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1. Introduction

f-Resorcylic acid lactones (RAL) represent new Iead\
compounds for drug discovery, particularly as neancer 0
chemotherapeutic ageritsRecently g-resorcylic acid lactones,
new paecilomycins A-F were isolated Ky et al and co-workers
from the mycelial solid culture oPaecilomyces sp. SC0924
They exhibit various pharmacological activities lsuas OH g
antitumor® antifungal! antifouling and antimalarial. (52)-7-
Oxozeaenol is a potent inhibitor of the NB-pathway and also

“OH

zeaenol 1

~

significantly enhances the chemotherapeutic effi¢athus the °

syntheses of various RALs (Fig. 1) are of greatdrtgnce. (-)- HO OH

Z_eaenol, a 14-membered macrolide fused .to a 3-mgphenol R1-OH,Ry-H paecilomycins C 3 57.7-ox0z63eN0! 5
ring was isolated from the plant pathogenic funguschslera R1-H,Ro-OH paecilomycins D 4

portulacae. Sugawara et al determined the relative configuration Fig. 1 Structures of (-)-zeaenol and some of the napralucts having

of (-)-zeaenol by single crystal X-ray diffractitwgether with the  similar skeletal paecilomycins and aigilomycins.

assignments ofH and *C NMR spectrd. (-)-Zeaenol itself

exhibits antibacterial, herbicidal activity antiviral and The ability to acquire pharmaceutically active segcin

antiprotozoan activity.Due to its impressive biological activity required quantity by economic and scalable routesan

and novel structure, several groups have discltseati synthesis important goal in natural product synthesis. To Iest of our

of various RALs.’ However, out of these only three reports wereknowledge, Sonogashira coupling along with hydroaflgh of

resulted in the synthesis of (-)-zeaetoVery recently,Du and internal alkynes has not been studied on this ¢fperoieties. We

co-workers have reported the synthesis of (-)-zdafom L- believe that this is one of the best alternativpraaches for the

arabinose by means of Suzuki cross-coupling ang-giosing  construction of macrolactone core of RALs with regdir

metathesis (RCM) with an overall yield of 4.3%. stereochemistry and also with good overall yieldisork lays
a foundation for an eventual synthesis [dfesorcylic acid
lactones to produce a library of natural produktscontinuation
of our research for the synthesis of new bioactiv@esules,
herein we wish to report enantioselective synthefs{s-aeaenol.

Salient features of this synthetic strategy includéhe
construction of three adjacent stereogenic hydragups in
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macrolactone core that is achieved from commeicalhilable

with 85 % yield over two steg$.This material was subjected to

D-xylose. The ClOstereogenic centre could be easily generatedhioacetal deprotection with HgO (red) and Hgi@lacetonitrile-

by Noyori reduction of readily available methyl amsmtetate.
Palladium-catalyzed Stille cross-coupling reacticas employed
for the stereospecific construction of '€C2 double bond. We
also explored Sonogashira coupling as an altematpproach
for Stille coupling in this protocol. We utilizetie Trost protocol
of an intramolecular hydrosilylation and a protabjéetion

which required the introduction of ttieans-alkene moiety in the
sequence of the synthesis. By taking the advantéggassical
Julia—Kocienski olefination, we have constructedthar C7-

water (5 : 1) that resulted in aldehyde, which wasl uisehe next
step without further purification. In order to reéutie number of
synthetic steps, this aldehyde was directly treat#d sulfone?7
under Julia—Kocienski olefination conditions thasulted in the
decomposition of aldehyde. Therefore an alternattvategy was
employed wherein the aldehyde derived fravh was reduced
with NaBH, in methanol to obtain the primary alcohol, follogin
conversion into benzyl ethds by treating with NaH and BnBr.
The resulting compoundl5 was subjected to mono deprotection

C8 trans double bond of macrolactone core. The direct ringof acetonide in the presence of 60% acetic acitl rgulted in

closure of a substituted phenolic ester derivatigs achieved to
form the 14-membered macrolactone.
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Scheme IRetrosynthetic analysis of (-)-zeaenol.

diol 16 in moderate yield (64%). In order to increase yiegldhe
diol 16 various reagents like CuCand triflouro acetic acid were
screened by varying temperatures as well as stoigtites. Best
yields (93%) were obtained whetb was treated with 50%
triflouro acetic acid at -10 °C for 30 min undeghidilution.
Regioselective silylation of the primary alcoholdibl 16 using
TBSCI, imidazole in CECI, at 0 °C afforded mono-silyl ethéi7

in 86% yield. Subsequently, mesyl protection of csetary
alcohol resulted in the corresponding methanesat&nwhich
was directly subjected to the removal of TBS grouhWiBAF
and consecutively TBAF-mediated epoxidation wasquaréd to
synthesize epoxid&2 in 88% yield over two steps (Scheme 2).
Epoxide ring-opening ofl2 was carried out using lithium
acetylide and ethylenediamine complex, in DMSO affdrd
terminal alkyne 18 in 84% vyield. The resulting secondary
hydroxyl group in alkynel8 was converted to MOM ethdr9
using methoxymethyl chloride and DIPEA in THF with 84%
yield. In order to execute Stille couplingans vinyl stannane
precursord was synthesized from terminal alkyh® by treating

As depicted in Scheme 1, we designed our retrosyothetwith AIBN and trin-butyltin hydride in THF. On the other side,

strategy based on a convergent approach whereimeggnol
could be obtained from Julia—Kocienski olefinatimf an
aldehyde derived from precursérand sulfoner. The sulfone7
could be achieved fronf-hydroxy ester8 and precursoré
envisioned from Stille coupling of vinyl stannaSeand Aryl

triflate 10. The vinyl stannan® was envisioned to come from

the construction of another Stille coupling partr® was
achieved from commercially available 2,4,6-trihydybenzoic
acid11according to a literature procedtite

O>< ~

[e] (e}

i X .. @ OBN (a) Pd(PPhs)s(5%), J
0 H s LiCl, THF, 85 °C, 82% (o) 9 [e]
epoxide 12 by successive implementation of the epoxide ring™ oTf 072 \OWR
9 o

opening with lithium acetylide and conversion ofyal& totrans
vinyl stannane by treating with AIBN and tributyltimydride.

Aryl triflate 10 could be obtained easily through known

procedures from 2,4,6- trihydroxy benzoic aéditi Epoxidel12
was envisaged as being accessible from commerashilable
D-xylose13.

(a) (i) HgCIQIHgO(red)
MeCN:H,O (5:
sEt (i) NaBH,, MeOH rl

\/L EtS #O OBn (b) TFA (50%), -10°C,
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Scheme 2Synthesis of Stille coupling partrn@r
2. Results and discussion

Our initial focus relied upon the construction toéns vinyl

10

o><o o~ (b) DDQ, DCM-pH Buffer (9:1),( & R =Bn
(c) IBX , ethyl acetate, ) 40°C,4h, 71% 20:R=H
85°C, 3h o o o
~o = A <
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Scheme 3Synthesis of Julia—Kocienski olefination partnielehyde21.

Due to versatility and reliable nature, the Stilless-coupling
is widely employed for the formation of carbon—carliands in
many natural products synthésisStille coupling between aryl
triflate 10 and vinyl stannan® by using a catalytic amount of
tetrakis(triphenylphosphine)palladium(0) and additi lithium
chloride afforded coupling produétin 82 % yield (Scheme 3).
For debenzylation, the produ& was subjected to Lithium
naphthalenide that resulted in the decompositiothefstarting
material. Exposure ob to a variety of benzyl deprotecting
reagents such as Lithium naphthalenide, TMSI, Fe@td BC}
failed to generate the required alcol28l After screening with
several reagents and reaction conditions for defetian,
finally we optimised the reaction conditions byatieg the
olefin 6 with 1 equivalent of DDQ in DCM- phosphate buffer
(9:1) at 40 °C for 4 h afforded the deprotectedladd 20 in 71%
yield™. This alcohol20 was oxidized to aldehyde by using IBX
in ethyl acetate at 85 °C reflux for 3h, which wasisgd for

stannane derivativ@ for which the synthesis was started from D- Julia—Kocienski olefination without further purifigan.
xylose. Synthesis of Stille coupling partr@was achieved in 10

steps froml4. Accordingly, the ketal and thioacetal protected D-

xylose 14 was synthesized from the known literature procedure
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Scheme 4Sonogashira coupling followed by intramolecular
hydrosilylation and a protodesilylation.

