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Ac acetyl

Alloc allyloxycarbonyl

ATP adenosine triphosphate

Bn benzyl

BOP-CI bis(2-oxo-3-oxazolidinyl) phospinic chloride
Bu butyl

CD circular dichroism

dba bis(dibenzylideneacetone)

DCC N,N-dicyclohexylcarbodiimide

DDQ 2,3-dichloro-5,6-dicyano- p-benzoquinone
DET diethyl tartrate

DIBAH diisobutylalminium hydride

DIPEA N,N-diisopropylethylamine

DIPT diisopropyl tartrate

DMAP 4-dimethylaminoprydine

DMF N,N-dimethylformamide

DMP Dess-Martin periodinane

DMSO dimethyl sulfoxide

dr diastereomeric ratio

EDC 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
Et ethyl

HMBC heteronuclear multiple bond correlation



HPLC

IBX

IR

KHMDS

LHMDS

MCPBA

Mes

MP

MS

MS

MTT

NMR

NOE

NOESY

Ph

Piv

high performance liquid chromatography
1s0

2-iodoxybenzoic acid

infrared absorption spectrometry
potassium bis(trimethylsiltl)amide
ligand

lithium bis(trimethylsilyl)amide

meta

m-chloroperoxybenzoic acid

methyl

mesityl

p-methoxyphenyl

molecular sieve

mass spectrometry
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide

normal

nuclear magnetic resonance

nuclear Overhauser effect

nuclear Overhauser effect spectroscopy
para

phenyl

pivaloyle



PMB

PPTS

Pr

TBAF

TBAI

TBHP

TBS

TES

TEMPO

Tf

THF

TMS

[SAY

p-methoxybenzyl

pirydinium p-toluenesulfonate
propyl

tertiary

tetrabutylammonium fluoride
tetrabutylammonium iodide
tert butyl hydroperoxide
tert-butyldimethylsilyl
triethylsilyl
2,2,6,6-tetramrthylpiperidine 1-oxyl
trifluoromethanesulfonyl
tetrahydrofuran

trimethylsilyl

ultraviolet
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so8

y,0-epoxy-a,B-unsaturated ester

Figure 1
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5, 1980 fEicEFH, Sharpless 513, Ti(OR)/WHEETZ AT V/ 7 F Lk Fa
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D-(-)-DET CO,R
Y R L on ) oo-EEE
i(O-iPr i
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RN"YNon ———— Rs{ ’
CHaCl 0 { —OH
-20 °C R /\?/\OH \\ HO\[COZR
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L-(+)- EAER

PhsP=CHCO,R'

o oxidation o (EtO),P(O)CO,R' o ,
Loy ———— gL CHO 2 2 2 SLCOR

Scheme 1

FHT TR F AR R T LD G

KT, THRF AN AT N DEREIIGHEICONWT, BEDFEHz L LD
VW, TERFUAMAMI AT, xR KF O RO, T v F
FEL L2220 TESL, KALICXZ2UTO®ME X, 200 =0 DFFELFR
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Sn2 RIGIC &0 3 BAEKT 5,

B e o N(Me)Bn oH
Me/\/\/C02Me JE—— Me /\/\/C02Me + Me X COZMe
4 days N(Me)Bn
1 2 (68%) 3 (22%)
Scheme 2

Dieter S5 ZRALHSAOHGF T AFA ) =Y Al % 4 TG E 2L, v 7
Tu XRS5 BNEKT B 2 L EFIRE L TWw B (Scheme 3),4 Z it if)ic 25N K

JGDEHR, L) T AF VYR FHOIKRF L FICHELLZ Lick 5,



IRFIAHMZZATADRHT 22 TOERENED I NZHIKFECRIGTS 5,

KIGOHFES WG IEEz 2T e LTEHL TV 3,

nBuMgCl nBu
o ZnBr, :
- 5 .
Me/Q/\/cozEt e /<'/\/002Et Hoﬁ““‘A oLt
° \_/6 2
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4 85% 5

Scheme 3

Fie2ooMIGicswT, FHEEFHEEL AT AL LTERLTW 2, ZnidH
A2 A 7TH2, L DEGE. TRF AN AT LI I RF P L L
TEAL, TR FL FREBEICEOTHL AREAOKEEZZ 1T 5 (Sv2 KIG) .
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(Scheme 4) A7 K& OSZAERITIC SN2 SOCHHETT L, & Fu %o de 7 M and
MEx & o7 7 BERT 2,9 SN L TEF Sk PAd(PPh;)s/TMSN; D% IC X %
syn BRI 72 7 2 FALRIE % 85 L T\ % (Scheme 5),97-7 U A8 T 20 LA E R
B3 2 ZORIGIE —E KRR 2o CTETT %, 20728 trans TR ¥ F 82 b
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Scheme 4
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ARICHAL Tw3,9
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McozEt - . ( . _CO,Et | — H\‘/\/COZEt
o) THF /-\+ OBn O
Bn rt OBn Pd Bn OBn
8 96% L L _ 10

syn:anti > 99:1

0
Me. L] X CO,Et

1 Pd(PPh3), EtO,C
B,O3/pinacol
MS4A, THF, 0 °C
+ > HO
(:)H then, NalOy4, H,O

N NS 75%

Laurallene

Scheme 5

K S B IR F CAREAT X T A D XEE/Pd MEIC X 2K B REG %
LT3 (Scheme 6),? THRF AT AT N 141257 07 LfESKE L 7-7
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14 1 ,4—dir(3[>xane Pd_5cho
91%
OH OH
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~H 15
Scheme 6

RFERGANC & 2 IRISHI S WG SN T 5208, ThE Tilh_7e~T 17 oRkik
AlE B0 SN2 RICHFHRINCHED XD ICm 2, R - T I 7Py LRk E
RHT 2T RF AN ATV 1 E=vu VBRT AT ADRIGTIE, SN2 KR 16

BEERY) & 72 5 (Scheme 7),' S2 BAER 17 L &b B 721K H 78%., Rt 9 :

1THh 5,
CHz(COZMe)z OH OH
O Pd(PPhj3), _~__CO,Me X CO,Me

MeAV\/COZMe CgH17 2 + C8H17 ?

DMSO

1 40 °C MeOZC COzMe MeOZC COzMe
78%
16 17
16:17 = 9:1
Scheme 7

T-HKES X, TRFOREAMT R TV E KR Y X VFEKE D Friedel-Crafts
JOG % 88 LT B (Scheme 8), 1V Sy2 ) & SN2’ )G DEIRME 1Z R v+ VERD &
RRICKRELMKET 2, 7=V —1LDEHIE, A b, X7 2 HoBE#E 19, 20 5
AL THE2, WIiLd S\2fERTcH 5, —F. 4-A P F T bz voGaR,
SN2 BEMR & SN2 RS ER T 5, 2D X S IR F U ARFIAIT X T LD Friedel-
Crafts KIS TIE. Sx2 & SN2’ Ol L WEBb H 5, MEL T ORIEE DTN

Friedel-Crafts IGICSH L. T v FBEALERING 72 7 EBRFEK A2 EHL W3 2 [E—



SFNICTHEEREZ O DT K F A RIM T X7 23 IC BF;-OEt, ZEH & &2 & &t

S Ao ORIRI I 24 BVET B S TIRIGIC

Z b5 TERLEMICERRERTH %,

<IN co,Me % %
¢} BF3 Et,0 COo,Me  * COzMe
18

L 7235561013 SN2 IS DHELT 130

19 (71%) (10%)
NCOZME BF5-Et,0 CO,Me * CO,Me
(43%) 22 (25%)
M602C
OMe o
MeO Xx-CO0-Me BF.-Et,0
W 43 2 > MeO
CH,Cl,
23 95% MeO
Scheme 8

PR KALAN D ¢ b BT S RS 2 vz 2K F AR FIR T X7 v D KOG
BEMEINTHY) ZonHeREI S TE 2, ¥liloHmEL LTiE, ARG

X 2EMINFAIE L T RF AN AT A DRIGEZET S35 (Scheme 9), P LAWY
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I ~_COMe )\(\/COZMe

Cu reagent Me
/<l/\/002Me anti-25 (Sn2) syn- 25 (SNn2)
1 OH
= COzMe e)\/\rcone
Me Me
anti-26 (Sy2') syn-26 (Sy2")

25+26 (%) 25:26 25 (anti: syn) 26 (anti: syn)

MeCu 65 75:25 97: 3 71:29
Me,CuCNLi, 59 32:68 97: 3 99: 1
Scheme 9

TAFAEBEAREOFEIRICE > T, TRFCAFAMT AT AL SN2 KB & Sn2’
It BTEICYI Y EZ 2 2 e TcEnid, BRRCHFEST 24K ) 75 FRA
VIOERBERNICERTE 2 FK LR 2, COFEIIXLTETLIE 2D RG% T
L7e —2F MesA/H,O RiC X 207 H X VAR Sv2 KIETH
(Schemel0), ' D S IFIARFFRMICHETS 5720, trans =K ¥ F 8 2261
anti-* F ALK 27, cis THRF 2 F 28 22513 syn- A F ALK 29 3% N F NER S
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MesAl OH

0 H,0 oL~ CO,Et
BnO._ <] X CO,Et :

CICH,CH,CI :
-30 °C
96% 2

MeAl OH

> H20 BnO x._CO,Et
n = COEt ———= \)\r\/

CICH,CH,CI
-30 °C
28 93% 29

Scheme 10



b9 —2lk. MexZn/CuCN D RIC X 2B I X VZAERT Sv2' KL TH 5
(Scheme 11),1 7 v FIERINIC ST HER . 121F 30 2T AEKT 5, S S ICifE~
7 v 74 F Tedanolide D&&HEMKT 2T, ZEMBETFRF L F 32 K LTA
FIGZEA TV, 2 X O il z AFFOIiclENLZ =B ET LT v 33 25T 5
(Scheme 12),10 UK, FREIENTWEE T TR, BEOTAY v &2y RITT

52 ET, AT FeF e XFAERY VEBELRDZEbFEHIARE

Jlf_:_l:‘(\‘% 6 (e}
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BnO._ <] X COEt : :
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Scheme 11
Mes,Zn O OH
CucN B CO,Et
PMBO/\’ WCOZEt - PMBO/\;)j/Y\E/ 2
1oc e B

74%

Tedanolide

Scheme 12
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COPTROMEGN L WD DT SN2 RIGTH 2, ZDXA TDRIGICIZT v F
EEA T 5 25b 0L v ViEMAE G 25 D0H 5, SN2TERIICETT 2 KIG
ZHERIRE 23D e o 7223, BT HIC X W BAFE S 1172 MexZn/CuCN IZ X % 7L %
MUSIEDS % DR O Z Y] Y BV 7z, BEEOT AT VED F 7V R/ A %ESRZ L
T, Bt o T v T 2 DB QKM FELIEY 2T 5 T LHTE B,
ZHOLTHRZE, TFRFUAEMIATAD SN2 MIGd KERERZZET 2L v
27255, L2 LEHIZ, $LAEARINEZRERFELHLLEEZ2 D, EFTHD
KIGTIE, DX CHEEZTHFA v LTHhERMICETETA7VIZE (F TV 2R)
MLEIC LR bR\, iy, ARRAEBEEEZE T 2 KA o Icid, REICRT
L2 2004AFHLICHENLE=EI Z AT v B3 55D008HFET 5, 9
LEROD & T, FHEFIRF AR AT AD Sy2' RIGIC L 3 =& Z 7 v
7 v DR R L 72 (Scheme 13), 7272, ZhICIIREA RS2 H - 72, A
DF—FETlE, KCOFAFOREMEL Z ZTHOL IR o 2MES 2 WA I iR L
ROV TIRNZ, FFETIE, BIF L2 28RN Sy2 ISR TR LT, B
HURIR #2393 3 Torrubiellutin C # €5 — 7 & L 2 HUEES R A D &K 1>
WTikR%, ZETIX, X 51T Torrubiellutin C D&EICE Y #ldk, KEELICX

STIREBINEEBEOAKEZTERL L= LITONWTHRR 3,

///,, CO Me
0 coMe BHaTHF OH (772
R
A B

Scheme 13



T JEJCHY Sn2' S DR

- ko ZT7 AT v EEGE

KW @ Fic ik, Corallopyronin A, '” Peloruside A, '® Venturicidin X, '
Migrastatin,? Pipestelide B.2" Torrubiellutin C? & \s 5 7= Zi#a Z 7 V4 v 2 G5
LEMDTEET 5 (Figure 2), Wi h @HEREZ & o Tk b PRIk 72 AR £ —
Ty b Th B, BEEREYEEERTODOLH B, HlzIE, Venturicidin X 13551
7 ATP & kB4R EEE %R L, Migrasutatin |3 JEEHIIE O 855 L ETH1E % R8T,
2O LERRMBE T ZEBRT AT V32 QRS B v il R A oL 2s BB
LT3, Lo TAMIFE TR, Z@EfR Z 7oy v OSSR Z ok <,

B3 2 AA PO OIREY S REICHED R T NI R b 7R,

f\% = trisubsutituted Z-alkene

OMe

Migrastatin®®)

Pipestelide B2")

Torrubiellutin C22)

Figure 2
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—WRIC ZTNT Z ETAT VICHARTENENICALETH Y, GRT 21T
TRABEL RS, ROIELLVAONTWE Z TAT VOABRMIGIE. REEA
Y F % M7z Wittig KIS TH A 5 (Scheme 14), Vv AV FEZ T LTk FR7 b viC
FRIE 2L TAHFI VTR 22 VEBEKL, 2200y vIEEXED Z & T
cisB\VE ZTNT v EERNICEZ 2, Ll ZBRT AT VEKDOLE TR
LERER S B WGERDH 2, Z DR, KOHD Z TAT VERMIGCHHIES
T %, Horner-Wadsworth-Emmons SIGDZEE T, Fekza Y v aldE %2 Hv 2 Still-
Gennari KI5 2 RBERIE 20 13, Wittig G & FIBE, AR V2l s Z7 07
VEBETH B, mORMEREZ T CE 20, BRI AT VO EMICRE X L
%5, F7-. Wittig SG Still-Gennari UG, LREERIGITIEY v & 3R O B %z BX
Bheds70, VyEEORERMMBEL 2, COZEET Frxzas I—Df
HOLIFE LAV EiXDHBATH S, Wittig KIEDEE 34 B D & %

TAVEFRS RN RBET BDICIERICFRL2 25,

Wittig reaction R
= @) OrPPh
RN ) 3
Php” R+l —| 14 — R A
‘ [ R R' ]
HWE reaction

9 0 base R, A
eto-P I 2% TN co,E

EtO OEt RCHO E-alkene

Still-Gennari modification

F,CH,CO-P base fo:Me
3 2 -, — R__—
OoM
F;CH,CO e RCHO
Z-alkene
Ando modification
PhO IOPI base CO,Me
PhO’ OMe ceno 7
Z-alkene
Scheme 14
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PS4 % 3 % Discodermolide D RAKICHEWT, =@ Z T LT v OEK
comRAy 7Y v 7 EMBLHRED S 5 (Scheme 15),% LA L, 95 LAFiE
il B BB S 220 T, WEHMEAREIE L L BEMTH o7 DI
WAL/ 35, 7z, Peloruside A, Migrastatin, Torrubiellutin C IZHE 51 3
£ BIRFREHELICEEE L 2 =ER 7 v 7 VICIEH T E R,

LT 4V AR ARG PEFALC ZT7A7 v 268 T560bH5, ZDOK

JOTlE B/ ZE R 2 $RIEIC 72 %, ITETIE 258 ME% O 72 & 3l ¢ B X
NTWEIREIMTH S,

cross-coupling®®
PMBO OTBS MP PMBO
' S0 1 pypphy)

+ tBuzn oo 4
x| Et,O, r.t.
66%

Z-selective Ring-Closing Metathesis reaction?®)

OTBS MP

intermediate of Discodermolide

adamantyl-Ru cat.
Ph - - —
AP 0T \oac o/ pn

A
THF/H,0 up to 87% Z
A at 64% conv.
adamantyl-Ru cat.
R \v /\R YNMGS
R
Z Ru=
o ‘BuOCO’ |
chemical yield >95%—21%
Z selectivity ~ >95%—66% I._Pr/O
adamantyl-Ru cat.

Scheme 15

ZZETHRD Z TAy vEBERELRIRRTE 22, CHELCE 2B &I,
AEFIOBHETY Z O BN 2T -, ZEBET AT v O Rl E 72 1 mElic B 5 2
AFRLD RIFFICIAEGIET 2 L vy i 0wt ohhiETchntnws 2 e T
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Hb, TN LTCEEZZFRF AN RAT AL, —EECc=E: Z 707
VEARTCERNEARR L, CZTHRIFALL-V LT, Ao T AT VIC
B se Fax o e 7 A v oM E ZEeIcflfllinsg e wy 2 Th

%, XENCHEWTZDORIGHFED & o2 1F L 7x o Z2WFEIC DTt 5,

M CUIAREICET S ZT AT VABERR ORE

W E Cld, TR 25 PE 4§ % Aarenicolide A2 O AT %2 1T> T 3,
ZDORRMDFREIZZRICHEE £ 13 L A Y DVAKELE Z ik T\Wi228, 12 fiLd X
FAREL BB O TR F L FOVMLFEICE L CRRRETH 72, ME, THH
BERPICTEF S FOVRREZ RO T e BAAYITH 3 &2, ISR ICH
Mg 3 fEor s X+ 35A, 35B &AL 7 (Figure 3),%® 35A, 35B B A\ C T
REY FOVAKRESFEOAEEEARTHE, KLz bD 'HNMR 2~<2 b
NERIDR~7 Pl 25, 35AD 30147, 31LJEHAD 7w b vy
FAR, fbFEr 7 b, BHEABOTCKAYEHELUL Tz, Thic kb

Arenicolide A D TR F > FIZ30R31R L HEE LAKWICEEKZBIE L 7=,

Z
OMe MeO
21

36

OMe
Arenicolide A
OH OH
B 31,0 25
36 - 30 = OH
OMe
35A
Figure 3
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AREICEH L AFBRIGD % 521712, 35A, 35BoSKicBnwCiEZ o7, 77U
73— 36 DE H-Sharpless TR ¥ SAUDHEIT L 722> 7272 MCPBA Z{EH &
#72(Scheme 16), % DfEHE, 2O TR ¥ F 37A, 37TB 3G oN7z, T 5HDIL
ARREZ RO R T NIER SR\ 3TB 7+ 4 F 40 icEZ, C NMR &~
7 F v ZFIM L 7z Rychnovsky @5k Z MM S 2 2 & TR F & FicHkd 2 &0
SARLERRE L 72,2 ZOEREICE T, 38 225 39 ~DKEMEICK T - 7=
7o, MO FEERH M E D L FRET 21T o720 £ DT MesAl Z 2K F & i
TEALAlIE L<hizx, BHs*THF IC X 2@ G e =K F & FORRKICZH AT L T 5,
2L A EDERIEUT®H o 7225, THIICK LT SN2’ RICHHETL =B Z 7 I T

nNa—n42 &tz o727 b AL 7z 43 R L 72,

OH
_MCPBA
/\/Y\ OH + Pr/\/\(\
OMe OMe OMe
37A 37B
BH3'NM€2
Pd(PPhs),
OH AcOH OH OH
3B T o X COMe ———— Pr/\/\/\/C%Me
= CH20|2 rt pt z
OMe 40% OMe -
38 39
(MeO)ZCMez O><O
PPTS 2k
AN COMe
CH,Cl,,50°C ' I
74% OMe -
40
BH5 THF CO,M
TBSO o Mol TBSO  OH 2¥® 1BSO
z Y CO.M T : : :
Pr/\;/\'(\/ze—’Pr;/ P
OMe TH!: OMe OMe
41 -40°C 42 (8%) 43 (12%)
+ recovered 41 (78%)
Scheme 16
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INODERYITLUYIOHNE T2 DTRAL 5720, AFTOLICHELE Z
TATVHEEZERLTWRRIT TR, TRATAD XD Bk~ h B E 2 KT
2ERREZHERF-Tws, MFICARTEZIRFUABHNIATALL, 277
—ODRIGTI D XD RAEEMEZ @K TR LN DTHNIE, AREBICH 727
AREMEZ b 7203 D L HIfFC % 5, FEFIAICOREEICHKR Z b . ARG
DINEWHELZ HIGT L 2 A h L x2BE L 7,

F=H OGS o ol

HDIT, BHICHEKTE 2 T HRKF AT ATV 44 ZHIVTHRET 2175 2 &I
L7z, 44 ® THF AT 3 248 D Mes;Al & 3 48 @ BH;- THF Zliz2, -40°CT 1 H
Kb E gz b, TATV 45, 727 b= 46, £ L T4 —n 47 %1537-(Table
1, Entry 1), RiC BHs*THF DA ZMARIGZITo72L TAH TRAT V45 DB
b7z (Entry 2), 32ITH) Sh2’ KIS 1E MeAl Z WA THHEITT 2 2 22300 o 7,
¥ 7- BH;THF O ADE&, VA — v 47 ODIEPBD L T3 2 L 225, MesAl 1X
IRATNEDBTLERHET 2L EZ2OND, -15CTRICETTo7 L A, 307DK
JEREE CRFREE DN D = 2 7 v 45 %1372 (Entry 3), X 51 CH,Cl, Z BT v
%L 30 pCIEEIIHE L. Z2T7 VAT ra—bEY) 46, 4T & AFF 86% DINFE T

522 LBTEZ(Entry4),
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Table 1 EICHY SN2’ JIGIC BT % Setb bl o #aet

OH
CO,M
2Me OH
K/ﬂ/\/cone - + R =
44 45 (R = CH,CH,Ph) 47
Yield (%)
Entry Conditions* Time Recovered 44 (%)

45 46 47

1 BH3 THF, Me3Al, THF, -40 °C 1 day 37 5 34 18
2 BH5 THF, THF, -40 °C 1 day 50 0 0 34
3 BH3 THF, THF, -15 °C 30 min 42 0 3 31
4 BH5 THF, CH,Cl,, -15 °C 30 min 71 0 15 0

* 3 equiv. of BH5;-THF, MesAl were used

s FERE R 2 o RAE

BB EZRE LD, TRFVEF, TATZ VOBBBBARLZ T RF VAR
BRI = 2 7 V% A TRBOG Z #ET L 72 (Scheme 17), “E#fizR¥ o b, “EIRE
TAT v oA EGY 48 Tl Z- 7T I AT Ara—n 49 oERKIFAPETH V., RBlIAK
e LTTra—Voliitzttd 7T s v o RELHHEST L 72L& 50, 51 355
N “ET ROV, Z@BRET AT v RFEOMEY 52 Tt @RS EST
LZT VT v BHKLIALAEY) 53 S bNiz, LoT, BT K* o Fafiok
B ZT7IATAa—AEERRET 2ICEL CuRWnZ 2390 572, —FH Ty
ZEfioRF OV, Z@E0 E T v eRoLEY 54 Tk, CH:Cl ' BHs:
THF %-15°CCIMA % &, ZT AT VBRI N LA, SLAERIIC G
ETL, B RBEARTHE ATV 55 LYV F—L 56 gL, T,
BT AT v L TR PREL 7Y . SRS RE ko, THITX D,
RKEOGEAFHRODICHENZEBIR Z T AT VEEETZ 22 L B30 o7z,
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OH

Ph o BH3-THF Ph OH
W\/CO2M6 Ph OH + W\)
CH,Cl,, -15°C =

48 5.5h 49 (9%) 50 (16%, E:Z=ca.1:1)
Ph OH
K)\/\/ Recovered 48
+ Z T 2%
51 (4%)
Ph BHyTHF  Ph OH
MCOZB CH.CL. 15 C= W\(CO?B + Recovered 52
2 525’-h (58%)
5 - 53 (8%)
CO,Et
P BHyTHF  Ph OH 2 OH OH
A COEt
CH,Cly, -15 °C
54 55h 55 (62%) 6 (12%)

Recovered 54
(19%)

Scheme 17

B A — LR

IATNVIEERTZ VICK2BILEZTICS WEINTWE R, RRISTIZYA
—ADBERLTCWE, COVF—LVEROBREFHET 2720, UTOEBKEET-
72 (Scheme 18), 1EITHY SN2’ RIGTHEK L 7z A7 55 ICxf L, X 5IC BH;- THF
EMAICZEITS728 A, YA = 56 &EBICHHET L 72 & A5 2 RERR
E DL BT B35 H Tz, 55 D 28T V3 —n % TBS Eciri# L 72t &Y 58 1ot
L. AkoEHELTo7zL A, BEEREIROAR LR 57, RiC, ZTAT N 55 %
PPTS TR L 72 & 25, ML I KIGIZETL 727 v 59 BfEbiiz, TDF 7

VIZxf L BHs* THF %Nz % &, RICHHEST LIRINE TIdd 2 239 A4 — )L 56 »34:
L7z TNODOEBRERIY, RRICTERINE VA =T, HDICER I
LZIRTABRNTT 7 P VICEBL, ZDHREZ VICKVETLIN2DIEDS

N7=Z LBRRINT,

17



CO,Et
Ph  OH 2 BH;THF  Ph OH OH
o > 2 + 57 4+ Recovered 55
CH,Cl,, -15 °C (43%)
55 3h 56 (24%)
CO,Et TBSOTf
- CO,Et
Ph ?H 2,6-lutidine TBSO 2 BH5 THF
/ —_— -
_— recovered 58
CH,CI
0307 Ph CH,Cl, 0 °C (61%)
55 58 (88%) 3h
Ph  OH CO,Et ot BH5 THF Ph QH OH
- _ > N
CH,Cl,, 0 °C
55 59 (66%) 30 min 36 (37%)
Scheme 18

Yaraxd

FONET AEEMICEIT B AFARE v Fa ko HoHNEE O JE

ARG TR ZERI R o P, ZBRT AT v 2G5 2061 54 2RV 54,
SARFEIRNIC SOCHHET L, H— D FREAERD TR T L 55 BX YA — L 56 #*
BT 5, ThoDLAYIcE T2 AF e e Fo X HoMHNREZRET 3
72, T oL HEEK 21T o 7,

T ATV 55 AL L RSN AR T 2 b v 59 T Lk FE (L 21T o 72
& A, RERINICICHHET L, H— D REERTH 277 + v 60 137
(Scheme 19), Z® 60 ZHlEAK LIZIELF 2R T 52 2 LT, KRG TRONS

LMD A F Atk e Fo X BOMNREZRES 5 & & L,

o)
Ph OH " pdc Ph 07
_— - > B
EtOAc
55 :
59 (66%) 60 (62%)

Scheme 19
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AEE IR D X 512 L TFT - 72 (Scheme 20), BAIDLEMTH BT IALT A2
— V6l T LEHY ¥y =7V ARFIRFALERIT I C & T, MERICT RS
Y FREALL, &5 TEMPO b, Wiitig KIS % EXRITV, TR * o Rfagfilz
AT NVARSR)-44 HER L7z, THRF Y FEFBIC X ZNMKESEICITHT L, 3%
BRI R XL FERBRL 2, BohizTra— 63 o, HikHL%IE
KITWV, EHIKTZTATAVELIY 7 VAT I FICEHL 66 L L7z, RICZV 7V ARD
DFFICHE S, IAGERIC A F A EEAL 72,9 LiBHy W TV 7 VAT 3
FaT7ra—riciEitl, TBS EEfRE L, &I TEMPO B{tz2fr5> LT

7 F v (2S54R5R)-60 %\ 72 3D

D-(-)-DIPT
Ti(OiPr), 1) TEMPO
Y TBHP, MS4A PN o Phi(OAc),, CH,Cl,  Ph
PhWOH oH X COzMe
CH,Cl, 2) PhyP=CHCO,Me
61 -30 °C CHyCl,
(2R, 3R)-62 (92%) (4R, 5R)-44 (T1%)
n
BusP TBSOTY
Pdy(dba);'CHCI; Ph  OH 2,6-Lutidine  Ph OTBS Pd/C
EtsN, HCOOH X COMe ——— X COMe — =
- 5 DMF EtOAc
1,4-dioxane 63 (97%)
o 64 (95%)
1) NaOH, MeOH Ph OTBS © O LHMA/LIIDS
Ph OTBS N)ko
. or.
CO,Me 2)P|V§I,Et3N,THF, 15 °C; THF, -27 °C
1 MS4A, EtsN, LiCl B\j—’
o THF, 0°C n
65 (94%) A 66 (quant.)
B
0
Ph OTBS O 0 LiBH, Ph OTBS  OH TBAF Ph OH OH
N
W\ P THF/MeOH K/H/Y THF, 50°C K/H/Y
Bn‘\c 0°C
0,
67 (94%) 68 (65%) 69 (84%)
o)
TEMPO
PhI(OAC), Ph O
e ——
CH,Cl,
(2S, 4R, 5R)-60 (53%)
Scheme 20

19



ZDT7 b vERITH S\ RICHHENZT 7 v ERL-E 25, 'H NMR
AR PNVEIROW—HER L7z, Lo T, #EILH SN2 TH LIS T AT L
DHNELE L 2R, 58 TH B e o7z, Thabb, RSO KK/ ICE
T, ®F7voe F) Pz KRFo FERUCM» O RICRICBES 2 Z L BHL L

o7,

HEHET O DE 5

LLEDEBEEREZ L LD D L, BRAEVAERE. 53X Z 7TAr viERMEL W
TN A H = X LT X Y FEH T 2 (Scheme 21), * 7 vV ITBFER TICHMIT 5 2 &ic
Lo GEILHR M B3 25, KRG TIEEE 2K T 2 =K F & F ORI
TORENEZRZL TS, £/, S-gansfED =V ZHRF L FiES-clsDb D XY
BRIV KETH S, L., TNODTFVF =L, S-trans FILETD LK F &
FRRETAT VDAFNAIICHKET E2RELT I NAVRIBICKL > TUNI 725,59
51T, S-cis HHEDRED RS BEBBIREEIC X 2R 7 v o P Fisfi2salgeL /2 b |
SN2 G HEITT 2, Z DFER. AW =B Z T V7 v s ns, —7 .
AFNFD T HRF T VTl S-trans FEEPEFEIICHEEL T0 5720, SN2’ K6
DETHHEEINTHS, /2 FY FOERBIIZRF S PR UMD HHETT S
7o, KT Z T B L I AERBIE T OMNELE X syn BLE & 7x B
U=t TATAMEEYBR T VIC L VEERITEZ T 0TI AL, KGR
WNTT7 7 b+ VICEBLUETTHETT 22 L TEKT %,

SERTAT v EREE LCHO RS, ZEBRT A v L IR L ORISR
MO MPLINEDE TR ONE A, CHIF =BT LT v O X F VI RS

IC XY NEREBREDEESIHEINE L, A XFATETFREETH 27

20



ORIGBTHEIZHINVEIND aiIREDETEENEF L, e NI FOKELZZITFIC

K TrozbEZ2 T3,

co Et
Ph BHyTHF  Ph  OH 2 OH
NG o COEt ——> 3 + Recovered 54
CH,Cl,, -15 °C > 4 (19%)

54 55h (62%) (12%)
_ ! H _
H.-
H\\B/—H B/_H
s ) CO,Et
(0) + \ 2
‘\\? CO,Et - 9‘> |
Q R |
L s-trans S-Cis
Scheme 21

BT TARFLIIT T — b TORITH SN2 KGO
AKEIGTIRERZEINENE Z b, KEORMPED 5, KIGDEF CRIGHE
EPEL 2560 LI LIERZTLNEDTH S, RIGETMIE L7201, K
R D JG, sEED MmO, FIGRED ERR E%21TH &, KIKOEE Tl
OGS HEST L. HEERTEE DLAMB N o2 EKT 2, BEIRISERY D H
NMR 27 b AERHERT L L, ZEAEDEAETZTAT VDY 7 FADBHEEIEL T
WB T ERGP T, Ty SEBIRFY FEREEOREOLA, BEKISAEKRY)
D 'HNMR 227 FUICBWTZATADY ZFARHERTERNZ ERDL, TX
TNAED DA NI BBERRICEZTCT e P Lz, LEBoT, ZT AT
VOERBEMINESE2/-01CE, VA NOBREIKIGICEE Z T v ol

Mz 2088 H 5, §hbb, ERLEZZATALLDT 7 F AbaHIT 2 &

21



TZOREIIMRTE 2 LE R T,

Sz RForyz/ x—F 70 2REHE L GEVY, KRIGORET 21T - 72
(Scheme 22), 3¢ FHBEY A —NDEEINZ ONZF T TR, KIGHEE
DEINICE 7Y, DT H 10 3 CTRICH TR T 2 LI, 88-90%DINHE TR F v
TV T BER L T2, £72 T0c ZHW25E TR BIKIGE LT Sv2 KBS HET
LAbsEogyz ) 21— T2c L DRAEVIPFONTZ, Z0 Sv2 fEKITHE—D7

>
REMERE L TAERT 2205, 2 DVMRMUARIBIEMEE TE Tk,

CO,Me
Ph BHyTHF  Ph OH ("2
R COMe ————— N
CH,Cly, -15 °C
71a

?

- 10 min
0a 88%
CO,M
Ph BHyTHE  Ph OHN 002Me
NG Xy COzMe NP
CH,Cl,, -15 °C
10 min 71b
70b 90%
CO,Et CO,Et
Ph o BHj3 THF OH X 2 Ph OH | A 2
NG COEt ————— NP * -
IR 2
W CH,Cly, -15 °C
10 min 71c 72¢
70c 90%

71c:72c=ca. 10 :1

Scheme 22

IRFIV ) —rOEDRE EIZRD X 5 I1cEZ L 72 (Scheme 23), #1L %
NOLEIZ, =TFF Y VBREZFOFEMNRICL Y RKICHOBEBFEEMMET LTS,
54 TREANVK=NFEOMZIC L Y RIGHOBFEEL EFLTwE28, 70 TIIAL
RENVEDPHENT Vw270 Z DFRMROEE TR, MICROBEBFEHE XKV E
TTHDL, MRLL T VY FOKBERHEIT LT RICKREIBEL hoz bF
Abihd,



CO,Et COyMe BH3 THF

BH5 THF OH o
NG COEtf ——m o g _—
A R A
RW CH,Cl, -15°C R CH,Cly, -15°C
= 55h 70b (R = CH,CH,Ph 10 min
54 (R = CH,CH,Ph) S 57 ( 2CH,Ph) 90%

Scheme 23

F7-70c ICEBT 3 SN2 Kt & DA IR D X 5 1c# 2 72 (Scheme 24), 535
THDHIAFNVEPMEZ - BV VOETEEIEMT 5, 2070 FRF

YEFOE=ARRFR DA F A VR ER L 722 8T SN2 RIGHHETT 5 LI L

BH, THF on CO,Et CO,Et
~0 : R
R COE
CH,Cl,, -15 °C

70c (R = CH,CH,Ph) 10 min 71c
90%

7",
~o

71c :72c =ca. 10 :1

Sn2' reaction T ] Sn2 reaction
H

Ho Ho M

B % B3
Q,‘> . CO2Et (
2 b vs 2
R 3 R 3

Scheme 24

LUEDOFEEICIY, ZTFRFIYZ )T ATAZIEEL LZEICH Sh2' I ERH
BWTHDLZ BT ol-OT, TNZHITELE LEZRAYOEEKZITH)> 2 LITL

7’»
Co
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B 5-epi-torrubiellutin C © & 5L

FH R

Torrubiellutin A-C % Pittayakhajonwut & I X - T, B H & #4 torrubiella
luteorostrata BCC 12904 7 & flitH, Hifff < 7= 15 BBR{LEY TH % (Figure 4) 22
ZFnHofTc CY oA T F b X7z TorrubiellutinC 13 KB, MCF-7, NCI-
H187. Vero itk icxf3 2 ilsEE2rns, 2o oft&Y L N-Me-L-phenyl
alanine & 6 DDAFHLBL NN 7 Vv R23- A M7 IV, ZBR ZTAT VR
LT3, Torrubiellutin C O 2AMIIKRAZZEK T N T W73, Chandrasekhar ©
ICX > THBIERTH 5 5-epi R T3 DERDBHRE TN T W B IVFFRETE (X, A48
#i&lE DU145 & MCF-7 I L € Doxorubicin & [ DPUEEEME2RH 56 & v H T
ETHB.W LHL, KoLk s ZofbAEMICIIEEDORIEICHE THEIRIZRDH 5,
COERDT I PR LT AT VIEF 7V AETH L LIREINT WS,
oo, B-AEIMI A VKR = ARG BT 2 M REE A Y 7Y v IEBTHRES 525,
2 DMLEMD HNMR 22 F AR % & C2-H & C3-H ® 3 7' F 145 5.8 ppm
fPECEZ>TWwED, Ay 7)) v IV EREHZRET 5 &3 T&E 7w (Figure 5),
X5, C2-C3 —HEMABHRA X2 v ARIBIC L o THEEI LT3, B X
ARSI BT 2 T N7 v ORMREOFER L, ROV 4 XeEHEIC X 55
BERREL, Bo7ALEYORMEEIIEREICRET 2LELH L, L DOHE
Who, coftEPicEEn s T 7 v ORRREOPIEZREICL Tw 3,
Z 2T, PiEETEE(L G 5-epr -torrubiellutin C DEDORGEZRIE T 572010, &
fAlmMIc BT 2 2 O RIER, bbb T AT v D ans{k 73, B X asfk

T4 AT LIT L,
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Torrubiellutin A (R1=R,=H) 5-epi-torrubiellutin C (73)
Torrubiellutin B (R1=Ac, Ry,=H)
Torrubiellutin C (R4=H, R,=Ac)

Figure 4

cis 5-epi-torrubiellutin C (74)

"H-NMR (300 MHz, CDCl;) of 5-epi-torrubiellutin C (73)

/ /// ///

N JMJ\_,\_JN "U\__JMJ L_.,‘.JA

i

|

-

|

— e

| e e ¢ | EO T ) AT'T_T‘II]XIIlllll]‘TTrT[lll)lllll.‘
6.0

5 70 6.5 55 50 45 40 3s 30

Figure 5 3%
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Torrubiellutin C FHFIADARICE W T, LM EBIC X Y BR{L 3 2 Bijic & mER
BNWCT AT v BBATLIZHERD L, toT 2 MEOREEADOEKEHZ XD X 9

L 72(Scheme 25), MifE#%{AIx N-Me-L-phenylalanine £ RV 7 F F C 5L

%M}

'

(\

DicspriFohsd, CBXUDIE, HED7 P T T b FED S DOERALERM 7x Wittig
RIEIRBOE & Z ICHiE < 7 b v OSIAGEIRIETTIC X > THAR T % & L7z, @
Btk E 1L G 2 o VESERICe Fef ol AFAick viEc bl L,
tEYMGo=ER ZT7 L7 viEld, =RF Yz /- HICH L TH#TETH

23R TC SN2 I ZITWIEE T 5 2 L ic L 7=,

OHC

Scheme 25
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B RMITH SN RIGIC X 3 =@ Z 7 v v DK
FTHRDIC=E 7 TAT7 v EREL LA ZIED 72, (5)-Roche ester
OO FEBOZHANCIRFL T Aa—ALT5 28\, Tk IBXEELL.

