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A stereoselective formal total synthesis of then®mbered marine macrolide Palmerc
A, a highly potent antitumor agens described. The key steps involved in this lsgsit
are reductive elimination, Sharpless asymmetricydfibxylation, protecting grot
dependent ring-closing metathesis reaction, Shesplsymmetric epoxidatiorifaka
olefination and macrolactonization via Heck couglieaction.
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1. Introduction:

A significant number of macrocyclic natural produd®m
marine flora and fauna have been extensively useplast and
present for the treatment of many diseases ande sess
compounds of interest both in their natural forrd as templates
for synthetic modification for the development @iveral novel
therapeutic agents many of which are already beehatea as
drugs® A natural product enters into the drug discoverycpss
through its potency, selectivity, and pharmacokietaits
required for portraying it as a clinically usefulid agent. During
the search for new potent drug molecules, Bakercangorker$
in 2006 reported the isolation and structural deteation of
Palmerolide A, the most prominent member of Palnigeol
group, which is mainly due to its cytotoxicity, fraime Antarctic
marine tunicate Synoicum adareanum. Palmerolide A is a
complex natural product comprising of a side chlwintaining an
enamide, a 1,3-diene system, a carbamate moietyg fi
stereogenic centers, seven unsaturations Evithnfiguration and
20-membered macrolide ring. This natural produchaestrated
extraordinary cytotoxic activity against the melar@cell lines
UACC-62 (LG, =18 nM} by inhibiting the proliferation of
vacuolar ATPase with an §gof 2 nM. The remarkable 10n
vitro selectivity index for the melanoma cell lines prdetp
further biological evaluation of the compound. Tedgdings
coupled with the scarce natural abundance of Paliderd\
generated considerable interest in its chemicahegis! Several
synthetic endeavours towards Palmerolide A led tditeetotal
synthesis and revision of stereochemistry by De &mdbr's
group?® Afterwards two more total syntheses by Nicoldbl,
and Hall?® five formal synthesésand several approaches,

Palmerolide A (1a)

Figure 1. Structures of originally proposedl)( and revised

Palmerolide A {a).

Considering all these synthetic reports, a distiettosynthesis
of macrolactone cor2 including intramolecular Heck couplirg,
intermolecular Yamaguchi reacti8mrotecting group dependent
ring-closing metathesis reaction for the buildingfragment3,
regioselective reductive opening of epoxide byM&and Takai
olefination® of methyl ketone to form vinyl iodide for the
construction of C16-C23 fragment was envisioned. dDéffit
established methodologies for the constructionntérimediates
were taken up to ensure an easy access to syntliesirequired

e'stereoisomers and other variants of Palmerolide Apaksof our

. f i . .
|_nclud|ng our§ towards Palmerolide A have been reported in th bngoing research program on the synthesis of biatly active

literature.
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natural and unnatural products using protecting ugro
dependent ring-closing metathesis approadie synthesis of
macrolactone core2 was targeted which isa late-stage
intermediate of Palmerolide A leading to a formaaksynthesis
of the target molecule.

According to the retrosynthetic analysis of Palmiemh (1a) as
shown in Scheme 1, macrolactone c@reould be constructed
through esterification o8 and 4, followed by intramolecular
Heck coupling. Fragment3 could be obtained from the 13-
membered macrolactorse which in turn could be prepared from
6 and 7 via coupling, followed by ring-closing metathesis
reaction of the resulting diene compoufd.

X
OPG?
2
PG = Protecting Group

OH

PG
HOOC. _ ~_~”
6
| e— +
OPG'
HO 7
5 OPG?

7
Scheme 1: Retrosynthetic analysis of Palmerolide A.

2. Result and discussion

The synthesis of acid fragmeitcommenced with 1,5-pentane
diol 9, which was converted to epoxy alcoHél® in 90% yield
and with 97% ee through its corresponding allylicohbl by
treating with (+)-diethyl tartrate in presence ofQPr), andt-
BUOOH under Katsuki-Sharplé§sconditions. Conversion of

Tetrahedron

allylic alcohol 11 in 82% vyield over two steps (Scheme 2). The
resulting alcohol was masked as its PMB-ether wittBFBA in
presence of NaH. Desilylation d2 by treatment with TBAF
generated primary alcoh@B in 94% yield. The primary alcohol
13 was oxidized to corresponding aldehyde using'fEXllowed

by subsequent oxidation under Pinnick conditionagudlaCIQ
furnishing acid fragmer in 84% vyield over two step.

The synthesis of alcohol fragmeWtstarted with commercially
available 1,4-butane diol following a literature fmool;!® to
obtain a,B-unsaturated estet5. The olefin was treated with
osmium tetroxide and AD-mig- under Sharpless asymmetric
dihydroxylation condition$ to give diol16 (89% yield with 98%

(DHQ)2PHAL, MeSO2NH;

OTBDPS K,CO3, KzFe(CN)
OH Ref. 15 2LUs K3 6
HOTNTN > P> coskt >
1 1s #= LBUOH:H,0 (2:1), 0SO,
24h,0°C, 89%
otBDPs OH o
\/\‘/k 2,2-DMP, CH,Cl, ' BPPSO DIBAL-H, CH,Cl,
—_— —_—
oH COEL sa rt, 3h, 9206 COEt g oc 9296, 30 min
16 17
DMP, CH,Cl,
TBDPSO o] nt,2h TBDPSO o ACcOH:H20 (3:2)
—_—
\\/\ OH *Br \\/\ Z °
(PPhs-CH3)"Br 50°C, 3h, 87%
o NaHMDS, THF 0

-78°C, 4 h, 70%
yield over two steps

18 19

/\/\‘/OKH/ PMBBr, NaH  QTBDPS QPMB yiomcy i-prEm
G — = _ e
TBDPSO I T 0°C r o 2h 8%
4h,91%
20 21
OPMB oPMB
TBAF, THF
Z HO &
TBDPSO PT—
OMOM OMOM

22

Scheme 3. Synthesis of the alcohol fragmént

ee). Protection of the diol moiety as its acetonide was
achieved by treating dioll6 with 2,2-dimethoxypropane in
presence of catalytic amount of CSA in 92% vyieltie Tester
group was then transformed to the correspondingitetralkene
by a three step sequence involving reductioh7afising DIBAL-
H in CH,CI, at —78°C to afford primary alcohol8, which on

alcohol 10 to the corresponding iodo derivative, subsequenfyigation with Dess-Martin periodinane in @, and

reductive elimination using Zn/EtGPafforded secondary

ref. 11 ~0
R — NN
HO™™>""0H TBDPSO OH

9 10
TBDPS = tert-butyldiphenyl silyl

I, PPhs, imid
THF, 0°C o
10 min, 92% ¥ PMB-Br,NaH OTBDPS QPMB
—_— TBDPso/\/\/w — =
Activated Zn, Nal " THF,0°C, 4h
EtOH, reflux 91%  PMB = 4-methoxybenzyl
2h, 89%
IBX, DMSO
TBAF, THF OH OPMB  THE 1t 3h, 91% QPMB
PN A Ar o HOOC A~ AP
4 h, 84% - NaCIO,, NaH,PO, )

2-methyl-2-butene
t-BuOH, H,0, rt, 2 h, 92%

Scheme 2. Synthesis of the acid fragmeit

subsequent one carbon homologation with :REHi, furnished
alkenel9 in 70% yield over three steps (Scheme 3). Remokal
isopropylidene group was effected with AcOHeHIleading to
diol 20 in 87% yield*

Selective PMB protection for the allylic hydroxytagip present
in 20 with p-methoxybenzyl bromide (PMB-Br) in presence of
NaH furnished2l in 91% yield with 5-7% bis-PMB protected
product”® The remaining free alcohd@l was masked as its
MOM-ether 22 with methoxymethyl chloride (MOMCI) and
N,N-diisopropylethylamine  (DIPEA) in Cjl,. Having
synthesized6 and 7, the coupling of both the fragments was
initially attempted under Yamaguchi conditiBnehich afforded
the ester23a in low yield with the mixed anhydride as the
byproduct. Similarly, coupling in the presence afydlohexyl
carbodiimide (DCCY*° and 4-dimethylaminopyridine (DMAP)
gave an inseparable mixture of insoluble dicyclghexea along
with the product. The best result was obtained whagnfentss
and 7 were treated with EDE® and DMAP in CHCI, with
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respect to purification and yield (86%) setting thimge for
crucial ring-closing metathesis reaction (Scheme.
Unfortunately, refluxing the diene ester with Grubt®
generation catalyst in GBI, under high dilution conditions
failed to furnish the desired product leading tonptete recovery
of the starting material. We envisaged that stesicgestion due
to bulky PMB-protecting group around the reactiegters might
act as a temporary constraint, preventing the cloging
metathesis.

OPMB OPMB EDCI, DMAP
HOOC__~_AZ + 1o Z —>CHZC|2
OMOM 0°Ctort
6 7 10 h, 86%

Grubbs'II

~OPG
OJL
1
o G PO

X

CH,Cl,, reflux
OPG?2
23a. PG = PMB 5a. PG =PMB
PGl =pPMB PG!= PMB
PG2 = MOM PG2= MOM

Scheme 4. RCM reaction on substrag3a.

After encountering failure in the endeavor to caoyt RCM
reaction, the above reaction was investigated wisieteof ring-
closing metathesis precursors by only changing piegecting
group of allylic alcohol. During this process, presars bearing
dibenzyl (di-Bn) 23b), di-tert-butyldimethylsilyl (di-TBS) 23c)
failed to produce the desired macrolactone with detep
recovery of the starting material. Surprisinglyi;MIOM diene

3
conditions resulted carboxylic acb in 81% yield over two
4)steps.

OH

£ MOMCI, i-PrzEtN, QTBDPS ?MOM TBAF, THF,
TBDPso/\/\/w . Y

1 2h,rt, 91% 24 rt., 4h, 93%

OH OMOM  |BX, DMSO, THF, r.t.,3h OMOM
l\/\/\/ HOOC _~_~ 7

NaClO,, NaH,POy,,
2-methyl-2-butene,
t-BUOH, H,0O, rt,, 2 h,
81% (over two steps)

25 6b

Scheme 5. Synthesis of the acid fragmesii.

The diol 20 was transformed to subunitb via selective

protection of allylic alcohol as a MOM eth26 and subsequent
formation of PMB etheR7 which on desilylation with TBAF in

THF at room temperature affordgd in 94% yield to complete
the synthesis of alcohol fragment (Scheme 6).

OH OMOM
QTBDPS MoMmcl, i-PrEtN TBPPS PMB-Br, NaH, THF
K/\l)\/ —_— -
0 9 0°C, 6h, 91%
O 2h,0°C,85% oH °
20 26
OMOM
OMOM Z
TBAF, THF
TBDPSO Z—— OPMB
0,
domp 3N 94%
. 7b

Scheme 6. Synthesis of the alcohol fragméfit.

The required di-MOM protected diene est&rwas synthesized

ester 23d) was transformed into the corresponding lactone ir\‘ollowing the earlier strategy as described in Sahel which

70% yield with 20% starting material recovery ini2entry5d,
Table 1). When the above reaction was subjecteddiienal 24
h, complete conversion of starting material todaet resulted in
78% vyield (entry5e, Table 1). Taking this finding into account,
when the RCM reaction was performed on diol-dienere3f
under high dilution conditions,
macrolactone (entrgf, Table 1) was obtained in 82% yield with

completeE-selectivity § = 15.9 Hz) with no detectable amount

of Z-isomer. This might be due to the tolerance of Gsubb
catalyst with activated nucleophile in the form oéd allylic
alcohol group.

Table 1 Protecting group dependent RCM for 13-memberetesc

RCM PG PG PG | Duration | RCM Starting
Precu (in hour) | Yield( %) | Material
rsor (5a-€) Recovery
(%)
23a PMB PMB MOM 24 0 100
23b Bn Bn MOM 24 0 100
23c TBS TBS MOM 24 0 100
23d MOM | MOM | MOM 12 70 20
23e | MOM | MOM | MOM 36 78 0
23f H H MOM 12 82 0

Keeping in mind the formal total synthesis of Palotide A,
protecting groups in the fragmeriand7 were manipulated few
steps before esterification, which was achieved basedur
previous approach. The subuBh was synthesized in 3 steps,
including MOM-protection of1l with MOMCI, DIPEA in
CH,Cl,and subsequent (Scheme 5) desilylation. IBX oxidatih
primary alcohol 25 and further oxidation under Pinnick

sets the stage for crucial RCM reaction. The 13-bwed
macrolactone formation proceeded smoothly with Gsutlf
generation catalyst under reflux conditions to @ffa9 in 75%
yield with exclusive formation ofE-isomer. The controlled
partial reduction of macrolactor#29 in CH,Cl, was efficiently

required 13-memblere qeait with calculative amount of DIBAL-H at —78 into

HOOC/M QMOM EDCI, DMAP
H + = CH,Cl,, 0°C to 1t
OMOM HO 2Ch,
—_—
6b 75 OPMB 10 h, 84%
~OMOM LOMOM
oﬂ Grubbs' II, CH,Cl, o, DIBAL-H, CH.Cl,
—_— —_—
oMome reflux, 32 h, 75% ~78°C, 15 min
~ “OMOM
OPMB

28 29

~OMOM

Ph3P=CHCO,Et
benzene, reflux, 2 h

EtO,C™
HO

", 77% over two steps
“OMOM

31

(PPh3-CH3)+Br-
n-BuLi, THF
-78°C,3h

78% over two steps

DMP, CH,Cl,

30
0°tort, 2h

wOMOM

~OMOM
LiOH, THF/H,0 (3:2)
-«——— FtO,C
reflux, 15 h, 95%
“OMOM

HOOC™ X

Scheme 7. Synthesis of the acid fragmedit
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the corresponding lactol30 followed by two carbon
homologation which afforded thep-unsaturated est&d in 77%
yield over two steps (Scheme 7). The newly creatéchgoy
alcohol was oxidized with Dess-Martin periodinanedaid by
one carbon Wittig olefination in THF to yield compal 32. The
ester functionality 081 was saponified (Scheme 7) with LiOH in
THF/H,O (3:2) to furnish the required acid fragmeBit of
Palmerolide A.
The preparation of fragme#dtwas initiated from known alcohol
34 which was made available in two steps
homoproapargylic alcohdf. The acetylenic bond in compound
34 was selectively reduced to furnisis-olefin 35 through nickel
boride reductioff in 89% vyield. The epoxide alcoh@ was
obtained through Sharpless asymmetric epoxidatioth \{#)-
DIPT chiral ligand froncis-olefin 35 in 96% yield and 92%e.”®
The epoxide unsaturated esBt was prepared from optically
active epoxy alcohol in 68% yield through Swern axioin
followed by Horner-Wadsworth-Emmons reaction. Methykat
opening of epoxide ring &7 proceeded smoothly with M&l in
presence of small amount of water to afford a sid@stereomer
38 (97%de as checked by HPLC) in 91%

Ni(OAC),, NaBH,

Ref. 22 /\ NH5(CHy),NH, OPMB
A 102 —————— \_/\/

0,
EtOH, Hp, 89%,2h .

