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Stereoselective Synthesis of the Side-Chains of Mycolactones A and B Featuring

Stepwise Double Substitutions of 1,1-Dibromo-1-alkenes

Ning Yin, Guangwei Wang, Mingxing Qian, and Ei-ichi Negishi*

General Procedures. All reactions were run under a dry Ar atmosphere.
Reactions were monitored by GC analysis of reaction aliquots. GC analysis was
performed on an HP6890 Gas Chromatograph using an HP-5 capillary column (30 m x
0.32 mm, 0.5 pM film) packed with SE-30 on Chromosorb W. Column chromatography
was carried out on 230-400 mesh silica gel. 'H and °C NMR spectra were recorded on a
Varian-Inova-300 spectrometer. IR spectra were recorded on a Perkin-Elmer Spectrum
2000 FT-IR spectrometer. LRMS and HRMS were obtained on Hewlett Packed 5995
GC-MS and Finnigan MATL9S5 mass spectrometers, respectively. Optical rotations were
performed on a Autopol III automatic polarimeter. THF was distilled from
sodium/benzophenone. ZnBr, was flame-dried under vacuum. Cl,Pd(DPEphos)® and

Pd(tBU3P)2[b] were prepared according to the literature procedure.
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Methoxymethyl allyl ether: To a stirred solution of allyl alcohol (5.45 mL, 80 mmol)
and Hiinig’s base (20.9 mL, 120 mmol) was added chloromethyl methyl ether (7.60 mL,
100 mmol) dropwise at 0°C. The reaction mixture was warmed up to room temperature

and stirred for 12 h, then quenched with water and extracted with CH,Cl, (3 x 20 mL).



The combined organic layers were washed with brine, dried over Na,SQO,, filtered and
distilled to afford methoxymethyl allyl ether (7.013 g, 86% yield) as a colorless oil: B.p.
80-81°C, '"H NMR (300 MHz, CDCl3) 8 3.44 (s, 3 H), 4.12 (d, J = 5.7 Hz, 2 H), 4.71 (s, 2
H), 5.25 (d, J = 10.5 Hz, 1 H), 5.36 (d, J = 16.8 Hz, 1 H), 5.9-6.05 (m, 1 H); °C NMR
(300 MHz, CDCls) 6 55.2, 68.2, 95.6, 117.0, 134.3 ppm.

(S)-Ethyl 3-(tert-Butyldimethylsiloxy)butyrate: To a stirred solution of (S)-ethyl 3-
hydroxybutyrate (5.91 g, 50 mmol) in DMF (80 mL) were added imidazole (8.6 g, 125
mmol) and TBSCI (9.8 g, 65 mmol) at 0°C. Then the reaction mixture was stirred at 23°C
for 12 h, quenched with saturated NaHCO; (100 mL) and extracted with ether (3 x 50
mL). The combined organic layers were washed with H>O and brine (50 mL), dried over
MgSOQ,, filtered and concentrated. The residue was purified by flash chromatography
(eluent: 3 % EtOAc in hexanes) and to give the silyl ether as a colorless oil (12.008 g,
97% yield): "H NMR (300 MHz, CDCl3) & 0.03 (s, 3 H), 0.05 (s, 3 H), 0.85 (s, 9 H), 1.18
(d,J=6.6 Hz, 3 H), 1.25 (t,J=5.6 Hz, 3 H), 2.34 (dd, J = 5.1, 14.4 Hz, 1 H), 2.46 (dd, J
=17.8, 14.4 Hz, 1 H), 4.05-4.15 (m, 2 H), 4.2-4.3 (m, 1 H); °C NMR (75.4 MHz, CDCl;)
d-5.11,-4.6,14.1,17.9,23.9,25.7, 44.9, 60.2, 65.8, 71.6 ppm.

(S)-3-(tert-Butyldimethylsiloxy)butanal: A stirred solution of (S)-ethyl 3-(tert-
butyldimethylsiloxy)butyrate (11.8 g, 47.9 mmol) in CH,Cl, (480 mL) was cooled to -
78°C under argon atmosphere. To this solution was added diisobutylaluminum hydride
(52.7 mL, 1.0 M in hexanes, 52.7 mmol) very slowly over 1 h period. After the addition
was completed, the reaction mixture was further stirred at -78°C for half an hour. Then
methanol (30 mL) was added to the reaction mixture slowly over 15 min. After removing
dry ice/acetone bath, the reaction mixture was stirred for another 15 min, then saturated
aqueous Rochelle salts (45 mL) was added and the resultant solution was stirred for 2 h.
The layers were separated and the aqueous phase was extracted three times with
methylene chloride. The combined organic phase was dried with Na,SO; and
concentrated. Purification by a flash chromatography (eluent: 3% EtOAc in hexanes)
gave (S)-3-(tert-Butyldimethylsiloxy) butanal (8.217 g, 85% vyield) as a colorless oil: 'H
NMR (300 MHz, CDCl3) 6 0.06 (s, 3 H), 0.08 (s, 3 H), 0.887 (s, 9 H), 1.24 (d, J = 6.3 Hz,



3 H), 2.46 (ddd, J = 2.4, 5.4, 15.9 Hz, 1 H), 2.55 (ddd, J = 3.0, 7.2, 15.9 Hz, 1 H), 4.3-4.4
(m, 1 H), 9.81-9.80 (m, 1 H); °C NMR (75.4 MHz, CDCL3) & -4.6, -5.1, 17.8, 24.0, 25.5,
52.8, 64.4,201.6 ppm.

