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ARG BN TOHGFER K OBICANT TR X 9 IZhsFE L7z,
Ac acetyl

Anal. elemental analysis

aq. aqueous

AZADO 2-azaadamantane N-oxyl
BF;*OEt; borontrifluoride diethyl ether complex
BHA bishydroxamic acid

Boc tert-butoxycarbonyl

n-Bu normal-butyl

t-Bu tert-butyl

br broad (spectral)

Bz benzoyl

c concentration

°C degree Celsius

calcd. calculated

cat. catalytic amount or catalyzed
CDDO 2-cyano-3,12-dioxooleana-1,9(11)-dien-28-oic acid
CHP cumene hydroperoxide

c-myc myelocytomatosis

conc. concentrated

CTABr cetyltrimethylammonium bromide
Cys cysteine

d doublet (spectral)

dec. decomposition

DIBAL-H diisobutylaluminum hydride
DMAP 4-(dimethylamino)pyridine

DMF N,N -dimethylformamide

DMN-AZADO 1,5-dimethy1-9-azanoradamantane N-oxyl

DMPU N,N'-dimethylpropyleneurea
DMSO dimethyl sulfoxide
DTT dithiothreitol

dr diastereomeric ratio



ee enantiomeric excess

EF24 (3E, 5E)-3, 5-bis [(2-fluorophenyl)methylene]-4-piperidinone
EGFR epidermal growth factor receptor

eq. equivalent

Et ethyl

EtsN triethylamine

EWG electron withdrawing group

FUBP far upstream element-binding protein
GS-X pump glutathione S-conjugate export pump
GSH glutathione

Glso 50% growth Inhibition concentration

h hour (s)

HDAC histone deacetylase

HER?2 human epidermal growth factor receptor 2
HPLC high-performance liquid chromatography
Hz herz

ICso 50%-inhibitory concentration

imid. imidazole

IR infrared

J coupling constant

LHMDS lithium hexamethyldisilazide

lit. literature

M molar (mol/L) or molecular ion
mCPBA 3-chloroperbenzoic acid

Me methyl

min minute (s)

MOM methoxymethyl

m.p. melting point

MRP multidrug resistance-associated protein
MS mass spectrometry or molecular sieves
m/z mass to charge ratio

NMO N-methylmorpholine-N-oxide

NMR nuclear magnetic resonance

N.R. no reaction



nitric oxide

nucleophile

ortho-

para-

protecting group

pyridinium chlorochromate
prostaglandin A;
triphenylphosphine

phenyl

isopropyl

guantitative

ring closing metathesis
ribosomal protein S6 kinase
room temperature

structure activity relationship
saturated
tert-butyldimethylsilyl
2,2,6,6-tetramethyl-1-piperidinyloxy free radical
triethylsilyl

temperature

tetrahydrofuran

thin layer chromatography
trimethylsilyl
tetra-n-propylammonium perruthenate
p-toluenesulfonyl

volume/volume



=6
[si>8

=1
=

A

i
i

H

B W H
o b~ W
Z =

o

o
]
55 2 i
% 3 Hi

=

B B
o g b~ W N Rk
s

Rl
=

51 A 3Rk

Ei

HIX

PUBEBSEE R curcumin 2 U — K &35 AIFK L2058
PUIEESEE Cs-curcuminoid O TEVEF BIHFZE
H-NMR 73 )AL D
Cs-curcuminoids @ Michael )2 B892 04
Cs-Curcuminoid 7K ¥ 5 1A o Al
GO-Y030 F A — /LA DGRk & A3 /MR FERILETEME, RGP D RFAT
/INFE

TR A R A FRIE) L 72 A% A HIRSIE E BB TS L K S84 fusarisetin A DA RRHF L
HFIEMETR T 7 N v 43 DAL
R 66 DAL
7 7 % 2MEDkEEE
PABR T A A Z & 2 2 DRET & 43 Diels-Alder 5t
PAER A &3 A2 &L % CDE BRFFERD AL
/IR

23

31
34
35
40

42
46
48
50
55
56

57

60

109

113



=6
5>

E=1
£

PR, “BE7, ZhuIk PREZTWL LTI ONRWEELRMETH Y, Z50END NEE
LOT&E . ZOELANLRND D, & ME, FRERRT 22 R IER L, FRICk 58
fift 2 R T X 72

18 fihfd, PESEFMICLEOBHREAN S RIS LT FCIERIEROMRE N, AHLEOHA
IR -TC, A RHEEOFRERTE DL HICRo72. 20%, AL FRERFERICERT 22 LT,
¥ < OAMERMMER SN, ThETEL L LTWEERNE 22 ICRE S, kiEEEIC k- T
KON EDHND Z LT, b MIFA WAL R L TVE, f#RE L TEHHFMOERN BT 5 &
hiz., ZO XL TEINTZON, BUEORFmEERTH 5. @mlbicftE> T, BEERI G ER5E
URR & 72 o TOWTERORERZ & W o TURYYEIRD Y, T3] REHEMERE L L TR R EHEL LT
7o I3AL I, BUE, BBEOECRKOE 1AL THY, S%OBEMEAESICEN TS, A4 I
LA CELRITHIMDO — %12 ED L THRINTWD., T8RN G, 4, DA OFRIE - R
DI 28R & 2 OERR I RITHERETE R, BT, Y, EWT 0L CIER LR
mENTND.

IOBNEITIL, B A =X D CTEYTEE 2R R > — PG L3RI, it e a it - I
PEOH CHRIRIZF# LT 5 HFERRO B, Z0 2 fiE, SHOAT 4 F AT IA N —IZBIT5E
B L2 o> TV 5. JTE L, TERBET ORFDRIEH 2R OBFFEICRILOTZT TR, ZOFHKAD
BRICBIT DT VA 7 AN =, R BMELEB T & o0nT L e D, BAEOHRICEN T, FIAE, e
L COFAEMEZ D223 5 b i CRRE 2 # 2 CT\\ % curcumin O X 9 72 KR O Wy % 88 1 S b
TE AU, curcumin [ZHS < AR OTREER e E R A HIFF CE 5. FEIL, EERMLEMILEWE L TO
curcumin FHEARO L Z AR E LT, Ocurcumin % U — K & F 2B EZ1TH & & blg, Hill
EH— ROtz AL LT, @F ARG & fRA U722y AmigilE &L ETEE RN fusarisetin A D&
R TR AT o 72



1. PUEBHEME R ) curcumin %z U — R & 3 5 AIRAL 22058
1-1 735t —Michael acceptor—

TRFV R, o, BRI VR =LA, ~a AT LR Y, BOREEEF T LAY
1%, AERNRERCTH S off target & IERINMICEUL LILF G 2R T 2 B2 6 TEY, AR,
WZREWTITRET b, H<bEETosE THRb Tl LaL, BUEE TS, ARAkgRE o
HAREE TN 2 NG IR IO EREF L 3208 E LT, 7AE Y >, B-T7 7 X LRGUAEMER LD
EHFMLN EHSNTWD. 208 ) 2R, BABIZEBEL TENEIERZ RS2 R RnwtEEh, &
WS OH THAEZR > TN 2 E T, AMGERICHT BT PR LE S >2H % (Figure 0-
01)2. B2, o,B-REAFIH VAR =/VHANL, 97245 Michael acceptor 1L, & O GMED a5 « A ]2 B
ODRmEY, EELEHEEDOERMLD 15 LTRESHTE TN,

Structural Alert !

Epoxide Michael acceptor Alkylhalide
o 0 Nu Nu/_\
R/<| RJ\/ protein, R >x

‘\_/ glutathione etc...
Nu

ramdom reaction with off target, formation of hapten etc...

Covalent drugs O

NH F
COH 2 H \fL/lt
@[ J< Mo NN
2. °
CO H
o 2 OH
Aspirin Amoxicillin Floxuridine

Figure 0-01. Structural alert and covalent drugs

LLFIZ, Michael acceptor % &3 an ik it CTHIM L 72l 2779,

1998 4, Honda, Grible 5%, A L7 / — Vg (1) (Co,B-REf-a-> T / VR = VBN 2B AT 5 2
&, B8V NO EEARRLEFIRME %43 % CDDO (2-cyano-3,12-dioxooleana-1,9(11)-dien-28-oic acid) (2) % All#L
5 Z LI L7 8.CDDO (2) I dithiothreitol &iEAT 27200 THRIST DV REFIEALRT—H T,
Z OAINEIE, INENT & - T Michael BUS 2 EE T 2 &0 D BIRMBIE S N7z Z &5, AR Michael

accptor O FIREMEIZIEH 23E £ > 72 (Figure 0-02).



Oleanolic acid (1)
IC5O =>40 }J.M

HS

50 °C

CDDO (2)
ICs0 = 0.0002 uM

Figure 0-02. Oleanolic acid (1) and CDDO (2) as inhibitor of NO production

2012 &=, Taunton 5%, ARy Michael K2 4X LT, BEFOARWE) RSK2 BHEHA] (4) 4 OOk
EALIZY T 2 T 7 UMY X RHALZEA LT 6 Zi%iEt - Al L7 (Figure 0-03) 5. SERRIC 6 1%, AIWRY
Michael )iz 41 L C RSKIZIEAFES LTV D LREA STz, 6 DOANSRISUSTEDS, U B LmERIT 67
HBPWECTEEDO M EA2 B 72D Lz &0 ) fERIE, FERICHBRE .

RSK2

436
s

RSK2 inhibitor (4) RSK2 inhibitor (5) RSK2 inhibitor (6)
irreversible reaction irreversible reaction reversible reaction

Figure 0-03. Development of RSK2 inhibitor O

©-3< 2014 %, Taunton 5%, AR Michel acceptor D & SUGE & OFHBRIFRIZOWT, L0 —i%
PEDEWRIE 2B 2 BRYT, ZOFFNT 2728 BRI, 7 /2727 VvT X REAOT
I NEZERA o7 m B LA U TR R A B GA L, 450 Michael KGO A%, FEERAY
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FE - FHBEAFDO 2 22 AWTT 7 T Lz, 85 OFZEIC Lo C, FHHEME & ERMEICHBERGRR H 5
ZEBRHBMNERY, FHEAEIC L D THOFRMESFEH Sz (Figure 0-04).

o} CN o}

H 1
H{N\;)LH}A R A e %N\:)LN}L
B B
SH S
NGy
R
EWG
= _N X AN S
w- O 0 O O s
y N &N N N

intrinsic reversibility

Figure 0-04. Development of RSK2 inhibitor @

EREOEHGHIZIS\ T, Michael acceptor %3 A L 7= & L C afatinib (8) 2341541 T\ 5. Afatinib (8)
I%, EGFR 3 X UVHER2 L AHFEEZE L, T 0 2 Ra[ W LET 2B ARD 1 >TH Y, HH
A ZERE LR WATH) EGFR/HER2 [HEH|TH 5 gefitinib (7) 72 E 0 2 K L EMIT SN D

(Figure 0-05) 7.

gefitinib (7) afatinib (8)

Figure 0-05. Gefitinib (7) and afetinib (8)

Z ?® X 912, Michael acceptor 1%, o,B-AEAFIH /LR = )VEN DI E R E 25 2 & TEDRIGMEZ
Wi 252 ENAMRETH Y, ik L7= Taunton 5 O 652, Amslinger & O 8 208 U T, KISHEDFS
WO LT O BMNERoTE T, L, 2o ORI, EIRBEML G OTEMEARIROREIEZE D2
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LENDD, WHTEHERMLITIIRY 3D 5.

1-2 & —curcumin S A —

Curcumin 1%, d<22HYekl, F¥kl, AL L THWHTE /- 2 (Curcuma longa L) 128 Fi
HIEVER I O—2TC, BURIZBW THRBERMECRM L L TR ELL TN, EEDIFIZEW T, i@
JRVEMEZ R T2 ENM B TER Y, BUEE TICHBMLIEME, PURIETENE, HUHIV I, SUEEHE M2
ERMESNTND S I OEZERRAEMIEMENZ T, BRBEHHEROILEW THD L0 5 FEND
KFMEA TR SN TE 2. FHCZOHH AAERIZ OV T, %< OWF%E S L — 712 X » TR AR B
WFFERCTEPEFE BRI Z B9~ 2T 7873 70 S 40T & 7z 9 9. % 90,90, 9,

LU, ER72%o curcumin BB A HME SN TWS— 5T, BRRERE CHAZHITIEE I
<, MBI EN > TWAREN RS MOERAZ 72, Z0FMEE LT, LFD 2 SORESNRZET S
n5.

1 ->HIZ, curcumin @ bioavailability DX & T&H 25 0. A5 X7z curcumin 1%, ARMEMEW 20D
(ZIHAEE D B DI EIME S, S BIZRINS L7z —#D curcumin (ZOWTHIZE A LRIV 1 A,
B EORBIC L » TSI~ L HEH S D, Bz, Pan 512 X 285 TiE, 1.0g/kg @ curcumin %~ v
ANCRERAREG Lz & 24, TOMmPIEE, 0.13~0.22ugiml & IEFITEL, BIRES TG Liz5a
15 %P REDO E— 7 2l %2 (2.25 ugiml) , T OBECHRIMFIEEDR DN AL L ZD X
9 724K\ bioavailability DfETFEE L LTIE, 7V 230 ROMHRU RY —2EEEKOERK L Vo Tz,
UK T O LR HAVT E o, FHEAA I K DKEMEO M BT, #EEZEHIC K0 ISHEME T 2%
DOFEN LIXUITAE LT 0iEZE L TV D,

2 D HOMERIL, 28OS THEENIAERT 28 TH 5. Curcumin ik, ik L7z K 5 2SR M
R, Zhvk LI, Figure0-06 (TR X O REBO S FITERT 5 2 MBI TWS . #il i3
HRGIR 7 (NF-xB) 12, AMARHEERES (cyclin D1, c-myc) 3, ffa/EF7#%#E (Bel-2, Bel-xL, cFLIP)™, =&
N—PIEMALREE (caspase-8, caspase-3, caspase-9)1°, EEHNHIRLEE (p53, p21) 6, FMMsEZ 7K (DR4,
DR5) Y, 7m 7 A ¥ —E#kE (NK, Akt, AMPK) 18 72 &% < OMRNTE nER OB S 0 HE S
TW5. TD), ENBRFEDIENZ 16T EEA N =X L0WE L&, curcumin ORIFENFZE A
FOBHECTHREE R bDE LTS,



O OH
MeO O NN l OMe
HO OH

curcumin

Transcription Factors

Figure 0-06. Curcumin and its molecular targets

1-3 R — YRR D HUEEETEICAE B L= Cs-curcuminoid O AISEAL22HF 78 —

LRFFEEICIB VT S, curcumin FFEAROHUEEHEIENE A S41, 2 DOFFLRIA 5 D0 i THfl &
A17= bis(arylmethylidene)acetone #3535 & (LLF Cs-curcuminoid & #33°2) OREETEEABIRFSE & =10y 1
PRBRFZEASHIHER O ILEHE 112 X - TfThbuC& 7= (Figure 0-07). [Liki#+-i%, 3=1Z Cs-curcuminoid O
Frli EEHL R A SR MBI ZE 21TV, curcumin XV b 10 f5LL AR AS ARSI E TR 2
AT 5 EIEVERER GO-Y030 OAIRICEEh Lz 1. JLFEFIEE OLEmE L 512 Xk > T, GO-Y030 I35 )%
PERIBIREIE £ 7 /L~ 7 ZZET 2 4% 045 R CTRBIE o Z O R & S &M+ 5 Z & mah, —
J T LN TR bR 72 P ZOFEBRTIE, RABRE 7z GO-Y030 (TEHEGE D REER
BRIEIZAEF 35 O CHtIZE R & 72 572 0v o 7223, GO-Y030 & curcumin & [RIERICEAKMETH D,
ligitis 23 /U0 ISR 7 E0T5eh - 2 B SR~ EE T (I TR 2 78 L Tz,



0 MeO._O 0._0
Y oA O
R/I _ S }R
Cs-curcuminoid MeO._O GO-Y030 OMe

G|50 0.3 U.M

Figure 0-07. Cs-Curcuminoids

—HT, EAFALT m—7 GO-Y086 % AV TR AMilid HCT116 (59 DARHI 70 FIRRITIENT
biviz. 7aT A7 AEITORER, GO-Y086 fiid & > /37X, FUBP2 (Far upstream element-binding
protein 2) & W\ ) EENEREHIEINFTH Y, 500 FHD AT A UFEEZ N L CTHARKA LTS Z &N
622 E 7257 (Figure 0-08) 2. L2aL, ZOfEHEIE, k2260 [Michael acceptor IXFERFEAGIC AL
WRIZHE & OGS 2] LW o TeH kISP BT 2R Tho7-. £72, Cs-curcuminoid 73 FUBP2 d A IZAF
FALTWAENE I MZOWTIEREHR TH 72, iEIZ, GO-Y030 ix Wnt/B-catenin 7 /W2 HAEH L
TWD I ENKFEMTEE OKRYE - S LI L > THLNE RS> TS 2 5T, Bk L= FJE I
WTHE 2 OEERIANVE £ D Cs-curcuminoid OfifdNZEENICEI L THARZMAENKLETH D LEZ B,

‘ FUBP2 ’
Cyssoo

o
e 0 HsJ
HN” “NH
H H H\/\)/\/\/\O Meo N / OMe
N ‘ O
s /\/\[rN ~"0 OMe
o OMe GO-Y086  OMe

G|50— 1.7 },lM

Figure 0-08. Biotinylated probe GO-Y086

1-4 #FFEHA) O Cs-curcuminoid OFMIAPNZEEN I B4 2 A

ik U7= & 912, Cs-curcuminoid I SSPED &V Michael acceptor 2/ L CW\W5— 5T, fEHF /3
B & LT FUBP2 DAL SND EWVIRRPELN TV, ZOFEME, 11 T~ L 572 “Ff
Wi Michael SUG” IZE DI TE 2D TRV EE X, FFIT Cs-curcuminoid @ Michael i “ri
PE” IZHE S A Y T Tt 2 D 7=, Cs-curcuminoid OHEAENZEENCBI T 5 0] & 0 OIFEHRMBH L X, 4

FCEME ST & oA EE AR BRI 2008 10 0 T ER SRR TR OFE R & 2 ff 7= “Michael acceptor %95
- 7 -



S ERLAY” & L TCOMREE, BIEEFSEORBIZEND L O - rmiA e L TRt cx 585 %
7.

1-5 Cs-curcuminoid A& MH+E BIRFZE

Cs-curcuminoid O #Hfe N 25812 B4 5 FRAIZ JeBT T, Cs-curcuminoid 2= /) ISR 2 A& TS
PEFRBABFZE & 1T o 2. RIfE#E HIZ X 5T, Cs-curcuminoid D/ UABKEADS, 73 AN HE SR BE ETE L 4
HThHDHERINTWER, ZOREENZONTUL2 DOFREM RS o7z, T7RbH, FREDa LR A
— g VERFFSE 5 %EI &, Michael acceptor & L CTOKEITHS. & 2T, Cs-curcuminoid DH T
WEMEZ 7R GO-Y030 & U — RMbGm e LT, v 7 a7 vfuifkz&icflic OFERE AR L, Kk
P3G HCT116 O AR AR ETE R 21T o 72, T ORER, Y7 m 7 m R Akik GO-Y132 (F3% T
& GO-Y133 & [AkRICIEME &2 1< L T /= (Figure 0-09). L7275 T, Cs-curcuminoid @ ¥ / A&,
Michael acceptor & L CTHERE L T2 & HEETEMEAHBAMIZEIC IV CORT Z LA TE 2. W, s Es

MERIBIFZE ORI SV THE, A 13558 1 /i Tk 5.

o o
Meovo\,/\)\/\,/i ! O._OMe MeO._ O l <D ] O._ OMe
\/O

GO-Y133  O._OMe MeO._O  GO-Y132  O__OMe
G|50 =>40 ]J,M G|50 =>40 ]J,M

MeO

Figure 0-09. GO-Y133 and GO-Y132

1-6 GO-Y030 & 277 I @Ay Michael K it D &L

KIZ, GO-Y030 75 A1y Michael acceptor & 72 D 155728 9 A& L7z, o4 JiiklE, Appendino &
& o THE SN2 IHNMR 062 VWD 7 v B A 22 EIC L. B 2O 7AW TE I
I3 5.

2011 4F, Appendino (I, Michaelacceptor DI &, & DG A AT A RIS 2% 538 5 HID T,
IH-NMR 23 k%2 AW fEE 722 7 v ' A 542 BE % L=, FEIL, Procedure A (Figure 0-10) (27”97 1# Y T,
£, ofrLiewvba®me 2277 I % H DMSO FCERA L H-NMR ZHIES 5 Z & T, Michael <

_8_



JEZERZ LTS NEHET 5. Michael SUSZEZ LIALEWIE, Z 0 1EROHER, B aokL
LT 20 (IS AR S AT IRE O3 Y 22 RE I tH-NMR CHIlIE S 41 5. 2 OFF, ¥ Michael L2 E = 721k
EWIX AT Michael acceptor EHIEE NS, 6%, ZOFHEEZHWTREME ST 16 DD{LEWMD

W, umbellulone (9), zerumbone (10) T® A Michael it AW 2 il L 7-.

1%, £ Appendino b DA A 5|2, Procedure B (Figure 0-10) (2733 44T Michael i & #¢
< ¥ Michael )& OBLIZIT 72 L 2 A, GO-Y030 & 2 A7 7 X @ Michael SR A3 00T &, i <
W Michael SUSHEE X TV A Z EBlllls 7z, ZofERIZE Y, GO-Y030 1%, #DMSO H TV AT
I v LAY 72 Michael SO Z B EE Z LTV D & 55000, GO-Y030 A3 b FHIIC 7T iHiH) Michael SO % L
T ERENT. FEROFHIIOWTIE, KiwiE 1 HE 2 fi Tl 5.

Procedure A Procedure B
compound in DMS0-d, GO-YO30 in DMS0-d)
| —— H‘m.‘lz L — H%"F“"-"'""z
-l (2 eq.) in DMSO-d,,
diluted with €DCI (4 ea)
Huteo wi 3 Unde! H . .
umbellulone 9) zerumbone (10) (DMSO-d, : CDCl, =1:20) naer air @5 min, @ 1 hr,
| [ 6hr
tL | time il
1H-MMR '"H-NMR
(T~ {(D~3)
o
"'°v°
" . covom " “ JJ JL GO-Y030
OMe

(1) GO-Y030 + cysteamine

: 3 !
Weo__/ T La ~ J a after 5 min
° ‘/\/Nl‘
MVO N D_\/O“. .
3= @ =1 (2) GO-Y030 + cysteamine
(. 2 b _ ot 1, after 1 hr
. 3) GO-Y030 + cysteamine
after 6 hr
8 7 ppm

Figure 0-10. *H-NMR assay



1-7 #F%EHM) @ fH1E 72 Cs-curcuminoid AKVA M5 SR D JES

1-3 THl~72 &L 51T, Cs-curcuminoid %, AIFEMFFEDZRMIBIEICH Y, BRKEMN 25 2 72k, KEMED
S AR & 72 > Tz, BT @ Cs-curcuminoid FHEARE HIZ I T, HEER REHILIC IR R 4
BAT DLV — AR FETIE, IEEMET LY, PRI L TKEEZ REIRNE WO GER D
Sz, B, KEMFHEEREZ “HEIC AT 5 Lo Bl B35 &, Cs-curcuminoid O %5 FEER E
EHILICIEE R A BAT D L D HiEIT, R - BiRGECEME R R E 2 ST |, EBRIZERT S
FT, Ut - IEHICBET AERB A TH D L Vo AR H 5T £ 2T, FHIE, Cs-curcuminoid
DO THEWIUIBEEEEZ R L, D TAEMFEFEBROT — 2 N bEB SN2 GO-Y030 # U — RMead &
LT, 207 a R v 7l X HkEMkR E2aX L.

1-8  GO-Y030 /KiEM: 78R D Al

Cs-curcumioid D /KIAMERE AR % 8 (215 5 72012, KIEMETF 4 —/LCT&H 5 glutathione (UL GSH &
W&FLT D) NS 7- GO-Y030 FA— NI 7 e KT v 7 ORI ZT1T-7-. 7'v K7 v 7 ORI %
ER LRI TOBEY Tho.

Cs-curcuminoid 1%, off target & OMERLF 72 G Z7RT &% 2 LTV % Michael acceptor ® 1 > TH
B, 1-3 TR ENTIBEOIEN Y THRZBMIEICB VT, B4 F b7 1 —7 GO-Y086 i+ FUBP2 & 15
W& LB EDORFEEBRH SN, 20 “BERFERRISHE &V ORI & “H—0fa 4 vy
Bl FERBRERT T, FEBECDRAMRRA ThH oz, — 5T, FHIE, 16 TR LK 51T GO-Y030
DY AT T 2 LAl 7 Michael SIS E T EWOMEE R L7z, 20 “a[iffsOeE” L) F
2702 X - T, Cs-curcuminoid OFMBLPNZEENZ SV TLL T ORGAVE X H &7z (Figure0-11). 372
5, [Cs-curcuminoid (%, MIFIN T GSH A 1X U &3 28k 4 e A RN RIZAE & FIHiAY 72 Michael KUk %
ZLTWSHT, FUBP2 & DAY Michael ST 5D T, FUBP2 DR MG X /37 HE LT
B Sz) EWOIRETH D, ZORGBUIEES< &, GO-Y030 @ GSH FHNfAiE, #dPy Tii Michael
PUSHEESNDITT THD. £ 2T, MRAIZERE THEES DKEMETF A4 —/V GSH Z miEMEF gk
GO-YO030 (TS5 Z & T, GO-Y030 DiFth & frFf L7z & EKEEOm LA TE 5 LB 2T,

_10_



reversible

FUBP2
GSH, GSH [
pratein X, protein X
protein X', . protein X » " CysSOO
i S ? 3 S 1§13 Nu O S
Ar - Pl s ~eqmmmnl 7, Ar TS Ar Ar AN
GSH, =
protein X, ‘ proten X,
| peoten X \ protein X', |
irreversible

Figure 0-11. Thiol-shuttle hypothesis of Cs-curcuminoid as intracellular behavior

FEERIZ, WEOLEGIE AT 9 &, BEIZ Michael acceptor @ GSH fHINic k2 7 1 BT » 7k & h
TWe. BUFIiZZopZrd.

2009 4F, Snyder &%, 3 AAMEHEFERL ETEM: Cs-curcuminoid ¢ EF24 (Z%F L C GSH #fn&w5 Z &

T, JEMEAHERE LR S, Sttt AKistham B & EEAR 11 ofIRNC kS L7z (Figure 0-12) 24,

F SG O SG F
GSH
U $ C
SH
H \/\)(J)\ N N
HO,C
H 29 N

EF24: X = C-F NH, H o 11
Glso = 1.5 M Glutathione (GSH) Glso = 1.5 uM

Figure 0-12. Antitumor EF24 and its glutathione adduct

—J5, 1997 4F, Bp{k - $5K O OWEIZIB W TIE, FUEBIENEZ A 5 AT-prostaglandin Ay (PGAL) A F /L

T ATV 12 1%, RPN TN ARTETEZAT-PGAL GSH 1A 13 ~ L ZE#a S 1, 12 & 13 [ ZHIfaN CEfdyr
WREBIZ B B L HEE D 72 SHv7- (Figure 0-13) .

o

o)
_ CO,Me GSH _ CO,Me
= =
OH

SG OH
A7-PGA, methyl ester (12)
antiproliferative activity

13
innactive

Figure 0-13. Antitumor A-PGA; methyl ester and its glutathione adduct
- 11 -



EEIL, INOSOWEEZ, EEIC GO-Y030 O GSH A TH 5 GO-Y140 DAFK « 73 AMMMHESE
PTG VERF M 24T > 7= (Figure 0-14). ZOf5ER, GO-Y140 1 E W KIEMENfERS 41, GO-Y030 (2T
R OB ETRVE 2 R LTV D 2 E 3o o7z. FEBROFEMICOW T, K 1 =5 3 HiTh
5.

Meovo’/\m 0 0._© O\/OMe
MeO_O  Go-voso Me MeO Go-yiso  O~OMe
Glsp = 0.3 uM Glsp = 3.3 uM

Figure 0-14. GO-Y030 glutathione adduct, GO-Y140

1-9 GO-Y030 FA—/ATNEL T =7 KT » 7 OERL L 3 ARSI FEL TG, SO O T

GSH 1 I1iZ & % GO-Y030 D 7wt K F » ZYKIZH) L= DT, FHITRICHEA R TF A — 1 F &S
72 GO-Y030 ZAI L, ZD7'v K7 v 7L L TONAMIEBEFEILESTEREM, 6 Michael KOG D
HEEDOFHIi 21T > 72,

—%HIIZ, Michael acceptor ~ Michael fINIC L 2 7w FF v ZFEEKIT, L L5 oW|ER L ST
LN, TATNAOT e RT v 7L D ERIE—RNZRITIE LTV R 2226 DUFIZ, i Michael
KitnaE b U H—Lt4257a K7y Z{boflZa9. 1995 45, Cushman ©1%, 73 AAMIEESHILEER M2 A
T 5 A% T L2 ambrosin (14) OKEMEZ ) ESE 572002, 15, 16 DL H 727 I A7 a K
v 7 &AL L7 (Figure 0-15) 27, ZEEEIZ, 15, 16 1% ambrosin (14) XY @ KEM AR L, EMEIXRIELE
ThoTz.
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ambrosin (14)

Glsg (M)
Lung Melanoma Breast
Compd NCI-H522 LOX-IMN MCF7
ambrosin (14) 1.0 2.2 3.9
15 1.8 3.3 4.2
16 1.1 3.6 4.7

Figure 0-15. Ambrosin and its amino-derivatives

Z OGNS B30 D K 912, Michael I LB 7 v KT » 7Y0iL, ZDHBIODIE E A EDKEEMER
ETHDH0, IS 55713 glutathione 07 22, 72 VR E W TES FIZIRB TV, BE
X, FMESEL5FIECTT v FT v ZOMEEPRR S D0 ENIHOWTHEBRZ R > 7-. GO-Y030
(ATMSEDFA—AFICBE LT, £ OMIEEIEFARE, 1 Michael SOG O RS HERA 2 FERICAT 5 2
T, FANMIRT 0 8Ty ZIBET MR AR TE D LEX. 22T, U4 FBEOTFA—15
FEAWTHEA DT r F7 v 7E2RAR L. GlShi=7 v K7 v 72T, KIED AL HCT116 |2
%t U CAY AR SRR B TR MR 24TV Y, 96 well plate % FIW 7= W SEEERIGE 2812 ko~ C, gl - bk - 1
FMErhC o3 Michael SR ORI 72 SUSIBIF 21T o 7. T ORER, ~7T r il -omEERR A2 T 4
— VORI S B AR, ¥ Michael SUSHEE Z 003 <, A AMBSIEERRLETEE B EREF L TV D
EWVOHIAAR DN, ZOFEBRTHOLNDHIE, 41 GO-Y030 DX —75 v T 1 7R IAI~ DI
Mz T ETHEISES B D & LT, Michael acceptor & A9 % 4y D EHK G BRI (A F 72 5 & 421t

LT NDbDEMfFEND. FEMICOVWTIE, FHimsh 1 = 4Hi Tk~ 5.
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2. HEARA R A fR ) L7228 AU Bl & BT M R SRY) fusarisetin A D& AR 4L

W & T, 2N AR A ORIRHETH 0, [RIE IO A2 O EHT 4, @RI HBEDL, 121,
@NRE R (ME 7 E) ~DRA, OIRENLOFH, OIS ~DERE &, AR THOREHZIRD
ST —HDIBFETH D (Figure 0-16). #ixfs L7203 AlE, TS L 21B8 (EEM OEeRE) R
ARECTH DT, BWABFEOHTIRRODOZL N BB IZHD L Vb Tngd 2B L7eni> T, NAfla
DR 2 R AL E 2 0 FAERTERIEORFE D, m<RD N TWD. BUfE, WBHEALE LT,
VEGF (vascular endothelial growth factor) (Zxl3 % & NUE /7 7 1 —F /LHLIK bevacizumab 23 Ei & Tk
0, KIBHRA, HBAAECH L THAOHHE & L CEM ST 5. Bevacizumab 1%, VEGF & VEGF &%
KRG ZMET 2 2 & TGN O M B2 Mb U, 5 ORAH - 58 2 36+ 5 28, JUREETIEH
ZEffiZe 7=, FeRRNRE FF oL M7l LWEY T ILEARIOBEASLE L ST 5.

@\ DhEHE

. ® IR (E%5E) ~ORA
// Tt %\\_\___,_:
=
DRRE D SO
/""-_X‘%Q—\_ﬁ

@‘iﬁ&ﬂiﬁ*\d)iﬂ&ﬁﬁ

Figure 0-16. Mechanism of cancer metastasis

(+)-Fusarisetin A (18) 1%, 2011 4+, Korea Research Institute of Bioscience and Biotechnology (KRIBB) @ Ahn
5 EEYLZEMIETOR L O 7V —712 & » T, Ei# Fusarium 1 FN080326 J  Hifff - #EIRIE S L7z
KR TH 2 (Figure0-17) . Z ORAKMIE, & MILRA AMIKE MDA-MB-231 (Zxt L C, 30 pg/mL O
FECHRETE R PRE, MUNERIHIER %, 3 ng/mL OFEEE CHIREEEEIEM, 10 ng/mL O CiZiH
FLEAEH 2779723, 30 pg/mL OIRFEEIZIB W CITMaEE 2 R S22 &G Sz, % v, fusarisetin
AL, BAKIBIOERRE I IS1T D BT ROz &, 1= & o 7o e 2 R R A IS BRE 3 2 iR B A U

_14_



— MbaW EALEMT BN D.

proposed structure of (+)-fusarisetin A (17) revised structure of (+)-fusarisetin A (18)

Figure 0-17. Structure of fusarisetin A

(+)-Fusarisetin A (18) 1%, HEEHIZ L - T, cytochalasin D (19), geldanamycin (20), staurosporine (21) 7% &
DA T = X LEEF O BEAF O HUESTE AL A o B fa MBI & 770 7 A4 — LTI K 5 Hefas
1T, EGF @ Ry 77/ & LToO ERKL/2, AKT, p38, c-Jun ® U U b ZfHE LW Z 2R STz
(Figure 0-18-a). Z4UH DOfERIE, fusarisetin A 23 EK & I1XE 7R D A T = X L TH AHIRaEE B E % O£
EHEZRBL CNDZ L HBRT 2D Tho7z. Liedd> T, fusarisetin A 1%, HHAEM 5 FIC/ERT
2 D AMIREERE PR EAI DEFE Y — R & L THIRF 280 T 5. Fusarisetin A OIS LR L LTIE, B
KED b T AT ) ERRICH D AB R, WIEEREROEE LT b T I VERHL 25 T CDE B

WCREL 3 BiLd.  CDEBREIE, RO WHiH 3BRMEEHK TH Y, fusarisetin A (18) DAL ALH
AR & X35 equisetin (22) < fusarisetin A F{LULA#) T 5 phomopsichalasin (23) (213 E 4L TURW
(Figure 0-18-b). L7=723->TC, CDE 8%, hFiRL7c X o 22k - AAWIEMEDOFHMEN S,  pharmacophore
ELTOBEMEEZ DAL TV LEZBND L EBIT, AREFINC BB RBEERMTH D, Z
ZCEAIL, fusarisetin A O CDE BRE V77 & Fill A 1 = X A% A S % pharmacophore & #175F L, AAF5E
\CEF L. T740bb, fusarisetin A @ pharmacophore #£5% & #HE S AR L EAAIRLUE + 2 F 8RS
R E S A B E LT, BRFEEIT o7z,

_15_



cytochalasin D (19) geldanamycin (20) NH; staurosporine (21)
inhibitor of actin polymerization inhibitor of Hsp90 inhibitor of protein kinase C

(b)

(-)-equisetin (22)
antibiotic, cytotoxic,
inhibitor of HIV-1 integrase

phomopsichalasin (23)
antimicrobial

Figure 0-18. (a) Cytotoxic compounds used in proteome analysis

(b) Equisetin and phomopsichalasin and these biological activity

SRR AT-8Y , HEE & AETENEORE S 2 OF 8 EE fusarisetin A 1, AT OASBILFHE LT L, B
EETIZ, WL OO T N—TZ Ko TEREMCHEETRIEFBIMZE N ThLTE 72 8L BUTIZ, RFEAT

D ERENT 5.

