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AAC Antibiotic-associated colitis
AAD Antibiotic-associated diarrhea
AIBN 2,2'-Azobisisobutyronitrile
Ac Acetyl

acac Acetylacetone

ADP Adenosine diphosphate

AMP Ampicillin

aq. aqueous

Bn Benzyl

BOM Benzyloxymethyl

Bu Butyl

Bz Benzoyl

CAN Cerium ammonium nitrat

Cat Catalyst

CDs, Cytotoxic dose 50%

CDAD Clostridium difficile-associated diarrhea
CDI Clostridium difficile infection
CDT Clostridium difficile toxin
CSA (2)-10-Camphorsulfonic acid
Cy Cyclo

DBU 1,8-Diazabicyclo[5.4.0]-7-undecene
DCM Dichloromethane

Decomp Decomposed

DET Diethyl tartrate

DMAP 4-Dimethylaminopyridine
DIAD Diisopropyl azodicarboxylate
DIBAL-H Diisobutylaluminium hydride
DIPEA N,N-Diisopropylethylamine
DME 1,2-Dimethoxyethane

DMF N,N-Dimethylformamide



DTBMP
DMSO
Et

ESI

€q

FAB

Fig

GTP
'H-, "C-NMR
HMPA
HRMS
IBX

ICy,
ICAM-1
IFN-y

IR

KC

LD,
LHMDS
m-CPBA

Mesityl
MEM
MHC
MIC
MIP-2
Mix
MNBA
MNP
MOM

Dess-Martin periodinane
Dimethyl sulfoxide
Ethyl

Electrospray ionization
equivalent

Fast atom bombardment
Figure

Guanosine triphosphate

Proton-, carbon-nuclear magnetic resonance

Hexamethylphosphoric triamide
High-resolution mass spectrometry
2-lodoxybenzoic acid

50% Inhibitory concentration
Inter-cellular adhesion molecule 1
Interferon-gamma

Infrared

Keratinocyte

50% Lethal dose

Lithium bis(trimethylsilyl)amide
3-Chloroperoxybenzoic acid

Not detected
Chloromethanesulfonyl chloride
Methyl

1,3,5-Trimethylbenzene
2-Methoxyethoxymethyl

Major histocompatibility complex
Minimum inhibitory concentration
Macrophage inflammatory protein 2
Mixture

2-Methyl-6-nitrobenzoic anhydride
1-Methyl-2-pyrrolidone
Methoxymethyl
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mRNA Messenger ribonucleic acid

MRSA Methicillin resistant Staphylococcus aureus
NBS N-Bromosuccinimide

NF-xB Nuclear factor-kappa B

NK Natural killer

NMO 4-Methylmorpholine N-oxide
NMR Nuclear magnetic resonance
nOe Nuclear Overhauser effect
NR No reaction

0- Ortho

p- Para

PCR Polymerase chain reaction
Ph Phenyl

Piv Trimethyl acetyl

PMB p-Methoxybenzyl

Pr Propyl

PS Polymer-supported

PT Phenyltetrazole

r.t. Room temperature

sp. Species

t- Tertialy

TBAF Tetra-n-butylammonium fluoride
TBDPS tert-Butyldiphenylsilyl

TBS tert-Butyldimethylsilyl
Temp Temperature

TEP Tolman electronic parameter
Tf Trifluoromethanesulfonyl
THF Tetrahydrofuran

TIPS Triisopropylsilyl

TLC Thin-layer chromatography
TNF-a Tumor necrosis factor-alpha

Tol Tolyl
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TPAP Tetrapropylammonium perruthenate
VRE Vancomycin resistant Enterococcus faecalis

VRSA Vancomycin resistant Staphylococcus aureus
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1-1-1  Clostridium difficile S OMAEYE RIS

PAEMBE R GICEL 5% OV T HIE X, 5L KB G K T FE
(antibiotic-associated colitis/diarrhea : AAC/AAD) £ E 4L, AAC/AAD D 10-20%
\Z Clostridium difficile (C. difficile, Fig. )3 5-F5LE 2615 Y, Zib C. difficile
NRKE72 % AAC/AAD X, B2 C. difficile B8 FHJE(C. difficile-associated
diarrhea : CDAD)&F 0415, CDAD DOAEMRITHEEAS PSR T 12 59 2R
DD AR R NG90 P B RRE B IE 72 & D A2 & i3 BIERL DO R 2 %
AETHLOETHEA THD 2,

C. difficile (3ZFREIERT 57T LEGPED R M
PR B CoD, C. difficile IIHAEWROIEME 7
TR SRR DI, E R AL
NOFLIRD 30%FLEICHRHENS, AHICE :
BILEIEIRE D2 LTI TR ChD, F-, Fs S ain
WEREZR R A DHEAE T h B RS b e ¢,
difficile D3FRDHIDHIN, — R H(H H CThg
BN EE L CIEETDZET2 0, Lol AAC

DA T2 DIEHFNC LY F UL E L2 4 +5 HUEME OB
B AE< . BB S SR TUV, |

1978 412 Larson B XV AIEIE KBRS C. N7 r—7DZAL
difficile \ZE> THIET HIENME SN TLLK, BRK l

T4 B ETC. difficile (= LA NERL N S S BRI LD

X C. difficiled> 55 v 5
HENWTEY, 7 AV ARET T THHR 300 1L l
Lo C. difficile \Z X DBENERYLIE DR AL THDHEN
DTG 9 ST B E T (AIEE K28 1A [ Toxin A, B 7E/E ]
AT L DRI T T r A RO l

F RG22 T T EE SRR B A5

R R G 2

B IR 2 WS TEY, CDAD 2FENEY:  Fig. 2 14 50 KI5 & o 3
ELTHESNDOHD 9,



BIEVE R R I3 B RHLEREEFEO M THY, JUEMER G2 L 5N 7
0 — 7 OB BLUE B L 7= C. difficile 73 Toxin A, Toxin B 2D 3£ 4 PEA
L. RIEZHIERZTHDOTHD 7 (Fig. 2), F/RIEIRIL Toxin A IZEHEBZHNTE
D, WHETR A TIXMIICREE L3 A OB (Fig. 3)035780 0L, ik - ikx
PESBIE TR, M, 88N, B ERHINELRIE T 5, FITITFHEAD A T LEVE
WRIZZ LVERIG 35— 05T, EIEFI CIXEME BFH KSR SRS, 5K
AP A TR T D605 5,

Fig. 3 MR 2 DOHELT



1-1-2  C.difficile ’EAETHET

BTk L7= C. difficile DFEATHFEHREL T, A 752 (Toxin A; Ted A; enterotoxin [ 5
2% ]) & B 3% (Toxin B; Tcd B; cytotoxin[fila 1) 2380, C. difficile 1373 PE
HEREDENIND 3 DDOXA T\ THIENTED D, 77200, MmAaEATD
(A+/BHtk, A BHREEALRNT B mBRDHEFELET DHA-BHEE, MR EHE
A LZ2WVA-BRIZ AT E D, (A+/BHIR. (A—/BHIRN THIE IR AR Z 328
DD, A TR DR SN2 WABHRD RO IEE T D0 ERH D,

UTETTIL, C. difficile DFEATHEREL T, A Fidhe B R OMIC, B =0mH#s
L C = JC 7 5% (binary toxin; CDT) 2 H1 H 4L CTW 25 % = 5¢ 3§ % 1L
ADP-ribosyltransferase {EEN3HY, 2 DORERE 537 D72 > TS, ITH, TAV I E
RE, 74, BKINTIE, 027 L (PCR ribotype 027)EVNH FEMED IR WRO# H 238
ZTEY, EHREDFNEL2>TND, 20 027 L, “umBEeELlD A F¥
(16 1), B 3% (23 fi) ZpEEL . F-7 /v A4 mx /o ROHEFKIZMERHY . L0
HIE(LD ROND, 7/vAmdx / ar ZOGIREEPHHASNDHHMTIL, 7y Aux/
1R DPUEFIZIROIHTE NS DR D T HBILE0LT VN, ZOBGT, FLn=a—
X/ ur RPEE PN T v —F O R A 729 Bacteroides J& <5 D BERNERE 2%
DU D8 IFN T B —T DR ELAE LTV L, &= —F /ur Rl
SKMED C. difficile FRRANEIRSNAZENLI A TE5EEZ BN TS, HARICE
VWTh, 027 Y C. difficile 37 BESILTED 19, 2005 ., 1ARMERIGR D 30 ik 4otk
BEOMHNDEESIZ 027 B3, B ARIZBIT DO TOWRE THD,



I-1-3  C. difficile Toxin A (ZX A1 KGR DR IERET 1O

WD GIE T 53 1AW FT2C O FERIEOHER LD BT T VORI iR
Rk, C. difficile \ZZDABNENERNG IR DIETEAT =X Lb iR 2 (TS 2255,
LU, 8 RS TR IR 4 VA, 728 OTEY), B OR AR E 1RSI TERD,
ARG RE DT IZIZ R EE 2R SN2\, 2 DT | AERBLEIBERE & L CORIE,
F O DFHIEIZ DUNTO LD FEMZR AT 23 I BRI 36 L OVE IR EMENLIZ BV THE
TCThHHEZZ IS,

BUE C. difficile WEEAT DmHFE OIS, BB BMEA A T2 Toxin A DIRIFIEIE DR
Db BERFRRR T THHEE ZHNTWD, Toxin A (XM ZEMEEMEZ AL
THEY, 0 EITRZEMIRFET 200-600 kDa, ZEPEIRHE T 200-250 kDa THDHIEMN
WESNTWD 'Y, F72 Toxin A [IGE BIEOMIC, MM, ~vABSEENE, 7R
I BREFEETEE, 48 @M TG & DA LR 2RO Z LN BN TV D

12)
[e]

W& 2B D Toxin AD L& 7 F — I RTZRFE S ATV W23, Toxin AZNHlE
oD Lt 7% =G 5 LB UNITR A E U K5 F-GTPRE G & v /37
BHTHDRho7 7 I U —DglucosylationZ 5| Z L Z T2 & T, 77 FrHFDH
BEIET D2 ENRMON TS, ZORER, Kl LG 7 R h—3 X
RRI B— U ANFFEI I, KREENE T D,

Toxin AIZ X DB TlE, b &, EBEMW & 612, 4FTERE FIRE 35 RIEMN
DI % PE o To W BRI ORI N R B 7RI R R Ch 5, MIlNICE
ALTToxin AlZ, X har RUT7EEZSISEITZLICL > TEERFTH
HNF-kBOIEMALZFHE L A DRIEAT 4 =—F —HELETLHLEEINTND,
o T, FFEROEREITIIRIEEY A N UA BLOTED A VRS BEE L,
i RN IGE OMRGEFICEEREZFZ R L TWDL B2 NS, £,
NF-kB % J1 L 72 S 0iE S DO Z AL [ERho glucosylationFEKAFHIIZ L X T b &5 2
HILDHM, DO OEIIIRTEREETH 5 (Fig. 4), BIFEDOLZ AToxin A
AR DIIEIZITRho glucosylationlZ& D%k E NF-kBIEMEALIZ K AR D218 D A3
FZEABNTVD,



Toxin A

Y

Binding to surface receptors

Y

Internalization

/\

Glucosylation of Mitochondrial damage

Rho, Rac, Cdc 42

Actin disorganization NF-kB activation

Y ? \
Epithelial cell damage ~---- Release of cytokines

e

Neutrophil migration

Y

Enteritis

Fig.4 Toxin A D545 HE EHERS

Toxin A FHFMZROFIERL LOYHREICH DR EEI A H S TODEB X HILHLAFH
HiZ, £ OBEEMEDREDET VE AT NBI LN RS> TETWD, TS
JAAZIRWT, BB N~ I ERIRFICE 724 P ERIZTE N RO B, | MLER
ATV DOBY 7=y T D CDI8 DHFFIHIARLK T X 0 I ERIZE 235
D, FORER, KIITHEB L OBEANERBT 2720, iFHEkEiiE S
727 v M THBROBEINHE SN TND B9, 2 b iE, Toxin A FBRIER O
FEAEIZIX, Toxin A 12 &L 2 EEER 7R ERIREGEER SN, BREL T
HHRERZ I LIS ENRE S L TWA Z EERB LTS,

IFN-yIZRERBIRRIEVETF AN IAL THY iy VAEH, ~7m7 7— U RoNKAl
faDTEMAL, ~/m77— O MHC HUROF B THERE | FEH IR HEH P74 PG
HEHLTCND 7, F72, Thl GEISEO LR EIZHSTHDIEND, Ko/
—UIRE S TRk & 72 Thl L7218 MERIEICBI B L TVDEB X B TWND ¥, U4,
APMERTFRE E T T BT DRIESUSIZB W T, IFNy DS LI AT 42— —L LT



BN TNHI LD ARSI TEY | IFN-y K~ 7 A T4 P ERIZ I O 585 (S HE O
G EDPE S D2 IMESNTND Y,

ZZ T BAER<T ZAONGEIZ Toxin A B HLT-LZA K EFE OHEMEE 7
I FRERIZIE RO BITZ, ZOFE, IFN-y® mRNA K OZ L I BBINIGENTHEL
SHPL, 2 AF P Bk E XGRS A JE DV 7 ERE T IFN-y# o /37 D3 S 472 TNF-a,
R, fix DrEHAL, ICAM-1 O mRNA FBEOTLHEN OOV, ZIHIT4FFEKIR
8} OGRS E OFRE LFHBIL TV, — 5 IFN-y K~ AT Toxin A Z# 5L
7ol A, Flix DY ANIAY, 77 EHAL, mRNA FEBUTED T, 4F PERE
1, KT DO IH7e 0T BRI OBIEEHIZE A ERD BN otz Fiz, i
IEN-y LR Z B 5 U7 87 AR~ A5 12 Toxin A 2% 5 L7Z B R OfE B
BB,

IFN-y(Z, TNF-a& O FEIEMIZL > THFEHIIEGD IL-8 X° KC DOFEAEZ RS
., IEN-y3 ICAM-1 A RS2, ZDZEN5, Toxin A IZL-> THERATICE
7% IEN-yDBEANTLEL , TNF-0°7E 41, ICAM-1 OFRBINFHEINDHI LT,
ZNHEDOHANERIZE DA R ER O E K ONEEDN LS DN EBE 2 HND, S
HIZ AL TEI A RERDSHT 7T 2 ORIEVES ANIA L ZFEATHIEIZES T,
RIEZE —BHEEIET-LOLE 2515 (Fig. 5),

v
>,

TXAEE LT a—li s

[ﬁmxﬁmn@ Rho5Ya Lk

WIREREA

1) I\EK ‘ IFN-YT

YA hA4Y TENAY EEREF
IFN-y, TNF-a MIP-2.KC ICAM-1

rRS
trxcy | @ nm:g&ﬂ _______ ;




Fig.5 Toxin A DIGRFEFREIZIITSH IFN-y Df&EH| *

Toxin A ¥ 5% 6 B UYRHEIC . AF U BRA L f & S TEMINR A A L7 b a
MBI (T 28050 | 2 DB C IFN-y I BB A o T B T LAV RIS LS,
[-1-4 BRIV RIG RIS DI A

PBIEME R G2 DIPRIEL L TE, B —ICH R &> TODHEEESLHTN AFIE G-
HFIETHY, BIEFNZ B WL BEF O 5.2 1352 LTI BEER O g
MAROND, FAIOEG-2H 1L T2~3 H TR BGELRWIG AR BITRL
THEAOK G Z2F I CTE72 WA, C. difficile \[ZH D723 AITHD
Vancomycin <> Metronidazole (Fig. 6)73#% [ £ 5-Z415,

OH
O
(0) (O g
N
OH
W H N H «-“‘N\
(0] (0]
OH
O~ "NH, Metronidazole
Vancomycin

Fig.6 Vancomycin, Metronidazole

— I THNEHHEIRNZIL 720 HOWTIHLE Lo Rt B KR I IE D 58
HALDEEIIERI T, HALE IS LEEE22 D, P F LN TIL, Saccharomyces
boulardii \ZRESNDIHVRT O ANAF T I AL TR WA IKOK HE LT TND
(Vancomycin <> Metronidazole Ta 3 2BRZ, BERED Saccharomyces boulardii @
& AR E A R 92 2 & TRIRI DR BITITZ R B ORI T28 BRED C.
difficile BRYHEIZ RV THRB RONTZEVIHRE V35 5) . LIPLARNS, Roak
TEIRIC LD B IR IS O C. difficile %1151 CTRIET 2 FHEYL D I REMED
IRLSIRNZ LS BT RIRIFRIE DT N E E TV D,



I-1-5 C. difficile BHE# FHIEIZ X} 9287 72 iR 3K

HITE. Optimer f1: (CK) &V Fidaxomicin (OPT-80, Tiacumicin®?*, Clostomicin*”, Fig.
7) 78 CDAD SDIRHIRE L TIRFESN T, Fo, BARICBWTHT AT 7 A M
FERRA 4173, Optimer #1:& C. difficile BEYETR I FE T 5 [Fidaxomicin (744
FYRATL) NTOWT, HAIZET M E R - Bt 2594 2012 4 3 A
29 H CRIERFH]) (2T LT D,

Cl

OH
Cl

Fig.7 Fidaxomicin

Fidaxomicin [0 18 BER~7aT7 7k ZH0IZL T, C-12 (Ll 7 KB, C-21
NAZ 6-T AF U HEE AL D, BIIEE TIZ Fidaxomicin 1X RNA KU AT — B &%=
I HZLT C.difficile IS ETCNDIEN NS TND 2, (k. 7T L E, 7
T AR O I ETEER HD LSV TOZR | I FE O RICED 7T LR
XU CUEPETE ME A RSN AV L TR Y | BRI AT MV 3R A| L7 5T
%202 F I NBAS—Z Nz in vivo 3RBRIZF5\) T, Fidaxomicin 2% O & 5-L7-~
TADE MR D @SR EIZEREL CODLZEND, IBICB W TUEREA LRI ST,
SR I CHRAFNNE L Eo TOBZENAFI DB THD ),

LLUFIZ in vitro 123317 % Fidaxomicin OIEVEFEANZ 777> (Table 1, 2, 3), Table 1, 2
1% 207 O C. difficile £R1Z%FL T Fidaxomicin %5 T 6 FEDHLE 4 T MIC %



BHLbDOTHD, Table 1 TIEAIRIEIZIBWNT 207 O BATFEZAEL TWHO
2L, Table 2 TIEZEDHFLIE A H /3R TROL TV D, Table 1, 2 725
Fidaxomicin @ MIC (MIC = 0.0625 ug/mL)2Mt D EHFN bR TRWZ &b, FEF I
BRWAEMTETEE AL CWDZEN 1D, Table 31X C. difficile 57251 D MIC D
AL SR T 5, Fidaxomicin 13X Bacteroides fragilis, Prevotella spp., Eubacterium
spp. /2 E DT T AEVED RIS MERE I L CRAEMIEMEE RN END, 7
T LB MER MBS B TR L TR ARG 2 A L QD T EDVRIB SIS,

Table 1. Distribution of MIC values for 207 C. difficile strains

Agent No. of strains with MIC (ug/mL) of:
<0.0009 0.0019 0.0039 0.0078 0.0156 0.0312 0.0625 0.125 025 05 1 2 4 8 16 =32
Vancomycin 1 3 7 81 115
Metronidazole 2 2 5 16 39 138 3 2
Moxifloxacin 1 1 2 10 56 109 2 7 12 7
Fusidic acid 65 87 44 9 1 1
Linezolid 7 14 35 50 87 10 4
Fidaxomicin 75 42 49 21 16 1 3

Table 2. Cumulative percentage of strains inhibited at a given MIC (n = 207)

ive 9 ins inhibi 3
Antimicrobial Cumulative % strains inhibited at MIC (ug/mL) of:
<0.0009 0.0019 0.0039 0.0078 0.0156 0.0312 0.0625 0.125 025 05 1 2 4 8 16 =32

Vancomycin 1 1 2 5 45 100

Metronidazol 1 2 4 12 31 98 99 100

Moxiffoxacin 1 1 2 7 34 8 87 91 97 100
Fusidic acid 32 73 95 99 99 99 99 100

Linezolid 3 10 27 51 94 98 100
Fidaxomicin 36 57 80 90 98 99 100

Table 3. Distribution of MIC values for Fidaxomicin and five bacterial species: B. fragilis (n = 69)

Prevotella spp. (n = 35), Eubacterium spp. (n = 26), Lactobacillus spp. (n = 8) and P. acnes (n = 16)

Organism No. of isolates with MIC (ug/mL) of:
<0.0312 0.0625 0.125 025 05 1 2 4 8 16 32 64 =128

MIC,,/MIC,,

Bacteroides fragilis 69 >128/=128
Prevotella spp. 1 2 32 >128/=128
Eubacterium spp. 1 3 1 6 8 3 4 32/=128
Lactobacillus spp. 5 2 1 NA
Propionibacterium acnes 1 1 25 2 3 2 4/2128
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NA. not applicable.

F72. Swanson HIZLDHNLAZ—Z N in vivo RO HAE *PTlL, Clindamycin
THLEEZ LT CDAD Z i Z L 7oA AF— 2% L T Fidaxomicin, Vancomycin %% [
PG, BREESEREZFEHL WD, ZOREE Vancomycin #$¢5- L7234 . CDAD
DR LUEWEERE TALAZ =T LTV A, Fidaxomicin 28 5- L7254,
CDAD HFEAEHIEE T NLAL—TIECLIRNZER D> TND, SHIZEMR
BRH1 7> TV, Fidaxomicin 2~ A% U CREENTES 2L TCERESE &4~ T
TR EHEERLT LDy, > 500 mg/kg L7 TUND,

PLFIZ, Fidaxomicin @ phase-III FRER DL FAZ OV TR ~<2% 2, 1 [8] H ® phase-II1
AR TR, #EBRFE ITXL T 10 H [ Fidaxomicin 200 mg % 1 H 2 [F], Vancomycin 125
mg % 1 H 4 [A]# 5L T Fidaxomicin 7% Vancomycin IO MEZ 7~ 37 E 97O 5lEk
Z M LT, € D55 Fidaxomicin (% Vancomycin &[FIFRE DL LN RN HHE

WIHZEDRREHSN TND, SHICRFET ~EZ LT, CDI IS L TRWiR AR
1213 T72<, CDL DFFELINTWDHZETHY, 16HE 2 H ATV, 167 1% 4 HH A
PR L THIZEAEFHFEITL TR,

2 [A] H @ phase-IIT 3Bk (23317 2% 4% Table 4 [27~7, 2 0] B OFRBRIZBF T3 L
C Fidaxomicin 200 mg % 1 H 2 [F], Vancomycin 125 mg % 1 H 4 [A[# 5.LC CDI i&
PRIZB T oL EMELIGRN RO IEGBRZL T %, Table 4 LV, fFFEFRIZHONT
Fidaxomicin 7% 13%. Vancomycin 73 24%¢& Fidaxomicin Z#¢ 5-L72355 . 3R
FIRL TODZEN DD, Fiz, BIRDIRIEZRIT Vancomycin 23 66% THDHDITKIL .
Fidaxomicin (X 79%&, ZHbh 10%F: EAl>TWD, FEARTIEH 3L Fidaxomicin &
Vancomycin TlE&AE7E7)372< | £72 Fidaxomicin O ZEMEDS EWZ &6 B R
B3 o TS,

ZHB 2 OO phase-T 75k O R0 | Fidaxomicin IXEFRIZEBWCIEFIZE VIR

WHE ) Z A L. 7> CDI OFFREAP ZENITERASNIZZ 805 K [E Optimer #1235
2011 4E 5 AICESE G EL TIRGEMN BRI T,
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Table 4. Results of second phase-III study
Per Protocol 95%
Fidaxomicin Vancomycin®
(microbiologically p-value Confidence
(200 mg 1 H 2 [A]) (125mg 1 H 4 [A])
evaluable) Interval
Clinical Cure 91.9% (442/481 patients) | 90.2% (467/518 patients) NA (-1.8,5.3)
Recurrence 13.0% (51/391) 24.6% (99/403) >0.001 (-16.8,-6.1)
Global Cure 78.6% (378/481) 66.4% (344/518) >0.001 (6.7,17.6)
Modified 95%
Fidaxomicin Vancomycin®
Intent-to-Treat p-value Confidence
(200 mg 1 H 2 [A]) (125mg 1 H 4 [A])
(mITT) Interval
Clinical Cure 87.9% (474/539 patients) | 86.2% (488/566 patients) NA (-23,5.7)
Recurrence 14.1% (67/474) 26.0% (127/488) >0.001 (-16.8,-6.8)
Global Cure 75.5% (407/539) 63.8% (361/566) >0.001 (6.3,17.0)

NA = Not Applicable (trial met non-inferiority endpoint)

The Per Protocol (Microbiologically Evaluable) Population is the patient group with CDI confirmed by diarrhea with a positive

toxin assay, met all inclusion/exclusion criteria, and received at least 3 days of therapy and were considered a failure or at least 8
days of therapy and were considered a cure.

The Modified Intent-to-Treat Population is the patient group with CDI confirmed by diarrhea with a positive toxin assay and

received at least one dose of study medication.
p-value :

RRDBFFTHNUCEEHTE 208 5 O, PE0.05 LR R OMEIHICAR L Shd,

Confidence Interval: 7 — % OfEFHRLEML DR, 2 ANMORETHONIFROTR, DAOREDHR LY
b

FHOICLZEL TS, ZOREROREZEEMIRLIEZLOBMEHEEBTH D,
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-2 Puiic M E IR 2 3% Luminamicin (1)

1985 4, AL EMFFERT D KA O Io THAY —IRAHETE D C. difficile (2% LT
B2 B E TS % 779 Luminamicin (1)(Fig. 8)72° Streptomyces sp. OMR-59 ££D
BEAR IR K0 B A7 °Y, 1 I3 E LR L CRE IRV HL TG M2 97720 | Tz
f@#iﬁ& %-iku{@%lﬁﬁ DHAFTES (Table 5),

oK~ AVERIZIEL | o
T )= =—FIEETH
14B]R~/a7 7k

BRI |

ﬁﬁ“—%’?;ﬁﬁczs a4

805906 20KU T3I@*2NM . .
Luminamicin (1)

Streptomyces sp. OMR-59

Fig.8 Streptomyces sp. OMR-59 & Luminamicin (1)

F72. %I A 12 Abbott AFZEFTICIVNT, Bacteroides fragilis DB BRLEREL T
Coloradocin®™ 7% 1987 fFIZHEES L, ‘P EDNRESN P Z0LE WX
Luminamicin (1)&[R]—D#EE THDHZ LD ML T — X D e BH|BAL 7=, £ L C,
KABIZE ST, MTPA =27 )L ~DOFFEAIZL DL B Mosher {£& NMR fi#AT 1280
2005 FIZE DOMERHEIE DS P ES LT 2,

1985 4, HLEEY U SRR 2 75 R L2692 1 OFt TG A7~ (Table 5,
6,7), *"

Table 5. Antianaerobic and antiaerobic activity of Luminamicin (1)

Organisms (anaerobes) MIC (ug/mL) Organisms (aerobes) MIC (ug/mL)

Bacteroides bivius B 6140 32 Staphylococcus aureus > 100
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B. disiens ATCC 29426
B. fragilis ATCC 25285
B. fragilis 784

B. fragilis UC-2

B. fragilis SFM 2906 A

B. fragilis SFM 2975-7
B. fragilis SFM 2929-1
B. loescheii ATCC 15930
B. melaninogenicus
ATCC 25845

B. thetaiotaomicron
ATCC 29741

B. thetaiotaomicron
ATCC 29742

B. thetaiotaomicron 106
B.vulgatus 792
B.vulgatus SFBC 2375
Clostridium difficile
ATCC 9689

C. difficile ATCC 17857
C. kainantoi IFO 3353

C. perfringens ATCC 3624
C. perfringens SFBC 2026

C. perfringens 788

C. perfringens ATCC 13124

C.ramosum 7
C. kluyveri IFO 12016
Fusobacterium nucleatum

ATCC 25586

Peptococcus asaccharolvticus

ATCC 14963
P.magnus ATCC 29328

32
32
32
32
16
16
64
64

32

0.5

32

16

64

6.25

16
6.25
3.12

16

32

32
12.5

16

0.5

0.5

ATCC 6538P

S. aureus CMX 686B

S. aureus AS177

S. epidermidis 3519
Streptococcus agalactiae
CMX 508

S. bovis A5169

S. faecium ATCC 8043
S. pyogenes EES61

Acinetobacter sp. CMX 669

Enterobacter aerogenes
ATCC 13048

Esherichia coli Juhl

E. coli DC-2

Klebsiella pneumoniae
Providencia stuartii CMX
Pseudomonas aeruginosa
P.aeruginosa BMH 10

P. cepacia 2961

> 100
> 100

> 100

100

> 100
> 100
> 100

> 100

> 100

> 100
> 100
> 100
> 100
> 100
> 100

> 100




Peptostreptococcus anaerobius

64
ATCC 27337
P.micros ATCC 33270 2
Propionibacterium acnes 132 8
Veillonella parvula ATCC10790 0.5

Table 6. Biological activity of Luminamicin (1) to Neisseria gonorrhoeae

Test Organism MIC (ug/mL)
Neisseria gonorrhoeae CMX 556 4
N. gonorrhoeae CMX 557 4
N. gonorrhoeae CMX 558 2
N. gonorrhoeae CMX 591 2
N. gonorrhoeae CMX 664 4
N. gonorrhoeae 35F AMP-intermediate 1
N. gonorrhoeae 389 AMP-resistant 2

AMP : Ampicillin

Table 7. Biological activity of Luminamicin (1) to H. influenza germs

Test Organism MIC (ug/mL)
Haemophilus influenzae 519 A 2
H.influenzae 588 A 16
H.influenzae 632 A 2
H. influenzae 667 A 2
H. influenzae 747 C 8
H. influenzae DILL AMP-resistant 8
H. influenzae SPK AMP-resistant 8
H. influenzae SOL AMP-resistant 2
H. influenzae 1435 1
H. influenzae ATCC 9795 32
H. influenzae ATCC 19418 8
H. influenzae ATCC 10211 2

AMP : Ampicillin
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Table 5 XY Luminamicin (D)I3Z3FMEZ 29577 A ER ISR THD
Clostridium JE IR U THIHIEMZ/RL | FFIZTE LR WENE ST LR E T
&5 Bacteroides J& X Fusobacterium )&, £ M7 7 L GHEKE CTH D
Peptostreptococcus JEIWZ K L THIEHEEZ AL T0WDH, LLEFXMEE TH S
Staphylococcus J&=° Streptococcus J&, Pseudomonas J&75E I XAEMTEMEZ RS20,
Thbb | BRI U CGERRAEDTEELZ G L TOLIEN B LIZZ LD,
VTR PR AT VA T3 OBRAFEIZIED DB 265, KRR 5| &
F I IRBITIE, STk~ C. difficile (S L DBENER G R EIRFEL T, 2O
C. tetani \ZL DGR, C. perfringens \ZX AR H/RE N85, Bacteroides J&% 3
&% Bacteroides fragilis 13, TG AR GLE S H MEIZBWTRIBETHY , Foir
| BERIZBUWTAIRRAME B. fragilis DSHBLUTZIEFI N HE S TCND 7, v
PN RBUEFE O A D @ WIS ENZ I T Z O FEANME B (2% Lah
RETTHEIEORFENMLETHY, ZNOHOFHNG 1 OFIFRIT RO THIfFEN T
WD,

F7-. Table 6, 7 PO IHX MY T LI2PEKE CHD Neisseria gonorrhoeae X°7 7
LEMEALE T & D Haemophilus influenzae \ZxF L CHHUETEME 2R3 2 & BNoh
%o N. gonorrhoeae |ZMIR DIRIR Toh 2. H. influenzae 1A 7 /LT FHE D
ZETHY, FiRCMEMEREER OJRIK L7225, N. gonorrhoeae DRI L LT
X, R=v Uy TEXFVVI Y TUES Y UREBMEAINDR, Thb
(ZPEZ R OB L TR Y, HfFE=a—F% ) o0 REENRT SN D X
N Tp o TH B IMFRATHEL 2 EST LT 5, H. influenzae & ET-MMHAL 3 E
ITLTERY, ~=VUUMtEE IO~ 27a T AR T M A 7V AR LTt 2
DOLANMPERE AL TETWD, IHIROBR, HARIZRE O TUI BT = LR N Ll
MENDN, 7 2 LRI U TIHMEZ A T Wb T EH L Thd,

ZDIH7 T FED D, N. gonorrhoeae, H. influenzae @ AMP(Ampicillin) i (2% L
THPLRTIEMEZ A5 1IZZNLMTER OTEEIEE L TORBALWIFRF &5,

E6IT, FOEOFAEIZLY 123 in vitro |2V T ZV 7 TR L Ch AMIG A 7=
F(ICs, 0.57 ug/mL)ZED 3> TETED ) FIEEKEL TR T, vV 7 %I
CHOLT DI RITK T DHUR 3L TORTEEMD B 2 Hid,
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[-3  Luminamicin (D® C. difficile \ZX%1 3 A5

Luminamicin (W)IXFEIZRLIZIDIT, Bl R E R E U R ICHIFF CE 57
W, HebRI3E A BHEL. BRIRKEZ AW KOFERI 22 TG ME R 2 B S AT o 72,
054 FED C. difficile R Z VT, Luminamicin, Fidaxomicin, Vancomycin,
Metronidazole @ MIC(ug/mL)% I 7EL7=(Table 8), H |2, ZNOLDOFEREFLHT-FK
#7139 (Table 9),

Table 8. MICs of Luminamicin (1) and the reference materials against C. difficile

clinical isolates

MIC (ug/mL)

Strain
Luminamicin Fidaxomicin Vancomycin Metronidazole

C.difficile RMA 23481 1 0.015 1 0.25
C.difficile RMA 23737 1 0.06 1 0.125
C.difficile RMA 23744 1 0.125 1 0.25
C. difficile RMA 23929 1 0.125 1 0.25
C. difficile RMA 23930 0.5 0.125 1 0.125
C. difficile RMA 23949 0.5 0.03 0.5 0.25
C. difficile RMA 23952 1 0.06 1 0.25
C.difficile RMA 24191 1 0.06 1 0.25
C. difficile RMA 24203 1 0.125 0.5 0.25
C.difficile RMA 24218 1 0.125 0.5 0.25
C.difficile RMA 24221 1 0.06 1 0.25
C. difficile RMA 24564 1 0.125 0.5 0.25
C.difficile RMA 24572 2 0.03 0.5 0.25
C.difficile RMA 24575 1 0.06 1 0.25
C.difficile RMA 24577 1 0.03 1 0.125
C. difficile RMA 24579 1 0.125 2 0.5
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a O a a o a a a o a a a a

. difficile RMA 24580
. difficile RMA 24583
. difficile RMA 24585
. difficile RMA 24587
. difficile RMA 24588
. difficile RMA 24589
. difficile RMA 24590
. difficile RMA 24594
. difficile RMA 24596
. difficile RMA 24599
. difficile RMA 24606
. difficile RMA 24611
. difficile RMA 24612

C. difficile IHMA
542959

C. difficile IHMA
582388

C. difficile IHMA
607508

C. difficile IHMA
745465

C. difficile IHMA
750903

C. difficile IHMA
750912

C. difficile IHMA
769153

C. difficile IHMA
769154

C. difficile IHMA
807309

C. difficile IHMA

0.5

0.5

0.5

0.5

0.5

0.5

0.5

18

0.06
0.06
0.06
0.015
0.06
0.06
0.25
0.06
0.125
0.125
0.125
0.06
0.125
0.06

0.06

0.03

0.125

0.125

0.125

0.06

0.015

0.06

0.06

0.5

0.5

0.5

0.5

0.5

0.25
0.25
0.25
0.125
0.25
0.25
0.25
0.25
0.25

0.125

0.5
0.25

0.25

0.25

0.25

0.125

0.25

0.06

0.5



807318

. difficile IHMA
807420

. difficile IHMA
807422

. difficile IHMA
815265

. difficile IHMA
815267

. difficile IHMA
842261

. difficile IHMA
970285

. difficile IHMA
970289

. difficile IHMA
970517

. difficile IHMA
970592

. difficile IHMA
970772

. difficile IHMA
970892

. difficile IHMA
988170

. difficile IHMA
1000879

. difficile IHMA
1017947

. difficile IHMA
1017987

0.5

0.5

0.5

0.25

0.5

0.125

0.125

0.06

0.06

0.25

0.06

0.03

0.125

0.03

0.06

0.015

0.125

0.125

0.06

0.125

0.5

0.5

0.5

0.5

0.5

0.5

0.25

0.25

0.5

0.25

0.125

0.25

0.25

0.25

0.125

0.25

0.5
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Table 9 MIC range, MIC50 and MIC90 of Luminamicin and the reference materials

against C. difficile clinical isolates

) MIC range MIC, MIC,,
Material
(ug/mL) (ug/mL) (ug/mL)
Luminamicin 0.25-2 1 1
Fidaxomicin 0.015-0.25 0.06 0.125
Vancomycin 0.5-2 1 2
Metronidazole 0.06-1 0.25 1

ZIETOHEIZFV VT Luminamicin (£ MIC = 6.25 ug/mL (C. difficile ATCC 9689,
Vancomycin MIC = 1.56 ug/mL)E# 2 STV 273, Thale 8, 9 /»bEGARKE HV -
AN MIC = 1.0 ug/mL THAHZEN)Y, BEAFIETH D Vancomycin & [F1ZEDTE
Mz R ZEDHBDEIR ST,
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[-4  Luminamicin (D C. difficile YL/ N ASZ — Tk 9 53]

Luminamicin @ in vivo i&5%% C. difficile (2009155, a NAP/027)J& 4/~ LAX —% H
WCRHlEA T 572 7, A BTG N LAZ—1Z% L, 1 % 5 mg/kg, 50 mg/kg &
Vancomycin % 50 mg/kg 2401 H 2 [BIZ0C, 5 HER CRROBGL, 35
HEOAEFROLE AT o7, £ DOfE K%~ 7 (Fig 9), Fig. 9 7°5 Vancomycin % 50
mg/kg FH-INToNLAZ—LD 1 % 50 mg/kg & 5- TN DAY —DIF) PATFH
DENZEMND, 1 IIBEF3HTHS Vancomycin LNGE N EMEh AR Z L3
BINEIRoTe, ZHUTED 1 TEIRAPHT BT S E 3L U OE R I D R Co L
EZ2bib,

Fig.9 K& 5REIBITD C. difficile e N DAK —DHETFH

=0=Vehicle Control 0.25% MC

={=Luminamicin 5 mg/kg, bid
PO

Luminamicin 50 mg/kg,
bid PO

=>&=Vancomycin 50 mg/kg, bid
PO

Percent Survival (%)

Observation (days)

*** P=0.0003
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[-5 Luminamicin ()DOFE#{A: Lustromycin

B AE ¥ T, Luminamicin (DIZFEP LML EHEL THREINLTWDLDIX
Lustromycin® (Fig. 9D Té 5, Lustromycin (E KK HIZE-T Streptomyces sp.
SK-1071 BRINDHEBESNIALED THY 1 LT 2L 3 LA A AL, 10
R AT VAR TR N2 2 S OREERRE VDD 5P
D, ZOMIEETRESILTVRD, DLl 1 LRI 0NN
HARE A AT 5 Lustromycin OEWTENE (Table 10)(
1 LIRIBEICHRGMERE . R Clostridium sp \ZxF L CHLUETE
MA IR T ZENIE S TS Y9, Lustromycin (HL4F
SMERTE A RSIRNZEND B ARG 1 AL
TWDTET Tl AETEEIZ I W THHEIL TV A1k
B THHENZ D, Fig. 10 Lustromycin D&

Table 10  Biological activity of Lustromycin

MIC (ug/mL)

Organisms
Lustromycin Vancomycin
Staphylococcus aureus ATCC 6538P > 100 04
Bacillus subtilis ATCC 6633 > 100 0.2
Micrococcus luteus ATCC 9341 25 04
Escherichia coli NIHJ > 100 50
Klebsiella pneumoniae ATCC10031 > 100 50
Salmonella typhimurium KB 20 > 100 50
Proteus vulgaris IFO 3167 > 100 50
Pseudomonas aeruginosa 1IFO 3080 > 100 50
Clostridium perfringens ATCC 3624 6.25 1.56
C. kainantoi IFO 3353 25 1.56
C. difficile ATCC 9689 6.25 1.56
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Bacteroides fragilis ATCC 23745 50 50
Fusobacterium varium ATCC 8501 100 100

I-6  Luminamicin (1) F#¥E#5 {4 : Nodusmicin, Nargenicin

Luminamicin (1)® FEZFELILIALEOF T, 1 DK~ AU REETe 14 B

B~raZ N ERE R R MBS EL T 1980 4FIZ Nodusmicin®?y Wnuk &,
Nargenicin*"7% Whipple HIZ&-> T, LA TS (Fig. 11),

Nodusmicin Nargenicin
Fig. 11 Nodusmicin & Nargenicin D1

Nodusmicin & Nargenicin (%, £ #LZ 4L Saccharopolyspora hirsute 367 £k, 33X
Nocardia argentinensis Huang 7O HBES 72/ G THY | KK F K IZ
Luminamicin (1)DFFH CTHLTK VL AU EEETe 14 BIRE~/u7 7 N iExbic
2WMEEMTh D, FFIZ Nargenicin (3277 LG E T &5 Staphylococcus J&X° MRSA
(L THRWLETEEZ R 9 * (Table 11),

Table 11 Biological activity of Nargenicin

Substrates
Organism
Nar. Mon. Oxa. Van. Ery Spi
Alcaligenes faecalis ATCC 1004 > 80 > 80 80 > 80 20 80
Enterococcus faecalis ATCC 29212 >80 25 5 25 25 10
Bacillus subtilis ATCC 6633 > 80 2.5 0.6 0.3 0.125 5
Staphylococcus aureus KCTC 1928 0.6 5 0.6 5 10 20
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Micrococcus luteus ATCC 9341 2.5 10 0.6 2.5 0.008 2.5

Mycrobacterium smegmatis ATCC 9341 >80 25 0.6 1.25 25 10
Salmonella typhimrium KCTC 1925 >80 >80 20 >80 2.5 > 80
Escherrichia coli KCTC 1923 >80 >80 >80 >80 >80 >80

Oseudomonas aeruginosa KCTC 1637 > 80 > 80 > 80 > 80 80 > 80

MRSA 693 E 03 0.6 > 80 1.25 25 25
MRSA 5-3 03 5 > 80 10 > 80 > 80
VRSA > 80 5 > 80 > 80 >80 > 80
VRE 82 > 80 0.6 > 80 > 80 >80 > 80
VRE 89 > 80 0.6 > 80 > 80 > 80 > 80
VRE 98 > 80 1.23 > 80 > 80 10 25

Substrates : Nar = Nargenicin; Mon = Monensin; Oxa = Oxacillin; Van = Vancomycin; Ery = Erythromycin; Spi = Spiramycin.
MRSA : Methicillin resistant Staphylococcus aureus; VRSA : Vancomycin resistant Staphylococcus aureus.

VRE : Vancomycin resistant Enterococcus faecalis.

