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RS

ACC acetyl-coA carboxylase

AcOEt ethyl acetate

AcOH acetic acid

ADP adenosine diphosphate

AID autoinhibitory domain

Amax activation max

AMP adenosine monophosphate

AMPK AMP-activated protein kinase

AR androgen receptor

Arg arginine

Asn asparagine

Asp aspartic acid

ATP adenosine triphosphate

CAMKKp calcium-calmodulin-dependent protein kinase kinase 3
CBM carbohydrate-binding module

CBS systathionine-beta synthase

Cbz benzyloxycarbonyl

CDI carbonyldiimidazole

Cdk cyclin-dependent kinase

cIAP cellular inhibitor of apoptosis protein 1
CoA coenzyme A

CPT-1 carnitine palmitoyltransferase-1
CRABP cellular retinoic acid-binding protein
Cys cysteine

DIAD diisopropyl azodicarbozylate

DIPEA N, N-diisopropylethylamine

DMF dimethylformamide

DMSO dimethylsulfoxide

DNA deoxyribonucleic acid

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

EGFR epidermal growth factor receptor
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ERK

Et
FOXO3a
FRET
Gln

Glu

Gly
HATU

HEK
His
HMG-CoA
HMGR
HOBt
IMAC
Insig
LC-MS
LKB1
Lys

Me
Met
Mg
MS
NADP
NBS
NIS
PDB
PEG
PP2A
pPP2C
Pro
Raf

Ras

extracellular signal-regulated kinase
ethyl

forkhead box O3

forster resonance energy transfer
glutamine

glutamic acid

glycine

1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b|pyridiniu-
m 3-oxid hexafluorophosphate

human embryonic kidney

histidine

hydroxymethylglutaryl CoA
hydroxymethylglutaryl CoA reductase
1-hydroxybenzotriazole

immobilized metal affinity chromatography
insulin induced gene

liquid chromatography-mass spectrometry
liver kinase B1

lysine

methyl

methionine

magnesium

mass spectrometry

nicotinamide adenine dinucleotide phosphate
N-bromosuccinimide

N-iodosuccinimide

protein data bank

polyethyleneglycol

protein phosphatase 2A

protein phosphatase 2C

proline

rapidly accelerated fobrosarcoma

rat sarcoma
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RNA

RNAi
SAMS peptide
kinase
SCAP
protein
SDS-PAGE
SEMCI

Ser

SH2

SSD

TAK1
TBAF

TFA

THF

Thr

Trp

TsCl1

TsOH

Tyr

ribonucleic acid
ribonucleic acid interference

synthetic peptide substrate specific for AMP-activated protein

sterol regulatory element binding protein cleavage-activating

sodium dodecyl sulfate-polyacrylamide gel electrophoresis
2-(Chloromethoxy)ethyltrimethylsilane

serine

Src homology 2 domain

sterol-sensing domain

transforming growth factor beta-activated kinase 1
tetrabutylammonium fluoride

trifluoroacetic acid

tetrahydrofuran

threonine

tryptophan

p-toluenesulfonyl chloride

p-toluenesulfonic acid

tyrosine
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SYNDE) VERIBEHIC DU THBITI D,

@ 1.1 FYNDBEOMREBHR

HEANDRTDR Y NRIZEIZ T2y FIIVRTT] LIFENE —EOEEZH T, DNA T3
— NI NEHREFLICHRI NS, MNIAKRIZBWTERINZR AT EIE, EXIVH R T A
CENEI N, TNTNDRMEEZRUZTOBRBEZREL TVWE, ZTNS6DXR VAT EIZE 5T TH
BB XN BB EZT. TOWREITIHI NS ZEAHLS N ERSoTNS L,
DALFERIT X, AF IV, TeFILb, UV VBt e o 2RISR D6, K
feliieie (JBEIAL), 2V aviifb, AEFFUAMAREDRERLDIEATHHMHME T NT
W5, ZORIRBEOIEBMIC X > T, MM~ DX 287 BOKBEREZ BEICHIE L., A
BREOZP RV E Y, EHL ORI N T 2HERL, ZMAIEE 2 TREIZLTWS,
B2 o<, MIIRBEMEL T, MENOEM Ay P =2 3BKELRVWTHA S Zen¥F
HIhs,

RUNRTBEORRBEMIEEZ 2O A T IV —ZHHTES, —DHIEFRXRVAAIJEDT 3
JBAUBICREDEREVPMAGT2EOTHS (K1), ZNITBERKIFN E 72 13RI
Z035%, Z0hTHERUAZEY VgL, Tk, TVFAL, ) a2 vk, BiE (K1)
FE—RIIZ LS AONIEHMIARTHD, ZTOWEBHZ VARV EDOEZEINS, FARTBT A
— AL, TYO=LRBEL Vo EFENRDLSONT WS, ZDOHOATIV =2 LTIk, &N
2EOYEWEIBHAL., BEVDHHIENEHDTHS, TOREMNLEDELT, TrI VA
YORBEIZE BV AY vOEEAEDIFLENE (X 2),
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Residue Reaction Residue Reaction
Asp phosphorylation Cys S-hydroxylation
) disulfide bond formation

Glu methylation phosphorylation

carboxylation S-acylation

polyglycination S-prenylation

polyglutamynation

Met oxydation to sulfoxide

Ser phosphorylation

O-glycosylation Arg N-glycosylation

N-ADP-ribosylation

Thr phosphorylation

Asn N-methylation

0-glycosylation N-ADP-ribosylation

Tyr phosphorylatin Gin transglutamination
sulfation
ortho-nitration Trp C-mannosylation
His phqsphorylation ) Pro C-hydroxylation
aminocarboxypropylation
N-methylation Gly C-hydroxylation
Lys N-methylation
N-acylation

C-hydroxylation

phosphorylation -

Q
0=p-0"
OH o)
Al — AL
H o H o
N-acylation o]
NH, HNJLH

Adn — £ L s

H H
N-alkylation
NH, pn -CHs
Proinsulin
‘,{N b, ——— f’{N S,
H H
o) o] Protease

O-glycosylation

OH
HO
OH HO o
Ak Ak
H o H 0

oxidation
AP A
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FATRAREZBIRBEMO DL LT T2V 28 Y) Vi) BB Fond, X VX708 v
ibid Z > 28 ED Ser/Thr #3EE U <1 Tyr BRI LTV VEBEE AN 55 5 &\ S (&
RTHD CEFETRHEAFIUIINT LY VR *db#HEINT0DE), ZoBlE7a 71 v
FF—XIZXoThlEI N, VYR F—Ths ATP, X7 X VI LDFHEFRTERLT I/
BrHEov FoxvREioa L) yBE2AMEd 2 (K 3), #KE. TabblY VBRI
TUuTA VKRAT 7 R—EIZ Lo TllEEI NG, ThoFF—¥, FAT7 X —EOHEIZ &
> T, Y VB X VN E O ITRZE M ICHEE N Twa, FAHEICIBWT T
TAUFF—EIEMN 500 M EFET LI NS 3, 512, FF—EHUEEEZ G35 L HEH
SNBWETIIERYT ) LOK 2% % DD 4 Z L%, MlENDOEZ V27 EDOH 30%H Y kb
EZIF55 P ZeHMHINTE Y, MEEREIICBIT 2278 VB LOEEMEIFZ 5,
ZDORISZIIHENIZEE LT 2 ATP Z2FHLTWS Z &6, Mildice o TY YER{kIZ
Lo LB ERLI PO RERIZEFERLOTHAS LEZOND,

RYNOEBN) VBEMiEZIT S L. TOWEE, fME. & VS BRMHEERE. BIEREH
ZAT D6, TR —DDX U RIBEIZE T BEEIES RN 2 50, Bk RIRIEZ AL
T BRMMEDPMRIE S NS, T OMEREFMERE XX VNV ERIC & > T Th B HN, ldiis i
EALEREIZ Y VIR Z D, BROERICHEZ 5 X501, AEMEzE D) Vg & v
NIBRTIVF VRO EBMBGEDTHI I IC XV EERAPI SR I LWV
BINRHE XN T WD S (M 4),

NH,
N X
N
</N »
OH. OH. OH N
j) Ho\llj_o;}nj_o;}lj,o
ﬁN ‘\‘/\OU(B\}&I) 6 1)
I N
Ser ¥ Mg2+ OH OH
ATP
i NH,
N S
N
o o ¢ )
H. OH N
2 I o 2% %%
Noroa g Lo
HN 0
¥ OH OH
Phosphorylated Ser ADP

M3, ZYASEY VLD R M D R Sk B
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AFEOFEIL [TaT7F1vFF—X¥E2 N0 Vb 7 F LG THEH070.
TFDTOTFAVFF—LIZOVWTHRIZENT 5,
AEi TR RZED

- -
— -

TaTFA VIR F—X e F XU RIEOMBEICY VR E 5T S EEREE
HIDHRDOMITH L, BTOTOT A »FF—EIEXOREHIZH 280aa 1F & DI 7
FINLFF—EMEIEE R A Y 2HELTED, ZOHAIZBWT, ATP, HHE & DA
M. 29K ) VBLRIGEDEZ B, T OIS DI ZkoukEiE. £ 3N RIEDE
BMEIZED, TaTA X F LR EAOBRECEIERNEZEBL TV DEERA 6N,
TurA v F—EikFur iz LTy vgkER I TH D (tyrosine kinase), £7zt Y
VIAVAZIZR LT g fb & Bl S 5+ D (serine/threonine kinase) ® D2 KAl X
5, FOYYFFI—EEZARMOEDONL Mo, fleLTA YA VRZARDS EREER
HFZBRPEToNS, ) V/AvA=rFF—ERAEERL o AZEPE Mo, F0
YrFF—¥ (100 FE) LT < oM (400 FLL L) AMlEIhTWS 7,

e Casein kinasel |
LESTE D, \_ famiy
| Stesle 20 sefnef | faaa St
\_theonine kinasa / I
S famdy ~AGE™
MKK 6 I i ———
St /PKBe: { Protein A, Gand C |
. kinase family
) e
\ ’ PKA
:‘ Tyrosine kinase- ‘3 )
O like famity Raf
— CHK2
Calcium/Calmodulin- ‘f
h dependent 4
- “knase famiy -~
Src TIETT
e Lok ERK2MAPK2
, TK & ERK1MAPK1
\_ Tyrosine kinase / Nk K2
N family Abl

PIBISAPKZS Cl\"l éc

, RGC \, Cyclindependant
Receptor guanylate | lmasefamily

“©yclase fa ¥

5. B b/ AIza—RENTWBFF—¥EEFDRKM 7

SHEHMAERZICED8DDT7 7 I —ICHHETHI LN TES,
CK1: Casein kinasel family, AGC: Protein A, G and C kinase family, CAMK: Calcium/Calmodulin-dependent
kinase family, CMGC: Cyclin-dependent kinase family. RGC: Receptor guanylate cyclase family, TK: Tyrosine
kinase family, TKL: Tyrosine kinase-like family, STE: Sterile 20 serine/Threonine kinase family



TRTFA X F—EREETE R0 EY) VLIS B DO H AT — RIZih o T L
THEZIBZ D%\, TDO—fl& LT Mitogen-Activated Protein (MAP) ¥+ —¥ > 27 )L
R E R 6 12R9 8 RIVE Y, EH L ORI Z AR X F—XItfadsI LY
TFMEEWRKB LU, #8074 03 F—¥ 250 EDOXR VX IERIZE>TY 7 F L
PMEEI N, RERIIIT 727 R —LIFEND RV 7B 2HHT 5 2 L TREMMDEAL X

5, —RINIZFF—EORBEEIZY T FILTROFF—EDABLNZ o TED,
ZORBEOAEZ LD SNSRI, MEGICEHEI NG, Z0X5) vty S
NART—=REY T FNVEERIIBWTEHERFHEZZLTED, ZOEERZMBU THL G
5 MENEA SR A, B ERIEE RS SR I T,
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REBERDZEIL
X 6. MAP ¥ —¥ AT —F?8
F AR S U T EGF 72 ¥ O#GEK 723 EGFR D EF oy v ¥ F —PRISERKIZHEE T 5, 2
NiFECY) VEEEEEE L, BEOTFa Y U EEE Y Vgl T B, FDE, &mt@imé%nvzu
VBRI DI RAA LV EATA TR TR =R UNITEDONIEIZLD, THD Raf tu}iméﬂ?+~t‘>§:
w5, T D Raf ¥ F—FIE FHED MEK % iEMEAL, %meRK®E%m#%mft Z ® ERK
W TRHRDRA R T T2 7R =R NI EBLIRRENDHE X N2 8% ) VgL, ﬁ@%%éib 2
7-fEx DEREEZFI ERZ T,
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RN ZEY) v, FE MEEEEE, A — b7 7 Y — RERNE. MEREE ST
IAIIIEENC B G L T WA ZEAHO N E RS T WS T, 72, mAT7 7 X—EHFEAH (A AKX
BYIoZusAFy) PEHRFEN Y TuE—X—L UTHRET 2 7102 2, 4+ —YHEA
DHEVRAEEZRAILZERE UTHEZHEINTWS M 2o, PADRRERIC
BWTH Y VBV 7 FIURKRESFLELTWBE I EDHERIT NG, 51T, T aILF—RGH
REIZB VT X N2 HY) VIRRIEDBGERHE "IN TH O, PRHPAXRY v Fo
— LR EORBMERBIZB T 2HFEENE LTH ) VBRI IFEHE IO TWS 1%

24577« 7
SpBIK Ber-Abl

[> [j>%mm%
X 7. BEEHESNRFRERX /87 E Ber-Abl
v ERTFEES Y Ry y 13

/\ MM BN LTI, 7 4 5 VT 1 TRk Y K13
NAI{) N3 REEETFRASN, Ber-Abl &\ 5 B L F oy
NN Y EF—EHHHT B, ZO BerAbl O F F —LiEK
J@/ s FIET 25 FEIEE LCA~F =T (F) Ry s
HN ®) W) NLTF 4 AT 7 —<i kDK NE, BHE
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HlXe 2 DHEAZHAWTIT 2R —-BNTH D, ZhoDFEEZHVFF - ORI
REZHIETZZ LT, ZNETITBEL DY YBLY 7 FIUDETR S NT E 72, T DN EER
DINER 8 1ZmT, 9. BETHRRIAEC/EWIZ L > TREDF F — L OHEES Y
M/ S E5, £DHE, FF—EORREHIEIZE D ) VB ER L 722 7B EFET
5 (ROt BRKEBOBE RS Y VBRI X VR B R R U 7212 LC-MS/MS 728), %
D, AP, BEEx Yy A7E2HAWEEREZELCXF—YREEZEAET 5, 5
(2. T OEEOFRBHEC R 2 TV, REMEOMBEBRT ST, TOEEDY
VALY T FNVNIZ BT BB EEHS NI T S, TOLIRFIHEMOKRT I LT, TDOVT
FTIVIZEE ST e PREINEG —EHDO R N7 ERZREL TV,
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U YBMEY T F IV 0FIE (I or iEHEAED

T —2iEAHIRM T —EMIEERY
(RNAi or BHEHI) GBRARR or FJHEED
/é —

U YBIES Y IND BDRIB
(EkE. IMAC, TiO, A5 A)

FI-—LEBDEE
(LC-MS/MS. 2D-EXXE—>MS)

BEOUR+PYT

S RN R RN
VR VRV S

MURBEEORRGE (Vv IOPOR/FTOY)

ER RN R (N
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KRBEOERIEZER

X 8. U YEILY S FNIENFIE

—RNC L KHWSNT WS Y VIRILY S VR FIRE R, ETREDFF—EOiEEEMZ 72

FEEE SR AOMEZ HE T 5, NIRRT RRBHIECHEHPMHET NG,

ZTDH, “IRTERKHPEENEEZHWCT, ¥FF—YHEBZ2EET S, XEFAKTREZE LI
HELUEROEENSH-0 2, TORBEZGIET 2, Z ORBHIEICED < REB DAL % 8

HETBIL T, YIFNICEHDE RSB ZOMEEERIE L TWL,



® 15 BEOUVEREYITFILERFEOEER

ZOEI WAL KBIERY) Vb T80 T A — AR AERS . ZhETIZHEZ LD
D VBLY T TR I N T E 2, ZOMHFIEIBVT, »2RHEDOY VLY 7 F L%
b Uz Wi s, R k2 21 RE S n-fiETco ) Viglby 7 F VERPEETH
LeEZoNE, HlZIX, BEY) VLY 7 FIVERIZTRHA SN TWS FF—EHEAIX+
BeFF—EEREZEL TV " HDO0E L HHOFF—EHEFIZE L IEDEE
RUNTENEEINTUED 72D, BIRUZWY 7 FIVEMEBUTHITT 2 Z 2138 LW,
SO L 72\ Z & iE, FEDF - — ¥ ORBIHIHRE IR 2 HER 2 AW 5512B8 0T
H, H—HBEIZH L OKRHEDY VLY 7 F LV OFERIFEL VW WS 2 THDS, Tk,
FFr—YORELHMICHET S, Y02 X1 EHO THRAE2ZY VBT 2E2DT
e, HHBOREEZY VBILS 2 ZeAHoNTWS, AMINIREIZEWTIE, ¥F—F
CEERVANIBEEDBRST R TR =37 DN ARHE, RIEFOAIZ LD BEEIMEEZ RS
HDEFEZSNTWVWDN, RNA T 15 XRHEREIC X o THREIRNITEERERIME L 72551213 TR
HE D% S BIRERIZ ) YIB(LI NS 5, HROY T FUDPMEEL TWD EEZ SNSRI
B WTRHBEZBELAZL LT, FT—EYFROLOEED ) VEgbiz o < REA 1
WiECTEd, SRy VI 2175 Z L dREECTHhH D L EZ LN D,
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BEULEWYTTIL

X9 BRMRY VB ZFVSERZRETH S
HDBREED S 7 FINARERBE Z B L2 WEE I, TEERTZTOY T FDAEENAL
IEBEICTRIRETH S, MEAICIKERDO T 71V FF—EBGFELEL TS A,
JEEIRN 72 5 —EHERZ AW GEICRERD Y 7 FVRENEEZZIITLES &
Abhb,
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WEDIRER VNI BEIZEDIC) VBMbY VPV EFHRT 5 Fike LT, EED Ser/Thr %
TNV VR TNVRIVIBE WS T REEAN BRI T2 Y VI I v 7k B &I T
W5 (K10 B). VVEEI Iy 7ETEHAEMERTZY) VBEEE DV RF Y OVEA L 2T
52TV VBEMiZEMTEEVIEDTHD, ULrLEAS, VU IV RF S IVE
TIHMEE AR 5 Z & PR AR R HEIA T THh I e, MEAE DS, HOFEE
LT, UYL R VX 2 BRI ERT 2 FE UAHE I T0wS (K10 F). 2,
L) VBIER T F RIS 2 B U2 RIC B R VA2~ O EabES 0 2k
TEREIND, EBIZZOFEEZHAWT, VUBIX 78 %2 L5/ T OREZ f##r U 724l
UhAlREINTVS, L2LAEBS, ZOHETIE. YV YBEXTF NOEEPEOE IR S
N5 e SKEHAIZ) VBT A b2 ETHX A T7EDOERUNTIRIFZTERY, £
Too BIRUTY VIBRAEZ VN 2 EOMBE A S ML FIHZ B 72O PHARN L T WA BWn, 2
NS ZOOFELHRETIRARL, EHBFESREIND Z 2%, ZREA, XV RXTEAEBRIC
FHIDR DB EPANLFERETHICEHERH L L EAX D, Thbb, MEOFETIEHR
—HEDY Vb EFEE TS Z L FHBTIER S Tt YIS Z IOV IZ B 1T B
hoTWA,

((UYBEIIyIZREA) )
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o _N N L
0:P-0” - % WR)LH X ¢
O AR
H QO H 19 aspartic acid
YNYK LWNTﬂ? — o
R H 0 R 2
y o 0o
p-Ser ,{Nj)l\” N\I)J\;,;
R 0

glutamic acid )

B—BED VR

(pb-peptide &R%+ligation]) )
Wﬂ ~15kDa ‘l ‘
p-peptide UYBEREE
t=8&
\_ _J

X 10. BEX VR 2BOY VRILFE R

BV YUBET I/ BIIv Ik UV UBREOEMEEML, AVEIINEEZETLET I /BT

HETANRTE VBRI IR I VAL SERZE AT 2 A1
W) UL R VN B R & VN 2 BERMIRAIZEH T B Y VbR T F R R A EE L
FRBIZ. RBRRVNRTEANL T4 —2avd 32T VB R VA0 ER 55 HiE
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ETE PRBEOCRE-TOTA VFS—EFROBROEED VER{EHEIE

28
MRREDIRRE

EETENZED . EFOSRIRHIEIOESEIC X DHAEHEHS EDRFDOFETIIHED
FF-—CETFREBED VEEHEHIIRE TH D, AHRTIE. AMPIREMHTOT 1Y+ -
(AMPK) [ZEB L. Z0EROEEDERNGS VEEHEHZBEUC. AE T AMPK
DB E. ERULERN VEMEFEFEZD IV LT RTDNTET,

® 21 HAREN -THRIVNIERRNZ VERIEEFEISIBEHD FORIR-

BAEETIZMEINT VWS FIETIE, B-HEOBERNARY VIL2FEET 5 2 LW T
HO, HED) VLY 7V ERIEIELZ 3LV EZONE, ZOMERMRT S
T=DITiE, BN E T2 2 NI EOERNLR Y VIEEEE WREIC T 2 2 R FIEO A K
bond, £z, EMIRFMITE T 5 REB OB CRZEMN L) V(b HEZ2ZRET 5 &,
EREMUEIZ L2 ) VBBLFENENTHE e EZAONE, ZOFEXICKEDIE, AWET
& TR & 2 o8 2 O BRIRIG Y VAR BTSN %2 A 2 HRENE A TORIE) 2 BN L7z,

DN FOMREM DK, SEIZNEEFF—¥ThHY. TOMERKENLSHARSNT
W5 AMP &1EME 705 1 ¥ F — ¥ (AMPK) & % O RIS Z KD %2 Bl U 72,

BREFoOU > EBEHIEFE BIRM Y > E{EERE

@%a | a \a

3 a3 3 [l

BHRDOSVFIIVHMEE BRI S D FIUERE
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ETE PRBEOCRE-TOTA VFS—EFROBROEED VER{EHEIE

® 22 AMP EMTOT 1 VF+F—€ (AMPK) *

AT TR 7@ 0 . MIfICIiE 500 L EO T a5 A v FF—ERFEEILTWD, TD
FThH, TRV —R#EROBEEES a5 vFF—¥ 2 LT, AMPIKGES o741 %
7—%¥ (AMPK) fFfELTWVW3 (K 11), AMPK &) Y /AL A=V FF—¥ L LTHEX
N, TALVXF—REBOZITISU A DY 7 F NV 2ZEL, BELOFREEAR VN2 H%
UV d s Z T, ARNO T XL F —HEMEEMEL TWS ?, AMPK 3Z040D5@EY .
AMP (ZJ@&Z M 2R U, MIfdN O ATP/AMP O FIZED S EEIns Z e BRon TV S,
Thbb, TXVF—OMEEE (ATP BEOEKTT) I TEMEML, =XV ¥—2Hif (ATP
HEEMZ22) T2HANCMEEZ 2S5,

TRIVF—IREEZE(L

i 2%

IINOEERK

Rz

Multi-action ©

H R A A DNA%
L G1 4-’

X 11. AMP &&E¥ o541 ¥+ —¥ (AMPK)
AMPK I3 T 3 )V —IREEZALIZ S U TiEMEL S 0, ERSF (RUN7E, BE., #RrY) D&k
PR#ELEL TWD, AMPK ZT 2 VX —MGRDOAR ST, MIdEMHOFEE. DNA EE, &
R, MEHERRELIKICO 2 EMBERICES T 5 EARBINT VS,
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AMPK (Fa. . yH7 2=y b2 oRI N EEHRE UTHIEEST 2 2 (K 12), 1FAHICH
WTIE, ar 7=y 2 (al, a2), p72=v N = (B1, p2). yPr 7= b =FF (y1.
v2. v3) BEET 272, Hih Lk 12 MEOEAERIHHRL S 5, TNENOF T2y b D
FEUIHMIC L > TERR D Z eI hTWd 228, flz X, FIRicBWTIEpL 7% <

THDIZH U, B2 IRIFEAERILL TR, X7z,

LTW3,

X 12. AMPK D& 29

B2 ST B W TIER2 MBI R B

Thr172

o-linker 548
e
S o
il 270

1
[ TG Tpcll] p1

Asp89 Argl70 Asp244 Asp3l6

J F330

1
[ Tcest Tems2 Tepss JTepsa | 7l

Batamanl

Batamanl

aBTAZy b FF—EFH. Thr172

BY T 1w b : adaptor #EEE.
JUD=ToeIY—

AMPK @ —kigd&E (F L) &=iEE (£), AMPK iZa, B. vV 72=v b5k 2EE68KE L
THRET S, o 722y I FF—EMIEEER A 1 V2 EA FF—YHEEOTEZES KA1 2T
Hb, pH 7=y Mo 72y beyY 72y b DT X TR - LTOKREEEZRT, £/, 2
AU AN EETAI NS, VAT b P — L UTHRETAZ L RBINT VWS, §
$72=v hMFZ ATP X ADP, AMP & W /7 T/ YV ) VBOKEY A v 2 ET32=y N Th 3,
CDWAIZT T o) VEEDEEE T HZ 2 T, AMPK OREEZLAE Sl Z X, FF —EiEMEL R

W2 EeMEhTNWS,
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® 2.3 AMPK D%aE5REN

AMPK 3B EBIC B \WT, fi2 OBEIC X > THEENTEM LT 2 2 Z 2o hTW»
5, £3—2HM., AMPK HH DY vtz K37 TH S, AMPK (Fay 7=y k
activation loop IZfFFET 2 AL A = V5 (Thr172) OV VEEIZ K b, ZDFF—EEEDN
M k3%, 2D Thrl72 ®V vz 5 Efii¥ - —+£ & LTk, LKB1?, CAMKKR?', TAK1?*
NWEINTWD, Thr172 OV VER{LIZ AR 7 7 X —+ PP2C* % 721k PP2A* I & > THL Y
VBT NDEZENHONE RS TED, ERFF—EEHRAT 7 X —EIZ Lo TEDOBKEED
BEICHEE N T WS, O HOEHLERED, AMP OFff&I1C L 2 HREMELTH 5, AMP
& AMPK Oy% 7 2=y hhdD CBS RS EF — 7 IZEHEEEG L, THAT Y v ZIZZDFF—
PiEMZEEDE P EMREINT VWS, 512, AMP OfEAIZE D, PP2C 12 & % p-Thr172
DOREY VbR ZZIFIZ< K35 P ZevlitiahTnd, HEWETIE. AMPOT AT
Doy 2R RIC & FF—EIEESH 10 5, Thr172 OV VEMEIZ & #9100 5 E35 2
EMRINT VWD T3,
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® 2.4 AMPK EtE{EA!

