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ACC
AcOH
ADME
ADP
AICAR
AMP

AMPK

ATP
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AUC
BID
BINAP
Bn

Boc
BRCA
BuLi
t-BuOK
-BuONa
CaMKK
Cbz
CDK
CLint, vitro
CLiwt
Crnax
conc.
CYP

d

acetyl-CoA carboxylase

acetic acid

absorption, distribution, metabolism, excretion
adenosine diphosphate
5-aminoimidazole-4-carboxamide riboside
adenosine monophosphate

adenosine monophosphate-activated protein kinase
aryl

adenosine triphosphate
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area under the curve

twice daily
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breast cancer susceptibility gene
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total body clearance
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DCE 1,2-dichloroethane

DEAD diethyl azodicarboxylate

DIPEA N,N-diisopropylethylamine

DME 1,2-dimethoxyethane

DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

DNA deoxyribonucleic acid

ECso half maximal (50%) effective concentration
EDTA ethylenediaminetetraacetic acid

EGTA ethylene glycol tetraacetic acid

ELISA enzyme-linked immunosorbent assay

Eq. equivalent

ER estrogen receptor

ESI electrospray ionization

Et ethyl

Et,O diethylether

Et:N triethylamine

EtOAc ethyl acetate

EtOH ethanol

F bioavailability

FBS fetal bovine serum

FKBP FK506 binding protein

h hour(s)

HBOC hereditary breast and ovarian cancer
HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
hERG human ether-a-go-go related gene

HER2 human epidermal growth factor receptor type 2
HLM human liver microsomes

HMG-CoA hydroxymethylglutaryl-CoA

HOBt 1-hydroxybenzotriazole

1.v. intravenous

ICso half maximal (50%) inhibitory concentration
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liquid chromatography—mass spectrometry
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distribution coefficient

partition coefficient

mol/L

mitogen-activated protein kinase

methyl

acetonitrile
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mode of action

molecular operating environment software
mass spectra
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sodium triacetoxyborohydride
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next generation sequencing

oral administration
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tris(dibenzylideneacetone)dipalladium(0)
palladium on carbon

programmed death-ligand 1

palladium(II) acetate

palladium hydroxide on carbon
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pharmacokinetics
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tumor growth inhibition
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1. FE & ZDREEIZOWVT

FLHEIZ, LB OIEF 2 Mia N B s 728 B> DNA HUSIC L o T L, BRFICHIINT 5 Z Lic X v Bk
THEEBTHD, LEOEMEEEOHR T, BEE - ECRLIRLZVETH Y, 2HFUCCTHERK 210 T A
DREAL, K63 TANMERLTLENTND D, TBEICEW TS, EMK 8 7 AMBIT I I I RE
L. % 14,000 ARfadE LT 2 LRMBNTND 2, AARICIBWT, ZHEOREOREERIT 1985 4FLIREH
IMER Tod 525, B - Il e & CRAMBEMA R 55 —5 T, FUBsiE, JREE - 758 - I & [RERIC
HIME & 72> TV D I,

L, ZORREE RLIBELEFERND S OOV T XA FITHEIN, ZOEROBENIG U T, #ES
NDIKNRRNE 2> TWD (Table 1) , Bz, FAAEUZRIKRTH D ER ° PR BBIEOHAIL. #E
XL T2y, TNRANT U MR EERBETIMA e S UPRHES, LYy — Akl 7rn~v 22—t
BLEA & WD o Te N WRIEDS Eift & 72 %5 (Figurel) . —77 T, HER2 NGEDBEIE. SLHER2 LA TH 5
NTAY X772 EOFLHER2 FHEN Ef & 720, 2D X 512, FUEIBHITE OBIZHIT FITIE U TRk

HEATEY, B2 bDHEHEOT T, KLEHELBEAL THWDiEKO—D>TH S,

Table 1. Efs 1 ST OB L HELE S R D RiRiE 9

YT EA T BT R HELE SN B 1Rk
Luminal A-like RIVE U ZRIE (ER 2>2 PR) Gk N5 s
(HER2 negative) HER?2 [z (FEXT Tz, Tuvd—FHEH)
Luminal B-lik ER B&f, PR [ d 2 TARFEE . s
et B 7 UL
(HER2 negative) HER2 [&M:
Luminal B-lik ER 51
prminel B \ ” B (L2515 -+ it HER2 JEE: + P9 A0 e
(HER2 positive) HER2 1@ HIFEBL &> 5 0 N T HGE

ErB-B2 ER 7> PR [&:

' . _ (b5 %15 +H1 HER2 &%
overexpression HER2 & HIFEHL > 5 0 N X HE e

ER. PR. HER2 & Ttk o
basal-like - == 37 R

(RUTNNRAT 4 7)




<ER antagonist>

/ Cl
|
O ~N
S
NOLVADEX FARESTON FASLODEX
(Tamoxifen) (Toremifene) (Fulvestrant)
<Aromatase inhibitor>
N=\ N—,
N
NC CN
ARIMIDEX FEMARA AROMASIN
(Anastrozole) (Letrozole) (Exemestane)

Figure 1. FL N IEEIC W B 5 EFR G O 1S

Iz T, TFTlE NGS T 72 EDFE LWERIZ LY | 5 D4R FIEMMEN L1 CHUE DD R
BICHTATRE L 70Tz, T D Z &d, ARkA RBIR ORI Diafe & 77 L~V TEfET 5 DICR&E <&
Mo TV D, BEIRICEBNTH, %< OFREICIEWT NGS % V72l OB {5128 AR 2> & B 572 (R
fe B in 1255 (driver mutation) 23 S41, £ DOERITHIS LTZEAD A I N D L O I22>TE TV D,

U ORIEICBIEMHZRIEG L T s Z T < rbmonTsy, 2055, H—BrrERICLD
% @ (monogenic disorder) 7% 5-10%% (5% 3, FL ORI EE T OREN /2O L LT, BRCAI BT &
BRCA2 Ein 17 & 5 >9, BRCAL, 2 ZRKERT & L TR OFE L IR Z#8 P8 L T HBOC & FEUY, #
FERARD 3-5%PN Y TXED L EFDI TS, BRCA BEIEY /) AOREMMERICEE LT, Zhb
BETFOERIZHEN, ZOREMM RPN EREA RIS Z & TY ) AR ARLZEL R0 | KIS/
LT 5 EEZEZ 6N TS, THF,. 2D L 97 BRCA Bin 2 BEGMEFLE - DNEE IS L CER 2 R385

A& LT, PARP PRERI S EEUKGE S (Figure 2) .



