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1. Experimental procedures and data for the compounds

Synthesis of Benzyl ether 7

0 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 °C 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 °C. After 2 h stir at room temperature, the mixture was cooled to —40 °C. Cul (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 °C 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 H,O and brine, dried over Na,SOy, and then ether evaporated below 10 °C
to give the (S5)-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 °C. (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 °C 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 Na,SO,. Concentration in vacuo and purification by flash column chromatography
(hexanes/EtOAc 50:1) gave 4.85 g (85% yield) of benzyl ether 7: [a]ZOD =+17 (¢ 1.1, CHCly); 'H
NMR (400 MHz, CDCl;): 6 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, /= 11.6 Hz, 1 H), 3.53 (m, /=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); *C NMR (100 MHz, CDCl;): d 139.0, 138.7,
128.3, 127.4, 114.5, 74.2, 70.3, 35.8, 29.8, 19.6; IR (film): v,.x 3378, 2829, 1453, 1065, 738, 698

1
cm .

Synthesis of diol 8a
OBn
OBn :
OH
7 8a

8a (1.019g, 91%) was obtained from 7 (950 mg, 5 mmol) with AD-mix-a (7.0 g, 5 mmol) by the
same operation as the synthesis of 8: [a]*’p = +24 (¢ 0.9, CHCl3) ; '"H NMR (300 MHz, CDCl3): &
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); *C
NMR (75 MHz, CDCls): ¢ 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'; HRMS (ESIMS) calcd for Ci3H 05 [M+H]
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225.1485, found 225.1477.

Synthesis of MOM ether 9 and 9a

OBn OBn
NN o T < 0TBS
OH 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 Et,O (20 mL) and H,O (20 mL) and stirred
until a clear separation of the phases. The mixture was then extracted with Et,0. The combined
organic layers were washed with brine, dried over Na,SO,, 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: [a]*’p =+13 (¢ 1.1, CHCl3) ; "H NMR (300 MHz,
CDCl): 6 7.26-7.35 (m, J =12 Hz, 5 H), 4.58 (d, 1H), 4.45 (d, /=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); >C NMR (75 MHz, CDCls): 6 138.8, 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): viax 3439, 2930, 2858, 1254, 1093, 838, 778
cm’'; HRMS (ESIMS) caled for CyoH3505Si [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-Pr,EtN (4.8 mL, 27 mmol) in CH,CI, (50 mL) at 0 °C followed by
addition of BuyNI (96 mg). After overnight stir at room temperature, the mixture was quenched
with H,O and extracted CH,Cl,. The combined organic layers were washed with brine, dried over
MgSQy, 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: [a]ZOD =
+12 (¢ 0.95, CHCI3) ; "H NMR (300 MHz, CDCls): 6 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, /=12 Hz, 1 H), 446 (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); *C NMR
(75 MHz, CDCls): 6 139.0, 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’'; HRMS
(ESIMS) calcd for Cy;H390,Si [M+H]" 383.2612, found 383.2622.

OBn OBn
OH OMOM
8a 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): [0]*’p = +15 (¢ 2.05, CHCL) ; '"H NMR (300 MHz, CDCL): 6 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); *C NMR (75
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MHz, CDCL): 6 138.8, 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’’; HRMS (ESIMS) caled for
C19H3505Si [M+H]" 339.2350, found 339.2345.

9a: [a]*’p = -4 (¢ 0.9, CHCL;); '"H NMR (300 MHz, CDCl;): 6 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); *C
NMR (75 MHz, CDCls): 6 139.0, 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™'; HRMS
(ESIMS) caled for C»H3004Si [M+H]" 383.2612, found 383.2610.

Synthesis of Alcohol 10 and 10a

OBn OBn
/\/\/\ /\/\/\
oTBS — = ~~ “OH
OMOM 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
H,0 and brine, dried over MgSO,4 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: [a]zOD =-7 (¢ 1.0, CHCl3) ; 'H NMR (300 MHz, CDCl3): 6 7.25-7.34(m, 5 H), 4.72
(d, /=69 Hz, 1 H),4.66 (d, /=69 Hz, 1 H),4.57 (d,J=11.7Hz, 1 H), 443 (d,/=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, /= 6.3 Hz, 3 H);
C NMR (75 MHz, CDCls): d 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): vy 3441, 2932, 2887, 1452, 1036, 917, 739 cm™'; HRMS (ESIMS) calcd for
C15H,504 [M+H]" 269.1747, found 269.1755.

OBn OBn
oTBS — > /\/\‘/\OH
OMOM OMOM
9a 10a

10a (460 mg, 87%) was obtained from 9a (746 mg, 1.97 mmol) by the same operation as the
synthesis of 10. [a]*’p = +45 (¢ 0.9, CHCl3) ; '"H NMR (300 MHz, CDCl3): d 7.26-7.34(m, 5 H),
472 (d,J=72Hz, 1 H),4.66 (d,/J=69 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);
BC NMR (75 MHz, CDCl;): ¢ 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): v, 3421, 2928, 2866, 1096, 1034, 917, 738 cm’'; HRMS (ESIMS) calcd for
C5Has04 [M+H]" 269.1747, found 269.1739.