TIOIPr)s, (4)DIPT (COCl),, DMSO, Et;N, CH,Cl,

PMB R
TBHP, MS (4 A) HO/V\/O 78°C, 4h
S (e} PPh3;=C(CH3)CO,Et, benzene
0
CHaCly, -23°C 36 90 °C, 3 h, 68% over two steps
24 h, 96%
OH
Me;Al, H,0, CH,Cly H
EiOQCW/OPMB EIOQCWOPMB
" —40°C, 3h, 91% H
37 38
DIBAL-H OH TBSOT, 2,6-lutidine
H-Cl, —78 ° z CHCI,30min.
CHCL T8°C o™~ OPMB z2
5 : 0°C, 93%
1 h, 93% 39
oTBS DDQ, CH,Cly:H,0 QTBS

19:1), pH =7 buffer

TBSOWOPMB (_—=_>TBSO/\|/\£/\/\OH
z rt., 1h, 92% & e

40
DMP, CH,Cl,, 0 °C-rt, 2h DMP, CH,Cly, 0 °C-rt

MeMgBr, THF, 0°C, 2 h
79% yield over two steps

TBsg OH

TBSO 3h,91%

TBSO
TBSQ O CHl, CrClp THF, rt. /A\T/A\V/A\V/Ij;
: TBSO
TBSO >3; 2(E 2),10h, 78%
[
TBSO
TBSCI, imidazole
TBAF
THF, . +

6h,89% HO

é = >
oH CH,Clp, 0°C
A 1h, 92% T4880
44a
Scheme 8. Synthesis of the alcohol fragmeht

yield” Reduction of unsaturated est88 with DIBAL-H in
CH,CI, followed by protection of the resulting di@9 with
TBSOTf and 2,6-lutidine afforded diTBS eth& in 93% yield.
Oxidative removal of PMB ether compoud8 with DDQ? in
CH,CI,/H,O at room temperature furnishddl in 92% yield. The
resulting primary alcohotl was transformed into methyl ketone
8 by a three step reaction sequence involving DesgiMa
periodinane oxidatidi which furnished the corresponding
aldehyde, followed by addition of MeMgBr in THF prazing
the secondary alcohal2 in 79% yield. Subsequent oxidation
with Dess-Martin periodinane provided methyl ket@im 91%
yield. The next task was the conversion of methybke 8 to

Tetrahedron

vinyl iodide 43 which involved Takai olefination reaction. Thus,
Takai olefination of ketone with a mixture of Cs@nd CH} in
THF furnished vinyl iodidet3 with moderateE:Z (>3:2) ratio in
78% vyield'® The di-TBS protected vinyl iodid43 was subjected
to TBAF in THF to obtaird4 in 89% vyield. At this stage, both
the isomers were separated by silica gel columnnehtography.
Finally, selective silylation (Scheme 8) 44 with TBSCI and
imidazole in CHCI, formed vinyl iodide4 in 92% yield.

After having achieved the synthesis of both the maggments

from 3 and4, the next target was to couple these fragmentsshight

modification in protecting group to accomplish tliermal
synthesis of Palmerolide A. Following Yamaguchi's rodtithe
fragments3 and 4 were coupled to obtain estdb, which on
treatment with DDQ smoothly produced homoallylic aldof®
in 95% vyield. The resulting homoallylic alcohol wassked

OMOM

2,4,6-Cl3CeH,COCI, EtgN

DMAP, toluene, 4 h, 93%

DDQ, CH,Cl2:H2,0
(19:1), pH 7 buffer
—_—

r.t., 30 min, 95%

OTBS
TBSOTf Pd(OAC),
2,6-lutidine K,CO3,
e —_—
CH,Ch, 0°C

DMF, 80 °C

1h, 96% 2h, 60%

Scheme 9. Synthesis of macrocyclic coeof Palmerolide A.

using TBSOTf and 2,6-lutidine at T to furnish the requisite
compound4? in 96% yield. The final Heck couplifdollowing
the procedure employed by Prasad et. al. furnisiies
macrocyclic core@ of Palmerolide A (Scheme 9), whose spectral
and analytical data were in good agreement with #ported
one which successfully completed the formal total sgsth of
Palmerolide A.

3. Conclusion:

In conclusion, a stereocontrolled and convergemméb total
synthesis of Palmerolide A having useful biologipatfile has
been achieved. The key features of the synthesis pratecting
group directed RCM reaction, regioselective epoxigening by
MesAl and macrolactonization via Heck coupling, novekdia
olefination which has not been applied for previsystheses of
Palmerolide A for the installation dfans-vinyl iodide (C16-
C17).

4. Experimental section
4.1. General Remarks:

Air and/or moisture sensitive reactions wereriedrout in
anhydrous solvents under an atmosphere of argam ioven or
flame-dried glassware. All anhydrous solvents werdilléid
prior to use: THF, benzene, toluene, diethyl efhem Na and
benzophenone; CEIl,, DMSO, DMF, hexane from CagH

MeOH, EtOH from Mg cake. Commercial reagents were used
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without purification. Column chromatography was Etrout by
using silica gel (60—120 mesh). Specific opticahtions [, are
given in 10" degcmg ™. Infrared spectra were recorded in
CHCly/neat (as mentioned) and reported in wave number'{cm
TOF analyzer type was used for the HRMS measurertértnd
¥C NMR chemical shifts are reported in ppm downfieidnf
tetramethylsilane and coupling constadjsafe reported in hertz
(Hz). The following abbreviations are used to dedigregnal
multiplicity: s = singlet, d = doublet, t = triplej = quartet, m =
multiplet, br = broad.

4.2. (9)-7-(tert-Butyldiphenylsilyloxy)hept-1-en-3-ol (11)

To a stirred solution of epoxid#&) (5.2 g, 13.53 mmol) in

5
-8.0 € 0.90, CHC)); IR (neat): 3071, 2932, 2859, 1738, 1613,
1513, 1463, 1301, 1247, 1179038, 926, 822 cm; 'H NMR
(300 MHz, CDC}) & = 7.69-7.58 (m, 4H), 7.41-7.27 (m, 6H),
7.17 (d,J = 8.5 Hz, 2H), 6.78 (d] = 8.5 Hz, 2H), 5.68 (m, 1H),
5.23-5.10 (m, 2H), 4.35 (ABJ = 11.5, 78.6 Hz, 2H), 3.74 (s,
3H), 3.69-3.57 (m, 3H), 1.68-1.31 (m, 6H), 1.04 (s, ppin; **C
NMR (75 MHz, CDC}) & = 159.0, 139.2, 135.5, 134.0, 129.4,
129.2, 127.5, 116.8, 113.7, 80.2, 69.6, 63.8, 58512, 32.4,
26.8, 21.7, 19.2 ppm; ESI-HRMS Calcd fog/€,,0:Na [M +
Na]" 511.2644; found: 511.2623.

4.4. (9)-5-(4-Methoxybenzyloxy)hept-6-en-1-ol (13)

TBAF (15.77 mL, 1 M in THF, 15.77 mmol) was addeda

THF (50 mL), was added triphenylphosphine (7.1 ¢,027 stirred solution of PMB ether compound (3.85 g.87m8mol) in
mmol), Imidazole (1.84 g, 27.07 mmol) af® and stirred for 20  THF (30 mL) at °C under N atmosphere. The reaction mixture
min under N atmosphere. A solution of iodine (4.12 g, 16.24Was stirred at room temperature for 4 h. After catiph of the

mmol) in THF (20 mL) was added to the reaction mnigtat 0°C
dropwise until decolourisation of reaction mixtureases. After
completion of the reaction (monitored by TLC), it svieated
with saturated solution of sodium thiosulfate (30 )mThe
organic layer was separated and the aqueous layracted with
ethyl acetate (2 x 50 mL). The combined organietayas dried
over anhydrous N8O, and solvent removed under reduce
pressure. The crude lodo compound was taken to reextion
without purification (6.15 g).

Activated Zn (4.07 g, 62.23 mmol) and Nal (3.73 g.92&hmol)
were added to a stirred solution of crude iodo campa(6.15 g,
12.45 mmol) in MeOH (50 mL). The reaction mixture géisred
for 3 h at 70°C. After completion of the reaction (monitored by
TLC), the reaction mass was filtered through Celgad.
Methanol was removed under reduced pressure andrtie
mass was washed with ethyl acetate. The organic lasger
washed with saturated N@&I solution (30 mL) and the aqueous
layer was extracted with ethyl acetate (2 x 50 mLhe T
combined organic layer was dried over anhydrougsS8aand
solvent removed under reduced pressure. The cruaks mwas
purified by silica gel column chromatography (EtOAe{Ane =

1:4) to afford1l (4.08 g, 81.8% over two steps) as a colorles

liquid; R; (EtOAc/hexane = 1:4).45. p]o”’ +4.7 € 0.4, CHCY):

IR (neat): 3362, 2932, 2859, 1716, 1428, 1390, 1261,
922,702 crit; 'H NMR (300 MHz, CDC)) & = 7.67-7.59 (m,
4H), 7.42-7.29 (m, 6H), 5.81 (m, 1H), 5.23-5.03 (m, 28p5
(m, 1H), 3.64 (t) = 6.2 Hz, 2H), 1.64-1.36 (m, 6H), 1.04 (s, 9H)
ppm; C NMR (75 MHz, CDC)) § = 141.1, 135.5, 134.0, 129.5,
127.6, 114.6, 73.1, 63.7, 36.6, 32.3, 26.8, 21962 bpm; ESI-
HRMS Calcd for GHs;,O.Na [M + NaJ] 391.2069; found:
391.2077.

4.3. (9)-tert-Butyl(5-(4-methoxybenzyloxy)hept-6-enyloxy)-
diphenylsilane (12)

To a solution ofll (3.5 g, 9.50 mmol) in dry THF (45 mL), was
added NaH (0.95 g, 23.75 mmol; 60% dispersion in raineil)
at 0°C, and the mixture was stirred for 30 min. Then, PBIB
(1.64 g, 11.40 mmol), catalytic TBAI (0.1 g) was addand the
solution was stirred for additional 3 h at %D. After completion
of the reaction (monitored by TLC), the reaction wasmed to

reaction (monitored by TLC), it was quenched with wg&0
mL). The aqueous layer was extracted with ethylaegt3 x 30
mL). The combined organic layer was dried over aniws
NaSQ, and solvent removed under reduced pressure. Thie cr
mass was purified by silica gel chromatography (Et@Axane
= 1:4) to afford13 (1.85 g, 94%) as a colorless liquid; R

4(EtOAc/hexane = 1:4p.25 [a]p®’ -12.6 € 0.76, CHC)); IR

(neat): 3481, 2934, 2884, 1736, 1613, 1514, 1488811036,
921, 822 crt; '*H NMR (300 MHz, CDCJ) 6 = 7.19 (d,J = 8.7
Hz, 2H), 6.81 (dJ = 8.7 Hz, 2H), 5.70 (m, 1H), 5.23-5.12 (m,
2H), 4.49 (dJ = 11.5 Hz, 1H), 4.22 (d = 11.5 Hz, 1H), 3.78 (s,
3H), 3.67 (m, 1H), 3.56 (1) = 6.2 Hz, 2H), 1.69-1.32 (m, 6H)
ppm;°C NMR (75 MHz, CDC}) 5 = 159.0, 139.0, 130.7, 129.3,
117.1, 113.7, 80.1, 69.7, 62.7, 55.2, 35.1, 32155 dm; ESI-
HRMS Calcd for GH,,O:Na [M + NaJ] 273.1466; found:
273.1476.

45. (9)-5-(4-Methoxybenzyl)oxy)hept-6-encic acid (6)

To a stirred solution of 2-iodoxybenzoic acid X)B(1.82 g, 6.5
mmol) in DMSO (10 mL), was added a solution of aldoh®
(2.42 g, 5.68 mmol) in anhydrous THF (20 mL) at moo
temperature. After stirring for 4 h, the reactionxmie was
diluted with E}O (50 mL). The solid precipitated were filtered

%ff and the residue was washed with,(Et(60 mL). The

combined filtrate and washings were successively whstith
aqueous NaHCO(50 mL), brine (2 x 50 mL). The combined
organic layers were dried over anhydrous ,3@ and
concentrated under reduced pressure. The crudeugiradas
purified by flash column chromatography (EtOAc/hexang:4)
to afford aldehyd€l1.24 g, 91%) as light yellow liquid which was
used for the next step without further purification.

To a solution of resulting aldehyde (1.24 g, 5.0at)rn t-BuOH

(15 mL), 2-methyl-2-butene (5 mL, 10 mmol, 2M saat in
THF) was added at room temperature. Sodium dihydroge
phosphate (2.34 g, 15.0 mmol) and sodium chlo€ité78 g, 7.5
mmol) were dissolved in water (15 mL) to make a rchution
and added to the above reaction mixture 8C0The reaction
mixture was stirred for another 3 h at room tempeeatAfter
completion of the reaction (monitored by TLC), theaction
mixture was extracted with EtOAc (3 x 50 mL). The camed
organic layers were washed with brine (2 x 75 mL)ediover
anhydrous N#£80, and evaporated under reduced pressure. The

0 °C and quenched by 8 drop-wise. The aqueous layer was crude product was purified by silica gel chromatpbra

extracted with ethyl acetate (2 x 35 mL), dried oaehydrous

(EtOAc/hexane = 3:2) to afford the desired agifl.21 g, 92%)

NaSO, and evaporation of the solvent was effected undeas a colorless oil; REtOAc/hexane = 3:20.45. s>’ -6.2 €

reduced pressure. The crude mass was purified ma sjel
column chromatography (EtOAc/hexane = 1:4) to afft®d4.22
g, 91%) as a yellow liquid; REtOAc/hexane = 1:4).30. p]p>’

1.45, CHCY); IR (neat): 3075, 2928, 2856, 1708, 1612, 1514,
1422, 1248, 1172, 1035 ¢m'H NMR (300 MHz, CDC)) 6 =
7.18 (d,J = 8.3 Hz, 2H), 6.81 (d) = 8.3 Hz, 2H), 5.70 (m, 1H)
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5.24-5.14 (m, 2H), 4.36 (ABJ = 12.1, 80.1 Hz, 2H), 3.77 (s,
3H), 3.69 (m, 1H), 2.3 (tJ = 6.8 Hz, 2H), 1.79-1.45 (m, 4H)
ppm;*C NMR (75 MHz, CDCJ) 5 = 179.5, 159.0, 138.5, 130.4,
129.3, 117.3, 113.7, 79.5, 69.6, 55.1, 34.6, 3075 ppm; ESI-
HRMS Calcd for GH,ONa [M + NaJ 287.1259; found:
287.1256.

4.6. (9)-12,12-Dimethyl-11,11-diphenyl-5-vinyl-2,4,10-trioxa-
11-silatridecane (24)

To a stirred solution of compourid (4.6 g, 12.49 mmol) in

filtrate and washings were successively washed witheauas
NaHCGO; (75 mL), HO (2 x 75 mL), brine (75 mL). The
combined organic layers were dried over anhydrouS®&aand
concentrated under reduced pressure. The crudeugiradas
purified by flash column chromatography (EtOAc/hexang:4)
to afford (1.8 g, 89%) aldehydss light yellow liquid which was
used for the next step without further purification.

To a solution of resulting aldehyde (1.8 g, 10.4ihat) in t-
BuOH (20 mL), 2-methyl-2-butene (10.47 mL, 20.94 nhn2iM
solution in THF) was added at room temperature. Bodi

CH.Cl, (45 mL), was added diisopropylethylamine (6.5 mL,dihydrogenphosphate (4.9 g, 31.41 mmol) and soditturite

37.43 mmol) and stirred for 30 min af© under N atmosphere.
Methoxymethyl chloride (1.42 mL, 18.74 mmol) was eddo
the reaction mixture at same temperature and alldwedir for
10 h at room temperature. After completion of tleaction
(monitored by TLC), it was quenched withb® (30 mL). The
organic layer was separated and the aqueous layracted with
CH.CI, (2 x 50 mL). The combined organic layer was driedro

(1.42 g, 15.70 mmol) were dissolved in water (15 maljnake a
clear solution and added to the above reactionumexat 0°C.
The reaction mixture was stirred for another 3 hredm
temperature. After completion of the reaction (momd by
TLC), the reaction mixture was extracted with EtOAcX3H0
mL). The combined organic layer were washed with b(k@0
mL), dried over anhydrous B8O, and evaporated under reduced

anhydrous Nz80, and solvent removed under reduced pressurgdressure. The crude product was purified by silical g

The crude mass was purified by silica gel
chromatography (EtOAc/hexane = 1:4) to afford MOMee24
(4.68 g, 91%) as a colorless liquid;(RtOAc/hexane = 1:4).40.