2-2 Li 52X % (-)-fusarisetin A (17) DORFEGR & HEEHET 3

2012 4F, Li 1%, #REREE L L To fusarisetin A(17) DHIDARFEEZHE L7- (Scheme 0-01). 1
HliX, KEKD (-)-citronellal (24) HROAFHLEZFMAL, KU x> 25 D41 Diels-Alder K2 K -
T, 4 ODARFFLE —ZEITEAT LI L TABRIICYTZD T U AT H ) EKROWBELToT-. £
D%, Pd itz L5 O—C 7 U VAN, (k2R Wacker B2{k, Dieckmann #fg &, ~3 7 % — A ba 1T
9 Z & T, BRI LA A5y CDE BR A48 L, fusarisetin A(17) &Rk L7z, AR L7 17 13,
KR & BFBAXRT ST =23 =B LR, RETESEN YO T2 R LI &b, (+)-

fusarisetin A DHEESENT O, DF D, KW D (+)-fusarisetin A DEDOHEE T, HEVEREE DOHHE A

_16_



ThdEWENR I, BEECTRICB W T, MBI b FORERR, ERYA—/V% p-BrBz (b7
FHEREZ W hE X7 U7 4B Lo TRESI LTV, TOBENRFRY TholoZ NP
Ligoiz.

OH

NN MeHN" > CO,M
0 o e Ve

10 steps BF3-OEt,
St-Bu CH,Cly, 63%

- citronellal (24)

CO,Me
1. NaBH4, CeC|3
OH MeOH, -20 °C

2. NaOMe, MeOH

41% for 2 steps 8% for 2 steps
proposed structure of (+)-fusarisetin A
synthetic [a]p?” = —88.0° (¢ 0.15, MeOH)
natural  [o]p?® = +84.6° (¢ 0.2, MeOH)

Scheme 0-01. Li’s total synthesis (—)-fusarisetin A proposed structure (17)

2-3  Theodrakis 512X % (-)-3 X ON(+)-fusarisetin A (17) , (18) D ARF A AL & A& TE M FH G 78 310,310 31h

2012 4F, Theodrakis 5%, (-)-fusarisetin A (17) DA Z W1, T OREETEMEMRBIIIZE 21T - 7=,
% 51%, HEH# Fusarium FEO “RAHTEY T 5 equisetin (22) & (+)-fusarisetin A (18) D& DIEBIMEIC 5
H L, equisetin (22) 7238k S5 = & T(+)-fusarisetin A (18) NESR SN TWD EFHILE. F04AES
B~ 5, oxidative radical cyclization (ORC) Z#)<)iis & L T (+)-fusarisetin A (18) %A% L 7= (Scheme
0-02). # DAY, RERKT VU —, HIREEIE (8 T2 18%IXH) LIEF IR T, (+)-fusarisetin
A(18) DEMIMIEZTREL L7z, & 51T, 17, 18, 22 O AN E ML EIGVED k) D, KR DT F
VT A~ — (-)-fusarisetin A (17) <° equisetin (22) 1%, 14 mg/ml Tl & A ETEHEZRI RN EAVHIBI L
. TOH%b, #2513 COE B & DGR, FEFFRGHZITY, MDA-MB-231 (x4 5l

PERFAi 21T > 72 (Figure0-19). L7»L, 126 OERUE, AB BRICEEY 2 i 5D KM OREIELHIC X
STHEPN TS, ABRMITOBEZZHRLT D2DICIIRAEST THL L VAD.

_17_



1. KOH, EtOH, 96 h;

{OH
0 -
MeHN" >CO,Me
5 steps
X — HATU, i-PrOH, 90%
_—

2. NaOMe, MeOH
100% (dr@Cs; = 1:1) (-)-equisetin (22)

(R) - citronellal (29)

CAN, O,, AcOH, 3 h then thiourea

MeOH, 70 °C
1h, 62%
(dr@Cs = 1.3:1) (+)-fusarisetin A (18)

— — revised structure

Scheme 0-02. Theodrakis’s total synthesis of (+)-fusarisetin A (18)

Alkene functionalization =~ Cb5 stereoisomers are equipotent
decreases potency HH =
7 .WOH
11" C18 oxygen is critical to bioactivity
AB decalin is critical to activity OH

o Serine is critical to activity
(+)-fusarisetin A (18)

|Cso =77 },lM

OH N
H/'- ol \ OH
3 I --ll\
H 00 OH
(+)-fusarisetin B (32) 33 34, 35 (R = Bn, Me) 36
ICso = 7.7 uM ICs0 = > 100 pM ICs0 = > 100 M ICsp = 74.5 pM

IC5 : anti migration activity

Figure 0-19. SAR study of (+)-fusarisetin A (18) by Theodrakis’s group

2-4 Gao HIZ XD (+)-fusarisetin A (18) DAFFEAAL & WG IH VAR EIRF7E 3te 310 31)

2012 4, Gao & %, Theodrakis & [FB£1Z equisetin (22) % AL I 5 &L — b TRAKZ ER LT,
% 51, equisetin (22) & fusarisetin A (18) & O EooiEWNZHE B L, Dequisetin #5E (K, @fusarisetin A
FEARD TN TN A BFEE TSGR L, MDA-MB-231 (2%t 3 2 Ml stk & i EBLEE MO e 247 - 72

ZORER, 1T & A LD fusarisetin A FE (R, equisetin FE AR & Lblg U CRIlEEMEN 2 <, FREORA
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ARREAEE A LTS M 2 R 2 E A B & Ao 72 (Figure 0-20).

R{=H, Me
R2 = CHon
o o C(CH3)2
fusarisetin A analogues equisetin analogues CH,Ar
cytotoxicity IC5q = > 100 pg/ml cytotoxicity ICgq = 3~47 pg/mil etc...

anti-migration 9~43% (treated with 3 pg/ml) anti-migration 14~85% (treated with 3 pg/ml)

Figure 0-20. SAR study of (+)-fusarisetin A (18) by Gao’s group

2-5  BRLETH

2-2~2-4 THAMN LI=ftiz, 2 oA Rk 3 8 32 L 1 FloO G RRAFFE 3 083 @iE S Cna 2, Winod
Rl Y, A RO RISy 7N Diels-Alder )GRIZ LT, ABERD b7 U AT ) B A RS L1421,
Dieckmann #fi & & #HAIAA T CDE BRI A MH T 5 LW IH HFiENRE b TnD. LiL, Eiubix AB
BRES S AR 2 BRI BT B R DRI HRAIE AL & WV ) BLEICRB W TR AR L T,

Fusarisetin A ORFEEPEARBIISEIE, Ak L7z K 5 (2 Theodrakis, Gao B D 7 /L—7 12 & - THEIHJIC
ITHOITWDN, RIZ, RIRW & EET 21 IRA0 DS A ARz £ B E TS M & R 3358 R O, 1501
DRIEITIEE - TV, 2 TEHIE, AMEA O pharmacophore & Tl L 7= CDE B DA Rk, AB BR
ICERMEZ R e T8 R DGR A ATRE & T D ARl — R &L L7 (Scheme 0-03). HARAYIZIX, CER
Work, RAZ BV AFTIMBRE= A VA BV ATHET 22 L L L. ABRAZ BV A TR LA
HY 7 aX T 390E, FOBDOT U AEEKIZ L - T, CDE BREMEED AN REL 72 5. BT
VA UVABRVATHLONDVEY R, BADOVE ) T4V ERKIGEEDH T ET, AB BRIOICHY
TOMELNRINER ST D LN TED. DERD TV Z L, ~I T Z—VOBEITHONTIL, 7 I
EZ ATV BGTNT I XM ERRLS I T Z—UIZ L > TEITFLHLDEEZ, ¥ N U E2ZED

ATBE AR & L CRRE L7z,
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z B Synthetic target
H:
O
/ 1OH
o IPNT M
o ©7  oH
(+)-fusarisetin A (18) tricyclic polar CDE ring (37) (+)-fusarisetin A analogues (38)
H: HS
O allylic oxidation / 0
/ 'OH o —\"OP
o PN 07N
O1 oH | op
tricyclic polar CDE ring (37) 39
reduction
RCM
TMS\Q,,, ?
: O .
deprotection
N 1OH e
O™ N '\
H OH
40

ﬂ enyne metathesis

intermolecular
Diels-Alder reaction

(+)-fusarisetin A analogues (38) key intermediate (42)

Scheme 0-03. Synthetic strategy of (+)-fusarisetin A CDE ring (37) and its analogues (38)

FhUALlE, T R 43 L LY U 44 RS LT, TV UEERITO 2L THERTEL LD
L&z 72 (Scheme0-04). SEFTEME/R T 7 b 431%, HFEMER TR ¥ 45 DL LRI L H6R
DO T 7 B AL Lo T 22 LIc Lz, =ARF T F45 1%, [URGIZE o TSN
RET VAT N a— L ORI AR TR % AL 312 K - THIR O cis-3-penten-1-0l (46) LA TE 5

DEZEZT-.
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— BocN«# +
\\\ 44
43 -seri
™S ™ from L-serine

epoxide
opening R ,,_
ANB = /_\_\
=—TMs 45

asymmetric
epoxidation

A

46 OH

Scheme 0-04. Retrosynthetic analysis of ketone 41

2T, IWARS DOARFZRF ARSI ONWTHEAT 5.

2010 4%, [UARBIZ, filiE o Bishydroxamic

Acid (BHA) ligand Z RFE E L7=ARET VLT L a— L DOARFTRF A2 #HE L7 (Scheme 0-05) 3.

AREEIT, il &> BHAligand & Zr IV) £ 721X Hf (IV) 774E T, B2k # & L T Cumene hydroperoxide (CHP),

gl & Ui E:oo DMPU 2 WA 2 LT, RET U AT ILa—/b, EARET VAT LI —L%E

TF U FARRINCT R AT D2 ENTE 5. EFAE R BHA Y I REfEETN S &V 9 /T,

KEGHITHE LTZIRA R FIEE WR D, 6 OHEH T, cis-3-hepten-1-ol (47) DOAF TR ¥ AbR &
T UFARINICHEIT LTS Z L 2%, FHHEIL, cis-3-penten-1-ol (45) IR L CTH W= F A4
HEHPENREBLT L LR LT
asymmetric epoxidation cf.
M(OtBu), (2 mol%) L2
(R,R)-BHA ligand (2 mol%)
DMPU (4 mol%) O, /_\—\
J=\_\ CHP (1.5 eq.), MS 4A Ju\_\ 45 OH
47 OH toluene, 0°C4 hthenrt36h 48 OH ﬂ Z;ﬁ’;;”aetfgz
M(OtBu), = Zr(OtBu), 45%yield 93%ee -
Hf(OtBu), 82%yield 94%ee 46 OH
Q OOH
4?‘ %ﬁ \ J\
Ph HO OH Ph
(R, R) BHA ligand DMPU CHP

Scheme 0-05. Yamamoto asymmetric epoxidation of homoallylic alcohol
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KRS, IWAREFET AR ALEIT) &, 88%INE, 84% ee & @I, RIF/RTT T A @RMETER
DTZRF T K45 345 b7z (Scheme 0-06).

Z D% Bl LT G pURITIZ B S S SR Z ATV, BTl B Z =R L7z, 77205, =RF T K45
B2IMTT 7 b a3 ~EEHL, 44 L O Claisen fig G & 5ie 3 TRETT7 7 X2 L 40 ~LBW, 74
L4010, ENEN, HRAZ BV R, IBR= VA VA BV RIZE ST, 7T 47, Y48

NEEHT D LN TE. EBROARDOZEMICHOWTIL, Kind 2 HTikR5.

H:
0
/\\.. “10H
0 H 0 !\
5 TMS— e | OH
{ 2step o 3 step 49
o \ / _ /\\\\- 'OH
45 OH 67%  ° \\\ 54% 07N NN E
88% yield, 84% ee 43 H o OH Vo
™S 40 = I WOH
\\‘ |I\
I”N OH
o\
50

Scheme 0-06. Synthesis of cyclopentene 49 and diene 50
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i

W1 FUEETEMER AR curcumin & ) — R &4 2 A3 LA 52

T FUEETEYE Cs-curcuminoid DR ETEMEAREIRFZE

<
1l

o5

=11
D

i Cak~7= X 512, Cs-curcuminoid O ZEENC BT 2 FHAIZSEBRT, VAN A e s 5 B T
ZH L, invivo IZBW T H HEEEME 27~ L7z GO-Y030 % U — R{k&# & L T Cs-curcuminoid O = /
AR B9 DA TETE Y ER BRI SR 21T o 7. BRRUIZIE, GO-Y030 @ [ D methoxymethyl EH#k, @ %2
T ) MG, @ 2 ODFHEFER] D, M AMNEIELETE R BICHE R EEH A R L TWDHO
DNZOWTHE L. AEOFE T, SEFEROABIEIZ DN TR 5.

GO-Y131~134 1%, Wb GO-Y030 7> 5 iU 7= (Scheme 1-01).  GO-Y134 1%, GO-Y030 D/KHE IR
WL DIETIZE > THLILD GO-Y133 O k- —FRfbic L > TERK L7=. GO-Y131, 132 1%, #hEh

GO-Y030 O HIERTH 5 51, GO-Y030 7 Corey-Chaykovsky s 3° 12 Kk~ CTARL L7=.

o Corey-Chaykovsky 1) Ar = fé O._OMe '
A~ A MegSO), NaH PN :
Ar Ar Ar Ar !
GO-Y030 DMSO, 50 to 60 °C GO-Y132 (63%) |
syn:anti=1:1 i O._-OMe i
O (0] ArCHO (0]
Me;S(0O)l, NaH 10% aq. NaOH /<1)J\/\
Ar/vj\ 25(0) Ar/<1)1\ _ Ar pr
DMSO, 50 to 60 °C EtOH
51 52 GO-Y131 (11% for 2
steps)
O (0] 1. LHMDS, THF, -40 °C; O
Pd/C, H ~ Ao~ TESCI A~ A~
ArWAr TP A Ar AT Ar
AcOEt 2. Pd(OAc), (0.1 eq.)
GO-Y030 88% GO-Y133 DMSO, Oy, 60 °C GO-Y134

89% for 2 steps

Scheme 1-01. Synthesis of Cs-curcuminoids

GO-Y158, 166, 167 %, RifEHE O L#EIC X - TEEICHENL ST\ 2 AHBI B EhfilitE CTABr Z¥INAlI & L

727V K= VRS & » TAR L7 (Scheme 1-02). GO-Y159 %, curcumin OFEEAK TIA S D
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Pabon & DARKE 6 24 L ICARL L7-. GO-Y148~151, 157 1%, X A7 /L7t K53 Zflix #4252

LI RV EW-. GO-Y154 1%, GO-Y157 &7 ¥ K56 & Staudinger 7 1 7 —3 2 » T THE L 7.

O

(@] CTTTTTTTT T T T T T I
10~15%aq. NaOH SN = I '
CTABr (1 eq.) ArAﬁﬁ/\Ar | Ars A O OMe
ArCHO . ' !
X EtOH . i
3 0.52 eq. GO-Y166 (X =NH)8% ! O_OMe
GO-Y167 (X =NMe) 25%  '"~---""""----mmmmmmoooooes !
CTABEr : cetyltrimethylammoium bromide
ArCHO (1.01 eq.)
1. MeMgBr (1.5 eq.) o 10%aq. NaOH o)
THF, 0 °C CTABr (1 eq.)
ArCHO Ar)J\ - Ar/\)J\Ar
2. MnO,, CH,CI EtOH, 83%
53 P 54 GO-Y158
1.01 eq. quant. for 2 steps
o o B,O; (1 eq.), B(OnBu); (2 eq) o oM
tetrahydroquinoline, AcOH
ArCHO )J\/U\ Ar/\)J\MAr
53 DMF, 60 to 95 °C, 19%
GO-Y159
ArCHO 1. DIBAL, toluene, -78 °C (e}
53 2. MnOZ, CH2C|2 X
Ar/\)J\H
Ph3;PCHCO,Me 63% for 2 steps
CH,Cl,, 2 days, 86% ° GO-Y149
(0} (0] (e}
KOH, MeOH NHMe-HCI, PyBOP, DIEA
Ar/\)J\OMe Ar/\)J\OH AF/VLH/
THF, 73%
GO-Y148 quant. GO-Y157 ° GO-Y151
0]
n-PrSH, DMAP, DCC Ar/\)j\s/\/
CH,Cly, 71%
GO-Y150
PPh3 (0.1 eq.)
1. MsCl, Et3N, PhSiH (1 eq.) o
CH,Cl, 0 °C GO-Y157 (1 eq.)
Ar/\OH Ar/\NS AF/VJ\N/\AF
2. NaNj3 toluene, reflux H
55 DMF, 40 °C 56
quant. GO-Y154

54%

Scheme 1-02. Synthesis of Cs-curcuminoids @

GO-Y030 DA /VAR=)VofiiZ/ e 7 238 AN U 72K 8K GO-Y168~170 1, GO-Y134 /b E 1 iza-v

a7 U ALFEEIR 57, GO-Y162, 163 ORBLAEIZ - THAR L= (Scheme 1-03) %. GO-Y165 /%, Honda &
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DAL ¥ %552, GO-Y134 DA /VKR = vafii% 7 /b L GO-Y160 ~ & &\ =%, DDQ TOfE{t%

BTER LT,

GO-Y134

Ar/vj\/\Ar

GO-Y134

O

Ar/vj\/\Ar

GO-Y134

Ar/vj\/\Ar

GO-Y134

ArWAr

XY
57 (X=F,Y =Br)
GO-Y162 (X = Y = Cl)
GO-Y163 (X = Y = Br)

Ar/\)J\/\Ar

GO-Y134

ISR

01~05).

E 1. LHMDS, TESCI
! THF, - 40°C
' 2. Selectfluor®, DMF:

................... 3

3. *repeat

1. LHMDS, TESCI
THF, - 40 °C
2.NBS, THF, 0 °C

3. *repeat

LHMDS
THF, - 40 °C
_— >

then NCS

LHMDS
THF, -78 °C

S

then NBS

Li»CO3 (2 eq.)

DMF, 120 °C

LHMDS then p-TsCN

THF, - 40 °C

%

Ar Ar

F F
GO-Y161 (63% for 4 steps)

Ar Ar

%

Br F
57 (64% for 4 steps)

(6] (6]
™
Ar/\)g(\A" + ArWAr
Cl CI Cl
GO-Y162 (27%) 58 (50%)
A |

LHMDS then NCS, THF, - 40 °C, 43%

>
/
o

Ar
Br Br

GO-Y163 (43%)

>
Vi
(@]
N\
>

GO-Y170 (58%)
GO-Y168 (72%)
GO-Y169 (94%)

i DDQ i
ArWAr _— ArWAr
CN benzene CN

GO-Y160 (48%)

GO-Y165 (32%)

Scheme 1-03. Synthesis of Cs-curcuminoids @
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Table 1-01 Ti%, GO-Y030 ¢ methoxymethyl EH#L i D%EI 2 kE# L7=. Methoxymethyl J&1%, Fettseit:
TTEEDH DHRNVLTNT e REBHT 2R H 5720, GO-Y030 AR/ LT /AT e R
% Z & TR AR ETEE A B L T D ATREME SRR S LTV e, £ 2T, 3,5- @M THR/L A
7T b MG AR 2720 GO-Y038, 067, 129, 130, 147 X°, 2,5- B CTHR/L LT VT b FLGE
¥ GO-Y156, 164 DA% AMMHIFEI EIGIE A L L7z, £ OfER, GO-Y130 1, fhoFhiEik & ¥t
MBI D700, REIEEME T Lz, SLAT LT b REG{R A E7- 720 GO-Y038, 067, 129, 147
TEWEEDRFEF SN TV —FHT, AAVLAT AT b NEEEZFFD GO-Y156 TIHIEMEA KIEIZIK T L
72. L7=2- T, methoxymethyl 3%, &L AT LT FiGAL LTTIE7A<, Cs-curcuminoid M4y
RIS B W THERHERMN TH D Z LR,

R4 o} R5
R> AN % Re
AU
R4 Rg
Compound R Glsg (uM)
G0-949 R, = R3 = OCH,0, Rg = R; = OCH,0O R1=R4=Rs=Rg=H >50
GO-Y030 R, = R4 = Rg = Rg = OCH,0OMe Ri=R3=Rs=R;=H 0.3
GO-Y038 R, =R4=Rg=Rg=O0H Ri=R3=Rs=R;=H 1.5
GO-Y067 R, = R4 = Rg = Rg = OMe Ri=R3=Rs=R;=H 2.0
GO-Y129 R, = R4 = Rg = Rg = OCH,CH,0OMe Ri=R3=Rs=R;=H 0.2
GO-Y130 R, = R4 = Rg = Rg = OCH,CH,0H Ri=R3=Rs=R;=H 6.4
GO-Y147 R, = R4 = Rg = Rg = OCH,OCH,CH,OMe Ri=R3=Rs=R;=H 2.0
GO-Y156 R, = R4 = OCH,OMe, Rg, R7 = OCH,0O Ri=R3=Rs=Rg=H 7.9
GO-Y164 R{=R4=Rs=Rg = 0OCH,0OMe R,=R3=Rg=R;=H 1.7

Table 1-01. SAR of 3,5-bis(methoxymethoxy)substitution

Cs-Curcuminoid @2 / AEEOKE AT D722, EiETERHER GO-Y030 2V — Neam e L
T, VI UAEEICET 2 E R A ARk LIEMEREL L 7= (Table 1-02). & DOfEHE, =/ U EEOR IR
UVVEHEIDME T L TWAZ ENDmor-. £77, FHEERHMO 2V EA—2 g U EEE ST 50 Michael

acceptor BE& Ff7=72 Vv 7 1 7 XU AR GO-Y132 1%, GO-Y133 & [ARRICTRIEA A L. ZD 2o
- 26 -



DFEFRING, Vo) EEL, DFEEDa R A=y g VEBEESE 5720 TiE2 <, Michael acceptor
& U CORIGHEN D AL ETE R BLICEE TH D LR &=, —F T, GO-Y075, 077 I, ¥
T UEEER LT ZRWCE b 6T, M EWIEEZ R L T 2, 2L, FA— AR

GO-Y075, 077 25HHEfAN Tifi Michael SUGZ i Z L GO-Y030 IZA A S V772D TIX R W inE B LT,

MeO\/O. ; é X \) ; ,O\/OMe

MeO._O O._OMe

0 ~"s o o 0
Ar A 7 Ar Ar Z Ar Ar 7 Ar Ar Ar

Compound GO-Y030 GO-Y077 GO-Y131 GO-Y132
Glsg (M) 0.71 0.95 6.7 > 50
o A Y7s o s o 0
Ar X Z Ar Ar Ar 7 Ar Ar Ar
Compound GO-Y095 GO-Y075 GO-Y134 GO-Y133
Glgo (uM) 0.70 2.1 17 > 50

Table 1-02. SAR of central tether moiety

o B-REIFN A VIR = UAEE DFUGHE, 2 DD EERDOIFAEDN DS A AINEBETE L E IR VEIC & O R B % K
IET I HOWNTHA L7 (Table1-03). (a) ISV Dd L 91T, HEER, op-HEafll /LA = /UHENRZ
TN 1L OOEAEE, ETOFERTIEENEIR L TV, (b) IREND 2 OOFFREZFFOT X Rkl
K GO-Y154 [TIEMEARTE R L Tz, ZHHOFRERICE Y, EERBUCIE, 2 DOFFRET T ) VO
JEPEDT N METH D LRI,
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O
MeO.__O X O._OMe
Me0v0\©/\)L v ~ \©/</ U ~
o MO0 O._OMe

(a) MeO.__ O
Compound Y Glsg (uM) Compound X Glsp (uM)
GO-Y148 OMe >50 o)
GO-Y149 H 49 GO-Y154 Ar/\)J\H/\Ar >50
GO-Y150  SCH,CH,CHj >50 o
GO-Y151 NHMe >50 coY1e8 N &
GO-Y157 OH >50 co.y150 - o) /OH/ -
GO-Y171 C(CHa)s 36 Ar Ar

Table 1-03. SAR of a, B-unsaturated carbonyl: different reactivities and lengths

Table 1-04 123\ T, IO EAHE L THAR=LafiDd T I 7 A F L EA LT GO-Y166, 167
EXHT 4T ar br—LE LTO GO-Y152, 153 DS AAMIEBEGELEIGE 2 e L7z, AR -
TERAEIZDOWNT, BATICET 5. o, B-REFI I L AR =LA OWT, | EIZ, Wissner HiX, H/L
RSB A ST 2 7 A Michael BUSIZEBIT 2 FA— A Foi7a s oAbz 728, 1R
BRI L DFREBICRNRTH D & L7 7. Cs-Curcumioid (22O TiZ, Snyder 512Xk - T, &N
AR TR ETENE 2 A T 2 8K EF-24 3 STz . 2 2C, @EiEtE7e GO-Y030 D LR =
VO T R ) AT L HAL A E AT, B iEOm ERfFCE 5 B 2. Lo, EBEITE,
GO-Y166, 167 1%, 7 m~FH /7 VFFEMR GO-Y152, 153 £V i\ EMEE R L7=AY, Wit GO-Y030

DIEMEZ ERD Z &3 hoTz.

WIS, IEPEDR B2 MFF LT, IR = VoI E R IV Z B A L 72 FF8K GO-Y165, 168~170 ©
2N ARG P ETE M 2 554l L 7= (Table 1-05). Z D#EH:, a--~1 7 AL EAR GO-Y168~170 1TV 1L
HEVEMEZ R L7223, GO-Y030 DiFMEZ EElD Z LidehoTz. £z, o-2 7 /{bfK GO-Y165 [T KR
IRIEVEDIR TR A BT, i 7 ALHERTIEME M RFFSN, a-v 7 JABIETEEMET L7z & D
FERLIL, T Amslinger 512 & - THE 372 NO BEEAEBLEIEVE A2 7R3 /L o Vi8R O EE AR RS
e 8 LFALIOR R TH D, 49 L b RE DR ESEMEDH EIZORPB LR TIERWE RSN,
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MeO\/O X O\/OMe : F '
PAr = o 5
MeO._ O O._OMe I ;
(e} O o}
X Ar /\ﬁjj/\m' AN A ArWAr
N N~ AcOH N
H H |
Compound EF-24* GO-Y166 GO-Y167
Glsg (uM) 2.3 1.9 2.8
O (0]
X Ar” Z SAr ArT = CAr
Compound GO-Y152 GO-Y153
Glsg (uM) 3.9 18

*Bioorg. Med. Chem. 2004, 12, 3871.

Table 1-04. SAR of central tethermoiety: introduction of amine

MeO.__O X 0._OMe
MeO._ O._OMe
(0] (0] (6] (0]
X ArWAr ArWAr Ar N Ar Ar N Ar
CN F F Cl CI Br Br
Compound GO-Y160 GO-Y161 GO-Y162 GO-Y163
Glgy (uM) >50 >50 19 3.6
(0] (0] (0] (0]
X ArWAr ArWAr IV Z Ar AT Z Ar
CN F cl Br
Compound GO-Y165 GO-Y170 GO-Y168 GO-Y169
Glso (M) 33 36 1.0 1.8

Table 1-05. SAR of central tethermoiety: introduction of EWG
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Pk, 38 5 OLT o 72 KIED AL O BE5E B E1EE 12 B3 2 A TE PR BIRF 2812 >\ T & Figure 1-01
IZE 7.

- Methoxymethyl E# 1%, R LT LT B RiEGARE LTEIW TV DD CidZel, 4

rmb
rnm
x{ﬁ

Sh ok
DOIERALE U TEEREBUCEZE TH S

F AR Y ) MR, I Michael BUSDRISHERRAL & L TIEMERHRICEE TH 5

b

« FEEEN 1 ODOHRTE L, Michael acceptor 233 - T HIEMEZ R & 7220

M ) REED VR = VoI E A REIERT X ) AT VUM EEA L THIEMEIER EL
VAR

REHBO T/ UEEIE, E(TMichael RISORIGHEMLE LTEE

Methoxymethoxyli& £k (&, """"":
RILLAT7ILTE Fit5KE MeO.__
Lr@uruébwr@m. :
{, PFRHBICEE R

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

\/OM

3 5-bis(methoxymethoxy)phenyl IRAY

E o 11212 &, Michael acceptorhidh>T
~0 GO-Y030 \/Me _____ AEMEEREAL

ANWRZNWGELIZCEFRSIEOCT I/ AFLUBEGFEFEALTHEERIEMELAL

Figure 1-01. SAR of GO-Y030

EHlz, Yo UAEEO Michael SOSICE L CTiE, GO-Y075, 077 MBI EMEMEZ RT & V) FE R
M, HIPN T AR Michael Sz & LTV 2 AIREMEDS RIR S 7=,
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#28 H-NMR 2612 X % Cs-curcuminoids @ Michael Sl B9 % g4

MER T 7= X 912, Cs-curcuminoid 23HIE N T Michael Sz L CW\WAD Z EAVRIB I TN

728, H-NMR 23 Y6112 T Michael RS DIBIR 21T - 7-.

%9, Appendino 5D 7 & A Jik 22 (Figure 1-02 Procedure A) %3 L 7= (Figure 1-03). % OfE R,
GO-Y030 & v A7 7 I U DIRAEIZE 5T GO-Y030 D B —7 2342 L Michael )IGBEE X, 257D A
TTIVBAMUIEE = R A Dy =7 =7 & LTSz, 20, 7 nafRL A THRT 2
&, AR 24 BT, < HTIC GO-Y030 DB — 7 NE N D O EFM L= (Figure 1-03). = Z
THUN S 72 Michael fUS% &0 BIEICBLAIT 272012, 7 v A FMEOK#E(LEZIT72E 25, H
DMSO I&iEZE5 T &£ W9 procedure B (Figure 1-02) Crrd g2 W U7, Hawfb L7=5M0%, “K
SRR 22 2B KRR N CHE S 27 L) AAEHEETH Y, ZEKUT S b S 720 &3 Michael SUSIRIE & A
BN S au72v. AIEY Michael SUSO R CTHBEL 72 F A — V514, P OREFE % 5T H DMSO A
Fefb LS R 2 WG~ LT T D72, ZEKFEHA T &2 9 TRWEE & THROGMEIZEW A T &
%z b5 (Figure 1-04).

Procedure B 7> 5 1% 5 407 Figure 1-05 O#ERIZOWCHBIT 5. G 5 43D *H-NMR A7 kLT
(3, IZITERAIC GO-Y030 ¥ AT 7 X2 2 3 FATIMANERL LT2 Z L 3 bind . 2 2RI E L,
1 W%, 6 MEffl#2 0 tH-NMR ZIE L7z & 25, GO-Y030 ¥ A7 7 X AP Michael St 4

Z L, HRAIZGO-Y030 ZER L TWAHONREHI S 7.

I BT, FA—AIE GO-YOT5 (I 2W T, RIS &35 Michael )SZ i 23 2 & 3@ =
7= (Figure 1-06). Z DK, A7 7 I VIEF(E F T, GO-Y075 @i Michael St T 47, v 27
T OT X 7 FENR Michael KIS E B SEHDICEETHD EBLEINTZ. GO-YOT5 N AT T
VFAE T Michael SUGERE Z L7c7od, VAT T IV EEERNTA—VII v 7 &5 25 &, GO-Y075,
077 DM AAMMIHIE L ETEERBUC OV T T DO Z ENE 2D, T 7Rbb, GO-Y075, 077 23 LLlgim
DS ARBIAYETEPEETEYE 2 BT 2 DI1%, 2 bofbaay, MIaP Tt Michael k% e 2 LiGMEAA
?D GO-Y030 &2 oMb TH D EMHATLILNTES.

—Ji, AT 4T ar hr—VERELT, v A I FEREL LR EZRFI L. ZORER, v %
77 X URAIEA D Michael USIIBIHI SN D DD, T DOE DM Michael UG IIBLH S pis-oTz.
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Procedure A Procedure B
GO-Y030 in DMSO-d, GO-Y030 or 075 in D-MS-D-dE
L H‘-"""s_p'NHi L — H‘-"""‘s_p'HHi
(4 eq.) in DMSO-d,
v (4eg.)
diluted with CDCI, Linder air _ .
(DMSC-d, : CDCl, =1:20) (1’5 min, (2 1 hr,
36 hr
} time l
w
IH-NMR LH-NMR
(D~@) (D~@)

Figure 1-02. Procedures of NMR assay

GO-Y030

(1) GO-YO30 + cysteamine
diluted after 5 min

2 GO-Y030 + cysteamine
diluted after 30 min

Moo _0 X 0. OW
= = A (3 GO-Y030 + cysteamine
Meo,_ O B d._cwe

diluted after 1 hr

@) GO-Y030 + cysteamine
diluted after 24 hr

75 7 ppm

Figure 1-03. 'H-NMR assay (Procedure A, GO-Y030)

HZN\/\S 0 s~ NH,

bis adduct
ArWAr
{ sH 1 s NH
HzN/\/ HZN/\/ g N2
o s ~NH2
mono adduct A Ar

1

(o)

GO-Y030 A,

Figure 1-04. Reaction mechenism of retro-Michael reaction

[Ox]
HZN/\/SH - HZN/\/S.S/\/NHZ
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"’°\/°
A OOVOS0 l I l I ’l GO-Y030

Mvﬂ 2
0 O (1) GO-Y030 + cysteamine
; c : :
wa,_ O 'R _L r after S min
PR
oo X <
C = (2) GO-Y030 + cysteamine
w00 B d after 1 hr

(3) GO-Y030 + cysteamine
after 6 hr

7.5 7 ppm

Figure 1-05. 'H-NMR assay (Procedure B, GO-Y030)

R AN A

GO-Y030
A. GO-Y030
NeO A 0 O S
GO-Y075
"o b oovors .
(1) GO-YO75 + cysteamine
¥ e A LY PN NP VVR After 5 min
D == A

2) GO-YO75 + cysteamine
After 1 hr

3) GO-YO75 + cysteamine
After 6 hr

Figure 1-06. 'H-NMR assay (Procedure B, GO-Y075)

T B DOFERFERIZ L 5T, Cs-curcuminoid (25 Fd =/ 4D Michael KD a3 b )
\ZRERA &tz AREBRAE R, #5H 1-8, Figure 0-11 TRz X FF+ 2R ENMLE ST 6N 5.
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%5 3 i Cs-Curcuminoid /Ki& M5 E R D AIHL

@i 18 TR EZ Db L, GO-Y030 |T glutathione (ML F GSH & W&+ )& AN &7~ Cs-
curcuminoid ZEPEF EAR DAL A K772, GO-Y030 @ GSH A TH 5 GO-Y140 X, h U =F LT
VHFAET, GO-Y030 & GSH ZiRAT 5 Z & TRIEICA/MT 5 Z &3 T& 7= (Figure 1-07). KA Al
HCT116 (Z %9 2 L EIEMERER 21T o7 & 2 A, ORIEMEITE DD B DD, Glsp=3.3uM & GO-Y030
DOTEMZ R DR TH o 7.

0] SG O SG
MeO._O N O._OMe MeO.__O O._ OMe
@ (7 e T @
Et;N
MeO.__O O._OMe MeOH MeO._O O._ OMe
GO-Y030 SH GO-Y140
Glsp = 0.3 uM o] H Glsp = 3.3 uM
NH, H 0o

Glutathione (GSH)

Figure 1-07. GO-Y030 glutathione adduct, GO-Y140

KIEMEICB U, Y BRI I B PR S GO-Y030 & KA D 21T - 7. F Of5 5%, GO-Y030
A < RRERICIAR L7 — 05 C, GO-Y140 1%, VU VEEFEEHNR 1 ml i 30 mg IAfET 2 &\ 9 mu ki

DR & iz (Figure 1-08).