Synthesis of Enoate 11 and 11a
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OBn OBn
/\/\/\OH e /'\/\_/\/COZMe

OMOM OMOM
10 11

DMSO (1.2 mL, 12 mmol) in CH,Cl, (2 mL) was added dropwise to a solution of oxalyl chloride
(1.0 mL, 6 mmol) in dry CH,Cl, (10 mL) at -78 °C within 15 min. The mixture was stirred for 30
min and alcohol 10 (1.05 g, 4 mmol) in CH,Cl, (20 mL) was added dropwise within 15 min. The
reaction mixture was stirred for 30 min at -78 °C and 30 min at -60 °C, then Et;N (3 mL, 16 mmol)
was added dropwise and stirred for another 1 h. The reaction mixture was poured into saturated
solution of NaHCO; (20 mL) and the organic layer was separated. The aqueous layer was
extracted with CH,Cl, and the combined organic layers were washed with brine, dried over
Na,SO4, 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 °C. 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 Et,O. The combined organic layers
were washed with brine, dried over MgSO,, 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: [a]*’p = +47 (¢ 1.2, CHCL;) ; 'H NMR (300 MHz, CDCly): d 7.25-7.34
(m,5 H), 6.81 (dd, J=15.9, 6.3 Hz, 1 H), 5.96 (d, /= 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); *C NMR (75 MHz, CDCl;): J 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): vpax 3401, 2924, 1723,
1272, 1152, 1035, 738 cm™'; HRMS (ESIMS) calcd for C,gH,OsNa [M+Na]" 345.1672, found
345.1674.

(:JBn QBn
- o4 —> /\/Y\/COZMe
OMOM OMOM
10a 1lla

11a (918 mg, 81%) was obtained from 10a (943 mg, 3.5 mmol) by the same operation as the
synthesis of 11: [a]*’p = -20 (¢ 0.93, CHCL3) ; '"H NMR (400 MHz, CDCls): § 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); *C NMR (100 MHz, CDCl;): & 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): vi.x 3431, 2950, 1723, 1275,
1035, 985, 739 cm'l; HRMS (ESIMS) calcd for CigH,¢0sNa [M+Na]+ 345.1672, found 345.1669.

Synthesis of Enoate Alcohol 5 and 5a
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OBn OH
AN COMe o A CO;Me

OMOM OMOM

11 5
To a solution of enoate 11 (1.01 g, 3 mmol) in CH,CI,/H,0 (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
NaHCOj; solution, filtered and washed with CH,Cl, (20 mL). The filtrate was washed with H,O,
brine, dried over MgSQO,, 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: [0]*’p =
+61 (¢ 1.03, CHCL3) ; "H NMR (400 MHz, CDCls): 6 6.82 (dd, J = 15.6 Hz, 6.4Hz, 1 H), 6.00 (dd,
J=16,1.2Hz, 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); *C NMR (100 MHz, CDCls): J 166.6,
147.8, 121.6, 94.6, 75.0, 67.6, 55.7, 51.6, 34.4, 30.9, 23.6; IR (film): vy 3427, 2954, 1722, 1275,
1034 cm'l; HRMS (ESIMS) calcd for C;H,;,0sNa [MJrNal]+ 255.1203, found 255.1210.

OBn OH
- X COMe__ - X CO,Me

OMOM OMOM
1la 5a

5a (557 mg, 86%) was obtained from 1la (900 mg, 2.8 mmol) by the same operation as the
synthesis of 5: [0]*’p = -44 (¢ 0.95, CHCl;); "H NMR (300 MHz, CDCl3): 6 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); *C
NMR (75 MHz, CDCl;): J 166.5, 147.8, 121.5, 94.6, 75.1, 67.7, 55.6, 51.6, 34.4, 31.0, 23.5; IR
(film): viax 3427, 2953, 1723, 1275, 1035 cm'lg HRMS (ESIMS) calced for C;;H,iOsNa [MJrNa]+
255.1203, found 255.1201.

Synthesis of Dihydroxy Enoate 13 and 13a

OH
/\/\/COZPBU — X CO,t-Bu
OH
12 13

To a well-stirred solution of AD-mix-f (7.0 g, 5 mmol) in ~BuOH/H,0 (50mL 1/1 v/v) was added
methansulfonamide (475 mg, 5 mmol) at room temperature. The clear yellow solution was cooled
to 0 °C and added unsaturated ester 12 (840 mg, 5 mmol). The solution was stirred vigorously at 0
°C. After stirring for 48 h, the reaction was quenched with 7.5 g of solid Na,SO3;, warmed to room
temperature and stirred for additional 50 min. The mixture was extracted with EtOAc, dried over
MgSQy, 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; [a]*p = +11 (¢ 0.9, CHCL3) ; "H NMR (300 MHz, CDCls): 6 6.79 (dd, J = 15.9 Hz, 5.4Hz, 1
H), 6.03 (d, /=159 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); "C NMR (75 MHz, CDCL;): 6 165.8, 145.5, 124.1, 80.8, 75.6, 70.2, 28.0, 18.9; IR
(film): Vinax 3406, 2977, 1712, 1156, 983 cm’.
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OH
AN COBY ——» A CO,tBU
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; [0]*’p = +11 (¢ 0.9, CHCl;); 'H NMR (300 MHz, CDCl;): 6 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); >C NMR (75 MHz, CDCl;): 6 165.9, 145.5, 124.1,
80.8, 75.6, 70.2, 28.0, 19.0.

Synthesis of Acid 4 and 4a:

OH 0
)\‘/\/COZI-BU _ > X ’\‘/\/COZH
OH 0

13 4

Dihydroxy enoatel3 (566 mg, 2.80 mmol) was stirred in a 1:1 mixture of TFA and CH,Cl, (56
mL). After 1 h stir, the mixture was concentrated. The residue was treated with CHCI; (30 mL)
and 2,2-dimethoxypropane (30 mL) at 0 °C. To the stirring solution was added p-TsOH (53 mg,
0.28 mmol) and H,O (51 mg, 0.28 mmol). After 45 min, the reaction mixture was diluted with
CH,Cl, (100 mL) and washed with H,O. The organic phase was collected, and the aqueous phase
was re-extracted with CH,Cl,. The organic layers were combined, dried over MgSQO,, 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: [a]ZOD =-17 (¢ 0.9, CHCl3);
'H NMR (400 MHz, CDCl;): 6 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, /=14 Hz, 6 H), 1.33 (d, /= 6 Hz,
3 H); *C NMR (100 MHz, CDCls): 6 171.2, 146.2, 121.8, 109.5, 81.4, 76.4, 27.2, 26.6, 16.7; IR
(film): vimax 3471, 2958, 1707, 1378, 1244, 1096 cm™'; HRMS (ESIMS) caled for CoH404Na
[M+Na]" 209.0784, found 209.0788.

