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LEF
Abu
ADP
ATP
Ahp
Ahppa
Ala
Asp
aq.

Ba
BMMs
Boc

cDNA
COSY
CPA
DAPI
DIPEA
DMEM
DMF
DMSO
DNA
dNTP
EDTA
ER
ESIMS
EtOAc
FBS
L-FDLA
FITC
Glu
HATU
HL60
HMBC
HMQC
HOAt

2-amino-2-butenoic acid

adenosine diphosphate

adenosine triphosphate
3-amino-6-hydroxy-2-piperidone
4-amino-3-hydroxy-5-phenylpentanoic acid
alanine

aspartic acid

aqueous

butanoic acid

bone marrow-derived macrophages
t-butoxycarbonyl

base pair

complementary DNA

correlated spectroscopy

cyclopiazonic acid
4',6-diamidino-2-phenylindole
diisopropylethylamine

Dulbecco’s modified eagle medium

N, N-dimethylformamide

dimethylsulfoxide

deoxyribonucleic acid

deoxynucleotide triphosphate
ethylenediaminetetraacetic acid
endoplasmic reticulum

electron spray ionization mass spectrometry
ethyl acetate

fetal bovine serum
Ne-(5-fluoro-2,4-dinitrophenyl)-L-leucinamide
fluorescein isothiocyanate

glutamic acid
O-(7-azabenzotriazol-1-yDtetramethyluronium hexafluorophosphate
human promyelocytic leukemia cells
heteronuclear multiple bond correlation
heteronuclear multiple quantum coherence

1-hydroxy-7-azabenzotriazole
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HPLC
HRP
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Tle

IR

Leu
MeCN
MeOH
MOPS
MTT
MTPA
NMR
NOE
NOESY
ODS
PBS
PCC
PCR
PGME
Phe
PMSF
Pro
PVDF
RANKL
rDNA
RNA
RPMI
SDS-PAGE
SERCA
TBE
TBS
TE
TFA
TG
THF

1-hydroxybenzotriazole

high performance liquid chromatography
horseradish peroxidase

half maximal inhibitory concentration
isoleucine

infrared absorption

leucine

acetonitrile

methanol

3-(N'morpholino)propanesulfonic acid
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
a-methyl-a-trifluoromethylphenylacetic acid
nuclear magnetic resonance

nuclear Overhauser effect

NOE correlated spectroscopy
octadecyl-bounded silica

phosphate buffered saline

pyridinium chlorochromate

polymerase chain reaction

phenylglycine methyl ester

phenylalanine

phenylmethylsulfonyl fluoride

proline

polyvinylidene difluoride

receptor activator of nuclear factor kappa-B ligand
ribosomal deoxyribonucleic acid

ribonucleic acid

Roswell Park memorial institute medium
sodium dodecyl sulfate - polyacrylamide gel electrophoresis
sarco/endoplasmic reticulum Ca2* -ATPase
Tris-Borate-EDTA

tbutyldimethylsilyl

Tris-EDTA

trifluoroacetic acid

thapsigargin

tetrahydrofuran
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Z-VAD-FMK
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thin layer chromatography
tartarate-resistant acid phosphatase
2-amino-2-hydroxymethyl-1,3-propanediol
tyrosine

ultraviolet

valine

N-benzyloxycarbonyl-Val-Ala-Asp fluoromethyl ketone
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INHD ) LOONDCEMNIERIGA SN T E 2, e Streptomyces griseus
L RAINT ORI TH D streptomycin! X°, 74 W ¥ Penicillium notatum X
Y FER S NI PUEME penicillin G2 13, FEECCRYYEIC K 2T R AR S &, NHOF
BiFetaom LICEmR L7z, £/, SEXBO—FRETHDH Artemisia annua(fik . 7V =
VUV) DT AXT N artemisinind X°, WERE Streptomyces avermitilis i3k
D 18 BE~Z7 17 A K avermectint |%, v 7 U 7RA L 3B/ TIE L Vo T RA 7o ik
FENZ 6 2 R DB IS & 5 Tz,

— . EMBRMEHOY — VIR SN TWA RSB L B 5, HEME Streptomyces
tsukubaensis H3K D~ 7 17 4 K FK5065 OEHEF#EAMFSE1E,. FK506 binding
protein (FKBP) M™% /. & calcineurin DBHEIZ IS < S INHERE O3 RIZHE D= 6,
Fio, A FAROWAR Taxus brevifolia (Fi4: : BA 0L FA) NDHIEAINIZUT LR
> taxol” I%, Fa—7 U UREAHEMLE L TAEERICEMN ATV,
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HER R 1T DB EERONEESE D BB

RIRDACF D EM ORI ED DL F T DU B, TORERE LTED LD AW % ik
RTD2PPEETH D, H<PDITONTE R B EEZ Y — R & LI BRI
Mz, 20 AL K D IBEAED D D OB FRDEANATOIND L 91T oTe, T ORER.
b2 LAY E TR B 5MESCEMEEREZ AT 2ILEMRZHER I TE T,
Ciguatoxin® (I HT 7 BFHBDOFRKMEDOOEHSE LT, R UYRNLRERLI NI
R T 5D, 2O —T )VED RS U7 Fr i 7o & I 3RIFIA S, OBl an
maitotoxin® X° brevetoxins!0 & & HiZ, BAFIRA Y =—F L LEN D EMO—FE %
B Lo, 2o DIbEWIE, BAUKGNEA 22 F v RV OB DTG 269 5 58 1 7200k 75
ELTHmbLNTEY, —fHiTAEFRIEL LTHRHIATWD 11, Fl2, A A
Halichondria okadai (Fi4, : 7 v A Y 514 A2) XV FHA &7 halichondrin B2 (%, &
a—7 V) VEAHEEAZATL20UEEERY) =—FT A~ uJ 4 RThHDH, BAEMDE
B 18 L KR EROAEMIEMERMEZ D ST, w7 u T4 Nila il L-bAaY
eribulin 28, BBMEALDBADOIERIE L LT EfisitTing 14,

IO LTEARAREEMRI A SN TE RN T, ZNOOWMEOEDARER L L TONE
PERIREE O B G- R ST b 15, PUEBME~TF R TdH 5 dolastatin 10 %, HHFE
WIKEN) Dolabella auricularia (Fn4 @ %7 I 7A) ORI 6EAMTH DM,
BICHFLEY T ) N7 T VT Symploca sp. O bR ENTWD 11, £, @il ar
A VIRAT 7 Z—VHEATHD calyculin A 1%, Discodermia JED I A A B3RS
NIz Bl TH T2y, A X T ) KRN X D AEG GBS TRE L kit 8¢ nsitu
AT VEAL— a3 NECEDMITIC L - T, TOEDEFEE N Entotheonella J&D /N7
TUTTHLZEPHLNEINTND 19, LLED X 91T, MRERGEEITA 722 ARG
PEMOBNT-EEETHDL EEZBND,
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dolastatin 10

halichondrin B calyculin A
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AASTHEIC AR T DWESLT ) NI T VT ORBRYERFER L L TCOFEN

ERABRO —FETH L7 /AN T VTR, HEkEB IR FEAEMTHY . 30
{BEAFELL AT D HIBKICAFE L TV 5, IREZ LR & RISV EREEIZHEIS TE DREN &
Fih | BRSO, IRRICE D T, EEA RO THEK FIZES 0L Tn5b, 2 Th
VER (Oscillatoriaceae) (23 EINDWHEY T /327 U T1L, Lyngbya. Okeania,
Moorea L\ o7z )@% 5 < I Sk IRIHPEEM 2 AZFEL TV D Z &3 HE ST D 20,

REOERCH R EICAERT D2 VEROWES T /NI TV T Zxtg e Ui WERZR
721X, Scripps M9EATD Gerwick <X° Florida K5® Luesch HIZX > T#EH HILTE T,
ZOFER, BUEBEMET 7 27 F R apratoxin A2l (Lyngbya majuscule ) <. Hi~ 7
V 7IEMEE R T~ 27 17 4 K bastimolide A22 (Okeania hirsuta k) . 7 AT X g
Tur 7 =¥ ThoOrIT T E OMDIRMEARITH S grassystatin A2 (Okeania
lorea H1%k) LW ol bEMB RSN TE 72, L LR s AARTEICARET 22 LEFR
WES T ) 37T VT b OWELRFIIEIZ, (JETREAHRO LT TH D,

ZOE el RoOb &, FEHFOFBMEE CIXAARTEICAERET 5 LERMEES T /
NI T VTS END ZIRREPEY OBRBMIEIZE D LA TE T2,

OH OH OH

bastimolide A

HoN S >
0
OH
0 OH O o !
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EHEOFBMRRICBIT N ETORE
BZHDOFTBMFEETIL, TN E CICHATICARTHIES T /X2 T7 VT L0 UUT
R R_RB{bEWE R L, A ERLFrtse 2 BB L C& 7=,

Biselyngbyaside ¥H 24

Biselyngbyaside (%, 2009 #£|Z Teruya, Sasaki 5(Z 5> T, MR OHHEIG CERE
L7z Lyngbya J&>7 /7T U ThbHEtEN -~ 70T A FEHEETHD, £Dk,
Morta, Watanabe 528> T, flix OIHESLT 7 U 2T 5 biselyngbyolide 7233
RENiz, &6, RMEEMD/NAEE LIC/ET 5 Cazt ATPase (SERCA) L& LT
ZOEEHETHZ &3, Morita HIC K 23RS X SEEMITZ 8 L T LMz SR
7%, £727 7V ar0—FThs biselyngbyolide A D&E kI, 2014 42 Tanabe ©
IZE o TERSILTIND 26,

Bisebromoamide %§ 27

Bisebromoamide %, 2009 £/ Teruya. Sasaki 52X o T, MHEA R OHIFIR CERE
L7z Lyngbya &7 7 N7 T U T INLEBES NIRRT F FTh D, OLIZREDO YT
J X YT X0 EZIRO norbisebromoamide H %R &N, AMEAMNT 7 F U EHE
KOZEATHD Z . BLO Raf/MEK/ERK #%# & PISK/Akt/mTOR #&1 & FHE 3
HZETT A=V AEFHEETHZ LN Sumiya2s, Suzuki?® HIZL->TENENREE
iz, RMEAEHOLERIT, 2010 H12 Gaos0, 2011 I Lisl HIZ K-> TENEILEAL
SNTEY, 2010 FOHPOEEROEIZIZ, F7 VU AAOMS AR E DT IEATT L
7o

Tomurulin

Tomurulin /£, Same, Ohno HIZX > T, AHEED b L/VIGTEE L7z Symploca J&
DT I NI TV T INBHEESNIZARY 5 F R ThHLH, AMEEWIRF R AR, 72K
NI LT 7 VLT X REEEAET 5 &0V ) Rz o, £D%, Ohno HIZL - T,
AACEWMN I bz R T IERSHO complex T (2% U CEIRAYZRAEEEZ RT 2 &3
Hani,

IEDE RO S & KRG & EMIEE 2 AT 2RO R4 B & LT, HE
DT INRT TV TITEEN D ZIRAGHE O PREMIIRIE T LT,
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BEVT INITITOFHMBEARZ Y —=vF (B FE=2DMEDFHR)
FAHEOA 7 ) —=2 7 L LT, BAREHOWEE T VERNEEY T /N7 7 U 7 254
L. ZOHMH OEMIEEOFM 51T o172, A7V —=1 7 IEOME S LTI R,

CRI% % |

PRI T, IRRE AWM B B AOMIE (ZHEIGEREEE, B REZE, &
FERE, WRBRMEAL, e, AIOKE, AEERE) 2HLIXiTo 7, SERIT,
R Tl BN DMK < 72 D B O K OREH] 2 F1.0I2AT o 7o BAEGPTITHIEAT TIT V., fE
BCBEI LN VER YT N7V 72 M TEN L, FFTHREL, vk, AX
7V —= 7BV TE, BEE bSO AR 5 BB 6, AR biselyngbyaside
$8X° bisebromoamide A EFETH LT /NI T U T XD LN UHRS LT,

[ £ 7% D 3T ] BT INGTFUT
BELEY 7% MeOH THIH L7, 55 MeOH 3
2B,

IS & D IRIEMEDE % Sy Bl i

WX THRE L, Z0b oD HeLa ffaicxf ‘
T B EE M2 MTT k% v CREm L TS i
. (EMRBREERE)

40 FHLL EOWBLES T ) NI T ) TICOWTCHMIi 21T o 72 & 2 A, FREDSMEL (B ki
R, Figure 1-5) O VERNENES T /37T U T BB TROWAEMIEE 2 /R4 2 & 25
Bk 7rote, BURINZIE, REA TOWHES T 7 87 7 U IS O BT 1Cs0 23
1 pg/mL % FEl->7= GAHFIX 10 - 100 ug/mL Lk, 100 pg/mL LLEDORETIET v A
LT o TR,

SEC (BFERTFIL/K)

Figure 1-5. ~ 7 /"7 7 U THME, BWRDROUEES T 2 "2 7 V7 (EEE), O
DUFLES T ) X777 (F5H),

PLEOTiBaof Re b Lo, 55 5 L5 S5 Tk, MR B & PR I E CRRE
L7 BBk O o VERELES T ) 37 5 U TG £ 05 Tl AEWIEMEWE DR BRI %
1172,
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Z R BET MO TH L, EMIETEME X, AmBLE B0 EEY 5 2 H{bEWT
DY TIANASAF TR DRERY L%, U EDBEZOL L Bkl
TG R OE PR 0 08 R E ST E o, BIEIKIRENY  Dolabella
auricularia (f4, : %> F I A4) MO I aurilides? X, 587 7l 2 /R 3788
RYBRRXTF R THD, 2011 H(Z Uesugi HIZ &L - T, aurilide OIEHABETEH S
7z 33, $72HbH aurilide 7% prohibitin LH5AE LT, TORRELZIAET 2L, Zhice
LW Fary FUTEAEEZHIE L TWL 2 "7 EThDH OPA-1 Rty v 7%
2. I har R T OMAEEZSI SR ZTZOILT RN b= ARFEREINDL Z &1 HH
STz, RBFZEIZ L - T prohibitin D Fr 7= 2 HERE D] S Lo, F o EERIEENY)
Aplysia kurodai (Fi%, : 7 A 77 3) InHIE A &7z aplyronine A34 (X, 507772 PulEETE
ARy ~rna74 RThbd, 2013 FFiZ Kita 52X 5T, aplyronine A 23 lifiaE #5427 > /X
VETHLT 7 TFrBROTFa—7) o EOEGEKREEHR L THELZ SIS T2 &7
6 E ST 35, ZOBEI, EFE, ABRERN S LTERZED TW DO "I /2
NZERMAEERN Z, AR FIC K > THEERICHETZ 2 aleth 2" T b O TH 5,
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Figure 1-6. 7 X W31 A0 U—IZBF 5 Y —)L & 72 o T2 ERRY

LLERANTE LS IT, EWTEEZ R TR OARAMEDO O L DT, 7 I I Fry
—DY—)L & LT, AMBROMIAMZEICHHTE 2 ICH D, LLRRL, ZVETIT
R INT R OENTK LT, £ OIEABETOER 0 F 08 S 72l Z< o2 T
bD, THAUIEMIEEME OME L | £ OEMGFOZERMIC L0 | AFIRFH O -0 0
MESL ST FIERRPEIE LR Weh LB X bivd, iRk & L TREHDO KAWL, £ DFEA
RERBER S F LISV EE, N TWEIRIZH D, TRDOBLIZEALED
it R 3 LT3, 388 L2 O R & g lo| O e L 7e>Tnb, =
D XD IRRBUTIB N T, RN R E IR Z ANIERNT D 720113, REBEWERR L
WMREN, TOERAMERT I ENRMNETHDL EEZILND,

U EDOEFOL L, HBUETIEEEN L LI AYIEEYE kurahyne O 7 X 711
NAFa =3I B T 5AMAMEZHLNNIT 52 LA B0 E LT, FEMREMTEM O
fili & 1B AEBIFZE IS IR D A A 72,






BoE WEBRARKCRELR Lyngbya BT /X0 TV TEAELI YA
H U772 _7F REO#E & A WiEtE

ARFETIE, MBI ESAIR A B CRE L= Lyngbya &Y 7 /377 U THEEERNS FLH
L7z 3 BOFHTF FMbEY. kurahamide (1)36, kurahyne (2)37, maedamide (8)38 @
i & AR DWW TR~ S,

OH

kurahamide (1)

EWiEN
il TR
Yo IoFT7T—EREFS

kurahyne (2)

EYTENS
MR EREREE
TRV RFEFEN
INERRNL RFERIE
B E MM EE

maedamide (3)

EYES
HiaB5EREE
TRb—L RFEFEN
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B EWRBIORE L FE
WES T /N7 T U T OB, 2013 4 3 A ISHHRIR BRI A BRI AHE O F T1T -
Too BT 20T ) TIRFHEAI 22Nl CRORLIR) 28 L TR0 | BAMERIC L 28I 0fs
B, ZEOFEOLT NI T UTHRRELTWD Z ERHBLMNE 7257 (Figure 2-1),
ZDHBLEED 50% Utz O TH@EEROLT /7T Y TIZONT, LIT 2 i
D OFETREEIT ST,
- TEREBIERIC K B RE -
AIROES EEDIER LY, KT /77U T W Lyngbya 8 Toh b L RIE LTz,
- BRI 2RI U7 R
16S rDNA #HuUG L., ZDhd%| (accession No. AB857842) % Jrll A#ilsf & 1ERL L 7=
(5575% Figure 6-1), T O#ER, K7 /377 U 7L Oscillatoria miniata NACS-
50 &7 L— RZER L, Trichodesmium J& LT T D Z Linbirolz, LrL7%
Do, PR RA ZRET DITITES 2D 5T,

INGORERERSE 2 IWHEBIRIC KX AREMREHA L. Ko7 2 77 U THEAEEF
DI 5FE% Lyngbya & Th 5 ERE LT,

L

B Lyngbya sp.
e B ‘!;i‘ (major
S7 ) NIFUTERHE

Microcoleus sp. Chroococcus sp.

w7 J)INOFUT D—H

RS

Figure 2-1. AR CERELT-WEY T /77 ) THEAR
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BHEN SRR AR E O B

AT Lyngbya &7 /"2 7 V) THAN 2300 g & MeOH THitH L, filitikz A
W, EHE L7z, B bz MeOH it % EtOAc//K THEL L, EtOAc JBIZ oW\ T, &
512 hexane / 90% MeOH aq. TZfd L7, HeLa HIiEZ FV 72 #0 o B g pE 2= 1 kR 12
£V, 90% MeOH aq. EIZIEMEME DM S TWD Z ERbho7z (ICs =0.01 pg/mL
LIF), 27T 90%MeOHaq. & (1.3g) 2. ODS #7L7u~ /77 4—2L->T5h
DO G UTe, TR 7ML E TS 0358 O H itz 60% MeOH aq. ¥4y &
80% MeOH aq. ¥ HEI /3 IZDOWT, MR FIEMEAfRAE & Lo miRis 7 v~ 77
T4 IR HRERMAERY K U, TORE. IEEWE L LT 3 BOFHA<TF M LEY.
kuramide (1, 3.7 mg). kurahyne (2, 29.9 mg). maedamide (8, 18.0 mg) %457~ (Scheme
2-1),

Cyanobacterial assemblage of
Lyngbya sp.
2300 g (wet)

Extraction (MeOH 4 L)

Filteration

Concentration

Partition [EtOAc 400 mL x 3/ H,O 400 mL]

EtOAc layer H,O layer

Partition [hexane 400 mL x 3 /90% MeOH 400 mL]

Hexane layer 90% MeOH layer
139
1C50 < 0.01 pg/mL

ODS column chromatography

40% MeOH fr.  60% MeOH fr.  80% MeOH fr. 100% MeOH fr.  MeOH/CHClIj fr.
258 mg 313 mg 439 mg 230 mg 5mg
IC50 > 1.0 pg/mL IC50 1.6 ng/mL IC50 2.6 ng/mL 1C50 0.66 pg/mL 1C50 > 1.0 ug/mL

repeated HPLC | repeated HPLC

]

kurahamide (1) kurahyne (2) maedamide (3)
3.7mg 29.9mg 18.0 mg

IC50: MTT assay against HelLa cells

Scheme 2-1. FFEHH AT F NEHD/yBEkE S
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BB, RKLT IR T IV TEEERNLIE, LEY 1~8 UANDOEMTEEME & LT
kalkipyrone3?, yoshinone A4, koshikalide4!, grassypeptolide42 FE#x{K7S HLffE <7z
(Figure 2-2), WHEIXOEDDLT ) I FVTH T AnD 3 HEL EOFKORR D
ZURARHE RO N D Z LIRFE AR, R T RS O ZIRIGHEM G O LT EE
T ARG TR T ) RNT TV T OREEETHY | ZARIRTENLAFT D 2 L LT 5 L
Ezonbd, UEOKERNG, RO T 2307 U TEERR, BWAEMIGHEYE A PERE % FF
DT ENHLMNERST,

Fo. TNH DA, EREOR R, FROMEE TH L o & U7 M 5P
EIEPEIL, FEIT grassypeptolide (ICs0 2.5 ng/mL) & kalkipyrone (ICs0 1.0 ng/mL LA
To 7272 LBAIRIEYEIZEI) I DD THDZ EnbhnoTz, Lien-> T, BLFOHi
THRRDEW 1~3 (X, KT /37T U THEERP The b VO FERL FEME 2 7R
TALEH TITZR,

OH

HO
kurahamide (1) kurahyne (2)
(0]
OH
Ho I 40 _ N 0._OMe
: H :
AN C%NH by © B oj/o""e OMe $
: H
3 “ N N g .
W N NT yoshinone A O
OH O ﬁ"'ﬁor L/ on
NS S O._OMe
||
maedamide (3)

kalkipyrone O

OMe

)\ - koshikalide

grassypeptolide
Figure 2-2. KR CTERE LIWHES T /) N7 T U T HEEEKNBELNTLEY
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B2 BIRT 7Y RFF K kurahamide D&

Hiffi 7= kurahamide (1) O#&EZ2RE LTz, V&L, @OMEEEALT bk
#HE NMR A7 RVOMRHTIC LD RGE Lz, o rREL &1L, NOESY A~ kL ofif
Mrds KOV ESOn & X 7 Vv H 7 K& v HPLC AT &2l G b TRE LT,

#£—I8 Kurahamide (1) OEEEE

Kurahamide (1) ®%r 1%, @OMEEEAY b XV, Cs5HNgO1s THDH Z &
Nbnotz (mlz1126.5458, caled for [M+Nal+ 1126.5437),

IH NMR A7 RUZEWT, 2.58 ppm ([ZBHISNIZ AT NVKFEOT 7LD =
FIETIHERT 2 AT NVIEOTFERHEE S, £72, 4.74, 4.63, 4.37, 4.27, 4.17, 4.08,
4.07, 3.64 ppm [ZBHIENT=T I VR a fiDAF L AkFELEZLNDLY 7L LY, B
BT 2 BRIEROFENEE Sz, £72. BCNMR A7 KLZBWT, 175.4, 174.8,
174.4, 173.8, 172.9, 172.4, 171.3, 170.81, 170.78, 165.1 ppm (ZBHI Sz 7 v
X V. kurahamide 1) 287 X RELIZT AT RS EZLHETHZ L RES -, UL E
DIERE L LT, 1 2X7F REDOfLEmTH D L HEE LT,

Zh BT, COSY. HMBC, HMQC. NOESY %7 hLOFEM7afitr 28 LT,
1 OFmEtEEZ2RE L7 (Figure 2-3, Table 2-1), X UK AL v (BAE
Figure 6-2~7) OfffiZ@C T, 1 IZ&END 11 HOESHEE (Val, NMe-Tyr, Phe,
3-amino-6-hydroxy-2-piperidone (Ahp). 2-amino-2-butenoic acid (Abu), 2 ->@® Thr, 2
S0 Ala BLU 2 ©® butanoic acid (Ba)) DIFELE LT Lz, T OEEE D
v —2r 2%, HMBC ¥ LT NOESY A2 bV DM Z (&b THRIE LT,
HMBC A7 FUZEWT, BUFICRT 8 SOMENEBHI S 7z - Val » NH(57.48)/
N-Me-Tyr @ C-1(5172.4). NMe-Tyr ® N-Me (§2.58)/Phe ® C-1(5§172.9), Phe ®
H-2(54.63)/ Ahp @ C-5(576.2). Ahp @ NH(6§6.84)/Abu @ C-1(§165.1), Thr-1 @
NH (§7.11) / Thr-2 @ C-1 (§171.3), Thr-2 ® H-2 (§4.37) / Ala-1 @ C-1 (§174.8),
Thr-2 @ H-3 (§5.19) / Ala-2 ® C-1(§173.8), Ala-2 ® NH (§6.59) / Ba-2 ® C-1 (§
174.4), F£7=. NOESY A7 MUIZEBWT, LLFIZRT 2 DOMEANEH &7 : Abu
@ NH (6§7.49)/ Thr-1 ® H-2(54.27). Ala-1 ® NH (§6.71)/Ba-1 ® H-2(5§1.91), LA
FEoE#RE S &1, kurhamide (1) O H#EED > — 27 = A3 Val- NMe-Tyr-Phe-Ahp-
Abu-Thr-1-Thr-2(-Ala-2-Ba-2)-Ala-1-Ba-1 TH A Z EBBH LM E 2 -7-, Iz T HMBC
AL RZEBWT, Thr-l @ H-3(55.13)/Val @ C-1(5175.4) [ CHBENER Sz
Z&MB, Thrl & Val MCEEZEHL TWD Z ERHLMNE T,
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Abu ELOD 2 fLITAFET D “HREE ORMEEITILL T O & 5 IZRE L7z, HMBC A~
7 MUZEWT, WL 4 f5A DL BB 7o KSR & RSB O TIIMEBEIFEH S ey, Lo
L Weiss-Lopez HIZXL 5 &, KFELRBONAREED W FHROFHEThHHGEIZBN
TlE, 4 WaBENnTKFE | RERFETOMEPBHISN S Z LAMESN TS 8, E
Bz, Paul B, 2o Z EE2FIH L, MEHERAY molassamide [ZFE415 Abu FALD
CEAEGOKMBLEDORE LT > TVD 4, ZNHOEFO T, HMBC A7 R~V OfiT
Z1T->7- & Z A, kurahamide (1) (2B TH, Abu @ H-4/C-1 [T, 4 FEAEEN7ZK
# | RFEOMENBII STz, D EOFER KLY 1 @ Abu O 2 (LICFEET 2 ZEHEA
ORMEEIL Z Th D ERE LT,

L EOZEZUZ LY, kurahamide (1) Otz LN O X 5 IZRE L7z (Figure 2-3),

Thr-1 Thr-2  Ala-1

HN™ 0]
(/0 K\ H™ )2 —
4 N1 cosy
ST 0 AT
0 ¥ "\ NOESY

Abu Ala-2 Ba-2

Figure 2-3. kurahamide (1) O Fftid
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Table 2-1. Kurahamide (1) @ NMR A7 kL5 —% (& . CD3CN)

position S¢? Su? (Jin Hz) COSY HMBC NOESY

Val

1 175.4

2 59.9 4.08, m 3, NH 1,3,4,5 1(NMeTyr) 3,4,5 NH

3 31.8 1.85, m 2,4,5 2,4,5 2, 4,5 NH

4 20.07¢ 0.69, d (7.0 3 2,3,5 2, 3, NMe (N-Me-Tyr)

5 19.3 0.62, d (7.0 3 2,3,4 2, 3, NH, NMe (N-Me-Tyr)

NH 7.48, br 2 2, 1 (N*Me-Tyr) 2, 3, 5, 2 (WWMe-Tyr),
N-Me (N-Me-Tyr)

N-Me-Tyr

1 172.4

2 63.2 4.74,dd (11.5, 2.8) 3a, 3b 1, 3, 4, N'Me, 1 (Phe) 3a, 2 (Phe), 5/9, NH (Val)

3a 34.4 3.10, dd (14.6, 2.8) 2, 3b 2, 4, 5/9 2, 3b, 5/9

3b 2.51, dd (14.6, 11.5) 2, 3a 2, 4, 5/9 3a, 5/9

4 130.2

5/9 132.1 6.84, d (8.6) 6/8 3,4,9/5,6/8, 17 2, 3a, 3b, 6/8

6/8 117.0 6.61, d (8.6) 5/9 4,8/6, 7 5/9

7 157.4

N-Me 32.1 2.58, s 2, 1 (Phe) 2 (Val), 4 (Val), 5 (Val),
NH (Ahp), NH (Val)

Phe

1 172.9

2 52.7 4.63,dd (11.7, 4.4) 3a, 3b 1, 3, 1 (Ahp), 5 (Ahp) 3Db, 5/9, 2 (N"Me-Tyr), NH (Ahp)

3a 36.4 2.68, dd(14.7, 11.7) 2, 3b 2, 4, 5/9 3b, 5/9, 5 (Ahp)

3b 1.78, m 2, 3a 2, 3a, 5/9

4 138.5

5/9 131.0 6.64, dd (8.2, 1.7) 6/8,7 3,7 2, 3a, 3b, 5 (Ahp), 6/8, 4b (Ahp)

6/8 129.4 7.00, m 5/9, 7 4, 8/6 5/9

7 127.8 6.95, m 5/9, 6/8 519

Ahp

1 170.784

2 50.1 3.64, ddd (2.4, 6.7, 12.7)  3a, 3b, NH 1 3b, NH

3a 22.9 2.08, m 2, 3b, 4a, 4b 3b, OH, NH

3b 1.44, m 3a, 4a, 4b 1,5 2, 3a, 4a

4a 30.8 1.57, m 3a, 3b, 4b, 5 2 3b, 5, OH

4b 1.49, m 3a, 3b,4a, 5 2 5, 5/9 (Phe)

5 76.2 4.99, br s 4a, 4b, OH 4a, 4b, OH, 3a (Phe), 5/9 (Phe)

OH 4.06, m 5 3a, 4a, 5, NH (Abu)

NH 6.84, d (6.7) 2 1 (Abuw) 2, 3a, 2 (Phe), NH (Abu),
N-Me (N-Me-Tyr)

Abu

1 165.1

2 129.4

3 136.9 5.66, qd (7.1, 0.8) 4, NH 1,2 4

4 14.9 1.79, dd (7.1, 0.7) 3, NH 1,2,3 3

NH 7.49, br s 3,4 1,2, 3,1 (Thr-1) NH (Ahp), 2 (Thr-1), 3 (Thr-1),
NH (Thr-1), OH (Ahp)

Thr-1

1 170.814

2 57.5 4.27,d(9.4) NH 1, 3,4 3, 4, NH, NH (Abu)

3 73.6 5.13, q (7.3) 4 1, 4,1 (Val) 2, 4, NH (Abu)

4 20.10¢ 1.05, d (7.3) 3 2,3 2,3, NH

NH 7.11,d (9.4) 2 2, 3, 1 (Thr-2) 2, 4, 2 (Thr-2), 3 (Thr-2),
NH (Abu)

Thr-2

1 171.3

2 58.2 4.37,dd (8.0, 4.6) 3, NH 1, 3, 4,1 (Ala-1) 3,4, NH, NH (Thr-1)

3 71.7 5.19, dq (4.6, 6.4) 2,4 4,1 (Ala-2) 2, 4, NH, NH (Thr-1)

4 17.9 1.02, d (6.4) 3 2,3, NH

NH 7.04, d (8.0) 2 2, 3,1 (Ala-1) 2, 3, 4, 3 (Ala-1), 2 (Ala-1)
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Ala-1