Nargenicin 2% Staphylococcus JEIZXTL CHEUWHLETE A7~ — 7 C. Nodusmicin
I& Staphylococcus JBIZxH L TUIEA EHLETEMEZ /RS20 (Table 12),

Table 12 Biological activities of Nodusmicin and Nargenicin to S. aureus

In Vitro MIC (ug/mL)

S. aureus resistant strain

Nodusmicin Nargenicin 18-Deoxynargenicin
UC 76 (control) > 100 0.2 1.0
ucC 6685 (P,T,C.N,K,E) > 100 0.2 1.5
UC 6686 (G,K) > 100 0.2 3.1
US 6687 (P.K) > 100 0.2 1.5
UC 6686 (P,T,C,Ch,E) > 100 0.2 3.1

In Vivo CDs, (mg/kg)

UC 76 (subcutaneous) > 320 174 > 100
UC 76 (oral) - 50 -

Resistant by Kirby-Bauer disc diffusion method to : Penicillin G (P), Tetracycline (T), Clindamycin (C), Novobiocin (N),

Kanamycin (K), Chloroamphenicol (Ch), Erythromycin (E)
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Fig. 12 18-Deoxynargenicin D%

Nargenicin % Nodusmicin @ 9 i /KEEEEIZ VAR =1 v — L )3iEE L TODEE
WTHLHN, TN 9 NKIRIED T AT )V A Fl 4 ZE LT MIC Z il EL TV
“ (Table 13), = D55 5L, pyrrole-2’-carbonyl 2355 & L TV A KPR Nargenicin 235 %
EHEDEL BIEICALE, 5 BER TR MA~T o LG Hs m s EZ R
ZEDTID0

Table 13 Antibacterial activities of Nodusmicin 9-O-acyl esters against S. aureus

9-0-Substituent MIC (ug/mL)
H (nodusmicin) 125
Pyrrole-2’-carbonyl (nargenicin) 0.125
Pyrrole-3’-carbonyl 0.39
Benzoyl > 250
Thiophene-2’-carbonyl 39
Thiophene-3’-carbonyl 0.5
Furan-2’-carbonyl 7.8
Furan-3’-carbonyl 0.5
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Nicotinoyl 250

Isonicotinoyl > 250
4-Methylpyrrole-2’-carbonyl 0.78
N-Methylpyrrole-2’-carbonyl > 250
L-Prolyl 62.5
A-3’-L-Prolyl 12.5
Pyrrole-2’-acetyl > 100
Pyrrole-2’-acryloyl > 50

0 Ny NS
b o s, P 0, 9 P Hzo
) N O ¥ P
3 3 3 o} o 4

Pyrrole carbonyl Benzoyl  Thiophene carbonyl  Furan carbonyl Nicotionyl Isonicotionyl ~ 4-Methyl pyrrole carbonyl

H
/ 0 )
N, O HN s 2 [ )2 |N2‘ o
< G »\
H
0

N-Methyl pyrrole carbonyl L-Prolyl A-3-L-Prolyl Pyrrole-2-acetyl ~ Pyrrole-2-acryloyl

N ZT

26



I-7  Luminamicin, Lustromycin, Nodusmicin, Nargenicin D 5D kg

Z#UET Luminamicin (1)EZFUZZABILTALE IOV TR TET=0N, 212
DIEVEIZONWTEEDLELL T D LTS (Fig. 13),

O 0
O 0
7
OH
0
HO

@)

l,'. ! i :

Luminamicin (1) Lustromycin

B M B U CHLBRTE E A A D03 PR BNk LT OTEPEIFER N
* Clostridium sp \Zxt 3 LAY O EWIEEDESILRIFRE Th D
WA WIS K OBURTE DRIl T D

=
H
g

Nodusmicin Nargenicin

-Nargenicin(ZS. aureus\Zxt U CHURTE M%7~ 323 Nodusmicinl VR S 720
RIS IRV TN AK IR L LISMIRIC ThHh D
N KR L D BEHIE P TEME R BUCHE THOL RIS ND
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Fig. 13 Luminamicin (1) EZFEEUEED) O LGN

Fig. 13 |[ZBF#E L T, 72 Nargenicin 73/~ T 4FMEBETEPEDY 1 <° Lustromycin (213
72l EBITHIBFE M BTG TEER A T DI01272 5720220 TE, BFDHL 9 MKER
b 14 BR~I07 7 BN EBRLTWHEE 261D (Fig. 14),

9/
. - \“": i 'I N - :
e H . . I‘\ \ / 0] ’,' :
Nodusmicin ~ o
TEMEDREB 777 Nargenicin
TEMHEDIH K
0]

4EBR~7aT7 b D
N Z» THER M TS
PENRELLT= 2

Luminamicin (1)

Fig. 14 Luminamicin (1) DEWIETEDFE BTSN T
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-8 Luminamicin, Nargenicin ®4E EL

McAlpine H{ZJ:-5C Luminamicin (1) DA & RRARAT 23 T4 TRV, Z 0D % Fig.
15 ("9, BC THEERRLT-ALA W% FI T B IA Z 5258 K O 3C NMR I E D 5
Cis-T IV ERE 10 BEET I MBI HOW L3722 R 7 F RO AR E R,
FEfG, 7 R4 VB DEEIILTCNDIEDIREIL, AN VI OWTEIAT A=
INDEINPIVCWDD A BEMENSHDZEN 30T, 14 BER~70T7 7 ks K OVIEK
<L AUVEER T OWTIZ DO — N NI DFHES L, A A ROBRIZBWT
—IRFBEIHEL TCWDBIENRBEINTZ, LML, AL AUBRO T ) —/L T —
T IAZDNTDEG BRI LN T B DO FHF I Lo THEEIILTWRNZ L5,
HEFE DB LWAER R A RBE L TAEAREIN TNDEENIZERHZ X LT
Do

— acetate derived

- propionate derived

=—  succinate derived
methionine derived

<~"7° uncommon pathway
from acetate

Fig. 15 Luminamicin (1)D 45 A,

Nargenicin DG FIZ DN THWKDNOHE O03HY | £ DELE A Fig. 16 (2R
9, Nargenicin [ZDOWTHEERIC PC THEE# LI LB 2 VT2 HRD A R Kk Y
BC NMR Il E 2 &> TAEA R EZRIEL CD, ZO5E%, Nargenicin B & HICE
FID 5 DOMEFELH O THERDOE)D IV TODE DD 4 O, 7 et VIR HE)
NWTWDERGA 5 DIFIELTWD, FIZANF UV HEDAT /AL TIATF A =0inh
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FHEINTND, FEVD 3 DOBEFIZHOWTE B0, 2 W =3B IC I KA olig sk
T FIPHEASILTCWAZEN -T2,

— acetate derived
—  propionate derived
— molecular oxygen derived

methionine derived

Fig. 16 Nargenicin O/EH K

ST, ZNHOHFIZEESWT Cane BIX cis-7 DV HRE DRV FREHENLD
1N Diels-Alder SGMZE S THEEIN TNDEB 2 DL, RO NIIRLF L Y
BRI TP ENEL W 2R LT, E1UTLAHE Diels-Alder G4
IZFRAL D LR B RER B I THOIN TWDHEE 2 DIND, ZOHELT PCHEFR L 7= & K
AR BRI~ E AT 52T PCiFEikS 7z Diels-Alder WA GH 7224
IZE> TEMITHEN TS (Fig. 17),

® = 13C-labelled carbon

SANC = \<S\/\N,AC
H

intramolecular Diels-Alder
cycloaddition

functionalized

COSANC

Fig.17  Nargenicin D AT BV B OHEE LA B
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I-9  Luminamicin ()D& EH Y

P B _C&x721912, Luminamicin (DIZAEMTEYE K O%EERINC 2 =— 07/ EW
THHIEND 1 ZBERDZ—T v e T HZLITAE LRI 7210 TR AW
FHEAFER PRI ITAER THHEZZDND, FAGRRICB W THILE
THT )=V —T VOGS ECTR RN cis-7 WV B OMEEL RIS
TWRNWZENDHZEDEBIEICHIR DR oD, 22 TEF ITHHLHURIYERE DY
—NMbE ORI Z BRL, 1 OEETEIEAHB DM L&A B eI 8 FT 5288
L7z,
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II-1 Luminamicin (1)D & 5% B i

Luminamicin (1) DEERRFEIL, FRE SO =B LV 7 0 o EH 10 B]R 7 7
Mrabic, Bk~ LA VR ) — V=TGR 14 BRI 7 b L
FREEH AT CERBENENMER LR TH D, FxIFIDLDIC
AENENE R ARG AL RS S BLRZER 1 OB BRI DL & | HEETETE
B DR Z B & L CTHFEICE T LT,

HEHE D RFEA) 703 2 9 5 Luminamicin ()2 ST 2I12H7-0 | REE &
FHRENLZEK~ LA ViR ) — o —T )L ZERERL S T- B ELEE
BHEVATAY B, LT, BRIV T CEH 10 BRI 7 20D
ICHEET 0N D 2 E R T2, 22T, FRESO =B AL 7 4 bz
AT VARG ThEI L, B Northern part (2) & T8 Southern part 3)& L., £ 7,
KRR MG E AT 5N EIH DB OMEGHEZ N T 5 Z & 12 L7-(Scheme
1)

(0] OH

o~ O OH
=

Northern part (2)

Luminamicin (1)

Southern part (3)

Scheme 1 Luminamicin D4y E|
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II-2  Northern part Q)DABEEEDHEST

I1-2-1 Northern part Q)DHEZEIZIBIFHZNETORRES

Northern part Q)D G EITOICHT VL R D DN, RETEE TRINH I
B ) =N T—=T N EVNBET 51 Th D, BIEE TICHIHEEHIZE - T
Bex et Thbn TRy, 2o—flzrd,

DB AZ Y 2% AT ) — )L T—TF )L DORELE

—OBHE LTHBRAXY BV AEZHW KT ) — v —T IV OBEEE AT,
LU, BRALATERARIS s LT 2 DSh 2 1 L722s . 1567z DIFBRIBIR T
70 B VEENERLBIZL U AR L S LR B = LB L 72 7L 32— LR
DEOLNDDOHRT, BIETHHE T/ — Lo —T VAT LT TE R oT2
(Scheme 2), Z#UiZ Grubbs it =)L = —F LIRS DA T DV T =0 LAV
ARUGER N IR TG BB AX B AT LI o 1272 EE 2 Bb,

0 P \
N =
\\ > OJ o
RCM OR;
OR;
—_— X
0”0 OR,
0”0 OR,
RO

Scheme 2 [BR AZ B AL ABR LIES

@z /)— VN7 —h BT ) — Lo —F )L O S

2 OHDORAIT 14 BEBRA~EBRALE, 400 L 12002V T 7 ML, D
ANEDT I U E T ) =L R 7L —MEL.ZD Y 7 L— FOETLE &
bW T ) — =T VG AT D TH D, T 7 b UAREITH L,
Comins &3 & KHMDS Z W TCTZ 7 b= —)v v 7 L— MbERKE
Liz & A, SOEPETETEEHEIIZK DY | = /) — Lo —F )Ly OGS
IZIZE SR o Te, FETNERMINCIRAE S TRV 2L R Y 71— MEE
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0 \ 0 o) ) OTf 0 )
N
N 40 il NS0 Triflate 0
ririation imi i
OR, _ o OR, elimination OR;
12 12
0”0 OR, 0”0 OR, 0”0 OR,
R30 RSO R3O

Scheme 3 =T /— /LR 7L —R ekl LSSt

T AL LT, BRO 446208 B U 7 b— MES b &M sie
o7z (Scheme 3), £722 DDOT 7 DR T L —MERX B TEIRNoTZe B, 7
TR H K~ LAV BRICE RS E OB N 7L —MET 2 kbR AT, 7T
BRIV ARSI DDA TE ThoTo Iz | Z D% OBFHINEET
HoT,

B 7 X —/VORZAFIH LI ) — /L= —T )L DR

3 D HORRIT B — ARG LG T DGR UV A A2 W27 22 —)L
DRRZEIZEAT ) — N —T VB THD, LILIVAAREEL T BFOEt, 2\ T7
T2 — )L DORRZUC LR T ) — )V =T )L DR R T2 A WU RO ot
17U 572 (Scheme 4), ZiUTIFEE THDHT X —/ALEWD TN ERM DG %
EIRALIRA—=a e b DD TRIGIEITLR D o Te 8B 2 DIVD,

7
A = o
i, BFs'Etzo ORS
’ —x—
OR, 0”0 OR,
R1O

Scheme 4 74— /L OO B ZAFI I LT R it

@/KERIED B -PiBkEIC I DT ) — L= —T L O SE

4 SBIZ77 ORI AR U EZE AL, Z2I2 1 T Vva— )V aEREM IS E,
T 2 kR RS B - S AL T ) — Lo — T VAR A HETHS , =
DFEICBW TR ZE AL T TN LTI KR 2 SR AT NS 72224
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H B DOALE C RO EITE TN AR IR A TWDTARF T D R FBITRE L
7-H D) trace TRONNDDHATIHoT-, FImoARF U HEA LT T ATHBEIENHD
LHHY ZOFHFETOT ) — Lo —T )L OREEIT TE o7

IOFANRFELND
(Scheme 5),
o
Q)
O
OH OR;
EtO,C
o} ) Z
N Desired o \
(0] PPTS (Not observed) N = 0
+ - e -
Co.et  OH o T ORy
OR; \ EtO,C
\ OH R4O OR2
=

R4O OR; %\f OR;
Z EtO,C
=

Undesired
(Observed)

Scheme 5 B-WilfaFIH L7/ — /L =—7 L OEERG

(® 1.,6-Michael addition |ZLA T /—/)L = —TF )L DREEL

5 DHOFIELL T, ARORKEICBWTE K~ L AR5 ZEiEE

WXL T FIN 1 &7 /La—/L% 1,6-Michael addition S¥AZ LTz /—/)L=—F )L

Deprotectlon OR;
£

o7 0 OR, 0”0
=

Scheme 6 1,6-Michael add1t10n =y *‘/T/:E_-T/I/UD% SRR AT

DIEE AR+ (Scheme 6), & XL 7= Michael addition BijBE{AIZ% L T TBS XD
{REZTE 2 AT N EE DSR2, FI- R PICE RA I E ST 52 L Tl %
L [FIFFFIZ Michael addition 2179 2B ETLTZ N ERE O N R HNDDHTEH -

36



2o BLOIK~ LA BROMEHIZ AT D 3 B ENFETDEEEDARLIEID
ROZENFRTHLEZ ZBND,

® Suzuki Hy VT2 EHT ) — )L —F )L DAEEE

ZIET 2 OERRIZBWTEIZ 5 VDO HFIEZ W T ) — /)L =—T L OREELA TR
HCEEN, WO HEICB O THT ) — /L= —F L OREEIIIEE ICNEETHY 2
DA FRIITES 2 o7z, AR EREEICL CODJRIR E L TREE I KR LA <& A
TWHIELHY, LT LT 72 ri 2 AL RIT TR BN E V)il
Ebdole, ZZTHMESEME TRFNEIT T 2B & BE MW ruxhy 7V 71z
HFHL, = F =L —7 b &L 4 DY = V@Bl xns Ab7 7 &D
IORT TV DG AT 2T, BREATFAMEN &L, B 20 G Ry Fb G
W3 7KL 22 U 22 TE TR N LT WA RF D Suzuki Uy 7V 7 &
HZEELE, ET. TV U THIBMETH D E =R U EORMEITS T2,
TF =L —7 LTkt L Rh flA77E T C pinacol borane Z{EH &% & HEYD
B AR U RERINELRN OGS Z ERHkE, LL, Gonle=1FKY
FIFEFIIALETHYVEZICT A a—LICEB LT LEVERO ST ) —
NE—T )VORBEIITE LR T,

(0]
S \
|
j : 27
X CO,E
N B 2 N
9 © ~ 0 Suzqki Z 0
OR1 Hydroboration OR; coupling OR;
I R > EtO,C
Rzo Rzo Rgo

Unstable

Scheme 7 Suzuki v 7V 2L AT ) — )L =—F )L DOREE R E]

37



I1-2-2 Fi-7px ) — L= —T )L ORESIEDREST

I1-2-2-1 ET7 )ULEY DA Bk

11-2-1-® O RIZBOE T A TH o A S RFEO N ZEMICER T 50 &
B KRUBRID N LVLETHD L SNDHAXEHND Stille 17V
Y7 WEMHATAZ LI LI, EOH T U TIEFEEE L C=F oL —
TNANHE R AXUIC L VT2 B-E=VAXBNE LD, L, 2
IE TICR—F = L —7 VO EERA e Fe 2 X id@E s Tuni
W, £ZT, 203 HEREAFTLHSERELEET LAY 4 2R EL, &
Kb A Vg ) — V2 —T VOBEIEOWSLZITH Z &I Lz, D
A% LLRIZR 3 (Scheme 8), BT /WALEY) 4 137 7 b OBALEISIZ LY
EWREFHEEZATL2EK~ LA VD EHMET 22 THELNDLD DL L,
14 BRI 3Ea 6 2o~ uaZ 7 M AKICEVETDH EFE 2T, 6 DIk
T /) — =T VI T =z —T )L 10 ONEZRRPE Fa 2 X1k
XUV TCEZHE= AR 9 Lagfb7T 7 LD Stille 1y 7Y 72X Y
BETxDHLEZT, £l2, mF =V —TF UL 4-_0 T =1-F =L,
AT T NLB-T T AE )= ANBEBND D EFE X T,

0P o] \ O )
N Macro- N\
0 = 270 [0] Z 70 lactonization Z 0
OR, f— OR, —1 OR,
HO,C
0”0 o0 HO
5

6

4
o} o}
0
W) | \
Stille oH OH
7

i EtO,C
coupling
8 3-Furanmethanol
—
X
BUasn \/\O Hydro- \\O
stannylation
JORZ y: /\S/ORZ > /\j
R1O R1O HO
9 10 4-Penten-1-ol

Scheme 8 E7 VL&Y 4 DA R
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I1-2-2-2 3 {7 7 L DERK

FF. 3-AF =)D Keay b OHE DIV, I UREZEAL, 8 L L7
B KR D BFZ 21T 11 & L7z, %W T NaH Z W T~ Ufigy

AT NEEANL, %2 Krapcho REESL &AL THID I U1k
7 7 T %1372 (Scheme 9),

0 PPha CBI'4 (@)
N\ N |
—»

OH quant Br
3-Furanmethanol 1
0 \ NaCl, DMAP o \
NaH NN H,0, DMSO NN
Diethylmalonate —_—
> COgEt 180 °C
DMF, THF, r.t. 88%
99% CO,Et CO,Et
12 7

Scheme9 I VL7 T T DERK

I1-2-2-3 =F = )L=—F )LDOEAK

TG T D 4-~0 T -1-F— /v Z JFEHZ Burke © O *VITiEVy, FHR L
7213 1Z%f L., Greene 5D FEPESEZIZKHEZHAWT N ZJuencF L o 21E
HEgysumnv=,1%t L, £OFF n-BuLi TLHET D Z LT, HED B-HEE
DET LM O=F LT —T )L 15 %1572 (Scheme 10),

OH
Ref oPvMB _  KH
X er. Trichloroethylene
HO ~~ TBSO THF
4-Penten-1-ol rt

13

cl N

o ?

n-BuLi OPMB
o] OPMB
THF

TBSO -78°Cto—-40°C TBSO
97% 15
14

Scheme 10 —F =)L =—F /L 15 DEHK
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I1-2-2-4 [ EEINFZ e Ko 2 X{bofmst

B F = L—F st L Re 2 X{bOME 21T - 7-(Table 14), £ 7°,

Entry 1 T3 Kwon b O % 5352 PA(PPh,),, & Bu,SnH Z AW CRULEITHE
TLC ETREAD B KL o ROARKEMR C&T-, £D%, W70~ N F77 4—T
T 5L R0 BIRIIELIERHET, a (REBAX LA EITLIZE =
JARDGDITZ, ZaUZ, BH0 BIERDBRIERD ThD a BLhb, RNEETHLHIH
FE LB PRI Z B W TIAR LT T L= b D L5 2 AR LA 32 B E@‘Giﬁ%%
WU E VT, va— M \Ara<w /I 7 40— CTiRIED LA EETHZ 212

7oo ZTDOFESE, '"H-NMR (2T B (KD(E)-AL 748508 a {zls@;leiﬁ*ﬁzw74/@/f\
AN TN6.21, 4.58)%FALEIERL T HI LD KTz, BIZEDORE AR T
HEB:0=13:1THDHIEND, EIRMEITIZEAETHEIIN TN ENDD T,

ZZ T, W\ T Entry 2 TII/ 700 AMililit% PACI, (PPh,) , ZZ L CTHERMED ) |
X RO 0Tz, 2D, AIBN, Bu,SnH DS TeRn AR AR AN E
2 BARDZ)-AL T4 a R B(2) : 0=20: 1 THLNDDIHTH-T=, Jifi D
WBIRMEZ B THZEMTERDo72b0D, HIID B KD(E)-E =/VAX %155
ZENRHFRTIZT-8 RIZ Stille T 7V T OGS DRRGES AT 72,

Table 14 TF=/L=—7 /L 15(ZHFHERRAXLORFT

SnBUS
B\\O Buasn\/\o - O @ ~ O
ix\j/OPMB Tab'—e”, JOPMB /\j/OPMB BUsSn/\E(OPMB
TBSO TBSO TBSO TBSO
.5 st?zlargli Undesired Undesired
16 17 18
Products”
Entry Reagents Solvent Temp. Time ———
16:17:18
1 Pd (PPh;) ,, Bu;SnH DCM r.t. 15h 13:1:0
2 PdCl,(PPh;),, Bu;SnH DCM r.t. 05h 13:1:0
3 AIBN, Bu,;SnH Toluene 80 °C 40 min 0:1:20

*'H NMR OFE /B0 H H
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I1-2-2-5 Stille 7 >~ 7'V 7 O¥ggt

BoNTE = VAR =T VIREWIZ L, 3v{k7 T DMF 1 PdCL,(PPh,),
EtL,NCl Z#IIL T, 80 °C THIENY D&, SUNT B IRE a KD ENZENSUGL, B
D19 % 31%L 20 % 29%DULH CTEHEHZEMN TE7-(Scheme 11), F7=, 19 DT /—/L
T —7 L 431E "TH-NMR (270 MHz, CDCL,)IZC 5.51, 6.72(1H, d, J= 13 Hz)|ZHERRS
Nzl < AAI MU (FAB, NBA matrix){Zd&0 FW=547.3091 [M+H]"& 7%
LTI EMBIRE LT, BIZ, =/ — V=T VDAL T 4555 DTN T J=
13 Hz THHZEMBIN T AKTHLERELT, LA EOZEB16 &7 HWTH M
Stille Y7V 7 %ATHZET, TNETHEE CThHoT RN L ERIE T /) — Vo —F
IVOOREGE AR LT,

0
9
[
7 0 \
BusSn e}
= CO-Et N ; A OPMB
o PdCly(PPhg),, Et;NCI Z "0 0O
OPMB - opmB  +
’ CO,Et
DMF, 80 °C E0,Q 2
TBSO TBSO OTBS
Mixture 16 : 17 = 1.3 : 1 Defged Undzegired
31% 29%

Scheme 11 16 & 7 Z /= Stille h v 7V 7

I1-2-2-6 7 /U LEYWDERR

BT MMEEMOERORLIREIL 14 BRIV BRLEWVRE LA T2
KL AVBROERTHD, £7°, 19 1Z%FL TBAF (LY TBS ZEOBREEITV, FHil
TZF I Z AT IVOAIK G FRIZEIVRCAIEA TH Lo Baig L LT, iy T/ —/b
T—TNDOREEWNZERL CRIE T, BB CRUGEIT T o4~/ m
FTIRAL PV ZE T DL, 89%DEINRT 14 BERT VN HAFHZ LN TE, L
TR TV BRINO K~ LA e ~DEWRG AT o T, L LR b, —ixAY7e
— HIHIRHE LAV SO TN AT, L= SaR D% = etk 23k 1= DN
DI FEMESC L B I a1 HZ LN TER o7, ZZC, Clive HbIiZEoTHEZNT
V% Pinnick FR{LGAF POV Z S HILTED U lE KR TR D AL B R RR IS KO ik
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PaFAIr T 22 ITKFL i-PrOH LK DIR AR 2-AF )V-2-7 T 0 Ul ZIKFE T
NI BB SRR 24X CIRINL 7282 A, 77h—L 23 % 67% CHEHZ LN
T&/=, ZL T, RITTZh— WXL Dess-Martin periodinane® Z{E X524 T
60% DL THAK LA TRER MG | K~ L AU~ ) — 2 —TF V5
A 14 BTN 24 DEREER L P,

o o 1) 0.2N NaOH 0
9 Q! MeOH, THF, H,0 (|
>0 TBAF ~Z 0 r.t. o]
OPMB — > OPMB > OPMB
THF 2) MNBA, DMAP
EtO,C rt,86% EtOC ) DCM (1.5 mM)
0 "C O (@]

TBSO o
2 steps in 89%
19 21 29
O
o OH o
NaClO,, NaH,PO, o=xX oA
2-methyl-2-butene Z "0 DMP >0
” OPMB oM OPMB
"Prrto Fé}';go rt., 60%
1, © o 0 o o
23 24

Scheme 12 E7 /U{LEY 24 DAL

11-2-2-7 57 )U4LEWY 24 DERIZET A RHRES

TEOMRISEY Ak~ LA VR R T A ) — Lo —T I ERF 14 B8R TV

BusSn SnBug

\ —
\o BugSnH

o) o
OPMB Pd(PPhg), OPMB  + OPMB
DCM, r.t.
TBSO TBSO TBSO
16 17

1.3:1

15
0 .
% Low selectivity
X |
7
0
0 0
CO,Et S \ oA
PdCl,(PPhs),, Et,NCI 70 — Z 70
- P OPMB e OPMB
DMF, .80 C EtO,C
2 steps in 31%
TBSO 0”0
] 24

9
Scheme 13 E7 /WU {LEY 24 ODERRICEIT 5 RIE S

/
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N OMSEEZIEY LT b0, AFEE 2R — MOERT 5ICIXE RS
REBLEC /D LB 2, ARSI 5 — %O BB ERR R e
2 XL DBIRIEDIES TH Y . BARDMAEITH 2 & & Lk,

I1-2-2-8 [ EIEINFZ e Ka X X{kofat

OO R AR DT 3T Akl V- B R a2 X O & SRR
DELY B U ERFIZITo28E LT, — BRIV RET V¥ DR e XX L TlE
(E)-RD B -E =)V AXPMEIE L CTAER T HZENH BV TS (Scheme 14)

., OH PdEIZ(SPPSS)Z (E) ", OH
. uszon .
P @O \/\/YK/OH B N @O \/\/\‘/v\/OH

Scheme 14 /377 Al = K7 L0 DR 2RO #4561

L, BB ICEET AU A Lo =L —T )L DR AL TlE %
DOFFRPEDNFE B ALERIRAICAZZE AT D0 E S TR, Zo
ThH, BIEE THE SN TWAERD LOERRMEIT Lébl L3 HELTWAH Ba = 2.3:1
ToH5 (Scheme 15),

B a PhgSnH, Pd(PPh), B & OEt
="ox e s SO+
THF, -30 °C SnPhg
2.3 : 1

Scheme 15 B fZIRIRAYZR XT700 AMilliE A 2B R B2 XA O A5

LT AT VY Al A FWZE R n A X O ERIRVEII R AT ¢ BT O
THESL B R SICE o THIEIES DL O LA L T,
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B
\\O BugSnH (1.1eq)  BusSn g
o

TBSO
15

Pd(OAc), (0.1 eq.)
oPVE 2 _ B OPMB 4+
Ligand (0.3 eq.)
r.t., CDCl5 (0.1 M) TBSO
16

SnBU3

/d\o
/\j/OPMB
TBSO
17

Scheme 16 —=F =)L =—5 /L 15 Z F /2 BIRHO RS

HOBEHERENG . BT U A F N LARBRINTZ 0T IR CEY
mad/L L% AT TH NMR OFfF0 a2 AW CHIEZITHIZ 8L,

FPRRAT AL O S ST B LI E a7
7oo SO LLCIE, 1977 12 Tolman (25> TE
ASema—r 7o 7V (B 1 M #EA) P2 ., bl
&% PPh, JOEBMEWEH O, BLOE S WHOE W
7= (Table 15), =—> 77 L.&13 Fig. 18 (TR T 3AK
TSI LA 0 THD,

Fig. 18 =— 77 v

Table 15 & &SI H UIEAART (B2 O B S Mgt

Cone Angle Result
Entry  Phosphorus Ligand Time
0 (deg.) 16 : 17
1 P(OMe), 107 5 min 074 : 1
2 P(OEt), 109 13h trace
3 P(Me), 118 30 min NR
4 PMe,Ph 122 I1h trace
PHPh, 5 min 1.03:1
5 128
P(OPh), 5 min 1.59:1
6 PPh; 143 5 min 125:1
7 PCy, 170 30 min NR
8 P(-Bu), 182 5 min >20:1
9 P(C(Fs), 184 Smin  Decomp.
10 P(o-Tol), 194 5 min 25:1
11 P(mesityl), 212 Smin  Decomp.
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T RaELZT DL, PPhyJ0bm @ WA Z AT 2ORAT 4 BT TS P(t-Bu),
DI BRI B MBI AICAR N E ASITNAIERS D, Ll
P(C¢Fs);, PCy, P(mesityl), D X572 RERIZ @ OB 2 O T B -BE =L A% 155
TERHETHRD, BLEDZENSRAT 4B O i i SO I TR M & i i

THDIIREETHHES 2T,

FZTIRIZ, RAT A BN DE B EZE B UG E{ T2, BT BEEORE
#1977 412 Tolman (2 &> CEAZILZE 137 A—% (TEP) % I\ IxbILHI L
% PPh, &2 K HEIC L T, KB FHEEMED @S DB L OE TSN & S D2 ST

L7z (Table 16), & /X7 A—ZLIX, ThT NV R= v =/
ILD—D>2DHIVIR=)VERAT AU B F L IR HES N
LNi(CO), (2B W T, FRAARIILD v (CO)ERITEL . BAL
TOE G EERALIZLOTHS (Fig. 19), LVE
e EMEDE RN FIIEIBD d HuEE N LTI A LD H
JVIR= DML AR 5726 v (CONFRPEE S 7 M
Do

0:CTT N
C
o

L

Cgo

Fig. 19 LNi(CO),

Table 16 &1 FEICVE H Lo AT AU BN 1% W T BUS St Okt

Electronic Parameter Result
Entry  Phosphorus Ligand Time
v(cm™) 16 : 17
1 P(C(Fs), 2090.9 Smin  Decomp.
2 P(OPh), 2085.3 5 min 1.6:1
3 P(OMe), 2079.5 5 min 0.74:1
4 P(OEt), 2076.3 13h trace
5 PHPh, 2073.3 5 min 103:1
6 PPh, 2068.9 5 min 1.25:1
7 PEt, 2061.7 20 min 1.39:1
8 PBu, 2060.3 5 min 1.11:1
9 P(i-Pr), 2059.2 5 min NR
10 PCy, 2056 .4 30 min NR
11 P(#-Bu), 2056.1 5 min >20: 1
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BHEEIZE B LIEYSATH, PPhy VL E T EEOEWENL T O%E DM B -
(BRI AZ D BASILCOD N A DAL, Fo, mmSICE B LI Tk
HBWEE RN ELNE P-Bu)y bIEFICEWEFEBEZ AL TODHLIENLIDOR R
XEAHTBID, LAl PCy; P(i-Pr); DI FERIZE T8 E D EVERAT 1%
WTH BB EIT LR WA R E B BT HEHICE 1B E O BORAT 4 B 723
BENT-ENL - CHHEIIMIE TER,

UL EZREEHDL, IR RAT (AL DB 1B L E E S TeR 2 LR
MAAE RN T TR T A2 8T R, Lo, Seb@EIRMEDO BV P(t-Bu), (IZHEH
THEHEMN S EL, BT BEDEVRAT (VB FTHHZLEND, BTHIZELT
SEAREY B[R DS ERME D HIENZ BT 5-L T DT e RIS D,

BT IO RFTEAT o7, IR T ARAT AU BUNL T 1A B BRI T RO R
DEHIVE P(t-Bu), 2V, ORI IR T 572 DRI 3Rl 2 D BRI
Z o, T UTILEEIREDORGETRF & [AAR TLC (S TRSZHERRL . BUBIOTH K
#%IECHN "HNMR ZHE L 7= (Table 17),

Table 17 tREAX{VOIELEDORR G}

B S SnBujg
\\ BusSnH (1.1 eq.) Bussn\/\o /I\
a O Pd(OAc), (0.1 eq.) B a0
OPMB - OPMB 4 OPMB
Ligand (0.3 eq.)
TBSO r.t., CDCl3 (0.1 M) TBSO TBSO
15 16 17
Entry Solvent Time  Result16:17
1 CDCl,4 10 min >20: 1
2 C¢Dg 10 min ND
3 CD,CN 10 min ND
4 THF-d; 10 min ND
5 Toluene-d; 10 min >20: 1
6 CD,Cl, 10 min >20: 1

ND: Not Detected

BRTOFER, WTFNOEEIZBWTEH TLC Z2HW=E=4) 7 CldkH#ELN 7
FIVARXDFE T ERIRFIFUEH T SL) M R LTz, Entry 1 33X O Entry 6 TS5 472

46



'H NMR T — NI SN THoT-— 5, MLz HW=GE . Ak 27 1X
BFRIIHELNTZH DD | RPEHETHY EEOIR IR FR TSI, o,
Entry 2 >0 4 TIXEBIOHEKITHEFR TEHHD D, 16 BELO1T OWT IO LKD)
WERINT, TLC L —hCTOE=XITITB W CHEMEDOIREWME 522D HT
3?)0730

IZEF IIARER XX LD RSTECHE B L2, AW P@-Bu), 12V 10D
ﬁifgﬁﬁb\f:ﬁa‘@%L%W ZROGHEITL TSIz | RO T IR R I EH S O
ETHILT-, 22T, BENZINEN-S55 °C, —45 °C, 64 °C THHE B, HT
Th=R/b, BEraaR/LLE R 3 DORBICEL TRIE/L TORmEt 21772

(Table 18),
Table 18 {XilZ:11:(-78 *C) TOMBEDIRFT
Entry Solvent Temp.(°C)  Time  Result16:17
1 THF-d, 78 10 min >10:1
2 Toluene-d; —78 10 min >20: 1
3 CD,Cl, 78 10 min >20: 1

APV E OGS EE D FEF RN LD | BONREZ-T8 °C THETL T, DR R,

WFTAUTBWTHEIR T EFRIBRIKFEEN 7 F OV AX DN T LR IRFIZ S T30S0
ZHEEITL, JRERSE R LT, Entry 1 OBET R eNa7 70 2HW2iGgE il T
IFEHERIR A W% 5 2 T DIZKL, fRIE Tl 'H NMR TH 77 IHER ‘f*é’ré%azr“
D17 L2 16 PIBIRANTHEOINT, o, BNV REY /rnAZ 2 W5
IR FOGA SRR 16 235354, £ 'HNMR F+—h Tl iﬁzﬁk%u
SO —I PEE A EFERB SN ST T2 DI D) LR #IfF TE5,

VL EORGEHE RS EEOGTIEY7aa A% di —78 °C T P(t-Bu), Z BN 1
L THWASLERRS RN AREZE AT L5 ThHAL B E LT,
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11-2-2-9 /3T V0 Ml A W2 e RE AU D A = X LD IREE

BICHEH 1S5 00 M AT ER AL O RUGREE Smith BORCES
BB T 080,

Fig. 18 (T hydropalladation TH#{T I H=F =)L =—7 /L DER EXX{[:O))UU%XA

BT, —MXAIRARE A 7V 2 AT E X T2 A BB ERIAE N, R e Xk, &
TCHI AR R DB MR E T Fig. 18 ORI E 2 HiD,

FEDREHE Tl ARSI OB T LRI T D2 & TE DN EFEIRVED o -
NANTVARSNDEB ZDID, LD, mmWVRAT BT (Ln)a W56,
B A FAR & DSIAR SR 2 BE T A5 ORRE A~ AMES , B FE LD E WG EITED
LRI INRE D @ S D . B ISDHEIT LI e TSNS, EEEOFRFS R TH
P(+-Bu), Z W 2356, a-fIE (B)Tlidzed, B-MIE (B)DOHBELITND

SnBuj H
H\%\ o Buﬁn%o
H H
L, .
E (a-addition) E' (8-addition)
|_ —Pd- SnBu3 Reductive Elimination BUSS? H
o N\ /Pd 20
Ly ! k
R
D D'
Hydro- Oxidative Hydro-
Palladation { BusSnH Addition { Palladation

H. e BusSn. /e

Rd. L Rd.

H\\,f SnBus = " H\\; H

e = H- Pd SmBus < %

0 H S H N (o}

L \ 5 \ §
R (i i R

Cc R R C

Fig. 18 —F =/L——7 /)L (> Hydropalladation A% =X A
ZEMBZORFRIT S FFSND, Fo, —MRINRERBAZ UL L RIERIZ S AT N2 &

TWA AL SER B OIRREIZIHBUW T, IEE M A2 N2/ NTU T A K R FDERUR E
L COMEZED TND BRI ENOEZORIE TOAT =X LNELHTHNS,
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—7J7 Fig. 19 |IRTAZ =NV AZ AL T FUREAT T2 TR TED, KA =K A
TlX, Fig. 18 L[AIERDOSEIR B TR LT-%4 | @@ WU RN E B L ONLRSOR %
BT TRT VT LN BALIZ, FLUTARR N E R A E OB ZF LT oz{if\%
NENREA L., ZROREE TR o -FIMERELNDE TR TED, LDL,
BRiE R D . P(t-Bu), Z WG A1 o fIMER EELN TV, 2, EEn
BN T2 DT D oD BRI L OSTARSCRE DVEE TEDH, ZOREME TIIAX T
CIRF T L OB ZTERIL , STV ADNLRCFE DO REWEHILA, 37205 o -
fLIZHE B LIRWIRD B AT IR0,

LI EDZ L5, Fig. 19 TO AN =X LT FJE NS ORI ZT-E > TR ]
REMED BV, BLEDZENG, =F =/ = —F )L TOEREARXLIX Fig. 18 (/R T A%
SALTHITLTWDEE 2 DD,

\ \
O O
M SnBu LR Ly kR H-Pd—L,
\ |
‘\ _— —_ i —_— B S
L/Pd s H-Pd—SnBus Us ”%o
" H kR Stannylpalladation B Stannylpalladation H kR
J Reductive Elimination Reductive Elimination J
SnBuj H
a
H%o Buﬁn%o
H H
. L
a-addition -addition

Fig.19 —F =/L——7 /L ® Stannylpalladation A% =X I

I1-2-2-10 3 EFEAFTHLERETAHATT =L T—T VDGR

BT WAL E D E D THESLLIZE Re A D il e 2 e N A T OE2 A5
TF =)L —7 /b 25\ThiEIGTHIEIILT, 1IZUDIT, 25 DA K%~ 9 (Scheme
16), £79°. 25 1%, 7/va—/b 26 DKIEFLAETRNLINALL, ZDHRFNLIJLVTAT VA
TIVH L NEBWT HIETHEKTEDLEE 2T, £, 26 1IBEF LA THLHY A —
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IV 270D KB FE DY) RERS LSO FEAITHOZE CELLZEN T KDL DEE %

7o
\o oH )(
OR ORe 0
2 S O
HO OR; OR" OR; HO OH
= Z P
25

26 27

/

Scheme 17 =F =)L =—F /)L 25 OWiE RS fiEMT

LU FIZEBRDO G R I7 5% 7”73 (Scheme 18), it TdhH 1,2:5,6-2-0-/ 71’
FrD-wr ==L HEFEE L, Roush HOHE A5 E(1C 27 24U, Hit
W, KR SR INAICE S A LA B AL | £ D% 5 fhokEE}L% TBS AT
RETHIETIL AW 28 L LT, IRIT 80%KERE KA % AV T 28 DAY 7o) T
TS VORRHEETO, A UT K BRI AR TBS HECTR#EL, B X
VU= TIL 29 ~EEWE ST 29 OKERFEITEAK AR THDH R
Luminamicin (1)E CEHLAZ VLU 2D | B EEBIEE COREN L E LD,
Peo TEF ITHMARERRELE BT X 155, O IRE N R S 7R i L L
T MOM &R, A% kB A MOMCI % FiV T MOM #5477, #i
WT, 7o bR FEV % T 30 D5 — oK iR L IRAY7: TBS DO fRiE41T
W BB — T va— L 31 VDU RSN LS LT BT L
DO HERE X R KA T DL CERMICHLILTATIL 32 B4k
L7z,
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) PivCl o)(

Pyndme 0
>< Ref.70 L 91%
>< TBSOTf PivO OTBS
2 6-Lutidine _

DCM
r.t., 97% 28
1,2:5,6-Di-O-isopropylidene
-D-mannitol
OTBS OTBS
1) 80% AcOH aq. OH MOMCI, DIPEA OMOM
50 °C, 87% DMAP, DCM
—_—> i _ .
2) TBSCI PivO OTBS ri. quant. PivO oTBS
Imidazole _ ' =
DMF
r.t., 99% 29 30
O O i
OH
HF-Pyridine OMOM Py )J\ HJ\O
Pyridine H™ O OMOM
_—
r.t., 96% PivO OTBS Pyridine
_ r.t., quant. PivO OTBS

31

Scheme 18 F/LLT ATV 32 DAL

f5i< 32 D=F =)L = —F )L ~DZEHT Briickner HIZL> THRESNTZ HIE Ve
BIZAEKTHZEELT, BITET BRIRAV RIS L TR 7 == LR AT 4 8
JOEALRFBEZAERA S EHZET Wittig IO SZERR T 1,1->7vut b7 %
LTz, D, 20 S8ED n-7 FNAIVF VLTS HILET, =F =L —T /L%
EINRTAERL TS (Scheme 19),

n-BuLi
O PPh3, CCly THF
J “Z
Y (0) THF, 60 °C —78 to —40 C ; (0]

: 96% N
N 87% SN

Scheme 19 Briickner (25— F =)L =—T )LD AL

[FERIZ, EE DO A RE Tl TbbAELIE 32 IZH L TN 7 == /LARAT 1
BIOWEACRBAERASEY 7uaatL 700 33 ~LENW-1% n-T FILUF L
ZVEM ST ETHRONTIERLITHEITL . BN AV EED A>T 98% D Y
KCxF =T —T7/L 34 %A/ LT (Scheme 20), ALU7-5 —#hokigiLT, %o~
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7aZ 7 NACICRIAT 228, % OISR T B % RISV EN TS
Nl RO T RO E T T,

0
JL cl o %\
PPhs, CCl ﬁ/\ onoy B
OMOM Et3N DCM THF OMOM
: 78°Cto 40
PivO OTBS quant PivO OTBS 98% 0TBS
_
32 33

Scheme 20 —F—=/L——F /L 34 DAL

I1-2-2-11 Stille B 7V 7 Dkggd

STHENT LT FEA IO T, 34 ICRILERRARILEATIL, IS F50 IR B -
E= AR ==L 35 EAFHILINTESZ, EI2 P(-Bu), ZEUL T L LT TVT LD
TEPERRIZER R A XA EATH RIS, FEEIBRGHELL CHW T 28, dillEh e A (R
tert-T FIVIRAT 42) RGUT KO)E L TEBICA T TR Th o712 . iz v
TR ER I =, ZOREHR, TGO 0 i 3727 22 -84 Th., PA(OAc), &
P(-Bu), 1 HFILL 785 8 & RBRIC SO B R HETTL, 35 AN 372, 22C,
L% DERBARIT BN TR 0,35 D0 Ml % AV 5= L L7= (Scheme

21),
N SnBu3
X BusSn
\ BuzSnH 8 \/\O
omMom  Pd(t BUSP)2 OMOM OMOM
DCM -78 °C
OTBS OoTBS OTBS

(>20 : 1)

Scheme 21 <—F =/L=—F /L 34 DN ERINAI e 21l

ZAUCEDIRINWIC 35 BELNZT=8, Stille By 7V 7wt/ —Lo—7F
MR OGRS EFT>T2, L, &5z 35 13T AW LL EICRZTHY, v=
—h27u= N TT74—ICBWNWTH, —HRAR RS EZ > TLE ST, ZDT2D 5
BHE %, AR — 2 — L BRI LD R A BR B 35 2 L CRO DAY
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EIRD s~ 7=, Z L, Stille vy 7V 7 ORgataiToZlELT,

2004 4, Baldwin [X%h3% 1972 Stille B 7' V7 OFiEfRmZ#REL T D (Scheme
22)7, $70ob, @IV LHID) B LT vkt D L7008 Stille By 7V 7 AR ES HE
Ttk E e RT-d, @y TV T R— N —OF N A iRa b o4,
DMF H, filiift L1 C Pd (PPh,) , & WD A Ao D i 7e 5, £V Hb D THD,

OMe
SnBug Pd(PPhg),
| Cul, CsF
O oy e
MeO DMF, 45 °C,8h
© MeO = HO 94% | XX
MeO” > HO

Scheme 22 Baldwin 2385 L7=2h=RAY Stille 77V 7 D

ZOH T, HHITIVEDET BT T LDOEZIZ DN TIRD X222 3T
TW% (Fig. 22), £F, IVLEIDITAEARCEDERAI DT AAZ VA ZR T
U KOBUSHED i VA B REE  ARZ B T2 (DI REER) . iV v ToNT
DULED BB DRI ARZ AV A L Z LT ARSI TR R Ch DI TR
TFNARX LU 2R EBIZT v b U LIS T 52 & T D7 bR
TFNARXELCILET 5, T bZO7 AN 7 F VAL DI L0 SO D
WA IEO IR A RET 220, 2O ZDORINFNEL 7 ATIERHL
TNDHEVIHDTHD,

R1-R2
Reductive Oxidative
elimination addition

—Pdll-R2 —Pdll-|

Transmetalation ><
R2-SnBujg

Cul R2-Cul =-=—=—
Cul

BusSnl

Cs&

BUSSnF
Csl

more reactive
and
in higher concentration?

insolubility
(polymeric)

Fig.22 Baldwin 5372 Cul(I)& CsF & Fv 7= Stille 7V 7D AT =K 2

WD S CEE DT 35 &7 O Stille 17V 7 HFERL ERERAR LEY 2
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T 5T%EHREDINR CEALDT ) — )L =—T )b 3T 255 HE N TE/= (Table
19, Entry 1), —77. Baldwin HIZIAEFRSINIZ T, A a7 AL D3 & o0
FACMI DA 73770 AFEIZ Pd(t-BusP), 2 WD LR THHZ EH AL TRY,
Fex DG AEEREALO TV MEEZOFEHNDZETREMN LS TED,
LT, EFRAR D FOMF % | JE Tz rE L% ICavib7 70 7 BXD
WA ZNERINZ OGS AR IR T2 BOS RN EHE T2 L0 RS 31%12
Fo7z (Entry 2), ZOZEND, AFEIZEH Baldwin SO DNE)IGTE RAT 4
B FIEN) T 2= VIR AT 4 INEO N R CTHLEDN o7, BITFLIR T 575,
KRBOSICEW B SNz ) — v =T UE, BeMESE T T O RATAN(E)- 1K1 D
D) AEA~ERMALT D EEfERL TS, 22T, JUSRNTRAET L AREMERH D
ALK B O EH], Fl SR a2 DT R R EH T A EE 2D Hiinigs H
EIRIFIELTNZ 72825, 2 TREIEDN 75% ~EREWELT, ZZETORERN
5 ABOSIET ORI Tk T2 2 E0MA 2 5, — KB Stille 1y 7V 7130
BANTEETDHO0, RFEE TIXEIR THRICHET TR | |IR TRLE
IToT2D3 IRIT 25% 2 £ o172 (Bntry 4), F72. ISIIAIE A TN SO EIT-T255
EVEBOEDET T Db D DULRIT 34% 7257,

Table 19 Stille B>V 7 OFfiEt

_ ) _ -
BusSn._~q N
N BuSnH b OMOM 7 23
OMOM PdSTrE(;’l?;P CO,E Y 7o
—_— Ho oTBS Table 19 OMOM
oTBS DCM,-78°C & ——— > Ei0,C
evapo. 35 HO oTBS
Bp:ra=>20:1 =
— — 37
Entry Condition Temp. Time Result
1 Pd(PPh,),, Cul, CsF, DMF 45 °C 15 min 57%
2 Pd(z-Bu,P),, Cul, CsF, DMF 45 °C 15 min 31%
3 Pd(PPh,),, Cul, CsF, DIPEA,DMF 45 °C 30 min 75%
4 Pd(PPh,),, Cul, CsF, DIPEA, DMF r.t. 2h 25%
5 Pd(PPh;),, DMF 45°C 2h 34%

RITIRBINED BRD>>7- Entry 3 DFEM4E2 AW TEEEORFT %1757 (Table 20),
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R IIB IR AR WD Z 2L, 1 4-A %Y, 7R'R=RNL, N-AF L RUR
V7Y% FIZ23, Entry 1 O NN- AF LAV AT IREVRIEE Uz St 2B 2 B
TN oTz, LLEDZLEND, T DMF 23 ChooebD ez,

T TV TIRORERNIL VTN T T 21T B0~ T T7 4—% AN T 772,

ZOBFETIE, AXENEMZRSBREL TRO — RICH B LB AT T,

O EHIEBEZ 3% viv ORI =F LTI E AT,

@ 2010 4, Harrowven 5% 10wt% D IRFR I VD LAARE TS U 7TV HNHZET
Bl LA AW E ppm 4 — X —ICETHRETEXHILEZREL TNDE D, AF
EIT G LU THO DA AL AEMITRRESNIR NI EDD, HE 50O L[AEE
2 10Wt% D RIETI VT (I R) AR T2V 7 v Wz,

Table 20  Stille 17"V 7 DEEPEO RS

(0]
_ — N ) |
7
BusSn ~N0
B OMOM CO,Et 0 \
Table 20 N 0
D DIPEA, Cu? G5 omom
Z —————— Et0,C
35 Solvent, 45 °C HO OTBS
75% (2 steps) P
— — 37
Entry Solvent Time Yield
1 DMF 30 min 5%
2 1.4-Dioxane 2h 36%
3 CH,CN 1h 48%
4 NMP 50 min 47%

KR mIRELCE 7 naRL A% VLT 'TH NMR (ICEDffT a1 To7282 A, =/
— V=TIV R LT (21K 39 D3l TE 7o, ER AL TIX(E)-ARIEIRAYIC
B-E =NV AZXBHLNTNWDHIEND, KEMLIT= /) — =T VD%, KV
B NEE IR o7R BT, B/ oL ATPICE ENAMEDRR IS sz L
TEIVELHDEZ Z TS (Scheme 23),
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H
o] o]
9 r 9 ® =
o o) = 0
OMOM . H OMOM - OMOM
EtO,C EtO,C EtOC
HO OTBS HO OTBS HO OTBS
= Z =
37 - 38 - 39

Scheme 23 T /— /)L —T7 )LD BN DOHE EMAE

ZZTC, ZHEGORMACEBI TS | BIEEA BRI/ anR L AL EY Jan AR
NERLIZIZHBE DL T 39 BERINZT-0, FEBR P OPs AR ankL L%
WTINZEAEAAT o728 2 A BMEIR 39 [ TBLHIS 2o o7, ZDTEND, 39 [T
B ENHMED HCl HDHVWNE DCl HPROBEIZED 37 DD EMALEE 2 B,
FIR, MAOWTINOLMETHH O 37 ~EBM b T2281370h -7, BbL(2)-1RI
BI)FHNCH BT LB ZDND, RBLGIINIT IV OFER G REICB W THE
BRI AL %,

I1-2-2-12  Northern part ()D&,

1T, Northern part (2)DE R, JelZMENL LT FiEE W TE#Z{ T T2,
F2bb | MKRICK w7 aT 7 NAIZED 14 BERZ 7R AR53 25 | Pinnick
AL T b= el BRICT A~ —TF UV BRALIC KV K~ LA B 5 %
4L Northern part DA A MK LTz, L EXD, IWRIEKvL AU RER 14 B~
a7 AR 42 5L Northern part O EEAE ¥ O EE O ML A 2 B% L 72 (Scheme
24),
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o}
N\ ! X )
Z "0 1) 0.2 N NaOH aq. Z 70
OMOM THF, MeOH, r.t. OMOM
_— >
EtO,C 2) MNBA, DMAP
HO OTBS DCM, r.t. 0~ O OTBS
_— 74% (2 steps) _—
37 40
O
OH o}
NaClO P le) %
al > =
NaH2P04-2H20 (@] = o DMP, NaHCO3 (0]

2-Methyl-2-butene

DCM OoMOM
. oMoM ————
PIOH, H,0, rt. 935 0”0 OTBS
44% 0”0 OTBS _
=

Scheme 24 HHTKVLAUEEH 14 BER~I70T7A4R 42 DERL

I1-2-2-13  1I-2 O

K BN ORLZER I ) — LT —T VLT, = F =L — T /LB DALE
BIRA72E R A GIZKEK Stille By 7V IS T DG A T 2L, T4
2 BT U ME M OTERGEHZED ARV BRI R T ) — v —T L
A 14 BERZ 7N ORGEER NI LTz, BICEOFEL 3 @ A A0 024
THTF =L —T7 UIChiE M FTRE ThHZ LA~ L7=(Scheme 25),
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steps

CO,Et
Pd(PPh3),
DIPEA, Cul, CsF
B
DMF, 45 °C
75% (2 steps)

Stille coupling

NaClO,
NaH2P04'2H20
2-Methyl-2-butene

i-PrOH, H50, r.t.
44%

N
0 BuzSnH
OMOM Pd(t-BuzP),
—_—
DCM, -78 °C
HO OTBS evapo.
= .
Hydrostannylation
34
o}
)
Z "0 1) 0.2 N NaOH agq.
OMOM THF, MeOH, r.t.
—_—.
EtO,C 2) MNBA, DMAP
HO OoTBS DCM, r.t.
_ 74% (2 steps)
37
OH
O
o _ DMP, NaHCO3
= "0 DCM

