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KRiwsCH, LT OSEEZ#RA L,

Alloc
aq.

ATP
BARF
BIPHEP
Bn

Boc
BOPCI
Bu

cat.

CM

cod
conc.
DBU
DCE
DIBAL
DMAP
DMF
DMSO
dppe
dppf
DTBMP
EDC
EDso
ESI

Et

equiv
LiHMDS
LRMS
HB(Pin)
HMBC
HOBt
HSP90

acetyl

allyloxycarbonyl

aqueous

adenosine 5'-triphosphate
tetrakis[bis(3,5-trifluoromethyl)phenyl]borate
2,2'-Bis(diphenylphosphino)-6,6'-dimethoxy-1,1'-biphenyl
benzyl

tert-butoxycarbonyl
bis(2-ox0-3-oxazolidinyl)phosphinic chloride
butyl

catalyst

cross metathesis

1,5-cyclooctadiene

concentration
1,8-diazabicyclo[5.4.0Jundec-7-ene
1,2-dichloroethane

diisobutylaluminium hydride
(N,N-dimethylamino)pyridine
N,N-dimethylformamide

dimethyl sulfoxide
1,2-bis(diphenylphosphino)ethane
bis(diphenylphosphino)ferrocene
2,6-di-tert-butyl-4-methylpyridine
N-[3-(dimethylamino)propyl]-N’-ethylcarbodiimide
50% effective dose

electrospray ionization

ethyl

equivalent

lithium hexamethyldisilazane

low-resolution mass spectrometry
4,4,5,5-tetramethyl-1,3,2-dioxaborolane
heteronuclear multiple bond correlation
1-hydroxybenzotriazole

heat shock protein 90



1Cso

Ipc

MOM
MS
MTPA
NaHMDS
n-

n.d.
NHC
NMR
Ph

Piv
PMB
PMP
ppm
PPTS
Pr
quant

RCM

sat.

TBS
TBDPS
TES
TsOH
Tf
THF
TIPS
T™S
Tr
XBP-1

iso-

50% inhibitory concentration
diisopinocampheyl

methyl

methoxymethyl

mass spectrometry
a-methoxy-a~(trifluoromethyl)phenylacetic acid
sodium hexamethyldisilazane
normal-

not detected

N-heterocyclic carbene
nuclear magnetic resonance
phenyl

pivaloyl
para-methoxybenzyl
para-methoxyphenyl

parts per million

pyridinium para-toluenesulfonate
propyl

quantitative yield
Ring-Closing Metathesis
room temperature

saturated

tertiary-
tert-butyldimethylsilyl
tert-butyldiphenylsilyl
triethylsilil
para-toluenesulfonic acid
triflate

tetrahydrofuran
triisopropylsilyl
trimethylsilyl

trityl

X-box binding protein 1
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1. 7o~ A v BRI

T U~ A T RRII, FEROIBEEAL I AEEE (7 oY) @RS LTAET S~
a7y 8 LRPEWEORK ' THY ., TRETITHRED —FTH D Streptomyces J& L 0 $5% < A
HEN TS, FEERPINVEUVES D WTT 7 X LU0 T, BEHOREFEZIINVEVROY
£ 15(C15) HLLIE17(C17) THY, 77XV BROLGAIT17(C17) & L<1E23(C23) THDH, £D
BREBIZBWTIL 19, 21, 25, 29 BERFSOZEMENN LI TS, TILENOREERFEHEIUINAERS
NAEEWIIR B UVBRTIEINVE T~ (1), M/ ~=Av 2 AQR)., 77X L UBRIZBWT
TV 77~A42 2 BQB), 7744y (4) EDRZETHND (Figure 0-1), ZiLH DILAEWIX invitro &
BN in vivo 33N CHR ) A FUBETE P A RS M A 2 % D2 iRt E2 A L TV A Z ERMmbinTE Y,
B ZIET NV EF~ A2 (1) 1T HSPIO DY v X EREAPHLET 5 Z & THllaFEM 2 R~ L, ITHEZ DO
BRORBBROBED DN TND 2, TI7XVUBREETDHI 77~4 2 B@3) 1%, 1950 FR1% 12
77 AD IR DG S HE LT BORE £ HEE S N HIAEME TH Y . FOFERPERZIGEEK L LT
T YA U RRE O TIEMD T EHENTND 3,

benzene ansamycins

------- napthalene ansamycins
P y Ansamycin

antibiotics

| \

Benzene Napthalene

geldanamycin (1) trienomycin A (2) rifamycin B (3) actamycin (4)
C15 Cc17 c17 c23

Figure 0-1. 7 >~ A o L R RIW D 5088 L AREW 72 LB O

1



ERFBHBOS 1T CTHY 21 BR~I7 077 2 MMEEERT LB U-T U~ A VU REE I,
1967 FElZ~A a R Y x==21 (5)°) Streptomyces rishiriensis T-23 3 V) HifE S0 CLIRE 30 FELL B 0%E
BARDIFE L SN TV DEIERZERMEICE A TELEMEETH D (Figure 0-2), T b OfLEWITEE T 2
(EEE)-N) = U d@tiEa G922 emb, I ) =o 7o~ v U RfbEmEFRSnd, *
7oy ADDOARFRD I B, CU-CI3MLO 3 OW#EFE L T\ D Z &bl T AR TH Y, TENFEFER
FOBEBESCNH THL T I VB AT NN R D, 2o OEWITEE 2 RAYTEERE ~T 2 L
DMEINTEBY, v =2 M) == FITEEEL, Bl L7e MY = ) <A 2 %80 O 1 B i ARkt
THMMEE, F7Y M)~ A CBITRIBD AR E S AFIT R D A FRIEG ALk LT
fagtEzm"d 2 EnmonTnsg 7, £, U U 22 BTG R - XBP-1 OIFMELZLET 52 &
DEENTNDES, Uz s, NI Tod~A Vo REREWTIHELRAIKY — RD—o L
L THEST BTN D,

trienomycin A (2) mycotrienin | (11)

trienomycin B (5) mycotrienol | (12)

WNY&O trienomycin C (6)

o
Q\WHTKO trienomycin D (7) mycotrienin Il (13)
o
“+ mycotrienol Il (14,
)\/YH\‘/\) trienomycin E (8) Y (14)
o
Ho o~ ) )
\)YN\(&O trienomycin F (9)
o}
H trienomycinol (10)

thiazinotrienomycin A (15) O thiazinotrienomycin C (17)

thiazinotrienomycin B (16)

Y&O thiazinotrienomycin D (18)

\‘/M(O thiazinotrienomycin E (19)
H

thiazinotrienomycinol (20)

trierixin (21)

Figure 0-2. h U= 7 v~ A v R{bLEMOHEE



M=o T o~ A T U RIEEHOUE D, A N MU =="% (Figure 0-3) 1X. 1997 FIZE b0
JEAT DR M 512 & 5 T Streptomyces J& RK95-74 # & 0 Hiff - #xE R E Sz A b b U == F3h
DIV T oY~ A o RIEEY L FREOEARBEHEZH L TODM, BORE —RAGHEY T o T
O, MEIZE LWy 7 a7 ane T I e fIBIica LT, SAEMEREOE TIE, Fi2HA b b
U= A(22) Xt FAETEBEME A MEATIE HL-60 %13 U & U7 4 RES 28 [ i pii i 3o\ R B
(HL-60 : EDso = 7.7 nM) T7T 7R b — 3 A IZHHEAY 72 7 0~ F L EEESS DNA O AL A 7FE T 5, —J5.
b b IEF IR WI-38 (23 Tid, 100 fEDIREIZIBWTH 7R = AFEEM 2 RS 202
EREESNTRBY ., AMBHIERICT B b= 2 2HE8 T 58BN ZHNRARO Y — MMEamE L
THEHINTWD, W, AMEEWORRER S FIZOWTIIREHAL N E SNTE LT, TOMHENLEEN
TW3,

OH
cytotrienin A (22) R = OWE
= NH
0
cytotrienin B (23) R =
OMe LLLQ
0

cytotrienin C (24) R = Oﬁ%l
(0]
cytotrienin D (25) R =
OMe ii;

O

Figure 0-3. Y1 [ U == JHOMIE.

EFIT, AIUFMRISE L TRAR T R b= ZFBEEA 2R T A R U =2 A22) ICHEA
faE ., AMeBWORIEMIT~DJER 2 HEIC ANE I IE 21T o 7o, AFRIZOWTHRBEIZ, Zh
FTCICHEINTWA RNV o T oh~Aa v REEWDOE IR OV T L TITRT,



2. NV =o 7ot~ A v RMEEWDE R

MU =T oA VU RAEE LT ORHEN 2 & BIRTR O AR D D 2GR O G & L
THEHINTETEY, W 2D2DEEWIZONTEEGHIFERTLON T VD, ZILbbEMDOAERKIZ

BIFHEETRL LTE, (1) CL-CI3 ML 3 B AF R OME,  (2) #ifid D (EEE)-b U= o
F. 3) ¥ u T ZLRIEED ZmRFET N5, ZNETORGEMEIZRNT, ¥4 F ==
DL AW DL 6 610, A b F U= AIZHWTIE Panek 35 L O Krische 5128 - TH
AR HE 1 SR TEY., 2008 FEICITHDICL > THIORARBER SN TND 2, Eil = SAoEHE
TRIZOWTER L, ZhETORKRNRERIIEE LTI T 5,

2-1.Smith HIZE B PV = /)~ AQR) BEOF©9) oA/ 10

1995 4£, Smith HIZ h U=/ ~A T2 AQR) BELOF©9) OWDOEE % MR L= (Scheme0-1), & ®D
BRI IIEG 7T 7 A R THHI T VL 26 & XN ANKRL 2T EDTAFNMAIZL D 7T
TAU NIy TV 7Ok, 7 0B IO Y UL AR = A 28 % HV - Bis-Wittig it
RV~ uBRBLO M) m Ui —2EIERET 26D TH D,

Scheme 0-1

OH OTBDPS Ho o~
R=
alkylatl | N \‘/§O
13 PhO s o}
NH — 9 2] ?
/f)\ \1\ otes * Oé\ trienomycin A (2)

BIS -Wittig reactlon 6IBu;P PN PE 5 )
usf

28 trienomycin F (9)

CI1-C13 LD 3 HfGE R A%, Evans 7V R—/UEi B & Brown OARFT VLR L — g0 ¥itko
THEZE L, 17 TRETa b7 VL 26 #457= (Scheme 0-2), D%, K& 7 LR THEMK LI UL AL
R 27T ED S RISIZEY 7T 7 Ay i s, 4 TRTBRLRIIEATH LT LT K35 ~ L
WU T=% . Bis-Wittig RIS KV BRIO 2 7B 36 OREIZHK L CTnD, D% LI 37 ~&
WX ENTENATRETRI T/~ AQ) BEXUFO) ~LBE2AMEERL TWD, REEMR
THE30 TR TOEAKTH D,



Scheme 0-2

o o O o0 OH
e
OJLNJLW g nBuOTH I NPICES — Q QTS g, o _Qres
+ —_— _—
H & 13
\—/ CHO 80% — 82% (4 steps) 88% (dr =9:1) "
PR > PR -
29 30 31 32 33
OTBDPS
PhOgS\/©\
NH
OTBDPS OTBDPS
| o
z 27 TBSO
—_—
- = (@) e E—
. NaHMDS
41% (11 steps) (o OTBS 91%
26
. OH OTBS
.o
CIBUSP. i G
28 - .
—_— —_—

21%

OH

o NN OMe
//r H
N
\‘/g trienomycin A (2)

23% (4 steps) 0

37 \X

38% (4 steps)

OMe
\)\ﬂ/ \‘/§ trienomycin F (9

Smith HICE > THEESNZ M= /)~ AQ) BEWFOW) OEARIT NI =T ¥~ A 2
FALE OO LB THY | BRI LT UL RPNV ANK L ERANET T T A N v
YTFEORD N =T oA VU RMEA O BRI BIEH STV B,

2-2.Panek HIZLH~A 2 MU= 1(11) ORERL P

Panek HiI~A 2 b U == 1(11) OEEKE 1997 FIZHE LTV 5D (Scheme 0-3), & DA RkHkHE X
Smith & EFRIEED I T LT UL 38 LRIV ANKRL 39 EDT T T AL Ny T EREHALTH
b5, NI ZUEBIO~v7 a7 7 & LBRIEStlle 71 7Y 7K THEEZRAA TN D,



Scheme 0-3

o OMe
alkylatl e
3 PhO,S
TBSO 12 OMe 2 NH
PN M
— TIPSO ome * €0 oé\
38 39
v TBSO OMe
BugSn Xy -SnBug
Stllle coupllng 40

mycotrienin | (11)

CIR2-CI3fLDOAFFRIL, MBIZBAF LI T N7 (BE)-7 nF Ny T U RIEMNP L7 MUV UL T &
B — L 42 D ORERANTHES & @/ L7= (Scheme 0-4), S 5HIZ, T/T b N 44 ~EFFEL, LA AR
TiCly & H 5 ¥ L— = T COSLARBRI) 72/ - B ROGIZ K - T 3 Ml AR A S a2 BT 45 ~
LW, ZD% I TRTI VT UL 38 ~LEX | JFIREM LI DAV 39 LD SN2 BU&
IRV 7T A N AR S, 4 TRCBLABMATH D 47 ~E B LT, Z L TRKGTHD MY
T PSS L BRI Stille B v 7Y I Ko TEERK L, TIPS BA BRI FRET HZ & THIID 48 ~
EHFBELTWD, HZRICT IV BAEHOBA L HRELR T, ZRREMLE29 TRTOVAa )=
Y I (M) OEEREER LT,

Scheme 0-4
0] OBn TMSOT OBn OBn O
\/\)J\ + o ~12 OMe ——> BnO. .12
v~ "OMe 0Bn "o, (0r >30:1) 137 — 718" H
SIMe,Ph o) ° : o ° 0 70% (3 steps) o) OAc=
M 42 43 44
OMe
PhO,S NH
MeO o OMe OMe
Pz | 39 TBSO
— TBSO OMe —— T
40% (9 steps) TIPSO ™" “OMe 78% (2 steps) 48% (4 steps)

38

Bu3sn/\/SnBu3
40

_—
_—

90% (2 steps)

0] mycotrienin | (11)



2-3.Smith HIZEBF 7Y b= ) ~A > E19) OEABRL 0

Smith & DWIFET V—T13, P T/ <A Y UHOEERMITHEE 2000 HF£ICF TV M=
E (19) OHIOEAMEZER LTc, RERIE, ZAETO M = O HIE L 1TH 72 5 I Cr kA
HERTELTWD, T72bb, 777 A MEFERNZCH LN UD MY = A EE L, Z0RICh) =
Haagiea T Vb= k50 L XUV ALK 49 BT X MIC L > TR L%, ~ /a2 T
7 B2 LB TG 2 mVRFEAI TédH % (Scheme 0-5),

Scheme 0-5 2
HKNH

0 S
Hk NH
3 PhO,S NHTBS
N
o =

alkylation

\ — 49 OTBS

amidation

= i ) y +

~ |

HO g — - oTBS
y o X OMe 0" 12 g J\/\i
Nj/& o \’\ o N

OMe
0 thiazinotrienomycin E (19) 50

Julia—Kocienski
olefination

y ' OTBS
. . + H R

\’\O\‘ ,/S\\ ’|\l OMe
O O ph (6]

51 52

RETIUNATNT—)LE3 052 TRTT LT E RS54 ~LFEL, G FULREL(NSE 3 &
o (2)-A V7 4 o EET VAT I a—L~LEN T (Scheme 0-6), Y7 AT LA~—iREWE LTHE
DINTZAER OFE KL O I 2 BIRIZEE L TR-t ReXx 7 h 55 L L, 7o FIRMIC 1,3-
VNN EIETL 0T H 2 LTI ERAFT AR LT, i\ T 6 LA T PT ARy 51 ~LikE
L. YxF—/ 52 & ® Julia—Kocienski 4 L 7  AVEIGIT & o> TE)-RIRMIC MY = 2 HEE%, 3
BT VL850 ~EZHUT-, BERER LNV UL ALK 49 ETAXIZ L > CHEfE L%, 5T
PR CEBRALAIBRA 57 & L7z, Alloc EDOBRER, MIIELZHW T~ 27 1T 7 2 A& PREOIUR
THERTDHZ LI L TWD, RRISIZEY, Y=/ ~A DO FREA R THWE Bis-Wittig it
R0 b BAFRIE CEAEEICREI LT\ D, RZICMIBHOTA & BifrE 2/ T, RREf LR 35 Tk
TOFT7Y ) R )~A2 2 EN9) OB EER L,



Scheme 0-6

0 L>_\—OTBDPS

1) TMSOTf 1) Me,4NBH(OAc),
= 12 —_— H 45 —_—————> B
11 2) O3, PPhy a1 2) K,CO3, MeOH 98% (95% de)
HO™ OTBS T™MSO' OTBS  3) MnO;
53 87% (2 steps) 54 67% (3 steps)

OTBS
H
NN OMe
o 52
—_— —_—

60% (6 steps) 44% (4 steps)

51 50

—_—
2) e
| _ ! 25% (5 steps)
Cl ll\l+
Mukaiyama's salt o

58 thiazinotrienomycin E (19)
61% (2 steps)

2-4. Panek HIZ X BV A F Y == DAL 12

2004 40 Panek DY A b U == FDOBEREMOWME TIE, 7o~ A L U RRDOERIZE
FA~7uT 0% LNERRIER T, 910 CHBE A Z 2 A (Ring-Closing Metathesis, RCM) %&£ L TV % s
DRTH D (Scheme 0-7),

Scheme 0-7

OMe
alkylation OMe

\ amidation

RCM
% cytotrienin A (22) macrocyclic core of cytotrienins (59)
\U/ OMe
Ph O  OH O OTBS
""'(\OJ\;/'\/\OTBS <: H : OTBS
N = H
MesO,S™ “Bn TBSO. OM
65 64 63 61 62 e



3 B AR ORI IERZ T L F— VRS 17 & B =0 U F 7 AGRERO TSGR B 2o NS & v 3R L.
ZOBRBIBERTRFHEAETHL Y= MEHET 53 Vb7 VL 61 ~EFHEEL TV 5 (Scheme 0-8),
FHNWT RV ANK 62 EDTTTA Ny TV TN EVERET7 T 7 Ay NS -05,
H ) OV RS D 2 L CRALRIBA 60 & L7z, AR EORELE 2D RCM 12Xk D~ 7 v
ERERTIX, EFEERNEA LT 0 B ONCEET 2 Z E N TPRI L, ERBRIZE A Grubbs fi
A ORIV HAETIEENO M) 2 AE LA EHBONT O U EREERD & e o7, BUGHED
F VAR AR Grubbs filflt 2 AW 72556 TIRREIBUS A I A B, @mIER THEBARICKII L TV D,

Scheme 0-8
o]
HJ\/\OTBS Li
Ph O 67 Ph O OH o orBs )\/\OPMB
v - Cy,OTf " 12 63
oy O g gy —— A LT s
-N. % (dr = 30: N : % : 73% (dr = 6.5:1
MesO,S~ “Bn 94% (dr =30:1)  \es0,S” " *Bn . 83% (3 steps) . ( )
66
OMe
PhO,S NH

M OMe
_~_-OPMB P 62 1BSO OMe
13
HO R TIPSO - - ,
- . S A ——> TIPSO - -
TBSO™ oTBS TBSO'

81% (3 steps) 70% (2 steps) 36% (6 steps)

