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Ac: acetyl

AIB: a-amino isobutyric acid

ATP: adenosine triphosphate

Bn: benzyl

bnip3: BCL2/adenovirus E1B 19 kDa protein interacting protein 3
CD: circular dichroism

DDQ: 2,3-dichloro-5,6-dicyano-p-benzoquinone
DIEA: N,N-diisopropylethylamine

DMAP: N,N-dimethyl-4-aminopyridine

DMF: N,N-dimethylformamide

DMOG: dimethyloxaloylglycine

DMP: 2,2-dimethoxypropane

DMSO: dimethyl sulfoxide

Et: ethyl

ERK: extracellular signal-regulated kinase

FDAA: N-(5-fluoro-2,4-dinitrophenyl)-alaninamide
FDLA: N-(5-fluoro-2,4-dinitrophenyl)-leucinamide
FKBP12: FK506 binding protein 12

Fmoc: 9-fluorenylmethyloxycarbonyl

glut: glucose transporter

HBTU: 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate
HOBL: hydroxybenzotriazole

HPLC: high pressure liquid chromatography

HRE: hypoxia response element

HSP: heat shock protein

IDH2: isocitrate dehydrogenase 2

LAH: lithium aluminum hydride

LC-MS: liquid chromatography-mass spectrometry
MAP: mitogen activated protein

Me: methyl

MDH: malate dehydrogenase

MEK: MAPK/ERK kinase

MS/MS: tandem mass spectrometry

mTORC1: mammalian target of rapamycin complex 1
MTPA: a-methoxy-a-trifluoromethylphenylacetic acid
mRNA: messenger ribonucleic acid

NADH: nicotinamide adenine dinucleotide



NaHMDS: sodium bis(trimethylsilyl)amide
NMR: nuclear magnetic resonance

ODS: octa decyl silyl

PEG: polyethylene glycol

PGME: phenylglycine methyl ester

PHD: prolyl hydroxylase

PKM2: pyruvate kinase M2

PKS: polyketide synthase

PMB: p-methoxybenzyl

PPTS: pyridinium p-toluenesulfonate
ROS: reactive oxygen spieces
SDS-PAGE: sodium dodecyl sulfate poly-acrylamide gel electrophoresis
SLF: synthetic ligand of FKBP

S6K: S6 kinase

TBAB: tetrabutylammonium bromide
TCA: tricarboxylic acid

TFA: trifluoroacetic acid

Tf,0: trifluoromethanesulfonic anhydride
TGF-B: transforming growth factor-§
THEF: tetrahydrofuran

THP: tetrahydropyrane

Ts: tosyl

tRNA: transfer ribonucleic acid

Ub: ubiquitin

vegf: vascular endothelial growth factor
VHL: von Hippel-Lindau
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[ 64 7 NLLED B AN TR L. 28 AR - B R B2 3 2 B AR NDFER
DHF LMORBTH D, THF. #hx RBENRHUH AFIDBAFE S U3 ATEIE OB & I%m L
TW5, —F T BEEOHR AFNDNND 2N ANTEEIAPEDR A & R, EHEYERS A DAH R
IRIBHRIEOFFITEN TN D ONBIRTH H, EIRICHNERRE LBEN R LIZRE TE
B ATREZRRE ) 2 A T 2 AN UM N CITAREE 35 5 K+ HIF-1 A Mg ST EZREL, WAL
T X FEAGHTEAE DN R D AL R IED LN R AT AL TS (Figure 1),
23 AR D A7 BN & BRI T DAL BE IEEHE- O D 7 WHIS AFNC 72 0 155, ARAFFET
TR RN ADRB A T = X LEER L LR ARIOAIRZ B LT, HIF-1 (55— %)
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Figure 1. The surrounding environment of tumor lump.



$£—&F HIF-1BEEHI verucopeptin (T8 28H%
11 #8

K=K+ (hypoxia-inducible factor; HIF) 1, (KRR ERET (23517 2 MR O TE 7 MEAERR I
Fa'ézbé%*ﬁfotj_h%@%éfﬁ%nﬂﬁm“6$ﬁ%ﬁl%fa%E) o BIZIE, HIF-1 (34 PN R B 5 A 1

TR DMAEFHELAME L, PSRRI LD 7 a— A0 AL % ER SH iR EIE
‘fiﬂi?“é TR N —EAREMERFSE DS, HIF 3~7 e “®RkE LTEHE, kT
IZ HIF-1o, HIF-2a, HIF-3a & HIF-IB 7= BHIHN TV D, 20 THERFRIEERLT
N & R BEPAET SN TN D HIF-lo IJMEREERERE T CORAMIOALFIZB W T
DR EE 2 R L TR B AFRIEOENR L LTHER SN TWD, 2 E T2 HIF-
1 R E LTI AR DT DL, W D0 ObEmnmE S Tnd 2, filx X
rapamycin |< mTORC1 #H & KD E %41 L T 3, geldanamycin X HSP90 MDBHE % 41 L T HIF-
la % /X7 G OHEZMNT 5 4 F£7=. echinomycin | HIF-1 @ DNA #E& %2 HET 52 &
T HIF-1 OFEMEZIIHIT 2 5, LarL, R7Z HIF-1 HERO LAICIEE > Thign,

ZOED B RO L LA TIE HIF-1 ZHET 2{baolisz B L7z, Fri@miis=
TIE HIF-1 @ DNA #EAEHIOHIE T TLy 7 = 7 —Vilia 2 BT 2z vz LR
— 4 =T v ALY HIF-L LEEEZ T REMES RGN (7 X) OREPMToh
TWe, AKZX7 U —=227TiE HIF-1 Z il 28 ER R 2 EmI T 2B O S %
iU HIF-1 PHETEM: 2 Ma L~V TRl L7z, SRERIEICES U C B AR~ OB PRI 4 7R
TIEME G LN L7 v AZERER LT 2D 2 LT HIF-1 BIRA R HER O RS % B
L7,

ZIVE TIZHTBAFEE TIIR 5000 D7 v A % LA 7 U —= 7 RITAH L, TII0D1%IR
W72 BLETEPE D A2 B T2 Streptomyces JBHHE KUSC-A08 FED I 6 . 4R
ExFMEsa~w NS T T 40— J,: - C verucopeptin (1) Z gL T/ (Figure 1-1),

% %’ — o

—>
HN} \ acetal form %N} \ keto form

Figure 1-1. Chemical structure of verucopeptin (1). The ratio of acetal form and
keto form is about 3:1 in CDCIl; at room temperature.

1.2 Verucopeptin D#axt 3L f&{L2F

Verucopeptin 1% 1993 FICHUEEME & L THlRE SN2 0D &, HIF-1BEAE L ToWmE
X722 o le, RACEMITERIRT 7L~ T7F FENL & MR RN O S TR D .
BNENREENALAY THP BB ATER T 57 B 2 — /L7 4 — L L EBURD 7 R 7 4+ — AR FET 5,
KAEEWH DA 9 i FrDAFE RO NARFEIE I RIE T o 7272 ARBFZETIXE 3 verucopeptin

2



DSLRREE 2 RE LT,

121 BRT TORTF FBELOMEX ILIFLE

Verucopeptin DERIRT 7 27T RELIX glycine, N-hydroxy glycine, 2 431-@ N-methyl
glycine, piperazic acid, p-hydroxy leucine THERL SV TV 5, A~FE%Z A7 5 piperazic acid 35
& O p-hydroxy leucine Offast SEARELE O EIZIT R Marfey 157 23452 & & L, T
bbb, 1 EEEAUKERINCAT3 Z & T piperazic acid % ornithine (2372 %, BRIN/K 50 fF %
1TV, L-FDAA &G S BT, BT IREY % LC-MS |2 X - TIE IR 2 AR 5 & bl L 7o

(Table 1-1), Piperazic acid (Z->\ T ornithine ™ FDAA #5E (K & D H#RIZ L Y . p-hydroxy
leucine (Z DWW TILARK L7z 4 O SLARRVEMR S D FDAAFREMR & OHIRIC L Y ( EhvEih,
DR, L-erythro (K THD LIRE LTz, ZOFRERNBERIRT 72T F RENL Ot YRR E
1% 10R, 158, 16S LR 7E L7z,

1) H,/ PtO,, ACOH, 12d_  D- or L-FDAA, NaHCO,

1 LC-MS analysis
2) 6N HCI, 110°C, 17 h acetone-H,0O, 37 °C, 1 h

retention time of
standard amino acids® (min) retention time of
hydrolysate of natural products (min)
L D
) 17.0
threo-3-hydroxyleucine (53.9)° 25.8
. 17.1 17.1
erythro-3-hydroxyleucine (55.2)° 23.1 (55.3)°
ornithine 29.1 27.6 27.7

a, Samples were analyzed by ODS HPLC on MOz

o) NO, ,, O
) : : N A N
Cosmosil AR-Il (p4.6 x250 mm) using a gradient T NH NH,

B o,N
F F

system (30/70 to 80/20 MeCN/H,O gradient elution 02N

containing 0.1% TFA over 50 min, 1 mL/min).

b, 25/75 to 30/70 MeCN/H,O gradient elution L-FDAA D-FDAA
containing 0.1% TFA over 60 min, 1 mL/min.

Table 1-1. Advanced Marfey’s analysis of verucopeptin (1). (a) Preparation of FDAA
derivatives. (b) Comparison of the retention time of standards and those of FDAA
derivatives derived from verucopeptin.

122 TS E FRES VREDOMEN ILIFLE

Verucopeptin (1) ZiELd 5 2 & TH LN DFHEIR 2 125 L TR Mosher 1% ° 2@ H13 %
T LT 24, 28 (L ORERISLARBLE 2 RET S, 28 {id 1,2-diol O 7 & b= FRHERD NMR fi#
MrZ X Wi T& % 23, 24 NEDOFIXINAARELE (I HE-S &, 27 (21 1 O NMR A7 kLG #R %
RNz THP BROFEFRHTIZ L WVIRETE H LB X T2,



Verucopeptin & NaBHs # W TIEIL L7z & 2 AV T AT LA~ —IREWMHE S, HPLC (2
LR ERTERDOTT AT L A~—2 245 L7= (Figure 1—2)

(0] OH

27
HO
23[ 24 287 z
NH 0 OMe
N

gN:Oo o)/%< 1) NaBH,, MeOH-CH,Cl, N

—N O O
{1 2)HPLC ¢ _>—N 5
1) Mel, TBAB, K,CO,
CHCI-H,0, 1t, 1h 2 2.DMP. PPTS
2) (R)- or (S)-MTPACI CH,Cl,rt, 1h
DMAP, CH,C,, rt, 1h

HO%2 28 Z /

2
’NHHN S one NH g OMe
HO, N HN
N N
0 o H

g: =§ _N$=o° oo=gO

N 3a: R = (R)-MTPA \{ Sy
HN)_ 3b: R = (S)-MTPA A2 4

OMe @ OMe

ONSer, C'\[%c& Figure 1-2. Preparation of the bis-MTPA derivatives 3a
o 0 and 3b and isopropylidene derivative 4a.
(R)-MTPACI (S)-MTPACI

OMTPA OMTPA

+0.17 +0.08

! Ad = 6(8)-MTPA B 6(R)-MTPA
(ppm, CDCI,)

Figure 1-3. Ad (6

(S)-MTPA™ (R) MTPA

) values for the MTPA derivatives 3a and 3b. Ad

values are shown in ppm.
2 @ N-hydroxyl £:% 2 F /LI CERE L7214, (S)- B L U(R)-MTPACI & & S, bis-MTPA {£
3a. 3b #4157z, {LA¥ 3a, 3b (2B Mosher 15 % ] L7=f5 5. 38 o> A F /L3 L 29 fi7LL
BEDORACKFESUTIEDOEEZ R L, 24 (D 28 (LT ADEZ R LIZZ LD 24, 28 (L Okt
SARBLEIZFENEILS, R TH D EkiE LT (Figure 1-3),

WIZ, 2 @ 1,2-diol % isopropylidene £ CIRFE L7 4 ZFHH L. NMR fiffT 24772 & 2 A,



isopropylidene D D A F 7' kB 280 A F 7 a b L 38 ATF LT B kAT,
T, 8 AF T N 38ALATF T T R NOE M S, 2307 & 24 Lok
Fe Ll syn OBARRICH D = EAVHIBA L 7= (Figure 1-4),

o VA N i et e YO S WSRO A A S

M‘mﬁ: .-.u;rcmawa‘uumwmj,»,wv»*mtw?Ammu\\«vﬁ.ﬂ‘ ‘r-‘,mammmwww"‘ | il l"“"w‘ wwmww‘-’g\.}/ﬁ"a
( ‘V

4.0 3.0 2.0 ) 1.0 (ppm)
Figure 1-4. NOE analyses of the isopropylidene derivative 4. H control 1D spectrum
(upper, 500 MHz, in acetone-d,) and NOE difference spectrum (lower) for the
derivative 4. One methyl group in the isopropylidene group (arrow), H-24 (yellow
circle), and Me-38 (green circle) mutually showed NOE correlations, indicating that
Me-38 and H-24 in 4 are positioned in a syn configuration.

Figure 1-5 Determination of the relative stereochemistry of C27 in verucopeptin (1).
ROESY correlations (left) and coupling constant values (right) in the tetrahydropyran
ring are shown.
Z OFER & S B Mosher IEOFENTREFL VD 23 (01X S EIRE STz, 2T MLDNLARLFIZ DN T
5



1% verucopeptin @ 'H NMR A2 kLR OFE T, THP B2 27, 28 oD 71 kw3 4kic 7 %
VT NMLICALIE L, D00 v 7TV v T EIL98 Hz 72 o7-Z LD S EREL7= (Figure 1-
5,



1.2.3 SHKAEMBRER L DHEXI L IR{E =

3LALIE 29 Wt oD —HFEAZBAH L THOND VR VERIZK LT PGMEE R 2@ 45 2
ETHRE L, 33L& /AT ARAES & DIERIZ L VIRETE D LB X7,

F 9. verucopeptin % NalOs {77 F RuCls THLEE % Z & T 29 > " HfEA Z PR S,
IR S #4572, 5% (S)- BLU (R)-PGME & A &+, PGME #%E(K 6a, 6b ~ &
oo ZINLHD HNMR AT RVEFRNTT 5 & 40 (LD A FNIKITADMHEE R L, LS
EDOMEAERLIZZ E0 6, 3LALOMIINAARRLE A S BdiE & e L7- (Figure 1-6)

a
@) RuCl, + xH,0, NalO, Q
> R
MeCN-CCI,-H,0, 1t, 12 h
® — 5:R=OH
: (R)- or (S)-PGME - HCI
i M SO HBTU, HOB, DIEA
0 o} DMF, rt, 11 h 6a: R = (R)-PGME
(R)-PGME  (S)-PGME > ¢b R = (5)-PGME
b
(b) O . 0.04 +0.10
+004  +005  +007

PGME

+ 0.04

Ad = 6(8)—PGME - 6(R)—PGME 40
(ppm, CDCI,) -0.03 +0.06 +0.09
Figure 1-6. (a) Preparation of the PGME derivatives 6a and 6b. (b) Ad (6(5)_PGME-6(R)_

sove) Values for the PGME derivatives 6a and 6b. Ad values are shown in ppm.

33, 35 N DA NTARBL B 2 P BT 5 72 0125 O 4TI D AR BMAR DA % A2 4T - 7~ Scheme
1-1 {2 (2S,4S,6R)-2,4,6-trimethyl octanoic acid DA AR 279, HZEFE7 205 2 TREAZ /T
TR 727 )L a—)L 8 & Evans N 7 VX ABG BITA L, 9 Z SEARIEIREIICE T2, 92D
4 TRZBR TR L7727 /va—/L 12 ZFH 0 Evans K7 VX U LRI 2 & T 13 25
—DTVT AT LA —L LTHG LIk, AEMBEDOBREIC I VLN T L2 /TS
TR 14 ~L BN D 3OO T AT LA~ —b TBLN9D=F v FF4~—%
WTCTRBRIZA R LT, 15 67 4 FEO SR EMIERIZ OV T, ZnvEd, (S)- B LT (R)-PGME
RZRRLL ., RERHEDOE DL IHNMR A7 ML A LIZE Z A, 6b & 15b BRENTH
FHEFICEW—&Z7R L (Figure 1-7), LLEOFERNS . 1 OEERE /212> Cid 318,



33S,35R ERE LT, LLEDOFEF .S, verucopeptin O SLA{LE2I 10R, 15S, 16S, 23S, 27S, 28R,

1) PMBC(=NH)CCI,, CSA

0

CH,CI,, rt, 12 h

HO/\)]\OMe —= >  pMBO” Y OH
2) LAH, THF,0°C,9h

86% (over 2 steps)

~
o0}

1) Tf,0, 2,6-lutidine
CH,Cl,, 0°C, 1 h Q i LAH
N >
o . NaHMDS, THF ° THF.0°C.5h
/ 93%

2) o
HLNJLO -78°Ct00°C, 6.5 h Bn
)~/ 37% (over 2 steps)

Bn

PMBO Y

1) TsCl, Et,N, DMAP
CH,Cl,, rt, 12 h, 84%

PMBO/\_/Y\OH > PMBO/\_/\‘/\
2) MeMgBr, Cul, THF

-20°C to 0 °C, 16.5 h, 89% 11

10

1) Tf,0, 2,6-lutidine
CH,CI,,0°C,1h

DDQ
> HO/\._/\‘/\ 9 o
CH.CL-H.O H 2))1\ , NaHMDS, THF
227, N)H -78°Cto0°C, 6.5h

v

Q

0
0°C,1h 12 \‘Jan 13% (over 3 steps)
0O O 0
) )WY\ 30% H,0, LiOH - H,0 w
o N : z Y > R H H
(A THF-H,0 : =z
Bn 0O°Ctort,3h
13 (R)- or (S)-PGME - HCI 14:R=OH
HBTU, HOBt, DIEA
DMF, rt, 10 h
75% (over 2 steps) 15a: R = (R)-PGME

—>  15b: R = (S)-PGME
Scheme 1-1. Synthesis of (2S,4S,6R)-2,4,6-trimethyloctanoic acid (14) and its
derivatives.

31S, 33S, 35R & i L7 (Figure 1-8),



"H NMR spectra [500 MHz, CDCL]
(0]

M (R)PGMEJJ\é/\é/\é/\

]

JML (R)PGMEJ\é/Y\é/\

A ) “ ”m |

natural 6a
_«*M‘\ . e

l

24 2.2 2.0 1.8 1.6 14 1.2 1.0 0.8 ppm

Figure 1-7. Comparison of the ‘H NMR spectra for PGME derivatives of 2,4,6-
trimethyloctanoic acids. Aliphatic region of the spectra for natural product-derived 6a
(natural) and synthesized diastereomers 15a, S5a, S6a and S7a is shown. Spectra

were measured in CDCI, (500 MHz).

Figure 1-8. The absolute configuration of verucopeptin (1).



1.2.4 SMg A FILOER I FHAZOB R

1.2.3 C verucopeptin OHIEHNEIIERIZAFAET D 1,3-dimethyl #§1E DA LF DR TE D 7= DI
FEZONDNHF 2/ T 522 TOREMZ G LRITTR 6T, SIEEMOAKIC 1 4L
EEELE, 2O, L0 @ECEERNNIR ORI TIEOBRBBLETH D & B X
Tro T 2 ODAF IO ENT-ATF LT b DI VY7 FOEZFIHAT S
Z & T 1,3-dimethyl ##1E O AR R SZARBLE OHERI 2N T & 5 L0 Sz 12, 1,3-Dimethyl ##
EILEHEE R & R ORI E 2 BT 272 0ICFEIZ 2BV DaryFmA—varz by,
ZTNHITEHRIRE CHEAET D B (Figure 1-9), EBHHDa R A—varThoTHAF L
FEDONARN syn DFAIIZ DDA F L7 hURNEPNDORENKELS B2 D720, 7
IHNTT NOFEFIKEL LD anti DA TIHEIEREOEN/NS WIZOEITE e lzir<
7%, BEFND 1,3-dimethyl #1E % £72 86 (LAEMDATF LT O I N7 FDEE
Figure 1-10 {27k L 7=, Anti /R 16 & syn /KD 19 [FARRIEL & 23 HERI AT HREFZ 28, syn (KD 17 &
anti fAD 18 OHRIIRFEETH S, TOEHME L TATFETH S ETREEHITHY | 1,3-
dimethyl #iEEfFD a2 R A= a VIZEAINRTWI ERETObND, T7hbH 13-
dimethyl #EDELIC R B WERENGFET 2HETIEAT LT e b I ANy 7 |
ZEMRELSHEBEEZ T D,

H
R,
HAR1 “Me
H
Me
Hg
Ha_ Hs
Ry X _R,
Me I\=/Ie
H anti R
Me H
HaR1 ~Me P HMe ~H
H R,
R2 Me
Hg Hg

Figure 1-9. Tendencies for Ad values. Values for syn configurations are plotted in green,
and anti in orange. Ao for any methylene protons located between methyl-bearing methane
carbons (86 compunds, bottom) are plotted. Compounds 16-19 are some examples as
mentioned in the text. Compound list is included in Experimental Information.
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anti
all

HO Ha Hb

A6AB: 0.14
17

HO\/%)\/ o)
D
= oY
- s

Ha Hb

Ad B
16

Figure 1-10. Conformational preference of 1,3-dimethyl substituted structure and
assignment of the relative stereochemistry. Ad values for the methylene protons
(H, and H;) are diagnostic for distinguishing the syn and anti configurations.
However, the differential values are sometimes largely affected by the species of R
and R’.