NH

Ala-2

NH

Ba-1

N

W N -

174.8
50.5
18.1

173.8
49.8
18.1

174.4

39.01¢
20.26
14.47¢

174.4

38.77¢
20.361
14.55¢

4.17, dq (7.3, 7.0) 3, NH 1,3
1.09, d (7.0) 2 1,2
6.71, d (7.3) 2 1,2
4.07, m 3, NH 1,3
1.08, d (7.5) 2 1,2
6.59, m 2 2, 3,1 (Ba-2)
1.91, m 3 1,3,4
1.35, tq (7.7, 7.7) 2,4 1,2,4
0.68,t (7.7) 3 2,3
1.91, m 3 1,3, 4
1.35, tq (7.7, 7.7) 2,4 1,2, 4
0.67,t (7.7) 3 2,

3, NH, NH (Thr-2)
2, NH, NH (Thr-2)
2, 3,2 (Ba)

3, NH
2, NH
2, 3,2 (Ba)

3, NH (Ala)
2,4
3

3
aMeasured at 100MHz. "Measured at 400 MHz. cdefeThese carbon signals are interchangeable.
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% _IH Kurahamide (1) O#xiS&EE
Kurahamide (1) Offaxf SrARELE 20 E L7z, Ahp 2R IT_RTCHOT I /2=y +D
SEARECE X, 1 OBIIK RN Z ST X VB~ SEL, ¥ T7 40 T KB T D IRFFREH %
i E A Z LA U CIRE Lo, Ahp FRORER TR E T
(1) NMR A7 MOFENTIZ L D Ahp BROFRL SARELE O P E
() (L&YW 1 OBERISIZE D Ahp HHRD Glu OHG L, Z OSARELE OWRE
ERLA GO TR L=,

Ahp HUSNOT I /o= v b OSRFOPGE

Ahp HZRS AT I/ BOMSLRBLE ZRET 72012, 1 2 IMHCL 1, 110 °C
TC 23 BRI, BEIK R A AR Uis, SRR L 720kt L, WiFH HPLC %
AWTHRIL, £7 /o=y haoBR Lz, Bonz&7 2 ko= y MIOWT,
XITNATLERNTHIT L, EORFFFEZEGL SR L, &7 I /B => b Offixt
SRR E ZIRE LTz, TV H T ATIFE A EREESN2 o727 2 7 (Ala BLOD
Thr) 22\ Tik, Marfey &M 58X Wifl T 7 MBI 2R A2 BLETRM L7
i Marfey B8R L g4 25 2 & C, Mk AAREZRE Lz, /e LT, Ahp
HERRS T_XTOT I VB L KNS5 2 ENRHBLNE /57 (Table 2-2),

Table 2-2. Kurahamide (1) O#pk7 X /> HPLC (28 18R (Ahp Z2DZ<)

T fb&# (1) m%k L A RGN
(e PRFEFRER (min) PRFFRER (min) PRFEFRER (min)
Val 6.1 6.1 3.8
N-Me-Tyr 13.2 13.2 10.8
Phe 8.6 8.6 5.9
Thr 6.4 6.4 18.2
6.6 (allo %) 11.1 (allo 1K)
Ala 9.1 9.1 23.6
TR —3

BT X BROFENR IR TERIAZ S,
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eV T Ahp O SIARELE 2 RE Lz, LAF, D, i) OX I ICRE LT,
) NMR A7 MVOFENTIZ L5 Ahp EBOFERENAARELE DR IE

Ahp #D 2 frL 5 MLOFXLAEE ZRET 57212, THNMR A7 kL kb
NOESY A7 MO #1T->7-, H-2(53.64)/ H-3a (5§2.08) MDOFEEERNKE L
(12.7 Hz)., H-2(53.64) / H-3b (§1.44) BDOFEEELN/ NS 24Hz) 22 XY, H2
BLO H-3a BENZTH axial (lZH DI ERREE SNz, £7- H5(54.99) / 4a (6
1.57) BL O H-5(54.99) / 4b (6§1.49) MO EEEN T H /S (H-5 2% broad
singlet & LCEHIESNT) 2L XLV, OH-5 2 axial filcdH b Z e HEES N, 21
HAEENITS X 912, NOESY A7 hLick W, H-3a (52.08) / OH-5 (§4.06) [T
BN SNT-, U EOR A S &I2, Ahp SO EZ 28%, bR LIREL
7= (Figure 2-4),

4.99 ppm,
brs NOESY

O

’ coupling constant
/ - -
H 7 12.7Hz 2T

Vi \
1

\
24Hz *

3.64 ppm

Figure 2-4. Ahp #8OFE LAARELE

i) LAY 1 OHUSIZE D Ahp HHEO Glu OFf5E | Z OSARRLE ORE

Ahp ORI NRBLE ZRTET D720, RIS EAT o7z, AV Rk & < BR(bY
BIFRIZ LY Ahp SOOI T I F— AR I AVRCBRICE L LT, 2O b O & EEIIK
SR L, o=@ HPLC 2V T Glu 208 L7z, ¥ T 48T ALK
DT OFER, 1 HkD Glu ONAREFET LK 28 1K) THDHZ LAV L7 (Table
2-3), WRMF O Glu OIS EEE Ahp O 2 MO LA LTS, ZDZ &
&L AR O SARRLE BT 2 EH & A4 G, Ahp EIONLIK(LF:E 28 bR Th
5 EMH LT,

Table 2-3. Kurahamide (1) H3k® Glu @ HPLC (Z81) A {5

T fb&# (1) m%k LN D RIS
¥ PRFFEERH (min) PRFFEERH (min) PRI (min)
Glu 16.4 16.4 11.3
TR B

FEMZR 3T R AT BRI 2 B

18



UL EORER, kurahamide (1) OffaxfSLAELE 2 Figure 2-5 (237 L 9 ITHRE L7z,

N-Me-L-Tyr
L-Val
L-Thr L-Thr L-Ala

T
T
>
]
o
I:Zﬂ
-
T=
o
zT
Iz
:
i W
)

(@) N— (0] Kt (@]
S N
N
)\)j/ O Abu TOK\B:
HO
Ahp L-Ala

Figure 2-5. Kurahamide (1) O 37 AAR/L &

#F L LC. kurahamide (1) 1%, dolastatin 1346 OFFIMEZKIA TH - 7= (Figure 2
6), 7 /I 6 FRIEND 2 DRHEN R BARIEIX, LOWES T N T U T HEROILEY
(7= & 2% lyngbyastatins 4-1047, somamides*8, symplostatin 249, molassamide 72 &)

U

0 -
o= H'OH
N [RA)
N N
ON—O ) e}
j\)jW

LILET D,

O
HO

Figure 2-6. Dolastatin 13 D&
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FUE BRIRT X7 F K kurahamide DAWiEk
Kurahamide (1) OAMEM O ZIT 72, TORE 1 1%, v b2SAMIEIC kT 58
FEIREEM Y 7T 7 —EOEEEEZHET 52 E0nbhro T,

%—IH Kurahamide (1) ®t b2 AMKEIZXE9 2 HE5E PR EIE M O FEAM
Kurahamide (1) OHIfREFELER M Z . MTT B2 X 0 EHl L7-, (S0 MakkE L
Tt MESEMNCTH S HeLa Mz, FEMEOMIGKE & LTt MaTESEERYE S fE
faTd s HL60 &7z, ZOfER. 1 1Lt M AMIEIZ & U Cogy la s E R E s 4
BT DHZENRHBNE 5T (Table 2-4)0
Table 2-4. Kurahamide (1) o ffiia s 5 B =15

AMAE RS 50% HEFEFLEIRE (WM)
HeLa (v ~ & SEy M) 16
HL60 (& kBB BEERM: A s i) 2.5

% _1H Kurahamide (1) %V 7 uT 7 —YREFMOFTM
Dolastatin 13 O¥EEIAIZ, BV v 7 v 7 7 —EBOMEEREZAGT 5 HER/HRESINTND
“AT, 2T 1 ok ) r7FuT T —BlREEEO 21T/, )T e T T L L
T R Ty FERNI T Uy 2T R —BEERL, RY T 7ar br—n &L
TlX. phenylmethylsulfonyl fluoride (PMSF) #i®iR L7-, BEEIEMIX, VY nT7 7 —FIiC
IIRESOS TRRERL T 2 HE 2 AW, tEEEEIC L VN Lz, ZORE, 1 %%
TR T VT AL —BERRWD DI ET 2 F03 Do 72 (Table 2-5),
Table 2-5. Kurahamide (1) ®t VU > 7 07 7 —¥HEFRME
50% FHERE (M)

%= :
A FER) S TIRE—F
kurahamide (1) > 100 9.0 0.10
PMSF 1100 200 860

D DOEFEFIEIIEIL, FIEROBRMIEZ AT 5o dolastatin 13 FHkRIKIZ L@ T%’)%
DTHoTz, —HED dolastatin 13 FAKIMRIZEBW T, BEEILEEAERD X ST IZ
> T, Ahp D N KN BEET 57 I BRI R O FMERERA 7 v b ;ﬁ%/ﬁ\ﬁ"é
ZEPHLNE EN TS 50, Kurahamide (1) 1ZF8W\WT, H#%7 I/ BBI%HEIL Abu Th
o FERN) TR0 TAX—BIIFENOBUKED T I iREEER#H LT, 20 C
Kz L, b U 7P ITEEO 7T I iAW L, £0 C Rinz bk 5 51,
Abu DBUKHZRMEEITFE ) 7RI A4 =BT s —75,. b U 7y idix
RMENZNZ ERTRIN. ZIUTE ST 11T K DEERLFIEMEOBRIRIEAFEEL LT
LEEZBND,
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FHHE SRV RRXTF KN kurahyne DO

il L 72 kurahyne (2) O#EAIE LTz, PG X, S0 EE AT ML L&
NMR A7 MVOFRHTIZ X O IRE UTe, M ARBLREIL, 70ff - SF8LUGRE T 10T M
Z M= HPLC #r & fiAaa b TRE LT,

%—I8 Kurahyne (2) OEEiEE

Kurahyne (2) 77 %, @0 E E A7 L XD, CaHsNeO7r THDHZ E03b
otz (mlz839.5991, caled for [M+H]+ 839.6010),

IHNMR A7 hUZEWT, 3.38, 3.27, 3.26, 2.86 ppm ([ZBLHI S 4172 A F/LKFED
VIFNEY BERFIHEETD 4 DOAFNVEOFENHEE SNz, £72.5.54,5.53,
5.49, 5.40, 4.50 ppm I[ZBHINTZT I/ o MDA FUKFEEZEZOND VT F LK
O EEOT I BIREOHFENHEE S 7z, £ 1BCNMR A2 hUIZEWT, 173.4,
170.91, 170.88. 170.6. 170.3. 169.2 ppm (Bl EN7/-+ 7 F /1 LV kurahyne (2) 73
T RERIEIZATNUREEEZHETDHZ ERESINT, L EDEREZ D L2, 2 27
F MEDILEMTH D EHEE L=,

Zh BT, COSY, HMBC, HMQC., NOESY A2 hLOFEM7fi@t 218 U<,
2 OV EZRE L7 (Figure 2-7, Table 2-6), (XU OICHMMANT L (FAE
Figure 6-8~13) OfEfiZ@ LT, 2 & END 5 OT I JEEFERE (2 2O N-Me-lle,
2 50O NMe-Val 8L Pro) OFEEHALNI LT, £7-. 208.5 ppm ([ZEHl 7=k
FIZxXFT 25 HMBC A7 hLVOMEB L & OJEE OREEMRINT 21T - 7255 %, 2-(1-oxo-
propyD)-pyrrolidine (Opp) ¥SZDIFENH SN E o7z, & 512, 83.8 BLV 69.4 ppm
B S 7o R, 72 NS 1.80 ppm (ZBL S 727K O JE0 OMEIERRAT %147 o T2/ R
2-methyloct-2-en-7-ynoic acid (Fatty acid) AL OIFAENH LI - 7=,
LD EED Y — 7 = 21k, HMBC B XY NOESY A7 R VOFRNT & LA
b TRE L=, HMBC A7 MUZEWT, LU R THBENER S 7z« MMe-Tle-2
® N-Me (6§2.86) / Fatty acid @ C-1(§173.4), £7-. NOESY Z~<Z hLiZHBW\T, LL
TR 7 SOMBENER &z : NMe-lle-2 @ H-2(65.54) | NMe-Ile-1 @ N-Me (6§
3.26). N-Me-Ile-1 ® H-2 (§5.53) / NMe-Val-2 ® N-Me (§3.27). N-Me-Val-2 & H-2
(55.49) /| NMe-Val-1 ® N-Me (§3.38), N-Me-Val-1 ®» H-2 (§5.40) / Pro ® H-5a (&§
4.03). N"Me-Val-1 @ H-2(5§5.40) / Pro ® H-5b (§3.72). Pro ® H-2 (§4.50) / Opp @
H-7a (6§3.45). Pro ® H-2(5§4.50)/Opp @ H-Tb (§3.05), LLEDEHA H &2, kurhyne
Q) DEAHEED Y — 7 = 23, Fatty acid-N-Me-Tle-2- N-Me-Ile-1- N-Me-Val-2- N"Me-
Val-1-Pro-Opp TH D Z EBHLNE ST,
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Fatty acid EA7D 2 (LICIFEAET D " HESORMEEIL, C-9 ffDE =/L A F/)LIKFHE
{£%> 7 b3 144 ppm THomZ & & NOESY A7 MUZEWT H-4(51.96) / H-
9(51.75) MTHEMMNI SN2 XD, ERETHD EIRE LT 52,

VL EDEZIZ XY | kurahyne (2) OFHifEiEZ LT O X 5 IZRE L7z (Figure 2-7),

8 . o)
Fatty acid
N-Me-Val-2
cosy N-Me-lle-2
/N HMBC
v "y NOESY 1

Figure 2-7. kurahyne (2) @ -t
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Table 2-6. Kurahyne (2) ® NMR A7 hL7—# (A . CéDe)
position  &c¢2 SuP (Jin Hz) COSY HMBC NOESY
Opp
1 7.7 0.96, 3H, dd (7.8, 7.8) 2a, 2b 2,3 2a, 2b
2a 33.44¢ 2.29, 1H, dq (18.7, 7.8) 1, 2b 1,3 1, 2b, 4
2b 2.07,1H, dq 18.7,7.8) 1, 2a 1,3 1, 2a, 4
3 208.5
4 64.1 4.41, 1H, dd (8.6, 4.7) 5a, 5b 5,6 2a, 2b, 5a, 5b
5a 27.774 1.35, 1H, m 4, 5b, 6a, 6b 3,4,6,7 4
5b 1.18, 1H, m 4, 5a, 6a, 6b 3,6,7 4
6a 25.01¢ 1.43, 1H, m 5a, 5b, 6b, 7a, b 4 5 7 7b
6b 1.31, 1H, m 5a, 5b, 6a, 7a, Tb 4,57 Ta
7a 46.7 3.45, 1H, m 6a, 6b, 7b 4,5,6 6b, b, 2 (Pro)
7b 3.05, 1H, m 6a, 6b, Ta 5,6 6a, 7a, 2 (Pro)
Pro
1 170.3
2 58.1 4.50, 1H, dd (8.5, 4.0) 3a, 3b 3,4 3a, 3b, 7a (Opp), 7b (Opp)
3a 28.6 1.82, 1H, m 2, 3b, 4a, 4b 1,2,4,5 2, 4b, 5b
3b 1.64, 1H, m 2, 3a, 4a, 4b 1,2,4,5 2, 4a
4a 24.96¢ 1.81, 1H, m 3a, 3b, 4b, 5a,5b 2 3 5 3b
4b 1.43, 1H, m 3a, 3b, 4a, 5a,5b 9 5 3a, ba
5a 47.9 4.03,1H, m 4a, 4b, 5b 2,3, 4 4D, 5b, 2 (N"Me-Val-1)
5b 3.72, 1H, m 4a, 4b, 5a 3,4 3a, ba, 2 (MMe-Val-1),
4 (NMe-Val-1)
N-Me-Val-1
1 169.2
2 59.7 5.40, 1H, d (11.2) 3 1, 8, 4, 5, N"Me 3,4, 5, N'Me,
5a (Pro), 5b (Pro)

3 28.1 2.47, 1H, m 2,4,5 1,2,4 2, 4, 5, NMe
4 19.7 1.22, 3H, d (6.5) 3 2,3,5 2, 3, 5b (Pro)
5 18.6 0.77, 3H, d (7.0) 3 2,3, 4 2, 3, N\Me
N-Me 30.9 3.38, 3H, s 2, 1 (N"Me-Val-2) 2, 3, 5, 2 (N-Me-Val-2)
N-Me-Val-2
1 170.88¢
2 58.6 5.49, 1H, d (10.7) 3 1, 3, 4, 5, NMe (N*Me- 3, 4,5, NMe,

Val-1) N-Me (NMe-Val-1)
3 27.714 2.55, 1H, m 2,4,5 2,4,5 2, 4, 5, NMe
4 19.9 0.94, 3H, d (6.4) 3 2,3,5 2,3
5 18.0 0.79, 3H, d (7.0) 3 2,3,4 2, 3, NMe
N-Me 30.70¢ 3.27,3H, s 2, 1 (NMe-Tle-1) 2, 3, 5,2 (NMe-Ile-1)
N-Me-Ile-1
1 170.6
2 57.0 5.53, 1H, d (11.2) 3 1, 3, 4, 6, NMe (N"Me- 3, 4a, 5, 6,

Val-2) N-Me (N-Me-Val-2)
3 33.42¢ 2.37, 1H, m 4a, 4b, 6 2 2, 5, 6, N'Me
4a 24.1 1.35. 1H, m 3,4b, 5 3,5,6 2
4b 1.03, 1H, m 3,4a,5 3,5,6
5 10.9 0.86, 3H, m 4a, 4b 3, 4 2, 3, N°Me
6 15.77 0.86, 3H, m 3 2,3,4 2,3
N-Me 30.63¢ 3.26, 3H, s 2, 1 (N"Me-Ile-2) 3, 5, 2 (N-Me-Ile-2)
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N-Me-Ile-2

1 170.91f
2 56.6
3 33.1¢
4a 24.6
4b

5 11.0
6 15.83
N-Me 31.9
Fatty acid

1 173.4
2 133.6
3 129.1
4 26.6
5 28.0
6 18.2
7 83.8
8 69.4
9 14.4

5.54, 1H, d (11.2)

2.37, 1H, m
1.39,1H, m
1.19, 1H, m
0.90, 3H, m
0.92, 3H, d (8.5)
2.86, 3H, s

5.38, 1H, dt (7.5, 1.6)
1.96, 2H, m
1.34, 2H, m
1.93, 2H, dt (7.3, 2.9)

1.80, 1H, t (2.9)
1.75, 3H, br s

4a, 4b, 6
3, 4b, 5
3,4a,5
4a, 4b

4,9
3,5
4,6
5,8

6
3

1, 3, 4, 6, N"Me (N-Me-

Tle-1), 1 (Fatty acid)

2

2,3,5,6

3,5,6

3, 4

2,3,4

2, 1 (Fatty acid)

1,4,9

2,3,5,6
3,4,6,7
4,5,7,8

1,2,3

3, 4a, 4b, 5, 6,
N-Me (N-Me-Ile-1)
2, 4a, 5, 6, N"Me

2, 8, 4b, N"Me

2, 4a

2,3

2,3

3, 4a, 3 (Fatty acid),
9 (Fatty acid)

4, 5, NMe (N-Me-Ile-2)
3,9,56

4,6

5

4, N'Me (N-Me-Ile-2)

a Measured at 100MHz. » Measured at 400 MHz. «d.«f.¢ These carbon signals are interchangeable, respectively.
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% "I Kurahyne (2) O#ExisifAEE
Kurahyne (2) OHaxTAEIEAZRE Lz, TXCOT I /o=y NONIKEIEIL, 2
DOEEIK D 25T X JBR~ESE L, 70T KB D IRFRRE] 2 12 5 & b9
HZ LHBUTHRE L, Opp d O SLARELE 1%
Q) FHELUGEEBIKS AR L, 2 @ Opp #HEO T V2 —/L % Hf
G) BEEERLELE . O) TEET A —L O HPLC 1281 AR o ik
ZRLAA DR T Lz,

Opp ==y N ONKALFEOPRTE

Opp HBALDOHEXNARELE 2 I E T 572912, kurahyne (2) %MK fi# LT Opp ==
v NG EERRT, BIKDREE T T, 7 b a fMOARFRNPZE(LTHZ L
Ny, £79 NaBHs 2T 2 OF F a7 ba— L liETliz, 20
D% 6 MHCI 1, 110°C FT 45 FEfiHR L, BRIKD 2R L7, R L7y
figizxk L, Wik HPLC % W CRRIZ1T\), Opp BMLHEDT IV a— L VT AT L
F~v—lREME L THz, oz RKARBEKT Va—% L-FDLA %M\ T Marfey #%
Bk L, WS T LB D IREFREE 2 BIIE A R L 7o AR O Marfey #58(K L il L
T2o FERL LT, 2 RO T /L3 —/Ld Marfey iFiifkiL, 4S5 OSIAR(LZ& H ot i
PRFFFEM A —2 L7z (Figure 2-8, Table 2-7), LI EDOfER % £1Z, Opp HOfukt Tk
fliE % 48 LIRE LTz,

HN HN HN HN/\7
4 IREAS
o HOIII O

(3R4S) (35,4S) (3S,4R) (3R4R)
A4S RES AR A1E S
KABREME—H

Figure 2-8. Opp Ik 7 /L = — /LA 5L ORI

Table 2-7. Opp K7 /L2 —/L D Marfey #FEAD HPLC ([Z31) 2 REFRER]

b5 (2) Mk 45 RIS 4R BT
PR (min) PRFFEERH (min) PRFFEERH] (min)
14.8 14.8 16.4
15.8 15.8 17.4
T —%%

FEMZR 3T R AT BRI 2 B



73—y FOSIEEORE

Opp MO 2P ET DT LBk zFIA L <, &7 X/ Bkt
NARRLE 2 RTE LT, BRIK MR % . Wik HPLC ZAWT& T X B~ & ol LT,
BoNET 2 JBRICONWT, T8 T 5% AWV TREFI 2 00 Ui, 2557 (R
MAEEL LR L, £7 2 /2=y hOMH S IAEEZRE Lz, 723, NMMelle |2
DWTIE, FTAH T ML D00 ORMZ, #iFHO HPLC % W CHEXZARE CRIK
By LI allo R) Z2RE L, #REELT, $COTI /2=y M L K257
% Z EMBHBMNE 5T (Table 2-8),

Table 2-8. Kurahyne (2) O 7 X/ B Ok L ARELE

T e (@) ik L {ARER b DIREN AT RIREIE allo K15dh
e PREFIFH (min)  REFEFR] (min)  FRFFRFR] (min)  (RFFIERT (min) PRFFIEH] (min)

N-Me-Val 5.2 5.2 3.0 — -
Pro 5.1 5.1 3.0 — —

N-Me-Ile2 5.32 — — 5.3 5.12

N-Me-Ile 12.9 12.9 6.6 — —

TR B 2 ARLARBLE 2 R E T 272D, AR T A2 EH,
BT X BROFEMR I RAFITFRIEL S M,

PLEDOFER, kurahyne (2) OffaxtZAAELE % Figure 2-9 (2”79 & 5 ICHRIE LT,

N-Me-L-lle

Fatty acid o

N-Me-L-Val

N-Me-L-lle

Figure 2-9. Kurahyne (2) O 7R &

L LT, kurahyne (2) 1%, K7 ®F Lo &7 br&20FOmmcam T H800k0 Y
RRXTF R Tholz, ZHETIZ, Opp EL 27 & Fatty acid #B(7 53L& 1%, ZH 2N KR
26 1 FITOLPHENENTSEE CTH o7, ZD XD B LWIOMEE L JFHEFF
kurahyne (2) 1%, BEOFBMEN S MEEM TH -7,
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F 72 kurahyne (2) OREEREDOIE L XX, YiF5E=ED Okamoto HIZ L5 EE/KIZ L
> CTHEN D B 17z 54 (Scheme 2-2),

N,O-dimethyl hydroxyl amine

EFoc o) Et;N E‘!oc (o] EtMgBr I‘30<: o) 1) TFA N
N\)kOH diethyl cyano phosphonate N\)LN,OMeL N\)K/ &, B N N NaBH, Bod N
(3 DMF CT N Zseps - U 2) HATU ¢ MeOH o

67% N-Boc-L-Pro
iProNEt o
DMF
84%

1) TFA s N NHTFA ‘\)OL
[N N N
CHoCl, Bocwy N DMP N _CHCl  geeNy
I o CH,Cl e N 2) HATU oo
2) HATU o N 2Ll (e} PN fo) N
82% N-Boc-N-Me-L-Val

N-Boc-N-Me-L-Val .

. HO o iProNEt (0]

iProNEt DMF

DMF

96% quant

\\\\ o
1) TFA | ) TFA
_ezk_*m“th” RSN %LW\“LTI%
H
| H O

N-Boc-L-Pro

2) HATU 0 _~l o“ N ) HATU
N-Boc-N-Me-L-lle N Boc-N-Me-L-lle
iPryNEt o iPryNEt
DMF DMF
69% 92%

1) TFA

”j:i/\kw //\“\“kw;ti%Lﬁ\/kt(%

HATU Kurahyne (2) {3
iProNEt

DMF Total yield 5.3% in 16 steps.
23%

Scheme 2-2. Kurahyne (2) ®44& %

N-BocL-Pro ZHFEFEEE L, 16 B, #UGE 5.3 % T kurahyne (2) BEAK I
oo R EAHLE T, BREARY MT—2PRERIZ—EH L7 Z L5, kurahyne
(2) OEEDIE L X3RS 7z (Figure 2-10),

A B
| | }W
ML A J ul - J‘“l*i‘\w»i 1 AMM“\\L 'L
6 5 4 3 2 1 (ppm)
KRR “ |
V I
Uk ;ﬁ&w,,ﬁMAU\Jﬂyﬁuﬂﬂl,Jﬂ,mxﬂjﬁ“w‘ j
é 5 i :I! I2 ’i {(ppm)

Figure 2-10. K&&bh & Akt @ kurahyne (2) @ 1H NMR A7 kLD L
(400 MHz, CD30D)
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FARE $RY RXXTF N kurahyne DAEMEME

Kurahyne (2) OAYIEYEDOFHTIZ1T o7, TORESR 2 1%, v M AMIRRIZ KT 5 H%E
PHETEME & HeLa MIICKT 57 A b —3 AFFEIEM, S OITHE MO /3 b E TG 2
BT 52 Enbholz,

#%—IH Kurahyne (2) ®t s AMBRIZxS 2 HEEEE O T
Kurahyne (2) OfIEHEFHILEEMES . MTT JEICEVFHME L2, ZO8ER, 2 1Tt B2
AR 3 U CHEIRIE TR G M 2 95 Z E B B & 725 7= (Table 2-9),

Table 2-9. Kurahyne (2) o lf@Hg5FH =15

R 50% HEFEFLERE (WM)
Hela 3.9
HL60 1.5

% "I Kurahyne (2) 7R b —3 AFFEEME DM

Kurahyne (2) O 7 R b—3 RFHEEMZ | b U R 7 — @ FEPEBRAER & DNA Oy
{LFEATIC K W EHIE L7z, 3R E LT, 2 (X HeLa MAICKI LCT AR h—3 RA&FHETH 2
ENRHLMNE o T,
b U ST — e R PEBREABRIC K 2 BF A

HeLa #ffaiZxt L. kurahyne (2) % 1, 3. 10 uM O CLEL L, 48 HrfEq#E L
oo D%, U R T A—ERYEBRRBR ATV MAOAFROFM 1T > 7= (Figure 2-
11A), Kurahyne (2) BUMUERRE (KW AR (20X, ARARIEFRPE IS M2 R iR I B
T, REERFIICHIROALFERIMET Lic, —J7, 50 pM DL caspase FHFEFHI Z-VAD-
FMK % 47 & 872854 (KPR @), MO EFROBIENGED bz, 26Ok R X
D . kurahyne (2) |2 L > THl & Z SN HMIESEIL caspase IKIFHITH DH Z & MR IR
e S A7,

DNA D W AbMFETIC K 2 5l

TR = ZOBEEICE VT, DNA 1327 v~ F 2 HA7 (K 150 bp) TS5 Z &
DHHNTND, TDODTHR M=V AEZRI LTW5Hido DNA ZEXukE+ 5 &
TLTROARZ =0 NROEND, ZOZEEZFH LT 2 IZEDTHR F— v ZFEEED
M 21T - 7=, HeLa #MMi2% LC kurahyne (2) % 0.1, 1.0, 10 pM D4 FE CHLEE L |
36 KffHiE#%E L7z, D% DNA Zfii L, 7 e —2 7 V&2 W CESKEI 217\, Wi
{EDOFEEE %7l L 7= (Figure 2-11B), f3 & LT, kurahyne (2) 23EFEKFHIIC DNA ©
Wrh b ZBE L CWD ZEEZHLMNI L, 2O DR LV | kurahyne (2) OALEELZ X
T DNA 237 m~F B E TUlr sz Z EAVRB ST,
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Kurahyne (2), 36 h

>

100 okurahyne (2) M 0 011 10 (uM)
BmLE Size — ;

R 80 | BZ-VAD-FMK ##F (bp)
X
>
= 60
o)
. 1000
S
5 40 |
o 500

20

0 L 1 1 1

0 1 3 10 (UM)

kurahyne (2)

Figure 2-11. Kurahyne (2) (2 X 25 7&K b— 2 ZAFEIEMEOFA A) R U R 7 —a3k
PERRFAERIZ K D51t AL 48 FFEIEGE L, £ ORISHIIO A F RO 21T -
7oo FUTEMALEE, /K1 50 uM @ Z-VAD-FMK % fff, B) DNA Wi i L ORREIC &
Lk, FEASLEE 36 FFHEEE L. £0O%IC DNA Zhi L, EXKEZ1T o7,

PLEOFERA S 212, kurahyne (2) 28 HeLa fflCk L CT7 R b —3 ZAZ2FEL TU

52 EEPALMNZ LT, Kurahyne (2) 237 R b —2 A& FHET HEAKFIZOWTIE, U
HCHIRT 5,
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%=1 Kurahyne (2) ORE MM {LEETENE O

Kurahyne (2) O X575 FHAMEAZ AT 2B E LT, BERBRZSHILFERE
KSERRUEBSZ DR 1O T e M LTS O 2, ~ v A FHimk~ s 07 7 —
(BMMs) # MW e biFET v B A X VI L7z, U AKRERE L 0 H#E L7z BMMs
IZ. receptor activator of nuclear factor kappa-B ligand (RANKL) (Z X - CREHiflm~&
LB E SN D, AU Fial, Tartrate-resistant acid phosphatase (TRAP) % J&#i
LCEBY ., ZORERIEEEZFIA Lzl (TRAP %) % AW CTOobiB st oMl 21T
- 7= (Figure 2-12A), #53: & LC. kurahyne (2) (% ICs0 0.78 uM T TRAP %835
MR DLk & BRE L7z (Figure 2-12B), —7%. 2 X ICs0 1.96 pM T BMMs D45 % fH
EFHZ Loz (Figure 2-12C), LLEDOFER XY . kurahyne (2) (£ BMMs (2% L
THIFIEGTEPLE 2”3 L0 . DT IRIRE CHEMROSMEARET 2 Z LR LM E
o7,

