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1. General information

Infrared (IR) spectra were obtained using a Horiba FT-300 Fourier transform infrared spectrometer.
Proton and carbon nuclear magnetic resonance (‘'H and “C NMR) spectra were recorded with
chloroform (in CDCls) on the following instruments: JEOL JNM-AL500 (‘H at 500 MHz and "°C at
125 MHz). Optical rotations were determined using a Jasco P-1020 polarimeter. Mass spectra were
determined by a Bruker Daltonics micrOTOF focus (ESI-TOF) mass spectrometer. Thin layer
chromatography was performed on Wakogel BSF. HPLC was performed with a Hitachi LaChrom Elite
system composed of the Organizer, L-2400 UV Detector, and L-2130 Pump.

All reactions were carried out under argon atmosphere in dried glassware unless otherwise noted.
Dichloromethane was distilled from diphosphorus pentoxide, then calcium hydride, and dried over MS
4 A, benzene and toluene were distilled from diphosphorus pentoxide, and dried over MS 4 A, and
THF and diethyl ether were distilled from sodium/benzophenone immediately prior to use. All
reagents were purchased from Tokyo Kasei Kogyo Co., Ltd., Kanto Chemical Co., Inc. or Aldrich

Chemical Co., Inc., and used without further purification unless otherwise noted. MNBA was
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purchased from Tokyo Kasei Kogyo Co. Ltd. (TCI M1439).!

2. Experimental procedures and analytical data
o~ = = 0

(4E,8E)-11-(Furan-3-yl)-4,8-dimethylundeca-4,8-dienal (6): To a cooled (-78 °C) solution of oxalyl
chloride (0.33 mL, 3.73 mmol) in 26 mL of dry dichloromethane was added DMSO (0.4 mL, 6.10
mmol) dropwise; the mixture was stirred at this temperature for 15 min. Then, a solution of alcohol 13
(889 mg, 3.39 mmol) in 8 mL of dry dichloromethane was added dropwise, and the resulting solution
was stirred at -78 °C for an additional 15 min. Finally, triethylamine (2.4 mL, 16.9 mmol) was added
dropwise, and the mixture was stirred at 0 °C for 40 min. The reaction was quenched by addition of
water and, after a stirring vigorously, the layers were separated. The aqueous layer was extracted with
dichloromethane. The combined organic layers were washed with water and brine, dried over
anhydrous Na,SQO4, and evaporated. The crude product was purified by column chromatography on
silica gel (hexane/ethyl acetate = 5/1) to afford the aldehyde 6 (828 mg, 94%). IR (neat): 2916, 2715,
1728 cm™; 'TH NMR (CDClLs): 8 9.74 (t, J = 2.5 Hz, 1H, 1-H), 7.34 (s, 1H, 5°-H), 7.21 (s, 1H, 2’-H),
6.27 (s, 1H, 4’-H), 5.15 (t, /= 7.5 Hz, 1H, 9-H), 5.12 (t, /= 7.5 Hz, 1H, 5-H), 2.50 (dt, J=2.5, 7.5 Hz,
2H, 2-H), 2.45 (t, J = 7.5 Hz, 2H, 11-H), 2.31 (t, J = 7.5 Hz, 2H, 3-H), 2.24 (dt, /= 7.5, 7.5 Hz, 2H,
10-H), 2.08 (dt, J = 7.0, 7.5 Hz, 2H, 6-H), 1.98 (t, J = 7.0 Hz, 2H, 7-H), 1.61 (s, 3H), 1.58 (s, 3H,
4-Me); °C NMR (CDCl): & 202.4 (1), 142.4 (5°), 138.7 (2°), 135.2 (8), 132.8 (4), 125.1 (5), 124.8
(3°), 123.9 (9), 110.9 (4°), 42.0 (2), 39.3 (6), 31.7 (3), 28.2 (10), 26.3 (6), 24.9 (11), 15.9 (8-Me), 15.8
(4-Me); HRMS: calcd for C;7H240,Na (M + Na+) 283.1669, found 283.1655.
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Methyl (6 E,10E)-13-(furan-3-yl)-3-hydroxy-2,6,10-trimethyl-2-(methylseleno)trideca-6,10-
dienoate (14): To a solution of diisopropylamine (0.09 mL, 0.61 mmol) in THF (3.0 mL) at 0 °C was
added butyllithium in hexane (1.54 M, 0.37 mL, 0.57 mmol), and then the reaction mixture was stirred
for 15 min at that temperature. After the solution was cooled to -78 °C, methyl
2-methylselenopropanoate (103 mg, 0.57 mmol) in THF (0.7 mL) was added. The mixture was stirred
at -78 °C for 30 min and the aldehyde 6 (123 mg, 0.47 mmol) in THF (1.0 mL) was added. After a
stirring for 1 h, saturated aqueous ammonium chloride was added. The organic layer was separated and
the aqueous layer was extracted with ethyl acetate. The combined organic layers were dried over
anhydrous Na,SOy, and evaporated. The crude product was obtained and used in the next step without
further purification.

o = = OMe
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Methyl (6E,10E)-13-(furan-3-yl)-3-hydroxy-6,10-dimethyl-2-methylenetrideca-6,10-dienoate (5):
To a solution of the seleno ester 14 in THF (2.4 mL) at 0 °C was added a 30% aqueous solution of
hydrogen peroxide (0.1 mL). The mixture was stirred for 1 h at room temperature, and then quenched
with saturated aqueous Na,S,03. The organic layer was separated and the aqueous layer was extracted
with diethyl ether. The combined organic layer was washed with water and brine, and dried over
Na,SO,. After evaporation of the solvent, the crude product was purified by preparative TLC on silica
gel (hexane/ethyl acetate = 5/1) to afford the ester 5 (109 mg, 66%). IR (neat): 3448, 2924, 1720, 1628
cm™; '"H NMR (CDCl): & 7.34 (s, 1H, 5°-H), 7.21 (s, 1H, 2°-H), 6.28 (s, 1H, 4’-H), 6.24 (s, 1H, 2-
CH,), 5.81 (s, 1H, 2-CH,), 5.18-5.14 (m, 2H, 7-H, 11-H), 4.40-4.36 (m, 1H, 3-H), 3.78 (s, 3H, OMe),
2.53 (d, J= 7.5 Hz, 1H, OH), 2.45 (t, J= 7.5 Hz, 2H, 13-H), 2.27-2.21 (m, 2H, 12-H), 2.18-2.05 (m,
4H, 5-H, 8-H), 2.00 (t, J = 7.5 Hz, 2H, 9-H), 1.82-1.75 (m, 1H, 4-H), 1.75-1.66 (m, 1H, 4-H), 1.62 (s,
3H, 10-Me), 1.59 (s, 3H, 6-Me); °C NMR (CDCl3): & 166.9 (1), 142.5 (5°), 142.4 (2), 138.8 (2°),
135.6 (10), 134.4 (6), 124.9 (3°, 7, 2-CH,), 123.8 (11), 111.0 (4), 71.2 (3), 51.8 (OMe), 39.5 (9), 35.8
(5), 34.4 (4), 28.4 (12), 26.4 (8), 25.0 (13), 16.0 (10-Me), 15.9 (6-Me); HR MS: calcd for C,1H3004Na
(M +Na") 369.2036, found 369.2020.

OH

(6E,10E)-13-(Furan-3-yl)-6,10-dimethyl-2-methylenetrideca-6,10-diene-1,3-diol (15): To a
solution of the ester 5 (637 mg, 1.84 mmol) in toluene (18.4 mL) at 0 °C was added 1.65 mL of
Red-Al (65 wt% in toluene). The mixture was stirred for 30 min at that temperature, and then
quenched with methanol and saturated potassium sodium tartrate (Rochelle salt) solution. The organic
layer was separated and the aqueous layer was extracted with dichloromethane. The combined organic
layer was washed with water and brine, and dried over Na,SO,. After evaporation of the solvent, the
crude product was purified by preparative TLC on silica gel (hexane/ethyl acetate = 5/1) to afford the
diol 15 (378 mg, 65%). IR (neat): 3348, 2924, 1658 cm™; "H NMR (CDCls): & 7.34 (s, 1H, 5°-H), 7.21
(s, 1H, 2°-H), 6.28 (s, 1H, 4’-H), 5.23-5.15 (m, 2H, 11-H, 7-H), 5.14 (s, 1H, 2-CH,), 5.10 (s, 1H,
2-CHy), 431 (dd, J= 5.0, 13.5 Hz, 1H, 1-H), 4.24 (dt, J = 5.0, 6.0 Hz, 1H, 3-H), 4.17 (dd, J = 6.0, 13.5
Hz, 1H, 1-H), 2.45 (t, J= 7.0 Hz, 2H, 13-H), 2.24 (dt, J = 7.5, 7.0 Hz, 2H, 12-H), 2.09 (dt, J= 7.5, 7.5
Hz, 2H, 8-H), 2.06 (t, J= 7.5 Hz, 2H, 5-H), 2.00 (t, J = 7.5 Hz, 2H, 9-H), 1.93 (dd, J= 5.0, 6.0 Hz, 1H,
1-OH), 1.77-1.69 (m, 2H, 4-H), 1.62 (s, 3H, 10-Me), 1.59 (s, 3H, 6-Me); *C NMR (CDCl;): & 149.7
(2), 142.5 (5%), 138.8 (27), 135.6 (10), 134.5 (6), 125.0 (3°), 124.8 (7), 123.8 (11), 112.4 (2-CH), 111.0
(4%), 74.4 (3), 63.9 (1), 39.5 (9), 35.8 (5), 33.8 (4), 28.4 (12), 26.4 (8), 25.0 (13), 16.0 (10-Me), 15.9
(6-Me); HR MS: caled for Co0H3003Na (M + Na") 341.2087, found 341.2094.

OTBDPS
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(6E,10E)-2-((tert-Butyldiphenylsiloxy)methyl)-13-(furan-3-yl)-6,10-dimethyl-trideca-1,6,10-trien-
3-0l (16): To a solution of the diol 15 and imidazole (194 mg, 2.85 mmol) in DMF (11.9 mL) at 0 °C
was added tert-butyldiphenylsilyl chloride (TBDPSCI) (0.37 mL, 1.43 mmol). After stirring for 40
min, the reaction mixture was quenched by addition of saturated aqueous NH4Cl and extracted with
diethyl ether. The organic layer was separated and dried over Na,SO,. After evaporation of the solvent,
the crude product was purified by column chromatography on silica gel (hexane/ethyl acetate = 3/1) to
afford the silyl ether 16 (656 mg, 99%). IR (neat): 3440, 2924, 1658 cm™; '"H NMR (CDCls): & 7.68 (d,
J=17.5 Hz, 4H, TBDPS), 7.43 (t, J = 7.5 Hz, 2H, TBDPS), 7.39 (dd, J = 7.5, 7.5 Hz, 4H, TBDPS),
7.33 (s, 1H, 5°-H), 7.20 (s, 1H, 2°-H), 6.27 (s, 1H, 4’-H), 5.17 (s, 1H, 1-H), 5.16 (t, J= 7.5 Hz, 11-H),
5.10 (s, 1H, 1-H), 5.10 (t,J = 7.5 Hz, 1H, 7-H), 4.30 (d, J = 13.5 Hz, 1H, 2-CH,;), 4.17 (d, J = 13.5 Hz,
1H, 2-CH,), 4.15 (dt, J= 5.0, 6.0 Hz, 1H, 3-H), 2.44 (t, J = 7.5 Hz, 2H, 13-H), 2.23 (dt, J= 7.5, 7.5 Hz,
2H, 12-H), 2.21 (d, /= 5.0 Hz, 1H, 3-OH), 2.10-2.01 (m, 3H, 5-H, 8-H), 2.01-1.92 (m, 3H, 5-H, 9-H),
1.66 (ddd, J = 6.0, 7.5, 8.5 Hz, 2H, 4-H), 1.58 (s, 3H, 6-Me), 1.57 (s, 3H, 10-Me), 1.06 (s, 9H,
TBDPS); °C NMR (CDCls): & 149.4 (2), 142.5 (5°), 138.8 (27), 135.7 (10), 135.5 (TBDPS), 134.6 (6),
133.1 (TBDPS), 129.8 (TBDPS), 127.7 (TBDPS), 125.0 (3°), 124.6 (7), 123.8 (11), 111.2 (1), 111.1
(4%), 73.7 (3), 64.9 (2-CHy), 39.6 (9), 35.8 (5), 34.0 (4), 28.4 (12), 26.8 (TBDPS), 26.6 (8), 25.0 (13),
19.2 (TBDPS), 16.0 (10, 6); HR MS: calcd for C35H4303SiNa (M + Na+) 579.3265, found 579.3293.

