WES T )N 7T U THEFH NI RN Y —<EL LY
TV LR T THER OREE & ATETE

2022 4






PO ML ()

HEST 2N TV THERILE ) XNy —<PEB LWV
AT LRy THER OEE & AT

2022 FFE






BR

B1E R
B RAVOERNRICE T R L KR 1
B2 8 WEERAY L oL 5
WIHT WY T o8N 7 ) T HRAEYNE Y E O EREITE 10
F2E FHRERRZTFF iheyamide A-C DIEE L £EYiEM
EE WEST N7 ) T ORE L FE 15
% 2 fii  ITheyamide A-C O Hifft 16
% 3 8 Theyamide $HODIEEIIE 17
55 4 Fi  Theyamide JHD V)G 28
5SS HT HEH 30
FIEZE FRERT7TVRTFF kinenzoline DIEE & £EH
W WES T N7 ) T ORE L FE 32
%6 2 fiii  Kinenzoline @ i 33
%6 3 fiii Kinenzoline DREERE 34
% 4 fifi Kinenzoline ®AWi&M: 40
9SS HI HHE 41

F4E FRRTFF-RVTFENATY v FEHEE iezoside DIBIE L EMIEM

B EEST N7 ) T ORE L FEE 42
52 Hi  lezoside O Hiff 43
5 lezoside DREERTE 44
A4 H (18R,19R)- F X X (185,19R)-iezoside D LA 55
% 5 Hi Iezoside DEWIENE 68
HeH EE 80
BS5E HBE 89
FoeE EERIF
0T —RE 92
B2 B2 EOER 94
B B3 EOER 112
FAH B4 EOER 122
SEHk 186

BiEe 198



=)
AR

AcCl acetyl chloride

AcOH acetic acid

ACP acyl-carrier protein

ADP adenosine diphosphate

AgOTf silver trifluoromethanesulfonate

Ala alanine

AIEtCl, ethylaluminum dichloride

ATF4 activating transcription factor 4

ATP adenosine triphosphate

BF;-EtO boron trifluoride diethyl ether complex
BnBr benzyl bromide

Boc tert-butoxycarbonyl

Boc,O di-fert-butyl dicarbonate

CHxCl, dichloromethane

CHOP CCAAT-enhancer-binding protein homologous protein
CoA coenzyme A

(COCl), oxalyl chloride

COSY correlated spectroscopy

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene
DIAD diisopropyl azodicarboxylate

DIBAL diisobutylaluminium hydride

DIPEA N,N-diisopropylethylamine

DMAP 4-dimethylaminopyridine

DMF N,N-dimethylformamide

DMP 2,2-dimethoxypropane

DMSO dimethyl sulfoxide

ECD electronic circular dichroism

EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
elF2a eukaryotic translation initiation factor 2A
ER endoplasmic reticulum

Et;N triethylamine

EtOAc ethyl acetate

EtOH ethanol

Fmoc 9-fluorenylmethyloxycarbonyl

Glso half maximal growth inhibitory concentration



GIAO
H,>SO4
HATU
Hex,BCl
HMBC
HMQC
HOMO
HPLC
ICso

Ile
iProNEt
i-PrMgCl
Leu
LUMO
MesAl
MeCN
Mel
MeMgBr
MeOH
MMFF
MPLC
MS4A
MTPA
NADH
n-Bu,BOTSE
n-BuLi
NMM
NMR
NOESY
PCC
Pd(OH>)
PDC
PERK
Phe
PPh;

gauge-independent atomic orbital

sulfuric acid

O-(7-azabenzotriazol-1-yl)tetramethyluronium hexafluorophosphate

chlorodicyclohexylborane

heteronuclear multiple bond correlation
heteronuclear multiple quantum coherence
highest occupied molecular orbital

high performance liquid chromatography
half maximal inhibitory concentration
isoleucine

N,N-diisopropylethylamine
isopropylmagnesium chloride

leucine

lowest unoccupied molecular orbital
trimethylaluminum

acetonitrile

iodomethane

methylmagnesium bromide

methanol

Merck molecular force field

medium pressure liquid chromatography
molecular sieve 4A
a-methoxy-a-trifuluoromethyl-a-phenylacetic acid
nicotinamide adenine dinucleotide
dibutylboron trifluoromethanesulfonate
normal-butyllithium

N-methylmorphiline

nuclear magnetic resonance

nuclear overhauser effect and exchange spectroscopy
pyridinium chlorochromate

palladium hydroxide

pyridinium dichromate

protein kinase R-like endoplasmic reticulum kinase
phenylalanine

triphenylphosphine



PPTS

Pro
p-TsOH
RB
RMSD
SERCA
Sm(OTf)s
TBAF
TBDPS
TBDPSCI
t-BuOCOCl
TDDFT
TES
TESOTf
TFA
TFAA
THF
TMSOTf
TOCSY
Tyr

UPR

Val
VinylMgBr

pyridinium p-toluenesulfonate

proline

p-toluenesulfonic acid

retinoblastoma protein

root-mean-square deviation
sarco/endoplasmic reticulum Ca?*-ATPase
samarium (III) trifluoromethanesulfonate
tetrabutylammonium fluoride
tert-butyldiphenylsilyl
tert-butyldiphenylchlorosilane

isobutyl chloroformate

time-dependent density-functional theory
triethylsilyl

triethylsilyl trifluoromethanesulfonate
trifluoroacetic acid

trifluoroacetic anhydride

tetrahydrofuran

trimethylsilyl trifluoromethanesulfonate
totally correlated spectroscopy

tyrosine

unfolded protein response

valine

vinylmagnesium bromide






B1E Fim

F 18 RAYOREARICEITIEL L RE

KN, BV R 2 TP 2 E 70 F L L OB TS L CX L mtiED T TH 5, X
YRTEERIZUD LT IERSTICRRENICHA L. SEIEREGBEREFLT 2, RS
N7 I VBOEAIEKRTH L 2 v N7 EH LR, RV OREGEERIIEFENICSEETH Y,
Z DML EREE PR R AEYNEE IS HE TAL 2T L, BA M0 SIS 2358
BELTE /-,
KEMERHCBMRICENTRTCDOARAZ— AR50, RIMIOKATH 5, IR
DFNFIC G, BEY) D ELF D ORI, AR R NSRS 5 DD & v 5 R e RIS
L. REGA TR A O N 2 WIEY) OFEBR 3 OARER ED X 95 7 d D h 7z &, Fifs X
ICH OB 2 b RIR DRI TE 21N, 7~ 2> 5 morphine 2SHEEX L, 7~V
DHEFUYWEH DAREPMCAWE TH 5 2 LWL D L 7 o 72D ZImiE 1 1, ZRIAWIAEY) % v
D& LT, RTRE LOMAEMZNR E LT OB 7235l X ., Z O LY

DA S 2T X N7z,
HO O
o,
'- NCHs
HO™

Morphine

KA, EHE~DIEHZ X LD NEHORRICKESFHE Lz, b REN DL LT,

TAAE XY FERINT penicillin G 2, BHRE X Y FER I N7 streptomycin 3 7z & O fiE
WEHRZEFOND, ik 1900 FFRETFEE CAHOHEERTH o effitkz iz Lo L 3
MR EGE IC RIS R 2 S L . K87 PaFamo R ICE L7z, £, =720 T7%®
AV awNAER EOFERIEICH L TE, 7V =Y v X)) BEEX N7z artemisinin 4 %,
JEHREE & 0 HEEX 72 avermectind 25 L WGBSR 2R L, EEE CHEIFE 7 KR i
el
FFE O LRI GBEEE L L 2B EER IC B W Th . KA EROEREZ RdTw»
5, RIRE XV FER XN/ mevastatin LD EFTERALF V8 61, MPaLRxTe—
IMMEZART 22 S IEERETH L L COMEZE, M2 e EORIETHICKE CEBAL 72, £
7z, taxol 7% mitomycin C 8 Z (I U® & L72% { ORAYD. PinsAflL LTI ATw
2, 20X, REMZEFEDY v —R L LTlD TRE kBl 2R 72L&/, T/,
B E % N O F CREERE - BT 2 720 DI ERDOHEL & . Z b % w7z 25 KT
EHRBANATDON DS T & THRLA T OBRN G FHEZIRL 72,



H HO OHH,N
N s HOL N HO"-. ’ P
m j;r\)/ HOw ("] N7 TNH
0o N .
o B "o o
J—~OH HO = N OH
0 AH N\ NH,
HoN
Penicillin G Streptomycin

Mevastatin
AcO O (ON
BZ\NH o OH (e} CONH,
: HoN o—
Ph/\;)kow
OH ) H <_O0 N NH
OH 5z OAc 0
Taxol Mitomycin C

WA TR fERTL DR - IS I 2 T, R D& £ 2> U 7= 5 SRR 72 230
FICETLTH Y, UM ORI CRAY BB I T hTwn 2,

OF I "4 Aoy —

K D@ AR ENRREEZ AL <. 200 DEERS - CIERERF 2 0+
LAV CHIE L, B AR CEMBIRE R T 27 I d v U =R KA
IZAThb T %, Schreiber © 28] 72 i IHFITH 5 FKS506 ° iconwT, {FRIL 72501
7'a— 7% TARILEY & FK506 binding protein DEARHNE Y v (LIS calcineurin
DiF7zoTr@mNIcHET 2 e 2R AL, WERICICEEG T 2 v 7 F Mm%z R I
B 5 2 ic U 72 10, & HL AR & 13 B BRI AL L FFEYE & L C trichostatin A Z FFFERL L |
Z DEEWN e A VIRT ® F VLEEE (HDAC) ThHEH T e 2%z kw, KTy
VAT 47 A%HIfTE 2 2 &, HDAC A4 OFIRICHN T 2 AR L L THETH
52 RFER L2, 2D OWIZEIL, ALER I CTIRBERESLHAE D & 22 T 7k de
2T RV AN EE RN LR, RO THEED X v o3 o2 FFERNICHEI T 2
TeRIFNEL 2R TR CEHi T vTw 5,

Qv vieT4 v 784 FnY—
ERTCHNCHEHME R 2 NLIICAERK T 2 13, ZBREDORIG L $% < o7 %

~




WFEE T D, —JTCEMIT I WEPHENIEE & v o 72 Bl e — RACHTEEY) % HiFe kL & L
TREUZ e bEG EEAKT 2, IBFEORFEVERT ) LET ORI ICH W KAV

DG TH 2 EA RO T O BEREIIC X 2 RINYIEESC. KRRV LA IR Z v
THEMERAY G T 23 A3 THbI T\ 5, Smolke O IFHEIFEERFICA €A A FAEGHGE
BFZEAL WHEZEE L LT morphine ®DAARKFE{ATH % thebaine % hydrocodone
ZEGHIEDLZLICHIL TS B, . KEE, KIS saframycin DB A KEESR
TH2 Sfm C IIxf L, BERICZHFINGIERAVMIEEZ 5 2 5 2 & T saframycin FHOHE
MR FIBRVERFEE 2 1 HTAKL TW3 ¥, s ORFZEIL. R OREEE P ILE D i % 2L
35 L THREREZ SIRENICAI T 28, IRV & 2 AVEN (L ER 2 0%
DLEICHE L aWERER cEhTw» 3

FK506 Trichostatin A Thebaine Saframycin A

BHE P IR IE T 5 — /7 C. RO BRI A LD B CBRBEIIRE B (L L T b, R
TRV DRI T D 7= FE R WIS - VNG TE D FTRIE D B R % BUS 3 2 Tife
BPRKIBITILT L, BIEOEESM LN T3, Mz T, BEEOGICE T IIPWEREICE
2 colEx . B oEGER SIchkT oA AL =Ty FMEDK I B A v 7 L
70 % ORBENIEDAEEZE RN L 72 RRVIREITE 2 SHOR L Tw 5 2 L b FillRA
VOFRBOETICHEE 2T T3

L2 L, FTHl oL ERECEMNETE % b O RRY 2 R 3 2 EEME IR, BfEIC BT iR
20375\, Tan LOIRE BIC kB L, REMZDD D, H5WIIKAVORGEZ kL L7
L, ABLAVHRDOERGR O 7 I ANV A=A FRPMIE. AFRKBR. e
DL H B R & @%E{E%E’\J%li%ﬂa—%& L7 % RouZEM) 2 i3 5 & FiE D75
L O BRIEWZEME Ao — L, HRAERICE W TORAYD b OGS S ESRY — F &
LTHETHSZ EIREINT D, £72, Linington 51 1941-2015 FED Y 70 FEETHA
INTRBY R E LT, FiRLAY OMELBCHHNEIC O WTHIT L T 3 16, Z D
R EED 20 FTHRMEDOE MULEMHBRR I N2 EEITPIEVETL T2 b DD, I
Wl DES I, Z DffBUEHERF T hTw s ik Tw 3, £/, ﬂ:/—\%@ffﬁd@tc
PR, APERICKX Y RECERZ2 L 2HEL T b, Thbb, BHRECRRA. -



77V ThoENENFRAINMEYORE L, I LIz nE nEAOREZFF2, U
L oMED» S, HROKRARYRRICIILAT OHEBFEPEETH S5 Z B H5N T3
(1) FRULEY OHUSHER O T ICKb ST, M R ERIFR 21T &
Q) MR A % RRVIA O BRS e ic[|E L, HibRT 2 2 &
(3) EPRETEDFHIRIC T REZMA 5 2 &
4) KRHMOEYERZREBENRE T L L

(1) ZfE5kE L. KAV DO AREM: % K THF A OB FEE 2381 72 7o R 2> © BRERIIFSE I il
ATWS, 2) IK2WTIE, ATHIEERCE v 7T — X 2iGH L 7= KIWIER O 7 ikamBF o8
HEATE Y RAVOMKERES % LC-MS/MS Tt L. B&IEH]A» 5> LC Lofke—2
G 2LEY 2 MFERICRE - 2 7 A2 ) v 7 d 5 Fik (Global natural products social
molecular networking: GNPS) 7 %, Hifff L 72L& D HMQC 7—% % AJiL, € v 77—
2L D, b N THBEICHEMEO S WO KA E vy 77 v 7 &% 23 Fik (Small
molecule accurate recognition technology: SMART) '8 23fHFE X LT 5, (3) I DWW TR
TRk~ 7o G R 23R & v, TBUVAEYISEME IS S Tw 5, BPK, RS, #7142
DWMEERE in vivo & 7N DS TEHRIC B 75 35 D 1 15 B MBI E S THALBIY) 0 = 7 1 %
SAHBT s LicERHL, @i invivo IEYET v 24 L LTRAYIOR 2 ) —=v
THRAITH L CTHHOME LIFHEZH T 5 lysocin E #F R L7219 @) iIcowTld, Z
NECHRRNR L SN T o HHEEMEOMAEY PR E RIEHEED T 2, Lewis b
R EOMAEY % LEPCREETE S iChip ZFEIL, S5 -FikoMmtYE = 2
Y—=v 732528 T, FHIC2=— 2 KT 2 b 0B Y IAEYE taixobactin % FL
HL 7220, LEoflo X 51T, K£7E% < @ﬂﬁﬁ’]iﬁﬁﬁf”‘%#ﬁﬁﬁ RoTwzziix
HIHTH %5, 2o 2 KR LAMIEHT 27201013, V—F v 7 — 7 R BERITL 2 & B A
L. MEEDRIE LRSS T XA LY 7 PBRDOOLNEFFRICEAL TS

HO,,. HN NHz
. o \;/YO NH
\/YLN O HN "‘\\/\NLNHZ \)LN/Y
ooNH T 0 H
HN 07 "NH
| L o
NH I
OH _NH

HN" 0 o , NTo OJ;NHHN/VS‘\\\
NH HN Nf@ “S\—Qo

g >\\
OH Q HN NH
NH 7f

JNH: HN

Lysocin E Teixobactin



FE 28 BERAYEZORR

TP CRE EAEMICHE S . RIAVIOTER R . L TN 2B O 7= D I 3EAEY<cH 5, 7
7EYHBE, VAT 78R EOoRFHEEIREMBICEWTERIVAMONE L ZATHD,
FrR AV Z R T RAMDB/KENITHET 5 2 & i3, KRRV 78 3 % LART &
DIREINT W, ZD%, HERARYIOFICIIEE 2 w7 AMLeZiTzb o, EX%
RYZ—TMUEWR S, BEREVDEET I RAY LIRS B 2L EEEZRH T2
bDOVH L 7-ORHAOERER L L CFEH I, MRFOWIEEIC X o TRA LFHHRA
MR TN, % OEECEYIEIERH S 2 i T iz,

FRIFERRYDO V) Y —RlE, WA XAV RdY TAT7 7R EDWMBHEY. 25 \vik
WEThsb, 7a4YHhA AV Halichondria okadai %> 5 Bt X 117z okadaic acid 2! 13X v
N7 ERLY v I#B{LEESR protein phosphatase 2A D iR R PHEFITH » 2, EfFaldE e LT
i T2, R Z7vaA4 Y42y XY X7 halichondrinB% (X, F2—7Y
v OEAEEICHEKT 250 RIS ATEER HIC, HE 2 L L7 eribulin ASEEATETL
DA T 2PBAH & L CHRIR TR S N Tw 2 2 v 2 5 b R 7 Vs g 23
ZHFER INTE Y, Ecteinascidia turbinate 2> 13587178 DNA 7L ¥ L{LAF| & L T
ecteinascidin 743 2 23FE R I N, PLBAHI L LCEMLIN TS, T A7 7 Aplysia
kurodai 7> b Hifff X 7= aplyronine A 20 (X, #MIfLEIE KX v XV HETHET v F v e Fa—7T
Vvor v X7EBMAEHZZENT 5 2=—2F ¥ I X D8N Rilr A %2R
o Palythoa ED AV AFF v F ¥ 7 bl nNE CHEREINTE 2T T RARD
RY A= VKB E LT palytoxin 23HEEX N TI Y| Na'/K-ATPase % 1k Chf )] ICfHE
T5Z L CHELREEARE T2 8, Lo X5, BERAYD 728130 +HEVF 0
REICBTLELRT Iy —nE LT, %< ORI CME R KAV O B&IEHE %2
HiV L L=2A RS EA TN TE 72,

Okadaic acid Halichondrin B

Ecteinascidin 743 Aplyronine A



Palytoxin

CTNOWFERRY. FRCIREM L D S h 2 b DicowTid, KAYIO B4 #EH |
ICOWTRWEMBITONTE 7, RMOAYZE L CTEERD Z o L T b, BRERIH
PHIBIC Lo TZED TR 7 7 ANDRKE RS 2 Lo, BEEMEY LR —, 2\ T8
KB HA AR bBEINS Z &7 &RUELE LT, HEHERARY o I3 t4
H5VITEYEHEIC L > TREFEVOFENICIY AT NMEYTH 5 L PRI NTE T,
HAED X R ) LB oREIC L) . ZROMEV ZERNICHEZELI 4 AV TH
> T HMEEN 7T ) MR T A2 X 1Ry, BHERRMICETI2HOEELED% 1T
RICRT X5 WA TH 5 2 L EENICHL A R>TET WD,



O HEE %

R I 7 v 7 b v o—lTh ) BEOZ(LICISC CHEYE ZEAT 5,
R CREET 2 2 & CRMOREIRRE L 72 2132, HEC AP BYEEHZ 8 U CiR i
EBEREZHRANICERL, ChoHESL Y7 780K L 2> T 5, i id, BR
RY) T =T AEICREI NS L) RthoEYE SO ZRBM L TR E L TN ZER
ARV A —NRINYZFELET 5 Z L 3FHETH 5, HIED palytoxin < okadaic acid 7& & D
WHEERPBEOEEEETH Y, RIWIZ Db OB B S LT 5 2, B E
T 2. 20N REER AL ICEZ 2R EOB AL O RKECFEHI LI
. BERPOGEOAF R HET 540K LIEEIX J-based configuration analysis (JBCA) %
0 2= N—H NMR 7 — X _X— 2 K3 L v o I REETUE O kiR IC S R x
Lz Twa,

KOOV RPLUHT I7HDRAYED —DTH % cignatoxin 2 3R INTEY, i
(X IEHEEEE Gambierdiscus toxicus HPRD 23, BYREE OB T 7 v Y KoFENICH
Iz eEINTVSE, EBIC, KER WL D20 D ciguatoxin FHRIKEZEET B 2 &
DBEDPOHNT VD 3, T, —HROMEIEEICO VT ANTHICHEENSARETH Y |
Amphidinium klebsii OEEER D O 1358 e PLERIEE CAIMIGETEZ © > amphidinol 3 3 235
RENTWD, 7L DENDLBEL 72 Amphidinium JEIRHEEED 513, BAE 2l
FEYE & LT amphidinolide H ¥ 72 DD~ 27 v 7 4 FEEAHEEX iz,

Ciguatoxin

OH - OH OH OHH OH

Amphidinolide H



@it EA

B4 RIEMEZEBT D Hh A A DHFTh, Theonella swinhoei VXFEFL > T% k7 — KRR
WEMEEHT 2 LB NT 5, T KA A4 X v bR S N5 efilea ey
B Td® % onnamide A 3% polytheonamide B3 Z 13 U® & T2 RAVIDIT & A 23, HAEL
T\» % Entotheonella JEMFIC X o THGWRI NS Z LI A, AMABIR R CHEE X T
WREWRHIOXTF FPEAKELRETZHEL TS ZEBHHALE B, £/, A4 XV
Discodermia calyx 7> Bt X 1172 calyculin A ° % % 7= Entotheonella JEMFEIC X - CTREA
INTEY, KFEIIETETHEHA A VI T 2B EL BT 5 7201C calyculin A % &
W) VBRI L, NIEHRTEAE LCEBEL T3 e BHL 2 ER> TS Y, Zhb
Entotheonella J&1X =\ “RKAHEYIFEERRZ o720 T, HEDAEAK~>F ) —%
BT al3ERE L QEHINTE Y, KO X 27 ) L8 8= 50
DIREIBEF I A LN TV B

xwﬁﬁwﬁrﬁﬁﬁr%warﬁf

\'b ;E \‘/LNH
g fwk“f JV”W”NJVW”NJV k“fw
0 /Cm ° NI—Ci)H o:(NH :(

H
\*,O

w%ﬁ&fﬁﬁﬁfﬁf@ﬁ%

Polytheonamide B

Onnamide A Calyculin A



gy T7 I/ N2 TIVT

ST AT ) TIINA LTS AN CH Y . K 30 [EERT o HIBRICER T 2 L
EINTWBFIRNREYTH 2, BREI A MDA allsIc AR L Th Y, RuwiEk e 4
f}‘ﬁ—&ﬁ@xﬁzflﬂ‘f‘ RRBEYOFEAREZERL TS, L) bIFHAE-2EoY v o

EICERT 2T /N T )T o RS ELRRARYBET I N2, Zhidy v T
@%7%&%%?3%‘0&: HR 3 2 SR AUICIRYTT 2720 e Ex b b, FERRIC, A ) 7O F
27V —CREINZWIEST /N7 7 VT Lyngbya majuscula 7> 5 curacin A 4,
antillatoxin 2, barbamide ** 28 Z 2 AL HAH, S, WRENY) & 5L7n 2 AP 3 2 Bk
ZIERICHEEE N Tn 3

(@Hﬂ%ﬁ% CBWC, WBEST /N7 T Y TR WA Ay Ry it ELTns T
EHBL L BYEBEAZNLCT A7 70U I v R EICHEST 777 THEROY
’fﬁ?ﬁ%fﬁtfwéo AU 720 b B S N2 R O — 8, RICHHES T /2 T Y
7 h 0 b HEE X T 5, Dolastatin 10 (354], 2V F I 44 2 o B S 8 I A
HHEZRTHIRRTF FCTH 528 ¥, Z D% Moore, Luesch H I XY Symploca J&DHHFE
PTINTIT o HIERIN, BOREENEET /AN T VT THDH I LA
L7z %, [[fkofl & LT, IREYD 5 aplysiatoxin 4 <2 aurilide 47 7 & DFER IV 53 Hiff
TN, BRICINS DI WEES T /N7 TV T oo HERIN TG 849,

XN X s
OCHjs N%/
Curacin A Antillatoxin
(0] S
H H N\
: A :

N/ s © o 2 Moo 0_ 0 \@

Barbamide Dolastatin 10

? 9
.

0 /N

/g/g o
JW

Aplysiatoxin Aurilide




FEIE BEIT/NITYTHREYEEMEORERAR

WY T 737 7 ) THROYERERICE T 2 EFOWMERIL. HERAYMO S bbT
2 34% B HOLDORTE N, TE, WECT /AN T ) TR RICHRENETH L Z
o, SRABEEYEARE D B G IZ, BV 2 BV IC 0 T DR S - Hblslic L 24 R
LW EZbN5, —/7 T, RRVIOBRER L LTI~ A F—TH 5729
PR AEYIEEYE ORBRRE LTHETH 5, T2, BFERRYOEROEFELE # RET 2
T e TRIERIKEDE EasiAD 2 2 &, 4 - ey 2l 2 X5 T AV
HYE % EAET ZAREED BBWICEZOND 20, WHEST /) NI TV TERNRE LT
YEBERIR A TH S,

I E COERKRIED T

EAMcBNTIEANT A - 77 ) 7RI ER S 2R T N0 T ) T OYEIRFENIE
BIEFRIITDONT VWD, 20% LI T T4 vy 2l v 7RIS 3 2 Bk %
EEE L LCHEE SN TE D, w2200 FIC o TEREFREN S T2 L i s h
TWw3,

ik L 72 dolastatin 10 4% %2 curacin A*', gatorbulin-15' (35 =2 — 7'V v LG L CEHAE %
HEST 2, BUNE XA F 17 2% H T 2 FAHN PR AF L LTHETH Y | Hifficih~7
taxol 7<° eribulin 2 23HTHAF & L CTHIFH 11 CT\» %, Dolastatin 10 D FEEMR T EFIREER T
SRWEMED Y D NIz 2D ICEIIRIEORF IIM & I Nz, Ch iz RARRN YR CH
% CD30 &/ 7 u—F APk e fla L, BEEERME % M L X472 brentuximab vedotin 33
FEYARIE LT EfidhTns 2,

Scytophycin 28 5 % lyngbyastatin 1 54, lyngbyabellin A > [ZMAfE B DO EEHK S TH 5T 7
F v eHiBT 5 L CHIE IRES, BE 2 2IMEAXHE T 5, 7275 v oES LIS
DR ZIEE ST ) N2 TV T o HEICERLINTE Y, EROLAYORFERK %
Hub e LTl A O ERIE I N T 5

Antillatoxin 4> 1358 /] 72 EAKAFE Nat F ¥ 2 L OFA AL kalkitoxin ¢ % hoiamide A %7 I
PHEA L Ui b & phisiiig oot 3 2 58 ) i lam e e itk 2 on 4

Apratoxin A8 35 X U coibamide A® (X, VKR Y — L THRI Nz X v 37 E & /NaRHN~
Wk S 5 F % A Secola ZEFHIL L XV NI HED 7 4 — T 4 v 7 LIRS % FE
5 LIV iftEEZ RS 00, b IMEHO =2 I b O I —T
TGS BN R 23T N TEH Y 28 FHL Wi A FofisAdle L GEHI A TW S

Lyngbyastatin4 %3, €V v 7077 —¥THEIFEF ) TP VvEBLFI IR X —¥ &
RICHET 5, £ 72, grassystatin A S % Z U & L7z statine unit 27 FHICHET 57
F IR, TANGF VBT nT T —¥ThHdh7T 7V E O SHERE LT
Hantnsd

W T 7 N0 7 )T OB N 2 EYREEME ORI L L <. Bl L =il 2

10



VRIERF AN, TuT T —VINEFHE R T D OIS v, — 5T, 2T
% { QEIRR AEYEN 2 G T 2 RIMHBFH A I T3, Largazole (3 HDAC D587
FHEAITH Y, REFETBAEEZRT 07, BiRL 72 aurilide V7 (X 72 & € F v OHRE
HEST2z2eTIbav P Y T7ToMRLEZHREL, TR - X252 $ S, Zofhic
b, M - AEYIENE & D ICEIREE W T AR A ERE I NTE D RIS T TR EN
e CHLETE HAHBE 2 A U 72 A T SE . MERBRF T 238 A IcfTh LT wv 5,

O N HN
O \OH f
-0 L
HaN My j“\(ojp— o%‘\ oO
[¢] N N

N
o TN
Gatrobulin-1 Lyngbyastatin 1

J

(N/S)\*/YVNTO(\/

Scytophycin A Kalkitoxin
\ S
O%i :}— H
" NM/
N ° [¢]

Apratoxin A Coibamide A Largazole
% s 0 - 0
HO N o— HWA
H N N OSO4H H,NOC OH
0N HOHNQH o " ou o, o y OH O b 9
o o ‘N N N - N__O
AR NP P W W P o
o o Al o M o = Hoo = 1 o 0
HO Y Y
OH

Lyngbyastatin 4 Grassystatin A
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FHOMBMRZEICE T 5 2T TORERIE
KOGHECTANFEICERT 2N 7/ N7 7 ) 7T OBRBHREREAICITDRTE )
OO, HARTHBICER T 2WES T 7 N7 7 ) 7 IR ORZRER CH - /-, EH
DFTET 2R EIXCORICERL, v Irhle LAESKRALEERETATH 290
M mERBICERT ST 7 N2 7 ) 7T ORI A TE -, % OFEHR, L
TICRT X5 REREOCHT R AEYIEEYE 2 8 G L, ZOBEEZHL I LT3,

Biselyngbyaside #H

Biselyngbyaside ® I3 i/E. f£4 R SHI1C X D 2009 FFicHeE Iz 18 BER~ 27 v 7 4 FECH
KTH B, W OpDHHRIKLT 7Y 2 TH 2D bisclyngbyolide FHAEKL  Hilfx h Tk
D 0 EBECHIASL, XM= T I X o T IO DRERBER I LTV D T, KLE
PIREZARA S I X 0, MEkE Eo Loy ARy 7 TH B SERCA ICHiE L, HEEEZ I
EFTL L TMIBA ML REZFELCT AR = RZES AL 2, 72, 20D
BXICBEfFD SERCA FHEH & 13 R 2 @ ICHEAT 5 2 & & e X BEmimic X v
BHO LT b,

Bisebromoamide

Bisebromoamide 7 (38, {E4 K5I X D 2009 FICHE SNz, B FNICERORFET
I BEEDHIRCTFFTH B, 2010 FFIT Ye HIC X 2 EAEPME S, Z ORI
RECEAEIEI N T3 ™, EZ6Ic X b RMUEWIZHIREE O T EEX P THET 7 F v
CiEAE L, HEORRET AL TT R =Y X %2FET 2L T3 75,

Caldorazole

Caldorazole X KEF, Ef D IC XV 2022 FlicsE I NG TNICT 2 I VT IV ZHET S
RIVTFETHL O ARKEWEII ba vy VY 7TEHEREASER] 2HEST 2 C L cil))
I MRE R 2 R S 13 A, A FEAR A 2 Ml e 2 7R 5

Kurahyne

Kurahyne (25 SIC XY 2014 FICRE I NAKIGTAF Vv E2HT L7 F F-KI) 75
FoNA 70y FeaIcd 5 7, KMLEP) T biselyngbyaside %H & [FIBkIC, SERCA % FHE T
52 T/MERA ML ZZFEE L, ST Uil 2R3 78 2015 IS LTS
DR IC & Y BREEIERK I N TS T,

Jahanyne
Jahanyne (A HIC XD 2015 FICRE SN2, KigT7AF Vv EHTLEXTF P FRY 7
FEANATY y FLAEMTH S 0, 2018 FICHHIREDOMASL, £ EKD /v — 710k
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D REEK X N TS 8, AMEEWIE 2 A MR I URe s 2 7m 3203, B L 72 fhE
® kurahyne & WX BB 2FEFHAA AL 2N TEH2ZEBRBINT WS, RilT,
Chandrasekhar & O € 7 MUAEY) %2 AV 7- 8T Bel-2 ZiF7 T & L, BRREZHE S 2 C
LCT AP RA%FLT 2B REIN TR D 2,

Minnamide A
Minnamide A (ZFEASIC XY 2019 FICHE S NIRRT T F-FY T F A7) v ML
EYTH Y IKEEFL & B-branch B D X FOLFLHAL HACHE ST 74 0 IR L % D D 83,
AN U, #i A4 A v ABIS T B IREEERL 2/t L T 7 v — o Ao MIlasE % 755
T 5, i, FTBITEE & MR ICEHE VT, Naman DN =T BHEST ) NI T
V7 55RO IR LG % H 3 % wenchangamide FH% HEft L T3 b 84, EAEMEOKIF
CEARICOWTHEERS 25,

Hgo/ﬂ/ ©/ OIS 7z N
MeO o OMe oH H s/

Br

Biselyngbyaside Bisebromoamide Caldorazole

Kurahyne Jahanyne
O HO.
QesE¥NE TS e by
N A N A
N N N
SRAS DA S
HO
HyN™ 0 | HN
N, OH
OH - OH = OH = OHHN " ]
: : : : o
(¢]
Minnamide A
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WL T )N T ) T OREAT D KM D SRk D Hk

e T /N2 7 ) T, BRE TN 8 E CICREE - AEYENE L D 1SS R KRR B EE
35 D759 b oGerwick O I HIBHIICK X (BN 3HDWHES T/ N2 7 VT Moorea
producens (7 AV 71, ¥x¥~<Ah, F27 V)XW 1D Moorea bouillonii (»X77 = =
—FZTHCDOWTT 7 LfENT 2TV, LT OBEBREOHERZIE L T3 %,
(OWEEBLETDS 5, FHLTH 20% B RICHFEYOAEAKICEED 5,
QAEBHELRT 7 7 AZ—IlB T, KIRERTLED X5 B RAME AT 5 5 FH

w2V 7T 4y VBRI HREEAET b,

BVQRQD7 VT T 4 v ZEEFO—E, BFRICFFRENERTFTH D,

Moorea JEDWFHL T 737 T VT IR 2R THEDHDOD, (1) BLU () IFiHEY
TN T YT BRHEYOEAZ L LTl TEFTH 2B Z LHALTHS,
72, Q)OFRIZ, FHTH-oTHZENEFNOAEBMTCHEHREG DA ) & F i E S R0E
GFEHEAELTVWE I EERRLTWS, 2, X oEB O EH OMEEREICL L
THFES T 2 N0 7V T oML - ISR BRI A2 AT 2 X 51z b EIETO%kk
LA THE Z EICRNT EEEZLND,

INLOMRELT R DL REEOMICER T 2T /N2 7 ) 7k, Higlbay %
FEAE L T AAREE D B, EF X Z DA ICEH L. BN oM - A2E KB o HEVE IC B W,
T, FiEREN N E CREFRE 21Tb kb - 2 kA b LICiEEy T 72 "2 7 )T D
WEZITO, BEN D “RREEV OVERIMKE 21T 572, ZOFEFR. TIRT 5 EEOHH
KRV % L % OREE & EVSE AR S I Lz, 2N E LAY O W T 5 2 B,
H3E, BLUH4ECTHMICHAT 5,

lheyamide A (1) lheyamide B (2)
N N OH
‘ o ‘ o o
Iheyamide C (3)

OH

Kinenzoline (4) lezoside (5)
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B2 E FREHKRARTFF iheyamide A-C D& & EWEM

F1E BET/NITIVTORELRE

WEEe T 782 7 ) 7T OREIR, 2019 4F 8 H IR EREGHFERMN OB R & IC TfT-
7= (Figure 2-1), BREINZWHES T /7 327 7V 7 19082 ICKf L, 16S tDNA DEL T
41| (accession No. LC514420) ZH|H L 7 RBiT 2 2 L 726558, KT /227 ) T
Dapis sp. TH 5 AL 72 (55 6 & 5 2 fifi), 73, AHEIL 2018 4FIC Engene HIC X
Y Lyngbya sp. 7> b FEFICXKBIE NAHIED L T /) N7 TV T TH 5D 86,

Figure 2-1. WY& CHREL 2WEC T /N2 7 U 7 1908-2 (Dapis sp.)
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25 2 B Iheyamide A-C D Hijk

WEL ST /N2 7 VT Dapis sp. 5000 g (EEE)% EtOH Tt L. i % g
W, ML 72, 5Nz EtOH #ii¥% EtOAc//K THEL L. EtOAc IO W T X H I
hexane/90% MeOH aq. CTHHCLL 725 90% MeOH aq. Hj73D—HICDOWT, ODS #7471
~ P TT7 4 =X o TS5 DOMESTICHHE L, 80% MeOH aq. M55 1< D\ CrEpEilifk 7 v <
NPT 74— X DRERL 22, PRETX D iheyamide A (1) IZEFRMUWE CTH 5 2 L AR
B NT720, SHILIC EtOAC/K,COs aq. THHE L. EtOAc & % i L C iheyamide A (1,
13.7mg) #1572, £72. THNMR A2 F %5 iheyamide A (1) DEE#RIA L TS h721b
AWV EETE IO WTHEEZTT ™, TFA ¥ & L T iheyamide B (2, 12.3 mg) ¥ X O
iheyamide C (3, 1.9 mg) % {537 (Scheme 2-1),

1908-2 (Dapis sp.)

5000 g (wet weight)
Extraction [EtOH]
Filteration
Concentration

EtOH extract

Partition [EtOAc/H,0]

EtOAc layer H,O0 layer
‘ Partition [Hexane/90%MeOH aq.]