Scheme 25 Northern part D fi,
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BuzSn ~~0o
B OMOM

HO OTBS

35
B:a=>20:1

OTBS

0
)
Z 70
OMOM
0~ "o
=
40

OMOM

OTBS

42




I1-3 Southern part )D& 1E D BESE
I1-3-1 “TNFTIZHE SN CODEBED 2 E K

BRI OW IR U RO M E NI TVD, LLFDI B4
BB ESNTZDIFLL T O 2 FEO A THD,

II-3-1-1 (+)-18-Deoxynargenicin A; DK

1988 4, Kallmerten H{ZJ > T(+)-18-Deoxynargenicin A, DEH AN ERESFL TV
%™ (Fig. 21), (+)-18-Deoxynargenicin A, 1% C8-C13 Z2fE=—7 V&G Lo AT A
VERIZ 10 BERT VR DHEER LT IEA A L CEY, Luminamicin (1)@ Southern
part Q)L MEEE A T D,

(+)-18-Deoxynargenicin A, Luminamicin
Fig. 21 (+)-18-Deoxynargenicin A, & Luminamicin (1) 1&

Kallmerten 50D #i5 %% /<7~ (Scheme 26), C8-C13 Z2iG——7 /LT DWW T A 1
GIEFE 44 OV AT B 45 12X LT convex OO RSB HEITLIZZET
HELDVFT T LT =AY 43 )3, C8-CO LD TARF L HITHxT 5 S 2 MIGEITHH T
FRTEDLDEL TS, SHIT 4 AR IR KOG EA T T2 % . =27 U1k
EATHFCTREE R OREEEEZIT, ol BB T CONLKER IR I VAR e m— Lk
%18 N9 %(+)-18-Deoxynargenicin A, DA AR kIS A 72 TTW5,
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(+)-18-Deoxynargeniciin A,

Scheme 26  (+)-18-Deoxynargenicin 03t & il AT

Kallmerten HDE KA LL FIZRd (Scheme 27), £1°. 45 (2L TiE 1984 iz
Kallmerten 50 FRE L CWAFEPZHWT, X% 050 7 TR TTEIAR 45 ~
LIENTUNAD,

(x)-45

Scheme 27 AT HULTR (2)-45 DA,

— 07, 44ICOWVTIF TV =L 37 3K 46 JDIE N TV D (Fig. 22), C1TALKER
FIZ TBS FAE AL FEIZ OV T 1978 4RI Corey H X TH D RS P&
TWDT2D O/ RIEE IS AL T CLT AKEEFEIZ MOM 238 A L7- 46 AL
Tb \50

Fig.22 B =/L AUk 46 L 47
felt THEHALTZ 46 DUF AALEATU 44 ELT-1%, 45 ZAFHISESHZLT C8-C13 28

F& . — 7 LA E N ONT C12 sl oy D R BB OGS A — 28T TV, 78K 45 |[2H
KD UTATUHIREY) 48 15 TUND, il T 9 i KEEF: 2 MOM JEIZL > TR
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L4950 L LT ATHI L u~ N TT7 40— HWTUT AT LA ~—ThhH 49 b
50 23 FILCD, ZOBEMETIEIELOLNELDONIRE G T 2L E W THHDHIHH
TEIRPSTZEMND, TNEIVMNL L CES Db 2Bz tEd D, LI,
Scheme EIZEADNAREHR 5 49 O1E% 7~ (Scheme 28),

MOMCI
EtN(i-Pr), Momo |,
_— 4, H
DCM
51% (2 steps) pmomo™

Scheme 28 ZEfG——T /LB R OGS

eV T 49 (2% L T CrO,-3,5-dimethylpyrazole Z A2 & T C6 fif, 372 HT7 UL
KEA~TINNR= NV FEDEANZITN, T ) ~EEWLT-1% ., 777 — R EITLD
Michael SUGZEATHIHT C1-C3 EiaBANTHEEBITHRAT 4 RIS E5T
LT )= NVRART T IT — MG D, ZOBE 4 (L ORFHLIE, 777 — A3
EUNGEE R DI E > TSN DL E A BITIEL TV D, SHIZ Birch LD S
IR LT, C5-Co AL T 4R E T, W T 1AL EE JEAFRIZ X~ Tl
L72%%. Jones FRALDSAENTIR T ZET, WVRUER 52 LT, WVCOT Y AZ %
RAWe 27 ALEAT, 53 A AL Xk S AT 122D 53 8 BBk %
AL TWAZEZMETEL TUVD,

5172 53 13 F 7, LDA & MoOs-pyridine-HMPA % f\VC C2 {712 C-H fR{b&1T
IZET, C2 AL H D RYD SR E A T 2K EEA B ALTALE W E C2 ALIZ(S)D
SARE R T HIE Y —(REDIEAMEL TH TS, it W TERLNIIRGWE AT )V
EDRMTAR T ZET 54 2 52 10 3 TR, IR 50% T TWD, fiel T, BRIZEK - T
C9 i, C11 iz, C17 iz MOM HDPifri# L, AF VT ZT VDK 3 FZATHIET
Tafg LB Z1% | Corey EIZLD~ImT7 7 AbE, VAR R— A LEITHOHET
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(+)-18-Deoxynargenicin A, DEH A ML TV, Z2BZOEE, C2 AR HAS
HEIDR) DA T DA D HERALSOS N EIT T HZE TH—DAEREL T
(+)-18-Deoxynargenicin A, 215 CV\5, ZOIRIRPEIZ OV TEELIL C2 fLDSLARN
BULIF DA IRA—=2 a2 5L T0HTEERIRL TS (Scheme 29),

1) CrO3-3, 5- OMOM
dimethylpyrazole
2) EEO__~__CuCNLi OEE 1) 0.01 N HCI
then (Me,N),POCI 2) CrOg
3) Li, NHs 68% (2 steps)
11% (3 steps)
50 51

1) LDA, MoOs-
pyridine-HMPA
2) Agzo, CH3|

50% (3 steps)

1M HCI

(fl Do on

2,

3)
DCC \ |
54 HOOC N DMAP
H (+)-18-Deoxynargeniciin A,
4% (3 steps)

Scheme 29 (+)-18-Deoxynargenicin A, D5
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I1-3-1-2  Branimycin D &5 K

2010 4, Mulzer 5(ZJ5 T Branimycin ORA KNI TUS 77, Branimycin
(X C8-CI3RUHT—T N TG Tl AT AV BRI BERT Vb DR LI & 2 A
L CHY. Luminamicin (1)? Southern part (3)31f (NI (+)-18-Deoxynargenicin A, LZA{L
L7tiEa 9% (Fig. 23),

OMe (6]

g

Branimycin

(+)-18-Deoxynargeniciin A,
Luminamicin (1)

Fig. 23 Branimycin, (+)-18-Deoxynargenicin A, Luminamicin (1)

Mulzer 5D 4 B fFENT 2 LL R 127797, Kallmerten &0 & ik &[RRI C8-C13 2245
T—T NI OWTIH S BTEL 56 DU AT AU 7h 57 12 LT convex [HD»
SOROSDHEITLIEZETELAITFT LT =4 55 53, C8-C9 (D TRFT HlZxf
T5 S\2 FUSZEATOFE TR TELLDEL TND, IHIT C4 (LITSTREIRIYIZEE R
FGEAT>T24% . 778 Ab%1T9 Branimycin D& pV— ML E LTS (Scheme
30),

OMe

TBSO.
OMe

Branimycin

Scheme 30 Branimycin O3 & AT
Mulzer 5OE A LLFITRT, £9°, BEAWE 58 105 TRICK-TELNLT I
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U 59 2% T™, PMB E:Diffi# . TBS £, #:\ T m-CPBA Z# WA TE
BE 72 C8-CO A L7 v ~DE S 72 SO ONT convex [H 225 0 N ARER H) TR
TRIEEATV, 537 2 T AT LA 10:1 T T% (Scheme 31),

PMBO O

H
3 5 steps V2 H 1)bDbQ
AL NG 2) TBSOTY
& o 3) m-CPBA
g H 74% (3 steps)
58 59

Scheme 31 AT HUL Ak 57 DERK

— HE=NIF T LMK 56 DA RRIZ OV TIE 2007 412 Mulzer HIZ X > THRAESILT
WainARayva=u MezEte 9 TEZHW T, (5)-Glycidol JOxbind s =13
U3 61 [ZE TS ™ (Scheme 32),

OMe OMe
TBSO TBSO
CpoZrCl,
= OH  8steps DIBAL-H
d —_— oOMOM ———> OMOM
(S)-Glycidol I then I =
60 |61

Scheme 32 E=/LaUE(K 61 DAL
Bl THRLNTE 61 YT AAbEIToT-1%. 57 ZEHSEAZE CAE——T L

AN C12 L5y D IR FBFHAREEEL 62 2457, fil) ThE 2 DAL WAEITHZ LT
TR 63 ~EEUTUND (Scheme 33),
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OMe

OMe

OMOM 64% (2 steps)
_— >
TBSO H
MeO™ ™
TBSO™

Scheme 33 ZEfG=—T /LB R ORESE

FNTZ UMK 63 12X L T~ aL B =27 LD Michael [X)HE1THZETELD
NKREH TS C3-C4 FEBEREEL-, ZOFE Michael KSIET AT BB D
concave [HIVHEITLTEY, 2B D% EITHIEI SV TOD D FEL NI A NI,
C8-C13 NLDOLME T —T /L E R OREEI NT, C13 MITEA LT VLR
L7220 ZERME AT DB e RIS R R BLAINHIL . C4 (LI B D
AREHLEBELIELDEZ ZDND, Fitll T, VAT /LOT )La— L ~DIRTT, i#
REGATF AL, MOM FEDOBiRH#EEITV, 3 TR, 59% T 65 ELTW\5, 5T, —ifk
7L 2— kLT TEMPO E& (b & W CT7 /LT ER . i) C Pinnick {21753 C,
Bafg~LiEX | Corey {£4 HWHHETRILZITV, RFEHOBELERL TWD, &
#1Z TBAF C TBS ROWifri#4179Z LT, Branimycin DEH/ KA EMRL TS
(Scheme 34),
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OMe

1) CHy(COsMe), 1) LIBEtgH
NaOMe 2) Mel, Ag,0O

2) PhNTf,, KHMDS 3) MgBr,+OEt,

3) BusSnH, Pd(PPhs), Me,S

> —_—

63% (3 steps) 59% (3 steps)

OMe OMe

TBSO H
Meo/l,"‘ PPhg, AgC|O4 Meo/".,.
TBSO™ 4) TBAF HO™

28% (4 steps)

Branimycin

65

Scheme 34 Branimycin D25
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11-3-1-3 @ Nargenicin & Branimycin DAF S RIZEBITHE 2L

Kallmerten 51348 TF2 13 THZ, #RUIER 0.08% T(+)-18-Deoxynargenicin A, Z & ik L
TW5, RKTFE1L(+)-18-Deoxynargenicin A, DHI DR A A E B LT2721F T7e<
Nargenicin O IO EAFFIE L TERIED, LNPLRDBH A5 BT EULTHLHZ L,
e f& TREDURDPMEL IR L RIFIIE FSETWDIHK LR > TWD7e 8 DRE
RINZETBND,

—7J7. Mulzer HIF#8 TR 22 THE, #U0R 2% T Branimycin 28R L7z, AFEIL
Branimycin O] D45 A # R L7 721F T72< Nargenicin ZHO A A ZEIZ I8N TH]
DARFERTHL M., BB D Kallmerten HOALE A THRE TR DH DD KIE
RO BEMTON TWDRTEBIRNEEZOND, LNLRBL, ARG
F% 1413 Kallmerten & [FIEECThH 5,

F72. ZNHDOREIEIE C9-C13 24— —7 /L %477 % Luminamicin &3 5722 C8-C13
BIGE—T N THY, A TF A= a IR B DEB 2O ND, DT | KHi
T/RL72(+)-18-Deoxynargenicin A,, Branimycin O2 5 IZERH I TD TR b
RV REHTDHVAT I EREIIKTT 201N S22 BORRE = —T /VE R G AL
EDISHTEIIRMTHD,
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I1-3-2  Southern part (3)D & JKIZXT T HZIVE TOE kI

I1-3-2-1 MFEZEESH AT W) FREOREEE-1

BEETIZ 3 OEAMUT, AIHEEDIZL - TR 2 Z2REDBMThiv TElz, LT, 2D
R CHDHEERLNEEH VAT IV (11-oxatricyclo[5.3.1."70**]lundecane) “H & D
FNZ2OFEfmE AW TRIIL TnD, £9°, = /14K 66 75 THO f77E Fo1FW
Michael SIS AEITL | ZRIEH 02 AEHEL 67 LLT-, LT, 2208 LA R
CTEFDH7NTVTER 68 /350 DBU ALBRIZ I B EITL, B 20 E
IR 70 AR T AZETHFWN aldol SUSHHEITL ., % I IEFE(LT
MsCl Z/EH S5 ZETKREEILD B BBENSE VT Ry N CRAR UGS AT HU
FEDORBEITRIIL TND, DL, ZOH%DREHIIBWT CS LD T LR = /UKL
TS 73 D ANZ X T T HFl & OIS K #EL 72572 (Scheme 35),

O COEt OTf CO,Et CO,Et
Tf,0, DTBMP
Et DCM = Et — =
OHCO - > (0] co —_— (e} o
"l r.t. "l l“
OPiv OPiv O
66 67 68
O €]
bBU EtO,C o Q) MsCI, EtzN
S 2 Isomerization EtO,C -
DCM, r.t. o H —_— 0} ) r.t.
Aldol
2 Reaction Z o)
o) H &_
69 70
OEt
(o]
(¢} 5 4
= 0] —
Z 3
4 Southern part (3)

Scheme 35 WA EZUEGH AT DV BROMESE-1
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I1-3-2-2 RBEZEE AV AT W) EREDREEE-2

b= T DOHEREL UL, VAT WV B a2 AT 528 LEW 72 7DHETS
73 12K LK E FAIEL T m-CPBA Z{ERH S AZECIARFEE D720 convex [HD»
5 C3-C4 MLIZZARFAAEITL, PRI 74 288 LT C9 (LD KEEEEDHD C3
MO RERBIZIOVBELNEE /AT DB EATD 15 DEITESTH
%o LIPL, ZOHEGRIZB W THIELFIEE, £ D% OMEHIIBWT C4 (DTN R=
VIS US> DB AR 5 BERT VMR ORI S L Lol flix D4y
TN R EEZ2D 3 DA RUTITW=B7270> 57 (Scheme 36), SHIT, 3 DERKIZE
WCHEH A THD BRI LAY 72 OEMEHEAREE THLL ORIELH T,
WEIZB W TE DRI E T,

OMe

N
(7]
o
c
=
=2
(0]
=
=

o
o
=1

@)

Scheme 36 FREZNE S H VAT VB OREEE-2

II-3-3 —BRMALEY 72 DEKIZKTHIINETOE BICHRRE

AR 13, Southern part 3)D G AT EERFEFEIALL TEZHILD T2 DERE .
PUFOEDTERKL TS (Scheme 37),
ik &k @ Ethyl 4-chloro-acetoacetate (76){ZxfLC NaH & BnOH % 52 LTy
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DUNT—T AR 7T LT, — F DTN DR ERGE LT X — N ARER 18 %
Bz, WV TT AT /L% DIBAL-H (ZJVE LT HIETT va—/LiKk 79 L, 7EX
— VO BR#EATT>7-% MePPh;Br & KOt-Bu &\ 7o Wittig SUGMZEDFRET UL
Tva— UK 81 15T D, Ll Wittig SUSDES, R HICIE(ET DH I 80 &
TR D afLDKFEEFIEHRLZET, = /T — e RH L BALOKEEEE DS LEEL 7=
R FONDI2E DJRIRNG, RO BN R E#ETH-o7-,

T, 81 ORLDORETDORER, AL T 40 DEMACSIEE ORI
Dess-Martin f2{t:, TEMPO/PhI(OAc), f2{k *V& H 52 & T, BHD exo (KD H%x 15
HZENTELELDD, BT LHERICIDEBMALDETTHZEN0, RAGHOIRET
Evans 7 /LR —/LIS 2L TV, 2, ZOELNZTLR—/LK 84 13
TEMPO/PhI(OAc), FRflIZL»> THLNIZT VT ERIE 82 OB T 2 TR, 94%
EBIFRINR B ELI TN D,

W, 2D 84 DAXH VY iR 55% Weinreb TIRIR 85 ~LZEHL | 2 #ok gk
ZIRFHETHILE T TBS 1K 86 L7, #i\ T 86 (Z%FL T vinyl magnesium bromide %
ANz Grignard SOSEFRRTZN, LBIHRO TR AL T 04K 87 LITHINC, B4R
ThHD B -TRTIUHYLER 38% THTU\D, ZIULUZEY, 86 (2% %A Grignard S )i T
FRIBUSOHIESREETHY, 3 TR, IR 49% W HFE R ThH-72,

53172 87 13X Grubbs & HARAMEEA FH W TPHERAZ B AZAT W ERIRT /- 88
EL7=# . Luche 37T ®IC IS ARIRAIIC 123850217V, TULALIZ OBn #44
THEW 89 LLT-, TD%, 557 89 IZkL T Birch i# a2 T, BAHD
PR THLY Z7a~Fr AR 90 LU, £DF% MnO, IZEDHT LT /La— LD
bl T AW TT VLR 92 LLT=, ZLC. 92 /75 Michael-aldol cascade
BOGIZED —ZR 2 AT IV Ry AR EE LR R Ch D = BRME(L AW T2 DAL
175 T0D, LU, AT A RGEAFELTO0.0IM, SOSKEIZ 72 h # L TW5
Ze, BICHEBMEMEW SV L -T2,

VL ED I, RE BV —NITIRO NS 16 TFE MR 4%E KEERKIZIT
NI EIRE AR & B 2 T,
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NaH

Ethylene glycol
o0 O BnOH p-TsOH e} O/ \O
_—
Eto)J\/U\/CI THF Benzene EtO OBn
92% 97%
76 77 78
MePPh3Br
DIBAL-H S 3N HCl o KOt-Bu
—_— —_— —_—
DCM ho S OBN 760, o OBn THF
72% 74%
79 80
LI
Ay
0
o O OH
_TEMPO o 83 Bn wom
/\)L/ OBn O)LN :
Phi( OAc)2 H EtsB, TFOH \/k H
i-Pr,NEt Bn
81 82 2 steps 94% 84
CH3;ONHCH4+HCI TBSOTf OTBS
MegAl ‘oo WOB 2,6-Lutidine o i
e0. n ———— \e0. Wj\/osn
DCM D DCM N7
84% : 95% [
85 86
OTBS Grubbs 0 NaBH,
X MgBr 0 2nd cat. N CeCl3*7H,0
e —— : OBn oA -
61% H 88% TBSO 91%
87 88
. NH OH OH
iq. 3 " " Diketene
" MnO, - DMAP
,[ l T e OH DCM H o~ ™
TBSO 80% TBSO TBSO THF
o) 2 steps 66%
89 90 91
0O O
N
, K,CO4
. Benzene 16 steps
4% overall yield
TBSO Ho ootw ° y
o reflux, 72 h
30-60%
92
Scheme 37
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II -3-4 Southern part (3)D A SLE O MENT
II -3-4-1 Southern part (3)DFEEE kT A BT/ BRIk

INETOERMILE R E X FHFIL T2 OREICEMNBEZITO, D ORI
Southern part (3)Z & K FIREE T DHTT /0B AkiEZ LR LT (Scheme 38),

FT VAT AWV AEERICB R REIERATOE EN LA D oy 1 3 R L
IRoT NN T RAERSy DBRER | IS DB AZAT o721 O G Al & Be bl Cle &
ZARBIRREATHZET 3 OARMN BRI/ DEE 2 -, £ LT, 72 OEMIAGIZEIL
CI&. Evans aldol SIS DB E -1 kb &4 T D acrolein (97)&L ., H D
Grignard S TEANTLHH DEZINETIVRZ=y THZET, 6 BREHHIIC
TR ARF RO EHRIE T AT HZ LN TEE LR EHR R D EE 2 T,
1D 3 132G RIBRIA THHILE T /LT ER 93 75 1,6-0xa-Michael i tZED Ak
A& B T2 DG AT HZETEIT DL DL, 93 1L =M L&Y 72 »>
SORIBHOEA Z7 ARG OBRRERICEVEITLHDELTZ, SHIT, 72 1TT7 LK
92 /5D Micael-aldol SUSIZEVEIT D73, 7T LA — )LD B i FTRED D F
BVED R WK EFHRETT DM ENEDLEE 2T, 92 1IN FETERRICY Z7u~F
TR 90 MOEE(L, T ALERCET D, LT, 90 IZHOLNUDHEDRFLE 2 S
DXV AL T4 HHOERT VLT )La— UK 94 JOPABR AZ B A% WA LT
AR ATRETHDHEE Z, 94 1L Weinreb amide & 96 LV, #H7-IZ7% EL7- Grignard
ARIENC LD RTINS 7 b OSARRINER T EITHOZE T UL T va— L
BT FL T BB AL ETELLDELT, F12,96 DA T 52 DO H
DMZOWTHHTZISH IS TH D acrolein (97)& R E$HZL T Evans 7V —/V X
SR EVE T HEE 2 T2,
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Reduction of
AT~ lactone
0 —
Y Introduction TBSO
6R1 of side chain
Southern part (3) 93 72
O (0]
Ring closing
Mlchael Aldol ", Acylatlon metathesis OH OTBS
\/\/\)JV OH
TBSO OX|dat|on TBSO
94
Stereoselective Evans aldol

reduction 0 reaction

Lo Bw
CIMg OPMB 96 97

95 83
Grignard reaction

Scheme 38 Southern part (3) ¥ & A ARHT

II-3-4-2 —5MALEY 72 DERL

Mk AR D acrolein (97)&(R)-(-)-4-benzyl-3-propionyl-2-oxazolidinone (83)% FV T
Evans DARF TV K=V EATH Z L2 L » T, BDONREH T 5 syn-7 /LR
—/AR 98 ZHL —~ DT T AT LA — LU TR 98%(d.r. = >20 : 1) TR/, Hitl T,
98 |Z DCM ', N,0-dimethylhydroxylamine hydrochloride & trimethylaluminium % H
WL LT AFH VY P Ay Weinreb 7 X R 96 ~ & IR 95% T2
L 7=t . TESCI & imidazole ZfEM S¥ 2% 2 & T, 2 oKk & fra# L 72 TES (K
99 % i #&HIIZFF7-, IRIT 2-chloromethyl-3-p-methoxybenzyloxy-1-propene *1Z~ 2
Z\ U L& 1,2-dibromoethane Z VN THEL L 72 Grignard 3038 95 % 97 & UG &

TEEMIZBEMTH D B-ax 7R AR 100 ~EE U= (Scheme 39),
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0]
)\/ OH O CH3ONHCH3-HCI

0 83 - \/'\)J\N Jz AlMe;DCM

\)J\H EtsB, TfOH, DIPEA, DCM )\/O 0°Ctort.
-78 °C, 98% Bn then —20 ‘Cto 0 °C
dr.=>20:1 95%
97 98
i CIM JL/OPMB
OH O TESCI, Imidazole TESO O [¢}
e DMF e 95
\/\)J\N,O\ > \/\)J\Nfo\
i | r.t., quant. i | THF,0°C
: : quant.
96 99
TESO O
100

Scheme 39 B -2 uxi 7 hAK 100 DAL

TN T, 100 DO R ONTAREBINAY 708 e A T o7, £9° NaBH, & V2 iE o0
hik A7 5 (Scheme 40), FPEFEF 12TV 2 45 101a, 101b  (Rf = 0.49 (101a),
0.51 (101b); hexanes/EtOAc = 3/1) BNZEINZEIL 61%, 20% DI ZFE THRLINTZD T,
B 2NV THRERRT 21T o7,

TESO (0] TESO OH
H NaBH,4 H
AN OPMB ——» . OPMB

MeOH H
0°C
100 101a=61%
101b = 20%

Scheme 40 NaBH, % H\ /=& JC

5172 101a, 101b 13X 4 KR DSLRBIEREE X BT ToD | Z OIS
DIRTEDTZHIZ, Rychnovsky HIZE > THESNTND 13-4 — /LT ER=FD C
NMR & W FIE TR 21T o727, — RIS, 13-4 — VOSBRI D XS
KRz AV 7T a7 o782 — L CHRELTET Eh=NETHIRFFSNLZENG,
ARIGHT LA O TR DO MERZ AT,

%797, 101a, 101b ZZNZ 4 THF HC TBAF (2X~>TC TES JEABLIAHEL-#,
PPTS 71 | C 2,2-dimethoxypropane Z/EHISE 2L T, EALENDKEEIL N AV T
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REVT T RS TRESHIZE O 101a°,  101b’ 221 92%, 90% DR T
1572 (Scheme 41),

PPTS

TES? OH TBAF in THF QH OH 2,2-Dimethoxypropane
N OPMB ——» | X~ OPMB >

: r.t. i DCM, r.t.

101a, 101b

Q><O

Qk/k\/)\vJL\/OPMB

101a' = 92%

101b' = 90%

Scheme 41 101a’,101b’D 7 =Rk

Fig. 23 (2R T XU, syn-7BF=FKIZ CONMIBLDY CONLDT /L T
equatorial J7 [ANZ A2 TG RIEAEE | 22 2 DDk L | anti-7 Eh=R{KTIZZOT /L
FVIEDO— 5 axial FANZ[AIK T2, AFLIELED 1 3-diaxial M AEVERICLD A
SFZRE T D112, JVLERTRAUNSHERLEE | 28D, DT80 Zivh syn, anti D
SEARDENTT ER=RE5D C(2), BEL2 DD CQ)-AF/LFED PC NMR DAL
TITRNPBERITHIENTED,

Fig. 23 FZ syn-, anti-fRD C(2), & X C(2)-AF/VIHEIZEITSH BC NMR DL~
FOFEHEAE, FEHMEZ R, 1012’ CQ)DALFT 7 FOSEHIEIL 99.01 ppm THY,
syn-TR O ELHE(H 98.93 + 0.67 ppm LW —FZ R d, Fiz, axial (VLD AF LV EEDL:
7 NEFEHMEDY 19.60 ppm, equatorial LD AT /LIELIT 30.00 ppm THY, ZhbHh,
syn-1RDOZ D FEHENE 19.66 + 0.35 ppm, 30.00 + 0.30 ppm EFEH TV MEE &
HZEMNG, 1012°1F syn-IRCTHHZENDI-TZ, —T7, 101b°D CQRIZEBIT DI
ZrOFERIES 100.67 ppm & anti-IRD FEHE(E 100.64 + 0.82 ppm & LW —FK AR~ T,
SHIT, 2 DDOAF LV EEL FERIE 25.27 ppm, 23.93 ppm (I LEEEED 25.64 + 1.79
ppm, 23.65 + 0.93 ppm L1 TUTVMEZ R T ZEDD 101b 23 anti-tR THHZ L0 b
otz
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|13C NMR chemical shifts (ppm) |
Average values: 98.93 + 0.67

Measured value: 30.00

Measured value: 99.01
R4 6 R
YR ,— Average values: 30.00 + 0.30
6.0 = ﬁ/
N
Average values: 19.66 + 0.35
syn-1,3-diol acetonide chair \—/ Measured value: 19.60

130 NMR chemical shifts (ppm)|
Average values: 25.64 +1.79
A Measured value: 25.27
F‘1 Ro Average values: 23.65 + 0.93
Measured value: 23.93
W i
?ﬁ ip
n Re
anti-1,3-diol acetonide

Fig.23 syn-, anti-1,3-2A— /L7 ER=R O AKBLE LS PC NMR OfbF2 7k

/ Twist- boat

Average values: 100.64 + 0.82
Measured value: 100.67

L EO#E B2 5D 101a 23 B IO SR A A5 syn- (102), 101b 2327 A
TLA=—TH5 anti-Ik (103) THHZLENFERSNIZZ LMD, 102 ZRINAICHED
EILEDM AT T= DO TLL FITRT,

F7°, NaBH, JViEIL ) DOFR LiAlH, 7 W 2R il d, ZORER, syn-IRD
D> 14% TIELNTZH DD | TES FEDHINTALE DY 64% ., SHITKIHEAL 7 4%

BILESNTALEW D 14% DN FE THEZR STz, £ T, LiAIH, X0 & & »
LiAIH(O-t-Bu), (28238 7T a2 M et L7223, NaBH, D54 E[RIERIZ 102 £ 103 BEnZ
N 61%, 20% DI R TSN, FZ T, LA AEMEDH S DIBAL-H % DCM &K T
FABLL . THF {8 BT AT L2 A, 102 DHDY 89% & i =R D D N AR Y

(BN, ZORERE ST CL & O DIBAL-H #&iZ% toluene &L THiATE1T-
72H3, Y 102, 103 BZENZH 51%, 30% DR TIELILHRE FL720 ., WD R
EIBIRMEDYUGEIZIZE G2 -7 (Table 21),

76



Table 21 S -2 UAAFTTRAR 100 OIEITTOMRFT

TESO O ableaq TESO OH TESO  OH
\/;\/E\J\/OPMB —_ W'\)J\/OPMB + \/"\)\)J\/OPMB
: 3 7 5 ¥

100 102 103

Result*
Entry Reagent Solvent Temp. 102.- 103
1 NaBH, THF 0°C 61% : 20%
2 LiAIH, THF 0°C 14% : 0% / + bypro.
3 LiAIH(O-#-Bu), THF 0°C 61% : 20%
4 DIBAL-H in DCM THF -78 °C 89% : 0%
5 DIBAL-H in toluene Toluene -78 °C 51% : 30%

* isolated yields

ZONLAEFEBLD AT =X NE, LA FIZR T chelation® 7 /WZ L TR T HZE03 T
&% (Fig.24),

DIBAL-HZEAS 5 LD | AIBCIRL AR IO B ECSLA VR =L F O
(2L —MEAEDTo | CIRRIREEDRRF DS TEDHTZTCSL A /LR = VISR IZIE5<
JO726 BBRERIRBE Dchelation® 7 VAL HZ LT, SARBIRIYIZ10203 5541728
DHZ B, Entry 10/VAZBEPED72NES D /NEVNaBH, EEntry 30/1A LD
72D K EOLIATH(O--Bu) A Hlle L T, SERIEDZE L3720 2 £25bchelation
T NV CNARBIRENF RSN TODEE 2 HNS, F72. Entry 512380 C, R A
ToluenelZZE B3 5 LBIPEDAR T D3RSI DIL, FEMPEZE I Cd D Toluenell
FBRIEHEIE~OR D H G IME T AHZLTOBHARARDT AT LA~ —0
HF 3 Entry 4054 LVBHMLIZHDEEX BB,
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TESO O
N BR
R OH
1 QH
Me —> H Me [ Ri_~g
Me
H R
O

Fig.24 7o ONARERAYIZEITTD AT =K L

el T BN 102 OF2AKERFLD TBS {b%1T-7-, £3°. DMF 1 TBSCI &
imidazole Z N TR TS EAT 7203 SUSBEITLRD) 272728 DCM 1, -78
°C "C TBSOTS & 2.6-Lutidine #EH S 7224, ER&MICULDETLE ALY /LT
—7 LK 104 %157- (Scheme 42),

OTBS
TESQ  OH TBSOTf, 2,6-Lutidine ~ TESO
MOPMB - MOPMB
: DCM, 78 °C :
: quant. :
102 104

Scheme 42 E AL VUL —F LK 104 DEFL

12, DDQ Z M T 104 O PMB EDO i fri&x1T o7, £ MEREETHL 7 E
=RV % T CHCN/H,O = 9/1 DIRBEEE R CRUSEAT o122 A, IR 24% T
HI9OT UL T va— UK 105 21572, LinL, fKINERTH 7272 | iibERE % I
MRPEAIE THD DCM ~ER R, T2 IO FT AT 272D T, LUTIZR7 (Table.
22),

WA DCM/H,0 = 9/1 EL786, IR 81% T 105 MELI-b OO | ANflidnH
12% DR TIRONIZ, ZORNMM ZHE 2 ST UMRHT L7t R, BEEH XN EE2 b DD
PMB A 7217 T2, VLR IRGER DSBS 2 E Z LA FIORITEE M TH
HZENIRIBESNTZ, ZOFERMNG, RP COBMESMEEZMZ D720, IRELEZOE
F1Z H,0 % phosphate buffer solution in water, pH 7.2 & L7z & Z A L= 90% T 105
WFFDH 2 ENHKT, Entry 1| OFMETH OGN AN, ARIERD 5 KRR
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& U CHERR STz 72 8, ¥ % DCM/sat. NaHCO,aq. = 9/1 & L, 59 SR
FORISERARTZD, DEED 65% & KIBITIK T L, AN S £72 10%F2ERS 5
NHFER L o7,

Table 22 DDQ (2 X % PMB D fliff-i& DRt

Tesp 9708 Table22 ~ TESO 109
N ; : OPMB  “bba,0"Clort, - oH
104 - 105
Entry Solvents Time Yield*

1 CH,CN/H,0 =9/1 35h 105: 24%
2 DCM/H,0 =9/1 2h 105: 81% / 12% impurity
3 DCM/pH 7.2 buffer = 9/1 1.25h 105: 90% / 10% impurity
4 DCM/sat. NaHCO; aq. = 9/1 I15h 105: 65% / 10% impurity

* isolated yields

X=H, TES, TBS

oX oY
MOZ Y = H, TES, TBS

Z=H, PMB, TES, TBS

FIORTX, Y, ZOZENF O A G
MBIRD AP NIRE M EL TEBNT,

VT, TES JEDifR7§% 70% HFepyridine S84 %333 LU L L TRV TIT
Sz, LUTIC HF ORI OV TRA LR R AR T

¥, pyridine T HF DL 49%ZF R LI-b D& AW THREELI-EZA, BEHIC
OB AL, TES JE7200 T72< TBS Seb i IRi#E 2 L b B A4 — LIk
106 7 TLC LTSI (Rf=0.10, hexanes/EtOAc = 1/1), ZDZE05, HE D
FE% 16%I iR RLTZIRBEE -T2 LA BHDTULT v —/UK 94 53 81% L R
IR TSI OO | OB R UM Z DR 2Ry MSHERR S LT, W01
REUEDFRHAERIL T3 RS DAL A Y OTAR 36 L OV 3 R E & e
S>TW72®), 'H NMR (ZE-> TEDOREEZ B LTz, € DR, TES 735441 TBS
B 1 HoKBEALIAAEI LB 107 THOL RS, o, 205
f£CH 107 23 TLC L CTEBMEMERSNZI20, SHITHF OIREL T 12%LL72%
DEVEPIZANZEZA, BHIHD 94 L 107 BENEHL81%, 18%DILHE THLNTZ,
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H B OURITKIREL CTRIF2H DD, 107 OAEREBHIEI T2 Emn, I
HF OREE T%E L TRFTEITo72, LU, SO EIINTETE T, 94 23 63%D
NRTELND 7., 31%DJF BRI L=, ZO%MO%4 TBS FEOERNIK 107
IR S T, Fio, AT DI % THF E U HF ORE% 12%E L CTRETE1T
ST, AR 106 75 TT%DINERTHFHILZ (Table 23), UL O Z &5 Entry 3
DEENP R ChHDHES 2 12,

Table 23 TES RO iffH# DOk

OH OH
W\)J\/OH

TESO ?TBS Table 23 OH ?TBS H
A OH —— = A~ OH + 106
; HF-Pyridine, 0 °C :
' ' OH OH
105 94 MOTBS
Desired i
107
Entry Reagent*' Time Results*?
1 HFepyridine in pyridine (49%) 5 min 106+
2 HFepyridine in pyridine (16%) 2h 94:81%, 106*°:Trace, 107**
3 HFepyridine in pyridine (12%) 2h 94:81%,107:18%
4 HFepyridine in pyridine (7%) lh 94:63%,105:31%
5 HFepyridine in THF (12%) 20 min 106:77%, 94* : Trace

*! used as a solvent (0.1 M), ** isolated yields, ** checked by TLC

*#* The structure was confirmed using of 'H NMR.

eV T, Grubbs filtliE 9% FWVZPAER AX B AIZE- T, 94 Hi7u~dt gk
90 #HEFELT=, ZZ T, 2 X Grubbs il HAH THDHILE, O RBARICE
T EORMBEO W EE B HEL., 90 O K EARIZHNT -2 KM mitatr-7,

F3.94 ORREID, FABRAZ B RIIEFITHELIIE THHLEE X AR
X Grubbs filifo> 4 73 1 FREEIZINZ HAVHE — 14X Grubbs filt *% F TR
EIToT2, LidL, BUSEIZZ L, 220 90 DAERKD 14%EFEH IR R TH -7
72, DCM (0.01 M)H T 4% Grubbs fift#iL A 30 mol% N TG E T T2 L2 A,
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V2R 81%C 90 23MFH077, Foe\ T D % 10 mol% 2k~ 7224, 85% DI H
T 90 NELIL, MR IGHET LT, ZOZEND, RICIHEE & DORFEITo7,
WRIBEDIREE 0.01 M 225 0.1 M &L, % AKX Grubbs filifi:A 10 mol% CTfTo72&2
A, 90 TR 85% THHAHZ LN TETZ, 22T, SHIZAE FE4 5L . DCM (0.1 M)
o fRIEEDZE B % 5 mol% U TR AR AT LA, 86% L) BAUF7RUN T 90 235
b, 7706, o FNEBRLRISICHEDLL T, mAREMEL L EELRWHEL
WL AHZEN T,

ZDIIFERDE AR Grubbs fill il H 72 55 B OMFETTV O DCM (0.1 M)
o RO EA 1 mol%, 0.5 mol% LB b S Th ., IEFIZEIR TS EITLC

(Table 24),
Table 24 [AERAZ B ADFRET
o}
\/Qi/?li Table 24 "
N~ OH -
. DCM, refi
T Teso OH
9 92
Entry Reagent Solvent Time Yield*
1 Grubbs st cat. (5 mol%) DCM (0.1 M) 14 h 14%
2 Grubbs 2nd cat. (30 mol%)  DCM (0.01 M) 15 min 81%
3 Grubbs 2nd cat. (10 mol%)  DCM (0.01 M) lh 85%
4 Grubbs 2nd cat. (10 mol%) DCM (0.1 M) lh 85%
5 Grubbs 2nd cat. (5 mol%) DCM (0.1 M) lh 95%
6 Grubbs 2nd cat. (1 mol%) DCM (0.1 M) 10 min 97%
7 Grubbs 2nd cat. (0.5 mol%) DCM (0.1 M) 20 min 99%

* isolated yields

Cy3P
| I Ph
T —

Ru /R|u
=5

v

c I-l’C3 Fh cl PCys;

Grubbs cat. 2nd cat. Grubbs cat.1st cat.
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BT, 90 HIILETOTIEITHE MnO, IZEADT VLT La— L {bEIT, S
I T XD 7 VA ET1THZE T Michael-aldol cascade G RIBRIATHDHT L
& 92 LL7=(Scheme 43),

0O O
OH OH M
) Diketene )
/@V MnO, DMAP
—_— —_— °
H
TBSO OH DrCt'V' TBSO THtF TBSO H
. r.t.
90 108 © 83% (2 steps) o
92

Scheme 43 73 /L{R 92 DA FR

Z LT, ##E72% Michael-aldol [ is D K& A7 — A2 F plRED> D B BLMED Eu
FOSSAED i Ot 24T - 72D TLL T IZ7< 3 (Table 25),

N
Table 25 o
«@W s
o]
92 109
Table 25 Michael-aldol /)i DFRES
Entry Reagent" Solvent Time Yield
1 K,CO;(1.0eq.) Benzene (0.01 M) 72h 30-60%
2 Cs,CO;(1.0eq.) Benzene (001 M) 25h Decomp.
3 Na,CO; (1.0 eq.) Benzene (0.01 M) 20h N.R.
4 K,CO;(1.0eq.) EtOH (0.01 M) 4h Complex mixture
5 K,CO,;(1.0eq.) DMSO (001 M) 100h Decomp.
6 K,CO;(1.0eq.) Benzene (0.1 M) 16 h 45%
7 K,CO;(1.0eq.) Toluene (0.1 M) 2h 73%
8 K,CO,;(1.0eq.) O-xylene (0.1 M) lh 52%

1) Powdered carbonate salts were used. 2) 90 °C

FTHEIELL TINETO K,COMKVHEHNMED TR R & 20 DL HME DR
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IREET N)D M X DMRFEAT 7203, BOSHEITURW T, FE DO RS
LR EIa ST, ZORE RO A K,CO, IZEEL T, ZNLIEORFIE{TIZEE
L. RITEBEO G 2T o1z, 7 b AR ORI T D BOH <, IE7 b o
WML CTdHD DMSO IZBWTIEMERES ME 52 206 LUL, FE D)
BT DR RE 0T, £ T RSB W TR TE S5 % |
Benzene & W CHNFMORFEITT2EZ A, 77 TNEBRALIGIZHBE DT,
001 M5 0.1 M ~EZEEL TH RIEZRIGROE T2 A ST, ZORE RS R
D REB/2FEHENZ DTN Tz, FT T, SBARA SR O FEHE D728 Benzene J0H
SRD BN M IERANE AL CH D Toluene, & VN -LZ2 A, 72 BifEID 2 KD
KIFZRERE LI, T0% DI T 72 ZFFHZELINTEI, EHIT, REMHILTNET
ML Te BN ORI S FIRF ] TS E BB S EHTETHIRL , KEAT—/L
(2T PTRE R SRt Lo T, FE, 40g A — B W CHEH Al RETH D,

VL EIORUTERFTIORERID, 3 OARICEETHLHF AR 72 O&kE 12 T
2 RILER 28% WD BRIV TR A LV — NN LT, FTARG R I I K &S
FAZ IR W TH FRICHEEATL T D,

Scheme 37 |Z/R T HHEE D/L—MIBWTIE, A OEAIZHVD Evnas-aldol 5
JEDORTERAR A AIZ 6 TRRZZEL TEY, T/LR—/LIK 84 DHELETOILERN 34%L
K olz, SHIZ, 90 DA THRFDO—MEBRLKRELIZZITEAL TNDHIER
Wittig SOt e OF Grignard SOS 2 31T 2 RIBOG OIS EE T -7 ZEB IR DU
AL EREE X OGNS, ZHEHERL | ABFRIZ LI SN HTHL G oL
—MZBWTIL, BRALATEAD R F BTN T, IRFBHO UM E T A fLEL
PR R E e iR S FH B AR D2 =y MR 2528 T LRBOHNIC R L2 &
NRERFHR TdH 5, SHIZ, Bvans aldol SUGIZHWDT /LT B RIRZ 2272 T i i &
L7cZETRIEMNZZFBHER D FTREIC /2D | 2 TORF O AL B LATIEAETIZ
FCcE Iz, 2EREEL TUERICREEET DRI 2N E | SHIZHRBUG
D 12T % Michael aldol cascade SUNMIIBUWNTH FFELMEDIRSAfRIL , 22O K&
AU — VI Z T ATRE 72 S IS i b TR 22 L b KERUGE R TH D, TORER., BE
FOIFETIEAR R THREE 4 TRDKL, FIEE 25% T 72 DA RREEMR TE-Z
EMD | IUHEER] 5.5 (50 ESEHZEITEILTC, ZAUSEY EFITBIEET 72 ©
HEAE 28 g 5E T L, AA AR M e R E G IE ThHZ LR LT,
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I1-3-4-3 MEEEEEH U AT W) DORESE

I ERIHAE N A REL 72572 T2 726, Southern part (3)Z AV T FRElInd 89572
BEIK CH R DT, B | SBIOR LTI O@IC 3 137 LT ER 93 2260
1,6-oxa-Michael ST, A Rl BeFE CORIGH 0 A EE T 228 THEITHb DL
L. 93 1L 72 oD T7 7 b ARGr DBRER AtkeEfEE OO EANCEVEL
5HE# 2 72(Scheme 44),

= Reduction of
AR \6‘ lactone
93
MTN-"0R,
Introduction
OR, of side chain

Scheme 44  Southern part (3) D1 i Hik %

FRROBIEIZAE  ETRIBHOE ARG A1TOITEE LT, £2T, FA LA
T2 S CTROGHEITL . 2O F S BFEOFNRK S Th D Stille 1> 7V 71T
HEBLE, A7V 7/ X—hF—21LT 72 BN 770 —MeL7H A 111 &
2-propyn-1-ol 725 2 TFE T TELAHAX 112 ZHWTLL FO L7217 -
7=(Table 26), F7°. 72 75 Tf,0 Z AT —78 °C DIKIE T /— /LiBIRWJIZN) 7 F
—MEL. 27 DAL ETHLHIENOIFEMAZ1TI>T Benzene 54 80 °C, filfitl1L T
Pd(PPh,), D54 C Stille 717V 754772 L2 AMISHDNE A SV 115 % 55% D
IR THEDLIENTE, I, FT AR A EARE T H LS TS LiCl 284
5 LW ROA T O LN AT, 612, IBIEREETH2S DMF % WA EIER)N
2% F Tl ELURUGFRERS 1 R ELHE C& 7o, £z, Al L T DIPEA 2z 7=
DMLRMPME N3 555 Rebrpo7=, £Z T Entry 3 DA% AV, Pd filfita Smol% £ T
L T RERIGROE T I AL T RAFRIGRT 113 21552853 TE /- (Entry
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S)o

NPV

iﬁfwt

Table 26 gD

BugSn._~~_ OPMB

OH Tf,0, EtzN 112

. Pd(PPhg)s
DCM, 78 °C _(10mol%)
Table 26
72
Entry Additive Solvent Temp. Time Yield
1 - Benzene 80 3h 55%
2 LiCl Benzene 80 2h 66%
3 LiCl DMF 80 lh 92%
4 LiCl, DIPEA DMF 80 lh 78%
5% LiCl DMF 45 1.5h 87%

*Pd(PPhs), 5 mol%

WIZHEHITZ, 113 1%L BOMCI % W TR RO 21TV BOM 1A 114 L
72(Schme 45),

BOMCI, DIPEA

_— =
DCM,0°Ctort. TBSO
91%

Scheme 45 BOM & 114 D&k
ENT TV DOBBREETo7-, £ MeLi W =F 7 OB BRICHK .

R#FEL= DB ANZRATZ, LN, BIRFCTHIEL THREE DO N0 fET 50
HTHEMW THLE =T Vv a—L 115 #15HZ LN T )>3->7-(Scheme 46),
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MelLi

THF, 0 °Ctor.t. TBSO

Scheme 46 MeLi (ZXAT7 7 DR

114 [ ZEADOREVZBRIEDT N THDTEDRERPNIT SXINEE X, —
FINERGT DMK IREEIT, BABR LT RICIRFB =y "N E AT HIEELT
(Scheme 47), L)L, HEEANESRAEDONNIK 3 RIZISUWNT TLC ETRERL72EBbis
BB O£ R 116 (Rf = 0.33, hexanes/EtOAc = 1/2)BEZRINDLDO D, JFEFCH
% 114 NEIRESNDDIH T o7, ZAUIEAERE DI B fE TIL DT IR ~D
BRALDEITL 114 DNEONTZHDEE 2 TVD,

OH
HO ©

KOH, MeOH , H
OPMB — . : OPMB
H,0, THF
r.t. TBSO Hi

H 2
114 116

114 was recovered

Scheme 47 /K FRIZE AT 78 DB ER

U bEDZEND,| [RFEZ=y NOEEHBEAEZWIEL, T LSRR F O/
RURIZEDBBRZA TV, B LEZ @O TR IR FE L=y M AT HT L7 (Table
27),

F9°. DIBAL-H Z I\ \5ET7h—/L 118 BN 25% & A4 — /v 117 ZUE 17%
T2, £ T AL 118K LT 4 DEHURFT AT 72725, 118 DUSHEDIRS
IHZ LD IE R ITE S -T2, ZOFREL T, ®HT7b— LT T TR E
OFFERIRICH D03, N8 ITIXT VT ER SO 372 T/ b=V ELTHFAEL TD
EELZLTND, FHE,'H NMR IZBWTH T LT EROE — 73 BlES e oTe,
DZEMD, ZNLBEORFHITA—/UE 117 Z B e T 52807, IRICHEIZH
WIEJLHITTHS LIEGBH Tidk, TAUICKL 118 OAZIER 42% TH- 2 HDH Th-
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7273, LIAIH, Tl B B9 CTH5 118 DHEUR 65% THHZENTET -,

Table 27 tRURIZEAT 7 OB

OPMB  Table 27
_—

Yield (%)
Entry Reagents Solvent Temp. Time
117 118
1 DIBAL-H THF 0°C 30h 17 25
2 LiEt;BH THF 0°C 30h 0 42
3 LiAIH, THF 0°C 10h 65 0

VT, 117 KL PivCl & W T — oK EE FS R 72 REEZ 1TV Piv (K 119 &L
7o 2T 11T DSRERURRIZ OV A7 AT GE LIEIGERME T35 WO REN A LT
78 FERATO I 2 TRTIERZR L, B2, MEMCI & VT8 oKz
FEORHEEITVMEM /R 120 2L, TBS ZEOifR7#% TBAF 2LV, PMB FEDifE
KR LA DDQ ICHVZENENATHIZE CTHIBRIBMA CTHLILE T LT ER
122 L 7-(Scheme 48),
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OPMB PivCl, pyridine OoPMB MEMCI, DIPEA

—_— —_— -
DCM, 0°C N DCM, 0 °C tor.t.

