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AcOH
AIBN
9-BBN
Bn

Bu
DCM
DHP
DIBAL
DIPEA
DMAP
DMF
DMP
2,2-DMP
DMSO
Dppf
HMPA

KHMDS
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LDA
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MOM
Ms
MTPA
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NHMDS
Piv

Ph
PPTS
Pr

Py
SEM
TBAF
TBDPS
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acetic acid
azobisisobutyronitrile
9-borabicyclo[3,3,1]nonane
benzyl

butyl

dichloromethane
3,4-dihydro-2H-pyran
diisobutylalminium hydride
diisopropylethylamine
N,N-dimethylaminopyridine
N,N-dimethylformamide
Dess-Martin periodinane
2,2-dimethoxypropane
dimethylsulfoxide
1,1'-Bis(diphenylphosphino)ferrocene
hexamethylphosphoric triamide
imidazole

potassium hexamethyldisilazide
lithium hexamethyldisilazide
lithium diisopropylamide
m-chloroperbenzoic acid
methoxymethyl
methanesulfonyl
a-Methoxy-a-(trifluoromethyl)phenylacetic acid
N-chlorosuccinimide

sodium hexamethyldisilazide
pivaloyl

phenyl

pyridinium p-toluenesulfonate
propyl

pyridine
trimethylsilylethoxymethyl
tetrabutylammonium fluoride
tert-butyldimethylphenylsilyl
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TFA

THF
THP
TMS
Ts

tert-butyldimethylsilyl
triethylamine
triethylsilyl
trifluoroacetic acid
tetrahydrofuran
tetrahydropyranyl
trimethylsilyl
p-toluenesulfonyl
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1. ARDE=R

FEREIC, BREEISHMEDRICRHTONENKETHIEEZONTE, HED
BREICHLTHT A ENALETH oA, Fleming ITEKEIR=ZSYUDFERLIEK.
RRIEERDCEMTED Loz MEYLEALETYMEZZDEFEFAT S
EIFTIEE BRARICEVVYEZRIYVETHEORRKICL>THRADEEEED
THEICHLTEZLOREEEITTE, TOR. RALGFERELTHLLATE:
LN ERERILETHD, RAICHEET HIYVEERELTALBITE>THERELD
DEEHABLTELZZORRIZES>T, BLDALO@mHFHONTEF, WEFET.
BARERRICHTIHENEAFESINTETIINSHM, REICHF P TIERRERD 25%0
EEHOZDITBRLEETHD, BEOREMEIN NI LZNSHITEEDHIT®, 1]
AFEFTHWGABRENEISATOVEVWRELGE . ABRLHBEORWLIIKRDLYZR
N, ESOMEEICKIREAREOEAVIIVIVY  TUTBLGE ., £EREE
WA ERERLELDRWNITBENDEDEITE AL, BAIbHRICIE, BEADEHEMASR
[Z&Y. REDHE IHHLEITTULKIEAROON TS, LALENS, 3 TIC
HEZDMEMEEZTIC. FYMBRMEHEZEARTLITRELEZOND,
ZCT.BERLLTIEIKRREON T - MEVEICSEBETI2LELNHD, I-FLENE.
BMEAVCREAFENDLGOHETHIVLELHY . 3— TN DIEMEDE
ELEETHD.

A5

2. MEPEIFIOXLUDERME
2.1 Introduction

RE. MEMEITROONDIERE. BHEAN VLGNNI L AFVYUMHERTR
DERE(MRSA) /N aTAOUMEE B TR OEKE (VRSA)FE D LHIMMHEE 23
R THAHIEEEZND, ZL<OMBEIZHELHY . BIEFALZOMEBEOREY
BIZERTEWEDELTIRGHONTWDEDIET IS/ RINEMETH S,
hTEIT)RARAL U PTORATA LU (Figure DN E L T, X OCEHXK, &
FEIUTREIZTHENTH S, FIHRXIIBRENTOREANE=GT. SEEFICRE
SEE—NTHIAEEGKREBILLEEZAD, LHL. RETIEMAADTI/OSAR R
EMBEOEREIIITHONIKL Gl TNIEZDZMTOREMELTHIEEZEL S
WELSTERISERLTLNS,

MEEOHREAICAENTABREOEEGENEEINLILGENT. TFHAXI U
(Figure 2)AEHENT=, Thnld, 1978 EICEDLIZE>TEFREARE D —FE
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Azithromycin
Figure 1. representative aintibiotics

enacyloxin lla (1)

Cl OH

PN P o, COOH
H,NO)CO OH OH OH Cl 0

HO™
enacyloxin 1Va

Cl OH

= P COOH
HO OH OH OH Cl OHo\“U

decarbamoyl enacyloxin [Va

decarbamoyl enacyloxin lla

Figure 2. Structures of enacyloxins
Frateuria sp. W-315 #k &Y R/ HE EEMN BB -BEBBIKOREYETH
5% ab) A T4 Enacyloxin lla (1)(ENX lla) A lREELVESEZHL . VS LEER UG
MEEEISHLTRELEVDMEARIMNLERL, AELELUL-REBEZR OEX
AYOERICHLTITHREENDLGNELSIEEZRBL T S(Table 1)%,
CCTUEBIRERAUMI L AR IR A — LD EKBEEEFS . R
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RIMAEMBEITRELULIBETHLIENSI L LHL. RITVREEEICKHLTE
MEF D, CORITBLEVAHBEARIMNLER T HHKRORI I RIAEMET
BHINEN, ZOEHIRRDOIIOSIFRNAEME DM IEEICHENLGTREAZMHIE
BYEEZLND,

ENX lla
Escherichia coli K-12 5
Escherichia coli B 11D 0.5
Salmonella typhymurium 7M1 10
Pseudomonas fluorescens IFO 3081 7
Pseudomonas aeruginosa IAM 1007 40
Erwinia aroideae |IAM 1024 1
Serratia marcescens FK 5 25
Klebsiella aerogenes ATCC 7256 1
Proteus mirabilis AHU 1486 5
Bacillus megaterium 1
Bacillus subtilis Murburg 10
Staphylicoccus aureus 209 P 20
Micrococcus luteus 1AM 1097 10
Micrococcus luteus IFO 3232 10
Streptcoccus faecalis ATCC 8043 1
Streptomyces sp. 0.8
Neurospora crassa IFO 6068 >200
Pyricularia oryzae >200
Saccharomyces cerevisiae >500

Table 1. ENXsDIEHES (R/NFEB M LLIRE ug/ml)
1 DER#FEIE. B D2 /\VE#EREF Elongation Factor Tu IZ#& 94
LIZKBAVNVBEEREEERATHS, BEFHEHEEMREICOVTIE. RUTUE
DT IV DEILEEICHEEEZ BN E, CLOGDH—/INA— D EEE.
RO oaAAXH OGO CIFANAIRATILIESNTREWMGES XEEMNMET 52
MHM>TLNVS 9,
Fro  IAEEQRFEILBRCKRIN TS, 7OANFH U ERL VIZBELTIE, 1 &Y

~N

1) CH,N, AGO H oMe BzO H_coMe
. 2) Ac,0 r, o 2 1) hydrolysis /, B 2
Enacyloxin lla (1) ——————» _ =
3) 04 AcO™ 2) BzCl B0
4) Ac,0

"H NMR analysis

CD spectrum
OAc OTs
B H
ACOU Acoll,ﬁ J/CN BzO,, =,CO,Me
—_— _ .
—_— —_—

AcO - .

o AcO™ ~O Bzo\“g

(& J

Scheme a. Stereochemical determination of cyclohexane fragment
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PJYHLES2andH o8O TOr NMR i CHRA AR BEZRE L=, &5
[SAVYIAMIEMLTRAYBEDERME CD ARIMLELLEK T HLET,
X IABLEZ IR E LT=(Scheme a),
SHIRERGLIEX D BIL TREL =, T3 CL12GL 9D AFILE(F 1 LYY H LT
C1-C13'8RHLIC Mosher jEZ1TUL VST ILABLEZ R TE LT=(Scheme b),
1) CHyN,

2) H,, PO,
3) NalO,

|

(S)-MTPAO 2 1

4) NaBH, 17 CO:Me
5) K,CO3, MeOH

6) (R)-MTPACI

Enacyloxin lla (1)

Y

Scheme b. Stereochemical determination of C12' methyl
C17-C19'fi M E#H L F-ERFOF £ (F decarbamoyl enacyloxin lla KYEFIYHL
1= C15-C23 LT/ DT ARy NMR IS &> TR MIAREL . XRAYH

1900450 0] 0]
Decarbamoyl Pb(OAc), CuCl, DCC
. —_ = . — Y
enacyloxin lla W8 -
o™ N7 NN

OH
"H NMR analysis

CD spectrum
AcO

AcO U THPOU o)
_ J— .
ACO_ —_— HO —_— |
W0 o /\m
.

A\

J

Scheme c. Stereochemical determination of C17'-C19' hydroxy group

EDERBMED CD ANTMLDLLE THEM ILFBELE ZRE LT=(Scheme c),
C13-C154L NDs&EHi 3SR O £ Enacyloxin IVa IZxt 3% J-resolved HMB
CEZRVWT. IKREEZRELT=.

T AR AL ZOHR R VLY FRCEEEEEERROODY T
HBZzEMELTLIDEERMIRIZEF L.

2.2 AHETE

Enacyloxin lla (1)I& 23 IRERBIEMNORSEHEEES VOANTH B THERS
NTWS, ZIT. KEEVMDRISZTAVMETNENARLIZEIZ, £ DX
RWICEEMETHEIEEAT, Ff-. HIKBELOEA/IEEIC 7 RFEFICE5 DOFR
HRBEVEDRTHRIA—ILEELNFET HD. CoDILKIEZDEEIZITX

/dianion coupling 7~ selective acylation
ol C1'-C8' fragment

Cl

5 cyclohexane fragment

= ': : p P~ 140/, 1 oCOOH
23 z : :
HN(@©)CO  OH ;O  OH Cl | OHo“‘O:

C16'-C23' fragment: C9'-C15' fraqment\ E selective olefination
Figure 3. Synthetic strategy of Enacyloxin lla
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RMEHRFERBICAVWSFXIIINT—ILEEFIRATHIEICLz, ThIZ&>T &L
BRAMECTEERZERTETLHEEZAOND, UTEKRMIZERAT S,

AL EYE C1-C6 LI (> VANFHUER L), C1-C8 ERHL (R T ERAI).
C9O-C15' &L (7R A — LB BIEREL), C16°-C23 BRI (A1) A— JL ZEBIERL) D 4 B4z
[ZYIEr g B ez, oanTH U8 e C1-C8ERALITEIRMET L ILIEIZE
THEAL.CL-C8EMiI& CO-CI15ELIFAL T4 LICTHEE L., CO-C15ER I
C16-C23EBLIIA AT A2y T T IZ& > TREAESELSEEZ 1=, $5IZ. C1
THOEROF R IEIRAYBRED AL FEMFLTEET 5120, EERICITE
WEAT=F2hv TV T DFEERWNIBENH Tz, Fl=. SNFETIC diethyl
D- (-)-tartrate ZEF FVBONEBHMDOKRIGTILT > &Y CO-CI15ERELILE RSh
THEYLUTIZEFERT S Y,

2.3 C16’-C23'#pHr iR
2.3.1 P ETIL—bk

B IS ZH I AILIREF L. D-(-)-arabinose Q) AWTHEETELEE AT
(Scheme 1), £f=. COEELDERKIZEWNTEELRRAUME C20-C21' 7 L &R
% E BIRMICERTHIEIZHB, FIT.2 5 3ZERLTGEIRMIZTZILEY
BIFRET T HETERHDIST AV 4 ANLEITDIDEEZ =,

o.__OH oP o P
. 2 a1 E_ A
W~ 20 OH /\/\-/Y\OH
HOY > YoH z Y-
OH

OH OP OH OP

D-(-)-arabinose (2) 3 4
Scheme 1. Alkyne reduction route - synthetic plan -

AR D D-(-)-arabinose (2)IZxfL T. DMF ;&% H T 2,2-dimethoxypropane &R U,
TSOH H20 ZERSE DI LT, syn-OF — LB DA EFIRMIZT AR EL
THR#EL 2, 5%%B7=(Scheme 2), 5 IZxL T NalOsZEASEHZET. 7/7—EFR
AFSEFZEO DA — LML EBREMICRERL . S<BRRILIIIMERTIRIEIZEST
erythrose $8#& 1k 6 ~NEE UV, THIZH LT, n-BuLiZEASET7ZILF=/L70k

o._OH o.__OH o_ _OH
(I 2,2-DMP, p-TsOH/H ,0 (I NalO4, NaHCO3 16'(_7{9,
N 00%,\,t|pt oV N v"VYou TOHCF/HZO 3z =
=4 or = °Ctort
OH (70%) —3‘—0 (57%) X
2 5 6

1-butyne, n-BuLi

X = -
THF B e s OH
-78°C =
oH &0
(72%)
7

Scheme 2. Synthesis of alkyne 7



DERBESE T 1-butyne & 6 ITRIMNSE T, 7ILFD 725/ 2,

T BROT7INT U EREHERELIZ £ . JO0/LFILEOErFOXS
HAFIFALT LiAIH2 % Red-Al £LVoF-ERRFRETHIZEH L1=(Scheme 3),
Diethyl ether 4> THF AR TIERENEETLEN =D T, LUFHRDEL
2-(2-ethoxyethoxy)ethanol Z ALV TRIGEEZ LR 4L BHTEEYMES A

0 Table 1 0
% z 16 [/ - B
19 77 -
OH Z Y OH
OH &0 OH &0
7 entry conditions results 8
1 LiAlH,4, Et,0, reflux N.R.
2 LiAlH,4, THF, reflux N.R.
3 LiAIH,4, CoH4(OH),, reflux decomp.
4 Red-Al®, THF, reflux N.R.
5 NH3;, Na, THF, -78°C decomp.
6 EtNH,, Li, -78°C decomp.