OMe OMe

Grubbs 1st cat.
83% (brsm)




5) MBIZL DY A M hUxZ=2 AQ2) ODEGHK 2

HoHIZ, ZNETO M) =T U~ A U RIEAMDOREHE & X8R | SRR A E
AL, BRI Panek D O 51k 12 |2 fif> T, = I TORABE A # =2 A (Ring-Closing Metathesis, RCM)
(ZX o> TRY = BN S 2 i Sl aT B 2 32 C 7= (Scheme 0-9), I 7 LT Vb =y h& XTI
ANKREDT T A v Iy T 7%, Smith HOSFIEERBEEL TV 5,

Scheme 0-9

TESO
alkylatlon
amldatlon

TESO TESO?\

/ |
OMe
TIPSO O OMe
+ AN GO
0" N OTy PhO,S HO PN

NBZ ;&O OH
71 72 73

ARE MR IT DR~ m L LT, Cl-CI3 LD 3 @ AT D 5 H "ok WMEZAGVHE
(ZBHSE L2 AR 768 2 W=7 LV R— LRSI L > THEE L TV D Z EMN%IF 55 (Scheme 0-10),
TNTT—)v (14) LT asF— b (15) OT Vv R—)VRIE & REAFE T CTITv, 20% 1,3-V4—1
ETRZ MR, 78 & Uiz, 18ILFEMMETH Y | SIS LV FIICHIE R B 9% & 2h BRI RE
B HZ L BHKD D, KEAGK~OHEA LRSS Tho, iz, ARIGITAMAEEZ A+ 52 &
R HEITT BT, BREGRIEOGM e HIETHD, TOH2 TRTTATE RT9~EFEL, B=b
U F U LOHFEEERA IS D 2 & CHrEBEAR R T C13 MO ARFK R L R L T\ 5, MIgH
DENT 7 a7 a /R ANRAED TNV = a LN FEURIRE TH D . O S BTV R g
DOREBEFHEMET LTS Z Enn, SMERINT/NS T Y FEEEHT G 82 Z VT 27 Lk
THZEICE VRIS KEDETTHZ 2 AH LTS

ItEMm83 22 TRTI VLT VLTI ~LEE JIE3 TERTEM LIV ALK 72 & DTV
FEIZ L - Tl L7otk, 11 TROEHREZRT 86 ~LFE L, = huLzEck, 12 TR TAHK
L2 VAR U 13 & OfEE . & DI TRERO B Z R TEBRALAEMA 70 ~LFHEL T D, ZORRT
ETORH#ESEZ TES L& U, LB RS THREERD K512 LT ad, Y M ToO RCM I,

10



Panek & & [AIRRICH — 14X Grubbs filli 2 5 = & THRRE QIR THMOBR(LIK 8T 2155 Z L ITHY
LTCWD, IIZIZHIEMEA 4 22t iE Amberlyst 15 Z HWTL2TO TES £A2frEL, A4 P hY ==
v AQ22) OEGHE iR EM TR 35 TR TEMR LT,

Scheme 0-10

o)
o’
o
8 Q‘COOH
H

PMP
(0] 0 76 OH p-MeOPhCH(OMe) PN PMBO O

0 + N P __PPTS o 0 —_— o _~

H H 11 OH o. — H
\ | 77 % \ I 64 % (>99% ee) ] 92 % (2 steps) \ |

\
79
74 75 77 78

H cl
| OTIPS Na z ~0

PMBO OH
t-BulLi :

MeyZn 0 ] 13
9 [ 9 . 9
79 % OTIPS 57% (7 steps) 94 % (2 steps) Ng | o
80 81 83
OMe
PhO,S OMe
2 NO,
OH
72
. LiHMDS .
—_—

84% (2 steps) 78 %

TESO
OMe

Grubbs 1st cat.
RS SR

OMe 39% (51% brsm)
36% (8 steps)

OTES

Amberlyst 15
95%

: K
cytotrienin A (22)

11



Flo, VU ERANRCBRTIIIL O L OICAMR L TWD (Scheme 0-11), 1,4-7 5 A — /L
2 TRTHEINLIBEMT VT K188 2, r ) VAt 55 41F=ra Y7L R—/ ik 20z
2 L TCIMDOARFREMEL DD a-T I/ AF ML 89 ~EFHE LT, Hi O CRFEHEMEL T
TATIL90 & LI=DL, CuSOs ZEASES Z LTI 21372, TATVEOFREE L DT 40
HEEEIZ LD 92 & L, RBIZ3 TROZBHEZRTHNRAFRTY 2 12 TIRTAEK LT,

Scheme 0-11
O O
Tres PN QTes P-OEt oTBS oTBS
EtO
L-proline (l.)Et CuSO,
3 —_— —
" " SonHPh O~ Nonupn | 46% @steps) B0 NG
98% ee
88 89 90 o1
OTBS
- O OMe
- —
A~
62% (4 steps) X 56% (3steps)  HO
OMe
92 73

6) Krische 51285 A b MU= A OFHKEHK P

WO DOEERICHEE, Krische HI1E 2011 YA b Y == A DFEAREREL WD, v 71
T B NEREIESEEIE 1L, Panek B I OMD ERFRICY =M TH RCM Z8:H LT\ 5 (Scheme 0-12),
BRI RBITDELET Z T A My TV 70, TRETOGEMEE Ry Bibe=/196 &K
BUERTATIVOT L DAR-BIHA v 7V T ERAL TV DEBRRE RS TH D,

Scheme 0-12

Suzuki-Miyaura 50

coupling
amidation ;/©\

PMBO'
O OMe
/ %

0 cytotrienin A (22) o TMS\/\/\ 73

7 "Br ACO 7B PMBO
+ j/\ <=  pmBO —
OH S 0 (Pin)B
99 98 OMe

100

12



CI12-13 LD AF slE, MEIZBFE LA U 20 M A2 W2 AR E T U RIS 2112 X0 ZhERA9ITHE
L TWD, T 5 TROEHIZE V- 96 LR U EET X7 /L 97 L OA-FIlN v 7V 712k
WT7T A MEERE LIZOL, TR Z—)VEZRIEAICHRESE, EATT VT FiZxd 5 MeAlCl
W L— g U TONARBRIRA M-S 2 I Ko Ty Az B AL, ClALOAR
FIREHEL TN D, ZORITHAKD & RERICEREAICHISN O 2 AR STk, Yo raghhL
RUBE T3 LHEET 52 & CRALAIBIA 93 ~LFFE L7c, RCMIC K2~ n T 7 & AERIEEIE, &1t
X Grubbs il A > F =V F o7 F a7 8106 & VD Z & TiERM L TV (Scheme 0-13), %34T
DIRERZRET D Z &L TRAMDER TH 720, R TR TRENEEECH > 7272 DB D
I ES>TWD, Lol CU KBRS L OMEE & O OB A% —2Z8 T HBIC L, 2> Ok
FDMITI N2 EH/NRIZEOTEARIEIC LD | FeRER TR 15 TR TFBEFRICHKE LTV i)
TEENZEREE ThH T2 E X2 D,

Scheme 0-13
OMe
oS b ]/ﬁ
I
<SOSR | (Pin)B NO,
O o Z > Br 97 OMe
Z B NC = “Br Pd(dppf)Cl,*CH,CI
' A0~ 101 No, l13 PMBO NaOH - -
+ 7/\ —_— Ho\\ » > _—
OH 66% (94% ee) S 60% (5 steps) o] 75%
96 ﬁ/o
100 99 102
OMe OMe
OMe N %
SK%
7 NO, 1) HglOg 82
OMe e
PMBO 2) 95, M92A|C| 89%
o) 52% (2 steps)

PCys O
OMe Clo,, | o OMe
u

93 macrocyclic core of cytotrienin A (107)
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F 72 Krische BT T 23T VAR UE 13 DBRBEGRITH I L TW5 (Scheme 0-14), 7 VLT
Ja—)b (108) ZHFEWE L L T2 TRTHELZT /LT E Fizx LT, a vy MMz Vi fR~Ey
T =BG # IR D EHORF RO E R L TN D, ZO®%IT=FU L 1M1 ~EEE . 51200
KOS 2 Z & T, 7T LRETHIVAR W 13 Z RN G R TRE 2R A S LTz,

Scheme 0-14

[Rh(cod),]BARF
(S)-MeO-BIPHEP

HOJ > 0 \)(i Hs-acetylene OH = .
71% (2 steps) H 83% (85% ee) TsO 2 74% (2 steps)
108 109 110
OMe KCN, [18]-crown-6 OMe LiOH O OMe
TSO\/'\/\/ < NC\W > 72% (2 steps) HO W
111 112 73

PLERASTEZLHIC, ZE TOFREFITIEX, Krische HDOABMFIEZFRVT, Smith 2SI H
WeS LT VNV ENUDNANR EDTNFMUL LD T T 7 A Ny T ) v 7 % @ Ok &
LTW5%, —J T, ClII-CI3 (20D 3 AT ROMEILEPL b Y = O, BX O~ 7 1T 7 2 LRE
FRITAGE T N—T CTHBE O FEEZRHA L TV D ARFETH D, I TEEIL, FA PRV zZ=0 A

(22) DRAIFALFITEA~DRI 2 Bl 2. SEFA RS LN B I ATRER, B RRBRIZHEN D IPURRY L —
~ & fESL < AR E BRAA LT,
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B 10 AR T 7 by 115 P RIK L 3 5 G REDRR

SBf WA R

Feam Tl _72 X 912, ABFETIXET VA F U= A(22) OABALZIZE~D R %2 BiE %
RS & ZARB RGN WTREZR . KD ORI R R ERIEDOMESL 2 HfE 42 & & L7z, Scheme 1-
VWA RIRNT 278, ~ 27 T 7 X NERKIEL, 1130V U TORCMIZHEL 23 TN T VIR R
(SR DBRIERZRTREL LTHET L2 L L, T72bb, = AT AVEEN3ZTORCMIZE > T~ 7
077 NCoOEE%, = heEEBETL, AU T IV RITIUVERFBEBEIYY I a T s X A LB
PERTDZET, —HD7 = ) —NKBEIEDOMR#EN LI IR\ DI, b CH TR THNO B %1%
B DT ENTEDHEEZ, BALHEAIBIZT VT b FI4OSRBINGY 72 P = ik & VR g
BLOMEIZL > TEKRT D, 7Tk FI4E, FHIETH 2 VR BR116 & 7 HFR~L = v M1TZiE
AL T—HZRATA~EEEL, ZORCMIZ L > THEKT H T 7 b NSO AT VS &8I
BT 52 LICk-T, BRTED LB X,

Scheme 1-1

OMe OMe

acyl migration

N/

Allylation
Esterification Z NO,

— TBSO oH

O OMe

HO
114 73

OTBS

o M IEOBRITICHE D T U VERES B R A RCE A LB E LT, 2005 FEIT Porco HIZX o TT F T2
X uarOFRER O BNHRESN TS, 2B8R77 b U8 D= vz THF, FJ=F /L7 3
YRR ORI L VB L, FAUTLES TIUNEERIZ L > THELD T 7 2 L 119 ORESIZERTI L TV
60

OMOM
-

| Et

oo Pd/CaCO4 PhI(OAc),
—_—
T85O NO, THF/Et;N CH,Cl,
H, (1 atm)
42% (2 steps) o

OH
118 119 120



B RCMIIZ XKD =@ (2)-AL 742 E50 10 B8R T 7 Fo 115 OA/K

1. R 116 Ok & BRALATEA 127 DA R

F. ER (DAL T EEDR 10 BT 7 b2 115 OFIEBMATH 2 PRUA D VR VB 116 DARL
%7 7= (Scheme 1-2), Smith HDH{E 1|2 XY A X 7 LA (121) @ Evans 7 /b R—/VSIZ K -
T CI12-C13 ODARF R AWE%, Kz TBS A THRE L., MAKDRIZL > THF Y VP 2 RET
%2 T U6 1%,

Scheme 1-2
b
o) N)H
— O o oH O o OTBS
Bn M2 L O OTBS
n-Bu,BOTf, E;sN - O° N 13 TBSCI, Imidazole =~ O N LiOH, H,0
)J\ 2 3! 1 / 3 ., 22 HO
CHO  CH,CI, -78°C “Bn DMF, 50 °C “Bn THF/H,0
121 122 123 116
82% (dr >95:5) 96% 90%

BALRIBRAR 117 DA R A Scheme 1-3 1277 T, U XT/F b N 124 ZHBEWE & LT, XD F1E S
T=bhrfpLetk, 77 b R UGl RAZHSOSIZE D 7 U b L 126 2457, VT, NP
(KB R A E6SiH (2 & - CEITMICERET S 2 & THMO PR 117 21572, H%IZ 126 S LICARL
72116 & ZfEa L, mlE CERALAIEEAR 127 2157,

Scheme 1-3
OMe /\/TMS OMe
No3 *3H,0 BF5-Et,0
_—
H 0
Ac,O NO, CHzClo,~78°C X NO,
O OH OH OH
86% 79%
124 125 126
Et3S|H BF5°Et,0 OMe
CH20|2 -78°C
OH EDC,DMAP 7 NO
92% 0.0
17 CH,Cl,
5 OTBS
o0 oTBS 95% 127

HO

116
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2. RCM 2L 5 115 DERK

35 - BALATBRA 127 2 VN C RCM Ot 21T 572 (Scheme 1-4, Table 1-1), F£9°, kL= a1
H, 25 1R Grubbs it 2 W CREAREE FROGZIT 72 (entry 1), L2y, BEHOERIGAE 115 134
ELNT, FEORA L 7 ¢ VEEDSOG L ZRBIK 128 MERT 20 THoT2, —ikicH AR
BTy b E— AR TH L2720, WL S TW5D, £7o, AEHIZBOW TSRO —D27
BEA LT 4 o THLIZDINENMELS . K RISEDEWREEA L7 ¢ VU [F L TO5 RO D3ME
BINCHEITT D b0 & bz, MZ T, RCM (2L 5 Z@E# (2)-4 V7 4 & ETe 10 BEBROMEEGITIE
EAERESN TN RN Z Linbd ZOESEITEW, T, NREZM S, entry 1 £V
HE DICEMIRGEM T CHER(LZRATN (entry 2), AU &K 128 BNERTIORTH-T=, =
DB AR R 2 H0 U, INBNRFE TARUSEIT o WS R D72 o 72 (entry 3), & HIZ, H—HHAR
Hoveyda-Grubbs filtfit & 72 1355 —1t:fX Hoveyda-Grubbs fill i 4 N CIRIER DIRFT 21T o 7228, BRABIR 115 1%
Foen o7 (entries 4-6), SUNREEDRRETOT U MK DORERZ A LT L EETHLEI 62
DRETEAT 120, BALRII L G- o, AREE TOARBILREE - I L7,

Scheme 1-4
OMe OMe
A/@Nog Table 1
0 0 toluene
&OTBS
127
Table 1-1
entry catalyst cat. loading [mol %] conc. [mM] temp [°C] 127 [%] 115 [%] 128 [%]
1 Grubbs Il 10 10 rt 40 n.d. 16
2 Grubbs Il 10 1 50 35 n.d. 30
3 Grubbs Il 20 1 reflux 31 n.d. 34
4 Hoveyda—Grubbs | 10 10 rt 67 n.d. n.d.
5 Hoveyda—Grubbs Il 10 10 rt 38 n.d. 16
6 Hoveyda—Grubbs Il 10 10 50 33 n.d. 32
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OB OBARERI Y S N A T T A MR
B SRR DL E

AR D RCM 12 X DBALIE 115 OERRNREETH - 7o 720, TREZHCT 2 & Hi R E kit %=
ERTDHMBNA Uz, Krische 573 2011 AEZHAE L7z A R h U == A22) OERAFSE P Tk, &
fkE=196 BLOARa VATV 9T # B LT HMA-BHI v TV 72X -T, (2)-3 &AL
T4 R e v T TR 103 OERITKREI L TWD Z &S (Scheme 2-1), RKFENT Z 7 A
Ny TV TN THD LB T

Scheme 2-1
OMe

OMe

Pd(dppf)Cly*CH,Cly =
PMBO NaGH 8 NO,
e
(Pin)B NO, THF/H,0 PMBO

N
o)
o)
ﬁ/ OMe 75% 0
%7 @)
96 97 103

ZZTC. 3UEE =129 L FERaI =y FTHDLRBE VR AT V130 ICARGE#EAT 5 2 & T,
BRACRIBRIAR L 7250 » 7Y 7R 113 G CTE D & & 27 (Scheme 2-2), TOHOMIEEIZ T = 4
AL, F72 129 [ITBHNL O —H 2 BAT 5 Z & T, LV IERMEORE WA R Z Bigd 2 L & LT,
AREMREIEIZIBNTH, ZHRT T 7 A P2 THIE, 1 == AQ2) DA R8RS
FRIC B3GR D & 0 L HEE Lz,

Scheme 2-2

i_Mi OMe
Suzuki-Miyaura OMe

cross cciiﬁi/@\ _
l |
= NO, TBSOIE/\/\ ’ /\/@\
(Pin)B NO,
TBSO\/R(/\) ° — O T 0._0

N3K ~0 3 129 OMe 130

O OTBS
x H_.O MeO.
oo e et M
N~ Me | (Pin)B NO, HO FNF
OH
133 132 131 134 73



B BA-EIHA Y 7Y T RIGOTT VEE DGR & SRR

BRI TV T ORI EAT O Tl FERA =Y 130 DET VKL L TR VT ATV
134 Z &5 L7 (Scheme2-3), 7 /LTt K 125 % Wittig SJJSIC E D A F L AL L, AF L U ihEik 135 &
AN, 7= 7 —/LHKEE R Z MOM JE TR L T 136 A Lz, BMZICEH O OWE ¥ %
BEIIA D DU AREAETE T, MERIRAICE FeRv#E(bT 22 L TRr VBT 271 134 ~ L FE
L7z,

M

Scheme 2-3
OMe OMe HB(pin) OMe
Ph3PCH3Br MOMCI [Ir(cod)Cl],
t BuOK NaH dppe
_—
H N02 \ NO2 toluene/DCE (PIn)B N02
O OH quant 99% OMOM 93% OMOM
125 136

134

BTV TNR—= " F—Thsba b=/ 129 OFET /LK 131 |L, Scheme 2-4 DL HIZHK LT,
TasF LT A —) (133) ZHEWE L LT, AVRAZ /I OFEBIZLID T I AT va—L
137 ~E X T a— LOBEIC L > TR T LT & N 132 ~EFHE L7z, %V T Evans 7 /L R —/L&
IZE > TRF SRR L=, Weinreb 7 2 R 139 ~ L ZHa L7-, HHBISKEERE TBS K CTR#ET S Z
& T131 =157,