30 mg in pH 8 PBS buffer (1 mL)

GO-Y030 GO-Y140

Figure 1-08. Solubility of GO-Y030 and GO-Y140
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HAH GO-Y030 FA— /MAIMAD A AL & 23 A TR IR ML, BOGIED FHA

B 3EORFEL Y, GO-YO30GSH (AN T r KT v 7 LTHATHD ERENTDOT, KICkk~
RFA— N 2AIME 72 GO-Y030 Z A1 L, i 6D AMMBHEFELETEE, ¥ Michael K& dD X
IR EE DR A 4T o 7z

7 X UAFE T Michael fAIIZ & - THBL S N2 A AR OV T, KBS AL HCT116 (X% L T78
AR TE R EVE MM 21T o 72 (Table 1-06). = DOfEE, E8IBIEH O F 4 — LV o5+Z I & H 7= GO-
Y178, 143, 144, 189 T, PBHEIGMEIZA LN o7z (Glsg=>40uM). —F, ZiH 4 D%FR< 2T

DFERIL, GO-Y030 & [FRREDEmWEMAZREFL TWD Z LR gnoTz.

KIZ, GO-Y030 FA— /WASIMADZEVEIC T DR D /3T A—F %5572\, Btk - MM -
PED B FEEIR P T 14 FEREH DK T A — /L EZAIE DM Michael RS BBR L7-. HiEE LTI,
Amslinger 512 X » T S 7= 96 well plate & V2 SEEERIE 2@ H L7= 2. LLFIZ, Amslinger & O
WEERBMAT .

2013 4, Amslinger 513, 96 well plate Z W2 WEERIEIC L > T, HHEER LOBEHILN R 5~
DANALFFERO AT T I L ORIGHEE %2 RO 7= (Figure 1-09). /L2 U FFERITIZNZ 4 350
nm fFITIZRINABR Z2 FFO 72, #2lbl 2R TUWOLEEZNIET 5 2 & T, IV 2 8RO
RPIRIFEREZRDD ZENTE D, FIEE LT, &h /2758 K% 96 well plate D4 well (20
%, TNEITT AT T I &N 350 nm (T D2 22 B & TUOLE 2 JIE L, £ OfRRFZ Lz BB)
T5. BANAFEERNZATT I ERISTE, WOLEORENBHISND WO FHETH .

J/NH2
O S
= SH
| A | N HZN/,L\/ | X | A
/1 X . L S X
R R ~ R R
chalcone analogues % S BRI E chalcone analogues
350 nm {35 < RAAIBA % D ()

Figure 1-09. Amslinger’s report (reactivity assessment)
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/\)(J)\/\ on /\)(J)\/i )S\/I(J)\/i
Ar ~ = Ar Ar X Ar Ar Ar
GO-Y030 mono adduct bis adduct
0.3 uM
R R. Rl Ar= :
/o) s s o s ! Ar O\/OMe:
R—$ ArWAr ArWAr l 5
! O_OMe !
Pt GO-Y181 Go-y13s TTTTTTTTTTTTTTTYT ’
0.84 M 0.92 uM
A~ GO-Y136 GO-Y137
Me0,C” 0.89 uM 0.97 uM
HO™ Y GO-Y138 GO-Y139
OH 0.72 uM 0.56 uM
BocHN GO-Y141 GO-Y142
N 0.91 uM 0.84 uM
AcHN GO-Y145 GO-Y146
N 0.99 uM 1.0 uM
P
NH, Hoch: NH
s GO-Y140
HO,C “r" ~0 3.3uM
° N
A~ GO-Y173 GO-Y174
1.0 uM 0.72 uM
g GO-Y077 GO-Y075
0.95 uM 2.0 uM
NN GO-Y175 GO-Y176
0.82 uM 2.0 uM
/\/\/\g GO-Y177 GO-Y178
0.92 uM > 40 uM
<>/\\/i\§ GO-Y143 GO-Y144
> 40 uM > 40 uM
0 GO-Y179 GO-Y180
NN 0.76 uM 0.72 uM
O GO-Y184 GO-Y185
0.34 uM 0.76 uM
Oy GO-Y186 GO-Y187
0.42 uM 0.78 uM

§ GO-Y188 GO-Y189 | Compound !
o~ 067 pM > 40 M L Sl M)

Table 1-06. SAR of GO-Y030 thiol adducts
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R< S/R buffer (pH 3 or 7.3 or 8.5) 100 pl )

I i ¢ /\)J\/\
Ar WAr C . g Ar Ar
DM lution 100 pl
GO-YO?S(CJ)tShC::ItISins ac:jodﬁct 340 nm THRIERE GO-Y030
(&-B%RE) 340 nm [ZIRIVB R Z 35D

WARAB K & Rz 7Ly

Figure 1-10. Our procedure to monitor retro-Michael reaction

EH DA LT TF A — /AIRE, 340 nm (WIS K 2 Rf> GO-Y030 Z#8bam e 5729
Amslinger & & [FEEICRSERERIEIC X - T GO-Y030 DA A B 5 Z L N A[RETH > 7-. & Z T, Figure
1-10 (TR T FIET GO-Y030 FA— LAHANAD ¥ Michael IS4 BB L7=. 472bb, GO-Y030 F4—
JUAEINA, Heigset iR & L Cod GO-Y030 % 96 well plate D45 well ICHsIn U721, =20 well % a5z
1#ix (pH 3 Glycine-HCI), H:iE{E ik (pH7.3PBS), HLIEMEREMET# (pH 8.5 Tris-HCI) THAML, AhlA,
2 7R RERN SO 2 IE LT, £ OFSE, Figure 1-11 1R & 5 s Ra2 1572, 7k, 77 7 OWRIEE
DERREL 72D 0712a-3< 12 L, ¥ Michael BUSPEZ TWDH Z L&KL, HRAYIC, WLE DA
0 FHETEER 72V b DI, i Michael SUEEE & TV 2 & 2K T

Figure 1-11 (a) Fet5cft FC, & TOFHERIE, WOLEN 0L TIRIEEDL LT, ¥ Michael LA E
EAERERE TN EIURENT.

Figure 1-11 (b) "G T CiX, BBREWNZ &1, BIAKMEOE VW GO-Y139, 140 @ A 723 Michael < )ik
HEEZILTWDZ ERINT.

Figure 1-11 (c) HEEMESM T T, F4—L O 7 3 VOGS T Michael SOt & 2 2 4 7535
REEZ ZRWFERD DD Z 0N gholc. T78bb, (cl) IZ81F 5, GO-Y144 &, (c2) 215 GO-
Y174, 176, 178, 183, 187, 189 ® X 572, RHUEME A& TF 4 — L #FHATIE, 1 Michael SR8 1E
EAERETWRNoT., —F, ZNbERATOFEERT, RIGHESZDOFHEIEWTIH DL H O
®, ¥ Michael SSE 2T Z &3 0ho 7.

VL EogE - 15N - REMICET 2R EE LD L, GO-Y030 FA— /AL, ~7 1 i<
PHERREZZLOT A — V02 NS EICFFERIZ S, P~ EM T Cif Michael SUGANEE Z D <03
<, MAMBAHREETE M 2 R T 2 BAICH D &) Z EAURENT. £, GO-Y174 X° 185 D L 9
(2, mWHETEME 2 0REF LT 5208, BRPE~H S T Tl Michael SRS 13 & A SfE 2 S 720 FHER
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bR S AROERERIT, 4%, FA—/UHIFEEROARS DI, AT —2 L LT
RT v IREIO—E D ZENBfFSN5.

(a1) ** —8—GO-Y030
c 2; \\5} -— o  —®—GOYOS
o —8—GO-Y135
%2?2 . —@—GO-Y137
© —— GO-Y139
—— GO-Y140
—8—GO-Y142
—8—GO-Y144
@ GO-Y146
time/hour

(a2) ©#
0.7 ——GO-Y174
C 06 —8—GO-Y176
g 05 | ——GO-Y178
T 04 —8—GO-Y180
8os ——GO-Y183
& 0.2 —8—GO-Y185
——GO-Y187
—8—GO-Y189

15

time/hour

Figure 1-11-1. Time dependent change of retro-Michael reaction after diluted with (a) pH 3 glycine-HCI buffer
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—&— GO-YO30

——GO.Y075
—e—GO-Y135
@ GO-Y137
— GO-Y139
—8—GO-Y140
—e—GO-Y147
et -- : 3 —8— GO-Y144
01 @ 5 10 15 20 25 —@—GO-Y146
time/hour
(b2) %%

07 | ——GO-Y174
S 06 ——GO-Y176
go.s ! . | —e—GOY178
®oa | —e—GO-Y180

—&—GO.Y183
—8—G0-Y185
—— GO-Y187
——GO-Y189

<01 s 10 15 20 25

time/hour
—e—GO-Y030
- GOY075
- GO-Y135
@ GO-Y137
——GO-Y139
——GOY140
- G0O-Y142
. ! : i —8—GO-Y144
D01 @ 5 10 15 20 26 —&—GO-Y146
time/hour
(CZ) 08

= 07 | ——GO-Y174
S 06 ——GO-Y176
go.s ! . : | —e—GOY178
o —e—GO-Y180
Sos | —&—GO-Y183
g 02 | —8—GO-Y185
§ o —8— GO-Y187
< ¢ C —e—GO-Y189

<04 5 10 15 20 25

time/hour

Figure 1-11-2. Time dependent change of retro-Michael reaction after diluted with (b) pH 7.3 PBS buffer (c)

pH 8.5 Tris-HCI buffer
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FSHE /MG

GO-Y030 % V — R & L7 MsElGMEFSE Cld, GO-Y030 & 78 AABIaIEFEE EIGMEIC DWW T, FITELFIZ

RT3 ODIANFL T,

Methoxymethyl E#iJEIE, AL LT AT FEGRE UTEMEIZENTWD DT TidR<, o Fidik

DT OICEEIEIERN TH 5.

\

R ) AL, % O Michael acceptor & L CTOREINEMFBUCEETH 5.

GO-Y030 @ 2 > DIFFERHRIL AN A TR ETE MR BU M T H %

Cs-Curcuminiod OFIaNZEENFTHE O 7= D D FEERTIX, H-NMR 26l L - T, #H DMSO Fickir5

GO-Y030 & v A7 7 2 > & Dw[HiE) 72 Michael SOt 2 8L L 7-.

REETEMEFARES, NMR EBRIC X 5555025, Cs-curcuminoid 25N TEeR 72 F A — Lo+ & al i 7e

Michael )&z #E Z LTV 5 AJREMEAS R & 7= (Figure 1-12). & 2T, Z O [y b2 FH LT

GO-Y030 7 /v & F A A% Cs-curcuminoid KiEME7'1 KT o 7L LCEREF LT 2 A, EAHEY K
AYE7 1 B9 v 7 GO-Y140 ZAIH+ 5 - LN TXT-.

reversible FUBP2
GSH GSH,
protein X protein X,
proten X', protein X', Cy5500
- 7 s X o
i - i 3 Y Ne O S
A Ar =S Ar Ar ‘— At Ar A LA "
GSH, GSH,
’ protein X protein X,
| proten X, | protein X', ‘
1 : — irreversible
Figure 1-12

W2, B 10 FEO F A — NAIIRGEER 2 AR L, KBS AR HCT116
T AR EE T,

1 Michael 5t D SOl

i FORER, ISR HF A —LOREEICHKEL T,
BHEM A R T 2R L TEEOM R LB SRR D D 2 LR EN. B
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VT ORI, A3 A HEFEBLETENE 23 2% L, pH 8.5 MIFEEMESH Tz W\ T b Michael St %

T Z iz < WEm»Rd - 7= (Figure 1-13).

(0]
AI'/\)J\/\A

GO-Y030
G|50 =0.3 ]J,M

r

RSH

retro-Michael reaction

GO-Y030 prodrugs
Glgp=0.3-3.3uM

(R = GSH, hydrophilic thiol)

innactive thiol adducts
Glgg =>40 uM

(R = long chain hydrophobic thiol)

in pH 3 buffer

in pH 7.3 buffer

in pH 8.5 buffer

O or X

O or X

Figure 1-13. Results about GO-Y030 thiol adduct
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B2 FHBERGRATRN L, 23 AMIRalEE PTG R IR fusarisetin A O & RF5E
FLET ISR T 7 N 43 DA

e CIR AT BRGNS X, [UARF =R IAMbZ R & T2 FEER T 7 v 43 DERGE
WA S722 L7 (Scheme2-01). 4 F TIZ, AR =R X A2 M R E 72132 OFERRAR O RS
B U726, FEEOMBDIRY 2. L7zh-> T, (2)-3-penten-1-ol (46) 75 DILUARF R F 1L
EORODIERE, KEAZF— L THEHATEDNICOVNTHHFE L. =R TV R 450 ILNEIC K 50
BRCIE, C-3 fERAICBHERUESE E 20 EDNE L 25, (LA BIZK 2WE 2 0T, KERHIC
WD C-2 fEDERFZEDPMEIHNIET D2 E VI Bl b HoTeb DD, TRF T R 45 TEIRMEBH D E
IMIRHATH 72, ZNHOFRBEICESREZ Y TT 43 OEREIT>7=D T, LN 2R~ 5

/-\ /?\_/\/OH O\b
/_\_\ Yamamoto /_\_\ epoxide |‘| oxidative ) \\\

46 o asymmetric ring opening ™S lactonization
epoxidation 59 TMS

Yamaguchi's report
OH ™S OH

’,/ o /‘\ BF3ooEt2 /\}?\z/\OH || 3. 2
R Li—==—Ph : /\/Y\
3 2 _—_— || 3 2 OH Ph
OH OH
61c (47%)

60 Ph OH
61a (34%) 61b

from Payne rearrangement

Scheme 2-01. Synthetic plan of chiral lactone 43

$£79°, (2)-3-penten-1-ol (46) D ILARHK =R F AbA MEf L7z (Scheme 2-02). (LA S D3 T,
Hf(OtBu)s & Zr(OtBu)s DFNZEHAHV B TR, FEHA OIS BfR2 5, Hf(OtBu),
(13,500 M/g) X v 6 {57217 Zr(OtBu)s (2,200 F/g) Z H\>, ISR MEE1T->7=. (S,S)-BHA U >
R, IWARSOWEIHES> THR LI b DO E AW 0, (LKL OWETIE, MAkD Mrz EiEd, BHA
U #> K, DMPU, Zr(OtBu) & 2l C 1 R #EM%, 0°C ICRISREZ N, WEOKRET VLT L3
—/b, CHP Z %721, 0°C T4 R L, EIRIZAIRL 36 FEIRFET 2 &0 FlEA L HTH
5. FEEBINADS LRKIC, POSHIH 0~ 4 B OSOGIREZ 0°CICTRELTZE 25, 49% ee LT
FARIRMEDN 23 Tl 72 o 72 (entry 1). 728, TiRF U R 45 OFEAME L, KEREEZ XV A bk,
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x 7 /77 I (CHIRALPAKIC) % AV % HPLC IZ X W RE L7z, Entryl Tid, TLC 1T X 2% IGIBHFT,

0~ 4R TORISHHN -T2 Z L, RUSHEZKT SEUT= T o FABRMEO R EABRTE 5

DTN EEZ T, ISP 0~ 4B OKINEEZ 0°C 22 H-5°CIC Fiffmt 2 A, =F v F 42
XI5, WHEIZEENDKERLS BT,

m kL7,

RYEIIHIRE Y 75%ee £ Ca) L L7= (entry 2). 7% MS 4A

THLER L7z (Z)-3-Penten-1-ol (46) Z LWz & 2 A, = F A 3 IRMEIT 84% ee (2 =
FARPMEICSEORMITIET L OO, EOH%RO TR THFERR L-& U U8R 44 L OmEREZ% D

Z & T minor TARFY FHEEDOLDIZVT AT LA~—L L THEECE L LE X, REME2 st

LA ERED D Z e Lz, ERiZentry3 DRMEEZHWS L, entry 3~5 IR END X HIE, BT T LA
=L T H MR < 80%ee UL LD @\ T U F A ERE, @ISR TS EIT LT,
Yamamoto's report
(O o}

M(OtBu)4 (2 mol%)
(R,R)-BHA ligand (2 mol%)
DMPU (4 mol%)

a2
ph—( HO GH )—Ph
O, Ph
A/M\j (RRYB

— CHP (1.5 eq.), MS 4A Ilgand
47 OH toluene, 0°C 4 hthenrt36h 48 OH o
M(OtBu), = Zr(OtBu), 45%yield 93%ee
Hf(OtBu), 82%yield 94%ee DMPU

Zr(OtBu), (5 mol%)
(S,S)-BHA ligand (5 mol%)
DMPU (10 mol%) . 9o
CHP (1.5 eq.), MS 4A” /_\_\ *MS 4A were activated at
200 °C under redused

S

46 OH toluene 45 OH pressure prior to use
entry 46 scale of 46 temp. and time yield (%) ee (%)

1 distilled prior to use 0.707 g 0°C4.5hthenrt36h <92 49

2 distilled prior to use 34749 -5°C4hthenrt36 h <90 75
distilled and treated with o

3 MS 4A prior to use 34749 -5°C4hthenrt36h 88 84
distilled and treated with

4 7.30 -5°C4hthenrt36h 82 82
MS 4A prior to use 9 en

5 distilled and treated with 1179 _5°C 4 hthenrt36h 90 80

MS 4A prior to use

Scheme 2-02. Yamamoto asymmetric epoxidation (46—45)
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D3NT, BONTEZRF L R4 NET 7 F v 43 ~OEH%Z i L7 (Scheme 2-03). £, =¥
YRAS HNIEIZTTMS 7EF Y RERISEEDH T &ET, A=/ 59 ~EZEH LT %2, =/RF T N 45
DFIERIL 2 Do ~>Tcb DD, 59:62=4:1 & HPRREOERRMET, HIFFE Y KEEHIZITV C3 AL TR
B MEIERCHEIT LTz, &BIC, oDV A—IL59, 621%, W T L/ u~ T TT 4 —CONBENES
TR TEN, EWRI LI, BB T MR T 7 F ALD BB TREEIC Bt C&E 72, A —/1 59 7
577 Ry 43 ~0 2 BFEOREKIE, Forsyth 51X o CT#E & 47z TEMPO ERfb4eft B 2mH L7z =
5, ARELS 2EBOBIEPETL, EEMICT 7 B E2G5 2 LN TE. ok, 5, AL
& o THHZE 4172 DMN-AZADO* % TEMPO O W IZHW= 56 b [AERIZ, E RIS RIS B EIT L7z,

TMS acetylene (2.2 eq.) ?H ™S
o n-BuLi (2.9 eq.) AN ~_OH | |
NE THF, -78 °C, 30 min; :

/_\_\ I OH
BF4+THF (2.9 eq.), 15 min

45 OH 457141 ™S OH
59 (67%) L 62
0]
TEMPO or DMN-AZADO (10 mol%) o 9
PhI(OAc), (3 eq.) —
59 Iz
CH,Cl,, 1 day, quant. \\\ N\O'
TMS DMN-AZADO
43

Scheme 2-03. Synthesis of chiral lactone 43

TARF Y R 45 O SEAEAIC OV TR, 27 /v a—/L 63 ~EFFE L L, %D 2 fkKEREE D kST
AL F % B Mosher 15 212Xk »> TS ERET HZ & THEZE L7= (Scheme 2-04). T 7pbh, 287 /L=
—/L 63 22BN MTPA = A7 /LD H-NMR ¥ 7 MEDZED HRRBRANZHES T, 63 O 2 Mok
ESEARAEFE S EURGE LTz, %I PRI XA HE AT 12 K > TH 7L —/b 63 O ST b
ELWHDTho7T-Z L3R Sz (Figure 2-01).
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(-)>-MTPACI
pyridine
OH OH
/\:/\/OH TBSCI, imid. /\:/\/OTBS
Il DMF 0 °C to rt Il
75%
T™MS T™MS (+)-MTPACI
59 75% ee 63 pyridine
"H NMR Chemical Shifts in CDClj3 (ppm)
OR
}?\/Z\/OTBS position 64a (S1X) 64b (R{X) AS
R 1 3.76 3.69 +0.07
| | 2 1.71 1.65 +0.06
T™MS 2.85 2.83 +0.02
2' 1.58 1.53 +0.05
64
1" 1.34 1.45 -0.11
Scheme 2-04

O

F3C
3 ﬁ)J\O
MeO e

Ph /\/\/OTBS

m
TMS  64a (Sik)
(0]

M
Fe(gﬁ)kg
%7 Ph A _~_OTBS

TMS 64b (RI%)

A8 =385 -8R

. Determination of absolute stereochemistry
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28 66 DA

HEAENER T 7 R B3R TE O T, LB ) VFHER L OERFIC L 57 b 66 DEREIT T
F9, 727 b 43 & Gamer’s aldehyde (65) & D7 /L R—/ViG, 2-5< 7V 32—V ORRLIE T O/
Z4T- 7= (Scheme 2-05). LA FICHGIOFEMZ R~ 5.

o] 6 o

O
aldol reaction
O R)J\/\ and -OH oxidation O\b/U\'—_/\ 6]
\ / z 0]
/ - — BocN
S BOCN«# S ‘7/\
\ Garner's aldehyde (65) (R = H) T™S

T™MS
43 66

Scheme 2-05. Construction of ketone 66

Z 7 K1 43 & Garner’s aldehyde (65)& D7 /v R— VKIS EIT D &, DEEREE 27 A7 LA~ —RE
WL LTT N R— UMK 67 235 5 47- (Scheme 2-06). —#80BfE L 7= 2 %7 v =2—)1 67a, 67b =%
FUEAMCARIFA LI 25, Bond 7 b 66 IXA—D b DO TH D Z LA, H-NMR EHTIC X 0 ]
L7 (table2-1). 7¢d5, 7 b2 66 ® NMR1E, |RClin—4#~v—IZERNTH7rn— RO —2s %52 %
B, WEEZ EFLEH-OE =IO L. Lo, F R 66 IEH DY T AT LAY—ThD
LIRELTZ. 7 b 66 DFRINLARLZRIC DWW T, TV R—/VRUSICE VLT, Garner’s aldehyde (65) 73
77 b BOELLOENOHIT D0 EBLE L. Tibb, 77 M3 0AFVE, TMS 7%
YD 2 OOEHIL L XA OB D 65 NEATT D EF X HiLDH DT, Scheme 2-06 (2R AKLFETH
D EHEE LT, 287 Vv a— v 67 OEREIE, table 2-1 IR THRUEEZRFI LN, WIihh F~KINERT
bolo. I, AR O Rvo 72 PCC MRILSIFE, A7 —%& LT 5 LIERORIERE T35 5
n, HEMECZ Uo7z (entry 1, 2).
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LHMDS (2 eq.)
O: 7 -40 °C, THF 30 min; \b}\/\ table 1-1 é*/\
Rt OHCL\ BocN BocN
i \\\ Bocl\f (0] \ i \\\
K 65(15eq)
43 VS 40°C, 2.5 min ™S
ca. 79% 67 . 66‘
(dr=1.4:1=67a:67b) single diastereomer
table 2-1
entry SM reagent solvent temp. time (h) yield (%)
PCC (17 eq.), NaOAc
! 67a (17 eq.), Celite, MS 4A CHoCl t 2 61
PCC (6 eq.), NaOAc (6
7 .
2 67b eq.), Celite, MS 4A CH,Cl, rt 8.6 42
TPAP (10 mol%), CH,Cl, : MeCN
67
3 a NMO (3 eq.), MS 4A ©@:1) i 12 0

(COCl), (30 eq.),
4 67a DMSO (60 eq.), CH,Cl, -78 °C 1 trace
Et3N (90 eq.)

43 : 67b

5 o IBX (3 eq.) DMSO 40°C 0.83 529%*
6 ?13 : ;7" IBX (3 eq.) DMSO  40t075°C 2 dec.
7 67a IBX (2.5 eq.) AcOEt reflux 19 7"

*SM (21%) was recovered.

Scheme 2-06. Aldol reaction and alcohol oxidation

ZIT, TREZEO LT 7 b 43007 R 66 ~OEBHEEZ N LT 5729, 77 h43 &
BEAH OIR G TR IEKY) 68 & D Claisen #i& & fmt L7 (Scheme 2-07). % OfER, 54%DINFE TS k> 66
D, BIZERM E LT 68 d PivIENKIS L= b 69 28 15%fF b=, T/ R—/b, TLa—Ligk<
1%, 2 TR S0%REEDILR TRy — T v FIZHENH > 7223, Claisen fiaa HW5H Z & T, A TFOIEE
) L, TRRERHIIAS ATRE & 72 o 7z

O
? LHMDS (2 eq.)
O: j -40 °C, THF 45 min; O\b)K:/\o OM
R PivO,C — B P

: b S5 5
\\\ BocN_ O \\\ \\\
K 68 (1.2 eq.)
™S 40°C. 15 min ™S ™S
43 66 (54%) 69 (15%)

Scheme 1-07. Claisen condensation
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FIH T X Mokt

7 VALK 66 1%, DE BRIERICHLERBFRERZHA T2 L2h, THOBRGFE LT, Zobon
5T 02 LRI Z G5 Z L & L= (Scheme 2-08). I 72bbh, B TT L /LKiK 66 @ Boc Jk, 7 &
N A REEZBLRE L%, DOKERABIZ I > TT7 7 bOER, 77 % L8, ~I 7 X — VB %
BRSE, 74570 25 CERWIT AT LAY—REWE L TR, LnL, 77457013,

T2 DFUSSRAFITH T DAL ENEDND, ZOBROEH (73— 1ki#, N-Mefk) BHNETH 7.

O o .
T™S ;
(o) HYY \i$3u“ OH
NH, 5 TO
3 \ H
\ S
T™S H OH
L T ¢ _
O o0 ™S ™S

qﬁfkvﬂ RN RN
> O 1.3MHCI/AcOEt “ o “ o
BocN

%OH """ "= %OP

S \\ 7< 2. DMAP (cat.) H )
\ pyridine, 40 to 50 °C 07 N7 O™\
™S zi?%ﬁ;stmps H OH | OoP
66 T 70 71

Scheme 2-08. Lactamisation of 66

WIZ, 77 F 66 DIEMHERATF A2 T Vb LTctk, 727 Z LMbx175 2 & & L7 (Scheme 2-09). %
DFER, TIME, T7Z MENEEICHEITL, H—O YT AT LA ~—TT7 7 %1 41 BfFbh.
ZOWE, T UMM OERY 41 1%, FEREMAEREFF D720 NMR AT MLInb YT AT VA E R E
TOHOIIREETH T2, L7zl oT, TV X LA NEELL LT, ABHE—RIT AT LA~—Thb
LHERR L7, 7235, Claisen ffity, 7V MLONERZWICT DL, T2 X L 40 LIFRARDIT AT LA~
—T3NH—-THEOLNZ. LER-T, 66 /0541 DOT7 VLTI, 77 brdOAFNEE, TMS 7 L%
D 2 ODEHIEDSAKEE ZRET 5 X 912, BEA S allyl bromide 2345 2 & T, SRR
DHEITLIZb DL ER ST,
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O%O K2CO3 (3 eq.)
BocN allylbromide (2 eq.)

7< acetone, MS 3A

20.5 h, quant.

1. LHMDS (1.1 eq.)
allylbromide (1.5 eq.)
THF, —40 to -78 °C, 88%

|

43

TMS

2. LHMDS (2 eq.)
THF, —40 °C;
68 (2.5 eq.), 40 min, 58%

. 4 M HCl/dioxane

40 min

!
.
/m

[e]
(]
pd
A
N

. pyridine : toluene

. 3.5-4.2 M HCl/dioxane \\

overnight, quant.

125h

pyridine : toluene
DMAP, 60 °C
overnight

58% for 2 steps

Scheme 2-09. Lactamisation of 41 and 72
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WA BRI A LA XY ADOKB L 4511 Diels-Alder 5

TUA VALY AOKRGHIIERRT T, 727 % 540 O N-MefbZzit Uiz, £, 4 —/140 D 14k
KEEFE % TES L TR L=k, MRS TO N-Me (LERAT=D, FrEO N-Me {LIE 75 132 B 5N
F, 76, 77T DX DRy U —T VB L TCRIAER DG BT, ~I 72— B & 9 TES 0
REEMECRISOGEDRN N 8 5 L& %, TBS HIZ L 5 VA4 —/1 40 O L KB OR# 2 A 7-23, TBS
PRAEIR 78 ~ L@V TEMT 5 Z LN TE R o T,

™S ™S ™S
\\\ ; TESCI (3 eq.) \\ B NaH (6.6 eq.) \\ :

(0 Et;N (6 eq.) o Mel (10 eq.) o
N -1OH NS 1OH NS -11OH
N~ DMF, 70 min, 81% > . THF,0°C, 23 min =~

O7™N7 ™\ 07N ™ 07Ny
H OH H OTES | OTES
40 74 B 75 N
E : byproducts ™S :
_ Y _ ! _ :
T™S . | on \\ : |
\\\ : ' - '
. o P TMS——==n"~ o) 0] !
' T e 1OH '
N oH : It or N :
. , o N o) N ,
o & -
OTBS R R :
H 76a (R = H) 76b (R = H) 5
78 77a (R = Me) 77b (R = Me) ;

Scheme 2-10. N-Methylation of lactam 74

TIT, "INV R#E LR, N-MefbZfTo & & Lc. ~I7 =L OR#EZEK L TT74
\Z TMSCI ZA/EH 72723, BHER L 2 fokBe Sy TMS L TR SN bz, 2ok, HEHE
PSR T N-Me (b Z1T 5 & LAD N-Me bR 79 28 BAF /2R TR Hiv7- (Scheme 2-11). La~L, JEIZE
ERBRIZ YV U v —T VD U 7= R AR 80 DR S - BT,

TMS\ - 1. TMSCI, EtzN, DMAP - g
N, CH,Cly, 2.3 h _ TMS—~_ ,—OTMS TMS—~_ ,—OTMS
' (6} then SiO,, AcOEt, overnight, 91% </, o <. o
N e -10OH N e N e
N~ 2. NaH (1.3 eq.), Mel (10 eq.) N~ N~
O™\ ™\ THF, 0 °C, 10 min O >\ 07N
H  OTES 70% (84% brsm) | OTES |
74 79 80 (5%)
desired product

Scheme 2-11. Synthesis of 79
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Scheme 2-10 (275 S AT HEEEMESRAT T O N-Me (LD O T, 76 X° 77 O X 5 72 B X 2 B4R
DO Z D, 772 L5HEIED 1 KRR EMSRIE T, BIBOSE UTHKIS S EITT 5
ETENT. 22T, TAF S TMS EEOBRGEIL, Pale HIZ K o Tl S MBEER A W 2 IR AN 7e
FESEEA L. TORE, TMSTAF 791, YU AT—T LORR#EEZHEST, KT L%
81 ~& EINRICTES I /= (Scheme 2-12). F£7-, N-Me {LETOBMAEHED T 7 X% 1 40 ZIHE L L=

B, EERIUSHET LT,

TMS—<_ ,—OTMS N\,
e o AgNO; (0.3 eq.) o
N e N T 10OH
N~ CH,Cl,-MeOH-H,0 =7
O7™NT ™y (7:4:1) 07NN
I OTES I OH
79 81 (93%)
™S
AN N\ i
“« 0 AgNO; (0.24 eq.) "o
N 1OH NALL 2 10H
N~ CH,Cly-MeOH-H,0 N~
07N (7:4:1) SV
H OH H OH
40 82 (quant.)

Scheme 2-12. Deprotection of TMS-alkyne 79 and 40

HHELL o= A 81, 82 BFRITE/-DT, Grubbs 55 2 HAVAMEAZ W T 1 VB A ¥ &
VARG D R 21T o 7= (Scheme 2-13, table 2-2). =2 A L 82 ZIE L LIEHE, =F LU HAITE-
TROGHMIERE, ICEAM EL, ®ICETERILE8I #5272, =AU 8l &EHE LIEGAED, entry 2
ERBRDZMT, BAFRIEE CHRALIK 50 & 5% 7=.
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o 0
X" 1OH reagents / f—{"1OH
(NI CH,Cl, 0

\ NT )
R OH R OH
82 (R=H) 83 (R=H)
81 (R =Me) 50 (R = Me)
table 2-2
entry SM R reagents temp. time (h) results
1 82 H Grubbs 2nd (10 mol%) reflux 7 83 (55%)

Grubbs 2nd (7.5 mol%) o
ethylene gas n 8 83 (84%)
Grubbs 2nd (7.5 mol%)

ethylene gas rt 1 50 (78%)

Scheme 2-13. Enyne ring closing metathesis

DV 83 ORISR SAIT X G S EAEAT IC K - THE L7z (Figure 2-01). %, 83 Oiffast szt
AT OWTIE, X RS SaAE S 7T T S 4u7- Flack absolute structure parameter DA &, AR EIED S

FRHRINT-EBETELWLD EFEZRLTWD.

N I‘I/
\
o
A~
(@]
Il
|
o) S5
an
>0
SNe)
T

Figure 2-01. X-ray structure of diene 83

wim CIlE~72 K 9 70 AB BRICBH T 2 K HEFH B ARSI T, /oY= R0+ Diels-Alder
sz /et L7z (Scheme 2-14). T 83 L& /) VA MBI FRIS &5 &, BLER RS- T
Y RTX UMK 86 S AB%DULR TR L. Yy 85 b~ LA I REMEGMET CRIES 5 LBRIE
KT MBI ODRIRDHVT AT LA~—L LTHLN. = A 85 &~ LA I F&dD Diels-Alder i

1%, endo/exo, maleimide DEEHIHEAZZ 25 &, AR LEBLC T AT LA ~—72 87a ~ 87d D 4 FEHD 5.
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RS THR LN EAEMIL, ZE4, Tie? X 5 72 NOESY fHEEINER S = Z & 225, endo {4 85a,
85b &HEE L7- (Figure 2-02). AFEEBRFER LY, = A L A XL ATH LD VT KT fusarisetin A

DFHFEERR O TR EALEM T D Z LTS,

HN;]
(@]
toluene, 110 °C
H OTES 19h N H OTES
85 —_— | endotk H ) OTES | 87a (9%)
87a (9%) maleimideA’E A 5 iR

87b (11%) — B -
87cord (2%)

1OH
"
OTES
endofk
maleimideaEM L |

N
H bres o H OTES
exofk
maleimide S pEM SHEE | 87¢c
o K H
Aty
HN Y 1OH
(0] O N ""\
H OTES
exofk
maleimideNaEM S A |

Scheme 2-14. Intermolecular Diels-Alder reaction
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87b

) - NOESY correlation
’ A
Figure 2-02. NOESY correlation of 87a and 87b
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EEHEN FHER A XL A2 LD CDE BiFEADE

TUA VA BBV ATORG T, ~I 7 & —VHITEEGED LD, BALRISDETT LT W E o T
DT, FARA XV AKNMIEBNTH BEEDO A~ 7 ¥ — VI % W CTREF L7 (Scheme 2-15). @
R, T 8205 2 TRTIFEFEEMICL 7 a0 T 88 ~ LM ZENTE . 1ukBREDH
FEILIE, N-Me (LOSMHICit 2 5 D2 & LC, Scheme 2-10 THW T 7z TES 25705 TBS Hh~ L AW
L7c. YA —1 8813, 1#k/KERMD TBS HIZ L SR, N-Mefl, TBS AEOMifri# 4T, CDE BRihE

K49 ~L 3 THE2T% TLEHL L 7-.

x\ R 1. Lindlar cat. . 1. TBSCI, EtsN, DMAP 0 o
O H,, MeOH, 3 days A O CH,Cl,, 63% /
\/n-- 1OH o 11OH Y 1OH
o o, 2. Grubbs 2nd (7.5 mol%) o . 2. Mel (20 eq.), NaH (1.2 eq.) A "y
N \ CH,Cl,, 99% for 2 steps N \ THF,0-8°C, 3h 0 T \
H OH H  OH  38%(61% brsm) OH
82 88 3. p-TsOH, MeOH, 71% 49

Scheme 2-15. Synthesis of CDE analogue 49
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FEH /T

EHX, fusarisetin A DRRPEE REIL OB L 7= CDE BRiFE(K 47, AB BRI/ MR 5 2 DDOFFE(K 86,
87 A AFEM L. BEVE D 4 DORFREFT L7 b alid, 77 hr43 & LtV k68 &
DEFEZBIT DINRICHEEEZFRT L OD, 77 k2 66 ONLEEFIA Lz REHIE T, SRR
AT HZ LN TE.