Scheme 3. Reduction of alkyne 7

2o TCT HIDERRTHES—EFERFNEZHALI-. FT TN VLETUEZTB
B THWLT, Birch Bz {Tof-El A RIGKHRINRGYERTEEMES A -,
ZLTBRDBVIFATIVOEATRIEEEZEOT- Benkesser ;2T THE
HEREYESZ -, TILXVERDRFZICSTEHR L,

2.3.2 Wittig-Horner RtJL—p 34
TILEL DREAMICE>THB R R ZITBETT 20O TIELEL, SREHE
FEDMBERIGIZEO>TEALI40HFBALKSEEZ f=(Scheme 4),

. 9P
o OH o (o) 21 E/zo =
. 20 P(O)Ph, ——>= :
- — e + A I
HOY ™Y OH 0 Y oP OP OP
OH —SY—O

2 9 10 1"

Scheme 4. Synthetic plan - phosphineoxide route -

B5 . 512 LT l2%& NaHCOs FHE FTERSET7 /Y —ErO X ED A B 1L
FTBHIETTILY 12 ~EE V= (Scheme 5), DB, B ZHAWLWTHEI I A LEE
LT HIENTESN . BIREICRITEHGEEYESAT-OT., LY EMGEHET

BRI TEL LEFIATHI LIz, BIZ. Ed 2O+ EE MOM ETRET
BIETIUMY 13 % B 1=, CST. YTV T ITHBIRRR T4 A F RO EC
DT RS &, bromopropane Z PhsP &3 (2 CHsCN AR TERT S &ITE-
T. Wittig REELIZRITKERIE TR D LIKBRFTERL. RUE DRRBEZE
WRRT4UFFIRE/AHIENTED, BRERMTHRELUEERIC THF BT n-
BuLi ZRML1=#&(Z-78°C TSV 13 ZMASIET, 7h 14 &5 1=, EbIT,
NaBHs ZERSETZILa—IILETETLIZRIZ, NaH Z/EASE T syn BBt
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BIETHAHLIAV IS5 E ERDAHTHDICENTE =, EXL-ERET2EEOTIL
O—ILONERT I EITIEDN, cis-AFHRRTTAY 16 [(FRELGILAKREZTD=O
FREhIz<L, Z-AF L7120 18 BRER SN (Scheme 6), — /. Bt ENELS
MEIZEEEE 17T DA EHEINOIL TOFEFERBMTHLTER 15 DA

o _OH 0.__0 MOMCI, DIPEA 0__0O
EI I,, NaHCO, QI TBAI LI
oV Y OH acetone/H,0 o™ Y OH DCM o™ Y OMOM
o 0°Ctort ) 0°C to reflux o
(16% from 11)
5 12 13
1) n-PrP(O)Phy, n-BuLi
THF
-78°C to -65°C NaH
-  a
Y OH
2) NaBH, z DMF
EtOH/H,0 Phy(O)P  OR~0O 55°C
reflux (54% from 12)
15

14(R=MOM)

Scheme 5. Construction of E-olefin
BohbdEEZI-,

Bonlz 15 [T LT—HREFOFED M ILIE, HiKEFERKBRICKD TN
ARDBIRIMK D RIZE->TOA—IL19FE LT, T T, Befiii¥ L TPPTS.
TSOH-H20. 1&E . CSAHLIREILI=A. MOME LA N TLEST=, 2D MOME (L3
EKHIZENTWS7YILEROF D EITHEELTOSDT. BE LYK RSN S
Mo1zEEZBNS, 19120°CT NaH #sEBHERSE TIRFVIRER L. %5

‘ %19'- 16
16
+
P—0
23-227 9.1
17

Scheme 6. Construction of E-olefin - estimated mechanisms -

1) TsCl, TEA, DCM OH 1) NaH, THF
0°C to rt H 0°C
> /\/\;/Y\OTS >
2) AcOH/H,0 = 2) SEMCI, DIPEA
rt MOMO  OH TBAI, DCM
0°C to reflux
15 19 (46% from 14)
OH 1) (PhS),, NaBH,, EtOH OSEM
= o =
/W\<cl) > /\/\;/Y\SOZPh
MOMO 2) MgO24(NH3)s, H202, EtOH/H,0 MOMO OH
rt
20 (2 steps 95%) 21

Scheme 7. Synthesis of C16'-C23' fragment



2#EFOX L EE SEMETREL. TRFIR20EE/HLIZY, TRF TR 20 125
L T. NaBH4 #F7£ T T diphenyldisulfide Z/EFSE TRILIADIILRTUERKSE
DD HREFWVRILIAREEALIZ O, SHIZ. AL ISV HEFTFTTRILI7ZILE

DHEEHAL T L, Mo R FET T H20: 2 EASE S "2ETCL16-C23 BLR L
T4 21 ZiRE T HTEICTRHIILT,

2.4 C9-C15E I FAH

CO-CI5EIERAET BITH->TEELRAUME. C1I2GAFIILER U CL13
MEROFSBEETABIRMICEEL, CIUICRERBEBREDO BN ERR T AL
235, COBEEBELT. 4 DDA —FERFALTRERY—ILTYTICHiZS
53DERELT=,

2.4.1 eFOFRIFE—BIEREIL—FD

OH (TR P -
. CO,Et e
Etozc/L\]f/ S S
A OH
OH op &0 op &0
diethyl D-(-)-tartrate(22) 23 25

Scheme 8. Hydroboration oxidation route

BHELT, CI3MAR Y CIARICE L R4 F 5 diethyl D-(-)-tartrate(2)%
FAL=. 22D —ILE R ET7 b FAFELTREL. LAH: ZERSE &R I1Z—
ADEROFTEIZDHZE TBS ETRELT 26 21571, 26 DADEFOF L EE
Swern BEAE THRIVIIVEIZEBL ARBR T AFLT =AU EAMRIESET2H/HTIL
O—JL 27 ~NEE V=, 27 [T L TEU Swern BRIEL T U IZEEHL =14 (2 Wittig
RIEZEATL, RivA L T4 28 & RMLT=,

OH 1) 2,2-DMP, TsOH, cyclohexane 0 1) (COCI),, DMSO, DCM
/H/COzEt reflux _ then TEA, -78°C
EtO,C > OH
OH 2) LAH, THF 2) MeLi, Cul

Y

reflux TBSO 0 ether, -20°C
diethyl D-(-)-tartrate (22) 3) goBCSC" NaH, DME 26
o—VoH 1) (COCl),, DMSO, DCM 0
then TEA, -78°C
2) MePh3PI, n-BuLi, THF
TBSO (0] -78°C to rt TBSO (0]
27 28

Scheme 9. Synthesis of exo-olefin
fRGRORIE TR, CI3DEFAF L E LR ARMD 9-BBN MM &R T 5L
T.EOIAKIEZERTD7ILO—IL 29 FEARTBHENTE,
Jonf=7ILa—)L 29 % Swern BRIELT7JLTEFR 30 IZLT=#&IZ.
Corey-Fuchs RIG T &L, paraformaldehyde TEROFX L AFJLEMZEAL, 7



oxidation TBSO 0

Scheme 10. Hydroboration oxidation reaction

A/NLFLTILa—)L 31 /1=, EFBFEZ pivaloyl &2 TREL-#&IZ, C15
LD TBSO EZ[HIRELTHD Swern BRIELTTILTER 32 ANEE V-,

LML, CDIL—FZE3DDEERLH-T=. 1 DBIFLR L4 TEERVLVATH
5, MELRHRILRIEEREYIRL, DL DEBRETORIENRATHD. 2 DB ILER
RIEDIRFETH D, C12GEDAFIVEFRET HEFORIFRIE—BRIL RIS (TEER
RT—IVERETHENRENELIET T HEVSHEELHoT=, 3 DBITTEA)
It THS, EFARDFRIE—BIE RIGCREDEIZ Swern B LT B8, R —ILT7vT
T HERGEBNREY ., CI26 DI RIEZEA 1:1 [CTEAYELT=,

ZFIT AFIVEZEALRITEBHT A EZRT T, 7PILXFZILBEADOEBEL—
E(ZTEDIL— EEELT,

1) CBry4, PPh3, TEA, DCM

o4  (COCl), DMSO, DCM 0°C to rt

v

\

CHO
then TEA
-78°Ctort

2) n-BuLi, THF
then (CHO),, -78°C to rt

~

1) PivCl, Py.
rt

Y

2) TBAF, THF
0°Ctort

3) DMP, NaHCO3;, DCM
rt )

Scheme 11. Synthesis of C9'-C15' aldehyde

2.4.2 ITRFIRFRARIL—F

IRFIRBARIL—FT, syn-TARF IR 33 [CTILFZILFER 34 #EASET
CI3IDErAFIE, CI2GEDAFILE, CIO-CIT=EHEE—FEICEATED
L& Z f=(Scheme 12),

Li

OoP
epoxide openin
PO\MOP P pening . po
e
(e}

33 34
Scheme 12. epoxide opening plan

D-(-)-Mannitol (36)M 1,2 KU 5,6 A —IILEREETNTNT R FARELTHM G,
NalOs Z{ERI B TTILTER 37 21§79, #L T, Corey-Fuchs RIEZE1TL K i




TILFEDIZEZIZ, Mel ITE>THERT 52 & T 38 #1F71=(Scheme 13),

OH OH / /
= 1) acetone, ZnCl, 0 1) CBry, PPhs, TEA, DCM o)
HO ~ 0°C tort 0°C to rt
v OH > o\/'\CHO > 0
OH OH 2) NalO,, NaHCOs 2) n-BuLi, THF then Mel X

DCM/, H,0 -78°C
D-(-)-mannitol(36) rt 37 38
Scheme 13. Synthesis of alkyne 38

FILF2 38 M CI12-CIF=ZEFEE % Z HIRWIZE L TX 5 Lindlar 37T 2 M5t
L 7-(Scheme 14), Pd fiiif (F & EZEEO/N\YFHEITEEIZENH S, Entries 1,2
MD#kIZ Aldrich U Kanto 2 DR EZ RO DA GBIER TEEL-A., KRG

(0] : : O
7 Z selective reduction 7
© > OM
A Table 1

38 39
entry conditions results
1 Pd/CaSO,4 (KANTO or Aldrich) (cat.), ether n.r.
2 Pd/CaSO,4 (KANTO or Aldrich) (excess), hexane over reduction
3 Pd/BaSO, (WAKO or Aldrich) (excess), quinoline, EtOAc n.r.
4 Ni(OAC)2'4H20, NaBHy,, EtOH, (CHzNHz)Z n.r.

Scheme 14. Reduction of alkyne 38
MBEIETSNT-LEYEET-, Entry 2 TOBREETEZITTENtry 3 TIXHE
YEFA%#D BaS04 [ZHHEL 1= Pd fitif % quinoline TELIZHEBIE T, KYRFL
EHTETET O EARMITETLEMN Oz, £f-. Entry 4 TIZ Pd EIXELDEE
FED Ni fiilEx=FAWTET LA, RS IFETLEM T,
CCTCREZZEELTEDNEFHZERLOIEER . BB ET M FAFELTHAS TBS &
(ZKBDREIZE X T 40 21571=(Scheme 15), 40 [ZXfL T Entry 3 &(X R4 B/ Ny F
M Pd/BaS04Z#ALVT. quinoline OtIZBEETTZEC 1-hexene ZFH ML TRER
LIz, Z-7Z IV V& B TEz, FRYVBIN 74— T Z- RO HDERREFETEL
f=o BIRME, REEEZRELIIETERYTHS E RV ZEHRDLREHEICKER
BEWALELECEICKBEEZLOND,

+ o 1) ACOH, THF/H,0 OTBS Pd/BaSO, (Aldrich) oTBS
rt quinoline, 1-hexene
o » TBSO > TBSO\/'\=/
A 2) TBSCI, Im., DMAP A EtOH
DMF, rt rt
38 40 41

Scheme 15. Z-selective reduction of alkyne 40

FROTILFUETIL—REHFTLT, ZILTER 37 H 5 Wittig RIGTEE Z-7 )L

entry conditions results
—7—© Z selective olefinaton —7 9 EtPPh,Br, KHMDS, THF, -78°C nr.

1
O\/k > 0\/'E/ 2 EtP(O)Phy, n-BuLi, THF, -78°C n.r.
CHO Table 3 3 EtPPh;Br, NaHMDS, THF, -78°C 50%
4 EtPPh3Br, n-BuLi, THF, -78°C 50%
37 39

Scheme 16. Z-selective olefination
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> 39 1/ LS55 A 1-(Scheme 16), Entry 1 T, salt-free jE(KHMDS ZHRR7R=
DLIED THF BRISETLTERT 21URD L. KB T SIBEBRELIZLEAIC,
TILTERERMT 55K EHALI=A . RIGHEITLED STz, Entry 2 TI&, /KRR T
AVFFIREERI =M., KRR THoT=, Entries 3,4 T, RRR=I LIEIC
NaHMDS 4> n-BuLifOZHRmMLMS 7 ILTEREERSE-ESA, TIL Y 39 iR
btz IBEM TIRERERMEICE LG, o1,

HLTIRE L DRI EITo1=(Scheme 17), 7UILLDEROFX L E TR
BLTSyn-IRFIUREBR&IIEER Tz, .39 D7 FA/FE 5% AcOH THK
DELTA2 ([CEE 1 REFOXSEDAE TES £ THRELT 43 #5871, MCPBA
AWT, syn-TRF K 44 B EL5ELT=A, anti-ik 45 LRIFBEE L=, -
Sharpless FEIRFUIEREBHALIZA, £ELATRFVBERVEROFEMNS
ARYFE syn DEARIZHY . DT RATLAEREAET LI,

—7 9 AcOH OH TESCI, Im. o
OM HOM TESO\)E/

THF/H,0 DCM
39 42 43

rt 0°C

a) m-CPBA, NaHCO3, DCM

0°C tort OH OH
»  TESO + TESO\/'¥/
b) diethyl L-(+)-tartrate, TBHP, Ti(i-OPr), 3
(e} (e}
44

MS4A, DCM, -10°C

45
Scheme 17. Selective epoxidation version 1

ZIT. 7N DHTILHRIEZZFET 5D TIEEL, 1eEFOF I EET—IC
LTOF—ILERL DI EISLTz(Scheme 18), E5I2, H20 BIRFUALRIEDE
BAREICHEEEZABVRIICMSIAZ AN, TDRER. ELEICOTATLAER
HIISIRE 40% TIRF UK 46 EAML, S —ILEAET £ AFELTRELT
47 & LTz, 47 [Z BFs-Et20 777 T T trimethylsilylacetylene I= n-BuLi ZfE A&
% Yamaguchi §# WO IRF VIRBARRIGIZE 0T URE 45%75 05 49 £135
SEITEMILE=,

OH m-CPBA, NAHCOs, MS4A OH 22DMP, PPTS /¢
HOM > HO > 0
DCM DMF
-78°C tort 0] rt o
(40%) (quant.)
42 46 a7
\
TMS n-BuLi, BF3eOEt, o =
48 -
THF '
-78°C 1 S
OH ™S
(40%)
49

Scheme 18. epoxide opening by Yamagauchi method

Scheme 18 T C10-C15 M X THOEBEIZHILI-OT. KEE7O/NNILEIILI—TF
11



JL 50,51,52 #ALVT CO-C15' 8 M x —ZITTER ST LHEE X =(Scheme 19), F

OBn
n-BuLi, BF3¢OEt, O
50

\\

1/ - le}

77 =

THF X _oBn
-78°C OH

I~
\\

OTBS
n-BuLi, BF3eOEt, o =
O\W 51 7/ =
77
THF

-78°C

\
o
o
T "l
;\
0
_‘
7

/\OTBDPS /

n-BuLi, BF;eOEt,
52

THF
-78°C
(18%)

OTSDPS

\
;\

Scheme 19. Epoxide opening by Yamagauchi method for synthesis of C9'-C15' fragment
3" 50 #FL\T Yamaguchi &4 & =N RISHEITE T, Thld n-Buli R
LT=ERBE T 502 AR ABADIL EMITEILLTVASIENRR ES M oT=, T,
TO/NLFLAOEROF O EE TBSETOREICEEL-S51PZABL TEEKD
RIGZEHLI=HY, 50 LR AL =, KYIBEIZX K7 TBDPS £ITEEL 52'%
RW=ESH ARIRERZAD 55 &7 1=,

55 ZERARIE T&H S TSOH H20 SR> TRNFMITREE 56 ~NEEMEELIZRIC,
A LT 1 fReFOX S &% Dess-Martin S8 TEE{EL T, CO-C15EMI 7 LT ER 57
& M L71=(Scheme 20),

