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HRALKRFERFBL R R FER
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EMEBILFES B
R K

EEHE R BEX %



Ac acetyl

aq. aqueous

Bn benzyl

nBu nbutyl

Bz benzoyl

CAN ceric ammonium nitrate

conc. concentrated

DBU 1, 8-diazabicyclo[5.4.0]-7-undecene
DCC dicyclohexylcarbodiimide

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
decomp. decomposition

DHP 3,4-dihydro-2 H-pyran

DIBAL diisobutylalminum hydride

DIPT diisopropyl tartrate

DMAP 4-(dimethylamino)pyridine

DMF N, N-dimethylformamide

DMSO dimethyl sulfoxide

dr diastereomeric ratio

EDC 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
EDTA ethylenediaminetetraacetic acid
ee enantiomeric excess

ent. enantiomer

Et ethyl

eq. equivalent

GG galactosyl glycerol

HMPA hexamethylphosphoric triamide
HRMS high resolution mass spectrometry
HWE Horner—Wadsworth—Emmons

Im imidazole

K-Selectride®  potassium tri-secbutylborohydrode
LAH lithium alminium hydride
L-Selectride® lithium tri-sec-butylborohydrode
LDA lithium diisopropylamide

LRMS low resolution mass spectrometry

i



lut
mCPBA

MTPA
NaHMDS
NMR
n.r.
nQct
PEI

PG

Piv
PMB
PPTS
PT

iPr

Py

rt

satd.
TBAF
TBAI
TBDPS

lutidine

m-chloroperbenzoic acid
methyl

Molecular sieves
methanesulfonyl (mesyl)
a-methoxy-a-(trifluoromethyl)phenylacetic acid
sodium hexamethyldisilazide
nuclear magnetic resonance
no reaction

normaloctyl
polyethyleneimine

protecting group

pivaloyl

p-methoxybenzyl

pyridinium p-toluenesulfonate
1-phenyl-1 H-tetrazol-yl
isopropyl

pyridine

room temperature

saturated
tetrabutylammonium fluoride
tetrabutylammonium iodide

tbutyldiphenylsilyl

TBDMS (or TBS) #butyldimethylsilyl

TBHP
Tf
TFA
THF
THP
TLC
TMS
Tr

Ts

tbutyl hydroperoxide
trifluoromethylsulfonyl
trifluoroacetic acid
tetrahydrofuran
2-tetrahydropyranyl

thin layer chromatography
trimethylsilyl
triphenylmethyl (trityl)
prtoluenesulfonyl (tosyl)

111
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%1% Malyngic acid % U fulgidic acid D SRR G RK

o

1.1 s

1.2 G AGETE

1.3 TATE K9 DOFHE

1.4 HRAKF— b 8 LOGEPHEIA 7 O
1.5 Malyngic acid (5) D&k

1.6 Fulgidic acid () DAk

1.7 /hFE

bl

% 2E Nigricanoside DA ML

2.1 Nigricanoside ¥ D AR 7D T4E K OVE RKET ]

2.2 ofHREERDOA K

2.2.1 GAGEHE

2.2.2 HRAKRF— h 45 OFFH

2.2.3 TFE K39 DFE

2.2.4 C6NiARFFEADIRFT

2.2.5 TIT b R 58 KUK 66 DOFHH

2.2.6 COfLE Fu X BRI RE DK

2.2.7 PMB REAF{E TR T 2B RAIRETT

2.2.8 oHIREMR TT DERL

2.2.9 WRMoSHRER 79 DAL
2.3 GG PRI 98 DE K

2.3.1 7'V ko—/L{£#K 80 DA

2.3.2 Kénigs-Knorr 512 & 5 GG N RAERTARL O MG
2.3.3 Schemidt 7'V = /U bz % GG EZIRER 98 DE Ak
2.4 BHHET L OFRE L GG I IRFEM & OERE DR
2.4.1 BEHET /L 100 DOFFHRL

2.4.2 GG EZ A b 98 D 99 ~DIEH

2.4.3 BEHET /L 100 & GG AL OBAE DG

v

p-12

p-17
p-19
p-20
p-20
p.23
p.25
p-28
p-30
p.31

p.33
p.33
p-34

p-36
p-37
p-38



2.5 FHA R
2.6 FDOHEEL T AL FDERK
2.6.1 GG LA AT RIA 92 225 119 ~D BB O Ft
262 6-OTIUNHT I NI NT U tr—LFEk 141 O
2.6.3 7'V =a— L 120 K} Evans 7 /L% ULRTEE 122 O
2.6.4 T YA i 128 OFEHL
2.6.5 Evans RETIAXIACIC L DR EE 7 A > N ERO R
2.6.6 Myers RETINF/UIZ L DFEEE 7 A > FEROKGT
2.6.7 FHEZ AL NERD O OFHA G E
2.6.8 MAMLMEEIZNC k5 7 ) a— LEEahE(k 162 TR oM}
2.6.9 MALMIBIZZRRE L7 U o — VISR EIR 162 TR O Mt
2.6.10 162 75 Evans 7 /X /LD E 159 ~D LD kit
2.6.11 REMBEEZFT L7 Y a—LER2= v b OEHEEAORKG
g

EERDE

51 FASCRR

e

p.43

p.46
p.50
p.51
p.52
p.54
p.55
p.58
p-59
p-59
p.61
p.62
p.64

p.66

p.94

p.97



FF i

Nigricanoside A (1) % O B (I A DU EERk#E Avrainvillea nigricans (2 & - CTHAPE X
N5 7V alERETHY, 2 ODRMIEEE T T 7k — AW ODEU\%ﬁ@i»—T/W“\
WK o CEfE SN D ThiZefiE 28 L T2 D(Figure 1), M#E X, Williams 52
% HEEF OB TS T AV A TN T AT L 8 KN4 BB I TRRAED b, 8,4
DAY FIVEEMTIZ X > T Figure 1 (234 & 9 22 P& s~ e & i,

a-chain [ — AN CO.,R
. O OH
i 12 8
B-chain 5 s — 1" 7 — CO;R
- OH 0
HO
o OH
GG part 1 HO o._A_oH
OH

nigricanoside A (1): R = H, 17',18'-saturated

nigricanoside B (2): R = H, 17',18'-unsaturated

nigricanoside A dimethyl ester (3): R = Me, 17',18'-saturated
nigricanoside B dimethyl ester (4): R = Me, 17°,18'-unsaturated

Figure 1. Nigricanoside A & ' B D&

Nigricanoside A QDOTAF LT AT VR @It NEALNAMIE MCF-7 LOVKAEI A
M HCT-116 (29 5580 ) 22 A/ iy KL EEME 2 /R L (ICs0 ~ 3 nM), £ Ofiiish THEF 72
g LR > T, FILWHEHIBOTIAAAIY — MEGmE L THROD THETHL EEZ LI
Do LINLRNR D, ZO/EMO ARG OHEFEIImO THETH Y (8 FRITHE->T
£ LT A nigricans 28 kg 7>5 0372 0.8 mg), FHHEELRNEETH 7720, SR
FRIREDOEFRIND L & BT, toRAEMENFMIL RSN TIRhosTe, —77,
nigricanoside B (20D A F /LT AT /UK 4 13 & 5120720 0.4 mg L HEES LT, SR
EFORFET S & L0, EMIEEORE S i ShRhro7z, 72k, 3, 4 OHEEO@ERT
L2 Z2a Tl 2 A F b Lo & ZAEROBELRIK TR RO Z 06, 1,220
HDIE 3, 4 LV ILITRNBRAARDHBEFEEZFFOLDOLZZ LN TND, ZOXKH7%
YooY &, FHHIL nigricanoside A (1) 2 O* B Q) DILARMLFEOUTE &, FEM 72 LEW IR TR
A3 57200 mitHaa BiE S LT, by T 7 a—FIC L 5084 s LTz,

Nigricanoside $81%, 531 B & ESO BRI (LI, Z 2o, BB & FERRT5)



LOTEOHTZ 7 T Uew—VE i (LI, GG &ML FEFRT %), G538 2Dk
Ay NOWHFEHEE HIp T Z LN TE D, ARMEFHTIEIZ L Y nigricanoside FHD SR
HRET DI2OITIE, BT AL bONBET 2 IEMICHIE U 72 G a5 OMENL LB AT
RThHbH, £ THEHIL nigricanoside FHD G RRMFICIZIENL D, £ 7T adH K OBEH & [AlEE72
Ut Re S R B FNERI R RS & % 5D R O SLARIEIRBY A 58 A FE i L TR Rl D
Jikw A MESL L, nigricanoside FAD NARMEFIREIZHE T T 5 & D HAMEZ LTz,

FB1ETIE, X% EUBRARYThH % malyngic acid & O fulgidic acid DA K% i@
L7z b U b Fe o REFIEIEEER O SRR A BIEDWMESLIZ DWW TR D, £725 2
B CILE O F L% V72 nigricanoside FH DO oA RFER DA AL & GG EL L OB DA BbF 5L
IZDOWTCRLRT 5,



% 1E Malyngic acid & O fulgidic acid D LA A RK

1.1 HFE
OH OH
=B > COH — AN > 3 COH
OH OH OH OH
malyngic acid (5) fulgidic acid (6)

Figure 2. Malyngic acid (5) % O fulgidic acid (6) D

Malyngic acid (5) (% Cardellina & Moore (2 & - CHFEEVERESE Lyngbya majuscula 7>
LHMFES N MU b Re XU R~ fafifiglig cd 5 2(Figure 2), —77, 5O C12A0IZRET %
T E~—"Td5 fulgidic acid (6) % Herz & Kulanthaivel (2 & - T 7 B Rudbeckia
fulgida P HHBES L2 R Y B Re X REFIEETH 5 9, 6 13£12 Kato HIZ XK > T
 BIRE Pyricularia oryzae |29 L7-A % (cv. Sasanishiki) 76 & HEE X4, [FEIZX
THOPEENEZ R T Z R LNERSTND D

2N DALEWITE ORI EORHECHRRVEMEIC LY, T E TEODOA RIS
PITONTELS0, LLRRb, W& ZFE—OERFEENSIEY 4731F 2 FIEITONT
FHE SN TEST, )b Ref o RaffiElhBaefic#lH cE 288 FEL bR
TWiehoTe,

PLEDOWEND, #FFH 1L nigricanoside FAD &AL FHIFZEIZ LD, MU B Raf R
FAFNAR NS EREE O SLIRA L 2 2 TR A DR RAICHIE 2 FEE IR T A LERDH D
LERT2. 5,6 DARF R ZEEICHIE L ooE e & b@msth A OIEY 312 Z &
TENE, BET D MY b Ne Xk AR amENBRE OGRS T E 5 —ki R FiE L 2
D155 & B, F£7- nigricanoside D X H AR CONMLFIREICENVED L E X
bivd, ZOFEMBICKESE, FFHOIILREIIRT 5, 6 DAL AE i L7,



1.2 AREEHE

Scheme 1 (2 5, 6 D& RRfENT 277, 5,6 O@EFETFAE LTT2HEL, WEE T
VRS D SRR 7238 T L > THED 4317 5 Z & 3 TE X, nigricanoside FHD A Hb
FHIFFEIC BB CT&E 2 FIENMLTE L LoD, TIX, RAFRR—F8 LT /T E R
9 & @ Horner-Wadsworth-Emons it (BLF, HWE BUG) (2K » THHETE 5 B2 7,
AR AR TR — bk 81X D-phenylalanine 7> b 55 IZHH T = 2BE51{LAW 10 L Y Evans O
BFTNFMEOERTELL 2L &L, TATE ROITLiRhilko LR #E 11 K0
D-DIPT % % Sharpless O EFGRAIEFDE F G TRETEOND LB 2T,

ZDAF—AIZENT, 8 DEHRIKIE Evans R 7 /L F/AKIZI W TR D
L-phenylalanine 7> Hii# S35 A MBEEZ HWHIZES B L Z LR TE 5, [FERIS,
9 O IRIX Sharpless DFHEFHAIDENZFB W T L-DIPT #HW\WH Z L THLNLD, ThE
NOBEIIAFNES THDHZ b, EEDT7 77 A0 bEBICHBITN U TEIILE
{LFZ2HTHHLDEEV ST LI ENARETH D, MAT, W77 7 A NOELEDYE
&V 2X2=4TBHDO VT AT LA~ —2EV 3T 5 Z LR TE, SbiZT )/ U OIL{RE
PRAYIE T FEHL T X 1R vicinal syn-diol & O vicinal anti-diol D1EY J3F 3 RIGETH 5,
NV b Fe$ R~ fafifgiiistay, 558 23 = 8 MEONIKEMEERNTFELEDL N, 20
FEEZHNTZEORETEZFE—OEMEIEIZ LD ERT 52 LN TE S,

U EOBLENS ZOEMRAF—LFEET 2 MY v Mk o REflEiBE O — ke E
FEELTAERRLDIZRVED LB X, EBEOABMFRIZETF L,

56

U Stereoselective reduction

(0]
— 212 / 9 3 C02M9
PMBO - OAc
o U Horner-Wadsworth-Emmons reaction
Il
P
— 13 ~ ANEL NN
125700 OMe + o~ ; $02Me
PMBO 8 OAc 9
] j\
AN /\/\/\/\/\COZH

Scheme 1. 5 & O* 6 Owfi & pfENT



1.3 75k F9DiRH

BHFFEED = O TFE DITHE, TAT e K9 O#l %17 > 7-(Scheme 2),

BN, iR OJFEENTH % 10-undecanoic acid (11)D A F /L A7 /UAKIZ% L Riley & i
b LB OZITY, B IEOT U ALT Va— 12 #1572, 12 2% LT D-DIPT % M
T Sharpless DR EFRAILFE O%ITWV, BT L7 v~ N T7 4 —IC KR AZRRT
JEFIENEZR 18 2457, 18 O FHE TS T 5 (B) - O(S-MTPA = A7 /L~ L 254 L,
TH NMR A7 RN ZAT D Z &1L 0>98% ee ThHH Z & &R LT,

ZIT, ZHOMEIZEWNTIE T L a— L 18 OfRER L LT Piv FA SR L TV 7223,
BRD BRI T D VA — R (7T EH, Scheme 4 ® 22 @ Ac 28 Piv (T2 > 72{b&
¥) OPT AT LA~—0NNHCEeholzZ LD, FHIT 18 OR#E L LT Ac %
BN TR EITO) 2 e Lz, 18Dk R k% AceO/ Pyridine 5T Acfb L, #¢
KAV U &0 R —EE S 2R T 522 L TAMET 2T AT F9 21572, 9
I REERMEEWTHY, 1T NATE RO~ —{biZ L > CT—#7 & b+ 280
DooT=Z LD, FERZITECIZIRO NIV,

1) MeOH, HzSO4 /\(\(/)\
» CO,Me
/\/\(/)QCOZH 2) Se0,, TBHP 3T

1 CH,CI, OH 12
2 steps 52%
D-DIPT, TBHP
SOIPr) 1) Ac,0, Py.
Ti(OiPr),, MS4A /Y\(/);COZMG OA/\(/);C02Me
CH,Cl,, —20 °C OH 2) 0,/0, OAc
13 then Me,S
CH,CI,, -78 °C
3 steps 74%

Scheme 2. 7/L7 bt K9 Ol

1.4 FRAKRFR— b 8 RUEHFRIE 7 OFFRL

RARF— bk 8 O, ZJHO G IEICHERL L CTHEfE L 7= (Scheme 3),

T =AT 3= (14) & 0B O FIEICHE > TAR YY) 2 UEEA 10102457, 10
2R L, BEIRR L 72(D-1-3 — R-2-20 7> 170% VT Evans OARF 7L F U LE
ZATH 2 LT, MAARIRIC 18 21572(dr=96:4), 17T ITH~DRBELH T ML D58
BUREIC LY ER~ORMEEEZEZ LT WALEREAEM TH D 2 &N I L 0 fif
ENTW272®, RELCB W UIIGHR OWEIRE N 2 Al L, KEE - BREO %17 -
THMIISITHWZ, BEMTZERICBW T, LEARV ERoARITMHRES
oz,



18 DARER T AT vA~—% v U BTSNV a~ NT7 4 —IZ XV RV, LIOOH
THREES 5 Z & TARFMBIIEDORE WEITV, TR CEE 19 & LT, 19 ZRGED W
Weinreb 7 X K 20 & L7214, CHsPO(OMe): LV ffi#iE D I N N=F v ERESHED D
LIZEDARARR—F 8 &M 19, 28, —HOMEITH D X 912 18 1 HEHEAITHR AR
F— T ~EEL Z L FREETH - T,

TNATERQEOKRARR— | 8N TEI7cd, W77 27 A h&EHWT HWE X
TR Lz, ARJSICBWT, siitE A2 AW 2@E 0L TIE7 VT e R 9 OB~ —
EAfER S T2 728, K VIR &M TR EITT 5 Roush—IEE SO HiE 9% VW5 2
e L, RISHKREDE#EILEIT- T, MatORER, i e LT EtsN, #hflE LT LiBr
ZAND Z & TRICFIEICHESIT L, LegEP ik 7 2AmeR - s ERNIcE oD
TR L, ZORRBICEAL T, ARRIZENT, BmHEMAWHN5 LiCl ITRA T,
THF ~OEfEEN L0 @ LiBr 2 VW22 L ICE 2 FENRKREVEEZTND, KIGIC
BOWTENCETZ T ORMEMKIN T L n~ VT 7 4 —IC X508 - BrETHE
TohoT-,

. 6---: BF3'Et20
H : 16 e
B Do 71%
(o] 0 o
MeO 1) NaH, B~*on 0 py 17 Q by
THF, reflux NaHMDS —
- N~ o _TaTVPSL N~ "o
OH 9) pivcl, Et;N, THF  PMBO )—’ THF PMBO )—'
then 15, -78 °C Bn -78 °C Bn
2 steps 56% 89%
14 10 18
_Hz0, o] CH3;NHOMe 0 CH3PO(OMe),
LiOH-H,0 DCC, DMAP _OMe n-BuLi
—_— = OH —— > — lil R
THF/H,0 CH,ClIy, rt THF, =78 °C
0°Ctort PMBO 2 steps 78% PMBO 64%
19 20
o o0 9 o
P. LiBr, Et;N
/\:/YK/ b glle —3> /E/\HJ\/\;/M;COZM*}
PMBO THF,rt PMBO OAc
86%
8 7 (E/Z = 20:1)
OW);COzMe
OAc
9

Scheme 3. HmAFRF— k7 OFEKE RNHWE KJSIZED T DAERK



1.5 Malyngic acid (5) D& E&

FEFREA 7 225, F7 malyngic acid (5) DA k% E 5 L7=(Scheme 4), 7D/ ki
*LUTCCI3MLDORGEE RuXx il anti 225 L 9727 AT VA BRIE L 21T 21X H
H1&T 256 ORERNGELID Z &I D,

BILOMRGHINL D, BNk 2 EEDOF L — 3 ViEER I EsH 572 DDQ = H
WT PMB ROBRE LTV, T3 —L 21 & Uiz, 2112k LB fa gt Liz &
Z %, THF EEEZAWCT Zn(BHe): ZRWNFRR L, KB FCRIGEIT 72 & ST b BV
BPRPEDR G 5 72(22/12-¢pi22 = 95:5)10, I LT, ZOEXHENIALLVT AT LA
~—To D 12-epi-22 (= 26, Scheme NiZ V B XN EHWTZHED T LI~ N7 T 7 4
—IZX VDB RETH D Z RN L, ZaUE, 64k FuX i ofRiElks LT Ac A%
MW itk oEETH -T2,

AL IZHERR = AT )V L DN A F IV AT VO KSEEITH Z & T, BHE T2 malyngic
acid B)DEAZEM LTz, T ORISDBILEIZINT, MONBHESFICE S LzRFlce R
B VEEOBUKER S22, IR THMMTA S citric acid ZHWT7 =
F&#1T -7z, AR L7z malyngic acid B)DOFKFET — X IIHEINZb DL BVW—K%E/R L
722,

? 0
DDQ
— BN SCOMe — — NN M coMe
OAc CH,Cl,/H,0 H
PMBO ; 03000 & HO o4 OAC
96 %
(BH,) OH
Zn(BH,), = \
- — 2 Y CO,Me
THF'o0 ¢ HO OAc
78%
22 (antilsyn = >20:1)
OH
LiOH-H,0 =
Y — AN ~CO,H
040 HO OH
rttggi/ﬂn ¢ malyngic acid (5)

Scheme 4. JEIRAYETTE V7= malyngic acid (5) D&k

21 OIBETCITIIT D AR INVET Figure 3 IRTEFATHMTE 5, ZnBHa): 1TSS
RPNZBWT, 132t M U EEORBE R R OB 5 12 (2 VAR =)V EORFE 12
B2 L T28 DL HZeF L— MEEZMD EEXBND, 20D 23 1TKL, X0 ILIKRAYIZZE
WTWD sifffl Wi FaiAD) 2258 RU ROKBEMNEZ 0, i 22 MEXNICEOND
Lo EEbns,



2B, ZORIGZBWTIE, TIRO Zn(BHy)2 & AV 2 & & 123+ 72 SEARERIRPE ) S 8]
9, ZnCle & NaBH4 6 ZNFHE U7- Zn(BHy e 2 WO B iRz 5 2 7,

Figure 3. Vicinal anti-diol 22 4l OHEE BB IR AE

1.6 Fulgidic acid (6) D& A%

WAz, F—OHRER T /5 fulgidic acid (6) D& A ATz, 6 1% 12-epi-5 IZTHM T2 =
EDD, RIEOSAE LTI, BEBxHE L TEBRR - ~ORAMA SRV ERIE A EIR L,
Felkin-Anh B! OEBIRRE 2 TS AT S/ 5H 2 & THMATRE & B 2 72(Scheme 5),

FT 7L, BERA~ORMAENMELS EmWiETTAl T 5 L-Selectride® 9% T
I TR EIT>T2 & 24, Ta—)L 24 8 synlanti = 8:1 (24/12-epi-24 = 8:1) DIER

THHERRRRIBEAYE L THE LN, SOICKIGERTEZRF LIZRR, EioAle LT
L-Selectride®X VW &, 1 7 o X — A FH 2 DA A L FREDBKE V) K-Selectride®® % 5 &,
BRI synlanti =16:1(24/12-epi-24 = 1621)i *ﬁrﬁjha”é LR L., —J7, 1EoHl

& LT DIBAL-H %= H\WCTRIE T L 72555 L URHHETT Lo Tz,
o OH
t
— B v CO,Me e — A Y ,CO,Me
PMBO  _ OAc THF, -78°C PMBO  , OAc

L-Selectride®: synlanti = 8:1, 84%
K-Selectride® : syn/anti = 16:1, 89%
inseparable

Scheme 5. A REEIREITIZ K 5 vicinal syn-diol LRk DHRFT

DG E DIETTIZE T 5 SRR IX Figure 4 O TR TE %, A% Flgure 3 DFH
LR Y, BEBE~ORULREZ R VB TAlZ O TRIE T 7 248 L5812, X
JinE 25 12779 Felkin-Anh B O3 IRRE 2 Bl > CiE T TT D L5 2 %ﬂéo oL x,

t FU FOLEL PMBO A & ONAKEE 28T 5 re 6 Z 0, #iR L LT vicinal
syn-diol MESEHNTAERKT 5,
i 7zi85cHl % L-Selectride® >0 K-Selectride®ZZ8H 32 & STARERIUEA M) L7-5