We also employed a Sonogashira cougfirfgliowed by an
intramolecular hydrosilylation and a protodesiliat as an
alternative approach to Stille coupling for this lecule.
Accordingly, Sonogashira coupling was achieved frékgree 18
and aryl triflatel0 by treating catalytic amounts of £d(PPh),

(5 mol%) and Cul (10 mol%) affore®2 in 88% yield. The
homopropargylic alcohol 22 was silylated in neat
tetramethyldisilazane (TMDS) at 60 °C (decompositiwas
observed at elevated temperatures, above 80 °C)valadile
residual TMDS was removed under reduced pressure. T
residue was then taken up in dichloromethane amdetlenith a
catalytic amount of ruthenium complex [Cp*Ru(MeGJRFs
(Scheme 4)". Then the homopropargylic system underwent
hydrosilylation to afford cyclic siloxane produ28. A catalytic
amount of copper(l) iodide (0.1 equiv) in the preseof TBAF

in THF effected clean protodesilylation &3 to give trans
homoallylic alcohoR4 in 76% yield®. The resultant homoallylic
alcohol was protected as it's MOM ether using methmwthyl
chloride and DIPEA in THF with 79% yield.

R HMe,Si
TMDS 1\»

[Cp*Ru(MeCN)3JPFg

22
Red. g

st s
"LE
Ry H[Ru]

Scheme BA plausible mechanlsm for cis silylmetalation dolled by
isomerization.

Mezsl/o
H[Ru]~_~

As Trost’ proposed, the mechanism téns hydrosilylation
reactions was postulated as inisgh silylmetalation followed by
a series of rearrangements and a final reductivmirgltion
(Scheme 5). The ruthinium complex effected an muiecular
hydrosilylation producing regioselective 6-endo-digclization
under very mild conditions with excellent selectjvit

(a) RuCl,
(S-C-BINAP, OH ©
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OMe
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. bty
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Scheme 6Synthesis of sulfone fragment

26

The sulfone fragment7 was synthesized from the
commercially available methyl acetoacetate ovee fsteps -
hydroxy estei8 was achieved in quantitative yield (998 by
implementation of Noyori asymmetric hydrogenation on
commercially available methyl acetoacetate usinthemium

3

catalyst bearing the chiral diphosphine ligand (FBINAP™.

The secondary alcoh8lwas converted to TBDPS ether and was
subjected to 2 equivalents of DIBAL resulted in thduction of
ester to primary alcohd@5 in 79% yield over two steps as shown
in Scheme 6. AlcohoR5 was converted to the corresponding
sulfide 26 under Mitsunobu conditions in 90% yield and which
upon oxidation withm-CPBA afforded the required sulforfein

85% vyield.
W

(27. R=TBDPS
28:R=H

o (@) KHMDS, THF, -78
121=E:Z,86%

OTBDP

(b) TBAF, THF,
1t, 24 h, 82%
OH O

(c) NaH, THF,
0°C-rt, 2 h, 85%

%.

“OH

zeaenol 1 OH

Scheme 7Total synthesis of (-)-zeaenol.

Finally to complete the synthesis of (-)-zeaenol, faeused
on the Julia—Kocienski olefinati6hof the two fragments sulfone
7 and aldehyde2l. Here we have optimised the reaction
condition andE: Z ratio of the coupled olefi27 using different
bases like NaHMDS, LIHMDS and KHMDS. Accordingly,
sulfone 7 was treated with 1.5 equivalents of KHMDS and

hae[dehydeZl was introduced at -78 °C to afford the coupled

product27 (12:1=E: Z) (Scheme 7) in 86% yield (based on the
recovery of aldehyde). The: Z ratio of the coupled olefin was
confirmed based on coupling constant 15.7 Hz'Hh NMR.
Removal of the TBDPS group with TBAF on prolongedctiem
time afforded secondary alcoHzs8 in 82% yield. The produ@8
was subjected to a direct macrolactonization with Naidt t
resulted in a tandem sequence of removal of arcnaagtonide
and formation of desired 14-membered macrolac&thm good
yield (85%). Global deprotection of the MOM and acéde of
macrolide29 in one pot was successfully achieved using 2N HCI
to generate (-)-zeaendl in 94% vyield. In this Stille coupling
strategy, we have successfully synthesized (-)-z#aknn 17
steps froml4. 'H, *C NMR spectral data and optical rotation
{[a]p>" = -87 (c 0.5, MeOH); lit.:d]p*° = -92 (c 0.52, MeOH)} of
synthetic product, (-)-zeaendlwas in complete agreement with
the natural product data

3. Conclusion

The significance of our synthetic sequence liegritploying
natural chiral D-xylose to build three adjacentestgenic centers
on the macrocyclic skeleton. Cost-effective andlitgaavailable
precursors like D-xylose and methyl acetoacetatee wsed as
the starting material for the synthesis. The over@ld of the
synthetic pathway in a Stille coupling strategy was3% and in
a Sonogashira coupling strategy was 10.4% startiom fD-
xylose, a significant enhancement over earlierlssis which is
about 4.3%. The key synthetic reactions includdilee $oupling,
a Sonogashira coupling and intramolecular hydrtaign as an
alternative approach, a Julia—Kocienski olefinatiomd a direct
macrolactonization. The spectral properties andcaptotation
of the synthetic compound were found to be identigéh those
published for the natural (-)-zeaenol. This syrithptotocol may
find application in drug discovery for synthesiswafriety of -
resorcylic acid lactones derivatives with wide ran§®iological
activity.



4

4. Experimental Section

All reactions were performed under inert atmosphdié.
glassware apparatus used for reactions are perfeetiy/flame
dried. Anhydrous solvents were distilled prior to :UEEIF from
Na and benzophenone; gH,, DMSO from CaH; MeOH from
Mg cake. Commercial reagents were used without patitin.
Column chromatography was carried out by usingasifiel (60—
120 mesh) unless otherwise mentioned. Analytical tayer
chromatography (TLC) was run on silica gel 60 F2&gqpated
plates (25Qum thickness). Optical rotations]p were measured
on a polarimeter and given in 1@egcnig™. Infrared spectra
were recorded in CHGKBr (as mentioned) and reported in

Tetrahedron

pure 15 (3.79 g, 91 %)R = 0.6 (petroleum ether—EtOAc, 9:1);
[a]p”" = -7.5 € = 1.0, CHC)). IR (KBr) vimax= 2987, 2934, 2892,
1454, 1374, 1252, 1216, 1158, 1087, 1063, 864, 899,511
cm®. '"H NMR (300 MHz, CDC)): 7.37-7.27 (m, 5H), 4.58 (d,

= 1.9 Hz, 2H), 4.16 (dt) = 12.1, 6.8 Hz, 1H), 4.11 (dd= 7.9,
4.9 Hz, 1H), 3.99 (dd) = 7.9, 6.8 Hz, 1H), 3.91 (dd,= 7.9,4.9
Hz, 1H), 3.81 (tJ = 7.9 Hz, 1H), 3.59 (d] = 6.8 Hz, 2H), 1.44
(s, 3H), 1.42 (s, 3H), 1.40 (s, 3H), 1.37 (s, 3HL NMR (75
MHz, CDClL): 137.8, 128.6, 128.4, 127.9, 127.8, 109.8, 109.7,
78.5, 76.5, 75.7, 73.6, 70.5, 65.7, 27.1, 27.02,285.5; MS
(ESI): m/z = 345 [M + NaJ. HRMS: calcd. for GHyOsNa[M +
Na]": 345.1673: found: 345.1666.

wave number (cif). Mass spectral data were obtained using MS  (R)-1-((4S,5S)-5-((benzyloxy)methyl)-2,2-dimethyl-3;
(El) ESI, HRMS mass spectrometers. High resolutionssma dioxolan-4-yl)ethane-1,2-diol (16):

spectra (HRMS) [ESI+] were obtained using either a&TdD a
double focusing spectrometéd NMR spectra were recorded at
300, 400, 500 antfC NMR spectra 75, 100, 125 MHz in CQCI
solution unless otherwise mentioned, chemical shifésin ppm
downfield from tetramethylsilane and coupling constaQ) are
reported in hertz (Hz). The following abbreviatiorrs aised to
designate signal multiplicity: s = singlet, d = tet, t = triplet, g

= quartet, quin = quintet, sex = sextet, m = midtipbr = broad,
ABq = AB Quartet.

(4R,4'R,5S)-5-((benzyloxy)methyl)-2,2,2',2'-tetrametjl-
4,4'-bi(1,3-dioxolane) (15):

red HgO (5.4 g, 25 mmol) and Hg&b.43 g, 20 mmol) were
added to a solution df4 (3.36 g, 10 mmol) in MeCN/A4©O (10:2
vlv, 36 mL) stirred at ambient temperature. One Hatar the
mixture was filtered through Celite and washed with,Clk(50
mL). The filtrate and washings were washed with ag. 20%
and sat. NaHCQin turn and dried over anhydrous MgsO
Removal of the solvent results in colorless liqditis aldehyde
used for the next step without further purification.