LYNPARZA TALZENNA
(Olaparib) (Talazoparib)

Figure 2. FLJi# % #0E & L CHGR & 417- PARP FHEFH

B BN TIE, B DOEFDTZDRED T ) MEEEMITEML L TV D Z L3 %, PARP |3 DNA
BEEIZRB W THBERERZ RI-THFETH Y . DNA —KHUIWEE 2175 7, @%. Wiz T PARP
DPLE S5 & DNA IEHIT “ABHUIMHEE ~ L BRSNS, —F T, 2O AREGIWHERE#E %5 BRCA
BT ER LTV DEMIICIW T PARP AESNZHE, 20X 5 2 MR CIEY ) 20EEZITS Z
EMTET, BMEAITHIIENFEINDL LZEZXA LN TND D, ZOLHIT, HEOBEFERIRHIEE T
5 Z LTI 2358 5 FIRITA K ESE (synthetic lethality) & FEIEAL, Bi7z72 A 1 = X A DLy HEH IR D
R ZHEES D — DDl L 72> TE T D,

ER BRS04 2 WA IR DT 2 5| S Z TR & LT, ¥4 7 U > D OFffeh) R385
K O'RB EHE ORI Y VB LR L TWS Y, Y127 U D OFBLL, MAPK - PI3K « F/LE U5
BB OIEHLIZ L > TERT 2, 427V U DIZCDK4 K6 LREA L TINOZIEHILL, ZORHR
RB EEENY VBband Z &ick vy, Mg Gl #o S Mi~EBITT5, 29 LEAAO T, i
. CDK4/6 HERITHZ/7VARY 7 VTRV R Y 773 ERFIEEEEE L THR W TRR I

(Figure3) . FPRaBR CI%, ER BIEMEST « FERSILIE IS L. N0 WRTE & OBFH CRWIRRIE A S 5N T

W5 9,

F
HNT o N N N7 HNTY
\ \
‘\/N X N& X \/N\) N/ N)QN F K/N A N7 O
L d DGR
N ” N“ N0 N SN N N—

O A e
IBRANCE VERZENIO KISQALI
(Palbociclib) (Abemaciclib) (Ribociclib)

Figure 3. JLJ# % )00E & L CRRE S 7= CDK4/6 BHLEHA
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Z?1F7)>, mTOR PLEAITH 5=~ m U 5 AL ER B - HER2 [RMEFEIC, £/, HLPD-LI HiATH D
7TV A2 TIE M) TPVRTT 47 - PD-L1 BHEFIEIC LT, ZENEIERINLTWD, 77V X~
71X 2019 AR I N2, BARTHIO THIEZEE & LB AERIETH S, 20X 91T, IEOIRIFIT
7 DEBEORZEI - TE B RBEAFHICERE LTS, —H T, 7/ AX—ADAENETIZ o, —
DIEFN DA N2 EBE TGS TETND Z &I A, WNOWETEZ & R RIEIC T L O FRE D
FIET D EBIT, FYTARTT 4 THFED X O ICRIEACTFIRIELIEERFR LT 5 BE B OFAET 5, 2
O OFEIC K L CIBHED & 2 A, BEEEANC L 2 FARIES Y — 7 =0 ZAIBRIC L D5t TV D
D, ZOXIREBETICEBWT, Fifle A =X LML DAREREITRIEBMS EENTEY | ZOHER

BERITWMOTENEEZDBND,

2. IS, G =IOV T

TIANNRA Fao—EE, BENIH LN E o TWRWERIER S T 2R E L, Zo4EmBlrneidy
REMERNTZEEBNE LIRSS CTh D, 7I DN T — a2 E LT, A
FrIARN)=RRETFTOND, "AATIA N =0, EmBIREZHBEE LTENO 2T 2EHE L2
EAZ Ko THIHT A2 THEIDITH L. 7 I HAAL A1 o—F, ALEWE. & LTED b sy Ak
fbea iz m e LTEMEZHRT 57 TH DL LB LTS 10, JEEE AW PGB TErn5
AT DI ETHEENTZT I IS a0 —iF5RIE, IEFEAMMATONTETEBY | Hil-/elEmBig s X0
= ALDFERRC, BT REFRLOBEBIIRESHBRL TWD

TR AN T DR T IR RIS OB T IE R L7 & LT S A 2 2 m U A X (FK506)
WEFHND (Figure 4) . #7222 %, S<EHEO HE LV HBEES N HMEO —FETh 5
Streptomyces tsukubaensis BWEAT D~ 7 a1 T4 MEEWM T 5, FBEIRES T @7 A7 7 203K) 23 FEhi
L7z in vitro I8E ) VSRR RE A7 Y —=0 7% E L, I EK 8,000 £k, HHREHK 12,000 #ROEFHE K %
AY Y —=0 7 LTl R, LRL OB BRI T AFAET D E RN 72 U o SERBUSIHER 2/ 5 =
EBRABMMNE IR ol ED%, Z7 v ) AATBHE ARG L LIKEICB T DKL & 5T & LT
FENC TR S NIz, #7 v ) ARTBUE, IBEBAEICR T DGO A, Vo ~FR7 b e—i

BERG 9 70 G 3B 2 B DIGHREE L L TIRIAS A S Tng 1,
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Flo, #7 v Y LACET L7 I DNAAL T O—RIZ Lo T, ZOERBF &L T My 7 v
EERE IS M STz, Schreiber HIE, #7101 U ARZALFEERTHZ LICHKEIL, Sbic# 27l LA %T
74 =T A BIRICHE A SETHIRNZ 8V BERERSE 52812k, #7 r Y AADIERH FKBP Th
LT EaEXIDID, D%, #71n) LAAFKBP #EENNY VIEEERE TH LNV =2 —U U ER

EMEAET 2 2 Lok, EELEEFORBEZIMHE T 52 LB E o7,

Figured. % 7 1) A ADEE

Flo, TFE, FINAAFn U —r il LIEEROBRENELFEALZE L LT, FUBEREL LT
KRS NT= VT Y UBRETF 6D D, =V 7Y L, Halichondria okadai £V BB S N7=RY) =—F L~
a4 KR THH NV a2 R BYEAT 4 VA I AN —IZL-o TR L, RtEhizts
Wm<oHs (Figures) . ~Y a2 KU 2 Bldinvitro K invivo IZBW TR RPUESEEH 2 R"4—FH T, X

RICBW TR I ME LGOS, AIEER - BARFZEIC T 72 EER DS RERBE TH -T2, FHITK
DIDEEPER SN, K7 T 7 A FOEWIZ K DME2 RF RGN REE R o7 Z LIT kD,
HESTE VAR ZE N ATREL 720 . Z OSSR, = U 7 U URAI &SNS, U 7Y 3 NEHERE & P&
HZ IRV HIROARDHAAET 22 & TRMRICT R F— 228 T 508, ZOBREMATIZ LY,
WUNE~OFEG LI EFERRADN & 9 REEWITRE SN D TEROBUNEREILF LAY L 1T RE < B
52 ENRH I, FlRETIE, UFEMROBERR AL T 2 LI2 &> T LRI CE IR S & 51F
HOR | IEEALARN O M 4 BA S TIRER A NS E5 2 &10 kv, G EREIRIRE 2 fE