OH o)
/\/\/COﬂ-BU - P WCOZH
OH 0
13a 4a

4a (62 mg, 92%) was obtained from 13a (522 mg, 2.6 mmol) by the same operation as the
synthesis of 4: [0]*’p = +17 (¢ 1, CHCl3); "H NMR (400 MHz, CDCls): 6 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); "*C NMR (100 MHz, CDCls): 6 171.0, 146.3, 121.7, 109.5,
81.5, 76.4, 27.3, 26.6, 16.7; HRMS (ESIMS) calcd for CoH;40,Na [M+Na]" 209.0784, found
209.0793.

Synthesis of Enoate 14a
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0] 0]
4a + 5a ——> (-) H

142 OMOM

NN COzMe

To a solution of acid 4a (441mg, 2.37 mmol) in dry THF (2 mL) was added anhydrous Et;N (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 °C 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: [a]ZOD =-30 (c 1.2, CHCly); 'H NMR (300 MHz, CDCl;): 6 6.81 (m, 2 H), 6.09 (d, J
=153 Hz, 1 H), 598 (d, /=159 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, /=72
Hz, 6 H), 1.30 (d, J = 5.7 Hz, 3 H), 1,23 (d, J = 6 Hz, 3 H); °C NMR (75 MHz, CDCl;): 6 166.5,
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 C,0H3NOg [M+NH,]" 418.2435, found 418.2443

Synthesis of Dihydroxy Enoate 15 and 15a:
o) o] OH 0

—_—
o) Mcone OH MCOzMe

(:3|\/|o|\/| OMOM
14 15

Enoate 14 (105 mg, 0.26 mmol) was dissolved in AcOH (4 mL) and H,O (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 NaHCOs, brine, dried over Na,SOj, 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: [a]ZOD =431 (¢ 0.9, CHCly); 'H
NMR (400 MHz, CDCl3): ¢ 6.91 (dd, J = 15.6, 4.8 Hz, 1 H), 6.80 (dd, /= 15.6, 6 Hz, 1 H), 6.12
(d, J=152Hz, 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). >C NMR (100 MHz, CDCLy): § 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): vy, 3420, 2926,
1775, 1721, 1275, 1096, 1041 cm™'; HRMS (ESIMS) calcd for Ci7H905 [M+H]" 361.1857, found
361.1850.

2 i /:\/\)J\
Mo : o
= = —_— :
. x_CO,Me OH X CO,Me
OMOM
14a OMOM 15a

S9



15a (60 mg, 74%) was obtained from 14a (90 mg, 0.23 mmol) by the same operation as the
synthesis of 15: [0]*’p = -50 (¢ 1.1, CHCl3) ; "H NMR (300 MHz, CDCl;): d 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). *C NMR (75 MHz, CDCl;): ¢
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 C;7H,005 [M+H]" 361.1857, found 361.1865.

Synthesis of Dihydroxy Acid 3 and 3a:

H Q OH 0

)\‘/\)J\O WO
oH A~ coMme on L~ _coH

OMOM EMOM
15 3

Dihydroxy enoate 15 (84 mg, 0.23 mmol) in THF (2 mL) and H,O (2 mL) was added LiOH"H,O
(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 H,O (5 mL). The aqueous layer was neutralized (pH 4.0~6.0) with
1 M HCI and the aqueous layer was extracted with EtOAc. The combined organic layers were
washed with brine, dried over Na,SOy, and concentrated to give crude dihydroxy acid 3 (56 mg,
69%): [a]*’p = +54 (c 0.3, MeOH); 'H NMR (400 MHz, CDCL): 6 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); °C NMR
(100 MHz, CDCl3): 6 170.1, 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): vimex 3420, 2935, 1712, 1276, 1037, 986 cm™'; HRMS (ESIMS)
caled for CHa0sNa [M+Na]" 369.1520, found 369.1515.

OH 0
OH /?\/Y\/cogwe —'WQ
OH :

OMOM
15a 3a OMOM

x_CO,H

3a (290 mg, 71%) was obtained from 15a (425mg, 1.18 mmol)by the same operation as the
synthesis of 3: [0]*’p = -50 (¢ 1.4, MeOH); 'H NMR (400 MHz, CDCl;): § 6.85-6.94 (m, 2 H),
6.12 (d, J=15.6 Hz, 1 H), 599 (d, /=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); *C NMR (100 MHz,
CDCl): 6 170.2, 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 C;¢H,60sNa [M+Na]" 369.1520, found 369.1529.

Synthesis of Macrolide 16a:

S10



OH O
/-\/\)J\ ?
; o MOMO,,, o OH
OH : X CO,H g
=
OMOM
o~ o
3a 16a

16a (45mg, 77%) was obtained from 3a (62 mg, 0.18 mmol) by the same operation as the
synthesis of 16: [a]*’p = -15 (¢ 0.6, CHCl3) ; '"H NMR (400 MHz, CDCl;): 6 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); *C NMR (100 MHz, CDCls): 6 165.8, 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
C16H2sNO; [M+NH,]" 346.1860, found 346.1865.

Synthesis of 4-keto-Clonostachydiol la:

HO/,' W O

la (4 mg, 68%) was obtained from 16a (6 mg, 0.018 mmol) by the same operation as the synthesis
of 1.