Hexane layer 90% MeOH layer
2.59¢g

| ODS column chromatography (1.21 g)

40% MeOH fr. 60% MeOH fr. 80% MeOH fr. 100% MeOH fr. MeOH/CHCI; fr.
151.3 mg 98.8 mg 544.6 mg 382.2 mg 14.2 mg

Repeated reversed-phase HPLC (240 mg)

HPLC (21.3 mg/63.8 mg)
Partition [EtOAc/K,CO3 aq.]

iheyamide A (1) iheyamide B (2) iheyamide C (3)
13.7 mg 12.3 mg 1.9 mg

Scheme 2-1. Theyamide A-C (1-3) DFEHLZ ¥ — L,

16



%5 3 Bii Iheyamide ¥EDIEIERTE
%5 178 Iheyamide A (1) DFEIBEDRE

Theyamide A (1) O FRid, ERREEE A7 PV XD CsHuNOs TH 5B T L H35y
o 7z (m/z 912.5595, caled for [M+H]™ 912.5599),

Figure2-2 5 X UF Table2-1 IZ NMR 7 — % & Z Ofgfrit %", £, THNMR A~
7 P ITEWT 233 ppm (H-50/51,8) 1 6H ICHHYST 5> 7 F v, 296 (H-31,s) BLO
3.09 (H-20, s) ppm C 3H 73D ZFApBHHII N2 L2 b, NN-V X FAHED 1D, N-
AFNT IFER2OFET L L RBI N, 7. 3.91 ppm (H-1,s) I LB
7 L7 3H oY FABEMNEINZZE S, T —ADBO-AFafbE i) —
NI—TN% 1 DbDTEHRREINT, I HIT, 524ppm (H-3,s) DX F VIKFEDHLED
O, ZEWA L7 4 VOFEDPTRBI N, ZEWA L 7 4 VIC O-AFAERFE LT
J =N —F L, HI/C4 B X O H3/C4 © HMBC #HEEA 5 b ZFra iz, Mi <,
7.10-7.20ppm IZFWT 10H S ICHYE T3 > 7 FARBMlE 2720, —@Bfv¥ %2
&t EBRBINZ, TOTFHENE, BCNMR A7 i T 8 HOAFHEKE
(139.3, 137.7, 130.3, 130.2, 129.7, 129.4, 127.9, 127.6 ppm) AEHH I N/ &b b HFdh
7o THIT, BCNMR A7 PALICBWTT I FNEARRIATARKRD ALK = VREL
Ezbhb 7Oo0Y 7 F N (174.7,173.9,172.9, 172.7, 172.6, 170.5, 169.7 ppm) 23 &I & 172
b, KMeEMERTF FiEoLEYTH B & HIMT L 72,

2 RITENMR R ~<7 b L OFEMll it ic & 0 o RMEEPIE isopropyl-O-Me-pyrrolinone (iPr-
O-Me-pyr), 2 2D Pro, N-Me-lle, N-Me-Val, Phe. ¥ X U N,N-diMe-Phe 75 7% %~ 7 X~
7FRNTHEIEDBHLD Lo 2, T2, HA42/C-41, H-33/C-41, H-33/C-32, H-31/C-32,
H-31/C-27 @ 5 2® HMBC #tHBEEA* &, (V,N-diMe-Phe)-(Phe)-(N-Me-Val) O > —7 v A% H
T2 EDHEAL 72, £72, H-23/C-21 & H-20/C-21 ® 2 2D HMBC tHBE2 5. (Pro)-(N-
Me-lle) D> —7 v A% HT 5 Z LA L 72, Ml 2 T, H-25a/H-27 3 X O H-13/H-15 D 2
> ® NOESY #HEE% 5. (N,N-diMe-Phe)-(Phe)-(N-Me-Val)-(Pro)-(N-Me-Ile)-(Pro) ® X 5 iZ
— TV ABRRELT, TR EERTSL. KD D iPr-O-Me-pyr 13 AARIC C Rimfilic
ES 5 Z &5 5. iheyamide A (1) O V-[HiffiE %z —#HYIC Figure 2-2 ISR d & B 0 ICIRE
L7,

= COSY/TOCSY —>HMBC < -?»NOESY

Figure 2-2. Iheyamide A (1) D F[ifEiE
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Table 2-1. Theyamide A (1) ® NMR A7 F L5 —% (CD;0D)

. . a b . Selected  Selected  Selected
residue position e, type 8y (Jin Hz) COSY TOCSY HMBC NOESY
iPr-O-Me-pyr 1 59.6, CH; 391, s 4
2 172.6,C
3 95.2, CH 5.24,s 2,4
4 182.0,C
5 65.5, CH 4.58,d (2.8) 6 4
6 29.7, CH 2.52, m 5,7,8
7 16.0, CH; 0.84,d (6.7) 6
8 18.9, CH; 1.10,d (7.2) 6
Pro 9 172.9, CH
10 61.9, CH 5.48,dd (8.8,4.5) 1la, 11b
11a 29.9, CH, 1.84, m 10, 11b, 12b 10
11b 2.32, m 10, 11a, 10, 12
12a 25.4, CH, 1.87, m 12b, 13
12b 2.03, m 12a, 13
13 49.2, CH, 3.68-3.77, m 12a, 12b 15
N-Me-lle 14 170.5C
15 59.7, CH 5.08,d (10.3) 16 14 13
16 34.3,CH 2.05, m 15,19 17a,17b
17a 25.4, CH, 1.06, m 16,17b, 18
17b 1.53, m 16, 17a, 18
18 19.9 0.88,t(7.4) 17a, 17b
19 15.6 0.93,d (6.6) 16
20 31.0 3.09, s 15,21
Pro 21 174.7,C
22 58.7, CH 4.79,dd (8.6,4.6)  23a,23b
23a 29.9, CH, 1.77, m 22,23b, 21
23b 221, m 22,23a,24a 21,24
24a 25.9, CH, 2.05, m 23b, 24b, 25a
24b 1.87, m 24a, 25a
25a 48.8, CH, 3.72, m 24a, 25b 27
25b 3.65, m 24a, 25a
N-Me-Val 26 169.7, C
27 61.5, CH 491, m 28 26 25a
28 28.4, CH 2.10, m 27,29, 30
29 18.8, CH; 0.49,d (6.7) 28
30 10.9, CH; 0.89,d (6.9) 28
31 31.1, CHs 2.96,s 27,32
Phe 32 173.9,C
33 52.0, CH 491, m 34a, 34b 32,41
34a 38.4, CH, 2.54, m 33,34b ;2;40
35,
34b 2.86, m 33, 34a 36/40
35 137.7,C
36/40 130.2, CH 7.10, m 37/39 38
37/39 129.4, CH 7.15, m 36/40, 38
38 127.9, CH 7.20, m 37/39 37/39
N,N-diMe-Phe 41 172.7,C
42 71.2, CH 3.26,dd (10.0,5.0) 43 41
44,
43 37.0, CH, 2.84-3.00, m 42 45/49
44 139.3,C
45/49 130.3, CH 7.15, m 46/48 47
46/48 129.7, CH 7.19, m 45/49, 47
47 127.6, CH 7.17, m 46/48 46/48
50/51 42.6, CH; 2.33,s 42

a Measured at 100 MHz.
®Measured at 400 MHz.
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%8 2 18 Theyamide B (2) OFmig&

Theyamide B (2) O Rk, EARREEE A7 PV XD CaHaNeO7 TH B T L H35y
7> 7= (m/z 775.4756, caled for [M+H]" 775.4758),

'HNMR & X" BCNMR iZBWT, KLAY)IL iheyamide A (1) EFHBPDOR~Z F L%
N L7223, iPr-O-Me-pyr #ICHE T2 7 FARHEEL Tndz, TOZLITHA, 71 &E
2> 5 iheyamide B (2) (% iheyamide A (1) 2> 5 iPr-O-Me-pyr # R\ /=& TH 5 Z & 3P4l
TNz 2RI NMR A7 F L DFEMli i X 0 . B0 P Y | iheyamide B (2) 1%
iPr-O-Me-pyr 43 % K\>7z iheyamide A (1) DR TH 5 LIRE L 7z (Figure 2-3 5L O
Table 2-2),

== COSY/TOCSY —>HMBC < -?»NOESY

Figure 2-3. Theyamide B (2) O F it
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Table 2-2. Theyamide B (2) ® NMR A2 kL5 — % (CD;0OD)

Selected Selected

residue position dc, type* 8’ (JinHz) cosy HMBC NOESY
Pro 1 175.1,C
2 60.5, CH 4.37,dd (9.0,4.9) 3a, 3b
3a 30.3, CH, 1.99, m 2,3b 1
3b 2.25, m 2, 3a, 4a, 4b
4a 25.8, CH, 1.94, m 3b, 4b, 5a, 5b
4b 2.05, m 3b, 4a, 5a, 5b
S5a 48.4, CH, 3.63, m 4a, 4b 7
5b 377, m 4a, 4b 7
N-Me-Ile 6 171.1,C
7 59.6, CH 5.10,d (11.4) 8 6 S5a
8 344, CH 2.07, m 7,9, 11
9a 25.5, CH, 1.08, m 8,9b, 10
9b 1.56, m 8,9a, 10
10 10.9 0.89,t(7.0) 9a, 9b
11 15.4 0.97, d (6.5) 8
12 31.0 3.13,s 7,13
Pro 13 1748, C
14 58.6, CH 4.80, dd (8.6, 4.8) 15a, 15b
15a 29.9, CH, 1.78, m 15b 13
15b 225, m 15a, 16a, 16b
16a 25.9, CH, 1.94, m 15b, 16b, 17a, 17b
16b 2.05, m 15b, 16a, 17a, 17b
17a 48.4, CH, 3.63, m 16a, 16b 19
17b 3.77, m 16a, 16b
N-Me-Val 18 169.7, C
19 61.8, CH 4.88, m 20 18 17a
20 28.6, CH 2.17, m 19, 21,22
21 18.9, CH; 0.63,d (6.7) 20
22 19.8, CH; 0.92,d (6.7) 20
23 31.2, CH; 3.01,s 19, 24
Phe 24 173.5,C
25 53.4,CH 4.71,dd (8.8,5.9) 26a, 26b 24,33
26a 37.4, CH, 2.54,dd (14.7,8.8)  25,26b 27,28/32
26b 2.89,dd (14.7,5.9) 25,26a 27,28/32
27 137.1,C
28/32 129.8, CH 7.02, m 29/31 30
29/31 129.9, CH 7.22, m 28/32, 30
30 128.1, CH 721, m 29/31 29/31
NH 8.69,d (6.1) 25
N,N-diMe-Phe 33 167.7,C
34 70.3, CH 3.99,dd (10.7,4.7)  35a,35b
35a 35.6, CH, 3.02, m 34,35b 36, 37/41
35b 3.29, m 34, 35a 36, 37/41
36 135.0,C
37/41 130.3, CH 7.13, m 38/40 39
38/40 130.0, CH 7.22, m 37/41, 39
39 128.9, CH 7.23, m 38/40 38/40
42/43 42.5, CH; 2.98, br, s 34

a Measured at 100 MHz.
b Measured at 400 MHz.
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%8 3 18 Iheyamide C (3) DFEEE

Theyamide C (3) O FR ik, WA EREEEAZ PV XD, CisHseNsOg TH 5 T L H357
7> 7= (m/z 678.4231, caled for [M+H]" 678.4231),

'HNMR XU BCNMR BT, KAWL iheyamide B (2) LFMIL 72 A ~<=7 F v
L7z, AT, 2 FED> OARMEAEYIT iheyamide B (2) 2° 5 Pro Z KW -HHRIATH 5
PRI NTA, CD:OD % NMR HIEBRBICH W2 & 8T IV BRD o LA F VIKRHE
kD DHO v 7 F Lt EAR YV IRELANEECH > 72, 2 2 C, HIERELXET =1+
)L CD:CN ICEH T 2 2 & CRIEZ MM L 72 (Table 2-3),

2 XJt NMR A7 FLOFEM 7 fEHTIC X D . iheyamide C (3) O Fiiti&E% Figure 2-4
IRT X I ICHRE L7z, C-30/C-31 B XN C-28/C-29 #AEET 2 HEMEN R HMBC B L O
NOESY HHEFIZBUH X indr o 7225, (LT 7 b6 H-30 AV I, H29 237 2/
o o fLICHKT2/KETH S EHW L, NN-diMe-Phe & TN b Z & HERL 7=, F5HE
& LT, iheyamide C (3) ¥ iheyamide B (2) 2*5 Pro Z R\ izEfIATH - 7=,

== COSY/TOCSY —>HMBC ¢ -9 NOESY

Figure 2-4. Theyamide C (3) D F[Hif#i&
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Table 2-3. Theyamide C (3) ® NMR A2 b L5 —% (CD;CN)

residue position ., type® 64" (Jin Hz) COSY SI;I\;%? IS\%e}gtse;{i
N-Me-lle 1 172.6,C
2 62.5,CH 4.65,d (10.6) 3 1
3 33.6,CH 2.01, m 4,6
4a 25.6, CH, 1.46, m 3,4b,5
4b 2.03, m 3,4a,5
5 10.8 0.84,t(7.0) 9a, 9
6 16.0 0.94,d (6.7) 3
7 326 3.04,s 2,8 9
Pro 8 174.1,C
9 57.8,CH 4.73,dd (8.6,4.6)  10a, 10b 7
10a 29.2,CH, 1.74, m 15b 13
10b 2.14,m 15a, 16a, 16b
11 25.5,CH, 1.82, m 10a, 10b, 12a, 12b
12a 48.2, CH, 3.56, m 11 14
12b 3.74, m 11 14
N-Me-Val 13 168.9, C
14 60.8, CH 4.85,d (10.9) 15 13 12a, 12b
15 28.3,CH 2.13,m 14,16, 17
16 18.9, CH; 0.63,d (6.4) 15
17 19.5, CH; 0.87,d (6.4) 15
18 31.0, CHs 2.98,s 14,19
Phe 19 172.4,C
20 52.7,CH 4.80, m 21a,22b, NH
2la 37.3,CH, 2.62,dd (14.2,9.1) 20,21b 19,22,23/27
21b 2.86, m 20,21a 19,22,23/27
22 137.1,C
23/27 129.5,CH 7.20, m 24/26 24/26
24/26 129.8, CH 7.02, m 23/27,25 25
25 127.7,CH 7.19, m 24/26
NH 7.57,d (6.6) 20
N,N-diMe-Phe 28 166.5, C
29 68.4,CH 4.00, m 30
30 34.7, CH, 3.14, m, 29
31 135.6,C
32/36 129.6, CH 7.22, m 33/35 31,33/35
33/35 130.1, CH 7.13, m 32/36, 34 34
34 128.3,CH 7.23, m 33/35
37/38 2.82,br,'s 29

3 Measured at 100 MHz.
®Measured at 400 MHz.
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%5 418 Theyamide 3NN ILIAEEDIRE
Theyamide A-C (1-3) DA VARELE X, 2 N Z N DLEY E MK L 7=, ST
IVBESMLCEFIANT LICET 2 RFFRFE 2 M & i 2 2 & TREL %,
Theyamide A (1) @ iPr-O-Me-pyr D4 ¥V 7 v ¥ AR FELE T 2 C-5 MO M S ARELE 13,
KR % & VLR, BRIIKfR%Z1T5 2 & C Val KiFEL, ¥ I 7 L1k T 5%
FRRE 2 B0 & Tk 32 © & TIRIE L 72 Y7,

Theyamide A (1) D VARRCE O RIE

Theyamide A (1) % 6 M HCl ', 110 °C T T 20 K3 2 & & CHEM/K i) % 8L
L7zo Z D%, ¥t HPLC ZHWTHT I /B2 WL 72 BoN28T I JBICDO T,
FINHN T L% TREFR R 2 00T L. AR O RFFRR &l 3 2 2 & Tt AR B iE
BRE L7z, R L LT, Phe D& D R TH Y, thOBERT I /BIZTRXCT L ATHBC
& D3BH D A2 & 7n o 72 (Table 2-4),

¥ 7=, iheyamide A (1) %-78 °C T 20 74V vk L., ZD% 6 MHCI #H., 110°C T
T 17 B3 5 2 & TR R 2 B 72, % D%, WikH HPLC %A \wT Val %
L, F I T L%k TR O RFREE & IR L 72, Z DR, iPr-O-Me-pyr HH2R D
Val 13 L R L REFRFREIA 8L 22 & 25, C5 (oMM IAREZ § EREL -
(Table 2-4),

6M HCI
Iheyamide A (1) ———— > Amino acids
110 °C, 20 h

1) O3, MeOH
-78 °C, 20 min
Iheyamide A (1) Val from iPr-O-Me-pyr of 1
2) 6M HCI
110 °C, 17 h

Table 2-4. Theyamide A (1) DIEKT I/ BED ¥ 7 v 7 LTI % LRFFRERE

T 1 HORERFFRE L ARHORERSFIRR] D ARdk AR R R
(min) (min) (min)
N,N-diMe-Phe 13.3 133 8.1
Phe 4.2 5.5 4.2
N-Me-Val 5.0 5.0 3.2
Pro 4.7 4.7 2.6
N-Me-lle 14.0 14.0 8.0
Val* 6.1 A 3.2

*iPr-O-Me-pyr H3K
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Theyamide B (2) Dt 7 AARRLE O RIE

Theyamide B (2) % 6 M HCI 1, 110 °C T 20 R4 2 & & CRRAN/K S il % 5L
L7zo Z D%, ¥t HPLC ZHWTHT I /B2 L 72, BoN/z&T I JBICDO»T,
FINN T L% TREFRR 2 00T L. AR O RFFRER &l 3 2 2 & T AR B E
ZIRIE L7z, Mgt & LT, iheyamide A(1) & [AIBRIC Phe D& D (KTH O, O T I/
fRIZT_T LIKTH B Z LS DL 72572 (Table 2-5),

Table 2-5. Iheyamide B (2) DREKT 2V BEBD ¥ T V7 7 41T B 1) B {RFFHER

VWAL 1 HCRERFFIER] L ARHRORFFIFR] D Al sk AR R IR
(min) (min) (min)
N,N-diMe-Phe 133 133 8.1
Phe 4.2 55 4.2
N-Me-Val 5.0 5.0 3.2
Pro 4.7 4.7 2.6
N-Me-lle 14.0 14.0 8.0

Theyamide C (3) D ARBLE D IRIE

Theyamide C (3) % 6 M HCI H, 110 °C T C 20 Wfi#E#E 32 < & TR i) % 8
L7z. Z D%, ¥t HPLC ZHWTHKT I VB2l L 72, BoN/28T I /BT T,
FINA T L% TRERRZ 04T L. AR O REFFRERE & H 3 2 2 & TR AR B E
IRTE L7z, fEF & LT, iheyamide A(1) & [AIBRIC Phe D& D (K TH O, iR T I /
2139 _C LIKRTH B LWL HL o7 (Table 2-6),

Table 2-6. Iheyamide C (3) DHERKT 2/ BED ¥ T L7 7 LI BT B {RFFHER

VWA 1 HORERFFRERE] L ARHRERFFIERE] D Rk PR FR IR
(min) (min) (min)
N,N-diMe-Phe 133 133 8.1
Phe 4.2 55 4.2
N-Me-Val 5.0 5.0 3.2
Pro 4.7 4.7 2.6
N-Me-lle 14.0 14.0 8.0

PAE XY, iheyamide A-C (1-3) DA VZARLE % Figure 2-5 ISR X 9 ICIRIE L 72,

24



I

Iheyamide A (1)

(0] O O
H | H
0 o 0 K/

Iheyamide B (2)

(0] O
LA
N N OH
O | O (0]

Iheyamide C (3)

ZT

Figure 2-5. Theyamide A-C (1-3) D #fxf 37 AR E &
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Theyamide A (1) DOfE X, BMAEDOFHELIC X 2 EEKIC L > THELD LT 8
(Scheme 2-2), N-Fmoc-L-Val % HFEEELE L, AV F 7 AL fEAHRIGERT 22 L TR
U VIEREBEL 72, HRIERIGICT 0- A F b L, Fmoc % ifRi#ET 2L T
iheyanone (6) %137z, % D%, WK T I/ B2 EXAMA L T Z & TRBMEM L 15 B
B, MUK 3.8% T iheyamide A (1) DEAMPEK S Nz, KA L GO KER <7
FLT—ZFERIC—HLZZ b, HEDIEL X 23D b7 (Figure 2-6 5 X O
Figure 2-7),

1) Meldrum's acid

DMAP, EDC* HCI 3) DIAD, PPh;, MeOH o i F
CH,Cly, 1t CH,Cly, rt " o T.nBui R‘NJ\N o ! oF .
Fmoc. OH —— 4’:. 7 ) :
N 2) EtOAG, reflux 4) piperidine J THF, 55°C,70% (> ' moe
© (o) H N—""0

MeCN, rt

56% in 4 steps o F
‘R= . 2 F
N-Fmoc-L-Val iheyanone (6) TFA 8:R=Boc ;
CHCL [ g ko . 7
N-Me-N-Boc-L-lle [y 9 9] N-Boc-L-Pro Iy o} N-Me-N-Boc-L-Val
HATU, iPrNEt N NJJ\N 0. HATU, PrNEt rN N NJLN O HATU, PrNEt ‘ i JJ\
DMF, rt : / DMF, rt I B / DME, 1t
67% in 2 steps K/ o 68% in 2 steps K/ o 72% in 2 steps
TFA 10: R = Boc TFA 12: R =Boc TFA 14 : R =Boc
CH,Cly, 1t M:R=H CHaCly, 1t 13:R=H CHaCly, 1t :15:R=H
N-Boc-D-Phe i
| N,N-diMe-L-Phe
HATU, iPrNE K/% N ‘)\ HATU, iPr,NEt A B jL
DMF, rt
3 DMF, rt
71% in 2 steps 42% in 2 steps
16 : R = Boc Iheyamide A (
CH2CI2 17-

Scheme 2-2. Iheyamide A (1) DK
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1 Natural iheyamide A (1)

C\D\ﬁ%&@g%& o

h NI

Synthetic iheyamide A (1)

A iju«u

T T T T
8.0 7.0 6.0 5.0

4.0

30

20
I

T T T
3.0 2.0 10

2.0
X : parts per Million : Proton

Figure 2-6. KA & AU D "HNMR (CD;0D, 400 MHz) A< b LT — X D K

Natural iheyamide A (1)

[P Th ‘ H it ....‘. v bt
NP i ¥ r Lt Lkl

Wi Wi s abad st Ll W T WA

Synthetic iheyamide A (1)

0 20 30 40 50 60 7.0 80 90 10011.0120130140 150160 17.0 180 19.0 20021.0 22 0230 24.0 25.0 260

T T T T T T T T T T T T T T T T T T T
190.0 1800 170.0 160.0 150.0 1400 1300 120.0 1100 100.0 20.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0
X : parts per Million : Carbon13

Figure 2-7. KA & AU D 13C NMR (CD;0D, 100 MHz) A2 b L7 — % O ik
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%6 4 B Theyamide EDEMIEN

Theyamide A-C (1-3) IC2\WC, 7 7 U A HERE O JEKZFEHRCTH 5 Trypanosoma brucei
rhodesiense (T. b. rhodesiense). F 77 IR DJFERZERTH 5 Trypanosoma brucei brucei (T. b.
brucei), B X Ot M IEENSHESFMAE WI-38 <03 2 3EAEPHEE % | Al 13 Alamar Blue
assay IC X 0| £E& X MTTassay IC X 0 FFflli L7258 6 & 25 1 HiZ ), £ DS, Theyamide
A1) 13 ICso1.5uM THLF V¥ Y —< iM% R d 77T, WI-38 ICXf L Tid ICso 18 uM
THY, W12 F0ERFGEEE R L2, 72, BHRIATD 5 iheyamide B(2) B LU C(3) I
WD 20 pM CTHEEEEEZ R S o 2 b, C KinHlD iPr-O-Me-pyr 2541
MU —=iERIC AT H B T L HIRIB X L7 (Table 2-7),

Table 2-7. Iheyamide A-C (1-3) O ¥g5aRHE
ICso values (uM)

Compounds

T. b. rhodesiense T. b. brucei WI-38 cells
Theyamide A (1) 1.5 1.5 18
Iheyamide B (2) >20 >20 >20
Theyamide C (3) >20 >20 >20
Pentamidine? 0.005 0.001 -

“ positive control.

¥ 72, #ib L 722 A KIJE AT L7z iheyamide A (1) DA B L U iPr-O-Me-pyr
2 DERPHESRTF F 2T, REOEEFMZ1T-72 8, 2R, AKL 7~
iheyamide A (1) 1ZRAM ERFEDOPL L V%)V —=ifitE% R L 72, 72, iPr-O-Me-pyr {H]7»
5DRTF FEHOMEICHE G, PLb V¥ v —<iftEps s g 2 & 23¥BH L 7z (Table
2-8),
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Table 2-8. /% L 7z Theyamide A (1) ¥ X U A Hr R o BBl FH S35 14

I1Cso (uM)
Compounds
T b. brucei WI-38 cells
O\
N 35 >50
o
Iheyanone (6)
x
O\
N 33 >50
0
9
‘ H (o] (0]
HN NJ_’kN / o 2 50
g
1
[ H (@] (0]
L NI LA ol
5 ( / 15 >50
o
13
4 © o)
N N N NJN / o
o o (- 17 >50
o
15
o 4 © o
H,oN N N N NJLN o
T g / 6.2 >50
17
o § R Q
N N N N N NJ:kN y o 18 220
0 o o (-
o
lheyamide A (1)
Pentamidine” 0.005 -

29

“ positive control.



ESHEI ER

F2ETIE, FPPFENEHEEB)TRELZBES T /N2 7 )T Dapissp. &Y HHEL 7=
FOHRBHIR~ 7F I iheyamide A-C (1-3) DHEEITE & AEWEMHIC oW T~ 7z,

Theyamide A (1) 13, FEEM LB E LCNN-Y AFAROT 2 /gt /) — LT —F L
zatenl ) VB (iPr-O-Me-pyr) % % D, lheyamide A (1) & [A#RIC N,N-diMe-Phe % H
T HRIIE L CTld grassystain F¥ 3R I N T 5135, N Kifmdd NN-¥ X Frfban
TWBT7 I BEEOCRRVPEES T /) N7 T )T FERINTW5, iPr-O-Me-
pyr 1% Val 1T LEEERDS | 0 F-fHhn L. BRILERIC O-AFfba s 2 LTINS &%
Abhd, AEOHEEZETIRAYE LTIty T /8277 ) 725 mirabimide
B ORFERINTWBIED, C Ko7 I /7BEava) ) VEBRICR - iES T ) 37
T IV THRDORTF P BLEFHERLINT N5,

(\jl\ljﬁ(oﬂi(NJiNﬁ\/ﬁ(HHoN ’L ON—)CLO/
OHOL HOHoi\HJﬁ(Z:;)\v

Grassystatin F

o " o o)
/N¢5\WN¢N%N 0.
N "o AL

Mirabimide A

Theyamide A (1) OEEDIEL X 1%, Al L 2 2EGIC X > THE»® b Nz, HFEC T /A
77 VT X 0ELNSHEBEAR heyamide B(2) 3L C(3) &, AMIC k> THE a5
AR OREEE R O, P VN Y — =B RIICIE iPr-O-Me-pyr 23407HTH
D, 727 F FEHOMRICHEGIEESEE I N5 2 L3 L 72,

BirofEE EETIZ, 707, ik, =4 XL o EZRBEPEEO AR T, b U oY
IV =T A= A" L OFAERERK & 5 BRPESHITL TH Y, b3S
O N7 WETR (Neglected tropical disease) & L TR OHRELLE T T\ 5, Theyamide
B O EYNEEFHICH W72 T brucei 13BGHED & FEREFETH 57 7 Y A REIRSHE 5K E X
YIECTH 5T AT HROBEIFEIRTH O, 77V h 2P BRREFIARHER I N TS, Yoy
V== RROAEBHITKE L 2B TH 5720, FEOBLAD O IBFE DT EN T
Wwp e, ENICRAR. BEOTEEZZ(LEI €2 2 L TRIERICIVKEZRIT S C
ExEET 5720, 77 F v ORFD NEETH 5 O, B CEEEE O R 2 R <A H
INTWB A (Figure 2-8). Z D% I T brucei DBICIRAT 2H A7 =V IC#EfT4 2%
EHMERSTLEIHPL, B AT -V THHTE 2FEAITm2HEHFEEZET L L

30



BHEETH %, THFE, EDOREAT — Y THEMNRROIBEIL L L T fexinidazole 23 Emi &
NTWE 2 MR BE oI ZEEST 5 Lol s ERyr 263525 ) — Vts
Yo 7R Bl 25k b T v 3,

NH NH HOOG, NH,
HZNJKQ /©)LNH2 Hsz\)\(F
/\/\/\
o o F
Pentamidine Eflornithine
H,N

N l
N D—NH s N
s FN 2 / \Q\O/\(’}I]NOZ
HO\M'J:S’AS{ )—NH

Melarsoprol Fexinidazole
Figure 2-8. fXFEMN 77 7 U 7 HEIRJE O iR

BERZE N C LI, WEY T I NI TV T OREET 2 - XRBED DL 3~ F7 ) T b
Yoy —<FRENRE L CRIFRERFEEZ R T EPEFEHAL 2 ICR > TE Y B %
AREPRKE T2 BYSEDOIRER L LTHEAR Y SNV AR—=RAEBEET 5 2 L RE X
NTW» 5, YFFEETH EBIC, BRI VS v =<t~ 7 ) TihEE2 6T 29
HRARY % FER L T % 9495, Theyamide A(1) d 7z, HFORER LB LT F P kD
fb#EfEEE b b, e M E UKL T T brucei 1T LHPRRE OBIREN 2 52722 2 25,
7 7 U ARERIF IS 258 Y — MLV CHHAEEN 2 AT 27 I Avy = e L
THiffE N5,
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F3E FREIRT 7V RTFF kinenzoline DIEE & £iE Y

F1E BET/NITIVTORELRE

WHEL T 7 N0 7 ) 7OREIX, 2014 F 6 HCERBRERKEBHEZEICTITbILE
(Figure 3-1), FREINZEST /N2 7V 7 1406-20 iICK L, 168 tDNA DERT-ALSI
(accession No. LC610901) % FIH L 7= Rt 2 i L 7245 K. K> 7 /7 N2 7V 73
Salileptolyngbya sp. T® 5 Z L H3HBHL 72 (5B 6 & % 3 fiii), 7x 3. AfIL 2018 41T Dong
SICEVIRIBEINEHBEBOL T /) A2 F YV TThH 5%,

Figure 3-1. {825 CREL /2HET T /7 N7 7 U T 1406-20 (Salileptolyngbya sp.)
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%6 2 £ Kinenzoline M Hijf

WREL 72T 2 N2 7 VT Salileptolyngbyasp. 1350 g (REEE)% EtOH Tl L. #il
HR & i, RAE L 72, 15 572 EtOH #hiii¥% EtOAc//K T/rBCL | EtOAc JEICDOWT &
5 IC hexane/90% MeOH aq. THHECL 725 90% MeOH aq. [H|7;D—H{ICDWT, ODS /1 7 4
ra< 7774 =X o TS5 DODOMAICHH L, 80%MeOH aq. [H[5)1C D\ T fg ~
o~ 7774 =X ORIz, TG X Y kinenzoline (4) IXIEREMMECcH B Z &
PRBI N 728, 77HELIC EtOAc/KoCOsaq. CTHlic L. EtOAc J& % 24 L T kinenzoline
4,1.7mg) %137 (Scheme 3-1),

1406-20 (Salileptolyngbya sp.)
1350 g (wet weight)
Extraction [EtOH]
Filteration
Concentration

EtOH extract

Partition [EtOAc/H,0]

EtOAc layer H,O0 layer

Partition [Hexane/90%MeOH aq.]

Hexane layer 90% MeOH layer
3.68g

| ODS column chromatography (1.53 g)

| | |

40% MeOH fr. 60% MeOH fr. 80% MeOH fr. 100% MeOH fr. MeOH/CHCI; fr.
426.7 mg 111.1 mg 127.8 mg 346.1 mg 97.0 mg

Repeated reversed-phase HPLC (98.7 mg)
Partition [EtOAc/K,CO5 aq.]

kinenzoline (4)
1.7 mg

Scheme 3-1. Kinenzoline (4) DAFHI 2 F — L,
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%6 3 i Kinenzoline DIEERTE
%8 118 Kinenzoline (4) DFEIBEDRTE

Kinenzoline (4) D7k, M FREEE A7 PV X V| CiHsoNsOsS TH 5 Z & 3597
2> 7= (m/z 146.4135, calcd for [M+H]" 746.4163),

Figure3-2 5 X UF Table3-1 IZ NMR 7 — % & Z OfgiritR %", £, THNMR A~
7 b BWT, 41 OECREREEFRIBIM S iz, HvT, 5100 5.04. 4.30 ppm I
KIS 7 LA F VKBERBHIINZ2 00,3207 3 7 BEHE T2 LARKE
N7z, THIC, 2 RIC NMR ENTO#EER, FERICT 2 7 BED o fLICHRT2EZLNS
KW 7 F L72487 8 X U331 ppm D A F vk&ED EEHkD DHO ¥ X ' CHD,OD
ST FNICENT WS Z ERERIN, T 51, HMQC XV 5.10ppm D X F v IKHEHHE
BT omFOMF T 7 MiE. 76.6 ppm & HEHNRES B T Nz, U EDRER2A L. K
L&D 4 >DT I L 1 DD FuF o BOHERINTHE I EXARBINSE, 5
1T, 2.36 (H-37/38, s) ppm (T 6H 7743 % > 7 L, 3.11 (H-25,s) X 3.66 (H-1, s)
ppm I 3H 5D 7 FABBEE NI b, NN-VAFAER 1D, NNAFAT IF
N1 2o, AFAIRTADN | DIFET H T EIRBEI Nz, MA T, FEKRERIC 6.72
(H-11/15, 2H, 8.7 Hz) ¥ X U8 7.05 (H-12/14, 2H, 8.7 Hz) ppm @ 2 2D 7' F A @M & /-
TEhL, NTDEREN VRV E 1 DL D LRI, LFEST 2D Tyr THDBHLE
HEE TNz, T OHEANZ, BCNMR 1B \WT 4 DD EMERSE (157.9, 131.7, 127.8, 1163
ppm) DEHIEI N2 &b b FFI Nz, THIT, BCNMR IZBWT62D7 I FE7zi
IRATNEHEES NS > 7 F v (1757, 1738, 1732, 172.6, 171.4, 171.1 ppm) A ELHI X L
722, ETiiR7z500T7 I MBI e Fe X fBIiamz., o fKEER VR
T XD 1 DIEET 5 T L TR I iz, T DRSS, 3.24 (H-182) 35 X UF 3.60 (H-18b)
ppm DX FL ViKFE, 137 (H-19)ppm D 1 DD A FAKFEL Y BT 2 H-19/C-17, H-
18a/C-17 . H-18b/C-17. H-18a/C-20 ® HMBC MHBE» 6. Zh b D> 7 F rid 2-
methylthiazoline (2-MeTzn) ICViIg X 417z,

2 RIJL NMR R~ 72 b L OFEllZf#tTic X 0. KMEAYIE NN-diMe-Leu, Valic acid, N-
Me-Val, 2-MeTzn, Tyr, O-Me-Pro 22H 75 ~F X7 F N TH L L BHL D LR o7,
% 7=, H-27/C-31. H-25/C-26, H-25/C-21, H-21/C-20. H-19/C16, H-8/C-16 D 6 2D HMBC
B2 5. (NV,N-diMe-Leu)-(Valic acid)-(N-Me-Val)-(2-MeTzn)«(Tyr) D> —7 v A% HT 5 T
EDHIHL 7z, P REFET L L, KD D O-Me-Pro 13 HRMIC C KinfllicfEET 2
Z & 55, kinenzoline (4) D F-[ifi&% Figure3-2 ISR T & B D IC—FMITRIE L 72,
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== COSY —> HMBC

2 23
3 o » 0] 4
38 N o.— 26 21 3 N 1716 /-\s 5 O\
ORI AR )N T
37 o) 25 Q/m 19 9]
30 29

Figure 3-2. Kinenzoline (4) O-V-[Hif#iE

Table 3-1. Kinenzoline (4) & NMR A7 b LT —2% (CD;0D)

residue position Je, type® 5Hb (/in Hz) COSY Sgll\‘j[%‘éi
Pro-O-Me 1 52.7, CH; 3.66, s 2
2 173.8,C
3 60.4, CH 4.30,dd (8.8,4.1)  4a,4b
4a 29.9, CH, 1.88, m 3, 4b, 5a, 5b
4b 2.07, m 3, 4a, 5a, 5b
Sa 25.4, CH, 1.70, m 4a, 4b, 5b, 6a, 6b
5b 1.89, m 4a, 4b, 5a, 6a, 6b
6a 48.3, CH, 3.02, m 5a, 5b, 6b
6b 3.60, m 5a, 5b, 6a
Tyr 7 171.4,C
8 53.7, CH 4.87, m 9 7,16
9 39.0, CH, 2.94, m 8 10, 11/15
10 127.8,C
11/15 131.7, CH 7.05,d (8.7) 12/14
12/14 116.3, CH 6.72,d (8.7) 11/15 13
13 157.9,C
2-MeTzn 16 175.7,C
17 86.0, C
18a 41.4, CH, 3.24,d(11.4) 17,20
18b 3.60,d (11.4) 17
19 24.6, CH; 1.37, s 16,17
N-Me-Val 20 171.1,C
21 61.8, CH 5.04,d (10.5) 22 20
22 29.1,CH 245 m 21,23,24
23 19.5, CH; 0.86,d (6.9) 22
24 20.8, CH; 0.99,d (6.3) 22
25 30.8, CH; 3.11,s 21,26
Valic acid 26 172.6,C
27 76.6, CH 5.10,d (7.0) 28 26,31
28 31.4,CH 2.20, m 27,29, 30
29 18.8, CH; 1.06,d (6.9) 28
30 18.5, CH; 1.08,d (6.9) 28
N,N-diMe-Leu 31 173.2,C
32 66.7, CH 331, m 33a, 33b 31
33a 18.8, CH, 143, m 32, 33b, 34
33b 1.71, m 32,33a, 34
34 26.0, CH 1.61, m 33a, 33b, 35, 36
35 22.5, CH; 0.95,d (6.4) 34
36 23.5, CH; 0.91,d (6.4) 34
37/38 41.9, CH; 2.36,s 32

a Measured at 100 MHz.
®Measured at 400 MHz.
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25 2 18 Kinenzoline DXL {FEIE DRE

Kinenzoline (4) DAt ZARBLE X, % N Z N D/LAEY 2 BIIK L 721, &REKT 2/
Rz L CT* T VA 7 Lk T 2 RFFIE 2 B & B 5 2 & THIE L 72, 2-MeTzn
DVARECE L. BRIK D RICHE K FA4 — A EEDBRLIC X V1§55 2-methylcysteic acid (T
DWW, F I T LICET B RFR R Z S & T 5 2 & TIRIEL 7,

2-MeTzn ICBHET 5 N-Me-Val © o {2id, @H A CRAVKDET 5 & 1:1 DT
elczeftlizz b, AV VEBLICX Y FT7 V) VERERR L 7212 ICEEIIK D 6 % 1T
9 T & CIDVAMEFEZREF L 72 N-Me-Val Zif# L 72 7,

Kinenzoline (4) D#ixf 3 ARBLE D IRE

Kinenzoline (4) % 6 MHC1 ', 110°C F T 24 F¥MI#H RS 2 2 & CREI/K i) % S5 L
oo Z Dk, #ifH HPLC ZHWTHET I /a5 L 72, 185472 Pro. Tyr. Valic acid.
N,N-diMe-Leu ICDWT, F A% 7 L% Mo CRREFRFE 2 04T U B D PRIFIRFIA] & PR
T 52 & CHENZARRCE 2 RTE L 72, #R & LT, Tyr 13 D fKTH Y, Pro, Valicacid, N,N-
diMe-Leu 1 L A TH B Z LBHL L7572, F 72, 2-methylcysteine % & To[H7) % FE{L
L T35 47z 2-methylcysteic acid 13 R (RO OLRFFRIEI & —H L zZ b, C-17 {iL
DA ARELE % R L PE L7 (Table 3-2),

¥ 72, kinenzoline (4) %-78°C T30 [+ V' vEgt L. D%k 6 MHCI . 110°C FT
18 IRFfE#IR -2 & & CRRIK M % A L 72, Z otk ¥ HPLC % F\»CT N-Me-Val
ZHL. 70T L% e TR D ORFFIRF] & HEBE L 72, £ OFEER, N-Me-Val 3 L {K
& PRFFIRFfE] 23 —3 L 72 (Table 3-2),

6M HCI
Kinenzoline (4) —— > Amino acids
110 °C, 24 h
SH H,0, SOzH
HCOOH
OH _— > OH
HoN HoN
0°C,1h

)

2-methylcysteine from 4

1) O3, MeOH
-78 °C, 30 min
Kinenzoline (4) > N-Me-Val
2) 6M HCI
110 °C, 18 h
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Table 3-2. Kinenzoline (4) DK T 2/ FED X T v H T LT B B ARFFFER

VWA 4 HERORFFIFRE] L ARHCRARRRE D Rk OREFRe
(min) (min) (min)
N,N-diMe-Leu 10.6 10.6 6.4
Valic acid 9.2 9.2 54
N-Me-Val 52 5.2 33

2-MeTzn 4.9* 4.9%* 5.8%**

Tyr 6.7 9.6 6.7
Pro 43 4.3 2.5

*2-methylcysteic acid IC 758
*%(R)-2-methylcysteic acid D PRFFRFE

*+%(S5)-2-methylcysteic acid D {RIFRFH]
LA E X Y. kinenzoline (4) DX (AR E % Figure3-3 IC/R$ X 9 ICHRE L 72,

OH

o) o !
N <
o O¢Tj; %”Aﬁ@(o\
0 AL s— 0 ©

Figure 3-3. Kinenzoline (4) O #ax} 7 A BLE
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Kinenzoline (4) D fi&Eld, UMEEDORKLICL 2 2HWIC k> THE»D LN B
(Scheme 3-2), L-Pro methyl ester & D-Tyr ZAE L7z XV INREL 72 <7 F F 20
& . N-Boc-L-Valine 2>5 4 THETHL 72 (2-MeTzn)-(N-Me-Val) ® ¥~ 75 F 22 Zffits
L. 7 FI7XTFF (523 #1572, (5)-23 Icxf L L-valic acid (24) ¥ X ' N,N-diMe-L-Leu
MRS L, BRICR VY I NVFZB{RGE S 5 & & T kinenzoline (4) DA EK X 117,
KK E MO BEFEARZ AT — R IIFTERIC—F L7222 b, HEDIEL X 23 MED
® b7z (Figure 3-4 ¥ X U° Figure 3-5),

OH OBn OBn

3 OH
N-Boc-D-tyrosine Q Q Q Boc(x/
(%( HATU BnBr, K,CO4 q{ : o
HN 0. _ - .
| DIPEA, DMF BOCHN/\W  acetone, rt B°°HN/W > CHyCl, it H N/Y i 24(3steps)
O *HCI “TFA [
0°Ctort
L-proline methyl ester «HCI 19: 94%

@

1) Mel, NaH
OH THF, 0 °C to rt I (R) -2-Me-cysteine*HCI 20, HATU
BocHN . BocN” “CN BocN %OH BocN %N/\r(
o |

2) Boc,0, pyridine DIPEA, THF, reflux DIPEA, DMF

THF, rt 0°Ctort
N-Boc-L-valine then NH,OH, 21:76%, in 3 steps (S)-22 S)-23: 50% brsm in 2 steps
0°

Ctort (R)-22 (R) 23: 7% brsm in 2 steps
3) TFAA, pyridine
THF, 0°Ctort

OBn OBn

1) TFA Q 1) TFA Q Pd(OH),/C, H,
CHClptt _CHClprt MOOH.I e (4 044
inenzoline (4):
2) 24, HATU BUCO\)J\ %N/WN Ol 2)N, N-diMe-L-Leu >N O\)k %N/\r( 0
DIPEA, DMF

fo) fo) EDCI-HCI, DMAP
0°Ctort DIPEA, DMF
25: 87%, in 2 steps 0°Ctort 26: 85%, in 2 steps

Scheme 3-2. Kinenzoline (4) D 2H K
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Natural kinenzoline (4)

o

U b TR sl

Synthetic kinenzoline (4)

T T T T T T T
8.0 7.0 6.0 5.0 4.0 3.0 2.0

1-10-09-08 07 0.605-040302-01 0 01 0203 040506070809 10 11 12 13 14 15 16

2.0
X : parts per Million : Proton

Figure 3-4. KM & &5 D 'H NMR (400 MHz, CD;0D) A2 kLT — X D HHg

400

1 Natural kinenzoline (4)

OH

300
I

200

Synthetic kinenzoline (4)