To the above aldehydm dry MeOH (40 mL) was added
NaBH, (740 mg, 20 mmol) portion wise at 0 °C under aogjén
atmosphere. After being stirred for 3 h at room terafure,

To a flask containing protected alcoHd (3.22 g, 10 mmol)
in 100 mL DCM at -10 °C (ice-salt bath) was addedmlO of
cold TFA (50%). The reaction mixture was stirred 30rmin at -
10 °C and then add sat. NaHE$blution, stirred for 30 min at rt,
The layers were separated and the aqueous layeext@acted
with DCM (2x50mL), washed irturn with brine, dried over
anhydrous MgS¢) concentrated under reduced pressure and
purified by column chromatography (petroleum etEt®AC,
2:3) gave the diol6 (2.63 g, 93 %) as a colorless d&. = 0.3
(petroleum ether—EtOAc, 2:3)]p>’ = -15.3 ¢ = 1.0, CHCJ). IR
(KBr) vnax = 3423, 3064, 2987, 2932, 1454, 1375, 1250, 1215,
1166, 1088, 868, 740, 700, 605, 511ctH NMR (300 MHz,
CDCly): 7.37-7.27 (m, 5H), 4.58 (d,= 1.9 Hz, 2H), 4.24 (dt] =
13.2, 6.8 Hz, 1H), 3.91 (d,= 8.3 Hz, 1H), 3.69-3.66 (m, 3H),
3.65 (dddJ = 10.5, 7.9, 2.6 Hz, 1H), 3.58 (d#l= 10.5, 5.3 Hz,
1H), 2.93-2.80 (br, 1H), 2.77-2.59 (br, 1H), 1.4234d), 1.41 (s,
3H). *C NMR (75 MHz, CDCJ): 137.5, 128.4, 127.8, 127.7,
109.6, 79.8, 75.8, 73.6, 70.3, 70.2, 64.6, 27.08;28IS (ESI):
m/z = 305 [M + NaJ. HRMS: calcd. for GH,sOsNa[M + Na]":
305.1359: found: 305.1351.

(R)-1-((4S,5S)-5-((benzyloxy)methyl)-2,2-dimethyl-3;
dioxolan-4-yl)-2-((tert-butyldimethylsilyl)oxy)ethanol (17):

saturated aq. N}€I was added to the reaction mixture, MeOH To a solution of16 (8.46 g, 30 mmol) in DCM (30 mL),

concentrated under reduced pressure and residrectext with
ethyl acetate (3x50 mL). The combined organic exravere
washed with brine (50 mL), dried over anhydrous,3\,
concentrated under reduced pressure and purifiectdiymn
chromatography (petroleum ether—EtOAc, 2:3) to affalcbhol
(2.12 g, 92 % for 2 steps) as yellowish &].= 0.4 (petroleum
ether—EtOAc, 2:3);d]p°’ = -15.7 € = 1.0, CHCJ). IR (KBr) vinax
= 3467, 2988, 2935, 1457, 1377, 1253, 1217, 118851858,
511 cm®. '"H NMR (300 MHz, CDC)): 4.20 (dt,J = 7.0, 4.4 Hz,
1H), 4.06 (d,J = 8.2 Hz, 1H), 4.05 (dd] = 8.2, 4.4 Hz, 1H),
3.98 (dd,J = 8.2, 4.4 Hz, 1H), 3.89-3.84 (m, 1H), 3.81 (dds
12.1, 3.5 Hz, 1H), 3.64 (dd,= 12.0, 4.2 Hz, 1H), 2.40 (br, 1H),
1.44 (s, 9H), 1.39 (s, 3H}*C NMR (75 MHz, CDCJ): 109.6,
109.4, 77.6, 76.8, 74.9, 65.4, 61.9, 27.0, 26.80,285.3; MS
(ESI): m/z = 255 [M + NaJ. HRMS: calcd. for GH,OsNa[M +
NaJ": 255.1203: found: 255.1199.

To a stirred suspension of NaH (1.03 g, 25.86 mmokiry
THF (20 mL) was added a solution of above alcoha},(32.93
mmol) in dry THF (10 mL) drop wise at O °C underigagen
atmosphere. After stirring at room temperature ®miin, benzyl
bromide was added and the reaction mixture stirneztright.
The reaction mixture was quenching with saturated\&fjCl at
0 °C and extracted with ether (2x50 mL). The comthiaeganic
extracts were washed with brine (30 mL), dried ovérydmus
NaSQ,, concentrated under reduced pressure and puiifyed
column chromatography (petroleum ether—EtOAc, 4:1afford

imidazole (2.25 g, 33 mmol) and TBSCI (5 g, 33 mmakre
added at 0 °C. The mixture was stirred at room teatpee for 3

h, after which time the reaction was quenched byredehO and
diluted with ethyl acetate (20 mL). The layers wespasated and
the aqueous layer was extracted with ethyl acetat®0(BmL).
The organic layers were combined, dried ovesS3@, filtered,
concentrated and flash column chromatography (feemno
ether—EtOAc, 4:1) was obtained as a yellow oll7 (10.2 g,
86%).R = 0.6 (petroleum ether—EtOAc, 9:1)]§>' = -20.3 € =
1.0, CHCY). IR (KBr) vnax = 3474, 2986, 2931, 2859, 1465,
1373, 1254, 1217, 1095, 1007, 839, 778, 740, 688, 11 crit.

'H NMR (300 MHz, CDC)): 7.37-7.24 (m, 5H), 4.59 (d,= 1.9
Hz, 2H), 4.26 (ddJ = 8.3, 4.5 Hz, 1H), 3.99 (dd,= 8.3, 3.0 Hz,
1H), 3.74 (qtJ = 10.6, 3.0 Hz, 1H), 3.68-3.54 (m, 4H), 2.19-1.97
(br, 1H), 1.42 (s, 3H), 1.42 (s, 3H), 0.88 (s, 9H)50(§, 6H)."*C
NMR (100 MHz, CDC}): 137.9, 128.3, 127.7, 127.6, 109.4,
78.0, 76.0, 73.5, 70.4, 70.3, 64.4, 27.1, 26.98,288.2, -3.6, -
5.4; MS (ESI:m/iz = 419 [M + NaJ. HRMS: calcd. for
C,H3c0sSiNa [M + NaJ: 419.2224: found: 419.2212.

(4S,5S)-4-((benzyloxy)methyl)-2,2-dimethyl-5-((S)xiran-
2-yl)-1,3-dioxolane (12):

To a solution ofl7 (3.96 g, 10 mmol) and & (2.8 mL, 20
mmol) in CHCI, (20 mL) was added MsCI (1.17 mL, 15 mmol)
at 0 °C. The mixture was stirred at room temperaford h. The
reaction was quenched with saturated aqueougCNBEind was
extracted with ethyl acetate (3x50 mL). The orgdaier was



washed with brine, dried over Mg&Qiltered and concentrated.
The residue was dissolved in THF (5.0 mL) and thBAR [1.0
M] solution in THF (15 mL, 15 mmol) was added tostBblution
at 0 °C. After the mixture was stirred for 12 h, teaction was
quenched with saturated aqueous,NHand was extracted with
ethyl acetate (3x50 mL). The organic layer was washéH

brine, dried over MgSg) filtered, and concentrated. The residue

was purified by column chromatography on silica (@eitroleum

ether—EtOAc, 4:1) to givd2 (2.32 g, 88% for two steps) as a

colorless oil.R = 0.5 (petroleum ether—EtOAc, 9:1)]§*’ =
+6.3 € = 1.0, CHC)). IR (KBr) vmax= 3031, 2988, 2931, 2867,
1454, 1375, 1251, 1215, 1167, m1084, 859, 740, 699, 511
cm®. 'H NMR (500 MHz, CDCJ): 7.36-7.26 (m, 5H), 4.60 (d,
= 1.9 Hz, 2H), 4.17 (dddl = 12.1, 5.7, 3.7 Hz, 1H), 3.67 (diiz
7.8, 5.2 Hz, 1H), 3.63 (qd, = 10.4,5.3 Hz, 2H), 3.08 (ddd,=
6.6, 5.3, 2.6 Hz, 1H), 2.81 (dd= 5.0, 4.0 Hz, 1H), 2.68 (dd,=
5.0, 2.6 Hz, 1H),1.44 (s, 3H), 1.43 (s, 3tfC NMR (100 MHz,
CDCly): 137.8, 128.3, 127.7, 127.6, 110.0, 78.1, 783%5,770.4,
51.7, 44.9, 26.9, 26.6; MS (ESHVz = 287 [M + Na]. HRMS:
calcd. for GsH,qO,Na [M + NaJ: 287.1254: found: 287.1248.