Scheme 2-4
i
0 N)H
-
Bn O o oH
\/ Cul, MeMgBr Mno2 H O  nBu,BOTY, Et;N OJKN
OH ————— -
THF, 0°C T CH,Clp, -78°C -/ |
then I, 0 °C to rt ’/Bn |
1 132 1
8 70% 89% 8 82% (dr >95:5)) 38
MeNH(OMe)-HCl, O OH O OTBS
AlMes MeO TBSCI, Imidazole MeO
_— > “N _ > “N
CH,CI | | 0 | |
Cly Ve | DMF, 50 °C Ve |
139 99% (2 steps) 131
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BRLEZETAVREE 134 BL 0131 ZHWCTH v 7V U 7 i & Bt L7z (Scheme 2-5, Table 2-1), =
3 Krische b & [RIERDSM: IS TRISEAT o T2M, B GRT 2 OB THIO T v 7Y & 71K 140 1%
Bonihotz (entry 1), ARIGEEORFNITTNVEEICBITE O TH LN, REORAK % &UHE
. 7 ) =K BE A AT AL LT RE COh v 7 ) U I RIGEREE L, = AT VORI RN
HZOTH 7Y RPN D FIEEHLTHZ ENEE LWV E B2 AL AV &0 TR
{75 Z & & L7 (entries2-5), HitklZ KsPOs & HVY, A2~ 8 L CRET L7 & 2 A, DMF 1 T
WRIZNEBHID T » 7 ) o 7K 140 255 572 (entries 4-5), ZOFE, I 7{bE =L 131 12X L T2 4
BHWEARB VR ATV 134 DIEH 2, TLC RIS TRICHALZZ ENBIEINZZ b, 7a b
AR T FAL P2 E o TR T A RXZVALREINC 134 DR LI2Z LA, IRIGEDJFIKTHh 5 & HERI L
TW5*,

Scheme 2-5
OMe
OMe O OTBS Pd(dppf)Cly*CH,Cl,
+ MeO. base 7 NO
N | —_— 2
(PimB ™™ NO, Me || solvent, 50°C  TBSO OMOM
OMOM .OMe
O”" N
134 131 | 140
Me
Table 2-1
entry solvent base time [h] yield [%]a
1 THF/H20 NaOH 0.5 —
2 1,4-dioxane K3PO4+snH20b 13 —
3 1,4-dioxane K3PO4snH20b 14 —
4 DMF KsPO4°nH20P 8 26
5 DMF KsPO4 0.5 30

ajsolated yield. bn = 1-2

¥ RFGUARA RN ERET HAEMNT, BFEERAT U THDH9-BBN ZHANWTE FaihuHEbLL-0b,
TRy FTO B-TIIVFIEARTTHH v TV 70 RAT-DNEHRIREMEEZ D DR -7,

OMe
OMe
1) 9-BBN, THF
x No, 2131 z NO,
2 Pd(dppf)CloCH,Cly e OMOM
OMOM KsPO,, THF/H,0
OMe
136 0“™N 140
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o VU EATDLTIIAS NOERK

1. I b=/ 129 DAL

EFNVEEE AN v 7)o T RISOBRFHIBW T, RINRR2N S BRON v 70 » RN E ST
DT, VEUEHALZI UY=L 129 DA A B L 72 (Scheme 2-6), Weinreb 7 X R 139 % DIBAL

BITICES>TT AT E R 14l & LT, #VWT (O)-A2 brBFEEz2T7 UL R —L 95333/~ hn
E-EENL I U722, 141 O fRET 50 THID 142 132 B 6o i,

Scheme 2-6
: o
P NN
TB B _

MeO P DIBAL P TsOH-H,0 ' TBSO

b | [ = TBs0T YT . o NP

THF, -78 ° u
Me I ,—78°C | CH,Cl, HO" PN Ns o
131 141 142 129

T UNERRERLT UL RTEREEICL DT AT e FOT U IALRIICB T, R5N7-63 %
BRONT 6 BERERIRREARRH U T y ALBIRNCAINT 5 Z ERNAL B TE Y 32 (Scheme 2-7), o (L
RORFET VIALEIE DB L 720, EZ2AB, ZO XL TERT D 14- VU2 AT 5 8E
TIUNT N a— IR A EH S 7 v ax v FET5 2 L T1,3]- 7~ ba BE—iRAL A H#IT L, 1,3-
VI EHGZHIENDMLNATEY 3, RERMEER TOFMMAFT b HESh D,

T ESIE, (- A N BBEE L y-MIMEERET VLT A= ET UL RF—E T 5T AT e RO
- IBIRARF 7 0 FIULBIR & s LT 2D ¥, AREOGSIT 6 BEREBIRIEZ M U TR RANICHET T

6 o
OH TsOH- HQO Al P
- O/\R R|—— > .
g A -TR- Ay NN
P

a-adduct
R = PhCH2CH:z

T FlZ1E, Yeung 51E 2003 FRiHfiss Lz~ U T 7 b UVEHOGRFFEICE N T, [1,3]-3 7~ b a E—#aif
14V AR144 12K L CTHEAT S 2 & THE D = EOREEIZ AR LTV 5 35,

TBSO
TBSO o TBSO

MgBr
dlbenzo 18 -crown-6
EtZO
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Scheme2-7

X X W
Ay :l oy, o reddton, WAL LR N
ANE Oy on |
M = metal
X X R
r CLE e
R R HO T
7’| }’| a
OH oM
M = Na, K

WO T AT T ARNEFE LT, [1,3]-3 7~ b r E—lGC k> T 1,3-Px o~ L L,
ISR 2 AR ESBRENS AO P AENHGOND LE X, £ZT, N F V= )VFH
=ULHAIEIC LTI AT N 141 & 1,4-V T K 146 ~FHE LT, 18-crown-6 fF(E T, KFE LAY T L
EAEASE, (1317~ b a U0 £ 5 142 ~OLE#E 0°C TRAZ2, BHRORUGITARETL
727057 (Scheme 2-8), IR % RIELL FICHIET 2 L EMARAWE 525 DH T, BHO Y= ik
142 (355N o7z, LEDOFERMNS, [13]-3 7~ br E—iGf1il L5 VT AR 142 OERITIR#E &
HWr L7,

Scheme 2-8
O OTBS O OTBS I Z Z|
Meo. DIBAL N AO-P; KH, 18-crown-6
N W H I —— > TBSO —#——> TBSO
Me THF, -78 °C THF, —78 °C THE
I I HO™ e HO P
79% (2
131 141 9% (2 steps) 126 S 142

2. Ru VBT AT L 130 DA

WIZ, BHERLI=Y b 130 25T D70 VR VRT3 OAKEBIE Lz, DAVRVER 731X, FE
T2 &5 12 Krische 512 & > THIERMR G RIENTHNL STV 58, it 7B 8 &Rtz AV 572
D, ENOLEHORWAREOMSI A HIET 2 & LT,

EFPF.TruLAr 147) BHEWE L LT, Y —/L 148 DA AR AT (Scheme 2-9), LA L,
148 O WEREME (bp 36 -37°C,20 mmHg) 3 D 7=, IUFEIFE LK T LHBME GO Te, £
2T, RISOBLIRZE SFRBAETZ IO, 7V R—=/VRIE 3T ISAF L2 BIIO 149 1345 H VT #E7
BEME 52D DIHIEST,

TOUT b R 148 B T O NKEECTH - 72720, WM ED =D TMS EEEA LT LT
R 152 D& E LA, SEIIEE S PTIRINRICE £ -7,
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Scheme 2-9

X0
0" "N
o) e
B
1) PhaPs A one " 0O o OH 0
0 CH,Cl, o n-Bup,BOTH, EtgN )k > 1)Zn,NH,CI
N PPN QN T T e - HO
H  2) LiAH,, Et,0 H CH,Cly, 78 °C W a 2) Mel, Ago0 N
3) MnO,, CH.Cl, Bn 3) LiOH*H,0, H,0, OMe
147 148 149 73
<10% (3 steps)
o]
; PhgP
“ TMSCI, n-BuLi ™S 1) LiAIH,, Et,O o 3 \AH o
S oH X__OH > ~ A g NN
THF, -78 °C 2) MnO,, CH,Cl, T™MS H toluene, 60 °C ™S H
133 90% 150 57% (2 steps) 151 28% 152

TILTFE R 148 BLN 152 D RESHVPNHETH - 7-720, BOMEOBLE ) DBRNES TRES
FRATRE IR 2 ST H 2 & Lz, AT, VRSRRMICEE Y28 AL Ta vbke =)L 142 &
BT B ELREETH T2, LIVEELRTIETTI I T AL FEREE LG ABEIEE LW,
Z 27,
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e E /) - TO RCM DA IEDR%

INETORETIE, VoM TORCM ZEL, M7 77 A FEbIlyT U TORMEZTER LT
Bt 2T CE ), P UEOBERRECH /-, 22T, —FHEE/ 2, bH)—FE Rk
L7 RCM #MET 272 51X, WWESIZH 7 T 7 A v bOGREZEMINNS L FE B LT, AGHH %
PUFIZRT (Scheme 3-1), BRALAK 153 1%, A3 I Vb =)L 154 L AR AR BT ATV 157 LD
Ay TV U TH%, B/ - Y ZURBITTO RCM IZ L » CTEREK D L5 2 7=, ERE T Vb
=154 13, RETUATAI—L 155 237 a X a XU A EAICTAZ L TARL. RET Y
T A—) L 155 XTIV T & R 156 ITKT D N RIRH 2 7 UV UEOSZ21T5 2 & THERTL2 2L &L
Too =T, HBREA D BT 2TV 157 OFHKIZENTE, #FRETHD MY = LR Bk 158
. BRI Y U AEBE L Y =L 159 AT H 2 LT, YL 148 L L
THEEMEOUWENHR L DO LR LI, 7o, FHEOMDOMY, £/ 2 -F MDA Z VAR
NOWEFNL, RIS TH D7 1 A RXZ A (Cross-Metathesis, CM) D& * TH Y | /3 NG T
%5 RCM CTOHEFNIELETH 572720, AREFEIC SRR Z -7,

UEOBHENG | RO = M TORCM TR, £/ = - P =B TORCMIZ LD~ 7 B
R T OB OMN Z HiE+ 2 & & L,

Scheme 3-1 Z
TBSO Z O OTBS
. OMe o ~ > TBSO — H%/

Suzuki—Miyaura

cross coupling Ng o HO™ S |
l AT
\(CE/\ NO, 155 156
— +

TBSO ‘OVD\ OMe
. \I'
0" NN NoMe
N [ O OMe 0
° i JJ\/\/\/
© Rem (Pin)B = G A
0._0 HO
153 158 159
7 N N
OMe

PN DU ERE L LA X BV ARIEORITIE, 2011 #(Z Sammakia 5D 7N —TIZ X DT IVE A
T A(162) DEGMIZE B NEE SN TND

(@)

HJ‘J\/\/\/

) \‘\ 159
n, OH
r Grubbs 1st cat.

OH OH OH OH OH OH OH 24
dermostatin A (162)



B B/ - UMTTORCM R\ LT 7 T 7 A 2 b DA R DT

1. EEE I 7 =1 154 DARL

Kb 7 Vo e T DB I Ve =L 154 GROPRIKTH L7 V3 —)L 155 &, 7/ 7 & K 156
D CI3 Ly Vv A HEZFIH T 2SRRI 727 U MEEIZ & - TERK L 72 (Scheme 3-2),

Scheme 2-4 CTHAAKL7Z Weinreb 7 2 R 131 2268 L7277 /v 7T & K156 %, /LA AF£IZ MexAlCI % H
W3 L— g HIE T SEARRIR 205/ AR ROS 2 IR L BEFRIR CTH—D YT AT LA~ —&
LCT v a—/L 155 2457, C11 LD SARLZAITU R Mosher {EIC TEADINAKIE ThHh 5 Z & AR L
77

Scheme 3-2

Y
O OTBS S

_ DBAL Me,AICI
MeO. J " — > 1BSO
TTHE 78°C | CH,Cl,, ~78°C

89% (2 steps)

156 155
0" Sves X
| MeO— T O
Ph
TBSO (S)-(+)-MTPACI, DMAP (R)-(-)-MTPACI, DMAP TBSO
<«——————— TBSO - >
o = CH,Cl, _ CH,Cl, o RS AS = 35(164) —0r (163)

Fsc,’(g uant HO" RS Meo,’(g

. quant. .,

Me0=[ © d FC O (CDCls, 400 MHz)

Ph 163 155 Ph 164

P 7aNUEE 169 1E, y-TF T 7 b (165) NHEEROME ¥ 2B EIC4 TRTAK LT, 169
ZEREAV I~ W LT, RET VAT L a—)L 155 LHiAT5 2 L CERHI vk =L 154 25

i% L7z (Scheme 3-3),

Scheme 3-3
(0]
o Bry, PBrj NaN3 DBU 0
- = Br\/\)J\ Br OMe——————> N3
0 e OMe
then MeOH, TsOH-H,0 N DMF
3
91% 88% 65%
165 166 167 168
aq 3 M KOH %
q N (COCl),, DMF
_— 32 ;l]\
OH
THF/HO benzene
95%
169
EtzN, DMAP
—_—
CH,Cly, 0°C

99%




2. hUxZF—IL 159 DARL

WIZ, BY = TVR 158 DERFEIETH D b Y =F—/L 159 DA IOV TG L7z, 159 13
BEFEEmTH D, UL, EROARIE (Scheme 3-4) ¥ (X, Y=/ =— k170 ZHFEEE L L TR
TIDFET, LT va— Ot T L Horner—Wadsworth—-Emmons SO0 2 L B 8K, HET X7 )L
DBETLET N A= VOB ER LR ThH D, ZORKTIL, 5 TREZZEL, hoEBEEOEmW Y= —
V148 RIS 570, EH L, KV RN ERIEOMLE T RE LT,

Scheme 3-4
i
P—OEt
1) DIBAL EtO St
(0] CH2C|2, 97% (0] NaH (0]
Eton\N 2) Dess-Martin HJJ\N THF, 0°C Eto)l\w
170 periodinane 148 171
CH,Cl, 52%
63% (E/Z=15:1)
1) DIBAL
CH,Cly, 92% o)
— N NN
2) Dess-Martin H
periodinane 159
CH,Cl,

93%

KHHRAGER I N Z ar TAT e KA U U AN (172)% % H%EWE & L, Duhamel HO#HE 4 (2
eV, BFLL 173 2157 (Scheme 3-5), 173 I ZEMTEMEALDIREY & L TH LA MEMMELEM TH
V. 10g LEDAT— LV TREGHENDARRTH T, MW THEbE =L~ 717 L L BGHINDA
FEHEAT AR L, WED v TV 7L > TR = — L 159 ~EFFE LT,

Scheme 3-5
Z Mgl
ZnBr,
o} Bry, PPhg (o} Pd(dppf)Cly*CH,Cl, 0
_— _—
HWOK CH.Cl, HWBr THF ENP NP
0°Ctort L
172 65% 173 66% 159
E/Z=3:1 E/Z=946

ARIOE T, B RERIEED THD 173 ZHOTHEADO (E)-RRTAERME L THELRD, D
FHIZLLT (Figure 3-1) O XD ICHEE SN TWD 2, -BEDOD v 7Y 7K 174 8RR LT2iR, R
THAELE ZnBn R T VT v ROx ) — A bZ > TEAAL L (pathB), /N7 VU A4 L7 ¢
[ZENET 5 2 & T r-7 UVEEIR 175 2T %, -7 U VEEIR 175 13 n-o-n El 2 RV T v TR & o ok
DAHBEEMT D BB, TORE, RTPTAEDY Y REABHOEEIL L OSTIRREEN LY
INSTRT TR n-T VVERR 177 DR, BRI ARI L 72 %, T LT AT VU AR IO

26



ZnBr, I8 177 I OfREET 2 2 L TLA L7 4 UBRBEMIL LT (BE)-KOERRI 178 2525 EE5 2 5T
2

N H
Br
ZnBr, R-ZnBr
/F’dL2 0
RW]\H M ZnBr,
L—Pld-Br
L
Pd(0)
R\/\/\H/H
= =
PN I KVY
E 178
PdL,* Br-

177
7t (anti) o H LaPd
=
m St (\/Y

path B
M/OZHBF
HMOZnBr R PdL2+ Br
R "PdL,*Br-
176 175

o T (Syn) ZnBr2

Figure 3-1. IREFED v 7V 728 24 L7 4 o BVEALOHETE SUSHEAS.

Fz, PV T F =L 159 IMEFIICARLZER b OO, HIFFE 0 mEAE T THEET 52 L R<ASIC
WO WNAEETHD o 7o, KFIEITEROAHIE LR LT, A7 vy 7 a ) I —|ZENVREAR AL
ThoTloh, PERIZHEORMZER L T\ e, 2070, S 67505032 BIELIRER, s viar 7
NT e ROV DL (172) % TMSCLIZE > TREF T I LT ) — b —T U~ EX TRy N TO
Grignard JUSIZ E 2 B = /VEEOBEARL, BT 2 Z LT Y VT ) — L —T )L DK R & KD
—ZRZHEAT L, fE S BAFRURT R ) =) —/L 159 ~EFFE 5 Z L N T&E 72 (Scheme 3-6),

Scheme 3-6
TMSCI
0 Et;N, DMAP 0 ZMgel o
La~, ————— BN ————— N~
H NS OK THF, =30 °C H NS OTMS } then aq 3 M HCI H FNINF
172 -30°Ctort 159

72% (E/Z >95:5 )
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3. R U2 HILERER 158 DAK

FUxZF—L 159 i, b U= BV R R 158 ~DiEE &7 7= (Scheme 3-7), FT7LF T/ U Y
S FA L EAFHIEL LTINS T L RV 12 5T C3 KB ST 2 I5E L, 179 &
Lize #80C KaCOs & AR I CAA MBI & RS L. A F/L= AT L 180 ~ & Z5H LT 4%,
EUToKIgIEE A F AL L, 2 TR 60% T 181 28k Lz, £/o, C3 MKEEEDRLZAIT, 180
% Mosher = A7 /L 182, 183 ~&#E L. & Mosher B2 THADSLKRE Th 5 = L 2R LT,

Scheme 3-7

B

N

\_y . N
o} T|CI4 i-ProNEt )k Jvk/\/\/ K2CO3 O OH
— M N
HJ\/\/\/ CH,Cly, 78 °C \_5' MeOH MeO PN

159 59% (dr = 90:10) 180

MeOT, DTBMP O  OMe Hydrolyste 0 OMe 0
T mol Ao
CH2C|2 MeO NFNF Hok)\w HOW
60% (2 steps) 181 158 184
OMe OMe
I"CF3 (S)-(+)-MTPACI, DMAP O OH (R)-(-)-MTPACI, DMAP ICF3
- _—
o 0o CH,Cl MeO PN CH,Cl, o 0" o
N J\/'\W
MeO 97% 96% MeO
182 180 183
Ph._»_OMe
0089 N~
MeO" o5 o123
+0.036
AS = ds5(183) —6r (182) (CDCls, 400 MHz)
Table 3-1
entry base additive solvent temp [°C] 158 [%]2 184 [%]
1 LiOH-H=20 — THF/H20 0 64 21
2 — Lil pyridine 110 — —
3 EtsN Lil MeCN/H20 rt — —
4 EtsN Lil MeCN/H20 80 96 —

ajsolated yield
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AF T ATV 181 DK 5% (Scheme 3-7, Table 3-1) 1%, FRIEEMSRIET (entry 1) TIT9 &, A b
FUEOBBHZ L > TR L OBERKRE /2T 7 = 4K 184 DEIE LT & D fix 2B
U720 SN2 &RfF° (entry 2) TIIRUNT A ETETIRBHENL & e o723, BAKT B h= KV A
(Z EGN. IIFNC Lil & W DK RS 4 (entries 3-4) Mgt L72E 2 A, RIETIIRINTIZE AL
T L2 o72bDD, 80°CIZHIRTHI L TT T RN ERT 52 &7, BFRIEETHIO D
NN EFGDH Z TR LT,

4. Ru BT AT V157 DA

BRLTE R = VR R 158 2 W TEAR-"ETi 0 v 7 ) U T ROGOIEE L7 DR m Ve AT v
157 DA% L7= (Scheme 3-8),