AMPK OBREFEVE(LIE. “RIBERIR IO 3 2 R (1 v 2 ) VRGO WEE, [dk 2y
I—ZBDOETF) 28T P ZeRREINTWVWDS, 512, BETIE, DPAITHT S TR
ZRT 0w, [BREEFEOWEFH Y bHEIhTwd, ZThoDBERE D, BERELZH
iz, AMPK OFRE 2 TEMEAL T 2 LEMARE DRICHF ST &2 ** (M 13), AMPK /&AL
ik, FEMICEEET 200, 72, BEEAMPK AT 2 2 L CHREEZEELLT 22D L
DZDDRA TIZHFTES, MERIZTEELT 2EWELTE. €77 F A FiFEAKTH
BARMKILVIVR T VAL IY B R 7o) = ViFEARTHEVART hE—)L 4546
KRB KDIEEMTH B R VTR 8RN DRFL UTEIT SND, T O 36k~
THEM, EI7THA FFERKRIZODWTIE, I hay P 7IRBEEIEHT S Z LT, ATP &
ROFHE, AMP IREDFIENF SR I I, ZORE L LT AMPK BEEMICEM LI NS
VNS BEREDMRIEX T W B 48,

EEANCIERT 21HHEEA e UTERR2 25 DR HE I NT WS, AICAR ** 0 I3l o %
RIZE->THEEETH D ZMP N LI N5, 20O ZMP ¥ AMP I I v 27 & UTHREL,
AMPKy¥ 7 2=y hAAETEIETT AT Y v 2il¥ F—EiHt2 A LS E 5, BHETIy
Y72y PUAMZHEEA L. ZDOEEZ2 M EESE2 85K Y REHEINTVWSE,A769662 °!
X Cool HIZ&k > TRIHEINAEEYMTH D, AMPKat 7=y b &Y 7=y hDEEHDMH
HMIZHEAT 2 Z L THEIEE R EZ RT, ZOMAMOEEERIX. TaAT Y v 73R
FBFF—EEMETEE, B VBEOIHEIZ LD DDA N =X LTH I Z el 2 X
NTWnWa,
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B indirect activators

0
HN, HN. HO (o]
HN. D—NH, HN —NH, N e O P OH O
Y—NH —NH i O X
—N NH ’
; ines3 OH OMe .
metformin phenformin galegine resveratrol be%erme

B direct activators

MeO o
MeO % o Ho,F;.O HN  Q HaN Ho . O

/ OMe Ho © © NMNHZ HO/IC}_N S e PO N-o

% - =N HO 4
HO =N HO ke e

OH H OH oH
1 ZMP AICAR C254
HO,

OH
9 ;
A
OH
G
N

MT 63-7856

X 13. AMPK & 4L#l
MR 72 iE e Rl (EB) & AMPK & E#iEA L, BT 238%] (FE%),
MRS 7y AL AT bR % 7 /EFRE 7 12 T AMPK 2 3EMEA LT 24, I b 32 N Y 7 ORI Hif 3 5
Z L CHIEN AMP 2 ARXE 2 Z 8 TiEMib 823 DA%\, AMPK IZEEREES UIEMEL T 238
FlEZHMEINT VWD, yH72=v b AMP #E&EM £ 721k a-pPr72=v b DOBIH OHEEBIZKE
L.7OAT Y w2 IFF—EiERE2A LSRRI ENRBINTVS, £72.A769662 % 991 1 AMPK
DY iR EIEIT B Z 2 b EBRRIIRINTWVL S,
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® 25 AMPK ODEBZHkM

AMPK DOFRETEMEALIZ & D B4 RIGRNM BN B 725 SN2 DIFHIHI TR R7Z@ED TH 5, Z
DLEDIEFSEIL, AMPK O N EELREICHE I EDEEZ 515, AMPK O FiisE
U T & Vo E R B2 L 8\ o T ERE S T ORI D % X 2282 B (Glycogen
synthase %, Acetyl-CoA carboxylase 872 &) %#4ho, MFLEM, &, A—r7 7Y — 1l
ERHECEDZ 2 VR EIR LI D 2B HE P I nTE Y BIEETIZ 50 L ED
FEEMMAMPK IZ &> T VBbENEZEAHONER ST WS (KM 14), HFRNRREICE
WTld, AMPK %741 7, BEEORHEDOFTELT X TR —R VNI EENETEHILTE
DOHEGRFEVPHE I N T VB Z BN FHEINE, LA Le S, AMPK {EMEANT & 0 sl
M2 AMPK ZiEMALL 7258108 0W T, 8% <D AMPK FiREELRY vBibxh > 5 %,
Ihid, AMPK BEARDOHERERIENIC X o> T, HEERNL ) VB EINRETH L Z L 2R
LTW3,

Transcription

Glucose metabolism HDACA/S/T HNFda

l GYS1 l 0300 TR4
CRTC2 PGC-1a

[recron] [erarr | seopt | | TPra
FOX03 Src-2
Cry1 AREBP

Histone2B Chrebp

Cell growth/Autophagy

e Exadl
==

S1 Polarity
CLIP170

Tau " GBF1 I
|

B 14. AMPK O &£E % B

AMPK I3 T 3 )V F —IREEB(LICEHE O a v T F N 2iEG L, B oRE2 ) VLT 5, Z
NETITRBER, MR, A— b7 7YV —CBbLREDEELH 50 DX V87 EH AMPK &8 &
ULCHESNT WS, HRXF T Lz R V87 B8l ftidd AMPK family ¥ > —+¥ (SIK1, SIK2, MARKs,
SADs) IZ&->TH U VBILEINEZ AHSNER>TVWEED,
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® 2.6 AMPK FREE- ACC & HMGR-

AMPK [ZHED KHFEMROT TS, RFMEEBIBRICBWTHEHETHLLEAONE DD
AMPK B WBFET D, 1A, HMG-CoA UV X7 Z—¥ (HMGR) &7 & F ) CoA HILAR
FI7—¥ (ACC) THD, INS6DX Y NI7HEIFIEEAGRRICTHIET 22V NZHETHD,
fi#H & H AMPK 12 &5 Vg% 3%\ 5 FHTZ ORREDHIE X v 5 %866,

2.6.1 PEFILCoANDILIRFYS—E (ACC)

T FIN CoANKFTT—¥ ¢ (ACC) FEHEMBARKICEASE L TWAIEETHL., T
£ F ) CoA 57 H =) CoA NDRBILKISZ It § 27 EEE2 AL TWDE, FABICBWT
& ACC1, ACC2 O _fMHDY 7 &1 IlETh, Thxh, fMilE, I bav NI T7ICT
HRET 2 %, ACC IXHIEM A T RO K E WX V32 E (ACCL 265 kDa, ACC2 280kDa) T
HH., TOREEIXZ, BC RAAL Y, BCCP RAAL Y, CT RAAS VEMINSE ZDDRAASL Y
2 sinsd % BC KA1 > (Biotin carboxylase domain) &, ACC 1D ¥ A F iz LT
RIRA > 2N INT 21EEEZRT FAA Y THL, TORISITIE ATP DHUKET F V¥ — %
BEEL$ 5, BCCP K A4 > (Biotin carboxyl carrier domain) (. BC R A1 VIZTHILK
FUNMMLINDBEAF VEEL R AL THO, BCRAA UL CT FAAS Y 2FETLZI L
Ty WVERFUINEEZIFETHAEL KT, CT KA1 > (carboxyl transferase domain) %,
CAF UHEEG U ANVKREFINVEE T2 F IV CoANEMNEGTHHEEEZE L. ZORAAL VI
BOWTHRREEY TH LY E =)L CoA BWEKT 5. B, ZORIGEIEIZIE ATP DT X)L F
—IBETIER,

BC BCCP

ok ek
Human Acc1 [ NN B | |
[\ T <t o w0
© WO O P~ ) <
W © o} (2] )
— ~— (8]

*k

Human Acc2 [ NN B |
<t =M Q M~ 0] (]
o o R (o] — [Te] «©
aY] ~0 O M~ (=] <
— (8] (4]

M 15. 7EF ) CoA HVHRF Y5 —+ (ACC) D—RKEE
t MZBWTACCIXACCL & ACC2 D —DDY T XA THFHLET B, B—DR U NN2BL LT
BERENB D, ZhFND KA A2 (BC,BCCP, CT domain) Z & IZH & 5iEM%2xR$, ACCIZ
) Ut 2B Z L TEDORRELHIMI NS (kTRUZT I /L), AMPKIZX->TY ~
fR{b X 15 D% Ser79 (ACC1), Ser212 (ACC2) DEIETH 5,
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BCCP F X1~

BC RXA Y HN s CT REX1Y

Coy

Mg-ATP, HCO;- Mg-ADP, Pi (o] /_\ (0]
N 0,0 N
SCoA SCoA

Acetyl-CoA Maronyl-CoA

human ACC Ser79

CT RXAY: DIVINFIEAF IUNS BC RXA V. EAFVICHILNFYILE
acetyl CoA [CAILNF Y ZinfiicE 2584
JEZGRISEDEME

BCCP RXA >V EZFVZEEBRELUTUNT, BC RXAYVECT RXTYOBZE
FEUCOILRFYEEESEM

K 16. 72 F IV CoAWNARFYS5—+ (ACC) D#EE & Hag
ACCIZZFD=Z2D R AA V2 BFAIESLZ L T~YH =)L CoA 2 EKT 5, /-, AMPKIZ LD
U UBBIESI N AL BC RAS VIiETHE I L EHO MR- T WS,

ACC DEIRAREICEET AN = AL LTIE, Z2DA WXL WEI LT WS, —
Dk, EHEEBIH®RASKMEIE LT~v e =)L CoA #4EKT 52212k, BIIMEKIZHFST 2
EWIEDTHD, =20, ERLAZYT = CoANI ha Y R THIZFEET ST VL
FERAEE b 5 v AR =X —CPT1IT ZHEL KR U TBIBIH SN L WS EDTH B %,
AE G A ML, pERLIE S R I Y RU TICTITb NS Z & h 5, IBHIME A K I ACCL 2%,
BERALDHNHNIZIX ACC2Z WFELTWHHLDEEZOND,

ACC 1& AMPK IZ &> TV Vb2 %2135 Z & TETOBEELHIHI NS B Z L BHHS 2 E R
S>TW3, BC KA1 UHdD Ser #&HE (ACC1: Ser79. ACC2: Ser218) 73V vibkahsd Z &
NHEINTED, U UVBERIZBEWTIEZDOTEEDR T0%MH S 25 Z & BAEBRKNIZFEH X
NTWa 2 F72, ACC DEHEEIX, A XKV v 7oy Fo— L% HEERFEIC T 568
SIREEZO6TZENHE PP INTVWEI e, RARWCERKRY H Y N2 & 2 HHEEHA
DWERWRE T INTWS,
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2.6.2 HMG-CoA US OS5 - (HMGR)

HMG-CoA Y &2 &% —+¥ ® (HMGR)
Ci‘ = VX%UM)bé\&OD?i}EE&B%C:T Ho\n/\(\n/SCOA HO \(\/OH
)&, HMG-CoA %5 A0 VEEAD o foHO o <oH
B SE M S 2 ETH B, ZOK FMG-COA  oNADPH  2nADP* mevalonate
JZ AR F & U T NADPH 208 e X 17. HMG-CoA VX7 X —¥ I X 3 B Kb

B . HMGR 1% HMG-CoA %# #E & L. NADPH @
L. =2 NADPH 52 MM LT B RY RERHL AT VEBAL BT 5,
Na VAN AT 5 (K 17), HMGR
WFNRIZ R T 2R V7B TH Y, INIRICT EREKIS 2 ET YL Z 2 THRNO 2
L ATFa— )VEEEIZAEILSHESELTWVWS,

HMGR F#EERIZKELS DD R AT Vizpironsd (K 18), N Kifliz, HMGR %/
NARIEIZEE ST 2T =R AL THY, < OBUKEHEEZEATWS, £/, AT0—
VeV RAA Y (SSD) LIFENDRRES ZEH, 2D RNAA IZT, SCAP % Insig
REDRVNIEHEMAEEAL, ZOREEPHERVHIH I NS Z &G P30 hTna,
XU T CRUlE, HMGRIEEDOHKEEZH S A Y TH D, TOIWMALIZH VT ANNE VA
DERICIIE % T 2, N R R A 1 U 1EZ O KEHDIGE FEEA & A (8 [ @)
INTVDDITRL, CERIE R A A VIFMEICELL TW5,

CREMER AL

mpm N
T AMPK
/J\HE]'% Ijq A
SEIFRE @R AL
*SCAP
*Insig

K 18. HMGR OR&E L E#E X v NI §
HMGR Z/MBRIZBET R Z V828 TH b, N REE @E L C RASEM:FER D =D
DKREBEEEAMZ AL TWS, [REAMEEIZIZ sterol-sensing-domain (SSD) & IFIX# %
KA vZ2HL, ZDORAA %4 LT SCAP ® Insig LHEMEHT 2 Z & TZORHEN
FHENTWS, CKUED Ser872 12 AMPK IZ &0 V) Vb3, ZDY vEikid HMGR
DOfETEMEIZ KR ELSFETEI Mo TVW5B,
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HMGR % ACC [ABRIZ AMPK IZ & > TV VgL 2217 2 HTEOBREMS T S 15 88, V)

VIRAGERALIZ, C R K A A D Ser872 TH D, V VIRLKIZZ DfIEEENPRE AT TS
(~80%BE ) ZeAMEINT WS, iR Vigb%E2Z1) 5 Z &2 & > TRAED I 5
PIZDVWTHELHOMEZICL > TRENTH Y, NADPH OHMMEDRA I & 2 M 2, 7
025V v 27 2 BEREHE 84 2\ S ZOOEESIRIES T W5,

HMGR OHREPL E IR BERE, BHCE AV AT 0 —)VIMAEDWHEIZ DR AIS T & HRIE X
NTWb, TOBRREMER L UTHLARLDOWPAXRF VFEEARTH D, 1970 EK, 74 HED
—¥& penicillium citrinum £ D ANAZF N HMG-CoA PHEXI X ULTRRAINAE, Zhz
EYIDIZ, A DARF VEREEPHFE S N, TREREEBRFEE UTHKSHIATWS,
ARF HIF T DGR IZ AN T VRO GEE AL, RE LG TSI L T OMERE
MERTEEZOSNT VWS B
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@ 27 FERFDER

FAE Sl % O F F — CIHE ORI ) VI GFEEE 263 2 M a s 2 A3
R, ZOEME LT AMP #7707 V¥ F—¥IZEH ULz, AMPK 3% DY 7L
EMETD VI FVUINTT LLUTHET A —EThD. BE KO TNREEEZY VI
LIS 2, 28O FREEE2ET 23 F —COREBRINMEEZ 23S 2LEWFETIN
EFTICWMEN L, ZOXIBRFEOBRITY VIS 7 F VRN % R & T 5 4 T EVIF
5eX% ) VLY ZFOVENE A fR 1 U 2 ARG AR D IS B B T L — 2 A — ke B ATRENE
Nh 5,

T 512 AMPK OFEMEALIZ, BERA, IREREIE. WA R EHE 2 OBEBHBRIZOLNR LI e
RSN XNTWE, ZDd, % < O AMPK EMHALAID Z 0 o O BIAE % 517 L THI%
FFBINTE 72, UL o, AMPK BARDIEMALIZ & - Tldk, AMPK it B 2SI E T
Y VLI NS B0, REDORE X V87 BITHD Mo 72 BES R A R RBRIC ] & T
FETETCVWRVWEFHEIND, 72, AMPK IGEEAANICTIEIZBORIER " Rl ThTs
D, ZHIZEBNRICED S EEUNORED ) VL MHINTH 2 TR AH 5, Thbb,
AMPK N % D FE ORI Y v bifEid, AMPK IEMEALIC X 23H W ORESIR % &K
BRIZEIEHd Z &, £72 AMPKEMALICHR T SEIFFAHOBREIZ DR DL HIfGFTE 5,
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ORI, INETOXFF—EHBETERE E el Uz Y RGGHEFIROMTE
WRDSND, FhlE. TD XD BRFEORRBICEIT, GWFEEIC THRHAES W2 AKD T SNIPER
9 (Specific and Nongenetic IAP-dependent Protein Eraser, ¥ 19) 2% H LU 7z, Z ® SNIPER
I XFF VN —ETHD CIAPIZHT BV A N RN IEIZRTE YV N %
HAESIEMEEZET 20T THY, ALFF UL LEENR U RIBL 2SI E5 2
LT, ENRYRIBEOACXF UL, ZNIKEL THTT Y — AR TONRFEEEZZR L T
Wb, Zhvi, BAIEESE RN R VN B BRERINEVRBIZEr N S 2 8T, BRI R
EHEMHMRID 5222 RLTWS, IFINICEREZRT, T X LBENZ YA IHE
LOREERMET D LA TESNE, BIRNRY) VEBADFEEI NS WREEYRH 5 D TIE AW
neEZ T,

QO cIAPIligand

A target ligand

control 4a 3b 4c
R T ol
ipM 10pM 1 pM 10O pM 1 pM 10 pM
] | |
b —— CRABP-|
T fpgo 2 20 —
N O~ ~_-Ph
k[f of T~ [ .
T IV ) e e e @@
4a;n=1
4b;n=2
4c;n=3

X 19. %5 VEMfiZHE S F SNIPER

SNIPER 32V ¥ F U H—+¥ cIAP U H > REHEH & VN7 H v R & %X g1k
FHEEEB L, MEWIC=EEAEERR I LI CENZ AZ2EBDaAY X F UL FHET
%, INETIT, MRN8 2 LT CRABPY, AR’ Halo-tag @& X /828 270 ¥k 4 72
RUNIBEDALFF U ALIZEII LT WS,

- =

7=

D

=E6zRiE Q_p BRAO VE1E
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i
[1]
10t
-
N

BRLE S D F DRI ||

BIE
) VERILFEE D FDRIR

LRARERICEDE, BESEF T —ETIREEDERNG VEBRILZ2FE I IHAELD F
DEERICEF UL, ZDDFRst. BREHESUICENEHEFTMBRICDOVNTFHFMBICES T,

® 3.1 UVBMEFESD FDDFHE

Ak, AMPK FH&EETH 5 ACC. HMGR DOERMZ Y Vb2 FET R, HReS T
DEEt 21T o7z, FhlE SNIPER 12 & & BIEREEEHI OFEEH 2 $ £ 12, TAMPK &R & 282
B2 EBEIEHREE2 D0 1) 25 AMPK 12 & B1EM X Vo7 B OERN Y VR LEE
ZAREICT ADOTIRAWALEX, M 20 WRTEIBDFEELLE, $74bb, AMPK
BRI T BN NI BEMMES T2 ) YA CHEHES Y20 T2 ) VIR(LEED T
EUTH LA, FFH—¥, BWX U RAIBIZH U THAME2RTZOHTIZED, DD
VRO EEBHIIOEEI TS 2T, FF—YICLBERNARY) VLA FEI N Z L %
HARE U 72,

) VERMEEE D F

4 N ‘a
AMPK ligand  Target protein @

ligand f !
Z" e D
Linker Np
. J

FHESORIRN') VB

20. BROY VRALFEDI VLT b
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=8 UVBILESDF

HAKIIZ, $F—¥BHMES T2 LT, AMPK {HHEAEFI e L THE SN TVWER Y AT 3
R — VAR 9919 & WO LG A RIRL 72 (K 21), 2D AEWIE, AMPK (ICEEARE S L
FOXF—YiENEZA EIELZEAMEINLT VWS, ZOEEICIZFEOMENH 5 Z
ENRBINTWDS, —DHOHKEE UTIE, 991 DF5AIZ XK D AMPK @ 3 iRbEiE» 24 L.
TOAFY vy ZIZiEMEEA EXE250, —DHE LTI, AMPK BfEiEMLIcE 5T 2
p-Thr172 OBV Vit ZHET 2L VWS5EDTH S, T2bb, TODDOHMEIZL > T,
AMPK D ¥ F—EEMENH AT 5, K AMPK %AWz EBRIZEWTIZ, 991 1 AMPK
(al/Bl/yl) OFF—EiEMZ nM L RILVOEREIZTH 5 5M EIEs 2 EARINTWVWES,
ZDRIZEWTIZF AMPK HH D U Y BIEDORIRIF KIS 7\, AMPK Lt F 7 — ¥ 2E1E
THAEMMRICBWTIX, X512 AMPK i EA LT 260 PRI NS, AMPK IZEBHKES
U, TOFF—¥iEkzm 92 991 OFEMIE. AV VB LFEES TI2BWTHEANRLDTH
2EZHNB,

\ HO.C,

N

\

\>_O
cl
991

AMPK complex Activation (fold) Ags
al/p1/yl 4.8 0.03
a2/B1/y1 2.4 1.1
al/p2/yl 12.2 0.09
a2/B2/1 5.4 0.51

X 21. RVAAL I XY —)VFEELL 991 O AMPK 239 % ig o
KU 728 AMPK AR 3 5 1M %2 SAMS peptide assay
ERAVWTIEIL 725 D, XA ;= BKRIEWED 50%12# T 2 {LEWIEE

Dephosphorylation
100
25 80
=
54 60- B 22. 991 ix AMPK OBV VB2 ME T3
c% ¥ AMPK, 75/ > Y VB (AMPK activator).
o € 40 PP2C, 991 %1 v ¥ a~— b L, AMPK D&%
=8 BRI L 72, ) > BREKD AMPK 7% 0 % F — €1
20 - BENZ EMRH SN TS, 991 12k > T, PP2C
0 12X MY VEREAIE X v, AMPK OJE M A 7T
PPoC P LTWBZEDnh3s,
AMP +
ADP -
991 +
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B=2 UVEEHFSDFORIH |

1 ®Thr-172 o-linker | 552
|Act] A0 [H| | o2
N-lobe C-lobe
Kinase '
1 B-linker 270
I —
C-interacting

1 helix 331

Regulatory fragment

[ cBst cBs2 cBS3 cCBS4 |

991 &Yk~

X 23. 991 & AMPKBY Ja=v btaV7a=y rOEHIZEAET S
AMPK O —xfi& (A £). 991 & AMPK (a2/B1l/yl) & DX S &M% R (PDBID:
4CFE), 991 ¥ AMPK¥ 721 =y +(CBM domain)2a¥71=v b (FF—¥7E
MR ([CHEGT 2 Z e BRBEI Nz,
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ACCHEIFIMED T & UTIXFACCHEM & UTHE TN T WD A Y BRI FHEH 2 # R U 72 (4
24), ZOFEMKIFZ 2010 27 7 A PRtz ko TR I 0 ke Th b, 77 A
Y—REDMEWZ 177 ) LOM24 LR T X/ ) ViBERPACCHEA & L TR 1,
ZOHDOHEERMIZE D AV BEEZ AT 2FLENRB TN, ZOA Y RAEH]IZ hACCL,
hACC2 12 LT, nM L RV D EWHERZ/RT %, [HEAHN=ZXL L LTIE, ACCOCT F
A ZHEG L. ACC D CT it Z HE T S BEIRRINTWS (M 25), % OHEEEMEM
B S FEMIC R S v, A BB REICIEERBLICEE TH 2 ZEDHL L B> T WD,

(o]
m N :> ICso = 6.0 "M (ACC1) ICs = 62 NM (ACCH)
_ ZN 1.4 nM (ACC2) 30 nM (ACC2)

o
ACC1IC4, = 8910 nM 4{ O _ni
5 H = 2
N T N R > N
N A LN = N
N N
H

o o7 NH: o)
ICs0 =5.5nM (ACC1) ICs0 = 6.5 nM (ACC1)
3.5nM (ACC2) 1.3 nM (ACC2)

24. 774 ¥ -2k RliE hiz ACC HEFH *°°
FATIVAZY == 7Tk 0BG ACCHHEFEM 2 H T 2bEWm e LTRIEI h,
Z OBROHEERFIZ & D #1000 f5BL EiEE D@ WA v BRI HERIA T X iz,

B 25. ft& W& AL D R &R KT
A v nBRHHEHIE, ACC D
carboxyltransferase (CT) domain
#4935 (PDBID: 3HOS)
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HMGR #4472 LTk, HMGRHEAITH 2 A X F ViFEAKIZERH Uz (K26), AX
F UHIE HMGR HER & UTHRE SN, ZOHL OFLEENE I L AT 1 —)VILEDBHEE L
UTHIRIGA I N TS, AR F ViBARIE, ZORERIZ A N0 v BERESE %2 A L. HMGR
DIEFESTALCH AT HHECHEEEZ LT, TOHTHRICEVHEESR * (K= 14 nM)
2R U, 22D HMGR & O S BMET S N TWE T MUV ANAXF U REAYVH RE LT
ERU 72,

ANRZRYFV QRS FY P NIVRZRYFYV

K 26. ANTVBERAXFUEDIFES
AR F VEREKIEZ N NT OREE I A N T VR E 2 E L.
HE (HMG-CoA) k#4952 & THMGRHEEMEZSRT,

K691

27. T b N X F VL
HMGR &t O ##3& (PDBID:
1HWK)
7 VAR ZF i, HMGR
CRIHEAREEY 1 b ALK
R
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AR VBACGEED FIZ VAT NEfEHEE 2 AT o8, KUY FO@ELELALLD Y >V —
EMETILEN DD, Thbb, KX UANAIHEE VAV FEOMEEAZEEIERVES,
HEIZY Y —BAMBEEZREST D EDEETH D, TDY U AH—EHAMEE, &G mEE
FOPRE U, 991 IZBIL TIE A v F— VA X VR EH RN LB LT WS Z &, 7z,
RETE MBI L 0. 2O OEERMIZTEEICKRERHEELZ ARV ERRBRI N
7z, TOHMEO I v A—%2METEHI L LT,