OHa, HsHc Hp

YT

2,4,6-trimethyl carbonyl

I I I

| | |

| | |

a1 [ant : : '
syn ('.)(t(llllHI))!.)((II‘)I(!)IX!,. O

: : :

| | |

| |

AS anti | 1 I
*® Isyn | . GD O@DOOD O

: : :

| | |

A5 |ant : : :

= lsyn @O 10 :

0 0.2 0.4 0.6 0.8

Ad (ppm)

B position O position
anti: A5,, =0-0.3 anti: ABCD =0-0.1
syn: A5, > 0.4 syn: A5, >0.2

Figure 1-11. Tendencies for Ad values. Values for syn configurations are plotted in green,
and anti in orange. Ad for Ha and Hg (31 compounds, middle), Ad for Hc and Hp (17
compounds, below), and Ad for any methylene protons located between methyl-bearing
methane carbons (86 compunds, top) are plotted. Ad values described in the below box
define the relative configuration in methyl branched chain.
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Z 2T AMZE TIEBEAZE D 1,3-dimethyl #53& O FH s NLAARBLE O HERE ORSEE R L2 B L T
NENGER K ORI BARIZ 36 1T D B AL D 5% 4 IRk L 72, Verucopeptin O lERGEEEML D YLK
LFRIE DT DICERE LTz 9 FREOIENIfE & T OFEARDOAF LT a oD Iy 7
~D7E% CDCls H CHIlE L7z (Figure1-11), 5 &, BAL - SLDONWT I TH->TH syn k&
anti (R CHABRIZ 7 I WLy 7 FOELZXRITE Iz, BRI, afii & y LA syn DEFD 7 I Fy L
7 FOZEIT04ppm L EZR L, anti OFFIZIEHKI 0-0.3ppm Th o7, £, y L& e s
syn OFFIZIE 0.2 ppm LA EZ R L, anti OFFIIE 4 FEEE TR 0ppm THHoTz, ZIUH OFER
M, BALOT I N T N DFE iﬁ/bj::/l/ﬁ%@%ﬁ%ﬁ%x FRTWIHIZKREL 2D L
DI ANY T NOET VR = VO ISVMEENZH DA, BAL-SNLE HITH
VIR =NV D EBIE DB 22 TN L 75)59% rbz’»é: 7o T, EERIZ, 1 OMISHAREE D5
BTIERAMDATF LT a hOZEX 014, 34 LTI 0 Z/R L7 Z &0 B IERER STARHER]
I RFATRETZ » 7273, 15a DA TIL 2413 048, 471X 0 & 720 31, 33 fifi syn. 33, 35 iri%
anti EHERI T =7 (Figure 1-12), ZAUIARFIESIENIEET X OB S48\ CTIERRC
HhThdZEaRrLTW5, 5%, 1,3-dimethyl #E&EDUTEIC NV R= V2B A L=
AFLoTa b IANTT FOEZETDHZ LT, FBLEWTH-TH H NMR
ARG N IVOFERT O AT 1,3-dimethyl #1&E OFIXELE S THITE 5, &5, PRI K
(b5 Z FFORE b &2 A A LB P ROMEE % B3Rl 2> D5 19 72 1,3-dimethyl ##1&E D
SEARLERIRE N FRE L 7R D,

2 / M M =
HO N

0
o) oi
—N 0 Q0
\_./< N 1 15a
HN \

Figure 1-12. Ad values for verucopeptin (1) and PGME derivative (15a). Ad values are
shown in ppm.

12



1.3 Verucopeptin D {EFA#FF

HIF-1 I HIF-1a & HIF-1B 2B 72 5 ~7 1 &R E K7 Th %5 (Figure 1-13), HIF-1B
BRI IIEFEHNAFAE L TV DT, HIF-la & V37 [ JKEREEREE F CORFET D,
HIF-1a D FER X mammalian target of rapamycin complex 1 (MTORC1) #RE&IZ L - CTHillE <4 C
BV, BER =472 HIF-1a (3 heat shock protein (HSP) 60 <> HSP90 (Z X > CIEL #0727 &
N5 ¥ EEEEFESE T T HIF-la DN 7 1 ) 5528 prolyl hydroxylase (PHD) (2
& % KER{k & von Hippel Lindau (VHL) (2 K52 B % F ALEZIT ok, eI T e T 7 Y
— ATHfREND, —J7, REEFRREE T CIHAE HIF-la 1IN~ E BT L HIF-1p & &K
AR L CER G 1 & LTH<,

A4 T HIF-1 BHEHAI & L TR &7 verucopeptin 13 24U E TIZHR A~ 7 ZEF L
THIEGEME 2R 2 L WE STV, ZOERBEFICE L Tda< mAngnoi
6, & Z T, verucopeptin ® HIF-1 BHEVEMEIZ XT3 2 (EHBE Pt 217 > 72,

mTORC1
p70
S6K
Normoxia
S6 HSPs VHL
Ub
HIF-1 i r O pa
- a .
mRNA - PHD, —> IorOteawdegradatlon
translation O,
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HRE target genes

Figure 1-13. HIF-1 activated pathway.
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1.3.1 HIF-1 BB EFORBIZHT B verucopeptin DEIE

£7°. verucopeptin f77E F C HIF-1 IZHillf#l < 41Ty 5 vegf, glutl % L T bnip3 &{s D8
a7z (Figure 1-14), Verucopeptin (Z £ % vegf ® mRNA EDOZEAGIZ R SR> T2 h3
glutl & bnip3 % verucopeptin D KAEAIIZ mMRNA &3 L=, Z OfE$7> 6, verucopeptin
DSHEREAN T HIF-1 DJEMEZTHE L T\ D Z & DR TE I,

14 - D Nor
12 - I:l Hyp

% 10 - I:l 0.01 uM verucopeptin
% 8 - - 0.1 pM verucopeptin
S
o ©°
=
8 4 -
Q
@
2 JIE- F‘Fh
0 - [

vegf glutl bnip3

Figure 1-14. Effect of verucopeptin (1) on the mRNA levels of vegf, glutl and bnip3.
HT1080 cells were treated with verucopeptin (1) for 24 h in a hypoxic condition. Cells
were harvested, and the mRNA levels of vegf, glutl and bnip3 were quantitatively
analyzed. Verucopeptin (1) decreased the expression levels of gultl and bnip3 in a dose-
dependent manner, but not that of vegf. Means and SD are shown (n = 4).

1.3.2 HIF-1a OFAEREXME (%95 verucopeptin DR

Verucopeptin Z MR IZ LR L72FF D HIF-1a & HIF-1p O X X T &&= 2 A,
verucopeptin O FERIFIINC HIF-1a D X > 237 B3 g L= dlzkt U HIF-1B 122k 72>
7= (Figure 1-15),

hypoxia

0 0 001 003 01 03 Verucopeptn
(Mg/mL)

-~ HIF-1a

C— W —— W— HIF-1B

a-tubulin

Figure 1-15. Effect of verucopeptin (veru; 1) on the amount of HIF-1a and HIF-1(3
proteins. HT1080 cells were treated with verucopeptin (1) for 24 h. Protein levels were
detected by Western blot analysis.
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% Z T, HIF-1a ® mRNA &% Fi~X7- & Z A, verucopeptin %z 4LEE L 72D HIF-1a. @ mRNA
BB 2o 12 2 E D DARIEAEWH HIF-la Z VX7 BOFREHEL TCVWDHH LI
A EE L T D Z E TSz (Figure 1-16)

1

Relative HIF-1a
MRNA level

o

- - + verucopeptin
hypoxia

Figure 1-16. Effect of verucopeptin (1) on the mRNA level of hif-7a. Cells were treated
with or without verucopeptin (veru; 1) (100 nM) for 4 h. The mRNA level was measured
quantitatively. The mRNA level of HIF-1a was not affected by the concentration of O,
as reported previously.  Verucopeptin (1) did not change the amount of hif-7a mRNA.

Means and SD are shown (n = 4).

Z Z TE$. verucopeptin 28 HIF-1a D EICEE L TWD DAL, 7aTT
Y — LBAEH]I MG132 & PHD FLEHI DMOGY & /- £k %47~ 7= (Figure 1-17),
WEBET T HIF-lo [ XV = A Z 7y METHRETE WA, MGL32 & /L L 7= il
ClX HIF-1o D43 R3] SRR AN FIBEIC 72 5, LA L., verucopeptin Z MG132 O Fij(ZALER
L7251 ClE, MG132 12 & 5 HIF-1a OEREIT A o472y, Nz T, verucopeptin & MG132 %
LR DA 20012 L7256 Tk MG132 % UM T L 72354 & b X T HIF-la % > /37

normoxia
AN >S5
© g o &
O] = >
S i a 1
o) S 7 ) 0] O
o 3 5 2 o :T, o
= Q 5 Q = o =
&) = > = a) > )
HIF-1a
— HIF-18

c—— — ,
A e — o — a-tubulin

Figure 1-17. Verucopeptin (veru; 1) did not promote the degradation of HIF-1a. In
normoxia, HT1080 cells were treated with MG132 for 4 h prior to the treatment of
verucopeptin for 1 h and vice versa. DMOG was treated for 2 h. Protein levels were

detected by Western blot analysis.
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BB IZ 2 h o 72, MG132 O Y 12 DMOG ML L34 Th ., O R A5 =
EMTE, 2B OREEN S, verucopeptin 75 HIF-1a Dy fiEEHEIZITRIFR LaW 2 & 23R
X7,

HIF-1a OFFRIZ mTORCL #8512 K » THIEI S TV 5, mTORCL HEIKIZ L » TiEMAL
ST p70 S6K 1XS6 U AR Y — L& Xy Ex Y U b UIEME LT 5, &ML L2 S6 & o)
7% HIF-1a OFIFR 2123 % (Figure 1-13), Verucopeptin ® mTORC1 &I xt3 2 2h ik %
AARTAER, A B A LR L 72/l Clid p70S6K & S6 # > /X7 EH D U L33 S 7z

(Figure 1-18) , = DfEE N5 verucopeptin (X mTORCL #&E& 2 1| LTV 5 Z E23H B & 7

D7,

hypoxia

- - + verucopeptin

L 070 pSEK

p70 S6K

-—- | pse

_-ﬂss

’ M a-tubulin

Figure 1-18. Effects of verucopeptin (1) on the phosphorylation status of p70S6K, S6,
MEK and ERK proteins. Phosphorylation level of these proteins after treatment with
verucopeptin (1). HT1080 cells were treated with verucopeptin (veru; 1) (100 nM) for 5 h.

mTORC1 FHEA|TH 5 rapamycin (X mTOR & FK506 binding protein 12 (FKBP12) & @ =3
BEKRZIERT 52 & T mTORCL EAEKOIEMZ MMl 25 Y, AL TIL rapamycin &
verucopeptin D4y 1% A4 AP L TRV, THP RELEMELE L TWDH I LIZEB L,
verucopeptin 2% rapamycin & [FEEIC mTOR & FKBP12 & » = ##HA1K%E K L T mTORC1 #%
AR EST D E WO AE LT, ZORGERAEMEET 572, rapamycin & verucopeptin D E
Matled 52 & & L= (Figure 1-19),

Z DEBRD =82 FKBP12 fHEH SLF® % v 7=, Rapamycin I% FKBP12 [Zf&A L C mTOR
ZRHETHOIZR L, SLF 1% FKBP12 Z[HET 5 H DD mTOR ZHET S5 Z LIXTE R,
Rapamycin Z4LEE L 7=REClE S6 & > /X7 F D U U FR L IX ] A7z 3, iR & SLF % 4L
LTH S6 X "7 EHDOY UBALITIH SN 7-, 51T, rapamycin & SLF ##i5 S&
7256 ClE rapamycin X S6 X X7 ED U UL EZMH Lis oz, BLEDORERNG
rapamycin & SLF % FKBP12 (Zx} 3 B FE AL E U Th D 2 L AR S iz, IKIZ, rapamycin
& verucopeptin ORNH A i U7z, 2 E TORER & [FIFRIZ verucopeptin Z2 LR35 = & T S6
BT BED Y AT INE &z, —J5. verucopeptin & SLF Z A S 728A1C SLF X
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verucopeptin (ZX% S6 # XV ED Y Vb A THEFE TE R0 o722 L verucopeptin &

TOR 1\; FRBP12 rapamycin
rapamycin \&
«\ FKBP12

1 Q
Q TOR
SLF
SLF rapamycin SLF
hypoxia
- - + - - + +  SLF
- - - + - + - rapamycin
; ; - . + ; + verucopeptin
S — — phospho-S6
Sl Wy | 6
o s | a-tubulin

Figure 1-19. Effect of SLF on the activity of verucopeptin (1) and rapamycin. Cells were
treated with verucopeptin (1, 100 nM, 4 h) or rapamycin (0.5 nM, 1 h) after pretreatment
with SLF (0.1 mM, 1 h). Rapamycin decreased the phosphorylation level of S6 protein,
which was abolished by the presence of SLF. In contrast, the effect of verucopeptin (1)
was not affected by SLF.

rapamycin @ mMTORCL #6925 PEMRAUTIER R D 2 E R LN o T,

1.3.3 HSP60 (39 % verucopeptin D%hER

Verucopeptin DIERY H# L R B RIS D720, MM T2V ) v —ZEA LT
NHS Sepharose 4B t"— X|Z verucopeptin % [ i L 7= verucopeptin B — R &2 {ERL L 7= ©°, HHEFE
BREE N C 24 WEMIESSE Lo b MRHEZFE AIEMI D HT1080 Aifa 2~ & R U 7= Ml fa A ik &
verucopeptin EY— X% A > F aX— KL, fHH /37 % SDS-PAGE |Z & - THrfiff LR
IZ & > THH{L L7=, Verucopeptin B — X DIIHES LIz & 2237 E % MSIMS fETIcf L7z
FER, B\ a v 7 X LR HSPE0 s G & L X - T D ATREMEDSV R STz, HSP60 ik
ZHAWTOU = AZ 70y MEZ{TV, verucopeptin & HSP60 i & % Wik L 72 il 5.
verucopeptin £ — X T?D A HSP60 D3 R S4u, A>T verucopeptin 7% HSP60 & #t &
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LTWbZ Enbo-o7= (Figure 1-20),

WCL ctrl veru

—— HSP60

| m— ot —

Figure 1-20. Immunoblot analysis of HSP60 bound to verucopeptin. HT1080 lysates
were pre-washed with control beads, followed by incubation with verucopeptin beads or
control beads. Protein levels were detected by Western blot analysis with the HSP60
antibody. wcl: whole cell lysate, ctrl: control beads, veru: verucopeptin beads.

veru beads

wcl ctrlbeads O 0.01 0.1 1.0 Verucopeptin
(mM)
D . .

Figure 1-21 Immunoblot analysis of HSP60 bound to verucopeptin. HT1080 lysates
were pre-washed with control beads , followed by incubation with free Verucopeptin
(0.01, 0.1 or 1 mM) for over night. The verucopeptin beads were treated to HT1080
lysate containing free Verucopeptin for 1 h. Protein levels were detected by Western blot
analysis with the HSP60 antibody. wcl: whole cell lysate.

Verucopeptin & HSP60 & DG RFENEZ MG 2 72 DIl & D verucopeptin DAfF(E F T
NEy i ERZ T o7 (Figure 1-21), ZOF5E, 0.01 7225 1 mM OWFHLOJREE T & iz
verucopeptin i X verucopeptin £ — X & HSP60 Dt & 2 FHE L 722y o 72, Z O HH & L T reaction
buffer (ZF L C verucopeptin OAFRMEIME 72 812 verucopeptin B — R & i A T& 5 721F Ol
Bt verucopeptin 723 buffer HICIEIEL TWRN-T7-Z ENEZ bz, EEIZ, 01 & 1 mM D
W#EfE verucopeptin % sk FIZEIN U725/ E TldA v F 2 _X— M HRICHWIEEI N BIE S iz,

W#BfE D verucopeptin OYEMEMER E 2 B U T2 S 2 /5t L 72 D3 i 72 S 345 B v 7
Mo Ttz HSP60 D v ~Xm EMEIZxET 5 verucopeptin DZhHE% in vitro THIE L7z

(Figure 1-22), 3 7pbbH . Hils T2 X 7= malate dehydrogenase (MDH) % HSP60 (2 L ¥
U 73— REHDFERIZBWT, {LEWELE L 7= HSP60 % v, (L& DA% Mt L
72 2, 1EPER MDH (34 F Y o ik 2 U o SR~ L ZE M HERIC NADH 2R84 5720, X
JEFRH O NADH & % I E 34X HSPE0 @ v~ m AEM ATl T & 5, NADH 76 5
S3fEl, 30 T LI NADH &4 liE L7 = v kL7, ZME L7 MDH |2 HSP60 DA 4 % 7=
Z T D HSP60 D% 100% & L 72 Rs D EALEWAFAE T T D HSP60 DI % SOt ik D 4
bR Lz, T O E, verucopeptin (% 10 pM T 29%. 100 uM T 51% 3 ¥ 21 L& %
Pl L7z, Z o Z &5 verucopeptin 1% HSP60 125 A L, DY v _a UiEMEZ2HI4 5 =
EDR BN T2,

"
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time (sec.)
® huffer

® denatured MDH
denatured MDH + HSP60
A denatured MDH + HSP60 + ETB (30 uM)
denatured MDH + HSP60 + verucopeptin (10 uM)
® denatured MDH + HSP60 + verucopeptin (100 uM)

(b)
HSP60 activity (%)
denatured MDH + HSP60 100
denatured MDH + HSP60 + ETB (30 pM) 64.3
denatured MDH + HSP60 + verucopeptin (10 pM) 71.0
denatured MDH + HSP60 + verucopeptin (100 uM) 49 4

Figure 1-22. Effect of verucopeptin (1) on the activity of HSP60. Denatured MDH was
rapidly diluted to a concentration 0.14 uM into a buffer containing HSP60 and HSP10.
HSP60 was pre-treated with or without verucopeptin (10 or 100 uM) or ETB (30 pM). The
activity of HSP60 was determined by measuring the amount of NADH, as described in
Experimental information. (a) The amount of NADH was plotted against time. (b) Table
of HSP60 activity.
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1.4 #5%%
AR CIE HIF-1 FEA & U ChR B =i 4 5> & B L 7= verucopeptin O SE Ak IE
ZUGE L. 1ERBE A O Lc, 20T, ARMEZHERNT 2 2 & 2SR 25k A

FAMEE DR BLEHERTE 2 W R T2 Z &I bl LTz,

~OMe

2~
e A83596C

[0 NH ,
N HN o HO, R
N
lu,,/L o) O>—\§/< MeO/”"'/L (0} O>_\=/<
L0 0y 0 0 00
00, 0Q
\}—NI./ \>—NI/ :
>\)\( < GE3 W: H &4 Polyoxypeptin B
’ HN/

N
HN )
Figure 1-23. Chemical structures of verucopeptin and verucopeptin-related natural

products.
Verucopeptin (% Z AL E TIZW K D OFEFIED IE STV % 2 (Figure 1-23), £ H3H

RIS & U CBRIRAS T T NEL & MIEBHNERER SN 2 K523, 7 b —T k& — /LA
B & 7R3 DX verucopeptin O Td %, Verucopeptin & FEFRAARE Tl THP B D& it H3 L
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725 T %, Verucopeptin @ C27 (71T 1E methoxy FE23EH#L L TV 5 — 5 C, JEZ AR L methyl
ENEHEL WD, ZOBEBREOENDAELEREDRRER CHLARBERSH L, 77705
methoxy 7% methyl JE X 0 D LEE WD THP RO 2 R A —v g UINEL LERIRT 7Y
R F RENL & AR OBLE DS AN ZEIRIEIZ 2 D R EZ B2 T D, £, 9 —
DORREME & L CBRIRT 7> X7 F REAL & MBIV BN OSNARR R 2B 2 T\ 5,
Verucopeptin DR T X/ BRI piperazic acid & p-hydroxy leucine 72 E D& @7 X/ BRIL 2
DI 7R DITHK L, FRERIL 6 7 X VB UAFAET D & D78 verucopeptin DERIRT 7 LT
T RO Z NIRRT T LR T ThD Z ENTREIND, EHIEIEE L DAL
IKICFE 2T 2582 FERIR DT F FELIZR S L7 a v R A — 2 a TR 2 D1
*F L. verucopeptin TIZHHIZZ VR A= a URBILEEDZEMAEETH DD, 27k
A= a I E > TTHP BA R S ET N ZERGENH LD LR, 25 Ow
REME A RFET B2, 51, methoxy 5% methyl JEIZZ5H U 72 HEASORERR 7 2 BR N B 70
LEFEE G L. TN OBE LT T 2 LR B 5,

Verucopeptin i mTORC1 #%i#& & HSP60 % FH 54 %, A% T verucopeptin 1% 0.1 uM T HIF-
la & 237 Z b S, mTORCL #EEE OIE AL 2 #0135 25, HSPE0 D3 Y~ L& 2 411
fil3 22 invitro TH 10uM OIRENMETH 72, T 5 DOFEEN S verucopeptin @ HIF-
1 FHEOFEZ2JARIT mTORCL REOIHNZ L Db D& THRTE D, I HIT HSPE0 DAEN
HIF-1o % > /X7 O & iHE T 2 LA STV D 273 ARAFFECHV 2 HT1080 #lifd Tk
HSP60 FHLEAIFATE T C HIF-1o % > /37 DD 2892 2 LITTE R o7z, LLEORER
5. verucopeptin @ HSP60 @ v X1 UAEMEIZKF 5 HEX HIF-1 OMHIZITHF S L TE D
3. mTORCL ME & M9~ 2 Z & T HIF-1 OIFMEAZEE L T D Z &R SNz, 5% D
i & L C verucopeptin (2 & %5 HSP60 BHEEH & mTORCL ##i&[HFE & DR A 62T 5
VENRD D,
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General procedure

All reagents and solvents were used as received from commercial suppliers and were used without
further purification. IR spectra were measured using an FTIR spectrometer equipped with ZnSe ATR
plate. Optical rotations were determined using the sodium D line (589 nm). NMR spectra were measured
on a 500 MHz instrument. *H and *3C chemical shifts are shown relative to the solvent; 6y 7.26 and Jc
77.0 for CDCls ; on 2.05 and dc 29.8 for acetone-ds. Chemical shifts (0) are shown in parts per milliom
(ppm) and coupling constants (J) are in hertz (Hz). The following abbreviations are used to describe
multiplicities: s = singlet, d = doublet, dd = double doublets, m = multiplet. Mass spectral data were
collected with FAB MS or ESI IT-TOF MS. Flash column chromatography was performed over Silica
Flash F60 (SiliCycle) using an elution system as described for each experiment.