[o]o2” —15.0 € 4.30, CHCY); IR (neat): 2935, 2861, 1468, 1428,

1104, 1037, 922, 822, 704, 613, 505 tH NMR (300 MHz,

columnchromatography (EtOAc/hexane = 3:2) to afford desaeid6b

(.79 g, 91%) as a colorless oil; (BtOAc/hexane = 3:20.40.
[a]p®” —34.4 € 2.4, CHCY); IR (neat): 3082, 2935, 2890, 1712,
1419, 1150, 1097, 1033 ¢n'H NMR (300 MHz, CDC)) § =
5.66 (m, 1H), 5.25-5.16 (m, 2H), 4.70 @z 6.8 Hz, 1H), 4.53

CDCly) § = 7.65-7.60 (m, 4H), 7.41-7.29 (m, 6H), 5.61 (m, 1H) (d, J = 6.8 Hz, 1H), 4.00 (m, 1H), 3.37 (s, 3H), 2.41-2.8% (

5.22-5.11 (m, 2H), 4.64 (d,= 6.8 Hz, 1H), 4.45 (d] = 6.8 Hz,
1H), 3.93 (m, 1H), 3.63 () = 6.0 Hz, 2H), 3.32 (s, 3H), 1.65-
1.40 (m, 6H), 1.03 (s, 9H) ppmMiC NMR (75 MHz, CDC}) § =
138.4, 135.5, 134.0, 129.5, 127.6, 117.1, 93.63,763.8, 55.4,

2H), 1.82-1.50 (m, 4H) ppm?>C NMR (75 MHz, CDCJ) & =

179.3, 137.9, 117.5, 93.6, 76.9 , 55.4, 34.5, 380& ppm; ESI-
HRMS Caled for GH,O.Na [M + Na] 211.0940; found:
211.0941.

35.1, 324, 26.8, 21.7, 19.2 ppm; ESI-HRMS Calcd for

CasHzc0sNa [M + NaJ 435.2330; found: 435.2325.
4.7. (9)-5-(Methoxymethoxy)hept-6-en-1-ol (25)

TBAF (21.58 mL, 1 M in THF, 21.58 mmol) was addeda
stirred solution of MOM ether compound (4.45 g, BOri@mol)
in THF (35 mL) at 0°C under N atmosphere. The reaction
mixture was stirred at room temperature for 4 heAfiompletion
of the reaction (monitored by TLC), it was quencheéth water
(30 mL). The aqueous layer extracted with ethyl atee2 x 35
mL). The combined organic layer was dried over aniws
NaSQ, and solvent removed under reduced pressure. Thie cr
mass was purified by silica gel chromatography (Et@Axane
= 1:4) to afford25 (1.75 g, 93%) as a colorless liquid; R
(EtOAc/hexane = 1:49.35. p]p?’ —-35.9 € 4.57, CHC)); IR
(neat): 3412, 2936, 2879, 1726, 1443, 1248, 110361921,
772 cm®; 'H NMR (400 MHz, CDCJ) & = 5.60 (m, 1H), 5.20-
5.11 (m, 2H), 4.62 (d) = 6.7 Hz, 1H), 4.44 (d] = 6.7 Hz, 1H),
3.93 (q,J = 6.7 Hz, 1H), 3.56 (t) = 6.7 Hz, 2H), 3.31 (s, 3H),
2.25 (bs, 1H), 1.64-1.32 (m, 6H) ppiC NMR (75 MHz,
CDCly) 6 = 138.1, 117.2, 93.6, 77.2, 62.5, 55.3, 35.0, 32144
ppm; ESI-HRMS Calcd for §,40; [M + H]* 175.1328; found:
175.1321.

4.8. (9)-5-(Methoxymethoxy)hept-6-enoic acid (6b)

To a stirred solution of 2-iodoxybenzoic acid (IB&K3.9 g,
14.0 mmol) in DMSO (20 mL), was added a solution abhbl
24 (1.85 g, 10.75 mmol) in anhydrous THF (30 mL) abno
temperature and stirring was continued for furtheh.4After
completion of the reaction (monitored by TLC),&t(60 mL)
was added to the reaction mixture, precipitatecdsohs filtered
off and the residue washed with,@&t(50 mL). The combined

4.9. (2R,3S)-Ethyl-6-(tert-butyldiphenylsilyloxy)-2,3-dihydro
xyhexanoate (16)

To a stirred mixture of §Fe(CN)] (26.17 g, 79.50 mmol) and
K,CO; (10.97 g, 79.50 mmol) in 4@ (132.5 mL), (DHQPHAL
(0.21 g, 0.26 mmol) was added. After being stirredsfonin, the
a,p unsaturated estdb (10.5 g, 26.50 mmol) it-BuOH (132.5
mL) was added to the reaction mixture & OsQ (0.04 mL,
10% solution in toluene) followed by methane sudfioride (2.51
g, 26.5 mmol) was added at same temperature. Theicea
mixture was then stirred at°C for 24 h and then quenched with
solid sodium metabisulfite (5 g). The stirring wasitaoued for
additional 1 h and then extracted with ethyl acefatg 60 mL).
The combined organic extracts were washed with satlirat
NaHCG; solutionand then with brine, dried over pgO, and
solvent was evaporated under reduced pressure.eEidue was
purified by silica gel column chromatography (EtOAe{Ane =
1:4) to afford16 (10.15 g, 89%) as a colorless viscous liquid; R
(EtOAc/hexane = 1:49.25. plp”’ -7.2 € 6.80, CHC)); IR
(neat): 3443, 2933, 2860, 1735, 1635, 1468, 1320011107,
821, 703 cnT; 'H NMR (500 MHz, CDCJ) 8 = 7.63 (d,J = 5.9,
4H), 7.41-7.32 (m, 6H), 4.27 (dd,= 6.9, 14.8, 2H), 3.98 (m,
1H), 3.87 (m, 1H), 3.71-3.67 (m, 2H), 2.95 Jo5 5.9, 1H), 2.24
(d,J=7.9, 1H), 1.76-1.66 (m, 4H), 1.32 Jt= 6.9 Hz, 3H), 1.04
(s, 9H) ppm;°*C NMR (75 MHz, CDCJ) 5 = 173.5, 135.5, 133.6,
129.6, 127.6, 73.4, 72.3, 63.9, 62.0, 30.6, 28678,219.2, 14.2
ppm; ESI-HRMS Calcd for GH3,0sSiNa [M + NaJ 453.2073;
found: 453.2054.

4.10. (4R,5S)-Ethyl-5-(3-(tert-butyldiphenylsilyloxy)propyl)-
2,2-di-methyl-1,3-dioxolane-4-car boxylate (17)

To a stirred solution of didl6 (9.8 g, 22.78 mmol) in C}€l,
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(40 mL), was added 2,2-dimethoxypropane (13.95 &.80L
mmol) and a catalytic amount of camphorsulfoniadg@64 mg)
at 0 °C. The mixture was continued to stir at ro@mgerature

v
cooled to —78 °C. The crude aldehyde (6.3 g, 1m#id®l) in
THF (25 mL) was added to the reaction mixture dropewilhe
reaction mixture was stirred at the same temperdanret h.

for 1 h under N atmosphere. After completion of the reaction After complete consumption of the starting mate¢rabnitored

(monitored by TLC), the reaction mixture was queicheéth

by TLC), the reaction was quenched with saturated,QNH

saturated NaHCQsolution. The aqueous layer was extractedsolution (40 mL) and warmed to room temperature. ditganic
with CH,CIl, and the combined organic solvent was dried withphase was separated and the aqueous phase extétttedhyl
anhydrous Nz50O,. The solvent was removed under reducedacetate (3 x 30 mL). The combined organic layerseweashed

pressure and the residue was purified by silica ggumn
chromatography (EtOAc/hexane = 1:4) to give(9.85 g, 92%)
as a yellow viscous oil; fEtOAc/hexane = 1:4).65. )"’ -8.2

with brine (2 x 25 mL), dried over N&QO, and concentrated.
Purification by silica gel column chromatography@&c/hexane
= 1:4) afforded the desired compout® (4.76 g, 70% over two

(c 9.39, CHC)); IR (neat): 3449, 2932, 2858, 1758, 1467, 1377 steps) as a colorless liquid; (BtOAc/hexane = 1:4).25. >’

1188, 1107, 704 ¢ *H NMR (300 MHz, CDCJ) 6 = 7.65-7.60
(m, 4H), 7.40-7.30 (m, 6H), 4.27-4.14 (m, 2H), 4.1004(m,
2H), 3.73-3.65 (m, 2H), 1.96-1.60 (m, 4H), 1.41 Jd; 7.9 Hz,
6H) 1.29 (t,J = 7.2 Hz, 3H), 1.04 (s, 9H) ppm’C NMR (75

+4.2 € 5.28, CHCJ); IR (neat): 2933, 2861, 1642, 1428, 1375,
1240, 1107, 1051, 929 ,702 Sm'H NMR (500 MHz, CDCJ)
=7.62 (dJ = 7.0 Hz, 4H), 7.40-7.31 (m, 6H), 5.75 (m, 1H), 5.31
(d,J = 17.0 Hz, 1H), 5.19 (d] = 10.0 Hz, 1H), 3.91 (m, 1H),

MHz, CDCL) & = 170.9, 135.5, 133.9, 129.5, 127.6, 110.8, 79.13.70-3.58 (m, 2H), 3.61 (df,= 3.0, 8.0, 16.0 Hz 1H), 1.76-1.53

79.0, 63.4, 61.3, 29.9, 28.6, 27.2, 26.8, 25.72,194.1 ppm;
ESI-HRMS Calcd for GH3g0sSiNa [M + NaJ 493.2386; found:
493.2373.

4.11. ((4S,59)-5-(3-(tert-Butyldiphenylsilyloxy)pr opyl)-2,2-
dimeth- yl-1,3-dioxolan-4-yl)methanol (18)

To a stirreded solution of the es1gr(8.2 g, 17.43 mmol) in
CH,CI, (85 mL), was added DIBAH in toluene (21.92 mL,
1.75 M, 38.36 mmol) dropwise at -78 °C. The solutioas
stirred at same temperature for 2 h under argoonsihere. After
completion of the reaction (monitored by TLC), tleaction was
quenched by addition of saturated sodium potassatrate (70
mL) solution. The gelatinous mixture was stirred ilutivo
distinct layers formed. The layers were separated the
aqueous layer extracted with gE, (3 x 60 mL). The combined
organic layers were dried over j$8, and solvent was
evaporated to dryness. The residue was purified ddymmn
chromatography (EtOAc/hexane = 1:4) to affd@ (6.87 g,
92%) as colorless oil; REtOAc/hexane = 1:4).25. ]p>’ -8.9

(m, 4H), 1.36 (dJ = 8.0 Hz, 6H), 1.04 (s, 9H) ppm’C NMR
(75 MHz, CDC}) & = 135.5, 134.0, 129.5, 127.6, 118.6, 108.5,
82.7, 80.4, 63.5, 28.9, 28.1, 27.3, 26.91, 26.862 bpm; ESI-
HRMS Calcd for GgH;cOsSiNa [M + NaJ 447.2331; found:
447.2330.

4.13. (3S,49)-7-(tert-Butyldiphenylsilyloxy)hept-1-ene-3,4-diol
(20)

A stirred solution ofl9 (4 g, 9.43 mmol) in a mixture of
AcOH (42 mL) and HO (18 mL), was heated to 50 °C for 1.5 h.
After completion of reaction (monitored by TLC), tlelution
was cooled to GC and saturated NaHGQolution was added
slowly until pH is about 4. The mixture was diluted wiEtOACc
(50 mL). Then organic solvents were separated aaditjueous
layer was extracted with EtOAc (3 x 30 mL). The coralin
organic solvents were washed with brine solution, ddieer
NaSQO, and concentrated under reduced pressure. Theueesid
was purified by silica gel column chromatography
(EtOAc/hexane = 1:4) to provide di@0 (3.15 g, 87%) as a

(c 6.06, CHCJ); IR (neat): 3461, 2933, 2860, 1467, 1376, 1247 viscous liquid; R(EtOAc/hexane = 1:4).40. o> -4.9 € 1.26,

1108, 822, 707, 506 ¢ 'H NMR (300 MHz, CDCJ) & = 7.60-

7.59 (m, 4H), 7.42-7.29 (m, 6H), 3.85 (m, 1H), 3.7683(m,

4H), 3.51 (m, 1H), 1.79-1.53 (m, 4H), 1.36 (d= 3.4 Hz, 6H),
1.04 (s, 9H) ppm**C NMR (75 MHz, CDCJ) 5 = 135.5, 133.9,
129.5, 127.6, 108.6, 81.5, 76.7, 63.5, 62.1, 28849, 27.3, 27.0,
26.9, 19.2 ppm; ESI-HRMS Calcd for4€;:0,SiNa [M + NaJ

451.2280; found: 451.2273.

4.12. tert-Butyl(3-((4S,59)-2,2-dimethyl-5-vinyl-1,3-dioxolan-
4-yl)- propoxy) diphenylsilane (19)

To a stirred solution of primary alcoh&8 (7.0 g, 16.34
mmol) and solid anhydrous NaHG@L.65 g, 19.61) in C§Cl,

CHCL); IR (neat): 3401, 2929, 2858, 1644, 1427, 1388%2]
1109, 929, 703 city *H NMR (500 MHz, CDCJ) 5 = 7.63 (d,J

= 7.0 Hz, 4H), 7.42-7.33 (m, 6H), 5.83 (m, 1H), 5.33)(d 17.9

Hz, 1H), 5.21 (dJ = 10.9 Hz, 1H), 3.88 (m, 1H), 3.68 {t= 5.0

Hz, 2H), 3.45 (m, 1H), 1.54-1.30 (m, 4H) ppMC NMR (75
MHz, CDCk) 5 = 137.6, 135.5, 133.5, 129.6, 127.6, 117.3, 76.3,
74.1, 64.1, 29.9, 28.6, 26.8, 19.1 ppm; ESI-HRMSc@dbr
C,H3,0:SiNa [M + NaJ 407.2018; found: 407.2008.

4.14. (3S,49)-7-(tert-Butyldiphenylsilyloxy)-3-(4-methoxyben-
zyloxy)hept-1-en-4-ol (21)

To a solution 020 (2.1 g, 5.46 mmol) in dry THF (30 ml), was

(60 mL) at 0°C, was added Dess-Martin periodinane (10.4 gadded NaH (0.218 g, 5.46 mmol; 60% dispersion in raingil)

24.51 mmol). The reaction mixture was stirred #iC0for 2 h
under N atmosphere. After completion of reaction (monitbbg
TLC), it was quenched with saturated aqueous NaiH&iition
(35 mL) and stirred for another 30 min. The orgdaiger was
separated and the aqueous layer extracted witfCGHR x 60
mL). The combined organic layer was evaporated urethrced
pressure to afford a crude residue which was immelgliatsed
for the next reaction.