Claisen condensation /

o o)

LHMDS (2 eq.) K,COj3 (3 eq.) |
o -40 °C, THF 45 min; o o alylbomide 2eq) o k/\
) PivOZC\_\ B BocN“]/\ acetone, MS 3A iz Boclil7<O

\\\ BocN_ O \\\ 20.5 h, quant. \\\
7< 68 (1.2 eq.)
™S 40°C. 15 min ™S ™S
43 66 (54%) 41

single diastereomer

Scheme 2-16. Synthesis of intermediate 41

£ilo, NEEMRT 7 ZLT0 28T 52 LT, MR- FMTRETCRMDZMET DI LTS, 44

HER 49, 86, 87 ~LiE L Z LA TE - (Scheme 2-17).

TMS\
O\b)K;/\O 1.3 M HCI / AcOEt \\§:
—/ BocN : N o
N
H

=z = N A mmArAm v Hwy—tOH 7" 4 >
= \\ 7< 2. DMAP (cat.) H OH /
\ pyridine, 40 to 50 °C o "\
™S ca. 50% for 2 steps OH
66 (dr=2:3) 70
7/
™ ! '
o\ o S

overnight, quant.

o) ,mk/\ \\/ E H -
: 1.4 M HCl/dioxane ‘ © : 50
/= 0 — e
3 ':BOCN \/ln- - 10OH ! ) 1OH
= \\ 2. pyridine : toluene ¥ ; E).
\ o , : "

Scheme 2-17. Synthesis of lactam 40 and analogues 49, 86, and 87
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VY, THUEBRTERARY) curcumin 2 U — K & T BRI FAIGE ] & [FHERA R ZfRR LI=23 AUH
Jia i 7 BH TS M KSR 4 fusarisetin A DB FAIZE] 24TV, LA FORBE A5,

=
EIEMEEEIR GO-Y030 2 VU — NMEaW & LT, &AM ZIT Y 2 & T, SE0IEERHICKT
HLLTFOFEIDRNH SN EIp o7,

Methoxymethyl E#itkiL, HA LT AT v REGIRE L T0 AMIEHEHE L ETEE IO T Db

T TR L PO - O\ BB IE R TH D

R T ) AL, % D Michael acceptor & L CORE 23 AMIIHEFELETEEICEE CTH

I

)

GO-Y030 D 2 D IFFEEERILN AMMIEIER FEEICMZHTH 5

IH-NMR EBRTlE, GO-Y030 & > 27 7 2 & OHE DMSO 1T “wl#if) 72 Michael 55" 2 8L L,

Cs-curcuminoid @ Al 72 SO e & SERR I/ R Z E N TE 72,

AR 7R RO Z FIH LT GO-Y030 7 /v & F A4 AR % Cs-curcuminoid K¥EME~" 10 K5 > 77 & LT
REFLIZE 2 A, BB Y GO-YI40 KM 1 KT v 7L U THRET 2 2 & i L72. GO-Y140 (3,
L%, MRxREMER~LEMA S, GO-Y030 DHAAKLE LTOAMMEEL LY —EEdTINDHD
LIRSS,

GO-Y140 (ZD2DWT, ¥ 10 FEHO F A — /WAPIERGEE SR Z SR L, 2 D0 AR M,
Michael S D BB MEIZ BT 2 @R et 21T o 72, TORER, EMEZRFFT 2 0MRFE L0, %
FERD T A — VIR OMIEIHAFT 5 2 L2 R Lz, F1ic, RENENSHA ST A — 10Ok
X, 23 AABRIEERARE EE M 2 V2 L, pH 8.5 DM EMESIE T2 350 T 63 Michael S 4 2 LIZ < VWME
MmN h-> 7o (Figure 3-01). ARFHMFEHRIL, 5%, FRRTFA— A IR 7 e 87 v 7 &% - GT 5
RrOSEERFI R E LTIEM S 2 b LI s .

2, INETFFHLEEF LD ETILEMART AL TOMNMERTa KT v 7 LTHEELTZ &0
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IFERIT, “HPARNICIB T D LhE7e sk & Cs-curcuminoid & O AT Michael S&” A9 < ZH L7-.

N

44X/ GIN
T y TPy

i Cah 7= X9 A AR PN R B (Figure 0-11) O 72 ZRGE & SCFENEFEND.

k=100

0 RSH R 'S 0 g R R 'S O § R
Ar/\)J\/\Ar _ ArWAr ArWAr
GO-Y030 GO-Y030 prodrugs innactive thiol adducts
Glsg = 0.3 uM Glgp =0.3-3.3 uM Glgg=>40 uM
(R = GSH, hydrophilic thiol) (R = long chain hydrophobic thiol)
retro-Michael reaction

in pH 3 buffer X X
in pH 7.3 buffer O or X X
in pH 8.5 buffer O or X X

Figure 3-01. Results about GO-Y030 thiol adduct
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B2

Ry BTG & AEMTEYE A G 3 5 fusarisetin A DT CDE SR ICHE H L, KFEFHERE ZI=RAT G
T OO A B L C fusarisetin A FE(AD RFE A EIT> 7= (Scheme 3-02). ZDOfER, THik®
cis-3-penten-1-0l (46) 7> 5 [UARF TR X AL, TARF T ROMBEBRVIBIERZ 51 8 T.F2 32% T DE £
EETNFENT 7 2 ARER 82 AT 5 Z &M TET. 20k, MBRT A AZEU R, B A
VAL ST, @mUIERT C RS L CDE BRENV/EH 83, 88 T Em L7z, MR- 1
AZEVATHLNEYT 831, Y= 7 4L L D5r1H] Dield-Alder )i % #% T fusarisetin A ® AB
BT IS SRR 2 R 735380k 86, 87 ~ & Z &N TE, FHEMEA RIS T o ARG R O AH AT
INFERE S Tz,

A

46 OH

5 H:
HN H
32% l l 8 steps ;\7] ) (e}

- ——— HN

\\/, : Grubbs 2nd cat. H: | o N /

= Intramolecular o \ :

o) ethylene gas ) 0 Diels-Alder 87 H OTES '

N e 10OH 9 T ' '
N . enyne metathesis v . OH i H !
o>\ " : :

\

=",
’ O
S B \OH Grubbs 2nd cat.
X .
o N y RCM

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

Scheme 3-02. Synthetic route of fusarisetin A analogues

EH OB LG L, BRSNS EFEERT, 4%, PAMBEBHERNOFE R — Nz
AT 2720 DR L 7> TV Z &3 IfF SN 5.

LIk, FFX, BBEOYI - IR DR 722 2 BERE T “ A7 ITHE R Z Y TR L AIFZEIC B D 477,
curcumin, fusarisetin A &9 KA U — R e LK A2 DT —~< T, FEPMHAHRMARIED L — R
ERFD LN TEZ. N6 OAMREZARFN R, EHRL D — NiE, SROBIFEIFHIEICEBRL T <

bDLEZDBND.
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Experimental Section

General Procedure: All reactions were carried out under an argon atmosphere with dehydrated solvents under
anhydrous conditions, unless otherwise noted. Dehydrated THF and CH.Cl, were purchased from Kanto Chemical
Co., Inc. Other solvents were dehydrated and distilled according to standard protocols. Reagents were obtained from
commercial suppliers and used without further purification, unless otherwise noted. Reactions were monitored by
thin-layer chromatography (TLC) carried out on silica gel plates (Merck Kieselgel 60Fs4) or NH-silica gel plates
(Fuji Silysia Chemical, Ltd.). Column chromatography was performed on Silica gel 60N (Kanto Chemical Co., Inc.,
spherical, neutral, 63-210 wm) and flash column chromatography was performed on Silica gel 60N (Kanto Chemical
Co., Inc., spherical, neutral, 40-50 um). Optical rotations were measured on a JASCO P-2200 Digital Polarimeter at
room temperature, using the sodium D line. Infrared spectra were obtained on a JASCO FT/IR-410 Fourier Transform
Infrared Spectrophotometer at a 4.0 cm™ resolution and reported in wave numbers. Proton nuclear magnetic
resonance (*H NMR) spectra were recorded using JEOL JNM-AL-400 (400 MHz), and JEOL JNM-ECA-600 (600
MHZz) spectrometers. The chemical shifts (8) are given from TMS (0.00 ppm) in CDCl; or CDCl3:CDs0D (10:1) as
internal standards. Coupling constant (J) is reported in hertz. Multiplicities are reported using the following
abbreviations: s, singlet; d, doublet; t, triplet; g, quartet; br, broad. Carbon-13 nuclear magnetic resonance (*3C NMR)
spectra were recorded using JEOL JNM-AL-400 (100 MHz) and JEOL JNM-ECA-600 (150 MHz) spectrometers.
The chemical shifts (8) are given from CDCl3 (77.0 ppm) as internal standards. Mass spectra were recorded on a

JEOL JMS-DX303, JEOL JNM-AL500 and JEOL JMS-700.
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Chapter 1 - Section 1

Data of GO-Yxxx compounds

GO-Y129 \O/\/oo\/\o/

\O/\/O O\/\O/
Yellow solid; mp 85-87 °C. IR (CHCls): 2927, 1652, 1590, 1441 cm™; *H-NMR (400 MHz, CDCls) & 7.61 (2H, d,

J=15.9 Hz), 7.00 (2H, d, J = 15.9 Hz), 6.79 (4H, d, J = 1.9 Hz), 6.60 (2H, t, J = 1.9 Hz), 4.14 (8H, t, J = 4.6 Hz),
3.76 (8H, t, J = 4.6 Hz), 3.46 (12H, s); 3C-NMR (100 MHz, CDCl3) 5 188.8, 160.2, 143.3, 136.6, 125.8, 107.2, 104.0,
70.9, 67.5, 59.2; LR-MS (EI) m/z 530 (M*, 100%); HR-MS (EI) Calcd. for CooHssOs: 530.2516, found: 530.2517.

GO-Y130 Ho 0 O N i 7 O Onon

Ho ™>© O~oH
Yellow solid (AcOEt:hexane = 1:1) mp 171-173 °C. IR (solid): 3235, 1647, 1622, 1597, 1441 cm™%; *H-NMR (600
MHz, DMSO-dg) 6 7.68 (2H, d, J = 15.7 Hz), 7.32 (2H, d, J = 15.7 Hz), 6.95 (4H, d, J = 1.9 Hz), 6.59-6.56 (2H, m),
4.86 (4H,t,J =5.5 Hz), 4.03 (8H, t, J = 5.0 Hz), 3.72 (8H, dt, J = 5.5, 5.0 Hz); 3C-NMR (150 MHz, DMSO-ds ) &
188.5, 160.1, 142.8, 136.6, 126.1, 106.9, 103.6, 69.7, 59.5; LR-MS (FAB) m/z 475 ([M + H]*), 136.1 (100%), 137.1
(100%), 154.1 (100%); HR-MS (FAB) Calcd. for CosH3009: 474.1887, found: 475.1990.

GO-Y131 MOMO\,/\)?\<\,/OMOM
0

MOMO OMOM

Yellow oil; IR (CHCls): 2955, 2826, 1674, 1647, 1592, 1453 cm™; 'H-NMR (400 MHz, CDCls) § 7.51 (1H, d, J =
16.4 Hz), 6.91 (2H, d, J = 2.3 Hz), 6.85 (1H, d, J = 16.4 Hz), 6.76 (1H, t, J = 2.3 Hz), 6.61 (1H, t, J = 2.0 Hz), 6.49
(2H, d, J = 2.0 Hz), 5.17 (4H, s), 5.15 (4H, s), 3.50 (12H, S), 2.60-2.55 (1H, m), 2.50-2,45 (1H, m), 1.80-1.76 (1H,
m), 1.48-1.43 (1H, m); 3C-NMR (100 MHz, CDCl3) 5 197.8, 158.6, 158.5, 143.2, 142.2, 136.7, 127.2, 109.6, 107.7,
107.2, 103.0, 94.6, 56.12, 56.09, 31.7, 29.8, 19.3; LR-MS (EI) m/z 488.1 (M*, 100%); HR-MS (EI) Calcd. for
CasH320e: 488.2046, found: 488.2047.

GO-Y132 (diastereo mixture)

(@]
MOMO ! > 4 ! OMOM
MOMO OMOM
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To a solution of Me3S(O)I (185 mg, 0.842 mmol) in DMSO (1.05 mL) was added NaH (20 mg, 0.84 mmol) washed
with hexane. After stirring for 1 hour at room temperature, to the reaction mixture was added GO-Y030 (100 mg,
0.842 mmol). After stirring for 16 min at 50-60 °C, the mixture was quenched with H»O. The organic layer was
separated and the aqueous layer was extracted with Et,O (20 mL x 3). The combined organic phases were washed
with brine (5 mL), dried over MgSOa, and evaporated in vacuo. The residue was purified direct by silica gel

chromatography (Hexanes/EtOAc = 2/1) to give GO-Y 132 (66.2 mg, 0.132 mmol, 63%) as a colourless oil.

Colorless oil; IR (CHCls): 2955, 2903, 2826, 2360, 1680, 1594, 1463, 1439 cm%; *H-NMR (400 MHz, CDCls) &
6.60 (1H, t, J = 2.3 Hz), 6.58 (1H, t, J = 2.3 Hz), 6.45 (4H, d, J = 2.3 Hz), 5.14 (4H, s), 5.12 (4H, s), 3.47 (6H, 3),
3.46 (6H, s), 2.56-2.47 (2H, m), 2.38-2.33 (2H, m), 1.73-1.65 (2H, m), 1.41-1.35 (2H, m); 3C-NMR (100 MHz,
CDCls) § 206.7 (206.6), 158.41 (158.38), 143.03 (142.95), 107.52 (107.50), 102.91 (102.85), 94.5 (94.4), 56.03
(56.00), 33.2 (33.1), 29.4 (29.1), 19.5 (19.3); LR-MS (EI) m/z 502.1 (M*), 278.1 (100%); HR-MS (EI) Calcd. for
C27H3400: 502.2203, found: 502.2214.

GO-Y133 MOMOOMOM
MOMO OMOM

A mixture of GO-Y030 (780 mg, 1.64 mmol) and Pd/C (1.8 mg, 0.016 mmol) in EtOAc (16 mL) was stirred under
hydrogen atmosphere for 18 h at room temperature. Additional Pd/C (2.6 mg, 0.024 mmol) was added to the reaction
mixture. After 12 h, the reaction was sparged with nitrogen, filtered through Celite, and concentrated in vacuo. The
residue was purified by flash column chromatography (2.5/1 to 2/1 Hexanes:EtOAC) to give GO-Y 133 (694 mg, 1.45

mmol, 88%) as a white solid.

White solid; mp 31-32 °C. IR (CHCI3): 1714, 1595, 1460, 1440 cm™%; *H-NMR (400 MHz, CDCl3) 6 6.58 (2H, t, J
= 2.3 Hz),6.51 (4H, d, J=2.3 Hz), 5.13 (8H, s), 3.46 (12H, 5), 2.84 (4H, t, J = 7.5 Hz), 2.70 (4H, t, J = 7.5 Hz); 13C-
NMR (100 MHz, CDCl3) 6 208.6, 158.3, 143.5, 109.6, 102.6, 94.4, 56.0, 44.1, 29.8; LR-MS (EI) m/z 478(M*), 370
(100%); HR-MS (EI) Calcd. for Ca5H3404: 478.2203, found: 478.2217.

GO-Y134

O
MOMO\,/\)‘\/\,/ !\IOMOM

MOMO OMOM

To a solution of GO-Y133 (426 mg, 0.890 mmol) in dry THF (17.8 mL) was added LHMDS (0.92 mL of 1.3 M
solution in THF, 1.20 mmol) at —40 °C. After 15 min, to the reaction mixture was added TESCI (0.194 mL, 1.15
mmol) and the solution was warmed up to 0 °C over 15 min. After 45 min, the mixture was quenched with EtsN
(Pasteur pipette 16 drops) and saturated aqueous NaHCOs3. The resulting solution was extracted with AcOEt. The

combined organic extracts were washed with brine, dried over MgSO, and concentrated in vacuo. The residue was
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purified by silica gel column chromatography (EtOAc/Hexane = 1/5 to 1/2) to give crude silyl enol ether (536 mg,
0.904 mmol). The crude was dissolved in DMSO (3 mL), to the solution was added Pd(OAc). (39.9 mg, 0.178 mmol)
and purged with oxygen. After being stirred for 9.5 h under oxygen atmosphere, the reaction mixture was quenched
with NaHCO3 (37.4 mg, 0.444 mmol) and filtered through Celite, and extracted with EtOAc. The combined organic
extracts were washed with brine, dried over MgSQO,4 and concentrated in vacuo. The residue was purified by column

chromatography (EtOAc/Hexane = 1/3) to give GO-Y 134 (382 mg, 0.0801 mmol, 89%).

Colorless oil; IR (CHCIs): 1691, 1662, 1589, 1457 cm%; TH-NMR (400 MHz, CDCls) & 7.45 (1H, d, J = 16.0 Hz),
6.88 (2H, d, J = 2.4 Hz), 6.77 (1H, t, J = 2.4 Hz), 6.69 (1H, d, J = 16.0 Hz), 6.59 (1H, t, J = 2.0 Hz), 6.58 (2H, d, J =
2.0 Hz), 5.17 (4H, s), 5.14 (4H, s), 3.48 (6H, s), 3.47 (6H, s), 3.00-2.91 (4H, m); *C-NMR (100 MHz, CDCls) &
199.1, 158.6, 158.4, 143.7, 142.4, 136.6, 126.8, 109.8, 109.5, 107.1, 102.7, 94.5, 56.12, 56.06, 42.1, 30.3; LR-MS
(EI) m/z 476 (M*), (100%); HR-MS (EI) Calcd. for CosH3,0s: 476.2036, found: 478.2046.

GO-Y147 MeO™ OO O N NF O OO 0Me

Colorless oil; IR (CHCIs): 2923, 1654, 1598, 1449 cm%; H-NMR (400 MHz, CDCl) & 7.64 (2H, d, J = 16.0 Hz),
7.04 (2H, d, J = 16.0 Hz), 6.99 (4H, d, J = 2.2 Hz), 6.81 (2H, t, J = 2.2 Hz), 5.30 (8H, s), 3.84 (8H, t, J = 4.6 Hz),
3.58 (8H, t, J = 4.6 Hz), 3.39 (12H, s); 3C-NMR (100 MHz, CDCls) § 188.7, 158.5, 143.0, 136.8, 126.0, 109.7, 107.2,
935, 71.5, 67.8, 67.7, 59.01, 58.95; LR-MS (EI) m/z 650 (M*), 89 (100%); HR-MS (El) Calcd. for CssHasO1s:
650.2938, found: 650.2933.

GO-Y148

MOMO. -

OMOM
Colorless oil; IR (CHCIs): 2952, 1719, 1640, 1591, 1438, 1277 cm™%; *H-NMR (400 MHz, CDCls) § 7.60 (1H, d, J

= 16.2 Hz), 6.87 (2H, d, J = 2.3 Hz), 6.77 (1H, t, J = 2.3 Hz), 6.41 (1H, d, J = 16.2 Hz), 5.16 (4H, s), 3.80 (3H, 3),
3.48 (6H, s); 3C-NMR (100 MHz, CDCls) § 167.2, 158.6, 144.5, 136.5, 118.6, 109.4, 106.9, 94.5, 56.1, 51.7; LR-
MS (EI) m/z 282 (M), 45 (100%); HR-MS (EI) Calcd. for C14H1s0s: 282.1103, found: 282.1098.

GO-Y149 o

MOMO

OMOM
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Colorless oil; IR (CHCIs): 1678, 1590, 1451, 1295 cm™%; 'H-NMR (400 MHz, CDCls) § 9.69 (1H, d, J = 7.7 Hz),
7.40 (1H, d, J = 15.9 Hz), 6.92 (2H, d, J = 2.1 Hz), 6.82 (1H, t, J = 2.1 Hz), 6.69 (1H, dd, J = 15.9, 7.7 Hz), 5.18 (4H,
s), 3.49 (6H, s); 13C-NMR (100 MHz, CDCls) § 193.6, 158.7, 152.3, 136.0, 129.2, 109.7, 107.8, 94.5, 56.1; LR-MS
(EI) m/z 252 (M*), 45 (100%); HR-MS (EIl) Calcd. for C13H160s: 252.0998, found: 252.0989.

GO-Y150 ?
MOMO SN S/\/

Colorless oil; IR (CHCIs): 2961, 2931, 1664, 1616, 1590, 1450, 1399, 1271 cm™%; H-NMR (4000&032, CDCls) &
7.51 (1H, d, J = 15.7 Hz), 6.88 (2H, d, J = 2.3 Hz), 6.77 (1H, t, J = 2.3 Hz), 6.67 (1H, d, J = 15.7 Hz), 5.17 (4H, s),
3.48 (6H, s), 2.99 (2H, t, J = 7.3 Hz), 1.67 (2H, quin, J = 7.3 Hz), 1.01 (3H, t, J = 7.3 Hz); *C-NMR (100 MHz,
CDCls) § 189.7, 158.50, 158.48, 139.8, 136.2, 125.7, 109.4, 107.0, 94.4, 56.0, 30.8, 22.9, 13.3; LR-MS (EI) m/z 326
(M*), 45 (100%); HR-MS (EI) Calcd. for C1sH2205S: 326.1185, found: 326.1194.

GO-Y151

MOMO ~

Iz

OMOM
Colorless solid; mp 98-100 °C; IR (CHCls): 3235, 1658, 1606, 1590 cm™*; *H-NMR (400 MHz, CDCls) § 7.53 (1H,

d, J=15.7 Hz), 6.85 (2H, d, J = 2.1 Hz), 6.73 (1H, t, = 2.1 Hz), 6.34 (1H, d, J = 15.7 Hz), 5.59 (1H, brs), 5.16 (4H,
s), 3.48 (6H, s), 2.94 (3H, d, J = 4.9 Hz); 3C-NMR (100 MHz, CDCl3) § 166.4, 158.6, 140.6, 137.0, 121.3, 109.1,
106.3, 94.6, 56.1, 26.5; LR-MS (EI) m/z 281 (M*), 45 (100%); HR-MS (EI) Calcd. for C14H1sNOs: 281.1263, found:
281.1291.

GO-Y152 MOMOOMOM
MOMO OMOM

Yellow oil; IR (CHCIs): 2952, 2826, 1668, 1590, 1436, 1400 cm; *H-NMR (400 MHz, CDCls) § 7.69 (2H, s), 6.81
(4H,d, J = 2.1 Hz), 6.74 (2H, t, J = 2.1 Hz), 5.17 (8H, s), 3.48 (12H, 5), 2.91 (4H, t, J = 5.9 Hz), 1.79 (2H, quint, J =
5.9 Hz); 3C-NMR (100 MHz, CDCl3) § 190.2, 158.1, 137.9, 136.68, 136.62, 111.8, 105.3, 94.6, 56.1, 28.4, 22.9;
LR-MS (EI) m/z 514 (M*), 469 (100%); HR-MS (EI) Calcd. for CasHssOo: 514.2203, found: 514.2218.

GO-Y154 MOMO OMOM

Iz

MOMO OMOM
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To a solution of GO-Y157 (36.6 mg, 0.136 mmol) and PPh; (3.7 mg, 0.0136 mmol) and PhSiH (16.7 pL, 0.136
mmol) in dry toluene (0.23 mL) was added azide 56 (261 pL, 0.73 M toluene solution, 0.19 mmol). After refluxed
for 1 day, the reaction mixture was purified by silica gel column chromatography (EtOAc/Hexane = 1/1.5 to EtOAC)
to give GO-Y154 (35 mg, 0.073 mmol, 54%).

Colorless solid; mp 89-90 °C; IR (CHClI3): 3282, 2955, 1659, 1597, 1546, 1455 cm™; 'H-NMR (400 MHz, CDCl,)
§7.56 (1H, d, J = 15.5 Hz), 6.84 (2H, d, J = 2.3 Hz), 6.73 (1H, t, J = 2.3 Hz), 6.65 (3H, s), 6.39 (1H, d, J = 15.5 Hz),
6.05 (1H, brs), 5.15 (4H, s), 5.14 (4H, s), 4.49 (2H, d, J = 5.3 Hz), 3.47 (6H, s), 3.46 (6H, s); 13C-NMR (100 MHz,
CDCl3) 6 165.5, 158.51, 158.49, 141.0, 140.5, 136.8, 121.1, 109.1, 106.3, 103.8, 94.5, 94.4, 56.04, 56.03, 43.8; LR-
MS (EI) m/z 478 ([M + H]*), 69 (100%); HR-MS (EI) Calcd. for C24H3,NOQg: 478.2077, found: 478.2077.

GO-Y156 oMo O>

(6]
OMOM
Yellow plate (EtOAc:hexane = 1.5:1) mp 104-108 °C; IR (CHCIs): 1650, 1590, 1502, 1489, 1447 cm™*; *H-NMR
(400 MHz, CDCl3) 6 7.65 (1H, d, J = 16.1 Hz), 7.62 (1H, d, J = 16.1 Hz), 7.13 (1H, d, J = 1.8 Hz), 7.10 (1H, dd, J =
8.0, 1.8 Hz), 7.00 (1H, d, J = 16.1 Hz), 6.96 (2H, d, J = 2.3 Hz), 6.92 (1H, d, J = 16.1 Hz), 6.84 (1H, d, J = 7.9 Hz),
6.79 (1H, t, J=2.3 Hz), 6.02 (2H, s), 5.19 (4H, s), 3.50 (6H, s); **C-NMR (100 MHz, CDCls3) 5 188.6, 158.5, 149.9,
148.4,143.2, 142.6, 136.9, 129.2, 126.3, 125.1, 123.3, 109.5, 108.6, 107.0, 106.6, 101.6, 94.5, 56.1; LR-MS (EI) m/z
398 (M*, 100%); HR-MS (EI) Calcd. for C22H2,07: 398.1366, found: 398.1392.

GO-Y157 Q
MOMO

OMOM
Colorless needle (EtOAc:hexane = 1.5:1) mp 126-128 °C; IR (CHCI3): 2946, 2904, 1688, 1634, 1598, 1279 cm™;

IH-NMR (400 MHz, CDCls) § 7.70 (1H, d, J = 15.9 Hz), 6.90 (2H, d, J = 2.1 Hz), 6.79 (1H, t, J = 2.1 Hz), 6.43 (1H,
d, J = 15.9 Hz), 5.18 (4H, s), 3.49 (6H, s); 3C-NMR (100 MHz, CDCls) §172.0, 158.6, 146.7, 136.1, 118.1, 109.6,
107.3, 94.5, 56.1; LR-MS (El) m/z 268 (M), 45 (100%); HR-MS (El) Calcd. for CisH1sO6: 268.0947, found:
268.9824.

GO-Y158

o
MOMO\,/\)\,/ !\ ] oMOoM

MOMO OMOM
Yellow solid (EtOAc:hexane = 1:2) mp 82-83 °C; IR (CHCIs): 2955, 1665, 1590, 1450, 1400 cm™*; *H-NMR (400

MHz, CDCls) § 7.69 (1H, d, J = 15.7 Hz), 7.37 (1H, d, J = 15.7 Hz), 7.30 (2H, d, J = 1.9 Hz), 6.98-6.96 (3H, m),
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6.81 (1H, t, J = 2.1 Hz), 5.21 (4H, s), 5.19 (4H, s), 3.503 (6H, 5), 3.496 (6H, 5); *C-NMR (100 MHz, CDCls) § 189.9,
158.6, 158.4, 144.7, 140.2, 136.9, 122.8, 109.8, 109.7, 109.1, 107.0, 94.54, 94.51, 56.2, 56.1; LR-MS (EI) m/z 448
(M*), 45 (100%); HR-MS (EI) Calcd. for Cz3H,s0s: 448.1733, found: 448.1736.

H

O O
MOMO ! SN N l OMOM
MOMO OMOM

Yellow needle (EtOAc:hexane = 1:2) mp 200-201 °C; IR (CHCIs): 1631, 1591, 1146 cm™%; *H-NMR (400 MHz,
CDCl3) 6 7.57 (2H, d, J =15.7 Hz), 6.91 (4H, d, J= 2.2 Hz), 6.77 (2H, t, J = 2.2 HZ), 6.59 (2H, d, J = 15.7 Hz), 5.86
(1H, s), 5.19 (8H, s), 3.50 (12H, s); 3C-NMR (100 MHz, CDCl3) & 183.2, 158.6, 140.3, 137.1, 124.8, 109.4, 106.7,
101.9, 94.5, 56.1; LR-MS (FAB) m/z 517 ([M+H]*), 154 (100%); HR-MS (FAB) Calcd. for C7H33010: 517.2074,
found: 517.2074.

GO-Y159

GO-Y160

o
MOMO N OMOM
CN

MOMO OMOM

To a solution of GO-Y134 (82 mg, 0.172 mmol) in dry THF (5 ml) was added LHMDS (0.39 mL of 1.3 M solution
in THF, 0.52 mmol) at —40 °C. After 35 min, to the reaction mixture was added TsCN (124 mg, 0.688 mmol) in dry
THF (1 ml) at —40 °C. After 20 min, the mixture was quenched with saturated aqueous NH4Cl. The resulting solution
was extracted with AcOEt. The combined organic extracts were washed with brine, dried over MgSO, and
concentrated in vacuo. The residue was purified by flash silica gel column chromatography (EtOAc/Hexane = 1/4 to

1/2) to give GO-Y160 (41.8 mg, 0.0832 mmol, 48%) as a colorless oil.

Colorless oil; IR (CHCIs): 2926, 2201, 1697, 1595 cm™*; *H-NMR (400 MHz, CDCl3) & 7.64 (1H, d, J = 15.9 Hz),
6.90 (2H, d, J = 1.8 Hz), 6.88 (1H, d, J = 15.9 Hz), 6.83 (1H, t, J = 1.8 Hz), 6.66 (1H, t, J = 1.9 Hz), 6.63 (2H, d, J =
1.9 Hz), 5.18 (4H, s), 5.14 (4H, s), 3.91 (1H, dd, J = 8.9, 5.8 Hz), 3.49 (6H, s), 3.46 (6H, s), 3.24 (1H, dd, J = 14.0,
5.8 Hz), 3.10 (1H, dd, J = 14.0, 8.9 Hz); *C-NMR (100 MHz, CDCls)  188.9, 158.63, 158.59, 146.4, 138.1, 135.6,
122.1,117.0, 110.3, 110.0, 108.0, 104.0, 94.5, 56.1, 56.0, 44.7, 35.3; LR-MS (EI) m/z 501 (M*), 45 (100%); HR-MS
(EI) Calcd. for C26H31NOg: 501.1999, found: 501.1975.

{{(1E32)-1,5-Bis[3,5-bis(methoxymethoxy)phenyl]penta-1,3-dien-3-ylJoxy} ..o QW onon
triethylsilane (S1-1)
MOMO OMOM

To a solution of GO-Y134 (188 mg, 0.393 mmol) in dry THF (16 ml) was added LHMDS (0.81 mL of 1.3 M solution
in THF, 1.05 mmol) at —40 °C. After 7 min, to the reaction mixture was added TESCI (171 pL, 1.02 mmol) at —40 °C.
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After 1 h, the mixture was quenched with EtsN (Pasteur pipette 14 drops) and saturated aqueous NaHCOs. The
resulting solution was extracted with EtOAc. The combined organic extracts were washed with brine, dried over
MgSO,4 and concentrated in vacuo. The residue was purified by flash silica gel column chromatography
(EtOAc/Hexane = 1/4 to 1/2) to give silyl enol ether S1-1 (208 mg, 0.0350 mmol, 89%) that was used in the next

reaction without further purification.

GO-Y161

o)
MOMO N OMOM
FF

MOMO OMOM
To a Selectfluor® (113 mg, 0.32 mmol) was added resultant crude silyl enol ether S5 (47.4 mg, 0.802 mmol) in dry

DMF (8 ml) at 0 °C. After being stirred for 29 h at room temperature, the reaction mixture was quenched with
saturated aqueous NaHCOs. The resulting solution was extracted with AcOEt. The combined organic extracts were
washed with brine, dried over MgSQO,4 and concentrated in vacuo. The residue was purified by flash silica gel column
chromatography (EtOAc/Hexane = 1/4 to 1/2) to give a-fluoro enone 8 (26.6 mg, 0.0536 mmol, 67%) as a colorless
oil. After same procedure was repeated, GO-Y 161 (9.85 mg, 0.0192 mmol, 94% for 2 steps) was given.

Colorless oil; IR (CHCI): 2956, 2904, 1704, 1609, 1455, 1440 cm; H-NMR (400 MHz, CDCls) & 7.72 (1H, d, J
= 15.7 Hz), 6.95 (1H, d, J = 15.7 Hz), 6.89 (2H, d, J = 2.3 Hz), 6.81 (1H, t, J = 2.3 Hz), 6.67 (1H, t, J = 2.0 Hz), 6.63
(2H, d, J= 2.0 Hz), 5.17 (4H, 5), 5.13 (4H, 5), 3.48 (6H, 5), 3.45 (6H, 5), 3.32 (2H, t, 3JnF = 17.1 Hz); 3C-NMR (100
MHz, CDCls) 5 189.1 (t, 2Jcr = 30.3 Hz), 158.6, 158.2, 147.2, 135.9, 133.2 (t, e = 4.1 Hz), 118.7, 117.4 (t, cr =
253.9 Hz), 112.2, 110.0, 108.0, 104.1, 94.47, 94.45, 56.1, 56.0, 39.7 (t, 2Jcr = 23.7 Hz); LR-MS (EI) m/z 512 (M*),
45 (100%); HR-MS (EI) Calcd. for CosHaoOoF2: 512.1858, found: 512.1855.

GO-Y162

(6]
MOMO N OMOM
ClI ClI

MOMO OMOM

To a solution of GO-Y134 (45.0 mg, 0.0944 mmol) in dry THF (1 mL) was added LHMDS (0.10 mL of 1.3 M
solution in THF, 0.141 mmol) at —40 °C. After 20 min, to the reaction mixture was added NCS (37.8 mg, 0.283
mmol) in dry THF (0.8 mL). After being stirred for 30 min at —40 °C, the reaction mixture was quenched with
saturated aqueous NaHCOs. The resulting solution was extracted with EtOAc. The combined organic extracts were
washed with brine, dried over MgSO, and concentrated in vacuo. The residue was purified by flash silica gel column
chromatography (EtOAc/Hexane = 1/5 to 1/2) to give a-chloro enone 58 (24.1 mg, 0.0471 mmol, 50%) and GO-
Y162 (14.0 mg, 0.0257 mmol, 27%). a-Chloro enone 58 was converted to GO-Y162 (11.1 mg, 0.0204 mmol, 43%)

with repeated procedure.
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Colorless oil; IR (CHCIs): 2955, 1725, 1698, 1610, 1595, 1456, 1439, 1400 cm™; *H-NMR (400 MHz, CDCls)
7.78 (1H, d, J = 15.5 Hz), 7.38 (1H, d, J = 15.5 Hz), 6.95 (2H, d, J = 1.9 Hz), 6.82 (1H, t, J = 1.9 Hz), 6.75 (2H, d, J
= 1.9 Hz), 6.72 (1H, m), 5.19 (4H, s), 5.15 (4H, s), 3.64 (2H, 5), 3.49 (6H, S), 3.47 (6H, 3); *C-NMR (100 MHz,
CDCl3) 5 186.8, 158.6, 157.8, 146.8, 136.2, 135.9, 119.5, 113.3, 110.0, 107.5, 104.1, 94.6, 94.5, 87.8, 56.15, 56.05,
47.7; LR-MS (El) m/z 544 (M), 45 (100%); HR-MS (EI) Calcd. for CosHa00eClz: 544.1267, found: 544.1265.

