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The Total Synthesis of Scytophycin C. Part 1:
Stereocontrolled Synthesis of the C,;—C3; Protected Seco Acid.
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Abstract: A stereocontrolled synthesis of the C1—C32 seco acid derivative 9 for scytophycin C (1) was completed
in 14 steps (18.2% yield, 85% ds) from aldehyde (S)-18. Key steps include: (i) the asymmetric crotylboration of
(5)-18 to give homoallylic alcohol 15; (i) the boron-mediated aldol construction of aldehyde 14 from (5)-17; (iii)
the Ba(OH)2-promoted HWE reaction, 13 + 14 — 31; (iv) the highly stereocontrolled Mukaiyama aldol coupling
between silyl cnol ether 33 and aldehyde 11 to give adduct 10; (v) the chemoselective reduction at C}7 of ketone
10 to produce 1,3-syn-diol 34. © 1998 Elscvier Science Ltd. All rights reserved.
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The scytophycins are a novel class of polyoxygenated, 22-membered, macrolides isolated from the
cultured terrestrial blue-green alga Scyronema pseudohofmanni as part of the anti-tumour drug discovery effort
ed by Moore and Patterson. 1 Their structures were determined!? based on extensive spectroscopic

conduct oore

analysis in combination with an X-ray crystallographic analysis performed on an acid degradation product of

tophvein C (1. All of the scytophyeins (~f 1_8) hava a characterigtic (4 cide chain terminating in an
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substituents at C1g and Cp7. Other dndloguesé of these five congeners featuring a different substitution pattern
at Cg have also been isolated from Tolypothrix, Cylindrospermum and other species of Scyronema. The
scytophycin group of 22-membered macrolides exhibit potent cytotoxity against a variety of human cancer cell

lines, as well as broad spectrum antifungal activity.!0¢.2 Recently, it has been found that the scytophycins
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inhibit cytokinesis in cultured mammalian cells, along with inhibiting actin polymerization and inducing the
depolymerization of F-actin in vitro.32 Furthermore, the scytophycins have also been shown to circumvent P-
glycoprotein mediated multi-drug resistance in tumour cells and maintain their antiproliferative effects.3 Thus,
this class of macrolides may have useful therapeutic value for the treatment of drug-resistant cancers.
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Interestingly, the stereostructure of scytophycin C (1) spanning from Cj to C3; is remarkably similar to
that present in swinholide A (6), a Co-symmetric, 44-membered, macrodiolide isolated from the marine sponge
Theonella swinhoei* This structural homology is evident by comparing the seco acid (7) of scytophycin C
with the monomeric seco acid (8) of swinholide A. Notably, swinholide A also exerts its cytotoxic effect by
disrupting the actin cytoskeleton.5 It has been demonstrated in vitro that swinholide A severs F-actin and
seq rs G-actin dimers where one molecule of swinholide A binds to an actin dimer.

The complex molecular structure with m ltlpl stereogenic centres, combined with the unique mechanism
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of anti-tumour action, make t e targets for synthesis. Moreover, a total synthesis shouid

enable access to novel analogues for further developing the structure activity reiationship, for detailed studies of
the mechanism of action, and for the elucidation of the cellular functions of actin binding proteins. In this and
the accompanying paper,® we give full details of the first total synthesis of scytophycin C.7-2 Here, we outline

our synthetic strategy and describe the stereocontrolled synthesis of the C|—~C3) seco acid derivative 9.
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In particular, the introduction of the N-methy! vinylformamide group, which leads to two slowly interconverting
conformers around the C33-N bond,!a would necessarily be delayed until the final stages. The Cj—C3a, fuliy
protected, seco acid derivative 9 proved to be an appropriate pivotal intermediate for our synthesis. As with our
earlier synthesis!911 of swinholide A, we chose to tie up the C-C»3 anti-diol with a cyclic silicon protecting
group, thus foregoing the opportunity for differential protection at these two hydroxyl groups which are

apparently in similar steric environments.
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The complete carbon skeleton of scytophycin C in 10 was anticipated to arise from an aldol coupling
between the C;—Cg methyl ketone 12 and the C19-C32 aldehyde 11. In our preliminary work,82.b we
envisaged the main aldol coupling step would be at the C;6-C7 bond. However, the precedent set by our total
synthesis!0 of swinholide A gave us confidence that a C18-Cj9 aldol coupling would be a safer option
should proceed with high stercoselectivity under Felkin-Anh control, 10b.f Finally, a che
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Full details of the stereoselective synthesis of the C;-Cjg methyl ketone 12, which is a common
intermediate in our swinholide A synthesis, have already been reported!0b.¢ such that this segment is not
discussed further here. We envisaged that the corresponding aldehyde segment 11 could be contructed from the
aldehyde 14 and the ketophosphonate 13 by a Horner-Wadsworth-Emmons (HWE) reaction to install the C35—
C26 bond. The C19—C5 stereopentad 14, in turn, should be readily accessible using our general synthetic
approach!22-¢ to such polypropionate systems. In this case, the precursor would be the adduct 16 derived from
an anti aldol reaction!2d of the dipropionate reagent (§)-17 with methacrolein. The three contiguous
y a suitable asymmetric crotylation'” o

- 1,1

/Oy 10 maallo L.l el o~y 314
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and 18, can be prepared'“ from the commercially
available, methyl (8)-(+)-2-methyl-3-hydroxypropionate (19). The foregoing strategy was designed to provide

a flexible, highly convergent, synthetic route to scytophycin C (1).

Synthesis of C26-C32 Ketophosphonate (13)
The anti-anti stereotriad spanning C27—C31 could be set up efficiently by using Brown’s asymmetric
crotylboration reaction (Scheme 2). Thus, the homoallylic alcohol 15153 was synthesised in 68% yield with

95% ds by anti crotylboration of the aldehyde (§5)-18 (prepared16 in 3 steps from 19) with the (E)-crotyl
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reported in our earlier communication,
optimum reaction conditions required prior drying of the boron reagent under high vacuum (to remove some
volatile decomposition product), maintaining the internal reaction temperature by efficient cooling and controlled

addition of the reagents, and conducting the oxidative work-up at room temperature.
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Scheme 2: (a) (E)-2-butene, KO'Bu, *BuLi, THF, -78 — -50 °C, 1.5 h; (+)-Ipc2BOMe, 30 min; BF3* 3 ;
(5)-18, =78 °C, 4 h; NaOH, 30% H;Q9, 20 °C, 16 h; (&) Mel, NaH, THF, 20 °C, 17 h; (¢) 9-BBN, THF, 20 °C, 5 h;
H>02/NaOH, 3 h; (d) TIPSCI, imidazole, CH2Cly, 20 °C, 90 min; (e) Hp, 10% Pd/C, EtOH, 20 °C, 6 h; (f) Dess-Martin
periodinane, CH,Clp, 20 °C, 6 h; (g) (Me0)2P(O)Me, "BuLi, THF, -78 °C, 15 min; (k) PDC, DMF, 30 °C, 1 h.

Conversion of the alcohol 15 into the ketophosphonate 13 was achieved uneventfully via a series of
functional group manipulations. Accordingly, the hydroxyl group in 15 was methylated using NaH /Mel to
e the methyl ether 20 (100%). The terminal alkene in 20 was then hvdroborated using 9-BBN, followed by
ive the primary alcohol 21 in 88% yield. n of the hydroxyl group in 21 as its
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triisopropyisilyl (TIPS) ether was performed under standard conditions (TIPSCI, imidazole, CH,Clp), followed
by debenzylation (Hy, Pd/C, EtOH), to provide the alcohol 23 (90%). After oxidation of 23 using Dess-
Martin periodinane, 7 the crude aldehyde 24 was reacted with lithiated (MeO);P(O)Me in THF at —78 °C to give
the B-hydroxyphosphonates 25, which were isolated as a 2: 1 diastereomeric mixture in 86% overall yield.
Oxidation of the alcohols 25 with PDC at 30 °C then gave the required B-ketophosphonate 13 in 82% yield.
Under these conditions, the major epimer was found to be oxidised slower than the minor isomer.

