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-1 ROYE L AJH

]

2019 FEAICHTI a v F 7 4 L R (SARS-CoV2)2sFhHE A AL E WAL A
R cy] o TR X T LBk, RS E 22 DRRELZ Wk T 2 720 D
R & R, RSB FEE S N, BED T L 7R ER R 2o
BLEMCAEMEL T35 H N BRYYEDOR W ITHEVT v 5,

JRE & NFRIZTORE R RBRICH D RAEEHIO & L 72kk 4 7o &gk
JEDKIATIZE L OBIAIICE S BAb 0 | 19 HAcH £ CREFE D 72
S IFIIX DM D 7 L FHERDHI NI WM & S N D FRE & RYYE
DIATIIM—EL D F Z 5,

-2 fesAhstik

JRIRE IS L CASHD WO CTFIC L HAEYE D S. A. Fleming 12 X -
THRAINT=0 ) VIMEEREDO KT TH O, [FPFOHE ] LRI
NANHDOERICHEME DD LT,

(b2 ] 1% P. Ehrlich S X o THRIBE L, [HFRICIEFEERGATIC
JRIRBEY N U CEIRICIER L. 2 D88FHZ HIH 5~ 2 & 2 W I3 &
HREZ RS 2 Fikz I L, v M3 28R <L A ICX
EMVLEYEER T 2 2 L ClEA OBRYYEDIRIFICHWS Z L3 TE %
LD DTHD, LA Lt gk KUY A ERAE 2 5 L 72
JRIRE O HBL L | FTRTIESEORFED Wb T o TR E b AH L RIEE
DI ZHFAC U 7z BIHE F CI ZEANMN PR R ~ DXL & U -CHUR 2R o d# Pl
L PIEHEOKR A LT 5 23, Bl o FEANI T L Clit %2 S L
7 %Al ER O B M £ o TEHRANGFE~EHEL T 5,

¥ 7=, BBEHBINMERGE (Enterohemorrhagic Escherichia coli, EHEC) 4%
RECHEIR 2 S0 T2 2 72D ICHIAEME 2T 5 2 & Tl 2L & ¢
B, FAEPER I NS Z L CRfFNICE R uBmRI M I s 2 L
TR 2B T2 3 EfRMEsHER T T 5 D,



{C2EEE D BHFE 13T 72 7P o L9 2 Rl &2 5 I 2, el T3
HIMHPERT R BB 2 £ 2 U vildtESE G 7 N O ERE, Ny a~< 4 o Vil
K7 OB AR L 72 0 . 558 d % < O FEHIMHER O I 23R
b YVETE S,

DX ICHAEYEORKR., HERIC X o T ANBEITREA R YEDL S5 S
N7=—77C, SRR E O ZEAMPEL R - FREURGYE 72 & DT 23 EH &
N, HRERFEANTVELZFEL v, NEHERBIED WD T o ZICHIE
ol oK F- R L BIRS T [HURYIER | DKL L ETH 5,

3

¢

I-3 PUBRYLRESK 2

ek DLAFED L 5 KR, HRERAZHE T 2 b0z, wlitEz
HET 25 2 VIZEFEOREN 2 E® 35 %2 &0 [HURYYESR | & KB
INBH LSO RFLHHFTE 3,
Bl 2 1E.

O FH RN 2 A 3 2L pEAl

OF o=t L7k

() FEHR WM I/ 3 5 3EHA

@ A B D BT 0> & FEAR X 72 Y

B 15 3 D FR GBS 1< 22 S PURGLE S o B
INOLEIICHEIND  ERETNS,

¥ 72,1995 F I i ¥ D il B (Haemophilus influenza)D 27 / LBCHI D358
SN TLURIREERIC 7/ LN E AN 235652 U | BI7E C 13k 7z it 28 & 23
X S, ZNZNDEMBENTHIRT 285 FOREVPHAL 05 L9
Ko7z, THICX V- ERBET ZH 32 [PURGYESE | OFFE1H
Iz ->TH Y, EAMERE. HRMIEOREZ kT 2572 2T e
LCHfEI N5,



1-4 [HURGESE | AR & L C o A e iE

77 LR R R B 12 E 2 > CERERNC A IR T oy
W, B VIFETEMENICT 7 2 72— LIFEh S EEE X v N B %
FATZ LT, BEOAMBERELHIL X2 2 L 28 5T\ 5 (Fig.
1)%,

ZD7-» [PURYYER | Aoz 0 R WER e s hTtn 3,

&

BEMAR

EKE

® o
I7xV%9—  JKEMHE
FINOE

Fig. 1 SWEEEIZ X 5RO

ZD—2TH %7 7 LEEMREMEME ICEE TH 2 7 idkiE 13 % O
BEICEH L TSRS T T\nw3, 2o of e ERYLUAftics
WTHEZE X2 2008, A WELEE (Type I Secretion System;
T3SS)TH V. Sec B@EER ICHKIFE T ICHIEINC K v 0 E 2 W T 5
EET, NREHELZEET 2 F ¥y 2 VEAREZIER L. 77 s2lRE
DOHFEIFRICHML L 72 B E L WIARIMIC R L 72 = — F kgD o i
KE T3,

INETIC, FLEATE, TAV=TE. 773V TE. FArTT
7@, mIRE. RFRIE. BERE KR (Enteropathogenic Escherichia
coli; EPEC). Ha¥iIR M7 7 L &ME. MiER 0157 icfRFEx s
EHEC 7 & D 2" 7 LR IFEMEE 2> & T3SS DFEAME I N T w5,
T3SS IME DR tafhkd 2\ F 77 X I FOH—DBEFABICT — F &
NTEHEH, 2B UEERREI L TY S Y, EREEMREICE T 2



T3SS O 137 < 9, T D T3SS #FFEMICIHE T 2 /L&Y I 1IEFME
BT E L 5 2 4, T3SS ZA7F L 7= M5 1< o AR ERAIC/ER LR
AEEEIEZenEZ LN, [PURYIESR | L LTt 5,

I-5 MR a3 E I X 2 R

fﬂ

7" 7 LEWRIEME T®H % EPEC OESIILL T D 3 B offE % &<
TS 2 2 LS 2T TN T % I(Fig. 2),
ORI N-BY R LI X D EOEBIE 7z EPEC 1B Z@# L TMEg
ICEIER,. RIKARE BFP)Z N L CIHE LEMEICiET % 9,
QUIARTE % #% T EPEC 3MIIEE Lo T3SS L 2 hic k- THilbEn 3
Esp A (EPEC-secreted protein A)IC & - CTHUAE & 78 AL D [ 1< ZRAE S %
BT % 7, %Dtk Esp A Bk &N ER%Z 8 U C Esp B & Esp D 2315 4l
FLICEITL. 2o DI X o THIRRICILSIE S 5 ¥, Z Diffifig
BED FLIE R IC 2 W TR IMER % Fl W C#lEE 3% C L 23[RETH Y . EPEC
ZARIMERICEGE I 2 L fUERIC K Y~ v e vy i L., IBIHH
5 (MffFEATIC T, RER%ZIGH L € T3SS FEGEEYE O BRI 31T
bTwd), fLIEEfTONW R, =T 7272 -2V X2 THSH Tir
(translocated intium receptor) (5 EMALIE~EIT L 2, HEMORFIc L -
TExDFu s VKR vER{LZ 21T 5 19,
@V V(L & iz Tir (Tir-PY) 1316 EMIACER I ICF-7E L. EPEC fifig o 4t
fEz v o7 CH 5 intimin &HEE L. EEMIED > 7 F A BER 2 iEE
{32 ', Tir & intimin M AAER T2 2 2 ick W iEkA 7 7 5 Vil E
FIERIAF-23 EPEC O THICER L. B8 LREME OBI#E L 2 i
5 MHAREZ (A/B [EE) D25 2 L, ARG Y2EKT 5, 20
Rz EMllERoBRKZEE S 5 W2 & T EPEC 3HE
LM L~ X SICHRBE RS 2 AL S B,

TRIEFEAE IC R 2 % T @R IZBTEA I #5857 3% 28 Tir-intimin D AH
HAEM2S EPEC I X 2 THIFBIEHE D —D & LTHETH L LBV Y
FERAOWABERER DB X0 bR T VT 4 TIT X BEYERIC K -



THL IR > T3 19, §72bbH | Tir-intimin % 2 — F 3 38T DX
BRIy 3 FicH 3 2 REE S G IC A 35, S Tralox 7 =
7 2 —O1E EMIENFEIT X T3SS. Esp A #{REIF NI, EspB. EspD IC
4 OFERBPHETH L5720, ZbDOEEZHEST % Z & T Tir-intimin
FHER ZH8 LEEE 2 X 82 2 L SA[RBIC R 3 2 AT X 3,
¥ 72—, Tir-intimin % & (35872 2 THRFRIEEEO—> & L <M
FAN~BAT L7 Esp G =7 =27 & — & v o871 X a0 K514
HoEattEDE S IRIEIhTna 17,

B Rl N Y 7 —BRe Z . BE OV EEEE 2L Tw 5
GEF-H1 335 b & 1% & & TRhoAROCK D ¥ 7' FIUniE R # iGtL L.
A b L AR OBIE K Z RS 5, EPEC ZnE LR~ & R X &
%6, TOX ML AMMIMOYEED TTENED bs, —J7 T, Esp A
XY ERMIE~EIT L 72 Esp G 1 EspA G2 (Orf3) & ~7T v X 4 ~—7% P
L. COEEERPBUNEZBIEL . MUNE &G L T\ 5 GEF-HI %%
HEXRIEHERICER I NS Z EBHL IR > TWwd, & 51 MDCK
(Madin-Darbly canine kidney)55#2#l}ZIC T Esp G % Tet On/Off & THIH &
B72& T A, Esp G FHRICEH W T F D paracellular permeability (fHAd
BB RE)DITHENRD bNDE 2 ERRHBE N, TDEEIC Pho & DI
PEALIC X 2 TRIFIEICIE Esp G DG 5 & 2 A 03K % <, T3SS Z[HE
T25ZLT, ZORMKICKIMEEZBD L LBAREL b L E X

5% EPEC
Intimin T
+ Tir

Nck
N-WASP
Arp2/3

\, Pedestal
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Stress fiber

& , assembly

o oy
Microtubules RoC \.‘," oA
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Fig.2 =7 = 7 X — % X7 O EFHRE~DRE D



1-6 37z T3SS [HEH

INFETIMEINT WS, E7 T3SS [HEAIZ LT IC/R L 72 (Table
1. Fig.3). 2o OMHEAIZ 537 T3SS IHEMHZH LT, IE
WA OMEE 7 LI EL KIT T, I A CORBEIR I L T
HHE oI TE Y., ERALICEE> Ty,

Table 1 372 T3SS PHZEH

FEEA ICso (1 g/mL) AT %
Caminoside A'® 38.5 EPEC T 7 = 7 & — D4yl E
Lactoferrin'” 3,000 EPEC D T3SS IZkfr L 72 IS A E
Salicylideneaniline 5.1 EPEC T 7 = 7 & — Db
analog”
Benzamine analong”" 2.2 Yersinia sp. T3SS BdE {n 7 D ¥R G FHE
Oxazole analog®” 1.9 Peseudonas sp. TTSS B#E LT IR E FHE
Thiazolidinone 8.6 Salmonella sp. TTSS B#E(L T DIn G HE
analong®”




oH cl o Br
R S S EpeY.
O~ O~ e} cl /ND)J\ ﬁ” B
HOQO:@/O\H M oa o

OH 0, OH Salicylideneaniline analog Benzamide analog

o oo OH

Caminoside A

(D /
© O OH
[ o d
OH Ne_s
o HN'-{\: T N=
N SBn N
N

0 o]

/©)\ Thiazolidinone analog

Oxazole analog

Fig. 3 =7¢ T3SS FHLEHI O

Fe T, AT CAIZE Y — F & L CTHIf$ 3 % aurodox IZ 2\ Tibx
5



-7 T3SS FHEEM: %2 H 3 % aurodox

1-7-1 T3SS FHEEE%EH 3 % aurodox DI

KRBT IC BT T3SS IHEEEMERR R 7 V) —= v 7 %2 AT
bz, Z DFER. Streptomyces sp. K06-1001 (K06-0804)FEES &R 2> 6 & Y
FY. 7 bhJebFR 77 ~IT72—0VEEPELLKRY 75 FEZ
B3 % aurodox 28 HLH X7z (Fig. 4%, = O&EY)ETEILX EPEC 2 H w7z
b VIRIMER 2 Vs 72 T3SS ITHKAE L 72 3 MG o R & PRI 350 T
ICso=1.5 pg/mL TiEMEZ R L7z D cxf L, EPEC 133 2 HTE MG X 1Cso
=40 pg/mL THEEZEZ R L7z, TNOHDEIF 2715 TH Y, T3SS :ERAIPHE
AlE L CORFER IR I Nz,

Aurodox ¥ 1973 4EIC Streptomyces goldiniensis 7> b PLEIEEMHE & L T
HEEX 0 2, 12D 1980 FICKAY D3RI X 0 FEll 2 g e 25 7
INTW3 29, £7- T3SS ~DHFE DO 1L Z 1L E Tic 7 < | aurodox
& T3SS DHHBAIZ AR R K255

Streptomyces sp. K06-1001
(EAE ST R)

Aurodox

Fig. 4 Streptomyces sp. K06-1001 & aurodox D&



<«

BH

[-7-2

~:

B Y€ 7 L= 22X d 5 aurodox D in vivo 1RIERNER 29

Aurodox 1 Citrobacter rodentium % Fi\» 72 &G 7 v~ 7 ZEBRIC B0
THENRZ R L7z (Fig. 5). T hbbIEREHG Loz LV
tetracycline ¥ 5-HF IR EG% IS HHE TICRATOR Y ABHT L DIC
*f L. aurodox & 5-FFIS tetracycline X W KA BDOHGETETDO~Y T AN
A BRI R OSHERR X 7z, TRl T O FE R I E N o i %
KIE I3 U T3SS ZRFRAVIC/ER 372 2 & TR 2 T2 & & AR
I N7,

~ 7 2R

(A7 [ %0

S =N W ke

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
=0=10% DMSO

Tetracycline (200 mg/Kg)

Aurodox (25 mg/Kg)

(it A %0

Fig.5 7 7 LMEHIE R 7 v~ v X D6k
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1-7-3 T3SS FHEEEYIE aurodox DEERY & v % 7 & D [E]E 2D

KRR RIZEATIC 5T aurodox %> — F & LZRISEEICE T 5 C
&% HWIT T3SS FHEVEMEICR S 2 fERBEHAEH A A b 7z, FAARAY
photo-cross-linker Z {27 7’0 — 7 F % H# L. EPEC D RIAMEE D> 5
pull-down Z1T 9 Z & T, % D Aurodox-beads FFEIJICHEA L TE /2 & v o
7 12O\ T MALDI-TOF/MS f##ft 35 X O & v o8 7 B 5681 - N E BT
AT b7z, % O FE R . adenylosuccinate sytase (purA). isocitrate
dehydrogenase ¥ & ' EF-Tu Z[RE XNz, 72X —% A4 PR X —7%H]
T purA % knock-out L 7z Wik ZF8L L i iG 2 5Bk L 72 & 2 AR
POCHHER T E e o 72, T OICHBHERZIT o 72 & Z ARG [EI{E
L7272 purA BNAMKIGICESD % 1 DDORTFTH 5 T L BIRB I Tz,
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I-8 Aurodox D& RCHPY

iR U 78R IC. aurodox (% T3SS FHEVEMMIE & L T in vitro. in vivo IC
BT 2 EYNEEABROFGRILICTEN IR E R L, S5 Z v X7 ED
— DI PurA D FE TN T % aurodox (ZIEE ICHIREE AV EE*H T
PRMEEMES A 5, % 2T aurodox & T3SS D & i D HHES % fi#
B3 % 2 & TR 2 H 3 5 [PURGYESR | 0Bl 250 RE & HHAY
ik 5,

FHEE B BV & L =% il Bk oftigic b 72 v | AN
W& %2 3 % aurodox 2> L FFE T 2 A K T ERERS BN 7 )G I T R
D23B Y. BHRRMEICE OFEMRES I REELR TR I NS, — TP 72
BRSO 72 2 A U ICREE ARG 25 C & 1L, AT ISR 5
7D DFE CHEARDREVBAREE 7 5,

% Z T aurodox DYUREMN I 2 AR O %2 HiE L. IR ICE T
L7z,

12



A

13



Im-1 Aurodox D HFFEEt1H]

Im-1-1 Aurodox (1) D2 Ak (K. C. Nicolaou)

1985 &, K. C. Nicolaou & I aurodox D] DA % #iei L 72 (Scheme
D)), ZDOEMDOFHE L L THBEIC B W T Wittig o Z AWT EHT
1V 4 2ARL, TFVEOYTRTLARENEEL~IT XL
77bv 5 LD ATAT I FRMICERCTA Yy 7Y v 7 5 5808
BIFond,

Aurodox (1)

Scheme 1 Nicolaou © @ Aurodox (1) D 4= K

U7 77X PoEKE Ay 7 v 7O Ic oW TR 5,
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m-1-2 ~ITX—=NLT77 bV 5 DEAK (K. C. Nicolaou)

~NITREX—=ALT TV 5 DEBITOWT Scheme 2 12783, HFEER
T®H 5 ketopantolactone 6 ICXf L7 b v DT v F A @ERN L EITTKIC %
HAwTForhebrtunFer oz rvarEE, 77 F0REITEHERL
Horner-Wadsworth-Emmons G Z{TWHEZ T X740 9 3FE X iz, i
TIRATNADRITIGICE D T IV AT a— L% %8 L | Sharpless N7 =
REEAIEE A CTCIRERIC TR T Aa— A 2BEL, 7 —F
F—PDEAL K F L OMEERNZMEZIT) 2L T12 280w,
< 4 TRECANKE VIR 13 2R L, BMEMET 7 2 F = FEORREIC
577 P MLEBILRIEERETCT AT e F 152 &KL 72, 607z 15
L CAHL 7 4 VIBRRIEEHWC EZ-Y T v R L, 77 FV 16
# 1572141 ethyl butyrate DI IIGIC L D 7 22T, RFZICT & b= P
DIREE Z AT NVDNKIGEEITI L T~NITRE—ALF 7PV § B
JFonTwna,
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Enantioselective

#\Q 0

reduction
Rh-complex-H,

OH

L

)
7

1) DIBAL-H, DCM
-78 °C, 85% (3 steps)

o

9

AICl,
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then H,0, 65%

)

o

/\)J\OEt

LDA, THF
—-78 °C, 85%

) Ti(O-i-Pr)4, (-)-DET
t+BuOOH, DCM
-20 °C, 70%

Sharpless
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epoxidation

o o
() -

12

(0] CrOz+Pyr-HCI

0
o\#
14

4A MS

DCM, 25 °C

Scheme 2 ~ 3

@)
o~
O

1) LAH, THF, 80 °C

2) Acetone, CSA
25 °C, 70% (2 steps)

1) (COCI),, DMSO

o
O -

\/WOH 2) +-BuOK, THF
0°Ctorit.

8 O O

p-OMe
MeO)J\/ “OMe

Y- i
0 ) BnO)J\ #\ O
(0]
OH 0
\/><<'/\ Pytldlne THF \/><<%0)J\08n
—20 °C, quant.
10 (95% ee) "
4 steps (?LC__) O'J( AcOH:H,0=3:1
- : (O]
— 25 °C, 2 days
43 07 “OH 82%
CIP?,Ph
=z > ‘
o o Ph W 0.0
n-BuLi, THF §
) e e : 9
= -110°Cto25°C o}
) 72% (2 steps) 16
15
1) ACOH:H,0
60 °C

16

2) 0.05 M NaOH:EtOH

25 °C, 85% (2 steps)

TR —NLT7 Vv 5DEK



II-1-3 Troe ka7 7 v 206 (K C.Nicolaou)

FhrI7eFur79 v 2DEKICOWTIE Scheme3 Tnd, HFERC
BHDT * 7 N7% 181K L T Sharpless A~ 7 TR F SAUKRIG & F W 72 655
EafE S IARERN T R X ALRIGICE DV F IR 19 ZHUE L2, 2D
B OVRERN R F ARG EZR TR RF o F 22 ~8E X
WHW AT ) —F— b AT RKF L OBEE 7T=4v ) L
— WXV TP oere 7 7 VERREEEL 72, Hi K LMREIRN e A F LD
LAMTIGIC X W72 TMS =/ — AT —F At LA Y v o gz T
TATE RN 24 RS L, CRERN e =X 32 Eo 1 2-(PINKS
FAWRZ ETAFALT MY 26 ~2E8 W=, ZD% 3 D Horner-
Wadsworth-Emmons JRIC X > T=E=2D0F L 7 4 VEREESEL, 77k K
07 7Y 208K EEKL 2,
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Sharpless Sharpless

asymmetric asymmetric
epoxidation epoxidation
2 steps Ti(O-i-Pr),, (-)-DET
Ti(O-i-Pr)4, (-)-DET TBDPSO i(O-i-Pr)4, (-)-
tBuOOH —— BnO +-BuOOH, DCM
=z 7N . o
DCM, 20 °C OH 20 °C, 80%
20
1) KCH,SOMe ><
DMSO, Toluene (e Ne)
-20°Cto25°C
TBDPSO O 7steps A/Z—S\/OTBS
BnQ = B ., 2) TBSCI, Imidazole MeO,C~ X 0
OH DMF, r.t.
90% (2 steps) 23
21
1) LiCuMe,, Et,0
-78°Cto0°C 2 steps
then TMSCI OTES
2) O3, DCM, -78 °C
then Me,S .
78% (2 steps) o OMe (d.r. = 8:1)
25
O O
)J\/ﬁ’OMe 2 st N l'D'/Oi-Pr
h steps N ol
MeO — ONe P otes 0Py
NaH, DMF R
25°C, 90% t-BUOK, THF
> -78 °C, 90%
(Ez=41) (3 steps)

29 (E:Z=10:1)

(0] (@]
o 11_OMe
P\
MeO)J\/ OMe
tBuOK, THF

-78°Cto25°C
85% (3 steps)

CO,Me 3 steps

Scheme3 7 F 7 Fua 77 v 2DEK
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I-1-4 Aurodox (1)D 2 (K. C. Nicolaou)

INENDT T T A DAy TV VT DOWTIL Scheme 4 T/RT,
TEFZebtu7 7y 20t LTl L7 Wittig il 3 ZHWT E#E
RicAL 74 v KT 22TV Ty 2EL, REROEIEITS
ZETTINT IV BBFEONT, RIC MesAl I X - TiEEIE 7

R LTI TRATLAREBYTHLI~NITXZ—LTF7 Y 5LDT
ATNT I FNRIRI)ICZIT OV, RBICRELZFRE T 5 Z & T aurodox

(D)D) DA ZER X Nz,

O<_N
o @ |
BrPhsP” 7 N s
3 O OBn steps
NaHMDS, Et,0 —
~78°C 1o 10 °C

870/0

TMSO  OTMS |

1) HF+Pyridine
THF, r.t.
30% (2 steps)

2) DDQ, MeOH, r.t.

34 (R, = TMS, R, = PMB)

Aurodox (1) (R; = Ry = H)

Scheme 4 Aurodox (1)D 2K
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m-1-5 i RIAY) efrotomycin & Z D

Aurodox DFRKIAY) T Z N TICHIEREEE L L T% < OIFFERES
Do HEERELRINFHINCE{LEMHTCH L, 2D dh T
efrotomycin (XN ZPHEEEZE T 2 082 LGPkt LTy Y F
VD 4L DIKEEIED O3 5 =/ v~ oxa-Michael )L % #5 Z & TY
b Feves v Bl 2R L O G HRE T TH D . Aurodox
CBEALChRkOMEEZE T 2B EzLNS,

ZDRRICAKRRIITE Y 5 LT, KEFHOE T/ v ORISHEIC
FEERE X L5 (Fig. 6).

Efrotomycin

Fig. 6 Efrotomycin O 5t

20



11-1-6 Aurodox (1) D 2 & kI

Nicolaou b DEKFE IR ELRFELZEWREEICHOTWE A, W
ND7T77AYFCENTO FEARBRICEL THRUL2ELTBY, &
BARAEA~ICH T 5 I3 2 LB IR 22 G % b 72 BT E D
WEEPEECTH S, /2, AIHE TR KEBFELE CRE RO %
H352v Y FUREUORIE R A CRERT 2 2 & CRERETE 2
DD EEZ T,

DIEZ RS2 E 2 CHBRIEZ 2% L7z (Scheme 5), vV F vicHtf%
Lzt zviye Fov s yRICHE LYY Py 777X 36%
Wiz waexsy 7Y v 7 CEAL, Aurodox FAFFE OV )G % IR L 7=
retro oxa-Michael JIGIC K VIR CTE 2 DL LTz, T2 1ICEENET
I F#EA 13 Nicolaou 5D FiEEZEICT IALT IV 37E~IT kX —)L
77 Y SLDIRATAT IF GRS 2 & TR ARE & BEUE
L7zo £722 D X5 RICRI 72 ARG 1. 2 DRSS EAHBEAEH 2 B /Y
& L7 %R aA8 Ao b IS ATEE & HARE L 72,

K777 AV FDERBEEHC O W T OHI Tl 2R 3,

HO,_  ,OH

Hiyama
cross
coupling

retro
oxa-Michael

o O

J

Aurodox (1)

Scheme 5 Aurodox (1) D 44 ik kg
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Im-2 NITRR—NLT T bV 5DERK

II-2-1 ~NIT R R—NLT I bV 5 OMEKIGET

I[-1-1 T 72 Nicolaou 5D ~IT X —1LF 7 bV 5 DEMITE T
77 b v afhio ethyl ZOVAEREIME N 2AHEE LTE T L5,
ZDOFRKRELTTZ bY 16125 7 F AT R T A DRHINEIE DR
ERMEFHIESREECH 2 e b EZOND, T & CTHIRICITIAREEL 72
Bic, AT EOBRILKIEZIT 5 & & T ethyl Z oD 7 ARHI{HI A3 ] HE
&E Z AT DG #2745 L 72 (Scheme 6),

SO~NITRRX=ABRIIL-TEI7 7y 38T E~IT X —LE
fRick ViEEECZ2b 0L L, SEBRIZ M ViR FF F 390
ZTFNDMKDIRIC L > THELBIALEF S T — F DO FPREM IR
JGIC X > TIRONEBDE L7, 3I9DTRF L FADBETLTIYIALT L

2= VDVEENHL 7z RKF ALRIEE v 5 & & TR - A EER
ICHEECTZ 2D e L7z, 40 1ZTTHGAIE TH % D-pantolactone (42)7> H 17,
BRI TV F ARG E AL 7 4 YIERGZ W2 2 L TiEIT 3
) 0) EREL 7z,

ace’{;ﬂ;uon Lactonization
RO i S
O z
OH OH HO OTIPS

39
5

Stereoselective 0]
epox:datlon Aldol reaction Olefination o
X : ~1OH
oTIPS
OTIPS
4 D-pantolactone (42)

Scheme 6 ~I 7t X —1T 7 v 5 OWERENT

RICHIRZ R F & F 39 OfEEMREHcO Wi~ 3,
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M-2-2 SRz EFT F 40 DR

FLDICPIFL T4 Vv ERETLZTIAT L=V 51 DEBICETFL
72 (Scheme 7), HFEIEEICTH % D-pantolactone (42)DEH —A/KFEFLICH L
T TIPS BE%#EA L2421, DIBAL-H T 77 b v EEILL~I T+
R = 43 {37z, HTHIESH T, Wittig B2 {FHX 5L TE
EIRICAH L 7 4 VIBRE &, & U H—HokiERic TESCl ZH w3 C
L C A4 BB, BALLEZ AT LEmTTHLR)IGE R T AT
EF~CEX, “FFEHO Wittig KIGICX Y EZ-P T v 46 Z#EEL 72, X
IS —HOKEE R D TES B % frE L 72121C, TEMPO b 2T\ 7 AT e b
47 % HHL L . Horner-Wadsworth-Emmons 835 % 3 2 & T E #EIRiyic
AL 74 VIBRL, EALZIT AT AICK LT DIBAL-H % i\ CGEIGK
JGFBZ LT IA LT 4V 41 B3FHNTe, Kl CLAERK T v F—
WG ZAT 9 XL, Swen AL ZITWHE T AT & F 49 ~LE X (5)-4-
benzyl-3-butyryl-2-oxazolidinone (50)% F\>7z Evans 7V F — VG % 1T 9
Z LT, VRERP2OENERTT YA T AT — L 51 ZERKL 7=,
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1) 0
PhgP.
1) OH 3 \/U\OEt