OTBDPS

o = — Pz OEt
o

Ethyl (4Z,8E,12E)-4-((tert-butyldiphenylsiloxy)methyl)-15-(furan-3-yl)-8,12-dimethylpentadeca-
4,8,12-trienoate (17): A mixture of the silyl ether 16 (22 mg, 40 umol), triethyl orthoacetate (1.45 mL,
7.98 mmol), and propanoic acid (4.0 ug, 0.4 umol) was stirred at 100 °C in a flask equipped with
Dean-Stark trap for 12 h. After cooling to room temperature, the solvent was evaporated and the crude
product was purified by preparative TLC on silica gel (hexane/ethyl acetate = 8/1) to afford the ester
17 (18 mg, 72%). IR (neat): 2931, 1736, 1666 cm™; "H NMR (CDCls): & 7.68 (d, J = 7.5 Hz, 4H,
TBDPS), 7.42 (t, J= 7.5 Hz, 2H, TBDPS), 7.38 (dd, J = 7.5, 7.5 Hz, 4H, TBDPS), 7.32 (s, 1H, 5’-H),
7.19 (s, 1H, 2°’-H), 6.26 (s, 1H, 4’-H), 5.24-5.18 (m, 1H, 5-H), 5.15 (t, /= 7.5 Hz, 1H, 13-H), 5.00 (t, J
= 7.5 Hz, 1H, 9-H), 4.19 (s, 2H, 4-CH,), 4.12 (q, J = 7.5 Hz, 2H, OEt), 2.52 (t, J = 8.5 Hz, 2H, 3-H),
2.46 (t, J= 8.5 Hz, 2H, 2-H), 2.43 (t, /= 7.0 Hz, 2H, 15-H), 2.23 (dt, J = 7.0, 7.5 Hz, 2H, 14-H), 2.02
(dt,J=7.5,7.5 Hz, 2H, 10-H), 1.95 (t, J= 7.5 Hz, 2H, 11-H), 1.89-1.85 (m, 4H, 6-H, 7-H), 1.57 (s, 3H,
12-Me), 1.47 (s, 3H, 8-Me), 1.24 (t, J= 7.5 Hz, 3H, OEt), 1.04 (s, 9H, TBDPS); °C NMR (CDCls): &
173.5 (1), 142.5 (57), 138.8 (2°), 136.6 (4), 135.7 (12), 135.6 (TBDPS), 134.4 (8), 133.7 (TBDPY),
129.6 (TBDPS), 127.6 (TBDPS), 127.1 (5), 125.0 (3°), 124.5 (9), 123.7 (13), 111.1 (4°), 61.2 (4-CH,),
60.1 (OEt), 39.6 (7, 11), 33.6 (2), 30.1 (3), 28.4 (14), 26.8 (TBDPS), 26.6 (10), 26.0 (6), 25.0 (15),
19.2 (TBDPS), 16.0 (12-Me), 15.9 (8-Me), 14.3 (OEt); HR MS: calcd for C4Hs404SiNa (M + Na")
649.3684, found 649.3678.
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OTBDPS

o P = P _0

(4Z,8E,12E)-4-((tert-Butyldiphenylsiloxy)methyl)-15-(furan-3-yl)-8,12-dimethylpentadeca-
4,8,12-trienal (18): To a solution of the ester 17 (22 mg, 35 umol) in hexane (0.35 mL) at -78 °C was
added 34 puL of DIBAL-H (1.03 M in hexane). The mixture was stirred for 25 min at that temperature,
and then quenched with methanol and saturated potassium sodium tartrate (Rochelle salt) solution. The
organic layer was separated and the aqueous layer was extracted with hexane. The combined organic
layer was dried over Na,SO,. After evaporation of the solvent, the crude product was purified by
preparative TLC on silica gel (hexane/ethyl acetate = 10/1, twice) to afford the aldehyde 18 (15 mg,
72%). IR (neat): 2931, 2715, 1728 ecm™; "H NMR (CDCLs): & 9.75 (s, 1H, 1-H), 7.67 (d, J = 6.0 Hz,
4H, TBDPS), 7.43 (t, J = 7.5 Hz, 2H, TBDPS), 7.38 (dd, J = 6.0, 7.5 Hz, 4H, TBDPS), 7.33 (s, 1H,
5°-H), 7.20 (s, 1H, 2°-H), 6.27 (s, 1H, 4’-H), 5.24-5.17 (m, 1H, 5-H), 5.15 (t, J = 7.5 Hz, 1H, 13-H),
5.00 (t,J=7.5 Hz, 1H, 9-H), 4.20 (s, 2H, 4-CH,), 2.58-2.50 (m, 4H, 2-H, 3-H), 2.44 (t, J = 7.5 Hz, 2H,
15-H), 2.23 (dt, J= 7.5, 7.5 Hz, 2H, 14-H), 2.03 (dt, J= 7.5, 7.5 Hz, 2H, 10-H), 1.95 (t, J= 7.5 Hz, 2H,
11-H), 1.90-1.86 (m, 4H, 6-H, 7-H), 1.58 (s, 3H, 12-H), 1.47 (s, 3H, 8-H), 1.04 (s, 9H, TBDPS); "*C
NMR (CDCls): & 202.8 (1), 142.5 (5°), 138.8 (2°), 136.2 (4), 135.7 (12), 135.6 (TBDPS), 134.2 (8),
133.5 (TBDPS), 129.7 (TBDPS), 127.7 (TBDPS), 127.4 (5), 124.9 (3°), 124.6 (9), 123.7 (13), 111.1
(4%), 61.2 (4-CH,), 42.6 (2), 39.6 (11), 39.5 (7), 28.4 (14), 27.3 (3), 26.8 (TBDPS), 26.6 (14), 25.9 (6),
25.0 (15), 19.2 (TBDPS), 16.0 (12), 15.8 (8); HR MS: calcd for C3sHsoO3SiNa (M + Na*) 605.3421,
found 605.3450.

OTBDPS

o Z = P OEt
OH O

Ethyl (6Z,10E,14E)-6-((tert-butyldiphenylsiloxy)methyl)-17-(furan-3-yl)-3-hydroxy-10,14-

dimethylheptadeca-6,10,14-trienoate (19): To a solution of diisopropylamine (43 uL, 0.30 mmol) in
THF (1.8 mL) at 0 °C was added butyllithium in hexane (1.57 M, 0.19 mL, 0.29 mmol), and then the
reaction mixture was stirred for 20 min at that temperature. After the solution was cooled to -78 °C,
ethyl acetate (27 uL, 0.28 mmol) was added. The mixture was stirred at -78 °C for 30 min and the
aldehyde 18 (81 mg, 0.14 mmol) in THF (1.0 mL) was added. After a stirring for 80 min, saturated
aqueous ammonium chloride was added. The organic layer was separated and the aqueous layer was
extracted with ethyl acetate. The combined organic layers were dried over anhydrous Na,SO,4. After
evaporation of the solvent, the crude product was purified by preparative TLC on silica gel
(hexane/ethyl acetate = 7/1, twice) to afford the aldol product 19 (77 mg, 84%). IR (neat): 3579, 2931,
1728 cm™; '"H NMR (CDCls): & 7.68 (d, J = 7.0 Hz, 4H, TBDPS), 7.42 (t, J = 7.5 Hz, 2H, TBDPS),
7.38 (dd, J = 7.0, 7.5 Hz, 4H, TBDPS), 7.33 (s, 1H, 5°-H), 7.20 (s, 1H, 2’-H), 6.26 (s, 1H, 4’-H),
5.25-5.20 (m, 1H, 7-H), 5.15 (t, J = 7.5 Hz, 1H, 15-H), 5.01 (t, J = 7.5 Hz, 1H, 11-H), 4.18 (s, 2H,

s5



6-CH,), 4.17 (q, J= 7.5 Hz, 2H, OEt), 4.04-3.96 (m, 1H, 3-H), 2.90 (d, /= 5.0 Hz, 1H, OH), 2.47-2.38
(m, 2H, 2-H), 2.44 (t, J = 7.5 Hz, 2H, 17-H), 2.36-2.25 (m, 2H, 5-H), 2.23 (dt, J = 7.5, 7.5 Hz, 2H,
16-H), 2.03 (dt, J=17.5, 7.5 Hz, 2H, 12-H), 1.95 (t, J= 7.5 Hz, 2H, 13-H), 1.92-1.86 (m, 4H, 8-H, 9-H),
1.69-1.58 (m, 2H, 4-H), 1.58 (s, 3H, 14-Me), 1.48 (s, 3H, 10-Me), 1.27 (t, J = 7.5 Hz, 3H, OEt), 1.04
(s, 9H, TBDPS); *C NMR (CDCls): § 172.9 (1), 142.5 (5°), 138.8 (2°), 137.4 (6), 135.7 (14), 135.6
(TBDPS), 134.4 (10), 133.7 (TBDPS), 129.6 (TBDPS), 127.6 (TBDPS), 127.1 (7), 124.9 (3°), 124.5
(11), 123.7 (15), 111.1 (4°), 67.9 (3), 61.2 (6-CH>), 60.6 (OEt), 41.4 (2), 39.7 (13), 39.6 (9), 35.1 (4),
30.7 (5), 28.4 (16), 26.8 (TBDPS), 26.6 (12), 26.0 (8), 25.0 (17), 19.2 (TBDPS), 16.0 (14-Me), 15.9
(10-Me), 14.2 (OEt); HR MS: calcd for C4,Hs5305SiNa (M + Na+) 693.3946, found 693.3921.

OTBDPS
o P = = OEt
OH O

Ethyl 2R*,3R*,6Z,10E,14E)-6-((tert-butyldiphenylsiloxy)methyl)-17-(furan-3-yl)-3-hydroxy-
2,10,14-trimethylheptadeca-6,10,14-trienoate (20): To a solution of the aldol product 19 (77 mg,
0.12 mmol) in THF (2.6 mL) at -78 °C was added 0.46 mL of LHMDS (1.0 M in THF). After the
mixture was stirred for 1 h at -45 °C, methyl iodide (81 uL, 1.3 mmol) was added. After stirring for 4
h, saturated aqueous ammonium chloride was added. The organic layer was separated and the aqueous
layer was extracted with ethyl acetate. The combined organic layers were dried over anhydrous
Na,SO,. After evaporation of the solvent, the crude product was purified by preparative TLC on silica
gel (hexane/ethyl acetate = 5/1, twice) to afford the ester 20 (31 mg, 40%) and substrate recovered (33
mg, 43%). IR (neat): 3510, 2962, 1728 cm™; "H NMR (CDCls): & 7.68 (d, J = 6.0 Hz, 4H, TBDPS),
7.42 (t, J = 7.5 Hz, 2H, TBDPS), 7.38 (dd, J = 6.0, 7.5 Hz, 4H, TBDPS), 7.33 (s, 1H, 5>-H), 7.19 (s,
1H, 2°-H), 6.26 (s, 1H, 4’-H), 5.23 (t, J = 6.0 Hz, 1H, 7-H), 5.15 (t, J = 7.5 Hz, 1H, 15-H), 5.01 (t, J =
7.5 Hz, 1H, 11-H), 4.21 (d, J = 12.0 Hz, 1H, 6-CH,), 4.16 (q, J = 7.5 Hz, 2H, OEt), 4.15 (d, J = 12.0
Hz, 1H, 6-CH,), 3.69-3.62 (m, 1H, 3-H), 2.60 (d, J = 7.5 Hz, 1H, OH), 2.50 (dq, J = 7.0, 7.5 Hz, 1H,
2-H), 2.43 (t, J = 7.0 Hz, 2H, 17-H), 2.40-2.25 (m, 2H, 5-H), 2.23 (dt, J= 7.0, 7.5 Hz, 2H, 16-H), 2.03
(dt, J=17.5,7.5 Hz, 2H, 12-H), 1.95 (t, J = 7.5 Hz, 2H, 13-H), 1.92-1.87 (m, 4H, 8-H, 9-H), 1.73-1.64
(m, 1H, 4-H), 1.60-1.51 (m, 1H, 4-H), 1.58 (s, 3H, 14-Me), 1.48 (s, 3H, 9-Me), 1.26 (t, J= 7.5 Hz, 3H,
OEt), 1.19 (d, J= 7.5 Hz, 3H, 2-Me), 1.04 (s, 9H, TBDPS); °C NMR (CDCls): & 176.0 (1), 142.5 (5°),
138.8 (2°), 137.6 (6), 135.7 (14), 135.6 (TBDPS), 134.5 (10), 133.7 (TBDPS), 129.6 (TBDPS), 127.6
(TBDPS), 127.1 (7), 124.9 (3°), 124.4 (11), 123.7 (15), 111.1 (4°), 73.2 (3), 61.3 (6-CH,), 60.5 (OEt),
45.3 (2), 39.7 (13), 39.6 (9), 33.4 (4), 30.8 (5), 28.4 (16), 26.8 (TBDPS), 26.6 (12), 26.0 (8), 25.0 (17),
19.2 (TBDPS), 16.0 (14-Me), 15.9 (10-Me), 14.3 (2-Me), 14.2 (OEt); HR MS: calcd for C43HgOsSiNa
(M +Na") 707.4102, found 707.4126.