HO,C,
N @

-0

H

991

L3

BUNRDBRENEREHUTRO., BICKRBEHRZ U
+
COBSMNEBREABZRRPIREXBTUHEILZESISEIZZ)

X 28. 991 ¥ AMPK & 0f: & (PDBID: 4CFE)
AMPK & 991 & DHEMEH %Z PDBIZ &k X T W 5 HLiERER %2 © 2 12T U7z,
RYZA IR = )VIEALEAEA R 7y MREICMAELTWS, fifO1 > K=, &
BEBIAIZ R VNI REANLEEEHLTWS &S BBITAEL TW 5, ZEEHRI
ALIE AMPK 7 X/ BRFRIL & DKBFES VBRI I Nz, D%, KEKEZEHKL T
Bod, MEEMEHENE L O EREEBPFAINDE Z RS> TS Y R—
WAL LDV Y H—%METHZ LIT LTz,

36



B=2 UVEEHFSDFORIH |

/-, APOBEM ACCIHER. 7 hUNRAXFUVIZDOWTHEE R VN7 E L O @GN

fRfrEnTWnwad, TN6DY AT Y RNOoDY v — 08 AN ED KRG E . SIS A
KO PREL 72,

K 29. AV OZEE ACC EEH & ACC & O#% g #E (PDBID: 4WZ8)
ACC CT domain (Z 51} 3 A & 0 EEIHER OFES G EEEHET K VHS PR o TW5, KL,
REEIEEME L D AT BRE ZNITHEL BT Y — VEBAIFIEERBICRELFLS LTV S Z 2 RB X

N5, PFOS1 12851 V&Y — )VERNL IRk~ B R Ic B MalfETHh 5 Z &, RN & > o8 7 BRI
WICMELTWAZ S, ZOMWMARSD Y v —EAZEHEL 72,

P RIVNZAIF

X 30. 7 bV ANZRZF ¥ HMGR & Of5&E#EE (PDBID: 1HWK)
7 RMILNZA R F i HMGR C RUfgE AN EEST A2 ARG I VH o T W5,

T 7= R LD XN IREMAIEL TBE D, X VN IEEOHBEFEMITIERE SFS LR
WThAHS LFHIN5,
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b5, AMPK VA Y R & LT AMPK iGHALAI 991 2, &EE X VN2 BHY A Re LT
A BRBEEHN, 7 MUANZRXFrEENTNY VBAGEES TITHAAD Y A R LT
O LU, ZLTINSDOY AV RALEZ, KVZFL YY) a—L) vh—%0 LU CHfh
IE7ES T % ACC YV VYBLiFE S 7. HMGR V VgL ES T Lz, VU Ah—RIZD
WTlX, SNPER TOEHHlZZEREL, NV ZFLVZ ) I—ARERVRIF LT Y) I—)
DEXDOVVH—%2BATEHILIZLT,

G
N S

ACC ) VBELZEE D F

o]

@{ e Re o

n=2: HA3, n=3: HA4, n=4: HAS

B 31. #FtL ACCY YRILBEE D F & HMGR VU VBRLFES T
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@ 32 UVEBMEESEDFOBEHME MK

ALY VBLEE S FOAKIE. BVA VR, Vrh—a=y s 2ETREFNEINIZEK
U 7B HE S SR IT & o THERE S 2 RN A &2 5HE L7z, £9. AMPK &M L#2=v b
DEBIZET Uz, ABRKIZOVWTIE, BRICHE TN TVWE RV XA I XY — )L AMPK &
PALRI DG KL 2 2B G2 ED T, WIRNZAHZ AT gER 5-7nu-2-= a7 =Y v
FOHFEL, NIS 12&53—RFick b, Hfllk A1 2572, #R<HELAXIZE 5E5E, CDI
2 & BELKIG, LR AR VT X BEFRMER T, XU XA I XY —)Uhftilk A4 & RIF7%
INE Tz, SEM I & 2 ERF T OREZITV. HEMK AS 243, 1-A FI)L-4-= b O ZEEH
kD 3 TRTAKLZY =/ —ViF8Ak A4 LDy 7Y VI KIS Z & T, itk A6
B1E7z, 512, pAVRFY Tz )RavgEOHBART Yy 7)) U7X ik AT 215,
BEIZT NI TFIUTVEZVLTILVAY FOMBEIZ LD SEM 4z ifkiEdT 2 Z 2T, HWE
35 AMPK V4> N A8 21325 FITEI L 7=,

B AMPK UAY FIZ Y FOEXK

@[Noz NIS ID[NOQ SnCl»2H,0 lj@[ ]@[H
cl NH, AcOH ¢ NH,  AcOEt THF N
99% Al 77% (2 steps A3
COyMe
POCI ! N SEMCI, EtgN | N , CsCO COMe
e R gy, Gt (e
neat Ol N THF ¢ N DMF j@@—o
quant. 96% SEM 92% c \
A4 A5 A6 SEM

(0]

HO)K©\
(©OH), , Na,COg, Pd(PPhj)

8 TBAF i
come — MO O COMe
1,4-dioxane/H,0 = 2:1 THF N
59% 529% O i
° Cl ° cl H
A8
COH H,SO,4 coMe  SnCly2H,0 coMe HSO,4 NaNO, COzMe
MeOH AcOEt H,0

NO, 99% NO, 63% NH, 64% OH
A A12 A13 A14
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BNTACCY A Y Ra=y bOERIZEF U %, (AEL UTAFAHERFLILERY Y
VIREMRIZR U, BESRM LA FLE LT MU EKIESE S Z 2T, A OE{LK ACTL 245
72o HEWT, NUR(VAFNT I )ARVEDKIGIZ LD FR AC2 2F7-DHI1Z, B R T
VVERIGEIEDZHETY TV — IR AC3 21372, KFME R, NBSIZ& D 7uEL N VRO A
k. #i< Jones Mk, HWESMIZ LB OB MAERTHMAK AC4 21572, 2-T O EILEDOE A,
Cbz HOBREZ TV, T IVIKRAC6 21372, ZOT I VRIZHL, 4-T0ET7 z=)bFRa v
ek DB L 28R Z2E IS Z T A ACT 215, BWBIZA F VT X TIVDOAIIKSG
fgz4r>Z T, HNE TS ACC VU H Y K AC8 %142 FITHKINL 7z,

B ACCUAYRIZY FOERK

i L e
H , TsOH+H,0 ) 7 Ij/\ Q
) B o, e

E toluene, refllux E/ toluene refllux
1 6h, 78% 3.5 h, quant.
AC1 AC2
1) NBS "
NH,NHH,0, AcOH N;@@ :tljFS/Eigm 3:1 tij/\ %]‘Z{Bpam" PPh,,
EtOH, reflux O : /[ ] THE rt

2) Jone's reagent , i,

7% acetone, r.t., 1.5 h O.N., 60%

AC3 3)Zn AC4

THF/aq.NH,CI = 1:1
rt., 1h

44% (3 steps) O
COo Me
o

—~ 9 O
o
S Ha, PA/C \g HOC , HATU, DIPEA \ﬂ
N _— N/\\ N |
~ =
NWO\/© MeOH, rt. ™ DMF, r.t. ;ijc,\q g

1d, 97% 1d, 67%

LiOH- HQO

N ‘ COH
THF/H,0 2
10 h, 80%

Ac7 °
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HMGR UV # Y FOABBIZOWTH, MO EHRE 2 SZ IR E D, 4-7 I/ %R
FEAFLEODHBEL, V7 M VMOBEA, TV R—VKIG, F7 V07 L%
FR R oD St & R T, R H3 21972, IRITIR Y I VD MISIZ & b ¥ n — )VERZ MR U 72 4%,
Kiig A F VT AT IV ENKGRT B LT, HO HMGR Y 4>~ N HS 2182 FITHIIL 7=,

B HMGR UAY F1Zy FOEK

o o o CHO i
o) NOMe, ethylenediamine 0o o & oMe B-alanine, AcOH, © /@)%Me
/@HJ\OMQ NN “ | N
HN TS toluene, H n-hexane oy
reflux, 6 h, 85% H1 reflux, 12 h, 58% |
=
H2
Nogy & §:
, EtgN, Ho/\ji ZN/VV\/'\/COZ‘Bu , pivalic acid ‘BUOZCWN L P
o
= HN—( >—/<
neat, 70 °C, O n-hexane/THF/toluene = 9:2:2 O OMe
37% O reflux, 61% ] ‘
F H3
0”0
LiOH BUOZC\/\/\/\N \
MeOH/H,0 { >—4
80% O O oH

41



B=2 UVEEHFSDFORIH |

BNT, VoA —a2=y POEGRIZEF L, HRTHIRIDORVIFL VI ) a—)ITh
U, B/ bYUEKIG, 7T R D L2 &2 7 Y REOEAZITW, FlE Lx-2 2572,
THIT. Ktk FoF iz M OOVEACEWUBIZ, AT7VILVT I VEREEEHET S
ZeT, BE/TIVHRILxSALEE HHOY Y Ah—a=y bEEKTH I LITEINL T,

B PEGUYAN—-1"v +DEMX

NaN3 TSC', EtsN
HO</\ >VOH HO</\ >VOTS </\ >VN3 TSO<A >\/
CH,Cl,

=2 (L3-1, 46%) =2 (L3-2, 92%) n = 2 (L3-3, 98%)
=3 (L4-1, 71%) = 3 (L4-2, 76%) =3 (L4 -3, 86%)
= 4 (L5-1, 67%) = 4 (L5-2, 86%) = 4 (L5-3, 84%)

phthalimide, K,CO4 0 NH NHH
N{/\O%Ns HoN </\ >VN3
) ) EtOH

=2 (L3-4, 75%) =2 (L3-5, 60%)
=3 (L4-4, 76%) = 3 (L4-5, quant )
=4 (L5-4, 71%) =4 (L5-5, 98%)

(a) TsCl, DMAP, EtsN; (b) TsCl, Ag,0, EtsN
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FaZy NEEMET Uk, RiZa=y MNALO#EKIGE2TV, HRO Y VLA E S
T2E55E %N Tk, AMPK YA Y NASIZH LT, kLAEZE/7IV) v i—%EDC %
AWTHES S8, AR Aldx 2872, VT, 7Y REMEZ T I UACETULZBICARL
72 ACC U H v N AC8 LifiaIE5Z 2T, VA Y Nl{LEY Al6x 2157-, Hi4IZ AMPK
DAY REXFIVTATIVEIKEERILY) F 7 LEMITTIKRDES 2 Z & T, HRD ACC Y V&
fLFES T AA3, AAS 2135 Z LITHIIL 7z,

B ACC U VEMEFES D FDERK

Ng HN
Ho /° ?76 \"\/6\
O \?N/ o %‘h{ o
HA o AN
n »EDC, HOBt, DIPEA

Q)

NN oA DMF ) ~C),
COMe I = ! =
2 NN g HN/(O )
As CO,Me COMe
n =2 (A14-3, 81%) n =2 (A15-3, 88%)
= 4 (A14-5, 74%) = 4 (A15-5, 60%)
(a) PPhg, HoO/THF (b) Hy, Pd/C, MeOH
',“2 N
N_ 7/ N_/
\!/ NP \F \_O
o o -
mﬁk ﬁQ O b
S M@ COH
NS o o
zf\ AC8 , EDC, HOBt, DIPEA Q LiOH+H,0 ‘
HN-.. HN—
DMF \76\
. MeOH/H,O
=2 (A16-3, 74%) 2
"Za EA1 o 5702,; v n =2 (AA3, 24%)
: )\\ = 4 (AAS5, 25%)
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[1]
10t
-
N

W T, HMGR U YBBALGEE D TOSBIZETF Uz, B LT MUV ANZ R F ViEEk_
IZRLUT, £/ 7 I v A—% EDC OFRMFIZTHiA S E, Malk He-x 157, T DK,
Staudinger MIGIZTT7 Y REZBE T L 2%, AMPK ) Ay RFEAKR eI R8T, VA
VN EEE RS 2 RO P A H8-x 21872, X 51T, AMPK U 4 Y K EXFIOLT AT )VERALD K
REAT o728, TFASMFZAT Z T, 7T h=RDRE, 727 b VEZEHKL. HMGR Y
VIRAGER S FRTERAR H10-x %2157z, BBRIZKBIEANV Y T LERHWT T 7 b U ERZ K iR
522 T, HN®O HMGR Y Y RILFEE T HA3. HA4, HAS 27525 FIZHII L 72,

B HMGR U VEMEGEE D FDEMK

EDCI, HOBt, DIPEA,
<

0™ HN YN ™o 0™
BuOZC\/\/\ﬁN\\ H:: o L BUOLC Ay { 0 o PPhj3 BUO,C WN { o o
® - DMF ) i h"ﬂ THF/ H,0 . ) H‘N7<
A~ n = 2 (H6-3, quant.) R ds /Ozj n =2 (H7-3, quant. adS jL
3\ n
H5 ) "

)
3 (H6-4, 84%) =3 (H7-4, quant.)
4 (H6-5, quant.) = 4 (H7-5, 79%)

EDCI, HOBt, DIPEA,

o MeO,C QB(Q %
Ho‘\‘j‘N </;\</ BUOL A A { 0 BUOL._AAA Y o
pens DS e, LIOH-H,0 L)<
)\\// HN7/¥ﬂ DY s HNﬂO
DMF F - MeOH/H,0 . T
)
)

T HN e noHN %
n =2 (H8-3, 76%) VA n =2 (H9-3, 47% 7N
=3 (H8-4, quant) = come =3 (H9-4, 42% = cos
= 4 (H8-5, 53%) o . = 4 (H9-5, 25%) ad Sy 2
A ] e A
H

N
No o

o OH OH
TFA vy o . Ca(OH), oo o
~ HN@—? —_— U HN@_ﬁ
CH,Cly i ™A, THF/H,0 N W,
n=2(H10-3, 27%) w n=2(HA3,76%)  © Zﬁw o

=3 (H10-4, 74%) o =3 (HA4, 33%) -

= 4 (H10-5, 46%) com =4 (HA5, 60%) a o
° O N /@( o N~

N S U

N
N
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® 3.3 RS VNDEICXT DG

AU 72 ) VEBRALIEE S T O A RAE T LD T, RIZ AMPK, ACC, HMGR 233 % M
Al %17 > 72, AMPK IZDW Tk, Z® AMPK i&E#{LBEZ . HMGR, ACCZ2D\W\WTldZ DRE
ERETNTNIEL 7z, ZOFF—L T 21, Bl X VR IEICHT 23EEIR. IR
RUNTBEIZNT HEEROBEICE R EFEZONS,

AMPK {HMEALEEIX. FRET ZI6H L7232 % AW TR L7z, FEEOB&X %X 32 (2R 7,

kinase

coumarin @o) fluorescein

substrate peptide

coumarin :i: fluorescein coumarin fluorescein

FRET FRET

™ I
X Development reagent

Y
coumarin 3 fluorescein

FRET
[X] 32. FRET-based AMPK activation assay

AMPK., ATP, FRET R7F RZEEZH, 25CICTFF— ¥ Rib 2T ¥ %, TD4#., FRET
RTF Rz X B 288 %2 £ D development i3 2 WHT 5, V) VB{IERTF R
development FAZEIZ X U TRIGHEMIMEL . BIRLIZ< W, BIREL TOWARWRTF RiZZ o0 HN
(fluorescein, methylcoumarin) f{lT® FRET 2322 548, BARH L 72X 7F RTlEZ it 2
57\, 2D FRET HZROHERE X R TF R DY VBLES W & FIBIRICH 5720, &&MI1Z
B rHNBEEZRET A Z T, FF—EEEZHEAHE T 5,

NRY XA IR = )IVE DO AMPK iEMEALFNE AMPK Dot 72 =y hACELST B Z L AHRE
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INTVWBED, TNWETNE AL baY T2y b2E&8 DO AMPK #44& (al/pl/yl or
a2/BL/y1) 1T BIEM A JIE Uz, EBIZZ DR ZHWTRLAY D AMPK 1% ML AE % 3
L7z,

3. ACC Y VLA E ) T —f (AA3, AAS), HMGR V VELiEE S 7 = (HA3, HA4,
HAS). VU Ay FEf5iE 272700 AMPK U 4> R 1, 2, HMGR Y 7> R TS659. KY T«
73y ha—)Le LT AMPK JEMEA LA A769662 @ AMPK (al/pl/y1) Zxtd 2k
A% 3 L 72 (1% 33-36).

B AMPK EMHCEETHE (ot /p1/v1)

v
n=2: HA3, n=3: HA4, n=4: HAS

120
g 9 HA3 HA4 HAS
% I N
g
§60
£
2
) ' ﬂ ﬁﬂ ﬂ I
o i 1 i i
XRRO0O==2=====2========
oo c o332 32 £ 31323232 332333
OSSO0 +- o000 +~-Ooodo+~-OSD
SE2T "8E88TS8837 88

X 33. HMGR V VB L ZE S F D AMPK (al/pl/y1) ¥&M: 4 86 FEAM
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n=2: AA3, n=4: AAS

120
c
Rl
3 90 -
o . |
<
@ T
o 60
<
[}
NS

30

0 m

A769662

120

% phosphorylation

1uM
10uM
30uM

100uM
1uM

10uM
30uM

100uM
1nM

10nM
100nM

=
3

100%
DMSO
100nM
100nM

10uM

X 35. TS659, 2, A769662 ® AMPK (al/pl/yl) I M:{kRE A
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50 1
i 40 AN J\‘:‘: @COQH
o
= 30 K
> o a
£ 20
@ 1
2 10 !{_\ ’-h
= i Bl &

O & & & & & &
OQ% QQ,\(\ Q,.\o IR

X 36. k&% 1 ® AMPK (al/Bl/yl) &ML 88 FEAM

AMPK (al/pl/yl) 2 LT, HMGR V Y #{Li%EE S T (HA3, HA4, HAS). ACC V V1L
FHEHDT (AA3, AAS) I EnxF—EiEM btz RT ZeWHo LR oTz, LA LD
5. FIEEE (>30uM) TiX, L UAEELEEI T L TWD I LR RIBI NG T — X %2372,
ZOHEIZOWTIE, O (LEoEmEOMET, SRER T AR LTEY, Z
DGR FRET IZFHLTWS @ {L&EYA development id3E 12 & 2 AN IGICHEE 5 2
TW2d DO DOD0BEREPEFZO6NSED, BHEBETEZNEZIHTL2ETITEE>TVAY, X
72y Amex (BRKFF—ETEE (%)) 3V A4y G2 Kz 20 ka? (1, 2. A769662)
73 300-400%DfEZ =9 DIZX LT,V VRILFEED T (HA3-5. AA3. AAS) Tl 200%F2 &
L EEBMRTH 572, ZHIZDVTIK, (LAY DEMEDRMEMEAMB G LB O
AMPK IO 3 YR A= a VLAY Y FERRIEIC X > TEDHRIREI T W2 AN E
ZbNd, £/, HMGR VU 4> K TH 5 TS659 121X AMPK (al/pl/yl) iEMALEEIZZRD S

Bholz,
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DONT, TS5 DILEYD AMPK (a2/p1/y1) x4 2 &M bEe & #f L 7= (X 37, 38),

B AMPK EHACEEFHE (a2/p1/v1)

n=2: AA3, n=4: AAS5

o

=" =z

120
HA3 HA4 HAS AA3 AAS
I B S N S
100 =
g g
§ 80 i
5
E‘ L
5 60 Il a
[
2
o
= 40 - 8 8 I
20 - 8 8
0 e e e L H E E
CTO0O=Z=Z=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2=2
©S3333533335235352333¢5¢=233¢3
B3ST°888T 8887 F8887 838788

X 37. HMGR V VB {LFESF. ACC VY VE{LFEHFD AMPK (a2/B1/y1)
15 M AL BE FL A
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o) H o)
o~ O N~ ~LO
N O gCOZH >r LI/ 0 N Y CO.H
N N
Crp- =
cl N Cl N
1 2
120
TS659 2 1 AT769
[ ====7F =  F ] HO,
100 = FL"/_/J
$ = [ HOLC
HES amihii
K
5 g
o
£ 60 HH
7]
o
i .
= 40 HHHHH HO
OH//N
20 - HHHHH a2k
STIN"S0
H
o1
©O-0Q0=SsSsSsSsSsSSsSsSsSsSsSsSs3SsS=s3sS5353°3s A769662
N € 3 3232 €£ 33 33T c £ € 33 c € c 33
§O‘—OOOO\—OOOFOO\—OFOO‘—O

X 38.TS659, 1, 2, A769662 @ AMPK (a2/B1/y1) & M4t 58 LA

al HEEEROELFBRIZ. ACC U VLA ES 7. HMGR Y VBLFES TIE & B2, uM
FHEDREE LD AMPK IHHALEEZRT Z AL N LR o7z, TH6IDVWTH, FIEEE
(>30uM) Tix, FEEVEH T H2HEABASNE Z EBHS ML Ko7z, AMPK VAV R
PEG V v — DA EMEE S8R 2 13 VB EFEES T L LT, AREM O IAHE
WAMPK IEHALREZ R U 72, S 612, TF VT I MR 1 i Zh & g L T 20-600 £5 &\ AMPK
EMELREZ R U7z, ZOFERIZ, PEG VY —0E AT X 0GR L2 &2 RLT
W3, $hbb, ) UBRILFHFESTFO PEG Vv h—EAMBORE, MEREIZEY, T54
xS —YiEMRER EARAD D EEZ NS,
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aroans o MG A
1 - 0.0085 0.074
"""""""" AA3 2 o021 1
AA5 4 0.55 48
"""""""" HA3S 2 54 89
HA4 3 6.6 1.3
HAS5 4 8.9 4.1

X 39. 2FNVTIFEKL LY VBB LEESFD AMPK &L EE D Hg

AMPK (2353 2 iE MR OAE R, AU 72 Y VERLiEE ) T (HA3-5. AA3. AAS) X AMPK
Xt T BIEEALRE A R T HEBHS i orz, 2, VA Y NG 2R F LT R
FR T I3 20 & Bl U T 20-600 £\ AMPK i&EMEALREZ R U7z, 2 DFERIE, PEG ) 71— D
WAZ D EMHLBELRII L2 L 2RLTWS, VY I—DBAIZL LAY ERT v b
ANEEUD S o - REME, 7213 AMPK IO T B ATV v 7 EEZ AR Z 0 s DILEY
MITERR L HIIEEEVENZAREERENEZONS, ThbE, ) VRFEES 7D PEG
Dy A—BAMEORE., MERMICED, 605 FF—EiEHEN EVARADLZEDEH
ZoN5H, BRATIIMERMIZITOLT. MOERIZEFTHI LIl
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BN T, ACC U YEB{LEEE ) 7D ACC 12X 3 2 BHEIE M % §7fi L 7z, ACC BHETE M I,
40 12" T HEEICTHEi U 7z, ACC 13 Z OBEBREIZ B VT, 1 A TORIBESRMIZH L, 14
TDATP 2iHE T 5, $70bb, 25 —ENGKEDOMIZHEI N/ ATP OBZERTSHI &
T, MR ACC OBERIEEZFHEST 2 Z LR TE S, KIGHEEF L ATP X, Vo7 =z
VIV T 2T —E¥DREIGHAL, E&EUT,

OBEZRMDETT

Acetyl-CoA TT)E Malonyl-CoA

ATP, ADP
AMP
Luciferin >  Oxy-luciferin+ hv
Luciferase

Q=T ATP DES

X 40. ACC BH &% M FEAfi %
DT vEARICBEVWTIZET, EETH S acetyl-CoA, K1 A (CO,*). ATP.
&%z vFax—hL, ACCIZLBHEERILZMETIEDL, TDHE, BHEiFEL T ATP
ELYT) /N7 27 —EOFEEZHWTERT 5 Z & T, ACC OJEM % MBIk
HETEHILNTE S,
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ZOFHERE VW, AU ACC Y VIRILFEE DT 2 (AA3, AAS), 512, HALL
ACC YV # Y RTH5PFO5S1 O ACC FHEEME ZHE L7 (M41), ZDFEHE, PFOST XY 7 uM
DOEER L WHEEEZR U0 U, ALY VI LEE S F13uM OB X b BHERE
MERUZ, TOS0%HEREE (1C,,) 2BHLZE Z A, PFO51: ICs= 0.32 uM. AA3: ICs=
6.5 uM. AAS:ICs=3.0uM & ZNZTNEHINZ, TOMEIO, VU h—DEAIZLDOH
EIEVED 1020 FHRTI T 2 £ DD ACC Y VLA E S 713 ACC I 2iEM 2 MR 5 Z &
PRI Nz,

B ACC2 [ESE/E M

120.0

N
o
90.0 ~
i
SeShTest
N N
N
60.0 - T
30.0 -
0.0 T T T T T

PFO51 AA3 AAS

% inhibition

o

/“é' O s O<”°>”u Q&M

N>_0
ACC2
compound n ICsp (uM)
................... PROS 032
AA3 2 6.5
AA5 3.0

42. ACC2 MHETEME LB
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i\ T, HMGR V Y BAL#FE S 7O HMGR (23 9 % BLEE M % 3540 U 7z, HMGR PG M
BRI THE S5 NADPH B2 &3 5 Z L THIE L2 (R 43), 3 74b 5 HMGR
DIEICHIMZBWTIE, 2 7FD NADPH BWHEZ 1, 2 217D NADP LR T 5, T D&,
$%17 NADPH B O (340 nm) 2IET 5 Z & T, BRIEEEZFHET 2 Z LA HETH
%,

CO.H CO,H
o
SCoA / \ . OH
HMG-CoA mevalonate

HH O H [o]
NH, 1 N NH,
NADPH DuigsE " & ¥
R R
340nm ORYEEZRIFE NADPH NADH+

X 43. HMGR FH &5 M 324
HMG-CoA DETHIGIZB W THE X5 NADPH O &2 FEEEZHWTERT S Z
& T, HMGR OZEN %2512 Z LD A[RETH 5.,

Z DFHfiREHWT, &% L7 HMGR Y Y B{LFEE D 7 3 (HA3, HA4, HAS) 2EAL
VAV RTHBT FIVNAXF O HMGR BHEEMEZFHE L 7= (4 44), % OF5HE. HA3,
HA4, HAS, 7 MUNAZRF U iEENSE HMGRIZX L, nM L RVOEWHERZ R U, 7
NUNZZF ) VMEFE S TRITHERICAZXIFE A BRI N NI & &b, HMGR
WZBIUTIXPEG Y Y A —DEANZ X SEERIIFEZ o TWRWI EAVRBR I N7z,
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e e e e
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anM 77777

DMSO
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10nM
30nM
100nM
300nM
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10nM
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100nM
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1nM
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100nM
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|
|
|
|

HA3

jun
>
>

HAS Atorvastatin
X 44. HMGR V Vgt FHEE HF. atorvastatin ® HMGR B E M 22

compound

atorvastatin - 2.8

45. HMGR VY v #{L#EE 2 F. atorvastatin ® HMGR HEE M
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PAEOEMERHMEIZ L 0. AU Y VRLEEED 713, AMPK IZF& L, 5122 0F ) —
PiEMEM EIEEZ L, /-, EHET 522828 (ACC, HMGR) IZfa T MEE2 A
T5IENRBEINSE (K46), TOFRLD, BRLUEY VEBLFEES TIEARY VB LFEED
Ave TSI THIZF S —E, U UVBEEES T, BENEEO =SEFEAKRERERLS 2D LE
Z6Nd, AMPK, ACCIZXT BIHMEICDWTIX, VY A—DE AL T 5 2 L ARE
INET—20FoNz, ZTHZELTIE, VY A—EBAMBOLEFIZLDHEIPRIADS D
DEFEZONDH, T VIBLEE S T O R VNI ED ) VAT SIS VA & TS
522U,

o-</H g ] o )= b

n=2: AA3, n=4: AAS5 n=2: HA3, n=3: HA4, n=4: HAS
e T U
AA3 2 0.21 11 6.5 -
,,,,,,,,,,,, AAS A4 s s 3
HA3 2 54 8.9 - 25
HA4 3 6.6 1.3 - 23
HA5 4 8.9 41 - 28

46. V VBRAEFELFONRX U AZEIIHT 5 EK
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® 3.4 BHRIYVNDEICHWT D VEIEFE T

B U VBBRLEES T O/ X V2 EIT T 5 ) CIRLEEIEE 2 M 5 20, K
WAV RIBERIBTE ) VR EEEEE MR 2R L7z, O, PIEAK 47 1287,
FE8 AMPK, REIEE X 278 (ACC or HMGR), ATP, {b&WIZ2FF—E Ny 77—z
BGIE-Z, 37TCITTHFr—EY¥RnE2EITEIE S, DK, XV NI E%Z SDSITTEMEE
52 TRIGEREIEEES, Hi\vT, SDS-PAGE 2 TX VN7 E% HHff, PVDF EAD X >3
JEEEEEIT, B EDOY VB L X 282 EIZx LT, [Phostag®] &IEIENSG, XV X7 E |
DY UIREEE R TTRE AR 1O RIS B2 LT KRR UAZED ) VIRLES W EERL 2,

(B7C. 2 hours)

v

@ « AMPK B
< ZHYVINDE (ACC or HMGR) @ RfE1E
< ATP (SDS ICTHVINDEEM)
=t

~N X U
NN N

M HRP
—_— —_—
_© Y
- - .\.