1) TIPSOTH, 2,6-Lutidine Toluene, reflux 0

(0]
o \OH DCM, r.t, 4 d, quant. -OTIPS 5h, 81% (2 steps) TESOM
- OEt
2) DIBAL-H, DCM 2) TESCI, Imidazole :
=78 °C, 10 min 43 DCM, rt., 15 min OTIPS
D-pantolactone (42) quant. 44
® O
1) DIBAL-H, DCM EtPPhgBr 1) PPTS, MeOH
-78 °C, 10 min NaHMDS, THF r.t., 30 min
TESO NN TESO N
2) MnO,, DCM : O o°c,30min 6T|Ps 2) TEMPO, PIDA
rt,22h 45 OTIPS quant. (3 steps) DciM’ rt,10h
46 80% (2 steps)
EtO _OEt
71/\ ||D|\o|5
O 0 0% o DIBAL-H, DCM “
TN ————— o T - o
OTIPS NaH, THF S -78 °C, 30 min N
an. T 0 OTIPS 77% (2 steps) OH OTIPS
47 48 M
Bn

Y
(COClI),, DMSO gf TO(\/

Et;N, DCM
M 50
0 Cé ff/) min 0 OTIPS Bu,BOTY, EtzN, DCM
o

49 -85°Cto0°C
1 h, 98% (d.r. >20:1)

Scheme7 7 UV AT a— 51 DERK
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RICT VAT A= DVREHNHL 72 ARERN 7 =R % oo
WREf % 1T o 72 (Table 2), #]®IC Entry 1 TliZ VO(acac) Z 72T U LT
N3 — VEREY 7. Sharpless TR ¥ ALKIG 2 %iT-72 & 2 A, HMERIE
EMEL5 27, FOBRKE LTALK = LD BALICHIE T 2 KEEE A
VO(acac), & G L7=BRIC, BIKKISZEWRB OB R fELI-d DL
FZbi b, Entry 2 Tld Ti(O-i-Pr)s & D-IHARRY T X T Vi H\wiz
Sharpless F7AF A F SALRIG 0% AT & 25, RIGIT—VETE 35
B3 EI S B RER & 725 72, RIT m-CPBA % V72 55 % 5l A 72 BRIC
HIOBER TR > 52 230 28% (d.r. = 8.6:1)TH b L7z (Entry 3), £
72 FIRAIC RIRHNC AL IE S 2 ZA L 7 4 VDB R F AL E N7z 53 235 5 1,
HVO TR X ARG FHE TS & T, 52 DICKIFETLAEZDbDL#
ZbiLb, Entry4 CTIRBFEEZ W& 21To 7220852 3V EBF LN
DHTEEBR VT RF T 53 DEEPELRT 2R L o7z, 52 V(K
EIRICEONEHEE LT, TIATLa—LE m-CPBA [ TDIKHE
faxmM L ElHd o R X MG ETTT 5 2 L THE DR EZE T
HIRFYNPERLCERLZDDLEEZLND (Fig. 7)Y,
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Table 2 #k T K F o~ F 52 ORE

.Bn
o/\\
N
X
Bn T W
/\\-‘ ) O HO OTIPS
o N Table
_ - 52
\ : \ \ \\Bn
O HO OTIPS i

¥ -
51 O N N N <9
Zf O HO 6TIPS
53
Entry Conditions Result
1 VO(acac),, TBHP, DCM, —78 °Ctor.t. Complex mixture
2 Ti(O-i-Pr)4, D-DET, TBHP No reaction
4AMS, DCM, —20°C
3 m-CPBA, DCM, 0 °C, 1h 52 :28% (d.r=8.6:1)
53 :30%, 51 : 10%
4 AcOOH in AcOH, DCM, 0 °C, 5 h 52 :3%,53:14%
51:32%
_ N o
Oy ( H  OTmPs
H. O-4
o
>§O
L A J

Fig. 7 VGBI = R F S ALRIC DB K RE

BINE R LELNTZHERIZEXF O 220~IT X —1LTF 7V
5 DREERFHT O WTRDIE TR 5,
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-2-3 ~NITRRE—LT 7Y 5 DOREE

HIDIWCHIR TR F & F 511K L CKIBIL Y 57 24—k & gk
FKERCAFH YT v OBLISRICHES 5 BERT 7 b VB
DRI E DG % 1T > 72 (Table 3), Entry 1 TiZ 0 °C TRIGZIT- 72
LTA. A I FBMKDREEINT AR VE 55 BEICRTE LN, 0
C ik a@rRc 3 oo, LAV EFL 77— Do TH
IRF Y F~DOMINBIGIEET L 72> o 720 RS TIT o 72 BRI EHME 7x
BEM% 5 588 L 7Y (Entry 2), Entry 1,2 Z#E 2 0 °C THALKRF >
77— M EHFBL 721212 20°C ~ L FiRT 5 Z & THF PRG35
TL. IMED 5 BIRZ 7 F v 54 EIEETHE L N7z (Entry 3),

Table 3 J/KRICHED 7 27 b VL ORET
(o]
C__)

Bn [N S 0

LIOH+H,0 :
O/\\NM 30% H,0, ag. Cg% Table HO  OH OTIPS
o T Y Y 54
o Ho° OTIPS THFH0 o Ho©° OTIPS
> HO S
o Ho° oTIPS

55

o=

Entry Conditions Result
1 0°C,1h 55 : quant.
2 rt,2h Complex mixture
3 0 °C, 1 hthen 20 °C, 6 h 54 :93%

BoONEZS5EBRIZF Y54 DI F -ttt L, X0 EEED DR
7 7 b v EOF ZAUKBEHEGERE B AUR G Z #RET L 72 (Table 4), 25
DI AL S 2 a5 2 & & L. DMSO #{tC¢H % Swern (L 32
. Rl = v EOMAILAITH 5 Dess-Martin periodinane®®, 7 v L [z
{tT® % pyridinium dichromate’® % F\> 72 S50 13 )G 23—V HETT & 37 )
[N D & & 7% 5 7= (Entry 1-3)e % & THIEASAFIC #)G T & % Prikh-
Doering f#{l 3% 7z & & AL ICRIGHETTL =/ — v 57 3155
N7z (Entry 4) RREEICEWTHED T bV 56 IFZHICT ) — 57~
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D FYALDSEE & 72 D SLAGERIITIEEE L 72 ethyl FEO R FIKFR 2 IHRT
5ZLirol,

Table 4 {LFEEIRAVEHE AR IREL D BRI G

) @) 0]

e Table A 0
/ Y / O T \ 2 T
HO  OH OTIPS O OH OTIPS HO  OH OTIPS
54 56 (Desired ) 57

Entry Conditions Result
1 (COCl)2, DMSO, EtsN, DCM, 0 °C No reaction
2 Dess-Martin periodine, NaHCOs3;, DCM, r.t. No reaction
3 PDC, DCM, r.t.t0 40 °C, 12 h No reaction
4 SOs¢Pyridine, EtsN, DMSO, r.t., 48 h 57 : 43%

EBICEONZT ) — 57 25 TIPS BDBREICHEI ~I 7L —0
Bt %Z1T o7 (Scheme 8), 57 D> U A7 V7% w72 fFH O BRI MK
Bolel b b —VAEREICX Y EIGEMETNLTWwS Z &
DRI NT=T-0, FHETREZE X, Hit{ TBAF IC X % TIPS EoOfRE%
TV, RIBICERIEKABR CUB ST 2 2 8 C, 7 P ) — VD HERE% %
HLZ~IT2Z2—AB{LIc LY oD T AT VA REY (dr = ca
23:11) LLTA~IT X —1LT7 v 5 %K QY% THT,
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SO5-Pyridine
EtsN, DMSO TBAF in THF
/ N TN
HO OH OTIPS rt., 48 h HO OH OTIPS 40°C,1h
54 57

NH,Cl aq.

82% (2 steps)

(d.r.=ca.2.3:1) =
\)/ 5

Scheme8 ~I 7+t X—1LJ77 v 5 DHEAK
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M-2-4 ~NIT R =TTV 5 DT IR

AIE TR ARz~ T 2 —1TF 7 v § OE—HREERKICBT S
AER S LCU T mZ I 545 (Scheme 9), —RiHIC 50 D 4 A~
VFNMIA LT 4 v DZRF ARG DNLE - EAER MK & L 3%
F o, FRICAIEEREICEIL TE A AR VY FAIAL 7 4 VBREEWE
RedLiC T o c L CRIEICZ L RKimfilicfifiEd 2 Z2AL 74 v D
ITRF MG EHET E L THEDZRF T F 51 OUPERIHKINEIC
IEEFoTw3, Z“HHELT, -7 M7 7 by 56 OFLERE CASICT
J = ~DEMADEITT S Z & T Evans 7V K — L RGIC X o TR
ERIICHEEE L 72 ethyl RO VAEABERLTCLEI LTI T RX— L
Z70b Y SBUTATLAREME L THEOLNLRTH S,

Bulky functional group Bn

o)
"""""""" a
.Bn . o/\l\\l X -9
/\\- - [ \ .
O N 0 o0 no®© oTIPS / d C TN
: 51

OH OTIPS
56 (Keto form)

X

O HO OTIPS

_\\Bn
50 o/\\ o J+
Competition with Y N TN
Z-olefine O 0O HO OTIPS Q
NN
Isomerizati

p=4

52

ation HO oM OTIPS
of a position
57 (Enol form)

Scheme9 ~I 7t X—17 7 v §5OFH GO HE S

UEomMAEZD I RKFASICDONELEZHW L L2Hd
FCHREE % 7% L 72 (Scheme 10), T 7abH . JCIChLE « MAERIC =R
FONBHEL. TP ARG E “RIOBRLRIEZIT) 2L TSR XY
BEIICHEEE A & HRF L 72,

e \
B HO
M/\/\‘ L MQOW .
HO OTIPS O HO oTIPS T

58

Scheme 10 ~I 7t X —)V 77 kv 5§D EH
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IT-2-5 ~NIT R =TTV 5D AR

~NITREZ—=NT 7 b v 5 O IMRABRREEMHE IR T, WO
BARTEETHE P VAL T4 v 41 DALE - IARER TR X AL 2B
2 L7z (Table 5), #1285 — MR DA BEEE CTH Y72 m-CPBA D5 3D
ATz TAED 58 72 31% (dr = 10:)TH O, [FKFIC Z AL 7
4 VDI RFIMDHEAL 60 bVEHFOLNL (Entry 1) Entry 2 Tl
VO(acac), % > 7z Sharpless TH ¥ UG P eidHhiz& A, ZAL 7
4 VDI RFACEIFIL 58 DYEIFIWEL 72D DD, VT AT L A&
PFUEITE T 3 2/R L o7 (53%. d.r=2.2:1); % Z T Sharpless f7& T
RE MG OEBEIG LT & A, 58 ZUK 97% Y T AT LA 14:1 T
AR L., BIELE 7o T BRI TR £ LIS DO ICRUGE % #E K L 72,

Table 5 f7& - ZZAERK =K £ LGS

0
NN, Table 1 NN NN
o HO OTIPS OH OTIPS

OH OTIPS
41 58 60
Entry Conditions Result
1 m-CPBA, DCM, 0 °C, 30 min 58 :31% (d.r =10:1)
60 : 7%
2 VO(acac),, TBHP, DCM, 0 °C, 3 h 58 : 53% (d.r. =2.2:1)
3 Ti(O-i-Pr)4, D-DET, TBHP 58 :97% (d.r. = 14:1)

4AMS, DCM, —78°C,7h

RKICT N F—=ARIEICEE L L TR FADHIAKMRICHES 5 27 F VIBRK
JGDET % 1T 572 (Table 6), o N7THKFL T A a—L 58 IR LT
Swern fEfL % TV RF T AT R 61 ZRELZ, COTALTEF
61 3 ) AT NAMKEHEFIC B WTALER 272720, HEELERZE W T
T =N %EITS T & & L, FFIC Methyl butyrate ® =/ 7 — + Ol
IOV CTHESMICHET L7z, #1OIC Entry 1 TR E T/ 7 — FERPIC
JEICx 3 LDA ik & L, A THE 2 W2 Cli 4 2Dy 7 %
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TLAY—%EGLT AN —VEEER 59 2P REOINECHZ, T

Entry 1 Ti§72 62 Z TR GEZfES 77 F v ALRICZIT-728 25,
FTED 5 BEZ 7 by 62 DUCKIHEIEIC L & F 572, RIT Z5FERNIC

T/ 7— bt EFHECE LS THF/HMPA % A W72 BRI R REEE IR ©
59 ZHUS L., %t 77 b v b Z1T -5 723, Entry 1 OFEE IR T 7 b

VALDINE DB E I NLFERE o7 (Entry 2)e TODFERPL 59 DT T

2T LA~ —[BTORIGHEDENET 7 b AMLICHET 2 2 L PREX

N FFICZ /) 7= 0/B0N05 Syn 74 F— VEUHEAR I3 FLET SOGE:
BEWHDEFEZLNSE, £ TEntry 3 TlkEmWERWCTcZZ, 7

— P2 CE S5 BuBOTf Z W2 R T v/ 7 — b BRI W39
IR 83%., YT AT LA S59:1 THEL, 20%D 7 7 b v {EDEMFIC
BUTH 2 ZEHINEILOHE—DY T AT LA —L LTHEL 72,

Table6 7V F—AKn & 77 + v{bokkst
(COCl),, DMSO

MeO
Et;N, DCM b
o i 7 i 0
HO oTIPS 0 °C, 30 min 0 oTIPS Table

58 61
s LiOH-H,0
O HO TIPS 20°C.36h S OH oTPs
59 62
Entry Conditions Yield
59 (2 steps) 62

1 LDA, THF, —78°C,1h 52%""" 15%"
2 LDA, THF/HMPA, —78 °C, 1 h 60%""" 31%™
3 Bu,BOTT, DIPEA, DCM 83% (d.r. = 5.9:1)™ 81%"

—78°C,2h

* : single diastereomer, ** : 2 diastereomers, *** : 4 diastereomers
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KA IR EE D AT EEIR IR LG D BRET % 1T - 72 (Table 7). 35 L7z
62 1iZxf L T —1t{RFEIRED Parikh Doering FE{L 3% AW 72 IZHA D =
J = 62 i3 —YlSond, ENSMET R Lk o7 (Entry 1), 5 &
BR77 by 62 3 MRAEBL—FTHRLZ 54 LR L 2B 'H
NMR IZTS BRI 7 /o7 a b vofbEy 7 b RE R L2 L5
INLIRYTATLY—DRICHZ T EREZ LN, T DV LFDE
WIS X o TIRICHED 725 T & DR I L7z, % T T Entry 2 TG
DiE > TFAA Z 72 DMSO B LG N EHlwi-e 2 A, ffEo T /) —
V63 XD T, 63 ZAEH LI HuKEE L ) 7t T 2 F Al X
N7z 64 LRI % %\ 72 65 DIRAEVIEERICHE b N, £ T T Entry
2 DS RIGH 2 MESt T 32 e L Is OB REILX L 2 A
FTE D 63 &, 64 DIREVIDEEMICHE DNz (Entry 3-4),

Table 7 {7 iEE R 72 55 — K EEHE O BRAU SIS DR R

(0] 0 =
Q Table 0 ‘
HO  OH 5T|; h Y C YOS OC(O)CFs
HO OH OTIPS 0 64
62 63 0
N\ PN
HO O OTIPS
65
Entry Conditions Result
1 DMSO, SOs*Pyridine, Et:N, r.t., 48 h Decomposed
2 DMSO, TFAA, EtsN, DCM, —78 °C, 1 h 64, 65 (1:3.8) :
ca. quant.
3 DMSO, TFAA, Ets;N, DCM, —78 °C, 10 min 63, 64 (1:1) : ca. 66%
62 :20%
4 DMSO, TFAA, EtsN, DCM, —78 °C, 15 min 63, 64 (1:1):
ca. quant.
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B1%1C TFAA Z M\ 72 DMSO BLRIGIC X > TR b7z 63 & 64 DI
APNCHT LT TBAF ZFHHWTC TIPS fk e MY 7t u 7w FLofRE%
—ZIT TV, FEUKARCUIE ST 3 2 e T~ T e 2 — AL L2~ 7
v x =77 v 503135 2 & nHK7z (Scheme 11),

0 o} TBAF in THF g
DMSO, TFAA AU N\ _.OH
0 EtsN, DCM o) ; o
. X" _78°C, 15 min N\~ i 72% (2 steps) :
HO  OH OTIPs HO OR OTIPS (d.r.=2.3:1) U
62 63 (R=H)
64 (R = C(O)CF; = 5

Scheme 11 ~I7 kX —LF7 7 v 5 DHK

PLEORRICE —HREHRER L o Tz F F AUKIEDIN
RKYGERIER L, ~IT®Z—1ALT 27 v 5 ORI RREEE % T L
720
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-3 Y N7 7720 FDERK

II-3-1 VY Ry 7572 36 DL SENT

TRUERAEETACI RV I ISAVE 36 AR TRICHD .

b Fav gy OMENEBENIRERDOEL 75 & & 2, LT ORIg % 37
Z L7z (Scheme 12),

by e vy ol EE-Y T2 ET 5 68 & 4-hydroxy
pyridone (67)& DT > b, T NI Z B LA TV~ A4 7 A KIb %
lnwz T, ~BIEEcE3b0E Lz, S EEY T VR HT 5
ALY 68 1ZT A F T EANFRAZLE 7 a Ry T ) v IRIG
ZIEEICAT ) T L T, MIENICHEETEZ b0 E AT,

oxa-Michael Acyl- O. N

) reaction rerrangement |
Me,PhSi._~_O |\ «
N MeoPhSi -~ / N MezPhSiMO
O O o
66
|
O._N
« |
67 Cross coupling Carbometalation
: MeZPhsl\/\)Y [ MJ\ ] ; _
TBSO
Me,PhSi- A~ TBSO -

69

Scheme 12 v'U F v 7 5 7 X v b 36 D& G

RICEBROERICDOWTIHR B,
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M-3-2 EE-YTIYV 68 DI

gloica R EEELE LT — MERIC X 52 VR X 2 AL 2 5
L 7z (Table 8), ¥ IC—fxi7a5ett& LT, ZrCp:Cly & MesAl % a7z
AVKRT LI = 2L %7572 & 2 A Y ERIGITER X 03, JFE
[BUX D B DfGHR & 72 o 7 (Entry 1) KIC Cul & MeLi 2> G872 7 — b
EARZHOTHE Lz 2 A HEESENZ E bR X 2 L LY
Kim7rx v Ofi7w b L3R L, =F=1r3a VR 72 2527
(Entry 2), #t\>T Cul & MeMgBr Z FHWCRIGZ MG L 72 & & AEH iR
&Y% 5 272 (Entry 3). Entry 3 D50 bR HOMS 2175 2 & & L,
TR D THF B3 T8 X 172 MeMgBr % iAIF84 1% 1T Toluene IC &2 L
Toluene At CRIGZ 1T - 7255F (Entry 4). & % \» % THF/Toluene {474
B A W725F (Entry )2k A7 & 2 A, Entry 5 THAEOE = LIV HR
71 B3G5 Nz, & b — iSRS DFRES &2 17 > 7213 Cul & CuBreMesS
X% D ICHE% R L7z (Bntry 6-7) ARG OEEFEIERTH 2 =17
J=r— Vil FEB IO =13 vHE NMBLNLETH 2 ORI B T
5 71 ODYRIIERINE L hoZc bE X 5, ALOMED O X0 22l 70 54
HThHDH Cul ZFHH B Z &L L, EntryS DEMFEEZEYZMLEED T,
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Table8 7V F— it & 7 7 b VAL DRET

N Table !

MJ\ # INGZ X
TBSO TBSO TBSO TBSO
70 71 72
Entry Conditions Result
Reagents Solvents Temp., Time
1 ZrCp2Clo, MesAl DCM r.t., 14 h No reaction
2 Cul, MeLi THF —15°C, 10 min 72 : 30%
3 Cul, MeMgBr THF —15°C, 10 min Complex mixture
4 Cul, MeMgBr Toluene —15°C, 10 min Complex mixture
5 Cul, MeMgBr Toluene/THF —15°C, 5 min 71 : 18%
6 CuCN, MeMgBr Toluene/THF —15°C, 10 min Complex mixture
7 CuBre*Me:S, Toluene/THF —15°C, 10 min 71 : 15%
MeMgBr

WESL L 72 AN R AZMMURIGIC X o CHRBE Lz o= %> 7 Ath
Bk ZHWCrZuaxhy 7)) vy i X 3 =Gl A L7 4 vEH EE-Y T
v OWESE%Z 1T o 72 (Scheme 13), Table8. Entry 5 O5&fFEdHw T =1~
vy LA ZRE L, JEAE L= ra vk 6998 @ 0 flio¥
TV LR TR 2 u Xk v 7Y v 7R IT W, YTV 74 ZEER
ICfF 7z, R L - =EfA L 7 4 v O RAMLERM L NOE HEIc X o T E
BRI TH B L RER L2, 2HITE Y70 1T 3 AR X2 2 aAflK
JOZ Syn FIRICTATINL TV B 2 e BRRI NSz, LTAKIGIEZ T T LR
TNMCEWTHEPLLI G ETT L, ZEF L 74 VEREEY T
v ORERTFBOBMIGICHE L AR TFELEE XL b TREL N 74
DF—HOKEEILICHT L < TBS HofrE L, ZEMOMBILKICEIT VAL
RYMEA~EHL ., 76 %157, RBICHLY = v ERH &2, BBELY%
L ZEA L 7 4 VEBEE-V TV 68 BHEEL 72,
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Syn-selective
carbometalation

Cul, MeMgBr
R Toluene/THF
BrMg.__~

TBSO -15°C, 5 min

TBSO
70

\ PPTS

. MeOH
Me,PhSi_~, ——— > Me,PhSi OTBS
SN Bd(PPhy), THE 2PN F 1h
69 80 °C, 5 min 73 H H v
quant. ‘I\E/E’
Kumada

cross coupling

MnO,, DCM
MezPhSiv/\)\/OH Me,PhSi_~_~
|
0

rt.,5h
74 75% (2 steps) 75

+BuOH, H,0 r.t., 30 min 0
quant. 68

NaCIOQ, NaH2PO4 (COC|)2
2-Methyl-2-butene DMF, THF .
MeZPhSiWH(OH Mezphs'\/\)\ffc'
0]

76

Scheme 13 =B A L 7 4 V&H EE Y TV 68 DR
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0-43 YeFovJyogEmst

EUFYVICERLZY e N T vy 28T 210572 ) FElo Bk
FEDO A 1T > 72 & 2 A, Douglas & (% 4-hydroxy-6-methyl-2-pyrone
& crotonoyl chloride & % \» % cinnamoyl chloride % F\>C TFA S T, 7
b, T U VERAL RS % #EH L 72 oxa-Michael JIGIC X o T a-v B VIC
BEIRLZYe eI V% onepot THEL TV FEEZMRMEL TV
(Scheme 14)*,

oxa-

Acylation Acyl i
4 rearrangement ”,Ig'acc’;?:,ﬁ

OT?T/ TFA OTiF/ 0y O RO
- | |

N NS R N —_—

R\/\H/CI Z o)

77 R =Me, Ph O 78 79 80

Scheme 14 Douglas 512 X 32t Fr v T v DR

Z2ZCERBRLAEFEZSFiICYe PerY S voBERN 2T 7
(Table 93), 5L L 72 EE- T v 68 icxf L. BlL&FHE L 72 4-hydroxy
pyridone (67)*VZ W CHID I SNz FEZH W TiTo72 TAH. 7
U OLIZEIT L 72D DD MePhSi 5D Ph HE2EEEL 72 81 2MF 57z
(Entry 1)o KICVA AETH 5 AlICE ZH W CERSFFCRICEAAR T L
ZATLC LTHiZm ARy 2R L 270 IGEIEIE S HEZE L 72 &
A, RIGETCBEENEZZAR Yy MEIWMELFIZICE LR VR
76 & N-A FVHEDEEL 72 82 33 b7z (Entry 2), £ Z T, Entry 2 D
FFCREE 40 °C ~FRBL 252l A7 25, Z XTIV 66 55
N7z,
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Table9 't F E E 7 VD one pot I DMET

Mefh&m
|
_ O N Table 3
Me,PhSi o~ _~ Cl " 1) - 36 (Desired) 66 (R = Ph)
81 (R=0H)

© OH HO_N
o8 67 MeZPhSi\/\)YOH /\ |
0 OH
76 82
Entry Conditions Result
1 TFA, 60 °C 81 : 40%
2 AlCl3, DCM, r.t. 76 : 30%, 82 : Trace
3 AlCl;, DCM, 40 °C 66 : 61%

Table 93 ICE VT WTNDEFICE T HITED 7 ¥ VR KOS I3 BT
INahol, TOERE L CAEECEH LYY P Y EHWTWEZ &b
2-v'm v EHER L ZBRIC A VR =V DEFRIFE T DEFHED G S &I D 4
FIKEBE L DT o NLX VD ALK AN RIGT 5 2 & THIURT v
= LG 83 R T 2 MBI T B 2 & CHEkE L 72 T U OVERA G DS
TL»o72bDLEZ L5 (Scheme 15), £ Z T AT )V 66 %
HABEL 72121 Fries IBfZIC X 2 e Fu v 7 vOMERS 2T L & L

72
S
Mefh&M \Lﬁ cl

fast
| /
(0] N
MeZPhSiMm Q

|

0 OH m‘ O N

1y
68 67 MeQPhSiMo
(0]

66

Scheme 15 M35t 68 £ vV F v DKt
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% T EE-Y TV 68 & 4-hydroxy pyridone (67) & Et;N f#E [ 7 > 1k
ZHETIH T XTIV 66 % 137212 I\C ., Fries a7 IS %2 5T L 72 (Table 92),
Entry 1,2 TIREEMESMETH 5 TFA. T 7213 AICL % F 72 BR IZFE 2350 fif

FERBEO N2 RICHBEFFICBEWTALETH 5 Z &5 6, Kappe
6 e JZ > THRE T N7z KON ZH W72 EMSM ) 2@Eis L7282 A,
Dy e a7 v LYY Vv 777y 3603 &EEHHX
7z (Entry 3)o Entry 3 DZF T3 toluene IAHEIC XT3 % KCN DR 23
Kz &b, RISEIMER LEERRLAICHELIZdbDEeEZIZLNS,
% T TBAI Z Al & LT A BRI 3o e T N HB D 36 A3 5
— DY T AT LA —, LTHELNT (Entry 4),

Table 9 7 3 WALJG & Fries B5A7 56 * oxa-Michael )6 D FET

O_N
|
1S o
67 OH « Me,PhsSi
. Table
Me,PhSi o~~~ - .,
\/\)Y Et;N, DCM MezPhSIM
@ rt,1h
54%
68 smgle diastereomer)
Entry Conditions Result
1 TFA, 60 °C, 20 min Complex mixture
2 AlCl3, DCM, 40 °C, 2 h Complex mixture
3 KCN, 18-Crown-6-¢cther, EtsN, 36 : Trace
Toluene, 12 h, 40 °C
4 KCN, 18-Crown-6-¢ether, TBAI, Et;N 36:25%

Toluene, 3 h, 40 °C
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KCN IC X % Fries ¥afiZ. oxa-Michael SJGD /1 A7 — FRIGD K)G A 71
=X LITOWTIE, F10IC KCN & MBI CH 5 TBAI 28G L
tetrabutylammonium cyanide (TBACN)2 4K 3 % & T toluene IR HEIC XT3
LIRIRERNEL, TDOTBACN OV 7 = F A F VY BT R T 66 ~ffN
TH5ZLTYT /)T ATNZREH L, Fries #5735 X U oxa-Michael G723
EITTsZTYe PRI VEBRLZDDLEZ TS (Scheme 16).