OH

o Pz = Pz OEt
OH O
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Ethyl 2R*,3R*,6Z,10E,14E)-17-(furan-3-yl)-3-hydroxy-6-(hydroxymethyl)-2,10,14-
trimethylheptadeca-6,10,14-trienoate (21): To a solution of the ester 20 in THF/pyridine (= 3/2 v/v
ratio, 1.9 mL) at O °C was added HF/pyridine solution (0.38 mL). The mixture was stirred for 13 h at
room temperature, and then quenched with saturated aqueous NaHCO3at 0 °C. The organic layer was
separated and the aqueous layer was extracted with ethyl acetate. The combined organic layer was
washed with water and brine, and dried over Na,SO,4. After evaporation of the solvent, the crude
product was purified by preparative TLC on silica gel (hexane/ethyl acetate = 1/1) to afford the ester
21 (28 mg, 90%). IR (neat): 3432, 2931, 1712 cm™'; "H NMR (CDCls): & 7.33 (s, 1H, 5°-H), 7.21 (s,
1H, 2°-H), 6.27 (s, 1H, 4’-H), 5.33 (t, J = 7.5 Hz, 1H, 7-H), 5.16 (t, J = 7.5 Hz, 1H, 15-H), 5.10 (t, J =
7.5 Hz, 1H, 11-H), 4.17 (q, J = 7.0 Hz, 2H, OEt), 4.17 (d, J = 12.0 Hz, 1H, 6-CH,), 4.10 (d, J = 12.0
Hz, 1H, 6-CH,), 3.68 (ddd, /= 3.5, 6.0, 10.0 Hz, 1H, 3-H), 2.52 (dq, J = 6.0, 7.5 Hz, 1H, 2-H), 2.45 (t,
J=17.5Hz, 2H, 17-H), 2.35-2.20 (m, 2H, 5-H), 2.24 (dt, J= 7.5, 7.5 Hz, 2H, 16-H), 2.17 (dt, J= 7.5,
7.5 Hz, 2H), 2.07 (dt, J= 7.5, 7.5 Hz, 2H), 2.00 (t, J= 7.5 Hz, 2H, 8-H), 1.99 (t, J = 7.5 Hz, 2H, 13-H),
1.73-1.65 (m, 2H, 4-H), 1.60 (s, 3H, 14-Me), 1.59 (s, 3H, 10-Me), 1.27 (t, J = 7.0 Hz, 3H, OEt), 1.20
(d, J=7.5 Hz, 3H, 2-Me); *C NMR (CDCls): § 175.9 (1), 142.5 (5°), 138.8 (2°), 138.0 (6), 135.6 (14),
134.5 (10), 128.8 (7), 124.9 (3°), 124.8 (11), 123.8 (15), 111.1 (4°), 72.9 (3), 60.6 (OEt), 60.3 (6-CH,),
45.3 (2), 39.8 (13), 39.6 (9), 33.3 (4), 31.1 (5), 28.4 (16), 26.5 (12), 26.2 (8), 25.0 (17), 16.0 (8), 14.2
(OEt); HR MS: calcd for C,7H4,0sNa (M + Na+) 469.2924, found 469.2922.

OH
OH O

(2R*,3R*,6Z,10E,14E)-17-(Furan-3-yl)-3-hydroxy-6-(hydroxymethyl)-2,10,14-
trimethylheptadeca-6,10,14-trienoic acid (2): To a solution of the ester 21 (28 mg, 62 pumol) in
ethanol (0.83 mL) at 0 °C was added a 17 M aqueous solution of KOH (0.42 mL). The mixture was
stirred for 1 h at room temperature, and then quenched with a 1 M aqueous solution of HCI (pH = 5-6).
The mixture was extracted with diethyl ether and dried over Na,SO,. After evaporation of the solvent,
the crude product was purified by preparative TLC on silica gel (chloroform/methanol/formic acid =
9/1/1) to afford the seco-acid 2 (25 mg, 97%). IR (neat): 3464, 2924, 1712 cm™; '"H NMR (CDCls): &
7.33 (s, 1H, 5°-H), 7.21 (s, 1H, 2°-H), 6.27 (s, 1H, 4’-H), 5.36 (t, J = 7.5 Hz, 1H, 7-H), 5.16 (t, J = 7.5
Hz, 1H, 15-H), 5.10 (t, /= 7.5 Hz, 1H, 11-H), 4.23 (d, /= 11.0 Hz, 1H, 6-CH,), 4.12 (d, J = 11.0 Hz,
1H, 6-CH,), 3.73 (ddd, J = 2.5, 6.0, 9.5 Hz, 1H, 3-H), 2.55 (dq, J = 6.0, 7.0 Hz, 2-H), 2.45 (t, J=7.5
Hz, 2H, 17-H), 2.34-2.21 (m, 2H, 5-H), 2.24 (dt, J = 7.5, 7.5 Hz, 2H, 16-H), 2.16 (dt, J= 7.5, 7.5 Hz,
2H, 8-H), 2.07 (dt, J = 7.5, 7.5 Hz, 2H, 12-H), 2.00 (t, J = 7.5 Hz, 2H, 9-H), 1.99 (t, J = 7.5 Hz, 2H,
13-H), 1.80-1.72 (m, 1H, 4-H), 1.70-1.61 (m, 1H, 4-H), 1.59 (s, 6H, 10-Me, 14-Me), 1.24 (d, J = 7.0
Hz, 3H, 2-Me); °C NMR (CDCls): § 179.2 (1), 142.5 (5°), 138.8 (2°), 137.4 (6), 135.7 (14), 134.4 (10),
129.1 (7), 125.0 (3°), 124.8 (11), 123.8 (15), 111.1 (4°), 72.9 (3), 60.2 (6-CH,), 45.4 (2), 39.7 (13),
39.6 (9), 33.3 (4), 30.8 (5), 28.4 (16), 26.6 (12), 26.2 (8), 25.0 (17), 16.0 (10-Me, 14-Me), 14.0 (2-Me);
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HR MS: caled for CsH3gOsNa (M + Na+) 441.2611, found 441.2632.