7z ) — KB N RO AT L2 135 Db Rk Rk, 73 BT TSR % ¥
L, BWONICHNVR L 158 Zfia LicL 2A, BROR T UIRE 270 157 B3G5 b DD, {RIL
RIHE -T2, BT a—ART 134 IIEFITARLZETH Y, 158 &L DA 21T 2 EERAMMIE 134
DR UT- AR D 7 = ) — VKB FEIZ D VIR VR R LT2 = AT L ThH 2D Z L2 'H NMR A~
MNBHERI S L7z, 16> T, KV LERAR v UEFHERA~L | TR EZEE T2 UNERH L BT,

Scheme 3-8
)O
HO
NNNNOMe OMe
HB(pin) OMe 158
OMe [Ir(cod)Cl],
dppe EtzN, EDC, DMAP (Pin)B NO,
_— _—
= NO, toluene/DCE (Pin)B NO, CH,Cl, 0._0O
OH
OH 8% (2 steps) NNF
135 134 157 OMe

CREOE, S UAEMIIA AR T NV a— IV IRFERET A ETHEITL, AL AR L— R =
F RS A Z L TR BRSNS,

O OMe Lil /\ O OMe K O OMe
Ao ——— | wIl s | ——— A s
MeO Pyridine ' 0 HO
181 158
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5.MIDA 7R r 3 — h 189 B L OET NVIEE DGR

N-AF A X 7 " FiliE (MIDA, 185) LA UG EK S 5H MIDA AR %— & (Figure 3-1) # 1%
TODANVR UL DEFRDREE, T ENPDLRYREPE~OETHEICL > TRETH D
ZERRESNTEY, IFERu VEBROFH#ERL L LT MIDA 2SEA STV 5, BRI R
TRETDLDOHTHY, BRBESD THLIOEMERE Y, ZOAMMEIIER L, Ar BT A7 L
134 %, MIDA AR u p— b~ LB A A D L & L,

o Me o
M
HO ”0&55%0” Z—N’ °
B-R — > 0 \O—\B’R R = alkyl, alkenyl, aryl
HO ol
o

Figure 3-1 MIDA 7R &2 % — h O,

FTATAR LTcARw T 27 )L 134 % NalOs fF7E T, IR 52 L TARr 2 186 & L7z, 55
72186 12k LT, SCHRD ik 4 253512, DMF H1 80 °C IZMEA4 5 Z & T MIDA (185) & L7=,
T TEEPESRIE T MOM & BRET 5 2 & CLEREARE LT MIDA Arx— k 188 #1572, &%l
LR TR 158 e 95 2 & THIDAEL 189 2 A% L7~ (Scheme 3-9),

Scheme 3-9
(0] I\Ille (0]
OMe
OMe OMe HO)JVN\)]\OH Me
NalO,, NH,OAc 185 /A/—r\{
_— _—
o
(Pin)B NO, acetone/H,0 HO. ITD’/\ NO, DMF, 80 °C é—lB NO,
OMOM OH OMOM g ©° OMOM
186 187
134
o
HO
N YN
OMe N
e e ol
HCI/EtOAC N EDC, HOBt 0" o-B No2
— & — d
EtOAc 0-B NO, DMF
g © OH
60% (4 steps) / 7
188 189 OMe
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FBoH Ao BHEROET NVIEEOARKE SRS v 7V T O

1. SR H 7V v T DT IVIEE DA

AR LT /B 154 &S 189 & DA v 7 U v T RISIZHESL S BT VB & FV T4
BT n2 & &Lz, EFAEE196 2, U FATATFE R (190) 725 189 & [FEED HIETERK LT
(Scheme 3-10),

Scheme 3-10
HB(pin)

PhsPCH,Br [Ir(cod)Cl],

+BuOK, THF dppe NalO,, NH,OAc
H = luene/DCE = 1/1 (PinB

then MOMCI toluene = acetone/H,0 = 1/1

OMOM OMOM 2
quant 98%
190 191 192

(0] Me O
"o 185 0\ /\Q HCI/EtOAC O% N /\Q
B DMF, 80 °C O_/B EtOAC O&B )
g H

OH OMOM s OMOM
193 194 195
Me
N
Ac,0, Et;N, DMAP
AcO, BN DVAP L \@
MeCN 088
g OAc

70% (4 steps)

BT YT r8— R =t 3 UL E =L OETIVILE 198 D% Scheme 3-11 (2R, £RE S
T E =154 OEERF A TH 5 7T & K132 % Grignard i3 TULEE L 4 U7=7 /L =2 —/L % TBDPS
FECIRET D Z & THEE 198 ~ LU,

Scheme 3-11

j/\/\l EtMgBr 7~ "1 TBDPSCI, imidazole 7l
—_— —_—
0" H THF, 0°C HO DMF, 50 °C TBDPSO
70 10
132 0% 197 81% 198
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2. BT NVEBE WA v 7V 7 ORGT
BT VEE 196 35 LN 198 ZH W g A= B >~ 7Y VRO Z #RET L 72 (Scheme 3-12, Table 3-2),
VA% THF/HLO IZ[EE U, £ BRI 1% A T % Pd(dppf)Cl, 2 FWTHaFT 2 BiAh L 72 (entries 1-2),
K3PO4 X° NaHCO; F&E D55 I A F\ 72354 T 6 MIDA (XIS IIAKG RS iz, By 70 > 7 Kk
A TR PRI & 72 o 7o, TJERCAL T CTd 5 dppf IBETTABIEEZ et 220803 8 5 28, Bk
AR B RNT 1 & e TR Y, 2 20, BB MR S d 2 & &2 Wik L CE G0 mn
NHC Y 77> R, Buchwald V %> REHT L2 AW & 2 A, MRS U CRISIEAE < EITE TR
WZRBHENX & 72> 7= (entries 3-5), HEFEIZ NaOH # W25 1%, E7 VEE 196 O 7 & F /L EONNK
ITEDETT L7 (entry 6), #HiV>T. PA(PPhs)s Z il & U T, WINFIO AL L2 BICOBF 21T > 72,
HEFLIZ NaHCO; 2 v, I E LT AgOB @R L7-, Lo, IINAIOFEIZH030 63 RS I
ITL727n o572 (entries 7-8), Hikk% TBAH ICAR T 5 &, 3 U{kt'=/L 198 ® TBDPS 3 frE ST
Ja—)L 197 NEE L TERKR L (entry 9), KIZ KT A XX LD A HIIZ, KEMEOE W FlZ
FOREMNZAL— IR EL D Z 2L T CF 2L UL THWESE TIL, RIGRFDEHEE L
72 (entry 10), LARE, FEx DT NFIL, TU—IVRAT 4 & DB RE LTHO TR LS, B
EWMEGZ D0, 5D WIIRISPSETETEEHEIL & 72 572 (entries 11-13), LA EDOKENGL, Z 0
MIDA 7R B 32— MIBWTIE, SRK-"EHA v 7V kb7 7 7 20 MNEFEIIRECTH 5 &b
=%,

*EBORETHLIVLE =154 & MIDA AR R — 189 ZHWTH v 7Y U I KIGEIT - TH ST
HITET, A REEGME RWET o bixTE otz
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Scheme 3-12

Pd cat.(10 mol %)

A A~
S o OAc THF/H,0, 50 °C TBDPSO OAc HO
196 198 199 197
Table 3-2
entry Pd cat. ligand base additive (equiv) result
1 Pd(dppf)Cl2*CH2Cl2 — K3PO4 — no reaction
2 Pd(dppf)Cl2*CH2Cl2 — NaHCOs — no reaction
3 PEPPSI™-SIPr — KsPOs4 — no reaction
4 SPhos Pd G2 — KsPOa4 — no reaction
5 SPhos Pd G2 — NaHCOs - no reaction
6 SPhos Pd G2 — NaOH — SM decomp.
7 Pd(PPha)4 — NaHCOs — no reaction
8 Pd(PPha)4 — NaHCOs Ag20 (1.0) no reaction
9 Pd(PPhs)4 — TBAH — 65% (197)
10 Pd(PPha)s4 — CsF — complex mixture
11 Pd(OAc)2 P(o-tol)s NaHCOs — complex mixture
12 Pd(OAc)2 PCys NaHCOs — complex mixture
13 Pd(OAc)2 t-Bu2PMe-HBF4 NaHCOs — no reaction
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FWUE ANVK-TNAXNMMERDLI Dy TV T eERLIZERT7 T 7 A FOERKE Y
ARMRMIZ=2AQ2) O~ 0T 7 X NEROREE

Bf AR

INETOEKMIETIZ, 257 77 A2 FONROREWRITIELZHELTET2bDOD, 7T 7 A b
By 7V T RREETH -T2, £ 2T, Smith LA L, 1EROEHMZETHM SN TWD 3 vk Y
N ERTUN AR E G Cl6-ClT M TR v 7V v 7V HEERHAT 5 Z & & L7, Scheme 4-1
(Z B BT 22 7R T,

Scheme 4-1

OH OMe OMe
alkylatlon
acyl migration

ny
—>
\\\

. . +
201 ™™
K& RCM 20 \U, \/\/1; OoMe

NO,

cytotrienin A (22)
0788 giereoselective OMe
/ OTBS aIIyIatlon
\/OH — IV = TS0 TBSO PhOLS
0" ™H o7~ N-OMe 2 NO,
l\llle PivO™ OH
205 204 203 72

T BTIETHLE/ - PV VB TORCM &, K< = Fa OBtz 5 5+ 7T VVEE
BRIGIZED~7 T 7 2 hBE RSN ERICEITT 2 1 E0 2R T 5 HNT, 7 VEE %
ANWTHA MR TZ=0 A a7 200 DELRETT 528 & Lic, AZEEI 7T VL 202137
1 7S AEHORD VISR S @ Piv B A E AT 5 2 & & L, 202 1%, Weinreb 7 X K 203 OF
e & | ST 72 7 VU B ROSIC L D AR CE 5 L& 2 7=, Weinreb 7 X K 203 |3 2-7 F -1-4
—/L (205) 2HT AT E R204 R THETELH0 EHEHIL 7,
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B EEEI LT U202 DAERK

2-TF 14— (204) BHFEWE L LT, TT B R 204 ~E3EU /- (Scheme 4-2), Red-Al 12 k%
v ka2 2/ 3 oFZIR L, IROWTKEEREZ TBS L CIR# L 3 b =/1 206 % E &I, &
(ZSCHERD IFIESIZHENT VT & K199 DA A ATz, —78°C F TN L& 2 A, SCHRIAIRE, B BWiE
JEBAE LS 5403 retro-Brook B 3 EIT L7277 U LT L a—/L 208 N EICHELND Z ENbhoT-,
ZHUEA LT 4N (D-RTHDTEDIIT, 5 BNV Y r— PR ERD T WEE TH -7 2 LT
KT 2DbDLBEZ b, £I2 T, BISOSZIHT 5720, EbO WP SOGRE 2-116°C &35 &, H
@D PHOFRNL I ALRNEIT L, BRI TH DT AT & K 204 DB ONTZ, & HIC +-Buli %
EREE7-05, EHIZDMF 21225 2 & T204 BNEIEETEHE LI, 208 1X—U1ER Uo7z,

Scheme 4-2

Red-Al OH TBSCI, imidazole oTBS t-BuLi, DMF OTBS
> / /
Et,0 I I

DMF, 0 °C Et,O, temp
then I, 0" H 88
205 quant 206 quant 207 204 208
—78°C trace 84%
-116°C 94% not detected

BT, BT /T B K204 % Evans 7V R— )VEUSIZIR U7 . Weinreb 7 2 R~EFBE L, /K
fs % TBS HE CIRiET 5 Z & T 203 #437- (Scheme 4-3), D%, Weinreb 7 I K 203 % DIBAL (Z X -
TTTE K211 ~EETE L, MeAIC] & V2 L—3 3 ST O ST ARERR ) 7200 B BOG 212
LoT BHFRINETH OV T AT LA~—L LTHRET VATV a—/L212a #87-, {LEW 212a %
MTPA = AT L~ LFEE L, Cl1ALONAMEZF 2 B Mosher {EICTIRE LTz & 24, BHDONIKELE &
T Th o7z, EMRAH—RKERID TBS REONIKEEIZ L > T, A AFE~D T U VA v EOBAL
DT HR TS © LHERIL, WRPICE D 3R A — 2 VB LR U CROSEEE A 25 L CRiat
L7ed, WTNOGE BB E RV O AP R —TH LN DA TH T,

T ruaX@AFIMNIED AFIE AT NEERHRE SN TND O AR ICB W QT TREE DD -
DEERLINVEEZEANTE S DMF 22— REZJFE L L THW-,

0
Cl)k OMe
N OTES +BuLi KVOTBS
| Et,0, 78 °C 07 0OMe
207 4% 209
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Scheme 4-3

oTBS
Bn 7 1) MeNH(OMe)-HCI ~.-0TBS
OTBS n-Bu,BOTH, EtzN AlMeg, CH,Cl,
jj\/ 2 3 HO Bn TBSO DIBAL
o) H CH,Cl,, -78 °C

(@) N/§ 2) TBSCI, imidazole o N/OMe THF, -78 °C
P DMF, 50 °C |
o Me
204 86% (dr >95:5) 210 83% (2 steps) 203 quant
N"TMs
= OTBS y OTBS
Me,AICI
TBSO - TBSO
CH,Cly, —78 °C 11
O~ 'H
88% HO ~
21 212a
Cl Cl
Fs c Meo;(g
oTBS MeO 0 FaC 0 _~_-OTBS
_~._-0TBS Ph
TBSO )-MTPACI, DMAP (R)-(=)-MTPACI, DMAP  TBSO
<— TBSO _>
CH,Cl, CH,Cl, 0 s
Fso HO S MeO;‘/g
MeO quant 93% F3C o
Ph Ph
214a 212a 213a

A3 = 85(213a) —5r (214a)
(CDCls, 400 MHz)

L2, Smith HDOEM 10 2REI1Z, T U7 VLR T % 05 SRR 722 Brown O 7 Y LR Y
FLSOSIAST T Z & T EHO CI LD ZH T2 HRET VAT 0 =2—/L 212b &

PR 90:10 T1HDH Z &N TE 7 (Scheme 4-4),

FEVN T, B KR ELITIBH DR 0 IZ Piv A E A L, S —#okBE AL D TBS H DB IRAIERZE & Appel

FOaZNERATH 2 & T, FETNARETHDLI 7T VL 202 ~EFHE LT-, W, 202 I RLEETH o7
D, BEHEPICFOETEROISICHND Z L & LT,

COT AT LA

36



Scheme 4-4

B/\/
= OTBS
2 PivCl, EtzN, DMAP
TBSO —— > TBSO
toluene, =78 °C CH,Cl,
O~ "H
211 76% (dr =90:10
( ) 212b 215
I, PPhg
H3PO, imidazole
_— _—
MeOH toluene

76% (2 steps)

216
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HEE RN ANR L TR OB E T T ITA L Ny Y T
1. XDV AILR Y T2 DERR

R DIV A VIR T2 IS O U7 12120t > TARL L7- (Scheme 4-5), 124 ZJFktE LT=k
ik L., 1258 L LF-RICT /LS RE2 NaBHy Z W TCE LT A Z & TRUDALT L a— L 217 ~FE L

T2 EPRIC, A UK ZERME S T 7 v F /b L, NaSOPh ZE &85 Z L T4 TRTT2 265k
L7,

Scheme 4-5
OMe OMe OMe OMe
Cu(NO;)2-3H,0 NaBH, 1) HBr, AcOH
_— S I
"N Acz0 H NO, EtOAcMeOH MO~ NO, 2 NaSO.Ph PhO,S NO,
O OH O OH OH DMF, 80 °C o
124 86% 125 86% 217 75% (2 steps) 72

2. ANVIRV-TIVXIURIL K D7 T T A v w7V 7 L B LRITBRIR DA AL

BECDTTITA NORKESET LIZDOT, 777 A vy > 7 ERAT- (Scheme 4-6), /23 H
T U202 EEBEAR DIV ALK Y T2 2 ST NaHMDS Z W T v 7 U 75 2 & T
AT VL 202 DERNE 2 THE 59%DWEFE T v 7Y 7K 218 #4537, %V T, NaBHs Z/EF &
. RSN T CEITMICHA VR =E L, 201 21372, &&ZIZ, MU= LR Uk 158 & IRl
WL 201 LAEGT D 2 & TRAFRINEE CERAVAEEA 219 2 Gk L7z,

Scheme 4-6
OMe
202 NaHMDS NaBH,
e —— _—
THF, =78 °C EtOH, 70 °C
59% (2 steps) 94%
OMe
Ph
0,S. /[ j\ NO,
OH
(0]
72
HO
o
OMe
OMe 158 OMe
(COCl),, DMF
EtzN, DMAP
toluene, 0 °C

95%
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HUUET YA PRV TZ=0 AQ2) D~7 1T 7 NERORES

I.LRCM IZ L B~27a T 7 h v OaK

% D Ru itz FHWC, ROMICL2E /= - MY =BT = = L= 27 )L 219 OBAUG & #Rat L
72 (Scheme 4-7, Table 4-1), &5 —1fX Grubbs filtfit & FIV 7= 50 Tl IEBEOE WD) & T RIZE O @I
ﬁfﬁ#ﬁﬁﬂﬂiﬂﬂﬁ%%ﬂt(mMmLmoik\KmmeEﬁ%4F%UI:&ﬁwn)®éﬁﬁ%
T U728 — 1A% Grubbs filklftod 1 7 =V F 71 7 106 & A\ 23546 Tl BEE 7 ROSRER 04
Mg 23 J S a7z (entry 3), 1A Hoveyda—Grubbs fiftfif CI3 T D SOGKREH DIER AN L H AL (entry 4), &
TEPEZR 55 AR Grubbs il A 2556 Tk, WA L 7 4 UL LTc =2 221 50 MRS
W& 5 -z 7= (entry 5) ,

DlED X olz, KE /)2 -N) = U HEIZBWTE, MOSEOIRW AL Z W5 Z &8 R Y = e
IZE DBALRIEOHEATICAED TH Y, BIERTHNDO~I 0T s N a2 5252 Elbnotz, ARG
IZB1T D RCM DILERIX GERD Y= U TO RCM IZ L DB b & el U CEHE I E, T OHER & LT,

TATINVEECTRILT S Z LI CHEROT X REE XY B RUGENEET U, i H BRIV E 2MAIEH
fANZ TV C8-CY MEIZREE L= Z LTk AR BEER 0D N7 AR FEE BN GRS T 0 BRARICE R 72 Be ) & 7 o

TelzDIZ EHEI L T %, 8, ABUS TIZEIA AL AT & O BE S INEEZ - 7= 7= 0 LI U 7
T a— b7 BT, RORISIZHNS Z &L LT,

Scheme 4-7

OMe OMe OMe
Ru cat.