© © §
CN
AN KCN

8N C ~ENTTN [ H K
- - | O<_N
O<_N |
| N
p MezphSiw 0°)
MeZPhSiMo T S
o)
S
| MezPhSis_~_O._~
MeyPhSi._~_~ ~r |

N

~ ~N
(

36 (single diastereomer)

Scheme 16 2 & F 1 &' 7 ¥ DRGSO HEE SIGHM
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II-5 TErIeF a7 v 737XV FDERK

1 -5-1 FThIeFuzI v 777X 37 DS ENT

Nicolaou DT F 7 Va7 7 v O THERP =K F LG
ZHMES 5 & & TR AL, AR DA L 7 4 VI D BR D 2%
RERPRETH Y, TMETKICE LT 2 2 & CTLEBDEA T
W3, ZZ T Ny 7772y b CHEELZZERAL 7 4 vEH EE-
VIVOEREEIGHT S L CTHEIEL ORMLERNICAKTE 2 )
DEMFEL, UTICTF I Fu77 v 37 OMARBENTZIEL -
(Scheme 17),

Tho2ebtu7o v 7oAV 3TIEZRATL 84 LY=L Y T
L— ol RERLoLRITo et TELNEbDEL, T TR
077 VERIZT 7Y L—F 85 ICK L CMIEIRI 7225 T oxa-Michael
FIGTHEETELZDDE L7, 85 1F T T b F 86 1K LTI AEIRIN 7x
1L2-fHMGIC X VEIFE2bDL L, 86137 F L v 88 XU AERK
RIRF AL MEBRZRF Y FORREZRET L cHELNE D
DELT 8B ILEENDE ODARKKRBIZFIARALT—F 89 bl
HIARE R F I LT L = A E & 90 & D anti 3EZIRAY 72 Marshall 7' g S L F
MUERIE Ik > THisECcE 3D L, S L 74 VEHBEEY T
Y9I Y RNy 7T AV NERDANRRA Znfbe s a Ry 7Y v
7 %@ IICAT 9 T & TR G RIEE & F 2 72,
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Stereoselective
oxa-Michael
reaction

Stereoselective
epoxidation

O (0]
TSBO
InIlOMs
.,
Marshall Mer, = > ‘
propargylation ‘/ OTBS OMs

H 89

—> .\
Carbometalation
0% | -cross coupling MeMgBr
0 —> +
| TBSO/\ 0
90 0 N

91 o

Scheme 17 7 F e Fu 75 v 757X 37 D& fENT

Z I TCYIDIC=ZEIRA L 7 4 VEH EE-C TV 90 DEICET L 7=,
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II-5-2 —EF L 74 VER EE-Y IV 90 DEIK

Y Ny 777Xy EAROFEZHOTORITERN Y = v O
FACHUY #HA 72 (Scheme 18), TBS JECREI Nz 7 a XL F LT v a—
V70 1ICXF LT Cul, MeMgBr Z W THhH LR X ZXAMURIGZE TV, ©=
ety AR ERE L, HIEHE Lz =13 R 99ME D 0
fifi Pd fiklifFrE L, BBEHZ v Xk v 7Y v I RIGERITH 22T, YTV 92
FEINECE 7, @B R L 7 4 v ORMLERY: X NOE 1B 25HERE
TEHI b, EERWICHEEL - L 2HEEL 2, i TH—Bokig
o TBS HzRELMLICZTHY 2 LT, =&t L 74 v&F EE-
vV 90 E L 7,

Cul, MeMgBr | TBSO
TBSO/\\\ |
Toluene/THF MgBr
70 -15°C, 5 min
OoTBS
"
NOE (0]
| 0)
| Pd(PPhg),, THF \ H |
N 80 °C, 5 min, 95% N

(COCl),, DMSO 0™
PPTS, MeOH E‘3N DCM
r.t., 5h 0 °C, 30 min

85% (2 steps)

Scheme 18 = E&#a AL 7 4 v &H EE- TV 90 DEK

45



I-5-3 XINEALT—F 89 DEK

ThZebNue 7oy 7772y OVIEEREORE L 75 Marshall 7
AL FMRIGICH WS F IR AT — 89 ODERICEFLE
(Scheme 19), 70 Z HHFEY)EH & L. Weinreb 7 F Y EHGE D ZH-TT7 A+
VERIGICA FT b v BN L B FKER B SOC Z H W TARER
IS 7 a L FALTva—v 95 157~ KW CTH U 7258 oK iERE D £
PBIC XY 89 17,

|

oTBS \H/N\o/ QTBS RuCI[(R, A)-Ts depen]
P (p-Cymene)
= o = KOH, DCM, i-PrOH
n-BuLi -
70 THF, 0 °C 0 rt, 4 h, 75%
5 min, 96% 94 (97% ee)
OTBS  MsCl, DMAP OTBS
EtzN, DCM
Z Z
Y rt., 5 min ;
OH quant. OMs
95 89

Scheme 19 X > 7 — + 89 O &K

IR AR KB GIC X > THE U725 KB RED AR R TH 5
Z & 13 Mosher £ ®% F\WCHRIE L 72 (Scheme 20), * 72358 L L 72
MTPA ZZ TV 96, 97 DL T AT LA XD 95 DAL 97% ee &
HHLZZ, TRICEDFTIALRAST—F 89 DEMEIZEKL 7=,

OTBS
(S)-MTPACI //
OTBS L Y
Pyridine, r.t. - OTBS
_ 5 min, quant. O(R)-MTPA .
v 7 - 96 0.071 A é
(:)H OTBS T-0014
(R)-MTPACI OMTPA
% Pyridine, r.t. Z A3 =3(5)-MTPA - 3(R)-MTPA
5 min, quant. 6(3)-MTPA
97

Scheme 20 X E Mosher %
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11-5-4 Anti 3ZRI) Marshall 7" 1 <)L A6 D B gt

RIC Anti ERB 2 AMBOGZ B Y #HA 72 (Scheme 21), ¥ 7 V72 AL T
— P 891X L C Pd fiEEAFZE N Inl ZFHH WX 747 L = LV id3E 203 L |
TATER 90 ICfFHE &5 & TN 98 UK 82%., ¥ T AT L
e 9:1 TR L 7z,

TBSO

InlOMs
— Pd(dppf)Cl,*DCM .
Inl, THF/HMPA=3/1 Mo Lroc
OMs r.t., 30 min H OTBS
=
THF, 0 C HO | 0
12 h, 82% |
(d.r.=9:1) N
98 O

Scheme 21 Marshall 7" & >3 )L ¥ AV G

ARG D AT =X L SRERPEIIRD X HICEEL T 5 (Scheme
22), Pd(dppHCL*DCM 7*5 0 fii Pd ZFHH L. 89 D7 v * v ICESLL A &
NEDT v F_Y T T7F—BEOERIC, TLZ ATy LfE B L,
Inl LD bFTVRAZMMEDHETL, 0fi P[d DFEZIEOEZLT L=V
/f VYT LEERLTWEb D EEZ LN, HELAET LA, vV Y

KHLTTATe R 90 Z{EHIEARICII In &7 AT FoFL—

}%ﬁ/)ﬂzb FTLoAREDOAFALE LT LT }@7’»#»?&%‘3“(@4
W FEZETE L9 FL—Yavyay e — T anti &8RN
JCBHEITL2dDEEZ2 NS, T 72— XANTHRIERIEZ v 3 2 & TR
BRI X D FL— MEREHEST 2 2 LA 5T W5 28, ki mmE
72 THE VAL CT L = V32 A8 L 72 5:F Cl. 0 °C TN IS 233
129, ERA~FIRT 22 & TPCRIT 5% T AT LALL 3.5:1 T 98 #
5.2 7z PRICK L THBERHEZIML 2w & TRISEAMET L. A
T2 2L CHERNICEMN AR OEIRERNME T LZbD EEZLN
%,
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PA(0) Pd(ll) InIOMs
| , /J‘\ ini 71‘\
Me/“ = M I,,_/. M I:,,/.
/OTBS “ OTBS ; g OTBS
H H Pd(O) H
MsO 89
_ — 4 OTBS
OMS()\ /I
90 H"/\\// ~~In(”l) HO
R MR ‘\ ./\ - | 0]
e,
/ TBSO |
H N
98 O

Scheme 22 Marshall 7 2 S L FNAALKIGD A 1 = X L & STARER
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I-5-5 TALT e R 86 DENK

Marshall 7" 2 SV FAALKIE TR T VAT A a—L 98 DX F LT —
T ML % BET L 72 (Table 10), #]% I NaH & Mel % v 725t TG %
ATz CAHARER DT R L 7o 72 (Entry 1), £ & T HICRIGHE
D A F LA TH 5 MerSO0s ° MeOTE % 7= I B W T D [l
ICHE DT A5 HR & 7 5 72 (Entry 2,3). Entry 4 Tl A KHL 72
2,6-Di-t-butylpyridine Z W 72 5&FCTiTo 72 L 2 A, FTE D 88 & TBS A3
WAL L 72 RIS — KB EE R A F LT — F AL I N7z 99 BENF NI E
35 N7z, Entry 1-4 D A F LT — 7 AL TIIERMSEF T coE o A%
E X DMETH o 72729 Entry 5 TIIEMSIEIT Z 5 Meerwein il3E 4%
W72 FRIC 88 25E IR AV ICHE S AL, IR ZUBGEE L 72,

Table 10 7 Y L 7L 2 — L 98 D A F LT —F WL DE]

OTBS OTBS o~
z z
Table
HO 6 TBSO o
| Nj Q | N7 Q
0] 0] (0]
98 88 (Desired) 99
Entry Conditions Result
1 Mel, NaH, THF, 0 °C, 5 min Decomposed
2 Me>SOs4, NaH, THEF, 0 °C, 5 min Decomposed
3 MeOTf{, NaH, THF, 0 °C, 5 min Decomposed
4 MeOTT, 2,6-Di-t-butylpyridine, DCM, r.t., 12h 88 : 19%, 99 : 27%
5 Me;O°*BF4, Proton sponge, DCM, r.t., 12 h 88 : 82%
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RIFELNTAF LT =T 8820 L IMERN TR F > FOWEEL
1T 72 (Scheme 23), 88 ® 7 /L ¥ v IZXf L T Lindlar it 49 % FH v CTIKE
W) ZIT W, ZA L 7 4 v ~EE W21, PPTS # T TBS &%
frET 2zl TcTIAT A= 101 2872, fitWWT Z AL 7 4 VDI
B IRERN R TR F AURGZTo 72 L TA, VT AT LAERIIC
87 33 b Tz,

oTBS QTBS

H,, Lindlar cat.

PPTS, MeOH
EtOAc, r.t., 3 h 3h,rt.
87% (2 steps)
88 ©
OH
m-CPBA
0 DCM,0°C,1h
(0] 70% (d.r.> 20:1)
N

)

101

Scheme 23 =T HRF > F 87 DA

101 O =R F UG DALE « EAERYE L m-CPBA 287 Y AT v a3 —
NEDKFEEEEZNLTCEI»S Z AL 7 4 ViIER L TR F L
T35 L THMEDIFRF U FBEBRLTERLLZDDLEEZDL Z S
(Fig 8)°",

H-0

A O,
O--H H

Me”
MeO—(_
R _J

Fig. 8 {7 & « VMAERI = K ¥ L0 BRIRE
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FHOWTABRLEZZRFLF 8700 TR F Y F O EEINFIER % et
L7z,

O RIE KA Z 72 EEN 2R3> FORMBRZRE L &
(Table 11), Entry I Tl 87 ihf L TRk 2 7z & 25, A b F Uk
DiiEEZ NS, BLL72104 28 1.6:1 DY T AT LAREME LT
b7 (Entry 1), Entry 2 CIIEEMEZ KR L 720l 2 W 72BRI13 A +
CEOMNEEAFE A, PUA—L 102 £ 103 DY T AT LARAEME L

TH72 (dr=12:1) TN DFERD L 87 I3 2 EMEKER Z V72 1E
et 22 K D ARG Z A7 E IR 23 7B L 72 22 o 72,

Table 11 THEF* 2 F 87 DN EEIRAY 72 IR DR ET-1

104

Entry Conditions Result
1 60% HC10O4, MeCN, H2O, r.t., 3 h 104 : 66% (d.r.=1.6:1)
2 H>SO4, THF, H20, r.t., 12 h 102, 103 : 81% (d.~. = 1.2:1)
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Z ZCH—HOKBEE ZFH L 72 @& RN R * o FORRZ RN T
5 L& L7 (Scheme24), Sopena H i TR F o T a—ioxt LT
fLIKFEHT AFHATEREZEHIEE 2 & TR+ ofE &R 7 H
BREMRCTRETERRI—FA—FPEHEEL T3 ), £72 Roush bl
TARFT T ICH L TPNCO ZfEHIZE 5 2 ¢ TROoNE 7 = =
=N X — TS O EERIC =R F & N~ DA INRIGZ AT 9
T L CTEREMICERIR A — R A — P 2T 2 FELZIE LT3 50,

O
o
.»‘O

PhNCO
Pyridine '

DCM, r.t.
6 h, 95%

105 0

Scheme 24 {\EZERP T K F > FOFHER

IS DFEESE KT #H% L 72 (Table 12), Entry 1-3 Tl 87 i
o U C A LR FEHA T, R 2 ARG CcH %5 TBD © DBU % 7= #E
PRIEELCH 5 KoCOs & 7255t TRl 7o 8 — VI RO I T8 37, Jk)
FINDHDFERE o/ FT T 7220 —2 2 —F 105 12X LT
A AWTH % EtCIAl ®° BF:*OEtL Z HW ZBRICiZE 20 L. HWO
106 (I 572> > 72 (Entry4-6), £ Z T, 7LV RA7T v FETH 5 Hikk
KB E AT CTTEOERR I —FR L —F 106 £ 7 =17
—RXA = DBREZBRIPLIRFI ML ZAFH VYY) v 107
2 2:1 DIRAYTHETZ (Entry 7)o 2R L 7TV VY RT v FEOBERE
ERHOIZEECREER D ET 2R % 5 2 72 (Entry 8), AL DRI &
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Entry 7 iZ3B W CTHIIOERMEME S D DFTED 106 %5 2 554 % 7
H L7,

Table 12 =K ¥ F 87 DA EEIRN 2 BB DRGT-2

87(R=H) © ©
105 (R = C(O)NHPh)
Entry Substrate Conditions Result
1 87 COy, TBD, Acetone, r.t. 24 h No reaction
2 87 CO2, DBU, Acetone, r.t. 24 h No reaction
3 87 COz, K2CO3, Toluene, r.t. 24 h No reaction
4 105 Et.CIAl Et,0, 0 °C, 30 min Decomposed
5 105 BF;°OEt;, Et;0, 0 °C, 30 min Decomposed
6 105 BF;*OEt,, THF, 0 °C, 30 min Decomposed
7 105 H>SO4, THF, H20, r.t. 48 h 106, 107 (2:1)
:ca. 72%

8 105 60% HClO4, MeCN, H>0, 30 min Decomposed

UTFic7LrTe F 86 DEBICOWTEHMAZIRRS (Scheme 25), * F
Ne F IV vERWTT72a 4 AEEREL RIS, TrocCl Z{EH X &
110 & 111 DEEV 2 G2, i TR A —F 4 — &R IR fiE L
72BAEL 72 b A — O —HokEEHEGEIRN 2 TBS L %175 2 & T, 114
ZE L7z, BRIZIC Onepot TY A — I Tk b= FEEDEA L TBS A
DEREZITV 115 ~BE 72141, Swemn fEL3P%1T5 2 & T, TAT7 e N
86 %1572,
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NMeHNH,

EtOH TrocCl, EtgN

DCM, 0 °C, 5 min
45% (3 steps)
(110:111 = 2:1)

80 °C, 48 h
(108:109 = 2:1)

NH,
110 (X = O)
o) 108 (X = O)
106 (X = O) 109 (X = NPh) 111 (X=NPh)

107 (X = NPh)

Mezc(oMe)2
OH  TBSCI, Imidazole PPTS, DCM
DCM,0°C 40 °C, 5 min
69% (2 steps)
NHTroc
NHTroc
113
(COcCl),, DMSO
MeOH EtsN, DCM
rt.,12h, 71% 0 °C, 30 min
73%
NHTroc
L _ 115

Scheme 25 77t F 86 DE&K

54



IT-5-6 VAREIR = VD 1 2-6HN s D gt

ThIe R a7 v IRV ERETS 6 O0DRKIRED S L, HiH
THAR7ZT AT F 86 DL E TIC, 4 DDOARFIRE & AEIRN ICH
FLTzo RIC8 DT VT b F~DIARERNZ: 1,2-(SIc X 5, 52
HORF KA DOMET % 1T > 72 (Table 13), #]® IC vinyl MgBr % F\» 72
&A= AAINE 116 2V BAERK L (15%. dr=1.3:4), [FIKIC7Y) =
= L ETCAI L LTl 7 v o — iRk 115 2386 4, BITRIG S
AT AR E o7 (Entry 1), T2 = VEHDOKZLAI L LT tetravinyl
stanane & n-BuLi 2> b FH% L 7z vinyl Li % F\W 72 BRIZ&E T O % 0 L
116 23T AT L AHEB X% 6.2:1 THELN (Entry 2), BBRZER W Z LT,
Entry 1. 2 O CTIUAERMEL WL L 2R 035 o, KEAloeEIC
Lo THINT 2EDEBBRIREN R 5 Z & RE I N7z, Entry 2 TILid
B 72 vinyl Li Z3E 120 L C—RIC 2 7282 AvTwnw3 25, WML
722&5F (Entry 3)%° vinyl Li &xf L CEE %2 M A2 % 5:F (Entry 4)TIZHI
D 116 IV EBHMINE DR E 572, Entry 5 TIEZHME & L T HMPA
W& RICHED M B L, IR 65%., ¥ 7 A7 LA 20:1 BLE
T 116 2§ b 7z,

afICBRIRFE2AETH2TAT N 86 1Cxf3 2 1,2-fIINIE D 37 A%
REDOEZEIILL NIRRT (Fig.9), VA A% 9% vinyl MgBr % i \»
BRI Mg 3 ANV R = VB e B3 2 IR IR PRI C BRI L. FL—
g VETLVCKIGHEITT 22T NeCDERPERL-EEZOND,
—77. vinyl Li % 7213 polar Felkin Anh & 7 L CRIGSETT 2 2 &
T116 DERDPELRLEZdbDLEZLND,
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Table 13 VAEIR 72 © = VB D 1 2-fHN D!
O /O (@] OH

NHTroc NHTroc
86 116 115
Entry Conditions Method Result
1 VinylMgBr, Et,O One shot 116 : 15% (d.r. = 1:3.4),
0 °C, 30 min 115 : 29%
2 Tetravinylstannane, n-BulLi, One shot 116 : 23%
THF, —78 °C, 45 min
3 Tetravinylstannane, n-BulLi, Slow 116 : Trace
THF, —78 °C, 45 min addition
4 Tetravinylstannane, n-BulLi, Reverse 116 : Trace

THF, —78 °C, 45 min

5 Tetravinylstannane, n-BuLi One shot 116 : 65% (d.r. > 20:1)
THF/HMPA, —78 °C, 45 min

Chelation model

R VinylMgBr

Polar Felkin Anh-model

R_ .\O
O |

O

VinylLi
NuH H

Fig 9 v = VI 1, 2-( KOG D ZARZETR
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M-5-7 YA =S 10) -+

VARSEIRIICER L 16 IWRLTCT o Fu 7o v 77720
BRI T TRZE D ERENRZ 1T 5 72 (Scheme 26), 116 D exo-4 L 7 4
V1A LT Grubbs 55 AU SDIEAE T methyl acrylate & DAC7E R X &
VARG ERATWT 7Y L—1F 1T AR LZRIC, TR = FEORE
ZITWE VoA=L 118 ~ LB Z | RERICHEEESMF T oxa-Michael SUGIC
EoTT 2 Fu7 7 VBROBKL,. 7 b7 br 7 vERED Y4 —
)T carbonyl diimidazole (CD)% FHW CERK A —FR A — P2 E AT B2 &
TYTATLAREY 120 5K L7z (dr=136), ULickh 7 +FI¢E
Fe7ov 752720 37T DREARERORELZZERL 72,

o]
s Ao~ PPTS, MeOH
Grubbs 2nd cat. 40°C,24h
DCM, rt.,1h 44% (2 steps)
+-BuOK
THF, -78 °C
1 h, 23%

CDI, DCM

rt., 2h, 80 %
(d.r.=1:3.6)

Scheme 26 7 F 7t Fu 7 7 vERDREE
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-6 e

T, KN RE AT I TR 7 R PURRESRMF A A =X L & L CiFE
H& N2 MBS EEEREEE (T3SZHATL2HAOR 7)) —=v 7%
T L 724658, aurodox 2% in vitro, in vivo FITENT-EYNEEERZRLTZC
Ex L7z, £ Z T aurodox % T3SS [HFEAIE L CHARF L. FEEIETEM
B2 HIIC AR ICET L 7.

WSS TEAH B R 2 B & L 72 R B8R G K 2 (B I A 72 DOKR
(1) 70 &5 ORI C A BRI 2 3¢ EF L. aurodox DRI eiiiE©H 5D~ 2
TEX—=L QY Fve@FTtoernrI7vianELi320777
AV PEBREL, ZFNENWEBENT %2 KL 7=,

Me,PhSi o)

Aurodox (1)

Scheme 27 Aurodox D IV TR 4= R %
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L72¢ 24, m-CPBA ZlW7=&F It TRINE R 255, Fﬁtzé’@.’f;éi#ﬁl
RETF 51 ZMEEL, i TAHFH VY V7 VERLOINKfiEIC
fibﬁﬁw%%/7—k@\¥WI+#/F“@HMKK#Lﬁ75
CLTS5ERTZ N VAEBEL, MEERN S KB OBL G %
frocec, =/ —n 57 L 72, ®EZIC TIPS HOBREEZITW, 7
b)) —VEEREEZRBAL~NI T2 —ABR{LE® L T~ITE
R—NF 7 by 5 EREEL -,

1) (COCl),, DMSO
0 Et;N, DCM Bn
10 steps 0 °C, 30 min, 94%
0 GOH  — (\M O/\l\\l
OH OTIPS 2) 49, BuBOTH, EtsN e NIRRT
DCM, -85 °Cto 0 °C :
41 O 0 HO OTIPS
D-pantolactone (42) 1h, 98% dr >20:1) 50

Bn i
m-CPBA LiOH-H,O
DCM,0°C,1h Y i
28% (d.r. = 8.6:1) 27/ 0 : TR0 16 wo O omes 6h

O HO OTIPS
51

SO3+Pyridine
EtaN, DMSO. TEQFC'” [HE
XN XN
OH oTIPS rt,48h OH oTIPs then NH4CI aq.

82% (2 steps) 7
(d.r.=ca.2.3:1) _ 5

Scheme 28 % —HR~NIT X —ALF 27 v 5 DEHK

FMRA~NITEZ—LT 7 bV 5 DEBITE T, 50 OILAFERD
TR F AR 2 i L 54 D EERN LS IEA S ict ) —u
57 ~eBEMbT s cF AR AREHEES SN REE 2 CHE
5 DA E RIE L., mlft %17 > 72 (Scheme 29), &EHHIATH 5
FUF L7 4 v 411Xt LT Sharpless N TR F AL %2 1T L MAERDY
ORI TIRF U F 58 21F7121C. Swern fZ{l.. methyl butyrate & ®
TAF—ARIGERET 59 28w, ZDRIZE—IAFREKD FEEZH
T DMSO f&ft., TIPS BDFREZTTHI LT, ~ITRX—ATF 7 PV 5
L 7,
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Ti(O-i-Pr)4, D-DET 1) (COCI),, DMSO, Et3N

M TBHP PN N DCM, 0 °C, 30 min
OTIPS DCM, 20°C,2h HO O OTIPS 2) Methylbutyrate, Bu,BOTf

97% (d.r. = 14:1) DIPEA, DCM, -78 °C, 2 h
83% (2 steps), (d.r. =5.9:1)

o]
P LiOHH,0 1) DMSO, TFAA
LOHHO o) EtsN, DCM
eOW eYn, e - ~78°C, 15 min
o) TONTS . TN ———————
o Ho 5TIPS 20 C,OSGh HO OH OTIPS 2) TBAF in THF :
81% . g
50 62 40°C,1h =
72% (2 steps)
(d.r.=ca.2.3:1) =z 5

Scheme 29 £ _HR~I 72X —LF 27 bV 5§ DERK

Qv Fv 777 X2 DEK% Scheme 30 I3, gl — @&t L
74 VEHR EE-C TV OMEEMRGT L7z, TBS CTREI N T u L F L
T a— 701X LT Cul & MeMgBr % F\2 7= Syn i BRI 72 7 LR X &
MERIBICE Y =~ 3oy AR ZFE L BEHE L 2=
VK 69 EDEEMH I uRAy 7)) v EITH 2T, EERMICEER
AV 74 VEREE-Y TV T3 RS L 72, TBS 2 CIRH#E X N7z 5ok
BEL % BRIE L)~ & ¥ L | L& FHHL L 72 4-hydroxy-2-pyridone (67) & O =
AT Wt X U KCN % H\ 7= Fries Brfi7 X J& & oxa-Michael G D 71 R
— FRIEZITH2 2 TC¥e ey v BRL. 72 bur5v 77
JAVE 36 DEMEIEKL 72,

S Cul, MeMgBr
A Toluene/THF
. |BrMg_~ |
TBSO -15°C, 5 mi
min TBSO 5N
70 |
‘ S
Me,PhSi M PhS'\/\)VOTBS _>4steps i o7 "
e, |\/\I Pd(PPhy)s, THE e,PhSi -~~~ Me,PhSi o~ __~ Cl EqN, DOM
69 80 °C, 5 min 73 (0] rt, 1h, 54%
quant. 68

© \

[
N
| KCN, TBAI, EtgN o) N Me,PhSi (e} X
p 18-Crown-6-ether | 25% m
) ——>  |MeyPhSi o~ N - ~
MeZPhS'V/\)\ﬂ/O Toluene, 3 h, 40 °C ~
o) Q/OH 0 O
36

66
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BFFIeFurzsv 7727 XY FDARKICOWT Scheme 31 IC/RF,
U Ry 797X FRBRICHAB Lz =A< 2 3 o7 A0 R L
T LIAVREDEHAIZu R Ay 7Y v 7 %IT\W, EE-V T V%L
7211, F I LT L= AiEH & D Marshall 7’230 FAALK)GIC X D 98
A LT, T ORAEHET W, TV AT a—b 101 ~&E W11
m-CPBA % W72 P AREIRI TR F 2L & EEIR = R ¥ > F OB
#ITH 2 ET106 MR L 72, X LICEREERZITW, TALTEF 86
Z 3B L | polar Felkin-Anh €7 L C vinyl Li Z 1l & ¥ % & & CTIZFRER
0T 116 ZHEEE L, REA XV ARIGERT U8 ZHK L 72, HEICH
FHMELEMET oxa-Michael IGZ{THI 2 & T, T 7 Furz o vEREZEK
L. 752 Fu 75V 757X OHEKREHEORBELZERL 72,

ARICk 0 &7 5 72y b OREREEOREREELIET L 7=,

S, EEBMBICIE 72T IALT IV 37TE~ITX—NLT 7 bV
S5ICXBTATAT I FREIGICHES, e ) 7L —F b=y
Zv 3 lckamlzaxhy 7Y v CREEHEEMHEFE L. aurodox A
Y o1 5 % FI) B L 7z retro oxa-Michael GBI X > T, b U = vV ES
ZHEEE L. aurodox DB ERTE 2D D LHHFFL T3,
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MsOlin

TBSO
" ' =~ "0TBS
MgBr R Y 1880 =
~ HO
LN P nak, THE THF, HMPA 5
80 °C, 5 min, 95% 0°C, 12 h |
o 82% (d.r. = 9:1) N
91 92 (R = CH-OTBS)
2 steps [ 6 O
90 (R = CHO)
3 steps
_ m-CPBA H,S0,
DCM, 0 C THF, H,0
70% (d.r. > 20:1) 1. 480
PhNCO
101 © Pyridine 87(R=H) O
DCM, r.t.
Y 6 h, 95% —105 (R = C(O)NHPh)

Tetravinylstannane
n-BuLi, THF, HMPA

-78 °C, 45 min, 65%
(d.r.>20:1)

1) +BuOK
THF, -78 °C
1h, 23%

2) CDI, DCM
rt., 2 h, 80%
(d.r.=1:3.6)

Scheme3l 7 Foe Fu75v 7572y 37 DEABKEE
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1. General Methods

Precoated silica gel plates with a fluorescent indicater (Merck 60 F254)
were used for analytical and preparative thin layer chromatography. Flash columun
chromatography was carried out with Kanto Chemical silica gel (Kanto Chemical
Co., Inc., Silica Gel 60 N, spherical neutral, 0.040-0.050 mm, Cat.-No. 37563-84).
"H NMR spectra were recorded at 500 MHz and '*C NMR spectra were recorded
at 125 MHz on JEOL ECA-500. The chemical shifts are expressed in downfield
from internal solvent peak CDCl;s (7.26 ppm, 'H NMR and 77.16 ppm, '3*C NMR)
and coupling constant (J values) are given in Hertz. The coupling partterns are
expressed by s (singlet), d (doublet), dd (double doublet), ddd (double double
doublet), t (triplet), q (quartet), m (multiplet), br (broad). The All infrared spectra
were measured on a JASCO FT/IR-4600 spectrometer. High and low solution
mass spectra (HRMS and LRMS) were measured on JEOL JMS-T100LP, IMS-
AXS505HA. Optical rotations were measured by JASCO P-2200 polarimeter.

2. Experimental Procedures and Compounds Characterization
(R)-4,4-Dimethyl-3-((triisopropylsilyl)oxy)dihydrofuran-2(3H)-one (S1)

o 0

o TIPSOTY, 2,6-Lutidine O
~'OH -1OTIPS

DCM, r.t, 4 d, quant.