Ketone: [a]*’p = +31 (¢ 0.3, CHCL) ; 'H NMR (400 MHz, CDCL;): 6 7.31 (d, J = 16 Hz, 1 H),
7.02 (dd, J= 16, 4 Hz, 1 H), 6.48 (d, /=16 Hz, 1 H), 6.13 (dd, /=16, 1.2 Hz, | 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); >°C NMR (100 MHz, CDCl;): ¢
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 CsHosNO; [M+NH,]" 344.1704, found 344.1714.

1a: [a]*’p = +74 (¢ 0.15, MeOH); '"H NMR (400 MHz, DMSO-dq): 6 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); >*C NMR (100 MHz,
DMSO-dq): § 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) caled for C14H,NOg [M+NH,]™ 300.1442, found 300.1433.

Synthesis of 4-epi—Clonostachydiol 17:
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MOMO OH HO WOH
—_—
= =
W07 N0 w07 N0
16 17

Trifluoroacetic acid (1.5 mL) was added to a solution of 16 (13 mg, 0.04 mmol) in CH,Cl, (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: [a]*’p = -31 (¢ 1.0, CH;0H); "H NMR (400
MHz, CD;0D): ¢ 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); *C NMR (100 MHz, CD;OD): 6 168.0, 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
C14H2,NOg [M+NH,]" 302.1598, found 302.1607.

Synthesis of (R)- and (S)-MTPA Esters of 17:

o) o)
o) o)
HO | WOH (R/S)-MTPAO WO(R/S)-MTPA
—_—
= =
W07 N0 070
17

To a solution of 17 (1 mg, 0.0035 mmol) in CH,Cl, (0.5 mL) was added (R)- or (S)-MTPACI (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 (5)- or (R)-MTPA
ester of 17, respectively.

(S)-MTPA Ester of 17: 1 mg, 40% yield. "H NMR (400 MHz, CDCl;): 6 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, /= 6.4 Hz),
1.19 (d, J= 6.8 Hz).

(R)-MTPA Ester of 17: 1.2 mg, 48% yield. '"H NMR (400 MHz, CDCLs): 6 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, /=16 Hz, 1 H), 5.67
(m, 1 H), 5.58 (dd, J=16.0, 1.6 Hz, 1 H), 5.42 (dq, /= 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, /= 6.4 Hz, 3 H).

Synthesis of (R)- and (S)-MTPA Esters of 1a:
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HO,, 0 (RIS)-MTPAO,,
: e

To a solution of 1a (1 mg, 0.0035 mmol) in CH,Cl, (0.5 mL) was added (R)- or (S)-MTPACI (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 (5)- or (R)-MTPA
ester of 1a, respectively.

(S)-MTPA Ester of 17: 1 mg, 57% yield. '"H NMR (400 MHz, CDCls): 6 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, /=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, /= 7.2 Hz, 3 H), 1.45 (m, 1 H), 1.27 (d, /= 4.4 Hz, 3 H).

(R)-MTPA Ester of 17: 1.1 mg, 63% yield. '"H NMR (400 MHz, CDCls): ¢ 7.50-7.52 (m, 2 H),
7.41-7.44 (m, 3 H), 7.28 (d, /= 16.4 Hz, 1 H), 6.98 (dd, /= 16.0, 4.0 Hz, 1 H), 6.45 (d, /=164
Hz, 1 H), 5.82 (dd, J=16.0, 1.6 Hz, 1 H), 5.72 (m, 1 H), 5.30 (q, /= 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, /= 7.2 Hz, 3 H),
1.28 (d, J= 6.4 Hz, 3 H).
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Compare the *C NMR of 4-keto-colonstachydiol

Natural product Synthetic product
Literature 2 Literature 1 1 la
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 75.4 754 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 *H NMR of 4-keto-colonstachydiol

Natural product Synthetic product
Literature 2 Literature 1 1 la
OH JHzZ) | 64 J(Hz) OH J(H2) OH J(Hz)

1.21 3 d6 | 1.30 d6.3 | 1.20 3 d6.4 | 1.20 3 d,6.4
1.50 3 d,7.5 | 1.59 d7.4 | 149 3 d,7.2 | 149 3 d7.2
151 1 m 1.62 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 m 1.68 1 m 1.68 1 m
1.89 1 m 1.99 m 1.89 1 m 1.89 1 m
4.36 1 m 4.46 bd,8.6 | 4.36 1 m 4.36 1 m
492 1 m 5.02 9,6.3 4,92 1 m 4,92 1 m
5.16 1 q,7.5 | 5.26 q,7.4 | 5.16 1 q,7.2 | 5.16 1 q,7.2
5.94 1 dd<16 | 6.04 dd,15.7 | 5.93 1 ddJ15.6| 594 1 dd15.6

2 14 2.0 2
6.38 1 d,16 | 6.49 d,16.2 | 6.39 1 d16 | 6.39 1 d,16
7.19 1 dd,16 | 7.30 dd,15.7 | 7.20 1 dd,15.6 | 7.20 1 dd,15.6

2 3.0 3.2 3.2
7.37 1 d,16 | 7.47 d,16.2 | 7.37 1 d,16 7.37 1 d,16
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Compare the *H NMR of 4-epi-colonstachydiol