CCETH Mg RT—ILTCIREEDH TE=. AT —ILT7vT%#E>1=(Scheme
21), ZILTER 37T¥IIHLTO Wittig RIGAEIRETH =4 Y I7ANFIY T
KRS8 ICEELILEYDREMEZR LSEHIETINED 70%EEIZEF LT, i<
MK RERIGE TFA ZAEICAN-ECA, [RIFEEMICHEITU - 47 FTHES
YIS LT—ILTERTEz, LML, ZORY—)LTD Yamaguchi £HIZKD IR
TN 47 ORBRRIGIEF 57 L EEITLGED o=, T, RICEEZRST 5L CL3

L

B p-TsOH o=
o : _ = HO :
X _oTBDPS a&eg?/”)e X _oTBDPS
OH b 0
55 56
DMP, NaHCO;4 o=
DCM OHC X
(quant.) 3 A OTBDPS
57

Scheme 20. Synthesis of C9'-C15'aldehyde via epoxide opening route
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MNRELE-E2MEELE LTz, 22T, 7EFLUEEAE trimethylsilylacetylene [
RLIZECAH, RIGIEEEMIZETL A 100 UELETHoT=. TDT=H syn-IT7R
FOREFALT, CO-CI5ELELD KRRy —ILEREFE LTz,

1) cyclohexanone, HC(OEt);, BF3°OEt, 1) EtPPh3Br, n-BuLi, THF
] DMSO, rt, (55%) o -78°C
D-(-)-mannitol (36) > >
2) NalOy4 0\/'\CHO 2) TFA, THF/H,0, rt
CH3CN/H,0, rt, 58 (3steps, 75%)

OH
HO\A:/ E— O\W 0

OTBDPS
0o

2‘

OH
55

L e

42 4

Scheme 21. Magnification of synthesis of C9'-C15' fragment version 2

2.4.3 Marshall 7as8)LE L RIEIL—F

Marshall 7O/ FIVERIEE, TANILEIILT A2 DT ILTERADFINET
LZWTZAUBBETERRNIITOIRIGTHY ., TILTERNL—ZFIZ60 ~NEEIT
BNDTESETHDEMI—FEYIERMIZ CO-CISEIFE M TESE%E Z=(Schem
e 22),

Me R

OMs %,

7LO + E HON .=<M(Zn or In) 7LO
o) N / ——» O

\/'\CHO /\R H3= o/

R OH R

37 59 60

Scheme 22. Synthetic plan of Marshall propargylation route

F9 . AVS—POFBIZDOLVTERAT H(Scheme 23)%9), L-(-)-Lactate (61)%
TBS ETRELT 62 #FTH 5. diethyl ether ;515 DIBAL T7ILTER 63 T
ETLiz, £TH 5 Corey-Fuchs &It EKEFOF O AFILIE R RIGIZ&>TF AN
ILFILTIILA—IL 64 E /A BRGEGMEST OIS —tDHREZEHA A=,

1) CBry, PhsP, DCM

;

en TBSCI, Im. ores DIBAL oTBS 0°C to rt, (10% from 62) oTes
N P Py >
OBt DMF COEL ELO CHO 2) n-BuLi, (CHO),, THF %
0°C tort -78°C
-78°C to rt, (trace)
(quant.) OH
L-(+)-lactate (61) 62 63 64

Scheme 23. Preparation of propargyl mesylate

FY . DIBAIELZ hexane B HP TITIET, 7LA—ILETOBRIGETE
FHLMZ(Scheme 24)1), RIZ, PILXF U ERBGEEE B LI, 7ILTER 63 IZRL T,
OO0 FIVT ZF U ERZAMEE TELT- 2 EFOF L &% TsCI TEERL T,
oonnriT—k65%1F =, TIIT n-BuLiZERASE TP IILFR LI F I LICE R
Li=#&(Z. ¥21@ & 1= paraformaldehyde ZAMLTFO/NLFIILTILO—IL 64 %
1F71=. #UL T, pivaloyl ETIRFEL T 66 ZAMLT=, 2 #k TBSO %R {REL T Ms

13



oTBS 0TBS TBSO  ClI n-BuLi

= DIBAL = DCM, LDA =
. - = - =
~“coskt hexane ~cHo THF cl THE
-78°C then TsCl OTs then (CHO),
-78°C to rt -78°Ctort
62 63 65
OTBS OTBS OMs
P|vCI 1) TBAF, THF, 0°C to rt =
o A
2) MsClI, TEA, DCM, 0°C to rt N
(21% from 62)
OPiv OPiv
67

Scheme 24. Preparation of propargyl mesylate version 2
HE TS HETTONILFILALS— 67 ZRELT,

D-(-)-Mannitol KY /5N B 7 ILTER 37 (23 L T Et2Zn, Pd(OAC)2 PhsP ETE T,
67 Z{EESE-H., BHD 68 [X1F5NEh>f=(Scheme 25)18) 7L= )lxﬁf"ﬂlﬂﬁaﬁ

—%—O OMs Pd(OAc),, Ph3P Et,Zn —%—O =z ; Me, ﬂ—ts ;
O\/'\ + < G i : /F—° i Y/ - u:
CHO 12 THF , A ' :
13' N 9 -78°C to rt 15 OH N 9 e K

OPiv OPiv
37 67 68

Scheme 25. Synthesis of C9'-C15' fragment by Marshall propargylation

K pivaloyl ETHFL—FESNTHLRZILENSBFEHREINSILT, BRKE
NEELELRENETLOILLGEEEZA L. PFREADESIHAMEELLY . RIS
NETLGM-zEEZBND,

ZIT. &YPESNEE 69 ITERLTRIGHER LFE A 7= (Scheme 26), F=. Zn
% I, 52 Pd il % Pd(dppf)Cl2(DCM)IZEE LTz, In IFEER B REE (Z58<
RIEBRPTRFBLULIKWVEOICRIGHIELS A LT HEEZ. Pd EIEIIYEFEE
DEWVEBRMFERANSIETRIEMMAMAETLEGY . RIGEEN R LT HEE
Z1=. Inl DBFEEEEHDEHMT, THF/HMPA REAE D ERAVTRESE LS
B ASNERRREDINELGNOE—OFRTLAT—ELTT0E/HIIENTE L
ML, Bfi% Il ZIEFEREVELT EIENDRT—ILTYTIEEDRNEEZR.,
FYKRBIZEMTEDIL—FEEETLHIEITLI,

7Lo OMs Pd(dppf)Clo(DCM) 7Lo = ! Me, ™S !
O\/'\CHO+ : S — O\)Y:\ Lo :I :
' n H

/\ THF/HMPA % : H\“ /,’ .

™S 0°C to 50°C OH ™S o
(45%) : R)_ :
37 69 70 e /
Scheme 26. Synthesis of C9'-C15' fragment by Marshall propargylation Indium version

15'

2.4.4 Roush #AFJL{E REIL—k
7ILTER 37 EARL—k 71 @ Roush VOF JLIERIE TERTEARIFET LYY

14



72 12Xt 9 BB IEBARRETTILTER 73 %5 T, CO-C15 8L 74 [CEIS5EEZ
7=(Scheme 27),

COuPr
7Lo P N 3 7L0 =
O\/k B™ Nuicoyipr O<C02iPr o} A
CHO \//\\//B —
Rv’\o

002iPr
37 71

L
o
:

OoP

73 74
Scheme 27. Roush crotylation route -synthetic plan-

BEEID7ILTER 37 12 LT, AlEFAEL - Roush BE 71 Z4EHE A ET. K
EREBREEZRALENSILAEIRMICRIGHAEITL. RKIGTILTY 120% &
R LT=(Scheme 28), 72 IR L TT7 b FAFEBD DRE A —ILADEITE R 2D,
TBS HIZKDREZITLNT5 &Lz ST IV UEAJ UBRIEL. o7 ILTE
RICOOOOAFILT ZA D EREAMSEBHIET 76 ITELV=, S5(Z, n-BuLi 1
FREE5ZETYFILTILFZRICE#RLTH S, paraformaldehyde Z#{ERSHE T,
ALETO/LFIILEROF D E % pivaloyl ETREL T 77 #5871, TBSO E#Ri R
FELT-12(Z Jones BBIE THILARUBRICE L TH S (COCI): ZEASE T, C9-C15’
EGrEgoO) R 78 ZERARL 1=,

/\/\B "1CO,Pr

1) CaCOj3, acetone, p-TsOH
O 71 CO,iPr 0] H rt
v o < -
O\/kCHO MS4A, toluene \/H/\/ 2) TBSCI, Im., AgNO3
(55%) DMF, 0°C to rt

OH (58%)

1) 03‘ MeOH, then Ph3P 1) n-BuLi, THF, then (CHO)n

-78°C to rt 78°C to rt
> cl >
2) DCM, LDA, THF, then TsCl 2) PivCl, Py.
78°C to 1t ™s0 &0 OTs .

(58% from 75)

1) TBAF, AcOH, THF, rt

. 2) Jones oxidation, rt
OPiv 3) (COCI),, DMF, DCM, 0°C to rt
(3 steps, 25%)

77 78
Scheme 28. Synthesis of C9'-C15' fragment by Roush crotylation route

2.5 Sulfone AvFYL4
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SEMO  SO,Ph
X Ph

PhCHO MOMO OH OH

SEMO  SOPh .. SEMQ  SO.Ph 80
A e A C)
7y THF 7Y Li*
MOMO  OH -78°C to rt MOMO  OLi
21 79 PhCOCI SEMO  SO.Ph
trace ~ Ph
(trace) N
MOMO OH O

Scheme 29. Sulfone coupling - model study -

9. C16-C23'EHLR IR 21 D RIEtE%E R %A benzaldehyde B U
benzoyl chloride EDHYT1) 25 %5, #1=(Scheme 29), 21 IZXL T2 H=D
N-BuLi Z{EASEHIET. EFAX S EDBRTAR AL RIGITHRERILR=ZILED
ABIDRRTORNMERIEHET, CIGFHICRSEDEWNT =42 719 B EL S, =
fuiZ. benzaldehyde A benzoyl chloride Z &ML=, 35 &, GIE TIAREHEST
Lizho71=H3, benzoyl chloride Z&MML=IRICITIBIRELASBHDHY TS
MHEFTLT 81 1571,

ZZT.CO-C15EpHRIEE /0S5 / K 78 & C16-C23'ERHRIR LR 21 %, HMPA 7%
ETTHhYTIL TS ECAHIBINEL A S 82 #151-(Scheme 30), INEEH LS
B &5&, EEEFKYsE N Schlosser 8 &IZLzY . BEEFHRMLERICFEBLTE
T_—A EERLZLLIZY. Lewis BEEMA TREFREN DR LEET oA, INZE
(XM ELGMIT=,

23 SEMO  SO,Ph
= , n-BulLi
= THF/HMPA
MOMO  OH 9 _78%Ctort
PivO
21 78

Scheme 30. Sulfone coupling - construction of C9'-C23' fragment -

ZIT RIGENBVWCTZAVERFVWAERILKRL D DT =AU HAREILT
B2 RIZREMNME T LB b =EEZbN ., SYRNERZFIZRA
WORLEAHDHEEZ =,

SEMO SEMO
< 16' MgBr,+Et,0 %
I 2Ny - ,/\/\;/\‘/\Br (C16'-CZS' fragment)
23 = 0 DCM s 5
MOMO 0°C MOMO  OH
20 (66%) 83

1) Jones oxidation

' A 10'
t > N 7 (09'-015' fragment]
2) (COCI),, DMF, DCM o &o
0°Ctort

84 (2steps 55%) 85

Scheme 31. Preparation of frgments for lithioate coupling

16



2.6 F7AEERIYVDODIVFAILERERTEHhYTILT

BUVKRZEENZEF OTILFIIFOLEFRALEIIZZ. NOAT - )F O LRTHBK
[&T CLEGLIZTILF I FroLERBSESHIEIZLIZ(Scheme 31), BB, C16'fL
[C7OEERY CI7THRICERAF S EZFTHIAEERIVZERLLIEE R T
D-(-)-Arabinose KYFH TEEIT/RF K 20 (2w L T, MgBr2Z &t T C16’-C2
IEELTOEERY 83 FFABRLI- 2, FENTHYTVOTHRFLEN. FTIEETILE
BELTCLO-CI5ERuEFIAT A &L=, 7ILa—JL 84 [ZxL T Jones E& 1Lt
{(COCI2 2&B Rt PIZ&>T CO-C15E gty 0K 85 ZFHHLT=,

JOEER)Y 83 2L T2 HED n-BuLi #EASE T, EROFHEDBRTOM
NMERERUNAT—)F ) ARG ICE>TOFA LK 86 ZFRARL . #ElLY
TIDRKRIZEEYOUR 85 ZR/MT HIET, K 65%THY T2 T ZHMLT
FAEA 87 Z1%1=(Scheme 32),

CORERFZITT, ClO-CI5ELIED DY T T EREFTAKEBE DR REIT-
1=(Scheme 33), 7O/8LF)LF7J/LAa—)L 30 XL T, Red-AlPZEHSET7 L

SEMO SEMO (e} =
B 16 n-BuLi < 16 B 10
- + Clus
=z Br > =z Li 7
23 ether 23 =
MOMO OH 78°C MOMO OLi (o) (e}
83 86 85

|

(65%)

MOMO OH o0 &0

Scheme 32. Lithioate coupling - model study -
EBrE& EZBIRMITEITT. NCS ZRMLT/AnREZEALTB8 LL. #ilyTERA
‘/E’é’\/‘/ AIELTH S TBSO EXFHREL T, 89 ZA LT, #lL VT Jones

Red-Al®
THF _ 1) BzCl, Py.
0°Ctort 9 H )0°c to r¥
TBSO —— > TBSO N OH -
then NCS 2) TBAF, THF, AcOH
-78°Ctort o CI 0°Ctort
(71%) (81%)
88
Jones oxidation 0 H
. Clys NS OBz
) (COCI),, DMF, DCM fe) 0 Cl o
O Cto rt
90

Scheme 33. Preparatlon of C9'-C15' fragment for lithioate coupling
&k, Bo0URE RS T CO-C15 BB EE /0K 90 ZERH L=,
ZZ T CO-C158 L& C16°-C23 ERBL D Hhy T2 %5 A 1-(Scheme 34),
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C16-C23#HEITAEERYY 83 [ZXL T, 2 HEMD n-BuLi ZEASE-&IC
CO-C15 8B OS5 A K 90 ZRMUT=A, RISIFETLEAOT=,

i BI/OSARNERLGY C16-C23 AL D 2 FA LIRS RIELIZLLA >
FlEICRRAYTHEEZEAT = T T IFALRIEZEGDRBZBENA TGV RIGEE
TRREt9 S &ICLT=,

23 SEMQ 16‘Br - o BuL
+ Clus S e ¢
Z 0 THF Z Y

MOMO  OH o0 &0 ¢ oBz -78Ctort MOMO OH o0 &0 <c 0Bz

83 90 91
Scheme 34. Lithioate coupling for construction of C9'-C23' fragment

2.7 BROFS—rEFIALIzAYTIT

BRETOIHER. 7T MERTHIERITS—k DEASTLIZLTz, BlE., CuCN
[Z 2-thienyl lithium Z /N2 T Gilman B ZEICL THS(ZDRETHS[(2-thienyl)C
NCu]Li % Lipshutz 7 75—krEWN3), AV TUL T EBTHETILFIVIF D LER
MLTERITS—MIEBRL T, RBEEEZF L(FHELSEDTHD, COFREE Cu
(WCNZRWLTWSD T, BREMN S EICLLERIIZIELY, Fz 2-thienyl EAKEES
TWASDTRADBETZILFILEZRTMTIDLENGL U FAEERDEHELHNTED

23 SEMO  Br
% SN g
MOMO  OH o &0 c¢c 0Bz

83 90
Table 3. B-OCC Reaction
entry conditions results

1 83 (1.0 eq.), ether, s-BuLi (2.2 eq.) 92 only
; [(2-Th)CNCu]Li (2.2 eq.)
......... 1905000 THE 78°C. . .ooiiieeieeeeeee.
2 83 (1.0 eq.), ether, n-BuLi (2.2 eq.) 93 only

; [(2-Th)CNCu]Li (5.0 eq.)
3 83 (1.0 eq.), ether, n-BuLi (2.2 eq.) 20,94
; [(2-Th)CNCu]Li (5.0 eq.) -78°C to 0°C
: 90 (5.0 eq.). THF, -78°C
83 (1.0 eq.), THF, s-Buli (2.2 eq.)
; [(2-Th)CNCu]Li (2.1 eq.)
; 90 (2.0 eq.), THF, -78°C to 0°C

.