2 BB o Wittig KIGIC X o TR F oy /) = — b 78 ICAH L 72 (Scheme26),

OPMB

OH O o) IBX QPMB PhsP=C(Me)CHO
Ref. 35, 36 ., Q cho -
OMe OH :
DMSO toluene
90°C
75 76 (97%)
OPMB PhsP=CHCO,Me ~ OPMB
_-CHO NN COzMe
CH,Cl,
77 (96%, trans:cis = 14:1) 78 (quant.)
Scheme 26

e, TR TH 2T Sv2’ K6 % 1T - 72 (Scheme 27), 77 % CH,Cl, .
-15°Cic T BH; THF THLEEF 2 & SEIRNIVIC SN2 RICETT L =R Z 7 v 7 v %
BEUAFy 7V 79 HEKLEZ, L2LTHeTVEORHE Y T 80 AL
TED, 2ot 10:1 OREAEPE LR, T/, BBV VIFHE DT RE
PARTH o 7228, BUEZ OVREEIFIRETE TZrv, S22 RIGOHETICOWTX
D X H51c#E 2 7-(Scheme 28), FI7 v ZHRF L NICHfIT3Z & T FRFY ViKE
PiEHALE NG, 20O FC, PMB T—FVICEfILAZRT v FY K28, =HF
U FOE S VEIREICKET 5 2 LT SN2 KIBDEITT 5, 5%, 80 DILiR{LY:
ERETHZ LT, CORMBZYTHZ20EIHALPICT L, 2 Tldiky
IV EDTHERRE L o720, RO X IIC L TERL, 79 & 80 % DDQ CTHLEE
Ly VATAATLza= 7T 7 4 —Chilieilsalb 25, BRIRT 2% — 8la,
81b 23 L N7z, %" Lk 8la (X, TX—ro7u b7 Yr7u b vic NOE

MEZRL727c®, IR L7 MU ZEZ BT 5 SHEE L 72,
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CO,Me CO,Me

OPMB BH3 THF
X COMe ———» PMBO + PMBO  OH ™

CHCl,

78 -15°C
86% 79 80

79 : 80 =ca. 10:1

DDQ COQMe COzMe MP | COzMe
MS4A
+ + O)\O |
CH,Cl,
0°C
81a (64%) 81b (13%) 82 (trace)
Scheme 25
CO,Me
OPMB BH, THF
N COMe ——— PMBO  OH |
78

syn-80

Scheme 26

Gl S G el (AN RS ¥

7k x—) 8la % DIBAH CTULE L 7214, HFH-v ¥ — 7L AAF R vMbic k
S TVMREIRNICZRKF Y F2EA L7 (Scheme 27) 2§l Fr~vikFick 3
85 DATIE K OSAEIRIIBHER X, -30°CD £ F ClRMIGHHETL b o 7225, 0°CE
THIRT 2 2 LI X ) RICBET L2 Foh/ 1,3-V4 - 86 LAED 1,2-¥
F— L DREWNZ. NalOyiZ X % 1,2- V4 — L ORRILIBR D%, >V AT A A T L

su< b T7 74 —ICKoTCHEELT-, BBEEL 7286 I LYyZ7umry 4y Fuei
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IV B RERITOERIRY F 72— L, PhLi &\ 7= GLEEIR R BHEBR I
KoTTa—) 88 ICAML 72,% 88 % Dess-Martin fE{k L 72, MeLi & D71 v
TV T aiTv, 32 OET C-1l fuzBAL L —EaEMELTTra—n
90 37z, 90 %Z DIBAH CTHLE L, f/E@&ERK C-OfG DA T 52 LTI F—n
RAEY 91 #8723 91 12X L Dess-Martin (X381 X Y 2 ik %17\, Hod

FRACH B2 P TATE K92 257,

CO.Me D-(-)}-DIPT, Ti(OPr),
DIBAH TBHP, MS4A
7Ts|s_|°Fc CH,Cl,
) -30°C
81a 84 (98%) 85 (92%, d.r. = 15:1)

I .
Cul, Meli, Et,0 oH Pr2SiCl, 3
-30 to 0 °C; 5 EtsN, TBAI L &P e
‘OH O ‘0 \i
NalO4, THF/ H,O DME THE
0°C
87 (87%)

CHO

OH

OH

. . DMP i MelLi
(@) /OSI(’Pr)zph (e} OSl(IPr)ZPh fe} "/OSi(iPr)ZPh
CH,Cl, Et,0
78 °C
88 (quant.) 89 (94%) 90 (95%, d.r. = 3:2)

O

DIBAH DMP ,
- PMBO “osi(Pr),Ph PMBO "0Si(Pr),Ph
CH2C|2 CHZCIZ OHC
-40to 0 °C HO
91 (quant.) 92 (94%)
Scheme 27
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AT trans-5- epi-torrubiellutin C D & HK
WEPkE AR CTE 2720, FEWT 7V ATATZ VEEAT L Z LT Lz,

92 1Tt 5 Wittig JG IEAZEEIRIVICHEIT L. rans- AN T 27 4 93 21572
(Scheme 28), #i< NaBH,&EJCIZZAAREIRIICHETT L, 27 va—1 94 157,
VEOVT AT LAY —Zv VATrAra< 777 4 —ICCHlEL 7z, 2Dk
FERPE 1 Felkin-Anh £ 7 v 0 I X DT Z 2, #7214 L 2 AF 0 O KR
EIZOWTIE, UFOJRETRE L7, $74bb, VED 94 % TBAF T L 721%,
T bFAF 95 &L, 'THNMR X BC NMR A~=27 b ZHIZE L/, 'H
NMR <TiZ, C-10 fii7u b v & C-11 fi7uv b vicKk&Enhy 7Y v 7 E@# (10.0
Hz) 28I 17z, BCNMR Tl 97.9ppm 27 & X — VIRFEHKD > 7" F L 255,
30.2ppm & 19.8ppm IC 7+t FF 4 F EDAF AR Y 7 F Al SN, &
NoDY 7 FNiE, 95 DT b F A FOVEREN S VERETHSE Z LERL T

5029)

O e}

L) PhsP=CHCO,Me , NaBH,
PMBO '~ OSi(Pr),Ph - “OSi(Pr),Ph ———————>
oHC CH,Cl, MeO,C MeOH

-78°C to -30°C

92 93 (99%)

H “
H
Me ° 1) TBAF, THF
H o) - “0Si(Pr),Ph ,
Me MeO-C 2) 2,2-Dimethoxypropane
0Si(Pr),Ph 2 PPTS, CICH,CH,ClI
R 2 40°C
Felkin-Anh model 94 (87%, d.r. = 16:1)

g
oo

K . 30.2 ppm
97.9 ppm 19.8 ppm

Scheme 28
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94 LT INTAI—=NICEEZ AT ARG 2T A, TYALT R
TN 96a & T AT VHBEIL 72 96b 25, 4:1 DEIGOREME LTELN, Thbi
Iy BT % 722> > 72 (Scheme 29), ZOEREIZOWTIiE, C-4fi 7o b v sl L 25
WAHEZ Lo TWwE ZeFERTH 2 L, TV LT ATV 96a © 'HNMR
ZRZ PN, AFATZATN 94 D C4-Cl2 i 7a b vy 7F L koL
ZMEBX U Ay TV v SRR =V ERLT W, ZD7®, 94 DT AT AT
Z CAfoz e XU LIFREE T b HEHIL 72, 96b 2T 2 2 L7 <, BAY
% Alloc #£C{R# L 7z N-Me-L-phenylalanine!”? & DCCIZ k> Tz X7 AL L, 97a
% 97b L DRAEY & LT/, AW L TBAF ZHW iy Y b Lz 5,
FEWRILICHAEME LTI EH/LI LB TER, B8DT F LDk, p- A
FEURVULEEREL 99 L L7z, £72. Pd(PPh;)s 5 XU PhSiH;*? % T
Alloc & Allyl Z % [FFFICBrE L. #HIkw =27 I 78 101 #1572, BOP-CI*® % g & Al
LT 10l o~7rw o7 x2ufb%ftToze 25, BRALIZHEIT L wans-5-epi-
torrubiellutin C 73 # &k 35 2 L 3 CT& 72, 73 ® 'HNMR 27 v Clx, C2-H
FLXOWC3-HDv 7 Ml 6.2, 7.2-73 ppm TH Y, TN HDMICiZ 16 Hz DK E
WhH Y TV ITERDBD B Lo, trans FERAHM T AT ALTHEZ EEHRLT
W3 (Figure6), £72'HNMR 27 b ricksWnWT~A F—v =281 5255, Hl
EREAEET 2L AV Yy — =7 e~ A F - =7 DEDEDOE G ED 729,
VARREBHKED b D TH B EEZLND, THEY., AKL{LEHD H XU
BC NMR 27 kvt Chandrasekhar & @D 7'V — 7&K L 7= 585K & —20 L 72 W

T & 2343 %> o 7= (Figure 6, Figure 7, Table 2, Table 3),
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- OSi(Pr)Ph - Si(PPr),Ph

0o

Si(Pr),Ph

0

Alloc-L-N-Me-Phe-OH
K,CO4 oc e-Phe-O

DCC, DMAP
allyl alcohol
e oa CH,Cl,
79% (96a : 96b = ca. 4:1)
-~ OSi(Pr)Ph - OH - OAc
o—.,, o—., ¢ Ac,0, DIPEA o—.,,
0 TBAF o) DMAP o
PMBO - . PMBO e PMBO
Ph NMeAlloc THF  Ph NMeAlloc CICH,CH,CI  Ph NMeAlloc
== 0°C
AllylO AllylO AllylO
o) o) o)
97a + b (quant.) 98 (57%) 99 (98%)

Pd(PPh3), BOP-CI
DDQ o PhSiH; DIPEA
_— —_— _—
CH,Cly/ buffer PN CH,Cl, CICH,CH,CI
40°C
101 (98%)
o)
73 (44%)
Scheme 29
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Table2 73 D2 7 Ml

21

-
Ps
-
-

3

18

proposed structure of
5-epi-torrubiellutin C (73)

No Oy (int., mult., J in Hz) d¢c

' (400 MHz, CDCl;) (100 MHz, CDCly)
1 - 170.1
2 6.22 (1H, dd, 15.9, 1.8) 122.1
3 7.33-7.17 (1H, m) 145.5
4 2.94-2.76 (1H, m) 42.3
5 4.39 (1H, d, 5.9) 79.4
6 - 132.2
7 4.95 (1H, dd, 10.9, 1.4) 132.4
8 3.21-3.11 (1H, m) 333
9 5.00 (1H, dd, 9.3, 2.3) 75.3
10 1.89-1.79 (1H, m) 40.1
11 4.82 (1H, qd, 6.8, 1.4) 76.4
12 (O) - -
13 - 171.0
14 5.70 (1H, dd, 13.1, 5.0) 57.4
15 (N) - -
16 3.56 (1H, dd, 15.9, 4.8) 33.7

3.06-2.94 (1H, m)

17 3.03 (1H, s) 31.7
18 1.09 (1H, d, 7.3) 14.9
19 1.68 (3H, d, 1.4) 26.8
20 0.89 (1H, d, 6.8) 14.0
21 0.99 (1H, d, 7.3) 15.9
22 1.22 (1H, d, 6.8) 19.2
1' - 137.3
2'/6' 7.33-7.17 (2H, m) 128.7
3'/5' 7.33-7.17 (2H, m) 128.3
4 7.33-7.17 (1H, m) 126.8
9-OAc 2.06 (3H, s) 21.8/170.9
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Table 3 73 & Chandrasekhar & D& D o 7 MMl & D Eoig

8y (int., mult., J in Hz), (400 MHz, CDCls)

Compound 72

Compound of

Chandrasekhar 's group

8¢ (100 MHz, CDCly)

Compound 72

Compound of
Chandrasekhar 's group

7.33-7.17 (6H, m)
6.22 (1H, dd, 15.9, 1.8)
5.70 (1H, dd, 13.1, 5.0)
5.00 (1H, dd, 9.3, 2.3)
4.95 (1H, dd, 10.9, 1.4)
4.82 (1H, qd, 6.8, 1.4)
4.39 (1H, d, 5.9)

3.56 (1H, dd, 15.9, 4.8)
3.21-3.11 (1H, m)
3.06-2.94 (1H, m)

3.03 (1H, s)

2.94-2.76 (1H, m)

2.06 (3H, s)

1.89-1.79 (1H, m)

1.68 (3H, d, 1.4)

1.09 (1H, d, 7.6)

1.22 (1H, d, 6.8)

0.99 (1H, d, 7.3)

0.89 (1H, d, 6.8)

7.25-7.07 (SH, m)

5.87 (1H, dd, 10.3, 5.4)

5.81-5.76 (2H, m)
4.88 (1H, d, 10.9)
4.82-4.71 (1H, m)
4.47-4.35 (2H, m)

3.47 (1H, dd, 14.9, 5.2)

3.30-3.17 (1H, m)
2.94-2.80 (2H, m)
2.77 (3H, s)
2.02-1.93 (1H, m)
1.92-1.79 (4H, m)
1.72 3H, s)

1.14 ( 3H, d, 6.0)
0.95 (3H, d, 6.8)
0.87 (3H, d, 6.9)
0.77 (3H, d, 6.4)

171.0
170.9
170.1
145.5
137.3
132.4
132.2
128.7
128.3
126.8
122.1
79.4
76.4
75.3
57.4
42.3
40.1
33.7
333
31.7
26.8
21.8
19.2
15.9
14.9
14.0

171.2
170.1
168.0
144.4
137.6
136.8
128.8
128.6
128.3
126.5
123.1
80.3
76.5
73.5
55.4
394
38.1
36.3
344
31.6
29.6
20.6
19.5
18.1
16.8
11.9
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v ol 0N

HINET cis-5-epi-torrubiellutin C D &L

5-epi-torrubiellutin C¥ |3 + 7 Vv AT A7 v EEGATHWRWI E RG> 772
W, 2,3-cis-5-epi-torrubiellutin C (74) D &K EITH T &ic L7z, @A TH 3
FhTAT e 92 ickd % (CF,CH,0),.P(O)CO.Me % H\»7= Still-Gennari 4 L 7
4 AL P FEALEIRIICHET L, as- AN 274 102 & trans 18 93 2157:

(Scheme 30), #t < NaBHy % \»72 102 O JTIF T AERIRINIETT L, EENICH
HTze F7zITER L 2 AF RO OIRBCEICOWTIE, 94 L RO Tk THRE
L7ze $bb, PED103%Z TR FFH A F 104 Il 721%,. 'HNMR & L O 13C
NMR 2= 2 bV %BIE L7z, 'THNMR Cit, C-10f77'm F v & C-11f7a b i
K& Ay 7Y v e (10.0 Hz) 2@l X 7z, *C NMR Tl 97.9 ppm I 7
® X —VIRFHRD > 7 F B, 30.2ppm & 19.8ppm iICT & FF A4 F ED A F AR
Mk v ZF Al nz, chboy 7 Faid, 10407 & +F 4 FONFLE

By VEBETHEI LR RNL TS

(CF3CH,0),P(0)CH,CO,Me
KHM

DS 0

(0]

18-crown-6

"08i(Pr),Ph “/08i(Pr),Ph
THF, -78 °C
+
MeO,C
102 (61%)
o) “'OH
L NaBH, 0 1) TBAF, THF
‘08i(’Pr),Ph ‘0Si(Pr),Ph ) :
cMeOH . 2) 2,2-Dimethoxypropane
-78 °C t0 -30 °C PPTS, CICH,CH,CI
MeO,C MeO,C 40°C
102 103 (quant.)

30.2 ppm
7 19.8 ppm
97.9 ppm

104

Scheme 30
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TIATAa—rkHw7z 103 O AT ASHRIGIE, 94 O RIGTEH X 7z
C2-C3 —Hffo R ke 2 2 b {#EfTL. 105 zH—{bAEPL L B
(Scheme 31), DCC %ffa&Al L L CH\W/= 105 & N-Me-L-phenylalanine ® = 2 7
MEIZERMIC 106 Z4ER L 72, TBAF i X 2Bt UV afb e ik 7 Fafbic X -
T, 108 1cZ 1L, Pd(PPhs)s & PhSiHsI1C X 2 Biffi# % 1T\, #8kt =27 3/ #5109
R L 72, BOP-Cl ZH\72 109 o~ v 7 7 2 1{t% 40°CTiTo &, RIGITE
CHICHET L, 110 % 88% DK T2, Hikic PMB R olifr#E 2 27, 110 %
DDQ T L7 & 2 A, KIGITEITL D o7, L2 L., CHCN H, 40°Cic T
BF;-Et,O & Et;SiH* Z# % &, PMB JI3fRZE & 1 2,3-cis-5-epi-torrubiellutin C
TA%ZBNT AT T, 74D 'H B LU BCNMR It Chandrasekhar 5 ® 71—
THRERL 72 D & B\\—8 %R L 7= (Figure 8, Figure 9, Table 4, Table 5), % D 7=

. PUBESHE R T RBREERAR 73 CTlda . RITEEAED 74 TH 2 Lhb

Do 77,
OSi(Pr),Ph - OSi(Pr)Ph -~ OSi(Pr),Ph
/ Alloc-L-N-Me-Phe-OH —
K,COj4 DCC, DMAP o—
o] CoT
allyl alcohol CH,Cl, \j PMBO
30 °C Ph ITIAIIoc 0
Allylo
106 (quant.)

pAc - pAc -, pAc
Pd(PPh3),

TBAF 0O ", ::' PhSiH3
ﬁ PMBO
THF CH,CI
0c N NAloc 0 7z
AllylO
107 (82%) 108 (quant.) 109 (quant.)

BOP-CI BF3-OEt,

DIPEA Et,SiH
CICH,CH,CI MeCN

40 °C 40°C

110 (88%)
Scheme 31
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Table4d 74 o> 7 Ml

2,3-cis-5-epi-torrubiellutin C (74)

No Oy (int., mult., J in Hz) d¢

' (400 MHz, CDCls) (100 MHz, CDCly)
1 - 168.2
2 5.90-5.82 (1H, m) 123.4
3 5.90-5.82 (1H, m) 144.6
4 3.36-3.27 (1H, m) 38.4
5 4.51 (1H, brs) 76.7
6 - 137.7
7 495 (1H, d, 11.3) 129.2
8 2.98-2.86 (1H, m) 36.5
9 4.47(1H, d, 10.4) 80.6
10 1.96-1.87 (1H, m) 39.7
11 4.89-4.80 (1H, m) 73.8
12 (O) - -
13 - 170.4
14 5.94 (1H, dd, 10.4, 5.4) 55.7
15 (N) - -
16 3.54 (1H, dd, 15.0, 5.4) 34.7

2.98-2.86 (1H, m)

17 2.84 (3H, s) 31.9
18 1.03 (3H, d, 6.8) 12.2
19 1.79 (3H, d, 0.9) 20.8
20 0.84 (3H, d, 6.3) 17.0
21 0.94 (3H, d, 6.8) 18.3
22 1.21 (3H, d, 6.3) 19.8
' - 137.1
2'/6' 7.33-7.16 (2H, m) 128.6
35 7.33-7.16 (2H, m) 128.9
4 7.33-7.16 (1H, m) 126.8
9-OAc 1.98 (3H, s) 20.9/171.5
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Table 5

Sy (int., mult., J in Hz), (400 MHz, CDCl5)

74 & Chandrasekhar & DG D > 7 ME & O g

8¢ (100 MHz, CDCly)

Compound 73

Compound of
Chandrasekhar 's group

Compound 73

Compound of
Chandrasekhar 's group

7.33-7.16 (SH, m)
5.94 (1H, dd, 10.4, 5.4)
5.90-5.82 (2H, m)

4.95 (1H, d, 11.3)
4.89-4.80 (1H, m)

4.51 (1H, brs)

4.47 (1H, d, 10.4)

3.54 (1H, dd, 15.0, 5.4)
3.36-3.27 (1H, m)
2.98-2.86 (2H, m)

2.84 3H, s)

1.98 (3H, s)
1.96-1.87 (1H, m)
1.79 (3H, d, 0.9)
1.21 (3H, d, 6.3)
1.03 (3H, d, 6.8)
0.94 (3H, d, 6.8)
0.84 (3H, d, 6.3)

7.25-7.07 (SH, m)
5.87 (1H, dd, 10.3, 5.4)
5.81-5.76 (2H, m)
4.88 (1H, d, 10.9)
4.82-4.71 (1H, m)
4.47-4.35 (2H, m)

3.47 (1H, dd, 14.9, 5.2)
3.30-3.17 (1H, m)
2.94-2.80 (2H, m)

2.77 3H, s)

2.02-1.93 (1H, m)
1.92-1.79 (4H, m)

1.72 (3H, s)

1.14 (3H, d, 6.0)
0.95 3H, d, 6.8)
0.87 3H, d, 6.9)
0.77 (3H, d, 6.4)

171.5
170.4
168.2
144.6
137.7
137.1
129.2
128.9
128.6
126.8
123.4
80.6
76.7
73.8
55.7
39.7
38.4
36.5
34.7
31.9
20.9
20.8
19.8
18.3
17.0
12.2

171.2
170.1
168.0
144.4
137.6
136.8
128.8
128.6
128.3
126.5
123.1
80.3
76.5
73.5
55.4
39.4
38.1
36.3
34.4
31.6
29.6
20.6
19.5
18.1
16.8
11.9
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B SR
B L 7z trans-5-epi R 73 & cis-5-epifRk 74 It L, 22w MTT ki X 2 #fifc

AR 2 1T\, MCF-7 103 2 UG 1 2 5l L 7z, &R %2 LU icR s,

Table 6 73 & 74 ® MTT iR X 2 i EFAfi#5 R

compounds IC5q in MCF-7 cells (M)

trans-5-epimer (73) <100
cis-5-epimer (74) <100
Doxorubicin 0.124-0.180

protocol : MTT assay

Bamns, B 5 H MCF-7 iaxt3 2 fibEiEaGtE iz & & 79, Chandrasekhar &

23R L 72 Doxorubicin fHY O HUEEEIEIZHER T 2 d o 7=,
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H =% Torrubiellutin C & KHF5E

St s
B TR

EFEDW MO HRE L nFRICI Y, Mo CTEM G Z R > 2 RAVICE

WTHHERLER O ZDOMEZIRETE 3 X5 iICko, KEAILE (NMR)

~ fgi
St (MS). AN (IR). A4S (UV). HfEe— & (CD)., e, 7 nm
~ 7T 74—, X BAEREERNT R &L BRA R TRRERIC X 2BIERITHO 2 & T
a0 ow 2PMEEZHEL. ZOMEZIRET 52 L3 TE S, FFICTNMRIC X
250001, LAV DB I L TS DR E D 25T Y — LT

b, ARIEEPROFIAT2MERMTHELIEFEIETH R, TNHD
SRHHEICE Y, —RRAVOEDIZLA L ZRET I ENTEL LI Cho72
LR, SHICES T TERARL LT oFIKeI AR R EIcB L TRED
Y PER I NG,

McPhail Hic X 3 &, 2010 4F F CTICHie S N2 KAV OBEERE DR Y 13, EIiC
369 fFICDIT 5.4 NMR 12 X Y BHERE S Nnflz B2 &, BRRES, Efdko
(7l BAEAR, B o R RMERICE T 2 ME V2 ] S 1 5 (Figure 10), HMBC =

X7 PALDFITICK 5T 5 BRBLVT 6 BRZXNT25GIEES 2L v1b 5,
il 21X, Chloraurone® ® X 57, 5 BER Loz XV AL 74 vE 6 BEROZ VA
L7 4 v OMEMDGETH B, 7o, BEHERNZL HMBC lIEickiF 5, 2 $7%
X 3FA%EN L 'H & BC DfEEATEBDORECn= 8 H2) 2 b K& (AN E7E
WA L7-7-9ic, HMBC B2 &7 20> - 72 A[REM: A3 % %, Subereaphenol B*®
DX AEEICERSNZFERTIE. HMBC %252 oicsEn 'H 28340720

LR, VI IAPEET I ARESH Y, EREONERZRET S L ANEET
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H %, NOE HIEIC XV B OMHNEE ZIRE T 2856, FTERZEOHE T
TRECEE D FZ BT X ) HE WA Z Y 3\, Dictyosphaeric Acid A% TlE, KIT/RL
78R8 DIIARECE | NOE B A —2 L i T o3, ARECEDZAL T 2 %2 CTldik
ERITIE RV, ZDLAY DM ZARRCE X2 EIC X W IRE I N,

H:I{Z | O|
QC%\L 5

revised structure”

@)
1O

Chloroaurone?®)

OH

OH
BrWBr BrWBr HO,C

HO = ~ Dictyosphaeric Acid A% revised structure®"
(0] HO
~ 00"
0

revised structure*®

Subereaphenol B4®)

Figure 10

$7%bb. NMR OHEERIC L > TEARENICEF LT MESFELTEY, £
DRGEICBET 2 7 — 2 IFFICEEREICGER L 20T hnwi e zRLTnwd, X
HIC, BRI ARREZERRET 2 L 3L, 2L oA TLEYD
SRE S IFERCERT LB DY, ZoBkIav ST T 4 — oS
bIFbNTZT — 22T MEAEY B OB - E 2 FEobam e i s LT
HEL T, L2LIoHEICX2MEN IS, BEoMEREITI>ICLTH
L h oG LN KAV OHEER 3o T o w2 3% <, HEZ (LAY &S
5ZLHTELLHRL R,

ZICH LRI O LG, £ OARERE O I MEE 2 B IR ICE AT 2
TN TE, IOICZDORMELMERT 2HESHFEL TS, Lo T, Lido
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L9 BMEEAEZ KR TH 572 LTDH, TBRICHEEREERTT S 720 DRMETF
BRTHYVROMWERLTETHELEER 5,

RV OGO R P Z O 13, (LEWDARBCEIC X 2 528 h3465 8 TR
FWneo, EEEZFEMEY O IMEEZRET Z L IIFICEECH L, AET
1. AEHIETERARYICH B Torrubiellutin C D& E TV, Z OREEICE Y # Ao
el UMICRRAS 5,

KXV <H % Torrubiellutin C DFEEREICEI T 2 £ NMR 2 <7 b L% RS
&, ROICEEND ZBI ZT7 07 v icxt 3 2 RS ATEDTH 5 2 & 2357320
272 NOESY A< 27 b MicBWT CTHL 7w b v e Cl19f2 7 m b VICHHBEA 72
Z &, NOEHHEDOER LN T 2 VAKALEDF R EH Z b DTH S T & h
O, ZEWIET VT v ORMAEEDOREIZIRETH S, Ko TARRREZEKL., %

DIHED BRI O W TR 2 2 LT L7,

B WA R

REIGTROND ZT VT VIl L 72 A KR ERE T OMNLE 1 and Bl iE

2, THEMEELZRCEEOHR T, e FY PRI RFY FER UM S KIGHIC

WA 35 EHNERTH L, Lo THIED, WlloARFHOLOMENEIED anti Bt

& CT® % torrubiellutin RO AR TIZ. ARICEH|TREL L CEHEEIGT 22 &

BT&7, L2>L Torrubiellutin CIC&ENZ ZT7 7 vid, BiEL 2 A IKER

T DOMHNECED syn BLE TH 5 720, EEARIGEZEMN VS LIETE RV, 22

T, BTN SN RIETHRLNZ ZT AT voe Fax v oMt yds Kind 5
IC X VA& DS synBiLECTH B ZT7 V7 v & EF L, Torrubiellutin C &4

115 2 &ic L7z (Scheme 33),
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Scheme 33

FHH BT 2 AL OMENECE D syn BLETH 5 ZT VT v DERK
ETIROICEEWR Z TV VvIEE R RESET 5 2 LI L7z, 5-epitorrubiellutin C

DEK L RRORIEIC KL Y, Z@BI ZT A vefkr vy L oREYE LTHE
(Scheme 34), ft\»T, b FuF* o HOVIKKEL%ZIT > 7z, Dess-Martin fE{lic X -
THZ T P VICBH L, v — 3 28T OEFE W GERNE T2 A 72, 2D
fEER, RIET9 % 40%., SR 112 % 48% DINFE TRz, W < D2 DR TS %5
L7, T EoVRERERR2 Z i3 TE o7z, REFICOWTIE, HE
MRl BEITZITH) CLICL D) SRICEIT 5 2B TE S0, ZDAEKAMRERH
BhRwbob Lz, ZOBRECRERY T v oNEiRRNETH 72720, DDQ T
WML, IV ATAAT LI~ 7T 7 4 —ICCEBRIRT % —1 113a, 113b, H

yzvikolteaMTd 3 114 2157,
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CO,Me CO;Me  Dess-Martin COzMe
periodinane
+ PMBO OH PMBO
| CH,Cl,
92%
80 111
79 : 80 =ca. 10:1
NaBH, CO,Me COzMe
CGC|3'7H20
PMBO + PMBO
MeOH
0°C
112 (48%) 79 (40%)
CO,Me DDQ
MS4A
—_—
CHQC'Z
0°C

112 113a (9%) 113b 114
113b + 114 = 65% (113b : 114 = 28:1)

Scheme 34

B KT F FE oA

74k &—) 113a »* 5., 5-epi-torrubiellutin C & [FIEED ARREEKICCe F o o5
KRR F NI STARGEIRIICE A L 72, 115 12X 3 % & H -Sharpless A& =K F 21t
BT ATLAEDR9: 1 0EETZFRFY N2 5 %27 (Scheme35), ZOYT7 AT L
A~ — 3L RNEECH o 72720, M IRROBERELIORICHET 2L LT,
BRSEREIC X 2 2K F v FORBRIZOCTH#ETL, 2ED 1,2-Y 4 — L% NalOy T
Wy 5 2T, 13-4 —n 117 ZHALEY L L TR/, v 77 52—t
PhLi I X 2 (@& #IREAER. Dess-Martin fg{b. it MeLi EDHh v 7Y v 7ic X
H. 32 DLET C-1l ffozv~—EAYWELTTAra—n1 120 I L7, 120
% DIBAH CHLEES 2 & fZEEIRK C-O i A NET L, A — 121 24
L7z, ZOBRETO HPLC I X 2, =R F L ALTERINAPBOIT A
TLARGVZTEEICHREL 72. Z D%, Dess-Martin B{LZ{TW7 FT7A T F

122 L L 7=,
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OH p-(-)-DIPT, Ti(O'Pr),

TBHP, MS4A
CH,Cl,
-30 °C
113b 115 (96%) 116 (99%, d.r. = 9:1)
Pr,SiCl,
1) CuCN, MelLi, Et,0 0.
30 °C t0 0 °C EtsN, TBAI ., _Si"PT PhLj
> O ‘,‘Pr —_—
2) NalO,4 DMF THF
THF / H,0 0°C
117 (69%, 2 steps) 118 (86%)

1) Dess-Martin
OH periodinane

oy CH,CI 0
o) ‘0Si(Pr),Ph 272 o) ‘osi(Pr),ph _ DIBAH
2) Meli, Et,0 CH,Cl,
-78°C -40°Cto0°C
119 (82%) 120 (84%, 2 steps, d.r. = 3:2)
Dess-Martin
OH periodinane 0]
., . _— 7 ., .
‘0Si(Pr);Ph  CH,Cl, PMBO ‘0Si(’Pr),Ph
OHC.__~
HO
121 (96%) 122 (99%)

Scheme 35

122 1o/ 3 2 Wittig K6 & NaBH, 12 X 2 A AREIRPETTICE D, 2T ra—u
124 %1572 (Scheme 36), 7z LR L 72 AF L OVARECE X, 92 DFERD kT
RELTze 124 %72 P F A4 F1251cZ#aL . 'HNMR &5 XU 3C NMR 2~ 7 } v
ZHIE L7z, '"HNMR Ti, C-10fz7m byt C-11fi7m bvicK& by 7Y
v 7ER (10.0 Hz) 238l X oz, BC NMR T, 97.9 ppm 2 7+ % — LR FEH
Kov 7FaB, 302ppm & 19.7ppm I Tk P F A F EOXFAIEBERD Y 7 F
DEH XN, oD Y 7 FNid, 12507+ b F A4 FOVKEERY VEETH

52 BTS2
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o O

PhsP=CHCO,Me NaBH,
PMBO "~ “OSi(Pr),Ph ol “0Si(Pr),Ph 4’M o
z 2Clo e
OHC Me0,C .78 °C t0 -30 °C
122 123 (86%)
“'OH
1) TBAF, THF
“0Si(’Pr),Ph
2) 2,2-Dimethoxypropane MeO,C
MeO PPTS, CICH,CH,CI €02
40°C
124 (90%) 125
Scheme 36

HHff Torrubiellutin C D fRIEFEEA DA K

TIALTALa—LZHWE 124 DT 2T AZEIGIE, C2-C3 —EiEE 0B M1k
Bz B2 &7 L H#fT L 72 (Scheme 37), EDC Z#a&#l e LW 126 & N-Me-
L-phenylalanine @ = X 7 WALIZEEMVIC 127 24K L 7z, TBAF I X 2l U vk
R TFAALIC X 2T 129 ICEM L 72, p- A M F RV IUAMEZREL,
Pd(PPhs)s 3 X O° PhSiH; Z W7zt ic X o Tk a7 I VL L. i
i BOP-Cl ZifiGAlEL LT~ v J 7 X2 2{tb%kfT>7- & T 5, Torrubiellutin C O
EBREER 131 26T 52803 TE %, 'HNMR o~ A4 F—v—7i%, HEREZ
REFTLILTAY Yy — =23 F - =27 DREGEOEIGHRED S 720, L
HRECEHkTH 2 HEZONS, TRIEY , AL LEWD 'H 5L T 5C NMR %
R M THEEGRD b D L —B L 7\ & 2399 0> o 72 (Figure 11, Figure 12, Table

6, Table 7).
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-~ OSiPhPr, -, OSiPhPr

Alloc-L-N-Me-Phe-OH

EDC-HCI
K,COs4 DIPEA, DMAP
Allyl Alcohol CICH,CHCI
30°C 40°C
126 (91%)
- OH - OAc
o—. ¢ Ac,0, DIPEA o— )

TBAF O DMAP (0]

E—— PMBO!" PMBO!
THF Ph NMeAlloc CICH,CH,CI Ph NMeAlloc
0°C 40°C

AllylO AllylO
0] 6]
128 (71%) 129 (93%)
- OAc %, pAC
o—/ ) 1) Pd(PPhs),
(@) E 3 PhS|H3, CH2C|2 o
HO™ 2) BOP-CI, DIPEA
Ph NMeAll ~o
eAtioe CICH,CH,CI
AllylO 40°C
(6] proposed structure of

Torrubiellutin C (131)
(50%, 2 steps)

Scheme 37

130 (98%)

49

-~ OSiPhPr,

e} -—"/ ::- \
PMBO!
Ph NMeAlloc

Allylo

o
127 (quant.)