62% H A 85%

(2 steps from 114) OBOM

117 119
OPMB TBAF OPMB DDQ
_—
THF, reflux DCM/pH 7.2 buffer

98% 0°Ctort.

98%

Scheme 48 LT /L FER 122 DAL

WIZ, L7205 1,6-oxa-Michael Ui Z KAZEKEIE BSOS DI 21T > 72(Table 29),
ZLTC, BHEFIRFEATICHTZVRO L7 —DOZEIZEH Lz, H—IIARBIGN

SERG T DITNE T AT BV T AR ESNDFHERBIREZ LD ML ERHHT-
DT VT ERER S OIEMEAL N E I /2528, 55 1T retro Michael USRS I
HZENRGIZTHSNDT- OGR4 _I/7~F<‘:Lfﬁ/@ﬁ‘éz ERbHHEN
IETHD, FT. VULRDIVAREETHS TBSOTE 2 =2 AZERE TS
T MRKEEEED TBS LS4 124 BELIL TR R Apolz, I T, EHITHE A
TIPSOTS % F\V 5 &5 kKR FE N U NAL SN AT L7l B G e L= Vv )
—/L 123 % 98% D @R THAHZEN TET, ZOMIZEHE EV VLA AR THD
(CH, ),BOTT =2 Michael fI M1 ZFATED BWNEEINDT & ) AR FZD VA A% ]
W B IR S Ve o T, ui@_&ﬁxﬁﬂ;}imb: fET DI
R NVEIEVEE L, 2305 Ak ER FED IZWVERD i m S A FF TR AL
R OTFIENLI D5 277,
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Table 28 ZLAGHZ kT

Table 28
Lewis acid
2,6-Lutidine
DCM
122
Entry Lewis acid Temp. Yield
1 TBSOTf -78 ‘Ctor.t. 124: 80%
2 TIPSOTTf r.t. 123: 98%
3 Sc(OTY),, TIPSCI -78 ‘Ctor.t. N.R.
4‘ (C6H11)2B0Tf, TIPSC] _20 OC tO I'.t. N. R.

WIZ, 3 ORELEIZANT TREAR R TH D C-4 MONMBLFOREZE, AT TIPS
FEOBREITLE ) SEEBRINE 7 1 b ABICEL Y #H A 72 (Table 29), ASICIHWT
BEFT72 D mDNINT retro Michael SUSZ 12 T C-4 (L TONAREIR 72 7 1
FALZEITSE L2 TH D, £7, WU bAlE L T—XA72 TBAF %
AWTHRIGZEITHY L HROIEET VT B RIZU T A7 AR 2 1 I 10%
Th oz, HIZ, retro Michael S 2MET L7z 122 23 43% T L L2, £ OfhiZ
%, HFepyridine °7 L > A7 v MNETH D CSA # HWTH BIWIFRIE, X
IE retro Michael SOSDMES: U CHITT AR E /oo 70, £ 2 C, X0 HdESRM:
TRISDITA % TASF Z FHWTHUGZAT 9 & 125 ZUR 21% THDL Z LR TE
oo ZDOZENS, BTV ALANL TASE BN CTH D & 2. Eiebata
Tolee £, SEERMEDM EZ2 BHE L, R, OEHIELZ SREE O/ SV Ac
TR URIRROSLMITR T B IREIX 9: 1 T E L=, LavL, ZHUcee
> T CANPERL ST 126 LN, ZIUTRNOBGFHRFEIZEL DB D &
R, MBEFCUTREEZ WD & RIRICIEROSESTE 2, Ll KA
& LT 126 DAERPHERI N0, BICEFET VN2 T 54%E) T BHT
EWNT 5 EWNERIL72%FE TR L35 2 ENTE, HICHEBRFENZ 222
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BRICIEIAR T V7 e R 127 VR EMZR I, £ 2T, HEIIKISOE=4

V27 4T 5 & 127 25 125 ~O B2 TLC TS S4v, 127 28 125 = 5
2HHHETHLZ NI, £, ARCRIZEBNTa-7"12 AR
EAT L, 127 SO NI, BITFRICRER 125 ~E BN ET L b &
% Z 5115 (Scheme 49),

A BREAT 3 18 T A F1 72 retro Michael i % S/ MRIZHNHIT 5 Z & 3k 3

HThorEBEZLND,

Table 29 TIPS JEDFREITH O SRR 7 1 ks A1k

OR; OR;
MEMO MEMO
v, JH _ Table2o 1 1P 'YIEMO H
A OTIPS  TASF YT, oo L Y
i Y 0°C H : HO f
" dBoMm H Gsom
123 125 R, = H (diastreomixture)
R, = Piv or Ac 126 R, = OH
OR
Ii/IEMO H !
. : 4/ X0
A Sgom
127
Result(%)
Entry R, Reagent Solvent
125 126 122
1 Piv TBAF THF 10 (2:1) 0 43
2 Piv HFepyridine Pyridine 14 (1:1) 0 10
3 Piv CSA DCM 0 0 80
4 Piv TASF THF 21 (2:1) 0 10
5 Ac TASF THF 35(9:1) 20 7
THF
6 Ac TASF 60 (9:1) 10 10
(degassed)
TASF THF
7 Ac 72 (9:1) 0 10
BHT (degassed)
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OR,

MEMO OR, MEMO
TASF H Isomerization .. N
OTIPS —» . 5 _ o f 0)
4 A

|§| i iy H A
i OBOM
OBOM H OBOM
123 - - 125

127

Scheme 49 %7 /L5 b RO A pliksE

WIZFF BT 125 025 3 OREZEIZ T ZE 21T > 72 (Scheme 50), L»L. 15
LNTET AT E RPRLETHY , RIFROEE TR BHsITH> Z LT LT,
£, TATE RSO, AFLT 2T ALY 128 245 T. #7< Raney
NiZ K 2 o p-REFIER sy DT, BOM HEOFREZITV, £ U= KEBEIED 7 v
a AV ARICRES . BBEROGIC L D AV 7 0 2129 & 5ATRE, IR 45% THE 5
ZENTE I, Bk EER > OOri R4 TES A~ ZHL L 72 130 2157,

NaC|02 NaH2PO4 2H20

TASF MEMO 2-Methyl-2-butene
MEMO BHT -PrOH, H,0, r.t.
OTIPS ’ .
THF 2) TMSCHN,
(degassed) Benzene / MeOH

OBOM ar.=9:1
123
1) Raney Ni 1) NaH, MeOH
MEMO Me " EtOH, reflux _0°C/e2%
= 2) TESOT,
2) McCl, EtgN, toluene 2,6-Lutidine
r.t., then, DBU, 100 °C DCM, -78 °C
OBOM 45% (5 steps) quant.
128

Scheme 50 TES 1A 132 &1L

Wi a-t RaxFAbOmMmE 217> 7-(Table 30), 7. = A7 /L% L LDA
Tx /7 — FEfBl L7212, Davis it V2 W TS ZEITD L HID o -k
Ref IR 131 207 AT VARG E LT, IR 45% T, Bz, EED
—ENREN ENDHRERE IR ST, F2 Enry 2 T, =/ 7— FORISHEZEZ BT
LT DIZHIE LT KHMDS 2 AW TH, PEROUBGEIZIIN T Ho Tz, fiw
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C. Entry 3 TIIVARERIRMEDO M EZ2 B L. A5 Davis ik 2% V223, 3
PME, R, SRR OWHERITB R o7z, £Z T, FURRMOH
B2 3517 % Kallmerten D F1E% 2512 Vedejs i3 P& 5 & 68% % Tl £ &
w5 LRk,

Table 30 = A7 /LD a-b K F /UL

Entry Oxidant Base Result
1 Davis reagent ' LDA 45% (3:2), SM; 18%
2 Davis reagent KHMDS 30% (3:2), SM; 15%
3 Chiral Davis reagent LDA 32% (3:1), SM; 10%
4 MoO,spy*HMPA™ LDA 68% (3:2), SM; 20%
2 ol o ®
| __Mo |
* 07/ 0
PR O, _N_ O
N\SOZPh \§ / P(NMe2)3 02
- Chiral Davis reagent
2-(Phenylsulfonyl)-3-phenyl-oxaziridine MoOjg-Py-HMPA ((+)-(2R,8a5)-(camphoryl-
sulfony)oxaziridin)

/oY T AT VARG 13112k L, A F)L=—T7 )Lt %47 > 7=(Table
31, 9. HERAMOME PE5EIZ LT, AgO, TMel TRZ1TH L B
DAFNZ—FT RITERE L2 6T, BRFEKISZIT S & BB R~ I
RS DRER L 7272, I, MeOTf Z WD & B % 62% CTH5 Z L v HY
RIZIA, REHFIZBODTH BN L TV OBl sz, £2 T, B
IZHRU A T UAVAITH 5 Meerwein a3 V% W TIRIE F CRUREIT O &, WX
DINCRISITET LE R A F LT —F UK E B 5 2 L BNk,
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PLE® Z & 726 Southern part Q)IZAEY T 5 132 DAk Z R L., MEEEE A
VAT EREORESRIE AN LT,

Table 31 o -EREFXI T AT /LD A F L4l

MeO
TESO
Table31  MEMO OMe
132
Entry Reagent Solvent Temp. Result
1 Ag0O,, Mel DMF r.t. trace
2 MeOTf, DTBMP DCM 0°Ctor.t. 62%
Me,OBF, Proton-Sponge
’ DCM 0°C 100%
4 MS

I1-3-4-4  11-3 OiktE

Southern part 3)DEFIZIBWNT, BIEE OFRIND, VAT B E
AR (TR R ARG 0 2 B IR (TR L DS 2 T R LT, 77,
FEF A THD Z ML EME TONREIEZMENL L S5 T
&% Michael-aldol SUGZIUWN TR, K OBSSRMF D HIEAGIZED . 72
DOEPHGZ T REE LTz, IS, OB N 7 M A8 0 D BHEBR ITHE<
1,6-oxa-Michael SSIC IV ZRMEZHEEEL | Southern part 3)Z &Rk L . B2
FRINEE BT AT IV F O EEE DN % 2% L7 (Scheme 51),
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o o oA
QLN A ., KoCO3 A

—_— s
)\/o Toluene, reflux  TBSO I:I I
Bn TBSO | 70% OH
83 o) Michael-aldol reaction . .72
92 single diastereomer
OPiv
TIPSOTf MEMO
2,6-Lutidine ",
_ N
— > DCM, 0°C
_— 98%
OBOM 1,6-oxa-Michael reaction
122
e
—_—
H S8om
Southern part
128 L

Scheme 51 Southern part ® & %
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-4 10 BRI I DEERS

Northern part (2)& Southern part (3)DIEELIEDFESLIZELIILTZT28  IRIZ(E)- — &
AL 74050 10 BER7 7 OBERGTEIToT,

FEER THD 10 BRITVNEREZRWIZERO T TR O T AT /L X —0O RERE
L& TUVWD(Fig. 25)%Y, ¥|Z, Luminamicin (1) 9% 10 BENIZIZ, 34~ F L
RO ODEATE ZERA L 70 MFET HZED 0 ZOBEIXRNETHLHZ
EMBEGZ T TET,

10 \ A

) I W Za S\
\./ IN——

34 5 6 7 8 9 10 11 12 13 14 15 16

Strain energy (kcal/mol)

Ring size

Fig.25 ROV AXLOT HTRLF—0DB%
Luminamicin (1) DB # IZFAEL L 72/ & 2 £ > KA & L T Branimycin &
18-Deoxynargenicin A, 2385753, ZILHD KAWL Kallmerten 35X TN Mulzer 5124

STEAPEMRIILTND (JER) (Fig. 26),

OMe O

HO o
2 |;| 3 . O ‘
OB \
N
: (o)

Branimycin (+)-18-Deoxynargeniciin A,

Luminamicin (1)

Fig. 26 18-Deoxynargenicin A,, Luminamicin (1), Branimycin
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BT, B IHICEERAL 7 020 10 BLON9 BTV N AT I F
F&AZHEBR LT A IE 2R o TD 1 OB R IR TRITUV S, Fig. 26 2°Hb70703%

JONZINHZDF 1 LFEER, DB OTAZRAF—DREIVEREDOI AR THD, 2D
ZEMB 10 BEN9 BEROEEITHLWETHTEHLOD EDITZOF EERE~
177 M AIZEOIESEL TS (Scheme 52),

Scheme 52 18-Deoxynargenicin A, & Branimycin D& KIZEITH~ra7 7 Ak

II-4-1 AZEIRZEAD 10 BTV OBt

FTAX B RENC Ay TV T H IR LT, AL T 4 A A HND LT
= LT AR T U RITE R EMEN LB NE S THHEVIHIEF R DS,
I3 LR IZ7R T Grubbs iR, 970 b R ERCAL 2 5 T FLBLAL V7 =T L5
% 2 (Fig. 27), —fXAIZEKH WSS Gubbs 55 AUl E-CE 2 HlgrY 22
7E CT% Hoveyda-Grubbs 55 — HHARfREE °0 F7=2 60382 — DDAV TF /L% o-K
NETHZETINARIEF 2D 7o LT itlil V708 CThs, F2, BOGSHTNZALNL Bl RE
HEEE L 72 WU BN F A MR, TR DBV T =T LAZHWBR N EEND
Piers-Grubbs 5 AL 72 4 55,
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ﬁfﬁ T@

Uu=—-
~>Ph Au=>pp
PCYS ey,

Grubbs cat. 2nd gen. CAS: 682284 /d T b\
PCy3
ety o' ¢
9 T s
vRu_
\(g@ %5@ Piers-Grubbs cat. 2nd gen.

Hoveyda-Grubbs cat. 2nd gen. CAS: 682373

Fig.27 AL 742 A2 A T filft

I1-4-1-1 PABRAZ B AIZED 10 BT 7 DS

KIOIZ, BABRAZ £ ADM S EAT o7, MEEL TE, L FOET LG WamkEt
L. fix &% 1T->7- (Scheme 53),

e e

Ruthenium Catalyst

RO (@) DCM, reflux RO 0]

> ,
=
134 135
R =H, Piv

Scheme 53 PHBRAXEI R85 10 BB 135 OREFLMGT

RETCIET 7am A% FINEGRTE T CRIGZATV, VT =0 LMl Fig. 28 2R
THEEDOZA T 2 THRa LIz, L L, WTNoHATH 10 BET776 135 1%
Bonpinot-, TOEBO—2LLT 134 O EEAL 7 02NV T =0 LEERIN
BONL CETWVRWERH NS 2515, 2T Zhao LN HEL TWDUL—BAERAX E
ADFH %R I T, ARSI, FOAN = AL THIGEIT T HZENFFTED
(Scheme 54), 3725 £ /LT =0 LA —EH 136 Db ARAIIZZZY
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TWBHAT T ORGGA VT A NZENLT D, D%, WEITFET 5 @t L 71
YENT T AT NMIADZETRBMARLL TV 5 BREAAKL, YERr7 70 038%
Sh~EHHES D, ZAUCEDENL LIZSW @B L T 4 ANV T = LB EIT 5
LT, BBRAZ B AREITTHL0IOH D THD,

OA( o)g B oA( ]

o)
o}
PivO (o) [Ru] PivO 0 .
Z o Z 0 PivO 0
o o LS
)/ J/ Ru
Z [Ru]? _ _

136 L _

o oA o

0 0
PiVO o N PivO o 7 ~ | pwvo
o Z o} Z 0 =

137

Scheme 54 HIFF 35V —BABRAZ & AD B

ZITEEDEBRIIEEA~IV—IHZE AL 136 26 L., VL —PHBRAZ &
v A%A4To7= (Scheme 55),

o)(
o o)(
O
PivO () Ruthenium Catalystr
(\Ejo PivO 0

Solvent, reflux

)/ 136 137

Scheme 55 VL —3E 136 &A= AX B ADOMKE}

98



fib it 13 Fig. 28 (Rl 22 TH, KV EIR CRUSZTO7280 ISy 7 mm
B DIV R B A HWVINEGETR F CRILNEITo72, LnL, Boivsd
X 136 ORI NHEEL 72 B DA THD, WITHDOGATEH 10 BERT776
> 137 DA IR EETH -7, £72. Grubbs 55 kA VB A XA 71O
FL 74 DEMACBEZD, ZEREA DB~ R LI OB BN S AL H

77,

LLEDRE RIS HERAZ B A2 Ve 10 BEROTZRITIREL THESNZ290,
OFHDREN 10 BERIEREZ DR FEAZ T AD KR Z1T 212,

412 SE5E A8y AICED =Bl 7 o DS

ARFIEITG T TOREAZ AL ZEIA L 7 4 L%, =AT L
ftF7ebb~ra7 7 ALY 10 BERAHE T DMK Thb, REAXETAIZLD
—EHT L T4 DOREEDFIRE THIUL, 0T AR F—DOREN 9 HDHNNE 10
BERAEZL TV 5 Kallmerten <° Mulzer D LT T AZENR[RETHDHES 2 T,
RETCIL, P 7maAZ OIEGRGE T ABRAZ B ZADBRITE T OEL Abi:
Grubbs 55 — AR fREE A il o U CROS AT -7 (Scheme 56),

)( OA(
0 o}
o) HO

Grubbs cat. 2" gen.
+ (0]
RO H DCM, reflux RO OH
© _  COH
=

139

138
R =H, Piv, TBS 140

Scheme 56 REAX B RIZID ZBEHAL T 4 DI

BRSO R, WTHOREOLAICBWTHLHITHD B4 L7 00 140 1T
BHZENTET | FREEDOIRCTHEEIIZE F-7-, £72. DT TIEH D03,
138 ® R = Piv, TBS ORHITITH B OX A~ — KR TX -,
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FIT REAZ B AZB W TS, UL —RAZ B AD R Z S LY L —HE
ZE AL 141 Z WGt 21T o7 (Scheme 57),

Ruthenium Catalyst
PN " o
o \/\{\/\/ Y
O 141
~ RO OH
RO OH 9 o R
R= =
Z \eJ\OH \ekom \COTBS

138 142
R =H, Piv, TBS

Scheme 57 VL —EEAEALIZET LAY 141 IZEDEEEAS L AD R

VL —RREAZ YL AL EAS B AL, WY 7ama Az il LT
Grubbs £ —HARARBEAE W TREEIT 72, LIL, WTHOEEIZBWTH BB
Y 142 13500 T HRREOINET 138 NEUSILLD A THY , ZIHDX A~ —1IK
LRSI 0T,

T4 Robinson HITE DR FEAR B ARFEIREEHT-DI2IE, WEOA L7 00
NEMIESE AL, D2 OLREEL A CSEDLIETHRMICERD EEDLEND
FIEEZREL TS ' (Fig. 28), T77bh, —@H#AL 740 AL EH#AL 71 B
DRFEARZ VAR INEATIE VT 2O NIETHAT T THD AIZENLLZDE% B &
DIARPEEZRET DIV T a7 2 hRIRE KT 5, LLZOHAIL B
EDNT =T DB DD TELRD D OEKITHO TN THY, 471 ThHHH
HPEIGLTHA~—C L7325, —F . A DRI~ ATV EEA Z OB AL AR
FEEDMHRNEL I, AT VB A LT Rl 23RS E &<l b, THEVT=0
AFEAT M EpoTc A TITRLK ZEBEAL 7 4 ThHDH B ~ERMLL, ZOHANAK
BEEARET DIV T F a7 2R Z TR T 5, ARFEURITLE A D LR
D NS DRI ET-E 5720 DEEAKDEL T2, AHHIXAT T THD
ZEMBE A~ — LB IS0,
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"

MeO,C.__NHBz
| E (5 mol%)
— + =
CHj PhH
BzHN" "CO,Me 100 °C, 14 h

BzHN™ ~CO,Me  BzHN" "CO;Me
A B (30 equiv.) C (55%) D (7%)

§

MeO,C.__NHBz
E (5 mol%) TJ/
PhH
BzHN CO,Me 100 °C, 14 h
BzHN™ ~CO,Me  BzHN" "CO,Me
A’ B (30 equiv.) C (0%) (55%)
PO . 1 I CHg i _
' BzHN H | BzHN - : Higher steric
Higher steric : H 1 © CH. ¢ demand
demand H ‘ : 3
: MeO,C . VS MeO,C —nmmann
.............. . A
A
o,
E (5 mol%) E (5 mol%) N_ N
B (30 equiv.) B (30 equiv.) T
Cl

i BzHN =Ry D HC 't/
: : : >—t\ NHBz E
: MeO,C : : HgC M
.............. . eaeaat CO,Me
Non-productive metallocyclobutane Productive metallocyclobutane
formation predominates formation predominates

Fig.28 Robinson HIZXOH A IV NARBEE IS LD BOS D 72 7

ZZCTEHELZDRobinson 5D FiEiwmEZ B IR~ DD AT )VILEE A LT-E
T EY 143 Z 5 L. A 1T -7 (Scheme 58),

o)( 0)(

o MeO 0
Ruthenium Catalyst
+ (0]
RO OH reflux RO OH
_ = COZMe
144
143 145
R =H, Piv
Scheme 58 Robinson HDH I DN AL B ADFRET
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F7°, 143 12K 30 HEREOT AT /L 144 N, 7 A% Grubbs 5 iR
fi i 2 W TR 2R ATy | BOUSTETE TICR B RIS E o7, £,
Robinson SO E L TWDHEMLFILL, B 1| Hoveyda-Grubbs 55 A ffifh
Z TR ZA T2 TN, [RERIZIFUBHENR D 2172572,

L EOfE A EtoFE B FERSORZ LW ST AU R LD 10 EBRIERH AW
BBV T4 DIERIIINEECTHDHEE ZHND,

I-4-2 ©Fa— LoV LARERE

ARFEIZTAT IARIZIOT 7 A ARG LTt . B AL 74Tk T 5
oy TOEFTa— NIy V7LD 10 BEREZTERKL, D% — @A L7 % B
AN T2 FIETH D, WVR= GO B )SThoHEFa—L Iy
TV EREHESEIUED E L MR RO G RICAHTHD 0, o TEHILLL
TIRTET VLAY 146 25 K LUTE % fiGT21T>7- (Scheme 59),

OTBDPS OTBDPS OTBDPS
OMOM OMOM OMOM
Sml,
PivO () ﬁ? PivO () PivO (6]
~
0o 0 oH /=0 HO 0 o]
HO
146 147 148

Scheme 59 E7 /ULAY 146 Z A\ = Fa— o7V 7 DRt

Wz 7 hoeRka 7 I 2V, FU 2 AR EREL TS 3~y 2%
W TR 21T o7 IEMEEFIE LT HMPA, 7 b JiE L TAZ ) — L OFRIN, 7=
REZ-T8 °C 7D 0 °C IZHIRTHREF 2 Gt T o722 BRD 12-VF4—)b
147 13 ESNT DT ORI BNTH T LT ERER S B TSN AR 148 708
HOoNDHDHTH-T-, 2T, AERPEZSRWERH L TATF VT R E 57 D RO
PERSEENEB R | TR EAT B EWRR T E 149 ~EHLRREORG 21T
ST, 10 BERZ 7R 150 1A R CT&E727) 57 (Scheme 60),
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OTBDPS OTBDPS

OMOM OMOM
Sml,
PivO (6] ﬁ?’ PivO (0]
o o oH O
149 150

Scheme 60 IVRZEAL-FE 149 COEFa— v 7V 7

LU EDFERNS BT a— Ty 7V 72 vz 10 BEROTE AL W&,

I1-4-3  Julia-Lythgoe 4L 7 1 AbA W S EHA L 7 4 DOFEEE

VT, o F I TAL 74 2T D0 & L T Julia-Lythgoe AL 7 ¢ 4k 199% 54
Pl RFET, ZERA LV T4 B L%, ~7nT 7 AIZED 10 BEREE
AT DS T D, AIEDAY Y REL T, VTFFRVR DOREMER SO 7 1
RIZHARZERA L 7 0 B R RAFIC B2 52T HNb, — 5, 7 AU ke
LCALV T4 RIS B2 BT 528 EIZ DOR(MERIENZ LNZENZET BN
HH3, 1998 -2 Kocienski H1Z2&~> T E &R Z M LW, 2V Ry N CTH B FTHE
R BEPRESNLTODIE POV, LLFIZET b EWE Wz =& i
AV T4 G 10 BERT 7 b DG T 2754 (Scheme 61), HA 0D = [E#HiA 1
T4 @A 10 BRI7M 151 13, B2lR 152 O~ 7nT 7N AGICEID B RATREL %
Z A521X7 VTR 153L7 = =)L 7 87— L (PT)- ALKy 154 % W =55 118 C
@ Julia-Lythgoe AL 74 MbEATHOZET ZEBRA L T4 MBI TEHEEB X T, R
FHLLE 3 DR 153 | 35EH DM EEE % ML LT- Northern part  (2)D A AT
5% 27 NHEX 154 (XTI A D 6-oxoheptanoic acid 2>HE TFETEIT 5,

o)(
o)( o)( 0
o} 0
R,0 ORs  NoN
— R,0 OH — 2 b

Lactonization Julia-Lythgoe
o) _N__
_~  COoH  Olefination + Ph he

153 \\[;fff/j3R4

151 152

Scheme 61 T /U {LEWE = 10 BERT 7 DA BENT
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FTHIOIZT VT EROB AT T, JElA LT 27 123 L, AF VYT LEH]
WTCE RSB A VRO EZI TV T La—)L 155 SL72%. %Df:’éﬁ*%%kﬁ&ﬁ%
PMB JETRF#ETHIETT /LT EREIEYA 156 EL7-, Hi TR LA AIT AL
URWET N LEHWHIETT VT ER 157 25K L7 (Scheme 62),

e N oA

MelLi in Et,O (¢} PMBO™ ~CCl, O
PiVO OTBS THF, —78°C HO oTBS cSA, DM PMBO OTBS
= = 96% (2 steps) =
27 155 156
0s0,, NalO, o)(
2,6-Lutidine O
1,4-Dioxane/H,0
1. 83% PMBO OTBS
o/
157

Scheme 62 7 /L7 ER 157 D&

FEWNTPT-ALR L DA AT -T2, TR AR 6-oxoheptanoic acid 2 HFFENEL |
IKFALVF T LT NI = WHNTO A —/b 158 ~EIBITT LT85 — Rk ik s
RENZE e AV EETIRET D2 ETH kT /va—/v 1589 LLT-, D% 5- AV
Th-1-T7 == V- 1H-T 57— )V & HWTOEE RS I ED AL T 4R 160 LU, Hif%
(2 m-raai BEmZ O EIZED 81%DILE T 161 25K L7- (Scheme 63),

PivCl

o)
LiAIH,, THF v

MOH _— —>Pyndme OH OPi

DCM, —30 °C v

0o 53% (2 steps)
6-Oxoheptanoic acid 158 159
PPhs, PTSH NN m-CPBA Ph. N
DIAD in Toluene /’\/1\’ N NaHCO3 I N
THF, 0°C s” N DCM, ..
81% A~ 0P 84% /\/\/\/opiv
160 161

Scheme 63 PT-Z/L7y 161 DEFK

ZAUZ &Y Julia-Lythgoe A L7 1> At? Julia-Kocienski 24 B EIZH WD FE 235 K
TELOTERICH LT 1 &AT 2T,
PT-Z/L7R 161 & 1.1 % & 0D LIHMDS W\ CAVRF— B LIzt 7 VT
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ER 157 22 CROGEFITST2EZA EIZ=1/1 TEE#HAL 7 40 162 ZIUER 62% T
1o, FTETNBE)AREZ)-ARITBER FTREZ2 MR THY , B2 166 25T
NOBMETH T 52 LT TE e o7,

N TAFNLIF T LA O TE A VOB #EEZIT, U258 — Rk iR
%ZJIEYR Dess-Martin F2{t.. Pinnick BR{LDSIFITAT T 2L TEEMIITHLVARE 165
ELTz, ZLU TR IZ THE H, TBAF Z T kKER FE D TBS FED LR Z 7 A
7=, IR TR LIZEZA ISR T U o772 IIEGERZT1TH2E TR
A 166 Z UK 88% CH L L7 (Scheme 64),

N=N
_N__N
PR opiv
o)( 502 OJ(
0 MeLi in Et,O
0 161 THE
. - .
PMBO OTBS .
PMBO OTBS LHMDS, THF 78 o}
_ -78 Ctor.t, = OPiv 97%
o 62%
E:Z=1:1
157 162
OA( OA(
O 0] NaClO,, NaH,PO4H,0
DMP, DCM 2-Methyl-2-butene
. .
PMBO OTBS rt. PMBO OTBS +BuOH / THF / H,0
= OH = 0 r.t., quant.
- (2 steps)
163 164
(0] o)(
O TBAF in THF o
THF
_—
PMBO OTBS reflux, PMBO OH
_ HO__ o 88% _ HO g,
165 166

Scheme 66 =% 166 DAL
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II-4-4 10 BTV O

BRAVHIBRARD G RN TE 7720 IRIZHEE72D 10 BERT VM O EE21T o7

(Table 32),
Table 32 ~7uZ 7 ALORKF)
o\~ o\~
o} o}
Table 32
PMBO OH PMBO o]
166 167
Entry Condition Temp. Time Result
MNBA, DMAP 167: 10%
1 r.t. 3h )
DCM (0.0035 M) Dimer: 14%
Dipyridyldisulfide, PPh, Actived ester:
2 reflux 16 h
Toluene (0.0015 M) 73%
2 4 ,6-Trichlorobenzoyl chloride 167: 16%
reflux 17h
DMAP, DIPEA, Benzene (0.0035 M) Dimer: 28%

EFTOICREMREMThHLIMA~ I n T 7 F oAbz idA T, MNBA &
DMAP DY 7 AL ERER~P - D EFEBIZF T LzE 2 A, FEHIES
CHR L EADO ZEBRA LT 4 EFH 10 BBRT 7 F 2 167 % 10% DR T
B{FHZENTE, F2, 20 BERZER LTX A ~— KN 14945 57, RIZ
Kallmerten 35O Mulzer 5% YTV % Corey-Nicolaou v 27177 koAb "% A4 7
D3, BRAGITHEAT TN T3%DIE CIEE T AT VRSO, Tl i~ 27 v
77 bk e, JFEN 246-FNY 7Ry A mr ) REBELWY
DIPEA DR B Uik 2 310 T 5 RefElf#E L 7o, IR L 72 ROSEHR o~
DMAP % 17 B2 T F L7z, ZOfEE, Entry 1 X0 EREEN R S,
167 73 16%., 5 A ~—{KH 28%[nlIX S L7z,

TN T B AILTZ 167 DRATRMEZ RN LT, ZEWA L7 4 L O—DOEHEL
MDAFINEETH DG, SLRTEME (steric compression)ZhH(2d0 LU OFLHIME
Roind ',
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@ F LT DT AR EATIVELIN cis THDHY . AT VEED PC NMR AL 7 R
% 8=21~28 ppm
@ L7 DT AR EAT VI trans THDHG A AT VFEED PC NMR b5
ZMEIE 8=11~18 ppm
ZHUE, TAF AT o LR L ThEm @ 7o) | ATV cis DREfRICH D
e AF VL A (AR LTRSS 7 RSB LT L& 2 6 TnD, 4 F
FOTZ 167 DA, ATV HED BC NMR b5 7 MEILS = 26.3 ppm ([ZBLHIS 7
ZEMBEZ)- R THLIENRBEIND, £z, TILVATF VI peA L7 T abkr
nOe NELHISNIZZENBHZOFE R HEND (Fig. 29),

Fig.29 —E#AL 7 L D% BMEDMET

ERURERED . ZEHAL T 4 DRI ZD)-RTIZH Db DD, 0 SL )N N #EL
IND 10 BRI VM HABEETHIENTET-, LLFEBE® Luminamicin (1) D55
TIE, FTEO(E)-RE 557 DI TITHT- 2 RIS S B 27225 (REMI T F IS TRl 4
%) s E72. 1963 FE(Z Corey BT 1 2-UA — N EF A REBIL LT . SLIRFFRAYICA L
TR T DI IEARE LTS ', 20 71Tl Scheme 65 (Zo< L7241 YDk
NCEPEENZBATE T 7T VT b B AIRE THDHIEN B, 1 OREEEIZIB VT (2)-1K
MBS DN A TH(E)AE~LA L T 4 2 BV LIS RE ThDHEE 2D,
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@OH 1. Imy,C=S
I
OH 2. (-CgHy7)3P
130 °C
(+)-1,2-cyclooctanediol (-)-trans-cyclooctene

4%

Scheme 65 Corey-Winter 4L 7 1 AKIZ LD TE ATZBR DRG]

11-4-5 11-4 OFFE

SEBAL T4 10 BERT N OREEEOMENIIZ AT R A T ol FiA R
SOFER, BHDORKEINZEBEHE)-AL 7 4 OREEEIZIT Tulia Iy 7 V7 i C
B, Fik~raT s NALEBHATHZIETCEERAL TG 10 BERTZN O
AR LT, LU, BONTBRILERD BT RIEIXE E RN ZD)-F L T4 DHTH
>72(Scheme 66), UL EDZEND =B HE)-A L7 42 OREEEI I T H =7t S 1L
B HEE R D,

NN

_N__N
Ph Y OPiv

A e, o3

o

O
O 161

PMBO oTBS  —»
PMBO OTBS LHMDS, THF
_ ~78°Cltort., 62% - OPiv
o) E:Z=1:1

157 Julia coupling 162

o)(
O
2,4,6-Trichlorobenzoyl chloride
DMAP, DIPEA
PMBO OH .
= HO (o] Benzene (0.35 mM)
r.t., 16%
Macrolactonization Undesired
166 167

Scheme 66 —EHiA 1L 74 EH 10 778 OREE
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I1-5 Luminamicin @ & 5% 3

I1-5-1 & R HR K

Luminamicin (D& &K 5I12H7-0 . ZNE TOMANOARLE L FHEEIND
W ) — ) —T OV H A A I TN U 72 YA %2 O THEEE T 2 Bk
N L7~ (Scheme 67), HlH, 11ET7 LF U MHHICE A E=/L A X 168 &
Ak o7 Lo Stille 1 7V KL ) — T —T Ly DR
Fi< a7 7 hAUIZEIVBELNL b D EBE R, £ LT, 168 O — &k
(E)-F V7 4 OEFUZHONWTE, BIORLIERFHER LD, TOELOKE S
Mo~ uZ 7 NAGIFARITH S LB 2, 10 BEMBEL I VRS IS
TORMEANRE LT, Al 30 =EWA LT ¢ LT N AR 169 105
DANKR=NVIFEE BB L LA LT 4 ALRINIZ 0B LN D5 2. 169 1X
~7 177 FARIZED 170006 10 BEREDZWET L2 THLAD B LD
L. 170 X758 K 171 L ARy 172 LD Julia By 7V o 712k 055
nNaLoEEZI-,

CO,Et

Macro-
lactonization

—

Stille coupling

Luminamicin (1)

Macro-
lactonization

Scheme 67 Luminamicin (1) ¥4 i fEMT
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II-5-2 0+ Julia 1 v 7'V > 7 O¥igt

SEMA VT 4 VERBET AR, £ TAT R REALRCEHWTOT
M Julia 7> 7V v T OMEE#{To72, LU, IO EGIZE N TH BEO S
v 7Y U TIRIIE D Z L Sk o 72 (Scheme 68), ZiLiX. AL F AL
MO DET AT B ROIGHERE LR\ THH LB LI, £ITK
i E DT A BTN Julia v 7 T ERAD Z LI LT,

ORg

ORs
o RO OR,
.5~ 174

ArO
R;0 H Base

Scheme 68 45+[H] Julia 7~ 7V o 7 OkaEt

I1-5-3 5>+ Julia 1~ 7 U > 7 O¥iE

I1-5-3-1 TLTER- B LR VR = v N DERK

FT WD v TV T R— N F—DEERT, BICER LT ATV
M. Ac FEDFREE ATF NV AT IVE G ONMKGIRZE O T va—n b Lic#
IZIBX Z HWTZEBEIC LDV T AT e REATHAILVR V= NG LT
(Scheme 69),

IBX

DMSO, 60 °C
78% (2 steps)

Scheme 69 /LR = > FDOEHK
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I1-5-3-2 AL -7 )L a— L DARK

GNT, B I —FDRIFRL-T IV a— LD %73 (Scheme 70), 5EI24

L7z 30 123l AV iz NaBH, ICE AT VT ERDIEILIZED VU ARy T
Toa— 179 L LT, ZL T, ELET /L a— L ERS3 T SPh R4 AL, gl k3
K. VT F o EHOWEBLRSIZED 7o= L 2R~ 181 EEHLT-, F D%
(NI LT IRV = F = L= —F VA H AL F = /L—7 )L 185 LL7z, il
T, TBAF (245 TBS FEOBREIZH MK RS LED Piv EEOBREEITVRE

(Z— KR RSN AT TES A E AN HZETANVR-T/La—/L 188 #1547,

TBSQ  OMOM TBSQ  OMOM TBSQ  OMOM H,0,
S,Ph,, BugP Mo,(NH4)O4*H,0
oTBS Pyrldlne oTBS 2 N2, Bug oTBS 7(NH4)Oo4°Ho
DCM / MeOH o °CTtHFﬂ - EtOH
PivO —78°C PIVO o reflux iv 0°Ctor.t.
7 then NaBH, HG 87% PhS 87%
(2 steps) 180
179
TBSO OMOM HO  OMOM o o H>Lo OMOM
HF+pyridine PPhs, CCly
otBS ———— oTBS )J\OJKH oTBS EGN,
Pyridine — > -
° i Pyridine 1.
PivO 0 g“t%r.t. PIVPC:102S y PivO Dgg/(l)/:t
PhO,S r.t., 94% PhO,S
181 182 183
cl T X
oR& \\O \\o
OMOM g ; OMOM 0.5 N NaOH ag.
o] n-BuLi OMOM - Moo
OTBS - . -
THF,-78°C  pjyO otBs  THR.rt  piyo OH THF, 0°C
. 87%
PivO PhO,S PhO,S
PhO,S 185 186
184
A
X N
OMOM TESCI OMOM
Imidazole
_—
HO OH DCM, 0 °C TESO OH
72% (3 steps)
PhO,S PhO,S
187 188

Scheme70 ALK -TLa—)Lax=v | 188 D&k

I-5-3-3 ~I T X— )VOIEE
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WA 7Y T N—= 8 F—=OERRNFET LT T, o ff Julia B 7Y 7
DT %17 - 72(Scheme 71), £9°, H/LAR R 178 L7/ a—/L 188 L DT %
TIIZE D = 2TV 189 & LTz, ARBUSSKRMETIEL, 0 FRICE < Ot 7 m
FOBFET 2T, WRICEIBOGR I 2, BIRAIZALVER T — M Z B S
LN EHLD N0 BEREZBET 28 LE2D, TOXIRBLZOL ERFTEITV,
189 2kt L CIKIE T, LHMDS Z{Ef S/ 5 &, BREWZ L ICENEETT ' ¥
—/LV 190 &N,

\\
o)
OMOM
N
TESO OH \o
188
PhO,S OMOM
TESO
DCC, DMAP 0 LHMDS

B —— PhO,S —_—

DCM, r.t. 2> 0 O THF -78°C

65% MEMO H ~ 70%

Scheme 71 ~37 &4 —/L 190 D4 %

WA F DAERKERE DEEL A TT > 7= (Scheme 72), F7°, HHIEMIRIZ LY A/LE
F—rT=F 191 AR L., FFED 10 BERAHEET L7 /L7 RCTIEARL,
D 5 BERAZKT 2 = AT VAN RIZBENEITT 5 2 & T, F ALK
V192 PR L, BARICAE CToKBEN D O~ I 72X — bR T 5 2 &
TANIT X =L 190 NELNT-HDEE ZT-,
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N
o}

OMOM
TESO
o LHMDS
PhO,S —

0 0 .
MEMO |, THF, -78 °C

-

5-membered
hemiacetal

Scheme 72 3 7t % —/L 190 OHEE A A

I1-5-4 B YA R0 20 LT- 10 BERE St

BN~ T X — LTy h-T L a—L L OFEEBRICH D Z LR
L7z, £Z T, FHIRREICH 5 193 7225 DBRILKSUGIZ K 5 10 BERBE 4K
HZ L L L7z (Scheme 73), HNG., A, HELHEAEITH)> Z &IV, B-E R
2XZANLR190 06DV Fa Julia By Y T ERER LI AVAR T —
JERL L. BRICKBOSIZE D 10 BBRT 7 F v OEZAT O MIETH 5,
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Scheme 73 #i7-72 10 BB 77 b A SEHE IS -1

F9°, Entry | TII=ERFP, HELE L TENZHWS L, FEITHLT X —
NEITE LN AT ATV 189 Thoto, ZDOZ G, 10 BERIEAK
(IEF IRV M L 3 2 | Entry 2 TIXRESHFICB W TEIRSMC TG
AT & WEHOGRENMEET HRER o7, £ 2T, Entry 3 TIEHEITHE
PEDFRVDBU WS & PAICK L, 53 FRNT IV F—VEUSHA LT LT 195
AEIN R T 5 7= (Table 34), ¥R 1Z 195 O ARk D %42 %47 - 7-(Scheme 74),

Table 33 ~I 7 EX—/L 190 725D 10 BEREERFT

Desired
Entry Base Temp. Result
1 Et;N r.t. 189:; 55%, 190; 20%
2 Et;N r.t. to reflux Decomposed
3 DBU r.t. 195; 78 %
4 NaH 0°Ctor.t. 189; 62%,195; 10%
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Base
190 ——>

Scheme 74 7 /LR —/L 195 DA ik

F9. HELTFTICBWT, ~"I 78X — L& FRVER S EOFEHD IR
T, MO 7T BBREZERT 2R BBEEEOEW 1AL O <, 5 BiR
BT D 3 AL H DTV R— VSRR EIT L, IZBICT v a—uinb O b
YADOIIBEIT L, T ATURHAETLHI LT 195 DL HDEELEL
2o OBIEEOBW INALL Y & 30205 O MAHETT L7=Dix, DBU © X 5
e WA W2 Z & T RO SKREED/NS W 3 0T\ 2 BMESERY
71 F ARSIl THDLEBRE LT, LD 108 T 7 F 194 155
(21 1 AR 7 2 h AR ST IS MERH DL LB R T-, £ T,
Entry 4 Tl, BmO/NSWHEIETHD NaH 2 vz & Z AHFRCK LT, 6
NTeDIZE=AT V189 &7V R—K 195 Thote, ZTDOZ &b, BIBEN
BONBRD-T=0 T BEREZFERT D 1 078 b U BNIEFIIEREENKE
< KOYVHRBEEO/NS 72 307 v b MBI a hiAAbSih 5 BER
DR S, b LI, 17 e ol 7 e b oAb #EFT L, BAb2
ITLTH U b OSBNEIT L, BRI ZERT )V R—UERNE LD T
L7 EB 2T, DLEOREEBEZN O ARILEIZTBWTIE, 70 R—/VRUS
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2L %5 BRIEROMANINETH D LB  HEOHBRMNEITI 2 LIT Lz,

T EERETDHITHIZ0 WD 3NN D DT v R— VUG Z 40 L.
AR F— N T = BRI S, 10 BEROBEZ(T O N EEIT/A
5D, £ T, ANKRCD a7 v b OBMEEL FIF5HTT ARy
(Z1EH L7=(Scheme 75), 4 72bob, oKL 27 VA A LT 196
lZxt L, LB AT D Z & T, L ONERBEEDO DN 2T 0% LT
72— VISBEIRBICIEAR TE AU, EOFEERICH D F AR 198 3
R L, BIEE o 7e T v R—=ROGZEIHI L, 10 BERT 7~ OREEL A EE
2B DTN EE X T,

199
Scheme 75 #1727 10 BER 77 Mo HESLHENE-2

HCHAT Lo AT L E Lt et =ik s s e L, Hiits
1otz £9, 7ab A=V K263 5270 200 ZH%E L, LHMDS T
HIE, HIFFERY, u A= VIHGRINIC T B 2 — VBB EIT L, -~
27 ' X —/L 202 %Z457-(Scheme 76),
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0]
Et)J\o (o) LHMDS

201

Scheme 76 ~37 & —/L 202 DAL

RN T, DAV 202 (2% LT, BRIERISIZE D 10 BER T 7 b OELHR
FEATH Z LI2 L7=(Table 34), £3°, EtsN ZHWTKISEITH & =i FTIE
T ATV 200 BENLSNOHT, D%, FiT 5 EEERDRT HREFRE 72
277, FW T, Entry 2 Tl NaH ZHW= & ZARKBRICEE N DL TLE-
7o ZOMiZH . £BuOK X° Proline #HWTH, B HILDDIT= AT /L 200
FTEEOSRM THIIWM E 1SS Z L xRk o 72, & 2 T, Entry 5 Tl
FCHIIEMEE RN E < L BEWEETH D DBU & VT, IR IV CRUG
ZITH EOEERNWT IV R—IUK 204 L3, BBIO 10 BEZ 7 v 203 %215
2 Nk, BIFRBY . NI T X A0S ORIEKKISIC X FRELEE
VATV 10 BERT 7 b OBEE K LT,
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Table34 37 L4 L 202450 10 HRHEEERRL

OMOM

Base
Table 34

Desired
Entry Base Solvent (0.05 M) Temp. Result

1 EtsN DCM r.t. to reflux Decomposed

2 NaH THF r.t. to reflux Decomposed

3 t-BuOK t-BuOH r.t. Decomposed

4 Proline DMSO r.t. 200; 70%

5 DBU MeCN 65 °C 203; 25%, 204; 25%
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Il -5-5 1I-5 OfsfE

INFETORFTNENTETDOT T T AL NOWEILEEHEL LT Lk,
NI FIVUOERRBIZIY AT, £, BB L7 ER108E 77 b
NIBIT L ZEWRA LT 0 S ORE A Julia 1y T U 7T XD EEET A
SEtEAToTe, TIVT B REFEA D ALKR L EOLyF Julia v 7Y 7%
T Lo Tz, T, AARXCTF AL LD T T & ROKSHE
DIRSICEDbDEEZ, = 2T /L 189 ZHBLL, 5+ Julia By 7V 7
PRBDHE, BONTEARDII~NITEX =L ThHolz, 2T, ~NIT7 kX
— D OBRIEKRISEITH EBERW S BERAZFK LT /L R—/L 190 Th
ST, WE, B 5 BEREE L VES L T 10 BERAHBET 5 ITITE 2 D HET
MDLENZ 75T, RATORER, e 4=V EEHT DT AT 0 200 725 D~
IT L —NEN LTBRIERMIGIZE Y 10 BERT 7 b2 203 ORESEEER L
72(Scheme 77), ATFIEDOHEL 25 DIX, 7V R— VS EMSIT 572012, &5
—HRKIEEIZ T e A = VR E AL BIRIICAIT X — L e LTIERICH
. DBU TUEET A LT FANLKRFT— EBAEL L7280 10 EERB/ELNTZHO
EEBEZ TS,

SEBAVT 0 OREERIC E AN LT FIEEHOTHEE T 52 T
Luminamicin D &5 MNER TEZHH EHE 2D,
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LHMDS

THF, -78 °C
70%
DBU
—_—
PhH, r.t.
78%
195
DBU

B —
MeCN, 65 °C

Luminamicin (1)

Scheme 77 RELENGL AT WU EH 10 BEERT Vb DAL
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IV-1 EBRC

GENERAL METHODS

Precoated silica gel plates with a fluorescent indicator (Merck 60 F254) were
used for analytical and preparative thin layer chromatography. Flash column
chromatography was carried out with Kanto Chemical silica gel (Kanto Chemical Co.,
Inc., Silica gel 60N, spherical neutral, 40-50 wm, Cat.-No. 37563-84) or Merck silica
gel 230-400 mesh ASTM (60N, 40-63 um, Cat.-No. 109385). 'H NMR spectra were
recorded at 270 MHz, 300 MHz, 500 MHz and ""C NMR spectra were recorded at 67.5
MHz, 75.0 MHz, 125 MHz on JEOL JNM-EX270 (67.5 MHz), JEOL ECA-500 (500
MHz) and Varian VRX-300 (75.0 MHz). The chemical shifts are expressed in ppm
downfield from internal solvent peaks CDCI, (7.26 ppm, 'H NMR), CD,Cl, (5.32 ppm,
'H NMR), CDCI, (77.16 ppm, "C NMR), CD,Cl, (53.84 ppm, "C NMR) and coupling
constant (J values) are given in Hertz. The coupling patterns are expressed by s (singlet),
d (doublet), dd (double doublet), ddd (double double doublet), dt (double triplet), t
(triplet), q (quartet), dq (double quartet), dt (double triplet) m (multiplet), br
(broadened), app (appearance). The all infrared spectra were measured on a Horiba
FT-210 spectrometer using a diamond horizontal ATR accessory. High- and
low-resolution mass spectra were measured on a JEOL JMS-700 MStation and JEOL

JMS-T100LP. Optical rotations were measured with a Jasco P-1010 polarimeter.
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Bromo-lodofuran 11

0 \ PPha, CBr, 0 \
DCM

N o A |
0o°C

OH quant. Br
8 1

To a stirred solution of 8 (2.50 g, 11.0 mmol) in DCM (22 mL) was added
PPh,(4.01 g, 15.0 mmol) followed by CBr,(4.07 g, 12.0 mmol) at 0 °C. After 15 min,
the mixture was quenched with saturated aqueous NH,CI (12 mL), and separated. The
aqueous layer was extracted with CHCl; (12 mL x2), and the combined organic layers
were washed with water (30 mL x1) and brine (30 mL x1), dried over sodium sulfate,
filtered and concentrated in vacuo. The residue was purified by flash silica gel column
chromatography (Hexanes : EtOAc =40 : 1) to afford 11 (3.30 g, 100 %) as a colorless
oil; Rf = 0.50 (Hexanes : EtOAc =3 : 1); IR (NaCl): v em™: 3143, 3120, 2962, 1045,
879; '"H NMR (270 MHz, C,D,)d (ppm): 6 6.75 (d,J = 1.6 Hz, 1H), 6.61 (d,J = 1.6
Hz, 1H), 3.67 (s, 2H); "C NMR (67.5 MHz, C;D,) 8 (ppm): 146.7,141.9,124.7,69.3,
23.8; HRMS-ESI (m/z): [M+H]" calcd for C;H,OIBr, 285.8490, found 285.8489.