SRANKL (-) SRANKL

kurahyne (2) / uM

10
500 pm
B C
. 160 = 140
T o | ~ mSRANKL - 3 = SRANKL -
= @ sRANKL+ € 120 0 sRANKL+
o — o
o 120 o
— « 100
o 3]
2 1001 £ 80 |
> 80 r =
s 2 60 |
£ 60 o
y 40 | £ 40
3 2 20
® 20 f 2
0 L. 1 1 1 8 0
0 0.01 0.1 1 10 0 0.01 0.1 1 10
kurahyne (2) (uM) kurahyne (2) (uM)

Figure 2-12. Kurahyne (2) (& X 25 IR0 LIREISMEORAL A) HEANEEE 72 R
® BMMs @ TRAP Y055, sRANKL OALEREEE T 100 ng/mL, A7 —/L/3—|%
500 um, B) TRAP Yt thtajE il R, F % DMSO (2R L., 570 nm DWW %
HIE Lz, ML L7z 2 MOFEBROVEHEZ /R LTz, C) BMMs (Zxt3 % kurahyne (2) @
HIRRETE PR EVEPEOF AN, MTT 1EIC KV aHlia L7z, ML L7 2 BlIOFEROFELHHEE R
L7,
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BEE $URT SV T7F K maedamide DHERE

HHfE L7~ maedamide (8) O EARE LT-, VM EIX, EOMEEEEAY ML L%
fE NMR ALY RVOMNTIZ L RGE LTz, MaxhLRBLE L, /ff - FERIE & T 0
7 L& e HPLC St el G bt THERE Lo, SofERIZIZREROZERIZE > T, £
DRI SLARELE 2 B D 2T LTz,

#—I8 Maedamide (8) DOEmEEE

Maedamide (8) D7y +Rid. BOMREEE AT b XD Cs1HisNeO12 THDHZ EN
bhrotz (mlz963.5414, caled for [M+HI+ 963.5443),

THNMR A7 MUIZEWT, 4.09 3L 3.94 ppm (ZEIHI Sz AW 17.5Hz T
Ny TV T LTNDEEBEILNDAT U KFEOV T FNLLID, Gly == FOFIENHE
EENT, £7-. BCNMR 227 hUZEWT, 177.2, 174.1, 174.00, 173.95, 173.3.
171.3. 170.3. 170.2 ppm (ZEM N7 7 F 11V, maedamide(8) 287 2 FE/=iF=
AT IREE B AT 2 2 EPHEES N, L EDOFE#RE S L12, 8 27 F MDA
ThoHEHE LT, 61T, KEGICEBH SNTRBITHEET D 2 DO AXATF L IKFEDFE
(60 4.17 /16c 76.3 B LT 61 5.01/6c 77.6) LV, 3 12t RaFx @) 2 SHFETHI L
WHEE STz,

Zh BT, COSY, HMBC, HMQC., NOESY A2 hLOFEM7efiftt 218 U<,
3 O E 2P E Lz (Figure 2-13, Table 2-10), 1L UDICKFE A~ b (FEAE
Figure 6-14~23) OfffrZ@ LT, 8 IZ&END T MO HEE (O-Me-Pro, NMe-Phe,
Gly. Ile. Pro. Isoleucicacid ¥ XU Valicacid) DFFE(EZBH LI Lz, MMz T 4.20 B
KO 4.13 ppm DK FE DO JE WL O E M 21T o T2 45 . 4-amino-3-hydroxy-5-
phenylpentanoic acid (Ahppa) FALDFIERH LN E 72 o7z,

THREDOENEED Y — 7 = A1Z, HMBC 8 XY NOESY A2 L Ofif % 7
B TIRE LTz, CD3sOD %ML L7z HMBC A7 hUZEBWT, LLFIZRT 3 O
OMBENBRI SNz : Gly © H-2a(54.09) /Tle ® C-1(5174.00). Gly ® H-2b (§3.94)
/Tle @ C-1(5174.00) ¥ L Isoleucic acid ® H-2(§5.01) / Valic acid @ C-1(5§177.2),
F72, CDsOH #¥EMEE L2 HMBC A7 hUZEWT, LLFIORT 2 DOFBEAELH
&i7z : Ahppa @ NH(56.77)/Pro @ C-1(5173.3) B L Ile » NH (§8.06) / Ahppa
D C-1(6174.1), X512 CD3OD #¥EMEE L7 NOESY A7 hUZHEWT, BLFIZR
4 6 SOFENBI ST : OMe-Pro @ H-5a(53.38)/ NMe-Phe ® H-2(55.55). O
Me-Pro @ H-5b (§3.37) / NMe-Phe ® H-2(§5.55), N-Me-Phe ® N-Me (§3.03) / Gly
® H-2a (§4.09). N-Me-Phe ®» N-Me (§3.03) / Gly @ H-2b (§3.94). Pro ® H-5a (&
3.86) / Isoleucic acid @ H-2 (§5.01) L Pro @ H-5b (§3.53) / Isoleucic acid @ H-
2(65.01), VL EDOE#HZ S & 12, maedamide (3) DFwikkiE% . Valic acid-Isoleucic acid-
Pro-Ahppa-Ile-Gly- N-Me-Phe- O-Me-Pro T 5 & B &Iz L7z (Figure 2-13),
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Isoleucic acid — cOSY m NOESY
0] / ™\ HMBC (CD;0D) /'Y HMBC (CD3;OH)
HO X >0
2

5 1" NH H | )
Valic acid 5 N v/N\ ’/> \V* \
Pro (V H'qo( \
= Q:) O-Me-Pro

N-Me-Phe

Figure 2-13. Maedamide (8) -tk

32



Table 2-10. Maedamide (3) @ NMR A~ rLF—% (AL - CD3sOD)

position Sc? 8uP(Jin Hz) COSY HMBC (H—C) selected NOESY
Valic acid
1 177.2
2 76.3 4.17,d (4.4) 3 1,3,4,5
3 33.2 2.16, m 2,4,5 2,4
4 19.3 1.07,d (7.0) 3 2,3,5
5 17.1 0.96, m 3 2,3, 4

Isoleucic acid

1 171.3
2 77.6 5.01, d (6.2) 3 1, 3,4, 6,1 (Val-acid)  5a (Pro), 5b (Pro)
3 37.2 1.94, m 2, 4a, 4b, 6 2,4,6

4a 26.4 1.46, m 3, 4b, 5 2,8,5,6

4b 1.31, m 3, 4a, 5 2,8,5,6

5 12.0d 0.97, m 4a, 4b 3,4

6 14.9 1.05,d (6.7) 3 2,38, 4

Pro

1 173.3

2 62.4 4.35, m 3a, 3b 1,3,4,5

3a 30.4 1.97, m 2, 3b, 4a, 4b 1,2, 4

3b 1.64, m 2, 3a, 4b

4a 24.8 1.76, m 3a, 4b, 5b

4b 1.36, m 3a, 3b, 4a, 5a, 5b

5a 48.4 3.86, m 4b, 5b 3,4 2 (Ile-acid)
5b 3.53, m 4a, 4b, 5a 4 2 (Ile-acid)
Ahppa

1 174.1

2a 41.2 2.38, m 2b, 3 1,3, 4

2b 2.37, m 2a, 3 1,3, 4

3 71.1 4.13, m 2a, 2b, 4 2

4 56.0 4.20, m 3, 5a, 5b, NHi 5

5a 37.8 2.98, m 4, 5b 3, 4,6, 7/11

5b 2.92, m 4, ba 3, 4,6, 7/11

6 140.1

7/11 130.5¢  7.29, m 8/10 5, 6, 11/7, 8/10, 9

8/10 129.40f 7.24, m 7/11, 9 6, 7/11, 10/8, 9

9 127.6¢  7.16, m 8/10 7/11, 8/10

NHe 6.77 4 1 (Pro)

Ile

1 174.00

2 59.7 4.28, d (6.5) 3, NHi 1,3,4,6

3 37.9 1.92, m 2, 4a, 4b, 6 4,5

4a 25.7 1.54, m 3,4b, 5

4b 1.21, m 3, 4a, 5

5 11.9d 0.91, t (7.5) 4a, 4b 3,4

6 16.1 0.95, m 3 2,8, 4

NHe 8.06 2 2, 1 (Ahppa)

Gly

1 170.3h

2a 41.9 4.09, d (17.5) 2b, NHi 1,1 (Tle) N-Me (NMe-Phe)
2b 3.94,d (17.5) 2a, NHi 1,1 (Tle) N-Me (NMe-Phe)
NHe 8.09 2a, 2b
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N-Me-Phe

1 170.2h

2 57.8 5.55,dd (8.3,7.8) 3a,3b 1, 3, 4, NMe 5a (O-Me-Pro), 5b (O
Me-Pro)

3a 35.7 3.20,dd (14.2,8.3) 2, 3b 1,2, 4, 5/9

3b 2.82,dd (14.2,7.8) 2, 3a 1,2, 4, 5/9

4 138.6

519 130.4¢  7.22,d (4.5) 6/8 3,4, 9/5,6/8,7

6/8 129.36f  7.29, m 519, 7 519, 816, 7

7 127.5¢  7.17, m 6,8 5/9, 6/8

N-Me 30.6 3.03, s 2, 1 (Gly) 2a (Gly), 2b (Gly)

O-Me-Pro

1 173.95

2 60.6 4.36, m 3a, 3b 3,4,5

3a 29.9 2.18, m 2, 3b, 4a, 4b 1,2,4,5

3b 1.85, m 2, 3a, 4a, 4b

4a 26.0 1.89, m 3a, 3b, 4b, 5a,5b 2,3, 5

4b 1.80, m 3a, 3b, 4a, 5a, 5b 3

5a 48.3 3.38, m 4a, 4b, 5b 3,4 2 (N-Me-Phe)

5b 3.37, m 4a, 4D, ba 3,4 2 (N-Me-Phe)

O-Me 52.7 3.71, s 1

a Measured at 100 MHz. » Measured at 400 MHz. ¢ These proton signals were observed in CDsOH
d.efg.h These carbon signals are interchangeable, respectively.
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% _IH Maedamide (8) D#faxfSLAEIE

Maedamide DAEXISZAARRLEZRE LT, TXTDO a 7I /L a B KX UEROT
RE503. maedamide OFEIIKDIEM ZKT I JBE~ESBL, TV 0T KB 554
FRRF M 2 A0 & el 9~ 5 2 & 238 U CIRIE L7z, Ahppa BROMERISIARELE X, 0 fE - 75
Bt &2t 2 Mosher 1 5% < b bOETRE L, ZNAHDOFEHRE LT, maedamide @
Mok SLARELE (87) 248 L7z,

T D%, HIEDOHERZIT I X EEHE @) O/ E T T, MiRké LT, 8 OEE
FEEDRTRD THDHZ BN hoT, T TARY MT—X Ot 72 U, Tle &
DSIARDN BT 2572 705 (8) 428 Lz, B eitiBtliE 8 OREMAE T & 25,
EDANRY F)VT—H N maedamide DT — X LERIZ—FH L7z, LEOXHIZLT
maedamide DOffixfSZARIEL 8 Th D LR L7=,

LUITFIZ, ZhbOfkE L FEMA R ~5,

Ahppa == v ORI F OYGE
Ahppa #HD 3 ALOMERINAARLE X, R Mosher £5% ZHW\WT S ThoHERELL
(Figure 2-14),
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MeO"

(9-MTPA ester

3.7

OMe

MeO
(R)-MTPA ester

o o

. Os__OMe

R A A

0
0.04 H/\[( N

IR RN RN

0
=
3
®

A5=6(9 - 5(R)

Figure 2-14. 2 Mosher #£(2 X% Ahppa BB(7 3 (7O TAREL & DORE
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Ahppa #0D 4 (LOMEKISLARE L, LUTF O, FFERIG %8 U CRE LTz,
Maedamide (8) % 9M HCl 1, 110°C FC 17.5 FREfEIFEER L. BRIN/K M) % 8 L
2o ZOHLDELY UVEME L, BRILABRAEZITV, Ahppa HRHRO Asp R L7-,
Wik HPLC ZAWT Asp ZHEEL, HEE DX T NH T MBI SRR 2 i L
7o TORER, 8 KD Asp 1Z L KTHD Z &Moo 7- (Table 2-11), VL EOFER &
V. Ahppa 0 4 fLOMKINAREEIL S THDHZ ENbhoT,

Table 2-11. Maedamide (3) @ Ahppa & 4 A7 LR E IR E

VWA L& (8) Hk L {RIE 5 D A
e} PREFIER (min)  PREFRFRE] (min)  AREFFERE (min)
Asp 5.6 5.6 4.7

TR B ARSI R EREE SR,

Ahppa EBLS OSLRILF DRTE

Maedamide (8) # 9 M HCI ', 110°C FT 25 Weffffisk L. BRINK #2085 L
Too B LT3t L, Wik HPLC Z W THRZITWV), o=y b~EoREL
Tco BONTHAT=y MTOWT, T H T L5 HOTRFRHZ 00 LTz, Foi
PREFIRE] 2 A5 50 & bhle U, = P OMIIIARRE 2 E LTz, #idé LT, NMMe-
Phe 7% D 1K, Ile B X Isoleucic acid 2% alloD 1K, %V O=2=v FONKLFIT L
KTH D EfEimF 7= (Table 2-12),

Table 2-12. Maedamide (3) DA = b DL TR E

TRk & B3 ik RN D A allo L 1K allod HE S
XA OREFIFRH] (min)  PREFFIFR] (min)  PREFEFRH] (min)  RFFIFRT (min) PRFFEH (min)
Pro 5.4 5.4 2.9 - -

N-Me-Phe 14.4 16.4 14.4 - -
Ile 15.2 6.4 7.9 11.1 15.2
Isoleucic acid 13.7 26.8 16.1 22.4 13.7

Valic acid 15.9 159 10.2 — —

TR —Fk, BRI BT RMIIEBRE A SR,
DHIT Tle FEILICHOWT, L K& alloD (KL ORI THESOE D ENRH o722 LA LT,
Lo T, 2607 2/ BEOIE LWRFFEEIX L /& 15.2 min, alloD {£: 6.4 min T2,
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P EORER%Z$ £ 12, maedamide OffiEE 8 O X 9B L7 (Figure 2-15),

Originally proposed structure (3")

Figure 2-15. Maedamide ®O#J#IDHEEEE
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HEHEE 8 OB EHEESRET
Maedamide D&% ERT <<, HiFFE=E D Takayanagi & & b IZHREMHE 3 OL
ARk %R LTz (Scheme 2-3),

1) TBSCI
imidazole
DMF
2) oxalyl chloride
o) DMF 1)

o
CH,CI .
Ho\)kOH 212 TBSO. O Lil TBSO O 4 MHCI H

i ic aci H idine H 1,4-dioxane
3) O-Me-allo-D-isoleucic acid Me PYM H b
pyridine N quant N quant
L-Valic acid ~ CH2Cl 4 5 6
40% in 3 steps

Ox_OMe
O. Me
|9 j/ DHTFA | 9 j/o 1) TFA
Boc™ N —CHCl o gae Nfl\ CH,Cl,

\_/  2)N-Bocglycine N N_/ 2 NBoc-allo-n-isoleucine
Ph HATU Ph HATU
7 TProNEt 8 iPr NE
DMF DMF
80% in 2 steps 76% in 2 steps
Fmoc Q
\
1) TFA Fmocs, 1) ENH <N/\)J\
CH,Cl, _MeCN e
2)11 2) N-Fmoc-L-proline ILh (%H
HATU HATU
iProNEt iProNEt
DMF DMF

54% in 2 steps 47% in 2 steps

1) Et,NH
CH;CN o Os__OMe .

2) 6 | j/ MO~
HATU N ™ OH
HOAt th OH
iPr,NEt
DMF 1
34% in 2 steps Originaly proposed maedamide (3')

Scheme 2-3. Maedamide #JHA#ZEREE (3) OLEHK

L-Valicacid £ Y, 5 TEROZHIZLY =T/ 6 AL, —F, BEEOYXTFF K
TR L, BB vy 72V BFHER 11 2507/ 4 2=y bEfEG L, ~F
RTF R 12 287570, HEICAFTHXTTF R 12 L= 70 6 Z#fif L, maedamide ®
EIEREE 8 OAMEER L (10 BefE, MR 5.2%),
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LR 5, § O NMR A7 kL7 —# X, maedamide DT —# & —K L7720 o
7= (Figure 2-16),

] .
c MG 3

1

0.2
i,

0.1

..‘MU“.LI\LJ”\N MI M*’U’\ \/”Mujl

10.0 50 7.0 60 50 a4 30 d o
X parts per Ml

! =
Maedamide ‘ ‘

‘ ;
:° J L \‘ uuwtu JMHJL ' Ww /IL“WWL \ *L"\WA" 'J »-___J

+ T T
10.0 00 8.0 7.0 6.0 50 ‘4 30 20 10
X+ parts per Million :

Figure 2-16. Maedamide &1{t&%) 8 @ 1H NMR A7 [LD L
(400 MHz, CD30D)

NMR AT bAT —Z OFMBRE ETo7L 2A, RRMME 8 Lofb¥r 7 o
UL, FRIC Tle AR TREWZ E3boroTe, £, WHETT A7 7 U T HROHIRY
RARTFRT, HUOT X /By — 7 = A% AT 5 tasiamide ([ZEBW T, *HST HA0E
D Tle ONRLFEN L K TH -7z 56, LI EOFEZEEE %, maedamide DEDHEIEN 8
B8BTS allop-lle % 1lle FREICE XX - 8 THD LHEE L (Figure 2-17),
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L- Pro
OMe
L-lle ‘\j
N-Me-p-Phe
tasiamide

(o}

HO\)kO (0] o

Y H LPro
~ N
PR \:)LNH HH o Gly OMe
E . N
s N“ﬁ E
é OH O .« L/
allo-p-lle
N-Me-b-Phe

Originally proposed structure (3")

. o o Oj/OMe
\\“WN N N N
oH o J " o L/
L-lle

N-Me-b-Phe

Revised structure (3)

Figure 2-17. Tasiamide, maedamide #H4ZEMEE (8), L OHi7= 22 B#1E (8)
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Maedamide DEDOEEZH ST H7-012, Bil- 7228 E 3 028K EER LT
(Scheme 2-4),

0, Me OMe
|9 1) TFA
Boc., N CH,Cl,
N N~
H/\g/ fj\\_/ 2) N-Boc-L-isoleucine Aﬂ/ \ /
Ph HATU
8 Pr,NEt
DMF

63% in 2 steps

Fmoc o
{
0. Me

nT Fmoc\ OMe 1) EtpNH <N/\E)J\NH . o | o j,o

CHZCI2 CH3CN N N N N N
)1 ) oH /\g/ \ / 2) N-Fmoc-L-proline é’h OH H/\g/

HATU HATU ) Ph

IPr,NEt Pr,NEt

DMF DMF 12

73% in 2 steps 45% in 2 steps

o
HO. 0

1) Et,NH \)ko o}

CHLCN P H N\)J\
e u . qr

HATU N

HOAt \_/

Pr,NEt

DMF

40% in 2 steps Revised structure (3)

Scheme 2-4. Maedamide #r7-72#2"Et#iE 8 OEEK
VIHAREAEE 3 A0 T RETH D R XTF K 8 12k L., Boc Ri#E L7z L-lle &

HALTT N IX_TFR 9 ZE- ALY 9 1okt L, K=y NS L TH - o i2ress
3 ZAMKLT (10 BB, IR 6.6%. LAY 7 LV),
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A L7 8 &, maedamide DFFEANY MLT —H [ F5ERII—H L7z (Figure 2-18),

— -

‘ “
8 1
s ]
g |
S | |
o i
Fol ot
= -

m |
T |t f ! |
be i» ) M,f' A“Jﬂ,hj ,‘!'UA !JWJ J’{MMJ | JJ*‘LJ' Ju‘”‘.‘ J“‘-N‘u’il'u'\i“ i‘l V.

10.0 90 8.0 70 60 50 40 30 20 ‘ 10
X : parts per Million : 1H

Maedamide

0.1

N Ml‘f IAL‘ML ,‘ W /\\“Wwﬂu uw‘t\wm J \W____J

80 70 60 4 30 20 10

10.0 920
X : parts per Million : 1H

Figure 2-18. Maedamide &1{t&%) 8 @ 1H NMR A-~X7 kLo g
(400 MHz, CD30D)

LI EDOFER LY | maedamide OGN 8 THHZ L EZHLMMIC L, fRELT
maedamide 8) (X, 7/ 6 ==v b, BL W a E FaX U@ 2 2=y b5
WOT T RTF RThHHZeBbhote, £z, O C Kb 4 FRESOT I /8
2=y NOEEX, WBEST /N7 T VT Symploca JEHFKDOEHIKTF K tasiamide
L@ TH o756, XHIC, BMAOREE T S k2= b Ahppa 1Z. R U< Symploca
JBHROELR AT F K tasiamide B (2% ILHICE 1L oH#EETH 72 57,
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BI\E $HRT 7V XFF ¥ maedamide DEYIEME

Maedamide (8) D/EMEEDFHMAZIT - 72, EOFER 8 1%, & MBS AMIIZ K2 Hi5H
PLEVEME & HeLa MIRRICXI T 27 AR =Y AFFEEEZ R T Z L bh oz, S HITHE
MY FU o OBEEREEZAT L2 LW LN LT,

#—I8 Maedamide (3) Ot ~2S A MM X3 2 BEFHEPE ETE 1 O T
Maedamide (38) OHHIAHEHERHEIEMEE . MTT EIC L VI L, FOfE%. 8 IXE

P AR U R s E TR 2 92 2 E B B2 L /e o7 (Table 2-13),

Table 2-13. Maedamide (3) e 5E P &5

R 50% HEFEFLERE (WM)
Hela 4.2
HL60 2.2

% _IH Maedamide (8) D7 &R b — 3 AFHETEME DM

Maedamide (8) D7 7R h— AFFEIEME, U ST —ERPEERAERIC L0 FHE L
oo MR LT, 81X HeLa AlAIZxf L CT AR h—T RAEFHET L2 ERP LN ERoT2,
b U R T — A BRI K D FHfh

HeLa #f2iZ%f L, maedamide (8) %z 10, 100 uM DA CTHULEL L, 48 BjfijR#E
LTce 20, MU AR T —aRERERBRLITV, MlROAFROFMZAT > 72
(Figure 2-19), Maedamide (3) HMALELEE (K E#Y) 12i1%, BEKRFISHIRO LR
PME T L7z, —J7. 50 uM DL caspase FHFEH] Z-VAD-FMK % A7 X &7-344 (XH
KEH), MILOEFRORIENRD b, ZHOFREREI Y, maedamide (8) (X
THI & Z SNDHMIUIEIC caspase DG HZ ENHLMN -T2, E- T, 81X
HeLa figicxt L CT AR b= A EFESTHZ LN booTz,

100

Omaedamide (3)
L RCPlE:S

80 @Z-VAD-FMK

60

40

Cell viability (%)

20

0 Ll
0 10 100 (kM)
maedamide (3)

Figure 2-19. Maedamide (8) (2527 A b— AFEIEMEOFHM (h U X7 L —taFiHE
BREABRIC K 2370, JEAILIRE 48 Wefilh5HE L. £ ORISR EFR OB 21T > 72,
FHIX R AL, KL 50 uM @ Z-VAD-FMK % ffH,
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% =IH Maedamide (3) D&V 7T 7 —YREFLOFM

Maedamide (8) ®A T2 v- 73 /& Ahppa 25, ImAELS BENHREEZOT 2 A=A
NV H5EEBEZ Y 7 eT 7 —BHEEEOFMM AT/, £ v 7 rT 7 —E L
LT MUTYr FERMI V0 252 —BEBRL, KUT 4 7ar br—it
LTk, PMSF %R L7e, BEREMEE, T u7 7 —RIC XD 0MMIG CaE L i+ 5
FEERG, et ks I 55 TR L 7=,

L L T8 13FE MU 7Y 2RI ML E T 2N b - 7= (Table 2-14),

Table 2-14. Maedamide (3) ®t V > 7 u s 7 —FHEEM:
50% PHERE (WM)

osx? :
NV FE M) T TT AL —F
Maedamide (3) > 1000 45 >1000
PMSF 1800 850 870
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FILE FEEOMKH

b X 91T, 8T, IRA R CHRE LT Lyngbya BaF LT 507 /N7
TUTHEAEERELY RH L7 3 (LAY, kurahamide (1), kurahyne (2). maedamide (8)
DL, HEERE I L OVEMTEEIC OV TR~ 7z,

Kurahamide (1) IZ dolastatin 13 @3

WU C o7, EWTENE L LT 1 Ak

R % AL St L C 35 L T A A [éik

FoLEWLMC L, S5 1A, &Y \I%z
y7a T T —E0sbL, FERY T L HN Yy

=TI AL —BEBNCHMET S —H, b W %TW
T EIRE LA D L A B B LT, ”°

ARV RELTH & | HEYIE & R Kurahamide (1

DOFEAERE S LITHEE LT,

Kurahyne (2) 1%, K7 &F Lo &7 b

L ENTFOTMCAT BERO Y AT F Hoﬁ%o

BT ote, AMIREE LT, 2 Bk bA %nvNAI?ﬁ%Hom)% O;iN
AN U TR BT M AR T 2 L A B g S
BANC LT, SBIC 2 7%, Hela MIMIC A O%j
LTT R =22 ETL L v TR

HHiEk~ 27 07 7 =Y OME M ~D5)
fbzlET L L 2HLNIT LI,

Kurahyne (2)

Maedamide 8) X, 7 /& 6 == v
FEBIRNa b FrF VR 2 2=y F2 b o
BROLBRDT T T F RTho T, EWME © W

. N o) o ©

PEE LT3 23k M ASAMINLT R L C R &fwaW“HNATN Nj
FEEELZRTZEEZHLMNI LT, 61 © oH O ﬁ“ o) L/
. HeLa MJBIZXLTCT AR b — & 72%}"35;5;
THZLL, FEN T UOMENEILE
FHIEEHLMILE, SBIZ 8 0Rd Maedamide (3)
% 2R L T2,

KT I 37T VTHEREENGIT ALEY 1~3 (21X, kalkipyrone3?, yoshinone A40,
koshikalidet!, grassypeptolide4? FifxiA N HEE=NnT-, LLEDOFRERNG, KE A TDTT

ST T VT EREWEM, EWIEEE AN W LWL E o T,
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B=F MBERBTIECRE L Okeania BV 7 /X7 V7 X0 AHBLE
jahanyne D& & AEYIEHE

ARE T, MR IRAEBHT AL AT DV CTEREE LTz Okeania JEX7 /N2 7 U 7 b L
L7288~ 7"F RMb&4). jahanyne (13)58 DR & AMIEPEIZ DN TR D,

| o) [ @) jahanyne (13)
. ojNJLNj;(NJLNi NE e
= = | = | 7
//\/\/\)\H/N\_)J\N YN 0 AL (0] g N
= z
o W/ o

HiaIEER S
TR RFRIFN
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B8 AEWFABORELFE
WEES T 837 7 U 7 OFEEIL, 2013 FE 3 HISHHRIRAREETHTEF T O R TITo 72
(Figure 3-1), FF#Ay7esh A CRODKRDR) 2 T & LT, BEETT- T2,

Okeania B
BESTFIINOFUT

MRS

Figure 3-1. #i{L CERE L7= Okeania EDUEEL T /) XTIV T

BE LIy T AT U T, 48, MO S LIOER LY Lyngbya J& T 5 L[
E Xl PREBIEICLDFRE), TD%, 16S rDNA Oi&Efs 1Kl % (accession No.
LC089730 35 LU LC089731) Z A L7- RACARMT 2 Fhi LT=fER, R T /NI T VT
IX Okeania JB\Z/YHESND Z L Nbin-oT- (/55 Figure 6-28 B LW 6-29), 723,
Okeania J&1% 2013 I Paul HIC XK > THEICEB S Lyngbya BOT#%ETH
V. Lyngbya J& L IEE 1L LT AMELA T 5 99,
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FE_H SHRYARXFF K jahanyne D HiBf

ATk D Okeania J&>7 /N7 7 U THEEIK 900g = MeOH THiH L, ik % A1,
B L=, o7 MeOH fii#% EtOAc//KTHlE L. EtOAc JBIZOWTIE, & 5IiZ
hexane / 90% MeOH aq. T4t L7z, HeLa HifiaZ Fu 7= i g5l s kbR L v |
90% MeOH aq. B ICIEHEMENEFE SN TWD Z &by - 7= (ICs =0.50 pg/mL), + =
T 90% MeOH aq. & (1.5 g %, ODS #7670~ 777 4—2L>T 5 DDOHE4Yy
(2o LTz, 3R 722 M sE L E IS PE YRR Hiv7e 80% MeOH aq. ¥ HIEI 43 122UV T,
JuBEFEBLETEME AR & L@k 7 a~ 7T 7 4 — I X DR Z VIR LT, 20
fER, IEMEWE & L CTHHA T T RE(LA ). jahanyne (18, 18.5 mg) % 1%7- (Scheme 3-
1,

Marine cyanobacterium
Okeania sp.
900 g (wet)

Extraction (MeOH 3 L)

Filteration

Concentration

Partition [EtOAc 300 mL x 3 / H,O 300mL]

EtOAc layer H,O layer

Partition [hexane 300 mL x 3 /90% MeOH 300mL]

Hexane layer 90% MeOH layer
159
IC59 0.50 pg/mL

ODS column chromatography

40% MeOH fr.  60% MeOH fr.  80% MeOH fr. 100% MeOH fr.  MeOH/CHCl; fr.
460 mg 80 mg 415 mg 222 mg 49 mg
IC5p 3.4 ug/mL IC5 0.26 pg/mL IC5 0.38 pg/mL IC50 24 pg/mL

repeated HPLC

jahanyne (13)
18.5mg IC5¢: MTT assay against HeLa cells

Scheme 3-1. Jahanyne (13) DB HL
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RBARYT )R T U T hBIEALEY 18 VSO EMTEMERE & LT 80% MeOH aq.
A5y LV kalkipyrone3?, kurahyne B34 2 HLEfE X 72 (Figure 3-2), &5F 3 FOE#
DET2 2 IR EM DG O N FFT, RO T 2 T T U T W @O EDIEYEY E A ERE
RO EERME LT, 0. b DA OHEE, MERE O ER, FMROWRE THL
O 5T MfREEERLEE X, I kalkipyrone (ICs0 1.0 ng/mL PLF, 7272 USRI ME
IV 12X DD THDZ ERbholz, LTieRn-T, UUTOREITIRR5/LEY 18 11,
KT 87T T TR S OIS ETENE 2 R b A TR,

kalkipyrone

Figure 3-2. #l{E CHRE LTZMES T /N7 TV THEEEN O/ LNIALEY
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FE=MH HIRY RXFF K jahanyne DR

HifE L7z jahanyne (13) ORE&EARE Lz, FRMEEIL, SoMREEAT MLk
i NMR A7 bVOFENTIC &0 RGE Uiz, # ZARBLE L, 2RISR &Rk, HPLC
R8T 7 8 A G b CTIRE LT,

#—IE Jahanyne (13) OFEE#EE

Jahanyne (13) Oy 7Xix. FOMEEEEAZ ML XD, CeooHouaNsOg THDHZ &N
otz (mlz1093.7046, caled for [M+Nal+ 1093.7041),