Svnthesis of Ci10-Chs ldoahvdo (14)
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{
for polyketide synthesis and have seen extensive use in our laboratory.!%18 The key step in the synthesis of the
C19—-C25 stereopentad of scytophycin C is the anti-aldol reaction between (S)-17 (prepared!© in 3 steps from
19) and methacrolein (Scheme 3). This serves to introduce the Cyq stereocentre and sets up the Cz3 and C3
centres in a highly stercoselective manner. Thus, the aldol addition of the (E)-enol dicyclohexylborinate 26,
obtained by controlled enolisation of (5)-17, to methacrolein at O °C gave the anti-anti aldol product 1612b-d in
85% yield with 297% ds. Next, the Cp) stereocentre was installed via hydroxyl-directed ketone reduction

employing MeaNBH(OACc)3 (1: 1 MeCN/ AcOH). 19 This reduction served to convert the aldol product 16 into

the 1.3-anti diol 27 in 78% vyield with >97% ds. The diol 27 was then pmtected as its di-terr-butyl-
silylene182.8:20 derivative 28 in 95% yield on extended reaction with ‘BuSi(OTf); / 2,6-lutidine (20 C, 15 h)
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Scheme 3: (a) (¢-CgH{1)2BCl, Et3N, Et20, 0 °C, 2 h; H;C=C(Me)CHO, 0 °C. 3.5 h; HyO2, MeOH-pH7 butfer; (b)
Me4NBH(OAc)3, 1:1 MeCN-AcOH, —30 °C, 2 h; (c) fBugSi(OTf)z, 2,6-lutidine, CHaCla, 20 °C, 15 h; (d) 9-BBN, THF,
20 °C, 18 h; Ha0,/NaOH, 3 h; (¢) (COCla, DMSO, CH3Cly, -78 °C, 1 h; E3N, =78 — =25 °C, 3 h; () HFspy, py,

THF, 20 °C.

The remaining stereocentre at Cr4 was installed by controlled hvdroboration12a.2! of alkene 28 with 9-BBN
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coulid be cnromatograpmcauy separatea from the minor L24‘cplmer In an earlier study, the unprotect
had already been prepared!22 with lower diastereoselectivity (85 : 15) by hydroboration of diol 27 using (+)-
Ipc;BH. Cleavage of the di-tert-butylsilylene group in 29 using HFepyridine/pyridine20 gave the same triol 30,
which exhibited IH NMR spectroscopic data and optical rotation, [oc]";;‘} +35.1 (¢ 0.2, CHCl3), in agreement

with that previously recorded,!22 thus confirming the stereostructure. Swern oxidation of alcohol 29
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wching at -25 °C) then gave the aldehyde 14 in 95% yield. Hence, the required stereopentad 14 was
readily prepared from (S)-17, using substrate-based stereocontrol, in only 5 steps.

Barium Hydroxide Induced HWE Reaction to Generate Aldehyde (11)

A key factor in achieving a successful total synthesis of scytophycin C was realising an efficient HWE
coupling22 (Scheme 4) between the sterically hindered aldehyde 14 and the ketophosphonate 13 to provide
sufficient quantities of the key C3—Cjg segment 11 for lale stage transformations. Model studies were initially

ut using aldehyde 14 and (MeQ),P(Q)CH,CO ish the optimum reaction conditions. Using
it g n < E YN o L anntine gatva a 11 melosiion £l
conventional CGﬂditiGna with NaH as the baac {THF, 20 °C action g.‘avc a 1:1 mixture of the

In comparison, under Masamune-Roush condmons (LiCl, {ProNEt, MeCN, 3A mol. sieves, 20 °C),23 no
reaction was initially observed by TLC and a complex product mixture was obtained on prolonged stirring.
Changing the base to the less hindered Et3N23b led only to p-elimination in the aldehyde 14.

Gratifyingly, we found that the real HWE coupling between aldehyde 14 and ketophosphonate 13 could
be promoted efficiently by using barium hydroxideZ42 in wet THF to produce the desired (E)-enone 31
exclusively. Significantly, use of equimolar amounts of the aldehyde and ketophosphonate reactants gave rise
to an excellent vield (96%) of 31. We have
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ound barium hvdrn ide to be gcnpmll useful in promo ting

efficient HWE couplings of B-ketophosphonates with structurally complex, base-sensitive aldehydes.24b The

revild mnm ditinno Amnnalasiad fwa amsancaneil b o lel o 1. JERETINEPS o RSP P SRSy [P0 J [ S S
11HIA CONMUIIVIL CHHPIVYCU alC COLLIPAUDIC WIUL d WIUC VdllICly O1 SUDSMIALC LUICUOI-AIIUCS, ab monstraiecda Uy
their application in several demanding situations in macrolide and polyether fragment assembly.24b-4,25 The

(E)-enone 31 could be transformed efficiently into the ketoaldehyde 11 in two further steps. Thus, 31 was
first converted into the alcohol 32 in 97% yield by alkene hydrogenation with concomitant debenzylation using
palladium on charcoal as catalyst. Dess-Martin oxidation then gave the required aldehyde 11 in 88% yield.
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C8-C19 Aldol Coupling and Formation of the C;-C32 Fully Protected Seco Acid (9)

As with our swinholide synthesis, a Mukaiyama aldol coupling was employed to unite the C;—C;g and
C19-C32 segments and set up the C)g stereocentre under substrate control (Scheme 5).100 Thus, the silyl enol
ether 33 was prepared from methyl ketone 1210¢ by kinetic enolisation with lithium hexamethyldisilazide (THF,

-78 °C) and in situ trapping with Me3SiCl. After isolation using a pH 7 buffer/pentane workup, the enol

derivative 33 was used immediately without purilication. Addition of F3B+OEt; to a mixture of 33 and
3 a e nbad o eamid aldal o Aan and gava tha Y v laonly 1

aldehyde 11 in CHCl; at —78 °C promoted a rapid aldol addition and gave the B-hydroxy ketone 10 cleanly in
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84% yield with 297% diastereoselectivity. The remarkably high degree of selectivity in the coupling of these
two complex segments is presumably the result of a synergistic effect from the o- and B- stereocentres in
aldehyde 11, i.e. Felkin-Anh stereocontrol (1,2-induction) reinforced by a favourable dipole-dipole interaction
(1,3-induction).26

In aldol adduct 10, all the 15 stereocentres of scytophycin C have been installed except that at C;7. Two
steps now remained to complete the synthesis of the C{—C3; fully protected seco acid 9. Notably, a challenging
stereoselective reduction of the Cj7 ketone group in the presence of the C27 ketone was now required. Such a
chemo- and stereoselective reduction was achieved by chelate-mediated, 1,3-syn reduction. Using a
modification27.12¢ of the Narasaka-Prasad protocol,28 adduct 10 was first treated with BuyBOMe in
THF/MeOH to activate the C;7 carbonyl group via boron aldolate formation, followed by the addition of
LiBH4. At -78 °C, the reduction was found to be slow, leading after 3.5 h to the isolation of a 1:1 mixture of
the desired syn-isomer and recovered starting material. Carrying out the reaction at a higher temperature (—45
°C), gave a triol as a minor side product, presumably due to competing reduction at C37. The optimum
temperature was found to be —60 °C, which led to the isolation (after 2 h) of the desired syn-diol 34 in 57%
yield with 92% ds and avoiding any triol formation. The use of catecholborane,2® which has a dual role of
activation via aldolate formation and reduction via hydride donation, also proved to be effective in realising this
transformation, giving the syn-diol 34 in an improved yield (85%) with the same level of diastereoselectivity.

N
~ 1 OMe

10 > 97% ds

€| (85%)

d
(82%)

34 92% ds

Scheme 5: (a) LiN(SiMe3)s, Me3SiCl, Et3N, THF, -78 °C, 40 min; (b) F3BeOEt, CH2Cly, -78 °C, 30 min; (c)
catecholborane, THF, —78 — 20 °C, 18 h; (d) MeOTf, 2,6-di-tert-butylpyridine, 20 °C, 24 h.



in the syn-diol 34, the C7 and Cj9 hydroxyl groups are sterically hindered and, together with the
presence of sensitive functional groups, make bis-O-methylation a demanding task. After several experiments,
we found that the etherification of diol 34 was best achieved at room temperature30 by using methyl triflate in
the presence of the mild and non-nucleophilic base, 2,6-di-terr-butylpyridine. Initially, the reaction could not be
driven to completion even in the presence of a large excess of reagents. The starting diol and two
monomethylated compounds were always found to be present in the reaction mixture — these could conveniently

be isolated and resubmitted to the same methylation conditions. Finally, under high concentration conditions,
the reaction was driven to compleucn and the Ci—\,sz fully protected seco acid 9 was obtained in 82% yield.

Conciusions

The C|—C3; fully protected seco acid 9, as required for the total synthesis of scytophycin C, has been
prepared in 14 steps from the aldehyde (S)-18 in 18.2% overall yield. The Cz0 and Cjg stereogenic centres
originate from (S)-17 and (5)-18 respectively, while the remaining 13 stereocentres were introduced in a
highly controlled manner (85% overall ds). Notably, this approximates to the introduction of one stereocentre
per step.3l The synthesis of seco acid derivative 9 relied on only a smgle reagent-controlled reaction, the

asymmet[ig crotylboration, (§)- 18 — 15, combined with
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'oboration, 28 — 29, (iv) the Mukaiyama aldol coupling, 11 + 12 — 10 and (v) the 1,3-syn-
reduction, 10 —» 34. The Ba(OH)>-induced HWE coupling, as in 13 + 14 — 31, also proved to be an
important step, enabling the generation of ample quantities of the scytophycin skeleton. The synthesis of the
C1-C3» fully protected seco acid 9 sets the stage for the completion of the total synthesis of scytophycin C (1),
as detailed in the following paper.6:3!