Isolation of verucopeptin (1).

n-BuOH extracts of the culture broth of Streptomyces sp. KUSC_A08 (16 L) was extracted with 90%
MeOH three times. Combined extracts were evaporated and extracted with CHCI3 three times. The
CHCIs extracts were combined and concentrated in vacuo. The residue was dissolved in CHCl;-MeOH
(50:50) and fractionated on a LH20 gel filtration column with CHCIs-MeOH (50:50). Fraction
containing verucopeptin were combined and chromatographed on a silica gel column with CHClIs-
MeOH (45:1 to 20:1). Fractions eluted by CHCIs-MeOH (45:1) were subjected to ODS HPLC on
CAPCELL PAK UG120 (420 x 250 mm) with MeCN-H,O (75:25) to afford verucopeptin (3, 121.61
mg) as a colorless amorphous solid: [a]o?® -91.0 (¢ 0.12, CHCI3); IR (neat) 3352, 2955, 1644, 1406,
1241, 754 cm; *H NMR for the major acetal form (CDCls, 500 MHz) 6 9.11 (N-OH), 7.32 (d, J = 9.7
Hz), 7.12 (d, J = 5.9 Hz), 6.08 (dd, J = 9.8, 3.1 Hz, 1H), 5.31 (m, 1H), 5.27 (d, J = 15.5 Hz, 1H), 5.16
(m, 1H), 5.04 (d, J = 16.9 Hz, 1H), 4.90 (m, 1H), 4.77 (dd, J = 9.8, 3.1 Hz, 1H), 4.64 (d, J = 16.3 Hz,
1H), 4.11 (m, 1H), 4.09 (m), 3.88 (d, J = 15.5 Hz, 1H), 3.65 (dd, J = 17.2, 6.5 Hz, 1H), 3.55 (d, J = 17.2
Hz, 1H), 3.44 (m), 3.28 (s, 3H), 3.11 (s, 3H/ m), 3.04 (m, 1H), 2.91 (s, 3H), 2.65 (m, 1H), 2.51 (m, 1H),
2.17 (m, 1H), 2.03 (m, 1H), 1.87 (m), 1.80 (M), 1.72 (m), 1.65 (s), 1.57 (M), 1.50 (m), 1.46 (m), 1.40 (s,
3H),1.37 (m), 1.26 (m), 1.20 (m), 1.13 (m), 1.06 (d, J = 6.7 Hz), 1.02 (m), 0.97 (d, J = 6.7 Hz), 0.86 (m),
0.84 (m), 0.80 (m), 0.77 (m); *C NMR for the major acetal form (CDCls, 125 MHz) § 176.2, 172.0,
171.3,170.8,170.2, 167.1, 166.8, 137.0, 130.0, 98.4, 80.0, 79.6, 77.6, 75.7, 56.8, 52.5, 51.7, 51.3, 48.4,
46.9, 46.5, 46.1, 45.0, 42.4, 36.7, 34.7, 31.7, 30.4 (2C), 29.6, 27.7, 27.2, 24.1, 23.9, 21.3 (2C), 20.5,
19.4,19.2,19.1, 18.3, 11.4; HRMS (ESI) m/z 918.5169 [M+Na]* calcd for CasH7sN7NaO13, 918.5159.
'H and *C NMR chemical shifts were in agreement with those reported previously.

Advanced Marfey’s analysis of verucopeptin.

To a solution of 1 (1.05 mg, 1.17x10° mmol) in AcOH (1 mL) was added PtO, (12.6 mg). After being
stirred for 14 days in a hydrogen atmosphere, the reaction mixture was filtered through Celite to remove
the catalyst. The filtrate was concentrated in vacuo and hydrolyzed in 6 N HCI (0.7 mL) for 17 h at
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110 °C. The reaction mixture was dried in vacuo. The obtained hydrolysate was dissolved in H,O (50
pL), to which 1 M NaHCOs (20 pL) and L-FDLA (1% w/v in acetone, 100 puL) were added, and the
mixture was stirred for 1 h at 37 °C. The solution was neutralized with 1 N HCI1 (20 pL), evaporated,
and then dissolved in MeCN (500 pL). The derivatives were analyzed by LC-ESI-MS or HPLC. HPLC
separation was performed on a reversed-phase column (Cosmosil 5C18-AR-Il, 4.6 x 250 mm) with a
gradient elution system of H,O/MeCN containing 0.1% TFA (70:30 to 20:80 for 50 min). ESI-MS was
performed in a positive ionization mode.

Synthesis of bis-MTPA derivatives 3a and 3b.

1 2
OMe OMe

Fscjiph Fscjiph

0“0 070

\—5/< N\ 3a: (R)-MTPA
20 3b: (S)-MTPA

To a stirred solution of verucopeptin (1, 8.88 mg, 9.92x10° mmol) in CHCls/MeOH (1:1, 1.98 mL) was
added NaBH. (5.62 mg, 0.15 mmol) at room temperature. After 30 min, PBS buffer was added to the
reaction mixture. The organic layer was washed with PBS buffer (3 times) and concentrated in vacuo.
The residue was chromatographed on an ODS column with a stepwise elution of H:O/MeOH (from
100:0 to 0:100). Fractions eluted with H,O/MeOH (10:90 and 0:100) were combined and subjected to
ODS HPLC on Cosmosil 5C18-AR-I1 (¢20 x 250 mm) with H.O/MeCN (40:60) to afford the reduced
derivative 2 (4.92 mg, 55%) and its diastereomer (1.98 mg, 22%) as a colorless amorphous solid,
respectively.

To a stirred solution of 2 (1.85 mg, 2.06x10° mmol) in CHCl; (82.45 uL) was added Mel (2.60 pL,
4.12x102 mmol), TBAB (6.64 mg, 2.06x102 mmol) and 1M K,COs (41.2 uL, 4.12x10°2 mmol). After
being stirred at room temperature for 30 min, water was added to the reaction mixture. The mixture was
chromatographed on an ODS column with a stepwise elution of H,O/MeCN (from 100:0 to 0:100).
Fractions eluted with H,O/MeCN (10:90 to 0:100) were combined and subjected to ODS HPLC on
Cosmosil 5C18-AR-11 (¢10 x 250 mm) with H,O/MeCN (50:50) to afford methylated 2 (0.81 mg, 43%).

The methylated 2 was split into two portions. One portion of the material (0.55 mg, 0.60x10° mmol)
was mixed with DMAP (1.48 mg, 1.21x102 mmol) and (S)-MTPACI (3.05 mg, 1.21x10 mmol) in
CH.CI; (60.34 uL), which was stirred at room temperature. After 1 h, satd aq NH4CIl was added to the
reaction mixture. The organic layer was washed with satd ag NH4Cl (3 times) and concentrated in vacuo.
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The obtained residue was chromatographed on an ODS column with a stepwise elution of H,O/MeCN
(from 100:0 to 0:100). Fractions eluted with H,O/MeCN (0:100) were combined and subjected to ODS
HPLC on Cosmosil 5C18-AR-I1 (¢10 x 250 mm) with H,O/MeCN (10:90) to afford 3a (0.67 mg, 83%):
[a]o?® -27.1 (c 0.12, CHCI3); IR (neat) 3343, 2958, 1745, 1651, 1168 cm*; 'H NMR (CDCls, 500 MHz)
0 4.35 (d, J = 17.0 Hz)/3.66 (d, J = 19.3 Hz) (Gly or Me-Gly)", 5.05/3.80 (Gly or Me-Gly)", 4.56/3.51
(1H) (Gly or Me-Gly)*, 4.49 (d, J = 20.4 Hz, H4), 3.99 (H4), 6.81 (4-NH), 5.14 (H10), 2.38 (H11), 1.83
(H11), 1.53 (H12), 1.32 (H12), 3.03 (H13), 2.66 (H13), 4.51 (13-NH), 5.95 (H15), 4.86 (dd, J = 10.3,
2.7 Hz, H16), 1.94 (H17), 0.88 (H18), 1.01 (d, J = 6.0 Hz, H19), 3.15 (s, H20 or H21)", 3.00 (s, H20 or
H21)", 3.84 (s, N-OMe), 5.49 (1H, H24), 2.04 (H25), 1.75 (H25), 1.63 (H26), 3.44 (H27), 5.52 (H28),
5.09 (H30), 2.41 (H31), 1.04 (H32), 0.85 (H37 or 42 or 43)", 1.27 (s, H38), 3.35 (s, H39), 1.51 (s, H40),
0.82 (H41), 0.79 (H37 or 42 or 43)", 0.77 (H37 or 42 or 43)", 3.50 (s, H3-1" or H3-2)", 3.54 (s, H3-1" or
Hs-2°)", 7.59-7.29 (phenyl in bis-MTPA) (Chemical shifts were assigned on the basis of the COSY data;
*signals could be exchangeable.); HRMS (ESI) m/z 1366.6261 [M+Na]* calcd for CesHg1FsN7NaO;7,
1366.6288.

The another portion of the methylated 2 (0.50 mg) was mixed with DMAP (1.34 mg, 1.10x102 mmol)
and (R)-MTPACI (2.78 mg, 1.10x102 mmol) in CH2Cl, (54.90 uL), which was stirred for 1 h at room
temperature. The reaction mixture was fractionated as described above to afford 3b (0.57 mg, 77%):
[¢]o® -71.2 (c 0.06, CHCI3); IR (neat) 3356, 2918, 1745, 1652, 1184, 718 cm™*; *H NMR (CDCls, 500
MHz) § 5.06/3.81 (Gly or Me-Gly)", 4.56/3.50 (Gly or Me-Gly)", 4.38/3.76 (Gly or Me-Gly)", 4.50 (H4),
3.95 (H4), 6.71 (4-NH), 5.12 (H10), 2.38 (H11), 1.84 (H11), 1.56 (H12), 1.33 (H12), 3.04 (H13), 2.65
(H13), 5.96 (H15), 4.86 (dd, J = 10.5, 3.3 Hz, H16), 1.94 (H17), 0.89 (d, J = 6.4 Hz, H18), 1.02 (H19),
3.05 (s, H20 or H21)", 3.14 (s, H20 or H21)", 3.84 (s, N-OMe), 5.47 (H24), 1.93 (H25), 1.75 (H25), 1.61
(H26), 3.38 (H27), 5.45 (H28), 5.26 (H30), 2.50 (H31), 1.10 (H32), 1.43 (H33), 1.01 (H34), 1.36 (H35),
1.24 (H36), 1.15 (H36), 0.84 (H37), 1.42 (s, H38), 3.24 (s, H39), 1.67 (s, H40), 0.89 (H41), 0.79 (H42),
0.78 (H43), 3.50 (s, H1’ or H2)", 3.48 (s, H1’ or H2*)", 7.61-7.34 (phenyl in bis-MTPA) (Chemical
shifts were assigned on the basis of the COSY data; *signals could be exchangeable); HRMS (ESI) m/z
1366.6275 [M+Na]* calcd for CssHo1FsN7NaO17, 1366.6288.

Synthesis of isopropylidene derivatives 4 (24S).

\—5|~_/|<N4>~N\ 4(245)
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Reduced derivative 2 (3.62 mg, 4.03x10° mmol) was mixed with 2,2-DMP (98.76 pL, 8.06x10"* mmol)
and PPTS (5.06 mg, 2.02x102 mmol) in CH.Cl, (1.34 mL), which was stirred at room temperature.
After 1 h, satd ag NaHCO; was added to the reaction mixture. The organic layer was washed with satd
ag NaHCOs (3 times) and concentrated in vacuo. The obtained residue was chromatographed on an
HP20 column with a stepwise elution of H,O/MeOH (from 100:0 to 0:100) and CHCls. Fractions eluted
with H,O/MeOH (50:50 to 0:100) and CHCI; were combined and subjected to ODS HPLC on Cosmosil
5C8-MS (410 x 250 mm) with H,O/MeCN (35:65) to afford 4 (2.43 mg, 64%): [«]o® -79.9 (c 0.19,
CHCIs); IR (neat) 3339, 2958, 1650, 1489, 1192, 753 cm™; *H NMR (acetone-ds, 500 MHz) 6 4.1/3.44
(Gly or Me-Gly)®, 5.20/3.80 (Gly or Me-Gly)", 5.27 (1H)/3.55 (1H, d, J = 17.5 Hz) (Gly or Me-Gly)",
4.85 (H4), 3.80 (1H, H4), 7.59 (br, 4-NH), 5.14 (1H, H10), 1.89 (H11), 1.70 (H11), 2.22 (1H, H12), 1.54
(H12), 3.13 (H13), 2.72 (H13), 4.85 (13-NH), 6.13 (H15), 6.97 (br, 15-NH), 4.78 (H16), 1.83 (H17),
0.87 (H18), 1.12 (d, J = 7.4 Hz, H19), 3.15 (s, H20 or H21)", 2.85 (s, H20 or H21)", 3.93 (1H, H24),
1.87 (H25), 1.53 (H25), 1.70 (H26), 3.36 (1H, H27), 4.11 (H28), 5.22 (1H,d, J = 9.6 Hz, H30), 2.57 (1H,
H31), 1.24 (H32), 1.08 (H32), 1.55 (H33), 1.07 (H34), 1.06 (H34), 1.42 (H35), 1.30 (H36), 1.14 (H36),
0.86 (H37), 1.49 (s, H38), 3.39 (3H, s, H39), 1.67 (s, H40), 0.92 (H41), 0.82 (H42), 0.83 (H43), 1.56 (s,
H1°), 1.37 (s, H2’) (Chemical shifts were assigned on the basis of the COSY data; *signals could be
exchangeable); HRMS (ESI) m/z 960.5620 [M+Na]* calcd for CasH79N7NaO13, 960.5628.

PGME derivatives of the natural trimethyloctanoic acid (6a and 6b).
O

(R/S)PGMEW

6a: (S)-PGME
6b: (R)-PGME

To a stirred solution of 1 (4.26 mg, 4.76x10°3 mmol) in MeCN/CCl4/H,0 (2/2/3, 0.32 mL) was added
RuCls-xH,0 (6.50 mg, 0.03 mmol) and NalO4 (41.46 mg, 0.19 mmol). After being stirred at room
temperature for 12 h, water was added to the reaction mixture. The mixture was chromatographed on an
ODS column with a stepwise elution of H,O/MeOH (from 100:0 to 0:100). Fractions eluted with
H.O/MeOH (40:60 to 0:100) were combined and concentrated in vacuo. The material was split into two.
A portion of the material was mixed with HBTU (13.73 mg, 0.04 mmol), HOBt (6.17 mg, 0.05 mmol),
DIEA (11.0 puL, 0.06 mmol) and (R)-PGME-HCI (7.86 mg, 0.04 mmol) in DMF (0.11 mL), which was
stirred at room temperature. After 9 h, satd aq NH4Cl was added to the reaction mixture. The organic

layer was washed with satd aqg NH4Cl (3 times) and concentrated in vacuo. The obtained residue was
chromatographed on an ODS column with a stepwise elution of H,O/MeOH (from 100:0 to 0:100) and
CHCI3/MeOH (1/1). Fractions eluted with H,O/MeOH (0:100) was subjected to ODS HPLC on
CAPCELL PACK C18 UG120 (¢20 x 250 mm) with H,O/MeCN (50:50) to afford 6a (0.25 mg, 32%).

The remaining portion of the carboxylic acid (0.88 mg) was mixed with HBTU (19.63 mg, 0.05 mmol),
HOBt (8.06 mg, 0.06 mmol), DIEA (16.35 pL, 0.1 mmol) and (S)-PGME-HCI (11.72 mg, 0.06 mmol)
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in DMF (0.16 mL), which was stirred for 11 h at room temperature. The reaction mixture was
fractionated as described above to afford 6b (0.25 mg, 32%).

6a: [a]p?® -84.64 (c 0.02, CHCI3); IR (neat) 3314, 2957, 2922, 2849, 1746, 1648, 1523 cm™;
'H NMR (CDCls, 500 MHz) § 7.29-7.37 (5H), 6.4 (NH), 5.60 (d, J = 7.2 Hz, 1H), 3.73 (s, 3H), 2.39 (m,
1H), 1.61 (m, 1H), 1.37 (m, 1H), 1.33 (m, 1H), 1.16 (m, 1H), 1.14 (d, J = 6.9 Hz, 3H), 1.13 (m, 1H),
0.98 (m, 2H), 0.81 (d, J = 6.9 Hz, 3H/ t, J = 6.9 Hz, 3H), 0.70 (d, J = 6.6 Hz, 3H); *C NMR (CDClIs,
125 MHz) ¢ 176.2, 171.9, 128.9, 128.4, 127.2, 56.1, 52.8, 44.3, 42.6, 38.8, 31.5, 30.2, 27.8, 19.4, 18.8,
18.3, 11.3; HRMS (ESI) m/z 356.2196 [M+Na]* calcd for C2H3:NNaOs, 356.2196.

6b: [a]p?® 154.73 (¢ 0.02, CHCI3); IR (neat) 3293, 2960, 2927, 1748, 1647, 1527 cm™; *H
NMR (CDCls, 500 MHz) ¢ 7.30-7.37 (5H), 6.36 (NH), 5.59 (d, J= 7.3 Hz, 1H), 3.73 (s, 3H), 2.41 (m,
1H), 1.64 (m, 1H), 1.54 (m, 1H), 1.39 (m, 1H), 1.26 (m, 1H), 1.17 (m, 1H), 1.14 (m, 1H), 1.11 (d, J =
7.1 Hz, 3H), 1.03 (m, 2H), 0.87 (d, J = 6.3 Hz, 3H), 0.85 (t, J = 7.4 Hz, 3H), 0.79 (d, J = 6.4 Hz, 3H);
3C NMR (CDCls, 125 MHz) 6 175.9, 171.5, 129.0, 128.5, 127.2, 56.1, 52.7, 44.3, 42.5, 38.8, 31.6, 30.4,
27.9,19.6, 18.9, 18.3, 11.4; HRMS (ESI) m/z 356.2191 [M+Na]" calcd for C2oH3:NNaOs, 356.2196.

PGME derivatives of synthetic (2S,4S,6R)- trimethyloctanoic acid (15a and 15b).
(R)-4-benzyl-3-((2S,4S)-5-((4-methoxybenzyl)oxy)-2,4-dimethylpentanoyl)oxazolidin-2-one (9).

To a stirred solution of methyl (S)-3-hydroxyisobutyrate (2.0 g, 16.90 mmol) in anhydrous CHCI,
(33.90 mL) was added CSA (0.33 g, 1.42 mmol) and PMB trichloroacetimidate (5.27 mL, 25.40 mmol).
After being stirred for 12 h at room temperature, the reaction was quenched by addition of satd aq
NaHCOs. The mixture was extracted with CHCls, washed with brine, dried over Na,SO4 and
concentrated in vacuo. The residue in cooled hexane was filtrated through Celite and concentrated in
vacuo. The residue was suspended in n-hexane/EtOAc (10/1), filtrated through a pad of silica, and used
in the next reaction.

A solution of the residue (4.0 g) in anhydrous THF (84.50 mL) was cooled to 0 °C under nitrogen
atmosphere, to which LAH (0.67 g, 17.60 mmol) was added. After being stirred for 5.5 h at 0 °C, the
reaction was quenched with Na,SO,-10H,0 and the slurry was stirred at room temperature. The mixture
was filtrated through a pad of silica and washed with CHCIs. After concentration in vacuo, the residue
was chromatographed (SiO,, n-hexane/EtOAc = 5/1 to 1/1) to obtain fractions that contain the target
alcohol.

A stirred solution of the obtained alcohol (0.11 g) in 1.10 mL of anhydrous CH2Cl, under nitrogen
atmosphere was cooled to 0 °C, to which 2,6-lutidine (0.11 mL, 0.81 mmol) and Tf,O (0.14 mL, 0.81
mmol) were added. After being stirred for 1 h at 0 °C, the reaction was quenched with satd ag NH4CI.
The organic layer was washed with satd aq NH.Cl, satd ag NaHCO; and brine, dried over anhydrous
Na,SO, and concentrated in vacuo. The residue was chromatographed (SiO2, n-hexane/EtOAc = 10/1)
to obtain fractions containing the triflate compound. The fractions were combined and concentrated, and
the residue was immediately used in the next reaction.

26



A stirred solution of (R)-4-benzyl-3-propionyl-2-oxazolidinone (99.80 mg, 0.54 mmol) in anhydrous
THF (5.40 mL) under nitrogen atmosphere was cooled to -78 °C, to which 0.34 mL of 1.9 M NaHMDS
was added. After being stirred for 15 min at -78 °C, the triflate compound (0.22 g) in 21.60 mL of
anhydrous THF was added dropwise. The reaction mixture was stirred at -78 °C, warmed to 0 °C and
stirred for 5 h, and then quenched with satd ag NH4Cl. The aqueous layer was extracted with CHCls,
and the combined organic layers were dried over anhydrous Na,SO4 and concentrated in vacuo. The
residue was chromatographed (SiO-, n-hexane/EtOAc = 5/1) to give a mixture of 8 and its diastereomer.
The mixture was subjected to reversed-phase HPLC (Cosmosil AR-1I, ¢20 x 250 mm, H,O/MeCN
(35/65)) to yield 9 (74.90 mg, 40%) as a colorless oil. The ratio of 9 and its diastereomer was 11:1,
judged from their yield. Compound 9: [«]o® -5.97 (c 1.10, CHCI3); IR (neat) 2932, 2856, 1776, 1206,
701 cm*; *H NMR (CDCls, 500 MHz) § 6.86-7.34 (m, 9H), 4.64 (m, 1H), 4.42 (d, J = 4.6 Hz, 2H), 4.15
(dd, J = 8.5Hz, 1H), 4.08 (dd, J = 3.3, 9.1 Hz, 1H), 3.88 (m, 1H), 3.80 (s, 3H), 3.29 (m, 2H), 3.26 (m,
1H), 2.50 (dd, J = 10.5, 13.4 Hz, 1H), 1.88 (m, 1H), 1.66 (ddd, J = 7.2, 8.2, 14.0 Hz, 1H), 1.51 (ddd, J
=6.6, 8.7, 14.0 Hz, 1H), 1.16 (d, J = 6.4 Hz, 3H), 0.96 (d, J = 7.2 Hz, 3H); *C NMR (CDCl3, 125 MHz)
0 177.4, 159.0, 153.0, 135.5, 130.7, 129.34, 129.31, 128.8, 127.2, 113.7, 75.8, 72.7, 65.89, 55.3, 55.2,
38.0, 37.8, 35.3, 31.3, 17.06 (2C); HRMS (ESI) m/z 448.2111 [M+Na]" calcd for CzsH3iNNaOs,
448.2094.

(2S,45)-5-((4-methoxybenzyl)oxy)-2,4-dimethylpentan-1-ol (10).

Astirred solution of 9 (0.17 g, 0.39 mmol) in anhydrous THF (1.90 mL) under nitrogen atmosphere was
cooled to 0 °C, to which LAH (18.0 mg, 0.48 mmol) was added. After being stirred for 5 h at 0 °C, the
reaction was quenched with Na.SO.-10H,0 and the slurry was stirred at room temperature. The mixture
was filtrated through a pad of silica and washed with EtOAc. After concentration in vacuo, the residue
was chromatographed (SiO., n-hexane/EtOAc = 3/1 to 2/1) to yield 10 (90.77 mg, 93%) as a colorless
oil: [a]o® -14.4 (c 0.98, CHCIs); IR (neat) 3410, 2910, 2851, 1244, 1033, 818 cm*; *H NMR (CDClI;,
500 MHz) 6 7.24 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 4.42 (s, 2H), 3.79 (s, 3H), 3.44 (dd, J =
6.4, 10.5 Hz, 1H), 3.39 (dd, J = 6.4, 10.7 Hz, 1H), 3.26 (dd, J = 6.7, 9.0 Hz, 1H), 3.23 (dd, J = 6.3, 9.0
Hz, 1H), 1.87 (m, 1H), 1.73 (m, 1H), 1.19 (m, 2H), 0.89 (d, J = 7.1 Hz, 3H), 0.88 (d, J = 7.3 Hz, 3H);
13C NMR (CDCls, 125 MHz) ¢ 159.0, 130.6, 129.1, 113.7, 76.2, 72.6, 68.7, 55.2, 37.2, 32.9, 30.5, 16.9,
16.3; HRMS (ESI) m/z 275.1619 [M+Na]* calcd for C1sH24NaOs, 275.1618.