DIEM MAMERENTETEY . ZRE TICRWREIREBEEN N k2 L LIS TN D
11



Halichondrin B Eribulin

Figure 5. U 2> KUY VB2 H Y 7Y v ~DXH

b Ko, AR EmEE 2 A9 2 ARILEWICAERERILE, E6IZEAT AT AT IA L
U—DRE L Tr IDNAL A a0 —ifRE2ED TN Z LT, ZIVE TITRWEET 2 R o8- 2R 38 AL 5
MR END Z ENFRESNTETWD, £, ITETIE, HHMAZRIENFEE T 5% RIRIRHERT - H
ETEPERRBIESOCBR M Ny P EEIE R ST A, SR KT 07 7 A4V o 7oA I 7 Afffr, &6
Iy 77 =2 2R A LI FER O EBRRICETORE b E LESRL TE T D, D Z Lk,
AT = XA X DD L EN D AR NT, ZDOX D7 I NS Fa o —iRiT—

OOF N FIEERVELEEZBND,

3. AMPK {ZDW\T

AMPK (3B R LOBAEMICBON T SEIRFSNTNDL Y U ALEF =% F—EBTHL 9,
44, AMPK (3 ACC KU HMG-CoA gz iH & L, Th b NEMET DER L L TER SR
19200 20 FELL I DAFFRIZ K> THE K O TR T2 U kT 5 2 & 2l U T 0 —HE N (F
EAERD) Z8fil L, = —FEAERRE (BALIEH) Z0EM LT 5 2 LM E 2572 2D, —i%IZ. AMPK
IS AMP @ ATP b OY ADP @ ATP Hbo i, BRI G =L — KT 2 g4 5 2 & TiEM b L,
AN TR — T U 2% BT 5 22, RREIRRBIZI 1T 2 =RV —1HE MO KR K QNI X4 T O
FIZ B W CHEEZREE CH 52, AMPK IZABIEIZ B\ CEEAREFZ M BFTO&L72 LTl L UL
BIFOMELMEHEZGHIHT L 200, RO AZ =2 v F LT TND, £72, AMPK T3 7
VI A — RO EICALE S 2 fix OF 7 —F (LKB1, CaMKK, TAKI 72 &) 12X 5 Thrl172 D U ik

b3 % Z L THEMEET D Z L bbb Tng 329,
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AMPK (349 145kDa D5y F &2 HEY | AETEEZ S o 7 2=y Mz, EEZHIET2 8 Ly
YT a=y NeFTHE LRI EARIRTHD (Figure 6) 1829, o7 == kO N KA 0L T
& % kinase domain 23ZfE L, FIZ B -3 — MEENDRD /NI NKEGE—7 (N-lobe) &, KE53H o -~
U w7 AEED DD KE I CREEE —7 (C-lobe) 22D IND, £, CRBUNIZL - vy T 2=
NEMBEERTEM A A L. 2D O EAEH A #1419 % autoinhibitory domain < « -linker, NI CTD

(C-terminus domain) M fE LT\ 5, BH7 2=y F® N KHMIZIZAMPK 7Y 2 —F U 2 M TE 5
£ 9129 % CBM (carbohydrate-binding module) A3 L., & 2276 C REHMAIIZ A>T, a7 2=y b
kinase domain ® C-helix & fHHAEM 9 5 C-interacting helix, CTD & 72> T\ 5, vy B 7= MIKEES
HBAL (nucleotide-binding module) T& ¥, AMP, ADP M (N ATP i GMICHER T 5 4 oD A hEH LT
W5, AMPK IE, ZHL6DOEEDOY A ML > THIRN OB Z AT 5 Z L1280 Mo =31 —Ik

RRAREIEM L TND LEZ BN TND 2627,

Carbohydrate-binding

module
M a subunit
B P subunit
4 «—— B-subunit :
et CBM y subunit
A769662 —:Z\ o . / C-interacting helix
% ) N e C-helix
inase domain — - 2 t‘ ‘
8 N-lobe -{ ‘a - p-Thr172
£ " 4'D' \ — r:S
) RY W@~ 4
=3 \'D;.A a ,‘ e -
8 . . ‘.‘ s o T *‘ % "a" «— a-subunit c
© kinase domain ——» i {-8/8 NN v A cTD o
O C-obe W . 8
‘-,c’ ~ () ‘ A b A =
S \\‘ s 8.
y y, & g
autoinhibitory domain —» & &S 'T". i ——— B«sg_lr:;nn &
B 4 =]
el 44 { ; 2
~ P iy 5
a-linker ] N N @
" X < :
L W :L. Q. .!" » ﬁ <«+—— y-subunit g
AMP e y’ ‘q\ 2
(site 3) | > -, \ =
. ¢ Y, 2 @
AMP AV
(site 4) B

Figure 6. AMPK Di&E (Hitt : & 3CHk 18 K V)
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LA, Bx 7R R T OB RIZHEO AMPK OBRE - ) UER{l - 2 B X F U AUICE (LS EL S Z LIk Y,
ZOEWEMET T2 Z EREMESNTND 82, —F T, AMPK OFBUEM &L OVEMER E23, & MIBITD
BEOEE S A 7 OEGFROYLEICTFGT L5 ENMOLNTND ), FEEIZ, MIENIZEHV T AMPK 23E
PbEND Z ik by, EERBIHEE 0O —2>Th 5 p53 OIFMELC 3032 MEOHIEK - TH 5
YA 7V > D1 OFBUIHE D, K OHIH > 7 UREEIZEI D 5 mTOR OFEE #30% | HETOREKZ i L
THIEGERARE S ND Z ENREINTND, £o, V7T AT R — RIZEWT AMPK O I A7E
9% LKBI1 2285 L, AMPK S IEFIZIEMEAL &472 < 72 % Peutz-Jeghers JEMERE A 123\ T, MR D%
JERNEED ZENHMONTWND B, LLEDZ &b MW T AMPK 3G T 2 2 & I3huEg;
NRICER D LEZHND D,

MR C AMPK Z1EMEALT DR L &ML, ZVE TICHZ < HESN TS 2839, iz X, AICAR
RN STz AMPK IEHEALAITH Y . MIBINIZE D SAE N %IC) Vb E %15 Z &I2 X ) AMP
EREDT v AT » 7N AT 2 2 & T, AMPK & EHEICIEMAL T 5 2 E BB TV 5 340, &
7. A-769662 12 AMPK O 7 11 27 U 7 FMLICHEE T 5721 The< | a7 2=y hO Thrl172 %z fri#
LT bzt 22 LIC kD AMPK ZTEMH(E 2{bEam e L TIRE STV D 4, ITETIE, 1H-A
v F—=/v3-T1 VR RS B D PF-06409577 28 HTHL7Z2 AMPK ELEHEMELAI L L THE ST 5 2,
Fo. BERFIREEE LTHLND A FRALI UL, T a3 RU 7 Complex 1 Z[HET 2 Z L1280 Ml
N AMP : ATP tb% EH S8, RH#EA9IC AMPK Z27EME(LT 2 Z E M BTN D 4549,

BUfEE CILH B AL TV D AMPK IEMEALAIO—f5% | Figure 7,8 |27,
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OH

) N/:/ A OH O a
hes oy
Ho' on NH2 M2 N
H
AICAR A-769662 MT 63-78 PF-06409577

(Abbott) (Mercury) (Pfizer)

o) \ 0O
OH \ O OH
(o] O '\\S—O
N
Cl N
SC4 991 MK-8722
(Shionogi) (Merck/Metabasis) (Merck)
Q, Q, H
OH
Q> S
N~ N > H
H
Activator 3 0304 Salicylic acid

