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1. Experimental procedures and data for the compounds 
 
Synthesis of Benzyl ether 7 

O OBn

6 7  

A 100 mL three-necked flask containing magnesium powder (1.58 g, 66 mmol) and a stirring bar 
was dried in an oven at 100 ºC for 2 h and cooled to room temperature under dry Ar stream. A 
portion of allyl bromide (5.5 mL, 60 mmol) in anhydrous THF (80 mL) was introduced over 1 h at 
0 ºC. After 2 h stir at room temperature, the mixture was cooled to −40 ºC. CuI (1.14 g, 6 mmol) 
was added followed by additional 30 min stir. (S)-Propylene oxide (2.1 mL, 30 mmol) in dry THF 
(5 mL) was added dropwise over 10 min. The mixture was stirred at −40 ºC for 1 h and warmed to 
room temperature over 2 h. The reaction was quenched by saturated aqueous NH4Cl and extracted 
by ether, washed with H2O and brine, dried over Na2SO4, and then ether evaporated below 10 ºC 
to give the (S)-5-heptene-2-ol as colorless oil, which was used in the next step without 
purification. 
 
Sodium hydride (60% dispersion in mineral oil, 2.43 g, 60.9 mmol) was washed with hexanes, 
dried under Ar, suspended in THF (20 mL) and cooled to 0 ºC. (S)-5-Heptene-2-ol in THF (10 mL) 
was added dropwise via syringe into the flask. The reaction mixture was allowed to stir at 0 ºC for 
1 h. Benzyl bromide (3.6 mL, 30.5 mmol) was added dropwise and the mixture was heated at 
reflux for 6 h. The reaction was quenched with saturated NH4Cl, extracted with EtOAc, and dried 
over Na2SO4. Concentration in vacuo and purification by flash column chromatography 
(hexanes/EtOAc 50:1) gave 4.85 g (85% yield) of benzyl ether 7: [α]20

D = +17 (c 1.1, CHCl3); 1H 
NMR (400 MHz, CDCl3): δ 7.24-7.34 (m, 5 H), 5.78-5.85 (m, 1 H), 4.93-5.03 (m, 2 H), 4.57 (d, J 
= 11.6Hz, 1 H), 4.45 (d, J = 11.6 Hz, 1 H), 3.53 (m, J = 6 Hz, 1 H), 2.11-2.20 (m, 2 H), 1.66-1.73 
(m, 1 H), 1.48-1.57 (m, 1 H), 1.20 (d, J = 6 Hz, 3 H); 13C NMR (100 MHz, CDCl3): δ 139.0, 138.7, 
128.3, 127.4, 114.5, 74.2, 70.3, 35.8, 29.8, 19.6; IR (film): vmax 3378, 2829, 1453, 1065, 738, 698 
cm-1. 
 
Synthesis of diol 8a 

OBn
OBn

OH
OH7 8a  

8a (1.019g, 91%) was obtained from 7 (950 mg, 5 mmol) with AD-mix-α (7.0 g, 5 mmol) by the 
same operation as the synthesis of 8: [α]20

D = +24 (c 0.9, CHCl3) ; 1H NMR (300 MHz, CDCl3): δ 
7.26-7.34 (m, 5 H), 4.58 (d, J = 11.1Hz, 1 H), 4.44 (d, J = 11.1 Hz, 1 H), 3.54-3.67 (m, 3 H), 
3.38-3.43 (m, 1 H), 3.22 (br, 1 H), 2.70 (br, 1 H), 1.45-1.69 (m, 4 H), 1.21 (d, J = 6.6 Hz, 3 H); 13C 
NMR (75 MHz, CDCl3): δ 138.5, 128.4, 127.7, 127.6, 74.9, 72.1, 70.4, 66.7, 32.6, 29.0, 19.3; IR 
(film): vmax 3386, 2926, 1092, 996, 910 cm-1; HRMS (ESIMS) calcd for C13H21O3 [M+H]+ 
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225.1485, found 225.1477. 
 
Synthesis of MOM ether 9 and 9a 

OH

OBn

OH
OTBS

OBn

OMOM
8 9  

To a magnetically stirred solution of diol 8 (1.25 g, 5.5 mmol) in dry THF (10 mL) were added 
imidazole (524 mg, 7.7 mmol) and tert-butyldimethylsilyl chloride (1.06 g, 7.2 mmol). After 24 h 
stir at room temperature, the mixture was diluted with Et2O (20 mL) and H2O (20 mL) and stirred 
until a clear separation of the phases. The mixture was then extracted with Et2O. The combined 
organic layers were washed with brine, dried over Na2SO4, and condensed in vacuo. The crude 
product was purified by column chromatography on silica gel (hexanes/EtOAc 10:1) to give 1.77 
g of the TBS ether (beta) (95%) as colorless oil: [α]20

D = +13 (c 1.1, CHCl3) ; 1H NMR (300 MHz, 
CDCl3): δ 7.26-7.35 (m, J = 12 Hz, 5 H), 4.58 (d, 1H), 4.45 (d, J =12 Hz, 1 H), 3.54-3.61 (m, 3 H), 
3.41 (dd, J = 8.1, 10.5 Hz, 1 H), 2.62 (s, 1 H), 1.51-1.60 (m, 4 H), 1.22 (d, J = 6.6 Hz, 3 H), 0.87 
(s, 9 H), 0.04 (s, 6 H); 13C NMR (75 MHz, CDCl3): δ 138.8, 128.3, 127.6, 127.4, 74.5, 71.6, 70.2, 
67.1, 32.3, 28.5, 25.8, 19.4, 18.2, -5.4; IR (film): vmax 3439, 2930, 2858, 1254, 1093, 838, 778 
cm-1; HRMS (ESIMS) calcd for C19H35O3Si [M+H]+ 339.2350, found 339.2358. 
 