3 ®

I

<X 5

¥

@ V) UBBIEAVINDBEDES
(Phostag®st &&= 58)

B 47 BHE2ANEEMAU LY ¥ BRAGTEE S MR
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Phosphorylation rate
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EBIZZOREH VT, V) VBGEES TOBM R VS BIZ T 5 ) VLA & G
fliL7z, £3. ACC Y VBALFED T D ACCIZxT 3 ) v M bFEiE M % 34fi L 7z, hACC2
Zxf LT, AMPK (al/pl/yl). ATP, ACC V VI (biEE D T (AA3. AAS) ZMLEEL ., ACC
D) Vi % Phostag®% W TEE L 7=,

B ACC U VE{EFEE G4
/

\
Q
N C§7002H
o HN‘)—O
o /\{O\%N%\\N cl N
Hozc@ NE H O 5\ 1
0—(’u O o [¢] >L . .
L o
n=2: AA3, n= 4: AA5 ° H(V )5/\”,\‘\>_§i§7C02H
cl H
2

- /
compd. - 2 AA3 _AAS 1 compd. - i i L
uM - 1 10 1 10 1 10 1 10 uM - 1 10 50 10 10
ACC2 e s b
R L ™1 T L IS FRR—_—
conditions: 8 ng/uL AMPK a1[31y1, 18 ng/uL ACC2, conditions: 8 ng/uL AMPK a1$1y1, 18 gg/uL ACC2,
800 uM ATP, 37 C, 2 h reaction 800 uM ATP, 37 C, 2 h reaction

400
2 400
5]

200 = 200
2

100 g 100
T 0

B 48. MK VI RIER ACC Y R 3% T iE M FF A
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Z OFEFR.AA3AAS [FHEIZ ACC DY) Vb % BHEE 12 JTHE S 72 (AA3: 268%. AAS: 245%),
51T, 2OV VEBEITEE L, control & UTCH U < #Hii LU 72 AMPK iH1EALA 1, 2 L [FFE
EOEDTH -7z, ACC V VILFE S 7D AMPK JEMEALEE & IHMEALF_D AMPK EMEALEE
13 40 fEFEE 72 5 (1: ECyop = 0.0085 uM, AA3: ECyop = 0.21 uM, AA5: ECy = 0.55 uM)
ZEERHIIZEDERIZBVWTH S LTS, AMPK JEMALEEIZZEDH B I Bb 5T,
B R N7 ED) VLS AREE TAEL 2 W HEIX, VY Re oo
AMPK CHERILE & OBERZR U722 812X 0, BIIINT 2 ) VBRILP S RIIZFEE S N
ZeERBLTWDS, 72 FAROEREM 12T AA3 DREERGFECOVWTEMRIELZE Z 5,
AA3 FIREMRFIZ ACC DY Vit Z2FEET 5 Z AW o ho7z (48, H),
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RIZ, HMGR V v {bFEE S FO HMGRIZH T 2 ) VEBLEEEEM: 2 3541 L 72, HMGR 12
XU T, AMPK (a2/pl/yl). ATP, HMGR V VEE{Li%EE 5> ¥ (HA3, HA4, HAS5)Z LI L,
HMGR D) VBbtEEVZEEL 7,

B HMGR U Y B{tF 85 1 51
4 N

e}
0 0 AN ~N—coH
oL "y 2
B S, geus

O : 1
L o o
n=2: HA3, n=3: HA4, n=4: HA5 >Lo"\H<V°)2/\u L, C}cozﬂ
et
cl N
2

\ J
compd. . 1 HA3 HA4 HA5
uM - 50 50 50 50 compd. - HA3 HA4 HAS i
HMGR P - uM = 10 50 10 50 10 50 10
- - - . —
condition: 8ng/uL AMPKa2p1y1, 20ng/pL HMGR, conditions: 8 ng/uL AMPK a281y1, 20 ng/uL HMGR,
800uM ATP, 37 C, 2hour reaction 1 mM ATP, 37 C, 2 h reaction

RN 1 ] 1iA3 | HAd  HAS

214
200 -
100
100 - 9
0 T T % = \
Control 50 yM 50 uM 50 yM 50 uM CTITISTSTSTSLS

M 49. 8K V27 EZR HMGR V VgL HEEM T
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T OFER, HA3, HA4, HAS5 i HMGR OV Vb2 i S &, BEKRGEE MR I N,
ACC D& L AKIC, 2DV VIR LFEE M X AMPK iEMALKl 2 CAREOS O (X 49 A,
TEMEALAD 2: 237%. HA3: 234%) ThH o7z, I HIT, TOERAEEIZODVWTE, VY I—EOD
BEEVHAI DR ATH S Z LW S DL 72 572, HA3-HAS [H1D AMPK O % F — ¥ 5 AL EE
THIRT % &, HA3 DD F F — EIHHEAREMEW I H B0 53, HMGR DV v B AL S5
DERRKTH S ZOEBRERIZHGE N, 865, ®mBMWY PEG Vo 71—%2HT 2 HA3 »
HMGR ®V V(LY & (Ser872) 12 AMPK 23R X iffESH S 520D Z A FHEI N
5, 2OV VA—RICEBIEEZEF, VU A-RORELIZED, 6450 VB EEN
M EORMA DD Z L E2RBLTWVWD,
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WIZAT 2 72D, HFERE D B EM OB LR TH D, AV VBLFEDOa v 2T NI, TF
F =V VEALEE S TR X VXV BO ZHEEERERR L 72 ETY VEAEA RIS
HBIND] LWHEDTHS, ZOBEEIZHEDI ) VBLFEZGEHT R, X V8258
DAY RIZkp5aEBREZFHBELZ, HLE, 22T NELOY) VB LFETHNIX, Y
RUNOE)H Y R @GBERES SRR VTR, ZH5EAKRERAHES h, kX
YRNTBEIIHT B ) VBGEENEEE T 2 1E 3 TH B,

B EHYIYNDBUTY RISL B ENYYNDBEIANY RHEF

' " o2 ,
QQ Q. mimen

o eI
) VBREESE O

£9.ACC Y VBB LIFAEE ) T (AA3, AAS) OHAEREE O MEEREIHFEEIZETF L 72 (1K 50),
ACC, AMPK, ATP {7#7£ F. AA3. AA5 X ACC DY Vgftx Tt XE7225, ACCVY AV %
10 fFREFIEZRMCBVTE, TOY VBIEFESEE I Y bo— )L & FRREE TR
LEERVE SNz, ZOFRED . ACC Y VBELFES T1E I v T Ml O =ZHEEEREK
IZHDE, ACCOY VgL ZFFEL TWBH Z EARBRI NI,

s =% & FE M Sl H i
B ACCUYBHEBBBIERE o i oo ® @
T :

- “““’*"*O@ R

n=2: AA3, n=4: AA5 ACC ligand

2 AA3 AA5

compd. (10 uM) - -~
ACCligand (100 uM) - + -

+ -+ - 4+
sz b [ 0 B

conditions: 8 ng/uL AMPK a181y1, 26 ng/uL ACC2, 800 uM ATP, 37 UC, 2 h reaction,
10 uM test compounds, 100 yM ACC ligand

M 50. ACCY YRRAEEIFEMAMACCY V¥ FHEAFRM)
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EREIZ, HMGR Y VBB LZRES Iz oW T U Y FESER2EMLU~ (K 51),

" HVGR U YBEEBEERT o .. @
¥ o NJ\‘): COH

HA3 2
compd. - =

DRIE ||

HMGR ligand (TS659)

conditions: 8ng/uL AMPKa2B1y1, 20ng/uL,HMGR
HMGR ligand - + 1mM ATP, 60uM,TS659 (HMGR lignad)

37 C, 2hour reaction
HMGR > —

800 - 670

600 - 468 556 514

400 - 59

200 -
0 T

'(/@ -

& L
s

M 51.HMGR YV Y BACFEEFEMFTM (HMGR Y H > FEE&RMA)

HA3 [T DWTHGEL 728558, U 4 v FIEEAE N TlE HMGR O U Vb % B 12 TS 7z,
HMGR Y # v K (TS659) % A7 X w754 (X 51. HA3+lig.) 2B W Tk, HMGR ® VY Vi
ERTHT B ENHo R o7z, L2LARS, 20V VIBLFEEEDOHTE AWK
ACC YV VBMLFEDS FOGE L IRL TN WZ 2800 o7z, ZHik, HMGR Y AV K
TS659 HHIZL 2 HMGR O# Y VBB UEEEOFEARB I NS, By ha—)L

(DMSO and DMSO+TS659) DN R &89 5 &, TS659 DI IZ LD, HMGR DY V&
EATHEST B Z 2 D3 B, R CTmR L7z AMPK IGVEALBEREA TIX. TS659 1% AMPK &AL
BEZ R o2 ¥ A5, TS659 1F HMGR I2H4 L. HMGR @ AMPK (2 & 24V~ Me{LE
ZHELTWAZEARBENS, HMGR VA Y RO Z O &5 2iGMEIFRER LR <. FEL v
FABRFIZOVWTIRAETE AW, 5%, ZOBEMIICAT ZEBRE2TV, BELTWE
7z,
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@ 3.5 BHHYYNDEICWT DIRRNS ) VEBRIEFEEEH D

BNTETFLZON, EHE TR AZ7EICHT2RIEOEILERTH S, ZDIHEHOD
R, E TR R VoS B AR U 7 IE MR & M L 72 (X 52), BARIIZIE, — D AMPK
BB X278 (HMGR or ACC) (2% LT, AMPK, ATP. {t&% (AA3 or HA3 or AMPK
MALAI 2) ZUFEL, ¥ F—¥RISEETIES, TOH, HEDY VELE A% Phostag®
FAVWTERL, LAYV OREMIEEINT 5 ) VB LFEIEM 2 iR % Z & CREER M
% S U 7=

~—— B ACCU VEMESES % T\ ~— B HVMGR U YBRI{EES T\
Qp AA3 Qp AA3
CO v+ €@ V=
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EBIZZOERREAWT, U VB GEES T ORERRM AL~ () 53), Hifliz
AMPK /HMEALFITH 5 2 13 AMPK HE —fD ) Vb z &5 6 £ il S &7z (ACC: 195%.
HMGR: 130%), ® LT, AA3IZACC DY Vigfbz 2 LRRE & TS 72, HMGR IZ
W9 %) VBRAGGEEEM IR IR WO RERMAE SNz (ACC: 198%. HMGR: 111%), &
512, HA3 (IZ2W Tk, HMGR ©V V#{t% 2 DL EICEHEFIZSTES E 5Dz LT, ACC D
D UgALIE 2 ERIBEIZE EE D L WISKIRMF SN (ACC: 191%. HMGR: 154%),

B EEERRMUTE
AA3 HA3 2
compd. -
um - 10 50 10 50 10 40

o e e B e | ¢ HVGR
e ee e qAcc

conditions (HMGR): 8 ng/uL AMPK a2p1y1, 20 ng/uL
HMGR, 1 mM ATP, 37 C, 2 h reaction

conditions (ACC): 8 ng/uL AMPK a181y1 .20 ng/uL
ACC2, 800 uMATP, 37 C, 2 h reaction

5 200
©
>
2
2
2 100
e}
o
9]
=
T

0

300 -
&
5 200 | 198 191 195
e 127 137
g 100 113
S 100 -
o]
Q
Q
< 0 -

>
©
006‘ XK XXX R

B 53. WM& U ANIHERITE T B EEERM: MR
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FoRREZD &IZ, U VRIGEED FOREERME 2 ERE Uz, FRELIED AA3, HA3 O
HMGR (Zx9 %V VELAEEMED LK (AA3 50 uM: 111%, HA3 50 uM: 154%), 7z, AA3
@ HMGR. ACC iZx3 %V VLA EEM (to HMGR: 111%. to ACC: 198%) %53 5 &,
R R R BTN S BRI ) VBRSNS RB I NG, k, REEX VAT E
R VLA EOE SV ERMEIL L. VA Y NS & Rz e\ AMPK TEVE(LA 2 &
£V VBILHEENTLETEDO) VIR LEAVWERIEE LU (X 54), ZOfER, AMPK /&MLl
2 LT B2, AA3 G A, HA3 TR =MEoMEIE SNz, ZORRIE. U VB A
DFDV Ay G, FCEIFF—¥, ENREEOEASRERICE D, HEHE T3
RN UTEERZR Y VBEAENS SR I INT VWA AREEZREBL TV,

HMGR selectivity ACC selectivity
1.88 2.85

2.00 - 3.00 -
1.50 - 1.00 2.00 - 1.00

1.00 - ' 0.35 100 ' 0.53
0.50 - ' -
0.00 - ‘ » ‘ 0.00 - | | |

2 AA3  HA3 2 AA3  HA3

B 54. £{EGHWD HMGR, ACC 273 % 2R
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X 5725 KGR & U CHIIER P I B 1) 2B D ) v BRAGEEE S M ST %

T K& R IR NRAES B RI2B 1T B ) VIRALEEEIEVE 2 & N SEEGERME 2§l § 5 2

e lL7z

(K 55), Mifdtke LTk, b MRIEBEHNK HEK293 MildzFIH L7z, (k& LT

& ACC V) VIB{LiEE D T AA3. AMPK {EME/LH 1 OMIFSREFEE A~ & JLE L, NEME ACC, £
72135 AMPK 8 T % FOX03a!% & Raptor'Z2n V) VBLEAEWEEE L T,

/

HMGR

AMPK

-
/| o

Glycogen
o O synthase
FOXO03a ACC Raptor
\ )
A @ il : HEK293
. = @ L& "AA3, 1
VYBAERVWERER @ jmRx i/ H ACC., FOXO3a,

Raptor

i

B 55. MMABEEE AV Y Y BRACEEEE R S O 2B RYUE F
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AU 7 MR R e s/ U T, A (100 uM), ATP ZMLEE L, 37CIZT 2 K FF—+
Rt % ET I B, VZAZ Yy Tay MEEZHWTE AMPK 280V VBLES W & E &
U7z, TOFEHR, AMPK iEMALA] 113 =FED AMPK #£E 0V Vgl % B 12 il X 8, JEER
7)) VLSRN Z R U7z (ACC: 297%. FOXO3a: 353%., Raptor: 155%), XL T AA3
I¥ FOXO3a. Raptor ® U Y fLiZiF & A LTUES TS, ACCIZH L TOAY Y bz S
5LV HERNE SN (ACC: 146%, FOXO3a: 88%. Raptor: 110%), Z DGR E D, U
VIBGE RS TS EE KR R VNI EPRET 2RI BWTEENE TRV T ED Y
Vgt EEET 52, 7o, Bl AMPK iEMEALH] & Ml U TR EREDR NI Y v IRALER
HBHRETHE I LRI NI,

B HEK293 #ifatARm P IC BT D VER{L B E M 51

p-ACC
s 400 o7 IR
—_ 300 H
_ =g 200 !
£ §' < 100 i
: L ol m 0 T T T
o < i
O g | :
FIOXO3a|
p'ACC C - - — 400 I :
300 i '
200 : I
-FOXO03a . 100 ,—|100 1 i ,_|88
p 0 T \I :\ 1
1 1
= 1 1
p-Raptor m p-Raptor !
1
200 I 155 |
100 1 : 110
conditions: 1.57 mg/ml HEK293 ce]| 100 : 1
lysate, 2mM ATP, 37 C, i H
2h reaction 0 - ‘E I
Control 1 ]
Ep-ACC
Op-FOXO3a
O p-Raptor

® 56. MEBPEF IS5 Y v BRALFEEIE ME Al R
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® 36 XREBRODERERAR

ARWFRIZBWTHF L) VEALEE S F1%

B AMPK, @R N7 EORGICHGRER RT

¥ —EiEMALEE 2 Ot RO
B35 RV NIEDY) VLA HRNEET B
=“HEEAKRERKRT AT VIR(LEFET S
W v S 2%, MBREPEGR I B W TR 2 ) ViRt 2 BT %
ZeEEADFERIZEIVHSNE LT,

D YBEEEFEICDNT

AMPK, ACC I3 21X, UV > —DE AL D IETHT 5 Z L2 59 & 7 5 72 (AMPK:
30-600 538, ACC: 10-20 f#i), Z4AUZDWTIXY > 51— DB AL E D 2 5 08 A AL DAL 2
HEAEMT I LICLVBEPRADDEEZEIT WD, /2, RVAALIZXY—)LHOE L
DIFFEEN R 5 AMPK {EMEALAIE LT C2 W LEY 23

O
HO _ ¢
HENTWVD, ZOMLAWIE ECyfidt 6 nM I2C AMPK 24t F | o N
&
T3z ehlEEIhT0g (991 0.03 uM (alplyl), 0.09 uM OH
(@2B1y1)) T M5, ZHS5DYH Y RE 991 Db b ITEAT
[ 57. AMPK i& L %]
BT ED X5 YRLBEIEIEAN B S TRENE A S B, X C2 O b o

512 HMGR Y Y LFEES T80V Tk, VU —EOREE\ HA3 & bign ) Vgfbis
HIEM AR Uz, ZOMRIE, Yy —RoguEtic k0 ) VB LFEEEEO R EAIEFT E
5ZLERBLTWS, S, MIRICE T 2EEMP, ERCHELEZET L, 64
2 VAL EEEOM EAEENS D, EEO XS LEREEMAL TV YBIFEES T
DEMZM ELZWEEZTWS
U VBIEBRIDBEIC DN T

Drgibaney I ) BEEOAELHELRETHLLFEZIATWVWDE, —DDXVINTHEHN
BT VBT IV BEEIEP RS T UER—TIIRL, BREFET LI I LELL<H 5,
ZD) VBRI X o THEERIBRERIIRE S B2 5720, COBRENY) VLS 0,
F M) VBTN TOWRWHI R EDFEHIIMBEBRERTH L L FEZ NS, TOMFEID
FEESHEE (MS/MS) IZX 52, IO ERENICHEICE2FRELE LUTEHATHSEH
ZoNd, 7z, VB LINS BT I/ BEEICNT 2 RERE A (F: Ser>Ala) [2&2Y
VLD % S LA HIETT B FIER, EAIRERA LY VELHUAE R T 5 FIELSME KRR
LLTEZLGND, V) UBIEEOBIZOWTIX, Phostag-gel®Z GH U 7= 51 102 & v e
ARETHHEFEASNDS, LU, BEBIIEVWTEZOMEEE TIRITATWARY,
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F7z. VU VBRI S T OREN & S I BGEIRMEIC DO W TR & VN7 B R MR R
DORIZBWTHL 7z, TORE, U VBFEES TIEEE L VX ERB VTR
AMPK JEMEALH & Ll U T 2-3 502 R U, MIBBRER ICE W T H IR X v 8 7 B
R ) VBBGEEEENE 2R U7z, FERNEIERZ ETEREZED 2R TENIE KD
FHEDOEWEERENE D T L 7 508, B TIBERMER ERIFFRETETVWARY, TNTHZ
NoOFEBRERIE, AU ZY VBLFEES TIZL D AMPK ORERIRENEZEHL > 52 L %
ALUTWS, ZHEFF—EOEHE LRI & Vo ZBRFEOFIETEHRLAEZVWD DT
Ho. ARY VBLHEESTIC X DEIRY VLY S FIVIRREOH i kiR E RETE D
DEFZEZTVWD, ZOFHER. FHEDY VBILS 7V OFMZ @i FIEANOIGHAP AT &
5, £12. RNV HEO) VLT, oMb, RERE. A-NT7 7 V-REBV LD
S5 LREMEEALT, Thbb, BEDXYAZED) VL2 FET LI LT, T0H
HDY) VIBAGIZHE D HWORBI 250 < 5|  HE S aeEr d 5,
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RUNIEY) VBEMIEZ ) AT VERARY T D) VEBLDOFERIZ & D 80FLL LB
R EINBHIRTH S, ZNE TITHFFHOIFEEIT KD T OB X E R 7 O fiH,
T M- REINEHELDFF—X, FAT 7 R—YOHEEIMTbN, ZVNTHY
VIBALDAEMIEFIC BT S EEWEPRL LS h LI NS, BUETE, T ¥ F—ED
PEREHIAIE (RNA FEIRCERNEER) . HED 260 &3 5RN3F > — ¥ i
HOFEFENHABI N, XV RTHY) VBT 7SOV ORIIZHEZ 2T TV 5,

AFFIZBEWTEF X, R NTHY) VLY 7 FOVEREIC B T 5 ‘B 2R ik
U7z, 20k, FF—Y TFREBEOERNLRY Vg, $2bbFr—E-HE "0V Vgt
FEZEZT I BMAFOTFETIEREELE WS 2 THhD, ZhEFF—EOREELRRIEICE
K272, ¥FF—ELZDbDEENIZT Z2HMAOHIEETIEZ D NREE TR THEELXZ
TLESIDTHS, ZHIFHNDY VLY 7 F N EFEL, L WEEICB VTR
ERMETH D, £, BREBFEEZENL THZOFF—EHEAIBHEEINTVIH, Z
DHEANC L >TH EROIEIZE D EHRO V) VLY 7 F VPR EEZZIT TSI LR P
SN, HOOERBENEEZBREOETHREL TRV E WS ATREEE B ETE RV, DX W T
DFEBED) VI EEER W UHET 2 Z LB TE R, ) VRbY 7 IV A
EOHBWIZBITB T =2 AN = RBEEI SN,

FHEZ OMEFREIC U, TFF—EENEEOERE 2 RET SHeEED 7] 2RI T 52
ETEZDMRRERE LUz, ¥F—EUA Y NEFEREEDY 72 F e zilifis e G681EY
NZOWEEZRTHD LR Z T, U VRILGEED 7 OXKG AREGR2ZHE/L 7z, 2D
FERDFER, AWMU VBRAGEED F IR 95 &2 oS 7 BT U TRIRMIC ) v R{bZ
FEHT LI, FRENE NI ERERNN L) VIBEFEEEE RS I e EH SN L, A
BALEMIZ LV ENE T2 X NIEDY) VIR ZFEL AEEZ 5 S HAPDEDTH 5,

St ) VIR LEES TORMGEEIIC LY. 5725 ) VIR LFEEIGN, EEDEIRME O UE
DHEEMZHEL TVWEZWVWEEZITWDS, 61T, FF—E-ERX VR TEHOEHENRIZ K
D, FF—LOAREOREUND X N ZHIZH L THY VBB FEEI NS DPE»ITIER
WZHRZE S . ZHUTDOWTHBIMDERZITWV, BEEL TWE LW EEZI TS,

AV VBAGEETFENSH, V) VLY ZF VR RRIEA LIS E NS Z L 2 ST
%,
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1. Chemistry

1.1 General Comments

'H and "C NMR spectra were recorded on a JEOL JNM-ECA500 (500 MHz) spectrometer in the
indicated solvent. Chemical shifts (8) are reported in parts per million relative to internal standard
tetramethylsilane ("H NMR) or the centerline of the triplet at 77.0 ppm of CDCl; (*C NMR). The
following abbreviations are used: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad.
ESI and FAB mass spectrum were recorded on a BRUKER micrOTOF II mass spectrometer and
JMA-HX110 mass spectrometer, respctively. Unless otherwise noted, chemical reagents and solvents were
purchased from Aldrich Inc., Tokyo Chemical Industry Co., Ltd., Wako Pure Chemical Industries, Ltd.,
and Kanto chemical co., inc., and used without purification. Routine TLC was performed on silica gel 60
F254 plates (Merck, Germany). Flash column chromatography was performed on Silica gel 60 (spherical,
particle size 40-50 uM; Kanto Chemical, Japan).