100

T T T T T T T T T T T T T T T T T T T
1900 1800 1700 1600 1500  140.0 1300 1200 110.0 1000  90.0 20.0 70.0 60.0 50.0 400 30.0 20.0 10.0
X : parts per Million : Carbon13

Figure 3-5. KA N & AR D 13C NMR (100 MHz , CD;0D) A< 2 kL7 — X D H g
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%8 4 B Kinenzoline D4YEMY

Kinenzoline (4) (DWW T, 7 7 Y AMEARIE D JFEKZFER T b. rhodesiense 3 X e b IEH
N ARAEZF AT WI-38 13~ 2 B4HHPH EVEE 2 5FAf L 72, % OF5HE. kinenzoline (4) 1 ICso
50 uM THL M V¥ Y —=ifEE2RT— 4T, WI38 I L Tlk 20 uM CTEMEZ /RS 7
D207z AT, BHEUHD kinenzoline (4) b FIFRICHIEAF G2 L 72 & 2 A RKAY
RO Vo3 Y ==tk Z R L7z G K D ToE 2 T2 72720 WI-38 1Txt
TrEMEEEE TR LZEC A, 100uM T EMEE /R E 722> 5 72 (Table 3-3),

Table 3-3. Kinenzoline (4) D ¥&5EFHE &1

1Cso values (uM)

Compounds

T. b. rhodesiense ~ WI-38 cells
Natural kinenzoline (4) 5.0 >20
Synthetic kinenzoline (4) 4.5 >100
Pentamidine” 0.001 -
Adriamycin® - 0.73

“ positive control.
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EHH ER

B3ECTIE, HEECRELZMEST /N2 T VT Salileptolyngbya sp. & Y HfL 72
FOHREAIR 7 7> 7' F F kinenzoline (4) DRHERTE & EYIEMEIC O W TRz,

Kinenzoline (4) 13, BHERI R E LTNN-PAFARO 7 2V, e Fu o, B X
O 2-MeTzn 72 EDOEBOEFE T I /W% b D, Kinenzoline (4) & [FIFRIC N,N-diMe-Leu %
BT 5RAYE L CIINEY) Discaria Americana %> 5 franganine *° 23, #EMICHNET 5
Clonostachys JEDBHME 25 IB-01212 10 23 HEE X N T\ %, F 72, 2-MeTzn 13HHEY T
Ny T Y THRORARY L LT bisebromoamide 73, largazole ® 7z &% < L EvTw 3,
2-MeTzn (% cysteine 2B L. Z D% SAM HERDO X FAEBEAINS Z L TERI L
LLEZLND,

JRNES S
o©—> \SW/NQHT‘ m
o ; o
o - N )H
N N
- TN T
O /N\
/
Franganine 1B-01212

Kinenzoline (4) OFHEDIEL X (3, HE L 722G HKIC X > THE» D DNz, T2, KMLH
idie FAAE & e L C 20 fELALOHI N VN Y —=iflEE R T AL T L 2,
Kinenzoline (4) O:ERFEIENTEHEY . HL PV N VY —~<HKD ) — F{LEW & L TfE
Nd, e, V=7 vRFERLZLZ DD, KMEEWIIONN-Y AFAT I QAEERD
HERE O D HOFEHET I /M 2E5DHATCHULSP MY X Y —~<iGEE2RT
iheyamide A (1) (F 2 )L B L T3, o 8B ERAKT %4 L CRIKOEM: %R
T, HERS N5,
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FBA4E FHRRTFE-RITFENAT Uy FEHERF iezoside DIBIE & £EWIEY

F1E BET/NITIVTORELRE

e 7 7 o7 7 ) 7 OREIR 2020 7 A ICHRIREEER NI O HLE I TiT - 72
(Figure 4-1). REINLWES T /5277 VT 2007-23 iIxf L. 16S rDNA DE{n T
(accession No. LC697001) % A L 7= Rt Z i L 72455, Ko7 /7 27U 73
Vermifilaceae FHCEE N2 &AM L 72 (5B 6 T 5 4 fifi), X 51T, 2007-23 KT %
747XV OERBIEE T o 4R, MOERPLIEAR, 12 AL Vermifilaceae
IZJET % Leptochromothrix valpauliae & R\ >—3% 7~ L 7z 101 (Table 4-1), LA L X Y. 2007-
23 % Leptochromothrix valpauliae & [FI5E L 7z, 7nd5, AfE1Z 2021 FE1C Berthold © I X Y #7
ZICRE I NHEHED L T ) N0 T Y T ThH B 0,

50 um

e v

Figure 4-1. HLE CREL 72> T 7 N2 7V T 2007-23 (Leptochromothrix valpauliae)

Table 4-1. {B7ES 7 7 327 7V 7 2007-23 & Vermifilaceae Bl 7 /7 X7 57V 7 OfZREH K

2007-23

(ezoside producing cyanobacterium) Leptochromothrix valpauliae Leptochromotrhix engenei Ophiophycus aerugineus Vermifilum ionodolium
Cell Color light to dark green light to dark green, or blue green pink to red olive green, grey, blue green, purple young light to dark green
or grey to gold
Cell shape discoid discoid discoid discoid discoid
. 8.8-10.0 8.7-9.9 8.8-9.9 12.6-15.4 9.7-14.6
Cell width (jum) (9.5 +0.4) 93 +03) 9.5 +0.3) (145 + 0.8) (11.9 = 1.1)
Cel length (um) 2.4-4.1 22-38 3.3-5.0 24-4.4 1.9-4.1
gth () (34 £0.6) 2.8 £0.4) (3.8 £ 0.4) 32+05) (2.8 £ 0.4)
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26 2 Bl lezoside DEEE

WREL 72T /32 T VT Leptochromothrix valpauliae 250 g (ZE&)% EtOH Tl
H UL S & B8, B L 72, £ 517z EtOH it % EtOAc/KTHlL L., EtOAc JEic
DT X 5T hexane/90% MeOH aq. TZrAC L 7z, HeLa Al & F v 72 Ml A 3 5l BH 25 v 4 s
(MTT assay) 1C X Y. 90% MeOH aq. 53 ICIEHE IR e I8HRHEE M (ICs 79 ng/mL) 23
BOLNTO, ThrkfEliFEe LTz {To7, ODS A7 L7u~= b7 7 4—1Cko
T 5 DODMWIIToTE L, FRICHRT e BEGEE EE M 2 R L 72 80% MeOH aq. 73122 CH
FEAZLERHCEEHC Y AT AR T L Ia~ o7 4 —, BIXUOEG®EBEK7 e~ 7
774X YVRHE L, 2 OiR, WUMHE LTHM<TF F-FI 7 FEAA 7Yy
FECHEATH B iezoside (5, 5.4 mg) % 757z (Scheme 4-1),

2007-23
(Leptochromothrix valpauliae)
250 g (wet weight)

Extraction [EtOH]
Filteration
Concentration

EtOH extract

Partition [EtOAc/H,0]

EtOAc layer H,0 layer

Partition [Hexane/90%MeOH aq.]

Hexane layer 90% MeOH layer
307.5 mg
79

‘ ODS column chromatography

40% MeOH fr. 60% MeOH fr. 80% MeOH fr. 100% MeOH fr. MeOH/CHCI, fr.
83.7 mg 20.3 mg 136.1 mg 37.1 mg 4.8 mg
740 960 49 760 >1000

Normal-phase MPLC [Hexane/EtOAc]
Repeated reversed-phase HPLC

iezoside (5)
5.4 mg
4.7
(= 6.8 nM)

Scheme 4-1. Iezoside (5) DFEH A F — L
IRFUIE ICs (ng/mL) %R LT3,
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%6 3 B Iezoside DIEERTE
%5 118 Iezoside DFHBEDIRE

lezoside (5) DTt FAFEREEE A7 P L X V| CyyHsoN;07S TH D Z L 300> »
72 (m/z 690.4167, caled for [M+H]" 690.4152), CDsOD, CDCls, Ce¢Ds ARE% FHV>T iezoside
(5) D NMR A7 b AZHIETE L, - HOKEFLIPKBCBWTHEEIC T2 — L7
CZFARBHIE NI, -10 °C WHIT CHIE L T RO BRI S 7z, Wt ofb R,
(CD3CO ZHWRRICRD 7u—F= v 723l Z b7z NMR AX27 M ARG LN 7
B, TN% NMR #E#EE LT L 72,

Figure4-2a 5 X O Table4-2 IC NMR 7 — & & Z Ok R %2 /R"d, 3. 7.70(H-1,d,
J=32Hz) BX U 748 (H-2,d,J=32Hz) ppm /NS AFEGEREBT 2 DX F K
FoBHlE N 2o, C Kinflic—E#F 7 V= (The) BFEET 5T L BRI N
720 TOHEEIX, 174.3(C-3). 143.4(C-1). 119.6(C-2)ppm D 3 DD sp? KK 7 F L DT
DD b HFFE Nz, £72, 540(H4) B X 499 (H-10)ppm 17 2 /BED o fi/kHEICH
KT 2200 X F VKENBHE I, COSY HHEH (H-4/H-5/H-6/H-7/H-8 & X U H-10/H-11)
POZNEN Leu BLU Ala D7 IV REEZET 2 2 LRRI NI, AT, 520D
HMBC tHBd (H-1/C-3. H-2/C-3. H-4/C-3, H-4/C-9, H-11/C-9) & 1 -2® NOE #HE5 (H-11/H-
12) 12 X V. (Thz)-(Leu)-(N-Me-Ala) ¥ —7 v 2% HT 5 Z & BHBAL 72, N-Me-Ala ® H-
10 XU H-11 ® 'HNMR ¥ 7' F Al (CD3),CO EhtdEL L 7u— N h,
NMR A7 P TRMIGT 2 C-10 & C-11 KEPBAM S iz o7z, ZOHHRIE N-Me-
Ala &FEED N-Me-7 I FEUCKEK T 2 B OEBERIICHET 2 L E 2615,

BT, 4.82(H-30). 3.60 (H-34). 3.56 (H-31). 3.44 (H-33). 3.40 (H-37). 3.37 (H-32). 3.36
(H-36) XU 1.19 (H-35) ppm ICEF 5> 7 F D COSY XU HMBC MHEEH» S, 2.3-
O-dimethy-5-methyllpentose % & ICHFD 2 LB L D& 72 o 72, F 72, Ucso-mso= 170 Hz
THDHZ LR 12 ZNTHOMETER S L NOE HEDITICI Y, a-7 L/ —R E[H
KR DT SZARECIE % 152 & & 23 5 221C 7% - 7= (Figure 4-2b),

X 51T, 6.43 (H-15), 6.23 (H-21), 6.19 (H-16), 5.52 (H-23), 5.40 (H-20) ppm IZH 3 5 DDA
L7 4 v AFVIKFEE 191 (H26), 1.78 (H-27). 1.72 (H-29) ® 3 DO =L XA FLED
COSY., NOESY. HMBC A7 b AAHBI X D, C-13 225 C-17 D o,B,y.8-FEIMI A LR =
AEEE C20 205 C23 OHBEY T VD 2 DOORFIRARBEET S Z LB L 72, C-
14, C-17. C-22 D3 DO =&AL 7 4 v ORMEE L, ZhZhov=r X FrEo B3C
NMR ¥ 7 b (14.7(C-26). 15.8 (C-27). 12.5(C-29)ppm) ICHDE 2T E fRERE L 7z 103,
X LT, H-26/C-13 ® HMBC fHEHIC X D C-13 DA AVKR=ViRFEE C-14 ZAELDT,
COSY HHBdD H-23/H-24/H-25 »H KR Y 7 F FOREGHC T F VERFET 2 2 L 2L 2
L7z, ff4IC, H-27/C-18 ® HMBC #HEd & H-28/H-18/H-19/H-20 ® COSY MBdic X v, L
B L7z 2 D OAFAR R H5EAE L 2B ORFEZFEO R Y 7 F FEHOELENH O 0> & 72 5 72,

CZFETHOLIC LT F PO KD 75 FofisniEiEix, H-12/C-13 B X O H-19/C-
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30 @ HMBC MHES X 0a#EfGE L7z, L X Y. iezoside (5) O FIHilEi&E% Figure4-2a [T
DICHRIE L 72,
N-Me-Ala BREECHIZ I N L Hic, —HiD BCNMR + 7' F v (C-14, C-15, C-17. C-18,
C-19, C-27, C28) ICHBWT, HEA 7 —F=v 7238l ns 2, b LB E ik
oty TOHRIE, C-12/C-26, C-26/C-16, C-15/C-27 DREIDOVARKFICL DD DEE
bz, TIFRETHS C-13 &, C-14 L C-16 D2 OoDAL 7 4 vit, HIBLEFHE
XD FA—FlEChIMEILETHDL EEZLND, L L, C-12/C-26, C-26/C-16,
C-15/C-27 DA FEIC X Y, CORERBEYTCnwE 2 B THRINE, EREIC, C-
15 DfL¥> 7 + (‘H: 6.43 ppm. 3C: 128.7 ppm) 225 b 7 I FIk & C-14 DAL 7 4 v H3[H
UV Ric w2 ERXFran g, HBLER & IIRRFEDHKI T 28058, Mz T N-Me-
Ala ® N-Me-7 I FEICHRKT 2 —42~—I1CX 0, afys-FMT I FEDa vy 7 5 2
— v a VHRFELLSALER L, HEOVARRERCEWEERESG E R I Tnwb Z
EREZLND,

(@) = cosy
— HMBC oj”

~<-> NOESY e
35\_/4 31 33

OH

\ \ 15 19 21 23
/\‘7 N\HJO\N/Q / ~ 22

\

H OMe

Figure 4-2. (a) Iezoside (5) O V[t
(b) 2,3-O-dimethyl-a-thamnose 12317 3 NOESY MBI ¥ X A EEK

45



Table 4-2. Iezoside (5) ® NMR A7 kLT —% {(CD;),CO}

residue position ., type® On (J in Hz)® COSY S]jll\i(]:_otgi IS\%egtsit{i
Thz 1 1434,CH _ 7.70,d (3.2) 2 3
2 119.6, CH 7.48,d (3.2) 1 3
3 174.3,C
Leu 4 50.3, CH 5.40, m 5, NH 3,9
5 45.0, CH, 1.85, m 4,6
6 25.6, CH 1.77, m 57,8
7 21.96,CH;  0.96,d (6.4) 6
8 23.4, CH; 0.96, d (6.4) 6
NH 7.74,d (8.5) 4
N-Me-Ala 9 171.4,C
10 CH® 499, br 11
11 CH;¢ 1.35,d (6.7) 10 12
12 32.0,CHy*  2.86,s 13 11
Fatty acid 13 1749, C
14 131.1,C
15 128.7,CHY  6.43,d(11.3) 16 27
16 122.0,CH 6.19,d (11.3) 15 26
17 1444,C
18 49.1,CH  2.46,dq(65,69) 19,28
19 78.9, CH 4.12.dd (6.5, 8.6) 18,20 30
20 125.4,CH 5.40,dd (8.6,16.0) 19,21 29
21 139.5,CH 6.23,d (16.0) 20
22 133.1,C
23 135.9,CH 5.52,t(7.7) 24
24 22.02,CH,  2.14,dq(7.7,7.5) 23,25
25 14.2, CH; 0.96,t(7.5) 24
26 14.7, CH; 1.91,d (0.9) 13,14, 15 16
27 15.8, CH; 1.78, s 16,17, 18 15
28 15.3, CH; 1.18,d (6.9) 18
29 12.5, CH; 1.72, s 21,22,23 20
2,3-O-dimethyl- 5, 945,CH  4.82,d(1.7) 31 31
rhamnose
31 77.8, CH 3.56,dd (1.7, 2.9) 30, 32 30
32 82.7, CH 3.37,dd (2.9, 8.8) 31,33 34
33 72.5,CH 3.44,dd (8.8,9.3) 32,34
34 69.8, CH 3.60, qd (6.3, 9.3) 33,35 32
35 18.4, CH; 1.19,d (6.3) 34
36 59.0, CH3 3.36, s 31
37 57.4, CH; 340, s 32

a Measured at 100 MHz.
®Measured at 400 MHz.

¢ These signals were not detected.

4 These chemical shifts were determined based on HMQC spectra.
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%6 2 1B lezoside DIEXIIAKEEDIRE

T F PO Leu XU N-Me-Ala DFEN ZAARCE ICD W T, iezoside (5) &4V v
WALtz BIKS M ZTEL . 7L 722 NZhoT I 7 BEr X774, LT
Marfey % 191 31 2 (RFFIR ] 2 4200 & HE 2 2 & THRIE L 72, BEER 7 IC DV TiE, R
Mosher £ 512X Y C-33 (LD VMLFEZTIE L, 5 1 HTHS 212 L 2 HN AR E &
B ETREL, KV 7 F PO C-18 BX U C-19 fLICD VT, AlREAR 4 fiD
VT AT L AT =IO TET MUEY & V725 RAL AR X D HEE L 7=,

~ 7T s O ZARBCIE O RE

BT Iz b OMARRE ZRET 5 72012, iezoside (5) DFEKT I /7 BED 5y
W% &7z, 5 3 BED kinenzoline (4) DKL FELFEE. F7 V=A% FT VY v ED
HERE AT 256, RV 2 ERRBIKS S 2 LEFERO o iz e{bd 5 2 &k
HINTWDE Y, 22T, T4V VEELICLDY Thz OfEEZEUVINIL., 2 oRICENKS
322 EICXh Leu 215528 L L72,

1) Oz, MeOH
-78 °C, 10 min
lezoside (5) Leu, N-Me-Ala
2) 6M HCI
110 °C, 24 h

lezoside (5) % -78°C T 10 a4 V' v L L, ZD% 6 MHCI H, 110°C T T 24 Rl
925 2 & TR Y 2B L 72, 2 Ofk, W HPLC ZHWC&T I/ MEx oH L
726

Leu ICD2WT, ¥ 77 7 2% HCTREFRFE 2 947 L, 15 5 07 PrEFIRFH] 2 B & HEig
L7z S E LT, Leu 13 L ATH 3B Z &ML 7=,

N-Me-Ala (3F¥ I V077 LTRIFEAERFF SN D 5727290, Marfey FHEMAICHE L,
W7 7 202 B 5 (AFERERE % JIETRH L 7228 @ Marfey #5EA L IR L 72 #5% & L <,
N-Me-Ala 13 D fATH 2 2 & HAL 72,

C-33 ¥ & OHEES 53 D ot 37 AR BL i D PRAE

Tezoside (5) 1ZHF L T E D (S)-MTPAchloride % L < 1% (R)-MTPA chloride % {EFH & ¢
MTPA TR 7V §%a BXU b i L7, S5 72 MTPA TR 7L DLy 7 b D2
[A8(3s-8r)] % BH L 72455, 2,3-O-dimethylpentose M IC& 5 C-33 7D Huxf 37 AR IE
S HREIEL T (Figured-3), 5 1 JHTH S 2012 U 72N ZARECE & Of2, B0 % 2,3-
O-dimethyl-o-L-rhamnose & /& L 72,
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Figure 4-3. lezoside (5) IC¥ 1} % MTPA TR 7L DLF > 7 F D [AS(8s-0r)]

KV 7 F Vo DM SLARBCIE D PIE

e
HY 7T FESD C-18 B LT C-19 {7 Mt 37 (KHL 0
el = N _0,, _~_,OTBDPS
BICoWTIE A Y VL TE LN Y ZORE LR AT U
DEEVNCO VT AR L&Y T AT LA~ —#Eme 'H o” o~

NMR %R 5 CRIET S 2 L il Aiz, Lol
B L 727 VS (Figure 4-4) % 4V VgLt 3 2
EL EMERERYIPE LN S DATH o 72(T — 2B,
LI EDFER D S RIS X > CHY %215 3 313 N
TH 2 EHWTL, RN TEEZH VT NMR OfLEy 7 F A ER. ECD A7 +
NDOFEZT G, RAVIOME KT 2 2 L CREHDOVMMLERZRETZ 2 L2 R,

=

Figure 4-4. €7 VIS OREE

9. ET LAV DKRET 1T - 72, lezoside (5) ICH T 527 F FEfrid, C-18 HX W
C-19 {2 b FEEE 720 . AEREL OBy 7 MR A LB L 52w
A7z, F7z. iezoside (5) © ETHM M (ECD) 2227 b IIAEHIEEHS » OARIM 7 I F
cHfFy I voRCNICHKT 22y P vERsBIllE N P EIND, T F VG
2> LB L 72 2-methylthiazole, 35 X =75 FMllOKGG%Z NN- A FAT I FEL L7AR
Wilg DFEER UV-vis A7 b % K® % & 2-methylthiazole © UV WINGHREE (ZAERHIE D 1/6
FEEECH - 7= (Figure4-5), ECD A7 b L OIRE I F O OO —Fic KIFIL, £
WARE D Il 5 2 e b, KT 7 V=D ECD A7 Fick3 255
AT E 2 SHIMTL 72, A <. BRI D A F 5L (C-25) dibEYDay 7+ X —
va VIR ALHE RGN L7z, U E XY FHRRROEHEHWE LT
F B LY C25 ZHIBRL 2R 4 OV T AT LA ~—=27 2itHE T LAY
HEE L 7z (Figure 4-6),
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UV WRIGEEE

/N
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10000

5000
[ I [ [ N
220 240 260 280 300 320 (nm) Y&E
-
@
0, A _OH
® — 38000
30000 —
15000 —
[ I [ I [
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Figure 4-5. 2-methylthiazole 3 X "€ 7 WULEY (18R,19R)-27 DEEGf UV-vis A2 b

(18R,19R)-27 (18S,19S)-27
(18S,19R)-27 (18R,19S)-27

Figure 4-6. FIHEICHH L 72 € 7 L&Y D
TR TR L 72 R 3R L AKRIIMEHRT O RHL & L7z,
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VAR, BFRALERI T2 X 0 % K ORARY) DI SIARRLE 2SR E X T B 106, L L,
INETICHEINTOIHENERZTHL 20T 0IE & A CRIERBRRILEMTH Y,
SR DL ENIE BT 5 FW AR FIcB I 2T Vv, 72, 2D X 5 RrHTIC
BT ELL DT ORTERELE BED 2720 DTEB L OPER I LT B A3 107108
TR HIH T % 2 FIEIIRIEFEL 2\,

lezoside (5) I FM AR T TH L7 1F TR, H BLWX BCNMR iCEWTY 7
DWEE R 70— F= v VPl EBBIEIN-C L h o, FESSHADEEHNE L | I DL E
B A FRFICIFIET 2 L ARBEINT WS, 2O LI B ToNE2HE L, IEHEE
DREHTI, FERFEHINTVWEETFIANLTF—CTIIRL, v 7+ A —v a vE{Lichk
T3 e —IHDE (Gibbs HHI AL F—) b EET 3L & L, Bikiicid
Spartan’20 '® Z Wy, ZNZENDOY T AT LAY —ICDOWTU T OFEEZIT- 72,

[1] MMFF 1 % 335 & L CHF 1B X 2 BER 2T, 2T M LEMIconT
104976 FCJE %1572, et L 500 BLE % LR & U, f&ERE S & 40kI/mol LANIC
INF 2 B % 2R L 7z,

[2] Hartree-Fock # ! (HF/3-21G) % f\»T [1] T& b W2 BEOREREL 2T, RE
TERCEED> & 40 kJ/mol APNICIN F % B % @&k L 7=,

[3] #EEPLBIRGE 12 (B3LYP/6-31G*) T [2] THRONZEED T 2 X¥—5HEH 21T
W, REERMES S 15 kI/mol LAPICINF 2 BrpE 2 %K L 7=,

[4] [3] TF 5 NZAUHEIC DT, B3LYP/6-31G* CTHUOHIEREL s X IRBIEFRE 21T\,
Gibbs F H T AL ¥ — % IICRLEREL & 10 kI/mol LANICIN F 2 Bl % &k L 72,

CZETORET, FiRT 1% UEEED2HEE LTZNZiL (185,19R)-27: 21 B/,
(18R,19R)-27: 33 BL/AA. (18R,195)-27: 19 BlJs, (18S,195)-27: 19 BLEE %57z, T4 HICDW»
T, &BHED Boltzmann 734F % KD 7=,

[5] [4] T O NZFEHEICDWT, GIAO % "3 ic kv, #Emks:> 7 b % B3LYP/6-31G*
TEE L, WED EERL OMEFE 2R 2 2 L TL¥y 7 257, MitErics
W, Goodman © DIEHE(RZE (13C:2.306 ppm; 'H: 0.185ppm) & HEHE (13C:11.38;'H:
14.18) ZHWT, FEDHED H L & %/"3 DP4 fRbT % ML 72 4, FEEEERICDO W T
1%, Fermi $fltH A ER %% & L < B3LYP/PCJ-0/B3LYP/6-31G* % F\WCRIHE L 72 115,

[6] [4] T S N7z FBLPEIC D \W™T, Boltzmann /0Af % L IC ZHED ECD A2 b L %
TDDFT I X » CEHEL 7=,
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PLEDFHIC X 0557 &E T LA D A, KERAE A & O 72 = FF 1P 4
(RMSD) ¥ X U DP4 HHFFEIC DT, Table4-3 ICDOWTE & O 7z,

Table 4-3. €T MUAEYID |Adlmaxe RMSD 3 X U° DP4 HAFFH

13C IH

Compound JAOBC [max  RMSD  DP4  |A0'H jmax  RMSD  DP4  3Jimisio
(ppm) (ppm) (%) (ppm) (ppm) (%)  (Hz)

(18R,19R)-27 3.8 132 65.1 0.33 0.15 163 6.5

(18S,19R)-27 34 1.37 348 0.30 0.13  70.0 9.9
(18R,195)-27 4.8 2.09 0.1 0.28 0.15 6.1 8.8
(185,195)-27 8.2 2.72 0.0 0.30 0.15 7.6 8.6

Tezoside (5) - - - - - - 6.5

3C NMR O#Em{bsEs 7 Mgk »Tid, (18R,19R)-27 & (18S,19R)-27 »Mid 2 o ik
& (185,195)-27 ¥ X U (18R,195)-27 I tk~_T RMSD A HEIC/NE L, iezoside (5) I
(18R,19R) £ 7-1% (18S,19R) D EHL LN TH 5 T L RB X L7z, (18R,19R)-27 13 DP4 fi#
Fric BT (185,19R)-27 L L#RL 72F%, ¥ 2 50 Z YW H 572, —J7 T, 'HNMR O
L FEY 7 Pt 0T, BTOY T AT LA ~—D RMSD #° Goodman © DFEHE( 7T
INE 5 THY, (18519R)-27 LT 2RV oHmOIMVEEZ R LIz, 2Dz, 'H BXU 1PC
NMR DL 7 b DR O B TRAY O SEARLED (18R,19R)-27 & (185,19R)-27 D &
HLHLTHDLEPRET LDIINEETH - 7,

Z T, AFEDETAMEAEMC O WTHELDOAREFHDORAF VIKFETH S H-18 & H-19 O
FEATER Clnsmo) ZatBEICX Y ZhZF KDz, Z DFER. (18R, 19R)-27 D ABKIARY) D
EATEEZ ICHBEL, hodyT2TFLA~—R 2N IV b REAFBEAERERLEZZ L
25 iezoside (5) DT ZAARCE X 18R,19R TH 5 Z EXREB I Nz,
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HEONZARRCE DA Em X, C-18/C-19 DECHEIMAT OBLE A H b AFRHNICEHHTZ 5, FHHED
FESE. (18R,19R)-27 UMDY T AT LA ~—IiF H-18 & H-19 BT vF ) 77> —HoD
BePE 23 W ECHE R %78 L 72 (Figure4-7), — /7 C. (18R,19R)-27 137 v F Y 77 F—
B @49%) & 2200T—vaMDIHbD 1D 37%) © 2 OBFEEREEL LTHLNT,
COBEEERDENITE D, (18R,19R)-27 D 3uigme MO T ZAFLA~=—% b H/h

IRfEICToTzeEZOLND,
(18R,19R)-27 (18S,19S5)-27
Rha-O Cu H H iy C C Cur 0O-Rh H O Rha C H Rha- 0 C
a- 19 19 20 20 -Rha 19 20 19 20
MeH18 MeH18 Me qo. Hqg ‘ ‘ ‘
C2o O-Rha Hig O- Rha
BB o 3 37 % 49 % 14 % 13 % 7% 10 %
318110 ~4 Hz ~12 Hz ~4 Hz ~4 Hz ~12 Hz ~4 Hz
3igre (CFHIME) 6.5 Hz 8.6 Hz
(18S,19R)-27 (18R, 193) 27
ay Hig o G 0RN Hig A 0-Rh Rh o c
Rha-O Hqg 19 ‘. 20 20 -Rha 19 a Czo‘Hw a- ‘ 20
H1sMe H13Me Hig TS ve Me Hig Hig Hig
Cao O-Rha Hig Czo O-Rha
BCHE A 3 94 % 1% 5% 81 % 10 % 9%
SN P ~12 Hz ~4 Hz ~4 Hz ~12 Hz 4 Hz 4 Hz
3‘JH18-H19 (qziéj{ﬁ) 9.9 Hz 8.8 Hz
Figure 4-7. %€ 7 LA BT BECRE LB R

(18R,19R)-27 & (18S5,195)-27 IXEEN e = F v F A~ —DBRICH 2 H DD, (18R,19R)-
27 Tt H-18/H-19 23— 2B & 2 2 Bl HEHED 37%% 5D 2 DKL, (185,19S)-
27Tl 13% 12 EFEoTnd, TOEWE, C-17 IKHEAGLTwE =LA FARICER
TLEZOLND, C-19 LT MBI LT, C-19 225 /7 Newman A %
3L (Figure4-8). (185,195)-27 Oé. C-17 IKHiET 2= A F e C-19 ke
3 % 2,3-O-dimethyl-L-a-thamnose D 7 / <= — /KR OIARFEE 28T 2 720, B2 H)IC
AL IE 7 eclipsed conformation ZJEA T %, —77. (18R,19R)-27 Tl staggered conformation
ey, IT—v a HORESHBNLE IR IS, 2D X5 RMEET (18R,19R)-27 IC
BWTIE H-18/H-19 I— 3 2 BOEEEHEEIER L., Jnisane OfED (185,195)-27 X Y
b 2.1Hz /hNE L hoTwd e FlEIN3,
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Me staggered eclipsed Me

(18R,19R)-27 (18S,19S)-27
37% abundance 13% abundance

Figure 4-8. (18R,19R)-27 & (18S,19R)-27 Ik % =o' — v 2 WU D g M

RIT, iezoside(5) @ ECD A7 b %, HimitH ek =& T MbLEYD X<~ b
L& HER L 72 (Figure 4-9), lezoside (5) D/"d ECD A7 FLid, C-13 2»b C-17 £°T
D afyd-FEIMT I FBHLY C20 225 C23 FToYTvoFKuFoMOMHAERKC
HET2eEZLNS, L LT, (18R,19R)-27 1% iezoside(5) ® ECD A7 b L% R
IFICEBIL 72, (18S,19R)-27 b, 260nm & 230 nm K ZNZNIEEBDa Y + VR EZR
THOD, ZNITMAT 280 nm TIED 2 v b YEHRSEHI S iz, BT OSSR, 280 nm
Day b YRHIRIZEC oy S- AT I FESO HOMO & LUMO & k] o fH A 1FH
WCHEL, 2T I FHE C-14 2205 C-17 BT LY T v D F Il ik
3% 2 L 2VHIBA L 72, Tezoside (5) D~ 7' F FEln % EHME L T\ 5 €7 VLAY 27 © ECD
X, TIFEORUENERKBLL 2\ 72®, ECD A7 b® 280nm ICEF 52y b V3
RiIERE T, KAV OTAREE L (18R,19R)-27 X W (18S,19R)-27 D EHLLHTH B &
Ezbivi,

Y

/

— lezoside (5)
30 A — (18R,19R)-27
(188,19R)-27
— (18R,198)-27
10
— (188,198)-27

350

30

-50 -

wavelength (nm)

Figure 4-9. lezoside (5) ¥ X &7 MbLEW O FEllE X OB ECD A~<27 bv
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CZECHELNAEREZREIICTHET L C. iezoside (5) DK Y 7 F FERDAM AR E
IZ 18R,I9R TH 2 T LRI NIz, LA L. Jmismo PIHICEHEWTIE I8RI9R 28 - &
L5 LoD, BELFES 7 P ECD 222 F L OHELCIE 18S,19R D AJRENE % 524
WCHERRT 2 2 e TE D o7z, £ T T, iezoside(5) 2% 18R,I9R TH 5 Z L 2 FikT 5 7=
¥ (18R,19R)-iezoside (5) ¥ L U° (18S,19R)-iezoside (5°) DL EIT V. EL D ZH L Lz,
T/, TNICK > CRIETCENEL 72 DFT stE OREE #HGEL 72,
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% 481 (I8R,19R)- B LT (18S,19R)- iezoside NDEEFK
% 118 (18R,19R)-iezoside DAL

(18R,19R)-iezoside (5) D& HKfA#NT % Scheme 4-2 12783, (18R,19R)-iezoside (5) XK Y
TF FECHEE 28 & F V=T FF 29 2RI L ICEK L, REICHEA T 2 BRI 72 & 60k % B
HAdbzee L, BT 2E) 7 F FEHER 28 ICDWTid, MEEEHBITE~ 06
REZCHERBBECZ ) a v fbEziTo o e Lz, REEMIZ T4 3013, =7 I
Tnra—n 31 % PDC ZH WM KISICE YV RKim7Ar7 e F& L, < Horer-
Wadsworth-Emmons K& CRBHEEZHET 22 L7z, =TIV AT ra—n 31 1%
Weinreb 7 3 F 3212 2 fED Grignard RIGZIT) 2L THMT 5L e L7, C-18 BLV
C-19 D2 DDAFRHICTDOWTIE, Evans-syn-aldol G " ic X O EEE L, Hfllo vy = v 3BE
MBSV X0 AERT 2L ez, PYRTFE290F, Leu HEKDF 4T I F 38 % BEAl
OGS IC X VBt 322 CTFT7 /=37 2L, Z D% N-Boc-N-Me-D-Ala (36) & fiffi
aTdliTHalTsI L L,

—

o
HWE reaction

0O, _A~_,OTBDPS
U Glycosylation PDC oxidation
L o o7 ~o” _ L Q OH _ HO , OTES
07 NN NN 0 NN W

Condensation 28 30 31

lezoside (5) ———
+ Grignard reaction H
N
H
Q\ Nm/'\NH )(i [e] QTES O  OTESs
o | o NW P— /O\N)WYV
o H [

29 Bn

: ' 33 32
; HOWJ\N,BOC :
Condensation | 5 |

H Evans aldol reaction

s N
H - / H o o o)
N. Cyclization €Y N.
_—
Hzr\i?/ Boc S Boc OXN)V . HW

Bn
38 37 34 35

Scheme 4-2. (18R,19R)-iezoside (5) D Wiér B AT
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REFICHEBCTHLE 22 013D C-17 5 C-19 K2 1F CO ZEfgE S (v=r 2 F
NEE A FNFLIKIER) OREEE, @7 ) avafbTth b, DIconTiE, FEHICH L =
TEMREP S & CUREEPIE KT 2720, ZOAKICIITRE2E TS, £/, 20X
5 koG 2 A3 5 RIWNIIEE ICHi©. ft— MY RSB 137 L 7 o, AR B
&% FFD leiodermatolide DA EMFLIC BT, Paterson b IIAFKFZHT L=
V77—t L, PV AFARe R VERGESGR-EHA Yy 7)) v itk oTe =
AFNIEEAL, Kif/KEH%Z 7 VT b FICZ#tg, %o o s v —7HBRIHL 72 ¢
Hex;BCl XM D anti-aldol & 01T X O VAREIRIICOKBEHE 2L Tv» 5 120, —J5,
Krische HZ7 AT F 5L T VUL T v 6*icxf LA XETH 2 AIEClL, % il & /FE
g, TALIZYLDFL—2avIiCkYTATe N S*ORBEZEET 5 2 & TV AER
W7l AL - BT U LRGP AT, —FICUHR ORI EE AT 2 LE TR AL
T % 122 (Scheme 4-3),

OBz

PMBO Os_H Bzo/\ﬂ/\

1) DDQ 0
_ 2) DMP _ ¢-Hex,BCl, EtsN
I R

R OTBS R OTBS OTBS
o 3* 4* (dr. >20:1)
1*: R = OTf
MeBO)3, [Pd(PPh
2*: R = Me (MeBO)s, [Pd( 3)a] (64% in 4 steps from 1')
(E/Z >20:1)
2) AIE(CI, (cat.)

6* SiPhMe,
N TIPS e O
o F )

CH,Cly, -78 °C

5%

Scheme 4-3. Leiodermatolide D &&LICHE T % € =0 X FF- X F LR IK I o L
1) Paterson ©IC X 2 & 2)Krische 5 iC & 2 G
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IO DORIGIEEINE D D EOVEIRER 5 2 Tv 528, Wb B FLE % i%E
THORERDHY, ZOERICHBZEL TWwb, lezoside (5) YLD E =L A F LI
0By, - BRI 7 I FrRICHlAA T N TV 2 720 FE G & O ICEMEIC 7 2 E| BEEER 2
P 2B COLEE L VAR LB EINE, 2D X BiEFREZEA. iezoside (5) DK
U7 F FES DR ERIT, SICKRT F Aoy =y 255 L 7244, Evans-syn-aldol
FOG I X ) ZETOAK A B L, 0% 7 v R B LERAIIC X Y
ST IAT A=A LARMMT VT e FEREET 2 2 L 2FHHEIL 72,

@I DV TIE, iezoside (5) F By 0- AU T I F ey v ofic /) a v FifEH
R E T aRifloMuiEEZ B L T b, Gl Tco 7Y a v Lz {7 IR v A X
W7 as Vv P —X0RICT 7272 —DKBHICEN L 25H, AF Vv =vLrhTF
v OERIC A, HIBZENRIC X KIS X O BEEL L3 < kb i X3 EaR
RYBRLZVIRATNVDERDPIEZEINS (Schemed-4), Z & T, KAEHK TIXHIRIER 7%
WA R E R T 204 ZABER 27 ) av bz el s e Lz, 70 av P
BOVAERMEICEIL Tk, 747 —2ABoZ 7 ) 2 v MELDBRIC a-27') 2 FEEED
BRLTAERINDE Z EAMEINT VS 720 13, RULIIKEREREONS L& 2T,

Scheme 4-4. )\ A4 ARSI IC PR & 402 Bk G
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%5 218 (18R,19R)-iezoside DEFK

9. IEEH O AKICE T L7z (Scheme 4-5), B ATIHEZ: 2-methyl-2-pentenal % HF
JFRtE L, BB R R K= 44 U F 39 ZHWTMEGEHT Wittig KIS%EFTH & & CHE
MO AT 40 %137 W, DIBAL % 2 Y BAWCTIATAEZT VAT AT —VITETTL,
%t < Swern BEfLICX o TT7 AT ¥ 35 #& AL 72, Evans-syn-aldol &G 16 % T
(18R,19R)-T LV F — Mk ZH—D T ZF L A~—& L THI L, TESOTT, 2,6-lutidine 5=
TOKBREEYREST 2 2L T33 %252, BONLYT AT LA~ —DKIEE DM AR
BIZOWTIE, 33 O TES KMl I LR Mosher 7 10 Z3#H$ 5% Z & T 19R {k
THDLI xR LT, 18FLIcD VT, [FLU < 33 Dfiifii#iA% LiBHs T&EjtlL, 1,3-¥
F—n & LT = FR#EEZ T, ER L 2ANBROMAERS X U NOE HE» 5
C-19 FLICkEAT BKEEIE e syn DBARICH 2 2 & 2l 072 (5 63E 5 4 HizlH), Lk
X0, BRI O AU 2 R L 7=,

0 Phosphonium ylide 39 o : o :
THF, 60 °C L | '
H)H/\/ o%/\/ : L _PPhy !
quant. ‘ o |
' 39 ;
2-methyl-2-pentenal 40 R
1) Oxazolidinone 34
n-Bu,BOTf
1) DIBAL-H Et3N, THF
CH,Cly, -78 °C Q P -78°C )OL 0 B QTE/S
i —— HM/\/ o NW
2) (COCI),, DMSO 2) TESOTf ( -
EtsN, CH,Cl, 35 2,6-lutidine Bn
78100 °C -50 °C 33
77% (2 steps) 84% (2 steps)

Scheme 4-5. (18R,19R)-7 /v F — AR 33 DA K
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i T MesAl ZHIWTT v F—{K 33 % Weinreb 7 I F 32 ~ZHL X 5 LA 723,
Yoftamiimon g b D ICERRK A — A — P BFAER L 724, 5 X O FEE OB TES
BB/ O N7z, KBRIGIE -30°C DIKIRSEIE T CTIT - TH FBROHIRE 5 2 7o ZIAALEIZ
Bx5bD0D, UL MED TV F = UK TRERDAGER %2 5 2 5 FEHEE D SEITHIZE L
LIMEINTW7272%, Evans BXNEHS O M 25F IcEFFA AT L, i
T N,0-dimethylhydroxylamine Dffll % 1T o7z & & A RAFARIECHIY) 32 M5 o072
(Scheme 4-6),

O O OTES
O)LN -
\—QBn )
33
O O OTES
O)(N 7
\—QBn 7

33

',:A/'ZNA"I'OMe'HC' | O OTES i O OTES
3 R K
— O AN Z
CH,Cly, 20 t0 0 °C \ H :
Bn
OH
0% 35%
i O OH
0 N NF
Bn
35%
1) ethanethiol
re | o o
: o. A~
2) MeNHOMe-HClI |z
i-PrMgCl
THF, -30 to 0 °C 32

78% (2 steps)

Scheme 4-6. Weinreb 7 3 F 32 ~ D%
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i, ZEERAL 74 v EETLZAEAMT AT E N 41 OEEETT 572 (Scheme 4-7),
Weinreb 7 I F 32 I L MeMgBr ¥ X U' VinylMgBr Z{EH &4, ZE D Grignard K&
XDV =BT IATAa—L31 DY T AT LA~—RAY (25:1) 2157z, Ht»T, 311
XL 27w LgEE G BLERAIC X D AEERIT AT e V4 2AKT 5 2 & kilhT,
PCC MW7z IGTIREHWMIE VRO 0T, EHRER Y% 5 272, RIGHRH OMEMHE
T HHMT PCC 274 FICHFEE2HEEZH IR EZITo72285, 2 bbbl
MR ERME 52 2 DHTH o7z, — /T, PDC ZHWEKIGICEWTIE, PEK 4%, EZ
=51 ORI CHWORMT AT e N 41 25272, oz T AT e FigxL T,
MDD & 2 &4 — b+ 42 % T Horner-Wadsworth-Emmons I IC it 2 2 & C. E &5
FHNCABIR = R 7V 43 ZHRLL 72, TES EOBREICE W TIE, TBAF #H W25 Tl
MR E M % 5 2 720 2, TBAF OHHMIC X Wi T v F— VOGS ET L 722 & A3
FRI N7, TBAF/FEEESME T cREMlIC TES % RET e TcrY)avifbkorT s
€7 A= DA AT 30 AL 72.PDC BBLOBRICARR L =A% 162 1A1%.
ZZTHEET 22 ERTE, U EDRIGICX Y iezoside (5) &V 7 F Filir D 4fr 384
G 72,

1) MeMgBr
THF, -78t0 0 °C
| O OTES 2) VinylMgBr HO , OTES
O I~ THF, -78 to 0 °C N A~
= 77% (2 steps) -
32

31 (dr. 2.5:1)

PDC, MS4A o OTES
THF, rt P (T B
T HW Lf e

41%

42

Phosphonate 42, LDA L o OTES
THF, 0°Ctort o = 16/ . N =
86% B

43 (16E:16Z = 5:1)
TBAF, AcOH
THF, rt L Q OH
_ = = =

O
85%

30

Scheme 4-7. A EIF= R 7 v 30 DERK
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PR TH 5 2,3-O-dimethyl-o-L-thamnose DA%, Schroeder © O REER 125 % HE 11T
572 (Scheme 4-8), KD L-rhamnose ICXf L ~I 7 X =AM EZAF LT X =L E L
Tt 20L& 3INLOIKIEHZ T 2 b = N CIRF#E L 72 45 215372 RiC 4L D/KEEE % TBDPSCI.
imidazole Z&fF FCHRFE L. 7 & b = F 2 BifR#ER, SRR T T 22 e 3 L DKERE%
AFNACT B2 L TA8 ZfH/e, WA & T X — b ~EHL 7214, fid T 2 Ffbic X -
TYTAT LA~ -t 6:1 THE49 %1572,

BT, 7Y A L EZITI 7200 VF =il 2T o7, TNFETICERA 7Y a2 AL
D FF—/N A RO A EDEDEED - Wt I T 223 12600 Sl iy rh R ic v 58
fFCATH T e TE, R MEEL ORI ARER A I P A UHE 127 2538 IR L 72, BE49 iIcxfL
2,2,2-trifluoro-N-phenylacetimidoyl chloride % DBU F£7E FEFH & &, 4 I F A LBl 50 275
726

2,2-DMP +
oH AcCl, MeOH oH p-TsOH o
HO:@OH reflux HOITOH DMF, rt OITOH
HO” Yo~ 92% ~No” o7 93% ~No” o7
L-rhamnose 44 45
TBDPSCI MeCN
imidazole Q 50% AcOH 9H
DMF, rt OITOTBDPS reflux HO@/OTBDPS
80% ~No” o7 91% o7 o7
46 47
o 1) PPTS, Ac,0 o

H,SOy, rt

NaH, Mel, THF /O/,. OTBDPS /O,,. OTBDPS
reflux Ij’ 2) K,COj3, MeOH, rt U
~ o, - o,

90% oo 98% (2 steps) HO™ O
48 49 (dr. 6:1)
Q/ F3CYN\©
/O@/OTBDPS cl , DBU, CH,Cl,, rt
F3C(PhN)CO™ ~0~ " quant.