GO-Y163

O
MOMO N OMOM
Br Br

MOMO OMOM

To a solution of GO-Y134 (25.5 mg, 0.0534 mmol) in dry THF (1 mL) was added LHMDS (0.08 mL of 1.3 M
solution in THEF, 0.11 mmol) at —40 °C. After 30 min, to the reaction mixture was added NBS (23.7 mg, 0.133 mmol)
in dry THF (1.5 ml) at —40 °C. After 30 min, the mixture was quenched with saturated aqueous NaHCQOs3. The
resulting solution was extracted with AcOEt. The combined organic extracts were washed with brine, dried over
MgSO,4 and concentrated in vacuo. The residue was purified by flash silica gel column chromatography

(EtOACc/Hexane = 1/4) to give GO-Y 163 (14.7 mg, 0.0232 mmol, 43%) as a colorless oil.

Colorless oil; IR (CHCIs): 2954, 1688, 1610, 1593, 1455 cm™L; 'H-NMR (400 MHz, CDCls) § 7.76 (1H, d, J = 15.5
Hz), 7.55 (1H, d, J = 15.5 Hz), 6.96 (2H, d, J = 2.3 Hz), 6.83 (1H, t, J = 2.3 Hz), 6.80 (2H, d, J = 2.3 Hz), 6.73 (1H,
t, J = 2.3 Hz), 5.19 (4H, s), 5.16 (4H, s), 3.83 (2H, s), 3.49 (6H, S), 3.48 (6H, 5); *C-NMR (100 MHz, CDCl3) 8
186.7, 158.6, 157.7, 146.1, 137.6, 136.2, 120.7, 113.3, 110.0, 107.4, 104.1, 94.7, 94.5, 69.1, 56.2, 56.1, 49.2; LR-MS
(EI) m/z 634 (M*), 45 (100%); HR-MS (EI) Calcd. for CasHs0Os " Bré!Br: 634.0237, found: 634.0220.

MOMO OMOM

Yellow solid (EtOAc:hexane = 1:6) mp 64-66 °C; IR (CHCls): 2954, 1688, 1610, 1593, 1455 cm™*; 'H-NMR (400
MHz, CDCl3) 6 8.07 (2H, d, J = 16.1 Hz), 7.33 (2H, d, J = 2.9 Hz), 7.11 (2H, d, J = 16.1 Hz), 7.11 (2H, s), 7.05 (2H,
dd, J=9.3,2.9Hz),5.22 (4H, s), 5.16 (4H, s), 3.51 (6H, s), 3.50 (6H, s); 3C-NMR (100 MHz, CDCl3)  189.3, 152.0,
151.5, 137.7, 126.4, 125.5, 119.8, 116.4, 115.2, 95.2, 95.0, 56.2, 55.9; LR-MS (El) m/z 474 (M*), 45 (100%); HR-
MS (EI) Calcd. for CosH3000: 474.1890, found: 474.1895.

GO-Y165 2

MOMO N = OMOM
CN

MOMO OMOM
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To a solution of GO-Y160 (4.25 mg, 0.00847 mmol) in dry benzene (0.8 mL) was added DDQ (2.47 mg, 0.0108
mmol). After 23 h, to the reaction mixture was added DDQ (4.8 mg, 15 mmol). After being stirred for 7 h at room
temperature, the reaction was diluted with Et,O, quenched with saturated aqueous NaHCOs3, and extracted with Et,O.
The combined organic layers were washed with saturated aqueous NaHCOs3, dried over MgSO4, and concentrated in
vacuo. The residue was purified by flash silica gel column chromatography (EtOAc/Hexane = 1/3 to 1/1) to give

GO-Y165 (1.28 mg, 0.00272 mmol, 32%) and GO-Y160 (1.36 mg, 0.00271 mmol, 32%).

Yellow solid; mp: 107-108 °C; IR (CHCIs): 2923, 2216, 1676, 1590, 1438 cm™; tH-NMR (600 MHz, CDCls) § 8.23
(1H, s), 7.83 (1H, d, J = 15.4 Hz), 7.46 (1H, d, J = 15.4 Hz), 7.40 (2H, d, J = 2.1 Hz), 7.00 (2H, d, J = 2.4 Hz), 6.95
(1H, 1, J = 2.1 Hz), 6.85 (1H, t, J = 2.4 Hz), 5.22 (4H, s), 5.20 (4H, s), 3.51 (6H, S), 3.50 (6H, 5); *C-NMR (150
MHz, CDCls) § 181.9, 158.6, 153.8, 146.9, 136.1, 133.6, 121.1, 117.2, 112.2, 110.8, 110.3 110.1, 107.8, 94.6, 94.5,
56.23, 56.18; LR-MS (EI) m/z 499 (M*), 45 (100%); HR-MS (EI) Calcd. for CosH2sNOs: 499.1842, found: 499.1849.

o
GO-Y166
MOMO ! A l OMOM
N Acon
MOMO H ACOH - Smom

Yellow oil; IR (CHCI3): 2954, 1590, 1438, 1400 cm; H-NMR (400 MHz, CDCl3) § 7.83 (2H, brs), 7.74 (2H, s),
6.76 (2H, t, J = 1.9 Hz), 6.72 (4H, d, J = 1.9 Hz), 5.17 (8H, s), 4.17 (4H, s), 3.48 (12H, s), 1.96 (3H, s); 13C-NMR
(100 MHz, CDCl3) § 186.8, 176.0, 158.2, 136.8, 136.7, 133.9, 111.7, 105.8, 94.5, 56.0, 47.0, 21.4; LR-MS (EI) m/z
515 (M*-HOAC, 100%); HR-MS (El) Calcd. for Co7HssNOg: 515.2155, found: 515.2132.

o
GO-Y167 MOMO. O N _ O OMOM
N
MOMO | OMOM

Yellow oil; IR (CHCIs): 2951, 1674, 1591, 1448 cm™%; 'H-NMR (400 MHz, CDCls) 3 7.71 (2H, s), 6.76-6.75 (6H,
m), 5.17 (8H, s), 3.75 (4H, s), 3.49 (12H, 5), 2.45 (3H, 5); *C-NMR (150 MHz, CDCl3) & 186.6, 158.1, 137.0, 135.9,
133.5, 111.6, 105.4, 94.5, 56.8, 55.9, 45.6; LR-MS (EI) m/z 529 (M*, 100%); HR-MS (EI) Calcd. for CosHssNOs:
529.2312, found: 529.2294.

GO-Y168

o
MOMO SN Z OMOM
Cl

MOMO OMOM

To a solution of GO-Y162 (10.1 mg, 0.0184 mmol) in dry DMF (1.8 mL) was added Li>COs (2.7 mg, 0.0369 mmol).
After being stirred for 8 h at 120 °C, the reaction was quenched with saturated aqueous NH4CI, and extracted with

Et,O. The combined organic layers were dried over MgSQ4, and concentrated in vacuo. The residue was purified by
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flash silica gel column chromatography (EtOAc/Hexane = 1/4) to give GO-Y168 (6.76 mg, 0.0132 mmol, 72%) as

a yellow amorphous.

Yellow amorphous (AcOEt:hexane = 1:6) mp 85-89 °C; IR (CHClI3): 2955, 1664, 1590, 1466 cm™*; 'H-NMR (400
MHz, CDCls) 8 7.77 (1H, s), 7.73 (1H, d, J = 15.6 Hz), 7.50 (1H, d, J = 15.6 Hz), 7.25 (2H, d, J = 2.0 Hz), 6.98 (2H,
d, J=2.0 Hz), 6.83-6.81 (2H, m), 5.20, (8H, s), 3.50 (12H, s); 3C-NMR (100 MHz, CDCl3) 5 185.1, 158.6, 158.2,
145.7, 136.6, 135.3, 134.9, 131.1, 121.0, 112.2, 109.9, 107.3, 107.0, 94.6, 94.5, 56.18, 56.16; LR-MS (FAB) m/z 508
(M*), 45 (100%); HR-MS (FAB) Calcd. for C25H2904Cl: 508.1500, found: 508.1504.

GO-Y169

o
MOMO N = OMOM
Br

MOMO OMOM

To a solution of GO-Y 163 (3.66 mg, 0.00577 mmol) in dry DMF (0.57 mL) was added Li,COs3 (0.9 mg, 0.01 mmol).
After being stirred for 1.75 h at 120 °C, the reaction was quenched with saturated aqueous NH4Cl, and extracted with
Et,O. The combined organic layers were dried over MgSQ,, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (EtOAc/Hexane = 1/3 to 1/2) to give GO-Y169 (3.01 mg, 0.00543 mmol, 94%)

as a yellow amorphous.

Yellow amorphous (AcOEt:hexane = 1:6) mp 79-82 °C; IR (CHCIs): 2954, 1662, 1589, 1448 cm™; *H-NMR (600
MHz, CDCl3) § 7.99 (1H, s), 7.70 (1H, d, J = 15.7 Hz), 7.47 (1H, d, J = 15.7 Hz), 7.25 (2H, d, J = 2.1 Hz), 6.97 (2H,
d, J=2.1Hz),6.828 (1H,t, J = 2.1 Hz), 6.821 (1H, t, J = 2.1 Hz), 5.20 (8H, s), 3.50 (12H, s); 3C-NMR (150 MHz,
CDCl3) 5 185.5, 158.6, 158.1, 145.6, 138.9, 136.6, 135.7, 123.8, 121.7, 111.6, 109,9, 107.3, 107.0, 94.6, 94.5, 56.2,
56.1; LR-MS (El) m/z 552 (M*), 45 (100%); HR-MS (EI) Calcd. for CosH2000Br: 552.0995, found: 552.0957.

o)
GO-Y170 MOMO N _ OMOM
T O
MOMO OMOM

To a solution of silyl enol ether S1-1 (0.01 M in THF, 8 mL, 0.080 mmol) was added NBS (17.6 mg, 0.0992 mmol)
at 0 °C. After being stirred for 20 min at 0 °C, the mixture was quenched with saturated aqueous NaHCOs3. The
resulting solution was extracted with AcOEt. The combined organic extracts were washed with brine, dried over
MgSO,4 and concentrated in vacuo. The residue was purified by flash silica gel column chromatography
(EtOAc/Hexane = 1/4) to give bromoketone (43.0 mg, 0.0776 mmol) as a crude oil. To a solution of bromoketone
(0.0776 mmol) in dry THF (3 mL) was added TESCI (0.13 mL, 0.776 mmol) and LHMDS (0.59 mL of 1.3 M solution
in THF, 0.776 mmol) at —40 °C. After 30 min, the mixture was quenched with EtzN (Pasteur pipette 6 drops) and
saturated aqueous NaHCOs. The resulting solution was extracted with AcCOEt. The combined organic extracts were

washed with brine, dried over MgSO, and concentrated in vacuo. The residue was purified by flash silica gel column
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chromatography (EtOAc/Hexane = 1/6 to 1/4) to give a-bromo silyl enol ether (41.6 mg, 0.0621 mmol). To a
Selectfluor® (87.9 mg, 0.248 mmol) was added resultant a-bromo silyl enol ether (41.6 mg, 0.0621 mmol) in dry
DMF (5 mL) at 0 °C. After being stirred for 5 h at room temperature, the reaction mixture was quenched with saturated
aqueous NaHCOs. The resulting solution was extracted with AcOEt. The combined organic extracts were washed
with brine, dried over MgSO. and concentrated in vacuo. The residue was purified by flash silica gel column
chromatography (EtOAc/Hexane = 1/4 to 1/2) to give a-bromo a-fluoro enone 57 (29.5 mg, 0.0514 mmol). To a
solution of resultant a-bromo a-fluoro enone 57 (29.5 mg, 0.0514 mmol) in dry DMF (5 mL) was added Li,CO3 (7.6
mg, 0.102 mmol). After being stirred for 1.75 h at 120 °C, the reaction mixture was quenched with saturated aqueous
NH4CI. The resulting solution was extracted with AcOEt. The combined organic extracts were washed with brine,
dried over MgSO, and concentrated in vacuo. The residue was purified by preparative TLC (EtOAc/toluene = 1/17,

thrice) to give GO-Y170 (14.6 mg, 0.0296 mmol, 64% for 4 steps) as a yellow amorphous.

Yellow amorphous; mp 80-83 °C; IR (CHCIls): 2956, 1680, 1590, 1440 cm™%; 'H-NMR (600 MHz, CDCls) §7.78
(1H, d, J=15.7 Hz), 7.33 (1H, dd, J = 15.7, 2.7 Hz), 7.08 (2H, d, J = 2.2 Hz), 6.98 (2H, d, J = 2.1 Hz), 6.89 (1H, d,
8Jur = 36.2 Hz), 6.82 (1H, t,J = 2.2 Hz), 6.79 (1H, t, J = 2.1 Hz), 5.20 (4H, s), 5.19 (4H, s), 3.50 (12H, s); 3 C-NMR
(150 MHz, CDCl3) & 183.1 (d, 2Jce = 31.5 Hz), 158.6, 158.4, 155.0 (d, YJcr = 275.1 Hz), 145.5, 136.5, 133.1 (3Jck =
3.0 Hz), 120.1, 115.9 (3Jcr = 4.3 Hz), 112.0 (d, 4Jce = 8.6 Hz), 110.0, 107.6, 106.8, 94.6, 94.5, 56.18, 56.16; LR-MS
(FAB) m/z 492 (M*), 45 (100%); HR-MS (FAB) Calcd. for C2sH2909F: 492.1796, found: 492.1800.

GO-Y171 it
MOMO

OMOM

Colorless oil; IR (CHCls): 2965, 1684, 1610, 1589, 1477, 1283 cm™L; 'H-NMR (400 MHz, CDCls) & 7.58 (1H, J =
15.6 Hz), 7.06 (1H, d, J = 15.6 Hz), 6.90 (2H, d, J = 2.0 Hz), 6.79-6.77 (1H, m), 5.18 (4H, s), 3.49 (6H, s), 1.22 (9H,
s): BC-NMR (100 MHz, CDCls) & 203.9, 158.4, 142.5, 136.9, 121.3, 109.5, 106.5, 94.4, 56.0, 43.1, 26.2; LR-MS
(E1) m/z 308 (M*), 45 (100%); HR-MS (EI) Calcd. for C17H240s: 308.1624, found: 308.1610.

Compound Data (Other)
3,5-Bis-[2-(tetrahydro-pyran-2-yloxy)-ethoxy]-benzaldehyde (S1-2) PO~ O CcHO

THPO ™>°
Colorless oil; IR (neat): 2941, 2872, 1698, 1593, 1449 cm*; *H-NMR (400 MHz, CDCls)  9.89 (1H, s), 7.05 (2H,

d, J =2 Hz), 6.80 (1H, t, J = 2.2 Hz), 4.71 (2H, t, J = 3.4 Hz), 4.21-4.18 (4H, m), 4.06 (2H, dt, J = 11.2, 5.1 Hz),
3.89-3.87 (2H, m), 3.85-3.81 (2H, m), 3.55-3.52 (2H, m), 1.87-1.79 (2H, m), 1.78-1.71 (2H, m), 1.67-1.51 (8H,
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m); 3C-NMR (100 MHz, CDCl3) & 191.9, 160.5, 138.2, 108.5, 108.0, 99.0, 67.8, 65.6, 62.2, 30.5, 25.4, 19.3; LR-
MS (EI) m/z 394 (M*), 85 (100%); HR-MS (EI) Calcd. for CaoHgoO2: 394.1992, found: 394.1971.

3,5-Bis-(2-methoxyethoxy)-benzaldehyde (S1-3)

o CHO

MeO/\\/O
Colorless oil; IR (CHCIs): 2930, 2730, 1697, 1593, 1448 cmL; *H-NMR (400 MHz, CDCls) § 9.88 (1H, s), 7.04 (2H,

d, J=2.4Hz),6.79 (1H, t, J = 1.8 Hz), 4.15 (4H, t, J = 4.6 Hz), 3.76 (4H, t, J = 4.6 Hz), 3.45 (6H, 5); ®*C-NMR (100
MHz, CDCls)  191.8, 160.3, 138.3, 77.0, 70.7, 67.6, 59.2; LR-MS (EI) m/z 254 (M*), 58 (100%); HR-MS (EI) Calcd.
for C1sH1g0s: 254.1154, found: 254.1172.

4-(3,5-Bis-methoxymethoxy-phenyl)-but-3-en-2-one (51) Q

MOMO A
OMOM
Colourless oil; IR (CHCIs): 2927, 1652, 1590, 1441 cm™*; *H-NMR (400 MHz, CDCls) 6 7.42 (1H, d, J = 16.8 Hz),
6.90 (2H, d, J = 2.4 Hz), 6.77 (1H, t, J = 2.2 Hz), 6.67 (1H, J = 16 Hz), 5.18 (4H, s), 3.49 (6H, s), 2.37 (3H, s); 13C-
NMR (100 MHz, CDCls) & 198.3, 158.6, 143.1, 136.5, 127.7, 109.4, 107.1, 94.5, 56.1, 27.4; LR-MS (EI) m/z 266
(M*, 100%); HR-MS (EI) Calcd. for C14H150s: 266.1153 found: 266.1154.

1-[2-(3,5-Bis-methoxymethoxy-phenyl)-cyclopropyl]-ethanone (52) o
MOMO

OMOM

Colorless oil; IR (CHCI3): 2998, 2955, 2904, 2827, 1698, 1594, 1463, 1439 cm; H-NMR (400 MHz, CDCls) &
6.60-6.59 (1H, t, J = 2.0 Hz), 6.43 (2H, d, J = 2.0 Hz), 5.13 (4H, s), 3.47 (6H, s), 2.48-2.43 (1H, m), 2.29 (3H, s),
2.22-2.18 (1H, m), 1.66-1.61 (1H, m), 1.37-1.32 (1H, m); 3C-NMR (100 MHz, CDCls) 5 206.5, 158.4, 142.9, 107.5,
102.9, 94.4, 56.0, 32.7, 30.7, 28.9, 19.0; LR-MS (EI) m/z 280 (M*), 235 (100%); HR-MS (EI) Calcd. for C1sH20Os:
266.1311 found: 266.1287.

1-(Azidomethyl)-3,5-bis(methoxymethoxy)benzene (56) OMO

OMOM

Colorless oil; IR (CHCIs) : 2956, 2827, 2102, 1598, 1460 cm™; *H-NMR (400 MHz, CDCls) § 6.70 (1H, t, J = 2.1
Hz), 6.66 (2H, d, J = 2.1 Hz), 5.16 (4H, s), 4.27 (2H, s), 3.48 (6H, s); 3C-NMR (100 MHz, CDCl3) 5 158.6, 137.7,
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109.3, 104.6, 94.5, 56.0, 54.6; LR-MS (EI) m/z 253 (M*), 45 (100%); HR-MS (EI) Calcd. for C11H1sN304: 253.1063
found: 253.1067.
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Chapter 1 - Section 2

Data of GO-Yxxx compounds

GO-Y181 Phg o

MOMO\,)\)\/\,/ !/‘OMOM

OMOM OMOM

Colourless oil; IR (neat): 1689, 1662, 1593, 1439, 1400 cm!; *H-NMR (400 MHz, CDCl3) 6 7.39 (1H, d, J = 15.9
Hz), 7.36-7.33 (2H, m), 7.25-7.22 (3H, m), 6.85 (2H, d, J = 2.2 Hz), 6.77 (1H, t, J = 2.2 Hz), 6.65 (2H, d, J = 2.2
Hz),6.62 (1H, d, J = 15.9 Hz), 6.57 (1H, t, J = 2.2 Hz), 5.16 (4H, s), 5.11-5.06 (4H, m), 4.76 (1H, dd, J = 6.9, 6.9
Hz), 3.48 (6H, s), 3.44 (6H, s), 3.25 (1H, d, J = 6.9 Hz), 3.23 (1H, d, J = 6.9 Hz); 3C-NMR (100 MHz, CDCls) &
196.7, 158.6, 158.2, 143.6, 142.9, 136.4, 134.2, 133.0, 128.8, 127.6, 126.8, 109.6, 109.3, 107.3, 103.8, 94.6, 94.5,
56.1, 56.0, 48.4, 46.5; LR-MS (FAB) m/z 584 (M*), 45 (100%); HR-MS (FAB) Calcd. for CaiH350eS: 584.2080,
found: 584.2061.

GO-Y135 Phig o P

MOMO\,M ‘ OMOoM

OMOM OMOM

Colorless oil (diastereo mixture); IR (neat): 1714, 1593, 1438, 1400 cm™; 'H-NMR (400 MHz, CDCl3) & 7.39-6.98
(10H, m), 6.77-6.68 (1H, m), 6.57-6.50 (4H, m), 6.41-6.29 (1H, m), 5.10-5.02 (8H, m), 4.97-4.79 (0.33H, m) 4.59-
453 (1.66H, m), 3.44-3.42 (12H, m), 3.35-3.32 (1.33H, m), 3.02-2.85 (2.66H, m); 3C-NMR (100 MHz, CDCls) &
166.8, (158.2, 158.1), (143.3, 143.3), 133.8, (133.1, 133.0), (128.8, 128.7, 128.6). (127.6, 127.6), (109.1, 109.0),
(103.8, 103.8), (94.5, 94.4), (56.0, 56.0), 49.1, (47.8, 47.7); LR-MS (El) m/z 694 (M*), 110 (100%); HR-MS (EI)
Calcd. for C37H4206S,: 694.2270, found: 694.2276.

GO-Y136 MeO,C~ s O

MOMO\,)\)‘\/\,/ E/!OMOM
OMOM OMOM

Colorless oil; IR (CDCls): 1736, 1592, 1438, 1213 cm™; *H-NMR (400 MHz, CDCls3) & 7.43 (1H, d, J = 16.1 Hz),
6.87 (2H,d,J=2.5Hz), 6.77 (1H,t,J=25Hz),6.74 (1H, d, J = 16.1 Hz), 6.73 (2H, d, J = 2.1 Hz), 6.63 (1H, t,J =
2.1 Hz), 5.16-5.12 (8H, m), 4.56 (1H, d, J = 6.9 Hz), 3.69 (3H, s), 3.48 (6H, s), 3.47 (6H, s), 3.21 (2H, d, J = 6.9 HZ),
3.10 (2H, d, J = 8.8 Hz); ®C-NMR (100 MHz, CDCls) 6 196.0, 170.5, 158.6, 158.4, 143.1, 143.0, 136.4, 126.6,
109.55, 109.48, 107.2, 103.8, 94.55, 94.48, 56.1, 52.4, 46.6, 44.8, 33.0; LR-MS (EI) m/z 581 ([M+H]*), 251 (100%);
HR-MS (EI) Calcd. for C,sH37011S: 581.2057, found: 581.2075.
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GO-Y137 MeO,C~ S O 87 O CO,Me

MOMO\’M E OMOMm

OMOM OMOM

Colorless oil (diastereo mixture); IR (CHCI3): 1736, 1592, 1438, 1213 cm; 'H-NMR (400 MHz, CDCl3) 6 6.64 (2H,
d, J=2.0 Hz), 6.62 (2H, d, J = 2.0 Hz), 6.60, (2H, t, J = 2.0 Hz), 5.16-5.07 (8H, m), 4.44-4.38 (2H, m), 3.68 (3H, s),
3.67 (3H, s), 3.47 (6H, s), 3.46 (6H, s), 3.10-2.85 (8H, m); 3C-NMR (100 MHz, CDCls) & 202.9, (170.5, 170.4),
(158.4, 158.3), (142.83, 142.81), (109.33, 109.30), (103.9, 103.8), (94.54, 94.52), (56.10, 56.09), (52.35, 52.32), 49.0,
44.1, (32.9, 32.8): LR-MS (FAB) m/z 686 (M*); HR-MS (FAB) Calcd. for C;H4,013S,: 686.2067, found: 686.2050.

GO-Y138

HO/\[OH

S O

MOMO\,)\)\/\,/ E/ ‘ OMOM

OMOM OMOM

Colorless oil (diastereo mixture); IR (CDCls): 3450, 1658, 1593, 1453 cm; *H-NMR (400 MHz, CDCls) & 7.46
(0.5H, d, J=15.9 Hz), 7.46 (0.5H, d, J = 16.4 Hz), 6.88 (2H, d, J = 2.1 Hz), 6.77 (1H, t, J = 2.1 Hz), 6.74 (1H, d, J
= 1.9 Hz), 6.73 (1H, d, J = 2.4 Hz), 6.68 (0.5H, d, J = 15.9 Hz), 6.67 (0.5H, d, J = 16.4 Hz), 6.64-6.62 (1H.m), 5.20-
5.12 (8H, m), 4.45 (0.5H, dd, J = 6.1, 8.3 Hz), 4.41 (0.5H, dd, J =6.1, 8.3 Hz), 3.84-3.79 (0.5H, m), 3.74-3.68 (0.5H,
m), 3.70-3.56 (2H, m), 3.483 (6H, s), 3.476 (6H, s), 3.23 (0.5H, dd, J = 8.3, 17.0 Hz), 3.22 (0.5H, dd, J = 8.3, 17.0
Hz), 3.14 (1H, dd, J= 6.1, 17.0 Hz), 2.60-2.46 (2H, m), 1.71 (2H, brs); *C-NMR (100 MHz, CDCl5) & (196.8, 196.6),
158.6, 158.4, 144.1, (143.3, 143.2), 136.2, 126.4, 109.5, (109.2, 109.1), 107.4, 103.9, (94.5, 94.4, 94.4, two carbon),
71.1,69.4,65.3, (56.1, 56.1), (47.3, 47.0), 45.2, 43.9, (35.2, 34.8); LR-MS (FAB) m/z 583 ([M+H]*); HR-MS (FAB)
Calcd. for Cx9H3901:1S: 583.2213, found: 583.2214.

GO-Y139 OH HO
HO/\[S ) Sj/\OH
MOMO OMOM

OMOM OMOM

Yellow oil (diastereo mixture); IR (neat): 3420, 2925, 1715, 1597, 1460 cm; *H-NMR (400 MHz, CD30D) § 6.67-
6.65 (2H, m), 6.64-6.62 (2H, m), 6.58-6.57 (1H, m), 6.55-6.53 (1H, m), 5.15-5.10 (8H, m), 4.27-4.22 (2H, m), 3.65-
3.56 (2H, m) 3.55-3.42 (4H, m), 3.44 (6H, s), 3.42 (6H, s), 3.05-2.84 (4H, m), 2.54-2.33 (4H, m); 3C-NMR (100
MHz, CDCls) & (206.8, 206.7), (159.7, 159.6), (145.6, 145.6, 145.6), (110.4, 110.4, 110.3, 110.3), 104.7, (95.5, 95.5),
(72.7,72.2), 65.9, (56.3, 56.3), (50.5, 50.4, 50.4), (45.7, 45.7, 45.6, 45.6), (35.5, 35.5, 35.3, 35.2); LR-MS (FAB) m/z
713 ([M+Na]*), 45 (100%); HR-MS (FAB) Calcd. for C31H6013S2Ns: 713.2278, found: 713.2278.
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GO-Y141 BooiN_~s o

MOMO\,)\)‘\/\,/ !/!OMOM

OMOM OMOM

Colorless oil; IR (neat): 3377, 1711, 1663, 1593, 1509, 1454 cm*; 'H-NMR (400 MHz, CDCl3) 6 7.43 (1H, d, J =
16.4 Hz), 6.87 (2H, d, J = 1.9 Hz), 6.77 (1H, t, = 1.9 Hz), 6.73 (2H, d, J = 2.2 Hz), 6.64 (1H, d, J = 16.4 Hz), 6.62
(1H, t,J = 2.2 Hz), 5.16-5.14 (8H, m), 4.96 (1H, brs), 4.39 (1H, dd, J = 7.1, 7.1 Hz), 3.48 (6H.5), 3.47 (6H, s), 3.30-
3.11 (4H, m), 2.55-2.50 (2H, m), 1.43 (9H, s); LR-MS (FAB) m/z 652 ([M+H]*); HR-MS (FAB) Calcd. for
Ca2HagNO11S: 652.2792, found: 652.2817.

GO-Y142 BocHN\/\S o S/\/NHBoc

MOMOW‘ ‘ OMOM

OMOM OMOM

Colorless oil (diastereo mixture); IR (CHCls): 3370, 1713, 1595, 1512 cm'?; *H-NMR (400 MHz, CDCls) 6 6.60 (2H,
d, J =1.9 Hz), 6.27-6.60 (3H, m), 6.59 (1H, t, J = 1.9 Hz), 5.16-5.10 (8H, m), 4.25-4.20 (2H, m), 3.47-3.46 (12H,
m), 3.40-3.22 (4H, m), 2.98-2.79 (4H, m), 2.50-2.43 (4H, m), 1.40 (18H, s); *C-NMR (150 MHz, CDCls) & 203.7,
(158.49, 158.46), 155.7, (144.2, 144.1), (109.1, 109.0), (103.9, 103.8), 94.5, 79.3, 56.2, 49.9, (43.78, 43.73), 39.4,
(32.03, 31.96), 28.5; LR-MS (FAB) m/z 829 ([M+H]"), 57 (100%); HR-MS (FAB) Calcd. for CsgHs1N2013S::
829.3615, found: 829.3631.

GO-Y145 AN ™s o

MOMO\,)\)\/\,/ E/ ‘ OMOM

OMOM OMOM

Colorless oil; IR (CHCI): 1659, 1593, 1453 cm™; 'H-NMR (400 MHz, CDCls) & 7.46 (1H, d, J = 16.1 Hz), 6.88
(2H, d, J= 2.1 Hz), 6.77 (1H, t, J = 2.1 Hz), 6.73 (2H, d, J = 2.3 Hz), 6.67 (1H, d, J = 16.1 Hz), 6.63 (1H, t, = 2.3
Hz), 6.19 (1H, brs), 5.17 (4H, s), 5.15 (4H, s), 4.36 (1H, dd, J = 8.5, 5.8 Hz), 3.48 (6H.s), 3.47 (6H, s), 3.48-3.30
(2H, m), 3.22 (1H, dd, J = 16.9, 8.5 Hz), 3.11 (1H, dd, J = 16.9, 5.8 Hz), 2.62-2.50 (2H, m), 1.99 (3H, s); *C-NMR
(100 MHz, CDCl3) & 196.7, 170.1, 158.6, 158.5, 144.5, 143.2, 136.3, 126.6, 109.5, 109.1, 107.4, 103.8, 74.5, 56.1,
56.1, 47.1, 44.1, 38.1, 315, 23.2; LR-MS (FAB) m/z 594 ([M+H]*); HR-MS (FAB) Calcd. for CagHsNO10S:
594.2295, found: 594.2366.

AcHN _~g o g~ NHAC

MOMO\,M ! OMOM

OMOM OMOM

Colorless oil; IR (CHCls): 3314, 1719, 1656, 1595, 1460 cm'’; *H-NMR (400 MHz, CDCls) & 6.65 (4H, d, J = 2.0
Hz), 6.63 (2H, d, J = 2.0 Hz), 5.98 (2H, brs), 5.15 (8H, s), 4.22 (2H, t, = 7.1 Hz), 3.48 (12H, s), 3.40-3.21 (4H, m),

GO-Y146
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2.94-2.85 (4H, m), 2.57-2.43 (4H, m), 1.96 (6H, s); 3C-NMR (100 MHz, CDCls) § 204.3, (170.2, 170.1), (158.5,
158.4), (144.0, 144.0), (109.0, 108.9), (104.0,103.9) (94.5, 94.4), (56.2, 56.1), (49.8, 49.8), (43.8, 43.7), (38.2, 38.1),
(31.5, 31.4), (23.1, 23.1); LR-MS (FAB) m/z 713 ([M+H]*), 45 (100%) ; HR-MS (FAB) Calcd. for CasHaoN201:S::
713.2778, found: 713.2795.

CO,H COH

NH, H HN) NH nH l;le
, N :
GO-Y140 R T e
o o
s o s
MOMOW! ! OMOM

OMOM OMOM

White solid; IR (solid): 3419, 1652, 1558, 1456 cm’; H-NMR (400 MHz, D;0) & 6.66-6.54 (6H, m), 5.21-5.18 (8H,
m), 4.40-4.36 (2H, m), 4.24-4.13 (4H, m), 3.93-3.84 (4H, m), 3.79-3.73 (2H, m), 3.47 (12H, s), 3.20-2.61 (6H, m),
2.49-2.38 (4H, m), 2.20-2.06 (4H, m), 1.27 (1.16H, t, J = 7.0 Hz, from Et:N); *C-NMR (100 MHz, pH 8.0 PBS
buffer D,0) & (211.2, 211.1) (179.1, 178.94, 178.92, 178.89), (177.8, 177.5, 177.3), (176.9, 176.8, 176.7), (174.5,
174.5,174.3), (160.4, 160.3), (146.7, 146.3), (112.7, 112.50, 112.44), (107.5, 107.3, 102.8), (97.3, 97.2), (58.8, 58.5),
57.2, 57.0), (55.7, 55.6), 49.5, 46.2 (from EtsN), (34.3, 34.2), 29.1, 29.0, 28.3, 11.1 (from Et:N) ; LR-MS (FAB) m/z
1089 ([M+H]"), 154 (100%); HR-MS (FAB) Calcd. for CasHes021S: 1089.3644, found: 1089.3687.

GO-Y173 s o

MOMO\,)\)‘\/\,/ !/!OMOM
OMOM OMOM

Pale yellow oil; IR (neat): 2956, 2826, 1659, 1593, 1453 cm'; 'H-NMR (400 MHz, CDCl) & 7.42 (1H, d, J = 16.0
Hz), 6.87 (2H, d, J = 2.0 Hz), 6.77 (1H, t, J = 2.0 Hz), 6.74 (2H, d, J = 2.4 Hz), 6.64 (1H, d, J = 16.4 Hz), 6.62 (1H,
t,J = 2.0 Hz), 5.16-5.12 (8H, m), 4.40 (1H, t, J = 7.2 Hz), 3.48 (6H, s), 3.47 (6H, s), 3.16 (2H, d, J = 6.8 Hz), 2.41
(2H, m), 1.19 (3H, t, J = 7.6 Hz); *C-NMR (100 MHz, CDCl3) 5 196.8, 158.6, 158.3, 144.7, 142.8, 136.5, 126.8,
109.5, 109.3, 107.2, 103.5, 94.6, 94.5, 56.1, 56.0, 47.2, 4.3, 25.6, 14.3; LR-MS (EI) m/z 536 [M]*, 62 (100%); HR-
MS (EI) Calcd. for Co7Hss0sS: 536.2080, found: 536.2034.

GO-Y174 ~s o s~

MOMOW!!OMOM
OMOM OMOM

Pale yellow oil (diastereo mixture); IR (neat) : 2958, 1720, 1596, 1453 cm™; *H-NMR (400 MHz, CDCls) & 6.65
(2H,d, J=2.4Hz),6.63 (2H, d, J= 2.8 Hz), 6.61 (1H, t, J = 2.2HZ), 6.58 (1H, t, J = 2.2 Hz), 5.16-5.09 (8H, m), 4.27-
4.22 (2H, m), 3.47 (6H, s), 3.45 (6H, s), 2.97-2.90 (2H, M), 2.88-2.79 (2H, m), 2.39-2.28 (4H, m), 1.15 (3H, t, J =
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7.6 Hz), 1.13 (3H, t, 7.6 Hz); 3C-NMR (100 MHz, CDCl3) & (204.1, 204.0), (158.2, 158.1), (144.3, 144.2), (109.0,
108.9), (103.3, 103.2), 94.4, (55.90, 55.89), 49.8, (43.50, 43.48), (25.32, 25.27), (14.14, 14.12); LR-MS (EI) m/z 598
[MJ*, 45 (100%); HR-MS (EI) Calcd. for CasH4206S,: 598.2270, found: 598.2272.