Methoxymethyl chloride (1.7 mL, 22 mmol) was added dropwise to a stirred solution of the TBS 
ether (1.84 g, 5.5 mmol) and i-Pr2EtN (4.8 mL, 27 mmol) in CH2Cl2 (50 mL) at 0 °C followed by 
addition of Bu4NI (96 mg) . After overnight stir at room temperature, the mixture was quenched 
with H2O and extracted CH2Cl2. The combined organic layers were washed with brine, dried over 
MgSO4, and condensed in vacuo. The crude product was purified by column chromatography on 
silica gel (hexanes/EtOAc 20:1) to give 1.85 g of MOM ether 9 (89%) as colorless oil: [α]20

D = 
+12 (c 0.95, CHCl3) ; 1H NMR (300 MHz, CDCl3): δ 7.26-7.34 (m, 5 H), 4.77 (d, J = 6.3 Hz, 1 H), 
4.65 (d, J = 6.3 Hz, 1 H), 4.57 (d, J = 12 Hz, 1 H), 4.46 (d, J = 12 Hz, 1 H), 3.51-3.64 (m, 4 H), 
3.37 (s, 3 H), 1.50-1.75 (m, 4 H), 1.21 (d, J = 6.6 Hz, 3 H), 0.89 (s, 9H), 0.03(s, 6H); 13C NMR 
(75 MHz, CDCl3): δ 139.0, 128.3, 127.6, 127.3, 96.2, 78.1, 74.6, 70.2, 65.8, 55.4, 32.1, 27.4, 25.9, 
19.5, 18.3, -5.4; IR (film): vmax 3423, 2928, 2857, 1462, 1102, 1039, 839, 776 cm-1; HRMS 
(ESIMS) calcd for C21H39O4Si [M+H]+ 383.2612, found 383.2622. 
 

OBn

OH
OH

8a

OBn

OTBS
OMOM

9a  
9a (926 mg, 86%) was obtained from 8a (641 mg, 2.86 mmol) by the same operation as the 
synthesis of 9. 
TBS ester (alfa): [α]20

D = +15 (c 2.05, CHCl3) ; 1H NMR (300 MHz, CDCl3): δ 7.26-7.35 (m, 5H), 
4.58 (d, J = 11.7, 1 H), 4.45 (d, J =11.7 Hz, 1 H), 3.54-3.65 (m, 3 H), 3.39-3.45 (m, 1 H), 2.61 (s, 
1 H), 1.145-1.71 (m, 4 H), 1.24(d, J = 6.6 Hz, 3 H), 0.87 (s, 9 H), 0.04 (s, 6 H); 13C NMR (75 
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MHz, CDCl3): δ 138.8, 128.3, 127.6, 127.4, 74.9, 71.9, 70.3, 67.2, 32.7, 28.9, 25.8, 19.5, 18.2, 
-5.4; IR (film): vmax 3437, 2930, 2858, 1254, 1093, 838, 779cm-1; HRMS (ESIMS) calcd for 
C19H35O3Si [M+H]+ 339.2350, found 339.2345. 
9a: [α]20

D = -4 (c 0.9, CHCl3); 1H NMR (300 MHz, CDCl3): δ 7.25-7.36 (m, 5H), 4.77 (d, J = 5.1 
Hz, 1H), 4.65 (d, J = 5.1Hz, 1H), 4.57 (d, J = 11.7 Hz, 1H), 4.46 (d, J = 11.7 Hz, 1H), 3.49-3.64 
(m, 4H), 3.39 (s, 3H), 1.46-1.76 (m, 4H), 1.24 (d, J = 7.2 Hz, 3H), 0.89 (s, 9H), 0.05 (s, 6H); 13C 
NMR (75 MHz, CDCl3): δ 139.0, 128.3, 127.6, 127.4, 96.3, 78.4, 75.0, 70.3, 65.8, 55.5, 32.4, 27.8, 
25.9, 19.6, 18.3, -5.5; IR (film): vmax 3396, 2930, 2858, 1464, 1101, 1039, 839, 776 cm-1; HRMS 
(ESIMS) calcd for C21H39O4Si [M+H]+ 383.2612, found 383.2610. 
 
Synthesis of Alcohol 10 and 10a 

OH

OBn

OMOM
OTBS

OBn

OMOM
9 10  

TBAF (1 M in THF, 14 mL, 14 mmol) was added to a stirred solution of the MOM ether 9 (1.695 
g, 4.5 mmol) in THF (6 mL) at room temperature, and the mixture was stirred for 6 h at room 
temperature. The reaction mixture was then diluted with ether. The organic layer was washed with 
H2O and brine, dried over MgSO4 and condensed in vacuo. The crude product was purified by 
column chromatography on silica gel (hexanes/EtOAc 2:1) to give 1.068 g of 10 (89%) as 
colorless oil: [α]20

D = -7 (c 1.0, CHCl3) ; 1H NMR (300 MHz, CDCl3): δ 7.25-7.34(m, 5 H), 4.72 
(d, J = 6.9 Hz, 1 H), 4.66 (d, J = 6.9 Hz, 1 H), 4.57 (d, J = 11.7 Hz, 1 H), 4.43 (d, J = 11.7 Hz, 1 
H), 3.46-3.61 (m, 4 H), 3.41 (s, 3 H), 3.15 (m, 1 H), 1.47-1.70 (m, 4 H), 1.20 (d, J = 6.3 Hz, 3 H); 
13C NMR (75 MHz, CDCl3): δ 138.8, 128.3, 127.6, 127.4, 96.9, 82.0, 74.3, 70.2, 65.5, 55.6, 32.2, 
27.3, 19.4; IR (film): vmax 3441, 2932, 2887, 1452, 1036, 917, 739 cm-1; HRMS (ESIMS) calcd for 
C15H25O4 [M+H]+ 269.1747, found 269.1755. 
 