1.2 Synthesis of AMPK ligand unit

4-chloro-5-iodo-2-nitroaniline (A1)

5-Chloro-2nitroaniline (500 mg, 2.90 mmol) was dissolved in AcOH (5.0 mL) and added N-iodo
succinimide (720 mg, 3.20 mmol) at room temperature. The mixture was stirred at 50 °C for 24 h. The
reaction mixture was cooled down to room temperature and filtered. The obtained orange solid was washed
with AcOH, H,O, sat. NaHCOjs aq. and rewashed with H,O, and then dried in vacuo to afford Al as an
orange solid (856 mg, 99%).

* 'H NMR (500 MHz, CDCl;) &§:8.56 (1H, s, Ar-H), 6.99 (1H, s, Ar-H), 6.10 (2H, brs, NH,).
* FAB-MS m/z: 298(M)".

5-chloro-6-iodo-1,3-dihydro-2H-benzo[d]Jimidazol-2-one (A3)

STEP 1.

A1 (2.00 g, 6.70 mmol) was dissolved in AcOEt (40 mL) and added SnCl, * 2H,0 (7.60 g, 33.5 mmol) at
room temperature. The mixture was stirred at 80 °C for 5 h. The mixture was added sat. NaHCOj3 aq. at 0
°C to adjust the pH to 8. The suspension was filtered on celite and the residue was extracted with AcOEct.
The organic layer was washed with brine and dried over Na,SO,. The organic layer was concentrated in
vacuo and the resulting brown solid was used for next step without any purification.
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STEP 2.

The brown solid (91.2 mg) prepared in STEP 1 was dissolved in anhydrous THF (1.0 mL) and added CDI
(83.0 mg, 0.512 mmol) at room temperature. The mixture was refluxed for 18 h and then, white solid was
precipitated gradually in the reaction solution. The white solid precipitated under the reaction condition
was filtered and washed with CHCI; and H,O, and then dried to afford A3 as a white solid with adequate
purity (77 mg, 77%).

* 'H NMR (500 MHz, DMSO-d¢) §: 10.88 (1H, s, -CONH-), 10.82 (1H, s, -CONH.), 7.34 (1H, s, Ar-H),
7.10 (1H, s, Ar-H)

* HRMS (ESI-TOF) caled for C;H4CIIN,O-H: 292.8973; found: 292.8972 (M-H).

2,6-dichloro-5-iodobenzo[dJimidazole (A4)
l N
e
cl N

A3 (77 mg, 0.26 mmol) in flask (displaced with Ar gas) was added POCI; (725 pL, 7.8 mmol) at room
temperature. The mixture was stirred at 90 °C for 18 h. The reaction mixture was added H,O and
neutralized with NaHCO; aq at 0 °C. The resultant aqueous layer was extracted with AcOEt and the
combined organic layer was washed with brine and dried over Na,SO,. The solvent was removed, and the
residue was purified with silica gel column chromatography (solvent: AcOEt/n-hexane = 1:10 to 1:3) to
afford A4 as a white solid (138 mg, quant.).

* '"H NMR (500 MHz, CDCl;) §:8.01 (1H, s, Ar-H), 7.65 (1H, s, Ar-H).
* FABMS m/z: 313 (M+H)".

mixture of 2,6-dichloro-5-iodo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-benzo[d Jimidazole and
2,5-dichloro-6-iodo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-benzo[d ]imidazole (A5)

| N //O
N\
:@[ >cl o, ! N Si—
cl N Si— j@ )—c D
N

Vand
\\O Cl

A4 (17 mg, 0.053 mmol) was dissolved in THF (300 uL) and added triethylamine (15 uL, 0.11 mmol) and
SEMCI (14 pL, 0.080 mmol) at room temperature. The mixture was stirred at room temperature for 1 h.
The reaction solution was added H,O and the resultant aqueous layer was extracted with AcOEt. The
organic layer was washed with 2N HCI aq. and brine, and then dried over Na,SO,. The organic layer was
concentrated in vacuo to afford A5 as a white solid with sufficient purity (22 mg, 96%).

« 'H NMR (500 MHz, CDCly) &:8.22 (0.5H, s, Ar-H), 8.01 (0.5H, s, Ar-H), 7.85 (0.5H, s, Ar-H), 7.66
(0.5H, s, Ar-H), 5.54 (2H, s, -CH>), 3.59 (ZH, m, -CH;), 0.98-0.93 (2H,
m, -CHy), 0.01 OH, s, -Si(CH;);).

¢ FAB-MS m/z: 443 M+H)".
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mixture of methyl 5-((6-chloro-5-iodo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-benzo[d]imidazol
-2-yl)oxy)-2-methylbenzoate and methyl 5-((5-chloro-6-iodo-1-((2-(trimethylsilyl)ethoxy)methyl)-
1H-benzo[d]imidazol-2-yl)oxy)-2-methylbenzoate (A6).

0
(@] IR =N
7\ I N SiT
a5 e o |
Cl N Si—
Lo/\/ o

A5 (22 mg, 0.050 mmol) was dissolved in DMF (500 uL) and added methyl 5-hydroxy-2-methylbenzoate (12
mg, 0.075 mmol) and Cs,CO3 (49 mg, 0.15 mmol) at room temperature. The mixture was stirred at room
temperature for 3 h. The reaction solution was added H,O and the resultant aqueous layer was extracted
with AcOEt. The organic layer was washed with brine and dried over Na,SO,. The organic layer was
concentrated in vacuo, and the residue was purified with silica gel column chromatography (solvent:
AcOEt/n-hexane = 1:10 to 1:3) to afford A6 as a white solid (29 mg, 92%).

e 'H NMR (500 MHz, CDCl;) &: 8.02 (0.5H, s, Ar-H), 7.89 (0.5H, d, J = 2.9 Hz, Ar-H), 7.89 (0.5H, s,
Ar-H), 7.87 (0.5H, s, Ar-H), 7.66 (0.5H, d, ] = 2.9 Hz, Ar-H), 7.54 (0.5H,
s, Ar-H), 7.43 (1H, dd, J = 8.3, 2.6 Hz, Ar-H), 7.34 (1H, d, ] = 8.6 Hz,
Ar-H), 549 (2H, s, -OCH,), 3.89 (3H, s, -OCHs), 3.65-3.64 (2H, m,
-CH,), 2.63 (3H, s, -CH;), 0.98-0.94 (2H, m, -CH,), -0.01 (9H, s,
Si(CHs)3).

* HRMS (ESI-TOF) caled for C;,H;6CIIN,O,Si+Na: 595.0270; found: 595.0287 (M+Na)".

mixture of 4-(6-chloro-2-(3-(methoxycarbonyl)-4-methylphenoxy)-1-((2-(trimethylsilyl)ethoxy)me
thyl)-1H-benzo[d]imidazol-5-yl)benzoic acid and 4-(5-chloro-2-(3-(methoxycarbonyl)-4-methylp
henoxy)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-benzo[d ]Jimidazol-6-yl)benzoic acid (A7).

O

O
(0]
(0]
e O
N OMe N /SI\/

)—0

O \>_O \
Cl N Si— o] N OMe
0]

A6 (30 mg, 0.052mmol), 4-carboxyphenylboronic acid (10 mg, 0.057 mmol), Pd(PPhs), (1 mg, catalytic
amount) and Na,COj; (8 mg, 0.073 mmol) were dissolved in 1,4-dioxane/H,O (750 uL, 2:1). After Ar gas
displacement in the flask, the reaction solution was stirred at 80 °C for 10 h under Ar atmosphere. The
reaction solution was added H,O and the resultant aqueous layer was extracted with AcOEt. Then, the
organic layer was washed with brine and dried over Na,SO,. The solvent was removed, and the residue was
purified with silica gel column chromatography (solvent: CHCl;/MeOH=70:1) to afford A7 as a white solid
(17 mg, 59%).

* 'H NMR (500 MHz, CDCl;) §:8.19 (1H, d, J = 8.5 Hz, Ar-H), 8.17 (1H, d, J = 8.5 Hz, Ar-H), 7.94 (1H,
d,J=2.9 Hz, Ar-H), 7.71 (0.5H, s, Ar-H), 7.61 (1H, d, ] = 8.6 Hz), 7.58
(IH, d, J = 8.5 Hz), 7.56 (0.5H, s, Ar-H), 7.56 (0.5H, s, Ar-H ),
7.50-7.47 (1H, m, Ar-H), 7.38 (0.5H, s, Ar-H), 7.36 (1H, d, J = 8.0 Hz,
Ar-H), 5.58 (2H, s, -OCH;), 3.91 (3H, s, ~OCH3), 3.74-3.69 (2H, m,
-CH»), 2.66 (3H, s, -CH3), 1.040.97 (2H, m, -CH,), 0.03 (3H, s,
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-Si-CH3), 0.00 (6H, s, -Si(CHj),).

e HRMS (ESI-TOF) caled for CyoH3CIN,O6Si+H: 567.1718; found: 567.1713 (M+H)".

4-(6-chloro-2-(3-(methoxycarbonyl)-4-methylphenoxy)benzo[d Jimidazol-5-yl)benzoic acid (A8)

A7 (30 mg, 0.0529 mmol) was dissolved in THF (300 pL). Tetrabutylammonium fluoride (159 uL, 0.159
mmol, IM in THF) was added to the solution, and the resulting mixture was refluxed for 11h. The solvent
was removed on evaporator, and the residue was purified with silica gel column chromatography (solvent:

CHCl3/MeOH = 20:1 to 10:1) to afford A8 as a white solid (12 mg, 52%).

+ 'H NMR (500 MHz, CDCl;) §:8.15 (2H, d, J = 8.0 Hz, Ar-H), 7.94 (1H, d, J = 2.9 Hz, Ar-H), 7.56 (2H,
d,J =8.6 Hz, Ar-H), 7.46 (1H, dd, J = 8.0, 2.9 Hz, Ar-H), 7.34 (1H, d,J
= 8.6 Hz, Ar-H), 3.89 3H, s, -OCHs), 2.62 (3H, s, -CH3;).

* HRMS (ESI-TOF) caled for C;3H;CIN,Os: 435.0742; found: 435.0733 (M-H).

methyl 5-((6-chloro-5-(4-(ethylcarbamoyl)phenyl) benzo[d]imidazol-2-yl)oxy)-2-methylbenzoate
(A9)

o

BRe
H
N

A8 (30 mg, 0.0687 mmol) was dissolved in anhydrous DMF (687 pL). EDCI (43 mg, 0.275 mmol), HOBt
(23 mg, 0.172 mmol) and ethylamine (9.0 pL, 0.172 mmol, 70% in water) were added to the solution at
room temperature, and the resulting mixture was stirred for 12 h. The reaction solution was diluted with
AcOEt and washed with water and brine. The organic layer was dried over Na,SO,, and the solvent was
removed. The residue was purified with silica gel column chromatography (solvent: CHCl;/MeOH = 30:1)
to afford A9 as colorless oil (19 mg, 59%).

* 'H NMR (500 MHz, CDCl3) 8:7.91 (1H. d, ] = 2.3 Hz, Ar-H), 7.81 (2H, d, ] = 8.0 Hz, Ar-H), 7.46 (3H,
d,J=8.6 Hz, Ar-H), 7.42 (1H, dd, ] = 8.0, 2.9 Hz, Ar-H), 7.28 (1H, d, J
= 8.6 Hz, Ar-H), 6.32 (1H, s, Ar-H), 3.86 (3H, s, -OCHj5), 3.58-3.52 (2H,
m, -CH,), 2.57 3H, s, -CHs), 1.29 (3H, t,J = 7.4 Hz, -CH5).

¢ HRMS (ESI-TOF) caled for Cy3H,,CIN3O4+Na: 486.1191; found: 486.1185 (M+Na)".
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5-((6-chloro-5-(4-(ethylcarbamoyl)phenyl) benzo[dJimidazol-2-yl)oxy)-2-methylbenzoic acid (A10)

0]

Ahe
H
N
CLye
Cl OH

N :
H
o

A9 (19 mg, 0.0410 mmol) was dissolved in MeOH/water (1 mL, 1:1). Then, LiOH * H,O (3.0 mg, 0.0633
mmol) was added to the solution at room temperature, and the resulting mixture was stirred at this
temperature for 21 h. The reaction solution was added water, and acidified with 2N HCI aq., and the
resultant aqueous layer was extracted with AcOEt. The combined organic layer was washed with brine and
dried over Na,SO,. Then, solvent was removed and the residue was purified with silica gel column
chromatography (solvent: CHCl;/MeOH = 10:1) and by washing with CHCI; to afford A10 as a white solid
(6 mg, 33%).

* 'H NMR (500 MHz, DMSO-dg) &:8.51 (1H, t,J = 5.4 Hz, -CONH-), 7.88 (2H, d, J = 8.0 Hz, Ar-H), 7.76
(IH, d,J = 2.9 Hz, ArH), 7.55 (1H, s, Ar-H), 7.51-7.48 (3H, m),
7.39 (1H, d, J = 8.6 Hz, Ar-H), 7.35 (1H, s, Ar-H), 3.29 2H, q, ] =
7.2 Hz,-CH,), 2.53 BH, 5, -CH5), 1.13 3H, t,J = 7.2 Hz, -CHj3).

* HRMS (ESI-TOF) caled for Cy4H9CIN;O4: 448.1059; found: 448.1069 (M-H).

methyl 2-methyl-5-nitrobenzoate (A11)

(o]
OMe

NO,

2-Methyl-5-nitrobenzoic acid (5.0 g, 0.028 mol) was dissolved in MeOH (50 mL) and added H,SO, (500 uL,
1 v/v%,) at room temperature. The reaction mixture was stirred at 50 °C for 24 h. The mixture was
neutralized with sat. NaHCQOj aq., and then, the solid precipitated was filtered and dried to afford A11 as a
yellow solid (5.39 g, 99%).

o 'H NMR (500 MHz, CDCl;) §:8.78 (1H, d,J = 2.3 Hz, Ar-H), 8.24 (1H, dd, J = 8.3, 2.6 Hz, Ar-H), 7.44
(1H, d,J = 8.6 Hz, Ar-H), 3.96 (3H, s, -OCHj5), 2.73 (3H, s, -CHj3).
¢ HRMS (ESI-TOF) caled for CoHoNO,4+Na: 218.0424; found: 218.0414 (M+Na)".
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methyl 5-amino-2-methylbenzoate (A12)

(0]
OMe

NH,

A11 (100 mg, 0.51 mmol) was dissolved in AcOEt (2.0 mL) and added SnCl, * 2H,0 (587 mg, 2.6 mmol) at
room temperature. The mixture was stirred at 80 °C for 2.5 h. The mixture was added sat. NaHCOj aq. at
0 °C and modified pH to 8. The suspension was filtered on celite and the residue was extracted with AcOEt.
The organic layer was washed with brine and dried over Na,SO,. The organic layer was concentrated in
vacuo to afford A12 as a yellow solid (53 mg, 63%) with adequate purity.

* 'H NMR (500 MHz, CHCl;) &:7.25 (1H, d,J = 2.3 Hz, Ar-H), 7.02 (1H, d, ] = 8.6 Hz, Ar-H), 6.75 (1H,
dd, J = 8.0, 2.3 Hz, Ar-H), 3.87 (3H, s, -OCH3;), 3.68 (2H, brs, -NH,),
2.46 (3H, s, -CH,).

* HRMS (ESI-TOF) caled for CoH;NO,+H: 166.0863; found: 166.0869 (M+H)".

methyl 5-hydroxy-2-methylbenzoate (A13)

OMe
OH

Methyl 5-amino-2-methylbenzoate (2.7 g, 0.016 mol) was suspended in H,O (12 mL) and added H,SO, (2.6
mL, 0.048 mol) at 0 °C. The mixture was stirred at 0 °C for 1.5 h. The mixture was added NaNO, (1.1 g,
0.016 mol) in H,O (5 mL) at 0 °C, and the resulting mixture was further stirred at 100 °C for 2 h. The
reaction mixture was neutralized with sat. NaHCO; aq. at 0 °C. The aqueous layer was extracted with
AcOEt. The organic layer was washed with brine and dried over Na,SO,. The organic layer was
concentrated in vacuo and the residue was purified with silica gel column chromatography (solvent:

AcOEt/n-hexane = 1:7 to 1:2) to afford A13 as a yellow solid (2.66 g, 64%).

* 'H NMR (500 MHz, CDCL;) §:7.43 (1H, d, ] = 2.9 Hz, Ar-H), 7.10 (1H, d, J = 8.0 Hz, Ar-H), 6.92 (1H,
dd, J = 8.6, 2.9 Hz, Ar-H), 5.83 (1H, brs, -OH), 3.89 (3H, s, -OCHs),
2.50 (3H, s, -CHj;).

¢ HRMS (ESI-TOF) caled for CoH10O3+Na: 189.0519; found: 189.0522 (M+Na)".
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1.3 Synthesis of HMGR ligand unit

methyl 4-(4-methyl-3-oxopentanamido)benzoate (H1)

Ethyl isobutyrylacetate (5.0 g, 0.0347 mol) was dissolved in toluene (173 mL) and added methyl
4-aminobenzoate (5.25 g, 0.0347 mol) and ethylenediamine (23 pL, 0.347 mmol) at room temperature. The
mixture was refluxed for 9 h. Then, the solvent was removed in vacuo, and the residue was purified with
silica gel column chromatography (solvent: AcOEt/n-Hexane = 1:5 to 1:2) to afford H1 as a white solid
(7.73 g, 85% vyield).

* '"H NMR (500 MHz, CDCl3) §:9.54 (1H, s, -CONH-), 8.02 (2H, d, ] = 8.9 Hz, Ar-H), 7.65 2H, d, ] =
8.9 Hz, Ar-H), 3.90 (3H, s, -OCH3), 3.64 (2H, s, -CH,), 2.78-2.70 (1H,
m-CHR;), 1.19 (6H, d, J = 6.9 Hz, (CH,),).

« BC NMR (125 MHz, CDCly) 8:211.6, 166.6, 163.8, 141.7, 130.8, 125.8, 119.2, 52.0, 46.6, 42.

4, 17.7;
¢ HRMS (ESI-TOF) caled for Ci4H;NO4+Na: 286.1050; found: 286.1056 (M+Na)".

methyl (Z)-4-(2-benzylidene-4-methyl-3-oxopentanamido)benzoate (H2)

(0]

0O O dom
N
H

H1 (2.0 g, 7.60 mmol) was suspended in n-hexane (25 mL) and added benzaldehyde (1.55 mL, 15.2 mmol),
B-alanine (339 mg, 3.80 mmol) and acetic acid (43 uL, 0.760 mmol) at room temperature. The mixture was
reflulxed on dean-stark apparatus for 17 h. The reaction mixture was added water and the resultant
aqueous layer was extracted with AcOEt. The organic layer was washed with brine, dried over Na,SO, and
concentrated. The residue was purified with silica gel column chromatography (solvent: AcOEt/n-Hexane =
1:5 to 1:2) to afford H2 as pale yellow amorphous (1.56 g, 58% vyield).

« 'H NMR (500 MHz, CDCl;) &§:8.01 (2H, d,J = 8.6 Hz, Ar-H), 7.95 (1H, s, -CONH-), 7.64 (1H, s,
=CHR), 7.59 (2H, d, J = 8.6 Hz, Ar-H), 7.54 (2H, d, ] = 6.3 Hz, Ar-H),
7.40-7.34 (3H, m), 3.90 (3H, s, -OCHs), 3.40-3.32 (1H, m, -CHR;), 1.22
(6H, d,J = 6.9 Hz, {CH,),).
« BC NMR (125 MHz, CDCly) 8:202.8, 166.5, 165.4, 141.6, 141.6, 135.7, 132.7, 130.9, 129.9, 129.0,
126.2,119.2, 52.1, 36.5, 19.1;
¢ HRMS (ESI-TOF) caled for C;;H, NO4+Na: 374.1363; found: 386.1358 (M+Na)".
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methyl 4-(2-(2-(4-fluorophenyl)-2-oxo-1-phenylethyl)-4-methyl-3-oxopentanamido)benzoate (H3)

H2 (1.00 g, 2.85 mmol) was added Et;N (2.70 mL, 20.0 mmol), 3-ethyl-5-(2-hydroxyethyl)-4-methylth
-azolium bromide (719 mg, 2.85 mmol) and 4-fluorobenzaldehyde (450 pL, 4.28 mmol) at room te
mperature. The mixture was stirred at 70 °C for 17 h. E;N was removed on evaporator, and the
residue was purified with silica gel column chromatography (solvent: Acetone/n-Hexane = 1:7 to
1:2) to afford diastereomeric mixture of H3 (504 mg, 37% vyield).

¢ HRMS (ESI-TOF) caled for CygH,¢NOs+Na: 498.1687; found: 498.1688 (M+Na)".

methyl
4-(1-(2-((4R,6R)-6-(2-(tert-butoxy)-2-oxoethyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethyl)-5-(4-fluorophenyl
)-2-isopropyl-4-phenyl-1H-pyrrole-3-carboxamido)benzoate (H4)

Yo

H3 (500 mg, 1.05 mmol) was dissolved in n-hexane/THF/toluene (6 mL, 9:2:2) and added t-butyl 2-[(4R,
6R)-6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxan-4-ylJacetate (306 mg, 1.12 mmol) and pivalic acid (79 pL, 0.704
mmol) at room temperature. The mixture was refluxed for 23 h. The reaction solution was washed with
0.5N NaOH agq., 0.5N HCl aq., brine and then dried over Na,SO,. The solution was concentrated and the
residue was purified with silica gel column chromatography (solvent: Acetone/n-Hexane = 1:5) to afford H4
as pale brown amorphous (455 mg, 61%).

« '"H NMR (500 MHz, CDCL3) &:7.84 (2H, d, J = 9.2 Hz, Ar-H), 7.23-7.14 (7TH, m), 7.09 2H, d,J = 9.2
Hz, Ar-H), 7.00-6.98 (3H, m), 4.18-4.13 (1H, m, -CH(OR)-), 4.12-4.06
(1H, m, -CH(OR)-), 3.85 (3H, s, -OCH3), 3.83-3.81 (1H, m), 3.70-3.68
(1H, m), 3.65-3.60 (1H, m, -CHMe,), 2.36 (1H, dd, ] = 14.5, 6.5 Hz),
2.24 (1H, dd, J = 14.5, 6.5 Hz), 1.69-1.65 (2H, m), 1.53 (6H, d,J = 6.9
Hz, {CHs),), 1.43 (9H, s, {CHs);), 1.36 (3H, s), 1.35-1.34 (1H, m),
1.30 3H, s, -CH3), 1.05 (1H, q, J = 11.8 Hz).
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e "C NMR (125 MHz, CDCIly) §: 170.2, 166.7, 164.6, 162.3 (d, ] = 246.3 Hz), 142.7, 142.5, 134.5, 13
3.1(d,J=17.1Hz), 130.6, 130.5, 129.1, 128.5, 130.0 (d, ] = 3.6 Hz), 1
26.8,124.6, 121.8, 118.2, 115.4 (d, J = 21.5 Hz), 114.6, 98.7, 80.7, 66
4,65.9,51.8,42.4,41.0, 38.0, 35.9, 29.9, 28.1, 26.0, 21.5, 21.3, 19.6

¢ HRMS (ESI-TOF) caled for Cy4;H4N,0O;+Na: 735.3416; found: 735.3423 (M+Na)".

4-(1-(2-((4R,6R)-6-(2-(tert-butoxy)-2-oxoethyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethyl)-5-(4-fluorophenyl
)-2-isopropyl-4-phenyl-1H-pyrrole-3-carboxamido)benzoic acid (H5)

Yo B

0]

N

PeEgw
Wepp

o)

H4 (20 mg, 0.0281 mmol) was dissolved in MeOH/H,O/THF (210 pL, 1:1:1) and added LiOH * H,O at
room temperature. The solution was stirred at 60 °C for 6 h. The reaction solution was acidified with 2N
HCI aq. to pH 2 and the resultant aqueous layer was extracted with AcOEt. The organic layer was dried
over Na,SO, and concentrated. The residue was purified with silica gel column chromatography (solvent:

CHCIl3/MeOH = 30:1 to 15:1) to afford H5 as white solid (16 mg, 80%).

o 'H NMR (500 MHz, CDCl3) 8: 7.91 (2H, d, J = 9.2 Hz, Ar-H), 7.24-7.14 (TH, m), 7.12 2H, d,J = 9.2 Hz,
Ar-H), 7.06 (1H, brs), 6.99 (2H, dd, J = 8.9, 8.9 Hz, Ar-H), 4.19-4.13 (1H,
m-CH(OR)-), 4.09-4.07 (1H, m-CH(OR)-), 3.87-3.80 (1H, m), 3.70-3.68
(IH, m), 3.66-3.60 (1H, m, -CHMe,), 2.39 (1H, dd, J = 15.4, 7.7 Hz),
2.24 (1H, dd,J = 154, 7.7 Hz), 1.70-1.65 (2ZH, m), 1.53 (6H, d, J = 6.9 Hz,
A(CH3),), 1.43 (9H, s, <CH3)5), 1.36 (3H, s, -CH3), 1.35-1.34 (1H, m), 1.30
(3H, s, -CH3), 1.05 (1H, q, J = 11.8 Ha).
* BC NMR (125 MHz, CDCly) §: 171.1, 170.1, 164.6, 162.3 (d, ] = 246.3), 143.4, 142.7, 134.5, 133.1 (
d,J=8.4 Hz), 131.3, 130.6, 129.1, 128.5, 127.9 (d, ] = 3.5 Hz), 126.
9,123.6,121.9,118.2,115.4 (d,J = 21.5), 114.6, 98.7, 80.7, 66.4, 6
5.9,42.4,41.0, 38.0, 35.9, 29.9, 28.1, 26.0, 21.5, 21.3, 19.6;

e HRMS (ESI-TOF) caled for C41H4N,O7+Na: 721.3260; found: 721.3252 (M+Na)".
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1.3 Synthesis of linker unit.

2-(2-(2-hydroxyethoxy)ethoxy)ethyl 4-methylbenzenesulfonate(L3-1)

Triethylene glycol (2.0 g, 0.0133 mol) was dissolved in CH,Cl; (133 mL) and the solution was added
p-toluene sulfonyl chloride (2.54 g, 0.0133 mol), Ag,O (3.71 g, 0.0160 mol) and KI (1.10 g, 0.00665 mol) at
room temperature. The solution was stirred at ambient temperature for 19 h. The reaction mixture was
filtered on celite to remove Ag;O. The solvent was removed in vacuo and the residue was purified with
silica gel column chromatography (solvent: CHCl;/MeOH = 30:1) to afford L3-1 as colorless oil (2.16 g,
53%).