(Dr. Reddy's Lab.) (Betagenon)

Figure 7. () AMPK IEMEALAIOF] 2839

‘ H S
~ \
N o o

Ve
NH NH H
Metformin Pioglitazone Canagliflozin
(Complex | modulator) (Complex | modulator) (Complex | modulator)

H

o
o

OH
Quercetin Resveratrol Cryptotanshinone Berberine
(F1FO-ATPase/ (multiple MOA) (MOA is unknown) (Complex | modulator)

ATP synthase modulator)

N
H
NH»z N, OH

Methotrexate PT-1 a-Lipoic acid
(ZMP degradation inhibition) (Mitochondrial respiration inhibitor) (MOA is unknown)

Figure 8. FEE 12 AMPK I HALAI D] 28.38)
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LED X 51z, AMPKIEMAKIE 2R b EMITE L < HE SN TV D OO, BIEE TIZ, FEEIR L
L7-ESEG & UCORRB E 72 AMPK IEPEEANIAFAE ey, —J7 T, BT ~_72i@ Y . AMPK 1GPE(L & HT
TEEEHA E OMICIFZ < OB RENTND Z b, ZRETICRWEHEED DWVIIA =%
LT AMPK ZiEMALT 2ILEWZ RIS 2 Z L%, Biic 2 ERBEF IS STEIRENEEN TV L FIFED

HEIRICBW T BAERRMEL 2V EL EEZLND,

4. AWFEO HEY

ABFFRIL, ZIVETO AMPK 1G] & 135 e il & OSBRI EH 2 6 2180 T A b & & 5k &
L. ZIBWNWAL A 0—FRIC L > T, TR A D =X 00T 5 BARELZAIRT 2 2L 2B E L
ZbDTHD, ETHOIC, & MIBEMIKE W27 = ) 2 A T A7 ) —=0 7 %470, BEfFO AMPK %
PEAEAI TR a2 A L, b MILBHAOERIZR VT AMPK IEHALER 28 35-U A FLE Y Ve
AH)-F 2 FHEE, RORCOAT I VFEERO DT XA TERGE LTIz, ZiubDbamix, BEFoO
B AMPK JEMEALAI & 135 7 D@ E A DL C e MBI OB A LE L2 2 & 0D TR
ICBWCHITRBERBICAN T Loy a v AT vV GneELx LN, TZTERIL, ZnbH0

D B BRI HED Db EW a2 B T2 ~< . LR O BIEZBUE LT,

1) U — MBI OROHMIBIEIRYEZ iR U, FrE O FL MR 5T U TR J172 in vitro 1EVEZ RS
2) b RFIZaoY—afickBnT, +aefEeEtta2 a9 5

3) Invivo IZHBWT, RA4FR3EMENRE (PK) 'R 7 7 A V&R T

4) Invivo \IZBWT, BAEREMEZ DT e b EH 2~

5) hERG F v F/VELESD 2\ THKENE 22 £, BR EO KA Z HliR & & 2 @b

e igte LT, 72 ) AT A7 ) == 7k GEenz) — NMedwn s i ez A v -
BRLT T4 —HARTATTVEEREL, ThEDIEWRICHOWTEEETH D AMPK EMHEALIER K&
OSHIIE S EVER « KIRYE - & MIF 7 1 Y — 2B 202 @M « hERG F ¥ RVBEEEM:, IO

(2 in vivo \ZBT DFMERET 1 7 7 A VAR L CTHOETEMEMEB 2 52029 5 L3R, b MR
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(MDA-MB-453) {8 X — K~ 7 2E 5 /L& FW =8 0 KAE# S5-5UEERER 28 U invivo [ZBT 5 HUIEE

TER R Ot 27 il 42 2 & T, BRIRBHZE WTRE b &M ORI Z Afs3 2 & & L7z (Figure9),

7 A7 5 AMEFALAMT AT T Y J

5

(@]

\II\)IO N
N 2
H

\Faﬁﬁwﬁm@%

35-VAFAEY VU A0H)-A U EER RUVNT I EEEE

« IR (AMPKIEME(L, A HE 5 )
N

P 7 v — At ErE

* hERGT v VR ETEME

[ Invivo EMBIERB (5 b ; CLoo F) J
=

[ I vivo SUBSSF AT 538 (MDA-MBAS3HEH~ & A E 1) J
< _=

[ B LAY J

Figure 9. W3¢ 5t
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VN
FB—E FHIS-TAFAEY VA1 H)-F U HER DGR O ST E R

B V—MMeawmlzodd

TS, b bFEMIRRICS VT AMPK {EPE L/ 278 L. HOBEfFD AMPK {EPELA] & 13572 5
WiEEZ AT 2EMORRE RS L, TAT 7 ARG T A7 7 Vbamicxt L. b MRStk < H
% MDA-MB-453 il & I T AMPK @ FifiAl+D—>TéH 5 ACC D Ser79 DV % HIET % whole cell
ELISA 7 v A 4T 7=, TORER, HfR35-UAF L) P UAH)-A4 B EH L, FREED AMPK

TEMEALIER 2R3 k& 1 2 A L7z (Figure 10)

O

\Elji/o N
N =
H

NS

AMPK activation (MDA-MB-453) ECso: 0.89 uM

Figure 10. U — N{LAW 1 DR K OY AMPK iEMEAL AR

WIT, BEFID AMPK BHEEME(LAICTd 5 AICAR & Dbk Bl & L, YD MDA-MB-453 flfatkIZ N Z
[ U< b MM CTd 2 SK-BR-3 12587 2 Ml HE i P& 1 2 374l L 7= (Table 2), % D#EH, MDA-
MB-453 Ml L. 113 AICAR XV & 1000 504 LGRS 225 FE 27~ Lz, & 612, SK-BR-3 #llig
K O MDA-MB-453 #fel i U CHFZIRAYIC RIS E 1 27 L7 AICAR & 135272 D | 113 SK-BR-3 iff

RS L CHed TRV E MR 27 Lz, 1235, BER O AMPK ELEEEMEALA] & 135872 £ @ iRE 2R
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L7722 &b, 1 OEENRIERT AMPK TIER <, BIOEB~OEREZNT5Z L1280, BEDOE ML

FEAMIZPNIZ VT AMPK Z1EMALT 5 2 & AR S i,

Table 2. In Vitro Antiproliferative Activity of AICAR and 1

MDA-MB-453 SK-BR-3
Compound growth inhibition growth inhibition
1Cs (M)* 1Cso (uM)*
AICAR 1700 180
1 0.39 29% inh. at 1 pM

aThe ICso values were determined in triplicate in one experiment.