Scheme 35. B-OCC coupling for construction of C9'-C23' fragment
ELSHFHEAH D,
Entryl 23542, TOEER> 83 M diethyl ether j&i&(Z-78°C T s-BuLi %
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TLTOUFAIELI=&IC Lipshutz 77 5—hEHML T, 8RITS5—MEERASL
F=ECAIZEEIOYR®D THF B&ERMUE=N, sec-TFILENEHLT- 92 #1871
(Scheme 35), SUFAHLIAENSERITS—MEAND TN HEITLIZ D o118
1EA5EEZ T Entry 2 TIXEHIZZLDHBED Lipshutz V7 T5—hEERT 52 LIS
LIz n-TFILEDNERRLT- 93 A {511 of=, Entry 3 TIX. @RV T5—
MEANDEBROBRICHEBELTRESERA, TOREFYVHAFARLIEZIRF R
20 & Lipshutz V75— DEBRETHS 2-thienyl EHNFES LT 94 KiEdh =, =
DEF, Lipshutz 775 —bEHRMUEISEBEOEVEENEL TSI EA S H
Sf=. ZT T, KYBBHEDEL THF ZFEICHWNSEICLT=, Bl Entry 4 T, 70
EERYDIZ2.2 HED s-BULiZFASE TOUFAEARIZL T, 2.1 HED Lipshutz
DT5—bEBTLTRRITU—MAIZEWN-EI A, B THF BiRITG-T=. £
ZIZ.EEY/RYR0%ERML., BT BIEThYT I M T70%DIRETH#ITL T
/. CORIGIE. UTORTYTEHL, &9, ALICERFOF D ENHEFT LK
BTAIDTARARONQT-FHLRBRIHEE, eFOF TOM ORBER S
FHETSETO)FHEREFT D £ECEDUFALAED Lipshutz 7 T5—R 2L
T.OVT5—METHEIERITI—MEDL RSN, TN TER VRS A RE(ERSE
PRIETHED, CORRFONDEEYF AFOFSHILRZILBEILTILE—ILEEE
O INIE—BRMIZTILF—ILRIEZRAWVWTEET 21D THS, TILE—ILR
STl FzICER T HEROF D EDIKLEEFIET S5 LEFNT LIRS TH
Lo LML ARBTEHEBEREOEFAFDEZI—ICLTEDILREFEELGISE
BT IWR—ILIBEEEET HIENTELELSEDTHD, BREDEFOFIE
FEITDHDIFABEETRITI—MIEBRLTRESEDEVSHIHIDOENFE
% B-hydroxy cuprate coupling(B-OCC) R its EFESZEIZLT=,

VT, COGLD benzoyl HEFFIREL LOEHR R LEEHEREILI=A. TULT
ILa—IL 5 HR/OENBZEITEL FTILR—ILRIEHETLIZER DN SILEYE

=z Y =z Y
MOMO OH O &0 <ClI OBz MOMO OH O &0 <CI OH

91 95
Scheme 36. Failure of deprotection

BHEERIZ# HoT=(Scheme 36),
ZIT.CO-C23EEEBELTHLRIIUEMAALHBERLTLLKD TIFLEL, KR

23

' OSEM o)
Wm + Oy NN NANR e > ENX lla
MOMO  OH o &~o c o) A

82 96 (R=alkyl or cyclohexane fragment)
Scheme 37. Revicement of synthetic route
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I B EHESSE = C1-C15ER % C16-C23' Sl hy T T EEBIL—hHC
ZHEL1=(Scheme 37),

2.8 CI-C15ERHIDIEEE

AEELDERDFEH K, CL-C8ERLE CO-C15EREL T LT ERE E-ERMAL D
AR AEERIGIZESTHAY TN TSR LIEVNIBDTHS, £ T JuliaFL T4
At &G B U Horner-Wadsworth-Emmons & i (HWE RIS Z# 5t 52 &1L T,

2.8.1 C1-C8#B{nERsY
Cis-but-2-ene-1,4-diol (97)DHERO X E%F THP ECRELRIC. AV B

LT BIETTILTERZET, AILRFARL - Wittig A ZE 98 #EFHE 5L TE-EIR
I EAFIT AT IL 99 IZ&E L VF=(Scheme 38)2028), 99 % DIBAL T:ELTFUIL
7ILa—JLIZL T, < MnO2 12X 5B L THRLMN -7 LT ERIZ Wittig 3X%E 100 %
ERSE T PRI RATIL 101 251, 15— ERILRIGEBRYRL TISITHERL
1= 102 #& 1=, TSOH H.0 ZFAL\T pH = 2 2EIZLT=/KB & T 102 K5
BLTZYILTILa—)LIZL=#IZ PBrs T7JJLJOSK 103 [ZEL V-,

__ 1) DHP, pTsOH, DCM HPO 1) DIBAL, DCM THPO

rt - K)\ -78°C -
OH  OH 2)0, DCM,-78°C COEt  2)MnO,, DCM CO-Et

then Zn, AcOH rt

97 3) ,DCM 99 3) phgp? “CO,Et DCM 101
Pnyp? > coset 100

3 98 2
1) DIBAL, DCM 1) p-TsOH, EtOH/H,0

== THPU\/\/\ Bl Brk)\/\/\
- NN > 1
CO,Et NI NN o

2) MnO,, DCM 2) PBry, Et,0
t 0°C
3) pnyp? “CO,Et ,DCM 102 (11% from 97) 103
100 o

Scheme 38. Preparation of C1'-C8'1fragment
ZZT. 103 (%L T sodium p-toluenesulfoniate Z{E S TIERINELZ N SEHRIL

7R 104 #1&f=(Scheme 39)?7), [E#kIZ. 103 IZ P(OEt)s T Arbzov REZE1TLY. 7R
ARR—bk 105 #FASIL 1=,

TolSO,Na
2 > PhO,S PNNF CO,Et
/\)\/\/\ o ™
rt
B N NN 0 (20%)
103
P(OEt);
» (EtO),(O)P PN CO,Et
reflux
(60%) 105

Scheme 39. Preparation of phosphonate and sulfone
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2.8.2 CI-C15°8BRIDIESE
F3°. Roush IL—hrEYBSNBZTIILTILa—IL 88 [Zx LT MnO ZEREE 3

Z&ET CO-CI5EMI 7 ILTER 106 #1571=(Scheme 40),
ALK 104 [ZxLT n-Buli Z4EASET7ZILTER 106 Z##H#ML T Julia L2
ANERISE T DB E NEITT B EIEEM o= (Scheme 41)?), — A, KRR

o s Mn02 g
TBSO - OH » TBSO -
=z DCM 2 “CHO
rt ¢) cl

(quant.)

<
S

Scheme 40. Preparation of C9'-C15' aldehyde
Tol ,0S
8N NN F
104
106 # >

n-BuLi, THF
-78°C tort
107

y
CO,Et

(OEt),(O)P
8' N\ NN
105

LHMDS, THF
-78°Ctort
(quant.)

"
CO,Et
107

Y

106

Scheme 41. Construction of C1'-C15' fragment

+—hk 105 IZ LHMDS RS E1=RIZ7ILTER 106 #H N3 5ZET. EEMH
D E-ZBIRMIIZ 107 25 71=,

2.9 AT UM OEELSRRM T ILE 2

D-(-)-Quinic acid (108)27 kA KELDD. 59> 109 & A LT=(Scheme 4
2), 109 IZ 1,1-thiocarbonyldiimidazol Z{E A& f=1&[Z. Barton-Mccombie fiE& &
fERIGELT 110 #4571-. NaOMe ZRW TSV UBRLT 111 Z& /L. BL< Bar

S
OH O)J\Im. AIBN H
HO,, 3 = 4CO,H 1) acetone, H,SO4, MgSOy4 Oy, = (TMS);SiH Oy, =
1 reflux >< 0 3 >< 0
- -
HOM 4 2) ImC(=S)im, Im. o 5 t?(lel:‘ﬁjr:(e o g
OH DCE, reflux (47% from 105)
D-(-)-quinic acid 109 110
(108)

H

H
o ,CO0,Me 1) ImC(=S)im, Im., DCE HO,, =,CO,Me CO,Me
NaOMe >< ' reflux O{ 1
_— L
ov HOV'4
OH
111

3
HO
axial

MeOH 2) AIBN, (TMS)3SiH, toluene OH equatrial
rt reflux
3) TFA, THF, rt
(32% from 110) 112

Scheme 42. Preparation of cyclohexane fragment
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ton-Mccombie FREERIE R T CS L DERAF L EZRKL T, VoAANFTHUER
SO A—IL 112 & BLT=,

2.10 BIRWT7IIALER) IO EBELEDHYTI VT
triethyl-ortho-acetate [CRRZ/ERASETKRD—DOFRZRTERL- 11330%
112 [TERASE T, 7UVIILEEK 114 5B LT=1&IZ Arbzov RIE T 115 18 71=,

OEt

COyMe OEt CO,Me CO,Me
W p-TsOH Br oet 113 W P(OEt);
3 > 3 — » 3
HO OH toluene ) OH reflux o OH
then AcOH \n/\Br (66% from 112) \n/\P(O)(OEt)z
0 (0]
112 114 115

Scheme 43. Selective acylation and preparation of phosphonate

(Scheme 43),
Ff-. C3-C8ERHL 101 D OTHP EZE MK HLEBELTFZYILT7ILa—)LIZES, JOE

;\)\/\ LHMDS
(OEt),(O)P AN COEt

|

THF
-78°C to rt
(44%)

106 116

1) DIBAL, DCM, -78°C

2) MnO,, DCM, rt
(2 steps 72%)

117
CO,Me
oJ/g (e, 1) KyCO3, THF/H,0
H 2 rt
TBSO PN 0 -
: cho ¥ (EtO)Z(O)P/\ﬁ/ >
15 iy 3 2) Ac,0, Py, rt
0 o (2 steps 13%)
118 115
CO,Me

: W 1) p-TsOH, EtOH/H,0, 55°C /K)\/\
H = >
' THPO COEt (OED,(0)p” F 7 COsEt

2) PBrj, Et,0, 0°C
3) (OEt)3P, reflux

Scheme 44. HWE coupling of cyclohexane fragment and C1'-C15' fragment
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{e#i< Arbzov RIGZEF1TLY, Fon =/ RRRR—k 116 & 106 % HWE RIGTHEEL
T. FEEMITRATIL 117 #& L T=(Scheme 44), 117 % DIBAL Ti#xlL. 7JILT
JLa—)LELT=121Z MnO2 TEE{EL T C3-C15 S 7ILTER 118 ZFRARL=, >
AANFHUEAARRRR—R 115 £7ILTER 118 & HWE RIS 3V THisa L1=&C 5,
OANFTHUEGD C3 A FEIX CA LDEROF O ERTUILESNI=EDOMN
1.1:1 THLNIz, CIHDEFOFOENTUIELIZE DDA ZEBEL T, KUV T
C4fiDErROFX L EEZT7EFILIELT 119 5 1=,

5. 119 M 154 OTBS E%[i{R#EL T Jones &b F<EE/OY KL T 120 [C&
E . #Hi< CL6-C23ERHL 82 LMD BOCC RIGICTE B EBELC. EAERELHR
L T Enacyloxin lla(1)~E(} 5% 0 && Z TLYSH(Scheme 45),

CO,Me
1) TBAF, AcOH, THF
M9 memmemeeeoeeeeas >
2) Jones oxidation
3) (COCI),, DMF, DCM
23' SEMO Br
= © CO,H
Z Y 3
......... MOMO O 82 ¥ . 7 on
.............................. » > ! NN NP (6]
s-BulLi, {(2-th)CNCu}Li, THF
H,oN(O)C OH O OH ClI o

Enacyloxin lla (1)
Scheme 45. Further plan
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RERIA

General Information;

IR spectra were measured by a Jasco FT/IR-4100 spectrometer. NMR spectra
were recorded with TMS as an internal standard in CD3Cls by a Varian Gemini
2000 spectometer (400 MHz for tH). Optical rotation values were measured with
a Jasco DIP-317 polarmeter, mass spectra were obtained with a Joel JMS-700
spectrometer operated in the EI or FAB mode.

GLC analysis were performed on a HITACHI G-3500 gas chromatograph and a
Hewlett-Packard 6890 gas chromatograph.

Merck silica gel 60N (100-230 ym) was used for neutral column chromatography.
Merck DCPlatten 20 x 20cm Kieselgel 60F254 was used for identificative TLC,
and Merck Kieselgel 60F254 was used for preparative TLC.

Microwave experiments were conduced using a Discover microwave reactor
from CEM. All experiments were performed in sealed tubes (capacity 10cm)
under argon atmosphere. The temperature of the contents of the vessel was the
reaction vessel. Microwave irradiation of 300W was used and the temperature
was raised from rt. to 80 °C for about 1.5 minutes.

Solvent used as reaction media were purified as mentioned below;

CH2Cl2 was purified by drying with P20s and then by distillation from CaHa.

THF was purified by drying with KOH and then by distillation from Na and
benzophenone.

iPr2NH was purified by drying with KOH and then by distillation from LiAIHa.
EtsN was purified by drying with KOH and then by distillation from CaHz.
Pyridine was purified by drying with KOH and then by distillation from CaH..
Et20 and toluene was purified by distillation from LiAlHa.