OBn

OTBS
OMOM

9a

OBn

OH
OMOM

10a  
10a (460 mg, 87%) was obtained from 9a (746 mg, 1.97 mmol) by the same operation as the 
synthesis of 10. [α]20

D = +45 (c 0.9, CHCl3) ; 1H NMR (300 MHz, CDCl3): δ 7.26-7.34(m, 5 H), 
4.72 (d, J = 7.2 Hz, 1 H), 4.66 (d, J = 6.9 Hz, 1 H), 4.57 (d, J = 11.7 Hz, 1 H), 4.43 (d, J = 11.7 Hz, 
1 H), 3.48-3.60 (m, 4 H), 3.42 (s, 3 H), 2.84 (s, 1 H), 1.53-1.64 (m, 4 H), 1.20 (d, J = 6 Hz, 3 H); 
13C NMR (75 MHz, CDCl3): δ 138.8, 128.3, 127.6, 127.4, 97.0, 82.4, 74.7, 70.3, 65.7, 55.6, 32.6, 
27.7, 19.5; IR (film): vmax 3421, 2928, 2866, 1096, 1034, 917, 738 cm-1; HRMS (ESIMS) calcd for 
C15H25O4 [M+H]+ 269.1747, found 269.1739. 
 
Synthesis of Enoate 11 and 11a 
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OH

OBn

OMOM

OBn

OMOM

CO2Me

10 11  

DMSO (1.2 mL, 12 mmol) in CH2Cl2 (2 mL) was added dropwise to a solution of oxalyl chloride 
(1.0 mL, 6 mmol) in dry CH2Cl2 (10 mL) at -78 ºC within 15 min. The mixture was stirred for 30 
min and alcohol 10 (1.05 g, 4 mmol) in CH2Cl2 (20 mL) was added dropwise within 15 min. The 
reaction mixture was stirred for 30 min at -78 ºC and 30 min at -60 ºC, then Et3N (3 mL, 16 mmol) 
was added dropwise and stirred for another 1 h. The reaction mixture was poured into saturated 
solution of NaHCO3 (20 mL) and the organic layer was separated. The aqueous layer was 
extracted with CH2Cl2 and the combined organic layers were washed with brine, dried over 
Na2SO4, concentrated to give the crude aldehyde. 
 
Methyl diethylphosphonoacetate (1.26 g, 6 mmol) in dry THF (10 mL) was added dropwise to a 
suspension of NaH (191 mg, 60%) in THF (20 mL) at 0 ºC. After 30 min, the mixture became 
homogeneous followed by addition of the crude aldehyde in THF (10 mL). After 2 h stir, the 
mixture was quenched by saturated NH4Cl and extracted with Et2O. The combined organic layers 
were washed with brine, dried over MgSO4, and condensed in vacuo. The crude product was 
purified by column chromatography on silica gel (hexanes/EtOAc 10:1) to give 1.02 g of enoate 
11 (79%) as colorless oil: [α]20

D = +47 (c 1.2, CHCl3) ; 1H NMR (300 MHz, CDCl3): δ 7.25-7.34 
(m ,5 H), 6.81 (dd, J = 15.9, 6.3 Hz, 1 H), 5.96 (d, J = 15.9 Hz, 1 H), 4.55-4.63 (m, 3 H), 4.42 (d, 
J = 11.7 Hz, 1 H), 4.14-4.20 (m, 1 H), 3.74 (s, 3 H), 3.53 (m, 1 H), 3.37 (s, 3 H), 1.50-1.79 (m, 4 
H), 1.20 (d, J = 5.7 Hz, 3 H); 13C NMR (75 MHz, CDCl3): δ 166.6, 148.0, 138.8, 128.3, 127.6, 
127.4, 121.5, 94.6, 75.0, 74.2, 70.3, 55.6, 51.6, 31.9, 30.5, 19.5; IR (film): vmax 3401, 2924, 1723, 
1272, 1152, 1035, 738 cm-1; HRMS (ESIMS) calcd for C18H26O5Na [M+Na]+ 345.1672, found 
345.1674. 
 

OBn

OH
OMOM

10a

OBn

OMOM

CO2Me

11a  
11a (918 mg, 81%) was obtained from 10a (943 mg, 3.5 mmol) by the same operation as the 
synthesis of 11: [α]20

D = -20 (c 0.93, CHCl3) ; 1H NMR (400 MHz, CDCl3): δ 7.26-7.34 (m ,5 H), 
6.82 (dd, J = 15.6, 6.4 Hz, 1 H), 5.98 (dd, J = 15.6, 0.8 Hz, 1 H), 4.56-4.64 (m, 3 H), 4.43 (d, J = 
11.6 Hz, 1 H), 4.17-4.21 (m, 1 H), 3.75 (s, 3 H), 3.53 (m, 1 H), 3.37 (s, 3 H), 1.58-1.79 (m, 4 H), 
1.20 (d, J = 6 Hz, 3 H); 13C NMR (100 MHz, CDCl3): δ 166.6, 148.1, 138.8, 128.3, 127.6, 127.5, 
121.5, 94.6, 75.3, 74.6, 70.4, 55.7, 51.6, 32.2, 30.8, 19.6; IR (film): vmax 3431, 2950, 1723, 1275, 
1035, 985, 739 cm-1; HRMS (ESIMS) calcd for C18H26O5Na [M+Na]+ 345.1672, found 345.1669. 
 