50

Scheme 4-8. 1 3 F £ L 50 D& 1K
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AR LA AT 30 BX A I FAABE 50 2T, MS4A fFEEFT2 ) ay
MU E T L 72 (Table 4-4), 58\ v 4 A[EME% 7R3 BF*ELO %° TMSOTE ZfEH T 2 &
RG % BRtER . BB MR B2 5 2 Bz & B ohh b o7, £/, KELREY
TH2D Weinreb 7 I F51 2, 7 by 52 57270 a v AL b ET L 72235, KIS HEST
FFFERIEIN & 72 o 72, ZHLIE, -k F B F 2 AR = A0 1N Tl kB S %
R L, KEERED BOGHES KIRICE T LT Wb =0 & PRS-, Wi ofis, Rigflo <
T30 L, Bl A4 ABETH S Sm(OTh; 128 AgOTf P ZfHwb e /Y ayv
MEDSHEITT 2 2 L2 FRR L, REWIC Sm(OTH; Z TR 59 % THHD o-7'Y 2
v F 28a 57,

Q/
/OIj,OTBDPs
i OH Wi 0”0
o NS NS . o NG : R
30 28a
C e ! o~
3 o0 OH 0 OH 3 /O,,.@OTBDPS
N - 8 ! . )
:/ TW W: L o Q\‘ o~
! 51 52 ! 0 :
I

28b

W (%)

Entry HH A X T SOGHREE (°C)

28a 28b
1 30 BF3+Et,0O CHxCl -78 0
2 30 TMSOTf CH2Cl -78 0
3 51 BF3+Et,O CH2Cl, -78 to rt 0**
4 52 BF3;*Et,O CHxCl, -78 to rt 0**
5 30 Sm(OTf)3 Mixture* -20t0 0 58 19
6 30 AgOTf CHxCl, It 49 15

*Et20/1,4-dioxane = 4:1  **Starting material was recovered.

Table 4-4. 7'V 2 > WAL D SERET
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KT, P VRTF K29 DEL%EIT o7 (Scheme4-9), L-Leu %5kl & L THATHFZ 130 %
FicF AT I F 38 AL, Holzapfel DR B 2 BB I KT T/ — A2 HT 2T
F F 37 # &K L 72, Holzapfel HI3KIGF 7V — Vv EEGRT 2R, B3 27 3 7 B iik
EFRRFFENZ LHEL T2, LAL, BoN7EY T F FiEf) 25% 287 IfLL <
BY., FICEOHEED Z Lo 7(T7 — X EM), > T Wills, Nagendra D F 7 V) — L
BEGE B EREI L, b0 T I VBV ESER IR L HE LT B, E
N2 _RTFPE T2 IR TH o7z, IS, BEDOICTHEK LT 2 IKDY T F
F 37 @ Boc ¥:%BFrEL. N-Me-N-Boc-D-Ala (36) % ity L7z, FE Boc % [RE%,
HPLC ZHWTCY T AT LA~ — %L, ITEOVARREZFFO Y <7 FF 29a %$
BEL 720 AEE) 29a D L-Leu OVRALE IXRAY) L RIRRICA Y VB, BEINZK D iE I
DL, FTIVAHTLZHNT LIKTHEZ EE2MEIOT-,

1) t-BuOCOCI
o NMM, THF s N
H then NH3 aq H Br / \
HO “Boc THF, 3 h H,oN “Boc o \Boc
2) Lawesson's reagent THF, reflux, 75% Y
THF, reflux

80% (2 steps)

N-Boc-L-Leu 38

1) TFA, CH,Cly, 1t
2) N-Me-N-Boc-D-Ala (36)

N
HATU, DIPEA / N
’ N
DMF, 0 °C to rt j(LNH s)\;/ NH
Z O ‘
oTFA Y «TFA

29a (desired) 47% (3 steps) 29b 42%

3) TFA, CH,Cly, rt

Scheme 4-9. F U = 7'F F 29 DAL
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ZD%, 7Y a v F 28a ZHEIEWESMF T CIKDEL, P U XTFF 29a LiEE%EITD
L TCRIHRIEETZ Y a v F 583 157, miziC, MEAGEM T TBAF Z{EHls €5 2L T
TBDPS J:#% [ifR3 L. (18R,19R)-iezoside (5) D &E %K L 72 (Scheme 4-10, 2-methyl-2-
pentenal 2> b D RIEM TIEEC 16 BFE. ABINEE: 4.4 %),

Q/
1) LioH _0,, _~_.OTBDPS
THF/MeOH/H,0 Ij/
50 °C O o7 ~o” ™
28a :
2) Tripeptide 29a
HATU, DIPEA
DMF, 0 °C tort
86% (2 steps) 53
TBAF
THF, 50 °C

75%

(18R,19R)-iezoside (5)

16 steps (LLS), 4.4 % total yield

Scheme 4-10. (18R,19R)-iezoside (5) D &E K
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%5 318 (18S,19R)-iezoside DA
(18S,19R) RIC DWW T, 2 ST DA F Ri% Evans-anti-aldol SIS B2 IC X o CTHEEL, %
DD ERKIC D WTIE (18R,19R) AL [AED FiETHK L 72 (Scheme 4-11), HALHIC,
(185,19R)-iezoside (5°) DK % 12K L 72 (2-methyl-2-pentenal 2> b D i EAR TREEC 17 B
RS, FRIGE: 1.5 %),

35

HO

OTES
=

NF

58 (dr. 1:1)

PDC, MS4A
THF, rt
60%

59 (E£:Z = 2.3:1)

o~

(0]

TBAF
THF, it

2%

/O;O,OTBDPS
07 07

)H/\)\r\/Yv
63

Oxazolidinone 34

MgBr,+OEt, .
Et;N, TMSCI O o OTMs ifgi’l‘_?‘“"" L o oTMs
THF, 0°Cto rt R T THF, 0°C s o~
64% Bn 96%
54 (dr. 20:1) 55
1) TBAF, THF, rt
2) TESCI, Etz;N
THF, 1t
1) MeMgBr quant. (2 steps)
THF, -78t0 0 °C MeNHOMe+HCI
2) VinylMgBr | O OTES iT-arFMgacé oc | O OTMs
k . e 30160 °
THF, -78t0 0 °C o, P L THR801000°C o P
61% (2 steps) ‘ 74% I
57 56
Phosphonate 42
LbA o TBAF, AcOH
. OTES » A o OH
THF, 0°Ctort L 0 THE, 50 °C L 0
-  __ o NG NF ol o NG P
87% * 73%

1) LiOH
THF/MeOH/H,0
50 °C

2) Tripeptide 29a
HATU, DIPEA
DMF, 0°Ctort
91% (2 steps)

(0]

o

e
H 7o
NW/LN;HW
o |

60 (16E:16Z = 2.7:1)

o~

/O;O,OTBDPS
L o o7 ~o” +
O)MWV
62a (desired) 28%

o

(18S,19R)-iezoside (5')

17 steps (LLS)
1.5 % total yield

Scheme 4-11. (185,19R)-iezoside (5°) DK
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sugar 50, Sm(OTf); MS4A
Et,0:1,4-dioxane = 4:1
-20t0 0 °C

[o}

OWYV

62b 10%



%5 418 Iezoside DRAREBHBDARY P T—2 DR

AL 7= (18R,19R)-iezoside (5) ¥ L U (18S,19R)-iezoside (5°) DEFEART b LT — 4 %
KM DO T =2 LI L 72 & 2 5, (18R,19R)-iezoside (5) 2ARAME RV — %R L 7=
(Figure 4-10,4-11), LA L X V| iezoside (5) DL T DM AREEZRET S L L DIC, 2D
EHMEER L 72, Lo, MPRRED 72 DITAT> 72 DFT GIESAGHEZBE L TZLETH S
T EDIRI NI,

Natural iezoside (5)

2.0

ﬁ T TR R A 1§ .
(18R,19R)-Synthetic iezoside (5) o
0, _~_OH
[S\N»P/HZ(LNW
M vm_JJLwM«_AJ_JLJU J__JLA_JL ]

(18S,19R)-Synthetic iezoside (5') o

?NZ(LNMW
éj:” Jhi N M l b b _JM__,JL

T T T T T T T T T
9.0 8.0 7.0 60 50 40 30 20 10 ]
X : parts per Million : Proten

Figure 4-10. KA & GG D 'THNMR {(CD;),CO, 400 MHz} A7 F LT — X DEK

-1.0

=2.0
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(thousandths)

10.0

Natural iezoside (5)

(18R,19R)-Synthetic iezoside (5)

o

0, A _OH
B i OQ
Q\/P/NW(LN%MW
e} =

-10.0

ks ‘

oL

| )
- (18S,19R)-Synthetic iezoside (5)
gL f T
" N NWW
) ‘
,_JL. h’ )\} y H \ 1 "
2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 8.0 700 600 50 400 300 200 100

X : parts per Million : Carbon13

Figure 4-11. K0 & A D BCNMR {(CD;3),CO, 100 MHz} A7 LT — X D HLE
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% 5 B Iezoside DEWEN
% 118 lezoside DDA FHRIIETEEE E 1%

WL T N7 )T X0 HEEL 2 KR D iezoside (5). A L 72 (18R,19R)-iezoside (5)
B XU (18S,19R)-iezoside (5°) 1DV T, FEHFHMNAMML HeLa 103 2 S45EFH 5151 % M
iE L7z (Table 4-5), % Df5HE, KIS D iezoside (5) (% ICs0 6.8 +0.3nM THik@ Tl ) 7x 3
SRS AR L7z 72, AL 72 (18R,19R)-iezoside (5) (X KIAM & [F%F 0 B 5l fHE TS
M%ERT (IC506.7+04nM) — /7T, ZDY T AT LA ~w—T»H% (185,19R)-iezoside (57) 1%
#) 280 fEFIEEDME T L 72 (ICso 1880 = 70 nM), T DFERAD 5, C-18 (D ARELE 23345HFH
ELPICEETH B EBREBINT,

Table 4-5. HeLa 12 X3 2 ¥a%ifH E 514

Compound 1Cso (nM)
Natural iezoside (5) 6.8+0.3
(18R,19R)-iezoside (5) 6.7+ 0.4
(18S,19R)-iezoside (5°) 1880 + 70
Adriamycin (positive control) 650 + 82
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¥ 72, iezoside (5) 2% Hela ICFFE T 2 KIIMZBIEZ3 2 L | iezoside (5) I HeLa XL
QLTS 24 W TRl R WHTBEIE O TEREZ LA FRE L. Z 0% T F b — & RO ML % 58
L 72 (Figure 4-12), SHEZ W Z LT, 1Cso ML EDREITH I 20-30% D3 EfE L T
7z (Figure 4-13),

Control / 24h lezoside (5) 8 nM / 24h lezoside (5) 8 nM / 72h
Y
= v o/
3 //. J;; 7
Ry | e
L¥S v
100 pm

Figure 4-12. HeLa 1413 % iezoside (5) 23afE 3 % R DL

. 100
9
5807
o

° 60 -
o~

£ 40 +
=

]

> 20 +
©
00 1 1 1 |

0.01 01 1 10 100
lezoside (5) (nM)

Figure 4-13. HeLa ICX 9" % iezoside (5) DHEAEHEE M
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%6 2 18 lezoside DIMAIFEDEE T

777V —LHERS HDAC FHEAZ &, MlaEH %2 G M cfFE ik <2 2 341X
Hela ICFFI BB L ZRE T2 Z L AME I N T WS 183, Z 2T iezoside (5) 23F5E
FTHRMAICERHL, 7o =34 A M) —Z2HCHlEERICES 2 28 %2 gt L 72, £
DFER, iezoside (5) 10 nM, 24 KL L 72 HeLa IF T, G, Mo mE aignes X
0 S Ml OB E R 258D b L7z (Figure 4-14), — /7 T, iezoside (5) 23a553 5 S M
oA 3R TH Y, GoM e d 2 v tr—r L AREOEISCBIE I N, T
DT EH b, iezoside (5) IEAMILEIA%Z G/S HiCIFIEXT® 2D TlER <., GI/S Hlicks T
MR 2B X ¢ 3 2 L AR I NI,

100 - iezoside (5)

* %k
80 | |_| [ ]: onm
- B : 10 nM

c

S

=

2

E —_ 60 B

O R

% = 40 + * %k
3 * % I-l
o) 20

O =
3 [

o L-H n 0

Sub-G; G, S G,/M

Figure 4-14. Iezoside (5) LI X 2 QR HA ~ o 22
(*¥*: p <0.05, ***: p <0.005)

70



F3E PAMBINFILVZRI ) == JIC & 2 EBERFOEE

23 AR I xF U g 2 BEHERH BTG % 7R § dezoside (5) 1ICX L. % DIEFIRET 2 FIE T %
Fo3h 0 & LT, BDMEREARAMTREOm Db & 39 O e b 2 AMiid A v X 2
Y —=v7"C&H % Japanese Foundation for Cancer Research 39 (JFCR39) 7% Ffifi L 7= 134,

AKFETEINFMEY D 39D e + 23 AMMICH 3 2 $EHEEEZHIE L, Boh:
BEZET 07 7ANDT7 4 v =T Y vt 2T 5, 2DT7 4 v =7V v ML, EYRE
M HE ORI THERBEF IS L TENENFFE DO X2 — Y 2B 2 2 L BAIH6 T v
5, ZnEAML, ERSFHERRTEEROEYREEMED 7 4 v =71 v b & T
5T, EVNEUEME OEREIT 2 HET 22 L3 TE 2, $72, LD T4 v =TV v

b & D HEIEME VGG RGOz A3 2 2 LA N5, BER
I, FHBIGRE r 1220w T 075 = ¢ OBGEIEFEROERIT 215 & & 28530 Rk X 4,
0.50 = r<0.75 DEGEIZFELIL ZAFRBEFP 255> 2 L 2Rk I N5,

FENT DGR, iezoside (5) 1 39 fED 28 AMAEIC D\ T Glsp 87 nM CTHAGHHE LM%
7~ L7z (Figure4-15, Table 4-6), % 7=, &2 AMIAIC N 3 2 RS EICIIRE RFIZ 235 0 |
WE OIS T2 ET AT ENRBINTE, TDT7 4V H—7U v+ ZBHOEYELEY
BDb DL HEEL 726558, iezoside (5) AN T LAL ) 74T THD A23187 135, /NIE
WEED AN LK Y 7 TH B sarcolendoplasmic reticulum Ca?* ATPase (SERCA) D [HE
& % thapsigargin ¢ & Z N Z I r=0.685, r=0.620 T WHEREZ /R L 7z (Figure4-
16).

CELLLNE L°g GISO Ho Lo L°g TGI H35 Lo
Br .
HBC-4 -129 ] -500 ]
BSY-1 -169 -5.79
HBC-5 -148 | -5.00 1
WCF- -152 i 5.00 i
MDA-NB-231 -159 | 5.00 1
CNS .
T - i |
eE '- i !
SNB-75 -641 d 5.00 1
SNB-78 -690 ] -5.00 1
Co .
HCC2998 119 ﬂ -5.00 1
KN-12 -102 500 1
H1-29 -166 | | -500 i
HCT-15 -699 | 500 1
HCT-116 -151 4 500 H
Lu
NCHH23 115 5,00
NC Hi226 -168 500
NC Hi522 -833 215
NC H{460 -142 5.00 H
54 -801 500
oNS273 -143 5
DMSTI4 837 595
Ne .
LOX-MVI -839 -639
ov .
OVCAR-3 -159 -500
OVCAR-4 - B =500 1
OVCAR-5 -158 ] -500 1
OVCAR-8 -666 -500
SK-0V-3 -629 = -500 H
Re .
RXF-631L -153 -500
ACHN -185 -5.00
st .
St4 -686 = -500 1
MKNT -609 -5.00
WKN-B =131 1 -500 1
WEN-A -115 -500
MKN4S - n -500 1
MKNT4 -812 -5.00
Pe
DU-145 -151 " -500 1
PC-3 -805 Foribror T v -500 boad
.
NG-MD AL | R AR -5ig| e :
Delta 0.95 201
Range 230 215

Figure 4-15. Iezoside (5) D7 4 Y —7Y v }
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Figure 4-16. lezoside (5) D7 4 v AH—7Y v } &

A23187

Ca?* ionophore

Table 4-6. 39 fH D 23 A HIFEIC X 2 Glso

Thapsigargin

SERCA inhibitor

mWHBARE R R L 72 RS T E

Type of cancer Cell type Glso (nM) Type of cancer  Cell type Glso (nM)

Breast HBC-4 51 A549 9.7
BSY-1 20 DMS273 37
HBC-5 33 DMS114 4.3
MCF-7 30 Melanoma LOX-IMVI 4.0
MDA-MB-231 26 Ovary OVCAR-3 26

Central nervous system U251 16 OVCAR-4 67
SF-268 80 OVCAR-5 26
SF-295 19 OVCAR-8 220
SF-539 54 SK-OV-3 520
SNB-75 390 Kidney RXF-631L 30
SNB-78 130 ACHN 14

Colon HCC2998 65 Stomach St-4 140
KM-12 95 MKNI1 800
HT-29 22 MKN7 49
HCT-15 100 MKN28 70
HCT-116 27 MKN45 19

Lung NCI-H23 18 MKN74 7.5
NCI-H226 21 Prostate DU-145 27
NCI-H522 4.7 PC-3 8.9
NCI-H460 38
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£ 418 HEREA Ca¥ BEDRIE

53 HOKEH D 6. iezoside (5) 13 A23187 <° thapsigargin & FHUIOIERBEITF 2o 2 &
DIRB I N7z, A23187 13 Ca** LIEEERG L. Mlladte SMlIeE N~ Ca?* ZE#iT % 4
A7 7HT & LTiEizb L 135, —J5, thapsigargin (3 SERCA DHREXHET 2 2 & T/hE
RNA~D Ca2t ODEHUVIARZHEL,. VT /Y VRRERA /=1 =) VBRI E
D Ca?* F ¥ AADUNUEND Ca2t ZMIMIE B LT 5 C & T/hER P L 2R
B, Mt ZFEES 2 3, o2 MoREANL, MlLEN Ca> REZ LA X2 5 m ol
LTCW3Zehb, iezoside (5) dFkOKTFEZHET 2 2 LB TPHRINE, £ T, Ca2t &
ZPEHETE I CTH D Fura-2 ZH . iezoside (5) AL L 72 HeLa DOMIUE N Ca2t BE
ZERL, ZORE MIREN Ca? RELAICET 2 Ca¥ BN D b DIicHiks 32
R T 5720, Ca?t ET N7\ PBS(-) THINEZ e L 7z, #5H & L <. iezoside (5) %
RS 2 & | thapsigargin & [FIBRICHIIE N Ca®" IREE%Z LA X €72 (Figure 4-17), 55
FfETlx Ca¥ A4 7 7+ T IIMIEEN Ca IRE LA ZFHEL L\, iezoside (5) X
thapsigargin ICHL L {EHBEFF 2 H 3 5 2 L 2B RB I N,

1.3 1 100 nM of iezoside (5) 1.3 1 — 1000 nM of thapsigargin
§3) | | , 2
E 1. i M £ . r
i 2 W MW‘WWMWH“”HWWM " 1.2 "
o N / o gwyau,lu‘n.
§‘&m 11 N‘H %}.m 117 ﬂ.ﬂw m WWW MW“*FMWM
=0 v 20 v
3 4 s !
e piity o 1 "hhnq
09 IOIC\>‘C‘>‘C:‘J'C‘>'C‘>'C‘D' 0.9\\|\||\\\\|\|\
SREFEE S8REFZE
Time (s) Time (s)

Figure 4-17. lezoside (5) 3 X UF thapsigargin YR OMNTE N Ca2t RIEDZEAL
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5 518 lezoside &EIAMID SERCA PAEHID HelLa ICFEFET ZHREBRE(LDLLE

B A4 THDFEED L., iezoside (5) 5 SERCA DIEAEZPHE L THIIWE N Ca2t EE% L7
XHBEHPRBINT, T T, iezoside (5) 75 HeLa ICFiI IR L %2358 T 5
ExFIF L, BEAID SERCA FHEHITH % thapsigargin 35 X U cyclopiazonic acid 137 23[F] ik
DIEREZAL % FHB T 2 DD 7=, Z DGR, 24 W O FEFIUIIC 35 CTHIFH $ iezoside
(5) EEELLL 2R OISR O RIAA % 3HE L 72 2 & 2> b, iezoside (5) DAMAEPEEN 53123
SERCA T»H 3 T L Al R X N7z (Figure 4-18),

Control lezoside (5) Thapsigargin Cyclopiazonic acid
(MeOH) 20 nM 40 nM 10 uM

100 ym

Figure 4-18. HeLa (Ci5E § 2 EREA{LICH F % iezoside (5) & SERCA [HEHID L
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%8 6 18 Iezoside @ SERCA PFAEEM DS

INE TOEREED 5. iezoside (5) 75 SERCA DHEHEZHET 2 Z L AL RR I N
Teo 22Ty Y FRECE Y BEEL 72 B85 O fi/MEfk %2 v T coupled enzyme assay 1T &
Y iezoside (5) @ SERCA PHEEM:ZZFM L 72 138, AEEA TIZ, BEEMICICHER YL
v VgEF S —¥, ARMBUKFERR, FA R/ - e e v, NADH, fivhMiafk (= Ca?
ATPase) ZHlE Ny 77 —ICiBA L, 2 ZIC ATP %M1z % & ATPase #° ATP % ADP
I, B VX -2 ADP ZHH L CHRFT ) — e vz e e vigic,
BEli KR EEFR S NADH ZAH L T e vz A RIczh e nZihs 5, Z O NADH
IZ NAD* ~ig{t 13, NADH OWILKEETH % 340nm OWEERE=%—L, ZDH
B E & WIE 35 © L CREEEIIC ATPase 11 % 7l 3% Z L 23C& 2 (Figure 4-19),

ATP o
SR/ER Ca?* ATPase
(SERCA) | NH;
o ADP ATP o NADH NAD* \)i N
PiO. N4 . 0 N . HO Rib
%OH Pyruvate kinase %OH Lactate H OH ADP
dehydrogenase = NADH
Phosphoenolpyruvate Pyruvic acid Lactic acid

Figure 4-19. Coupled enzyme assay % F\>7z SERCA FHE G O FFiffiiE

FREDFIEICL Y iezoside (5) @ SERCA FHEEM:ZMIE L 724558, iezoside (5) 1F 50%
PHEWREE Ki7.1nM T SERCA @ ATPase i&MEZFHE L7z, BIfE. b 517 SERCA [H
FHHlE LTHILN T 5 thapsigargin ', 2 #& HICH 7] 7% biselyngbyaside 7> Dty T 11T\
%Ki fHiZZNZ302-1.3 BX 190M TH V. iezoside (5) 2 HIFFD SERCA FHEH I
BOWTwRIEZ 7 ADOMEEEZHT 5 Z L 23HBHL 72 (Figure 4-20),

100 |
80 |
60 |
40 |

20 |

ATPase activity (% of control)

0 1 L
0.001 0.01 0.1 1

lezoside (5) (uM)

Figure 4-20. Iezoside (5) ® SERCA FHZE &M
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28 718 Iezoside DFFET ZHBEA S 7 FIVGEDEN

56 HOEEFER D & | iezoside (5) DIESF2° SERCA TH 5 Z L AL & 7n o 7z,
% T T, iezoside (5) 75 SERCA %PHET 2 & THEI NN 7 F AEEICOWT,
VIRAXYTay T AT ERACTHEITL 2,

NI, RSB CTH L ARI N X v 2 ERIEL K IT Y 7272 T
LCWLSHMIIEN/NGRE CTh 5, /MMaRN cIMEBRREOZ L K2R T T ) BA DA
ERBVRNIEBFELPT L, R VA HONEEEESFE L T D, ik Tx v
SNIEHEA NV ACMEBRA P L RO)RFET H L, A PLRIGE (UPR) 28232 &T
BHELIEZARR Y AN VE R BT R, T ARX VAV ED I 670 5 800 % AR
BINE L LT, 2y HEROMIG & 3D TTE R 5, Fitn T, EnFFHEFEIC X
LIIGEIC X Y, T a T R 2 o ZGIHNCEE D 2 %8k 7 UPR KERVER T ORBISHE X
Nz, zoREME—FlE LT, A LA FTIHMLL 72 PERK &, FIERBHER T O elF2a
Y VBT 5, 2N X W IEFER R 2 o 2 BEK RIS 52— BERTF ATF4 ©
BRI FRE T 2, 2o DGR THIC X > THE I NS UPR EWELGTO% L
. MR TO 7 =T 4 v IRESR, 2 EFF V- TR T TV LR A - T 7V T
EDR AN ENRREIUESE, AR L AR I 5, L L, @R /il
FLRICX Y EEEOHMRFAREEE TN L, 2NbHD UPR ¥ 7 F MGEREK LT R
b= R X ZHIBISEFHEE TS 5, Bl LT, iRl 7z ATF4 37 K b —v 2D
ICBb 2HRE K7 CHOP OFRBIZFHET 2 Z L 23H b AT\ % 4 (Figure 4-21),

j

XBP-1s

e’ K .
Nucleus ~
ucleus “r: Golgi TT z’\
1 '4
R

Figure 4-21. /NMEfAR F L 2ics 1T 2 KK AMIAN > 7' F A ARE 140
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Thapsigargin % (X U & 3% SERCA FHFEAN. /MMafAND Ca> Zhigx 42 Z & T/h
JIAR P L RAZFEEL, THRF =2 ZR%EL Z EBHILNT WS, Thapsigargin % W 725%
{Tit5e < SERCA Do TAEMFHIMITIC L Y. UTORABEL LTS,

(D Thapsigargin (X, 1Csp LA_EDEREECHULEE L C M2 —EEER 3 25 4L,

(2 Thapsigargin 23 %23 A MRS L, MIAEREEE G/s ¥ 4 27 ) v ¥+ — K HERT
TH 3 p2l B DR FFE S 3 141144

@ /Matk 2 b L RIGEEER T D 1 O TH B ATF4 25, p2l OFEZ R X¢ 2, /-,
thapsigargin X ARERE 2 iGTEL 95 141,

@ p21 BTRF = 2EMHTZ 2 7HE LTHIE70 L, EBRIT, p21 ZEFEFRE
L7z MCF-7 FL3AMINE Tl thapsigargin DOAAEEEEAMET 35 141,

® 7 v P REBRHNEMIZICE T, 73V BEER %22 T SERCA @ ATPase &k % KT
XH 5L mRNA LT p2l OFBEENBNT 2, £/, #IChE S BHEE 4
¥5 15,

INODHATHIE ZERE L. iezoside (5) 2328 AMNEIC/R S HAGEAE G E. 35 X OS]
BEIETETED VR A 71 = X L DARGRICDOWT, RD X S I2E 2 e,

(1) Iezoside (5) 7% SERCA ZHET %,

() /NERND Ca¥ P83 2 2 & T, IMEERR P L ABFRET S,

(3) UPR ¥ 7' F Mm@k p& 25 iE AL L. IWHIEG R T D 1| D TH 5 ATF4 B3FEHT 5,

(4) ATF4 25 Ti® p21 XU CHOP DRI ZFHET 5,

(5) CHOP (X FiHiDH A —¥ DiGEL. PARP DYIWiZ AL TT K+ — 2% FHET 3,
—7J7C.p21 T TIDO RB Ol Y vtz THE L S Ml %Z G/S HCEBEX ¢ 5,

(6)p21 AT H F — 2 X &R EAININFIT 3,

FEoREICHE D& K2 Vo7 HITOWT dezoside (5) LR L 72 R RE MK AFHY 72 7637
T T ARy 70y T 4 v TR L 72,
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YIAXYyTuyT AV E0ELNAERE Figured-22 ISR, 3. MEIFR P L
ADHET 5 BRI D L& v XV HURE K )& e b ATF4 OFBREZEITT 5 &
iezoside (5) 30 nM WLEEF% 6 Bifil 2 O R LA R S Nns-, T/, MIEEI Gv/s HHoEIE
CEIEICREE T 5 p21 FULERR 24 R CRE LA SO b, D RB @V VL
ICOWTh, RO XA AT =V TOWY) VBRLBTER I N 720 TH P =2 X%
42 CHOP D¥IH LS. PARP OYIWiIZ ATF4 DOFI EFICHEWEEINL 72, PARP DY)
W7 id iezoside (5) MLFET% 24 ] LARRICBHE 228N % /R L CH D . MTT assay IC 35\ T
% 24 RFEILARRICHIRESE 232 2 D 10 B BISHER E R 3T %,

LAED#EF L Y| iezoside (5) ¥ SERCA %[HET 2 Z & C/MEEA P L 2 ZFEEL
ATF4 OFBERZH#HE LCT R = RFEL 7 F L L il EHLELE S 7 F L Ol %
JUET 2 Z L L 2T L7 (Figure4-23), 72, p21 7K P —v 22T 2H6ED
LTWwW3Zehb, ICso LU EDEED iezoside (5) WHITH, —EROMMEAEFT 2 DI
TR IG5 720 TH D L BREBI NI,

lezoside (5) 30 nM

0 6 12 24 36 48 (h)

. e N e ATF4

v — — T U S— p21

a«any

bt oo s Ja i | | PRO(SerT80)

[ R TR el pRb (Ser807, 811) ‘
S e e | cror *

—— s S8 B — | PARP

s o weww | Cleaved PARP '

- |

Il : Cell-cycle-regulating protein

Il : Proapoptotic protein

Figure 4-22. lezoside (5) JUPRIRFER AR 2 AN o 27 FF MR E D figebir
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O/
lezoside (5) :

o LI L L2
S N = NN
o | :

INBIER P LR

Z kL R [0 BRLR LR
t ATF:4 ; 1 )
;

D)

G, = S HARITDEE TERF—=VR
(3] HHrasE

Figure 4-23. lezoside (5) 237U 2 MHAIN & 77 F MR ERE B
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EOH BE

HBAETIE, PHLECRELZEFET T 2 N2 7 VT Leptochromothrix valpauliaze & Y H
HEL 7289~ 7 F F- KV 7 F A4 70 v FECHER iezoside (5) DFHERIE, &AM, AW
EHEic oW T 7=,

WS T )N TIVTRRTF V- RKITF ATV v P, 23K 7 F FEckE G %
BE AT IR, cNb =By eabits 7/ 27 ) 7THRILEYIT iezoside (5) 728
MDTOFITHY, RAVREZEL TOBLAA T Yy FMLEYTH S, <7 F F-F
V7 FFAAT7 )y FEdHE AL LTk, 2vE TICh A XV Siliquariaspongia mirabilis 7>
b FER X N7z mirabamide $H 'Y . MEREHOWIKENIY) > O 57t L 72 Streptomyces JRIHREF
25 ¥ H X 7z totopotensamide FH 148 7x &, WEAEERIEICAER T2 AEMERE ROICHR X
NTW 2B Z OREIL D 70,

EHAMEICER T 5 L afys- ARl 7 I PRy v oMo nIk 2/ T 5
KRNI N E Cehlpzz ., IEFITHRED S VKB ZH L Twb, £72. iezoside
5) FAEAKOBR 2O D HERE N, X7 F FED I KIGT 7V — VL N-Me-Ala 72 &0
RUNTEEBRLECT I BAEENTEY ., FVFRY —LREEZN L TEAER I L
T3 EFHING, KT 7/ —nrikid Cys DBR{L & e < Wik - BiEREEIC X - CTIZRK X
N7z b %, dolastatin 10 * <> lyngbyapeptin £ 150 Z 3 U & L CFFEL T /N7
TV THRORAY ORI RH I haEETH 2, K 7T FEmid., FBOKRRT
(C17) 257 b EHE, C27 LD B-T 7V FAFAIEEFHFOL VI 22008 L W EEHE
LTWw3, BiF 2Tt methylmalonyl CoA 2SRKFEHZ R T 2HE L L THW L
REEX LD 0>, HDW0ITEHRE TN T3 Apratoxin A DEARL ' @ X 9 1T malonyl ACP D
o fZIC SAM HiRDRFED 1 DR L, &EBICHKE S 5 C L CHEBIGNIEEKT 5
LEZbND, $%1E malonyl ACP HiskD C2 Hf72 aldol SISZEEZ L. it < Wik & i
REEIC X VAR E - & PRI NS 192 (Figure 4-24), 15 DAEABEER 2 W b EE
TR TYITTHEAEINTVRELDTH S,

Totopotensamide A

[“\‘ OH\/Q g

Lyngbyapeptin A

Mirabamide A
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o SH o:x HO HO
N o o
HN ° - N g ﬁ» N\/z """"""" :'_ """"""""""""""""
co, B-7 7V FAFNEDEARK
\(NH ‘EH %:\JH P
_________________________________________ O

o
"

;
! S s S S S
T | 2
| OH O, OH OH O,
BHEHBROEEK

Figure 4-24. lezoside (5) DHEE 44 RS

lezoside (5) DHENVARELE % & L 2fEE X, 2 KoL NMR ZHUL & L 7250 A mET
IIREEBALRIG, FHRALY:. REBICX W IRE L7z, FHEALEZ R U 22 o SRR E o
RIETIE, DTFORERMBEICONTZ OIS AL < BAED U RMSD {HA 153/ &
WZ ERTEDO LIRS D, ZROLEREEHT 5 LEZ LD iezoside(5) DX I 7k
PRk, UFIRTTREL T3,

(1) FIAREOREICE T, BEETE 2HAICOVWTIIBAERET 3

KKV DL FERELRRICE W TIE, TAAVF—[HEER KX, Mizd 52 & i3hnweEx
b pfEAEIC oW, FHEREOE A B LCEET 2 2 & 23% v, LA L, Fik7%
DT OGETREERNZRZ L, IELWEESR 2 FHR L R WfERERS 5,

e LC, SRGHEICHEH L 727 VLAY (18R,19R)-27 ICDWT, (A) 7L/ —AD
BoME(A b ¥RV H L AREZED) B I OHE v %2 7 v v 4 FICEE L 254,
(B) £ TOMAEICOVTHEEZZE L 256 % KT 2 (Figure 4-25), [ARDFHREFNEIC T
BN HEERMED S 10kI/mol AN E 2 ZEREOE L. (A) Tl 12 ALk, (B)
T3 MELE RERHAELH 5, (A) DEETREERNAHFAEST S 2 & TIE L WEESY
% BHE T, o iz B < a2 o,
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(A) T L/ —RDEEE, trans-F L7 4 »ZEELBE

BRERED 5
’ (18R,19R)-27 HHARCE o1-BLEE (<10 ki/mol)
Sk, 486 12
M& B AL

(B) ETOHADEEEZZER LHE (SRDEEH)

BEERED, S
X A (18R 19R)-27 FIHABCEE P 1-EREE (<10 kJ/mol)
XXy | 104976 33
_ 4
);&ri%’ 4 E: B

Figure 4-25. #JHAFRCEE O )RS0 BE 5 LERLEE D 2L
HETRLH L, HAEoREEEEL w5,

(2) DFT EHE D LB DR

KIRY) D R EBEHER TIE,. FIC 0B97X % BILYP 2% DFT stE OB E L CFIH
NTHETERL W, L2L,HIETR 7 7 v T A7 — A A Iclk T 2 KHEEE 7B
X209 FoREEBEBRICRED 2MHARD 2 2 EBME I N T WS 18, EE, SEo
ETMEEMICB VT 0BI7TX ZHRBBUCHWZFEZITS & 2 FHNOLREMT I P
K&y BRICEE L 72 b OB REREL LT BTN T W5 (T — X E%),

() BERHEL - REFE B LIS Gibbs HHZAA¥F—2FHEEB & L<HIFHT 3

KAKYI D DFT GHHEICE T 2 ERE{LTlE% K oGa. BT AL X —DR/MiE%E 5 2
LG TR, TNEIRRICEEI M Z KD 5, L L, 2 FF A XOBKCHEEH HEE O
It oy e e —ZLIEREL R b0, v b uv—IHRE 2 55813
K$T%, ZZTRBFZAALF—IIMA, =V buov—IHEZEEL % Gibbs HHTZ AL ¥ —
AHEEE & UCRIA L, IREGHR 2475 2 & CRUES % X Y IEfEICRED 52 2 28T
x5,

Hl& LT, EFAMMEAEY) (18R19R)-2T IZOWTEFNFNEFIT AL F—BH 2 \: (3 Gibbs
HHEZAVF—Z25HMiliIEHE & L CLERMHED Boltzmann A2 5HHE T 5 &, FAOLER
e LcfEonsg [1] BXU (2] dxnzth, fHEEEOENIC X ) ZOESIKECE
{fL L7z (Figure 4-26),
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(2]