GO-Y175 s o

Momo\,)\)\/\,/ !/ ‘ OMOM

OMOM OMOM

Pale yellow oil; IR (neat) : 2956, 1664, 1594, 1454 cm™*; 'H-NMR (400 MHz, CDCls3) 6 7.42 (1H, d, J = 15.8 Hz),
6.86 (2H, d, J = 2.1 Hz), 6.78 (1H, t, J = 2.1 Hz), 6.74 (2H, d, J = 2.6 Hz), 6.64 (1H, d, J = 15.8 Hz), 6.61 (1H, t,J =
2.6 Hz), 5.16-5.11 (8H, m), 4.37 (1H, t, J = 7.2 Hz), 3.48 (6H, s), 3.46 (6H, ), 3.16 (2H, d, J = 7.2 Hz), 2.45-2.30
(2H, m), 1.54-1.45 (2H, m), 1.37-1.27 (2H, m), 0.85 (3H, t, J = 7.2 Hz); 3C-NMR (100 MHz, CDCls) & 196.8, 158.6,
158.3, 144.8, 142.8, 136.5, 126.9, 109.5, 109.3, 107.2, 103.5, 94.55, 94.49, 56.09, 56.06, 47.3, 44.6, 31.3, 21.9, 13.6;
LR-MS (El) m/z 564 [M]*, 474 (100%); HR-MS (EI) Calcd. for C29H4000S: 564.2393, found: 564.2380.

GO-Y176 N3 o0 s

MOMO\,M ‘ OMOM

OMOM OMOM

Pale yellow oil (diastereo mixture); IR (neat): 2956, 1720, 1596, 1462 cm*; tH-NMR (400 MHz, CDCls) § 6.65 (2H,
d, J=2.4Hz),6.63 (2H, d, J = 2.4 Hz), 6.61 (1H, t, J = 2.2 Hz), 6.58 (1H, t, J = 2.2 Hz), 5.16-5.09 (8H, m), 4.24-
4.18 (2H, m), 3.47 (6H, s), 3.45 (6H, s), 2.96-2.90 (2H, m), 2.87-2.79 (2H, m), 2.36-2.25 (4H, m), 1.45 (4H, m), 1.30
(4H, m), 0.84 (3H, t, J=7.2 Hz), 0.83 (3H, t, J = 7.6 Hz); 3 C-NMR (100 MHz, CDCls) & (204.1, 204.0), (158.21,
158.18), (144.46, 144.41), (109.1, 109.0), 103.4, (94.43, 94.42), (56.0, 55.9), (49.90, 49.88), 43.9, (31.13, 31.11,
31.10, 31.0, two carbon), (21.82, 21.79) 13.5; LR-MS (EI) m/z 654 [M]*, 56 (100%); HR-MS (EI) Calcd. for
CasHs006S,: 654.2896, found: 654.2852.

GO-Y177 N5 o

MOMO\,)\/L/\,/ E/EOMOM

OMOM OMOM

pale yellow oil; IR (neat) : 2928, 1664, 1593, 1454 cm™; *H-NMR (400 MHz, CDCls3) § 7.42 (1H, d, J = 16.4 Hz),
6.86 (2H, d, J = 2.4 Hz), 6.76 (1H, t, J = 2.4 Hz), 6.74 (2H, d, J = 2.0 Hz), 6.64 (1H, d, J = 16.4 Hz), 6.61 (1H, t, J =
2.4 Hz), 5.16-5.12 (8H, m), 4.37 (1H, t, J = 7.4 Hz), 3.48 (6H, s), 3.46 (6H, s), 3.16 (2H, d, J = 7.4 Hz), 2.43-2.30
(2H, m), 1.55-1.46 (2H, m), 1.32-1.20 (6H, m), 0.85 (3H, t, J = 6.8 Hz); 3C-NMR (100 MHz, CDCl3) & 196.8, 158.6,
158.3,144.8, 142.8, 136.5, 126.8, 109.5, 109.3, 107.2, 103.5, 94.5, 56.0, 47.3, 44.6, 31.6, 31.3, 29.1, 28.5, 22.5, 13.9;
LR-MS (El) m/z 592 [M]*, 56 (100%); HR-MS (EI) Calcd. for C31H1404S: 592.2706, found: 592.2690.
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GO-Y178

MOMO\,M‘OMOM

OMOM OMOM

Pale yellow oil (diastereo mixture); IR (neat): 2927, 1719, 1596, 1457 cm'%; *H-NMR (400 MHz, CDCls) & 6.65 (2H,
d, J = 2.0 Hz), 6.63 (2H, d, J = 2.0 Hz), 6.61 (1H, t, J = 2.2 Hz), 6.58 (1H, t, J = 2.2 Hz), 5.16-5.09 (8H, m), 4.24-
4.18 (2H, m), 3.47 (6H, s), 3.45 (6H, s), 2.96-2.90 (2H, M), 2.86-2.79 (2H, m), 2.36-2.24 (4H, m), 1.46 (4H, m),
1.31-1.18 (12H, m), 0.86 (3H, t, J = 7.2 Hz), 0.85 (3H, t, J = 7.2 Hz); 3C-NMR (100 MHz, CDCls) & 204.1, (158.22,
158.19), (144.5, 144.4), (109.1, 109.0), (103.41, 103.37), (94.43, 94.42), (56.0, 55.9), (49.91, 49.87), (43.88, 43.87),
(31.44, 31.38, 31.2, two carbon), (29.03, 29.02), (28.41, 28.39), 22.4, 13.9; LR-MS (EI) m/z 710 [M]*, 56 (100%);
HR-MS (EI) Calcd. for C37HsgOeS,: 710.3522, found: 710.3505.

GO-Y143
SOUN
MOMO = OMOM

OMOM OMOM

Colorless oil; IR (CHCIs): 1692, 1666, 1592, 1454 cm'; H-NMR (400 MHz, CDCls) 5 7.42 (1H, d, J = 16.2 Hz),
6.86 (2H, d, J = 2.3 Hz), 6.76 (1H, t, J = 2.3 Hz), 6.73 (2H, d, J = 2.4 Hz), 6.64 (1H, d, J = 16.2 Hz), 6.61 (1H, t, J =
2.4 Hz), 5.15-5.11 (8H, m), 4.36 (1H, t, J = 7.2 Hz), 3.48 (6H, s), 3.46 (6H, s), 3.16 (2H, d, J = 7.2 Hz), 2.41-2.29
(2H, m), 1.54-1.47 (2H, m), 1.32-1.22 (18H, m), 0.87 (3H, t, J = 7.0 Hz); *C-NMR (100 MHz, CDCls) 5 196.8,
158.6, 158.3, 144.8, 142.8, 136.5, 126.9, 109.5, 109.3, 107.2, 103.5, 94.6, 94.5, 56.11, 56.08, 47.2, 44.6, 31.9, 31.6,
(29.63, 29.61, 29.58, 29.50, 29.3, 29.2, 28.9, eight carbon), 22.7, 14.1; LR-MS (EI) m/z 676 (M*), 474 (100%); HR-
MS (EI) Calcd. for Cs7Hs60eS: 676.3645, found : 676.3654.

GO-Y144

CC\/\S o S/\/@
MOMOWE ‘ OMOMm

OMOM OMOM

Colorless oil (diastereo mixture); IR (CHCIs): 1720, 1595, 1462 cm; *H-NMR (400 MHz, CDCl3) & 6.64 (2H, d, J
= 2.1 Hz), 6.62 (2H, d, J = 2.1 Hz), 6.60 (1H, t, J = 2.1 Hz), 6.58 (1H, t, J = 2.1 Hz), 5.12 (8H, m), 4.23-4.18 (2H,
m), 3.48 (6H, s), 3.47 (6H, s), 2.96-2.90 (2H, m), 2.85-2.78 (2H, m), 2.38-2.21 (4H, m), 1.50-1.42 (4H, m), 1.32-
1.27 (36H, m), 0.87 (6H, t, = 6.76 Hz); 3C-NMR (100 MHz, CDCls) & 204.1, (158.2, 158.2), (144.5, 144.4), (109.1,
109.0), (103.4, 103.4), (94.5, 94.5), (56.0, 56.0), (49.9, 49.9), (43.9, 43.9), (31.8, 31.5, 31.4), 29.6, 29.6, 29.5, 29.4,
29.3, 29.1, 29.1, 28.8, 28.8, 22.6, 14.0; LR-MS (ESI) m/z 901 ([M+Na]*), (100%), 917 ([M+K]*); HR-MS (ESI)
Calcd. for C49Hg,09SoNa: 901.5292, found: 901.5260.
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G()JY179 /O\//\S o

MOMOOMOM

OMOM OMOM

Pale yellow oil; IR (neat): 2927, 1663, 1593, 1453 cm™%; 'H-NMR (400 MHz, CDCls3) 6 7.42 (1H, d, J = 16.0 Hz),
6.86 (2H, d, J = 2.0 Hz), 6.77 (1H, t, J = 2.2 Hz), 6.74 (2H, d, J = 2.0 Hz), 6.64 (1H, d, J = 16.0 Hz), 6.62 (1H, t, J =
2.2 Hz), 5.17-5.11 (8H, m), 4.44 (1H, t, J = 7.2 Hz), 3.48 (6H, s), 3.46 (6H, s), 3.45 (2H, t, J = 5.2 Hz), 3.30 (3H, s),
3.17 (2H, d, J = 6.8 Hz), 2.58 (2H, g, J = 6.8 Hz); 13C-NMR (100 MHz, CDCls) § 196.8, 158.6, 158.4, 144.8, 142.9,
136.4, 126.8, 109.5, 109.3, 107.2, 103.6, 94.54, 94.48, 71.6, 58.6, 56.09, 56.08, 47.2, 44.8, 30.9; LR-MS (EIl) m/z
566 [M]*, 474 (100%); HR-MS (El) Calcd. for CosH3s010S: 566.2186, found: 564.2179.

GO-Y180 AOs g N

MOMOWEEOMOM

OMOM OMOM

Pale yellow oil (diastereo mixture); IR (neat): 2926, 1718, 1596, 1458 cm™; *H-NMR (400 MHz, CDCls3) & 6.65-
6.58 (6H, m), 5.16-5.09 (8H, m), 4.30-4.25 (2H, m), 3.47 (6H, s), 3.45 (6H, s), 3.44-3.36 (4H, m), 3.29 (3H, s), 3.28
(3H,s), 2.96-2.91 (2H, m), 2.87-2.80 (2H, m), 2.57-2.47 (4H, m); *C-NMR (100 MHz, CDCls) & 203.8, 158.4, 144.2,
(109.22, 109.17), 103.6, 94.5, 71.7, 58.6, 56.1, 49.9, 44.1, 30.8; LR-MS (FAB) m/z 658 [M]*, 45 (100%); HR-MS
(FAB) Calcd. for C31H46011S2: 658.2482, found: 658.2448.

GO-Y184 O s o

MOMO\,)\)\/\,/ E/ ‘ OMOM

OMOM OMOM

Colorless oil; IR (CHCIs): 2933, 1663, 1593, 1452 cm'; H-NMR (600 MHz, CDCl3) & 7.42 (1H, d, J = 16.4 Hz),
6.87 (2H, d, J = 2.1 Hz), 6.77 (1H, t, J = 2.1 Hz), 6.74 (1H, d, J = 2.6 Hz), 6.64 (1H, d, J = 16.4 Hz), 6.61 (2H, t, J =
2.6 Hz), 5.17-5.12 (8H, m), 4.37 (1H, t, J = 7.3 Hz), 3.48 (6H, 5), 3.47 (6H, s), 3.31 (2H, t, J = 5.8 Hz), 3.29 (3H, 5),
3.16 (2H, d, J = 7.3 Hz), 2.46-2.41 (1H, m), 2.38-2.34 (1H, m), 1.63-1.56 (4H, m); 3C-NMR (150 MHz,
CDCls) § 196.8, 158.6, 158.3, 144.7, 142.9, 136.5, 126.8, 109.5, 109.3, 107.2, 103.5, 94.6, 94.5, 72.2, 58.5, 56.11,
56.00, 47.2, 44.5, 31.4, 28.7, 25.8; LR-MS (FAB) m/z 594 [M]*, 45 (100%); HR-MS (FAB) Calcd. for CsoH2010S:
714.3108, found: 714.3113.

GO'Y185 /O\/\/\S fe) S/\/\/O\

MOMO\,)\/K/K,/E ! OMOM

OMOM OMOM

Colorless oil (diastereo mixture); IR (CHCls): 2931, 1719, 1595, 1456 cm™; *H-NMR (400 MHz, CDCls3) & 6.65 (2H,
d, J=2.1Hz), 6.63 (2H, d, J = 2.1 Hz), 6.61 (1H, t, J = 2.1 Hz), 6.58 (1H, t, J = 2.1 Hz), 5.16-5.09 (8H, m), 4.23-
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4.18 (2H, m), 3.47 (6H, s), 3.46 (6H, s), 3.29-3.31 (4H, m), 3.29 (3H, s), 3.28 (3H, 5), 2.96-2.90 (2H, M), 2.85-2.78
(2H, m), 2.49-2.25 (4H, m), 1.60-1.48 (8H, m); 13C-NMR (100 MHz, CDCls) § (204.1, 204.0), (158.3, 158.3), (144.4,
144.4), (109.11, 109.05), (103.50, 103.46), (94.50, 94.48), (72.10, 72.08), 58.4, (56.1, 56.0), (49.93, 48.89), 43.9,
(31.24, 31.18), (28.62, 28.59), (25.72, 25.71); LR-MS (FAB) m/z 714 [M]*, 45 (100%); HR-MS (FAB) Calcd. for
CasHs4011S,: 594.2499, found: 594.2507.

GO-Y186 O o

MOMO\,)\/k/\,/ E/EOMOM

OMOM OMOM

Colorless oil; IR (CHCIs): 2932, 1664, 1593, 1453 cm:; TH-NMR (400 MHz, CDCls) & 7.42 (1H, d, J = 16.2 Hz),
6.86 (2H, d, J = 2.2 Hz), 6.77 (1H, t, J = 2.2 Hz), 6.73 (2H, d, J = 2.2 Hz), 6.64 (1H, d, J = 16.2 Hz), 6.62-6.60 (1H,
m), 5.16-5.12 (8H, m), 4.35 (1H, t, J = 7.1 Hz), 3.48 (6H, s), 3.46 (6H, s), 3.35-3.27 (5H, m), 3.15 (2H, d, J= 7.1
Hz), 2.45-2.31 (2H, m), 1.46-1.57 (4H, m), 1.37-1.24 (4H, m); 3C-NMR (100 MHz, CDCls) & 196.7, 158.5, 158.3,
144.7,142.8, 136.4, 126.8, 109.5, 109.2, 107.1, 103.4, 94.5, 94.4, 72.6, 58.4, 56.00, 55.98, 47.2, 44.6, 31.5, 29.4,
29.0, 28.6, 25.6; LR-MS (FAB) m/z 622 [M]*, 251 (100%); HR-MS (FAB) Calcd. for Cs2Hss010S: 622.2812, found:
622.2820.

GO-Y187 O g g g 0N

MOMO\,M ‘ OMOoM

OMOM OMOM

Colorless oil (diastereo mixture); IR (CHCls3): 2931, 1719, 1595, 1456 cm™; *H-NMR (400 MHz, CDCls3) & 6.64 (2H,
d, J=22Hz),6.62 (2H, d, J = 2.2 Hz), 6.60 (1H, t, J = 2.2 Hz), 6.58 (1H, t, J = 2.2 Hz), 5.16-5.09 (8H, m), 4.23-
4.17 (2H, m), 3.47 (6H, s), 3.45 (6H, s), 3.35-3.32 (4H, m), 3.311 (3H, s), 3.306 (3H, s), 2.95-2.89 (2H, m), 2.85-
2.78 (2H, m), 2.39-2.22 (4H, m), 1.54-1.43 (8H, m), 1.32-1.25 (8H,m); *C-NMR (100 MHz, CDCls) & (204.2,
204.1), (158.30, 158.26), (144.51, 144.46), (109.11, 109.05), (103.5, 103.4), 94.5, 72.7, 58.5, (56.10, 56.07), (49.98,
48.95), (43.94, 43.92), (31.5, 31.4), 29.5, 29.1, (28.7, 28.6), 25.7; LR-MS (FAB) m/z 783 [M+Na]"*, 45 (100%); HR-
MS (FAB) Calcd. for C39Hs2011S,Na: 783.3816, found: 783.3812.

GO-Y188

MOMOOMOM

OMOM OMOM

Colorless oil; IR (CHCls): 2928, 1664, 1593, 1453 cmL; * H-NMR (400 MHz, CDCls) & 7.42 (1H, d, J = 16.2 Hz),
6.86 (2H, d, J = 2.1 Hz), 6.77 (1H, t, J = 2.1 HZ), 6.73 (2H, d, J = 2.1 Hz), 6.64 (1H, d, J = 16.2 Hz), 6.61 (1H, t, J =
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2.1 Hz), 5.16-5.11 (8H, m), 4.36 (1H, t, J = 7.2 Hz), 3.48 (6H, s), 3.46 (6H, s), 3.35 (2H, t, J = 6.5 Hz), 3.32 (3H, 9),
3.16 (2H, d, J = 7.2 Hz), 2.44-2.30 (2H, m), 1.60-1.48 (6H, m), 1.33-1.23 (8H, m); 3C-NMR (100 MHz,
CDCls) 5 196.8, 158.5, 158.3, 144.7, 142.8, 136.4, 126.8, 109.5, 109.2, 107.1, 103.4, 94.5, 94.4, 72.9, 58.5, 56.1,
56.0, 47.2, 44.6, 31.6, 29.6, 29.37, 29.35, 29.14, 29.06, 28.8, 26.0; LR-MS (FAB) m/z 664 [M]*, 251 (100%); HR-
MS (FAB) Calcd. for CasHs2010S: 664.3281, found: 664.3277.

GO-Y189

Cci/\ﬂ W\:@
s o s
MOMO\,M ! OMOM

OMOM OMOM

Colorless oil (diastereo mixture); IR (CHCIs): 2927, 2854, 1720, 1596, 1460 cm™*; *H-NMR (600 MHz, CDCl3) &
6.64 (2H, d, J = 2.1 Hz), 6.62 (2H, d, J = 2.1 Hz), 6.60 (1H, t, J = 2.1 Hz), 6.58 (1H, t, J = 2.1 Hz), 5.16-5.10 (8H,
m), 4.22-4.18 (2H, m), 3.47 (6H, s), 3.46 (6H, s), 3.354 (2H, t, J = 6.5 Hz), 3.351 (2H, t, J = 6.8 Hz), 3.33 (3H, ),
3.32 (3H, s), 2.94-2.90 (2H, m), 2.85-2.78 (2H, m), 2.37-2.23 (4H, m), 1.57-1.50 (4H, m), 1.49-1.40 (4H, m), 1.30-
1.23 (20H, m); 3C-NMR (150 MHz, CDCls) & (204.24, 204.18), (158.32, 158.28), (144.6, 144.5), (109.14, 109.09),
(103.50, 103.46), 94.6, 72.9, 58.5, (56.12, 56.10), (50.10, 49.97), (44.0, 43.9), (31.6, 31.5), (29.6, 29.4, 29.18, 29.16,
29.13, 28.88, 28.86, 26.1, seven carbon); LR-MS (FAB) m/z 823 [M-OMe]*, 251 (100%); HR-MS (FAB) Calcd. for
Ca4H71010S2: 823.4489, found: 823.4495.
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Experimental Procedure for H-NMR studies (Section 1, Chapter 2)

'H-NMR study to monitor Michael reaction between GO-Y030 and cysteamine (Figure 1-05)

GO-Y030 (5.27 mg, 0.011 mmol) was dissolved with DMSO-dg (0.55 ml) and cysteamine (5.84 mg, 0.075 mmol)
was dissolved with DMSO-ds (0.95 ml) in screw vial prior to use. The resulting cysteamine solution (0.55 ml of 0.08
M solution in DMSO-ds, 0.044 mmol) was added to GO-Y 030 solution (0.55 ml of 0.02 M in DMSO-dg, 0.11 mmol).
After 5 min, a proton NMR spectrum of the resulting solution was measured. Then, the solution was got back to
screw vial and it stand under air. After 1 h the addition of cysteamine, a proton NMR spectrum of the resulting
solution was measured. Then, the solution was got back to screw vial and it stand under air. After 6 h the addition of

cysteamine, a proton NMR spectrum of the resulting solution was measured.

'H-NMR study to monitor Michael reaction between GO-Y075 and cysteamine (Figure 1-06)

GO-Y075 (4.56 mg, 0.0727 mmol) was dissolved with DMSO-ds (0.36 ml) and cysteamine (5.68 mg, 0.073 mmol)
was dissolved with DMSO-ds (0.92 ml) in screw vial prior to use. The resulting cysteamine solution (0.36 ml of 0.08
M solution in DMSO-ds, 0.029 mmol) was added to GO-Y030 solution (0.36 ml of 0.02 M in DMSO-dg, 0.0727
mmol). After 5 min, a proton NMR spectrum of the resulting solution was measured. Then, the solution was got back
to screw vial and it stand under air. After 1 h the addition of cysteamine, a proton NMR spectrum of the resulting
solution was measured. Then, the solution was got back to screw vial and it stand under air. After 6 h the addition of

cysteamine, a proton NMR spectrum of the resulting solution was measured.
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Experimental Procedure for Biological Analysis (Section 1, Chapter 1, 3, 4)

Cell culture

Cells of the colorectal carcinoma line HCT116 were cultured in RPMI1640 supplemented with 10% fetal bovine

serum (FBS).

Cell growth suppression analysis

HCT116 was obtained from the Cell Resource Center for Biomedical Research (Institute of Development, Aging and
Cancer, Tohoku University, Sendai, Japan). The growth-suppressive effects of the compounds were measured for 48
h. Cell viability was assayed by quantitation of the uptake and digestion of 2-(2-methoxy-4-nitrophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H- tetrazolium monosodium salt (WST-8) according to the manufacturer’s
instructions (Dojindo Laboratories, Kumamoto, Japan) by using a 96-well plate reader, SpectraMax M2e (Molecular
Devices). The percentage cell growth of the control, which was treated with 0.5% DMSO alone, was calculated and

plotted, and then the mean growth inhibitory concentration (Glsp) value was determined.
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Experimental Procedure for Analysis to Monitor retro-Michael reaction
(Section 1, Chapter 5)

The assay was performed in 96 well plates and alumifoils were used to cover the plate during the measurements. All
measurements were done in a Multiscan Spectrum Photometer (Thermo, Finnland) at 25 °C. Before the assay, 10
mM stock solutions of GO-Y030 and GO-Y030 thiol bis adducts in DMSO were diluted with DMSO to give a
concentration of 83 uM. The resultant 83 uM compounds DMSO solution (100 ul) were added to each well in 96
well plate. Setted well were diluted with (a) 100 mM Glycine-HCI buffer (100 ul), (b) PBS buffer (100 ul), (c) 100
mM Tris-HCI buffer (100 pl).

Then, the kinetic measurement is started immediately. The wells were covered with foil and measurements were done

in duplicates.
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Chapter 2

(S,S)-N-[2-(Diphenylacetylhydroxyamino)-cyclohexyl]-N-hydroxy-2,2-diphenyl-acetamide

[(S,S)-BHA ligand]

OMe OMe
O:NH3+ p-anisaldehyde N Oxone, KHCO, O\‘N
D-tartrate — > -
NH,* EtOH, H,0 N&\@\ THF, MeCN N (@
(0]
OMe OMe

S2-1 S2-2 S2-3
Ph
1. Ph,CHCOCI o Ph
EtzN, DMAP imid. H DIEA N
BnNH,*HClI, ~~NHOH Pr,SicCl, .»\N\o\ _ipr CH,Cl, " OH
_— 2HCI —MM /Si\l.P _ OH
.
HCI, MeOH NHOH CH,Cl, N-O 2. 3N HCI N~
H Ph
S2-4 S2-5 o
Ph

(S,S)-BHA ligand

A mixture of (1S,25)-(-)-1,2-cyclohexanediamine D-tartrate (25.0 g, 94.5 mmol), K,CO3 (26.1 g, 189 mmol), and
de-ionized water (125 mL) was stirred until dissolution was achieved, and then ethanol (400 mL) was added. The
resulting cloudy mixture was heated to reflux, and a solution of p-anisaldehyde (26.1 g, 189 mmol) in ethanol (40
mL) was added in a steady stream over 40 min. The yellow slurry was stirred at reflux for 5 h before heating was
discontinued. The reaction mixture was cooled to room temperature, and the water phase was separated and discarded.
The organic phase was concentrated and dissolved in CH,Cl,. It was then removed any trace of water, dried over
MgSO, and filtered. The filtrate was removed solvent to provide crude diamine S2-2 as light yellow solid, which was

used in the following step without further purification.

To a stirred solution of diimine S2-2 (47.3 mmol) in MeCN (280 mL) and THF (570 mL), at room temperature, was
added an aqueous solution (470 mL) of KHCOj3 (79.4 g, 793 mmol) followed by an aqueous solution (470 mL) of
Oxone (69.7 g, 113 mmol). After stirring for 3 h, the reaction mixture was diluted with CH,Cl, (800 mL). The
biphasic mixture was separated and the aqueous portion was extracted with CH,Cl, (2 x 400 mL) and the combined
organic extracts was dried over MgSQ, and filtered. The filtrate was concentrated under reduced pressure to provide
crude dioxaziridine S2-3 (17.0 g, 44.5 mmol, 94% yield) as light yellow solid, which was used in the following step

without further purification.
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To a mixture of the unpurified product S2-3 (23.3 g) obtained from the previous oxidation reaction and
benzyloxyhydroxyl amine hydrochloride (18.9 g, 120 mmol) was treated with anhydrous MeOH (600 mL), and then
1 M HCI in MeOH (205ml), which is prepared from AcCl (18.1 ml, 255 mmol) and anhydrous MeOH (237 ml), was
added immediately. The resulting mixture was stirred for 20 minutes. The reaction mixture was then concentrated
under reduced pressure to dryness. Et,O (400 mL) and de-ionized water (200 mL) was added. The bi-layer was
separated and the organic part was extracted with de-ionized water (2 x 150 ml). Combined aqueous portion was
washed with Et,0 (2 x 200 mL). The aqueous portion was concentrated to 70-100 mL and the resulting was freeze
dried under reduced pressure to provide bis-hydroxylamine dihydrochloride S2-4 (15.2 g) as brown solid, which

contained 25% of BnONH,.HCI. This material was utilized in the next step without any purification.

To a stirred suspension of bis-hydroxylamine dihydrochloride S2-4 (8.65 g, ca. 33.4 mmol) in CH.Cl; (40 mL) under
nitrogen at room temperature was added EtsN (dist. 13.0 mL, 25.6 mmol). After 1 h, to the resulting cloudy white
suspension, DMAP (220 mg, 1.80 mmol), imidazole (2.50 g, 36.7 mmol) followed by 'Pr,SiCl, (6.14 mL, 34.0 mmol)
were added and stirring was continued 3.25 h, and then poured into an aqueous solution of NaHCO3 (6.0 g, 71.4
mmol) and extracted with EtOAc. The combined organic extracts was dried over MgSQ,, filtered and concentrated
under reduced pressure. The residue was filtered through a small plug of silica gel by washing with the mixture of
EtOAc/hexanes (5:95) to provide S2-5 (7.40 g), which contained diethylsilyl ether as about 7:1 mixture and was used

in the following step without further purification.

To a stirred solution of S2-5 (22.8 mmol) and DIEA (dist. 11.9 mL, 68.4 mmol) in CH2Cl, (228 mL) was added
diphenylacetyl chloride (obtained from ALDRICH, 15.8 g, 68.4 mmol, dissolved in 22.8 mL CH-CI.) under nitrogen.
After 3 days, the reaction mixture was treated with 3N HCI. After stirring for 30 min the reaction mixture was
extracted with CH,Cl,, washed with brine, dried over MgSO,4 and filtered. The filtrate was concentrated under
reduced pressure and the residue was purified by silica gel column chromatography (Silica gel 60N, Kanto Chemical
Co., Inc., spherical, neutral, 63-210 um) to provide (S,S)-BHA ligand (6.46 g, 12.1 mmol, 53%).

Literature®: (R,R)-BHA ligand [a]p%# +93.5° (¢ 1.00, CHCI5)

(S,S)-BHA ligand: [a]p?? —90.8° (c 0.518, CHCIs); IR (CDCls): 3163, 2940, 1622, 1496, 1452, 1412, 1238, 1165,
754, 700 cm™; 'H-NMR (400 MHz, CDCl3) & 9.24 (2H, s), 7.32-6.93 (20H, m), 5.50-5.42 (2H, m), 4.67-4.58 (2H,
m), 1.80-1.65 (6H, m), 1.29-1.18 (2H, m); 1*C-NMR (100 MHz, CDCls) § 174.9, 139.3, 138.8, 129.2, 128.8, 128.6,

128.3, 127.0, 126.7, 56.8, 52.8, 27.6, 24.5; LR-MS (ESI) m/z 557 ([M+Na]*); HR-MS (ESI) Calcd. for
C34H34N204Na: 557.2411, found: 557.2396.
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cis-3-Penten-1-ol (46)

/WjOH
A mixture of 3-pentyn-1-ol (25.0 g, 297 mmol), quinoline (1.40 ml, 12.0 mmol) and Lindlar catalyst (450 mg) in
Et,O (distilled prior to use, 300 mL) was stirred under hydrogen atmosphere at room temperature for 5 days. The
reaction mixture was sparged with nitrogen, filtered through Celite, and concentrated in vacuo at 0 °C. The resulting

residue was distilled under atmospheric pressure at 138-140°C to give cis-3-pentenol 46 (23.0 g, 267 mmol, 90%) as

a colorless oil.

46: IR (CDCls): 3354, 3017, 2926 cmt; 'H-NMR (400 MHz, CDCls) § 5.69-5.60 (1H, m), 5.44-5.36 (1H, m), 3.66
(2H, dt, J = 6.3, 5.8 Hz), 2.34 (2H, dtd, J = 7.2, 5.8, 1.0 Hz), 1.65 (3H, dd, J = 6.3, 1.0 Hz), 1.52-1.49 (1H, m); 13C-
NMR (100 MHz, CDCls) § 127.3, 126.0, 62.2, 30.4, 12.9; LR-MS (EI) m/z 86 (M"), 68 (100%); HR-MS (EI) Calcd.
for CsH100: 86.0732, found: 86.0711.

2-[(2R,3S)-3-Methyloxiran-2-yl]ethanol (45) o

OH
Zr(Ot-BuQ)4 (0.486 mmol, 1.25 mmol) was added to a mixture of (S,S)-BHA ligand (668 mg, 1.25 mmol), DMPU

(distilled from CaHz, 0.300 ml, 2.50 mmol), and 4A molecular sieves powder (freshly activated, 5 g) in dry toluene
(25 ml) in a glovebox. The catalyst mixture was stirred for 1 h at room temperature. The resulting solution was cooled
to —5 °C, and cis-3-pentenol 46 (distilled and added 4A molecular sieves prior to use, 2.95 ml, 25.0 mmol) and
cumene hydroperoxide (5.87 N, 6.38 ml, 37.5 mmol, slowly dropwised) were added sequentially. The mixture was
stirred at —5 °C for 4 h, then warmed to room temperature, and stirred for 36 h. Methanol (1.5 ml) was then added,
and the reaction mixture was stirred for 10 min at room temperature, filtered through Celite, and concentrated in
vacuo at 0 °C. The resulting solution was purified by short packed silica gel column chromatography (2:1
Pentane:Et;O to Et;0) to provide the crude of the epoxy alcohol 45, which was distilled under reduced pressure
(120 °C /2.3 kPa [lit.”) 101 °C / 25 mmHg]) to give the epoxy alcohol (2.24 g, 21.9 mmol, 88%, 84% ee) as a colorless

oil. The enantiomeric excess of 45 was determined by chiral HPLC analysis of epoxide derivative S2-6.

45: [o]o? +20° (¢ 0.81, CHCI3); IR (CDCls): 3420 cm; *H-NMR (400 MHz, CDCl3) § 3.93-3.79 (2H, m), 3.12-
3.07 (2H, m), 1.91-1.83 (1H, m), 1.77-1.68 (2H, m), 1.30 (3H, d, J = 5.3 Hz); *C-NMR (100 MHz, CDCls) & 60.5,
55.0, 52.3, 30.3, 13.3; LR-MS (ESI) m/z 125 ([M+Na]*); HR-MS (ESI) Calcd. for CsH102Na: 125.0573, found:
125.0573.

2-[(2R,3S)-3-Methyloxiran-2-yl]ethyl benzoate (S2-6) 0

/N

- 88 - OBz



BzCI (75.0 ul, 0.650 mmol) was added to a mixture of epoxy alcohol 45 (25.5 mg, 0.249 mmol), pyridine (0.120 ml,
1.49 mmol), and DMAP (6.00 mg, 0.0491 mmol) in CH2Cl, at 0 °C. There resulting solution was warmed up to room
temperature, stirred for 40 min, and quenched with saturated aqueous NaHCO3. The resultant was extracted with
AcOEt and the extract was washed with brine, dried over MgSQs, and concentrated in vacuo. The crude mixture was
purified by flash silica gel column chromatography (8:1 to 4:1 Hexanes:EtOAc) to provide the benzoate S2-6 (43.5

mg, 0.211 mmol, 85%) as a colorless oil.

$2-6: [o]p? +9.92° (¢ 1.08, CHCls); IR (CDCls): 2966, 1722, 1601, 1452, 1274 cmt; *H-NMR (400 MHz, CDCly)
§8.06 (2H, d, J = 7.7 Hz), 7.57 (1H, t, J = 7.7 Hz), 7.45 (2H, t, J = 7.7 Hz), 4.55-4.45 (2H, m), 3.14-3.08 (2H, m),
2.09-1.94 (2H, m), 1.32-1.30 (3H, m); 3C-NMR (100 MHz, CDCls) & 166.4, 132.9, 130.0, 129.5, 128.3, 62.2, 54.2,
52.3, 27.3, 13.2; LR-MS (EI) m/z 206 (M*); HR-MS (EI) Calcd. for C1,H1403: 206.0943, found: 206.0916.

The enantiomeric excess of S2-6 was determined by chiral HPLC analysis using CHIRALPACK-IC (3:7 i-

PrOH:Hexane, 0.5 ml/min): 16.2 min (minor enantiomer), 18.1 min (major enantiomer)

OH T™S
(3R,49)-3-[(Trimethylsilyl)ethynyl]pentane-1,4-diol (59) P ‘ ‘
(3R,45)-4-Methyl-6-(trimethylsilyl)hex-5-yne-1,3-diol (62) H OH
TMS OH
59 62

To a cooled (=78 °C) solution of TMS acetylene (11.8 ml, 83.8 mmol) in dry THF (540 mml) was added n-BuLi
(1.56 M hexane solution, 69.8 ml, 109 mmol) dropwise over 30 min at —78 °C. After 30 min, to the reaction mixture
was added BF3;*THF (11.9 ml, 109 mmol) at —78 °C. After 15 min, to the resulting solution was added a solution of
epoxide 45 (distilled prior to use, 3.89 g, 38.1 mmol) in THF (4 ml) via cannula slowly at —78 °C. After being stirred
for 14 h at —78 °C, the resulting solution was quenched with saturated aqueous NH4Cl and warmed up to room
temperature. The resultant was extracted with Et,O and the extract was washed with brine, dried over MgSQO,, and
concentrated in vacuo. The crude mixture was purified by column chromatography (2:1 Hexanes:Et,0O to Et,0) to
provide the diol 59 (5.08 g, 25.4 mmol, 67%) as a colorless oil.