1-((((2S,4R)-2,4-dimethylhexyl)oxy)methyl)-4-methoxybenzene (11).

To a stirred solution of 10 (0.65 g, 2.59 mmol) in 17.30 mL of anhydrous CH.Cl, under nitrogen
atmosphere were added EtsN (0.90 mL, 6.48 mmol), DMAP (32.0 mg, 0.26 mmol) and TsClI (0.60 g,
3.17 mmol) at room temperature. After being stirred for 12 h, satd aqg NH4Cl was added. The organic
layer was dried over anhydrous Na,SO. and concentrated in vacuo. The residue was chromatographed
(SiO2, n-hexane/EtOAC = 5/1) to obtain fractions containing tosylated compounds.

A mixture of Cul (0.45 g, 2.34 mmol) and 1M MeMgBr (23.40 mL, 23.40 mmol) was cooled to -20 °C
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under nitrogen atmosphere, to which the tosylated material (0.95 g) in anhydrous THF was added. The
mixture was warmed to 0 °C and stirred for 10 h. The reaction was quenched with satd ag NH4Cl and
filtrated through Celite. The organic layer was washed with satd ag NH4Cl, dried over anhydrous Na>SO,
and concentrated in vacuo. The residue was chromatopraphed (SiO», n-hexane/EtOAc = 50/1) to yield
11 (0.53 g, 83% over 2 steps) as a colorless oil: [a]p?® -11.75 (¢ 1.03, CHCIs); IR (neat) 2957, 2911,
1512, 1245, 1096, 819 cm™*; *H NMR (CDCls, 500 MHz) § 7.31 (d, J = 9.0 Hz, 2H), 6.92 (d, J = 8.7 Hz,
2H), 4.48 (d, J = 2.6 Hz, 2H), 3.81 (s, 3H), 3.34 (dd, J = 5.7, 8.9 Hz, 1H), 325 (dd, J = 7.4, 9.2 Hz, 1H),
1.91 (m, 1H), 1.48 (m, 1H), 1.37 (m, 1H), 1.23 (m, 1H), 1.22 (m, 1H), 1.15 (m, 1H), 0.97 (d, J = 6.8 Z,
3H), 0.93 (t, J = 7.4 Hz, 3H), 0.90 (d, J = 6.6 Hz, 3H) ; **C NMR (CDCls;, 125 MHz) § 158.9, 130.8,
128,8, 113.5, 76.3, 72.5, 54.9, 40.6, 31.5, 30.8, 30.3, 18.8, 16.9, 11.3; HRMS (ESI) m/z 273.1821
[M+Na]" calcd for C16H26NaO,, 273.1825.

(R)-4-benzyl-3-((2S,4S,6R)-2,4,6-trimethyloctanoyl)oxazolidin-2-one (12).

Astirred solution of 11 (0.24 g, 0.95 mmol) in CH,ClI»/H,0 (15:1, 9.50 mL) was cooled to 0 °C, to which
DDQ (0.33 g, 1.44 mmol) was added. After being stirred for 1 h at 0 °C, the reaction mixture was
guenched with satd ag NaHCOs. The organic layer was washed with satd ag NaHCOs, dried over
anhydrous Na,SO4 and concentrated in vacuo. The residue was chromatographed (SiO., n-hexane/Et,O
= 4/1) to obtain a fraction that contained the target alcohol.

A stirred solution of the obtained material (0.28 g) in anhydrous CH,Cl, (4.40 mL) under nitrogen
atmosphere was cooled to 0 °C, to which 2,6-lutidine (0.45 g, 3.27 mmol) and Tf,0 (0.55 g, 3.27 mmol)
were added. After being stirred for 1 h at 0 °C, the reaction was quenched with satd aqg NH4CI. The
organic layer was washed with satd ag NH4Cl, satd ag NaHCOs and brine, dried over anhydrous Na,SOs,
and concentrated in vacuo. The residue was chromatographed (SiO, n-hexane/EtOAc = 20/1) to obtain
a fraction that contained triflated material. The fraction was concentrated in vacuo, and the resudie was
immediately used in the next reaction.

A stirred solution of (R)-4-benzyl-3-propionyl-2-oxazolidinone (0.16 g, 0.71 mmol) in anhydrous THF
(7.10 mL) under nitrogen atmosphere was cooled to -78 °C, to which 0.45 mL of 1.9 M NaHMDS was
added. After being stirred for 15 min at -78 °C, the triflated material (0.12 g) in 15.10 mL of anhydrous
THF was added dropwise. The reaction mixture was stirred at -78 °C, warmed to 0 °C and stirred for
5.5 h, and then quenched with satd ag NH.CI. The aqueous layer was extracted with CHCls, and the
combined organic layers were dried over anhydrous Na:SO4 and concentrated in vacuo. The residue was
chromatographed (SiO2, n-hexane/EtOAc = 5/1) to give a mixture of 12 and its diastereomer. The
mixture was subjected to reversed-phase HPLC (YMC Carotenoid, ¢20 x 250 mm, H,O/MeCN (35:65))
to yield 12 (50.6 mg, 15% over 3 steps) as a colorless oil. The ratio of 12 and its diastereomer was 48:1,
judged from their yield: [a]o?® -37.88 (¢ 2.32, CHCIs); IR (neat) 2959, 2924, 1779, 1697, 1384, 1206,
701 cm; *H NMR (CDCls, 500 MHz) 6 7.19-7.35 (5H), 4.68 (m, 1H), 4.17 (m, 2H), 3.94 (m, 1H), 3.29
(dd, J = 3.6, 13.5 Hz, 1H), 2.72 (dd, J = 9.7, 13.3 Hz, 1H), 1.82 (ddd, J =b 6.4, 8.1, 14.1 Hz, 1H), 1.55
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(m, 1H), 1.42 (m, 1H), 1.27 (m, 1H), 1.22 (m, 1H), 1.16 (m, 1H/d, J = 6.7 Hz, 3H), 1.16 (d, J = 6.7 Hz,
3H), 1.10 (m, 2H), 0.89 (d, J = 6.8 Hz, 3H), 0.86 (t, J = 7.5 Hz, 3H), 0.82 (d, J = 12.4 Hz, 3H); °C NMR
(CDCls, 125 MHz) § 177.7, 153.0, 135.4, 129.4, 128.9, 127.3, 65.9, 55.3, 43.9, 42.1, 38.0, 35.2, 31.6,
30.3, 28.2, 19.8, 18.9, 17.8, 11.4; HRMS (ESI) m/z 368.2197 [M+Na]* calcd for CoHsNNaOs,
368.2196.

(R)-methyl-2-phenyl-2-((2S,4S,6R)-2,4,6-trimethyloctamido)acetate (15a).

To a stirred solution of 12 (24.90 mg, 5.85x102 mmol) in THF/H,O (4:1, 0.98 mL) was added
LiOH H20 (7.36 mg, 0.18 mmol) and 30% aq H202 (66.30 uL, 0.59 mmol) at 0 °C. The mixture was
stirred for 1 h at 0 °C, warmed to room temperature and stirred for 2.5 h, and then quenched with satd
aq NayS;0s. After being acidified with 6 N HCI, the reaction mixture was extracted with CHCI3. The
organic layers were combined and concentrated in vacuo to give a residue containing 14.

A half portioin of the material containing 14 (18.20 mg), HBTU (76.80 mg, 0.20 mmol), HOBt (31.10
mg, 0.20 mmol), DIEA (33.70 mL, 0.20 mmol) and (R)-PGME HCI (42.60 mg, 0.21 mmol) were
dissolved in 0.98 mL of anhydrous DMF, which was allowed being stirred for 10 h at room temperature.
The reaction was quenched with satd aqg NH4Cl, dried over anhydrous Na,SO, and concentrated in vacuo.
The residue was chromatographed (SiO», n-hexane/EtOAc = 3/1) to yield 15a (8.70 mg, 89%) as a
colorless amorphous solid: [«]o* -127.05 (¢ 0.72, CHCI3); IR (neat) 2959, 2924, 1779, 1697, 1384, 1206,
701 cm?; *H NMR (CDCls, 500 MHz) 6 7.29-7.36 (5H), 6.42 (NH), 5.60 (d, J= 7.5 Hz, 1H), 3.73 (s,
3H), 2.39 (m, 1H), 1.61 (m, 1H), 1.37 (m, 1H), 1.32 (m, 1H), 1.16 (m, 1H), 1.15 (d, J = 7.0 Hz, 3H),
1.12 (m, 1H), 1.07 (m, 1H), 0.97 (m, 2H), 0.81 (d, J = 7.4 Hz, 3H), 0.80 (t, J = 7.4 Hz, 3H), 0.70 (d, J =
7.0 Hz, 3H); **C NMR (CDCls, 125 MHz) 6 175.9, 171.5, 136.8, 128.9, 128.4, 127.2, 56.1, 52.7, 44.3,
42.7, 38.8, 31.5, 30.2, 27.9, 19.4, 18.8, 18.3, 11.3; HRMS (ESI) m/z 356.2200 [M+Na]* calcd for
C20H31NNaOs, 356.2196.

(S)-methyl-2-phenyl-2-((2S,4S,6R)-2,4,6-trimethyloctamido)acetate (15b).

A solution of the remaining half portion of the material contain 14 (19.10 mg), HBTU (78.50 mg, 0.21
mmol), HOBt (33.0 mg, 0.24 mmol), DIEA (35.50 mL, 0.21 mmol) and (S)-PGME "HCI (44.80 mg, 0.22
mmol) in 1.0 mL of anhydrous DMF was allowed stirred for 10 h at room temperature. The reaction was
guenched with satd agq NH4Cl, dried over anhydrous Na,SO4 and concentrated in vacuo. The residue
was chromatographed (SiO2, n-hexane/EtOAc = 3/1) to yield 15b (6.0 mg, 61% over 2 steps) as a
colorless oil: [a]p?® +113.41 (c 0.50, CHCIs); IR (neat) 3300, 2960, 2927, 1749, 1647 cm™; *H NMR
(CDCls, 500 MHz) 6 7.30-7.37 (5H), 6.36 (NH), 5.59 (d, J = 7.4 Hz, 1H), 3.73 (s, 3H), 2.41 (m, 1H),
1.65 (ddd, J = 6.0, 8.5, 14.0 Hz, 1H), 1.54 (m, 1H), 1.39 (m, 1H), 1.25 (m, 1H), 1.17 (m, 1H), 1.14 (m,
1H), 1.11 (d, J = 6.4 Hz, 3H), 1.03 (m, 2H), 0.87 (d, J = 6.8 Hz, 3H), 0.85 (t, J = 7.2 Hz, 3H), 0.79 (d, J
= 6.4 Hz, 3H); 3C NMR (CDCls, 125 MHz) § 175.9, 171.5, 136.7, 129.0, 128.7, 127.2,56.1, 52.7, 44.3,
42.5, 38.2, 31.6, 30.4, 27.9, 19.6, 18.9, 18.3, 11.4; HRMS (ESI) m/z 356.2201 [M+Na]* calcd for
C20H31NNaOs, 356.2196.
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PGME derivatives of synthetic (2S,4S,6S)-trimethyloctanoic acid (S5a/b).

o O

PMBO/\./\.)LNJLO
/

e
(S)-4-benzyl-3-((2R,4S)-5-((4-methoxybenzyl)oxy)-2,4-dimethylpentanoyl)oxazolidin-2-one (S1).

This compound was synthesized in a same manner as that of 9 (1.7 g, 53% over 4 steps). The ratio
of S1 and its diastereomer was 27:1, judged from their yield.

[a]o? +21.49 (c 0.73, CHCI); IR (neat) 2957, 2931, 2854, 1775, 1694, 1207, 702 cm™; 'H NMR (CDCls,
500 MHz) 6 6.84-7.34 (9H), 4.66 (m, 1H), 4.44 (s, 2H), 4.09-4.18 (m, 2H), 3.96 (m, 1H), 3.77 (s, 3H),
3.28 (dd, J = 3.2, 13.5 Hz, 1H), 3.41 (dd, J = 5.5, 8.7 Hz, 1H), 3.24 (dd, J = 6.7, 9.1 Hz, 1H), 2.67 (dd,
J=10.3, 13.9 Hz, 1H), 1.96 (ddd, J = 6.2, 7.5, 14.0 Hz, 1H), 1.86 (m, 1H), 1.25 (ddd, J = 6.3, 7.5, 13.6
Hz, 1H), 1.20 (d, J = 6.7 Hz, 3H), 1.0 (d, J = 6.7 Hz, 3H); 3C NMR (CDCls, 125 MHz) § 177.1, 158.9,
152.9, 135.3, 130.7,129.2, 128.9, 128.8, 127.1, 113.6, 75.2, 72.4, 65.8, 55.2, 55.1, 37.9 (2C), 35.1, 31.3,

17.9, 17.6; HRMS (ESI) m/z 448.2119 [M+Na]* calcd for C2sH31NNaOs, 448.2094; colorless oil.
PMBO” N""0OH

(2R,45)-5-((4-methoxybenzyl)oxy)-2,4-dimethylpentan-1-ol (S2).

This compound was synthesized in a same manner as that of 10 (0.8 g, 87%).

[e]o? +5.73 (c 1.07, CHCI5); IR (neat) 3405, 2910, 2869, 1512, 1246, 1035 cm™; *H NMR (CDCls, 500
MHz) J 7.23 (d, J = 8.9 Hz, 2H), 6.85 (d, J = 8.9 Hz, 2H), 4.40 (d, J = 3.4 Hz, 2H), 3.75 (s, 3H), 3.40
(dd, J = 5.3, 10.8 Hz, 1H), 3.31 (dd, J = 5.8, 10.3 Hz, 1H), 3.28 (dd, J = 5.8, 8.9 Hz, 1H), 3.19 (dd, J =
6.4,9.7 Hz, 1H), 1.83 (m, 1H), 1.66 (m, 1H), 1.45 (m, 1H), 0.93 (d, J = 7.5 Hz, 3H), 0.91 (d, J = 6.9 Hz,
3H), 0.90 (m, 1H); **C NMR (CDCls, 125 MHz) § 158.8, 130.4, 128.9, 113.5, 75.4, 72.4, 67.3, 54.9,
37.4, 32.9, 30.7, 17.9, 17.4; HRMS (ESI) m/z 275.1616 [M+Na]* calcd for CisH.4NaOs, 275.1618;
colorless oil.

PMBO” Y NN

1-((((2S,4S)-2,4-dimethylhexyl)oxy)methyl)-4-methoxybenzene (S3).

This compound was synthesized in a same manner as that of 11 (0.6 g, 75% over 2 steps).

[¢]o® +12.06 (c 0.84, CHCIs); IR (neat) 2956, 2910, 1511, 1245, 1095, 819 cm™%; *H NMR (CDCls;, 500
MHz) J 7.30 (d, J = 8.3 Hz, 2H), 6.91 (d, J = 9.5 Hz, 2H), 4.47 (d, J = 7.6 Hz, 2H), 3.82 (s, 3H), 3.37
(dd, J=7.2,9.2 Hz, 1H), 3.22 (dd, J = 5.3, 9.1 Hz, 1H), 1.90 (m, 1H), 1.47 (m, 1H), 1.40 (m, 1H), 1.39
(m, 1H), 1.14 (m, 1H), 0.99 (d, J = 6.7 Hz, 3H), 0.97 (m, 1H), 0.92 (d, J = 6.7 Hz, 3H), 0.91 (t, J = 6.7
Hz, 3H); *C NMR (CDCls;, 125 MHz) 6 158.9, 130.9, 128.9, 113.6, 75.7, 72.5, 55.0, 41.1, 31.5, 30.8,
29.0,19.7, 17.9, 11.1; HRMS (ESI) m/z 273.1823 [M+Na]" calcd for C16H2sNaO,, 273.1825; colorless
oil.
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(R)-4-benzyl-3-((2S,4S,6S)-2,4,6-trimethyloctanoyl)oxazolidin-2-one (S4).

This compound was synthesized in a same manner as that of 12 (41.2 mg, 11% over 3 steps). The ratio
of S4 and its diastereomer was 54:1, judged from their yield.

[¢]o% -20.58 (c 0.83, CHCls); IR (neat) 2957, 2913, 1778, 1696, 1383, 1204 cm™; *H NMR (CDCls, 500
MHz) ¢ 7.20-7.35 (5H), 4.69 (m, 1H), 4.16 (m, 2H), 3.97 (m, 1H), 3.30 (dd, J = 3.5, 13.8 Hz, 1H), 2.73
(dd, J=9.8, 13.3 Hz, 1H), 1.92 (ddd, J = 5.1, 9.0, 13.7 Hz, 1H), 1.71 (d, J = 6.8 Hz, 3H), 1.51 (m, 1H),
1.47 (m, 1H), 1.34 (m, 1H), 1.26 (m, 1H), 1.11 (m, 1H), 1.08 (m, 1H), 0.94 (m, 1H), 0.92 (d, J= 7.1 Hz,
3H), 0.86 (t, J = 7.8 Hz, 3H), 0.85 (d, J = 7.0 Hz, 3H); **C NMR (CDCls, 125 MHz) ¢ 177.6, 153.0,
135.3, 129.4, 128.9, 127.3, 65.8, 55.3, 44.5, 41.3, 38.0, 35.1, 31.4, 29.0, 28.3, 20.6, 19.6, 18.2, 11.1;
HRMS (ESI) m/z 368.2197 [M+Na]* calcd for C,:H3:NNaOs, 368.2196; colorless oil.

0
o H = £ =

(R)-methyl-2-phenyl-2-((2S,4S,6S)-2,4,6-trimethyloctamido)acetate (S5a).

This compound was synthesized in a same manner as that of 15a (8.08 mg, 886% over 2 steps).

[a]o?® -102.90 (c 0.81, CHCIs); IR (neat) 3293, 2956, 2926, 1746, 1648 cm*; 'H NMR (CDCls;, 500
MHz) ¢ 7.29-7.36 (5H), 6.42 (NH), 5.60 (d, J = 7.3 Hz, 1H), 3.73 (s, 3H), 2.39 (m, 1H), 1.68 (ddd, J =
4.6,9.7, 14.0 Hz, 1H), 1.34 (m, 2H), 1.22 (m, 1H), 1.15 (d, J = 6.7 Hz, 3H), 1.10 (m, 1H), 1.02 (m, 1H),
0.95 (m, 1H), 0.85 (m, 1H), 0.83 (d, J = 6.7 Hz, 3H), 0.79 (t, J = 7.5 Hz, 3H), 0.70 (d, J = 6.6 Hz, 3H);
13C NMR (CDCls, 125 MHz) 6 175.8, 171.6, 136.8, 128.9, 128.4, 127.2, 56.1, 52.7, 44.9, 41.9, 38.9,
31.3, 28.0, 29.0, 20.2, 19.5, 18.6, 11.2; HRMS (ESI) m/z 356.2199 [M+Na]* calcd for CH3:NNaOs,
356.2196; colorless oil.

O,

(S)-methyl-2-phenyl-2-((2S,4S,6S)-2,4,6-trimethyloctamido)acetate (S5b).

This compound was synthesized in a same manner as that of 15b (9.2 mg, 91% over 2 steps).

[¢]0? 114.56 (c 0.92, CHCIs); IR (neat) 3296, 2957, 2927, 1748, 1645, 697 cm™; *H NMR (CDCls, 500
MHz) ¢ 7.30-7.37 (5H), 6.36 (NH), 5.59 (d, J = 7.3 Hz, 1H), 3.73 (s, 3H), 2.41 (m, 1H), 1.72 (ddd, J =
4.8,9.5,14.1 Hz, 1H), 1.53 (m, 1H), 1.41 (m, 1H), 1.32 (m, 1H), 1.12 (d, J = 6.5 Hz, 3H), 1.17 (m, 1H),
1.05 (m, 1H), 1.04 (m, 1H), 0.92 (m, 1H), 0.89 (d, J = 7.0 Hz, 3H), 0.84 (t, J = 7.4 Hz, 3H), 0.80 (d, J =
6.7 Hz, 3H); **C NMR (CDCls;, 125 MHz) 6 175.8, 171.5, 136.7, 129.0, 128.4, 127.2, 56.2, 52.7, 45.0,
41.7, 38.9, 31.5, 29.1, 28.0, 20.3, 19.7, 18.7, 11.2; HRMS (ESI) m/z 356.2204 [M+Na]* calcd for
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Co0H3:NNaOs3, 356.2196; colorless oil.

PGME derivatives of synthetic (2S,4R,6R)- trimethyloctanoic acid (S10a/b).
0O O

A

EN

BrY
(R)-4-benzyl-3-((2S,4R)-5-((4-methoxybenzyl)oxy)-2,4-dimethylpentanoyl)oxazolidin-2-one (S6).
This compound was synthesized in a same manner as that of 9 (1.7 g, 33% over 4 steps). The ratio of

PMBO

S6 and its diastereomer was 10:1, judged from their yield.

[¢]o® +7.02 (c 0.71, CHClIs); IR (neat) 2976, 2934, 2857, 1776, 1695, 1206, 1093, 701 cm™; *H NMR
(CDCls, 500 MHz) 6 6.86-7.33 (9H), 4.62 (m, 1H), 4.42 (s, 2H), 4.13 (m, 1H), 4.06 (dd, J = 3.0, 9.1 Hz,
1H), 3.89 (m, 1H), 3.79 (s, 3H), 3.25 (dd, J = 3.2, 13.4 Hz, 1H), 3.30 (m, 2H), 2.51 (dd, J = 10.2, 13.2
Hz, 1H), 1.89 (m, 1H), 1.67 (ddd, J = 7.0, 8.0, 14.6 Hz, 1H), 1.52 (ddd, J = 6.4, 7.5, 13.8 Hz, 1H), 1.16
(d, J=7.0 Hz, 3H), 0.97 (d, J = 6.8 Hz, 3H); *C NMR (CDCls, 125 MHz) 6 177.3, 159.0, 152.9, 135.5,
130.7, 129.9 (2C), 113.6, 128.8, 127.1, 75.8, 72.7, 65.8, 55.6 (2C), 37.9, 37.8, 35.2, 31.2, 17.0 (2C);
HRMS (ESI) m/z 448.2115 [M+Na]* calcd for C2sH31NNaOs, 448.2094; colorless oil.

PMBO/Y\./\OH

(2S,4R)-5-((4-methoxybenzyl)oxy)-2,4-dimethylpentan-1-ol (S7).