(20 mol %)

220 221
Table 4-1
entry catalyst additive (equiv) solvent time [h] temp [°C] yield [%]a
1 Grubbs | 1,4-benzoquione (0.5) CH2Cl2 12 40 85
2 Grubbs | 1,4-benzoquione (0.5) toluene 12 40 84
3 Grubbs | analogue 1,4-benzoquione (0.5) CH2Cl2 2 40 85
4 Hoveyda—Grubbs | 1,4-benzoquione (0.5) CH2Cl2 15 40 80
5 Grubbs Il - CH2Cl2 24 rt —
alH NMR yield
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2. TYVIERBIBRIERICE B~ 0T 7 B MR OREE
N T, = b rEEOBRICIHE D 7 2 VISR /BRIER UG Z 15 L 72 (Scheme 4-8, Table 4-2), %37, Porco

HOEM P BB, BREITATO= ORI ARG L2 MR 728 TN EETH 0 |
AV T 4 RO ST LI EMERIR G E 5 272 (entry 1), E6N #E85:ME T CTHRBROE R NG D
M, Fio, RV ZF Lo IV O MMl S & WG T, BOGIEEITE T FRHENR &
7257 (entries 2-4),

Z 2T, = b EOBETITH SN DA OeREREL AWM 2 2t L7 & 24, SnCL2H0
% FANT= 550 53 (entries 7-8) T, = b mEESRRIEIC & EUTHE D T VIEBNEIT L, EAD 21 B
BR~ruT o2 MMEEEATDLIA R )= A a7 B 200 ORISR LZ, Z O, TLC ET
B DRI ERI DB ENTZZ LD, 7 = =T AT ORI RHEE S 172729, SnCly 2K
MTOBETLEZBRFLIZE ZA, WERM EL, WK 63% Ty uT 7 X hulfd Il LN TET,

Scheme 4-8
OMe OMe
conditions
220 200
Table 4-2
entry reagent solvent time [h] yield [%]2
1 Pd/C, H- THF 0.5 —
2 Pd/C, H- THF/EtsN = 5/1 0.5 —
3 Pd/C, H- EtsN 0.5 —
4 Pd/PEI, H» THF 48 no reaction
5 NaBH,, NiCl-6H-O THF/EtOH = 5/1 48 no reaction
6 Al, NiCl-6H-0 THF 48 no reaction
7 SnCl2+2H.0 EtOH 12 39
8 SnCly EtOH 12 63

ajsolated yield

40



3. %A b U= A 3 7B 200 OREEREHT

B LY A PR =0 A a7 ER200BLN~27 0527 h 220 D IR A7 FVEHIE LT,
220 ® IR A7 hJL (Figure 4-1, EX, 78) TiX, 3200-3500 cm' #3712 OH 3 X OV NH (2 H 35 5 WY
DRI SN s, BBEOEITEZRET H/ENG O, £72, 220 ® HMBC A2 L& HIE
L7z ((Figure4-1, TX) £ ZA.7I K7 b & CLLCI9 BLOC2LIZZ v A —7 BBl ST,
Mz T, ESI-MS HIZED S, (IM+CIITAEYS T2 mz 704 DE— 27 BNERI ST, ULEDFRER S,

L7l 0 SRR RUS T L TV D Z EAVRIR S T2,

100

T[%]

2500 2000 1500 1000

—1
wavenumber [cm ]

/N :HMBC

Figured4-1. 4 NV =2 A a7 FK 200 LN~ 277 b 220 D
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(R)-4-benzyl-3-((2R.3R)-3-hydroxy-2.4-dimethylpent-4-enoyl)oxazolidin-2-one (122)

O O OH A solution of (R)-(—)-4-benzyl-3-propionyl-2-oxazolidinone (1.28 g, 5.50 mmol) in CH>Cl, (22

PN

O\_/N mL) was cooled to —78 °C, and EtsN (1.07 mL, 7.70 mmol) was added followed by di-n-
Bn butylboron triflate (1.0 M in CH>Cl,, 5.5 mL, 5.50 mmol,). The reaction mixture was warmed to
room temperature and stirred for 1.5 h. The mixture was re-cooled to —78 °C, and treated with freshly distilled
methacrolein (500 pL, 6.05 mmol). The resultant solution was stirred for 40 min, warmed to 0 °C, and stirred 1.5 h
further. Phosphate buffer (pH = 7.0) was added, extracted with CH>Cl, and the organic layer was concentrated
under reduced pressure. The residue was then dissolved in MeOH/ H,O (1:1, 24 mL), the resultant solution cooled
to 0 °C, 30% H»0; (6.18 mL, 55.00 mmol) was added and the mixture stirred at 0 °C for 1 h. Excess H,O, was
decomposed at 0 °C by slow addition of 2.7 M NaxS,03, the resultant mixture was extracted with EtOAc three times.
The combined organic layer was washed with brine, dried over Na;SO4 and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (hexane/EtOAc/CHCl3=2:1:9) to give 122 (1.37 g,
4.52 mmol, 82%) as a colorless oil. ; 'H NMR (400 MHz, CDCls) 6 7.36-7.20 (5H, m), 5.14 (1H, s), 4.99 (1H, s),
4.72 (1H, dd, J=9.5, 7.5 Hz), 4.43 (1H, s), 4.27-4.19 (2H, m), 3.97 (1H, dd, /= 7.0, 3.2 Hz), 3.28 (1H, dd, /= 13.4,
3.2Hz),2.93 (1H, d, J=3.2 Hz), 2.80 (1H, dd, /= 13.4, 9.5 Hz), 1.74 (1H, s), 1.20 (3H, d, /= 7.2 Hz)

The spectrum data were identical with those reported previously>>.

(R)-4-benzyl-3-((2R.3R)-3-((tert-butyldimethylsilyl)oxy)-2.4-dimethylpent-4-enoyl)oxazolidin-2-one (123)

O o oT1es Asolution of 122 (1.29 g, 4.30 mmol) in DMF (17.2 mL) was treated with imidazole (878 mg,

PN

0 \_/N 12.90 mmol) and TBSCI (1.62 g, 10.75 mmol), heated to 50 °C and stirred for 22 h. The reaction

Bn mixture was then cooled to room temperature, poured into brine and extracted with
hexane/EtOAc=1:1 twice. The organic layer was dried over Na>SOy, filtered and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (hexane to hexane/EtOAc =5:1) to give 123 (1.72 g,
4.13 mmol, 96%) as a pale yellow solid. ; "H NMR (500 MHz, CDCls) § 7.35-7.21 (5H, m), 4.94 (1H, s), 4.84 (1H,
s), 4.57 (1H, td, J = 6.6, 3.2 Hz), 4.35 (1H, d, J = 6.9 Hz), 4.18-4.12 (2H, m), 4.06-4.00 (1H, m), 3.28 (1H, dd, J =
13.5,3.2 Hz),2.77 (1H, dd, /= 13.7,9.7 Hz), 1.72 (1H, s), 1.21 (3H, d, /= 6.9 Hz), 0.91 (9H, s), 0.02 (3H, s), —0.01
(3H, s)

The spectrum data were identical with those reported previously>>.
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(2R.3R)-3-((tert-butyldimethylsilyl)oxy)-2.4-dimethylpent-4-enoic acid (116)

o otes Asolutionof 123 (1.73g, 4.15 mmol) in THF/H2O (3:1, 27.3 mL) was cooled to 0 °C and treated
HO)W with 30% H,0, (5.6 mL, 49.20 mmol) followed by LiOH*H,O (516 mg, 12.30 mmol). The
resultant mixture was stirred for 4 h at 0 °C and then quenched with 1.6 M Na,S,03;. THF was
removed under reduced pressure and the aqueous solution extracted with dichloromethane twice. The combined
organic layer was washed with brine, dried over NaxSOs, filtered, and concentrated under reduced pressure, affording
the chiral auxiliary (656 mg, 90% recovery). The aqueous layer was acidified with 1 M HCI and extracted with
EtOAc three times. The combined organic layer was washed with brine, dried over Na;SOs, filtered and concentrated
under reduced pressure to give 116 (953 mg, 3.70 mmol, 90%) as a colorless oil. ; '"H NMR (500 MHz, CDCls) &
4.95(1H, s), 4.88 (1H, s), 4.33 (1H, d, J=6.1 Hz), 2.64 (1H, dt, /= 13.4, 6.5 Hz), 1.70 (3H, s), 1.12 (3H, d, J=7.0
Hz), 0.89 (9H, s), 0.05 (3H, s), 0.01 (3H, s),

The spectrum data were identical with those reported previously.'%

2-hydroxy-5-methoxy-3-nitrobenzaldehyde (125)

OMe To a suspension of Cu(NO3),23H20 (664 mg, 2.75 mmol) in Ac2O (5.0 mL) at 0 °C was added a

H solution of 124 (761 mg, 5.00 mmol) in Ac,O (5 mL, rinse 1 mL) dropwise under argon atmosphere.
NO,

O OH After stirring at 0 °C for 40 min, the mixture was warmed to room temperature and further stirred
for 4 h. The reaction mixture was poured into 150 mL of water and the yellow precipitate was collected by filtration.
The resulting precipitate was washed with water twice and cold EtOH, dried under reduce pressure to give 125 (848
mg, 4.30 mmol, 86%) as a yellow solid. ; 'TH NMR (500 MHz, CDCl3) 4 10.90 (1H, s), 10.45 (1H, s), 7.86 (1H, d, J
=3.2Hz),7.72 (1H, d, J=3.2 Hz), 3.88 (3H, s)

The spectrum data were identical with those reported previously>®.

2-(1-hydroxybut-3-en-1-y1)-4-methoxy-6-nitrophenol (126)

OMe A solution of 125 (98.6 mg, 0.50 mmol) and allyltrimethylsilane (1.00 mmol, 159 pL) in
CH:Cl; (10 mL) was cooled to —78 °C. BF3*OEt; (0.50 mmol, 63 pL) was added dropwise,

NO, the resultant solution stirred for 4 h at same temperature. Then, the reaction mixture was

oH OH quenched with sat. NH4Cl and extracted with CH,Cl, twice. The combined organic layer was
washed brine, dried over Na;SOs, filtered and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane/EtOAc/CHCl3=2:1:9) to give 126 (96 mg, 0.40 mmol, 79%) as a yellow

solid. ; 'H NMR (400 MHz, CDCl3) § 10.79 (1H, s), 7.44 (2H, q, J = 3.2 Hz), 5.90-5.80 (1H, m), 5.20 (2H, dd, J =
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7.5, 6.6 Hz), 5.14-5.10 (1H, m), 3.83 (3H, 5), 2.70 (1H, dt, J = 13.9, 5.4 Hz), 2.46-2.39 (1H, m), 2.35 (1H, d, J= 4.5
Hz) ; °C NMR (100 MHz, CDCls) § 152.20, 146.94, 135.83, 133.88, 132.98, 124.19, 119.03, 104.60, 99.88, 67.68,
55.93, 41.46

2-(but-3-en-1-y1)-4-methoxy-6-nitrophenol (117)

OMe A solution of 126 (47.8 mg, 0.20 mmol) in dry CH>Cl> (0.40 mL) was cooled to 0 °C.

BF3°OEt; (50 pL, 0.40 mmol,) was added followed by triethylsilane (64 pL, 0.40 mmol). The

a NO, Treaction mixture was warmed to room temperature, and stirred for 3 h. Then, the reaction
o mixture was quenched with brine/aq 1 M HCI= 3:1 solution and extracted with EtOAc twice.
The combined organic layer was washed brine, dried over Na;SO4 and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (hexane/EtOAc =6:1) to give 117 (41.0 mg, 0.18 mmol,
92%) as an orange solid. ; 'H NMR (500 MHz, CDCl3) § 10.76 (1H, s), 7.37 (1H, d, J= 3.2 Hz), 7.09 (1H, d, J=3.2
Hz),5.89-5.81 (1H, m), 5.06-4.99 (2H, m), 3.81 (3H, s), 2.73-2.67 (1H, m), 2.80 (2H, t, /= 7.6 Hz), 2.39 (2H, dd, J
=14.2, 7.6 Hz) ; *C NMR (125 MHz, CDCl3) 8 151.69, 148.82, 137.34, 134.07, 132.88, 127. 38, 115.47, 103.09,

55.79, 55.77, 32.98, 29.30

(2R .3R)-2-(but-3-en-1-yl)-4-methoxy-6-nitrophenyl 3-((tert-butyldimethylsilyl)oxy)-2.4-dimethylpent-4-enoate

127
OMe A solution of 117 (45.0 mg, 0.20 mmol) and 116 (56.9 mg, 0.22 mmol) in dry CH>Cl,
(0.70 mL) was cooled to 0°C under argon atmosphere. EDC (38.3 mg, 0.20 mmol) and
Z S 302 DMAP (24.4 mg, 0.20 mmol) was added at same temperature. Then, the reaction mixture
otes Was warmed to room temperature, and stirred for 6 h. The reaction mixture was poured

into 1 M HCI, and extracted with EtOAc twice. The combined organic layer was washed

with sat. NaHCOs3 and brine, dried over Na;SO4 and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (hexane/EtOAc =6:1) to give 127 (88 mg, 0.19 mmol,
95%) as a yellow oil. ; 'H NMR (400 MHz, CDCls) § 7.39 (1H, d, J = 2.9 Hz), 7.03 (1H, d, J = 2.9 Hz) 5.83-5.76
(1H, m), 5.06-4.88 (1H, m), 4.30 (1H, d, /= 8.1 Hz), 3.84 (1H, s), 2.97 (1H, t, J = 7.5 Hz), 2.67-2.55 (1H, m), 2.32
(2H, t, J = 7.2 Hz), 1.81 (3H, s), 1.42 (3H, d, J = 7.0 Hz), 0.91 (9H, s), 0.08 (3H, s), 0.03 (3H, s) ; *C NMR (100
MHz, CDCl3) 8 172.59, 156.58, 145.27, 142.44, 138.40, 136.79, 135.65, 121.61, 115.85, 114.32, 107.51, 59.94, 44.59,
33.52,29.51, 18.19, 16.93, —4.66, —5.09
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4-methoxy-2-nitro-6-vinylphenol (135)

OMe To a solution of methyltriphenylphosphonium bromide (904 mg, 2.53 mmol) in THF (10 mL) was

added to -BuOK (283 mg, 2.53 mmo) at 0 °C, and stirred for 30 min at same temperature. The

J

NO, resulting mixture was warmed to room temperature and stirred 30 min further. Then 125 (202 mg,
oHt 1.02 mmol) was added to a reaction mixture and stirred at room temperature for 3h. Then, the
reaction mixture was quenched with brine/ aq 1 M HCI= 2:1 solution at 0 ‘C and extracted with EtOAc three times.
The combined organic layer was washed brine, dried over Na;SO4 and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (hexane/EtOAc =5:1) to give 135 (199 mg, 1.02 mmol,
100%) as an orange solid. ; '"H NMR (400 MHz, CDCl5) 6 10.84 (1H, s), 7.46 (1H, d, J= 3.1 Hz), 7.39 (IH, d, J =
3.1 Hz), 7.04 (1H, dd, J = 17.6, 11.1 Hz), 5.83 (1H, d, J = 17.7 Hz), 5.44 (1H, d, J = 11.0 Hz), 3.83 (1H, s) ; 1*C

NMR (100 MHz, CDCl;) 6 151.86, 147.93, 133.35, 130.15, 129. 25, 123.16, 117.57, 105.23, 55.94

5-methoxy-2-(methoxymethoxy)-1-nitro-3-vinylbenzene (136)

OMe A solution of 135 (488 mg, 2.50 mmol) in THF (5.1 mL) was cooled to 0 °C, and NaH (178.0 mg,

4.50 mmol) was added. The heterogeneous solution was stirred for 30 min and then chloromethyl

NOz> methyl ether (285 puL, 3.75 mmol) was added same temperature. The reaction mixture was then

oHon warmed to room temperature, stirred for 2 h. The reaction mixture was quenched with sat. NaHCO3

at 0 °C, extracted with EtOAc. The organic layer was washed with sat. NaHCO3 and brine, dried over Na;SOs, filtered

and concentrated under reduced pressure. The residue was purified by silica gel column chromatography (hexane to

hexane/EtOAc =6:1) to give 136 (591 mg, 2.47 mmol, 99%) as a yellow solid. ; 'H NMR (400 MHz, CDCl3) § 7.25

(1H,d,J=3.2 Hz), 7.21 (1H, d, J= 3.1 Hz), 7.00 (1H, dd, /= 17.7, 11.1 Hz), 5.80 (1H, d, /= 17.4 Hz), 5.46 (1H,

d,J=11.1Hz),4.98 (1H, s), 3.84 (1H, s), 3.53 (1H, s), 3.83 (1H, s) ; *C NMR (100 MHz, CDCl3) § 155.43, 145.68,
141.31, 135.00, 130.25, 130.23, 117.95, 117.93, 116.53, 108.58, 101. 15, 101.13, 57.80, 55.94

2-(5-methoxy-2-(methoxymethoxy)-3-nitrophenethyl)-4.4.5.5-tetramethyl-1.3.2-dioxaborolane (134)

oMo To a solution of [Ir(cod)Cl]> (5.4 mg, 8.1 umol), 1,2-bis(diphenylphosphino)ethane (6.7
mg, 0.017 mmol), toluene:1,2- dichloroethane =1:1 (320 pL) under argon at room
(Pin)B NO, temperature. Then
OMOM 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (117 puL, 0.81 mmol) was added followed by 136
(77.3 mg, 0.32 mmol). The resulting solution was stirred for 2 h. The reaction was quenched with MeOH (200 pL).

After gas evolution ceased, brine was added and extracted with EtOAc three times. The organic layer was dried over

50



NaxSOq, filtered and concentrated under reduce pressure. The residue was purified by column chromatography
(hexane/EtOAc = 5:1) to give 134 (111 mg, 0.30 mmol, 93%) as a yellow oil. ; 'H NMR (400 MHz, CDCls) & 7.12
(1H, d, /= 3.2 Hz), 7.04 (1H, d, /= 2.9 Hz), 5.00 (2H, s), 3.81 (3H, s), 3.55 (3H, s), 2.82 (2H, t, /= 8.2 Hz), 1.23
(12H, d, J = 4.8 Hz), 1.13 (2H, d, J = 8.2 Hz) ; 3C NMR (100 MHz, CDCl3) § 155.32, 145.00, 142,43, 141.89,
120.39, 106.56, 101.29, 83.22, 57.53, 55. 81, 24.77, 24.43

(2)-3-i0do-2-methylprop-2-en-1-ol (137)

OH 133 (1.12 g, 20.00 mmol) was added to a suspension of Cul (380.9 mg, 2.00 mmol) in THF (20 mL).
I The resulted solution was cooled to —15 “C and stirred for 30 min, then a solution of MeMgBr (3.0 M

in Et,O, 13.3 mL, 40 mmol) was added to a reaction mixture over 20 min and the stirring was continued
for 1h at —10 °C. A solution of I (6.09 g, 24.00 mmol) in Et,O : THF =1:1 (10.6 mL) was added to a reaction mixture,
then stirred at room temperature for 1h. The reaction mixture was poured into sat. NH4Cl and extracted with Et,O
three times. The combined organic layer was washed with 0.1 M HCI, 10% Na>SOs and brine, dried over Na;SOs
and concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane/CH>Cl, =1:1) to give 137 (2.77 g, 14.00 mmol, 70%) as a light yellow oil. ; 'H NMR (400 MHz, CDCls) &
5.99 (1H, s),4.25 (2H, d, J=6.1 Hz), 1.99 (3H, d, /= 1.6 Hz), 1.64 (1H, d, /= 6.2 Hz)

The spectrum data were identical with those reported previously>’.

(2)-3-10do-2-methylacrylaldehyde (132)

H o A solution of 137 (396 mg, 2.00 mmol) in CH>Cl, (13.3 mL) was added MnO- (3.48 g, 40.00 mmol) and
o stirred for 4.5 h at room temperature. The reaction mixture was filtered through Celite and rinsed with

CH,Cls twice. The filtrate was concentrated under reduced pressure to give 132 (347 mg 1.77 mmol, 89%)
as a light yellow solid. ; '"H NMR (400 MHz, CDCl3) § 9.78 (1H, s), 7.46 (1H, d, J= 1.4 Hz), 1.90 (1H, d, J= 1.6
Hz)

The spectrum data were identical with those reported previously>’.