1 DEEERT 200 TIIARTH o 7223, FH L, BEA O AMPK EHAEMALANT R S v e Uil
HRRFNEA RS 7 =/ 2 A TN, TRETICRWHEBERIOST 27 LY a U AT 0 U UATEEN S WTHE
PEZRB LTS EEZ, —H T, 1 OEREMET AMPK IEVE(LIEM . MIRaR s E R £ 7214 &1
AP, invivo RROFEMISE, SROFHEZ1T 2 720121F. & ISR invitro 1&VE & BAF 7241 % OFa#E
N NLETH T,

ZITERIL. IO OREEMR LS LEMORILE BRE L7 4 — A RIA T T ) 2 BET S
Tkl Lz, TATTIUBEDTZDDO Y — RMEAEW 1 55O G REFENE % Figure 11 (2R 7 GEMIIATE
oA SR, PR DURICBWTL, AT ARERMNE ORE(LEIT o7, £, RisAFRIZBW
TiE, BRI - BIRACEORELICIN A, ~T RRANOERER O T U — /G M~ Y I — A %217 -

776
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AR R ON BT, [ fr A
AT HERASOZEBR

0 @,

R: CN, Me, CF,

o , E7 U — A SR~ U o —dif A
- AFELERACE ORI ©\F 1

Y /\A@ A@M@

R:F,(:F3 n=0or1

Figure 11. UV — NMEEM 1 225 DA A=

WEITIE, EERICEK LIS EFH ERDOGHIEIC SV TiR <5,
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B T A=W ARNTAT T VR AL LIALEm OB RIE

U— NMEa® 1 ROMLEY 11, 12 DA EEZ Scheme 112777, £7°, filiot e ) DU iFEk
24 &, IREBIRIAF T, 2-7 00 AF N4 A FX35-UAF Y DUBERE A AWT O-T Sk L.
AFNIEOBEHNEN R D 5-7 21572, RIT, ZhHDbEWE, ThEh4-7 04 v 7 = =/LRn Vg
EDWART TV TG TZE T, Ay TV T R810 & Lie, &klC, b7 A= A& HNT

AFNTZ—TNVEHNDOATFNVEEERREL, V— FMMeAEW 1 LA FNLREOBEBMNENERD 11 LON12 24

ik L7z,
o~ QH
B
% HO~
|
XN Cl o F o~
-HCl PdCL,(PPh,)
Me _ 2 3/2 = M
HO__N ‘ Ag,CO, [ o M Na,CO, . I o N Me
= S > -
a N z 6 b
X Br ‘ XN |
3 X"pr
4 F
2-4 5: 3-Me (y. 39%) 8: 3-Me (y. quant.)
6: 4-Me (y. 94%) 9: 4-Me (y. quant.)
7: 6-Me (y. 92%) 10: 6-Me (y. quant.)
o}
AlCI, \’\)K'N//O N Me
—_— N =
c H ‘
X

1: 3-Me (y. 53%)
11: 4-Me (y. 74%)
12: 6-Me (y. 45%)

Scheme 1. Synthesis of 1, 11 and 12

Reagents and conditions: (a) 2-(chloromethyl)-4-methoxy-3,5-dimethylpyridine hydrochloride, Ag>CO3, toluene, 110°C,
in the dark, 39-94%; (b) (4-fluorophenyl)boronic acid, PACly(PPhs),, Na;COs, 1,4-dioxane, H,O, 90°C, quant.; (c) AICls,
CHyCly, r.t., 45-74%.

(LAWY 1924 1ZLL TSR HEEZHWTAB L7Z (Scheme 2), £, Scheme 1 TELN/Z 7KL,
RENTWBFiL DR VIR » 7V T ROSNZ Tl vy 7V 7 L, 13-18 Z157-, ki, 55
NIALEIZKE L. Scheme 1 & [FFRICHALT VI =0 A& W —T S OUIE 2170, 19, 20, 24 %

B LT, Z OB, Schemel £ 1, 11, 12 DAKDOBIZ b —5 7 ST LEE R IV D PITE DR &
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. HEIZ K> TUERERINRE T2 2/ Lz Z &b, RIS TIZRT 2= —7 Vs & OBl 2 15T

L7z, ZTORER, A TIVEREIEER SKREFEL L CATF A= 2 MA TRV 2 2 & T, FrEOH A F /U1K 21—

23 ZHRRE DI THEK LTz,

- e AICI
0 ArB(OH),, Pd(OAc), 0 o Q
~ ‘ SPhos, K;PO, \f‘ji/ methionine, MsOH \ﬁi
N O_N a N O_N b N o AN
9 | H 9
Br XA Ar
7 13-18 19-24
=~ "N
Ar: “ |
CN CF. F3C CF.
3 CF3 3 3
O/
13 14 15 16 17 18
Z ‘ (y. 96%) (y. 92%) (y. 77%) (y. 82%) (y. quant.) (y. 88%)
SN
(e}
19 20 21 22 23 24
| (y. 72%) (y. 63%) (y. 55%) (y. 53%) (y. 53%) (y. 18%)
N
H

Scheme 2. Synthesis of 1924
Reagents and conditions: (a) ArB(OH),, Pd(OAc),, SPhos, K3POs, toluene, H,O, 110°C, 77%—quant.; (b) 19, 20, 24:
AlCIs, CH2Cly, r.t., 18-72%; 21-23: methionine, MsOH, 90°C, 53—-55%.

1b&% 30-33 1ZLL FITRT HiEE W TEA L7 (Scheme 3), —f%IZ, GEFR~T B HEEFROER L
HACBIT 2R VIERIKIIAZETHDL ZENMOLNTNDZ 0D Y, 2L DILAEMDERIZIEWNT
37 AR u AL ~a S AT R R LA v TV T ROGEAT O T & TR IS B
TELHEEZ-, FTHOIC, 7% n-Buli xHWT B Y U F LML T2%, RUBRETELET
=F Ty L, FPICTARR VBT AT VENKGET HZ IR0, FiEORa 8 25 25/ L
Too FENT, BbNTc25 &, AT AT aGHFRE TR v 7 ) TR EITT2E A, L7
WY ROy 7Y 7K 26-29 & RAFIRICGR TR, IkZIZ, 350722629 123 L, A F Lo —TF 1
HOAFNIEEZRETHZLICLD, 3033 25K L, AFA=—TFT VEOEIWIZ-OWTIEL, Scheme 1, 2

THWEEME L 1XEZ2 D . DMF 91, BuOK TIEMAL LT RTF A v-1-F A — 2K e L THWASE%
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ATz, L LRRE, ZThHETORMELFARICODTROERIZBNTHELORIE & X RO B A

AT L CHEAT Lo /oD, IR E B D B PR & 2o T,

- O -
@ n-BuLi _ ArBr or ArCl Q
% B(0-iPr), ‘ Pd(PPh,),, Na,CO, %
" . X (0] N >
S O. N N Z N O_ N
N - a \ b N z
\ N _.OH \
N B N
Br Ar
OH
7 25 26 - 29
(y. 71%

)
/N /K'//N /N /N‘N
Ar: N | N\J\ X ]\ )
CF3 X" CFy N”CFy CF3

N A 26 27 28 29
= (y. 85%) (y. 82%) (y. 80%) (y. 72%)
30 - 33 <
N
......... e
30 31 32 33
(y. 66%) (y. 16%) (y. 41%) (y. 23%)
N
H

Scheme 3. Synthesis of 30-33
Reagents and conditions: (a) n-BuLi (1.7 M in hexane), B(O-iPr);, THF, —62 to 0°C, 71%; (b) ArBr or ArCl, Pd(PPh3)4,
Na,CO3, 1,4-dioxane, H,0, 100°C, 72-85%; (c) dodecane-1-thiol, z-BuOK, DMF, r.t. to 60°C, 16—66%.