 'H NMR (500 MHz, CDCl;) §:7.80 (2H, d, J = 8.3 Hz, Ar-H), 7.35 (2H, d, J = 8.3 Hz, Ar-H), 4.17 (2H,
t,J = 4.9 Hz, TsO-CH,), 3.73-3.70 (4H, m), 3.61 (4H, s), 3.58 2H, ¢, J
= 4.3 Hz, HO-CH), 2.45 (3H, s, -CH3), 2.24 (1H, brs, -OH).

* FAB-MS m/z: 305 (M+H)".

2-(2-(2-azidoethoxy)ethoxy)ethan-1-ol (L3-2)

Ho/\/o\/\o/\/N3

L3-1 (1.0 g, 3.3 mmol) was dissolved in DMF (5.0 mL). The solution was added NaNj; (342 mg, 5.26 mmol)
and stirred at 60 °C for 4 h. The reaction solution was added H,O and the resultant aqueous layer was
extracted with AcOEt. The combined organic layer was dried over Na,SO, and then, the solvent was
removed. The residue was dried in vacuo to afford L3-2 as a colorless oil (364 mg, 63%).

 'H NMR (500 MHz, CDCLy) 8 :3.75-3.67 (8H, m), 3.63 (2H, t,J = 4.3 Hz, -CH), 3.41 (2H, t, ] = 4.9 Hz,

-CH,), 2.25 (1H, brs, -OH).
* FAB-MS m/z: 176(M+H)".

2-(2-(2-azidoethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (L3-3)

TSO/\/O\/\O/\/N3

L3-2 (231 mg, 1.3 mmol) was dissolved in CH,Cl,. The solution was added p-toluenesulfonyl chloride (301
mg, 1.58 mmol) and Et;N (366 mL, 2.64 mmol) at 0 °C. The reaction solution was stirred at room
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temperature for 11 h. Then, the solvent was removed in vacuo, and the residue was purified with silica gel
column chromatography (solvent : AcOEt/Hexane = 1:4) to afford L3-3 as a colorless oil (368 mg, 85%).

+ 'H NMR (500 MHz, CDCl;) §:7.80 (2H, d, J = 8.3 Hz, Ar-H), 7.34 (2H, d, J = 8.3 Hz, Ar-H), 4.17 (2H,
t,J = 4.9 Hz, TSO-CH,), 3.70 (2H, t, ] = 4.6 Hz, -CH;), 3.64 (2H, ¢, ] =
4.9 Hz, -CHy), 3.61 (4H, s), 3.37 (2H, t, ] = 4.9 Hz, -CH,), 2.45 3H, s,
-CH;).

* FAB-MS m/z: 330(M+H)".

2+(2-(2-(2-azidoethoxy)ethoxy)ethyl)isoindoline-1,3-dione (L3-4)

(0]
N\/\O/\/O\/\N
3
(0]

L3-3 (175 mg, 0.531 mmol) was dissolved in anhydrous DMF (1.8 mL). Phthalimide (117 mg, 0.797 mmol)
and K,COj; (220 mg, 1.59 mmol) were added to the solution at room temperature. The reaction solution
was stirred and heated at 100 °C for 43 h. The mixture was added water and the resultant aqueous layer
was extracted with AcOEt. The combined organic layer was washed with brine and dried over Na,SO,. The

solvent was removed in vacuo and the residue was purified with silica gel column chromatography (solvent:
AcOEt/n-Hexane = 1:4) to L3-4 as a pale red oil (121 mg, 75%).

* 'H NMR (500 MHz, CDCLl;) §: 7.86-7.84 2H, m, Ar-H), 7.73-7.71 2H, m, Ar-H), 3.91 2H, ¢, ] = 6.0
Hz, -CH,), 3.76 (2H, d, J = 5.7 Hz, -CH,), 3.67-3.65 (2H, m, -CH,),
3.62-3.60 (4H, m), 3.31 (2H, t, ] = 4.9 Hz, -CH,-);

¢ HRMS (ESI-TOF) caled for Ci4H sN4,O4+Na: 327.1064; found: 327.1074 (M+Na)".

2-(2-(2-azidoethoxy)ethoxy)ethan-1-amine (L3-5)

HN A~ Oy,

L3-4 (117 mg, 0.384 mmol) was dissolved in EtOH (4.0 mL) and added NH,NH,.H,O (170 pL, 3.46
mmol) at room temperature. The solution was stirred at 55 °C for 12 h. Then, the reaction solution was
diluted with toluene and the precipitated white solid was filtered off (washed with toluene and CHCI;).
Excess NH,;NH,; was removed in vacuo to afford L3-5 as a pale brown oil (40 mg, 60%) without further
purification.

* 'H NMR (500 MHz, CDCl;) §:3.70-3.64 (6H, m, -CH,), 3.53 (2H, t, ] = 5.4 Hz, -CH;), 3.40 2H, ¢, ] =
5.2 Hz,-CH»), 2.88 (2H, t,J = 5.2 Hz, -CH>), 1.60 (2H, brs, -NH,).
¢ HRMS (ESI-TOF) caled for C¢H4,N4O,+H: 175.1190; found: 175.1179 (M+H)".
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2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (1.4-1)

HO OO0

Tetraethylene glycol (2 g, 0.0103 mol) was dissolved in CH,Cl, (100 mL) and added p-toluenesulfonyl
chloride (1.96 g, 0.0103 mol), Ag,O (2.87 g, 0.0124 mol) and KI (855 mg, 0.00515 mol) at room
temperature. The mixture was stirred at room temperature for 17 h. The reaction mixture was filtered on
celite to remove Ag,O, and the solvent was removed. The residue was purified with silica gel column
chromatography (solvent: AcOEt/MeOH = 30:1 to 15:1) to afford L4-1 as a colorless oil (2.13 g, 59%).

* 'H NMR (500 MHz, CDCL;) §:7.80 (2H, d,J = 7.9 Hz, Ar-H), 7.35 2H, d, J = 8.5 Hz, Ar-H), 4.17 (2H,
t,J = 4.9 Hz, TsO-CH,"), 3.72-3.59 (14H, m), 2.45 (3H, s, -CH;).
e FABMS m/z: 349 M+H)".

2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-ol (L4-2)

HO/\/O\/\O/\/O\/\N3

L4-1 (342 mg, 0.98 mmol) was dissolved in DMF (2.0 mL). The solution was added NaNj (90 mg, 1.39
mmol) and stirred at 60 °C for 4 h. The reaction solution was added H,O and the resultant aqueous layer
was extracted with AcOEt. The combined organic layer was dried over Na,SO, and then, the solvent was
removed. The residue was dried in vacuo to afford L4-2 as a colorless oil (164 mg, 76%).

« 'H NMR (500 MHz, CDCl;) &:3.74 (2H, t,J = 4.3 Hz, -CH»), 3.70-3.67 (10H, m), 3.62 2H, t, ] = 4.6

Hz, -CH»), 3.41 (2H, t,J = 5.2 Hz, -CH,-), 2.51 (1H, brs, -OH).
* FAB-MS m/z: 220(M+H)".

2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (L4-3)

L4-2 (300 mg, 1.37 mmol) was dissolved in CH,Cl, (3.5 mL) and added p-toluenesulfonyl chloride (312 mg,
1.64 mmol) and triethylamine (380 pL, 2.74 mmol) at 0 °C. The mixture was stirred at room temperature
for 35 h. Then, the solvent was removed on evaporator and the residue was purified with silica gel column
chromatography (solvent: AcOEt/n-Hexane = 1:7) to afford L4-3 as a colorless oil (440 mg, 86% vyield).

 'H NMR (500 MHz, CDCl;) §:7.80 (2H, d, J = 8.6 Hz, Ar-H), 7.34 (2H, d, J = 8.0 Hz, Ar-H), 4.16 (2H,
t, ] = 4.9 Hz, TsO-CH,), 3.70-3.59 (12H, m), 3.39 (2H, t, ] = 5.2 Hz,
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-CH,), 2.45 (3H, s).
¢ HRMS (ESI-TOF) calced for C5H3N304S5+Na: 396.1200; found: 396.1209 (M+Na)".

2-(2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethyl)isoindoline-1,3-dione (L4-4)

(0]
N/\/o\/\o/\/o\/\N3
(o]

L4-3 (340 mg, 0.910 mmol) was dissolved in anhydrous DMF (3.0 mL). Phthalimide (202 mg, 1.37 mmol)
and K,CO; (377 mg, 2.73 mmol) were added to the solution at room temperature. The reaction solution
was stirred and heated at 100 °C for 3 days. The mixture was added water and the resultant aqueous layer
was extracted with AcOEt. The combined organic layer was washed with brine and dried over Na,SO,. The
solution was filtered and the solvent was removed. The residue was purified with silica gel column
chromatography (solvent: AcOEt/n-Hexane = 1:2) to afford L4-4 as a colorless oil (240 mg, 76%).

* '"H NMR (500 MHz, CDCl;) §: 7.86-7.84 (2H, m, Ar-H), 7.74-7.70 2H, m, Ar-H), 3.90 2H, ¢, ] = 6.0
Hz, -CH»), 3.75 (2H, t, ] = 6.0 Hz, -CH,-), 3.68-3.58 (10H, m), 3.37 (2H,
t,J = 5.2 Hz, -CH,");
« BC NMR (125 MHz, CDCl;) §: 168.2, 133.9, 132.1, 123.2, 70.6 (70.63), 70.6 (70.59), 70.1, 70.0, 67.
9,50.6, 37.2;
¢ HRMS (ESI-TOF) caled for C;¢H,oN4O5+Na: 371.1326; found: 371.1353 (M+Na)".

2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-amine (L4-5)

HN > O™ 0™ Oy,

L4-4 (240 mg, 0.689 mmol) was dissolved in EtOH (7.0 mL) and added NH,;NH,*H,O (340 pL, 6.20
mmol) at room temperature. The solution was stirred at 55 °C for 4 h. Then, the reaction solution was
diluted with toluene, and the white solid was filtered off (washed with toluene and CHCL). Excess
NH,;NH, was removed in vacuo to afford L4-5 as a pale green oil (153 mg, quantitative yield) without
further purification.

« '"H NMR (500 MHz, CDCL;) & : 3.69-3.63 (10H, m), 3.52 (2H, t,J = 5.2 Hz, -CH,), 3.40 2H, t,J = 5.2
Hz, -CH,), 2.87 (2H, t,J = 5.4 Hz, -CH,), 1.69 (2H, brs, -NH,).
* HRMS (ESI-TOF) caled for CsH gN4Os+H: 219.1452; found: 219.1467 (M+H)".
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14-azido-3,6,9,12-tetraoxatetradecyl 4-methylbenzenesulfonate (L5-3)

TSO\/\O/\/O\/\O/\/O\/\N3

L5-2 (500 mg, 1.90 mmol) was dissolved in CH,Cl, (5 mL) and added p-toluenesulfonyl chloride (435 mg,
2.28 mmol) and triethylamine (527 pL, 3.80 mmol) at 0 °C. The mixture was stirred at room temperature
for 5 h. Then, the solvent was removed on evaporator and the residue was purified with silica gel column
chromatography (solvent: AcOEt/MeOH = 30:1) to afford L5-3 as a colorless oil (664 mg, 84%).

* 'H NMR (500 MHz, CDCl3) &:7.73 (2H, d,J = 8.0 Hz, Ar-H), 7.27 2H, d,J = 8.0 Hz), 4.09 2H, ¢, J =
4.9 Hz, TsO-CH>), 3.62-3.52 (16H, m), 3.31 2H, t, J = 5.2 Hz, -CH,"),
2.38 (3H, s, -CH,).

¢ HRMS (ESI-TOF) calcd for Ci;H,;SN;0O,+Na: 440.1462; found: 440.1483 (M+Na)".

2-(14-azido-3,6,9,12-tetraoxatetradecyl)isoindoline-1,3-dione (L5-4)

(e}
N\/\O/\/O\/\O/\/O\/\Na
0]

L5-3 (362 mg, 0.867 mmol) was dissolved in anhydrous DMF (3.0 mL). Phthalimide (191 mg, 1.30 mmol)
and K;CO; (360 mg, 2.60 mmol) were added to the solution at room temperature. The reaction solution
was stirred and heated at 100 °C for 3 days. The mixture was added water and the resultant aqueous layer
was extracted with AcOEt. The combined organic layer was washed with brine and dried over Na,;SO,. The
solution was filtered and the solvent was removed. The residue was purified with silica gel column
chromatography (solvent: AcOEt/n-Hexane = 1:1) to afford L5-4 as a colorless oil (240 mg, 71% yield).

* 'H NMR (500 MHz, CDCLl;) §: 7.86-7.83 (2H, m, Ar-H), 7.73-7.71 2H, m, Ar-H), 3.90 2H, ¢, ] = 6.0
Hz, -CH,), 3.74 (2H, t, ] = 6.0 Hz, -CH,), 3.66-3.62 (14H, m), 3.39 (2H,
t,J = 4.9 Hz, -CH,).
« BC NMR (125 MHz, CDCly) d: 168.2, 133.9, 132.1, 123.2, 70.6, 70.6, 70.5, 70.0, 70.0, 67.9, 50.6, 3
7.2;
¢ HRMS (ESI-TOF) caled for CigH4sN,Og+Na: 415.1588; found: 415.1616 (M+Na)".

14-azido-3,6,9,12-tetraoxatetradecan-1-amine (L5-5)
H,oN \/\O/\/O\/\O/\/O\/\N3
L5-4 (240 mg, 0.612 mmol) was dissolved in EtOH (6.0 mL) and added NH,NH,*H,O (270 pL, 5.50

mmol) at room temperature. The solution was stirred at 55 °C for 4 h. Then, the reaction solution was
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diluted with toluene and the white solid was filtered off (washed with toluene and CHCI;). Excess NH,NH,
was removed in vacuoto afford L5-5 as a pale green oil (158 mg, 98%) without further purification.

« '"H NMR (500 MHz, CDCl;) 8: 3.69-3.62 (16H, m), 3.52 (2H, t, ] = 4.6 Hz, -CH,), 3.39 2H, t, ] = 5.2
Hz, -CH,), 2.88 (ZH, brs, -NH,).

« PC NMR (125 MHz, CDCL) &: 70.7, 70.6, 70.6, 70.6, 70.5, 70.3, 70.0, 50.7;

* HRMS (ESI-TOF) caled for C1oH,,N4O4+H: 263.1714; found: 263.1742 (M+H)".

1.4 Syntheses of ACC phosphorylation inducers.

methyl
5-((5-(4-((2(2-(2-azidoethoxy)ethoxy)ethyl)carbamoyl)phenyl)-6-chlorobenzo[d Jimidazol-2-yl)oxy)-2
-methylbenzoate (A14-3)

(0]
N3 (o}
N o \/\H Qcone
N
Cr-o
Cl N

A8 (75 mg, 0.172 mmol) was dissolved in anhydrous DMF (1.7 mL) and added EDC (107 mg, 0.688
mmol) , HOBt (58 mg, 0.430 mmol), DIPEA (120 mL, 0.688 mmol) and the amine linker L3-5 (36 mg,
0.207 mmol) at 0 °C. The solution was stirred for 4 h at ambient temperature. Then, the solution was
added water and the resultant aqueous layer was extracted with AcOEt. The combined organic layer was
washed with brine and dried over Na,SO,. The solution was filtered and removed solvent in vacuo. The
residue was purified with silica gel column chromatography (solvent: CHCl;/MeOH= 50:1) to afford A14-3
as a white solid (102 mg, 81%).

* 'H NMR (500 MHz, CDCl;) &:7.88 (1H, s), 7.82 2H, d, ] = 8.0 Hz, Ar-H), 7.54 (1H, s), 7.43 2H, d, ] =
8.0 Hz, Ar-H), 7.39 (1H, d, J = 8.0 Hz, Ar-H), 7.29 (1H, s), 7.14 (1H, s),
6.94 (1H, s), 3.85 (3H, s, -OCH3), 3.70-3.66 (10H, m), 3.35 2H, t,J =
4.9 Hz, -CH»), 2.55 (3H, s, -CH3)

¢ HRMS (ESI-TOF) calced for CooH29CINgOg+Na: 615.1729; found: 615.1720 (M+Na)".

methyl
5-((5-(4-((2-(2-(2-aminoethoxy)ethoxy)ethyl)carbamoyl)phenyl)-6-chlorobenzo[d Jimidazol-2-yl)oxy)-
2-methylbenzoate (A15-3)

o}
HoN o
A \/\H éCOZMe
N
o
Cl

N
H

A14-3 (72 mg, 0.121 mmol) was dissolved in THF/H,O (927 uL, 3:1) and added PPh; (48 mg, 0.182
mmol) at room temperature. The solution was stirred for 32 h at ambient temperature. The solvent was
removed in vacuo and the residue was purified with silica gel column chromatography (solvent:

CHCIl3/MeOH= 30:1) to afford A15-3 as a colorless oil (60 mg, 88%).
« '"H NMR (500 MHz, DMSO-d¢) 8:8.35 (1H, s), 7.97 (2H, d, ] = 8.0 Hz, Ar-H), 7.85 (1H, d, J = 2.3 Hz,
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Ar-H), 7.59-7.55 (4H, m), 7.48 (1H, d, J = 8.0 Hz, Ar-H), 7.41 (1H
s), 3.92 (3H, s, -OCH,), 3.68-3.47 (12H, m), 2.80 (2H, t, ] = 5.7 Hz,
-CH;), 2.61 (3H, s, -CHj).

» HRMS (ESI-TOF) caled for CyoH3CIN4OgH: 565.1848; found: 565.1877 (M-H).

methyl
5-((6-chloro-5-(4-((2-(2-(2-(4'-(1-isopropyl-7-oxo-1,4,6,7-tetrahydrospiro[indazole-5,4-piperidine]-1"-
carbonyl)-[1,1"biphenyl]-3-yl-3-carboxamido)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)
benzo[d]imidazol-2-yl)oxy)-2-methylbenzoate (A16-3)

\Ji‘)O \N/‘/‘YN\/\O/\/O\/\N QCOZMe
] \%

A15-3 (30 mg, 0.0529 mmol) was dissolved in anhydrous DMF (530 uL) and added EDC (33 mg, 0.212
mmol), HOBt (18 mg, 0.132 mmol), DIPEA (37 uL, 0.212 mmol) and the ACC ligand AC8 (30 mg,
0.0635 mmol) at 0 °C. The solution was stirred for 21 h at ambient temperature. Then, the solution was
added water and the resultant aqueous layer was extracted with AcOEt. The organic layer was washed with
brine and dried over Na,SO,. The solution was filtered and removed solvent in vacuo. The residue was
purified with silica gel column chromatography (solvent: CHCl;/MeOH= 50:1) to afford A16-3 as a white
amorphous (54 mg, 74%).

* "H NMR (500 MHz, DMSO-dy) 8:8.43 (1H, s), 8.31-8.29 (2H, m), 8.21 (1H, s), 7.97 (2H, d, ] = 8.0 Hz,
Ar-H), 7.93 (1H, d, J = 8.0 Hz, Ar-H), 7.89-7.88 (2H, m), 7.84 (2H,
d, J = 8.0 Hz, Ar-H), 7.64-7.60 (3H, m), 7.58-7.56 (4H, m), 7.51-7.50
(2H, m), 7.43 (1H, s), 5.39-5.32 (1H, m, -CHMe,), 3.94 (3H, s,
-OCHj;), 3.71-3.53 (15H, m), 2.90 (ZH, s, -CH»), 2.69 (2H, s, -CH>-),
2.63 (3H, s, -CH3), 1.64-1.61 (4H, m), 1.46 (6H, d, J = 6.3 Hz,
{CHs),).

« HRMS (ESI-TOF) caled for Cs;HssCIN;Og+Na: 1042.3877; found: 1042.3880 (M+Na)".

5-((6-chloro-5-(4-((2-(2-(2-(4'-(1-isopropyl-7-oxo-1,4,6,7-tetrahydrospiro[indazole-5,4-piperidine]-1"-
carbonyl)-[1,1"biphenyl]-3-yl-3-carboxamido)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)
benzo[d]imidazol-2-yl)oxy)-2-methylbenzoic acid (AA3)

Jﬁ@ Y‘/‘\”/N\/\O/\/O\/\N QCOZH
\>—o

A16-3 (24 mg, 0.0235) was dissolved in MeOH/H,0O (240 uL, 2:1) and added LiOH ¢ H,O (2 mg, 0.0353
mmol) at room temperature. The solution was stirred for 4 h at room temperature. Then, the solution was
diluted with AcOEt, and adjusted pH to 2-3 with 1.5 N HCI aqg. at 0 °C. The aqueous layer was extracted
with AcOEt, and the combined organic layer was washed with brine and dried over Na,SO,. The solution

was filtered and removed solvent in vacuo. The residue was purified with silica gel column chromatography
(solvent: CHCl;/MeOH-= 50:1) to afford AA3 as a white solid (6 mg, 25%).
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* 'H NMR (500 MHz, CD;OD) §:8.51 (1H, s, <CONH-), 8.38 (1H, t, J = 5.4 Hz, -CONH.), 7.99 (1H, ¢, J
= 1.7 Hz, Ar-H), 7.73-7.71 (4H, m), 7.65 (1H, d, ] = 7.4 Hz, Ar-H), 7.60
(2H, d, J = 8.0 Hz, Ar-H), 7.41 (1H, dd, J = 7.7 Hz, Ar-H), 7.37-7.36
(3H, m), 7.33-7.30 (5H, m), 7.17 (1H, s), 5.32-5.24 (1H, m, -CHMe,),
3.74 (1H, s), 3.62-3.45 (14H, m), 3.36-3.33 (2H, m), 2.75 2H, d,J = 5.7
Hz), 2.52-2.50 (5H, m), 1.56 (2H, s, -CH,), 1.42 (2H, s, -CH,-), 1.31
(6H, d,J = 5.7 Hz, {CH,),).

« HRMS (ESI-TOF) caled for CsgHssCIN;Oo-H: 1004.3744; found: 1004.3763 (M-H).

methyl
5-((5-(4-((14-azido-3,6,9,12-tetraoxatetradecyl)carbamoyl)phenyl)-6-chlorobenzo[d Jimidazol-2-yl)o
xy)-2-methylbenzoate (A14-5)

(0}
Nj (0] 0]
~ 0 TN T TN \/\H gcone
N
Ly
Cl

N

H
A8 (55 mg, 0.127 mmol) was dissolved in anhydrous DMF (1.3 mL) and added EDC (87 mg, 0.560 mmol) ,
HOBt (43 mg, 0.318 mmol), DIPEA (89 mL, 0.508 mmol) and the amine linker L5-5 (40 mg, 0.152 mmol)
at 0 °C. The solution was stirred for 12 h at ambient temperature. Then, the solution was added water and
resultant aqueous layer was extracted with AcOEt. The combined organic layer was washed with brine and
dried over Na,SO,. The solution was filtered and removed solvent in vacuo. The residue was purified with
silica gel column chromatography (solvent: CHCl;/MeOH= 50:1) to afford A14-5 as a white amorphous
(87 mg, 74%).

* 'H NMR (500 MHz, CDCly) §: 11.74 (1H, s, -NH-), 7.94 (1H, s), 7.90 2H, d, J] = 7.4 Hz, Ar-H),
7.66-7.57 (1H, m), 7.50 (2H, d, J = 8.0 Hz, Ar-H), 7.44 (1H, d, J = 7.4
Hz, Ar-H), 7.28 (1H, d, J = 8.0 Hz, Ar-H), 7.23-7.11 (1H, m), 6.82 (1H,
s), 3.86 (3H, s, -OCHs), 3.74-3.62 (18H, m), 3.35 (2H, t, J = 5.2 Hz,
-CH,), 2.56 (3H, s, -CH;).

« HRMS (ESI-TOF) caled for C33H3;CINgOg+Na: 703.2254; found: 703.2275 (M+Na)".

methyl
5-((5-(4-((14-amino-3,6,9,12-tetraoxatetradecyl)carbamoyl)phenyl)-6-chlorobenzo[d Jimidazol-2-yl)
oxy)-2-methylbenzoate (A15-5)

(0]
HoN \/\O/\/O\/\O/\/O\/\N
N O COMe
N
o
Cl

N
H

A14-5 (60 mg, 0.0881 mmol) was dissolved in MeOH (3.5 mL). The solution was added Pd/C (6 mg, 10 %
w/w) and the air in the flask was displaced with H, gas. The reaction solution was stirred for 18 h under H,
atmosphere. The solid of Pd/C was filtered off on celite and the solvent was removed in vacuo. The residue
was purified with silica gel column chromatography (solvent: CHCl;/MeOH= 10:1 to 3:1) to afford A15-5
as a brown oil (35 mg, 60%).

 'H NMR (500 MHz, CDCL;) &:7.99 (2H, d, J = 8.6 Hz, Ar-H), 7.91 (1H, d, J = 2.3 Hz, Ar-H), 7.88 (1H,
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s, <CONH-), 7.55 (1H, s), 7.48 (2H, d, ] = 8.6 Hz, Ar-H), 7.43 (1H, dd, ] =
8.3, 2.6 Hz, Ar-H), 7.31 (1H, d,J = 8.0 Hz, Ar-H), 7.18 (1H, s), 3.87 (3H,
s), 3.78-3.54 (20H, m), 2.95 (2H, t,J = 4.9 Hz), 2.61 (3H, s).

» HRMS (ESI-TOF) caled for Cs3H3CIN,Og+H: 655.2529; found: 655.2513 (M+H)".

methyl
5-((6-chloro-5-(4-((1-(4'-(1-isopropyl-7-oxo-1,4,6,7-tetrahydrospiro[indazole-5,4-piperidine]-1-carb
onyl){1,1"“biphenyl]-3-yl)-1-o0x0-5,8,11, 14-tetraoxa-2-azahexadecan-16-yl)carbamoyl)phenyl)
benzo[ d]lmldazol 2-yl oxy)-2-methylbenzoate (A16-5)

N (0] (0]
Jé@y‘,Y e % éwe

A15-5 (33 mg, 0.0504 mmol) was dissolved in anhydrous DMF (500 uL) and added EDC (35 mg, 0.225
mmol), HOBt (17 mg, 0.126 mmol), DIPEA (35 uL, 0.201 mmol) and the ACC ligand AC8 (29 mg, 0.605
mmol) at 0 °C. The solution was stirred for 24 h at ambient temperature. Then, the solution was added
water and the resultant aqueous layer was extracted with AcOEt. The combined organic layer was washed
with brine and dried over Na,SO,. The solution was filtered and removed solvent in vacuo. The residue was

purified with silica gel column chromatography (solvent: CHCl;/MeOH= 30:1) to afford A16-5 as a
colorless oil (32 mg, 57%).