Synthesis of Enoate Alcohol 5 and 5a 
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OH

OMOM

CO2Me
OBn

OMOM

CO2Me

11 5  
To a solution of enoate 11 (1.01 g, 3 mmol) in CH2Cl2/H2O (40 mL; 19:1), DDQ (2.73 g, 12 mmol) 
as added and the mixture was refluxed for 3 h. The reaction was then quenched with saturated 
NaHCO3 solution, filtered and washed with CH2Cl2 (20 mL). The filtrate was washed with H2O, 
brine, dried over MgSO4, and condensed in vacuo. The crude product was purified by column 
chromatography on silica gel (hexanes/EtOAc, 2:1) to give 646 mg of 5 (84%) as syrup: [α]20

D = 
+61 (c 1.03, CHCl3) ; 1H NMR (400 MHz, CDCl3): δ 6.82 (dd, J = 15.6 Hz, 6.4Hz, 1 H), 6.00 (dd, 
J = 16, 1.2 Hz, 1 H) 4.61 (dd, J = 16.8, 6.9 Hz, 2 H), 4.24 (m, 1 H), 3.84 (m, 1 H), 3.74 (s, 3 H), 
3.38 (s, 3 H), 1.50-1.79 (m, 4 H), 1.19 (d, J = 6 Hz, 3 H); 13C NMR (100 MHz, CDCl3): δ 166.6, 
147.8, 121.6, 94.6, 75.0, 67.6, 55.7, 51.6, 34.4, 30.9, 23.6; IR (film): vmax 3427, 2954, 1722, 1275, 
1034 cm-1; HRMS (ESIMS) calcd for C11H20O5Na [M+Na]+ 255.1203, found 255.1210. 
 

OBn

OMOM

CO2Me
OH

OMOM

CO2Me

11a 5a

s

 

5a (557 mg, 86%) was obtained from 11a (900 mg, 2.8 mmol) by the same operation as the 
synthesis of 5: [α]20

D = -44 (c 0.95, CHCl3); 1H NMR (300 MHz, CDCl3): δ 6.78 (dd, J = 15.6 Hz, 
6.3Hz, 1 H), 5.95 (d, J = 15.6 Hz, 1 H) 4.57 (dd, J = 7.2, 12.9Hz, 1 H), 4.20 (m, 1 H), 3.75 (m, 1 
H), 3.70 (s, 3 H), 3.34 (s, 3 H), 2.07 (s, 1 H), 1.42-1.76 (m, 4 H), 1.15 (d, J = 6.3 Hz, 3 H); 13C 
NMR (75 MHz, CDCl3): δ 166.5, 147.8, 121.5, 94.6, 75.1, 67.7, 55.6, 51.6, 34.4, 31.0, 23.5; IR 
(film): vmax 3427, 2953, 1723, 1275, 1035 cm-1; HRMS (ESIMS) calcd for C11H20O5Na [M+Na]+ 
255.1203, found 255.1201. 
 
Synthesis of Dihydroxy Enoate 13 and 13a 

CO2t-Bu CO2t-Bu
OH

OH
12 13  

To a well-stirred solution of AD-mix-β (7.0 g, 5 mmol) in t-BuOH/H2O (50mL 1/1 v/v) was added  
methansulfonamide (475 mg, 5 mmol) at room temperature. The clear yellow solution was cooled 
to 0 ºC and added unsaturated ester 12 (840 mg, 5 mmol). The solution was stirred vigorously at 0 
ºC. After stirring for 48 h, the reaction was quenched with 7.5 g of solid Na2SO3, warmed to room 
temperature and stirred for additional 50 min. The mixture was extracted with EtOAc, dried over 
MgSO4, and condensed in vacuo. The crude product was purified by column chromatography on 
silica gel (hexanes/EtOAc 2:1) to give 616 mg of dihydroxy enoate 13 (61%) as colorless oil: 89% 
ee; [α]20

D = +11 (c 0.9, CHCl3) ; 1H NMR (300 MHz, CDCl3): δ 6.79 (dd, J = 15.9 Hz, 5.4Hz, 1 
H), 6.03 (d, J = 15.9 Hz, 1 H), 4.00 (m, 1 H), 3.70 (m, 1 H), 2.88 (s, 2 H), 1.47 (s, 9 H), 1.21 (d, J 
= 6.6 Hz, 3 H); 13C NMR (75 MHz, CDCl3): δ 165.8, 145.5, 124.1, 80.8, 75.6, 70.2, 28.0, 18.9; IR 
(film): vmax 3406, 2977, 1712, 1156, 983 cm-1.  
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CO2t-Bu CO2t-Bu
OH

OH
12 13a  

13a (596 mg, 59%) was obtained from 12 (840 mg, 5 mmol) by the same operation as the 
synthesis of 13: 88% ee; [α]20

D = +11 (c 0.9, CHCl3); 1H NMR (300 MHz, CDCl3): δ 6.79 (dd, J = 
15.6 Hz, 5.4Hz, 1 H), 6.03 (dd, J = 15.9 Hz, 1.2 Hz, 1 H), 4.00 (m, 1 H), 3.69 (m, 1 H), 3.01 (s, 2 
H), 1.46 (s, 9 H), 1.21 (d, J = 6.6 Hz, 3 H); 13C NMR (75 MHz, CDCl3): δ 165.9, 145.5, 124.1, 
80.8, 75.6, 70.2, 28.0, 19.0.  
 
Synthesis of Acid 4 and 4a: 

CO2t-Bu
OH

OH

CO2H
O

O

13 4  
Dihydroxy enoate13 (566 mg, 2.80 mmol) was stirred in a 1:1 mixture of TFA and CH2Cl2 (56 
mL). After 1 h stir, the mixture was concentrated. The residue was treated with CHCl3 (30 mL) 
and 2,2-dimethoxypropane (30 mL) at 0 ºC. To the stirring solution was added p-TsOH (53 mg, 
0.28 mmol) and H2O (51 mg, 0.28 mmol). After 45 min, the reaction mixture was diluted with 
CH2Cl2 (100 mL) and washed with H2O. The organic phase was collected, and the aqueous phase 
was re-extracted with CH2Cl2. The organic layers were combined, dried over MgSO4, and 
condensed in vacuo. The crude product was purified by column chromatography on silica gel 
(hexanes/EtOAc, 2:1) to give 469 mg of acid 4 (90%) as yellow oil: [α]20

D = -17 (c 0.9, CHCl3); 
1H NMR (400 MHz, CDCl3): δ 11.5 (br, 1 H), 6.98 (dd, J = 15.6, 6.4 Hz, 1 H), 6.15 (dd, J = 15.6, 
1.2 Hz, 1 H), 4.4.10-4.13 (m, 1 H), 3.82-3.89 (m, 1 H), 1.43 (d, J = 14 Hz, 6 H), 1.33 (d, J = 6 Hz, 
3 H); 13C NMR (100 MHz, CDCl3): δ 171.2, 146.2, 121.8, 109.5, 81.4, 76.4, 27.2, 26.6, 16.7; IR 
(film): vmax 3471, 2958, 1707, 1378, 1244, 1096 cm-1; HRMS (ESIMS) calcd for C9H14O4Na 
[M+Na]+ 209.0784, found 209.0788. 
 