LAY 38 KON 40 XL TSR HIEEZ W THR L7Z (Schemed), £7°, 7% n-BuLi # i\ T -
UF UL LT%, DMF Z/E S22 L2k, 747 R34 & LTz, KIZ, RO 35 2R AR R—
k36 ~EZEHL L7215, IS STz 34 & Horner—Wadsworth-Emmons St 4640 & 170, 37 21572, B 51
7237 %, Scheme2 THWZ AT A=« AVIVBREMEEZHONTHAFALL, 38 2GR LT, £z, 37 %
KFEWIBIICA T Z LIk v 39 L L, 567239 % 37 LABRICHEA T/UET 5 2 L12 k0 40 Z AL

776
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cl = ‘N POEt), ™ o>
— s oo _
e T
X-CF,
35 36
(y. 92%)
~ _ o~
0o
n-BuLi 36 = |
= DMF Z NaH Sy o N
e
SN ON a SN ON c | P
N | ~ | Z>N
Br CHO “
7 34 37 CF3
(y. 45%) (y. 58%)
o}
methionine, MsOH \’\)ﬁio N
> N -z
d H \
NS = SN
38 N CF,
(y. 48%)
o~ 0
Pd/C = &
H, (1.0 kgflem?) Mo methionine, MsOH N O_N
37 — N % - ‘
e ‘ d H “
X Z\| = ‘N
‘ NS
39 N-NCF, 2 CFy
(y. 83%) (y. 56%)

Scheme 4. Synthesis of 38 and 40

Reagents and conditions: (a) n-BuLi (1.7 M in hexane), THF, —64°C then DMF, —63°C, 45%); (b) P(OEt)3, 150°C, 92%;
(c) 36, NaH, DME, 0°C to r.t., 58%; (d) methionine, MsOH, 50°C, 48-56%; (e) 10% Pd/C (wetted with approx. 50%
water), Hz (1.0 kgf/cm?), THF, EtOH, r.t., 83%.

{bA9) 49-51 X O 53 1% Scheme 5 (2" HIEAHWTAK LT, £THDIC, TIZXLTTF h e kY
Vora=y bRl y 7D TROGICTEAL, IWWTHREA L7 o v Z2 KB IRINBOS TETLT 5 Fik
TORMERRT (eq. Do LALLM DL, AERMIEICEBW T, WEKESME T THEA L 7 ¢ VIR TIG
DHELTHIEL . KRFBIMEF TIERUDALOBRTIZ LD 4-A FFU35-UAFAEY Pra=y hOREN

B L, rEDIEMEDREIIBGL ZEPRETH 72720, JNETOARMIZEIV FR L2 L L L,
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e
-
o~ (0)g B \(/\’ %
Z Boc
<M o N X (eq. 1)
N ~ ‘ Suzukl -Miyaura hydrogenatlon

couplin
N Br pling

T, XL A THD 1™ LT F o e Rrbe Y Y ra=y hE8AD v 7Y v Z RIS
WAL, RBMESRM TS TRELDREROWNEA L7 o DEICAEFIRFIZATV, 43 & L7 (Scheme
5), KW, Scheme 1 &[FAERIZ 4-A FF T 35-VAF AT Vra=y FEEAL, Boc A& REL T 45
TRl BtRIZ, 451t L, Flix D7 VT b RERITIT X/ ALEOGIZ TEA LT 4648 %1572, Scheme
2 J% ) Scheme 4 & FIRED FIEICTHLA F AL L, 49-51 2/ LT, £i2, IO 45125 L 1-7'm
EF-4-7 VAR P % Buchwald-Hartwig & - 50ZCh w70 7 L, RERICHA T /L3252 & CT53

EER LT,
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.
N
“Boc

Pd(PPh,), _O_ N Pd(OH),/C HO_ N
O_ N s Bn” " NF 2 2
Bn O~z ‘ Na,CO, “ \ H, (2.5 kgflcm2) - \
ol =z _—
™ a b
Br N
“Boc N‘Boc
41 42 43
(y. quant.) (y. 92%)
O/
TI
~ | ~ ~
N c o] 0
-HCI \(‘ji/ — ‘
Ag,CO N TFA -
23 N O /N - N o /N
c \ d \
NS N
44 N. 45 NH
B
(v. 98%) ¢ (y. quant.)

N,
I
N
o~ o
ok
or ArCHO = ‘ ‘
NaBH(OAc), N O N methionine, MsOH N (e} /N

_— > N Z >
H
e “ \ f ~ ‘
46 - 48 N\R 49 - 51 N‘R
F CF;
R: w T T
~
46 a7 48
Z | (y. 73%) (y. 84%) (y. 69%)
SN
......... T
49 50 51
| (y. 14%) (y. 39%) (y. 46%)
N
H
Br
F
Pd.(db ~ \ |
,(dba), - o N O_N
45 BINAP, t-BuONa N ~ ‘ methionine, MsOH H - ‘
_— > _— >
g X f =

Scheme 5. Synthesis of 49-51 and 53

Reagents and conditions: (a) tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridine-1(2H)-
carboxylate, Pd(PPhs)4, Na;COs3, 1,4-dioxane, H,O, 100°C, quant.; (b) 20% Pd(OH),/C (wetted with approx. 50% water),
H> (2.5 kgf/em?), THF, MeOH, r.t., 92%; (c) 2-(chloromethyl)-4-methoxy-3,5-dimethylpyridine hydrochloride, Ag,COs,

26



toluene, 110°C, 98%; (d) TFA, CH:Cl, r.t., quant.; (e) 46: 1H-benzotriazol-1-ylmethanol, NaBH(OAc)s, THF, EtOH,
r.t., 73%; 47, 48: ArCHO, NaBH(OAc)3;, AcOH, CHxCl, r.t., 69-84%; (f) methionine, MsOH, 60°C, 14—46%; (g) 1-
bromo-4-fluorobenzene, Pdx(dba)s, BINAP, ~-BuONa, toluene, reflux, 47%.