Methyltriphenylphosphonium bromide (15.84 g, 44.8vnol)
was dissolved in THF (50 mL) and cooled to —78 €.
Butyllithium (23.1 mL, 1.6 M in hexane, 36.95 mmulas added
drop wise to the above stirred solution which turired light
orange solution. It was then warmed to 0 °C for 45 amd again

at 0°C and the reaction mixture was continued to stir3@min.
Then, PMB-Br (0.70 g, 4.91 mmol) was added to thaction
mixture drop-wise and was allowed to stir for addiéib8 h at
same temperature. After completion of reaction,rdaetion was
quenched by cold } and theaqueous layer was extracted with
ethyl acetate (X 25 mL) and dried over anhydrous JS&y. Solvent
was removed under reduced pressure and the resaiipurified by
silica gel column chromatography (EtOAc/hexane4) 10 afford21
(2.5 g, 91%) as a yellow 0iR; (EtOAc/hexane = 1:49.6Q [o]p”’
+11.2 € 0.43, CHC)); IR (neat): 3464, 2933, 2859, 1729,
1471,1428, 1279, 1108, 1036, 922, 704 crtH NMR (300 MHz,
CDCly) 8 = 7.65-7.59 (m, 4H), 7.42-7.30 (m, 6H), 7.19 J&k 9.1
Hz, 2H), 6.82 (dJ = 9.1 Hz, 2H), 5.71 (m, 1H), 5.37-5.24 (m, 2H),
4.55 (d,J = 11.3 Hz, 1H), 4.25 (d] = 11.3 Hz, 1H), 3.79 (s, 3H),
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3.68-3.61 (m, 2H), 3.56-3.42 (m, 2H), 1.76-1.57 @), 1.42-1.32  and stirred for 30 min. Alcohdl (1.68 g, 5.44 mmol) in C}Cl,
(m, 2H), 1.03 (s, 9H) ppn’C NMR (75 MHz, CDCJ) § = 159.2, (20 mL) was slowly added to the resulting reactiorture at the
135.5, 135.4, 133.9, 130.1, 129.5, 127.6, 120.8,8,184.2, 73.1, same temperature and continued to stir for 12 hroatm
70.0, 63.8, 55.2, 29.7, 28.8, 28.5, 26.8 ppm; EBM$ Calcd for  temperature. After completion of the reaction (momit by
CaiHagO,SiNa [M + NaJ 527.2593; found: 527.2607. TLC), it was quenched with water (30 mL). The orgalaiger
was separated and the aqueous layer extracted witBICE x
4.15. (S)-5-((9)-1-(4-Methoxybenzyloxy)allyl)-11,11- dimethyl- 50 mL). The combined organic layer was washed witheb{l 00

10,10-diphen yl-2,4,9-trioxa-10-silado decane (22) mL), dried over Ng5O, and the solvent was removed under
reduced pressure to give crude residue which orfigation by
To a stirred solution of compourffl (1.8 g, 3.57 mmol) in silica gel column chromatography (EtOAc/hexane = 1:4)

CH,CI, (30 mL), was added diisopropylethylamine (1.86 mL,afforded the desired coupled produ3a (2.6 g, 86%) as a
10.71 mmol) and stirred for 30 min afO under N atmosphere. colorless liquid; R(EtOAc/hexane = 1:49.45. plp”’ -11.4 €
Methoxymethyl chloride (0.41 mL, 5.35 mmol) was adide the  1.24, CHC}); IR (neat): 2952, 2935, 1738, 1613, 1514, 1465,
reaction mixture at same temperature. The reactiems 1365, 1301, 1247, 1037 ¢'H NMR (500 MHz, CDCJ) § =
continued to stir for 10 h at room temperature. Allempletion  7.17 (d,J = 8.2 Hz, 4H), 6.79 (d] = 8.2 Hz, 4H), 5.79-5.64 (m,
of the reaction (monitored by TLC), it was quencheth water ~ 2H), 5.30-5.14 (m, 4H), 4.70 (d,= 6.4 Hz, 1H), 4.58 (d]=7.3
(20 mL). The organic layer was separated and theagqulayer Hz, 1H), 4.53-4.45 (m,2H) 4.29-4.20 (m, 2H), 4.0, 6.4 Hz,
extracted with ChCl, (2 x 30 mL). The combined organic layer 2H), 3.76 (s, 6H), 3.73-3.64 (m, 2H), 3.53 (m, 1H),23(8, 3H),
was dried over anhydrous MO, and solvent removed under 2.25-2.17 (m, 2H), 1.73-1.65 (m, 3H), 1.64-1.54 (H) $pm;
reduced pressure. The crude mass was purified masjel *C NMR (75 MHz, CDC)) 6 = 173.5, 159.0, 138.8, 135.2,
chromatography (EtOAc/hexane = 1:4) to aff&d@ (1.66 g, 130.4, 129.3, 118.8, 117.2, 113.7, 97.1, 81.6,,7883, 70.2,
85%) as a colorless liquid; EEtOAc/hexane = 1:4).40. p]o>’  69.7, 64.3, 55.8, 55.2, 34.9, 34.1, 27.3, 24.89 2ipm; ESI-
-5.2 € 0.67, CHCJ); IR (neat): 2928, 2865, 1740, 1613, 1513,HRMS Calcd for GH,OsNa [M + NaJ 579.2933; found:
1463, 1247, 1173, 1037, 822, 703 &mH NMR (300 MHz,  579.2912.

CDCly) 8 = 7.67-7.60 (m, 4H), 7.42-7.30 (m, 6H), 7.19 Jd&

8.7 Hz, 2H), 6.80 (d) = 8.7 Hz, 2H), 5.77 (m, 1H), 5.31-5.22 4.18. (S)-((4S 55)-5-(tert-Butyldimethylsilyl)-4-(methoxyme-

(m, 2H), 4.66 (AR, J = 6.8, 30.8 Hz, 2H), 4.53 (d,= 11.7 Hz,  thyl)-hept-6-enyl)-5-(tert-butyldimethylsilyl)-hept-6-encate

1H), 4.28 (dJ = 11.5 Hz, 1H), 3.79 (m, 1H), 3.77 (s, 3H), 3.62 (23()

(t, J = 6.0 Hz, 2H), 3.55 (m, 1H), 3.32 (s, 3H), 11784 (m, 4H),

1.03 (s, 9H) ppm,°C NMR (75 MHz, CDGJ) § = 159.0, 1355, To a stirred solution of diol compour?8e (0.16 g, 0.49
134.0, 130.6, 129.5, 129.3, 127.5, 118.6, 113.0,91.9, 79.7, mmol) in CHCI, (10 mL) was added 2,6-lutidine (0.2 mL, 1.47
70.1, 63.9, 55.7, 55.2, 28.5, 27.3, 26.8, 19.2 ppS®I-HRMS mmol) followed by TBSOTf (0.31 mL, 1.47 mmol) a® under

Calcd for GsH,.0sNa [M + NaJ 571.2855; found: 571.2836. nitrogen atmosphere. The mixture was stirred for 4t loom
temperature and then quenched with saturated ag. NaHCO

4.16. (4S,55)-5-(4-M ethoxybenzyl)oxy)-4-methoxymethoxy) solution (10 mL). The aqueous phase was extractdd @:Cl,

hept-6-en-1-ol (7) (3 x 15 mL), and the combined organic layer was waski¢h

brine (30 mL), dried over anhydrous J$&, and concentrated
To a solution of22 (3.81 g, 6.96 mmol) in anhydrous THF (45 under reduced pressure. The crude product was gulirifiy
mL), TBAF (10.44 mL, 1 M in THF, 10.44 mmol) was &ld column chromatography (EtOAc/hexane: 0.5:9.5) taraffdi-
drop wise at 6C under nitrogen atmosphere. After stirring for 4 TBS ether 23c (0.235 g, 87%) as a colorless liquid; R
h at room temperature, the reaction mixture was cheh with  (EtOAc/hexane: 0.5:9.5).65. p]p>’ -22.0 € 1.24, CHC)); IR
saturated aqueous NaHg®olution (40 mL) and the resulting (neat): 2924, 2854, 1729, 1633, 1459, 1253, 11638tm™; 'H
mixture was extracted with EtOAc (3 x 60 mL). The camali  NMR (300 MHz, CDCJ) § = 5.95-5.69 (m, 2H), 5.31-4.98 (m,
organic layers were washed with brine (100 mL), die@r  4H), 4.73 (dJ = 6.8 Hz, 1H), 4.61 (d] = 6.8 Hz, 1H), 4.22 (m,
anhydrous N#50O,, and concentrated under reduced pressureiH), 4.13-3.99 (m, 3H), 3.46-3.31 (m, 4H), 2.28J)(t 7.6 Hz,
The crude residue was purified by silica gel column2H), 1.81-1.45 (m, 8H), 0.9 (d,= 2.3 Hz, 18H), 0.08-0.01 (m,
chromatography (EtOAc/hexane = 2:3) to afford theirdds 12H) ppm;lsc NMR (75 MHz, CDCJ) § = 173.6, 141.4, 137.1,
alcohol7 (2.05 g, 95%) as a colorless liquidi(RtOAc/hexane = 115.9, 113.9, 97.3, 81.2, 74.8, 73.4, 64.3, 55774, 34.2, 26.3,
2:3)0.25. p]p*’ -5.5 € 2.21, CHC)); IR (neat): 3398, 2936, 25.9, 25.8, 25.1, 20.7, 18.2, 18:4.4, —4.7, 4.9, -5.0 ppm;
2863, 1735, 1612, 1513, 1459, 1301, 1248, 11735 108" 'H ESI-HRMS Calcd for GHsOsSibNa [M + Na] 567.3513;
NMR (300 MHz, CDC}) 6 = 7.20 (dJ = 9.1 Hz, 2H), 6.82 (d] found: 567.3492.
= 9.1 Hz, 2H), 5.78 (m, 1H), 5.35-5.25 (m, 2H), 4.69 {AB=
6.8, 355 Hz, 2H), 4.54 (ABJ = 11.3 Hz, 2H), 3.85-3.78 (M, 419, (5)-((45,59)-4,5-Bis(methoxymethyl)hept-6-enyl)-5-
4H), 3.64-3.55 (m, 3H), 3.36 (s, 3H), 1.71-1.41 (m, $pn; °C (methoxy- methyl) hept-6-enoate (23d)
NMR (75 MHz, CDC}) & = 159.0, 135.2, 130.4, 129.2, 118.7,
113.6, 97.0, 81.8, 79.5, 70.1, 62.6, 55.7, 55.16,287.3 ppm;
ESI-HRMS Calcd for GH,¢0sSiNa [M + NaJ 333.1677; found:
333.1666.

To a stirred solution of the did3e (0.104 g, 0.33 mmol) in
anhydrous CKCl, (10 mL), were added N,N-
diisopropylethylamine (0.2 mL, 1.0 mmol), and DMAP

(catalytic) at C. The reaction mixture was stirred for additional
4.17. (S)-((4S,55)-5-(4-Methoxybenzyl)oxy)-4-(methoxyme- 30 min. Then MOMCI (0.15 mL, 1 mmol) was added dropviis

thoxy)-hept-6-enyl)-5-(4-methoxy benzyl)oxy) hept-6-enoate e reaction mixture and allowed to stir for anoth2rh at room

(233) temperature. After completion of the reaction (mor@t by

] ] ) ) TLC), it was quenched with saturated aqueous NaiEo@ition

Toa St'”%d solution of acifl (1.72 g, 6.52 mmol) in Ci€l, (10 mL). The organic layer was separated and thecagulayer
(30 mL) at 0°C, E&N (1.2 mL, 11.96 mmol) followed by EDCI  exiracted with ChCl, (3 x 10 mL). The combined organic layer

(2.11 g, 13.6 mmol) and DMAP (0.732 g, 6.0 mmol) wadeed  \yas washed with brine (30 mL) and dried over,9@. The
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residue obtained after evaporation of the solvers praified by
silica gel column chromatography (EtOAc/hexane: 104dbtain

9
A flame-dried round-bottomed flask was chargedh va
solution of esteR3e (0.158 g, 0.5 mmol) in C}Cl, (120 mL).

the Tris-MOM ethe23d (0.125 g, 94%) as a colorless liquid; R The solution was degassed for 20 min under argoosghere.

(EtOAc/hexane: 1:40.45. p]p>’ 5.8 € 2.3, CHCY): IR (neat):
2924, 2853, 1735, 1462, 1371, 1102, 1034 rhd NMR (300

Grubbs’ 2“ generation catalyst (0.45 mg, 0.05 mmol) in,CH
(30 mL) was subsequently added to the solution wivah again

MHz, CDCk) & = 5.81-5.57 (m, 2H), 5.34-5.15 (m, 4H), 4.86- degassed for 15 min. The reaction mixture was stifoe 12 h

4.44 (m, 6H), 4.12-4.02 (m, 3H), 3.97 (m, 1H), 3.57, (Hl),
3.39-3.33 (m, 9H), 2.34- 2.28 (m, 2H), 1.81-1.41 8H) ppm;

under refluxing conditions. After completion of threaction
(monitored by TLC), solvent was evaporated undermuced

¥C NMR (75 MHz, CDCJ)) 5 = 173.5, 138.0, 134.6, 119.0, pressure. Purification of the crude residue byailjel column

117.5, 97.0, 94.1, 93.7, 79.3 , 78.6, 76.8, 64539,555.6, 55.5,

chromatography (EtOAc/hexane = 1:1) affordes (0.119 g,

34.7, 34.0, 27.3, 24.7, 20.9 ppm; ESI-HRMS Calcd for82%) as a colorless oil;;REtOAc/hexane = 1:19.55. pp>’

C,H3c0sNa [M + NaJ 427.2307; found: 427.23109.

4.20. (9)-((4S,59)-5-Hydr oxy-4-(methoxymethoxy)hept-6-
enyl) 5-hydroxy hept-6-enoate (23€)

To a stirred solution of di-PMB eth&Ba (2.30 g, 4.14 mmol)

+16.0 € 1.3, CHCY); IR (neat): 3445, 2924, 2856, 1724, 1453,
1250, 1157, 1032 ch *H NMR (300 MHz, CDCJ) & = 5.79
(dddd,J = 3.8, 7.6, 15.1, 15.9 Hz, 1H), 5.52 (dddd; 8.3, 9.8,
15.1, 17.4 Hz, 1H), 4.76-4.64 (m, 2H), 4.35-4.20 (i), 2.13-
3.85 (m, 3H), 3.46-3.32 (m, 5H), 2.35-2.22 (m, 2HRB0%1.49
(m, 8H) ppm;**C NMR (75 MHz, CDCJ)) & = 172.9, 138.1,

in CH,CI, (40 mL), was added phosphate buffer (pH-7) solutiont29.6, 97-:.3’ 83.3, 72.2, 69.5, 63.2, 55.8, 34%4,223.2, 19.7,
(1 mL) at 0°C followed by DDQ (2.82 g, 12.42 mmol). The 19-1 ppm; ESI-HRMS Calcd for ;¢H,.ONa [M + Naf

reaction mixture was continued to stir for 2 h atmo
temperature. After completion of the reaction (momd by
TLC), it was quenched with saturated NaHG®lution (20 mL).
The organic layer was separated and the aqueousdatyacted

with CH,Cl, (3 x 40 mL). The combined organic layer was

washed with brine (75 mL), dried over anhydrous3@. The
solvent was removed under reduced pressure to offiaiorude
product which on purification by silica gel
chromatography (EtOAc/hexane = 3:7) furnished

311.1470; found: 311.1486.