DMSO, DMF and HMPA was purified by drying with CaH2 and then distillation in
vacuo.
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3,4-0,0-Isopropylidenedioxy-2-methoxymethoxy-p-arabino-1,5-lactone
(13)

0. .0 0. .0 To a solution of 9 (5.00 g, 26.5 mmol) in
o — \\LI CH2Cl2 (25.0 ml) DIPEA (27.7 ml 6.00 eq.)
ivé " ivé MM and methoxy methyl chrolide (8.25 ml, 5.00
12 13 eq.) was added successively at 0°C. Ice bath
was removed and warmed to reflux.The
resulting solution was sttired overnight and hydrolyzed by addition of NH4Cl sat.
ag. at 0 °C and CH:Cl2. Organic layers were separated and the aqueous layers
were separated with CH2Clz2 3 times. The combined organic layers were dried
over MgSO4 and concentrated under reduced pressure and purification by flash
chromatography provided 13 (4.12 g, 67%). *H-NMR (CDClz, 400MHz) & 4.77
(dd, J = 6.7, 1.9 Hz, 1H, OCH20OMe), 4.73 (dd, J = 6.7, 1.7 Hz, 1H, OCH20Me),
4.65 (dd, J = 12.1, 2.5 Hz, 1H, 16-Heq), 4.50-4.57 (m, 2H, 17-H, 19-H), 4.33 (dd,
J =35, 2.1 Hz, 1H, 18-H), 4.31 (dd, J = 12.1, 3.1 Hz, 1H, 16-Hax), 3.42 (s, 3H,
OCHz), 1.47 (s, 3H, C(CHz3)2), 1.37 (s, 3H, C(CHz3)2); 13C-NMR (CDCI3, 400MHz)
6 168.0, 110.9, 96.1, 75.2, 73.0, 71.0, 67.2, 56.2, 26.2, 24.2; HRMS (FAB): m/z
for C10H1606Na [M+Na]*: calculated 255, found 201; IR (film) v 2983, 2936, 2882,
1723 cm?; [a]p?® = -121.9° (c = 1.00, CHCla)

(2R,3R,4R,5E)-2,3-0,0-isopropylidenedioxy-4-methoxymethoxyoct-5-en-1-
ol (15)

To a solution of n-propyl diphenyl
phosphinoxide (3.12 g, 1.00 eq.) in
woms o THF (150 ml) n-BuLi (8.50 ml, 1.00 eq.)
was added dropwise slowly at -78°C
and then stirred 45 minutes at 0°C. The
resultant red solution was recooled to -78°C and 13 (3.00 g, 12.8 mmol) in
THF.The resulting solution was sttired overnight. After addition of NH4Cl sat. aq.,
THF was remove under reduced pressure and extracted with CH2Cl.. The
organic layers were dried over MgSOs4 and concentrated under reduced
pressure and purification by flash chromatography provided phosphinoxide.To a
solution of phosohinoxide 14 (3.69 g, 5.50mmol) in EtOH/H20 (30.0 mi/3.00ml)
was added NaBH4 (2.08g, 10.0eq) at rt. The resulting solution was heated to
reflux. The resulting solution was sttired overnight. After the solution was cooled
to rt, NH4Cl sat. ag. was added. The solution was extracted with EtOAc. The
organic layers were dried over MgSOs4 and concentrated under reduced

/\/O
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1 (@)
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<
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<
1no
o
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pressure. Crude product was used in following reaction.To a solution of crude
product (2.0 g, 3.00 mmol) in DMF (20.0 ml) NaH (0.43 g, 6.00 eq) was added at
rt. The resulting solution was heated to 50°C. The resulting solution was stirred
for 45 min. Water was added and extracted with Ether. The Organic layers were
washed 3 times by water and were dried over MgSO4 and concentrated under
reduced pressure and purification by flash chromatography provided 15 (1.80 g,
54%). 1H-NMR (CDCls, 400MHz) 5 5.86 (dt, J = 15.1, 6.2 Hz, 1H, 21-H), 5.35 (dd,
J =15.4, 8.6 Hz, 1H, 20-H), 4.74 (d, J = 6.6 Hz, 1H, OCH20OMe), 4.61 (d, J = 6.6
Hz, 1H, OCH20Me), 4.25 (dd, J = 7.3, 6.1 Hz, 1H, 18-H), 4.14-4.23 (m, 2H, 17-H,
19-H), 3.68 (dt, J = 7.2, 4.3 Hz, 1H, 16-H), 3.39 (s, 3H, OCHgs), 2.33 (OH), 2.10
(td, J=7.4, 6.2 Hz, 2H, 22-H), 1.51 (s, 3H, C(CH3)2), 1.40 (s, 3H, C(CHzs)2), 1.02
(t, J=7.4 Hz, 3H, 23-H); **C-NMR (CDCl3z, 400MHz) & 140.1, 124.0, 108.7, 93.0,
78.8, 77.4, 74.3, 61.4, 55.5, 27.9, 25.5, 25.4, 13.2; HRMS (FAB): m/z for
Ci13H250s [M+H]*: calculated 261, found 261; IR (film) v 3475, 2984, 2963, 2935,
2885, 2362 cm?; [a]p?® = -3.70° (¢ = 0.50, CHCl=)

(2R,3R,4R,5E)-2,3-0,0-isopropylidenedioxy-4-methoxymethoxyoct-5-enyl
p-toluenesulfonate (S1)

To a solution of 15 (0.20 g, 0.76

: 2
/\/\:/Zi\% —_— /\/\/Zi\‘”s mmol), C_H2C|2 (2.00 ml) and
momo <o vomo Lo Triethylamine (2.0 ml) TsCl (0.58

15 S1

g, 4.00 eq.) was added at 0°C.
The resulting solution was
warmed to rt. The resulting solution was sttired overnight . Water was added
dropwise to the solution. The solution was extracted with Ether and was dried
over Na2SO4 and concentrated under reduced pressure and purification by flash
chromatography provided S1 (3.16 g, quant.). *H-NMR (CDCls, 400MHz) & 7.80,
(d, J=8.3 Hz, 2H, Ar-H), 7.34 (d, J = 8.0 Hz, 2H, Ar-H), 5.74 (dt, J = 15.6, 6.3 Hz,
1H, 21-H), 5.25 (dd, J = 15.5, 8.6 Hz, 1H, 20-H), 4.68 (d, J = 6.6 Hz, 1H,
OCH20Me), 4.55 (d, J = 6.6 Hz, 1H, OCH20Me), 4.18-4.23 (m, 3H, 16-H, 17-H),
3.99-4.05 (m, 2H, 18-H, 19-H), 3.51 (s, 3H, OCHp3s), 2.45 (s, 3H, Ar-CHzs), 2.05 (td,
J=17.5,6.3Hz, 2H, 22-H), 1.36 (s, 3H, C(CHa)2), 1.33 (s, 3H, C(CHs3)2), 0.97 (t, J
= 7.5 Hz, 3H, 23-H); 13C-NMR (CDCls, 400MHz) & 144.8, 140.3, 132.9, 129.8,
128.0, 123.7, 109.5, 93.0, 78.7, 74.7, 74.0, 68.9, 55.5, 27.4, 25.5, 25.4, 21.6,
13.1; HRMS (FAB): m/z for C13H230s [M-Ts]*: calculated 259, found 259; IR (film)
v 2964, 2363, 1597, 1456 cm?; [a]p?® = +0.47° (c = 2.00, CHCI3)
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(2R,3S,4R,5E)-2,3-dihydroxy-4-methoxymethoxyoct-5-enylp-toluenesulfon
ate (19)

A solution of S1 (0.15 g, 0.37

° OH :
o~ ore —> A~ 2 o mmol) in AcOH/H20 (1.05 ml/0.30
MoMO &0 MOMO  OH ml) was stirred at rt within 20h.
$1 19 10% NaOH ag. was added and

extracted 3 times with EtOAc. The organic layers were dried over MgSO4 and
concentrated under reduced pressure and purification by flash chromatography
provided 19 (81.6 mg, 59%). H-NMR (CDCls, 400MHz) & 7.81, (d, J = 7.5 Hz,
2H, Ar-H), 7.35 (d, J = 8.0 Hz, 2H, Ar-H), 5.82 (dt, J = 15.5, 6.4 Hz, 1H, 21-H),
5.42 (dd, J = 15.5, 8.1 Hz, 1H, 20-H), 4.70 (d, J = 6.6 Hz, 1H, OCH20Me), 4.55
(d, J =6.5Hz, 1H, OCH20Me), 4.31 (dd, J = 10.4, 2.7 Hz, 1H, 16-H), 4.24 (dd, J
= 8.0, 3.3 Hz, 1H, 19-H), 4.16 (dd, J = 10.4, 6.5 Hz, 1H, 16-H’), 3.91 (m, 1H,
17-H), 3.53 (m, 1H, 18-H), 3.37 (s, 3H, OCHs), 2.83 (m, 17-OH), 2.45 (s, 3H,
Ar-CHs), 2.41 (m, 18-OH), 2.08 (m, 2H, 22-H), 1.00 (t, J = 7.5 Hz, 3H, 23-H);
13C-NMR (CDClIz, 400MHz) d 145.0, 140.0, 132.6, 130.0, 128.0, 124.2, 93.7,
76.0, 71.7, 70.0, 55.8, 25.4, 21.7, 13.3; HRMS (FAB): m/z for C17H2707S [M+H]*:
calculated 357, found 357; IR (film) v 3457, 2962, 2938, 2898, 1597, 1356 cm™%;
[a]p?® = -0.80° (c = 0.50, CHCls3)

(2R,3S,4R,5E)-1,2-epoxy-4-methoxymethoxyoct-5-en-3-0l (S2)
To a solution of 19 (1.19 g, 3.15
/\/\_/‘{(\% . /\/\/014 mmol) in THF (35.0 ml) NaH (0.26 g,
MOMS  OH MOMS o| 3.50 eq.) was added at rt. The
19 S2 resulting solution was sttired 30
minutes. NH4Cl sat. aq. was added
and extracted with Ether. The organic layers were dried over MgSO4 and
concentrated under reduced pressure and purification by flash chromatography
provided S2 (0.54 g, 85%). *H-NMR (CDCls, 400MHz) & 5.86 (dt, J = 15.5, 6.3
Hz, 1H, 21-H), 5.42 (ddd, J = 15.6, 8.5, 1.5 Hz, 1H, 20-H), 4.78 (d, J = 6.7 Hz, 1H,
OCH20Me), 4.58 (d, J = 6.6 Hz, 1H, OCH20Me), 4.11 (dd, J = 8.3, 5.4 Hz, 1H,
19-H), 3.57 (dd, J = 9.3, 4.5 Hz, 1H, 18-H), 3.39 (s, 3H, OCHgz), 3.06 (m, 1H,
17-H), 2.82 (dd, J = 5.0, 2.8 Hz, 1H, 16-Hcis), 2.79 (dd, J = 4.9, 4.0 Hz, 1H,
16-Hanti) 2.46 (d, J = 4.3 Hz 18-OH), 2.11 (td, J = 7.3, 6.3 Hz, 2H, 22-H), 1.02 (t, J
= 7.3 Hz, 3H, 23-H); 13C-NMR (CDCls, 400MHz) 5 139.2, 124.1, 93.3, 78.1, 72.9,
55.6, 51.8, 44.6, 29.7, 25.4, 13.3; HRMS (FAB): m/z for Ci0H1804 [M]*:
calculated 202, found 202; IR (film) v 3459, 2956, 2921, 2852, 1458, 1376 cm™;
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[a]o% = -7.52° (¢ = 0.50, CHCls)

(2R,3R,4R,5E)-1,2-epoxy-4-methoxymethoxy-3-[(2’-trimethylsilylethyl)oxy
methoxy]oct-5-ene (20)

To a solution of S2 (0.54 g, 2.68 mmol)

OH OSEM ]
/\/\/\<‘ - /\/\/\4 in CH2Cl2 (10.3 ml) and DIPEA (1.88 ml,
Moms O womo  °| 4.00 eq.) SEMCI (1.41 ml, 3.00 eq.)
S2 20 was added at 0 °C and warmed to rt.

The resulting solution was sttired overnight. NH4Cl sat. ag. was added and
extracted with EtOAc. The organic layers were dried over Na:SOs and
concentrated under reduced pressure and purification by flash chromatography
provided 20 (0.81 g, 91%). *H-NMR (CDCls, 400MHz) 6 5.80 (dt, J = 15.5, 6.3 Hz,
1H, 21-H), 5.45 (dd, J = 15.6, 8.4 Hz, 1H, 20-H), 4.78 (d, J = 7.0 Hz, 1H,
OCH20CH2CH3), 4.75 (d, J = 6.7 Hz, 1H, OCH20Me), 4.68 (d, J = 7.0 Hz, 1H,
OCH20CH2CH3), 4.57 (d, J = 6.7 Hz, 1H, OCH20Me), 4.23 (dd, J = 8.5, 3.4 Hz,
1H, 19-H), 3.62 (dd, J = 8.6, 6.9 Hz, 2H, OCH2CH2TMS), 3.41 (dd, J = 5.8, 3.4
Hz, 1H, 18-H), 3.38 (s, 3H, OCHs), 3.15 (dt, J = 5.9, 2.8-3.4 Hz, 1H, 17-H), 2.82
(dd, J=5.2,4.1 Hz, 1H, 16-Hcis), 2.76 (dd, J = 5.3, 2.6 Hz, 1H, 16-Hani), 2.08 (td,
J=7.5,6.3Hz, 2H, 22-H), 0.99 (t, J = 7.5 Hz, 3H, 23-H), 0.90 (dd, J = 9.6, 7.1 Hz,
2H, CH2TMS), 0.01 (s, 9H, Si(CHa)3); 13C-NMR (CDCls, 400MHz) & 138.3, 124.6,
94.6, 93.2, 78.5, 76.5, 65.3, 55.4, 50.6, 46.2, 25.4, 18.0, 13.4, -1.47; HRMS
(FAB): m/z for C13H210s5 [M-TMS+Hz]*: calculated 243, found 243; IR (film) v
2955, 2889 cm?; [a]p?® = -84.8° (¢ = 1.00, CHCl=)

(2S,3S,4R,5E)-1-bromo-4-methoxymethoxy-3-[(2’-trimethylsilylethyl)oxyme
thoxy]oct-5-en-2-ol (83)

To a solution of 20 (50.0 mg, 0.15

9SEM OSEM mmol) in DCM (15.0 ml) MgBr2 (77.5
NN AN e :
H 0 H mg, 2.00eq.) was added 2 portions.
MOMO MOMO OH
20 - The resulting solution was stirred for

15 minutes and then quenched by
saturated NH4Cl ag., extracted with CH2Cl2. The organic layers were dried over
Na-SO4 and concentrated under reduced pressure and purification by flash
chromatography provided bromohydrin 83 (41 mg ,66%). *H-NMR (CDCls,
400MHz) 6 5.82 (dt, J = 15.4, 6.1 Hz, 1H, 21-H), 5.42 (dd, J = 15.5, 8.0 Hz, 1H,
20-H), 4.82 (d, J = 6.8 Hz, 1H, OCH20CH2CH3), 4.68-4.72 (m, 2H, OCH20Me,
OCH20CH2CH3), 4.57 (d, J = 6.4 Hz, 1H, OCH20Me), 4.31 (dd, J = 8.1, 4.2 Hz,
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1H, 19-H), 3.95 (ddd, J = 12.5, 6.3, 3.2 Hz, 1H, 17-H), 4.56-3.74 (m, 3H, 16-H,
17-H, OCH2CH2TMS), 3.53 (dd, J = 10.7, 6.6 Hz, 1H, 16-H), 3.39 (s, 3H, OCHj3),
2.10 (td, J = 7.3, 6.1 Hz, 2H, 22-H), 1.01 (t, J = 7.3 Hz, 3H, 23-H), 0.96 (dd, J =
9.6, 7.1 Hz, 2H, CH2TMS), 0.02 (s, 9H, Si(CHa)s); **C-NMR (CDClsz, 400MHz) &
138.5, 124.2, 96.4, 93.8, 82.6, 70.9, 66.2, 55.8, 36.5, 25.4, 18.1, 13.3, -1.47;
HRMS (FAB): m/z for C13H210s [M+H]*: calculated 413, found 413; IR (film) v
3465, 2955, 2891, 2361 cm?; [a]p?® = -1.87° (c = 0.57, CHCls)