{bEW 57T 1XLL PR T HEZFHWTERR L7 (Scheme6), 3. 85K v 7V I RUsZFHWT, 4l
Bonz7 7 e R vra=y FEEALT 54 257-% . Boc JEAFREL TS5 & Lz il T,
BoNn=T7 I 585 L 470 FAaRCXT AT e REEETHT X LRI L, 5 517- 56 % Scheme

1 CTHWEHEALT VI =0 AOKMETHA F LT S Z & T, D 57 28/ LT,

ytol
O/B\C
N‘Boc O/ o~

-~
o PA(PPh,),
\f‘ji/ N82003 \
_>
N oO_N ‘ a
X Br
55

(y. 76% (y. 87%)
F
OHC
NaBH(OAc) ~ \ AICI
a C
3 S
- N O_N
c | . d
X =
56
(y. 84%) (y. 25%

Scheme 6. Synthesis of 57

Reagents and conditions: (a) tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridine-1(2H)-
carboxylate, Pd(PPh3)4, Na;COs3, 1,4-dioxane, H,O, 100°C, 76%; (b) TFA, CH2Cly, 1.t., 87%; (c) 4-fluorobenzaldehyde,
NaBH(OAc)3, AcOH, CH2Cl, r.t., 84%; (d) AlCl3, CH2Cly, 1.t., 25%.
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FBH BRLTETA T T ILEMD AT U —= TR - B

V—NMbaEM 1 285 L7cBs, 7 AT 7 ARIERAE T4 7 7 VILEMA 7 ) —=0 JRER L 0 fBE S vz
1 OJFL SAR Z# LA FIZ7”7 (Figure 12), B U RUEACICBI LTk, ARFEIATH 2 A M2 AR E R
MWERIIRPoTeZEND, 35-VATNAEY RUOBEITIEERBUCEE CH L Z LRI, £72, ¥
RE Y P URIZOWTIR, Z DONLE RIS T EIEEOREIE S L Sz 7o, ERFEFONEITE
EMEICHETH L Z R TREIN, Y EDOTiEHRNS, ETITHREY PURKORG B UEROE

AL B DS PER R 2 B o Z & & LTz,

o}
o~ _N /l
/| <: |N| oi N ﬂ \l j SN
H

N X reduction in potency
loss of activity 1 \©\F

pyridin-4(1H)-one central terminal
nucleus aromatic part
ring

Figure 12. U — F{t&% 1 O SAR

FT. PREY DUBRDOATFNVIEORBENEZ RS R MIELH AT o7 (Table3), £ ORR, 4-2AF

JUAR 11 C 3 ERREO BJEMER ERRD DL, I 512 6-A F /K 12 128V T 10 520 Lo EiEMm E23R

b,
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Table 3. SARs of Methyl Group-Substituted Derivatives

/ S
7 UL
4
AMPK activation
Compound R
ECso (uM)*
1 3-Me 0.89
11 4-Me 0.28
12 6-Me 0.074

2The ECso values were examined by phospho-ACC whole cell ELISA using the MDA-MB-453 cell line, and determined

in triplicate in one experiment.

EIGER ISR 5 ATFNEOREEBERT D HNT, SMEAYORLEMEEZ MOESZ AV CEEA L
7= (Figure 13), 7285, PR AZEILT 2720, HEMETH D 3,5-VAFLEY RN ABRE LIZET L
L&Y 1. WK 12 E2RESE, FEOHEEZITo T, FMLEMORLZEMEIZEAL TET U —LE 50
THAERREHLIZEZ A, A MU ATFAREEFO I K O2ITBWNT, PEERTRE R A
bz, ZOZENbH, MmWEBREEZRTOIZET U — AN ERRICIVEEZ D Z E RN TH L Z
EVRESNT, — T WE I2EFRREO ZHEATHo72720, 11 & 12 O FEMEDZEITET HRI%E
RBd 2D Z Ll SNz, ZHBILEMORANRATH S0, L ERElZ B 2IXEEETH 523,

6 AL A F VLN NREENEAR 7 > S DMFAET D ARetEN & 5 &5 272,
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() N (o) N (o) N
- = -~ = - =~
F F F
1" 11" 12'

Compound Dihedral angle (°)
1 52.6
11’ 81.4
12° 81.2

2 Global minimum energy conformations and dihedral angles were

calculated using MOE (ver. 2016.0802).>1

Figure 13. =7 /WLa¥H 1 (V7 2) (1 () kU122 (H) ORLZEHELR D HAg

EBRBIEEM EEZHAE L, 12 ORGSR B UVBROBHRLEREZIT-7- (Tabled), 7 vFEKET T/
B~ EAEB LT 19 13, 12 ERFRED AMPK {EMALIEM 2R LTz, —7 T, AFNEALEBLTZ 20128
WTEEEDOM ERRO BT, 70, NI TAFBAFAREALEHR LT 21 ITBWTE 57225 E{EED
M EBREO b, NV EORERERAMEZRS BT, M) 7t A FLVEONEZ 20005
SN AL~ LT B 22, 23 IZB W T EIEEOREINRD b/ Z L b | EELEIT 40008
KRB EZEZONT, £, 7y RREWE L TREMENE L2 Y 7vgd e 2 F Vo8& A LY F=7EEN

b L72Z &b NIRRT Z i el Th 5 2 LR STz,
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Table 4. SAR of 5-Aryl-Type Compounds

o)
|
L o
N
H |5 R
2,/ T N4
3
AMPK activation
Compound R
ECso (M)

12 4'-F 0.074
19 4'-CN 0.089
20 4'-Me 0.018
21 4'-CF; 0.010
22 3'-CF; 0.19
23 2'-CF; 0.30

2The ECso values were examined by phospho-ACC whole cell ELISA using the MDA-MB-453 cell line, and determined

in triplicate in one experiment.

B 72 B2 R LTz 21 MG D272 invivo \Z381T 5 mkEHN 2 FJAE 2 . B pH FHIIZ381 5 KK
PEAFM L7=, — IS, 5% pH T OKEMENZ LUMEAIER OWIMERNZ LW ERXm b Tn 57
D 3D in vivo \ZB T DRI AT O ITHTZ Y . BEBRILEH D 2L pH AT TOKBMIZRFTHD Z ENEFE
o, dHEORER, FRERNR S 21 OKREMEITE LS AR TH D Z EN0DY | invivo TOFHEIZE S 7202
RS (Table 5), £ 2 CHEHEIT. 21 OEERZRFE Lo X 8 pH (TR0 2 KEMED BAF
B ORIBIZRT, S OROIMELEIEITI Z L L Lz, £7. 21 OKEHEDRAIRTH L EKREZIRD

ALEHDONRENMEDFRIE T D pH 7.4 (281 D LogD (logD7a) ZHIE L7z, T OHKEHE, 21 @ logDr4 1 4.6
L2 mWMEZIR L, —ikIZ, IEEMED S SITKEHE AR OER L2 Z M6 TR Y 3, 5t
AR L KIEM 2 8ET 2 — 2D HEL LTAT rf OB ARET LD ¥, £ T, FHIT 21 OK
N VRICERIFFAEANT L2 LIS XD EEEROKIEEA~DREZFI <52 L L Lz (Table 5), t
Vo ~EZEH LT 24 J O30 TIFARBEMEDMEI L, AKEEMEILH D FRESGE LTz, — T, EIEMN 3-5 1%

FREEWTE T 5 Z &Ny hotlz, ZODBRFFZEALEZEY IV 31 KOV T V0 32 TiE, L0 IRk
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PMETF L7228, KEEMET 24, 30 CRIFRETH Y . HIEMHIZS HIII Lz, U XY Uid, RERIC 0%
FRFEATIHEY I VRO T U EERTEWVIR7E— A MO pKupx, pKe ZH L, ZHLHOH
TIROIREMENMES 2D Z BN TN D ¥, FEHENER LT 33 13ARMA L FfOEmZR L, Zhb
DFEEDO T TR BIRWIEREMEZ /R L, £/o, RO BEFZKEEZ R LI, LALRB 5, 33 I2B8WTIEEE
TEMEDRIBZREE A R S Te, YU EOZ EMBEFIL, KB UBRAOA~T 1 f 8 A X D IEEMED