(S)-1-((4S,5S)-5-((benzyloxy)methyl)-2,2-dimethyl;3-
dioxolan-4-yl)but-3-yn-1-ol (18):

To a suspension of lithium acetylide, an ethyleaetine
complex (924 mg, 10 mmol) in DMSO (5 mL) was addet
(1.32 g, 5 mmol) in DMSO (5.0 mL) at 0 °C. The reauti
mixture was stirred for 4 h at room temperaturee Téaction was
quenched with saturated aqueous ;8Hand the whole was
extracted with ethyl acetate (4x100 mL). The orgdajer was
washed with brine, dried over Mg@Qiltered, and concentrated.
The residue was purified by silica gel column chrtogeaphy
(petroleum ether—EtOAc, 7:3) to give8 (1.22 g, 84%) as a
colorless o0il R = 0.4 (petroleum ether—EtOAc, 1:4)]§*’ = -3.4
(c = 1.0, CHCY). IR (KBr) vmax= 3446, 3294, 2987, 2918, 2119,
1454, 1375, 1252, 1214, 1166, 1086, 1046, 858, 849, 644,
512 cni. 'H NMR (300 MHz, CDCJ): 7.39-7.24 (m, 5H), 4.60
(d,J = 1.9 Hz, 2H), 4.11 (dd] = 6.0, 5.5 Hz, 1H), 3.82-3.73 (m,
2H), 3.70 (dd,J = 9.6, 4.9 Hz, 1H), 3.61 (dd,= 9.6, 6.0 Hz,
1H), 3.23-3.11 (br, 1H), 2.61 (id, = 16.8, 2.8 Hz, 1H), 2.46
(ddd,J = 17.0, 6.2, 2.6 Hz, 1H), 2.05 ¢= 2.6 Hz, 1H),1.39 (s,
3H), 1.38 (s, 3H).*C NMR (75 MHz, CDCJ): 137.1, 128.4,
127.8, 109.3, 80.4, 80.2, 78.2, 73.6, 70.6, 70355,526.8, 23.9;
MS (ESI):m/z = 313 [M + NaJ. HRMS: calcd. for GH,,0,Na
[M + Na]™: 313.1410: found: 313.1404.

(4S,5S)-4-((benzyloxy)methyl)-5-((S)-1-
(methoxymethoxy)but-3-yn-1-yl)-2,2-dimethyl-1,3-di@olane
(29):

To a solution ofl8 (2.9 g, 10 mmol) in dry C}Cl, (20 mL)
were added i-BNEt (3.6 mL, 20 mmol) and MOMCI (1.14 mL,
15 mmol) at 0 °C. The mixture was stirred at roomgerature
for 16 h. The reaction was quenched with saturatatt@es

5
CDCly): 138.2, 128.5, 128.0, 127.8, 109.9, 96.2, 808&.9,7
77.9,76.2,73.6,71.6, 70.7,56.1, 27.4, 27.3{;24S (ESI):n/z
= 357 [M + NaJ. HRMS: calcd. for GHOsNa [M + NaJ:
357.1673: found: 357.1672.

((S,E)-4-((4S,5S)-5-((benzyloxy)methyl)-2,2-dimetiwl, 3-
dioxolan-4-yl)-4-(methoxymethoxy)but-1-en-1-
yhtributylstannane (9):

To a solution of terminal alkynd9 (1.66 g, 5 mmol) in
anhydrous benzene ( 30 mL) at room temperaturertardargon
atmosphere was added 2,2'-azobis(2-methylpropit)i{fIBN)
(164 mg, 1 mmol) in one portion, followed by the plrevise
addition of tri-n-butyltin hydride (2.7 mL, 10 mmohknd the
reaction was heated to 85° C. After 4 h, the reaoiias cooled
to room temperature, diluted with dichloromethan@ (3.) and
concentrated in vacuo. The resultant crude wasipdrnia silica
gel chromatography (petroleum ether—EtOAc, 6:1) tordfvinyl
stannan® obtained as colorless oil. (2.78 g, 89 %, 13:1ZE:
R = 0.7 (petroleum ether—EtOAc, 9:1)i]§*° = + 6.4 € = 1.0,
CHCly). IR (KBr) via = 2956, 2925, 2854, 1729, 1599, 1548,
1457, 1376, 1271, 1253, 1122, 1098, 1073, 995, 880, 738,
697, 667, 598, 547 cl'H NMR (300 MHz, CDC}): 7.36-7.30
(m, 5H), 5.99-5.96 (m, 1H), 4.69-4.65 (m, 2H), 4.6634(m,
2H), 4.55 (dJ = 12.4 Hz, 1H), 4.22-4.18 (m, 1H), 3.85 (dd+
7.8, 5.3 Hz, 1H), 3.81-3.77 (m, 1H), 3.68 (dds 10.4, 3.1 Hz,
1H), 3.54 (ddJ = 10.4, 6.7 Hz, 1H), 3.32 (s, 3H), 2.46-2.41 (m,
2H), 1.55-1.43 (m, 6H), 1.41 (s, 3H), 1.40 (s, 3H)51123 (m,
6H), 0.95-0.81 (m, 15H)-°C NMR (100 MHz, CDGC)): 144.4,
138.1, 131.7, 128.3, 127.7, 127.6, 109.3, 96.27,78(.9, 77.1,
73.3,71.4,55.8, 39.9, 29.2, 29.1, 27.3, 27.17,1R4; MS (ESI):
m'z = 649 [M + NaJ. HRMS: calcd. for GHs,0sSnNa [M +
Na]": 649.2891: found: 649.2886.

5-((S,E)-4-((4S,5S)-5-((benzyloxy)methyl)-2,2-dimiey|-
1,3-dioxolan-4-yl)-4-(methoxymethoxy)but-1-en-1-yfy-
methoxy-2,2-dimethyl-4H-benzo[d][1,3]dioxin-4-one §):

Tetrakis(triphenylphosphine)palladium(0) (116 md @mol)
and lithium chloride (255 mg, 6 mmol) were added2® mL of
dry THF. This mixture was stirred for 15 min undegan
atmosphere, then a solution of Aryl Trifleté (712 mg, 2 mmol)
and vinyl stannan@ (1.27 g, 2.02 mmol) in 10 mL dry THF was
added to the reaction mixture. The resulting reacthixture was
heated to THF reflux for 24 h. The mixture is cabte rt and
partitioned between 20 mL of water and 25 mL of die#ther.
The aqueous layer was extracted diethyl ether (2r2D. The
combined organic layers were washed with a saturatdilira
bicarbonate solution, a brine solution, dried aedium sulphate
and concentrated under reduced pressure. The eesiths
purified by column chromatography (petroleum etEt®AC,
7:3) to yield yellow thick liquid of the coupled mhoct 6 (889
mg, 82%).R; = 0.5 (petroleum ether—EtOAc, 7:3)]§* = +7.1
(c = 1.0, CHCY). IR (KBr) va= 2953, 2911, 2859, 2346, 1728,

NH,CI and the whole was extracted with ethyl acetate. Thd599, 1558, 1457, 1376, 1271, 1213, 1123,1074,,19Q8 860,

organic layer was washed with brine, dried over MgSiered,
and concentrated. The
chromatography (petroleum ether—-EtOAc, 4:1) to di9e(2.73
g, 82%) as a colorless ol = 0.5 (petroleum ether-EtOAc, 4:1);
[a]p?” = -18.9 € = 1.0, CHC)). IR (KBr) vpya = 3289, 2987,
2932, 2119, 1454, 1374, 1250, 1214, 1100, 1035, 838, 740,
699, 644, 515 cith '"H NMR (500 MHz, CDC)): 7.37-7.27 (m,
5H), 4.76 (dJ = 6.9 Hz, 1H), 4.65 (d] = 12.4 Hz, 1H), 4.64 (d,
J = 6.9 Hz, 1H), 4.56 (d] = 12.4 Hz, 1H), 4.21 (df] = 7.0, 3.1
Hz, 1H), 3.96 (tJ = 7.0 Hz, 1H), 3.78 (dd] = 11.6, 5.0 Hz, 1H),
3.71 (dd,J = 10.2, 3.1 Hz, 1H), 3.58 (dd,= 10.4, 6.7 Hz, 1H),
3.34 (s, 3H), 2.59 (qdd, = 17.2, 5.0, 2.8 Hz, 2H), 2.00 (ddi=
2.8 Hz, 1H), 1.43 (s, 3H), 1.40 (s, 3HJC NMR (75 MHz,

738, 697, 633, 547, 513 ¢m'H NMR (300 MHz, CDC)): 7.48

residue was purified by columid,J= 15.7 Hz, 1H), 7.37-7.24 (m, 5H), 6.74 {ds 2.4 Hz, 1H),