Malonic ester 12

27
o \ NaH NN
N\ | Diethylmalonate
> CO,Et
DMF, THF, r.t.
Br 99% CO,Et
11 12

To a solution of diethyl malonate in DMF : THF =1 : 3 (v/v, 16 mL) at 0 °C
was added NaH (520 mg, 12.0 mmol, 55%), and the resulting suspension was stirred for
2 h at room temperature. The suspension was then transferred to the solution of 11 (3.10
g, 11.0 mmol) in DMF : THF =1 : 3 (v/v,4 mL) via cannula. The mixture was warmed
to room tempereture over 2 h with stirring, then quenched with water (15 mL) and
separated. The aqueous layer was extracted with Et,0 (20 mL x3), and the combined
organic layers were washed with water (40 mL x2) and brine (40 mL x1), dried over
sodium sulfate, filtered and concentrated in vacuo. The residue was purified by flash

silica gel column chromatography (Hexanes : EtOAc = 30 : 1) to afford 12 (4.00 g,
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99%) as a yellow oil; Rf = 0.58 (Hexanes : EtOAc =2 : 1); IR (NaCl) v em™: 3143,
2981, 1747, 1731, 1045, 867; '"H NMR (270 MHz, C,D,) 8 (ppm): 7.01 (d,J = 1.6 Hz,
1H),6.88 (d,J = 1.6 Hz, 1H),3.86 (q,J = 7.3 Hz, 2H), 3.85 (q, J/ = 6.9 Hz, 2H), 3.78 (t,
J=79Hz, 1H),3.08 (d,J =7.6 Hz, 1H), 3.08 (d,J=7.9 Hz, 1H), 0.82 (t,J = 7.3 Hz,
3H),0.82 (t,J = 6.9 Hz, 3H); *C NMR (67.5 MHz, C,D,) & (ppm): 168.7 (2C), 146 4,
141.3,124.2,704, 61.7 (2C), 52.1, 25.5, 14.3 (2C); HRMS-ESI (m/z): [M]" calcd for
C,,H,50,I, 365.9964, found 365.9964.

Ester 7
o \ NaCl, DMAP o \
NN H,O, DMSO NN
CO,Et 180 °C
88%
CO,Et ° CO,Et
12 7

To a stirred solution of 12 (990 mg, 2.70 mmol) in DMSO (14.0 mL) at room
temperature was added NaCl (920 mg, 15.7 mmol), water (850 uL) and DMAP (329 mg,
2.70 mmol), and then the mixture was allowed to heat to 180 °C. After stirring for 19 h,
the reaction mixture was cooled to room temperature and diluted with a mixture of
Et,0 : Hexanes = 1 : 1 (v/v, 30 mL). The organic layer was washed with water (30 mL
x2) and brine (30 mL x1), dried over sodium sulfate, filtered and concentrated in vacuo.
The residue was purified by flash silica gel column chromatography (Hexanes : EtOAc
=25:1) to afford 7 (700 mg, 88%) as a yellow oil; Rf = 0.54 (Hexanes : EtOAc =5 :
1); IR (NaCl) v em™ : 3141, 2979, 1737, 1045, 869. '"H NMR (270 MHz, C,D,)
(ppm): 692 (d,J = 1.6 Hz, 1H), 6.82 (d, J = 1.6 Hz, 1H), 3.86 (q, J = 7.3 Hz, 2H),
2.52 (t,J = 7.6 Hz, 2H), 2.27 (t,J = 7.6 Hz, 2H), 0.87 (t, J = 7.3 Hz, 3H); *C NMR
(75.0 MHz, C,D,) 6 (ppm): 172.1, 146.3, 140.2, 126.6, 70.4, 60.5, 34.0, 21.7, 14.5.
HRMS-ESI: [M+H]" calcd for C,H,,0,1 293.9753, found 293.9760.
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Ethynyl ether 15

OH \O

OPMB KH ~Z 0 _
/\j Trichloroethylene Cl OPMB n-BuLi OPMB
E—
_—
TBSO THF THF

-78° -78 °Cto—40°C TBSO
13 78 ‘Ctor.t. TBSO 97%

/

15

To a stirred suspension of naked potassium hydride, which was prepared from
30% KH dispersion (299 mg, 2.24 mmol) by washing with dry pentane (10.0 mL x 3)
under Ar, in THF (3.48 mL) at O °C was added a solution of 13 (285 mg, 1.12 mmol) in
THF (1 mL). After stirring for 1.5 h at 0 °C, the suspension was cooled to —78 °C, and
trichloroethylene (111 uL, 1.23 mmol) was introduced to the suspension. The mixture
was then warmed to room temperature, stirred for 1 h and again cooled to —78 °C. Then
n-BuLi (1.71 mL, 1.0 M in hexanes, 2.74 mmol) was introduced to the reaction solution.
The resulting mixture was warmed to —40 °C over 1.5 h and then quenched by the
dilution with MeOH (454 uL) and saturated aqueous NaHCO, (2 mL). The resulting
mixture was extracted with Et,O (10 mL x 3). The combined extracts were dried over
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by flash
silica gel column chromatography (Hexanes : EtOAc = 10 : 1 + 0.3% Et;N) to afford 15
(302 mg, 97%) as a colorless oil; Rf = 0.13 (Hexanes : EtOAc =2 : 1); IR (NaCl) v
em’: 3324, 2952, 2857, 2154, 1513, 1249, 1095; 'H NMR (270 MHz, CDCl,) §
(ppm): 7.28 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 4.62 (d, J = 11.2 Hz, 1H),
451 (d,J =112 Hz, 1H), 4.11 (m, 2H), 3.80 (s, 3H), 3.70 (m, 1H), 3.59 (dd, J = 5.6,
4.3 Hz, 2H), 1.61-1.54 (m, 4H), 1.56 (s, 1H), 0.89 (s, 9H), 0.04 (s, 6H); *C NMR (67.5
MHz, CDCL;) 6 (ppm): 158.7, 129.8, 129.0 (2C), 113.9 (2C), 90.7, 80.3, 75.3, 71 4,
62.2,54.7,278,27.1,25.7,254 (3C), 17.8, -5.8 (2C). HRMS (FAB, NBA matrix):
[M+H]" caled for C,,H,,0,Si, 378.2226, found 378.2210.
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Furanylvinyl ether ester 19

o)
Bu,Sn \
S — 7 N 2o
(o) BuzSnH o OPMB
opmg  Pd(PPhg), PdCly(PPhg),, Et;NCI
4.DCM t OPMB EtO,C
, .t °
TBSO DMEHE;O ¢ TBSO
TBSO °
15 19

To a solution of 15 (69.1 mg, 183 umol) and Pd (PPh;),(10.5 mg, 9.13 umol)
in DCM (1 mL) was added Bu;SnH (58.8 mg, 192 umol) at room temperature. After
stirring for 0.5 h, the reaction mixture was then concentrated, and the residue was
quickly passed through short path flash silica gel column chromatography (Hexanes :
EtOAc =10 : 1 + 0.3% Et;N) to afford the mixture containing 16 and 16’ (1.3 : 1 ratio),
which was used in the next reaction without further purification. To a stirred solution of
the mixture containing 16 and 16’ in DMF (1.8 mL) was added iodofuran 7 (80.7 mg,
275 umol), PdC1,(PPh,), (6.4 mg, 9.13 umol) and Et,NCI (30.3 mg, 183 wmol) at room
temperature, and the reaction mixture was warmed to 80°C. After stirring for 1 h, the
mixture was cooled to room temperature and then diluted with water (5.0 mL). The
quenched mixture was extracted with Hexanes : EtOAc =1 : 1 (v/v, 5 mL x 2). The
combined organic layers were washed with water (1 mL x 3) and brine (1 mL x 1),
dried over sodium sulfate, filtered, and concentrated in vacuo. The crude product was
purified by flash silica gel column chromatography (Hexanes : EtOAc = 30 : 1) to
afford 19 (37.4 mg, 31%) as a yellow oil; Rf = 0.25 (Hexanes : EtOAc = 6 : 1), IR
(NaCl) v em™: 2952, 2856, 1614, 1513, 1249, 1095, 1037, 835; '"H NMR (270 MHz,
CDCLy) & (ppm): 7.28 (d,J = 8.9 Hz, 2H), 7.25 (s, 1H), 7.16 (s, 1 H) 6.86 (d, J = 8.9
Hz,2H),6.72 (d,J =129 Hz, 1H),5.51 (d,J =129 Hz, 1H),4.59 (d,J = 11.2 Hz, 1H),
454 (d,J =11.2 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.83 (d, J = 4.9 Hz, 2H), 3.79 (s,
3H), 3.63-3.69 (m, 1H), 3.61 (t,J =49 Hz,2H),2.72 (t,J =79 Hz,2H),2.55 (t,/J=7.9
Hz, 2H), 1.60-1.64 (m, 4H), 1.25 (t, J = 7.2 Hz, 3H), 0.89 (s, 9H), 0.04 (s, 6H); “C
NMR (67.5 MHz, CDCL;) & (ppm): 173.2, 159.6, 148.4, 140.1, 138.2, 131.1, 1299
(20),123.2,121.3,114.2 (2C), 95.1,77.3,72.7,72.2,63.4,60.9,55.7,34.4,29.0, 28 4,
264 (3C), 199, 18.7, 14.6, 4.8 (2C). HRMS (FAB, NBA matrix): [M+H]" calcd for
C,,H,;,0,S1, 547.3091, found 547.3093.
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Furanylvinyl ether alcohol 21

TBAF
OPMB - - OPMB
THF
EtO.C rt, 86% EtOC
TBSO

19 21

To a stirred solution of 19 (44.0 mg, 80.4 umol) in THF (2.7 mL) was added TBAF
(480 uL, 483 wmol, 1 mol/L in THF) at room temperature. After stirring at room
temperature for 2 h, the mixture was diluted with water (1.5 mL) and extracted with
CHCI; (2.0 mL x3). The combined organic layers were dried over sodium sulfate,
filtered and concentrated in vacuo. The residue was purified by flash silica gel column
chromatography (Hexanes : EtOAc = 2 : 1) to afford 21 (30.0 mg, 86%) as a colorless
oil; Rf = 0.44 (CHCI,; : MeOH = 10 : 1); IR (NaCl) v em-': 3455, 2935, 2869, 1727,
1612, 1513, 1245, 1174, 1051, 819. '"H NMR (270 MHz, CDCl,) 8 (ppm): 7.28 (d,J =
8.6 Hz,2H),7.26 (d,/=1.6 Hz, 1H),7.16 (d,J = 1.6 Hz, 1H), 6.87 (d, J = 8.6 Hz, 2H),
6.71 (d,J =129 Hz, 1H), 552 (d,J =129 Hz, 1H), 4.61 (d,J = 11.2 Hz, 1H), 4.56 (d,
J=112Hz,1H),4.14 (q,J =7.2 Hz,2H), 3.86 (d,4.3 Hz, 1H), 3.84 (d,/ = 4.3 Hz, 1H),
3.79 (s,3H), 3.68-3.71 (m, 1H), 3.63 (brs, J = 2H), 2.72 (t,J = 8.2 Hz, 2H), 2.55 (t, J =
8.2 Hz, 2H), 1.83 (brs, 1H), 1.66-1.69 (m, 4H), 1.25 (t,J = 7.2 Hz, 3H). *C NMR (67.5
MHz, CDCL,) § (ppm): 1724, 158.8, 147.3, 139.2, 137.3, 129.8, 129.1 (20), 122.2,
120.3, 113.3 (2C), 94 .4,76.3,71.5,71.3,62.2,60.0, 54.8, 33.4, 28.0, 27.8, 19.0, 13.7.
HRMS (FAB, NBA matrix): [M+H]" caled for C,,H4,0,, 433.2226, found 433.2211.
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Furanylvinyl ether lactone 22

o) 1) 0.2N NaOH o)
S \ MeOH, THF, H,0 (|
~Z "0 r.t. = 0
OPMB > OPMB
2) MNBA, DMAP
Et0,C DCM (1.5 mM)
HO 0°C o~ 0O

2 steps in 89%

21 22

A solution of 21 (5.9 mg, 13.6 umol) in 0.2 N aqueous NaOH : MeOH : THF
=3:1:1(v/v,500 uL) was stirred at room temperature for 1 h. The mixture was
quenched with saturated aqueous NH,C1(500 uL), and extracted with CHCl, (2 mL x 3).
The combined organic layers were dried over sodium sulfate, filtered, and concentrated
in vacuo to afford the crude product as yellow oil, which was used in the next reaction
without further purification; Rf=0.15 (CHCl, : MeOH = 10 : 1).

To a solution of MNBA (9.40 mg, 27.2 umol) and DMAP (6.60 mg, 54.4
mmol) in DCM (8 mL) at 0 °C was slowly added a solution of seco acid in DCM (1.0
mL) over 20 min. After stirring for 10 min at 0 °C, the mixture was quenched with
saturated aqueous NaHCO; (5 mL). The mixture was extracted with CHCI, (10 mL x 3),
and the combined organic layer were washed with brine, and dried over sodium sulfate,
filtrated and concentrated in vacuo. The residue was purified by flash silica gel column
chromatography (Hexanes : EtOAc =5 : 1 + 0.3% Et;N) to afford 22 (13.0 mg, 89%) as
a colorless oil; Rf = 0.45 (Hexanes : EtOAc = 1 : 1); IR (NaCl) v em-': 2935, 2863,
1731, 1612, 1511, 1245, 1172, 1035, 819. 'H NMR (270 MHz, CDCl,;) 8 (ppm):
7.27-7.26 (complex m, 3H), 7.23 (s, 1H), 7.19 (s, 1H), 6.83 (d, J = 8.6 Hz, 2H), 6.50 (d,
J=129Hz, 1H),5.68 (d,/ =129 Hz, 1H),4.60 (d,J =152 Hz, 1H),4.55 (d,J =152
Hz, 1H),4.23 (d, 11.0 Hz, 1H), 4.03 (d, J = 11.0 Hz, 1H), 3.92-3.99 (m, 1H), 3.88 (brs,
2H), 3.74 (s, 3H), 2.74 (t,J = 7.3 Hz, 2H), 2.41 (t,J = 7.3 Hz, 2H), 1.72-1.76 (m, 4H).
“C NMR (67.5 MHz, CDCl,) 8 (ppm): 172.5,159.3,147.6, 140.2, 139.3, 130.3, 129.6
(20),122.2,120.2,113.8 (2C),97.7,74.7,73.5,71.3,65.1,55.2,35.6,29.0., 23.8, 19.7;
HRMS (FAB, NBA+Nal matrix): [M+Na]" calcd for C,,H,;O4Na, 409.1627, found
409.1635.
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Hydroxyfuranone lactone 23

0 o_OH
S \
0 NaClO,, NaH,PO, 0= _ _
2-Methyl-2-butene o
OPMB - OPMB
i-PrOH, H,0
o e r.t., 67% 0o
22
23

To a solution of 22 (16.0 mg, 41.5 umol) in i-PrOH (4.2 mL) was added
2-Methyl-2-butene (1.88 mL, 8.75 mmol) at 0 °C. To the mixture was added six
portions both of a solution of NaH,PO, (226 mg, 2.91 mmol) in water (total 2.1 mL;
0.35 mL x 6) and a solution of NaClO, (333 mg, 2.91 mmol) in water (total 2.1 mL;
0.35 mL x 6) every 0.5 h. After stirring for 5 h, the mixture was extracted with CHCI,
(15 mL x 2). The combined extracts were dried over sodium sulfate, filtered,
and concentrated in vacuo. The residue was purified by flash silica gel column
chromatography (Hexanes : EtOAc = 1 : 1) to afford 23 (11.0 mg, 67%) as a colorless
oil; IR (NaCl) v em-': 3316, 2935, 2838, 1731, 1644, 1608, 1513, 1249, 1184, 829; 'H
NMR (300 MHz, C,Dy) & (ppm): 7.28 (d,J =9.0 Hz, 2H), 7.16 (d, J = 13.0 Hz, 1H),
694 (d,J =90 Hz, 2H), 5.66 (s, 1H), 5.22 (d, J = 14.0 Hz, 1H), 4.68 (d, J = 12.0 Hz,
1H), 4.52 (brs, 1H), 443 (d, J = 12.0 Hz, 1H), 4.02 (d, J = 8.0 Hz, 1H), 391 (d, J =
10.0 Hz, 1H), 3.69 (d, J = 11.0 Hz, 1H), 3.65-3.79 (m, 1H), 3.45 (s, 3H), 2.25-2.65 (m,
4H), 1.48-1.70 (m, 4H); “C NMR (75.0 MHz, C,D,) & (ppm) 172.7, 171.4, 160.3,
154.7, 153.9, 130.9, 130.5, 128.5 (2C), 114.6 (2C), 979, 96.8, 75.0, 71.8, 62.4, 55.2,
34.1, 28.3, 23.7, 20.2; HRMS (FAB, NBA+Nal matrix): [M+Na]" calcd for
C,,H,O¢Na, 441.1525, found 441.1519.
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Furadione lactone 24

o
o—OH 0
(6] — le} _
N0 DMP )
OPMB oo OPMB
r.t., 60%
0o SR
23 24

To a stirred solution of 23 (4.3 mg, 10.3 wmol) in DCM (1 mL) was added
Dess-Martin periodinane (52.0 mg, 120 umol) at room temperature. After stirring for 5
h at room temperature, saturated aqueous NaHCO; (300 uL) was added, and the mixture
was extracted with CHCI; (2 mL x 3). The combined organic layers were washed with
brine (3 mL), dried over sodium sulfate, filtered, and concentrated in vacuo, and the
residue was purified by flash silica gel column chromatography (Hexanes : EtOAc =3 :
1) to afford 24 (2 mg, 60%) as a colorless oil; Rf = 0.43 (Hexanes : EtOAc =2 : 3); IR
(NaCl) v em-': 2933, 2856, 1835, 1760, 1639, 1600, 1513, 1278, 1186, 1033, 825; 'H
NMR (270 MHz, C,Dy) 6 (ppm): 7.77 (d,J = 13.2 Hz, 1H), 7.11 (d, J = 8.6 Hz, 2H),
6.77 (d,J =8.6 Hz, 2H), 497 (d,J =132 Hz, 1H), 441 (d,J =119 Hz, 1H),4.21 (d,J
=119 Hz, 1H), 3.81-3.87 (m, 1H), 3.66-3.69 (m, 2H), 3.51-3.56 (m, 1H), 3.48 (br, 1H),
3.29 (s, 3H), 2.05-2.15 (m, 4H), 1.31-1.35 (m, 4H); ®C NMR (75.0 MHz, C,D,)
(ppm): 1709, 1659, 165.1, 160.4, 1584, 138.2, 133.0, 130.6, 114.5 (2C), 103.3 (2C),
96.3,744,72.7,71.7,63.1,55.2,32.9, 285, 23.8, 19.8; HRMS (FAB, NBA matrix):
[M-H]" calcd for C,,H,;04,415.1393, found 415.1387.
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Pivaloyl ester 28’

OA( /\MgBr O/\'( O)(
O @) ()

CuBr-SMe,, Et,0O PivCI
> [ >
-20 °C HO OH Pyrldlne; PivO OH
(0] then r.t. r.t., 91%
= =
HO
27" 28'
27"

To a stirred solution of CuBreMe,S (293 mg, 1.43 mmol) in Et,O (1.75 mL)
was added a solution of vinyl magnesium bromide in THF (1.0 M, 4.28 mL, 4.28 mmol)
at =50 °C. After being stirred at —20 °C for 15 min, a solution of 27’ (82.7 mg, 475
umol) in Et,0 (3.0 mL) was added. Then the reaction mixture was maintained —20 °C
for 10 min and then allowed to warm to room temperature and stirred for 1 h. The
reaction mixture was cooled to 0 °C and quenched with saturated aq. NH,CI (5.0 mL).
The resulting mixture was filtered by Celite® and washed with Et,0. Resulted two
layers were separated and the aqueous phase was extracted with EtOAc (5 mL x 1). The
combined organic layers were washed with brine, dried over sodium sulfate, filtered,
and concentrated in vacuo. This resulting diol 27 was used in the next reaction without
further purification; Rf = 0.38 (hexanes/EtOAc = 1/3).

To a stirred solution of 27 in pyridine (1.19 mL) was added PivCl (86.8 uL,
713 wmol) at room temperature. After being stirred at room temperature for 1 h, the
reaction mixture was cooled to 0 °C. Then the resulting mixture was diluted with EtOAc
(3.0 mL) and quenched with saturated aq. NH,CI (5.0 mL). Resulted two layers were
separated and washed with 1M HCI aq. solution (3.0 mL x 2), the aqueous phase was
extracted with EtOAc (5.0 mL x 1). The combined layers were washed with brine, dried
over sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by
silica gel flash column chromatography (silica gel, hexanes/EtOAc = 2/1) to afford 28’
(124 mg, 91%) as a yellow oil; Rf = 0.38 (hexanes/EtOAc = 2/1); [a.]?, +43.0° (¢ 1.00,
CHCL,); IR (neat) v, (em™): 3483, 2981, 2877, 1728, 1481, 1369, 1153, 995, 921,
849; '"H NMR (500 MHz, CDCl,) & (ppm): 5.70 (ddd, J = 17.2, 9.7, 9.7 Hz, 1H),
5.19-5.11 (complex m, 2H), 4.32 (dd, J = 109, 6.9 Hz, 1H), 4.23 (dd, J = 10.8, 4.0 Hz,
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1H), 4.14 (m, 1H), 3.95 (complex m, 2H), 3.88 (dd, J = 8.9,4.0 Hz, 1H), 2.37 (m, 1H),
1.43 (s, 3H), 1.36 (s, 3H), 1.18 (s, 9H); "C NMR (125 MHz, CDCL,) § (ppm): 178.5,
135.1, 118.8, 109.1, 76.9, 70.0, 64.3, 63.9, 46.9, 27.3 (2C), 26.5, 25.4; HRMS-ESI
(m/z): [M+Na]" calcd for C,sH,NaOs, 309.1678; found 309.1682.

1) Roush,R. et al. J. Am. Chem. Soc. 1986, 108, 3422.

TBS ether 28

e A

TBSOT! 0o
2,6-Lutidine
. b
PivO OH oy PivO oTBS
_ rt. 97% _
28" 28

To a stirred solution of 28’ (4.32 g, 15.1 mmol) in DCM (50.3 mL) was added
2,6-lutidine (4.40 mL, 37.8 mmol) and TBSOTf (5.21 mL, 22.7 mmol) at room
temperature. After being stirred at abmient temperature for 25 min, the reaction mixture
was quenched with saturated aq. NH,Cl (60 mL) at room temperature. Resulted two
layers were separated and the aqueous phase was extracted with DCM (60 mL). The
combined organic layers were washed with 1M HCI aq. solution (100 mL x 1) and brine,
dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was purified
by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 20/1 to 10/1) to
afford 28 (5.85 g, 97%) as a colorless oil; Rf = 0.60 (hexanes/EtOAc = 4/1); [a]?,
+24.0° (¢ 1.00, CHCL); IR (neat) v ., (em™): 2970, 2935, 2858, 1736, 1458,
1369,1215, 1149, 1072, 918, 837, 775; '"H NMR (500 MHz, CDCl;) § (ppm): 5.78
(ddd,J=17.2,10.3, 8.0 Hz, 1H), 5.18-5.08 (complex m, 2H), 4.24 (dd, J = 10.9, 6.3 Hz,
1H), 4.15 (dd,J =109, 7.5 Hz, 1H), 4.09 (dd, J = 12.6, 6.3 Hz, 1H), 3.96 (dd, J = 7.7,
6.3 Hz, 1H),3.89 (dd,J=6.0,4.3 Hz, 1H), 3.80 (dd, J = 8.0, 6.9 Hz, 1H), 2.60 (m, 1H),
1.39 (s, 3H), 1.32 (s, 3H), 1.19 (s, 9H), 0.89 (s, 9H), 0.09 (s, 6H); C NMR (125 MHz,
CDCL,) 6 (ppm): 1784, 135.5, 118.0, 108.9, 76.7, 73.0, 66.4, 64.0, 48.1, 38.8, 27.2
(30), 26.7, 26.0 (3C), 254, 18.2, —4.03, —4.19; HRMS-ESI (m/z): [M+Na]" calcd for
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C,,H,,NaO.Si, 423.2543; found 423.2543.
Di-ol 29’

o)( OH

O
80% AcOH ag. OH

PivO OTBS 50°C,87% PO OTBS
— _
28 29'

A solution of 28 (5.84 g, 14.6 mmol) in AcOH (ca. 80 % in water, 48.7 mL) was
stirred at 50 °C for 4 h. The reaction mixture was cooled to room temperature followed
by diluted with DCM (50 mL) and cautiously quenched with solution of 5 M NaOH aq.
solution. Resulted two layers were separated and the aqueous phase was extracted with
DCM (50 mL x 1). The combined organic layers were washed with brine, dried over
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by silica
gel flash column chromatography (silica gel, hexanes/EtOAc = 6/1 to 3/1) to afford 29’
(4.57 g, 87%) as a colorless oil; Rf = 0.39 (hexanes/EtOAc = 2/1); [a ], +6.70° (¢ 1.00,
CHCL,); IR (neat) v .. (ecm™): 3456,2970,2931, 2858, 1736, 1462, 1365, 1230, 1215,
1157, 1084, 833,775; '"H NMR (500 MHz, CDCl,) d (ppm): 5.76 (ddd, J = 17.2,10.6,
8.9 Hz, 1H), 5.18-5.09 (complex m, 2H), 4.38 (dd,J=11.2,4.9 Hz, 1H), 4.07 (dd, J =
10.9,7.5 Hz, 1H), 3.86 (m, 1H), 3.74 (s, 1H), 2.70 (app br s, 1H), 2.62 (m, 1H), 2.09 (m,
1H), 1.18 (s, 9H), 0.90 (s, 9H), 0.12 (s, 3H), 0.10 (s, 3H); *C NMR (125 MHz, CDCl,)
0 (ppm): 1789, 136.3, 118.1, 74.7,72.9, 64 4, 63.3, 47.1, 38.9, 27.3 (3C), 26.1 (3C),
18.3, —4.12, -4.33; HRMS-ESI (m/z): [M+Na]" calcd for C,H;NaO,Si, 383.2230;
found 383.2232.
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Bis-TBS ether 29

OH OTBS
OH TBSCI OH
Imidazole
PivO OTBS DME PivO OTBS
= r.t., 99% =
29' 29

To a stirred solution of 29’ (6.05 g, 16.8 mmol) in DMF (56.0 mL) was added
Imidazole (2.86 g, 42.0 mmol) and TBSCI (3.04 g, 20.2 mmol) at room temperature.
After being stirred for 10 min, the reaction mixture was diluted with EtOAc (60 mL)
followed by quenched with saturated aq. NH,CI (60 mL). Resulted two layers were
separated and the aqueous phase was extracted with EtOAc (100 mL x 1). The
combined organic layers were washed with brine (200 mL x 2), dried over sodium
sulfate, filtered, and concentrated in vacuo. The residue was purified by silica gel flash
column chromatography (silica gel, hexanes/EtOAc = 10/1) to afford 29 (7.92 g, 99%)
as a colorless oil; Rf = 0.72 (hexanes/EtOAc = 2/1); [a]?, +13.2° (¢ 1.00, CHCL,); IR
(neat) v ... (em™): 3444,2954,2931, 2858, 1736, 1462, 1365, 1230, 1215, 1080, 833,
775; '"H NMR (500 MHz, CDCl;) & (ppm): 5.79 (ddd, J = 17.2, 10.9, 8.6 Hz, 1H),
5.16-5.08 (complex m, 2H), 4.34 (dd, J =109, 5.2 Hz, 1H), 4.14 (dd, J =109, 7.5 Hz,
1H),3.82 (t,/ =54 Hz, 1H),3.74 (dd,J = 9.8,3.4 Hz, 1H), 3.68 (m, 1H), 3.59 (dd, J =
9.7,7.5 Hz, 1H), 2.64 (app ddd, J = 13.5, 8.0, 54 Hz, 1H), 2.55 (d, J = 34 Hz, 1H),
1.18 (s, 9H), 0.90 (s, 9H), 0.89 (s, 9H), 0.09 (s, 6H), 0.07 (s, 6H); *C NMR (125 MHz,
CDCL,) o (ppm): 178.5,136.5,117.7,73.3,72.8,64.6,63.5,47.3,38.9,27.4 (3C), 26.1
(3C), 260 (3C), 184, 18.4, 4.1, 4.3, -5.2, -5.2; HRMS-ESI (m/z): [M+Na]" calcd
for C,,Hs,NaO,Si,, 497.3095; found 497.3097
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MOM ether 30
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To a stirred solution of 29 (6.13 g, 12.9 mmol) in DCM (64.5 mL) and
DIPEA (86.0 mL) was added MOMCI (19.4 mL, 258 mmol) and DMAP (788 mg, 6.45
mmol) at 0 °C. Then the resulting mixture allowed to warm to room temperature and
stirred for 28 h. The reaction mixture was quenched with saturated aq. NH,CI1 (150 mL).
Resulted two layers were separated and the aqueous phase was extracted with DCM
(150 mL x 1). The combined organic layers were washed with 1M HCI aq. solution
(300 mL x 2) and brine, dried over sodium sulfate, filtered, and concentrated in vacuo.
The residue was purified by silica gel flash column chromatography (silica gel,
hexanes/EtOAc = 40/1 to 20/1) to afford 30 (6.70 g, 100%) as a colorless oil; Rf = 0.81
(hexanes/EtOAc = 10/1, 2 cycles); [a]?, -5.27° (¢ 1.00, CHCL); IR (neat) v ..
(em™): 2954, 2931, 2858, 1735, 1462, 1365, 1230, 1215, 1153, 1092, 1034, 833, 775;
'H NMR (500 MHz, CDCl,) & (ppm): 5.72 (ddd, J = 17.2, 10.3, 9.2 Hz, 1H),
5.16-5.08 (complex m, 2H), 4.75 (d, J = 6.3 Hz, 1H),4.67 (d,J = 6.3 Hz, 1H), 4.30 (dd,
J=109,4.6 Hz, 1H), 4.13 (dd, J =109, 7.5 Hz, 1H), 390 (dd, J = 7.5, 2.3 Hz, 1H),
3.81-3.72 (complex m, 2H), 3.66 (dd, J =9.7, 6.3 Hz, 1H), 3.38 (s, 3H), 2.67 (app ddd,
J=163,75,4.0Hz, 1H), 1.18 (s, 9H), 0.90 (s, 9H), 0.88 (s, 9H), 0.11 (s, 3H), 0.06 (s,
3H), 0.05 (s, 3H), 0.04 (s, 3H); “C NMR (125 MHz, CDCl,) é (ppm): 178.4, 136.8,
118.0, 96.5, 794, 740, 64.6, 62.7, 55.8, 46.9, 38.9, 274 (3C), 26.1 (3C), 26.0 (30),
184,18.4,-39,-4.8,-5.3,-5.3; HRMS-ESI (m/z): [M+Na]" caled for C,¢H;,NaO,Si,,
541.3357; found 541.3358.
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To the solution of 30 (1.30 g, 2.51 mmol) was added 10% HFepyridine (14.3
mL) at 0 °C. The stirred mixture was allowed to warm to room temperature and stirred
for 3 h. Then the reaction mixture was diluted with EtOAc (30 mL) and cooled to 0 °C
followed by cautiously quenched with saturated aq. NaHCO; (20 mL). Resulted two
layers were separated and the aqueous phase was extracted with EtOAc (30 mL x 2).
The combined organic layers were washed with 1M HCI aq. solution (200 mL x 1) and
brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 8/1 to
2/1) to afford 31 (978 mg, 96%) as a colorless oil; Rf = 0.36 (hexanes/EtOAc = 3/1);
[a]?, +40.1° (c 1.00, CHCL,); IR (neat) v .. (em™): 3444, 2954, 2931, 2858, 1731,
1461, 1365, 1215, 1153, 1092, 1030, 918, 833, 775; '"H NMR (500 MHz, CDCl;)
(ppm): 5.71 (ddd, J = 17.2, 10.3, 8.6 Hz, 1H), 5.19-5.11 (complex m, 2H), 4.72 (d, J =
69 Hz, 1H),4.67 (d,J =69 Hz, 1H),4.28 (dd,J=10.9,4.6 Hz, 1H),4.11 (dd,J =109,
7.5 Hz, 1H), 3.88 (dd,J=6.9,4.0 Hz, 1H), 3.76 (dd, J = 12.0,6.9 Hz, 1H), 3.68 (d, J =
12.0,6.9 Hz, 1H), 3.62 (m, 1H), 3.43 (s, 3H), 2.60 (app ddd, J = 15.8,7.7, 4.6 Hz, 1H),
1.19 (s, 9H), 0.90 (s, 9H), 0.12 (s, 3H), 0.08 (s, 3H); “C NMR (125 MHz, CDCL,) §
(ppm): 1784, 1359, 1184, 97.1, 83.1, 74.0, 644, 622, 560, 47.7, 38.9, 27.4 (3C),
36.1 (3C), 183, —4.1, -4.7; HRMS-ESI (m/z): [M+Na]® calcd for C, H,NaO,Si,
427.2492; found 427.2485.
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Formyl ester 32
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Preparation of Acetic formic anhydride

A stirred mixture of acetic anhydride (13.0 mL, 138 mmol) and formic acid
(5.21 mL, 138 mmol) was heated to 60 “C under N, atmosphere. After being stirred for
30 min at 60 °C, the mixture was cooled to room temperature. This resulting acetic

formic anhydride was used in the next reaction without further purification.

In another flask, to a stirred solution of 31 (5.57 g, 13.8 mmol) and pyridine
(13.4 mL, 166 mmol) in DCM (138 mL) was dropwise added freshly prepared acetic
formic anhydride over 5 min at O °C. Then the stirred mixture was allowed to warm to
room temperature and stirred for 45 min. The reaction mixture was cooled to 0 °C and
quenched with saturated aq. NH,CI (150 mL). Resulted two layers were separated and
the aqueous phase was extracted with CHCl; (150 mL x 1). The combined organic
layers were washed with 1M HCI aq. solution (300 mL x 1) and brine, dried over
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by silica
gel flash column chromatography (silica gel, hexanes/EtOAc = 8/1) to afford 32 (5.96 g,
100%) as a colorless oil; Rf = 0.65 (hexanes/EtOAc = 2/1); [a]?, +33.3° (¢ 1.00,
CHCL,); IR (neat) v .. (ecm™): 2970, 2931, 2858, 1728, 1462, 1365, 1215, 1153, 1103,
1034, 922, 833, 775; '"H NMR (500 MHz, CDCl,) & (ppm): 8.08 (s, 1H), 5.70 (ddd, J
=17.2,10.6, 8.8 Hz, 1H), 5.20-5.13 (complex m, 2H), 4.69 (d, J = 6.3 Hz, 1H), 4.66 (d,
J=63Hz, 1H),4.49 (dd,J = 12.3,2.6 Hz, 1H), 4.27 (dd, J = 10.6, 4.0 Hz, 1H), 4.19
(dd, J =12.0,69 Hz, 1H), 4.14 (dd, J = 109, 6.9 Hz, 1H), 393 (dd, J = 8.0, 2.9 Hz,
1H),3.90 (ddd,J=7.2,3.4,2.9 Hz, 1H), 3.38 (s, 3H), 2.61 (app ddd, J =16.0,7.5,4.6
Hz, 1H), 1.19 (s, 9H), 0.90 (s, 9H), 0.12 (s, 3H), 0.08 (s, 3H); *C NMR (125 MHz,
CDCL,) & (ppm): 178.2, 1609, 135.6, 118.8, 96.0, 76.5, 73.5, 64.3, 63.2, 559, 47.5,
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38.9, 27.3 (3C), 260 (3C), 18.4, 4.0, —4.8; HRMS-ESI (m/z): [M+Na]" caled for
C,,H,,NaO,Si, 455.2441; found 455.2437.

Dichlorovinyl ether 33
o cl
A PPhy CCl, 17 O
omom E&N-DCM OMOM
PiVO oTBS quant PIvO oTBS
=
33

To a stirred solution of PPh; (1.21 g, 4.60 mmol) in DCM (3.10 mL) was
added CCl, (223 ul, 2.30 mmol) at room temperature. After being stirred for 10 min, the
stirred mixture was added Et;N (956 ul, 6.90 mmol) and stirred for 10 min. Then the
resultant was added a solution of 32 (199 mg, 460 umol) in DCM (1.50 mL). After
being stirred for 9 h, the reaction mixture was cooled to 0 °C and quenched with
saturated aq. NH,CI1 (10 mL). Resulted two layers were separated and the aqueous phase
was extracted with CHCI, (20 mL x 1). The combined organic layers were washed with
brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 60/1 to
15/1) to afford 33 (239 mg, 100%) as a colorless oil; Rf = 0.42 (hexanes/EtOAc = 6/1);
[a]?, +12.5° (¢ 1.00, CHCL,); IR (neat) v .. (em™): 2954, 2931, 2858, 1732, 1462,
1365, 1215, 1192, 1153, 1099, 1034, 918, 833, 775; '"H NMR (500 MHz, CDCl;)
(ppm): 6.54 (s, 1H), 5.71 (ddd, J=17.2, 10.3,9.2 Hz, 1H), 5.22-5.14 (complex m, 2H),
4.69 (d,J =69 Hz, 1H),4.67 (d,J =69 Hz, 1H),4.26 (dd, J = 10.9,4.6 Hz, 1H), 4.11
(m, 2H), 397 (dd, J = 115,69 Hz, 1H), 394 (dd, J = 7.5, 2.9 Hz, 1H), 3.88 (m, 1H),
3.39 (s, 3H),2.57 (app ddd, J = 16.0,8.0,4.6 Hz, 1H), 1.19 (s, 9H), 0.90 (s, 9H), 0.13 (s,
3H), 0.08 (s, 3H); *C NMR (125 MHz, CDCl,) § (ppm): 178.2, 143.7, 135.5, 118.6,
103.8, 96.2, 76.8, 73.0, 72.9, 64.3, 55.8, 47.5, 38.8, 27.2 (3C), 26.0 (3C), 18.3, 4.1,
-5.0; HRMS-ESI (m/z): [M+Na]" caled for C,,H,,Cl,NaO,Si, 521.1867; found
521.1859.
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Ethynyl ether 34
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To a stirred solution of 33 (6.67 g, 13.3mmol) in THF (266 mL) was dropwise
added n-BuLi in hexane (1.64 M, 48.7 mL, 79.8 mmol) over 1 h at —78 °C. The stirred
mixture was allowed to warm to —40 °C over 10 min and MeOH was added. Then the
reaction mixture was allowed to warm to room temperature followed by diluted with
Et,0 (120 mL) and quenched with saturated aq. NH,Cl (300 mL). Resulted two layers
were separated and the aqueous phase was extracted with Et,0O (500 mL x 1). The
combined organic layers were washed with brine, dried over sodium sulfate, filtered,
and concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 15/1, 8/1 to 5/1) to afford 34 (4.51 g,
98%) as a pale yellow oil; Rf = 0.44 (hexanes/EtOAc = 3/1); [a]?, +21.6° (¢ 1.00,
CHCL,); IR (neat) v .. (ecm™): 3456, 3325,3016,2951,2931, 2858, 2152, 1739, 1439,
1365, 1215, 1099, 1030, 918, 833, 775; '"H NMR (500 MHz, CDCl,) & (ppm): 5.70
(ddd,J=17.2,10.3,9.2 Hz, 1H), 5.29-5.21 (complex m, 2H), 4.71 (s, 3H), 4.30 (dd, J =
109,29 Hz, 1H), 4.15 (dd, J = 109, 6.9 Hz, 1H), 4.02 (m, 1H), 391 (dd, J =8.0,2.3
Hz, 1H), 3.81 (m, 1H), 3.59 (m, 1H), 3.41 (s, 3H), 2.45 (app ddd, J = 14.3,8.3,6.0 Hz,
1H), 1.95 (t, J = 6.30 Hz, 1H), 1.55 (s, 1H), 0.91 (s, 9H), 0.13 (s, 3H), 0.10 (s, 3H); “C
NMR (125 MHz, CDCL,) 6 (ppm): 1359, 119.5, 96.2, 91.0, 78.6, 76.6, 74.3, 63.1,
55.9, 50.1, 26.7, 26.1 (3C), 18.4, 4.0, -4.8; HRMS-FAB (m/z): [M]" calcd for
C,,H4;0,S1, 345.2097; found 345.2093.
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Hydrostannylation of ethynyl ether 15 (General procedure)

B “ SnBug
S BusSnH (1.1 eq.) Bu38n\/\
o 0 PA(OAG), (0.1 eq.) Q o0
OPMB e T B OPVMB 4 OPMB
Ligand (0.3 eq.)
TBSO CDClg, r.t. TBSO TBSO
15 16 17

Preparation of active palladium species

A solution of palladium acetate (0.91 mg, 4.02 umol) in CDCI;, (402 uL) was
added PPh; (3.17 mg, 12.1 umol) at room temperature. The reaction mixture was strried
for 30 min at ambient temperature. This resulting active palladium species was used in

the next reaction without further purification.

In another flask, to a stirred solution of 15 (15.2 mg, 40.2 umol) in CDCl,
(201 uL) was added freshly prepared active palladium species (4.02 umol) in CDCl,
(402 uL) at room temperature. The stirred mixture was added Bu,SnH (11.6 uL, 44.2
umol) dropwise over 2 min. Immediately after the addition of Bu,SnH, an aliquot of the
reaction mixture was removed for 'H NMR spectroscopic analysis. The total time that
elapsed to produce the 'H NMR spectrum was less than 15 min from the initial
introduction of Bu,;SnHj; at that point the starting material 15 was completely consumed.
The regioselectivity of hydrostannylation were determined by chemical shifts of 'H

NMR (16: 6 = 6.32 ppm; 17: § = 4.14 ppm).
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Vinyl ether 16’
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Rf = 0.50 (hexanes/EtOAc = 6/1); IR (neat) v ,, (em™): 3016, 2931, 2858, 1739,
1612, 1512, 1458, 1365, 1203, 1092, 1038, 1003, 833, 775; 'H NMR (500 MHz,
CDCL,) & (ppm): 7.27 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 6.50 (d, J = 7.0 Hz,
1H), 4.60 (d, J = 10.9 Hz, 1H), 4.50 (d, J = 10.9 Hz, 1H), 4.18 (dd, J = 14.3, 2.3 Hz,
1H), 4.00 (dd, J = 6.9, 1.7 Hz, 1H), 3.80 (s, 3H), 3.72 (m, 2H), 3.64 (m, 1H), 3.59 (dd, J
= 6.0, 4.9 Hz, 2H), 1.69-1.50 (complex m, 4H), 0.89 (s, 9H), 0.04 (s, 6H); *C NMR
(125 MHz, CDCL) & (ppm): 1593, 152.1, 130.9, 129.6 (2C), 113.9 (2C), 86.7, 76.8,
71.8, 70.5, 63.2, 554, 287, 28.2, 26.1 (3C), 18.5, -5.1 (2C); HRMS-FAB (m/z):
[M+Na]" caled for C,,H,NaO,Si, 403.2281; found 403.2281.

(E)-Furanylvinyl ether ester 37

o
a S \ |
BugS
Ug n\ﬁ/\o , o )
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N BuySnH OMOM 0
Pd(t-BugP), CO,Et OMOM
OMOM ~ (Gmor) HO OTBS
P Pd(PPhs), EtO.C
OTBS DCM. 78 G DIPEA, Cul, CsF HO oTBS
evapo. =
P 35 DMF, 45 °C
B:o=>20:1 75% (2 steps) 37

To a solution of 34 (34.9 mg, 101 wmol) in DCM (1.01 mL) was added

Pd(#-Bu,P), (2.58 mg, 5.05 umol) at room temperature. The stirred mixture was cooled
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to —78 °C then Bu,SnH (27.8 uL, 106 wmol) was slowly added over 3 min. After being
stirred for 5 min, the reaction mixture was allowed to warm to ambient temperature and
concentrated under reduced pressure to afford the 35. This resulting 3-vinylstannan 35
was used in the next reaction without further purification; Rf = 0.55 (hexanes/EtOAc =
3/1).