(3S,4S,65)-3-Methoxymethoxy-6-tert-butyldimethylsiloxy-hept-1-en-4-ol: To a stirred
solution of methoxymethyl allyl ether (4.39 g, 43.0 mmol) in THF (90 mL) was added
sec-butyllithium in cyclohexane (1.4 M, 25.6 mL, 35.8 mmol) at -78°C slowly. After the
resultant orange yellow solution was stirred at -78°C for 30 min, (+)-B-
methoxydiisopinocamphenylborane (11.32 g, 35.8 mmol) in THF (90 mL) was added.
After the addition was completed, the mixture was stirred at -78°C for 1 h and boron
trifluoride etherate (6 mL, 47.6 mmol) was added dropwisely. Immediately afterwards,
(S)-3-(tert-Butyldimethylsiloxy)-butanal (7.248 g, 35.8 mmol) was added dropwisely,
then the mixture was kept at -90°C for 3 h and warmed to room temperature over 12 h.
The mixture was cooled to 0°C and saturated NaHCO; (80 mL) was added followed by
30% H,0, (50 mL) and further stirred for 30 min. Et,0O (80 mL) was added and the
organic layer was collected. The aqueous layer was extracted with Et,O (2 x 30 mL) and
the combined organic layers were then dried over MgSO,4. Removal of the solvent in
vacuo and purification by flash chromatography eluting with a solvent gradient of hexane,
then 15% EtOAc/hexane through 20% EtOAc/hexane gave the product (9.898 g, yield
91%, 96/4 diastereoisomer) as a colorless oil: [a]p> = 64° (¢ 3.63, CH.CL); 'H NMR
(300 MHz, CDCl3) 6 -0.08 (s, 6 H), 0.73 (s, 9 H), 1.01 (d, J=6.0 Hz, 3 H), 1.44-1.47 (m,
2 H), 3.09 (s, 1 H), 3.20 (s, 3 H), 3.5-3.6 (m, 1 H), 3.73-3.77 (m, 1 H), 3.9-3.95 (m, 1 H),
441(d,J=72Hz, 1H),455(d,J=6.0Hz 1 H),5.10 (s, 1 H),5.15(d, J=3.6 Hz, 1 H),
5.64-5.52 (m, 1 H); °C NMR (75.4 MHz, CDCl3) & -5.21, -4.6, 17.5, 23.4, 25.5, 41.5,
55.0, 67.4, 71.5, 80.1, 93.5, 118.8, 134.5 ppm; IR: 3401, 2858, 1463, 1251, 1106, 1006
cm™; HRMS (CI) m/z for M + H': 305.2149, caled. 305.2148.
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(3S,4S,65)-3-Methoxymethoxy-4,6-bi(tert-butyldimethylsiloxy)-hept-1-en:  To a
cooled solution of (3S,4S,6S)-3-methoxymethoxy-6-tert-butyldimethyl-siloxy-hept-1-en-
4-0l (9.48 g, 31.2 mmol) in CH,ClI, (200 mL) were added successively 2,6-lutidine (9.0
mL, 77.8 mmol) and TBSOTTf (8.4 mL, 37.4 mmol). The reaction mixture was stirred at
0°C for 1 h, and then quenched with water and the layers were separated. The aqueous
layer was extracted once with CH,Cl,. The combined organic layers were dried over
MgSO4. The product was obtained after flash chromatography (eluent: 1% EtOAc in
hexanes) as a colorless oil (13.07 g, 100% yield): '"H NMR (300 MHz, CDCl;) & 0.05 (s,
3 H), 0.06 (s, 3 H), 0.07 (s, 3 H), 0.08 (s, 3 H), 0.88 (s, 9 H), 0.90 (s, 9 H), 1.15 (d, J =
6.0 Hz, 3 H), 1.55-1.65 (m, 1 H), 1.7-1.8 (m, 1 H), 3.36 (s, 3 H), 3.80-3.85 (m, 1 H),
3.95-4.05 (m, 2 H), 4.58 (d, J=6.6 Hz, 1 H), 4.68 (d, J=6.6 Hz, 1 H), 5.24 (s, | H), 5.28
(d, J=3.6 Hz, 1 H), 5.75-5.9 (m, 1 H); >C NMR (75.4 MHz, CDCl;) & -4.3, -4.35, -4.6, -
4.7,18.0, 18.1, 23.7, 25.88, 25.91,42.7, 55.5, 65.5, 71.7, 79.2, 94.4, 117.9, 135.1 ppm.

(3S,4S,65)-3-Methoxymethoxy-4,6-bi(tert-butyldimethylsiloxy)-heptane-1,2-diol: A
solution of (3S5,4S,6S)-3-methoxymethoxy-4,6-bi(tert-butyldimethylsiloxy)-hept-1-en
(8.2 g, 19.6 mmol) and NMO (50% solution in H,O, 14 mL, 58.8 mmol) in THF-H,O
(4:1, 150 mL) was treated with OsO4 (4% solution in H,O, 1.3 mL, 0.2 mmol) and the
resultant reaction mixture was stirred at room temperature for 24 hours. After saturated
aqueous Na,S,0;3 (30 mL) was added, the mixture was extracted with EtOAc (2 x 30 mL),
dried over MgSQOs,, filtered and concentrated in vacuo. The residue was simply purified
by short silica gel column chromatography (eluent: 40% EtOAc in hexanes) to afford the
diol (8.7 g, 98% yield) for the next step use.



(2R,3S,5S)-2-Methoxymethoxy-3,5-bi(tert-butyldimethylsiloxy)-hexanal:  To  the
(35,4S,6S)-3-methoxymethoxy-4,6-bis-triethylsiloxy-heptane-1,2-diol  (8.286 g, 18.3
mmol) in THF-H,O (130 mL, 1:1) was added NalO4 (7.593 g, 35.5 mmol). The
heterogenous reaction mixture was stirred at 23°C for 1 h, and then filtered through Celite
and extracted with ether. The combined layers were dried over MgSOs. After removal of
the solvent in vacuo, the residue was simply purified by a short silica gel column and

used immediately for next step without further purification.

(3S,4S,65)-1,1-dibromo-3-methoxymethoxy-4,6-bi(tert-Butyldimethylsiloxy)-hept-1-
ene: In a reaction flask under Ar were combined PPh; (19.2 g, 73.2 mmol) and CH,Cl,
(180 mL). The flask was cooled to 0°C, and the CBry (12.14 g, 36.6 mmol) was added
(afforded a yellow solution). The reaction mixture was stirred at 0°C for 15 min, then 2,6-
lutidine (4.9 g, 5.33 mL, 45.8 mmol) was added (afforded a dark yellow solution). Then
the aldehyde (ca. 18.3 mmol) from above in CH,Cl, (30 mL) was added via cannula and
the reaction mixture was further stirred for 20 min at 0°C. Then the reaction mixture was
poured into hexanes (500 mL) and filtered. The dibromo product was obtained after flash
chromatography (2% EtOAc in hexanes) as a colorless oil (10.13 g, 96% yield): [o]p> =
37° (c 1.48, CH,Cly); 'TH NMR (300 MHz, CDCls) & 0.06 (s, 6 H), 0.07 (s, 3 H), 0.08 (s, 3
H), 0.88 (s, 9 H), 0.89 (s, 9 H), 1.63 (ddd, J =5.7, 7.5, 15.3Hz, 1 H), 1.14 (d, J = 6.0 Hz,
3 H), 1.87(ddd,J=5.4,7.2,15.3Hz, 1 H), 3.34 (s, 3 H), 3.85-3.95 (m, 2 H), 4.26 (dd, J =
3.6,8.7Hz, 1 H), 4.55(d,J=6.9 Hz, 1 H), 4.66 (d, J =6.9 Hz, 1 H), 6.48 (d, J =9.0 Hz,
1 H); °C NMR (75.4 MHz, CDCl;) & -4.1, -4.6, -4.55, 18.0, 18.1, 24.1, 25.9, 43.5,
55.7,65.4,70.8, 78.0, 92.1, 94.6, 137.0 ppm; IR 2930, 1472, 1256, 1029 cm™'; HRMS (EI)
m/z for [M-OTBS]": 443.0249, calcd. 443.0253.
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(5S,6S,8S5)-6,8-bi(tert-Butyldimethylsiloxy)-5-methoxymethoxy-3-methyl-3-nonen-1-
yne. To a solution of trimethylsilyl acetylene (200uL, 1.4mmol) in THF (2 mL) was
added n-BuLi (0.56 mL, 2.5 mL in hexanes, 1.4 mmol) at -78 °C. To this was added via