59: [a]p?* —17.3° (¢ 0.602, CHCIs); IR (CDCls): 3335, 2959, 2166 cm*; *H-NMR (400 MHz, CDCls) & 3.86 (1H, dq,
J=5.9,5.4 Hz), 3.79-3.72 (2H, m), 2.64 (1H, ddd, J = 8.7, 5.4, 3.7 Hz), 2.27 (2H, brs), 1.86-1.73 (2H, m), 1.28 (3H,
d, J =5.9 Hz), 0.16 (9H, s); *C-NMR (100 MHz, CDCls) 6 105.3, 89.7, 69.2, 60.6, 38.8, 34.4, 21.3, 0.1; LR-MS
(FAB) m/z 201 ([M+H]*); HR-MS (FAB) Calcd. for C1H210,Si: 201.1311, found: 201.1315.
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6244 colorless solid: [a]p'® —66.2° (¢ 1.23, CHCI3); IR (CDClg): 3457, 2174 cm; *H-NMR (400 MHz, CDCls)
§ 3.89-3.82 (2H, m), 3.70-3.64 (1H, m), 2.59 (1H, qd, J = 7.1, 5.6 Hz), 2.38 (1H, brs), 1.81-1.74 (2H, m), 1.21 (3H,
d, J = 7.1 Hz), 0.16 (9H, s); *C-NMR (100 MHz, CDCls) § 107.2, 87.9, 74.2, 61.4, 36.1, 34.6, 16.9, 0.1; LR-MS
(FAB) m/z 201 ([M+H]*) ; HR-MS (FAB) Calcd. for C10H210,Si: 201.1311, found: 201.1302.

(2S,3R)-3-{2-[(tert-Butyldimethylsilyl)oxy]ethyl}-5-(trimethylsilyl)pent-4-yn-2-ol (63) OH

T™MS
To a solution of diol 59 (46.5 mg, 0.232 mmol) in dry DMF was added imidazole (18.4 mg, 0.268 mmol) and TBSCI

(35.5 mg, 0.232 mmol) at 0 °C. The reaction mixture was stirred for 35 min and warmed up to room temperature.
After 1 h, the resulting solution was quenched with H»O and extracted with Et,O and the extract was washed with
brine, dried over MgSO., and concentrated in vacuo. The crude mixture was purified by flash silica gel column
chromatography (8:1 Hexane:EtOAc) to provide the silyl ether 63 (54.5 mg, 0.173 mmol, 75%) as a colorless solid.
63: [a]o?® —29.7° (¢ 0.214, CHCIs); IR (CDCls): 3423, 2957, 2166 cm™; *H-NMR (400 MHz, CDCls) & 3.83 (1H, qd,
J=5.7,49Hz), 3.77-3.69 (1H, m), 2.62 (1H, ddd, J = 8.2, 4.9, 4.7 Hz), 2.37 (1H, d, J = 6.8 Hz), 1.83-1.65 (2H, m),
1.27 (3H, d, J = 5.7 Hz), 0.90 (9H, s), 0.16 (9H, s), 0.07 (6H, s); *C-NMR (100 MHz, CDCl3) § 105.7, 88.9, 69.1,
60.8, 38.6, 34.6, 25.9, 21.2, 18.3, 0.1, -5.38, -5.41; LR-MS (FAB) m/z 315 ([M+H]"), 73 (100%) ; HR-MS (FAB)
Calcd. for C1gH350,Si,: 315.2176, found: 315.2166.

(2S,3R)-3-{2-[(tert-Butyldimethylsilyl)oxy]ethyl}-5-(trimethylsilyl)pent-4-yn-2-yl o]

(S)-3,3,3-trifluoro-2-methoxy--2-phenylpropanoate (64a) MeO™ °

T™MS
To a solution of alcohol 63 (31.2 mg, 0.0991 mmol) in dry pyridine (0.33 ml) was added (-)-MTPACI (37.0 ul, 0.198

mmol) at 0 °C. The reaction mixture was warmed up to room temperature and stirred for 17.5 h. The resulting solution
was deluted with Et,0, quenched with saturated aqueous NaHCOs3, and extracted with Et,O. The extract was washed
with brine, dried over MgSQ,, and concentrated in vacuo. The crude mixture was purified by flash silica gel column
chromatography (16:1 to 8:1 Hexane:EtOAcC) to provide the MTPA ester 64a (29.8 mg, 0.0561 mmol, 54%) as a

colorless oil.

64a: [o]p? —93.6° (¢ 0.775, CHCI3); IR (CDCls): 2956, 2173, 1748, 1472, 1251 cmr; *H-NMR (400 MHz, CDCl5)
§7.56 (2H, t, J = 3.6 Hz), 7.42-7.38 (3H, m), 5.23 (1H, qd, J = 6.3, 4.4 Hz), 3.79-3.74 (2H, m), 3.57 (3H, s), 2.86
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(1H, ddd, J = 10.1, 4.5, 4.4 Hz), 1.76-1.69 (1H, m), 1.63-1.55 (1H, m), 1.35 (3H, d, J = 6.3 Hz), 0.89 (9H, s), 0.11
(9H, s), 0.058 (3H, 5), 0.054 (3H, 5); 3C-NMR (100 MHz, CDCl3) & 166.0, 132.2, 129.5, 128.3, 127.5, 123.3 (q, Wcr
= 288.9), 104.6, 88.1, 84.7 (q, 2Jcr = 27.6 Hz), 74.5, 60.3, 55.5 (t, “Jcr = 1.6 Hz), 34.6, 33.6, 25.9, 18.3, 17.2, 0.1, -
5.4, -5.5; LR-MS (FAB) m/z 531 ([M+H]*), 73 (100%) ; HR-MS (FAB) Calcd. for CasHa2Fs04Siz: 531.2574, found:
531.2563.

(2S,3R)-3-{2-[(tert-Butyldimethylsilyl)oxy]ethyl}-5-(trimethylsilyl)pent-4-yn-2-yl o]

MeO
(R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (64b) F3cﬁ)ko

To a solution of alcohol 63 (23 mg, 0.073 mmol) in dry pyridine (0.25 ml) was added (+)-MTPACI (70 pl, 0.37 mmol)
at 0 °C. After being stirred for 30 min at at 0 °C, the resulting solution was deluted with Et,O, quenched with saturated
aqueous NaHCOs3, and extracted with Et,O. The combined organic layers were washed with brine, dried over MgSOy,
and concentrated in vacuo. The crude mixture was purified by flash silica gel column chromatography (10:1

Hexane:EtOAC) to provide the MTPA ester 64b (33.6 mg, 0.0633 mmol, 87%) as a colorless oil.

64b: [o]p?® —2.21° (¢ 0.601, CHCIls); IR (CDCls): 2956, 2173, 1749, 1471, 1252 cm't; tH-NMR (400 MHz, CDCl5)
§7.56 (2H, t, J = 3.2 Hz), 7.40-7.37 (3H, m), 5.17 (1H, dg, J = 8.0, 6.3 Hz), 3.72-3.68 (2H, m), 3.56 (3H, s), 2.83
(1H, ddd, J = 11.0, 4.0, 4.0 Hz), 1.65-1.60 (1H, m), 1.57-1.51 (1H, m), 1.45 (3H, d, J = 6.3 Hz), 0.89 (9H, s), 0.11
(9H, s), 0.058 (3H, s), 0.054 (3H, 5); *C-NMR (100 MHz, CDCls) & 166.0, 132.3, 129.5, 128.3, 127.5, 126.3, 123.3
(@, Wcr = 288.4), 104.6, 88.1, 84.4 (q, 2Jcr = 28.9 Hz), 74.5, 60.3, 55.4, 34.5, 33.5, 25.9, 18.3, 17.4, -0.1, -5.4, -5.5;
LR-MS (FAB) m/z 531 ([M+H]*), 73 (100%) ; HR-MS (FAB) Calcd. for CasHa2F304Siz: 531.2574, found: 531.2535.

o)
(4R,5S)-5-Methyl-4-[(trimethylsilyl)ethynyl]-dihydrofuran-2(3H)-one (43) ° AN

TMS
To a mixture of diol 59 and diol 63 (59:63 = 4.7:1, 81.4 mg, 0.335 mmol) in CHCl, (1.6 ml) was added DMN-

AZADO (5.54 mg, 0.0333 mmol), PhI(OACc); (309 mg, 0.959 mmol) at 0 °C. The reaction mixture was stirred for 15
min and warmed up to room temperature. After 19 h, the resulting solution was quenched with saturated aqueous
NazS203 and saturated aqueous NaHCO3 at 0 °C and stirred for 30 min. The resulting solution was extracted with

Et,O and the extract was washed with brine, dried over MgSQO,, and concentrated in vacuo. The crude mixture was
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purified by flash silica gel column chromatography (4:1 to 2:1 pentane:Et,0) to provide the lactone 43 (68.7 mg,

0.335 mmol, quant.) as a colorless oil.

43: [o]o® —42.7° (¢ 0.510, CHCls); IR (CDCls): 2173, 1783, 1250, 1169 cm® ; H-NMR (400 MHz, CDCls) & 4.62
(1H, dg, J = 6.5, 6.3 Hz), 3.37 (1H, ddd, = 8.5, 6.5, 6.3 Hz), 2.77 (1H, dd, J = 17.4, 8.5 Hz), 2.63 (1H, dd, J = 17.4,
6.3 Hz), 1.44 (3H, d, J = 6.3 Hz), 0.13 (9H, s); *C-NMR (100 MHz, CDCl3) & 174.8, 101.6, 90.3, 77.4, 35.7, 32.9,
17.1,-0.3; LR-MS (FAB) m/z 197 ([M+H]*); HR-MS (FAB) Calcd. for C1oH70,Si: 197.0998, found: 197.0998

o OH
(S)-tert-Butyl4-{hydroxyl{(4R,5S)-5-methyl-2-oxo-4-[(trimethylsilyl)-ethynyl]- é/K/\
Q )
tetrahydrofuran-3-yl}methyl}-2,2-dimethyloxazolidine-3-carboxylate (67a), (67b) BOCN\/Q
\TMS

To a cooled (—40 °C) solution of lactone 43 (75% ee, 36.7 mg, 0.187 mmol) in THF (0.6 ml) was added LHMDS (1.0
M THF solution, 0.37 ml, 0.37 mmol) slowly. The resulting mixture was stirred at —40 °C for 30 min. Garner’s
aldehyde 65 (61 ml, 0.28 mmol, distilled prior to use) was added quickly. Stirring was continued for 30 min at —40 °C
and then the reaction mixture was quenched with a solution of AcOH:H,0 1:1 (21 ml, 0.28 mmol) at —40 °C. The
resulting solution was warmed up to room temperature, stirred for 30 min, and extracted with ACOEt. The extracts
was washed with brine, dried over MgSQ,, and concentrated in vacuo. The crude mixture was purified by flash silica
gel column chromatography (99:1 to 19:1 CHCI;:MeOH) to provide the crude (85 mg). The crude was repurified by
flash column chromatography (6:1 to 5:1 to 1:1 hexanes:EtOAc) to provide major diastereomer 67a (27 mg, 0.063
mmol, 34%) and minor diastereomer 67b (10.6 mg, 0.025 mmol, 13%).

67a: White solid; IR (CDCls): 3339, 2175, 1777, 1697, 1250 cm'; *H-NMR (400 MHz, CDCl3) & 4.74 (1H, qd, J =
6.4, 6.6 Hz), 4.50-4.31 (1H, m), 4.29-3.89 (4H, m), 3.71-3.43 (1H, m), 2.87-2.46 (1H, m), 1.65-1.43 (15H, m), 1.43
(3H, d, J = 6.4 Hz), 0.14 (9H, s); LR-MS (FAB) m/z 426.25 ([M+H]")

67b: White solid; IR (CDCls) : 3340, 2173, 1771, 1705, 1660, 1251 cm® ; H-NMR (400 MHz, CDCls) § 5.58 (1H,
brs), 4.84 (1H, dg, J = 6.9, 6.5 Hz), 4.67 (1H, dd, J = 8.9, 5.5 Hz), 4.14-4.02 (1H, m), 3.98 (1H, d, J = 9.7 Hz), 3.87
(1H, d, J = 9.7 Hz), 3.60 (1H, dd, J = 6.9, 6.6 Hz), 2.76 (1H, d, J = 6.6 Hz), 1.67-1.47 (15H, m), 1.43 (3H, d, J = 6.5
Hz), 0.16 (9H, s); LR-MS (FAB) m/z 426.23 ([M+H]*)

tert-Butyl (4S)-2,2-dimethyl-4-{(4R,5S)-5-methyl-2-oxo0-4-[(trimethylsilyl) o O o o0
ethynyl]-tetrahydrofuran-3-carbonyl}oxazolidine-3-carboxylate (66) O\b/étﬁ/\ 0 O%
(3R,4R,5S)-5-Methyl-3-pivaloyl-4-[(trimethylsilyl)-ethynyl]dihydrofuran- \\\ \/Q \\\
2(3H)-one (69) ™S ™S

66 69
-99 -



To a cooled (—40 °C) solution of lactone 43 (distilled prior to use, 609 mg, 3.10 mmol) in THF (10 ml) was added
LHMDS (1.3 M THF solution, 4.75 ml, 6.20 mmol). After 45 min, mixed anhydride 68 (3.7 mmol, 0.7 ml THF
solution) was added to the reaction mixture at —40 °C. After being stirred for 15 min at —40 °C, the resulting solution
was quenched by saturated aqueous NH4Cl and warmed up to room temperature. The resulting solution was extracted
with AcOEt and the extracts was washed with brine, dried over MgSQ,, and concentrated in vacuo. The crude mixture
was purified by flash silica gel column chromatography (10:1 to 6:1 Hexanes:EtOAC) to provide ketone 66 (713 mg,

1.68 mmol, 54%) as a white solid.

66: [0]o? —118° (¢ 0.560, CHCIs); IR (CDCls): 2177, 1772, 1731, 1708, 1252 cm; *H-NMR (400 MHz, CDCl3) &
(rotamer) 4.92 (0.6H, dd, J = 7.5, 2.2 Hz), 4.82-4.71 (1.4H, m), 4.27-4.11 (2H, m), 3.95 (1H, d, J = 3.1 Hz), 3.84
(0.6H, dd, J = 6.8, 3.9 Hz), 3.73 (0.4H, dd, J = 6.3, 3.1 Hz), 1.70 (1.8H, s), 1.68 (1.2H, s), 1.57-1.48 (9H, m), 1.37
(6H,'s),0.16 (5.4H, 5), 0.15H (3.6H, 5); 13C-NMR (100 MHz, CDCls) & (199.0, 196.8), (171.2, 169.8), (152.2, 151.2),
(100.7, 100.1), (95.5, 94.7), (92.0, 91.3), (81.5, 81.0), (77.8, 77.6), (64.6, 64.3, 64.2, 64.1, two carbon), (58.1, 57.9),
(36.8, 35.9), (28.3, 28.2), (26.1, 25.3), (25.1, 23.8), (17.5, 17.1), (-0.2, -0.3); LR-MS (ESI) m/z 446 ([M+Na]*); HR-
MS (ESI) Calcd. for Co3HasNOgSiNa: 446.1969, found: 446.1947.

69: IR (CDCls): 2965, 2177, 1781, 1710, 1251 cm:; 'H-NMR (400 MHz, CDCls) & 4.86 (1H, dg, J = 7.1, 6.5 Hz),
4.23 (1H, d, J = 7.6 Hz), 3.74 (1H, dd, J = 7.6, 7.1 Hz), 1.47 (3H, d, J = 6.5 Hz), 1.24 (9H, s), 0.15H (9H, s);; LR-
MS (El) m/z 280 (M*), 205 (100%); HR-MS (EI) Calcd. for C15H240sSi: 280.1495, found: 280.1510.

(2S,3R,6S)-6a-Hydroxy-6-(hydroxymethyl)-2-methyl-3-[(trimethylsilyl)ethyny] \\ .
hexahydro-4H-furo[2,3-c]pyrrol-4-one (70) ﬁi
H OH
o)

H OH
After a solution of boc amide 66 (66.1 mg, 0.156 mmol) in 3 M HCI in AcOEt (1.5 ml) was stirred for 1 h., it was

concentrated in vacuo. The residue was dissolved in pyridine (15.6 ml) and added DMAP (6.47 mg, 0.0530 mmol).
After being stirred overnight at 50-60 °C, the resulting solution was concentrated in vacuo. The residue was purified
by silica gel column chromatography (5:95 MeOH:CHCls) to give lactam 70 (25.2 mg, 0.0890 mmol, 57%) as a

colorless solid.

70: IR (CDCls): 3289, 2959, 2172, 1689 cm'*; *H-NMR (400 MHz, CDCl3) 6 6.86 (1H, brs), 4.01-4.07 (1H, m), 3.95-
3.92 (0.5H, m), 3.86-3.68 (2.5H, m), 3.30-3.27 (1H, m), 3.19 (0.5H, s), 3.14 (0.5 H, s), 1.48-1.43 (3H, m), 0.17 (9H,
s); *C-NMR (100 MHz, CDCls) 6 (173.8, 173.2), 108.9, (102.9, 102.6), (91.5, 91.4), (78.4, 77.8), (63.3, 62.5, 62.1,
60.9, two carbon), (59.6, 58.1), (37.6, 37.2), (17.6, 17.5), 0; LR-MS (ESI) m/z 446 ([M+Na]*); HR-MS (ESI) Calcd.
for C13H21NO4SiNa: 306.1132, found: 306.1126.
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tert-Butyl (S)-4-{(3S,4R,5S)-3-allyl-5-methyl-2-oxo-4-[(trimethylsilyl)ethynyl]-

tetrahydrofuran-3-carbonyl}-2,2-dimethyloxazolidine-3-carboxylate (41)

To a solution of K,CO3 (85.8 mg, 0.621 mmol) and 3A molecular sieves powder (52 mg) in dry acetone (0.70 ml)
was added lactone 66 (87.5 mmol, 0.207 mmol). After 30 min, to the resulting solution was added allyl bromide (21.0
ul, 0.248 mmol) at 0 °C. The resulting solution was warmed up to room temperature. After 10 h, additional allyl
bromide (15.0 ul, 0.178 mmol) was added to the reaction mixture. After 10.5 h, the resulting solution was filtered,
and saturated agueous NH4Cl and AcOEt were added to the mixture. The resulting solution was extracted with AcOEt
and the extract was washed with brine, dried over MgSOa, and concentrated in vacuo. The residue was purified by
flash silica gel column chromatography (1:8 Hexane:EtOAC) to give allylated product 41 (131 mg, 0.207 mmol,

guant.) as a colorless solid.

41: [a]p® -169° (¢ 1.50, CHCls); IR (CDCl3): 2973, 2175, 1753, 1726, 1687, 1250 cmL; H-NMR (400 MHz, CDCls)
& (rotamer) 5.81-5.68 (1H, m), 5.51 (0.5H, d, J = 7.7 Hz), 5.33 (0.5H, d, J = 7.7 Hz), 5.29-5.14 (2H, m), 4.64-4.56
(1H, m), 4.12 (0.5H, d, J = 9.5 Hz), 4.09 (0.5H, d, J = 9.5 Hz), 3.97 (0.5H, dd, J = 9.5, 1.9 Hz), 3.88 (0.5H, dd, J =
9.5, 2.4 Hz), 3.44 (0.5H, d, J = 5.3 Hz), 3.40 (0.5H, d, J = 5.3 Hz), 2.88 (0.5H, dd, J = 14.1, 6.3 Hz), 2.68 (0.5H, dd,
J =145, 5.8 Hz), 2.60-2.51 (1H, m), 1.68 (1.5H, s), 1.65 (1.5H, s), 1.60-1.40 (15H, m), 0.11 (4.5H, s), 0.10 (4.5H,
s); 3C-NMR (100 MHz, CDCls) 5 (198.8, 198.5), (174.3, 173.9), (151.7, 151.1), (130.8, 130.4), (121.2, 120.8), (99.3,
98.6), (95.3, 94.4), (93.6, 93.1), 80.2, (73.9, 73.5), (64.9, 63.9), (63.7, 63.4), (62.75, 62.73), (40.7, 40.6), (38.3, 38.1),
(28.3, 28.2), (25.9, 25.3, 25.2, 23.9, two carbon), (17.0, 16.9), (-0.50, -0.54); LR-MS (FAB) m/z 464 ([M+H]*), 350
(100%); HR-MS (FAB) Calcd. for CosHasNOGSi: 464.2468, found: 464.2457.

(2S,3R,3aS,6S,6aR)-3a-Allyl-6a-hydroxy-6-(hydroxymethyl)-2-methyl-3-

[(trimethylsilyl)ethynyl]hexahydro-4H-furo-[2,3-c]pyrrol-4-one (40)

OH
To a solution of boc amide 41 (15.4 mg, 0.0234 mmol) in dioxane (1.8 ml) was added c.HCI (0.6 ml) at room

temperature. After 30 min, additional ¢.HCI (0.3 ml) was added to the reaction mixture. After 40 min, the resulting
solution was concentrated in vacuo. The residue was dissolved in toluene-pyridine (1:2, 0.3 ml). After being stirred
overnight, the resulting solution was concentrated in vacuo. The residue was purified by silica gel column

chromatography (1:2 Hexane:EtOAc to EtOAC) to give lactam 40 (10.3 mg, 0.0234 mmol, quant.) as a colorless solid.
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40: [o]o® —17.0° (¢ 1.15, CHCls); IR (CHCIs): 3311, 2959, 2173, 1689, 1250 cm'; *H-NMR (400 MHz, CDCls)
§6.53 (1H, brs), 6.02-5.92 (1H, m), 5.20 (1H, d, J = 17.4 Hz), 5.15 (1H, d, J = 10.1 Hz), 3.95 (1H, dq, J = 4.3, 6.2
Hz), 3.84-3.75 (2H, m), 3.63-3.57 (1H, m), 3.19 (1H, d, J = 4.3 Hz), 3.04 (1H, s), 2.80 (1H, dd, J = 14.5, 8.2 Hz),
2.71 (1H, dd, J = 8.0, 4.1 Hz), 2.45 (1H, dd, J = 14.5, 6.3 Hz), 1.38 (3H, d, J = 6.2 Hz), 0.19 (9H, s); *C-NMR (100
MHz, CDCls) § 175.7, 132.6, 118.7, 108.7, 100.6, 93.7, 75.8, 63.1, 62.8, 59.2, 42.0, 35.4, 17.3, -0.1; LR-MS (FAB)
m/z 324 ([M+H]*), 73 (100%); HR-MS (FAB) Calcd. for C1sH2sNO,Si: 324.1631, found: 324.1630.

(0]

tert-Butyl (S)-4-{(3R,4R,5S)-3-allyl-5-methyl-2-oxo-4-[(trimethylsilyl)ethynyl] 0\5/\%
tetrahydrofuran-3-carbonyl}-2,2-dimethyloxazolidine-3-carboxylate (S2-7)

™S
To a cooled (—40 °C) solution of lactone 43 (distilled prior to use, 400 mg, 2.03 mmol) in THF (6.8 ml) was added

LHMDS (1.3 M THF solution, 1.70 ml, 2.23 mmol). After the reaction mixture was cooled to —78 °C for 78 min,
allyl bromide (0.18 ml, 2.13 mmol) in THF (0.67 ml) was added to the mixture at —78 °C. After being stirred for 22
min at —78 °C, the reaction mixture was warmed up to —15 °C for 20 min, and then quenched by saturated aqueous
NH.CI and warmed up to room temperature. The resulting solution was extracted with AcOEt and the extracts was
washed with brine, dried over MgSQ,, and concentrated in vacuo. The crude mixture was purified by flash silica gel
column chromatography (6:1 Hexanes:EtOAC) to provide allylated product S2-7 (421 mg, 1.78 mmol, 88%) as a

colorless oil.

S2-7: [a]p?® —108° (c 1.05, CHCI3); IR (CHCI3): 2960, 2175, 1783, 1251 cm™; *H-NMR (400 MHz, CDCls3) § 5.83
(1H, dddd, J = 17.3, 10.7, 7.1, 7.1 Hz), 5.19 (1H, d, J = 17.3 Hz), 5.15 (1H, d, J = 10.7 Hz), 4.67 (1H, dg, J = 7.2,
6.5 Hz), 3.20 (1H, dd, J = 9.5, 7.2 Hz), 2.80 (1H, ddd, J = 9.5, 7.1, 5.2 Hz), 2.58-2.44 (2H, m), 1.43 (3H,d, J=6.5
Hz), 0.16 (9H, s); 3C-NMR (100 MHz, CDCls3) 6 176.0, 133.4, 118.6, 101.7, 90.1, 75.4, 45.0, 36.9, 32.8, 17.3, -0.3;
LR-MS (FAB) m/z 236 (M*), 164 (100%); HR-MS (FAB) Calcd. for C13H200,Si: 236.1233, found: 236.1226.

tert-Butyl (S)-4-{(3R,4R,5S)-3-allyl-5-methyl-2-oxo-4-[(trimethylsilyl)ethynyl] \>
o /o

tetrahydrofuran-3-carbonyl}-2,2-dimethyloxazolidine-3-carboxylate (72)

To a cooled (—40 °C) solution of lactone S2-7 (118 mg, 0.498 mmol) in THF (6.8 ml) was added LHMDS (1.3 M
THF solution, 0.767 ml, 0.997 mmol). After 30 min, mix anhydride 68 (1.25 mmol) in dry THF (1.0 ml) was added

to the mixture at —40 °C. After being stirred for 40 min at —40 °C, the reaction mixture was quenched by saturated
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aqueous NH4CIl and warmed up to room temperature. The resulting solution was extracted with AcOEt and the
extracts was washed with brine, dried over MgSOa, and concentrated in vacuo. The crude mixture was purified by
flash silica gel column chromatography (10:1 to 8:1 Hexanes:EtOAcC) to provide ketone 72 (68.7 mg, 0.287 mmol,

58%) as a white amorphous.

72: IR (CHCls): 2981, 2174, 1773, 1724, 1681, 1403, 1251 cm; *H-NMR (400 MHz, CDCls) & 5.54-5.44 (1H, m),
5.14-5.08 (3H, m), 4.53 (1H, dg, J = 5.4, 6.2 Hz), 4.13 (1H, dd, J = 6.8, 8.8 Hz), 4.05 (1H, d, J = 5.4 Hz), 3.76 (1H,
dd, J = 7.3, 8.8 Hz), 2.96 (1H, dd, J = 15.8, 5.9 Hz), 2.75 (1H, dd, J = 15.8, 8.0 Hz), 1.56 (3H, ), 1.50 (3H, d, J =
6.2 Hz), 1.48 (3H, s), 1.40 (9H, s), 0.15 (9H, s); LR-MS (FAB) m/z 464 ([M+H]*), 350 (100%); HR-MS (FAB) Calcd.
for Co4H37NO6Si: 464.2468, found: 464.2457.

(2S,3R,3aR,6S,6aS)-3a-Allyl-6a-hydroxy-6-(hydroxymethyl)-2-methyl-3-

[(trimethylsilyl)ethynyl]hexahydro-4H- furo[2,3-c]pyrrol-4-one (73) 0
xn %OH
[e) iy

To a solution of boc amide 72 (31.7 mg, 0.0683 mmol) in dioxane (6.8 ml) was added c.HCI (2.7 ml) at rongn
temperature. After 12 h, additional c.HCI (1 ml) was added to the reaction mixture. After 30 min, the resulting solution
was concentrated in vacuo. The residue was dissolved in toluene-pyridine (19:1, 6.0 ml) and added DMAP (4.2 mg,
0.0341 mmol). After being stirred overnight at 60 °C, the resulting solution was concentrated in vacuo. The residue
was purified by silica gel column chromatography (1:1 to 1:2 Hexane:EtOAc) to give lactam 73 (18.1 mg, 0.0399

mmol, 58%) as a colorless solid.

73: [a]o? —62.3° (c 0.893, CHCls); IR (CHCls): 3298, 2959, 2173, 1693, 1251 cmt; 'H-NMR (400 MHz, CDCls)
§ 6.67-6.64 (1H, m), 6.04-5.94 (1H, m), 5.20 (1H, d, J = 17.1 Hz), 5.12 (1H, d, J = 9.8 Hz), 4.61-4.52 (1H, m), 4.24
(1H, dg, J = 6.2, 6.3 Hz), 3.95-3.89 (1H, m), 3.75-3.69 (1H, m), 3.59 (1H, dd, J = 5.9, 5.9 Hz), 3.09 (1H, brs), 3.09
(1H, d, J = 6.2 Hz), 2.64 (1H, dd, J = 13.9, 7.3 Hz), 2.71 (1H, dd, J = 13.9, 7.3 Hz), 1.30 (3H, d, J = 6.3 Hz), 0.15
(9H, s); 3C-NMR (100 MHz, CDCls) & 175.1, 133.4, 119.6, 109.1, 100.8, 92.1, 76.5, 62.7, 62.5, 61.3, 44.7, 36.3,
17.4, -0.1; LR-MS (FAB) m/z 224 ([M+H]*, 100%); HR-MS (FAB) Calcd. for C1sH,7NO,Si: 324.1631, found:
324.1642.

™S
(2S,3R,3aS,6S,6aR)-3a-Allyl-6a-hydroxy-2-methyl-6-{[ (triethylsilyl)oxy]methyl}-3- \\\

[(trimethylsilyl)ethynyl]hexahydro-4H-furo[2,3-c]pyrrol-4-one (74)
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To a solution of diol 40 (52.6 mg, 0.162 mmol) in dry DMF (3 ml) was added EtsN (68.0 ul, 0.0488 mmol), DMAP
(9.89 mg, 0.0810 mmol), and TESCI (40.7 ul, 0.242 mmol) at 0 °C. The reaction mixture was stirred for 1 h at room
temperature, and additional EtzN (68.0 ul, 0.0488 mmol) and TESCI (40.7 pl, 0.242 mmol) were added at O °C. After
10 min at 0 °C, the resulting mixture was quenched by MeOH (120 ul) and saturated aqueous NaHCO3 and warmed
up to room temperature. The resulting solution was extracted with Et,O and the extracts was washed with brine, dried
over MgSQy, and concentrated in vacuo. The residue was purified by flash silica gel column chromatography (4:1 to

3:1 Hexane:EtOAC) to give silyl ether 74 (57.6 mg, 0.131 mmol, 81%) as a white solid.

74: [a]p?® -36.23° (¢ 0.6715, CHCIs); IR (CHCIs): 3285, 2956, 2174, 1701, 1250 cm; *H-NMR (400 MHz, CDCls)
5 6.04-5.93 (1H, m), 5.89 (1H, brs), 5.20 (1H, d, J = 16.9 Hz), 5.14 (1H, d, J = 10.1 Hz), 3.97 (1H, qd, J = 5.7, 4.8
Hz), 3.82-3.74 (2H, m), 3.58 (1H, dd, J = 8.7, 8.7 Hz), 3.20 (1H, d, J = 4.8 Hz), 3.17 (1H, s), 2.78 (1H, dd, J = 14.2,
7.7 Hz), 2.44 (1H, dd, J = 14.2, 6.8 Hz), 1.38 (3H, d, J = 5.7 Hz), 0.95 (9H, t, J = 7.9 Hz), 0.61 (6H, g, J = 7.9 Hz),
0.19 (9H, s); *C-NMR (100 MHz, CDCls) 6 175.3, 132.9, 118.5, 108.2, 100.7, 93.3, 75.5, 63.4, 63.0, 59.5, 42.3,
35.2,17.4, 6.6, 4.2, -0.1; LR-MS (ESI) m/z 460 ([M+Na]*); HR-MS (ESI) Calcd. for C2H3sNO4Si;Na: 460.2310,
found: 460.2294.

(3S,55)-3-Allyl-5-{[(triethylsilyl)oxy]methyl}-3-{(3R,4S)-1-(trimethylsilyl)-4-

[(trimethylsilyl)oxy]pent-1-yn-3-yl}pyrrolidine-2,4-dione (S2-8)

OTES
To a solution of hemiketal 74 (37.2 mg, 0.0849 mmol) in CH.Cl, (1.7 ml) was added EtsN (189 ul, 1.35 mmol),

DMAP (5.10 mg, 0.0424 mmol), and TMSCI (86.0 ul, 0.679 mmol) at 0 °C. After being sttired for 2.3 h at room
temperature, the reaction mixture was quenched by saturated aqueous NaHCOs. The resulting solution was extracted
with AcOEt and the extracts was washed with brine, dried over MgSQ,, and concentrated in vacuo. The residue was
dissolved in AcOEt (1 ml) and to the resulting solution was added SiO,. After being stirred overnight, the resulting
solution was filtered and concentrated in vacuo. The residue was purified by flash silica gel column chromatography

(5.5:1 to 4:1 Hexane:AcOEt) to give silyl ether S2-8 (39.4 mg, 0.0773 mmol, 91%) as a white solid.

$2-8: [0]p? +46.2° (¢ 1.40, CHCls); IR (CHCls): 2955, 2173, 1774, 1698, 1250 cmL; H-NMR (400 MHz, CDCl5)
§6.31 (1H, brs), 5.73-5.62 (1H, m), 5.15 (1H, dd, J = 17.1, 1.3 Hz), 5.08 (1H, dd, J = 10.1, 1.3 Hz), 4.14-4.09 (2H,
m), 3.84 (1H, dd, J = 10.3, 3.6 Hz), 3.53 (1H, dd, J = 10.3, 9.2 Hz), 2.87 (1H, d, J = 3.2 Hz), 2.75 (1H, dd, J = 13.4,
7.5 Hz), 2.49 (1H, dd, J = 13.4, 7.7 Hz), 1.31 (3H, d, J = 6.3 Hz), 0.94 (9H, t, J = 7.9 Hz), 0.59 (6H, g, J = 7.9 Hz),
0.21 (9H, s), 0.09 (9H, s); 13C-NMR (100 MHz, CDCl3) & 205.9, 174.9, 132.1, 120.0, 100.6, 91.9, 68.6, 64.0, 62.6,
55.2, 48.6, 38.7, 21.8, 6.6, 4.2, 1.4, 0.0; LR-MS (ESI) m/z 532 ([M+Na]*, 100%); HR-MS (ESI) Calcd. for
CasH47NO4SizNa: 532.2705, found: 532.2684.
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(2S,3R,3aS,6aR)-3a-Allyl-6a-hydroxy-2,5-dimethyl-6-methylene . -

TMS\§EE;M,

X

-3-[(trimethylsilyl)ethynyl]lhexahydro-4H-furo[2,3-c]pyrrol-4-

one (77a) or (S)-3-Allyl-3-[(3R,4S)-4-hydroxy-1-(trimethylsilyl)

pent-1-yn-3-yl]-1-methyl-5-methylenepyrrolidine-2,4-dione (77b)

77a 77b

77: IR (CHCIs): 3390, 2925, 2173, 1722, 1653, 1251 cm*; H-NMR (400 MHz, CDCls) & 5.83-5.73 (1H, m), 5.15
(1H, d, J = 16.9 Hz), 5.05 (1H, d, J = 9.2 Hz), 4.76 (1H, d, J = 2.4 Hz), 4.39 (1H, d, J = 2.4 Hz), 3.88 (1H, qd, J =
5.9, 4.5 Hz), 3.27 (1H, d, J = 4.5 Hz), 2.98 (3H, s), 2.69 (LH, s), 2.69-2.62 (2H, m), 1.38 (3H, d, J = 5.9 Hz), 0.20
(9H, s); LR-MS (ESI) m/z 342 ([M+Na]*, 100%); HR-MS (ESI) Calcd. for C17H2sNOsSiNa: 342.1496, found:
342.1481.