BEFTIFN¥— Gibbs HHIRILF— BEFTIFN¥— Gibbs BHIRLF—
Boltzmann %% (%) 9.5 171 13.5 6.7

Figure 4-26. 7HiiIHE & L CHIH T 2 =2 v F—DiEWIC X % Boltzmann 774 DZAL

FROTRICHESCEMBERZEmMT 2 2L T, ELLWYAMLER2HET Y T AT LA
~—DEMEECHEETKRVAD Z LICEN Lz, REFEAEOEECITA 2 LT
2 EER 7RG E LT, FHELL 72 MTPA = 27 A DEHAIE & FHEFROIERE T 5N 3,
lezoside (5) ® MTPA T AT LD AS iz A5 L, F#HAET MTPA FHEflliciR HL T
W3 LR TE S (Figure 4-3), — /. 7 MEEY (18R,19R)-27 I B W THE W
Boltzmann 734 Z /R 3 PR ERCED % < A3, F#HAH MTPA FHEHENCRY T L 5% v
T7AA—vaviEALTwkz), SHOFETIIRAYOEIE Mz RS HETE Tw»
5 LFEZHS (Figured-27), il 2 T IERARB D€ T MEAY) (185,19R)-27 IC BT,
H-18 & H-19 MG A EH Clusmo) 25 99 Hz ThozoiexfL, &L 7
(18S,19R)-iezoside (5°) D YLD FEMEIZ 8.6 Hz TH Y, H-18 & H-19 BT v FRY T 7
F—DRARICH BEER %A o, IEL WKL TH B (18R,19R) 1K & LB LS 4 23
ARICELR2 L 2RAHEHL O, ZROREREEZE T 2 LM a#Hk FIckT 5
MNHB R FEIREZWE LI N TR d DD, RIFFRICTEML 727w b a—rid, Eiio
FE2ET 2 0TIt ELE 2 EHAT 2BORWET AT — R IV 155,

/ MTPA & p MTPA ¥i& : MTPA @&

Boltzmann %% 10.2 % 9.2 % 5.9 %

Figure 4-27. BRI ZERED 2 v 7 + A — a v L RAWHEHK MTPA = 271 DHIG
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In vivo TORER & TILAYO KB EZLEE T 3854, KABAL— MBI 52
2 VAL DBRD of BERMER KNG T TV — VSO AEIRE IR ES K S, 1-T L
—2F 7 ) av MEIGIc BT, RIGHEERTH S L-T L —ADLFF Y ANR=7T L
AFVICT NI —ABEET 2 L & TARIR L ETRROM T o RO EKICHF]
B e TRWIERERZ G 22 3NTWER 1B EHOHMICE W TERMEIR 3.3:1
KB E o7z, 74/ —RIF440I1C TBDPS £, 3f7iC TBS oD X9 GZEmmwiEffikz a7
24 7V av MLOBRICAE L 24 F Y AR LA F A VA axialrich 72 BCJE % B %
TET, o EBREAEIIT S eI N TWE 1B, SHOAGRTHHALEZA I P4
M50 b 4 {7i1C TBDPS %&, 3{7IC A FFvEDABEINTVWE LT, HTAPS B A
ZIERLCT Koz & PHI NS (Figure 4-28), Z D72, 7Y a v )LD AERE
X, KEEEZ X O IKREE DD vy UV RRERICAE T 2 2 L TRENIHFEI NS,

o~ OH o~
_0, _A_,OTBDPS o _ 01, ,OTBDPS
TBDPSO E— 4
HO™ S0~ MeO o F5C(PhN)CO™™ ~07 "
49 (dr. 6:1) 50
TBDPSO HOR TBDPSO
Glycosylation O® O®
. N f— \\ --Sol
] n ]
Meo 1 OMe MeO OMS~_
Sol HOR
TBDPSO TBDPSO
- > oa 0}
\ OR oo B
Meo OMe Meo™e
OR
28a 28b
3.3 : 1

Figure 4-28. TN 3 7)) a v kD op EIREDZELDFHA

K F T V= AEBRICOWTIE, FAT I FETAT e FORHERYERE. BET 27
/D o (DM ED T e b vHEORE T I -2 IV EEREICKY TR 3
L3 HESTT 5 & & 23S & LT\ B 131 (Figure 4-29), Holzapfel b D& ICHW»Cid, Kb
FHICHRIEAKEA ) T L% MRS L THET LT I VBED o MOVIRLERHER S
TWwd 2t Bl AkOEE2 T o7 & 2 ANEORBIEICZ L (| 18607 B D7 iE
RED 311 BETH>EALDARICEIT) &7 I{bT B2 LT3 19,
DIPEA 72 £ OH I @ OEREZ M2 72 G D MET L 7228, BRSO Wik o 72(7 — £
A%, 7. AT L7 Wills, Nagendra 5D F A+ 7 I Fe7mvETRX—1%N
BGAFIT T3 Tk 18 QML 2 MR T 2 G S hTw 32, SRloAKTIR T Ik
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PHET L7 — . ALK T by F T V=it 3 3 (Ipc)BCl I X 5 AFHEIT,
BLORIESICIC X 2 VBRI Z S 72 MMEz T 2 & Taw i REREZ 5 2 2 G
EDERE TN T 5 15 (Figure 4-30), LEBUIE KT 223, EERAML 72 7 & IKITK
B, ICEOHTHERINZ 2720, B MHRELELRET 2 RICITAHTS 5,

R

R H* Ry H* R
Boc\N/'\(/N OH —> Boc\NJ\(N OH — Boc\N/k(/N OH | —> Boc\N/K(/N
N T S G S R ¢

S

Figure 4-29. KhiiF 7 V' — VERICE T 5 7 & IfLOETT A H =X 4

\\BCI

o
o E\/ OH Mitsunobu reaction '?l3
N N N
/J —_— /J —_— /J
5 Et,0 5 s
93% ee
Boc.
NH
"N
—_—
)

Figure 4-30. i A 51 X 2 K F 7 V' — L D ERK

BERN D581 72 FHEHRICTH % thapsigargin I3EMGiREEZ G A F T AV T 7 |
¥ biselyngbyaside $HIFEMALAWEZ D ORKER< 7074 FTHY, A1
DEEFELRET 2 Z &h b, {LFAKTOBMMHEICHREL b D 70154, A4, Baran B X O
Evans O 3 TFED»D 7T LA —)LTD thapsigargin DGR EIRE L T35 D DD 155
SERCA DIEHEHHE % B L 72 B8 L~ TORERE X RS Tld 7\, Tezoside (5) (X9 %
T THY B oMEARTHEMAZEFLEMTHY ., 2O TFHOF IV T4DIFLAY
BT I BRHEICHRT 570, X7 F VED RO T I B FERSE T L —AUSND
BEICEL L 7280k C, T2V av, YT RAT LA =—, TF v Tt~ —7k L OlREE VR
EERDICHRK L, TN ZHCCTEYERZF 2 —=v 735 BTELIRTRER
MPREBET 5, MAT, EEPMELL Z2AHV— MINCRNZZARETH Y, 2D X9 =
VGBI ICIE TR 2, 2 2 THRONEFA D b HHEZ MR L 2 fEEfEEe I o
BN IR TR RA T LR TE 5,

lezoside (5) D9 i 75 08 A MG GEF F3EE O/F B 2 et L 22655, LAY
INKARE o vy LR Y 7 TH B SERCA ZEICHHES 2 2 & T HeLa ICHlR W Ff
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HERDIZREZ L ZFFE L, /MEfE R L R %25 2 9 2 & Tl iust & i Ae)E BHE AL o
FERITET S R2HLITL T,

FEOmIEEZELIC O TR, IMNIERX P L X2 FEEST 2{LEP 2 N-cadherin
vimentin & W\ o 7-[ERPEZRT X Vo HEOFRE ERF & E-cadherin 72 & D EFREE
N 2 VT EH OB 50 B XWIRRTEAL BT oy 28T 5 2 & THllluREE 2559
X720, MEOMEZFET 2 LAME TN T3S, lezoside (5) 23 TIBRER LD |
[FIfkD A = X LIGERT 2 L EZ2O6N 5,

lezoside (5) |XAMMACEIHEEAL 2 5] 2 2 23, BHBRERW C L IC4TD SERCA FHEHIAF
RO EYNEE 2 FR T 2 D1 T L i1 DIER Wi e BHERICTH % thapsigargin D & 23
HHEHI 7% cyclinE OFEBURAICH: S S HIEITEL Z 555 L | cyclopiazonicacid ¥ BHQ 7x
CorHaHEACREI AL OHRELRD B 8, 2 DD iezoside (5) IF
thapsigargin & [FIBRICIE AN 2 SERCA FHEAICTH % etk 23 /R X 1 5, Thapsigargin
D3FEBL % i & & 2 A IR &% v o8 2 & LT cyclin D1 ® L@ cyclin E 258t &
NCTEH B8I9 25 3 F R Cyclin dependent kinase (CDK) & #HEKREZ T 5 2 & T
TH#HD RB %V YL L .RB ZAEMH LT 5 2 & T S BT % €T %, Thapsigargin %
PRS2 & p21 OFEHIC K Y CDK-cyclin HARDIZHHE X L, Tii® RB OtV v
WAL 25T LIEER e e 5 2 & T S HETAHE S L5, lezoside (5) 1ZV T AX v T m Yy
TAYV IO D p21 OFRBEBEIUC RB O Y vE{LZITHEL TH Y, D cyclin
DI % cyclin E 1% p21 IZ X o CTHWEHIEZZ1F T3 729 thapsigargin D53 % > 7'
MEZE L FIfkOMEMZ RS, 2D &h Db, iezoside (5) A RHAID SERCA FHEH|T
»bHITEEXF;T 5, lezoside (5) & thapsigargin 1T R <5817 SERCA PHEHITH 5 23,
ZOREEIZ R R R SL L6, SERCA ITHS 2 #i AT IL thapsigargin & 13572 5 & T
HIns,

SERCA [I#HigD Ca?t IREZGIHT 2 EHERIT/ADZ 2L DOXVAIHTHY, DAY
PREZAMREEZ I L O & 2 KR L RCBRE RO, BAICE TR, HRIKERIC
SERCA DET A Y 7 4+ — LOFHBEPKE (LB L Tnd Z LBBIEINTEH Y, SERCA
D BRI MR - 7R P — v & - B IR & 23 AL L o B g X
NTW3 160, SERCA FHEAIZT R F—> 24—+ 7 7Y —DiFE 160 72 2 /Nafk = b
LVAZRE ETDH AN 7 FNBEE N L eSS % R 3, EET
IZ. SERCA FHEA MO HEL/LICEID 5 Notch & 27" F UARIERRE % 5807 1R ET 3
LML CTH Y, ARG L LCHER I TS 12, SERCA IZAEVIGEYE
DEE T LCiE~A F—AEETH Y, MOEHEEH2REST 277 —~a 77
WKZ LW, ZD728®, 45D iezoside (5) DFHRICIZAZEOB NI HLOKRELEELH 5,

—7J77C. SERCA ZIEFHMIALIC S EEANICHIL T2 2 v X7 EH D720 YL AR % X
U &3 ZinEE~IC TR 3 2 B L. EGEE O BB HE & 75 5, T8, BIZIRBA %
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XL LT BEIEHRAERICERT 2 EPUE (PSMA) ZFFRMICHERT 2 <7 F MiH
& thapsigargin %G L7z 7’0 F 7 v 7" mipsagargin 23FFE X LT3 16 (Figure 4-31),
Mipsagargin [3FI7E, EHBIEE O OMBZAY FLE LI X 0 EREBES A Py 7L Tw3
23, phase Il ICHBW TRV AEESED b Tw» 5, FEIRENE LS L 72 SERCA
FHEANI B ABBICEWTHETH 2[RRI N TE D | iezoside (5) (ZHTHFTAA A
DY) —MMeav e Lot its i< 5,

Figure 4-31. Mipsagargin D&

RBICACFERYOBE 2 b EFRT 2 L, ETili_7 X5 ICAEYEEYE O 51 &
LTiE=A4F+—¢twx % SERCA XL, RFEEHL VTR 55 e HEA MG
HE N2 & v ) FRIFEERE G, YFJEE TId biselyngbyaside #H 970 Dfthic, SERCA fHE
FlE LCH#IRY R<7F FTH 2 kurahyne 777 ZFHAL T3, 2D &L, #EL T/
N7 T YT H HiBl SERCA HEFIOERF L L O THETH L & L Hic, ERMIC
SERCA [HEHZFEAET 5 & & CHFRER COEFHF L EGMICT 201 0EE1 D
ZZEERBLTVE, FICEZLNS T &L LTI, WD HE % [BLEES 2 72 0 OB
WETH D, EYCREYNIIN L EB L 2B E L TR 2 2 B TE R W, A
VIExR IR T 22 ETHIBDP OB ERSFL L5 T LR, A RINEMEY % EAT 25
He LT MRMICET N T 5, PR R TS 2 b DD, A OMEAEY B REE T
% SERCA K& v X Z7EICDWwTk FD SERCA D7 I/ BERFIMHEMLEZFHAL L, %
 DEFEHFEEY DS CHREER RS —J7C, ¥ 7 /7377 ) 7 OMEMIZ{E (Table 4-
No FRIC, WEEST /NI TV T OB LIIRECH A A VEHET 2 LA TV
IR LT I BEA EEE O L RERTREATH B, WEST SN TY
Tz EfiofEFE I LIRIAVWIEEZRiE T 2 SERCA HER%FELEL Cigsn
20% LT 52— T, BHIZACIHEZES L TV 2 HREESZE X b5,
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Table 4-7. & } SERCA O 7 I/ EECHI%Z Fv»7= BLAST B3 ic X 2 M [FM:

EiE FH EoFI—HE
faif Epinephelus lanceolatus 78.8%
ey Styela clava 71.1%
R3E Pinctada fucata 69.1%
7 Elysia chlorotica 68.9%
Hd Stylophora pistillata 67.8%
AV FrFrs Actinia tenebrosa 67.4%
& Chondrus crispus 57.2%
231 Edaphochlamys debaryana 54.4%
TSN TIT Microcoleus sp. 38.0%
TSR TI)T Oscillatoria nigro-viridis 35.8%
2% Ectocarpus siliculosus 31.3%
=33 Thalassiosira pseudonana 31.0%
hAAw Amphimedon queenslandica 29.6%

b9 1003, hoWEEAEY), FricEEYy v o o A REEEE 2 BTl 2 WBYE L L C oAl
WnEZLNDE, Y IPERAKIRDO X P L 2%V IELZ T ZBICRIAE) 5 C 28
BFICDWT T VYR 27 )T b — LN Th AR, B2 DIAHIIC UPR BRELE(R T
BLO Ca OEFEWEICEDL ZBLETOREAN LA T2 L0 BRFEOEREAE LT
2 19, Fhhbb, HEAW, LT ICH T CTERT 29 vy T RMOMb I i X o TML W
FEMRAICHT I NS Z L THICNMIEA L Z2E2Z T TED, UPR 213700852 & TH
GEBEEL TS, WFEYT /N7 7 ) TIiE SERCA HEAIZIZU® & 32 /Matkx b L
AFBEORMYZERET H LT, PV ITDFHFRL NV ZBR2/NMIER L 2% L3
H L., ML EL XS [BREML] LTwaord Lk, 20Mficd ., 4 v 223K
AN T LD DINVEWRETER T % 729 1C1%. Ca?" ATPase 23 EHTH B Z LBHI SN T
W3R IS, HEEES T ) N7 T ) TI/NMER R L 2 fhic b SERCA FHEFIEZFIHL, ¥ v
TOINERER EHET 2 aREEDEZ b5,

CORABIEL WA, #EST /N7 T VTRV Y I KBS 2 2 LI o0 2
VY b BFETEEEZOND, UMRETCINET CRERToRBHEST /) 2TV T
X, S EID Leptochrmothrix valpauliae % &% { BFLATEY v IO LICAERLTEY,
EREGTCREZT VAN WES T /N7 T ) TIREEEYTH 5720, v T3
RO ZERT L ECBENLRRPEFEE R REESR B 25, T2, REBEICZLIAMABELDD
Wid ECEGICOEAT 2 X0 b BEARELZNG L, YEIICHEL &Y v IO HEIED
RBGE LTEGR L, HATYH Y T2 RET 2 HREEDZE 2 b D, 5. iezoside (5)
I U &3 % SERCA MHEFEAIOMHIREETICH T 2 %E 2 FZERIICHEES 2 2 & T, i
By IHEICB I A RO I Ava o=y —va VICHERARB SN Z &8
Hiffsha,
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BSE RiE

WEY T N7 T ) T oA RBHIBOECICHK T 2 RIHEMOSKEMEICER L, &
FAth OBES % FOICiBES 7 7 N7 7 ) 7T OREERIT O, FEAMES L EViEEE*E T2
PR ARY DVEREITE & 2 DA (BT E 1T - 7=,

Z DFEHR, FIRAY & L T iheyamide #H (1-3). kinenzoline (4). iezoside (5) D il 5 HH#H
AL, % ofhE e EVEEEZES i Lz, FHREEMNETRE). PHLE TR E 2
PIoTH v INREZRTo 72 MR TH Y, T hoOHIRICE T 2EST /N7 7Y
T HRFTHRAY D 137 v, Z D720, BA OMFFERIEZIEK T 2SO ¥ v 7 Ak
L FHRRIORFICE T 2168 L LTHMTH 2 Z L3RI Nz, £z, 2TOILE
VoW T AP ER S L, BEOIEL S ARSI & &b, theyamide A(1) L WX
kinenzoline (4) (Z:ZEIRAIZ=HLF Vo3 v —<iEE, iezoside (5) 13/IMEAERE Eo Aoy LR
v 7 SERCA %151 & L, /MEER L REZFHEBEST 5 2 & il )] 72 3 A M NE3E 5 RH 36 1
AT ERBL,

lheyamide A (1) lheyamide B (2)
(0] (0]
H | H
I o ) o)
lheyamide C (3)
OH

Kinenzoline (4) lezoside (5)
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SHROMFERER S LT, UTORENRET NS,

(1) e 7 2 N2 7 U T HRPUE A IS ER Y o B 7e 2 R

B2 BT _7z X 51T, iheyamide A (1) ¥ X U kinenzoline (4) LA C S, v Mg kb
B U GEIRRY 7 Pray A4 G 2 78 35T BLR AR 23, Fﬁ@ﬁﬁ”ﬁfOJ?’“??ﬁﬁﬂ X VigEsT
IR TIVThOEFELSSHAHINT VDS, 20D WHEST /N2 7 )T~ YT
FUR Y == EOTFARIEICHT 2 Y — MeaYoltialis L TRETH 5, 5% d
P ERENZ 63 2 RV ORRMN AL 2t T 2 & T, I oicENIEFAEREE
EHTOHBRADBREL I NG Z L BRI L5, £72, Gerwick © & Luesch HA3Z
ZHHEICH R L 7z gallinamide A (symplostatin 4) 10 (X, 58/ aPiFEREEEHE T S 2 &
I B X 4, Afalcipain (= 7 U 7)) 197 % cruzain (Trypanosoma cruzi) '8 1ICfRFK X 15 &
JRRD 27 Ay 7u 77 2@ IclE T2 Lot hoTwd, B 1 ETH
L& S, BiEe 7/ 07 ) 7003480 7v 77 —¥HEABRELIN TS
b, INETTICHE S NEBRORAI D, AL APIFEREL LTHAERINS

EHHAfF I NG,
S\W%/(?Mﬁ

Gallinamide A (symplostatin 4)

[2] Tezoside (5) DG AN %

lezoside (5) X, #i7=%7 7 —~2a 7+ 7 % HT 2187 8# SERCA [HEAITH 5, #»
AZILH LT LD Ca DOHRIHIRFENLEEG T 2HEWICNT 2 ) —Meae LThH
YCTH 5D, iezoside (5) ZELET 2METT /N2 T VT Leptochromothrix valpauliae D5
BICK 2B IIREER L, Iz 0B 2 EIHLE 2N TR Z R L 22, R T
BB TERDP oz, ZDIz®, iezoside (5) %V —F& L THZRLMIEEZIT S 720ICiE,
fLEERIC X 2t & & b, FEEHMHBE 2T L. RS 2 v id X 0 s gtk 2R
LoDdb, A)ﬂznx b ZHIR L 7 g A2 G 2 B E Bl H 5, Lk L iR z@ L <, 7
7—XATFTDIHRDLLYIAA L WEEMAAHBIZ MM L SERCA 12X ¥ 2 5 A HRfL
ZFEET 5 LB TE S, &7, MEIEHEMHBE Z 3R ICiE 32 2 & T, BbRIAERES
N2AREMED B 5, fl& LT, 28 AR iz R EE M % F545 1 B X 7172 moverastin '
OEETE MBI X v R & vz UTKO1 (3, AFEHTH % moverastin X D D587
BERHEEEZ R L7203, £ O FIdRE (2L L7z (FTase — 14-3-30) 7%, £7z, ¥
N7 AT HR OS] ik #E CTH % batrachotoxin 1B Nat F v % L DR
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ThH LD, ARSI NFERD T F v FF~— (ent-BTX-B) 133#1C Na® F ¥ A LDl 7
FHEAE LTide s & ) BIRE GRS E I Twg 17, 2o X )ic, MEHDKSE
B> O BIMEZ R T 208 KAV OMIITH D | iezoside (5) T &G HEAHBAM 9L D
ERHCXVERRDTY —ADPEIHENE 2 EBMfFEh 3,

OH

CHO

UTKOL1 (diastereomixture) ent-BTX-B

[3) fbpEfE A Ic O K RV D EAE B R O fifA

o4 BCFRICIE~7z K oic, il - BEREICER T 2T /7 27V 713
biselyngbyaside #H . kurahyne 7, iezoside (5) 7 &% fH% k7 SERCA FHEARIZELEL., %
Nz B o DEFCEIICKLTThL IR TPRIND, HELT /N0 T ) THREET
2 KKV DRk % Al 2 ([ fileht L € 2 kBl 2 B3 5 C & ¢, #WEVT-Er s o 9 v o1
KBTI RMO T IAvaIla=r—vave, v aEOREICORN S & BHIFEX
nd,

TR OBRHEEIMET L CWwd 2 e, EFERMARICBT2E0TFOREICLY,
BIRZE O FIEBEIC AARAR 2 S H R LR S, RAYEERITE OMifE 2K T L
TV LI RHEREERL 23D R 0, L L, NAZBAZHHOMEEET 5K
KBS L, 2 OREEWHL T 32 i3, o h k2 FiEEZHWTLEIHEDOTE
B OFM R EREZ RIS 2, 72, BRHHEINZ G 5 2 & cRWHIRZ & ofE%
70T L, DT EHELEHERATCRIABRINT IR o KM EER ki & FR
INTVR Lo e ORAIC X Y RIDFFORT v o Yy AR REI N, #7754
ATV ABEBHINTVE Z LiE, 2o DRAUIFECERMTICTFLE2H5 25D D
Thd, R CTHRAINZST2, [HTH L] RAVLEDTRENESL T 2 AT 5
—Bhe b LE, REELT 5,
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General Experimental Procedures.

Optical rotations were measured with a JASCO DIP-1000 polarimeter. IR spectra were recorded
on a Bruker ALPHA instrument. All NMR spectral data were recorded on a JEOL INM-ECS400 or a
JNM-ECX-400 spectrometer for 'H (400 MHz) and *C (100 MHz). '"H NMR chemical shifts
(referenced to residual (CD3)COCHD,, CHCIl3;, and CHD,OD observed at du 2.05, 7.26, and 3.31,
respectively) were assigned using a combination of data from COSY and HMQC experiments.
Similarly, 3C NMR chemical shifts (referenced to (CD3)2CO, CDCl;, CDsOD observed at dc 29.84,
77.16, and 49.0, respectively) were assigned based on HMBC and HMQC experiments. HRESIMS
spectra were obtained on a Waters LCT Premier XE time-of-flight (TOF) mass spectrometer.
Chromatographic analyses were performed using an HPLC system consisting of a pump (model PU-
2080, JASCO) and a UV detector (model UV-2075, JASCO). All chemicals and solvents used in this
study were the best grade available and obtained from a commercial source (Nacalai Tesque). All
heating reactions were carried out using an oil bath. All moisture-sensitive reactions were performed
under an atmosphere of argon or nitrogen, and the starting materials were azeotropically dried with
toluene before use. Reactions were monitored by thin-layer chromatography (TLC), and TLC plates
were visualized by both UV detection and phosphomolybdic acid solution. Silica Gel 60N (Irregular,
63-212 um) were used for open column chromatography unless otherwise noted. Automated Flash
Chromatography System (AFCS, EPCLC AI-580, YAMAZEN) was also used for purification of
synthesized compounds. Molecular mechanics calculations and density functional theory (DFT)
calculations were performed with Spartan20 (Wavefunction)!® using a workstation (operating
system: Windows 10 Professional; CPU: AMD Ryzen Threadripper 3970X, 3.70 GHz, 32 cores;
RAM: 256 GB). Time-dependent density functional theory (TDDFT) calculations were run with
Gaussian 16W Revision C01 (Gaussian Inc.)!”? on the above workstation with default grids and
convergence criteria. Construction of the theoretical ECD spectra were performed using SpecDis
Version 1.713 on a commercial PC (Windows 10). All calculations were performed under vacuum

conditions.

Cell Culture

HeLa and WI-38 cells were cultured at 37 °C under humidified 5% CO: in Dulbecco’s modified
Eagle’s medium (DMEM, Nissui, Japan) supplemented 10% heat-inactivated fetal bovine serum, 100
units/mL penicillin, 100 pg/mL streptomycin, 0.25 pg/mL amphotericin, 300 pg/mL L-glutamine, and
2.25 mg/mL NaHCO:s.

92



Cell Growth Analysis
HeLa and WI-38 cells were seeded at 4 x 10° cells/well in 96-well plates (Iwaki) and cultured
overnight. Various concentrations of compounds were then added, and cells were incubated for 72 h.

Cell proliferation was measured by the MTT assay. This assay was performed in triplicate (n=3).

In Vitro Antitrypansomal Assay

The Trypanosoma brucei rhodesiense strains IL-1501'73 and Trypanosoma brucei brucei strains
221" were cultured at 37 °C under a humidified 5% CO, atmosphere in HMI-9 medium!'”
supplemented with 10% heat-inactivated fetal bovine serum (FBS). For in vitro studies, compounds
were dissolved in DMSO and diluted in culture medium prior to being assayed. The maximum DMSO
concentration in the in vitro assays was 1%.

The compounds were tested in an AlamarBlue serial drug dilution assay'’® to determine the 50%
inhibitory concentrations (ICso). Serial drug dilutions were prepared in 96-well microtiter plates
containing the culture medium, and wells were inoculated with 4.0 x 10* cells/ml T. b. rhodesiense IL-
1501 parasites or 7. b. brucei 221 parasites. Cultures were incubated for 69 h at 37 °C under a
humidified 5% CO, atmosphere. After this time, 10 pl of resazurin (12.5 mg resazurin [Sigma]
dissolved in 100 ml phosphate-buffered saline) was added to each well. The plates were incubated for
an additional 3h. The plates were read in a SpectraMax Gemini XS microplate fluorescence scanner
(Molecular Devices) using an excitation wavelength of 536 nm and an emission wavelength of 588

nm.

93



F2Hl F2EDNEER

Identification of the Marine Cyanobacterium

A cyanobacterial filament was isolated under a microscope and crushed with freezing and thawing.
The 16S rDNA genes were PCR-amplified from the isolated DNA using the primer set CYA359F (a
cyanobacterial-specific primer) and CYA1371R (a universal primer). The PCR reaction contained
DNA derived from a cyanobacterial filament, 0.5 pL of KOD-Multi & Epi- (Toyobo), 1.0 pL of each
primer (0.5 uM, respectively), 12.5 pL of 2xPCR Buffer for KOD-Multi & Epi-, and H,O for a total
volume of 25 pL.. The PCR reaction was performed as follows: initial denaturation for 2 min at 94 °C,
and amplification by 40 cycles of 10 sec at 98 °C and 1.5 min at 66 °C. PCR products were analyzed
on agarose gel (1%) in TBE buffer and visualized by ethidium bromide staining. The obtained DNA
was sequenced with CYA359F and CYAI1371R primers. This sequence is available in the
DDBJ/EMBL/Genbank databases under accession number LC514420. The nucleotide sequence of
16S rRNA gene obtained in this study was used for phylogenetic analysis with the sequences of related
cyanobacterial 16S rRNA genes. All sequences were aligned by the SINA web service (version
1.2.11)"77 with default settings. The poorly aligned positions and divergent regions were removed by
Gblocks Server (version 0.91b),'”® implementing the options for a less stringent selection, including
the ‘Allow smaller final blocks’, ‘Allow gap positions within the final blocks’ and ‘Allow less strict
flanking positions’ options. The obtained 887 nucleotide positions were used for phylogenetic analysis.
JModeltest (version 2.1.7)!7% 180 with default settings was used to select the best model of DNA
substitution for the Maximum Likelihood (ML) analysis and Bayesian analysis according to the
Akaike information criterion (AIC). The ML analysis was conducted by PhyML (version
20131016),'3° using the TIM1+I+G model with a gamma shape parameter of 0.4280, a proportion of
invariant sites of 0.4490 and nucleotide frequencies of F(A) =0.2519, F(C) =0.2261, F(G) = 0.2963,
F(T)=0.2257. Bootstrap resampling was performed on 1,000 replicates. The ML tree was visualized
with Njplot (version 2.3).'®! The Bayesian analysis was conducted by MrBayes (version 3.2.5)'82 using
the GTR+I+G model. The Markov chain Monte Carlo process was set at 2 chains, and 1,000,000
generations were conducted. Sampling frequency was assigned at every 500 generations. After
analysis, the first 100,000 trees were deleted as burn-in, and the consensus tree was constructed. The
Bayesian tree was visualized with FigTree (version 1.4.0, http://tree.bio.ed.ac.uk/software/figtree). As
a result, the cyanobacterium (accession no. LC514420) formed a clade with Dapis sp.%¢ Therefore, the

cyanobacterium was classified into Dapis sp.
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Collection, Extraction and Isolation

The Dapis sp. cyanobacterium (5 kg, wet weight) was collected at Noho Island, Okinawa, Japan,
in August 2019. The collected cyanobacterium was extracted with EtOH (2 x 3 L) for 3 days. The
extract was filtered, and the filtrate was concentrated. The residue was partitioned between EtOAc (3
% 0.6 L) and H,O (0.6 L). The material obtained from the organic layer was partitioned between 90%
aqueous MeOH (0.3 L) and hexane (3 x 0.3 L), and evaporated to give an aqueous MeOH fraction
(2.59 g). 1.21 g of this aqueous MeOH fraction was separated by column chromatography on ODS
(12.1 g) eluted with 40% MeOH, 60% MeOH, 80% MeOH, MeOH and CHCl3-MeOH (1:1). 240 mg
of the fraction (544.6 mg) eluted with 80% MeOH was subjected to HPLC [Cosmosil 5C13-MS-II (¢20
x 250 mm); flow rate 5 mL/min; detection, UV 215 nm; solvent 80% MeOH] in five batches to give
two fractions that contained iheyamide A (1) (63.8 mg, last collected fraction), and iheyamide B (2)
and iheyamide C (3) (48.8 mg, tr = 21.0 min). 21.3 mg of the fraction that contained iheyamide A (1)
was further purified by HPLC [Cosmosil Cholester ($20 x 250 mm); flow rate 5 mL/min; detection,
UV 215 nm; solvent 55% MeCN containing 0.1% TFA] to give iheyamide A as TFA salt (1, tr = 27.1
min). The fraction was partitioned between EtOAc (3 x 50 ml) and K»CO3 aqueous solution (50 ml),

and the organic layer was evaporated to give iheyamide A (1, 13.7 mg).

Theyamide A (1): colorless oil; [a]*p -117 (¢ 1.06, MeOH); UV (MeOH) Amax (log ) 236 nm (4.17);
IR (neat) 3300, 1718, 1636, 1437, 1320, 1249 cm™'; HRESIMS m/z 912.5595 [M+H]" (calcd for
Cs1H7aN708, 912.5599).

The fraction that contained iheyamides B (2) and C (3) was further purified by HPLC [Cosmosil
PBr (¢20 x 250 mm); flow rate 5 mL/min; detection, UV 215 nm; solvent 88% MeOH containing
0.1% TFA] in four batches to give two fractions that contained iheyamide B (2, tr = 31.0 min) and
iheyamide C (3, tr = 28.0 min), respectively. Each fraction was further purified by HPLC [Cosmosil
Cholester (¢20 x 250 mm); flow rate 5 mL/min; detection, UV 215 nm; solvent 40% MeCN containing
0.1% TFA] to give iheyamide B (2) (12.3 mg, fr = 32.0 min) and iheyamide C (3) (1.9 mg, tr = 45.6

min) as a TFA salt, respectively.

Theyamide B (2): colorless oil; [0]*p -80 (¢ 0.92, MeOH); IR (neat) 3263, 1636, 1457, 1201, 1137 cmr
I, HRESIMS m/z 775.4756 [M+H]" (calcd for C43He3sN6O7, 775.4758).

Theyamide C (3): colorless oil; [a]*’p -57 (¢ 0.32, MeOH); IR (neat) 3263, 1634, 1456, 1202, 1136 cmr
!; HRESIMS m/z 678.4231 [M+H]" (calcd for C3sHseNsOg, 678.4231).
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Determination of the Absolute Configuration of iheyamide A (1)

Iheyamide A (1, 0.3 mg) was treated with 6 M HC1 (100 pL) for 20 h at 110 °C. The hydrolyzed
product was evaporated to dryness and could be separated into each component. [Conditions for HPLC
separation: column, Cosmosil 5C;3-PAQ (¢4.6 x 250 mm); flow rate, 1.0 mL/min; detection at 215
nm; solvent H,O. Retention times (min) of components; Pro (3.2), N-Me-Val (3.7), N-Me-Ile (5.3),
Phe (10.4) and N, N-diMe-Phe (21.4)].

The N-Me-Ile fraction was dissolved in H>O (50 pL) and analyzed by HPLC, and the retention
times were compared to those of authentic standards [column, Cosmosil PBr (¢4.6 x 250 mm); flow
rate, 1.0 ml/min; detection 254 nm; solvent, 5% MeCN with 0.1% TFA]. The retention times for
authentic standards were 7.0 min (N-Me-allo-Ile) and 7.7 min (N-Me-Ile). The retention time of N-
Me-Ile from natural 1 was 7.7 min, indicating the presence of N-Me-Ile.

Each fraction was dissolved in H,O (50 puL) and analyzed by chiral-phase HPLC, and the retention
times were compared to those of authentic standards [column, DAICEL CHIRALPAK MA(+) (¢4.6
x 50 mm); flow rate, 1.0 mL/min; detection at 254 nm; solvent, several conditions]. With 2 mM CuSOg4
as a solvent, the retention times for authentic standards were 2.6 min (D-Pro) and 4.7 min (L-Pro), 3.2
min (N-Me-D-Val) and 5.0 min (N-Me-L-Val), and 8.0 min (N-Me-D-Ile) and 14.0 min (N-Me-L-Ile).
The retention times of each amino acid from natural 1 were 4.7 min, 5.0 min and 14.0 min, indicating
the presence of L-Pro, N-Me-L-Val, and N-Me-L-lle, respectively. With 10% MeCN 2 mM CuSO4
solution as a solvent, the retention times for authentic standards were 4.2 min (D-Phe) and 5.5 min (L-
Phe), and 8.1 min (V, N-diMe-D-Phe) and 13.3 min (V, N-diMe-L-Phe). The retention times of each
amino acid from natural 1 were 4.2 min and 13.3 min, indicating the presence of D-Phe and N, N-
diMe-L-Phe, respectively.

Theyamide A (1, 0.5 mg) was dissolved in 2.5 ml MeOH and ozonized at -78 °C for 20 min. The
solvent was evaporated, and the product was treated with 6 M HC1 (100 pl) for 17 h at 110 °C. The
hydrolyzed product was evaporated to dryness and separated into Val from iPr-O-Me-pyrrolinone.
[Conditions for HPLC separation: column, Cosmosil 5Ci3-PAQ (¢4.6 x 250 mm); flow rate, 1.0
mL/min; detection at 215 nm; solvent H>O. Retention times (min) of components; Val (3.4)]. The
fraction was dissolved in H,O (50 pL) and analyzed by chiral-phase HPLC, and the retention time was
compared to those of authentic standards [column, DAICEL CHIRALPAK MA(+) (¢4.6 x 50 mm);
flow rate, 1.0 mL/min; detection at 254 nm; solvent, several conditions]. With 2 mM CuSO; as a
solvent, the retention times for authentic standards were 3.2 min (D-Val) and 6.1 min (L-Val). The
retention time of Val from iPr-O-Me-pyrrolinone of natural 1 was 6.1 min, indicating the presence of

(58)-iPr-O-Me-pyrrolinone.

Determination of the Absolute Configurations of Theyamide B (2) and Theyamide C (3)
Theyamide B (2, 0.2 mg) and iheyamide C (3, 0.2 mg) were treated with 6 M HCI (100 pL) for 18
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h at 110 °C, respectively. The hydrolyzed product was evaporated to dryness and could be separated
into each component, as with iheyamide A (1).

Each fraction was dissolved in H,O (50 puL) and analyzed by chiral-phase HPLC, and the retention
times were compared to those of authentic standards [column, DAICEL CHIRALPAK MA(+) (¢4.6
x 50 mm); flow rate, 1.0 mL/min; detection at 254 nm; solvent, several conditions]. With 2 mM CuSO4
as a solvent, the retention times for authentic standards were the same as those for iheyamide A (1).
The retention times of each amino acid from natural 2 and 3 were 4.7 min, 5.0 min and 14.0 min,
indicating the presence of L-Pro, N-Me-L-Val, and N-Me-L-Ile, respectively. With 10% MeCN 2 mM
CuSOjs solution as a solvent, the retention times for authentic standards were 4.2 min (D-Phe) and 5.5
min (L-Phe), and 8.1 min (N, N-diMe-D-Phe) and 13.3 min (N, N-diMe-L-Phe). The retention times of
each amino acid from natural 2 and 3 were 4.2 min and 14.0 min, indicating the presence of D-Phe

and N, N-diMe-L-Phe, respectively.

HPLC analysis of amino acid components
A fraction that contained N-Me-Ile was dissolved in H>O (50 pL) and analyzed by HPLC, and the

retention times were compared to those of authentic standards.