4-epi—Clonostachydiol
Literature 1

Synthetic product 17

1.21

1.38

1.50

1.66

1.70

1.97

4.40

4.57

5.12

5.25

5.85

6.14

6.77

6.84

d,6.5

d,6.5

dq,6.5
2.1

dd,15.8
1.9

dd,15.7
2.0

dd,15.7
3.0

dd,15.8
4.3

1.21

1.38

1.51

1.64

1.71

1.97

441

4.57

5.14

5.25

5.85

6.14

6.76

6.83

d,6.8

d,6.8

dg,6.4

dd,15.6
1.6

dd,15.6
1.6

dd,15.6
3.2

dd,15.6
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2. Spectra ('H and '3C NMR) of compounds
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CDC13
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TE 292.3 K
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DO 1
======== (CHANNEL fl =s=s======
NUCl 13¢C
1 9.40 usec
PL1 -2.00 dB
PLIW 57.32743073 W
SFO1 100.6228298 MHz
mmmmmass CHANNEL £2 ssss=s=s
CPDPRG waltzlé
NUC2 1H
PCPD2 90.00 usec
PL2 ~2.00 dB
PL12 15.50 dB
OH PL13 15.50 dB
- PL2W 18.19349861 W
PL1Z2W 0.32353121 w
A/WCOZMG PLIZW 0.32353121 W
- SFO2 400.1316005 MHz
OMOM SI 32768
SE 100.6127718 MHz
5 WDW EM
SSB Q
LB 1.00 Hz
CDCl3, 100 MHz, '3C NMR oe 0
PC 1.40
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D1 1.00000000 sec
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NUC1 1H
Pl 14.60 usec
PL1 0.00 dB
PL1W 11.47932053 W
SFO1 400.1324710 MHz
SI 32768
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WDW EM
SSB 0
LB 0.30 Hz
GB Q
PC 1.00
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oJ\/\vcozH

- SF
= wow
(0] $SB
LB

GB
4a pC

CDCl;, 100 MHz, '3C NMR
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INSTRUM spect

2 VNPV VoV EE e
PULPROG zg30
D 65536
SOLVENT CDC13
NS 3
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 101
DW 60.800 usec
DE 6.50 usec
TE 292.5 K
D1 1.00000000 sec
TDO 1
m=m===s== CHANNEL fl ==s=sma=
NUC1 1H
Pl 14.70 usec
PLL -1.00 dB
PLIW 13.75590801 w
SFO1 400.1324710 MHz
SI 32768
SF 400.1300011 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0

OH O PC 1.00
X
o
OH MCOZMG
OMOM
15

CDCl3, 400 MHz, "H NMR
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Date__
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_——166.60
TT—165.74
=147 .66
TT—146.36
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—31.29
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_—19.95
T—19.15

CPDPRG2
NUC2
PCPD2
PL2
OH (0] PL12

PL13

\\\ PL2W
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PL13W
OH )\/\/\/COZMe .

Z SF
WDW

OMOM iy
1 5 LB

GB

CDCls, 100 MHz, "3C NMR 5C
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56.13311005
100.6228298

CHANNEL f£2 ===

waltzlé

80.00

-2,10

13.90

13.90
17.72104263
0.44513249
0.44513249
400.1316005
32768
100.6127707
EM

0

1.00

0

1.40



NAME hanijjacid
O~ W™ 0 oW [ ) Nl WL WO 0 EXPNO 10
~ MO O W~ W e e W~ O T N o PROCNO 1
NANRNRDR e RN < Date_ 20081223
™~ O O WO W WY W W0 W YN S S — Time 13.17
INSTRUM spect
\ l\\/// \‘ ’/ \\\\// \/ \// \/// ' PROBHD 5 mm PABBO BB~
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 144
DW 60.800 usec
DE 6.50 usec
TE 291.2 K
D1 1.00000000 sec
™o 1
m=s===== CHANNEL fl ======oe
NUC1 1iH
Pl 14.60 usec
PL1 0.00 dB
PL1W 11.47932053 W
SFO1 400.1324710 MHz
SI 32768
SF 400.1300011 MHz
WbwW EM
SSB Q
OH O LB 0.30 Hz
GB 0
PC 1.00

OH /\/\‘/\/COZH
3a OMOM
CDCls, 400 MHz, "H NMR

E E sl . W



NAME
EXPNC
PROCNO
Date_
Time
INSTRUM
PRCBHD
PULPROG
™D
SOLVENT
NS

Ds

SWH
FIDRES
AQ

RG

DW

DE

e 170,21
—165.99
—149.75
——146.55

e 122.66
T—121.44
94 .70
——55.71

CPDPRGZ
Nucz
PCPDZ
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
51

SE
WDW
58B
LB

GB

pC

xCO,H

32 OMOM
CDCls, 400 MHz, "HNMR

R R I R L I R R LA RN R A MRS LA LA AR R AR AR AR AR RS LAY ALY WARLAARAS LA ALY AR

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
S60

hanjiacid
11

1
20081223

22.34

spect

5 mm PABBC BB-
zgpg30

65536

CDC13

100

4

24038.461
0.366798
1.3631988

2050

20.800

6.50

292.4
2.00000000
03000000

9.40

-2.00
57.32743073
100.6228298

£2
waltzlé

CHANNEL

90.

-2.

15.

15.
18.19349861
0.32353121
0.32353121
400.1316005
32768
100.6127714
EM

0

1.00

0

1.4¢0

MHz

Hz



2

6.933
6.920

ol
feng
[e)%
O

6.894
6.886
6.881
6.862
6.847
6.139
6.136
6.100
6.097

6.005
5.965

OH O

A
o]

3 OMOM

CDCls, 400 MHz, '"HNMR

. */LMALJ

5.0 4.5

AT

.0

NAME
EXPNO
PROCNO
Date__
Time
INSTRUM
PROBHD
PULPROG
1D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