(R)-4-benzyl-3-((2R.3R.Z)-3-hydroxy-5-i0do-2.4-dimethylpent-4-enoyl)oxazolidin-2-one (138)

)(i o OH A solution of (R)-(-)-4-benzyl-3-propionyl-2-oxazolidinone (433 mg, 1.86 mmol) in CH>Cl,

0" "N | (4.3 mL) was cooled to —78 °C, and Et;N (362 pL, 2.60 mmol) was added followed by di-n-
“Bn ' butylboron triflate solution (1.0 M in CH»Cl, 2.05 mL, 2.05 mmol) dropwise. The reaction
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mixture was warmed to room temperature, stirred for 1.5 h, cooled to —78 °C, then a solution of 132 (400 mg, 2.04
mmol) in CH>Cl, (1 ml, rinse 2mL) was added via cannula. The resultant mixture was warmed to 0 °C, and stirred 3
h further. Phosphatebuffer (pH = 7) was added, and extracted with CH>Cl,, and the organic layer was concentrated
under reduced pressure. The residue was then dissolved in MeOH/ H,O (1:1, 8.1 mL), the resultant solution cooled
to 0 °C, 30% H»0, (2.1 mL, 18.60 mmol) was added and the mixture stirred at 0 °C for 2 h. Excess H,O, was
decomposed at 0 °C by slow addition of 10% Na,SO3, the resultant mixture was extracted with EtOAc three times.
The combined organic layer was washed with brine, dried over Na;SO4 and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (hexane/EtOAc =5:1) to give 138 (655 mg, 1.53 mmol,
82%) as a colorless oil. ; '"H NMR (400 MHz, CDCl3) § 7.36-7.19 (5H, m), 6.43 (1H, s), 4.73-4.67 (1H, m), 4.51 (1H,
s), 4.28-4.20 (2H, m), 4.00 (1H, td, /= 7.1, 3.9 Hz), 3.26 (1H, dd, /= 13.5, 3.4 Hz), 3.17 (1H, d, J= 2.7 Hz), 2.80
(1H, dd, J = 13.5, 9.4 Hz), 1.81 (3H, s), 1.18 (3H, d, J = 7.0 Hz) ; 3C NMR (100 MHz, CDCl3) § 176.49, 152.59,
147.01, 134.82, 129.39, 128.92, 127.40, 75.60, 75.54, 66.12, 54.96, 41.16, 37.56, 20.91, 12.53

(2R .3R.Z)-3-((tert-butyldimethylsilyl)oxy)-5-iodo-N-methoxy-N,2.4-trimethylpent-4-enamide (131)

o o1Bs N,0-Dimethylhydroxylamine (390.2 mg, 4.00 mmol) in CH>Cl, (2 mL) was cooled to 0 °C, and
ll\l | a solution of trimethylaluminum in toluene (2.0 M, 2.0 mL, 4.00 mmol) was added. The solution
Me ' was stirred at room temperature for 30 min and then cooled to 0 °C, solution of 138 (429.3 mg,
1.00 mmol) in CH>Cl, (0.5 mL, rinse 0.5 mL) was added via cannula. The mixture was stirred for 2 h and poured
into a mixture of EtOAc (10 mL) and aq sat. Rochell salt. The mixture was stirred vigorously for 1h at 0 °C. The
layers were separated, and the aqueous layer was extracted with EtOAc twice. The organic layer was washed with
brine, dried over Na,SOs, filtered and concentrated under reduced pressure. A colorless oil was obtained and was
used next step without further purification.

A solution of the crude mixture in DMF (3.3 mL) was treated with imidazole (170.2 mg, 2.50 mmol) and TBSCI
(301.4 mg, 2.00 mmol), heated to 50 °C, and stirred for 14.5 h. The reaction mixture was then cooled to room
temperature, poured into brine:1 M HCI =1:1 and extracted with hexane/EtOAc = 1:1 twice. The organic layer was
washed with brine, dried over Na,SOs, filtered and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (hexane to hexane/EtOAc =9:1 to 4:1) to give 131 (421.9 mg, 0.99 mmol, 2
steps 99%) as a colorless oil. ; 'H NMR (400 MHz, CDCl;) § 6.16 (1H, s), 4.31 (1H, d, J = 8.8 Hz), 3.65 (3H, s),
3.12 (4H, s), 1.79 (3H, d, /= 0.9 Hz), 1.18 (3H, d, J = 6.8 Hz), 0.89 (9H, s), 0.06 (3H, 5),-0.02 (3H, s) ; *C NMR
(100 MHz, CDCl3) ¢ 175.16, 148.73, 79.20, 78.81, 61.59, 40.60, 32.09, 25.77, 25.70, 19.49, 18.15, 14.30, —4.96, —
5.18
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(2R.3R.Z)-3-((tert-butyldimethylsilyl)oxy)-N-methoxy-7-(5-methoxy-2-(methoxymethoxy)-3-nitrophenyl)-N,2.4-

trimethylhept-4-enamide (140)

OMe 134 (48.0 mg, 0.20 mmol) and 131 (42.7 mg, 0.10 mmol) dissolved in degassed DMF

(400 pL). Anhydrous K3;PO4 (63.7 mg, 0.30 mmol) was added followed by
= NO,

TBSO ovom  Pd(dppf)Cl*CHCl: (8.2 mg, 0.01 mmol). The resulting mixture was stirred under argon

o\ OMe at 50 °C for 3 h. The reaction mixture was poured into brine, extracted with hexane:EtOAc

|
Me = 1:1 three times. The organic layer was dried over Na SO, filtered and concentrated

under reduce pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 2:1) to give
140 (16.4 mg 0.03mmol, 30%) as a brown oil. ; 'TH NMR (400 MHz, CDCl3) 6 7.14 (1H, d, J= 3.1 Hz), 6.98 (1H, d,
J=3.1Hz), 537 (1H, t,J="7.0 Hz), 4.98 (2H, s), 4.13 (1H, d, J=9.0 Hz), 3.82 (3H, s), 3.64 (3H, s), 3.53 (3H, s),
3.09 (4H, s), 2.68 (2H, t, J= 8.1 Hz), 2.35-2.23 (2H, m), 1.61 (3H, s), 1.17 (3H, d, J = 6.7 Hz), 0.88 (9H, s), 0.05
(3H, s), —0.06 (3H, s)

(4S5.55.,6R.Z)-6-((tert-butyldimethylsilyl)oxy)-8-iodo-5.7-dimethylocta-1,7-dien-4-ol (155)

A solution of 131 (427. 4 mg, 1.00 mmol) in THF (6.7 mL) was cooled to —78 °C, and DIBAL

(1.0 M in toluene, 1.4 mL, 1.40 mmol) was added .The solution was stirred for 1.5 h at same

temperature. The reaction mixture was quenched with MeOH (1.0 mL) at —78 °C. The mixture
was warmed to 0 °C, diluted with Et2O (20 mL), and stirred vigorously with aq sat. Rochelle’s salt until two clear
phases were obtained. The mixture was separated and the aqueous layer was extracted with Et,O three times. The
organic layer was dried over Na,SOQs, filtered, and concentrated under reduced pressure. The colorless oil was
obtained and was used next step without further purification.

The crude aldehyde 156 (0.47 mmol) was dissolved in CH>Cl (6.7 mL) and cooled to —78 °C. After 5 min, Me,AlCl
(1.0 M in hexane, 1.2 mL, 1.20 mmol) was added dropwise and stirred at same temperature for 5 min. Then,
allyltrimethylsilane (230 pL, 1.41 mmol) was added and the reaction mixture was stirred at same temperature for 15
min. The reaction mixture was quenched with MeOH and warmed to room temperature. Resulting mixture was
poured into sat. NH4Cl and extracted with CHCIs three times. The organic layer was dried over Na>SOs, filtered and
concentrated under reduce pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc
=20:1) to give 155 (172 mg, 0.42 mmol, 89% 2 steps) as a white solid. ; '"H NMR (500 MHz, CDCl3) & 5.99 (1H,
s), 5.98-5.83 (1H, m), 5.18-5.13 (2H, m), 4.59 (1H, d, J= 6.3 Hz), 3.53 (1H, s), 2.44 (2H, dt, J=13.6, 1.9 Hz), 2.12
(1H, dt, J = 16.1, 7.1 Hz), 1.96-1.89 (4H, m), 0.96 (3H, d, J = 6.9 Hz), 0.91 (9H, s), 0.14 (3H, s), 0.04 (3H, s) ; 1*C
NMR (125 MHz, CDCls) 6 148.55, 135. 23, 117.91, 77.75, 75.20, 71.69, 43.53, 38.58, 25.80, 20.32, 18.04, 11.33, —
4.61,-4.95
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(R)-(4S.,55.6R.Z)-6-((tert-butyldimethylsilyl)oxy)-8-iodo-5,7-dimethylocta-1,7-dien-4-yl 3.3.3-trifluoro-2-methoxy-

2-phenylpropanoate (163)
To a solution of 155 (10 mg, 0.024 mmol,) in CH>Cl, (120 pL) was added DMAP (5.9 mg,

0.048 mmol ) and (S)-(+)-MTPACI (7 pL, 0.036 mmol) at 0 °C and stirred at same temperature
for 1 h. The reaction mixture was diluted with CH,Cl,, washed with water twice. The organic

layer was dried over Na>SOu, filtered and concentrated under reduce pressure. The residue was

purified by silica gel column chromatography (hexane:EtOAc = 10:1 to 4:1) to give 163 (15
mg, 0.024 mmol, quant) as a colorless oil. ; 'H NMR (400 MHz, CDCls) § 7.52-7.35 (5H, m), 6.06 (1H, d, J= 1.4
Hz), 5.78-5.68 (1H, m), 5.14-5.05 (2H, m), 4.87 (1H, d, J = 11.3 Hz), 4.21 (1H, d, J = 9.7 Hz), 3.51 (1H, s), 2.49
(1H, dd, J = 15.0, 4.3 Hz), 2.34 (1H, dt, /= 16.8, 7.5 Hz), 2.16-2.11 (1H, m), 2.01 (3H, d, J = 1.1 Hz), 0.88-0.86
(11H, m), 0.12 (3H, s), 0.05 (3H, s)

(8)-(45.55.6R.2)-6-((tert-butyldimethylsilyl)oxy)-8-iodo-5.7-dimethylocta-1,7-dien-4-yl 3.3.3-trifluoro-2-methoxy-

2-phenylpropanoate (164)

164 (15 mg, 0.024 mmol, quant, a colorless oil) was prepared from 155 (10 mg, 0.024 mmol)
as described for the preparation 163 using (R)-(—)-MTPACI instead of (S)-(+)-MTPACI. ; 'H
NMR (400 MHz, CDCl3) 8 7.51-7.36 (5H, m), 6.08 (1H, d, /= 1.4 Hz), 5.58-5.47 (1H, m), 4.99

';"eco;(&o (1H, dd, J= 172, 1.4 Hz), 4.87 (2H, ddd, J = 15.0, 8.2, 5.4 Hz), 4.23 (1H, d, J = 9.5 Hz), 3.54
3
Ph

(1H, s), 2.44 (1H, dd, J = 14.3, 5.7 Hz), 2.34-2.26 (1H,m), 2.20-2.16 (1H, m), 2.00 (3H, d, J =
1.4 Hz), 1.04 (3H, d, J= 6.8 Hz), 0.89 (9H, s), 0.14 (3H, s), 0.06 (3H, s)

methyl 2.4-dibromobutanoate (166)

o y-butyrolactone (165) (13.3 mL, 175 mmol) and PBr3; (0.3 mL) were combined at 100 °C.
BrV\HkOMe Bromine (9.5 mL, 184 mmol) was added dropwise to the stirred solution. PBr3 (0.2 mL) was
o added and the solution was stirred for 2 h at 100 °C. After cooling to room temperature, the flask
was sparged with argon, MeOH (70 mL, 1.75 mol) and p-toluenesulfonic acid (1.66 g, 8.75 mmol) were added and
the reaction mixture was stirred at 50 °C for 21 h. The reaction mixture was diluted with EtOAc and washed with sat.
NaHCOs3 and brine. The organic extract was dried over Na»SOs, filtered and concentrated under reduced pressure.
The residue was purified by vacuum distillation (15 mmHg, 99.5-104.0 °C) to give 166 (41.3 g, 159 mmol 91%) as
a colorless oil. ; 'TH NMR (400 MHz, CDCl3) 8 4.54 (1H, dd, J = 8.0, 6.0 Hz), 3.81 (3H, s) 3.55 (2H, t, /= 6.2 Hz),
2.55-2.49 (2H, m)

The spectrum data were identical with those reported previously*’.
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methyl 2-azido-4-bromobutanoate (167)

o) To a solution of 166 (41.30 g, 159.0 mmol) in DMF (80 mL) was added NaNj3 (10.34 g, 159.0
BrV\HJ\OMe mmol) at 0 °C. The mixture was stirred at room temperature for 12 h. The reaction mixture was
. diluted with H,O and extracted with Et;O three times. The organic extract was dried over
NaxSOq, filtered and concentrated under reduced pressure. The residue was purified by column chromatography
(hexane:EtOAc = 30:1 to 10:1) to give 167 ( 30.96 g, 139.5 mmol, 88%) as a colorless oil. ; 'TH NMR (400 MHz,
CDCl3) 6 4.24 (1H, dd, J=9.5, 4.4 Hz), 3.83 (3H, s) 3.56-3.46 (2H, m), 2.23-2.14 (1H, m), 2.38-2.30 (1H, m)

The spectrum data were identical with those reported previously*°.

methyl 1-azidocyclopropanecarboxylate (168)

0 To a solution of 167 (7.00 g, 31.50 mmol) in DMF (315 mL) was added DBU (6.1 mL, 41.00 mmol)

NszOMe at 0 °C. The mixture was stirred at room temperature for 12 h. The reaction mixture was diluted with

sat. NH4Cl and extracted with hexane:EtOAc = 2:1 three times. The organic extract was dried over

NaxSOq, filtered and concentrated under reduced pressure. The residue was purified by column chromatography

(hexane:EtOAc =10:1) to give 168 ( 2.91 g, 20.61 mmol, 65%) as a colorless oil. ; 'H NMR (400 MHz, CDCls) &
3.80 (3H, s) 1.48 (2H, dd, /= 8.0, 4.8 Hz), 1.22 (2H, dd, /= 8.1, 4.9 Hz)

The spectrum data were identical with those reported previously*’.

1-azidocyclopropanecarboxylic acid (169)

NsKiOH To a solution of 168 (1.76 g, 12.5 mmol) in THF (12.5 mL) was added 3 M KOH (8.3 mL, 25.0 mmol)

at 0 °C and the mixture was stirred for 12 h. The reaction mixture was extracted with CH>Cl twice.
The aqueous layer was acidified with 1 M HCl and re-extracted with EtOAc three times. The organic layer was dried
over NaySQy, filtered and concentrated under reduce pressure to give 169 (1.51 g, 11.9 mmol, 95% ) as a white solid. ;
"H NMR (500 MHz, CDCl3) 8 1.57 (2H, dd, /= 8.2, 5.0 Hz), 1.31 (2H, dd, /= 8.2, 5.0 Hz)

The spectrum data were identical with those reported previously''.
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(4S5.55,6R.Z)-6-((tert-butyldimethylsilyl)oxy)-8-iodo-5,7-dimethylocta-1,7-dien-4-yl

1-azidocyclopropanecarboxylate (154)

To a solution of 169 (381 mg, 3.00 mmol) and DMF (23 pL, 0.30 mmol) in toluene (3 mL) was
added oxalyl chloride (205 pL, 2.40 mmol) at 0 °C. The reaction mixture was stirred for 1 h at

room temperature. Meanwhile, in the separated flask, DMAP (37 mg, 0.30 mmol) and Et;N (0.84

mL, 6.00 mmol) was added 155 (410 mg, 1.00 mmol) in CH>Cl, (3.3 mL). The 169 solution was
added via cannula to 155 solution at 0 °C. The reaction mixture was stirred for 1.5 h at same temperature before being
quenched with phosphatebuffer (pH = 7). The resulting mixture was extracted with EtOAc three times and washed
with brine. Combined organic layer was dried over Na;SOs, filtered and concentrated under reduce pressure. The
residue was purified by column chromatography (hexane:EtOAc = 10:1 ) to give 154 ( 515 mg, 0.99 mmol, 99%) as
a brown oil. ; 'H NMR (400 MHz, CDCl3) 8 6.02 (1H, d, J = 1.3 Hz), 5.77-5.67 (1H, m), 5.14-5.05 (2H, m), 4.76-
4.72 (1H, m), 4.26 (1H, d, J=9.0 Hz), 2.49 (1H, dd, J = 13.8, 5.0 Hz), 2.38-2.29 (1H, m), 2.16-2.11 (1H, m), 1.96
(3H,d,/J=1.6 Hz), 1.44 (2H, t,J=2.8 Hz), 1.17 (2H, t,J=3.4 Hz), 1.03 (3H, d, /= 7.0 Hz), 0.89 (9H, 5), 0.12 (3H,
s), 0.03 (3H, s) ; 3*C NMR (100 MHz, CDCl3) & 170.81, 148.6, 134.04, 117.71, 77.47, 75.79, 75.47, 42.73, 41.02,
34.16,25.73, 19.29, 18.03, 16.75, 16.69, 10.73, —4.35, —4.89

(2E)-5-bromopenta-2.4-dienal (173)

jlj\/\/% To a solution of triphenylphosphine (39.3 g, 150 mmol) in CH2Cl> (500 mL) was added bromine

H e at 0 °C. 172 (17.0 g, 125 mmol) was immediately added in one portion and resulting suspension

was stirred at room temperature for 10 h. The dark red-brown solution was filtered through a pad of silica gel and

washed with hexane:EtOAc = 4:1, filtrate was concentrated under reduce pressure. The residue was purified by

column chromatography (hexane:EtOAc =4:1) to give 173 ( 15.7 g, 97.5 mmol, E/Z=3:1, 65%) as a yellow solid. ;
"H NMR (400 MHz, CDCl3) § 9.58 (1H, d, J = 8.0 Hz), 7.05-6.90 (3H, m), 6.20 (1H, dd, J=15.0, 8.0 Hz)

The spectrum data were identical with those reported previously*!.

(2E 4E)-hepta-2.4.6-trienal (159)

o) To a suspension of 172 (1.00 g, 7.34 mmol) in THF (20 mL) was added DMAP (0.73 mmol,
HJ\M/ 90 mg) and Et3N (0.73 mmol, 100 pL). The resulting mixture was cooled to —30 °C and TMSCI
(930 uL, 7.34 mmol) was added dropwise over 10 min. The reaction mixture was stirred for 5 h at same
temperature. Then vinylmagunesium chloride (1.32 M in THF, 5.56 mL, 7.34 mmol) was added dropwise and stirred

for 1.5 h at same temperature. The reaction mixture was quenched with 3 M HCl and the resulting biphasic mixture was
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vigorously stirred for 30 min at room temperature. The resulting mixture was extracted with Et,O three times and
washed with brine. Combined organic layer was dried over Na;SOs, filtered and concentrated under reduce
pressure. The residue was purified by column chromatography (hexane:EtOAc = 15:1 ) to give 159 ( 572 mg, 5.29
mmol, 72%) as a yellow oil. ; 'TH NMR (400 MHz, CDCls) 8 9.59 (1H, d, J= 8.1 Hz), 7.14 (1H, dd, /= 15.1, 11.1
Hz), 6.68 (1H, dd, J= 14.9, 10.7 Hz), 6.52-6.43 (2H, m), 6.19 (1H, dd, /= 15.1, 8.0 Hz), 5.52 (1H, d, /= 17.6 Hz),
5.43 (1H, d, J=10.4 Hz)

The spectrum data were identical with those reported previously® .