Experimental Section
For general experimental details, see ref 10d.

(S)-3-(Benzyloxy)-2-methylpropanal (18)!142. 162-c Tg a stirred solution of methyl (§)-(+)-3-hydroxy-
2-methylpropionate (19) (10.4 ml, 10.0 g, 84.66 mmol) in dry EtpO (150 ml) under an Ar atmosphere was
added benzyl-2,2,2-trichloroacetimidate (18.96 ml, 25.66 g, 101.6 mmol). The solution was cooled to 0 °C
and triflic acid (1.0 ml, 9.8 mmol) was added dropwise, whereupon a white solid (trichloroacetamide)
precipitated which redissolved on warming to room temperature over 2 h. The reaction mixture was poured into
NaHCQ3 solution (200 ml; sat. aqueous), e
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The Weinreb amide was prepared by adaptation of the Merck procedure (which avoids the use of Me3Al).16d.e
The benzyl ether (30.05 g, 144.3 mmol), prepared as above, was mixed with N,0-dimethylhydroxylamine
hydrochloride (21.82 g, 223.7 mmol, 1.55 eq.) and dry THF (100 ml). The resulting slurry was cooled to —20
°C and iso-propylmagnesium chloride (158.7 ml, 317.5 mmol, 2.2 eq.; 2 M solution in THF) was added
dropwise, maintaining the solution temperature between —20 and —5 °C. The reaction mixture was stirred at -5
°C for 1 h, then poured into NH4Cl solution (500 ml, sat. aqueous) and extracted with EtoO (3 x 250 ml). The
combined organic layers were dried (MgSOy), filtered and concentrated in vacuo. Purification by flash
chromatography (20 — 50% EtOAc in hexanes) gave the corresponding amide!42 as a pale yellow oil (32.78 g,
96%); Rt (50% EtOAc/hexane) 0.35; [os]zlé) +5.8 (¢ 4.2, CHCl3; ~99% ee); IR (liquid film) 1650 cm~!; 1H
NMR s (250 MHz, CDCl3) 7.33-7.25 (5H, m, Ph), 4.55 (1H, d, J = 12.1 Hz, CHAHgPh), 4.46 (1H, d, J =
12.1 Hz, CHpHRgPh), 3.70 (1H, dd, J = 8.7, 8.7 Hz, CHxHvyOBn), 3.68 (3H, s, OMe), 3.42 (1H, dd, J =

=12 il

8.7, 5.7 Hz, CHxHyOBn), 3.23 (1H, m, CHMe), 3.20 (3H, s, NMe), 1.10 (3H, d, J = 6.9 Hz, CHMe): 13C

114, A1y idel), & Ly 95 INAVAL ), LAV R, 4, V.7 114, L2 A0VIG

NMR § (100.6 MHz, CDCl3) 175.9, 138.4, 128.3, 127,5 (')r) 73.2, 72.6, 61.5, 35.6, 32.1, 14.2; m/z (CI,
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sodium pOIdh&lUm tartate solution (.‘)UO ml) and DlUAC (JUU mi) and siirred VlgOlOU 0[' 1h The Ol'gdlllC
layer was decanted and the aqueous layer extracted with further EtOAc (3 x 150 mi). The combined organic
layers were dried (MgSOa), filtered and concentrated in vacuo. Purification by flash chromatography on florisil
(10% EtOAc/hexanes) gave the sensitive aldehyde (85)-1816a-¢ a5 a colourless oil (10.13 g, 98%), which (after
azeotroping from PhH) was used directly for the crotylboration step; IR (liquid film) 1725 cm~1; IH NMR §
(400 MHz, CDCl3) 9.70 (1H, d, J = 1.5 Hz, CHO), 7.34-7.26 (5H, m, Ph), 4.50 (2H, s, CH2Ph), 3.68-3.60

(2H, m, CH»OBn), 2.69-2.59 (1H, m, CHMe), 1.10 (3H, d, J = 7.2 Hz, Me).

3 ‘<

(25,35,45)-1-(Benzyloxy)-2,4-dimethylhex-5-en-3-0l (15)!52 Trans-2-butene (ca 9.0 ml, 110
mmol) was condensed into a suspension of potassium fert-butoxide (7.23 g, 64.0 mmol; dried at 80 °C under
high vacuum for 4 h before use) in THF (75 ml) at =78 °C. n-Butyllithium (40.2 ml, 64.4 mmol, ca 15%
solution in hexane) was added slowly to the mixture, maintaining the solution temperature at =78 °C. The
greenish-yellow reaction mixture was then warmed to —50 °C and stirred for 30 min. The resulting suspension
was recooled to ~78 °C and a solution of (+)-methoxydiisopinocampheylborane (20.38 g, 64.4 mmol, derived
from (-)-a-pinene and dried under high vacuum before use) in THF (50 ml) was added via dropping funnel.
The mixture was stirred at —78 °C for 30 min after which time the viscous yellow mixture dissolved to give a
clear solution. Boron trifluoride etherate (12.25 g, 10.6 mi, 86.3 mmol) was then added siowly and the
solution stirred at —78 °C until a white suspension formed (ca 30 min). A solution of the aldehyde (5)-18 (8.59
g, 48.3 mmol) in THF (20 mi) was added via dropping funnel and the reaction mixture stirred at —78 °C for 4 h.
The reaction was quenched by the addition of sodium hydroxide solution (32 mi, 3 M), followed by hydrogen
peroxide solution (40 mi, 30% aq.) and then warmed to room temperature with stirring for 16 h. The organic
layer was separated and the aqueous layer extracted with EtOAc (3 x 250 ml). The combined organic layers

were washed, in turn, with NazS2013 solution (250 ml) and brine (250 ml), then drie

1
) P _ LY . JSN B WY - I I _1...____,...-‘_“..1. TN A o TOYNNDT e~
concentrated in vacuo. The crude mixiure was purified by flash chromaiograpny hexanes and EtOAc, 100% to
e\ s s AT~ 1 18 VAo 218 7 LA o £QOZN. D LSO e MNNIOIT 1.\ N &N r,.120
5% grdcuem) 1o glVC the alcohol 15 as a colouriess oil*- (/.04 g, 0070); Rf{ID70 LIV TIV12) U.OU, [U]
-12.2 (¢ 1.6, MeOH); 'H NMR & (400 MHz, CDCl3) 7.37-7.28 (5H, m, Ph), 5.89 (1H, ddd, J = 16.4, 10.8,
o £ YY¥- el & VAl & N aNnL 711y a4 T _ 111 10 1T~ ALY 1T LI S NS 7117 A3 Yy - 14 &£ 10 I
8.0 Nz, Lpp=Ln), 0.0 (in, ad, v = 1l.4, 1.7 0z, Laxny=Ln), J.vo (in, 4, 4 = 1v.0, 1.7 11z,
YT TT NI A ET LT o OIT.DRY 2 E£Q /1T A3 T 0N A& L. MNLIT IT NMRAY 281 /1T AAd T Q1 Q4
\,nx_rly—\,n , 401 (LX1, >, LIy, 3.00 \111, uld, J = 7.4, 4.0 114, pgxxlyuuu}, J.J1 15, Uy, v = 7.1, 0.7
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Hz, CHxHyOBn), 3.41 (1H, br d, J = 3.9 Hz, OH), 3.36 (1H, ddd, J = 7.6, 3.6, 3.3 Hz, CHOH), 2.39-2.31
(1H, m, CHMe), 1.96-1.89 (1H, m, CHMe), 1.09 (3H, d, J = 6.8 Hz, CH3), 0.88 (3H, d, J = 7.0 Hz, CH3);
I3C NMR § (100.6 MHz, CDCl3) 139.7, 137.8, 128.4, 127.7, 127.6, 115.2, 79.6, 75.4, 73.4, 41.0, 36.2,
17.7, 13.8.