This compound was synthesized in a same manner as that of 10 (0.7 g, 77%).

[¢]o® +15.03 (¢ 0.92, CHCls); IR (neat) 3405, 2912, 2869, 1512, 1244, 1033, 819 cm™; *H NMR (CDCls,
500 MHz) 6 7.24 (d, J = 8.3rrr Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 4.42 (s, 2H), 3.77 (s, 3H), 3.41 (dd, J
= 6.5, 10.5 Hz, 1H), 3.36 (dd, J = 6.3, 10.5 Hz, 1H), 3.27 (dd, J = 6.3, 8.8 Hz, 1H), 3.23 (dd, J = 6.9,
9.2 Hz, 1H), 1.87 (m, 1H), 1.71 (m, 1H), 1.18 (m, 2H), 0.89 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.8 Hz,
3H); C NMR (CDCls, 125 MHz) 6 158.9, 139.0, 130.5, 113.5, 76.0, 72.5, 68.4, 55.0, 37.0, 32.8, 30.4,
16.8, 16.2; HRMS (ESI) m/z 275.1616 [M+Na]* calcd for C15H24NaOs, 275.1618; colorless oil.

PMBO/Y\_E/\

1-((((2R,4R)-2,4-dimethylhexyl)oxy)methyl)-4-methoxybenzene (S8).

This compound was synthesized in a same manner as that of 11 (0.6 g, 96% over 2 steps).

[a]o?° +12.09 (c 0.82, CHCI3), IR (neat) 2956, 2910, 2850, 1511, 1246, 1096, 820 cm™; *H NMR (CDCls,
500 MHz) § 7.31 (d, J= 8.4 Hz, 2H), 6.92 (d, J = 8.9 Hz, 2H), 4.49 (d, J = 2.5 Hz, 2H), 3.81 (s, 3H),
3.35(dd, J = 5.8, 8.9 Hz, 1H), 3.25 (dd, J = 7.1, 8.9 Hz, 1H), 1.92 (m, 1H), 1.48 (m, 1H), 1.38 (m, 1H),
1.23 (m, 2H), 1.16 (m, 1H), 0.97 (d, J = 6.7 Hz, 3H), 0.94 (t, J = 7.4 Hz, 3H), 0.91 (d, J = 6.5 Hz, 3H);
13C NMR (CDCls, 125 MHz) 6 158.9, 130.8, 128.9, 113.6, 76.3, 72.4, 55.0, 40.6, 31.5, 30.8, 30.3, 18.8,
16.9, 11.3; IR (neat) 2956, 2910, 2810, 1511, 1245, 1096, 819 cm™*; *H NMR (CDCls, 500 MHz); HRMS
(ESI) m/z 273.1823 [M+Na]* calcd for CisH26NaO2, 273.1825; colorless oil.
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(R)-4-benzyl-3-((2S,4R,6R)-2,4,6-trimethyloctanoyl)oxazolidin-2-one (S9).

This compound was synthesized in a same manner as that of 12 (36.3 mg, 16% over 3 steps). The ratio

of S9 and its diastereomer was 3:1, judged from their yield.

[a]0?° -15.79 (c 0.94, CHCIs); IR (neat) 2960, 2916, 1780, 1698, 1383, 1209 cm™%; *H NMR (CDCls, 500

MHz) ¢ 7.20-7.35 (5H), 4.68 (m, 1H), 4.16 (m, 2H), 3.89 (m, 1H), 3.32 (dd, J = 3.6, 13.9 Hz, 1H), 2.69

(dd, J=10.1, 13.0 Hz, 1H), 1.63 (m, 1H), 1.59 (m, 1H), 1.41 (m, 1H), 1.35 (m, 1H), 1.29 (m, 1H), 1.16

(m, 1H/d, J = 7.0 Hz, 3H), 1.10 (m, 2H), 0.89 (d, J = 5.8 Hz, 3H), 0.87 (t, J = 7.3 Hz, 3H), 0.83 (d, J =

6.7 Hz, 3H); **C NMR (CDCls, 125 MHz) 6 177.8, 153.0, 135.5, 129.4, 128.9, 127.3, 65.9, 55.4, 44.7,

41.7, 38.1, 35.3, 31.6, 30.2, 27.9, 19.0 (2C), 16.8, 11.4; HRMS (ESI) m/z 368.2198 [M+Na]* calcd for

C21H31NNaOs, 368.2196; colorless oil.

_0

(R)-methyl-2-phenyl-2-((2S,4R,6R)-2,4,6-trimethyloctamido)acetate (S10a).

This compound was synthesized in a same manner as that of 15a (8.0 mg, 82% over 2 steps).

[¢]o%° -82.39 (c 0.74, CHCls); IR (neat) 3282, 2959, 2920, 1751, 1634 cm™}; *H NMR (CDCls, 500 MHz)
0 7.29-7.36 (5H), 6.38 (NH), 5.60 (d, J = 7.8 Hz, 1H), 3.73 (s, 3H), 2.38 (m, 1H), 1.50 (m, 1H), 1.46 (m,
1H), 1.35 (m. 1H), 1.27 (m, 1H), 1.23 (m, 1H), 1.15 (d, J = 6.7 Hz, 3H), 1.02 (m, 2H), 0.96 (m, 1H),
0.83 (t, J = 7.7 Hz, 3H), 0.77 (d, J = 6.5 Hz, 3H), 0.70 (d, J = 6.7 Hz, 3H); *C NMR (CDCls, 125 MHz)
0176.1,171.6,136.7,128.9, 128.4, 128.3, 56.2, 52.8, 44.4, 42.3, 38.8, 31.6, 30.4, 27.8, 19.4, 18.8, 17.8,

11.4; HRMS (ESI) m/z 356.2200 [M+Na]* calcd for C2oH3z1NNaOs, 356.2196; colorless amorphous solid.

Q.

(S)-methyl-2-phenyl-2-((2S,4R,6R)-2,4,6-trimethyloctamido)acetate (S10b).
This compound was synthesized in a same manner as that of 15b (8.5 mg, 88% over 2 steps).
[¢]o® +128.66 (c 0.73, CHCIs); IR (neat) 3295, 2959, 2926, 1748, 1647 cm™*; 'H NMR (CDCls, 500
MHz) § 7.23-7.37 (5H), 6.38 (NH), 5.58 (d, J = 6.5 Hz, 1H), 3.73 (s, 3H), 2.38 (m, 1H), 1.54 (m, 1H),
1.53 (m, 1H), 1.40 (m, 1H), 1.31 (m, 1H), 1.27 (m, 1H), 1.14 (m, 1H), 1.10 (d, J = 7.0 Hz, 3H), 1.08 (m,
2H), 0.86 (t, J = 7.4 Hz, 3H), 0.83 (d, J = 6.6 Hz, 3H), 0.81 (d, J = 7.0 Hz, 3H); *C NMR (CDCls, 125
MHz) 6 176.1,171.5, 136.8, 128.9, 128.5, 127.2,56.2, 52.7, 44.5, 42.4, 38.8, 31.7, 30.4, 27.8, 19.4, 18.9,
17.6, 11.4; HRMS (ESI) m/z 356.2195 [M+Na]* calcd for C2H31NNaOs, 356.2196; colorless oil.

33



PGME derivatives of synthetic (2S,4R,6S)- trimethyloctanoic acid (S15a/b).

o O
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(S)-4-benzyl-3-((2R,4R)-5-((4-methoxybenzyl)oxy)-2,4-dimethylpentanoyl)oxazolidin-2-one (S11).

This compound was synthesized in a same manner as that of 9 (1.9 g, 32% over 4 steps). The ratio of
S11 and its diastereomer was 23:1, judged from their yield.

[¢]o® -21.85 (c 0.93, CHCIs); IR (neat) 2958, 2931, 2854, 1775, 1695, 1385, 1207, 1092, 819, 702 cn
1 'H NMR (CDCl3, 500 MHz) § 6.85-7.35 (9H), 4.67 (m, 1H), 4.45 (s, 2H), 4.11-4.19 (m, 2H), 3.96 (m,
1H), 3.41 (dd, J = 5.8, 9.5 Hz, 1H), 3.29 (dd, J = 3.5, 13.2 Hz, 1H), 3.24 (dd, J = 7.0, 9.3 Hz, 1H), 2.67
(dd, J =9.7, 13.2 Hz, 1H), 1.97 (ddd, J = 6.2, 8.2, 14.1 Hz, 1H), 1.86 (m, 1H), 1.25 (ddd, J = 6.4, 7.5,
13.6 Hz, 1H), 1.20 (d, J = 6.8 Hz, 3H), 1.00 (d, J = 6.6 Hz, 3H); **C NMR (CDCls, 125 MHz) § 177.2,
158.9, 153.0, 135.3, 130.8, 129.3, 129.0, 128.8, 127.2, 113.6, 75.2, 72.5, 65.8, 55.3, 55.1, 38.0, 37.9,
35.1,31.3,18.0,17.7 ; HRMS (ESI) m/z 448.2106 [M+Na]* calcd for C2sH31NNaOs, 448.2094; colorless
oil.

PMBO/YY\OH

(2R,4R)-5-((4-methoxybenzyl)oxy)-2,4-dimethylpentan-1-ol (S12).

This compound was synthesized in a same manner as that of 10 (0.8 g, 85%).

[e]o? -5.22 (c 1.05, CHCI5); IR (neat) 3362, 2911, 2869, 1511, 1246, 1033, 822 cm™; *H NMR (CDCls,
500 MHz) § 7.23 (d, J = 9.2 Hz, 2H), 6.85 (d, J = 8.3 Hz, 2H), 4.40 (d, J = 3.5 Hz, 2H), 3.75 (s, 3H),
3.40 (dd, J = 5.3, 10.2 Hz, 1H), 3.31 (dd, J = 6.2, 10.5 Hz, 1H), 3.28 (dd, J = 6.0, 9.1 Hz, 1H), 3.19 (dd,
J=7.1,9.4Hz, 1H), 1.83 (m, 1H), 1.66 (m, 1H), 1.45 (m, 1H), 0.93 (d, J = 6.9 Hz, 3H), 0.91 (d, J = 6.4
Hz, 3H), 0.90 (m, 1H); **C NMR (CDCls, 125 MHz) 6 158.9, 130.4, 128.9, 113.5, 75.4, 72.5, 67.3, 54.9,
37.5, 32.9, 30.7, 17.9, 17.4; HRMS (ESI) m/z 275.1613 [M+Na]* calcd for CisH.4NaOs, 275.1618;
colorless oil.

PMBO/Y\‘/\

1-((((2R,4S)-2,4-dimethylhexyl)oxy)methyl)-4-methoxybenzene (S13).

This compound was synthesized in a same manner as that of 11 (0.6 g, 76% over 2 steps).

[¢]o%® -10.43 (c 1.21, CHCIs); IR (neat) 2910, 2851, 1512, 1245, 1095, 819 cm™; *H NMR (CDCls, 500
MHz) 6 7.30 (d, J = 8.3 Hz, 2H), 6.91 (d, J = 8.7 Hz, 2H), 4.67 (d, J = 7.6 Hz, 2H), 3.82 (s, 3H), 3.36
(dd, J=5.5,9.0 Hz, 1H), 3.21 (dd, J = 7.3, 9.3 Hz, 1H), 1.89 (m, 1H), 1.46 (m, 1H), 1.40 (m, 1H), 1.38
(m, 1H), 1.13 (m, 1H), 0.98 (d, J = 6.9 Hz, 3H), 0.97 (m, 1H), 0.91 (d, J = 6.3 Hz, 3H/ t, J= 6.3 Hz, 3H);
13C NMR (CDCls, 125 MHz) 6 159.0, 130.9, 128.9, 113.6, 75.7, 72.5, 55.0, 41.1, 31.5, 30.9, 29.0, 19.7,
18.0, 11.1; HRMS (ESI) m/z 273.1821 [M+Na]* calcd for C1sH26NaO,, 273.1825; colorless oil.
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\,J,,'Bn :
(R)-4-benzyl-3-((2S,4R,65)-2,4,6-trimethyloctanoyl)oxazolidin-2-one (S14).
This compound was synthesized in a same manner as that of 12 (39.4 mg, 15% over 3 steps). The ratio
of S14 and its diastereomer was 4:1, judged from their yield.
[a]o? -41.31 (¢ 0.75, CHCIs); IR (neat) 2959, 2915, 1779, 1697, 1209 cm™; 'H NMR (CDCls, 500 MHz)
& 7.20-7.34 (5H), 4.67 (m, 1H), 3.85 (m, 1H), 3.30 (dd, J = 2.8, 13.7 Hz, 1H), 2.70 (dd, J = 10.0, 13.5
Hz, 1H), 1.61 (m, 1H), 1.52 (m, 1H), 1.43 (m, 1H), 1.42 (m, 1H), 1.34 (m, 1H), 1.24 (m, 1H), 1.15 (d,
J = 7.0 Hz, 3H), 1.08 (m, 1H), 0.99 (m, 1H), 0.91 (d, J = 6.4 Hz, 3H), 0.86 (t, J = 6.7 Hz, 3H), 0.85 (d,
J = 6.7 Hz, 3H); 3C NMR (CDCls, 125 MHz) § 177.8, 152.9, 135.4, 129.4, 128.9, 127.3, 65.9, 55.3,
45.1, 40.6, 38.0, 35.3, 31.5, 29.2, 27.7,19.7, 19.5, 16 .4, 11.2; HRMS (ESI) m/z 368.2198 [M+Na]"* calcd
for C,:H3:NNaO3, 368.2196; colorless oil.

o)

/O N)J\_/YY\
o H £

(R)-methyl-2-phenyl-2-((2S,4R,6S)-2,4,6-trimethyloctamido)acetate (S15a).

This compound was synthesized in a same manner as that of 15a (10.7 mg, 87% over 2 steps).

[a]o?® -117.43 (c 0.89, CHCIs); IR (neat) 3275, 2959, 2915, 1752, 1641, 1535 cm™; *H NMR (CDCls,
500 MHz) ¢ 7.30-7.37 (5H), 6.40 (NH), 5.60 (d, J = 8.1 Hz, 1H), 3.73 (s, 3H), 2.36 (m, 1H), 1.48 (m,
1H), 1.38 (m, 2H), 1.37 (m, 1H), 1.26 (m, 1H), 1.17 (m, 1H), 1.14 (d, J = 7.0 Hz, 3H), 0.97 (m, 1H),
0.90 (m, 1H), 0.80 (m, 3H), 0.79 (m, 3H) 0.78 (m, 3H); *C NMR (CDCls;, 125 MHz) 6 176.2, 171.6,
136.7, 129.0, 128.5, 127.3, 56.2, 52.7, 44.9, 41.3, 38.7, 31.4, 29.0, 27.8, 20.1, 19.7, 17.5, 11.2; HRMS
(ESI) m/z 356.2205 [M+Na]* calcd for CoH31NNaOs, 356.2196; colorless oil.

O,
/O\g/\H -
(S)-methyl-2-phenyl-2-((2S,4R,6S)-2,4,6-trimethyloctamido)acetate (S15b).

This compound was synthesized in a same manner as that of 15a (11.3 mg, 92% over 2 steps).

[¢]o® +104.87 (c 0.94, CHCIls); IR (neat) 3307, 2958, 2928, 1749, 1649, 1524 cm™!; *H NMR (CDCls,
500 MHz) ¢ 7.30-7.37 (5H), 6.39 (NH), 5.57 (d, J = 6.9 Hz, 1H), 3.73 (s, 3H), 2.37 (m, 1H), 1.55 (m,
1H), 1.43 (m, 1H), 1.42 (m, 2H), 1.34 (m, 1H), 1.23 (m, 1H), 1.10 (d, J = 6.8 Hz, 3H), 1.05 (m, 1H),
0.95 (m, 1H), 0.85 (m, 6H), 0.84 (m, 3H); *C NMR (CDCls, 125 MHz) § 176.1, 171.5, 136.7, 128.9,
128.5, 127.2, 56.2, 52.7, 44.5, 42.1, 38.8, 31.6, 30.4, 27.8, 20.9, 19.4, 17.6, 11.4; HRMS (ESI) m/z
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356.2203 [M+Na]* calcd for CxHs1NNaOs, 356.2196; colorless oil .

Compound list S1. List of compounds analyzed in Figure 1-10.
2 Compounds that have been analyzed in reference 12c.
bCompounds whose Adag Values were plotted in Figure 1-11.

¢Compounds whose Adcp values were plotted in Figure 1-11.

4,6,8,10,16,18-hexamethyldocosane?

4,6,8,10,16-pentamethyldocosane?

(4R,6R,E)-4,6-dimethylocta-2,7-dien-1-ol?
1-((3R,5S)-6-chloro-3,5-dimethylhexyl)benzene?
tert-butyl((4R,6R,E)-4,6-dimethylocta-2, 7-dienyloxy)diphenylsilane?
(2R,3S,4R,6R)-2,4,6-trimethyloct-7-ene-1,3-diol?
((2S,39)-3-((2R,4R)-4-methylhex-5-en-2-yl)oxiran-2-yl)methanol?
(2S,4R)-2,4-dimethyl-6-phenylhexan-1-ol?

kalkitoxin?
(2E,4E,6E,8S,10S,12E,14S)-N-((S)-1-hydroxypropan-2-y1)-8,10,12,14-tetramethylhexadeca-2,4,6,12-
tetraenamide®
(2E,4E,6E,8S,10S,12E,14R)-N-((S)-1-hydroxypropan-2-yl)-8,10,12,14-tetramethylhexadecca-2,4,6,12-
tetramide?

sambutoxin?
10-(benxyloxymethoxy)-11-(tert-butyldiphenylsilyloxy)-5,7,9-trimethylundec-2-enoate?
(2S,3R,4S,6R)-2,4,6-trimethyloct-7-ene-1,3-diol?
((2R,3R)-3-((2S,4R)-4-methylhex-5-en-2-yl)oxiran-2-yl)methanol?
tert-butyl((4R,6R,E)-4,6-dimethylocta-2, 7-dienyloxy)diphenylsilane?
(4S,6R,E)-4,6-dimethylocta-2,7-dien-1-ol?

militarinone?
(S)-3-((3S,5S)-6-(benzyloxy)-3,5-dimethylhexanoyl)-4-phenyloxazolidin-2-one?
(2R,3S,4R,6R)-6-(1,3-dithian-2-yl)-2,4-dimethylheptane-1,3-diol?
(4R,6R,8R,E)-4,6,8,10-tetramethylundec-2-en-1-ol?
(2S,3S,4R,6R,8R)-3-hydroxy-2,4,6,8,10-pentamethylundecanoic acid?
((2S,39)-3-((2R,4R,6R)-4,6,8-trimethylnonan-2-yl)oxiran-2-yl)methanol?
lardolure?

tyroscherind
((2R,3R)-3-((2R,4R,6R)-4,6,8-trimethylnonan-2-yl)oxiran-2-yl)methanol?
tert-butyldiphenyl((4R,6R,8R,E)-4,6,8,10-tetramethylundec-2-enyloxy)silane?
(2R,3S,4R,6R,8R)-2,4,6,8,10-pentamethylundecane-1,3-diol?

lardolure?
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(4R,6R,8R,E)-4,6,8,10-tetramethylundec-2-en-1-ol?
(2E,4E,6E,8R,10S,12E,14S)-N-((S)-1-hydroxypropan-2-yl)-8,10,12,14-tetramethylhexadeca-2,4,6,12-
tetraenamide?

4,6,8,10,16,18-hexamethyldocosane?
((2S,39)-3-((2R,4R,6R)-4,6,8-trimethylnonan-2-yl)oxiran-2-yl)methanol?
tert-butyldiphenyl((4R,6R,8R,E)-4,6,8,10-tetramethylundec-2-enyloxy)silane?
(2E,4E,6E,8R,10S,12E,14R)-N-((S)-1-hydroxypropan-2-yl)-8,10,12,14-tetramethylhexadeca-2,4,6,12-
tetraenamide?

(5R,7S,9S,10S,E)-tert-butyl  10-(benzyloxymethoxy)-11-(tert-butyldiphenylsilyloxy)-5,7,9-trimethylundec-
2-enoate?

(2R,3S,4R,6R,8R)-2,4,6,8,10-pentamethylundeane-1,3-diol?

blasticidin A?

(5R,7S,9S,10S,E)-tert-butyl  10-(benzyloxymethoxy)-11-(tert-butyldiphenylsilyloxy)-5,7,9-trimethyundec-
2-enoate?

TMC 1518

(5R,7S,9S,10R,E)-tert-butyl  10-(benzyloxymethoxy)-11-(tert-butyldiphenylsilyloxy)-5,7,9-trimethyundec-
2-enoate?

(2S,45)-2,4-dimethyl-6-phenylhexan-1-ol?
((2R,3R)-3-((2R,4R,6R)-4,6,8-trimethylnonan-2-yl)oxiran-2-yl)methanol?
1-((3S,5S)-6-chloro-3,5-dimethylhexyl)benzene?

(2S,4S,6S)-tert-butyl 2,4,6-trimethl-8-phenyloctanoate?

35S,38R epi-Microcolin??

(2R,4S,6S)-tert-butyl 2,4,6-trimethyl-8-phenyloctanoate®?
(4S,6S,8R)-9-tert-butoxy-4,6,8-trimethyl-9-oxononanoic acid®°
(2S,4S)-5-acetoxy-2,4-dimethylpentanoic acid®?
(5S,75,9S,10S,E)-tert-butyl (2S,4R)-tert-butyl 2,4-dimethyl-6-phenylhexanoate®?
36S,38R epi-Microcolin??