IHNMR Z~7 RUZHWT, 3.10, 3.03, 2.96, 2.92, 2.14 ppm [T S/ A TF L
KFEOVTFNED, BRIFEFITHEET D AT NVEN 5 DHFETHZEREESNTZ, &
7-. 5.88. 5.30. 5.06, 5.03. 4.93. 4.84, 4.72ppm ([ZBHIEN/=T I/ a fiDAF
KELEEBEZONDVTFTNAED, T OOT 2 ) BREBEEOHFENMEE SN, E5HIT 7.22-
7.29 ppm ([ZEHI ST 5H 53D 7 L0 Phe BRIENOE DIFET D Z E0HEE X
i, £72, BCNMR A7 FUIZEWNT, 208.3, 179.3, 174.7, 172.5, 172.1, 171.8,
171.1, 170.9, 170.5 ppm (Z&H N7 7 F 110 | jahanyne (18) N AR =)LIHAE%
BHTDHZEBNHEESN, LLEOERE L LI, 18 2T F RED(LEMTH D L H#HEE
L7,

Zh BT, COSY. HMBC, HMQC. NOESY %27 hLOFEM7afftr 28 LT,
13 O E 2 E L= (Figure 3-3, Table 3-1),

X UDICKEAT L (FANE Figure 6-30~35) OfENTZ@ L T, 18 ICaEnd 7
Bo7 I eI (3 2O NMe-Val, 2 5® Pro, 1 2® NMe-Phe BLO 1 oD N
Me-Ala) DFEZH SN L-, £7-. 208.3ppm (TRl S 7-R#E 2w+ %5 HMBC %
7 NVOFEE & | F OJELD OREERRNT 21T - 72 #5 % 2-(1-oxo-ethyl)-pyrrolidine (Oep) 6
MOTFEBHL N E e o7, 51T, 85.0 BLV 69.6 ppm [ZEIHIS-mFE, 72 DT
2.19 ppm (ZHEIH Z 472K D JEL OREIERENT 21T o 75 5L, 2,4-dimethyldec-9-ynoic acid
(Fatty acid) #ALOFIEN BT o7z,

LD EED Y — 7 = A1k, HMBC B XY NOESY A7 R VOFRNT & LA
HETHRE L, HMBC 227 FLICBWT, UTFITRT 5 SOMBENBR S V-
Me-Ala @ N-Me (§3.03) / Fatty acid @ C-1(5§179.3). N-Me-Val-3 @ N-Me (§3.10) /
Pro-2 @ C-1(§174.7). N-Me-Val-2 ® NMe (52.92)/ NMe-Val-3 ® C-1(5§172.1), N
Me-Val-1 @ N-Me (§2.14) /| NMe-Val-2 @ C-1(5170.9)., N-Me-Phe @ N-Me (§2.96)
/ NMe-Val-1 @ C-1(§171.1), £7=. NOESY 22 FLicBWT, UFITRT 5 5D
FIEANE S N7z« NMe-Ala @ H-2(85.30)/ Pro-2 @ H-5a(53.66), N-Me-Ala @ H-
2(85.30) / Pro-2 @ H-5b (§3.55), N-Me-Phe ® H-2 (§5.88) / Pro-1 ® H-5a (§3.73),
N-Me-Phe ® H-2(55.88) / Pro-1 ® H-5b (§3.58), Pro-1 ® H-2(54.72) / Oep ® H-
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6a(53.84), UL EOE#HR %A H L1Z, jahanyne (18) O i)y, Fatty acid- N"Me-Ala-Pro-
2-N"Me-Val-3- N-Me-Val-2- N-Me-Val-1-N-Me-Phe-Pro-1-Oep THH Z ENH LN E 2o
7= (Figure 3-3),

- COSY N-Me-Phe
Y HMBC N-Me-Val2

I % Pro1
r¥ YNOESY =5

|
N-Me-Ala O (
(AL Qﬂ W \ :
(e
1°N O
10D fatty acid ) N-Me-Val3  N-Me-Val1 o
Pr02

Figure 3-3. Jahanyne (13) o[t
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Table 3-1. Jahanyne (18) ® NMR =Z~7 L5 —4% (4 - CDsOD)

position  §¢? &uP (Jin Hz) COSY HMBC (H—C) selected NOESY
Oep

1 26.8  2.18,s 2,3

2 208.3

3 66.8  4.61,dd (9.0,5.0) 4a, 4b 4,5

4a 28.7 2.23, m 3, 4b, 5a, 5b 2,3,5,6

4b 1.90, m 3, 4a, ba, 5b 2,3,5,6

5a 25.81¢  2.06, m 4a, 4b, 5b, 6a,6b 3,4, 6

5b 1.96, m 4a, 4b, 5a, 6a,6b 3,4, 6

6a 48.3 3.84, m 5a, 5D, 6b 3,4,5 2 (Prol)

6b 3.65, m 5a, 5b, 6a 3,4,5

Prol

1 172.5

2 59.78¢ 4.72,dd (9.1, 3.8) 3a, 3b 1,3 6a (Oep)

3a 29.4 229, m 2a, 3b, 4a, 4b 1,2,5

3b 2.02, m 2a, 3a, 4a, 4b 1,5

4a 25.78  2.09, m 3a, 3b, 4b, 5a,5b 3,5

4b 1.96, m 3a, 3b, 4a, 5a,5b 3,5

5a 48.9 3.73, m 4a, 4b, 5b 3,4 2 (N-Me-Phe)
5b 3.58, m 4a, 4b, 5a 2,3, 4 2 (N"Me-Phe)
N-Me-Phe

1 170.5

2 56.6 5.88,dd (11.9,4.5) 3a, 3b 1, 3, Me 5a (Prol), 5b (Prol)
3a 35.1 3.10, m 2, 3b 1,2, 4, 5/7

3b 3.02, m 2, 3a 1, 2,4, 5/7

4 138.3

5/9 130.5 7.22,m 6/8 3,4, 9/5,6/8,7

6/8 129.6  7.29, m 519, 7 4, 5/9, 8/6, 7

7 128.1 17.25,m 6/8 5/9, 6/8

N-Me 31.3 2.96, s 2, 1 (M-Me-Vall) 2 (N-Me-Vall)
MNMe-Vall

1 171.1

2 60.0 5.03, d (10.8) 3 1, 3, 4, 5, NMe N-Me (NMe-Phe)
3 28.1 2.15, m 2,4,5 2

4 20.2 0.83, d (6.8) 3 2,3,5

5 18.0 0.64, d (7.2) 3 2,3, 4

N-Me 30.2 2.14, s 2, 1 (N"Me-Val2) 2 (N-Me-Val2)
N-Me-Val2

1 170.9

2 59.834 4.93,d (11.1) 3 1, 8, 4, 5, NMe N-Me (N-Me-Vall)
3 28.2 2.31, m 2,4,5 2

4 20.4 0.87,d (6.8) 3 2,3,5

5 18.3 0.76, d (6.8) 3 2,3, 4

N-Me 30.9 2.92, s 2, 1 (N"-Me-Val3) 2 (N-Me-Val3)
MN-Me-Val3

1 172.1

2 60.0 5.06,d (11.2) 3 1, 3,4,5, NMe, 1 (Pro2) N-Me (NMe-Val2)
3 28.2 2.32, m 2,4,5 2

4 18.8 0.91, d (7.2) 3 2,3,5

5 19.9 0.83, d (6.8) 3 2,3, 4

N-Me 30.8 3.10, s 2, 1 (Pro2)
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Pro2

1 174.7

2 58.8 4.84,dd (8.9,4.3) 3a, 3b 3

3a 29.8 2.26,m 2a, 3b, 4a, 4b 1,2,4,5

3b 1.72, m 2a, 3a, 4a, 4b 1

4a 25.78 2.04, m 3a, 3b, 4b, 5a,5b 2,5

4b 1.97, m 3a, 3b, 4a, 5a,5b 2,3, 5

5a 484  3.66,m 4a, 4b, 5b 2, 3,4 2 (N"Me-Ala)
5b 3.55, m 4a, 4b, 5a 2, 3,4 2 (N"Me-Ala)
N-Me-Ala

1 171.8

2 52.6  5.30,q (7.4) 3 1, 3, MMe, 1 (Fatty acid) 5a (Pro2), 5b (Pro2)
3 14.2 1.27,d (7.4) 2 1,2

N-Me 31.4 3.03, s 2, 1 (Fatty acid)

Fatty acid

1 179.3

2 348 295 m 3a, 3b, 11 1,3,4,11

3a 42.5 1.52, m 2, 3b, 4 1,2,4,5, 11,12

3b 1.30, m 2, 3a, 4 1,2,4,5, 11,12

4 31.8 1.43, m 3a, 3b, 5a, 5b, 12 3, 5, 12

5a 37.5 1.33, m 4, 5b, 6a

5b 1.12, m 4, 5a, 6a, 6b

6a 27.1 1.48, m 5a, 5b, 6b

6b 1.33, m 5b, 6a, 7

7 29.8 1.48, m 6b, 8

8 189 217, m 7 6,7,9,10

9 85.0

10 69.6 2.19,m 9

11 17.8 1.07,d (6.8) 2 1,2,3

12 20.1 0.89, d (6.4) 4 3,4,5

aMeasured at 100 MHz. ® Measured at 400 MHz. 9 These carbon signals are interchangeable, respectively.
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% "8 Jahanyne (13) O#ax} SLAELE
Jahanyne (18) O ARKELEEZRE LT, TXTCOT I /2=y b OSIARET
13 OEIK RN E AT X /B~ LWL, T 00 T KI8T L ORFFREH 2 £ 5 & bk
THZELEELUTRELR,
Oep BRI STARBLE 1
Q) FHELUGEBIAKSEERIFA L, 18 @ Oep BRHRD T L a— L% Hiff
G) BEEERLELE . O) TEET A —L O HPLC 1281 AR o ik
ERLA GO TR L=,
NEMIBEEC B E D 2 EET DR R DRk SLARRLE X
@) FHELUS LKA L, 18 128 £ 2 MR % HifE
G1) HHE L7051 PGME 5 6023 M L, 2 (Lo N ARELE 4 R E
(i) HNMR OfbFy 7 M-S & 2 EATO R R O FE R L AREL & % 7]
Gv) EEEoOFHZIEIC, MBS ORF AR EITO, KRR & 27 K
VT — K % i
LA A R TR LT,

Oep == b DKL DOPTE

Oep EBAL DM SLIARLE 23 E+ 5 72912, jahanyne (18) ZMIKSfi#L T Oep ==
v N ESELFEERAT, BINKSREIET T, Zhr® a ffOARFEBRZETH I L
NP2, £9° NaBHs Z2HNT 18 D7 b a7 Va—/LE T Lz, 20
Hoz 9MHCL 1, 110°C FT 24 KefiE#E L, BIK Ry 2R U7z, Wi
HPLC ZHWTHRAZITV., Oep SMIHEKEDO T Va— Va2 DT AT VA~—IREWE L
‘(%%7’:0 SO RKARHEKT v a—v % L-'FDLA %MW T Marfey FEA L L, WD

BT DR 2 B A K L7 A5 0 Marfey #58A L g L7- 45, #ER L LT,

13 EE%%@?»:wW) Marfey #FHHEMARIL, 38 OSLRILT AR OfE L & (REFREHEI S — 2
L7z (Figure 3-4, Table 3-2), LA EO#EREZ S L1Z, Oep HOMRILIRELE Z 35 &k

E L,
6
HN HN HN/w HN/w
3 N o
HO=2 HO Ho---{ HO-{
1

(2R,3S) (28,3S) (2S,3R) (2R,3R)
3S K12 & 3R K&
RARBERYE—

Figure 3-4. Oep HI2K7 /L =2 — /LR OIS
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Table 3-2. Oep Hi2K7T /L 2—/L D Marfey #%E{K HPLC (2351} 5 RFFRER]

& (13) Hk® 38 KI%dh 3R {KI%
PREFRER (min) TREFRER (min) TRFFRER (min)
8.1 8.1 9.6
8.8 8.8 10.3
THE - —3

FER M A X R A B,

73 /o=y b ONREEORE

KT/ = v N ORERINRELE 2R ET D 72912, jahanyne (13) % 9 M HCI
1. 110 °C T 24 KfEfiEHR U, BIK R 2 38 Uz, BRIK o2 . WAl
HPLC #HWTHT I /B~ B, 2 FX T 00 T 2% AV CRERR I & 04T L
oo BFONTARFIFFZEM S L, K7 2 /= N OM TARBLE 2R E LT,
XTNAT LT E A EREESNR -7 NMe-Ala (22O TlE, Marfey #E8KIC55E
L. WD T DR DR 2 RIS U 72420 O Marfey 58k & k32 2 &
T, M S IAECE AR E L2 45, fEREL T, $R_TOT7T I BET L kbbb
DA &)y & 72 7= (Table 3-3),

Table 3-3. Jahanyne (13) DAL T I / BEOHaxt N AKELE

TI/E fkEm O Bk IRENE I DRENEI
kA TRFFREH (min)  PREFIER] (min)  PRFFFEH (min)
N-Me-Ala 6.0 6.0 9.4
Pro 5.6 5.6 3.0
N-Me-Val 4.5 4.5 3.0
N-Me-Phe 13.1 131 11.8

TH# B AT BOFEMAL oI &I FEREE S,

HERGEE S DN L2 D P TE
Q) REMGEELR O HiRE

Jahanyne (13) D ARHHERHS & HfE L=, BRINKOHEZ 5720 . KT L% > O @O o
DNROE T2 & T Z N TPRIS I, £ 2 TRIEFEMK T, Ae-REME L A
TRIT VxR TV r~EET L, Bl 14 2157, KIC 45MHCL . 50°C F
T 9 WEEEEE L. MUK 20 Ue, 1§ DN TR %> U T3 7T 5 B
0~ h777 4 —IZL VR L, jahanyne (18) HRO[ENiEE 156 %137 (Scheme 3-2),
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(i) PGME IC K% 2 ALk SEARRLE DI E

BFoi- 5 156 okt L, PGME E%z#MA L7z, (B BLW (9-PGME & ZhZi
M L, e 57 IR (16 BEV 17) %1572 (Scheme 3-2), 'HNMR (Z351F 5 kG
Molkss 7 FoZEX Y NENIRE D 2 MO AR EL B ThD LREL 6
(Figure 3-5),

UV T%IN%{%P B AL,

jahanyne (13)
(R)-PGME-HCI
HATU
HOBt H
DIEA W\)\/H(NYCOZMe
DMF IS
9M HCI .
1,4-dioxane \/\/\)\/H( (R)-PGME amide (16)
—ocoxang. OH
(S)-PGME-HCI
15 ° HATU
HOBt H
DIEA \/\/\)\/H(N\(COZMe
DMF 5 Ph; y

(S)-PGME amide (17)

Scheme 3-2. (B) XL (S9)-PGME amide Ol

CO,Me
0 (5)-PGME amide (17)

WQVH(

S (R)-PGME amide (16)

-0.08 0.07
-0.04 OPGME
A5 (8(s)-PaME (17)~ S(R)-PGME (16))
-0.16 0
-0.03
o

Figure 3-5. PGME L2 X D IEHAEEES 2 7 Offx STARELE DR E
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(i) 'H NMR OfbZ> 7 b & O AR AREL & o T

IHNMR OfbFy 7 k& W BB D 2 25FF D ARFF S OFISLAAELE 2 T3] L7z,
Schmidt H{Z& Y. 1,3-dimethyl #&E % A9 27 L LA OMXSIARBLE X, i A F /LK
ICEREND 2 DDRAF LU AZDILFEY 7 bOEICE > TTPHITES ZENMESHAT
WD 6L B ZIET R RED aff & y M A FIVEEGTHEEICBW T M A F VD anti
ORRIZHHEA. A SElX 0.2~0.3 ppm, syn ORRIZH HHETE, 0.7~0.8 ppm & 72
%, Jahanyne (13) (28T, JEMIEEE 3 fLOW A F L KFEO(LTF L7 FDZEIT 0.22
ppm ThH o7z, LLEDOFRER LV | 18 ORI O A F IV O SARELE 1L anti Th
HEFHULIZ, SHIT, 2 MLOMKARRLED B ThDH I Lanb, T DM LR E )
2RA4S ThHDHETH LT (Figure 3-6),

syn D& anti DiHE
“)HYJW M
1.88 1. 12
A6 0.7~0.8 ppm A6 0.2~0.3 ppm

anti
Jahanyne (13)

M)HYH'\W M&

1.52 1.30

AS 0.22 ppm
Figure 3-6. 'H NMR DOfb:> 7 MTEES < MRNAEE TR LARBLE O T3

GQv)  FEWAFEE AT h D R A G RIT K 2 He e SEAREL & 0O R
%@%YB’J%J&’EE’%&Z RS DARF G RLAAT O F CHRIMEER DM STARRL & 2 e L

= BARMIIZIE (284R)-2,4-dimethyldecanoic acid @ (R)-PGME amide (18) % &%
L. D NMR A~ b RRESRIEVEEO (9-PGME amide 17 & ik L7z, Ak
OFRAIE LTI, RIRERD 17 L AR 18 &N F v FA~— DRI 572
O, O NMR A7 MUE—ET 53T TH 5,

Methyl (S)-3-hydroxy-2-methylpropionate % H & i £t & L. 7 B CEE &M
oxazolidinone 1962 Z &k L7z, i< REMELDIRE L, (B-PGME L OffEHIZ LY,
HiyD (B)-PGME amide 18 %4 /% L7= (Scheme 3-3),
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TBSCI
MEOTH\/OH imidazole
DMF

© quant. 60% 70%
penthylMgBr
—>LiZCUCI4 \/\/\)\/OTBS —>TBAF \/\/\J\/OH —>Tf20
THF THF pyridine
75% 71% 56%
} Z
O,, LiOH :
)\/ \/\/\J\W z el MOH
NaHMDS THF H20
THF 35% (2steps) o
(R)-PGME-HCI
HOBt, HATU
DIPEA \/\/\M CO,Me

MerH\/OTBS %HOJVOTBS s,
o THF pyridine

)-PGME amide of
(2S,4R)-2, 4 dlmethyldecanOIC acid (18)

Scheme 3-3. (25,4 R)-2,4-dimethyldecanoic acid @ (B)-PGME 7 I F (18) DO &AL

TsO \)\/OTBS

\/\/\J\/OTf

A L7- (B)-PGME amide (18) ® H NMR %<7 kL, K&Kk o (9-PGME
amide (17) & —% L7 (Figure 3-7), UL EDOFER LV | jahanyne (18) D RRHEEES ikt
SRR E A 2RA4S THDHERE LT,

o

ih 18

2inl

100

ibesancdihe)

1040 il &0
X - paris per Millice : 186

=
S RERESRSL 1T
=
=
o
X
35

e L)
X i parls per Million : 1H

Figure 38-7. &% amide 18 & KKH ¥ amide 17 @ H NMR A-XZ kLo g

(400 MHz, CD30D)

59



fEg & LT, jahanyne (18) O#axt i {AELE % Figure 3-8 1Z/8 3 X 5 IZIRE LTz,
N-Me-L-Phe

N-Me-L-Val
L-Pro

fatty acid j/
M
O

N-Me-L-Ala  L-Pro
Figure 3-8. Jahanyne (13) itk 37 AR &

N-Me-L-Val  N-Me-L-Val
Oep

Jahanyne (138) 1X. K7 F L &7 b &2 FOMuZAT 8RO U RLATF R
Thoto, £7o. TOHEEIL Figure 3-9 (239X 912, #0091 kurahyne (2) (2T
DN oT (F b EEGRMHEZ AT E R Y DUV, RO KRG FET 57T &

F L7 b)),

N-Me-L-lle
N-Me-L-Val
L-Pro
| (0]
N N
M \_)J\N
7 : |
Fattyacid O PN o 4 N
N-Me-L-Val o Opp

N-Me-L-lle

Figure 3-9. Kurahyne (2) #3724 &
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g SR Y KFF K jahanyne DEMIERE
Jahanyne (18) O/EMIEMEDFTM 21T 72, ZORR 18 X, v MR AMIRIC KT 54
FHBHETEME & HeLa MIICX 957 AR M — L AFEIGHEH T 52 LR bho ol

#—I8 Jahanyne (13) @t S AMKIZ T 5 BEFE L EREME O LA
Jahanyne (18) OMIEHIFEPLERM S . MTT B2 L VI L=, FOfE%E. 18 13k k

P AR S U RS s E TR 2 92 2 E B B L 7e o 72 (Table 3-4),

Table 3-4. Jahanyne (13) iR 5 BLE T4

R 50% HEFEFLERE (WMD)
Hela 1.8
HL60 0.63

% "I Jahanyne (13) O 7 &R b— 3 R FHEEHM: DA

Jahamyme (18) @7 7R b — L AFFEEM % N U XU 70— EHEPERHE & DNA OB
FACFERNTIZ X 0 FEA L 7=, fER & LT, 18 1% HeLa Mifldicxf L C7 AR h—T A &§HET 5
ZENHBENE ST,
b U S T — e FRPEBREABRIC K 25 BF A

HeLa #if@l2%f L. jahanyne (18) % 1, 3. 10 uM O TBEL | 48 KRG EE L
Too TDH, N R T N —ERPEBRRBRZ 1T Ml O 722 5 L 72 (Figure 3-10A),
Jahanyne (13) HURALERRE (K F#Y) (13, MMM B IEE 2R R EIC IV T iR
FERAGFRINCIE D AT MET Lz, — 4. 50uM @ caspase PHEA] Z-VAD-FMK % 3t
fFIEESE (WPKEHR), MIEOEFRORIERBO Lz, ZALDORER LD,
jahanyne (18) |2 Lo T & Z SN HHMIUIEIC caspase 23595 Z &R REE
7o

DNA OWr A {bfEHTIZ & 2 5

Kurahyne (2) CGF —FEHNH) LEERIC, 18 ICL D7 A b— 3 AFHERM: 2 5100 L 7=,
HeLa #Hfic%f L C jahanyne (13) %z 0.1, 1.0, 10 uM OFJEE CHUEL L, 24 KiflkssE
L=, 0% DNA Z#HiHH L., 70 —2 5 L& AW TESIKEI 21TV, WAL OfLE %
i L 7= (Figure 3-10B), #f#f& LC. jahanyne (13) 2MRE(KAFAIIC DNA DMk
FBELTWDHLIIEEHLMNI L, ZRLOMEE LY, jahanyne (18) OMLHEIZ L - T
DNA N7 ma~F VHALIZE TR Sz Z E0VRIB S LTz,
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jah
A Ojahanyne (13) B jahanyne (13)

100 B M 0 01 1.0 10 (uM)
mZ-VAD-FMK {#H size ]

80 | (bp) E
_ 3000 §
S 60
>
= 1000
8 40 ¢
>
8 20t

300
0 Ll 1 1 1

0 1 3 10 (uM)
jahanyne (13)
Figure 3-10. Jahanyne (13) |2 X2 7R b— 3 AFFEEROFHE A) U T —@F%
PEBRFRERIC L HFFAM, FEASLEEE 48 FEEIEGR L. £ ORICTHIROAF RO Z1T -
7oo ENEERALEE, Kl 50 uM @ Z-VAD-FMK % f{ff, B) DNA Wi h{LDORREIC X
LR, HAVLH 24 FERESER L, Z0%IC DNA 2L, EXKEIZ1T-7-,

VL EDfER %S L2, jahanyne (13) 7% HeLa #JICK L CT7 AR b—3 A &FFEL T 5
ZEEHLMTLE,
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BHE FZE0OHR
PLED X 912, =32 Tl IRIE CERE LT- Okeania &> 7 /X7 7 V7 X0 A
L7281V RX7F K| jahanyne (13) OH#f, &R ER L OEIEIEIC OV TR,

Jahanyne (13) 1X. K7 F L &7 b 20O AT 58RO U RLATF R
Thol-, -, TOMEEITESHIZ kurahyne (2) IZELCWAE DR H 7= (F Fra2dE
R EZET I U D URC, BIIBORGICHET D27 vF Lok d), EWiEtts L
T, 18 2’ MM K U CHRLEISEZ R~ 2 E 2O L7z, E 51T 18 23,
HeLa AUIICH LCT R h—Y R E2FHETHZ L2 LML,

Jahanyne (13)

Flo, ARG e U T, BAREHECERT 2 BWKLRD Okeania J&ilgirey 7 /X771
T, HRVEVTEEMEORRIRE LTAMNTH D Z 2B 6T Lz,
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#IE Kurahyne O{ERBEFFDOMEA

% % C kurahyne (2) 7% HeLa #AIC6 L CT R b= R &275E 425 Z L 250
L7-, Kurahyne (2) O X525 G8MAMEHALNITHIEEZHME LT, 74HR b—T R
B ORISR A T LT,

HARMIZIZ, BLF 6 T v ZE L, 2 OIERMEF 2 LT,

D B RBAMI SRV AT V== 7T e A1 K DR TR
i) NMEEA N U AFEIGMHEO AR

iil) MR VS T Ao A PR DA BT

iv) W7 v —7 & TR N RTE AL O fiF AT

v) T 74 =T 4 — R X DR A T OHEE

vi) /NMEEREE o Cazt-ATPase (Zx1d 2 FLEE MO

fid & LT kurahyne (2) %, /MafEEE Eo> Ca2t ATPase (SERCA) ZA5EI & L, £0D
EHEZHET L TT RNV AZHEEL TND I EaB 60 e LT 63,
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B b MBAMBRARNVRT V== 7T v I LA EREFE TR

Kurahyne (2) OfEBETICBET 2 FR00 2455 2 L2 HR9E LT, AEMEEADR A
WhoEs. Repbesied,. BEERAEDOH IO T, 39 BEO v M Ml /L (JFCR39)
N7 V== 7T vk A ZiTole 64, KT v A1E, UTOFIEZZES,

1. A7 V== T E2{TWI2WMEEE V., 39 FED & RS AR k- 2 HEFEFE
ISVEE ST 5,

2. FEREILIC, T a7 s ANDT 4 =T ) NEAERT D, ZDT 4N
— 7V MIELAEYOITEREFFIZ S &, Bra 0 F — 2 mrT,

3. /o7 =7V e, EREFREROILED 7 4 T—TV > R
e U, oS e E VA N T v 75, T4 =70 v FOERIZIE
COMPARE v 7 Z 2%xFH L., BEMEOFMIZ IR v Z#H W5,

4. FHBIRE r OEE S L2, Y AW OERET = TRlT 5,
0.75 <r DILEW : FROIERTF 2 RH>Z L3R RmRE I D,
0.50<r<0.75 OILEY) : FREOIERETF 28> Z L BRI D,
r<0.50 OLEY : B 5ERAEFTEZROZ ENRBEIND,

FEEEORER A LU FIZRT, Kurahyne (2) Z 48B3 AMIRIZALEE L, Hx D Glso ZRKbiz
(Table 4-1), ZOFERETTIZT 4 V=TV v NafERk L, TEFBSFEBEMORHA & 7 o7
—7' Vv hOFUEE R LT, ZORER, BIFOTAAAIOHIZIE 0.50 <r Z/RI{EH
WIDEAE L7 To, L EDOFER KV | 2 OIEMIBEF B OTR AAI & g 5 Z L sia<
RS NTz, & BT, FIBAHILSLOFANZ SN THI AT o7& 2 A, BEmo SERCA [l
EH|ITH D thapsigargin (TG)65 & cyclopiazonic acid (CPA)66 728 r>0.70 #~ L. {EH
MR OFERIME S R S 7= (Figure 4-1),

NG ORER%EZITIZ, kurahyne (2) OEERNIER) 75 CPA ®° TG &[H L SERCA
ThD AT, UTORRTHRIAEZIT 7,
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Table 4-1. JFCR39 (2% % kurahyne (2) iR FEH &S M

Type of Cell Type Gls (uM)*? Type of Cancer Cell Type Gls (uM) *
Cancer
Breast HBC-4 12.3 A549 7.24
BSY-1 3.09 DMS273 5.50
HBC-5 10.5 DMS114 4.90
MCF-7 3.98 Melanoma LOX-IMVI 3.89
MDA-MB-231 4.17 Ovary OVCAR-3 6.61
nervcoirs“gls om U251 8.32 OVCAR-4 11.0
SF-268 5.62 OVCAR-5 11.2
SF-295 10.7 OVCAR-8 14.5
SF-539 10.0 SK-OV-3 11.2
SNB-75 14.5 Kidney RXF-631L 5.89
SNB-78 16.6 ACHN 13.5
Colon HCC2998 14.8 Stomach St-4 13.2
KM-12 12.9 MKNI1 15.1
HT-29 4.47 MKN7 7.41
HCT-15 11.5 MKN28 12.9
HCT-116 5.13 MKN45 7.94
Lung NCI-H23 13.8 MKN74 3.72
NCI-H226 7.24 Prostate DU-145 13.8
NCI-H522 2.40 PC-3 4.47
NCI-H460 9.55

2 Glso values were determined by the sulforhodamine B (SRB) assay.
728 SRB 7 v EAIZLD Glso 1. MTT 7 vtEA LD H0OR0EmDICH A& 5 67,
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A kurahyne (2) Cyclopiazonic acid

H:0 L:0
Brest *
HBC-4 -4.91 | ]
BSY-1 -5.51
HBC-5 -4.98 1 | |
NCF-7 -5.40 2]
MDA-MB-231 -5.38 n |-
* 1
Central nervous Uos1 508 I -
system SF-268 -5.25 1 |
SF-295 -4.97 1 I
SF-539 -5.00 1 | 1
SNB-75 -4.84 [l i I
SNB-78 -4.18 - % u
Colon * | |
HOC2998 -4.83 | s
KM-12 -4.89 [ |
HT-29 -5.35 | { i
HCT-15 -4.94 | | |
HCT-116 -5.29 ] ]
Lung * |
NCI-H23 -4.86
NCI-H226 -5.14 { =5
NCI-H522 -5.62 | JE |
NCI-H460 -5.02 | ! i
A549 -5.14
DMS273 -5.26
DMS114 -5.31
Melanoma *
LOX-TMVI -5.41
1 *
Ovarian OVCAR-3 -5.18
OVCAR-4 -4.96 | [
OVCAR-5 -4.95 1 |
OVCAR-8 -4, 84 n £
SK-0V-3 -4.95 1 [
Renal * 1
RYF-631L -5.23 |
ACHN -4.87
Stomach * ; |
st-4 -4.88 [] ! 1
MKNT -4.82 |
MKNT -5.13 | i 1
MKN28 -4.89 | I
MKN45 -5.10 i 1
MKNT4 -5.43 .
Prostate * |
DU-145 -4.86 i | B
PC-3 -5.35 | !
* -3 -2 - 0 1 2 3 =3 -2 -1 0 1 2 3
OY \kfo
S
Thapsigargin cyclopiazonic acid

Figure 4-1. 7 4 ' H—7 U » & /= kurahyne (2) O/EFEF T A) Kurahyne
(2. FHy) & CPAGEM) 7 44—V B)Kurahyne (2) & r>0.70 Z/~xL7=
{LEmorEENX, Wt SERCA FLEEM 27T,
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BHE NREAEA U ABBEEE DTS

TG BLO CPA 233l & T 7R b= 23 /ER R L ZOFEEIZESS LD TH
HZERAMBLNTND 68, LLEDOERD S &, kurahyne (2) O/MafEA b L AFFEIGM: %
FFAm L 72,

BARBNCIZIW E DO 9272 B0, 0¥ ¥ X1 > Th 5 binding immunoglobulin
protein (BiP). # & OMEE[K ¥ C/EBP homologous protein (CHOP) % /IMufk A kL 2~
——EL LTRIH L, £D3BIE% reverse transcription polymerase chain reaction (RT-
PCR) #HWTEHli L7z, 26 D/MaEA b LA~ —0—3, /MaENTO I AR =T
A T ENTTAMVESBOERBIZH T INEL LTHATLHDOTHY . 2tz AlX
SEOEFERIT0EHOMRE Bip) &, 7R FM—A0O#FE (CHOP) IZB5 LT\,

fER L L C. kurahyne (2) Z4L¥ L7 HeLa flgicB T, BiP 38X 0" CHOP D%
AR Sz (Figure 4-2), ZDOZ b, 2 DVMAEA R L A ZFHET HIEELZ RS2
EEBOMMI LT,