FILZ DIREZEN T D, K-Selectride®D 1 7 ¥ —HF 42 ThbH Kt L-Selectride®
DA B—=FF 2 ThDH Ltk bEERF~OEMREIME 20, 28 (Figure 3)D X
IRFL—MEEZLD EDIZKWVWEEZERALND, £DT®, 25 O L& 57 Felkin-Anh
ERIRREDENVENTEZE & 72V vicinal symdiol 24 % LV mWEIRMETE XD EE X
SY LR

PMBO o

Figure 4. Vicinal syn-diol 24 £k DHEEER IR TE

BoNTYT AT UA~—IREW 24 1I2xF LT PMB £EOif#E LA, L)L, 24 %
ATEEO DDQ Z AW BR LRI IRES RIS LT & 25, 2 26 Tlde VA — ARy
VT UTRE—NETER LT 27T OHZBEM LT, T, PMB X723 DDQ (2 X Y &b
ICPRE SN DB P ORMICENT, BEET D e Fu ooy FRERP KON X
% PMB RO BiEEL 0 LI Z 572720 TH D L& % 515 (Scheme 6),

OH

DDQ =
4 —_— +’ — by 3002Me
CH,Cl,/H,0 Ho OAc
0°Ctort 26
MPM
OMe 2 0
@ =
— A CO,Me
27 OAc

Scheme 6. DDQ (2 X % 27 AR

e WX DT o 72X —0 2T OBREIIREECH Y, EICRIZHRERH -
72728, BIDFHET 24 O PMB EOBR#EEZITO Z & & Uiz, MFtOfEE, CHCls & AL
L L anisole D1EEF, TFA T4 A2 L CEL A — 1 26 B HINETHEHLNA Z &



DAy 73o7219 (Scheme 7)., Z DOFUGIZEBWT, anisole (RN TAEL D p A FFI_Y
VA F A OFIEAIE LTI L=, A U7- 26 & 12-epi-26 (= 22, Scheme 4) % H1PES U
NINERCDHED T L7 a~ NTT7 4 —IZ X0 5BEL TEEr 26 ZHEEL 7D b, 22
DA & RTINS iE 21T 9 2 & THTe fulgidic acid @)D AR EZEK LTz, AL
fulgidic acid ) D& FET — X ITME I NI b D L BW—F A /R L7z 20,

OH TEA OH
S anisole
/E/Yk/\i/\% COMe —— > /\=/\A/'\/\Mc02Me
PMBO OAc C"'72§"y2; rt HO OAc
24 26

LiOH=H,0
ENTe : 360H
64% Ho  OH
fulgidic acid (6)

Scheme 7. Fulgidic acid (6) DAk

10



1.7 /NME

FEFEIIHAOGETEA 7 55 nigricanoside FEDNENFERER /3 (L. L& A2 H 5
malyngic acid (5) X X% ® 12-= '~ —"Th 5 fulgidic acid (6) DA ik % =k L 7=
20(Scheme 8), AL, 7T RT7F 7 AL K9 EFRAKREX—RT7 T 7 A 8% HWE
BOGZ & o Tl UCHEFRIMAR 7 & L72t%, 7 £7213% Ol PMB {RIZxS 2 AR AYE
JeiEE WS Z LT 5 (12,13-antidiol 1£) &6 (12,13-syn-diol 1K) Z1EV 4315 % Z L IT5K
LT,

4 HTHRARIEL I, RERTHWEZ8 L 91X, TR O OHEBRKRLAEFITAFTE D, S
HIZ, EHT7 77 Ay NOMABEDERECIZE T D VBRI A Z (bS5 2T,
RTCONEREMEERE AEICART 2 Z ENAREL 2 D720, KL THNLT 5 LN TE
AR TFEZ, BEETAIHELA TS MY b Fe o REFIENEEO A I IA < SR T
T LOMHHIERIECHY G b D LEZ HND,

BF I OFEEZHWT, nigricanoside JEO AL EITH Z & & LT,

o (o)
1
/E/YI\/P\OM WCOM
Meo ¢ 4 07 % 3L0zlNe
PMBO OAc
8 9

’ coupling reaction

(o)

AN 3CO,Me

PMBO ; OAc

= 13

' stereoselective reduction

9
SCOZH : SCOZH

OH OH
malyngic acid (5) fulgidic acid (6)

Scheme 8. H:ifH K 7 Z#%H 9% malyngic acid (5)
J2 ¥ fulgidic acid (6) D NAKERIN A A

11



%5 23 Nigricanoside D& RHIZE

2.1 Nigricanoside D AR LFED FAR K OV 5L EHHE

551 B CMeNL LT- 715 % AV C nigricanoside SO ® 7' A MAKREITI Z &L LT,
ERRIZEREATOICHEY, BONCHEE BT REMERE U T2 RSN Z RO D00
TN o ToT=, BES D UFLEPE RIRMIZ OV CEEMIZ2 SCRkFRZR 24T - C, nigricanoside
MO EDO T REIT -T2,

SR OER, e 8 (Amphidinium sp.) o5 b N5 HMEEEYE
amphidionolactone A (28)227% nigricanoside B DBREHIZAHY I D& iEEFF>Z &30 o
7=, Figure 5 (Z/R7 Y, amphidinolactone A ® 7 7 b A& NINAKZFRIZ L W BRER L 7=
H§1& (X nigricanoside B OBEH & [Al— DB EH L O X U ROELZHF L TWD, &
FIXZOHEEEMY Fr & L T, nigricanoside B (23 17 5 B8 & 3 KL 2 1%,
amphidinolactone A L [f]l—T&H A 5 E LT,

Nigricanoside D ofHIZ DWW TIE, BEH & RAEDAEG BRI IED W THR STV 2 ATRENE
ERT, PHLFERRRNAMMEFT 2 AT 2 EUE Lz, GG SMLICB L T, BIfEE TICH
HINTWDLHAT 7 b VT U u—VEREZERT 207 7 h—A3@E O D ThH
D, Z7Ute— Ve T SEETH D Z £, nigricanoside FAIZ DWW T H AR TH
%9 &% 7=, %72, nigricanoside A & nigricanoside B D& DIELINED S, WA 1X[F
—DNMFEFER L TOD H O ERE LTz,

U EoHEEICESE, FRE, 17, I8P fEFIR L 2o TV D72, Rgfflo
nigricanoside B LV AR S ThH D &E % LD nigricanoside A DI E{LEE LT
Figure 5 1R dHE VERE L, TDOPAF LT AT NARSOEEKABIET L & LT,
KEROD nigricanoside A [ZHET DV AF L= ZXT )L (3: 1 HOD Figure 1 ) ® NMR
AT MADBHESITEY, BRIZE > TH LN D STAREMER 8 (N OSTARFEMK)
O NMR A7 ML EWHET 52 LT, 8 DNREFEERETE D EEX D TH D,
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3 OH 1S g
nigricanoside A (1'): R = H, 17',18'-saturated
nigricanoside B (2'): R = H, 17',18'-unsaturated
nigricanoside A dimethyl ester (3'): R = Me, 17',18'-saturated
nigricanoside B dimethyl ester (4’): R = Me, 17°,18'-unsaturated

OH
12 8 .

OH

-

o=

amphidinolactone A (28)

Figure 5. Nigricanoside 38D LR L2048
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Frim Cilk~7= £ Y, nigricanoside JBIEZEOAFH L2 AT H AL FRADOILEY
ThDH0, BHEOSIREMEEREZGH L TR NVF—F & T 5 2 L2k ZFDsr
HELEZZETOMNBEENRAE T D LB X BIVDH, FH S nigricanoside FAD K& 7 A MZ
BUT5E Rk oo @Bk e) ikl & ARSI 2238 0 %2 L0 s 2 e
SARBYERDIREMZR L D LB 2T,

Scheme 9 (T nigricanoside A O NLARILFRE DN 2773, 7ed8, AREIZFH LKA
YD DA EE 1T, FEEMOBE TH-> T Figure 5 (R LEEFESAHTICHE) 2L &
T2,

F9°, PHRLESARILS %29 5 nigricanoside A ¥ A F /LT AT /L (3) DERHER 87
(Scheme 9% & L, 4 MOLR#ERE (PG, PG2, PG3, PGY) L7 U tua—AEioT & k)
A FRERLEZBRELTI%EEDH, D NMR % KK nigricanoside A IZHHKT 5T A F L
T A7/ (8)D NMR & bl L, W#E0N—EH L TWiud, % OWiA T nigricanoside A (37
BILFED P TREIND ZEHRETE D,

—HLWEEIZIE, 87D PGL L PG2OEIRMIRELIToCUA—129 L L, 2D
PAbiz k0o h 30 2455, 30 A IF Vi RRINAYIZE T L7, PGS, PG KO & M)
A4 RERETIILS, 81, 82,38 00D T AT LA~—IBEMNELNDITT TH D,
ZDOREWOHIZ, 8O NMR T —% & —HETHHONREENTWDLHAEITIE, 3 DOFE(L
F1% 81,382,383 DTN TRIND LHITCE D (0F D, BHHE GG EHALIZHOWTIT S
TRINTE TP EFETHRIEW RN EHETTE ), TN6 3EOUT AT LA~ —0b
DIV IAIAMATLL T D X 9 2 FiEEH WD, £7, PGL & PG2 23R (F 7213 RA)
WZORFE L, C6 LKL CONDSARERSS & V5D Z & C, 8755 31, 32, 33 & ik
WRZERT D, £NUHD NMR %, £ 8 D NMR LT 52 &12 kD, 83 DK
LFERET D,

3,81,382,33 L HiZ3 & —H LWL ATYH, £Hd NMR & 3 D NMR % g4 %
2Tk, aHDONREFICOVWTIIHEERTEETH D L EZXTVDD, a DI LFIT
DN TR FER 2155 72 0I2IE, 10-epr3” AR L, 3 ICAWIZifki# Bk, FESr
REINAR LA D P L CHEET 20 ERH A 5,

o DN FERRE TE T2 D, Rk FIEZBHHO C120CH# A L T b P o T EEr:
EROIAATITL . £70, B —ETHENL L MU & Ra X REFiENEE O & L L v
I, BB COML LN CIUNAC BT D LR BEMR DB & TE D728, RMMICIE 8 DAL
MLFERETEDITT TH D,

LBk _7- F ik a BT 5 7-0121%, 0% 7 AV bt Fa v kofti#Esk (PG,
PGz, PG3, PG4) 1%, BIRMICRETE D2 HDICLTBLMLER DS, 2D L ZaHEICH
< & LI, nigricanoside JHADAEAHIZEET 5 BT HES X 29, FEFH T Scheme 10 27K
T OB AL LTz,
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_ 10 6 CO;Me
a-chain{ 79N
B-chain 7 z
18' PG
PG*0
o) 9
GG part PG*0 o _~_°
OPG*
deprotection (PG', PG%,PG?, . 3"
PG*, acetonide) ,.-" i selective deprotection of PG! and PG?
3 & \
OH
_ 1_0 N~ 6 CO,Me

17
18"
PG‘0 ° o] :.9 0
NN
29 OPG*
\ oxidation
0
10
_ NN CO,Me

17"
18"

30 OPG*
i non-stereoselective reduction
* & deprotection (PG3, PG", acetonide)
OH OH

COZMG NWCOzMe
0 OH

Gchan) 32

NMR comparison with nigricanoside A dimethyl ester (3)

Scheme 9. Nigricanoside A O ARV IE D 7= 8D D FEAHERE
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_ 10 6 CO,Me
a-chain{ 9N

B-chain { 7

GG part

10 6 CO,Me

Scheme 10. 3”0 L fET

3”1%, afH{Ri#(K84 D Cl0fit FuF A TR¥ K85 C—7 kT 52 L T
BND EFEZ 72,35 IXPEHICHIYS T 5 36 & GG L 37 DEFEIC L v GFbN D L Ebh 5,
G, GG AL, B8, adHZIEVERE L TV 28Ik T 2GR TH S,

U EOGREHEICESE, FFITETEH 1 E O L2 FEEZ AW CoadiiRER 34 05
BEITHO Z &k LT,



2.2 ofHIREERDOERK
2.2.1 SFGEHE

%1 B CHESL L2 HIEICHE S < &, 84 DRIBMATH 5 43 I3 A 41— |k 88 & Sharpless
DHEEFRADEESENC LV B ON D IEET VT & R 42 % HWE RUSIC L 0 95 2
LTl CE B L& %2 55 (Scheme 11), L2LZRN G, ffETIEdH 5 H DD, Sharpless
B XA 0ENIFEN AR E 1 S8 EES RERH S & LIz, HENCHWS
TEIRDOT IATNa—D ) BYGIRNET D =ARF L RICEBREIND 2D, ZDi%
DB ND Z LR TERNEWIHIMER ST, £ TEHRIL, L0 2hFEMN 43
OFMMEEZBRE T <<, Lproline #fititl L THWL T LT K 389 O
a-aminoxylation (7 /¥ 4k) (250 41 ZFARL, oA > KT 38 & D HWE #fh
BOSIZAT L72t%, N-O 5B ZUIMT 5L I L— FEETRLTHDLZ LI L7229, 43 1%
CONL7 b oD anti-BIRHIRTER T 44 ICEBTEH1TTTHY, 44 D CIftE RuF v
A BEIRNMICIRE 2T HZ LIk, 4G LD EE X T, 728, Lproline Dt
D2 D-proline ZH\\ iU, 41 OFHEBIKEELZ L HTX D,

U EOERKFEICI > T, EFRARFR— b 38 OFTIIET LIz,
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OHC\/\/\/Cone
39

. : N=O
asymmetric ' 40
aminoxylation !

i L-proline

fo) o) OHCGY\/\/COZMe
1l

10 P o
— 9 ~ + .
Z Meo' OMe ';lH
PG°0 Bh
38 41
HWE reaction, N-O bond cleavage
HWE reaction Y & protection

(o}
N _ 1;09 A CO;Me

OHC CO,Me
opgz 42

PGS0 43 OPG?
\
OH

19 AU CO,Me

= 2
HO 44 OPG

Y selective protection

OPG'

VE/W\i/\/VCOZMG

HO OPG?2
34

Scheme 11. oSHIRFER 834 DB HLFHE
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2.2.2 HRAFRX— b 45 DR

¥ 1 BE TR FEICHEW AR AR — b 45 (= 88: PG5 = PMB)® #8247 - 7-(Scheme
12), AWV P FHEK 48 (= ent-10) |
1

, Wb

WL, THEROT U LT L a— L 46 )5 ikl
L7e7 U= v AT 2 T Evans RET VX /UALBRISZ1TUN 49 & L7249 L5 1
BiT5 18 (6 H Scheme 4) & DOREE EOEWIT VRN 1 IREDENI L DR
7EH Z EITARRISIZ

B A ARERMEIIAEEICKE T LE (dr =101, 2o & &4
U RERST AT VA~ —%2 U hFvrsa~x NI o7 40—
Wz TR AR AR — F 45 ~ L&

L VRN, 3 TROK

BF;*Et,0 ; o O
Nal J 47, NaHmDs
\/\_/\OH - \/\—/\I : N o o

46 MeCN 47 i pmpo —/ THF,-78°C
H 0, ' N 83/0
; 0°Ctort ; Bn dr=10:1

94% . 48
------------------------------------------------------------ (ent-10)
o O H,0, o CH;NHOMe+HCI
W/\)J\ JL HORH.0 W/\)]\ DCC, bMAP
— 2 w / THF/H,0 — : OH CH,C >
A 2 P~ Hz |2, rt
PMBO B \\\’ 0 oC to I‘t PMBO 2 Steps 64%
49 bBn 50
(0] CH3P0(OM9)2 0
1
\/\:/\)L Oome " Bl \/E/\)j\/ ~
Y Y + "OMe
PMBO | THF pMBO  Me©
51 -78°C, 97%

Scheme 12. & AR %— | 45 DKL

19



223 T/ATE K39 DHFM

FEWVTCREEI O T VT & R 89 Ol A1T 57220 (Scheme 13), D> 7 v ~77
/v (B2Zxt L Baeyer-Villiger B8t #1777 b 53 & Liz#k, A X /U RIZXKDT
7 M OBABRIZE Y 54 #4%, Swern BR{LE1TH T & T39 ~LE T,

MeOH
mCPBA cat. H2304 A~ CO:Me
HO
CHZCIZ,
2 steps 79% 54

(COCI),, DMSO

Et;N
- OHC _ ~_~_-CO:Me
CH,Cl;, -78 °C
87% 39

Scheme 13. 7 /L5 b K 39 mifil

2.2.4 C6IARAFRBEADKRFT

RARR— K45 LT VT & K39 &L/ 72®, L-proline & 7z C6 L A7 D
A KO HWE KOG & % 55 OFHl 2327~ (Scheme 14),

), BEEND FEIZHEV DMSO I CTREAT IV R— IS &{To> 7%, VAR >y hT
RARF— b 45 & LiCl X' DBU Z /12 T HWE RS & T 72 & 25, EMRIRA M E 5
2 DI E 72 (entry 1), = DJ5 K % LiCl ® DMSO ~DEfEMEDE S IC L 5 b DL E X,
DMSO ~DOEEFEN L0 @ LiBr 2 AW TG E{To 72 & 25, 2t 55 Tid7/e< C6{if
W27 27 FUENEAII TV E6 OARE LI (entry 2), ZAUXT /LT B K 3928
RETI )XV ER ST, TOFTERARF— 46 UGS LIERERTH D &
Ezbhb,

T2 S fE 2 mat Lzl 24, HikE LT Cs2COs ZHWTERIR FTRIGETITH &, 56 &
EBHITBE BELND ZENghoTe, BHILZ 55 IIALERILEMTHY, FHE U D
FNERNDAN T AT a~ NI T 74— XD THL 0T 22 LA LIZ720
55 (X ERM O F F LREDORFHI A=,

55 O N-O fEGOUIMNC X 27 VLT Va3 —)u 57 ~D W% 577~ (Scheme 15), Entry
1R TY, satd. NH4Cl aq. % WA ITIEBOGNTEIT L2 o 72, & 2T 2l
ERWTRIGERFOmF 21T o728 25, 57 7&?%6 ZEIETEREN, TONRITE DOV
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bDOTIEH R o1z, 8B, Bz 57 OEN Do 7-7-%, C6 fDNARLFIZRE
DIEIIIRE TE R o T,

PLEDOKWFINOERFTT I )23 LB CONDORFAENITEH LW E WL, 881 &=
TS LT HIEIC > TT VT b 42 4+ 5 2 Lz LT,

L-proline OHC\‘/\/\/COZMe
PhNO (40)
—_— )

OHC\/\/\/COZMe R
29 DMSO, rt NH
Ph 4
o o
o~ ~APe Table
Y * "OMe
pmBo MO
45
o)
S 10 9 N6 C02Me
PMB(=) O.
r;lH
55 Ph
(o)
— 10 ) P a CO,Me
PMB(=) 56
entry conditions yield
1 LiCl, DBU, MeCN, -15°Ctort complex mixture
2 LiBr, DBU, DMSO, -15°C tort 56
3 Cs,COg3, rt, DMSO 55 (52%) & 56

Scheme 14. ofH C6 (LA AE A DT
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o)

— 10\ A8 CO,Me
PMB(E) (O
l:lH
55 Ph
(crude)
(0]
Table — 109 a’ CO,Me
—_— I
PMBO OH
57
(tentative)
entry conditions product
1 satd. NH,Cl aq. n.r.
2 Cu(OAc),, EtOH 57 (2 steps 11%)
3 CuS0O,, MeOH 57 (trace)

Scheme 15. 55 ® N-O fE & UM OfEt
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2.2.5 TATE K58 RUEH Mk 66 DFFR

Cefrict Rux v iaHF4 57 /17 b K58 (=42 PG2=Ac)Difi#ix Scheme 16 |2/~
R T 5 htE L7z,

AN 72 JFEN T 5 59 12k L, Creegee D HIEIZ LY 60 24572 2728, 60 DT /LT b NIk
WX LB =~ 7 32 7 A@DEMEET 622948 L, % 1 TR HIEIZLY
Sharpless O EFHIIF 0 EIZIT > CTHRFIEMR 63 Z157-1%, 2 TROEBRERTT IV
T B K58 ~LE\ =, 1 FEOLE L RIERIZ, 68 OYFMAL X3S T 5 (R) & UNS)-MTPA
TATN~EEML, TH NMR A7 bV 21T 9 2 LIk V>98% ee TH D Z & Z i
BLIZB8ICOVWTHT LT B RO =B~ —(kiZ ko TOEFEMEIME T T2 B8F 101 H
ST EMD, FBRBITESLHIZRORISIZAV,

03/0,, NaHCO;

CH,Cl,/MeOH ZMgBr
-78°C CO,Me 61 CO,Me
O T OHC/\/\/ 2 [ /Y\/\/ 2
then Et;N, Ac,0, rt THF, -78 °C OH
59 60 2 steps 21% 62
L-DIPT
Ti(0-iPr),, TBHP /Y\/\/COZMe 1) Ac,0, Py, rt OWCOZME
> —_—

CH,Cl,, MS4A OH 2) O3, CHyCI, OAc

-20°C 63 then Me,S 58

>98% ee -78°C
3 steps 26%

Scheme 16. 7 /L5t K 58 Ml

TNATE R B8 LTI L 7oA AR R — |k 45 & D HWE FUNMTEICE « @ ARSI
WZHEAT L, ECAEUTBMBEMEE Y BNV~ N7 74— XV T 52 &
THIFL72 64 (= 481 PG2 = Ac, PG>= PMB) % #572(Scheme 17), &IZ DDQ % i\ T 64 ®
PMB fZPifri# L, RN THM L7 Zn(BHa)2 TUEET 2 2 & TENLAERIWIIZ vicinal
anti-diol 66 (= 44: PG2 = Ac) % 157-(Scheme 17) % 157-(66/12-epi-66 = 95:5), MENZEIAE
L7z vicinal syn-diol IZH M U W T NVERNDLFED T Lo a~ NTT 7 4 —I2XK 05
Bt - BRE LT,
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0 (o)
\/\_/\)l\/ P
— 1 “OMe

2 MeO
PMBO

4Y\/\,C02Me
LiBr, Et;N, © X . 58
c >
THF, rt
45 85%
o)
- Z COZMG
PMBO OAc
64
ElZ=20:1
o)
ﬂ, — A~ NE CO,Me
CH,CI,/H,0 Z
0°Ctort H OAc
93 % 65
OH
Zn(BH,), \/EWY\/\/COZM(;
THF, 0 °C S
70% HO

OAc

66
anti | syn=>20:1

Scheme 17. 9,10-anti-diol 66 ML
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2.2.6 COfrkt FuXx v EDBIRAEEDOKRE

66 © C10 2D & R % v BTk 2 IR E L AT, Bl L2 FFo o4 — L
OBIRAVEEOFIFI D HIEHET H L 29, 66 D CIONLE Rl C10fite RrF T
INRMBREICER S DD EE 2 LND, A, C10MLORFEILHME & b sp3 IRAKELE D
IRFITHERE L T D DT LT, C9 MLDRFEIT sp3 IRAHLE DRFE & sp2 IRAHLE DR R
(8hr) ICHEENTWD, 2D, CONrt FuF o EPHIL Cl0ie Rufx o fF
PHEV G, ENATIEHDHN, VEICENTND EEZBND Z NG, CIfiLk FuFk
T CI0fte Fr ¥ LY EIEMICRESND LB R T,