6.34 (d,J = 2.4 Hz, 1H), 6.21 (dt) = 15.7, 7.3 Hz, 1H), 4.72-
4.65 (M, 2H), 4.64-4.54 (m, 2H), 4.25-4.18 (m, 1HY03(dd,J =
7.4,5.9 Hz, 1H), 3.84 (dd,= 7.4, 5.8 Hz, 1H), 3.83 (s, 3H), 3.70
(dd,J = 10.4, 3.1 Hz, 1H), 3.58 (dd,= 10.4, 6.4 Hz, 1H), 3.32
(s, 3H), 2.65-2.54 (m, 2H), 1.69 (s, 6H), 1.43 (s, 6HT
NMR (100 MHz, CDCJ): 164.7, 160.0, 158.7, 143.8, 138.1,
130.9, 130.2, 128.3, 127.7, 127.5, 109.5, 108.41.9.0103.7,
100.1, 96.2, 78.6, 78.3, 77.6, 73.4, 71.4, 55.85,585.0, 27.1,
25.7, 25.5; MS (ESI)m/z = 565 [M + Na]. HRMS: calcd. for
CagHzsOgNa [M + NaJ': 565.2414: found: 565.2395.
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5-((S,E)-4-((4S,5S)-5-(hydroxymethyl)-2,2-dimethyl-3- = placed under vacuum for 45 min to remove the exs#azane.
dioxolan-4-yl)-4-(methoxymethoxy)but-1-en-1-yl)-7-rethoxy- An Argon atmosphere was then re-introduced and thedues
2,2-dimethyl-4H-benzo[d][1,3]dioxin-4-one (20): taken up in DCM (2.0 mL). The flask was cooled to® &nd

H *
To a solution of6 (542 mg, 1 mmol) in 9:1 DCM: pH 7.0 solid [Cp*Ru(MeCN}]PF; (2.5 mg, 0.005 mmol) was added to

. . the solution. The flask was allowed to warm to rt, aftér 2 h,
phosphate buffer (10mL) was added 2,3-Dichloro-Seaho- 0 <01 tion was diluted with ether (10 mL) and fiig through a

1,4-benzoquinone (DDQ) (227mg, 1 mmol). The reaction . . ) o
mixture was heated to 40 °C for 4 h. The reactiortuné was short plug of florisil, washing with additional eth(@x10 mL).

. : L X The volatile components were then removed under cestiu
stirred until TLC analysis indicated the completiai the : : o :
reaction. After completign of reaction. cool the P mixture pressure and the resulting residue purified onogsfl column
’ ' (petroleum ether: ether, 10:1) to afford (229 m@%y the

to rt then add solid NaHGQand stir for 30 min. The organic - i : _
) - . X desired hydrosilyl produc3 as a colorless oilR = 0.6
layers was filtered, washed with saturated sodiumrhdzte (petroleum ether—EtOAc, 9:1)]p%" = -57.5 € = 1.0, CHC)). IR

solution, a brine solution, dried over sodium salgh and (KBI) vy, =2931, 2858, 1728, 1684, 1604, 1577, 1504, 1455,

concentrated under reduced pressure. The residupum.ﬁsq by 1347, 1245, 1111, 1032, 918, 839, 778, 737, 698 &h NMR
column chromatography (petroleum ether—-EtOAc, 2:3yitid (300 MHz, CDCY): 7.42-7.26 (m, 5H), 6.69 (dd,= 9.1, 2.3 Hz,

S b, —
thick liquid of thg a}lcogf)i_zo (321_mg, 71%)R = 0.3 (petroleu_m 1H), 6.47 (dJ = 2.3 Hz, 1H), 6.41-6.37 (m, 1H), 5.47-5.35 (m,
ether—EtOAc, 1:1);d]p"" = -6 € = 1.0, CHC)). IR (KBr) viax= _ _
2H), 4.64 (ddJ = 12.8, 5.3 Hz, 1H), 4.19 (dd,= 12.1, 6.0 Hz,
3423, 2976, 2921, 2846, 1729, 1576, 1548, 15099,13313, _
1149, 1122, 994. 960, 859, 621, 545, 488'CHi NMR (300 ') 408 (td)= 7.6, 2.7 Hz, 1H), 3.89 (s, 3H), 3.68 (& 7.6,
: ' ’ ’ ’ ’ ’ : 2.3 Hz, 1H), 3.59-3.46 (m, 1H), 2.14-1.99 (m, 2H), 1(§;76H),

MHz, CDCL): 7.47 (d.J = 15.7 Hz, 1H), 6.74 (d) = 2.4 Hz, 4 34 (5 "6H), 0.15 (s, 6HJC NMR (75 MHz, CDCJ): 165.0,
1H), 6.35 (d,J = 2.4 Hz, 1H), 6.20 (d] = 15.4, 7.2 Hz, 1H), 4.75
5 161, 158.9, 144.2, 142.4, 138.3, 1314, 128.6, 02827.9,
(ABg, J = 6.7 Hz, 2H), 4.17-4.09 (m, 1H), 3.98 (dt= 7.5, 6.4
D ey b6 e e e o S 4 n g, 127.9,127.8, 127.7, 1119, 1105, 1095, 105.0,6.80.7, 79.,
 1H), 8. -6, 5.5 Hz, 1H), 3.85 (s, 3H), 3. ' 73.6, 72.4, 71.6, 55.9, 35.4, 29.9, 27.4, 26.09.25.6, 0.6, 0.5;

=5.7,4.0 Hz, 1H), 3.74 (dd,= 11.7, 4.7 Hz, 1H), 3.40 (5, 3H), & (matmis o bo I + 1. BRMS: colod. for G051 M
2.71-2.58 (m, 2H), 2.37-2.23 (br, 1H), 1.71 (s, 3HJOL(s, 3H), +H](+: 55)5_2414: fouLd: 5551*..2408. : . for GoHaqOgSi [

1.42 (s, 6H).*C NMR (75 MHz, CDCJ): 164.8, 160.2, 158.7,
143.7,131.2, 129.8, 109.2, 108.5, 105.0, 103.6,21®6.2, 79.3, 5-((S,E)-4-((4S,5S)-5-((benzyloxy)methyl)-2,2-dimieyl-
78.2, 77.5, 63.4, 56.0, 55.6, 35.0, 29.7, 27.10,245.7, 25.4; MS  1,3-dioxolan-4-yl)-4-hydroxybut-1-en-1-yl)-7-methox-2,2-
(ESI):m/z = 475 [M + Na]. HRMS: calcd. for gH3,0O/Na [M + dimethyl-4H-benzo[d][1,3]dioxin-4-one (24):

NaJ': 475.1944: found: 475.1946. The above hydrosilyl produ@3 (222 mg, 0.4 mmol) was

5-((S)-4-((4S,5S)-5-((benzyloxy)methyl)-2,2-dimetint, 3- taken up in THF (3.4 mL) under Argon at rt. To tledution was
dioxolan-4-yl)-4-hydroxybut-1-yn-1-yl)-7-methoxy-22- added Cul (8 mg, 0.04 mmol) followed by dropwise #ddiof
dimethyl-4H-benzo[d][1,3]dioxin-4-one (22): TBAF [1.0 M] solution in THF (1 mL, 1 mmol) and thiesulting

orange slurry was stirred for 12 h at rt. The reactwas
quenched with saturated aqueous,NHand was extracted with
ethyl acetate (3x10 mL). The organic layer was wash&i
brine, dried over MgSg) filtered, and concentrated. The residue

To a solution ofl8 (147 mg, 0.5 mmol) in C}¥N (4 mL)
were added BN (0.14 mL, 1 mmol) and gPd(PPh), (18mg,
0.025 mmol). After the mixture had been stirred 36rmin, the

solution of Triflate10 (178 mg, 0.5 mmol) and Cul (10 mg, 0.05 o .