&
(/]
Q
£
S & L
BiP
CHOP
B-actin

Figure 4-2. Kurahyne (2) 12 X 2/MafkA b L A~ —0 —OFRBUFENT
HeLa #faizxf LT kurahyne (2, 10 uM) #LBEL ., 6 WifiE5#%%. RT-PCR 12X %
fEtT a7 o7z, TG (1 pM) IRYT 4 7ar br—/,
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B MBREANVN Y AL BREDOEBIT

/NIEARITHIRIN T Cazt & # 2 D &EI 2>, TG B LT CPA [3/NRIE FICFET 5
Ca2+ it AR 7 SERCA %#PHET S, T70bb, TG 3LV CPA #fiflalcb95 &,
AIRE D D/NAE~D Ca2t BN IkE 5720, MIREND Cazt REN EFRT 5, kD
HmDb &, kurahyne (2) & 0P L7-MIlROMILE N Ca2+ R OREHEIALABIZE LT,

KEROBIEIZ B T- - Tk, Ca2t EZMEHOERRIE Fura-2 2V, R & Ca2+ S5
TERRE & Db R DOEWAFIA LT, MIEN Cazt REZER L7 0, Z O, Miast
NHO Cazt WADFREIEA G ET H720IZ, Ca2t B VAT L TT7 vt A %
To7=, #EF L LT, kurahyne (2) IZREKFHICHIBEND Ca2t REAX FF S H7-
(Figure 4-3), Z®Z &»25, kurahyne 2/Mafkn6 0 Cazt Oyt a5 & Z LTW5
ZEBHBEMNE IR, E2 B SERCA FLEHA| (thapsigargin 38 LUV cyclopiazonic
acid) & X, kurahyne (2) [ZIEFEINEOMIEND Ca2t RED ERA R P> D TH
HEENRE SN, ZDZ s, kurahyne (2) 232 HEEROLEA| & 13872 2850
SERCA DOVEVEZBAET 2 AIREMEA R STz,
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Figure 4-3. Mil0'EN Ca2t RIEDOEH)CH 2 5 kurahyne (2) D%

TG BLO CPA 3RV T 4 7= hu—/l, Cycloheximide (¥ > /37 &k E IS
TR M=V RFEA) Ix AT 472> ba—L, WINb t =0 OB THEAIZR
mize,
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FEE ST v — 7% RO RIESAL DR

TG B XU CPA 1% SERCA [ZHEHIEHS L CEDOIEMEEET > Z LML TS T,
Kurahyne (2) &R TH 572513, 2 OMIBNICE T 2 RESMIT/MIAKTH D EEZ D
N5, LEOE O L, 2 OwATa—T 25/ L, MIEKNORBTERLL O 21T > 72,

HOE T 1 — 7 OE R & AEME O R

Kurahyne (2) O#G7 0 —7 %5/ L, EMIEMEOFM A Lz, GICHZ->TiEL 2 @
WG ICENEIAFET DR T BF Lo & bz g & LT 2 fifEo e —7 20
B 21 A L7 (Scheme 4-1),

1)
o H
R |9 HoN N _NH oy o
= N b 2 NJL D g \[(\O ’ = r\‘l 0 2 f\‘l\)L N
= Ve Yy )u meon © Yel ¥ 0
o 0 _AL o N 60°C o 0 AL o ¢N
o 2) FITC s H H N=—
kurahyne (2) ST N o
it O, NH o
63%, 2 steps ‘\ O
o) O CO,H
i kurahyne-FITC conjugate
Fluorescem\H H/\/\N3 OH ketone type (20)

CuS0y, ascorbic acid
DMF, H,0
rt

84%

o |y |9

Q O\/\~NH NN © O %y :?
9 NH o
O CO,H

HO

kurahyne-FITC conjugate
alkyne type (21)

Scheme 4-1. kurahyne #7272 —7 (20 53X O 21) DAL

B LT v — T OEYIEEDOFHN 21T 572, MTT %% T HeLa fifaizxd 5
ML EIEE DRl 21T > 72 & 2 A, AU ¥ F /0 ® kurahyne (2) @ ICs0 7% 3.9 uM ThH
ST=OIZR LT, 20 @ ICs0 2% 82 uM, 21 @ ICs0 2% 59 uM Th o7z, ZibHOfER
MH, W7 E—7 b AAEE M A R LTV D Z & bino T,

BEV T /MR A b LA~ — T — ORBFHEIEVE 2RI L 72, € OfR, #7 r—7 21
\ZD I BiP ORBFHEIEMEN R LD Bz (Figure 4-4), UL EOFERNS, # 7o —7
21 ¥ kurahyne (2) OAEMIEHEZRFFLTWD EE X, 21 % AW CHIRNRTESAL OfR
WraetroHe L,
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Figure 4-4. Kurahyne Yt 7' 1 —7 20 83XV 21 O/PaEA b L A~—7 —5BLH
EEM:, HeLa #IfICx L CHOE7m—7 20 £721% 21 (% 100 uM) ZALEE L, 6 B
k5%, RT-PCR IC XD 51T o7, TG (1 pM) IR T 4 72 br—/L,

e PN SR L S D FRAT
ST a—7 21 RV CHIBAN RTESRAL DR 21T > 7=, @4 73278 DsRed %
/NEARIZ B & E 72 HeLa MIRIZK L, 10uM @ 21 Z0E L, 6 FREEEEZ% (S8 EIEMK
$lz X o822 %1T -7 (Figure 4-5),
fiiRE 1 (DAPI)

50 ym

IRk HXIO—J 21 shonht

!.

Figure 4-5. Kurahyne #Y.~7' 0—7 21 OMIEHNRTERMOBILE, @ H /37 %/
R B S 72 HeLa MifRicxf LTt e—=>7 21 (10 uM) ZALBEL ., 6 HrfikssE
. BOLBAMBIIC K 2R 21T T2,

fEd & LC, kurahyne #3671 —>7 21 OMIENFTESALIX., AMaED FTEAAL & —E
L7z, 2nbHdZ & XY kurahyne (2) 728, #INICB W CTOMEIRIZRET D Z L2350 <R
X,
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N i 774:?4—%ﬂ’;5$wW%Aﬁ%®%ﬁ

TG B LV CPA (% SERCA [ZHE#E#EHEA L CEOEMELET S Z ENMbLN TS T,
Kurahyne (2) bLRIEETHL7201E, 2 o7 —T 01 2A L., MRBEEEDOT 7 4 =7
4 —FERAZITH Z & T, SERCA & 2 L OEBEMNMHAEEREZTRTLZENTELEE
ZbN5, U EoEEDLE 2 DvdF o Fu—7 %85 L, HeLa flai#ik o7 7 4
=7 4 —FR AT T,

A F T —TDEK

Kurahyne (2) o4 F 7o —T% 8 LTz, ReHlhHT--> TE, @67 0 — 7 ek
DOHEETEMEA B H 2 W e, T72bbit 7 m—7 21 BNEREARFFL T2 Lnb,
2 ORGT BF L ATEEICHESGE LAV EZ A b5, €I T, K7 EF L Uisxdd 5
Click KJ&%x AW TEe AT 8% E A L7 (Scheme 4-2),

H H o
H
N AN
\\\\\ O N N
vl 1 L0 Y " 3
4
MN N H N\E)LN N cuso ’ 3
o) LIPS P \ N uS0,, ascorbic aci

o DMF, H,0
kurahyne (2) 51%
o
HN)kNH \\\\\\
HﬂH M \)’L j;(
N
///// /\/\ N
AaSiSALEaee el sat
o o
o

kurahyne-biotin probe (22)

Scheme 4-2. kurahyne E 45 7 u—7 (22) DAL
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Kurahyne 4 F > 7 u—7% i SERCA O7 7 4 =T 4 —}5iHl

vAFrFu—7 22 #HWT SERCA O7 7 4 =T 4 —kiflz{To7-, Fo—7 22
% NeutrAvidin B —X EIZ[EHE L, HeLa MO S IRA LTz, G % v/ BOw%
HiZix SDS RNy 7 7 —Z MV, SERCA OfiZiZ SERCA 2 Hilkx W=7 = A X
Ty MEEZAWE, fERELT, B4 F T e —7 22 & SERCA EWRFEETHZ &N
oL o7 (Figure 4-6), 2D Z L5, kurahyne (2) & SERCA LG THZ &
D3R < RIE S LT,

A I
HN™ NH o N o
T g i Ly ‘
AN LN N
e /WN\<AO N/\/\N X N g \g)kN
H N= 0 o A ! o N

‘ p— SERCA2

(115 kDa)

Figure 4-6. Kurahyne ©'4F > 7' r—7 (22) 12X 5 SERCA OT 7 4 =7 1 — 5
A) Kurahyne B4 F 7 u—7 (22) L x 47 47 ar ba—LofEidE B) SERCA2
iR EZHW -y 2227 vy MEIZKSD SERCA O
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FEARE /NAEE ED Caz-ATPase (Zxt3 % FHERE M DM

Kurahyne (2) 12X > T, SERCA PHEFEINTWHEHEOGIHLAES Z L2 HE LT,
WA ERT v A 2T SERCA FHETEMOFHE 21T - 72, SERCA (X ATPase TH 5D
Tesh, £ DOEEFRIEMEIT ADP OARMEEICE S Z Hivd, Ak L7z ADP (IR FIT/EE
9% pyruvate kinase (ZJ % phosphoenolpyruvate DOtV AL G2 EITSE 5, £
DOFERA T % pyruvicacid 1%, [F U< ZHFICIFEET S lactate dehydrogenase DILE & 72
n. #if%% NADH 7»6t RV R&%Z1J7H- T lacticacid ([ZE TSN D, ZOMIGRIZE
W C, SERCA OFEFRILME (=ADP OARGHE) 13, NADH OE/VHEICES 2 b,
L72728>C, NADH %42 340 nm ® UV OWNEOE{EZRET D Z & T,
SERCA DOEEFETLMEZFHMEEC& % (Figure 4-7), L ED KGR ZFIFH L <. kurahyne (2) (2
£ % SERCA BHFIGMEDOFHM AT o 72 2, Z2BARERIL, B KTF5 1A FaF JE T
B ETBIR O O T THEM S LT,

Ca2* ATP
@ ADP ABS340nm
ATP
l . inhibited
SERCA 2
Ca?*-ATPase (SERCA) <
SR lumen active (cont.)
l Time (sec)
o) (o) o
ADP ATP NADH NAD*
PiO (0) HO
pyruvate kinase lactate g
dehydrogenase =
phosphoenolpyruvate pyruvic acid lactic acid

Figure 4-7. SERCA {H IRV R GLREHRT vt A) ORI
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fER L L C. kurahyne (2) (ZBEEKRFAIC SERCA OFEEIGELZLEL TWD Z EMND
Mo 7= (Figure 4-8),

30 UM of TG Bﬂ%
100 pM of 1

10 uM of 1
control
1 uM of 1
0.1
0 T T T T T 1
0 50 100 150 200 250 300 IIH; ﬁg»

time (sec)

Figure 4-8. Kurahyne (2) 12X % SERCA [HEIGME
1,10, 100 pM @ kurahyne (2) Z4E, TG IR TT 472> ba—,
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BLE BUEOHW
AIE £ TOMIEE JEIZ, kurahyne (2) O 7 R b— 3 AFHEEEICBEI T DT 6 DDOF
EnEFELNT,
(1) Kurahyne (2) O{EFAFIZEEA O SERCA FLEAIEEHET I EEZBND,
GE—HiL D)
(2) Kurahyne (2) I3/MafkAx L 2A&2FET 5, B _fiLv)
(3) Kurahyne (2) 1Z/Mafko6 o Cazt i asl & 24, FE=8ikv)
(4) Kurahyne (2) TN CT/MURIZRET S EEx b5, GENUEILD)
(5) Kurahyne (2) iZ SERCA tf5ET5EBxb5, GEREILD)
(6) Kurahyne (2) 12 SERCA OiEMEZPRLET %, (GBEAHIL D)

IO ORERZEE 2. kurahyne (2) OIEATZLLFOKRTH D LRI L7z (Figure
4-9) :
Kurahyne (2) (3/NEKEE ED Cazt AR 7 Th s SERCA 1A L, TOIEMEALET
o ZHUS Ko TMEENS Cazr 3L, /NMEKRR DL ANFESND, TORR, T
W= ZANFEI N, MIRITSEICE D,
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apoptosis

ER stress markers

Figure 4-9. Kurahyne (2) DO{ERABERF
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SERCA 239 % Ca2t [ TEMKNICB T A BN KA v By Uy —E LTEHEHETHD,
Zivp 2 SERCA [TALZRAIFEEM L LTHER SR TWS, flxIXdH 2FEO 08 A TITFFE
DT A Y7 —5LD SERCA DHELTHZENMLILTEY B, 74 V74— LERA
SERCA PBHEANID A DS FIEERNERIED Y — MEeEWM &7 D LZE 2 b TWWD ™, F iz,
Bt~ 7 U 7R Plasmodium falciparum @ SERCA £kl % X7 PfATP6 1. #t
~7 U THOAFIEN E L THEEEED TN D B, S5 SERCA 1FEYOAEFICEER
TEAESKETH DT, ZRMEZIT L FEAMMESAETIT< WEEZ LN TWD, Bk
DG SERCA IFAIFEY —7 v & LTHEETH Y | EBRIZAINIIRS A DIEHRIE L LT,
thapsigargin ZF|H L7270 K7 v ZFBAFE ST\ D 74,

—7 . SERCA %R & T 5bEmE L TiL Ak thapsigarginés, cyclopiazonic acid®6
W2z, ZHUE TIT biselyngbyaside?s, ivermectin, curcumin? 7 ENENHIL TS,
AWt % @ U TR L7 kurahyne (2) OffiEIE, BEF1O SERCA FHLEA &3 R £ |
PEARDPLER| & 130E 5 HALICHEAR LT SERCA OIFEEZLEL CWD Z ENTHIEND,
ZOZ LT BEEITCHRATZMREN O Cazt IREDEE NS —U b bR SnD, Hii-
7R EARAR ORI, Bz RAIZE Y — FOAIMAER L, OV TIT first-in-class DOFiFED
BRI Ot E 9 5, Zo X2 R8lanb &, 5% kurahyne (2) & SERCA & OfEH
EAL OFEBISC, kurahyne (2) 12X % SERCA BHEIEMED T A Y 7 4 — LBEREOfEI R L
END,

{8 C. kurayne (2) O ANTHEFEKDOGH & & OREEIEMAIBIFIRICEES < mTEMEHE
EHEAORIN b HIRF SN D, FBUHEH CIR 7240t 7 e — 7 OREETE ARG H LV |
SERCA [H#EIZEZ 7 kurahyne (2) Ofo#E L, C KIMI/HFIET S Opp #ALELT
HDHZENTFHIEND, £Z T kurahyne (2) @ C Kz A7 L7z N THEZROAIH N E
FECTHDH, AR O X 512, kurahyne (2) O2EMITEHFTEED Okamoto 512 K-> TEL
INTND 34, ZORE, C KD Opp 67T X/ BEZNARHE S L T < A Rk 235
HEInTeYH, KREgv— M2HT 52 LT, fix O ANTHEFEEDESICAERTE D,

HETSTEFRI Z B T 20l 7 7r—F & LT, HERAD b ORERLUR DS N
HIF b, FEHILT T, kurahyne (2) @ nor K T&H % kurahyne B34 <, K7 /L
X7 Vo LI ERREEZ AT 280K Y A~X7F K jahanyne (13)58 % %,
LT\W5, Zib kurahyne JAUlORFHREZE T HILEMORE XN E TICES . BHA
AR T 22 LER ST AN TV TRAEOWMETH L ATREMENEZ DD, 2 b
DALE W OFER 7R EEYE DI, MEFR R DO S B DR BENRLEND,

P ED X S IZARIIIE R & 5T & LT, kurahyne (2) 2V — K& L72#7= 72 BIERIFZED
R ET D Z 2R LT,
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BRE S

FREL 7S & AEMTEEZ A 2 R OR R a8 CTe Rl ~DRIRE BE L T, S
TR T TNE END R EMTE I E OB R T o 1,

RS LT, MBARICERT 22 VERMEES T /N7 T U7 K0 ZHVE TFEEN
LI TWeho 7z 4 FOWERSY, kurahamide (1), kurahyne (2). maedamide (3).
jahanyne (18) ZHH#f L, ZOMELZRE LT, 2?5 5, kurahyne (2) & jahanyne (13)
WZOWTIIHEEDBHMENE < . BARTEO = LERHEBIES T /N0 5 U 7 OEMIENEY
BEREFRE L TOARMEZH O LTz, 62, 2O DILEMD T R F— 3 AFHETEME
BRI, Tur T —EBHEEEE A RT L2 R L7z, $5l2 kurahyne (2) (ZBI LT
X, ARG FERIIL, 207 R b — 3 A8 Z I 522 L7z, Kurahyne (2)
NHE—2y h&F5H SERCA 1E, Cazt > 7V 7L EERAEENTHY , 5%
DFERIZRHFIEIZ L > THDNAAIRCHI~ 7 U 7 HBIR 2% 9% kurahyne (2) O E k2N H£F
Ihd,

OH

maedamide (3)

%3 I AITE Seas fﬁ*?
kurahyne (2 Jahanyne (13) :(j

T IR TY 7$A{2|§7536?Ef B D IR EM D% X, SNBUZKT 2B HE &
ZZHNTW5, B ziE pitipeptolide A 1% 2001 #1Z Luesch HIZ & » THEET T /N
77 V7 Lyngbya ma]uscu]a KRR INTALEMTH S 8, Paul 2LV, AL
ERTHERAY (V= =, X=728) I L TERRBBAZHETS 2 L0HLNICE
Nz 1, ZOmXOHT Paul BIL, ¥ 7 /A7 7V T7HRYrAEEICBW Ty b =5
B R L TERTE 201%, ERAMICHT 2 EMEZRA LT DH Z L L BEERA
HDHIEAD EIRRTWD, Fio 2010 4Ei2iE Tan HIZ L > T, Lyngbya majuscula O/t
P9 % dolastatin 16 X° majusculamide A & W o 7ALEMN, T VVARRLZAR T T A 72

EDOBF DY EITH T DA EERBEEE L RTZ ERH LM I T 8, 29 Lizfk
BNE, VT NI T VT DEFOMERICEL > T0D EEXBND,
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ZOEONCTT ATV THEEERNTIE SO VT WEREE T T, ME OERER
PHFESNTWD EEZDND, 2D &) RBRIZBVT, ﬁ%b\ﬁ«ﬁw)/T//\ﬁT)T%
BB T HAERRRNTOD, S LI R OB O A FEFR LEENBLIR D & 721 5,

RGBT A5 % OB-EICHONTIE, EICUTO 3 ANRFEET 5,

1. BARTEOL VERWEHEY T I NI TV TR0 D E 572 3 RRWMRR

AW a T, BARTEO L VERHEES T ) N7 TV T ORBMRZRE LTOR
FAVEDRA &2 & 72 o fz, RAEMIIFEEEEZ .0, BRSO RICAR LT, &6
IRDRBIFEN LD FHRIR DI ANLEND, FHZZNDDWEST ) 7T U TIT
¥e B DRy &% 2 5315 kurahyne (2) X° jahanyne (18) D #Hr7= 2 E LA D38 73
b,

2. (LEMDEDAEEE DEE

AT TR LIALEWIE, WL T /N7 7 ) THEARE D BB L 7=, Zhd 2 EE5K
D EDEMN, FOEDAFER THDHNIOWTITRETE TR, e OS5 HE -
B & 7 MRITICS & O ABEIE T2 T AX —OPREZE L T ALEMDOED A
FORENLEND, SOIZAEREORELZZHND L LT, 2o OWEDOAERRIZEBIT
HEBNDOFFI~ L D7 T T E iz,

3. Kurahyen (2) ®##fi7: SERCA [HEHE DR

SERCA BHEAIE LT kurahyne (2) OFAMEEZH LM T L, 772 SERCA FH
ERBOMANEEN D, BARRICIT, S X SEEREITIC S & O AL ORER,
TA YT = LNFPRPEOFMB BT HD, O DOENTIC LY, BEfnd SERCA BREA
x4 % kurahyne (2) OEBAMERAREIZ/2 D, S DITABIERESC, MIEEHEIRRY D4
YITENEREAG 2208 U C, R 722 SIS AT 2 2L b EETH D, 295 LI L@
U T kurahyne (2) OEIEERBE@ISAZAIRL L, EELY — MeAm~E B LT Z
EDRHIRF SN D, FRICIER, DA DORFEIIIRE AN & T 2R OTR AK (R A RE
EA| 5-fluorouracil <°, HU/NEEASFLEA] paclitaxel® 72 &) TIXIBRFEDIRDOZ LWL
IWDFAEDR B & 7> TE Tz, Bl 2T S 2 FROFISLIRDS AV TIEFEEEE A3 < | HTHRBIC K
FETITINAMER Z T A OB N LEEN TS ™, SERCA IFMfaDEFED H D

\CEERAERSTTHY ., SERCA #4EH) LT 5 kurahyne (2) O X 5 72 {b&WiX, 25 L
T BB FE DI AT KT T DIRRIE~DISH B S 5,
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BRO KR, FLER & OBEDIEL TETWD, T72bh, B 5 RIMO
HEE, fEEREICE CEOT B LERRME Y — L & LI AMBIR ORI, 204
FRARBE DYER IS E D ANAT O T WD, ED—F T, IR+ DI T 5 =— 2 Fefiiise
WITENEZ ORI AR L TWD T E LSS BES IO TEHE RO HR > T D 8

ZOXIRRMDOE & REAO RN EANZ S 5 BREMFTROWEFE 1L, ZDEmo
MEZAONITHEBENDH D EE XD, LRI D KD R e AWTEER, Frarkis
ERORBMITIETEBE, —RT 2 LMOEET L RWMEEY OBIERN 2 HEm A S 25 &
L ZE BRORBYHERIZRDENTND EBZ D, RFETIEIZDE I BRBEZDOL &
kurahyne (2) OERABEFFIRIAZ X U, 3 LI2FB KRR OAF A ORI 21T > T 7=,
29O LB EE U T, MR SIFBEAEEH O LN TS TLE ) RN D, |
WCHERREBEMBRRNEENS Z L 2 Lz,
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General.

Chemicals and solvents were the best grade available and used as received from
commercial sources. All NMR spectral data were recorded on a JEOL ECX-400
spectrometer for 'H (400 MHz) and 13C (100 MHz). 'H NMR chemical shifts (referenced
to residual solvent signals. CeHD5: 6 7.16, CHD20D: 6 3.31, CHD2CN: & 1.93, CHCl3: 6
7.26, HDO: § 4.79) were assigned using a combination of data from COSY and HMQC
experiments. Similarly, 13C NMR chemical shifts (referenced to solvent signals. C¢Ds: §
128.06, CDsOD: § 49.0, CDsCN: § 118.2, CDCls: § 77.16) were assigned based on HMBC
and HMQC experiments. ESI mass spectra were obtained on an LCT premier EX
spectrometer (Waters). Optical rotations were measured with a DIP-1000 polarimeter
(JASCO). IR spectra were recorded on a RT/IR-4200 instrument (JASCO). Fluorescence
micrographs were taken with Eclipse Ti-S (Nikon). Chromatographic analyses were
performed using an HPLC system consisting of a pump (model PU-2080, Jasco) and a
UV detector (model UV-2075, Jasco). TLC analysis was conducted on E. Merck precoated
silica gel 60 F254 (Merck). The silica gels, BW-820 MH (Fuji Silysia), was used for column
chromatography. The ODS silica gels, Cosmosil 75C1s-OPN (Nacalai Tesque), was used
for reversed-phase column chromatography. Moisture sensitive reactions were

performed under an atmosphere of nitrogen.

Cell growth analysis.

Cells were cultured at 37 °C with 5% CO2 in DMEM (for HeLa calls. Nissui) or RPMI
(for HL60 cells. Nissui) supplemented with 10% heat-inactivated FBS, 100 units/mL
penicillin, 100 pg/mL streptomycin, 0.25 ng/mL amphotericin, 300 pg/mL L-glutamine,
and 2.25 mg/mL NaHCOs. HeLa cells were seeded at 2 x 104 cells/well in 96-well plates
(Iwaki) and cultured overnight. HL60 cells were seeded at 1 x 105 cells/well in 96-well
plates. Various concentrations of compounds were then added, and cells were incubated

for 72 h. Cell proliferation was measured by the MTT assay.
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Trypan blue dye exclusion assay

HeLa cells were seeded at 4 X 104 cells/well in 24-well plates (Iwaki, Japan), cultured
overnight, and then preincubated with or without 50 pM Z-VAD-FMK (Promega,
Madison, WI) for 30 min. The cells were then treated with various concentrations of
compounds for 48 h. They were then stained with 0.8 mg/mL trypan blue (Sigma-Aldrich,
St. Louis, MO), and the cell viability was determined by counting the number of stained
(killed) cells.

Analysis of DNA fragmentation

HeLa cells, treated with various concentrations of compounds for 24 or 36 h, were
washed with phosphate-buffered saline (PBS; 8 g/L. NaCl, 200 mg/L. KCI, 1.15 g/L
NasHPO4+2H20, 200 mg/LL KH2PO4). The cells were then resuspended in lysis buffer
(10 mM Tris-HC1 [pH 7.4], 10 mM EDTA, 0.5% Triton X-100) at 4 °C for 10 min. After
centrifugation at 17,700 g at 4 °C for 5 min, the supernatant was treated with 0.2 mg/mL
RNase A at 37 °C for 1 h. The samples were treated with 0.2 mg/mL proteinase K at
50 °C for 30 min, and to the lysates were added 5 M NaCl (0.5 M of total) and isopropyl
alcohol (50% of total). After the mixtures were cooled overnight at -20 °C, DNA was
collected by centrifugation at 17,700 g for 15 min. The pellet was finally dissolved in TE
buffer (10 mM Tris-HCI [pH 7.4], 1 mM EDTA). The DNA was then electrophoresed on
2% agarose gel and stained with 1.0 pg/mL ethidium bromide. The gel was visualized

and photographed under UV light.
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Protease inhibition assays.

Serine protease-inhibitory activities were determined as previously reported with
slight modifications4’a, Elastase inhibitory activity was assessed using high-purity
porcine pancreatic elastase (Sigma, E0258). The assay buffer used was 50 mM Tris-HCl
(pH 8.0). Assay buffer (73.4 nL), elastase solution (75 pg/mL in assay buffer, 5 pL), and
various concentrations of compounds (6.6 nL, dissolved in MeOH) were preincubated for
15 min at room temperature in a 96-well plate. After this time, 15 pL of substrate
solution was added (2 mM N-succinyl-Ala-Ala-Ala-p-nitroanilide in assay buffer) to each
well, and the reaction was followed by measuring the absorbance at 405 nm for 30 min.
Inhibitory activities against chymotrypsin and trypsin were determined using a—
chymotrypsin from bovine pancreas (Sigma, C4129) and trypsin from porcine pancreas
(Sigma T0303), with 2 mM N-succinyl-Gly-Gly-Phe-p-nitroanilide as a substrate solution
for chymotrypsin and 2 mM MNe-benzoyl-L-arginine 4-nitroanilide hydrochloride for
trypsin. The assay buffer was 50 mM Tris-HCI, 100 mM NaCl, and 1 mM CaCl: (pH 7.8).
Assay buffer (40 pL), enzyme solution (5 pL, 1 mg/mL in assay buffer), and various
concentrations of compounds (5 nL, dissolved in MeOH) were preincubated for 10 min at
37 °C, before 25 puL of substrate solution was added. The reaction was followed by
measuring the absorbance at 405 nm for 30 min. PMSF (Nacalai tesque, Japan) was used
as a positive control. Enzyme activity in each well was calculated based on the slope of

the reaction curve compared to that of the solvent control.
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Collection, and identification of the sample.

The marine cyanobacterial samples were collected at Kuraha, Okinawa Prefecture,
Japan, at a depth of 0-1 m in March 2013. A cyanobacterial filament was isolated under
a microscope. Genomic DNA was extracted using the DNeasy Plant Mini kit (Qiagen)
following the manufacturer’s specifications. The 16S rRNA genes were PCR-amplified
from isolated DNA using the primer set 16S 27F, a universal primer, and 23S 30R, a
cyanobacterial-specific primer. The PCR reaction contained DNA derived from a
cyanobacterial filament, 12.5 pL of GoTaq (Promega), 1.0 pL of each primer (10 pM) and
10.5 pL H20O for a total volume of 25 pL.. The PCR reaction was performed as follows:
initial denaturation for 10 min at 95 °C, amplification by 35 cycles of 1 min at 94 °C, 1
min at 60 °C and 1 min at 72 °C, and final elongation for 7 min at 72 °C. PCR products
were analyzed on agarose gel (1%) in TBE buffer and visualized by ethidium bromide
staining. The obtained DNA was sequenced with 16S 27F, 16S 1494R and 23S 30R
primers. The 16S rRNA gene sequence is available in the DDBJ/EMBL/GenBank
databases under accession number AB857842. From the phylogenetic tree inferred from
959 bp of 16S rRNA gene sequences revealed that the present cyanobacterium (Maeda
130904A, accession no. AB857842) formed a clade with Oscillatoria miniata NAC8-50
(GU724208), and closely related with 7richodesmium spp. However, the most
cyanobacterium was morphologically classified into the genus Lyngbya because it was

composed of short cells with a thick sheath.
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Extraction, and preseparation.

The collected cyanobacteria (2.3 kg) were extracted with methanol (4 L) for one week.
The extract was filtered, and the filtrate was concentrated. The residue was partitioned
between ethyl acetate (3 X 0.4 L) and water (0.4 L). The material obtained from the
organic layer was partitioned between 90% aqueous methanol (0.4 L) and hexane (3 X
0.4 L). The aqueous methanol fraction (1.3 g) was first separated by column
chromatography on ODS (13 g eluted with 40% aqueous methanol, 60% aqueous

methanol, 80% aqueous methanol, and methanol.

Isolation of kurahamide (1)

The fraction (313 mg) eluted with 60% aqueous methanol was subjected to HPLC
[Cosmosil 5C1s-MS-II ($20 x 250 mm); flow rate 5mL/min; detection, UV 215 nm; solvent
65% MeOH] in six batches to give a fraction that contained kurahamide (7.5 mg, tr =
33.0 min). This fraction was further separated by HPLC [Cosmosil Cholester ($20 X 250
mm); flow rate 5mL/min; detection, UV 215 nm; solvent 40% MeCN] to give kurahamide
(1) (3.7 mg, tr = 40.0 min).

Kurahamide (1): colorless oil; [a]28p -28.4 (¢ 0.2, CH30H); IR (film) Amax 3288, 2965,
1735, 1653, 1636, 1534, 1446, 1382, 1202 cm'}; 'H NMR, 13C NMR, COSY, HMBC and
NOESY data, see Table 2-1; HRESIMS m/z 1126.5458 [M+Nal* (calcd for
CssH77N9O15Na, 1126.5437).
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Isolation of kurahyne (2) and maedamide (3)

The fraction (439 mg) eluted with 80% aqueous methanol was subjected to HPLC
[Cosmosil Cholester (¢p20 x 250 mm); flow rate 5mL/min; detection, UV 215 nm; solvent
50% MeCNI] in eight batches to give a fraction that contained kurahyne and maedamide
(312 mg, tr = after 42.0 min, last collected fraction). This fraction was further separated
by HPLC [Cosmosil 5C18MS-II ($20 X 250 mm); flow rate 5 mL/min; detection, UV 215
nm; solvent 80% MeOH] in six batches to give kurahyne (2) (29.9 mg, ¢r = 57.5 min) and
a fraction that contained maedamide (64.4 mg, tr = 39.3 min). This fraction was further
purified twice by HPLC [Cosmosil Cholester ($20 x 250 mm); flow rate 5 mL/min;
detection, UV 215 nm; solvent 65% MeCN; #r = 29.4 min; 23.0 mgl [Cosmosil Cholester
($20 x 250 mm); flow rate 5 mL/min; detection, UV 215 nm; solvent 58% MeCN, 0.1%
TFA] to give maedamide (3) (18.0 mg, ¢r = 55.0 min).