To a stirred solution of freshly prepared 7 in DMF (510 puL) was added a
solution of 35 (44.5 mg, 152 wmol) in DMF (510 ul) and DIPEA (52.9 uL, 303 umol)
at room temperature. Then Pd(PPh,), (5.84 mg, 5.05 umol), Cul (1.92 mg, 10.1 wmol)
and CsF (33.8 mg, 222 umol) were added. The stirred mixture was allowed to warm to
45 °C and stirred for further 30 min. Then the reaction mixture was cooled to ambient
temperature and diluted with hexanes/EtOAc = 1/1 (v/v, 2.0 mL) and water (3 mL).
After vigorously stirring, the mixture was filtered through Celite® and washed with
hexanes/EtOAc = 1/1 (v/v, 50 mL). Resulted two layers were separated and the
aqueous phase was extracted with EtOAc (5.0 mL x 1). The combined organic layers
were washed with saturated aq. NH,CI1 (10 mL x 1) and brine, dried over sodium sulfate,
filtered, and concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, 10%W K,CO;, hexanes/EtOAc = 10/1 to 4/1,0.3% Et;N) to
afford 37 (38.7 mg, 75%) as a yellow oil; Rf = 0.38 (hexanes/EtOAc = 2/1); [a]?,
+1.09° (¢ 0.10, DCM); IR (neat) v ., (cm™): 3444, 3001, 2932, 2858, 1736, 1556,
1369, 1227, 1215, 1099, 1034, 918, 833, 775; '"H NMR (500 MHz, CD,Cl,) & (ppm):
7.28 (s, 1H),7.16 (app dd, J = 2.7, 1.2 Hz, 1H), 6.70 (d, J = 13.2 Hz, 1H), 5.75 (ddd, J
=172,10.6,89 Hz, 1H),5.52 (d,J = 12.6 Hz, 1H), 5.24-5.18 (complex m, 2H), 4.71 (d,
J=69 Hz,1H),4.69 (d,/ =69 Hz, 1H),4.10 (q,J=7.2 Hz,2H),4.02 (dd,/=9.2,1.7
Hz, 1H),3.95 (dd,J =7.5,2.9 Hz, 1H), 3.93-3.86 (complex m, 2H), 3.79 (m, 1H), 3.56
(m, 1H), 3.37 (s, 3H), 2.70 (app dd, J = 8.3, 7.2 Hz, 2H), 2.54 (app dd, J = 8.3, 6.6 Hz,
2H), 2.49 (m, 1H), 1.99 (br s, 1H), 1.23 (t, / = 7.2 Hz, 3H), 0.92 (s, 9H), 0.14 (s, 3H),
0.11 (s, 3H); "C NMR (125 MHz, CD,Cl,) d (ppm): 1730, 148.2,140.1, 138.1, 137.3,
123.3,121.4,118.7,96.5,95.2,77.6,74.7,69.9, 63.3, 60.8, 56.0, 50.3, 34.2, 26.2 (3C),
19.8, 18.6, 144, -39, —4.7, HRMS-ESI (m/z): [M+Na]" caled for C,;H,,NaO,Si,
535.2703; found 535.2701.
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(Z)-Furanylvinyl ether ester 39

0N\,
== o}
OMOM
EtO,C
HO OTBS
=
39

Rf = 0.38 (hexanes/EtOAc = 2/1); '"H NMR (500 MHz, CD,Cl,) & (ppm): 7.75 (app d,
J=1.7Hz,1H),7.15 (app d, J = 1.2 Hz, 1H), 6.24 (d, J =6.3 Hz, 1H), 5.75 (ddd, J =
17.2,10.3,9.2 Hz, 1H), 5.25-5.17 (m, 1H), 5.05 (d, /= 6.9 Hz, 1H),4.68 (d,J = 6.9 Hz,
1H),4.66 (d,J =69 Hz, 1H),4.17 (dd,J =11.5,2.9 Hz, 1H), 4.10 (q, J = 7.2 Hz, 2H),
401 (dd,J=11.5,6.9 Hz, 1H) 3.96-3.89 (complex m, 2H), 3.79 (dd, J = 10.9, 5.2 Hz,
1H), 3.55 (dd, J = 10.3, 6.3 Hz, 1H), 3.32 (s, 3H), 2.70 (t,J = 7.5 Hz, 2H), 2.52 ((t, J =
7.5 Hz, 2H), 2.46 (m, 1H), 2.00 (s, 1H), 1.23 (dt,J =7.2,2.3 Hz, 3H), 0.92 (s, 9H), 0.14
(s,3H),0.10 (s, 3H).

Furanylvinyl ether lactone 40

0 0
N\ \ R \
e 1) 0.2 N NaOH aq. Z 70
OMOM THF, MeCH, r.t. OMOM
_—
EtO,C 2) MNBA, DMAP
HO OTBS ) DCM., 0 °C 0”0 OTBS
% 74% (2 steps) =
37 40

A solution of 37 (338 mg, 659 wumol) in 02 M aq. solution
NaOH/MeOH/THF = 3/1/1 (v/v/v,43.9 mL) was stirred for 2.5 h at room temperature.
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The reaction mixture was diluted with DCM (50 mL) and quenched with saturated aq.
NH,CI (100 mL). Resulted two layers were separated and aqueous phase was extracted
with DCM (100 mL x 1). The combined organic layers were washed with brine, dried
over sodium sulfate, filtered and concentrated under reduced pressure to afford crude
product. This resulting seco acid was used in the next reaction without further
purification; Rf = 0.17 (hexanes/EtOAc = 1/1).

To a stirred solution of MNBA (454 mg, 1.32 mmol) and DMAP (725 mg,
5.93 mmol) in DCM (400 mL) was slowly added a solution of freshly prepared seco
acid in DCM (39.0 mL) over 2 h via syringe pump at 0 °C. After being stirred at 0 °C
for 30 min, the reaction mixture was quenched with saturated aq. NaHCO, (400 mL).
Resulted two layers were separated and the aqueous phase was extracted with DCM
(400 mL x 1). The combined organic layers were washed with water (800 mL x 1) and
brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 10/1)
to afford 40 (226 mg, 74%) as a yellow oil; Rf = 0.54 (hexanes/EtOAc = 3/1); [a]?,
+54.1° (¢ 1.00, DCM); IR (neat) v ... (em™): 3001, 2951, 2893, 2858, 1739, 1458,
1365, 1215, 1103, 1026, 918, 833, 775; '"H NMR (500 MHz, CD,Cl,) é (ppm): 7.27 (s,
1H),7.21 (s, 1H), 6.74 (d,J = 13.2 Hz, 1H), 592 (ddd, J = 17.8, 10.9, 6.9 Hz, 1H), 5.70
(d,J =132 Hz, 1H), 5.22-5.14 (complex m, 2H), 4.68 (d, J = 6.9 Hz, 1H), 4.66 (d, J =
6.9 Hz, 1H), 4.45 (dd, J = 11.5,7.5 Hz, 1H), 4.29 (br s, 1H), 4.20 (app d, J = 13.2 Hz,
1H), 4.16 (dd, J = 11.7, 2.3 Hz, 1H), 3.97 (dd, J = 12.6, 8.0 Hz, 1H), 3.97 (br s, 1H),
3.35 (s, 3H), 2.93 (complex m, 3H), 2.59 (ddd, J = 13.8, 10.3, 3.4 Hz, 1H), 2.42 (ddd, J
=13.8,10.6,7.7 Hz, 1H), 0.92 (s, 9H), 0.13 (s, 3H), 0.08 (s, 3H); “C NMR (125 MHz,
CD,Cl,) o (ppm): 1722, 148.0, 140.7, 139.6, 136.1, 122.3, 1209, 117.3, 97.3, 96.6,
78.0-76.0 (2C), 730, 634, 559, 46.6, 36.2, 26.1 (3C), 209, 185, 4.2, 44,
HRMS-ESI (m/z): [M+Na]" calcd for C,,H;3NaO,Si, 489.2285; found 489.2284.
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Hydroxyfuranone lactone 41
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To a stirred solution of 40 (40.1 mg, 85.9 umol) in i-PrOH (1.72 mL) was
added 2-Methyl-2-butene (1.10 mL, 10.3 mmol) and a solution of NaH,PO,*2H,0 (1.61
g, 10.3 mmol) in H,0 (0.86 mL) at 0 °C. The stirred solution was slowly added of a
solution of NaClO, (79%, 466 mg, 4.07 mmol) in H,0O (0.86 mL), then allowed to warm
to room temperature and stirred for 40 min. The reaction mixture was diluted with
DCM (5.0 mL), resulted two layers were separated and the aqueous phase was extracted
with DCM (5.0 mL x 1). The combined organic layers were washed with brine, dried
over sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by
silica gel flash column chromatography (silica gel, hexanes/EtOAc = 6/1, 3/1 to 1/1) to
afford inseparable diastereomixture 41 (18.9 mg, 44%) as a colorless amorphous; Rf =
0.54 (hexanes/EtOAc = 3/1); IR (neat) v ., (em™): 3448, 2954, 2931, 2858, 1736,
1617, 1612, 1458, 1365, 1230, 1215, 1196, 1072, 1030, 960, 922, 833, 775; '"H NMR
(500 MHz, CD,Cl,)  (ppm): 7.19 (d,J = 13.2 Hz, 1H), 6.00 (dd, J = 10.0,9.7 Hz, 1H),
5.90-5.78 (complex m, 2H), 5.23-5.17 (complex m, 2H), 4.72-4.59 (complex m, 2H),
442 (m, 0.5H), 4.37 (m, 0.5H), 4.20-3.88 (complex m, 3H), 3.82 (m, 0.5H), 3.60 (m,
0.5H), 3.35 (s, 1.5H), 3.35 (s, 1.5H), 2.82 (m, 1H), 2.73-2.40 (complex m, 4H), 1.67 (m,
0.5H), 1.26 (m, 0.5H), 0.93 (m, 9H), 0.14 (s, 1.5H), 0.13 (s, 1.5H), 0.11 (s, 1.5H), 0.10
(s, 1.5H); *C NMR (125 MHz, CD,Cl,) & (ppm): 172.3 (0.5C), 172.0 (0.5C), 156.5
(0.5C), 156.3 (0.5C), 154.6, 136.6 (0.5C), 136.3 (0.5C), 123.3 (0.5C), 123.1 (0.5C),
118.1 (0.5C), 118.0 (0.5C), 99.0, 96.9 (0.5C), 96.8 (0.5C), 96.5, 78.0-75.3 (2C), 71.6
(0.5C), 714 (0.5C), 65.0,56.1 (0.5C), 56.1 (0.5C), 46.2 (0.5C), 46.0 (0.5C), 33.8, 30.1,
26.1 (3C), 19.5, 18.5,-4.3, 4 .4; HRMS-ESI (m/z): [M+Na]" calcd for C,,H;;NaO,Si,
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521.2183; found, 521.2182.

Northern part 42
0o
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Q DCM OMOM
OMOM -
rt.
070 oTBS 93% 0”0 OTBS
>
=
M 42

To a stirred solution of 41 (38.1 mg, 76.4 wmol) in DCM (7.64 mL) was
added anhydrous NaHCO; (57.8 mg, 688 umol) and Dess-Martin periodinane (97.2 mg,
229 umol) at room temperature under N, atmosphere. After being stirred at ambient
temperature for 40 min, the reaction mixture was filtered through Celite® and washed
with DCM (10.0 mL). The filtrate was washed with H,O (20 mL x 1), saturated aq.
NaHCO; (20 mL x 1), saturated aq. Na,S,0; (20 mL x 1) and brine, dried over sodium
sulfate, filtered, and concentrated in vacuo to afford 42 (35.3 mg, 93%) as a yellow oil;
Rf = 0.49 (hexanes/EtOAc = 2/1); [a]?}, +5.90° (¢ 0.50, DCM); IR (neat) v ., (cm™):
2951, 2893, 2858, 1763, 1639, 1462, 1257, 1184, 1099, 1030, 914, 833, 775, 737; 'H
NMR (500 MHz, CD,Cl,) é (ppm): 7.64 (d, J = 13.2 Hz, 1H), 5.89-5.78 (complex m,
2H), 5.25-5.12 (complex m, 2H), 4.63 (app s, 2H), 4.44 (app br s, 1H), 4.42 (app br s,
1H), 4.21 (dd, J = 12.6, 537, 1H), 4.07 (app br s, 1H), 3.94 (app br s, 1H), 3.41-3.28
(complex m, 4H), 2.90-2.74 (complex m, 3H), 2.66-2.50 (complex m, 2H), 0.92 (s, 9H),
0.14 (s, 3H), 0.10 (s, 3H); "C NMR (125 MHz, CD,Cl,) 8 (ppm): 171.1,166.1, 165.2,
1604, 139.1, 136.2, 132.7, 118.2, 97.3, 96.6, 76.8, 72.3, 65.3, 56.2, 46.3, 33.0, 30.1,
26.1 (3C), 20.0, 18.5,-4.2, -4 .4; HRMS-ESI (m/z): [M+Na]" calcd for C,,H;NaO,Si,
519.2026; found, 519.2022.
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Aldol product 98
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To a stirred solution of Et;B in hexanes (52.6 mL, 55.8 mmol) was added
TfOH (4.94 mL, 55.8 mmol) at 0 °C. After being stirred at 40 °C for 30 min, to the
solution mixture was added a solution of (R)-(—)-4-benzyl-3-propionyl-2-oxazolidinone
(83) (10.0 g,42.9 mmol) in DCM (64.8 mL) and DIPEA (9.71 mL, 55.8 mmol) at 0 °C.
To this solution was added dropwise a solution of acrolein (97) (3.73 mL, 55.8 mmol)
in DCM (21.0 mL) over 20 min at —78 °C. After being stirred at —78 °C for 10 min, the
reaction mixture was quenched with MeOH (8.5 mL), phosphate buffer, solution in
water, pH 7.2 (94 mL) and 30% aq. H,O, (47 mL) dropwise at —78 °C. The organic
phase was separated and the aqueous phase was extracted with CHCI; (100 mL x 2).
The combined organic phases were washed with brine (100 mL x 1), dried over sodium
sulfate, filtered, and concentrated in vacuo. The residue was purified by silica gel flash
column chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 98 (12.2 g, 98%) as
a white crystal; mp 76.2 °C; Rf = 0.55 (hexanes/EtOAc = 1/1); [a]*, —-64.4° (c 1.00,
CHCL,); IR (KBr) v em': 3506, 3078, 3030, 3003, 2985, 2939, 2879, 1896, 1755,
1705, 1603, 1454, 1430, 1392, 1379, 1352, 1223, 1107, 972, 945, 768, 752, 704, 683;
'"H NMR (500 MHz, CDCl;) & (ppm): 7.33 (d, J = 7.5 Hz, 2H), 7.29 (d, J = 6.9 Hz,
1H),7.21 (d,J =7.5 Hz, 2H), 5.85 (ddd, J =169, 11.5,5.2 Hz, 1H), 5.36 (app d, J =
17.2 Hz, 1H), 5.23 (app d, J = 10.3 Hz, 1H), 4.72 (m, 1H), 4.52 (m, 1H), 4.24 (dd, J =
92,75 Hz, 1H),4.20 (dd, J =9.2,2.3 Hz, 1H), 3.88 (ddd, J = 14.0, 7.2, 3.4 Hz, 1H),
326 (dd, J = 13.2, 34 Hz, 1H), 2.80 (dd, J = 13.5, 9.5 Hz, 1H), 1.25 (d, J = 7.5 Hz,
3H); ®C NMR (125 MHz, CDCl,) & (ppm): 176.5, 153.2, 1374, 135.1, 129.5 (20),
129.0 (2C), 127.4,116.3,72.7,66.3,55.2,42.6,37.8, 11.1; HRMS-FAB (m/z): [M+H]"
calcd for C,;H,,NO,, 290.1392, found 290.1395.
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Weinreb amide 96
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To a stirred solution of N,0-dimethylhydroxylamine hydrochloride (16.9 g,
173 mmol) in THF (114 mL) was added trimethylaluminium in hexanes (1.08 M, 160.3
mL, 173 mmol) at 0 °C. After being stirred at 0 °C for 30 min and for additional 30 min
at room temperature. To this solution was added a solution of 98 (16.7 g, 57.7 mmol) in
THF (30 mL) at —20 °C. After being stirred at 0 °C for 20 min, the solution was poured
into a stirred mixture of THF (220 mL) and aq. IN HCI (220 mL) solution at O °C. The
organic phase was separated and the aqueous phase was extracted with CHCl; (200 mL
x 3). The combined organic phases were washed with brine (400 mL x 1), dried over
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by silica
gel flash column chromatography (silica gel, hexanes/EtOAc = 2/1) to afford 96 (9.47 g,
95%) as a pale yellow oil; Rf = 0.33 (hexanes/EtOAc = 1/2); [a]**, -37.2° (¢ 1.00,
CHCL,); IR (KBr) v em': 3435, 3082, 2978, 2939, 1780, 1639, 1462, 1427, 1388,
1180, 991, 926, 623; '"H NMR (500 MHz, CDCl;) & (ppm): 5.82 (ddd, J =169, 11.2,
5.2 Hz, 1H),5.36 (app d,J = 17.2 Hz, 1H), 5.20 (app d, J = 10.3 Hz, 1H), 4.45 (app br s,
1H), 3.71 (s, 3H), 3.21 (s, 3H), 2.96 (app br s, 1H), 1.17 (d, J = 6.9 Hz, 3H); “C NMR
(125 MHz, CDCL) & (ppm): 176.3, 138.0, 114.7, 72.5, 61.0, 39.6, 31.3, 11.5;
HRMS-FAB (m/z): [M+H]" calcd for CgH,,NO;, 174.1130, found 174.1126.
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TES 99
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To a stirred solution of 96 (500 mg, 2.89 mmol) in DMF (28.9 mL) was added
imidazole (413 mg, 6.07 mmol) and TESCI (510 uL, 3.03 mmol) at room temperature.
After being stirred at room temperature for 20 min, the reaction mixture was quenched
with saturated aq. NH,Cl (30 mL) at room temperature. The organic phase was
separated and the aqueous phase was extracted with a mixture solution of
hexanes/EtOAc = 1/1 (v/v, 30 mL). The combined organic phases were washed with
H,O (100 mL x 2) and brine (100 mL x 1), dried over sodium sulfate, filtered, and
concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 6/1) to afford 99 (836 mg, 100%) as a
colorless oil; Rf = 0.64 (hexanes/EtOAc = 1/1); [a]**, —15.7° (¢ 1.00, CHCL,); IR
(KBr) v em ': 3080, 2956, 2912, 2877, 1664, 1460, 1415, 1240, 1076, 997, 847, 742;
'"H NMR (500 MHz, CDCl,)  (ppm): 5.83 (ddd,J=17.2,10.3,6.9 Hz, 1H), 5.18 (app
d,J =172 Hz, 1H), 505 (app d, J = 10.3 Hz, 1H), 4.21 (dd, J = 7.7 Hz, 1H), 3.65 (s,
3H), 3.14 (s, 3H), 3.01 (app br s, 1H), 1.20 (d, /= 6.9 Hz, 3H), 0.95 (t, J = 8.0 Hz, 9H),
0.61 (g, J = 8.0 Hz, 6H); “C NMR (125 MHz, CDCl,) & (ppm): 175.7, 139.9, 115.2,
76.9,61.4,42.6,31.9,14.4,6.76 (3C), 4.88 (3C); HRMS-FAB (m/z): [M+H]" calcd for
C,,H;,NO;Si, 288.1995. found, 288.1998.

Ketone 100
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Preparation of Grignard reagent 95

The reactant containing magnesium turnings (8.58 g, 353 mmol) was heated
under reduced pressure for 5 min for 4 times and cooled to room temperature. To the
mixture of magnesium turnings and THF (165 mL) was added 1,2-dibromoethane (1.01
mL, 11.8 mmol) at 0 °C.

To this solution was added a solution of 3-chloro-2-chloromethyl-1-propene”
(26.7 g, 118 mmol) in THF (70 mL) dropwise over 3.25 h at 0 °C. This resulting

Grignard reagent 95 was used in the next reaction without further purification.

In another flask, to a stirred solution of 99 (16.9 g, 58.8 mmol) in THF (118
mL) was added the freshly prepared Grignard reagent 95 in THF (235 mL) at 0 °C.
After being stirred at 0 “C for 5 min, the reaction mixture was quenched with saturated
aq. NH,Cl (350 mL) at 0 °C. The organic phase was separated and the aqueous phase
was extracted with EtOAc (350 mL x 1). The combined organic phases were washed
with brine (500 mL x 1), dried over sodium sulfate, filtered, and ¢ concentrated in
vacuo. The residue was purified by silica gel flash column chromatography (silica gel,
hexanes/EtOAc = 15/1) to afford 100 (24.5 g, 100%) as a colorless oil; Rf = 0.62
(hexanes/EtOAc = 3/1); [a.]*, —=55.3° (¢ 1.00, CHCL,); IR (KBr) v em*: 3078, 2954,
2937, 2910, 2875, 1712, 1612, 1514, 1458, 1419, 1302, 1248, 1173, 1076, 1038, 924,
822,744,729; 'H NMR (500 MHz, CDCl,) § (ppm): 7.24 (d, J = 8.6 Hz, 2H), 6.87 (d,
J=8.6Hz,2H),5.74 (ddd, J = 17.2,10.3, 6.9 Hz, 1H), 5.22 (app s, 1H), 5.14 (app d, J
=172 Hz, 1H),5.07 (app d,J = 103 Hz, 1H), 4.98 (app s, 1H), 4.40 (s, 2H), 4.22 (dd, J
=69, 6.6 Hz, 1H), 3.93 (s, 2H), 3.80 (s, 3H), 3.29 (d, J = 16.0 Hz, 1H), 325 (d, J =
16.6 Hz, 1H), 2.80 (dq,/=6.9,6.6 Hz, 1H), 1.05 (d,J=7.4 Hz,3H),0.94 (t,/ = 8.0 Hz,
9H), 0.59 (q, J = 8.0 Hz, 6H); "C NMR (125 MHz, CDCl,) & (ppm): 210.0, 159.2,
139.8, 138.7, 130.3, 129.3 (2C), 1159, 115.8, 113.7 (2C), 75.7, 72.5, 71.8, 55.2, 52.3,
48.1 12.9, 6.83 (3C), 4.92 (3C); HRMS-FAB (m/z): [M+Na]" calcd for C,,H;;0,SiNa,
441.2437, found, 441.2446.
2) Boulet, S. L.; Pagette, L. A. Synthesis 2002, 7, 895-900.
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Alcohol 102
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To a solution of 100 (1.00 g, 2.39 mmol) in THF (159 mL) was added
DIBAL-H in DCM (1.00 M, 4.78 mL, 4.78 mmol) dropwise over 10 min at —78 °C.
After being stirred at —78 °C for 1 h, the reaction mixture was quenched with EtOAc (15
mL) and saturated aq. Rochelle salt (30 mL). The organic phase was separated and the
aqueous phase was extracted with EtOAc (30 mL x 1). The combined organic phases
were washed with brine (50 mL x 1), dried over sodium sulfate, filtered, and
concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 30/1) to afford 102 (891 mg, 89%) as a
colorless oil; Rf = 0.49 (hexanes/EtOAc = 3/1); [a]®, +3.17° (¢ 1.00, CHCL,); IR
(KBr) v em™': 3473, 3074, 2954, 2910, 2875, 1947, 1612, 1587, 1514, 1458, 1301,
1248, 1173, 1080, 1038, 1005, 922, 822, 742, 727; '"H NMR (500 MHz, CDCl,)
(ppm): 7.26 (d,J = 8.0 Hz,2H), 6.88 (d, J = 8.0 Hz, 2H), 5.88 (ddd, J=17.3,10.3,7.5
Hz, 1H), 5.17 (app d,J = 17.2 Hz, 1H), 5.13 (app s, 1H), 5.09 (app d, J = 11.5 Hz, 1H),
503 (app s, 1H), 445 (d,J =44 Hz, 1H),442 (d,J = 11.5 Hz, 1H), 4.23 (dd, J = 6.6,
49 Hz, 1H),4.01 (m, 1H),3.99 (d,/ =120 Hz, 1H),3.93 (d, /=120 Hz, 1H), 3.81 (s,
3H), 2.91 (br s, 1H), 2.30 (dd, J = 14.0, 8.3 Hz, 1H), 2.22 (dd, J = 14.0, 4.9 Hz, 1H),
1.55 (m, 1H), 0.94 (t, J = 8.0 Hz, 9H), 0.93 (m, 3H), 0.60 (q, J = 8.0 Hz, 6H); “C NMR
(125 MHz, CDCL) 6 (ppm): 159.2, 143.5, 140.1, 130.3, 129.3 (2C), 1152, 114.9,
113.8 (2C), 78.5, 730, 71.8, 71.5, 55.2, 43.7, 39.8, 7.23, 6.81 (3C), 507 (3C);
HRMS-FAB (m/z): [M+H]" calcd for C,,H,,0,Si, 421.2774 found 421.2771.

Alcohol-diastereomer 103
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Rf = 0.51 (hexanes/EtOAc = 3/1); [a]®, —21.1° (¢ 1.00, CHCL); IR (KBr) v em '
3469, 3074, 2954, 2910, 2875, 1645, 1612, 1587, 1514, 1462, 1302, 1248, 1173, 1082,
1038, 1007,918, 825,742, 727; '"H NMR (500 MHz, CDCl,) 8 (ppm): 7.27 (d,J =8.6
Hz,2H), 6.87 (d,J = 8.6 Hz, 2H), 5.89 (ddd, J=17.0, 10.3,6.3 Hz, 1H), 5.21 (app d, J
=17.2 Hz, 1H), 5.16 (app d,J = 11.5 Hz, 1H), 5.16 (app s, 1H), 5.06 (app s, 1H), 4.46
(d,J=115Hz,1H),4.41 (d,J=11.5 Hz, 1H),4.36 (m, 1H),4.04 (d,J = 12.0 Hz, 1H),
401 (d,J=23Hz, 1H),3.97 (d,J =12.6 Hz, 1H), 3.81 (s, 3H), 3.70 (m, 1H), 2.41 (app
d,J =132 Hz, 1H), 2.07 (dd, J = 14.0, 9.5 Hz, 1H), 1.71 (m, 1H), 0.94 (t, J = 8.0 Hz,
9H), 0.82 (d, J = 6.9 Hz, 3H), 0.60 (q, J = 8.0 Hz, 6H); >C NMR (125 MHz, CDCl,)
(ppm): 159.2,143.6, 138.2,1304, 1294 (2C), 115.7,115.0,113.8 (2C),77.2,73.2,71.8,
71.6,55.3,44.1,39.7,12.2,6.88 (3C), 4.85 (3C); HRMS-ESI (m/z): [M+Na]" calcd for
C,,H,,0,SiNa, 443.2594; found, 443.2594.

IP-syn-diol 101a’

PPTS

TESQO  OH TBAF in THF OH OH 2,2-Dimethoxypropane
N : OPMB —» | X~ : OPMB >
i r.t. i DCM, r.t.

H = 92% (2 steps)

101a
é>K<9
P OPMB
101a’

To the 101a (150 mg, 357umol) was added TBAF in THF (1.0 M, 3.57 mL,
3.57 mmol) at room temperature. After being stirred at room temperature for 5 min, the
reaction was diluted with hexanes/EtOAc = 1/2 (v/v, 6 mL) and quenched with

saturated aq. NH,CI (10 mL). The reaction mixture was washed with saturated aq.
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NH,CI (10 mL x 1) and brine (15 mL x 1), dried over sodium sulfate, filtered, and
concentrated in vacuo.

In another flask, to a stirred solution of crude diol in DCM (3.57 mL) was
added PPTS (44.9 mg, 179 umol) and 2,2-dimethoxypropane (87.5 uL, 714 wmol) at
room temperature. After being stirred at room temperature for 1.5 h, the reaction was
diluted with EtOAc (6 mL) and quenched with saturated aq. NaHCO, (10 mL). The
organic phase was separated and the aqueous phase was extracted with EtOAc (10 mL x
1). The combined organic phases were washed with brine (20 mL x 1), dried over
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by silica
gel flash column chromatography (silica gel, hexanes/EtOAc = 6/1) to afford 101a’
(114 mg, 92%) as a pale yellow oil; Rf = 0.66 (hexanes/EtOAc = 2/1); [a]®), +1.49° (c
1.00, CHCL,); IR (KBr) v em *: 3076, 2989, 2939, 2904, 2856, 2837, 1651, 1612,
1585, 1514, 1462, 1381, 1302, 1250, 1200, 1171, 1095, 1038, 1014, 916, 820, 754; 'H
NMR (500 MHz, CDCl,) 6 (ppm): 7.27 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H),
5.77(ddd,J=17.2,109,52 Hz, 1H),5.25 (ddd,J=17.2,1.7, 1.7 Hz, 1H), 5.22 (ddd, J
=109, 1.7, 1.7 Hz, 1H), 5.12 (app s, 1H), 5.02 (app s, 1H), 4.45 (d, J = 11.5 Hz, 1H),
442 (d,J=115Hz,1H),4.42 (m ,1H),4.11 (ddd,J=7.7,5.2,23 Hz,1H),397 (d,J =
12.6 Hz, 1H), 3.93 (d, J = 12.6 Hz, 1H), 3.81 (s, 3H), 2.29 (dd, J = 14.3, 8.0 Hz, 1H),
2.16 (dd,J=15.2,5.2 Hz, 1H), 1.45 (m, 1H), 1.41 (s, 6H), 0.87 (d, J = 6.9 Hz, 3H); °C
NMR (125 MHz, CDCL) 6 (ppm): 159.2, 1429, 1375, 1304, 1294 (2C), 115.1,
113.8 (3C),99.0,74.3,73.0,71.7,71.5, 55.3, 368, 35.8, 30.0, 19.6, 5.31; HRMS-ESI
(m/z): [M+Na]" calcd for C,,;H,,0,Na, 369.2042; found, 369.2044.

IP-anti-diol 101b’

PPTS
TESQO  OH TBAF in THF OH OH 2,2-Dimethoxypropane
% OPMB ——» | X~ OPMB >
; r.t. H DCM, r.t.
H = 90% (2 steps)
101b
N4
\/?\/k)L/OPMB
101b’
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To the 101b (146 mg, 347umol) was added TBAF in THF (1.0 M, 3.47 mL,
3.47 mmol) at room temperature. After being stirred at room temperature for 5 min, the
reaction was diluted with hexanes/EtOAc = 1/2 (v/v, 6 mL) and quenched with
saturated aq. NH,CI (10 mL). The reaction mixture was washed with saturated aq.
NH,CI (10 mL x 1) and brine (15 mL x 1), dried over sodium sulfate, filtered, and
concentrated in vacuo.

In another flask, to a stirred solution of crude diol in DCM (3.47 mL) was
added PPTS (43.6 mg, 174 umol) and 2,2-dimethoxypropane (85.0 uL, 694 umol) at
room temperature. After being stirred at room temperature for 1.5 h, the reaction was
diluted with EtOAc (6 mL) and quenched with saturated aq. NaHCO, (10 mL). The
organic phase was separated and the aqueous phase was extracted with EtOAc (10 mL x
1). The combined organic phases were washed with brine (20 mL x 1), dried over
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by prep.
TLC (hexanes/EtOAc = 3/1) to afford 101b’ (109 mg, 90%) as a colorless oil; Rf =0.66
(hexanes/EtOAc = 2/1); [a]®, +3.22° (¢ 1.00, CHCL,); IR (KBr) v em™': 3076, 2985,
2935, 2904, 1651, 1612, 1587, 1514, 1456, 1379, 1302, 1248, 1227, 1174, 1084, 1038,
1009, 906, 820, 756; 'H NMR (500 MHz, CDCl;) & (ppm): 7.27 (d, J = 8.6 Hz, 2H),
6.88 (d,J=8.6 Hz,2H),5.79 (ddd,J =17.2,109,6.3 Hz, 1H), 5.24 (ddd,J=17.2,1.7,
1.7 Hz, 1H), 5.16 (ddd, J = 109, 1.7, 1.7 Hz, 1H), 5.12 (app s, 1H), 5.03 (app s, 1H),
445 (d,J =115 Hz, 1H),441 (d,J =11.5, 1H), 440 (m, 1H), 3.99 (d, J = 12.6 Hz,
1H), 394 (d, J = 12.6 Hz, 1H), 3.81 (s, 3H), 3.46 (ddd, J = 8.6, 8.6, 2.9 Hz, 1H), 2.34
(dd,J =149,29 Hz, 1H), 2.25 (dd, J = 149, 9.2 Hz, 1H), 1.74 (m, 1H), 1.34 (s, 3H),
1.32 (s, 3H), 0.83 (d, J = 6.9 Hz, 3H); ®C NMR (125 MHz, CDCl,) 8 (ppm): 159.2,
1434, 135.9,130.5, 1294 (2C), 115.6, 113.8 (2C), 113.3,100.7,73.4,73.0,71.7,70.7,
55.3, 40.6, 38.1, 25.3, 23.9, 12.7; HRMS-ESI (m/z): [M+Na]" calcd for C,,H,;,0O,Na,
369.2042; found, 369.2049.

TBS ether 104
OTBS
TESQ  OH TBSOT, 2,6-Lutidine ~ TESQ %
: DCM, -78 °C ;
z quant. £

102 154 104



To a stirred solution of 102 (14.4 g, 34.2 mmol) in DCM (342 mL) was added
2,6-1utidine (12.0 mL, 103 mmol) dropwise over 50 min and TBSOTf (11.8 mL, 51.3
mmol) dropwise over 50 min at —78 °C. After being stirred at —78 °C for 30 min, the
reaction mixture was quenched with MeOH (20 mL), EtOAc (50 mL) and saturated aq.
NH,CI (30 mL). The organic phase was separated and the aqueous phase was extracted
with CHCI, (100 mL x 1). The combined organic phases were washed with saturated aq.
NaHCO; (300 mL x 1) and brine (300 mL x 1), dried over sodium sulfate, filtered, and
concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 20/1) to afford 104 (18.3 g, 100%) as a
colorless oil; Rf = 0.62 (hexanes/EtOAc = 5/1); [a]®p, -5.41° (¢ 1.00, CHCL); IR
(KBr) v em™': 3074, 2954, 2935, 2910, 2877, 1856, 1649, 1614, 1585, 1514, 1462,
1360, 1302, 1250, 1173, 1082, 1036, 1005, 922, 835,775, 742,727, 667; '"H NMR (500
MHz, CDCL,) & (ppm): 7.26 (d,J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.72 (ddd, J
=17.3,103,7.5 Hz, 1H), 5.12 (app d, J = 17.2 Hz, 1H), 5.06 (app d, J = 10.0 Hz, 1H),
5.06 (app s, 1H),4.92 (app s, 1H),4.42 (d,J=11.5Hz, 1H),4.39 (d,J = 11.5 Hz, 1H),
402 (dd,J=8.0,80Hz, 1H),3.92 (ddd,J=8.5,5.7,2.3 Hz, 1H), 3.88 (d,J = 12.6 Hz,
1H),3.82 (d,J =12.6 Hz, 1H), 3.81 (s, 3H), 2.32 (dd, /= 14.0,5.4 Hz, 1H), 2.27 (dd, J
= 13.8,9.2 Hz, 1H), 1.54 (m, 1H), 0.94 (t, J/ = 8.0 Hz, 9H), 0.92 (d, J = 6.3 Hz, 3H),
0.88 (s, 9H), 0.58 (q, J = 8.0 Hz, 6H), 0.02 (s, 3H), 0.01 (s, 3H); "C NMR (125 MHz,
CDCL,) o (ppm): 159.3, 143.2, 141.3, 130.5, 129.5 (2C), 115.5, 1143, 113.8 (2C), 75 8,
727,719, 70.1, 55.3, 43.0, 39.3, 26.1 (3C), 18.2, 8.86, 7.01 (3C), 5.19 (3C), -3.51,
—4.43; HRMS-ESI (m/z): [M+Na]® caled for C;H,0O,Si,Na, 557.3458, found
557.3463.

Mono-ol 105
B DDQ, OoTBS
TEso  §T°° DCMipH 7.2 buffer=9/1 1559 i
\/:\/:\)JVOPMB o = N : on
; 0°Ctor.t. H
: 90% 105

104
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To a stirred heterogeneous solution of 104 (980 mg, 1.83 mmol) in DCM
(16.5 mL) and phosphate buffer, solution in water, pH 7.2 (1.83 mL) was added DDQ
(623 mg, 2.75 mmol) at 0 °C. After being stirred at O °C for 1 h and for additional 15
min at room temperature, the reaction mixture was diluted with CHCIl; (10 mL) and
quenched with saturated aq. NaHCO; (30 mL). The organic phase was separated and the
aqueous phase was extracted with CHCl; (30 mL x 1). The combined organic phases
were washed with brine (30 mL x 1), dried over sodium sulfate, filtered, and
concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 20/1) to afford 105 (680 mg, 90%) as a
colorless oil; Rf = 0.55 (hexanes/EtOAc = 3/1); [a]®p, —19.4° (¢ 1.00, CHCL); IR
(KBr) v em™': 3338, 3074, 2956, 2935, 2879, 2858, 1649, 1462, 1419, 1252, 1074,
1032, 1005, 922, 835, 773, 741, 727, 669; '"H NMR (500 MHz, CDCl,) & (ppm): 5.77
(ddd,J=17.3,10.3,7.5 Hz, 1H), 5.12 (app d, J = 17.2 Hz, 1H), 5.09 (app s, 1H), 5.07
(m, 1H), 4.89 (app s, 1H), 4.12 (dd, J = 6.6, 6.6 Hz, 1H), 4.02 (s, 2H), 3.91 (m, 1H),
240 (dd,J=14.0,49 Hz, 1H),2.31 (dd,J = 14.0,7.2 Hz, 1H), 1.64 (m, 1H), 0.95 (t,J
= 8.0 Hz, 9H), 0.90 (s, 9H), 0.90 (m, 3H), 0.59 (q, J = 8.0 Hz, 6H), 0.07 (s, 3H), 0.06 (s,
3H); “C NMR (125 MHz, CDCl;) & (ppm): 146.0, 141.2, 1152, 113.3, 75.2, 71.2,
66.1, 430, 39.6, 26.0 (3C), 18.2,9.19, 6.98 (2C), 6.69, 593, 5.23 (2C), -3.70, -4 45;
HRMS-FAB (m/z): [M+H]" calcd for C,,H,;05Si,,415.3064, found 415.3067.

di-ol 94
OTBS OTBS
TESO % 12% HF-Pyridine OH =
; Pyridine, 0 °C :
: 2h, 83% :
105 94

156



To the 105 (18.8 g, 45.3 mmol) was added a solution of freshly prepared 12%
HFepyridine (453 mL) at 0 °C. After being stirred at 0 °C for 20 min, the reaction
mixture was diluted with EtOAc (250 mL) and quenched with saturated aq. NH,Cl1 (400
mL). The organic phase was separated and the aqueous phase was extracted with EtOAc
(10mL x 1). The combined organic phases were washed with saturated aq.1N HCI (400
mL) and brine (10 mL x 1), dried over sodium sulfate, filtered, and concentrated in
vacuo. The residue was purified by silica gel flash column chromatography (silica gel,
hexanes/EtOAc = 2/1) to afford 94 (11.4 g, 83%) as a white crystal; mp 51.2 °C; Rf =
0.51 (hexanes/EtOAc = 1/1); [a]*, =34.5° (c 1.00, CHCL,); IR (KBr) v cm': 3246,
2954, 2925, 2902, 2854, 1651, 1471, 1387, 1360, 1321, 1257, 1122, 1072, 1039, 1005,
918,901, 866, 835, 802, 775, 667; '"H NMR (500 MHz, CDCl,) 6 (ppm): 5.82 (ddd, J
=173,10.3,52Hz, 1H),5.26 (ddd,J=17.2,1.7,1.2 Hz, 1H), 5.14 (ddd, J = 10.3, 1.7,
1.2 Hz, 1H), 5.11 (app s, 1H), 4.93 (app s, 1H), 4.30 (ddd, J = 6.7, 2.9, 1.7 Hz, 1H),
407 (m, 1H), 4.06 (s, 2H), 2.42 (dd, J = 14.3,5.2 Hz, 1H), 2.35 (dd, J = 14.0, 8.3 Hz,
1H), 1.72 (m, 1H), 0.91 (s, 9H), 0.91 (m, 3H), 0.12 (s, 6H); “C NMR (125 MHz,
CDCL,) & (ppm): 145.6, 140.1, 114.8, 113.3, 75.0, 74.6, 66.0, 40.9, 39.1, 26.0 (3C),
18.1, 6.88, —=3.70, -4.51; HRMS-FAB (m/z): [M+H]" calcd for C¢H,;0,Si, 301.2199,
found 301.2211.

Cyclohexene 90
OTBS 0.5 mol% OH
(;H Grubbs 2nd cat. n,
MOH W ‘
; , relux
: 99% TBSO o
94 90

To a solution of 94 (8.88 g, 29.5 mmol) in DCM (295 mL) was added Grubbs
2nd generation catalyst (125 mg, 148 wmol) at room temperature. After being stirred at
reflux for 20 min, the reaction was cooled to room temperature. The reaction mixture

was filtered by Celite® and washed with CHCl, and concentrated under reduced
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pressure to afford the crude product. The residue was recrystallized by a solution of
CHCly/hexanes to give the 90 (7.13 g, 89%) as a white crystal. Additionally, the filtrate
was further purified by silica gel flash column chromatography (silica gel,
hexanes/EtOAc = 1/1) to afford 90 (820 mg, 10.2%) as a white crystal. Overall, the
product was obtained in 99% yield; mp 110.8 °C; Rf = 0.55 (hexanes/EtOAc = 1/1);
[a]®, —11.2° (c 1.00, CHCL,); IR (KBr) v em': 3271,2954,2927, 2889, 2858, 1682,
1471, 1462, 1367, 1360, 1319, 1257, 1174, 1138, 1099, 1028, 1009, 899, 866, 835, 775,
665; '"H NMR (500 MHz, CDCl;) & (ppm): 5.81 (br, 1H), 4.04 (br, 2H), 3.88 (dd, J =
10.3, 4.6 Hz, 1H), 3.80 (br, 1H), 2.83 (d, J = 9.7 Hz, 1H), 2.24 (dd, J = 17.8, 3.7 Hz,
1H), 2.08 (dd, J = 17.8, 4.6 Hz, 1H), 2.01 (m, 1H), 1.35 (br, 1H), 0.94 (d, J = 6.9 Hz,
3H), 0.89 (s, 9H), 0.09 (s, 3H), 0.08 (s, 3H); “C NMR (125 MHz, CDCl,) & (ppm):
1360, 1235, 71.7, 713, 66.2, 42.6, 33.0, 259 (3C), 18.1, 15.0, —4.45, —4.85;
HRMS-FAB (m/z): [M+Na]" caled for C,,H,;0,SiNa, 295.1705, found, 295.1712.

Acyl 92

on on BPS

, ) Diketene
MnO, DMAP
—_— B )
H
TBSO OH D?t'\" TBSO THF H

0 r.t. TBSO
20 108 83% (2 steps) e}

To a stirred solution of 90 (503 mg, 1.85 mmol) in DCM (18.5 mL) was
added MnO, (548 g, 55.5 mmol) at room temperature. After being stirred at room
temperature for 40 min, the reaction mixture was filtered by Celite® and washed with
CHCI,. The filtrate was concentrated in vacuo to afford crude 108 as a colorless oil,
which was used in the next reaction without further purification.

To a stirred solution of crude 108 in THF (8.5 mL) was added DMAP (10.4 mg, 85
umol) and diketene (130 uL, 1.70 mmol) dropwise at 0 °C. After being stirred for 5 min
at room temperature, the reaction mixture was quenched with saturated aq. NH,ClI (10

mL) at room temperature. The organic phase was separated, and the aqueous phase was
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extracted with EtOAc (10 mL x 3). The combined organic phases were washed with
brine (20 mL x 1), dried over sodium sulfate, filtered, and ¢ concentrated in vacuo. The
residue was purified by silica gel flash column chromatography (silica gel,
hexanes/EtOAc = 10/1) to afford 92 (498 mg, 83%) as a pale yellow oil; Rf = 0.65
(hexanes/EtOAc = 1/1) [a]p* +9.53° (¢ 1.00, CHCL,). IR (KBr) v em *: 2958, 2931,
2857, 1745, 1722, 1693, 1259, 1232, 1149, 1097, 838; '"H NMR (500 MHz, CDCl,)

d (ppm): 9.50 (s, 1H), 6.53 (s, 1H), 5.35 (d,J = 9.7 Hz, 1H), 3.63-3.49 (complex m, 3H),
2.66(dd,J=172Hz,5.2,1H),2.28 (s,3H), 2.07 (ddd,J=17.8,9.2,2.9 Hz, 1H),
1.99-1.97 (m, 1H), 1.06 (d, J = 6.9 Hz, 3H), 0.90 (s, 9H), 0.07 (d, J = 7.5 Hz, 6H); *C
NMR (125 MHz, CDCL,): 8 (ppm): 200.1,193.1, 167.0, 1449, 140.6,75.5,70.5,50.1,
41.8,31.2,30.4,25.8 (3C), 18.1, 14.5,-4.1,-4.8. HRMS-ESI (m/z): [M+Na]" calcd for
C,sH;,05SiNa, 377.17502; found, 377.1774.

Tricyclic compound 72

O O
NN

, K>COg3
v, o

H Toluene

TBSO reflux, 2h TBSO
70%
(0]
92

To a stirred solution of 92 (390 mg, 1.10 mmol) in toluene (11.0 mL) was
added K,CO; (152 mg, 1.10 mmol) at room temperature. The reaction mixture was
heated to reflux and stirred for 2 h. The reaction was cooled to room temperature and
quenched with saturated aq. NH,C1 (100 mL). The organic phase was separated, and the
aqueous phase was extracted with EtOAc (100 mL x 3). The combined organic phases
were washed with brine (200 mL x 1), dried over sodium sulfate, filtered, and
concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 1/1) to afford 72 (234 mg, 60%) as a
colorless solid; mp 168-170 °C; Rf = 0.45 (hexanes/EtOAc = 1/1); [a],** —33.6° (¢ 1.00,
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CHCL,); IR (KBr) v em™': 3424, 2956,2929, 2857, 1724, 1683, 1465, 1359, 1257,
1145, 1108, 1087, 1043, 1006, 966, 842; "H NMR (500 MHz, CDCL,):  (ppm): 4.33
(t,J = 8.0 Hz, 1H), 4.14 (s, 1H), 3.34 (br s, 1H) 3.19 (dt, J = 10.6, 2.9 Hz, 1H), 2.56 (dt,
J=195,34,Hz, 1H),2.32 (d,J = 19.5 Hz, 1H), 2.22-2.13 (m, 1H), 1.62 (dt, J = 12.6,
3.4,Hz, 1H), 1.44-1.34 (m, 2H), 1.11 (d, J = 6.3 Hz, 3H), 1.03 (q, J = 12.0 Hz, 1H),
0.87 (s, 9H), 0.05 (s, 6H)."*C NMR (125 MHz, CDCL,) § (ppm); 172.7, 161.3,95.3,
85.7,71.6,69.6,44.2,359,33.6,33.4,32.8,25.7 (3C), 179, 15.4,-4.3,-4.8;
HRMS-ESI (m/z): [M+Na]" caled for C,3H,,05SiNa, 377.1755; found, 377.1760.

Diene 113

BusSn. _~~_ OPMB

112
OF THO, EtN Pd(PPhy);
Phs)s

DCM, 78 °C (10 mol%), LiCl
DMF, 80 °C

92% (2 steps)

To a solution of 72 (1.09 g, 3.07 mmol) in DCM (30.7 mL) was added
triethylamine (1.28 mL, 9.21 mmol) and triflic anhydride (971 uL, 6.14 mmol) at —78
°C. After stirring for 15 min, the reaction mixture was quenched with saturated aq.
NH,CI (30 mL), and extracted with CHCI, (30 mL x 3). The combined organic phases
were washed with brine (30 mL x 1), dried over sodium sulfate, filtered, and
concentrated in vacuo to afford 111 as amorphous, which was used in the next reaction
without further purification.

To a solution of crude 111 and stannane 112 (2.87 g, 6.14 mmol) in DMF
(30.7 mL) were added Pd(PPh,), (355 mg, 0.30 mmol) and LiCl (781 mg, 9.21 mmol) at
room temperature. The reaction mixture was warmed to 80 °C. After stirring for 1 h, the
reaction mixture was cooled to room temperature, diluted with EtOAc (30 mL). The

mixture was washed with brine (30 mL x 3) and concentrated in vacuo. The crude
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product was purified by silica gel flash column chromatography (hexanes/EtOAc = 3/4)
to afford 113 (1.44 g, 92%) as a white amorphous; Rf = 0.45 (hexanes/EtOAc = 1/1);
[a]*, -3.07° (¢ 1.00, CHCL,); IR (KBr) v em™ *: 3420, 2931, 2854, 1743,1612, 1511,
1457, 1357, 1303, 1249, 1172, 1087, 1033, 979, 833, 748; '"H NMR (500 MHz, CDCl,)
d (ppm): 7.67 (d,J =164 Hz, 1H),7.28 (d,J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H),
6.09 (dddd,/=164,6.3,6.3,1.5 Hz, 1H),4.46 (s,2H),4.22 (dd,J= 8.0, 8.0 Hz, 1H),
4.13 (app d,2H), 4.11 (br, 1H), 3.80 (s, 3H), 3.34 (br, 1H),3.20 (dt,/ = 104,34, Hz,
1H), 2.59 (app dd, J =37.5, 18.9 Hz, 2H), 2.20 (m, 1H), 1.65 (ddd, J =12.6,4.3,4.0 Hz,
1H), 1.56 (app s, 1H), 1.31 (m, 1H), 1.15 (d,J = 6.3 Hz, 3H), 0.97 (m, 1H), 0.89 (s, 9H),
0.10 (s, 6H ); "C NMR (125 MHz, CDCl,) 8 (ppm): 169.4,159.3,140.4,131.3,130.1,
129.68 (2C), 127.2,121.1,113.9 (2C), 82.5,72.3,71.9,70.5,67.6,55.3,44.9,36 .2,
35.3,34.1,30.9,25.8 (3C), 18.0,15.2,-4.1,—4.6; HRMS-ESI (m/z): [M+Na]" caled for
C,0H,,04SiNa, 537.2648, found 537.2654.