DDQ

CH,Cly/buffer



\ I.M i k {

R R I T R R T A T T A R ! g |
7.0 6.0 5.0 4.0 J.II 2.0 1.0

Figure 11  $2MEHHEAD 'TH NMR 2= 2 b (400 MHz, CDCls)

L
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RSSO 00 Y RO [ I -

IAARARS RESARARALS RELAAARARS RELARARALS RALMAEALS REAMLARALE RAARAMSE RAAMUMALS MUARARAALE EAAAAAARS RAAAMAALE RUARMARALAS RARAAALLASSE MAMUAL RS UMY LA AR LML LAY LA
170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0

Figure 12 $2IEfHEAD B*C NMR X< 72 + (100 MHz, CDCl3)

50



Table 7

eEfE kD> 7 MME

(@) 3 18

proposed structue of

Torrubiellutin C (131)

No Oy (int., mult., J in Hz) d¢c

’ (400 MHz, CDCly) (100 MHz, CDCly)
1 - 169.9
2 6.22 (1H, dd,15.2, 2.0) 121.5
3 6.89 (1H, dd, 15.6, 4.8) 147.0
4 2.84-2.77 (1H, m) 45.0
5 4.84 (1H, s) 71.8
6 - 131.8
7 4.92 (1H, d, 10.8) 130.8
8 2.41 (1H, m) 32.9
9 4.93 (1H, dd, 9.6, 1.6) 74.9
10 1.86 (1H, m) 399
11 4.81 (1H, qd, 6.8, 1.2) 76.4
12 (0) - -
13 - 170.8
14 5.70 (1H, dd, 12.8, 4.0) 57.4
15 (N) - -
16 3.56 (1H, dd, 16.0, 4.8) 33.7

2.98 (1H, dd, 16.0, 12.8)

17 3.00 (3H, s) 31.6
18 1.12 (3H, d, 6.8) 11.6
19 1.73 (3H, d, 0.8) 20.8
20 0.88 (3H, d, 6.8) 13.3
21 0.97 (3H, d, 7.2) 15.9
22 1.22 (3H, d, 7.2) 19.2
' - 137.1
2'/6' 7.33-7.21 (2H, m) 128.2
3'/5! 7.33-7.21 (2H, m) 128.8
4' 7.33-7.21 (1H, m) 126.8
9-OAc 2.06 (3H, s) 21.7/170.7
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Table 8 #RIEHEER & KR D NMR & 7 b H D HEx

Sy (int., mult., J in Hz), (400 MHz, CDCl;)

proposed structure of

8¢ (100 MHz, CDCl5)

proposed structure of

No- Torrubiellutin C (131) Natural product { Torrubicllutin C (131) ~ natural product
1 - - b 169.9 166.6
2 6.22 (1H, dd,15.2, 2.0) 6.08 (1H, d,15.1) L1215 119.1
3 6.89 (1H, dd, 15.6, 4.8) 7.17 (1H, dd, 15.1,102) '  147.0 149.0
4 2.84-2.77 (1H, m) 2.64-2.60 (1H, m) L 450 39.8
5 4.84 (1H, s) 4.01 (1H, s) L 71.8 78.3
6 - - ' 131.8 136.9
7 4.92 (1H, d, 10.8) 5.47 (1H, d, 10.8) 1308 122.6
8 2.41 (1H, m) 2.73-2.67 (1H, m) L0329 33.7
9 4.93 (1H, dd, 9.6, 1.6) 477(1H,dd, 11.5,2.4) 749 77.0
10 1.86 (1H, m) 1.76-1.72 (1H, m) P399 39.8
11 481 (1H, qd, 6.8, 1.2) 4.70 (1H, qd, 6.5, 3.5) L 76.4 72.1
12(0) - - Lo -
13 - - L1708 170.2
14 5.70 (1H, dd, 12.8, 4.0) 3.54 (1H, dd, 9.5, 3.5) L 574 67.9
IS(N) - - boo- -
16 3.56 (1H, dd, 16.0, 4.8) 3.40-3.36 (2H, m) L 337 35.2
2.98 (1H, dd, 16.0, 12.8) ;
17 3.00 (3H, s) 2.74 (3H, s) P316 38.7
18 1.12 (3H, d, 6.8) 1.29 (3H, d, 7.0) L 116 19.1
19 1.73 (3H, d, 0.8) 1.58 (3H, d, 0.8) L2038 15.3
20 0.88 (3H, d, 6.8) 0.90 (3H, d, 6.8) 133 17.7
21 0.97 (3H, d, 7.2) 0.72 (3H, d, 6.9) r15.9 9.7
22 1.22 (3H, d, 7.2) 1.12 (3H, d, 6.5) b19.2 13.6
I - - L1371 139.2
26 7.33-7.21 (2H, m) 7.20-7.25 (2H, m) L1282 128.4
35" 7.33-7.21 (2H, m) 7.20-7.25 (2H, m) 1288 128.5
4 7.33-7.21 (1H, m) 7.20-7.25 (1H, m) L1268 126.4
9-0Ac  2.06 (3H, s) 2.17 (3H, s) L21.7/170.7 21.0/171.3
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Paviail SN

#5758 Torrubiellutin C DFEEICE 3 2 E 5 L GHRALFEIC X 2 & D HEE
EEDER L -REHER 131, 53X O 2D 5-epi-torrubiellutin C73, 74 © 'H
BFLUWBC NMR 227 P LicBWT, &7 MEDEWVRBHFICRN T2 b D30
Ko Rb6N5, 'H-NMR ICEWT, 7z=AT77=vEichsb C-14 7w kv
. AR 3HEED Y 7 FME(73 : 5.70 ppm, 74 : 5.94 ppm, 131: 5.70 ppm) & LHE L
TRBRYID > 7 MMHE(3.54 ppm) 2300 & 2 I EEHNCHFEL T3, Thbb, K
Y DOARBCEE X AR & T RIEICE R > TWwb, BC-NMR Tlk, 7=z=AT 7=
v Eich s C-14, C-17 fiipkFe. KV 7 FFO=@Elh Z 77 v CoH b C-T fiL,
TINAFAD C-19 i, N-Me @ C-17 fii, 7 X F1Eo C-18 iz, C-21 iz, C-
22 PIRFED Y 7 MEDZEHN K Z \(Table 9), Stothers D5 D Ic k3 &, ZEWRT
v EoXF D BC-NMRALY: Y 7 Mbl: EfRk0S6, J8 Y i I X 237
RIEMEN R O 2T 11-18 ppm WCEMSG Y 7 b3 5, —J ZIKkDE4& 13 21-28 ppm
CH B, KEYDO C-19 fifL2s 7 MEIE 15.8 ppm TH b . IEIEHEEMK 131 13 20.8
ppm TH 5%, £7z, 131 ® NOESY A~7 b Tlx, H-7 & H-19 IcHEAR H 2 2 &
DEHI X 7z, RV D NOESY A~ 2 vl H-7 & H-19 O HE I B X 41T
Wiz (Figure 13, 14), 2o oIz, 131 o =ERT7 A7 viz ZHkchsb b

ZAFAL, RN ETAT Vv THBZ 2R BTE2L5DTH 35,
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Table 9 3D G & RAYID BC v 7 MED LI

8¢ (100 MHz, CDCl5)

trans-5-epi- cis-5-epi- proposed structure of
No. torrubiellutin C  torrubiellutin C  Torrubiellutin C natural product
1 170.1 168.2 169.9 166.6
2 122.1 123.4 121.5 119.1
3 145.5 144.6 147.0 149.0
4 423 38.4 45.0 39.8
5 79.4 76.7 71.8 78.3
6 132.2 137.7 131.8 136.9
Y 132477 1205 """ 1308 T 1226
8 333 T 365 32T 337
9 75.3 80.6 74.9 77.0
10 40.1 39.7 39.9 39.8
11 76.4 73.8 76.4 72.1
12 (0) - - - -
13 171.0 170.4 170.8 170.2
4T 574777 S F /2 A S 679
5Ny ST ST ST
16 33.7 34.7 33.7 35.2
117 31.7 31.9 31.6 38.7
118 14.9 12.2 11.6 19.1
119 26.8 20.8 20.8 153
20 140 170 T 133 177
5 159 T 83T 159 T 97
122 19.2 19.8 19.2 13.6
T 13737 137.17 T 1371 13927
2'/6' 128.7 128.6 128.2 128.4
3'/5' 128.3 128.9 128.8 128.5
4 126.8 126.8 126.8 126.4
9-OAc 21.8/170.9 20.9/171.5 21.7/170.7 21.0/171.3
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NOESY of Torrubiellutin C in CDCl3

7.0 6.5 6.0 5::8 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 ppm

Figure 14 KA D NOESY x~ 7 L

KICEHRALAIC X 2 1RIBRSER 131 OEBMENT & . KAV OB OGO FHlic>
WCELR S 5, 131 OEEMNTIC X Y Bk ZEREIZTROKIC X 51k ?
(Figure 15), 2 fH DR EADIFIE I 68.3%, 31.7% & 72 v, 'H-NMR CHH| =
NIeAY Y- =2 LA F VY- DEMEOHI G LIEVELE 5, £/, 7=
AT 7=V EDC1AMT e P N Me i LCT v F Y 77 F—DAEICT

TEL T3,
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Figure 15

131 E RO EFENMR A =7 FLVORBIC X ), RINE =@ ET L7 v
EEbL I ENRBEINS, £/, C-lAfG T e b UyBERGICY 7 P LTWE, Zh
5% F#H2 0 1Cv DD D VARERIERO BT O NMR O Flll 2T o7z & 2 5,
SiEfE ET AT v RER, 9N, 1064, 11 Lo LED B 2 HdE 132 o 48
NMR 25, RO H D LEHEIC IR % T & 539720 > 7= (Figure 16, Table 10), Z @
HETIZ, 72=2AT 72V DRV IAEDN NMe IiESWizfExE L > T, D
TYC-lAf7Ta b voE#ESEY 7 M, 7oA BHICEDLDNTWS Z EARERTH
peyvENG, C347, C-14f7, C-17H7u bt vor7 Mio+hiz, vy
NEEDS N-Me [SED W2 BLED % KGRI N TV R 2 e BFRITH 5 LEZ T

%5, WA 132 PRV OEOHE L L TRIL, AT 2 TETH %,

OAc

predicted structure of
Torrubiellutin C(132)

Figure 16
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Table 10 KAV & TR L 7-#iE 132 © NMR » 7 MED HKL

8y (int., mult., J in Hz), (400 MHz, CDCl;)

8¢ (100 MHz, CDCl5)

No. predicted structure (132) natural product i predicted structure (132) natural product
1 - - ' 167.4 166.6
2 5.78 (1H, d, 16.9) 6.08 (1H, d,15.1) L1191 119.1
3 7.83 (1H, dd, 16.9,10.5)  7.17 (1H, dd, 15.1,102) ' 1515 149.0
4 2.51 (1H, ddq, 10.5, 6.5, 1.9) 2.64-2.60 (1H, m) 41.3 39.8
5 4.00 (1H, d, 1.9) 4.01 (1H, s) D785 78.3
6 - - L1379 136.9
7 5.93 (1H, d, 11.5) 5.47 (1H, d, 10.8) L1257 122.6
8 2.48 (1H, ddq, 11.5, 6.5, 2.1) 2.73-2.67 (1H, m) L 347 33.7
9 4.90 (1H, dd, 10.7, 2.1) 477(1H,dd, 11.5,24) + 765 77.0
10 1.97 (1H, ddg, 10.7, 6.7, 3.7) 1.76-1.72 (1H, m) 397 39.8
11 481 (1H, qd, 5.9, 3.7) 4.70 (1H, qd, 6.5, 3.5) L 72,9 72.1
12(0) - - b -
13 - - ' 172.9 170.2
14 3.05 (1H, dd, 12.0, 0.5) 3.54 (1H, dd, 9.5, 3.5) '\ 68.8 67.9
15(N) - - P -
16 3.55(1H, d, 12.0) 3.40-3.36 (2H, m) ' 35.7 35.2
3.08 (1H, d, 0.5) ;
17 2.15 (3H, s) 2.74 (3H, s) 373 38.7
18 1.36 (3H, d, 6.5) 1.29 (3H, d, 7.0) i 18.8 19.1
19 1.49 (3H, s) 1.58 (3H, d, 0.8) b163 153
20 0.92 (3H, d, 6.5) 0.90 (3H, d, 6.8) 182 17.7
21 0.74 (3H, d, 6.7) 0.72 (3H, d, 6.9) L 107 9.7
22 1.11 (3H, d, 5.9) 1.12 (3H, d, 6.5) P14 13.6
' - - ' 139.6 139.2
26 7.30 (2H) 7.20-7.25 (2H, m) L1294 128.4
35" 7.30 (2H) 7.20-7.25 (2H, m) L1277 128.5
4' 7.21 (1H) 7.20-7.25 (1H, m) , 125.5 126.4
9-OAc 2.00 3H) 2.17 3H, s) E 20.4/172.3 21.0/171.3
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58

B97X-D/6-31G(d)



SREHI., TRAFY T/ T —F, TRFY T/ - MicxT % BH;THF %
FA\ 723870 SN2 RIC DR 21T 0 7z, E72, TNARHEKIS L L 7z torrubiellutin 38
BIEDERZIT > 7,

B—E Tk, ZEBI AR FE2ET3EE IS TRFICKICETL, 56
CZEBT AT v ST EICHESAF P OICHENZER ZT T v R A
TELCERAMLAEZ, T RFL V) - 2RE ARG, BINICOGE
JERH L 720 PR BB T Nz,

CO,Et
BH3 THF OH 2
CO,Et
CH,Cly, -15 °C

55h 5 (62%)
BHyTHE  Ph OH X C0:Me
x_CO,Me
CH,Cl,, -15°C
10 min 71b
90%
Scheme 38

B BT, ARG % 7= tollubierrutin ZE A DGR Z 1TV, trans B X X cis-
S-epifhZER L7z, FRRICE TN ZBIR ZT7 07 Vid, REIGIC X 0 &R T
BT D ENRTE N, ZOBRIET LV v ORI REAREZ AR L. RIEX T

trans IR IIFEEEE > TEB Y . cashDPEOETH 5 2 & ZE W=,
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5-epi-torrubiellutin C (73) cis 5-epi-torrubiellutin C (74)
proposed structure revised structure

Figure 17

Sy — ==

5 =% C|%. Torrubiellutin C DIREMEEROEK 2T o 77, B L 2 A4AFH LD
HXTECE DS syn BILE CTH 5 =@ Z 7 A7 vk, ARG TR LT Vv a — %z
ARRERT 22 & CHET LR TER, ZORRBEMERICE S, FHEIcE) 2

BB Dol £z, BEMAFEZHWRAYOEOMEZ FEL 7.

OAc

proposed structure of predicted structure (132)
Torrubiellutin C (131)

Figure 18

SIEBAFE L 723870 SN2’ K 1. TR F U AR T 27D SN2’ KB Ic BT 5
W=7 70 —FThHo, {ERONIETIEEL LN TE R oz ZT VT vV %k
TN TEDL, ILIEZERZT AT VOBERMIGE LTH, TRETORK
JIEDAREN) BT H o 7o @i 75l 3E 2 v 3 fie B/ Z# R gk c & 5. fifE
TR FREREE LTEZLEBNTE S, HICEEADIZ, TAT VICR
FHOBBEEL T2 2, 5102 DAFHLOOREEILTERIT LRI X 1T

WB3ZETHY, FR o=@l T AT VEBETIIRE & 2Rtk 3,
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JEFICHPN A IETH L L E 2D, L2 LAY, RRIGIFERTZ WL 2rofE
B INTED, SHBOMFEICL>TENL 2R T 5 2 & T, ARGHILFICE
WCXDVEREAMICICRSE7ZAIEEZT 0L, KRICOBRBICLY, ZFRFUAR
M Z AT ADT IA Y =X —J@FET L L LbIC, TNE THRPNIEET

Hole =B ZTNT Ve GUORBUPERINDG Z L, FEHIIWFL T2,
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KERIH

Melting points were determined on a Yanagimoto MP-S3 micro melting point
apparatus and were uncorrected. IR spectra were recorded on a SHIMADZU
IRPrestige-21. 'H and *C NMR spectra were recorded on a JEOL JNN-ECX-400 or
JNM-ECZ400S/L1 spectrometer at 400 and 100 MHz, respectively. Chemical shifts
were expressed in § parts per million with tetramethylsilane as internal standard (6 =
0 ppm) for IH NMR. Chemical shifts of carbon signals were referenced to CDCl; (6 C
= 77.16 ppm), The following abbreviations are used: s = singlet, d = doublet, t = triplet,
q = quartet, m = multiplet, and br = broad. MS spectra were recorded on a JEOL JMS-
GCmate II or JEOL JMS-700. Column chromatography was carried out on Merck’s
Silica gel 60 (70-230 mesh ASTM). Optical rotations were measured on a Jasco P-2200
polarimeter ata ¢ 3.5 mm x 100 mm path-length cell at 589 nm. All concentrations are

in g/100 mL.
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Reaction of 44 with BHs;- THF

CO,M
@) - OH
K/ﬂ/\/COZMe — =

44 45 (R = CH,CH,Ph)

To a solution of epoxyenoate 44 (105 mg, 0.406 mmol) in CH,Cl, (8 mL) was added
BH;- THF (0.92 M in THF, 1.3 mL, 1.22 mmol) at -15 °C under an argon atmosphere
in well-dried 2-necled flask. After being stirred for 30 min, the reaction mixture was
quenched with sat. NH,Cl solution (10 mL) and extracted with EtOAc for 3 times. The
organic phase was dried over MgSO, and evaporated under reduced pressure. The
resulting residue was purified by column chromatography on silica gel eluted with
hexane-EtOAc (4/ 1) to give (2)-alkene 45 (71.2 mg, 0.287 mmol, 71%) and diol 47
(13.7 mg, 0.0622 mmol, 15%) as colorless oil.

45:'H NMR (CDCls, 400 MHz) § 7.31-7.25 (m, 2H), 7.22-7.16 (m, 3H), 5.42 (td, /=
7.8 Hz, 0.9 Hz, 1H), 4.48-4.42 (m, 1H), 3.68 (s, 3H), 3.09 (dd, /= 16.5, 7.8 Hz, 1H),
3.00 (dd, /= 16.9, 7.3 Hz, 1H), 2.75-2.57 (m, 2H), 2.05-1.93 (m, 2H), 1.84-1.73 (m,
1H), 1.78 (d, /= 0.9 Hz, 3H); *C NMR (CDCl;, 100 MHz) § 172.9, 141.9, 141.7,
128.55 (2C), 128.53 (2C), 126.1, 118.7, 69.3, 52.2, 36.1, 32.7, 32.2, 18.0; IR (film)
3447, 3063, 3026, 2949, 2860, 1739, 1603, 1497, 1454, 1437, 1317, 1263, 1204, 1169,
1018 cm™'; HRMS (EI*) caled for CisH20O3 [M]+ 248.1413, found 248.1405.

47:'H NMR (CDCls, 400 MHz) § 7.35-7.25 (m, 2H), 7.22-7.16 (m, 3H), 5.29 (t, /=
7.3 Hz, 1H), 4.52 (dd, /= 7.3, 6.4 Hz, 1H), 3.66 (dt, /= 10.1, 5.5 Hz, 1H), 3.55 (ddd,

J=10.1, 8.7, 4.6 Hz, 1H), 2.71 (ddd, /= 13.7, 10.1, 6.0 Hz, 1H), 2.60 (ddd, /= 13.7,
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9.6, 6.0 Hz, 1H), 2.43-2.32 (m, 1H), 2.19-2.11 (m, 1H), 2.03-1.94 (m, 1H), 1.83-1.74
(m, 1H), 1.76 (s, 3H); *C NMR (CDCl;, 100 MHz) & 142.1, 140.4, 128.6 (2C), 128.5
(2C), 126.0, 124.4, 68.7, 62.0, 36.2, 32.3, 30.5, 18.2; IR (film) 3347, 3026, 2945, 2883,
1603, 1497, 1454, 1377, 1049, 1029, 1006 cm™'; HRMS (EI*) calcd for C1aH20O, [M]*

220.1463, found 220.1457.

Reaction of 48 with BH;- THF

OH
Ph o Ph OH

W\/COZM‘% — Ph OH + W\)

7
48 49 50

Ph OH

+ W + Recovered 48
51

To a solution of epoxyenoate 48 (130 mg, 0.561 mmol) in CH,Cl, (3 mL) was added
BH;- THF (0.94 M in THF, 1.8 mL, 1.69 mmol) at -15°C under an argon atmosphere
in well-dried 2-necled flask. After being stirred for 5.5 h, the reaction mixture was
quenched with H,O (5 mL) and extracted with EtOAc for 3 times. The organic phase
was dried over MgSO, and evaporated under reduced pressure. The resulting residue
was purified by column chromatography on silica gel eluted with hexane-EtOAc (5/ 1)
to give diol 49 (10.9 mg, 0.0528 mmol, 9%), alkenes 50 (16.8 mg, 0.0883 mmol, 16%),
and alcohol 51 (4.1 mg, 0.0215 mmol, 4%) as colorless oil in addition to recovery of
starting material 48 (12%).

49:'H NMR (CDCls, 400 MHz) § 7.31-7.25 (m, 2H), 7.22-7.15 (m, 3H), 5.71-5.64 (m,
1H), 5.61-5.53 (m, 1H), 4.43 (q, /= 6.9 Hz, 1H), 3.73 (dt, /= 10.5, 5.0 Hz, 1H), 3.63-

3.56 (m, 1H), 2.78-2.62 (m, 2H), 2.52-2.41 (m, 1H), 2.27-2.18 (m, 1H), 2.00-1.90 (m,
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1H), 1.85-1.75 (m, 1H); “C NMR (CDCl;, 100 MHz) § 142.0, 135.9, 129.1, 128.6,
(2C) 128.5 (2C), 126.0, 66.4, 61.4, 38.8, 31.9, 31.0; IR (film) 3265, 3024, 2926, 2882,
1603, 1497, 1454, 1047 cm™; HRMS (EI*) calcd for [M-H,O]* Ci3sHi50, 188.1201,
found 188.1222.

50:'"H NMR (CDCls, 400 MHz) § 7.31-7.24 (m, 2H), 7.22-7.14 (m, 3H), 5.53-5.34 (m,
2H), 3.58 (dt, /= 13.1, 6.3 Hz, 2H), 2.67 (t, /= 7.7 Hz, 2H), 2.41-2.27 (m, 2H), 2.10-
2.02 (m, 2H), 1.65-1.49 (m, 2H), 1.31 (br, 1H); *C NMR (CDCl;, 100 MHz) § 142.2
(2C), 130.4, 130.3, 129.9, 129.6, 128.7 (2C), 128.6 (2C), 128.4 (4C), 125.92, 125.87,
62.63, 62.60, 36.1, 36.0, 34.5, 32.6, 32.5, 29.3, 29.0, 23.7.

51:'H NMR (CDCl;, 400 MHz) & 7.32-7.25 (m, 2H), 7.23-7.15 (m, 3H), 5.90-5.75 (m,
1H), 5.05 (dq, /= 17.2, 1.8 Hz, 1H), 5.00-4.95 (m, 1H), 3.71-3.62 (m, 1H), 2.85-2.75
(m, 1H), 2.72-2.63 (m, 1H), 2.27-2.07 (m, 2H), 1.82-1.73 (m, 2H), 1.63-1.54 (m, 2H);
13C NMR (CDCls, 100 MHz) § 142.2, 138.6, 128.5 (4C), 126.0, 115.0, 71.1, 39.2, 36.7,
32.2,30.2

Compounds 50 and 51 are known. For 50, see (a) Griinanger, C. U.; Breit, B. Angew.
Chem. Int. Ed. 2010, 49, 967. (b) Kang, S. H.; Lee, S. B.; Park, C. M. J. Am. Chem.Soc.
2003, 125, 15748-15749. For 51, see Palmer, C.; Morra, N. A.; Stevens, A. C.; Bajtos,

B.; Machin, B. P. Pagenkopf, B. L. Org. Lett. 2009, 11, 5614.
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Reaction of 52 with BH3;- THF

PR Ph  OH
Mcoza . K)\/\(COZEt + Recovered 52
52 53

To a solution of epoxyenoate 52 (108 mg, 0.416 mmol) in CH.Cl; (3 mL) was added
BH;- THF (0.94 M in THF, 1.4 mL, 1.32 mmol) at -15 °C under an argon atmosphere.
After being stirring for 5.5 h, the reaction mixture was quenched with H,O (10 mL)
and extracted with CH;Cl, for 3 times. The organic phase was dried over MgSO, and
evaporated under reduced pressure. The resulting residue was purified by column
chromatography on silica gel eluted with hexane-EtOAc (9/ 1) to give alcohol 53 (9.1
mg, 0.0344 mmol, 8%, d.r. = ca. 1:1) as a colorless oil in addition to recovery of starting
material 52 (58%).

53 (as diastereomer mixtures): 'H NMR (CDCls, 400 MHz) & 7.30-7.26 (m, 2H), 7.21-
7.17 (m, 3H), 4.12 (qd, /= 6.8, 1.2 Hz, 2H), 3.66-3.55 (m, 1H), 2.83-2.74 (m, 1H),
2.71-2.62 (m, 1H), 2.49-2.36 (m, 1H), 1.85-1.40 (m, 6H), 1.25 (t, /= 7.3 Hz, 3H), 1.16
(d, /= 6.9 Hz, 3H); ®C NMR (CDCl;, 100 MHz) & 177.0, 176.8, 142.2, 128.6 (4C),
126.0, 71.2, 71.1, 60.45, 60.40, 39.7, 39.6, 39.2, 35.4, 35.1, 32.2, 29.8, 29.7, 17.5, 17.3,
14.4; IR (film) 3439, 3026, 2978, 2936, 2826, 1732, 1715, 1603, 1497, 1454, 1377, 1260,
1163, 1096, 1045, 1030 cm't; HRMS (EI*) calcd for CisH24O5 [M]*+ 264.1726, found

264.1730.
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Reaction of 54 with BHs;- THF

Ph Ph

,\\Q

54

OH

+ Recovered 54

To a solution of epoxyenoate 54 (50.7 mg, 0.185 mmol) in CH,Cl, (9 mL) was added
BH;- THF (0.94 M in THF, 0.58 mL, 0.545 mmol) at -15 °C under an argon atmosphere
in well-dried 2-necled flask. After being stirred for 5.5 h, the reaction mixture was
quenched with sat. NH4Cl solution and extracted with CH>Cl; for 3 times. The organic
phase was dried over Na,SO, and evaporated under reduced pressure. The resulting
residue was purified by column chromatography on silica gel eluted with hexane-EtOAc
(5/ 1) to give (2)-alkene 55 (31.9 mg, 0.115 mmol, 62%), diol 56 (5.2 mg, 0.0222 mmol,
12%) as colorless oil in addition to recovery of starting material 54 (19%).

55:'"H NMR (CDCl;, 400 MHz) & 7.31-7.25 (m, 2H), 7.22-7.16 (m, 3H), 5.22 (dd, /=
9.6, 1.4 Hz, 1H), 4.57-4.51 (m, 1H), 4.12 (q, /= 6.9 Hz, 2H), 3.43-3.34 (m, 1H), 2.76-
2.67 (m, 1H), 2.66-2.58 (m, 1H), 2.07-1.97 (m, 2H), 1.82-1.71 (m, 1H), 1.76 (d, /=
1.4 Hz, 3H), 1.25 (t, /= 7.3 Hz, 3H), 1.19 (d, /= 6.9 Hz, 3H) ; *C NMR (CDCl;, 100
MHz) § 175.0, 141.9, 139.9, 128.5 (4C), 127.2, 126.0, 69.0, 61.0, 38.0, 35.9, 32.3, 17.8,
17.7, 14.2; IR (film) 3429, 3026, 2976, 2938, 2876, 1715, 1603, 1497, 1454, 1377, 1260,
1179, 1051, 1028 cm™'; HRMS (EI*) calcd for Ci7H2405 [M]* 276.1726, found 276.1747.
56: mp. 66.2-66.7 °C; 'H NMR (CDCls, 400 MHz) § 7.31-7.25 (m, 2H), 7.22-7.16 (m,
3H), 5.03 (dd, /= 10.1, 0.9 Hz, 1H), 4.50 (t, /= 6.9 Hz, 1H), 3.54 (dd, /= 10.1, 4.6
Hz, 1H), 3.21 (t, /= 9.6 Hz, 1H), 2.73-2.56 (m, 4H), 2.04-1.92 (m, 2H), 1.86-1.75 (m,
1H), 1.77 (d, /= 1.4 Hz, 3H), 0.89 (d, /= 6.9 Hz, 3H); *C NMR (CDCl;, 100 MHz) &

142.1, 138.7, 132.2, 128.5 (2C), 128.4 (2C), 125.9, 68.5, 67.4, 35.7, 34.4, 32.3, 17.8,
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17.3; IR (KBr) 3348, 3244, 3026, 2965, 2945, 2897, 2868, 1491, 1456, 1335, 1302, 1036,

1007, 997 cmt; HRMS (EIY) caled for Ci15H2,0, [M]+ 234.1620, found 234.1639.

Reaction of 55 with BH3;- THF

CO,Et

+ 57 + Recovered 55

To a solution of ester 55 (50.2 mg, 0.182 mmol) in CH>Cl; (9 mL) was added BH;- THF
(0.92 M in THF, 0.6 mL, 0.546 mmol) at 0 °C under an argon atmosphere in well-dried
2-necled flask. After being stirred for 3 h, the reaction mixture was quenched with sat.
NH.CI solution (5 mL) and extracted with EtOAc for 3 times. The organic phase was
dried over Na,SO, and evaporated under reduced pressure. The resulting residue was
purified by column chromatography on silica gel eluted with hexane-EtOAc (2/ 1) to
give diol 56 (10.3 mg, 0.0440 mmol, 24%), 57 (6.3 mg) as colorless oil in addition to

recovery of starting material 55 (43%).

Synthesis of silylated compound 58

CO.Et  To a solution of ester 55 (102 mg, 0.362 mmol) in CH,Cl,

(3.5 mL) was added 2,6-lutidine (90 pL, 0.773 mmol) and
TBSOTS (0.13 mL, 0.555 mmol) at 0 °C under an argon atmosphere. After stirring for
30 min, the reaction was quenched with sat. NaHCO; solution (2 mL) and extracted
with EtOAc for 3 times. The combined organic extracts were dried over Na,SO, and

concentrated under reduced pressure. The resulting residue was purified by column
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chromatography on silica gel eluted with hexane-EtOAc (39/ 1) to give silylated
compound 58 (123 mg, 0.314 mmol, 88%) as a colorless oil.

57: 'H-NMR(400MHz, CDCl;) 67.31-7.26 (m, 2H), 7.21-7.15 (m, 3H), 5.19 (d, /=
9.5 Hz, 1H), 4.54 (dd, /= 8.6, 5.0 Hz, 1H), 4.16-4.06 (m, 2H), 3.43-3.34 (m, 1H),
2.77-2.68 (m, 1H), 2.55-2.46 (1H, m), 2.00-1.89 (m, 1H), 1.71(d, /= 1.4 Hz, 3H),
1.68-1.58 (m, 1H), 1.24 (¢, /= 7.3 Hz, 3H), 1.15 (d, /= 6.8 Hz, 3H), 0.91 (9H, s), 0.07
(3H, s), 0.00 (s, 3H); ¥C NMR 175.1, 142.3, 139.9, 128.5 (2C), 128.4 (2C), 125.9,
124.7,70.3, 60.6, 38.7, 38.2, 32.5, 25.9 (3C), 18.7, 18.3, 18.2, 14.3, -4.8, -5.0; IR (film)
2953, 2931, 2857, 1738, 1497, 1454, 1378, 1252 cm™; HRMS (ESI*) calcd for

C23H3503SiNa [M+Na]* 413.2488, found 413.2464

Reaction of 55 with BH;- THF

CO,Et
TBSO 2
Ph N ——> recovered 58

58

To a solution of ester 58 (123 mg, 0.314 mmol) in CH,Cl, (16 mL) was added BH3 THF
(0.92 M in THF, 1.0 mL, 0.942 mmol) at 0 °C under an argon atmosphere in well-dried
2-necled flask. After being stirred for 3 h, the reaction mixture was quenched with sat.
NH,CI solution (5 mL) and extracted with EtOAc for 3 times. The organic phase was
dried over Na,SO, and evaporated under reduced pressure. The resulting residue was
purified by column chromatography on silica gel eluted with hexane-EtOAc (39/ 1) to

recovery of starting material 58 (61%).
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Synthesis of lactone 59

0 To a solution of ester 55 (218 mg, 0.789 mmol) in CH>Cl, (5 mL) was

added PPTS (624 mg, 2.43 mmol) at room temperature. After being

stirred under an argon atmosphere for 17.5 h, the reaction mixture was
quenched with sat. NaHCOj; solution and extracted with EtOAc for 3 times. The
combined organic phase was dried over Na,SO,; and concentrated under reduced
pressure. The resulting residue was purified by column chromatography on silica gel
eluted with hexane-EtOAc (3/ 1) to give lactone 59 (117 mg, 0.508 mmol, 66%) as a
colorless oil.

59: 'TH-NMR(400MHz, CDCl;) 6 7.33-7.25 (m, 2H),7.24-7.18 (m, 3H), 5.50-5.46 (m,
1H), 4.82-4.76 (m, 1H), 3.11-3.02 (m, 1H), 2.90-2.80 (m, 1H), 2.79-2.69 (m, 1H),
2.21-2.10 (m, 1H), 1.96-1.85 (m, 1H), 1.73 (brs, 3H), 1.38 (d, /= 7.7 Hz, 3H); 1*C
NMR (CDCl;, 100 MHz) 6 173.1, 141.1, 132.0, 128.6 (4C), 126.2, 123.9, 81.4, 36.2,
34.9, 30.8, 19.0, 18.5; IR(film) 3456, 2932, 2870, 1736, 1605, 1450, 1373, 1350,

1188cm'; HR-MS (EI*) calcd for CisHis0, [M]* 230.1307, found 230.1307.

Reaction of 55 with BH;- THF

Ph  OH OH

— =

56

To a solution of lactone 59 (17.6 mg, 0.0764 mmol) in CH.Cl, (4 mL) was added
BH;- THF (0.92 M in THF, 0.25 mL, 0.235 mmol) at 0 °C under an argon atmosphere

in well-dried 2-necled flask. After being stirred for 30 min, the reaction mixture was
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quenched with sat. NH4Cl solution and extracted with CH,Cl; for 3 times. The organic
phase was dried over Na;SO, and evaporated under reduced pressure. The resulting

residue was purified by column chromatography on silica gel eluted with hexane-EtOAc

(4/ 1) to give diol 56 (6,5 mg, 0.0280 mmol, 37%) as colorless oil.

Synthesis of lactone 60

0 To a solution of lactone 59 (35.6 mg, 0.155 mmol) in EtOAc (1 mL) was

W

Ph Q" 3" added 10% Pd/C (3.6 mg) at room temperature. After being stirred

: under H; atmosphere for 3.5 h, the reaction mixture was filtered and the
filtrate was concentrated under reduced pressure. The resulting residue was purified by
column chromatography on silica gel eluted with hexane-EtOAc (4/ 1) to give a single
product of lactone 60 (22.2 mg, 0.0956 mmol, 62%) as a colorless oil.

60: 'H-NMR(400MHz, CDCl;) § 7.32-7.27 (m, 2H),7.23-7.18 (m, 3H), 4.27 (dt, /=
10.0, 3.6 Hz, 1H), 2.94-2.85 (m, 1H), 2.72-2.64 (m, 1H), 2.61-2.50 (m, 1H), 2.30 (dt,
J=14.0, 8.6 Hz, 1H), 2.17-2.08 (m, 1H), 2.09-1.99 (m, 1H), 1.81-1.71 (m, 1H), 1.20
(d, /= 6.3 Hz, 3H), 1.15-1.07 (m, 1H), 0.94 (d, /= 6.8 Hz, 3H); *C NMR (CDCl;, 100
MHz) § 176.5, 141.3, 128.57 (2C), 128.54 (2C), 126.1, 79.3, 35.1, 33.2, 32.9, 32.0,
30.4, 16.1, 15.6; IR(film) 3456, 2932, 2870, 1736, 1605, 1450, 1373, 1350, 1188cm’;

HR-MS (EI") caled for CisH20O: [M]* 232.1463, found 232.1440.