hanjjbacid
10

1

20081223
13.27
spect

5 mm PABBO BB-
zg30

65536
CDC13

4

2

8223.685
0.125483
3.9846387
114

60.800
6.50

291.2
1.00000000
1

0.00
11.47932053
400.1324710

32768
400.1300008
EM

0

0.30

0

1.00

Hz



NAME
EXPNC

@
IS
0
e Dgte__
/ Tinme

—170.09
—166.02
—149.67
——146.58

=122 .61
T—121.46
94 .68
55,69

31,24
T~ 30.45

D

SOLVENT

NS
Ds
SWH

FIDRES

AQ
RG

NUC2
OH O PCPD2
PL2
N PL12
(@] PL13

PL2W
OH ///1\\v//”\\v//’i:://(3C)2Fi pLian

= SFO2
S

5 OMOM o
WDW

SSB

CDCl,, 100 MHz, '3C NMR tE

GB
PC

A I L RS R I L AR LR R RS LA LA LA AR R RS R AR LA AR AR R AR LA ML AR AL RN AR ARRAN RARA

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
562

PROCNO

INSTRUM
PROBHD
PULPROG

CPDPRGZ

hanijjbacid
11

1
20081223

23.04

spect

5 mm PABBO BB-
zgpg390

65536

CDC13

150

4
24038.461
0.366798
1.3631988
2050
20.800
6.50

292.1
2.00000000
0.030000600

9.40

-2.00
57.32743073
100.6228298

CHANNEL f2 ====

waltzlé

90.00

-2.00

15.50

15.50
18.19349861
0.32353121
0.32353121
400.1316005
32768
100.6127722
EM

G

1.00

0

1.40



NAME hanjjester

FOWNWWOWNLONSETNNONOANMNOWADNUMEOOTSONOWNONW @ NONNWOWNOSWVOW O AFTOHNMD N T 00O A EXPNO i
HOOM™WWOWWOWWOWNNNNDODNNONADDNOONDOMS™M— OO0 ™ 5 AN TLOMNMNTNONOVINNNAHONHOINM AN PROCNO 1
NEOEEC AT OQR@ON0N0NARI IS0 0eeenaTIey 0 9900n LY eennnnnnnT YT TaY pate 20081223
WWWWWWWOWWYIDWININNLIOWNWNINNWONWWD S T T ™ NN N A e e e A o e e e e e Time 13.21
INSTRUM spect

e S e Vo e
PULPROG zg30

D 65536

SOLVENT CDCL3

NS 8

DS 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

AQ 3.9846387 sec

RG 161

DW 60.800 usec

DE 6.50 usec

TE 291.2 K

D1 1.00000000 sec

Do 1

== = CHANNEL f1 ===

NUC1 H

Pl 14.60 usec

(@] PL1 0.00 dB

PL1IW 11.47932053 W

SFO1 400.1324710 MHz

O 51 32768

SF 400.1300008 MHz

WDW EM

MOMO.,, S\ OH i ;
LB 0.30 Hz

GB 0

/ PC 1.00

O 0
16a

CDCls, 400 MHz, "H NMR

)FL ”\/“ uk,#’\h»gk -

© ) /o ) 0 w (o [=
T b Qi - Q o NN
- olo aicio ] $63 - ol ol e



76.69
74.00
73.35
71.08

[ealNee]
™~ O
00
[NeaNe]
Raaliant

O 0
16a

CDCls, 100 MHz, '3C NMR

150,06

e 146,66
77.32
77.00

e 122.23
T~ 121.54
e 9460

£
~
X

69.43
55,51

e 1T 4L
T 15.93

AR R IR RS I I RS R A LR AR R RS LR AR R AARL AN LA AARAS RARLREAALY RS RUARAREALY LR REARALALAY RN AR

30

200 190 180 170 160 150 140 130 120 110 100 90 80
S64

20

NAME
EXPNC
PROCNO
Date__
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

CPDPRGZ
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
SI

SF
WDW
SSB
LB

GB

PC

hanjjester
11

1

20081223

22.51

spect

5 mm PABBO BB-
zgpg30

65536

CDCL13

200

4
24038.461
0.366798
1.3631988
2050
20.800
6.50

292.0
2.00000000
0.03000000

-2.00
57.32743073
100.6228298

CHANNEL £2 ====

waltzlé

90.00
-2.00

15.50
18.19349861
0.32353121
0.32353121
400.1316005
32768
100.6127714
EM

0

1.00

0

1.40

MHz

Hz



NAME hanjjbester

AN ALNLT A ONDTT NN O AN O D AMDONDATNONDTNON FO AT OFINNT A AT O XOIFATINONNONVONTOMNMSOO EXPNO it
HH OO0 O MN N AR A ANV ODNDNOEON—HOOANNDAFIMOHOOHOAICOVONTOHNOVDITONNDDITIOONADIDNONOHN NN PROCNO 1
@wwoﬁ)[\[\l\!\w—ivvi\—lv—l(ﬁmoooommmmm(\](\](\)ﬂﬁﬁrix—i&O\OKDLOL@LﬂQ’Q‘Q’Q‘Q‘<r‘mOOOOOOO(\!\I\K\-X\P\OLO\O\O&O\O\OLDIDLOLOLOQ’WNH Date 20081223
@@\Q@@@@\D@@@@mmmmmmmmmLOL()LQLDLOLOLOLOQ‘Q‘<T‘<I‘<r*Q‘@Q‘Q‘ﬂ"ﬁ“ﬂ‘m(\IN(\](\](\I(\l(\lv—lrlr—ir—lr-lr—ir—lx—lr—{r—&r—{r—lr—ir-{\—iﬂﬂw—(r—iﬂHH Time 13.31
INSTRUM spect
PULPROG zg30
™D 65536
SOLVENT CDC13
NS 4
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 114
DW 60.800 usec
DE 6.50 usec
TE 291.1 K
D1 1.00000000 sec
D0 1
smmmssws CHANNEL £1 ssssomes
NUC1 1H
Pl 14.60 usec
PLL 0.00 dB
PLIW 11.47932053 W
SFol 400.1324710 MHz
ST 32768
O SF 400.1299963 MHz
WDW EM
SSB 0
O LB 0.30 Hz
GB 0