4.23. (55,65)-12,12-Dimethyl-11,11-diphenyl-5-vinyl-2,4,10-
trioxa-11-silatridecan-6-ol (26)

To a stirred solution of compourgd (1.5 g, 3.9 mmol) in
CH,CI, (30 mL), was added diisopropylethylamine (0.75 mL,

column 4.29 mmol) and stirred for 30 min at’G under N atmosphere.
theMethoxymethyl chloride (0.3 mL, 3.9 mmol) was addedthe

corresponding diol23e (1.17 g, 90%) as a colorless oil; R reaction mixture and the stirring was continued Zdn at same

(EtOAc/hexane = 3:7).25. p]p°’ +2.8 € 1.4, CHCY); IR (neat):
3447, 2923, 2853, 1726, 1458, 1240, 1040, 924, 869,cm”;
'H NMR (500 MHz, CDC}) 6 = 5.89-5.78 (m, 2H), 5.35 (d,=
17.1 Hz, 1H), 5.25-5.19 (m, 2H), 5.09 (= 9.8 Hz, 1H), 4.74-
4.64 (m, 2H), 4.12-4.05 (m, 3H), 4.01 Jt= 6.1 Hz, 1H), 3.45-

temperature. After completion of the reaction (momd by
TLC), it was quenched with water (20 mL). The orgalaiger
was separated and the aqueous layer extracted wiiBICE x
30 mL). The combined organic layer was washed witheb(R0
mL) and dried over anhydrous MO, and solvent removed

3.39 (m, 4H), 2.33 (tJ = 7.3 Hz, 2H), 1.79-1.61 (m, 5H), 1.57- under reduced pressure. The crude mass was pubifisitica gel

1.50 (m, 3H) ppm**C NMR (75 MHz, CDCJ) 5 = 173.6, 140.8,
137.0, 117.1, 114.8, 97.3, 82.9, 74.6, 72.6, 6852, 36.2, 34.0,
27.6, 24.5, 20.7 ppm; ESI-HRMS Calcd forgd,:0sNa [M +
Na]" 339.1783; found: 339.1777.

4.21. (6S,9S,10S,E)-6,9,10-tris(M ethoxymethoxy)oxacyclo-
tridec-7-en-2-one (5d)

A flame-dried round-bottomed flask was chargedhwa
solution of estef3d (68 mg, 0.154 mmol) in C}l, (70 mL).
The solution was degassed for 20 min under argoosyhere.
Grubbs’ 2% generation catalyst (15 mg, 0.015 mmol) in,CH
(10 mL) was subsequently added to the solution wivah again
degassed for 15 min. The reaction mixture was stifoe 48 h
under refluxing conditions. After completion of threaction
(monitored by TLC), solvent was evaporated underuced
pressure. Purification of the crude residue byailgel column
chromatography (EtOAc/hexane = 3:7) affordéd (46 mg,
78%) as a colorless oil; EEtOAc/hexane = 3:0).35.[a]p”’ —4.2

chromatography (EtOAc/hexane = 1:4) to aff&€ (1.42 g,
85%) as a colorless liquid; EEtOAc/hexane = 1:40.50. o>’
+20.4 € 3.67, CHC)); IR (neat): 3464, 2933, 2859, 1729, 1471,
1428, 1279, 1108, 1036, 922, 704, 505 tmH NMR (300
MHz, CDCk) 6 = 7.62 (d,J = 6.6 Hz, 4H), 7.42-7.29 (m, 6H),
5.73 (m, 1H), 5.38-5.13 (m, 2H), 4.73-4.50 (m, 2HP53(bs,
1H), 3.81 (m, 1H), 3.72-3.59 (m, 2H), 3.51 (m, 1H)63(8, 3H),
1.82-1.44 (m, 4H), 1.03 (s, 9H) ppMC NMR (75 MHz, CDCJ)

d = 137.2, 135.5, 134.8, 129.5, 127.6, 119.8, 983P4, 74.8,
63.8, 55.7, 29.1, 28.6, 26.8, 19.2 ppm; ESI-HRMSc@dbr
CosHasSiONa [M + NaJ 451.2280; found: 451.2265.

4.24. (5S,65)-6-(4-M ethoxybenzyloxy)-12,12-dimethyl-11,11-
diphe- nyl-5-vinyl-2,4,10-trioxa-11-silatri decane (27)

To a solution 026 (1.2 g, 2.8 mmol) in dry THF (30 ml), was
added NaH (0.167 g, 4.2 mmol; 60% dispersion in nainait) at
0 °C and the reaction mixture was continued to stird@rmin.
Then, PMB-Br (0.48 mL, 3.36 mmol) was added to riction

(c 1.1, CHCY); IR (neat): 2924, 2854, 1729, 1458, 1219, 1149 Mixture dropwise and was allowed to stir for additioBeh at

1097, 1033 cit; *H NMR (300 MHz, CDC)) & = 5.75 (ddJ =

temperature. Then, the reaction was quenched byH@and

4.7, 15.7 Hz, 1H), 5.56 (dd,= 8.1, 16.4 Hz, 1H), 4.82 (m, 1H), the aqueous layer was extracted with ethyl acetate 28 mL)

4.72-4.53 (m, 5H), 4.29-4.16 (m, 2H), 4.00 (m, 1HY73(m,

1H), 3.64 (m, 1H), 3.42-3.33 (m, 9H), 2.36- 2.24 (iH),21.79-
1.55 (m, 8H) ppm**C NMR (75 MHz, CDCJ) § = 172.9, 135.2,
127.0, 96.7, 94.2, 94.0, 78.9, 78.0, 73.7, 63.45,555.3, 34.6,
33.7, 28.0, 23.0, 19.4 ppm; ESI-HRMS Calcd fesHG,0sNa [M

+ NaJ 399.1992; found: 399.1989.

4.22. (6S,9S,10S,E)-6,9-Dihydr oxy-10-(methoxymethoxy)
oxacyclotridec-7-en-2-one (5€)

and dried over anhydrous p&D,. Solvent was removed under
reduced pressure and the residue was purified liga sgel
column chromatography (EtOAc/hexane = 1:4) to affd1.39
g, 91%) as a yellow oil; REtOAc/hexane = 1:49.60. p]p>’
+8.0 € 1.71, CHC)Y); IR (neat): 2933, 2860, 1612, 1513, 1467,
1248, 1105, 1037, 822, 704 cyH NMR (400 MHz, CDC)) 6
= 7.64-7.59 (m, 4H), 7.40-7.30 (m, 6H), 7.18Jd; 8.6 Hz, 2H),
6.78 (d,J = 8.6 Hz, 2H), 5.73 (m, 1H), 5.29-5.21 (m, 2H), 4.72-
4.40 (m, 4H), 4.09 (m, 1H), 3.76 (s, 3H), 3.64-3.56 @hl),
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3.40-3.30 (m, 4H), 1.71-1.37 (m, 4H), 1.03 (s, 9H) ppia
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Grubbs’ 2nd generation catalyst (95 mg, 0.11 mmolCH,Cl,

NMR (75 MHz, CDC}) 6 = 159.1, 135.5, 135.1, 134.0, 130.8, (60 mL) was subsequently added to the solution wivah again

129.5, 127.6, 118.5, 113.6, 94.1, 80.6, 78.8, 783%9, 55.5,

degassed for 15 min. The reaction mixture was stifoe 36 h

55.2, 28.6, 27.0, 26.8, 19.2 ppm; ESI-HRMS Calcd forunder refluxing conditions. After completion of theaction

C33H440sSiNa [M + Na] 571.2855; found: 571.2836.

4.25. (4S,59)-4-(4-M ethoxybenzyl)oxy)-5-(methoxymethoxy)
hept-6-en-1-ol (7b)

(monitored by TLC), solvent was evaporated underuced
pressure. Purification of the crude residue byailgel column
chromatography (EtOAc/hexane = 3:7) afford2@ (0.479 g,
75%) as a colorless liquid; EEtOAc/hexane = 3:7.25. plp>’
—-7.2 € 1.65, CHC)Y); IR (neat): 2930, 2884, 1731, 1513, 1458,

To a solution 027 (3.01 g, 5.5 mmol) in anhydrous THF (30 1247, 1036 cnt; *H NMR (500 MHz, CDCJ) § = 7.27 (d,J =

mL), TBAF (8.25 mL, 1 M in THF, 8.25 mmol) was addep
wise to the above stirred solution at °@ under nitrogen
atmosphere. After stirring for 4 h at room tempemtuthe
reaction mixture was quenched with saturated aquRatiCO;
solution (30 mL) and the resulting mixture was ectied with
EtOAc (3 x 60 mL). The combined organic layers werstvea
with brine (100 mL), dried over anhydrous JS&,, and
concentrated under reduced pressure. The cruddueesivas
purified by silica gel column chromatography (EtOAe{Ane =

12.8 Hz, 2H), 6.87 (d] = 9.0 Hz, 2H), 5.74 (ddl = 5.2, 15.9 Hz,
1H), 5.59 (ddJ = 7.5, 15.9 Hz, 1H), 4.71-4.52 (m, 6H), 4.23-
4.07 (m, 3H), 3.96 (m, 1H), 3.81 (s, 3H), 3.48 (m, 1335 (d,J

= 2.2 Hz, 6H), 2.28 (d] = 4.5 Hz, 2H), 1.77-1.52 (m, 8H) ppm;
¥C NMR (75 MHz, CDC)) 6 = 172.8, 159.1, 134.5, 131.0,
129.2, 127.8, 113.7, 94.4, 94.2, 79.6, 79.0, 72214, 63.3, 55.3,
55.2, 34.6, 34.0, 27.5, 23.2, 19.6 ppm; ESI-HRMScQdbr
C,HzsOgNa [M + NaJ 475.2302; found: 475.2293.

2:3) to afford the desired alcohdb (1.6 g, 94%) as a colorless 4.28. (2E,7S,8E,10S,115)-Ethyl-14-hydr oxy-11-(4-methoxy-

liquid; R (EtOAc/hexane = 2:3).30. [u]p>’ +6.64 € 3.3, CHCY):
IR (neat): 3427, 2946, 2879, 1613, 1514, 1247, 11888, 1017
cm ; '"H NMR (400 MHz, CDCJ) & = 7.22 (d,J = 8.6 Hz, 2H) ,

benzyl)-oxy)-7,10-bis(methoxymethoxy)-tetr a-deca-2,8-
dienoate (31)

6.82 (d,J = 8.6 Hz, 2H), 5.74 (m, 1H), 5.33-5.23 (m, 2H), 4.70-To a stirred solution of lacton29 (0.231 g, 0.51 mmol) in

4.62 (m, 2H), 4.57-4.42 (m, 2H), 4.17 Jtz 6.2 Hz, 1H), 3.78 (s,
3H), 3.58-3.51 (m, 2H), 3.45-3.32 (m, 4H), 1.75-1.88 @H)

CH,Cl,, DIBAL-H (0.5 mL, 1.4M solution in toluene, 0.70
mmol) was added slowly (Ca. 5 min) at -78 under nitrogen

ppm;13C NMR (75 MHz, CDCJ) 6 = 159.1, 134.6, 130.4, 129.6, atmosphere. The solution was stirred for 30 min ames

118.7, 113.7, 94.1, 80.4, 78.3, 72.6, 62.7, 55%62,528.8, 26.9
ppm; ESI-HRMS Calcd for GH,sOsNa [M + NaJ 333.1677;
found: 333.1666.

4.26. (9)-((4S,59)-4-(4-M ethoxybenzyl)oxy)-5-(methoxymeth-
oxy)-hept-6-enyl)-5-(methoxy methoxy)-hept-6-enoate (28)

To a stirred solution of aciéb (0.670 g, 3.56 mmol) in Ci&l,
(20 mL) at 0°C, EtN (0.9 mL, 6.53 mmol) followed by EDCI

temperature and allowed to warm to °C slowly. After
completion of the reaction (monitored by TLC), MeQH3(mL)
was added slowly followed by the addition of cold amuse
saturated sodium potassium tartrate (8 mL). Thhds mixture
was stirred for further 2 h and then partitioned. daus layer
was extracted with C}€l, (3 x 20 mL). Combined organic phase
was dried over N&O, and concentrated under reduced pressure.
The crude residue (0.202 g, 87%) was used for the step
without further purification.

(0.968 g, 6.23 mmol) and DMAP (0.264 g, 2.16 mmol) aver The lactol compound (0.202 g, 0.45 mmol) in benz@rgemL),

added and stirred for 30 min. Alcohd (0.922 g, 2.97 mmol) in

was added RRP=CHCQEt (0.233 g, 0.67 mmol) at room

CH,Cl, (15 mL) was slowly added to the resulting reactiontemperature. The reaction mixture was heated t6C8r 8 h.

mixture at the same temperature and continuedrtéostl2 h at
room temperature. After completion of the reactiaroigitored
by TLC), it was quenched with water (25 mL). The oigdayer
was separated and the aqueous layer extracted witBICE x
40 mL). The combined organic layer was washed witheb(v5

After completion of the reaction (monitored by TLChe
reaction mixture was concentrated under reducedspres
Purification by silica gel column chromatography@&c/hexane
= 1:4) affordeda,p-unsaturated este3l (0.207 g, 89%) as a
colorless oil; R(EtOAc/hexane = 1:4).45. p]p”’ -11.2 € 2.2,

mL), dried over NgS0O, and the solvent was removed under CHCL); IR (neat): 3418, 2925, 2856, 1715, 1613, 15M53]

reduced pressure to give crude residue which orfigation by

silica gel column chromatography afforded the a@ekicoupled
product28 (1.2 g, 84 %) as a colorless liquid; (BtOAc/hexane
= 2.5:7.5)0.40. p]o>’ -5.3 € 1.38, CHC)); IR (neat): 2927,
2857, 1734, 1514, 1460, 1248, 1151, 1097, 1035;ciH NMR

(300 MHz, CDC}) 6 = 7.21 (dJ = 9.0 Hz, 2H), 6.81 (d] = 8.3

Hz, 2H), 5.80-5.56 (m, 2H), 5.31-5.13 (m, 4H), 4.6714(f,

3H), 4.56-4.43 (m, 3H), 4.12 (m, 1H), 4.03-3.92 (m, 3H}8 (s,
3H), 3.40 (m, 1H), 3.32 (s, 6H), 2.28 §t= 7.5 Hz, 2H), 1.81-
1.31 (m, 8H) ppm**C NMR (75 MHz, CDCJ) § = 173.5, 159.2,
138.0, 134.6, 130.5, 129.6, 118.7, 117.4, 113.7,%9B.7, 80.0,
78.4, 76.8, 72.6, 64.3, 55.5, 55.4, 55.2, 34.70,327.0, 24.9,
20.9 ppm; ESI-HRMS Calcd for ,H,0sNa [M + NaJ

503.26154; found: 503.26068.

4.27. (6S,9S,10S,E)-10-(4-M ethoxybenzyl)oxy)-6,9-bis(metho-
xymethoxy) oxacyclotridec-7-en-2-one (29)

A flame-dried round-bottomed flask was charged witfolaition
of ester28 (0.681 g, 1.42 mmol) in Ci&l, (400 mL). The

1248, 1032 cnt; *H NMR (300 MHz, CDC)) 6 = 7.26 (d,J =
8.5 Hz, 2H), 6.95 (m, 1H), 6.87 (d,= 8.5 Hz, 2H), 5.81 (d] =
15.7 Hz, 1H) , 5.65-5.52 (m, 2H), 4.71-4.57 (m, 4HR444.47
(m, 2H), 4.26-4.13 (m, 3H), 4.03 (m, 1H), 3.80 (s, 3858 (t,J
= 5.9 Hz, 2H), 3.46 (m, 1H), 3.35 (d~= 3.4 Hz, 6H), 2.27-2.17
(m, 2H), 1.78-1.40 (m, 8H), 1.28 @,= 7.2 Hz, 3H) ppm*C
NMR (75 MHz, CDC}) 6 = 166.7, 159.2, 148.7, 134.0, 132.0,
129.5, 128.4, 121.5, 113.7, 94.3, 93.7, 80.5, 7781, 72.5,
62.6, 60.1, 55.5, 55.3, 55.2, 34.9, 31.9, 28.71,223.8, 14.2
ppm; ESI-HRMS Calcd for $H.OsNa [M + NaJ 547.2877;
found: 547.2871.