(2R,4S,6R)-tert-butyl 2,4,6-trimethyl-8-phenyloctanoate®®
atpenin A42b

atpenin B2P

atpeninA52P

tumonoic acid*®

(2S,4S,6R)-tert-butyl 2,4,6-trimethyl-8-phenyloctanoate®?
(4S,65)-7-tert-butoxy-4,6-dimethl-7-oxoheptanoic acid®?
(2S,4S)-tert-butyl 2,4-dimethyl-6-phenylhexanoate?®
(36S,38S)-epi-microcolin AP

(36R,38R)-microcolon AP
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tumescenamide CP

(2S,45)-2,4-dimethylheptanoic acid®

HO Y

(2S,4R)-2,4

-dimethylheptanoic acid®

9 016
HO)K:/Y\/

(S)-methyl 2-((2S,4S)-2,4-dimethlheptanamido)-2-phenylacetate®

QO 059
N Jl\/\/\/
- N v
\([)]/\H

(R)-methyl 2-((2S,4S)-2,4-dimethlheptanamido)-2-phenylacetate®

O 012

(R)-methyl 2-((2S,4R)-2,4-dimethlheptanamido)-2-phenylacetate®

O 012
/O N)j\-/Y\/
o M @

(R)-methl 2-phenyl-2-((2S,4S,6R)-2,4,6-trimethyloctanamidoacetate (15a)°°

o} : =

(S)-methl 2-phenyl-2-((2S,4S,6R)-2,4,6-trimethyloctanamidoacetate (15b)P<

:g O 047 0
o. =
- N7

(R)-methl 2-phenyl-2-((2S,4S,6S)-2,4,6-trimethyloctanamidoacetate (S5a)°°

38



0 066 0.25

(S)-methl 2-phenyl-2-((2S,4S,6S)-2,4,6-trimethyloctanamidoacetate (S5b)°¢

:= O 067 024

(R)-methl 2-phenyl-2-((2S,4R,6S)-2,4,6-trimethyloctanamidoacetate (S10a)>¢

00230

(S)-methl 2-phenyl-2-((2S,4R,6S)-2,4,6-trimethyloctanamidoacetate (S10b)°C

:g O 022 0
o I
- NT Y ;

(R)-methl 2-phenyl-2-((2S,4R,6R)-2,4,6-trimethyloctanamidoacetate (S15a)°¢

0 0.27

(S)-methl 2-phenyl-2-((2S,4R,6R)-2,4,6-trimethyloctanamidoacetate (S15b)P°

© 0 0.28
SSe20S

(R)-3-((4S,6S,E)-4,6-dimethyl-8-(methyl((2S,3R)-3-methylpentan-2-yl)amino)oct-2-enoyl)-4-
phenyloxazolidon-2-one®¢
(3R,4S,65)-8-((R)-N,2-dimethylbutanamido)-3,4,6-trimethyloctanoic acid®®
(2S,4S,6R)-tert-butyl 2,4,6-trimethyl-8-phenyloctanoate®©

ent-vittatalactone®¢

(2S,4S,6S)-tert-butyl 2,4,6-trimethyl-8-phenyloctanoate®¢
(4S,6S,8R)-9-tert-butoxy-4,6,8-trimethyl-9-octanonanoic acid¢

ent-vittatalactone®¢
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(2R,4S,6S)-tert-butyl 2,4,6-trimrthyl-8-phenyloctanoate®®
(2S,3S,4R,6R,8R)-3-hydroxy-2,4,6,8,10-pentamethylundecanoic acid®¢

Cell culture.

HT1080 cells were cultured at 37 °C under an O, atmosphere (21%) in DMEM (Gibco) containing 10%
FCS, penicillin and streptomycin. Hypoxic condition (1% O,) was prepared in a multi-gas incubator
(SANYO).

HIF-1 reporter assay.

X5HRE/HT1080 cells, stable transformant cell lines with a 5XHRE/pGL3/VEGF/E1b reporter plasmid,
were cultured in Dulbecco’s modified Eagle’s medium containing 10% fetal bovine serum at 37 °C in a
humidified 5% CO; incubator. For reporter assay, cells (1.0 x 10*) were seeded in 96-well plates (in
100 pl) and pre-incubated for 24 h. After 1 h from the addition of compounds, the cells were incubated
under hypoxia (1% O) for 24 h. The cells were washed with ice-cold phosphate-buffered saline (PBS)
3 times, followed by lysis in 30 ul of lysis buffer [20 mM Tris/HCI pH 7.5, 150 mM NaCl, 1 mM EDTA
and 0.1% Triton X-100]. Twenty-microliter of the cellular lysate was employed for the luciferin-
luciferase assay [50 mM Tris pH 8.0, 5 mM MgSQa, 0.125 mM D-luciferin, 0.5 mM ATP, and 0.5 mM
CoA]. Epiluminescence was measured using an EnVision luminometer (Perkin Elmer). To calculate the
relative luciferase activity, the luminescence units were normalized with total protein content in each
well. Cell proliferation was measured by using Alamar Blue.

Western blot analysis.

Before the day of verucopeptin treatment HT1080 cells were plated at a density of 1.5x10° cells per a
60 mm tissue culture dish. Compound-treated cells were washed with ice-cold PBS and lysed in
extraction buffer A [50 mM Tris-HCI (pH 7.5), 150 mM NaCl, 0.5 mM DTT, 0.2% NP-40, 0.2 mM
PMSF and 20 nM MG132]. Cell extracts were cleared by centrifuging at 15,000xg for 10 min at 4°C.
Total protein concentration was determined by BCA assay (Nacalai Tesque). Protein extracts (25 ug)
were subjected to SDS-PAGE followed by blotting onto a PVDF membrane. The membrane was briefly
washed with PBST buffer [PBS containing 0.1% Tween20] and blocked with blocking buffer (PBST
buffer containing 5% non-fat milk or 3% BSA). The membrane was incubated with primary antibody in
blocking buffer overnight. After washing with PBST buffer three times, the membrane was incubated
with secondary antibody for 1 h. Antibodies used were as follows: anti-human HIF-1o. mAb (clone54,
Becton Dickson), anti-human HIF-1B mAb (D28F3, Cell Signaling Technology), anti-human HSP60
pAb (Santa Cruz), anti-human p70 ribosomal S6 kinase mAb (32D7, Cell Signaling Technology), anti-
human phospho-p70 ribosomal S6 kinase (Ser380) mAb (9D9, Cell Signaling Technology), anti-human
S6 ribosomal protein mAb (5G10, Cell Signaling Technology), anti-human phosphor-S6 ribosomal
protein (Ser235/236) mAb (D57.2.2E, Cell Signaling Technology), anti-human a-tubulin mAb (11H10,
Cell Signaling Technology), alkaline phosphatase or horse radish peroxidase-conjugated goat IgG
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against mouse or rabbit 1IgG (Promega) and alkaline phosphatase-conjugated rabbit 1gG against goat IgG
(Abcam). The results were visualized by the nitro-blue tetrazolium chloride/5-bromo-4-chloro-3’-
indolyphosphate p-toluidine salt (BCIP/NBT) colorimetric detection or enhanced chemiluminescence.

Quantitative RT-PCR.

Total RNA was isolated using Total RNA Extraction Miniprep System (Viogene) according to the
manufacturer’s instruction. cDNA was synthesized using ReverTra Ace o (Toyobo). PCR reactions were
performed using FastStart Universal SYBR Green Master (Roche Diagnostic) in ABI Step One Plus
(Applied Biosystems). 18S ribosomal RNA was used as an internal control. The following primers were
used: 5’-GCAATTATTCCCCATGAACG-3’ (18S sense); 5’-GGACTTAATCAACGCAAGC-3’ (18S

antisense); 5’-GCAGCTTGAGTTAAACGAACG-3’ (VEGF sense); 5’-
GGTTCCCGAAACCCTGAG-3’ (VEGEF anisense); 5’-GGTTGTGCCATACTCATGACC-3’ (GLUT1
sense); 5’-CAGATAGGACATCCAGGGTAGC-3’ (GLUTI1 antisense); 5’-

TGCTGCTCTCTCATTTGCTG-3" (BNIP3 sense); 5’-GACTCCAGTTCTTCATCAAAAGGT-3’
(BNIP3 antisense); 5>-TTTTTCAAGCAGTAGGAATTGG-3’ (HIF-1a sense); 5’-
GTGATGTAGTAGCTGCATGATC-3’ (HIF-1a antisense).

Pull down assay

HT1080 cells were washed with ice-cold PBS and lysed in extraction buffer A [50 mM Tris-HCI (pH
7.5), 150 mM NaCl, 0.5 mM DTT, 0.2% NP-40, 0.2 mM PMSF and 20 nM MG132]. Cell extracts were
cleared by centrifuging at 15,000xg for 10 min at 4°C. Total protein concentration was determined by
BCA assay (Nacalai Tesque). For pre-wash, the lysate (protein concentration: 1.0 mg/ml) in reaction
buffer [50 mM Tris-HCI (pH 7.5), 150 mM NacCl] (1 ml) was incubated with control beads (10 pl) at
4 °C for 1 h. After centrifuging, the supernatants was incubated with control beads (10 pl) or
verucopeptin immobilized beads (10 ul) at 4 °C for 1 h. The reacted beads were washed with reaction
beffer and protein bound to the beads eluted with SDS-polyacrylamide gel electrophoresis sample buffer
[100 mM Tris-HCI (pH 6.8), 4% SDS, 100 mM DTT, bromo phenol blue, 12% glycerol] at 10 °C for 5
min. The methods of SDS-PAGE and western blotting were described in Western blotting analysis
section. In the case of the competitive pulldown assay, verucopeptin or DMF was added before
incubation with control beads or Verucopeptin immobilized beads and incubated at 4 °C overnight.

Folding assay

The chaperone activity of human HSP60 (ATGen Co., Ltd. Canada) was measured using malate
dehydrogenase (MDH) (ATGen Co., Ltd. Canada). MDH was denatured at a concentration of 1.4 uM in
10 mM HCI at 25 °C for 2 h and diluted 10-fold into reconstitution buffer [50 mM Tris-HCI (pH 7.5),
300 mM NaCl, 20 mM KCI, 20 mM Mg(CH3CQOO)z, 4 mM ATP] containing chaperones (1 uM HSP60
and 2uM HSP10 (ATGen Co., Ltd. Canada)) pre-incubated at 30 °C for 2 h. After addition of folding
buffer [100 mM Tris-HCI (pH 7.5), 7 mM KCI, 7 mM MgCl,, 10 mM DTT, 4 mM ATP], refolding of
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denatured MDH was started at 30 °C for 1 h. To measure the chaperone activity of HSP60, refolding
sample was added to buffer A [100 mM Tris-HCI (pH 7.5), 7 mM KCI, 7 mM MgCl,, 10 mM DTT, 0.5
mM NADH, 1 mM oxalomalate] and measured at ODsgs using U-2910 Double-Beam spectrometer

(HITACHI). To determine HSP60 activity, the intercept of sample containing denature MDH and HSP60
was defined as 100%.
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'H NMR spectrum of 1 in CDCI, (500 MHz).
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SY spectrum of 1 in CDCI
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HMQC spectrum of 1 in CDCl,.
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"H NMR spectrum of 3ain CDCI, (500 MHz). |
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HMQC spectrum of 3a in CDCI,.
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"H NMR spectrum of 3b in CDCI, (500 MHz). |
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"H NMR spectrum of 4 in acetone-d, (500 MHz).
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HMQC spectrum of 4 in acetone-d..
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"H NMR spectrum of 6a in CDCI, (500 MHz).
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"H NMR spectrum of 6b in CDCI, (500 MHz).
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C NMR spectrum of 6b in CDCI, (125 MHz).
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HMQC spectrum of 6b in CDCl,.
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"H NMR spectrum of 15a in CDCI, (500 MHz).
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"H NMR spectrum of S5a in CDCI, (500 MHz).
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"H NMR spectrum of S10a in CDCI, (500 MHz).
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“C NMR spectrum of S10a in CDCI, (125 MHz).
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"H NMR spectrum of S15a in CDCI, (500 MHz).
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BB un) UELAEWHE lipopeptide HIZEAJ BB
21 #E

L BN OB IIIFE ST E 23, ITE, BNAHIIEA & EFMRE cRe-
TWLIREH AT s x STV D L, Bl 21T HIF-1 IXEF MR TO ATP ARk
Th OB ) I bR 2 H L. — T TR ZTUES Y 5 2 & T ATP Ak a et T 5
(Warburg 2h5) 2, 2D\ E, EFMETIES E 0 bt U AREHREE 23 LA MR
TIIHEL TEBY, B AERESTEEET 5 2 & T TCA ElE~D o-7r 7V ZVEED
MG EAHERF LT D 3, MR & LIZABEMFE b RS 2o H %, Bl ZIL 7 = U ElH
FEEAERE IDH2 o1 U AREIEESR PKM2E OREEFAI LA AR E L CREIRERBRH TH D | 1R
AR IE OIEFARA) & L CORREMER D LT omm ST 5,

EEIIANIGEE —3 T verucopeptin 2 mTORC1 B ZHET S Z &2 R Lz, &iT.
MTORCL &1L 7T X /R OMHIR 7+ CTh b Z LRGNz 45, 227 2/ Gz
HE) & L= P ABIOBRSERFZEICE R LTz,

7 X BRERRRIIE 2 O I bR R AR LR O AfFIC LB R R L —
RN FACEME EPE L TS, T, 7 2 B0t O F R DM ORI IS 12 5 8
BERIFETZETEMET I BRI Ry NT—2 2L TWD 2 ERbro TE Tz, iz
XNV EZ I ORT X M TH Y HIF ORNEHALICVNZAERR -7 87V Z VRS Fa s R
UTHEAERV ZEERET S Z LT TOR OIEMEMHIRI 7 U —HIR T OHFMIERICEH 57
L2 eSS S5, DA TIXERMIEE 7 2 2 BAHE Y hU—7 BN
TR, ZTNURDPADOEMLEBEMRL TS Z E LN RS> TE T, BT, BAMIE
NTIE7a ) vrb7a ) UREIEEZEENRD LTS 7B L7 e U &4 5 720 A
st o a7 — v e ) v ERY AT, Flo, Y AR AE L2 L
T ROS DAFEEN A L, 7R b= 2Dl & A — h 7 7 O—OTUl#ENR B Z 52 L TR A
IR LMIAESE 2 e D, Z DX DR ENE T 2 BREHERE TP AAIAISE O A L2
Thb, I T H_ETIEY X BAB AT 5 KRR OTRR & EREMT 21T > 72,

BUR T OB EEC, EHRIEMI O 7 v 2 v —27 OO0y T2 & 7 2 BRICHIERE
X 2RISR ST D, AFSECTHEONDILEMEFIHT 5 Z & T, BAFRRIH
PRI CHERETUIE L TV 2 REEER 02 D PEY) (BT RIA) OB IC IS 1T 5% FI72 & D
BRIZIEDN Y | S DIZITRISEERR & 70 28 - 2 RETERET R 7 O r b HIFF T X 5,

2.2 Lipopeptide ¥ B g

7 X BREREBICIER T 2R 2 ST 2720, BEEEMDET NV TH D %
(Schizosaccharomyces pombe; S. pombe) % W= A7 UV —=> 7 %% H\\T=, RIS
T LEBRBETLTEY, H<PoAHRMEET VE LTHWLNTERZZ L bEIR
FHEEEAIN L SN T WD, EDT2D, BRI 2 AT U 7= 1% O/E S & i 9 5 B
BECHRHTEL EZEX, RFETOET VEYE LTz,
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antimycin A (complex Il inhibitor)

1

- ir A== R~—0—0—0O— &

Sm —— Glu

Z Pro

s Ser

(@] [

5 Leu
-0.10.01 0.1 1 10

concentration (ug/ml)

Figure 2-1. Growth curve of wild-type S. pombe in MME/P/S/L treated with antimycin A,
a mitochondrial complex Il inhibitor, for 72 h are shown. Antimycin A inhibited proline
utilization selectively. This result suggested that proline metabolism relates to the
function of mitochondrial complex llI.

150

100

growth of cells in Pro/Ser/Leu (%)

150

growth of cells in Glu (%)

Figure 2-2. Growth of S. pombe in MME/P/S/L treated with microbial culture extracts for

72 h are plotted. Broths plotted in orange square are expected to contain characteristic
amino acid modulators.

F_BTHWERAZ V==V TR TEHFFEDT X /) BEME—OERIR L T D TRl
RZR#E L, AT D2 E Lz, RFETIERAZ ) —= 7053257 3
JEEE LTI I VEE (GIUE), BV > (Ser;S), mvA > (Leuy;L) &7 vV (Pro;P)
DATEARE LT, Thbb, DA L2 I UEEOLEEHI LT 5 MM B TRijs:
Eih, ERPWEBZERD MM B TORERZR T, 4 FOT I/ BEREHNT 53 R R 2 R RE L
7o MR E SRR V—=2 7 T V&%, 30 °C T 72 FEfA > % 2 X—
b L7 BICHEHMOWEE 2 ET 2 Z & THHRBEROABTELZFM Lz, FlIX, NPT+ 7
ayho—E LTHWES har RY 7o N B S RRLEA] antimycin A X7 1 U > D2

EERPLL T D BRI /RO EFILE 27~ (Figure 2-1) . Z OfERIT, 1R
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BEOREN T r ) OBELEEL TWDSZ AR LTINS,

#4000 BE O AEMIEE BRI (TR R) ZRA 7 U —=V T RIMH L, FEDOT X
FEHE R A B E AR 7 0 2 2% Lz (Figure 2-2), 4 FE2COREMF CREREOAE
FEDY 10%LL T E TIR T L7277 v 22 OW TR BRI & IR 2 789 5 7o D BEBE A IR &
1TV, BFRBRICAT Lic, ZOREE, A0 T I BEEHPWT s 1 o7 I 7 BEFHIC)T L
THABHEZRT7r AR 16 V7 GELN, TORBMELHERE CTEZ, /bl 16 ¥
TNV EAERSE SRR L L O®E LREE LTV, B EEW O BBEZ1T > 72,

o 16 FORESG RN S 7 ) VELAIRE T 57 n X & U CRE LIRIRER:
T > & B TEVE A PRI ITIEVER 0 O BB 21T o 72 (Figure 2-3), £7°. ¥l % n-
BUOH (2 THiH L. I IC 850 EL L7=, CHCl: B A EMEizE L, F Vg Y 7 57 o< K
77 7 14— (Sephadex LH20, MeOH) (2 X A3 Wia1T -7, {EMHO R 725 % ODS 1 7
Lra~< 7T 74— (MeOH/H0) 12XV S 5255 L, {EHEHE5r (100%MeOH ¥4 HY | 43)
% 2 FEDWifH HPLC (1: Cosmosil-5Cg-MS, ¢20%250 mm, MeCN/H.O  2: Cosmosil-AR-IL, ¢20x250
mm, MeCN/H,O with 0.1% TFA) |2 X 0 K9~ 5 = & TIEMERS) lipopeptide A (16;35.6 mg) &
Z DYEAN lipopeptide B (17;59.0 mg) #7455 Z LIkEh L7z,

fungi F27113
n-BuOH extract (4.38 Q)

I
90% MeOH n-hexane

I
60% MeOH

CHCI

e

Gel filtration on SephadexLH20
(MeOH)

ODS chromatography
(MeOH/H,0)

RP-HPLC

1) Cosmosil 5C,-MS
(45-100% MeCN)

2) Cosmosil 5C -AR-II
(75% MeCN)

lipopeptide A (16, 35.6 mg)
lipopeptide B (17, 59.0 mg)

Figure 2-3. Isolation of lipopeptides.
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2.3 Lipopeptide D &R E

Lipopeptide #5i% *"H NMR A7 hLHITHEED o 7’1 F 2 (3.0-4.5 ppm) & &7 w0 |k
> (7.0-9.0ppm) MBI SN Z BT F REALEW TH D Z &R X7z (Figure 2-
4), X512, lipopeptide A ™ 'H NMR (2B W CTHEMER AT 0 F o — 7 BNl sz
e, RIELEWMTREM THLZENTRINT, BOMEEESITO/BEND
lipopeptide A ™ 43131 J CaoH152N20022 (m/z 1876.1296 [M+Na]*, calcd. 1876.1282) & . lipopeptide
B ™45 1l CesH1a2N1802 (m/z 1710.0571 [M-H], caled. 1710.0575) & & L 7=, Lipopeptide
HORE Z I ET HICdHT--> T, lipopeptide A 1ZUNEDND 7% < EHURAIE R THOMB R4 L
Tz lmh . X0 KERIRTRE TLE R lipopeptide B OREERE AT S H, BONIZARA
Z % & 1T lipopeptide A DFREEREAITO Z L & LT,

2.3.1 Lipopeptide B DHEERTE

(@ "HNMR spectrum of lipopeptide A [500 MHz, CD,OH]

exchangeable
protons a-protons

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm

(b) "H NMR spectrum of lipopeptide B [500 MHz, CD,OH]

exchangeable
protons a-protons

LU Uu..

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm
Figure 2-4. (a) "H NMR spectrum of lipopeptide A (16). (b) "H NMR spectrum of
lipopeptide B (17).