FE ONAREEE I HUR 2 i ML & U C TBDPS 423K L TRatafro7- & 2 5,
W X < v 5% TBDPSCL/ imidazole / DMF S8 Tld4 < RUSHAHEIT L7270 »
7= (Scheme 18, entry 1), < Z Tk v SO E W TBDPSOTS / lutidine / CH2Cle D54
ERRET LI, B Z LT, BIIEE T b2 JUGDEETT L7 > 7= (entry 2),

X 0 W Z V72 TBDPSOTS/ EtsN / CH2Cle /0 °C S:fE TRIGZAT 9 &, T
HLHM CYfirt Fr ¥ U EAEBEMICRETE L LA RH L (entry 3), 2D & X C9
fr & C10 AL J5 7% TBDPS 12 L » TR S - AT BLII S ey o7=, Lo L
O, BRMEIZ1.611ICE EED L& HIT, RISOIERG RO TR S, KEBS OB A S
N, EREOR EEZ B L TR VIKIETORKIE BRSNS, —5 CLLFTRE L7546
WZIZEBRA AR S 41D DA T > 7z,

ZZETOMRFIE Y TBDPS i 66 DR L L TIIARHUITH DL EE %, ®IZ, =&
TIVRIEEL OB EZITH) Z L & Lz, 66 @ C6 i Ac J& OXBIDOMLIEN:%ZEE LT,
Bz 2 Hii- /il &b UGB LRR 21T - 72,

M%) Bz20 / EtaN / CH2Cle DEFIZIH W TRIG A MRFT L7223, =il FE ToOFE CIERE
MWL EIT Lo T-(entry 4), & 2T, XV 3#J172 BzCl/ EtsN / DMAP/ CH2Cle D51
THRELLIZE Z A, FERZERICHEEL, VXY 2—F T1 27T%) & EbicT /R
T—h 69 & 70 2’ 2:1 DRTHELNZ, PERITWN ERIEEREZADETH 20%I2H
722 oo, RRISIZEWT BzCLiZ 1.2 Y& LW TW e o772, 66 D Bz 2k 3
AT ) AT LOBRETIED D = L IXREETH 5 &l L7z,
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AN N~ CO,Me
HO OAc
66 °R1
Table _ 1:) 9 CO,Me
R?0 OAc
67: R' = TBDPS, R? = OH
68: R' = OH, R?= TBDPS
69: R' =Bz, R>=OH
70: R'=OH, R?=Bz
71:R'=R?=Bz
entry conditions products and selectivity yield
1 TBDPSCI (1.1 eq.), Im n.r. -
DMF, -10°Ctort
2 TBDPSOTf (1.1 eq.), 2,6-lut n.r. .
CH,Cl,, =78 °C to reflux
3 TBDPSOTf (1.1 eq.), EtzN 67:68=16:1 trace
CH,Cl,, 0 °C
4 Bz,0 (1.2 eq.), EtsN n.r. -
CH2C|2, —78°Ctort
5 BzCl (1.2 eq.), DMAP, Et3N 69:70=2:1 16% (69 + 70)
CH,Cl,, 0 °C 27% (71)

Scheme 18. 9,10-anti-diol 66 &R FI{FH D FE]

66 OfRFERL L LT TBDPS J& & Bz B2 HWEAICIEME T 5ENE LN T
DT, S HITHORELEZ AW TIEN 2 RFE LT Lo, TSR OFE R, nBusSnO %
T vicinal diol Z2LEE4 5 Z & TERIRA X T v axy RHEEENRAERL, YRy R T
TBDPSCl Z/Z 2% Z & TuEEED/NS Ve Frx v kohz TBS A TRETE D L0
I HEE O30, ZDHEHEIZ LT, 66 % »BusSnO / MeOH TALER L 7= 1% 12 A
124 MeOH ZBrZ%E L, TBSCl/ TBAI/ DMF #x 5 Z & TT3 B35 51L5 D TIX /2
M EWFF L72(Scheme 19), L2 L, E&END ZOKGTEETET, BHETS 73
ERDHZEIFXTE ol

I ETOKELY, FHFHIL vicinal anti-diol 66 2%t L TIRINAJICIREZ T D Z L1
FHEFICRHETHD LWL, CONMLE Fr¥ s CI0ALt Nr v i KR 5720
TelR TR RR T HZ L L L,
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Scheme 19.

1) "Bu3SnO
CO,Me MeO;//reflux .
2) TBDPSCI
TBAI, DMF, 80 °C
COZME

OAc

nBusSnO % V7= B BRSO 3

27



2.2.7 PMB EHFETIZRIT 2 BINART

Z 2 TEHIL, PMB EDOFE FIC 64 D CONMLHNR=NVEDETLEITY, AL R
F DO L C10 iz PMB EOBERABILRFEIZ LY, COfiie Frx I Eafki#E I, C10
PICHEfED & R e U2 FE O RAR R LN D DO TIXAR WA LB 27z, PMBO #0fH#
JRF13e Fu s RomHEIR 1 LRI Lewis BRO &8I DEMIAEEZ A L T 5720,
T4 R TERIRIE AR TR AT TS, b oo ENEREO A & RIBE/RR M
WHTHOTIT W EB T2,

FEBRFT 24T o 7245 R % Scheme 20 (25877, ®IoAl & L CIEATE & RIS Zn(BHa)2
RN LTV, BT OWTIE, @RIk 2% nEEs THE X0 K0 Et0
WD Z & TEIRMEDRM L2522 WFFL72,64 125 L T—15 CTEILEZIT-oTZE
A, 10 FEfERRE % O TLC THEM K > T\ D 2 E R ER S, & 2 CHUNMEBE % —10 C
IZHIRL, SOICHRHBIRLI-E 2 A, RISHTER LT 76/9-epr76 =152 DT AT L
F~—IREWN 81%DINRTH LN, ZDEE, CT-C8 (L " HEiEANET SHI-FIE
B4 76 ENR B LR SN, TOZ E1E, RRISIZEBNWTIE= /0O 1,498 2
STWVWDL I EEZBEKRL WD, VRBRIRMEIIKIR T CRIMOIGET S & E5-9 5610
WAL, FNFHRL7Z Zn(BH)2 1% L 64 @ Et20 IR %2 —40°C TN 2%, NISIRE
Z—15CIZHIE LT 19 B UG S /72 & 2 A, SEAREIPEIL 75/9-epi75 = 20:1 £ T
U2, 75 OULRIT 49% F T T L, 76 DEIEANEM Lz, 2B, ZOMLTAELE
MY T AT VA=W T Lru~ NI T77 4 —IZ X0 ERREECTH -T2, IREW
DEFROKISIZHND Z L LT,
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o)
- 10

PMBO OAc
64

Zn(BHy),

—_—

Et,0

OH
—_—

— 10 6
81% Y o
PMBO OAc

75
anti |/ syn=15:2
OH

Scheme 20. 64 (2% 3 % anti-i®IRAJETT
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oS 6 CO;Me

©

H

2

MeO Znl .
: | 4 '
OMR

-15to-10 °C R OAc
74

COZME

COZME



2.2.8 oSHRERK TT DERK

75 (75/9-epr75 = 20:1) 75, Scheme 21 (27~ 5% Todtif#IA 77 (= 34: PG = PG2
=A)DEREAT 2T,

75 O CY it Fu & BR324 OIREESIFICH L TRIETH v, TBDPS %, Bz &0
WTNORER B GHNRD T,

B fB9121E AcCl / DMAP / Pyridine % AV /=B ICME—SOSHSHEAT L, BT X5 /L 78
ERFD LN TEI, EWNIH, ZORRTCINIZKIT D VT AT LA~ —055#ED Al6E
ThoT,

DDQ 2 & % 78 ® PMB MO ARFEI LI HEIT L, ofHfREIR 77 2157280, L L7
WH, TTIEC6HLE COMDE RurF RNl biz Ac ATHRESNTEY, b 250
Ac REILZXRI L CHRETDHZ EICIRENFEEINT-, 2D Z &1, Scheme 9 (15 H
ZHR) Tik-7- nigricanoside A DO NLAR(LFIRIE D 7= 8D D IFAMME & RATT 5 ECREFICAR
HEEbniied, GAF—LEREL, C6fitt FuFx v IORELEZET Lk LA
IR DGR E BT & & Lz,

OH
. O % CO;Me
PMBO OAc
75
anti | syn=15:2
Ac,0, DMAP e
—>°2 : \/E/\*/Y\/\/COZM(e
Py 2 Z
rt, 85% PMBO OAc
78
DDQ OAc
—_—— _ 10 N 6 CO,Me
CH,CI,/H,0 )
0°Ctort HO OAc
79% protected a-chain (77)

Scheme 21. afHfR#EK 77 DAL
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2.2.9 HERBoHRER 79 DERK

AIEORFHZ LY, 76 D COfrt Kua X T HOMR#EIT Ac e TOAARETH 72720,
Cefrt Fm ¥ Bt Ac L& KB FREZRBIDIRER CRET DL & L, £D72®, T5
DEMEALE BT NAT e R7F 7 A bk Fax v Eoff#iLs LTyl ar (S %
DOIRFELZRIR L, KRR af{#(K 79 (= 84: PGl=Ac, PG2 =TBS) DA Z 1T > 7=
(Scheme 22),

TIT e R7F 7 A MEiERA 63 (Scheme 16 M) (2xF L C TBDMS #(C k 5 {## %
TV, e AV U0 7 VT e K80 ~LiE -, 80 LR AK TR — k45 LD HWE
FISIZE 055 811k L, antr- & IRWIZRETTOMF 21T > 72, Scheme 20 TE 51
TR Z S LICRITRE AR L L 24, RISIRE —40 CTIRTTRR anti-ERMED
FEHLL(82/9-epr-82 = 20:1), HFEEDULHE(40%) T 82 #157-, 82 D CIfirt Fm ¥ K
ZAc HETHEL, BTOBICENCAE U COMICHT IV T AT LA ~—%2 i+ 5 =
Llckv, Cefr, CONL, CIONMDE RFux iR x OERE CIR#E SN 838 2 AT
HIENTET,

%2, DDQ Z AT 83 » PMB R4 ifri+ 2 2 & T, aHiiRi&IKT9 21572, 79 D
C6 iz & CONLDMPRFELZ XH] L Tl X IZERET D 2 LIRS Th 572, Scheme 9 DX
AHRIE 2 Fhi 95 7 I co- i 7 A R THD EEbRS,

FEFIIIIZ, nigricanoside FHD GG HAL DA EIZHE F LTz,
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N CoMe

1) TBSDMSCI, Im, DMF

° CO,Me
0°Ctort - o = 2
OH 2) 0,/0, OTBS
63 then Me,S 80
CH,Cl,, -78 °C
2 steps 68%
0 o
\/t/\)j\/?‘ome
pmeo Me©
45 (o]
LiBr, Et;N
.~ _ 1-0 S _~6 CO,Me
THF,rt =
83% PMBO OTBS
81 (E/z = 20:1)
Zn(BH,) o
n
4)2 _ 103 ~6 CO,Me
Et,O =
-40°to-5°C PMBO OTBS
40% 82 (antilsyn = >20:1)
OAc
ACC|, DMAP L 10 5 = 6 C02Me
Py. =
rt, 92% PMBO OTBS
83
OAc
DDQ PN NN CO,Me
CH,CI,/H,0 =
0°Ctort HO OTBS
82% 79
Scheme 22.
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2.3 GG EBALREMA 98 DERK

GG HNfRERDOERIT, 7V B a— iRk E BT 7 b —AE#RIC L > Tr ) a2
b3 5 FIETITo 7=,
2.3.1 ZUto—/{R#k 84 DRMR

Scheme 23 (2R T HIETHAME TH S 7Y £ —/1 84 Zi#HL L 7= 32, D-mannitol (85)
L acetone LV G IFMEEZFFO7 & M A NIRGEIK 86 #157-, 86 (Z%f L, vicinal diol
HWAEa vERT N A TBEBEA LTI AT RFE L, THONOBLEITI 2
& TG 84 2157, 84 OWFHME I IXfIET % (R) K O(S-MTPA =27 /Ld 1H
NMR A7 FVRET, K OBEEHWE & ORENE D HERIZ KLV >98% ee Th D Z & ZHfEsd L
77

1) NalO,e 1/2H,0
OH (:)H ZnCl, o (_)H satd. NaHCO; aq. o
HO - acetone O A CHCly, rt
\/'\i/Y\OH acetone \)\/\(\ o - O\)\/OH
O rt = 2) NaBH,, MeOH, rt
OH OH OH 07k 3 steps 35%
85 86 84

Scheme 23. 7' U & o — L{f#{k 84 D

2.3.2 Koénigs-Knorr 512 X 5 GG LR EEORBORE

T, 7Vt — Ri#ER 84 L7777 b—RAFFHER%E Konigs-Knorr {512 X 0 H#fE L
T GG ENIRER TG D FIEORF 21T o723, 77 F—AFFHEED C2/itk Fu ¥k
FEORGEIIT, BHEBE G LV B-IR 7 Y a 2 bR IFRF T & 2 = A7 VR IRGER A H
WHZ et LT,

Scheme 24 (2774 X 912, %9 D-galactose 87D T XTDOE KuFx s 7T /NIHET
{R3 | C 88 L L7-#%, HB/ACOH % IV CT /) v — (D7 £ F LD HRAE TEHR SN
72892\, 89 L7 Ut — LK 84 & @ Konigs-Knorr 7'V a2 b & {To 72 &
A, BRpr U v R IIBELNTLDOD, BRI LI Y Ea—LERO RO
HODOSREFER KR LT BZ B 5 91 BRI LT, 90 & 91 DIREWITx LT,
NaOMe/MeOH (2 LV 4 _TD Ac FEDOMifri&EZ1T->T 92 & 93 DIREMITHE, £D H
NMR 27 MAEHTIC LY, Wi~ — DA 8:1 THhDH Z L ZRELT, EEHD
X, Zoxzv~—bDFEK %, Koénigs-Knorr is CHWZ Io DL A ABEPEIZ LY 84 DY
FHVITURPHHL TAF Y =0 LA F PR EZAET, EHEOE Fe X e
VEXRY T UBREENT O TEORRIAZ RELET L2 LT, 84 0—#7 & Ikhikd
ZolltheBE L, LERMLARNWTZIORINEIT ) ERISRHPELS 20, RS E
LET L7z,
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VLEDORRNG, W2, PV Z7mua7® b I¥— &M % Schmidt 7' U =23 /11k,
Bakat+ o2 & e Lz,

OH OAc
HO AcO
" o Aczo Py HBrlAcOH oo o
rt, 64 AcOH rt ¢
HO OH A) AcO OAc 93% AcO Br
87 89
o
AcO
AgZCO3, cat. o )( o o)(
Drlerlte AcO O\A/o
CH2CI2, rt 0 AcO
OH
NaOMe o )( HO o OA(
MeOHrt + o °\¢/l\/°
2 steps 61% HO HO
86:87 = 8:1

Scheme 24. Konigs-Knorr 7'V = 2 /WAL DR

2.3.3 Schmidt 7'V a2 VAL ZRHE T 5 GG ERAIREAE 98 DERL

Scheme 24 THE7=F A 88 12 L, BEEID J7ik 3020 - T C1”MED Ac HD Fr 7% Wi fri#
LT94 & L7 (Scheme25), 94 ZxL, WK ELTDBUAHWNY 77 E =]
U/ (CIsCCN) tissErZEThYzuar7w hA I 4 — 195 2=, Z0D
L X, 95 O CIMEDOMAKLFEITHOWNTIMED H DR LGB N0, —HpIRD L D AR
FELTCWe, RUzwma7 & b IX— b 95 IR RG ChoTeled, BT L6 m~

k777 4 —D%IZ EtOAc / hexane 7 b i &1T 5 2 & T, oD H% B L TLIED
FEBRICHEA LT,

95 L 7'Vt u— 84 &£ dD Schmidt 7'V 2L UL ERFI L& 2 A, MS4A OF/ETF
fibfi &> TMSOTS % Lewis fe & L THNA 5 & RIS HEIT L, B-i@IRAYIZ SCERBEFI O 90 73
BHn®, ZOXETTIE, ZVtr— Sz ~—{bidBE IR0, 90 D
Ac a2 % 7 U Z (KeCOs/MeOH) IZEVEREL, 7 74—/ 92 ~LEH Wz, 92(C
%L, C6"ALD—#kt K% 3% TBDPSCI/Imidazole / DMF TEIRHJICIR:# L T 96 IC
HUN2,96 D 3HOD 24kt Ko ik% BzCl/ DMAP / Pyridine TR## L C 97 & L7-1%4,
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H&/JM% % HF « Py TBrET 5 2 & T GG BB IAA#IK 98 2 15%7=, 981
IZZEREEMTh 5T,

7&2@%% %, 98 D 1#kt R o Ay 2 BB IC 2 F7> 99 (= 37: PG+ =
L, BEHMRER L ERT 22 & TH DO,
W, 99 & DHEFED T D UGS

. RAFL

AcO OAc
88

o

HO\/\,O

cat. TMSOTf
MS4A

CH,CI,
-10 °C 72%

TBDPSCI
Im

DMF, rt
49%

TG MEN B

B2) 225 H#

ZORFHNZIENL D, B S -psHE T V& H
HERRTDHZ LT Lz,

OAc DBU
AcO CI;CCN
(NH,),CO; o MS4A
——
DMF,rt  AcO CHZCIZ,O °C CCI3
81% AcO 'OH
94 95 NH
_ Keoy )(
MeOH, 91%
HO
(smgle)
OTBDPS OTBDPS
HO j( BzCl, DMAP j(
o o
HO Py,o
HO 48% Bz o
96
OH X
BzO BzO
0 S Y B - 0 2
BzO o _~_° BzO o _~_°
BzO BzO
98 99

(X = OTf, Br ,l etc.)

Scheme 25. GG A PRFEAR 98 DAk
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2.4 PHETNVOFEBEL GG EFALLREAE L OB OKRE
2.4.1 PEET NV 100 OFFE

FHIIBHOET L E LT, 100 NiEYITH D &5z 7= (Scheme 26), ZDOELHE, D100
ED TR ATAVEEZGET D 2H/TVa—LThY, EEOEEICHWD Z & &7 E L
TWHBRHT T 7 A b 86 LHELIL TS QLEAMMEOILAEM TH D, BRI T A
T LAY —2ELR QRWVIRFEHOHTIIRIZ 2/t Frx I E2FLTHY, 36128
ILTW5; @R EIEPBEICHE SN TE Y, oo D a X R 3D DL E,
458Th D,

WA SN FIECEY, HlRO Y7 a~x4% 2 > (10DIZ%F L Baeyer-Villiger B2t %17
W77 h102 & L72%%, HBr/AcOH VW T T 7 b U EBRZBIERT S L L bICKRE Fo
XA BricZ#il, oAy hCEOH #Mx 52 ik > TCw-7rEZZAT/L 103
=AY

wiZ, T diethyl 3-oxoglutarate (104) % 103 TAAIZHIR (T vF%ufk) +52 &
T105 & L7z, 105 D 4 DD AT )V MK R LIz R IS T CRUREE 21T > T
NOANVREEE L, Fisher TAT /UL TY A FIIVE AT )UIZESL LTI R DIET
ZATH Z L TRHHET /L 100 2GR L7z, ARk L7z 100 OFFET —Z ITmESNTZbD L R
W—EER LT,

(o) o
mCPBA o HBr/AcOH, 75 °C
—_— _——— /\/\/\
CH,Cl, then EtOH, rt Br CO,Et
0°Ctort 41% 103
101 65% 102
T eaaeqy T
o NaOEt, EtOH o
reflux
—>th 0301 EtO,C CO,Et
EtO,C  COEt 'NaOECLton Et0,C  CO,E
104 reflux, 46% 105

0,
1) 20% NaOH aq., reflux OH

then conc. H,SOy, reflux
/\/\/\)\/\/\/\
MeO,C CO,Me

2) MeOH, conc. H,SOy, reflux
3) NaBH,4, MeOH, 0 °C to rt 100
3 steps 37%

Scheme 26. BEHET /L 100 O
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242 GGEZ AV 98 D 99 ~DEH

BHAET /L 100 & EBRICHAET 57200 GG & A > b &5 572912, Scheme 25 T
L7298 D14kt Fuo i BilELic 284 LT 99 128 < it % 1T > 72 (Scheme 27), £ 77,
BEERE DB S 2 BB L COTEIR (KU 77— MER) ~OEBERRTD, BIMCHAERL
7-DF=% AL 7 42107 THoT-(entry 1), Tk, VU 77— MEXHEIT L7212,
HOTf OHENREL = 57 fER TH D EEZ DD KISGRHRMEEZ TRTH5Z L ThY
77— FOFH - HEEARATN, HZETHZ LILTER1oT,

FITEEIINI 77— MEEXVBLETH LD LB D a7 ALY ~D I % 7 I
HZ bz, LoL, LEAWD I I ~DEBRORATIL, entry 1 & [FERIZ 107 23
4 Ulentry 2), CBrs/PPhs/Imidazole |Z & 2 BALM~D KT 4 < #E1T L 72 h> > 7= (entry
3)s

WIT, Py T— b ~LZEWT 5 Z L Al T=, 98 % TsCl/ DMAP/ Pyridine &\ 9 4
AW TSR CHRICZIT> T2 GA ST #ETET, R Z BT 2 D0AH TH -7,
—75, TsCl/EtsN / MesN- HC1 /CH2Cle % VN2 HZ B D4k 39123 T, BSOS ITHEST
L=t oo, 0030 BN = - T 107 B4R Liz(entry 4), —F, AT — b ~DOZEHL
ZHETITo7E ZAEBETH AT — k106 @R (81%) Tz, A¥7—Fh
DS A~DZEHII AN KD o T 728, 106 % WV TREHE T /L 100 & O SOt & M4
HZEE LT,

OH X
BzO )( Tabl BzO )(
able
0 2 0 0 o
BzO o _~_° BzO 0 _A~_°
BzO BzO
98 99
entry  conditions X product
1 Tf,0, 2,6-lut, CH,Cl,, 0 °C -OTf 107
2 I, PPhs, Im, 0 °C tort -l 107
3 CBry, PPhs, Py, 0 °C to rt -Br n.r.
4 TsCl, EtsN, MesN-HCI, CH,Cl,, 0 °C to rt -OTs 107
5 MsClI, Et3N, Me3N-HCI, CH,Cl,, 0 °C to rt -OMs 106 (81%)
OMs . ormTToTmmoTmmmmoosmmmmasnmmnnemnes
BzO )( BzO j(
% o b Do 3
BzO O\/\/ BzO OW
BzO BzO
106 107

.................................