MOMO WOH Fe o0

w07 N0

16
CDCls, 400 MHz, "H NMR

b

o . LY, TN L

< o |o ~lo© =)
N~ ] i il N bt b -] RN @RI |0
- - lo olo aNiolo © S65 Si—iolal e



NAME
EXPNC
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

165.82
165.68
——149.98
—146.76
_—122.19
~——121.53
e 94,57
—55.47

C) CPDPRG2
NUC2
MOMO _\\OH PCPD2
PL2
PL12
= PL13
PL2W
PL12W
PL13W

WY 0 e SFO2

ST

SF
1 6 WDW
SSB

CDCls, 100 MHz, '3C NMR Ip

GB
PC

A MR RN L I I L I I I I I L IR R AR AR RS AR LARAS RARAARARS AAARARALAY RARLAARARLS RALAALLALY RAALAALLAY RALLALLAAY LA

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
S66

hanjjbester
11

1

20081223

23.23

spect

5 mm PABBO BB-
29pg30

65536

CDC13

100

4
24038.461
0.366798
1.3631988
2050
20.800
6.50

292.0
2.00000000
0.03000000

9.40

-2.00
57.32743073
100.6228298

CHANNEL f£2 ===

waltzlé

90.00

-2.,00

15.50

15.50
18.19349861
0.32353121
0.32353121
400.1316008
32768
100.6127736
EM

0

1.00

0

1.40
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N 0 600 0 6 0 I 10 10 15 I 0 0 10 10 ) S S o VRN S =
O
0]
MOMO, -\ _O
///
0] 0]
CDCl5, 400 MHz, TH NMR
] i
i i i
I | M P N
| A R A I [ B T T I R T |
7.5 7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 ppm
(= o] N~ = (=2 o S 0 © oorua (=]
S |& o |9 o @ ® (o @ N [S@ (S
- o o o ol lo ol lo ® S67 ol il |

NAME
EXPNO
PROCNO
Date_.
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

hanjj081227keto
10

1

20081227
21.13
spect

5 mm PABBO BB-
zg30

65536
CDC13

32

2

8223.685
0.125483
3.9846387
322

60.800
6.50

291.9
1.00000000
1

14.60

0.00
11.47932053
400.1324710
32768
400.1300012
EM

Y

0.30

0

1.00

Hz



NAME
EXPNO
PROCNO
Date__
Time
INSTRUM
PROBHD
PULPROG
™D
SOLVENT
NS

DS

SWH
FIDRES
AQ

e
fte}

199.48
T 164.13
——150.05
—135.31
—131.15
—120.56

e 165,73
—94.71

CPDPRGZ
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

sE
WDW
538B
LB

GB

PC

o 0

CDCl3, 100 MHz, '3C NMR

| —

oo o b

WHicepbtp by b

L ¥ v ¥ J n

R I I I I R I R AR AR LA A M R AR I AR RS R AR ALY RALLAARY RALALALS A ALALAAS RAALLARNAY LA

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
S68

hanj308l227keto

11

1
20081227

22.28

spect

5 mm PABBO BB-
zgpg30

65536

CDC13

1280

4

24038.461
0.366798
1.3631988

2050

20.809

6.50

292.3
2.00000000
0.03000000

CHANNEL f1

9.40

-2.00C
57.32743073
100.6228298

CHANNEL £2
waltzlé

90.

-2.

15.

15.
18.19349861
0.32353121
0.32353121
400.1316005
32768
100.6127704
EM

Q

1.00

0

1.40

Hz
Hz
sec

usec
usec



MOMO

CDCls, 400 MHz, "H NMR

N

=

)

o)

1.952

~
<
m
H

1 932
1.916
1.904
1.897
1.887
1.870
1.853
1.833
1.828

fee]
i
03
r—!

l 812
1.621

(ea]
—
kO
\—|

l 607
1.592

<
~
Lﬂ
r—i

1. 559
1.540
1.284
1.268

RS

I ML A M A s
[ N D | T [ T T [ N A L I | L
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 ppm
S| 8 8 8 8 a3 & 3 S’ 12
- - - - - o [ 1] $69 o ~iml e

NAME
EXPNO
PROCNO
Date__
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

hanjj0lidbketo
10

1

20090115

18.42

spect

5 mm PABBO BB~
zg30

65536

CDC13

16

2

8223.685
0.125483
3.9846387
181

60.800
6.50

291.7
1.00000000
1

CHANNEL f1 ====

1H

14.60

0.00
11.47932053
400.1324710
32768
400.1300012
EM

0

0.30

0

1.00

Hz



68

199.47
———150.05
——-135.31
—131.14
- 120.55

77.32

77.00

76.

e 165.72
T 164.12
—94.70

MOMO 0

=

75.58
73.98
71.96

A

——55.65

NAME
EXPNC
PROCNO
Date_,
Time
INSTRUM
PROBHD
PULPROG
D
SCLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

CPDPRGZ
NUC2
PCPD2
PL2
PL12
PL13

hanj30ll4bketo
11
1
20090115
18.49
spect
5 mm PABBO BB-—
zgpg30
65536
CDC13
80
4
24038.461 Hz
0.366798 Hz
1.3631988 sec
50.8
20.800 usec
6.50 usec
292.5 K
2.00000000 sec
0.03000000 sec
1

CHANNEL fl1 ========
13C
9.40 usec
-2.00 dB
57.32743073 W
100.6228298 MHz

CHANNEL £2 ===smmsm=
waltzlé
1H

90.
-2.
15.
15.