F7. IHNMR 27 RUZEBWT dppm fHED A F 7 a kL 2 4310 alanine (2, 3.3
ppm fHED A F L7 a k4 2 551 Balanine 12, 2.2ppm D A F L7 v h L 34y
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O proline IZHHKT 5 Z E NP BT/ - 7= (Figure 2-5), B*CNMR A7 kLGl 60 ppm
T 1L EOH 4 fRkRFE S 7T ADBIIS ., 'THNMR TEBGERICA — =T v 7 L
o7 o b UoNBRIS T2 & & A E T a-amino isobutylic acid (Aib)2s 11 EFELET D =
ENbIoTo, EHI2180ppm T D 19 HD I NV KR =IVIRBINSL ZNHDOT X JENLIRD
RTF REITIEMIBE A HEE LT D 2 &R S Lz,

RIZ, Marfey £ 812 X > T lipopeptide B Ok T X / Fe DL b F 2 Pk7E LT- (Figure 2-
6). Lipopeptide B (0.17 mg) % E&NN/K43fi##%1C L-or D-FDLA & FUS S 815 5= &M% LC-
MS T/#1 L7, Proline [ZFH4 4 %5y 8D ™ — 2 1% L-FDLA (K3 B IR L2 Z &b L-
proline & EN TS Z ENRHLMNT/R-72, Alanine LV 14 v~ A=y N EWS T EEFF
DE— 713 2 T D FDLA (K TR ZE D & 727> 72 Z & 2> 5 a-amino isobutyric acid @
TFAED R TE 7=, Alanine IZHYS 550 T &IZ 2 2OV — 7 b8l S, 120X 2 FED
FDLA (KR CIAHBFRRINA LD L3, %25 1 D0 L-FDLA (R3EICiEH L= 2 &5 L-alanine &
Balanine N{FIET 5 Z &b o 7z, L EDOFER S | lipopeptide B DAL T X / FRIE., a-amino

(@ " NMR spectrum of lipopeptide B [500 MHz, CD,OH] -CH
I

methylene

- rotons
methine P methylene

protons  (BAIax2) protons
(Alax2) (Prox3)

8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm

(b) °C NMR spectrum of lipopeptaibol B [125 MHz, CD,OH]

quaternary
carbons

carbonyl
carbons

180.0 160.0 140.0 120.0 100.0 80.0 60.0 40.0 20.0

ppm
Figure 2-5. (a) "H NMR spectrum of lipopeptide B (17). (b) “C NMR spectrum of

lipopeptide B (17).
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isobutyric acid (Aib; B), L-Proline (Pro; P). L-Alanine (Ala;A) & BAlanine (BAla; BA) Th
D ERTE LT,
NO, H

e S

F

L- FDLA D-FDLA
6N HCl _  D-or L-FDLA, NaHCO, _
lipopeptide B e 2 LC-MS analysis
bopep 110°C,24 h  acetone-H,0, 37 °C, 1 h y
(b) L-FDLA D-FDLA
LI (o0 1:11—(—)'?#(':“ 1.00
2511:410. 1644 {3.00) 1:410.1610 {3.00)

1

i 75

15]

104

05

oo e AN
:Illll o ‘:‘."_‘5‘ n I:ﬁl.ll‘ o IJ?!SI n ‘W‘.Il‘ n Ill?_‘s‘ o I6.II :Il_llI o ‘15‘ o ‘:5‘.0‘ o I:ﬂls‘ n IIII.II‘ o II?_ISI Y
E> L-proline
{10 000, 000} {10 000, 000}
*TIG (7.00) 45 JI-TIG (1007
1031:398. 1644 (3.00) 1:398. 1646 {3.00)

i
25]
A o
15]
10
05

25]
A o
15
1H

05

LA LA

no s no s 0o o5 5o w' ws w0 ms T we esT
|f‘> a-amino isobutyric acid (Aib)
x10. 000, 000
1‘] TiC fi 0} 151 TG (100
10J1:384. 1491 (.00 10_12384_1482 {3.00}

L-alanine, B-alanine

Figure 2-6. (a) Preparation of FDLA derivatives from lipopeptide B. (b) LC-MS analysis

of FDLA derivatives.

fHeWN T MERREIGEEDORIEICE T L7 (Figure 2-7), flix SF % Mgt L7558, lipopeptide
B Z SRS N CIRAICERINAK T 5 Z & TAb BN LGN E2 155 Z S ISP Lz,

55T NENEE O 4y F B SRR IGER 1T dodecanoic acid T 5 Z L VRIBENT-, Z DhE
%%ﬁﬁu 4572, Aib 23EA L 7= dodecanoic acid DR, & Ak L. KIKH Sk D fif#) & LC-

(CTBM LRI E A i LTz, ZORE, WE O & &R A —E L2z

I|popept|de B DO ##ERLAENIEE I dodecanoic acid & IRE T& 7=,

W&IZ, MSIMS IRHTIZ & 0 T F FEHORSNZIRET 5 Z & 277z (Figure 2-8) . g
W 2 PR S E TR SR TR O e T REHHRDO miz1445.1 28 A F > & 4% MSIMS /X
2 — 2 OFEMTHN S lipopeptide B M43 51 2 (BP)BPBBPABAABBABBB (FHIlNIZNEA A, B;
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Aib, P; Pro, A: BAla or L-Ala) & fi##t CT& 72, MS/MS fRHT CHIBITE 72 o 728853 2 B S 0v\z
9% 72 lipopeptide B @ NMR f#MT 247> 7=, Aib-1 D7 X K712 /5 Pro-2 D § LD
2k Pro2 D3O m b Aib-3 D7 I K7 /2 NOESY FHBE Bl S 47z Z
& N RmOBLHNIE Aib-Pro DIEERE LT-, S HIZ, Ala-9 D A F 7 a k)b Aib-10
OTIR7a brENLTPRAI-IL DT I R7'm bz, pAla-11 D a 7’1 kb Ala-12 O
TIRTa bz, Ala-l2 DAF o7 a b Aib-13 & Aib-14 OF7 I K7 hrEi L
T RAla-15 ®7 I K71 |k /(2 NOESY FHEABIH X7z Z & 54T D Alanine & BAlanine
DONLE Z P T 72 (Figure 2-9),

YL EDFER %A+ T, lipopeptide B D41 % dodecanoyl-BBPBPBBPABBAABBBABBB C
bbbz EEHLMZ LT (Figure 2-10),

(@) /\/\/\/\/\)OLH&OH

0
286.2379 dodecanoyl-Aib

=
o
o

cald. m/z 286.2377 [M+H]"

Relative
Abundance

o

(b)  omm synthetic dodecanoyl-Aib
DAIC{1.00)
2:286.2328 (1.82)
Lo 32842208 (3.35)

5

107

204

J

oo FA ] 50 b 10.0 125 15.0 15

(210,000,000
”_Ju_n’ﬁz:nc 1.00}
286,794 (2.04)
1032842213 (2.91)

natural dodecanoyl-Aib

10+

oo 25 5.0 15 10.0 125 15.0 115

co-injection

{e10,000, 000
5 0. 2IC (1.00]
2:286.2319 (2.14)
2842207 (2.78)

L L e e e e e e L e e e
oo 25 5.0 15 10.0 125 15.0 115

Figure 2-7. (a) Identification of dodecanoyl-Aib. (b) LC-MS analysis of natural and
synthetic dodecanoyl-Aib.
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m/z = 1445.1

"5x107 5355
<1.00{ 268.3
£0 50 450.4 /8.6 | 930.7 1100.8 1256.9
= |183.2] 3654, | (6325 | |[,,859.71015:8 | 1171.9 13420 1445.1
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Figure 2-8. MS/MS fragmentation of lipopeptide B (17).

Ala-12 BAla-15 Aib-17

Aib-10
Pro-8 ~134ib-14 Aib-16
A|b 18

- Aib-4  Aib-6
Pro-2 Aib- 7 Ala 9 . BAI -11

;j';%q(mb EZ;QO; fmé i rNyL /3“ 5
e v i wﬁ B b

—NOESY  ----- NOESY (weak) —— HMBC
Figure 2-9. NOESY and HMBC correlations of lipopeptide B (17) on DMSO-d6.

Pro-2 Aib-4 Aib-6 Pro-8
Aib-1 Aib-3 Pro-5. Aib-7

e R A e
%&%J\/\&%J\(W{Nn

Aib-18 Aib-16 Aib-14 Ala-12
Aib-17 BAla-15 Aib-13

Ala-9

Figure 2-10. Chemical structure of lipopeptide B (17).
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2.3.2 Lipopeptide A MiEERE
Lipopeptide A (16) ®4r&HMEN S, lipopeptide A i lipopeptide B & ¥ & 75 18725 142 ~
A=y FZUMEAEY (lipopeptide A) & 128 v A= &\ MEEY (lipopeptide Az) DIE
W THDZENHA LT, 2O TEOEITENEN 251 alanine, 1 %71 alanine &
1571 ® glycine OfLAEHOE & PRI, S HIZ, Edman 53# ° OFEF )5 lipopeptide A
571 alanine | X L-alanine & Balanine 7% 72 ¥ | lipopeptide Az Tl lipopeptide A; @ Balanine
23 glycine [ZEHL L TV D Z EAURIB S 372, lipopeptide A; & lipopeptide A, DAFFELLITH 9:1
Tholz, LLEDORER L MSIMS #4712 T lipopeptide Ay & A, DERFESND 7 Z 7 A 2 kXK
— 78 lipopeptide B & —#( L 72 Z & Z )T, lipopeptide A I lipoeptide B 7> & L-Ala-BAla 73
fiif= L 7= lipopeptide A1 & L-Ala-Gly 2315 L 7= lipopeptide A, DIEEW TH D Z & 3 H )
72 7= (Figure 2-11),

(a)
4

x10 Lipopeptide A; The ratio of each amino acid
3 - - [M-H]
S 1.0 L'Po?ﬁfﬂ]@ie Az | 18509 Lipopeptide A| Lipopeptide B
2 \
é I 18381 Gly 0.1 0
= 00 Am/z 128 4 -

«10° (Ala + Gly) Ala 3.0 2.0
10 Lipopeptide B Am/z 142
5 [M-H] (2Ala) B-Ala 29 2.0
<, 1710.1 '
5
£ 00

1700 1750 1800 1850 1900 m/z

~—~

b)

Lipopeptide A; (main component)
<- €- €- <- <- , €- <—, <-, €-, €- <+ <—, <—, <—, <-,

QWM&'“NW%MW RS e v

Lipopeptide A> (minor component)
<- €- €- €- €- €- €- € <-, <- <- <- <-, <- < <-, <-

Figure 2-11. (a) LC-MS analysis of lipopeptide A (above). The ration of each amino
acid calculated by the result of Edman degradation (below). (b) MS/MS fragmentation
of lipopeptide A: and lipopeptide A..

RIZ lipopeptide Ay & A DA A To, Flx SRIFZ MG L2 B DD lipopeptideAy & A, D B

72 BRI IE R O B 7o Tz, £ TET ., TS Th 5 lipopeptide Ay DIEIEDE % H

fe L. lipopeptide B 7°5 L-Ala-BAla % {1 Xt 2% Z & T lipopeptide A; Z{L =R L., £ DW)

B PR 2 RIR 3K O lipopeptide A & Hrigikat L7 (Figure 2-12,2-13), Fmoc-L-Alanine
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& BAlanine-Bn % #fi 1% Fmoc % Bifri# L T4537= L-Ala-BAla-Bn & lipopeptide B Z#fi L T
Bn ZLLRFERD lipopeptide Ay # 157-, & D1k, Bn M2 BEAlUK B USINSE TR L lipopeptide
Ay DR A 4572, LC-MS (2T RIRH KD lipopeptide A & A A% 5 DA RT3 L OY MS/MS
RE—VEWBLT-E 2 A, WENERI B L, ZNHOREENG, lipopeptide Ar D%
1% % dodecanoyl-BBPBPBBPABBAABBBABBBAPBA L iET % Z LIk L7~ (Figure 2-14),

(a) 1) BAla-Bn, HBTU, HOBt,
DIEA, DMF, rt, o/n

Fmoc-L-Ala — Ala-BAla-Bn
2) piperidine, DMF, rt, 2 h

1) Lipopeptide B, Oxyma, COMU
DIEA, DMF, 70 °C, 22 h

2) H,, Pd/C, MeOH, rt, o/n

(b) (x1, 000, 000)

HTC (1.00]
6.091-1854 1463 (10.00)
5.0-]1:1876.1282 {10.00)
1.0 P1852.1390 {5.00)
203
lipopeptide A1 3]

1.0—;

n'c:""\“"l““ ot ot
(A1) ho 10.0 15.0 20.0
{(x1, 000, 000)
{L-TIC {1.00)
5.041:1854.1463 {10.00)
1.0 1:1876.1282 (10.00)
*" 13:1852.1390 {5.00)
2.0

Lipopeptide Ay

synthetic

{ﬁ
=

i

natural = ;

. i 2.0

lipopeptide A Lo ,\
oo | ] 7

e se w0 150  me 2o

(x1, 000, 000)
L {1.00)

11:1854.1463 {10.00)
5.0.]1:1876.1282 (10.00)
13:1852.1390 {5.00)

co-injection |
2.5

) ]

] J I
00l I _ ./.k
o

— T T T T T T T T
0o 50 10.0 15,

Figure 2-12. (a) Preparation of synthtic lipopeptide A:. (b) LC-MS analysis of
lipopeptide A (16).
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Inten, (x10,000) [M-H] 1852.1364

20 1050/5873
] 1317.7491 1855.1448
, .
2.5
] 5813446
] %o&go#lg 1586.9221
0. (- T T T AT S I
synthetic 2% 50 T 000 150 100 150wz
lipopeptide A; Inten. (100,000 [M+Na] 1876.1132
H 18771382 |
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1.04
05 T1LAT23 10745941
0-0:“‘\‘”‘\”“‘\“ ARGy R
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Figure 2-13. Comparison of MS/MS fragment pattern between synthetic lipopeptide A;
and natural lipopeptide A.
Pro-2 Aib-4 Aib-6 Pro-8

Aib-1 Aib-3 Pro-5 Aib-7 Ala-9

Q Ho§ Ho$ H § Aib-10
/\/\/\/\/\)LN&QWN%N%N N%N%N N\:)J\NH

H 0o o} H 0o o} H 0o o} E#Yo

NH
(0] (0] (0] (0] (0] (0]
H H H H
HOMN&N%N&N%NJ\AN&N%NJ\(NTJ
H o " o " H o M o BAla-11

BAla-20 Aib-18 Aib-16 Aib-14 Ala-12
Ala-19 Aib-17 BAla-15 Aib-13

Figure 2-14. Chemical structure of lipopeptide A.
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2.4 Lipopeptide 50 & 955 14 5
241 HHEBEBOT I/ BELIZHT B lipopeptide D XHE

KEKH KD lipopeptide 8 & Ak L7 lipopeptide Ay D 7 V2 2 Ufig, 7)o, U in
A rDHH 1 HEEGT MM 8l CONRFEREO A BT ICXT T 2 ILEEME 2 Mt L7= (Figure
2-15), ZO#EF, lipopeptide A (16) 1371 U LB M T4 ZUERFEE 125t L T 6.3 pg/ml T,
D IFIEDOT X WREEHCIE 25 pg/ml THIHIZER (ICwe) Z7~L7=, —J7. lipopeptide B I
BET LI R TORMZB W THEROABTZE LRD o7z, S HIZHE LT lipopeptide Ar H
T UEETTOSABEROAT ZLE LTz, ULEOEEND lipopeptide A 1271 U D&
b7 2 /fgd 0 ERAICIE L, lipopeptide B 137 2 / BEE(LIZIZEE LW &n
620272572, F£7-. lipopeptide A D Ffk%57 lipopeptide Av & 7' m Y &L ZHET L2 &
A LT,

(a) (b)
lipopeptide A lipopeptide B
120 120
< 60 £ 60
= B
o 2
(@)} (@]
0 % 0
0.1 1 10 100 0.1 1 10 100
concentration (ug/ml) concentration (ug/ml)
© lipopeptide A;
120
S — Glu
£ 60 Pro
% Ser
° Leu
0
0.1 1 10 100

concentration (ug/ml)

Figure 2-15. Growth curve of S. pombe in MME/P/S/L treated with lipopeptides for 72
h are shown. 100% growth was measured ODsgs without chemicals in each medium.
(a) lipopeptide A (16) (b) lipopeptide B (17) (c) lipopeptide Aa.
2.4.2 MMAIEIZ%9 S lipopeptide DR
Aib Z G LT F FEALEMIEIANY v 7 AEGEE LD 2 LNMmb TS ¥, 22T
lipopeptide JH D A& A CD A7 kL 1T K o THENT L 7=, & Ok 5L KIKH 3K lipopeptide
A L ARk LTz lipopeptide Ay TlE~ Y v 7 AREIEIZRFEAI 72 208 nm & 217 nm {FUT (2 WU A3 8
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W Siz, —J5 T lipopeptide B XM UL S LS 4L 7e > 7= (Figure 2-16), Z OFERMN G,
lipopeptide A [~V v 7 Afi&E % & U | lipopeptide B (X7 > X LA aA W EETHDH Z LB
Mo,

(@) lipopeptide A (b) lipopeptide A;

~ 2000 | lipopeptide B _~ 2000

E \ E \
. S 0 N—— . G 0
o X 2 240 260 ‘@ x 2 20 240 260
x £ 2000 < £ -2000
« O o O
D X D X

> -4000 > -4000

e e

£ -6000 £ -6000

wavelength (nm) wavelength (nm)

Figure 2-16. CD spectra of lipopeptide A (16) and lipopeptide B (17) (a), lipopeptide A:
(b) in MeOH. Each spectrum is represented as an average of two measurements.
Concentration of peptides used 0.22, 0.24 and 0.22 mM of lipopeptide A, lipopeptide B
and lipopeptide A1, respectively.

Y w7 AEIER L DT F MY EEMITHRE A EE T2 2 L nmbiTcng 2 22
C lipopeptide A OHIfRIRIE ETE M4 iatd 2 72 O MRER ® 217> 7= (Figure 2-17) . fi&fE
EIEMED H HILEW THRIMER Z LB 2 L JRIMEREDMIEIC S| E e & ~F 7 1 B O N
2D, ~EZ e HBROUSEZNES S 2 & TILEM OB IMIEEN I CTE 5,
Lipopeptide ¥8 2 ALEE U 7= IZ i Sz ~F 7 a B 84 HIE L7 #5 5 KX 3K lipopeptide
A B X UOER L7 lipopeptide Aq 133R EAAKAFAIZ IS &M 27~ L7z, —J5. lipopeptide B | 100
pg/ml £ THRET L2 b ODOEEMIEEEZ RS o7z,

ZIH DOFERN D lipopeptide A (F~Y v 7 AfEEE & 0 R EEE 2R T E T2
2 I3 A L&D lipopeptide B IEX[FNEMEZ 72202 EBR L NIZ o T2, I HIT, 241 &
[AARIZ lipopeptide A; & HERRIRE IS B TE M 27~ 9~ 2 & 23 L7z,

lipopeptide A

(@ Jinopeptide B (0) Jinopeptide A
oo lipopep w00 Popepiide As

M—~—

hemolysis (%)
N b o0 @

o O O
hemolysis (%)
A O ©

o O O

o
N
o

o
o

0 10 20 30 40 50 0O 10 20 30 40 50
concentration (ug/ml) concentration (ug/ml)

Figure 2-17. Lipopeptide A induced hemolysis. Erythrocytes from sheep were
incubated with various concentrations of lipopeptides at 37 °C for 30 min, and the
percentage of erythrocytes hemolyzed was determined by measuring the amount of
hemoglobin released, as described in Experimental information. (a) lipopeptide A (16)
and lipopeptide B (17) (b) lipopeptide A;
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2.4.3 Lipopeptide DM EEH

B. subitilis S. aureus

E. coli P. aeruginosa

kanamycin
(P: 50ug, others: 20 ug)

Lipopeptide B '®)
(100 ug) o Lipopeptide A
O ) (30ug)
O o
Lipopeptide B Lipopeptide A
(30 ug) (100 ug)

Figure 2-18. Antibacterial activities of lipopeptides. Growth inhibitory activities of the
lipopeptides were examined against B. subtillis, S. aureus, E. coli and P. aeruginosa.
Lipopeptide A, lipopeptide B and kanamycin were loaded onto the disks. Bacteria were

incubated at 30 °C for 24 h.

JREPEH AT T NITHETEE 2R3 2 L ImE ST 5 1, £ Z TR ELE Bacillus subtilis,
a7 R 7 EREE Staphylococcus aureus., f = # Pseudomonas aeruginosa & K% Escherichia coli
(Zxt4 % lipopeptide FHDOHLEIG A N—/X—F 4 A7 7 v AIZ L > Tl L7z (Figure 2-
18), AWInTE A FRHE L /- ZE K EFHIIC 30 pg & 100 pg O lipopeptide K4 BiAffi L 7z ~— 38—
A A7 ZRE L, 24 R OB BIRE OEF 2B LTz, TORR, 242 T Y PARIMEKIC
32 PR ETR M A 7k L7= lopopeptide A 1X B. subtilis & S. aureus (ZxF L C 30 pg (28 CTRHL
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IEMZER L, — T, BEEEFRMEDO 22 lipopeptide B 1% EiT 4 FEOME (26 L CHUFTE
Pz RS Aotz
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2.5 ¥

ARECIIRHBEREZANCA 7 ) == 7R BT 2 BELEET 5 KRR & TRHR
L7z, #4000 Bk D7 m 2T m Y CEGIHEFIGTED & - T RIRE R B IR 25 7' a U

EALIEAE lipopeptide A & [RIVEE D 72 VWK lipopeptide B & Hufs L7z, AH(L 200 <0
MS/MS fi# AT . NMR f# #1 & & - T lipopeptide B @ #% & % dodecanoyl-
BBPBPBBPABBAABBBABBB & &4 % Z & 10kh Lz, 7= lipopeptide A (345 fd (k524 i
K> MS/IMS fi#4T . NMR f#HT it 57> & dodecanoyl-BBPBPBBPABBA ABBBABBBABA (lipopeptide
A;) & dodecanoyl-BBPBPBBPABBAABBBABBBAG (lipopeptide A,) DIREM TH D Z & %W
BT LTz, S BIT, lipoeptide A 37 v U B VELEIEEZ G T 52 &0 ~U v 7 AMES
& o TREFEIGMHZ RO Z LB LR 5T,

EFH OfFEHT T lipopeptide A 1Z~V v 7 A4§i&, lipopeptide B 17 v X A2 A WEETH D Z
EERRUTZN, ZOREEDZRIL C Kl 2 REOABICERTHZ ENBEI LN,
Proline IZMIEHDONKfEE N KE S, 7 F7 e hUBHFELZWZONY v 7 AEERLIZ
<V, FE7z. alanine & aib [T~V v 7 AESTF RIZEZRoNLT I/ BTH D,
Lipopeptide A H{Zi% proline 78 3R EEAFE L, Wb N RKIRICFEEL TS, 2D Z Lk
AEBAO N RIFMIEA~Y v 7 AHEEE L D IC< WD ERRIEB S, Pro-8 LI aib &
alanine [IZE e 12 FREDFEIA~Y v 7 AMEE LT L TV D E TSNS, EHIT, afiiic
%Tﬁ&ﬁé%%f:fm\ glycine IZFFED 2R A — a3 U ERDIZL K ~Y v 7 AFERICIZBE S

I WZERMBLN TN D, [FAREROHEBE2 S Balanine H~Y v 7 AR TR 13RS
’Ef Liﬁb\: EMEZ BN T8, lipopeptide A; @ Pro-8 7> 5 BAla-20 & TD C Euifilil 73 D #
DAY w7 2R LTSI ENRBIND, —FH., 7 ¥ L3 /LED lipopeptide B 13
Pro-8 LA 7 2 JEBEAS 10 I L 77, ~VU w7 X%iﬁ%%ﬁi?é =D T X BRFEIEK
DARELTND EEBZLIND, AMEELZRFET 5 7291213 lipopeptide A & lipopeptide B @ Pro-
8 b C KimE TCOXT T FHAEZNEZIULFA EJZL/ FNHDNY v 7 AREEE AR % R
NI HAUENRD D, Sk, FHxOXTTF RELEWEZ G L RIS Z R 25 2 & TR
MOBGEDRIFFCE 5, BT, AEFLAERE S VAR & 7L FHHER T 7 F R LG
WO _PAEEPRE CTE D LW ONTRD | ALFREEIRIZE A CEDLRNE DD IR
ENREL B bEMORINREL 725, ~U v 7 AMEEEFFOXTF NEALEWITIRE
BEZAERT 2, LanL, ZOERERSCIEN T 2REEBEOMEIZE L TR A 20,
AR TFT A 2 I ERT DY v 7 ZARBEZ FF O X7 F Mk ameE 7 o X haA
TR OAEE W % O THERARERCSOIEE IR O E & i a4, (BB o— & I AF
L7 AAER ZHEBR L7e S AL B — AR E M OF AAE AR A BfR T X 5,

BOETCIET R BB AT 5 KRIWOBEEETT V) lipopeptide A OEUFIZEED L7,
F 72 AHFSEIC BEE L C beauvericin®® & chaetoglobocin B*® ¢, 7' 11 U AL E(L A & L TH
LT (Figure 2-19), 26 DLEMITEFEE HIERN S TR BER>TNDH T &M
57 X BERHITMIEANO LA X FEBEHBL TS Z ENEXbND, HHEIIRE
U7 BBl & BR 3 2355 OB R 7 2 BIE FHREIC L I L, 2OfRRE2 M5 2

CIXREETH D, B TEREIINSSRE LR FIEFEE T T RWEFIC R 28 %2 KX
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T ThHnH, —J7. ALEWERHET S Z & THERF 26 2 LT E8TH 556
W< WBRESNDOHMNIRE SN BES L 725, KMFEDAT ) —=2 7% %2 HNT
S DT X/ BB ZHIET 5 R 2 B L. T 20 R ORI BT 2 Jnik
EEMSEL 2 & THRMERT X IR 2 B2 Z L TE 5,

Koo
) ""(&o R N
QLETY

beauvericin chaetoglobosin B
Figure 2-19. Chemical structure of beauvericin and chaetoglobosin B.
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26 ERESLUVRARY bLT—4

General procedure

All reagents and solvents were used as received from commercial suppliers and were used without
further purification. IR spectra were measured using an FTIR spectrometer equipped with ZnSe ATR
plate. Optical rotations were determined using the sodium D line (589 nm). NMR spectra were measured
on a 500 MHz instrument. *H and *3C chemical shifts are shown relative to the solvent; 6y 2.50 and dc
39.5 for DMSO-ds and di 3.31 and ¢ 49.0 for CDsOH. hemical shifts (6) are shown in parts per milliom
(ppm) and coupling constants (J) are in hertz (Hz). The following abbreviations are used to describe
multiplicities: s = singlet, d = doublet, dd = double doublets, m = multiplet. Mass spectral data were
collected with FAB MS or ESI IT-TOF MS. Flash column chromatography was performed over Silica
Flash F60 (SiliCycle) using an elution system as described for each experiment.