 '"H NMR (500 MHz, CDCL3) 8 :8.44 (1H, s), 8.33 (1H, s), 8.20 (1H, t, ] = 1.7 Hz, -CONH-), 7.96 (2H, d,
J=8.6 Hz, Ar-H), 792 (1H, d,J = 7.4 Hz, Ar-H), 7.88 (1H, d,J = 8.0 Hz,
Ar-H), 7.86 (1H, d, ] = 2.3 Hz, Ar-H), 7.83 (2H, d, J = 8.6 Hz, Ar-H),
7.63-7.58 (3H, m), 7.57-7.55 (4H, m), 7.51-7.48 (2H, m), 7.42 (1H, s),
5.385.30 (1H, m, -CHMe,), 3.92 (3H, s, -OCHj3), 3.67-3.51 (25H, m),
2.88 (2H, s), 2.67 (2H, s), 2.61 (3H, s, -CH3), 1.60 (4H, s) 1.44 (6H, d, J
= 6.3 Hz, (CHs),).

» HRMS (ESI-TOF) caled for CyHgCIN;O1+Na: 1130.4401; found: 1130.4418 (M+Na)".

5-((6-chloro-5-(4-((1-(4'-(1-isopropyl-7-oxo-1,4,6,7-tetrahydrospiro[indazole-5,4-piperidine]-1-carb
onyl){1,1"“biphenyl]-3-yl)-1-ox0-5,8,11,14-tetraoxa-2-azahexadecan-16-yl)carbamoyl)phenyl)
benzo[d]imidazol-2-yl)oxy)-2-methylbenzoic acid (AA5)

\( 0
N ‘ H o
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N o} N —
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(@] cl N

A16-5 (28 mg, 0.0252 mmol) was dissolved in solvent (252 uL, MeOH/H,0O = 2:1) and added LiOH « H,O
(1.6 mg, 0.0353 mmol) at room temperature. The solution was stirred for 7 h at room temperature. Then,
the solution was diluted with AcOEt, and adjusted pH to 2-3 with 1.5 N HCI aq. at 0 °C. The aqueous
layer was extracted with AcOEt, and the combined organic layer was washed with brine and dried over
Na,SO,. The solution was filtered and removed solvent in vacuo. The residue was purified with Preparative
TLC (solvent: CHCl;/MeOH= 50:1) to afford AA5 as a white solid (7 mg, 25%).

 'H NMR (500 MHz,DMSO-d¢) 8 : 8.65 (1H, t, ] = 5.4 Hz, -CONH-), 8.54 (1H, t, ] = 5.4 Hz, -CONH),
8.30 (1H, s, Ar-H), 8.14 (1H, s, Ar-H), 7.89 (2H, d, J = 8.0 Hz, Ar-H),
7.85-7.82 (2H, m), 7.78-7.76 (3H, m), 7.56-7.53 (2H, m), 7.50-7.47
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(5H, m), 7.44 (1H, s), 7.38 (1H, d, J = 8.6 Hz), 7.34 (1H, s), 5.30-5.22
(1H, m, -CHMe,), 3.69 (1H, s), 3.55-3.41 (24H, m), 2.79 (2H, s), 2.60
(2H, s), 2.53 (3H, s, -CH5), 1.55-1.45 (4H, m), 1.34 (6H, d,J = 6.3 Hz,
ACH)y).

» HRMS (ESI-TOF) caled for C4oHgsCIN;O1+Na: 1116.4245; found: 1116.4235 (M+Na)".

1.5 Synthesis of HMGR phosphorylation inducers.

tert-butyl
2-((4R,6R)-6-(2-(3-((4-((2-(2-(2-azidoethoxy)ethoxy)ethyl)carbamoyl)phenyl)carbamoyl)-5-(4-fluorop
henyl)-2-isopropyl-4-phenyl-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (H6-3)

/
zT
\‘
A

H
N S
o}

H5 (60 mg, 0.0859 mmol) was dissolved in anhydrous DMF (750 pL) and added amine linker L3-5 (30 mg,
0.172 mmol), EDCI (53 mg, 0.344 mmol), HOBt (29 mg, 0.215 mmol) and DIPEA (60 pL, 0.344 mmol) at
0 °C. The reaction solution was stirred at ambient temperature for 12 h. The reaction solution was added
water and the resultant aqueous layer was extracted with AcOEt. The combined organic layer was washed
with brine and dried over Na,SO, and concentrated. The residue was purified with silica gel column
chromatography (solvent: CHCl;/MeOH = 20:1) to afford H6-3 as a colotless oil (73 mg, quantitative
yield).

* '"H NMR (500 MHz, CDCl3) &:7.61 (2H, d, J = 8.6 Hz, Ar-H), 7.21-7.14 (7TH, m), 7.10 2H, d, ] = 8.6
Hz, Ar-H), 7.01-6.97 (3H, m), 6.53 (1H, s), 4.18-4.13 (1H, m, -CH,),
4.114.05 (1H, m, -CH,), 3.86-3.70 (1H, m, -CH), 3.70-3.60 (13H, m),
3.36 (2H, t, J = 5.2 Hz, -CH2-), 2.38 (1H, dd, J = 15.5, 6.6 Hz), 2.24
(1H, dd, J = 15.5, 6.6 Hz), 1.69-1.64 (2H, m), 1.53 (6H, d, J = 6.9 Hz,
(CHs)y), 1.43 (9H, s, {CH3)3), 1.36 (3H, s, -CH;), 1.35-1.34 (1H, m),
1.30 (3H, s, -CH3), 1.05 (1H, q,J = 12.0 Hz).

« "C NMR (125 MHz, CDCl;) d: 170.2, 166.9, 164.6, 162.3 (d, ] = 246.3 Hz), 142.3, 141.4, 134.6, 133.1
(d, J = 8.4 Hz), 130.6, 129.0, 128.5, 128.0 (d, J = 3.6 Hz), 127.8, 126.8,
121.9, 118.5, 115.4 (d,J = 20.3 Hz), 114.8, 98.7, 80.7, 70.6, 70.3, 70.1,
70.0, 66.4, 65.9, 50.6, 42.5, 41.0, 39.6, 38.0, 36.0, 29.9, 28.1, 26.0,
21.6,21.4,19.7;

¢ HRMS (ESI-TOF) caled for C4;Hs50FN¢Og+Na: 877.4271; found: 877.4275 (M+Na)".
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tert-butyl
2-((4R,6R)-6-(2-(3-((4-((2-(2-(2-aminoethoxy)ethoxy)ethyl)carbamoyl)phenyl)carbamoyl)-5-(4-fluoro
phenyl)-2-isopropyl-4-phenyl-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (H7-3)

Yo B
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H6-3 (55 mg, 0.0663 mmol) was dissolved in THF (450 pL) and H,O (65 pL), and added PPh; (26 mg,
0.0995 mmol) at room temperature. The solution was stirred at ambient temperature for 13 h. The
solution was concentrated and the residue was purified with silica gel column chromatography (solvent:
CHCIl3/MeOH = 10:1 to 1:1) to afford H7-3 as a colorless oil (56 mg, quantitative yield).

* '"H NMR (500 MHz, CDCl3) &: 7.64 (2H, d, J = 8.6 Hz, Ar-H), 7.20-7.13 (7H, m), 7.10 2H, d, ] = 8.6
Hz, ArH), 7.01-6.98 (3H, m), 6.84 (IH, t, ] = 4.9 Hz, -CONH)),
4.19-4.13 (1H, m, -CH,), 4.11-4.05 (1H, m, -CH2-), 3.86-3.81 (1H, m,
-CH,), 3.71-3.60 (10H, m), 3.51 (ZH, t,J = 5.2 Hz, -CH,), 2.85 (2H, ¢, J
=5.2 Hz,-CH2-), 2.39 (1H, dd, J = 15.5, 6.9 Hz), 2.24 (1H, dd, ] = 15.5,
6.3 Hz), 1.87 (2H, brs, -NH,), 1.70-1.66 (2H, m), 1.53 (6H, d,J = 7.4 Hz,
(CHs)y), 1.43 (9H, s, {CH3)3), 1.36 (3H, s, -CH;), 1.35-1.34 (1H, m),
1.30 (3H, s, -CH3), 1.05 (1H, q,J = 11.8 Hz).

« "C NMR (125 MHz, CDCl;) d: 170.2, 170.0, 164.6, 162.2 (d, ] = 246.8 Hz), 142.3, 141.3, 134.5, 133.1
(d, J = 8.4 Hz), 130.6, 129.1, 129.0, 128.5, 128.0 (d, ] = 2.4 Hz), 127.8,
126.8, 121.8, 118.5, 115.3 (d,J = 21.5 Hz), 114.7, 98.7, 80.7, 73.0,70.2,
70.1, 69.9, 66.4, 65.9, 42.4, 41.5, 41.0, 39.6, 38.0, 35.9, 29.9, 28.1,
26.0, 21.6, 21.4, 19.6;

e HRMS (ESI-TOF) caled for C4;Hei FN4Og+H: 829.4546; found: 829.4559 (M+H)".
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methyl
5-((6-(4-((2-(2-(2-(4-(1-(2-((4R,6R)-6-(2-(tert-butoxy)-2-oxoethyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethyl)-5
-(4-fluorophenyl)-2-isopropyl-4-phenyl-1H-pyrrole-3-carboxamido)benzamido)ethoxy)ethoxy)ethy
I)carbamoyl)phenyl)-5-chloro-1H-benzo[d ]imidazol-2-yl) oxy)-2-methylbenzoate (H8-3)
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H7-3 (27 mg, 0.0330 mmol) was dissolved in anhydrous DMF (660 pL) and added A8 (12 mg, 0.0275
mmol), EDCI (17 mg, 0.110 mmol), HOBt (9 mg, 0.0688mmol) and DIPEA (19 uL, 0.110 mmol) at 0 °C.
The solution was stirred at room temperature for 7 h. The reaction solution was added water and the
resultant aqueous layer was extracted with AcOEt. The combined organic layer was washed with brine and
dried over Na,SO, and concentrated. The residue was purified with silica gel column chromatography
(solvent: CHCl;/MeOH = 20:1 to 10:1) to afford H8-3 as a colorless oil (31 mg, 76%).

« 'H NMR (500 MHz, DMSO-d) 8:9.55 (1H, s, NH-), 8.28 (1H, s, -CONH.), 8.04 (1H, s, -CONH.), 7.90
(2H, d,J = 8.0 Hz, Ar-H), 7.79 (1H, d, J = 2.9 Hz, Ar-H), 7.70 2H, d,
J=9.2 Hz, ArH), 7.54.7.49 (6H, m), 7.43 (1H, d, J = 8.6 Hz, Ar-H),
7.36 (1H, s), 7.27 -7.24 (2H, m), 7.18-7.14 (2H, m), 7.10-7.05 (5H, m),
7.026.99 (1H, m), 4.13-4.08 (1H, m, -CH,), 4.00-3.92 (1H, m, -CH,"),
3.86 (3H s, -OCHj;), 3.84-3.79 (1H, m, -CH,), 3.78-3.73 (1H, m,
CH»), 3.61-3.39 (12H, m), 3.31-3.25 (1H, m, -CHMe)), 2.55 3H, s),
2.27 (1H, dd, J = 14.9, 5.2 Hz), 2.19 (1H, dd, J = 15.2, 7.7 H2),
1.63-1.53 (2H, m), 1.40-1.38 (15H, m), 1.37-1.32 (4H, m), 1.19 3H,
s), 0.95 (1H, g, J = 11.8 Ha).

« HRMS (ESLTOF) caled for CroHeCIFNGO 5+ Na: 1269.5086; found: 1269.5068 (M+Na)'.

5-((6-(4-((2-(2-(2-(4-(1-(2-((4R,6 R )-6-(2-(tert-butoxy)-2-oxoethyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethyl)-5
-(4-fluorophenyl)-2-isopropyl-4-phenyl-1H-pyrrole-3-carboxamido)benzamido)ethoxy)ethoxy)ethy
I)carbamoyl)phenyl)-5-chloro-1H-benzo[d ]imidazol-2-yl)oxy)-2-methylbenzoic acid (H9-3)
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HS8-3 (254 mg, 0.204 mmol) was dissolved in THF/H,O (1 mL, 2:1) and added LiOH ¢ H,O (12 mg, 0.301
mmol) at room temperature. The reaction mixture was stirred at 55 °C for 6 h. Then, the mixture was
added 2N HCI ag. to adjust pH to 2. The aqueous layer was extracted with AcOEt, the combined organic
layer was washed with brine, dried over Na,SO, and concentrated. The residue was purified with silica gel
column chromatography (solvent: CHCl;/MeOH = 30:1) to afford H9-3 as a colorless oil (118 mg,
quantitative yield).

 'H NMR (500 MHz, CDCl;) &: 7.84 (1H, s), 7.77 (2H, d, J = 8.0 Hz, Ar-H), 7.56 (2H, d, J = 8.6 Hz,
ArH), 7.40.7.33 3H, m), 7.14-7.05 (14H, m), 6.986.95 (2H, m), 6.65
(1H, s, -CONH.), 4.184.05 (2H, m, -CH,), 3.86-3.80 (1H, m, -CH,),
3.72-3.59 (15H, m), 2.50 (3H, s, -CH3), 2.38 (1H, dd, J= 15.5, 6.9 Hg,
.CH,), 2.24 (1H, dd, J = 15.5, 6.3 Hz, -CH,), 1.67-1.61 2H, m, -CH,),
1.52 (6H, d, J = 6.9 Hz, {CH,),), 1.43 (9H, s, <CHy)3), 1.35 3H, s, -CH3),
1.33-1.32 (1H, m, -CH,), 1.29 3H, s, -CH), 1.02 (1H, q, J = 11.8 Hz,
-CHy). ;

* HRMS (ESLTOF) caled for CeoHy4CIENO,+Na: 1255.4929; found: 1255.4904 (M+Na)".

5-((5-chloro-6-(4-((2-(2-(2-(4-(5-(4-fluorophenyl)-1-(2-(4-hydroxy-6-oxotetrahydro-2H-pyran-2-yl)ethy
)-2-isopropyl-4-phenyl-1H-pyrrole-3-carboxamido)benzamido)ethoxy)ethoxy)ethyl)carbamoyl)ph
enyl)-1H-benzo[d]imidazol-2-yl)oxy)-2-methylbenzoic acid (H10-3)
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H9-3 (104 mg, 0.0843 mmmol) was dissolved in CH,Cl, (1.5 mL) and added trifluoroacetic acid (65 pL,
0.843 mmol) at 0 °C. The solution was stirred at room temperature for 15h. Then, the solution was diluted
with toluene and trifluoroacetic acid was removed in vacuo. The residue was purified with silica gel column
chromatography (solvent: CHCl;/MeOH = 15:1) to afford H10-3 as a white solid (25 mg, 27%).

* 'H NMR (500 MHz, CD;0D) §&: 8.40 (1H, s), 8.24 (1H, s), 7.80-7.74 (4H, m), 7.59 (2H, d, J = 8.6 Hz,
Ar-H), 7.39-7.10 (11H, m), 7.01-6.88 (7H, m), 4.454.41 (1H, m),
4.06-4.04 (2H, m), 3.96-3.90 (1H, m), 3.57 -3.42 (14H, m), 3.283.24
(1H, m), 2.55 (1H, dd, J = 17.8, 4.6 Hz, -CH>), 2.50 (3H, s, -CH;), 2.37
(1H, d, J = 17.8 Hz, -CH,), 1.74-1.50 (4H, m), 1.35 (6H, d, J = 6.9 Hz,
{CHs)y). ;

¢ HRMS (ESI-TOF) caled for CgHgoCIFNO;-H: 1117.3920; found: 1117.3901 (M-H).
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5-((6-(4-((2-(2-(2-(4-(1-((3R, 5R)-6-carboxy-3,5-dihydroxyhexyl)-5-(4-fluorophenyl)-2-isopropyl-4-phe
nyl-1H-pyrrole-3-carboxamido)benzamido)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)-5-chloro-1H-b
enzo[d]imidazol-2-yl)oxy)-2-methylbenzoic acid (HA3)

HO OH

f COH

H10-3 (25 mg, 0.0223 mmol) was dissolved in THE/H,O (500 uL, 5:1) and added Ca(OH), (3 mg, 0.0446
mmol) at room temperature. The mixture was stirred at this temperature for 3 h. Then, AcOEt was added

to the solution and white solid was precipitated. The precipitate was filtered and washed with MeOH, water
and AcOEt to afford HA3 as a white solid (19 mg, 76%).

* '"H NMR (500 MHz, DMSO-d¢) 8: 10.08 (1H, s, NH-), 8.50 (1H, t, ] = 5.7 Hz, -CONH), 8.31 (1H, s),
7.84 (2H, d, J = 8.0 Hz, Ar-H), 7.70 (2H, d, ] = 9.2 Hz, -Ar-H),
7.57-71.56 3H, m), 7.46 (2H, d, ] = 8.0 Hz, -Ar-H), 7.32 (1H, s),
7.23-7.15 (5H, m), 7.09 (2H, s), 7.05 -6.94 (5H, m), 3.95-3.89 (1H,
m), 3.76-3.70 (ZH, m), 3.56-3.50 (17H, m), 2.07-2.04 (1H, m),
1.97-1.93 (1H, m), 1.61-1.55 (1H, m), 1.51-1.46 (1H, m), 1.41-1.34
(1H, m), 1.30 (6H, d, J = 6.9 Hz, {CHj3),), 1.25-1.21 (1H, m). ;

* HRMS (ESI-TOF) caled for Ce;He, CIFNgO-H:1135.4015; found: 1135.4005 (M-HY).

tert-butyl
2-((4R,6R)-6-(2-(3-((4-((2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)carbamoyl)-5-
(4-fluorophenyl)-2-isopropyl-4-phenyl-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate
(H6-4)

; N
O~
H
(0]

H5 was dissolved in anhydrous DMF (6 mL) and added amine linker L4-5 (153 mg, 0.701 mmol), EDCI
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(363 mg, 2.34 mmol), HOBt (197 mg, 1.46 mmol) and DIPEA (410 pL, 2.34 mmol) at 0 °C. The reaction
solution was stirred at ambient temperature for 12 h. The reaction solution was added water and the
resultant aqueous layer was extracted with AcOEt. The combined organic layer was washed with brine and
dried over Na,SO, and concentrated. The residue was purified with silica gel column chromatography
(solvent: CHCl;/MeOH = 15:1) to afford H6-4 as a colorless oil (538 mg, quantitative yield).

* 'H NMR (500 MHz, CDCl;) §:7.62 (2H, d, J = 8.6 Hz, Ar-H), 7.22-7.13 (7TH, m), 7.10 2H, d, ] = 8.6

Hz, ArH), 7.01-6.98 3H, m), 6.65 (IH, t, ] = 5.2 Hz, -CONH.),
4.19-4.13 (1H, m, -CH,), 4.11-4.05 (1H, m, -CH,), 3.86-3.81 (1H, m,
CH»), 3.72-3.58 (16H, m), 3.35 (2H, t, J = 5.2 Hz, -CH,), 2.39 (1H, dd,
J = 152, 69 Hz, -CH), 2.24 (1H, dd, J = 15.2, 6.3 Hz, -CH,),
1.70-1.64 2H, m, -CH,), 1.53 (6H, d, J = 6.9 Hz, ACHj),), 1.43 (OH, s,
(CHs);), 1.36 (3H, s, -CH3), 1.35-1.34 (1H, m), 1.30 (3H, s, -CH3), 1.05
(1H, q,J = 12.0 Ho).

« "C NMR (125 MHz, CDCl;) d: 170.2, 166.9, 164.6, 162.3 (d, ] = 246.3 Hz), 142.3, 141.4, 134.5, 133.1

(d, J = 8.4 Hz), 130.6, 129.1, 129.0, 128.5, 128.0 (d, J = 3.6 Hz), 127.8,
126.8, 121.8, 118.5, 115.4 (d, J = 20.3 Hz), 114.8, 98.7, 80.7, 70.7,
70.6, 70.6, 70.2, 70.0, 69.9, 66.4, 65.9, 50.6, 42.4, 40.9, 39.6, 38.0,
35.9,29.9,29.7,28.1, 26.0, 21.6, 21.4, 19.6;

¢ HRMS (ESI-TOF) caled for C4Hg3FNgOo+Na: 921.4533; found: 921.4558 (M+Na)".

tert-butyl
2-((4R,6R)-6-(2-(3-((4-((2-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)ethyl)carbamoyl) phenyl)carbamoyl)-
5-(4-fluorophenyl)-2-isopropyl-4-phenyl-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate
(H7-4)

H

H6-4 (538 mg, 0.598 mmol) was dissolved in THF (4.0 mL) and H,O (600 uL) and added PPh; (236 mg,
0.898 mmol) at room temperature. The solution was stirred at ambient temperature for 22 h. The solution
was concentrated and the residue was purified with silica gel column chromatography (solvent:

CHCIl3/MeOH = 10:1 to 1:1) to afford H7-4 as a white amorphous (448 mg, 86%).
e 'H NMR (500 MHz, CDCl;) §:7.66 2H, d, J = 9.2 Hz, Ar-H), 7.22 -7.13 (8H, m), 7.09 2H, d, ] = 8.6

Hz, ArH), 7.01-6.98 3H, m), 4.194.13 (1H, m, -CH,), 4,11-4.05 (1H,
m, -CH,), 3.86-3.80 (1H, m, -CH,), 3.71-3.60 (14H, m), 3.48 (2H, ¢, J =
5.2 Hz, -OCH,), 2.82 (2H, t, ] = 5.2 Hz, -OCH,), 2.39 (1H, dd, J =
14.9, 6.9 Hz, -CH,), 2.24 (1H, dd, ] = 14.9, 6.3 Hz, -CH2)), 1.76 (2H,
brs, NH,), 1.69-1.63 (2H, m, -CH2,), 1.53 (6H, d, ] = 6.9 Hz, (CH3)2),
1.43 (OH, s, {CH3)3), 1.36 (3H, s, -CHs), 1.35-1.34 (1H, m), 1.30 3H, s,
‘CH,), 1.05 (1H, q, J = 11.8 Hz).
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* BC NMR (125 MHz, CDCl;) d: 170.2, 170.0, 164.6, 162.3 (d, ] = 245.6 Hz), 142.2, 141.2, 134.5, 133.1
(d, J = 8.4 Hz), 130.6, 129.2, 129.0, 128.4, 128.0, 126.7, 121.8, 118.4,
115.3 (d,J = 21.3 Hz), 114.8, 98.7, 80.7, 73.2, 70.5, 70.5, 70.2, 70.1,
66.4, 65.9, 42.4, 41.6, 40.9, 39.7, 38.0, 35.9, 29.9, 28.1, 26.0, 21.6,
21.4,19.6

¢ HRMS (ESI-TOF) caled for CyHgsFN4Oo+Na: 895.4628; found: 895.4615 (M+Na)".

methyl
5-((5-(4-((1-(4-(1-(2-((4R,6R )-6-(2-(tert-butoxy)-2-oxoethyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethyl)-5-(4-fl
uorophenyl)-2-isopropyl-4-phenyl-1H-pyrrole-3-carboxamido)phenyl)-1-o0x0-5,8,11-trioxa-2-azatri
decan-13-yl)carbamoyl)phenyl)-6-chloro-1H-benzo[d]imidazol-2-yl)oxy)-2-methylbenzoate (H8-4)

P

N

1)

N\/\O/\/O\/\O/\/N
OzMe (0]

H7-4 (240 mg, 0.275 mmol) was dissolved in anhydrous DMF (3.0 mL) and added A8 (100 mg, 0.229
mmol), EDCI (142 mg, 0.916 mmol) and HOBt (77 mg, 0.573 mmol) at 0°C. The solution was stirred at
room temperature for 25 h. The reaction solution was added water and the resultant aqueous layer was
extracted with AcOEt. The combined organic layer was washed with brine and dried over Na,SO, and
concentrated. The residue was purified with silica gel column chromatography (solvent: CHCl;/MeOH =
15:1) to afford H8-4 as a white amorphous (169 mg, 48%).

* "H NMR (500 MHz, CDCl;) &:11.02 (1H, s, -NH-), 7.91 (1H, s), 7.85-7.83 (2H, m), 7.61-7.60 (3H, m),
7.42-7.40 (3H, m), 7.29-7.24 (1H, m), 7.14-7.08 (12H, m), 6.96-6.94
(3H, m), 6.71 (1H, s), 4.184.11 (1H, m, -CH,), 4.104.04 (1H, m,
-CH,), 3.86 (3H, s, -OCH3), 3.83-3.78 (1H, m, -CH,-), 3.69-3.57 (16H,
m), 2.59 (3H, s, -CH3), 2.38 (1H, dd, J = 15.5, 6.9 Hz), 2.23 (1H, dd, J =
15.2, 6.0 Hz), 1.63 (2H, brs), 1.51 (6H, d, J = 6.9 Hz, (CH;),), 1.43 (9H,
s, {CH3)3), 1.35-1.32 (4H, m), 1.29 (3H, s, -CH3), 1.00 (1H, q, J = 11.5
Hz).

* HRMS (ESI-TOF) caled for C;,HgoCIFNO;3+Na: 1313.5348; found: 1313.5365 (M+Na)".
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5-((5-(4-((1-(4-(1-(2-((4R,6R )-6-(2-(tert-butoxy)-2-oxoethyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethyl)-5-(4-fl
uorophenyl)-2-isopropyl-4-phenyl-1H-pyrrole-3-carboxamido)phenyl)-1-oxo0-5,8,1 1-trioxa-2-azatri
decan-13-yl)carbamoyl)phenyl)-6-chloro-1H-benzo[d]imidazol-2-yl)oxy)-2-methylbenzoic acid

(H9-4)
o o
o
o N
§ Cl N
o] H o
_<\N Z 9y ol N 7 O F
\| N\/\O/\/O\/\o/\/N = 0 Q
CO.H o} o}

H8-4 (157 mg, 0.122 mmol) was dissolved in MeOH/THF/H,O (1.2 mL, 1:1:1) and added LiOH « H,O (8
mg, 0.182 mmol) at room temperature. The reaction mixture was stirred at this temperature for 3.5h. Then,
the mixture was added 2N HClI aq. to adjust pH to 2. The aqueous layer was extracted with AcOEt and the
combined organic layer was washed with brine, dried over Na;SO4 and concentrated. The residue was
purified with silica gel column chromatography (solvent: CHCl;/MeOH = 50:1) to afford H9-4 as a white
solid (67 mg, 42%).