CO2t-Bu
OH

OH

CO2H
O

O

13a 4a  
4a (62 mg, 92%) was obtained from 13a (522 mg, 2.6 mmol) by the same operation as the 
synthesis of 4: [α]20

D = +17 (c 1, CHCl3); 1H NMR (400 MHz, CDCl3): δ 6.99 (dd, J = 15.6, 5.2 
Hz, 1 H), 6.16 (dd, J = 15.6, 1.2 Hz, 1 H), 4.11-4.15 (m, 1 H), 3.83-3.89 (m, 1 H), 1.44 (d, J = 
14.8 Hz, 6 H), 1.35 (d, J = 6 Hz, 3 H); 13C NMR (100 MHz, CDCl3): δ 171.0, 146.3, 121.7, 109.5, 
81.5, 76.4, 27.3, 26.6, 16.7; HRMS (ESIMS) calcd for C9H14O4Na [M+Na]+ 209.0784, found 
209.0793. 
 
Synthesis of Enoate 14a 
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4a 5a+ O

O

O

O

CO2Me

OMOM14a  
To a solution of acid 4a (441mg, 2.37 mmol) in dry THF (2 mL) was added anhydrous Et3N (0.41 
mL) and after stirring fro 10 min, TCBC (648 mg, 2.66 mmol). This mixture was stirred for 3 h. 
The reaction was filtered and the filtrate was concentrated to dryness. To the concentrated filtrate 
was added dry toluene (8 mL), DMAP (309 mg, 2.5 mmol) and enoate alcohol 5a (500 mg, 2.15 
mmol) in toluene (4 mL). The mixture was heated at 90 ºC for 2 h. The crude product was purified 
by silica gel chromatography (hexanes/EtOAc 10:1) to give 654 mg of enoate 14a (76%) as 
colorless oil: [α]20

D = -30 (c 1.2, CHCl3); 1H NMR (300 MHz, CDCl3): δ 6.81 (m, 2 H), 6.09 (d, J 
= 15.3 Hz, 1 H), 5.98 (d, J = 15.9 Hz, 1 H), 4.97 (m, 1 H), 4.58 (dd, J = 6.3, 14.7 Hz, 2 H), 4.18 
(m, 1 H), 4.05 (m, 1 H), 3.83 (m, 1 H), 3.73 (s, 3 H), 3.35 (s, 3 H), 1.64 (br, 4 H), 1.41 (d, J = 7.2 
Hz, 6 H), 1.30 (d, J = 5.7 Hz, 3 H), 1,23 (d, J = 6 Hz, 3 H); 13C NMR (75 MHz, CDCl3): δ 166.5, 
165.4, 147.6, 143.3, 123.1, 121.8, 109.2, 94.6, 81.6, 76.4, 74.8, 70.9, 55.7, 51.6, 31.4, 30.7, 27.2, 
26.6, 19.9, 16.6; HRMS (ESIMS) calcd for C20H36NO8 [M+NH4]+ 418.2435, found 418.2443 
 
Synthesis of Dihydroxy Enoate 15 and 15a: 

O

O

O

O

CO2Me

OMOM

O

OH

OH

O

CO2Me

OMOM
14 15

 
Enoate 14 (105 mg, 0.26 mmol) was dissolved in AcOH (4 mL) and H2O (1 mL) and the mixture 
stirred at room temperature 2 days. Brine (20 mL) was added and the mixture was extracted with 
EtOAc. The combined organic layers were washed with NaHCO3, brine, dried over Na2SO4, and 
condensed in vacuo. The crude product was purified by column chromatography on silica gel 
(hexanes/EtOAc, 1:1) to give 68 mg of 15 (72%) as colorless oil: [α]20

D = +31 (c 0.9, CHCl3); 1H 
NMR (400 MHz, CDCl3): δ 6.91 (dd, J = 15.6, 4.8 Hz, 1 H), 6.80 (dd, J = 15.6, 6 Hz, 1 H), 6.12 
(d, J = 15.2 Hz, 1 H), 5.99 (d, J = 15.6 Hz, 1 H), 4.98 (m, 1 H), 4.61 (dd, J = 17.2, 6.8 Hz,2 H), 
4.21 (m, 1 H), 4.06 (m, 1 H), 3.75 (s, 3 H), 3.72 (m, 1 H), 3.37 (s, 3 H), 2.48 (s, 2 H), 1.66 (m, 4 
H), 1.25 (d, J = 6 Hz, 6 H). 13C NMR (100 MHz, CDCl3): δ 166.6, 165.7, 147.7, 146.4, 122.8, 
121.8, 94.7, 75.6, 74.9, 70.9, 70.2, 55.7, 51.7, 31.3, 30.6, 20.0, 19.1; IR (film): vmax 3420, 2926, 
1775, 1721, 1275, 1096, 1041 cm-1; HRMS (ESIMS) calcd for C17H29O8 [M+H]+ 361.1857, found 
361.1850.  
 