Yeast strain and medium.

Wild-type S. pombe (JY1: h) was used. Media were prepared based on MM medium, although the
nitrogen souce was replaced by an amino acid: media designated MME, MMP, MMS or MML included
glutamate, proline, serine orleucine as a sole nitrogen source, respectively.

Screening of amino acid-specific antiyeast compounds.

Cells were cultured in MME medium at 30 °C for 24 h. And then, Mid-log phase inoculum in MM-N
medium was diluted to the ODsgs of 0.01 (for MME and MMP), 0.02 (for MML) and 0.04 (for MMS).
MM-N medium was MM medium without nitrogen source. Cells were exposed to screening samples
dissolved in DMSO (1% v/v) at 30 °C for 72 h. After incubation, the turbidity was measured at ODsgs
using iMark microplate reader (BIO-RAD). Broths that exhibited less growth inhibition in any of four
media were re-evaluated for their selectivity.

Isolation of lipopeptide A and lipopeptide B.

n-BuOH extracts of the culture broth of fungi F27113 (4.38 g) was extracted with 90% MeOH three
times. Combined extracts were evaporated and extracted with CHCI; three times. The CHCI; extracts
were combined and concentrated in vacuo. The residue was dissolved in CHCl;-MeOH (50:50) and
fractionated on a LH20 gel filtration column with MeOH. Fractions containing lipopeptides were
combined and chromatographed on a ODS column with MeOH-H-O (20:80 to 100:0). Fractions eluted
by MeOH-H,0O (100:0) were subjected to ODS HPLC on Cosmosil 5Cs-MS (¢20 x 250 mm) with
MeCN-H,O (45:55 to 100:0). Fractions containing lipopeptides were subjected to ODS HPLC on
Cosmosil 5Cig-AR-1l (20 x 250 mm) with MeCN-H,O containing 0.1% TFA (60:40) to afford
lipopeptide A (16, 35.6 mg) and lipopeptide B (17, 59.0 mg) as colorless amorphous solids, respectively.

Lipopeptide A: [a]o® +12.18 (c 0.42, MeOH); IR (neat) 3731, 2983, 2461, 1640, 1421, 1200 cm;
HRMS (ESI) m/z 1876.1296 [M+Na]* calcd for CasHis:N20NaO22, 1876.1282.
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Lipopeptide B: [¢]o2 +1.56 (¢ 0.36, MeOH); IR (neat) 3286, 2984, 1647, 1543, 1173 cm'™:; HRMS (ESI)
m/z 1710.0571 [M+H]" calcd for Cg3H141N15020, 1710.0575.; *H and *C NMR see Table 2-1.

Advanced Marfey’s analysis of lipopeptide B.

To a solution of 17 (0.17 mg, 9.94x10° mmol) was added 6 N HCI (0.2 mL), which was reacted for 24
h at 110 °C. The reaction mixture was dried in vacuo. The obtained hydrolysate was dissolved in H.O
(50 pL), to which 1 M NaHCOs3 (20 pL) and L- or D-FDLA (1% w/v in acetone, 100 uL) were added,
and the mixture was stirred for 1 h at 60 °C. The solution was neutralized with 1 N HCI (20 pL),
evaporated, and then dissolved in MeCN. The derivatives were analyzed by LC-ESI-MS. LC separation
was performed on a reversed-phase column (Cosmosil 5Cis-AR-11, $3.0 x 150 mm) with a gradient
elution system of H,O/MeCN containing 0.1% TFA (80:20 to 0:100 for 80 min). ESI-MS was performed
in a positive ionization mode.

Synthesis of dodecanoyl-Aib.
Lauric acid (137.1 mg, 6.84x10"* mmol) was mixed with HBTU (233.28 mg, 6.15x10* mmol), HOBt
(83.11 mg, 6.15x10* mmol), DIEA (107.13 pL, 6.15x10* mmol) and Aib (63.43 mg, 6.15x10* mmol)
in DMF (6.83 mL), which was stirred for 5 h at room temperature. Satd ag NH4Cl was added to the
reaction mixture. The EtOAc layer was washed with satd ag NH4Cl (3 times) and concentrated in vacuo.
The obtained residue was chromatographed on an ODS column with a stepwise elution of H,O/MeOH
(from 100:0 to 0:100) and CHCIs/MeOH (1/1). Fractions containing dodecanolyl-AlB was subjected to
ODS HPLC on Cosmosil 5C1g AR-I1 (420 x 250 mm) with H,O/MeCN containing 0.1% TFA (20:80)
to afford dodecanoly-Aib.

Dodecanoyl-Aib: IR (neat) 3321, 2957, 2916, 1715, 1556, 843 cm™*; 'H NMR (CDsOD, 500
MHz) § 2.16 (t, J = 15.0 Hz, 2H), 1.58 (m, 2H), 1.28-1.36 (m, 16H), 1.45 (s, 6H), 0.90 (t, J = 13.7 Hz,
3H); C NMR (CD30D, 125 MHz) 6 178.1, 175.6, 56.7, 36.8, 33.1, 30.8 (2C), 30.7, 30.5 (2C), 30.2,
26.9, 23.7, 14.4; HRMS (ESI) m/z 286.2379 [M+H]* calcd for C15H30NOs, 286.2377.

Synthesis of lipopeptide A..

Bn-BAla (235.06 mg, 6.69x10™* mmol) was mixed with HBTU (383.50 mg, 1.01 mmol), HOBt (142.86
mg, 1.06 mmol), DIEA (174.2 uL, 1.00 mmol) and Fmoc-L-Ala (249.75 mg, 8.02x10* mmol) in DMF
(6.7 mL), which was stirred for 5 h at room temperature. Satd ag NH4Cl was added to the reaction
mixture. The EtOAc layer was washed with satd ag NH4ClI (3 times) and concentrated in vacuo. The
residue was chromatopraphed (SiO2, n-hexane/EtOAc = 1/2) to yield Fmoc-L-Ala-Ala-Bn.

The residue containing Fmoc-L-Ala-BAla-Bn in DMF (5.36 mL) was stirred, to which piperidine
(1.34 ml) was added. After being stirred for 3 h at room temperature, the reaction mixture was
concentrated in vacuo. The residue was washed with hexane. The residue was subjected to ODS HPLC
on Cosmosil 5C15 PAQ (#20 x 250 mm) with H,O/MeOH at 40 °C to afford L-Ala-BAla-Bn.
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L-Ala-BAla-Bn (13.20 mg, 5.28x102 mmol) was mixed with Oxyma (13.39 mg, 9.42x102 mmol),
COMU (27.32 mg, 6.38x102 mmol), DIEA (9.96 uL, 5.72x102 mmol) and lipopeptide B (9.78 mg,
5.72x10° mmol) in DMF (1.0 mL), which was stirred for 16.5 h at 70 °C. Satd aq NH4Cl was added to
the reaction mixture. The organic layer was washed with satd ag NH4ClI (3 times) and concentrated in
vacuo. The residue was subjected to ODS HPLC on Cosmosil 5Cis AR-Il (¢10 x 250 mm) with
H>O/MeCN at 40 °C to afford Bn-lipopeptide A;.

Bn-lipopeptide A; in MeOH (200 uL) was stirred with 10% Pd/C in a hydrogen atomosphere for 15
h. After concentration in vacuo, the reaction mixture was added H,O and extracted with EtOAc (three
times). The organic layer was concentrated in vacuo to yield lipopeptide A; (0.17 mg).

L-Ala-BAla-Bn: [o]o® -24.71 (c 0.03, MeOH); IR (neat) 3064, 1672, 1384, 1173, 741 cmt; *H
NMR (CDsOD, 500 MHz) 6 7.73 (NH), 7.68 (NH), 7.28-7.36 (5H), 5.13 (d, J = 5.8 Hz, 2H), 3.84 (d, J
= 14.0 Hz, 1H), 3.50 (m, 2H), 2.61 (dt, J = 13.2/6.0 Hz, 2H), 1.41 (d, J = 14.0 Hz, 3H); *C NMR
(CD;0D, 125 MHz) § 172.9, 171.1, 129.5, 129.3, 126.2, 125.9, 118.7, 112.1, 67.5, 50.1, 36.5, 34.6,
17.6 ; HRMS (ESI) m/z 251.1387 [M+H]* calcd for C1sH1oN203, 251.1390.

Synthetic lipopeptide Ai: HRMS (ESI) m/z 1876.1296 [M+Na]* calcd for CggHis5:N2oNaO22,
1876.1282.

CD spectrum.

The CD spectra were recorded on a JASCO (Tokyo, Japan) model J-720 dichrograph. Cylindrical, fused
quarts cells of 1.0 mm path lengths were employed. The data in solution are expressed in terms of
[0]Tx107, the total molar ellipticity (mdeg-cm2-dmol-1). HPLC-grade MeOH was used as solvent.

Hemolytic assay.

Sheep erythrocytes were prepared by washing sheep whole blood (Kohjin Bio Co., Ltd. Japan) with
buffer [L0 mM phosphate buffer (pH 7.4) containing NaH,PO4 and Na;HPO,4 and 150 mM NaCl]. Rabbit
erythrocyte (4x107 cells/ml, 100 pL) was mixed with 100 ul of PBS buffer containing lipopeptides or
0.1% Triton X-100, which were incubated for 30 min at 37 °C. After centrifugation at 2400 rpm for 10
min, 160 pl of the supernatants were moved to another plate, and the absorbance at ODaso was measured
using iMark microplate reader (BIO-RAD).

Antibacterial assay.

Growth inhibitory activity of lipopeptide Aand B against bacteria was examined by disk-diffusion assay.
The test organisms Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Pseudomonas
aeruginosa were suspended in NBRS 802 media (1% of polypepton, 0.2% of yeast extract and 0.1% of
MgS0O4-7H,0) with 0.5% agar medium and overlaid on solid medium plates with 2% agarose.

Lipopeptide A, lipopeptide B and kanamycin were loaded onto paper disks (¢ 6 mm), which were dried
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and placed on the agar plates. After incubation at 30 °C for 24 h, growth inhibitory zone was measured.

Table 2-1. H and **C NMR data for lipopeptide B in DMSO-ds.
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1 1
residue B¢ HJ(S;)H" residue B¢ HJ(z;)It"
dodecanoylC=0 |172.6-176.0 Aib-10 C=0 174.1
2 22.1-31.3 2.20 1 56.2-55.6
3-12 22.1-31.3 1.17-1.51 2 22.1-31.3 1.17-1.51
Aib-1 C=0 172.6-176.0 3 22.1-31.3 1.17-1.51
1 56.2-55.6 NH 7.33(s)
2 22.1-31.3 1.17-1.51 BAla-11 C=0 171.1
3 22.1-31.3 1.17-1.51 1 35.7 3.20
NH 8.58 (s) 2 35.1 228
7.08
Pro-2¢  C=0 171.6 NH (dd. 1.1
410 173.6-
1 63.1 dd 161) | A1z C=0 gl
2 22.1-31.3 1.85, 2.16 1 49.6 4.02
3 22.1-31.3 1.60, 1.80 2 22.1-31.3 1.20
4 48.0-48.2 3.65 NH 8.20 (d, 9.2)
Aib-3 C=0 172.6-176.0 Aib-13 C=0 173.2-
173.4
1 56.2-55.6 1 56.2-55.6
2 22.1-31.3 1.17-1.51 2 22.1-31.3 1.17-1.51
3 22.1-31.3 1.17-1.51 3 22.1-31.3 1.17-1.51
NH 7.56 (s) NH 8.44 (s)
Aib-4 Cc=0 172.6-176.0 Aib-14 C=0 174.6
1 56.2-55.6 1 56.2-55.6
2 22.1-31.3 1.17-1.51 2 22.1-31.3 1.17-1.51
3 22.1-31.3 1.17-1.51 3 22.1-31.3 1.17-1.51
NH 7.75 () NH 7.25 (s)
Pro-5* Cc=0 171.9 BAla-15 C=0 171.3
4.10
1 63.3 . 16.1 1 355 3.26
2 22.1-31.3 1.89, 2.17 2 36.5 2.28
7.38
3 22.1-31.3 1.57,1.81 NH (dd, 11.5)
4 48.0-48.2 3.26, 3.73 Aib-16 C=0 173.0
Aib-6 C=0 172.6-176.0 1 56.2-55.6
1 56.2-55.6 2 22.1-31.3 1.17-1.51
2 22.1-31.3 1.17-1.51 3 22.1-31.3 1.17-1.51
3 22.1-31.3 1.17-1.51 NH 8.05 (s)
. 172.6-
NH 7.56 (s) Aib-17 C=0 176.0
Aib-7 C=0 172.6-176.0 1 54.7
1 56.2-55.6 2 22.1-31.3 1.17-1.51




Pro-8

Ala-9

22.1-31.3
22.1-31.3

172.2
60.3

22.1-31.3
22.1-31.3
48.0-48.2
171.9
49.4
22.1-31.3

1.17-151
1.17-151

7.82 (s)

4.26 (dd,
12.2,17.2)
2.15
1.68, 1.81

3.60, 3.79

4.05
1.29
7.78 (d, 15.3)

Aib-18 C=0

NH

NH

22.1-31.3

172.6-
176.0
56.2-55.6

22.1-31.3
22.1-31.3

1.17-151
7.44 (s)

1.17-151

1.17-1.51
7.70 (s)

Signals were obscured in *H NMR spectrum and were assigned using 2D NMR experiments. *Due to

signal overlap, the Pro signals are interchangeable.
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"H NMR spectrum of dodecanoylAib in CD,0D (500 MHz).
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"H NMR spectrum of 16 in DMSO-d, (500 MHz). | ‘
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'H NMR spectrum of 17 in DMSO-d, (500 MHz).
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A TIENABMALICH 595 HIF-L &7 2 BREE ET 2 RIREEILEMOBRFE
ATV, TNEIUSHRT DIEME(LAY & LT verucopeptin & lipopeptide A Z#Hif59 5 Z &iZ
B L7z,

HIF-1 BHE# verucopeptin (283 2 W28 Tl L F50 M, NMR fEHT & B R i & D i)~ 5
SRS A SN L, OEFE TG A F L ORI SLRELEHERE 2 B Lz, S 512,
verucopeptin 73 mTORCL ## & HSP60 D v~ L iEMEZFHE L, HIF-1 OiEMEZ %45
ZEERLMNI LT,

4% . verucopeptin & VU — RMbAEW & L7 RIZENIE 2 B f5 371213 L AW O &S MEFE BA T
72 & HIREE M OB RIE L 72 D, ZHUE TIT verucopeptin #5E K & 15 5 72 O 12 fE & (2R E
fiZRat Lind, FBEREGON DRI RO B0 o7, R AR 5 OF
EARPESR H A T2 203, verucopeptin [FRRIEIE & T R E BN 22 B L = IEE N T2 W T2 05
WRAERGT 5 2 L IXREES 570, ME—HEAT L72IR oo ORI & 0 BfS T = 7= verucopeptin @
=LK 2a D HIF BEEERLEHEIL verucopeptin (ICsp=0.2 pg/ml) & LR TRIEIZIK 52 & %
NI LTS (ICs=8.0ug/ml) . Z4LE V. verucopeptin @ HIF-1 {EMALAREE OHEIZIE
MISEAENIEE D THP SR EHE TH D Z LR I iz, A%, (LFAKICE D & 672 DTS
MAAREAZE 2 e 6D 5 Z & C verucopeptin @ HIF-1 FHEEMEIC VB 22 e/ IMEE 2 1 5 M2 5
TEMMRELD,

S 51T verucopeptin |% HIF-1 [HETEME 2 R JIREK E OSBEHITE TWDH o0, HT1080
FARIZ XT3 B R R E D R, F DOJFIA & LT verucopeptin DIEFEMEDIRE NE 2 H VD, B
AKMEDEN verucopeptin IZHIIAN DL DX X7 L BUKMMEERIC L > THRA L, £
DIEFFRA 72 5 37 B OMRLENSMREEICT S L Wb Z EnPansd, AT
verucopeptin OfEE & /37 & L TCIRIE S L7z HSP60 I3Mifla T CT7 +— /T 4 v ZITRIRL
TEKMEEIRABH LIcEEOX 7 EEAIEE L L CGRI L TRBEOIEMER 7 > MIEY
AT MEE AR L, Z D 7= verucopeptin @ HSP60 (2569~ 5 L ETE M I A L S DBk D &
SITERT L ATREMEE T 2ICE A b D, ZOAREMEAZRRFET S 721213 verucopeptink DB
AKPER EDJRK & B 2 5D MEERENEE DM & 2 284 U T3R8 K 2 A plkk L, HSPEO (Zxt3 %
PREVEME A RIS 2 MR B D, A%, HIF-1 B RINIIER 3 5 % fEME O & verucopeptin 7%
ERZAIHCTE T, MRREMEOEW HIF-1 LEAIZBRRE TE 200 L,

MTORCL ##&idm A N2 Lo TEM LS D Z & 2, mTORCL ##E D M TIEF /3”7
Bk E Ok & I EFA R RRTHI SN THE 2 E 3R LER TS, D= mTORCL
REEILT X BREEED NT 3 FD—DTh D EVWR D, NT 4+ Tl b MTORCL #RE &
FH5E9" % verucopeptin Z#fF9E > —/L & L CHIH 3 4UIEX mTORCL BREE G2 7 I 7 Wl
LM TE20b Ly, FEERIC, AMRE _—ECHWEAZ7 ) —=v 7RI
verucopeptin Zfk L7z, LxL. AMEAM OB HA~DIREMEDIRES S 4 FEO 7 2/ B4eT
TR B AR E o T, WRRMEDS I | L 7= verucopeptin FEEKDAINIT k> TT I 2 EEfH
BB 2t b it 2 L HIFF T & B,

69



7'u ) CELE®E lipopeptide A (ZBHT DML TIEA AL T4 4712 L > T lipopeptide A
DALFHEEZRTE L, ~Y v 7 AEE LB T 5 2 & TIREFEERZ RT 2 & 26T L
7o AWFSEIX lipopeptide A 137 1 U & b & AR ORERE & ORICHBEN S H Z & AR L
WD TORTHL, 7rl AXI bay RU T ONEICF/ET 5 proline oxygenase (2 & -
T proline 5-carboxylate ~ & Eg{b 7=, FEEA R TI b= KU 7NO TCA [RIFE~it#a
IND 4 A TIET 1 ) U CER R LT R EERN TR =2 R U 7 OFFH) LU
FRTAHAESE TS, I DORERIT lipopeptide A 232 har KU THEEEETHZ &
T ) OB ERET S AREMEZRE L TS, L L, lipopeptide A 23 E D L 912
Y R 7REZBINICEE T 2 00, My 2 — Y% 5 2 FISHIRE 2 @i 3 2 00,
T har RUTIEOBERED X S &AL T e ) VBRI ET H00, 72 SR
L CWRWIENE AFET D, AH%DE bR DIEHABETFMITIC L > TR D B 2 T &
AU, AETRITE ST XV BREEEO —mE A N T 52 LN TE D,

BB\ IARWIE TIERIRE D By AFIRIEINT IR 2 R 2 G325 Z L ITEh LTz,
LU, fF 607 R OMBAN TOZRE 2 BT 2 Z L ITREETH o 72, FEBRIT,
N AL G ORIRIN T OZEE 2 FERIZ AT L2 BIER 6 TR0 . 20K E LTHERT
X DINGFALEYMDEN D 7\ 2 L SOBIRANTAZH) Sy BT 2L AMBRR LT D Z
EBREBZ LD,

B, RO AEG RN X BRI TE 22 & THMAEMIC KRIRW %2 REIZAPES
5 FEPFEL SN TWD, ZIUT L o THE LMEUS T X oo 7o R O VE FFEHE O figfir
IXRET 2 Z ERMIFETE S, UL, FRRMEOIROEER ~DVEH & i3 2 I BIE £
TITIZE A EHE SN TW R, FERE, ARIFFETIT o 72 verucopeptin O 7 /L2 7 L FER Tl
verucopeptin 23BN D% < D31 LG L, ZOREE X /87 HITMIEN TOHFEREN SN
H O UMERIZZEN ST,

ZOREE RN T DI Ny F & 2 o X EOMEERERE S LU EICHEET 2 LER S
BLEERD, TOEDIIINGT L BRINTEETE 54 L I BERHET B UERDY |
ZORFIRE U TERITRERYOAEERIZEHR L7, b MR & > TR R0 5
O “HB” THO | HO0D RIS T 2 LI ITERFI SN & X7 BITFE LR,
— 5, REMOAEPFEFENTITAEEG SRR S L < TR CRIBMIIER T2 % RV B
DIFAEN TSI, ZDZ 7 F e RO EAERITITFRFEERNH D Z E BB HD,
ZDI=D, INoyT-2 Xy ERIOMAAERERIZRE T 2 M 282 BIF 5 72 DI KIR D%
BN TORENZMRIIT 5 2 LR b D,

X5, R OAR DB E 2 HRT 5 2 L 1XAEM LA BEFET 2 2 LIcbEMAT D
72, MR ETDHMAEMNE NILEBAEYM TH > 2 HE I 2 72 R BIEE O M & $2/8 T
LG LivZewy,
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