BOM ether 114

OPMB BOMCI, DIPEA

_ =
DCM,0°Ctort TBSO
91%

To a solution of 113 (4.55 g, 8.84 mmol) in DCM (44.2 mL) was added
DIPEA (61.9 mL, 0.35 mol), DMAP (1.08 g, 8.84 mmol) and BOMCI (24.5 mL, 0.17
mol) at 0 °C. The reaction mixture was warmed to room temperature and stirred for 3 h.
The reaction mixture was quenched with aq. IN HCI (100 mL) solution and extracted
with CHCI; (100 mL x 3). The combined organic phases were washed with brine (100
mL x 1), dried over sodium sulfate, filtered, and concentrated in vacuo. The crude
product was purified by silica gel flash column chromatography (silica gel,
hexanes/EtOAc = 10/1) to afford 114 (5.14 g, 91%) as a amorphous; Rf = 0.75
(hexanes/EtOAc = 1/1); [a]**, =9.17° (¢ 1.00, CHCL,); IR (KBr) v em™': 2931, 2854,
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2190, 1743, 1612, 1511, 1465, 1303, 1249, 1180, 1079, 1033, 979, 840, 771; '"H NMR
(500 MHz, CDCLy) & (ppm): 7.67 (d,J =16.4 Hz, 1H), 7.36-7.26 (m, 7H), 6.88 (d, J =
8.5 Hz, 2H), 6.09 (dddd, J=164,6.3,6.3,15 Hz, 1H),4.83 (d,/=7.4 Hz, 1H ), 4.82
(d,J=74Hz, 1H),4.62 (d,J =120 Hz, 1H), 4.57 (d, J = 12.7 Hz, 1H), 4.44 (s, 2H),
417 (dd, J =8.0 Hz, 1H),4.12 (d, J = 6.3 Hz, 2H), 3.99 (app s, 1H), 3.80 (s, 3H), 3.27
(app s, 1H),3.20 (dt,J =10.4,3.4 Hz, 1H),2.65 (app d,J = 19.4 Hz, 1H), 2.47 (ddd, J =
194,4.3,4.0Hz, 1H), 2.20 (m, 1H), 1.57 (m, 2H), 1.10 (d, J = 6.9 Hz, 3H), 0.96 (s, 1H),
0.89 (s, 9H), 0.05 (s, 6H); *C NMR (125 MHz, CDCl,)  (ppm): 169.4,159.3, 140.5,
137.8,131.3,130.1, 129.6 (2C), 128.6 (2C), 127.7 (2C), 127.2,121.1, 113.9 (2C), 93.3,
82.5,73.0,72.3,71.9,704,70.2,55.3,44.8,36.7,34.0,33.0, 28.3,25.8 (3C), 18.0, 15.2,
—4.18, —4.69; HRMS-ESI (m/z): [M+Na]* calcd for Cy,H,0,SiNa 657.3223; found,
657.3217.

Di-ol and Pivaloyl ester

PivCl, pyridine

B ——
DCM, 0°C
62%

(2 steps)

To a stirred solution of 114 (298 mg, 0.47 mmol) in THF (4.68 mL) was added
LiAIH, (71 mg, 1.87 mmol) at 0°C. After stirring for 0.5 h, the suspension was diluted
with EtOAc (5 mL) and added saturated aq. Rochelle salt (10 mL). After stirring for 1.5
h, the mixture was extracted with EtOAc (10 mL x 3). The combined organic phases
were washed with brine (10 mL x 1), dried over sodium sulfate, filtered, and

concentrated in vacuo to crude 117 as colorless oil, which was used in next reaction
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without further purification; Rf = 0.3 (hexanes/EtOAc = 1/1).

To a solution of 117 (240 mg) in DCM (4.69 mL) was added pyridine (69.0
uL, 0.56 mmol) and PivCl (0.12 mL, 1.40 mmol) at 0°C. After stirring for 3 h, the
reaction mixture was quenched with saturated aq. NH,C1 (4.0 mL) and extracted with
CHCI,; (4 mL x 3). The combined organic phases were washed with brine (12 mL x 1),
dried over sodium sulfate, filtered, and concentrated in vacuo. The crude product was
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 10/1)
to afford 119 (211 mg, 0.29 mmol, 62%) asa yellow amorphous; [a.]**, +5.62° (¢ 0.50,
CHCI,); Rf =0.75 (hexanes/EtOAc = 1/1); IR (KBr) v em': 2931, 2854, 1720, 1612,
1511, 1457,1365, 1249, 1157, 1103, 1033, 964, 840, 771; "H NMR (500 MHz, CDCl,)
0 (ppm): 7.35-7.23 (m, 5H), 7.26 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.75
(dddd, J = 16.0, 6.3, 6.0, 5.7 Hz, 1H), 496 (d, J = 12.6 Hz, 1H), 492 (d, J = 6.9 Hz,
1H),4.89 (d,J = 6.9 Hz, 1H), 4.76 (m, 2H), 4.42 (app s, 2H), 4.19 (br, 1H),4.03 (dd, J
=5.7Hz,2H), 4.12 (app s, 1H), 3.80 (s, 3H), 3.74 (br, 1H), 2.90 (br, 1H), 2.77 (br, 1H),
2.23-2.06 (m, 2H), 2.20 (m, 1H), 1.93 (m, 1H) 1.57 (m, 1H), 1.18 (s, 9H),0.99 (d, J =
7.5 Hz, 3H), 0.90 (s, 9H), 0.10 (s, 3H), 0.08 (s, 3H); "C NMR (125 MHz, CDCl,)
O (ppm): 178.5, 159.2, 138.1, 1334, 130.7, 130.5 129.8, 129.5 (2C), 128.6 (2C), 127.2
(20), 127.7,126.7,113.9 (2C), 95.2,77.1,73.9,73.6,71.8,70.9,69.5, 61.4,55.3,41.5,
39.3,38.9,36.3,33.8,27.3 (4C), 26.1 (3C), 18.2,15.8,-4.29, -5.10; HRMS-ESI (m/z):
[M+Na]" calcd for C,,H,O4SiNa, 745.4111; found, 754 4115.

MEM ether 120

OPMB  MEMCI, DIPEA

DCM, 0 °C to r.t. TBSO
85%

To a solution of 119 (57 mg, 78.9 umol) in DCM (780 uL) was added DIPEA
(540 uL, 3.2 mmol) and MEMCI (170 uL, 1.58 mmol) at 0 °C. The reaction mixture
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was warmed to room temperature. After stirring for 36 h, the reaction mixture was
quenched with aq. 1 N HCI (1.5 mL) solution, and extracted with CHCI, (1.5 mL x 3).
The combined organic phases were washed with brine (5 mL x 1), dried over sodium
sulfate, and concentrated in vacuo. The crude product was purified by silica gel flash
column chromatography (silica gel, hexanes/EtOAc = 9/1) to afford 120 (69 mg, 85%)
as a yellow amorphous; Rf = 0.55 (hexanes/EtOAc = 2/1); [a]*, +11.5° (¢ 0.50,
CHCL,); IR (KBr) v em': 2931, 2861, 1720, 1612, 1512, 1457, 1365, 1249, 1149,
1033, 833,771; '"H NMR (500 MHz, CDCl,) § (ppm): 7.35-7.23 (m, 7H), 6.87 (d,J =
8.6 Hz, 2H), 6.68 (d, J = 154 Hz, 1H), 5.81 (ddd, J = 154, 6.3 Hz, 1H), 505 (d, J =
11.4 Hz, 1H), 4.82 (s, 1H), 4.82 (m, 3H), 4.65-4.56 (m, 2H), 4.43 (s, 2H), 3.95 (br, 1H),
3.80 (s, 3H), 3.62 (br s, 1H), 3.52 (br s, 1H), 3.38 (s, 3H), 3.26 (br s, 1H), 1.89 (br s,
1H), 1.75 (m, 1H) 1.56 (m, 1H), 1.17 (s, 9H), 1.16 (m, 1H), 0.90 (s, 9H), 1.00 (d, J =
6.3 Hz, 1H), 0.87 (s, 9H), 0.04 (s, 3H), 0.04 (s, 3H); *C NMR (125 MHz, CDCl,)
d (ppm): 178.5, 159.3, 138.0, 134.1, 130.6, 130.5, 1304, 129.5 (2C), 128.5 (2C), 128.0
(20), 127.8,126.7,113.9 (2C),93.9,93.2,80.6,77.6,74.7,72.0,71.8,71.0, 69.7, 67.3,
61.2,59.1, 553,429, 389, 359, 345,294, 273 (3C), 259 (3C), 18.1, 15.0, -3.85,
—4.6; HRMS-ESI (m/z): [M+Na]" calcd for C,¢H,,0,,SiNa, 833.4640, found 833.4635.

Mono-ol 121

TBAF

THEF, reflux
98% HO

To a solution of 120 (31 mg, 38 umol) in TBAF (1.0 M in THF, 380 uL, 380
umol) was refluxed. After stirring 2 h, the reaction mixture was cooled to room
temperature and quenched with saturated aq. NH,Cl (400 uL), and extracted with
EtOAc (400 uLL x 3). The combined organic phases were washed with brine (1.2 mL x
1), dried over sodium sulfate, concentrated in vacuo. The crude product was purified by

silica gel flash column chromatography (silica gel, hexanes/EtOAc = 1/1) to afford 121
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(26 mg, 98%) as a colorless amorphous; Rf = 0.22 (hexanes/EtOAc = 1/1); [a]*,
+32.4° (c 0.50, CHCL,); IR (KBr) v em™': 3485, 2931, 2884, 1720, 1612, 1511, 1457,
1365, 1249, 1149, 1033, 817, 748: "H NMR (500 MHz, CDCL,) & (ppm): 7.38-7.26
(m, 7H), 6.87 (d, J = 8.6 Hz, 2H), 6.66 (d,J = 164 Hz, 1H), 5.78 (dddd, J = 16 4, 6.3,
6.0,5.7 Hz, 1H),4.97-4 91 (m, 3H), 4.78-4.62 (m, 4H), 4.44 (s, 2H), 4.40 (m, 1H), 4.05
(d,J =5.7 Hz, 2H), 3.84 (br s, 1H), 3.79 (s, 3H), 3.59-3.46 (m, 3H), 3.46 (br s, 1H),
3.35 (m, 4H), 2.78 (br, 2H), 2.37 (br, 1H), 2.17 (br, 1H), 191 (ddd,J=154,5.7,5.2 Hz,
1H), 1.73 (br, 1H), 1.58 (br, 1H), 1.17 (m, 1H), 1.18 (s, 9H), 1.02 (d, J = 6.30 Hz, 3H);
BC NMR (125 MHz, CDCl,)  (ppm): 178.4,159.3,138.0, 133.8,130.3,130.2,129.5
(20), 128.5 (2C), 128.0 (2C), 127.7, 126 .9, 113.9 (2C), 93.9 (2C),79.3,77.1,75.3,72.0,
71.7,70.8,69.7,67.7,61.0,59.1,55.3,39.0 (2C), 37.7,36.9,34.9,27.3 (4C), 27.1 16.6;
HRMS-ESI (m/2): [M+Na]* caled for C,gH,0,;Na, 719.3771, found 719.3775.

Conjugated aldehyde 122

MEMO H
DDQ
DCM/pH 7.2 buffer HO
0°Ctor.t.
98%
121 122

To a solution of 121 (65 mg 93.3 wmol) in DCM (1.68 mL) and phosphate
buffer, solution in water, pH 7.2 (186 uL) was added DDQ (105 mg, 467 umol) at 0 °C.
The reaction mixture was warmed to room temperature. After stirring for 2 h, the
reaction mixture was diluted with CHCl; (1.0 mL) and added saturated aq. NaHCO, (2.5
mL), extracted with CHCl; (2.5 mL x 3). The combined organic phases were washed
with brine (10 mL x 1), dried over sodium sulfate, and concentrated in vacuo. The crude
product was purified by silica gel flash column chromatography (silica gel,
hexanes/EtOAc = 1/1) to afford 122 (51 mg, 95%) as a colorless oil; Rf = 0.21
(hexanes/EtOAc = 1/1); [a]*, +49.7° (¢ 0.50, CHCI,); IR(KBr) v em™': 3485, 2931,
2884, 1720, 1673, 1612, 1511, 1457, 1365, 1280, 1141, 1103, 848, 748; '"H NMR (500
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MHz, CDCL,) & (ppm): 9.61 (d, J = 8.0 Hz, 1H), 7.62 (d, J = 15.4 Hz, 1H), 7.37-7.29
(m, SH), 6.14 (dd, J = 15.7, 8.0 Hz, 1H ), 5.12 (app d, 2H), 5.00 (dr, 1H ), 4.90 (app d,
1H), 4.8-4.6 (m, 4H), 4.44 (br s, 1H), 3.87-3.40 (m, 5H), 3.36 (m, 3H), 2.95 (br s, 1H),
2.82 (br's, 1H), 2.34 (br s, 1H), 2.20 (br s, 1H), 1.93 (ddd, J = 154, 5.2 Hz, 1H), 1.74
(m, 1H), 1.57 (br, 2H), 1.16 (s, 9H), 1.15 (m, 1H), 1.04 (d, J = 7.5 Hz); *C NMR (125
MHz, CDCl,) § (ppm): 194.1, 178.4, 148.6, 1412, 137.8, 133.1, 129.0, 128.6 (2C),
128.0 (2C), 127.9, 94.8 (2C), 79.6, 79.1, 74.5, 71.6, 69.8, 67.9, 60.5, 59.1, 39.4 (3C),
36.4, 344, 27.2 (4C), 27.1, 16.4; HRMS-ESI (m/z): [M+Na]" calcd for C,H,.O,Na,
597.3039, found 597.3032.

Silyl enol ether 123

MEMO

TIPSOTf
2,6-Lutidine
_—
DCM, r.t.

98 %

To a solution of 122 (51 mg, 88.8 umol) in DCM (2.96 mL) was added
2,6-lutidine (44 uL, 444 umol) and TIPSOTS (72 uL, 266 umol) at room temperature.
After stirring for 5 min, the reaction mixture was cooled to 0 °C and added MeOH (300
uL), saturated aq. NH,Cl (3.0 mL) and extracted with DCM (3 mL x 3). The combined
organic phases were washed with brine (10 mL x 1), dried over sodium sulfate, and
concentrated in vacuo. The crude product was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 123 (64 mg, 98%) as a
yellow oil; Rf = 0.77 (hexanes/EtOAc = 2/1); [a]**, —14.6° (¢ 0.25, MeOH); IR (KBr)
v em ': 2946, 2869, 2360, 1727, 1673, 1612, 1457, 1365, 1288, 1164, 1103, 1033, 925,
879, 802, 740, 686; 'H NMR (500 MHz, CD,Cl,) 8 (ppm): 7.34-7.32 (m, 4H),
7.29-7.27 (m, 1H),6.61 (d,J=114Hz, 1H),593 (dd,/J=114,114 Hz, 1H),5.79 (d,J
=114 Hz, 1H), 4.81-4.73 (m, 3H), 4.62-4.60 (m, 3H), 4.33 (s, 2H), 3.80-3.76 (m, 2H),
3.62 (m, 1H), 3.57 (m, 1H), 3.51 (dd, J =5.2,4.9, 4.6 Hz, 1H), 3.32 (s, 3H), 3.30 (m,
1H), 2.63 (m, 1H), 2.24 (m, 1H), 2.04 (m, 1H), 1.79 (app t, 1H), 1.48 (m, 1H), 1.43 (s,
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9H), 1.00 (d, J = 7.5, 3H); *C NMR (125 MHz, CDCl,) & (ppm): 177.9, 147.0, 138.7,
132.0, 128.7 (2C), 128.1 (2C), 127.8, 122.0, 109.7, 93.9, 932, 81.8, 76.2, 75.7, 72.1,
71.7,69.8,67.3,66.7,59.0,40.2,38.9, 35.0, 34.2,27.4 (3C), 25.8,25.4, 179 (6C), 17.8,
122 (3C); HRMS-ESI (m/z): [M+Na]* caled for C,H,0,SiNa, 753.4373, found
753.4381.

Conjugated aldehyde (Pivaloyl) 125a

TASF
— >
THF,0°C i
o, s
21% H OBOM
123a 125a

To a solution of 123a (21 mg, 28.7 umol) in THF (956 uL) was added TASF
(17 mg, 57.4 umol) at 0 °C. After stirring for 5 min at O °C, the reaction mixture was
quenched with saturated aq. NH,CI (200 uL) and extracted with EtOAc (200 uL x 3).
The combined organic phases were washed with brine (1 mL x 1), dried over sodium
sulfate, and concentrated in vacuo. The crude product was purified by prep. TLC
(hexanes/EtOAc = 2/1) to afford 125a (3.4 mg, 21%) as a colorless oil; Rf = 0.77
(hexanes/EtOAc = 1/2); IR (KBr) v em™': 2946, 2884, 2823, 1727, 1689, 1457, 1373,
1288, 1157, 1103, 1033, 979, 740, 701; '"H NMR (500 MHz, CD,Cl,) 8 (ppm): {9.41
[d, J = 8.02 Hz, 0.5H (diastereomer)], 9.37 [d, J = 8.02 Hz, 1H]}, 7.27-7.18 (m, 5H),
{7.09 [dd, J = 15.4, 10.8 Hz, 0.5H (diastereomer)], 6.68 [dd, J = 154, 9.74 Hz, 1H]},
{6.00 [dd, J = 154, 8.02 Hz, 0.5H (diastereomer)], 593 [d, J = 154, 8.02, Hz, 1H]},
4.74-4.63 (m, 3H), 4.58-4.46 (m, 3H), 435 (d, J =10.8 Hz, 1H), 3.76-3.66 (m, 2H),
3.62-3.55 (m, 2H), 3.48-3.43 (m, 2H), 3.32-3.25 (m, 4H), 3.19 (app d, 1H), {2.89 [dd, J
= 10.8, 5.73 Hz, 0.5H (diastereomer)], 2.74 [m, 1H]}, 2.34 (m, 1H), 2.22-2.14 (m, 2H),
2.07-1.94 (m, 3H); "C NMR (125 MHz, CDCl,) § (ppm): [194.5 (diastereomer),
194.2], [178.5 (diastereomer), 117.7], [160.1 (diastereomer), 157.8], 137.8, [134.4,
133.7 (diastereomer)], 128.9 (2C), 128.2 (2C), 128.0, [95.1 (diastereomer), 93.2], [93.0
(diastereomer), 92.7], [83.1 (diastereomer), 80.9], 77.16, [75.3 (diastereomer), 74.7],
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[75.1 (diastereomer), 74.0] [72.0 (diastereomer), 71.5], [69.9 (diastereomer), 69.8],
[67.6 (diastereomer), 67.3], 66.9, 594, [43.8 (diasterecomer), 41.7], [40.8, 39.8
(diastereomer)], [39.0 (diastereomer), 38.7], [34.3 (diastereomer), 34.5], [31.4, 30.9
(diastereomer)], 27.3(4C), [25.4, 25.0 (diastereomer)], [17.4, 17.3 (diastereomer)].
HRMS-ESI (m/z): [M+Na]" calcd for C;,H,,O,Na, 597.3039, found 597.3037.

Conjugated aldehyde (Acetyl) 125b

Al
MEMO  ~OAC TASE  MEMO OAc
H P BHT . ; NP
L, g = — = ot : 0
7 OTIPS THE
FR (degassed) H
H S5BOM dr.=9:1 H dBoMm
123b 125b

To a solution of 123b (500 mg, 0.726 mmol) and BHT (350 mg, 1.59 mmol) in
THF (24.2 ml) was added TASF (440 mg, 1.59 mmol) in THF (24.2 ml) dropwise at O
°C. After stirring for 30 min, the reaction mixture was quenched with saturated aq.
NH,CI (24.2 ml), and extracted with Et,0 (30 ml x 2). The combined organic phases
were washed with brine (50 mL x 1), dried over sodium sulfate, concentrated in vacuo
to afford the crude 125b as a yellow oil, which was used in next reaction without further

purification; Rf = 0.3 (hexanes/EtOAc = 1/2).

Conjugated methyl ester 128

1) NaClO,, NaH,PO4+2H,0
2-Methyl-2-butene
i-PrOH, H,0, r.t.

2) TMSCHN,

H éBOM Benzene / MeOH

125b rt

To a stirred solution of crude 125b (900 mg, 0.726 mmol) in i-PrOH (24.2 mL)
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and 2-Methyl-butene (1.53 ml, 14.5 mmol) was added NaClO, (2.62 g, 29.4 mmoL) in
H,O (24.2 ml) and NaH,PO,*2H,0 (6.79 g, 43.5 mmol) in H,0 (24.2 ml) at O °C. After
stirring for 30 min, the reaction mixture was diluted with Et,0 (50 mL) and extracted
with Et,0 (50 mL x 3). The combined organic phases were washed with brine (100 mL
x 1), dried over sodium sulfate, concentrated in vacuo to afford the crude product as a
yellow oil, which was used in next reaction without further purification; Rf = 0.1
(hexanes/EtOAc = 1/2).

To a stirred solution of crude product in Benzene (21.7 mL) and MeOH (2.42 mL)
was added TMSCHN, (871 uL, 2.0 M in Et,0) at 0 °C. After stirring for 30 min, the
reaction mixture was quenched with AcOH (100 uL) and concentrated in vacuo to
afford the crude 128 as a yellow oil, which was used in next reaction without further

purification; Rf = 0.6 (hexanes/EtOAc = 1/1).

Methyl ester 129

OAc 1) Raney Ni
MEMO |, OMe ™ EtOH, reflux
‘o, 5 XN o
2) McCl, Et3N, toluene
B r.t., then, DBU, 100 °C

H 5BOM 48% (5 steps)

128

To a stirred solution of crude 128 (1.0 g, 0.726 mmoL) in EtOH (7.2 mL) was
added Raney Ni (100 mg) in H,O (7.2 mL) at room temperature. The reaction mixture
was refluxed. After stirring for 1.5 h, the reaction mixture was diluted with Acetone.
After stirring for 30 min, the reaction mixture was concentrated in vacuo. The crude
residue was diluted H,O (5 mL) and extracted with EtOAc (6 ml x 3). The combined
organic phases were washed with brine (25 mL x 1), dried over sodium sulfate,
concentrated in vacuo to afford the crude product as a brown oil, which was used in
next reaction without further purification; Rf = 0.2 (hexanes/EtOAc = 0/1).

To a solution of crude product in toluene (12.4 mL) was added Et;N (1.12
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mL, 7.4 mmol), and McCl (332 pL, 3.7 mmol) at 0 °C. The solution mixture was stirred
for 5 min at 0 °C, added DBU (1.1 mL 7.4 mmol) and warmed to 110 °C. After stirring
at this temperature for 1.5 h, the reaction mixture was diluted with CHCI, (10 mL) and
quenched with 1 M HCI aq. solution (15 mL). Resulted two layers were separated and
the aqueous phase was extracted with CHCI; (10 mL x 1). The combined organic layers
were washed with brine (20 mL x 1), dried over sodium sulfate, filtered, and
concentrated under reduced pressure to afford the crude product. The residue was
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 10/1)
to afford 129 (299 mg, 48%) as a yellow oil; Rf = 0.65 (hexanes/EtOAc = 2/3); [a]?,
+37.4° (¢ 0.10, CHCL,); IR (neat) v ... (cm™): 2970, 2935, 2858, 1732, 1612, 1512,
1454, 1369, 1230, 1215, 1153, 1076, 1041, 845, 817; '"H NMR (500 MHz, CD,Cl,) &
(ppm): 7.25 (d,J = 8.0 Hz,2H), 6.87 (d, J = 8.6 Hz, 2H), 5.02 (t,J = 5.2 Hz, 1H), 4.99
(d,J =103 Hz, 1H),447 (d,J=11.5Hz, 1H),4.42 (d,J = 12.0 Hz, 1H),4.26 (dd, J =
12.3,6.6 Hz, 1H),3.94 (dd, J = 8.0, 6.3 Hz, 1H), 3.81 (m, 1H), 3.81 (s, 3H), 3.52 (dd, J
=9.7,69 Hz, 1H),3.46 (dd,/=9.5,6.6 Hz, 1H),3.40 (m, 1H),2.51 (ddd,J=14.8,6.9,
2.3 Hz, 1H), 2.33 (m, 1H), 2.12 (ddd, J = 14.8, 12.2, 2.3 Hz, 1H), 1.92-1.75 (complex m,
3H), 1.69 (s, 3H), 1.62-1.51 (m, 2H), 1.34 (s, 6H); *C NMR (125 MHz, CD,Cl,)
(ppm): 173.3, 1592, 140.7, 1304, 1294 (2C), 121.8, 113.8 (2C), 108.9, 73.9, 73.1,
72.6,70.0,66.3,554,37.7,35.7,29.5,264,26.3,259,22.6,22.4; HRMS-ESI (m/z):
[M+Na]" caled for C,,H;,NaOy, 441.2253; found, 441.2250.

TES-Methyl ester 130

1) NaH, MeOH
0°C

_—

2) TESOTH,
2,6-Lutidine
DCM, -78 °C
quant. (2 steps)

To a solution of 129 (100 mg, 234 wmol) in MeOH (4.68 mL) was added NaH

170



(46.8 mg, 1.17 mmol) at O °C. After stirring for 4 h, the reaction mixture was quenched
with AcOH (100 uL). The reaction mixture was washed with saturated aq. NaHCO; and
extracted with DCM (7 mL x 3). The combined organic phases were washed with brine
(20 mL x 1), dried over sodium sulfate, concentrated in vacuo to afford the crude
product as a colorless amorphous; which was used in next reaction without further
purification; Rf = 0.2 (hexanes/EtOAc = 1/1).

To a stirred solution of crude product in DCM (2.34 mL) was added
2,6-1utidine (60.0 uL, 514 mmol) and TBSOTT (65.1 uL, 280 umol) dropwise over 50
min at —78 “C. After being stirred at =78 °C for 30 min, the reaction mixture was
quenched with MeOH (1.0 mL) and saturated aq. NH,CI (2.0 mL). The organic phase
was separated and the aqueous phase was extracted with CHCl; (4 mL x 1). The
combined organic phases were washed with brine (5 mL x 1), dried over sodium sulfate,
filtered, and concentrated under reduced pressure to afford the crude product. The
residue was purified by silica gel flash column chromatography (silica gel,
hexanes/EtOAc = 20/1) to afford 130 (117 mg, 100%) as a colorless oil; Rf = 0.65
(hexanes/EtOAc = 2/3); [a]?, +34.0° (¢ 1.00, CHCI,); IR (neat) v ., (em™): 2939,
2885, 1736, 1442, 1373, 1242, 1165, 1111, 1018, 918, 887, 849, 756, 710, 663, 609,
509, 462; '"H NMR (500 MHz, CDCl,) & (ppm): 5.98 (ddd, J = 9.6, 6.9, 2.3 Hz, 1H),
547 (dd,J=103,23 Hz,1H),4.79 (d,J =69 Hz, 1H),4.59 (d, J = 6.9 Hz, 1H), 3.98
(d,J=109 Hz, 1H), 3.85 (m, 1H), 3.63 (m, 4H), 3.57 (m, 3H), 3.51 (br d, 1H), 3.40 (m,
4H),2.53 (m, 2H),2.42 (br d, 1H), 2.10 (m, 1H), 2.05 (m, 1H), 1.92 (m, 1H) 1.78 (dd, J
=13.5,11.7 Hz, 1H), 1.65 (m, 1H), 1.41 (app d, 1H), 1.39 (m, 1H), 0.99 (d, J = 6.9 Hz,
3H), 0.98 (m, 6H) 0.99 (m, 9H); “C NMR (125 MHz, CDCl,) é (ppm): 173.3,159.2,
140.7, 1304, 1294 (2C), 121.8, 113.8 (2C), 108.9, 739, 73.1, 72.6, 70.0, 66.3, 55 4,
37.7,35.7, 295, 264, 263, 259, 22.6, 22.4; HRMS-ESI (m/z): [M+Na]" calcd for
C,H,.,NaO,Si, 521.291; found, 521.290

a -Hydroxy ester 131

MoOsg-py*HMPA
LDA

THF, —78 °C
61
(dr.=3:2)




To a solution of diisopropylamine (102 uL, 720 wmol) in THF (2.4 mL) was
added dropwise n-BuLi (450 uL, 720 umol, 1.6 M in Hexans) at —78 °C. The reaction
mixture was warmed to 0 “C. After stirring for 30 min at 0 °C, the reaction mixture was
cooled to —78 °C and added dropwise 130 (120 mg, 240 wmol) in THF. After stirring for
30 min, the reaction mixture was added MoOs*py*HMPA (255 mg, 720 umol) in THF
(2.4 mL). After stirring for 30 min, the reaction mixture was quenched with saturated aq.
Na,SO; (2.4 mL) and extracted with AcOEt (3 mL x 3). The combined organic phases
were washed with brine (10 mL x 1), dried over sodium sulfate, concentrated in vacuo
to afford the crude product. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 131 (84 mg, 68%) as a
colorless oil; Rf = 0.62 (hexanes/EtOAc = 5/1); IR (KBr) v em™*: 3074, 2954, 2935,
2910, 2877, 1856; '"H NMR (500 MHz, CD,Cl,) § (ppm): {941 [d,J = 8.02 Hz,0.5H
(diastereomer)], 9.37 [d, J = 8.02 Hz, 1H]}, 7.27-7.18 (m, 5H), {7.09 [dd,J=154,10.8
Hz, 0.5H (diastereomer)], 6.68 [dd, J = 15.4, 9.74 Hz, 1H]}, {6.00 [dd, J = 154, 8.02
Hz, 0.5H (diastereomer)], 593 [d, J = 154, 8.02, Hz, 1H]}, 4.74-4.63 (m, 3H),
4.58-4.46 (m, 3H), 4.35 (d, J =10.8 Hz, 1H), 3.76-3.66 (m, 2H), 3.62-3.55 (m, 2H),
3.48-343 (m, 2H), 3.32-3.25 (m, 4H), 3.19 (app d, 1H), {2.89 [dd, J = 10.8, 5.73 Hz,
0.5H (diastereomer)], 2.74 [m, 1H]}, 2.34 (m, 1H), 2.22-2.14 (m, 2H), 2.07-1.94 (m,
3H); "C NMR (125 MHz, CDCl,) 8 (ppm): [194.5 (diastereomer), 194.2], [178.5
(diastereomer), 117.7], [160.1 (diastereomer), 157.8], 137.8, [134.4, 133.7
(diastereomer)], 128.9 (2C), 128.2 (2C), 128.0, [95.1 (diastereomer), 93.2], [93.0
(diastereomer), 92.7], [83.1 (diastereomer), 80.9], 77.16, [75.3 (diastereomer), 74.7],
[75.1 (diastereomer), 74.0] [72.0 (diastereomer), 71.5], [69.9 (diastereomer), 69.8],
[67.6 (diastereomer), 67.3], 66.9, 594, [43.8 (diasterecomer), 41.7], [40.8, 39.8
(diastereomer)], [39.0 (diastereomer), 38.7], [34.3 (diastereomer), 34.5], [31.4, 30.9
(diastereomer)], 27.3(4C), [25.4, 25.0 (diastereomer)], [17.4, 17.3 (diastereomer)].
HRMS-ESI (m/z): [M+Na]" calcd for C,H,,O,Na, 597.3039; found, 597.3037.
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Methy ether 132

MezO*BF,~
OH  Proton-sponge
—_—
DCM, 4A MS
0°C, 98%

To a suspension of 131 (100 mg, 194 umol) and activated 4 MS (300 mg) in
DCM (3.88 mL) was added Proton-sponge (166 mg, 776 wmol) and Me,O*BF,” (57 mg,
388 umol) at 0 “C. After stirring for 2 h, the reaction mixture was quenched with
saturated aq. NH,CI (4 mL) and extracted with DCM (4 mL x 3). The combined organic
phases were washed with brine (12 mL x 1), dried over sodium sulfate, concentrated in
vacuo to afford the crude product. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 132 (84 mg, 68%) as a
colorless oil; Rf = 0.62 (hexanes/EtOAc = 5/1); 'H NMR (500 MHz, CD,Cl,)
0 (ppm): {941 [d, J = 8.02 Hz, 0.5H (diastereomer)], 9.37 [d, J = 8.02 Hz, 1H]},
7.27-7.18 (m, 5H), {7.09 [dd, J = 15.4, 10.8 Hz, 0.5H (diastereomer)], 6.68 [dd, J =
154, 9.74 Hz, 1H]}, {6.00 [dd, J = 154, 8.02 Hz, 0.5H (diastereomer)], 593 [d, J =
154, 8.02, Hz, 1H]}, 4.74-4.63 (m, 3H), 4.58-4.46 (m, 3H), 4.35 (d, J =10.8 Hz, 1H),
3.76-3.66 (m, 2H), 3.62-3.55 (m, 2H), 3.48-3.43 (m, 2H), 3.32-3.25 (m, 4H), 3.19 (app
d, 1H), {2.89 [dd, J = 10.8,5.73 Hz, 0.5H (diastereomer)], 2.74 [m, 1H]}, 2.34 (m, 1H),
2.22-2.14 (m, 2H), 2.07-1.94 (m, 3H); "C NMR (125 MHz, CDCl,) 8 (ppm): [194.5
(diastereomer), 194.2], [178.5 (diastereomer), 117.7], [160.1 (diastereomer), 157.8],
137.8, [1344, 133.7 (diastereomer)], 1289 (2C), 128.2 (2C), 128.0, [95.1
(diastereomer), 93.2], [93.0 (diastereomer), 92.7], [83.1 (diastereomer), 80.9], 77.16,
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[75.3 (diastereomer), 74.7], [75.1 (diastereomer), 74.0] [72.0 (diastereomer), 71.5],
[69.9 (diastereomer), 69.8], [67.6 (diastereomer), 67.3], 66.9, 59 4, [43.8 (diastereomer),
41.7], [40.8, 39.8 (diastereomer)], [39.0 (diastereomer), 38.7], [34.3 (diastereomer),
34.5], [31.4, 30.9 (diastereomer)], 27.3(4C), [25.4, 25.0 (diastereomer)], [17.4, 17.3
(diastereomer)]. HRMS-ESI (m/z): [M+Na]* calced for C;,H,;O,Na, 597.3039, found
597.3037.

Aldehyde precursor 156

83 S @)

MeLi in Et,0 PMBO™ “CCl, 0o
—_— : ol
PivO oteas THR.-78°C o oTBS CSA, DCM PMBO oTBS
P P rt.
96% (2 steps) =
27 155 156

To a stirred solution of 27 (59.2 mg, 148 mmol) in THF (1.48 mL) was slowly
added MeLi in Et,O (1.13 M, 196 uL, 222 umol) over 2 min at —78 °C. After being
stirred for 10 min, the reaction mixture was diluted with Et,0 (2.0 mL) and quenched
with saturated aq. NH,Cl (3.0 mL). Resulted two layers were separated and the aqueous
phase was extracted with Et,O (5.0 mL x 1). The combined organic layers were washed
with brine, dried over sodium sulfate, filtered, and concentrated in vacuo. This resulting
155 was used in the next reaction without further purification; Rf = 048
(hexanes/EtOAc = 2/1);

To a stirred solution of freshly prepared 155 in DCM (106 uL) was slowly
added 4-methoxybenzyl-2,2 2-trichloroacetimidate (46.1 uL, 258 umol) in DCM (190
ulL) and (z)-10-camphorsulfonic acid (1.72 mg, 7.40 umol) at O °C. The stirred mixture
was warmed to room temperature and stirred for 22 h. Then the reaction mixture was
diluted with hexanes/EtOAc =1/1 (v/v, 1.0 mL) and quenched with saturated aq.
NaHCO; (2.0 mL). Resulted two layers were separated and the aqueous phase was
extracted with hexanes/EtOAc = 1/1 (v/v, 3.0 mL x 1). The combined organic layers

were washed with brine, dried over sodium sulfate, filtered, and concentrated in vacuo.
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The residue was purified by silica gel flash column chromatography (silica gel,
hexanes/EtOAc = 10/1) to afford 156 (62.2 mg, 96%) as a colorless oil; Rf = 0.67
(hexanes/EtOAc = 3/1); [a]?, +25.4° (¢ 1.00, CHCL,); IR (neat) v ., (em™): 2954,
2931, 2858, 1612, 1512, 1462, 1369, 1246, 1215, 1072, 1038, 910, 833, 775, 733; 'H
NMR (500 MHz, CDCl,) 6 (ppm): 7.25 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H),
5.79 (ddd,J=17.5,10.3 Hz, 8.0, 1H), 5.16-5.08 (complex m, 2H), 4.45 (d,/J=11.5 Hz,
1H), 441 (d,J =115 Hz, 1H), 4.08 (app dd, J = 12.6, 6.3 Hz, 1H), 3.95 (dd, J = 5.3,
4.6 Hz, 1H),3.90 (dd,J =8.0,6.3 Hz, 1H), 3.81 (s, 3H), 3.79 (dd, /= 15.2,7.5 Hz, 1H),
3.59(dd,J=9.2,63Hz, 1H),3.50 (dd,J=9.2,6.9 Hz, 1H), 2.57 (m, 1H), 1.39 (s, 3H),
1.30 (s, 3H), 0.87 (s, 9H), 0.08 (s, 3H), 0.07 (s, 3H); “C NMR (125 MHz, CDCl,) §
(ppm): 159.2,137.0,130.7,129.2 (2C), 117.2,113.8 (2C), 108.5,77.0,73.1,72.7, 69.8,
66.1, 554, 48.8, 26.7, 26.0 (3C), 254, 18.3, 4.1 (2C); HRMS-ESI (m/z): [M+Na]"
calcd for C,,H,,NaO,Si, 459.2543; found, 459.2535.

Aldehyde 157

OA( oj(

O OSO4, Na|O4
2,6-Lutidine )
PMBO OTBS 1,4-Dioxane/H,0 -
P 1. 83% PMBO OTBS
~
0
156 157

To a stirred solution of 156 (97.7 mg, 224 uwmol) in 14-dioxane/H,O = 3/1
(v/v,4.48 mL) was added 2,6-Lutidine (52.2 uL, 448 umol), a solution of OsO, (4% in
H,0, 71.3 uL, 11.2 wmol) and NalO, (192 mg, 896 umol) at room temperature. After
being stirred for 1.5 h, the reaction mixture was diluted with DCM (5.0 mL). Resulted
two layers were separated and the aqueous phase was extracted with DCM (5.0 mL x 1).
The combined organic layers were washed with brine, dried over sodium sulfate,
filtered, and concentrated under reduced pressure to afford the crude product. The

residue was purified by silica gel flash column chromatography (silica gel,

hexanes/EtOAc = 8/1) to afford 157 (81.2 mg, 83%) as a colorless oil; Rf = 0.50
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(hexanes/EtOAc = 3/1); [a]?, +5.64° (¢ 1.00, CHCL,); IR (neat) v, (cm™): 2989,
2951,2931, 2858, 1736, 1612, 1512, 1458, 1369, 1246, 1215, 1072, 1038, 833, 775; 'H
NMR (500 MHz, CDCL,) & (ppm): 9.80 (d, J = 1.2 Hz, 1H), 7.25 (d, J = 8.6 Hz, 2H),
6.87 (d, J = 8.6 Hz, 2H), 4.48 (d, J = 11.5 Hz, 1H), 445 (d, J = 11.5 Hz, 1H), 421 (dd,
J=69,29 Hz, 1H),4.03 (m, 1H), 3.88 (dd, J = 9.9, 8.0 Hz, 1H), 3.81 (s, 3H), 3.78 (m,
1H), 2.92 (m, 1H), 1.39 (s, 3H), 1.31 (s, 3H), 0.82 (s, 9H), 0.08 (s, 3H), -0.01 (s, 3H);
13C NMR (125 MHz, CDCl,) & (ppm): 2034, 159.4, 130.1, 129.4 (2C), 113.9 (2C),
109.4, 77.2, 73.1, 71.2, 673, 65.1, 55.5, 55.4, 26.7, 259 (3C), 253, 18.2, 4.2, -4 4;
HRMS-ESI (m/z): [M+Na]" calcd for C,;H;NaO,Si, 461.2335; found, 461.2334.

Pivaloyl ester 159

(o) .
LiAlH4, THF
)J\/\/\H/OH 7, OH
(0]

6-Oxoheptanoic acid 158

PivCl
Pyridine OH

DCM,—30 °C )\/\/\/OPIV

53% (2 steps)

159

To a stirred suspension of LiAlH, (1.62 g, 42.7 mmol) in THF (50 mL) was
added dropwise a solution of 6-Oxoheptanoic acid (90%, 1.95 g, 12.2 mmol) in THF
(31.3 mL) over 30 min at O °C under. The stirred mixture was allowed to warm to room
temperature and stirred for 70 min. Then the reaction mixture was cooled to 0 °C again
and quenched carefully with Na,SO,*10H,0/Celite® = 1.5/1 (w/w, 25 g). The resultant
was stirred vigorously for 20 min at ambient temperature, then filtered through a pad of
Celite®. The filtrate was concentrated under reduced pressure to afford the crude
product. This resulting diol 158 was used in the next reaction without further
purification; Rf = 0.51 (CHCL;/MeOH = 5/1)

To a stirred solution of fleshly prepared 158 in DCM (41.3 mL) was added
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Pyridine (3.00 mL, 37.1 mmol) and PivCl (1.72 mL, 14.0 mmol) at -30 °C. After being
stirred at —30°C for 70 min, the reaction mixture was quenched with saturated aq.
NH,CI (50 mL). Resulted two layers were separated and washed with 1M HCI aq.
solution (50 mL x 1). The aqueous phase was extracted with DCM (50 mL x 1). The
combined organic layers were washed with brine, dried over sodium sulfate, filtered,
and concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 4/1) to afford 159 (1.39 g, 53%) as a
colorless oil; Rf = 0.46 (hexanes/EtOAc = 1/1); IR (neat) v .. (cm™): 3448, 2970,
2935, 2862, 1728, 1458, 1365, 1284, 1215, 1157, 1034, 756; '"H NMR (500 MHz,
CDCL) o (ppm): 4.05 (t, J = 6.6 Hz, 2H), 3.80 (m, 1H), 1.64 (m, 2H), 1.51-1.32
(complex m, 6H), 1.19 (d, J = 6.3 Hz, 3H), 1.19 (s, 9H); "C NMR (125 MHz, CDCI,)
0 (ppm): 178.8, 68.0, 64.4,39.2, 38.8, 28.7,27.3 (3C), 260, 25.5, 23.6; HRMS-FAB
(m/z): [M+H]" calcd for C,H,;05, 217.1804, found 217.1800.

Tetrazol 160

PPh, PTSH NN
OH DIAD in Toluene N-"\

)\/\/\/OPiv > N'N
THF, 0 °C j\/\/\/ .
159 81% OPiv

160

To a stirred solution of 159 (450 mg, 2.08 mmol) in THF (104 mL) was
added PPh; (600 mg, 2.29 mmol) and 1-phenyl-1H-tetrazole-5-thiol (408 mg, 2.29
mmol) at 0 °C. Then a solution of diisopropyl azodicarboxylate (DIAD) in Toluene
(1.90 M, 1.31 mL, 2.50 mmol) was added dropwise over 10 min at 0 °C. After being
stirred at O °C for 3 h, the reaction mixture was diluted with Et,0O (10 mL) and quenched
with saturated aq. NaHCO; (20 mL). Resulted two layers were separated and the
aqueous phase was extracted with Et,0 (30 mL x 1). The combined organic layers were
washed with brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The

residue was purified by silica gel flash column chromatography (silica gel,
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hexanes/EtOAc = 8/1 to 5/1) to afford 160 (631 mg, 81%) as a colorless oil; Rf = 0.65
(hexanes/EtOAc = 1/1); IR (neat) v ., (em™): 2970, 2935, 1866, 1724, 1500, 1458,
1377, 1284, 1230, 1215, 1153, 760, 694; 'H NMR (500 MHz, CDCl,) & (ppm):
7.59-7.52 (complex m, SH), 4.09-4.00 (complex m, 3H), 1.81 (m, 1H), 1.73 (m, 1H),
1.63 (m, 2H), 1.56-1.45 (complex m, 5H), 1.40 (m, 2H), 1.18 (s, 9H); “C NMR (125
MHz, CDCl;) 6 (ppm): 178.6, 154.1, 133.8, 130.1, 129.8 (2C), 124.0 (2C), 64.2,44.7,
38.7, 36.5, 28.5, 27.2 (3C), 26.5, 25.7, 21.4; HRMS-ESI (m/z): [M+Na]" calcd for
C,,H,4N,NaO,S, 399.1831; found, 399.1833.

PT-sulfone 161

Ph. N m-CPBA Ph. N
N-N N-N
/L\ lN NaHCO3 _ /k\ ,N
s” N DCM, r.t. 08" "N
Ao~ 0P 84% A~ ~_OPiv
160 161

To a stirred solution of 160 (2.28 g, 6.06 mmol) in DCM (121 mL) was added
anhydrous NaHCO; (5.09 g, 60.6 mmol) and m-chloroperoxybenzoic acid (m-CPBA)
(77%,6.79 g, 30.3 mmol) at room temperature under N, atmosphere. After being stirred
at ambient temperature for 10 h, the reaction mixture was quenched with saturated aq.
NaHCO, (100 mL) and saturated aq. Na,S,0; (100 mL) and stirred for 10 min. Resulted
two layers were separated and the aqueous phase was extracted with DCM (300 mL x
1). The combined organic layers were washed with brine, dried over sodium sulfate,
filtered, and concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 5/1 to 4/1) to afford 161 (2.07 g, 84%) as
a colorless oil; Rf = 0.61 (hexanes/EtOAc = 1/1); IR (neat) v . (cm™): 2970, 2943,
2870, 1724, 1496, 1458, 1365, 1342, 1284, 1230, 1215, 1149, 1038, 764, 690, 621, 528;
'"H NMR (500 MHz, CDCl,) 8 (ppm): 7.59-7.58 (complex m, 5H), 4.05 (t,J = 6.6 Hz,
2H), 3.87 (m, 1H), 2.08 (m, 1H), 1.73-1.35 (complex m, 7H), 1.50 (d, J = 6.9 Hz, 3H),
1.19 (s, 9H); ®C NMR (125 MHz, CDCl,) § (ppm): 178.7,152.8,133.2, 131.5, 129.7
(20), 1255 (2C), 640, 61.1, 38.8, 28 4, 28 .4, 27.3 (3C), 26.0, 25.7, 12.8; HRMS-ESI
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(m/z): [M+Na]" calcd for C,,H,4N,NaO,S, 431.1729, found 431.1723.

Trisubstituted olefin 162

O 161

o U 93

PMBO OTBS
= OPiv

\J

PMBO OTBS LHMDS, THF
_ -78 ‘Ctor.t.
0 62%

157 EZ=1:1 162

To a stirred solution of 161 (154 mg, 273 wmol) in THF (1.48 mL) was
slowly added a solution of LHMDS in THF (1.14 M, 239 uL, 273 umol) at -78 °C.
After being stirred at —78 °C for 30 min, the stirred mixture was added dropwise a
solution of 157 in THF (1.0 mL) over 4 min at —78°C. Then the solution was allowed to
warm to room temperature and stirred for 70 min. The reaction mixture was diluted with
Et,0 (2.0 mL) and quenched with saturated aq. NH,C1 (3.0 mL). Resulted two layers
were separated and the aqueous phase was extracted with Et,0 (4.0 mL x 1). The
combined organic layers were washed with brine, dried over sodium sulfate, filtered,
and concentrated under reduced pressure to afford the crude product. The residue was
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 20/1 to
10/1) to afford inseparable mixture 162 (E/Z = 1/1, 94.7 mg, 62%) as a colorless oil; Rf
= 0.60 (hexanes/EtOAc = 3/1); IR (neat) v .. (em™): 3016, 2970, 2939, 2858, 1739,
1612, 1512, 1454, 1365, 1215, 1153, 1068, 833, 775; '"H NMR (500 MHz, CDCL,) §
(ppm): 7.23 (d,J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz,2H), 5.03 (d,/=9.7 Hz, 1H), 4 .43
(d,J=12.0Hz, 1H),4.38 (d,J=12.0 Hz, 1H), 4.14 (m, 1H), 4.03 (dt,J = 6.3,2.3 Hz,
2H), 3.92-3.72 (complex m, 4H), 3.80 (s, 3H), 3.57 (m, 1H), 3.34 (m, 1H), 2.80 (m, 1H),
2.12 (m, 0.5H), 2.03-1.92 (complex m, 1.5H), 1.70 (s, 1.5H), 1.66-1.57 (complex m,
2.5H), 1.47-1.25 (complex m, 4H), 1.39 (s, 3H), 1.31 (s, 3H), 1.19 (s, 9H), 0.86 (s, 9H),
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0.06 (s, 1.5H), 0.06 (s, 1.5H), 0.05 (s, 1.5H), 0.05 (s, 1.5H); *C NMR (125 MHz,
CDCL,) & (ppm): 1787, 159.1, 137.5, 130.9 (0.5C), 130.9 (0.5C), 129.1, 129.1, 124.4
(0.5C), 123.5 (0.5C), 113.7 (0.5C), 108.4 (0.5C), 108.4 (0.5C), 77.3 (0.5C), 77.3 (0.5C),
74.7 (0.5C), 73.9, (0.5C) 72.6, 70.6 (0.5C), 70.5 (0.5C), 66.4 (0.5C), 66.1 (0.5C), 64.5,
55.3,42.7 (0.5C), 42.1 (0.5C), 39.9, 38.8 (0.5C), 32.3 (0.5C), 28.7 (0.5C), 28.6 (0.5C),
27.8 (0.5C), 27.6 (0.5C), 27.3 (3C), 26.7 (0.5C), 26.6 (0.5C), 26.3 (0.5C), 26.1 (3C),
25.7 (0.5C), 23.6 (0.5C), 18.3 (0.5C), 18.3 (0.5C), 16.7 (0.5C), —4.0, —4.0, (2C) —4.1;
HRMS-ESI (m/z): [M+Na]" calcd for C;sHgNaO,Si, 643.4001, found 643.4005.