\\\\

(2R*,3R*,62)-6-((4E,8E)-11-(Furan-3-yl)-4,8-dimethylundeca-4,8-dien-1-ylidene)-3-hydroxy-2-
methylheptan-7-olide (proposed structure of astakolaktin) (1): General procedure for the
synthesis of 1 using MNBA-mediated lactonization. To a solution of MNBA (14 mg, 0.04 mol) and
DMAP (23 mg, 0.19 mmol) in dichloromethane (25 mL) at room temperature was slowly added a
solution of the seco-acid 2 (13 mg, 0.03 mol) in dichloromethane (6.2 mL) with a mechanically driven
syringe over a 12 h period. After cooling to 0 °C, saturated aqueous sodium hydrogencarbonate was
added. The mixture was extracted with dichloromethane, and the organic layer was washed with brine
and water, dried over sodium sulfate. After evaporation of the solvent, the crude product was purified
by thin layer chromatography on silica gel (hexane/ethyl acetate = 2/1) to afford 1 (9 mg, 71%).
General procedure for the synthesis of 1 using Yamaguchi lactonization. To a solution of 2 (5.5 mg,
13 pmol) and Et;N (2 pL, 14 pumol) in THF (0.5 mL) was added 2.,4,6-trichlorobenzoyl chloride (3.2
mg, 13 umol) in THF (0.5 mL) at room temperature. After stirring for 2 h, the mixture was added to a
solution of DMAP (9.5 mg, 78 umol) in dichloromethane (4.0 mL) with a mechanically driven syringe
over a 12 h period. After cooling to O °C, saturated aqueous sodium hydrogencarbonate was added.
The mixture was extracted with dichloromethane, and the organic layer was washed with brine and
water, dried over sodium sulfate. After evaporation of the solvent, the crude product was purified by
thin layer chromatography on silica gel (hexane/ethyl acetate = 2/1) to afford 1 (1.7 mg, 33%). IR
(neat): 3455, 2931, 1735 cm'l; "H NMR (CDCl3): 0 7.33 (s, 1H, 5°-H), 7.21 (s, 1H, 2°-H), 6.27 (s, 1H,
4”-H), 5.33 (t, J = 7.5 Hz, 1H, 1’-H), 5.17 (t, J = 7.5 Hz, 1H, 9°-H), 5.10 (t, J = 7.5 Hz, 1H, 5’-H),
5.08 (d, J =12.0 Hz, 1H, 7-H), 4.60 (d, J = 12.0 Hz, 1H, 7-H), 4.09-4.02 (m, 1H, 3-H), 2.96 (dq, J =
5.0, 7.0 Hz, 1H, 2-H), 2.45 (t, J = 7.0 Hz, 2H, 11°-H), 2.30 (ddd, J = 2.5, 8.5, 14.5 Hz, 1H, 5-H), 2.24
(dt, J = 7.0, 7.5 Hz, 2H, 10’-H), 2.12 (dt, J = 7.5, 7.5 Hz, 2H, 2’-H), 2.08 (dt, J = 7.5, 7.5 Hz, 2H,
6’-H), 2.01 (dd, J = 7.5, 14.5 Hz, 1H, 5-H), 2.01 (t, J = 7.5 Hz, 2H, 3°-H), 1.99 (t, J = 7.5 Hz, 2H,
7’-H), 1.94-1.85 (m, 1H, 4-H), 1.83 (d, J = 7.0 Hz, 1H, OH), 1.83-1.76 (m, 1H, 4-H), 1.59 (s, 6H,
4-Me, 8’-Me), 1.22 (d, J = 7.0 Hz, 3H, 2-Me); °C NMR (CDCLy): 8 176.6 (1), 142.5 (5), 138.8 (27),
136.2 (6), 135.7 (8°), 134.1 (4°), 130.5 (1), 125.0 (37), 124.9 (5°), 123.8 (9°), 111.1 (47), 74.1 (3),
65.7 (7), 42.5 (2), 39.6 (7°), 39.4 (3°), 35.1 (4), 29.9 (5), 28.4 (10°), 26.6 (6°), 26.2 (2°), 25.0 (11"),
16.0 (4-Me, 8-Me), 11.6 (2-Me); HR MS: calcd for CysH3sO0sNa (M + Na') 423.2506, found
423.2488.
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S-Ethyl (25,3R,6Z,10E,14E)-6-((tert-butyldiphenylsiloxy)methyl)-17-(furan-3-yl)-3-hydroxy-
2,10,14-trimethylheptadeca-6,10,14-trienethioate (24): To a solution of Sn(OTf), (70 mg, 0.17
mmol) in dichloromethane (0.6 mL) were added solutions of
(S)-1-methyl-2-(1-naphthylaminomethyl)pyrrolidine (49 mg, 0.20 mmol) in dichloromethane (0.2 mL)
and "Bu,Sn(OAc), (65 mg, 0.19 mmol) in dichloromethane (0.1 mL), respectively. The mixture was
cooled to -78 °C. To the reaction mixture were added solutions of KSA (26 mg, 0.14 mmol) in
dichloromethane (0.2 mL) and the aldehyde 18 (47 mg, 81 umol) in dichloromethane (0.52 mL) at
—78 °C, successively. The mixture was stirred for 2 h at that temperature, and then quenched with
saturated aqueous sodium hydrogencarbonate. The organic layer was separated and the aqueous layer
was extracted with dichloromethane. The combined organic layer was washed with water and brine,
and dried over Na,SO,. After evaporation of the solvent, the crude product was purified by preparative
TLC on silica gel (hexane/ethyl acetate = 5/1) to afford the aldol product 24 (51 mg, 90%, 83% ee, dr
= 93/7). HPLC analysis: DAICEL CHIRALPAK AD-H, UV 254 nm, temperature 25 °C,
hexane/PrOH = 99/1, flow rate 0.3 mL/min, tg (syn) = 58.0 min, 61.1 min; tg (anti) = 74.3 min, 79.4
min; syn/anti = 93/7, 90% ee (syn). [a]n +12.3 (¢ 1.27, CHCL;); IR (neat): 3525, 2931, 1674 cm™; 'H
NMR (CDCls): 6 7.68 (d, J = 7.5 Hz, 4H, TBDPS), 7.42 (t, J = 7.5 Hz, 2H), 7.38 (dd, J= 7.5, 7.5 Hz,
4H, TBDPS), 7.33 (s, 1H, 5°-H), 7.20 (s, 1H, 2’-H), 6.27 (s, 1H, 4’-H), 5.23 (t, J= 7.0 Hz, 1H, 7-H),
5.15(t,J="17.5 Hz, 1H, 15-H), 5.01 (t, J= 7.0 Hz, 1H, 11-H), 4.20 (d, J = 12.0 Hz, 6-CH,), 4.16 (d, J =
12.0 Hz, 1H, 6-CH>), 3.90 (ddt, J = 3.5, 4.0, 8.5 Hz, 1H, 3-H), 2.88 (q, J = 7.0 Hz, 2H, SEt), 2.66 (dq,
J=3.5,7.5Hz, 1H, 2-H), 2.44 (t, J = 7.5 Hz, 2H, 17-H), 2.41 (d, J = 4.0 Hz, 1H, OH), 2.37-2.30 (m,
2H, 5-H), 2.23 (dt, J= 7.5, 7.5 Hz, 2H, 16-H), 2.03 (dt, J= 7.0, 7.5 Hz, 2H, 12-H), 1.95 (t, J= 7.5 Hz,
2H, 13-H), 1.93-1.87 (m, 4H, 15-H, 8-H), 1.64-1.52 (m, 2H, 4-H), 1.58 (s, 3H, 4-Me), 1.48 (s, 3H,
10-Me), 1.25 (t, J=7.0 Hz, 3H, SEt), 1.20 (d, J = 7.5 Hz, 3H, 2-Me), 1.04 (s, 9H, TBDPS); °C NMR
(CDCl3): 6 204.0 (1), 142.5 (5°), 138.8 (2°), 137.4 (6), 135.7 (14), 135.6 (TBDPS), 134.4 (10), 133.6
(TBDPS), 129.6 (TBDPS), 127.6 (TBDPS), 127.2 (11), 124.9 (3°), 124.5 (11), 123.7 (15), 111.1 (4°),
71.8 (3), 61.2 (6-CH>), 53.1 (2), 39.7 (13), 39.6 (9), 32.7 (4), 31.1 (5), 28.4 (16), 26.8 (TBDPS), 26.6
(12), 26.0 (8), 25.0 (17), 23.2 (SEt), 19.2 (TBDPS), 16.0 (14-Me), 15.9 (10-Me), 14.6 (SEt), 11.5
(2-Me); HR MS: calcd for C43HepO4SSiNa (M + Na+) 723.3874, found 723.3843.

S-Ethyl (28,3R,6Z,10E,14E)-17-(furan-3-yl)-3-hydroxy-6-(hydroxymethyl)-2,10,14-
trimethylheptadeca-6,10,14-trienethioate (25): To a solution of the aldol product 24 in
THF/pyridine (= 3/2 v/v ratio, 2.1 mL) at 0 °C was added HF/pyridine solution (0.41 mL). The
mixture was stirred for 12 h at room temperature, and then quenched with saturated aqueous sodium
hydrogencarbonate at 0 °C. The organic layer was separated and the aqueous layer was extracted with
ethyl acetate. The combined organic layer was washed with water and brine, and dried over Na,SOs,.
After evaporation of the solvent, the crude product was purified by preparative TLC on silica gel
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(hexane/ethyl acetate = 1/1) to afford the diol 25 (32 mg, 94%). [a]p’’ +13.7 (¢ 0.69, CHCl;); IR
(neat): 3425, 2924, 1674 cm™; '"H NMR (CDCls): & 7.34 (s, 1H, 5°-H), 7.21 (s, 1H, 2°-H), 6.28 (s, 1H,
4’-H), 5.34 (t, J="7.0 Hz, 1H, 7-H), 5.17 (t,J=7.5 Hz, 1H, 15-H), 5.10 (t, /= 7.5 Hz, 1H, 11-H), 4.17
(d, J = 12.0 Hz, 1H, 6-CH,), 4.09 (d, J = 12.0 Hz, 1H, 6-CH,), 3.91 (ddd, J = 3.5, 4.0, 8.5 Hz, 1H,
3-H), 2.88 (q, J = 7.5 Hz, 2H, SEt), 2.68 (dq, J = 3.5, 7.5 Hz, 1H, 2-H), 2.57 (br s, 1H, 3-OH), 2.45 (t,
J=17.0 Hz, 2H, 17-H), 2.32-2.19 (m, 2H, 5-H), 2.24 (dt, J= 7.0, 7.5 Hz, 2H, 16-H), 2.17 (dt, J = 7.0,
7.5 Hz, 2H, 8-H), 2.07 (dt, J= 7.5, 7.5 Hz, 2H, 12-H), 2.00 (t, /= 7.5 Hz, 2H, 9-H), 1.99 (t, /= 7.5 Hz,
2H, 13-H), 1.70-1.57 (m, 2H, 4-H), 1.59 (s, 6H, 10-Me, 14-Me), 1.26 (t, J = 7.5 Hz, 3H, SEt), 1.22 (d,
J =17.5 Hz, 3H, 2-Me); °C NMR (CDCl): & 204.1 (1), 142.5 (5°), 138.8 (2°), 137.8 (6), 135.6 (14),
134.4 (10), 129.0 (7), 124.9 (3°), 124.8 (11), 123.8 (15), 111.1 (4°), 71.7 (3), 60.2 (6-CH,), 53.3 (2),
39.7 (13), 39.6 (9), 32.9 (4), 31.6 (5), 28.4 (16), 26.5 (12), 26.2 (8), 25.0 (17), 23.2 (SEt), 16.0 (10-Me,
14-Me), 14.6 (SEt), 11.8 (2-Me); HR MS: calcd for C,;7;H4,04SNa (M + Na+) 485.2696, found
485.2712.

(2S,3R,6Z,10E,14E)-17-(Furan-3-yl)-3-hydroxy-6-(hydroxymethyl)-2,10,14-trimethylheptadeca-
6,10,14-trienoic acid (26): To a solution of the diol 25 (28 mg, 61 mmol) in THF (0.3 mL) and water
(1.2 mL) at room temperature was added lithium hydroxide (6 mg, 0.25 mmol) and 30% hydrogen
peroxide in water (48 pL). After the reaction mixture was stirred for 45 min at room temperature,
saturated aqueous ammonium chloride was added. The acidified mixture (pH = 5-6) was extracted
with diethyl ether and the organic layer was washed with brine, dried over sodium sulfate. The crude
product was purified by column chromatography on silica gel (chloroform/methanol/formic acid =
90/10/1) to afford the seco-acid 26 (22 mg, 87%). [ap>’ +4.26 (¢ 0.74, CHCls); IR (neat): 3433, 2924,
1697 cm™; "H NMR (CDCls): & 7.33 (s, 1H, 5°-H), 7.21 (s, 1H, 2°-H), 6.27 (s, 1H, 4’-H), 5.37 (t, J =
7.5 Hz, 1H, 7-H), 5.16 (t, J= 7.5 Hz, 1H, 15-H), 5.10 (t, J = 7.5 Hz, 1H, 11-H), 4.22 (d, J = 12.0 Hz,
1H, 6-CH,), 4.10 (d, J = 12.0 Hz, 1H, 6-CH»), 3.94 (ddd, J = 3.5, 4.0, 8.5 Hz, 1H, 3-H), 2.61 (dq, J =
3.5,7.5 Hz, 1H, 2-H), 2.45 (t,J = 7.5 Hz, 2H, 17-H), 2.35-2.20 (m, 2H, 5-H), 2.24 (dt, /= 7.5, 7.5 Hz,
2H, 16-H), 2.17 (dt, J=17.5, 7.5 Hz, 2H, 8-H), 2.07 (dt, J= 7.5, 7.5 Hz, 2H, 12-H), 2.01 (t, /= 7.5 Hz,
2H, 9-H), 1.99 (t, J= 7.5 Hz, 2H, 13-H), 1.70-1.60 (m, 2H, 4-H), 1.59 (s, 6H, 10-Me, 14-Me), 1.20 (d,
J =1.5 Hz, 3H, 2-Me); °C NMR (CDCL): & 179.4 (1), 142.5 (5°), 138.8 (2), 137.3 (6), 135.7 (14),
134.4 (10), 129.4 (7), 125.0 (3°), 124.8 (11), 123.8 (15), 111.1 (4°), 71.6 (3), 60.2 (6-CH,), 44.4 (2),
39.7 (13), 39.6 (9), 32.4 (4), 31.6 (5), 28.4 (16), 26.6 (12), 26.2 (8), 25.0 (17), 16.0 (10-Me, 14-Me),
10.8 (2-Me); HR MS: calcd for C,5H3505Na (M + Na+) 441.2611, found 441.2597.