(BR,4R,5R,E)-1-{(4R,5R)-5-[(R)-but-3-en-2-yl]-2,2-dimethyl-1,3-O,0-isoprop
ylidenedioxy-4-yl}-3-hydroxy-5-(methoxymethoxy)-4-{[2-(trimethylsilyl)eth
oxy]methoxy}non-6-en-1-one (87)

( Y To a solution of 84
o7z o7z SEMO (16.8 mg, 0.09 mmol)
# — Cl Z o+ N e |
H in acetone (1.7 ml)
HO O o O MOMO OH
84 85 83 Jones reagent (2.57

M H2SO4 solution 0.4
6 ml, 13.0 eq.) was
added slowly at r.t.
. 87 ) After 13 min, the
reaction mixture was quenched by iPrOH and concentrated. The product is
dissolved in CH2Cl2 and washed with 1N HCI solution, dried over MgSOu, filtered,
and concentrated under reduced pressure. The Carboxylic acid was used in next
step. To the caroboxylic acid (ca. 0.09 mmol) (COCI)2 (79.0 pl) and DMF (1 drop)
was added at r.t. After stirred for 1 h, the reaction mixture was concentrated to
remove (COCI)zto prepare 85 and the product was used in next reaction. To a
solution of 83 (12.4 mg, 0.03 mmol) in Et20 (2.0 ml) n-BuLi (0.57 M pentane
solution, 40 pl, 2.00 eq) was added at -78°C following stirring for 1 h. To the
resulting dilithioate acid chrolide (Et2O 2.0 ml solution) was added at same
temparture. After stirred for 18 h, sat NH4Cl ag. was added warmed to r.t.,
agueous layer was extracted with EtOAc three times. The combined organic
layer was washed with HCI aqg., dried over Na>SOa, filtered and concenterated
under reduced pressure to give desired product. The product was purified by
flash chromatography to give 87 (10.0 mg, 65%). *H-NMR (CDCls, 400MHz)
5.88 (m, 1H, 11°-H), 5.83 (dt, J = 15.4, 6.3 Hz, 21’-H), 5.41 (dd, J = 15.4, 6.2 Hz,
20’-H), 5.23 (m, 1H, 17’-H), 5.14 (m, 2H, 10’-H), 4.82 (d, J = 6.7 Hz, 1H, OCH20),
4.77 (d, J = 6.8 Hz, 1H, OCH20), 4.69 (d, J = 6.8 Hz, 1H, OCH20), 4.50 (d, J =
6.9 Hz, 1H, OCH20), 4.29 (d, J = 7.3 Hz, 1H, 14’-H), 4.27 (dd, J = 7.5, 3.8 Hz, 1H,
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13’-H), 4.16 (dd, J = 8.3, 3.8 Hz, 1H, C19’-H), 3.89 (dd, J = 12.1, 3.5 Hz, C18’-H),
3.69 (t, J = 3.5 Hz, 2H, TMSCH2CH20), 3.66 (d, J = 8.4 Hz, 2H, 16’-H), 3.34 (s,
3H, CH3OCH20), 2.60 (m, 1H, 12’-H), 2.10 (dt, J = 14.1, 7.0 Hz, 2H, 22’-H), 1.45
(s, 3H, (CH3)2C), 1.44 (s, 3H, (CH3)2C), 1.18 (d, J = 7.1 Hz, 3H, 12’-CH3), 1.02 (t,
J = 7.3 Hz, 3H, 23’-H), 0.88 (t, J = 7.0 Hz, 2H, TMSCH2CH:0), 0.02 (s, 9H,
(CH3)3SiCHy)

(3R,4R,5R)-6-tert-butyldimethylsilyloxy-4,5-O,0-isopropylidenedioxy-3-me
thylhex-1-ene (75)

o o To a solution of S3 (2.72 g, 14.6 mmol),

s — i_~| imidazole (2.40 g, 2.40 eq.) in DMF (20 ml)

Ho &o 1880 &0 TBSCIl (2.64 g, 1.20 eq.) was added 3
s3 75

portions and AgNOs (1.25 eq.) was added at
0°C. The resulting solution was warmed to r.t. and stirring 2days.After filtration,
filtrate was dissolved in ether and washed with water 4times.The organic layers
was dried over MgSO4, concentrated under reduced pressure and purification by
flash chromatography provided 75 (4.40 g, quant.). *H-NMR (CDClz, 400MHz) &
5.86 (ddd, J = 17.9, 10.3, 8.1 Hz, 1H, 11-H), 5.07 (m, J = 15.5, 2H, 10-H), 3.82
(m, 2H, 13-H, 14-H), 3.65 (m, 2H, 15-H), 2.40 (m, 1H, 12-H), 1.38 (s, 6H,
C(CHa)3), 1.10 (d, J = 6.9 Hz, 3H, 12-CHgs), 0.90 (s, 9H, SiC(CHs)3), 0.06 (s, 6H,
Si(CHs)2); ¥*C-NMR (CDCIl3, 400MHz) & 139.7, 115.4, 108.5, 81.6, 79.1, 64.2,
40.3, 27.2, 27.1, 25.9, 18.4, 17.0, -5.37, -5.43; HRMS (FAB): m/z for C16H330Os3si
[M+H]*: calculated 301, found 301; IR (film) v 2985, 2960, 2932, 2859, 2363,
2342 cmt; [a]p?® = +1.01° (c = 1.00, CHCl3)

(4R,5R,6R)-7-tert-butyldimethylsilyloxy-5,6-0O,0-isopropylidenedioxy-4-met
hylhept-2-yn-1-ol (30)

To a solution of 75 (6.25 g 20.8 mmol)
O
%/ " in MeOH (190 ml) Os was bubbled.
mmso Lo mso L3 NOH| After the solution was turned blue,
75

30 PPhs (6.62 g 1.21 eq.) was added and
warmed to r.t. following stirring for 2 h.The solution was concentrated and
dissolved in ether and filtered. The filtrate was concentrated under reduced
pressure where aldehyde was obtained which was used in the next step. To a
solution of aldehyde (ca. 20.8 mmol) and DCM (4.00 ml) in THF LDA(33.2mmol
1.60 eq. THF solution) was dropwised over 1 h. After 30 min the mixture was
allowed to warmed to 0°C for 30 min.TsCl (4.00 g, 1.00 eq.) was added. After 10
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min, the ice bath was removed and the mixture was stirred overnight. The
reaction was quenched by addition of water (0.9 ml), stirred for 30 min, and then
transferred to a separatory funnel and extracted with 10% HCI and 1N NaOH
solution. Each of these aqueous extracts was back-extracted with ether and
combined organic phases are washed with brine, dried over MgSO4, and filtered.
The solvent is removed under reduced pressure where dichloro tosylate is
obtained which was used in next step. To a solution of dichlorotosylate (ca.
20.8mmol) in THF (59.0 ml) BuLi (41.3 ml, 3.10 eq., 1.57M hexane solution) was
dropwised over ca. 1h. When addition was completed, the solution was stirred
for 30 min at -78 °C and warmed to O °C over 1h. The mixture was then cooled to
-78 °C. To the solution dried paraformaldehyde (1.25 g, 2.00 eg.) was added one
portion. After 15 min, the mixture was allowed to warmed to r.t over 4 h. The
reaction is quenched by addition of saturated NH4Cl ag., and aqueous layer was
extracted with ether three times. The combined organic extracts are washed 1N
NaOH solution and brine, dried over MgSOQO, filtered, and concentrated under
reduced pressure to give desired product. The product was purified by flash
chromatography to give alcohol 30 (2.62 g, 38%). *H-NMR (CDCls, 400MHz) &
4.27 (d, J = 4.0 Hz, 2H, 9-H), 4.00 (dt, J = 7.6, 4.9 Hz, 1H, 14-H), 3.87 (dd, J =
7.7, 3.8 Hz, 1H, 13-H), 3.76 (ddd, J = 10.8, 5.3, 4.4 Hz, 1H, 15-H), 2.78 (m, 1H,
12-H), 1.62 (9-OH), 1.44 (s, 3H, C(CHa)3), 1.40 (s, 3H, C(CHs)3), 1.28 (d, J = 7.2
Hz, 3H, 12-CHs), 0.90 (s, 9H, SiC(CHz3)3), 0.07 (s, 6H, Si(CHs)2); *C-NMR
(CDCls, 400MHz) 6 109.1, 86.7, 80.6, 80.4, 79.0, 63.9, 51.3, 29.0, 27.3, 27.2,
25.9, 18.4, 17.7, -5.38, -5.44; HRMS (FAB): m/z for CieHs3Ossi [M+H]*:
calculated 329, found 329; IR (film) v 3438, 2986, 2955, 2932, 2884, 2858, 2360,
2341 cmt; [a]p?® = +6.68° (c = 0.40, CHCl3)

(2Z,4S,5R,6R)-7-tert-butyldimethylsilyoxy-3-chloro-5,6-O,0-isoprpilydenedi
oxy-4-methylhept-2-en-1-ol (88)

o o To a solution of 30 (1.24 g, 3.77
- : . i ~_oH mmol) in THF (40 ml) Red-Al®
X g oH °
8BS0 &0 880 &0 < (2.73 ml, 1.50 eq., 3.60 M toluene
30 88

solution) was added at 0 °C. After
10 min, the solution was allowed to warmed to r.t. After 1 h, the mixture was then
cooled to -78 °C. After 5-10 min, NCS (0.65 g, 1.30 eq.) was added and
gradually warmed to r.t, stirring overnight. Then the mixture was quenched by

saturated Rochell salt aq., stirring until the solution turned clear. The solution is
extracted with EtOAc, and combined organic extracts is washed with water and
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brine, dried with MgSOQO, filtered, and concentrated under reduced pressure to
give desired product. The product was purified by flash chromatography to give
alcohol 88 (1.11 g, 81%). *H-NMR (CDCls, 400MHz) & 5.82 (t, J = 6.0 Hz, 1H,
10-H), 4.35 (dd, J = 13.3, 6.0 Hz, 1H, 9-H’), 4.31 (dd, J = 13.3, 6.1 Hz, 1H, 9-H),
4.06 (dd, J = 8.0, 6.3 Hz, 1H, 13-H), 3.91 (dt, J = 6.3, 4.7 Hz, 1H, 14-H), 3.72 (dd,
J=10.8, 4.7 Hz, 1H, 15-H), 3.68 (dd, J = 10.7, 6.2 Hz, 1H, 15-H), 2.67 (dt, J
=8.0, 7.0Hz, 1H, 12-H), 1.80 (9-OH), 1.34 (s, 6H, C(CH3)3), 1.13 (d, J = 7.0 Hz,
3H, 12-CHs), 0.90 (s, 9H, SiC(CHa)3), 0.07 (s, 6H, Si(CHa)2); 13C-NMR (CDCls,
400MHz) & 138.2, 126.2, 109.3, 80.1, 78.9, 64.5, 59.7, 46.7, 27.6, 27.5, 25.9,
18.4, 15.3, -5.35, -5.42; HRMS (FAB): m/z for C17H3403CISi [M+H]*: calculated
349, found 349; IR (film) v 3440, 2953, 2931, 2857, 2359, 2341 cm™; [a]p?® =
+1.63° (c = 1.00, CHCI3)

(22,4S,5R,6R)-7-tert-butyldimethylsilyoxy-3-chloro-5,6-isoprpilydenedioxy-
4-methylhept-2-en-1-yl benzoate (S4)

To a solution of 88 (40 mg, 0.11

0] 0]

I~ OH— » i~ o8z mmol) in pyridine (3.0 ml) was
1880 &0  CI 1880 &0  CI added BzCl (127 ul, 10.0 eq.)
88 S4 and DMAP (26.9 mg, 2.00 eq.).

After 10min, the solution was dissolved in ether and washed with 1N HCI
solution, dried with MgSOau, filtered, and concentrated under reduced pressure.
The product is dissolve,d in hexane and washed with 5% NaHCOs ag. twice,
dried with MgSOa, filtered, and concentrated under reduced pressure. The
product was purified by flash chromatography to give benzoate S4 (35.5 mg,
69%). *H-NMR (CDCls, 400MHz) 5 8.05 (d, J = 7.9 Hz, 2H, 2’-H), 7.56 (t, J=7.2
Hz, 1H, 4’-H), 7.44 (t, J = 7.6 Hz, 2H, 3’-H), 5.90 (t, J = 6.2 Hz, 1H, 10-H), 5.04
(dd, J =13.5, 6.3 Hz, 1H, 9-H’), 5.00 (dd, J = 13.5, 6.0 Hz, 1H, 9-H), 4.08 (dd, J =
7.3, 6.7 Hz, 1H, 13-H), 3.92 (dt, J = 6.7, 4.6 Hz, 1H, 14-H), 3.72 (dd, J = 10.7, 4.7
Hz, 1H, 15-H’), 3.69 (dd, J = 10.7, 4.6 Hz, 1H, 15-H), 2.73 (dt, J = 7.3, 6.9 Hz, 1H,
12-H), 1.39 (s, 6H, C(CHz3)s), 1.17 (d, J = 6.9 Hz, 3H, 12-CHs), 0.90 (s, 9H,
SiC(CH3)3), 0.07 (s, 6H, Si(CHz3)2); *C-NMR (CDCls, 400MHz) & 166.4, 140.3,
133.0, 129.6, 128.4, 121.6, 109.3, 79.9, 79.0, 64.4, 61.8, 46.6, 27.6, 27.5, 25.9,
18.4, 15.4, -5.35, -5.42; HRMS (FAB): m/z for C24H330sCISi [M+H]*: calculated
469, found 469; IR (film) v 2931, 2857, 2363, 2340, 1723 cm?; [a]p?® = +2.32° (¢
= 0.50, CHCl3)

(2Z,4S,5R,6R)-7-hydroxy-3-chloro-5,6-0O,0-isoprpilydenedioxy-4-methylhep
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t-2-en-1-yl benzoate (89)

To a solution of S4 (624 mg,

0]

{111}
o
i

f OBz — 3 i _~_ _osz| 1.33mmol) and AcOH (152 ul,
T8O &0 <l HO &0 ¢l 2.00 GQ) in THF (35 mI) TBAF
84 89 (5.32 ml 4.0 eq.,, 1.00 M THF

solution) was added at r.t. After 30 min, the reaction was quenched by saturated
NH4Cl ag. The solution was extracted with ether three times and combined
organic extracts was washed with 5% NaHCO3s aqg. and 1N HCI solution, dried
with MgSOy, filtered, and concentrated under reduced pressure. The product
was purified by flash chromatography to give benzoate 89 (282 mg, 60%).
1H-NMR (CDCls, 400MHz) & 8.05 (d, J = 7.2 Hz, 2H, 2’-H), 7.57 (t, J = 8.1 Hz, 1H,
4'-H), 7.44 (t, J = 7.7 Hz, 2H, 3’-H), 5.91 (t, J = 6.0 Hz, 1H, 10-H), 5.04 (dd, J =
13.5, 6.3 Hz, 1H, 9-H’), 4.99 (dd, J = 13.5, 5.9 Hz, 1H, 9-H), 4.04 (t, J = 7.5 Hz,
1H, 13-H), 3.96 (dt, J = 7.5, 2.8 Hz, 1H, 14-H), 3.80 (ddd, J = 11.8, 5.8, 2.8 Hz,
1H, 15-H’), 3.63 (ddd, J = 11.8, 6.1, 5.5 Hz, 1H, 15-H), 2.74 (dt, J = 7.5, 6.3 Hz,
1H, 12-H), 1.99 (t, J = 6.3 Hz, 1H, 15-OH) 1.42 (s, 3H, C(CHs)3), 1.40 (s, 3H,
C(CHs)3), 1.17 (d, J = 6.9 Hz, 3H, 12-CHs3); **C-NMR (CDCls, 400MHz) 5 166.4,
140.0, 133.1, 129.7, 128.4, 121.8, 109.3, 79.6, 77.6, 63.4, 61.8, 46.3, 27.3, 27.2,
14.9; HRMS (FAB): m/z for C1sH240sCI [M+H]*: calculated 355, found 355; IR
(film) v 3484, 2986, 2935, 2880, 2362, 2340, 1720 cm?; [a]p?® = +6.96° (c = 0.5,
CHCls)