(RAE.6E)-3-hydroxy-1-((S)-4-isopropyl-2-thioxothiazolidin-3-yl)nona-4.6.8-trien-1-one (179)

Z
\_5' (678 mg, 3.33 mmol) in CH>Cl, (33 mL) was added TiCls (1.0 M in CH,Cly, 3.33 mL,

3.33 mmol) followed by i-ProNEt (580 pL 3.33 mmol) at 0°C and the mixture was stirred

S
M JOJ\ /(')i/\/\/ To a solution of N-acetyl (4S5)-isopropyl-1,3-thiazolidine-2-thione
SN 7 Z

for 40 min. Then, the reaction mixture was cooled to —78°C, 159 (324 mg, 3.00 mmol,) in CH>Cl (8 mL, rinsed with
2 mL) was added via cannula and stirred at same temperature for 12 h. The reaction mixture was quenched with sat.
NH4Cl aq. and extracted with EtOAc three times. The organic layer was dried over Na;SOs, filtered and concentrated
under reduce pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 10:1 to 4:1)
to give 179 (551 mg, 1.77 mmol, 59%) as a yellow oil. ; 'H NMR (400 MHz, CDCl3) § 6.39-6.21 (4H, m), 5.78 (1H,
dd, J=15.0,5.8 Hz), 5.23 (1H, d, J=15.3 Hz), 5.13 (1H, d, /= 17.6 Hz), 4.74 (1H, br), 3.65 (1H, dd, /= 17.5, 3.1
Hz), 3.52 (1H, dd, J = 11.4, 8.1 Hz), 3.34 (1H, dd, J = 17.5, 8.8 Hz), 3.04 (1H, d, J = 11.4 Hz), 2.94 (1H, s), 2.36
(1H, dd, J=13.5, 6.7 Hz), 1.07 (3H, d, J= 6.7 Hz), 0.98 (3H, d, J= 7.0 Hz) ; *C NMR (100 MHz, CDCl;) § 202.94,
172.25,136.71, 134.05, 133.90, 132.10, 130.51, 117.75,71.37, 71.29, 68.34, 68.28, 45.16, 30.77, 30.61, 19.02, 17.75

(RAE.6E)-methyl 3-hydroxynona-4,6.8-trienoate (180)

O OH
MeO J\)\/\N To a solution of 179 (521 mg, 1.67 mmol) in MeOH (33 mL) was added K.CO3 (69 mg,
e

0.50 mmol). The resulting suspention was stirred for 6 h before quenched with 1 M HCI.
The resulting mixture was extracted with CH,Cl three times and washed with brine. The combined organic layer
was dried over Na;SOy, filtered and concentrated under reduce pressure. The pale yellow oil was obtained and was
used next step without further purification. In smaller scale (0.10 mmol) reaction, purified by column
chromatography (hexane:EtOAc = 8:1 ) to give spectroscopically pure 180 (16 mg, 0.088 mmol 88%) as a light
yellow oil. "TH NMR (500 MHz, CDCls) & 6.40-6.18 (4H, m), 5.73 (1H, dd, J=15.2, 6.3 Hz), 5.24 (1H, d, /= 16.6
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Hz), 4.61 (1H, s), 3.72 3H, s), 2.96 (1H, s), 2.62-2.52 (2H, m); *C NMR (125 MHz, CDCl3) & 172.54, 136.67,
134.12, 133.88, 131.96, 130.75, 117.91, 68.43, 51.84, 41.14

(RAE.6E)-methyl 3-methoxynona-4,6.8-trienoate (181)

OMe To a solution of crude 180 (1.67 mmol) in CH>Cl, (16 mL) was added DTBMP (1.29 g,
MeOJ\W 6.27 mmol) and MeOTf (633 pL, 5.77 mmol). The resulting mixture was refluxed for 14
h and cooled to room temperature, quenched with MeOH. The resulting mixture was extracted with CH>Cl, three
times and washed with sat. NaHCOs twice. The combined organic layer was dried over Na,SQOy, filtered and
concentrated under reduce pressure. The residue was purified by column chromatography (hexane:EtOAc = 10:1 )
to give 181 ( 196 mg, 1.00 mmol, 60%, 2 steps) as a light yellow oil. ; "TH NMR (400 MHz, CDCl;) § 6.42-6.22 (4H,
m), 5.57 (1H, dd, J=16.0, 4.8 Hz), 5.26 (1H, d, /= 16.0 Hz), 5.13 (1H, d, J= 12.0 Hz), 4.12-4.06 (1H, m), 3.68 (3H,
s), 3.28 (3H, s), 2.63 (1H, dd, J = 15.1, 8.2 Hz), 2.47 (1H, dd, J = 15.3, 5.2 Hz) ; *C NMR (100 MHz, CDCl) §
171.21, 136.57, 134.23, 133.04, 132. 20, 131.76, 118.10, 78.24, 56.45, 51.67, 40.87

(RAE.6E)-methyl 3-(((S)-3.3,3-trifluoro-2-methoxy-2-phenylpropanoyl)oxy)nona-4,6.8-trienoate (182)

OMe To a solution of 181 (4.0 mg, 0.022 mmol,) in CH>Cl, (440 uL) was added DMAP (5.4
o OI(C);F:S mg, 0.044 mmol ) and (S)-(—)-MTPACI (7 puL, 0.033 mmol) at 0 °C and stirred at same
MeOW temperature for 1 h. The reaction mixture was diluted with CH»Cl,, washed with water
twice. The organic layer was dried over Na;SOs, filtered and concentrated under reduce

pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 4:1) to give 177 (8.5 mg,
0.021 mmol, 97%) as a colorless oil. 'H NMR (400 MHz, CDCls) 8 7.50-7.38 (5H, m) 6.48-6.15 (4H, m) 5.98-5.93
(1H, m), 5.69 (1H, dd, J=15.3, 8.1 Hz), 5.30 (1H, d, /= 16.2 Hz), 5.19 (1H, d, /= 9.6 Hz), 3.59 (3H, s), 3.52 (3H,

d,J=0.9 Hz), 2.78 (1H, dd, J = 16.0, 8.9 Hz), 2.64 (1H, dd, J = 16.0, 4.8 Hz)

(RAE.6E)-methyl 3-(((S)-3.3,3-trifluoro-2-methoxy-2-phenylpropanoyl)oxy)nona-4,6.8-trienoate (183)

Phj\t‘o'\"e 183 (10.4 mg, 0.026 mmol, 96%, a colorless oil) was prepared from 181 (5.0 mg,

CFs

o o7 Yo 0.027 mmol) as described for the preparation 182 using (R)-(+)-MTPAC] instead of (S)-
N~

MeO (1)-MTPACL. ; 'H NMR (400 MHz, CDCls) & 7.49-7.38 (SH, m) 6.40-6.10 (4H, m)

5.95-5.90 (1H, m), 5.57 (1H, dd, J = 15.0, 7.6 Hz), 5.29 (1H, d, J = 9.6 Hz), 5.18 (1H, d, J= 9.6 Hz), 3.68 (3H, s),
3.54 (3H, s), 2.82 (1H, dd, /= 16.4, 9.2 Hz), 2.36 (1H, dd, /= 16.3, 4.4 Hz),
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(RAE.6E)-3-methoxynona-4,6.8-trienoic acid (158)

O OMe To a solution of 181 (267 mg, 1.36 mmol) in MeCN/H,0O (6% H»0, 6.8 mL) was added
HO AN Lil (13.60 mmol, 1.82 g) and Et;N (4.08 mmol, 570 pL). The resulting mixture was
refluxed for 2 h and cooled to room temperature, quenched with aq. sat. NaHCOs. The resulting biphasic mixture was
vigorously stirred for 5 min, extracted with CHCl; once. The aqueous layer was acidified to pH 1 with 1 M HCl and
extracted with CHCIs three times. Combined organic layer was dried over Na,SOs, filtered and concentrated under
reduce pressure. The residue was purified by column chromatography (MeOH:CHCl; = 15:1 ) to give 158 ( 237 mg,
1.30 mmol, 96%) as a yellow oil. '"H NMR (500 MHz, CDCls) 8 6.19-6.40 (4H, m), 5.57 (1H, dd, /= 15.0, 8.0 Hz),
5.26 (1H, d, J=16.7 Hz), 5.15 (1H, d =J=10.0 Hz), 4.09 (1H, dt, /= 8.1, 4.9 Hz), 2.65 (1H, dd, J= 15.5, 8.3 Hz),
2.54 (1H, dd, J = 15.5, 4.9 Hz); 3C NMR (125 MHz, CDCl3) § 176.14, 136.57, 134.56, 133.50, 131.63, 131.58,
118.32, 78.05, 56.46, 40.85

(2)-3-iodobut-2-en-1-0l (206)

Red-Al OH
=
\/OH i
Et,0 I
then I,

205 quant 206

206 was prepared according to the reported procedures!?.

'"H NMR (400 MHz, CDCL;) § 5.76-5.79 (1H, s), 4.16-4.18 (2H, m), 2.54 (3H, d, J = 1.6 Hz), 1.57-1.61 (2H, m)

(2)-tert-butyl((3-iodobut-2-en-1-yl)oxy)dimethylsilane (207)

oTBS A solution of 206 (11.88 g, 60 mmol) in DMF (60 mL) was cooled to 0 °C, imidazole (8.17 g,

YV 120 mmol) and TBSCI (10.85 g, 72 mmol) were added and stirred at same temperature for 4 h. The

reaction mixture was poured into brine and extracted with Et2O twice. The organic layer was dried over

Na2S0s4, filtered and concentrated under reduced pressure. The residue was purified by silica gel column chromatography

(hexane to hexane/EtOAc =30:1) to give 207 (18.73 g, 60 mmol, quant) as a colorless oil. ; 'H NMR (500 MHz, CDCl5)
8 5.68 (1H, m), 4.18 (1H, m), 2.51 (3H, m), 0.91 (9H, s), 0.09 (6H, s)

The spectrum data were identical with those reported previously>’.
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(2)-4-((tert-butyldimethylsilyl)oxy)-2-methylbut-2-enal (204)

To a solution of #~BuLi (25 mL, 40.00 mmol) in Et,O (90 mL) was added solution of vinyl
ZVOTBS iodide 207 (6.25 g, 20.00 mmol) in Et,O (10 mL) via cannula at —116 °C. After stirring for 1 min,
o DMF (5.42 mL, 70.00 mmol) was added and further stirred for 5 min at same temperature. Then
the reaction mixture was quenched with sat. aq. NH4Cl and extracted with EtO three times. Combined organic layer were
washed with brine, dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/EtOAc =10/1 to 5/1) to give 204 (4.05 g, 18.89 mmol, 94%) as a pale yellow oil. ;
'"H-NMR (400 MHz, CDCls) 8 10.14 (1H, s), 6.50 (1H, m), 4.66 (2H, d, J] = 6.4 Hz), 1.82 (3H, s), 0.92 (9H, s), 0.10
(6H, s)

The spectrum data were identical with those reported previously>’.

(R)-4-benzyl-3-((2R,3R.2)-6-((tert-butyldimethylsilyl)oxy)-3-hydroxy-2.4-dimethylhex-4-enoyl)oxazolidin-2-one
210

_~_-0TBS A solution of (R)-(—)-4-benzyl-3-propionyl-2-oxazolidinone (4.85 g, 20.78 mmol) in CH,Cl,
HO Bn (50 mL) was cooled to —78 °C, and di-n-butylboron triflate (1.0 M in CH,Cl,, 21.0 mL, 20.78
o) N/S mmol,) was added followed by i-ProNEt (4.94 mL, 28.34 mmol). The reaction mixture was
O)\O warmed to room temperature and stirred for 1 h. The mixture was re-cooled to —78 °C, and treated
with aldehyde 199 (4.05 g, 18.89 mmol). The resultant solution was stirred for 8 h at same temperature. Then the
reaction mixture was quenched with phosphate buffer (pH = 7.0), extracted with CH»Cl, three times and the organic
layer was concentrated under reduced pressure. The residue was then dissolved in MeOH/ H>O (1:1, 90 mL), the
resultant solution cooled to 0 °C, 30% H»0, (5.00 mL, 44.00 mmol) was added and the mixture stirred at 0 °C for 1
h. Excess H,O, was decomposed at 0 °C by slow addition of aq. sat. Na>S,03, the resultant mixture was extracted
with EtOAc three times. The combined organic layer was washed with brine, dried over Na;SO4 and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (hexane/EtOAc =5/1) to give
204 (7.29 g, 16.29 mmol, 86%) as a colorless oil. ; 'H NMR (500 MHz, CDCls) § 7.34-7.27 (3H, m), 7.21-7.19 (2H,
m), 5.46 (1H, t, J= 6.0 Hz), 4.67-4.62 (2H, m), 4.35-4.31 (1H, m), 4.23-4.17 (3H, m), 4.06-4.01 (1H, m), 3.25 (1H,
dd,J=13.5,3.2 Hz), 2.88 (1H, d, /= 4.0 Hz), 2.77 (1H, dd, J= 13.3, 9.6 Hz), 1.80 (3H, s), 1.34 (3H, d, /= 7.0 Hz),
0.90 (9H, s), 0.09 (6H, s); 3C NMR (125 MHz, CDCl3) 8 175.69, 152.92, 137.09, 135.08, 129.40, 128.93, 128.43,
127.37,71.99, 66.08, 59.51, 55.25, 41.65, 37.68, 25.95, 19.69, 18.33, 13.09, -5.18
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(2R.3R.Z)-3.6-bis((tert-butyldimethylsilyl)oxy)-N-methoxy-N,2.4-trimethylhex-4-enamide (203)

_~_OTBS N,O-Dimethylhydroxylamine (4.70 g, 48.15 mmol) in CH>Cl; (50 mL) was cooled to 0 °C,

TBSO and trimethylaluminum (ca. 1.8 M in toluene, 27.0 mL, 48.15 mmol) was added. The solution

o N/OMe was stirred at room temperature for 1 h and then cooled to 0 °C, solution of 210 (7.19 g, 16.05

mmol) in CH>Cl, (20 mL, rinse 10 mL) was added via cannula. The mixture was stirred for 2.5
h and poured into a mixture of EtzO (200 mL) and sat. aq. Rochelle’s salt until two clear phases were obtained. The
mixture was separated and the aqueous layer was extracted with Et,O three times. The organic layer was washed
with brine, dried over Na,SOs, filtered and concentrated under reduced pressure. A colorless oil was obtained and
was used next step without further purification.

A solution of the crude mixture in DMF (54 mL) was treated with imidazole (3.82 g, 56.18 mmol) and TBSCI
(7.26 g,48.15 mmol), heated to 50 °C, and stirred for 12 h. The reaction mixture was then cooled to room temperature,
poured into brine and extracted with hexane/EtOAc =4/1 three times. The organic layer was washed with brine, dried
over NaySOy, filtered and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane to hexane/EtOAc =20/1) to give 203 (5.91 g, 13.26 mmol, 2 steps 83%) as a colorless oil. ;
"H NMR (500 MHz, CDCls) § 5.27 (1H, br), 4.45 (1H, d, J=7.8 Hz), 4.35 (1H, dd, /= 13.5, 7.8 Hz), 4.00-4.05 (1H,
m), 3.65 (3H, s), 3.19 (1H, br), 3.08 (3H, s), 1.67 (3H, s), 1.20 (3H, d, J= 6.8 Hz), 0.89 (18H, s), 0.08 (3H, s), 0.06
(6H, s), 0.03 (3H, s)

(2R.3R.Z)-3.6-bis((tert-butyldimethylsilyl)oxy)-2.4-dimethylhex-4-enal (211)

~-OTBS To a solution of 203 (446 mg, 1.00 mmol) in THF (5 mL) was cooled to —78 °C, and DIBAL
TBSO (1.0 M in toluene, 1.4 mL, 1.40 mmol) was added .The solution was stirred for 4 h at same
o 'H temperature. The reaction mixture was quenched with MeOH at —78 °C. The mixture was
warmed to 0 °C, diluted with Et,O (20 mL), and stirred vigorously with sat. aq. Rochelle’s salt until two clear phases
were obtained. The mixture was separated and the aqueous layer was extracted with Et;O three times. The organic
layer was dried over Na,SQs, filtered, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (hexane to hexane/EtOAc =20:1) to give 211 (394 mg, 1.01 mmol, quant) as a colorless
oil. ; 'H NMR (500 MHz, CDCl3) § 9.65 (1H, d, J = 1.9 Hz), 5.40 (1H, t, J = 6.1 Hz),
4.66 (1H, d, J="7.2 Hz), 4.22-4.26 (1H, m), 4.05-4.09 (1H, m), 3.48 (1H, s), 2.56-2.59 (1H, s), 1.71(3H, s), 1.09 (3H,
d,J=6.8 Hz), 0.88 (18H, s), 0.06 (3H, s), 0.05 (6H, s), —0.02 (3H, s) ; 3*C NMR (125 MHz, CDCls) § 203.85, 137.27,
70.74, 58.95, 51.69, 25.94, 25.91, 25.69, 18.50, 18.28, 18.09, 10.23, —4.81, -5.18, —5.25
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(4S5.,55,6R.Z)-6.9-bis((tert-butyldimethylsilyl)oxy)-5,7-dimethylnona-1.7-dien-4-ol (212b)

OTBS To a solution of (-)-B-methoxydiisopinocampheylborane (194 mg, 0.61 mmol) in toluene (2.0

mL) was added allylmagnesium bromide solution (1.0 M in Et;O, 0.60 mL, 0.60 mmol) at —78
°C. The reaction mixture was warmed to room temperature and stirred for 30 min. The mixture
was re-cooled to —78 °C, the solution of aldehyde 211 (197 mg, 0.51 mmol) in toluene (5.0 mL)
was added via cannula. The resultant solution was stirred for 1 h at same temperature, then the reaction mixture was
warmed to room temperature over 1 h. The reaction mixture was cooled to 0 °C, ag. 1 M NaOH (2.0 mL) and 30%
H»0; (1.0 mL) were added. The resultant biphasic mixture was vigorously stired for 10 h at room temperature. Then
the reaction mixture was extracted with EtOAc three times. Combined organic layer were washed with brine, dried over
Na>SOs and concentrated under reduced pressure. The residue was purified by flash column chromatography
(hexane/EtOAc =20/1) to give 212b (167 mg, 0.39 mmol, 76%) as a colorless oil. ; 'TH-NMR (500 MHz, CDCl3) &
5.81-591 (1H, m), 5.09-5.14 (2H, m), 4.58 (1H, d, J = 5.5 Hz), 4.21-4.26 (1H,m), 4.09-4.14 (1H, m), 3.54 (1H, br),
2.93 (1H, br), 2.26-2.32 (1H, m), 2.04-2.14 (1H, m), 1.79 (3H, s), 0.89 (21H, s), 0.08 (3H, s), 0.07 (6H, s), 0.01 (3H,
s) ; BC-NMR (125 MHz, CDCl3) § 139.40, 135.43, 126.75, 117.58, 72.71, 72.38, 59.26, 44.15, 39.09, 26.04, 25.91,
19.75, 18.43, 18.22, 12.30,-4.72, -5.06, —-5.11

(4S5.55.,6R.Z)-6-((tert-butyldimethylsilyl)oxy)-9-hydroxy-5,7-dimethylnona-1.7-dien-4-yl pivalate (216)

OH To a solution of 212b (350 mg, 0.82 mmol), EtsN (0.57 mL, 4.10 mmol) and DMAP (10.0 mg,

0.082 mmol) in CH2Cl, (1.6 mL) was added PivCl (0.30 mL, 2.46 mmol) at 0 °C. The reaction

PivO" %y mMixture was warmed to room temperature and stirred for 24 h at that temperature before being
quenched with aq. sat. NaHCOs. The reaction mixture was extracted with EtOAc three times and washed with brine.
Combined organic layer were dried over Na2SOs and concentrated under reduced pressure. A pale yellow oil was obtained
and was used next step without further purification.