Conditions for HPLC separation: column, Cosmosil PBr (¢4.6 x 250 mm); flow rate 1.0 mL/min;
detection at 215 nm; solvent 5% MeCN with 0.1% TFA
fr (min): Authentic samples: N-Me-lle (7.7), N-Me-allo-Ile (7.0)
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Chiral HPLC analysis

Determination of the absolute configuration of the a-amino acids in iheyamide A (1), iheyamide B (2),

and iheyamide C (3)

Pro: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0 mL/min; detection at 254

nm; solvent, 2.0 mM CuSOa.
tr (min): Authentic samples: D-Pro (2.6), L-Pro (4.7)
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N-Me-Ile: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0 mL/min; detection
at 254 nm; solvent, 2.0 mM CuSOa.
fr (min): Authentic samples: N-Me-D-Ile (8.0), N-Me-L-Ile (14.0)
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N-Me-Val: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0 mL/min; detection
at 254 nm; solvent, 2.0 mM CuSOa.
fr (min): Authentic samples: N-Me-D-Val (3.2), N-Me-L-Val (5.0)
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Phe: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0 mL/min; detection at 254
nm; solvent, 10% MeCN + 2.0 mM CuSOsa.
fr (min): Authentic samples: D-Phe (4.2), L-Phe (5.5)
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N,N-diMe-Phe: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0 mL/min;
detection at 254 nm; solvent, 10% MeCN + 2.0 mM CuSOa.
fr (min): Authentic samples: N,N-diMe-D-Phe (8.1), N,N-diMe-L-Phe (13.3)
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Chiral HPLC analysis of Val from iPr-O-Me-pyrrolinone of iheyamide A (1)

Val from iPr-O-Me-pyrrolinone of iheyamide A (1): column, DAICEL CHIRALPAK (MA+) (¢ 4.6 %
50 mm); flow rate 1.0 mL/min; detection at 254 nm; solvent, 2.0 mM CuSOsa.

fr (min): Authentic samples: D-Val (3.2), L-Val (6.1)
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"H NMR (400 MHz, CD30D) spectrum of iheyamide A (1)

abundance

13C NMR (100 MHz, CD30D) spectrum of iheyamide A (1)

0 0.1 0203040506 070809 1.0 111213141516 1.7 1.8 1.9 2.0 21 22 23 24 25 26 2.7 28 29

M Il Jd b N UJ

T T T T
7.0 6.0 4.0 3.0
X : parts per Million : Proton

(thousandths)

3.0
I

2.0
I

1.0

0

WWWWMWWWMMWWW bbbk

T T T T T T T T T T T T T T T T T T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0
X : parts per Million : Carbon13

102



COSY (400 MHz, CD30D) spectrum of iheyamide A (1)
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HMQC (400 MHz, CD3;0D) spectrum of iheyamide A (1)
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HMBC (400 MHz, CD30D) spectrum of iheyamide A (1)
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TOCSY (400 MHz, CD3;0D) spectrum of iheyamide A (1)
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13C NMR (100 MHz, CD30D) spectrum of iheyamide B (2)
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HMQC (400 MHz, CD30D) spectrum of iheyamide B (2)
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NOESY (400 MHz, CD30D) spectrum of iheyamide B (2)
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13C NMR (400 MHz, CD3CN) spectrum of iheyamide C (3)
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HMQC (400 MHz, CD3;CN) spectrum of iheyamide C (3)
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NOESY (400 MHz, CD3CN) spectrum of iheyamide C (3)
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Identification of the Marine Cyanobacterium

A cyanobacterial filament was isolated under a microscope and crushed with freezing and thawing.
The 16S rDNA genes were PCR-amplified from isolated DNA using the primer set CYA359F (a
cyanobacterial-specific primer) and CYA1371R (a universal primer). The PCR reaction contained
DNA derived from a cyanobacterial filament, 0.5 pL of KOD-Multi & Epi- (Toyobo), 1.0 pL of each
primer (0.5 uM, respectively), 12.5 pL. of 2xPCR Buffer for KOD-Multi & Epi-, and H,O for a total
volume of 25 pL.. The PCR reaction was performed as follows: initial denaturation for 2 min at 94 °C,
and amplification by 40 cycles of 10 sec at 98 °C and 1.5 min at 66 °C. PCR products were analyzed
on agarose gel (1%) in TBE buffer and visualized by ethidium bromide staining. The obtained DNA
was sequenced with CYA359F and CYAI1371R primers. This sequence is available in the
DDBJ/EMBL/Genbank databases under accession number LC610901. The nucleotide sequence of
16S rRNA gene obtained in this study was used for phylogenetic analysis with the sequences of related
cyanobacterial 16S rRNA genes. All sequences were aligned by the SINA web service (version
1.2.11)"77 with default settings. The poorly aligned positions and divergent regions were removed by
Gblocks Server (version 0.91b),'”® implementing the options for a less stringent selection, including
the ‘Allow smaller final blocks’, ‘Allow gap positions within the final blocks’ and ‘Allow less strict
flanking positions’ options. The obtained 926 nucleotide positions were used for phylogenetic analysis.
JModeltest (version 2.1.7)!7130 with default settings was used to select the best model of DNA
substitution for the Maximum Likelihood (ML) analysis and Bayesian analysis according to the
Akaike information criterion (AIC). The ML analysis was conducted by PhyML (version
20131016),'%° using the GTR+I+G model with a gamma shape parameter of 0.4470, a proportion of
invariant sites of 0.4500 and nucleotide frequencies of F(A) = 0.2461, F(C) =0.2362, F(G) = 0.3153,
F(T)=0.2024. Bootstrap resampling was performed on 1,000 replicates. The ML tree was visualized
with Njplot (version 2.3).'®! The Bayesian analysis was conducted by MrBayes (version 3.2.5)'82 using
the GTR+I+G model. The Markov chain Monte Carlo process was set at 2 chains, and 1,000,000
generations were conducted. Sampling frequency was assigned at every 500 generations. After
analysis, the first 100,000 trees were deleted as burn-in, and the consensus tree was constructed. The
Bayesian tree was visualized with FigTree (version 1.4.0, http://tree.bio.ed.ac.uk/software/figtree). As
a result, the cyanobacterium (accession no. LC610901) formed a clade with Salileptolyngbya sp.”®

Therefore, the cyanobacterium was classified into Salileptolyngbya sp.
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Phylogenetic tree inferred from 16S rDNA sequences using the ML method. The phylogeny is rooted
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<70 % are not shown) and posterior probability (values <0.9 are not shown) for the ML/Bayesian

inference.
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Collection, Extraction and Isolation

The cyanobacterium Salileptolyngbya sp. (1350 g, wet weight) was collected at Kinenhama beach,
Kagoshima, Japan, in June 2014. The collected cyanobacterium was extracted with EtOH (2 x 3 L)
for 3 days. The extract was filtered, and the filtrate was concentrated. The residue was partitioned
between EtOAc (3 x 0.3 L) and H,O (0.3 L). The material obtained from the organic layer was
partitioned between 90% aqueous MeOH (0.3 L) and hexane (3 % 0.3 L), and the aqueous MeOH layer
was evaporated to give an aqueous MeOH fraction (3.68 g). A part of this aqueous MeOH (1.53 g)
fraction was separated by column chromatography on ODS (15.3 g) eluted with 40% MeOH, 60%
MeOH, 80% MeOH, MeOH and CHCl3-MeOH (1:1). A part of the fraction (98.7 mg) eluted with 80%
MeOH was subjected to HPLC [Cosmosil 5C1s-MS-II ($20 x 250 mm); flow rate 5 mL/min; detection,
UV 215 nm; solvent 80% MeOH] in five batches to give the fraction that contained kinenzoline (4,
48.7 mg, last collected fraction). the whole fraction that contained kinenzoline (4) was further purified
by HPLC [Cosmosil 5C13-MS-II ($20 x 250 mm); flow rate 5 mL/min; detection, UV 215 nm; solvent
85% MeOH] to give the fraction that contained kinenzoline (4, 13.3 mg, fr = 20.2 min). The fraction
was further purified by HPLC [Cosmosil Cholester ($20 x 250 mm); flow rate 5 mL/min; detection,
UV 215 nm; solvent 60% MeCN] to give the fraction that contained kinenzoline (4, 2.0 mg, tr = 39.0
min). The fraction was finally purified by HPLC [Cosmosil SPE-MS ($20 x 250 mm); flow rate 5
mL/min; detection, UV 215 nm; solvent 70% MeOH containing 0.1% TFA] and partitioned between
EtOAc (3 x 20 ml) and K»COj3 aqueous solution (20 ml). The organic layer was evaporated to give
kinenzoline (4, 1.7 mg, tr = 33.4 min).

Kinenzoline (4): colorless oil; [a]*°p -88.3 (¢ 0.073, MeOH); IR (neat) 3377, 2925, 1743, 1647, 1514,
1449 cm™'; "TH NMR, BC{'H} NMR, COSY, and HMBC data, see Table 1; HRESIMS m/z 746.4135
[M-’-H]+ (caled for C3gHesoNsOsS, 746.4163).

Synthesis of (R)- and (S)-2-Methylcysteic Acid>’

A sample of (R)-2-methylcysteine hydrochloride (5.0 mg) was treated with 2 mL of a mixture of
H>0,-HCOH (1:9) at 0 °C for 1 h. The product mixture was concentrated to dryness by evaporation
to give (R)-2-methylcysteic acid. The residue was then reconstituted in 250 pl of H>O for amino acid
analysis by chiral HPLC. Similarly, (S)-2-methylcysteine hydrochloride was reacted to yield (S)-2-
methylcysteic acid.

Determination of the Absolute Configuration of kinenzoline (4)
kinenzoline (4, 0.2 mg) was treated with 6 M HCI (100 pL) for 24 h at 110 °C. The hydrolyzed
product was evaporated to dryness and could be separated into each component [Condition 1 for HPLC

separation: column, Cosmosil 5Ci3-PAQ (¢4.6 x 250 mm); flow rate, 1.0 mL/min; detection at 215
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nm; solvent H>O. Retention times (min) of components; Pro (2.9), Tyr (7.1) and N, N-diMe-Leu (9.1),
Condition 2 for HPLC separation: column, Cosmosil PBr (¢4.6 x 250 mm); flow rate, 1.0 ml/min;
detection 215 nm; solvent 5% MeCN containing 0.1% TFA. Retention times (min) of components; 2-
methylcysteine (4.0) and valic acid (11.0)]. The fraction of 2-methylcysteine from natural 4 was treated
with 2 ml of a mixture of HO,-HCO,H (1:9) at 0°C 1 h. The product mixture was concentrated to
dryness by evaporation to give 2-methylcysteic acid.

Each fraction was dissolved in H>O (50 pL) and analyzed by chiral-phase HPLC, and the retention
times were compared to those of authentic standards [column, DAICEL CHIRALPAK MA(+) (¢4.6
x 50 mm); flow rate, 1.0 mL/min; detection at 254 nm; solvent, several conditions]. With 2 mM CuSO4
as a solvent, the retention times for authentic standards were 2.5 min (D-Pro) and 4.3 min (L-Pro) and
4.9 min ((R)-2-methylcysteic acid) and 5.8 min ((S)-2-methylcysteic acid). The retention times of each
amino acid from natural 4 were 4.3 min and 4.9 min, indicating the presence of L-Pro and (R)-2-
methylcysteic acid, respectively. With 5% MeOH-95% 2 mM CuSOj4 solution as a solvent, the
retention times for authentic standards were 6.7 min (D-Tyr) and 9.6 min (L-Tyr). The retention times
of each amino acid from natural 4 were 6.7 min, indicating the presence of D-Tyr. With 10% MeOH-
90% 2 mM CuSOs solution as a solvent, the retention times for authentic standards were 6.4 min (,
N-diMe-D-Leu) and 10.6 min (&, N-diMe-L-Leu). The retention times of each amino acid from natural
4 were 10.6 min, indicating the presence of N, N-diMe-L-Leu. With 15% MeCN-85% 2 mM CuSO,
solution as a solvent, the retention times for authentic standards were 5.4 min (D-valic acid) and 9.2
min (L-valic acid). The retention times of each amino acid from natural 4 were 9.2 min, indicating the
presence of L-valic acid.

Kinenzoline (4, 0.2 mg) was dissolved in 2.5 mL MeOH and ozonized at -78 °C for 30 min. The
solvent was evaporated, and the product was treated with 6 M HCI (100 pl) for 18 h at 110 °C. The
hydrolyzed product was evaporated to dryness and separated into N-Me-Val. [Conditions for HPLC
separation: column, Cosmosil 5Ci3-PAQ (¢4.6 x 250 mm); flow rate, 1.0 mL/min; detection at 215
nm; solvent H,O. Retention times (min) of components; N-Me-Val (4.0)]. The fraction was dissolved
in H>O (50 pL) and analyzed by chiral-phase HPLC, and the retention time was compared to those of
authentic standards [column, DAICEL CHIRALPAK MA(+) (¢4.6 x 50 mm); flow rate, 1.0 mL/min;
detection at 254 nm; solvent, several conditions]. With 2 mM CuSOs as a solvent, the retention times
for authentic standards were 3.3 min (N-Me-D-Val) and 5.2 min (N-Me-L-Val). The retention time of

N-Me-Val of natural 4 was 5.2 min, indicating the presence of N-Me-L-Val.
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Determination of the absolute configuration of each amino acids in kinenzoline (4)

Pro: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0 mL/min; detection at 254
nm; solvent, 2.0 mM CuSOa.
fr (min): Authentic samples: D-Pro (2.5), L-Pro (4.3)

matched

N

v ] i—
II.ECEI’.: 3}
b +
D-Pro L-Pro Pro from 4 Pro from 4

L-Pro

Tyr: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0 mL/min; detection at 254
nm; solvent, 5% MeOH + 2.0 mM CuSOs.
fr (min): Authentic samples: D-Tyr (6.7), L-Tyr (9.6)

matched
. |
} \'—V\k
L ] ]
D-Tyr L-Tyr Tyr from 4 Tyr from 4
D-Tyr
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2-methylcysteic acid from 2-MeTzn from 4: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm);
flow rate 1.0 mL/min; detection at 254 nm; solvent, 2.0 mM CuSOs.
fr (min): Authentic samples: (S)-2-methylcysteic acid (4.9), (R)-2-methylcystiec acid (5.8)

matched

I

w |
el

(S)-2-methylcysteic acid (R)-2-methylcysteic acid 2-methylcysteic acid from 4 2-methylcysteic acid from 4

4.258
4

(R)-2-methylcysteic acid

N-Me-Val: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0 mL/min; detection
at 254 nm; solvent, 2.0 mM CuSOg.
fr (min): Authentic samples: N-Me-D-Val (3.3), N-Me-L-Val (5.2)

matched
|
i YJ - [,J\_J
@ o
g g U
# n
N-Me-D-Val N-Me-L-Val N-Me-Val from 4 N-Me-Val from 4
N-Me-L-Val
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Valic acid: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0 mL/min; detection
at 254 nm; solvent, 15% MeCN + 2.0 mM CuSOs.
fr (min): Authentic samples: D-Valic acid (5.4), L-Valic acid (9.2)

matched

D-Valic acid L-Valic acid Valic acid from 4 Valic acid from 4
L-Valic acid

N,N-diMe-Leu: column, DAICEL CHIRALPAK (MA+) (¢ 4.6 x 50 mm); flow rate 1.0 mL/min;
detection at 254 nm; solvent, 10% MeOH + 2.0 mM CuSOa.
fr (min): Authentic samples: N,N-diMe-D-Leu (6.4), N,N-diMe-L-Leu (10.6)

matched

'ﬁ

MF_JJ W%J -

Q
-

[
o]

6,425

]

N,N-diMe-D-Leu N,N-diMe-L-Leu N,N-diMe-Leu from4 N,N-diMe-Leu from 4
N,N-diMe-L-Leu
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"H NMR (400 MHz, CD30D) spectrum of kinenzoline (4)
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COSY (400 MHz, CD30D) spectrum of kinenzoline (4)

HMQC (400 MHz, CD3;0D) spectrum of kinenzoline (4)

=
z
:
<
:
8o
g«
£3
e JL& A
g3 J bl )
<]
2
-
<]
2
<]
K
:
s
&
ERS
g
£
£
:
T T T T T T T T T T T T T T T T
7.0 6.0 5.0 4.0 3.0 2.0 1.0 01 03 05 07
X : parts per Million : Proton abundance

1.0

abundance

B

109.0

129.0 119.0
P RS T TI

YR LRI

139.0

Y - parts per Million : Carbon13

.
T

%

: Lo
7.0 6.0 4.0 3.0 2.0 1.0

X : parts per Million : Proton

o
°

T T T
0 1.0 20
(thousandths)

120



HMBC (400 MHz, CD30D) spectrum of kinenzoline (4)
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Identification of the Marine Cyanobacterium

A cyanobacterial filament was isolated under a microscope and crushed with freezing and thawing.
The 16S rDNA genes were PCR-amplified from isolated DNA using the primer set CYA359F (a
cyanobacterial-specific primer) and CYA1371R (a cyanobacterial-specific primer). The PCR reaction
mixture contained DNA derived from a cyanobacterial filament, 0.5 pL of KOD-Multi & Epi-
(Toyobo), 1.0 puL of each primer (0.5 uM, respectively), 12.5 pL of 2xPCR Buffer for KOD-Multi &
Epi-, and H,O for a total volume of 25 pL. The PCR reaction was performed as follows: initial
denaturation for 2 min at 94 °C, and amplification by 40 cycles of 10 sec at 98 °C and 1.5 min at 66 °C.
PCR products were analyzed on agarose gel (1%) in TBE buffer and visualized by ethidium bromide
staining. The obtained DNA was sequenced with CYA359F and CYA1371R primers. This sequence
is available in the DDBJ/EMBL/Genbank databases under accession number LC697001. The
nucleotide sequence of the 16S rRNA gene obtained in this study was used for phylogenetic analysis
with the sequences of related cyanobacterial 16S rDNA genes. All sequences were aligned by the SINA
web service (version 1.2.11)'77 with default settings. The poorly aligned positions and divergent
regions were removed by Gblocks Server (version 0.91b),!”® implementing the options for a less
stringent selection, including the ‘Allow smaller final blocks’, ‘Allow gap positions within the final
blocks’ and ‘Allow less strict flanking positions’ options. The obtained 681 nucleotide positions were
used for phylogenetic analysis. JModeltest (version 2.1.7)!7%180 with default settings was used to select
the best model of DNA substitution for the Maximum Likelihood (ML) analysis and Bayesian analysis
according to the Akaike information criterion (AIC). The ML analysis was conducted by PhyML
(version 20131016),'® using the TIM1+I+G model with a gamma shape parameter of 0.4480, a
proportion of invariant sites of 0.4950 and nucleotide frequencies of F(A) = 0.2360, F(C) = 0.2261,
F(G)=10.3162, F(T) = 0.2217. Bootstrap resampling was performed on 1,000 replicates. The ML tree
was visualized with Njplot (version 2.3).'"8! The Bayesian analysis was conducted by MrBayes
(version 3.2.5)'3? using the TIM1+I+G model. The Markov chain Monte Carlo process was set at 2
chains, and 1,000,000 generations were conducted. Sampling frequency was assigned at every 500
generations. After analysis, the first 100,000 trees were deleted as burn-in, and the consensus tree was
constructed. ~The Bayesian tree was visualized with FigTree (version 1.4.0,
http://tree.bio.ed.ac.uk/software/figtree). As a result, the cyanobacterium (accession no. LC697001)

101 Therefore, the cyanobacterium was classified into

formed a clade with Vermifilaceae family
Vermifilaceae family. In addition, morphological observation was performed using a phase contrast
microscopy ECLIPSE Ti-S (Nicon, Tokyo, Japan). The mean cell size and standard deviation of 30
cells were measured. The morphological characteristics were summarized in Figure S2. The

morphologies of the collected marine cyanobacterium 2007-23 consisted with those of
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Leptochromothrix valpauliae.'®" Therefore, the cyanobacterium was identified as Leptochromothrix

valpauliae.
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123



Collection, Extraction and Isolation

The cyanobacterium Leptochromotrix valpauliae (250 g, wet weight) was collected at Ie island,
Okinawa, Japan, in July 2020. The collected cyanobacterium was extracted with EtOH (2 x 2 L) for 3
days. The extract was filtered, and the filtrate was concentrated. The residue was partitioned between
EtOAc (3 x 0.3 L) and H,O (0.3 L). The material obtained from the organic layer was partitioned
between 90% aqueous MeOH (0.3 L) and hexane (3 x 0.3 L), and the aqueous MeOH layer was
evaporated to give an aqueous MeOH fraction (307.5 mg). This aqueous MeOH fraction was separated
by column chromatography on ODS (4.0 g) eluted with 40% MeOH, 60% MeOH, 80% MeOH, MeOH
and CHCI3-MeOH (1:1). The fraction (136.1 mg) eluted with 80% MeOH was subjected to AFCS
[¢11 % 300 mm; flow rate 5 mL/min; detection at 254 nm; solvent gradient condition, hexane/EtOAc
(51/49 — 30/70 — 2/98 — 0/100)] in seven batches to give the fraction that contained iezoside (5, 7.7
mg, fr = 52 min, fourth collected fraction). The whole fraction that contained iezoside (5) was further
purified by HPLC [Cosmosil 5Cig-MS-II (¢20 x 250 mm); flow rate 5 mL/min; detection at 215 nm;
solvent 80% MeOH] to give iezoside (5, 5.4 mg, tr = 42.3 min).

lezoside (5): colorless oil; [a]*’p +56 (¢ 0.38, CHCl3); IR (neat) 3457, 3288, 2960, 2931, 2873, 2826,
1684, 1618, 1522, 1448, 1397 cm’!; '"H NMR, 3C{'H} NMR, COSY, and HMBC data, see Table 1;
HRESIMS m/z 690.4169 [M+H]* (calcd for C37HsoN305S, 690.4152).

Ozonolysis, Acid Hydrolysis, and Amino Acid Separation of iezoside (5)

Iezoside (5, 0.2 mg) was dissolved in 2.5 mL MeOH and ozonized at -78 °C for 10 min. The
solvent was evaporated, and the product was treated with 6 M HCI (100 ul) for 24 h at 110 °C. The
hydrolyzed product was evaporated to dryness and was separated into each amino acid component

[Condition for HPLC separation: column, Cosmosil 5C5-PAQ (¢4.6 x 250 mm); flow rate, 1.0

mL/min; detection at 215 nm; solvent H,O containing 0.1% TFA. Retention times (min) of

components; N-Me-Ala (3.4) and Leu (12.0)].

Determination of the Absolute Configuration of Leu of iezoside (5)

Separated Leu was dissolved in H>O (50 pL) and analyzed by chiral-phase HPLC, and the retention
time was compared to those of authentic standards [column, DAICEL CHIRALPAK MA(+) (¢4.6 x
50 mm); flow rate, 1.0 mL/min; detection at 254 nm; solvent, several conditions]. With 2 mM CuSOj4
as a solvent, the retention times for authentic standards were 8.1 min (D-Leu) and 16.5 min (L-Leu).

The retention time of Leu of natural 5 was 16.5 min, indicating the presence of L-Leu.
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Determination of the Absolute Configuration of N-Me-Ala of iezoside (5)

Separated N-Me-Ala were dissolved in H,O (50 pL). Marfey’s reagent (0.1% 1-fluoro-2,4-
dinirtophenyl-5-L-leucinamide) solution in acetone (100 uL) and 50 pL of 1 M aqueous NaHCO3 were
added to the solution. The mixture was stirred at 80 °C for 3 min, and then cooled to room temperature.
The reaction was quenched with 1 M aqueous HCI (3 drops), and the mixture was concentrated under
reduced pressure. The residue was resuspended in 50% aqueous MeCN and the solution was analyzed
by reversed-phase HPLC. The retention time of the derivatized N-Me-Ala-L-DLA in the hydrolysate
of natural 5 matched that of N-Me-D-Ala-L-DLA authentic sample (fr = 16.6 min), but not N-Me-L-
Ala-L-DLA authentic sample (fr = 9.3 min) [Conditions for HPLC separation: column, Cosmosil AR-

IT (¢4.6 x 250 mm); flow rate 1.0 mL/min; detection at 340 nm; solvent 55% MeCN 45% 0.02M
NaOAc].
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Preparation of MTPA Esters and Determination of the Absolute Configuration at C-33 of
iezoside (5)

To a solution of 5 (0.2 mg, 0.29 umol) in dry pyridine (0.1 mL) was added (R)-MTPACI (1 drop)
at room temperature and the mixture was stirred for 10 min. The reaction mixture was diluted with
MeOH (0.2 mL) and concentrated under reduced pressure. The residue was purified by HPLC to give
iezoside (S)-MTPA ester (5°a) (0.2 mg, 0.22 umol, fr = 28.7 min). [Cosmosil 5C;s-MS-II ($620 x 250

mm); flow rate 5 mL/min; detection at 215 nm; solvent 90% MeOH].

5’a: 'H NMR (400 MHz, (CD3),CO): 6u 7.74 (d, J = 8.2 Hz, 1H), 7.68 (d, J= 3.5 Hz, 1H), 7.66-7.63
(m, 2H), 7.52-7.47 (m, 3H), 7.45 (d, J= 3.5 Hz, 1H), 6.41 (dq, J= 11.4, 1.3 Hz, 1H), 6.23 (d, J= 16.0
Hz, 1H), 6.17 (d. J = 11.4 Hz, 1H), 5.52 (t, J= 7.5 Hz, 1H), 5.39 (ddd, J = 8.2, 7.4, 5.6 Hz, 1H), 5.34
(dd, J=16.0, 9.0 Hz, 1H), 5.20 (t, J = 10.0 Hz, 1H), 4.97 (m, 1H), 4.93 (d, J = 1.7 Hz, 1H), 4.05 (m,
1H), 3.84-3.70 (m, 2H), 3.68 (dd, J= 9.9, 2.9 Hz, 1H), 3.60 (s, 3H), 3.44 (s, 3H), 3.42 (s, 3H), 3.31 (s,
3H), 2.50 (dq, J = 7.0, 6.7 Hz, 1H), 2.16-2.10 (m, 2H), 1.89 (m, 1H), 1.88 (d, J = 1.3 Hz, 3H), 1.87-
1.76 (m, 2H), 1.84 (m, 1 H), 1.81 (m, 1H), 1.74 (m, 1H), 1.72-1.69 (brs, 6H), 1.33 (d, J= 6.7 Hz, 3H),
1.13 (d, J = 7.0 Hz, 3H), 1.07 (d, J = 6.3 Hz, 3H), 0.96 (d, J = 6.4 Hz, 3H), 0.95 (t, J = 7.7 Hz, 3H),
0.95 (d, J = 6.4 Hz, 3H); HRMS (ESI-TOF) m/z 906.4581 [M+H]" (caled for CasHs7F3N300S
906.4550).

To a solution of 5 (0.2 mg, 0.29 pumol) in dry pyridine (0.1 mL) was added (S)-MTPACI (1 drop)
at room temperature and the mixture was stirred for 10 min. The reaction mixture was diluted with
MeOH (0.2 mL) and concentrated under reduced pressure. The residue was purified by HPLC to give
iezoside (R)-MTPA ester (5’°b) (0.2 mg, 0.22 pmol, tr = 28.2 min). [Cosmosil 5Cis-MS-II (¢20 x 250

mm); flow rate 5 mL/min; detection at 215 nm; solvent 90% MeOH].

5°b: '"H NMR (400 MHz, (CD3),CO): 64 7.75 (d, J = 8.2 Hz, 1H), 7.69 (d, J= 3.5 Hz, 1H), 7.62-7.57
(m, 2H), 7.53-7.47 (m, 3H), 7.46 (d, J= 3.5 Hz, 1H), 6.44 (dq, J= 11.4, 1.3 Hz, 1H), 6.25 (d, J= 16.0
Hz, 1H), 6.18 (d. J = 11.4 Hz, 1H), 5.53 (t, J= 7.5 Hz, 1H), 5.39 (ddd, J= 8.2, 7.4, 5.6 Hz, 1H), 5.35
(dd, J=16.0, 8.8 Hz, 1H), 5.16 (t, J= 10.0 Hz, 1H), 4.98 (m, 1H), 4.92 (d, J = 1.7 Hz, 1H), 4.09 (t, J
= 7.8 Hz, 1H), 3.90 (dq, J = 11.0, 6.4 Hz, 1H), 3.69 (dd, J = 2.9, 1.7 Hz, 1H), 3.56 (m, 1H), 3.54 (s,
3H), 3.42 (s, 3H), 3.31 (s, 3H), 3.21 (s, 3H), 2.51 (dq, J = 7.0, 6.8 Hz, 1H), 2.18-2.10 (m, 2H), 1.89
(m, 1H), 1.88 (s, 3H), 1.86 (m, 1H), 1.76 (m, 1H), 1.74 (s, 3H), 1.71 (s, 3H), 1.34 (d, J= 6.7 Hz, 3H),
1.21 (d, J= 6.4 Hz, 3H), 1.16 (d, J = 7.0 Hz, 3H), 0.96 (t, J = 7.8 Hz, 3H), 0.96 (d, J = 6.4 Hz, 3H),
0.95 (d, J = 6.4 Hz, 3H); HRMS (ESI-TOF) m/z 906.4583 [M+H]* (caled for CasHs7F3N300S
906.4550).

The absolute configuration of C33 was determined as S based on the Ad (Js-dr) values shown below.
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Calculation of Stable Conformers of Model Compounds 27

Four model compounds (18R,19R)-27, (185,19R)-27, (18R,195)-27, and (185,195)-27 were built
on Spartan’20. Conformational search with MMFF force field (104976 initial conformers for each
isomer) was performed with default settings, and the conformers within 40 kJ/mol from the global
minimum conformer were collected. Against these conformers, the following calculation steps were
conducted: structure optimization at the HF/3-21G level, followed by conformer narrowing by setting
the threshold at 40 kJ/mol from the global minimum conformer; energy estimation with fixing the
geometries at the B3LYP/6-31G* level, followed by conformer narrowing by setting the threshold at
15 kJ/mol from the global minimum conformer; and structural optimization and frequency analysis at
the B3LYP/6-31G* level, followed by conformer narrowing by setting the threshold at 10 kJ/mol of
free energy from the global minimum conformer. The geometry and the energy of these stable

conformers are provided in the other file.

Calculation of Chemical Shifts and Coupling Constants

Obtained sets of stable conformers were subjected to chemical shift calculations at B3LYP/6-31G*
level on Spartan’20, the program automatically translates the magnetic tensors to chemical shifts
followed by empirical corrections. The coupling constants were calculated based on B3LYP/PCJ-
0//B3LYP/6-31G* level. The calculated chemical shifts and *Jiis/m19 coupling constants of individual
conformers were averaged based on the Boltzmann distribution calculated from free energy at 298.15
K. Statistical analyses of the results were carried out using Microsoft Excel Version 2111. The DP4
probability scores were calculated by the Goodman’s procedure using their parameters (1*C: o = 2.306

ppm, v=11.38, 'H: 6= 0.185 ppm, v = 14.18)'4,

Calculation of ECD Spectra

Obtained sets of stable conformers were subjected to TDDFT calculations by examining 20
excitations at B3LYP/6-31G* level using Gaussian 16. The calculated ECD data of each conformer
were averaged based on the Boltzmann distribution calculated from free energy at 298.15 K, and the

resulting spectra were visualized by using SpecDis with a half-band width of 0.30 eV.
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The Analysis of the Cytosolic Ca?* Concentration in HeLa Cells

HeLa cells grown to confluence in a flask were washed and suspended in PBS(-) loaded with 4
puM fura-2/AM (Dojindo) at 37 °C in the dark for 1 h. The cells were then washed three times with
PBS(-) to remove excess fura-2/AM and extracellular Ca?*, and the washed cells were resuspended in
PBS(-) at rt. Changes in the intracellular Ca?" concentrations were measured at 37 °C using a dual-
wavelength spectrofluorometer (FP-8300, Jasco). Fura-2 fluorescence intensities were monitored with
excitation wavelengths of 340 and 380 nm (F340 and F380) and emission at 500 nm, and the ratio of
the emissions (F340/F380) was calculated. The maximum fluorescence ratio (Rmax) was obtained in
the presence of 1 mM CaCl, and 0.2% Triton X-100, and the minimum fluorescence ratio (Rmin) was

obtained in the presence of 20 mM EGTA (Nacalai Tesque).

Inhibition of Ca?" -ATPase Activity

Sarcoplasmic reticulum (SR) vesicles containing SERCAla were obtained according to our
previous paper.”> ATPase activity was measured with SR vesicles containing SERCA1la at 25°C. The
reaction mixture contains 65 mM MOPS, pH 7.0, 129 mM KCI, 6.5 mM MgCl, 0.18 mM CaCl,, 5
mM glucose, 0.2 mM nicotinamide adenine dinucleotide, 0.5 mM phosphoenolpyruvate, 0.1% Ci2Es,
18 units lactate dehydrogenase, 24 units pyruvate kinase, and 0.025 mg/ml of protein in SR. ATP (2
mM) was then added to start the reaction, which was monitored for 6 min at 340 nm in the presence

of iezoside (5) at various concentrations.

Protein Extraction

HeLa cells (8 x 10* cells per dish) were incubated to subconfluent and treated with 30 nM iezoside
(5) for 0, 6, 12, 24, 36, and 48 h in a 100-mm dish, and the cells were washed with PBS(-). Total
protein was extracted using 1XRIPA buffer (Nacalai Tesque) containing protease inhibitor cocktail
(Nacalai Tesque) and phosphatase inhibitor cocktail (Nacalai Tesque) by incubating at 4 °C for 30 min.
After centrifugation (13,500 rpm for 30 min at 4 °C), supernatant was collected as cell lysate and the
protein concentrations were determined using a BCA protein assay kit (Nacalai Tesque). The
supernatant were diluted with 6xSDS buffer (Nacalai Tesque) and boiled at 100 °C for 5 min, followed

by cooling on ice. The protein extracting solutions were used for western blotting.

Western Blotting

The prepared samples containing 15 pg total protein were loaded onto SDS-polyacrylamide gels.
After electrophoresis, proteins were transferred onto a PVDF membrane (Merck Millipore) and
blocking was performed in TBS (Tris-buffered saline) containing 5% skim milk. The membrane was
washed with 0.1% Tween-20 in TBS (TBS-T) and incubated with primary antibodies. After washing

the membrane with TBS-T, it was incubated with secondary antibodies. Signals were detected with
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enhanced chemiluminescence using Chemi-Lumi One Super (Nacakai Tesque). Primary antibodies
against ATF4, p21, P-Rb (S780), P-Rb (S807/811), CHOP, PARP and B-actin were purchased from
Cell Signaling Technology. Secondary antibodies, horseradish peroxidase-conjugated anti-mouse IgG

and anti-rabbit IgG were purchased from Cytiva.
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Syntheses of compounds

HW\/

(2E,4E)-4-methylhepta-2,4-dienal (35): To a solution of oxalyl chloride (2.37 mL, 27.7 mmol) in
CH>ClI; (20 mL) cooled at -78 °C under argon atmosphere was added a solution of DMSO (2.95 mL,
41.5 mmol) in CH2Cl; (3 mL) and the mixture was stirred at -78 °C for 30 min. To the reaction mixture
was added a solution of known alcohol (2E,4E)-4-methylhepta-2,4-dien-1-ol" (1746 mg, 13.8 mmol)
in CH,Cl, (7 mL) and stirred at -78 °C for 30 min. Then, to the mixture was added triethylamine (11.57
mL, 83.0 mmol), and the solution was warmed at room temperature and stirred for 5 min. After
completion of the reaction, the reaction mixture was diluted with saturated aqueous NaHCO3 (30 mL)
and extracted with EtOAc (60 mL x 3). The combined organic layers were washed with brine (30 mL),
dried over anhydrous Na,SOs, filtered, and concentrated. The residue was subjected to AFCS [¢p37 x
300 mm; flow rate 5 mL/min; detection at 254 nm; solvent gradient condition, hexane/EtOAc (96/4
— 75/25)] to give aldehyde 35 (1314 mg, tr = 32 min, 10.6 mmol, 77% yield in 2 steps) as a yellow
oil; [a]p® +1.6 (¢ 1.00, CHCl3); IR (neat) 3394, 2972, 2937, 2879, 1717, 1686, 1457, 1365 cm™!; 'H
NMR (400 MHz, CDCls) ¢ 9.55 (d, J = 8.2 Hz, 1H), 7.11 (d, /= 15.4 Hz, 1H), 6.09 (dd, /= 15.4, 8.2
Hz, 1H), 6.02 (t, J= 7.5 Hz, 1H), 2.25 (dq, /= 7.5, 7.7 Hz, 2H), 1.81 (d, J= 0.9 Hz, 3H), 1.06 (t, J =
7.7 Hz, 3H) ; *C{'H} NMR (100 MHz, CDCl;) 6 194.4, 158.1, 146.4, 133.0, 126.9, 22.5, 13.5, 12.3;
HRMS (ESI-TOF) m/z 125.0956 [M+H]" (calcd for CsH130 125.0966).

*(2F,4E)-4-methylhepta-2,4-dien-1-ol used in this reaction was synthesized using the known

117

protocols'!’ as shown in Scheme 4-5.
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(S)-4-benzyl-3-((2S,3R,4E, 6E)-2, 6-dimethyl-3-((triethylsilyl)oxy)nona-4, 6-dienoyl) oxazolidin-2-one

(33): To a solution of (5)-4-benzyl-3-propionyloxazolidin-2-one (34) (1260 mg, 5.40 mmol) in CH>Cl»
(4 mL) cooled at 0 °C was slowly added a 1 M solution of #-Bu,BOTf (5.90 mL, 5.90 mmol).
Triethylamine (0.89 mL, 6.40 mmol) was then added dropwise (internal temperature below 0 °C). The

resulting solution was then cooled to -78 °C, and a solution of aldehyde 35 (611 mg, 4.92 mmol) in
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CHClI; (2 ml) was added slowly. After 3 h, the solution was warmed to 0 °C, and the reaction was
quenched by the addition of pH 7.0 aqueous phosphate buffer solution (3 mL) and MeOH (6 mL).
MeOH (4 mL) and of 30% aqueous H,O> (2 mL) were added carefully, and the resulting yellow
solution was stirred at 0 °C for 30 min. The mixture was extracted with EtOAc (50 mL x 3). The
combined organic layers were washed with saturated aqueous NaHCOs3 (20 mL) and brine (20 mL),
dried over anhydrous Na,SOj4, and concentrated to give the crude aldol product (2147 mg), which was
used for the next reaction without further purification.

To the crude aldol product (2147 mg) in dry CH>Cl, (10 mL) cooled at -50 °C were added 2,6-
lutidine (1.71 mL, 14.76 mmol) and triethylsilyl trifluoromethanesulfonate (2.22 mL, 1.17 mmol).
After stirring for 1 h, the reaction mixture was diluted with saturated aqueous NaHCO3 (10 mL) and
extracted with EtOAc (50 mL x 3). The combined organic layers were washed with saturated aqueous
NaHCOs3 (50 mL) and brine (20 mL), dried over anhydrous Na>SO4, and concentrated. The residue
was subjected to AFCS [¢p37 x 300 mm; flow rate 30 mL/min; detection at 254 nm; solvent gradient
condition, hexane/EtOAc (97/3 — 76/24)] to give aldol product 33 (1956 mg, tr = 35 min, 4.15 mmol,
84% yield in 2 steps) as a colorless oil; [a]p? +47 (¢ 1.00, CHCI); IR (neat) 2960, 2913, 2876, 1784,
1698, 1456 cm’!'; 'H NMR (400 MHz, CDCl3) 6 7.35-7.20 (m, 5H), 6.10 (d, J = 15.4 Hz, 1H), 5.55
(dd, J=15.4,7.9 Hz, 1H), 5.43 (t, /= 7.4 Hz, 1H), 4.55 (m, 1H), 4.29 (t, /J=7.2 Hz, 1H), 4.12 (dd, J
=9.1, 2.3 Hz, 1H), 4.07 (t, /= 7.0 Hz, 1H), 4.02 (t, /= 8.4 Hz, 1H), 3.26 (dd, J = 13.4, 3.4 Hz, 1H),
2.75(dd, J=13.4,9.7 Hz, 1H), 2.11 (dq, J= 7.4, 7.2 Hz, 2H), 1.69 (d, /= 0.9 Hz, 3H), 1.24 (d, J =
6.8 Hz, 3H), 0.97 (t,J = 7.2 Hz, 3H), 0.93 (t,J= 7.7 Hz, 9H), 0.57 (q, J = 7.7 Hz, 6H); *C{'H} NMR
(100 MHz, CDCl3) 6 175.0, 153.3, 135.9, 135.6, 135.1, 132.5, 129.6 (2C), 129.0 (2C), 127.5, 127.4,
76.2,66.1,55.8,44.6,38.1,21.6,14.2,13.2,12.4, 6.9 (3C), 5.0 (3C); HRMS (ESI-TOF) m/z 340.1908
[M-TESOH+H]" (calcd for C21H2NO3 340.1913).

Determination of the absolute configuration at C19 via the modified Mosher method

To a stirred solution of triethylsilyl-deprotected product of 33 (3.4 mg, 9.5 pmol) in pyridine (0.1
mL) was added (R)-MTPACI (1 drop) at room temperature. After stirring for 1 h, saturated aqueous
NaHCOs (1 mL) was added, and the mixture was extracted with EtOAc (5 mL x 3). The combined
organic layers were washed with brine (2 mL), dried over anhydrous Na,;SO4, and concentrated. The
residual oil was purified by PLC (hexane-EtOAc 3:1) to give (S)-MTPA ester 64a (2.2 mg, 3.8 pmol,
40%) as a colorless oil.

To a stirred solution of triethylsilyl-deprotected product of 33 (2.7 mg, 6.7 pmol) in pyridine (0.1
mL) was added (S)-MTPACI (1 drop) at room temperature. After stirring for 1 h, saturated aqueous
NaHCOs (1 mL) was added, and the mixture was extracted with EtOAc (5 mL x 3). The combined
organic layers were washed with brine (2 mL), dried over anhydrous Na,;SO4, and concentrated. The

residual oil was purified by PLC (hexane-EtOAc 3:1) to give (R)-MTPA ester 64b (1.6 mg, 2.7 umol,
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40%) as a colorless oil.

o o o (SHMTPA 0 o o R-MTPA
)]\ s Tsg3 637 553 0.99 )]\ s Tog 621 5.43 0.98
0 N : 5 59/ ~ 2.14 Q N : 5 41/ ~ 212
415 457 =116 416 455 =125
1.71
AP Ph YO Ph e
3.24 3.25
64a 64b

AS (85 - dR)

"H NMR chemical shifts of (S)- and (R)-Mosher esters

Determination of the relative configuration of C18/C19 via the analyses of proton coupling
constants and NOE correlations of acetonide derivative (65)

To a stirred solution of triethylsilyl-deprotected product of 33 (37 mg, 0.11 mmol) in THF (0.5
mL) were added EtOH (3 drops) and lithium borohydride (11 mg, 0.53 mmol) at room temperature.
After stirring for 24 h, saturated aqueous NaHCO3; (1 mL) was added, and the mixture was extracted
with EtOAc (5 mL x 3). The combined organic layers were washed with saturated aqueous NaHCO3
(2 mL) and brine (2 mL), dried over anhydrous Na,SO4, and concentrated. The residual oil was
purified by column chromatography on silica gel (8 g, hexane-EtOAc 1:1) to give 1,3-diol product (11
mg, 0.061 mmol, 58%) as a colorless oil. To a stirred solution of the diol product (11 mg, 0.061 mmol)
in acetone (0.1 mL) and 2,2-dimethoxypropane (0.1 mL) was added pyridinium p-toluenesulfonate
(3.0 mg, 0.012 mmol) at room temperature. After stirring for 3 h, saturated aqueous NaHCO3 (1 mL)
was added, and the mixture was extracted with EtOAc (5 mL x 3). The combined organic layers were
washed with saturated aqueous NaHCO3 (2 mL) and brine (2 mL), dried over anhydrous Na,SO4, and
concentrated. The residual oil was purified by PLC (hexane-EtOAc 10:1) to give acetonide 65 (1.3

mg, 5.8 umol, 9%) as a colorless oil.