cannula a solution of dry ZnBr; (316mg, 1.4 mmol) in THF (2 mL). The mixture thus
obtained was stirred for 15 min at -78 °C and then warmed to 23 °C over 30 min, and
added via cannula to a mixture of (3S,4S,65)-1,1-dibromo-4,6-bis-(tert-butyl-dimethyl-
siloxy)-3-methoxymethoxy-1-heptene (574mg, 1.0 mmol) and Cl,Pd(DPEphos) (36 mg,
0.01 mmol) in THF (3 mL) via cannula at 0 °C. After stirring at 0 °C for 45 min, the
reaction mixture was quenched with water, extracted with ether, washed with brine, dried
over MgSQOy,, filtered, and concentrated. The crude product was passed through a short (5
cm) column using 1:24 EtOAc/hexanes as eluent. To a mixture of the crude product
obtained above and Pd(tBusP), (10 mg, 0.02 mmol) in THF (6 mL) was added Me,Zn
(0.75 mL, 2.0 M solution in toluene, 1.5 mmol) at 23 °C. After stirring at 23 °C for 3 h,
the reaction mixture was quenched with water, extracted with ether, washed with brine,
dried over MgSQy, filtered, and concentrated. The crude product was dissolved in MeOH
(8 mL) followed by addition of K,COs (28 mg, 0.2 mmol) at 23 °C. After 4 h, the solvent
was removed in vacuo, and the remaining slurry was chromatographed (silica gel,
EtOAc/hexanes 3:200) to afford the title compound (278 mg, 61% over three steps) as oil.
[a]p™ +25° (¢ 3.8, CH,CL); IR (neat) 3315, 2956, 2888, 2858, 1472, 1463, 1380, 1361,
1255, 1148, 1032, 836, 808 cm™'; '"H NMR (300 MHz, CDCls) & 0.055 (s, 3 H) 0.065 (s,
3 H), 0.071 (s, 3 H), 0.086 (s, 3 H), 0.89 (s, 9 H), 0.90 (s, 9 H), 1.15 (d, J = 5.8 Hz, 3 H),
1.6-1.85 (m, 2 H), 1.88 (d, J = 1.2 Hz, 3 H), 2.85 (s, 1 H), 3.40 (s, 3 H), 3.75-3.85 (m, 1
H), 3.96 (sextet, J = 6.5 Hz, 1 H), 4.29 (dd, J = 4.7, 10.0 Hz, 1 H), 4.52 (d, J =7.1 Hz, 1
H), 4.62 (d, J = 6.5 Hz, 1 H), 5.85 (d, J = 8.8 Hz, 1 H); >C NMR (75 MHz, CDCl;) §,-
4.55, -4.09, -3.94, 18.13, 18.28, 18.41, 24.23, 26.10, 26.20, 43.89, 55.78, 65.79, 72.07,
73.87, 75.59, 86.11, 94.20, 121.91, 136.17 ppm; HRCI-MS m/z ([M+H]") 457.3174;
calcd. 457.3169.
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(5S,6S,85)-6,8-Bi(tert-butyldimethylsiloxy)-1-iodo-5-methoxymethoxy-3-methyl-1,3-
nonadiene. A flame-dried, round-bottomed flask was charged with HCp,ZrCl (263mg,
1.03 mmol). To this was added a solution of (5S,6S,85)-6,8-bi(tert-butyldimethylsiloxy)-



5-methoxymethoxy-3-methyl-3-nonen-1-yne (360 mg, 0.79 mmol) in THF (5 mL) at 23
°C. After stirring for 2 h, a solution of I, (401 mg, 1.58 mmol) in THF (3 mL) was added
via cannula at -78 °C. The reaction mixture was stirred at -78 °C for 0.5 h, and then
quenched with a mixture of Na,S,0; (sat.) and NaHCOs (sat.) solution (1:1), extracted
with ether, washed with brine, dried over MgSQ,, filtered, and concentrated. Flash
chromatography (silica gel, EtOAc/hexanes 2:98) afforded the title compound (376 mg,
81%) as oil. [a]p™ +27° (¢ 3.4, CH,Cly); IR (neat) 2955, 2929, 2857, 1472, 1256, 1098,
1032, 808, 774 cm™'; "TH NMR (300 MHz, benzene-de) & 0.09 (s, 6 H), 0.11 (s, 3 H), 0.13
(s, 3 H), 0.96 (s, 9 H), 0.97 (s, 9 H), 1.15 (d, J=5.9 Hz, 3 H), 1.52 (s, 3 H), 1.75-1.85 (m,
2 H), 3.12 (s, 3 H), 3.8-3.9 (m, 1 H), 4.08 (sextet, J = 6.6 Hz, 1 H), 4.33 (d, J =6.4 Hz, 1
H), 4.37 (dd, J =7.1, 11.2 Hz, 1 H), 4.49 (d, J =6.5 Hz, 1 H), 5.22 (d, J = 10.0 Hz, 1 H),
5.98 (d, J = 14.6 Hz, 1 H), 6.94 (d, J = 14.6 Hz, 1 H); >C NMR (75 MHz, benzene-dg) &
-4.05, -4.01, -3.67, -3.50, 18.01, 18.66, 18.77, 24.52, 26.53, 26.59, 44.65, 55.69, 66.34,
72.86, 74.69, 77.56, 94.26, 130.85, 139.33, 149.43 ppm; HRESI-MS m/z ([M+Na]")
607.2108; calcd. 607.2112.
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(E)-3-lodo-2-propen-1-ol. To a solution of Cp,ZrCl, (7.0g, 24 mmol) in THF (90 mL)
was added DIBAL-H (3.9 mL, neat, 22mmol) at 0 °C with the exclusion of light. This
reaction mixture was stirred at 0 °C for 30min. Meanwhile, in another flask, propargyl
alcohol (1.16 mL, 20 mmol) was dropped in a solution of DIBAL-H (4.2 mL, neat,
24mmol) in THF at -78 °C. This reaction mixture was stirred at 0 °C for 30 min and
transfer to the flask containing in situ generated HCp,ZrCl solution. After stirring at 23
°C for 2 h, a solution of I, (7.6 g, 30 mmol) in THF (20 mL) was added via cannula at -78
°C. The reaction mixture was stirred at -78 °C for 0.5 h, and then quenched with 1 M HCI,
extracted with ether, washed with brine, dried over MgSQy, filtered, and concentrated.
Flash chromatography (silica gel, Et,O/pentane 1:9-3:7) afforded the title compound
(2.71 g, 74%) as liquid. '"H NMR (300 MHz, CDCl3) & 3.94 (d, J = 5.1 Hz, 2 H), 4.19 (s,
1 H), 6.28 (d, J = 15.5 Hz, 1 H), 6.58 (td, J = 5.4, 14.5 Hz, 1 H); °C NMR (75 MHz,
CDCls) 6 64.44, 78.04, 144.35 ppm.
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(E)-2-Penten-4-yn-1-ol. A flame-dried round-bottomed flask was charged with ZnBr,
(405mg, 1.8 mmol). To this were added sequentially at 0 °C THF (2 mL), and C;HsMgBr
(3.3 mL, 1.0 M solution in THF, 3.3 mmol). This slurry mixture was stirred at 0 °C for 30
min. A solution of (E)-3-iodo-2-propen-1-ol (552 mg, 3 mmol) in THF (1 mL) was
dropped in and the reaction mixture was stirred for another 30 min. Meanwhile, another
flask was charged with ZnBr, (472 mg, 2.1 mmol). To this were added sequentially at 0
°C THF (2 mL), and C;HMgBr (7.8 mL, 0.5 M solution in THF, 3.9 mmol). This reaction
mixture was stirred at 0 °C for 30 min and then transferred to the flask containing above
obtained alkenylzinc mixture, followed by the introduction of a suspension of
CL,Pd(DPEphos) (107mg, 0.15 mmol) in DMF(7 mL). After stirring at 23 °C for 4 h, the
reaction mixture was quenched with 1 M HCI, extracted with Et,O, washed with brine,
dried over MgSOQy, filtered, and concentrated. Flash chromatography (silica gel, 1:9 — 1:4
Et,O/pentane) afforded the title compound (191 mg, 78%) as liquid. "H NMR (300 MHz,
CDCl3) 62.96 (d,J=1.8 Hz, 1l H), 3.22 (s, 1 H), 4.22 (s, 1 H), 5.75 (dd, J = 1.8, 15.8 Hz,
1 H), 6.58 (td, J = 4.7, 16.4 Hz, 1 H); *C NMR (75 MHz, CDCl3) & 62.43, 78.10, 81.78,
109.08, 143.94 ppm.