o]
o]
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(28,3R,62)-6-((4E ,8E)-11-(furan-3-yl)-4,8-dimethylundeca-4,8-dien-1-ylidene)-3-hydroxy-
2-methylheptan-7-olide (1°): To a solution of MNBA (11 mg, 32 umol) and DMAP (9 mg, 0.16
mmol) in dichloromethane (10.0 mL) at room temperature was slowly added a solution of the
seco-acid 26 (10 mg, 25 pmol) in dichloromethane (2.5 mL) with a mechanically driven syringe over a
12 h period. After cooling to 0 °C, saturated aqueous sodium hydrogencarbonate was added. The
mixture was extracted with dichloromethane, and the organic layer was washed with brine and water,
dried over sodium sulfate. After evaporation of the solvent, the crude product was purified by
preparative TLC on silica gel (hexane/ethyl acetate = 2/1) to afford the compound 1’ (6 mg, 62%).
[a]n”’ +5.64 (¢ 0.78, dichloromethane); IR (neat): 3440, 2931, 1735 cm™; "H NMR (CDCls): 8 7.34 (s,
1H, 5”-H), 7.21 (s, 1H, 2°-H), 6.28 (s, 1H, 4”-H), 5.30 (t, /= 7.5 Hz, 1H, 1’-H), 5.17 (t, J = 7.5 Hz,
1H, 9’-H), 5.11 (t, /= 7.5 Hz, 1H, 5°-H), 4.98 (d, /= 12.0 Hz, 1H, 7-H),4.70 (d, /= 12.0 Hz, 1H, 7-H),
3.61 (dddd, J=12.5,7.0, 7.5, 7.5 Hz, 1H, 3-H), 2.56 (dq, J= 7.5, 7.5 Hz, 1H, 2-H), 2.45 (t, /= 7.5 Hz,
2H, 11°-H), 2.36-2.28 (m, 1H, 5-H), 2.25 (dt, J=17.5, 7.5 Hz, 2H, 10°-H), 2.12 (dt, J= 7.5, 7.5 Hz, 2H,
2’-H), 2.08 (dt, J=17.5, 7.5 Hz, 2H, 6’-H), 2.01 (t, /= 7.5 Hz, 2H, 3°-H), 1.99 (t, J = 7.5 Hz, 2H, 7’-H),
1.96 (d, J=7.0 Hz, 1H, OH), 1.92 (ddd, J= 2.5, 7.5, 15.0 Hz, 1H, 5-H), 1.86 (ddd, J = 2.5, 2.5, 8.5 Hz,
1H, 4-H), 1.86 (ddd, J=2.5,7.5, 7.5 Hz, 1H, 4-H), 1.59 (s, 6H, 4’-Me, 8’-Me), 1.26 (d, J = 7.5 Hz, 3H,
2-Me); >C NMR (CDCl): 8 176.4 (1), 142.5 (5), 138.8 (27), 136.0 (6), 135.7 (8°), 134.1 (4°), 129.9
(17), 125.0 (3), 124.9 (5°), 123.8 (9°), 111.1 (4™), 77.8 (3), 65.3 (7), 46.9 (2), 39.6 (7°), 39.3 (3°), 36.1
(4), 30.9 (5), 28.4 (10%), 26.6 (67), 26.2 (27), 25.0 (11°), 16.0 (4’-Me, 8’-Me), 13.9 (2-Me); HR MS:
calcd for CsH3604Na (M + Na+) 423.2506, found 423.2492.
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3. Preparation of alcohol 13

Alcohol 13 was prepared from (E,E)-farnesol according to the literature” with modification as shown

below.
1. PBr3 (0.37 equiv.) 1. NBS (1.1 equiv.)
= % Ph\S = ¥
HO 5 2. PhSO,Na (1.1 equiv.) 0, 2 2. KOH aq.
(E,E)-Farnesol 84% (2 steps) 70% (2 steps)
TBSCI (1.30 equiv.)
) W 1. HIO, * 2H,0 (1.3 equiv.) W\/ imidazole (2.60 equiv.)
°S
0, 20 2. NaBH, (1.2 equiv.) DMF, 0 °C
77% (2 steps) quant.

oo
(2.0 equiv.) h802 Pd;lz(dppp) (5 mql%)
h \SMOTBS LHMDS (2.0 equiv.) ots  UBHEt: (2.0 equiv.)
02 2 THF, 0°C

THF/DMPU, -78 °C
quant. 96%

OMOTBS LM HCl ag. OW/}VOH
2 quant. 2
13

(Experimental procedures and analytical data)

((2E,6E)-3,7,11-Trimethyldodeca-2,6,10-trien-1-yl)benzenesulfonate: To a  solution of
(E.E)-farnesol (19.9 g, 89 mmol) in hexane (85.0 mL) at 0 °C was added phosphorus tribromide (8.9 g,
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32.8 mmol) in hexane (4.40 mL). After the reaction mixture was stirred for 40 min at O °C, saturated
aqueous sodium hydrogencarbonate was added. The organic layer was separated and the aqueous layer
was extracted with diethyl ether. The combined organic layer was washed with water and brine, and
dried over Na,SO,4. After evaporation of the solvent, the crude product was dissolved in DMF (89.4
mL) and sodium benzenesulfinate (16.1 g, 98 mmol) was added to the solution. After a stirring for 2 h,
water was added and the mixture was extracted with diethyl ether, and the organic layer was washed
with brine and water, dried over sodium sulfate. After evaporation of the solvent, the crude product
was purified by column chromatography on silica gel (hexane/ethyl acetate = 10/1) to afford the
desired sulfone (26.0 g, 84%). IR (neat): 2915, 1088 cm-!;1H NMR (CDCls): & 7.87 (d, J = 7.5 Hz, 2H,
Ph), 7.63 (t, J= 7.5 Hz, 1H, Ph), 7.53 (dd, J= 7.5, 7.5 Hz, 2H, Ph), 5.20 (t, J= 7.5 Hz, 1H, 2-H), 5.08
(t, J=17.5 Hz, 1H, 10-H), 5.05 (t, J = 6.0 Hz, 1H, 6-H), 3.81 (d, J = 7.5 Hz, 2H, 1-H), 2.09-1.95 (m,
4H, 4-H, 5-H), 2.06 (dt, J= 7.5, 7.5 Hz, 2H, 9-H), 1.98 (t, /= 7.5 Hz, 2H, 8-H), 1.68 (s, 3H, 12-Me),
1.60 (s, 3H, 11-Me), 1.58 (s, 3H, 7-Me), 1.32 (s, 3H, 4-Me); 13C NMR (CDCl3): & 146.3 (Ph), 138.6
(3), 135.6 (7), 133.4 (Ph), 131.2 (11), 128.8 (Ph), 128.6 (Ph), 124.2 (10), 123.2 (8), 110.2 (2), 56.0 (1),
39.6 (4, 8), 26.6 (7-Me), 26.1 (5), 25.6 (12-Me), 17.6 (11-Me), 16.1 (3-Me), 15.9 (7-Me); HR MS:
calced for Co1H3002SNa (M + Na') 369.1859, found 369.1853.

Ph

0, o

((2E,6E)-10,11-Epoxy-3,7,11-trimethyldodeca-2,6-dien-1-yl)benzenesulfonate: To a solution of
((2E,6E)-3,7,11-trimethyldodeca-2,6,10-trien-1-yl)benzenesulfonate (7.7 g, 22.2 mmol) in ‘BuOH /
H,0 (= 7/2 v/v solution; 74 mL) at 0 °C was added N-bromosuccinimide (4.3 g, 24.4 mmol). After the
reaction mixture was stirred for 2 h at 0 °C, the organic layer was separated and the aqueous layer was
extracted with chloroform. The combined organic layer was washed with brine, and dried over Na;SO,.
After evaporation of the solvent, the crude product was obtained, which was instantly used without
further purification.

To a solution of the crude product obtained in methanol (45 mL) at 0 °C was added a 6 M aqueous
solution of KOH (3.7 mL, 22.2 mmol). The mixture was stirred for 1.5 h at room temperature, and
then quenched with water. The mixture was extracted with dichloromethane and dried over Na,;SO,.
After evaporation of the solvent, the crude product was purified by column chromatography on silica
gel (hexane/ethyl acetate = 10/1) to afford the desired epoxide (5.6 g, 70%). IR (neat): 2938, 1234,
1088 cm!; 'H NMR (CDCl3): & 7.87 (d, J = 7.5 Hz, 2H, Ph), 7.64 (t, J= 7.5 Hz, 1H, Ph), 7.53 (dd, J
=17.5,7.5 Hz, 2H, Ph), 5.19 (t, J= 7.5 Hz, 1H, 2-H), 5.11 (t, J= 7.5 Hz, 1H, 5-H), 3.80 (d, J= 7.5 Hz,
2H, 1-H), 2.69 (t, J = 6.0 Hz, 1H, 10-H), 2.16 (dt, J= 7.5, 15.0 Hz, 1H, 8-H), 2.08 (dt, J=7.5, 15.0 Hz,
1H, 8-H), 2.05-1.97 (m, 4H, 1-H, 5-H), 1.62 (dt, J = 6.0, 7.5 Hz, 2H, 9-H), 1.60 (s, 3H, 7-Me), 1.32 (s,
3H, 3-Me), 1.30 (s, 3H, 11-Me or 12-Me), 1.26 (s, 3H, 11-Me or 12- Me); 13C NMR (CDCl3): § 146.1
(Ph), 138.6 (3), 134.6 (7), 133.4 (Ph), 128.8 (Ph), 128.3 (Ph), 123.8 (8), 110.2 (2), 63.9 (10), 58.1 (11),
55.9 (1), 39.4 (4), 36.1 (8), 27.3 (9), 26.0 (5), 24.7 (11-Me or 12-Me), 18.6 (11-Me or 12-Me), 16.0
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(3-Me), 15.8 (7-Me); HR MS: calcd for C21H3003SNa (M + Na™) 385.1808, found 385.1809.

Ph /\)\/\)\/\/OH
~s = =

0,

((2E,6E)-10-Hydroxy-3,7-dimethyldeca-2,6-dien-1-yl)benzenesulfonate: =~ To a solution of
((2E,6E)-10,11-epoxy-3,7,11-trimethyldodeca-2,6-dien-1-yl)benzenesulfonate (7.6 g, 20.9 mmol) in
diethyl ether (42 mL) at 0 °C was added periodic acid dihydrate (6.2 g, 27.1 mmol) in THF (21 mL).
After a stirring for 2 h, diethyl ether was added. The organic layer was separated and washed with
saturated aqueous sodium hydrogencarbonate and water, and dried over anhydrous Na,SO,. After
evaporation of the solvent, the crude product was obtained, which was used in the next step without
further purification.

To a solution of the crude product obtained in ethanol (42 mL) at 0 °C was added NaBH4 (1.2 g,
31.3 mmol). After a stirring for 1.5 h, the reaction mixture was quenched by addition of saturated
aqueous NH4Cl and extracted with diethyl ether. The organic layer was separated and dried over
Na,SO,. After evaporation of the solvent, the crude product was purified by column chromatography
on silica gel (hexane/ethyl acetate = 5/1) to afford the title compound (5.2 g, 77%). IR (neat): 3541,
2931, 1080 cm-!; IH NMR (CDCl3): 8 7.88 (d, J = 7.5 Hz, 2H, Ph), 7.64 (t, J = 7.5 Hz, 1H, Ph), 7.54
(dd, J=17.5, 7.5 Hz, 2H, Ph), 5.20 (t, /= 7.0 Hz, 1H, 2-H), 5.11 (t, /= 7.5 Hz, 1H, 6-H), 3.80 (d, J =
7.0 Hz, 2H, 1-H), 3.62 (t, J = 6.0 Hz, 2H, 10-H), 2.06 (t, J = 7.5 Hz, 2H, 8-H), 2.04 (dt, /= 6.0, 7.5 Hz,
2H, 5-H), 2.03 (m, 2H, 4-H), 1.67 (tt, J = 6.0, 7.5 Hz, 2H, 9-H), 1.60 (s, 3H, 7-Me), 1.33 (s, 3H,
3-Me); 13C NMR (CDCl3): & 146.1 (Ph), 138.5 (3), 135.2 (7), 133.4 (Ph), 128.8 (Ph), 128.3 (Ph),
123.4 (6), 110.1 (2), 62.2 (10), 55.9 (1), 39.4 (4), 35.6 (8), 30.5 (9), 25.8 (5), 15.9 (3-Me), 15.7 (7-Me);
HR MS: calcd for C1gHy603SNa (M + Na') 345.1495, found 345.1508.

OD\/Br

3-(Bromomethyl)furan: In a similar mannar as described before,’ to a solution of furan-3-ylmethanol
(0.43 mL, 5.0 mmol) in 5 mL of THF at 0 °C was added 0.25 mL of phosphorous tribromide (PBr3)
(7.46 M in hexane). After a stirring for 1 h at 0 °C, the reaction mixture was purified by flash
column chromatography on silica gel (hexane/ethyl acetate = 10/1) to afford the desired bromide (0.75
g, 93%), which was instantly used in the next reaction.