O

O

O

O

CO2Me

OMOM

O

OH

OH

O

CO2Me

OMOM
14a 15a  
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15a (60 mg, 74%) was obtained from 14a (90 mg, 0.23 mmol) by the same operation as the 
synthesis of 15: [α]20

D = -50 (c 1.1, CHCl3) ; 1H NMR (300 MHz, CDCl3): δ 6.86 (dd, J = 15.3, 
4.8 Hz, 1 H), 6.75(dd, J = 15.6, 6.3 Hz, 1 H), 6.07 (d, J = 15.3 Hz, 1 H), 5.94 (d, J = 15.3 Hz, 1 H), 
4.93 (s, 1 H), 4.56 (dd, J = 17.2, 6.8 Hz, 2 H), 4.16 (m, 1 H), 4.01 (m, 1 H), 3.70 (s, 3 H), 3.66 (m, 
1 H), 3.32 (s, 3 H), 3.01 (s, 2 H), 1.61 (m, 4 H), 1.18-1.27 (m, 6 H). 13C NMR (75 MHz, CDCl3): δ 
166.6, 165.8, 147.6, 146.6, 122.5, 121.7, 94.6, 75.5, 74.8, 70.9, 70.1, 55.6, 51.6, 31.2, 30.5, 19.9, 
19.0; HRMS (ESIMS) calcd for C17H29O8 [M+H]+ 361.1857, found 361.1865. 
 
Synthesis of Dihydroxy Acid 3 and 3a: 

O

OH

OH

O

CO2Me

OMOM

O

OH

OH

O

CO2H

OMOM
15 3  

Dihydroxy enoate 15 (84 mg, 0.23 mmol) in THF (2 mL) and H2O (2 mL) was added LiOH·H2O 
(10 mg, 0.25 mmol). This solution was allowed to stir for 6 h. The mixture was diluted by EtOAc 
(10 mL) and was washed with H2O (5 mL). The aqueous layer was neutralized (pH 4.0~6.0) with 
1 M HCl and the aqueous layer was extracted with EtOAc. The combined organic layers were 
washed with brine, dried over Na2SO4, and concentrated to give crude dihydroxy acid 3 (56 mg, 
69%): [α]20

D = +54 (c 0.3, MeOH); 1H NMR (400 MHz, CDCl3): δ 6.85-6.93 (m, 2 H), 6.12 (dd, J 
= 15.6, 1.2 Hz, 1 H), 5.98 (d, J = 16 Hz, 1 H), 4.98 (m, 1 H), 4.62 (dd, J = 14.6, 7.2 Hz, 2 H), 4.23 
(m, 1 H), 4.08 (m, 1 H), 3.74 (m, 1 H), 3.368 (s, 3 H), 1.67 (m, 4 H), 1.23-1.26(m, 3 H); 13C NMR 
(100 MHz, CDCl3): δ 170.1, 166.0, 149.7, 146.6, 122.6, 121.5, 94.7, 75.6, 74.9, 71.1, 70.3, 55.7, 
31.2, 30.5, 19.9, 19.0; IR (film): vmax 3420, 2935, 1712, 1276, 1037, 986 cm-1; HRMS (ESIMS) 
calcd for C16H26O8Na [M+Na]+ 369.1520, found 369.1515.  
 

O

OH

OH

O

CO2Me

OMOM
15a 3a

O

OH

OH

O

CO2H

OMOM  
3a (290 mg, 71%) was obtained from 15a (425mg, 1.18 mmol)by the same operation as the 
synthesis of 3: [α]20

D = -50 (c 1.4, MeOH); 1H NMR (400 MHz, CDCl3): δ 6.85-6.94 (m, 2 H), 
6.12 (d, J = 15.6 Hz, 1 H), 5.99 (d, J = 16 Hz, 1 H), 4.98 (s, 1 H), 4.62 (m, 2 H), 4.24 (m, 1 H), 
4.07 (m, 1 H), 3.74 (m, 1 H), 3.38 (s, 3 H), 1.67 (s, 4 H), 1.23-1.26(m, 3 H); 13C NMR (100 MHz, 
CDCl3): δ 170.2, 166.0, 149.8, 146.6, 122.7, 121.4, 94.7, 75.6, 74.9, 71.1, 70.3, 55.7, 31.2, 30.5, 
19.9, 19.0; HRMS (ESIMS) calcd for C16H26O8Na [M+Na]+ 369.1520, found 369.1529. 
 
Synthesis of Macrolide 16a: 
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O

O

O

O

OHMOMO

3a 16a

O

OH

OH

O

CO2H

OMOM

 
16a (45mg, 77%) was obtained from 3a (62 mg, 0.18 mmol) by the same operation as the 
synthesis of 16: [α]20

D = -15 (c 0.6, CHCl3) ; 1H NMR (400 MHz, CDCl3): δ 6.79 (m, 2 H), 6.14 
(dd, J = 15.6, 2 Hz, 1 H), 5.90 (dd, J = 16, 4.2 Hz, 1 H), 5.31 (m, 1 H), 5.18 (m, 1 H), 4.61 (m, 2 
H), 4.48 (m, 1 H), 4.44 (m, 1 H), 3.36 (s, 1 H), 2.04-2.09 (m, 1 H), 1.60-1.77 (m, 3 H), 1.45 (d, J = 
6.3 Hz, 3 H), 1.20 (d, J = 6.4 Hz, 3 H); 13C NMR (100 MHz, CDCl3): δ 165.8, 165.7, 150.1, 146.7, 
122.2, 121.5, 94.6, 74.0, 73.4, 71.1, 69.4, 55.5, 27.2, 26.1, 17.4, 16.0; HRMS (ESIMS) calcd for 
C16H28NO7 [M+NH4]+ 346.1860, found 346.1865. 
Synthesis of 4-keto-Clonostachydiol 1a: 

O

O

O

O

OHMOMO

16a 1a

O

O

O

O

OHO

 
1a (4 mg, 68%) was obtained from 16a (6 mg, 0.018 mmol) by the same operation as the synthesis 
of 1. 
Ketone: [α]20

D = +31 (c 0.3, CHCl3) ; 1H NMR (400 MHz, CDCl3): δ 7.31 (d, J = 16 Hz, 1 H), 
7.02 (dd, J = 16, 4 Hz, 1 H), 6.48 (d, J = 16 Hz, 1 H), 6.13 (dd, J = 16, 1.2 Hz, 1 H), 5.31 (q, J = 
7.2 Hz, 1 H), 5.04 (m, 1 H), 4.64 (m, 2 H), 4.44 (m, 1 H), 3.38 (s, 3 H), 1.81-1.92 (m, 3 H), 1.60 
(m, 1 H), 1.56 (d, J = 6.4 Hz, 3 H), 1.28 (d, J = 6.4 Hz, 3 H); 13C NMR (100 MHz, CDCl3): δ 
199.5, 165.7, 164.1, 150.1, 135.3, 131.2, 120.6, 94.7, 75.6, 74.0, 72.0, 55.7, 28.3, 28.1, 18.5, 16.4; 
HRMS (ESIMS) calcd for C16H28NO7 [M+NH4]+ 344.1704, found 344.1714. 
 