(25,35,45)-1-(Benzyloxy)-3-methoxy-2,4-dimethyl-5-hexene (20) To a mixture of sodium
hydride (2.16 g, 54.0 mmol, 60% dispersion in oil) in THF (95 ml) at room temperature was added, via
cannula, a solution of homoallylic alcohol 15 (2.20 g, 9.39 mmol) in THF (30 ml). The mixture was stirred for
15 min before addition of methyl iodide (2.85 ml, 45.9 mmol, freshly distilled). After 17 h, the reaction
mixture was quenched by the addition of ammonium chloride solution (60 ml, sat. aq.) and stirred until a clear
solution formed. After dilution with ether (100 ml), the organic layer was separated, washed with brine (70

PP Ya

mi), dried (MgSOg4) and the solvent evaporated in vacuo. Purification of the crude product by flash

N e s~ e

chromatography (20% Et;O/hexane) gave 20 as a colouriess oii (2.32 g, 100%); Kf (20% EtyO/hexane) 0.53;

YT

[ajlg)—.u I (¢ 1.3, CHCI3); IR (liquid film) 1641, 1495, 1453, 1364, 1094 cm~!; 'H NMR § (400 MHz,
7.37-7.21 (5H, m, Ph), 5.83 (1H, ddd, J = 18.0, 9 6, 8.2 Hz, CHz-—CH) 5.01 (ZH overlappmg
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, m, CH 1 1,0Bn), 4.43 (3H, s,

= ,dd, J =83, ), 2.92 (lH. b_r s, OH), 2.06-1.96 (1H, m, CHMe), 1.96-1.88

(1H, m, CHMe), 1.62-1.57 (2H, m, CH,CH,OH), 1.01 (3H, d, J = 7.0 Hz, Me), 0.98 (3H, d, J = 6.8 Hz,

e); 13C NMR & (100.6 MHz, CDCl3) 138.6, 128.3, 1275 127.4, 87.4, 73.0, 72.3, 61.4, 59.4, 36.7,

33.1, 32.3, 17.1, 15.0; m/z (CL, NH3) 267 (100, [M+H]+), 235 (53), 91 (38%); HRMS (EI) [M]* found
6

266.1870, CygH> UO3_ requires 266.1882.

1]
=
)
T
(28]
o
=
=
h
N
L
(N
-
fa=
3

(2S,3R,4R)-1-(Benzyloxy)-6-triisopropylsilyloxy-3-methoxy-2,4-dimethylhexane (22) To a
stirred mixture of alcohol 21 (2.05 g, 7.7 mmol) and imidazole (1.91 g, 28.1 mmol) in CH;Cl; (27 ml) at room
temperature was added triisopropylsilyl chloride (3.0 ml, 14.0 mmol). After 90 min, the reaction mixture was
diluted with CHCly (55 ml) and then washed with sodium bicarbonate solution (2 x 35 ml, sat. aq.) and brine
(35 ml). The organic solution was dried (MgSOy4) and the solvent evaporated in vacuo. Flash chromatography
(20% Etzolhexane) of the crude product provided 22 as a colourless oil (3.23 g, 99%); Ry (20% Et0/hexane)
0.55; [(x] D 9 _4.2 (¢ 1.9, CHCl3); IR (liquid film) 1460, 1370, 1255, 1100 cm~!; TH NMR & (400 MHz,
CDCl3) 7.35-7.55 (5H, m, Ph), 4.50 (2H, s, CH,Ph), 3.79-3.64 (2H, m, CH,OS1), 3.55 (1H, dd, J = 8.8,
3.8 Hz, CHxH,OBn), 3.47 (1H, dd, J = 8.8, 6.3 Hz, CHxHyOBn), 3.41 (3H, s, OMe¢), 2.94 (IH, dd, J =
8.0, 3.7 Hz, CHOMe), 2.00-1.85 (2H, m, CH>,CH,0S1), 1.79-1.71 (1H, m, CHMe), 1.33-1.25 (1H, m,



CHMe), 1.06-1.03 (3H, buried m, Me,CHSIi), 1.04 (18H, br d, J = 4.1 Hz, Me>CHSi), 1.00 (3H, d, J =4.3
Hz, Me), 0.98 (3H, d, J = 4.2 Hz, Me); !3C NMR 3§ (100.6 MHz, CDCl53) 138.8, 128.3, 127.5, 127.4, 88.2,
73.0, 72.7, 61.5, 61.3, 36.6, 33.5, 31.4, 18.0, 17.3, 15.1, 12.0; m/z (CI, NH3) 423 (27, [M+H]*), 249
(82), 141 (90), 109 (60), 91 (100%); HRMS (CI, NH3) [M+H]* found 423.3294, C25H4703Si requires
423.3294.

(28,3R,4R)-6-Triisopropylsilyloxy-2,4-dimethyl-1-hexanol (23) A mixture of benzyl ether 22
(61.4 mg, 0.145 mmol) and 10% palladium on charcoal (0.12 g) in dry ethanol (2 ml) was stirred under a
hydrogen atmosphere at room temperature for 6 h. The reaction mixture was filtered through celite and the
solvent evaporated in vacuo to give the crude product, which was purified by flash chromatography (30%
Et,O/CH,Cl;) to give 23 as a colourless oil (44.0 mg, 91%); Rs (30% EtpQ/CH,Cly) 0.43; [aﬁg -1.9 (¢ 2.1,
HCl3); IR (iiquid fiim) 3600-
.56 (ZH, m, CH,OS1), 3.79-
i, m,
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OMe), 2.00-1.91 (iH,

-3100 (br), 1470, 1390, 1255, 1105 cm~!; IH NMR § (400 MHz, CDCl3) 3.79-
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56 (2H, m, CH,OH), 3.46 (3H, s, OMe), 2.95 (iH, dd, J = 7.1, 4.1 Hz,
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CHy HyLHQUbl), .91-1.83 (IH, m, CHxHyCH,081i), 1.81-1.73 (IH, m,
CHMe),
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Hz Me,>CHSI), 0 94 (3H d J 6 9 Hz CH Me); 13C NM (100 6 MHZ CDCI3) 204 9 87 6 61
48.6, 34.7, 31.7, 18.0, 16.2, 12.0, 11.5; m/z (CI, NH3) 348 (8, [IM+NH41%), 347 (30), 173 (100%).

(3S,4R,5R)-7-Triisopropylsilyloxy-1-dimethoxyphosphinyl-4-methoxy-3,5-dimethyl-2-

heptanol (25) r-Butyllithium (3.6 ml, 5.38 mmol, 15% solution in hexane) was added dropwise to a stirred
solution of dimethyl methanephosphonate (0.65 ml, 5.90 mmol, freshly distilled) in THF (14 ml) at —78 °C.
After 1 h, a solution of the crude aldehyde 24 (0.55 g, prepared by Dess-Martin oxidation) in THF (5 ml + 2 ml
washings) was added via cannula. After 15 min, the reaction mixture was poured into brine (160 ml) and
extracted with ether (4 x 100 ml). The ethereal solution was dried (MgSOy) and evaporated in vacuo. Flash
chromatography (EtOAc) of the crude product gave recovered 23 (49.4 mg, 10%) and a 2:1 mixture of B-
hydroxyphosphonates 25 as a colourless oil (0.54 g, 86% (based on 24)); Rf (EtOAc) 0.20; IR (liquid film)
3570-3100, 1730 (br), 1465, 1390, 1240 (br), 1100, 1070, 1045 cm~!; IH NMR (major isomer) & (400 MHz,
CDCl3) 3.74 (6H, d, J = 10.9 Hz, POMe), 3.80-3.62 (2H, m, CH,OTIPS), 3.80-3.62 (1H, buried m,
CHOH), 3.48 (3H, s, CHOMg), 3.03 (1H, dd, J = 5.7, 5.7 Hz, CHOMe), 2.17-1.70 (2H, m, CH,PO), 2.17-
1.70 (2H, m, CHMe), 1.37-1.23 (2H, m, CH>CH,OTIPS), 1.05-1.01 (3H, buried m, Me2CH), 1.03 (18H,
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brd, J = 2.9 Hz, Me>CHSI), 0.94 (6H, d, J = 7.0 Hz, CHMe); !3C NMR (major isomer) § (100.6 MHz,
CDCl3) 90.3, 65.8, 61.6, 39.7, 39.5, 34.5, 31.9, 31.4, 30.0, 18.0, 16.7, 12.0, 10.8: m/z (CI, NH3) 455
(100, [M+H]*), 281 (28), 155 (38), 123 (42), 99 (32%); HRMS (CI, NH3) [M+H]* found 455.2960,
C>1H4806PSi requires 455.2958.