Synthesis of epoxy alcohol (2R, 3R)-62

Ph To a well-dried-2-necked flask, MS4A powder (3.32 g) and CH,Cl,

(0]
WCH (25 mL) were placed under an argon atmosphere and cooled to -30 °C.
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Then D-(-)-DIPT (3.0 mL, 13.9 mmol), Ti(OPr)s (2.9 mL, 11.1 mmol) and TBHP
(2.61 M in CH,Cl,, 7.1mL, 18.6 mmol) were successively added. After being stirred for
1 h, the reaction mixture was added alcohol 61 (1.65 g, 9.29 mmol) in CH>Cl, (5 mL).
After being stirred for further 1h, the reaction mixture was quenched with saturated
Rochell salt solution and filtered through celite pad. The mixtuire was extracted with
EtOAc for 3 times and dried over MgSO, and concentrated under reduced pressure.
The resulting residue was purified by column chromatography on silica gel eluted with
hexane-EtOAc (10/ 1) to give epoxy alcohol (2R, 3R)-62 (1.65 g, 8.59 mmol, 92%) as
a colorless oil.

(2R, 3R)-62:'H NMR (CDCls, 400 MHz) & 7.32-7.27 (m, 2H), 7.23-7.17 (m, 3H),
3.63 (d, /=12.2 Hz, 1H), 3.52 (d, /= 12.2 Hz, 1H), 3.09 (t, /= 6.3 Hz, 1H), 2.91-2.82
(m, 1H), 2.78-2.68 (m, 1H), 2.02-1.92 (m, 1H), 1.89-1.78 (m, 1H), 1.13 (s, 3H); *C
NMR (CDCl;, 100 MHz) § 141.2,128.5 (4C), 126.2, 65.5, 61.5, 59.8, 32.7, 30.1, 14.1;
IR (film) 3428, 3026, 2999, 2928, 2862, 1720, 1603, 1495, 1454, 1385, 1072, 1039 cm"
1. HRMS (EI) caled for Ci2H160, [M]* 192.1150, found 192.1143; [ a |p?* = +32.0 (c

= 1.32, CHCl;)

Synthesis of ester (4R, 5R)-44

Ph To a solution of epoxy alcohol (2R, 3R)-62 (1.65 g, 8.59 mmol)

§ ~_CO,Me
in CH,Cl; (10 mL) was added TEMPO (274 mg, 1.71 mmol)

and PhI(OAc): (3.38 g, 10.3 mmol) at room taemperature. After being stirred under an
argon atmosphere for 2 h, the reaction mixture was quenched with saturated Na,S;0Os

solution and extracted with EtOAc for 3 times. The combined organic phase was dried
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over MgSO4 and concentrated under reduced pressure. To a solution of the resulting
aldehyde in CH,Cl, (25 mL) was added PhsP=CHCO;Me (3.46 g, 10.3 mmol). The
mixture was stirred for 1 h and then purified by column chromatography on silica gel
eluted with hexane-EtOAc (10/1) to give ester (4R, 5R)-44 (1.51 g, 6.14 mmol, 71%).
(4R, 5R)-44:'H NMR (CDCls, 400 MHz) & 7.32-7.27 (m, 2H), 7.24-7.16 (m, 3H),
6.72 (d, /= 15.9 Hz, 1H), 5.96 (d, /= 15.9 Hz, 1H), 3.74 (s, 3H), 2.90-2.82 (m, 2H),
2.77-2.68 (m, 1H), 2.05-1.96 (m, 1H), 1.91-1.81 (m, 1H), 1.25 (s, 3H); “C NMR
(CDCls, 100 MHz) 6§ 166.6, 150.1, 140.9, 128.6 (2C), 128.5 (2C), 126.3, 121.1, 65.3,
58.8, 51.8, 32.6, 30.5, 15.1; IR (film) 3063, 3026, 2951, 2860, 1724, 1655, 1603, 1497,
1454, 1435, 1387, 1312, 1284, 1171 cm™; HRMS (EI*) caled for CisHisOs [M]*

246.1256, found 246.1256; [ a |p** = +32.025 (c = 1.266, CHCl;)

Synthesis of alcohol 63

Ph OH To a solution of Pd,(dba); CHCI; (125 mg, 0.120 mmol)
X COoMe

in 0.05 M 1,4-Dioxane (2.4 mL) was added "BusP (23 L,
0.0883 mmol) under an argon atmosphere at room temperature. After being stirred for
30 min, the reaction mixture was added Et;N (0.8 mL, 5.75 mmol) in 0.5 M 1,4-Dioxane
(12 mL) and HCOOH (92 pL, 2.38 mmol). After being stirred for 10 min, the reaction
mixture was added ester (4R, 5R)-44 (207 mg, 0.841 mmol) in 0.2 M 1,4-Dioxane (4.2
mL). After being stirred for further 3 h, the reaction mixture was filtered through celite
pad with EtOAc. The filtrate was concentrated under reduce pressure, and then

purified by column chromatography on silica gel eluted with hexane-EtOAc (3/ 1) to

give alcohol 63 (203 mg, 0.817 mmol, 97%) as a paleyellow oil.
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63: 'H NMR (400 MHz, CDCl;) § 7.32-7.26 (m, 2H), 7.22-7.16 (m, 3H), 6.94 (dd, /
=15.9, 7.7 Hz, 1H), 5.86, (dd, /= 15.9, 1.4 Hz, 1H), 3.73 (s, 3H), 3.64-3.56 (m, 1H),
2.89-2.80 (m, 1H), 2.70-2.61 (m, 1H), 2.49-2.39 (m, 1H), 1.85-1.65 (m, 2H), 1.50-
1.44 (m, 1H), 1.09 (d, /= 6.8 Hz, 3H); “C NMR (100 MHz, CDCl;) ¢ 167.1, 151.4,
141.8,128.4 (4C), 125.9, 121.1, 73.7, 51.5, 42.8, 36.2, 32.3, 14.1; IR (film) 3445, 3026,
2924, 1717, 1653, 1605 cm™'; HRMS (EI*) calcd for Ci5Hz0O05 [M]+ 248.1413, found

248.1434; [ o ]p** = +38.6 (c = 1.04, CHCl;).

Synthesis of alcohol 64

Ph OTBS To a solution of alcohol 63 (493 mg, 1.98 mmol) in DMF (9 mL)
X -CO,Me

was added 2,6-lutidine (0.9 mL, 7.94 mmol) and TBSOTf (1.4
mL, 5.95 mmol) under an argon atmosphere at 0 °C. After being stirred for 2 h, the
reaction mixture was quenched with sat. NH4Cl solution and extracted with EtOAc for
3 times. The combined organic phase was dried over MgSO, and concentrated under
reduced pressure. The resulting residue was purified by column chromatography on
silica gel eluted with hexane-EtOAc (19/ 1) to give alcohol 64 (686 mg, 1.89 mmol,
95%) as a colorless oil.
64: '"H NMR (400 MHz, CDCls) 6 7.30-7.25 (m, 2H), 7.20-7.14 (m, 3H), 7.03 (dd, /
=15.9, 7.7 Hz, 1H), 5.82, (dd, /= 15.9, 1.4 Hz, 1H), 3.73 (s, 3H), 3.71-3.65 (m, 1H),
2.75-2.65 (m, 1H), 2.60-2.50 (m, 2H), 1.81-1.62 (m, 2H), 1.05 (d, /= 6.8 Hz, 3H),
0.92 (s, 9H), 0.07 (s, 3H), 0.05 (s, 3H); *C NMR (100 MHz, CDCl;) 6 167.2, 151.9,

142.4, 128.5 (2C), 128.4 (2C), 126.0, 120.7, 75.1, 51.6, 41.9, 36.1, 32.0, 26.0 (3C),

18.3, 14.5, -4.17, -4.23; IR (film) 3026, 2953, 2857, 1728, 1657 cm™'; HRMS (FAB*)
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calcd for C,1H3505S1 [M+H]* 363.2355, found 363.2341; [ a |p* = +16.3 (¢ = 1.07,

CHCl,).

Synthesis of silyl ether 65

Ph OTBS To a solution of alcohol 64 (686 mg, 1.89 mmol) in AcOEt
coatte (7 mL) was added 10% Pd/C (69.6 mg) at room temperature.
After being stirred under H, atmosphere for 1 h, the reaction mixture was filtered with
EtOAc and the filtrate was concentrated under reduced pressure. The resulting residue
was purified by column chromatography on silica gel eluted with hexane-EtOAc (4/ 1)
to give silyl ether 65 (653 mg, 1.79 mmol, 95%) as a colorless oil.
65: '"H NMR (400 MHz, CDCl;) 6 7.31-7.26 (m, 2H), 7.20-7.15 (m, 3H), 3.67 (s, 3H),
3.62-3.56 (m, 1H), 2.73-2.64 (m, 1H), 2.56-2.47 (m, 1H), 2.42-2.23 (m, 2H), 1.91-
1.81 (m, 1H), 1.78-1.66 (m, 2H), 1.66-1.56 (m, 1H), 1.47-1.36 (m, 1H), 0.91 (s, 9H),
0.86 (d, /= 6.8 Hz, 3H), 0.06 (s, 3H), 0.03 (s, 3H); *C NMR (100 MHz, CDCl;) 6
174.4, 142.7, 128.48 (2C), 128.43 (2C), 125.8, 75.5, 51.6, 37.6, 35.4, 32.5 (20), 27.7,
26.1 (30), 18.3, 14.5, -4.1, -4.2; IR (film) 2953, 2930, 2886, 2857, 1742 cm™; HRMS
(FAB*) calcd for C»1H3705Si [M+H]* 365.2521, found 365.2485; [ a ]p?® = -1.23 (c =

1.14, CHCls).

Synthesis of amide 66

Ph OTBS o O To a solution of silyl ether 65 (287 mg, 0.788 mmol) in MeOH
N\_/O (8 mL) was added 2N-NaOH (6 mL) under an argon

Bn atmosphere at room temperature. After being stirred for 17 h,
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the reaction mixture was adjusted to pH 4 (2N-HCI) and extracted with Et,O for 3
times. The combined organic phase was dried over MgSO,4 and concentrated under
reduced pressure. The carboxylic acid (285 mg, 0.813 mmol) was used in the next step
without further purification.

To a solution of carboxylic acid (285 mg, 0.813 mmol) in THF (7 mL) was added Et;N
(0.26 mL, 1.86 mmol) and pivaloyl chloride (128 pL, 1.03 mmol) at -15 °C under an
argon atmosphere. After being stirred 40 min, the reaction mixture was added via
cannula to a solution of (5)- (-)-4-benzyl-2-oxazolidinone (203 mg, 1.15 mmol), LiCl
(103 mg, 2.43 mmol) and MS4A powder (836 mg) in THF (3 mL) at 0 °C. Then the
reaction mixture was added Et;N (0.13 mL, 0.930 mmol) and stirred 18.5 h at room
temperature. The reaction mixture was quenched with sat. NH4Cl solution (4mL) and
filtered through celite pad to remove MS4A. The mixture was extracted with EtOAc for
3 times. The combined organic phase was dried over MgSO, and concentrated under
reduced pressure. The resulting residue was purified by column chromatography on
silica gel eluted with hexane-EtOAc (10/ 1) to give amide 66 (410 mg, 0.804 mmol,
quant., 2 steps) as a colorless oil.

66: '"H NMR (400 MHz, CDCl;) 6 7.36-7.24 (m, 5H), 7.23-7.15 (m, 5H), 4.71-4.63
(m, 1H), 4.23-.4.14 (m, 2H), 3.66-3.60 (m, 1H), 3.31 (dd, /= 13.3, 3.2 Hz, 1H), 3.08-
2.99 (m, 1H), 2.91-2.81 (m, 1H), 2.78-2.67 (m, 2H), 2.58-2.49 (m, 1H), 1.96-1.85 (m,
1H), 1.79-1.64 (m, 3H), 1.54-1.44 (m, 1H), 0.93-0.89 (m, 12H), 0.07 (s, 3H), 0.06 (s,
3H); *C NMR (100 MHz, CDCl;) 6 173.6, 153.6, 142.8, 135.5, 129.5 (2C), 129.1
(2C), 128.47 (2C), 128.45 (2C), 127.4, 125.8, 75.7, 66.3, 55.3, 38.0, 37.7, 35.4, 34.0,

32.6, 27.0, 26.1 (3C), 18.3, 14.7, -4.1 (2C); IR (film) 3028, 2955, 2857, 1771, 1694,
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1605, 1497, 1454, 1385, 1254, 1211 cm'; HRMS (FAB*) caled for CspHuNO,Si

[M+H]* 510.3040, found 510.3052; [ a |p* = +28.4 (c = 1.03, CHCl;).

Synthesis of amide 67

Ph  OTBS o O To a solution of amide 66 (124 mg, 0.243 mmol) in THF (2.5
N\_/O mL) was added LHMDS (1.0 M in THF, 0.73 mL, 0.730
B’ mmol) at -68 °C under an argon atmosphere. After being
stirred for 20 min, the reaction mixture was stirred at -30 °C and added Mel (80 pL,
1.22 mmol). After being stirred for 1 h, the reaction mixture was quenched with
saturated NH4Cl solution and extracted with EtOAc for 3 times. The combined organic
phase was dried over MgSO, and concentrated under reduced pressure. The resulting
residue was purified by column chromatography on silica gel eluted with hexane-EtOAc
(14/ 1) to give amide 67 (120 mg, 0.228 mmol, 94%) as a colorless oil.
67: '"H NMR (400 MHz, CDCl;) 6 7.36-7.26 (m, 5H), 7.24-7.16 (m, 5H), 4.69-4.64
(m, 1H), 4.23-4.14 (m, 2H), 3.94-3.83 (m, 1H), 3.58 (dd, /= 9.6, 6.0 Hz, 1H), 3.26
(dd, /= 13.3, 3.2 Hz, 1H), 2.77 (dd, /= 13.3, 9.6 Hz, 1H), 2.73-2.63 (m, 1H), 2.57-
2.48 (m, 1H), 2.06-1.97 (m, 1H), 1.80-1.69 (m, 2H), 1.60-1.51 (m, 1H), 1.25 (d, /=
6.9 Hz, 3H), 1.25-1.17(m, 1H), 0.91 (s, 9H), 0.87 (d, /= 6.9 Hz, 3H), 0.06 (s, 3H),
0.04 (s, 3H); *C NMR (100 MHz, CDCl;) 6 177.2, 153.1, 142.9, 135.4, 129.6 (2C),
129.1 (2C), 128.5 (4C), 127.5, 125.8, 75.9, 66.1, 55.4, 38.0, 37.1, 36.3, 35.6, 35.5, 32.2,
26.1 (30), 19.2, 18.3, 14.5, -4.0, -4.2; IR (film) 3028, 2955, 2932, 2857, 1771, 1699,
1605, 1497, 1456, 1387, 1348, 1252, 1207, 1057, 1007 cm™'; HRMS (FAB*) calcd for

Cs51HuNOLSi [M+H]* 524.3196, found 524.3195; [ a |p%® = +34.6 (c = 0.99, CHCl;).
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Synthesis of alcohol 68

Ph  OTBS o O To a solution of amide 67 (32.4 mg, 0.0619 mmol) in THF (2
N\_/O mL) and MeOH (1 mL) was added LiBH, (11.1 mg, 0.459
Br mmol) at 0 °C. After being stirred under an argon atmosphere
for 1 h, the reaction mixture was quenched with saturated NH4Cl solution and extracted
with EtOAc for 3 times. The combined organic phase was dried over MgSO, and
concentrated under reduced pressure. The resulting residue was purified by column
chromatography on silica gel eluted with hexane-EtOAc (19/ 1) to give alcohol 68 (14.2
mg, 0.0405 mmol, 65%) as a colorless oil.
68: '"H NMR (400 MHz, CDCl;) 6 7.31-7.25 (m, 2H), 7.21-7.15 (m, 3H), 3.60-3.53
(m, 2H), 3.40-3.32 (m, 1H), 2.72-2.63 (m, 1H), 2.57-2.47 (m, 1H), 1.80-1.64 (m, 4H),
1.55-1.46 (m, 1H), 1.23 (t, /= 5.9 Hz, 1H), 0.95 (d, /= 6.8 Hz, 3H), 0.94-0.90 (m,
1H), 0.91 (s, 9H), 0.87 (d, /= 6.8 Hz, 3H), 0.06 (s, 3H), 0.04 (s, 3H); *C NMR (100
MHz, CDCl;) & 142.6, 128.37 (2C), 128.31 (2C), 125.7, 75.3, 67.7, 36.2, 35.4, 35.1,
33.1, 32.6, 26.0 (3C), 18.19, 18.16, 15.3, -4.13, -4.19; IR (film) 3347, 3026, 2955, 2928,

2857, 1605, 1497, 1456, 1379, 1360, 1252, 1067, 1032 cm™'; HRMS (FAB*) calcd for

C21H30,Si [M+H]* 351.2719, found 351.2699; [ a |p?” = +3.85 (c = 1.36, CHCl;).

Synthesis of diol 69

Ph OH OH To a solution of alcohol 68 (233 mg, 0.666 mmol) in THF (6.7 mL)
was added TBAF (1.0 M in THF, 1.66 mL, 1.66 mmol) under an
argon atmosphere. After being stirred at 50 °C for 2 h, the reaction mixture was

concentrated under reduced pressure. The resulting residue was purified by column
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chromatography on silica gel eluted with hexane-EtOAc (2/ 1) to give diol 69 (146 mg,
0.618 mmol, 93%) as a colorless oil.

69: '"H NMR (400 MHz, CDCl;) § 7.32-7.26 (m, 2H), 7.23-7.16 (m, 3H), 3.62-3.55
(m, 1H), 3.53-3.41 (m, 2H), 2.87-2.77 (m, 1H), 2.69-2.60 (m, 1H), 1.84-1.60 (m, 4H),
1.60-1.50 (m, 3H), 0.99 (dt, /= 13.7, 6.9 Hz, 1H), 0.93 (d, /= 6.9 Hz, 3H), 0.89 (d, /
= 6.9 Hz, 3H); *C NMR (100 MHz, CDCl;) § 142.4,128.52 (2C), 128.49 (2C), 125.9,
73.2, 67.9, 36.6, 36.0, 35.5, 33.0, 32.8, 17.7, 14.7; IR (film) 3347, 3026, 2953, 2918,
2874, 1605, 1495, 1454, 1030 cm’'; HRMS (FAB*) calcd for CisHz50, [M+H]*

237.1855, found 237.1876; [ a |p** = +16.1 (c = 1.15, CHCl;).

Synthesis of lactone (25, 4R, 5R)-60

o) To a solution of diol 69 (134 mg, 0.567 mmol) in CH.Cl, (25 mL) was
Pho O added TEMPO (27.2 mg, 0.170 mmol) and PhI(OAc), (1.04 g, 3.17
mmol) at room temperature. After being stirred under an argon
atmosphere for 4 h, the mixture was then quenched with saturated Na,S;O3 solution
and extracted with EtOAc for 3 times. The combined organic phase was dried over
MgSO, and concentrated under reduced pressure. The resulting residue was purified
by column chromatography on silica gel eluted with hexane-EtOAc (6/1) to give lactone
(258, 4R, 5R)-60 (103 mg, 0.443 mmol, 78%) as a white solid.
(28, 4R, 5R)-60: mp 64.8-65.7 °C; IR (KBr) 3026, 2970, 2934, 2905, 2872, 1748, 1454,
1381, 1368, 1207, 1169, 1148, 1080, 1001 cm; [ a ]p?" = +104.3 (c = 1.08, CHCl;),

other data, see data for 60
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Reaction of 70a with BH;- THF

CO,M
PR Ph oH [ -C02Me
WCOZMe — s

70a 71a

To a solution of epoxydienoate 70a (127 mg, 0.466 mmol) in CH,Cl, (9.5 mL) was
added BHs-THF (0.92 M in THF, 1.5 mL, 1.40 mmol) at -15 °C under an argon
atmosphere. After being stirring for 10 min, the reaction mixture was quenched with
brine (5 mL) and extracted with EtOAc for 3 times. The combined organic phase was
dried over MgSO, and evaporated under reduced pressure. The resulting residue was
purified by column chromatography on silica gel eluted with hexane-EtOAc (4/ 1) to
give skipped dienoate 71a (113 mg, 0.410 mmol, 88%) as a colorless oil.

71a: 'H NMR (400 MHz, CDCl;) § 7.30-7.25 (m, 2H), 7.21-7.15 (m, 3H), 6.88 (dt, /
=15.6, 6.4 Hz, 1H), 5.76 (dt, /= 15.6, 1.8 Hz, 1H), 5.25 (t, /= 7.3 Hz, 1H), 4.50-4.44
(m, 1H), 3.71 (s, 3H), 2.91-2.77 (m, 1H), 2.74-2.65 (m, 1H), 2.64-2.55 (m, 1H), 2.04-
1.87 (m, 2H), 1.80-1.68 (m, 1H), 1.75 (d, /= 0.9 Hz, 3H); *C NMR (100 MHz, CDCl;)
§ 167.1, 147.6, 141.7, 140.0, 128.5 (4C), 126.0, 121.9, 121.1, 68.9, 51.6, 36.6, 32.1,
30.0, 17.7; IR(neat) 3452, 3026, 2949, 2860, 1722, 1714, 1651, 1602, 1496, 1435, 1329,
1274, 1197, 1032 cm'; HRMS (FAB*) caled for Ci7H2305 [M+H]* 275.1647, found

275.1626
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Reaction of 70b with BH3;- THF

CO,M
PR ph oSNy -C02Me
G COMe —> NP

70b 71b

To a solution of epoxydienoate 70b (150 mg, 0.524 mmol) in CH>Cl, (10 mL) was

added BHs-THF (0.92 M in THF, 1.7 mL, 1.57 mmol) at -15 °C under an argon
atmosphere. After being stirring for 10 min, the reaction mixture was quenched with
brine (10 mL) and extracted with EtOAc for 3 times. The combined organic phase was
dried over MgSO, and evaporated under reduced pressure. The resulting residue was
purified by column chromatography on silica gel eluted with hexane-EtOAc (4/ 1) to
give skipped dienoate 71b (135 mg, 0.470 mmol, 90%) as a colorless oil.

71b: 'H NMR (400 MHz, CDCls) § 7.33-7.27 (m, 2H), 7.23-7.18 (m, 3H), 6.84 (dd, /
=15.4, 6.8 Hz, 1H), 5.71 (dd, /= 15.4, 1.4 Hz, 1H), 5.07 (d, /= 9.5 Hz, 1H, This peak
has also small coupling), 4.52-4.46 (m, 1H), 3.72 (s, 3H), 3.22-3.12 (m, 1H), 2.77-2.68
(m, 1H), 2.66-2.56 (m, 1H), 2.06-1.96 (m, 1H), 1.79-1.69 (m, 1H), 1.74 (d, /= 1.4 Hz,
3H), 1.40 (d, /= 2.7 Hz, 1H), 1.06 (d, /= 6.8 Hz, 3H); *C NMR (100 MHz, CDCl;) §
167.4, 152.9, 141.8, 138.3, 128.9, 128.47 (2C), 128.44 (2C), 126.0, 118.9, 69.1, 51.6,
36.6, 34.3, 32.1, 20.4, 17.7; IR(neat) 3458, 2949, 1714, 1645, 1496, 1435, 1276 cm;

HRMS (EI*) caled for C1sH24O5 [M]+ 288.1726, found 288.1749.
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Reaction of 70b with BH3;- THF

CO,Et CO,Et
Ph Ph OH X 2 Ph OH | A 2
K/MCozEt — NS * -

70c 71c 72c
71c : 72c =ca. 10 :1

To a solution of epoxydienoate 70c (40.6 mg, 0.129 mmol) in CH,Cl, (3 mL) was added
BH;- THF (0.92 M in THF, 0.4 mL, 0.387 mmol) at -15 °C under an argon atmosphere.
After being stirring for 10 min, the reaction mixture was quenched with brine (5 mL)
and extracted with EtOAc for 3 times. The combined organic phase was dried over
MgSO, and evaporated under reduced pressure. The resulting residue was purified by
column chromatography on silica gel eluted with hexane-EtOAc (4/ 1) to give skipped
dienoate 71c and conjugated dienoate 72c (0.04 g, 0.12 mmol, 90%, 71c:72c = ca. 10:1)
as a colorless oil. A part of the mixture was separated by HPLC using PEGASIL Silica
SP100 (Senshu chem) column.

71c: 'H NMR (400 MHz, CDCls) § 7.32-7.27 (m, 2H), 7.24-7.17 (m, 3H), 6.52 (dq, /
= 10.1, 1.4 Hz, 1H), 5.14 (d, /= 8.7 Hz, 1H), 4.52-4.46 (m, 1H), 4.16 (q, /= 6.9 Hz,
2H), 3.35-3.24 (m, 1H), 2.77-2.69 (m, 1H), 2.68-2.59 (m, 1H), 2.07-1.97 (m, 1H),
1.80-1.67 (m, 1H), 1.72 (s, 6H), 1.49 (br, 1H), 1.28 (¢, /= 6.9 Hz, 3H), 1.00 (d, /= 6.9
Hz, 3H); *C NMR (100 MHz, CDCls) § 168.5, 145.4, 141.8, 137.0, 130.5, 128.55 (2C),
128.53 (2C), 126.1, 125.7, 69.3, 60.7, 36.6, 32.2, 31.6, 21.1, 17.6, 14.4, 12.4; IR(neat)
3466, 2966, 2943, 2868, 1712, 1693, 1645, 1602, 1496, 1454, 1367, 1294, 1253, 1199,

1028 cm™'; HRMS (FAB™) calcd for Co0HzO3 [M+H]* 317.2117, found 317.2111

87



% "B 5-epi-torrubiellutin C O & 5L

Synthesis of aldehyde 76

OPMB To a solution of epoxy alcohol 75 (202 mg, 0.760 mmol) in DMSO (2.5

0]
CHO

mL) was added IBX (700 mg, 2.50 mmol) at room temperature. After
being stirred under an argon atmosphere for 1.5 h, the reaction mixture was purified by
column chromatography on silica gel eluted with hexane-EtOAc (3/ 1) to give aldehyde
76 (195 mg, 0.739 mmol, 97%) as a colorless oil.

76: 'H NMR (400 MHz, CDCl;) § 8.85 (s, 1H), 7.17 (d, /= 9.1 Hz, 2H), 6.87 (d, /=
8.6 Hz, 2H), 4.41 (d, /= 11.8 Hz, 1H), 4.36 (d, /= 11.8 Hz, 1H), 3.81 (s, 3H), 3.41
(dd, /=9.1,5.0 Hz, 1H), 3.30 (dd, /=9.1, 7.7 Hz, 1H), 2.94 (d, /= 9.5 Hz, 1H), 1.91-
1.80 (m, 1H), 1.42 (s, 3H), 1.16 (d, /= 6.8 Hz, 3H); *C NMR (100 MHz, CDCl;) §
200.2, 159.4, 130.2, 129.2 (2C), 113.9 (2C), 73.0, 71.9, 63.7, 63.4, 55.4, 33.5, 15.0,
11.0; IR(neat) 2938, 2857, 1728, 1612, 1514, 1248 cm; HRMS (EI*) calcd for

Ci5Hz2004 [M]* 264.1362, found 264.1337; [ a |p?® = -73.3 (c = 1.00, CHCl;).

Synthesis of conjugated aldehyde 77

OPMB To a solution of aldehyde 76 (156 mg, 0.563 mmol) in toluene (3

0]
N CHO

mL) was added Ph;P=C(Me)CHO (180 mg, 0.563 mmol) and
stirred under an argon atmosphere for 20 h at 90 °C. Then the reaction mixture was
purified by column chromatography on silica gel eluted with hexane-EtOAc (9/ 1) to
give conjugated aldehyde 77 (0.160 g, 0.524 mmol, 96%, trans:cis = 14:1) as a colorless

oil.
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77: '"H NMR (400 MHz, CDCl3) § 9.37 (s, 1H), 7.22 (d, /= 8.6 Hz, 2H), 6.87 (d, /=
8.6 Hz, 2H), 6.46 (q, /= 1.4 Hz, 1H), 4.44 (d, /= 12.0 Hz, 1H), 4.41 (d, /= 12.0 Hz,
1H), 3.81 (s, 3H), 3.48 (dd, /= 9.5, 4.5 Hz, 1H), 3.38 (t, /= 9.1 Hz, 1H), 2.74 (d, /=
9.1 Hz, 1H), 1.91-1.81 (m, 1H), 1.78 (d, /= 1.4 Hz, 3H), 1.47 (s, 3H), 1.09 (d, /= 6.8
Hz, 3H); C NMR (100 MHz, CDCl3) § 195.4, 159.3, 152.6, 139.9, 130.2, 129.3 (20C),
113.9(2C), 73.1,72.7,68.2, 60.4, 55.4, 33.9, 17.9, 14.5, 9.8; IR (neat) 2963, 2859, 1695,
1614, 1516, 1248 cm'; HRMS (EI*) caled for CisH24Os [M]* 304.1675, found

304.1663; [ a |p?* = -69.2 (c = 1.17, CHCl,).

Synthesis of epoxy dienoate 78

OPMB To a solution of aldehyde 77 (164 mg, 0.537 mmol) in

9 AN NN COzMe
CH.Cl; (5 mL) was added Ph;P=CHCO.Me (384 g, 1.07

mmol) and stirred for 20 h at room temperature under an argon atmosphere. Then the
reaction mixture was purified by column chromatography on silica gel eluted with
hexane-EtOAc (4/ 1) to give epoxy dienoate 78 (194 mg, 0.537 mmol, quant.) as a
colorless oil.

78: '"H NMR (400 MHz, CDCls) § 7.26-7.21 (m, 3H), 6.88 (d, /= 9.1 Hz, 2H), 5.99 (s,
1H), 5.86 (d, /= 15.4 Hz, 1H), 4.44 (s, 2H), 3.82 (s, 3H), 3.75 (s, 3H), 3.47 (dd, /=
9.5,4.5 Hz, 1H), 3.39 (t, /= 8.8 Hz, 1H), 2.70 (d, /= 9.5 Hz, 1H), 1.88-1.78 (m, 1H),
1.83 (d, /= 0.9 Hz, 3H), 1.40 (s, 3H), 1.07 (d, /= 6.8 Hz, 3H); *C NMR (100 MHz,
CDCls) 6 167.7, 159.3, 148.8, 140.6, 134.4, 130.3, 129.3 (2C), 117.5, 113.9 (2C), 73.1,
72.9, 68.4, 60.6, 55.4, 51.7, 34.0, 18.5, 14.6, 13.0; IR(neat) 2951, 2859, 1714, 1614,
1514,1246 cm; HRMS (EI*) calcd for CyHzsOs [M]* 360.1937, found 360.1963;

[ @ ]p* = +8.94 (c = 1.12, CHC,).
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Synthesis of skipped dienoate 79 and conjugated dienoate 80

COzMe

To a solution of epoxy dienoester 78 (3.98 g, 11.0 mmol) in CH,Cl, (220 mL) was added
BH; THF (0.92 M in THF, 12 mL, 11.0 mmol) at -15 °C under an argon atmosphere.
After being stirred for 1.5 h, the reaction mixture was quenched with brine (5 mL) and
extracted with EtOAc for 3 times. The combined organic phase was dried over MgSO4
and evaporated under reduced pressure. The resulting residue was purified by column
chromatography on silica gel eluted with hexane-EtOAc (4/ 1) to give skipped dienoate
79 and conjugated dienoate 80 (3.48 g, 9.60 mmol, 87%, 79:80 = ca. 10:1) as a colorless
oil. A part of the mixture was separated by HPLC using PEGASIL Silica SP100 (Senshu
chem) column.

79: 'H NMR (400 MHz, CDCls) § 7.23 (d, /= 8.6 Hz, 2H), 6.90-6.83 (m, 3H), 5.76
(dd, /=15.9, 1.4 Hz, 1H), 5.06 (d, /= 9.5 Hz, 1H), 4.47-4.36 (m, 3H), 3.81 (s, 3H),
3.72 (s, 3H), 3.45-3.29 (m, 3H), 2.02 (brs, 1H), 1.97-1.88 (m, 1H), 1.72 (d, /= 1.4 Hz,
3H), 1.07 (d, /= 6.8 Hz, 3H), 1.06 (d, /= 6.8 Hz, 3H); *C NMR (100 MHz, CDCl;) §
167.5,159.3,153.0, 137.4, 130.5, 129.5, 129.2 (2C), 119.0, 113.9 (2C), 73.3, 73.1, 72.8,
55.4, 51.6, 38.1, 34.4, 20.4, 19.2, 13.2; IR(neat) 3460, 2963, 2870, 1714, 1614, 1514,
1248 cm™'; HRMS (EI*) calcd for Co1H30Os5 [M]* 362.2093, found 362.2079; [ a ]p** =

+105.9 (c = 1.62, CHCI3).
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Synthesis of benzylidene acetal 81a, 81b and conjugated dienoate 82

COzMe COzMe

81a 81b 82

To a solution of a mixture of 79 and 80 (125 mg, 0.345 mmol) in CH.Cl; (3 mL) was
added well-dried MS4A (0.3 g) and DDQ (160 mg, 0.690 mmol) at 0 °C. After being
stirred under an argon atmosphere for 1.5 h, the reaction mixture was quenched with
aqueous NaHCO; solution (5 mL) and extracted with EtOAc for 3 times. The combined
organic phase was dried over MgSO, and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel eluted with hexane-Et,O
(17/3) to give benzylidene acetal 81a (80.0 mg, 0.222 mmol, 64%) and 81b (15.6 mg,
0.0433 mmol, 13%, containing small amount of conjugated dienoate 82) as a colorless
oil. A part of the mixture was separated by HPLC using PEGASIL Silica SP100 (Senshu
chem) column.

81a: '"H NMR (400 MHz, CDCls) § 7.43 (d, /= 9.1 Hz, 2H), 6.93-6.87 (m, 3H), 5.80
(dd, /= 15.4, 1.4 Hz, 1H), 5.49 (s, 1H), 5.08 (d, /= 10.0 Hz, 1H, This peak has also
small coupling), 4.68 (s, 1H), 4.15 (dd, /= 11.3, 2.3 Hz, 1H), 4.01 (dd, /= 10.9, 0.9
Hz, 1H), 3.81 (s, 3H), 3.73 (s, 3H), 3.57-3.47 (m, 1H), 1.76 (d, /= 1.4 Hz, 3H), 1.73-
1.65 (m, 1H), 1.20 (d, /= 6.8 Hz, 3H), 1.08 (d, /= 6.8 Hz, 3H); *C NMR (100 MHz,
CDCls) § 167.5, 160.0, 153.0, 135.2, 131.5, 128.1, 127.5 (2C), 119.1, 113.7 (2C), 101.8,
80.8, 73.5, 55.4, 51.6, 34.9, 33.3, 21.4, 20.5, 12.2; IR(neat) 2965, 2841, 1722, 1616,
1520, 1250 cm; HRMS (EI*) caled for C,iHz0s5 [M]* 360.1937, found 360.1941;

[ @ ]p® = +76.7 (c = 0.55, CHCl;).
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81b: '"H NMR (400 MHz, CDCls) § 7.33 (d, /= 8.2 Hz, 2H), 6.92 (d, /= 9.1 Hz, 2H),
6.83 (dd, /=15.9, 6.3 Hz, 1H), 6.12 (s, 1H), 5.71 (dd, /= 15.9, 1.4 Hz, 1H), 5.06 (d, /
= 10.0 Hz, 1H, This peak has also small coupling), 4.67 (d, /= 3.2 Hz, 1H), 4.05 (dd, /
= 10.9, 3.2 Hz, 1H), 3.83 (s, 3H), 3.75 (s, 3H), 3.59 (dd, /= 11.3, 2.3 Hz, 1H), 3.42-
3.31 (m, 1H), 1.78 (d, /= 0.9 Hz, 3H), 1.62-1.54 (m. 1H), 1.20 (d, /= 7.6 Hz, 3H),

1.07 (d, /= 6.8 Hz, 3H).

Synthesis of alcohol 84

To a solution of benzylidene acetal 81a (87.6 mg, 0.243 mmol) in

THF (2.5 mL) was added DIBAL (1.0 M in hexane, 0.7 mL,

0.729 mmol) at -78 °C under an argon atmosphere. The mixture
was stirred at -78 °C for 25 min and then quenched with H,O (0.1 mL). After addition
of hexane (10 mL) at 0 °C, the mixture was stirred vigorously for 30 min. The precipitate
was filtered off through celite pad with EtOAc and the filtrate was concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel
eluted with hexane-EtOAc (3/1) to give alcohol 84 (78.9 mg, 0.237 mmol, 98%) as a
colorless oil.