D-pantolactone (42) S1

To a stirred solution of 42 (5.05 g, 38.8 mmol) in DCM (38.8 mL) was added 2,6-
lutidine (26.6 mL, 233 mmol) and TIPSOTf (31.2 mL, 116 mmol) at 0 “C under
N2 atmosphere. The stirring mixture was allowed warm to room temperature and
stirred for 4 days. The reaction mixture was then quenched with MeOH (4.70 mL),
and stirred for 1 h, and quenched with saturated aq. NH4Cl (100 mL). Resulted two
layers were separated, and the aqueous phase was extracted with DCM (100 mL x

3). The combined organic layers were dried over sodium sulfate, filtered, and
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concentrated under reduced pressure to afford a crude product. The residue was
purified by silica gel column chromatography (hexane/EtOAc =20:1) to afford S1
(13.9 g, quant.) as a colorless oil; Rf = 0.74 (hexane/EtOAc = 2/1); [a]*’p +21.2 (¢
1.00, CHCl3); IR (Diamond Prism) (v em 1): 2938, 2866, 1793, 1658, 1462, 1123,
1008, 876, 831, 677; "H NMR (500 MHz, CD:Cl) 8 (ppm): 4.17 (s, 1H), 3.98 (d,
J=9.2 Hz, 1H), 3.87 (d, /= 8.6 Hz, 1H), 1.25-1.18 (m, 6H), 1.13-1.05 (m, 21H);
13C NMR (125 MHz, CD:CL) & (ppm):175.8, 75.7, 41.5, 31.0, 23.3, 19.2,
18.1(3C), 18.0(3C), 12.6(3C); HRMS-ESI (m/z): [M+Na]" caled for
Ci15H3003S1Na, 309.1862; found, 309.1854.

(3R)-4,4-Dimethyl-3-((triisopropylsilyl)oxy)tetrahydrofuran-2-ol (43)

0o OH
DIBAL-H, DCM

-78 °C, 10 min

-1OTIPS 10TIPS

St 43

To a stirred solution of S1 (128 mg, 447 umol) in DCM (2.24 mL) was slowly
added DIBAL-H in DCM (1.0 M, 492 pL, 492 umol) over 1 min at —78 °C under
N, atmosphere, and the mixture was stirred for 10 min. The reaction mixture was
quenched with Rochell salt aq. (3 mL) and stirred for 2 h. Resulted two layers were
separated, and the aqueous phase was extracted with DCM (3 mL x 3). The
combined organic layers were dried over sodium sulfate, filtered, and concentrated
under reduced pressure to afford a crude product as a colorless. This resulting 43

was used in the next reaction without further purification; Rf = 0.59
(hexane/EtOAc = 2/1).

Ethyl (S,E)-6-hydroxy-5,5-dimethyl-4-((triisopropylsilyl)oxy)hex-2-enoate
(S2)
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OH o
PhP
3 \)J\OEt 0
OTIPS M
HO N0kt

Toluene :
reflux, 5 h OTIPS
81% (2 steps) S2

43

To a stirred solution of 43 in Toluene (894 pl) was added ethyl
(triphenylphosphoranylidene)acetate (234 mg, 671 umol) at room temperature
under N> atmosphere. After being stirred at reflux for 5 h, the reaction mixture was
cooled to room temperature. The reaction mixture was purified by silica gel
column chromatography (hexane/EtOAc = 20/1) to afford S2 (130 mg, 81 %) as a
colorless oil; Rf = 0.67 (hexane/EtOAc = 2/1); [a]*’p —9.38 (¢ 1.00, CH3Cl); IR
(Diamond Prism) (v em1): 2942, 2870, 1708, 1462, 1257, 1166, 1038, 876, 820,
673; 'TH NMR (500 MHz, CDCls) 8 (ppm): 6.94 (dd, J = 16.0, 8.0 Hz, 1H), 5.89
(d, J=14.9 Hz, 1H), 4.27-4.16 (complex m, 3H), 3.62 (dd, J=10.9, 4.0 Hz, 1H),
3.35(dd, J=10.9, 5.7 Hz, 1H), 2.39 (s, 1H), 1.30 (t, 6.9 Hz, 3H), 1.01 (s, 21H),
0.99 (s, 3H), 0.86 (s, 3H); 1*C NMR (125 MHz, CDCl) 8 (ppm): 166.0, 147.7,
122.9, 79.9, 70.2, 60.6, 40.3, 22.1, 20.6, 18.3 (3C), 18.2 (3C), 14.4, 12.8 (3C);
HRMS-ESI (m/z): [M+Na]" caled for C19H3804SiNa, 381.2437; found, 381.2426.

Ethyl (S,E)-5,5-dimethyl-6-((triethylsilyl)oxy)-4-((triisopropylsilyl)oxy)hex-2-
enoate (44)

M TESCI, Imidazole M
HO TESO N
: N 0k DCM, r.t. T OFEt
OTIPS 15 min, quant. OTIPS
S2 44

To a stirred solution of S2 (2.44 g, 6.81 mmol) in DCM (34.1 mL) was added
imidazole (1.39 g, 20.4 mmol) and TESCI (1.70 mL, 10.2 mmol) at room
temperature under N> atmosphere, and the mixture was stirred for 15 min. The
reaction mixture was then quenched with saturated aq. NH4Cl (50 mL). Resulted

two layers were separated, and the aqueous phase was extracted with DCM (50
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mL x 3). The combined organic layers were dried over sodium sulfate, filtered,
and concentrated under reduced pressure to afford a crude product. The residue
was purified by silica gel column chromatography (hexane/EtOAc = 50/1) to
afford 44 (3.61 g, quant.) as a colorless oil; Rf = 0.71(hexane/EtOAc = 3/1); [a]**p
—1.91 (¢ 1.00, CHCl3); IR (Diamond Prism) (v em 1): 2950, 2870, 1719, 1462,
1254, 1177, 1162, 1085, 1000, 876, 812, 727, 677; 'H NMR (500 MHz, CDCl3)
0 (ppm): 6.92 (dd, J=15.5, 8.6 Hz, 1H), 5.85 (d, J = 15.5 Hz, 1H), 432 (d, J =
8.0 Hz, 1H), 4.20-4.16 (m, 2H), 3.42 (d, J=9.2 Hz, 1H), 3.31 (d, J=9.7 Hz, 1H),
1.28 (t, J=6.9 Hz, 3H), 1.04 (s, 18H), 0.94 (t, J = 8.0 Hz, 9H), 0.89 (s, 3H), 0.78
(s, 3H), 0.57 (dd, J = 15.5, 7.5 Hz, 6H); 3C NMR (125 MHz, CDCl3) &
(ppm):166.4, 149.3, 121.9, 76.7, 68.8, 60.4, 41.4, 20.9, 20.4, 18.3 (3C), 18.3 (3C),
14.4, 12.9 (3C), 6.96 (3C), 4.55 (3C); HRMS-ESI (m/z): [M+Na]" C25Hs5204Si2Na,
495.3302; found, 495.3302.

(S,E)-5,5-Dimethyl-6-((triethylsilyl)oxy)-4-((triisopropylsilyl)oxy) hex-2-en-1-
ol (S3)

0
DIBAL-H, DOM  es0_ M~
reso. X~ okt Non

OTIPS =78 °C, 10 min OTIPS
44 S3

To a stirred solution of 44 (22.0 g, 46.6 mmol) in DCM (233 mL) was slowly
added DIBAL-H in hexane (1.0 M, 117 mL, 117 mmol) over 1 h at =78 “C under
N2 atmosphere, and the mixture was stirred for 10 min. The reaction mixture was
quenched with Rochell salt aq. (150 mL) and stirred for 12 h. Resulted two layers
were separated and the aqueous phase was extracted with DCM (200 mL x 3). The
combined organic layers were dried over sodium sulfate, filtered, and concentrated
under reduced pressure to afford a crude product as a colorless oil. This resulting

S3 was used in the next reaction without further purification; Rf = 0.74
(hexane/EtOAc = 2/1).
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(S,E)-5,5-Dimethyl-6-((triethylsilyl)oxy)-4-((triisopropylsilyl)oxy)hex-2-enal
(45)

MnO
TE \></\/\ 2 \></\/\
SO N"0oH TESO N

2 DCM, rt. :
OTIPS 22 h OTIPS

S3 45

To a stirred solution of S3 in DCM (233 mL) was added MnO, (81.0 g, 932 mmol)
at room temperature under atmosphere, and the mixture was stirred for 22 h. The
reaction mixture was filtered through Celite® and concentrated under reduced
pressure to afford a crude product as a colorless oil. This resulting 45 was used in
the next reaction without further purification; Rf=0.71 (hexane/EtOAc = 3/1).

(5)-9,9-Diethyl-3,3-diisopropyl-2,6,6-trimethyl-5-((1E,3Z)-penta-1,3-dien-1-
yl)-4,8-dioxa-3,9-disilaundecane (46)

® ©
M EtPPhgBr
TESO B s TESOM
= NaHMDS, THF :
OTIPS 0°C, 30 min OTIPS
45 quant. (3 steps) 46

To a stirred solution of ethyl triphenyl phosphonium bromide (26.0 g, 69.9 mmol)
in THF (233 mL) was slowly added NaHMDS (1.0 M, 69.9 mL, 69.9 mmol) over
15 min at 0 °C under N, atmosphere. After being stirred for 15 min, the mixture
was added 45 in THF (46.6 mL). After being stirrded for 30 min, the reaction
mixture was quenched with saturated aq. NH4Cl (300 mL). Resulted two layers
were separated, and the aqueous phase was extracted with EtO (200 mL x 3). The
combined organic layers were dried over sodium sulfate, filtered, and concentrated
under reduced pressure to afford a crude product. The residue was purified by silica
gel column chromatography (hexane) to afford 46 (21.0 g, quant. over 3 steps) as
a colorless oil; Rf = 0.81 (hexane/EtOAc = 5/1); [a]**p —27.9 (¢ 1.00, CHCl3); IR
(Diamond Prism) v (cm 1): 2946, 2866, 1462, 1062, 1008, 812, 727, 669; 'H
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NMR (500 MHz, CDCls) 3 (ppm): 6.35 (dd, J = 15.5, 10.9 Hz, 1H), 5.97 (dd, J
=10.9, 10.9 Hz, 1H), 5.63 (dd, J = 15.5, 7.7 Hz, 1H), 5.47 (qd, J = 10.3, 7.5 Hz,
1H), 4.20 (d, J = 8.6 Hz, 1H), 3.41 (d, J= 9.2 Hz, 1H), 3.33 (d, J = 9.2 Hz, 1H),
1.74 (d, J= 7.5 Hz, 3H), 1.05 (s, 21H), 0.96 (t, J = 8.0 Hz, 9H), 0.89 (s, 3H), 0.76
(s, 3H), 0.57 (q, J = 8.0 Hz, 6H); 3C NMR (125 MHz, CDCls) § (ppm):134.1,
129.2, 126.7, 125.8, 78.3, 69.3, 41.3, 20.9, 20.3, 18.4 (3C), 18.4 (3C), 13.5, 12.9
(3C), 7.00 (3C), 4.62 (3C); HRMS-EI (m/2): [M]" C25Hs,0,Siz, 440.3506; found,
440.3503.

(S,4E,62)-2,2-Dimethyl-3-((triisopropylsilyl)oxy)octa-4,6-dien-1-ol (S4)

TESO)M PPTS, MeOH HOM
OTIPS r.t., 30 min OTIPS

46 S4

To a stirred solution of 46 (18.5 g, 42.0 mmol) in MeOH (210 mL) was added
PPTS (528 mg, 2.1 mmol) at room temperature under atmosphere and the mixture
was stirred for 30 min. The mixture was quenched with HO (100 mL). Resulted
two layers were separated and the aqueous phase was extracted with DCM (100
mL x 3). The combined organic layers were dried over sodium sulfate, filtered,
and concentrated under reduced pressure to afford a crude product as a colorless

oil. This resulting S4 was used in the next reaction without further purification; Rf
= 0.57 (hexane/EtOAc = 5/1).

(S,4E,62)-2,2-dimethyl-3-((triisopropylsilyl)oxy)octa-4,6-dienal (47)

HO TEMPO, PIDA
M Ox AN
OTIPS DCM, r.t.,10h OTIPS

79% (2 steps
4 ( ps) p
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To a stirred solution of S4 in DCM (210 mL) was added PIDA (27.1 g, 84.0
mmol) and TEMPO (1.97 g, 12.6 mmol) at room temperature under N> atmosphere.
After being stirred for 10 h, the reaction mixture was then quenched with saturated
aq. NH4Cl (200 mL). Resulted two layers were separated, and the aqueous phase
was extracted with DCM (100 mL x 3). The combined organic layers were dried
over sodium sulfate, filtered, and concentrated under reduced pressure to afford a
crude product. The residue was purified by silica gel column chromatography
(hexane/EtOAc = 80/1) to afford 47 (10.8 g, over 2 steps 79%) as a colorless oil;
Rf = 0.62 (hexane/EtOAc = 5/1); [a]**p +10.8 (¢ 1.00, CHCI3); IR (Diamond
Prism) (v em™): 2978, 2866, 1727, 1458, 1108, 1061, 988, 876, 804, 777, 677; 'H
NMR (500 MHz, CDCIs3) 6 (ppm): 9.65 (s, 1H), 6.42 (dd, J=15.5, 10.9 Hz, 1H),
5.98 (dd, J=10.3, 10.3 Hz, 1H), 5.60-5.52 (complex m, 2H), 4.37 (d, J = 8.6 Hz,
1H), 1.75 (d, J = 5.7 Hz, 3H), 1.07-0.98 (complex m, 27H); 13C NMR (125 MHz,
CDCl) o (ppm): 206.5, 131.1, 128.4, 128.3, 127.8, 79.2, 51.6, 19.6, 18.2 (6C),
16.7, 13.5, 12.7 (3C); HRMS-ESI (m/z): [M+Na]" Ci9H3602SiNa, 347.2382;
found, 347.2382.

Ethyl(S,2E,6E,87)-4,4-dimethyl-5-((triisopropylsilyl)oxy)deca-2,6,8-trienoate
(48)

EtOT]AP/OEt

11 ~OEt
OM © © Etom
IR A T
OTIPS NaH, THF o] OTIPS

To a stirred solution of NaH (60%, 31.4 mg, 786 umol) in THF (2.62 mL) was
slowly added triethylphosphonoacetate (157 pL, 786 umol) over 1 min at 0 °C
under N> atmosphere and the mixture was stirred for 30 min. The mixture was
added 47 (170 mg, 524 umol) in THF (524 uL) and the mixture was stirred for 1
h at room temperature. The reaction mixture was quenched with saturated aq.
NH4Cl (5 mL). Resulted two layers were separated, and the aqueous phase was

extracted with Et2O (2 mL x 3). The combined organic layers were dried over
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sodium sulfate, filtered, and concentrated under reduced pressure to afford a crude
product as a colorless oil. This resulting 48 was used in the next reaction without
further purification; Rf=0.57 (hexane/EtOAc = 10/1).

(S,2E,6E,87)-4,4-Dimethyl-5-((triisopropylsilyl)oxy)deca-2,6,8-trien-1-ol (41)

o DIBAL-H, DCM
NN o . NN
0 OTIPS —78 C,30min A OTIPS

77% (2 steps)
48 4

To a stirred solution of 48 in DCM (2.62 mL) was slowly added DIBAL-H (1.0
M, 1.31 mL, 1.31 mmol) over 2 min at =78 “C under N, atmosphere, and the
mixture was stirred for 30 min. The reaction mixture was quenched with Rochell
salt aq. (3 mL) and stirred for 3 h. Resulted two layers were separated, and the
aqueous phase was extracted with DCM (3 mL X 3). The combined organic layers
were dried over sodium sulfate, filtered, and concentrated under reduced pressure
to afford a crude product. The residue was purified by silica gel column
chromatography (hexane/EtOAc = 30/1) to afford 41 (143 mg, over 2 steps 77%)
as a colorless oil; Rf = 0.23 (hexane/EtOAc = 10/1); [a]*'p —0.49 (c 1.00, DCM);
IR (Diamond Prism) (vem™): 2940, 2865, 2361, 2337, 1463, 1381, 1106, 1059,
980, 882, 817, 675, 463; 'H NMR (500 MHz, CDCl3) 8(ppm): 6.31 (dd, J=15.5,
10.9 Hz, 1H), 5.95 (dd, J=11.5, 1.1 Hz, 1H), 5.83 (dd, /=17.2, 1.1 Hz, 1H), 5.59-
5.46 (complex m, 3H), 4.10 (bs, 2H), 3.93 (d,/=8.6 Hz, 1H), 1.73 (d, /= 7.4 Hz,
3H), 1.04-1.01 (complex m, 21H), 1.00 (s, 3H), 0.98 (s, 3H); 3C NMR (125 MHz,
CDCl3) o(ppm): 0 140.6, 133.6, 128.9, 127.1, 126.4, 126.3, 81.9, 64.4, 41.7, 24.2,
23.2,18.3(3C), 18.2 (3C), 13.4, 12.8 (3C); HRMS-ESI (m/z): [M+Na]" calcd for
C21H4002SiNa, 375.2695; found, 375.2690.
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(S,2E,6E,87)-4,4-Dimethyl-5-((triisopropylsilyl)oxy) deca-2,6,8-trienal (49)

(COCI),, DMSO
Et:N,DCM
N : NN XX Y XN
HO OTIPS 0 °C, 30 min OT”:S

41 94%

49

To a stirred solution of (COCI); (179 pL, 2.19 mmol) in DCM (3.14 mL) was
added DMSO (534 mL, 7.52 mmol) at =78 °C under N; atmosphere. After being
stirred for 5 min, the reaction mixture was added 41 (221 mg, 627 umol) in DCM
(1.25 mL) and stirred for 15 min. The reaction mixture was added Etz:N (527 puL,
3.76 mmol) and the mixture was stirred for 30 min at 0 °C. The reaction mixture
was quenched with saturated aq. NH4CIl (5 mL). Resulted two layers were
separated, and the aqueous phase was extracted with EtOAc/Hexane (v/v=1/1, 5
mL % 3). The combined organic layers were washed with brine and dried over
sodium sulfate, filtered, and concentrated under reduced pressure to afford a crude
product as a colorless oil. The residue was purified by silica gel column
chromatography (hexane/EtOAc =99/1) to afford 49 (207 mg, 94%) as a colorless
oil; Rf = 0.67 (hexane/EtOAc = 5/1); [a]**p +13.0 (¢ 1.00, DCM); IR (Diamond
Prism) (v em 1); 2942, 2866, 2360, 2237, 1691, 1463, 1384, 1253, 1111, 1059,
984, 881, 810, 785, 715, 678, 576, 450; 'H NMR (500 MHz, CDCl;) 6 (ppm):
9.52 (d, 7.5 Hz, 1H), 7.02 (d, J = 16.0 Hz, 1H), 6.37 (dd, J=15.5, 10.9 Hz, 1H),
6.07 (dd, J = 16.0, 8.0 Hz, 1H), 5.95 (dd, J = 10.9, 10.9 Hz, 1H), 5.57-5.49
(complex m, 2H), 4.06 (d, J = 8.6Hz, 1H), 1.74 (d, J = 6.9 Hz, 3H), 1.12-1.02
(complex m, 27H); ¥C NMR (125 MHz, CDCl3) & (ppm): 194.3, 165.8, 132.1,
130.5, 128.3, 128.0, 127.3, 81.4, 43.4, 23.9, 22.1, 18.2 (3C), 18.1 (3C), 13.4, 12.7
(3C); HRMS-ESI (m/z): [M+Na]" calcd for C»1H330,SiNa, 373.2539; found,
373.2515.
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(S)-4-Benzyl-3-((2S,3R,4E,7S,8E,10Z)-2-ethyl-3-hydroxy-6,6-dimethyl-7-
((triisopropylsilyl)oxy)dodeca-4,8,10-trienoyl)oxazolidin-2-one (51)

.Bn
d

N
7f W
O 0O 50

Bu,BOTf WBn
o EN,DCM g
SIS }(N NN
OTIPS B C0C 0 0 OH OTIPS

19 1h, 98% (d.r. > 20:1) 51

To a stirred solution of (S)-4-benzyl-3-butyryloxazolidin-2-one (50) (77.8 mg,
315 pmol) in DCM (1,21 mL) was slowly added Bu,BOTf (315 pL, 315 pumol)
over 1 min and stirring for 10 min at —18 ‘C under N, atmosphere. The mixture
was added EtsN (43.7 uL, 315 umol) and stirring for 15 min. The mixture was
cooled to —85 “C and stirring for 3 min, and slowly added 49 (84.6 mg, 242 umol)
in DCM (242 pL) over 2 min. After being stirred mixture was slowly allowed
warm to —40 “C to room temperature over 2 h. The reaction mixture was quenched
with phosphate buffer (724 pL) and MeOH (724 pL) and H>O2(362 pL) and
stirring for 2 h. Resulted two layers were separated and the aqueous phase was
extracted with DCM (5 mL X 3). The combined organic layers were washed with
brine and dried over sodium sulfate, filtered, and concentrated under reduced
pressure to afford a crude product. The residue was purified by silica gel column
chromatography (hexane/EtOAc = 4/1) to afford 51 (97.6 mg, 98%) as a colorless
oil; Rf= 0.50 (hexane/EtOAc = 2/1); [a]**p +13.1 (¢ 1.00, CHCl3); IR (Diamond
Prism) (v em™1): 2942, 2862, 1785, 1696, 1458, 1385, 1200, 1100, 1058, 984, 880,
812, 673; "TH NMR (500 MHz, CDCl3) § (ppm): 7.34 (dd, J = 6.9, 6.9 Hz, 2H),
7.29 (d,J=7.5Hz, 1H), 7.23 (d, J= 6.9 Hz, 2H), 6.31 (dd, J=15.5, 10.9 Hz, 1H),
5.97-5.85 (complex m, 2H), 5.55 (dd, J = 15.5, 8.0 Hz, 1H), 5.47-5.41 (complex
m, 2H), 4.72-4.68 (m,1H), 4.38-4.34 (m, 1H), 4.14-4.10 (complex m, 5SH), 3.95 (d,
J=8.6 Hz, 1H), 3.35 (dd, J = 13.2Hz, 3.4Hz, 1H), 2.71 (dd, J = 13.2, 10.3 Hz,
1H), 2.20 (d, /= 3.4 Hz, 1H), 1.86-1.78 (m, 1H), 1.72-1.62 (complex m, 4H), 1.05
(s, 24H), 0.98-0.94 (complex m, 6H); '3C NMR (125 MHz, CDCl) &
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(ppm):175.2, 153.8, 140.8, 135.4, 133.8, 129.5, 129.1, 128.9, 127.5, 127.1, 126.5,
126.4, 81.9, 74.2, 66.0, 55.7, 49.7, 41.9 (C2), 38.2, 24.2, 23.9, 21.3, 18.4 (30),
18.3 (3C), 13.5, 12.8 (3C), 12.0, HRMS-ESI (m/;): [M+Na]" calcd for
C35HssNOsSiNa, 620.3747; found, 620.3758.

(S)-4-Benzyl-3-((S)-2-((S)-hydroxy((2R,3R)-3-((S,4E,6Z)-2-methyl-3-
((triisopropylsilyl)oxy)octa-4,6-dien-2-yl)oxiran-2-
yl)methyl)butanoyl)oxazolidin-2-one (52)

)\Bn
Bn O/\\N
/Y m-CPBA T M
Oy N DCM,0°C,1h O 0O HO OTIPS
e N \
O O OH OTIPS 52 : 28%, (d.r. = 8.6:1) 5
51 53: 30% /\\,\\Bn
O N 0
) NN
O O OH OTIPS
53

To a stirred solution of 51 (50.4 mg, 84.3 pmol) in DCM (843 pL) was added m-
CPBA (14.5 mg, 84.3 umol) at 0 “C under N, atmosphere, and the mixture was
stirred for 1 h. The reaction mixture was quenched with saturated aq. NaHCO3 (1
mL). Resulted two layers were separated, and the aqueous phase was extracted
with DCM (1 mL X 3). The combined organic layers were dried over sodium
sulfate, filtered, and concentrated under reduced pressure to afford a crude product.
The residue was purified by thin layer chromatography (silica gel, hexane/EtOAc
=1/1) to afford 52 (14.2 mg, 28%), 53 (15,2 mg, 30%) and 51 (16.1 mg, 32%). The
properties of compound 52 as a colorless oil; Rf=0.48 (hexane/EtOAc = 2/1); IR
(Diamond Prism) (v em1): 2935, 2866, 1782, 1692, 1462, 1389, 1058, 884, 813,
680, 441; "TH NMR (500 MHz, CDCl3) 6 (ppm): 7.36-7.18 (m, 5H), 6.39 (dd, J =
15.2, 11.2 Hz, 1H), 6.03-5.98 (m, 1H), 5.64-5.60 (m, 1H), 5.51 (dd, J=10.6, 7.2
Hz, 1H), 4.73 (td, J = 6.7 Hz, 3.6 Hz, 1H), 4.15-4.13 (complex m, 2H), 4.12-4.07
(complex m, 2H), 4.84 (dd, J=10.3, 5.7 Hz, 1H), 3.36 (dd, J = 13.5, 3.2 Hz, 1H),
3.14 (d, J=2.3 Hz, 1H), 3.04 (dd, J=4.3, 2.6 Hz, 1H), 2.7 (dd, J=13.2, 9.7 Hz,
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1H), 2.2 (d, J=6.3 Hz, 1H), 1.99-1.95 (m, 1H), 1.73-17.1 (complex m, 4H), 1.06
(s, 21H), 0.99 (t, J = 6.4, 3H), 0.88 (s, 3H), 0.77 (s, 3H); 13*C NMR (125 MHz,
CDCl) o (ppm): 173.9, 153.4, 153.3, 152.5, 129.5, 129.4, 129.1, 128.7, 127.6,
127.4, 126.8, 80.0, 71.2, 66.1, 60.8, 56.3, 55.6, 48.4, 39.4, 38.1, 29.7, 20.9, 19.2,
19.0, 18.3 (3C), 18.2 (3C), 13.4, 12.8 (3C), 11.6; HRMS-ESI (m/z): [M+Na]"
caled for Ci3sHssNOsSiNa, 636.3696; found, 636.3679. The properties of
compound 53 as a colorless oil; Rf = 0.40 (hexane/EtOAc = 2/1); "TH NMR (500
MHz, CDCl3) 6 (ppm): 7.35-7.32 (complex m, 2H), 7.29-7.22 (complex m, 3H),
5.89-5.83 (complex m, 2H), 5.49-5.44 (complex m, 1H), 5.39-5.30 (complex m,
1H), 4.74-4.69 (complex m, 1H), 4.37-4.34 (complex m, 1H), 4.25-4.07 (complex
m, 5SH), 3.97-3.95 (complex m, 1H), 3.37-3.33 (complex m, 1H), 3.19-3.15
(complex m, 1H), 2.71 (dd, J=13.2,10.3 Hz, 1H), 2.32 (dd, J=21.2, 2.9 Hz, 1H),
1.86-1.79 (complex m, 1H), 1.71-1.65 (complex m, 1H), 1.46-1.38 (complex m,
1H), 1.23-1.37 (complex m, 4H), 1.06-1.05 (complex m, 21H), 0.99-0.89 complex
(m, 3H).

(35,45,55)-3-Ethyl-4-hydroxy-5-((1R,3S,4E,62)-1-hydroxy-2,2-dimethyl-3-
((triisopropylsilyl)oxy)octa-4,6-dien-1-yl)dihydrofuran-2(3H)-one (54)

LIOH-H,0
Bn 30% H202 ag. O

—~ THF, H,0
0 0°C,1h . =
NM —/

O HO OTIPS then20 C,6h = 5

93%

o<

OH OTIPS

51 54

To a stirred solution of 51 (10.9 mg, 17.8 pmol) in THF/H20 (v/v=4/1, 356 uL)
was added LiOH*H>O (3.73 mg, 89.0 umol) and H>O (30%, 10 uL) at 0 “C under
atmosphere and stirred for 1 h. The mixture was slowly allowed to warm to 20 °C
and stirred for 6 h. The reaction mixture was quenched with 1N HCI aq. (1 mL).
Resulted two layers were separated, and the aqueous phase was extracted with
Et;0O (1 mL x 3). The combined organic layers were dried over sodium sulfate,

filtered, and concentrated under reduced pressure to afford a crude product. The
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residue was purified by thin layer chromatography (silica gel, hexane/EtOAc =4/1)
to afford 54 (7.5 mg, 93%) as a colorless oil; Rf = 0.53 (hexane/EtOAc =2/1);
[a]?*p +17.1 (c 0.73, CHCI3); IR (Diamond Prism) (v ecm™): 2944, 2360, 2340,
1782, 1464, 1265, 1162, 1094, 1031, 882, 735, 704, 517, 437, 427, 408; 'H NMR
(500 MHz, CDCl;3) 6 (ppm): 6.43 (dd, J=15.2, 11.2 Hz, 1H), 6.07-5.98 (m, 1H),
5.73 (dd, J=15.2, 8.3 Hz, 1H), 5.58 (dd, /= 10.6, 7.2 Hz, 1H), 5.21 (s, 1H), 4.20
(dd, J=9.2 Hz, 1H), 4.12 (d, J = 8.6 Hz, 1H), 3.93 (dd, J = 12.4, 12.4 Hz, 1H),
3.78 (d, J=9.2 Hz, 1H), 3.14 (s, 1H), 2.54-2.50 (m, 1H), 1.93-1.84 (m, 1H), 1.76
(d,J=11.5Hz, 3H), 1.73-1.67 (m, 1H), 1.19 (s, 3H), 1.09-1.08 (complex m, 24H),
0.86 (s, 3H); ¥C NMR (125 MHz, CDCl;) & (ppm): 175.9, 130.5, 129.0, 128.3,
128.1, 86.1, 79.9, 78.9, 76.3, 47.5, 41.1, 22.9, 21.2, 20.2, 18.3 (3C), 18.2 (3C),
13.6, 12.6 (3C), 11.0; HRMS-ESI (m/z): [M+Na]" calcd for CsHssOsSiNa,
477.3012; found, 477.3004.