4.29. (2E,7S,8E,10R,11R)-Ethyl-11-(4-methoxybenzyl)oxy)-
7,10-bis(methoxymethoxy)penta-deca-2,8,14-trienoate (32)

To a stirred solution of primary alcoh8l (0.122 g, 0.23 mmol)
and solid anhydrous NaHG@0.05 g) in CHCI, (10 mL) at 0°C,
was added Dess-Martin periodinane (0.118 g, 0.28 mriibe
reaction mixture was stirred at°G for 3 h. After completion of
reaction (monitored by TLC), it was quenched withussted

solution was degassed for 20 min under argon atnepeph aqueous NaHCQsolution (10 mL) and stirred for another 30
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min. The organic layer was separated and the aquleyes
extracted with CKCI, (3 x 15 mL). The combined organic layer
was evaporated under reduced pressure to affordde eesidue
which was immediately used for the next reaction.
Methyltriphenylphosphonium bromide (0.225 g, 0.6ah) was
dissolved in THF (10 mL) and cooled to —78 #Butyllithium
(0.3 mL, 1.6 M in hexane, 0.48 mmol) was added dvige to
the above stirred solution which turned into lighdrgge solution.
It was then warmed to 0 °C for 45 min and again cbtde—78
°C. The crude aldehyde (0.108 g, 0.21 mmol) in TeIRL) was
added to the reaction mixture drop wise. The reactioxture
was stirred at the same temperature for 4 h. Aftenpiete
consumption of the starting material (monitored TYC), the
reaction was quenched with saturated,8Hsolution (10 mL)

11
resulting solution was stirred at —20 °C for a fartd5 min.
Allylic alcohol 35 (8 g, 36.01 mmol) in CkCl, (320 mL) was
then added and the reaction mixture was stirre@@t°€ for 24
h. After completion of the reaction (monitored by Q). the
reaction mixture was warmed to°G and reaction mixture was
filtered through sintered funnel. Then quenchedwayer (57.4
mL) and stirred vigorously for 30 min. The filtrateas again
stirred along with 20% aqueous NaOH solution (14.4 omii)l
both the layers were separated. The aqueous layeextraxted
with CH,CI, (3 x 40 mL). The combined organic extracts were
dried over anhydrous N&0O, and solvent was evaporated under
reduced pressure. The crude residue was purifiedilizg gel
column chromatography (EtOAc/hexane = 1:3) to affpude
epoxide36 (8.23 g, 96%) as a colorless oil; (RtOAc/hexane =

and warmed to room temperature. The organic phase wd:4)0.20. p]p>’ +8.89 € 1, CHCL); IR (neat): 3394, 2939, 1611,

separated and the aqueous phase extracted withaettgte (2 x
15 mL). The combined organic layers were washed mithe
(25 mL), dried over N&O, and concentrated. Purification by
silica gel column chromatography (EtOAc/hexane
afforded the desired compouBi (0.094 g, 78% over two steps)
as a colorless liquid; ;REtOAc/hexane = 1:4).20. p]o”’ -10.3

1513, 1248, 1175, 1093, 1028, 819 tmH NMR (500 MHz,
CDCL) 8 = 7.25 (d,J = 8.7 Hz, 2H), 6.89 (dJ = 8.7 Hz, 2H),
4.46 (s, 2H), 3.84 (bs, 1H), 3.80 (s, 3H), 3.64 (m,, 13H9 (m,

1:4)1H), 3.47 (dd,) = 8.1, 11.9 Hz, 1H), 3.21-3.14 (m, 2H), 3.03 (dt,

J=4.3,89, 9.2 Hz, 1H), 2.06 (dd,= 4.1, 14.7 Hz, 1H), 1.79-
1.71 (m, 1H) ppm**C NMR (75 MHz, CDCJ) § = 159.3, 129.5,

(c 1.5, CHC}); IR (neat): 2925, 2851, 1723, 1511, 1457, 1248129.0, 113.7, 73.0, 66.2, 59.8, 55.2, 55.0, 54779 ppm; ESI-

1097, 1035 cnt; '*H NMR (500 MHz, CDCJ) 6 = 7.23 (d,J =
9.0 Hz, 2H), 6.92 (m, 1H), 6.84 (d,= 9.0 Hz, 2H), 5.82-5.70
(m, 2H), 5.63-5.50 (m, 2H), 4.99-4.90 (m, 2H), 4.6344(m,
4H), 4.50-4.44 (m, 2H), 4.20-4.13 (m, 2H), 4.01 (m, 134Y9 (s,
3H), 3.41 (m, 1H), 3.34 (s, 7H), 2.24-2.14 (m, 2H) 922000 (m,
2H), 1.68-1.45 (m, 6H), 1.29 @ = 7.0 Hz, 3H) ppm*C NMR

(75 MHz, CDC}) 5 = 166.6, 159.1, 148.6, 138.4, 133.8, 130.7,

130.0, 129.5, 121.6, 114.7, 113.7, 94.3, 93.6,,78/3, 75.8,
72.6, 60.1, 55.5, 55.2, 35.0, 32.0, 29.9, 29.79,234.2 ppm;
ESI-HRMS Calcd for GH40sNa [M + NaJ 543.2928; found:
543.2924.

4.30. (Z2)-5-(4-M ethoxybenzyloxy)pent-2-en-1-ol (35)

To a solution of nickel acetate tetrahydra®er§ g, 15.11
mmol) in ethanol (75 mL), sodium borohydride waseti{0.57
g, 15.11 mmol) at room temperature underatmosphere. The
mixture was stirred for 30 min and then ethyleneraiee (2 mL,
30.2 mmol) followed by alkyn&4 (20 g, 60.4 mmol) in ethanol
(50 mL) were added at same temperature and allowstrtfor
additional 3 h under Hatmosphere. After completion of the
reaction (monitored by TLC), the reaction mixtureswtered
through a pad of Celite. Solvent (filtrate) was reew under
reduced pressure and the residue was purified Ish talumn
chromatography (EtOAc/hexane = 1:4) to provide adligohol
35 (2.73 g, 89%) as a colorless oil;(RtOAc/hexane = 1:4).30.
IR (neat): 3398, 2936, 2861, 1611, 1513, 1360, 124000,
1033, 820, 575 ciy 'H NMR (500 MHz, CDC)) § = 7.24 (d,J
= 8.7 Hz, 2H), 6.87 (d) = 8.7 Hz, 2H), 5.81 (qt] = 1.4, 7.0, 9.5
Hz, 1H), 5.59 (qtJ = 1.1, 7.8, 9.8 Hz, 1H), 4.44 (s, 2H), 4.10 (d,
J=7.0 Hz, 2H), 3.79 (s, 3H), 3.46 {t= 6.1 Hz, 2H), 2.39 (qd}
= 1.2, 6.3 Hz, 2H) ppn°C NMR (75 MHz, CDCJ) § = 159.0,
130.7, 129.7, 129.2, 129.1, 113.6, 72.5, 68.5, ,5540, 27.8
ppm; ESI-HRMS Calcd for GH;s0sNa [M + NaJ 245.1148;
found: 245.1158.

4.31. ((2S,3R)-3-(2-(4-M ethoxybenzyloxy)ethyl)oxir an-2-
yl)methanol (36)

To a suspension of thoroughly dried molecsiaves A (7.2
g) in dry CHCI, (60 mL), was added Ti({®r), (2.87 mL, 9.7
mmol) followed by (+)-DET (2.42 mL, 11.52 mmol) a26-°C
under N atmosphere. After stirring for 30 min, TBHP (6.5 M i
toluene, 13.85 mL, 90.02 mmol) was slowly added amel t

HRMS Calcd for GH;sO.Na [M + NaJ] 261.1097; found:
261.1107.

4.32. (E)-Ethyl-3-((2S,3R)-3-(2-(4-methoxybenzyloxy)ethyl)
oxiran-2-yl)-2-methylacrylate (37)

To dimethyl sulfoxide (4.63 mL, 65.22 mmol) in &, (40
mL), was added oxalyl chloride (3.75 mL, 43.67 mmipp-
wise at —78 °C under Natmosphere. The reaction mixture was
stirred for 30 min before alcohd6 (5.2 g, 21.84 mmol) in
CH,CI, (20 mL) was added slowly. The reaction mixture was
stirred for 45 min at same temperature. Then tlathine (15.23
mL, 109.2 mmol) was added drop-wise and allowed tdatil h

at —78 °C. The reaction was allowed to stir at roemgerature
for additional 1 h. After completion of the reactigmonitored by
TLC), the reaction mixture was quenched with watere Th
aqueous phase was extracted with,ChHl (3 x 40 mL). The
combined organic layers were washed with brine, ddedr
NaSQO, and evaporated to dryness under reduced presEuee.
crude aldehyde was used immediately for the nexttima
without further purification.

To a stirred solution of crude aldehyde (4.43 g/7&8nmol) in
toluene (45 mL), was added (carbethoxyethylideipdymyl
phosphorane (10.2 g, 28.14 mmol) at room tempezatlihe
reaction mixture was heated to 90 °C for 3 h. Aftanpletion of
the reaction (monitored by TLC), the reaction migtuwas
cooled to room temperature and solvent was evapmbrateer
reduced pressure. The residue was purified by sitjeh
chromatography (EtOAc/hexane = 1:4) to aff@id(4.74 g, 68%
over two steps) as a colorless oil,(RtOAc/hexane = 1:4).65.
[a]p>” +18.3 € 0.9, CHCY); IR (neat): 2959, 1711, 1513, 1461,
1245, 1097, 1033, 821, 566 ¢m'H NMR (500 MHz, CDCJ) &
=7.25(dJ = 8.6 Hz, 2H), 6.88 (d] = 8.6 Hz, 2H), 6.49 (dd} =
1.4, 7.9 Hz, 1H), 4.46 (ABqg] = 11.6, 13.7 Hz, 2H), 4.25-4.15
(m, 2H), 3.80 (s, 3H), 3.67-3.57 (m, 3H), 3.38-3.34 {id), 1.96
(d,J = 1.2 Hz, 3H), 1.95-1.79 (m, 2H), 1.29 Jt= 7.2 Hz, 3H)
ppm;*C NMR (75 MHz, CDC}) 6 = 166.9, 159.1, 135.0, 133.3,
130.1, 129.1, 113.7, 72.6, 66.9, 60.7, 56.7, F32), 29.2, 14.1,
12.9 ppm; ESI-HRMS Calcd for ;@505 [M + H]* 321.1696;
found: 321.1714.

4.33. (4R,5R,E)-Ethyl-5-hydr oxy-7-(4-methoxybenzyloxy)-2,4-
dimethylhept-2-enoate (38)
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To a stirred solution of epoxy unsaturated estenpmund37

(43 g, 13.43 mmol) in Ci€l, (70 mL) was added

trimethylaluminium (67.2 mL, 134.3 mmol, 2 M in t&ne) at —
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then quenched with 4@ (25 mL) and extracted with GAI, (2 x
50 mL). The organic extract was washed with brinen®9) and
dried over NgSO, and solvent removed under reduced pressure

40 °C under Matmosphere. The reaction mixture was allowed toThe residue was purified by silica gel column chrtogeaphy

stir for 30 min at the same temperature. TheyO KiL.45 mL,
80.58 mmol) was added very carefully (Caution:;Mereacts
violently and may ignite upon contact with water) ahalwly so
that the internal temperature did not change. Adféarvescence
ceased, it was allowed to stir for further 3 h at =@0 After
complete consumption of the starting material (shdwnTLC),

it was quenched very slowly with saturated /H(50 mL) and
diluted with CHCI, (100 mL). HCI (1.0 N, 50 mL) was added
and stirred vigorously until a clear separationtted two layers
took place. The organic layer was separated andatfueous
layer extracted with C}Cl, (2 x 80 mL). The combined organic
layer was washed with brine (2 x 50 mL), dried ovanyarous
NaSQO, and evaporated to dryness under reduced presEuee.
crude mass was purified by silica gel column chrag@phy
(EtOAc/ hexane = 1:5) to affor@8 (4.11 g, 91%) as a colorless
oil; R; (EtOAc/hexane = 1:5).55. p]p>’ +7.7 € 1.1, CHCY); IR
(neat): 3398, 2925, 2855, 1707, 1513, 1246, 108331821,
558 cm™; '*H NMR (300 MHz, CDCJ) & = 7.24 (d,J = 8.3 Hz,
2H), 6.88 (d,J = 8.3 Hz, 2H), 6.58 (dd] = 1.5, 10.6 Hz, 1H),
4.44 (s, 2H), 4.18 (q] = 6.8 Hz, 2H), 3.81 (s, 3H), 3.73-3.56 (m,
3H), 3.31 (bs, 1H), 2.62-2.48 (m, 1H), 1.84 Jd5 1.5 Hz, 3H),
1.75-1.66 (m, 2H), 1.29 (8 = 6.8 Hz, 3H), 1.07 (d] = 6.8 Hz,
3H) ppm;“C NMR (75 MHz, CDCJ) & = 168.1, 159.2, 143.7,
129.6, 129.3, 127.7, 113.8, 75.1, 73.0, 69.2, 6852, 39.7,
33.9, 15.6, 14.2, 12.6 ppm; ESI-HRMS Calcd fesHzsOsNa [M

+ NaJ 359.1829; found: 359.1845.

4.34. (4R,5R,E)-7-(4-M ethoxybenzyloxy)-2,4-dimethylhept-2-
ene-1,5-diol (39)

To a stirred solution of the est88 (3.2 g, 9.52 mmoal) in
CH,CI, (50 mL), was added DIBAL-H in toluene (11.42 mL,
1.75 M, 19.99 mmol) dropwise at —78 °C. The solutivas
stirred at same temperature for 2 h underadnosphere. After
completion of the reaction (monitored by TLC), tleaction was
quenched by addition of saturated aqueous sodiutasgiom
tartrate (40 mL). The gelatinous mixture was stirtadil two
distinct layers formed. The layers were separated the
aqueous layer extracted with gE, (3 x 50 mL). The combined
organic layers washed with brine (2 x 30 mL) and diieer

NaSQO, and concentrated. The residue was purified by colum

chromatography (EtOAc/hexane = 1:4) to aff@ad(2.6 g, 93%)
as colorless oil; REtOAc/hexane = 1:40.20. p]p>’ -10.2 €

(EtOAc/hexane = 1:9) to afford0 (4.12 g, 93%) as a clear
liquid; R; (EtOAc/hexane = 1:4).75. p]p>’ +7.1 € 2.96, CHC)):
IR (neat): 2955, 2931, 2857, 1613, 1513, 1465, 12690, 837,
775 cm™; *H NMR (300 MHz, CDCJ) & = 7.24 (d,J = 8.6 Hz,
2H), 6.86 (dJ = 8.7 Hz, 2H), 5.26 (ddl = 1.2, 9.8 Hz, 1H), 4.40
(dd,J = 11.4, 19.7 Hz, 2H), 3.98 (s, 2H), 3.79 (s, 3H), 31B3
1H), 3.53-3.44 (m, 2H), 2.46 (m, 1H), 1.84-1.68 (m, 2H57 (d,
J=1.1 Hz, 3H), 0.92-0.87 (m, 21H), 0.05 (s, 6H), (B3I = 3.2
Hz, 6H) ppm;**C NMR (75 MHz, CDCJ)) § = 159.0, 133.7,
130.6, 129.2, 127.7, 113.6, 73.5, 72.5, 68.7, 6652, 37.6,
34.6, 25.9, 18.4, 18.1, 16.4, 13:64.4, —4.5, -5.2, —5.3 ppm;
ESI-HRMS Calcd for GHsO,SibNa [M + Na] 545.3452;
found: 545.3477.