To a solution of the crude ester 215 in MeOH (6.8 mL) was was added H3PO4 (1.4 mL) at 0 °C. The reaction
mixture was warmed to room temperature and stirred for 12 h at that temperature before being quenched with aq. sat.
NaHCO:s. The reaction mixture was extracted with EtOAc three times and washed with brine. Combined organic layer
were dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane to hexane/EtOAc =8/1) to give 216 (247 mg, 0.62 mmol, 2 steps 76%) as a colorless oil. ;
'"H NMR (500 MHz, CDCl3) § 5.72-5.64 (1H, m), 5.49-5.46 (1H, m), 5.06-5.00 (2H, m), 4.72-4.69 (1H, m), 4.29-
4.25 (1H, m), 4.18-4.11 (2H, m), 2.34-2.28 (1H, m), 2.15-2.11 (1H, m), 2.07-2.03 (1H, m), 1.81 (3H, s), 1.17 (9H,
s), 0.99 (3H, d, J = 7.0 Hz), 0.88 (9H, s), 0.03 (3H, s), —0.01 (3H, s); '*C NMR (125 MHz, CDCl3) § 178.16, 140.18,
134.20, 126.44, 117.25, 73.54, 72.32, 58.66, 40.97, 38.90, 33.86, 27.14, 25.72,25.73, 18.12, 11.09, —4.67, —5.05
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4-methoxy-2-nitro-6-((phenylsulfonyl)methyl)phenol (72)

OMe OMe OMe OMe
Cu(NO3);*3H,0 NaBH, 1) HBr, AcCOH
—_— - -y
H\[ Ac0 H NO, EtoAcMeOH MO NO, 2 NaSO.Ph PhO,S NO,
o OH O OH OH DMF, 80 °C o
124 86% 125 86% 212 75% (2 steps) 72

72 was prepared according to the reported procedures'?.
'"H NMR (500 MHz, CDCl3) 6 10.29 (1H, s), 7.73-7.76 (2H, m), 7.59-7.65 (1H, m), 7.53 (1H, d, J = 3.2 Hz), 7.47
(2H, br), 7.32 (2H, d, J=2.8 Hz), 4.48 (2H, s), 3.82 (3H, s)

(4S5.55.,6R.Z)-6-((tert-butyldimethylsilyl)oxy)-10-(2-hydroxy-5-methoxy-3-nitrophenyl)-5.7-dimethyl-10-

((phenylperoxy)thio)deca-1.7-dien-4-yl pivalate (218)

OMe

To a solution of 216 (714 mg, 1.79 mmol), I (500 mg, 1.97 mmol) and imidazole
NO, (183 mg, 2.69 mmol) in toluene (9.0 mL) was added PPh; (517 mg, 1.97 mmol) at 0

°C. The reaction mixture was warmed to room temperature and stirred for 1 h at that

temperature before being quenched with aq. sat. Na»S>0s. The reaction mixture was
extracted with EtOAc three times and washed with brine. Combined organic layer were dried over Na>SO4 and concentrated
under reduced pressure. The residue was passed through a pad of silica gel and eluted with hexane/EtOAc =4/1. The
eluent was concentrated under reduced pressure to give the crude iodide 202 as a colorless oil and was used next step
without further purification.

To a solution of the right fragment 72 (810 mg, 2.51 mmol) in THF (23 mL) was added NaHMDS (1.9 M THF,
2.64 mL, 5.01 mmol) at —98 °C. The reaction mixture was stirred for 40 min, the solution of crude iodide 202 (0.
mmol) in THF (36.0 mL) was added via cannula. Then the resultant solution was warmed to —78 °C and stirred for 1
h before being quenched with aq. sat. NH4Cl. The reaction mixture was extracted with EtOAc three times and washed
with brine. Combined organic layer were dried over Na>SO4 and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane to hexane/EtOAc =6/1) to give 218 (738 mg, 1.05 mmol, 2
steps 59%) as an yellow amorphous powder. ; "H NMR (400 MHz, CDCl3, mixture of diastereomer) & 10.42 (1H, br),
7.69-7.38 (7H, m), 5.80-5.63 (1H, m), 5.17-5.06 (2H, m), 4.90-4.79 (2H, m), 4.69-4.62 (1H, m), 4.20 (1H, m), 3.85
(3H, s), 3.39-3.21 (1H, m), 2.81-2.66 (1H, m), 2.39-2.29 (1H, m), 2.14-2.11 (1H, m), 2.09-1.94 (1H, m), 1.68 (3H,
s), 1.19 (9H, s), 0.96 (3H, d, J = 6.8 Hz), 0.87 (9H, s), 0.04 (3H, s), —0.03 (1.8H, s), —0.16 (1.2H, s)
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(4S5.55.,6R.Z)-6-((tert-butyldimethylsilyl)oxy)-10-(2-hydroxy-5-methoxy-3-nitrophenyl)-5.7-dimethyldeca-1.7-dien-

4-yl pivalate (201)

OMe

To a solution of 218 (120 mg, 0.17 mmol) in EtOH (17 mL) was added NaBH4
(193 mg, 5.10 mmol) at 0 °C. The reaction mixture was warmed to room temperature

and stirred for 24 h at that temperature before being quenched with aq. sat. NH4Cl.

The reaction mixture was extracted with EtOAc three times and washed with brine.
Combined organic layer were dried over Na2SO4 and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane to hexane/EtOAc =8/1) to give 201 (92 mg, 0.16 mmol, 94%) as an orange
oil. ; 'TH NMR (500 MHz, CDCl3) 6 10.73 (1H, s), 7.38 (1H, d, J=3.2 Hz), 7.09 (1H, d, J = 3.2 Hz), 5.69-5.61 (1H,
m), 5.26. (1H, t, J= 6.7 Hz), 5.27-5.24 (2H, m), 4.74-4.71 (1H, m), 4.23 (1H, d, J= 8.3 Hz), 3.81 (3H, s), 2.74 (2H,
t,J=7.9 Hz), 2.47-2.41 (1H, m), 2.33-2.26 (2H, m), 2.11 (1H, dd, J= 14.6, 4.3 Hz), 2.05-2.00 (1H, m), 1.79 (3H, s),
1.16 (9H, s), 0.98 (3H, d, J = 6.9 Hz), 0.87 (9H, s), 0.01 (3H, s), -0.05 (3H, s) ; *C NMR (125 MHz, CDCl3) §
177.78, 151.83, 148.83, 137.82, 134.45, 134.13, 133.02 127.44, 125.78, 117.07, 103.29, 73.21, 71.71, 55.83, 40.80,
38.83, 33.59, 30.53, 27.50, 27.25, 25.76, 18.39, 18.13, 10.86, —4.77, -5.01

(RAE.6E)-2-((5R.6S.75.2)-5-((tert-butyldimethylsilyl)oxy)-4.6-dimethyl-7-(pivaloyloxy)deca-3.9-dien-1-y1)-4-

methoxy-6-nitrophenyl 3-methoxynona-4,6.8-trienoate (219)

OMe

To a solution of 158 (42 mg, 0.23 mmol) and DMF (1.8 pL, 0.023 mmol) in
toluene (2.3 mL) was added oxalyl chloride (20 pL, 0.23 mmol) at 0 °C. The
reaction mixture was stirred for 40 min at that temperature. Meanwhile, in the

oMe separated flask, DMAP (6.6 mg, 0.054 mmol) and Et;N (50 pL, 0.36 mmol)

was added 201 (100 mg, 0.18 mmol) in toluene (1.8 mL). The 158 solution was
added via cannula to 201 solution at 0 °C. The reaction mixture was stirred for 20 min at same temperature before
being quenched with phosphatebuffer (pH = 7). The resulting mixture was extracted with EtOAc three times and
washed with brine. Combined organic layer was dried over Na;SOy, filtered and concentrated under reduce pressure.
The residue was purified by silica gel column chromatography (hexane:toluene:EtOAc = 15:2:1 ) to give 219 ( 124
mg, 017 mmol, 95%) as an yellow oil. ; 'H NMR (500 MHz, CDCl3) & 7.40 (1H, d, J = 2.9 Hz), 7.04 (1H, d, J=2.9
H), 6.42-6.22 (4H, m), 5.68-5.62 (2H, m), 5.27 (1H, d, /= 15.8 Hz), 5.19 (1H, t, /= 6.4 Hz ), 5.15 (1H, d, J=9.7
Hz), 5.02-4.99 (2H, m), 4.72-4.71 (1H, m), 4.24-4.20 (2H, m), 3.85 (3H, s), 3.31 (3H, s), 2.92 (1H, dd, /= 15.5, 8.6
Hz),2.81 (1H, dd, /= 15.5,4.9 Hz), 2.63-2.59 (2H, m), 2.39-2.36 (1H, m), 2.30-2.27 (2H, m), 2.10 (1H, dd, J= 14.9,
4.6 Hz), 2.01-1.99 (1H, m), 1.78 (3H, s), 1.16 (9H, s), 0.97 (3H, d, J= 7.0 Hz), 0.87 (9H, s), 0.01 (3H, s), —0.07 (3H,
s)
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cytotrienin A macrolactam core 200

OMe To a solution 0f 219 (5.2 mg, 7.1 pmol), in CH>Cl, (7.1 mL) was added catalyst
106 (1.3 mg, 1.4 pmol) at rt. The reaction mixture was warmed to 40 °C and

stirred for 2 h at that temperature. The reaction mixture was passed through a

pad of silica gel and eluted with hexane/EtOAc =4/1. The eluent was
concentrated under reduced pressure to give the crude macrolactone 220 as a brown
oil and was used next step without further purification.

To a solution of crude 220 in EtOH (0.7 mL) was added catalyst SnCl, (27 mg, 0.14 mmol) at rt. The reaction
mixture was stirred for 12 h at that temperature. The reaction mixture was passed through a pad of silica gel and eluted
with EtOAc. The eluent was concentrated under reduced pressure. The residue was purified by flash gel column
chromatography (hexane:EtOAc = 2:1 ) to give 200 (3.0 mg, 4.5 umol, 2 steps 63%) as a pale yellow oil. ; 'H-
NMR (500 MHz, CDCls3) 6 7.80 (1H, s), 6.77 (1H, s), 6.76 (1H, s), 6.54(1H, d,J=2.9 Hz ), 6.41 (2H, br), 5.98 (1H,
t,J=11.1 Hz), 5.62 (1H, dd, J = 15.6, 7.38 Hz), 5.30 (1H, br), 5.19-5.21 (1H, br), 4.69-4.71 (1H, m), 3.73 (3H, s),
3.38(3H, s), 2.87 (1H, dd, J=13.5, 3.1 Hz), 2.59-2.67 (3H, m), 2.42-2.47(1H, m), 2.29-2.36 (1H, m), 2.20-2.27 (3H,
m), 2.04-2.12 (1H, m), 1.78 (3H, s), 1.19 (9H, s), 0.99 (3H, d, /= 6.8 Hz), 0.89 (9H, s), 0.08 (3H, s), 0.04 (3H, s) ;
BC-NMR (125 MHz, CDCl3) § 178.16, 169.22, 152.88, 140.91, 136.44, 134.27, 132.56, 131.40, 130.85, 129.73,
129.52,128.56, 126.92, 126.87, 125.66, 113.46, 105.86, 79.28, 74.03, 72.70, 56. 72, 55.68, 43.53, 40.80, 38.92, 32.81,
28.28,27.95,27.15,25.78, 18.16, 11.72, —4.57, —4.79; LRMS (ESI) m/z 704 ((M+CI]")

2-hydroxy-5-(methoxymethoxy)benzaldehyde (223)

OMOM
To a solution of 221 (33.0 g, 300 mmol) in THF (400 mL) was added NaH (4.0 g, 100 mmol) at 0

HW °C. The reaction mixture was stirred for 1 h at that temperature, MOMCI (7.6 mL, 100 mmol) was

o OH added. The resultant solution was warmed to room temperature and stirred for 6 h before being
quenched with aq. sat. NH4Cl. The reaction mixture was extracted with EtOAc three times and washed with brine.
Combined organic layer were dried over Na;SO4 and concentrated under reduced pressure. The residue was passed
through a pad of silica gel and eluted with hexane/toluene =3/1. The eluent was concentrated under reduced pressure
to give the crude 222 as a brown oil and was used next step without further purification.

To a solution of MgCl, (28.6 g, 300 mmol) and paraformaldehyde (18.0 g, 600 mmol) in THF (200 mL) was added
Et;N (42.0 mL, 300 mmol) and the solution was stirred at room temperature for 10 min. The crude 222 was added
and the solution was heated at reflux for 12h. After cooling to room temperature the reaction was diluted with Et,O

and washed with aq. 1M HCI and H»O. The organic layer was dried over Na2SO4 and concentrated under reduced pressure.

The residue was purified by recrystallization (hexane/EtOAc = 6/1 ) to give 223 (9.4 g, 52 mmol, 52%, 2 steps) as a
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white crystal. ; 'H-NMR (500 MHz, CDCls) § 10.71 (1H, s), 9.85 (1H, s), 7.24-7.27 (2H, m), 6.92-6.94. (1H, m),
5.14 (2H, s), 3.49 (3H, s) ; 3C-NMR (125 MHz, CDCL;) & 196.19, 156.84, 150.22, 127.17, 120.19, 119. 14, 118.61,
95.28, 55.97

The spectrum data were identical with those reported previously>®.

4-(methoxymethoxy)-2-nitro-6-((phenylsulfonyl)methyl)phenol (227)

OMOM To a solution of 223 (3.33 g, 18.3 mmol) in AcOH (36 mL) and H,O (4 mL) was added 60%

PhOLS HNOs (2.1 mL, 27.5 mmol) in AcOH (8 mL) at 0 °C. The reaction mixture was stirred for 5
2 NO,

OH min at that temperature, poured into ice-cold H>O and then yellow solid was formed. The
precipitate was collected by filtration and washed with H,O. The yellow solid was dissolved with EtOAc, dried over
Na>SO4 and concentrated under reduced pressure to give he crude 224 as a yellow solid and was used next step without
further purification.

To a solution of crude 224 in EtOAc/MeOH = 10/1 (100 mL) was added NaBH4 (1.04 g, 27.5 mmo) at 0 °C and
stirred for 30 min. The reaction mixture was quenched with sat. aq. NH4Cl and extracted with EtOAc three times.
Combined organic layer were washed with brine, dried over Na.SO4 and concentrated under reduced pressure to give he
crude 225 as a yellow solid and was used next step without further purification.

To a solution of crude benzyl alcohol 225 in toluene (66 mL) was added Ac,O (17.3 mL, 183 mmol) and solid
NaHCOs (7.67 g, 91.3 mmol). The reaction mixture was stirred for 24 h at 50 °C. The reaction mixture was cooled to
room temperature, quenched with sat. aq. NaHCOs3 and extracted with EtOAc three times. Combined organic layer were
washed with brine, dried over Na>SO4 and concentrated under reduced pressure to give crude 226 as a yellow solid and
was used next step without further purification.

The crude 226 was dissolved in DMF (66 mL), and NaSO,Ph (7.31 g, 36.5 mmol) was added. The reaction mixture
was stirred for 24 h at 80 °C, The resulting mixture was cooled to 0 °C and acidified to pH 4 with aq. 3 M HCI. The
mixture was added H20 and then yellow solid was formed. The precipitated product was filtrated and washed with H20.
The crude product was purified by recrystallization from hexane/EtOAc = 3/1 to afford 227 (5.70 g, 16.1 mmol, 88%,
4 steps) as yellow needles. ; 'TH-NMR (500 MHz, CDCl3) § 10.34 (1H, s), 7.74-7.77 (3H, m), 7.62-7.65 (1H, m),
7.47-7.50 (2H, m), 7.40 (1H, d, J= 3.0 Hz), 5.15 (1H, s), 4.50 (1H, s), 3.48 (1H, s), ; *C-NMR (125 MHz, CDCl;)
5149.21, 148.82, 138.18, 134.03, 133.19, 130.39, 128.99, 128.53, 120.33, 111.68, 95.08, 56.29, 55.34 ; mp 134-135
°C
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(4S5.55.,6R.Z)-6-((tert-butyldimethylsilyl)oxy)-9-hydroxy-5,7-dimethylnona-1.7-dien-4-yl

1-azidocyclopropanecarboxylate (229)

To a solution of 1-azidocyclopropanecarboxylic acid 169 (381 mg, 3.00 mmol) and DMF (8
OH

pL, 0.10 mmol) in toluene (15 mL) was added oxalyl chloride (216 pL, 2.50 mmol) at 0 °C.
The reaction mixture was stirred for 3 h at room temperature. Meanwhile, in the separated
Nsﬁo - flask, EtsN (697 pL, 5.00 mmol) and DMAP (12 mg, 0.10 mmol) were added to a solution of
alcohol 212b (429 mg, 1.00 mmol) in toluene (5 mL). The carboxylic acid 169 solution was
transferred by cannula to the alcohol 212b solution at 0 °C. The reaction mixture was stirred for 14 h at that
temperature before being quenched with brine. The organic materials were extracted with EtOAc three times and
washed with brine. Combined organic layer were dried over Na2SOs and concentrated under reduced pressure to give he

crude 228 as a brown oil and was used next step without further purification.

To a solution of the crude ester 228 in THF/H,O =1/1 (4 mL) was was added AcOH (6 mL) at room temperature.
The reaction mixture was stirred for 72 h at that temperature before being quenched with aq. sat. NaHCOs3. The
reaction mixture was extracted with EtOAc three times and washed with brine. Combined organic layer were dried over
Na>SO4 and concentrated under reduced pressure. The residue was purified by flush column chromatography (hexane
to hexane/EtOAc =8/1) to give 229 (380 mg, 0.90 mmol, 2 steps 90%) as a colorless oil. ; 'H-NMR (500 MHz,
CDCl) 6 5.65-5.73 (1H, m), 5.47 (1H, dt, J=7.1, 1.1 Hz), 5.05-5.09 (2H, m), 4.81-4.84 (1H, m), 4.23 (2H, d, J =
8.0 Hz), 4.12-4.17 (1H, m), 2.30-2.37 (1H, m), 2.21-2.26 (1H, m), 2.08-2.12 (1H, m), 1.81 (3H, d, /= 0.9 Hz), 1.63
(1H,s), 1.43 (2H, d, J=3.1 Hz), 1.16-1.19 (2H, m), 1.02 (3H, d, /= 6.9), 0.88 (9H, s), 0.03 (3H, s), —0.01 (3H, s) ;
BC-NMR (125 MHz, CDCl5) 8 171.14, 140.26, 133. 64, 126. 41, 117.94, 75.89, 58.58, 42.81, 41.16, 34. 37, 25.73,
18.11, 16.84, 16.75, 11.35, -0.01, — 4.66, —5.09 ; mp 58-59 °C
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