Scheme 27. 98 DR 99 ~DZEHL D i
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2.4.3 BHIET IV 100 & GG EBALDOEAE DORRFT

BEHET /L 100 MO L7 /13X K108 & AT — K 106 & D Sx2 Kz L %
FEROS % it L72(Scheme 28), L2cL7elin, flix OFRMRFHI LD LT HINET S
109 135 bR oz, ZORIGETIE, =% VAL 7 42 10T 134U, FE 106 73R
JEDEE RN S NT2728, 106 L TN 108 O SRR E S EHL S OHETT 2 15 1T 72 O Tl
MEZEZTND,

Scheme 27 D entry 1 DFEFTRY 77— b &AL LD L LEBIC=X Y4 L7 0
107 AL Z &0 n, ZOFRMIZEBWTIRIG RN T—RFIIZ Y 77— F3ER LT
HEBEZBND, £ZT98% MU 77— Ml ORISSEIITST LTct, YRy T 108
EMZHZETHRETD 109 G HLND D TIZARWNE B X2, A28 5 entry 1~
4I\TRTIEY, I, R, WRASALEX THLHME T LAY 109 13567, =% VA
V7 4 10T B ELBDHRTHH- T2, 708, entry 31T #Y, KA FIZENTIE NI 7
7— MEbED TR RISBEIT LR > T,

Me02C(H20)5 (CH2)3c02Me
B O?MS MEOZC(Hzc)G (CH2)6C02Me \é/
Z
ojr‘ ONa 108 BzO _X/
BzO l/—\_k/ O,\/\/ ,/// s BzO (0] o :9 o
820 DMF, 0 to 80 °C z ~N
BzO
106
109
OH
BzO ‘BY" 108
o o Table
BzO o _~P° o > 109
BzO
entry  conditions result
1 Tf,0, 2,6-lut, CH,Cl,, 0 °C, then 108, THF, —10 °C decomp.
2 Tf,0, 2,6-lut, CH,Cl,, 0 °C, then 108, THF, 0 °C to rt decomp.
3 Tf,0, Py, —40 °C, then 108, DMF, —40 °C to rt n.r.
4 Tf,0, Py, 0 °C, then 108, DMF, —40 °C to rt decomp.

Scheme 28. 7 /L% K 108 & GG #Br & OERE ST
UL BN, GG REBFREL L CHEEZIT Y 2 SITEBROBEE /A b &
WG ETOLREETH D L PN, £2T, GG L2 RERE L CRHTET L &
FETOMETEIT) Z BT LT,
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BEHET /L 100 IZxf L, HIZDHDERMIZEY FIAbEITV F T — bk 110 #4572, 110
Z GGEL & OEFEICHB T HREFREE LTHW, 8N BRAESHE-T /L aFx v KE D Sn2
RS ROG &2 AT, R 2 80, BBV E 72 109 #1525 Z L X T& 720> 7=(Scheme
29), FEEBROTFIEEL LTI, £7 NaH % hexane T L7-%IZC DMF IZf#E L, £ 212
98 ® DMF Az KIR T T F+5 2 L Traafky RhfEoMEZ{T-7=, LarLZ
DEME TGN Z TLC THolrd 5 &, HEF98 D AR > MISMIZHD AR > FAHELL
TWDZ ENpoT-, TD%, 110 ® DMF EEZ KB TR FL, L6 < ER TRz
B2 L7223 TLC ETIERISOETIIR 6T, FUSEIR 2 ML THEE NS 2 D7
TohoT-,

TsCl, Et;N
MeO,C(H,C)s Y(CHZ)GCOZMe Me;N-HCI » MeO,C(H;C)s Y(CHZ)GCOZMe
OH CH,CI,, rt, 92% OTs
100 110

MeOZC(H2C)5 (CHz)GCOZMG

OH
620 j( 110
0 o NaH
z0 o _~_° -

BzO DMF, 0 to 80 °C

llo

Scheme 29. K7 — |k 110 O & GG EA7 & DAL RS

98 /16 7 L3 X v KR A RS 5 BERE T LA D AR 3 A U7z JRRIC DT
Scheme 30 [Z/RT AN =R LMEZ NS, £7, 72— 981Zxf LT NaH #{EH &
HoHE, C6fie Rux v Eo7m hUPRRIEHINT LaFx Y RIILZ4E L2513 Th5D

(B B—=hF A NatiTEM), 1118 b7 — bk 110 &5 7 SN2 Kt & =3 &
HEOE T2 109 08565 Z L2250, ZOLE COMNDTIVaxy N7 =4 F C4”
fi7 BzO #& & ZEMIISEHE L TV D 72, 3 FEBOGICESE LT C47 Bz ZED LA =1

IR LT TSR ZE Z L, 11218 TRIRT Vaxy REERT L EE2 615,
N2 FTRORTRLEZBFBEICLIVFORT LaF Y FIIL ~ERDL I ENARETH D
2, BORKHITRLEETFBEINEZ 5 & CANLO Bz J3 COMLIZHRE LIz fiT-7e 7 L=
¥R M3 AAERT D LI/ D, 118 1 HIXHT 109 B EFLNRVOEIZGmD Z &, C3
NED Bz Jes C4 T v a sy REMLICHEERS L7210, & 512 C2Wid Bz 3 #7124 Uiz €37
TNhaxy NEICHEET 52 E AR TH D, DL EDELE)ND, 98 # NaH THRELL 72
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B TLC THERSNIZEZ D AR v ML, Bz W34 ([ZHER L7 FATIRAY O LR A T
RIFRTHD LHEER Lz, —RICT VR, TEICE Ro XU EREET 5541213,
WAMEIZ LY, KONREED/NS ot Fa v RICiER LT WEIAH Y, C4MLo
2kt Fe o Bz K23 K0 S REEO/NS 72 COED 1#k e Fa kU EAICEER T 5
ZriFtnEALND,

%72, Scheme 30 (Z/8 L72EHICHWT, 112 O~ T B X —/WTRER 6 BRiEE L
ﬁbf%ékw,wﬁ%%w%Afﬁﬁ%W’fﬁbfwé%®k$bﬂéo; D
111 DA ERERZANT S5 Z SN Y, 111 22D D RUSER DAL LIZ fé%l
D1IOThHHEZEZTWD,

LEDBLZIZE Y, GG Ef A REME L CHEERISICHWDHEIC, 26ke e 5L
ORI E LT AT VR IR#ERLZ VD Z EI3AEUITHD L1 L, BloR#ELE A
WTC 2kt Re XU RORELIT I MEE21T-o 7,

© Base
©
o —» 070
B20 0. _Z_0 DMF 0 2
~ N\ 0
N BzO 0O _AL
BzO
98 111

o
| e—\/—\
©0 (o)
(o) j( 4_ (0 j(
o) (o) 9
z0 BzO 0 _A_P°
BzO

BzO
112

llo

Scheme 30. 98 ® Bz Ml S HkE

T h—A%ET 6 HpED 24kt Fux v Eof#EL* B E LT, WANICAVWOHh
TWADLREIL IR D 5 FIZ KB TE 5, DAc £, Bz e O 27 VA R#E; @TBS
i POV VRIE#EL @7 & hA KA, MOM 72 ED T & 7 — LRIk @Y
— M E S L CIRET HBRIR U U LU RELIFERR Y v a0 R IRER ©Bn K,
PMB #:72 E DR DL Rl i,
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GG B 2R E L THWD RICBWTIE, O AT VRRH#ELNREY THDH Z Lk
BRI AT, @3 U LV RIRH#ERIZ W TIZ TBS 28 2kt a3 EoR#Ic v bh b
ZEMZWVH, TBS £ Bz S L RIRRICTHET 27 /L af v RZEER LT VW L mbi
TV, TBS LY &y TBDPS JE=° TIPS Ji7p L%, 92—96 (Scheme 25 ZR) DL
IS BB Y, —fRICSREEO/NS R 1k Rax v ERof# I ons, i
TR K D 2/ PR U ERORE G RATRETIZARWA, E#ELIZW D)ot FeX
T ERRHCAAET 2 LER D 245100 HIIZE AT 513 B ENRRKE S, HLWES
2bhd, —J, @7 v —/VRFRHERITEB 2L 2 S0 &0 D ST bl 7 fReg L &
FRADD, BREIINCENOEZRBLBIC IV REL T EEHELIBEIC, RUL 7B — G
ROV Y a3y NEEGPRHERDITLE BRI H D, @O U L R0 LEIR Y
g X RIELICHERBOREESH Y, MEAKLAEMTH L0, WYH LIS 2k
WwelBbiha,

PEEZRNWD L OEKIZEWTIE, &0 Bn ERKLEHINLERICH D, T,
Bn EN— A2 EBCHEENTHORFTHRETH D FIT, BIR#EZIKFESHEE NS
PEHTITH) ZENTE LD EEZLLND, L)L, nigricanoside FHI35r FNIZZE D
THEAEAT L0, Bn BOBREDOTZDITNKESEEAND Z LT TET, LA AR
(BF3 OEt2 72 O K 2 HiR7E & WE DR 2 5] & Z 3 IR rE R,

EHIIU EDOEZENG, XD RIRHEIITE L, Bn KL RIS EEOM R R 2 E
ToHV72HARE, DDQ X CAN 72 & DOFE{LASEIZ L - TRIMICHRET 2 &N TED
PMB %t (p- A hFI R DKL) Z2 GGHMLO 28kt R U Eofriglh s U TEIRL,
GG L OAEED D Z L L LT,

F£7,96 D 35Dkt Fr ¥ LA PMB JECR# S 117z 114 OFR L 4 57 72 (Scheme 31).
96 (2% L C PMBCl/ NaH / DMF O 4 C/LEE L7-%, TBAF/THF |2k Y TBDPS Ofit
R#EZITHZ L L LT, ERZOFETHELN L OIMITRER LA THY, v AR
N7 MLTH 114 OERRZHERT 5 Z LT TE Rh oz,

C6”frd 1 #kt Kok ff#IZ v 72 TBDPS A%, TBS % & Rk ICH ST T
BEEIMRNbOD) T DMER AT 5 2 ERMbNTWD, ZORREEEE
T, WTCOLD 1k Fux I EofRi#EL LT, HEEAMSFTCIIEEIEZ 57200 Tr
EEANDZ L Lz, 7 T4 —1 92 % TrCl/ DMAP / Pyridine D&t Fhn#E-42 = & T
18kt Faxi i U F i L%, PMBCL/NaH/DMF O%&4:TEY D3SOt R
¥ UHE PMBALT 2B % To72, L LN S ZORISIZBWT b EMER IR AW I AR
L, BETHILEMERET N TE R oT, T hT7A4A—1920DE ) VNIt T 5
FEFRIE DD TR 2 & BB AN DT —HThDH L EXBILD,
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OTBDPS

OH
HO )( 1) PMBCI, NaH PMBO )(
(o) 9 DMF, 0 }/: to 45 E o 9
HO o\/-\/o
HO
96

v - s (o)
2) TBAF, THF, rt PMBO N SN
114
OH oTr
HO jkz' 1) TrCl, DMAP PMBO )¥/
Ho o0 2 0 Py,%}/C A g o
No . T 2) PMBCI, NaH SO
DMF, 0 °C to rt
92 115

Scheme 31. PMB & Tl S 4172 GG ERALO TR D KRES

ZZETHRA RFEEZ N T GG L L BEHE TV & DR 2 iat L CE 722y, ki
\Boiienole, EBICRIGEITIBHITET VLY bEMAEEL AL T D2, Th
ETT o CEZHIRIC L D FOBRIIRAIREL VW L, FHIL, B LOEMEIRIZ L D &
DEREBIETZ LI,
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2.5 FrHEREHE
F#1%, nigricanoside A ¥ A F LT XA T LD FAESIARRMEROIRH#EL 8% 3 >D& /

A hodd, BEH, GGEMNZHEIL, FNENOHEEEREZFHRL CTHOIERERETS &
9 Scheme 10 D& NG 2 WLE L, 8" ZBSHOHFIICHFIET D 2 EAEGHNL TUIWT LT
KREL 22087 A b (LB A2 F 116 EFHREZ A2 b 117) IoaElL, Ehe
OB 7 Ay b ERBLTOHLERT 2 L0 Bz 228 katli 272 L (Scheme 32),
Scheme 28 K (fScheme 29 T1T-> CX2BHHET VO REI/(ET H Fax i L GG
AL & Al T D OSBRI KD S T2 JRHIA & LT BHET V100 3R TH 5720 (5
BROBHIREMRTHIALR), TOHRIAIET L Fr XU EAEROVAEFEENRE L, K
JISPEDMRWD TR B2 T, £ 2T, MEEEIN/N S e EOEM T C10-C11'=
—TNREREER L, AU —T VHEEOERBIC LV LT v7 e R 116 &, [F
U < MAKREE O/ S e R RHA DB T C8-C6" = — T LA A TR &2 f Tl L7z ALk
V117 & &, BEHTFRESTTO Julia By ) /TS LT SMICE T AEM L, 117
DEIBRP-TNAFXFTANVEETATEe KD Julia h 7V 78D BEA VT 4
TERAITZN S O DHETFINA Y 39, Z LR DOHF T Kocienski 0 PT &Lk v &
AUE, 1 TRTAHLV 7 4 VAR ERD Z LB AREE 72D & & & T 40,

ARE LR TIIFEE Y 7 A 2 b 117 OERICHOWTHIZE A2 BB L 7=,

OPG'

10
_ S AE CO,Me

5 s OPG?

GA}\:VW/\/\COZME

PG*0 g~ )(
o o

PG*O o _~_"°
OPG*
3“
UJulia coupling
Il’h
PT= N,
s~
OPG? SO,PT
10 6 CO,Me
= Y 9~z 2 Mcone
0 OPG'
— 2N H PG40 6" oj(
PG’0 O PG*0 o~
116 OPG"

117

Scheme 32. 3" D FAA AlHkRE
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FH 7 A2 b 118 (= 117: PG4 = TBS)IE Scheme 33 (2RI L W AR FTRETH
HLEZE, COMiOt Fux a7 UL, Bn, PMB 2 ¥, BMUEISIC L5 Z&EiEED
BHA T VAR o B AW T Re 22 RE R CIRFE S 4L, 3 2D 24kt Rk v A TBS AT
R SN2 119 2 FTRRT 5, KRIC COOMORREREZRLBRZIC LV 7' ) o — VRS
K120 ~ &L, ZOF TR C8-C6O/m—T LAEANEREN TS Z LT/ b (FEEE
1213 C6” R Ui aRi# L7- 119 O T C8-C/=—T MEA NI S Tnd Z &
\272%), 120 % L-Phenylalanine 7> 5l & 5 R4 M 121 (= ent15) L7 IR
122 &L, 7UAEIT ok 128 £ D Evans RE T VX ALEIT 5 2 & TRELA MR &
HR LoD COMLORNEFREME LT 124 2155, 124 [T RAMBEORELGT 3 TR T
HRETH 118 ~El ZenTEreibhs,

ETHRARZZE SIS, fED 2kt Fr ¥ U HORELEPGY) & L TILTBS AR LT,
TBS EIIMENES TH Y, Gzt TIT B CRELDER ONENRE LA
LIRS HIETE D2 L, KON119 005 118 ICE DRI TH WD FED sz
TRETHDHEZEZTNLTHD,
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MeO. ..«

N T" N :z’. o
¢, A oxidative H o)]\
cleavage
o = -~ o)
TBSO |g- ‘XT’ TBSO ’xf’
o S o

0
TBSO o\v/i\,o TBSO o\v/i\/o
OTBS OTBS
119 120
(o]

OJLNH

121 Bn
(ent-15)

Evans

alkylation

Scheme 33. FAHt 7 A b 118 DA G H

findz, Akt 7 A 2 bk 116 ITOWTIZWN L DD/ /L — FREZ b b, BifE, 4t
FFEEIC L > TREABRENTND L 2AHTH LT, AR TORBRITAE LEL
72U,

LIFIZ, FEtE 7 A2 b 118 OARICET 2 EE O E k5,
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2.6 FOFEEET AL FOERR
2.6.1 GG ¥ALARRFRIE 92 25 119 ~OEBOKRG

F£ 7, Scheme 24 THHE L7 GG HALA T HIA 92 O CO”(LIZFET D 1#kE Fr ¥
Efhio 2k Fax e ONEBEEOELZFIALT, 1kt Fr¥ o Eois PMB —
—T7 Il L, D350 28kt Fu XX TBS K CIRi#E L7-1%, PMB &b/ fiEd
5HZET120 #1550 — MEET 5 Z L L Lz (Scheme 34), 7235, PMB REIIESIC
M LBHRZ 21T 5 2 L NS EICB T 2 THRPD DTN e ®d, RINTHRET L T
BB Z LT LT,

NaH Z#ik & L, THF &8+ PMBCl Z W TR T —7 ML &2 1T o 72 & T 13K
JEDOHETIZBIN S e hr o To, ROBEIR &2 BV L 72 & 2 A, C6”ML D #4208 PMB L. & 417- 126
DEDIRDBAER LT D2 EIIERTEX N, ZoMho 28kt Fax ikt PMB{LEi
AR BE LN TE R (entry 1), ZOfERE%F, OPMB Lz g+ 5 HMPA %N
L, RIETHISEIT ) 2 & TERMZHZ 9 LA 722y, BRIOARITMR TE o
7= (entry 2),

NaH Ot 0 ICHEEM D55\ Pyridine % VW 72356121, TBAI OF B2 & 35
T ELHEIT Lo T=(entry 3, 4, 77, KISERNZEEMEZ PMB{LAITH 5 PMBI %
FHEL L, DMF /NaH COE L7=35E10 6 B OERIZHER TE 2o 72 (entry 5),

PMB Lo 0BT U v (129) ZHvy, HHE LT NaH 2> CT7 U bz17-
=AY, entry 1 ERIBROFER L 72> 7= (entry 6), —J5, Hiki%a NaH /5 EtsN (4
25 &, RIS ET Lo z(entry 7),

INHORREZT, COMOEizo-7 T AT L 130 & HVTIT I Mt a1 - 72,
Z OISR LTIEHAITIE, PMB T U VA8 A LB B & e DL RO T
BAZBELS ZENTEDLEE T2, Entry 6 & [AEEDOSEMT 180 Z W TN Z1T D &, TLC
IZR D0 CIE, JREIDOTER T ARy hOMBIABIE SNz, L, ZORIGE
A& MeOH IZX > TZ = F L Celite TIgmAZIT 9 & BRIDO ARy MIHEILTEY, i
BERENL SV DI LS Rl ek R & 1572 (entry 8), HALERIZ LV HIYDAAH 128
DR UT-FIREME 25 2, 92 % entry 8 DSMIIfT L7tk, KIS EZHIRIZRE L, EHEE
KEEE (Ac20) Z N2 CHEMBETT > THIZA, 90 BHREDOIETHLNIZDOHTH

7,
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OH OR
HO HO
0] Table (o]
HO o\/-\/O HO o\/\/o

HO OH
125
entry condition R product result
1 PMBCI, NaH, THF, rt to reflux PMB 126 trace
2 PMBCI, NaH, THF, HMPA, -78°Cto 0 °C PMB 126 -
3 PMBCI, Py, rt to 60 °C PMB 126 -
4 PMBCI, Py, TBAI, rt to reflux PMB 126 -
5 PMBI, NaH, DMF, rt to 45 °C PMB 126 -
6 129, NaH, THF, rt to reflux allyl 127 trace
7 129, Et3N, THF, rt to reflux allyl 127 -
8 130, NaH, THF, rt to reflux CH,CO,Me 128 -
Br 0
129 130
MeO
130, NaH o)
)( THF, reflux AcO )(
0
(o) ° (o) =
then Ac20 60 °C AcO O\/'\/O
HO OAc
131
OAc
AcO j(
0 0
AcO 0\/\/0
OAc
90

Scheme 34. 92 IZx[4 % 1#kb Fu s RN E e L O

CHERIZ L B &, D-galactose @ 1kt Nm ¥ U B4 8@ IRAYIC PMB KL CIRiET 5 FiEICD
WTIE, 7~ —(CI70D) ICREED T VI AN LT HE T %t L AgeCOs & VT
AT DTERMBIN TN 4D, 120 2557200 TRENE L 5 RAlddH - 720,
FOFEZAR L THDZ LI LT, Scheme 35 & Scheme 36 [ZEBROFERZ R LT,

D-galactose DETDHDE RuX AT F /L TR#E LT 88 Ikt L, CHRDTiE 252 %
&2 1-octanol #Efl &5 &, RIGE (16%) TIEHLHDODOA 7 FL7 U 2 KRR
147, 0%, EEMOETOT B F NVIEOBR#EEZTT 9 2 & TICHBER O PMB {Lii5E
R 132 (T H L 7= 40,
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WIZ, 1832 D C6™Art Fr 3 L IRE PMB ILIZ L - T 183 2155 & 1T» 71, X
RO FINRZZHZIZ LT M U2 W TEIR CEYE T 48 RIS S & 2 A, #ib
CIXHER D 183 ILEIFE LG LN CCHRINER 91%) 40, SULOET 28125
&, BPEOIR RV UVEBECT BT AL 182 DMED LA L TV RN Z Lo
7o 2T, AgeCOs Z M Z HHIC 182 O b /LT U REIIK & 8 5 I PRI L CE Ay I iR &
W7, 90°CT 2SS E A, 183 % 55%DINETHS Z LN TX T,

AgoCOs ZFIH L7z CO”AL&EINE) PMBALOSFII AT DD, 183 DAV F L E%E
BT H LN TERDoT, 22T, 138D 2kt Fux L BAHORT F /L L T 134
(L=, 7 Lewis & fAWT O U o — LR #K 84 LGS HED Z & CTHEME
135 2155 Z &L 2By, HHIET5 185 2155 Z LIxT&Aah Tz, 2B, RISAERR
P TV A ABRIZARZZE . PMB SO 2 o 7 AR ANRIE L T D 2 & 3SR
S,

1) "OctOH OH OPMB
MeCN reflux o Ag,CO; o
—>
2) KaCOs, MeOH HO toluene, 90 °c  HO
A o OAc HO "0"Oct 55% HO "O"Oct
2 steps 14% 132 133
o~
AcOPME H0\8/4\/° AcOPME
C C
Ac,0, Py o BF;-QEt, o o)(
—_— S
rt,91% AcO ) CHcl,  AO N
AcO 0"Oct O0°Ctort AcO
134 135

Scheme 35. C6"(LiEIRF) PMB LK NV & 1 — VAR & ol DR

WIZ, 921ZxF LT Scheme 35 THW =5 (Ag2CO3/PMBCl) T 1kt Fr gk
RE) PMBALZAT > 72 fEFRIZ OV TR RS (Scheme 36), bV ¥Ellf, =R CREFH
i S/ % entry 1 OFAFITHBWTIE, TREINZEY 92 D00 Efiid3, &<
BUSITHEST Lo Tz, £ 2T 133 4572 & [FERIZ, 92 O F Lo U REEHRIZEE K 4 IR
4o & TR, #EE T TIRELZ B CRUREIT) & T<ENRB LR E T
LG 126 DAL HER S 117z (entry 2),

92 L 132 O EOEWEIT 7Y a L NRE S ) Er— At s & ) — VIS T
HDHN, 92137V Bu— /L OBENICHRER T4 2 D8 L TWHZ &6 132 L0 btk
DENEBZBND, ZTOZ LN MK DEREOEIITHEL TV 5 aTRetk %
EZ, WIZEEZ DMF A B L Oz 1T-> 72, Entry 3 IRTHY, ZOFRMIZENT
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H SO IHR D TR TH > 72, S DISIGRHIZ TBAI #¥%1 LC PMBCl % X 0 &istk
72 PMBLICZE 2 TRIGSSELERBIT-7272, ZORSICITEMOERT bR T2
Mmool

OH OPMB
HO Ar, HO _X/
o :O Table o 9
HO o\/\/o HO 0\/\/0
HO OH
92 126
entry condition result

1 PMBCI, Ag,COs,, toluene, rt -
2 PMBCI, Ag,COs, toluene, rt to 60 °C trace
3 PMBCI, Ag,CO3, DMF, rt trace
4 PMBCI, Ag,COs5, TBAI, DMF, rt -