HM'

(2E,4E)-5-10do-4-methyl-2,4-pentadien-1-ol. To a solution of Me;Al (2.0 mL, 21.2
mmol) in CH,Cl, (15 mL) was introduced (E)-2-penten-4-yn-1-ol (600 mg, 7.3 mmol) in
CHCl; (10 mL) with syringe at -78 °C. The reaction mixture was warmed to 0 °C and
stirred for 1 h. To this reaction mixture was then added a solution of Cp,ZrCl, (1.06 g,
3.65 mmol) in CH,Cl, (15 mL) via cannula at 0 °C. The reaction mixture was warmed to
23 °C and stirred for 3 h. TLC analysis indicated that the starting material had been
completely consumed. To this mixture was added via cannula a solution of I (2.41 g, 9.5
mmol) in THF (10 mL) at -78 °C. After stirring at -78 °C for 30 min, the reaction mixture
was quenched with 1 M HCI, extracted with ether, washed with brine, dried over MgSQa,
filtered, and concentrated. Flash chromatography (silica gel, 1:9 — 1:4 Et,O/pentane)



afforded the title compound (1.14 g, 70%) as oil. 'H NMR (300 MHz, CDCl3) & 1.95 (s, 3
H), 3.07 (s, br, 1 H), 6.3-6.35 (m, 2 H), 4.14 (d, J = 4.3 Hz, 1 H), 5.89 (td, J = 5.3, 15.8
Hz, 1 H); *C NMR (75 MHz, CDCl3) § 19.96, 62.71, 83.88, 128.70, 131.45, 144.30 ppm.

oA

(2E,3E)-2,3-Heptandien-6-yn-1-ol. A flame-dried round-bottomed flask was charged
with ZnBr; (579mg, 2.6 mmol). To this were added sequentially at 0 °C THF (3 mL), and
C,HsMgBr (4.72 mL, 1.0 M solution in THF, 4.72 mmol). This slurry mixture was stirred
at 0 °C for 30 min. A solution of (2E,4E)-5-i0do-4-methyl-2,4-pentadien-1-ol (960 mg,
4.3 mmol) in THF (3 mL) was dropped in and the reaction mixture was stirred for
another 30 min. Meanwhile, another flask was charged with ZnBr, (673 mg, 3.0 mmol).
To this were added sequentially at 0 °C THF (3 mL), and C;HMgBr (11.1 mL, 0.5 M
solution in THF, 5.55 mmol). This reaction mixture was stirred at 0 °C for 30 min and
then transferred to the flask containing above obtained alkenylzinc mixture, followed by
the introduction of a suspension of Cl,Pd(DPEphos) (153 mg, 0.22 mmol) in DMF(9 mL).
After stirring at 23 °C for 4 h, the reaction mixture was quenched with 1 M HCI,
extracted with Et,O, washed with brine, dried over MgSQO,, filtered, and concentrated.
Flash chromatography (silica gel, 1:9 — 1:4 Et;O/pentane) afforded the title compound
(466 mg, 89%) as liquid. '"H NMR (300 MHz, CDCl;) § 1.99 (s, 3 H), 2.88 (s, br, 1 H),
329(d,J=18Hz,1H),4.18 (d,J =53 Hz,2 H), 542 (s, 1 H), 5.91 (td, J = 5.9, 15,8
Hz, 1 H), 6.26 (d, J = 15.8 Hz, 1 H); >C NMR (75 MHz, CDCl3) & 15.29, 63.08, 81.96,
84.25, 109.15, 131.12, 132.86, 148.11 ppm; HREI-MS m/z ([M]") 122.0730; calcd.
122.0732.

(2E,4E,6E)-4,6-Dimethyl-7-iodo-2,4,6-heptatrien-1-ol. To a solution of Me;Al (1.7 mL,
17.5 mmol) in CH,Cl, (16 mL) was introduced (2E,3E)-2,3-heptandien-6-yn-1-ol (820
mg, 6.7 mmol) in CH,Cl, (16 mL) with syringe at -78 °C. The reaction mixture was

warmed to 0 °C and stirred for 1 h. To this reaction mixture was then added a solution of



Cp2ZrCl; (392 mg, 1.3 mmol) in CH,Cl, (16 mL) via cannula at 0 °C. The reaction
mixture was warmed to 23 °C and stirred for 1 h. TLC analysis indicated that the starting
material had been completely consumed. To this mixture was added via cannula a
solution of I, (2.21g, 8.7 mmol) in THF (10 mL) at -78 °C. After stirring at -78 °C for 30
min, the reaction mixture was quenched with a mixture of Na,S,0; (sat.) and NaHCOs3
(sat.) solution (1:1), extracted with ether, washed with brine, dried over MgSQy, filtered,
and concentrated. Flash chromatography (silica gel, EtOAc/hexanes 1:5 — 1:4) afforded
the title compound (1.22 g, 69%) as oil. "H NMR (300 MHz, CDCl;) & 1.62 (s, 3 H), 1.79
(s, 3 H), 3.19 (s, br, 1 H) 4.05 (d, J = 4.7 Hz, 2 H), 5.65-5.70 (m, 2 H), 6.00 (s, 1 H), 6.16
(d, J = 15.8 Hz, 1 H); °C NMR (75 MHz, CDCl5) & 14.55, 25.65, 63.62, 82.06, 129.80,
132.06, 135.49, 135.53, 144.98 ppm; HREI-MS m/z ([M]") 264.0015; calcd. 264.0011.