. . - was purified by column chromatography on silica (@eitroleum
mmol) were added and the resultlng mixture was stifoe 10 h. ether—EtOAG, 3:2) to give4 (151 mg, 76%) as a thick liquie
The reaction was quenched with saturated aqueoy€IN6imL) ~ _ 0.3 (petrol’eum ether—EtOAGC 4'i)x] 9= 131 € = 1.0

and the whole was extracted with ether. The orgayerl was CHCL). IR (KBI) vpa = 3447, 2989, 2929, 1734, 1606, 1575,

washed_wnh brine, d_rl_ed over MggQiltered and concentrated. 1457, 1311, 1281, 1208, 1159, 1034, 971, 915, BOQ, 641 crh
The residue was purified by column chromatographggrgeum 1 1H NMR (300 MHz, CDCJ): 7.41 (d,J = 15.9 Hz, 1H), 7.36-

| . B 0 .
ether—EtOAc, 3:2) to give2 (217 mg, 88%) as a yellow thick 7 55 (1) "51y) "6 72 (d) = 2.7 Hz, 1H), 6.35 (d] = 2.7 Hz, 1H),
liquid. R = 0.4 (petroleum ether—EtOAc, 4:1)]§" =-74.3 € = _ _

- 6.19 (td,J = 15.9, 7.6 Hz, 1H), 4.60 (d,= 2.3 Hz, 2H), 4.14 (td,
1.0, CHCL). IR (KBr) vmax = 3458, 2988, 2932, 2236, 1740, ,_
J=15.1, 7.6 Hz, 1H), 3.84 (s, 3H), 3.82-3.73 (m, 134J0-3.66
1602, 1575, 1457, 1373, 1277, 1206, 1165, 1032, 834, 741, - z
699, 673, 510 crh 'H NMR (300 MHz. CDCY): 7.37.7.22 (m (m, 2H), 2.65 (dddJ = 14.4, 6.8, 1.5 Hz, 1H), 2.40 (td= 7.6,
205 ] L ' 6.8 Hz, 1H), 1.70 (s, 6H), 1.41 (s, 6HJC NMR (75 MHz,

§H1)'261'7|42| (di]H: 244532’ 1H), 162'319 ,S,dJ :le"‘ ':2312)2'7‘"63 (gJH CDCl): 164.9, 160.3, 158.6, 144.0, 137.6, 131.8, 1302B.4.
= 12.1 Hz, 1H), 4.59 (d) = 12.1 Hz, 1H), 4.33-4.27 (m, 2H), 157871577 1092, 108.6, 105.1, 103.7, 100.3,&B.5, 73.6,
3.91-3.86 (br, 1H), 3.87-3.84 (m, 2H), 3.82 (s, 3HG63dd.J = 7, ("7 9 556, 37.2, 27.0, 26.9, 25.7, 25.5; (ASI): Mz =

10.4, 6.4 Hz, 1H), 2.90 (dd,= 17.2, 3.2 Mz, M), 272 (0= g1 v+ Nal. HRMS. calod. Tor QHaONA M+ NaT-

17.2, 6.4 Hz, 1H), 1.68 (s, 3H), 1.67 (s, 3H), LABEY, 1.39 (S, o] 2151 founc: nol 2140

3H). C NMR (75 MHz, CDC)): 164.8, 159.6, 158.3, 138.1, < -<1>1:found: >21.2140.

128.1, 127.5, 127.3, 126.7, 114.6, 109.5, 106.6,.6,0101.7, 5-((S,E)-4-((4S,5S)-5-((benzyloxy)methyl)-2,2-dimey|-

93.8, 81.5, 79.9, 78.6, 73.3, 72.1, 71.3, 55.70,226.9, 26.4, 1,3-dioxolan-4-yl)-4-(methoxymethoxy)but-1-en-1-yiy-

25.6, 25.3; MS (ESIm/z =519 [M + Na. methoxy-2,2-dimethyl-4H-benzo[d][1,3]dioxin-4-one §):
5-((S)-6-((4R,5S)-5-((benzyloxy)methyl)-2,2-dimethyl, 3- To a solution o4 (498 mg, 1 mmol) in DCM (5.0 mL) were

dioxolan-4-yl)-2,2-dimethyl-5,6-dihydro-2H-1,2-oxasin-3- added i-PMNEt (0.36 mL, 2 mmol) and MOMCI (0.12 mL, 1.5

yl)-7-methoxy-2,2-dimethyl-4H-benzo[d][1,3]dioxin-4one mmol) at 0 °C. The mixture was stirred at room terapure for

(23): 12 h. The reaction was quenched with saturated aguebLClI

and the whole was extracted with ethyl acetate. Tharic layer
was washed with brine, dried over MggChiltered, and
concentrated. The residue was purified by column
chromatography (petroleum ether—EtOAc, 3:2) to givé428
mg, 79%) as a yellowish thick liquid. For data sbeve

A rb flask was charged witB2 (248 mg, 0.50 mmol) under
Argon atmosphere at rt. To the neat alcohol was adde@®,3-
tetramethyldisilazane (TMDS) (27, 1.5 mmol) and the flask
heated to 60 °C for 5 h. Next, the flask was cooledttand



(S)-methyl 3-hydroxybutanoate (8):

Preparations of thg-hydroxy ester8 were carried out as
described by Noyori and co-work&tsvho have described the
asymmetric reduction of methyl acetoacetate usimgtlenium
catalyst bearing the chiral diphosphine ligand ((FBINAP
enantiomers commercially available from Aldrich Cheats. -
hydroxy ester reduction was conducted on a 30 gescal
Hasteloy steel autoclave vessels using a MeOH (30swolent.
The reactions were allowed to proceed at constanpreissure
(1500 psi) for 36 h at 25 °C. Complete conversibthe methyl
acetoacetate was observed and the products wereydiistilled
from the crude reaction mixture. Consistent with thsults of
Noyori et al, g-hydroxy ester8 was determined to be 99%
enantiomerically pureR; = 0.2 (petroleum ether—EtOAc, 9:1);
[0]p®® = +19.6 € = 1.0, CHC)). IR (KBr) vpayx = 3424, 1735,
1440, 1379, 1296, 1175, 1087, 1007, 945, 848, 6@2. ¢cH
NMR (300 MHz, CDC}): 4.27-4.15 (m, 1H), 3.72 (s, 3H), 3.01-
2.89 (br, 1H), 2.47 (dd] = 8.3, 6.8 Hz, 2H) 1.23 (d,= 6.8 Hz,
3H). **C NMR (75 MHz, CDCJ): 172.8, 63.9, 51.3, 42.6, 22.3;
MS (El): mVz = 141 [M + Na].

(S)-3-((tert-butyldiphenylsilyl)oxy)butan-1-ol (25):

To a solution of8 (2.36 g, 20 mmol) in DCM (20 mL),
imidazole (1.64 g, 24 mmol) and TBDPSCI (6.55 g,r2dol)
were added at 0 °C. Then the mixture was allowed tomro
temperature and stirred for 3 h, after which time tbaction was
quenched by adding-B and diluted with ethyl acetate (50 mL).
The layers were separated and the aqueous layeexttaxted
with ethyl acetate (3x100 mL). The organic layersreve
combined, dried over N8O, filtered, concentrated and flash
column chromatography gel (petroleum ether—EtOAc, ol
obtained (S)-methyl 3-((tert-butyldiphenylsilyl)gfoutanoate as
yellow oil. R = 0.8 (petroleum ether—-EtOAc, 9:1]§%° = +4.1
(c =1.0, CHCY). IR (KBr) vma= 3071, 2959, 2932, 2858, 1740,
1430, 1378, 1298, 1194, 1083, 998, 822 739, 7085, 619 cni.
'H NMR (300 MHz, CDC)): 7.72 (t,J = 7.1 Hz, 4H), 7.47-7.37
(m, 6H), 4.39-4.32 (m, 1H), 3.61 (s, 3H), 2.60 (dc; 14.1, 7.1
Hz, 1H), 2.43 (ddJ = 14.1, 6.0 Hz, 1H), 1.15 (d,= 6.0 Hz, 3H),
1.07 (s, 9H).®*C NMR (75 MHz, CDCJ): 171.7, 135.7, 134.1,
133.7, 129.5, 127.4, 66.8, 51.2, 44.3, 26.8, 2B9); MS (ESI):
m'z = 379 [M + NaJ. HRMS: calcd. for GH,40sSiNa [M +
NaJ": 379.1699: found: 379.1697.

Diisobutylaluminium hydride (DIBAL) in hexane 2.0 {20
mL, 40 mmol) was added dropwise under a nitrogerogpinere
at 0° C to the stirred solution of above TBDPS pt&eé ester in
dichloromethane (80 mL). Then the solution was etirfor 2
hours at room temperature. Following this, saturatednonium
chloride solution was added to the reaction mixtamd dilution
with diethyl ether (100 mL). The reaction solutionsnfdtered
through a Celite filter. The filtrate was dried ovaagnesium
sulfate and the solvent was removed under reduasspre. The
residue was then separated using silica-gel
chromatography (petroleum ether—EtOAc, 1:1) to obtddmhol
25 (3.4 g, 79 %, for two steps) as a colorless ligird= 0.4
(petroleum ether—EtOAc, 1:1)p*° = +4.3 € = 1.0, CHCJ). IR

(KBr) vmax = 3381, 3070, 2961, 2931, 2857, 1468, 1427, 1378

1109, 1027, 821, 704, 611, 507 tmH NMR (300 MHz,
CDCly): 7.79-7.65 (m,4H), 7.51-7.33 (m, 6H), 4.12 (s&% 6.0
Hz, 1H), 3.84 (dddJ = 8.3, 4.5, 3.0 Hz, 1H), 3.70 (@= 5.3 Hz,
1H), 2.29-2.10 (br, 1H), 1.81 (ddd= 8.3, 5.3, 4.5 Hz, 1H), 1.65
(ddd,J = 10.6, 8.3, 5.3, Hz, 1H), 1.08 (@= 6.0 Hz, 3H), 1.06 (s,
9H). **C NMR (75 MHz, CDCJ): 135.8, 135.7, 129.7, 129.6,
127.5, 68.7, 59.9, 40.6, 26.9, 23.0, 19.1; MS (B8 = 351 [M