0,

((2E,6E)-10-(tert-Butyldimethylsiloxy)-3,7-dimethyldeca-2,6-dien-1-yl)benzenesulfonate: To a
solution of ((2E,6F)-10-hydroxy-3,7-dimethyldeca-2,6-dien-1-yl)benzenesulfonate (10.2 g, 31.6
mmol) and imidazole (5.60 g, 822 mmol) in DMF (63.2 mL) was added

tert-butyldimethylsilylchloride (TBSCI) (6.19 g, 41.1 mmol) at 0 °C. After a stirring for 1.5 h, the
s14



reaction mixture was quenched by addition of saturated aqueous NH4Cl and extracted with ethyl
acetate. The organic layer was separated and dried over Na,SO,4. After evaporation of the solvent, the
crude product was purified by column chromatography on silica gel (hexane/ethyl acetate = 10/1) to
afford the title compound (13.8 g, quant.). IR (neat): 2931, 1095 cm-1; 1H NMR (CDCl3): & 7.87 (d, J
= 7.5 Hz, 2H, Ph), 7.64 (t, J = 7.5 Hz, 1H, Ph), 7.54 (dd, J = 7.5, 7.5 Hz, 2H, Ph), 5.19 (t, J = 8.5 Hz,
1H, 2-H), 5.06 (m, 1H, 6-H), 3.81 (d, J = 8.5 Hz, 2H, 1-H), 3.58 (t, J = 6.0 Hz, 2H, 10-H), 2.05-1.97
(m, 6H, 4-H, 5-H, 8-H), 1.60 (tt, /= 6.0, 7.5 Hz, 2H, 9-H),1.58 (s, 3H, 7-Me), 1.32 (s, 3H, 3-Me), 0.90
(s, 9H, TBS), 0.04 (s, 6H, TBS); 13C NMR (CDCl3): & 146.3 (Ph), 138.7 (3), 135.4 (7), 133.5 (Ph),
128.9 (Ph), 128.5 (Ph), 123.3 (6), 110.3 (2), 62.8 (10), 56.1 (1), 39.6 (4), 35.7 (8), 31.1 (9), 26.1 (5),
25.9 (TBS), 18.3 (TBS), 16.1 (3-Me), 15.9 (7-Me), -5.3 (TBS); HR MS: calcd for Co4H4003SSiNa (M
+ Nat) 459.2360, found 459.2363.

h

_P
— 0,8
OM/\/OTBS

((2E,6E)-10-(tert-Butyldimethylsiloxy)-1-(furan-3-yl)methyl-3,7-dimethyldeca-2,6-dien-1-yl)
benzenesulfonate: To a solution of ((2E,6E)-10-(tert-butyldimethylsiloxy)-3,7-dimethyldeca-2,6-
dien-1-yl)benzenesulfonate (0.71 g, 1.63 mmol) in THF (9.0 mL) was added
N,N'-dimethylpropyleneurea (DMPU) (0.74 mL, 6.20 mmol), a solution of 3-(bromomethyl)furan
(0.52 g, 3.25 mmol) in THF (2.0 mL), and lithium bis(trimethylsilyl)amide (LHMDS) (3.3 mL) (1.0 M
in THF) at -78 °C. After a stirring for 1.0 h, the reaction mixture was quenched by addition of
saturated aqueous NH4Cl and extracted with ethyl acetate. The organic layer was separated and dried
over Na,SO,. After evaporation of the solvent, the crude product was purified by thin layer
chromatography on silica (hexane/ethyl acetate = 5/1) to afford the title compound (0.90 g, quant.). IR
(neat): 2931, 1095 cm-1; I'H NMR (CDCl3): § 7.86 (d, J = 7.5 Hz, 2H, Ph), 7.63 (t, J= 7.5 Hz, 1H, Ph),
7.52 (dd, J=17.5, 7.5 Hz, 2H, Ph), 7.29 (s, 1H, 1-H), 7.18 (s, 1H, 2’-H), 6.20 (s, 1H, 4’-H), 5.05-4.95
(m, 2H, 2-H, 6-H), 3.90 (ddd, /= 3.5, 11.0, 11.0 Hz, 1H, 1-H), 3.58 (t, /= 6.5 Hz, 2H, 10-H), 3.36 (dd,
J=3.5,15.0 Hz, 1H, 1-CH,), 2.75 (dd, J = 11.0, 15.0 Hz, 1H, 1-CH,), 1.98 (t, J = 7.0 Hz, 2H, 8-H),
1.95-1.89 (m, 4H, 4-H, 5-H), 1.58 (tt, J= 6.5, 7.0 Hz, 2H, 9-H), 1.57 (s, 3H, 7-Me), 1.07 (s, 3H, 3-Me),
0.89 (s, 9H, TBS), 0.04 (s, 6H, TBS); 13C NMR (CDCl3): & 146.0 (Ph), 142.8 (5°), 140.0 (3-Me),
137.8 (3), 135.5 (7), 133.5 (Ph), 129.2 (Ph), 128.7 (Ph), 123.3 (6), 120.2 (8), 117.0 (4°), 110.9 (2), 65.1
(1), 62.9 (10), 39.6 (8), 35.8 (8), 31.2 (9), 26.1 (5), 25.9 (TBS), 23.5 (1-CH,), 18.3 (TBS), 16.3 (3-Me),
15.9 (7-Me), -5.3 (TBS); HR MS: calcd for Co9H4404SSiNa (M + Na™) 539.2622, found 539.2644.

o__ _ _ oTBS
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(4E,8E)-3-(1-(tert-Butyldimethylsiloxy)-4,8-dimethylundeca-4,8-dien-11-yl)furan: To a solution of
((2E,6E)-10-(tert-butyldimethylsiloxy)-1-(furan-3-yl)methyl-3,7-dimethyldeca-2,6-dien-1-yl)
benzenesulfonate (3.2 mg, 6.13 mmol) and PdCly(dppp) (181 mg, 0.31 mmol) in THF (61 mL) was
added LiBHEt; (12.3 mL) (1.0 M in THF) at 0 °C. After a stirring for 1.0 h, the reaction mixture was
quenched by 3 M aqueous solution of sodium hydroxide and aqueous solution of potassium cyanide.
After an additonal stirring for 0.5 h, phosphate buffer solution and the mixture was extracted with ethyl
acetate and dried over Na,SO,. After evaporation of the solvent, the crude product was purified by thin
layer chromatography on silica (hexane/ethyl acetate = 5/1) to afford the title compound (2.2 g, 96%).
IR (neat): 2931 cm-l; IH NMR (CDCl3): & 7.34 (s, 1H, 5°-H), 7.21 (s, 1H, 2°-H), 6.28 (s, 1H, 4’-H),
5.17 (t,J=17.5 Hz, 1H, 3-H), 5.11 (t, J= 7.5 Hz, 1H, 7-H), 3.58 (t, /= 6.5 Hz, 2H, 11-H), 2.45 (t, J =
7.5 Hz, 2H, 1-H), 2.24 (dt, /= 7.5, 7.5 Hz, 2H, 2-H), 2.08 (dt, J = 7.5, 7.5 Hz, 2H, 6-H), 2.03-1.96 (m,
4H, 5-H, 9-H), 1.61 (tt, J = 6.5, 7.0 Hz, 2H, 10-H), 1.60 (s, 6H, 4-Me, 8-Me), 0.90 (s, 9H, TBS), 0.05
(s, 6H, TBS); I3C NMR (CDCl3): § 142.5 (5°), 138.8 (2°), 135.7 (4), 134.7 (8), 125.0 (3°), 124.2 (7),
123.7 (3), 111.1 (4°), 62.9 (11), 39.7 (5), 35.8 (9), 31.2 (10), 28.4 (2), 26.6 (6), 26.0 (TBS), 25.0 (1),
18.3 (TBS), 16.0 (4-Me, 8-Me), -5.3 (TBS); HR MS: calcd for C23H400,SiNa (M + Na™) 399.2690,
found 399.2698.

(4E,8E)-11-(Furan-3-yl)-4,8-dimethyl-4,8-undecadien-1-o0l (13): To a solution of
(4E,8E)-3-(1-(tert-butyldimethylsiloxy)-4,8-dimethylundeca-4,8-dien-4-yl)furan in methanol (6.6 mL)
was added a 1 M aqueous solution of HCI (0.66 mL). After a stirring for 0.5 h, the reaction mixture
was quenched by phosphate buffer solution and the mixture was extracted with ethyl acetate and dried
over Na,SO,. After evaporation of the solvent, the crude product was purified by preparative TLC on
silica gel (hexane/ethyl acetate = 2/1) to afford the title compound (192 mg, quant.). IR (neat): 3410,
2931 cm!; TH NMR (CDCl3): 8 7.34 (s, 1H, 5>-H), 7.21 (s, 1H, 2°-H), 6.28 (s, 1H, 4°-H), 5.16 (t, J =
7.5 Hz, 1H, 9-H), 5.14 (t, J = 7.5 Hz, 1H, 5-H), 3.63 (dt, J = 6.0, 6.5 Hz, 2H, 1-H), 2.45 (t, J = 7.5 Hz,
2H, 12-H), 2.24 (dt, J= 7.5, 7.5 Hz, 2H, 10-H), 2.09 (dt, J = 7.5, 7.5 Hz, 2H, 6-H), 2.06 (t, J = 7.0 Hz,
2H, 3-H), 2.00 (t, J = 7.5 Hz, 2H, 7-H), 1.67 (tt, J = 6.5, 7.0 Hz, 2H, 2-H), 1.61 (s, 3H, 8-Me), 1.59 (s,
3H, 4-Me), 1.28 (t, J= 6.0 Hz, 1H, OH); 13C NMR (CDCl3): & 142.5 (5), 138.8 (2°), 135.6 (8), 134.7
(4), 125.0 (3°), 124.7 (5), 123.9 (9), 111.1 (4*), 62.8 (1), 39.6 (7), 36.0 (3), 30.7 (2), 28.4 (10), 26.4 (6),
25.0 (11), 16.0 (8-Me), 15.9 (4-Me); HR MS: calcd for C17Hy602Na (M + Na™) 285.1825, found

285.1814.
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4. Supplementary Tables and Figures

Supplementary Table 1. 'H and *C NMR data for the natural and synthetic 1 (chemical shifts in
ppm; CDCl5)

2,3-cis-Astakolactin (1)

natural synthetic (1) natural synthetic (1)

position S d¢ SH d¢c position dny d¢ S d¢c
5" 7.32 142.5 7.33 142.5 4'-Me 1.55 15.9 1.59 16.0
4" 6.26 111.1 6.27 111.1 3 1.95 39.6 2.01 39.4
3" 124.8 125.0 2' 2.05 25.7 2.12 26.2
2" 7.19 138.8 7.21 138.8 1 5.21 125.6 5.33 130.5
11' 2.43 25.0 2.45 25.0 7 4.67; 3.83 67.3 5.08; 4.60 65.7
10' 2.23 32.4 2.24 28.4 6 131.9 136.2
9' 5.14 123.8 5.17 123.8 5 2.26 28.4 2.30; 2.01 29.9
8' 135.7 135.7 4 1.73; 1.48 29.1 1.90; 1.80 35.1
8'-Me 1.55 16.0 1.59 16.0 3 3.68 78.0 4.06 74.1
7 1.99 39.6 1.99 39.6 2 2.70 43.8 2.96 42.5
6' 2.05 26.5 2.08 26.6 2-Me 1.18 12.1 1.22 11.6
5 5.07 124.8 5.10 124.9 1 175.0 176.6
4 134.2 134.1

Supplementary Figure 1 (as Figure 2 in the main text). A5 (ppm) of 'H NMR chemical shifts in 1.
Ad corresponds to the difference in chemical shift for natural and synthetic products
(AS = d(synthetic)—o(natural)).
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Supplementary Table 2. 'H and ">C NMR data for the natural and synthetic 1’ (chemical shifts in
ppm; CDCl5)