TBSOM/I

(2E,4E,6E)-1-(tert-Butyldimethylsiloxy)-4,6-dimethyl-7-iodo-2,4,6-heptatriene. To a
solution of (2E,4E,6E)-4,6-dimethyl-7-i0do-2,4,6-heptatrien-1-ol (330 mg, 1.25 mmol) in
DMF (6 mL) was introduced sequentially imidazole (170 mg, 2.50 mmol) and ter-
butyldimethylsilyl chloride (281 mg, 1.88 mmol). After stirring at 23 °C for 3 h, the
reaction mixture was quenched with water, extracted with ether, washed with brine, dried
over MgSQ,, filtered, and concentrated. Flash chromatography (silica gel, Et,O/hexanes
1:24) afforded the title compound (429 mg, 91%) as oil. 'H NMR (300 MHz, benzene-de)
5 0.08 (s, 6 H), 0.99 (s, 9 H), 1.62 (s, 3 H), 1.77 (s, 3 H), 4.14 (d, J = 4.1 Hz, 2 H), 5.65-
5.75 (m, 2 H), 5.95 (s, 1 H), 6.28 (d, J = 15.5 Hz, 1 H); >C NMR (75 MHz, benzene-ds)
d -4.63, 14.58, 18.92, 25.64, 26.54, 64.30, 81.68, 130.03, 131.66, 134.48, 135.61, 145.00
ppm; HREI-MS m/z (IM]") 378.0881; calcd. 378.0876.

OMOM
TBSO. AN ANANAA

H H H H HTBS% STBS
(2E,4E,6E,8E,10E,12S,13S,15S)-1,13,15-Tri(tert-butyldimethylsiloxy)-12-
methoxymethoxy-4,6,10-trimethyl-2,4,6,8,10-hexadecapentaene. To a solution of
(2E,4E,6E)-1-(tert-butyldimethylsiloxy)-4,6-dimethyl-7-iodo-2,4,6-heptatriene (430 mg,
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1.14 mmol) in Et;O (3 mL) was added tBuLi (1.33 mL, 1.7 M in pentane, 2.3 mmol)
slowly (5 min) at -78 °C. The resultant solution was stirred for 30 min at -78 °C. To this
was added via cannula a solution of dry ZnBr, (256 mg, 1.1 mmol) in THF (3mL). The
mixture thus obtained was stirred for 15 min at -78 °C and then warmed to 23 °C over 30
min. To this reaction mixture was added a solution of (5S,6S,8S)-6,8-bis-(tert-
butyldimethylsiloxy)-1-iodo-5-methoxymethoxy-3-methyl-1,3-nonadiene (514 mg, 0.88
mmol) and CI,Pd(DPEphos) (36 mg, 0.05 mmol) in DMF (3 mL) via cannula at 23 °C.
After stirring at 23 °C for 8 h, the reaction mixture was quenched with water, extracted
with ether, washed with brine, dried over MgSQ,, filtered, and concentrated. Flash
chromatography (silica gel, pure hexanes—98:2 hexanes/ethyl acetate) afforded the title
compound (456 mg, 73%). [a]p™> +32° (¢ 3.3, CH,CLy); IR (neat) 2928, 2857, 1472, 1387,
1256, 1032, 961, 834, 774 cm™'; "H NMR (300 MHz, benzene-dg) & 0.11 (s, 6 H), 0.15 (s,
3 H), 0.17 (s, 3 H), 0.20 (s, 3 H), 0.24 (s, 3 H), 1.01 (s, 9 H), 1.02 (s, 9 H), 1.05 (s, 9 H),
1.24 (d, J=59Hz 3 H), 1.92 (s, 3 H), 1.94 (s, 3 H), 1.95-2.1 (m, 2 H), 3.22 (s, 3 H), 4.0-
4.05 (m, 1 H), 4.2-4.25 (m, 3 H), 5.80 (td, J = 5.2, 15.2 Hz, 1 H), 1.84 (s, 3 H), 4.46 (d, J
=7.0 Hz, 1 H), 4.62 (dd, J=5.3,9.4 Hz, 1 H), 4.72 (d, J =6.5 Hz, 1 H), 5.60 (d, J =9.9
Hz, 1 H), 6.05 (s, 1 H), 6.21 (d,J=11.1 Hz, 1 H), 6.36 (d, J = 15.2 Hz, 1 H), 6.60 (dd, J
= 11.1, 14.6 Hz, 1 H), 6.48 (d, J = 15.8 Hz, 1 H); °C NMR (75 MHz, benzene-de) & -
4.60, -3.98, -3.66, -3.43, 13.80, 15.04, 17.96, 18.66, 18.84, 18.96, 24.58, 26.54, 26.64,
44.93, 55.72, 64.62, 66.50, 73.25, 75.14, 94.27, 125.90, 128.59, 129.98, 132.37, 134.48,
135.86, 136.22, 136.34, 137.95, 139.62 ppm; HRESI-MS m/z ([M+Na]") 731.4900; calcd.
731.4898.

MOM

0O

HO. AR
H H H H HTBS(:’) gTBS
(2E,4E,6E,8E,10E,12S,13S,15S)-13,15-Bi(tert-butyldimethylsiloxy)-12-
methoxymethoxy-4,6,10-trimethyl-2,4,6,8,10-hexadecapentaen-1-ol. To a solution of
(2E,4E,6E,8E,10E,12S,13S,15S)-1,13,15-Tri(tert-butyldimethylsiloxy)-12-
methoxymethoxy-4,6,10-trimethyl-2.,4,6,8,10-hexadecapentaene (270 mg, 0.38 mmol) in

THF (7 mL) was added TBAF ( 0.7 mL, 1M solution in THF, 0.7 mmol) slowly and the
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reaction was monitored by TLC. After stirring at 23 °C for 2 h, the reaction mixture was
quenched with water, extracted with ether, washed with brine, dried over MgSQy, filtered,
and concentrated. Flash chromatography (silica gel, 12:1 — 6:1 hexanes/ethyl acetate)
afforded the title compound (185 mg, 82%) as oil. [()L]D23 +40° (¢ 1.7, CH,Cl,); IR (neat)
3400, 2929, 2857, 1472, 1386, 1255, 1096, 962, 834 cm™;'"H NMR (300 MHz, benzene-
de) 0 0.17 (s, 3 H), 0.19 (s, 3 H), 0.22 (s, 3 H), 0.27 (s, 3 H), 1.04 (s, 9 H), 1.08 (s, 9 H),
1.26 (d,J=5.9 Hz, 3 H), 1.89 (s, 3 H), 1.94 (s, 3 H), 1.96 (s, 3 H), 2.0-2.1 (m, 2 H), 3.25
(s, 3 H), 4.0-4.05 (m, 3 H), 4.22 (sextet, J = 6.4 Hz, 1 H), 4.49 (d,J = 7.5 Hz, 1 H), 4.64
(dd, J=5.3,10.0 Hz, 1 H), 4.74 (d,J=7.0 Hz, 1 H), 5.63 (d,J =9.4 Hz, 1 H), 5.73 (td, J
=5.9,152Hz, 1 H), 6.06 (s, 1 H), 6.25 (d, J =11.1 Hz, 1 H), 6.33 (d, J = 15.8 Hz, 1 H),
6.41 (d, J =152 Hz, 1 H), 6.64 (dd, J = 11.2, 15.3 Hz, 1 H); C NMR (75 MHz,
benzene-de) & -4.01, -3.67, -3.46, 13.78, 14.97, 17.94, 18.64, 18.81, 24.54, 26.51, 26.61,
44.89, 55.71, 63.98, 66.50, 73.22, 75.14, 94.27, 125.84, 128.69, 130.04, 132.45, 134.37,
135.83, 136.45, 137.13, 137.64, 139.57 ppm; HRESI-MS m/z ([M+Na]") 617.4030; calcd.
617.4034.