(R)-3-Ethyl-4-hydroxy-5-((1R,3S,4E,6Z)-1-hydroxy-2,2-dimethyl-3-
((triisopropylsilyl)oxy)octa-4,6-dien-1-yl)furan-2(5H)-one (57)

0] )
SO4+Pyridine, EtgN

XN

Z \ \
OH OTIPS

HO OH OTIPS

DMSO, r.t., 48 h

54 57

To a stirred solution of 54 in DMSO (57.2 puL) were added EtsN (23.8 puL, 172
pmol) and SOszePyridine (9.1 mg, 57.2 pumol) at room temperature under N
atmosphere, and the mixture was stirred for 48 h. The reaction mixture was
quenched with saturated aq. NH4Cl (1 mL). Resulted two layers were separated,
and the aqueous phase was extracted with EtOAc/Hexane (v/v=1/1, 1 mL x 3).
The combined organic layers were washed with brine and dried over sodium
sulfate, filtered, and concentrated under reduced pressure to afford a crude product.

This resulting 57 was used in the next reaction without further purification; Rf =
0.20 (hexane/EtOAc = 2/1).
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(3aR,5S,7R,7aR)-3-Ethyl-3a,7-dihydroxy-6,6-dimethyl-5-((1E,3Z)-penta-1,3-
dien-1-yl)hexahydro-2H-furo[3,2-b|pyran-2-one (5)

TBAF in THF
40°C,1h

e hen NH,CI
z then 4 :
HO OH OTIPS 82% (2 steps) -

=
57 (d.r.=ca. 2.3:1) \)/
= 5

To a stirred solution of 57 in TBAF in THF (1.0 M, 748 pL, 748 umol) at 40 °C
under N> atmosphere, and the mixture was stirred for 1 h. The reaction mixture
was quenched with saturated aq. NH4CIl (1 mL). Resulted two layers were
separated, and the aqueous phase was extracted with Et;O (I mL x 3). The
combined organic layers were washed with 1N HCl aq., dried over sodium sulfate,
filtered, and concentrated under reduced pressure to afford a crude product. The
residue was purified by silica gel column chromatography (hexane/EtOAc = 2/1)
to afford 5 (9.1 mg, over 2 steps 82%) as a colorless oil; Rf = 0.28 (DCM/MeOH
=20/1); IR (Diamond Prism) (v em™): 2926, 2361, 2337, 1775, 1465, 1271, 989,
675, 427; '"H NMR (500 MHz, CDCl3) & (ppm): 6.59-6.52 (complex m, 1H),
6.04-5.99 (complex m, 1H), 5.63-5.55 (complex m, 2H), 4.45 (d, J=4.0 Hz, 0.3H),
4.41 (d, J=4.0 Hz, 0.7H), 4.20 (d, /= 7.4 Hz, 0.3H), 4.17 (d, J = 6.9 Hz, 0.7H),
3.72-3.67 (complex m, 1H), 2.65 (t, J= 7.2 Hz, 0.7H), 2.56 (dd, J=9.2, 5.7 Hz,
0.3H), 2.23 (dd, J=15.2, 7.7 Hz, 0.3H), 2.05-2.03 (complex m, 1H), 1.90-1.79 (m,
0.7H), 1.78-1.76 (complex m, 3H), 1.18 (t,J=7.4 Hz, 2.1H), 1.12 (t, 7.4 Hz, 0.9H),
0.98 (s, 2.1H), 0.97 (s, 0.9H), 0.89 (s, 0.9H), 0.83 (s, 2.1H); 3C NMR (125 MHz,
CDCl) 6 (ppm): 174.9, 174.0, 134.4, 128.5 (2C), 128.4, 128.1, 127.7, 126.9,
126.7, 101.1, 100.2, 78.7, 78.4, 78.1, 77.4, 77.2, 76.9, 76.6, 72.5, 72.4, 53.8, 53.5,
39.2, 29.8, 23.8, 23.7, 20.2, 16.4, 14.2, 14.1, 13.6 (2C), 12.3, 11.5; HRMS-ESI
(m/z): [M+Na]" calcd for CisH2405Na, 319.1521; found, 319.1519.
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((2R,3R)-3-((S,4E,6Z)-2-Methyl-3-((triisopropylsilyl)oxy)octa-4,6-dien-2-
yloxiran-2-yl)methanol (58)

Ti(O-i-Pr),, D-DET
A}M TBHP, 4A MS HO\/?)M
HO OTIPS DCM, -20 °C OTIPS

2h, 97%
a1 ' 58
(d.r.=14:1)

To a stirred solution of 4A MS (700 mg) in DCM (19.9 mL) at 0 °C under N>
atmosphere, and were added D-DET (1.35 mL, 7.94 mmol) and Ti(O-i-Pr)4 (2.33
mL, 7.94 mmol) and the mixture was stirred for 20 min. The reaction mixture was
cooled to —20 °C, added 41 (1.40 g, 3.97 mmol) in DCM (5.94 mL) and stirred for
20 min. The mixture was slowly added TBHP (5.5M, 2.89 mL) and stirred for 2 h.
The reaction mixture was filtered through Celite®, and concentrated under reduced
pressure to afford a crude product. The residue was purified by silica gel column
chromatography (hexane/EtOAc =30/1, 20/1, 10/1) to afford 58 (1.42 g, 97%, d.r.
= 14:1) as a colorless oil; Rf = 0.58 (hexane/EtOAc = 2/1); [a]**p —17.3 (¢ 1.00,
DCM); IR (Diamond Prism) (v em™): 2942, 2866, 2361, 1464, 1383, 1106, 1060,
986, 882, 816, 792, 715, 679, 509, 465; 'H NMR (500 MHz, CDCl;) 6 (ppm):
6.38 (dd, J=15.2, 11.2 Hz, 1H), 6.01-5.96 (m, 1H), 5.61 (dd, J = 15.5, 8.6 Hz,
1H), 5.52 (dd, J=10.9, 6.9 Hz, 1H), 4.10 (d, /= 8.6 Hz, 1H), 3.91 (ddd, J = 12.6,
5.7, 2.3 Hz, 1H), 3.60-3.55 (m, 1H), 3.06-3.03 (m, 2H), 1.75 (dd, /= 7.2, 1.4 Hz,
3H), 1.06 (s, 21H), 0.87 (s, 3H), 0.82 (s, 3H); *C NMR (125 MHz, CDCL) &
(ppm): 132.6, 128.7, 127.6, 127.0, 80.4, 62.5, 60.9, 55.9, 39.5, 20.7, 18.3 (3C),
18.3 (3C), 18.1, 13.5, 12.9 (3C) ; HRMS-ESI (m/z): [M+Na]" calcd for
C21H4003Na, 391.2644; found, 391.2643.

(28,3R)-3-((S4E,6Z2)-2-Methyl-3-((triisopropylsilyl)oxy)octa-4,6-dien-2-
yloxirane-2-carbaldehyde (61)
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(COCl),, DMSO

EtsN, DCM
HOW . - g ; X
58 61

To a stired solution of (COCl), (386 uL, 4.73 mmol) in DCM (6.75 mL) was
added DMSO (1.15 mL, 16.2 mmol) at =78 °C under N, atmosphere and stirred
for 5 min. The mixture was added 58 (499 mg, 1.35 mmol) in DCM (2.70 mL) and

stirred for 15 min. The reaction mixture was added EtzN (1.12 mL, 8.10 mmol)

and the mixture was stirred for 30 min at 0 “C. The reaction mixture was quenched
with saturated agq. NH4Cl (10 mL). Resulted two layers were separated, and the
aqueous phase was extracted with EtOAc/Hexane (v/v=1/1, 5 mL x 3). The
combined organic layers were washed with brine and dried over sodium sulfate,
filtered, and concentrated under reduced pressure to afford a crude product as a
colorless oil. This resulting 61 was used in the next reaction without further
purification; Rf=0.67 (hexane/EtOAc = 5/1).

Methyl 2-(hydroxy((2R,3R)-3-((S,4E,6Z)-2-methyl-3-
((triisopropylsilyl)oxy)octa-4,6-dien-2-yl)oxiran-2-yl)methyl)butanoate (59)

Methylbutyrate ™
M Bu,BOTH, DIPEA MeOW
o) OTIPS DCM, -78 °C, 2 h O OH OTIPS
61 83% (2 ste.ps) 59
(d.r.=5.9:1)

To a stirred solution of methylbutyrate (276 pL, 1.35 pumol) in DCM (13.5 mL)
was slowly added Bu;BOTfin DCM (1.0 M, 3.51 mL, 3.51 mmol) over 1 min and
stirred for 10 min at —20 “C under N, atmosphere. The mixture was added DIPEA
(707 uL, 4.05 mmol) and stirred for 15 min. The mixture was cooled to —78 ‘C
and slowly added 61 in DCM (2.70 mL) over 5 min. After being stirred for 2 h,
the reaction mixture was quenched with phosphate buffer (5 mL) and MeOH (10
mL) and 30% H202(10 mL) and stirred for 12 h. Resulted two layers were
separated and the aqueous phase was extracted with DCM (5 mL x 3). The
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combined organic layers were washed with Brine and dried over sodium sulfate,
filtered, and concentrated under reduced pressure to afford a crude product. The
residue was purified by silica gel column chromatography (hexane/EtOAc =10/1)
to afford 59 (525 mg, over 2 steps, 83%, d.r. =5.9:1) as a colorless oil; Rf'=0.24
(hexane/EtOAc = 5/1); IR (Diamond Prism) (v em™): 3389, 2941, 2867, 2360,
1776, 1463, 1181, 1020, 882, 801, 680; "H NMR (500 MHz, CDCl3) & (ppm):
6.40 (dd, J=15.2, 11.2 Hz, 1H), 6.05-5.95 (complex m, 1H), 5.65 (dd, J=15.2,
8.9 Hz, 1H), 5.52-5.47 (complex m, 1H), 4.09 (d, J = 8.6 Hz, 1H), 3.90-3.87
(complex m, 1H), 3.13 (d, J = 2.3 Hz, 1H), 2.94 (dd, J = 4.0, 2.3 Hz, 1H), 2.48-
2.43 (complex m, 1H), 2.29 (d, J=2.3 Hz, 1H), 1.86-1.78 (complex m, 1H), 1.74
(d, J=8.6 Hz, 3H), 1.04 (bs, 21H) 0.94 (t, J=7.2 Hz, 3H), 0.86 (s, 3H), 0.79 (s,
3H); 3C NMR (125 MHz, CDCl) 6 (ppm): 174.7, 132.8, 128.8, 127.7, 126.9,
80.2, 69.7, 60.0, 55.7, 51.8, 50.8, 39.2, 21.4, 19.4, 19.3, 18.4 (3C), 18.3 (3C), 13.5,
12.8 (3C), 11.9; HRMS-ESI (m/z): [M+Na]" calcd for C26HasOsSiNa, 491.3169;
found, 491.3166.

(55)-3-Ethyl-4-hydroxy-5-((1R,3S5,4E,62)-1-hydroxy-2,2-dimethyl-3-
((triisopropylsilyl)oxy)octa-4,6-dien-1-yl)dihydrofuran-2(3H)-one (62)

o)
™~ LIOH-H,0
MeoMM THF/H,0
O : . T
O OH OTIPS 20 °C, 36 h :
81% HO  OH OTIPS
59 62

To a stirred solution of 59 in THF/H>O (v/v=4/1, 303 pL) were added LiOH*H>O
(6.38 mg, 152 umol) at 20 °C under atmosphere, and the mixture was stirred for
36 h. The reaction mixture was quenched with 1N HCl aq. (500 pL). Resulted two
layers were separated, and the aqueous phase was extracted with DCM (2 mL x 3).
The combined organic layers were dried over sodium sulfate, filtered, and
concentrated under reduced pressure to afford a crude product. The residue was
purified by thin layer chromatography (silica gel, hexane/EtOAc = 4/1) to afford
62 (11.1 mg, 81%) as a colorless oil; Rf = 0.52 (hexane/EtOAc = 2/1); [a]*'p

80



+17.1° (¢ 1.00, DCM); IR (Diamond Prism) (v em™): 3730, 3401, 2941, 2867,
2361,2337,1774,1648, 1462, 1176,992, 882,801, 677, 414; 'TH NMR (500 MHz,
CDCl3) 6 (ppm): 6.42 (dd, J=15.5,10.9 Hz, 1H), 6.01 (qd, J=11.6,2.0 Hz, 1H),
5.76 (dd, J = 15.5, 8.6 Hz, 1H), 5.58-5.55 (m, 1H), 5.32 (s, 1H), 4.36 (d, J = 3.4
Hz, 1H), 4.32 (dd, /= 8.3, 3.7 Hz, 1H), 4.14 (d, /= 8.6 Hz, 1H), 4.07 (d, /= 8.0
Hz, 1H), 3.74 (s, 1H), 2.47 (dd, J = 8.6, 6.9 Hz, 1H), 1.76-1.74 (complex m, 4H),
1.64-1.57 (m, 1H), 1.20 (s, 3H), 0.98-1.14 (complex m, 24H), 0.87 (s, 3H); 13C
NMR (125 MHz, CDCl3) 6 (ppm): 178.7, 130.3, 129.1, 128.3, 128.2, 86.3, 80.0,
75.5,74.5,50.1,41.0, 29.8, 22.9, 22.0, 20.5, 18.3 (3C), 18.2 (3C), 13.6, 12.6 (3C),
12.3; HRMS-ESI (m/z): [M+Na]" calcd for CisHs4sOsNa, 477.3012; found,
477.2995.

(R)-3-Ethyl-4-hydroxy-5-((1R,3S,4E,6Z)-1-hydroxy-2,2-dimethyl-3-
((triisopropylsilyl)oxy)octa-4,6-dien-1-yl)furan-2(5H)-one (63)

0 0
TFAA, DMSO
Et;N, DCM
a
HO OH OTIPS -78 °C, 15 min
62 63

To a stirred solution of TFAA (45.8 pL, 325 umol) in DCM (649 pL) was added
DMSO (46.1 pL, 649 umol) and stirred for 5 min at —78 °C under N> atmosphere.
The mixture was added 62 (29.5 mg, 64.9umol) in DCM (130 pL) and stirred for
15 min. The reaction mixture was added Et:N (90.0 puL, 649 umol). After being
stirred for 15 min, the reaction mixture was quenched with saturated aq. NH4Cl (2
mL). Resulted two layers were separated, and the aqueous phase was extracted
with EtOAc/Hexane (v/v=1/1, 2 mL X 3). The combined organic layers were
washed with brine and dried over sodium sulfate, filtered, and concentrated under
reduced pressure to afford a crude product. This resulting 63 was used in the next
reaction without further purification; Rf= 0.30 (hexane/EtOAc = 2/1).
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(3aR,5S,7R,7aR)-3-Ethyl-3a,7-dihydroxy-6,6-dimethyl-5-((1E,3Z)-penta-1,3-
dien-1-yl)hexahydro-2H-furo[3,2-b|pyran-2-one (5)

TBAF in THF

40°C,1h :
73% (2 steps) >

=
63 (d.r.=ca.2.3:1)
= 5

To a stirred solution of 63 in TBAF in THF (1.0 M, 1.30 mL, 1.30 mmol) at 40

°C under N2 atmosphere, and the mixture was stirred for 1 h. The reaction mixture

was quenched with saturated aq. NH4CIl (2 mL). Resulted two layers were
separated, and the aqueous phase was extracted with Et;O (3 mL x 3). The
combined organic layers were washed with 1IN HCl aq. (10 mL), dried over sodium
sulfate, filtered, and concentrated under reduced pressure to afford a crude product.
The residue was purified by silica gel column chromatography (hexane/EtOAc =
2/1) to afford 5 (14.0 mg, over 2 steps 73%, d.r. = ca. 2.3:1) as a colorless oil; Rf
=0.28 (DCM/MeOH =20/1); IR (Diamond Prism) (v em™): 3730, 2927, 1766,
1461, 1072, 989, 676; "TH NMR (500 MHz, CDCl3) § (ppm): 6.59-6.52 (complex
m, 1H), 6.04-5.99 (complex m, 1H), 5.63-5.55 (complex m, 2H), 4.45 (d, J=4.0
Hz, 0.3H), 4.41 (d, J=4.0 Hz, 0.7H), 4.20 (d, /= 7.4 Hz, 0.3H), 4.17 (d, J=6.9
Hz, 0.7H), 3.72-3.67 (complex m, 1H), 2.65 (t,J=7.2 Hz, 0.7H), 2.56 (dd, J=9.2,
5.7Hz, 0.3H), 2.23 (dd, /= 15.2, 7.7 Hz, 0.3H), 2.05-2.03 (complex m, 1H), 1.90-
1.79 (m, 0.7H), 1.78-1.76 (complex m, 3H), 1.18 (t, /= 7.4 Hz, 2.1H), 1.12 (t, 7.4
Hz, 0.9H), 0.98 (s, 2.1H), 0.97 (s, 0.9H), 0.89 (s, 0.9H), 0.83 (s, 2.1H); 1*C NMR
(125 MHz, CDCl3) o (ppm): 174.9,174.0, 134.4, 128.5(2C), 128.4, 128.1, 127.7,
126.9, 126.7,101.1, 100.2, 78.7, 78.4,78.1,77.4,77.2,76.9, 76.6, 72.5, 72.4, 53.8,
53.5,39.2,29.8, 23.8, 23.7, 20.2, 16.4, 14.2, 14.1, 13.6 (2C), 12.3, 11.5; HRMS-
ESI (m/z): [M+Na]" calcd for C2sHasOsNa, 319.1521; found, 319.1527.
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tert-Butyl(((2E,4E)-5-(dimethyl(phenyl)silyl)-2-methylpenta-2,4-dien-1-
yDoxy)dimethylsilane (73)

Cul, MeMgBr
R Toluene/THF [

BrMg \)\
TBSO

70 I
Me,PhSi._~ Me,Ph \/\)\/ B
2 SN PA(PPha),, THF e,PhSi_~_~ OTBS

69 80 °C, 5 min 73
quant.

TBSO -15°C, 5 min

To a solution of 70 (105 mg, 615 pmol) and Cul (78.1 mg, 410 pmol) in toluene
(615 pL) was added MeMgBr in THF/Toluene = 1/3 (1.4 M, 293 uL, 410 uL) at
—15 °C under N; atmosphere and the mixture was sitted for 5 min. The resulting
vinyl magnesium bromide was used for the next reaction. In another flask, to a
solution of 69 (64.3 mg, 205 umol) in THF (1.03 mL) was added Pd(PPhs)4 (23.7
mg, 20.5 pumol) and freshly prepared vinyl magnesium bromide at 80 °C under N>
atmosphere and stirred for 5 min. The stirring mixture was then quenched with
saturated aq. NH4Cl (3 mL). Resulted two layers were separated, and the aqueous
phase was extracted with Et;0 (3 mL X 3). The combined organic layers were dried
over sodium sulfate, filtered, and concentrated under reduced pressure to afford a
crude product. The residue was purified by silica gel column chromatography
(hexane/EtOAc = 50/1) to afford 73 (99 mg, quant.) as a colorless oil; Rf = 0.80
(hexane/EtOAc = 20/1); IR (Diamond Prism) (v em™): 2953, 2931, 2856, 1739,
1367, 1252, 1112, 834, 777, 731, 699.; 'TH NMR (500 MHz, CDCl;) & (ppm):
7.52-7.52 (complex m, 2H), 7.34-7.34 (complex m, 3H), 6.85 (dd, J = 18.0,
10.6 Hz, 1H), 6.14 (d, J = 10.9 Hz, 1H), 5.93 (d, J = 18.3 Hz, 1H), 4.10
(s, 2H), 1.74 (s, 3H), 0.91 (s, 9H), 0.36 (s, 6H), 0.07 (s, 6H); 3C NMR (125
MHz, CDCl3) 6 (ppm): 141.5, 139.1, 138.9, 134.0(2C), 130.5, 129.0, 127.9,
126.4(2C), 67.9, 26.1(3C), 18.6, 14.2, —2.3(2C), —5.2(2C); HRMS-ESI (m/7):
[M+Na]" calcd for C21H29N;O3SiNa, 394.1814; found, 394.2047.
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(2E 4E)-5-(Dimethyl(phenyl)silyl)-2-methylpenta-2,4-dien-1-ol (74)

PPTS

) MeOH .
Me,PhSi MOTBS Me,PhSi \/\)\/OH

23 rt.,1h 24

To a stirred solution of 73 (31.5 mg, 90.9 pmol) in MeOH (455 pL) was added
PPTS (4.57 mg, 18.2 umol) at room temperature under atmosphere and the mixture
was stirred for 30 min. The mixture was quenched with H>O (1 mL). Resulted two
layers were separated and the aqueous phase was extracted with DCM (1 mL x 3).
The combined organic layers were dried over sodium sulfate, filtered, and
concentrated under reduced pressure to afford a crude product as a colorless oil.
This resulting 74 was used in the next reaction without further purification; Rf =
0.61 (hexane/EtOAc = 2/1).

(2E 4E)-5-(Dimethyl(phenyl)silyl)-2-methylpenta-2,4-dienal (75)

MnO,, DCM
Me2PhSi\/\)\/OH MesPhSi o~~~
|
@)

rt.,5h
74 75% (2 steps) 75

To a stirred solution of 74 in DCM (233 pL) was added MnO> (81.0 mg, 932
umol) at room temperature under atmosphere, and the mixture was stirred for 5 h.
The reaction mixture was filtered through Celite® and concentrated under reduced
pressure to afford a crude product. The residue was purified by silica gel column
chromatography (hexane/EtOAc = 10/1) to afford 75 (14.0 mg, over 2 steps 75%)
as a colorless oil; Rf = 0.28 (hexane/EtOAc = 20/1); Rf = 0.67 (hexane/EtOAc =
2/1); IR (Diamond Prism) (v em™): 3011, 2957, 1738, 1678, 1356, 1252, 1117,
999, 822, 732, 702.; "TH NMR (500 MHz, CDCIl3) & (ppm): 9.47 (s, 1H), 7.54-
7.52 (m, 2H), 7.39-7.37 (complex m, 3H), 7.03 (dd, J = 18.3, 10.9 Hz, 1H), 6.83
(d, J=10.3 Hz, 1H), 6.58 (d, J = 18.3 Hz, 1H), 1.86 (s, 3H), 0.43 (s, 6H); 13C
NMR (125 MHz, CDCls) o (ppm): 195.6, 149.9, 144.4, 139.6, 133.9(2C), 129.5,
128.1(2C), 9.8, —2.8(2C); HRMS-ESI (m/z): [M+H]" caled for Ci4Hi90Si,
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230.1127; found, 231.12009.

(2E 4E)-5-(Dimethyl(phenyl)silyl)-2-methylpenta-2,4-dienoic acid (76)

NaC|02, NaH2P04

. 2-Methyl-2-butene
M62Ph8|\/\)\ MezphS|MOH
| +BuOH, H,O

75 O rt., 12 h, quant. 76 @)

To a solution of 75 (240 mg, 1.04 mmol) in -~-BuOH/H>O (v/v = 1/1, 20.8 mL)
was added NaH>PO4 (1.62 g, 10.4 mmol), 2-methyl-2-butene (1.11 mL, 10.4

mmol) and NaClO; (941 mg, 10.4 mmol) at room temperature under atmosphere

and the mixture was stirred for 12 h. The mixture was quenched with saturated aq.
NH4Cl1 (20 mL). Resulted two layers were separated and the aqueous phase was
extracted with DCM (20 mL x 3). The combined organic layers were dried over
sodium sulfate, filtered, and concentrated under reduced pressure to afford a crude
product. The residue was purified by silica gel column chromatography
(hexane/EtOAc = 2/1 to 1/1) to afford 76 (264 mg, quant.) as a colorless oil; Rf =
0.05 (hexane/EtOAc =2/1); IR (Diamond Prism) (v em™): 3729, 2955, 2361,
2337, 1680, 1253, 1220, 1115, 1050, 989, 824, 795, 731, 698, 473; TH NMR (500
MHz, CDCl3) o (ppm): 7.53-7.51 (m, 2H), 7.38-7.37 (complex m, 3H), 7.27 (d, J
=8.6 Hz, 1H), 6.88 (dd, /= 18.3, 10.9 Hz, 1H), 6.47 (d, J=17.8 Hz, 1H), 1.97 (s,
3H), 0.41 (s, 6H); 3C NMR (125 MHz, CDCl3) é (ppm): 142.8, 142.1, 140.0,
134.0(2C), 133.1(2C), 129.4, 129.4, 128.1, 127.8, 12.7, 1.0, —2.7(2C); HRMS-
ESI (m/z): unmeasurable.
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(2E 4E)-5-(Dimethyl(phenyl)silyl)-2-methylpenta-2,4-dienoyl chloride (68)

(COCl),
MeQPhSi\/\)\WOH DMF, THF MegPhSiMCI

r.t., 30 min
76 0 68 0

To a solution of 76 (151 mg, 614 umol) in THF (1.23 mL) was added (COCI),
(105 pL, 1.23 mmol) and DMF (47.7 uL, 61.4 umol) at room temperature under
N2 atmosphere and the mixture was stirred for 30 min. The reaction mixture was
concentrated under reduced pressure to afford a crude product. This resulting 68

was used in the next reaction without further purification.

1-Methyl-2-0x0-1,2-dihydropyridin-4-yl (2E,4E)-5-(dimethyl(phenyl)silyl)-
2-methylpenta-2,4-dienoate (66)

|
MeZPhS|\/\)\W ij p
Etg, DOM MezPhSiMO

rt.,1h

54% (2 steps) o

66

To a solution of 67 (76.8 mg, 614 pmol) in DCM (6.14 mL) was added Et;N (341
pL, 2.46 mmol) and 68 in DCM (1.23 mL) at 0 °C under N> atmosphere and the
mixture was stirred for 1 h. The mixture was quenched with saturated aq. NH4Cl
(10 mL). Resulted two layers were separated and the aqueous phase was extracted
with DCM (10 mL X 3). The combined organic layers were dried over sodium
sulfate, filtered, and concentrated under reduced pressure to afford a crude product.
The residue was purified by silica gel column chromatography (hexane/EtOAc =
1/1 to 1/2) to afford 66 (118 mg, over 2 steps, 54%) as a colorless oil; Rf = 0.80
(EtOAc); IR (Diamond Prism) (v em™): 3438, 2955, 2360, 2341, 1727, 1560,
1483, 1427, 1343, 1267, 1190, 1162, 1131, 1050, 989, 913, 827, 741, 700, 506,
470, 453, 443, 416.; '"H NMR (500 MHz, CDCl3) & (ppm): 7.53-7.52 (m, 2H),
7.38-7.33 (complex m, 3H), 7.29 (d, /= 7.4 Hz, 1H), 6.91 (dd, J=18.3, 10.9 Hz,
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1H), 6.55 (d, J=17.8 Hz, 1H), 6.36 (d, J=2.3 Hz, 1H), 6.10 (dd, /= 7.4, 2.3 Hz,
1H), 3.53 (s, 3H), 2.03 (s, 3H), 0.42 (s, 6H); 3C NMR (125 MHz, CDCL) 6
(ppm): 165.6, 163.9, 160.5, 144.1, 142.9, 139.7, 138.7, 137.5, 134.0(2C), 129.5,
128.1(2C), 126.3,110.4,102.9, 37.4, 13.0, —2.7(2C); HRMS-ESI (m/z): [M+Na]*
calcd for C20H23NOs3SiNa, 376.1345; found, 376.1333.