2,3-trans-astakolactin (1')

natural synthetic (1') natural synthetic (1)

position Sy d¢c dH d¢c position Sy d¢ Sy d¢c
5" 7.32 142.5 7.34 1425 4-Me 155 15.9 1.59 16.0
4" 6.26 111.1 6.28 111.1 3 1.95 39.6 2.01 39.3
3" 124.8 125.0 2 2.05 25.7 212 26.2
2" 7.19 138.8 7.21 138.8 1 5.21 125.6 5.30 129.9
11 2.43 25.0 2.45 25.0 7 467,;3.83 673 4.98; 4.70 65.3
10 2.23 32.4 2.25 28.4 6 131.9 136.0
9 5.14 123.8 5.17 123.8 5 2.26 28.4 2.34;1.92 30.9
8 135.7 135.7 4 1.73;1.48  29.1 1.86 36.1
8-Me 155 16.0 1.59 16.0 3 3.68 78.0 3.61 77.8
7 1.99 39.6 1.99 39.6 2 2.70 43.8 2.56 46.9
6' 2.05 26.5 2.08 26.6 2-Me  1.18 12.1 1.26 13.9
5 5.07 124.8 5.11 124.9 1 175.0 176.4
4 134.2 134.1

Supplementary Figure 2 (as Figure 3 in the main text). A3 (ppm) of 'H NMR chemical shifts in 1°.
Ad corresponds  to the difference in chemical shift for natural and synthetic products
(AS = d(synthetic)—o(natural)).
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OBNUC 1H
EXMOD non
OBFRQ 500.00 MHz
OBSET 0.00 KHz
OBFIN 162160.00 Hz
POINT 8192
FREQU 10000.00 Hz
SCANS 8
ACQTM 0.8192 sec
PD 6.1808 sec
PW1 6.20 usec
IRNUC 1H
CTEMP 257 ¢
SLVNT cDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 22
©
o
o I
< S 3
o
© | ©
D S OTBDPS
“ >
f ~ o | o [ONPZ = ¥
- o
3 ¥ ™ N OH
- —_e ‘ (6E,10E)-2-(tert-Butyldiphenylsiloxy)methyl-13-(furan-3-yl)-
T 6,10-dimethyl-trideca-1,6,10-trien-3-ol (16)
| / J / [
i
[ M " “‘ i \“ | k
I
1 Il I
PPM
\ \ \ \ \
0 8 6 4 2 0
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km294-1"(13C)

0O N6 o~ O oo oo C oo oo aT <o (D)IZI)IRAENT Ilz:¥2m;‘{n?<lile(11¥§lc|;/|)R¥km294—1 "(13C).als

NSO ™MM™mMN~ <o O~ m -

SEEnaC-RREERSS DR BRaIRB5=-88 DATIM Mo Jul 25 10:41:06 2011

TLTONO N ANNNNN — — tReed Seanggieer OBNUC 13C

PPPPPPPPPPPPP | EXMOD bcm
OBFRQ 125.65 MHz

N 2 G 7 I N TA1S
OBFIN 127958.00 Hz

‘ POINT 32768
FREQU 33898.30 Hz
SCANS 128
ACQTM 0.9667 sec
PD 2.0333 sec
PW1 4.90 usec
IRNUC 1H
CTEMP 276 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 31
|
I
OTBDPS
| ! \ (e} 7 = =
|
‘ g OH
(6E,10E)-2-(tert-Butyldiphenylsiloxy)methyl-13-(furan-3-yl)-
6,10-dimethyl-trideca-1,6,10-trien-3-ol (16)
| | | | - PPM
200 150 100 50 0
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DFILE F:¥mameda¥NMR¥km327-1".als
COMNT km327-1’
DATIM Wed Jul 20 14:16:15 2011
OBNUC 1H
EXMOD non
OBFRQ 500.00 MHz
OBSET 0.00 KHz
OBFIN 162160.00 Hz
POINT 8192
FREQU 10000.00 Hz
SCANS 8
ACQTM 0.8192 sec
PD 6.1808 sec
PW1 6.20 usec
IRNUC 1H
CTEMP 274 c
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 25
|
™~
N
[=2]
[=>) o
> -
[To) ©
3 o OTBDPS
< o o+ 8 —
f a0 N g: pg (ONPZ ¥z = Pz OEt
oD o Nau N R (e}
- e X2 Ethyl (4Z,8E,12E)-4-(tert-butyldiphenylsiloxy)methyl-15-
, et J / (furan-3-y1)-8,12-dimethylpentadeca-4,8,12-trienoate (17)
‘f | [ i
] | ! ‘
Iy I
| 1 W
| I M e
h, LJ\ Jl N\.J'\ JJ ~“}"h~ e - W“J _______________________
\ \ \ \ \ o
0 8 6 4 2 0
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF

RGAIN

(ONg”

F:¥mameda¥NMR¥km327-1'(13C).als

km327-1'(13C)

Wed Jul 20 14:32:54 2011

13C
becm
125.65 MHz
0.00 KHz
127958.00 Hz
32768
33898.30 Hz
248
0.9667 sec
2.0333 sec
4.90 usec
1H
294 c
CDCL3
77.00 ppm
1.20 Hz
31

OTBDPS
OEt
(0]

Ethyl (4Z,8E,12E)-4-(tert-butyldiphenylsiloxy)methyl-15-
(furan-3-y1)-8,12-dimethylpentadeca-4,8,12-trienoate (17)
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DFILE F:¥mameda¥NMR¥km341-1.als
COMNT km341-1

DATIM Thu Jul 21 17:50:45 2011
OBNUC 1H

EXMOD non

OBFRQ 500.00 MHz

OBSET 0.00 KHz

OBFIN 162160.00 Hz

POINT 8192

FREQU 10000.00 Hz

SCANS 8

ACQTM 0.8192 sec

PD 6.1808 sec

PW1 6.20 usec

IRNUC 1H

CTEMP 258 ¢

SLVNT CDCL3

EXREF 7.26 ppm

BF 0.12 Hz

RGAIN 22

OTBDPS

OD\/\M\/)/\/VO

(4Z,8E,12E)-4-(tert-Butyldiphenylsiloxy)methyl-15-
(furan-3-yl)-8,12-dimethylpentadeca-4,8,12-trienal (18)
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF

RGAIN

F:¥mameda¥NMR¥km341-1(13C).als

km341-1(13C)
Thu Jul 21 18:00:04 2011
13C
becm
125.65 MHz
0.00 KHz
127958.00 Hz
32768
33898.30 Hz
64
0.9667 sec
2.0333 sec
4.90 usec
1H
273 ¢
CDCL3
77.00 ppm
1.20 Hz
30

OTBDPS

O@\/\WNO

(42,8E,12E)-4-(tert-Butyldiphenylsiloxy)methyl-15-
(furan-3-yl)-8,12-dimethylpentadeca-4,8,12-trienal (18)
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4.08

1.00
099

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PW1
IRNUC
CTEMP
SLVNT
EXREF

RGAIN

F:¥mameda¥NMR¥km343-2.als

km343-2

Mon Jul 25 10:15:10 2011
1H

non
500.00 MHz
0.00 KHz
162160.00 Hz
8192
10000.00 Hz
8
0.8192 sec
6.1808 sec
6.20 usec
1H
255 ¢
CDCL3
7.26 ppm
0.12 Hz
23

OTBDPS
OEt
OH O

Ethyl (6Z,10E,14E)-6-(tert-butyldiphenylsiloxy)methyl-17-(furan-3-yl)-
3-hydroxy-10,14-dimethylheptadeca-6,10,14-trienoate (19)
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF

RGAIN

F:¥mameda¥NMR¥km343-2(13C).als
km343-2(13C)
Mon Jul 25 10:30:54 2011
13C
becm
125.65 MHz
0.00 KHz
127958.00 Hz
32768
33898.30 Hz
128
0.9667 sec
2.0333 sec
4.90 usec
1H
274 ¢
CDCL3
77.00 ppm
1.20 Hz
30

OTBDPS
= = = OEt

OH O

Ethyl (6Z,10E,14E)-6-(tert-butyldiphenylsiloxy)methyl-17-(furan-3-yl)-
3-hydroxy-10,14-dimethylheptadeca-6,10,14-trienoate (19)
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DFILE F:¥mameda¥NMR¥km344-1.als
COMNT km344-1
DATIM Sat Jul 30 10:03:39 2011
OBNUC 1H
EXMOD non
OBFRQ 500.00 MHz
OBSET 0.00 KHz
OBFIN 162160.00 Hz
POINT 8192
FREQU 10000.00 Hz
SCANS 8
ACQTM 0.8192 sec
PD 6.1808 sec
PW1 6.20 usec
IRNUC 1H
CTEMP 259 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 26
Lo|
o~
o (=2}
N
o
3 |
N
©
o <
< < - 3~ _ OTBDPS
No [ of g
QN o c?‘\‘ (OGP Pz ¥ Pz . OEt
: 5 =2 S 5 g et
NE — —_— - o — Ethyl (2R*,3R*,6Z,10E,14E)-6-(tert-butyldiphenylsiloxy)methyl-17-
| , / \ (furan-3-yl)-3-hydroxy-2,10,14-trimethylheptadeca-6,10,14-trienoate (20)
Il | I J I
N | |
/ | | o i “ *K \h \)L
I
. l{ . J A | A J JMW AN —
\ \ \ \ \ o
0 8 6 4 2 0

s33



km344-1(13C)

o N e 0 © <t © D in O~ DFILE F:¥mameda¥NMR¥km344-1(13C).als
py NMNOLMOOMTNMO OO ONOOOLO WO D —
5 SRBRBSLEE33IES IEE28E85-° 83885858 5883 DATIM St 30 102644 2011
P TOPO8SBIINIIIT R ECs 8983 ngsgggyuesesy OBNUC  13C
[ T T T R T R R T I | EXMOD bcm
‘\ / OBFRQ 125.65 MHz
m | OBSET 0.00 KHz
OBFIN 127958.00 Hz
POINT 32768
FREQU 33898.30 Hz
SCANS 192
ACQTM 0.9667 sec
PD 2.0333 sec
PW1 4.90 usec
IRNUC 1H
CTEMP 277 ¢
SLVNT cbcL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 30
il
OTBDPS
(ONG” B Z »Z OEt
OH O
[ ! Il Ethyl (2R*,3R*,6Z,10E,14E)-6-(tert-butyldiphenylsiloxy)methyl-17-
| (furan-3-yl)-3-hydroxy-2,10,14-trimethylheptadeca-6,10,14-trienoate (20)
| |
‘\ | i
| |
|
|
PPM
| | | | -
200 150 100 50 0
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DFILE F¥mameda¥NMR¥km351-1.als
R eS8~ 228 | COMNT  km351-1
PR NN~ DATIM Thu Aug 04 14:43:39 2011
TTTTTTT T 7| OBNUC 1H
% EXMOD non
OBFRQ 500.00 MHz
OBSET 0.00 KHz
OBFIN 162160.00 Hz
©Q POINT 8192
; © * FREQU 10000.00 Hz
o SCANS 8
\ ACQTM 0.8192 sec
PD 6.1808 sec
PW1 6.20 usec
! IRNUC 1H
CTEMP 26.7 ¢
SLVNT CDCL3
EXREF 7.26 ppm
<« BF 0.12 Hz
°’. RGAIN 19
™
LD
o
@
<)
™
©
S 3 3
N o~
b
s ~ 2
S 3 o S -
o'r- — - [}
( ‘ OH
| N ~ P P OEt
| z
I OH O
| | [ Ethyl (2R*,3R*,6Z,10E,14E)-17-(furan-3-yl)-3-hydroxy-6-
| ] (hydroxymethyl)-2,10,14-trimethylheptadeca-6,10,14-trienoate (21)
Ju I “{ |
I
LY VL d ,L_)L_ _______________ »J e ol O
PPM
\ \ \ \ \
0 8 6 4 2 0
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DFILE F:¥mameda¥NMR¥km351-1(13C).als
COMNT km351-1(13C)
DATIM Thu Aug 04 15:37:55 2011
OBNUC 13C
EXMOD becm
OBFRQ 125.65 MHz
OBSET 0.00 KHz
OBFIN 127958.00 Hz
POINT 32768
FREQU 33898.30 Hz
SCANS 384
ACQTM 0.9667 sec
PD 2.0333 sec
PW1 4.90 usec
IRNUC 1H
CTEMP 289 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 31
OH
O~ Z = = OEt
OH O