(2R,3R,4S,572)-7-benzoyloxy-5-chloro-2,3-0O,0-isoprpilydenedioxy-4-methyl
hept-5-enoic acid (S5)

To a solution of 89 (254 mg, 0.72
(0] O =
%OBZ , HO\H)%Y\/OBZ mmol) in acetone (36.3 ml)
wo Lo o o Lo ¢ Jones reagent (3.65ml, 13.0 eq.
89 S5

2.57M H2SO4 solution) was
added slowly. After 13 min, the reaction mixture was quenched by iPrOH and
concentrated. The product is dissolved in DCM and washed with 1N HCI solution,
dried with MgSOsy, filtered, and concentrated under reduced pressure. The
product S5 (246 mg, 88%)was used in next step. *H-NMR (CDClz, 400MHz) &
8.05 (d, J =7.8 Hz, 2H, 2’-H), 7.57 (t, J = 7.2 Hz, 1H, 4-H), 7.44 (t, J = 7.4 Hz,
2H, 3’-H), 5.94 (t, J = 6.0 Hz, 1H, 10-H), 5.03 (dd, J = 14.5, 5.8 Hz, 1H, 9-H),
5.00 (dd, J = 14.3, 6.3 Hz, 1H, 9-H), 4.37 (m, 2H, 14-H, 13-H), 2.81 (td, J = 7.0,
6.1 Hz, 1H, 12-H), 1.47 (s, 3H, C(CHs3)3), 1.45 (s, 3H, C(CHz3)3), 1.27 (d,J=7.0
Hz, 3H, 12-CHz); ¥*C-NMR (CDCls, 400MHz) 5 166.4, 138.7, 133.0, 130.0, 128.4,
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122.6,112.0, 80.4, 61.8, 46.5, 27.1, 25.8, 15.5; HRMS (FAB): m/z for C18H2206CI
[M+H]*: calculated 369, found 369; IR (film) v 3219, 2989, 2938, 2359, 2341,
1721 cm?; [a]p?® = +1.83° (c = 0.50, CHCls)

(S,2)-3-chloro-4-{(4R,5S)-5-[(3R,4R,5R,E)-3-hydroxy-5-(methoxymethoxy)-4
-{[2-(trimethyl)ethoxy]methoxy}non-6-enoyl]-2,2-dimethyl-1,3-O,0-isopro
pylidenedioxy-4-yl benzoate (91)

To a solution
of 89 (181 mg,
HO (0] Cl o (0] Cl ;)M(:) OH i 051 mmOD in
83 acetone (18.0
ml) Jones rea
gent (2.57M
H2SO4 solutio
L J n 258 ml, 1
3.0 eq.) was added slowly at r.t. After 13 min, the reaction mixture was quenched
by iPrOH and concentrated. The product is dissolved in CH2Clz and washed with
1IN HCI solution, dried over MgSOy, filtered, and concentrated under reduced
pressure. The Carboxylic acid was used in next step. To the caroboxylic acid (ca.
0.51 mmol) (COCI)2 (0.45 ml) and DMF (1 drop) was added at r.t. After stirred for
1 h, the reaction mixture was concentrated to remove (COCI)2to prepare 90 and
the product was used in next reaction. To a solution of 83 (107 mg, 0.26 mmol) in
THF (8.6 ml) s-BuLi (1.01 M pentane solution, ml, 2.2 eq) was added at -78°C
following stirring for 1 h and then Lipshutz cuprate (0.25 M THF solution 2.12 ml,
2.1 eq.) was added following stirring another 45 min. To the resulting high
ordered cuprate, acid chrolide (THF 7.70 ml solution) was added at same
temparture. After stirred for 18 h, sat NH4Cl ag. was added warmed to r.t.,
agueous layer was extracted with EtOAc three times. The combined organic
layer was washed with HCI aqg., dried over Na>SOa, filtered and concenterated
under reduced pressure to give desired product. The product was purified by
flash chromatography to give 91 (124 mg, 70.0%).
!H-NMR (CDCIs, 400MHz) & 8.04 (d, J = 7.3 Hz, 2H, Ar-H), 7.55 (t, J = 7.5 Hz,
Ar-H), 7.43 (t, J = 7.5 Hz, Ar-H), 5.95 (t, J = 6.0 Hz, 1H, 10’-H), 5.79 (dt, J = 15.5,
6.2 Hz, 21’-H), 5.40 (dd, J = 15.5, 8.3 Hz, 20’-H), 5.24 (m, 1H, 16’-H), 5.03 (dd, J
=13.7,6.1 Hz, 1H, 9'-H), 4.99 (dd, J = 13.5, 6.1 Hz, 1H, 9’-H), 4.82 (d, J = 6.7 Hz,
1H, OCH20), 4.75 (d, J = 6.8 Hz, 1H, OCH:0), 4.67 (d, J = 6.8 Hz, 1H, OCH:0),
4.49 (d, J = 6.9 Hz, 1H, OCH20), 4.44 (t, J = 7.1 Hz, 1H, 13’-H), 4.38 (d, J = 6.2
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Hz, 1H, 14’-H), 4.16 (dd, J = 8.2, 3.7 Hz, 1H, C19"-H), 3.88 (dd, J = 9.5, 2.8 Hz,
1H, C18"-H), 3.67 (m, 3H, 17’-H, TMSCH2CH-0), 3.30 (s, 3H, CHzOCH:0), 2.82
(quin, J = 7.0 Hz, 1H, 12"-H), 2.08 (quin, J = 7.2 Hz, 2H, 22"-H), 1.45 (s, 6H,
(CHs)2C), 1.28 (d, J = 6.9 Hz, 3H, 12’-CHs), 1.00 (t, J = 7.5 Hz, 3H, 23'-H), 0.92 (t,
J = 3.9 Hz, 2H, TMSCH2CH:0), 0.00 (s, 9H, (CHz)3SiCH>)

Ethyl (2E,4E,6E)8-hydroxy-6-methylocta-2,4,6-trienoate (S6)
- — To a solution of 99 (25.9 g, 0.11 mol)
K)\cw —» LAn,.| in CH:CL (280 mi) DIBAL (hexane
solution, 1.02 M, 280 ml) was added
at -78°C. After the solution was
turned colorless, poured into sat Rochell salt ag. following stirring for 5 h. The
solution is extracted with CH2Clz, dried over MgSOa, filtered and concenterated
under reduced pressure to give desired allylalcohol (18.7 g), which was used in
next step. To a solution of allyalcohol in CH2Cl2 (280 ml) MnO2 (187 g) was
added at r.t. After stirred for 18 h, the solution was filtered and concentrated
under reduced pressure to give aldehyde (17.1 g), which was used in next step.
To a solution of aldehyde in CH2Cl2 (180 ml), Wittig reagent 100 (120 g, 4.00 eq.
CH2Cl2 60 ml solution) was added at 0°C and warmed to r.t. After stirred
overnight, the solution was concentrated under reduced pressure. The resulting
product was dissolved in Et20O, filtered with silica pad, concentrated under
reduced pressure and repeat the same things.Crude ester 101 (22.9 g) was
used in next reaction. To a solution of ester in CH2Cl2 (225 ml) DIBAL (hexane
solution, 1.02M, 225 ml) was added at -78°C. After the solution was turned
colorless, poured into sat Rochell salt ag. following stirring for 5 h. The solution is
extracted with CH2Clz, dried over MgSOs, filtered and concenterated under
reduced pressure to give desired allylalcohol (19.4 g), which was used in next
step. To a solution of allylalcohol in CH2Cl2 (290 ml) MnO:2 (194 g) was added at
r.t. After stirred for 18 h, the solution was filtered and concentrated under
reduced pressure to give aldehyde (25.9 g), which was used in next step. To a
solution of aldehyde in CH2Cl2 (180 ml), Wittig reagent 101 (120 g, 4.00 eq.
CH2Cl2 60 ml solution) was added at 0°C and warmed to r.t. After stirred
overnight, the solution was concentrated under reduced pressure. The resulting
product was dissolved in Et20, filtered with silica pad, concentrated under
reduced pressure and repeat the same things.Crude ester 102 (22.9 g) was
used in next reaction. To a solution of ester in EtOH/H20 (8:2, 230 ml) TsOH-H20
was added until pH of the solution was 2. After stirred for 8 h, the reaction

929 S6
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mixture was quenched by NaHCOs, filtered, concentrated under reduced
pressure to remove EtOH. The resulting aqueous layer was extracted with
EtOAc three times, dried over MgSO4 and concentrated under reduced pressure
to give desired product. The product was purified by flash chromatography to
give allyl alcohol S6 (6.94 g, 32.0%, 6 steps). *H-NMR (CDCls, 400MHz) & 7.34
(dd, J = 15.2, 11.0 Hz, 1H, 3’-H), 6.58 (d, J = 15.3 Hz, 1H, 5'-H), 6.34 (dd, J =
15.3, 11.0 Hz, 1H, 4’-H), 5.91 (d, J = 15.3 Hz, 1H, 2’-H), 5.85 (t, J = 6.5 Hz, 1H,
7’-H), 4.21 (g, J = 7.0 Hz, 2H, CO2CH2CHs), 4.35 (m, 2H, 8'-H), 1.83 (s, 3H,
6’-CHs), 1.30 (t, J = 7.0 Hz, 3H, CO2CH,CHj3)

Ethyl (2E,4E,6E)-8-(diethoxyphosphoryl)-6-methylocta-2,4,6-trienoate (105)
" To a  solution of
W\/ACOZH—> oo PP o | allylalcohol S6 (640 mg,
S6 105 3.20 mmmol) in Et:0
(25.6 ml) PBrz (320ul,
1.10 eq.) was added at 0°C. After stirred for 5 min, sat. NaHCO3s ag. was added
and aqueous layer was extracted with Et20, dried over Na:SOa, filtered and
concenterated under reduced pressure to give desired bromide 103, which was
used in next step. To a solution of the bromide in toluene (5.00 ml) P(OEt)s (0.54
ml ,2.20 eq.) was added and warmed to 130°C following stirring for 19h. The
reaction mixture was cooled to r.t., dissolved in EtOAc, washed with H20 twice,
dried over MgSOy, filtered and concenterated under reduced pressure to give
desired product. The product was purified by flash chromatography to give
phosphonate 105 (610 mg, 60.0%). 'H-NMR (CDCls, 400MHz) & 7.33 (dd, J =
15.4, 11.0 Hz, 1H, 3’-H), 6.61 (d, J = 15.3 Hz, 1H, 5'-H), 6.31 (dd, J = 15.1, 11.3
Hz, 1H, 4’-H), 5.90 (d, J = 15.3 Hz, 1H, 2’-H), 5.71 (dd, J = 15.8, 7.9 Hz, 1H,
7’-H), 4.21 (qd, J = 7.2, 2.0 Hz, 2H, CO2CH2CH3s), 4.11 (ht, J = 7.2, 1.8 Hz, 4H,
P(O)CH2CHza), 2.76 (dd, J = 23.5, 8.1 Hz, 2H, 8’-H), 1.85 (m, 3H, 6’-CHs) 1.32
(dd, J = 7.1, 1.6 Hz, 6H, P(O)CH2CHs), 1.29 (dd, J = 7.0, 1.9 Hz, 3H,
CO2CH2CHs3)

(S,2)-4-((4R,5R)-5-{[ (tert-butyldimethylsilyl)oxy]methyl}-2-dimethyl-1,3- O,0

-isopropylidenedioxy-4-yl)-
o 0T 3 o TBSO% 3-chloropent-2-enal (106)
=z —_— Z > CHO .
o ¢ o ¢ To a solution of allyl alcohol

88 106 88 (2.75 mmmol, 1g) in
CH2Cl2 MnO:2 (10g) was added. After sttirred for 24 h, the solution was filtered
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concentrated under reduced pressure to give desired product. The product was
purified by flash chromatography to give 106 (0.62 g, 62.0%). *H-NMR (CDCls,
400MHz) 8 10.1 (d, J = 7.0 Hz, 1H, CHO), 6.17 (d, J = 7.0 Hz, 1H, 10’-H), 4.12
(dd, J = 8.5, 6.3 Hz, 1H, 13’-H), 3.93 (dd, J = 11.0, 4.9 Hz, 1H, 14’-H), 3.77-3.70
(m, 2H, 15-H), 2.81 (dq, J = 8.5, 7.0 Hz, 1H, 12’-H), 1.38 (s, 6H, (CH3)2C), 1.23
(d, J =6.9 Hz, 3H, 12’-CH3), 0.91 (s, 9H, (CH3)3CSi), 0.08 (s, 6H, (CH3)2Si)

Ethyl (S,2E,4E,6E,8E,102)-12-((4R,5R)-5-{[(tert-butyldimethylsilyl)oxy]meth
yl}-2,2-dimethyl-1,3-O,0-isopropylidenedioxy-4-yl)-11-chloro-6-methyltride
ca-2,4,6,8,10-pentaenoate (107)

o To a solution of phosphonete
TBSO A SHO 4 (EOROP”~E NN o 105 (273 mg, 1.94 eq.) in THF
o cl (2.00 ml) LIHMDS (1.30 M

105

106 THF solution, 0.98 ml, 1.94
o'z eq.) was added at 0°C and
— < E
NN warmed to r.t. After stirred for
TBSO (e} Cl (o] . . .
107 20 min., the reaction mixture

was cooled to -78°C, and
aldehyde 106 (161 mg, 0.44 mmol THF 2.00 ml solution) was added. After
stirred for 18h, sat NH4Cl ag. was added at -78°C, warmed to r.t., aqueous layer
was extracted with Et20, dried over MgSOQa, filtered and concenterated under
reduced pressure to give desired product. The product was purified by flash
chromatography to give 107 (231 mg, quant.). *H-NMR (CDCls, 400MHz) & 7.36
(dd, J=15.3, 11.2 Hz, 1H, 3’-H), 6.71 (dd, J = 14.8, 10.1 Hz, 1H, 9'-H), 6.63 (d, J
=15.0 Hz, 1H, 5-H), 6.41 (dd, J = 15.0, 11.3 Hz, 1H, 8'-H), 6.36 (d, J = 10.6 Hz,
1H, 10’-H), 6.31 (d, J = 10.1 Hz, 1H, 7’-H), 5.90 (d, J = 15.2 Hz, 1H, 2’-H), 4.21 (q,
J =7.1Hz, 2H, CO2CH2CHs), 4.09 (t, J = 7.3 Hz, 1H, 13’-H), 3.92 (dd, J = 11.0,
4.7 Hz, 1H, 14’-H), 3.72 (dd, J = 10.9, 5.3 Hz, 1H, 15’-H), 3.68 (dd, J = 10.7, 4.7
Hz, 1H, 15'-H), 2.73 (quin, J = 7.3 Hz, 1H, 12’-H), 1.93 (s, 3H, 6’-CHzs), 1.39 (s,
3H, (CHs3)2C), 1.38 (s, 3H, (CHs)2C), 1.30 (t, J = 7.2 Hz, 3H, CO2CH2CH3), 1.12
(d, J =6.9 Hz, 3H, 12’-CH3), 0.91 (s, 9H, (CHz)3CSi), 0.08 (s, 6H, (CH3)2Si)