00 usec
00 dB
50 dB
50 dB

PL2W
PLIZ2W
~"N0" 0 e
SI

SP

1 WDW
CDCls, 400 MHz, "H NMR 855
GB

PC

R LA A LA LAY R AR M I A A A RS LA RS MR LA AL AR RN ALY AR LA RN WAL ALY RN AR LARLA LAY R ALY ALY A

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
S70

18.19349861 W
06.32353121 w
0.32353121 W

400.1316005 MHz

32768

100.6127710 MHz

EM

0
1.00 Hz

0

1.40



HO.,

(@)
1a

O

CDCls, 400MHz "H NMR

pte}
j=s
~
—

1.691
1.641
1.624
1.607
1.586
1.567
1.549

1.297
1.281

0.89

S71

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SwWH
FIDRES
AQ

RG

DW

DE

hanjjl229%atm
i0

1

20081229
23.00
spect

5 mm PABBO BB-
zg30

65536
CDC13

32

2

8223.685
0.125483
3.9846387
575

60.800
6.50

292.0
1.00000000
1

0.00
11.47932053
400.1324710

32768
400.1300035
EM

0

0.30

0

1.00

Hz



199.48

HO,,

1a
CDCls, 400MHz '3C NMR

e 165.59
T 164.07

e 151,33

—135.71
—130.89

——119.64

NAME
EXPNO
PROCNO
Date_,
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

——31.06
——28.24
e 18,96
—16.50

CPDPRG2
NUC2
PCPD2
PL2
PL12
PL13
PL2W
PL12W
PL13W
SFO2
ST

SF
WDW
SSB
LB

GB

PC

Jl Il - L I l

210 200 190 180 170 160 150 140 130 120 110 100 90

80 70 60 50 40 30 20 10 ppm
S72

hanjjl229atm
11

1
20081230

0.58

spect

5 mm PABBO BB-
zgpg30

65536

CcDC13

2048

4
24038.461
0.366798
1.3631988
2050
20.800
6.50

292.4
2.00000000
0.03000000

9.40

-2.00
57.32743073
100.6228298

CHANNEL f2 ====

waltzlé

1

90.00

-2.00

15.50

15.50
18.19349861
0.32353121
0.32353121
400.1316005
32768
100.6127700
EM

0

1.00

0

1.40



NAME hanjjatm

N SO0~ 0 w0 Ao MOMWORS O >IN WO T~ w0 TOWHDOWHOINMOOHINOHIWMWON I N0 EXPNO 10
S0 N W~ (=3NS MONH ONVOTMNMHNAN OO WO I ~ CONNOAA-LVANVWOWWORAMSI) MO D O PROCNO 1
M NN < ™ NANND Nrdrf i AN DN O MO ™ 1010 ) 00 @ 0 0000V INWL N T A Pate 20090326
[ S S (Y] DWW DLW LWMNLWN LW S S ™ F TN T S S S S S Time 2.48
INSTRUM spect
W ST N
PULPROG zg30
D 65536
SOLVENT CDC13
NS 32
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 362
DW 60.800 usec
DE 6.50 usec
TE 292.7 K
Dl 1.00000000 sec
DO 1
mmsmmmm== CHANNEL fl ==s======
NUCL 1H
Pl 14.70 usec
PL1 -1.00 dB
PL1W 13.75590801 W
SFO1 400.1324710 MHz
O ST 32768
SF 400.1318992 MHz
WDW EM
SSB 0
LB 0.30 Hz
HO GB 0
‘1, WY PC 1.00

1a
DMSO-dg, 400 MHz, "H NMR

|
JLLJLMULJ"ULLW,J AN M\“_“

7.5 7.0 6.5 6.0 . .0 3.5 3.0 2.5 15 1.0 0.5 ppm
8|3 3 3 }31 ]s] 8 T (588 (5
- o o [ - - S73 | l—loiml |



NAME hanijj09%44atm

COVwoN—H®M @ ™~ M o) O SO MOWYWOOoT T NSO ONOS LN ON®DN EXPNO i0
~mMm— O~ W w0 < kR =) CILMeAAOO N M YOOI DO TN O PROCNO 1
oAt RSt Ot eee 99 eSS Date 20090404
[ S N S 0w [FpRTaNToNTe] DWW i B B B B B B B B B B e B R R Time 13.50
INSTRUM spect
WP WP ~=\j=
PULPROG zg30
D 65536
SOLVENT DMSO
NS 32
DS 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 362
DW 60.800 usec
DE 6.50 usec
TR 293.2 K
Dl 1.00000000 sec
TDO 1
wmssm=== CHANNEL fl =s======
NUC1 1H
Pl 14.70 usec
PL1 -1.00 dB
PL1W 13.75590801 W
SFO1 400.1324710 MHz
SI 32768
SF 400.1299973 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

\

|
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.

! 7 g

0 0.5 ppm



™ o 0 < o < NAME hanjjbtm025
A x < ° % - .ol B 2o EXPNO 11
o L <t < ©0 o fee] . . . PROCNO 1
S 5809 909 o 20y 25 29 pate_ 20090325
Time 22.09
INSTRUM spect
PROBHD 5 mm PABBO BB-—
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 912
DW 20.800 usec
DE 6.50 usec
TE 295.9 K
D1 2.00000000 sec
D11 0.03000000 sec
D0 1
mmmmmmmm CHANNEL 1 sss=====
NUCl1 13¢C
Pl 9.70 usec
PLL -2.00 dB
PLIW 56.13311005 w
SFO1 100.6228298 MHz
m=em=m=== CHANNEL 2 ==s=ss===
O CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
(@] PL2 -2.10 dB
PL12 13.90 dB
- PL13 13.90 dB
HO., W o PL2W 17.72104263 W
PL12W 0.44513249 W
/ PL13W 0.44513249 W
SFO2 400.1316005 MHz
SI 32768
SF 100.6132891 MHz
WDW EM
(0] (@] | SSB 0
i LB 1.00 Hz
1a GB 0
PC 1.40

DMSO-dg, 100 MHz, '3C NMR

R R I I R I L I I R I L I L L RN LR AR RARALL ALY LAALRARALY RARRRRALES RARRRRLAAN U

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
S75
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CDCl; 400MHz "H NMR

L

»ﬂL__A n

7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
205 BB 3 (g g elslg @
o o - o o - o S76 |lr=ivriic? o0

NAME
EXPNO
PROCNO
Date__
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

hanjjbtm
20

1

20090116
22.28
spect

5 mm PABBO BB-
zg30

65536
CDC13

16

2

8223.685
0.125483
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