Ethyl (2R*,3R*,6Z,10E,14E)-17-(furan-3-yl)-3-hydroxy-6-
(hydroxymethyl)-2,10,14-trimethylheptadeca-6,10,14-trienoate (21)
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DFILE F:¥mameda¥NMR¥km352-1.als
COMNT km352-1
DATIM Fri Aug 05 10:39:23 2011
OBNUC 1H
EXMOD non
OBFRQ 500.00 MHz
OBSET 0.00 KHz
OBFIN 162160.00 Hz
POINT 8192
FREQU 10000.00 Hz
SCANS 8
ACQTM 0.8192 sec
PD 6.1808 sec
PW1 6.20 usec
IRNUC 1H
CTEMP 26.5 ¢
SLVNT CcDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 22
o
(=)
—~ ™~
oo
~
N
el
Q OH
N pr—
géi =4 2 [ (ONPZ % = Pz OH
o — — :
/ OH O
[ [‘ { / (2R*,3R*,6Z,10E,14E)-17-(Furan-3-yl)-3-hydroxy-6-
‘ (hydroxymethyl)-2,10,14-trimethylheptadeca-6,10,14-trienoic acid (2)
[1 |
\ - )'(M " Mo M i S—
\ \ \ \ \ o
0 8 6 4 2 0
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© H PO MmO N~ O DFILE F:¥mameda¥NMR¥km352-1(13C).als
™ OO ~ONMNL W ~ LY IO SDIIGR COMNT km352-1(13C)

S LEaesoans © S8R&E = 8R32IRTB25388 DATIM Fri Aug 05 11-19:43 2011

~ TooooNNaN — KERR 22333338882 OBNUC 13C

EXMOD bcm

OBFRQ 125.65 MHz

OBSET 0.00 KHz
127958.00 Hz

OBFIN
POINT 32768
FREQU 33898.30 Hz
SCANS 640
ACQTM 0.9667 sec
PD 2.0333 sec
PW1 4.90 usec
IRNUC 1H
CTEMP 289 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 31
!
‘\
OH
| (ONGZ ¥z Pz ¥z OH
I :
| OH O
(2R*,3R*,6Z,10E,14E)-17-(Furan-3-yl)-3-hydroxy-6-
(hydroxymethyl)-2,10,14-trimethylheptadeca-6,10,14-trienoic acid (2)

WWWMWWMWW M«MWWMW e WWWWJMWMMWM

PPM

200 150 100 50 0
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DFILE F:¥mameda¥NMR¥km355-1.als
COMNT km355-1
DATIM Sat Aug 06 16:42:52 2011
OBNUC 1H
EXMOD non
OBFRQ 500.00 MHz
OBSET 0.00 KHz
OBFIN 162160.00 Hz
POINT 8192
FREQU 10000.00 Hz
SCANS 8
ACQTM 0.8192 sec
PD 6.1808 sec
PW1 6.20 usec
IRNUC 1H
CTEMP 272 ¢
SLVNT CDCL3
- EXREF 7.26 ppm
= BF 0.12 Hz
RGAIN 22
[
o (o
o g
™ o3
< ": o~
oy o o N o = .
o, S SO Q e e (2R*,3R*,62)-6-((4E,8E)-11-(Furan-3-yl)-4,8-dimethylundeca-
—, — — - - | 4,8-dien-1-ylidene)-3-hydroxy-2-methylheptan-7-olide (1)
| | |
\ I
|
L ) (A | |
PPM
\ \ \ \ \
10 8 6 4 2 0
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LV

200

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

F:¥mameda¥NMR¥km355-1(13C).als
km355-1(13C)
Sat Aug 06 17:19:18 2011
13C
bcm
125.65 MHz
0.00 KHz
127958.00 Hz
32768
33898.30 Hz
640
0.9667 sec
2.0333 sec
4.90 usec
1H

293 c
CDCL3
77.00 ppm
1.20 Hz
31

(2R*,3R*,6Z)-6-((4E,8E)-11-(Furan-3-yl)-4,8-dimethylundeca-
4,8-dien-1-ylidene)-3-hydroxy-2-methylheptan-7-olide (1)
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PW1
IRNUC
CTEMP
SLVNT
EXREF

RGAIN

F:¥mameda¥NMR¥km342-2.als
km342-2

Sat Jul 23 14:27:15 2011

1H

non
500.00 MHz
0.00 KHz
162160.00 Hz
8192
10000.00 Hz
8
0.8192 sec
6.1808 sec
6.20 usec
1H

26.2 ¢
CcDCL3
7.26 ppm
0.12 Hz
24

LA~

S-Ethyl (2S,3R,6Z,10E,14E)-6-((tert-butyldiphenylsiloxy)methyl)-17-
(furan-3-yl)-3-hydroxy-2,10,14-trimethylheptadeca-6,10,14-trienethioate (24)
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_ N e et <N B O D 5O OGO T << m®®o oo DFILE F:¥mameda¥NMR¥km342-2(13C).als
z 3358283353385% 5858 SEBE22C3338538888 | DAt Saon 29 144440 2011
3 ¥858833355338¢ SREF 223395888888 2E9 T (0BG 130
| EXMOD bcm
/ OBFRQ 125.65 MHz
e I GO R e e
\ OBFIN 127958.00 Hz
POINT 32768
FREQU 33898.30 Hz
SCANS 64
ACQTM 0.9667 sec
PD 2.0333 sec
PW1 4.90 usec
IRNUC 1H
CTEMP 272 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 31

SEt

[ S-Ethyl (2S,3R,6Z,10E,14E)-6-((tert-butyldiphenylsiloxy)methyl)-17-
(furan-3-yl)-3-hydroxy-2,10,14-trimethylheptadeca-6,10,14-trienethioate (24)

200 150 100 50 0
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DFILE F:¥mameda¥NMR¥km345-1.als
COMNT km345-1
DATIM Thu Jul 28 10:38:44 2011

1H

OBNUC
EXMOD non
OBFRQ 500.00 MHz
OBSET 0.00 KHz
OBFIN 162160.00 Hz
POINT 8192
FREQU 10000.00 Hz
) SCANS 8
~ ACQTM 0.8192 sec
- PD 6.1808 sec
PW1 6.20 usec
IRNUC 1H
CTEMP 26.1 ¢
SLVNT cbhcL3
- EXREF 7.26 ppm
< BF 0.12 Hz
i RGAIN 24
D
2
J 7o)
Sl )
S
oo} o ~R w2 O |
o — - - |
o5 2 D == &
( / /{ { S-Ethyl (2S,3R,62,10E,14E)-17-(furan-3-yl)-3-hydroxy-6-
J | j . | / ) (hydroxymethyl)-2,10,14-trimethylheptadeca-6,10,14-trienethioate (25)
L | ! o
} I I ﬂ\ I l“\“\ 'II‘ [
ﬂ ! J it A jJ AN
\ \ | \ \ o
0 8 6 4 2 0
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km345-1(13C)

N NNNN®D® ot < oow o CoOrnoNDe T oo 8E|R/||ENT Ilz:¥3m:5m(??1a§g;\/|R¥km345—1(130).a|s
o DVOMOMIFIOO®MN~NS IO - > m —
S IRESISIER 8 SSRK 2ARZITZHEZ2E38 DATIM  Thu Jul 28 11:01:26 2011
§ 3959‘%3‘552 - ~RRE 2383388833223 OBNUC 13C
[ EXMOD bcm
OBFRQ 125.65 MHz
S OV s e

OBFIN 127958.00 Hz

POINT 32768

FREQU 33898.30 Hz

SCANS 256

ACQTM 0.9667 sec

PD 2.0333 sec

PW1 4.90 usec

IRNUC 1H

CTEMP 280 ¢

SLVNT CDCL3

| EXREF 77.00 ppm
| BF 1.20 Hz
RGAIN 30

S-Ethyl (2S,3R,6Z,10E,14E)-17-(furan-3-yl)-3-hydroxy-6-
(hydroxymethyl)-2,10,14-trimethylheptadeca-6,10,14-trienethioate (25)
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DFILE F:¥mameda¥NMR¥km347-1.als
COMNT km347-1
DATIM Thu Jul 28 21:24:03 2011

1H

OBNUC
EXMOD non
OBFRQ 500.00 MHz
OBSET 0.00 KHz
OBFIN 162160.00 Hz
POINT 8192
FREQU 10000.00 Hz
o SCANS 8
I ACQTM 0.8192 sec
© PD 6.1808 sec
PW1 6.20 usec
IRNUC 1H
CTEMP 269 c
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
RGAIN 21
2
)
I
© OH
Q
R 0] OH
OH O
Sa o — % N2 -
P S o MEC D -
T - - - I (2S,3R,6Z,10E,14E)-17-(Furan-3-yl)-3-hydroxy-6-(hydroxymethyl)-
! ! i 2,10,14-trimethylheptadeca-6,10,14-trienoic acid (26)
/ | |
‘ |
I | | f|
L | L [
| ) ) | o
10 8 6 4 2 0
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km347-1(13C)

bt~ o DFILE F:¥mameda¥NMR¥km347-1(13C).als
- i = ~NoWLo N ©OOMNMTONANN~NOAN—D COMNT km347—1(13C)
3 PRN8Tm&nn o I87ks & RSIBSBIS3ER DATIM  Thu Jul 28 21:55:14 2011
2 IB5B3IJIIT ¢ RERRE 2 3IS3TT53888ere OBNUC 13C
- YT TTTTTTT T EXMOD becm
OBFRQ 125.65 MHz
OBSET 0.00 KHz
OBFIN 127958.00 Hz
POINT 32768
FREQU 33898.30 Hz
SCANS 512
ACQTM 0.9667 sec
PD 2.0333 sec
PwW1 4.90 usec
IRNUC 1H
CTEMP 286 ¢
SLVNT CDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 31
|
|
| |
|
|
OH
|
| ‘ I (e} OH
| OH O
(2S,3R,6Z,10E,14E)-17-(Furan-3-yl)-3-hydroxy-6-(hydroxymethyl)-
2,10,14-trimethylheptadeca-6,10,14-trienoic acid (26)
| | | ‘ PPM‘
200 150 100 50 0
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DFILE F:¥mameda¥NMR¥km348-1.als
COMNT km348-1

DATIM Sat Jul 30 16:41:26 2011
OBNUC 1H
EXMOD non
OBFRQ 500.00 MHz
OBSET 0.00 KHz
OBFIN 162160.00 Hz
POINT 8192
FREQU 10000.00 Hz
SCANS 8
ACQTM 0.8192 sec
PD 6.1808 sec
PW1 6.20 usec
IRNUC 1H
CTEMP 272 ¢
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 Hz
— RGAIN 23
o
o~
(%2
g
™~
|
(o |
[ee)
< 0 h o
> 3 SHS 3 &
—_ - o™s o [}
I\ / I / J
| |
‘ (2S,3R,62)-6-((4E,8E)-11-(furan-3-yl)-4,8-dimethylundeca-
4,8-dien-1-ylidene)-3-hydroxy-2-methylheptan-7-olide (1')
\
[t [
- ) J Mw e ﬂ ) WV ]
PPM
\ \ \ \ \
0 8 6 4 2 0
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km348-1(13C)

- o . e oo o gghENT Ilz:¥gw:;1?<(:l1agégl;\/|R¥km348—1(13C).als
=Y —F—NOO®MDOF O ~ - © mo4o—=
2 £e88°883% 9 SQPBRX 5 B53I8IBIBZIRES DATIM Sat Jul 30 17-28:55 2011
~ TOOOONNNN KRR 8 £3383388KRee? OBNUC  13C
- e - EXMOD bcm
OBFRQ 125.65 MHz
\ OBSET 0.00 KHz
OBFIN 127958.00 Hz
POINT 32768
FREQU 33898.30 Hz
SCANS 832
ACQTM 0.9667 sec
PD 2.0333 sec
PW1 490 usec
IRNUC 1H
CTEMP 287 ¢
SLVNT cDCL3
EXREF 77.00 ppm
BF 1.20 Hz
RGAIN 31

(2S,3R,62)-6-((4E,8E)-11-(furan-3-yl)-4,8-dimethylundeca-
4,8-dien-1-ylidene)-3-hydroxy-2-methylheptan-7-olide (1')
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