Scheme 36. KEEER%Z V7= 92 D CO”NLRIILRGE D FGt
INETORMNED, 7 u— AL EA LRI CO it Fr X v R BT 5 2

CITEE LW E SRR O T, BRO B WERME T C6”L e Ru v iia = —T7 b3 R & et
L7,
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262 6-OTINHFT FINZ U ku—NLgHEAk 141 OFFHE

Scheme 33 DD CTh 7= L 512, 7V /LHT PMB £ & RERICEM LRI LV 7
INT B RRHNVARUBBIZEBARETH D720, 77 h—AD C6”t Kux N7 ULk
THREINTALEMDOERRIEZRBE L T2 E 2 A, Neumann HIZ L 5HIfl%E RO 5 2
EMTETL W, ZBFX, TOXMESEIZLT, 607 INAHTTT7 v r U ta—LiE
K 141 OFRAEFTH Z & & L7z (Scheme 37),

BEFN D 15 49\ 206> T, F 9 D-galactose (87) @ C17, C2°AL K N C3”, CAfitdE K1
XUREETE M A RTREL T 186 21572, 72, H NMR@HricksE, 7/ ~—r
2N TiEap = 2011 DR TH >72, CH2Clz & 50% NaOH O 2 fHRIEEET 186 % 5 fi#
L, HHEBEMEOTFET, BT Vv (129) 2 F35 2 & T C6™7 U LR {ZIK 137
R THEZ, 2 DOT7E N A FONKRES AL Fex Ko7 eF ki
138 #1571, Scheme 25 D J7iE CTEEAWE 1409 % 51K L?’:o KNV Zwmaua7t® b IX
—h140 L7Vt — M REK 8L L DT Y a v ARIZMEICHEITL, HNET 5 141 2B
BRI D Z e T,

/\,BI‘
OH 129

conc. H,SO,
HO ZnCIz, acetone J( "BuyN-HSO, A(
0 >
HO rt, 91 % CH,Cl,
HO OH 50% NaOH aq.
87 136/K rt, 94% 137

1) 80% AcOH aq. o \F
90 °C (NH4)2003 AcO Cl;CCN, DBU
—_— ——
2) Ac,0, Py, rt rt 0 CH,Cl,, rt
) Acz0, Py gﬂq 42% (3 stops) AcO 70%
AcO OAc AcO OH
138 139
ol
= HO A
¢ TMSOTf AcO
Ao o) MS4A o o
c —_— o
ACO CH,Clp, -15°c A0 O~
0__CCl; 65% AcO
140 g 141
NH

Scheme 37. HT77 FI V7Y o — LikEK 141 O

50



2.6.3 7'V a—/LE 120 X Evans 7 /L% /VLRETERIR 122 OFFH

141 ® 3 SO T v F)VIEEE iR L=k, A U7 b U A4—/1% TBSOTf/ lutidine /
CH2Cle DEAITfTT 2 212k, §_ThE RuF M TBS L CHE#E SN 142 (R
TBS RF#R) 122582 L 7-(Scheme 38), Z ™ & & TBS JHn 2 >EA S LEY (¥ TBS
RAEMR) HAETE (17%) AR LA, MBS TBS (LA 1T5 2 & T 142 ~UR S E e,
[k D it &2 TBSCL /AgNOs / pyridine /DMF O5METIT9 &, + U TBS R#EED 54%,
¥ TBS {#H#ER S 10% DR TEH LT,

142 1ZxF LB EROBAZ R A il dz, o & & =Mk 7 = v A (flliiE) & NalOs%
HWDHNVREBE~D 1 TRTOBEEIY b, K0EMeSEtE Bbh b4y Vo &
LHTIVTE RNOEWEZDOT VT ROE =y 7 BRLIC XD VR ER~DERL &V D
2 Bt COBMRE IR LTz, 142 24 Y VO REUSIZA LT U VRO T ERE G 2 BRI
LCT AT e R&Gt, HARYEZ#EL)NE Pinnick B{L9 5% Z & T/ U a— L gakE
£ 120 27 L7z, 'H NMR (& X BT OFER, 120 1 crude OHREE T KD SUGIZ AV
HLEMTEBIREMRETHD Z ERbhoTolo®, ZOFEE PivCl/ EtsN (2 & 0 iRAEE
KW HLt,, Evans K57 VT MACRIGOIE & 725 122 125\ 72, 142 15 122 F
T3 TR S51%DIERTH -7,

o™ 1) K,COs, MeOH, rt o™
AcO j( ) K2CO3, Me ' TBSO j(
o ? 2) TBSOTH, lut 0 .9
AcO OAPC  CHChL it TBSO O A~°
AcO 70% (2 steps) TBSO
141 142
o

1) 03, CH,Cl, HOJ\ PivCl, Et;N

then Me,S, -78 °C 0] THF, -78 °C
» TBSO A( 5
2) NaClO,, ‘BuOH o o then  J
2-methyl-2-butene TBSO o _~° 0" "NLi
phosphate buffer (pH 7) TBSO
0°Ctort 143 "Bn
120 56% (3 steps

TBSO
122

Scheme 38. Evans 7 /L% /AL DEE 122 DERK
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2.6.4 7 UNEIE Uikl 123 DOFFR

BRI D J71E 9% 2542 LT Evans 7 VX UG D 7 L % U405 128 O A2 4T - 7=
(Scheme 39), HO 7T B VX LT /L a—)L (144) Ot Fufx U is THP 2 X0 fR#
L7-%, 1-bromo-3-chrolopropane (146) (2 X v #i/% L C 147 %7, Kimd Cl 2 CN %
TEHLT=FU /148 & L2, = FUAD IR CEE~DIKSRE A F LT X5 )L
LIz kY 149 & U7z, 149 © THP M &k A A4 L ZZHR IC K 0 iifR#ET 5 2 L TFr
JVFLT V3 —)VERER 150 2R L 72,

DHP 146
TsOH-H,0 . "BuLi .
HO” > 1o > mro”T . N "c
CH,Cl, THF/HMPA
144 0°Ctort 145 -40 °C to rt 147
83% 71%
NaCN — 1) NaOH aq., EtOH, reflux
—— THPO~ =~ = Y "CN >
DMSO, 65 °C 148 2) Mel, K,CO3, DMF, rt
68% (3 steps)
L Amberlite® 120R L
THPO™™ . " COo,Me > Ho” . "coyMe

149 MeOH, 45 °C, 87% 150

Sceheme 39. 71/ ULX L7 L a— LBk 150 O 5L

150 O &I LV 161 #4525 F71E1T Luo & 3Lk EI2 L0 BEAICTd o 7273 45b0), SRS
WCEBRZIToT & TARIBA T — M K0 B DFERD G OND 2 & D3 0h -7 (Scheme
40), £, AT — (100 mg BE) CORIETIE, UV RT—fillftzx /) 12k -T
# 7 L EtOAc / hexane DIEATEEEF TRIGZIT S &, ML DOEBEY Z-4 L7 1 > 151 HMME
Sl (Z: E=20:1) 1B TE7z (entry 1), & ZANZDOREE A —LT v 7L T3g
LLED 150 2385 L L 5 & LA, ISHMOER & & & IR T (Z:
E=54) M Sh, FALV7 4162 B 4ENZEBREIE LT (entry 2), 7eds, [FEED
Bl5:3 Johnson HIZ X VG STV D 450, & ) U o OESOIEBEDIRIEZHET 52 LT
1562 DAEMEIZ L9 & Lzt DD, k% hexane DT LA ITIISHH OER &
BRI 152 BEIZE L (entry 3), 2 EtOAc A& VY, /7 U U &2 LZR -
AT T EEA bIET SN 163 DA ARL LT (entry 4),

WIHEEAR HIZ K - THFE Sz Pd/ PEI fllflc L 2 R 5c 2 et L7z 40, 2 ofiblitix
NI LER)ZF LA IR v —IZHlEF SO THY, R ~—D31NIC
fFIETDEHOT7T I VBRIV ART VT ANRTOHFE SN TNDLD, I bHHE
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ENBEEEPIZZA V7 0 v EBBELIBOND L ENTNWD, 2Oz 150 2
LA, BACHLAL T 4 SN T T AN 1B NE LD DR TH -T2, WD
B &0 RIS LR Db DD, 151 215554 % A+ 2 L ixtiskian- 7z
(entry 5~17) .

S DICERMERF LTofR, RISHRN Tl L7z Ni(BHa)2 & AV 2 2 & THNI UG
DHEAT L, 151 ZHd CRAF2RBHERME (Z: E=>25:1) TR E < (88%)15 D = L IThkDh
L7z (entry 8), Z Ofifific X 2B ITITRA 7 — /L TORIGICH IR BEHFETH Y,
HEMRLS T IUATNLa—)L 151 #4552 ENAREL 7o T2,

15172257 U AR = (k) 128 Z %95 J71k1% Johnson H 12 K - THA STz 450
23, Scheme 3 TR~ 7=HFIEIZ L VAR L7z, 128 136X SiO2 ~DEFE I L - THRMALT
LN o272, EHERCHRE L, HAEBRYOFE FESLLICROISITHW, 5
57 128 © TH NMR B E O L Bn—8& R L72As, 128 ZHFT © 8 Rz &
JRE L7 ICHE HNMR 2HIET 2 L, Z: BTN L1 BREETETFTLTWD Z &0
B L7,

HO” N—""""Cc0o,Me
_ Tabl 151
Hoo N coMe — +
150 HO/\/\/\,COzMB
152
3
HO™ - CO:Me
153
entry condition result Z:E
1 H,, Lindlar's cat., quinoline, hexane/EtOAc, rt, 1 h 151 20:1
2 H,, Lindlar's cat., quinoline, hexane/EtOAc, rt, 1 h, gram scale 151 +152 5:4
3 H,, Lindlar's cat, quinoline, hexane, rt, 8 h 151 +152 51
4 H,, Lindlar's cat, EtOAc, rt, 4h 153
5 H,, Pd/PEI, hexane, rt, 3 d 153
6 H,, Pd/PEI, hexane/EtOAc, rt, 3h 153
7 H,, Pd/PEI, EtOAc/MeOH, rt, 22 h 153 -
8 H,, Ni(OAc),-4H,0, ethylenediamine, NaBH,4, MeOH, 0 °C to rt, 4 h, gram scale 151 >25:1

Nal, BF;-OEt
151 Py

|/\:/\/\C02Me
MeCN, 0 °C to rt 123
ca. 1%

Scheme 40. =@ TZ 57 VAR (ki 123 OFHHL
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2.6.5 Evans RET VX /MUIZ L BBEHRES A2 MEROKBE

122 & 1238 @ Evans R 7 V¥ /U LORREHEFR %2 Scheme 41 (2785 L7, Entryl~3 (Z
ARTIEY, OKWIRE F 723K TT 9 & FE ORI Z 2 D SET L WgER &
o7,

B % —20 CT 4 WEHETT 9 & TLC RIZH7=/ ARy h3HBIL, #T7 L7 m~hTT
7 4 —IC KD ORER 22% DR TT VX ALK E15T- (entry 4), THNMR (2 X 5 f#
Frick v, I 2TEOYT AT LA~—DREW (dr=41) THDHZ ENGhol-
e, WMEEZHFEY DTNV ERNEREN T A7 a~v N T 4T aBELT- L 2
5, 122775 T%DHBENERT 124 & B 2t &M a4 BB CE 720, HEEENMETH -
T2 Ie DS FOREITIZE S o Te, HaEOY T ANRBCERE, (LA
X0 SERAE SRR DAL S RE T S 2 LT kY, 124 DN ERE L2V EE Z TN
%,

DI GGERFTT 225, ROSREWE —78 CT 3 K], —40 CT 2 WG
S5 ENRIT 31%FE TH E LD (entry 5) , B2 Z L2, ZORMBIZEBIT DGO
SEARTEIRIET entry 4 (ICHB L TR T 2R & e o7z,

I, SARRMRDIREM D E F 154 D ARFMBEDOREZIT 72, NaBHs ZJHV 512
RONRIBE LM TROSITHESIT LT V2 —/L 155 2#457- ((H NMR , LRMS THEzR), Z D &
&, WL LCa) THF / water # V225 X Y & b) THF / MeOH % V5 Sz d50
TSP HIBICHEIT L7, 165 13 1kt R U OBERERERICIVEEEZ A | 118

(Scheme 33) (ZEIFH LD L E NS,
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(0]

NaHMDS TBSO
-~ o 2%
THF TBSO o <
condition (Table) TBSO ~N
124
entry  condition yield major:minor
1 0°C4h decomp -
2 -78°Cto-60°C5h,-40°C13h decomp -
3 -90°Ctortover7h trace -
4 -20°C4h 22% 4:1
5 —78°C3h,-40°C2h 31% 3:2
o] OH

XN)I\§/\=/\/\C02Me M\COZMG
3 a) NaBH,, THF/water 3
>
TBSO b) NaBH4, THF/MeOH  1B50
o 0
o) S 0 S
OW

TBSO o _~_"° TBSO

TBSO TBSO
154 155

Scheme 41. Evans K& 7 /V¥ At &R D 7 A > MEIBRA 155 DAL

2.6.6 Myers RET VX /MUIZ L BEEREE S A MABROKET

AR U7= Evans 7 /L ARIC L 2 B K O CREARFS A3 AN DU T ISR IR ME K O
IWRICHER o T2, 22T, Evans 70X /LI EZH S TIIWaws, FCHEMNE
HETDHENTED Myers RETILFIALADIZONWTHETHZ L L L,

Scheme 38 |27 > THR L7z 7 ) =2 — VEEFHEIK 120 % PivCl/ EtsN (2 X 0 IBGER MK
W~LZH L (Scheme 42), 7Y A F—=7 = N (pseudoephedrine) 7Ll I 5
156 & S &5 Z & T Myers 7V ALEGOIE 1657 28l L7,
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(o)

1) 05, CH,Cl, HOJH

oA then Me,S, —78 °C o
TBSO j( » TBSO )(
o o) 2) NaClO,, ‘BuOH o o 5
TBSO o) \/"\/0 2-methyl-2-butene TBSO 0O~
TBSO phosphate buffer (pH 7) TBSO
142 120
0 ¥
N W= P
PivCl, Et;N Xn OH
THF, -78 °C o)
> TBSO )(
then Me o) 9
Xy = ph\A/’\NLi TBSO o0 _~_°
OLi Me TBSO
156 157
56% (3 steps)

Scheme 42. Myers 7 /L /ALK G D RE 157 D%

157 O Myers K~ F 7 VX MALIZOW TSR RET 21T > TORWA, ZHETDEZ
A, BIFRRERITAE 5TV 720 (Scheme 43) . Entry 1 IR — 72 5123V TIEX
e EITET, FEIEZRINT 2 DHTH-o7, 728, Evans 7/X /U bLOLAEITHEA
T, FBHEIMGERIZH S 2 o 7o, —0, IK-EBHEIE T C 18T Mo AEIEZT ) F— M
* LT 128 © THF A N L, IR L CREFMRISSEIZE 2 A, 30%DIHETT V¥
ALK AR R bz (A ® LRMS o#ric L v 168 L &8 —FH L), H
NMR (2 LT CTIEY T AT LA~ —taRINT 2 ORKEETH > 7272, SLEERMIE
NHTH %,

BN 158 1Tk L, REMBMETHL T VA FnT7 = R v oBEZBRF Lz, L,
L5, AMBEOBRED DI RMICHAV 55 HsB-NHs/ LDA/ THF 44124+ L
el A, Bie 155 IGOLNTHEN GRS DDA TH T,
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N'— Ph{\N‘?_’ o
—_ N
)H I | /\:/\/\COZME XN')jY\ \/ C02Me

o 123 0]
TBSO LDA, LiCl TBSO
O > (0]
(o) - (o) =
TBSO a~° _THF TBSO o _~_°

TBSO conditions (Table) TBSO
158
entry  conditions yield
1 0°Ctort,21h n.r.
2 -10°Ctort3h,40°C 16 h 30%

BN LDA Kﬁ/&/\/\COZMe
sy e o
fo) =
2 (0]

TBSO
155

158

Scheme 43. Myers ~75 7 /L /AL OVR B AL bR 25 O fr gt

2ODRET NI E T 5 L, FEEOEIZK L Tid Evans O FiENR LV LT
Wa &R, Evans (T30 5 VARSI L QMR O UGE 306 T Tl e W-ETH
-7,

A3k, Evans R 7 VX AGITINARER T VX AL EAT 5 72O ORRD TR HEME D E
FIETHHTD, SERBEREZIETSETOLERITIAWIEEICH D LHER S, #
F 13 Z OBERDBEEESE DI EFIT I T DIRFEE TIX RV E B X T, KRS, CAMLDT
T VRS OREILTH D TBS FEIIAE 7 X AL DO SUEA C8ITITHE LTV 2 AIEEMED &
0, ZVF LT T7— FOEEREDT VX NALDOEEO BRI L KT L TS
nh Livien e b,

PLEOHEGRIZHAS X, COMOFAN LY 237 N EIZxt LT Evans A7 7 /L %L
bZAT O L, HREMETHANYTHZ & & L,
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2.6.7 ERET AV MERDTH OFHAKEE

AT OHERICIES &, #E#1% Scheme 44 | R AR 2R L1z, HIL, C17, C27hr
KON C3”, CALD7T & A FRFEEK 1836 (12xf LT C6”itk KX o7 U bz t-
7%, 7 A R&EHE-57-F F Evans 7V XU BE SO FERTERMA 159 £ T, 159
X CANLDE Rafd R C3Mioe Ruafx vkt oflo7T 2 v A FELTR#ESNT
WD, RIS, BRIRHEEIXEERL L - E RO SR IS bR T au Xy Mgkt o T
BY, FEAOKSRZEIETISAREE N/ NS W28, SREEIZBUR 2 KOS D3 % m |k
B AEMIZH D, FDT-%, Scheme 41 12T 5 Evans 7 /L X /ALORIROTE X DJFIA
WEE Tl 5 122 DRIEADE Y O REEICH D LT 5 &, 122 DD YT 169 Z v
UL, I, BRIRMEE BICI LT D 2 ENBIRETE X, TR AR 160 13, RF
BN DOBRER OV o — VAL OHEFEZIZ X 0, 161 (= 155 O IEAIHTEAR) 2 % i
B ABM1I8IZEIT D EEZT-,

Scheme 44. FiHE 7 A2 |k 118 OFHHAREE
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2.6.8 BRLAIBIRIZ X 27V a— NV EEFHEK 162 OB OB

Scheme 38 DiimPHTEM LIZL DT, 1367025 1 TERTHEOLND 137 (Scheme 37
ZH) O C6MLD 7T U VAT RuCls (Al f) & NalO4lZ X2 BR(BRZEIC LV BN LR
VERIZAEHAT X D AHEM N & 5 728, Sharpless H DR 9% 5322, 187 % RuCls nH20
/ NalOs/ NaHCOs T L7223, HEYE T 5 VAR Uk 162 1345 Hiv7e o 72 (Scheme
45) . SUGHEDREWICHOWT IHNMR IZ L AT 21 T-7-L 25, C17, C2hid T & K
FA ROWBERIRBEIND &L bz, AV 7 4 VO e FRBl SN =0, LAY
DORIEBIITE S Do T,

O
HO

RUC|3°nH20

NaIO4

NaH 03
A( /C

MeCNIEtOAc/water
(1: 1 :5)
137 162

Scheme 45. C6”(. O-7 V LD B LR R ~DE R LHIB ZL DO M5t

DFERZ 1T, Scheme 38 &[FERIZ, 2 TR TOBRBERRMBILAIHAEZITO 22 &L
7z (Scheme 46) , L L, 1871ZxF LT Scheme 38 &R US&H:THY v iRz iTo7- &
A, HEORE (K4g OFIVITITERRH (2 KH) ORISHLETH 7=, ’/T%"%ﬂf?_
T B R 163 Z G e AR O Pinnick BEL %2175 &, TLC RIZZHED AR v hn
Nice ZORER, W7 L7 v~ N7T7 74— LV BRI T 72 162 I3ME TH Y (137
G 2 TR 8%), FUSKRIK A JEICHED B 72D +53 70 D 162 R 5 Z LIFEL W &
Hr L7z,

% Z C lutidine /(£ I T Lemieux-Johnson fé{t. 217 9 Yu & D5fF: 504 AT 137 O
EBRREAT 72 & 25, BA%DUERTT AT & R 163 M H itz b D, Kk Pinnick
{BIZ L% 162 ~DZEHUHEIINL D e DV < b DO TR o 72, KRS OZH# (1837—162)
& Scheme 38 IZ81F 5 254# (142—120) OEWET Y B — VO FEE 75 7 h—R
WAL OREREDOHIATH H, ZNE TOMFITIX, C37, CAELOT & FF A FERFEHEN

Wﬁ@O%@%@Em¢L%%@%&£LTV5®w POSHAFCH$ 57 ' T A K

FEILE S OLEMECRIED B D D0, Filam e HEThian,
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0,/0,, CH,Cl, NaClO,

0P
! (0]
then Me,S, —78 °c \ 2-methyl-2-butene 0
gﬁ (ca. 40 %) g\\\ ‘BUOH (Ogg\
phosphate buffer (pH 7)

o)
137 163 0°Ctort 162 |9
2 steps 8%

NaCIO,
caltl; tog%’ t':aJtO 4 2-methyl-2-butene
137 - - 163 : 162
54% 'BuOH
phosphate buffer (pH 7)

0°Ctort,18%
Scheme 46. C6”(7 O-7 V ILILD B LR L ~D B BRI LRI BRZL D ¥ 5t

2.6.9 ERLBAREZRRA LAWY a— L EBERFHEE 162 DR OKE

WIZ, T/Aa—L 136X LT/ Y a—Lfga=y NEHEEATSHZ L T 162125 <
G Z#iEf L7z (Scheme 47), Scheme 3 1235175 14—10 O #E B4 136 (Z%f
LCT BEFiRa e SE5 2L T162 "o sb B X720, TRICKLT C—'fwwh
AR 164 PMEPCRTHR LN L ZT ThoTe, TORIGNITIWTIL 136 12X 5 KEFH
Th 57 0 TFHRITEEOMEH TRIL LT 165 I/ > TWH B2 BN 5, 165 7 136 />
AR LT LV aFks N 166 I BZZ T HEHNE 2 RV, ARSICEW TITHED IR

(ROKE) TIERL, AR VIRFES~OKE (FOKRH) PMEEMICEZ 2722 &%
RLTWAD,

WIZ, SARFREFEIZL D DAR=NVIRBEASOBEL ZIFIZ WREFHITH D tertbutyl
bromoacetate Z W\ CRIBRDO KL E1T -7, LOEER LR UL CRISEITS T2 8 2 A,
HE T2 AT 18T NETETOUE (67%) THOLND Z Enpnol, BEMO#H
L VESHZIT 6T T VT ) TR GIR LT & 2 A, fRIE (16%) b HIgE
T57V a—) g 162 T 5 2 LIk Lic, 4%, X ViEf7e £Bu RokrEEAR
LTCHENWEEZTWND
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136 MeOH 0°Ctort