MOM

1le)]

HON AR
o) TBSS (i)TBS

(2E,4E,6E,8E,10E,12S,13S,15S)-13,15-Bi(tert-butyldimethylsiloxy)-12-
methoxymethoxy-4,6,10-trimethyl-2,4,6,8,10-hexadecapentaenoic  acid.  Starting
material (2E,4E,6E,8E,10E,12S,13S,15S)-13,15-bi(tert-butyldimethylsiloxy)-12-
methoxymethoxy-4,6,10-trimethyl-2,4,6,8,10-hexadecapentaen-1-ol ( 85 mg, 0.14 mmol)
was dissolved in CH,Cl, (5 mL) followed by the introduction of NaHCO; (120 mg, 1.4
mmol) and Dess-Martin periodinane (130 mg, 0.30 mmol) with exclusion of light. After
20 min, the reaction mixture was quenched with water, extracted with ether, washed with
brine, dried over MgSQy, filtered, and concentrated. This crude product was dissolved in
tBuOH (3 mL), H,O (1.5 mL) and 2-methyl-2-butene (1.5 mL) followed by the addition
of NaH,PO, (150 mg, 1.3 mmol) and NaClO; (60 mg, 0.66 mmol) with exclusion of light.
After stirring at 23 °C for 6 h, the reaction mixture was quenched with NH4Cl (sat.),
extracted with EtOAc, washed with brine, dried over MgSOQ,, filtered, and concentrated.

12



Flash chromatography (silica gel, 2:1-3:2 hexanes/ethyl acetate) afforded the title
compound (67 mg, 77% over two steps) as oil. [a]p> +33° (¢ 6.6, CH,CL); IR (neat)
2955, 2930, 2857, 1683, 1609, 1256, 1029, 836, 775 cm™. "H NMR (300 MHz, benzene-
de) 8 0.17 (s, 3 H), 0.19 (s, 3 H), 0.22 (s, 3 H), 0.26 (s, 3 H), 1.04 (s, 9 H), 1.08 (s, 9 H),
1.26 (d,J=6.0 Hz, 3 H), 1.67 (s, 3 H), 1.73 (s, 3 H), 1.92 (s, 3 H), 1.9-2.1 (m, 2 H), 3.24
(s, 3 H), 4.05(q,J=6.1 Hz, 1 H), 4.22 (sextet, J = 6.0 Hz, 1 H), 4.49 (d,J = 6.6 Hz, 1 H),
4.64 (dd,J=5.3,9.8 Hz, 1 H), 4.72 (d,J = 6.6 Hz, 1 H), 5.68 (d, J = 9.8 Hz, 1 H), 6.48
(d, J =15.4 Hz, 1 H), 6.1-6.15 (m, 2 H), 6.40 (d, J =15.2 Hz, 1 H), 6.52 (dd, J = 10.9,
15.1 Hz, 1 H), 7.68 (d, J = 15.4 Hz, 1 H); >C NMR (75 MHz, benzene-de) & -4.00, -3.66,
-3.48, 13.74, 14.29, 17.19, 18.66, 18.82, 24.53, 26.51, 26.59, 44.87, 55.71, 66.49, 73.17,
75.15, 94.37, 116.55, 125.33, 131.46, 133.05, 135.22, 136.09, 139.37, 139.68, 145.06,
153.51, 173.61 ppm; HRMS(ESI) calcd. for C33HgO6SiNa [M+Na]" 631.3826, found
631.3828.

Br \\

SiMe,

(2)-1-Trimethylsilyl-4-bromo-3-penten-1-yne. To a mixture of 4-trimethylsilyl-1,1-
dibromo—l—buten—3—yne[°] (1.49 g, 5.3 mmol) and Cl,Pd(DPEphos) (189 mg, 0.26 mmol)
in THF (15 mL) and DMF (15 mL) was added Me,Zn ( 1.7 mL, 2.0 M in toluene, 3.4
mmol) at 23 °C. The resultant mixture was stirred at 23 °C and monitored by GLC. After
2 h, the reaction mixture was quenched with water, extracted with ether, washed with
brine, dried over MgSQ,, filtered, and concentrated. Flash chromatography (silica gel,
pure hexanes) afforded the title compound (805 mg, 70%) as liquid. 'H NMR (300 MHz,
CDCl3) 6 0.19 (s, 9 H), 2.34 (s, 3 H), 5.89 (s, 1 H); >C NMR (75 MHz, CDCl;) & 0.015,
28.87, 99.63, 101.91, 111.44, 134.77 ppm; HREI-MS m/z ([M]") 215.9968; calcd.
215.9970.

TBSO \\

iMe,
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(3Z,5E)-7-(tert-Butyldimethylsiloxy)-1-trimethylsily-3,5-heptadien-1-yne.  To a
solution of (E)-1-(tert-butyldimethylsiloxy)-3-iodo-2-propene! (2.23g, 7.5 mmol) in
Et,0 (7.5 mL) was added tBuLi (8.60 mL, 1.7 M in pentane, 14.6 mmol) slowly (~15
min) at -78 °C. The resultant solution was stirred for 30 min at -78 °C. To this was added
via cannula a solution of dry ZnBr, (1.69 g, 7.5 mmol) in THF (7.5 mL). The mixture
thus obtained was stirred for 15 min at -78 °C and then warmed to 23 °C over 30 min. To
this reaction mixture was added a solution of (Z)-1-trimethylsilyl-4-bromo-3-penten-1-
yne (805 mg, 3.7 mmol) and Cl,Pd(DPEphos) (134 mg, 0.19 mmol) in DMF (7.5 mL) via
cannula at 23 °C. The reaction mixture was then warmed to 45 °C. After stirring at 45 °C
for 8 h, the reaction mixture was quenched with water, extracted with ether, washed with
brine, dried over MgSOQs,, filtered, and concentrated. Flash chromatography (silica gel,
pure hexanes — 99:1 hexanes/EtOAc) afforded the title compound (941 mg, 82%) as oil.
'H NMR (300 MHz, CDCl3) & 0.11 (s, 6 H), 0.20 (s, 9 H), 0.94 (s, 9 H), 1.89 (s, 3 H),
434 (d,J=4.1Hz 2H),5.40 (s, 1 H),594 (td,J =4.7, 152 Hz, 1 H), 6.99 (d,J =15.3
Hz, 1 H); °C NMR (75MHz, CDCl;) & -5.00, 0.26, 18.59, 19.59, 26.20, 63.77, 99.58,
102.76, 108.40, 128.12, 132.73, 146.38 ppm; HREI-MS m/z ([M]") 308.1996; calcd.
308.1992.