84: '"H NMR (400 MHz, CDCls) § 7.44 (d, /= 8.7 Hz, 2H), 6.89 (d, /= 9.2 Hz, 2H),
5.65-5.61 (m, 2H), 5.51 (s, 1H), 5.08 (d, /= 10.1 Hz, 1H, This peak has also small
coupling), 4.76 (s, 1H), 4.16 (dd, /= 11.0, 2.3 Hz, 1H), 4.11 (brs, 2H), 4.00 (dd, /=
11.0, 0.9 Hz, 1H), 3.81 (s, 3H), 3.29-3.19 (m, 1H), 1.78 (d, /= 1.4 Hz, 3H), 1.71-1.64
(m, 1H), 1.22 (d, /= 7.3 Hz, 3H), 1.04 (d, /= 6.9 Hz, 3H); *C NMR (100 MHz, CDCl5)

§ 159.9, 137.0, 133.9, 131.6, 130.0, 127.5 (2C), 127.3, 113.6 (2C), 101.7, 80.1, 73.5,
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63.8, 55.4, 34.6, 33.8, 21.2, 21.1, 12.3; IR(neat) 3370, 2963, 2864, 1616, 1518, 1250
cml; HRMS (EIY) caled for Ca0H2s04 [M]*+ 332.1988, found 332.1972; [ a |n%2 = +36.6

(c =0.70, CHCl;).

Synthesis of epoxy alcohol 85

on To a mixture of well-dried MS4A (900 mg) and CH,Cl, (7 ml)

was added (-)-diisopropyl D-tartrate (80 pL, 0.360 mmol) and

titanium (IV) isopropoxide (130 pL, 0.432 mmol) at -30 °C under
an argon atmosphere. After being stirred for 30 min, a solution of alcohol 84 (598 mg,
1.80 mmol) in CH,Cl, (2 ml) was added to the reaction mixture at -30 °C. After being
stirred for 30 min, TBHP (3.75 M in decane/ CH,Cl, 1.0 mL, 3.60 mmol) was added
to the reaction mixture. After being stirred for 14 h, the reaction was quenched with
Na,SOjs solution (5 mL). The reaction mixture was filtered through celite pad to remove
MS4A and the pad was washed with Et;O (50 mL). To the filtrate was added saturated
aqueous Rochelle salt (50 mL) and the mixture was stirred for 2 h. The mixture was
treated with 3M aqueous NaOH solution (0.5 mL), stirred for 30 min and extracted
with Et,O for 3 times. The combined organic phase was washed with brine, dried over
MgSO, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with hexane-EtOAc (2/ 1) to give epoxy alcohol 85
(576 mg, 1.65 mmol, 92%) with a diastereomeric ratio of 15:1 as a colorless oil.

85: 'H NMR (400 MHz, CDCls) § 7.42 (d, /= 8.7 Hz, 2H), 6.89 (d, /= 9.2 Hz, 2H),
5.49 (s, 1H), 5.13 (d, /= 10.5 Hz, 1H, This peak has also small coupling), 4.71 (s, 1H),

4.13 (dd, /= 11.5, 2.8 Hz, 1H), 3.99 (dd, /= 11.5, 1.4 Hz, 1H), 3.95-3.89 (m, 1H),
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3.81 (s, 3H), 3.65-3.58 (m, 1H), 3.04-3.00 (m, 1H), 2.82 (dd, /= 6.4, 2.3 Hz, 1H),
2.64-2.53 (m, 1H), 1.77 (d, /= 1.4 Hz, 3H), 1.68-1.55 (m, 2H), 1.20 (d, /= 7.3 Hz,
3H), 1.05 (d, /= 6.9 Hz, 3H); *C NMR (100 MHz, CDCl;) § 159.9, 135.8, 131.3, 127.4
(2C), 126.6, 113.6 (2C), 101.7, 80.5, 73.4, 61.7, 59.8, 58.1, 55.3, 34.2, 33.3, 21.3, 18.0,
12.1; IR(neat) 3441, 2967, 2870, 1614, 1520, 1250 cm?; HRMS (EI*) calcd for

C20H2505 [M]+ 348.1937, found 348.1936; [ a |p?* = +20.7 (c = 2.20, CHCl;).

Synthesis of diol 86

oy To a mixture of Cul (1.62 g, 8.51 mmol) and Et;O (14 ml) was

“OH  added MeLi (1.10 M in Et,O, 15 mL, 16.5 mmol) at -30 °C under

an argon atmosphere. After being stirred for 30 min, epoxy
alcohol 35 (576 mg, 1.65 mmol) in Et;O (1 mL x 2) was added to the mixture. After
being stirred for 13 h at 0 °C, the reaction mixture was quenched with aqueous 12%
NH; solution (100 mL) and extracted with Et,O for 3 times. The combined organic
phase was dried over MgSO, and concentrated under reduced pressure. To a solution
of the residue in solvent (MeOH/ H,O = 3/ 1, 8 mL) was added NalO, (180 mg, 0.842
mmol) at room temperature. After being stirred under an argon atmosphere for 15 h,
the reaction was quenched with brine (10 mL) and extracted with EtOAc for 3 times.
The combined organic phase was dried over MgSO, and concentrated under reduced
pressure. The resulting residue was purified by column chromatography on silica gel
eluted with hexane-EtOAc (1/ 1) to give diol 86 (441 mg, 1.21 mmol, 73%) as a

colorless oil.
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86: 'H NMR (400 MHz, CDCl;) & 7.43 (d, /= 8.7 Hz, 2H), 6.89 (d, /= 8.7 Hz, 2H),
5.50 (s, 1H), 5.20 (d, /= 10.1 Hz, 1H), 4.75 (s, 1H), 4.15 (dd, /= 11.5, 2.8 Hz, 1H),
4.00 (dd, /= 11.5, 0.9 Hz, 1H), 3.84-3.78 (m, 1H), 3.81 (s, 3H), 3.67-3.60 (m, 1H),
3.41 (g, /= 5.5 Hz, 1H), 2.83-2.72 (m, 1H), 2.55 (¢, /= 5.0 Hz, 1H), 2.50 (d, /= 5.0
Hz, 1H), 1.87-1.77 (m, 1H), 1.77 (d, /= 0.9 Hz, 3H), 1.73-1.65 (m, 1H), 1.21 (d, /=
7.3 Hz, 3H), 0.98 (d, /= 6.4 Hz, 3H), 0.93 (d, /= 6.9 Hz, 3H); *C NMR (100 MHz,
CDCl) § 159.9, 134.0, 131.4, 129.4, 127.4 (2C), 113.6 (2C), 101.7, 80.9, 80.3, 73.4,
67.1, 55.3, 36.7, 35.2, 33.4, 21.2, 15.4, 14.5, 12.2; IR(neat) 3381, 2965, 2874, 1616,
1520, 1250 cm; HRMS (EI*) calcd for CyH3.0s [M]* 364.2250, found 364.2257;

[ @ |p?* = -4.63 (c = 2.00, CHCl;).

Synthesis of silaketal 87

To a solution of diol 86 (441 mg, 1.21 mmol) in DMF (6 mL)

was added Et;N (0.7 mL, 4.84 mmol), TBAI (551 mg, 1.49

mmol), Pr,SiCl; (0.28 mL, 1.56 mmol) at 0 °C under an argon
atmosphere. After being stirred for 50 min at room temperature, the reaction was
quenched with aqueous NH,Cl solution (5 mL) and extracted with EtOAc for 3 times.
The combined organic phase was dried over MgSO4 and concentrated under reduced
pressure. The resulting residue was purified by column chromatography on silica gel
eluted with hexane-EtOAc (19/ 1) to give silaketal 87 (503 mg, 1.05 mmol, 87%) as a
colorless oil.

87: '"H NMR (400 MHz, CDCl3) § 7.43 (d, /= 8.7 Hz, 2H), 6.88 (d, /= 8.7 Hz, 2H),

5.55 (d, /= 10.5 Hz, 1H, This peak has also small coupling), 5.50 (s, 1H), 4.69 (s, 1H),
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4.14 (dd, /= 11.5, 2.8 Hz, 1H), 4.01 (dd, /= 11.0, 0.9 Hz, 1H), 3.89 (dd, /= 11.0, 3.7
Hz, 1H), 3.81 (s, 3H), 3.66 (t, /= 11.0 Hz, 1H), 3.60 (dd, /= 9.2, 2.3 Hz, 1H), 2.90-
2.79 (m, 1H), 1.95-1.83 (m, 1H), 1.76 (d, /= 1.4 Hz, 3H), 1.73-1.65 (m, 1H), 1.21 (d,
J=6.9 Hz, 3H), 1.06-0.99 (m, 14H), 0.90 (d, /= 6.4 Hz, 3H), 0.71 (d, /= 6.9 Hz, 3H);
3C NMR (100 MHz, CDCls) § 160.0, 132.1, 131.6, 130.7, 127.5 (2C), 113.6 (20),
101.8, 82.0, 81.2, 73.5, 70.5, 55.4, 36.8, 34.2, 33.2, 21.5, 17.32, 17.29, 16.8 (2C), 13.5,
13.3,13.0,12.5, 12.2; IR(neat) 2959, 2864, 1616, 1518, 1250 cm™; HRMS (FAB*) calcd

for C57His05S1 [M+H]* 477.3036, found 477.3022; [ a |p?* = +33.8 (c = 3.10, CHCl;).

Synthesis of alcohol 88

OH To a solution of Li (30% paraffin liquid, 265 mg, 11.4 mmol)

0Si(PN2Ph in E,0 (4 mL) was added PhI (0.66 mL, 5.72 mmol) at 0 °C
under an argon atmosphere. The reaction mixture was
stirred at room temperature until the color turned into reddish brown. The prepared
PhLi solution (0.1 M, 0.96 mL, 0.960 mmol) was added to a solution of silaketal 87
(0.17 g, 0.366 mmol) in Et;O (4 mL) at 0 °C under an argon atmosphere. After being
stirred for 15 min, the reaction was quenched with saturated aqueous NH4Cl (3 mL)
and extracted with EtOAc for 3 times. The combined organic phase was dried over
MgSO, and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with hexane-EtOAc (9/ 1) to give alcohol 88 (203
mg, 0.366 mmol, quant.) as a colorless oil.
88: 'H NMR (400 MHz, CDCls) § 7.60-7.55 (m, 2H), 7.43 (d, /= 8.6 Hz, 2H), 7.39-

7.33 (m, 3H), 6.89 (d, /= 8.6 Hz, 2H), 5.46 (s, 1H), 5.05 (d, /= 10.9 Hz, 1H, This
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peak has also small coupling), 4.74 (s, 1H), 4.12 (dd, /= 11.3, 2.7 Hz, 1H), 3.95 (dd, /
=11.3, 0.9 Hz, 1H), 3.81 (s, 3H), 3.64-3.57 (m, 3H), 2.73-2.62 (m, 1H), 1.90 (t, /=
5.9 Hz, 1H), 1.89-1.80 (m, 1H), 1.72 (d, /= 0.9 Hz, 3H), 1.64-1.56 (m, 1H), 1.50-1.39
(m, 2H), 1.19-1.06 (m, 15H), 0.96 (d, /= 7.3 Hz, 3H), 0.91 (d, /= 6.8 Hz, 3H); BC
NMR (100 MHz, CDCl;) § 160.0, 135.0 (2C), 134.35, 134.32, 131.6, 129.6, 129.5,
127.8 (2C), 127.5 (2C), 113.6 (2C), 101.6, 81.0, 79.8, 73.5, 65.6, 55.4, 39.3, 36.2, 33.9,
21.0, 18.2, 18.05, 17.99 (2C), 17.3, 15.2, 13.5, 13.4, 12.3; IR(neat) 3462, 2963, 2866,
1616, 1520, 1250 cm™'; HRMS (FAB*) calcd for C33Hs5:05Si [M+H]* 555.3506, found

555.3481; [ a |p?* = -24.8 (c = 2.00, CHCl,).

Synthesis of aldehyde 89

CHO To a solution of alcohol 88 (153 mg, 0.277 mmol) in CH,Cl,

“0si(Pr);Ph (3 mL) was added Dess-Martin periodinane (256 mg, 0.604
mmol) at 0 °C. After being stirred under an argon
atmosphere at room temperature for 45 min, the reaction mixture was purified by
column chromatography on silica gel eluted with hexane-EtOAc (4/ 1) to give aldehyde
89 (144 mg, 0.261 mmol, 94%) as a colorless oil.
89: 'H NMR (400 MHz, CDCl3) §9.68 (d, /= 1.8 Hz, 1H), 7.58-7.53 (m, 2H), 7.43 (d,
J=8.6 Hz, 2H), 7.39-7.33 (m, 3H), 6.89 (d, /= 8.6 Hz, 2H), 5.47 (s, 1H), 4.91 (d, /=
10.9 Hz, 1H, This peak has also small coupling), 4.74 (s, 1H), 4.14 (dd, /= 11.3, 2.3
Hz, 1H), 3.96 (dd, /= 11.3, 1.4 Hz, 1H), 3.89 (dd, /= 7.3, 3.2 Hz, 1H), 3.81 (s, 3H),
2.75-2.64 (m, 1H), 2.58-2.51 (m, 1H), 1.71 (d, /= 1.4 Hz, 3H), 1.64-1.56 (m, 1H),

1.43-1.34 (m, 2H), 1.18-1.06 (m, 18H), 0.97 (d, /= 6.3 Hz, 3H); *C NMR (100 MHz,
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CDCls) §204.2, 159.9, 136.3, 134.8 (2C), 134.2, 131.5, 129.5, 128.1, 127.8 (2C), 127.5
(2C), 113.6 (2C), 101.6, 79.7, 79.4, 73.4, 55.3, 51,1, 36.6, 33.9, 21.1, 17.89 (2C), 17.83
(2C), 17.75, 13.22, 13.14, 12.2, 10.9; IR (neat) 2963, 2866, 1717, 1616, 1520, 1250 cm
1. HRMS (FAB") caled for Ca3H40O5Si [M+H]* 553.3349, found 553.3333; [ « |p2® = -

31.6 (c = 1.58, CHCl;).

Synthesis of alcohol 90

To a solution of aldehyde 89 (144 mg, 0.261 mmol) in Et,O

OH
"/OSi(iPr)ZPh (25 mL) was added MeLl (110 M in EtzO, 050 mL, 0550

mmol) at -78 °C under an argon atmosphere. The reaction
was stirred for 10 min, then quenched with saturated aqueous NH4Cl (2 mL) and
extracted with EtOAc for 3 times. The combined organic phase was dried over MgSO4
and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with hexane-Et,O (3/ 1) to give alcohol 90 (141
mg, 0.247 mmol, 95%) with a diastereomeric ratio of 3:2 as a colorless oil.

90 (Mixture of diastereomer): '"H NMR (400 MHz, CDCls) & 7.59-7.56 (m, 2H), 7.43
(d, /= 8.6 Hz, 2H), 7.40-7.34 (m, 3H), 6.89 (d, /= 8.6 Hz, 2H), 5.47 (s, 1H : major),
5.45 (s, 1H : minor), 5.11 (d, /= 10.4 Hz, 1H : minor, This peak has also small coupling),
4.90 (d, /=10.9 Hz, 1H : major, This peak has also small coupling), 4.77 (s, 1H : minor),
4.72 (s, 1H : major), 4.29-4.21 (m, 1H : major), 4.15 (dd, /= 11.3, 2.3 Hz, 1H : major),
4.10 (dd, /= 11.3, 2.7 Hz, 1H : minor), 3.96 (d, /= 10.9 Hz, 1H : major), 3.94 (d, /=
10.9 Hz, 1H : minor), 3.81 (s, 3H : minor), 3.80 (s, 3H : major), 3.71 (dd, /= 5.9, 4.1

Hz, 1H : minor), 3.70-3.63 (m, 1H : minor), 3.51 (dd, /= 7.3, 3.2 Hz, 1H : major), 2.89
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(s, 1H : major), 2.79-2.64 (m, 1H), 2.38 (d, /= 3.6 Hz, 1H : minor), 1.75-1.39 (m, 4H),
1.72 (d, /= 0.9 Hz, 3H : minor), 1.70 (d, /= 0.9 Hz, 3H : major), 1.23-1.04 (m, 18H),
0.97 (d, /= 7.3 Hz, 3H : major), 0.92 (d, /= 6.8 Hz, 3H : minor), 0.84 (d, /= 6.8 Hz,
3H : major), 0.79 (d, /= 7.3 Hz, 3H : minor); *C NMR (100 MHz, CDCl;) & 159.97,
159.94, 135.1, 135.0, 134.53, 134.46, 134.2, 133.7, 131.7, 131.6, 129.7, 129.6, 129.5,
127.9,127.8, 127.5,113.7, 101.7, 101.5, 83.3, 80.5, 79.8, 79.7, 73.48, 73.45, 70.0, 66.8,
55.4, 45.2, 41.3, 36.8, 36.1, 33.9, 21.4, 21.03, 20.99, 20.87, 18.4, 18.1, 18.05, 18.01,
17.95,17.3, 14.8,13.9, 13.5, 13.4, 13.3, 12.31, 12.27, 10.9; IR(neat) 3495, 2965, 2866,
1616, 1520, 1250 cm™'; HRMS (FAB*) calcd for Cs4sHs305Si [M+H]* 569.3662, found

569.3654; [ a |p?* = -19.4 (c = 2.39, CHCl,).

Synthesis of diol 91

To a solution of alcohol 90 (diastereomixtures, 141 mg,

OH
“osi(Pr,ph  0-247 mmol) in CH,Cl, (5 mL) was added DIBAH (1.02

HO M in hexane, 2.0 mL, 2.04 mmol) at -40 °C under an
argon atmosphere. The reaction temperature was gradually raised to 0 °C. After being
stirred for 30 min, the reaction mixture was quenched with H,O (0.2 mL). After
addition of hexane (20 mL) at 0 °C, the mixture was stirred vigorously for 30 min. The
precipitate was filtered off through celite pad with EtOAc and the filtrate was
concentrated under reduced pressure. The residue was purified by column

chromatography on silica gel eluted with hexane-EtOAc (4/ 1) to give diol 91 (123 mg,

0.216 mmol, 87%) with a diastereomeric ratio of 3:2 as a colorless oil.
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91 (Mixture of diastereomer): 'H NMR (400 MHz, CDCl;) & 7.63-7.57 (m, 2H), 7.40-
7.34 (m, 3H), 7.18 (d, /= 8.6 Hz, 2H), 6.86 (d, /= 9.0 Hz, 2H), 5.42 (d, /= 10.4 Hz,
1H : minor), 5.29 (d, /= 10.4 Hz, 1H : major), 4.27 (d, /= 11.3 Hz, 1H : minor), 4.25
(d, /=11.3 Hz, 1H : major), 4.24-4.16 (m, 1H : major), 4.12 (d, /= 8.2 Hz, 1H : minor),
4.10 (d, /= 7.7 Hz, 1H : major), 4.04 (d, /= 10.8 Hz, 1H : minor), 4.02 (d, /= 11.6 Hz,
1H : major), 3.80 (s, 3H : minor), 3.79 (s, 3H : major), 3.78-3.72 (m, 1H : minor), 3.69
(dd, /= 5.4, 3.6 Hz, 1H : minor), 3.57 (t, /= 5.0 Hz, 1H : major), 3.55-3.48 (m, 1H),
3.47-3.37 (m, 1H), 2.75-2.64 (m, 1H), 2.36 (d, /= 2.7 Hz, 1H : major), 2.34 (d, /= 2.7
Hz, 1H : minor), 1.94-1.82 (m, 1H), 1.81-1.71 (m, 1H), 1.71-1.63 (m, 1H : minor),
1.68 (d, /= 1.4 Hz, 3H : major), 1.66 (d, /= 1.4 Hz, 3H : minor), 1.61-1.42 (m, 2H and
m, 1H : major), 1.25-1.17 (m, 6H), 1.14-1.01 (m, 12H), 0.96 (d, /= 6.8 Hz, 3H : minor),
0.89 (d, /= 6.3 Hz, 3H : major), 0.88 (d, /= 6.8 Hz, 3H : major), 0.74 (d, /= 7.3 Hz,
3H ; minor); *C NMR (100 MHz, CDCl;) § 159.24, 159.18, 135.3, 135.2, 135.1, 134.9,
134.4, 133.9, 133.3, 133.1, 130.9, 130.7, 129.7, 129.6, 129.2, 129.1, 127.9, 127.8,
113.94, 113.89, 82.2, 80.5, 79.56, 79.53, 70.4, 70.3, 69.8, 66.4, 66.04, 65.95, 55.4, 45.5,
42.1, 39.7, 39.6, 35.4, 34.9, 21.4, 20.8, 19.24, 19.19, 18.4, 18.3, 18.1, 18.0, 16.4, 15.5,
14.0, 13.96, 13.7, 13.6, 13.59, 13.52, 10.1; IR(neat) 3445, 2965, 2868, 1614, 1514, 1248
cml; HRMS (FABY) calcd for C5.H3505S1 [M+H]* 571.3819, found 571.3798; [ a |p*

= +6.73 (c = 0.72, CHCl5).
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Synthesis of ketoaldehyde 92

To a solution of diol 91 (173 mg, 0.303 mmol) in CH,Cl,
(6]

PMBO ¢ "“OSi(Pr),Ph (3 mL) was added Dess-Martin periodinane (515 mg,
one 1.21 mmol) at 0 °C. After being stirred under an argon
atmosphere at room temperature for 2 h, the reaction mixture was purified by column
chromatography on silica gel eluted with hexane-EtOAc (4/ 1) to give ketoaldehyde 92
(162 mg, 0.286 mmol, 94%) as a colorless oil.

92: '"H NMR (400 MHz, CDCl;) § 9.53 (d, /= 1.8 Hz, 1H), 7.68-7.63 (m, 2H), 7.40-
7.29 (m, 3H), 7.09 (d, /= 8.7 Hz, 2H), 6.84 (d, /= 8.7 Hz, 2H), 5.40 (d, /= 10.5 Hz,
1H), 4.19 (d, /= 11.9 Hz, 1H), 4.17 (d, /= 7.8 Hz, 1H), 3.95 (dd, /= 8.2, 2.8 Hz, 1H),
3.78 (s, 3H), 3.76 (d, /= 11.5 Hz, 1H), 2.76 (quint. /= 7.3 Hz, 1H), 2.65-2.56 (m, 1H),
2.42-2.31 (m, 1H), 2.08 (s, 3H), 1.62 (d, /= 1.4 Hz, 3H), 1.49 (quint., /= 7.3 Hz, 1H),
1.34 (quint., /= 7.3 Hz, 1H), 1.20 (d, /= 7.3 Hz, 3H), 1.14 (d, /= 7.8 Hz, 3H), 1.10
(d, /= 7.8 Hz, 3H), 1.09 (d, /= 6.9 Hz, 3H), 1.02 (d, /= 7.3 Hz, 3H), 0.88 (d, /= 6.4
Hz, 3H), 0.83 (d, /= 7.3 Hz, 3H); *C NMR (100 MHz, CDCl;) § 211.2, 203.4, 159.1,
135.3 (30), 134.1, 131.3, 130.2, 129.5, 129.3 (2C), 127.7 (2C), 113.9 (20), 76.9, 75.7,
69.3, 55.3, 51.6, 50.1, 33.3, 30.3, 19.0, 18.32, 18.26 (2C), 18.1, 13.8, 13.7, 13.6, 13.2,

10.6; IR(neat) 2943, 2866, 1722, 1717, 1514, 1248 cm; HRMS (ESI*) caled for

Cs4Hs5005SiNa [M+Na]* 589.3325, found 589.3317; [ a ]p?* = +32.5 (c = 1.13, CHCl;).
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Synthesis of ester 93

. To a solution of ketoaldehyde 92 (162 mg, 0.286
“/0si(Pr),Ph mmol) in CH,Cl, (3 mL) was added
Ph;P=CHCO:Me (210 mg, 0.590 mmol) at room
temperature. After being stirred under an argon atmosphere for 14 h, the reaction
mixture was purified by column chromatography on silica gel eluted with hexane-
EtOAc (9/ 1) to give ester 93 (177 mg, 0.284 mmol, 99%) as a colorless oil.
93: '"H NMR (400 MHz, CDCl;) § 7.67-7.62 (m, 2H), 7.39-7.28 (m, 3H), 7.09 (d, /=
8.7 Hz, 2H), 6.83 (d, /= 8.7 Hz, 2H), 6.66 (dd, /= 15.6, 8.2 Hz, 1H), 5.75 (dd, /=
16.0, 1.4 Hz, 1H), 5.39 (d, /= 10.6 Hz, 1H), 4.12 (d, /= 12.0 Hz, 1H), 3.91 (dd, /=
8.7, 2.3 Hz, 1H), 3.77 (s, 3H), 3.74 (d, /= 9.2 Hz, 1H), 3.70 (s, 3H), 3.68 (d, /= 11.9
Hz, 1H), 2.76 (quint, /= 7.8 Hz, 1H), 2.59-2.47 (m, 1H), 2.38-2.27 (m, 1H), 2.07 (s,
3H), 1.55 (d, /= 1.4 Hz, 3H), 1.50 (quint, /= 7.3 Hz, 1H), 1.34 (quint, /= 7.8 Hz,
1H), 1.20 (d, /= 7.3 Hz, 3H), 1.14 (d, /= 7.3 Hz, 3H), 1.13 (d, /= 6.4 Hz, 3H), 1.10
(d, /="7.8 Hz, 3H), 1.01 (d, /= 7.3 Hz, 3H), 0.88 (d, /= 6.9 Hz, 3H), 0.79 (d, /= 7.3
Hz, 3H); *C NMR (100 MHz, CDCl;) § 211.3, 167.0, 159.0, 150.6, 135.5, 135.4 (2C),
134.1, 131.4, 130.5, 129.5, 129.2 (2C), 127.7 (2C), 120.4, 113.8 (2C), 78.9, 77.0, 69.2,
55.3,51.4 (2C), 39.7, 33.1, 30.4, 18.34, 18.27 (2C), 18.24, 18.1, 16.6, 13.9, 13.6, 13.4,

13.1; IR(neat) 2945, 2866, 1726, 1713, 1612, 1514, 1248 cm'!; HRMS (ESI*) calcd for

Cs7H5406SiNa [M+Na]* 645.3587, found 645.3585; [ a ]n?® = +57.6 (c = 1.84, CHCl;).
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Synthesis of alcohol 94

To a solution of ester 93 (156 mg, 0.250 mmol) in

“’OH
“10Si(Pr),Ph MeOH (5 mL) was added NaBH, (40.0 mg, 1.04

mmol) at -78 °C. The reaction temperature was
gradually raised to -30 °C under an argon atmosphere. After being stirred for 3 h, the
reaction mixture was quenched with saturated aqueous NH4Cl (5 mL) and extracted
with EtOAc for 3 times. The combined organic phase was dried over MgSO, and
concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with hexane-EtOAc (4/ 1) to give alcohol 94 (136
mg, 0.217 mmol, 87%) with a diastereomeric ratio of 16:1 as a colorless oil.

94: '"H NMR (400 MHz, CDCls) § 7.61-7.57 (m, 2H), 7.37-7.32 (m, 3H), 7.18 (d, /=
8.7 Hz, 2H), 6.86 (d, /= 8.9 Hz, 2H), 6.73 (dd, /= 15.6, 8.2 Hz, 1H), 5.78 (dd, /=
16.0, 0.9 Hz, 1H), 5.37 (d, /= 10.1 Hz, 1H), 4.23 (d, /= 11.0 Hz, 1H), 4.05 (d, /=
11.0 Hz, 1H), 3.94 (d, /= 9.6 Hz, 1H), 3.80 (s, 3H), 3.78-3.72 (m, 1H), 3.71 (s, 3H),
3.62 (dd, /= 5.5, 3.7 Hz, 1H), 2.67-2.53 (m, 2H), 2.33 (d, /= 3.2 Hz, 1H), 1.75-1.64
(m, 1H), 1.58 (d, /= 1.4 Hz, 3H), 1.51-1.42 (m, 2H), 1.20 (d, /= 7.8 Hz, 3H), 1.19 (d,
J=7.3Hz,3H), 1.18 (d, /= 7.3 Hz, 3H), 1.10 (d, /= 8.2 Hz, 6H), 1.02 (d, /= 6.4 Hz,
3H), 0.91 (d, /= 6.4 Hz, 3H), 0.72 (d, /= 7.3 Hz, 3H); '*C NMR (100 MHz, CDCl;) §
167.0, 159.1, 150.7, 135.9, 135.0 (2C), 134.2, 131.6, 130.9, 129.6, 129.0 (2C), 127.8
(2C), 120.5, 113.8 (2C), 80.7, 80.4, 70.2, 69.7, 55.4, 51.5, 45.3, 39.8, 35.8, 20.6, 18.3,
18.1 (3C), 18.0, 16.6, 15.3, 14.2, 13.6, 13.5; IR(neat) 3522, 2965, 2868, 1732, 1614,
1514, 1248 cm; HRMS (FAB*) caled for Cs3Hs;06S1 [M+H]|* 625.3924, found

625.3944; [ a |p* = +21.2 (c = 1.87, CHCl;).
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Synthesis of acetonide 95

° To a solution of alcohol 94 (2.0 mg) in THF (1 mL)
"’O/% was added TBAF (1.0 M in THF, 8 uL) at 0 °C under
an argon atmosphere. After being stirred at room
temperature for 5 min. The reaction mixture was quenched with saturated aqueous
NH.CI (1 mL) and extracted with EtOAc for 3 times. The combined organic phase was
dried over MgSO, and concentrated under reduced pressure. The residue was purified
by column chromatography on silica gel eluted with hexane-EtOAc (1/ 9) to give diol
(4.1 mg) as a colorless oil. To a solution of diol (4.1 mg) in CICH,CH.Cl (1 ml) was
added 2,2-dimethoxypropane (6 ul) and PPTS (1.8 mg) at room temperature. After
being stirred at 40 °C under an argon atmosphere for 1h, the reaction mixture was
concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with hexane-EtOAc (2/ 1) to give acetonide 95 (4.4
mg) as a colorless oil. Chemical yield is not shown due to very small amount of
experiment.
95: '"H NMR (400 MHz, CDCls) § 7.25 (d, /= 8.6 Hz, 2H), 6.88 (d, /= 8.6 Hz, 2H),
6.76 (dd, /= 15.9, 7.7 Hz, 1H), 5.80 (dd, /= 15.9, 1.4 Hz, 1H), 5.61 (d, /= 9.5 Hz,
1H), 4.44 (d, /= 11.3 Hz, 1H), 4.15 (d, /= 11.3 Hz, 1H), 3.94 (d, /= 9.5 Hz, 1H), 3.80
(s, 3H), 3.71 (s, 3H), 3.59-3.50 (m,, 1H), 3.33 (dd, /= 10.4, 2.3 Hz, 1H), 2.69-2.54 (m,
2H), 1.67 (d, /= 1.4 Hz, 3H), 1.40 (s, 3H), 1.37 (s, 3H), 1.37-1.29 (m, 1H), 1.21 (d, /
= 6.8 Hz, 3H), 1.17 (d, /= 6.1 Hz, 3H), 0.86 (d, /= 6.8 Hz, 3H), 0.70 (d, /= 6.8 Hz,
3H); *C NMR (100 MHz, CDCls) § 167.1, 159.3, 150.6, 135.7, 130.8, 130.7, 129.1
(2C), 120.6, 114.0 (2C), 97.9, 80.0, 77.5, 70.8, 69.8, 55.5, 51.6, 39.6, 37.6, 32.1, 30.2,

20.1, 19.8, 18.2, 16.6, 13.5, 12.3.
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Synthesis of allyl ester 96a and 96b

-
~
-

0Si(’Pr),Ph - OSi(Pr);Ph

96a 96b

To a solution of alcohol 94 (122 mg, 0.195 mmol) in allyl alcohol (4 mL) was added
K.COs (280 mg, 2.03 mmol) at room temperature. The reaction mixture was gently
heated at 30 °C under an argon atmosphere for 16 h and then quenched with saturated
aqueous NH4Cl (5 mL). The reaction mixture was extracted with EtOAc for 3 times.
The combined organic phase was dried over MgSO4 and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel eluted with
hexane-EtOAc (2/ 1) to give allyl ester 96a and 96b (101 mg, 0.155 mmol, 79%, ca. =
4:1) as a colorless oil.

96a and b: '"H NMR (400 MHz, CDCl;) (“a” for 96a peak, “b” for 96b peak) & 7.61-7.55
(m, 2H), 7.37-7.33 (m, 3H), 7.21 (d, /= 8.7 Hz, 2H : b), 7.18 (d, /= 8.7 Hz, 2H : a),
6.86 (d, /=8.7Hz, 2H : a), 6.85 (d, /=8.7 Hz, 2H : b), 6.75 (dd, /= 16.0, 7.8 Hz, 1H :
a), 5.98-5.84 (m, 1H), 5.80 (dd, /= 15.6, 0.9 Hz, 1H), 5.71 (t, /= 7.3 Hz, 1H: b), 5.37
(d, /=10.5Hz, 1H :a), 5.35-5.27 (m, IH:aand m, 2H : b), 5.23 (dq, /= 10.5, 1.4 Hz,
1H:a),5.22 (dd, /=10.5, 1.4 Hz, 1H : b), 4.67-4.53 (m, 2H), 4.26 (s, 2H : b), 4.23 (d,
J=11.0Hz,1H:a), 4.05(d, /=11.0Hz, 1H: a),3.94 (d, /=9.2 Hz, 1H : a), 3.798 (s,
3H:a), 3.795 (s, 3H : b), 3.78-3.70 (m, 1H), 3.69 (t, /= 5.0 Hz, 1H: b), 3.62 (dd, /=

5.5,4.1Hz, 1H:a), 3.13 (dd, /= 6.9, 2.3 Hz, 2H : b), 2.77-2.6.7 (m, 1H : b), 2.66-2.54
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(m,2H :a), 2.35 (d, /= 2.8 Hz, 1H : a), 2.24 (d, /= 3.7 Hz, 1H : b), 1.74-1.64 (m, 1H),
1.59 (d, /= 0.9 Hz, 3H : a), 1.58 (s, 3H : b), 1.53-1.41 (m, 2H), 1.22-1.15 (m, 9H),
1.13-1.07 (m, 6H), 1.022 (d, /= 6.4 Hz, 3H : a), 1.017 (d, /= 6.0 Hz, 3H : b), 0.94 (d,
J=6.9Hz 3H:b),0.91 (d, /= 6.9 Hz, 3H: a), 0.72 (d, /= 6.9 Hz, 3H); *C NMR (100
MHz, CDCly) § 171.7, 166.2, 159.2, 159.1, 150.9, 137.0, 135.9, 135.1, 134.5, 134.2,
134.1, 132.4, 132.3, 131.6, 131.0, 130.9, 129.7, 129.5, 129.0, 127.85, 127.78, 120.6,
118.3,117.3,113.9, 113.8, 80.8, 80.6, 80.5, 80.3, 70.2, 69.9, 69.8, 69.7, 65.4, 65.1, 55.4,
45.7,45.3,39.9, 36.0, 35.8, 33.6, 25.5, 21.0, 20.7, 18.7, 18.3, 18.2, 18.1, 18.0, 16.6, 16.0,
15.5, 14.2, 14.0, 13.8, 13.6, 13.5; IR(neat) 3522, 2965, 2866, 1722, 1614, 1514, 1248
cm’; HRMS (FAB*) caled for C3oHs0O4Si [M+H]* 651.4081, found 651.4098; [ a Jp2

= 4+22.1 (c = 0.80, CHCl;).

Synthesis of ester 97a and b

- OSi(Pr),Ph

0 vos
PMBO
Ph NMeAlloc

To a solution of allyl ester 96a and 96b (7.8 mg, 0.0120

mmol) and Alloc-L-NV-Me-Phe-OH (10.5 mg, 0.0399
mmol) in CH,Cl, (1 mL) was added DCC (15.8 mg, 0.0750
mmol) and DMAP (1.8 mg, 0.0144 mmol) at room
temperature. After being stirred under an argon atmosphere for 2 h, the reaction
mixture was concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with benzene-EtOAc (19/ 1) to give ester 97a and
b (10.8 mg, 0.0120 mmol, quant., mixture of rotamers) as a colorless oil.