(35,4R,5R)-7-Triisopropylsilyloxy-1-dimethoxyphosphinyl-4-methoxy-3,5-dimethyl-2-

heptanone (13) Pyridinium dichromate (0.16 g, 0.42 mmol) was added to a stirred mixture of B-
hydroxyphosphonate 25 (23.5 mg, 52 pmol) and powered 3A molecular sieves (a spatula end) in dry DMF
(0.6 mi) at 30 °C. After I h, the dark brown mixture was poured into brine (15 ml) and extracted with EtoO (4 x
8 mi). The combined ether extracts were dried (MgSOj4) and the solvent evaporated in vacuo. Purification by
flash chromatography (9:1 EtOAc¢/CH,Cly) gave 13 as a colourless oil (19.3 mg, 82%); Rf(9:1

e A i § s o 22 < . I
BtOAC/CH2CI) U.35; [alp -59.5 (¢ 1.9, CHClI3); IR (liquid film) 1714, 14()5 1382, 1259, 1185, 1032 cmi;

Ty w12 273 AN R ATT . v ~ O A mA PR ~T 5 s T T £ N
'H NMR 6 (400 MHz, CDCl3) 3.80-3.73 (1H, buried m, CHxHyOTIPS), 3.77 (3H, d, J = 11.1 Hz, POMe),
3.76 (3H, d, J = 11.2 Hz, POMe), 3.68-3.62 (iH, m, CHyHyOTIPS), 3.33 (iH, dd, J = 22.0, 14.3 Hz,
CHxHyPO), 3.27 (3H, s, CHOMe), 3.19 (1H, dd, J = 9.3, 2.6 Hz, CHOMe), 3.10 (1H, dd, J = 21.8, 14.3
) & MIT TIT Dy TN A N1 711Y < YT Ty 1T N 1 O ry el 2 R & A als Iatsalss I 4 - ™ AT TY
Nz, Lnynyruv), o.u/-5.Vi1 (1, M, LguL=v), {.¥/-1.80 (1H, m, Lﬂxl’lyb 2011F>), 1./0-1.03 (1H, m,
TITR AN 17277 1 YL /11T o MIT 1T AT _AATTIDON 1 11 1 AN /21 Lo 1 __ AN Fa k'l AY 1N\ 710YT7 L. 2 r A A
wnwvi€), 1.0/-1.£0 (11, 11, L,nxgy\_nzul 1ry), 1.14-1.U2 (O, DUriea i, ivieplri}, 1.U0 (1811, 0r 4, J = 4.4
T, (OIT A\ OTTCIN NOQO /€YY A T . £0Q TT— MIIMA_N. 13/ ANAD R 71NN £ RATT- TN Y AL & QN E £1 1
nz, \vmjy)luwriol), V.77 (orl, d, J = 0.0 I1Z, LIivle), ""U INIVIK O (1UU.0 IVInZ, UDU13) £LU0D.D, 67.0, 01,1,
60.6, 53.0, 52.9, 52.87, 52.8, 49.0, 43.3, 42.0, 33,4, 31.2, 18.0, 16.8, 13.5, 11.9; m/z (CI, NH3) 453 (86,
IAALITI4HY ANQ 789 27Q 710N0LY TIRAMC (1 NIT. Y TAAL LTI+ Fanind A2 20NN ML LT . O DG nnqnirnce
LIVITIL] T ), AU (D4, «17 (1UU70), TIRIVID (UL, INII3) (Vi )7 10Ud 4005.L0UU, U I14QUGE D1 u.quut,b
453.2801
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purlﬁed by ﬂash chromdtography (10‘7 EtzO/CHQCIZ) to give 16 asa colourless oil (2 17 g, 85%); Ry (10%
Et;0/CH;Clp) 0.46; [a]D +12.3 (¢ 1.6, CHCI3); IR (liquid film) 3450, 1700 cm~!; 'H NMR 3§ (400 MHz,
CDCI3) 7.32-7.25 (5H, m, Ph), 4.94 (1H, br s, olefinic), 4.91 (1H, br s, olefinic), 4.49 & 4.47 (2H, AB,
Jap = 12.2 Hz, OCH;Ph), 4.18 (1H, dd, J = 8.6, 4.3 Hz, CHOH), 3.64 (1H, t, J = 8.6 Hz, CHxHyOBn),
3.43 (1H, dd, J = 8.6, 5.1 Hz, CHxHyOBn), 3.07 (1H, dqd, J = 8.6, 7.0, 5.1 Hz, CHCH,0Bn), 2.92 (1H,
dq, J = 8.6, 7.0 Hz, HOCHCH(Me)C=0), 2.72 (1H, d, J/ = 4.3, OH), 1.65 (3H, s, allylic Me), 1.03 (3H, d,
J = 7.0 Hz, Me), 0.97 (3H, d, J = 7.0 Hz, Me); 13C NMR § (100.6 MHz, CDCI3) 217.3, 144.5, 137.8,
128.4 (2C), 127.7, 127.6 (2C), 114.0, 78.3, 73.3, 72.2, 49.1, 46.0, 16.8, 13.7, 13.5; m/z (CI, NH3) 294
(50, [M+NH4]11), 259 (90), 224 (50), 207 (100), 108 (54), 91 (15%); HRMS (CI, NH3) [M+NH4]* found
294.2069; Cy7H2803N requires 294.2069.

(25,3R,4R ,5R)-1-Benzyloxy-3,5-dihydroxy-2,4,6-trimethyl-6-heptene (27)!22.b A solution of
tetramethylammonium triacetoxyborohydride (11.7 g, 37.1 mmol) in acetonitrile (30 ml) and anhydrous acetic
acid (30 ml) was stirred at room temperature for 1 h. This mixture was cooled to —30 °C and a solution of
ketone 16 (1.53 g, 5.53 mmol) in anhydrous acetic acid (15 ml) was added via cannula. The reaction mixture



was stirred at —30 °C for 2 h then quenched by addition of sodium potassium tartrate solution (120 ml, 0.5 N
aq.) with vigorous stirring for 1 h, followed by extraction with CH2Cl; (2 x 150 ml). The organic extracts
were washed with sodium bicarbonate solution (225 ml, sat. aq.), dried (MgSQj4) and concentrated in vacuo.
The crude product was purified by flash chromatography (10% Et;0/CH;Cl») to give recovered ketone 16
(0.17 g, 11%) and diol 27 as a colourless oil (1.06 g, 69%; 78% based on recovered 16); Rf(10%
Etp,O/CH,Cly) 0.24; [oc]20 +39.1 (c 0.5, CHCl3); IR (liquid film) 3360 (br), 1640 cm-!; TH NMR § (400
MHz, CDCI3) 7.38-7.28 (SH, m, Ph), 5.10 (1H, br s, olefinic), 4.94 (1H, br s, olefinic), 4.55 & 4.49 (2H,

AB, Jap = 11.8 Hz, OCHaPh), 4.05 (1H, d, J = 9.5 Hz, CHOH), 4.05 (IH, buried, OH), 3.78 (1H, d, J =
9.5, CHOH), 3.58 (1H, dd, J = 8.9, 4.1 Hz, CHHyOBn), 3.48 (1H, t, J = 8.9 Hz, CHxﬂyOBn) 3.35 (1H,
d, J= 6.8 Hz, ﬂ) 2.04-1.94 (IH, m, CHMe), 1.83-1.77 (1H, m, CHMe), 1.68 (3H, s, allylic Me), 1.02
(3H, d, J = 7.0 Hz, Me), 0.94 (3H, d, J = 7.0 Hz, Me); 13C NMR 8 (100.6 MHz, CDCl3) 146.2, 137.5,
128.4 (20), 127.7, 127.6 (2C), 111.5, 79.1, 76.4, 75.7, 73.4, 35.7, 35.6, 16.6, 12.9, 9.9; m/z (CI, NH3)
279 (60, [M+H1%), 261 (100%); HRMS (CI, NH3) [M+H]* found 279.1960; C{7H,703 requires 279.1960.

(28,35,4R,5R)-1-Benzyloxy-3,5-(di-tert-butylsilylene)dioxy-2,4,6-trimethyl-6-heptene (28)
To a solution of the 1,3-diol 27 {1.04 g, 3.74 mmol) dissoived in CH)Cl; (2.3 ml) at room temperature was
added 2,6-lutidine (1.40 ml, 11.98 uuuo}) ollowed by di-tert-butylsilyl ditriflate (2.10 ml, 6.49 mmol). The