+ NaJ'. HRMS: calcd. for GH,40,SiNa [M + NaJ: 351.1751:
found: 351.1744.

colum

(S)-5-((3-((tert-butyldiphenylsilyl)oxy)butyl)thio) -1-
phenyl-1H-tetrazole (26):

Add Diisopropyl azodicarboxylate (2.6 mL, 13 mmol) the
stirred solution of alcohd5 (3.28 g, 10 mmol) and PR(8.15 g,
12 mmol) in THF (30 mL) at —20 °C. Then add PTSHlEnyl-
5-mercapto-H-tetrazole) (2.31 g, 13 mmol) in THF (30 mL) to
the reaction mixture and stir the reaction mixtime 30 min at O
°C, poured into water and extracted with ethyl ae¢8a¢30 mL).
The organic layer was washed with saturated NafH&Qution
and brine, dried with anhydrous Mg$@nd the solvent was
removed under reduced pressure. The residue waSeguby
flash column chromatography on silica gel (petroleether—
EtOAc, 6:1) to obtain sulfidé6 (4.4 g, 90%) as a white soliB
= 0.5 (petroleum ether—-EtOAc, 9:1)]§*’ = +3.4 € = 1.0,
CHCly). IR (KBr) vimax = 2958, 2929, 1494, 1464, 1355, 1108,
1075, 1018, 977, 823, 764, 702, 612, 509" cthi NMR (300
MHz, CDCk): 7.73-7.26 (m, 4H), 7.59-7.49 (m, 5H), 7.45-7.29
(m, 6H), 4.00 (sex]) = 6.0 Hz, 1H), 3.52-3.33 (m, 2H), 1.97 (td,
J=17.6, 6.3 Hz, 2H), 1.12 (d, = 6.3 Hz, 3H), 1.05 (s, 9HJ’C
NMR (75 MHz, CDC}): 135.8, 135.8, 129.7, 129.9, 129.6,
127.6, 129.5, 127.6, 68.0, 38.3, 29.4, 26.9, 2®12; MS (ESI):
m'z = 511 [M + NaJ. HRMS: calcd. for GH3,N,OSSiNa [M +
NaJ": 511.1958: found: 511.1939.

(S)-5-((3-((tert-butyldiphenylsilyl)oxy)butyl)sulfonyl)-1-
phenyl-1H-tetrazole (7):

To a solution of the above sulfid6 (976 mg, 2 mmol) in
CH,CI, (10 mL) at 0 °C was addad-CPBA (1.03 g, 6 mmol).
The reaction mixture was stirred at room temperaftor® h and
the reaction mixture was poured into ,8#; solution (10 %)
and extracted with ethyl acetate (3x50 mL). The oigdayer
was washed with saturated NaH{6€blution and the organic
layers were combined, dried over JS&), filtered, concentrated
and flash column chromatography (petroleum eth&AEf 6:1)
was obtained sulfong (884 mg, 85%) as pale yellow thick
liquid. R, = 0.6 (petroleum ether—EtOAc, 9:1}]§*' = -2.2 € =
1.0, CHC)). IR (KBr) vpna = 3071, 2960, 2931, 2857, 1497,
1427, 1343, 1151, 1108, 1074, 1017, 822, 763, 6a®B,cni". 'H
NMR (300 MHz, CDCY)): 7.73-7.64 (m, 5H), 7.63-7.52 (m, 4H),
7.48-7.33 (m, 6H), 4.09-4.02 (m, 1H), 3.92-3.83 (1H),13.78-
3.69 (m, 1H), 2.14-1.97 (m, 2H), 1.12 @= 6.3 Hz, 3H), 1.05
(s, 9H).”*C NMR (75 MHz, CDCJ): 153.3, 135.7, 134.4, 133.8,
133.3, 131.3, 129.8, 129.7, 129.6, 127.7, 127.5,1567.2, 52.5,
31.0, 26.9, 22.8, 19.1; MS (EShvz = 543 [M + NaJ. HRMS:
caled. for G;H3;N,OsSSiNa [M + Naj: 543.1857: found:
543.1842.

5-((S,E)-4-((4S,5S)-5-((S,E)-4-((tert-
butyldiphenylsilyl)oxy)pent-1-en-1-yl)-2,2-dimethyt1,3-
dioxolan-4-yl)-4-(methoxymethoxy)but-1-en-1-yl)-7-rethoxy-
2,2-dimethyl-4H-benzo[d][1,3]dioxin-4-one (27):

H’o the stirred solution of alcoh@0 (180 mg, 0.40 mmol) in
ethyl acetate (5 mL) was added IBX (370 mg, 0.6 mmat rt,
then heat the reaction mixture at 85 °C reflux3an and check
TLC for the completion of reaction. After completioof
reaction, quench with saturated aqueous Naf(0 mL) and
the mixture stirred for 30 min. The organic layerswextracted
with ethyl acetate (3x20mL), dried over MgS@nd rotary
evaporated to give the corresponding aldet8tlas a colourless
oil. Rf 0.35 (petroleum ether—EtOAc, 1:IJhis aldehyde used
for further reaction without purification.

A solution of sulfoner (240 mg, 0.46 mmol) in THF (5 mL)
was cooled -78 °C and KHMDS 0.5M solution in tolu¢he38
mL, 0.69 mmol) was added dropwise to the reactiontumix
After stirring for 30 minutes at -78 °C, above pnegghaldehyde
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21 (175 mg, 0.4 mmol) in THF (5 mL) was added to thewith brine, dried over MgSQand concentrated. The crude

reaction mixture at -78 °C. The resulting mixturesvadirred at -
78 °C for 3 h before saturated aqueous,BIH(10 mL) was
added. The resulting phases were separated andukeLs layer
was extracted with EtOAc (3x25 mL). The combined organi
layers were washed with brine (10 mL), dried over MgSO
filtered and the solvents were evaporated undercegipressure.
The residue was purified by flash column chromatolgyaon
silica gel (petroleum ether—EtOAc, 7:3) to obtaians-olefin 27
(255 mg, 86% based on recovery of aldehyde, €1Z) as a
colorless thick liquid.R = 0.3 (petroleum ether—EtOAc, 4:1);
[a]p”” = - 67 € = 1.0, CHCY). IR (KBr) vnayx=2958, 2926,2856,
1729, 1605, 1574, 1460, 1378, 1275, 1206, 1158111069,
1034, 970, 916, 822, 704, 611, 512, 451'cidi NMR (300
MHz, CDCk): 7.69-7.64 (m, 4H), 7.48 (d] = 15.7 Hz, 1H),
7.43-7.33 (m, 6H), 6.74 (d,= 2.6 Hz, 1H), 6.34 (d] = 2.4 Hz,
1H), 6.20 (dtJ = 15.7, 7.3 Hz, 1H), 5.79 (td,= 15.0, 7.3 Hz,
1H), 5.48 (dd,) = 15.0, 7.6 Hz, 1H), 4.72 (ABd,= 6.7 Hz, 2H),
4.40 (t,J = 7.9 Hz, 1H), 3.94-3.84 (m, 3H), 3.88 (s, 3H), Y86
3H), 2.60-2.44 (m, 2H), 2.33-2.17 (m, 2H), 1.70 (s,,3H%9 (s,
3H), 1.41 (s, 3H), 1.40 (s, 3H), 1.06 M 6.3 Hz, 1H), 1.04 (s,
9H). ®C NMR (75 MHz, CDCJ): 164.7, 160.0, 158.7, 143.7,
135.8, 134.5, 134.3, 132.0, 130.8, 130.7, 130.6.2,3129.5,
129.4, 128.7, 127.5, 127.4, 108.6, 108.3, 104.8.6,0100.1,
82.0, 78.4, 76.6, 69.0, 55.7, 55.5, 42.3, 35.10,276.9, 26.8,
25.7, 25.5, 22.8, 19.4; MS (EShHvz = 767 [M + Na]. HRMS:
calcd. for GgHsgOsSiNa [M + NaJ: 767.3591: found: 767.3637.

