&p_IsPs=N
https://journals.prous.com/journals/servlet/xmlxsl/pk_journals.xml_summary_pr?p_JournalId=2&p_RefId=858365&p_IsPs=N
http://cat.inist.fr/?aModele=afficheN&cpsidt=2931946
http://cat.inist.fr/?aModele=afficheN&cpsidt=2931946
http://www.sciencedirect.com/science/article/pii/S0009279705003480
http://www.sciencedirect.com/science/article/pii/S0009279705003480
http://www.sciencedirect.com/science/article/pii/S0009279705003480
https://scholar.google.co.in/scholar?q=Toxicol+in+vitro+17%3A+433-439.+&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Toxicol+in+vitro+17%3A+433-439.+&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Toxicol+in+vitro+17%3A+433-439.+&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Toxicol+in+vitro+17%3A+433-439.+&btnG=&hl=en&as_sdt=0%2C5
http://www.sciencedirect.com/science/article/pii/S0378427402000255
http://www.sciencedirect.com/science/article/pii/S0378427402000255
http://www.sciencedirect.com/science/article/pii/S0378427402000255
http://www.sciencedirect.com/science/article/pii/S004040200000987X
http://www.sciencedirect.com/science/article/pii/S004040200000987X
http://www.sciencedirect.com/science/article/pii/S004040200000987X
http://www.sciencedirect.com/science/article/pii/S004040200000987X
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-1990-27085
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-1990-27085
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-1990-27085
http://pubs.acs.org/doi/abs/10.1021/jo0356762
http://pubs.acs.org/doi/abs/10.1021/jo0356762
http://pubs.acs.org/doi/abs/10.1021/jo0356762
http://pubs.acs.org/doi/abs/10.1021/jo0356762
http://www.sciencedirect.com/science/article/pii/S0040402001816410
http://www.sciencedirect.com/science/article/pii/S0040402001816410
http://www.sciencedirect.com/science/article/pii/S0040403900956454
http://www.sciencedirect.com/science/article/pii/S0040403900956454
http://pubs.acs.org/doi/abs/10.1021/jo2010389
http://pubs.acs.org/doi/abs/10.1021/jo2010389
http://www.sciencedirect.com/science/article/pii/S004040391200888X
http://www.sciencedirect.com/science/article/pii/S004040391200888X
http://pubs.acs.org/doi/abs/10.1021/jo00108a020
http://pubs.acs.org/doi/abs/10.1021/jo00108a020
http://pubs.acs.org/doi/abs/10.1021/jo00108a020
http://pubs.acs.org/doi/abs/10.1021/jo9604696
http://pubs.acs.org/doi/abs/10.1021/jo9604696
http://pubs.acs.org/doi/abs/10.1021/jo9604696
http://pubs.acs.org/doi/abs/10.1021/jo960733v?journalCode=joceah
http://pubs.acs.org/doi/abs/10.1021/jo960733v?journalCode=joceah
http://www.degruyter.com/view/j/pac.1984.56.issue-7/pac198456070845/pac198456070845.xml
http://www.degruyter.com/view/j/pac.1984.56.issue-7/pac198456070845/pac198456070845.xml
http://pubs.rsc.org/en/content/articlelanding/2007/cc/b713070h#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2007/cc/b713070h#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2007/cc/b713070h#!divAbstract
http://pubs.acs.org/doi/abs/10.1021/ol990658l
http://pubs.acs.org/doi/abs/10.1021/ol990658l
http://pubs.acs.org/doi/abs/10.1021/ol990658l
http://www.sciencedirect.com/science/article/pii/S0040403998003669
http://www.sciencedirect.com/science/article/pii/S0040403998003669
http://www.sciencedirect.com/science/article/pii/S004040200400941X
http://www.sciencedirect.com/science/article/pii/S0040403903003502
http://www.sciencedirect.com/science/article/pii/S0040403903003502
http://www.sciencedirect.com/science/article/pii/S0040403903003502
http://pubs.acs.org/doi/abs/10.1021/ar000114f
http://pubs.acs.org/doi/abs/10.1021/ar000114f
http://www.sciencedirect.com/science/article/pii/S0040402097104276
http://www.sciencedirect.com/science/article/pii/S0040402097104276
http://onlinelibrary.wiley.com/doi/10.1002/anie.199720361/full
http://onlinelibrary.wiley.com/doi/10.1002/anie.199720361/full

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Experimental
	General methods 
	(S)-1-((R)-1,4-Dioxaspiro[4.5]decan-2-yl)but-3-enyl acrylate (7) 
	(S)-6-((R)-1,4-Dioxaspiro[4.5]decan-2-yl)-5,6-dihydro-2H-pyran-2-one (8) 
	(S)-6-Vinyl-5,6-dihydro-2H-pyran-2-one (5) 
	(1R)-1-((4R,4’R)-2,2,2’,2’-Tetramethyl-4,4’-bi(1,3-dioxolan)-5-yl)ethanol (11) 
	tert.-Butyldiphenyl((1R)-1-((4R,4’R)-2,2,2’,2’-tetramethyl-4,4’-bi(1,3-dioxolan)-5-yl) etho xy)silan
	(1R)-1-((4R)-5-((R)-1-(tert.-Butyldiphenylsilyloxy)ethyl)-2,2-dimethyl-1,3-dioxolan-4-yl)ethane-1,2-
	(2R)-2-((4R)-5-((R)-1-(tert.-Butyldiphenylsilyloxy)ethyl)-2,2-dimethyl-1,3-dioxol an-4-yl)-2-hydroxy
	(2R)-2-((4S)-5-((R)-1-(tert.-Butyldiphenylsilyloxy)ethyl)-2,2-dimethyl-1,3-dioxola n-4-yl)-2-(tosylo
	tert.-Butyl((1R)-1-((5R)-2,2-dimethyl-5-((S)-oxiran-2-yl)-1,3-dioxolan-4-yl) ethox y) diph enylsilan
	(1S)-1-((4R)-5-((R)-1-(tert.-Butyldiphenylsilyloxy)ethyl)-2,2-dimethyl-1,3-dioxo la n-4-yl)prop-2-en
	(2R,3R,4R,5S)-Hept-6-ene-2,3,4,5-tetrayl tetraacetate (17) 
	(S)-6-((S,E)-3-((4R,5S)-5-((R)-1-(tert.-Butyldiphenylsilyloxy)ethyl)-2,2-dimethyl-1,3-dioxolan-4-yl)
	(2R,3R,4R,5S,E)-7-((S)-6-oxo-3,6-dihydro-2H-pyran-2-yl)hept-6-ene-2,3,4,5-tetrayl tetraacetate ((-)-

	Results and Discussion 
	Retrosynthesis 
	Synthesis of vinyl lactone fragment 5  
	Synthesis of tetraacetate fragment 4  
	Synthesis of 2 

	Conclusion
	Acknowledgments
	Figure 1
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 4
	Table 1
	Table 2
	References