e
5 h at room temperature before diluting with CH 2Clz (40 ml) and washing

o icroo Al d INA QMY N

and tha cnlyant avanaratad fea VT A g o S 2 P 1. Flaoch Al o b ey oo 1NCY Te MNIMLT 1
«lil O JSULVCILIL Cvdadputatcd it vuct iy, MlILlCl puuupauuu Uy Hadll ClIVIHALOEL pll_y (IU70 CUOANUTII)1) ), &40 Wad
Ahtninad ac o nr\ln arla n:l (149 o QSOZ\. R (1N, BEe-N/CLI M1\ N Q77 r,.120 M€MAQ 7~ NQ MLIMI.N. TD
vutdllivu dasS a VUIVULILYY VIL (1.70 g, ZJ /0 ), INf LLU0 LUNJICLLN L)) U.0 1, U} D —&%.0 { V.0, WIILii), IR
(liquid film) 1650, 1450, 1365, 1260, 1215 cm~!; 1H NMR § (400 MHz, CDCl3) 7.34-7.25 (5H, m, Ph),
493 (1H s CH.H.=) 475 (1H. . CH.H. =) 442 (24 ABg. CH-Ph) 422 (1H 4. J = 42 Hz CHOSH
TeTILEL, 5, LAaxXay=), T (141, 5y LAIXAAYT ), TL (L0, ADY, Lalri), Toads (i, Uy v = T8 114, La1VUoly,
402 (1H. dd. J=9.1.3.6 Hz. CHOSi). 371 (1H. dd. J = 8.6. 3.3 Hz. CH Bn). 350 (1H. dd. J =86
TUL LR, U, 0= T, JWU L, LS, YL (LE, UG, 7 = 0L, D00 L, LTIy /DL, LU LR, UG, U = 00U,
6.8 Hz. CH.H.OBn). 1.99-1 84 (1H m. CHMe). 1.84-1.82 (1H. m. CHMe). 1.76. (3H. s. CH>=CCH=)
6.8 Hz, CHyHy,OBn), 1.99-1.84 (1H, m, CHMe), 1.84-1.82 (1H, m, CHMe), 1.76, (3H, s, CH;=CCH3),
1.05 (9H, s, Me3CSi), 1.05 (3H, d, J = 6.6 Hz, CHMe),1.04 (9H, s, Me3CSi), 0.95 (3H, d, J = 6.8 Hz,
CHMe); 13C NMR 3§ (100.6 MHz, CDCl3) 147.6, 138.8, 128.2, 127.6, 127.3, 109.8, 82.2, 73.7, 73.1,
724 37 37.0.21.277.22.1. 21 8. 17.8. 14.1. 13.7- m/z (CI. NH2) 419 (100, IM+H1+), 229 (18). 108
72.4,37.7,37.0, 28.1, 27.7,22.1, 21.8, 17.8, 14.1, 13.7; m/z (CI, NH3) 419 (100, [M+H]*), 229 (18), 108
(32), 91 (78%); HRMS (CI, NH3) [M+H]* found 419.2981, Cp5H43018Si requires 419.2981.
\~=Js A Al N N VAN & B i 4 LIt445 J ~M1
(25,35,45,55,65)-7-Benzyloxy-3,5-(di-tert-butylsilylene)dioxy-2,4,6-trimethyl-1-heptanol
v v b \ Y o 4 v b b J r
(29) To a solution of the alkene 28 (1.90 g, 4.56 mmol) in THF (37 ml) at 0 °C was added slowly 9-BBN
(43.0 ml, 21.5 mmol, 0.5 M solution in THF). After 18 h at room temperature, the reaction mixture was cooled

to 0 °C and treated, in turn, with a mixture of THF/EtOH (105 ml, 1:1), sodium hydroxide solution (105 ml,
10% aq.) and hydrogen peroxide solution (27 ml, 30% aq.). After stirring at room temperature for 3 h, water
(290 ml) was added and the mixture was stirred for another 2 h. The mixture was extracted with ether (3 x 400
ml) and the ether solution washed with brine (400 ml), dried (MgSQO4) and evaporated in vacuo. Purification by
flash chromatography (hexanes and EtOAc, 100% to 15% gradient) gave the desired isomer 29 as a colourless
oil (1.31 g, 66%); Rf (10% Etp0/CHClp) 0.56, (30% EtOAc/hexane) 0.49; [a]zg -21.3 (¢ 0.56, CHCl3); IR
(liquid film) 3441 (br), 1470, 1454, 1386, 1361, 1096 cm~!; 'H NMR & (400 MHz, CDCl3) 7.37-7.26 (SH,
m, Ph), 4.54-4.44 (2H, ABq, CH,Ph), 4.03 (1H, dd, J = 9.9, 3.0 Hz, CHOSi), 3.75-3.69 (2H, m, HOCHy),
3.67-3.62 (2H, m, CH»>OBn), 3.35 (1H, dd, J = 7.0, 4.5 Hz, CHOSi), 1.93-1.85 (1H, m, HOCH;CH),
1.93-1.85 (1H, m, CHCH»OBn), 1.84-1.79 (1H, m, CHMe), 1.05 (9H, s, Me3CSi), 1.03 (3H, d, J =7.5
Hz, CHMe), 1.01 (9H, s, Me3CSi), 0.91 (3H, d, J = 11.7 Hz, CHMe), 0.86 (3H, d, / = 10.4 Hz, CHMe);
I3C NMR 6 (100.6 MHz, CDClz) 138.7, 128.2, 127.6, 127.4, 85.6, 73.1, 72.9, 72.3, 67.7, 41.4, 37.3,
36.9, 28.4, 28.2, 27.6, 21.9, 21.7, 13.8, 13.7; m/z (CI, NH3) 437 (100, [M+H]*), 261 (22), 189 (22), 108
(50), 99 (27), 91 (96%); HRMS (CI, NH3) [M+H]* found 437.3090, C25H4504S1 requires 437.3087.
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(25,35,45,55,65)-7-Benzyloxy-3,5-(di-tert-butylsilylene)dioxy-2,4,6-trimethyl-1-heptanal

(14) To a solution of oxalyl chloride (0.40 ml, 4.59 mmol) in CH»Cl, (20 ml) at —78 °C was added DMSO
(0.68 ml, 9.58 mmol) dropwise. After 15 min, a solution of alcohol 29 (0.41 g, 0.94 mmol) in CH,Cl3 (6 ml
+ 6 ml washing + 3 ml washing) was added via cannula and the resulting mixture stirred for 1 h before the
addition of triethylamine (1.80 ml, 12,91 mmol). The reaction mixture was stirred for another 3 h at -78 °C,
then allowed to warm to -25 °C over 45 min and immediately quenched with ammonium chloride solution (30
ml, sat. aq.). The mixture was allowed to warm to room temperature, the organic layer separated and the
aqueous layer extracted with hexane (3 x 30 ml). The combined organic extracts were washed with sodium
bicarbonate solution (30 ml, sat. aq.) then brine (30 ml) and dried (MgSOy4). The solvent was evaporated in
vacuo and the crude product was purified by flash chromatography (20% EtOAc/hexane) to give 14 as a
colourless oil (0.39 g, 95%); R¢ (20% EtOAc/hexane) 0.52; [l ~56.9 (¢ 0.4, CHCla); IR (liguid film) 1730,
1476, 1388, 1363, 1260, 1140, 1100, 1008 cm~!; {H NMR & (400 MHz, CDCiz) 9.74 (m d, J = 3.4 Hz,

]

0,
m, Ph), 4.54-4.43 (2H, ABq, CH,Ph), 4.04-4.01 (2ZH, m, CH,0 504(‘m dd, J
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H, dd, J = 8.5, 6.9 Hz, 19-CHR), 3.36 (1H, dd, J = 9.3, 2.0 Hz, 29-CH), 3.25 (3H, s, OMe),
3.10 (1H, dq, J = 9.3, 7.0 Hz, 28-CH), 2.50-2.42 (1H, m, 24-CH), 1.96-1.82 (3H, m, 20-CH, 22-CH, 30-
CH), 1.73-1.65 (1H, m, 31-CHA), 1.36-1.27 (1H, m, 31-CHR), 1.11 (3H, d, J = 6.7 Hz, 24-CMe), 1.15-
0.85 (3H, m, (MepCH)3Si), 1.07-0.97 (6H, buried d's, 28-CMeg, 30-CMe), 1.04 (18H, d, J = 4.3 Hz,
(Me,CH)3Si), 1.02 (9H, s, ‘BuSi), 0.99 (9H, s, /BuSi), 0.94 (3H, d, J = 7.0 Hz, 20-CMe or 22-CMg), 0.89
(3H, d, J = 6.8 Hz, 20-CMe or 22-CMe); 13C NMR 3§ (100.6 MHz, CDCl3) 204.0, 149.1, 138.8, 130.8,
128.2, 127.6, 127.3, 88.0, 82.1, 73.4, 73.1, 72.5, 61.3, 60.7, 45.5, 43.8, 36.9, 36.5, 33.1, 30.9, 28.2,
27.7,22.1, 21.8, 18.0, 17.0, 16.2, 14.1, 13.8, 13.5, 11.9; m/z (CI, NH3) 761 (6, (M+H]*), 729 (12), 377
(32), 229 (69), 99 (100%); HRMS (CI, NH3) [M+H]* found 761.5570, C44Hg10gSi2 requires 761.5571.