(E)-2-(2-(Dimethyl(phenyl)silyl)vinyl)-3,6-dimethyl-2,3-dihydro-4 H-
pyrano[3,2-c]pyridine-4,5(6 H)-dione (36)

| KCN, TBAI, Et;N  ME2PhSis A~ O~
AN 18-Crown-6-ether | N

~
MeZPhSiMO Toluene o O
40 °C, 3 h, 25%

O 36 (single diastereomer)

66

To a solution of 66 (10.7 mg, 30.3 umol) in toluene (303 pL) was added 18-
crown-6-ether (8.01 pL, 30.3 pmol), EtzN (42.0uL, 303 pumol), KCN (9.90 mg,
152 umol) and TBAI (11.2 mg, 30.3 pmol) at 40 °C under N, atmosphere and the
mixture was stirred for 3 h. The mixture was quenched with saturated aq. NaHCO3
(1 mL). Resulted two layers were separated and the aqueous phase was extracted
with DCM (1 mL X 3). The combined organic layers were dried over sodium
sulfate, filtered, and concentrated under reduced pressure to afford a crude product.
The residue was purified by thin layer chromatography (silica gel, EtOAc) to
afford 36 (2.7 mg, 25%) as a colorless oil; Rf = 0.52 (EtOAc); IR (Diamond
Prism) (v em™): 2954, 2360, 2341, 1785, 1654, 1610, 1572, 1427, 1248, 1214,
1153, 1136, 1059, 987, 913, 821, 783, 743, 700, 472, 460, 437, 424, 416, 405; 'H
NMR (500 MHz, CDCl;) 6 (ppm): 7.44-7.42 (m, 2H), 7.33-7.32 (complex m,
3H), 7.27 (d, J= 7.4 Hz, 1H), 6.10 (dd, J=18.9, 5.2 Hz, 1H), 6.05 (d, /= 7.4 Hz,
1H), 5.78 (dd, J = 18.9, 1.7 Hz, 1H), 3.76 (d, J = 5.2 Hz, 1H), 3.56 (s, 3H), 3.09
(qd, J= 7.4, 1.3 Hz, 1H), 1.25 (d, J = 7.4 Hz, 3H), 0.28 (s, 6H); 3C NMR (125
MHz, CDCl) 6 (ppm): 169.3, 162.4, 158.1, 144.4, 138.4(2C), 134.0(2C), 129.1,
128.8, 127.9(2C), 109.0, 98.8, 42.5, 38.7, 37.7, 16.6, —2.4, —2.5; HRMS-ESI
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(m/z): [M+Na]" calcd for C20H23NO3SiNa, 376.1345; found, 376.1333.

2-((2E ,4E)-6-((tert-Butyldimethylsilyl)oxy)-5-methylhexa-2,4-dien-1-
yl)isoindoline-1,3-dione (92)

Cul, MeMgBr TBSO

TBSO %
Toluene/THF MgBr
70 -15°C, 5 min

L Pd(PPhs),, THF

80 °C, 5 min, 95%

OTBS

To a solution of 70 (1063 mg, 960 pmol) and Cul (122 mg, 640 pmol) in toluene
(960 pL) was added MeMgBr in THF/Toluene (1.4 M, 457 uL, 640 uL) at —15 °C
under N> atmosphere and the mixture was sitted for 5 min. The resulting vinyl
magnesium bromide was used for the next reaction. In another flask, to a solution
of 91 (100 mg, 320 umol) in THF (1.60 mL) was added Pd(PPh3)4 (37.0 mg, 32.0
umol) and freshly prepared vinyl magnesium bromide at 80 °C under N
atmosphere and stirred for 5 min. The stirring mixture was then quenched with
saturated aq. NH4Cl (3 mL). Resulted two layers were separated, and the aqueous
phase was extracted with Et;0 (3 mL X 3). The combined organic layers were dried
over sodium sulfate, filtered, and concentrated under reduced pressure to afford a
crude product. The residue was purified by silica gel column chromatography
(hexane/EtOAc = 10/1) to afford 92 (113 mg, 95%) as a colorless oil; Rf = 0.61
(hexane/EtOAc = 2/1); IR (Diamond Prism) (v em™):2361, 1713, 743, 449, 420;
TH NMR (500 MHz, CDCl3) 6 (ppm): 7.84 (dd, J= 5.4, 3.2 Hz, 2H), 7.71 (dd, J
= 5.4, 3.2 Hz, 2H), 6.56 (dd, J = 14.9, 10.9 Hz, 1H), 6.03 (d, / = 10.9 Hz, 1H),
5.71-5.66 (m, 1H), 4.33 (d, J=6.9 Hz, 2H), 4.03 (s, 2H), 1.71 (s, 3H), 0.89 (s, 9H),
0.02 (s, 6H); 3C NMR (125 MHz, CDClL3) & (ppm): 168.04(2C), 138.80(2C),
134.08(2C), 132.29 130.18, 125.15, 123.36(2C), 122.18, 67.77, 39.79, 26.00(3C), 18.46,
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14.06, —5.28(2C); HRMS-ESI (m/z): [M+Na]® calcd for C1H29N;O3SiNa,
394.1814; found, 394.2047.

2-((2E,4E)-6-Hydroxy-5-methylhexa-2,4-dien-1-yl)isoindoline-1,3-dione (93)
TBSO | HO |
0 PPTS, MeOH 0
| N rt.,5h | N
92 O 93 O

To a stirred solution of 92 (30.0 mg, 80.8 pmol) in MeOH (808 pL) was added

PPTS (2.03 mg, 8.08 umol) at room temperature under atmosphere and the mixture

was stirred for 30 min. The mixture was quenched with H,O (1 mL). Resulted two
layers were separated and the aqueous phase was extracted with DCM (1 mL x 3).
The combined organic layers were dried over sodium sulfate, filtered, and
concentrated under reduced pressure to afford a crude product as a colorless oil.

This resulting 93 was used in the next reaction without further purification; Rf =
0.16 (hexane/EtOAc = 2/1).

(2E ,4E)-6-(1,3-Dioxoisoindolin-2-yl)-2-methylhexa-2,4-dienal (90)

(COCl),, DMSO 0%
| o EtsN, DCM

N 0 °C, 30 min
85% (2 steps)

90

To a stirred solution of (COCl); (23.1 pL, 283 umol) in DCM (404 pL) was added
DMSO (68.9 pL, 970 umol) at =78 °C under N> atmosphere and stirred for 5 min.
The mixture was added 93 in DCM (161 pL) and stirred for 15 min. The reaction
mixture was added EtsN (67.2 uL, 485 umol) and the mixture was stirred for 30

min at 0 °C. The reaction mixture was quenched with saturated aq. NH4Cl (1 mL).
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Resulted two layers were separated, and the aqueous phase was extracted with
EtOAc/Hexane (v/v=1/1, 1 mL x 3). The combined organic layers were washed
with brine and dried over sodium sulfate, filtered, and concentrated under reduced
pressure to afford a crude product. The residue was purified by silica gel column
chromatography (hexane/EtOAc = 4/1) to afford 90 (17.5 mg, over 2 steps, 85%)
as a colorless oil; Rf=0.33 (hexane/EtOAc =2/1); IR (Diamond Prism) (v cm™):
3853, 3734, 3649, 1771, 1712, 1683, 1639, 1541, 1468, 1422, 1391, 1349, 1202,
1112, 1053, 1006, 945, 839, 721; 'H NMR (500 MHz, CDCl3) & (ppm): 9.43 (s,
1H), 7.88 (dd, J = 5.2, 2.9 Hz, 2H), 7.75 (dd, J = 5.7, 2.9 Hz, 2H), 6.81-6.71
(complex m, 2H), 6.21 (td, /= 10.6, 4.8 Hz, 1H), 4.46 (d, /= 6.3 Hz, 2H), 1.84 (s,
3H); 3C NMR (125 MHz, CDCl3) & (ppm): ono141-2C 194.73, 167.62(2C),
146.63(2C), 138.52, 135.46, 134.09(2C), 131.84, 128.26, 123.36(2C), 39.21, 9.47;
HRMS-ESI (m/z): unmeasurable.

(R)-5-((tert-Butyldimethylsilyl)oxy)pent-3-yn-2-ol (95)

OTBS RuCI[(R,R)-Ts depen] OTBS
(p-Cymene)
= KOH, DCM, i-PrOH Z
o rt., 4 h, 75% OH
94 (97% ee)
95

To a stirred solution of RuClI[(R,R)-Tsdpen](p-cymene) (450 mg, 707 pmol) was
added KOH in i-PrOH (0.1 M, 7.07 mL, 707 umol) at room temperature under N>
atmosphere, and the mixture was stirred for 1 h. In another flask, to a solution of
94 (905 mg, 4.27 mmol) in DCM (21.3 mL) was added another flask mixture at
room temperature under N> atmosphere, and the mixture was stirred for 4 h. The
reaction mixture was quenched with saturated aq. NH4Cl (30 mL). Resulted two
layers were separated, and the aqueous phase was extracted with DCM (30 mL x
3). The combined organic layers were washed with brine and dried over sodium
sulfate, filtered, and concentrated under reduced pressure to afford a crude product.
The residue was purified by silica gel column chromatography (hexane/EtOAc =
10/1) to afford 95 (686 mg, 75%, 97% ee) as a colorless oil; Rf = 0.33

90



(hexane/EtOAc = 2/1); [a]”p +17.7 (¢ 1.00, DCM); IR (Diamond Prism) (v
cm™!): 2952, 2930, 2856, 1740, 1468, 1368, 1254, 1149, 1095, 1068, 835, 779; 'H
NMR (500 MHz, CDCl3) 6 (ppm): 4.59-4.53 (m, 1H), 4.34 (d, /= 1.7 Hz, 2H),
1.75 (d, J= 5.2 Hz, 1H), 1.45 (d, J = 6.9 Hz, 3H), 0.91 (s, 9H), 0.12 (s, 6H); BC
NMR (125 MHz, CDCls) 6 (ppm): 86.75, 82.87, 58.57, 51.85, 25.97(3C), 24.32,
18.45, —4.98(2C); HRMS-ESI (m/z): [M+Na]" calcd for C11H220,SiNa, 237.1287,;
found, 237.1451.

(R)-5-((tert-Butyldimethylsilyl)oxy)pent-3-yn-2-yl(R)-3,3,3-trifluoro-2-
methoxy-2-phenylpropanoate (96)

OTBS OTBS
> (S)-MTPACI y
: Pyridine, r.t. H
OH 95 5 min, quant. O(R)-MTPA
96

To a stirred solution of 95 (10 mg, 46.6 umol) in pyridine (932 pL) was added
(S)-MTPACI (70 pL, 70.0 pmol) at 0 °C under N atmosphere, and the mixture was
stirred for 5 min. The reaction mixture was quenched with saturated aq. NH4Cl (1
mL). Resulted two layers were separated, and the aqueous phase was extracted
with DCM (1 mL x 3). The combined organic layers were washed with brine
andidried over sodium sulfate, filtered, and concentrated under reduced pressure
to afford a crude product. The residue was purified by thin layer chromatography
(silica gel, hexane/EtOAc = 5/1) to afford 96 (23 mg, quant., d.r. = 63.2:1) as a
colorless oil; Rf = 0.60 (hexane/EtOAc = 2/1); [a]*'p +20.9 (¢ 1.00, CHCl3); IR
(Diamond Prism) (v em™): 2956, 2932, 2857, 2359, 2335, 1752, 1257, 1167,
1093, 1015, 834, 778, 714, 663; 'TH NMR (500 MHz, CDCl3) 6 (ppm): 7.55-7.54
(m, 2H), 7.41-7.40 (complex m, 3H), 5.69 (q, /= 6.9 Hz, 1H), 4.34 (d,J=1.7 Hz,
2H), 3.59 (s, 3H), 1.51 (d, J = 6.9 Hz, 3H), 0.90 (s, 9H), 0.11 (s, 6H); 3*C NMR
(125 MHz, CDCI3) 6 (ppm): onol168 165.73, 132.35, 129.76(2C), 128.54(3C),
127.45(2C), 85.02, 81.90, 62.73, 55.63, 51.71, 25.89(3C), 21.04,18.39, —
5.03(2C); HRMS-ESI (m/z): [M+Na]" caled for C,Hx9F304SiNa, 453.1684;
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found, 453.1957.

(R)-5-((tert-Butyldimethylsilyl)oxy)pent-3-yn-2-yl (5)-3,3,3-trifluoro-2-
methoxy-2-phenylpropanoate (97)

OTBS OTBS
\/ (R)-MTPACI \/
= gz
_ = Pyrlidine, r.t. . Z
(:)H 5 min, quant. O(S)-MTPA
95
97

To a stirred solution of 95 (5.3 mg, 46.6 umol) in pyridine (496 uL) was added
(R)-MTPACI (6.96 puL, 37.2 umol) at 0 °C under N> atmosphere, and the mixture
was stirred for 5 min. The reaction mixture was quenched with saturated aq. NH4Cl
(1 mL). Resulted two layers were separated, and the aqueous phase was extracted
with DCM (1 mL X 3). The combined organic layers were washed with brine and
dried over sodium sulfate, filtered, and concentrated under reduced pressure to
afford a crude product. The residue was purified by thin layer chromatography
(silica gel, hexane/EtOAc = 5/1) to afford 97 (10.7 mg, quant., d.r. = 63.2:1) as a
colorless oil; Rf = 0.60 (hexane/EtOAc =2/1); [a]**p —13.7 (¢ 1.00, CHCl3); IR
(Diamond Prism) (v em™): 2956, 2932, 2857, 2359, 2335, 1752, 1257, 1167,
1093, 1015, 834, 778, 714, 663; 'TH NMR (500 MHz, CDCl;) & (ppm): onol181
7.54-7.52 (m, 2H), 7.40-7.39 (complex m, 3H), 5.70-5.66 (m, 1H), 4.31 (d, J=1.7
Hz, 2H), 3.55 (s, 3H), 1.58 (d, J = 6.9 Hz, 3H), 0.88 (s, 9H), 0.08 (s, 6H); 13C
NMR (125 MHz, CDCl3) 6 (ppm): 165.63, 132.12, 129.76(2C), 128.52(3C),
127.58(2C), 84.93, 81.78, 62.93, 55.60, 51.69, 25.90(3C), 21.18, 18.38, —
5.03(2C); HRMS-ESI (m/z): [M+Na]" caled for C,Hx9F304SiNa, 453.1684;
found, 453.2081.
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(R)-5-((tert-Butyldimethylsilyl)oxy)pent-3-yn-2-yl methanesulfonate (89)

OTBS MsCI, DMAP OTBS
Et;N, DCM
= =
rt., 5 min ;
OH quant. =
95 OMs
89

To a stirred solution of 95 (1.0 g, 4.67 mmol) in DCM (23.4 mL) was added
Et;N (1.55 mL, 11.2 mmol), MsCl (433 pL, 5.6 mmol) and DMAP (57.1 mg, 467
pumol) at 0 °C under N, atmosphere, and the mixture was stirred for 30 min. The
reaction mixture was quenched with saturated aq. NH4Cl (30 mL). Resulted two
layers were separated, and the aqueous phase was extracted with DCM (30 mL x
3). The combined organic layers were washed with brine and dried over sodium
sulfate, filtered, and concentrated under reduced pressure to afford a crude product.
The residue was purified by silica gel column chromatography (hexane/EtOAc =
10/1) to afford 89 (1.4 g, quant.) as a colorless oil; Rf = 0.30 (hexane/EtOAc =
5/1); [a]**p +68.2 (¢ 1.00, DCM); IR (Diamond Prism) (v em™): 2930, 2858,
1739, 1469, 1361, 1258, 1177, 1093, 970, 895, 833, 780, 520; "H NMR (500 MHz,
CDCl:) & (ppm): 5.33 (m, 1H), 4.36 (s, 2H), 3.10 (s, 3H), 1.64 (d, J = 6.5Hz, 3H), 0.90
(s, 9H), 0.11 (s, 6H); ¥C NMR (125 MHz, CDCl3) & (ppm): 87.07, 81.16, 68.26,
51.56, 39.22, 25.82(3C), 22.58, 18.31, —5.26(2C); HRMS-ESI (m/z): [M+Na]"
calcd for C12H2404SiNa, 315.1062; found, 315.1323.

2-((2E,4E,6S,75)-10-((tert-Butyldimethylsilyl)oxy)-6-hydroxy-5,7-
dimethyldeca-2,4-dien-8-yn-1-yl)isoindoline-1,3-dione (98)
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TBSO

InIOMs
_ Pd(dppf)Cly*DCM .
Inl, THF/HMPA=3/1 (M7 oo
OMs r.t., 30 min H OTBS
89
\ 4
THF, 0°C HO o
12 h, 82%
(d.r. = 9:1) | N

98 O

To a stirred solution of 89 (3.37 g, 11.5 mmol) in THF/HMPA (v/v =3/1, 47.9
mL) was added Pd(dppf)Clz- DCM (782 mg, 958 umol) and Inl (4.64 g, 19.2
mmol) at room temperature under N> atomosphere. After being stirred for 30 min,
the mixture was slowly added 90 (2.45 g, 9.58 mmol) in DCM (47.9 mL) at 0 °C,
and the mixture was stirred for 12 h. The reaction mixture was quenched with
saturated aq. NH4Cl (100 mL). Resulted two layers were separated, and the
aqueous phase was extracted with DCM (100 mL x 3). The combined organic
layers were washed with brine and dried over sodium sulfate, filtered, and
concentrated under reduced pressure to afford a crude product. The residue was
purified by silica gel column chromatography (hexane/EtOAc = 2/1) to afford 98
(3.56 g, 82%, d.r. = 9:1) as a colorless oil; Rf= 0.50 (hexane/EtOAc =2/1); [a]**p
+35.7 (¢ 1.00, DCM); IR (Diamond Prism) (v em™): 1739, 1715, 1369, 1218,
837,777,719, 534; TH NMR (500 MHz, CDCl3) & (ppm): 7.85 (dd, J=5.4, 3.2
Hz, 2H), 7.71 (dd, J = 5.4, 3.2 Hz, 2H), 6.53 (dd, J = 15.5, 10.9 Hz, 1H), 6.00 (d,
J=10.9 Hz, 1H), 5.76-5.71 (m, J= 7.2 Hz, 1H), 4.34 (d, J= 6.9 Hz, 2H), 4.30 (d,
J=2.3 Hz, 2H), 3.80 (d, J= 7.4 Hz, 1H), 2.70-2.67 (m, 1H), 1.73 (s, 3H), 1.07 (d,
J=6.9 Hz, 3H), 0.89 (s, 9H), 0.08 (s, 6H); '*C NMR (125 MHz, CDCl) 6 (ppm):
168.05(2C), 138.02(2C), 134.30, 134.18(2C), 132.28, 129.65, 126.81, 123.4(2C),
85.91, 82.02, 80.60, 51.98, 39.68, 31.80, 25.93(3C), 18.39, 17.64, 12.15, —
4.97(2C); HRMS-ESI (m/z): [M+Na]" calcd for C26H3sNO4SiNa, 476.2233; found,
476.2621.
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2-((2E,4E,6S,75)-10-((tert-Butyldimethylsilyl)oxy)-6-methoxy-5,7-
dimethyldeca-2,4-dien-8-yn-1-yl)isoindoline-1,3-dione (88)

OTBS OTBS

=

Meso'BF4
Proton sponge
HO
| (o) DCM, r.t.
| 12 h, 82%
N
O
98

To a stirred solution of 98 (1.11 g, 2.45 mmol) in DCM (81.7 mL) was added
proton sponge (1.57 g, 7.35 mmol) and Me;O-BF4 (1.09 g, 7.35 mmol) at room
temperature under N>, and the mixture was stirred for 12 h. The reaction mixture
was quenched with saturated aq. NaHCO; (100 mL). Resulted two layers were
separated, and the aqueous phase was extracted with DCM (100 mL x 3). The
combined organic layers were washed with 1 N HCI aq. and dried over sodium
sulfate, filtered, and concentrated under reduced pressure to afford a crude product.
The residue was purified by silica gel column chromatography (hexane/EtOAc =
4/1) to afford 88 (3.56 g, 82%) as a colorless oil; Rf'= 0.63 (hexane/EtOAc = 2/1);
[@]*® +47.8 (¢ 1.00, DCM); IR (Diamond Prism) (v em™): 2929, 2856, 1772,
1713, 1466, 1427, 1390, 1341, 1253, 1167, 1077, 1002, 938, 835, 778, 718, 530,
416;; 'TH NMR (500 MHz, CDCl3) 6 (ppm): 7.86 (dd, J= 5.4, 3.2 Hz, 2H), 7.72
(dd, J =54, 3.2 Hz, 2H), 6.53 (dd, J = 15.5, 10.9 Hz, 1H), 5.96 (d, J = 10.9 Hz,
1H), 5.77-5.72 (m, 1H), 4.35 (d, /= 6.3 Hz, 2H), 4.31 (d, /= 1.7 Hz, 2H), 3.33 (d,
J=28.6 Hz, 1H), 3.19 (s, 3H), 2.64-2.61 (m, 1H), 1.65 (s, 3H), 1.00 (d, J= 6.9 Hz,
3H), 0.89 (s, 9H), 0.11 (s, 6H); *C NMR (125 MHz, CDCl;3) § (ppm): 168.1(2C),
136.5, 134.1(2C), 132.3, 129.3, 128.6, 126.8, 123.5(2C), 90.6, 87.6, 79.7, 56.8,
52.2,39.7, 30.0, 26.0(3C), 18.4, 17.7, 11.5, 4.9(2C); HRMS-ESI (m/z): [M+Na]"
calcd for C27H37NO4SiNa, 490.2390; found, 490.2377.
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2-((2E,4E,6S,7S,82)-10-((tert-Butyldimethylsilyl)oxy)-6-methoxy-5,7-
dimethyldeca-2,4,8-trien-1-yl)isoindoline-1,3-dione (100)

OTBS

oTBS

H,, Lindlar cat.

EtOAc, r.t., 3 h

88 100

To a stirred solution of 88 (1.74 g, 3.72 mmol) in EtOAc (18.6 mL) was added
Pd/CaCOs (174 mg) at room temperature under H, atmosphere, and the mixture
was stirred for 3 h. The reaction mixture was filtered through Celite® and
concentrated under reduced pressure to afford a crude product as a colorless oil.

The resulting 100 was used in the next reaction without further purification; Rf =
0.60 (hexane/EtOAc = 2/1).

2-((2E,4E,6S5,7S,87)-10-Hydroxy-6-methoxy-5,7-dimethyldeca-2,4,8-trien-
1-yl)isoindoline-1,3-dione (101)
OTBS

PPTS, MeOH

3h,rt.
87% (2 steps)

100 101

To a stirred solution of 100 in MeOH (37.2 mL) was added PPTS (934 mg, 3.72
mmol) at room temperature under atmosphere, and the mixture was stirred for 3 h.
The reaction mixture was quenched with H>O (40 mL). Resulted two layers were

separated and the aqueous phase was extracted with DCM (1 mL x 3). The
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combined organic layers were dried over sodium sulfate, filtered, and concentrated
under reduced pressure to afford a crude product. The residue was purified by silica
gel column chromatography (hexane/EtOAc = 4/1) to afford 101 (1.15 g, over 2
steps, 87%) as a colorless oil; Rf=0.29 (hexane/EtOAc =2/1); [a]?*!p +28.7 (¢ 1.00,
DCM); IR (Diamond Prism) (v em™): 3420, 2928, 2360, 1770, 1708, 1428, 1391,
1341, 1109, 1080, 1004, 939, 719, 529; "TH NMR (500 MHz, CDCl3) & (ppm):
7.86 (dd, J=5.7, 2.9 Hz, 2H), 7.72 (dd, J = 5.4, 3.2 Hz, 2H), 6.55 (dd, J = 15.5,
10.9 Hz, 1H), 5.91 (d, J=10.3 Hz, 1H), 5.76-5.63 (complex m, 3H), 4.35 (d, J =
5.7 Hz, 2H), 4.11 (d, J=5.2 Hz, 2H), 3.17 (d, J = 8.6 Hz, 1H), 3.12 (s, 3H), 2.37-
2.33 (m, 1H), 1.66 (s, 3H), 0.83 (d, J= 6.9 Hz, 2H); *C NMR (125 MHz, CDCl)
6 (ppm): 168.1(2C), 137.4, 136.1, 134.1(2C), 132.3, 129.4, 128.8, 128.1,
126.3(2C), 123.5(2C), 91.7, 64.0, 56.6, 53.6, 39.7, 39.1, 17.2, 11.6; HRMS-ESI
(m/z): [M+Na]" calcd for C21H25sNOsNa, 378.1681; found, 378.1675.

2-((2E,4E,6S,7R)-7-((25,3R)-3-(Hydroxymethyl)oxiran-2-yl)-6-methoxy-5-
methylocta-2,4-dien-1-yl)isoindoline-1,3-dione (87)

OH

m-CPBA

DCM,0°C, 1 h

n 70% (d.r. > 20:1)
N

@)

101

To a stirred solution of 101 (321 mg, 904 pmol) in DCM (9.04 mL) was added
m-CPBA (77%, 223 mg, 974 pumol) at 0 °C under N, atmosphere, and the mixture
was stirred for 1 h. The reaction mixture was quenched with saturated ag. NaHCOs
(10 mL). Resulted two layers were separated and the aqueous phase was extracted
with DCM (1 mL X 3). The combined organic layers were dried over sodium

sulfate, filtered, and concentrated under reduced pressure to afford a crude product.
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The residue was purified by silica gel column chromatography (hexane/EtOAc =
2/1) to afford 87 (235 mg, 70%, d.r. > 20:1) as a colorless oil; Rf = 0.55
(hexane/EtOAc =2/1); [a]*’p —9.36 (c 1.00, DCM); IR (Diamond Prism) (v cm™):
3461, 2932, 2361, 1770, 1709, 1429, 1393, 1088, 1043, 965, 899, 797, 721, 530,
448; "TH NMR (500 MHz, CDCls) & (ppm): 7.85 (dd, J = 5.7, 2.9 Hz, 2H), 7.71
(dd, J=5.7, 2.9 Hz, 2H), 6.54 (dd, J = 14.9, 10.9 Hz, 1H), 5.97 (d, J = 11.5 Hz,
1H), 5.74 (td, J = 10.7, 5.0 Hz, 1H), 4.35 (d, J= 5.7 Hz, 2H), 3.85 (dd, J = 12.3,
3.7 Hz, 1H), 3.65 (dd, J = 12.0, 7.4 Hz, 1H), 3.38 (d, J = 17.0 Hz, 1H), 3.21 (s,
3H), 3.08 (td, J = 5.7, 3.1 Hz, 1H), 2.91 (dd, J = 8.9, 4.3 Hz, 1H), 1.67 (s, 3H),
0.78 (d, J = 7.4 Hz, 3H); 13C NMR (125 MHz, CDCL) & (ppm): 168.1, 136.7,
134.1(2C), 132.2,129.2, 128.4, 126.7, 123.4(2C), 91.5, 61.0, 60.6, 56.6, 55.0, 39.6,
36.5, 13.5, 11.7; HRMS-ESI (m/z): [M+Na]" calcd for C21H2sNOsNa, 394.1630;
found, 394.1620.

(2R,35)-3-((2R,3S5,4E,6E)-8-(1,3-Dioxoisoindolin-2-yl)-3-methoxy-4-
methylocta-4,6-dien-2-yl)oxiran-2-yl)methyl phenylcarbamate (105)

O
.Ph
OH O)J\N
0] PhNCO
Pyridine
') DCM, r.t.
0 : 6 h, 95%
N

O
87

To a stirred solution of 87 (55.4 mg, 149 umol) in DCM/pyridine (v/v = 1/1, 745
puL) was added PhNCO (19.2 pL, 176 pmol) at room temperature under N
atmosphere, and the mixture was stirred for 6 h. The reaction mixture was
quenched with 1 N HCI aq. (1 mL). Resulted two layers were separated and the

aqueous phase was extracted with DCM (1 mL X 3). The combined organic layers
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were dried over sodium sulfate, filtered, and concentrated under reduced pressure
to afford a crude product. The residue was purified by silica gel column
chromatography (hexane/EtOAc =4/1) to afford 105 (69.4 mg, 95%) as a colorless
amorphous; Rf = 0.22 (hexane/EtOAc = 2/1); [a]**p —16.76 (¢ 1.00, DCM); IR
(Diamond Prism) (v em™): 3330, 2934, 2360, 1770, 1707, 1601, 1539, 1501,
1442, 1392, 1314, 1267, 1217, 1061, 959, 901, 724, 529, 507, 408; "H NMR (500
MHz, CDCls3) 6 (ppm): 7.87-7.83 (m, 2H), 7.73-7.71 (m, 2H), 7.36-7.29 (complex
m, 3H), 7.09-7.05 (m, 2H), 6.55 (dd, J=15.5,10.9 Hz, 1H), 5.99 (d, /= 10.9 Hz,
1H), 5.75 (td, J = 10.9, 4.8 Hz, 1H), 4.46 (dd, J = 12.0, 4.0 Hz, 1H), 4.36 (d, J =
6.3 Hz, 2H), 4.11-4.07 (m, 1H), 3.42 (d, /= 8.0 Hz, 1H), 3.21 (s, 3H), 3.17 (td, J
=6.3,3.2 Hz, 1H), 2.93 (dd, /= 8.9, 4.3 Hz, 1H), 1.69 (s, 3H), 0.84 (d, /= 7.4 Hz,
3H); 13C NMR (125 MHz, CDCL) & (ppm): 167.9, 136.5, 134.0(2C), 132.0,
129.1, 129.0(2C), 128.2, 126.7, 123.3(2C), 91.0, 59.4, 56.5, 52.0, 39.5, 36.5, 13.5,
11.7; HRMS-ESI (m/z): [M+Na]" calcd for CasH30N20¢Na, 513.2002; found,
513.1985.