Mono-ol 163
o)( o)(
0] MelLi in Et,0O O
THF
PMBO OTBS _78°C, 10 min PMBO OTBS
= OPiv 97% = OH
162 163

To a stirred solution of 162 (93.5 mg, 151 wmol) in THF (1.51 mL) was
slowly added a solution of MeLi in Et,O (1.13 M, 348 uL, 453 umol) at —78 °C. After
being stirred at —78 °C for 10 min, the reaction mixture was diluted with Et,O (2.0 mL)
and quenched with saturated aq. NH,CI (3.0 mL). Resulted two layers were separated
and the aqueous phase was extracted with Et,O (4.0 mL x 1). The combined organic
layers were washed with brine, dried over sodium sulfate, filtered, and concentrated
under in vacuo. The residue was purified by silica gel flash column chromatography
(silica gel, hexanes/EtOAc = 5/1 to 1/1) to afford inseparable mixture 163 (E/Z = 1/1,
78.8 mg, 97%) as a colorless oil; Rf = 0.33 (hexanes/EtOAc = 2/1); IR (neat) v ..
(em™): 3460, 3016, 2931, 2858, 1739, 1612, 1512, 1454, 1369, 1215, 1068, 833, 775;
'"H NMR (500 MHz, CDCl;) & (ppm): 7.23 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz,
2H),5.03 (d,J=9.7Hz, 1H),4.43 (d,J =12.0 Hz, 1H),4.38 (d,J = 12.0 Hz, 1H), 4.14
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(m, 1H), 3.89 (complex m, 1.5H), 3.84-3.74 (complex m, 1.5H), 3.80 (s, 3H), 3.67-3.53
(complex m, 3H), 3.34 (ddd, J = 15.0, 9.0, 6.3 Hz, 1H), 2.79 (m, 1H), 2.12 (m, 0.5H),
2.06-1.93 (complex m, 1.5H), 1.70 (s, 1.5H), 1.63 (s, 1.5H), 1.55 (m, 2H), 1.49 (br, 1H),
1.42 (m, 2H), 1.40 (s, 3H), 1.33 (m, 2H), 1.31 (s, 3H), 0.87 (s, 9H), 0.07 (s, 1.5H), 0.06
(s, 1.5H),0.05 (s, 1.5H), 0.05 (s, 1.5H); *C NMR (125 MHz, CDC]l,) d (ppm): 159.1,
137.6 (0.5C), 137.5 (0.5C), 130.9 (0.5C), 130.9 (0.5C), 129.2, 129.1, 124.5 (0.5C),
123.6 (0.5C), 113.7 (2C), 1084 (0.5C), 108.4 (0.5C), 774 (0.5C), 77.3 (0.5C), 74.7
(0.5C),73.7 (0.5C), 72.6 (0.5C), 72.5 (0.5C), 70.6 (0.5C), 70.4 (0.5C), 66.3 (0.5C), 66.0
(0.5C), 63.0,554,42.8 (0.5C), 42.1 (0.5C), 39.9 (0.5C), 32.8 (0.5C), 32.8 (0.5C), 32.2
(0.5C), 27.9 (0.5C), 27.6 (0.5C), 26.6, 26.1 (3C), 25.9 (0.5C), 25.4 (0.5C), 25.3 (0.5C),
25.3(0.5C),23.6 (0.5C), 18.3 (0.5C), 18.3 (0.5C), 16.6 (0.5C),—4.0 (1.5C),—4.1 (0.5C);
HRMS-ESI (m/z): [M+Na]" calcd for C;,H;,NaO,Si, 559.3431; found, 559.3435.

Acid 165
O O NaCIOz, NaH2P04'H20
DMP, DCM 2-Methyl-2-butene
—_— L ot
PMBO OTBS rt. PMBO OTBS t-BuOH / THF / H,0
= OH = 0 r.t., quant.
- (2 steps)
163 164
OA(
()
PMBO OTBS
= HO 0]
165

To a stirred solution of 163 (481 mg, 896 wmol) in DCM (8.96 mL) was
added Dess-Martin periodinane (760 mg, 1.79 mmol) at room temperature under N,

atmosphere. After being stirred at ambient temperature for 70 min, the reaction mixture
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was filtered through Celite® and washed with DCM (10.0 mL). The filtrate was washed
with saturated aq. NaHCO,; (20 mL x 1), saturated aq. Na,S,0; (20 mL x 1) and brine,
dried over sodium sulfate, filtered, and concentrated in vacuo. This resulting aldehyde
164 was used in the next reaction without further purification; Rf = 0.59
(hexanes/EtOAc = 2/1).

To a stirred solution of fleshly prepared 164 in +-BuOH/THF = 1/1 (v/v, 17.9
mL) was added 2-Methyl-2-butene (1.90 mL, 17.9 mmol) and a solution of
NaH,PO,2H,0O (1.12 g, 7.17 mmol) in H,O (9.0 mL) at room temperature. Then the
stirred solution was slowly added of a solution of NaClO, (79%, 423 mg, 2.83 mmol) in
H,O (9.0 mL) and stirred for 10 min. The reaction mixture was diluted with DCM (50
mL), resulted two layers were separated and the aqueous phase was extracted with
DCM (50 mL x 1). The combined organic layers were washed with brine, dried over
sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by silica
gel flash column chromatography (silica gel, hexanes/EtOAc = 10/1, 5/1, 3/1 to 1/1) to
afford inseparable mixture 165 (E/Z = 1/1, 507 mg, 100%) as a pale yellow oil; Rf =
0.33 (hexanes/EtOAc = 2/1); IR (neat) v ., (cm™): 3444, 3012, 2931, 2858, 1739,
1612, 1512, 1458, 1369, 1230, 1215, 1068, 1038, 833, 775; '"H NMR (500 MHz,
CDCL,) o (ppm): 7.23 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 5.04 (m, 1H), 443
(d,J=115Hz, 1H),4.38 (d,J = 12.0 Hz, 1H), 4.13 (m, 1H), 3.89 (complex m, 1.5H),
3.84-3.74 (complex m, 1.5H), 3.80 (s, 3H), 3.57 (m, 1H), 3.34 (ddd, J = 13.8,9.5, 6.6
Hz, 1H), 2.80 (m, 1H), 2.34 (ddd, J = 10.3, 7.5, 7.5 Hz, 2H), 2.13 (m, 0.5H), 2.06-1.93
(complex m, 1.5H), 1.70 (d,J = 1.2 Hz, 1.5H), 1.62 (d,J = 1.2 Hz, 1.5H), 1.61 (m, 2H),
1.44 (m, 2H), 1.39 (s, 3H), 1.31 (m, 1.5H), 1.31 (s, 1.5H), 0.86 (s, 9H), 0.06 (s, 1.5H),
0.06 (s, 1.5H), 0.05 (s, 3H); "C NMR (125 MHz, CDCl,) & (ppm): 179.8 (0.5C),
179.6 (0.5C), 159.1 (0.5C), 137.2 (0.5C), 130.9, (0.5C) 130.8 (0.5C), 129.2, 129.1,
124.8 (0.5C), 123.9 (0.5C), 113.7 (2C), 108.5 (0.5C), 108.5 (0.5C), 77.4 (0.5C), 77.3
(0.5C),74.7 (0.5C), 73.8 (0.5C), 72.6,70.6 (0.5C), 70.4 (0.5C), 66.4 (0.5C), 66.1 (0.5C),
55.3,42.8 (0.5C), 42.1 (0.5C), 39.6 (0.5C), 34.1 (0.5C), 34.0 (0.5C), 31.9 (0.5C), 27.5
(0.5C),27.2 (0.5C), 26.6,26.1 (1.5C), 26.1 (1.5C),25.3 (0.5C), 25.2 (0.5C), 24.8 (0.5C),
244 (0.5C), 23.6 (0.5C), 18.3 (0.5C), 18.3 (0.5C), 16.6 (0.5C), 4.0 (1.5C),—4.1 (0.5C);
HRMS-ESI (m/z): [M+Na]" calcd for C;,Hs,NaO,Si, 573.3224; found, 573.3221.
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Seco acid 166

O o)
TBAF in THF
PMBO OTBS THF = PMBO OH
HO reflux, HO
= o 88% = 0
165 166

To a stirred solution of 165 (397 mg, 721 wmol) in THF (3.61 mL) was added
a solution of TBAF in THF (1.0 M, 2.16 mL, 2.16 mmol) at room temperature, then the
stirred mixture was heated to reflux and stirred for 2.5 h. Then the reaction mixture was
cooled to room temperature and diluted with Et,O (5.0 mL), quenched with saturated aq.
NH,CI (10 mL). Resulted two layers were separated and the aqueous phase was
extracted with Et,O (10 mL x 1). The combined organic layers were washed with brine,
dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was purified
by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 5/1, 3/1, 1/1 to
1/2) to afford inseparable mixture 166 (276 mg, 88%) as a colorless oil; Rf = 0.50
(hexanes/EtOAc/AcOH = 1/1/0.1); IR (neat) v ., (cm™): 3444, 2935, 2862, 1739,
1612, 1512, 1454, 1369, 1230, 1215, 1061, 1034, 849, 822; 'H NMR (500 MHz,
CDCL,) o (ppm): 7.23 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.21 (dd, J = 20.1,
10.3, 1H), 4.43 (complex m, 2H), 4.04 (m, 1H), 3.95 (m, 2H), 3.80 (s, 3H), 3.78-3.65
(complex m, 2H), 3.52 (m, 1H), 2.64 (m, 1H), 2.34 (m, 2H), 2.09-1.94 (complex m, 2H),
1.70 (s, 1.5H), 1.60 (s, 1.5H), 1.60 (s, 2H), 1.46 (m, 2H), 1.41 (s, 3H), 1.34 (s, 3H); C
NMR (125 MHz, CDCl,) 6 (ppm): 1794 (0.5C), 179.2 (0.5C), 159.3 (0.5C), 159.3
(0.5C), 137.6 (0.5C), 137.4 (0.5C), 130.0 (0.5C), 1299 (0.5C), 1294 (2 C), 122.6
(0.5C), 122.0 (0.5C), 1139 (2C), 109.0, 77.3 (0.5C), 77.2 (0.5C), 74.4 (0.5C), 73.8
(0.5C),73.3(0.5C), 73.2 (0.5C), 72.3 (0.5C), 72.2 (0.5C), 65.5 (0.5C), 65.3 (0.5C), 55 .3,

183



40.5 (0.5C), 40.0 (0.5C), 39.4 (0.5C), 33.9, 31.8 (0.5C), 27.5 (0.5C), 27.2 (0.5C), 26.6
(0.5C), 26.6 (0.5C), 254, 247 (0.5C), 243 (0.5C), 23.5 (0.5C), 164 (0.5C);
HRMS-ESI (m/z): [M+Na]" caled for C,,HNaO,, 459.2359, found 459.2356.

10-Membered lactone 167

O
2,4,6-Trichlorobenzoyl chloride
DMAP, DIPEA
PMBO OH _
=z HO o Benzene (0.35 mM)
r.t., 16%
Macrolactonization Undesired
166 167

To a stirred solution of 166 (10.5 mg, 24.1 umol) in benzene (482 ul.) was added
DIPEA (31.6 pL, 186 umol) and 2,4,6-trichlorobenzoyl chloride (17.7 pL, 113 umol) at
room temperature. After being stirred for 5 h, the stirred mixture was diluted with benzene
(3.89 mL), then the solution was heated to reflux and added a solution of DMAP (138 mg,
1.13 mmol) in benzene (3.0 mL) via syringe pump at 90 °C over 3 h. After being stirred for
14 h, the reaction mixture was cooled to ambient temperature and saturated aq. NaHCO3 (10
mL) was added and stirred for 15 min until phases became clear. Resulted two layers were
separated and the aqueous phase was extracted with EtOAc (10 mL x 1). The combined
organic layers were washed with brine, dried over sodium sulfate, filtered, and
concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 5/1, 3/1 to 1/1) to afford 167 (1.6 mg,
16%) as a colorless oil; Rf = 0.63 (hexanes/EtOAc = 1/1); [a]?, +37.4° (¢ 0.10,
CHCL,); IR (neat) v ., (em™): 2970, 2935, 2858, 1732, 1612, 1512, 1454, 1369, 1230,
1215, 1153, 1076, 1041, 845, 817; '"H NMR (500 MHz, CD,Cl,) & (ppm): 7.25 (d,J =
8.0 Hz, 2H), 6.87 (d,J = 8.6 Hz,2H), 5.02 (t,/=5.2 Hz, 1H),4.99 (d, /= 10.3 Hz, 1H),
447 (d,J =115 Hz, 1H), 442 (d,J = 120 Hz, 1H), 4.26 (dd, J = 12.3, 6.6 Hz, 1H),
394 (dd,J =8.0,6.3 Hz, 1H), 3.81 (m, 1H), 3.81 (s, 3H), 3.52 (dd,J =9.7,6.9 Hz, 1H),
346 (dd,J =95, 6.6 Hz, 1H), 3.40 (m, 1H), 2.51 (ddd, J = 14.8,6.9,2.3 Hz, 1H), 2.33
(m, 1H), 2.12 (ddd, J = 14.8, 12.2, 2.3 Hz, 1H), 1.92-1.75 (complex m, 3H), 1.69 (s,
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3H), 1.62-1.51 (m, 2H), 1.34 (s, 6H); *C NMR (125 MHz, CD,CL,) § (ppm): 1733,
159.2, 140.7, 130.4, 129.4 (2C), 121.8, 113.8 (2C), 108.9, 73.9, 73.1, 72.6, 70.0, 66.3,
55.4,37.7,35.7,295, 264,263, 259, 22.6, 22.4; HRMS-ESI (m/z): [M+Na]* calcd
for C,,H,,NaOy, 441.2253, found 441.2250.

Carboxylic acid 178

IBX

DMSO, 60 °C
78% (2 steps)

To a solution of 131 (100 mg, 234 umol) in MeOH (4.68 mL) and H,O (4.68
mL) was added K,CO; (258 mg, 1.87 mmol) at r.t. The reaction mixture was warmed to
60 °C. After stirring for 4 h, the reaction mixture was quenched with saturated aq. 1 N
HCI aq. (15 mL) and diluted with DCM (30 mL) and extracted with DCM (10 mL x 3).
The combined organic phases were washed with brine (30 mL x 1), dried over sodium
sulfate, concentrated in vacuo to afford the crude 177 as a yellow amorphous; which
was used in next reaction without further purification; Rf = 0.4 (hexanes/EtOAc+AcOH
=1/1).

To a stirred solution of crude of 177 in DMSO (2.34 mL) was added IBX (131
mg, 468 mmol) at r.t. The reaction mixture was warmed to 60 “C and being stirred for
1.5 h. The reaction mixture was diluted with AcOEt (6.0 mL) and washed with brine (4
mL x 3), dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 3/1) to
afford 178 (67 mg, 78%) as a colorless oil; Rf = 0.33 (hexanes/EtOAc = 1/2); [a]?,
+37.4° (¢ 0.10, CHCL,); IR (neat) v ... (em™): 2970, 2935, 2858, 1732, 1612, 1512,
1454, 1369, 1230, 1215, 1153, 1076, 1041, 845, 817; 'H NMR (500 MHz, CD,Cl,) &
(ppm): 7.25 (d,J =8.0 Hz,2H), 6.87 (d, J = 8.6 Hz, 2H), 5.02 (t,/ = 5.2 Hz, 1H), 4.99
(d,J=103Hz, 1H),447 (d,J=11.5Hz, 1H),4.42 (d,J = 12.0 Hz, 1H), 4.26 (dd, J =
12.3,6.6 Hz, 1H), 3.94 (dd, J = 8.0, 6.3 Hz, 1H), 3.81 (m, 1H), 3.81 (s, 3H), 3.52 (dd, J
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=9.7,69 Hz, 1H),3.46 (dd,J=9.5,6.6 Hz, 1H), 3.40 (m, 1H),2.51 (ddd,J=14.8,6.9,
23 Hz,1H),2.33 (m, 1H), 2.12 (ddd, J = 14.8, 12.2,2.3 Hz, 1H), 1.92-1.75 (complex m,
3H), 1.69 (s, 3H), 1.62-1.51 (m, 2H), 1.34 (s, 6H); "C NMR (125 MHz, CD,Cl,) d
(ppm): 173.3, 159.2, 140.7, 1304, 1294 (2C), 121.8, 113.8 (2C), 108.9, 73.9, 73.1,
72.6,70.0, 66.3,554,37.7,35.7,29.5,264, 263,259, 22.6, 22.4; HRMS-ESI (m/z):
[M+Na]* caled for C,,H;,NaOy, 441.2253; found, 441.2250.

Alcohol 180
TBSO OMOM TBSO OMOM TBSO OMOM
S,Ph,, BusP
oTBS Py“d'“e oTes 2 "2 s OTBS
DCM / MeOH . THFﬂ o
PivO -78°C PivO c to reflux iv

/ then NaBH, HO 87% PhS

179 (2 steps) 180

To a stirred solution of 30 (2.89 g, 5.57 mmol) in DCM (55.7 ml) and MeOH
(55.7 mL) was added pyridine (1.35 ml, 16.7 mmol) at —78 °C. Ozone gas was bubbled
into the stirred mixture until a faint blue color appeared. Following O, gas was bubbled
into the mixture until blue color was disappeared. The mixture was added NaBH, (1.05
g, 27.9 mmol) and warm to room temperature. After being stirred for 20 min, the
reaction mixture was quenched with saturated aq. NH,CI1 (100 mL). Resulted two layers
were separated and the aqueous phase was extracted with DCM (100 mL x 1). The
combined organic layers were washed with brine (100 mL x 2), dried over sodium
sulfate, filtered, and concentrated in vacuo to t afford the crude product as a colorless
oil; which was used in next reaction without further purification; Rf = 0.42
(hexanes/EtOAc = 4/1)

To a stirred solution of 179 (5.90 g, 11.3 mmol) in THF (22.5 mL) was added
Ph,S, (12.3 g, 56.5 mmol) at 0 °C. After being stirred for 10 min, the reaction mixture
was added Bu,P (27.1 mL 113 mmol) over 100 min at O °C. Following the solution was
warmed to 70 °C and stirred for 2 h. Then the reaction mixture was cooled to 0 °C

followed by quenched with 2 M NaOH agq. solution (100 mL). Resulted two layers were
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separated and the aqueous phase was extracted with Et,0O (50 mL x 2). The combined
organic layers were washed with brine, dried over sodium sulfate, filtered, and
concentrated under reduced pressure to afford the crude product. The residue was
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 60/1)
to afford 180 (5.80 g, 87%) as a colorless oil; Rf = 0.70 (hexanes/EtOAc = 5/1); [a. ],
-3.26° (¢ 1.00, CHCI,); IR (neat) v .. (em™): 2954, 2893, 2862, 2337, 177, 1473,
1396, 1249, 1153, 1149, 1083, 1033, 918, 833, 771; '"H NMR (500 MHz, CDCL,) &
(ppm): 7.35 (complex m, 2H), 7.26 (complex m, 2H), 7.16 (m, 1H),4.73 (d,J = 6.9 Hz,
1H),4.65 (d,J =69 Hz, 1H),4.55 (dd,J =11.2,4.0 Hz, 1H), 4.20 (t,J = 34 Hz, 1H),
404 (dd,J =8.6,2.8 Hz, 1H), 3.75 (m, 1H), 3.65 (dd, J = 10.9,5.2 Hz, 1H), 3.57 (dd, J
=109,6.3 Hz, 1H), 3.30 (s, 3H), 3.15 (dd, J = 13.2,5.2 Hz, 1H), 292 (dd,J = 13.5, 8.6
Hz, 1H), 2.22 (m, 1H), 1.89 (s, 9H), 0.89 (s, 9H), 0.88 (s, 9H), 0.10 (s, 3H), 0.07 (s, 3H),
0.02 (s, 6H); “C NMR (125 MHz, CDCl,) § (ppm): 178.4, 136.3, 129.3 (2C), 129.0
(20), 126.0, 96.6, 80.2, 719, 644, 63.1, 55.9, 40.1, 38.9, 33.2, 27.3 (3C), 26.1 (3C),
260 (3C), 18.3 (2C), 4.0, 4.6, -54 (2C); HRMS-ESI (m/z): [M+Na]" caled for
C;HssNaO4SSi,, 637.3390, found 637.2940.

Sulfone 181
TBSO OMOM TBSO OMOM
OTBS M07(NH4)024‘H20‘ OTBS
EtOH
PivO 0°Ctor.t. PivO
PhS 100% PhO,S
180 181

To a solution of 180 (5.80 g, 11.3 mmol) in EtOH (112 mL) was added
(NH,){Mo,0,,24H,0 (1.39 g, 1.13 mmol) in 30% aq. H,0, (34.8 mL) at 0 °C. Following
the solution was warmed to room temperature and stirred for 2 h. Then the reaction
mixture was diluted with Et,0O (100 mL). The reaction mixture was cautiously washed
with H,O (100 mL x 2). The combined organic layers were washed with brine, dried

over sodium sulfate, filtered, and concentrated in vacuo. The residue was purified by
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silica gel flash column chromatography (silica gel, hexanes/EtOAc = 20/1) to afford 181
(11.3 g, 100%) as a colorless oil; Rf = 0.45 (hexanes/EtOAc = 5/1); [a]?, -2.09° (¢
1.00, CHCL,); IR (neat) v .. (em™): 2954, 2893, 2862, 2360, 2337, 1728, 1466, 1365,
1257, 1149, 1087, 1033, 833, 779; '"H NMR (500 MHz, CDCl;) & (ppm): 7.92
(complex m, 2H), 7.65 (m, 1H), 7.56 (complex m, 2H), 4.75 (d,J = 6.3 Hz, 1H), 4.64 (d,
J=69 Hz, 1H),4.45(dd,J=11.5,5.7 Hz, 1H), 4.29 (t,J = 2.9 Hz, 1H), 3.75 (m, 1H),
3.62 (complex m, 2H), 3.33 (dd, J = 14.6, 6.9 Hz, 1H), 3.32 (s, 3H), 3.24 (dd, J = 14.3,
5.7 Hz, 1H), 2.58 (m, 1H), 1.12 (s, 9H), 0.89 (s, 9H), 0.86 (s, 9H) 0.10 (d, J = 2.9 Hz,
6H), 0.06 (d, J = 2.3 Hz, 6H); "C NMR (125 MHz, CDCl,) é (ppm): 178.0, 139.7,
133.7, 1294 (2C), 128.2 (2C), 96.6 799, 714, 63.2, 63.0, 38.7, 37.2,27.2 (3C), 259
(6C), 18.3 (2C), 18.2 (2C),4.2,-4.5,-5.4 (2C); HRMS-ESI (m/z): [M+Na]" calcd for
C;HssNaO4SSi,, 669.3287, found 669.3294.

Alcohol 182
TBSO OMOM HQ  OMOM
HF-pyridine
oTBS ———— oTBS
Pyridine
. 0°Ctor.t. PivO
PivO o
PhO,S 99% PhO,S
181 182

To a PFA flask containing 181 (14.5 g 22.4 mmol) was added a solution of
freshly prepared 10% HFepyridine (149 mL) at O °C. The stirred mixture allowed to
warm to room temperature and stirred for 3 h. Then the reaction mixture was cooled to
0 °C followed by cautiously quenched with saturated aq. NaHCO; (100 mL), and
diluted with DCM (100 mL). Resulted two layers were separated and the aqueous phase
was extracted with DCM (100 mL x 2). The combined organic layers were washed with
1 M HCI aq. solution (400 mL x 1) and brine, dried over sodium sulfate, filtered, and
concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 1/1) to afford 182 (11.2 g, 99%) as a
colorless amorphous; Rf = 0.50 (hexanes/EtOAc = 1/1); [a]?, +2.83° (¢ 1.00, CHCL,);
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IR (neat) v ., (cm™): 3533, 2954, 2893, 2862, 2360, 2337, 1728, 1466, 1365, 1257,
1149, 1080, 1026, 833, 779; '"H NMR (500 MHz, CDCl,) & (ppm): 7.91 (complex m,
2H), 7.67 (m, 1H), 7.58 (complex m, 2H), 4.70 (dd, J = 19.5, 6.9 Hz, 2H), 4.50 (dd, J =
11.7,5.7 Hz, 1H), 4.26 (dd, J =5.2,2.3 Hz, 1H), 3.96 (dd, J = 11.5, 8.6 Hz, 1H), 3.72
(m, 1H), 3.59 (complex m, 2H), 3.42 (s, 3H),3.32 (dd, J = 14.3,7.5 Hz, 1H), 3.16 (dd, J
=14.6,5.2 Hz, 1H), 307 (dd, J = 8.0, 4.6 Hz, 1H), 1.11 (s, 9H), 0.87 (s, 9H), 0.11 (s,
3H), 0.10 (s, 3H); ®C NMR (125 MHz, CDCl;) 8 (ppm): 178.0, 139.4, 134.0, 129.5
(20), 128.1 (2C), 97.2, 83.3, 71.3, 630, 62.6, 56.0, 54.6, 38.7, 36.9, 27.1 (3C), 25.9
(3C), 18.1, 4.4 (2C); HRMS-ESI (m/z): [M+Na]" calcd for C,sH,,NaO,SSi, 555.2424,
found 555.2424.

Formyl ester 183

(0]
HO  OMOM »o  omom
0] (0] H
oes I OTBS
@) H
PivO Pyridine PivG
PhO,S
2 r.t., 94% PhO,S
182 183

Preparation of Acetic formic anhydride

A stirred mixture of acetic anhydride (21.0 mL, 223 mmol) and formic acid
(9.5 mL, 223 mmol) was heated to 60 °C. After being stirred for 30 min at 60 °C, the
mixture was cooled to room temperature. This resulting acetic formic anhydride was

used in the next reaction without further purification.

In another flask, to a stirred solution of 182 (11.2 g, 22.3 mmol) and pyridine
(21.6 mL, 268 mmol) in DCM (223 mL) was dropwise added freshly prepared acetic
formic anhydride over 5 min at 0 °C. Then the stirred mixture was allowed to warm to

room temperature and stirred for 45 min. The reaction mixture was cooled to 0 °C
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followed by quenched with 2 M NaOH aq. (150 mL) and diluted with water. Resulted
two layers were separated the aqueous phase was extracted with DCM (200 mL x 1).
The combined organic layers were washed with 1M HCI aq. solution (300 mL x 1) and
brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 1/1) to
afford 183 (11.8 g, 94%) as a colorless oil; Rf = 0.65 (hexanes/EtOAc = 1/1); [a]?,
+1.23° (¢ 1.00, CHCL,); IR (neat) v . (em™): 2954, 2893, 2862, 1728, 1466, 1365,
1257, 1149, 1088, 1034, 925, 833, 779; '"H NMR (500 MHz, CDCl,) & (ppm): 8.08 (s,
1H), 7.91 (complex m , 2H), 7.67 (complex m, 2H), 7.58 (complex m, 2H), 4.68 (dd, J
=16.0,6.9 Hz, 2H), 4.46 (complex m, 2H), 4.32 (dd,J =4.6,29 Hz, 1H),4.11 (dd, J =
12.0,5.7 Hz, 1H), 4.03 (dd, J = 11.5,8.0 Hz, 1H), 3.83 (dd, J =9.2, 5.2 Hz 1H), 3.35 (s,
3H),3.31(dd,J=14.3,69 Hz, 1H), 3.21 (dd,J = 14.3,5.2 Hz, 1H), 2.57 (m, 1H), 1.12
(s,9H), 0.86 (s, 9H), 0.11 (s, 3H), 0.10 (s, 3H) ; “C NMR (125 MHz, CDCl,) & (ppm):
178.0, 160.7, 1394, 133.9, 129.5 (2C), 128.1 (2C), 96.2, 76.6, 714, 62.8 (2C), 56.1,
542, 38.7,37.1, 27.1 (3C), 259 (3C), 18.1, 4.4 (2C); HRMS-ESI (m/z): [M+Na]"
calcd for C,,H,,NaO,SSi, 583.2373, found 583.2381.

Dichloro vinyl ether 184

Cl
H»\O OMOM O OMOM
oTBS  PPhg, CCly 0TBS
EtsN,
S
PivO DCM r.i. PivO
PhO,S 90% PhO,S
183 184

To a stirred solution of PPh, (54.8 g, 209 mmol) in DCM (150 mL) was added
CCl, (223 mL, 105 mmol) at room temperature. After being stirred for 20 min, the
stirred mixture was added Et;N (43.5 mL, 314 mmol) and stirred for 20 min. Then the
resultant was added a solution of 183 (11.8 g, 20.9 mmol) in DCM (59.0 mL). After

being stirred for 90 min, the reaction mixture was cooled to O °C and quenched with
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saturated aq. NH,CI (200 mL). Resulted two layers were separated and the aqueous
phase was extracted with DCM (150 mL x 1). The combined organic layers were
washed with brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The
residue was purified by silica gel flash column chromatography (silica gel,
hexanes/EtOAc = 9/1) to afford 184 (11.7 g, 90%) as a colorless oil; Rf = 0.38
(hexanes/EtOAc = 3/1); [a]?, +0.05° (¢ 1.00, CHCL); IR (neat) v . (em™): 2954,
2892,2861, 1728, 1466, 1365, 1257, 1149, 1087, 1034, 833, 779; '"H NMR (500 MHz,
CDCL,) 6 (ppm): 7.91 (complex m, 2H), 7.67 (m, 1H), 7.58 (complex m, 2H), 6.57 (s,
1H), 4.70 (s, 2H),4.44 (dd,J = 11.5,5.7 Hz, 1H), 4.25 (m, 1H), 4.04 (complex m, 2H),
395(d,J=11.2,53 Hz, 1H),3.78 (dd, J = 8.6,5.2 Hz,1H), 3.37 (s, 3H), 3.29 (dd, J =
143,69 Hz, 1H), 3.19 (dd, J = 14.6, 5.7 Hz, 1H), 2.58 (m, 1H), 1.13 (s, 9H), 0.86 (s,
9H), 0.11 (s, 3H), 0.09 (s, 3H); “C NMR (125 MHz, CDCl,) & (ppm): 178.0, 143.5,
1394, 133.9, 1295 (2C), 128.1 (2C), 1043, 96.7, 779, 730, 714, 62.8, 56.2, 54.3,
38.7,37.3,27.2 (3C), 259 (3C), 18.3,-4 .4, —4.6; HRMS-ESI (m/z): [M+Na]" calcd for
C,,H,,Cl,NaO,SSi, 649.1800; found, 649.1788.

Ethynyl ether 185

Cl
X
Cl X
O OMOM n-BulLi OMOM
—_—
OTBS THF,-78°C  pivO OTBS
) 89%
PivO PhO,S
PhO,S
185
184

To a stirred solution of 184 (4.76 g, 7.61 mmol) in THF (76.1 mL) was
dropwise added n-BuLi in hexane (1.60 M, 19.0 mL, 30.4 mmol) over 80 min at —78 °C.
The stirred mixture was quenched with saturated aq. NH,CI and resulted two layers
were separated and the aqueous phase was extracted with EtOAc (100 mL x 1). The

combined organic layers were washed with brine, dried over sodium sulfate, filtered,
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and concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 3/1) to afford 185 (3.76 g, 89%) as a pale
yellow oil; Rf = 0.38 (hexanes/EtOAc = 3/1); [a]?, +1.23° (¢ 1.00, CHCL,); IR (neat)
v max (em): 3317, 2954, 2893, 2862, 2360, 1728, 1646, 1365, 1257, 1149, 1088, 918,
833,779; '"H NMR (500 MHz, CDCL,) 8 (ppm): 7.92 (complex m, 2H), 7.67 ( m, 1H),
7.58 (complex m, 2H),4.43 (dd,J=11.5,5.7 Hz, 1H), 4.23 (m, 1H), 4.14 (dd, J = 10.9,
5.7 Hz, 1H), 3.85 (m, 1H), 3.38 (s, 3H), 3.30 (dd, J = 14.6, 6.3 Hz, 1H), 3.19 (dd, J =
14.3,5.7 Hz, 1H), 2.53 (m, 1H), 1.56 (s, 1H), 1.13 (s, 9H), 0.86 (s, 9H), 0.12 (s, 3H),
0.09 (s, 3H); ®C NMR (125 MHz, CDCl;) & (ppm): 177.9, 139.3, 133.9, 129.5 (2C),
128.1 (2C), 96.5, 90.7, 78.0, 76.7, 71.1, 62.7, 56.1, 54.2, 38.7, 37.4, 27.2 (3C), 26.8,
259 (30), 18.1, —-4.5(2C); HRMS-FAB (m/z): [M]" caled for C,,H,,NaO,SSi,
579.2424; found, 579.2421.

Ester- TES 189

\\o
OMOM \\\
0
TESO OH OMOM
PhOS TESO
(o}

MNBA, DMAP PhO,S™ o
—— »  MEMO | ¢

DCM, O tor.t. . H

= o)

To a solution of 178 (30 mg, 78.4 wmol) and 188 (111 mg, 235 umol) in
DCM (392 ul) were added DMAP (23 mg, 188 umol) and MNBA (30 mg, 86.2 wmol)
at 0 °C. The reaction mixture was warmed to room temperature. After stirring for 1 h,
the reaction mixture was quenched with saturated aq. NH,Cl (400 uL) and extracted
with DCM (400 uL. x 2). The combined organic phases were washed with brine (1 mL
x 1), dried over sodium sulfate, concentrated in vacuo. The residue was purified by

silica gel flash column chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 189
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(34 mg, 60%) as a colorless oil; Rf = 0.4 (hexanes/EtOAc = 1/2); [a.]?, +37.4° (¢ 0.10,
CHCL,); IR (neat) v ., (em™): 2970, 2935, 2858, 1732, 1612, 1512, 1454, 1369, 1230,
1215, 1153, 1076, 1041, 845, 817; '"H NMR (500 MHz, CD,Cl,) 8 (ppm): 9.78 (s, 1H),
7.92 (m,2 H) 7.65 (m, 1),7.57 (m, 1),7.25 (d,J =8.0 Hz, 2H), 598 (m, 1H), 545 (d,J
=10.6 Hz, 1H), 5.17 (dd, J = Hz, 1H), 4.67-4.65 (complex m, 3H), 4.60 (d, J = 8.2 Hz,
1H), 4.16-4.05 (complex m, 1H), 3.84 (m, 1H), 3.72 (complex m, 2H), 3.62-3.58
(complex m, 3H), 3.52 (complex m, 3H), 3.37-3.36 (complex m, 4H), 3.34 (dd, J = 14.6,
6.3 Hz, 1H), 3.32 (dd, J = 14.6, 6.1 Hz, 1H), 2.57 (complex m, 2H), 2.25 (complex m,
2H), 2.12-2.04 (complex m, 2H), 1.78 (dd, J = 12.1 MHz, 1H), 1.49 (m, 1H), 1.21 (d,J
= 6.3 MHz, 3H), 0.92 (m, 9H), 0.56 (m, 6H); HRMS-ESI (m/z): [M+Na]* calcd for
C,HgNaO,;SSi, 808.352, found 808.353.

Acetal- TES 190

Y

N\

N\
0
OMOM
TESO
o LHMDS
PhO,S —

O  THF, -78°C
70%

To a solution of 189 (34 mg, 47.3 wmol) in THF (1.5 mL) was added LHMDS
in Hexanes (1.10 M, 236 uL, 260 umol) at —78 °C. After stirring for 15 min, the
reaction mixture was quenched with saturated aq. NH,C1 (1.5 mL) and extracted with
Et,0 (1 mL x 2). The combined organic phases were washed with brine (1.5 mL x 1),
dried over sodium sulfate, concentrated in vacuo. The residue was purified by silica gel
flash column chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 190 (24 mg,
70%) as a colorless oil; Rf = 0.38 (hexanes/EtOAc = 1/1); [a]?, +37.4° (c 0.10,
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CHCL,); IR (neat) v ., (em™): 2970, 2935, 2858, 1732, 1612, 1512, 1454, 1369, 1230,
1215, 1153, 1076, 1041, 845, 817; '"H NMR (500 MHz, CD,Cl,) 8 (ppm): 9.71 (s, 1H),
7.92 (m, 2 H) 7.65 (m, 1H), 7.57 (m, 2H), 5.89 (m, 1H), 5.34 (dd, J = 10.6 Hz, 1H),
5.17 (m, 1H), 4.67-4.65 (complex m, 3H), 4.60 (d, J = Hz, 1H), 4.16-4.05 (complex m,
1H), 3.84 (m, 1H), 3.72 (complex m, 2H), 3.62-3.58 (complex m, 3H), 3.52 (complex m,
3H), 3.37-3.36 (complex m, 4H), 3.34 (dd, J = 14.6,6.3 Hz, 1H),3.32 (dd, J = 14.6, 6.1
Hz, 1H), 2.57 (complex m, 2H), 2.25 (complex m, 2H), 2.12-2.04 (complex m, 2H),
1.78 (dd, J = 12.1 MHz, 1H), 1.49 (m, 1H), 1.21 (d, J = 6.3 MHz, 3H), 0.92 (m, 9H),
0.56 (m, 6H), HRMS-ESI (m/z): [M+Na]* calcd for C,,Hs,NaO,;SSi, 808.352, found
808.353.

Aldol-TES 195

To a solution of 190 (48 mg, 61.6 umol) in benzene (2.0 mL) was added DBU
(30.3 uL, 203 wmol) at room temperature. After stirring for 15 min, the reaction mixture
was quenched with saturated aq. NH,CI (2 mL) and extracted with AcOEt (1 mL x 2).
The combined organic phases were washed with brine (2 mL x 1), dried over sodium
sulfate, concentrated in vacuo. The residue was purified by silica gel flash column
chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 195 (34 mg, 70%) as a
colorless oil; Rf = 0.6 (hexanes/EtOAc = 1/1); IR (neat) v . (cm™): 2970, 2935, 2858,
1732, 1612, 1512, 1454, 1369, 1230, 1215, 1153, 1076, 1041, 845, 817; '"H NMR (500
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MHz, CD,Cl,) 6 (ppm): 7.92 (m, 2 H) 7.65 (m, 1H), 7.57 (m, 2H), 5.89 (m, 1H), 5.34
(dd, J =10.6 Hz, 1H), 5.17 (dd, J = Hz, 1H), 4.67-4.65 (complex m, 3H), 4.60 (d, J =
Hz, 1H), 4.16-4.05 (complex m, 1H), 3.84 (m, 1H), 3.72 (complex m, 2H), 3.62-3.58
(complex m, 3H), 3.52 (complex m, 3H), 3.37-3.36 (complex m, 4H), 3.34 (dd, J = 14.6,
6.3 Hz, 1H), 3.32 (dd, J = 14.6, 6.1 Hz, 1H), 2.57 (complex m, 2H), 2.25 (complex m,
2H), 2.12-2.04 (complex m, 2H), 1.78 (dd, J = 12.1 MHz, 1H), 1.49 (m, 1H), 1.21 (d,J
= 6.3 MHz, 3H), 0.92 (m, 9H), 0.56 (m, 6H); *C NMR (125 MHz, CD,Cl,) § (ppm):
173.3,159.2, 140.7, 1304, 1294 (2C), 121.8, 113.8 (2C), 108.9,73.9,73.1, 72.6, 70.0,
66.3, 554, 37.7,35.7, 295,264, 263, 259, 22.6, 22.4; HRMS-ESI (m/z): [M+Na]"
calcd for C,,H¢NaO,,SSi, 808.352, found 808.350.

Ester- Propionyl 200

PhO,S
MNBA, DMAP

_—

DCM, 0 ‘C tor.t.
65%

To a solution of 178 (44 mg, 115 umol) and 200’ (143 mg, 345 umol) in
DCM (575 uL) was added DMAP (34 mg, 276 umol) and MNBA (44 mg, 126 umol) at
0 °C. The reaction mixture was warmed to r.t. After stirring for 1 h, the reaction mixture
was quenched with saturated aq. NH,CI (500 uL) and extracted with DCM (500 uL x 2).
The combined organic phases were washed with brine (2 mL x 1), dried over sodium
sulfate, concentrated in vacuo. The residue was purified by silica gel flash column

chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 200 (41 mg, 65%) as a
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colorless oil; Rf = 0.4 (hexanes/EtOAc = 1/2); [a]?, +37.4° (¢ 0.10, CHCL,); IR (neat)
v mae (€m™): 2970, 2935, 2858, 1732, 1612, 1512, 1454, 1369, 1230, 1215, 1153, 1076,
1041, 845, 817; '"H NMR (500 MHz, CD,Cl,) & (ppm): 9.77 (s, 1H), 7.92 (m, 2 H)
7.58 m, 1H) 7.25 (d,J = 8.0 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.02 (t,J = 5.2 Hz, 1H),
499 (d,J =103 Hz, 1H),447 (d,J=11.5Hz, 1H),4.42 (d,J=12.0 Hz, 1H), 4.26 (dd,
J=123,6.6 Hz, 1H), 394 (dd, J = 8.0, 6.3 Hz, 1H), 3.81 (m, 1H), 3.81 (s, 3H), 3.52
(dd,J =9.7,69 Hz, 1H), 346 (dd, J = 9.5, 6.6 Hz, 1H), 3.40 (m, 1H), 2.51 (ddd, J =
148,69, 2.3 Hz, 1H), 2.33 (m, 1H), 2.12 (ddd, J = 14.8, 12.2, 2.3 Hz, 1H), 1.92-1.75
(complex m, 3H), 1.69 (s, 3H), 1.62-1.51 (m, 2H), 1.34 (s, 6H); "C NMR (125 MHz,
CD,CL,) 6 (ppm): 173.3, 159.2, 140.7, 1304, 1294 (2C), 121.8, 113.8 (2C), 108.9,
739, 73.1, 72.6, 70.0, 66.3, 554, 37.7, 35.7, 29.5, 264, 26.3, 259, 22.6, 22.4;
HRMS-ESI (m/z): [[M+Na]" caled for C;,H;,NaO,,S, 773.282, found 773,281.

Acetal-Propionyl 202

To a solution of 200 (48 mg, 61.6 wmol) in THF (2.0 mL) was added LHMDS
in Hexanes (1.10 M, 280 uL, 339 umol) at -78 °C. After stirring for 15 min, the
reaction mixture was quenched with saturated aq. NH,Cl (2 mL) and extracted with
Et,0 (1 mL x 2). The combined organic phases were washed with brine (2 mL x 1),
dried over sodium sulfate, concentrated in vacuo. The residue was purified by silica gel
flash column chromatography (silica gel, hexanes/EtOAc = 5/1) to afford 202 (22 mg,
46%) as a colorless oil and recover 200 (16.8 mg, 35%); Rf = 0.38 (hexanes/EtOAc =
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5/1); [al?, +37.4° (c 0.10, CHCL,); IR (neat) v . (em™): 2970, 2935, 2858, 1732,
1612, 1512, 1454, 1369, 1230, 1215, 1153, 1076, 1041, 845, 817; "H NMR (500 MHz,
CD,Cl,) & (ppm): 7.25 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.02 (t,J = 5.2 Hz,
1H), 499 (d, J = 103 Hz, 1H), 447 (d, J = 11.5 Hz, 1H), 442 (d, J = 12.0 Hz, 1H),
426 (dd, J = 12.3, 6.6 Hz, 1H), 3.94 (dd, J = 8.0, 6.3 Hz, 1H), 3.81 (m, 1H), 3.81 (s,
3H), 3.52 (dd, J = 9.7, 6.9 Hz, 1H), 3.46 (dd, J = 9.5, 6.6 Hz, 1H), 3.40 (m, 1H), 2.51
(ddd, J = 14.8, 6.9, 2.3 Hz, 1H), 2.33 (m, 1H), 2.12 (ddd, J = 14.8, 12.2, 2.3 Hz, 1H),
1.92-1.75 (complex m, 3H), 1.69 (s, 3H), 1.62-1.51 (m, 2H), 1.34 (s, 6H); *C NMR
(125 MHz, CD,CL,) & (ppm): 1733, 159.2, 140.7, 130.4, 129.4 (2C), 121.8, 113.8 (2C),
108.9, 73.9, 73.1, 72.6, 70.0, 66.3, 55.4, 377, 35.7, 29.5, 26.4, 26.3, 25.9, 22.6, 22.4;
HRMS-ESI (m/z): [M+Na]" caled for C;,Hy,NaO,,S, 773.282, found 773.280.

10-membered lactone 203

DBU

MeCN
r.t.to 65 °C
25%

To a solution of 202 (10 mg, 13.0 wmol) in MeCN (433 mL) was added DBU
(6.4 uL, 39 umol) at room temperature. The reaction mixture was warmed to 60 °C.
After stirring for 1 h, the reaction mixture was quenched with saturated aq. NH,Cl (500
uL) and extracted with AcOEt (1 mL x 1). The combined organic phases were washed
with brine (3 mL x 1), dried over sodium sulfate, concentrated in vacuo. The residue

was purified by prep. TLC (hexanes/EtOAc = 1/1) to afford 203 (2.5 mg, 25%) as a
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colorless oil; Rf = 0.4 (hexanes/EtOAc = 1/1); IR (neat) v . (ecm™): 2970, 2935, 2858,
1732, 1612, 1512, 1454, 1369, 1230, 1215, 1153, 1076, 1041, 845, 817; '"H NMR (500
MHz, CD,Cl,) é (ppm): 7.93 (complex m, 2H), 7.67 (complex m, 1H), 7.58 (complex
m, 2H), 5.76 (complex m, 1H), 5.61 (d, /= 10.3 Hz,0.7H), 5.46 (d,J = 104 Hz, 0.3H),
5.20 (m, 0.3H), 5.14 (m, 0.7H), 4.84-4.85 (complex m, 2H), 4.74-4.68 (complex m, 2H),
4.40-3.38 (complex m, 2H), 4.21-3.92 (complex m, 3H), 3.95 (app s, 0.3H), 3.78 (m,
0.3H), 3.72-3.68 (m, 3 H), 3.61-3.57 (complex m, 3H), 3.50 (s, 1.5H),4.45 (dd,J=8.2
Hz, 1H), 3.42-3.38 (complex m, 4 H), 3.28-3.27 (complex m, 1.5H), 2.94 (m, 0.5 H),
2.80-2.79 (m, 1.5 H), 2.70 (m, 0.5 H), 2.40-1.54 (complex m, 6H), 1.42-1.42 (m, 1H),
1.12-0.98 (complex m, 6 H); *C NMR (125 MHz, CD,Cl,) & (ppm): 173.3, 159.2,
140.7, 1304, 1294 (2C), 121.8, 113.8 (2C), 108.9, 73.9, 73.1, 72.6, 70.0, 66.3, 55 4,
37.7, 357, 29.5, 264, 26.3, 25.9, 22.6, 22.4; HRMS-ESI (m/z): [M+Na]" calcd for
C4,H5,NaO,,S, 773.282, found 773.281.
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1H NMR (500 MHz, CDCls)
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1H NMR (500 MHz, CDClg)
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13C NMR (125 MHz, CDClj)
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