97a and b (Mixture of rotamers): 'H NMR (400 MHz, CDCl;) § 7.61-7.56 (m, 2H),

7.36-7.24 (m, 5H), 7.24-7.13 (m, 3H), 7.11 (d, /= 8.6 Hz, 2H), 6.84 (d, /= 8.6 Hz,
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2H), 6.75 (dd, /= 15.4, 8.2 Hz, 1H), 5.99-5.68 (m, 3H), 5.40 (d, /= 10.9 Hz, 1H), 5.32
(dq, /=17.2, 1.4, 1H), 5.27-5.09 (m, 4H), 4.95 (dd, /= 10.4, 5.9 Hz) and 4.71 (dd, J
= 10.4, 5.0 Hz, 1H, o -proton of amino acid rotamers), 4.67-4.57 (m, 2H), 4.57-4.36
(m, 2H), 4.24 (d, /= 10.9 Hz, 1H), 3.91 (d, /= 11.3 Hz, 1H), 3.86 (d, /= 9.1 Hz, 1H),
3.79 (s, 3H), 3.36 (td, /= 7.7, 2.7 Hz, 1H), 3.33-3.22 (m, 1H), 3.14 (dd, /= 7.3, 2.3
Hz, 2H, This peak is a -position of non-conjugated ester compound), 3.04-2.93 (m,
1H), 2.80 and 2.79 (s, 3H, NMe rotamers), 2.65-2.54 (m, 1H), 2.51-2.41 (m, 1H), 1.92-
1.81 (m, 1H), 1.64 (d, /= 0.9 Hz, 3H), 1.63-1.43 (m, 2H), 1.24-1.16 (m, 9H), 1.10 (d,
J=17.7Hz, 3H), 1.06 (d, /= 7.3 Hz, 3H), 0.91-0.80 (m, 6H), 0.67 (d, /= 6.8 Hz, 3H);
3C NMR (100 MHz, CDCl;) § 171.7, 170.2, 169.9, 166.2, 159.2, 159.1, 156.5, 155.9,
150.8, 137.33, 137.26, 137.01, 136.96, 135.93, 135.88, 135.18, 135.09, 134.09, 134.05,
133.0, 132.8, 132.4, 132.3, 131.7, 131.6, 130.90, 130.86, 130.63, 130.59, 129.6, 129.5,
129.0, 128.7,128.6, 127.9, 127.8, 126.9, 126.8, 120.7, 118.4, 117.6, 117.1, 113.9, 113.8,
80.3, 80.0, 73.4, 73.0, 72.9, 69.9, 69.7, 66.4, 66.2, 65.4, 65.2, 60.9, 60.2, 55.44, 55.40,
42.5,42.4, 40.0, 35.4, 35.1, 34.26, 34.23, 33.7, 33.6, 32.2, 32.1, 31.5, 29.8, 18.9, 18.33,
18.31, 18.22, 18.14, 18.08, 18.05, 17.99, 16.6, 16.2, 16.0, 15.5, 15.4, 15.2, 15.1, 14.6,
14.4,14.1, 14.0, 13.9, 13.7, 13.5, 10.58, 10.53, 10.4 ; IR(neat) 2945, 2868, 1715, 1614,
1514, 1278 cm''; HRMS (ESI*) calcd for Cs3sH7sNOoSiNa [M+Na]* 918.4952, found

918.4955; [ a |p** = +12.4 (c = 0.32, CHCly).
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Synthesis of alcohol 98

“ :\OH To a solution of 97a and b (18.0 mg, 0.0201 mmol, mixture

o O, N of rotamers) in THF (1 mL) was added TBAF (1.0 M in THF,
\j PMBO

Ph NMeAlloc 40 uL, 0.0400 mmol) at 0 °C under an argon atmosphere.

Allylo After being stirred for 1 h, the reaction mixture was quenched

@)
with saturated aqueous NH4Cl (2 mL) and extracted with EtOAc for 3 times. The
combined organic phase was dried over MgSO,4 and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel eluted with
hexane-EtOAc (6/ 1) to give alcohol 98 (8.0 mg, 0.0113 mmol, 56%, mixture of
rotamers) as a colorless oil.

98 (Mixture of rotamers): "H NMR (400 MHz, CDCl;) § 7.31-7.14 (m, 7H), 6.87 (d, /
= 8.6 Hz, 2H), 6.76 (dd, /= 15.4, 8.2 Hz, 1H), 5.99-5.73 (m, 3H), 5.57 (d, /= 10.4 Hz,
1H), 5.38-5.12 (m, 5H), 4.91 (dd, /= 10.4, 5.6 Hz) and 4.72 (dd, /= 10.4, 5.2 Hz, 1H,
a -proton of amino acid rotamers), 4.67-4.57 (m, 2H), 4.57-4.39 (m, 3H), 4.12 (d, /=
10.9 Hz, 1H), 3.91 (d, /= 9.1 Hz, 1H), 3.80 (s, 3H), 3.31 (td, /= 14.0, 5.4 Hz, 1H),
3.23-3.17 (m, 1H), 3.06-2.95 (m, 1H), 2.82 and (s, 3H, NMe rotamers), 2.69-2.60 (m,
1H), 2.60-2.50 (m, 1H), 1.89-1.78 (m, 1H), 1.69 (s, 3H), 1.60 (d, /= 7.3 Hz) and1.48
(d, /= 6.8 Hz, 1H, OH rotamers), 1.21 (d, /= 6.3 Hz, 3H), 1.15 (d, /= 6.3 Hz, 3H),
0.83 (d, /= 6.3Hz, 3H), 0.72 (d, /= 6.8 Hz, 3H); *C NMR (100 MHz, CDCl;) § 170.5,
170.3, 166.2, 159.3, 156.6, 156.0, 150.6, 137.3, 134.8, 134.5, 133.0, 132.8, 132.7, 132.4,
132.3, 130.6, 130.5, 129.1, 129.0, 128.7, 128.6, 126.9, 126.8, 120.8, 118.4, 117.6, 117.2,

114.0, 80.1, 77.2, 77.0, 73.1, 73.0, 69.9, 66.4 , 66.3, 65.2, 61.0, 60.6, 55.4, 40.1, 40.0,

39.7, 35.4, 35.1, 33.3, 33.2, 32.3, 31.8, 18.3, 16.6, 14.6, 14.2, 12.5, 12.4, 10.9, 10.5;
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IR(neat) 3507, 2968, 2936, 1715, 1614, 1514, 1248 cm; HRMS (FAB*) calcd for

CuHsNOsSi [M+H]* 706.3955, found 706.3940; [ a [p?* = +27.5 (c = 0.40, CHCI;).

Synthesis of acetate 99

< OAc

3 To a solution of alcohol 98 (15.9 mg, 0.0225 mmol) in
o—, o

\Oj oo CICH,CH,CI (2 mL) was added Ac,O (12 pL, 0.127 mmol),
PMBO

Ph NMeAlloc DIPEA (40 uL, 0.235 mmol), and DMAP (2.7 mg, 0.0221

Allylo mmol) at room temperature. After being stirred under an

argon atmosphere for 2.5 h, the reaction mixture was quenched with saturated aqueous
NaHCO; (1 mL) and extracted with EtOAc for 3 times. The combined organic phase
was dried over MgSO, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel eluted with hexane-EtOAc (3/ 1) to
give acetate 99 (16.5 mg, 0.0221 mmol, 98%, mixture of rotamers) as a colorless oil.

99 (Mixture of rotamers): 'H NMR (400 MHz, CDCls) § 7.31-7.24 (m, 4H), 7.24-7.11
(m, 3H), 6.87 (d, /= 8.6 Hz, 2H), 6.76 (dd, /= 15.9, 7.7 Hz, 1H), 5.98-5.71 (m, 3H),
5.32 (dq, /= 17.2, 1.4 Hz, 1H), 5.26-5.12 (m, 4H), 5.00-4.92 (m, 1H), 4.89 and 4.67
(m, 1H, a -proton of amino acid rotamers), 4.72-4.56 (m, 3H), 4.56-4.38 (m, 3H), 4.17
(d, /= 11.8 Hz, 1H), 3.90 (d, /= 9.1 Hz, 1H), 3.80 (s, 3H), 3.28 (td, /= 14.0, 5.9 Hz,
1H), 3.04-2.94 (m, 1H), 2.80 and 2.78 (s, 3H, NMe rotamers), 2.68-2.56 (m, 2H), 2.11
and 2.09 (s, 3H, OAc rotamers), 2.05-1.96 (m, 1H), 1.65 (d, /= 0.9 Hz, 3H), 1.23 (d,
J=6.8Hz, 3H), 1.11 (d, /= 6.3 Hz, 3H), 0.86 (d, /= 6.8 Hz, 3H), 0.76-0.73 (m, 3H);
3C NMR (100 MHz, CDCl;) § 170.8, 170.3, 170.1, 166.2, 159.2, 156.5, 155.9, 150.6,

137.3, 133.4, 133.33, 133.27, 133.18, 133.0, 132.8, 132.4, 130.7, 130.6, 129.1, 129.0,

109



128.7,128.6, 126.9, 126.8, 120.8, 118.4, 117.6, 117.2, 114.0, 79.8, 71.9, 71.8, 69.7, 66.4,
66.3, 65.2,61.0, 60.5, 55.4, 39.7, 38.4, 38.3, 35.4, 35.1, 32.4, 31.7, 21.0, 18.3, 16.6, 14.4,
14.1, 10.7; IR(neat) 2970, 2938, 1738, 1732, 1715, 1612, 1514, 1238 cm’'; HRMS
(FAB") calcd for C4sHssNO1oSi [M+H]* 748.4061, found 748.4061; [ a |p2t = +30.6 (c

= 0.83, CHCl,).

Synthesis of alcohol 100

To a solution of acetate 99 (16.5 mg, 0.0221 mmol) in CH,Cl,
(1.9 mL) was added buffer (pH7, 0.1 mL), DDQ (16.4 mg,

0.0722 mmol) at 0 °C. After being stirring under an argon

atmosphere for 2.5 h, the reaction mixture was quenched
with saturated aqueous NaHCO; (2 mL) and extracted with EtOAc for 3 times. The
combined organic phase was dried over MgSO4 and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel eluted with
hexane-Et;O (3/ 1) to give alcohol 100 (12.4 mg, 0.0198 mmol, 90%, mixture of
rotamers) as a colorless oil.

100 (Mixture of rotamers): 'H NMR (400 MHz, CDCl;) § 7.31-7.12 (m, 5H), 6.76 (dd,
J=15.6,8.2 Hz, 1H), 5.97-5.74 (m, 3H), 5.31 (dq, /= 16.9, 1.8 Hz, 1H), 5.25 (m, 4H),
499 (d, /= 10.1 Hz, 1H), 4.89 and 4.78-4.74 (m, 1H, a -proton of amino acid
rotamers), 4.79-4.68 (m, 1H), 4.66-4.55 (m, 2H), 4.56-4.40 (m, 2H), 4.28 (d, /= 9.2
Hz, 1H), 3.76 and 3.59 (s, 1H, OH rotamers), 3.28 (dt, /= 14.2, 6.0 Hz, 1H), 3.04-2.93
(m, 1H), 2.81 and 2.79 (s, 3H, NMe rotamers), 2.78-2.66 (m, 1H), 2.66-2.55 (m, 1H),

2.07 (s, 3H), 2.04-1.94 (m, 1H), 1.74 (d, /= 0.9 Hz, 3H), 1.26 (d, /= 6.4 Hz, 3H), 1.21
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(d, /= 6.4 Hz, 3H), 0.85-0.81 (m, 6H); *C NMR (100 MHz, CDCl;) § 171.1, 170.8,
166.2, 156.5, 155.8, 150.9, 150.8, 137.2, 137.0, 132.9, 132.7, 132.4, 129.6, 129.0, 128.7,
127.0, 126.9, 120.82, 120.75, 118.4, 117.8, 117.3, 79.2,78.9, 72.9, 71.6, 71.5, 66.5, 66.4,
65.1, 61.1, 60.7, 40.4, 40.3, 38.2, 35.5, 35.1, 34.0, 33.9, 32.3, 31.8, 21.0, 18.04, 17.95,
16.5,16.0,15.8,11.1, 10.8; IR(neat) 3522, 2972, 2934, 1715, 1236 cm™'; HRMS (FAB")
calcd for C35Hs0NOoSi [M+H]* 628.3486, found 628.3514; [ a |p* = +1.65 (c = 0.62,

CHCl;).

Synthesis of seco-amino acid 101

=~ OAc

To a solution of alcohol 100 (12.4 mg, 0.0198 mmol) in

° CH.Cl, (2 mL) was added PhSiH; (12 pL, 0.0976 mmol) and

O
Ph\jNHMe Pd(PPh;)4 (2.3 mg, 1.98 pmol) at room temperature. After

stirring under an argon atmosphere for 10 min, silica gel (3
mg) was added the reaction mixture. After being stirred for 1 h, the reaction mixture
was purified by column chromatography on silica gel eluted with CHCI3-MeOH (9/ 1)
to give seco-amino acid 101 (9.8 mg, 0.0195 mmol, 98%) as a colorless oil.

101: '"H NMR (400 MHz, CDCl;) § 7.27-7.18 (m, 3H), 7.14-7.09 (m, 2H), 6.78 (dd, /
= 15.6, 7.8 Hz, 1H), 5.84 (d, /= 15.6 Hz, 1H), 5.19-5.11 (m, 1H), 4.94 (d, /= 10.1 Hz,
1H), 4.65 (dd, /= 9.6, 3.7 Hz, 1H), 4.32 (br, 1H), 4.27 (d, /= 9.6 Hz, 1H), 3.44 (dd, /
= 8.7, 6.0 Hz, 1H), 3.03 (dd, /= 13.3, 6.0 Hz, 1H), 2.77 (dd, /= 13.3, 9.2 Hz, 1H),
2.73-2.58 (m, 2H), 2.36 (s, 3H), 2.04 (s, 3H), 1.77 (d, /= 0.9 Hz, 3H), 1.57-1.48 (m,
1H), 1.26 (d, /= 6.9 Hz, 3H), 1.12 (d, /= 6.4 Hz, 3H), 0.91-0.75 (m, 1H), 0.81 (d, /=

6.4 Hz, 3H), 0.54 (d, /= 6.9 Hz, 3H); *C NMR (100 MHz, CDCl;) § 137.1, 136.6,

111



132.9, 132.3, 132.2, 132.2, 132.1, 131.9, 129.6, 129.3, 128.7, 128.6, 127.1, 121.0, 79.2,
72.8, 70.6, 64.8, 40.3, 39.6, 38.2, 34.2, 33.9, 29.8, 20.9, 18.2, 18.1, 16.5, 16.1, 10.8;
IR(neat) 3520, 2972, 2928, 1728, 1715, 1240 cm’; HRMS (FAB*) calcd for

C2sH2NO;Si [M+H]* 504.2961, found 504.2934; [ a |p** = +23.1 (c = 0.49, CHCl;).

Synthesis of trans-torrubiellutin analogue 73

To a solution of seco-amino acid 101 (9.8 mg, 0.0194

mmol) in CICH,CH,CI (10 mL) was added DIPEA (34 pL,

0.200 mmol) and BOPCI (26.5 mg, 0.101 mmol) at room
temperature. The reaction temperature was raised to 40 °C under an argon atmosphere
and stirred for 2.5 h. Then the reaction mixture was concentrated under reduced
pressure and purified by column chromatography on silica gel eluted with hexane-
acetone (2/ 3) to give trans-torrubiellutin analogue 73 (4.2 mg, 8.65 pmol, 44%,
mixture of rotamers) as a colorless oil.

73 (Mixture of rotamers): 'H NMR (400 MHz, CDCl;) & 7.33-7.17 (m, 6H), 6.61 (dd,
J=15.4,10.0 Hz, 1H : minor), 6.22 (dd, /= 15.9, 1.8 Hz, 1H : major), 6.07 (d, /= 15.4
Hz, 1H : minor), 5.70 (dd, /= 13.1, 5.0 Hz, 1H : major), 5.10 (d, /= 9.5 Hz, 1H :
minor), 5.00 (dd, /= 9.5, 2.3 Hz, 1H : major), 4.95 (dd, /= 10.9, 1.4 Hz, 1H : major),
4.82 (qd, /= 6.8, 1.4 Hz, 1H : major), 4.77-4.68 (m, 3H : minor), 4.41 (br, 1H : minor),
4.39 (d, /= 5.9 Hz, 1H : major), 3.56 (dd, /= 15.9, 4.1 Hz, 1H : major), 3.34 (dd, /=
13.6, 7.3 Hz, 1H : minor), 3.21-3.11 (m, 1H : major), 3.03 (s, 3H : major), 3.06-2.94
(m, 1H), 2.96 (s, 3H : minor), 2.94-2.76 (m, 1H), 2.44-2.33 (m, 1H : minor), 2.06 (s,

3H : major), 2.04-1.94 (m, 1H : minor), 1.91 (s, 3H : minor), 1.89-1.79 (m, 1H), 1.76
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(d, /= 0.9 Hz, 3H : minor), 1.68 (d, /= 1.4 Hz, 3H : major), 1.22 (d, /= 6.8 Hz, 3H :
major), 1.21 (d, /= 5.9 Hz, 3H : minor), 1.14 (d, /= 6.8 Hz, 3H : minor), 1.09 (d, /=
7.3 Hz, 3H : major), 0.99 (d, /= 7.3 Hz, 3H : major), 0.89 (d, /= 6.8 Hz, 3H), 0.80 (d,
J = 6.8 Hz, 3H : minor); *C NMR (100 MHz, CDCl3) & 171.0, 170.9, 170.7, 170.1,
168.4, 147.0, 145.5, 139.0, 137.3, 136.8, 132.4, 132.2, 129.1, 129.0, 128.7, 128.3, 127.3,
126.8, 122.1, 121.9,79.4, 76.4, 75.3, 74.1, 62.2, 57.4, 45.3, 42.3, 40.2, 40.1, 35.5, 33.7,
33.3,31.7, 26.8, 21.8,20.9, 19.9, 19.2, 19.1, 17.0, 15.9, 14.9, 14.2, 14.0; IR(neat) 3408,
2972, 2936, 1732, 1607, 1242 cm™'; HRMS (EI*) calcd for CasH3oNOg [M]+ 485.2777,

found 485.2784; [ a |p* = -86.5 (c = 0.21, CHCl5).

Synthesis of cis-conjugated ester 102

o To a solution of 18-crown-6 (144 mg, 0.534 mmol)
“0Si(Pr);Ph in THF (2 mL) was added

MeO,C (CF;CH:0),P(O)CH,CO;Me (50 uL, 0.223 mmol)
and KHMDS (1.0 M in THF, 0.18 mL, 0.178 mmol) at -78 °C under an argon
atmosphere. After being stirred for 20 min, a solution of ketoaldehyde 92 (25.2 mg,
0.0445 mmol) in THF (1 mL) was added to the reaction mixture. After being stirred
for 3 h, the reaction was quenched with saturated aqueous NH,Cl (3 mL) and extracted
with EtOAc for 3 times. The combined organic phase was dried over MgSO, and
concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with hexane-Et,O (2/ 1) to give cis-conjugated

ester 102 (17.0 mg, 0.0273 mmol, 61%, colorless oil) and trans-isomer 93 (8.3 mg,

0.0133 mmol, 30%, colorless oil).
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102: '"H NMR (400 MHz, CDCls) § 7.67-7.62 (m, 2H), 7.39-7.28 (m, 3H), 7.10 (d, /=
8.6 Hz, 2H), 6.83 (d, /= 8.6 Hz, 2H), 5.79 (dd, /= 11.3, 10.4 Hz, 1H), 5.63 (d, /=
11.8 Hz, 1H), 5.33 (d, /= 10.0 Hz, 1H), 4.15 (d, /= 12.2 Hz, 1H), 3.92 (dd, /= 8.2,
2.3 Hz, 1H), 3.80-3.73 (m, 2H), 3.77 (s, 3H), 3.70 (d, /= 11.8Hz, 1H)3.68 (s, 3H),
2.76 (quint, /= 7.3 Hz, 1H), 2.47-2.36 (m, 1H), 2.07 (s, 3H), 1.56 (d, /= 1.4 Hz, 3H),
1.50 (quint, /= 7.3 Hz, 1H), 1.34 (quint, /= 7.3 Hz, 1H), 1.21 (d, /= 7.7 Hz, 3H),
1.14 (d, J= 7.7 Hz, 3H), 1.09 (d, /= 7.7 Hz, 3H), 1.109 (d, /= 6.3 Hz, 3H), 1.02 (d, /
= 7.7Hz, 3H), 0.91 (d, /= 6.8 Hz, 3H), 0.81 (d, /= 7.3 Hz, 3H); *C NMR (100 MHz,
CDCly) & 211.4, 166.6, 159.0, 151.3, 135.4 (2C), 134.4, 134.2, 132.8, 130.8, 129.5,
129.2 (2C), 127.7 (2C), 118.6, 113.8 (2C), 79.4, 77.1, 69.4, 55.4, 51.6, 51.2, 36.8, 33.1,
30.4, 18.7, 18.39, 18.34 (2C), 18.1, 17.3, 13.9, 13.8, 13.6, 13.3; IR(neat) 2947, 2866,
1722, 1717, 1612, 1514, 1248 cm™; HRMS (FAB*) caled for CyHs:0,Si [M+H]+

625.3924, found 625.3898; [ a |p** = +89.5 (¢ = 0.55, CHCl;).

Synthesis of alcohol 103

To a solution of cis-conjugated ester 102 (23.5 mg,

"OH 0.0377 mmol) in MeOH (2 mL) was added NaBH,
OSi(Pr)zPh (6.2 mg, 0.164 mmol) at -78 °C. The reaction
MeO,C temperature was gradually raised to -30 °C under an
argon atmosphere. After being stirred for 2 h, the reaction was quenched with saturated
aqueous NH,Cl (2 mL) and extracted with EtOAc for 3 times. The combined organic

phase was dried over MgSO, and concentrated under reduced pressure. The residue

was purified by column chromatography on silica gel eluted with hexane-EtOAc (9/ 1)
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to give alcohol 103 (23.4 mg, 0.0374 mmol, 99%) with a diastereomeric ratio of 17:1 as
a colorless oil.

103: '"H NMR (400 MHz, CDCl;) § 7.61-7.55 (m, 2H), 7.37-7.33 (m, 3H), 7.18 (d, /=
8.6 Hz, 2H), 6.86 (d, /= 8.6 Hz, 2H), 5.86 (dd, /= 11.8, 10.4 Hz, 1H), 5.66 (d, /=
12.2 Hz, 1H), 5.32 (d, /= 10.0 Hz, 1H), 4.24 (d, /= 10.9 Hz, 1H), 4.04 (d, /= 11.3 Hz,
1H), 3.97 (d, /= 9.1 Hz, 1H), 3.83-3.72 (m, 2H), 3.80 (s, 3H), 3.68 (s, 3H), 3.62 (dd,
J=15.9,3.6 Hz, 1H), 2.74-2.64 (m, 1H), 2.38 (brs, 1H), 1.75-1.65 (m, 1H), 1.58 (d, /
= 1.6 Hz, 3H), 1.54-1.42 (m, 2H), 1.20 (d, /= 7.7 Hz, 3H), 1.19 (d, /= 7.7 Hz, 3H),
1.14 (d, /= 6.8 Hz, 3H), 1.11 (d, /= 7.3 Hz, 3H), 1.10 (d, /= 7.7 Hz, 3H), 1.02 (d, J
= 6.3 Hz, 3H), 0.94 (d, /= 6.3 Hz, 3H), 0.73 (d, /= 7.3 Hz, 3H); *C NMR (100 MHz,
CDCl;) 8 166.6,159.1, 151.3, 135.1 (2C), 134.8, 134.2, 132.8, 131.0, 129.7, 128.9 (20),
127.8 (2C), 118.6, 113.8 (2C), 80.8 (2C), 70.3, 69.7, 55.4, 51.2, 45.3, 36.8, 35.6, 20.6,
18.4,18.3,18.1 (2C), 18.0, 17.4,15.7, 14.2, 13.7, 13.5; IR(neat) 3528, 2965, 2868, 1724,
1614, 1514, 1248 cm''; HRMS (FAB*) calcd for C37Hs706S1 [M+H]* 625.3924, found

625.3898; [ a |p?® = +58.8 (¢ = 0.36, CHCl;).

Synthesis of acetonide 104

o To a solution of alcohol 103 (4 mg) in THF (1 mL) was
OJT added TBAF (1.0 M in THF, 10 pL) at 0 °C under an
MeO,C argon atmosphere. After being stirred at room
temperature for 10 min., the reaction mixture was quenched with saturated aqueous

NH,CI (1 mL) and extracted with EtOAc for 3 times. The combined organic phase was

dried over MgSO, and concentrated under reduced pressure. The residue was purified
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by column chromatography on silica gel eluted with hexane-EtOAc (1/ 4) to give diol
as a colorless oil. To a solution of diol in CICH,CH.Cl (1 ml) was added 2,2-
dimethoxypropane (8 ul) and PPTS (1 mg) at room temperature. After being stirred at
30 °C under an argon atmosphere for 1.5 h, the reaction mixture was concentrated
under reduced pressure. The residue was purified by column chromatography on silica
gel eluted with hexane-EtOAc (4/ 1) to give acetonide 104 (3 mg) as a colorless oil.
Chemical yield is not shown due to very small amount of experiment.

104: 'TH NMR (400 MHz, CDCls) § 7.25 (d, /= 8.2 Hz, 2H), 6.88 (d, /= 8.6 Hz, 2H),
5.87 (dd, /= 11.3, 10.9 Hz, 1H), 5.68 (dd, /= 11.8, 0.9 Hz, 1H), 5.55 (d, /= 9.5 Hz,
1H), 4.45 (d, /= 11.3 Hz, 1H), 4.15 (d, /= 11.3 Hz, 1H), 3.97 (d, /= 9.1 Hz, 1H),
3.90-3.82 (m, 1H), 3.81 (s, 3H), 3.70 (s, 3H), 3.55 (dq, /= 10.0, 5.9 Hz, 1H), 3.34 (dd,
J=10.0, 2.3 Hz, 1H), 2.74-2.64 (m, 1H), 1.64 (d, /= 0.9 Hz, 3H), 1.40 (s, 3H), 1.37
(s, 3H), 1.37-1.29 (m, 1H), 1.178 (d, /= 6.3 Hz, 3H), 1.175 (d, /= 5.9 Hz, 3H), 0.90
(d, /= 6.8 Hz, 3H), 0.71 (d, /= 6.3 Hz, 3H); *C NMR (100 MHz, CDCl;) § 166.6,
159.2, 151.0, 134.6, 131.8, 13.0, 129.0 (2C), 118.7, 113.9 (2C), 97.9, 80.4, 77.4, 70.8,

69.8, 55.5, 51.3, 37.6, 36.5, 31.9, 30.2, 20.1, 19.8, 18.4, 17.6, 13.9, 12.3.

Synthesis of allyl ester 105

To a solution of alcohol 103 (31.5 mg, 0.0510 mmol) in allyl

-

- OSi(Pr),Ph

alcohol (2 mL) was added K2COs (72.1 mg, 0.522 mmol) at room
temperature. After being stirred under an argon atmosphere for

14 h at 30 °C, the reaction was quenched with NH,CI (2 mL) and

extracted with EtOAc for 3 times. The combined organic phase was dried over MgSO,
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and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with hexane-EtOAc (3/ 1) to give allyl ester 105
(29.4 mg, 0.0452 mmol, 89%) as a colorless oil.

105: '"H NMR (400 MHz, CDCl;) § 7.61-7.55 (m, 2H), 7.37-7.32 (m, 3H), 7.17 (d, /=
9.1 Hz, 2H), 6.85 (d, /= 8.6 Hz, 2H), 5.98-5.85 (m, 2H), 5.69 (d, /= 12.2 Hz, 1H),
5.35-5.27 (m, 2H), 5.22 (dq, /= 10.4, 1.4 Hz, 1H), 4.59 (dq, /= 5.4, 1.4 Hz, 2H), 4.24
(d, /=10.9 Hz, 1H), 4.03 (d, /= 10.9 Hz, 1H), 3.97 (d, /= 9.1 Hz, 1H), 3.86-3.73 (m,
2H), 3.80 (s, 3H), 3.62 (dd, /= 5.4, 4.1 Hz, 1H), 2.74-2.63 (m, 1H), 2.38 (brs, 1H),
1.75-1.65 (m, 1H), 1.58 (d, /= 1.4 Hz, 3H), 1.55-1.41 (m, 2H), 1.20 (d, /= 7.7 Hz,
3H), 1.19 (d, /= 7.7 Hz, 3H), 1.14 (d, /= 6.3 Hz, 3H), 1.11 (d, /= 7.7 Hz, 3H), 1.10
(d, /=17.7Hz, 3H), 1.02 (d, /= 6.3 Hz, 3H), 0.94 (d, /= 6.43Hz, 3H), 0.73 (d, /= 6.8
Hz, 3H); *C NMR (100 MHz, CDCl;) § 165.7, 159.1, 151.6, 135.1 (2C), 134.8, 134.2,
132.8, 132.4, 131.1, 129.7, 128.9 (2C), 127.8 (2C), 118.7, 118.2, 113.8 (2C), 80.80,
80.75, 70.2, 69.7, 64.8, 55.4, 45.3, 36.7, 35.6, 20.6, 18.4, 18.3, 18.2 (2C), 18.0, 17.4,
15.7,14.2, 13.7, 13.5; IR(neat) 3526, 2965, 2868, 1722, 1614, 1514, 1248 cm'; HRMS
(FAB*) calcd for C3oHs50O6Si [M+H]* 651.4081, found 651.4096; [ o |p** = +51.8 (c =

1.47, CHCI;).

Synthesis of ester 106

-, 08i(Pr),Ph To a solution of 105 (13.0 mg, 0.0200 mmol) and Alloc-L-
N-Me-Phe-OH (15.9 mg, 0.0604 mmol) in CH,Cl, (1 mL)

was added DCC (26.0 mg, 0.126 mmol) and DMAP (3.1

mg, 0.0253 mmol) at room temperature. After being stirred
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under an argon atmosphere for 2 h, the reaction mixture was concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel
eluted with benzene-EtOAc (99/ 1) to give ester 106 (18.3 mg, 0.0204 mmol, quant.)
as a colorless oil.

106 (Mixture of rotamers): '"H NMR (400 MHz, CDCls) § 7.62-7.56 (m, 2H), 7.36-7.24
(m, 5H), 7.24-7.13 (m, 3H), 7.10 (d, /= 8.6 Hz, 2H), 6.83 (d, /= 8.6 Hz, 2H), 5.98-
5.72 (m, 3H), 5.69 (d, /= 11.8 Hz, 1H), 5.37 (d, /= 10.9 Hz, 1H), 5.32 (dq, /= 17.2,
1.8 Hz, 1H), 5.23 (dq, /= 10.0, 0.9 Hz, 1H), 5.21-5.09 (m, 3H), 4.97 (dd, /= 10.4, 5.4
Hz) and 4.72 (dd, /= 10.9, 5.0 Hz, 1H, a -proton of amino acid rotamers), 4.65-4.55
(m, 2H), 4.54-4.37 (m, 2H), 4.26 (d, /= 11.8 Hz, 1H), 3.93-3.76 (m, 3H), 3.79 (s, 3H),
3.39-3.33 (m, 2H), 2.98 (dd, / = 14.5, 10.9 Hz, 1H), 2.81 and 2.79 (s, 3H, NMe
rotamers), 2.60-2.49 (m, 1H),1.91-1.81 (m, 1H), 1.64 (s, 3H), 1.60-1.45 (m, 2H), 1.23
(d, /=7.7Hz, 3H), 1.20 (d, /= 7.7 Hz, 3H), 1.13 (d, /= 6.3 Hz, 3H), 1.11 (d, /= 7.7
Hz, 3H), 1.06 (d, /= 7.3 Hz, 3H), 0.91 (d, /= 6.3 Hz, 3H), 0.85 (t, /= 6.1 Hz, 3H),
0.68 (d, /= 7.3 Hz, 3H); *C NMR (100 MHz, CDCl;) § 170.2, 169.9, 165.7, 159.1,
156.5,155.9,151.6, 137.4,137.3, 135.2, 134.9, 134.8, 134.0, 133.0, 132.8, 132.7, 132.4,
130.9, 130.8, 129.7, 129.03, 128.98, 128.8, 128.7, 128.6, 127.9, 126.9, 126.8, 118.7,
118.3,117.6,117.1,113.8, 80.3, 77.5, 77.4, 73.0, 72.9, 69.9, 66.4, 66.2, 64.8, 60.9, 60.1,
55.4, 42.55, 42.46, 36.8, 35.4, 35.2, 33.5, 32.2, 31.4, 18.7, 18.3, 18.2, 18.1, 18.0, 17.3,
15.1, 15.0, 14.8, 14.7, 14.2, 13.7, 10.5; IR(neat) 2945, 2868, 1715, 1614, 1514, 1248
cml; HRMS (ESI*) caled for Cs3sH73sNOoSiNa [M+Na]* 918.4952, found 918.4975;

[ @ ]p? = +29.4 (c = 0.41, CHC,).
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Synthesis of alcohol 107

To a solution of 106 (18.3 mg, 0.0204 mmol) in THF (1 mL)
was added TBAF (1.0 M in THF, 12 uL, 0.0120 mmol) at 0

°C under an argon atmosphere. After being stirred for 1 h, the

reaction mixture was quenched with saturated aqueous
NH.CI (2 mL) and extracted with EtOAc for 3 times. The combined organic phase was
dried over MgSO, and concentrated under reduced pressure. The residue was purified
by column chromatography on silica gel eluted with hexane-EtOAc (2/ 1) to give
alcohol 107 (11.8 mg, 0.0167 mmol, 82%) as a colorless oil.

107: '"H NMR (400 MHz, CDCls) (Mixture of rotamers) § 7.31-7.14 (m, 7H), 6.87 (d,
J=8.6Hz, 2H), 5.99-5.74 (m, 3H), 5.71 (d, /= 11.8 Hz, 1H), 5.52-5.46 (m, 1H), 5.39-
5.28 (m, 1H), 5.31 (dq, /= 17.2, 1.8 Hz, 1H), 5.23 (dq, /= 10.4, 1.4 Hz, 1H), 5.23-
5.11 (m, 2H), 4.97 (dd, /= 10.4, 5.9 Hz, 1H) and 4.73 (dd, /= 10.4, 5.4 Hz, 1H, « -
proton of amino acid rotamers), 4.65-4.55 (m, 2H), 4.57-4.44 (m, 2H), 4.44 (d, J =
11.3 Hz, 1H), 4.12 (d, /= 10.9 Hz, 1H), 3.94 (d, /= 8.6 Hz, 1H), 3.92-3.82 (m, 1H),
3.80 (s, 3H), 3.32 (td, /= 14.5, 5.4 Hz, 1H), 3.26-3.19 (m, 1H), 3.06-2.96 (m, 1H),
2.82 and 2.80 (s, 3H, NMe rotamers), 2.70-2.60 (m, 1H), 1.91-1.80 (m, 1H), 1.67 (s,
3H), 1.63 and 1.52 (d, /= 6.4 Hz, 1H, OH rotamers), 1.20-1.13 (m, 6H), 0.87 (d, /=
6.8 Hz, 3H), 0.73 (d, /= 6.8 Hz, 3H); *C NMR (100 MHz, CDCls) § 170.5, 170.3,
165.7,159.2, 156.6, 156.0, 151.3, 137.3, 134.0, 133.7, 133.6, 133.3, 133.0, 132.8, 132.4,
130.8,130.7, 129.0, 129.0, 129.0, 128.7, 128.6, 126.9, 126.8, 118.9, 118.3, 117.6, 117.2,
113.9, 80.5, 77.9, 77.1, 73.1, 69.9, 66.4, 66.3, 64.8, 61.0, 60.6, 55.4, 40.1, 40.0, 36.7,

35.4, 35.1, 33.1, 33.0, 32.3, 31.8, 18.8, 18.7, 17.4, 14.5, 14.2, 12.8, 12.7, 10.8, 10.4;
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IR(neat) 3509, 2968, 2876, 1715, 1614, 1514, 1248 cm; HRMS (FAB*) calcd for

CuHssNOsSi [M+H]* 706.3955, found 706.3939; [ a |p** = +48.8 (c = 0.59, CHCl;).

Synthesis of acetate 108

To a solution of alcohol 107 (11.2 mg, 0.0159 mmol) in
CH,Cl, (1.5 mL) was added Ac;O (10 uL, 0.106 mmol),

DIPEA (30 uL, 0.176 mmol), and DMAP (2.4 mg, 0.0196

mmol) at room temperature. After being stirred under an
argon atmosphere for 1 h, the reaction mixture was quenched with saturated aqueous
NaHCO; (1 mL) and extracted with EtOAc for 3 times. The combined organic phase
was dried over MgSO, and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel eluted with hexane-EtOAc (3/ 1) to
give acetate 108 (12.3 mg, 0.0164 mmol, quant., mixture of rotamers) as a colorless oil.
108 (Mixture of rotamers): 'H NMR (400 MHz, CDCl;) & 7.31-7.12 (m, 7H), 6.87 (d,
J= 8.6 Hz, 2H), 5.98-5.73 (m, 3H), 5.70 (d, /= 12.2 Hz, 1H), 5.31 (dq, /= 17.2, 1.8
Hz, 1H), 5.23 (dq, /= 10.4, 1.3 Hz, 1H), 5.23-5.11 (m, 3H), 5.00-4.92 (m, 1H), 4.91
and 4.69 (m, 1H, a -proton of amino acid rotamers), 4.73-4.66 (m, 1H), 4.65-4.54 (m,
2H), 4.54-4.38 (m, 3H), 4.16 (d, /= 11.8 Hz, 1H), 3.94 (d, /= 8.6 Hz, 1H), 3.90-3.79
(m, 1H), 3.80 (s, 3H), 3.29 (dt, /= 14.5, 5.4 Hz, 1H), 3.04-2.95 (m, 1H), 2.81 and 2.79
(s, 3H, NMe rotamers), 2.77-2.67 (m, 1H), 2.11 and 2.10 (s, 3H, OAc rotamers), 2.06-
1.96 (m, 1H), 1.64 (s, 3H), 1.18 (d, /= 6.8 Hz, 3H), 1.12 (d, /= 6.3 Hz, 3H), 0.89 (d,
J=6.3Hz, 3H), 0.79-0.73 (m, 3H); *C NMR (100 MHz, CDCl3) § 170.8, 170.3, 170.1,

165.7,159.1, 156.5, 155.9, 151.3, 137.3, 134.6, 134.5, 133.0, 132.7, 132.4, 132.1, 132.0,
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130.92, 130.86, 129.0, 128.7, 128.6, 126.9, 126.8, 118.9, 118.3, 117.6, 117.2, 113.9,
80.1, 77.2,77.1, 71.9, 71.8, 69.8, 66.4, 66.3, 64.8, 61.0, 60.5, 55.4, 38.45, 38.35, 36.7,
35.4,35.1, 32.4, 32.25, 32.17, 31.7, 21.0, 18.8, 17.3, 14.44, 14.39, 10.6, 10.5; IR (neat)
2972, 2878, 1732, 1715, 1614, 1514, 1238 cm™'; HRMS (FAB*) calcd for C4sHssNO10Si

[M+H]* 748.4061, found 748.4087; [ a |p* = +57.6 (c = 0.66, CHCl;).