144 148 Coupling constants NOESY correlations
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(2S,3R,4E,6E)-N-methoxy-N, 2, 6-trimethyl-3-((triethylsilyl)oxy)nona-4,6-dienamide ~ (32): To a
solution of ethanethiol (0.86 mL, 11.92 mmol) in THF (10 mL) under argon atmosphere cooled at -
78 °C was added a 1.56 M solution of xn-butyllithium in hexane (5.29 mL, 8.31 mmol). After the
mixture was warmed to 0 °C, to the mixture was added a solution of aldol product 33 (1704 mg, 3.61
mmol) in THF (5 mL). After stirring for 20 min, the reaction mixture was diluted with hexane/EtOAc
(30 mL, 1/1). The organic layer was separated, and the aqueous layer was extracted with EtOAc (40
ml x 3). The combined organic layers were washed with saturated aqueous NaHCO3 (50 mL) and
brine (30 mL), dried over anhydrous Na,SOs, and concentrated to give crude thioester (1846 mg). To
a stirred suspension of N,0-dimethylhydroxylamine hydrochloride (2113 mg, 21.66 mmol) in THF (5
mL) under argon atmosphere cooled at -30 °C were added a 1 M solution of isopropylmagnesium
chloride in THF (43.3 mL, 43.32 mmol) and a solution of the crude thioester (1846 mg) in THF (3
mL). The reaction mixture was allowed to slowly warm to 0 °C. After stirring at 0 °C for 2 h, to the
reaction mixture was added saturated aqueous NaHCO3 (20 mL), and the mixture was extracted with
EtOAc (50 mL x 3). The combined organic layers were washed with brine (20 mL), dried over
anhydrous Na>SOj4, and concentrated. The residue was purified by column chromatography on silica
gel (150 g, hexane-EtOAc 10:1) to give Weinreb amide 32 (999 mg, 2.81 mmol, 78% yield in 2 steps)
as a colorless oil; [a]p?' -22 (¢ 1.37, CHCl3); IR (neat) 2960, 2877, 1665, 1459, 1414, 1383 cm™!; 'H
NMR (400 MHz, CDCl3) 6 6.10 (d, J=15.7 Hz, 1H), 5.51 (dd, J=15.7, 7.6 Hz, 1H), 5.40 (t, J="7.2
Hz, 1 H), 4.21 (dd, J=17.9, 7.6 Hz, 1H), 3.62 (s, 3H), 3.09 (brs, 3H), 3.06 (m, 1H), 2.10 (dq, J=7.2,
7.6 Hz, 2H), 1.66 (s, 3H), 1.19 (d, J = 6.7 Hz, 3H), 0.96 (t, /= 7.6 Hz, 3H), 0.94 (t, J = 8.0 Hz, 9H),
0.59 (q, /= 8.0 Hz, 6H); *C{'H} NMR (100 MHz, CDCl3) 6 176.1, 135.7, 134.7, 132.4, 128.0, 76.2,
61.6, 43.1, 32.2, 21.6, 14.7, 14.2, 12.4, 6.9 (3C), 5.1 (3C); HRMS (ESI-TOF) m/z 224.1672 [M-
TESOH-+H]" (calcd for Ci3H2»NO;> 224.1651).

(4S,5R,6E,8E)-3,4,8-trimethyl-5-((triethylsilyl)oxy)undeca-1,6,8-trien-3-ol (31): To a solution of
Weinreb amide 32 (1642 mg, 4.62 mmol) in THF (9 mL) cooled at -78 °C was added a 3 M solution
of methylmagnesium bromide in THF (6.16 mL, 18.5 mmol). The reaction mixture was warmed up to
0 °C and stirred for 30 min. The reaction mixture was diluted with saturated aqueous NaHCO3 (10
mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc (50 mL x 3).
The combined organic layers were washed with brine (20 mL), dried over anhydrous Na,SOys, filtered,
and concentrated to give the crude ketone, which was used for the next reaction without further

purification.
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To a solution of the crude ketone (1385 mg) in THF (9 mL) cooled at -78 °C was added a 1 M solution
of vinylmagnesium bromide in THF (18.5 mL, 18.5 mmol). The reaction mixture was warmed up to
0 °C and stirred for 30 min. The mixture was diluted with saturated aqueous NaHCO3 (10 mL) and
EtOAc (10 mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc
(50 mL x 3). The combined organic layers were washed with brine (20 mL), dried over anhydrous
NaySOys, filtered, and concentrated. The residue was purified by column chromatography on silica gel
(150 g, hexane-EtOAc 20:1) to give alcohol 31 (1209 mg, 3.57 mmol, 77% yield in 2 steps, major
isomer / minor isomer = 2/1) as a colorless oil; [a]p?! +12 (c 0.99, CHCI;); IR (neat) 3493, 2961, 2878,
1644, 1458, 1380 cm!; '"H NMR (400 MHz, CDCl3) 6 of major isomer 6.04 (d, J= 15.7 Hz, 1H), 5.95
(dd,J=17.1, 10.8 Hz, 1H), 5.60 (dd, /= 15.7, 8.3 Hz, 1 H), 5.44 (t,J= 7.4 Hz, 1H), 5.41 (dd, J=2.0,
17.1 Hz, 1H), 5.11 (dd, J = 2.0, 10.8 Hz, 1H), 4.61 (dd, J = 1.4, 8.3 Hz, 1H), 4.07 (s, 1H, OH), 2.14
(dq, J=17.4, 7.4 Hz, 2H), 1.71 (brs, 3H), 1.43 (dq, /= 1.4, 7.0 Hz, 1H), 1.17 (s, 3H), 1.08 (d, /= 7.0
Hz, 3H), 0.95 (t, J = 7.4 Hz, 3H), 0.93 (t, J = 7.9 Hz, 9H), 0.55 (q, J = 7.9 Hz, 6H); 3C{'H} NMR
(100 MHz, CDCl3) 6 of major isomer 146.2, 135.8, 135.5, 132.4, 128.1, 111.9, 77.0, 76.2, 46.7, 28.3,
26.6,21.7,14.2,12.4, 6.9 (3C), 5.5 (3C); HRMS (ESI-TOF) m/z 207.1744 [M-TESOH-+H]" (calcd for
Ci14H230 207.1749).

(4S,5R,6E,8E)-3,4,8-trimethyl-5-((triethylsilyl)oxy)undeca-2,6,8-trienal (41): To a solution of
alcohol 31 (488 mg, 1.44 mmol) in THF (15 mL) under argon atmosphere at room temperature were
added PDC (1627 mg, 4.32 mmol) and molecular sieves 4 A (1600 mg). After stirring for 15 h, the
mixture was filtered through a pad of Celite and washed with Et,O. The filtrate and the washings were
combined and concentrated. The residue was subjected to AFCS [¢p26 x 300 mm; flow rate 20 mL/min;
detection at 254 nm; solvent gradient condition, hexane/EtOAc (100/0 — 82/18)] to give aldehyde 41
(201 mg, fr = 30 min, 0.60 mmol, 41% yield, £:Z = 5:1) as a colorless oil; [a]p?* -31 (¢ 0.75, CHCl3);
IR (neat) 2960, 2876, 1675, 1458, 1378 cm’!; '"H NMR (400 MHz, CDCl3, E isomer) 6 9.99 (d, J= 8.1
Hz, 1H), 6.06 (d, /= 15.7 Hz, 1H), 5.86 (d, /= 8.1 Hz, 1 H), 5.41 (t, /= 7.9 Hz, 1 H), 5.40 (dd, J =
15.7, 8.1 Hz, 1H), 4.09 (dd, /= 8.1, 7.2 Hz, 1H), 2.37 (dq, /= 7.2, 7.0 Hz, 1H), 2.14 (s, 3H), 2.12 (dq,
J=17.9, 7.6 Hz, 2H), 1.66 (s, 3H), 1.12 (d, /= 7.0 Hz, 3H), 0.98 (t, /= 7.6 Hz, 3H), 0.92 (t, /= 7.9
Hz, 9H), 0.55 (g, J= 7.9 Hz, 6H); 3C{'H} NMR (100 MHz, CDCl;, E isomer) d 191.6, 166.4, 136.0,
135.2, 132.3, 128.4, 127.4, 77.0, 51.1, 21.7, 17.2, 14.9, 14.1, 12.5, 7.0 (3C), 5.1 (3C); HRMS (ESI-
TOF) m/z 359.2392 [M+Na]* (calcd for C2H360,SiNa 359.2382).
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ethyl (6S,7R,8E, 10E)-2,5,6,10-tetramethyl-7-((triethylsilyl)oxy)trideca-2,4,8, 1 0-tetraenoate (43): To
a solution of triethyl 2-phosphonopropionate (42) (0.36 mL, 1.66 mmol) in THF (0.2 mL) under argon
atmosphere cooled at 0 °C was added a 0.5 M solution of lithium diisopropylamide in THF-hexane
(3.32mL, 1.66 mmol). The reaction mixture was stirred at 0 °C for 30 min, then a solution of aldehyde
41 (186 mg, 0.55 mmol) in THF (0.5 mL) was added via cannula, and the mixture was stirred for 30
min, allowed to warm to room temperature, and stirred for 10 min. The reaction mixture was diluted
with H,O (10 mL), and the resulting mixture was extracted with EtOAc (20 mL x 3). The combined
organic layers were washed with brine (20 mL), dried over anhydrous Na,SOs, and concentrated. The
residue was subjected to AFCS [$26 x 300 mm; flow rate 5 mL/min; detection at 254 nm; solvent
gradient condition, hexane/EtOAc (100/0 — 92/8)] to give ester 43 (198 mg, tr =29 min, 0.47 mmol,
86% yield, 16E:16Z = 5:1) as a colorless oil; [a]p? -90 (¢ 0.99, CHCI3); IR (neat) 2962, 2876, 1704,
1630, 1458, 1366 cm’!; '"H NMR (400 MHz, CDCls, E isomer) J 7.45 (dq, J=11.8, 0.9 Hz, 1H), 6.11
(dq, J=11.8, 0.9 Hz, 1H), 6.05 (d, /= 15.4 Hz, 1H), 5.43 (dd, /=154, 7.7 Hz, 1H), 5.39 (t, /="7.3
Hz, 1H), 4.20 (q, /= 7.3 Hz, 2H), 4.06 (dd, J= 7.7, 6.8 Hz, 1H), 2.35 (dq, /= 6.8, 7.3 Hz, 1H), 2.12
(dq,J=17.3,7.7 Hz, 2H), 1.91 (d, J= 0.9 Hz, 3H), 1.83 (d, J= 0.9 Hz, 3H), 1.66 (s, 3H), 1.30 (t, /=
7.3 Hz, 3H), 1.11 (d, J = 7.3 Hz, 3H), 0.98 (t, /= 7.7 Hz, 3H), 0.93 (t, /= 7.7 Hz, 9H), 0.56 (q, J =
7.7 Hz, 6H); 3C{'H} NMR (100 MHz, CDCls, E isomer) 6 169.2, 149.8, 135.2, 134.5, 134.4, 132.6,
128.5, 125.0, 121.9, 77.0, 60.5, 51.2, 21.6, 16.2, 15.3, 14.5, 14.2, 12.54, 12.47, 7.0 (3C), 5.2 (3C);
HRMS (ESI-TOF) m/z 289.2150 [M-TESOH+H]" (calcd for Ci19H290, 289.2168).

ethyl (2E,4E,6R,7R,8E, 10E)-7-hydroxy-2,5,6,10-tetramethyltrideca-2,4,8, 10-tetraenoate (30): To a
solution of ester 43 (178 mg, 0.42 mmol) in THF (0.2 mL) at room temperature was added a 0.5 M
solution of tetrabutylammonium fluoride in THF-AcOH (4.24 mL, 2.12 mmol, BusNF:AcOH = 1:1),
and the mixture was stirred at 50 °C for 3 h. After completion of the reaction, the mixture was diluted
with Et;O (10 mL) and H>O (20 mL). The organic layer was separated, and the aqueous layer was
extracted with Et,O (20 mL X 3). The combined organic layers were washed with saturated aqueous
NaHCO; (20 mL) and then brine (20 mL), dried over anhydrous Na;SOs, and concentrated. The

residue was subjected to AFCS [$26 x 300 mm; flow rate 5 mL/min; detection at 254 nm; solvent
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gradient condition, hexane/EtOAc (89/11 — 68/32)] to give desired ester 30 (109 mg, tr = 28 min,
0.31 mmol, 85% yield) as a colorless oil; [a]p?® -46 (¢ 0.60, CHCI3); IR (neat) 3437, 2978, 2937, 2878,
1707, 1630, 1449, 1369 cm™!'; '"H NMR (400 MHz, CDCl3) 6 7.45 (dq, J= 11.8, 0.9 Hz, 1H), 6.20 (d,
J=15.7Hz, 1H), 6.18 (d, J=11.8 Hz, 1H), 5.51 (dd, J =7.0, 15.7 Hz, 1H), 5.46 (t, J = 7.6 Hz, 1H),
4.20 (g, J=17.1 Hz, 2H), 4.15 (dd, J = 7.0, 7.3 Hz, 1H), 2.41 (dq, /= 7.3, 6.6 Hz, 1H), 2.12 (dq, J =
7.6, 7.5 Hz, 2H), 1.92 (d, /= 0.9 Hz, 3H), 1.86 (d, /= 0.9 Hz, 3H), 1.69 (d, /= 0.9 Hz, 3H), 1.30 (t, J
=7.1 Hz, 3H), 1.16 (d, J= 6.6 Hz, 3H), 0.98 (t,J = 7.5 Hz, 3H); *C{'H} NMR (100 MHz, CDCl3) §
169.1, 149.0, 136.3, 135.5, 134.0, 132.4, 127.4, 125.8, 122.1, 75.4, 60.6, 50.1, 21.7, 16.0, 14.7, 14.5,
14.1,12.7, 12.4; HRMS (ESI-TOF) m/z 289.2136 [M-H,O+H]" (calcd for C19H200> 289.2168).

Q/
/oj\/'j,OTBDPs
o7 o7

tert-butyldiphenyl(((2S,3S,4S,5R,6R)-4, 5, 6-trimethoxy-2-methyltetrahydro-2H-pyran-3-yl)oxy)silane
(48) : To a solution of known sugar 47" (467 mg, 1.12 mmol) in THF (4 mL) under argon atmosphere
at 0 °C were added sodium hydride (60% in oil, 180 mg, 4.49 mmol) and methyl iodide (0.6 ml, 8.97
mmol), and the mixture was stirred at 40 °C for 2 h. After completion of the reaction, the reaction
mixture was diluted with H,O (5 mL) and extracted with EtOAc (10 mL X 3). The combined organic
layers were washed with brine (10 mL), dried over anhydrous Na;SO4, and concentrated. The residue
was purified by column chromatography on silica gel (40 g, hexane/EtOAc 7:1) to give sugar 48 (421
mg, 1.01 mmol, 90 % yield) as a colorless oil; [a]p?® -35 (¢ 1.00, CHCl3); IR (neat) 2931, 2895, 2856,
2827, 1450, 1387 cm!; 'TH NMR (400 MHz, CDCI3) 6 7.76 (m, 2H), 7.67 (m, 2H), 7.40-7.34 (m, 6H),
4.66 (d, J=2.3 Hz, 1H), 3.76-3.69 (m, 2H), 3.53 (dd, /= 2.3, 3.3 Hz, 1H), 3.39 (m, 1H), 3.38 (s, 3H),
3.34 (s, 3H), 2.83 (s, 3H), 1.21 (d, J = 5.4 Hz, 3H), 1.04 (s, 9H); *C{'H} NMR (100 MHz,CDCl;) ¢
136.1(2C), 135.9(2C), 134.9,134.3,129.4,129.2,127.5 (2C), 127.3 (2C), 98.7, 81.1,75.7, 74.0, 69.2,
59.0, 55.3, 55.0, 27.3 (3C), 19.9, 18.6; HRMS (ESI-TOF) m/z 467.2233 [M+Na]" (calcd for
C25sH3sNaOsSi 467.2230).

125

* Known sugar 47 used in this reaction was synthesized using the known protocols'* as shown in

Scheme 4-8.
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(3R,4S,58,6S)-5-((tert-butyldiphenylsilyl)oxy)-3,4-dimethoxy-6-methyltetrahydro-2H-pyran-2-ol

(49) : To a solution of sugar 48 (521 mg, 1.25 mmol) in acetic anhydride (2.5 mL) under argon
atmosphere at 0 °C were added pyridinium p-toluenesulfonate (157 mg, 0.63 mmol) and sulfuric acid
(50 uL, 0.01 mmol), and the mixture was stirred at room temperature for 20 min. After completion of
the reaction, saturated aqueous NaHCO3 (20 mL) was added to the reaction mixture, and the mixture
was extracted with EtOAc (20 mL x 3). The combined organic layers were washed with brine (20 mL),
dried over anhydrous Na,SO4, and concentrated to give the crude acetate (592 mg), which was used
for the next reaction without further purification.

To a solution of the crude acetate (592 mg) in MeOH (8 mL) under argon atmosphere at room
temperature was added potassium carbonate (183 mg, 1.32 mmol), and the mixture was stirred for 20
min. After completion of the reaction, the reaction mixture was diluted with HO (10 mL) and
extracted with EtOAc (10 mL X 3). The combined organic layers were washed with brine (20 mL),
dried over anhydrous Na,SOs, and concentrated. The residue was purified by column chromatography
on silica gel (40 g, hexane/EtOAc 2:1) to give sugar 49 (528 mg, 1.23 mmol, 98 % yield in 2 steps,
major/minor = 6/1) as a white amorphous powder; [a]p? -20 (¢ 1.00, CHCI3); IR (neat) 3425, 2958,
2932, 2857 cm’!; 'TH NMR (400 MHz, CDCls, major isomer) J 7.75 (m, 2H), 7.67 (m, 2H), 7.41-7.33
(m, 6H), 5.18 (dd, J=3.2, 2.7 Hz, 1H), 3.98 (dq, J= 8.8, 6.3 Hz, 1H), 3.75 (dd, J= 8.8, 8.4 Hz, 1H),
3.57 (dd, J=29, 2.7 Hz, 1H), 3.47 (dd, J = 8.4, 2.9 Hz, 1H), 3.35 (s, 3H), 3.07 (d, /= 3.2 Hz, 1H,
OH), 2.84 (s, 3H), 1.20 (d, J = 6.3 Hz, 3H), 1.04 (s, 9H); 3C{'H} NMR (100 MHz, CDCls, major
isomer) 0 136.1 (2C), 135.9 (2C), 134.8, 134.2,129.4, 129.3, 127.5 (2C), 127.3 (2C), 92.5, 80.6, 76.1,
73.9, 69.7, 59.0, 55.4, 27.3 (3C), 19.9, 18.6; HRMS (ESI-TOF) m/z 453.2093 [M+Na]" (caled for
C24H34NaOsSi 453.2073).

Q/
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(3R, 4S,5S,6S)-5-((tert-butyldiphenylsilyl) oxy)-3,4-dimethoxy-6-methyltetrahydro-2H-pyran-2-yl
2,2, 2-trifluoro-N-phenylacetimidate (50) : To a solution of sugar 49 (85 mg, 0.20 mmol) in CH>Cl, (2

mL) under argon atmosphere at room temperature were added 1,8-diazabicyclo[5.4.0Jundec-7-ene
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(0.059 ml, 0.39 mmol) and 2,2,2-trifluoro-N-phenylacetimidoyl chloride (0.062 ml, 0.39 mmol), and
the mixture was stirred at room temperature for 1 h. After completion of the reaction, the reaction
mixture was diluted with saturated aqueous NaHCO3 (20 mL) and extracted with EtOAc (20 mL x 3).
The combined organic layers were washed with brine (20 mL), dried over anhydrous Na,SO4, and
concentrated. The residue was purified by column chromatography on silica gel (40 g, hexane/EtOAc
8:1) to give imidate 50 (123 mg, 0.20 mmol, quant.) as a colorless oil. This product was immediately

used in the next reaction.

7 Q/

/O,J\/j,OTBDPS O, (j,OTBDPS
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O)J\K\)\:/\/\K\/ O)W\(\/
28 28b

a

ethyl (2E,4E,6R,7R,8E,10E)-7-(((2R,3R,4S,5S,6S5)-5-((tert-butyldiphenylsilyl)oxy)-3,4-dimethoxy-6-
methyltetrahydro-2H-pyran-2-yl)oxy)-2,5,6, 1 0-tetramethyltrideca-2,4,8, 1 0-tetraenoate (28a) : To a
stirred suspension of samarium (I1I) trifluoromethanesulfonate (174 mg, 0.292 mmol) and molecular
sieves 4 A (400 mg) in Et,0/1,4-dioxane (4/1) (2 mL) under argon atmosphere cooled at -20 °C was
added a solution of alcohol 30 (89 mg, 0.29 mmol) and imidate 50 (263 mg, 0.44 mmol) in Et,0/1,4-
dioxane (4/1) (1 mL, 0.2 ml x 2 rinse) via a cannula. After warming up to 0 °C and stirring for 2 h, the
reaction mixture was filtered through a pad of Celite, and washed with EtOAc. The filtrate and
washings were combined, washed with saturated aqueous NaHCO3 (30 mL) and brine (10 mL), dried
over anhydrous Na>SOs, and concentrated. The residue was separated by column chromatography on
ODS (6.0 g) eluted with 70% MeOH (30 mL) — MeOH (30 mL). The fraction (265 mg) eluted with
MeOH was subjected to AFCS [¢26 % 300 mm; flow rate 5 mL/min; detection at 254 nm; solvent
gradient condition, hexane/EtOAc (97/3 — 76/24)] to give the fraction that contained the desired
compound (172 mg, tr = 32 min). The fraction was further purified by HPLC [Cosmosil 5Cs-MS-II
(¢20 x 250 mm); flow rate 5 mL/min; detection at 215 nm; solvent MeOH, 8 batches] to give a-
glycoside 28a (124 mg, fr = 29.4 min, 0.17 mmol, 59% yield) and B-glycoside 28b (37 mg, tr = 24.6

min, 0.052 mmol, 18% yield) as a colorless oil, respectively;
a-glycoside 28a: [a]p? -105 (c 1.00, CHCIs); IR (neat) 2966, 2931, 2857, 1702, 1634, 1472, 1388 cm-
!, TH NMR (400 MHz, CDCls) 6 7.74 (dd, J = 7.5, 2.0 Hz, 2H), 7.66 (dd, J = 7.5, 2.0 Hz, 2H), 7.47

(dg, J = 11.8, 0.9 Hz, 1H), 7.40-7.33 (m, 6H), 6.19 (d, J = 11.8 Hz, 1H), 6.14 (d, J = 15.9 Hz, 1H),
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5.43 (t,J=7.0 Hz, 1H), 5.20 (dd, /= 15.9, 8.8 Hz, 1H), 4.80 (d, /= 1.8 Hz, 1H), 4.20 (q, /= 7.1 Hz,
2H), 4.03 (m, 1H), 3.77-3.71 (m, 2H), 3.44 (m, 1H), 3.37 (dd, /= 8.2, 3.2 Hz, 1H), 3.28 (s, 3H), 2.78
(s, 3H), 2.52 (m, 1H), 2.10 (dq, J = 7.5, 7.0 Hz, 2H), 1.95 (d, /= 0.9 Hz, 3H), 1.86 (s, 3H), 1.65 (s,
3H), 1.29 (t, J=7.1 Hz, 3H), 1.24 (d, /= 6.8 Hz, 3H), 1.20 (d, J = 5.4 Hz, 3H), 1.02 (s, 9H), 0.97 (4,
J=1.5Hz, 3H); BC{'H} NMR (100 MHz, CDCl3) 6 169.0, 148.6, 139.9, 136.1 (2C), 136.0, 135.9
(2C), 135.0,134.4,134.1, 132.1, 129.3, 129.2, 127.4 (2C), 127.3 (2C), 125.6, 123.2, 122.3, 93.6, 81 .4,
79.1,76.1, 74.2, 69.7, 60.6, 58.9, 55.2, 48.9, 27.2 (3C), 21.6, 19.9, 18.8, 16.0, 15.8, 14.5, 14.0, 12.6,
12.4; 'Jcu of anomer position: 170 Hz; HRMS (ESI-TOF) m/z 741.4174 [M+Na]" (calcd for
C43Heg207SiNa 741.4163).

B-glycoside 28b: [a]p? -21 (¢ 1.00, CHCIs); IR (neat) 2967, 2933, 2857, 1702, 1631, 1458, 1370 cm
I; TH NMR (400 MHz, CDCl3) 6 7.71 (dd, J = 7.7, 1.8 Hz, 2H), 7.62 (dd, J= 7.7, 1.8 Hz, 2H), 7.44
(dq, J=11.8, 0.9 Hz, 1H), 7.37-7.31 (m, 6H), 6.14 (brd, J = 11.8 Hz, 1H), 6.05 (d, /= 15.4 Hz, 1H),
5.55(dd, J=154, 8.8 Hz, 1H), 5.41 (t,J= 7.2 Hz, 1H), 4.30 (brs, 1H), 4.20 (q, /= 7.2 Hz, 2H), 3.94
(dd, J=8.8, 6.8 Hz, 1H), 3.68 (dd, /=9.1, 9.1 Hz, 1H), 3.56 (brd, J= 3.2 Hz, 1H), 3.48 (s, 3H), 3.20
(dq, J=9.1, 6.3 Hz, 1H), 3.01 (dd, J=9.1, 3.2 Hz, 1H), 2.85 (s, 3H), 2.47 (dq, J = 6.8, 6.8 Hz, 1H),
2.11 (dq, J=7.2, 7.2 Hz, 2H), 1.90 (d, J = 0.9 Hz, 3H), 1.84 (s, 3H), 1.65 (s, 3H), 1.30 (t, /J=7.2 Hz,
3H), 1.15 (d, J= 6.8 Hz, 3H), 1.11 (d, J= 6.3 Hz, 3H), 1.01 (s, 9H), 0.98 (t, J = 7.2 Hz, 3H); 3C{'H}
NMR (100 MHz, CDCl3) 6 169.1, 149.0, 136.2, 136.1 (2C), 135.9 (2C), 134.8, 134.7, 134.3, 134.2,
132.7, 129.3, 129.2, 127.4 (2C), 127.2 (2C), 126.8, 125.4, 121.9, 101.1, 85.6, 84.0, 76.2, 73.9, 73.1,
61.4,60.6,55.2,49.3,27.3 (3C), 21.6, 19.9, 18.5, 16.0, 15.0, 14.5, 14.2, 12.6, 12.4; 'Jcn of the anomer
position: 160 Hz; HRMS (ESI-TOF) m/z 741.4117 [M+Na]" (calcd for C43H20O7SiNa 741.4163).

N
Q&H\Boc

tert-butyl (S)-(3-methyl-1-(thiazol-2-yl)butyl)carbamate (37) : To a solution of known thioamide 38*
(211 mg, 0.86 mmol) in THF (3 mL) at room temperature was added bromoacetaldehyde diethyl acetal
(0.16 mL, 1.03 mmol) and the mixture was stirred at reflux for 3 h. After completion of the reaction,
the reaction mixture was diluted with toluene (5 mL) and concentrated. To the residue was added H,O
(5 mL), and the mixture was extracted with EtOAc (10 mL x 3). The combined organic layers were
washed with brine (10 mL), dried over anhydrous Na;SOs, and concentrated. The residue was purified
by column chromatography on silica gel (15 g, hexane/EtOAc 3:1) to give thiazole 37 (185 mg, 0.69
mmol, 80 % yield) as a yellow solid; [a]p? +0.1 (¢ 1.00, CHCls); IR (neat) 3285, 2958, 2933, 2870,
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1703, 1519, 1470, 1390 cmr'; 'H NMR (400 MHz, CDs0D) § 7.70 (d, J = 3.2 Hz, 1H), 7.51 (d, J =
8.2 Hz, 1H, NH), 7.46 (d, J = 3.2 Hz, 1H), 4.98 (m, 1H), 1.81-1.68 (m, 3H), 1.46 (s, 9H), 0.98 (d, J =
5.9 Hz, 6H); '*C{'H} NMR (100 MHz,CD;OD) 6 178.0, 157.9, 143.3, 120.0, 80.6, 52.7, 45.4, 28.7
(3C), 26.0, 23.5, 21.8; HRMS (ESI-TOF) m/z 271.1498 [M+H]" (caled for C13H23N20,S 271.1480).

130

*Known thioamide 38 used in this reaction was synthesized using the known protocols'*’ as shown in

Scheme 4-9.

oTFA oTFA

;j A (& WANH

29b

(R)-N-((S)-3-methyl-1-(thiazol-2-yl)butyl)-2-(methylamino)propenamide (29a) : To a stirred solution
of thiazole 37 (67 mg, 0.25 mmol) in CH>Cl> (0.5 mL) was added TFA (1 mL) at room temperature.
After stirring for 30 min, the reaction mixture was concentrated to give the crude amine*TFA. To a
stirred solution of the crude amine*TFA (126 mg) and N-Boc-N-Me-D-alanine 36 (100.4 mg, 0.49
mmol) in DMF (0.2 mL) cooled at 0 °C were added DIPEA (0.26 mL, 1.48 mmol) and HATU (188
mg, 0.49 mmol). After stirring at room temperature for 24 h, the mixture was diluted with 10% aqueous
citric acid (10 mL) and extracted with EtOAc (10 mL x 3). The combined organic layers were washed
with saturated aqueous NaHCO3; (10 mL) and brine (10 mL), dried over anhydrous Na,SO4, and
concentrated. The residue was purified by column chromatography on silica gel (40 g, hexane-EtOAc
2:1) to give peptide (77 mg).

To a stirred solution of the peptide (77 mg) in CH2Cl; (0.5 mL) was added TFA (1 mL) at room
temperature. After stirring for 30 min, the reaction mixture was concentrated to give the crude
amine*TFA. The crude amine*TFA (149 mg) was purified by HPLC [Cosmosil 5Cs-MS-II (¢p20 x 250
mm); flow rate 5 mL/min; detection at 215 nm; solvent 40% MeOH containing 0.1% TFA, 5 batches]
to give desired peptide 29a (42.5 mg, fr = 35.9 min, 0.12 mmol, 47% yield) and undesired peptide 29b
(40.7 mg, tr = 41.5 min, 0.11 mmol, 45%yield) as a colorless oil, respectively;

Desired peptide 29a: [a]p?S -57 (¢ 1.00, CHCls); IR (neat) 3224, 3065, 2963, 2875, 1672, 1559, 1471,
1428 cm’'; 'H NMR (400 MHz, CD:0D) 6 7.75 (d, J = 3.2 Hz, 1H), 7.54 (d, J = 3.2 Hz, 1H), 5.37 (4,
J=17.5Hz, 1H), 3.87 (q, J= 7.0 Hz, 1H), 2.66 (s, 3H), 1.87 (t, J= 7.5 Hz, 2H), 1.69 (m, 1H), 1.56 (d,
J=17.0Hz, 3H), 1.01 (d, J= 6.8 Hz, 3H), 0.97 (d, /= 6.8 Hz, 3H); 3C{'H} NMR (100 MHz, CD;OD)
S 174.4, 170.0, 143.3, 120.7, 58.5, 51.1, 45.1, 31.9, 26.3, 23.3, 21.8, 16.5; HRMS (ESI-TOF) m/z
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256.1483 [M+H]" (calcd for C12H2N30S 256.1484).

Undesired peptide 29b: [a]p? +49 (¢ 1.00, CHCL); IR (neat) 3222, 3057, 2962, 2873, 1671, 1560,
1471, 1426 em™'; 'H NMR (400 MHz, CD:OD) & 7.74 (d, J = 3.2 Hz, 1H), 7.52 (d, J = 3.2 Hz, 1H),
5.38 (dd, J=9.5, 5.9 Hz, 1H), 3.89 (q, J = 7.2 Hz, 1H), 2.69 (s, 3H), 1.92-1.79 (m, 2H), 1.69 (m, 1H),
1.54 (d, J = 7.2 Hz, 3H), 1.00 (d, J = 6.6 Hz, 3H), 0.9 (d, J = 6.6 Hz, 3H); 3C{'H} NMR (100
MHz,CDsOD) § 174.7, 169.9, 143.4, 120.5, 58.3, 51.2, 45.1,31.7, 26.1, 23.3,21.9, 16.1; HRMS (ESI-
TOF) m/z 256.1501 [M+H]* (calcd for C1oHaoN30S 256.1484).

Determination of the absolute configuration of Leu of tripeptide 29a

Tripeptide 29a (0.8 mg) was dissolved in CH2Cl, (2.5 mL) and ozonized at -78 °C for 20 min. The
solvent was evaporated, and the product was treated with 6 M HCI (0.1 ml) at 110 °C for I5hin a
sealed tube. The mixture was evaporated to dryness and separated by HPLC [Condition for HPLC

separation: column, Cosmosil 5Ci3-PAQ (¢4.6 x 250 mm); flow rate, 1.0 mL/min; detection at 215
nm; solvent H>O containing 0.1% TFA] to give Leu (g = 12.8 min).

Separated Leu was dissolved in H,O (50 pL) and analyzed by chiral-phase HPLC, and the retention
time was compared to those of authentic standards [column, DAICEL CHIRALPAK MA(+) (¢4.6 x
50 mm); flow rate, 1.0 mL/min; detection at 254 nm; solvent, 2 mM CuSQ4]. The retention times for
authentic standards were 9.3 min (D-Leu) and 18.1 min (L-Leu). The retention time of Leu from

tripeptide 29a was 18.1 min, indicating the presence of L-Leu.

Matched

p-Leu L-Leu Leu from 29a  L-Leu + Leu from 29a
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(2E,4E,6R,7R,8E, 10E)-7-(((2R,3R,4S,5S,6S)-5-((tert-butyldiphenylsilyl) oxy)-3,4-dimethoxy-6-
methyltetrahydro-2H-pyran-2-yl)oxy)-N, 2,5,6, 1 0-pentamethyl-N-((R)-1-(((S)-3-methyl-1-(thiazol-2-

/ﬁ
wn
4

yl)butyl)amino)-1-oxopropan-2-yl)trideca-2,4,8, 10-tetraenamide (53) : To a solution of glycoside 28a
(25 mg, 0.036 mmol) in THF/MeOH/H,O (3/1/1) (0.3 mL) under argon atmosphere at room
temperature was added lithium hydroxide monohydrate (4.5 mg, 0.11 mmol), and the mixture was
stirred at 50 °C for 12 h. After completion of the reaction, the reaction mixture was diluted with AcOH
(3 drops) and H,O (10 mL) and extracted with EtOAc (10 mL % 3). The combined organic layers were
washed with brine (5 mL), dried over anhydrous Na,SOs, and concentrated to give the crude
carboxylic acid (33 mg), which was used for the next reaction without further purification.

To a stirred solution of the crude carboxylic acid (33 mg) and peptidesTFA 29a (27 mg, 0.073 mmol)
in DMF (0.2 mL) cooled at 0 °C were added DIPEA (0.026 mL, 0.15 mmol) and HATU (28 mg, 0.073
mmol). After stirring at room temperature for 3 h, the reaction mixture was diluted with 10% aqueous
citric acid (5 mL) and extracted with EtOAc (10 mL X 3). The combined organic layers were washed
with saturated aqueous NaHCO3; (10 mL) and brine (10 mL), dried over anhydrous Na,SO4, and
concentrated. The residue was subjected to AFCS [¢11 x 300 mm; flow rate 5 mL/min; detection at
254 nm; solvent gradient condition, hexane/EtOAc (55/45 — 34/66)] to give glycoside 53 (29 mg, tr
= 20 min, 86% yield in 2 steps) as a colorless oil; [a]p?® +1.6 (¢ 0.79, CHCls); IR (neat) 3427, 2960,
2931, 1636, 1625, 1522, 1457, 1388 cm™!; 'H NMR (400 MHz, CDCls) 6 7.75-7.73 (m, 2H), 7.67-7.64
(m, 3H), 7.39-7.34 (m, 6H), 7.16 (d, /= 3.2 Hz, 1H), 6.45 (dq, /= 11.3,0.9 Hz, 1H), 6.12 (d,J=15.9
Hz, 1H), 6.07 (brd, J=11.3 Hz, 1H), 5.44-5.36 (m, 2H), 5.17 (dd, J=15.9, 9.1 Hz, 1H), 5.13 (m, 1H),
4.81 (d, J=2.3 Hz, 1H), 3.97 (m, 1H), 3.80-3.76 (m, 2H), 3.43 (dd, /= 3.2, 2.3 Hz, 1H), 3.38 (dd, J
=8.2,3.2 Hz, 1H), 3.28 (s, 3H), 2.85 (s, 3H), 2.76 (s, 3H), 2.50 (m, 1H), 2.13-2.05 (m, 2H), 1.94 (d,
J=0.9 Hz, 3H), 1.89 (m, 1H), 1.80-1.75 (m, 2H), 1.72 (s, 3H), 1.65 (s, 3H), 1.38 (d, /= 7.2 Hz, 3H),
1.25-1.21 (m, 6H), 1.02 (s, 9H), 0.98-0.95 (m, 9H); '3C {'H} NMR (100 MHz, CDCl3) 6 175.7, 170.7,
145.1, 142.8, 139.9, 136.0 (2C), 136.0, 135.9 (2C), 135.1, 1344, 132.1, 129.4, 129.3, 129.2, 127.5
(20), 127.3 (2C), 123.3, 121.2, 118.4, 93.7, 81.3, 79.6, 77.0, 76.1, 74.2, 69.8, 58.9, 55.2, 49.8, 48.9,
44.8,29.8,27.3 (30), 25.1, 23.1, 22.0, 21.6, 19.9, 18.8, 16.6, 15.2, 14.7, 14.0, 13.2, 12.5 (The carbon
signals at C-10 and C-11 were not detected probably due to the conformational exchange.); HRMS
(ESI-TOF) m/z 928.5352 [M+H]" (calcd for Cs3H73sN307SSi 928.5330).
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iezoside (5) : To a solution of glycoside 53 (29 mg, 0.032 mmol) in THF (0.2 mL) under argon
atmosphere at room temperature was added a 1 M solution of tetrabutylammonium fluoride in THF
(0.095 mL, 0.095 mmol) and the mixture was stirred at 50 °C for 6 h. After completion of the reaction,
the mixture was diluted with saturated aqueous NaHCO3 (3 mL) and extracted with EtOAc (10 mL x
3). The combined organic layers were washed with brine (3 mL), dried over anhydrous Na,;SOs, and
concentrated. The residue was purified by HPLC [Cosmosil PBr (¢p20 x 250 mm); flow rate 5 mL/min;
detection at 215 nm; solvent 70% MeCN] to give iezoside (5) (16.4 mg, tr = 36.0 min, 0.024 mmol,
75% yield) as a colorless oil; [a]p?® +71 (¢ 1.00, CHCL); IR (neat) 3446, 3292, 2961, 2932, 2874,
2826, 1684, 1617, 1522, 1448, 1387 cm’!; 'H NMR (400 MHz, (CD3)>CO) 6 7.76 (d, J=9.1 Hz, 1H,
NH), 7.70 (d, J= 3.2 Hz, 1H), 7.48 (d, J = 3.2 Hz, 1H), 6.43 (d, /= 11.3 Hz, 1H), 6.23 (d, J= 16.0
Hz, 1H), 6.19 (d, J = 11.3 Hz, 1H), 5.52 (t, /= 7.7 Hz, 1H), 5.42-5.36 (m, 2H), 4.99 (brm, 1H), 4.82
(d, J=1.7 Hz, 1H), 4.12 (dd, J = 8.6, 6.5 Hz, 1H), 3.60 (dq, J = 9.3, 6.3 Hz, 1H), 3.56 (dd, J = 2.9,
1.7 Hz, 1H), 3.44 (dd, J=9.3, 8.8 Hz, 1H), 3.40 (s, 3H), 3.37 (dd, /= 8.8, 2.9 Hz, 1H), 3.36 (s, 3H),
2.86 (s, 3H), 2.46 (m, 1H), 2.14 (dq, J= 7.7, 7.5 Hz, 2H), 1.91 (d, /= 0.9 Hz, 3H), 1.88-1.83 (m, 2H),
1.78 (s, 3H), 1.77 (m, 1H), 1.72 (s, 3H), 1.35 (d, /= 6.7 Hz, 3H), 1.19 (d, /= 6.3 Hz, 3H), 1.18 (d, J
= 6.9 Hz, 3H), 0.99-0.92 (m, 9H); *C{'H} NMR (100 MHz, (CD3),CO) § 174.8, 174.3, 171.3, 144.4,
143.4, 139.5, 135.9, 133.1, 131.1, 125.4, 122.0, 119.6, 94.5, 82.7, 78.9, 77.8, 72.5, 69.8, 59.0, 57 .4,
50.3,49.1, 45.0, 25.6, 23.4,22.02, 21.96, 18.4, 15.8, 15.3, 14.7, 14.2, 12.5 (As described in the body,
the carbon signals at C-10, C-11, C-12, and C-15 were not detected probably due to the conformational
exchange.); HRMS (ESI-TOF) m/z 690.4146 [M+H]* (calcd for C37HgoN307S 690.4152).