Kurahyne (2): colorless oil; [a]29p -258 (¢0.20, CH30H); IR (film) Amax 3474, 2963, 2875,
1723, 1635, 1448 cm'l; 'H NMR, 13C NMR, COSY, HMBC and NOESY data, see Table 2-
6; HRESIMS m/z839.5991 [M+H]* (calcd for C47H79N6O7, 839.6010).

Maedamide (3): colorless oil; [a]25p +53 (¢0.10, CH3OH); IR (film) Amax 3319, 2964, 2878,

1730, 1648, 1528, 1437 cm':; 'H NMR, 13C NMR, COSY, HMBC and NOESY data, see
Table 2-10; HRESIMS m/z 963.5414 [M+H]* (calcd for C51H75N6O12, 963.5443).
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Acid hydrolysis of kurahamide (1), chiral HPLC analysis and Marfey’s analysis.

Kurahamide (1) (0.5 mg) was treated with 9 M HC1 (100 pL) for 23 h at 110 °C. The
hydrolyzed product was evaporated to dryness and could be separated into each
component, except for a mixture of Ala and Thr. [Conditions for HPLC separation:
column, Cosmosil 5C18-PAQ ($20 % 250 mm); flow rate, 5.0 mL/min; detection at 215 nm;
solvent H20. Retention times (min) of components: Ala and Thr (¢ = 10.5 min), Val (¢&
=12.6 min), N"Me-Tyr (¢r = 31.2 min), Phe (& = 42.4 min)]

Each fraction was dissolved in H2O (50 pL) and analyzed by chiral HPLC, and the
retention times were compared to those of authentic standards. [DAICEL CHIRALPAK
(MA+) ($4.6 x 50 mm); flow rate, 1.0 mL/min; detection at 254 nm; solvent 2.0 mM
CuSO0y4, 2.0 mM CuSO4 - MeOH (95:5) and 2.0 mM CuSO4 - MeCN (90:10)] With 2.0 mM
CuSO0y4, the retention times (¢r min) for authentic standards were D-Val (3.8) and L-Val
(6.1). With 2.0 mM CuSO4 - MeOH (95:5), the retention times for authentic standards
were N-Me-D-Tyr (10.8) and N-Me-L-Tyr (13.2). With 2.0 mM CuSO4 - MeCN (90:10), the
retention times for authentic standards were D-Phe (5.9) and L-Phe (8.6). The retention
times (min) (and the respective HPLC conditions) of the amino acids in the hydrolysate
were 6.1 (100:0), 13.2 (95:5), and 8.6 (90:10), indicating the presence of L-Val, N-Me-L-
Tyr and L-Phe in the hydrolysate.

The Ala- and Thr-containing fraction was dissolved in H2O (100 uL). A 1.0% 1-fluoro-
2,4-dinitro-phenyl-5-L-leucinamide (Marfey’s reagent) solution in acetone (200 nl) and
50 pL of 1 M NaHCO3 were added, and the mixture was heated at 80 °C for 3min. The
solution was cooled to room temperature, neutralized with 1 M HCI, and evaporated to
dryness. The residue was resuspended in 50 pL of MeCN - H20 (1:1), and the solution
was analyzed by reversed-phase HPLC. [Cosmosil 5C1s-AR-II (4.6 X 250 mm); flow rate
1.0 mL/min; detection, UV 340 nm; solvent 0.02 M NaOAc - MeOH (45:55)] The retention
times (fr min) of the derivatized amino acids in the hydrolysate matched those of L-Thr
(6.4) and L-Ala (9.1), but not L-alloThr (6.6), D-allo'Thr (11.1), D-Thr (18.2) or D-Ala
(23.6).
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Val: column, DAICEL CHIRALPAK (MA+) (¢4.6 X 50 mm); flow rate, 1.0 mL/min;
detection at 254 nm; solvent, 2.0 mM CuSO4

tz (min): Authentic samples: L-Val (6.1), D-Val (3.8).

Val from natural 1 (6.1).

, matched

| ! ?

it | |

i | !

I ‘ I

| | |

I 'i |
S . . N )_;&L . L g -

7 EE g
Val from natural 1 Val from natural 1 L-Val D-Val
with D/L-Val

N-Me-Tyr: column, DAICEL CHIRALPAK (MA+) (¢4.6 X 50 mm); flow rate, 1.0 mL/min;
detection at 254 nm; solvent, 2.0 mM CuSO+ — MeOH (95:5)

tz (min): Authentic samples: N-Me-L-Tyr (13.2), N-Me-D-Tyr (10.8).

N-Me-Tyr from natural 1 (13.2).

e

AJ{L 1 N N

J |
N-Me-Tyr from natural 1
with NMe-L-Tyr N-Me-D/L-Tyr

R

1
L

!

N-Me-Tyr from natural 1
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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, 2.0 mM CuSO4 — MeCN (90:10)

tz (min): Authentic samples: L-Phe (8.6), D-Phe (5.9).

Phe from natural 1 (8.6). matched

!

. S

| |
*gwﬂ\f Lmzjg J- L fJ |

|

2.558
S.e0

19 —

Phe from natural 1

Phe from natural 1 with L-Phe L-Phe D-Phe
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Ala’ column, Cosmosil 5C18-AR-II (4.6 x 250 mm); flow rate 1.0 mL/min; detection, UV
340 nm; solvent, 0.02 M NaOAc - MeOH (45:55)

tz (min): Marfey derivatives of authentic samples: L-Ala (9.1), D-Ala (23.6).

Marfey derivatives of Ala from natural 1 (9.1).

—3
=
=

S S

7E
18,542

Ala from natural 1
[Other peaks are derived from

reagents and Thr]

Residues of reagents

i

matched

!

I

w

Ala from natural 1

with L-Ala

L-Ala

19

D-Ala
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Thr: column, Cosmosil 5C18-AR-II (¢4.6 x 250 mm); flow rate 1.0 mL/min; detection, UV
340 nm; solvent, 0.02 M NaOAc - MeOH (45:55)

tz (min): Marfey derivatives of authentic samples: L-Thr (6.4), D-Thr (18.2), L-allo'Thr
(6.6), D-alloThr (11.1).

Marfey derivatives of Thr from natural 1 (6.4).
matched

Thr from natural 1 Residues of reagents Thr from natural 1

[Other peaks are derived from with L-Thr

reagents and Ala]

11.125
[

18 —
28

a
18,167
za

D-alloThr D-Thr L-allo'Thr
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Oxidation, acid hydrolysis and chiral HPLC analysis.

Kurahamide (1) (0.5 mg) was dissolved in CH2Clz (1.0 mL), and PCC (2.0 mg) was
added. The reaction mixture was allowed to stand for 12 h at room temperature, after
which it was washed with H20. The CH:2Cl2 portion was dried under N2. The PCC-
oxidized kurahamide was heated with 9 M HC1 (100 pL) for 23 h at 110 °C. The
hydrolyzed product was evaporated to dryness and could be separated to give a Glu-
containing fraction. [Conditions for HPLC separation: column, Cosmosil 5C1s-PAQ ($20
x 250 mm); flow rate, 5.0 mL/min; detection at 215 nm; solvent TFA - H20 (0.1:99.9).
Retention time (#r min): Glu (10.9)] The Glu-containing-fraction was dissolved in H20
(50 pL) and analyzed by chiral HPLC, and the retention time was compared to those of
authentic standards. [DAICEL CHIRALPAK (MA+) ($4.6 X 50 mm); flow rate, 1.0
mL/min; detection at 254 nm; solvent 2.0 mM CuSO4] The retention times (¢r min) for
authentic standards were D-Glu (11.3) and L-Glu (16.4). The retention time (min) of Glu
in the hydrolysate was 16.4, indicating the presence of L-Glu in the hydrolysate.

Glu: column, DAICEL CHIRALPAK (MA+) (¢4.6 x 50 mm); flow rate, 1.0 mL/min;
detection at 254 nm; solvent, 2.0 mM CuSO4

tz (min): Authentic samples: L-Glu (16.4), D-Glu (11.3).

Glu from natural 1 (16.4).

i matched

| Glu ]
| |
f ! | . N \
\ : £, | ‘l | m f
\ i e | / o
Glu from natural 1 L-Glu D-Glu

Glu from natural 1 with L-Glu
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Figure 6-2. 'H NMR (400 MHz, CD3sCN) spectrum of kurahamide (1)
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Figure 6-5. NOESY (400 MHz, CD3sCN) spectrum of kurahamide (1)
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Figure 6-6. HMQC (400 MHz, CD3CN) spectrum of kurahamide (1)

100



I‘x . qumm
[ - 5o 5 - .
o . s @ . - b \'L_
B 4 @ = —
= s o °
[ @ L o
IR = 2 o|
(1] > > &
= =] o & = e
'::-1 °° 2 o © o |ii:—
[E=7 < ¥ =
o w F i W o . . C%=
3 e . B s R - S
= 5 ® < o ©
T °. 9 - ’nm . i B o - o =
5 i . I
o Sl
| : @ -
8 » ° g B
E e o §
- < o a
o ” °
=1 - - 5
o ) -
cn » [ »
05‘. = - 5 i L = o =
> - Y g -
- - ]
- &5 .
- ° o =)
-
o - " =
s - - - -
w | o o - ||
o e 3 L™ ° a
© -
. (4
- - 4 . ° @ - |&
] =& . # @ &
il = A . |
4 a ° 4 ° o @ L - o
I o - B o ’ . ® . oo |
1 = ) ¢ L
& s N © - nﬂO =——
i °
(=]
o = = = - o
- N
a |
o ° o ’
gt it
| e -~ - (=4 o
I
e
=
!\l
=
o
=1
> o
€
=
g 1o
83 573
2°3
o 3
i - T
o]
o
e
=

Y : parts per Million : 13C |[
180.0170.0160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 2&0100; 0.2

Figure 6-7. HMBC (400 MHz, CD3CN) spectrum of kurahamide (1)

101

bundance

0.4 06

|




o IO EER
Reduction-acid hydrolysis of kurahyne (2).

To a mixture of kurahyne (2) (2.4 mg, 2.9 pmol) in MeOH (0.6 mL) at room temperature
was added sodium borohydride (30 mg, 790 pmol). After the mixture was stirred at room
temperature for 1.5 h, it was diluted with EtOAc (5 mL) and H20 (5 mL). The organic
layer was separated, and the aqueous layer was extracted with EtOAc (3 X 5 mL). The
organic layer and the extracts were combined, washed with saturated aqueous NaCl (10
mL), dried with Na2SO4, and concentrated to give a colorless oil (1.8 mg). An aliquot of
the residual oil (0.8 mg) and 6 M HCl (0.1 mL) were charged in a reaction tube, sealed
under reduced pressure, and heated at 110 °C for 45 h. The mixture was evaporated to
dryness and could be separated into each component. [Conditions for HPLC separation
of amino acids: column, Cosmosil 5C18-PAQ ($20 % 250 mm); flow rate, 5.0 mL/min;
detection at 215 nm; solvent H20. Retention times of components: Pro (zr = 11.6 min),
N-Me-Val (tr = 13.5 min), N"Me-Ile (& = 20.2 min)], [Conditions for HPLC separation of
2-(1-hydroxypropyl)-pyrrolidine (Opp derivatives): column, Cosmosil 5C1s-PAQ (p4.6 X
250 mm); flow rate, 1.0 mL/min; detection at 215 nm: solvent MeOH/H2O/TFA = 1/99/0.1.

Retention times: 7.8, 8.9 min]

HPLC analysis of amino acid components

With regard to N-Me-Ile, the fraction dissolved in H20O (50 pL) was analyzed by
reversed-phase HPLC, and the retention times were compared to those of N-Me-Ile and
N-Me-alloIle. [Cosmosil 5C1s8-PAQ ($4.6 X 250 mm); flow rate, 1.0 mL/min; detection at
215 nm; solvent H2O] The retention time of N-Me-Ile in the hydrolysate matched that of
N-Me-Ile (& = 5.3 min), but not N*Me-allo-Ile (g = 5.1 min).

Further, each fraction that contained amino acids was dissolved in H20O (50 pL) and
analyzed by chiral HPLC, and the retention times were compared to those of authentic
standards. [DAICEL CHIRALPAK (MA+) ($4.6 x 50 mm); flow rate, 1.0 mL/min;
detection at 254 nm; solvent 2.0 mM CuSO4] The retention times of the amino acids in
the hydrolysate matched those of L-Pro (tr = 5.1 min), N*Me-L-Val (g = 5.2 min) and N
Me-L-Ile (g = 12.9 min), but not D-Pro (zr = 3.0 min), N"Me-D-Val (zgr = 3.0 min) or N
Me-D-Ile (¢r = 6.6 min).
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N-Me-Ile:

Condition 1: column, Cosmosil 5C1s-PAQ (¢4.6 x 250 mm); flow rate, 1.0 mL/min;
detection at 215 nm; solvent, H20

tr (min): Authentic samples: N-Me-Ile (5.3), N-Me-allo-Ile (5.1).

N-Me-Ile from natural 2 (5.3).

;_k__m__f LK

MN-Me-Ile from natural 2

Lol \__A,,.MU Lfk

N-Me-Ile from natural 2 N-Me-Ile from natural 2
with N-Me-Ile with N-Me-alloIle

Condition 2: column, DAICEL CHIRALPAK (MA+) (4.6 x 50 mm); flow rate, 1.0
mL/min; detection at 254 nm; solvent, 2.0 mM CuSO4

tr (min): Authentic samples: N-Me-L-Ile (12.9), N"Me-D-Ile (6.6).

N-Me-Ile from natural 2 (12.9).

I

|

19 —

N-Me-Ile from natural 2

4 [ o e
U =

-

10

N-Me-Ile from natural 2 N-Me-D-lle
with N-Me-L-Ile
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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 CuSO4

tr (min): Authentic samples: N-Me-L-Val (5.2), N-Me-D-Val (3.0)

N-Me-Val from natural 2 (5.2).

[

™oy
4

1

™
o+ h
) bt
5] 17

oo

b

MN-Me-Val from natural 2 MN-Me-Val from natural 2

with N-Me-L-Val
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r
-
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N-Me-L-Val

- Mt

N-Me-D-Val

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

detection at 254 nm; solvent, 2.0 mM CuSO4

tr (min): Authentic samples: L-Pro (5.1), D-Pro (3.0).

Pro from natural 2 (5.1).

oy
0l h
¥
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18 —

Pro from natural 2 Pro from natural 2

with L-Pro
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Marfey’s analysis of Opp derivatives

The 2-(1-hydroxypropyl)-pyrrolidine-containing fraction was dissolved in H20 (50 pL).
A 1.0% 1-fluoro-2,4-dinitro-phenyl-5-L-leucinamide (Marfey’s reagent) solution in
acetone (100 puL) and 25 pL of 1 M NaHCOs3 were added, and the mixture was heated at
80 °C for 3 min. The solution was cooled to room temperature, neutralized with 1 M HCI,
and evaporated to dryness. The residue was resuspended in 100 pL of MeCN/H20 (1:1),
and the solution was analyzed by reversed-phase HPLC. [Cosmosil 5C1s-MS-II (4.6 X
250 mm); flow rate 1 mL/min; detection, UV 340 nm; solvent 0.02 M NaOAc - MeCN
(53:47)] The retention times of the derivatized Opp in the hydrolysate matched those of
Marfey derivatives of 2(S)-(1-hydroxypropyl)-pyrrolidine authentic samples (fr = 14.8
min, 15.8 min), but not Marfey derivatives of 2(&)-(1-hydroxypropyl)-pyrrolidine
authentic samples (& = 16.4 min, 17.4 min).
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2-(1-hydroxypropyl)-pyrrolidine: column, Cosmosil 5C18-MS-II (4.6 x 250 mm); flow rate
1.0 mL/min; detection, UV 340 nm; solvent, 0.02 M NaOAc - MeCN (53:47)

tr (min): Marfey derivatives of authentic samples: 2(&)-(1-hydroxypropyl)-pyrrolidine
[6.S, 6F] (16.4, 17.4), 2(9-(1-hydroxypropyl)-pyrrolidine [6.S, 6 &) (14.8, 15.8).
Marfey derivatives of 2-(1-hydroxypropyl)-pyrrolidine from natural 2 (14.8, 15.8).

ik | o

| | = i ‘"‘
I

\V‘i

|
1
| IRl
I \ Al
L_ l/ ‘LLMLA‘\J “(V/I L\ |J I\\“I T T T
2-(1-hydroxypropyl)-pyrrolidine 2(9-(1-hydroxypropyl)-pyrrolidine
[6.S, 6R] from natural 2 (6.8, 67
with 2-(1-hydroxypropyl)-
pyrrolidine [6S, 6 K] from natural 2
" {
F;
:L ‘ 5
" HN HN HN HN
] 2 NS
= A ‘\ | HO= g HO HO' HO
i
e LAJ”L ) U \Jk
' T — 2(S),6(R) 2(S),6(S) 2(R),6(S) 2(R),6(R)
’ ke fddy g Match Not matched

2-(1-hydroxypropyl)-pyrrolidine
2(R)-(1-hydroxypropyl)-pyrrolidine [6.S, 6 £]

2(9-(1-hydroxypropyl)-pyrrolidine [6.S, 6 4]
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1H NMR (400 MHz, CsDe¢) spectrum of kurahyne (2)
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Osteoclast differentiation inhibitory activity
Materials: Recombinant human macrophage colony-stimulating factor (M-CSF) was

purchased from R&D systems Inc.

Purification of recombinant human receptor activator of nuclear factor kB Iligand
(RANKL): The biologically active domain of human RANKL (sRANKL; 140 a.a. - 317
a.a.) was expressed in E. coli strain BL21 as a glutathione Stransferase fusion protein,
purified with Glutathione Sepharose 4B beads (GE Healthcare Life Sciences), and
dialyzed against PBS. The purity of sSRANKL was confirmed by SDS-PAGE analysis.

Tartrate-resistant acid phosphatase (TRAP) staining assay’ Eight-week-old female
mice were purchased from Charles River Japan Inc. Bone marrow cells were collected
from their tibiae and femora and were cultured in a-MEM (Life Technologies) in the
presence of M-CSF (10 ng/ml) supplemented with 10% FBS for 72 h. The floating cells
were then removed, and attached cells were used as bone marrow-derived macrophage
(BMMs). To induce osteoclast differentiation, BMMs were further cultured with sSRANKL
(100 ng/ml) and M-CSF (10 ng/ml) for 72 h. Cells were fixed with 4% paraformaldehyde
(Wako) and stained for TRAP. To quantify the TRAP activity, TRAP-stained cells were

lysed with DMSO and absorbance was measured at 570 nm.

MTT cell proliferation assay: BMMs were treated with or without sSRANKL (100 ng/mL)
followed by addition of chemicals for 72 h. 0.5 mg/mL 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT; Sigma-Aldrich) was added and incubated at 37 °C

for 4 h. The amount of formazan was measured at 570 nm.
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Determination of the absolute configuration in maedamide (3) except for an Ahppa
moiety.

Maedamide (1) (0.9 mg) was treated with 9 M HCI (100 uL) for 25 h at 110 °C. The
hydrolyzed product was evaporated to dryness and could be separated into each
component. The retention times of the isolated components were matched with those of
the corresponding authentic standards. [Conditions for HPLC separation: column,
Cosmosil 5C18-PAQ (4.6 x 250 mm); flow rate, 1.0 mL/min; detection at 215 nm; solvent
H:0. Retention times (min) of components: Pro (& = 3.2 min), Ile (& = 4.6 min), N-Me-
Phe (tr = 12.8 min)], [Conditions for HPLC separation: column, ODS HG-5 ($4.6 x 250
mm); flow rate, 1.0 mL/min; detection at 215 nm; solvent MeCN-H20O-TFA (10:90:0.1).
Retention time (min) of component: valic acid (& = 9.1 min)], [Conditions for HPLC
separation: column, ODS HG-5 ($4.6 X 250 mm); flow rate, 1.0 mL/min; detection at 215
nm; solvent MeCN-H20-TFA (15:85:0.1). Retention time (min) of component: isoleucic
acid (¢r = 12.5 min)].

Each fraction was dissolved in H20 (50 puL) and analyzed by chiral HPLC, and the
retention times were compared to those of authentic standards. [DAICEL CHIRALPAK
(MA+) ($4.6 x 50 mm); flow rate, 1.0 mL/min; detection at 254 nm; solvent 2.0 mM
CuSO4, 2.0 mM CuSO4 - MeCN (90:10) and 2.0 mM CuSO4 - MeCN (90:15)] With 2.0
mM CuSOu4, the retention times (& min) for authentic standards were D-Pro (2.9), L-Pro
(5.4), D-Ile (7.9), L-Ile (6.4), D-allo-1le (15.2), L-allo1le (11.1). With 2.0 mM CuSO4 - MeCN
(90:10), the retention times for authentic standards were D-valic acid (10.2), L-valic acid
(15.9), NMe-D-Phe (14.4) and N*Me-L-Phe (16.4). With 2.0 mM CuSO4 - MeCN (85:15),
the retention times for authentic standards were D-isoleucic acid (16.1), L-isoleucic acid
(26.8), D-allo-isoleucic acid (13.7) and L-allo-isoleucic acid (22.4).The retention times
(min) (and the respective HPLC conditions) of the amino acids in the hydrolysate were
5.4, 15.2 (100:0), 15.9, 14.4 (90:10), and 13.7 (85:15), indicating the presence of L-Pro, D-
allolle, L-valic acid, N-Me-D-Phe and D-allo-isoleucic acid in the hydrolysate.
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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, MeCN - 2.0 mM CuSO4 (10:90)
tr (min): Authentic samples: L-Valic acid (15.9), D-Valic acid (10.2)

Valic acid from natural 3 (15.9).

Valic acid from natural 3

Valic acid from natural 3

with L-Valic acid

:
0 A
Lglm U A A
i
:l |

Valic acid from natural 3

with D-Valic acid

Pro: column, DAICEL CHIRALPAK (MA+) (¢4.6 x 50 mm); flow rate, 1.0 mL/min;
detection at 254 nm; solvent, 2.0 mM CuSO4
tr (min): Authentic samples: L-Pro (5.4), D-Pro (2.9).

Pro from natural 3 (5.4).

4__\(_‘ \ o

18

Pro from natural 3

|
I
\

|

|
|

Pro from natural 3

with L-Pro
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Isoleucic acid: column, DAICEL CHIRALPAK (MA+) (¢4.6 x 50 mm); flow rate, 1.0
mL/min; detection at 254 nm; solvent, MeCN - 2.0 mM CuSO4 (15:85)

tr (min): Authentic samples: L-Isoleulic acid (26.8), D-Isoleucic acid (16.1), L-allo-
Isoleulic acid (22.4), D-allo-Isoleucic acid (13.7)

Isoleucic acid from natural 3 (13.7).

Isoleucic acid from natural 3

with D-allo-isoleucic acid

D,L, D-allo L-allo Isoleucic acid
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Ile: column, DAICEL CHIRALPAK (MA+) (¢4.6 x 50 mm); flow rate, 1.0 mL/min;

detection at 254 nm; solvent, 2.0 mM CuSO4
tr (min): Authentic samples: L-Ile (6.4), D-Ile (7.9), L-allo-Ile (11.1), D-allo-Ile (15.2),

Tle from natural 3 (15.2).

i

{

\ |1

f\_‘_r,j \__ ~
i i

f !

Ile from natural 3 Tle from natural 3

with D-allo-1le

e '
0 w0
@

[ )

D,L, D-alloL-allo Ile

DHIZ L K& Drallo KE ORI TESORD ENRH o722 EVHIA L,
L7=BRoT, 2607 X/ EEOIE LWERFFEREEIX L /& 15.2 min, D-allo {K: 6.4 min TH 2,
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N-Me-Phe: column, DAICEL CHIRALPAK (MA+) (¢4.6 x 50 mm); flow rate, 1.0 mL/min;

detection at 254 nm; solvent, MeCN — 2.0 mM CuSO4 (10:90)
tr (min): Authentic samples: N-Me-L-Phe (16.4), N-Me-D-Phe (14.4)

N-Me-Phe from natural 3 (14.4).

N-Me-Phe from natural 3 N-Me-Phe from natural 3
with MMe- D -Phe

o

N-Me-Phe from natural 3
with M-Me-L-Phe
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Determination of the absolute configuration of C-3 in an Ahppa moiety.

To a stirred solution of maedamide (8) (1.0 mg, 1.0 pmol) in pyridine (100 pL) were
added 3 drops of (£)-MTPACI and 4-(dimethylamino)pyridine (1.3 mg). The mixture was
stirred at room temperature for 2 h and concentrated to give oil, which was purified by
HPLC [Condition for HPLC separation: column, Cosmosil 5C1s-MS-II ($20 x 250 mm);
flow rate, 5.0 mL/min; detection at 215 nm; solvent MeOH-H20 (89:11). Retention time:
48.9 min)] to afford (S)-MTPA ester (0.9 mg, 0.64 pmol, 64%) as a colorless oil: HRESIMS
m/z1395.6190 [M+H]* (caled for C11HsoN6O16Fs, 1395.6239).

To a stirred solution of maedamide (8) (1.5 mg, 1.5 pmol) in pyridine (100 pL) were
added 3 drops of (8)-MTPACI and 4-(dimethylamino)pyridine (1.5 mg). The mixture was
stirred at room temperature for 1.5 h and concentrated to give oil, which was purified by
HPLC [Condition for HPLC separation: column, Cosmosil 5C1s-MS-II ($20 X 250 mm);
flow rate, 5.0 mL/min; detection at 215 nm; solvent MeOH-H20 (90:10). Retention time:
42.5 min)] to afford (R)-MTPA ester (0.7 mg, 0.50 pmol, 33%) as a colorless oil: HRESIMS
m/z1417.6077 [M+Nal* (caled for C71HssN6O16F6Na, 1417.6059).
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MeO CF3 MeO CF3 (o]
Ogg)k 27 O 0531 18 o
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0.97  0.88 439259 }%( 105 098 433250 “gi ‘
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265 573 4.25 557N\\/ 247 553 Ta.20 H 557N
3.21
ZES N 283

F3C F3C
MeO™ MeO
(9)-MTPA ester (R)-MTPA ester
with selected proton chemical shifts with selected proton chemical shifts

Quunninn

MTPA

Chemical shift differences (A8) between the MTPA derivatives
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Determination of the absolute configuration of C-4 in an Ahppa moiety.

Maedamide (3) (0.5 mg) was treated with 9 M HCI (100 pL) for 17.5 h at 110 °C. The
hydrolyzed product was evaporated to dryness. Ozone was bubbled through a cooled (-78
°C) stirred solution of hydrolysate in MeOH (1 mL) for 30 min, and the reaction mixture
was concentrated. 30% hydroperoxide (100 pL) and formic acid (100 pL) were added, and
the solution was stirred for 11 h at room temparture. Then, the mixture was stirred for
1 h at 80 °C and evaporated to dryness. The residue could be separated into a component
containing Asp. [Condition for HPLC separation of Asp: column, Cosmosil 5C1s-PAQ
($4.6 x 250 mm); flow rate, 1.0 mL/min; detection at 215 nm; solvent TFA-H20 (0.1:100).
Retention time of Asp: 3.1 min)]

Asp from 3 was dissolved in H20 (50 pl) and analyzed by chiral HPLC, and the
retention time was compared to that of authentic standards. [DAICEL CHIRALPAK
(MA+) ($4.6 x 50 mm); flow rate, 1.0 mL/min; detection at 254 nm; solvent 2.0 mM
CuSO4] The retention times (& min) for authentic standards were D-Asp (4.7), L-Asp
(5.6). The retention time (min) of Asp from 3 was 5.6, indicating that the absolute

configuration of C-4 in Ahppa moiety was S.

Asp’ column, DAICEL CHIRALPAK (MA+) (¢4.6 x 50 mm); flow rate, 1.0 mL/min;
detection at 254 nm; solvent, 2.0 mM CuSO4

tr (min): Authentic samples: L-Asp (5.6), D-Asp (4.7)

Asp from natural 3 (5.6).

LJM\ —~ “ f
[ Y | 41
P8 ! 2 B
Asp from natural 3 Asp from natural 3 D,L-Asp
with L-Asp
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Total synthesis of originally proposed maedamide (3’) and maedamide (3)

Ester 4.

o TBSCI, imidazole, DMF, 60 °C Q 1) oxalyl chloride, cat. DMF Q
HO\)]\OH (quant.) _ TBSO\_)J\OTBS CH,Cly, 0°Ctort TBso\)ko o)
: 2) O-Me-allo-D-isoleucic acid H

S N pyrridine/CH,Cl, (4:3), rt, PN Me
(40%, in 2 steps)
L-Valic acid Known silyl ester 4

L-valic acid was converted to the known silyl ester according to the previous report82
(quant.). To a stirred solution of silyl ester (228 mg, 0.658 mmol) in CH2Clz (1.6 mL)
were added a solution of oxalyl chloride (85 mg, 0.67 mmol) in CH2Clz (0.4 mL) and DMF
(two drops) at 0 °C. The mixture was stirred for 90 min and allowed to warm to room
temperature. After stirring for 60 min at room temperature, the mixture was diluted
with CH2Clz (2 mL) and evaporated to give a crude oil. To the crude oil was added a
solution of O-Me-allo-D-isoleucic acid (68 mg, 0.47 mmol) in CH2Clz/pyridine (3:4, 1.05
mL) at room temperature. After stirring for 96 h, the mixture was diluted with THF (8
mL) and filtered over celite. The filtrate were concentrated and dissolved with EtOAc
(10 mL). The solution was washed with water (8 mL), saturated aqueous sodium
hydrogen carbonate (8 mL) and brine (8 mL), dried (Na2SO4) and concentrated. The
residual oil was purified by column chromatography on silica gel (hexane:EtOAc, 35:1)
to give 4 as a colorless oil (68 mg, 0.19 mmol, 40%): [alp26 =13 (¢ 1.0, CHCls); IR (film)
Amax 2961, 1757, 1472 cm'l; 'H NMR (400 MHz, CHCl3) § 5.04 (d, /= 3.6, 1H), 4.11 (d,
J=4.4Hz, 1H), 3.73 (s, 3H), 2.09 (m, 1H), 2.00 (m, 1H), 1.41 (m, 1H), 1.30 (m, 1H), 0.99
(d, J= 6.8 Hz, 3H), 0.94-0.89 (m, 18H), 0.06 (s, 3H), 0.05 (s, 3H); 13C NMR (100 MHz,
CDCls) 6§ 173.2, 170.5, 76.8, 74.8, 52.2, 36.8, 32.9, 26.2, 25.9, 19.3, 18.4, 16.7, 14.7, 11.8,
-4.8, -5.4; HR (ESI) m/z 383.2255, caled for C1sH3605SiNa [M+Nal+ 383.2230.
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Carboxylic acid 5.