Ho \

(2E,32)-2,3-Heptandien-6-yn-1-ol. To a solution of (3Z, 5E)-7-(tert-
butyldimethylsiloxy)-1-trimethylsily-3,5-heptadien-1-yne (941 mg, 3.1 mmol) in THF (7
mL) was added TBAF (6.20 mL, 1.0 M in THF, 6.2 mmol) at 23 °C. After stirring for 2 h,
the reaction mixture was quenched with water, extracted with ether, washed with brine,
dried over MgSQO,, filtered, and concentrated. Flash chromatography (silica gel,
Et,O/pentane 1:4 — 1:3) afforded the title compound (305 mg, 81%) as oil. 'H NMR (300
MHz, CDCl;) 6 1.87 (s, 3 H), 3.01 (brs, 1 H), 3.19 (d,J =23 Hz, 1 H), 423 (d,J =53
Hz, 2 H), 5.35 (s, 1 H), 5.97 (td, J = 5.9, 15,8 Hz, 1 H), 6.91 (d, J = 15.8 Hz, 1 H); °C
NMR (75 MHz, CDCls) 6 19.30, 63.21, 81.06, 82.71, 107.70, 129.11, 132.45, 146.95
ppm; HREI-MS m/z (IM]") 122.0734; caled. 122.0732.
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(2E,4Z,6E)-4,6-Dimethyl-7-iodo-2,4,6-heptatrien-1-ol. To a solution of Me;Al (0.60
mL, 6.2 mmol) in CH,Cl, (5§ mL) was introduced (2E, 3Z)-2,3-heptandien-6-yn-1-ol (305
mg, 2.5 mmol) in CH,Cl, (5 mL) with syringe at -78 °C. The reaction mixture was
warmed to 0 °C and stirred for 1 h. To this reaction mixture was then added a solution of
Cp2ZrCl; (213 mg, 0.73 mmol) in CH,Cl, (5 mL) via cannula at 0 °C. The reaction
mixture was warmed to 23 °C and stirred for 1 h. TLC analysis indicated that the starting
material had been completely consumed. To this mixture was added via cannula a
solution of I (945 mg, 3.7 mmol) in THF (5 mL) at -78 °C. After stirring at -78 °C for 30
min, the reaction mixture was quenched with a mixture of Na,S,0; (sat.) and NaHCOs3
(sat.) solution (1:1), extracted with ether, washed with brine, dried over MgSQy, filtered,
and concentrated. Flash chromatography (silica gel, EtOAc/hexanes 1:5-1:4) afforded the
title compound (455 mg, 69%) as oil. 'H NMR (300 MHz, benzene-dg) & 0.86 (brs, 1H),
1.69 (s, 3 H), 1.79 (s, 3 H), 3.96 (d, J = 5.3 Hz, 2 H), 5.51 (s, 1 H), 5.75 (td, J = 5.8, 15.6
Hz, 1 H), 6.08 (s, 1 H), 6.69 (d, J = 15.8 Hz, 1 H); °C NMR (75 MHz, benzene-ds) &
21.24, 25.60, 63.78, 81.93, 128.93, 130.60, 131.82, 134.77, 144.80 ppm; HREI-MS m/z
(IM]") 264.0006; calcd. 264.0011.

TBSO |

(2E,4Z,6E)-1-(tert-Butyldimethylsiloxy)-4,6-dimethyl-7-iodo-2,4,6-heptatriene. To a
solution of (2E,4Z,6E)-4,6-dimethyl-7-i0do-2,4,6-heptatrien-1-ol (455 mg, 1.7 mmol) in
DMF (13 mL) was introduced imidazole (351 mg, 5.2 mmol) and ter-butyldimethylsilyl
chloride (517 g, 3.4 mmol). After stirring at 23 °C for 3 h, the reaction mixture was
quenched with water, extracted with ether, washed with brine, dried over MgSOy, filtered,

and concentrated. Flash chromatography (silica gel, Et,O/hexanes 1:24) afforded the title
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compound (612 mg, 94%) as oil. 'H NMR (300 MHz, benzene-dg) & 0.03 (s, 6 H), 0.96 (s,
9 H), 1.69 (s, 3 H), 1.78 (s, 3 H), 4.08 (d, J = 4.3 Hz, 2 H), 5.50 (s, 1 H), 5.70 (td, J = 4.4,
15.7 Hz, 1 H), 6.04 (s, 1 H), 6.80 (d, J = 15.7 Hz, 1 H); °C NMR (75 MHz, benzene-de)
8 -4.67, 18.95, 21.23, 25.57, 26.63, 64.01, 81.52, 127.63, 130.12, 131.75, 134.79, 144.82,
ppm; HREI-MS m/z (IM]") 378.0870; calcd. 378.0876.

(2E,4Z,6E,8E,10E,12S,13S,15S)-1,13,15-Tri(tert-butyldimethylsiloxy)-12-

methoxymethoxy-4,6,10-trimethyl-2,4,6,8,10-hexadecapentaene. To a solution of
(2E,4Z,6E)-1-(t-butyldimethylsiloxy)-4,6-dimethyl-7-i0do-2,4,6-heptatriene (250 mg,
0.66 mmol) in Et;0O (2 mL) was added tBuLi (0.78 mL, 1.7 M in pentane, 1.3 mmol)
slowly (5 min) at -78 °C. The resultant solution was stirred for 30 min at -78 °C. To this
was added via cannula a solution of dry ZnBr, (149 mg, 0.66 mmol) in THF (2 mL). The
mixture thus obtained was stirred for 15 min at -78 °C and then warmed to 23 °C over 30
min. To this reaction mixture was added a solution of (5S,6S,85)-6,8-bi(tert-
butyldimethylsiloxy)-1-iodo-5-methoxymethoxy-3-methyl-1,3-nonadiene (270 mg, 0.46
mmol) and Cl,Pd(DPEphos) (16 mg, 0.022 mmol) in DMF (2 mL) via cannula at 23 °C.
After stirring at 23 °C for 8 h, the reaction mixture was quenched with water, extracted
with ether, washed with brine, dried over MgSQ,, filtered, and concentrated. Flash
chromatography (silica gel, pure hexanes — 98:2 hexanes/ethyl acetate) afforded the title
compound (231 mg, 71%) as oil. [a]p> +35° (¢ 2.8, CH,Cl,); IR (neat) 3045, 2955, 2930,
2857, 1683, 1609, 1256, 1029, 836, 775 cm™; '"H NMR (300 MHz, benzene-dg) & 0.07 (s,
6 H), 0.14 (s, 3 H), 0.16 (s, 3 H), 0.19 (s, 3 H), 0.23 (s, 3 H), 1.00 (s, 9 H), 1.01 (s, 9 H),
1.04 (s, 9 H), 1.23 (d, J = 5.9 Hz, 3 H), 1.87 (s, 6 H), 1.82 (s, 3 H), 1.95-2.05 (m, 2 H),
3.21 (s, 3 H), 4.0-4.05 (m, 1 H), 4.20-4.25 (m, 3 H), 4.45 (d, J=6.4 Hz, 1 H), 4.61 (dd, J
=5.3,9.4 Hz, 1 H), 4.71 (d, J =6.4 Hz, 1 H), 5.55 (d, J = 10.0 Hz, 1 H), 5.88 (s, 1 H),
5.80 (td, J = 4.7, 15.8 Hz, 1 H), 6.3-6.4 (m, 2 H), 6.61 (dd, J = 11.1, 14.6 Hz, 1 H), 7.17
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(d, J = 15.8 Hz, 1 H); >C NMR (75MHz, benzene-ds) & -4.68, -3.98, -3.66, -3.42, 13.81,
18.22, 18.68, 18.84, 22.16, 24.57, 26.54, 26.66, 44.93, 55.71, 64.30, 66.50, 73.25, 75.10,
94.21, 125.93, 128.63, 129.70, 130.77, 131.97, 133.49, 134.22, 135.56, 137.53, 139.69
ppm; HRESI-MS m/z ([M+Na]") 731.4884; calcd. 731.4898.