Methyl (1S,3R,4S)-3-(2-bromoacetoxy)-4-hydroxycyclohexane-1-carboxylat

CO,Me come | € (114)
o — (7 To a solution of 112 (75.1 mg, 0.43 mmmol) and
" °N e | 113 (857 mg, 10.0 eq) in toluene (2.20 mi)
112 (1)14 TsOH-Hz20 (cat.) was added at r.t. After stirred
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for 5 min., NaHCO3s was added, filtered, and reduced under reduced pressure to
give desired product. The product was dissolved in AcCOH 80% agq. (7.4 ml). After
stirred 30 min., coevaporated with toluene to remove AcOH and water to give the
product. The product was purified by flash chromatography to give 114 (50.0 mg,
36.0%). 'H-NMR (CDClz, 400MHz) & 5.23 (quin, J = 2.2 Hz, 1H, 3-H), 3.80 (dt, J
= 10.3, 5.0 Hz, 1H, 4-H), 3.90 (s, 2H, BrCH2CO), 3.69 (s, 3H, COOCH?3), 2.63 (it,
J = 11.3, 5.0 Hz, 1H, 1-H), 2.21 (m, 1H, 2-H), 2.05 (m, 1H, 6-H), 1.89 (m, 1H,
5-H), 1.79 (m, 1H, 2-H), 1.79 (m, 1H, 5-H), 1.59 (m, 1H, 6-H)

Methyl (1S,3R,4S)-3-[2-(diethoxyphosphoryl)acetoxy]-4-hydroxycyclohexa
ne-1-carboxylate (115)

CoMe CO,Me A solution of 114 (50 mg, 0.17 mmmol) of
% — OHW P(OEt)s was warmed to 85°C following stirring
O\n/\sr O\[(\moxom2 for 2 h. The reaction mixture was concentrated

O o

under reduced pressure to remove P(OEt)s to
give the product. The product was purified by
flash chromatography to give phosphonate 115 (51.5 mg, 63.0%). 'H-NMR
(CDCls, 400MHz) 6 5.29 (m, 1H, 3-H), 4.17 (t, J = 7.3 Hz, 4H, P(O)CH2CHz3),
3.68 (s, 3H, COOCHs3), 3.67 (m, 1H, 4-H), 2.95 (d, J = 13.6 Hz, 1H, BrCH2CO),
2.90 (d, J = 13.5 Hz, 1H, BrCH2CO), 2.62 (it, J = 11.0, 3.8 Hz, 1H, 1-H), 2.18 (m,
1H, 2-H), 2.05 (m, 1H, 6-H), 1.90 (m, 1H, 5-H), 1.81 (m, 1H, 2-H), 1.72 (m, 1H,
5-H), 1.56 (m, 1H, 6-H), 1.37 (t, J = 6.8 Hz, 6H, P(O)CH2CHj3)

114 115

Ethyl (2E,4E)-6-(diethoxyphosphoryl)-4-methylhexa-2,4-dienoate (116)
PO To a solution of crude ester
K)\/\Coza — (EtO)Z(O)P/\)\/\szt (10.0 g) in EtOH/H:0 (8:1, 37.6
S6 116 ml) TsOH-H20 was added until
pH of the solution was 2. After
stirred for 8 h, the reaction mixture was quenched by NaHCOs, filtered,
concentrated under reduced pressure to remove EtOH. The resulting aqueous
layer was extracted with EtOAc three times, dried over MgSO4 and concentrated
under reduced pressure to give desired product, which was used in next step. To
a solution of allylalcohol in Et2O (400 ml) PBrs (11.7 ml, 1.10 eq.) was added at
0°C. After stirred for 5 min, the reaction mixture was quenched by sat. NaHCOs
ag. and aqueous layer was extracted with Et20, dried over Na2SOy, filtered and
concenterated under reduced pressure to give desired bromide, which was used
in next step. To a solution of the bromide in toluene (78.1 ml) P(OEt)s (6.64 ml,
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2.20 eqg.) was added and warmed to 130°C following stirring for 19h. The
reaction mixture was cooled to r.t., dissolved in EtOAc, washed with H20 twice,
dried over MgSOy, filtered and concenterated under reduced pressure to give
desired product. The product was purified by flash chromatography to give
phosphonate 116 (476 mg). *H-NMR (CDClsz, 400MHz) & 7.34 (d, J = 15.8 Hz,
1H, 5’-H), 5.89 (dd, J = 15.9, 7.8 Hz, 1H, 7’-H), 5.86 (d, J = 15.8 Hz, 1H, 4’-H),
4.22 (g, J = 7.0 Hz, 2H, CO2CH>CH3s), 4.10 (quin, J = 7.8 Hz, 4H, P(O)CH2CHz3),
2.77 (d, J = 23.4, 8.0 Hz, 2H, 8'-H), 1.83 (d, 3H, J =4.0 Hz, 6’-CH3) 1.31 (t, J =
7.0 Hz, 6H, P(O)CH2CHz3), 1.31 (t, J = 7.0 Hz, 3H, CO2CH>CH?3)

Ethyl (S,2E,4E,6E,82)-10-((4R,5R)-5-{[(tert-butyldimethylsilyl)oxy]methyl}-2,
2-dimethyl-1,3-O,0-isopropylidenedioxy-4-yl)-9-chloro-4methylundeca-2,
4,6,8-tetraenoate (117)

To a solution of 106 (330 mg,

( N )
O P
: 194 eq.) in THF (7.00 ml
TBSO\%\(\CHO * (EtO)z(O)P/\)\/\COﬁt a) ( )
o cl
106 11

LHMDS (0.80 M, 1.40 ml) was
6 added at 0°C, warmed to r.t.
following stirring for 20 min and
Co:Et ] recooled to -78°C. To the reaction
17 mixture 116 (213 mg, 0.59 mmol,
THF 7.0 ml solution) was added
and gradually warmed to r.t. Then to the reaction mixture, sat NH4+Cl aq. was
added, aqueous layer was extracted with Et20, dried over MgSOQa, filtered and
concenterated under reduced pressure to give desired product. The product was
purified by flash chromatography to give 117 (138 mg, 47.0%). *H-NMR (CDCls,
400MHz) 6 7.29 (d, J = 15.3 Hz, 1H, 5’-H), 6.69 (dd, J = 14.7, 10.4 Hz, 1H, 9'-H),
6.54 (dd, J = 14.6, 11.3 Hz, 1H, 8’-H), 6.40 (d, J = 11.5 Hz, 1H, 7’-H), 6.24 (d, J =
10.6 Hz, 1H, 10’-H), 5.83 (d, J = 15.4 Hz, 1H, 4’-H), 4.14 (q, J = 7.2 Hz, 2H,
CO2CH2CH3), 4.02 (t, J = 7.5 Hz, 1H, 13’-H), 3.83 (ddd, J = 7.1, 6.4, 4.9 Hz, 1H,
14’-H), 3.66 (dd, J = 10.7, 5.5 Hz, 1H, 15-H), 3.61 (dd, J = 10.7, 4.7 Hz, 1H,
15’-H), 2.66 (quin, J = 7.1 Hz, 1H, 12’-H), 1.83 (s, 3H, 6’-CHz), 1.31 (s, 3H,
(CHB3)2C), 1.30 (s, 3H, (CH3)2C), 1.23 (t, J = 4.6 Hz, 3H, CO2CH2CHs), 1.10 (d, J
= 6.9 Hz, 3H, 12’-CHz3), 0.83 (s, 9H, (CH3)3CSi), 0.00 (s, 6H, (CHz3)2Si)

o)
—» TBSO A A

0] Cl

(S,2E,4E,6E,82)-10-((4R,5R)-5-{[(tert-butyldimethylsilyl)oxy]methyl}-2,2-dim
ethyl-1,3-0,0-isopropylidenedioxy-4-yl)-9-chloro-4methylundeca-2,4,6,8-te
traenoate (118)
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o— = o— =
< <
NN N F COZEt—> NN N F cHO
8sO0 &0  Cl 8sO0 &0 ClI
117 118

To a solute
ion of 117
(138 mg, 0.
28 mmol.)

in CH2Cl2 (0.70 ml) DIBAL (hexane solution, 1.02 M, 0.70 ml) was added at
-78°C. Atfter stirred for 5 min., the reaction mixture was poured into poured into
sat Rochell salt aqg. following stirring for 5 h. The solution is extracted with
CH2Cl2, dried over Na2SO4, filtered and concenterated under reduced pressure
to give desired allylalcohol (130 mg), which was used in next step. To a solution
of the crude allyl alcohol (130 mg) in DCM (2.2 ml) MnO2 was added at r.t. After
stirred for 24 h, the reaction mixture was filtered and concentrated under
reduced pressure to give aldehyde 120. The product was purified by flash
chromatography to give 118 (91.1 mg, 2 steps, 72.0%). H-NMR (CDCls,
400MHz) & 9.75 (s, 1H, CHO), 7.71 (m, 1H, 5’-H), 7.53 (m, 1H, 4’-H), 7.03 (m,
1H, 9’-H), 6.93 (m, 1H, 7’-H), 6.72 (m, 1H, 8-H), 6.38 (m, 1H, 10’-H), 4.10 (m,
1H,13’-H), 3.95 (m, 1H, 14’-H), 3.71 (m, 2H, 15-H), 2.76 (m, 1H, 12’-H), 1.87 (s,
3H, 6’-CHs), 1.39 (s, 6H, (CH3)2C), 1.20 (d, J = 6.9 Hz, 3H, 12’-CHs3), 0.91 (s, 9H,

(CH3)3CSi), 0.08 (s, 6H, (CHz3)2Si)

Methyl (1S,3R,4S)-3-{[(S,2E,4E,6E,8E,102)-12-((4R,5R)-5-{[(tert-butyldimeth
ylsilyl)oxy]lmethyl}-2,2-dimethyl-1,3-O,0-isopropylidenedioxy-4-yl)-11-chlo
ro-6-methyltrideca-2,4,6,8,10-pentanoyl]oxy}-4-hydroxycyclohexane-1-crb

oxylate (S7)

P
O— =

////CHO+ OOH

(EtO)z(O)P/\n/

(0]
115

TBSO O Cl

118

§ S7

o} 'L; f/
H OH
— 3 TBSO L L LAY e}
(e} Cl o

N
CO,Me

CO,Me

J

To a solution of 118
(4.2 mg, 0.03 mmol)
115 in THF/H20 (4:3,
21.9 ul) K2COs3 (34.5 mg,
4.00 eq.) was added at
r.t. After stirred for 17 h,
sat. NH4Cl ag. was
added, aqueous layer

was extracted with EtOAc three times, dried over Na:SOas, filtered and
concenterated under reduced pressure to give desired product. The product was
purified by flash chromatography to give S7 (5.80 mg, 24.5%). *H-NMR (CDCls,
400MHz) & 7.39 (dd, J = 15.0, 11.2 Hz, 1H, 3’-H), 7.38 (dd, J = 14.9, 11.1 Hz, 1H,
9'-H), 6.73 (dd, J = 14.9, 10.1 Hz, 1H, 4’-H), 6.38 (dd, J = 15.6, 11.0 Hz, 1H,
8’-H), 6.31 (d, J = 10.0 Hz, 1H, 7°-H), 5.95 (d, J = 13.9 Hz, 1H, 10’-H), 5.91 (d, J
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= 15.0 Hz, 1H, 2’-H), 5.28 (m, 1H, 3-H), 4.09 (t, J = 7.3 Hz, 1H, 13'-H), 3.92 (dd,
J=10.9, 4.9 Hz, 1H, 14'-H), 3.78 (m, 1H, 4-H), 3.70 (t, J = 4.4 Hz, 2H, 15"-H),
3.68 (s, 3H, COOCHs3), 2.73 (quin, J = 7.0 Hz, 1H, 12-H), 2.65 (m, 1H, 1-H), 2.19
(m, 1H, 2-H), 2.05 (m, 1H, 6-H), 1.96 (m, 1H, 5-H), 1.93 (s, 3H, 6'-CHs), 1.90 (m,
1H, 2-H), 1.85 (m, 1H, 5-H), 1.73 (m, 1H, 6-H), 1.39 (s, 6H, (CH3)2C), 1.67-1.52
(m, 4H, THP)1.93 (s, 3H, 6'-CHz), 1.39 (s, 3H, (CH3)2C), 1.18 (d, J = 6.7 Hz, 3H,
12-CHs), 0.91 (s, 9H, (CH3)3CSi), 0.08 (s, 6H, (CH3)2Si)

Methyl (1S,3R,4S)-4-acetoxy-3-{[(S,2E,4E,6E,8E,102)-12-((4R,5R)-5-{[(tert-b
utyldimethylsilyl)oxy]methyl}-2,2-dimethyl-1,3-O,0-isopropylidenedioxy-4-
yl)-11-chloro-6-methyltrideca-2,4,6,8,10-pentanoyl]oxy}-4-hydroxycyclohex
ane-1-crboxylate (119)

s N

(&

TBSO

—_—T TBSO

B OH
NN NN O

Cl O

S§7

O— =

AN O

O Cl 0]
119

CO,Me

OAc

CO,Me

J

To a solution of S7 (10.0
mg, 0.015 mmol) in
Ac20/Pyridine (1:1,
500pl) DMAP (cat.) was
added at r.t. After srirred
for 5 min., concentrated
under reduced pressure
to remove Ac20 and

Pyridine, and the product was purified by flash chromatography to give 127 (5.00
mg, 50%). *H-NMR (CDCls, 400MHz) & 7.38 (dd, J = 15.1, 11.0 Hz, 1H, 3'-H),
7.32 (dd, J=15.3, 11.2 Hz, 1H, 9’-H), 6.69 (m, 1H, 4’-H), 6.62 (d, J = 16.2 Hz, 1H,
5’-H), 6.39 (m, 1H, 8-H), 6.28 (m, 1H, 7’-H), 5.94 (d, J = 15.0 Hz, 1H, 10’-H),
5.86 (d, J = 15.1 Hz, 1H, 2’-H), 5.37 (m, 1H, 3-H), 4.90 (m, 1H, 4-H), 4.10 (t, J =
7.6 Hz, 1H, 13’-H), 3.92 (dd, J = 10.7, 4.7 Hz, 1H, 14’-H), 3.70 (m, 1H, 15’-H),
3.69 (s, 3H, COOCH3), 2.73 (m, 1H, 12’-H), 2.68 (m, 1H, 1-H), 2.19 (m, 1H, 2-H),
2.10 (s, 3H, acetyl), 2.00 (s, 3H, 6’-CH3s), 1.86 (m, 2H, 5-H), 1.81 (m, 2H, 6-H),
1.38 (m, 6H, (CH3)2C), 1.18 (d, J = 6.8 Hz, 3H, 12’-CHzs), 0.91 (s, 9H, (CH3)3CSi),
0.07 (s, 6H, (CH3)2Si)
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