« '"H NMR (500 MHz, CDCl;) 8: 7.82 (1H, s), 7.77 (2H, d, J = 8.0 Hz, Ar-H), 7.61 (2H, d, J = 8.6 Hz,
Ar-H), 7.35 (2H, d, ] = 8.0 Hz, Ar-H), 7.31-7.27 (2H, m), 7.14-7.08 (11H,
m), 6.97-6.94 (3H, m), 4.17-4.11 (1H, m, -CH,), 4.10-4.03 (1H, m, -CH,-),
3.84-3.78 (1H, m, -CH,), 3.73-3.55 (18H, m), 2.40-2.35 (4H, m), 2.23
(1H, dd, J = 15.2, 6.0 Hz), 1.65-1.63 (2H, m), 1.50 (6H, d,J = 7.4 Hz,
A(CHs),), 1.42 (9H, s, (CH5)s), 1.35 (3H, s, -CH3), 1.32-1.31 (1H, m) ,
1.28 3H, s, -CH3), 1.02 (1H, q,J = 11.8 Hz). ;

* HRMS (ESITOF) caled for  CqiH7sCIFNgO3+Na:1299.5192; found: 1299.5167(M+Na)".

5-((6-chloro-5-(4-((1-(4-(5-(4-fluorophenyl)-1-(2-(4-hydroxy-6-oxotetrahydro-2 H-pyran-2-yl)ethyl)-2-is
opropyl-4-phenyl-1H-pyrrole-3-carboxamido)phenyl)-1-0xo0-5,8,11-trioxa-2-azatridecan-13-yl)carba
moyl)phenyl)-1H-benzold]imidazol-2-yl) oxy)-2-methylbenzoic acid (H10-4)

o)
H
N Cl N
H
o_<\N ‘ N L, O F
yiaasy H
CO,H o) 0
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H9-4 (67 mg, 0.0524 mmmol) was dissolved in CH,Cl; (1.5 mL) and added trifluoroacetic acid (40 pL,
0.524 mmol) at 0 °C. The solution was stirred at room temperature for 24h. Then, the solution was diluted
with toluene and trifluoroacetic acid was removed in vacuo. The residue was purified with silica gel column
chromatography (solvent: CHCl;/MeOH = 20:1 to 5:1) to afford H10-4 as a white solid (45 mg, 74%).

e 'H NMR (500 MHz, CD;OD) &:8.41 (1H, t,J = 5.4 Hz, -CONH>), 8.22 (1H, t, ] = 5.4 Hz, <CONH.),
7.79-1.13 (4H, m), 7.59 (2H, d, ] = 8.6 Hz, Ar-H), 7.38-7.19 (9H, m),
7.10-7.07 (2ZH, m), 6.98-6.88 (8H, m), 4.45-4.39 (1H, m), 4.08-4.02
(2ZH, m), 3.95-3.89 (1H, m), 3.55 -3.40 (17H, m), 3.28-3.22 (1H, m),
2.55(1H, dd, J = 17.8, 4.6 Hz), 2.50 (3H, s, -CH3), 2.38-2.34 (1H, m),
1.76-1.48 (4H, m), 1.35 (6H, dd, J = 7.2, 1.4 Hz, {CHj3),), 1.09-1.06
(1H, m). ;

¢ HRMS (ESI-TOF) caled for Cg4HgyCIFNO,-H: 1161.4171; found: 1161.4184(M-H).

5-((5-(4-((1-(4-(1-((3R, 5R )-6-carboxy-3,5-dihydroxyhexyl)-5-(4-fluorophenyl)-2-isopropyl-4-phenyl-1
H-pyrrole-3-carboxamido)phenyl)-1-ox0-5,8,11-trioxa-2-azatridecan-13-yl)carbamoyl)phenyl)-6-chl
oro-1H-benzo[d]imidazol-2-yl)oxy)-2-methylbenzoic acid (HA4)

0
HO OH
HO
H Cl N
O_<\N O N O F
H H
CO,H o) o)

H10-4 (45 mg, 0.0387 mmol) was dissolved in THE/H,0O (1 mL, 5:1) and added Ca(OH), (6 mg, 0.0773
mmol) at room temperature. The mixture was stirred at this temperature for 4h, Then, AcOEt was added to

the solution and white solid was precipitated. The precipitate was filtered and washed with MeOH, water
and AcOEt to afford HA4 as a white solid (15 mg, 33%).

* 'H NMR (500 MHz, DMSO-d¢) &:10.04 (1H, s, NH-), 8.52 (1H, t, ] = 5.4 Hz, -CONH-), 8.32-8.30 (2H,
m), 7.86 (2H, d, J = 8.6 Hz, Ar-H), 7.70 (2H, d, J = 8.6 Hz, Ar-H),
7.63 (1H, s), 7.56 (2H, d, J = 8.6 Hz, Ar-H), 7.45 (2H, d, ] = 8.0 Hz,
Ar-H), 7.38 (1H, s), 7.23 (1H, s), 7.20-6.94 (11H, m), 3.94-3.88 (1H,
m), 3.78-3.70 (2H, m), 3.51-3.516 (17H, m), 2.47 (3H, s, -CH,),
2.10-2.06 (2H, m), 2.00-1.95 (1H, m), 1.75 (1H, s), 1.59-1.52 (1H, m),
1.50-1.43 (1H, m), 1.38-1.34 (1H, m), 1.30 (6H, d, J = 6.9 Hz, {CH,),),
1.23-1.18 (1H, m). ;

* HRMS (ESI-TOF) caled for CeyHesCIFNgO3+Na:1203.4253; found: 1203.4224(M+Na)".
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tert-butyl
2<((4R,6R)-6-(2-(3-((4-((14-azid0-3,6,9,12-tetraoxatetradecyl)carbamoyl) phenyl)carbamoyl)-5-(4-flu
orophenyl)-2-isopropyl-4-phenyl-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (H6-5)

o )
(0]
3 N
H N
o 0] H o}
0]

H5 (351 mg, 0.502 mmol) was dissolved in anhydrous DMF (5.0 mL) and added amine linker L5-5 (158 mg,
0.602 mmol), EDCI (310 mg, 2.00 mmol), HOBt (170 mg, 1.26 mmol) and DIPEA (349 uL, 2.00 mmol) at
0 °C. The reaction solution was stirred at ambient temperature for 11 h. The reaction solution was added
water and the resultant aqueous layer was extracted with AcOEt. The organic layer was washed with brine
and dried over Na,SO, and concentrated. The residue was purified with silica gel column chromatography
(solvent: CHCl;/MeOH = 15:1) to afford H6-5 as a pale yellow oil (500 mg, quantitative yield).

* '"H NMR (500 MHz, CDCl3) §:7.63 (2H, d, J = 8.6 Hz, Ar-H), 7.22-7.13 (7H, m), 7.10 2H, d, ] = 8.6
Hz, Ar-H), 7.01-6.98 (3H, m), 6.75 (1H, t, J] = 5.2 Hz, -CONH-),
4.1944.13 (1H, m, -CH,), 4.12-4.05 (1H, m, -CH,-), 3.86-3.80 (1H, m,
-CH,), 3.70-3.58 (20H, m), 3.35 2H, t, J = 4.9 Hz, -OCH,), 2.39 (1H,
dd, J=15.2, 6.9 Hz), 2.24 (1H, dd, J = 15.2, 6.3 Hz), 1.70-1.65 (2ZH, m),
1.53 (6H, d, ] = 6.9 Hz, (CH3),), 1.43 (9H, s, (CHs);), 1.36 (3H, s,
-CH3), 1.35-1.34 (1H, m), 1.30 (3H, s, -CHj3), 1.05 (1H, q,J = 12.0 Hz).
* BC NMR (125 MHz, CDCl;) d: 170.2, 166.9, 164.6, 162.3 (d, ] = 246.3 Hz), 142.2, 141.3, 134.5, 133.1
(d,J = 8.4 Hz), 130.6, 129.1, 129.0, 128.5, 128.0 (d, J = 3.6 Hz), 127.8,
126.8, 121.8, 118.5, 115.4 (d, ] = 21.4 Hz), 114.8, 98.7, 80.7, 70.6, 70.6,
70.5, 70.5, 70.2, 70.0, 69.9, 66.4, 65.9, 50.6, 42.4, 40.9, 39.7, 38.0, 35.9,
29.9,29.7,28.1, 26.0, 21.6, 21.4, 19.6;
¢ HRMS (ESI-TOF) caled for Cs;Hg;FNgO10*+Na: 965.4795; found: 965.4792 (M+Na)".

tert-butyl
2-((4R,6R)-6-(2-(3-((4-((14-amino-3,6,9,12-tetraoxatetradecyl)carbamoyl)phenyl)carbamoyl)-5-(4-fl
uorophenyl)-2-isopropyl-4-phenyl-1H -pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate

(H7-5)
%0
RS A
Ho
HZN/\/O\/\O/\/O\/\O/\/H)(@ 0o O
o)

H6-5 (521 mg, 0.552 mmol) was dissolved in THF (4.0 mL) and H,O (600 uL) and added PPh; (217 mg,
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0.829 mmol) at room temperature. The solution was stirred at ambient temperature for 39 h. The solution
was concentrated, and the residue was purified with silica gel column chromatography (solvent:

CHCIl3/MeOH = 10:1 to 1:1) to afford H7-5 as a white amorphous (402 mg, 79%).

* '"H NMR (500 MHz, CDCl3) &:7.65 (2H, d, J = 8.6 Hz, Ar-H), 7.22-7.13 (7TH, m), 7.11 (2H, d,J = 8.6
Hz, Ar-H), 7.05-6.98 (4H, m), 4.19-4.13 (1H, m, -CH,), 4.11-4.05 (1H,
m, -CH,), 3.86-3.81 (1H, m, -CH,), 3.70-3.58 (19H, m), 3.48 (2H, t,J =
5.2 Hz, -OCHy), 2.81 (2H, d, J = 5.2 Hz), 2.38 (1H, dd, J = 15.5, 6.9
Hz), 2.24 (1H, dd, J = 15.5, 6.3 Hz), 1.72-1.64 (4H, m), 1.53 (6H, d, ] =
7.4 Hz, {CHs)y), 1.43 (OH, 5, {CH5)y), 1.36 (3H, 5, -CH3), 1.35-1.34 (1H,
m), 1.30 3H, s, -CH3), 1.05 (1H, q, J = 11.8 Hz).

« "C NMR (125 MHz, CDCl) d: 170.1, 166.9, 164.6, 162.2 (d, ] = 246.3 Hz), 142.1, 141.3, 134.5, 133.1
(d, J = 8.4 Hz), 130.5, 129.1, 129.0, 128.4, 128.0 (d, J = 3.6 Hz), 127.9,
126.7, 121.8, 118.4, 115.3 (d, J = 21.4 Hz), 114.8, 98.6, 80.7, 73.3,
70.5, 70.5, 70.2, 70.2, 70.0, 66.3, 65.8, 42.4, 41.7, 40.9, 39.7, 38.0,
35.9,29.9,28.0, 26.0, 21.6, 21.4, 19.6, 18.4;

* HRMS (ESI-TOF) caled for Cs;HgoFN4O1o+H: 917.5070; found: 917.5090 (M+H)".

methyl
5-((5-(4-((1-(4-(1-(2-((4R,6R )-6-(2-(tert-butoxy)-2-oxoethyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethyl)-5-(4-fl
uorophenyl)-2-isopropyl-4-phenyl-1H-pyrrole-3-carboxamido)phenyl)-1-0x0-5,8,11,14-tetraoxa-2-a
zahexadecan-16-yl)carbamoyl)phenyl)-6-chloro-1H-benzo[d]imidazol-2-yl)oxy)-2-methylbenzoate
(H8-5)

» N
Dol
Q H
O N/\/O\/\O/\/O\/\O/\/Nm/©/ (0] O
H
N
o~ 1)

N Cl

j H
COgMe

H7-5 (188 mg, 0.205 mmol) was dissolved in anhydrous DMF (2.5 mL) and added A8 (75 mg, 0.171 mmol),
EDCI (106 mg, 0.683 mmol) and HOBt (58 mg, 0.428 mmol) at O °C. The solution was stirred at room
temperature for 21 h. The reaction solution was added water and the resultant aqueous layer was extracted
with AcOEt. The combined organic layer was washed with brine and dried over Na,SO, and concentrated.
The residue was purified silica gel column chromatography (solvent: CHCl;/MeOH = 30:1) to afford H8-5
as a white amorphous (145 mg, 53%).

« '"H NMR (500 MHz, CDCl3) &: 10.95 (1H, s, -NH-), 7.90-7.88 (3H, m), 7.62-7.60 (3H, m), 7.47-7.29
(5H, m), 7.21-7.05 (11H, m), 6.98-6.91 (3H, m), 6.80 (1H, s), 4.18-4.12
(IH, m, -CH;), 4.11-4.05 (1H, m, -CH,-), 3.87-3.79 (4H, m), 3.70-3.54
(22H, m), 2.60 (3H, s, -CH3), 2.38 (1H, dd, J = 14.9, 6.9 Hz), 2.23 (1H,
dd, J = 15.5, 6.3 Hz), 1.95 (2H, s), 1.52 (6H, d, J = 6.9 Hz, {(CHs),),
1.43 9H, s, {CH;)3), 1.36 (3H, s, -CH3), 1.33-1.32 (1H, m), 1.29 3H, s,
-CHs3), 1.02 (1H, q,J = 11.8 Hz).;

¢ HRMS (ESI-TOF) caled for C74Hg4CIFNO 4+Na: 1357.5610; found: 1357.5634 (M+Na)".
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5-((5-(4-((1-(4-(1-(2-((4R,6R )-6-(2-(tert-butoxy)-2-oxoethyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethyl)-5-(4-fl
uorophenyl)-2-isopropyl-4-phenyl-1H-pyrrole-3-carboxamido)phenyl)-1-oxo0-5,8,11,14-tetraoxa-2-a
zahexadecan-16-yl)carbamoyl)phenyl)-6-chloro-1H-benzo[d]imidazol-2-yl)oxy)-2-methylbenzoic
acid (H9-5)

) N
o) N O F
H
O N/\/O\/\O/\/O\/\O/\/N (0] O
H

N (0]
o~ 1)

N Cl

f COH

HS8-5 (124 mg, 0.0928 mmol) was dissolved in MeOH/THF/H,0 (1 mL, 1:1:1) and added LiOH ¢ H,O (5
mg, 0.111 mmol) at room temperature. The reaction mixture was stirred at this temperature for 7 h. Then,
the mixture was added 2N HCI ag. to adjust pH to 2. The aqueous layer was extracted with AcOEt, and the
combined organic layer was washed with brine, dried over Na;SO4 and concentrated. The residue was

purified with silica gel column chromatography (solvent: CHCl;/MeOH = 15:1) to afford H9-5 as a white
solid (31 mg, 25%).

« 'H NMR (500 MHz, CDCl;) §: 7.83 (1H, s), 7.81 (2H, d, ] = 8.6 Hz, Ar-H), 7.63 (2H, d, ] = 8.6 Hz,
ArH), 742730 (5H, m), 7.16-7.07 (12H, m), 6.99-6.95 (2H, m),
4.18-4.12 (1H, m, -CHy), 4.10-4.04 (1H, m, -CH,), 3.85-3.78 (1H, m,
-CH;), 3.66-3.54 (22H, m), 2.43 (3H, s, -CH3), 2.38 (1H, dd, J = 15.5,
6.9 Hz), 2.23 (1H, dd, J = 15.2, 6.0 Hz), 1.67-1.62 (2H, m), 1.51 (6H, d,
J = 6.9 Hz, (CHj),), 1.43 (OH, s, (CH5)3), 1.35 (3H, s, -CH3), 1.33-1.32
(1H, m), 1.29 (3H, s, -CH3), 1.03 (1H, q,J = 11.8 Hz).

* HRMS (ESI-TOF) caled for C;3Hg; CIFN¢O 4+Na: 1343.5454; found: 1343.5438 (M+Na)".

5-((6-chloro-5-(4-((1-(4-(5-(4-fluorophenyl)-1-(2-(4-hydroxy-6-oxotetrahydro-2 H-pyran-2-yl)ethyl)-2-is
opropyl-4-phenyl-1H-pyrrole-3-carboxamido)phenyl)-1-0x0-5,8,11,14-tetraoxa-2-azahexadecan-16-
yl)carbamoyl)phenyl)-1H-benzo[d ]Jimidazol-2-yl)oxy)-2-methylbenzoic acid (H10-5)

o

» N
; Y
O O H 0
SR ¢
N e}
at®
Cl

N
g:% H
CO.H
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H9-5 (31 mg, 0.0235 mmmol) was dissolved in CH,Cl; (1.2 mL) and added trifluoroacetic acid (18 pL,
0.235 mmol) at 0 °C. The solution was stirred at room temperature for 36h. Then, the solution was diluted
with toluene and trifluoroacetic acid was removed in vacuo. The residue was purified with silica gel column
chromatography (solvent: CHCl;/MeOH =10:1) to afford H10-5 as a white solid (13 mg, 46%).

* 'H NMR (500 MHz, CD;0D) §: 7.80-7.71 (4H, m), 7.60 (2H, d, J = 8.6 Hz, Ar-H), 7.40-7.38 (3H, m),
7.34-7.22 (5H, m), 7.13-7.09 (2H, m), 7.00-6.90 (7TH, m), 4.45-4.41
(1H, m), 4.07-4.03 (2ZH, m), 3.96-3.90 (1H, m), 3.56 -3.46 (20H, m),
3.41 (2H, t,J = 5.2 Hz, -OCH>), 3.29-3.23 (1H, m), 2.58-2.53 (1H,
m), 2.50 3H, s, -CH3), 2.37 (1H, d, J = 17.8 Hz), 1.74-1.65 (2H, m),
1.61-1.49 (2H, m), 1.36 (6H, d, ] = 7.4 Hz, (CH;)). ;

e HRMS (ESI-TOF) caled for CgHggCIFNO 5 -H: 1205.4433; found: 1205.4409 (M-H).

5((5-(4-((1-(4-(1-((3R,5R )-6-carboxy-3, 5-dihydroxyhexyl)-5-(4-fluorophenyl)-2-isopropyl-4-phenyl-1
H-pyrrole-3-carboxamido)phenyl)-1-0x0-5,8,11,14-tetraoxa-2-azahexadecan-16-yl)carbamoyl)phen
yl)-6-chloro-1H-benzo[d]imidazol-2-yl)oxy)-2-methylbenzoic acid (HAS5)

HO OH

9, N
: i~
H
N/\/O\/\O/\/o\/\o/\/N (0] O
N 4 o
o~ 1)
N cl

S‘é H
N\ /
CO.H

H10-5 (10 mg, 0.00814 mmol) was dissolved in THE/H,O (200 uL, 5:1) and added Ca(OH), (1.2 mg,
0.0163 mmol) at room temperature. The mixture was stirred at this temperature for 7 h, Then, AcOEt was

added to the solution, and a white solid was precipitated. The precipitate was filtered and washed with
MeOH, water and AcOEt to afford HA5 (6 mg, 60%).

 'H NMR (500 MHz, DMSO-dg) &: 10.06 (1H, s, -NH-), 8.53 (1H, t, ] = 5.2 Hz, CONH>), 8.34 (1H, t, ] =
5.2 Hz, -CONH-), 7.86 (2H, d, ] = 8.0 Hz, Ar-H), 7.71 (2H, d, ] = 9.0
Hz, Ar-H), 7.57-7.56 (3H, m), 7.46 (2H, d, ] = 8.0 Hz, Ar-H), 7.38 (1H,
s), 1.23-7.11 (7H, m), 7.05-6.94 (5H, m), 3.94-3.88 (1H, m), 3.75-3.69
(2H, m), 3.53-3.40 (24H, m), 2.05 (1H, dd, J = 14.9, 4.0 Ho),
1.96-1.91 (1H, m), 1.59-1.54 (1H, m), 1.50-1.44 (1H, m), 1.38-1.34
(1H, m), 1.30 (6H, d, J = 6.9 Hz, {CHj3),), 1.22-1.19 (ZH, m). ;

* HRMS (ESI-TOF) caled for CeH70CIFNgO 14-H:1223.4539; found: 1223.4548 (M-H).
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2. Biology

2.1 Cell culture

HEK293 cells were cultured in DMEM supplemented with 10% fatal bovine serum and penicillin and
streptomycin at 37 °C in a humidified incubator (5% CO,). These cells were used for experiments within
5-20 passages.

2.2 Western blotting

A solution of recombinant proteins or a cell lysate used in phosphorylation inducing assay was boiled for 5
min with Laemmli buffer (2% SDS, 50 mM Tris pH6.8, 0.1 M DTT, 10% glycerol, 0.02% bromophenol
blue) ,and the sample was resolved by SDS-PAGE with SuperSep™ Ace 5-12% (Wako Pure Chemical
Industries, 199-15191) and transferred onto PVDF membrane. After blocking with TBS-T (20 mM Tris,
137 mM NaCl, 0.1% Tween 20, pH 7.5) containing 1% bovine serum albumin, the transblotted membrane
was probed with Phostag® reagent (Wako Pure Chemical Industries, BTL-104) or anti-phospho ACC Ser79
(Cell Signaling, #3661, 1/1500), anti-phospho-FOXO3a Ser413 (Cell Signaling, #8174, 1,/1000),
anti-phospho-Raptor Ser792 (Cell Signaling, #2083, 1/1000) and anti-Rabbit IgG antibody (Cell Signaling,
#7074, 1/2000) in Can Get Signal® solution (Toyobo, NKB-101). After the probing, the membrane was
washed with TBST, and the immunoblots were visualized by enhanced chemiluminescence with
Immobilon™ Western Chemiluminescent HRP Substrate (Millipore, WBKL0500).

2.3 in vitro AMPK activation assay

AMPK (al/B1/y1 or a2/B1/y1) activities were measured by FRET-based AMPK activity assay (Invitrogen,
Z-Lyte kinase assay kit, PV4644). This assay was performed in accordance with manufacture’s protocol.
Briefly, recombinant AMPK (0.4-4.2 ng/well) and FRET-peptide substrate were mixed in Z-Lyte kinase
buffer and transfered to 384-well microplate. Then, test compounds (dissolved in DMSQ) and ATP were
added in the solution to start the kinase reaction. The reaction solution was incubated at 25 °C for 1 h and
then, development reagent was added to each wells. The resultant was further incubated for 1 h at the same
temperature. Stop reagent was added, and the plate was immediately measured the fluorescent signals. The
signal was converted to % phosphorylation according to the manufacturer’s calculation procedure. ECy
values (compound concentrations leading to a 2-fold AMPK activity increase) were calculated form the
dose-response curve.

2.4 in vitro ACC inhibition assay

The enzymatic activity of ACC2 was determined by means of an ATP consumption assay. The assay was
performed using 30 mM HEPES buffer (pH 7.5), 18 mM NaHCO3, 1.0 mg/mL BSA, 0.5 uM ATP, 1 mM
DTT, 4 mM MgCl,, 2 mM sodium citrate, 0.5 mM acetyl-CoA, 1% DMSQO, and 50 ng of enzyme (human
ACC2, BPS Bioscience, #50201) per well (96-well half plate). The ACC inhibitor (dissolved in DMSQ) was
added at concentrations between O and 100 uM. The reaction was started by addition of enzyme (50
ng/well) followed by incubation at 37 °C for 90 min. Unconverted ATP was determined using ATP
monitoring reagent (Lonza, ViaLight plus kit, LTO7) according to the manufacturer’s instructions. 1Cs,
values were calculated from the dose-response curves.

2.4 in vitro HMGR inhibition assay

HMGR inhibitory activity was measured by means of quantification of un-converted NADPH, which is
co-substrate of HMGR reaction (Biovision, HMG-CoA Reductase Activity/Inhibitor Screeniing Kit,
K588-100). Briefly, recombinant HMGR (3.5 pg/well) and test inhibitors (dissolved in DMSO) were
diluted in assay buffer and transferred to the wells. Then, HMG-CoA and NADPH were added, and the
plate was immediately measure the absorbance (340 nm) of NADPH+ by the minute to evaluate the kinetic
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activity of HMGR. The equation designated by manufacturer’s protocol was used to calculate the inhibitory
activities (% inhibition). ICs values were calculated from the dose-response curves.

2.5 Evaluation of phosphorylation inducing activities to
recombinant proteins

Recombinant AMPK (Invitrogen, PV4672 (a1/B1/y1) or Cyclex, #CY-SEA21 (a2/B1/y1)), target protein
(human ACC2, BPS Bioscience, #50201 or human HMGR, Cayman Chemical, [tem No. 14944) and test
compounds were mixed in kinase buffer containing Mg®*. Then, ATP (0.8-1 mM) was added to start the
kinase reaction. The solution was incubated at 37 °C for 2 h. The reaction solution was added Laemmli
buffer, and the resultant was boiled at 100 °C to stop the reaction. Then, proteins were resolved with
electrophoresis and transferred to PVDF membrane. The phosphorylated proteins were quantified with
Phostag® reagent, which can detect phosphoryl group on proteins.

2.5 Evaluation of phosphorylation inducing activities in cell lysate

Cultured HEK293 cells (T 80% confluent) were washed with PBS and lysed using SDS lysis buffer (1% SDS,
10 mM EDTA and 50 mM Tris, pH 8.1) containing protease and phosphatase inhibitor cocktail. Protein
concentrations were determined using BCA protein assay. This cell lysate was diluted with kinase buffer to
the concentration of 1.5 mg/ml and then, test compounds and ATP (2 mM) were added to the solution.
This solution was incubated at 37 °C for 2 h. The reaction solution was added Laemmli buffer, and the
resultant was boiled at 100 °C to stop the reaction. Then, proteins were resolved with electrophoresis and
transferred to PVDF membrane. Phosphorylated AMPK substrates were quantified with corresponding
phosphorylated protein-specific antibodies to evaluate the phosphorylation inducing activities of the
compounds.
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