O 0 OTMS
0 N ANF
Bn

(S)-4-benzyl-3-((2R,3R,4E,6E)-2,6-dimethyl-3-((trimethylsilyl) oxy)nona-4, 6-dienoyl) oxazolidin-2-
one (54): To a stirred solution of (5)-4-benzyl-3-propionyloxazolidin-2-one (34) (856 mg, 3.67 mmol)
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and magnesium bromide ethyl etherate (238 mg, 0.92 mmol) in THF (3 mL) under argon atmosphere
cooled at 0 °C were added triethylamine (1.28 mL, 9.18 mmol), a solution of aldehyde 35 (380 mg,
3.06 mmol) in THF (1 mL), and chlorotrimethylsilane (0.58 mL, 4.59 mmol). After stirring at room
temperature for 24 h, the reaction mixture was diluted with saturated aqueous NaHCO3 (30 ml) and
extracted with EtOAc (50 mL x 3). The organic layers were washed with brine (20 mL), dried over
anhydrous Na,SOy4, and concentrated. The residue was subjected to AFCS [¢37 x 300 mm; flow rate
30 mL/min; detection at 254 nm; solvent gradient condition, hexane/EtOAc (96/4 — 75/25)] to give
aldol product 54 (842 mg, fr = 27 min, 64% yield, major / minor = 20/1) as a colorless oil; [a]p?® +34
(¢ 1.00, CHCl3); IR (neat) 2964, 2934, 2876, 1781, 1700, 1455, 1385 cm™!; 'H NMR (400 MHz,
CDCl3) 6 7.37-7.23 (m, 5H), 6.18 (d, J = 15.6 Hz, 1H), 5.52-5.44 (m, 2H), 4.72 (m, 1H), 4.44 (dd, J
=17.5,7.5Hz, 1H), 4.17 (dd, J=9.0, 9.2 Hz, 1H), 4.11 (dd, J = 3.4, 9.2 Hz, 1H), 4.02 (dddd, J= 3.3,
3.4,9.0, 9.5 Hz, 1H), 3.30 (dd, J= 3.3, 13.6 Hz, 1H), 2.71 (dd, /= 9.5, 13.6 Hz, 1H), 2.15 (dq, J =
7.5,7.5 Hz, 2H), 1.74 (d, J= 0.8 Hz, 3H), 1.05 (d, J= 7.5 Hz, 3H), 0.99 (t, /= 7.5 Hz, 3H), 0.08 (s,
9H); BC{'H} NMR (100 MHz, CDCls) 6 176.0, 153.3, 137.8, 135.6, 135.4, 132.5, 129.6 (2C), 129.1
(2C), 127.4, 127.0, 77.3, 65.8, 55.2, 44.7, 38.2, 21.7, 14.1 (2C), 12.5, 0.72 (3C); HRMS (ESI-TOF)
m/z 340.1961 [M-TMSOH+H]" calcd for C21H2NO3 340.1913).

Determination of the absolute configuration of C19 via the modified Mosher method

To a stirred solution of trimethylsilyl-deprotected product of 54 (4.4 mg, 12.3 pmol) in pyridine
(0.1 mL) was added (R)-MTPACI (1 drop) at room temperature. After stirring for 1 h, the reaction
mixture was diluted with saturated aqueous NaHCO3 (1 mL) and extracted with EtOAc (5 mL x 3).
The combined organic layers were washed with saturated aqueous NaHCO3 (2 mL) and brine (2 mL),
dried over anhydrous Na,;SOs, and concentrated. The residue was purified by PLC (hexane-EtOAc
2:1) to give (S)-MTPA ester 66a (2.2 mg, 45%) as a colorless oil.

To a stirred solution of trimethylsilyl-deprotected product of 54 (2.9 mg, 8.1 umol) in pyridine
(0.1 mL) was added (S)-MTPACI (1 drop) at room temperature. After stirring for 1 h, the reaction
mixture was diluted with saturated aqueous NaHCOs3 (1 mL) and the extracted with EtOAc (5 mL x
3). The combined organic layers were washed with saturated aqueous NaHCO; (2 mL) and brine (2
mL), dried over anhydrous Na>SO4, and concentrated. The residue was purified by PLC (hexane-

EtOAc 3:1) to give (R)-MTPA ester 66b (2.4 mg, 52%) as a colorless oil.
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"H NMR chemical shifts of (S)- and (R)-Mosher esters

Determination of the relative configuration of C18/C19 via the analyses of proton coupling
constants and NOE correlations of acetonide derivative (67)

To a stirred solution of aldol product 54 (81 mg, 0.19 mmol) in MeOH (1 mL) was added potassium
carbonate (26 mg, 0.19 mmol) at room temperature. After stirring for 5 min, H>O (10 mL) was added
to the reaction mixture, and the mixture was extracted with EtOAc (20 mL x 3). The combined organic
layers were washed with brine (10 mL), dried over anhydrous Na,SQO4, and concentrated to give the
crude deprotected aldol product (68 mg), which was used for the next reaction without further
purification.

To a stirred solution of the crude product (68 mg) in THF (0.5 mL) were added EtOH (3 drops)
and lithium borohydride (20.6 mg, 0.95 mmol) at room temperature. After stirring for 16 h, to the
reaction mixture was added saturated aqueous NaHCOs3 (1 mL), and the mixture was extracted with
EtOAc (10 mL x 3). The combined organic layers were washed with brine (5 mL), dried over
anhydrous Na;SOj4, and concentrated. The residual oil was purified by column chromatography on
silica gel (8 g, hexane-EtOAc 1:1) to give 1,3-diol product (9.3 mg, 0.05 mmol, 27% in 2 steps) as a
colorless oil.

To a stirred solution of the diol product (9.3 mg, 0.05 mmol) in acetone (0.2 mL) and 2,2-
dimethoxypropane (0.2 ml) was added pyridinium p-toluenesulfonate (2.5 mg, 0.01 mmol) at room
temperature. After stirring for 16 h, the reaction mixture was diluted with saturated aqueous NaHCO3
(1 mL), and the mixture was extracted with EtOAc (5 mL X 3). The combined organic layers were
washed with brine (2 mL), dried over anhydrous Na;SOa, and concentrated. The residual oil was
purified by column chromatography on silica gel (5 g, hexane-EtOAc 10:1) to give acetonide 67 (8.5

mg, 0.038 mmol, 75%) as a colorless oil.

Coupling constants NOESY correlations

142 148

AY
M.TH
0.71 1.73 H Z Me
3.94 1.48

"H NMR chemical shifts of acetonide 67
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S-ethyl (2R,3R,4E,6E)-2,6-dimethyl-3-((trimethylsilyl)oxy)nona-4, 6-dienethioate (55): To a solution
of ethanethiol (0.47 mL, 6.47 mmol) in THF (10 mL) under argon atmosphere cooled at -78 °C was
added a 1.56 M solution of n-butyllithium in hexane (2.90 mL, 4.51 mmol). After the mixture was
warmed to 0 °C, to the mixture was added a solution of aldol product 54 (824 mg, 1.92 mmol) in THF
(3 mL). After stirring for 5 min, the reaction mixture was diluted with hexane/EtOAc (10 mL, 1/1).
The organic layer was separated, and the aqueous layer was extracted with EtOAc (30 mL x 3). The
combined organic layers were washed with saturated aqueous NaHCOs3 (30 mL) and brine (30 mL),
dried over anhydrous Na,SOj, and concentrated. The residue was purified by column chromatography
on silica gel (40 g, hexane-EtOAc 40:1) to give thioester 55 (579 mg, 1.84 mmol, 96% yield) as a
colorless oil; [a]p? -47 (¢ 1.00, CHCI3); IR (neat) 2965, 2933, 2875, 1688, 1454, 1373 cm’'; '"H NMR
(400 MHz, CDCl3) ¢ 6.14 (d, J = 15.9 Hz, 1H), 5.46 (t, J = 7.3 Hz, 1H), 5.39 (dd, J = 8.0, 15.9 Hz,
1H), 4.30 (dd, /= 7.2, 8.0 Hz, 1H), 2.95-2.78 (m, 2H), 2.72 (dq, J = 7.2, 7.2 Hz, 1H), 2.14 (dq, J =
7.3, 7.3 Hz, 2H), 1.70 (s, 3H), 1.25 (t, J= 7.7 Hz, 3H), 1.01 (d, J= 7.2 Hz, 3H), 0.99 (t, /= 7.3 Hz,
3H), 0.06 (s, 9H); 3C{'H} NMR (100 MHz, CDCl3) ¢ 202.7, 137.2, 135.4, 132.4, 126.6, 76.6, 55.7,
23.3,21.7,15.0, 14.4, 14.1, 12.5, 0.33 (3C); HRMS (ESI-TOF) m/z 225.1285 [M-TMSOH-+H]" calcd
for C13H2:0S 225.1313).

(2R,3R,4E,6E)-N-methoxy-N, 2, 6-trimethyl-3-((trimethylsilyl)oxy)nona-4,6-dienamide (56): To a
stirred suspension of N,O-dimethylhydroxylamine hydrochloride (1151 mg, 11.8 mmol) in THF (5
mL) under argon atmosphere cooled at -30 °C were added a 1 M solution of isopropylmagnesium
chloride in THF (23.6 mL, 23.61 mmol) and a solution of thioester 55 (1238 mg, 3.93 mmol) in THF
(3 mL). The reaction mixture was allowed to slowly warm to 0 °C. After stirring at 0 °C for 2 h, to the
reaction mixture was added saturated aqueous NaHCO3 (20 mL), and the mixture was extracted with
EtOAc (50 mL x 3). The combined organic layers were washed with brine (20 mL), dried over
anhydrous Na>SOj4, and concentrated. The residue was purified by column chromatography on silica
gel (150 g, hexane-EtOAc 5:1) to give Weinreb amide 56 (908 mg, 2.89 mmol, 74% yield) as a
colorless oil; [a]p? -16 (¢ 1.00, CHCI3); IR (neat) 2964, 2938, 2876, 1662, 1461, 1416, 1386 cm™'; 'H
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NMR (400 MHz, CDCL3) 6 6.16 (d, J = 15.8 Hz, 1H), 5.46 (t, J= 7.4 Hz, 1H), 5.44 (dd, J = 8.0, 15.8
Hz, 1H), 427 (dd, J = 7.2, 8.0 Hz, 1H), 3.72 (s, 3H), 3.20 (s, 3H), 3.07 (brm, 1H), 2.14 (dq, J = 7.4,
7.3 Hz, 2H), 1.73 (s, 3H), 1.00 (t, J = 7.3 Hz, 3H), 0.96 (d, J = 7.2 Hz, 3H), 0.04 (s, 9H); '*C{'H}
NMR (100 MHz, CDCls) 6 176.4, 137.1, 135.1, 132.5, 127.4, 77.4, 61.5,42.2, 32.1,21.7, 14.3, 14.2,
12.5, 0.46 (3C); HRMS (ESI-TOF) m/z 224.1629 [M-TMSOH+H]" calcd for C13HNO, 224.1651).

| O OTES

(2R,3R,4E,6E)-N-methoxy-N, 2, 6-trimethyl-3-((triethylsilyl)oxy)nona-4,6-dienamide  (57): To a
solution of Weinreb amide 56 (1548 mg, 4.94 mmol) in THF (10 mL) under argon atmosphere at room
temperature was added a 1 M solution of tetrabutylammonium fluoride in THF (9.9 mL, 9.9 mmol),
and the mixture was stirred for 20 min. After completion of the reaction, the reaction mixture was
diluted with saturated aqueous NaHCO; (50 mL) and extracted with EtOAc (50 mL x 3). The
combined organic layers were washed with brine (20 mL), dried over anhydrous Na,SOs, and
concentrated to give the crude alcohol (1651 mg), which was used for the next reaction without further
purification.

To a solution of the crude alcohol (1651 mg) in CH>Cl, (5 mL) under argon atmosphere at 0 °C were
added chlorotriethylsilane (1.66 mL, 9.87 mmol) and triethylamine (2.82 mL, 19.74 mmol), and the
mixture was stirred at room temperature for 20 min. After completion of the reaction, the reaction
mixture was diluted with saturated aqueous NaHCO3 (30 mL) and extracted with EtOAc (50 mL x 3).
The combined organic layers were washed with brine (20 mL), dried over anhydrous Na>SOs, and
concentrated. The residue was purified by column chromatography on silica gel (150 g, hexane-EtOAc
8:1) to give Weinreb amide 57 (1929 mg, 5.42 mmol, quant.) as a colorless oil; [a]p? -10 (c 0.82,
CHCl3); IR (neat) 2960, 2913, 2876, 1663, 1459, 1417, 1385 cm’'; '"H NMR (400 MHz, CDCls) 6 6.15
(d, J=16.1 Hz, 1H), 5.45 (t, /= 7.6 Hz, 1H), 5.42 (dd, J= 8.3, 16.1 Hz, 1H), 4.27 (dd, /= 7.2, 8.3
Hz, 1H), 3.72 (s, 3H), 3.19 (s, 3H), 3.05 (brm, 1H), 2.14 (dq, /= 7.6, 7.8 Hz, 2H), 1.72 (s, 3H), 1.00
(t,J=7.8 Hz, 3H), 0.95 (d, J= 7.0 Hz, 3H), 0.89 (t, /= 7.8 Hz, 9H), 0.53 (q, J = 7.8 Hz, 6H); 3C{'H}
NMR (100 MHz, CDCl3) 6 176.3, 137.1, 135.0, 132.5, 127.6, 76.8, 61.5, 42.2, 32.0, 21.7, 14.4, 14.2,
12.5, 6.9 (3C), 5.0 (3C); HRMS (ESI-TOF) m/z 224.1638 [M-TESOH+H]" caled for Ci3H2NO;
224.1651).
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(4R,5R,6E,8E)-3,4,8-trimethyl-5-((triethylsilyl) oxy)undeca-1,6,8-trien-3-ol (58): To a solution of
Weinreb amide 57 (612 mg, 1.95 mmol) in THF (10 mL) cooled at -78 °C was added a 3 M solution
of methylmagnesium bromide in THF (2.60 mL, 7.80 mmol). The reaction mixture was warmed up to
0 °C and stirred for 1 h. The mixture was diluted with saturated aqueous NaHCO3 (10 mL). The organic
layer was separated, and the aqueous layer was extracted with EtOAc (50 mL x 3). The combined
organic layers were washed with brine (20 mL), dried over anhydrous Na,SO., filtered, and
concentrated to give the crude ketone (517 mg), which was used for the next reaction without further
purification.

To a solution of the crude ketone (517 mg) in THF (7 mL) cooled at -78 °C was added a 1 M solution
of vinylmagnesium bromide in THF (7.80 mL, 7.80 mmol). The reaction mixture was warmed up to
0 °C and stirred for 20 min. The reaction mixture was diluted with saturated aqueous NaHCOj3 (10
mL) and EtOAc (10 mL). The organic layer was separated, and the aqueous layer was extracted with
EtOAc (50 mL x 3). The combined organic layers were washed with brine (20 mL), dried over
anhydrous NaSOg, filtered, and concentrated. The residue was purified by column chromatography
on silica gel (40 g, hexane-EtOAc 20:1) to give a 1:1 mixture of diastereomeric alcohols 58 (400 mg,
1.18 mmol, 61% yield in 2 steps) as a colorless oil. As this product showed extremely complex spectra
in '"H and '3C NMR due to the presence of the isomer, we could not assign the NMR data to the
structure, and this product was immediately used in the next reaction; [a]p? +28 (¢ 1.00, CHCls3); IR
(neat) 3465, 2961, 2937, 2914, 2878, 1645, 1459, 1380 cm™'; HRMS (ESI-TOF) m/z 207.1765 [M-
TESOH-+H]" calcd for C14H230 207.1749).

jD OTES
H L&)\(\/\K\/

(4S,5R,6E,8E)-3,4,8-trimethyl-5-((triethylsilyl)oxy)undeca-2,6,8-trienal (59): To a solution of
diastereomeric alcohols 58 (452 mg, 1.34 mmol) in THF (15 mL) under argon atmosphere at room
temperature were added PDC (1507 mg, 4.00 mmol) and molecular sieves 4 A (1500 mg). After
stirring for 16 h, the mixture was filtered through a pad of Celite and washed with Et;O. The filtrate
and washings were combined and concentrated. The residue was subjected to AFCS [¢37 x 300 mm;
flow rate 20 mL/min; detection at 254 nm; solvent gradient condition, hexane/EtOAc (100/0 —
81/19)] to give aldehyde 59 (268 mg, tr = 37 min, 0.80 mmol, 60% yield, E:Z = 2.3:1) as a colorless
oil; [a]p® +15 (¢ 0.68, CHCIs); IR (neat) 2958, 2939, 2878, 1717, 1683, 1652, 1458, 1376 cm™'; 'H
NMR (400 MHz, CDCls, E isomer) ¢ 10.02 (d, J= 8.0 Hz, 1H), 6.10 (d, J=15.6 Hz, 1H), 5.91 (dq, J
=8.0, 1.2 Hz, 1H), 5.45 (t,J=7.4 Hz, 1H), 5.39 (dd, J = 15.6, 8.2 Hz, 1H), 4.06 (dd, /= 8.2, 7.7 Hz,
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1H), 2.36 (dq, J = 7.7, 7.0 Hz, 1H), 2.19 (d, J = 1.2 Hz, 3H), 2.14 (dq, J = 7.4, 7.5 Hz, 2H), 1.70 (s,
3H), 1.05-0.97 (m, 6H), 0.92-0.86 (m, 9H), 0.56-0.47 (m, 6H); 3C{'H} NMR (100 MHz, CDCls, E
isomer) 6 191.5, 167.3, 136.8, 135.3, 132.4, 128.4, 127.6, 77.6, 50.9, 21.7, 16.5, 15.6, 14.1, 12.5, 6.9
(3C), 5.2 (3C); HRMS (ESI-TOF) m/z 205.1607 [M-TESOH+H]" calcd for C14Hz 0 205.1592).

L o OTES
O)W\‘/\/\K\/
16

ethyl (6S,7R,8E, 10E)-2,5,6, 10-tetramethyl-7-((triethylsilyl)oxy)trideca-2,4,8, 1 0-tetraenoate (60): To
a solution of triethyl 2-phosphonopropionate (42) (0.50 mL, 2.31 mmol) in THF (3 mL) under argon
atmosphere cooled at 0 °C was added a 0.5 M solution of lithium diisopropylamide in THF-hexane
(4.63 mL , 2.31 mmol). The reaction mixture was stirred at 0 °C for 30 min, and then a solution of
aldehyde 59 (260 mg, 0.77 mmol) in THF (4 mL) was added to the mixture via a cannula. The reaction
mixture was stirred for 30 min, allowed to warm to room temperature, and stirred for 10 min. The
reaction mixture was diluted with H>O (10 mL) and extracted with EtOAc (30 mL x 3). The combined
organic layers were washed with brine (20 mL), dried over anhydrous Na,SOs, and concentrated. The
residue was subjected to AFCS [¢37 x 300 mm; flow rate 5 mL/min; detection at 254 nm; solvent
gradient condition, hexane/EtOAc (100/0 — 80/20)] to give ester 60 (283 mg, fr = 33 min, 0.67 mmol,
87% yield, 16E:16Z=2.7:1) as a colorless oil; [a]p* +33 (¢ 0.46, CHCl); IR (neat) 2960, 2935, 2913,
2876, 1704, 1631, 1601, 1460, 1366 cm™'; 'H NMR (400 MHz, CDCls, 16FE isomer) d 7.49 (dq, J =
12.0, 0.9 Hz, 1H), 6.17 (brd, J = 12.0 Hz, 1H), 6.09 (d, J= 15.7 Hz, 1H), 5.47-5.38 (m, 2H), 4.21 (q,
J=17.1Hgz, 2H), 4.05 (dd, J= 7.0, 7.7 Hz, 1H), 2.36 (dq, /= 7.0, 7.7 Hz, 1H), 2.14 (dq, J= 7.5, 7.5
Hz, 2H), 1.91 (d, J = 0.9 Hz, 3H), 1.87 (brs, 3H), 1.70 (brs, 3H), 1.31 (t, /= 7.1 Hz, 3H), 1.02-0.96
(m, 6H), 0.89 (t, J = 8.0 Hz, 9H), 0.56-0.48 (m, 6H); 3C{'H} NMR (100 MHz, CDCls, 16E isomer)
0 169.3, 150.0, 136.0, 134.6, 134.5, 132.6, 128.4, 124.8, 122.1, 77.3, 60.5, 50.8, 21.6, 15.64, 15.61,
14.5, 14.2, 12.53, 12.49, 7.0 (3C), 5.2 (3C); HRMS (ESI-TOF) m/z 289.2213 [M-TESOH+H]* calcd
for C19H290, 289.2168).

ethyl (2E,4E,6S,7R,8E, 10E)-7-hydroxy-2,5,6,10-tetramethyltrideca-2,4,8, 10-tetraenoate (61): To a
solution of ester 60 (277 mg, 0.66 mmol) in THF (3 mL) at room temperature was added a 0.5 M
solution of tetrabutylammonium fluoride in THF-AcOH (6.59 mL, 3.30 mmol, BusNF:AcOH =1:1),
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and the mixture was stirred at 50 °C for 3 h. After completion of the reaction, the reaction mixture was
diluted with Et;O (10 mL) and H>O (20 mL). The organic layer was separated, and the aqueous layer
was extracted with EtO (20 mL x 3). The combined organic layers were washed with saturated
aqueous NaHCO3 (20 mL) and brine (20 mL), dried over anhydrous Na,SOj4, and concentrated. The
residue was subjected to AFCS [¢37 x 300 mm; flow rate 5 mL/min; detection at 254 nm; solvent
gradient condition, hexane/EtOAc (88/12 — 67/33)] to give desired ester 61 (148 mg, tr = 34 min,
0.48 mmol, 73% yield) as a colorless oil; [a]p?® +21 (¢ 0.90, CHCI3); IR (neat) 3453, 2980, 2938, 2880,
1714, 1631, 1451, 1371 cm’'; 'H NMR (400 MHz, CDCls) 6 7.49 (dq, J = 11.9, 0.9 Hz, 1H), 6.29-
6.24 (m, 2H), 5.50 (t, J = 7.3 Hz, 1H), 5.49 (dd, J= 7.7, 15.3 Hz, 1H), 4.21 (q, /= 7.2 Hz, 2H), 4.02
(ddd, J=2.0,7.7,7.7 Hz, 1H), 2.38 (dq, /= 7.7, 7.6 Hz, 1H), 2.14 (dq, J = 7.3, 7.6 Hz, 2H), 1.94 (d,
J=10.9 Hz, 3H), 1.90 (s, 3H), 1.74 (d, /= 0.7 Hz, 3H), 1.66 (d, /= 2.0 Hz, 1H, OH), 1.30 (t, J=7.2
Hz, 3H), 1.00 (d, J= 7.6 Hz, 3H), 0.99 (t, J= 7.6 Hz, 3H); 3C{'H} NMR (100 MHz, CDCl;) 6 169.0,
148.7, 138.0, 135.7, 133.7, 132.4, 127.0, 126.2, 123.1, 75.5, 60.6, 50.8, 21.7, 16.1, 14.5, 14.1, 13.9,
12.7, 12.4; HRMS (ESI-TOF) m/z 289.2156 [M-OH+H]" calcd for C19H290> 289.2168).

7 Q/

/O,J\/j,OTBDPS O, (j,OTBDPS
L 0 o7 S0~ L 0 o' o7
O)J\K\)Y\/\K\/ O)W\(\/
62 62b

a

ethyl (2E,4E,6S,7R,8E,10E)-7-(((2R,3R,4S,5S,6S)-5-((tert-butyldiphenylsilyl)oxy)-3,4-dimethoxy-6-
methyltetrahydro-2H-pyran-2-yl)oxy)-2,5,6, 1 0-tetramethyltrideca-2,4,8, 1 0-tetraenoate (62a) : To a
stirred suspension of samarium (III) trifluoromethanesulfonate (86 mg, 0.14 mmol) and molecular
sieves 4 A (160 mg) in Et,0/1,4-dioxane (4/1) (1 mL) under argon atmosphere cooled at -20 °C was
added a solution of alcohol 61 (44 mg, 0.14 mmol) and sugar 50 (114 mg, 0.19 mmol) in Et,0/1,4-
dioxane (4/1) (1 mL, 0.2 ml x 2 rinse) via a cannula. After warming up to 0 °C and stirring for 1 h, the
reaction mixture was filtered through a pad of Celite, washed with EtOAc. The organic layer was
separated, and the water layer was extracted with EtOAc (20 mL x 3). The combined organic layers
were washed with saturated aqueous NaHCOs3 (20 mL) and brine (10 mL), dried over anhydrous
NaxS0s, and concentrated. The residue was subjected to AFCS [¢p37 x 300 mm; flow rate 5 mL/min,;
detection at 254 nm; solvent gradient condition, hexane/EtOAc (100/0 — 82/18)] to give a-glycoside
62a (29 mg, tr = 44 min, 0.04 mmol, 28% yield) and -glycoside 62b (11 mg, fr = 46 min, 0.015 mmol,

10% yield) as a colorless oil, respectively;
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a-glycoside 62a: [a]p? -27 (c 0.47, CHCL3); IR (neat) 2965, 2930, 2856, 1702, 1635, 1428, 1389 cmr
!, TH NMR (400 MHz, CDCls) 6 7.73-7.69 (m, 2H), 7.63-7.57 (m, 3H), 7.39-7.29 (m, 6H), 6.29 (dq,
J=11.9,0.9 Hz, 1H), 6.22 (d, J = 15.8 Hz, 1H), 5.48 (t, /= 7.4 Hz, 1H), 5.22 (dd, J = 8.8, 15.8 Hz,
1H), 4.77 (d, J= 2.0 Hz, 1H), 4.16-4.07 (m, 2H), 3.99 (dd, J = 8.4, 8.8 Hz, 1H), 3.64 (dd, /= 8.4, 8.8
Hz, 1H), 3.57 (dq, J=8.8, 6.2 Hz, 1H), 3.39 (dd, /= 2.0, 3.0 Hz, 1H), 3.252 (dd, /= 3.0, 8.4 Hz, 1H),
3.245 (s, 3H), 2.76 (s, 3H), 2.47 (dq, J = 8.4, 7.3 Hz, 1H), 2.13 (dq, /= 7.4, 7.4 Hz, 2H), 2.01 (d, J =
0.9 Hz, 3H), 1.96 (d, /= 0.9 Hz, 3H), 1.71 (s, 3H), 1.22 (t, /= 7.2 Hz, 3H), 1.12 (d, J= 6.2 Hz, 3H),
1.02 (d, J = 7.3 Hz, 3H), 0.98 (t, J = 7.4 Hz, 3H) 0.97 (s, 9H); 3C{'H} NMR (100 MHz, CDCls) ¢
168.8, 149.3, 140.6, 136.2 (2C), 136.1, 135.8 (2C), 134.9, 134.2, 133.9, 132.1, 129.3, 129.1, 127.4
(20), 127.2 (2C), 125.5, 123.6, 122.4, 93.6, 81.5, 79.6, 76.1, 73.9, 69.5, 60.5, 58.9, 55.3, 48.7, 27.2
(30), 21.7,19.8, 18.6, 16.4, 15.2, 14.4, 14.1, 12.7, 12.5; Jcu value of the anomeric position: 170 Hz;
HRMS (ESI-TOF) m/z 741.4202 [M+Na]" (calcd for C43Hs207SiNa 741.4163).

B-glycoside 62b: [a]p> +34 (¢ 1.00, CHCl3); IR (neat) 2965, 2932, 2857, 1702, 1632, 1428, 1389 cm-
I; TH NMR (400 MHz, CDCl3) 6 7.69 (dd, J= 7.5, 1.6 Hz, 2H), 7.61 (dd, J= 7.5, 1.6 Hz, 2H), 7.45
(dq, J=11.8, 1.1 Hz, 1H), 7.38-7.28 (m, 6H), 6.18 (brd, J = 11.8 Hz, 1H), 6.09 (d, /= 15.9 Hz, 1H),
5.52(dd, J=15.9, 8.6 Hz, 1H), 5.44 (t,J = 7.2 Hz, 1H), 4.25 (brs, 1H), 4.19 (q, J = 7.2 Hz, 2H), 3.86
(dd, J= 8.6, 8.0 Hz, 1H), 3.64 (dd, J=9.1, 9.1 Hz, 1H), 3.44 (brd, J= 3.2 Hz, 1H), 3.36 (s, 3H), 3.16
(dgq, J=9.1, 6.3 Hz, 1H), 2.98 (dd, J=9.1, 3.2 Hz, 1H), 2.84 (s, 3H), 2.50 (dq, J = 8.0, 7.0 Hz, 1H),
2.14 (dq,J=17.2,7.2 Hz, 2H), 1.86 (s, 6H), 1.70 (s, 3H), 1.29 (t, /= 7.2 Hz, 3H), 1.08 (d, J= 6.3 Hz,
3H), 1.00 (s. 9H), 0.99 (t, J= 7.2 Hz, 3H), 0.94 (d, J= 7.0 Hz, 3H); *C{'H} NMR (100 MHz, CDCl3)
0169.1, 149.2, 137.3, 136.1 (2C), 136.0 (2C), 134.8, 134.8, 134.3, 134.1, 132.7, 129.3, 129.2, 127.4
(20), 127.2 (2C), 126.6, 125.2, 122.4, 100.8, 85.9, 83.7, 76.4, 73.9, 73.0, 61.4, 60.6, 55.1, 48.8, 27.3
(30), 21.6, 19.9, 18.5, 15.9, 14.5, 14.2, 14.1, 12.5, 12.4; Jcu value of the anomeric position: 160 Hz;
HRMS (ESI-TOF) m/z 741.4180 [M+Na]" (calcd for C43Hs207SiNa 741.4163).

Q/

/O:(j,OTBDPS
R P PN
S N NF =z

(2E,4E,6S,7R,8E, 10E)-7-(((2R,3R,4S,5S,6S)-5-((tert-butyldiphenylsilyl)oxy)-3,4-dimethoxy-6-
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methyltetrahydro-2H-pyran-2-yl)oxy)-N, 2,5,6, 1 0-pentamethyl-N-((R)-1-(((S)-3-methyl-1-(thiazol-2-
yl)butyl)amino)-1-oxopropan-2-yl)trideca-2,4,8, 10-tetraenamide (63) : To a solution of glycoside 62a
(33 mg, 0.046 mmol) in THF/MeOH/H,O (3/1/1) (0.3 mL) under argon atmosphere at room
temperature was added lithium hydroxide monohydrate (5.8 mg, 0.14 mmol), and the mixture was
stirred at 50 °C for 16 h. After completion of the reaction, the reaction mixture was diluted with AcOH
(3 drops) and H>O (10 mL) and extracted with EtOAc (10 mL % 3). The combined organic layers were
washed with brine (5 mL), dried over anhydrous Na,SOs, and concentrated to give the crude
carboxylic acid (33.2 mg), which was used for the next reaction without further purification.

To a stirred solution of the crude carboxylic acid (33.2 mg) and peptidesTFA 29a (34 mg, 0.092
mmol) in DMF (0.2 mL) cooled at 0 °C were added DIPEA (0.033 mL, 0.19 mmol) and HATU (35
mg, 0.092 mmol). After stirring at room temperature for 3 h, the reaction mixture was diluted with
10% aqueous citric acid (5 mL) and extracted with EtOAc (10 mL x 3). The combined organic layers
were washed with saturated aqueous NaHCOs3 (10 mL) and brine (10 mL), dried over anhydrous
NaxSOs, and concentrated. The residue was subjected to AFCS [¢p11 x 300 mm; flow rate 5 mL/min;
detection at 254 nm; solvent gradient condition, hexane/EtOAc (74/26 — 53/47)] to give glycoside 63
(39 mg, tr = 35 min, 91% yield in 2 steps) as a colorless oil; [a]p?> +38 (¢ 1.00, CHCIs); IR (neat)
3291, 2961, 2933, 2858, 1685, 1617, 1597, 1525, 1461, 1388 cm™!; 'H NMR of major rotamer* (400
MHz, CDCl3) 6 7.71 (dd, J=17.5, 1.6 Hz, 2H), 7.66 (d, /= 3.2 Hz, 1H), 7.61 (dd, J= 7.5, 1.6 Hz, 2H),
7.38-7.29 (m, 6H), 7.16 (d, /= 3.2 Hz, 1H), 6.62 (d, /= 8.8 Hz, 1H, NH), 6.54 (brd, J=11.3 Hz, 1H),
6.19 (d,J=15.4 Hz, 1H), 6.15 (d, J= 11.3 Hz, 1H), 5.46 (t, /= 7.2 Hz, 1H), 5.39 (m, 1H), 5.24 (dd,
J=154,8.6 Hz, 1H),5.12 (q, J= 6.8 Hz, 1H), 4.78 (d, J= 1.8 Hz, 1H), 4.04 (dd, J= 8.6, 8.0 Hz, 1H),
3.74 (dd, J= 8.4, 8.4 Hz, 1H), 3.66 (dq, /= 8.4, 6.3 Hz, 1H), 3.41 (dd, J=2.7, 1.8 Hz, 1H), 3.30 (dd,
J=28.4,2.7Hz, 1H), 3.26 (s, 3H), 2.84 (s, 3H), 2.74 (s, 3H), 2.47 (m, 1H), 2.17-2.08 (m, 2H), 1.97 (s,
3H), 1.91 (m, 1H), 1.86 (s, 3H), 1.79-1.71 (m, 2H), 1.70 (s, 3H), 1.33 (d, /= 7.2 Hz, 3H), 1.15 (d, J =
6.3 Hz, 3H), 1.08 (d, J = 7.2 Hz, 3H), 1.00 (s, 9H), 1.01-0.95 (m, 9H); '3C NMR of major rotamer*
(100 MHz,CDCl3) 6 175.6,173.3, 170.8, 142.8, 142.7, 140.2, 136.03 (2C), 135.80 (2C), 135.06, 134.4,
132.1,129.3,129.2,129.0, 128.2, 127.4 (2C), 127.3 (2C), 123.5, 121.1, 118.7, 118.3, 94.0, 81.4, 80.1,
76.2,74.1,69.7, 58.9, 55.2,49.8, 48.3, 44.8, 44.7, 32.8, 27.3 (3C), 25.1, 23.1, 22.0, 21.7, 19.9, 18.7,
16.3,15.6, 14.7, 14.1, 13.1, 12.4; HRMS (ESI-TOF) m/z 928.5363 [M+H]" (calcd for Cs3sH7sN307SSi
928.5330).

*Minor rotamer (ratio 2:1) derived from the N-methyl amide group of N-Me-Ala was detected.
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(188, 19R)-iezoside (5’) : To a solution of glycoside 63 (20 mg, 0.021 mmol) in THF (0.2 mL) under
argon atmosphere at room temperature was added a 1 M solution of tetrabutylammonium fluoride in
THF (1 M, 0.064 mL, 0.064 mmol), and the mixture was stirred at room temperature for 7 h. After
completion of the reaction, the reaction mixture was diluted with saturated aqueous NaHCO3 (3 mL)
and extracted with EtOAc (10 mL x 3). The combined organic layers were washed with brine (3 mL),
dried over anhydrous Na,SQO4, and concentrated. The residue was purified by HPLC [Cosmosil 5Cs-
MS-II (¢20 x 250 mm); flow rate 5 mL/min; detection at 215 nm; solvent 90% MeOH] to give
(18S,19R)-iezoside (5) (10.4 mg, tr = 20.4 min, 0.015 mmol, 72% yield) as a colorless oil; [a]p? +119
(c 0.75, CHCls); IR (neat) 3449, 3289, 2963, 2932, 2874, 1684, 1618, 1598, 1523, 1441, 1396 cm’!;
'"H NMR (400 MHz, (CD3),CO) ¢ 7.71 (d, J= 3.2 Hz, 1H), 7.70 (d, J = 8.1 Hz, 1H, NH), 7.49 (d, J =
3.2 Hz, 1H), 6.46 (brd, J= 11.3 Hz, 1H), 6.29 (d, J=15.9 Hz, 1H), 6.21 (d, /= 11.3 Hz, 1H), 5.56 (t,
J=17.2Hz, 1H), 5.39 (t,J=8.7 Hz, 1H), 5.37 (dd, J=15.9, 8.6 Hz, 1H), 5.01 (brm, 1H), 4.80 (d, J =
1.8 Hz, 1H), 4.02 (t, J = 8.6 Hz, 1H), 3.54-3.48 (m, 2H), 3.41 (dd, /= 9.3, 3.4 Hz, 1H), 3.35 (s, 3H),
3.34 (s, 3H), 3.27 (dd, J = 9.3, 2.9 Hz, 1H), 2.89 (s, 3H), 2.82 (m, 1H), 2.43 (m, 1H), 2.16 (m, 2H),
1.92 (d,J=0.9 Hz, 3H), 1.88-1.83 (m, 2H), 1.78 (m, 1H), 1.80 (s, 3H), 1.77 (s, 3H), 1.38 (brd, J=5.0
Hz, 3H), 1.16 (d,J=5.9 Hz, 3H), 1.00-0.95 (m, 12H); '*C NMR (100 MHz, (CD3),CO) 6 175.0, 174.3,
171.5,144.8, 143.4, 140.5, 136.0, 133.1, 130.8, 125.4, 122.2, 119.7, 94.5, 82.7, 80.1, 77.9, 72.4, 69.7,
59.0, 57.4, 50.3, 48.9, 45.0, 30.5, 25.6, 23.4, 22.03, 21.95, 18.4, 16.3, 14.8, 14.7, 14.2, 12.5 (The
carbon signals at C-10, C-11, and C-15 were not detected probably due to the conformational exchange
around the N-Me-Ala residue.); HRMS (ESI-TOF) m/z 690.4188 [M+H]" (calcd for C37HsoN307S
690.4152).
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"H NMR (400 MHz, (CD3),CO) spectrum of iezoside (5)
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COSY (400 MHz, (CD3),CO) spectrum of iezoside (5)
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HMBC (400 MHz, (CD3)>CO) spectrum of iezoside (5)
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"H NMR (400 MHz, (CD3),CO) spectrum of iezoside (S)-MTPA ester (5’a)
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"H NMR (400 MHz, (CD3),CO) spectrum of iezoside (R)-MTPA ester (5°b)
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"H NMR (400 MHz, CDCls) spectrum of 35
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"H NMR (400 MHz, CDCls) spectrum of 32
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"H NMR (400 MHz, CDCls) spectrum of 41 (E:Z =5:1)
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"H NMR (400 MHz, CDCl5) spectrum of 30
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"H NMR (400 MHz, CDCls) spectrum of 49 (dr. 6:1)
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"H NMR (400 MHz, CDCls) spectrum of 28b
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"H NMR (400 MHz, CD30D) spectrum of 29a
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"H NMR (400 MHz, CDCls) spectrum of 53
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"H NMR (400 MHz, CDCls) spectrum of 54 (dr. 20:1)
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"H NMR (400 MHz, CDCl5) spectrum of 56
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"H NMR (400 MHz, CDCls) spectrum of 57
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"H NMR (400 MHz, CDCls) spectrum of 59 (E:Z = 2.3:1)
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"H NMR (400 MHz, CDCls) spectrum of 60 (16E:16Z =2.7:1)
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"H NMR (400 MHz, CDCl5) spectrum of 61
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"H NMR (400 MHz, CDCls) spectrum of 62a
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"H NMR (400 MHz, CDCls) spectrum of 62b
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"H NMR (400 MHz, (CD3),CO) spectrum of (18S,19R)-iezoside (5°)
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BC{'H} NMR (100 MHz, CDCl;) spectrum of 35
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BC{'H} NMR (100 MHz, CDCls) spectrum of 33
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BC{'H} NMR (100 MHz, CDCls) spectrum of 31 (dr. 2.5:1)
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BC{'H} NMR (100 MHz, CDCls) spectrum of 41 (E:Z = 5:1)
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BC{'H} NMR (100 MHz, CDCls) spectrum of 43 (16E:16Z = 5:1)
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BC{'H} NMR (100 MHz, CDsOD) spectrum of 37
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BC{'H} NMR (100 MHz, (CD3)>CO) spectrum of (18R,19R)-iezoside (5)
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BC{'H} NMR (100 MHz, CDCls) spectrum of 54 (dr. 20:1)
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BC{'H} NMR (100 MHz, CDCl;) spectrum of 55
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BC{'H} NMR (100 MHz, CDCls) spectrum of 57
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BC{'H} NMR (100 MHz, CDCl;) spectrum of 60 (16E:16Z =2.7:1)
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BC{'H} NMR (100 MHz, CDCls) spectrum of 61
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BC{'H} NMR (100 MHz, CDCls) spectrum of 62a
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BC{'H} NMR (100 MHz, CDCls) spectrum of 63
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BC{'H} NMR (100 MHz, (CD3),CO) spectrum of (18S,19R)-iezoside (5°)
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