THF then aq. 1N HCI
0 °C to reflux 15%
67%

Scheme 47. HIER 27 ) a— =y FOEAIZ LD 162 OO

2.6.10 162 7>5 Evans 7 VX /U LORE 159 ~DOEHBOMBH

Scheme 47 TIHHL L7~ 162 % VT Evans RFMI L & OfES %23 L 7= (Scheme 48),
ZAVE T EFRRIC 162 & PivCl 2 HIRGTRIKY 2 2 NFREL L, AEMiBIED NV F A1t
{5143 ZINZT= & 22, EHZRRAWINVE U B RER & 7o 1o (IS a), % = THEA LiCl
DAL, RFEHIIE 121 LIRA ﬁﬁﬁyk%%ﬁ:ﬁ#ﬁﬁﬁm S B 4B LIS, BIED TLO
ORISR D7 BT 148 & AV IFERR 7R E R LT, BT L7

n~ h777 40— L HERTHY 159 & F.E'\bﬂéflﬁ/a\%%ﬁ%ﬁf‘% ~HDOD, FO&
IR T 7 <, Evans 7 VX IUALORFNI T o7,
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Scheme 48. Evans 7/ /LD 159 O T Ot

2.6.11 FREMBELZAT S ) a—LEa=y FOEZENEADORKRR

Scheme 47 {238\ T, 186—167 ORULHETLIZZ &005, 188 Ol &N T L=
X REANVR =V aRBITHT D REKEREFF > TWDH I &R nhbd, £27T, KE
Fle/2n 7 ) a—nfgar=y MNITH Evans A EMEZEA L TBE, 136 LiEET S
Z & T Evans 7V F®UALOFE 159 2 —ZF|THHBEIL Lo 2 & 2 7,

BIE, 481Z%fL, PMB EDOBREETTH Z & T 168 21T\ 5(Scheme 49), 4113 168
D1kt N o2 BRI c AT 52 L T169 & L, 169 & 136 & OmEfs L & Rt
THTFETHD, HoED 1B NHERTE 725, £d Evans RF T IVF AL TF v L
YULTEWEBZ TN,
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AR SC IR ) e AR 2 EE M 26 7 % nigricanoside A & B (1, 2) O& L%
BT 7' —FI KD E Z Bk BAR & L CHI%E21T -7 (Figure 6),

%5 1 % Tld nigricanoside SO oA, BEIZHALI L 7-E A2 F52 b U & N o AR faffigh
FR TR KAk & L C malyngic acid (5) & O fulgidic acid (6) #3®IR L, C12 fiLDiEciks %
252 LT, MEBZLBOFEIK T NOIEV ST DI LI LTc, REMIEDHENICZ X
¥, nigricanoside FAZ M T D NENHEE (afd, B8 230 T, FUMMELHFT o4 ¥
v VHEOBNREMERO BE TR AN ATREIZR Db D EBZ biLd,

B2 ETIEE 1 ETHEMLZ N e Fex o Rfafiighiigoakiks AT
nigricanoside FADoHRFER 79 DA EZTE T L1z, £72, GG L& BHET /L & DR
BOE OFFH 2 38 L T nigricanoside O 2FHs 2 b7 A U N EREE T A MDD >
TV IRV EET HAMEEEIEL, 0O L, HMEEI ALY NOREKREAT D
124 DEFKAEERK LT,

S®%IT, MEEZ A O XY BEALRERIEOMILAZ B LT, Evans R 7 LFL
{ESG DO NIARERSUE K QU DM B2 5D T, SR OKRELE X5 & &bzt 7
Ak L OEFEEORIE 21T - C, nigricanoside FD R AR & AR AR EIZR T 720,
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malyngic acid (5) fulgidic acid (6)

— 10 6 CO;Me

HC:J OTBS 124
protected a-chain (79)

Figure 6. #¥5
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General procedures. IR spectra were recorded by a Jasco FT/IR-4100 spectrometer using an ATR
(ZnSe) attachment. NMR spectra were recorded with TMS as an internal standard in CDCl; by a
Varian MR-400 spectrometer (400 MHz for *H and 100 MHz for *C) unless otherwise stated.
Optical rotation values were measured with a Jasco DIP-371 polarimeter, and the mass spectra were
obtained with Jeol JMS-700 spectrometer operated in the EI or FAB mode. Melting points were
determined with a Yanaco MP-J3 apparatus and are uncorrected. Column chromatography was
conducted with Merck silica gel 60 (7—230 mesh) or Kanto Kagaku silica gel 60N (spherical neutral,
particle size 100-210 pum).

Solvents for reactions were distilled prior to use: MeOH from Mg and I,; THF and Et,O from Na and
benzophenone; CH,Cl,, DMF and CH3;CN from CaH,. Pyridine was predried with activated MS4A
and direct use for reaction without distillation. All air- or moisture-sensitive reactions were

conducted under a nitrogen or argon atmosphere.
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/\i/\(/);cozm - > /Y\(/);COZMe —_— OWCOZMe

OH OAc OAc
13 s1 9

Methyl (S)-9-acetoxy-10-oxodecanoate (9). To a stirred solution of 13 (112 mg, 0.523 mmol) in
pyridine (0.26 ml) was added Ac,O (0.15 ml, 1.59 mmol) at room temperature. After 6.5 h, the
mixture was quenched with satd ag NaHCOg, stirred for 35 min, and then extracted with ether. The
extract was successively washed with cold 1 m HCI (x 2), satd ag NaHCO3, water and brine, dried
(MgSQy), and concentrated in vacuo. The residue was purified by SiO, column chromatography
(hexane/EtOAC) to give corresponding acetic ester S1 (124 mg, 93%). [a]®p —7.25 (¢ 1.02, CHCls);
IR: Vimax 1736 (vs), 1650 (W), 1235(s); *H NMR: §1.25-1.34 (8H, m), 1.56-1.66 (4H, m), 2.06 (3H,
s), 2.30 (2H, t, J = 7.7 Hz), 3.67 (3H, s), 5.13-5.25 (3H, m), 5.77 (1H, ddd, J = 17.3, 10.5, 6.3 Hz);
BC NMR: §21.2, 24.8, 24.9, 28.97, 29.04, 29.1,34.0, 34.1, 51.4, 74.8, 116.5, 136.6, 170.3, 174.2;
HRMS (FAB): m/z calcd for Ci4H»504, 257.1753; found, 257.1758 ([M+H]"). Ozone was bubbled
into a stirred solution of acetic ester (124 mg, 0.484 mmol) in CH,CI, (6 ml) at —78 °C until the
disappearance of starting material was observed by TLC monitoring. Me,S (excess) was then added,
and the mixture was gradually warmed to room temperature. The mixture was concentrated in vacuo,
and the residue was purified by SiO, column chromatography (hexane/EtOAC) to give 9 (107 mg,
80%). [a]®p —23.5 (¢ 1.15, CHCLy); IR: vimax 2725 (W), 1734 (s), 1230 (m); *H NMR: & 1.28-1.36
(6H, m), 1.36-1.45 (2H, m), 1.57-1.66 (2H, m), 1.67-1.87 (2H, m), 2.18 (3H, s), 2.30 (2H, t,J=7.5
Hz), 3.67 (3H, s), 4.98 (1H, br dd, J = 8.3, 4.8 H), 9.51 (1H, d, J = 0.8 Hz); BC NMR: §20.6, 24.8,
28.5 (2C), 28.9 (2C), 29.0, 34.0, 51.4, 78.2, 170.6, 174.2, 198.3; HRMS (FAB): m/z calcd for
C13H230s, 259.1545; found, 259.1550 ([M+H]")

AN—="0H ——» ="
16 17
(2)-1-lodo-2-pentene (17). To a stirred solution of (Z)-2-penten-1-ol (16) (0.500 ml, 4.95 mmol) and
Nal (1.50 g, 10.0 mmol) in CH3CN (15 ml) was added BF3-OEt, (1.30 ml, 10.3 mmo) at 0 °C under
N,. The mixture was stirred at room temperature for 1.25 h and quenched with satd ag NaHCO3 and
Na,S,03. The mixture was extracted with pentane and the extract was successively washed with
water (x 2) and brine, dried (MgSQOy,), and concentrated in vacuo to give 17 (694 mg, 71%). IR: Viax
3016 (m), 1640 (w), 1146 (s), 742 (m); *H NMR: §1.03 (3H, t, J = 7.6 Hz), 2.07-2.16 (2H, m), 3.92
(2H, d, J = 8.8 Hz), 5.48 (1H, dt, J = 10.6, 7.4 Hz), 5.68-5.77 (1H, m); *C NMR: §0.5, 13.0, 20.1,
126.0, 136.4; HRMS (EI): m/z calcd for CsHgl, 195.9749; found, 195.9751 (M"). This compound

was chemically and isomerically pure enough to enable its direct use in the next step without
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chromatographic purification.

X R
HI\N (o) + /\=/\| /\Z/YI\N o
PMBO )—/ 17 PMBO
Bn Bn
10 18

(R)-4-Benzyl-3-[(S)-2-(4-methoxybenzyloxy)-4-heptenoyl]-2-oxazolidinone (18). To a stirred solution
of NaHMDS (1.0 M in THF, 1.65 ml, 1.65 mmol) in THF (10 ml) was added dropwise a solution of
10 (420 mg, 1.18 mmol) in THF (5 ml) at —78 °C under N,. After 1 h, a solution of 17 (688 mg, 3.51
mmol) in THF (5 ml) was added, and the resulting mixture was stirred at the same temperature for 3
h. The mixture was quenched with satd ag NH4Cl and extracted with hexane/EtOAc (1:1). The
extract was washed with brine, dried (MgSQO,), and concentrated in vacuo. The residue was purified
by SiO, column chromatography (hexane/EtOAC) to give 18 (447 mg, 89%). [o]*p —80.5 (c 1.10,
CHCls); IR: Vinax 1775 (vs), 1705 (s), 1612 (w), 1513 (m), 1245 (s); *H NMR: §0.95 (3H, t, J = 7.6
Hz), 2.03-2.11 (2H, m), 2.50-2.64 (2H, m), 2.70 (1H, dd, J = 13.3, 9.7 Hz), 3.23 (1H, dd, J = 13.3,
3.3 Hz), 3.79 (3H, s), 4.12-4.17 (2H, m), 4.48 (1H, d, J = 11.2 Hz), 453 (1H, d, J = 11.2 Hz), 4.56—
4.62 (1H, m), 5.12 (1H, dd, J = 7.1, 5.0 Hz), 5.43-5.56 (2H, m), 6.84-6.88 (2H, m), 7.18-7.21 (2H,
m), 7.27-7.35 (5H, m); *C NMR: §14.1, 20.7, 30.8, 37.9, 55.0, 55.3, 66.7, 72.4, 76.5, 113.6 (2C),
122.8, 127.4, 128.9 (2C), 129.4 (2C), 129.7, 130.0 (2C), 134.8, 135.0, 153.0, 159.3, 172.7; HRMS
(FAB): m/z calcd for C,5H,0NOsNa, 446.1944; found, 446.1944 ([M+Na]").

— N Yo _ OH — Iil,OMe
PMBO Bn“ PMBO PMBO
18 19 20

(2S,4Z)-N-Methoxy-2-(4-methoxybenzyloxy)-N-methyl-4-heptenamide (20). To a stirred solution of
18 (1.02 g, 2.41 mmol) in THF/H,O (3:1, 48 ml) were added dropwise 30% aq H,0, (930 mg, 8.20
mmol) and LiOH-H,0 (200 mg, 4.77 mmol) at 0 °C. After 1.5 h, the mixture was quenched with 1.5
M ag Na,SO; and gradually warmed to room temperature over 1.5 h. The mixture was concentrated
in vacuo, and the residue was diluted with EtOAc and extracted with satd ag NaHCOs. The aqueous
solution was acidified with 2 M aq HCI to pH ca. 2, and extracted with CH,Cl,. The extract was
washed with brine, dried (MgS0O,), and concentrated in vacuo to give 19 (548 mg). To a stirred
solution of crude 19 (539 mg, 2.04 mmol) in CH,ClI, (10 ml) were added MeNH(OMe)-HCI (300 mg,
3.08 mmol), DMAP (429 mg, 3.51 mmol) and DCC (724 mg, 3.51 mmol) at 0 °C under N,. The
mixture was gradually warmed to room temperature over 3 h and filtered through a pad of Celite.
The filtrate was successively washed with satd aq NH,4ClI, satd ag NaHCOj3 and brine, dried (MgSO,),
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and concentrated in vacuo. The residue was purified by SiO, column chromatography
(hexane/EtOAC) to give 20 (570 mg, 78% from 18). [a]*"b —7.25 (c 1.02, CHCI5); IR: vinax 1670 (5),
1612 (m), 1513 (s), 1246 (s); "H NMR: 50.93 (3H, t, J = 7.6 Hz), 1.99-2.08 (2H, m), 2.43-2.55 (2H,
m), 3.20 (3H, s), 3.58 (3H, s), 3.80 (3H, s), 4.28 (1H, br t, J = 5.7 Hz), 4.35 (1H, d, J = 11.5 Hz),
4.62 (1H, d, J = 11.5 Hz), 5.37-5.53 (2H, m), 6.84-6.88 (2H, m), 7.26-7.30 (2H, m); *C NMR: &
14.1, 20.5, 30.1, 32.3, 55.2, 61.3, 71.0, 75.0, 113.6 (2C), 123.6, 129.5 (2C), 129.9, 134.2, 159.2,
172.9; HRMS (FAB): m/z calcd for C17H,6NO,, 308.1862; found, 308.1865 ([M+H]").

(0] (0] 9
A:/YJ\N’OMEE—> /\Z/YK/F:\ Me
| OMe
PMBO PMBO
20 8

Dimethyl [(S)-3-(4-methoxybenzyloxy)-2-oxo-5-octenyl]phosphonate (8). To a stirred solution of
MeP(O)(OMe), (0.903 ml, 8.33 mmol) in THF (50 ml) was added dropwise a solution of n-BuLi
(1.59 M in hexane, 5.00 ml, 7.59 mmol) at —78 °C under N,. After 1h, a solution of 20 (513 mg, 1.67
mmol) in THF (10 ml) was added, and the resulting mixture was stirred for 5 h. The mixture was
guenched with satd ag NH4CI and extracted with EtOAc. The extract was washed with brine, dried
(MgSQy), and concentrated in vacuo. The resudue was purified by SiO, column chromatography
(hexane/EtOAC) to give 8 (580 mg, 94%). [a]*p —17.3 (¢ 1.13, CHCL); IR: vinax 1718 (W), 1612 (w),
1514 (m), 1247 (s), 1025 (vs); 'H NMR: §0.95 (3H, t, J = 7.6 Hz), 1.99-2.08 (2H, m), 2.40-2.53
(2H, m), 3.16 (1H, dd, J = 21.9, 14.6 Hz), 3.32 (1H, dd, J = 21.7, 14.6 Hz), 3.76 (3H, d, J = 5.7 Hz),
3.79 (3H, d, J =5.5Hz), 3.81 (3H, s), 4.46 (1H, d, J = 11.2 Hz), 4.57 (1H, d, J = 11.2 Hz), 5.29-5.37
(1H, m), 5.47-5.54 (1H, m), 6.86-6.90 (2H, m), 7.26-7.30 (2H, m); **C NMR: 5 14.0, 20.6, 29.3,
36.2 (d, J = 133.1 Hz), 52.9 (d, J = 5.3 Hz), 53.0 (d, J = 5.3 Hz), 55.2, 72.2, 84.0 (d, J = 2.9 Hz),
113.8 (2C), 122.6, 129.4, 129.6 (2C), 134.9, 159.4, 203.9 (d, J = 6.9 Hz); HRMS (FAB): m/z calcd
for CygH,506P, 371.1623; found, 371.1625 ([M+H]").

@ 9
/E/YI\/P\\ Me + OWCOZMG
OMe

OAc
PMBO
8 9
o
_— — AN 3CO,Me
PMBO OAc
7
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Methyl  (9S,13S)-9-acetoxy-13-(4-methoxybenzyloxy)-12-o0x0-10,15-octadecadienoate (7). A
mixture of 8 (821 mg, 2.22 mmol) and LiBr-H,0 (465 mg, 4.43 mmol) in THF (27 ml) was stirred at
room temperature for 30 min under N,. To the mixture were added dropwise Et;N (0.37 ml, 2.65
mmol) and the mixture was stirred for 1 h. A solution of 9 (601 mg, 2.33 mmol) in THF (22 ml) was
then added, and the resulting mixture was stirred overnight at room temperature. The mixture was
guenched with satd ag NH4CI, concentrated in vacuo, diluted with water, and then extracted with
ether. The extract was successively washed with water and brine, dried (MgSQ,), and concentrated
in vacuo. The residue was purified by SiO, column chromatography (hexane/EtOAc) to give 7 (1.07
g, 96%) as a single geometrical isomer. [0]*p —33.2 (¢ 1.16, CHCI3); IR: vinax 1737 (5), 1698 (m),
1514 (m), 1232 (s); *H NMR: §0.92 (3H, t, J = 7.5 Hz), 1.26-1.36 (8H, m), 1.56-1.69 (4H, m),
1.93-2.05 (2H, m), 2.10 (3H, s), 2.30 (2H, t, J = 7.6 Hz), 2.44 (2H, t, J = 6.9 Hz), 3.66 (3H, s), 3.81
(3H,s), 3.92 (1H, t, J = 6.6 Hz), 4.36 (1H, d, J = 11.2 Hz), 4.49 (1H, d, J = 11.2 Hz), 5.28-5.36 (1H,
m), 5.38-5.44 (1H, m), 5.44-5.52 (1H, m), 6.61 (1H, dd, J = 15.7, 1.5 Hz), 6.84-6.91 (3H, m), 7.22—
7.27 (2H, m); *C NMR: 5 14.0, 20.6, 21.0, 24.8, 24.9, 28.96, 29.01, 29.1, 30.2, 33.8, 34.0, 51.4,
55.2,72.0,72.8, 83.8, 113.8 (2C), 122.6, 124.0, 129.4, 129.7 (2C), 134.7, 144.9, 159.4, 170.0, 174.2,
200.7; HRMS (E1): m/z calcd for CygH4,0,Na, 525.2829; found, 525.2830 ([M+Na]").

(o}
7 H ;COMe ————— — Z Y ;CO;Me
PMBO 7 OAc HO 21 OAc
Methyl (9S,10E,13S,15Z)-9-acetoxy-13-hydroxy-12-0x0-10,15-octadecadienoate (21). A stirred
mixture of 7 (206 mg, 0.410 mmol) and water (0.4 ml) in CH,Cl, (4.1 ml) was added DDQ (280 mg,

1.23 mmol) at 0 °C. The mixture was warmed to room temperature and stirred overnight. The

mixture was diluted with water and extracted with CH,Cl,. The extract was successively washed
with water and brine, dried (MgSO,), and concentrated in vacuo. The residue was purified by SiO,
column chromatography (hexane/EtOAc) to give 21 (151 mg, 96%). [a]*p +4.5 (c 1.02, CHCL,); IR:
Vinax 3481 (W), 1737 (s), 1697 (m), 1635 (m), 1231 (s); *H NMR: §0.95 (3H, t, J = 7.5 Hz), 1.26—
1.37 (8H, m), 1.57-1.70 (4H, m), 1.98-2.07 (2H, m), 2.11 (3H, s), 2.30 (2H, t, J = 7.6 Hz), 2.37—
2.45 (1H, m), 2.54-2.62 (1H, m), 3.48 (1H, br s, OH), 3.67 (3H, s), 4.43 (1H, t, J = 5.5 Hz), 5.28—
5.36 (1H, m), 5.39-5.45 (1H, m), 5.50-5.58 (1H, m), 6.36 (1H, dd, J = 15.6, 1.4 Hz), 6.90 (1H, dd, J
=15.6, 5.3 Hz); BC NMR: 514.1, 20.7. 20.9, 24.77. 24.84, 28.9, 28.95, 29.01, 31.8, 33.7, 33.9, 51.4,
725, 75.3, 122.0, 123.9, 135.4, 145.7, 170.0, 174.2, 199.9; HRMS (FAB): m/z calcd for C,;H350s,
383.2433; found, 383.2435 ([M+H]").
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21 22
Methyl (9S,10E,12R,13S,152)-9-acetoxy-12,13-dihydroxy-10,15-octadecadienoate (22). To a stirred
solution of ZnCl, (71.2 mg, 0.522 mmol) in THF (1 ml) was added NaBH, (40.0 mg, 1.06 mmol) at
0 °C under Ar. The mixture was stirred overnight at room temperature, and then re-cooled to 0 °C.
To the mixture was added dropwise a solution of 21 (50.0 mg, 0.131 mmol) in THF (5 ml). After 30
min, the mixture was quenched with satd ag NH,Cl and extracted with CH,Cl,. The extract was
washed with brine, dried (Na,SO,), and concentrated in vacuo. The residue was purified by SiO,
column chromatography (hexane/EtOAcC) to give 22 (44.1 mg, 88%). [0]*°p —20.1 (c 1.17, CHCIs):
IR: Vinax 3468 (M), 1736 (s), 1237 (s), 1020 (m); *H NMR: §0.97 (3H, t, J = 7.6 Hz), 1.24-1.34 (8H,
m), 1.52-1.69 (4H, m), 2.01-2.10 (2H, m), 2.05 (3H, s), 2.11-2.19 (1H, m), 2.21-2.29 (1H, m), 2.30
(2H, t, J = 7.5 Hz), 2.48 (1H, br s, OH), 3.67 (3H, s), 3.66-3.72 (1H, m), 4.16 (1H, dd, J = 5.5, 3.9
Hz), 5.22 (1H, q, J = 6.5 Hz), 5.33-5.41 (1H, m), 5.52-5.59 (1H, m), 5.70 (1H, dd, J = 15.8, 6.5 Hz),
5.78 (1H, dd, J = 15.8, 6.0 Hz); *C NMR: §14.2, 20.7, 21.3, 24.8, 25.0, 28.9, 29.00, 29.04, 29.8,
34.0, 34.3,51.4, 73.8, 74.3 (2C), 124.1, 130.5, 131.5, 135.1, 170.5, 174.3; HRMS (FAB): m/z calcd
for C,1H3;06, 385.2590; found, 385.2595 ([M+H]").