1a: [α]20

D = +74 (c 0.15, MeOH); 1H NMR (400 MHz, DMSO-d6): δ 7.37 (d, J = 16 Hz, 1 H), 
7.20 (dd, J = 15.6, 3.2 Hz, 1 H), 6.39 (d, J = 16 Hz, 1 H), 5.94 (dd, J = 16, 2 Hz, 1 H), 5.20 (d, J = 
4 Hz, 1 H), 5.16 (q, J = 7.2 Hz, 1 H), 4.92 (m, 1 H), 4.36 (m, 1 H), 1.89 (m, 1 H), 1.68 (m, 1 H), 
1.56 (m, 1 H), 1.49 (d, J = 7.2 Hz, 4 H), 1.20 (d, J = 6.4 Hz, 3 H); 13C NMR (100 MHz, 
DMSO-d6): δ 200.2, 165.8, 164.0, 154.5, 136.8, 129.9, 118.1, 75.4, 72.0, 68.7, 30.5, 27.7, 18.6, 
16.0; HRMS (ESIMS) calcd for C14H22NO6 [M+NH4]+ 300.1442, found 300.1433. 
 
Synthesis of 4-epi–Clonostachydiol 17: 
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O

O

O

O

OHMOMO

16

O

O

O

O

OHHO

17  
Trifluoroacetic acid (1.5 mL) was added to a solution of 16 (13 mg, 0.04 mmol) in CH2Cl2 (0.5 
mL) at 0 °C. After stirring for 2 h at room temperature, the solvent was evaporated. The crude 
product was purified by column chromatography on silica gel (hexanes/EtOAc 1:1) to give 
4-epi-clonostachydiol 17 (8 mg, 85%) as colorless oil: [α]20

D = -31 (c 1.0, CH3OH); 1H NMR (400 
MHz, CD3OD): δ 6.83 (dd, J = 15.6, 4 Hz, 1 H), 6.76 (dd, J = 15.6, 3.2 Hz, 1 H), 6.14 (dd, J = 
15.6, 1.6 Hz, 1 H), 5.85 (dd, J = 15.6, 1.6 Hz, 1 H), 5.25 (dq, J = 6.4, 2 Hz, 1 H), 5.14 (m, 1 H), 
4.57 (m, 1 H), 4.41 (m, 1 H), 1.97 (m, 1 H), 1.71 (m, 1 H), 1.64 (m, 1 H), 1.51 (m, 1 H), 1.38 (d, J 
= 6.8 Hz, 3 H), 1.21 (d, J = 6.8 Hz, 3 H); 13C NMR (100 MHz, CD3OD): δ 168.0, 167.9, 153.6, 
149.7, 123.1, 121.7, 74.0, 73.0, 71.1, 70.7, 29.4, 27.0, 17.8, 16.5; HRMS (ESIMS) calcd for 
C14H22NO6 [M+NH4]+ 302.1598, found 302.1607. 
 
Synthesis of (R)- and (S)-MTPA Esters of 17: 

O

O

O

O

OHHO

17

O

O

O

O

O(R/S)-MTPA(R/S)-MTPAO

 

To a solution of 17 (1 mg, 0.0035 mmol) in CH2Cl2 (0.5 mL) was added (R)- or (S)-MTPACl (3.6 
mg, 0.014 mmol) and DMAP (4 mg, 0.036 mmol). After stirring for 8 h, the crude product was 
purified by column chromatography on silica gel (hexanes/EtOAc 10:1) to give (S)- or (R)-MTPA 
ester of 17, respectively. 
(S)-MTPA Ester of 17: 1 mg, 40% yield. 1H NMR (400 MHz, CDCl3): δ 7.53-7.55 (m, 2 H), 
7.36-7.49 (m, 8 H), 6.68 (dd, J = 15.6, 3.6 Hz, 1 H), 6.59 (dd, J = 16, 4.8 Hz, 1 H), 5.77 (m, 2 H), 
5.75 (d, J = 15.6 Hz, 1 H), 5.70 (dd, J = 16.0, 1.6 Hz, 1 H), 5.38 (m, 1 H), 5.14 (m, 1 H), 3.55 (s, 3 
H), 3.51 (s, 3 H), 2.18 (m, 1 H), 1.78 (m, 1 H), 1.66 (m, 1 H), 1.43 (m, 1 H), 1.25 (d, J = 6.4 Hz), 
1.19 (d, J = 6.8 Hz). 
(R)-MTPA Ester of 17: 1.2 mg, 48% yield. 1H NMR (400 MHz, CDCl3): δ 7.56 (m, 2 H), 7.48 (m, 
2 H), 7.41-7.44 (m, 6 H), 6.67 (m, 1 H), 6.63 (m, 1 H), 5.79 (s, 1 H), 5.78 (d, J = 16 Hz, 1 H), 5.67 
(m, 1 H), 5.58 (dd, J = 16.0, 1.6 Hz, 1 H), 5.42 (dq, J = 6.4, 2.4 Hz, 1 H), 5.07 (m, 1 H), 3.62 (s, 3 
H), 3.52 (s, 3 H), 2.12 (m, 1 H), 1.67 (m, 1 H), 1.54 (m, 1 H), 1.34 (d, J = 6.8 Hz, 3 H), 1.25 (m, 1 
H), 1.14 (d, J = 6.4 Hz, 3 H). 
Synthesis of (R)- and (S)-MTPA Esters of 1a: 
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O