2-((2E,4E,6S5,7S,85)-8-Hydroxy-6-methoxy-5,7-dimethyl-8-((S)-2-oxo-1,3-
dioxolan-4-yl)octa-2,4-dien-1-yl)isoindoline-1,3-dione (106)

0]
(0]
A er o

0
HoSO,
o THF, H,0 | e
o rt., 48 h
(106:107 = 2:1) N
N 0
0 106 (X = O)
105 107 (X = NPh)

105 (64.6 mg, 132 pmol) was added H>SO4 (35.2 pL, 660 umol) in THF/H20 (v/v
=5/1, 1.32 mL) at room temperature under atmosphere, and the mixture was stirred
for 48 h. The reaction mixture was quenched with saturated aq. NaHCO3 (2 mL).

Resulted two layers were separated and the aqueous phase was extracted with Et;O
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(1 mL x 3). The combined organic layers were dried over sodium sulfate, filtered,
and concentrated under reduced pressure to afford a crude product as a colorless
amorphous. The resulting mixture of 106 and 107 were used in the next reaction
without further purification; Rf'= 0.60-0.65 (hexane/EtOAc = 2/1).

(5)-4-((1S5,25,35,4E,6E)-8-Amino-1-hydroxy-3-methoxy-2,4-dimethylocta-
4,6-dien-1-yl)-1,3-dioxolan-2-one (108)

0] 0]
O—( o_(
WX X

NMeHNH,
¢ EtOH 0
80 °C, 48 h
\ (108:109 = 2:1) NH,
106 (x=0) © 108 (X =0)

107 (X = NPh) 109 (X = NPh)

To a stirred solution of 106 and 107 in EtOH (1.32 mL) was added NMeHNH>
(8.29 pL, 158 umol) at room temperature under atmosphere, and the mixture was
warmed up to 80 °C. After being stirred for 48 h, the reaction mixture was
concentrated under reduced pressure to afford a crude product as a colorless

amorphous. The resulting mixture of 108 and 109 were used in the next reaction
without further purification; Rf= 0.05 (EtOAc).
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2,2,2-Trichloroethyl ((2E,4E,6S,7S,85)-8-hydroxy-6-methoxy-5,7-dimethyl-8-
((S)-2-0x0-1,3-dioxolan-4-yl)octa-2,4-dien-1-yl)carbamate (110)

(0] 0
O—/( O%
WX X

TrocCl, Et3N
o DCM, 0 °C, 5 min 0)
45% (3 steps) |
(110:111 = 2:1)
NH, NHTroc
108 (X = O) 110 (X = O)
109 (X = NPh) 111 (X = NPh)

To a stirred solution of 108 and 109 in DCM (1.32 mL) was added Et;N (21.9
pL, 158 pmol) and TrocCl (21.7 pL, 158 pmol) at 0°C under N atmosphere, and
the mixture was stirred for 5 min. The reaction mixture was quenched with
saturated aq. NH4Cl (2 mL). Resulted two layers were separated and the aqueous
phase was extracted with DCM (1 mL x 3). The combined organic layers were
dried over sodium sulfate, filtered, and concentrated under reduced pressure to
afford a crude product. The residue was purified by silica gel column
chromatography (hexane/EtOAc = 4/1) to afford inseparable mixture of 110 and
111 (27.3 mg, over 3 steps, 45%) as a colorless amorphous; Rf = 0.26
(hexane/EtOAc = 2/1); IR (Diamond Prism) (v em™): 3334, 2363, 1790, 1713,
1533, 1445, 1239, 1064, 1239, 1064, 817, 721, 566, 463, 425, 410; "H NMR (500
MHz, CDCI;) 6 (ppm): 7.38-7.30 (complex m, 1H), 7.10-7.04 (complex m, 0.6H),
6.44 (dd, J=14.9, 10.9 Hz, 1H), 5.98 (d, J=10.9 Hz, 1H), 5.72 (td, J=15.1, 6.2
Hz, 1H), 5.07-5.00 (complex m, 1H), 4.82-4.78 (complex m, 1H), 4.74 (s, 1.3H),
4.71 (s, 0.7H), 3.94 (t, J= 6.3 Hz, 2H), 3.88 (dd, J=12.3, 3.2 Hz, 1H), 3.68 (dd,
J=12.6,4.0 Hz, 1H), 3.49-3.49 (complex m, 1H), 3.36 (d, /=9.2 Hz, 1H), 3.33
(d, J=8.6 Hz, 1H), 3.24 (m, 1H), 3.11 (s, 3H), 2.23-2.12 (complex m, 1H), 1.69-
1.67 (complex m, 3H), 0.89-0.87 (complex m, 3H); 13C NMR (125 MHz, CDCl3)
o (ppm): 155.3, 154.6, 134.7, 134.2, 132.6, 129.9, 129.1, 127.4, 123.4, 95.7,
87.7,79.4, 78.5, 74.7, 62.7, 56.1, 43.2, 40.9, 37.6, 37.4, 29.6, 24.8, 12.0,
11.8, 11.4; HRMS-ESI (m/z): [M+Na]" calcd for Ci7H24CIsNO7Na, 482.0516;
found, 482.0509.

101



2,2,2-Trichloroethyl ((2E,4E,6S,7S5,85,95)-8,9,10-trihydroxy-6-methoxy-5,7-
dimethyldeca-2,4-dien-1-yl)carbamate (112)

o
-
A‘X

110 (X = 0)
111 (X = NPh) 112

To a stirred solution of 110 and 112 in MeOH (1.95 mL) was added NaOH agq.
(1.0 M, 217 puL) at room temperature under atmosphere, and the mixture was
stirred for 5 h. The reaction mixture was quenched with saturated aq. NH4Cl (2
mL). Resulted two layers were separated and the aqueous phase was extracted with
DCM (2 mL x 3). The combined organic layers were dried over sodium sulfate,
filtered, and concentrated under reduced pressure to afford a crude product as a
colorless amorphous. The resulting mixture of 112 and 113 were used in the next
reaction without further purification; Rf=0.41 (EtOAc).

2,2,2-Trichloroethyl ((2E,4E,6S8,7S,8S5,95)-10-((tert-butyldimethylsilyl)oxy)-
8,9-dihydroxy-6-methoxy-5,7-dimethyldeca-2,4-dien-1-yl)carbamate (114)

OTBS

TBSCI, Imidazole

DCM, 0 °C, 30 min
69% (2 steps)
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To a stirred solution of 112 and 113 in DCM (1.09 mL) was added imidazole
(17.7 mg, 260 pmol) and TBSCI (39.2 mg, 260 pL) at 0 °C under N; atmosphere,
and the mixture was stirred for 30 min. The reaction mixture was quenched with
saturated aq. NH4Cl (1 mL). Resulted two layers were separated and the aqueous
phase was extracted with DCM (1 mL x 3). The combined organic layers were
dried over sodium sulfate, filtered, and concentrated under reduced pressure to
afford a crude product. The residue was purified by silica gel column
chromatography (hexane/EtOAc =4/1) to afford 114 (81.3 mg, over 2 steps, 69%)
as a colorless oil; Rf = 0.81 (EtOAc); [a]**p +7.9 (¢ 0.34, DCM); IR (Diamond
Prism) (v em™): 3733, 332, 2928, 2830, 2360, 2339, 1720, 1539, 1460, 1251,
1097, 966, 838, 778, 723, 669, 566, 422; 'H NMR (500 MHz, CDCl) & (ppm):
6.45 (dd, J=15.5, 10.9 Hz, 1H), 5.98 (d, J=10.9 Hz, 1H), 5.71 (td, J=10.7, 5.0
Hz, 1H), 5.07 (s, 1H), 4.75 (s, 2H), 4.51 (d, J = 1.7 Hz, 1H), 3.95 (t, 2H), 3.57-
3.71 (m, 3H), 3.18 (s, 3H), 2.77 (d, J = 8.6 Hz, 1H), 2.04-1.97 (m, 1H), 1.67 (s,
3H), 0.90 (s, 9H), 0.74 (d, J = 6.9 Hz, 3H), 0.08 (s, 6H); 3C NMR (125 MHz,
CDCl) 6 (ppm): 154.5, 135.8, 129.4(2C), 127.6(2C), 95.6, 93.0(2C), 75.3, 74.7,
64.8, 55.8, 43.2, 37.3, 26.0(9C), 18.4, 13.9, 11.0, —5.2(3C); HRMS-ESI (m/z):
[M—MeOH+Na]" caled for C21H36C13NOsNa, 538.1326; found, 538.1318.

2,2,2-Trichloroethyl ((2E4E,6S,7R)-7-((4S5,55)-5-(hydroxymethyl)-2,2-
dimethyl-1,3-dioxolan-4-yl)-6-methoxy-5-methylocta-2,4-dien-1-
yDcarbamate (115)
OTBS [ N

Me,C(OMe),

PPTS, DCM MeOH

40 °C, 5 min rt,12h, 71% o

NHTroc

To a stirred solution of 114 (69.6 mg, 127 umol) in DCM (635 pL) was added
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Me,C(OMe): (18.6 pL, 152 pmol) and PPTS (31.9 mg, 127 umol) at 40 °C under
N> atomosphere, and the mixture was stirred for 5 min. The mixture was added
MeOH (127 pL) at room temperature. After being stirred for 12 h, the reaction
mixture was quenched with H,O (1 mL). Resulted two layers were separated and
the aqueous phase was extracted with DCM (1 mL x 3). The combined organic
layers were dried over sodium sulfate, filtered, and concentrated under reduced
pressure to afford a crude product. The residue was purified by silica gel column
chromatography (hexane/EtOAc =4/1) to afford 115 (45.8 mg, 76%) as a colorless
oil; Rf = 0.23 (hexane/EtOAc = 2/1); [a]*p +15.3 (¢ 0.80, DCM); IR (Diamond
Prism) (v em™1):1146-3 3329, 2932, 2361, 1719, 1525, 1455, 1375, 1240, 1146,
1057, 967, 816, 770, 730, 568, 426.; "H NMR (500 MHz, CDCl;) & (ppm): 6.45
(dd, J=14.9, 10.9 Hz, 1H), 5.98 (d, J=10.9 Hz, 1H), 5.69 (td, J=15.3, 6.2 Hz,
1H), 5.05 (s, 1H), 4.75 (s, 2H), 4.13-4.05 (complex m, 2H), 3.94 (t, J = 5.7 Hz,
2H), 3.73 (dd, J=11.7, 3.2 Hz, 1H), 3.64 (dd, /= 12.0, 5.2 Hz, 1H), 3.39 (d, J =
8.6 Hz, 1H), 3.12 (s, 3H), 2.17-2.17 (m, 1H), 1.66 (s, 3H), 1.43 (s, 2H), 1.40 (s,
3H), 0.81 (d, J= 6.6 Hz, 3H); 3C NMR (125 MHz, CDCl3) é (ppm): 154.5, 136.2,
129.0, 128.6, 127.8, 108.1, 95.7, 88.2, 77.8, 77.4, 74.7, 63.8, 55.7, 43.3, 36.7,
27.2(2C), 12.0, 11.4; HRMS-ESI (m/z): [M+Na]" calcd for Ci9H30CI3NOgNa,
496.1036; found, 496.1034.

2,2,2-Trichloroethyl ((2E.4E,6S,7R)-7-((4S,5R)-5-formyl-2,2-dimethyl-1,3-
dioxolan-4-yl)-6-methoxy-5-methylocta-2,4-dien-1-yl)carbamate (86)

O OH

(COCI),, DMSO
Et;N, DCM

0 °C, 30 min
73%

To a stirred solution of (COCI); (44.0 pL, 539 pmol) in DCM (1.54 pL) was
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added DMSO (131 pL, 1.85 mmol) at =78 °C under N> atmosphere and stirred for
5 min. The mixture was added 115 in DCM (308 pL) and stirred for 15 min. The
reaction mixture was added EtN (128 pL, 924 umol) and the mixture was stirred
for 30 min at 0 °C. The reaction mixture was quenched with saturated aq. NH4Cl
(2 mL). Resulted two layers were separated, and the aqueous phase was extracted
with EtOAc/hexane (v/v=1/1, 2 mL x 3). The combined organic layers were
washed with brine and dried over sodium sulfate, filtered, and concentrated under
reduced pressure to afford a crude product. The residue was purified by thin layer
chromatography (silica gel, hexane/EtOAc = 2/1) to afford 86 (52.8 mg, 73%) as
a colorless oil; Rf = 0.08-0.46 (hexane/EtOAc =2/1); [a]*°p +18.3 (¢ 1.00, DCM);
IR (Diamond Prism) (v em™): 3330, 2931, 2361, 1728, 1525, 1453, 1376, 1232,
1144, 1062, 967, 867, 815, 768, 726, 567, 512.; 'H NMR (500 MHz, CDCl;) &
(ppm): 9.61 (d, J=3.4 Hz, 1H), 6.44 (dd, J=15.5, 10.9 Hz, 1H), 5.98 (d,/=10.3
Hz, 1H), 5.70 (td, J = 10.6, 5.3 Hz, 1H), 5.07 (s, 1H), 4.75 (s, 2H), 4.50 (dd, J =
8.0,4.0 Hz, 1H), 4.15 (dd, /= 8.0, 3.4 Hz, 1H), 3.94 (t, /=5.7 Hz, 2H), 3.26 (d, J
=14.3 Hz, 1H), 3.01 (s, 3H), 2.32-2.25 (m, 1H), 1.65 (s, 3H), 1.49 (s, 3H), 1.43 (s,
4H), 0.79 (d, J= 6.9 Hz, 3H); 1*C NMR (125 MHz, CDCl3)  (ppm): 200.7, 154.5,
135.7, 129.2, 128.9(2C), 127.6(2C), 110.4, 95.7(2C), 88.0, 80.3, 74.6, 55.3, 43.2,
36.3, 26.8, 26.1, 11.0, 10.7, HRMS-ESI (m/z): [M+Na]" calcd for
C19H28C13NOgNa, 494.0880; found, 494.0889.

2,2,2-Trichloroethyl  ((2E.4E,6S,7R)-7-((4S,55)-5-((S)-1-hydroxyallyl)-2,2-
dimethyl-1,3-dioxolan-4-yl)-6-methoxy-5-methylocta-2,4-dien-1-
yl)carbamate (116)

Tetravinylstannane
n-BuLi, THF/HMPA

-78 °C, 45 min
65% (d.r. > 20:1)

NHTroc
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To a solution of tetravinyl stannane (4.89 pL, 23.0 umol) in THF (365 uL) was
added n-BuLi in hexane (1.64 M, 55.7uL, 91.3 umol) at =78 °C under N
atomosphere, and the mixture was stirred for 45 min to preparation of vinyl Li
reagent. In another flask, to a solution of 86 (17.2 mg, 36.5 umol) in THF/HMPA
(v/v=4/1, 365 pL) was added vinyl Li reagent at —78 °C under N, atomosphere.
The reaction mixture was quenched with AcOH (10 pL) and saturated aq. NH4Cl
(1 mL). Resulted two layers were separated, and the aqueous phase was extracted
with EtO (1 mL x 3). The combined organic layers were washed with brine and
dried over sodium sulfate, filtered, and concentrated under reduced pressure to
afford a crude product. The residue was purified by thin layer chromatography
(silica gel, hexane/EtOAc = 2/1) to afford 116 (11.8 mg, 65%) as a colorless oil;
Rf=0.31 (hexane/EtOAc = 2/1); IR (Diamond Prism) (v em™): 2359, 2339, 1718,
1540, 1241, 670, 503, 426, 412; "H NMR (500 MHz, CDCls) & (ppm): 6.45 (dd,
J =14.9, 10.9 Hz, 1H), 6.04-5.96 (conplex m, 2H), 5.70 (td, J = 10.6, 4.8
Hz, 1H), 5.37 (d, J = 17.2 Hz, 1H), 5.26 (d, J = 10.9 Hz, 1H), 5.06 (s, 1H),
4.75 (s, 2H), 4.17-4.10 (complex m, 2H), 4.04 (dd,J = 7.7, 6.0 Hz 1H),
3.94 (complex m, 2H), 3.51 (d, J = 9.7 Hz, 1H), 3.11 (s, 3H), 1.65 (s, 3H),
1.42-1.38 (complex m, 6H), 0.80 (d, J = 6.9 Hz, 3H); *C NMR (125 MHz,
CDCl) o (ppm): 154.5, 137.2, 129.1, 127.8, 116.6, 108.1, 87.9, 80.1, 79.4,
74.7, 73.7, 55.5, 43.3, 36.8, 29.8, 27.3(2C), 13.2, 11.3; HRMS-ESI (m/?):
[M+Na]" calcd for C21H32CIsNOgNa, 522.1193; found, 522.1178.

Methyl (S,E)-4-hydroxy-4-((4S5,55)-5-((2R,3S,4E,6E)-3-methoxy-4-methyl-8-
(((2,2,2-trichloroethoxy)carbonyl)amino)octa-4,6-dien-2-yl)-2,2-dimethyl-
1,3-dioxolan-4-yl)but-2-enoate (117)

O
\)ko/

Grubbs 2nd cat.
DCM, r.t., 1 h
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To a solution of 116 (11.3 mg, 22.6 umol) in DCM (2.26 mL) was added Grubbs
2" cat. (1.89 mg, 2.26 pmol) and methyl acrylate (20.0 pL, 226 umol) at room
temperature under N> atomosphere, and the mixture was stirred for 1 h. The
reaction mixture was concentrated under reduced pressured to afford a crude
product as a colorless amorphous. The resulting mixture of 117 were used in the

next reaction without further purification.

Methyl(2E,4S8,5S,6S,7S,8S5,9E,11E)-4,5,6-trihydroxy-8-methoxy-7,9-
dimethyl-13-(((2,2,2-trichloroethoxy)carbonyl)amino)trideca-2,9,11-
trienoate (118)

PPTS, MeOH

40°C, 24 h
44% (2 steps)

117 118

To a solution of 117 in MeOH (226 pL) was added PPTS (5.68 mg, 22.6 umol)
at 40 °C under atmosphere, and the mixture was stirred for 24 h. The reaction
mixture was quenched with H>O (1 mL). Resulted two layers were separated, and
the aqueous phase was extracted with DCM (1 mL x 3). The combined organic
layers were washed with brine and dried over sodium sulfate, filtered, and
concentrated under reduced pressure to afford a crude product. The residue was
purified by thin layer chromatography (silica gel, hexane/EtOAc = 1/1) to afford
118 (1.3 mg, 44%, 2 steps)) as a colorless oil; Rf = 0.24 (hexane/EtOAc =1/1);
[a]*°p +16.8 (¢ 0.19, DCM); IR (Diamond Prism) (v em™): 3730, 3359, 2934,
2361, 2337, 1716, 1539, 1436, 1274, 1066, 725, 1066, 724, 451; 'TH NMR (500
MHz, CDCI3) 6 (ppm): 7.06 (dd, J=15.8, 3.7 Hz, 1H), 6.43 (dd, J = 14.9, 10.9
Hz, 1H), 6.21 (d,J=15.8 Hz, 1H), 5.98-5.91 (m, 1H), 5.77-5.69 (m, 1H), 5.08 (bs,
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1H), 4.75 (s, 2H), 4.51 (bs, 1H), 3.95-3.93 (m, 1H), 3.76-3.69 (complex m, 5H),
3.64 (d, J=4.0 Hz, 1H), 3.50-3.46 (m, 1H), 3.18 (s, 3H), 2.15-2.03 (m, 1H), 1.66
(s, 3H), 0.69 (d, J = 6.9 Hz, 3H); 3C NMR (125 MHz, CDCl3) 6 (ppm): 167.0,
147.7, 129.9, 129.8, 127.4, 121.2, 94.3, 78.0, 77.8, 75.0, 74.9, 74.7, 71.4, 55.8,
51.8, 43.2, 36.9(2C), 13.2, 10.8; HRMS-ESI (m/z): [M+Na]" calcd for
C20H30C13NOgNa, 540.0935; found, 540.0928.

Methyl 2-((3R,4S8,55)-3,4-dihydroxy-5-((2R,3S,4E,6F)-3-methoxy-4-methyl-
8-(((2,2,2-trichloroethoxy)carbonyl)amino)octa-4,6-dien-2-
yDtetrahydrofuran-2-yl)acetate (119)

tBuOK

THF, -78 °C
1 h, 23%

119

To a solution of 118 (1.3 mg, 2.51 pumol) in THF (251 pL) was added +~-BuOK
in THF (1.0 M, 2.51 pmol) at =78 °C under N; atmosphere, and the mixture was
stirred for 1 h. The reaction mixture was quenched with saturated aq. NH4Cl (1
mL). Resulted two layers were separated, and the aqueous phase was extracted
with EtO (1 mL x 3). The combined organic layers were washed with brine and
dried over sodium sulfate, filtered, and concentrated under reduced pressure to
afford a crude product. The residue was purified by thin layer chromatography
(silica gel, hexane/EtOAc = 1/1) x2 to afford 119 (0.3 mg, 23%) as a colorless oil;
Rf = 0.16 (hexane/EtOAc =1/1); IR (Diamond Prism) (v em™):; 'H NMR (500
MHz, CDCl3) 6 (ppm): 6.47-6.42 (complex m, 1H), 6.25-6.21 (complex m, 1H),
5.73-5.69 (complex m, 1H), 5.29-5.27 (complex m, 1H), 4.75-4.75 (complex m,
2H), 4.52-4.52 (complex m, 1H), 4.44-4.42 (complex m, 1H), 4.14-4.13 (complex
m, 1H), 4.04-4.01 (complex m, 1H), 3.95-3.90 (complex m, 3H), 3.76-3.72
(complex m, 3H), 3.65 (d, J=9.2 Hz, 1H), 3.49-3.47 (complex m, 2H), 3.27-3.18
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(complex m, 3H), 3.09-3.07 (complex m, 1H), 2.57-2.53 (complex m, 2H), 2.24-
2.34 (complex m, 2H), 1.67-1.67 (complex m, 3H), 0.71-0.69 (complex m, 3H);
13C NMR (125 MHz, CDCl;) é (ppm):; LRMS-ESI (m/7): [M+Na]" caled for
C20H30C13sNOsNa, 540.09; found, 540.14.

Methyl 2-((3a5,6S5,6aR)-6-((2R,3S,4E,6E)-3-methoxy-4-methyl-8-(((2,2,2-
trichloroethoxy)carbonyl)amino)octa-4,6-dien-2-yl)-2-
oxotetrahydrofuro|3,4-d][1,3]dioxol-4-yl)acetate (120)

0]
o)ko

CDI, DCM

rt., 3 h, 80%
(d.r.=1:3.6)

119

To a solution of 119 (0.5 mg, 967 umol) in DCM (96.7 pL) was added carbonyl
diimidazole (188 pg, 1.16 umol) at room temperature under N> atomosphere, the
mixture was stirred for 3 h. The reaction mixture was quenched with saturated aq.
NH4Cl (1 mL). Resulted two layers were separated, and the aqueous phase was
extracted with Et;O (1 mL x 3). The combined organic layers were washed with
brine and dried over sodium sulfate, filtered, and concentrated under reduced
pressure to afford a crude product. The residue was purified by thin layer
chromatography (silica gel, hexane/EtOAc = 1/1) X2 to afford 120 (0.3 mg, 80%,
d.r. = 1:3.6) as a colorless oil; Rf = 0.40 (hexane/EtOAc =1/1); IR (Diamond
Prism) (v em™);; "H NMR (500 MHz, CDCL) & (ppm): 6.47-6.42 (complex m,
1H), 6.17 (d, J=12.0 Hz, 0.3H), 6.01 (d, /= 10.9 Hz, 0.7H), 5.72-5.66 (complex
m, 1H), 5.35-5.35 (complex m, 1H), 5.13-5.06 (complex m, 1H), 4.44-4.41 (m,
0.3H), 4.31-4.26 (m, 0.7H), 3.96-3.92 (m, 0.7H), 3.87 (dd, J = 8.3, 3.2 Hz, 0.3H),
3.76-3.76 (m, 0.7H), 3.73 (s, 0.7H), 3.72 (s, 0.3H), 3.65 (d, /= 7.4 Hz, 0.7H), 3.22
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(s, 0.3H), 3.18 (s, 0.7H), 2.59-2.55 (complex m, 2H), 2.42-2.34 (complex m, 2H),
2.19-2.15 (complex m, 1H), 1.69 (s, 0.7H), 0.85-0.85 (complex m, 1H); 13C NMR
(125 MHz, CDCL) 6 (ppm):;; LRMS-ESI (m/z): [M+Na]" calcd for
C21H23CI3sNO9yNa, 566.07; found, 566.09.
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13C NMR (125 MHz, CDCls)
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13C NMR (125 MHz, CDCls)
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13C NMR (125 MHz, CDCl5)

96T

Bl

4.0

5.0

7.0

8.0

e N—

9.0

LSY'9
£6v'9
€589
SL8'9
0689
69
09TL
SLT'L
LUTL
S9t°L
69¢°L
9LE'L
6LE'L
PRE°L
1sL
8IS°L
0Ts'L
9TS'L
6IS°L

X : parts per Million : 1H

163



N OH
76

Me,PhSi

9T
o
S v9T

E 2
o
F A

,
50.0

..,....
60.0

F o
.'O
= 206'9L
091°LL
- 80%°LL
F o
]
-
o
O
S
)
=
. <
-8
—_/ 1€1°LT1
- o/ LSO8TI
S —— 0TH621
o OL6EET
o I89LEL

S 8100¥1
SN
YLLTHT

,.,...
50.0

.,...
160.0 1

..,....
170.0

—— 80EPLI

LAAARARARAR RRARARAMRE RARARARARE BAARA
220.0 210.0 200.0 190.0 180.0

---------------------------------------------------------------------------

V'ZEZZ'ZIZOZ6ISILI9ISIVIEIZIIIO[6080L090$0V0€0Z’0[0 0

2ouepuUNqge

X : parts per Million : 13C

164



[L-wo] Jaquinuane g\

00V 0001 0002 000€ 000%
! I T T T T T 0og
€ o 9.
_._opf\/\>_m;n_mm_>_ — 0V
v
_‘ -
]
el |
m%_v * ’ 7 09
| | | 1
__: orr mq ; | 1%
A
| y_ﬂ e __ , 08
m _ ;_ ; T_ _._._ : 7 _y ___ __. _ r
! : _, ___ __. ___ _‘ _‘_.;__ _,. | ;\_ _._ l |
3 ‘ f | . ____ r _; _7 __ _ \ _ f A\ V
__ 7 __ N __c.__h | .,___; .J. _;:__ _f_ __ _ \s/\ /)}%.a_é_.,__,\_\.._ __,_ i
;__ __._ | __x J Vo e S © o0
5)___ I
VALY ]
(74

165



J -0
' o
= = LY
=
89' ! )
= [ —— 0097
16'C JF
ﬁ - S— €07
[ o
o
33
—% _TsE
_2
T
)
wy
2609
9609
L01°9
119
#S€°9
001 _2 ) 6se9
e ) 959
060 wus9
£6°0 ) ¥88°9
906°9
L6°0 09T°L
- o 6L
-2 /) s6TL
. $S°0 £EEL
16°€ — — AR
— bl 3 N ELE'L
=) ) 18€°L
—Z / @) o RE°L
o 8 o €IS
3 a T \elIsL
A\ 8 N 8TS'L
I I€5°L
=
\ o
o
0
(=]
— o K
é:’f s
5 z
E —
N SR S S S S S S S
06 08 oL 09 0's o 0'¢ 0T 01 0

166

X : parts per Million : 1H




_Z o)
o O
(@) © N
© I
\ =
Te)
A N
i3
i b4
5 0 f
E ~—

— VIL'T

o
o
o
= 966°T
=
S
o
o
o
o— S6ELE
o
-
=
o
wy
=
o
=]
<
o
-
Z16'9L
091°LL
DA
o0
S
o
(=)
=
£
S 958701

o
=

%
/
2
2

~ OLGEEI
3 £99'8€1
- S £0L6El
S o8yl
T~ 060t

40.0

FS_STS091
___0£6'€91
—— TSS'S91

81°0 L1°0 91°0 ST'0 ¥1°0 €1°0 TI'0 1T°0 1'0 6070 80°0 £0°0 90°0 SO°0 +0°0 €0°0 TO'0 100 0 1070~
2ouepunqe

X : parts per Million : 13C

167



[L-w2] Jaquinuane p\\

(010} 2 0002 000¢€ 000V
_ _ _ : 09
99
O -
R og_m;n_mms_
A oL
¥ -
.v.
9z | -108
| 1%
1
NN __ —06
|
[
L _ S ,
_ __ ___ ..kf.f
N , L_ _ N \,w __c\;c_._.__ p s\.\K ;éa...s,;_..ﬁ
sy N e | A et 001
oLl

168



699

NI

[ 0SL°€
Lo \NisLg
- ¥ 09L°€

9.0

6€'€ ] F
£0'T
—_— —_
167 I
00'1
1 e—
96ifh
e _J |
o Y67 w PEf
£ _ 66 —
8 = )
s 8
g © i
S N [
q) I
> =
£ o
) o
~ Yo
w N
®
=
Z
I
N T A A A e L
091 0ST 0Fl OEl 0TI 0TI 001 06 08 0L 09 0S 0t 0f 0T 01 0
aouepunqe

0LT0

LLT0
08T°0
88T°0

Wl
= 97

1.0

2.0

LLO'E
6L0°E

D w60°t

$60°€
LES'€
L os°€

L't

5.0

8SL'S

9L°¢
S6L'S
66L°S

£70°9

_°_Lsso9

9L0"9
980°9
P9
AN
09T°L
9TL
LLTL
ElEL
91¢°L
£CEL
9TE'L
£P'L
6TY'L
(43
8EV'L

8.0

,%A\;

X : parts per Million : 1H

169



LY
— T
)
=
F6£9°91
F o
F o
F
1 ES
E e
- TsYLE
T} ESTrsose
—— FYT—shsw
o
o
:'I\
=
-8
o
FR
: 206°9L
=8 091°LL
=N
:W
=
o
:0
—d o8
=
— _§—086'801
o
-
o
o PO6LTI
= s 1 -0
QNSZNZ!
TN 196°€€1
—3% | S €9T8¢€1
1S Nsseser
= — SOV PP
o o
—_ -1
[s2] w
g
(0] ] o .
L ) o 0ST'8SI
Ko N —} 2 6791
© T o
[0 s =) .
S 1 ES6Te691
g w 25
§ & :
~ F o
- £
z :
F o
4 S
| R Bl Dkl SERISESJSTSSPETREpesasgisissssaeeasyiss A AR A L —
91 §1 1 €1 TI Il 01 60 80 L0 90 S0 +0 €0 T0 10 0
2ouepunqe

X : parts per Million : 13C

170



[L-wo] Jaquinuane

(0]0) 74 0001 000¢€ 000v
| _ S _ _ 09
(1swoasis)selp s|buls) 9¢
O O ]
—04
L ISUd%OIN
el cl 14
e ) | |
Se 9lgy 1 1%
6
_}i yEL
;. | _ 1 ‘_ 06
* ;_\ A_ j .F _ __‘ |
[ _ ‘ _ J <_<_ A
vy ' pANY e
e‘ ),?_E I __L__ L}Pc._,&.___ifi} 4{% Mo A AT ~r) WA »___< W 00l
oLl

171



6L°S SE0°0
e Lo/ 1800

T 08070
660°0

£L8°0
LL6 [ 0680
£16°0

BT 0L

-3 0T
— 1T

B
_—2§816'o
[ pL0'T
- &sT
S
=

3.0

S6'1
C

J S —seoy

T I I LZEY
B L ey

5.0

159°S
0L9'S
860 333?
VLS

o 9109
S=Z 8609

, 9659
001 _/ 8559
ﬁ 9959

88579

.