5-((S,E)-4-((4S,5S)-5-((S,E)-4-hydroxypent-1-en-132,2-
dimethyl-1,3-dioxolan-4-yl)-4-(methoxymethoxy)but-1en-1-
yl)-7-methoxy-2,2-dimethyl-4H-benzo[d][1,3]dioxin-4one
(28):

The compoun®7 (224 mg, 0.3 mmol) was dissolved in THF
(10 mL), and then TBAF [1.0 M] solution in THF (2L, 2.4
mmol)] was added to this solution at 0 °C. Stir thixture at rt
for 24 h. the reaction was quenched with saturatate@p

product was purified by column chromatography oncailgel
(petroleum ether—EtOAc, 7:3) to afford compoue@ (76 mg,
85%) as a colorless thick liquidx = 0.4 (petroleum ether—
EtOAc, 4:1); plo’’ = -80.2 € = 1.0, CHCJ). IR (KBF) viax =
2924, 2854, 1711, 1649, 1548, 1458, 1377, 13153,12310,
1116, 1035, 967, 921, 743, 631, 508, 484" cthi NMR (300
MHz, CDCk): 11.54 (s, 1H), 7.17 (dd] = 15.4, 2.0 Hz, 1H),
6.46 (d,J = 2.6 Hz, 1H), 6.40 (d] = 2.6 Hz, 1H), 5.99 (ddd} =
15.4, 8.4, 7.0 Hz, 1H), 5.72 (ddd,= 15.4, 10.7, 3.1 Hz, 1H),
5.54 (ddJ=15.4, 8.4, 1.2 Hz, 1H), 5.45-5.38 (m, 1H), 4.48)(d
= 6.7 Hz, 1H), 4.73 (d) = 6.7 Hz, 1H), 4.63(t) = 8.0 Hz, 1H),
4.15 (dddJ = 12.4, 5.2, 1.8 Hz, 1H), 3.89 (d#i= 7.8, 2.0 Hz,
1H), 3.82 (s, 3H), 3.44 (s, 3H), 2.57-2.41 (m, 2H)7236 (m,
2H), 1.44 (d,J = 6.4 Hz, 3H), 1.41 (s, 3H), 1.36 (s, 3HJC
NMR (75 MHz, CDC}): 170.8, 164.7, 163.9, 142.1, 133.7,
132.4, 128.9, 127.2, 108.5, 107.1, 104.3, 100.12,91.6, 75.5,
74.2,70.8, 55.5, 55.3, 38.0, 36.6, 27.1, 26.6;19S (ESI):m/z

= 471 [M + NaJ. HRMS: calcd. for gHz,OsNa [M + NaJ:
471.1995: found: 471.2019.

(3S,5E,7S,8S,9S,11E)-7,8,9,16-tetrahydroxy-14-mexye3-
methyl-3,4,7,8,9,10-hexahydro-1H-
benzo[c][1]oxacyclotetradecin-1-one (zeaenol) (1):

HCI (2N, 10 mL) was added to a solution of macrok&g68
mg, 0.15 mmol) in THF (10 mL) and the mixture wasratl for
24 h, quenched with saturated aqueous Nag&dution, and
extracted with EtOAc. The organic layers were combiagad
dried with anhydrous MgSQ filtered, and concentrated under
reduced vacuum. The crude product was purifieddshficolumn
chromatography (MeOH-DCM, 1:19) to yield zeaedohs a
white crystalline solid (51 mg, 94%). m.p. 196-199°R; = 0.3
(MeOH-DCM, 1:19); §]o>’ = -87 € = 0.5, MeOH). IR (KBr)
Vmax = 3675, 3424, 2958, 2925, 2855, 1727, 1607, 154221
1355, 1314, 1258, 1208, 1159, 1072, 967, 830, 78Q, 629,
556.485. cril. '"H NMR (500 MHz, CDCJ): 11.89 (s, 1H), 7.10

NH,CI and the whole was extracted with AcOEt. The organiqd, J = 15.4 Hz, 1H), 6.44 (d] = 2.6 Hz, 1H), 6.38 (d] = 2.6

layer was washed with brine, dried over MgS@itered, and
concentrated. The residue was purified by
chromatography on silica gel (petroleum ether—EtO&8) to
give 28 (124 mg, 82%) as a colorless di. = 0.3 (petroleum
ether—EtOAc, 1:1):d]p>" = +56 € = 1.0, CHCY). IR (KBr) viax=
2924, 2854, 1727, 1605, 1573, 1456, 1376, 12775,12059,
1033, 970, 916, 743, 561, 512 tmMH NMR (300 MHz, CDCJ):
7.48 (d,J = 15.6 Hz, 1H), 6.75 (d] = 2.4 Hz, 1H), 6.35 (d] =
2.4 Hz, 1H), 6.19 (dtJ = 15.6, 7.3 Hz, 1H), 5.92 (d,= 15.4, 7.2
Hz, 1H), 5.65 (ddJ = 15.4, 7.9 Hz, 1H), 4.75 (ABd,= 6.7 Hz,
2H), 4.48 (t,J = 8.0 Hz, 1H), 3.96-3.90 (m, 1H), 3.90-3.86 (m,
2H), 3.85 (s, 3H), 3.39 (s, 3H), 2.63-2.50 (m, 2H)3230 (m,
2H), 2.09-2.00 (br, 1H), 1.71 (s, 3H), 1.70 (s, 3H321(s, 6H),
1.21 (d,J = 6.3 Hz, 3H).**C NMR (75 MHz, CDCJ): 164.7,
160.1, 158.7, 143.6, 132.2, 131.0, 130.8, 130.4.6,0108.3,
104.9, 103.5, 100.2, 96.6, 81.7, 78.2, 76.2, 65507, 55.5, 41.9,
35.1, 27.0, 26.8, 25.6, 25.4, 22.8; MS (ESijz = 529 [M +
Na]’. HRMS: calcd. for GH3sONa [M + NaJ: 529.2414:
found: 529.2427.

(3aS,4E,7S,14E,17S,17aS)-10-hydroxy-12-methoxy-17-
(methoxymethoxy)-2,2,7-trimethyl-6,7,17,17a-tetrahgro-
3aH-benzo[c][1,3]dioxolo[4,5-i][1]oxacyclotetradeci-9(16H)-
one (29):

A solution of alcohol28 ( 101 mg, 0.2 mmol) in anhydrous
THF (5 mL) was added to a suspension of 60% NaH ireraln
oil (40 mg, 1 mmol) in THF (1 mL) at 0 °C and théxtare was
stirred for 2 h at rt, then quenched with saturatét,Cl. The

Hz, 1H), 5.97 (tdJ = 15.4, 6.1 Hz, 1H), 5.84 (ddd,= 15.3,

columnl0.4, 3.4 Hz, 1H), 5.69 (dd,= 15.4, 7.5 Hz, 1H), 5.36-5.28 (m,

1H), 4.25 (t,J = 7.8 Hz, 1H), 3.95 (1) = 6.7 Hz, 1H), 3.81 (s,
3H), 3.88-3.72 (br, 1H), 3.59 (d,= 7.9 Hz, 1H), 2.64-2.41 (br,
2H), 2.61-2.45 (m, 2H), 2.44-2.25 (m, 2H), 1.44 Jd; 6.3 Hz,
3H). ®C NMR (75 MHz, CDC{+CD;OD-1:1): 170.9, 164.9,
163.7, 142.7, 133.4, 131.7, 129.0, 128.7, 107.2.010100.0,
77.2, 72.4, 71.4, 55.4, 37.5, 35.8, 19.3, 12.4; (ESI): m/z =
387 [M + NaJ. HRMS: calcd. for GH,O/Na [M + NaJ:
387.1420: found: 387.1442.
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Table S1: 'H NMR and**C NMR data of natural zeaenol and synthesized réddn (CDChk+CD;OD-1:1) solvent

Position Natural product zeaenol Synthesized zeaenol 1
On (J in HZ) dc Ox (J in HZ) Oc

1 -- 103.8 -- 103.9
2 -- 165.0 -- 164.9
3 6.39 (2.69) 99.9 6.38 (2.65) 100.0
4 -- 163.9 -- 163.7
5 6.44 (2.69) 107.5 6.44 (2.65) 107.4
6 - 142.9 - 142.7
7 -- 171.0 -- 170.9
1’ 7.12 (15.4) 133.4 7.10 (15.4) 133.4
2’ 5.82(15.4,10.1,4.0) 128.9 5.84 (15.3,10.4,3.4) 129.0
3a, b 2.43,2.51 (m) 35.9 2.44-2.25 (m) 35.8
& 3.98(1.3, 2.0, 8.1) 12.3 3.95 (6.7) 12.4
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5
6

7

g’

93, b

10

117

Phenolic OH

Methoxy

3.59 (8.1, 2.2)
4.26 (7.4, 8.1)
5.71(15.4,7.4)
5.98 (15.4, 6.1)
2.53 (m)

5.32 (m)

1.41 (6.1)

11.85

3.82

77.2

72.3

131.3

128.7

37.5

71.4

19.3

55.3

3.59 (7.9)

4.25 (7.8)

5.69 (15.4, 7.5)
5.97 (15.4, 6.1)
2.61-2.45 (m)

5.36-5.28 (m)

1.44 (6.3)
11.89

3.81

77.2

72.4

131.7

128.7

37.5

71.4

19.3

55.5
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