O

O

O

OHO

1a

O

O

O

O

O(R/S)-MTPAO

 

To a solution of 1a (1 mg, 0.0035 mmol) in CH2Cl2 (0.5 mL) was added (R)- or (S)-MTPACl (1.8 
mg, 0.007 mmol) and DMAP (2 mg, 0.016 mmol). After stirring for 8 h, the crude product was 
purified by column chromatography on silica gel (hexanes/EtOAc 10:1) to give (S)- or (R)-MTPA 
ester of 1a, respectively. 
(S)-MTPA Ester of 17: 1 mg, 57% yield. 1H NMR (400 MHz, CDCl3): δ 7.43-7.55 (m, 5 H), 7.26 
(d, J = 16 Hz, 1 H), 7.01 (dd, J = 16.0, 4.0 Hz, 1 H), 6.47 (d, J = 16 Hz, 1 H), 5.97 (dd, J = 16,0 
1.2 Hz, 1 H), 5.76 (m, 1 H), 5.32 (q, J = 7.2 Hz, 1 H), 5.00 (m, 1 H), 3.53 (s, 3 H), 1.99 (m, 2 H), 
1.74 (m, 1 H), 1.56 (d, J = 7.2 Hz, 3 H), 1.45 (m, 1 H), 1.27 (d, J = 4.4 Hz, 3 H). 
(R)-MTPA Ester of 17: 1.1 mg, 63% yield. 1H NMR (400 MHz, CDCl3): δ 7.50-7.52 (m, 2 H), 
7.41-7.44 (m, 3 H), 7.28 (d, J = 16.4 Hz, 1 H), 6.98 (dd, J = 16.0, 4.0 Hz, 1 H), 6.45 (d, J = 16.4 
Hz, 1 H), 5.82 (dd, J = 16.0, 1.6 Hz, 1 H), 5.72 (m, 1 H), 5.30 (q, J = 7.2 Hz, 1 H), 5.02 (m, 1 H), 
3.55 (s, 3 H), 2.08 (m, 1 H), 1.97 (m, 1 H), 1.85 (m, 1 H), 1.59 (m, 1 H), 1.55 (d, J = 7.2 Hz, 3 H), 
1.28 (d, J = 6.4 Hz, 3 H). 
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Compare the 13C NMR of 4-keto-colonstachydiol 
 

 
 
 
 
 
 
 
 
 
 
 
 

Natural product Synthetic product 

Literature 2 Literature 1 1 1a 

15.90 16.0 15.9 16.0 

18.54 18.7 18.6 18.6 

27.58 27.7 27.6 27.7 

30.41 30.5 30.4 30.5 

68.55 68.7 68.6 68.7 

71.87 72.1 72.0 72.0 

75.21 75.4 75.4 75.4 

117.93 118.2 118.1 118.1 

129.64 130.0 129.9 129.9 

136.59 136.9 136.8 136.8 

154.17 154.5 154.5 154.5 

163.71 164.1 164.0 164.0 

165.51 165.9 165.8 165.8 

199.71 200.3 200.3 200.2 
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Compare the 1H NMR of 4-keto-colonstachydiol 
 

Natural product Synthetic product 

Literature 2 Literature 1 1 1a 

δH  J(Hz) δH  J(Hz) δH  J(Hz) δH  J(Hz) 

1.21 3 d,6 1.30 3 d,6.3 1.20 3 d,6.4 1.20 3 d,6.4 

1.50 3 d,7.5 1.59 3 d,7.4 1.49 3 d,7.2 1.49 3 d,7.2 

1.51 1 m 1.62 2 m 1.50 1 m 1.50 1 m 

1.55 1 m    1.56 1 m 1.56 1 m 

1.70 1 m 1.78 1 m 1.68 1 m 1.68 1 m 

1.89 1 m 1.99 1 m 1.89 1 m 1.89 1 m 

4.36 1 m 4.46 1 bd,8.6 4.36 1 m 4.36 1 m 

4.92 1 m 5.02 1 q,6.3 4.92 1 m 4.92 1 m 

5.16 1 q,7.5 5.26 1 q,7.4 5.16 1 q,7.2 5.16 1 q,7.2 

5.94 1 dd,16
2 

6.04 1 dd,15.7
1.4 

5.93 1 dd,15.6
2.0 

5.94 1 dd,15.6
2 

6.38 1 d,16 6.49 1 d,16.2 6.39 1 d,16 6.39 1 d,16 

7.19 1 dd,16
2 

7.30 1 dd,15.7
3.0 

7.20 1 dd,15.6
3.2 

7.20 1 dd,15.6
3.2 

7.37 1 d,16 7.47 1 d,16.2 7.37 1 d,16 7.37 1 d,16 
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Compare the 1H NMR of 4-epi-colonstachydiol 
 

4-epi–Clonostachydiol 
Literature 1 

Synthetic product 17 

  J    

1.21 3 d,6.5 1.21 3 d,6.8 

1.38 3 d,6.5 1.38 3 d,6.8 

1.50 1 m 1.51 1 m 

1.66 1 m 1.64 1 m 

1.70 1 m 1.71 1 m 

1.97 1 m 1.97 1 m 

4.40 1 m 4.41 1 m 

4.57 1 m 4.57 1 m 

5.12 1 m 5.14 1 m 

5.25 1 dq,6.5 
2.1 

5.25 1 dq,6.4 
2 

5.85 1 dd,15.8 
1.9 

5.85 1 dd,15.6 
1.6 

6.14 1 dd,15.7 
2.0 

6.14 1 dd,15.6 
1.6 

6.77 1 dd,15.7 
3.0 

6.76 1 dd,15.6 
3.2 

6.84 1 dd,15.8 
4.3 

6.83 1 dd,15.6 
4 
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