CH Ph) 387 (m dd J = 96 32Hz 21- CH) 379-3 62 (4H, m, 19-C1_qu,._ 23»Cﬂ, 32-

(25,35,4R,SR,6R,10R,11R,12R)-3,5-(Di-tert-butylsilylene)dioxy-1-hydroxy-14-triiso-

propylsilyloxy-11-methoxy-2,4,6,10,12-pentamethyltetradecan-9-one (32) A mixture of the E-
enone 31 (76.8 mg, 0.101 mmol) and 10% palladium on charcoal (0.232 g) in dry ethanol (7 ml) was stirred
under a hydrogen atmosphere at room temperature for 2.5 h. The reaction mixture was filtered through celite
and the solvent evaporated in vacuo. Flash chromatography (50% Et;O/hexane) gave 32 as a colourless oil
(65.9 mg, 97%); R; (50% EtO/hexane) 0.50; [o]’y —24.7 (¢ 1.2, CHCl3); IR (liquid film) 3600-3200 (br),
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1714, 1470, 1454, 1384, 1092 cm~!; IH NMR & (400 MHz, CDCl3) 4.06 (1H, dd, CHOMe), 3.80-3.63 (4H,
overlapping m’s, CH>OH and CH,0Si), 3.62 (1H, dd, J = 5.8, 3.3 Hz, CHOSi), 3.58 (1H, dd, J = 10.1, 3.1
Hz, CHOSI), 3.28 (3H, s, OMe), 2.83 (1H, qd, J = 9.4, 7.0 Hz, CHC=0), 2.60 (1H, ddd, J = 17.1, 9.6, 5.3
Hz, CHxHyC=0), 2.46 (1H, ddd, J = 17.2, 9.2, 6.3 Hz, CHxHyC=0), 2.03-1.81 (4H, overlapping m’s,
CH HyCH,08Si and CH3CH), 1.73-1.66 (1H, m, MeCH), 1.64-1.56 (1H, m, CHCHyCH,0Si), 1.56-1.42
(1H, m, CHxHyCH2C=0), 1.39-1.21 (1H, m, CHxHyCH,C=0), 1.08-1.02 (6H, 3 buried m’s and | buried
d, Me>CHSi and MeCH), 1.06 (18H, d, J = 5.2 Hz, Me,CHSI), 1.04 (18H, br s, Me3CSi), 1.00 3H, d, J =
7.0 Hz, MeCH), 0.95 (3H, d, J = 7.0 Hz, MeCH), 0.91 (3H, d, J = 6.6 Hz, MeCH) 0.75 (3H, d, J = 6.9 Hz,
MeCH); 13C NMR 3§ (100.6 MHz, CDCly) 214.7, 88.4, 82.8, 80.2, 69.5, 61.2, 60.8, 48.3, 41.5, 39.4, 37.3,
36.0, 33.3, 309, 28.2, 27.8, 24.9, 22.2, 21.9, 18.0, 17.1, 154, 14.2, 13.7, 13.2, 11.9; m/z (CI, NH3) 371
(8), 273 (9), 229 (19), 195 (9), 99 (100), 58 (11%); HRMS (CI, NH3) [M+H]* found 673.5260,
C37H7706Si7 requires 673.5258.

R,12K)-3,5-(Di-tert-butyisiilyiene)dioxy-14-triisopropyisiiyloxy-
10,12-pentamethyltetradecanal (11) A mixture of Dess-Martin

H»Cly (0.8 mi) was stirred at room temperature for 15 min. A solution of
TY 1 A Lo

2Cl (0.5 ml) was then added dropwise. After a further 35 min, the
her (2.5 ml) and the resulting white suspension treated with a 1:7 mixture of
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Mukaiyama Aldol Adduct (10) To a solution of the methyl ketone 12 (21.7 mg, 42.7 umol) in THF (1.5
ml) at —78 °C was added a mixture of TMSCI/Et3N (200 pl, 427 umol, 1:1 v/v) followed by LIN(TMS) (80 ul,
80 umol, 1 M solution in THF). After 20 min, most of the ketone had reacted, as judged by TLC analysis.
Further portions of LIN(TMS); (150 ul, 150 umol, 1 M solution in THF) and TMSCVEt3N (100 pl, 214 pmol,
1:1 v/v) were added to drive the reaction to completion. After a further 40 min, the reaction mixture was
quenched with pH 7 buffer (2.5 ml), diluted with pentane (6 ml), and warmed to room temperature. The
organic layer was separated and the aqueous layer re-extracted with pentane (3 x 2.5 ml). The combined
organic extracts were washed with pH 7 buffer (4.5 ml) and brine (4.5 ml). The solution was dried (MgSO4)
and the solvent evaporated in vacuo. The residual solvent was removed under high vacuum (0.5 — 1.0 mmHg,
ca 1 h) and the crude silyl enol ether 33 was used immediately in the next step.

To a stirred solution of the crude silyl enol ether 33 (prepared as above) in CH»Cly (1.5 ml) at —78 °C was
added a solution of the aldehyde 11 (32.0 mg, 47.8 umol) in CH2Cl (1.0 + 0.5 ml washings) via cannula,
followed by the dropwise addition of F3B*OEt, (22.0 pl, 163 pmol). After a further 0.5 h, the reaction mixture
was quenched with NaHCO3 solution (6.0 ml, sat. aq.), then warmed to room temperature and diluted with
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1 r:
----- Grin o5

Et20 (18 ml). The organic layer was separated and the aqueous layer re-extracted with Et20 (3 x 5§ ml). The
combined organic extracts were washed with NaHCO3 solution (10 ml, sat. aq.) and brine (10 ml), dried
(MgS0y) and the solvent evaporated in vacuo. Purification by flash chromatography (30% — 50% EtyO/hexane)
gave 10 as a colourless oil (42.2 mg, 84%); R (50% EtpO/hexane) 0.50; [a]zr‘;} -56.7 (¢ 1.3, CHCl3); IR
(liquid film) 3529 (br), 1716, 1623, 1462, 1385, 1309, 1256, 1169, 1104, 1091, 983, 826 cm~!; lH NMR §
(400 MHz, CDCl3, assigned by COSY) 7.31 (1H, d, J = 15.7 Hz, 3-CH), 5.96 (1H, br t, J = 7.2 Hz, 5-CH),
5.79-5.73 (1H, m, 11-CH), 5.78 (1H, d, J = 15.7 Hz, 2-CH), 5.63 (1H, br d, J = 10.4 Hz, 10-CH), 4.57
(lH br d, J = 9.7 Hz, 19-CH), 4.32 (1H, br d, J = 10.2 Hz, 9-CH), 4.15-3.99 (1H, m, 7-CH), 4.13 (1H,
.6 Hz, 21-CH), 3.79-3.72 (1H, m, 32-CHa), 3.73 (3H, s, COoMe), 3.71-3.63 (2H, m, 15-CH,

3.54 (IH, m, 13-CH), 3.57 (1H, dd, J = 6.3, 2.7 Hz, 23-CH), 3.32-3.26 (1H, dd, 29-CH),
OMe) 3.28 (3H, s, CHOMe), 3.23 (1H, d, J = 3.6 Hz, OH), 2.83 (1H, dq, J = 9.4, 7.0 Hz,

-2.74 (.LH m, 18-CHp), 2.72 (1H, qd, J = 7.1, 3.8 Hz, 16-CH), 2.63-2.43 (2H, m, 26-CH3),
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1.98-1.58 (10H, m, 8-CHp, 12-CHj, 14-CH,, 22-CH, 24-CH, 25- C

ANTY M Ty

H
(3H, s, 4-Me), 1.58-1.45 (2H, m, 20-CH, 25-CHp), 1.41-1.35 (1H, m, 8-CHp), 1.
1 3H,d,J=7.1 Hz, 16- CHMe) 1. 10 0.85 (3H, m (MchH)gS ), 1.06-1
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: 1091, 1008, 984, 826 cm!: "
z )7 ,J =157 Hz, ‘%(“H 5.99 (IH, brt, /= 7.3 Hz,
5-CH), 5.80-5.73 (1H, m, 11-CH), 5.79 (1H, d, J = 15.7 Hz, 2-CH), 5.64 (1H, br d, J = 10.1 Hz, 10- CH),
4.35 (1H, br s, OH), 4.33 (1H, br d, 19-CH), 4.28 (1H, br d, J = 9.1 Hz, 9-CH), 4.17 (1H, dd, J = 9.4, 2