PN
5

9 0
TBSO\)j\O Lil, pyridine TBSO\)J\O 0
/::\ H Me reflux, (quant.) : H H
4

To a stirred solution of 4 (69 mg, 190 pmol) in pyridine (2.0 mL) was added Lil (254
mg, 1.90 mmol) at room temperature. After stirring for 6 h at reflux, the mixture was
evaporated. The residual oil was suspended with 10% aqueous citric acid and extracted
with EtOAc (10 mL x3). The combined organic layer was washed with saturated aqueous
sodium thiosulfate (5 mL) and brine (5 mL), dried (Na2SO4) and concentrated to give 5
(69 mg, quant.): [alp26 —15 (¢ 1.0, CHCl3); IR (film) Amax 2962, 1730, 1473 cm'!; 'TH NMR
(400 MHz, CHCls) § 5.08 (d, /= 3.4 Hz, 1H), 4.11 (d, J= 4.4 Hz, 1H), 2.13-2.00 (m, 2H),
1.43 (m, 1H), 1.34 (m, 1H), 0.99 (d, = 7.3 Hz, 3H), 0.95-0.88 (m, 18H), 0.05 (s, 3H), 0.04
(s, 3H); 13C NMR (100 MHz, CDCl3) 6§ 175.7, 173.2, 76.7, 74.2, 36.7, 32.9, 26.2, 25.9, 19.3,
18.4, 16.7, 14.6, 11.8, -4.8, -5.4; HR (ESD m/z 345.2109, caled for C17H3305S1 [M-HJ-
345.2097.
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Carboxylic acid 6.

o] 4M HCI

TBSO\)I\O 1,4-dioxane
v _—
/::\ H H rt, (quant.)
5 6

Carboxylic acid 5 (15 mg, 43 pmol) was dissolved in 0.2 M solution of HCI in 1,4-
dioxane (0.15 mL), and the solution was stirred at room temperature for 96 h. The
mixture was evaporated, and the residual oil was purified by column chromatography
on silica gel (CHCls:MeOH, 9:1 to 1:1) to give 6 as a colorless oil (10 mg, quant): [a]p26
+14 (¢ 0.2, CH30H); IR (film) Amax 3397, 2966, 1719, 1617, 1419 cm'; 'H NMR (400
MHz, CD30D) § 5.01 (d, J= 3.2 Hz, 1H), 4.12 (d, J= 4.4 Hz, 1H), 2.11 (m, 1H), 2.04 (m,
1H), 1.42 (m, 1H), 1.34 (m, 1H), 1.03 (d, /= 7.2 Hz, 3H), 0.98 (d, /= 6.8 Hz, 3H), 0.94 (¢,
J=17.6 Hz, 3H), 0.92 (d, /= 7.1 Hz, 3H); 13C NMR (100 MHz, CDs0D) § 175.5, 175.5,
77.1, 76.5, 37.9, 33.3, 27.4, 19.3, 16.9, 15.0, 12.1; HR (ESD) m/z 231.1240, calcd for
C1H1905 [M-H]- 231.1232.
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Tripeptide 8.

HATU, 'Pr,NEt, DMF
0°Ctort
(80%, 2 steps)

Oy _OMe Ox_OMe
8 = P8
BOC/N y -, 1) TFA, CH,ClI,, 0 °C _ BOC\NWN N “,
\/ 2) N-Boc-glycine H o) W/
Ph Ph
7 8

To a stirred solution of known dipeptide 7 (357 mg, 0.914 mmol)83 in CH2Clz (12 mL)
was added TFA (3 mL) at 0 °C. After stirring for 2.5 h, the mixture was diluted with
benzene (4 mL) and evaporated. To a stirred solution of the residual oil, N-Boc-glycine
(175 mg, 0.999 mmol) and HATU (342 mg, 0.899 mmol) in DMF (3 mL), was added
DIPEA (0.35 mL) at 0 °C, and the mixture was allowed to warm to room temperature.
After stirring for 14 h, the mixture was diluted with EtOAc (15 mL), washed with 10%
aqueous citric acid (10 mL), saturated aqueous sodium hydrogen carbonate (10 mL) and
brine (10 mL), dried (Na2SO4) and concentrated. The residual oil was purified by column
chromatography on silica gel (hexane:EtOAc, 2:1) to give 8 as a colorless oil (325 mg,
0.726 mmol, 80%): [alp2® +52 (¢ 1.0, CH30H); IR (film) Amax 2978, 1743, 1646, 1498,
1456 cm'l; TH NMR (400 MHz, CD30D) § 7.27-7.14 (m, 5H), 5.57 (t, /= 7.6 Hz, 1H), 4.37
(dd, J=8.9, 5.7 Hz, 1H), 3.98 (d, J=17.1 Hz, 1H), 3.74 (d, J= 17.1 Hz, 1H), 3.71 (s, 3H),
3.50-3.34 (m, 2H), 3.20 (dd, J=13.9, 8.0 Hz, 1H), 3.01 (s, 3H), 2.84 (dd, /= 13.9, 7.5 Hz,
1H), 2.20 (m, 1H), 1.97-1.81 (m, 3H), 1.44 (s, 9H); 13C NMR (100 MHz, CD3s0D) § 174.0,
171.3,170.2, 158.3, 138.6, 130.5, 129.4, 127.6, 80.5, 60.6, 57.8, 52.7, 48.3, 43.0, 35.7, 30.5,
29.9, 28.7, 25.9; HR (ESD m/z 470.2245, calcd for C23H33N306Na [M+H]* 470.2267.
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Tetrapeptide 9°.

o} Me o} Me
| i j/o 1) TFA, CH,Cl,, 0 °C | i j/o
Boc\N /\n/N N P2 N N
H o) / 2) N—Boc—g/lo—D—isoIeucine o) _/
Ph HATU, 'Pr,NEt, DMF Ph
8 0°Ctort o

(76%, 2 steps)

To a stirred solution of tripeptide 8 (165 mg, 0.369 mmol) in CH2Cl: (3 mL) was added
TFA (0.8 mL) at 0 °C. After stirring for 2.5 h, the mixture was diluted with benzene (1.5
mL) and evaporated. To a stirred solution of the residual oil, N*Boc-allo-D-isoleucine (102
mg, 0.441 mmol) and HATU (183 mg, 0.481 mmol) in DMF (0.4 mL), was added DIPEA
(0.16 mL) at 0 °C, and the mixture was allowed to warm to room temperature. After
stirring for 3 h, the mixture was diluted with EtOAc (10 mL), washed with 10% aqueous
citric acid (8 mL), saturated aqueous sodium hydrogen carbonate (8 mL) and brine (8
mL), dried (Na2SO4) and concentrated. The residual oil was purified by column
chromatography on silica gel (CHCls:MeOH, 40:1) to give 9" as a colorless oil (157 mg,
0.280 mmol, 76%): [alp29 +46 (¢ 1.0, CHCl3); IR (film) Amax 3323, 2972, 1744, 1648, 1499,
1456 cm'; 1H NMR (400 MHz, CDCl3) § 7.24-7.12 (m, 5H), 6.75 (br s, 1H), 5.56 (dd, J=
7.8, 6.8 Hz, 1H), 5.01 (d, /= 9.0 Hz, 1H), 4.41 (dd, /= 7.6, 4.8 Hz, 1H), 4.13 (m, 1H), 4.12
(dd, J=17.6, 4.1 Hz, 1H), 3.86 (dd, /= 17.6, 3.9 Hz, 1H), 3.71 (s, 3H), 3.42-3.30 (m, 2H),
3.27 (dd, J=13.6, 7.8 Hz, 1H), 2.97 (s, 3H), 2.82 (dd, /= 13.6, 6.8 Hz, 1H), 2.18 (m, 1H),
1.99-1.78 (m, 4H), 1.44 (s, 9H), 1.43 (m, 1H), 1.17 (m, 1H), 0.92 (t, J= 7.3 Hz, 3H), 0.82
(d, = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) § 172.6, 171.9, 168.1, 167.9, 156.0, 137.1,
129.6, 128.5, 126.8, 80.0, 59.1, 58.0, 56.5, 52.4, 47.0, 41.4, 37.8, 35.1, 29.8, 29.0, 28.4, 26 .4,
25.2, 14.4, 11.9; HR (ESI) m/z583.3090, caled for C20H44N4O7Na [M+Nal* 583.3108.
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Pentapeptide 10’.

Fmoc\N

o o Oj/OMe
H H | .
N - N 1) TFA, CH,Cl,, 0 °C
Boc” Y N N~ N/\n/
JH / 2) 11, HATU, Pr,NEt, DMF th én O \J
w Ph w
o

0°Ctort
(55%, 2 steps)

Fmoc
“NH

‘\\\\WO H

h OH O
1"

To a stirred solution of tetrapeptide 9’ (30 mg, 54 pmol) in CH2Clz (1.0 mL) was added
TFA (0.3 mL) at 0° C. After stirring for 2 h, the mixture was diluted with benzene (0.8
mL) and evaporated. To a stirred solution of the residual oil, known carboxylic acid 1184
(28 mg, 65 pmol) and HATU (29 mg, 76 pmol) in DMF (0.1 mL), was added DIPEA (0.03
mL) at 0 °C, and the mixture was allowed to warm to room temperature. After stirring
for 2 h, the mixture was diluted with EtOAc (5 mL), washed with 10% aqueous citric acid
(4 mL), saturated aqueous sodium hydrogen carbonate (4 mL) and brine (4 mL), dried
(Na2S04) and concentrated. The residual oil was purified by column chromatography on
silica gel (CHCls:MeOH, 60:1 to 50:1) to give 10’ as a colorless oil (26 mg, 29 umol, 54%);
IR (film) Amax 3307, 2959, 1744, 1654, 1534, 1451 cm'l; 1H NMR (400 MHz, CDCls) §
7.76 (d, J= 6.8, 2H), 7.59-7.51 (m, 2H), 7.43-7.37 (m, 2H), 7.34-7.28 (m, 2H), 7.25-7.15
(m, 10H), 6.94 (brs, 1H), 6.10 (d, J= 8.3, 1H), 5.54 (dd, /= 7.6, 7.6, m, 1H), 5.17 (d, J =
10.0, 1H), 4.50-4.38 (m, 4H), 4.33 (m, 1H), 4.16 (m, 1H), 4.10-4.04 (m, 2H), 3.93 (dd, J=
17.3, 2.9, 1H), 3.84 (m, 1H), 3.72 (s, 3H), 3.40-3.24 (m, 3H), 3.01 (s, 3H), 2.92 (m, 1H),
2.84 (m, 1H), 2.43-2.09 (m, 3H), 1.99-1.77 (m, 4H), 1.38 (m, 1H), 1.18 (m, 1H), 0.93 (t,
=17.3, 3H), 0.87 (d, /= 6.8, 3H); 13C NMR (100 MHz, CDCl3) § 172.8, 172.6, 171.5, 168.4,
167.9, 156.6, 144.1, 143.9, 141.4, 138.0, 137.1, 129.6, 129.5, 128.7, 128.6, 127.8, 127.2,
126.9, 126.7, 125.3, 124.7, 120.1, 68.6, 66.7, 59.1, 56.6, 56.5, 52.4, 47.5, 46.9, 41.5, 41.2,
38.9, 37.0, 35.2, 30.0, 29.0, 26.5, 25.2, 14.7, 11.8; HR (ESD) m/z 874.4423, calcd for
Cs0HeoN509 [M+H]* 874.4391.
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Hexapeptide 12’

Fmoc o

)\
Ox_OMe Oy _OMe
Fmoc 4 o o N\:)J\NH o [ [o]
H H 'L ) 1) Et,;NH, CH3CN, rt </ | NH N |

- - z N N s, ' - 5 N N s,

'L H H/m/ \J 2) N-Fmoc-L-Pro Il’ H H/\g \_/

h OH O o h OH O on

10' 12'

HATU, 'Pr,NEt, DMF
0°Ctort
(47%, 2 steps)

To a stirred solution of pentapeptide 10’ (26 mg, 30 umol) in CH3CN (1.2 mL) was
added diethylamine (0.4 mL) at rt. After stirring for 3 h, the mixture was evaporated. To
a stirred solution of the residual oil, known N-Fmoc-L-Pro (14 mg, 42 pmol) and HATU
(18 mg, 47 pmol) in DMF (5 drops), was added DIPEA (2 drops) at 0 °C, and the mixture
was allowed to warm to room temperature. After stirring for 3 h, the mixture was diluted
with 10% aqueous citric acid (3 mL) and extracted with EtOAc (5 mL x 3). The combined
organic layer was washed with saturated aqueous sodium hydrogen carbonate (4 mL)
and brine (4 mL), dried (Na2S04) and concentrated. The residual oil was purified by
column chromatography on silica gel (CHCls:MeOH, 60:1) to give 12’ as a colorless oil
(14 mg, 14 pmol, 47%): [alp20 -3.4 (¢ 1.0, CHCls); IR (film) Amax 3317, 2961, 1747, 1645,
1539, 1452 cm'’; 'H NMR (400 MHz, CDCls) 6 7.76 (d, /= 7.1 Hz, 2H), 7.57 (d, J= 7.4
Hz, 2H), 7.39 (m, 2H), 7.30 (m, 2H), 7.24-7.13 (m, 10H), 6.74 (d, J= 9.6 Hz, 1H), 6.61 (d,
J=8.0 Hz, 1H), 5.51 (dd, /= 8.2, 7.1 Hz, 1H), 4.45 (m, 1H), 4.42-4.34 (m, 3H), 4.31-4.16
(m, 3H), 4.11 (m, 1H), 3.99 (d, J= 18.5 Hz, 1H), 3.89 (d, /= 18.5 Hz, 1H), 3.71 (s, 3H),
3.42-3.23 (m, 5H), 2.97 (s, 3H), 2.96 (m, 1H), 2.90 (dd, J=13.9, 7.1 Hz, 1H), 2.79 (d, J=
13.9, 6.7 Hz, 1H), 2.54 (m, 1H), 2.31-2.13 (m, 2H), 2.12-1.70 (m, 7H), 1.57 (m, 1H), 1.35
(m, 1H), 1.18 (m, 1H), 0.88-0.80 (m, 6H); 13C NMR (100 MHz, CDCls) § 172.8, 172.6,
171.9, 171.8, 168.6, 167.9, 156.2, 143.9, 143.8, 141.4, 138.1, 137.0, 129.5, 129.2, 129.1,
128.8, 128.5, 128.0, 127.3, 126.9, 126.5, 125.2, 120.2, 69.5, 68.0, 61.2, 59.1, 56.9, 56.6,
54.0, 52.4, 47.2, 46.9, 41.5, 41.4, 38.2, 36.2, 35.2, 30.0, 28.9, 26.5, 25.1, 24.3, 14.7, 11.8;
HR (ESD m/z971.4871, caled for Cs5HerN6O10 [M+HI]* 971.4919.
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Originally proposed maedamide (3).

Fmocg Q

1 : OMe
N\)J\NH
</ D ELNH, CHiCN, it
N/\n/ 2)6 HATU, HOAL, K/K /\g/
bl’h &4 O f‘\ \—/ iPr,NEt, DMF \J
0°Ctort
(45%, 2 steps)

Originally Proposed Maedamide (3

To a stirred solution of hexapeptide 12’ (19 mg, 19 pmol) in CHsCN (1.2 mL) was added
diethylamine (0.4 mL) at rt. After stirring for 1 h, the mixture was evaporated. To a
stirred solution of the residual oil, carboxylic acid 6 (4.6 mg, 20 pmol), HATU (18 mg, 47
pmol) and HOAt (2.9 mg, 21 pmol) in DMF (0.1 mL), was added DIPEA (3 drops) at 0 °C,
and the mixture was allowed to warm to room temperature. After stirring for 1 h, the
mixture was diluted with 10% aqueous citric acid (3 mL) and extracted with EtOAc (5
mL X 3). The combined organic layer was washed with saturated aqueous sodium
hydrogen carbonate (4 mL) and brine (4 mL), dried (Na2S04) and concentrated. The
residual oil was purified by reversed-phase HPLC [Cosmosil 5C18-MS-II (20 x 250 mm);
flow rate 5 mL/min; detection, UV 215 nm; solvent 80% MeOH] to give originally
proposed maedamide (8’) as a colorless oil (6.3 mg, 6.5 umol, 34%, fr = 42.5 min.): [a]p27
-4.5 (¢ 4.0, CH3OH); IR (film) Amax 3392, 2967, 2877, 1735, 1648, 1534, 1437 cm'l; 'H
NMR (400 MHz, CD30D) 6 7.31-7.15 (m, 10H), 5.58 (dd, J/= 8.2, 8.2 Hz, 1H), 5.01 (d, J=
6.3 Hz, 1H), 4.46 (d, J= 5.1 Hz, 1H), 4.39-4.34 (m, 2H), 4.24 (m, 1H), 4.18 (d, /= 4.4 Hz,
1H), 4.16 (d, J=17.4 Hz, 1H), 4.13 (m, 1H), 3.90 (d, /= 17.4 Hz, 1H), 3.86 (m, 1H), 3.71
(s, 3H), 8.58-3.39 (m, 3H), 3.21 (d, J= 14.2, 8.2 Hz, 1H), 3.03 (s, 3H), 3.00-2.92 (m, 2H),
2.83 (dd, = 14.2, 7.3 Hz, 1H), 2.44-2.30 (m, 2H), 2.23-2.11 (m, 2H), 2.06-1.82 (m, 6H),
1.77 (m, 1H), 1.63 (m, 1H), 1.51-1.40 (m, 2H), 1.36-1.22 (m, 3H), 1.07 (d, /= 7.0 Hz, 3H),
1.05 (d, J= 6.7 Hz, 3H), 1.01-0.91 (m, 12H); 13C NMR (100 MHz, CD30D) § 177.4, 174.6,
174.3,174.0,173.1, 171.4, 170.4, 170.1, 140.0, 138.6, 130.5, 130.4, 129.44, 129.37, 127.6,
127.5, 77.7, 76.3, 71.5, 62.4, 60.6, 58.2, 57.8, 56.3, 52.7, 42.0, 41.5, 37.8, 37.7, 37.2, 35.7,
33.4, 30.6, 30.3, 29.9, 27.3, 26.4, 26.0, 24.7, 19.3, 17.3, 15.0, 14.9, 12.1, 12.0; HR (ESI)
m/z963.5447, caled for C51H75N6O12 [M+H]* 963.5443.
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Tetrapeptide 9.

HATU, 'Pr,NEt, DMF
0°Ctort
(63%, 2 steps)

o} Me Oy _OMe
|0 j/O e |0
., 1) TFA, CH,Cly, 0 °C N N ,
Boc\N/\n/N N Boc” N/\n/ N
H o) \_/ 2) N-Boc-L-isoleucine R H o) \J/
Ph Ph
8 9

To a stirred solution of tripeptide 8 (148 mg, 0.331 mmol) in CH2Cl: (3 mL) was added
TFA (1.2 mL) at 0 °C. After stirring for 1 h, the mixture was diluted with benzene (1.5
mL) and evaporated. To a stirred solution of the residual oil, N-Boc-L-isoleucine (107 mg,
0.463 mmol) and HATU (201 mg, 0.529 mmol) in DMF (0.3 mL), was added DIPEA (0.15
mL) at 0 °C, and the mixture was allowed to warm to room temperature. After stirring
for 1.5 h, the mixture was diluted with EtOAc (10 mL), washed with 10% aqueous citric
acid (8 mL), saturated aqueous sodium hydrogen carbonate (8 mL) and brine (8 mL),
dried (Na2S04) and concentrated. The residual oil was purified by column
chromatography on silica gel (CHCls:MeOH, 80:1) to give 9 as a colorless oil (116 mg,
0.207 mmol, 63%): [alp2® +36.1 (¢ 1.0, CHCl3); IR (film) Amax 3327, 2966, 1747, 1653,
1499, 1455 cm'l; 'H NMR (400 MHz, CDCls) § 7.25-7.15 (m, 5H), 6.84 (br s, 1H), 5.57 (dd,
J=8.0,8.0 Hz, 1H), 5.03 (d, J= 9.4 Hz, 1H), 4.41 (dd, J= 8.8, 5.9 Hz, 1H), 4.09 (dd, J=
18.0, 4.0 Hz, 1H), 4.06 (m, 1H), 3.89 (dd, /= 18.0, 3.6 Hz, 1H), 3.71 (s, 3H), 3.40-3.29 (m,
2H), 3.27 (dd, J=13.6, 8.8 Hz, 1H), 2.98 (s, 3H), 2.82 (dd, /= 13.6, 6.8 Hz, 1H), 2.15 (m,
1H), 1.98-1.79 (m, 4H), 1.44 (m, 1H), 1.43 (s, 9H), 1.09 (m, 1H), 0.91-0.86 (m, 6H); 13C
NMR (100 MHz, CDCls) § 172.6, 171.7, 168.1, 168.0, 155.9, 137.1, 129.6, 128.5, 126.9,
80.0, 59.4, 59.1, 56.4, 52.4, 47.0, 41.3, 37.7, 35.1, 29.8, 29.0, 28.5, 25.2, 24.7, 15.8, 11.7;
HR (ESD m/z 561.3286, calced for C20H4sN4O7 [M+H]+ 561.3288.

139



Pentapeptide 10.

OMe Fmoc\N OMe
1) TFA, CH,Cl,, 0 °C
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. » PraNEL, h OH O
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(73%, 2 steps)
F
moc\NH
\‘\\\K/\[(OH
h 6H O
1"

To a stirred solution of tetrapeptide 9 (80.0 mg, 143 pmol) in CH2Cl:2 (2.7 mL) was
added TFA (0.9 mL) at 0°C. After stirring for 2 h, the mixture was diluted with benzene
(0.8 mL) and evaporated. To a stirred solution of the residual oil, known carboxylic acid
1184 (70.0 mg, 163 umol) and HATU (68.0 mg, 179 pmol) in DMF (0.3 mL), was added
DIPEA (0.06 mL) at 0 °C, and the mixture was allowed to warm to room temperature.
After stirring for 2 h, the mixture was diluted with EtOAc (10 mL), washed with 10%
aqueous citric acid (8 mL), saturated aqueous sodium hydrogen carbonate (8 mL) and
brine (8 mL), dried (Na2SO4) and concentrated. The residual oil was purified by column
chromatography on silica gel (CHCl3:MeOH, 60:1 to 50:1) to give 10 as a colorless oil
(91.0 mg, 104 pmol, 73%): [alp2? -2.0 (¢ 1.0, CH3OH); IR (film) Amax 3309, 2961, 1746,
1653, 1539, 1451 cm'; 'H NMR (400 MHz, CD30D) § 8.05 (m, 1H), 7.77 (d, J= 7.5 Hz,
2H), 7.63-7.56 (m, 2H) 7.40-7.25 (m, 4H), 7.23-7.08 (m, 10H), 6.90 (d, /= 10.0 Hz, 1H),
5.45 (dd, J=17.9, 7.9 Hz, 1H), 4.31-4.25 (m, 2H), 4.25-4.05 (m, 5H), 3.99 (dd, J=17.4, 6.2
Hz, 1H), 3.91(dd, J=17.4, 4.7 Hz, 1H), 3.82 (m, 1H), 3.67 (s, 3H), 3.21-3.13 (m, 2H), 2.95
(s, 3H), 2.92 (dd, J=16.0, 5.1 Hz, 1H), 2.82 (dd, J/=14.2, 10.2 Hz, 1H), 2.76 (dd, J= 14.2,
7.4 Hz, 1H), 2.53-2.40 (m, 2H), 2.05 (m, 1H), 1.95-1.48 (m, 5H), 1.17 (m, 1H), 0.95-0.86
(m, 6H); 13C NMR (100 MHz, CDsOD) § 174.05, 173.97, 173.9, 170.2, 170.1, 158.9, 145.3,
142.5, 140.3, 138.6, 130.5, 130.4, 129.4, 129.3, 128.8, 128.1, 127.5, 127.3, 126.42, 126.37,
120.9, 79.5, 71.0, 68.0, 60.5, 57.9, 57.8, 52.6, 48.1, 41.9, 41.4, 39.0, 38.0, 35.6, 30.5, 29.8,
25.8, 16.1, 11.9; HR (ESI) m1/z874.4353, caled for CsoHeoN509 [M+H]+ 874.4391.
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\
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0°Ctort
(45%, 2 steps)
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To a stirred solution of pentapeptide 10 (90.0 mg, 104 umol) in CH3sCN (3.0 mL) was
added diethylamine (1.0 mL) at rt. After stirring for 3 h, the mixture was evaporated. To
a stirred solution of the residual oil, > Fmoc-L-Pro (45.0 mg, 133 pmol) and HATU (53.0
mg, 139 pmol) in DMF (0.3 mL), was added DIPEA (6 drops) at 0 °C, and the mixture
was allowed to warm to room temperature. After stirring for 3 h, the mixture was diluted
with 10% aqueous citric acid (6 mL) and extracted with EtOAc (8 mL x 3). The combined
organic layer was washed with saturated aqueous sodium hydrogen carbonate (8 mL)
and brine (8 mL), dried (Na2S04) and concentrated. The residual oil was purified by
column chromatography on silica gel (CHCl3:MeOH, 60:1) to give 12 as a colorless oil (46
mg, 47 pmol, 45%): [alp29 +6.6 (¢ 1.0, CHCls); IR (film) Amax 3318, 2961, 1746, 1648,
1533, 1452 cm'; 'H NMR (400 MHz, CDCls) 6 8.05 (d, /= 7.0 Hz, 1H), 7.77 (d, J= 7.6
Hz, 2H), 7.57 (d, J= 7.8 Hz, 2H), 7.43-7.30 (m, 4H), 7.25-7.11 (m, 10H), 6.93 (brs, 1H),
5.30 (dd, J=17.6, 7.6 Hz, 1H), 4.44-4.33 (m, 2H), 4.31-4.10 (m, 8H), 3.71 (s, 3H), 3.60-3.42
(m, 2H), 3.29 (m, 1H), 3.17-3.07 (m, 3H), 2.95 (s, 3H), 2.94 (m, 1H), 2.77 (dd, J/=15.0, 7.2
Hz, 1H), 2.69 (dd, /=15.0, 6.8 Hz, 1H), 2.35 (dd, J=14.4, 9.5 Hz, 1H), 2.21-2.02 (m, 4H),
1.97-1.76 (m, 6H), 1.31 (m, 1H), 1.03 (m, 1H), 0.82 (d, /= 8.0 Hz, 3H), 0.65 (t, /= 7.6 Hz,
3H); 13C NMR (100 MHz, CDCls) § 174.5, 172.6, 172.5, 171.9, 168.4, 167.8, 155.4, 143.8,
141.5, 141.4, 139.5, 137.1, 129.6, 129.5, 128.5, 128.3, 128.1, 127.5, 127.2, 126.9, 126.3,
125.2, 120.3, 70.0, 68.0, 60.7, 59.3, 58.3, 57.6, 56.4, 52.4, 47.4, 4'7.2, 46.8, 41.7, 40.9, 36.6,
36.3, 35.1, 30.3, 30.1, 29.0, 25.3, 25.0, 24.9, 15.9, 11.4; HR (ESI) m/z 993.4670, calcd for
Cs5HesN6O10Na [M+Nal+ 993.4738.
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Maedamide (3).
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12 (34%, 2 steps)
)

Maedamide (3

To a stirred solution of hexapeptide 12 (18 mg, 19 umol) in CH3CN (1.2 mL) was added
diethylamine (0.4 mL) at rt. After stirring for 1 h, the mixture was evaporated. To a
stirred solution of the residual oil, carboxylic acid 3 (4.4 mg, 19 pmol), HATU (18 mg, 48
pmol) and HOAt (2.9 mg, 21 pmol) in DMF (0.1 mL), was added DIPEA (7 drops) at 0 °C,
and the mixture was allowed to warm to room temperature. After stirring for 1 h, the
mixture was diluted with 10% aqueous citric acid (3 mL) and extracted with EtOAc (5
mL X 3). The combined organic layer was washed with saturated aqueous sodium
hydrogen carbonate (4 mL) and brine (4 mL), dried (Na2S0O4) and concentrated. The
residual oil was purified by reversed-phase HPLC [Cosmosil 5C18-MS-II (20 x 250 mm);
flow rate 5 mL/min; detection, UV 215 nm; solvent 80% MeOH] to give maedamide (3)
as a colorless oil (7.0 mg, 7.3 pmol, 40%, tr = 41.0 min.): [a]lp2? +17 (¢ 0.1, CH30H); IR
(film) Amax 3318, 2966, 2877, 1734, 1646, 1533, 1437 cm'’; 'TH NMR (400 MHz, CDs0D)
§7.29-7.16 (m, 10H), 5.55 (dd, J= 8.3, 7.8 Hz, 1H), 5.01 (d, J= 6.2 Hz, 1H), 4.36 (m, 1H),
4.35 (m, 1H), 4.28 (d, /= 6.5 Hz, 1H), 4.20 (m, 1H), 4.17 (d, J= 4.4 Hz, 1H), 4.13 (m, 1H),
4.09 (d, J=17.5 Hz, 1H), 3.94 (d, J = 17.5 Hz, 1H), 3.86 (m, 1H), 3.71 (s, 3H), 3.53 (m,
1H), 3.38 (m, 1H), 3.37 (m, 1H), 3.20 (dd, /= 14.2, 8.3 Hz ,1H), 3.03 (s, 3H), 2.98 (m, 1H),
2.92 (m, 1H), 2.82 (dd, = 14.2, 7.8 Hz, 1H), 2.38 (m, 1H), 2.37 (m, 1H), 2.18 (m, 1H),
2.16 (m, 1H), 1.97-1.80 (m, 6H), 1.76 (m, 1H), 1.64 (m, 1H), 1.54 (m, 1H), 1.46 (m, 1H),
1.36-1,31 (m, 2H), 1.21 (m, 1H), 1.07 (d, /= 7.0 Hz, 3H), 1.05 (d, /= 6.7 Hz, 3H), 0.97-
0.95 (m, 9H), 0.91 (t, J= 7.5 Hz, 3H); 13C NMR (100 MHz, CD30D) § 177.2, 174.1, 174.00,
173.95,173.3,171.3,170.3,170.2, 140.1, 138.6, 130.5, 130.4, 129.40, 129.36, 127.6, 127.5,
77.6, 76.3, 71.1, 62.4, 60.6, 59.7, 57.8, 56.0, 52.7, 48.4, 48.3, 41.9, 41.2, 37.8, 37.9, 37.2,
35.7, 33.2, 30.6, 30.4, 29.9, 26.4, 26.0, 25.7, 24.8, 19.3, 17.1, 16.1, 14.9, 12.0, 11.9; HR
(ESD m/z985.5224, caled for C51H7aN6O12Na [M+Nal* 985.5262.
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Collection, and identification of the marine cyanobacterium.