OH OH
/\MCOZME - . WMCOZH
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22 malyngic acid (5)

(9S,10E,12R,13S,152)-9,12,13-Trihydroxy-10,15-octadecadienoate (5). A mixture of 22 (36.0 mg,
0.0936 mmol), water (0.05 ml) and LiOH-H,0 (43.6 mg, 1.04 mmol) in THF (0.15 ml) was stirred
for 3 h at room temperature and for an additional 1 h at 40 °C. The mixture was concentrated in
vacuo, dilute with water and then extracted with ether. The aq solution was acidified with 0.9 m
cirtic acid to pH 3 and extracted with CH,CI,. The extract was washed with brine, dried (MgSQy),
and concentrated in vacuo. The residue was purified by SiO, column chromatography
(CH,Cl,/MeOH) to give 5 (15.2 mg, 49%) as a white solid. Mp: 48.7-49.8 °C (lit." mp 48.5-51 °C);
[0]%b +7.4 (c 0.730, MeOH) [lit.? [a]**°p +7.5 (¢ 1.2, MeOH), lit.* [a]p +7.7 (MeOH)]; IR: Vinax
3316 (m), 1696 (s), 1434 (m), 1073 (s); *H NMR (CDsCN): §0.94 (3H, t, J = 7.5 Hz), 1.24-1.34
(8H, m), 1.39-1.48 (2H, m), 1.50-1.59 (2H, m), 2.03 (2H, quint, J = 7.3 Hz), 2.03-2.12 (1H, m),
2.14-2.22 (1H, m), 2.25 (2H, t, J = 7.5 Hz), 3.50 (1H, dt, J = 8.4, 4.3 Hz), 3.91-3.95 (1H, m), 3.98—
4.03 (1H, m), 5.39 (1H, dtt, J = 10.8, 6.8, 1.4 Hz), 5.46 (1H, dtt, J = 10.8, 6.8, 1.4 Hz), 5.59-5.68
(2H, m); **C NMR (CD;0D): §14.6, 21.7, 26.1, 26.5, 30.2, 30.4, 30.5, 31.7, 35.0, 38.3, 73.3, 75.96,
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76.02, 126.35, 130.6, 134.4, 136.8, 177.8; HRMS (FAB): m/z calcd for CigH3,0sNa, 351.2148;
found, 351.2151 ([M+Na]").
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(9S,10E,12S,13S,152)-9-Acetoxy-12-hydroxy-13-(4-methoxybenzyloxy)-10,15-octadecadienoate (24).
To a stirred solution of 7 (106 mg, 0.211 mmol) in THF (2.1 ml) was added K-Selectride (1 M in
THF, 0.220 ml, 0.220 mmol) at —78 °C under N,. After 80 min, the mixture was quenched with satd
aq NH4CI and extracted with CH,Cl,. The extract was washed with brine, dried (Na,SO,4), and
concentrated in vacuo. The residue was purified by SiO, column chromatography (hexane/EtOAc) to
give 24 (94.2 mg, 89%) as a 16:1 diastereomeric mixture. [o]*°p —3.4 (¢ 2.57, CHCls); IR: Vinax 3508
(W), 1735 (s), 1613 (w), 1514 (m), 1240 (s); 'H NMR: 50.97 (3H, t, J = 7.6 Hz), 1.24-1.33 (8H, m),
1.55-1.65 (4H, m), 2.00-2.08 (2H, m), 2.04 (3H, s), 2.24-2.32 (1H, m), 2.29 (2H, t, J = 7.5 H2),
2.36-2.44 (1H, m), 2.54 (1H, d, J = 4.5 Hz, OH), 3.32-3.37 (1H, m), 3.66 (3H, s), 3.81 (3H, s),
4.01-4.07 (1H, m), 4.42 (1H, d, J = 11.0 Hz), 4.62 (1H, d, J = 11.0 Hz), 5.21-5.27 (1H, m), 5.36-
5.52 (2H, m), 5.66-5.75 (2H, m), 6.86-6.90 (2H, m), 7.23-7.27 (2H, m); **C NMR: § 14.1, 20.7,
21.2, 24.8, 25.0, 28.0, 28.99, 29.04, 29.1, 34.0, 34.3, 51.4, 55.2, 72.1, 72.9, 74.1, 81.5, 113.8 (2C),
123.7, 129,5 (2C), 130.1, 130.9, 132.3, 134.1, 159.3, 170.3, 174.2; HRMS (FAB): m/z calcd for
CaoH4407Na, 527.2985; found, 527.2985 ([M+Na]").
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Methyl (9S.10E,12S,13S,152)-9-acetoxy-12,13-dihydroxy-10,15-octadecadienoate (26). To a stirred
solution of 24 (25.8 mg, 0.0511 mmol) and anisole (54 uL, 0.50 mmol) in CH,Cl, (4.7 ml) was
added a solution of TFA (36 pL, 0.47 mmol) in CH,Cl, (0.4 ml) at 0 °C. After being stirred at room
temperature for 30 h, the mixture was quenched with satd aqg NH,CI and extracted with CH,Cl,. The
extract was washed with brine, dried (Na,SQO,4), and concentrated in vacuo. The residue was purified
by SiO, column chromatography (hexane/EtOAc) to give 26 (13.7 mg, 70%) as a 16:1
diastereomeric mixture. This could be further purified by SiO, column chromatography to afford
diastereomerically pure 26. [0]°p —36 (C 0.48, CHCI5); IR: vinax 3444 (W), 1736 (s), 1237 (s), 1019
(m); 'H NMR: §0.97 (3H, t, J = 7.5 Hz), 1.24-1.34 (8H, m), 1.55-1.66 (4H, m), 1.69 (1H, s, OH),
2.01-2.11 (2H, m), 2.05 (3H, s), 2.20-2.32 (2H, m), 2.30 (3H, t, J = 7.6 Hz), 2.45 (1H, s, OH), 3.47—
3.54 (1H, m), 3.67 (3H, s), 3.95-4.02 (1H, m), 5.20-5.26 (1H, m), 5.35-5.44 (1H, m), 5.53-5.61
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(1H, m), 5.68-5.77 (2H, m); *C NMR: §14.2, 20.7, 21.3, 24.8, 24.9, 28.9, 28.99, 29.03, 30.8, 34.0,
34.2,51.5,73.97, 74.04, 74.5, 123.7, 131,4, 131.9, 135.2, 170.4, 174.3; HRMS (FAB): m/z calcd for
C21H3706, 385.2590; found, 385.2591 ([M+H]").

OH OH
/\MCOZMG - /\MCOZH
HO OAc HO OH
26 fulgidic acid (6)

(9S,10E,12S,13S,152)-9,12,13-Trihydroxy-10,15-octadecadienoate (6). A mixture of 26 (53.5 mg,
0.139 mmol), water (0.07 ml) and LiOH-H,0 (35.0 mg, 0.834 mmol) in THF (0.21 ml) was stirred
for 2.5 h at room temperature and for an additional 1.5 h at 40 °C. The mixture was acidified with 1
M ag citric acid and extracted with CH,Cl,. The extract was washed with brine, dried (Na,SO,) and
concentrated in vacuo. The residue was purified by SiO, column chromatography (CH,Cl,/MeOH)
to give 6 (29.3 mg, 64%) as a white solid. Mp 71.5-72.3 °C; [a]®p —12 (c 0.705, CHCI5) [lit.*®
[0]%5 —7.1 (¢ 1.0, CHCL)]; IR: vinax 3536 (W), 3322 (m), 3013 (w), 1694 (s); "H NMR (CD30D): &
0.97 (3H, t, J = 7.6 Hz), 1.29-1.38 (8H, m), 1.46-1.55 (2H, m), 1.55-1.64 (2H, m), 2.02-2.16 (3H,
m), 2.28 (3H, t, J = 7.5 Hz), 2.35 (1H, dt, J = 14.6, 4.9 Hz), 3.43-3.48 (1H, m), 3.96 (1H,t, J = 4.9
Hz), 4.05 (1H, g, J = 5.1 Hz), 5.41-5.50 (2H, m), 5.67-5.77 (2H, m); *C NMR (CD;0D): & 14.6,
21.7, 26.1, 26.5, 30.2, 30.4, 30.6, 31.5, 35.1, 38.3, 73.0, 75.8, 75.9, 126.4, 131.1, 134.3, 136.5,
177.9; HRMS (FAB): m/z calcd for C1gH3,05, 327.2172; found, 327.2169 ([M-H]").
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(Z)-1-lodo-2-hexene (47). Compound 47 (2.33 g, 94% yield) was prepared from (Z)-2-hexen-1-ol
(46) (1.18 g, 11.8 mmol) by its treatment with Nal and BF;-OEt, in MeCN according to the
procedure described for the preparation of 17. 'H NMR & 0.94 (3H, t,J=7.4 Hz), 1.45 (2H, sex, J =
7.4 Hz), 2.08 (2H, dq, J = 1.5, 7.4 Hz), 3.92 (2H, d, J = 8.5 Hz), 5.48 (1H, dt, J = 10.6, 7.4 Hz),
5.72-5.81 (1H, m); °C NMR & 0.7, 13.8, 21.9, 28.7, 126.7, 134.6; HRMS (EI) m/z: calcd. for
CeH 11, 209.9906; found, 209.9906 (M").
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(ent-9) 49

(S)-4-Benzyl-3-[(2R,4Z)-2-(4-methoxybenzyloxy)-4-octenoyl]-2-oxazolidinone (49). Compound 49
(1.43 g, 83% yield) was prepared from 48 (1.40 g, 3.94 mmol) according to the procedure described
for the preparation of 18. [a]*'p +77.7 (¢ 1.22, CHCl3); 'H NMR & 0.89 (3H, t, J = 7.4 Hz), 1.37
(2H, sex, J = 7.4 Hz), 2.00-2.07 (2H, m), 2.50-2.64 (2H, m), 2.70 (1H, dd, J = 13.4, 9.7 Hz), 3.23
(1H, dd, J=13.4, 3.3 Hz), 3.78 (3H, s), 4.12-4.17 (2H, m), 4.48 (1H, d, /= 11.2 Hz), 4.53 (1H, d, J
= 11.2 Hz), 4.55-4.62 (1H, m), 5.12 (1H, dd, J = 7.2, 5.0 Hz), 5.47-5.57 (2H, m), 6.86 (2H, d, J =
8.4 Hz), 7.19 (2H, d, J = 6.9 Hz), 7.25-7.36 (5H, m); C NMR & 13.8, 22.6, 29.4, 30.9, 37.8, 54.9,
55.2, 66.6, 72.4, 76.5, 113.6 (2C), 122.5, 127.4, 128.9 (2C), 129.4 (2C), 129.7, 130.0 (2C), 133.0,
135.0, 152.9, 159.3, 172.7; HRMS (FAB) m/z: calcd. for CpsH31NOsNa, 460.2100; found, 460.2099
([M+Na]").

o O
PMBG \\}—/ PMBO PMBG '
49 BN 50 51

(2R,4Z)-N-Methoxy-2-(4-methoxybenzyloxy)-N-methyl-4-octenamide (51). Compound 51 (218 mg,
64% yield) was prepared from 49 (470 mg, 1.07 mmol) via 50 according to the procedure described
for the preparation of 20. [a]*’p +63.5 (¢ 1.20, CHCl;); 'H NMR & 0.88 (3H, t, J = 7.4 Hz), 1.35
(2H, sex, J = 7.4 Hz), 1.97-2.04 (2H, m), 2.42-2.55 (2H, m), 3.20 (3H, s), 3.58 (3H, s), 3.80 (3H, s),
4.28 (1H, br t, J= 5.7 Hz), 4.35 (1H, d, J= 12.5 Hz), 4.62 (1H, d, J = 12.5 Hz), 5.41-5.53 (2H, m),
6.84-6.88 (2H, m), 7.26-7.30 (2H, m); °C NMR & 13.7, 22.6, 29.3, 30.3, 32.3, 55.2, 61.2, 71.0,
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75.0, 113.6 (2C), 124.4, 129.5 (2C), 129.9, 132.4, 159.2, 173.0; HRMS (FAB) m/z: calcd. for
C1sHxsNOy, 322.2018; found, 322.2020 ([M+H]").
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Dimethyl [(R)-3-(4-methoxybenzyloxy)-2-oxo-5-nonenyl]phosphonate (45). Compound 45 (1.52 g,
97% yield) was prepared from 31 (1.31 g, 4.09 mmol) according to the procedure described for the
preparation of 8. [a]”’p +27.8 (¢ 1.07, CHCLy); '"H NMR & 0.89 (3H, t, J= 7.4 Hz), 1.36 (2H, sex, J
=17.4 Hz), 1.95-2.03 (2H, m), 2.39-2.53 (2H, m), 3.16 (1H, dd, J=21.9, 14.6 Hz), 3.32 (1H, dd, J =
21.7, 14.6 Hz), 3.76 (3H, d, J = 5.8 Hz), 3.79 (3H, d, /= 5.8 Hz), 3.81 (3H, s), 3.96 (1H, t, /= 6.2
Hz), 446 (1H, d, J = 11.3 Hz), 4.57 (1H, d, J = 11.3 Hz), 5.34-5.41 (1H, m), 5.47-5.55 (1H, m),
6.86-6.90 (2H, m), 7.26-7.30 (2H, m); °C NMR & 13.7, 22.6, 29.3, 29.4, 36.2 (d, J = 132.7 Hz),
529 (d,J=5.9Hz), 53.0 (d, /= 5.9 Hz), 55.2, 72.2, 84.0 (d, J = 2.4 Hz), 113.8 (2C), 123.3, 129.4,
129.6 (2C), 133.1, 159.4, 203.9 (d, J = 6.9 Hz); HRMS (FAB) m/z: calcd. for C19H3006P, 385.1780;
found, 385.1786 ([M+H]").
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S2 58

Methyl (R)-6-acetoxy-7-oxoheptanoate (58). Compound 58 (280 mg, 52% yield) was prepared in
three steps from racemic alcohol 62 (1.65 g, 9.59 mmol) according to the procedure described for the
preparation of 9 except that L-DIPT, instead of D-DIPT, was used as the catalyst in the kinetic
resolution step. [a]*'p +33.5 (¢ 1.07, CHCl;); 'H NMR & 1.41-1.51 (2H, m), 1.62-1.72 (2H, m),
1.72-1.80 (1H, m), 1.80-1.91 (1H, m), 2.19 (3H, s), 2.34 (2H, t, J= 7.4 Hz), 3.68 (3H, s), 4.99 (1H,
dd, J=8.2,4.7 Hz), 9.51 (1H, br s); C NMR & 20.6, 24.4 (2C), 28.3, 33.6, 51.5, 78.0, 170.6, 173.7,
198.2; HRMS (FAB) m/z: caled for CjoH;O0s, 217.1076; found, 217.1075 ([M+H]").The
enantiomeric excess of 63 obtained by the Sharpless kinetic resolution of 62 was determined to be

>98% by "H NMR analyses of the corresponding (R)- and (S)-MTPA esters.
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Methyl  (6R,7E, 10R, 12Z)-6-acetoxy-10-(4-methoxybenzyloxy)-9-oxo-7,12hexadecadienoate  (64).
Compound 64 (245 mg, 85% yield) was prepared from 45 (235 mg, 0.61 mmol) and 58 (139 mg,
0.64 mmol) according to the procedure described for the preparation of 7. [a]”p +42.1 (¢ 1.09,
CHCl;); '"H NMR & 0.88 (3H, t, J= 7.4 Hz), 1.28-1.41 (4H, m), 1.61-1.72 (4H, m), 1.96 (2H, br q,
J=17.3Hz),2.10 (3H, s), 2.31 (2H, t, J=7.5 Hz), 2.43 (2H, t, /= 6.8 Hz), 3.67 (3H, s), 3.81 (3H, s),
392 (1H, t, J = 6.6 Hz), 4.36 (1H, d, J = 11.1 Hz), 449 (1H, d, J = 11.1 Hz), 5.32-5.52 (3H, m),
6.61 (1H, dd, J = 15.9, 1.2 Hz), 6.83-6.90 (3H, m), 7.25 (2H, d, J = 8.4 Hz); C NMR &: 13.7, 21.0,
22.6,24.5 (2C), 29.4, 30.3, 33.5, 33.7, 51.5, 55.3, 72.0, 72.6, 83.8, 113.8 (2C), 123.4, 124.1, 129.4,

129.7 (2C), 132.9, 144.6, 159.4, 170.0, 173.8, 200.7; HRMS (FAB) m/z: calcd. for Co7H350,Na,
497.2515; found, 497.2516 ([M+Na]").
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Methyl (6R,7E,10R,127)-6-acetoxy-10-hydroxy-9-oxo-7,12hexadecadienoate (65). Compound 65
(109 mg, 93% yield) was prepared from 64 (245 mg, 0.52 mmol) according to the procedure
described for the preparation of 21. [0]*°p —7.29 (¢ 1.33, CHCls); *H NMR: 50.89 (3H,t, J = 7.5
Hz), 1.31-1.42 (4H, m), 1.58-1.73 (5H, m), 1.94-2.02 (2H, m), 2.11 (3H, s), 2.31 (2H, t, J = 7.2 Hz),
2.35-2.43 (1H, m), 2.54-2.62 (1H, m), 3.45 (1H, br), 3.66 (3H, s), 4.41 (1H, m), 5.31-5.38 (1H, m),
5.40-5.45 (1H, m), 5.51-5.58 (1H, m), 6.36 (1H, dd, J = 15.7, 1.6 Hz), 6.88 (1H, dd, J = 15.0, 5.0
Hz); °C NMR: §13.77, 20.96. 22.63, 24.47. 29.47, 32.0, 33.4, 33.67, 51.56, 72.26, 75.36, 122.8,

124.0, 133.7, 145.4, 170.0, 173.7, 199.9; HRMS (FAB): m/z calcd for CigH300g, 355.2121; found,
355.2121 ([M+H]")
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Methyl (6R,7E,9S,10R,127)-6-acetoxy-9,10-dihydroxy-7,12hexadecadienoate (66). Compound 66
(120 mg, 70% yield) was prepared from 65 (169 mg, 0.48 mmol) according to the procedure
described for the preparation of 22. [0]*p +22.5 (¢ 1.11, CHCI,); 'H NMR: §0.90 (3H, t, J = 7.4
Hz), 1.31-1.43 (4H, m), 1.59-1.72 (5H, m), 1.99-2.04 (2H, m), 2.05 (3H, s), 2.13-2.27 (2H, m),
2.31 (2H,t, J = 7.5 Hz), 3.67 (1H, s), 3.69 (1H, m), 4.18 (1H, m), 5.25 (1H, q, J = 6.5 Hz)5.38-5.45
(1H, m), 5.54-5.60 (1H, m), 5.71 (1H, dd, J = 6.0, 15.8 Hz), 5.79 (1H, dd, J = 5.7, 15.6 Hz); °C
NMR: 6§ 13.72, 21.22. 22.66, 24.50. 24.56, 29.4, 29.9, 33.75, 33.9, 51.5, 73.82, 74.0, 74.25, 124.85,
130.75, 131.14, 133.15, 170.48, 173.95; HRMS (FAB): m/z calcd for C;9H3,05Na, 379.2092; found,
379.2099 ([M+H]")
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Methyl (6R,7E,9S,10R, 127)-6-acetoxy-9-hydroxy-10-(4-methoxybenzyloxy)-7, 1 2hexadecadienoate
(75). To a stirred solution of anhydrous ZnCl, (91.9 mg, 0.674 mmol) in Et,O (4.5 ml) was added
NaBH, (51.1 mg, 1.35 mmol) at 0 °C. The mixture was stirred at room temperature for 12 h, and
then re-cooled to —15 °C. To the mixture was added dropwise a solution of 64 (80.0 mg, 0.169
mmol) in Et,O (3.4 ml), and the mixture was stirred overnight at —15 °C and for an additional 5 h at
—10 °C. The mixture was quenched with satd. aq. NH4Cl, filtered through a pad of Florisil, and
extracted with CH,Cl,. The extract was washed with brine, dried (MgSO,4) and concentrated in
vacuo. The residue was chromatographed over SiO, (hexane/EtOAc = 4:1) to give 75 (64.9 mg,
81%) as a 7.5:1 mixture with its 9R-epimer. [a,]*’p +5.96 (¢ 1.12, CHCl;); 'H NMR & 0.90 3H, t, J
= 7.4 Hz), 1.24-1.42 (5H, m), 1.54-1.72 (4H, m), 2.00 (2H, q, J = 7.0 Hz), 2.04 (3H, s), 2.15-2.23
(1H, m), 2.29 2H, t, J= 7.5 Hz), 2.28-2.37 (1H, m), 3.46 (1H, ddd, J= 7.1, 5.7, 3.8 Hz), 3.66 (3H,
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s), 3.81 (3H, s), 4.24 (1H, br q, J = 4.6 Hz), 4.50 (1H, d, J= 11.3 Hz), 4.57 (1H, d, J= 11.3 Hz), 5.26
(1H, br q, J = 6.3 Hz), 5.37-5.50 (2H, m), 5.68 (1H, dd, J=15.8, 6.1 Hz), 5.75 (1H, dd, /= 15.8, 5.5
Hz), 6.86-6.90 (2H, m), 7.24-7.28 (2H, m); °C NMR & 13.7, 21.2, 22.6, 24.57, 24.62, 27.6, 29.4,
33.8, 33.9, 51.4, 55.2, 71.8, 72.6, 73.7, 81.6, 113.7 (2C), 125.3, 129.3 (2C), 130.2, 130.3, 131.2,
131.9, 159.2, 170.2, 173.9; HRMS (FAB) m/z: caled. for Co7H,40;Na, 499.2672; found, 499.2676
([M+Na]").
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Methyl (6R,7E,9S,10R,127)-6,9-diacetoxy- 10-(4-methoxybenzyloxy)-7, 1 2hexadecadienoate (78). To
a stirred solution of 75 (19.9 mg, 42 pmol) in pyridine (0.4 ml) was added Ac,O (10.7 mg, 105
pmol) at 0 °C, and the mixture was stirred for 8 h at room temperature. DMAP (2.8 mg, 23 pmol)
was then added, and the mixture was stirred for an additional 2 h. The mixture was quenched with
satd. ag. NH,4Cl and extracted with Et,O. The extract was successively washed with cold 1M aq. HCI,
satd. ag. NaHCOs, water and brine, dried (MgSO,) and concentrated in vacuo. The residue was
chromatographed over SiO, (hexane/EtOAc = 4:1) to give 78 (18.6 mg, 85%). [oc]24D +35.5 (¢ 1.48,
CHCl;); '"H NMR & 0.89 (3H, t, J= 7.4 Hz), 1.27-1.41 (4H, m), 1.53-1.70 (4H, m), 1.97 (2H, br q,
J=17.0 Hz), 2.04 (3H, s), 2.07 (3H, s), 2.17-2.28 (2H, m), 2.29 (2H, t, J = 7.5 Hz), 3.48-3.53 (1H,
m), 3.66 (3H, s), 3.80 (3H, s), 4.48 (1H, d, J=11.1 Hz), 4.58 (1H, d, /= 11.1 Hz), 5,26 (1H, br q, J
= 6.4 Hz), 5.35-5.50 (3H, m), 5.66 (1H, dd, J= 15.6, 6.3 Hz), 5.76 (1H, dd, J= 15.6, 6.3 Hz), 6.85—
6.89 (2H, m), 7.24-7.28 (2H, m); "C NMR & 13.8, 21.2 (2C), 22.6, 24.6 (2C), 28.8, 29.4, 33.8, 33.9,
51.4,55.2,72.0,73.4,74.7, 79.8, 113.7 (2C), 124.9, 127.2, 129.4 (2C), 130.3, 132.0, 132.6, 159.1,
169.9, 170.1, 173.8; HRMS (FAB) m/z: caled. for C,oHsOgNa, 541.2778; found, 541.2781
([M+Na]").
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protected a-chain (77)

Methyl (6R,7E,9S,10R,127)-6,9-diacetoxy-10-hydroxy-7,12-hexadecadienoate (77). To a stirred
mixture of 78 (17.6 mg, 33.9 umol) in CH,Cl,/water (10:1, 0.33 ml) was added DDQ (23. 1 mg, 102
pmol) at 0 °C, and the mixture was stirred at room temperature for 2 h. The mixture was diluted with
water and extracted with CH,Cl,. The extract was successively washed with water and brine, dried
(MgS0y) and concentrated in vacuo. The residue was chromatographed over SiO, (hexane/EtOAc =
6:1) to give 77 (10.7 mg, 79%). [a]**p +31.0 (¢ 0.525, CHCL3); '"H NMR &: 0.91 (3H, t, J = 7.4 Hz),
1.25 (1H, s, OH), 1.29-1.43 (4H, m), 1.56-1.69 (4H, m), 2.01 (2H, br q, J = 7.0 Hz), 2.06 (3H, s),
2.10 (3H, s), 2.21 (2H, brt, J = 7.0 Hz), 2.31 (3H, t, J = 7.5 Hz), 3.67 (3H, s), 3.77 (1H, dt, ] = 4.0,
6.6 Hz), 5.21-5.28 (2H, m), 5.36-5.44 (1H, m), 5.52-5.60 (1H, m), 5.68-5.78 (2H, m); °C NMR &
13.8, 21.20, 21.22, 22.7, 24.5 (2C), 29.4, 30.7, 33.79, 33.84, 51.5, 72.6, 73.5, 76.3, 124.2, 126.3,
133.5, 133.6, 170.0, 170.3, 173.9; HRMS (FAB) m/z: caled. for C,H340,Na, 421.2203; found,
421.2204 ([M+Na]").