4.36. (3R,4R,E)-3,7-Bis(tert-butyldimethylsilyloxy)-4,6-
dimethylhe-pt-5-en-1-ol (41)

To a solution of PMB protected compoud@ (2.3 g, 4.40
mmol) in CHCI,:H,0 (19:1, 40 mL), phosphate buffer solution
(pH = 7) (2 mL) followed by DDQ (1.5 g, 6.60 mmol) watdad
at 0 °C and allowed to stir for 2 h at room tempet After
completion of the reaction (monitored by TLC), itsvguenched
with saturated NaHCO(30 mL) solution. The two layers were
separated and the aqueous layer extracted witfCGH3 x 30
mL). The combined organic layer was washed with bfthe 30
mL), dried over anhydrous BBO, and solvent was removed
under reduced pressure to give red colored cruddugt which
on purification by silica gel column chromatography
(EtOAc/hexane = 1:4) to afford the desired primamgohbl 41
(2.63 g, 92%) as a colorless liquid;(RtOAc/hexane = 1:4).25.
[(I]D27 +5.1 € 0.93, CHCJ); IR (neat): 3362, 2957, 2873, 1734,
1613, 1515, 1245, 1033, 821 ¢imH NMR (300 MHz, CDCJ) 5
=5.20 (d,J = 9.8 Hz, 1H), 3.98 (s, 2H), 3.79 (m, 1H), 3.72-3.62
(m, 2H), 2.67-2.54 (m, 1H), 2.33 (bs, 1H), 1.87-1.#5 @H),
1.72-1.63 (m, 1H), 1.61 (s, 3H), 0.95 M= 6.8 Hz, 3H), 0.89
(m, 18H), 0.08 (dJ = 7.6 Hz, 6H), 0.04 (s, 6H) ppriiC NMR
(75 MHz, CDC}) 6 = 134.2, 126.8, 75.6, 68.5, 60.0, 37.2, 36.0,
25.92(3C), 25.89(3C), 18.4, 18.0, 17.5, 13.7, —4485, -5.2,
-5.3 ppm; ESI-HRMS Calcd forH,70:Si, [M + H]*403.3058;
found: 403.3081.

4.37. (4R,5RE)-4,8-Bis(tert-butyldimethylsilyloxy)-5,7-dime-
thyl-oct-6-en-2-ol (42)

0.63, CHC); IR (neat): 3384, 2950, 2865, 1612, 1513, 1457,

1248, 1084, 820 crfy 'H NMR (300 MHz, CDCJ) & = 7.24 (dJ

= 8.3 Hz, 2H), 6.87 (d] = 9.0 Hz, 2H), 5.24 (d] = 9.8 Hz, 1H),
4.44 (s, 2H), 3.96 (s, 2H), 3.80 (s, 3H), 3.71-3.54 3i), 2.46
(m, 1H), 1.82-1.68 (m, 2H), 1.65 (s, 3H), 1.00J¢; 6.8 Hz, 3H)
ppm;*C NMR (75 MHz, CDCJ) 5 = 159.1, 135.0, 129.8, 129.3,
128.2, 113.7, 75.3, 72.9, 69.1, 68.5, 55.2, 3832%6,316.2, 14.0
ppm; ESI-HRMS Calcd for GH,,0, [M + H]* 295.1903; found:
295.1918.

4.35. (8R,9R,E)-9-(2-(4-M ethoxybenzyloxy)ethyl)-2,2,3,3,6,
8,11,11-12,12-decamethyl-4,10-dioxa-3,11-disilatridec-6-ene
(40)

To a stirred solution of did9 (2.5 g, 8.50 mmol) in dry
CH,CI, (40 mL), was added 2,6-lutidine (3.95 mL, 34.0 mmol
and TBSOTf (5.85 mL, 25.49 mmol) sequentially &@under
N, atmosphere and allowed to stir for 30 min. After ctetipn
of the reaction (monitored by TLC), the reactionximie was

To a stirred solution of1 (1.2 g, 2.98 mmol) in dry C}€l, (40
mL), was added NaHC{0.3 g, 3.57 mmol) and Dess-Martin
periodinane (2.53 g, 5.96 mmol) at 0 °C undeathosphere and
allowed to stir for 1 h at room temperature. Aftemgbetion of
the reaction (monitored by TLC), it was quenched witurated
aqueous NaHC9(20 mL) and Ng5,0; (10 mL) and extracted
with CH,Cl, (2 x 35 mL). The combined organic extracts were
washed with brine (20 mL), dried over j$&, and solvent was
removed under reduced pressure furnished cruddnaldeand
used as such for the next reaction.

To a stirred solution of crude aldehyde (1.09 @22mmol) in
THF (30 mL) at 0 °C under Mitmosphere, was added MeMgBr
(5.44 mL, 1 M solution in toluene, 5.44 mmol) dropai The
solution was stirred for additional 2 h at room tengpure. After
completion of the reaction (monitored by TLC), tleaction was
quenched by addition of saturated aqueous@IK20 mL) and
extracted with ethyl acetate (2 x 35 mL). The coratliorganic
layers were dried over N&0O, and evaporated to dryness. The
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residue was purified by silica gel column chromaapdy  75.9, 74.2, 74.1, 68.7, 68.5, 45.1, 43.6, 37.32,376.0, 25.9,
(EtOAc/hexane = 1:4) to affodR (0.973 g, 79% over two steps) 25.3, 24.5, 18.4, 18.1, 15.9, 15.4, 13.8, 13.7144.0, -4.37,
as a mixture of diastereomers;(RtOAc/hexane = 1:4).35. IR —4.44, —5.22, —5.23 ppm; ESI- HRMS Calcd for GsHs;10,Si,N
(neat): 3450, 2957, 2858, 1719, 1460, 1379, 128271836, [M + NH,]" found: 556.2497; found: 556.2483.
773, 667 ci; '"H NMR (300 MHz, CDCYJ) & = 5.35 (dd,J = 1.5,
9.8 Hz, 1H), 5.13 (ddJ = 1.5, 9.8 Hz, 1H), 4.13-4.02 (m, 1H), 4.40. (2E 4R 5R,7E)-8-10do-24,7-trimethylocta-2,7-diene-1,5-
3.99 (s, 2H), 3.97 (s, 2H), 3.95-3.87 (m, 1H), 3.8183m, 1H), diol (44)
3.72-3.66 (m, 1H), 2.77-2.65 (m, 1H), 2.64-2.54 (iH),11.64-
1.60 (m, 10H), 1.16 (dl = 6.0 Hz, 3H), 1.09 (d] = 6.8 Hz, 3H), TBAF (3.34 mL, 1 M in THF, 3.344 mmol) was added to a
0.97 (d.J = 6.8 Hz, 3H), 0.93-0.87 (m, 39H), 0.09-0.03 (m, 24H)stirred solution of di-TBS ether compound (0.40&36 mmol)
ppm; ~“C NMR (75 MHz, CDCJ) 6 = 134.5, 134.2, 126.7, 126.6, in THF (12 mL) at 0°C under N atmosphere. The reaction
76.4, 76.0, 68.6, 68.4, 66.5, 64.8, 42.1, 42.08,337.0, 25.93, mixture was stirred at room temperature for 6 heAéompletion
25.90, 24.0, 23.8, 18.4, 18.02, 17.99, 16.5, 1318470, -4.1,  of the reaction (monitored by TLC), it was quencheéth water
—4.2, —45, —4.6, -5.2, —5.3 ppm; ESI-HRMS Caled for (15 mL). The aqueous layer extracted with ethyl atee3 x 20
C22H4905Si; [M + H]"417.3214; found: 417.3236. mL), the combined organic layer was dried over antwys
NaSO, and solvent removed under reduced pressure. The
4.38. (4R ,5R,E)-4,8-Bis(tert-butyldimethylsilyloxy)-5,7-dimet- residue was purified by silica gel column chromadgpdry
hyloct-6-en-2-one (8) (EtOAc/hexane = 2:3) to affordd (0.23 g, 89%) as a colorless
liquid; R; (EtOAc/hexane = 2:3).30. [r]p>’ +6.2 € 1.1, CHCY):
To a stirred solution of secondary alcodal (0.85 g, 2.04 IR (neat): 3398, 2936, 2863, 1735, 1612, 1513, 145301,
mmol) in CHCI, anhydrous NaHC§(0.21 g, 2.45 mmol) and 1248, 1173, 1035 crh "H NMR (500 MHz, CDCJ) = 6.01 (s,
Dess-Martin periodinane (1.73 g, 4.08 mmol) were dduted°C 1H), 5.29 (d,J = 10.0 Hz, 1H), 4.02 (s,2H), 3.58-3.52 (m, 1H),
under nitrogen atmosphere. Then the reaction naxuuas stirred  2.53-2.46 (m, 1H), 2.43 (d,= 14.0 Hz, 1H), 2.24 (dd} = 10.0,
for 2 h at room temperature. After completion of ctemn 14.0 Hz, 1H), 1.87 (s, 3H), 1.68 (s, 3H), 1.03J&, 7.0 Hz, 3H)
(monitored by TLC), the reaction mixture was quenkcheéth ppm; *C NMR (75 MHz, CDCJ) & = 145.3, 135.7, 127.5, 77.0,
saturated NaHC9(30 mL) solution. The aqueous layer was 72.8, 68.5, 44.9, 38.0, 23.9, 16.3, 14.1 ppm; ESM3RCalcd
extracted with CECI, (3 x 30 mL). The combined organic layer for C;;H;40,INa [M + NaJ 333.0322; found: 333.0321.
was washed with brine (2 x 20 mL), dried over anhydrou
N&,SO, and concentrated under reduced pressure. The crude4l. (2E,4R,5R,72)-8-1odo-2,4,7-trimethylocta-2,7-diene-1,5-
mass was purified by silica gel chromatography (EtQéxane diol (44a)
= 1:4) to afford8 (0.77 g, 91%) as a colorless liquid; R
(EtOAc/hexane = 1:4).65. p]*' +6.3 € 1.8, CHC); IR (neat):  [¢],2 +16.5 £ 0.85, CHCJ); IR (neat): 3420, 2921, 1629, 1377,
2956, 2858, 1720, 1465, 1361, 1254, 1072, 837, @@8,cm™; 1271, 1007, 763, 670 ¢im'H NMR (500 MHz, CDCJ) § = 5.99
"H NMR (300 MHz, CDCJ) 8 = 5.19 (d,J = 9.8 Hz, 1H), 402 (s, 1H), 5.36 (d,J = 10.0 Hz, 1H), 4.03 (s, 2H), 3.70-3.64 (m,
(9,J = 6.0 Hz, 1H), 3.97 (s, 2H), 2.54 @= 6.0 Hz, 2H), 2.51- 1H), 2.60-2.53 (M, 1H), 2.42-2.35 (m, 2H), 1.96 (s, 3HJ2 (s,
2.42 (m, 1H), 2.11 (s, 3H), 1.61 @= 1.5 Hz, 3H), 0.93 (d] =  3H), 1.07 (dJ = 7.0 Hz, 3H) ppm**C NMR (75 MHz, CDC}) 5
6.8 Hz, 3H), 0.87 (d] = 10.6 Hz, 18H), 0.05 (d,= 3.0 Hz, 9H), = 1456, 135.9, 127.7, 76.4, 74.3, 68.7, 43.5, 3884, 16.2,

0.01 (s, 3H) ppm;"C NMR (75 MHz, CDC)) § = 207.5, 134.7, 142 ppm; ESI-HRMS Calcd for i 0,INa [M + NaJ
127.1, 72.6, 68.5, 49.5, 38.6, 31.5, 25.9, 18.4]1,186.4, 13.7, 333.0322: found: 333.0334.

—4.5,—4.6, 5.3 ppm; ESI-HRMS Calcd for GH4¢0s:Si,Na [M +

Na]" 437.2877; found: 437.2899. 4.42. (1E,4R 5R,6E)-8-(tert-Butyldimethylsilyloxy)-1-iodo-
2,5,7-trimethylocta-1,6-dien-4-ol (4)
4.39. (8R,9R,E)-9-((E)-3-1 odo-2-methylallyl)-2,2,3,3,6,8,11,11,
12,12-decamethyl-4,10-dioxa-3,11-disilatridec-6-ene (43) To a stirred solution o#1 (0.12 g, 0.387 mmol) in dry Gi8l,
(20 mL), was added imidazole (0.04 g, 0.581 mmdIp¥eed by
Anhydrous CrC4 (1.48 g, 12.06 mmol) was transferred to aTBSCI (0.088 g, 0.0581 mmol) at 0 °C underdtmosphere and
round bottom flask under Natmosphere and treated with THF allowed to stir for 1 h. After completion of the réan
(15 mL) at room temperature. To the resulting gsagpension  (monitored by TLC), the reaction mixture was quemkcheth
was added a solution of keto8e(0.5 g, 1.2 mmol) and CHI  saturated aqueous NEI (10 mL) and extracted with GBI, (3
(1.32 mg, 3.36 mmol) in THF (5 mL) via cannula (Z2xmL  x 20 mL). The combined organic extracts were driaero
THF) The reSUlting dark red-brown mixture was stireg room NaQSO4 and evaporated to dryness under reduced presﬁme
temperature for 4 h. The reaction was quenched bitiad of  crude mass was purified by silica gel column chromphy
H,O (15 mL) and the resulting mixture was stirred férriin.  (EtOAc/hexane = 1:4) to afford (0.151 g, 92%) as a colorless
The aqueous layer was extracted with ethyl acetate2@ mL).  |iquid; R, (EtOAc/hexane = 1:4D.45. p]p>’ +14.2 € 1.40,
The combined organic extracts were washed with b@ne {0 CHCl,); IR (neat): 3446, 2926, 2856, 1723, 1461, 1372541
mL), dried over NgSQO, and evaporated to dryness under reduceqo73, 839, 773, 674 ¢ *H NMR (500 MHz, CDC)) & = 5.99
pressure. The crude mass was purified by silica gels 1H), 5.25 (dJ = 9.1 Hz, 1H), 4.01 (s, 2H), 3.51 {= 9.1 Hz,
chromatography (EtOAc/hexane = 1:9) to aff@i® (0.504 9, 1H), 2.51-2.42 (m, 2H), 2.42-2.17 (m, 1H), 1.86 (s, 3HP1 (s,
78%) as a colorless liquid;; EEtOAc/hexane = 1:9).60. p]p 3H), 1.56 (bs, 2H), 1.03 (d,= 7.1 Hz, 3H), 0.91 (s, 9H), 0.06 (s,
+15.6 € 0.7, CHCY); IR (neat): 3398, 2936, 2863, 1735, 1612, H) ppm;**C NMR (75 MHz, CDCJ) § = 145.5, 135.6, 125.8,
1513, 1459, 1301, 1248, 1173, 1035 tmMH NMR (300 MHz,  73.0, 68.2, 45.0, 38.1, 25.9, 24.0, 18.4, 16.69,135.2 ppm;
CDCl) 6 = 5.90 (d,J = 8.3 Hz, 1H), 5.29 (dd] = 9.8, 21.9 Hz, ES|-HRMS Calcd for GH3:0,ISiNa [M + Na] 447.1197;
1H), 3.98 (s, 2H), 3.73-3.56 (M, 1H), 2.50-2.11 (M, 3H86 (d,  found: 447.1186.
J = 24.9 Hz, 3H), 1.63 (d] = 40.8 Hz, 3H), 0.99 (d] = 6.8 Hz,
3H), 0.92-0.86 (m, 18H), 0.7-0.3 (m, 12H) ppHC NMR (125 4 43 (17 4R 5R 6E)-8-(tert-Butyldimethylsilyloxy)-1-iodo-
MHz, CDCk) 8 = 145.4, 145.0, 134.1, 133.7, 128.0, 127.4, 77.69 5 7.trimethyl-octa-1,6-dien-4-ol (4a)
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[o]p?” +16.6 € 0.3, CHC)); IR (neat): 3398, 2936, 2863,
1735, 1612, 1513, 1459, 1301, 1248, 1173, 1035;ciH NMR
(500 MHz, CDC}) & = 5.99 (s, 1H), 5.32 (d] = 10.1 Hz, 1H),
4.03 (s,2H), 3.65 (m, 1H), 2.56 (m, 1H), 2.39-2.36 2id), 1.95
(s, 3H), 1.65 (s, 3H), 1.54 (bs, 2H), 1.07Jg; 7.1 Hz, 3H), 0.91
(s, 9H), 0.07 (s, 6H) ppnC NMR (75 MHz, CDC}) 5 = 145.6,
135.8, 125.9, 74.4, 68.3, 43.5, 38.8, 25.9, 2484,116.5, 13.9,
-5.2 ppm; ESI-HRMS Caled for GH3dO,ISiNa [M + NaJ
447.1197; found: 447.1192.