Hz, 21-CH), 4.12-4.05 (1H, m, 7-CH), 3.96 (1H, d, J = 3.8 Hz, OH), 3.87 (1H, br td, 17-CH), 3.80- 3.72
(1H, m, 32-CHa), 3.74 (3H, s, CO;Me), 3.71-3.63 (2H, m, 15-CH, 32-CHg), 3.63-3.55 (1H, m, 13-CH),
3.58 (1H, dd, J = 6.2, 2.1 Hz, 23-CH), 3.30-3.25 (1H, dd, 29-CH), 3.37 (3H, s, CHOMe), 3.29 (3H, s,
CHOMe), 2.84 (1H, qd, J = 7.0, 7.0 Hz, 28-CH), 2.60 (1H, ddd, J = 16.6, 10.4, 5.6 Hz, 26-CHp), 2.47
(IH, ddd, J = 16.6, 9.9, 6.4 Hz, 26-CHg), 2.40 (2H, br dd, 6-CHp), 2.00-1.96 (2H, m, 20-CH, 22-CH),
1.96-1.84 (4H, m, 8-CHa, 12-CHa, 25-CHa), 1.76 (3H, s, 4-Me), 1.75-1.60 (7H, m, 14-CHy, 16-CH, 18-
CHa, 24-CH, 30-CH, 31-CHy), 1.54-1.43 (1H, m, 18-CHpg), 1.43-1.28 (3H, m, 8-CHp, 25-CHg, 31-
CHp), 1.11-1.03 (6H, buried d and m, MeCH, (Me2CH)3Si), 1.07 (18H, br d, J = 6.9 Hz, (Me>CH)3Si),
1.04, (18H, br s, 1BusSi), 1.01 (3H, d, J = 7.0 Hz, MeCH), 0.95 (3H, d, J = 6.9 Hz, MeCH) 0.91-0.87 (6H,
d, MeCH, 28-CHMe) 0.89 (9H, br s, 7-CHOSi/Bu), 0.82 (3H, d, J = 6.9 Hz, MeCH), 0.11 (3H, s, SiMe),
0.08 (3H, s, SiMe); 13C NMR § (100.6 MHz, CDCl3) 214.8, 168.0, 149.7, 137.9, 134.2, 130.4, 123.6,
115.3, 88.4, 83.2, 79.5, 77.2, 75.9, 74.1, 72.7, 69.1, 67.8, 64.1, 61.2, 60.8, 56.9, 51.4, 48.3, 41.4, 41.3,
40.43, 40.41, 39.0, 38.4, 37.5, 36.1, 35.6, 33.3, 30.9, 29.7, 28.5, 27.7, 25.9, 25.3, 22.1, 21.7, 18.0,




17.1, 15.5, 14.2, 13.7, 12.5, 12.0, 10.8, 10.6, 4.3, —4.7; 13C NMR § (100.6 MHz, CgDg) 212.7, 167.6,
149.6, 137.8, 134.5, 130.8, 124.0, 116.3, 88.5, 83.9, 79.8, 76.1, 74.1, 71.5, 69.4, 68.4, 64.3, 61.7, 60.7,
56.5, 51.1, 48.5, 42.4, 41.5, 40.8, 40.1, 39.6, 38.2, 36.2, 33.8, 31.5, 31.3, 28.9, 28.2, 26.16, 26.15,
26.1, 25.6, 22.5, 22.0, 18.3, 17.3, 15.8, 14.3, 13.9, 12.4, 12.3, 11.3, 9.9, —4.1, —4.5; m/z (+ve FAB) 1182
(100), 653 (20), 614 (40), 436 (65%); HRMS (+ve FAB, NOBA matrix) [M+H]* found 1181.8459,
CesH 125012813 requires 1181.8478.

Fully Protected Seco Acid (9) To a solution of diol 34 (452 mg, 0.38 mmol) in 2,6-di-ters-butylpyridine
(6 ml, 27 mmol) was added methyl triflate (1.5 ml, 13 mmol). The reaction mixture was stirred at room
temperature for 18 h then quenched with water (10 ml, sat. aq.) and diluted with NaHCO3 (50 ml, sat. aq.).
The layers were separated and the aqueous layer was extracted with EtOAc (3 x 70 ml). The combined organic
extracts were washed with brine (100 ml), dried (MgSO4) and concentrated in vacuo. Flash column
chromatography (10 — 50% Et;O/hexane) gave 9 as a colouriess oil (379 mg, 82%); R¢ (30% Et,O/hexane)
0.32; [a]L;;)—SS.L‘} {c 0.7, CHCI3); IR (liquid film) 1718, 1623, 1463, 1386, 1257, 1167, 1090, 982, 826 cm~
I: TH NMR 3§ (400 MHz, CDCl3) 7.32 (1H, d, J = 15.6 Hz, 3-CH), 6.03 (1H, br t, J = 6.8 Hz, 5-CH), 5.84-
m (

5.67 (1H, m, 11-CH), 5.78 (iH, d, J = 15.6 Hz, 2-CH), 5.63 (1H, br d, / = 10.4 Hz, 10-CH), 4.32 (1H, br
A T n L | . S A B Y A NN A 11 1LY e Ly BV b A Y A 1L /11T 11 T N o Ny TY Y O MTIN A NA 1717 13 7
a,s =40 nz, ¥-Cn), 4.2U-4.11 (1o, m, /-Cnj, 4.15 (In, d4, v = 9.8, 2.2 nz, 21-CnH), 4.04 (1Q, aq, J =
tNnNNn N £ I1-~ el S YaY V: Py 7T 9N 2T TN 11X Y AN MY N DM LY eV V. PR DI DY LY LY am 1 MNIY N
1U.U, 3.0 0OZ, COUME), J.6U-2./2Z (11, M, 34-UInA), 3./5 (311, 8§, CUIME), 3./2-3.05 {211, M, 15-LH, 34-
CHp), 3.60-3.50 (1H, m, 13-CH), 3.56 (1H, dd, J = 5.2, 2.0 Hz, 23-CH), 3.43 (3H, s, CHOMe), 3.33 (3H,

MITNARNAAY 22N 2 N8 711 34 F— DA 1T N0 MIIN 2 N0 7LTIT o MITMARADNY 2 NL 7Y L. 1311 T _ "7 A DO A
N, UIIVJWVIC ), J2.0U-0.40 (1r1, Ul, J = 2.4 114, £7-CI1), 2.240 (UI1, 5, LI1IUviL), 5.VU0 (11, I Add, J = /.4, 7.4,
O A el & VY.V PO Y OA /1LY ~A F — QO TN II- N0 AMIIN Y £N 71 3134 T 1£1" 1NN A O LY. VL MLT Y
Z4a, v, o4 (in, 4a, v = Y.4, 1.U iz, Lo-Lnij, £.0U (1, 444, v = 10.4, 1V.U, 4.0 1NZ, £0-LUr1A ),
MV2A M AAd T 1679 70 AN, YA MY DE&NDY A1 (DL v A MCIIY 2N 1 QY 1701 AL 1+ AS 1 O
<. 00 i, 4ldd, v = 104, /.7, 4.V 114, 20-CUINRJ, £.0U=&4.91 (2100, 1, U T ), L.UL-1.04, 1.17-1.940, 1.90-1.44
(17H, m, 8-CHj3, 12-CHj, 14-CH3, 16-CH, 18-CH», 20-CH, 22-CH, 24-CH, 25-CH,, 30-CH, 31-CH>),
174 (3 ¢ A_MeoY 1 10.008 ¢ m (MasrCHYSHY 1085 (18H hr ¢ (MealmHY.QiY 104 (Q hr o
1L.7°T \Jll, Dy T lVl.\/}, L.iUTU, 70O \Jll, 111, \AV.IV \,g/_jux/, 4.V \JUIL, L2 S 1 \171\4 \_/ll[jul/, PEAY P} \Jlx, i XY
RuSiYy 101 (OH hre MBuSiHY 101000 (3H A4 MaCCHY NQA4H A T =72 Hr MaCH) 080087 (6H
BuSt), 1.01, (9H, br s, ‘Budi), 1.01-0.99 (3H, d, MeCH), 0.94 (34, 4, J 1.2 Hz, MeCn) 0.89-0.57 (64,
d, 2 x MeCH) 0.88 (9H, br s, 7-CHOSi’Bu), 0.85 (3H, d, J = 7.2 Hz, MeCH), 0.74 (3H, d, J = 6.8 Hz,
MeCH), 0.11 (3H, s, SiMe), 0.07 (3H, s, SiMe); 13C NMR § (100.6 MHz, CDCl3) 214.9, 167.9, 149.6,
137.9, 134.0, 130.4, 123.8, 115.2, 88.5, 83.6, 80.3, 75.7, 72.6, 69.2, 67.4, 64.0, 61.3, 60.7, 59.2, 56.5,
56.1, 514, 483, 414, 409, 40.4, 39.1, 38.7, 37.3, 36.4, 35.2, 33.4, 32.8, 314, 31.0, 30.1, 29.7, 28.5,
27.6, 25.9, 25.6, 22.2, 21.7, 18.0, 17.1, 15.5, 14.2, 13,7, 12.4, 12.0, 9.4, 8.4, 4.4, —4.8; m/z (+ve FAB)
1178 (75), 1115 (50), 752 (46), 712 (70), 686 (92), 614 (48), 438 (50), 341 (66), 283 (100), 229 (98%)
HRMS (+ve FAB, NOBA matrix) [M+H]* found 1209.8767, Cg7H129012Si3 requires 1209.8791
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