/Y\/\/002Me /Y\/\/COZME
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Methyl (S)-6-(tert-butyldimethylsilyl)-7-oxoheptanoate (80). To a stirred solution of 63 (181 mg,
1.04 mmol) in DMF (4.2 ml) was added imidazole (143 mg, 2.10 mmol), TBDMSCI (152 mg, 1.01
mmol) at 0 °C, and the mixture was stirred at room temperature . After 3 h, imidazole (136 mg, 2.00
mmol) and TBDMSCI (151 mg, 1.00 mmol) was added at 0 °C and stirred at room temperature for 2
h. The mixture was quenched with satd aqg NH4CI and extracted with ether. The extract was
successively washed with water and brine, dried (MgS0O,), and concentrated in vacuo. The residue
was purified by SiO, column chromatography (hexane/EtOAC) to give corresponding TBDMS ether
S3 (292 mg, 98%). Ozone was bubbled into a stirred solution of TBDMS ether (292 mg, 1.02 mmol)
in CH,CI, (10 ml) at —78 °C until the disappearance of starting material was observed by TLC
monitoring. Me,S (excess) was then added, and the mixture was gradually warmed to room

temperature. The mixture was concentrated in vacuo, and the residue was purified by SiO, column
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chromatography (hexane/EtOAc) to give 80 (202 mg, 69% yield). *H NMR: §0.07 (3H, s), 0.08 (3H,
s), 0.92 (9H, s), 1.37-1.46 (2H, m), 1.60-1.68 (4H, m), 2.32 (2H, t, J = 7.5 Hz), 3.67 (3H, s), 3.96
(1H, m), 9.59 (1H, d, J= 0.8 Hz)

i ('? CO;M
N Z 2\e
\/E/\_)J\/, OMe + O/Y\/\/

= e
PMBO OTBS 80
45
o)
i . = CO,Me
PMBO OTBS
81

Methyl (6R,7E, 10R, 127)-6-(tert-butyldimethylsilyl)- 10-(4-methoxybenzyloxy)-9-oxo-7,12-
hexadecadienoate (81). Compound 81 (109 mg, 93% yield) was prepared from 45 (252 mg, 0.66
mmol) and 80 (201 mg, 0.70 mmol) according to the procedure described for the preparation of 7. 'H
NMR & 0.02 (3H, s), 0.05 (3H, s), 0.86 (3H, t, J= 7.4 Hz) 0.91 (9H, s), 1.30-1.40 (4H, m), 1.52—
1.57 (2H, m), 1.62 (2H, quint, J= 7.6 Hz), 1.96 (2H, br q, J= 7.0 Hz), 2.29 (2H, t, /= 7.6 Hz),
2.36-2.50 (2H, m), 3.65 (3H, s), 3.80 (3H, s), 3.91 (1H, t, J= 6.5 Hz), 4.33 (1H, d, /= 11.3 Hz), 4.49
(1H, d, J=11.4 Hz), 5.33-5.40 (2H, m), 5.44-5.51 (2H, m), 6.72 (1H, dd, J= 15.6, 1.7 Hz), 6.84—
6.88 (2H, m), 6.97 (2H, dd, J=15.6, 3.9 Hz), 7.24 (2H, d, J= 8.3 Hz)

o]
_ S 002Me
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Methyl (6R,7E,9S, 10R, 1 27)-6-(tert-butyldimethylsilyl)-9-hydroxy -10-(4-methoxybenzyloxy)-7,12-
hexadecadienoate (82). To a stirred solution of anhydrous ZnCl, (346 mg, 2.54 mmol) in Et,O (11
ml) was added NaBH, (192 mg, 5.08 mmol) at 0 °C. The mixture was stirred at room temperature
for 12 h, and then re-cooled to —40 °C. To the mixture was added dropwise a solution of 81 (303 mg,
0.55 mmol) in Et,O (3.4 ml), and the mixture was stirred overnight at —10 °C and for an additional 1
h at -5 °C. The mixture was quenched with satd. aq. NH,Cl, filtered through a pad of Florisil, and
extracted with CH,Cl,. The extract was washed with brine, dried (MgSO,) and concentrated in
vacuo. The residue was chromatographed over SiO, (hexane/EtOAc) to give 82 (121 mg, 40%).'H
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NMR & 0.02 (3H, s), 0.04 (3H, s), 0.88 (9H, s), 0.90 (3H, t, /= 7.4 Hz), 1.30-1.65 (8H, m), 2.00
(2H, q, J= 7.2 Hz), 2.15-2.23 (2H, m), 2.29 (2H, t, J = 7.5 Hz), 2.30-2.39 (1H, m), 3.46 (1H, ddd, J
=7.2,5.6,3.6 Hz), 3.66 (3H, s), 3.80 (3H, s), 4.13 (1H, br q, J = 5.7 Hz), 4.22 (1H, br), 4.51 (1H, d,
J=11.2 Hz), 4.58 (1H, d, J= 11.1 Hz), 5.38-5.50 (2H, m), 5.62-5.72 (1H, m), 6.85-6.89 (2H, m),
7.25-7.27 (2H, m)

OH
_ S COZMe
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83

Methyl (6R,7E,9S,10R, 127)-9-acetoxy -6-(tert-butyldimethylsilyl)-10-(4-methoxybenzyloxy)-7,12-
hexadecadienoate (83). To a stirred solution of 82 (120.5 mg, 220 pumol) in pyridine (2 ml) was
added Ac,0 (44.8 mg, 440umol) and DMAP (5.4 mg, 44 umol) at room temperature. After being
stirred at same temperature for 2 h, the mixture was quenched with satd. aq. NaHCO; and extracted
with Et,0O. The extract was successively washed with water and brine, dried (MgSO,) and
concentrated in vacuo. The residue was chromatographed over SiO, (hexane/EtOAc) to give 83
(18.6 mg, 85%). 'HNMR & 0.01 (3H, s), 0.03 (3H, s), 0.87 (9H, s), 0.88 (3H, t, /= 7.4 Hz), 1.25-
1.65 (8H, m), 1.97 (2H, q, J=7.2 Hz), 2.05 (3H, s), 2.16-2.25 (1H, m), 2.29 (2H, t,J= 7.6 Hz),
3.51 (1H, ddd, J=17.2, 5.9, 3.3 Hz), 3.66 (3H, s), 3.80 (3H, s), 4.12 (1H, br), 4.49 (1H, d, J=11.3
Hz), 4.60 (1H, d, J= 11.1 Hz), 5.35-5.49 (3H, m), 5.64-5.73 (2H, m), 6.84-6.88 (2H, m), 7.25-7.27
(2H, m)
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Methyl (6R,7E,9S,10R, 127)-9-acetoxy -6-(tert-butyldimethylsilyl)-10-hydroxy--7,12-
hexadecadienoate (79). To a stirred mixture of 83 (50.1 mg, 84.8 umol) in CH,Cly/water (10:1, 0.88

ml) was added DDQ (57.7 mg, 254 umol) at 0 °C, and the mixture was stirred at room temperature

for 1.5 h. The mixture was diluted with water and extracted with CH,Cl,. The extract was
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successively washed with water and brine, dried (MgSO,) and concentrated in vacuo. The residue
was chromatographed over SiO, (hexane/EtOAc) to give 79 (32.8 mg, 82%). 'H NMR & 0.02 (3H,s),
0.04 (3H, s), 0.87 (9H, s), 0.90 (3H, t, J= 7.5 Hz), 1.25-1.66 (8H, m), 2.06 (3H, s), 1.97 (2H, q, J =
7.2 Hz), 2.09 (3H, s), 2.17-2.25 (2H, m), 2.30 (2H, t, /= 7.5 Hz), 3.67 (3H, s), 3.77 (1H, br),
4.14(1H, q,J=6.0 Hz) 5.24 (1H, dd, /= 7.2, 3.6 Hz) , 5.36-5.44 (1H, m), 5.53-5.60 (1H, m),
5.67(1H, dd, J=15.8, 6.7 Hz), 5.77(1H, dd, J = 15.6, 5.6 Hz)

0/\/ o ~F
AcO )( AcO
o o + () , o o)
Ac HO _~ AcO o. _1_,0
AcO ¢ NN\
(o] CCl; 84 AcO
140 \n/ 141
NH

(2R,3R,4S,5S,6R)-2-{[(S)-2,2-dimethyl-1,3-dioxolan-4-yl]methoxy}-6-[ (vinyloxy)methyl] tetrahydro-
2H-pyran-3,4,5-triyl triacetate (141). To the stirred solution of 140 (2.17 g, 4.57 mmol), 84 (725 mg,
5.48 mmol) and powdered MS4A (1.5 g) in CH,Cl, (23 ml) was added TMSOTT (42 ul, 0.23 mmol)
in CH,Cl, (1.2 ml) over 1h at —15 °C and stirred at same temparture. After 4h, the mixture was
filtered through a pad of Celite, and deluted with CH,Cl,. The extract was washed with satd. aq.
NaHCO3;, water and brine, dried (MgSO,) and concentrated in vacuo. The residue was
chromatographed over SiO, (hexane/EtOAc) to give 141 (1.36 g, 65%).1H NMR ¢: 1.34 (3H, s),
1.41 (3H, s), 1.98 (3H, s), 2.06 (3H, s), 2.14 (3H, s), 3.48-3.55 (2H, m), 3.56-3.63 (1H, m), 3.78-3.85
(2H, m), 3.90-3.95 (2H, m), 3.97-4.03 (2H, m), 4.23-4.29 (1H, m), 4.56 (1H, d, J= 7.0 Hz), 5.01
(1H, dd, J=10.5, 3.3 Hz), 5.17-5.22 (2H, m), 5.22-5.28 (1H, m), 5.43 (1H, d, J= 3.3 Hz),
5.78-5.89 (1H, m)

A 00/\/ HOO/\/
C
o o — o o
AcO 0 _~_° HO o _~P°
AcO HO
141 S4
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[((2R,3R,48S,5S,6R)-2-{[(S)-2, 2-dimethyl-1,3-dioxolan-4-yl]methoxy!-6-[ (vinyloxy)methyl] tetrahydr
o-2H-pyran-3,4,5-triyl)tris(oxy)] tris (tert-butyldimethylsilane) (142). To the stirred solution of 141
(1.36 g, 2.95 mmol) in MeOH (10 ml) was added K,COj; (163 mg, 1.18 mmol) at room temparture.

After 9h, the stirred solution was filtered through a pad of Celite and concentrated to give

82



corresponding crude triol $4 (ca. 1.28 g). 'HNMR & 1.33 (3H, s), 1.38 (3H, s), 3.43-3.53 (2H, m),
3.53-3.66 (5H, m), 3.80 (1H, d, J = 3.1 Hz), 3.81-3.90 (1H, m), 4.01-4.04 (2H, m), 4.05-4.08 (1H,
m), 4.24 (1H, d, J = 7.2 Hz), 4.32 (1H, quint, J = 6.0 Hz), 5.16 (1H, dd, J= 10.3, 1.3 Hz), 5.28 (1H,
dd, J=17.2,1.9 Hz), 5.86-5.97 (1H, m). To the stirred solution of crude triol (416.8 mg, ca. 1.25
mmol) and lutidine (1.16 ml, 10.0 mmol) in CH,Cl, (6.3 ml) was added TBSOTT (1.15 ml, 5.00
mmol) at 0 °C and stirred at room temperature for 20 h. The mixture was quenched with satd ag
NH,4CI and extracted with ether. The extract was successively washed with satd aqg NH,CI, water and
brine, dried (MgSQy), and concentrated in vacuo. The residue was purified by SiO, column
chromatography (hexane/EtOAC) to give 142 (592.5 mg, ca. 70%). 'H NMR & 0.05 (6H, s), 0.06
(6H, s), 0.08 (6H, s), 0.88 (9H, ), 0.89 (9H, ), 0.90 (9H, s), 1.33 (3H, ), 1.38 (3H, s), 3.40-4.18
(9H, m), 3.78 (1H, m), 3.95-3.98 (2H, m), 4.26 (2H, m), 5.15 (1H, m), 5.24 (1H, dd, J=17.2, 1.8
Hz), 5.84-5.95 (1H, m). LRMS (FAB) m/z: calcd. for C33HgO4Si3, 676.42; found, 676 ([M+H]+).
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TBSO TBSO
120 122

(S)-4-benzyl-3-{2-[((2R, 3S,4S,5R,6R )-3,4, 5-tris[ (tert-butyldimethylsilyl)oxy]-6-{[ (S)-2, 2-dimethyl-1
,3-dioxolan-4-yl]methoxy}tetrahydro-2H-pyran-2-yl)methoxy] acetyl}oxazolidin-2-one (122). Ozone
was bubbled into a stirred solution of 142 (592 mg, 0.87 mmol) in CH,Cl, (3 ml) at —78 °C until the
disappearance of starting material was observed by TLC monitoring. Me,S (excess) was then added,

and the mixture was gradually warmed to room temperature. The mixture was filtered through a pad
of Celite and concentrated in vacuo to give corresponding crude aldehyde S5 (600 mg). '"H NMR &
0.08 (18H, s), 0.90 (27H, s), 0.89 (9H, m), 1.34 (3H, s), 1.39 (3H, s), 3.34-4.50 (12H, m), 4.95 (2H,
m), 9.76 (1H, d, J = 8.8 Hz). To the stirred solution of crude aldehyde (600 mg, ca. 0.875 mmol) was
added 2-methyl-2-butene (1.7 ml, 17.5 mmol) and NaClO, (680 mg, 7.52 mmol) in pH7 phosphate
buffer solution (5 ml) at 0°C and stirred at room temperature for 1 h. The mixture was quenched

with aq Na,S,03 and extracted with EtOAc. The extract was successively washed with water and
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brine, dried (MgSO.), and concentrated in vacuo to give crude glycilic acid 120 (555 mg). '"H NMR
6:0.08 (18H, s), 0.89 (9H, s), 0.90 (9H, s), 0.91 (9H, s), 1.34 (3H, s), 1.40 (3H, s), 3.42 (1H, m),
3.64-3.75 (2H, m), 3.79-3.86 (5H, m), 3.93 (1H, m), 4.02 (1H, dd, J= 8.2, 6.2 Hz), 4.12 (1H, s),
424 (1H, t, J = 5.8 Hz), 4.45 (2H, m). LRMS (FAB) m/z: calcd. for C3,Hg6010Si3Na, 717.39; found,
717 ([M+Na]"). To a stirred solution of crude glycolic acid (555 mg, ca. 0.80 mmol) in THF (1.6 ml)
was added Et;N (0.12 ml, 0.88 mmol) and PivClI (0.11 ml, 0.88 mmol) at —78 °C under N,. After
being stirred for 1 h, a solution of 143 (0.80 mmol) in THF (1.6 ml) was added dropwise and the
resulting mixture was allowed to warm to room tempature over 2 h. The mixture was quenched with
satd ag NH,Cl and extracted with ether. The extract was washed with satd aqg NaHCO3, water and
brine, dried (MgSQy), and concentrated in vacuo. The residue was purified by SiO, column
chromatography (hexane/EtOAc) to give 122 (382 mg, 56% from 142). '"H NMR & 0.07 (6H, s),
0.09 (6H, s), 0.10 (6H, s), 0.90 (9H, s), 0.91 (9H, s), 0.92 (9H, s), 1.34 (3H, s), 1.39 (3H, s), 2.80 (1H,
dd, J=13.1, 9.6 Hz), 3.32 (1H, dd, J= 7.5, 3.1 Hz), 3.76-3.84 (3H, m), 4.03 (1H, dd, J= 8.1, 6.4
Hz), 4.22 (1H, dd, J= 9.0, 2.9 Hz), 4.28 (2H, m), 4.63-4.75 (3H, m), 7.19-7.37 (5H, m). LRMS
(FAB) m/z: caled. for C42H;5sNO,;Si;Na, 876.45; found, 876 ([M+Na]").

am———e NN AN N
HO CO,Me — HO CO,;Me
150 151

Methyl (Z)-7-hydroxy-5-heptenoate (151). To a stirred solution of Ni(OAc),' 4H,0 (794 mg, 3.19
mmol) in MeOH (16 ml) was added NaBH, (241 mg, 6.38 mmol) at 0 °C. The blue solution
immediately turned black upon addition of NaBH,. After being stirred for an additional 5 min, the
ice bath was removed and ethylene diamine (0.21 ml, 3.19 mmol) was added. After being stirred 5
min, a solution of 150 (2.0 g, 12.76 mmol) in MeOH (5 ml) was added at 0 °C. The reaction mixture
was purged with H, three times and stirred at room temperature under a balloon of H,. After being
stirred 4h, observed the disappearance of starting material by TLC monitoring, the mixture was
filtered through a pad of Celite, concentrated in vacuo and deluted with EtOAc. The extract was
washed with water and brine, dried (Na,SO,) and concentrated in vacuo. The residue was
chromatographed over SiO, (hexane/EtOAc) to give 151 (1.80 g, 89%).1H NMR ¢&: 1.73 (2H, quint,
J=172Hz),2.14 (2H, q,J=7.4 Hz), 2.32 (2H, t, J = 7.4 Hz), 3.68 (3H, s), 4.17 (2H, d, J = 6.8 Hz),
5.50 (1H, dit, J=10.8, 7.5, 1.2 Hz), 5.67 (1H, dtt, J = 11.0, 6.8, 1.2 Hz).

HO N="""co,Me ———> " =" "Cco,Me
151 123

Methyl (Z)-7-iodo-5-heptenoate (123). To a stirred solution of 151 (101.2 mg, 0.64 mmol) and Nal
(192 mg, 1.28 mmol) in CH3CN (1.8 ml) was added BF;-OEt, (0.16 ml, 1.28 mmol) at 0 °C under

N,. The mixture was stirred at room temperature for 1 h and quenched with satd ag NaHCO; and
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Na,S,03. The mixture was extracted with ether and the extract was successively washed with water
(x 2) and brine, dried (MgSO,), and concentrated in vacuo to give 123 (122 mg, ca. 71%). 'H NMR:
6. 1.77 (2H, quint, J = 7.4 Hz), 2.15 (2H, q, J = 7.4 Hz), 2.36 (2H, t, J = 7.4 Hz), 3.69 (3H, s), 3.89
(2H, d, J = 8.8 Hz), 5.44 (1H, dt, J = 10.5, 7.5 Hz), 5.80 (1H, qt, J = 8.8, 1.2 Hz). This compound
was chemically and isomerically pure enough to enable its direct use in the next step without

chromatographic purification.

—_—
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Methyl (R,2)-9-[(S)-4-benzyl-2-oxooxazolidin-3-yl]-9-ox0-8-[((2R,3S,4S,5R,6R)-3,4,5-tris
[(tert-butyldimethylsilyl)oxy]-6-{[(S)-2,2-dimethyl-1,3-dioxolan-4-yl]methoxy}tetrahydro-2H-pyran-
2-yl)methoxy]non-5-enoate (124). To a stirred solution of NaHMDS (1.0 m in THF, 0.40 ml, 0.40
mmol) in THF (1 ml) was added dropwise a solution of 122 (231 mg, 0.27 mmol) in THF (0.7 ml) at
—20 °C under N,. After 10 min, a solution of crude 123 (122 mg, ca. 0.46 mmol) in THF (0.7 ml)
was added, and the resulting mixture was stirred at the same temperature for 4 h. The mixture was
guenched with satd aqg NH,CI and extracted with ether. The extract was washed with brine, dried
(MgS0Oy), and concentrated in vacuo. The residue was purified by SiO, column chromatography
(hexane/EtOAC) to give 124 (59.1 mg, 22%) as a 4:1 diastereomeric mixture. This could be further
purified by SiO, column chromatography to afford diastereomerically pure 124 (17.4 mg, 6%). *H
NMR: & 0.06 (6H, s), 0.08 (6H, s), 0.09 (6H, s), 0.88 (9H, s), 0.89 (9H, s), 0.90 (9H, s), 1.33 (3H, s),
1.39 3H, s), 1.69 (2H, t, J= 7.5 Hz), 2.09 (2H, dd, J= 7.5, 6.4 Hz), 2.32 (2H, t, J = 7.5 Hz), 2.48
(2H, btr), 2.55 (1H, m), 2.74 (1H, dd, J=13.1, 9.6 Hz), 3.28 (1H, dd, J = 13.3, 3.2 Hz), 3.46-3.58
(2H, m), 3.66 (3H, s), 3.76-3.85 (2H, m), 4.03 (1H, m), 4.14 (1H, m), 4.21 (1H, m), 4.28 (1H, m),
4.73 (1H, br), 5.00 (1H, dd, J = 7.6, 4.1 Hz), 5.42-5.60 (2H, m), 7.20-7.36 (5H, m); LRMS (FAB):
m/z calcd for CsoHg7NO13SisNa, 1016.54; found, 1016.7 ((M+Na]").
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Methyl

(2)-9-hydroxy-8-[((2R,3S,4S,5R,6R)-3,4,5-tris[ (tert-butyldimethylsilyl)oxy]-6-{[(S)-2,2-dimethyl-1,
3-dioxolan-4-ylJmethoxy}tetrahydro-2H-pyran-2-yl)methoxy]non-5-enoate (155). To the stirred
solution of 154 (10.1 mg, 10umol) in THF/water (3:1, 12drops) was added NaBH, (excess) at room
temperature. After being stirred 1 h, the mixture was filtered through a pad of Florisil, concentrated
in vacuo and deluted with EtOAc. The extract was washed with water and brine, dried (Na,SO,4) and
concentrated in vacuo. The residue was chromatographed over SiO, (hexane/EtOAc) to give 155
(3.1 mg, 38%)."HNMR & 0.07 (6H, s), 0.08 (6H, s), 0.09 (6H, s), 0.88 (9H, s), 0.89 (9H, s), 0.91
(9H, s), 1.34 (3H, s), 1.40 (3H, s), 1.69 (2H, t, J = 7.4 Hz), 2.07 (2H, dd, J = 10.4, 7.2 Hz), 2.31 (2H,
dd, J=17.9, 7.4 Hz), 3.39-3.50 (3H, m), 3.61 (3H, m), 3.67 (3H, s), 3.79 (3H, m), 3.98-4.08 (2H, m),
4.14 (1H, m), 4.22 (1H, t, J=6.0 Hz), 4.28 (1H, m), 4.78 (1H, br), 5.10 (2H, m), 5.32-5.45 (2H, m);
LRMS (FAB): m/z calcd for C4HgoO1:SisNa, 843.49; found, 843.6 ([M+Na]").
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TH NMR (400 MHz, CD3CN)
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H NMR (400 MHz, CD;0D)
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TH NMR (400 MHz, CDCl;)
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H NMR (400 MHz, CDCl3)
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