Synthesis of seco-amino acid 109

. OAc To a solution of 108 (2.5 mg, 3.34 pmol) in CH,Cl, (1 mL)
was added PhSiH; (4 uL, 0.0326 mmol), Pd(PPhs), (0.5 mg,

0.43 pmol) at room temperature. After being stirred under an

argon atmosphere for 10 min, silica gel (1 mg) was added the
reaction mixture. After being stirred for 1 h, the reaction mixture was purified by
column chromatography on silica gel eluted with CHCl;-MeOH (19/ 1) to give seco-
amino acid 109 (2.1 mg, 3.34 pmol, quant.) as a colorless oil. 109: 'H NMR (400 MHz,
CDCls) 8 7.31-7.14 (m, 7H), 6.86 (d, /= 8.6 Hz, 2H), 5.92 (dd, /= 11.8, 10.4 Hz, 1H),
5.72 (d, /= 11.8 Hz, 1H), 5.13 (d, /= 10.0 Hz, 1H), 4.92-4.84 (m, 1H), 4.62 (dd, /=
8.6, 4.1 Hz, 1H), 4.50 (d, /= 11.3 Hz, 1H), 4.47-4.43 (m, 1H), 4.43 (br, 1H), 4.18 (d,
J=11.8 Hz, 1H), 4.00 (d, /= 7.7 Hz, 1H), 3.81-3.75 (m, 1H), 3.79 (s, 3H), 3.49 (dd,
J=1.7,6.8 Hz, 1H), 3.03 (dd, /= 13.6, 6.3 Hz, 1H), 2.89 (dd, /= 13.6, 8.2 Hz, 1H),
2.79-2.68 (m, 1H), 2.39 (s, 3H), 2.10 (s, 3H), 1.78-1.68 (m, 1H), 1.66 (d, /= 0.9 Hz,
3H), 1.16 (d, /= 6.8 Hz, 3H), 1.05 (d, /= 6.3 Hz, 3H), 0.86 (d, /= 6.3 Hz, 3H), 0.61
(d, /= 6.8 Hz, 3H); *C NMR (100 MHz, CDCls) § 173.1, 170.8, 169.8, 159.2, 151.2,

136.9, 134.3, 132.4, 130.7, 129.4 (2C), 129.0 (2C), 128.7 (2C), 127.0, 119.8, 113.9

121



(2C), 80.5, 77.4, 71.6, 70.1, 64.8, 55.4, 39.2, 38.7, 37.3, 34.1, 32.9, 21.1, 19.6, 17.1,
15.2, 14.6, 11.4; IR(neat) 2972, 2878, 1732, 1614, 1514, 1240 cm™'; HRMS (ESI*) calcd
for CssHsoNOsNa [M+Nal* 646.3356, found 646.3339; [ a ]p? = +84.8 (¢ = 0.39,

CHCl,).

Synthesis of lactam 110

=~ OAc

To a solution of seco-amino acid 109 (7.0 mg, 0.0112 mmol)

in CICH,CH,CI (5.6 mL) was added DIPEA (20puL, 0.118
oPMB mmol), BOPCI (16.0 mg, 0.0610 mmol) at room temperature.
The reaction temperature was raised to 40 °C under an argon atmosphere and stirred
for 1h. Then the reaction mixture was concentrated under reduced pressure and
purified by column chromatography on silica gel eluted with hexane-EtOAc (2/ 1) to
give lactam 110 (6.0 mg, 9.90 pmol, 88%) as a colorless oil.

110: '"H NMR (400 MHz, CDCls) § 7.29-7.15 (m, 7H), 6.86 (d, /= 8.6 Hz, 2H), 5.99-
5.91 (m, 1H), 5.94 (dd, /= 11.8, 8.6 Hz, 1H), 5.73 (d, /= 11.3 Hz, 1H), 5.10 (d, /=
11.3 Hz, 1H, This peak has also small coupling), 4.90-4.81 (m, 1H), 4.50 (d, /= 10.9
Hz, 1H), 4.44 (d, /= 11.3 Hz, 1H), 4.17 (br, 1H), 4.08 (d, /= 11.3 Hz, 1H), 3.80 (s,
3H), 3.53 (dd, /= 15.0, 5.4 Hz, 1H), 3.33-3.23 (m, 1H), 3.05-2.90 (m, 1H), 2.92 (dd,
J=15.0, 10.4 Hz, 1H), 2.69 (s, 3H), 2.03-1.93 (m, 1H), 1.98 (s, 3H), 1.80 (d, /= 0.9
Hz, 3H), 1.18 (d, /= 6.3 Hz, 3H), 1.06 (d, /= 6.8 Hz, 3H), 0.97 (d, /= 7.3 Hz, 3H),
0.85 (d, /= 6.3 Hz, 3H); *C NMR (100 MHz, CDCl;) § 171.5, 170.5, 168.4, 159.3,
146.2, 137.1, 131.3, 130.8, 128.9, 128.7, 128.6, 126.8, 121.8, 113.9, 84.2, 80.7, 73.7,

72.0, 55.5, 55.5, 39.7, 37.8, 36.4, 34.7, 31.7, 20.9, 20.7, 19.8, 18.3, 17.3, 13.3; IR(neat)
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2976, 2934, 1732, 1643, 1614, 1514, 1244 cm™'; HRMS (ESI*) caled for C3sH47NO;Na

+Na]* . , foun . s lalp™=-11.9 (c = 0.30, 3).
[M+Na]l* 628.3250, f d 628.3269; [ a |p* 11.9 ( 0.30, CHCl»)

Synthesis of 2,3- cis-torrubiellutin analogue 74

To a solution of 110 (5.0 mg, 8.25 pmol) in CH;CN (1 mL)
was added TESH (8 pL, 0.0491 mmol), BF:-OEt, (4 uL,

0.0312 mmol) at 0 °C under an argon atmosphere. The

reaction temperature was raised to 40 °C and stirred for 1h. The reaction was quenched
with saturated aqueous NaHCO; (1 mL) and extracted with EtOAc for 3 times. The
combined organic phase was dried over MgSO,4 and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel eluted with
hexane-EtOAc (1/ 1) to give 2,3-cis-torrubiellutin analogue 74 (3.5 mg, 7.21 umol,
88%) as a colorless oil. 74: '"H NMR (400 MHz, CDCl;) & 7.33-7.16 (m, 5H), 5.94 (dd,
J=10.4, 5.4 Hz, 1H), 5.90-5.82 (m, 2H), 4.95 (d, /= 11.3 Hz, 1H, This peak has also
small coupling), 4.89-4.80 (m, 1H), 4.51 (brs, 1H), 4.47 (d, /= 10.4 Hz, 1H), 3.54 (dd,
J=15.0,5.4 Hz, 1H), 3.36-3.27 (m, 1H), 2.98-2.86 (m, 2H), 2.84 (s, 3H), 1.98 (s, 3H),
1.96-1.87 (m, 1H), 1.79 (d, /= 0.9 Hz, 3H), 1.39 (br, 1H), 1.21 (d, /= 6.3 Hz, 3H),
1.03 (d, /= 6.8 Hz, 3H), 0.94 (d, /= 6.8 Hz, 3H), 0.84 (d, /= 6.3 Hz, 3H); *C NMR
(100 MHz, CDCl;) § 171.5, 170.4, 168.2, 144.6, 137.7, 137.1, 129.2, 128.9 (2C), 128.6
(20), 126.8, 123.4, 80.6, 76.7, 73.8, 55.7, 39.7, 38.4, 36.5, 34.7, 31.9, 20.9, 20.8, 19.8,
18.3, 17.0, 12.2; IR(neat) 3480, 2976, 2933, 1732, 1622, 1240 cm'; HRMS (EI) calcd

for CosH3oNOg [M]* 485.2777, found 485.2788; [ a ]p*! = -82.5 (c = 0.18, CHCl3).
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H =% Torrubiellutin C & KHF5E

Synthesis of ketone 111

CO,Me To a solution of skipped dienoate 79 (3.48 g, 9.60 mmol) in

CH,Cl, (30 mL) was added Dess-Martin periodinane (6.11

g, 14.4 mmol) at room temperature. After being stirred
under an argon atmosphere for 45 min, the reaction mixture was purified by column
chromatography on silica gel eluted with hexane-EtOAc (3/ 1) to give ketone 111 (3.20
g, 8.87 mmol, 92%, containing small amount of conjugated diene) as a colorless oil.

111 (mixture of conjugated diene : minor): '"H NMR (400 MHz, CDCl;) § 7.17 (d, /=
8.6 Hz, 2H), 6.90-6.83 (m, 3H), 5.86 (d, /= 15.9 Hz, 1H : minor), 5.77 (dd, /= 15.9,
1.8 Hz, 1H), 5.36 (dq, /= 10.0, 1.4 Hz, 1H), 4.43 (d, /= 11.3 Hz, 1H), 4.39 (d, /=
11.3 Hz, 1H), 3.81 (s, 3H : minor), 3.80 (s, 3H), 3.76 (s, 3H : minor), 3.72 (s, 3H),
3.68 (dd, /=9.1, 7.3 Hz, 1H), 3.54-3.44 (m, 1H), 3.42 (dd, /= 9.1, 5.4 Hz, 1H), 3.16-
3.07 (m, 1H), 3.00-2.92 (m, 1H : minor), 1.95 (d, /= 1.8 Hz, 3H), 1.85 (d, ] = 1.4 Hz,
3H : minor), 1.17 (d, ] = 6.8 Hz, 3H : minor), 1.10 (d, /= 6.8 Hz, 3H), 1.06 (d, ] = 7.3
Hz, 3H), 0.96 (d, /= 7.3 Hz, 3H : minor); *C NMR (100 MHz, CDCls) § 212.8 (minor),
208.4, 167.6 (minor), 167.2, 159.2, 152.0, 148.8 (minor), 139.2 (minor), 137.0, 136.7,
134.4 (minor), 130.6 (minor), 130.3, 130.1 (minor), 129.2 (2C), 121.9 (minor), 119.6,
117.0 (minor), 113.8 (2C), 73.0, 72.6 (minor), 72.0, 55.3, 51.6 (minor), 51.5, 47.3
(minor), 45.2 (minor), 44.2, 36.0, 34.4 (minor), 23.6 (minor), 21.2 (minor), 20.4, 19.9,
16.0 (minor), 13.7, 12.6 (minor); IR(neat) 2968, 2935, 2870, 1714, 1645, 1614, 1585,
1514, 1435, 1367, 1247, 1172, 1010 cm™; HRMS (EI*) calcd for CxH0s [M]*

360.1937, found 360.1944; [ o |p** = +129.3 (c = 1.26, CHCl;).
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Synthesis of alcohol 112

COzMe

To a solution of ketone 111 (966 mg, 2.68 mmol) in MeOH (13 mL) was added NaBH,
(214 mg, 5.64 mmol) and CeCl;-7H,O (1.52 g, 4.08 mmol) at 0 °C. After being stirred
under an argon atmosphere for 30 min, the reaction mixture was quenched with
saturated NH4Cl solution (10 mL) and extracted EtOAc for 3 times. The combined
organic phase was dried over MgSOy and concentrated under reduced pressure. Then
the reaction mixture was purified by column chromatography on silica gel eluted with
benzene-Acetone (49/ 1) to give skipped dienoate 112 (468 mg, 1.29 mmol, 48%,
containing trace amount of conjugated dienoate) and 79 (392 mg, 1.08 mmol, 40%,
containing trace amount of conjugated dienoate) as a colorless oil.

112 (mixture of conjugated diene : minor): "H NMR (400 MHz, CDCls) § 7.31 (m, 3H),
6.89 (d, /= 8.6 Hz, 2H), 6.86 (dd, /= 15.9, 6.8 Hz, 1H), 5.74 (d, /= 15.9 Hz, 1H),
5.13 (d, /= 9.5 Hz, 1H), 4.50 (d, /= 11.8 Hz, 1H), 4.46 (d, /= 11.3 Hz, 1H), 4.34 (d,
J=9.1Hz, 1H), 3.85 (d, /= 1.4 Hz, 1H), 3.81 (s, 3H), 3.72 (s, 3H), 3.62 (dd, /= 9.1,
3.6 Hz, 1H), 3.47 (t, /= 9.1 Hz, 1H), 3.44-3.34 (m, 1H), 2.08-1.97 (m, 1H), 1.71 (s,
3H), 1.13 (d, /= 6.8 Hz, 3H), 1.05 (d, /= 6.3 Hz, 3H : minor), 0.99 (d, /= 6.8 Hz, 3H :
minor), 0.66 (d, /= 7.3 Hz, 3H); *C NMR (100 MHz, CDCl;) § 167.4, 159.5, 153.3,
136.6, 130.3, 129.7, 129.6 (2C), 119.0, 114.0 (2C), 76.1, 75.2, 73.4, 55.4, 51.6, 36.4,

34.7, 20.7, 18.0, 13.7; IR(neat) 2962, 2929, 2872, 1716, 1651, 1612, 1585, 1514, 1456,
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1435, 1359, 1247,1172,1091, 1014 cm™'; HRMS (ESI*) calcd for C2iH30OsNa [M+Na]*

385.1991, found 385.2006; [ a |p*® = +124.0 (c = 1.58, CHCl;).

Synthesis of benzylidene acetal 113a, 113b and 114

COzMe COzMe

113a 113b 114

To a solution of skipped dienoate 112 (998 mg, 2.75 mmol) in CH,Cl, (10 mL) was
added well-dried MS4A (1.00 g) at 0 °C. The reaction mixture was added DDQ (969
mg, 4,27 mmol) at 0 °C and stirred under an argon atmosphere for 2 h and then
quenched with aqueous NaHCOj; solution (20 mL) and extracted with EtOAc for 3
times. The combined organic phase was dried over MgSO, and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel
eluted with benzene-Et,O (99/1) to give benzylidene acetal 113a (87.6 mg, 0.243 mmol,
9%), 113b and 114 (642 mg, 1.78 mmol, 65%, 113b:114 = ca. 28:1) as a colorless oil.
113a: 'H NMR (400 MHz, CDCl;) § 7.37 (d, /= 8.2 Hz, 2H), 6.95 (d, /= 8.7 Hz, 2H),
6.78 (dd, /= 15.6, 6.4 Hz, 1H), 6.15 (s, 1H), 5.63 (dd, /= 16.0, 1.4 Hz, 1H), 5.24 (d, /
= 10.1 Hz, 1H) This peak has also small coupling, 4.22 (d, /= 10.1 Hz, 1H), 3.85 (s,
3H), 3.80 (dd, /= 11.0, 4.6 Hz, 1H), 3.69 (s, 3H), 3.47 (t, /= 11.5 Hz, 1H), 3.26-3.16
(m, 1H), 2.24-2.13 (m. 1H), 1.83 (d, /= 1.4 Hz, 3H), 1.18 (d, /= 6.9 Hz, 3H), 0.50 (d,
J=6.9 Hz, 3H).

113b: 'H NMR (400 MHz, CDCls) § 7.42 (d, /= 9.1 Hz, 2H), 6.93-6.85 (m, 3H), 5.78

(dd, /= 15.4, 1.8 Hz, 1H), 5.51 (s, 1H), 5.25 (d, /= 9.5 Hz, 1H) This peak has also
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small coupling, 4.26 (d, /= 10.0 Hz, 1H), 4.16 (dd, /= 10.9, 5.0 Hz, 1H), 3.80 (s, 3H),
3.73 (s, 3H), 3.54 (t, /= 11.3 Hz, 1H), 3.50-3.38 (m, 1H), 2.18-2.06 (m, 1H), 1.81 (d,
J=1.4Hz,3H), 1.15 (d, /= 6.8 Hz, 3H), 0.67 (d, /= 6.8 Hz, 3H); *C NMR (100 MHz,
CDCl3) §167.3,160.1, 152.9, 133.7,131.8, 131.2, 127.6 (2C), 119.3,113.7 (2C), 101.4,
80.5, 73.2, 55.4, 51.6, 35.0, 31.3, 20.6, 19.1, 12.6; IR(neat) 2958, 2929, 2872, 1716,
1643, 1614, 1587, 1519, 1456, 1435, 1396, 1371, 1301, 1249, 1170, 1109, 1074, 1010
cm'; HRMS (EI*) caled for C21HzsO5 [M]* 360.1937, found 360.1944; [ o |p* = +170.6

(c = 1.14, CHCl,).

Synthesis of alcohol 115

To a solution of benzylidene acetal 113b (544 mg, 1.51 mmol) in

THF (7 mL) was added DIBAL (1.0 M in hexane, 6 mL, 6.00

mmol) at -40 °C under an argon atmosphere. The mixture was
stirred at -40 °C for 5 min, then quenched with H,O (0.6 mL). The reaction mixture
was added hexane (30 mL) at 0 °C and stirred vigorously for 30 min. The precipitate
was filtered off through celite pad with EtOAc and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel eluted with
hexane-EtOAc (2/1) to give alcohol 115 (483 mg, 1.45 mmol, 96%) as a colorless oil.

115: '"H NMR (400 MHz, CDCls) § 7.42 (d, /= 8.6 Hz, 2H), 6.88 (d, /= 9.1 Hz, 2H),
5.67-5.55 (m, 2H), 5.52 (s, 1H), 5.25 (d, /= 10.0 Hz, 1H) This peak has also small
coupling, 4.30 (d, /= 10.0 Hz, 1H), 4.17 (dd, /= 11.3, 4.5 Hz, 1H), 4.08 (d, /= 4.1 Hz,
2H), 3.79 (s, 3H), 3.55 (t, /= 11.3 Hz, 1H), 3.33-3.23 (m, 1H), 2.19-2.06 (m, 1H),

1.79 (d, /= 1.4 Hz, 3H), 1.08 (d, /= 6.8 Hz, 3H), 0.69 (d, /= 6.8 Hz, 3H); *C NMR
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(100 MHz, CDCl3) & 160.0, 137.2, 134.2, 131.8, 131.3, 127.7 (2C), 127.4, 113.7 (20),
101.4, 81.5, 73.3, 63.8, 55.4, 34.8, 31.3, 21.4, 19.0, 12.6; IR(neat) 3419, 2958, 2927,
2870, 2837, 1614, 1587, 1519, 1456, 1396, 1371, 1301, 1247, 1172, 1105 cm™}; HRMS
(EST*) caled for CooH2s04Na [M+Na]* 355.1885, found 355.1895; [ « |p?” = +150.4 (c

= 1.35, CHCl,).

Synthesis of epoxy alcohol 116

The mixture of well-dried MS4A (700 mg) and CH,Cl, (7 ml)

was stirred at -30 °C under an argon atmosphere. The reaction

mixture was added (-)-diisopropyl D-tartrate (70 pL, 0.335
mmol), titanium (IV) isopropoxide (150 pL, 0.512 mmol) and stirred for 30 min. Then
the mixture was added a solution of alcohol 15 (483 mg, 1.45 mmol) in CH>Cl, (1 ml x
2) at -30 °C and stirred for 30 min. The reaction mixture was further added TBHP (3.19
M in decane/ CH,Cl,, 1.0 mL, 3.19 mmol) and stirred for 15 h. The reaction was
quenched with Na,SO; solution (2 mL). The reaction mixture was filtered through
celite pad to remove MS4A and the pad was washed with EtOAc (50 mL). The filtrate
was added saturated aqueous Rochelle salt (100 mL) and stirred for 2 h. The mixture
was extracted with EtOAc for 3 times and the combined organic phase was washed with
brine, dried over MgSO4 and concentrated under reduced pressure. The residue was
purified by column chromatography on silica gel eluted with hexane-EtOAc (2/ 1) to
give epoxy alcohol 116 (499 mg, 1.65 mmol, 99%) with a diastereomeric ratio of 9:1 as

a colorless oil.
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116 (mixture of diastereomer: minor): 'H NMR (400 MHz, CDCl;) § 7.41 (d, /= 8.6
Hz, 2H), 6.88 (d, /= 8.6 Hz, 2H), 5.50 (s, 1H : minor), 5.49 (s, 1H), 5.28 (d, /= 10.0
Hz, 1H) This peak has also small coupling, 4.22-4.14 (m, 2H), 3.87 (d, /= 12.7 Hz,
1H), 3.79 (s, 3H), 3.61-3.52 (m, 1H), 3.53 (t, /= 11.3 Hz, 1H), 3.02-2.98 (m, 1H :
minor), 2.98-2.93 (m, 1H), 2.88 (dd, /= 5.9, 2.3 Hz, 1H : minor), 2.84 (dd, /= 6.6, 2.3
Hz, 1H), 2.74-2.65 (m, 1H : minor), 2.64-2.53 (m, 1H), 2.20-2.07 (m, 1H), 1.90 (brs,
1H), 1.81 (d, /= 1.4 Hz, 3H), 1.10 (d, /= 6.8 Hz, 3H), 1.04 (d, /= 6.8 Hz, 3H : minor),
0.74 (d, /= 6.8 Hz, 3H : minor), 0.71 (d, /= 6.8 Hz, 3H); *C NMR (100 MHz, CDCl;)
§160.1,133.9,131.2,130.7, 127.6 (2C), 113.7 (2C), 101.4, 81.6, 73.2, 61.7, 59.6, 57.9,
55.4,34.1,3 1.2, 19.5, 18.2, 12.4; IR(neat) 3458, 2962, 2929, 2872, 2837, 1614, 1587,
1517, 1462, 1371, 1301, 1247, 1172 cm™'; HRMS (ESI*) calcd for C50H2s0sNa [M+Na]*

371.1834, found 371.1825; [ a |p** = +83.3 (c = 1.00, CHCl;).

Synthesis of diol 117

The mixture of Cul (1.06 g, 5.52 mmol) and Et,O (10 ml) was

stirred at -30 °C under an argon atmosphere. The reaction

mixture was added MeLi (1.10 M in Et,O, 10 mL, 11.0 mmol)
and stirred for 30 min. Then the reaction mixture was added epoxy alcohol 16 (385 mg,
1.10 mmol) in Et,O (1 mL x 2) and stirred for 16 h at 0 °C. The reaction mixture was
quenched with aqueous 12% NHj solution (80 mL) and extracted with Et,O for 3 times.
The combined organic phase was dried over MgSO, and concentrated under reduced

pressure.
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To a solution of the residue in solvent (MeOH/ H,O = 3/ 1, 10 mL) was added NalO,
(120 mg, 0.561 mmol) at room temperature. After being stirred under an argon
atmosphere for 15 h, the reaction was quenched with brine (10 mL) and extracted with
EtOAc for 3 times. The combined organic phase was dried over MgSO, and
concentrated under reduced pressure. The resulting residue was purified by column
chromatography on silica gel eluted with hexane-EtOAc (1/ 1) to give diol 117 (276
mg, 0.758 mmol, 69%) as a colorless oil.

117 (mixture of diastereomer: minor): 'H NMR (400 MHz, CDCl;) § 7.42 (d, /= 9.1
Hz, 2H), 6.88 (d, /= 9.1 Hz, 2H), 5.52 (s, 1H : minor), 5.51 (s, 1H), 5.45 (d, /= 10.0
Hz, 1H) This peak has also small coupling, 4.24 (d, /= 10.0 Hz, 1H), 4.18 (dd, /=11.3,
4.5 Hz, 1H), 3.80 (s, 3H), 3.60 (dd, /= 10.9, 7.3 Hz, 1H), 3.54 (t, /= 11.3 Hz, 1H),
3.42 (dd, /= 6.8, 4.5 Hz, 1H), 2.86-2.76 (m, 1H), 2.59 (brs, 2H), 2.23-2.10 (m, 1H),
1.90-1.82 (m, 1H), 1.81 (d, /= 1.4 Hz, 3H), 1.02 (d, /= 6.8 Hz, 3H), 0.96 (d, /= 7.3
Hz, 3H), 0.93 (d, /= 6.8 Hz, 3H), 0.71 (d, /= 6.8 Hz, 3H); *C NMR (100 MHz, CDCl;)
5 160.0, 133.7, 132.2 (minor), 131.1, 131.2, 127.6 (2C), 113.6 (2C), 101.3, 81.8
(minor), 81.7, 81.0, 73.2, 67.5, 66.9 (minor), 55.3, 36.9, 36.8 (minor), 35.6 (minor),
34.9, 31.4 (minor), 31.2, 19.9 (minor), 19.5, 18.7 (minor), 14.7, 14.5 (minor), 14.3,
12.5, 12.3 (minor); IR(neat) 3385, 2962, 2931, 2873, 1616, 1517, 1460, 1396, 1381,
1301, 1249, 1172,1107, 1074, 1031 cm™'; HRMS (EST*) calcd for C»1H3,0sNa [M+Na]*

387.2147, found 364.2177; [ a |p** = +81.3 (c = 0.50, CHCl;).
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Synthesis of silaketal 118

o To a solution of diol 117 (257 g, 0.705 mmol) in DMF (4 mL)

L
"’O/S‘i,-l;l:r was added Et;N (400 pL, 2.82 mmol), TBAI (351 mg, 0.918
mmol), and Pr,SiCl, (170 pL, 0.917 mmol) at 0 °C. After being
stirrer under an argon atmosphere for 10 min at room temperature, the reaction was
quenched H>O (5 mL) and extracted with EtOAc for 3 times. The combined organic
phase was dried over MgSO, and concentrated under reduced pressure. The resulting
residue was purified by column chromatography on silica gel eluted with hexane-EtOAc
(19/ 1) to give silaketal 118 (288 mg, 0.604 mmol, 86%) as a colorless oil.
118 (mixture of diastereomer: minor): 'H NMR (400 MHz, CDCl3) § 7.42 (d, /= 8.7
Hz, 2H), 6.88 (d, /= 9.2 Hz, 2H), 5.75 (d, /= 9.2 Hz, 1H), 5.68 (d, /= 9.6 Hz, 1H)
This peak has also small coupling, 5.54 (s, 1H : minor), 5.52 (s, 1H), 4.26 (d, /= 10.1
Hz, 1H), 4.18 (dd, /= 11.0, 4.6 Hz, 1H), 3.90 (dd, /= 11.0, 4.1 Hz, 1H), 3.80 (s, 3H),
3.65 (t, /= 10.5 Hz, 1H), 3.58 (dd, /= 7.8, 2.3 Hz, 1H), 3.54 (¢, /= 11.0 Hz, 1H), 2.81-
2.71 (m, 1H), 2.21-2.09 (m, 1H), 2.00-1.87 (m, 1H), 1.81 (d, /= 1.4 Hz, 3H), 1.11 (d,
J=6.9 Hz, 3H : minor), 1.06-0.99 (m, 13H), 0.97 (d, /= 6.9 Hz, 3H), 0.96-0.88 (m,
1H), 0.73 (d, /= 6.9 Hz, 3H), 0.71 (d, /= 6.9 Hz, 3H), 0.66 (d, ] = 6.9 Hz, 3H : minor);
13C NMR (100 MHz, CDCl3) § 160.0, 134.2, 132.6 (minor), 131.7 (minor), 131.4,
130.6, 127.6 (2C), 127.5 (minor), 113.7 (2C), 101.3, 82.9 (minor), 82.2, 81.7, 81.6
(minor), 73.3, 70.6, 70.4 (minor), 55.4, 37.4 (minor), 36.8, 34.9 (minor), 34.0, 31.2,

31.1 (minor), 19.5 (minor), 19.2 (minor), 19.1, 17.32 (minor), 17.28, 17.25, 16.8 (2C),

13.5, 13.0, 12.83 (minor), 12.78, 12.66, 12.4, 12.3 (minor); IR(neat) 2956, 2931, 2866,
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1616, 1517, 1463, 1381, 1301, 1249, 1107, 1076, 1031, 1010 cm™'; HRMS (FAB*) calcd

for Co7Hus05S1 [M+H]*477.3036, found 477.3021; [ @ |p23 = +101.1 (c = 1.05, CHCl,).

Synthesis of alcohol 119

To a solution of silaketal 118 (356 mg, 0.746 mmol) in Et,O

OH
“osi(Pr),Ph (7.5 mL) was added PhLi solution (1.10 M in

Cyclohexane/Et,O, 820 upL) at 0 °C under an argon
atmosphere. After being stirred for 10 min, the reaction was quenched with saturated
aqueous NH4Cl (5 mL). The reaction mixture was extracted with EtOAc for 3 times.
The combined organic phase was dried over MgSO4 and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel eluted with
hexane-Et,O (3/ 2) to give alcohol 119 (339 mg, 0.611 mmol, 82%) as a colorless oil.

119 (mixture of diastereomer: minor): 'H NMR (400 MHz, CDCl;) & 7.60-7.55 (m,
2H), 7.43-7.33 (m, 5H), 6.86 (d, /= 8.7 Hz, 2H), 5.50 (s, 1H), 5.31 (d, /= 10.1 Hz,
1H) This peak has also small coupling, 4.21 (d, /= 10.1 Hz, 1H), 4.15 (dd, /=11.5, 4.6
Hz, 1H), 3.79 (s, 3H), 3.59 (t, /= 5.5 Hz, 3H), 3.53 (t, /= 11.5 Hz, 3H), 2.83-2.73 (m,
1H), 2.18-2.04 (m, 1H), 1.88-1.76 (m, 2H), 1.70 (d, /= 1.4 Hz, 3H), 1.52-1.40 (m,
2H), 1.17 (d, /= 7.3 Hz, 3H), 1.16 (d, /= 7.3 Hz, 3H), 1.10 (d, /= 7.3 Hz, 3H), 1.09
(d, /= 7.8 Hz, 3H), 0.98 (d, /= 6.9 Hz, 3H), 0.95 (d, /= 7.3 Hz, 3H), 0.61 (d, /= 6.9
Hz, 3H); *C NMR (100 MHz, CDCls) § 160.0, 135.1 (2C), 134.9, 134.3, 131.5, 131.3,
129.6, 127.8 (2C), 127.6 (2C), 113.7 (2C), 101.3, 81.5, 80.6, 73.3, 65.4, 55.4, 39.6,
35.8,31.2,19.3,18.2, 18.1 (2C), 18.0, 16.7, 15.0, 13.6, 13.5, 12.4; IR(neat) 3442, 2960,

2931, 2866, 1616, 1517, 1462, 1427, 1381, 1301, 1249, 1170, 1109, 1076, 1033 cm™;
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HRMS (ESI*) caled for Cs33Hs005SiNa [M+Na]* 577.3325, found 577.3327; [ a |p® =

+41.6 (c = 0.88, CHCl;).

Synthesis of alcohol 120

To a solution of alcohol 119 (339 mg, 0.611 mmol) in CH,Cl,

OH
(6 mL) was added Dess-Martin periodinane (388 mg, 0.917

""0Ssi(Pr),Ph
mmol) at 0 °C. After being stirred under an argon
atmosphere at room temperature for 20 min, the reaction mixture was purified by
column chromatography on silica gel eluted with hexane-EtOAc (4/ 1) to give aldehyde
(339 mg, 0.611 mmol, quant.) as a colotless oil. To a solution of aldehyde (339 mg) in
Et;O (7 mL) was added MeLi (1.10 M in Et,O, 700 pL, 0.770 mmol) at -78 °C under
an argon atmosphere. After being stirred for 10 min and quenched with saturated
aqueous NH4Cl (5 mL). The reaction mixture was extracted with EtOAc for 3 times.
The combined organic phase was dried over MgSO, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel eluted with
hexane-EtOAc (3/ 1) to give alcohol 120 (292 mg, 0.514 mmol, 84%, 2 steps) with a
diastereomeric ratio of 3:2 as a colorless oil.
120 (Mixture of diastereomer): 'H NMR (400 MHz, CDCl;) § 7.60-7.55 (m, 2H), 7.45-
7.34 (m, 5H), 6.86 (d, /= 8.6 Hz, 2H), 5.51 (s, 1H : major), 5.50 (s, 1H : minor), 5.37
(d, /= 10.0 Hz, 1H : minor) This peak has also small coupling, 5.15 (d, /= 10.0 Hz,
1H : major) This peak has also small coupling, 4.22 (d, /= 10.4 Hz, 1H), 4.20-4.11 (m,
1H : major), 4.20-4.11 (m, 2H : minor), 3.79 (s, 3H), 3.76-3.66 (m, 2H : minor), 3.58-

3.48 (m, 2H : major), 3.58-3.48 (m, 1H : minor), 2.94 (d, /= 0.9 Hz, 1H : major), 2.93-
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2.85 (m, 1H : major), 2.85-2.74 (m, 1H : minor), 2.33 (d, /= 3.2 Hz, 1H : minor), 2.19-
2.04 (m, 1H), 1.70 (d, /= 0.9 Hz, 3H), 1.71-1.63 (m, 1H : major), 1.57-1.40 (m, 1H :
major), 1.57-1.40 (m, 2H : minor), 1.22 (d, /= 7.7 Hz, 3H : major), 1.17 (d, /= 6.8 Hz,
3H : minor), 1.13-1.07 (m, 6H), 1.05 (d, /= 6.8 Hz, 3H : major), 1.03 (d, /= 5.9 Hz,
3H : minor), 0.99 (d, /= 6.8 Hz, 3H : minor), 0.98 (d, /= 7.3 Hz, 3H : major), 0.92 (d,
J= 6.8 Hz, 3H : major), 0.78 (d, /= 7.3 Hz, 3H : minor), 0.62 (d, /= 6.8 Hz, 3H :
major), 0.61 (d, /= 6.8 Hz, 3H : minor); *C NMR (100 MHz, CDCl;) & 160.0, 135.2,
135.1, 134.7, 134.4, 133.6, 131.7, 131.37, 131.34, 131.31, 129.8, 129.6, 127.9, 127.8,
127.6, 127.5, 113.7, 101.3, 101.2, 83.2, 81.5, 81.3, 80.5, 73.3, 73.2, 69.9, 66.3, 55.4,
45.7,41.1, 36.5, 36.1, 31.3, 31.1, 21.0, 20.9, 19.2, 18.4, 18.22, 18.16, 18.10, 18.03, 16.8,
14.2, 13.9, 13.6, 13.5, 13.4, 12.5, 12.3, 10.7; IR(neat) 3489, 2964, 2868, 1616, 1589,
1517, 1462, 1427, 1381, 1301, 1249, 1170, 1109, 1076, 1033 cm™'; HRMS (FAB*) calcd

for C34Hs305S1 [M+H]* 569.3662, found 569.3655; [ a [p* = +36.0 (c = 0.40, CHCl;).

Synthesis of diol 121

To a solution of alcohol 120 (diastereomixtures, 292 mg,

OH
“osi(pr,pn 0-514 mmol) in CH.Cl; (7 mL) was added DIBAH (1.0

HO M in hexane, 4.0 mL, 4.08 mmol) at -40 °C under an
argon atmosphere. The reaction temperature was gradually raised to 0 °C. After stirring
for 1 h, the reaction mixture was quenched with H,O (400 pL). The reaction mixture
was added hexane (10 mL) at 0 °C and stirred vigorously for 30 min. The precipitate

was filtered off through celite pad with EtOAc and concentrated under reduced

pressure. The residue was purified by column chromatography on silica gel eluted with
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hexane-EtOAc (2/ 1) to give diol 121 (281 mg, 0.493 mmol, 96%) with a diastereomeric
ratio of 3:2 as a colorless oil. The mixture of diastereomer was separated by HPLC using
PEGASIL Silica SP100 (Senshu chem. Co.) column.