(25,3R,3aS,6aR)-3a-Allyl-6a-hydroxy-2-methyl-6-methylene-3 ™S ™S om
. . o

-[(trimethylsilyl)ethynyl]hexahydro-4H-furo[2,3-c]pyrrol-4- o S

one (76a) or (S)-3-Allyl-3-[(3R,4S)-4-hydroxy-1-(trimethylsilyl) © N © N

pent-1-yn-3-yl]-5-methylenepyrrolidine-2,4-dione (76b) 76a 76b

76: IR (CHCls): 3278, 2927, 2174, 1774, 1713, 1676, 1252 cmt; *H-NMR (400 MHz, CDCls) § 7.03 (1H, brs), 5.91-
5.80 (1H, m), 5.20 (1H, d, J = 16.9 Hz), 5.11 (1H, d, J = 9.7 Hz), 4.74 (1H, d, J = 1.9 Hz), 4.48 (1H, d, J = 1.9 Hz),
3.99 (1H, qd, J = 5.7, 4.8 Hz), 3.26 (1H, d, J = 4.8 Hz), 2.69-2.60 (3H, s), 1.41 (3H, d, J = 5.7 Hz), 0.20 (9H, s); LR-
MS (ESI) m/z 328 ([M+Na]*, 100%); HR-MS (ESI) Calcd. for C15H2sNOsSiNa: 328.1339, found: 328.1329.

(3S,5S9)-3-Allyl-1-methyl-5-{[(triethylsilyl)oxy]methyl}-3- TMS\iw . OTMS TMS\?«,,, . OTMS
o} o}
{(3R,4S)-1-(trimethylsilyl)-4-[(trimethylsilyl)oxy]pent-1- Nl Sl
3-yl]pyrrolidine-2,4-dione (79 TN °T N
yn-3-yl]pyrrolidine-2,4-dione (79) | OTES |
(S)-3-Allyl-1-methyl-5-methylene-3-{(3R,4S)-1-(trimethylsilyl) 79 80

-4-[(trimethylsilyl)oxy]pent-1-yn-3-yl}pyrrolidine-2,4-dione (80)

To a solution of NaH (5.30 mg, 0.176 mmol) in THF (0.7 ml) was cannulated a THF solution of Mel (85.7 ul, 1.37
mmol) and S2-8 (69.8 mg, 0.137 mmol) at 0 °C. After being stirred for 10 min, the reaction mixture was quenched
with PBS buffer. The resulting solution was extracted with EtOAc and the extracts were washed with brine, dried
over MgSQy4, and concentrated in vacuo. The residue was purified by flash silica gel column chromatography (1:0 to
10:1 Hexane:EtOAC) to give N-Me lactam 79 (50.4 mg, 0.0961 mmol, 70%), substrate S2-8 (14.0 mg, 0.0274 mmol,
20%), byproduct 80 (2.61 mg, 0.00669 mmol, 4.8%).
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79: [op? +62.7° (¢ 0.922, CHCI3): IR (CHCls): 2957, 2175, 1770, 1694, 1251, 842 cm’; 'H-NMR (400 MHz,
CDCls) & 5.86-5.76 (1H, m), 5.16 (1H, dd, J = 17.0, 2.1 Hz), 5.07 (1H, dd, J = 10.0, 2.1 Hz), 3.96 (1H, qd, J = 6.3,
2.6 Hz), 3.91-3.83 (3H, m), 3.04 (3H, s), 2.90 (1H, d, J = 2.6 Hz), 2.60 (1H, dd, J = 13.8, 6.3 Hz), 2.51 (1H, dd, J =
13.8,8.3 Hz), 1.28 (3H, d, J = 6.3 Hz), 0.92 (9H, t, J = 8.0 Hz), 0.57 (6H, g, J = 8.0 Hz), 0.20 (9H, s), 0.06 (9H, 3);
13C-NMR (100 MHz, CDCls) § 205.7, 173.4, 132.4, 119.1, 101.0, 91.5, 68.8, 68.5, 60.6, 53.5, 47.7, 38.0, 27.8, 21.9,
6.6, 4.1, 1.4, 0.0; LR-MS (ESI) m/z 524 ([M+H]*, 100%); HR-MS (ESI) Calcd. for CosHsoNO4Sis: 524.3042, found:
524.3022.

80: IR (CHCIs): 2958, 2175, 1762, 1719, 1638, 1251, 843 cmL; ‘H-NMR (400 MHz, CDCls) & 5.58-5.47 (1H, m),
5.12 (1H, d, J = 14.0 Hz), 5.10 (1H, s), 5.02 (1H, d, J = 10.1 Hz), 4.41 (1H, s), 3.94-3.88 (1H, m), 3.10 (3H, s), 2.97
(1H, d, J = 2.9 Hz), 2.84 (1H, dd, J = 13.2, 6.5 Hz), 2.51 (1H, dd, J = 13.2, 8.7 Hz), 1.23 (3H, d, J = 6.3 Hz), 0.22
(9H, s), 0.00 (9H, s); *C-NMR (150 MHz, CDCls) & 194.7, 173.0, 143.0, 130.7, 120.2, 100.9, 91.8, 89.8, 68.1, 53.3,
47.3,39.8, 26.1, 21.8, 0.7, 0.0; LR-MS (ESI) m/z 414 ([M+Na]*, 100%); HR-MS (ESI) Calcd. for CaoHasNO4SizNa:
414.1897, found: 414.1881.

(2S,3S,3a8S,6S,6aR)-3a-Allyl-3-ethynyl-6a-hydroxy-6-(hydroxymethyl)-2,5-

dimethylhexahydro-4H-furo[2,3-c]pyrrol-4-one (81)

OH
To a solution of TMS-alkyne 79 (44.5 mg, 0.0849 mmol) in CH,Cl,-MeOH-H,0 (7:4:1, 3.4 ml) was added AgNO;

(5.10 mg, 0.0300 mmol) at room temperature. After 2 h, the resulting mixture was filtered through Celite, and
concentrated in vacuo. The residue was purified by silica gel column chromatography (100:1 to 20:1 CHCIl3:MeOH)

to give crude eneyne 81 (22.0 mg, 0.0829 mmol, 98%) as a colorless solid.

81: [o]o? +32.0° (¢ 0.412, CHCls); IR (CHCIs): 3294, 2360, 1671, 1117 cm%; H-NMR (400 MHz, CDCl3) § 6.01-
5.91 (1H, m), 5.20 (1H, d, J = 16.9 Hz), 5.14 (1H, d, J = 10.1 Hz), 3.86 (1H, qd, J = 6.2, 4.3 Hz), 3.80 (1H, dd, J =
5.8, 5.8 Hz), 3.59 (1H, dd, J = 5.8, 5.8 Hz), 3.25-3.78 (1H, m), 3.23 (1H, s), 2.91 (3H, s), 2.81 (1H, dd, J = 14.5, 7.7
Hz), 2.64-2.60 (1H, m), 2.49 (1H, dd, J = 14.5, 6.8 Hz), 2.40 (1H, d, J = 2.4 Hz), 1.39 (3H, d, J = 6.2 Hz); 3C-NMR
(100 MHz, CDCls) & 172.9, 132.8, 118.6, 107.5, 78.7, 76.2, 75.6, 69.0, 60.1, 59.7, 41.4, 35.3, 28.7, 17.1; LR-MS
(ESI) m/z 288 ([M+Na]*, 100%); HR-MS (ESI-MS) Calcd. for C14H1sNO4Na: 288.1206, found: 288.1202.

(3S,3aR,5S,5aS,8aS)-3a-Hydroxy-3-(hydroxymethyl)-2,5- —

dimethyl-6-vinyl-3,3a,5a,8-tetrahydro-5H-cyclopenta[3,4]furo[2,3-c]pyrrol-1(2H)-one (50)

W
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A solution of eneyne 81 (20.1 mg, 0.0756 mmol) in dry CH2Cl, (8.9 mL) was degassed by two freeze-pump-thaw
cycles on a vacuum line. To the resulting solution was added Grubbs 2™ catalyst (4.70 mg, 0.00567 mmol) and stirred
under ethylene atmosphere for 2 h at room temperature. The resulting mixture was sparged with air, quenched with
ethyl vinyl ether (7.2 uL, 0.0753 mmol) at room temperature, and concentrated in vacuo. The residue was purified
by silica gel column chromatography (100:1 to 10:1 CHCIl3:MeOH) to give diene 50 (15.6 mg, 0.0587 mmol, 78%)

as a colorless solid.

50: [o]o? —32.5° (¢ 0.767, CHCIs:MeOH 10:1); IR (CHCls): 3248, 1660, 1157 cm; H-NMR (400 MHz,
CDCl3:CDsOD 10:1) § 6.46 (1H, dd, J = 17.7, 11.0 Hz), 5.78 (1H, s), 5.07 (1H, d, J = 11.0 Hz), 4.94 (1H,d, J = 17.7
Hz), 4.62 (1H, dg, J = 7.5, 6.9 Hz), 3.86-3.79 (2H, m), 3.65 (1H, dd, J = 12.1, 4.3 Hz), 3.52-3.49 (1H, m), 2.87 (3H,
s), 2.87 (1H, d, J = 18.4 Hz), .53 (1H, d, J = 18.4 Hz), 1.21 (3H, d, J = 6.9 Hz); 3C-NMR (100 MHz, CDCl5:CDs0D
10:1) § 177.7, 140.2, 132.7, 132.2, 114.7, 107.1, 78.8, 68.5, 64.9, 60.3, 58.3, 35.9, 28.3, 18.7; LR-MS (ESI) m/z 288
(IM+NaJ*, 100%); HR-MS (ESI-MS) Calcd. for C14H1sNOsNa: 288.1206, found: 288.1201.

(2S,3S,3aS,6S,6aR)-3a-Allyl-3-ethynyl-6a-hydroxy-6-(hydroxymethyl)-2- \\

methylhexahydro-4H-furo[2,3-c]pyrrol-4-one (82) S

N
H OH

To a solution of TMS-alkyne 40 (57.3 mg, 0.176 mmol) in CH,Cl,-MeOH-H,0 (7:4:1, 7.2 ml) was added AgNO;
(2.20 mg, 0.0130 mmol) at room temperature. After 7 h, additional AgNO3 (5.0 mg, 0.0294 mmol) was added to the
reaction mixture. After 5 h, the resulting mixture was filtered through Celite, and concentrated in vacuo. The residue
was purified by silica gel column chromatography (20:1 to 10:1 CHCIl3:MeOH) to give crude eneyne 82 (52.5 mg,

0.176 mmol, quant.) as a colorless solid that was used in the next reaction without further purification.

(3S,3aR,5S,5aS,8aS)-3a-Hydroxy-3-(hydroxymethyl)-5-methyl-6-vinyl-3,3a,5a,8-

tetrahydro-5H-cyclopenta[3,4]furo[2,3-c]pyrrol-1(2H)-one (83)

OH
A solution of crude eneyne 82 (46.07 mg, 0.154 mmol) in dry CH.CI, (18 mL) was degassed by two freeze-pump-

thaw cycles on a vacuum line. To the resulting solution was added Grubbs 2" catalyst (12.3 mg, 0.0137 mmol) and
stirred under ethylene atmosphere for 2 h at room temperature. The resulting mixture was sparged with air and
concentrated in vacuo. The residue was purified by silica gel column chromatography (100:1 to 10:1 CHCl3:MeOH)
to give diene 83 (32.7 mg, 0.130 mmol, 84% for 2 steps) as a colorless solid. Diene 83 was recrystallized from

toluene/MeOH/CHCls.
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83: mp 167-169 °C; [o]p? —74.3° (c 0.154, CHCl:MeOH 1:1); IR (CHCls): 3282, 1671, 1105 cmt; *H-NMR (600
MHz, CDCl5:CDsOD 10:1) § 6.47 (1H, dd, J = 17.3, 10.8 Hz), 5.78 (1H, s), 5.08 (1H, d, J = 10.8 Hz), 4.95 (1H, d, J
= 17.3 Hz), 4.65 (1H, dg, J = 7.7, 6.9 Hz), 3.86 (1H, d, J = 7.7 Hz), 3.66-3.56 (3H, m), 3.27 (1H, s), 2.91 (1H, d, J =
18.8 Hz), 2.54 (1H, d, J = 18.8 Hz), 1.21 (3H, d, J = 6.9 Hz); 3C-NMR (150 MHz, CDCl3:CDs0D 10:1) & 159.8,
1275, 121.5, 121.1, 107.2, 102.4, 78.5, 66.8, 65.3, 65.1, 63.7, 43.9, 30.3; LR-MS (EI) m/z 251 (M*), 131 (100%);
HR-MS (EI-MS) Calcd. for C13H17NO,: 251.1158, found: 251.1148.

(3S,3aR,5S,5aS,14aS)-3a-Hydroxy-3-(hydroxymethyl)--5-methyl-3,3a,5a,14-

tetrahydro-5H-naphtho[2",3"":4',5']-indeno[2',1":3,4]furo[2,3-c]pyrrole-

1,8,13(2H)-trione (86)

To a solution of diene 83 (2.16 mg, 0.00859 mmol) in toluene was added 1,4-naphtoquinone (1.67 mg, 0.0103 mmol).
After refluxing for 12 h, the resultant solution was concentrated in vacuo. The residue was purified by preparative

TLC (AcOEt X 5) to give anthraquinone 86 (1.66 mg, 0.00392 mmol, 46%).

86: [a]p?* —17.5° (c 0.144, CHCI:MeOH 10:1); IR (CHCls): 3282, 1671, 1105 cm; H-NMR (600 MHz,
CDCl3:CDs0D = 6:1) & 8.29-8.24 (3H, m), 7.82-7.80 (2H, m), 7.62 (1H, d, J = 7.6 Hz), 4.69 (1H, dg, J = 7.7, 6.8
Hz), 4.21 (1H, d, J = 7.7 Hz), 4.16 (1H, d, J = 18.9 Hz), 3.76 (1H, dd, J = 6.2, 4.8 Hz), 3.75-3.72 (2H, m), 3.62 (1H,
d, J = 18.9 Hz), 3.37 (1H, 5), 1.34 (3H, d, J = 6.8 Hz), 1.26 (1H, brs); *C-NMR (100 MHz, CDCl3:CDs0D = 10:1)
(one carbon missing) & 184.4, 183.3, 178.6, 148.4, 146.5, 134.1, 133.8, 133.5, 133.0, 130.8, 129.2, 126.87, 126.84
126.7,109.2, 77.1, 64.8, 62.9, 62.1, 58.6, 37.7, 18.9; LR-MS (ESI) m/z 428 (M+Na*); HR-MS (ESI-MS) Calcd. for
CasH1sNOgNa: 428.1105, found: 428.1091.

(3S,3aR,5S,5aS,8aS)-3a-Hydroxy-5-methyl-3-{[(triethylsilyl)oxy]methyl}-6-vinyl-

3,3a,5a,8-tetrahydro-5H-cyclopenta[3,4]furo[2,3-c]pyrrol-1(2H)-one (85)

OTES
To a solution of diol 83 (32.7 mg, 0.130 mmol) in dry DMF (6.5 ml) was added EtsN (109 nl, 0.780 mmol), DMAP

(7.94 mg, 0.0650 mmol), and TESCI (65.5 ul, 0.390 mmol) at 0 °C. After being stirred for 7 h at room temperature,
the resulting mixture was quenched by MeOH (65 ul) and saturated aqueous NaHCO3 at 0 °C and warmed up to
room temperature. The resulting solution was extracted with Et,O and the extracts was washed with brine, dried over
MgSQ,, and concentrated in vacuo. The residue was purified by silica gel column chromatography (4:1 to 3:1

Hexane:EtOAC) to give silyl ether 85 (30.1 mg, 0.0824 mmol, 63%) as a colorless solid.
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85: [o]o2 —48.8° (¢ 0.626, CHCI3); IR (CHCls): 3290, 2954, 1685, 1077 cm; H-NMR (600 MHz, CDCls) § 7.25
(1H, brs), 6.46 (1H, dd, J = 17.6, 10.8 Hz), 5.78 (1H, s), 5.07 (1H, d, J = 10.8 Hz), 4.95 (1H, d, J = 17.6 Hz), 4.68
(1H, s), 4.65 (1H, dg, J = 7.3, 6.6 Hz), 3.87 (1H, d, J = 7.3 Hz), 3.73-3.67 (2H, m), 3.57 (1H, dd, J = 9.9, 7.2 Hz),
2.92 (1H, d, J = 18.1 Hz), 2.57 (1H, d, J = 18.1 Hz), 1.20 (3H, d, J = 6.6 Hz), 0.96 (9H, t, J = 7.9 Hz), 0.62 (6H, g, J
= 7.9 Hz); 3C-NMR (150 MHz, CDCls) § 180.6, 140.4, 132.8, 132.1, 115.0, 109.5, 79.0, 64.4, 63.4, 61.7, 60.5, 36.1,
18.8, 6.6, 4.1; LR-MS (EI) m/z 365 (M*), 117 (100%); HR-MS (EI-MS) Calcd. for C1sHa:NO,Si: 365.2022, found:
365.2013.

(3S,3aR,5S,5aS,11aS)-3a-Hydroxy-5-methyl-3-{[(triethylsilyl)-oxy]methyl}-

3,3a,5a,7,7a,10a,10b,11-octahydropyrrolo-[3*,4"*:4" 5"]furo[3",4":3,4]cyclopenta °©
HN

[1,2-e]isoindole-1,8,10(2H,5H,9H)-trione (87) S N
OTES

To a solution of diene 85 (66.1 mg, 0.181 mmol) in toluene (3 ml) was added maleimide (19.3 mg, 0.199 mmol).
After refluxing for 19 h, the resultant solution was concentrated in vacuo. The residue was purified by silica gel
column chromatography (2:1 to 0:1 Hexane:EtOAc to CHCIs;:MeOH 8:1) to give crude cyclohexene 87 (30.4 mg),
which was purified by preparative TLC (CHCI3:MeOH 20:1) to give cyclohexene 87a (7.87 mg, 0.0170 mmol, 9%),

87a 87b 87c 87d

87b (9.14 mg, 0.0198 mmol, 11%), and 87c or 87d (1.74 mg, 0.00376 mmol, 2%).

87a: [a]o? —126° (¢ 0.446, CHCI); IR (CHCls): 3277, 2953, 1774, 1708 cm; 'H-NMR (400 MHz, CDCls) & 8.71
(1H, brs), 6.19 (1H, brs), 5.66-5.63 (1H, m), 5.14 (1H, s), 4.20 (1H, dg, J = 6.8, 6.7 Hz), 3.89 (1H, dd, J = 10.4, 4.1
Hz), 3.74 (1H, dd, J = 8.5, 4.1 Hz), 3.60 (1H, dd, 10.4, 8.5 Hz), 3.42-3.37 (1H, m), 3.32 (1H, dd, J = 8.7, 7.8 Hz),
3.17 (1H, ddd, J = 7.8, 7.7, 1.2 Hz), 3.12-3.04 (1H, m), 2.82 (1H, ddd, J = 15.0, 6.8, 1.2 Hz), 2.77 (1H, dd, J = 15.5,
6.8 Hz), 2.49 (1H, dd, J = 15.5, 11.6 Hz), 2.14-2.07 (1H, m), 1.19 (3H, d, J = 6.7 Hz), 0.95 (9H, t, J = 8.0 Hz), 0.61
(6H, g, J = 8.0 Hz); 3C-NMR (100 MHz, CDCl3) & 180.6, 179.5, 178.1, 144.9, 120.7, 108.9, 74.0, 66.1, 63.0, 62.9,
58.2, 43.8, 42.4, 41.5, 28.9, 255, 17.3, 6.7, 4.2; LR-MS (ESI) m/z 485 (M+Na*); HR-MS (ESI-MS) Calcd. for
CasH34N206SiNa: 485.2078, found: 485.2057.

87b: [o]o? —61.3° (¢ 0.518, CHCI3); IR (CHCls): 3270, 2954, 1774, 1715 cmrl; tH-NMR (600 MHz, CDCls) 5 8.61
(1H, brs), 6.65 (1H, brs), 5.71-5.68 (1H, m), 5.18 (1H, s), 4.23 (1H, dg, J = 6.5, 6.4 Hz), 3.76 (1H, dd, J = 8.2, 2.7
Hz), 3.70-3.64 (2H, m), 3.32 (1H, dd, J = 9.3, 8.4 Hz), 3.31-3.27 (1H, m), 3.15 (1H, dd, J = 8.4, 7.4 Hz), 2.95-2.89
(1H, m), 2.81 (1H, dd, J = 15.5, 7.4 Hz), 2.37 (1H, dd, J = 12.5, 12.0 Hz), 2.32 (1H, dd, J = 12.5, 7.6 Hz), 2.21-2.17
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(1H, m), 1.30 (3H, d, J = 6.4 Hz), 0.97 (9H, t, J = 8.0 Hz), 0.65 (6H, g, J = 8.0 Hz); 3C-NMR (150 MHz, CDCls) &
179.9, 177.6, 177.5, 142.1, 120.3, 109.4, 76.2, 63.9, 63.6, 62.1, 55.1, 43.2, 41.1, 38.9, 33.3, 23.3, 17.4, 6.6, 4.1; LR-
MS (ESI) m/z 501 (M+K*); HR-MS (ESI-MS) Calcd. for C23HasN206SiK: 501.1818, found: 501.1798.

87c or 87d: [a]p2* —144° (c 0.0870, CHCls); IR (CHCls): 3270, 2954, 1775, 1717 cmt; 'H-NMR (400 MHz, CDCls)
§ 8.10 (1H, brs), 6.14 (1H, brs), 5.72-5.68 (1H, m), 4.80 (1H, s), 4.31 (1H, dq, J = 6.8, 6.6 Hz), 3.75-3.67 (3H, m),
3.43-3.37 (1H, m), 2.97 (1H, dd, J = 18.1, 8.9 Hz), 2.75-2.66 (3H, m), 2.66-2.56 (1H, m), 2.20-2.11 (1H, m), 1.94
(1H, dd, J = 12.3, 10.4 Hz), 1.27 (3H, d, J = 6.6 Hz), 0.97 (9H, t, J = 7.9 Hz), 0.64 (6H, g, J = 7.9 Hz); 3C-NMR
(100 MHz, CDCl3) 8 179.3, 179.0, 177.6, 142.2, 120.5, 109.3, 76.5, 64.5, 63.4, 62.2, 56.0, 47.9, 40.8, 39.6, 38.3,
23.6, 17.9, 6.6, 4.2; LR-MS (ESI) m/z 485 (M+Na*); HR-MS (ESI-MS) Calcd. for Cy3H34N2O6SiNa: 485.2078,
found: 485.2074.

(3S,3aR,5S,5aS,8aS)-3a-Hydroxy-3-(hydroxymethyl)-5-methyl-3,3a,5a,8-tetrahydro-5H-
cyclopenta[3,4]furo[2,3-c]pyrrol-1(2H)-one (88)

A mixture of crude alkyne 82 (191 mg, 0.608 mmol) and Lindlar catalyst (19.4 mg, 0.00911 mmol) in MeOH (30 ml)
was stirred under hydrogen atmosphere for 28.5 h at room temperature. Additional Lindlar catalyst (19.4 mg, 0.00911
mmol) was added to the reaction mixture. After 2 days, the reaction was sparged with nitrogen, filtered through Celite,
and concentrated in vacuo. The residue was purified by silica gel column chromatography (10:1 CHCI;:MeOH) to
give crude diene 89 that was used in the next reaction without further purification. A solution of crude diene 89 (0.608
mmol) in dry CH.Cl, (61 mL) was degassed by two freeze-pump-thaw cycles on a vacuum line. To the resulting
solution was added Grubbs 2™ catalyst (40.9 mg, 0.0455 mmol) and stirred for 2 h at room temperature. After being
stirred at 30 °C for 2 h, the resulting solution was added PhsPO (270 mg) and concentrated in vacuo. The residue was
purified by silica column chromatography (100:1.5 CHCls:MeOH) to give cyclopentene 88 (136 mg, 0.606 mmol,

99%) as a colorless solid.

88: [a]p?® +39.5° (c 0.822, CHCls); IR (CHCI3): 3303, 2976, 2934, 1681, 1383 cmt; *H-NMR (400 MHz, CDCls) &
6.84 (1H, brs), 5.84-5.81 (1H, m), 5.64-5.60 (1H, m), 4.25 (1H, dq, J = 6.3, 6.3 Hz), 3.75-3.56 (5H, m), 3.15 (1H,
brs), 2.76 (2H, s), 1.31 (3H, d, J = 6.3 Hz); **C-NMR (100 MHz, CDCls) § 178.5, 132.1, 127.5, 109.9, 76.2, 63.4,
63.3, 62.4, 60.4, 37.0, 17.9; LR-MS (EI) m/z 225 (M*), 148 (100%); HR-MS (EI) Calcd. for C11H15NO4: 225.1001,
found: 225.0991.
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(3S,3aR,5S,5aS,8aS)-3-{[(tert-Butyldimethylsilyl)oxy]methyl}-3a-hydroxy-5-methyl-

3,3a,5a,8-tetrahydro-5H-cyclopenta[3,4]furo[2,3-c]pyrrol-1(2H)-one (S2-9)

OTBS
To a solution of diol 88 (65.3 mg, 0.0289 mmol) and DMAP (17.7 mg, 0.144 mmol) in dry CH.Cl, (2.8 mL) was

added EtsN (0.240 ml, 1.72 mmol) and TBSCI (131 mg, 0.867 mmol) at 0 °C. After being stirred at the 0 °C for 30
min, the resulting solution was quenched by MeOH (0.13 ml) and concentrated in vacuo. The crude mixture was
purified by silica gel column chromatography (2:1 to 1:1 Hexanes:EtOAC) to silyl ether S2-9 (61.8 mg, 0.0182 mmol,

63%) as a colorless solid.

$2-9: [a]o® +8.04° (¢ 1.41, CHCI3); IR (CHCIs): 3289, 2930, 1694, 1256 cmt; *H-NMR (400 MHz, CDCls) & 6.70
(1H, brs), 5.79 (1H, dd, J = 5.5, 2.4 Hz), 5.58 (1H, dd, J = 5.5, 2.1 Hz), 4.25 (1H, dg, J = 6.6, 6.3 Hz), 4.02 (1H, s),
3.74-3.61 (3H, m), 3.56-3.54 (1H, m), 2.79 (1H, dd, J = 17.0, 2.1 Hz), 2.70 (1H, dd, J = 17.0, 2.1 Hz), 1.29 (3H, d, J
= 6.3 Hz), 0.88 (9H, s), 0.08 (3H, s), 0.07 (3H, ) *C-NMR (100 MHz, CDCls) 5 178.4, 132.1, 127.4, 109.5, 76.2,
63.7, 63.3, 63.0, 60.6, 37.1, 25.8, 18.2, 18.1, -5.4, -5.5; LR-MS (ESI) m/z 362 (M*); HR-MS (ESI) Calcd. for
C17H26NO,SiNa: 362.1758, found: 362.1741.

(3S,3aR,5S,5aS,8aS)-3-{[(tert-Butyldimethylsilyl)oxy]methyl}-3a-hydroxy-2,5-

dimethyl-3,3a,5a,8-tetrahydro-5H-cyclopenta[3,4]furo[2,3-c]pyrrol-1(2H)-one (S2-10)

OTBS
To a solution of lactam S2-9 (33.5 mg, 0.0987 mmol) in dry THF (2.0 mL) was added Mel (0.120 ml, 1.93 mmol)
and NaH (4.70 mg, 0.118 mmol) at 0 °C. After being stirred at 0 ~ 8 °C for 3 h, the resulting solution was quenched
by saturated aqueous NH4Cl and the resultants was extracted with AcOEt and the extracts was washed with brine,
dried over MgSO4, and concentrated in vacuo. The crude mixture was purified by silica gel column chromatography
(2:1 to 1:1 Hexanes:EtOAC) to provide S2-10 (13.4 mg, 0.0380 mmol, 38%) as a colorless solid and S2-3 (19.9 mg,
0.0585 mmol, 59%).

$2-10: [a]o? +24.9° (¢ 0.512, CHCls); IR (CHCls): 3277, 2929, 1654, 1253 cmt; 'H-NMR (600 MHz, CDCls) &
5.81-5.79 (1H, m), 5.61-5.59 (1H, m), 4.23 (1H, dq, J = 6.8, 6.3 Hz), 3.88 (1H, dd, J = 10.6, 3.8 Hz), 3.80 (LH, s),
3.72 (1H, dd, J = 10.6, 5.8 Hz), 3.61-3.59 (1H, m), 3.55 (1H, dd, J = 5.8, 3.8 Hz), 2.88 (3H, s), 2.76 (1H, ddd, J =
16.9, 4.4, 2.1 Hz), 2.67 (1H, ddd, J = 16.9, 4.6, 2.6 Hz), 1.28 (3H, d, J = 6.3 Hz), 0.89 (9H, s), 0.09 (3H, s), 0.08 (3H,
s); 3C-NMR (150 MHz, CDCl3) § 175.9, 132.1, 127.7, 107.8, 76.7, 68.5, 64.0, 60.5, 60.3, 37.6, 28.6, 25.8, 18.6,
18.2, -5.56, -5.59; LR-MS (ESI) m/z 354 ([M+H]*); HR-MS (ESI) Calcd. for CisHsNO,Si: 354.2095, found:
354.2082.
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(3S,3aR,5S,5aS,8aS)-3a-Hydroxy-3-(hydroxymethyl)-2,5-dimethyl-3,3a,5a,8-tetrahydro

-5H-cyclopenta[3,4]furo[2,3-c]pyrrol-1(2H)-one (49)

OH
To a solution of silyl ether S2-10 (7.7 mg, 0.022 mmol) in MeOH (1.0 mL) was added p-TsOH<H,O (2.0 mg, 0.011

mmol) at room temperature. After 1 h, the resulting solution was concentrated in vacuo. The crude mixture was
purified by silica gel column chromatography (100:1 to 100:10 CHCI;:MeOH) to provide the diol 49 (3.7 mg, 0.015

mmol, 71%) as a colorless solid.

49: [a]p? +72.5° (c 0.137, CHCIs); IR (CHCls): 3363, 2929, 1669, 1244 cmt; *H-NMR (400 MHz, CDCl3) & 5.84-
5.82 (1H, m), 5.68-5.65 (1H, m), 4.18 (1H, dqg, J = 6.2, 6.4 Hz), 3.90 (1H, d, J = 11.9 Hz), 3.68 (1H, dd, J = 11.9, 5.8
Hz), 3.59 (1H, dd, J = 5.8, 2.5 Hz), 3.58-3.56 (1H, m), 2.91 (1H, s), 2.91 (3H, s), 2.81 (1H, ddd, J = 17.2, 4.6, 2.5
Hz), 2.71 (1H, d, J = 17.2 Hz), 2.41 (1H, brs), 1.31 (3H, d, J = 6.2 Hz); 3C-NMR (100 MHz, CDCl3) § 174.8, 132.1,
128.1, 108.4, 76.3, 69.0, 63.8, 59.9, 59.3, 37.5, 28.3, 18.1; LR-MS (EI) 239 (M*), 208 (100%); HR-MS (EI) Calcd.
for C12H17NO4: 239.1158, found: 239.1162.
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Crystal Structure Report for 83*
*Electronic supplementary information (ESI) available. CCDC 1428343.

A specimen of C13H17NOy, approximate dimensions 0.020 mm x 0.200 mm x 0.300 mm, was used for

the X-ray crystallographic analysis. The X-ray intensity data were measured.

The total exposure time was 0.90 hours. The frames were integrated with the Bruker SAINT software
package using a narrow-frame algorithm. The integration of the data using a monoclinic unit cell
yielded a total of 4647 reflections to a maximum 0 angle of 67.12° (0.84 A resolution), of which 2106
were independent (average redundancy 2.207, completeness = 97.7%, Rint = 0.98%) and 2104 (99.91%)
were greater than 20(F2). The final cell constants of a = 5.7189(3) A, b =9.0362(4) A, c=12.3522(6) A,
B = 98.951(2)°, volume = 630.55(5) A3, are based upon the refinement of the XYZ-centroids of 4586
reflections above 20 o(I) with 14.51° < 20 < 134.2°. Data were corrected for absorption effects using
the empirical method (SADABS). The ratio of minimum to maximum apparent transmission was
0.895. The calculated minimum and maximum transmission coefficients (based on crystal size) are

0.7920 and 0.9840.

The structure was solved and refined using the Bruker SHELXTL Software Package, using the space
group P 1 21 1, with Z = 2 for the formula unit, C13H17NO4. The final anisotropic full-matrix least-
squares refinement on F2with 170 variables converged at R1 = 2.40%, for the observed data and wR2
= 6.33% for all data. The goodness-of-fit was 1.056. The largest peak in the final difference electron
density synthesis was 0.198 e/A3 and the largest hole was -0.187 /A3 with an RMS deviation of 0.031
e/A3. On the basis of the final model, the calculated density was 1.323 g/cm3 and F(000), 268 e

Table 1. Sample and crystal data for 83.

Chemical formula C13H17NO4

Formula weight 251.27

Temperature 90(2) K

Wavelength 1.54178 A

Crystal size 0.020 x 0.200 x 0.300 mm

Crystal system monoclinic

Space group P1211

Unit cell dimensions a=5.7189(3) A a=90°
b =9.0362(4) A B =98.951(2)°
c = 12.3522(6) A y = 90°
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Volume

Z

Density (calculated)
Absorption coefficient
F(000)

630.55(5) A3
2

1.323 g/cm3
0.815 mm!

268

Table 2. Data collection and structure refinement for 83

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Coverage of independent reflections
Absorption correction

Max. and min. transmission
Structure solution technique
Structure solution program
Refinement method

Function minimized

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices

Weighting scheme

Absolute structure parameter

Largest diff. peak and hole

R.M.S. deviation from mean

7.26 to 67.12°

-6<=h<=6, -10<=k<=10, -14<=l<=14
4647

2106 [R@nt) = 0.0098]

97.7%

Empirical

0.9840 and 0.7920

direct methods

SHELXL-2013 (Sheldrick, 2013)
Full-matrix least-squares on F2

3 w(Fo? - Fe2)2
2106/1/170
1.056

2104 data; I>2 o (I)
all data

w=1/[ 0 2(F02)+(0.0386P)2+0.1374P]
where P=(Fo2+2Fc2)/3

0.1(0)

0.198 and -0.187 eA3

0.031 eA-s

Table 3. Atomic coordinates and equivalent isotropic atomic displacement parameters (A2) for 83.

U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.
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01
02
03
04
N1
C1
C2
C3
C4
C5
Ceé
C7
C8
C9
C10
C11
C12
C13

x/a

0.5606(2)
0.1461(2)
0.8619(2)
0.4845(2)
0.0049(2)
0.9712(4)
0.7954(3)
0.7613(3)
0.9146(3)
0.8147(3)
0.7267(3)
0.8108(3)
0.6251(3)
0.0070(3)
0.6280(3)
0.6052(3)
0.8993(3)
0.7086(4)

y/b
0.12628(14)
0.12793(13)
0.71415(13)
0.81887(14)
0.00063(17)
0.7517(3)
0.8380(2)
0.8969(2)
0.85718(19)
0.95475(19)
0.84479(19)
0.90452(19)
0.9881(2)
0.03871(18)
0.05874(19)
0.0026(2)
0.6965(2)
0.5973(2)

zlc

0.98494(10)
0.83101(9)

0.85773(9)

0.84458(10)
0.96728(11)
0.46850(17)
0.48825(15)
0.59439(14)
0.70176(13)
0.78806(13)
0.86787(13)
0.98490(13)
0.03714(14)
0.86245(14)
0.72358(14)
0.60877(14)
0.74483(14)
0.68355(15)

Uleq)

0.0167(3)
0.0151(3)
0.0147(3)
0.0154(3)
0.0128(3)
0.0301(5)
0.0219(4)
0.0163(4)
0.0137(4)
0.0116(4)
0.0126(4)
0.0131(4)
0.0153(4)
0.0124(4)
0.0136(4)
0.0172(4)
0.0168(4)
0.0253(4)
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