The marine cyanobacterium was collected at the coast near Jahana, Okinawa
Prefecture, Japan, at a depth of 0-1 m in March 2013. A cyanobacterial filament was
isolated under a microscope and crushed with freezing and thawing. The 16S rRNA genes
were PCR-amplified from isolated DNA using the primer set CYA 106F, a cyanobacterial-
specific primer, and 23S 30R, a cyanobacterial-specific primer. The PCR reaction
contained DNA derived from a cyanobacterial filament, 12.5 pL of TakaraTaq (TaKaRa
Bio), 1.0 pL of each primer (10 pM) and H2O for a total volume of 25 puL. The PCR reaction
was performed as follows: initial denaturation for 10 min at 94 °C, amplification by 35
cycles of 1 min at 94 °C, 1 min at 57 °C and 1 min at 72 °C, and final elongation for 7
min at 72 °C. PCR products were analyzed on agarose gel (1%) in TBE buffer and
visualized by ethidium bromide staining. The obtained DNA was sequenced with CYA
106F and 23S 30R primers. These sequences are available in the DDBJ/EMBL/GenBank
databases under accession numbers LC89730 and 1LC089731. From the phylogenetic tree
inferred from 739 and 766 bp of 16S rRNA gene sequences revealed that the present
cyanobacterium (1303-13, accession No. LC89730 and LC89731) formed a clade with

Okeania sp. A voucher specimen, named 1303-13, has been deposited at Keio University.
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Extraction, and isolation of jahanyne (13)

The collected cyanobacterium (900 g) was extracted with methanol (3 L) for one week.
The extract was filtered, and the filtrate was concentrated. The residue was partitioned
between ethyl acetate (3 X 0.3 L) and water (0.3 L). The material obtained from the
organic layer was partitioned between 90% aqueous methanol (0.3 L) and hexane (3 x
0.3 L). The aqueous methanol fraction (1.5 g) was first separated by column
chromatography on ODS (15 g) eluted with 40% aqueous methanol, 60% aqueous
methanol, 80% aqueous methanol, and methanol. The fraction (415 mg) eluted with 80%
aqueous methanol was subjected to HPLC [Cosmosil 5C1sMS-II ($p20 x 250 mm); flow
rate 5 mL/min; detection, UV 215 nm; solvent 85% MeOH] in seven batches to give a
fraction that contained jahanyne (34 mg, fr = 28.7 min). This fraction was further
separated by HPLC [Cosmosil Cholester ($20 x 250 mm); flow rate 5 mL/min; detection,
UV 215 nm; solvent 65% MeCN] to give jahanyne (13) (18.5 mg, #r = 37.3 min).
Jahanyne (13): colorless oil; [a]30p -330 (¢0.10, CH30H); IR (film) 2964, 2116, 1724, 1636,
1442 cm'1; tH NMR, 13C NMR, COSY, HMBC and NOESY data, see Table 3-1; HRESIMS
m/z1093.7046 [M+Nal* (caled for CeoH9aNsO9Na, 1093.7041).

Acid hydrolysis of jahanyne (13).

To a mixture of jahanyne (18) (1.0 mg, 0.9 umol) and 9 M HCI (0.1 mL) were charged
In a reaction tube, sealed under reduced pressure, and heated at 110 °C for 24 h. The
mixture was evaporated to dryness and could be separated into each component.
[Conditions for HPLC separation: column, Cosmosil 5C1s-PAQ ($4.6 X 250 mm); flow
rate, 1.0 mL/min; detection at 215 nm; solvent H20. Retention times of components: N-
Me-Ala (¢r = 3.0 min), Pro (¢r = 3.2 min), N"Me-Val (& = 3.7 min), N-Me-Phe (& = 12.0

min)]

Chiral HPLC analysis of amino acid components, Pro, N-Me-Val and N-Me-Phe.

Each fraction that contained amino acids except for N-Me-Ala was dissolved in H20
(50 puL) and analyzed by chiral HPLC, and the retention times were compared to those
of authentic standards. [DAICEL CHIRALPAK (MA+) ($4.6 X 50 mm); flow rate, 1.0
mL/min; detection at 254 nm; solvent 2.0 mM CuSO4] The retention times of Pro and N
Me-Val in the hydrolysate matched those of L-Pro (& = 5.6 min) and N-Me-L-Val (& =
4.5 min), but not D-Pro (& = 3.0 min) or NMe-D-Val (g = 3.0 min). [DAICEL
CHIRALPAK (MA+) (¢4.6 x 50 mm); flow rate, 1.0 mL/min; detection at 254 nm; solvent
2.0 mM CuSO4/MeCN = 90/10] The retention times of N-Me-Phe in the hydrolysate
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matched those of N"Me-L-Phe (¢ = 13.1 min), but not N-Me-D-Phe (& = 11.8 min).

Pro: column, DAICEL CHIRALPAK (MA+) (¢4.6 x 50 mm); flow rate, 1.0 mL/min; detection at 254
nm; solvent, 2.0 mM CuSOg.
tg (min): Authentic samples: L-Pro (5.6), D-Pro (3.0).

Pro from natural 13 (5.6). matched

5,688
1@

|
Pro from natural 13 L-Pro D-Pro
with L-Pro

Pro from natural 13

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 CuSOq,

tr (min): Authentic samples: N-Me-L-Val (4.5), N-Me-D-Val (3.0).

N-Me-Val from natural 13 (4.5).

matched
N-Me-D-Val
]
8 | S
o+ = [an)
N-Me-Val from natural 13  MN-Me-Val from natural 13 N-Me-Val from natural 13
with N-Me-L-Val with A-Me-D-Val
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N-Me-Phe: column, DAICEL CHIRALPAK (MA+) (¢4.6 x 50 mm); flow rate, 1.0 mL/min; detection
at 254 nm; solvent, 2.0 mM CuSO4 - MeCN (90:10)

tr (min): Authentic samples: N-Me-L-Phe (13.1), N-Me-D-Phe (11.8).

N-Me-Phe from natural 13 (13.1).

matched

|

11. 886
LHTS

18 —

!

=)

N-Me-Phe from natural 13 N-Me-Phe from natural 13 N-Me-L-Phe
with N-Me-L-Phe

ia

N-Me-D-Phe

Marfey’s analysis of N-Me-Ala.

The N-Me-Ala-containing fraction was dissolved in H2O (100 pL). A 1.0% 1-fluoro-2,4-
dinitro-phenyl-5-L-leucinamide (Marfey’s reagent) solution in acetone (200 pL) and 50
pL of 1 M NaHCOs3 were added, and the mixture was heated at 80 °C for 3 min. The
solution was cooled to room temperature, neutralized with 1 M HCI, and evaporated to
dryness. The residue was resuspended in 100 puL of MeCN/H20 (1:1), and the solution
was analyzed by reversed-phase HPLC. [Cosmosil 5C1s-AR-II (4.6 X 250 mm); flow rate
1mIL/min; detection, UV 340 nm; solvent 0.02 M NaOAc - MeOH (40:60)] The retention
times of the derivatized N-Me-Ala in the hydrolysate matched those of Marfey derivative
of N"Me-L-Ala authentic samples (& = 6.0 min), but not Marfey derivative of N-Me-D-

152



Ala authentic samples (fr = 9.4 min).
N-Me-Ala: column, Cosmosil 5Cg-AR-II ($4.6 x 250 mm); flow rate 1.0 mL/min; detection, UV 340
nm; solvent, 0.02 M NaOAc - MeOH (40:60)
tr (min): Marfey derivatives of authentic samples: N-Me-L-Ala (6.0), N-Me-D-Ala (9.4).
Marfey derivatives of N-Me-Ala from natural 13 (6.0).

matched
N-Me-Ala
|
: J\ Wl

16 —

|
=
N-Me-Ala from natural 13

with MNMe-L-Ala

N-Me-Ala from natural 13

. DG

'
Leilin]
—

18 —

N-Me-L-Ala N-Me-D-Ala
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NaBH 4 reduction-acid hydrolysis of 13.

To a mixture of jahanyne (13, 0.8 mg, 0.7 umol) in MeOH (0.5 mL) at room temperature
was added sodium borohydride (30 mg, 790 pmol). After the mixture was stirred at room
temperature for 1 h, it was diluted with EtOAc (5 mL) and H20 (5 mL). The organic layer
was separated, and the aqueous layer was extracted with EtOAc (3 x 5 mL). The organic
layer and the extracts were combined, washed with saturated aqueous NaCl (10 mL),
dried with Na2SO4, and concentrated to give a colorless oil (0.8 mg). An aliquot of the
residual oil (0.4 mg) and 9 M HC1 (0.1 mL) were charged in a reaction tube, sealed under
reduced pressure, and heated at 110 °C for 24 h. The mixture was evaporated to dryness
and could be separated into Oep derivatives. [Conditions for HPLC separation of 2-(1-
hydroxyethyl)-pyrrolidine (Oep derivatives): column, Cosmosil 5C1s-PAQ ($4.6 x 250
mm); flow rate, 1.0 mL/min; detection at 215 nm; solvent MeOH/H2O/TFA = 1/99/0.1.

Retention times: 3.4, 3.8 min]

Marfey’s analysis of Oep derivatives.

The 2-(1-hydroxyethyl)-pyrrolidine-containing fraction was dissolved in H2O (100 pL).
A 1.0% 1-fluoro-2,4-dinitro-phenyl-5-L-leucinamide (Marfey’s reagent) solution in
acetone (200 pL) and 50 pL of 1 M NaHCO3 were added, and the mixture was heated at
80 °C for 3 min. The solution was cooled to room temperature, neutralized with 1 M HCI,
and evaporated to dryness. The residue was resuspended in 100 pL of MeCN/H20 (1:1),
and the solution was analyzed by reversed-phase HPLC. [Cosmosil 5C1s-MS-II (4.6 X
250 mm); flow rate 1.0 mL/min; detection, UV 340 nm; solvent 0.02 M NaOAc - MeCN
(50:50)] The retention times of the derivatized Oep in the hydrolysate matched those of
Marfey derivatives of 2(9)-(1-hydroxyethyl)-pyrrolidine authentic samples (& = 8.1 min,
8.8 min), but not Marfey derivatives of 2(/)-(1-hydroxyethyl)-pyrrolidine authentic
samples (& = 9.6 min, 10.3 min).
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2-(1-hydroxyethyl)-pyrrolidine: column, Cosmosil 5Cs-MS-II (¢4.6 x 250 mm); flow rate 1.0
mL/min; detection, UV 340 nm; solvent, 0.02 M NaOAc - MeCN (50:50)

tr (min): Marfey derivatives of authentic samples: 2(R)-(1-hydroxyethyl)-pyrrolidine [6S, 6R] (9.6,
10.3), 2(S)-(1-hydroxyethyl)-pyrrolidine [6S, 6R] (8.1, 8.8).

Marfey derivatives of 2-(1-hydroxyethyl)-pyrrolidine from natural 13 (8.1, 8.8).

7 Derived from reagents

Matched

o iR e
oD M ;

13 SO | nn i

mm o el o @

(o] P00 o @

2-(1-hydroxyethyl)-pyrrolidine [6.S, 6 &] from natural 13 2-(1-hydroxyethyl)-pyrrolidine [6.S, 6 & from natural 13

(Other peaks are derived from reagents) with 2(9-(1-hydroxypropyl)-pyrrolidine [6.5, 6. £

" Derived f
4 erived from reagent .

Vs Derived from reagent
'e}

+

HN HN i HN/W HN
2 ol I un o
HO—=®6  Ho L_Jk HO" HO

2(S), 6(R)  2(S), 6(S) . o 2(R). 6(8)  2(R). 6(R)
i) 10 ot 3] [ W‘g 5:1
2(9-(1-hydroxyethyl)-pyrrolidine [6.5, 67] 2(R)-(1-hvdroxvethvD)-pvrrolidine [6.S. 6 Rl

155



Hydrogeneated jahanyne (14).

|9 |9
H, ) o O NN N N
jahanyne (13) pic : f\‘l\)L j/ : '\\l : ’\\l
EtOH : N~ 2N O~ o o7 N
it o I W o
hydrogenated jahanyne (14)

To a mixture of jahanyne (13, 2.0 mg, 1.9 umol) in EtOH (1 mL) at room temperature was added

(quant)

Pt/C (0.3 mg). After the reaction mixture was stirred under H, atmosphere for 10 h, the catalyst was
removed by filtration and the filtrate was concentrated in vacuo to give hydrogenated jahanyne (14,
2.0 mg, quant.). HRESIMS m/z 1075.7538 [M+H]" (calcd for CooHgoNgQo, 1075.7535). 'H NMR
(CD30D) 6 ppm of 5: 7.31-7.22 (m, 5H), 5.87 (dd, 1H, J = 11.9, 4.5 Hz), 5.31 (q, 1H, J= 7.4 Hz),
5.06(d, 1H,J=11.4),5.02(d, 1H,J=11.4 Hz),4.93 (d, lH,J=11.4 Hz), 4.84 (m, 1H), 4.72 (dd, 1H,
J=09.1,4.3 Hz), 4.61 (dd, 1H, J= 8.8, 5.1 Hz), 3.84 (m, 1H), 3.74 (m, 1H), 3.67-3.52 (m, 4H), 3.12
(m, 1H), 3.10 (s, 3H), 3.02 (s, 3H), 3.01 (m, 1H), 2.96 (s, 3H), 2.95 (m, 1H), 2.93 (s, 3H), 2.35-2.21
(m, 5H), 2.18 (s, 3H), 2.15 (s, 3H), 2.13 (m, 1H), 2.1-1.8 (m, 8H), 1.72 (m, 1H), 1.6-1.2 (m, 16H),
1.12 (m, 1H), 1.07 (d, 3H, J=7.1 Hz), 0.91 (d, 3H, J="7.2), 0.88 (d, 3H, J=9.6 Hz), 0.87 (d, 3H, J =
6.8 Hz), 0.83 (d, 3H, J= 6.8 Hz), 0.83 (d, 3H, J= 6.8 Hz), 0.76 (d, 3H, J= 6.8 Hz) 0.64 (d, 3H, J =
7.2 Hz).
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PGME derivatives of the natural 2,4-dimethyldec-9-ynoic acid (16 and 17).

‘ (0] ‘ (0]
o I W/ °

hydrogenated jahanyne (14) {j

?!\éﬂl-:ig:(ane ) (RIS)-PGME-HCI N
50 °C M HOBt, HATU, DIPEA MR
- OH —— ' 5
g DMF, rt o)
16: R = (R)-PGME
17: R = (S)-PGME

To a mixture of hydrogeneted jahanyne (14, 1.0 mg, 0.93 pmol) in 1,4-dioxane (100 uL)
was added 9 M HCI (100 pL). After the reaction mixture was stirred for 9 h at 50°C, the
mixture was concentrated in vacuo and purified with SiO2 chromatography

(hexane/ethyl acetate = 3/1) to afford 2,4-dimethyldec-9-ynoic acid.

Ahalf portion of the fatty acid was mixed with HATU (6.8 mg, 18 umol), HOBt (4.2 mg,
2.7 umol), (R)-PGME HCI (2.8 mg, 14 umol) and DIPEA (6 uL) in DMF (100 uL), which
was allowed stirred at room temperature. After 3.5 h, 1.0 mL of EtOAc was added to the
reaction mixture. The organic layer was washed with saturated aqueous NH4Cl (3x1.0
mL), concentrated, and purification by reversed-phase HPLC on Cosmosil 5C1s-MS-II
($20 x 250 mm) with H2O/MeCN (20:80) to afford an (R)-PGME derivative of the natural
2,4-dimethyldec-9-ynoic acid (16). HRESIMS m/z 370.2364 [M+Nal* (calcd for
C21H33NOsNa, 370.2358). tH NMR (CD30D) 6 ppm of 16: 7.39-7.34 (m, 5H), 5.44 (s, 1H),
3.70 (s, 3H), 2.60 (m, 1H), 1.49 (m, 1H), 1.36-1.27 (m, 12H), 1.04 (d, 3H, J= 6.9 Hz), 0.92
(t, 3H, J= 6.8 Hz), 0.88 (d, 3H, J= 6.4 Hz).

The remaining portion of the fatty acid was mixed with HATU (6.8 mg, 18 pmol), HOBt
(4.2 mg, 2.7 pmol), (9-PGME + HC1 (2.8 mg, 14 umol) and DIPEA (6 pL) in DMF (100 pL),
which was allowed stirred at room temperature. After 3.5 h, The reaction mixture was
separated as described above to afford a (S)-PGME derivative of the natural 2,4
dimethyldec-9-ynoic acid (17). HRESIMS m/z 348.2549 [M+H]* (calcd for C21H34NOs,
348.2539). TH NMR (CD30D) § ppm of 17: 7.39-7.34 (m, 5H), 5.48 (s, 1H), 3.71 (s, 3H),
2.60 (m, 1H), 1.49 (m, 1H), 1.39-1.21 (m, 13H), 1.11 (d, 3H, J= 7.2 Hz), 0.88 (t, 3H, J=
7.4 Hz), 0.80 (d, 3H, J= 6.5 Hz).
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(R)-PGME amide of (25,4 R)-2,4-dimethyldecanoic acid (18).

H,0 (R)-PGME-HCI N
22 z H
W\J\/ﬁ( o LiOH0°C \/\/\J\/Y HOBt HATU, DIPEA : N)/cOZMe
(57% DMF rt oPH H
(36%) 18

To a stirred solution of (A)-4-benzyl-3-((2S5,4K)-2,4-dimethyldecanoyl)oxazolidin-2-
oneb2 (19, 3.0 mg, 8.3 pmol) in a mixed solvent of THF (0.25 mL) and H20 (0.15 mL) was
added LiOH ‘H20 (8.0 mg, 0.19 mmol) and 33% H202 (30 uL, 0.33 mmol) at 0°C. The
reaction mixture was stirred for 2 h at 0°C and concentrated in vacuo. The residue was
diluted with H20 (0.4 mL), washed with CH2Cl2 (3x3.0 mL), acidified with 9 M HC] until
pH reached under 2, and extracted with CH2Cl2 (3x3.0 mL). The CH2Cl2 extracts were
concentrated in vacuo and purified with SiO2 chromatography (hexane/ethyl acetate =
9/1) to afford (25,4 R)-2,4-dimethyldec-9-ynoic acid (1.0 mg, 4.7 pmol, 57%). A half portion
of (25,4 R)-2,4-dimethyldec-9-ynoic acid (0.5 mg, 2.4 umol) was mixed with HATU (3.4
mg, 8.9 pmol), HOBt (2.1 mg, 1.4 umol), (B)-PGME ‘HCI1 (1.4 mg, 6.9 pmol) and DIPEA
(2 uL) in DMF (100 uL), which was allowed stirred at room temperature. After 3 h, 1.5
mL of EtOAc was added to the reaction mixture. The organic layer was washed with
saturated aqueous NH4Cl (3x1.0 mL), concentrated, and purification by reversed-phase
HPLC on Cosmosil 5C18-MS-II ($20 % 250 mm) with H20/MeCN (20:80) to afford an (&)-
PGME amide of (254R)-2,4-dimethyldecanoic acid (18, 0.3 mg, 0.09 pumol, 36%).
HRESIMS m/z 348.2533 [M+H]* (calcd for C21H34NOs, 348.2539). 1H NMR (CDs0D) §
ppm of 18: 7.39-7.34 (m, 5H), 5.48 (s, 1H), 3.71 (s, 3H), 2.60 (m, 1H), 1.49 (m, 1H), 1.39-
1.21 (m, 13H), 1.11 (d, 3H, J= 7.2 Hz), 0.88 (t, 3H, /= 7.4 Hz), 0.80 (d, 3H, J= 6.5 Hz).
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Figure 6-31. 13C NMR (100 MHz, CD30D) spectrum of jahanyne (13)
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Figure 6-32. COSY (400 MHz, CD3OD) spectrum of jahanyne (13)
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Figure 6-33. NOESY (400 MHz, CD30D) spectrum of jahanyne (13)
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Detection of mRNA of ER stress markers.

HelLa cells were seeded at 8 X 105 cells/mL in a 6-well plate and cultured overnight.
The cells were treated with the compounds for 6 h. Total RNA was isolated from the cells
using TRIzol® Reagent (Invitrogen), according to the manufacturer’s protocol. First-
strand cDNA synthesis was then carried out with 2 pg of total RNA and 0.5 pg of Oligo
(dT) using the SuperScript™ First-Strand Synthesis for RT-PCR (Invitrogen). PCR was
performed with 5 uLL of cDNA solution, 1 pM of specific primers, 0.2 mM dNTP mixture,
PCR buffer (10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgClsz), and 1.25 units of
TaKaRa Taq (TaKaRa Bio) to a total volume of 50 pL. The PCR conditions were as
follows: initial denaturation at 95 °C for 5 min followed by 20 cycles of 95 °C for 30 s, 57
°C for 30 s, and 72 °C for 1 min. The amplified PCR products were then electrophoresed
on 2% agarose gel and stained with 1.0 pg/mL of ethidium bromide. The gel was
visualized and photographed with UV light. The primers were as follows: for BiP, 5-
GCTGTAGCGTATGGTGCTGC-3 and 5- ATCAGTGTCTACAACTCATC-3’, for CHOP, 5™
CTGCAGAGATGGCAGCTGAGTC-3 and 5- TGCTTGGTGCAGATTCACCATTC-3’, for
B-actin, 5° -GGAGAAGCTGTGCTACGTCG-3’and 5- CGCTCAGGAGGAGCAATGAT-3'.

FIUE 55 =i FERR
The analysis of the cytosolic Ca2* concentration in HeLa cells.

HeLa Sj; cells grown to confluence in a flask were washed and suspended in PBS loaded with 4 uM
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
4 °C. Changes in the intracellular Ca?* concentrations were measured at 37 °C using a dual-wavelength
spectrofluorometer (CAF-110, 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). The Ca?" concentrations were calculated

using the method of Grynkiewicz et al’.
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Preparation of kurahyne-fluorescein conjugate 20.

kurahyne (2)

rt
(63% in 2 steps)

Kurahyne-Fluorescein Conjugate 20

o. l COH
OH

To a solution of kurahyne (2) (0.7 mg, 0.8 pmol) in MeOH (3 drops) was added 2-
(aminooxy)- N-(5-aminopentyl)acetamide?® (8.1 mg, 46 umol). The reaction mixture was
stirred at room temperature for 4 h, and then at 60 °C for 0.5 h. The mixture was
separated by preparative TLC (chloroform-MeOH 9:1) to afford the crude amine (1.6 mg),
which was used for the next reaction without further purification.

To a solution of the crude amine (1.6 mg) and triethylamine (0.1 mL) in DMSO (0.3
mL) was added fluoresceinisothiocyanate (1.5 mg, 3.9 umol). The reaction mixture was
stirred at room temperature for 1.5 h, and purified by reversed-phase HPLC (Cosmosil
5C18AR-II (¢20 x 250 mm), 80% MeOH in 0.1% TFA) to give 20 (0.7 mg, 0.5 umol, 63% in
2 steps) as a mixture of two stereoisomers. The identity was verified by mass spectral
analysis of the isolated compound. HRESIMS m/z 1385.7524 [M+H]+ (caled for
C75H10sN10013S, 1385.7583). The purity of compound 20 was confirmed by reversed-
phase HPLC analysis as indicated below.

kurahyne-fluorescein conjugate 20: column, Cosmosil 5C1s8-AR-II (¢4.6 x 250 mm); flow
rate 1mL/min; detection, UV 254 nm; solvent, 65% MeCN in 0.1% TFA

Al-7-46-4 65%MeCN H+ - CHL0[

00 3004 b i

14.0 ; 180 200 |

8.0 10.0 12.0
Retention Time [min]
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Preparation of kurahyne-fluorescein conjugate 21.

Fluore:scem\N)kN/\/\N3

T 9 NN
MN P W o
o IR 2| N __ CuS0,, ascorbic acid _
S o DMF, H,0
1o rt
kurahyne (2) (84%)
Q

0 o N
o

Kurahyne-Fluorescein Conjugate 21

HO

To a stirred solution of 2 (0.9 mg, 1 umol) and known azido% (1.6 mg, 3.2 umol) in
DMF (100 pL), a solution of CuSO4 (10 mg) and ascorbic acid (10 mg) in H20 (20 uL) was
added at room temperature. After stirring at room temperature for 1 hour, the reaction
mixture was concentrated and purified by reversed-phase HPLC to give 21 (1.2 mg, 0.91
nmol, 84% yield). [Conditions for HPLC separation: column, Cosmosil 5C1sAR-II (20 x
250 mm); flow rate, 5.0 mL/min; detection at 215 nm; solvent, 80% MeOH in 0.1% TFA.
The retention time of 3: 27.3 min.]; 1H NMR (CDs0D) § 8.28 (s, 1H), 7.91 (s, 1H), 7.82
(dd, J= 7.6, 1.9 Hz, 1H), 7.23 (d, J = 8.4, 1H), 7.13 (brs, 1H), 7.02 (brs, 2H), 6.89 (brs,
2H), 5.48 (t, J= 7.2 Hz, 1H), 5.27 (d, J= 11.6 Hz, 1H), 5.23 (d, J= 11.2 Hz, 1H), 5.19 (d,
J=11.0 Hz, 1H), 5.06 (d, /= 11.2 Hz, 1H), 4.66 (dd, /= 8.2, 5.2 Hz, 1H), 4.61 (dd, J=9.1,
4.9 Hz, 1H), 4.50 (t, J = 7.2 Hz, 2H), 3.85-3.77 (m, 2H), 3.70-3.59 (m, 2H), 3.08 (s, 3H),
3.06 (s, 3H), 3.05 (s, 3H), 2.96 (s, 3H), 2.75 (m, 2H), 2.56 (q, J= 7.4 Hz, 2H), 2.36-2.09 (m,
12H), 2.09-1.88 (m, 5H), 1.88-1.81 (m, 3H), 1.80 (s, 3H), 1.38 (m, 1H), 1.26 (m, 1H), 1.03
(t, J= 7.4 Hz, 3H), 0.97-0.81 (m, 18H), 0.77 (d, /= 6.9 Hz, 3H), 0.76 (d, /= 6.5 Hz, 3H);
ESIMS m/z 1312.7350 (caled for C71HosN 11013 [M+H]* 1312.7346).
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Transfetion and fluorescent imaging.

HelLa cells were seeded at 5 x 103 cell/well in a 96 well plate and cultured overnight in
antibiotic-free medium. The vector, pDsRed2-ER (Clontech Laboratories), was
introduced into the cells using Via Fect™ transfection reagent (Promega) according to
the manufacture’s protocol. After cultivation for two days, the cells were treated with the
test compounds for 6 hours, then washed with PBS, and fixed with 4% paraformaldehyde
solution in PBS for 10 min at room temperature. After cell fixation, the cells were washed
with PBS, and then treated with 10 pg/mL DAPI dissolved in PBS for 10 min at room
temperature. The cells were washed with PBS and fluorescence images were observed

by a fluorescent microscope.

Subcellular localization of a negative probe.

Phase contrast DAPI

50 pm

negative control Merged

e . .

Negative probe was not localized in HeLia cells.
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Preparation of kurahyne-biotin conjugate 22.
O

HN NH

. AN

" o | o /W ~<ﬂ N 5

MN N2 N%N N

| H : | N CuS0y, ascorbic acid
o A d
o DMF, H,0
kurahyne (2) rt
(51%)

N
O
(0]
kurahyne-biotin probe (22) :ﬁj

To a stirred solution of 2 (1.5 mg, 1.8 pmol) and known azide® (4.2 mg, 7.3 umol) in
DMF (100 pL), a solution of CuSO4 (10 mg) and ascorbic acid (10 mg) in H20 (20 uL) was

added at room temperature. After stirring at room temperature for 2 hours, the reaction

mixture was concentrated and purified by reversed-phase HPLC to give 22 (1.3 mg, 0.92
nmol, 51% yield). [Conditions for HPLC separation: column, Cosmosil 5C1sMS-II (¢20 x
250 mm); flow rate, 5.0 mL/min; detection at 215 nm; solvent, 75% MeOH. The retention
time of 22: 38.1 min.]; '1H NMR (CDsOD) & 7.80 (s, 1H), 5.49 (t, J= 7.8 Hz, 1H), 5.29 (d,
J=11.1Hz, 1H), 5.25 (d, J=11.5 Hz, 1H), 5.21 (d, J= 11.1 Hz, 1H), 5.07 (d, J=10.9 Hz,
1H), 4.66 (dd, J= 8.5, 5.5 Hz, 1H), 4.49 (dd, /= 8.1, 5.5 Hz, 1H), 4.41 (t, J= 7.2 Hz, 2H),
4.30 (dd, J=17.9, 4.5 Hz, 1H), 3.86-3.78 (m, 2H), 3.74 (t, J = 6.2 Hz, 2H), 3.63-3.60 (m,
12H), 3.53 (t, J= 5.7 Hz, 2H), 3.21 (t, J= 6.7 Hz, 2H), 3.20 (m, 1H), 3.09 (s, 3H), 3.08 (s,
3H), 3.07 (s, 3H), 2.97 (s, 3H), 2.93 (dd, J=13.0, 5.2 Hz, 1H), 2.76-2.68 (m, 3H), 2.57 (q,
J=17.4 Hz, 2H), 2.45 (t, J= 6.4 Hz, 2H), 2.37-2.15 (m, 10H), 2.12-1.84 (m, 8H), 1.81 (s,
3H), 1.76-1.55 (m, 3H), 1.49-1.38 (m, 2H), 1.28 (m, 1H), 1.10 (m, 1H), 1.03 (t, J= 7.4 Hz,
3H), 0.99-0.83 (m, 18H), 0.81-0.76 (m, 6H); ESIMS m/z 1412.8961 (calcd for
C71H122N13014S [M+H]+ 1412.8955).
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Affinity purification of kurahyne-biotin conjugate 22 binding proteins in cell lysate.

HeLa cells grown to confluence in 10 dishes (¢ 100 mm) were washed twice with PBS,
and collected with a scraper on ice. The cells were concentrated by centrifugation and
lysed in 1.2 mL of lysis buffer (50 mM Tris [pH 7.4], 0.1 M NaCl, 20% (v/v) glycerol, 1
mM CaClz, 1 mM B-mercaptoethanol, 0.8% (w/v) n-dodecyl B-D-maltoside, 1 mM
phenylmethanesulfonyl fluoride, 0.003% (w/v) aprotinin) with a pestle on ice. All of the
following experiments that used cell lysate were conducted at 4 °C unless otherwise
noted. To remove most of the intrinsic biotin-binding proteins, the suspensions were
centrifuged (15000 rpm, 20 min) and treated with NeutrAvidin agarose resin (200 uL,
Thermo) equilibrated with lysis buffer with a rotator for 2 hours. The supernatants were
collected by filtration to give the cell lysate with a concentration of 3 mg protein/mL.

Solutions of biotin probes 22 or negative control in DMSO (1 mM, 5 uL) and lysis buffer
(200 uL) were added to the NeutrAvidin agarose resin (10 uL) in 1.5 mL Eppendorf tubes.
After the incubation with a rotator for 2 hours, the cell lysate (200 pL) was added, and
further incubated for 12 h. Then, the resin was centrifuged, and the supernatant was
removed. The resin was washed with 200 uL of equilibration buffer (50 mM Tris [pH 7.4],
0.1 M NaCl, 20% (v/v) glycerol, 1 mM CaClz, 1 mM B-mercaptoethanol), and binding
proteins were eluted with 40 pL of laemmli buffer (Bio-Rad) with a rotator for 2 hours.
SDS-PAGE was performed by using a precast 10% polyacrylamide gel. Proteins in the
gels after electrophoresis were transferred to PVDF membranes using the Trans-Blot®
SD semi-dry blotting system (Bio-Rad) according to the manufacturer’s instructions.
Proteins were detected with rabbit monoclonal anti-SERCA2 ATPase antibody (1:250000,
Abcam) and HRP-linked antibody (1:1000, Cell Signaling Technology). The HRP-
conjugated bands were visualized and detected with Image Quant LAS 4000 mini (GE
Healthcare).
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Inhibition of Ca2*-ATPase activity.

Sarcoplasmic reticulum (SR) vesicles containing SERCA1la was 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 KCl,
6.5 mM MgClz, 0.18 mM CaClz, 5 mM glucose, 0.2 mM nicotinamide adenine
dinucleotide, 0.5 mM phosphoenolpyruvate, 0.1% C12Es, 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 3 min at 340 nm in the presence of

kurahyne (2) or TG at various concentrations.
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