121 (Mixture of diastereomer): 'H NMR (400 MHz, CDCl;) § 7.61-7.55 (m, 2H), 7.44-
7.33 (m, 3H), 7.24-7.18 (m, 2H), 6.86 (d, /= 9.1 Hz, 2H), 5.49 (d, /= 10.4 Hz, 1H :
minor) This peak has also small coupling, 5.40 (d, /= 10.4 Hz, 1H : major) This peak
has also small coupling, 4.36 (dd, /= 10.9, 9.1 Hz, 1H), 4.14-4.07 (m, 1H : minor), 4.11
(d, /=10.9 Hz, 1H), 4.06 (dd, /= 14.0, 10.0 Hz, 1H), 3.80 (s, 3H), 3.68-3.52 (m, 3H),
3.24 (dd, /= 8.2, 3.2 Hz, 1H : major), 3.21-3.13 (m, 1H : minor), 2.80-2.60 (m, 1H),
2.39 (brs, 1H : minor), 2.04-1.93 (m, 1H : major), 1.95 (d, /= 3.6 Hz, 1H : minor),
1.69-1.62 (m, 1H : major), 1.62 (d, /= 1.4 Hz, 3H : minor), 1.60 (s, 3H : major), 1.56-
1.39 (m, 3H), 1.24-1.15 (m, 6H), 1.13-1.08 (m, 6H), 1.07-1.01 (m, 3H), 1.01-0.96 (m,
3H), 0.84 (d, /= 6.8 Hz, 3H : major), 0.72 (d, /= 6.8 Hz, 3H ; minor), 0.60-0.56 (m,
3H); *C NMR (100 MHz, CDCls) § 159.4, 136.9, 136.5, 135.13, 135.05, 134.4, 134.0,
130.9,130.47, 130.45, 130.3, 129.7, 129.6, 129.44, 129.40, 127.9, 127.8, 114.04, 114.01,
82.9,81.9,81.0,79.9, 69.9, 69.6, 68.7, 68.4, 66.2,55.4,45.7,42.5, 37.5, 35.1, 34.6, 21.4,
20.5, 18.34, 18.26, 18.16, 18.14, 18.10, 18.03, 15.8, 15.3, 13.9, 13.8, 13.68, 13.64, 13.54,
13.48, 9.9; IR(neat) 3441, 2964, 2943, 2866, 1612, 1514, 1463, 1456, 1377, 1301, 1247,
1172, 1109, 1083, 1033 cm'; HRMS (FAB*) calcd for C54Hs505Si [M+H]*+ 571.3819,
found 571.3846; [ a |p®2 = -14.7 (c = 0.38, CHCl;).

121 (major isomer): 'H NMR (400 MHz, CDCl3) § 7.61-7.55 (m, 2H), 7.44-7.33 (m,
3H), 7.22 (d, /= 8.6 Hz, 2H), 6.87 (d, /= 8.6 Hz, 2H), 5.49 (d, /= 10.4 Hz, 1H) This

peak has also small coupling, 4.37 (d, /= 11.3 Hz, 1H), 4.09 (dd, /= 13.1, 10.0 Hz,
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1H), 3.80 (s, 3H), 3.68-3.55 (m, 4H), 3.16 (brs, 1H), 2.71-2.58 (m, 1H), 2.38 (brs, 1H),
2.02-1.92 (m, 1H), 1.71-1.61 (m, 1H), 1.60 (d, /= 1.4 Hz, 3H), 1.50-1.39 (m, 2H),
1.19 (d, /= 6.3 Hz, 3H), 1.17 (d, /= 6.3 Hz, 3H), 1.10 (d, /= 7.3 Hz, 6H), 1.03 (d, J
= 6.8 Hz, 3H), 1.00 (d, /= 5.9 Hz, 3H), 0.72 (d, /= 7.3 Hz, 3H), 0.58 (d, /= 7.3 Hz,
3H)

121 (minor isomer): '"H NMR (400 MHz, CDCls) § 7.61-7.55 (m, 2H), 7.44-7.33 (m,
3H), 7.21 (d, /= 8.6 Hz, 2H), 6.86 (d, /= 9.1 Hz, 2H), 5.39 (d, /= 10.4 Hz, 1H) This
peak has also small coupling, 4.35 (d, /= 10.9 Hz, 1H), 4.14-4.07 (m, 1H), 4.11 (d, /=
10.9 Hz, 1H), 4.04 (d, /= 9.5 Hz, 1H), 3.80 (s, 3H), 3.65-3.55 (m, 2H), 3.53 (dd, /=
5.9,4.1 Hz, 1H), 3.24 (dd, /= 8.2, 3.2 Hz, 1H), 2.76-2.66 (m, 1H), 2.04-1.93 (m, 1H),
1.95 (d, /= 3.6 Hz, 1H), 1.62 (d, /= 1.4 Hz, 3H), 1.56-1.42 (m, 3H), 1.22 (d, /= 7.7
Hz, 3H), 1.19 (d, /= 7.7 Hz, 3H), 1.10 (d, /= 7.7 Hz, 3H), 1.08 (d, /= 7.7 Hz, 3H),
1.05 (d, /= 6.3 Hz, 3H), 0.72 (d, /= 6.8 Hz, 3H), 0.84 (d, /= 6.8 Hz, 3H), 0.57 (d, /

= 7.3 Hz, 3H)

Synthesis of ketoaldehyde 122

To a solution of diol 121 (147 mg, 0.257 mmol) in CH.Cl,
(@]

PMBO " 0Si(Pr),Ph (5 mL) was added Dess-Martin periondinane (335 mg,
OHC.__~
0.790 mmol) at room temperature. After being stirred
under an argon atmosphere for 20 min, the reaction mixture was purified by column

chromatography on silica gel eluted with hexane-EtOAc (4/ 1) to give ketoaldehyde 22

(146 mg, 0.257 mmol, quant.) as a colorless oil.
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122: '"H NMR (400 MHz, CDCl3) § 9.64 (d, /= 3.2 Hz, 1H), 7.65-7.58 (m, 2H), 7.39-
7.33 (m, 3H), 7.15 (d, /= 8.6 Hz, 2H), 6.84 (d, /= 9.1 Hz, 2H), 5.55 (d, /= 10.0 Hz,
1H), 4.33 (d, /= 11.3 Hz, 1H), 4.20 (d, /= 10.4 Hz, 1H), 4.05 (d, /= 11.3 Hz, 1H),
3.85 (dd, /= 8.6, 1.8 Hz, 1H), 3.79 (s, 3H), 2.80 (quint. /= 7.3 Hz, 1H), 2.57-2.45 (m,
2H), 2.07 (s, 3H), 1.62 (d, /= 1.4 Hz, 3H), 1.47 (quint., /= 7.3 Hz, 1H), 1.32 (quint.,
J=17.7Hz, 1H), 1.20 (d, /= 7.3 Hz, 3H), 1.13 (d, /= 7.7 Hz, 3H), 1.10 (d, /= 7.3 Hz,
3H), 1.02 (d, /= 7.3 Hz, 3H), 1.00 (d, /= 8.2 Hz, 3H), 0.88 (d, /= 7.3 Hz, 3H), 0.52
(d, /= 7.3 Hz, 3H); *C NMR (100 MHz, CDCl;) § 211.3, 204.7, 159.2, 136.8, 135.2
(2C), 134.1,130.2,129.45, 129.41, 129.3 (2C), 127.6 (2C), 113.8 (2C), 76.8 (2C), 69.5,
55.3,51.4, 48.3, 33.3, 30.4, 18.3, 18.2 (2C), 18.0 (2C), 13.85, 13.79, 13.68, 13.5, 10.6;
IR (neat) 2964, 2943, 2866, 1716, 1612, 1587, 1514, 1456, 1427, 1377, 1301, 1247, 1174,
1109, 1064, 1033 cm'; HRMS (FAB*) calcd for C33H505S1 [M+H]* 567.3506, found

567.3517; [ a ]p*® = -5.11 (c = 2.14, CHCl;).

Synthesis of ester 123

o To a solution of ketoaldehyde 122 (253 mg, 0.446

“108i(Pr),Ph mmol) in CH,Cl, (5 mL) was added
Ph;P=CHCO:Me (192 mg, 0.535 mmol) at room

temperature. After being stirred under an argon atmosphere for 18 h, the reaction

mixture was purified by column chromatography on silica gel eluted with hexane-

EtOAc (9/ 1) to give ester 123 (239 mg, 0.384 mmol, 86%) as a colorless oil.

123: '"H NMR (400 MHz, CDCl;) § 7.64-7.58 (m, 2H), 7.39-7.23 (m, 3H), 7.17 (d, /=

8.6 Hz, 2H), 6.99 (dd, /= 15.9, 7.7 Hz, 1H), 6.84 (d, /= 8.6 Hz, 2H), 5.80 (dd, /=
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15.9, 0.9 Hz, 1H), 5.49 (d, /= 10.0 Hz, 1H), 4.32 (d, /= 11.3 Hz, 1H), 4.03 (dd, /=
11.8 Hz, 1H), 3.86 (dd, /= 8.6, 1.8 Hz, 1H), 3.79 (s, 3H), 3.70 (s, 3H), 3.78 (d, /= 8.6
Hz, 1H), 3.74 (s, 3H), 2.79 (quint, /= 6.8 Hz, 1H), 2.52-2.38 (m, 2H), 2.05 (s, 3H),
1.53 (d, /= 1.4 Hz, 3H), 1.46 (quint, /= 7.7 Hz, 1H), 1.32 (quint, /= 7.3 Hz, 1H),
1.19 (d, /= 7.3 Hz, 3H), 1.12 (d, /= 7.3 Hz, 3H), 1.09 (d, /= 7.7 Hz, 3H), 1.01 (d, J
= 7.3 Hz, 3H), 0.99 (d, /= 6.8 Hz, 3H), 0.85 (d, /= 6.8 Hz, 3H), 0.57 (d, /= 6.8 Hz,
3H); *C NMR (100 MHz, CDCl;) § 211.4, 167.3, 159.1, 153.0, 136.0, 135.2 (2C),
134.2,130.8, 130.6, 129.4, 129.2 (2C), 127.6 (2C), 120.4, 113.7 (2C), 79.5, 76.9, 69.5,
55.3, 51.5 (2C), 39.0, 33.3, 30.4, 18.3, 18.2 (3C), 18.0, 15.9, 13.9, 13.8, 13.7, 13.5;
IR(neat) 2964, 2945, 2866, 1722, 1714, 1660, 1651, 1614, 1587, 1514, 1456, 1429, 1377,
1301, 1274, 1247, 1172, 1109, 1064, 1033 cm'; HRMS (ESI*) calcd for Cs;Hs5404SiNa

[M+Nal* 645.3587, found 645.3558; [ a |p** = +10.4 (c = 0.53, CHCl;).

Synthesis of alcohol 124

To a solution of ester 123 (96.1 mg, 0.154 mmol)

“'OH
“osi(pr,pn 1N MeOH (3 mL) was added NaBH, (24.0 mg,

0.634 mmol) at -78 °C. The reaction temperature
was gradually raised to -30 °C. After stirring under an argon atmosphere for 2 h, the
reaction mixture was quenched with saturated aqueous NH4Cl (3 mL). The reaction
mixture was extracted with EtOAc for 3 times. The combined organic phase was dried
over MgSO, and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel eluted with hexane-EtOAc (4/ 1) to give alcohol

124 (86.0 mg, 0.138 mmol, 90%) with a diastereomeric ratio of 16:1 as a colorless oil.
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124: '"H NMR (400 MHz, CDCls) § 7.59-7.54 (m, 2H), 7.41-7.33 (m, 3H), 7.18 (d, /=
8.7 Hz, 2H), 7.04 (dd, /= 15.6, 7.8 Hz, 1H), 6.85 (d, /= 8.7 Hz, 2H), 5.83 (dd, /=
16.0, 0.9 Hz, 1H), 5.49 (d, /= 10.5 Hz, 1H), 4.35 (d, /= 11.5 Hz, 1H), 4.07 (d, /=
11.5 Hz, 1H), 3.90 (d, /= 9.6 Hz, 1H), 3.80 (s, 3H), 3.75 (s, 3H), 3.69-3.62 (m, 1H),
3.61 (dd, /= 6.4, 2.8 Hz, 1H), 2.64-2.48 (m, 2H), 2.26 (d, /= 2.8 Hz, 1H), 1.70-1.60
(m, 1H), 1.56 (d, /= 1.4 Hz, 3H), 1.50-1.40 (m, 2H), 1.19 (d, /= 7.3 Hz, 3H), 1.17 (d,
J=7.3Hz, 3H), 1.10 (d, /= 7.3 Hz, 6H), 1.01 (d, /= 6.4 Hz, 3H), 1.00 (d, /= 6.4 Hz,
3H), 0.76 (d, /= 6.9 Hz, 3H), 0.74 (d, /= 7.3 Hz, 3H); *C NMR (100 MHz, CDCl;) §
167.4, 159.1, 153.2, 137.0, 135.0 (2C), 134.4, 130.7, 130.5, 129.6, 129.2 (2C), 127.8
(20), 120.5, 113.7 (2C), 79.9, 79.3, 69.6 (2C), 55.3, 51.5, 45.6, 39.2, 35.1, 20.5, 18.2,
18.1 (3C), 18.0, 15.9, 15.4, 13.7, 13.5, 13.4; IR(neat) 3500, 2964, 2945, 2866, 1724,
1651, 1612, 1587, 1514, 1456, 1429, 1377, 1301, 1276, 1247, 1172, 1109, 1066, 1033
cm™'; HRMS (FAB™) caled for Cs:Hs706S1 [M+H]* 625.3924, found 625.3899; [ a |p?

= +2.63 (c = 0.99, CHCl3).

Synthesis of acetonide 125

° To a solution of alcohol 124 (9.4 mg, 0.0150 mmol) in
"’O/% THF (1.5 mL) was added TBAF (1.0 M in THF, 25 pL,
0.0250 mmol) at 0 °C under an argon atmosphere.

After being stirred at room temperature for 10 min. The reaction mixture was quenched
with saturated aqueous NH,Cl (1 mL) and extracted with EtOAc for 3 times. The
combined organic phase was dried over MgSO,4 and concentrated under reduced

pressure. The residue was purified by column chromatography on silica gel eluted with
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hexane-EtOAc (1/ 4) to give diol (6.5 mg, 0.0150 mmol, quant.) as a colorless oil. To a
solution of diol (6.5 mg, 0.0150 mmol) in CH.Cl, (1.5 ml) was added 2,2-
dimethoxypropane (10 ul, 0.0750 mmol) and PPTS (2.0 mg, 7.80 pmol) at room
temperature. After being stirred at 40 °C under an argon atmosphere for 30 min, the
reaction mixture was concentrated under reduced pressure. The residue was purified
by column chromatography on silica gel eluted with hexane-EtOAc (9/ 1) to give
acetonide 125 (5.2 mg, 0.0110 mmol, 73%) as a colorless oil.

125: '"H NMR (400 MHz, CDCl;) § 7.21 (d, /= 8.6 Hz, 2H), 7.08 (dd, /= 16.1, 7.5 Hz,
1H), 6.86 (d, /= 9.1 Hz, 2H), 5.88 (dd, /= 15.9, 1.4 Hz, 1H), 5.67 (dd, /= 10.4, 0.9
Hz, 1H), 4.42 (d, /= 11.3 Hz, 1H), 4.13 (d, /= 11.8 Hz, 1H), 3.93 (d, /= 9.5 Hz, 1H),
3.80 (s, 3H), 3.76 (s, 3H), 3.58-3.49 (m,, 1H), 3.28 (dd, /= 10.4, 2.3 Hz, 1H), 2.67-
2.53 (m, 2H), 1.67 (d, /= 1.4 Hz, 3H), 1.37 (s, 3H), 1.36 (s, 3H), 1.35-1.28 (m, 1H),
1.17 (d, /= 6.3 Hz, 3H), 0.95 (d, /= 6.8 Hz, 3H), 0.91 (d, /= 7.3 Hz, 3H), 0.66 (d, /
= 6.3 Hz, 3H); *C NMR (100 MHz, CDCls) § 167.4, 159.2, 153.2, 136.4, 130.7, 130.2,
129.2 (2C), 120.6, 113.8 (2C), 97.9, 79.3, 77.4, 70.7, 69.5, 55.4, 51.6, 39.1, 37.7, 31.7,

30.2, 20.0, 19.7, 17.9, 16.2, 13.6, 12.2.

Synthesis of allyl ester 126

., pSiPh’Pr2 To a solution of alcohol 124 (87.3 mg, 0.140 mmol) in allyl alcohol
HO! (3mL) was added K.CO; (194 g, 1.41 mmol) at room temperature.

The reaction mixture was gently heated at 30 °C for 14 h under an

AllylO argon atmosphere and then quenched with saturated aqueous

NH,CI (3 mL). The reaction mixture was extracted with EtOAc for
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3 times. The combined organic phase was dried over MgSO, and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel
eluted with hexane-EtOAc (4/ 1) to give allyl ester 126 (82.7 g, 0.127 mmol, 91%) as a
colorless oil.

126: '"H NMR (400 MHz, CDCl;) § 7.58-7.53 (m, 2H), 7.39-7.33 (m, 3H), 7.17 (d, /=
8.7 Hz, 2H), 7.07 (dd, /= 16.0, 7.8 Hz, 1H), 6.83 (d, /= 8.7 Hz, 2H), 6.01-5.91 (m,
1H), 5.84 (dd, /= 16.0, 0.9 Hz, 1H), 5.48 (d, /= 9.6 Hz, 1H), 5.34 (dq, /= 17.4, 1.8
Hz, 1H), 5.24 (dd, /= 10.5, 1.4 Hz, 1H), 4.65 (dt, /= 5.5, 1.4 Hz, 2H), 4.34 (d, /=
11.9 Hz, 1H), 4.06 (d, /= 11.5 Hz, 1H), 3.88 (d, /= 9.6 Hz, 1H), 3.78 (s, 3H), 3.67-
3.60 (m, 1H), 3.60 (dd, /= 6.4, 2.8 Hz, 1H), 2.62-2.47 (m, 2H), 2.24 (d, /= 2.7 Hz,
1H), 1.68-1.59 (m, 1H), 1.56 (d, /= 1.4 Hz, 3H), 1.49-1.37 (m, 2H), 1.17 (d, /= 7.8
Hz, 3H), 1.16 (d, /= 7.3 Hz, 3H), 1.08 (d, /= 7.8 Hz, 6H), 1.00 (d, /= 6.9 Hz, 3H),
0.99 (d, /= 6.0 Hz, 3H), 0.75 (d, /= 7.3 Hz, 3H), 0.69 (d, /= 7.3 Hz, 3H); *C NMR
(100 MHz, CDCls) §166.5,159.2, 153.4,137.0, 135.0 (2C), 134.4, 132.6, 130.7, 130.5,
129.6, 129.2 (2C), 127.8 (2C), 120.6, 118.0, 113.8 (2C), 80.0, 79.4, 69.6 (2C), 65.0,
55.4, 45.6, 39.2, 35.2, 20.5, 18.2, 18.09 (2C), 18.05, 18.01, 15.9, 15.4, 13.7, 13.51,
13.46; IR(neat) 3473, 2964, 2943, 2866, 1714, 1651, 1614, 1587, 1514, 1454, 1427,
1379, 1301, 1276, 1247, 1172, 1109, 1066, 1028 cm?; HRMS (FAB*) calcd for

Cs0Hs006Si [M+H]* 651.4081, found 651.4092; [ a |p** = +3.53 (¢ = 1.00, CHCl;).
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Synthesis of ester 127

-
-

?OSiPh’Prz To a solution of allyl ester 126 (82.7 mg, 0.127 mmol), Alloc-

O

o) —"’/ S \
PMBO!
Ph NMeAlloc

L-N-Me-Phe-OH (125 mg, 0.474 mmol) in CH,Cl, (2 mL)

was added EDC-HCI (78.0 mg, 0.407 mmol), DIPEA (200

Allylo pL, 1.14 mmol) and DMAP (17.8 mg, 0.146 mmol) at room

O

temperature. After being stirred under an argon atmosphere for 30 min, the reaction
mixture was quenched with H,O (2 mL). The reaction mixture was extracted with
EtOAc for 3 times. The combined organic phase was dried over MgSO, and
concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel eluted with hexane-Acetone (9/ 1) to give ester 127 (114
mg, 0.127 mmol, quant., mixture of rotamers) as a colorless oil.

127 (Mixture of rotamers): 'H NMR (400 MHz, CDCls) § 7.59-7.53 (m, 2H), 7.39-7.14
(m, 10H), 7.05 (dd, /= 16.0, 7.3 Hz, 1H), 6.84 (d, /= 8.7 Hz, 2H), 6.03-5.73 (m, 3H),
5.55 (d, /=10.5 Hz, 1H), 5.35 (d, /= 16.9, 1H) This peak has also small coupling, 5.25
(d, /= 10.1 Hz, 1H), 5.23-5.05 (m, 3H), 4.98 (dd, /= 10.1, 6.0 Hz) and 4.73 (dd, /=
10.1, 5.5 Hz, 1H) «a -proton of amino acid rotamers, 4.66 (d, /= 5.5 Hz, 2H), 4.60-4.46
(m, 2H), 4.36 (d, /= 11.5 Hz, 1H), 4.06 (d, /= 11.5 Hz, 1H), 3.82 (d, /= 9.2 Hz, 1H),
3.79 (s, 3H), 3.37-3.23 (m, 2H), 2.99 (dd, /= 14.7, 11.0 Hz, 1H), 2.82 and 2.80 (s, 3H,
NMe rotamers), 2.58-2.44 (m, 2H), 1.90-1.80 (m, 1H), 1.64 (s, 3H), 1.63-1.43 (m, 2H),
1.24 (d, J= 7.8 Hz, 3H), 1.20 (d, /= 7.3 Hz, 3H), 1.10 (d, /= 7.8 Hz, 3H), 1.07 (d, J
=7.3,3H), 0.98 (d, /= 6,4 Hz, 3H), 0.82-0.73 (m, 3H), 0.68-0.61 (m, 6H); *C NMR
(100 MHz, CDCl;) & 170.1, 169.9, 166.4, 159.2, 156.5, 155.9, 153.08, 153.03, 137.33,

137.28, 136.65, 136.59, 135.1, 133.91, 133.87, 133.0, 132.7, 132.5, 130.86, 130.79,
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130.5, 129.6, 129.2, 128.99, 128.94, 128.66, 128.58, 127.8, 126.83, 126.73, 129.0, 120.6,
118.1, 117.5, 117.1, 113.8, 79.4, 77.4, 77.2, 72.72, 72.65, 69.6, 66.3, 66.2, 65.0, 60.8,
60.1, 55.4, 42.39, 42.35, 39.1, 35.4, 35.1, 33.5, 32.1, 31.4, 18.3, 18.2, 18.1, 18.0, 16.1,
14.45, 14.36, 14.27, 14.19, 13.7, 10.4 ; IR(neat) 2964, 2945, 2868, 1714, 1651, 1612,
1587, 1514, 1454, 1427, 1379, 1309, 1247, 1174, 1145, 1109, 1083, 1068, 1033 cm™};
HRMS (ESI*) calcd for Cs3H73sNOoSiNa [M+Na]+ 918.4952, found 918.4939; [ a |p?' =

-9.65 (¢ = 2.00, CHCl;).

Synthesis of alcohol 128

= O To a solution of ester 127 (114 mg, 0.127 mmol, mixture of
o— \
o) P rotamers) in THF (2 mL) was added TBAF (1.0 M in THF,
PMBO!-
Ph NMeAlloc 260 pL, 0.260 mmol) at 0 °C under an argon atmosphere.

After being stirred for 1 h, the reaction mixture was quenched
with saturated aqueous NH4Cl (3 mL). The reaction mixture was extracted with EtOAc
for 3 times. The combined organic phase was dried over MgSO, and concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel
eluted with hexane-EtOAc (3/ 1) to give alcohol 128 (63.7 mg, 0.0902 mmol, 71%,
mixture of rotamers) as a colorless oil.

128 (Mixture of rotamers): 'H NMR (400 MHz, CDCls) & 7.32-7.16 (m, 7H), 7.10 (dd,
J=15.6, 7.8 Hz, 1H), 6.85 (d, /= 8.7 Hz, 2H), 6.04-5.74 (m, 3H), 5.65 (dd, /= 10.1,
3.7 Hz, 1H), 5.39-5.13 (m, 5H), 4.95 (dd, /= 10.5, 6.0 Hz) and 4.75 (dd, /= 10.1, 5.5
Hz, 1H) a -proton of amino acid rotamers, 4.68 (d, /= 5.5 Hz, 2H), 4.58-4.40 (m, 3H),

4.12 (d, /= 11.9 Hz, 1H), 3.88 (d, /= 9.6 Hz, 1H), 3.80 (s, 3H), 3.33 (td, /= 14.7, 5.5
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Hz, 1H), 3.18-3.10 (m, 1H), 3.06-2.96 (m, 1H), 2.83 and 2.81 (s, 3H, NMe rotamers),
2.68-2.58 (m, 1H), 2.58-2.48 (m, 1H), 1.87-1.76 (m, 1H), 1.70 (s, 3H), 1.53 (d, /= 6.9
Hz) and 1.44 (d, /= 6.4 Hz, 1H, OH rotamers), 1.13-1.07 (m, 3H), 0.92 (d, /= 6.4 Hz,
3H), 0.89 (d, /= 6.9 Hz, 3H), 0.66 (d, /= 6.9 Hz, 3H); *C NMR (100 MHz, CDCl;) §
170.5, 170.3,166.4, 159.2, 156.6, 155.9, 153.0, 152.9, 137.2, 135.6, 135.4, 132.9, 132.7,
132.5,132.1, 131.8, 130.5, 129.2, 128.9, 128.7, 128.6, 126.9, 126.8, 120.8, 118.1, 117.5,
117.1, 113.8, 79.3, 76.8, 76.6, 72.8, 69.5, 66.4, 66.2, 65.0, 61.0, 60.5, 55.4, 40.0, 39.9,
39.0, 35.4, 35.0, 33.0, 32.9, 32.2, 31.7, 18.0, 16.1, 14.0, 13.7, 12.6, 12.5, 10.5, 10.2;
IR(neat) 3479, 2964, 2931, 2875, 1714, 1699, 1651, 1614, 1585, 1514, 1454, 1398, 1379,
1301, 1274, 1247, 1174, 1068, 1035 cm™'; HRMS (ESI*) calcd for C4HssNOsSiNa

[M+Na]l* 706.3955, found 706.3797; [ a |p?%2 = +4.23 (¢ = 0.53, MeOH).

Synthesis of acetate 129

=, :\OAC To a solution of alcohol 128 (54.0 mg, 0.0765 mmol) in

0]

o) —"’/ S: \
PMBO!
Ph NMeAlloc

CICH,CH:CI (2 mL) was added Ac,O (20 pL, 0.212 mmol),

DIPEA (60 pL, 0.361 mmol), and DMAP (6.5 mg, 0.0532

Allylo mmol) at room temperature. After being stirred under an

o)

argon atmosphere for 1.5 h, the reaction mixture was quenched with saturated aqueous
NaHCOs; (2 mL). The reaction mixture was extracted with EtOAc for 3 times. The
combined organic phase was dried over MgSO4 and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel eluted with
hexane-EtOAc (4/ 1) to give acetate 129 (53.2 mg, 0.0711 mmol, 93%, mixture of

rotamers) as a colorless oil.
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129 (Mixture of rotamers): 'H NMR (400 MHz, CDCl;) & 7.32-7.25 (m, 7H), 7.11 (dd,
J=16.0, 7.3 Hz, 1H), 6.85 (d, /= 8.7 Hz, 2H), 6.04-5.74 (m, 3H), 5.36 (dq, /= 17.4,
1.4 Hz, 1H), 5.30-5.33 (m, 2H), 5.23-5.13 (m, 2H), 4.97-4.86 (m, 1H), 4.91 and 4.73
(m, 1H, a -proton of amino acid rotamers), 4.68 (d, /= 5.5 Hz, 2H) This peak has also
small coupling, 4.60 (d, /= 10.1, 1.8 Hz, 1H), 4.57-4.40 (m, 3H), 4.11 (d, /= 11.5 Hz,
1H), 3.85 (d, /= 9.2 Hz, 1H), 3.80 (s, 3H), 3.32 (td, /= 15.6, 5.0 Hz, 1H), 3.06-2.95
(m, 1H), 2.83 and 2.80 (s, 3H, NMe rotamers), 2.68-2.56 (m, 2H), 2.113 and 2.105 (s,
3H, OAc rotamers), 2.04-1.90 (m, 1H), 1.65 (d, /= 0.9 Hz, 3H), 1.06 (d, /= 6.4 Hz,
3H), 0.96 (d, /= 6.9 Hz, 3H), 0.95 (d, /= 7.3 Hz, 3H), 0.71 (d, /= 6.9 Hz, 3H); 1*C
NMR (100 MHz, CDCl;) § 170.6, 170.3, 170.1, 166.5, 159.2, 156.5, 155.9, 153.06,
152.99, 133.9, 133.8, 132.9, 132.7, 132.58, 132.52, 130.4, 129.1, 129.0, 128.69, 128.61,
126.9, 126.8, 120.8, 118.1, 117.5, 117.2, 113.8, 79.4, 77.0, 76.9, 71.7, 71.6, 69.5, 66.4,
66.2, 65.0, 60.9, 60.5, 55.4, 39.2, 38.4, 38.3, 35.4, 35.1, 32.2, 31.7, 21.0, 18.3, 16.2, 14.0,
13.8, 10.3; IR(neat) 2972, 2937, 2879, 1714, 1695, 1651, 1614, 1585, 1514, 1454, 1373,
1311, 1238, 1174, 1060, 1033 cm™'; HRMS (ESI*) caled for C4sHs:NO1,SiNa [M+Na]*

770.3880, found 770.3909; [ a |p*® = +9.43 (c = 2.15, MeOH).

Synthesis of alcohol 130

. OAc To a solution of acetate 129 (59.2 mg, 0.0792 mmol) in
o— 2} CH.Cl, (1.9 mL) was added buffer (pH7, 0.1 mL) and DDQ
o :
j HO (53.2 mg, 0.234 mmol) at 0 °C. After being stirred under an
Ph NMeAlloc

argon atmosphere for 30 min at room temperature, the

reaction mixture was quenched with saturated aqueous
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NaHCO; (2 mL). The reaction mixture was extracted with EtOAc for 3 times. The
combined organic phase was dried over MgSO, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel eluted with
hexane-Et,O (4/ 1) to give alcohol 130 (48.4 mg, 0.0771 mmol, 98%, mixture of
rotamers) as a colorless oil.

130 (Mixture of rotamers): '"H NMR (400 MHz, CDCl;) § 7.32-7.15 (m, 5H), 7.04 (dd,
J=15.6, 8.2 Hz, 1H), 6.01-5.72 (m, 3H), 5.35 (d, /= 17.4 Hz, 1H) This peak has also
small coupling, 5.25 (d, /= 10.1 Hz, 1H) This peak has also small coupling, 5.23-5.10
(m, 3H), 5.03-4.91 (m, 1H), 4.99 and 4.76 (m, 1H, « -proton of amino acid rotamers),
4.71-4.40 (m, 5H), 4.23-4.16 (m, 1H), 3.38-3.27 (m, 1H), 3.06-2.95 (m, 1H), 2.95-
2.86 (m, 1H), 2.84 and 2.81 (s, 3H, NMe rotamers), 2.61-2.50 (m, 1H), 2.10 and 2.09
(s, 3H, OAc rotamers), 2.07-1.97 (m, 1H), 1.91 (dd, /= 10.1, 2.8 Hz, 1H), 1.69 (s, 3H),
1.13 (d, /= 6.4 Hz, 3H), 0.98 (d, /= 6.9 Hz, 3H), 0.94 (d, /= 6.9 Hz, 3H), 0.88-0.83
(m, 3H); *C NMR (100 MHz, CDCl;) § 170.8, 170.3, 170.2, 166.2, 156.5, 155.9, 152.0,
151.9,137.2,135.2,135.1,132.9,132.7, 132.3, 131.9, 131.8, 129.0, 128.7, 128.6, 126.9,
126.8, 122.0, 121.9, 118.4, 117.6, 117.2, 77.6, 77.5, 77.4, 73.7, 73.5, 72.0, 71.8, 66.5,
66.3, 65.2, 61.0, 60.5, 40.9, 38.64, 38.55, 35.4, 35.1, 32.9, 32.2, 31.7, 21.0, 18.87, 18.78,
16.3, 15.3, 14.7, 11.1; IR(neat) 3469, 2972, 2935, 1714, 1695, 1651, 1454, 1373, 1311,
1236, 1176, 1143, 1018 cm™; HRMS (FAB*) caled for Cs5H50NOs [M+H]* 628.3486,

found 628.3489; [ a |p*” = -2.11 (¢ = 0.18, CHCl;).
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Synthesis of proposed structure of torrubiellutin C 131

To a solution of alcohol 130 (48.4 mg, 0.0771 mmol) in
CH,Cl, (2 mL) was added PhSiH; (40 pL, 0.308 mmol) and

Pd(PPhs), (4.5 mg, 3.86 pmol) at room temperature. After

being stirred under an argon atmosphere for 10 min, the reaction was quenched with
silica gel (5 mg) and stirred for 1 h. The reaction mixture was purified by column
chromatography on silica gel eluted with CHCl3-MeOH (39/ 1) to give seco-amino acid
(32.0 mg, 0.0635 mmol, 82%) as a colotless oil. To a solution of seco-amino acid (28.1
mg, 0.0558 mmol) in CICH,CH.CI (30 mL) was added DIPEA (100 pL, 0.588 mmol)
and BOP-CI (75.1 mg, 0.295 mmol) at room temperature. The reaction temperature
was raised to 40 °C and stirred for 1 h under an argon atmosphere. Then the reaction
mixture was concentrated under reduced pressure and purified by column
chromatography on silica gel eluted with hexane-EtOAc (7/ 3) to give proposed
structure of torrubiellutin C 131 (16.5 mg, 0.0340 mmol, 61%, mixture of conformers)
and as a colorless oil.

131 (Mixture of conformers): 'H NMR (400 MHz, CDCls) & 7.35-7.16 (m, 5H), 6.88
(dd, /= 15.1, 4.6 Hz, 1H : major), 6.21 (dd, /= 15.1, 2.3 Hz, 1H : major), 5.88 (d, /=
15.6 Hz, 1H : minor), 5.70 (dd, /= 12.8, 4.2 Hz, 1H : major), 5.12 (d, /= 8.2 Hz, 1H :
minor), 4.93 (dd, /= 9.6, 1.8 Hz, 1H : major), 4.91 (d, /= 10.5 Hz, 1H : major), 4.83
(s, 1H : major), 4.81 (qd, /= 6.9, 0.9 Hz, 1H : major), 4.70-4.62 (m, 2H : minor), 4.50
(d, /= 5.5 Hz, 1H : minor), 3.56 (dd, /= 16.0, 4.1 Hz, 1H : major), 3.29 (dd, /= 14.2,
6.4 Hz, 1H : minor), 3.01 (s, 3H : major), 2.98 (dd, /= 15.6, 12.8 Hz, 1H : major), 2.84-

2.75 (m, 1H : major), 2.82 (s, 3H : minor), 2.74-2.58 (m, 2H : minor), 2.46-2.35 (m,
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1H : major), 2.06 (s, 3H : major), 1.96 (s, 3H : minor), 1.92-1.81 (m, 1H), 1.76 (s, 3H :
minor), 1.73 (d, /= 1.4 Hz, 3H : major), 1.22 (d, /= 6.9 Hz, 3H : major), 1.16 (d, /=
6.9 Hz, 3H : minor), 1.13 (d, /= 6.0 Hz, 3H : minor), 1.20 (d, /= 6.9 Hz, 3H : major),
0.97 (d, /= 7.3 Hz, 3H : major), 0.96 (d, /= 7.3 Hz, 3H), 0.87 (d, /= 6.9 Hz, 3H :
major), 0.85 (d, /= 7.3 Hz, 3H : minor); *C NMR (100 MHz, CDCl;) § 170.8, 170.7,
169.9,169.7,168.9, 147.0, 137.1, 136.9, 135.9, 132.4, 131.8, 130.8, 129.4, 129.0, 128.9,
128.8, 128.6, 128.2, 127.1, 126.8, 124.1, 121,5, 80.2, 76.4, 74.9, 73.3, 71.8, 62.6, 57 .4,
45.0,44.1, 39.9, 39.3, 35.9, 34.4, 33.7, 32.9, 31.6, 21.7, 20.9, 20.8, 20.5, 19.2, 19.0, 18.4,
17.6, 15.9, 14.9, 13.3, 11.6; IR(neat) 3439, 2974, 2939, 1732, 1651, 1606, 1498, 1456,
1398, 1379, 1336, 1305, 1238, 1170, 1112, 1058, 1006 cm™'; HRMS (FAB*) calcd for

C2sHioNOs [M+H]* 486.2856, found 486.2831; [ a |p* = -68.2 (c = 0.71, CHCl;).
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