4.44. (2E,7S,8E,10S,115)-11-(4-M ethoxybenzyl oxy)-7,10-
bis(meth- oxymeth oxy) pentadeca-2,8,14-triencic acid (3)

To a stirred solution of the estét (0.05 g, 0.096 mmol) in THF
(5 mL), was added aqueous solution of LIOH (0.021 .§60
mmol) at room temperature. The reaction mixture albmsved to
stir at 80 °C for 15 h. After completion of the réan (monitored
by TLC), it was cooled to 0 °C. The reaction mixtusas
acidified with 1 M HCI (until pH = 2.0) and the organiayer
separated. The aqueous layer was extracted with atktate (3
x 15 mL). The combined organic layer were washed tthe
(2 x 25 mL) and dried over anhydrous,N@)y. The solvent was
evaporated to dryness under reduced pressure armutie mass
purified by silica gel column chromatography (EtOAe{hne =
1:1) to afford 3 (0.044 g, 95%) as a colorless liquid; R
(EtOAc/hexane = 1:1P.25. o>’ -15.8 € 0.4, CHC)); IR
(neat): 3430, 2925, 2854, 1723, 1649, 1513, 14858011035,
757 cm™; *H NMR (300 MHz, CDCJ) & = 7.26 (d,J = 8.3 Hz,
2H), 7.11-6.99 (m, 1H), 6.87 (d,= 8.5 Hz, 2H), 5.86-5.69 (m,
2H), 5.63-5.52 (m, 2H), 5.02-4.91 (m, 2H), 4.72-4.8Y, 4H),
4.53-4.45 (m, 2H), 4.20 ( = 5.9 Hz, 1H), 4.08-4.00 (m, 1H),
3.80 (s, 3H), 3.50-3.41 (m, 1H), 3.36 ®F 1.3 Hz, 6H), 2.31-
1.99 (m, 4H), 1.71-1.45 (m, 6H) ppmC NMR (75 MHz,
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3H), 1.70-1.48 (m, 9H), 0.95 (d,= 6.8 Hz, 3H), 0.91 (s, 9H),
0.06 (s, 6H) ppm*C NMR (125 MHz, CDCJ) § = 166.1, 159.2,
149.0, 144.3, 138.4, 135.8, 133.9, 130.7, 129.9.5,2128.1,

125.1, 121.3, 114.7, 113.7, 94.3, 93.7, 80.0, 77549, 74.8,

72.6, 68.1, 55.6, 55.5, 55.3, 42.2, 36.1, 35.11,331.9, 29.9,
25.9, 24.0, 23.9, 18.4, 16.8, 13.9, -5.2 ppm; ESMSRCalcd

for CaH-106ISiNa [M + NaJ 921.3835; found: 921.3804.

4.46. (2E,7S,8E,10S,115)-((1E 4R,5R,6E)-8-(tert-Butyldimet-
hylsilyloxy)-1-iodo-2,5,7-trimethyl-octa-1,6-dien-4-yl)-11-
hydr oxy-7,10-bis(methoxy-methoxy)pentadeca-2,8,14-
trienoate (46)

To a stirred solution of PMB protected compowi (16 mg,
0.018 mmol) in CECI:H,O (19:1, 10 mL), 1 mL phosphate
buffer solution (pH = 7) followed by DDQ (6.2 mg, 020é&hmol)
was added at 0 °C. The reaction mixture was allowestitdor 2
h at room temperature. After completion of the rieact
(monitored by TLC), it was quenched with saturated Nakl®
mL) solution. The two layers were separated and thee@us
layer extracted with C}Cl, (3 x 10 mL). The combined organic
layer was washed with brine (10 mL), dried over ambyd

NaSQO, and evaporated under reduced pressure to give the

residue which on purification by silica gel column
chromatography (EtOAc/hexane = 1:7) afforded prinscphol
46 (13.3 mg, 95%) as a colorless liquid{BOAc/hexane = 1:4)
0.45. plp”’ +11.2 € 0.4, CHCH); IR (neat): 3448, 2924, 2854,
1719, 1652, 1258, 1097, 1033, 770" tmMH NMR (400 MHz,
CDCly) 8 = 6.91 (dt,J = 7.0, 15.7 Hz, 1H), 5.88 (s, 1H), 5.86-
5.76 (m, 2H), 5.63 (m, 1H), 5.53 (m, 1H), 5.23 Jds 8.7 Hz,
1H), 5.03 (dJ = 15.7 Hz, 1H), 4.98-4.90 (m, 2H), 4.67 (AB =
7.0, 24.4 Hz, 2H), 4.56 (dd,= 7.0, 15.7 Hz, 2H), 4.06-3.99 (m,
3H), 3.89 (tJ = 7.0 Hz, 1H), 3.57 (m, 1H), 3.37 @@= 12.2 Hz,

CDCl) 6 = 170.8, 151.5, 138.4, 133.7, 130.7, 130.0, 129.56H), 2.67-2.61 (m, 1H), 2.54 (bs, 1H), 2.48-2.34 (iid),22.30-

129.4, 120.7, 114.7, 113.7, 94.2, 93.6, 79.9, 77338, 72.6,
55.53, 55.45, 55.2, 35.0, 32.1, 29.9, 29.7, 23m;dSI-HRMS
Calcd for G;H,gOsNa [M + NaJ 515.2617; found: 515.2615.

4.45. (2E,7S,8E,10S,119)-((1E 4R,5R,6E)-8-(tert-Butyldimeth-
ylsilyloxy)-1-iodo-2,5,7-trimethylocta-1,6-dien-4-yl)11-(4-
methoxybenzyloxy)-7,10-bis(methoxymethoxy)pentadeca-
2,8,14-trienoate (45)

To a stirred solution of the aci@l (0.49 g, 2.01 mmol) in dry
toluene (10 mL), BN (0.31 mL, 4.02 mmol) followed by 2,4,6-
trichlorobenzoyl chloride (0.63 mL, 4.02 mmol) waddad at O
°C under N atmosphere and continued to stir for 45 min abroo
temperature. DMAP (1.22, 10.04 mmol) and alcohdD.45 g,
1.004 mmol) dissolved in dry toluene (10 mL) was extido
reaction mixture dropwise at @ and allowed to stir for 6 h at
room temperature. After completion of the reactiaroifitored
by TLC), it was diluted with water (25 mL) and ettagetate (50
mL). The aqueous layer was extracted with ethylaedR x 40
mL). The combined organic layer was washed with bfthe 50
mL), dried over anhydrous a0, and solvent evaporated under
reduced pressure. The crude mass was purified a sjel
column chromatography (EtOAc/hexane = 1:12) to &hri5
(0.63 g, 93%, based on the starting alcohol) asl@less liquid,;
R (EtOAc/hexane = 1:12).30. p]p°’ +3.8 € 0.8, CHC)); IR
(neat): 2924, 2854, 1728, 1460, 1266, 1076, 772;ciH NMR
(300 MHz, CDC}) 6 = 7.29-7.25 (m, 2H), 6.98-6.91 (m, 1H),

6.87 (d,J = 8.3 Hz, 2H), 5.88 (s, 1H), 5.84-5.71 (m, 2H), 5.64-

5.55 (m, 2H), 5.23 (d] = 9.8 Hz, 1H), 5.02-4.89 (m, 3H), 4.71-
4.57 (m, 4H), 4.49 (d) = 9.1 Hz, 2H), 4.19 () = 6.0 Hz, 1H),
4.08-3.98 (m, 3H), 3.81 (s, 3H), 3.50-3.40 (m, 1H363(s, 6H),
2.70-2.57 (m, 1H), 2.50-2.32 (m, 2H), 2.28-2.00 (i), 4L.82 (s,

2.14 (m, 4H), 1.83 (s, 3H), 1.57-1.46 (m, 9H), 0.95)¢ 6.1
Hz, 3H), 0.91 (s, 9H), 0.06 (s, 6H) ppMC NMR (75 MHz,
CDCly) 6 = 166.1, 148.9, 144.3, 138.3, 136.1, 135.8, 129.3,
128.1, 125.0, 121.4, 114.8, 94.0, 93.9, 80.2, 77612, 74.8,
72.9, 68.0, 55.7, 55.5, 42.2, 36.1, 35.0, 32.09,329.6, 25.9,
24.0, 23.9, 18.4, 16.9, 13.95.3 ppm; ESI-HRMS Calcd for
CsHs30sISiNa [M + Na] 801.3222; found: 801.3229.

4.47. (2E,7S,8E,10S,119)-((1E ,4R,5R,6E)-8-(tert-Butyldime-
thylsilyloxy)-1-iodo-2,5,7-trimethyl-octa-1,6-dien-4-yl)-11-
(tert-butyldimethylsilyloxy)-7,10-bis(methoxymethoxy)penta
deca-2,8, 14-trienoate (47)

To a solution of homoallylic alcohd6 (11 mg, 0.014 mmol) in
CH,CI, (5 mL), was added 2,6-lutidine (3.3 pL, 0.028 mnawijl
TBSOTf (3.85 pL, 0.017 mmol) at 0 °C undeg Atmosphere.
The reaction mixture was allowed to stir for 30 minsame
temperature. After completion of the reaction (mor@t by
TLC), the reaction mixture was then quenched wii® Kb mL).
The reaction mixture was diluted with @El, and aqueous layer
was extracted with C}€l, (2 x 10 ml). The organic layer dried
over NaSQ, and solvent removed under reduced pressthie
residue was purified by silica gel column chromaapdry
(EtOAc/hexane = 1:15) to afford7 (12.1 mg, 96%) as a clear
liquid; R; (EtOAc/hexane = 1:1%).55. [u]p>’ =5.1 € 0.7, CHCY);

IR (neat): 2925, 2851, 1723, 1511, 1457, 1248, 10035 cm’;
'H NMR (500 MHz, CDCJ) § = 6.91 (dtJ = 7.0, 15.4 Hz, 1H),
5.87 (s, 1H), 5.84-5.75 (m, 2H), 5.60 (dds 6.4, 15.7 Hz, 1H),
5.54 (dd,J = 7.2, 15.7 Hz, 1H), 5.22 (d,= 9.8 Hz, 1H), 5.03-
4.89 (m, 3H), 4.68 (dJ = 6.7 Hz, 1H), 4.64 (d] = 6.6 Hz, 1H),
4.57 (d,J = 6.7 Hz, 1H), 4.49 (d] = 6.7 Hz, 1H), 4.09-3.96 (m,
4H), 3.75-3.68 (m, 1H), 3.36 (s, 3H), 3.35 (s, 3H)82667 (m,
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1H), 2.48-2.32 (m, 2H), 2.27-1.98 (m, 4H), 1.82 (s, ,3HY2-
1.35 (m, 9H), 0.94 (d] = 6.7 Hz, 3H), 0.90 (s, 9H), 0.89 (s, 9H),
0.07 (d,J = 6.3 Hz, 6H), 0.06 (s, 6H) ppriC NMR (125 MHz,
CDCly) 6 = 166.1, 149.1, 144.3, 138.7, 135.8, 133.8, 129.6,
125.0, 121.3, 114.4, 94.5, 93.6, 78.9, 77.2, 7THKA8, 73.5, 68.0,
55.47, 55.44, 42.2, 36.1, 35.1, 32.1, 31.7, 29892Z3C), 2.
25.88(3C), 24.0, 23.9, 18.4, 18.1, 16.9, 13.9, ~44&7, -5.2
ppm; ESI-HRMS Calcd for SHs,0sNISi, [M + NH,]*910.4539; 3
found: 910.4600. '

4.

4.48. (3E,8S,9E,11S,12S,15E,17E ,20R)-12-(tert-Butyldimet-
hylsilyloxy)-20-((R,E)-5-(tert-butyldimethylsilyloxy)-4-methyl
pent-3-en-2-y1)-8,11-bis(methoxymethoxy)-18-methyloxacyclo
icosa-3,9,15,17-tetr aen-2-one (2)

To a stirred solution of vinyl iodidd7 (9.7 mg, 0.011 mmol) in
dry DMF (5 mL), was added £O; (12.6 mg, 0.09 mmol) and °-
Pd(OAc) (3 mg, 0.014 mmol) at room temperature under Ar
atmosphere. The reaction mixture was heated to°@GSand
continued to stir for 5 h at same temperature. Aféemplete
consumption of the starting material (monitored TyC), the
reaction mixture was cooled to room temperature guehched
with water (2 mL). The aqueous layer was extracted weifltyl
acetate (3 x 5 mL), washed with brine (5 mL), drigdrdNgSO,
and concentrated under reduced pressure. The onads was
purified by silica gel column chromatography (EtOAe{hne =
1:4) to afford 2 (5 mg, 60%) as a viscous liquid;; R
(EtOAc/hexane = 1:49.55. p]p?’ —-121.6 € 0.4, CHCY); IR
(neat): 2928, 2856, 2310, 1720, 1655, 1531, 1485511102,
1036, 836, 775 cift 'H NMR (500 MHz, CDCJ) & = 6.82 (ddd,
J=4.7,10.4, 15.3 Hz, 1H), 6.10 (dbi+= 11.1, 14.7 Hz, 1H), 5.73
(dd,J = 1.2, 15.6 Hz, 1H), 5.68 (dd,= 3.0, 15.7 Hz, 1H), 5.63 7
(d,J = 10.3 Hz, 1H), 5.51-5.46 (m, 1H), 5.45-5.38 (m, 15{23
(dd,J=1.1, 9.9 Hz, 1H), 4.95-4.89 (m, 1H), 4.69 & 6.7 Hz,

1H), 4.63 (s, 2H), 4.50 (dl = 6.7 Hz, 1H), 4.17-4.09 (m, 1H),
4.01 (s, 2H), 3.99-3.92 (m, 1H), 3.67 (dddd= 1.5, 4.4, 9.8,
14.0 Hz, 1H), 3.37 (s, 3H), 3.36 (s, 3H), 2.64-2.57 1H), 2.27-
1.95 (m, 6H), 1.80-1.40 (m, 12H), 0.95 (d5 6.6 Hz, 3H), 0.92

(s, 9H), 0.91(s, 9H), 0.09 (s, 3H), 0.08 (s, 3H), AHEBH) ppm;

¥C NMR (125 MHz, CDGJ)) 5 = 166.4, 148.8, 135.5, 132.5,
131.9, 130.4, 129.9, 128.1, 126.5, 125.5, 121.15,98.2, 78.1,
77.2, 74.6, 74.0, 68.2, 55.5, 55.3, 43.9, 36.88,383.2, 33.0,
30.5, 25.9, 25.0, 18.4, 18.1, 17.3, 16.4, 13.95-44.7, -5.2 8
ppm; ESI-HRMS Calcd for SHggOsNSi, [M + NH,]* 782.5417;

6.

found: 782.5401. %
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'H NMR of Compound 3 (CDCls, 300 MHz)
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