{

7.0

= — 09T°L

10L°L

Loz LL'L
— J uLL
Lo WL

LE]'L
Ws'L
6b8°L
PS8L

9.0

OTBS
1H NMR (500 MHz, CDCls)

172

X : parts per Million : 1H




-

180.0 170

190.0

— TS

o
=
T
F o 8TSSI
]
F e
1500
F o

Co
:m

E S 9586E
F

100.0

,.
110.0

20.0

- 00TTT1
T~ T0rET
o NOLI'STI
S — 1PT0E1
~ T~ 6EETEL

990'HE1
P S— eLgel

—

T
150.0 140.0

T
160.0

F o LE1'891

173

X : parts per Million : 13C




00V

0001

[L-wo] Jaquinuaaepp

000¢
_

000¥
0L

o6 1%

Vool

oLL

174



o

oot
01
ﬁ)
w1
— . —
vi'T
- =
S
3
L 44
PR 10T 5
_(") -
O
8
@) N
=
© o 8
& ©
= |
\ zZ
(@) T
------ LN B W B L I S P I
0’8 oL 09 (1N oy 0t 0T 01 0
aouepunqe

<=

STl

=
°
(o]
=)
o~
=
-

by

= Lopp
N
wy

9819

s /%619

S/ oz

8279

7’9

L9

f< L9

o NS89
~

T

€LL

_< ssL'L

- 09L°L

AN

188°L

S88'L

168°L
=
(=)

B

X : parts per Million : 1H

175



90

13C NMR (125 MHz, CDCl5)

T
110.0

T
120.0

M | T T T T
180.0 170.0 160.0 150.0 140.0

190.0

LA RARRAAALLS RARAAAALAS
400 300 200

,,..,
50.0

70.0

,,.,.
90.0

T
100.0

S
Lag}
-

.Oz.

ot 0
2ouepunqe

—¥TL6

— S9t°6E

Tl6'9L
091°LL
8I¥'LL

— 129°¢T1
P1S8T1

= i

—

— 91IL°SEl

— 8LL'8EI

—— S889¥I

—— 6L8LI1

parts per Million : 13C

— LB6P6I

X

176



[L-wo] Jaquinuane pp

00% 0001 0002 000€ 000¥
: % _ 0z
06
(@) _
-{ov
g i
) v L%
Ok
4) gl
-{001
oLl

177



w9

ciro

"°_< S11°0
121°0

C J
o
10°01 J g 1060
LS 0160
SEE j i ea
L =g
~~0s
o
(o]
o
o
o 6EET
< / wey
oSy
00T /j €55
- 9%5°Y
€95t
195t
L 698y
| wy
[ o
-
o
2
TL
= [
(&) L
. i =
0 g
= N
(@] T
N 8 3 -
z 2 -3 =
0 s g
= 5
z o]
z g
:
T T T
008 002 001 0
aouepunqe

178



[L-wo] sequinuanepp

00¥ 0001 000¢ 000¢ 000v
_ ™. _ _ _ _8 o
\ 06 -09
| i
gt m)w p 1
| ﬁ\\ 11
o | ! | 08
1 AL
I/ W WA, a |
,2\ JZJ>\\ ,!QIL A -
W g?fr
—001L

oLl

179



6v°9

OTBS

96
1H NMR (500 MHz, CDCls)

9t

69'¢

P
-t
N

€1.070 01 001 06 08 0L O

180

|

9.0

X : parts per Million : 1H

........




oTBS

O(R)-MTPA
96
13C NMR (125 MHz, CDCl5)

o— 89TL9

>
-

o
-2
S 989°06
- S 8€E°E6
¥SS'L6
- o="pg1'86
3
=
=
E o
-]
F e
E T 910%T1
F o 9E6LTI
-]
“
— €£0'SET
=
Lo
3
o . 80T6YI
- S = 99 6¥1
= N\¥IL6h]
TN LOTHST
F 2T 9TeLsT
g
=
-]
=
=
-
-
=
o
.
o SSL661
- S — 768002
ST €L0T0T
o N8S9H0T
-S
(o]
S
-
F
E (o]
F o
-]
Foa
E (o]
- o SHO'RET
O
r <
F (o]
F o
-]
el
E o~
F o
-3
F (o]

X : parts per Million : 13C

181



(0]0)7%

[1L-wo] Jaquinuanepp

0001 000¢ 000¢ 000V
96
<nE>_-Ev@ -
A
sa10 —08
V I -
8
A hﬁm S
| i by 19
A 7| . oo 1

— 001

oLl

182



€29 30
-2 0600
960°0

S,

Ugo
. 788°0
o — 888°0

e -2 N\ 1680
L68°0

loe SLS'T

~Z 6851

A

2.0

3.0

STE [ .
NS9SS

~ st

Joe ey

—o1ey

)

5.0

wu9's
w1
—_— - $89°S
689°S
%69°S

6.0

09T°L
9BE'L
68¢°L

SI'E 66¢'L
. — SOb'L

S —— 0ItL

SIpL

81L
[Zs'L
YES'L
ws'L

OTBS
8.0

97
H NMR (500 MHz, CDClz)

AN

9.0

O(S)-MTPA

X : parts per Million : 1H

oo¢ o0z  o0r 0
aouepunqe

183




OTBS

AN

O(S)-MTPA
97
13C NMR (125 MHz, CDCl5)

— 805"

EOZ'OIOO

2ouEpUNqR

o
=
=
o— SLE'SI
S 081'1C
—106'ST
F o
o
Fen
e
o
-
F o
F A — €691
F o £09°SS
]
®__ s
e
o
-
T06°9L
F o= 091°LL
FS_ \8I¥LL
ETONLLLIS
TN PE6'HR
F o
o
N
e
-8
=
- S
=)
Lo
a
085°LT1
givz;su
-8 T~ p9L6T1
N0zrTel
<=
-
S
=
-1
a
=
-1
2
— 8€9°S91
=
o
=
=
Lo
F =
F o
Lo
=

X : parts per Million : 13C

184



00

[1L-wo] Jaquinuanepp

0001 0002 000€ 000¥
_ _ T _ T Ow
%
16
<nE>_-G6
A
Ll
Sd10
016 |06
cEl
€q 1 1%

— 001

(01

185



L9 .
- o
E %10
ool 260
) [ L8160
S= O\ 160
L€
__ 6v9°1
— | 997
o
(o]
EEE o
. ] i 9Tl'E
)
<
we
O bLEY
T g5y
(=]
. -2, 0TES
001 PEE'S
L LEE'S
9E'S
09€°S
)
o
[ o
N
I Y )
=
S o
0) £l
il ©
N
(@] T
o = =
\\ o 9Q -
(2] o -]
= Qv [ o S
A > =
2 :
* g
1 N 1 N 1 N >.<‘
0°0€ 007 001 0
aouepunqe

186



919'1S

090°s-

o
a—

091°LL
SIY'LL

S— POTI8

—— 8TI'LY

0orl
1

o.Awm_ o.&o_ o.awi o.mw— o.o_o_

......... [T SRR RRRET] FNTEEERET] PR T FEREERRETY FRREEERETE FEREEEEET] FETTTTTETS FETTET TN T T T T ETY FT ST T Tl ST e R T aTl FN ST T AT ATl FRTA NNl FE AR RA

D1 : uony d sued © X

=

sttt

(|I000 ‘ZHIN G21) HINN D1 |5
68 :
SINO
N m.mw”
Z i

Sd10

— -

'£'().”

o

2ouepunqe

187




[1L-wo] Jequinuanepp

(0]0}4 0001 000¢ 000¢ 0]010) 74
T —‘ _ _ T _ Om
LP
68
SINO —0v
4 g \
sd10 )
YA

el g

6 —09
9

— 001

oLl

1%

188



I

YLy -—Q%VZI'O

(4%

w6'T

— L8YE

—S6LE
F o £56€
- T

6T : 10y
Svoz'v

340 4

F

=
LIS
) r __yets
. FZ 1987
—_ FOE8bLS
:j F o _ 686
E— 6= 1109
. L7089
00'1 - =/ 559
— [ § €659

§SS9

M,

Lo
| ™~
ooty

s
R — '<91L'L
L2 WL

1€8°L
6E8°L
SPS'L
0S8'L
LSS'L

OTBS
0

HO
H NMR (500 MHz, CDClz)

Obl 0l 0T 0Tl 001 06 08 0L 09 0S 0F 0¢ 0T 01 0
2ouEpUNQE

189

X : parts per Million : 1H




86t
1 | <t
—
P o
=gt
4 F 089
— § EST-ssesI
F e
E o 086'ST
‘e
—4 FR—s08'Ie
t -
F S v89°6¢
F T
F o
F R 6L6'IS
o
£
<
PR
i T169L
E ;°.<o91u
ES_N\8I¥LL
o
5@—}509‘08
— 4k $70'78
Fo N\ L6s'ss
o
Fo
<
3=
=
=
Lo .
{8 e
3 0SL9Z1
—5 [ o—<<Llig9ul
—} S~ 659'6T1
— S Tl 47443
o N Pe0PEL
T § Fo - pe0sel
2
=
o
) L
(&
Q =
o © S
) N E
I E ’
i) z s F o 150'891
[ Fo
o o Te} F =
— o N g
\\ ° = 3=
= i
< 3=
2 it £
""" DR B B B B I I e R S
80 Lo 90 §0 0 €0 70 10 0

2ouepunqe

X : parts per Million : 13C

190



00t

0001

[L-wo] Jaquinuanepp
000¢

000¢

000t
09

_ T

sd10

— 001

0cl

1%

191



9L'0

98T
L

~J

o
<

] | JL/LJ_JJKl A

0'r

I

88
H NMR (500 MHz, CDCls)

£rL

%
~
~ e
X : parts per Million

Sy

[ N L8’

8.0

%2
o0 0

192



_ 3 — L6

S
—dFs__sevn
699l
=t 2= tops
A
et
E S ¥96'6T
F e

F S 559'6¢

=
F o
PR LTS
o 96L9S
F o
£ 8
F o
o
F =
: 206°9L
— 3 e 091'LL
F2 \\8IbLL

: 699°6L
—% Fo— LS8
S5 — 18506

100.0

=
-S
=)
- p
] _6preTl
= L6L9T1

— b _Aessst
—_— _§—< SEE6zl
= LTTEN

EIPEl
27\ 8891

140

OTBS

)
&}
[m)]
o
N
s g
3 o -
Al Eo_
— =
= 3
......
80 Lo 90 $0 o £0 0 o 0
Jouepunqe

193

X : parts per Million : 13C




[L-w9] JequinuaAepp

0001 000¢ 000¢€ 000v

00¥
| | | | _ I _ 0€

Sd10

m; :f ; |
| 1%

|
|
_ 6 9
_ | JF | N ,.} s A Z k—‘
| [EY , [l Y & | |
JL W T A | L |
k _ _,,, ‘ _ :,, ., _ _F 7 ‘ _,\, i,_ ,,.._ ._ A ,, Al “,,,v
~ _.J _‘.. ;,_ __ f ,:_ ,._ : __,,.__ ,s_‘_ , ic._ \ \,,,, ___ v. m ,, ,___A_
A g _7 __ 6 _; ,‘_ ,,ﬁ ,; :_ : o ,; L \,,, ’ / .//.J\/., ST I ‘x\s‘:\, .(l..{>lf.|>{s?\(l\\ r)fflSiff(b,,..,,z.(3\Sx(zrLS».s....>.,...,.;\..;c‘_,i«,._,,.e.ce.,,a. - OOF
: \., ._._,,, '
f

0cl

194



3:x4

97T

['Q
N
L N

(9
i

)

P

H NMR (500 MHz, CDCI

3.0

AN

g2ITRER
gl ol Mo Nl o)

4.0

2N AN

SRRZLZBA
47} €7 =1 =1 =1 09 0d ag
Sttt nen

5.0
¥=339

o —
m=

nnnin aannaaa

SO EE w\nmwnnnnn

A A

7.0

|
g
~

00L°L

SOL’L
1L
-3 LIL'L

8L
6E8°L
We'L
1S8°L

9.0

.........

X : parts per Million : 1H

195



L=
_o'_ -
—— fs—wrn
— fo— il
]
o~
o
o
« .
— St
s oo
—— Fg—s0vee
=
Co
w
LE9s
— fo—€L91Ss
-3
o
o
e
206°9L
091°LL
] -§ 80¥°LL
o .
S 00806
<=
-8
o
S
-SoepeT
a

L/, svyoTt
/ 6£0'621

—3 o 81671

T g~ 86T
—ancl
- ETIPEL
_S-Xswm
I \e6rLEl
2
o
) 2
S -
o O -
g
S 090891
= =
- [Te) —
o 9V}
- - =
N— —c’
o =
=
P =
O 3
@
L B N ML IR I NI W LI NI L B BRI I L
¥1 €1 T1 Il 01 60 80 L0 90 SO ¥0 €0 TO 10 0

Jouepunqe

196

X : parts per Million : 13C




[L-wo] JaquinuaAepp
oo 000k g 000z 000€ 000¥
| | ﬁ _ _ _ _ 0¢
Lot
0
- 0¥
L
€l oo
(0] 2 B 1o
zL | Mﬂ ? ’
| it —08
e
~J_‘ _A | __)__. F_) [ :_ _ 1 ¢ w
_ _ —
i [ * | L
_ ‘ _ __ Y _1_ : _,\,__ N V _4__ \’.1
: _._ __ | _d fi __ _:_ __4_._ _ _._,q_ _; ; _ \ k]\.__ s_/r:\ e //;;./
.44 :_3__ __ _cé_ _ ;_, _\__‘_ _,_A / /\s\_,_ k .//1,\.\,3 \/\r\/e?\l o M e OO_‘
Y
__ _e. AV
0clL

197



SE'E

|

96t

SEE

S0°T

!

)
[

H NMR (500 MHz, CDCl3

Lo sI80
6280
80
05870
LL8°0
06870
€L6°0
- 2= %360

887°1
= el

809°1
=t
- N 0ELT

<o

S 180T
et

@t
< w1t
- 1567
s m-

WS
SN 09T€
= st
- 00LE
=R
[ 3'\ 68°€

MY

= 66¢

5.0

— 9EE°S

0LL's
=" (08°
o 1009
CIN €209
0959

785°9

§ 0659

199

7.0

—6TL
0sL'L
.< LSLL
oL
A\
U8'L

988'L
£68°L

9.0
§oo
i

1111111

vvvvvvvv

---------

H

X : parts per Million : 1

198



Lo

L

J.

100.0

o
FR——SEL'I6

Eo
-S
S pssea
S _/esoet
866'9T1
——i 2= o9sal
i 3 msuwsu
S — £9PZET
— q§l9s‘vc1
-3\ sL69El
o
.1
—_ i)
0
o s
@) 2=
N‘ o
© . S S (]
= Fe
«Q 2
N~ — =
) - =
o F %
= :
z Fo
) 3
® E
N S
81 L1 91 ST #1 €1 TI I'l 01 60 80 L0 90 S0 +0 €0 TO 10 0
2ouepunqe

X : parts per Million : 13C

199



(010}

0001

{0

[L-wo] Jaquinuanepp

000¢C
_

000¥
0€

[{e]

1%

W e oo F

oLl

200



§78°0
ST'E 4 6£8°0
— —— [ o~ 0580
60 p—=— 8901
= 86T'1
£€6°¢ .
e - OLS'T
TTC = .
= = - ol
4 - R — SP0°T
— e
[ ST6'T
80 [ _é $€6'C
- L o= 6T
197 L : "‘=< 60T°€
- e
s .
N stre
Sh'l o 2?‘[’,:
R T .
407 i QZry
- [wal| - _< 1SE'¥
— > ey
' [ \ by
[ wry
Lo
| wy
—66T°S
00'T .
LS
e ——— = [9L'¢
= "o SL6S
BTN L66°S
. 9259
ad I _Lsweo
N —— § LS9
6L5°9
911 o _WOL
e —— "= 680°L
97 . 7L
—— )
— : =o1gL
(4x4 - €IL'L
R~ = | 6IL°L
o — ! °-§ YTL'L
Q 12 Woere
o ! 1S8°L
" LS8L
c F 198°L
s L98°L
o
8 3 =
- -
o
=
z
I
......... et
07 01 0
Jouepunqe

X : parts per Million : 1H

201



S
FS__s0LTI
— 8pel

F o
Fo
o

F2
Fo
E e

E—— 0SPoE
F o .
E SS9
P

o
F A 9v0°TS

E— 06198
E S 19€768
3

F o
:'O
716'9L
091°LL
;-§< 8ILL
F K0

o .
S — 000716

100.0

110.0

_J e estent
) F8 gl
~ $99'971
sl
S
2§LL0'6z1
_ PHOTEL
— _g\sss'ssl
T\ 86h9¢€l
=)
.1
Ea
= o
2
o O :
N — Fo—LT6LII
I Fe
8 3
Te) :
T =
~ :2
oo :
= Fo
p=d g
O T
S :
T T T T
o€ 0T 01 0
Jouepunqge

X : parts per Million : 13C

202



[L-wo] Jaquinuaaepp

00¥ 0001 000¢ 000¥
_ _ T T (01
G
— 0¥
_— -
vy—‘ —09
0]
0 0
: Ll 6 i 1%
oL _ _, __ 9 _
_ |
; | __ | A _ | o8
9 F._k__ _A_ _ y | _..A _ A @ _ _ _
f _ _ _\
| 1___ Iy _,____ _.ﬁ A. } Bl €
Qe _ __.__ ¥ [ ( _ \ | | r |
( ._ __ V _.‘_ .__ 7 __ ._. A_ _‘_.__
al / aIay c I
' ’ _ _‘_ ‘_7(\ \/ \
_/5(;?22%{3_\__ ._,i\fl — N I 00l
oLl

203



TS — 19070

8L80

©Y 988°0
N\ =/, w80

—= ! 006°0

T LLO'T

8051 C e 85T
. %Sl

16571
1L9°1

91T -5 0T

"= 1t
[ 07T

8IT'T

0

(A1) ’ 1

LIT'E

Z P .‘m‘./ssrs
3 = 1
- = g€

8T L L6tE
or'e &T._J = 69°€

o= the't
Y= Ll
sy
55°S - s

= L'y
-

Lo
ST 8L0°S
_66TS
= 166°S
_ €IS
= gpc
S 6
- 7619
__91p9
T~ 99
9.9

L <
= 680°L

L9t
\ = 09T°L
=

o
e
—
T
z

0)
NPh)

110 (X =
11 (X =
9.0

1H NMR (500 MHz, CDCls)

L T
STYTETTTITOTOI T LTI ST HIETTTITTOT6080L090S0¥0€0T0T0 0170
aouepunqe

X : parts per Million : 1H

204



[&]
o
=
I
Z

=0)
= NPh)

110 (X
11 (X

13C NMR (125 MHz, CDCl5)

o uon
S Lsoen
v6L 11
95611
F o
o
F N
Y TR
2w
08T'LE
<w
%sssov
IR
=
TO
$86'SS
'<sn9s
LSS'T9
_<IL9Z9
0LOHL
“_/206'9L
_éowu
L
: 0Et6L
87L'L8
:°‘<z98Ls
T sooss
F o
-8
3=
-~
F o E8EETI
_g/OLSLZI
= _// g90621
o/ozzsa
L6862
&7 120051
=0\ 89S°ZE 1
oz\wwst
S oL
Fo
3
2SSt
= 097SsI
-o
Fo
==
o
Lo
g
3
Lo
i
=
]
ES

---------

uuuuuuuuu

X : parts per Million : 13C

205



[L-wo] Jaquinuanepp

(010} 74 0001 000¢ 000¢€ 000¥%
T _ T _ T — ] ow
1%
| ¥
__ _2 h
oL __r_ L : ___ ¢
____ _,_ I ___ﬁ_ ﬂ _ __ __ s _ —06
b \_ i _> _ \r
Fule 8 U P -
L ” L » __. ___ h __ __ __ | | \Tf
\ |\ W _ _ a N
.j ) \,,__ _: k ‘.\_ _L_ ! _.___ _. _‘_/..\. ,_ ‘_ | J g __4_ ettt o h "
‘7‘ {\ | ._ __._S_ __ c f»\,;.}__‘z?;f i P’ B ] 00 b
pe :
Uan=x) e | 1% «
(0=X)0LL
—0L1l
| ozl
(01595




0S¢l

{!

5
J

OoTBS

[&]
e
|
T
z

H NMR (500 MHz, CDCls)

3 8600
S w010
1o
L0
21670
- =/ 60
- 2= 1260
! 01z1
L =
— pS'T
— 6891
o 1207
S o= 6607
) 1907
8817
[ 6LL'T
- =16t
o
T T
—61€
88p°€
= 10s€
- B oLt
- e 956'€
TS _ ol
Ny
SIS
— U
o
@ §80°S
—sIgs

€IL'S
=" by
o 86
ST 1009
b9
9
'S 1Lh9
€6+

7.0

—UTL

8.0

9.0

0T

01 0
aosuepunqe

X : parts per Million : 1H

207



o =)
o O
= o
I (@]
= N
T
=
<
% r 8
|_ ~
o o =
=
=
(@]
3
S— S S S S
008 00F 0°0¢ 00T 001 0
(syipuesnory))

20.0 110.0 100.0 90.0

220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.

— RIS
S 69011
— 126°€1
o ILY'8I
b=
o
— TR0'0C
o— 99€°LE
=
T ISt
=
a
158°SS
o, 889

g 8I¥'LL
— T20°¢6
o S89LTI
S ELE6L
= N\ ovretl
o 6Y8'SEl
—— PSS

X : parts per Million : 13C

208



00

[1-wo] Jequinuanepp
0001 0002 c 000€ 000¥
_ _ _ _ _ _ 0s
g —09
|
sd10 |
1% .
08
M
ﬂ __ 5_ i
W 4
_ _ b
_ _
j _. ‘_ _A c _,_,_ f _\__ f\r.,.‘. p___ _. L_ _, )__ ' \__ ____._ \\\\;7\//5 ,\,_._D_ q—_AJ
J\__. | ./a_ v \/ V _.C.{c 5.?... sy o J _IJZ.,)?s\|\L(\ /(/\. ) LS 001
|

oLl



i}
19°€
§
H
LEE
\
0Ly
L — <y
Il o
—uzs
LO'T
59°¢
: = 680°
& 6
e T~ S96°S
001 €0v'9
- stv9
~ = N geb9
_j - = — STO'L
— [ — LETL
) =)
O - %
a
O
N
T
=
o
3 S
o
=
=
I
""" A L L B Sy L B B R S By N L R L B L R S B B B L L R
0¥ 0'€ 0T 01 0

X : parts per Million : 1H




DE1 - vorIy 32d sped T

(4540
L6'11
WTLT
SLTLL
— LEL9E
— OLT'tY
— LTL'SS
—— 89L°¢9

%

1 111 1
2333 B8 2 BRE 2
— & 00 [ w —_ w
228 B 3 2Sg £

<

w
0 001 00T 0¢ 00y 008 009 00L 008 006 0001 00IT 00T1
agg;;agigﬂl;ai._;}d. THITIY 1T AT AT TN Y AT R RN

o_— LY8LTI

Lo

€L 00l 0°0ST 0091 00LI 0081 0061
1 1 1 1 " 1

(51Da9 ‘ZHN S2Z1) HIANN D¢t
SLL

2ouepunqe

To 810 910 ¥I0  TIO 10 800 900 ¥00 200
211

o




[1-wo] Jaquinuanepp

00¥ 0001 0002 000€ 000¥
] _ ] _ | _ om
vl o}F 8
I y v i
1| y
__ __ _‘_ |
vv_ __ 6 _ _
| ; e o8
TR T
| __ | | _, Tl -_
eyl ) || | W 9l ‘_ r4
9l :__‘__} ?_ _\_._.C_ ; ‘ __* ___ _P r |
JAU C_ | [} | __ A,
I ? ? .c_._ \( ] _ _ \c_
|| | Vi | |
.__ | __ J _ ___ - ._</|
| Vol — A 00)

0clL

1%

212



€€
— -
L4483 [
%'6 — — s
)
9¢'T
L _ =
180 [ «
61 [
— K-
S60 -3
— :
88°0 [
9€'Z I— [
k_ S
S
w
101
prrama
\“‘ =]
o
060
L
3
o
« -~
j
o RS
o 2 -2
= (@) %
T [m)
= O
N
I s
= [
o .
g :
oc .
= 680
=z %_‘;
I
L DL L L PR [Ty T Ty T v 7 PR L L Trrr T T T -
09 0 0t 0t 0T 01 0
asuepunqe

Million : 1H

919'6 8
£29°6 2|
6296 §
9%9°6 -

>

<

213



Al

o
]
=
l—
I
z

13C NMR (125 MHz, CDCl5)

B L T
PTETTTITOTOT ST LTIOTST VT €1 TT I'T 0T 60 80 L0 90 S0 #0€0T0T10 0
2ouepunqge

F o

e

)

Lo 659°01
S—ys601
=

e

Y ourw
© = 6LL'9T
o

-l"\

LIE%E

o

o

FF ey
L o

o

wv

o 9bE'SS
o

-3

Fo R0shL
& L voon
oSl
F 22169
2 W\ 091°LL

8ItLL

C2\\p81°08
[ & 697708
o\ L96°L8
'8_\799'56
Lo

LS ozpoll
f o

&

o LToLT
L S 8S88TI
-2 N\ 107621
- o L89sEl
L ©

'S

o

-]

L
~STSHSI
o

-

=

o

-

=

o

2

o

-]

2

o

LS 6£L002.
A

o

O

Fa

o

- O

™~

|

13C

10N :

X : parts per Mill

214



[1-wo] Jequinuanepp

(0]0) 4 0001 000¢ 000€ 000%
1 — ] — 1] — L om
Gl
Ol ¥ -{09
_
____ 8 _)
10
7 _m I i
e | |
|
o Ll s
L4t [ A -108
t___ J r_f___;__ _ e
’ W ,__:_,;. [y € z
_.___c I | | I 1 | - _ *
z_\:_ | | 7_ _- | | | _L_ ____ __f | -
v [y,
| _. : __ .___ _ ._ A .__.\ .__
..c__, C_ __ ___ 7 _____. _
Nty e ~—/ Tt ool
oLl

215



H NMR (500 MHz, CDCls)

X : parts per Million : 1H

216



116

13C NMR (125 MHz, CDCls)
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