(2E,4Z,6E,8E,10E,12S,13S,15S)-13,15-Bi(tert-butyldimethylsiloxy)-12-
methoxymethoxy-4,6,10-trimethyl-2,4,6,8,10-hexadecapentaen-1-ol. To a solution of
(2E,4Z,6E,8E,10E,125,13S,155)-1,13,15-tri(tert-butyldimethylsiloxy)-12-
methoxymethoxy-4,6,10-trimethyl-2,4,6,8,10-hexadecapentaene (110 mg, 0.16 mmol) in
THF (3 mL) was added TBAF ( 0.35 mL, 1 M solution in THF, 0.35 mmol) slowly and
the reaction was monitored by TLC. After stirring at 23 °C for 2 h, the reaction mixture
was quenched with water, extracted with ether, washed with brine, dried over MgSOQOy,
filtered, and concentrated. Flash chromatography (silica gel, 12:1 — 6:1 hexanes/ethyl
acetate) afforded the title compound (84 mg, 88%) as oil. [a]p> +44° (¢ 1.2, CH.Cly); IR
(neat) 3421, 2954, 2930, 2886, 2857, 1472, 1463, 1361, 1256, 1096, 1031, 940, 836, 775
cm™; 'TH NMR (300MHz, benzene-de) & 0.13 (s, 3 H), 0.16 (s, 3 H), 0.18 (s, 3 H), 0.23 (s,
3 H), 1.01 (s, 9 H), 1.04 (s, 9 H), 1.22 (d, J = 6.5 Hz, 3 H), 1.84 (s, 3 H), 1.85 (s, 3 H),
1.91 (s, 3 H), 1.95-2.05 (m, 2 H), 3.20 (s, 3 H), 3.91 (brs, 2 H), 4.00 (q, J = 5.9 Hz, 1 H),
4.19 (hex, J= 6.4 Hz, 1 H), 4.43 (d,J = 7.1 Hz, 1 H), 4.6-4.65 (m, 1 H), 4.68 (d,J = 6.4
Hz, 1 H), 5.53 (d,J=9.4 Hz, 1 H), 5.72 (td, J = 5.8, 15.9 Hz, 1 H), 5.90 (s, 1 H), 6.26 (d,
J=11.2 Hz, 1 H), 6.36 (d, J =15.2 Hz, 1 H), 6.60 (dd, J =11.1, 14.8 Hz, 1 H), 6.98 (d, J
= 15.8 Hz, 1 H); >C NMR (75MHz, benzene-de) & -3.67, -3.46, -4.01, 13.78, 18.18,
18.66, 18.82, 22.14, 24.55, 26.53, 26.62, 44.91, 55.71, 64.04, 66.50, 73.23, 75.13, 94.23,
125.86, 129.81, 129.99, 130.98, 132.13, 133.33, 134.65, 135.56, 137.53, 139.55 ppm;
HRESI-MS m/z ((M+Na]") 617.4024; calcd. 617.4034.
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(2E,4Z,6E,8E,10E,12S,13S,15S)-13,15-Bi(tert-butyl-dimethyl-siloxy)-12-
methoxymethoxy-4,6,10-trimethyl-2,4,6,8,10-hexadecapentaenocic  acid.  Starting
material (2E,4Z,6E,8E,10E,12S,13S,15S)-13,15-bi(tert-butyldimethylsiloxy)-12-
methoxymethoxy-4,6,10-trimethyl-2,4,6,8,10-hexadecapentaen-1-ol ( 65 mg, 0.11 mmol)
was dissolved in CH,Cl, (3 mL) followed by the introduction of NaHCO; (88 mg, 1.05
mmol) and Dess-Martin periodinane (89 mg, 0.21 mmol) with exclusion of light. After 20
min, the reaction mixture was quenched with water, extracted with ether, washed with
brine, dried over MgSOQy, filtered, and concentrated. This crude product was dissolved in
tBuOH (2 mL), H,O (1 mL) and 2-methyl-2-butene (1 mL) followed by the addition of
NaH,PO4 (60 mg, 0.5 mmol) and NaClO, (40 mg, 0.44 mmol) with exclusion of light.
After stirring at 23 °C for 6 h, the reaction mixture was quenched with NH4CI (sat.),
extracted with EtOAc, washed with brine, dried over MgSOQy, filtered, and concentrated.
Flash chromatography (silica gel, 2:1 — 3:2 hexanes/ethyl acetate) afforded the title
compound (49 mg, 73% over two steps) as oil. [a]p> +26° (¢ 3.5, CH.Cly); IR (neat)
2955, 2957, 2887, 1685, 1606, 1255, 1097, 1033, 835, 775 cm™; '"H NMR (300 MHz,
benzene-deg) 6 0.14 (s, 3 H), 0.17 (s, 3 H), 0.20 (s, 3 H), 0.24 (s, 3 H), 1.01 (s, 9 H), 1.05
(s, 9H), 1.23 (d, J= 6.4 Hz, 3 H), 1.63 (s, 3 H), 1.78 (s, 3 H), 1.87 (s, 3 H), 1.9-2.0 (m, 2
H), 3.32 (s, 3 H), 3.97 (sextet, J = 5.9 Hz, 1 H), 4.00 (q, J = 6.5 Hz, 1 H), 4.39 (dd, J =
4.6,10.0 Hz, 1 H), 4.49 (d, J = 6.5 Hz, 1 H), 4.60 (d, J = 7.0 Hz, 1 H), 5.58 (d, J =94
Hz, 1 H), 5.95-6.0 (m, 2 H), 6.13 (d, J = 10.6 Hz, 1 H), 6.35 (d, J = 15.2 Hz, 1 H), 6.47
(dd, J =10.5, 15.2, Hz, 1 H), 8.29 (d, J = 15.8 Hz, 1 H); *C NMR (75 MHz, benzene-ds)
5 -4.00, -3.65, -3.48, 13.71, 17.65, 18.68, 18.82, 21.27, 24.61, 26.53, 26.62, 44.96, 55.72,
66.50, 73.20, 75.18, 94.51, 118.71, 125.38, 131.38, 131.66, 135.01, 135.53, 139.30,
139.54, 142.83, 145.25, 173.52 ppm; HRMS(ESI) calcd. for Cs3HgOsSi,Na [M+Na]"
631.3826, found 631.3848.
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