RID A Tl REEPEDOUGE & TAEME & OMNEAINEETH 5 & a7,

Table 5. SAR of 5-Heteroaryl-Type Compounds

N 7
H \
N 5 R
AMPK activation JP2 Measured
Compound R
ECso (uM)* (WM logDss4
21 /\©\ 0.010 <1 4.6
CF;
7\
24 | 0.034 7.8 3.2
X" CF,
N
o 0.042 9.6 33
30 . . .
X" CF,

AN
31 N\J\ 0.10 6.3 3.0
X CF;
N
'
32 /\E ]\ 0.098 3.8 2.8
N-">CF;

N
-~ ~N
33 | 1.1 22.8 2.1
X" CF,

2The ECso values were examined by phospho-ACC whole cell ELISA using the MDA-MB-453 cell line, and determined

in triplicate in one experiment. ® Aqueous solubility in JP2 (pH 6.8).
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HEEREGEERNEME LT V) — S, 2 LWAKEEOERO—2E LTHMLNTEY, ZRET
(2, AMEZ BT 5 2 LI KD KEMEZSET 2 FENRE SN TWND 65, 7 U — G2 ffiE1 5
FEE LTI, AR—Y =2 B AT LHEL AT OEFREZAMEBE~L BT D HENEZOND, £ T
FHT, AFERICINOOFEEZZNZNEICT D2 LK D, KEMELROEEFEE~OFELF~DH 2 &
L7z,

FT. 41K L ZODFFEROMIZ KA T DAN—Y—ZH A L7 (Table 6), T DR, E-A L7 4
VEEALZ I KO TF LY v —EE A LT 40 TIHKBEEOYEEIZ A b T, — T CEIHETDTH
(ZHES LT, ZDZ EMBERIT REAN—H—DEAIZ K DKM S & FHEEOMNIINETH 5 &

FERRATIT 72,

Table 6. SAR of Ethylene or Alkene Spacer Compounds

O
N =z
H

X R
AMPK activation JP2 Measured
Compound R
ECso (uM)* (uM)° logD7.4
=~ >N
24 I 0.034 7.8 3.2
X" CF,
N\ IN
38 0.13 <1 3.9
X" CF;,
-~ >N
40 ~ | 0.13 2.7 3.2

CF;

2The ECso values were examined by phospho-ACC whole cell ELISA using the MDA-MB-453 cell line, and determined

in triplicate in one experiment. ® Aqueous solubility in JP2 (pH 6.8).
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WIZ, KRB HR BB~ LW+ 22 L L= (Table7), (L&YW 21 ORI E o 2k L=

7 a~FhUFBEERO logh ZFRICTTHILZE Z A, IRIAESHRT 5 2 L2VRE Sz, JRIATEDY
KiZ, ZREEPKEEDO I LR AR T2 0T 2 EnNBEINTd, FHIFMMERY o —L LT,
BRI FEZTLERY DUERE L, EREFAMET 2 2 I KV e mEAL (7 y) BAELDS
72, ZOZ & bAKREMEDOUCEEICER D Z EAMIFF SN, ZOXDIC L THRFFSNTZ 49 1L, FRERNHE
EMEARESTEIH L TCLEATL OO, MFFEY | KEMEIRIEICSET D2 Z &N mhrole, £I T, 49D
KEEMEZMERF LT E £ EIEMA M ESE D720, S 6725 SAR BEREZITo72, TORER. 49 DA FNVHEE
4-TNA BT 2 =)V HALZEH LT 53 128V T RIS UNEEDRRBO b hvlc, 7= U A2 A TOREW T
oD S3IFKBMEIZZ LoTeloh, XUDAT IV EAATDS0 2GR LIcE 2 A, KEEMENKIBICSE L
Too —77C. 50 OEMEMET 21 LHE L TELZ 10 EU LN DOTHoTo/ed, TNETHLNL SAR &
o, EEHEOS LR 5M B2 BRE LIEELMZIT o7z, £7. RN B U8R 4 (L OBHELHIC K
% EEEA~DOFEZEE L (Table4: 12921), 50 D7 v FFAE R 7)Ao A F)VHEA~LEHLTZ, Ok
R B LT 51 O FEHITD TR Bm L L7z—F T, BERKEEDIRTARO bz, 511%50 L
12 L C logD74 DS RIEITHR L TWe Z &b | TRIEMHEDERDIKEEEDIKR T OER EHEH Sz, 2D &
B, EIEME LKA TN 27201203, TREMEDOE R 2 5/ NRICIN 2 5 & I FEME A ) L& 5 03
DD EBEZ BN, £ TEHFRIX, AR L7e ZmMA» EEEICE 2 220255 B L7z, Figure 13 Tik~7-
WY, PR ) U EPHET DBRO AN EEISE S 2 EDNEEEDOR LIZ0RN D Z LRI EN
TW5, FHIT, BERBEMETHL ERY DA LTREMEE 2 EATLZ LIZLY, fRe ) v
BREEANYDUEREDRO ZRANEEISTOE, o FNEEEICE o TEE LWIIEEEZ IR 1525 &R
EL. 7 b7 Fabt ) 2, TOEWERR - G LT, TORE. G LT 5713, BAFKEt: L

FOWEEEZ R L, BRET LM T 0 7 7 A M &ilile T b D TH -7,
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Table 7. SAR of Piperidine or Tetrahydropyridine-Type Compounds

X" R
AMPK activation JP2 Measured
Compound R
ECso (uM)* (uM)° logD7.4

21 0.010 <1 4.6

53 0.074 1.7 3.8

50

C ~CF,
49 /\O“ >3 >100 NT®
~N
A@\l
.
F
Nﬁ 0.14 >100 2.8
CF,
N

51 /\C ﬁ 0.095 2.6 4.2
F
=
57 /\O“v@ 0.016 > 100 32

2The ECso values were examined by phospho-ACC whole cell ELISA using the MDA-MB-453 cell line, and determined

in triplicate in one experiment. ® Aqueous solubility in JP2 (pH 6.8). NT: not tested.

NSRS BT L D SRS & EIEME~ DB L ERT 5 HIT, FbEMORLEWES MOE %« H
WCHE L72 (Figure 14), 7235, Figure 13 L [AEROBH T, LltEiETH 5 3,5-UAF ALY RUARL %

FRELIEET MEAEW 122, SO KD STIZOWTCEBOHREZIT - 7o, SMLEWORELZEMEZ i35 & |
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HIFFE Y . REFFE S OE AN LV IRZERENZL L, 500 LT, 57N 122 iV kR A—3 g v

D Z NIRRT,
o /N 0 /N
el
F
12' 50'
o /N
. F

AT

57'

2 Global minimum energy conformations were calculated using MOE (ver. 2016.0802)°.

Figure 14. €7 /L{LEW 120 (H) . 50 (58) KOST  (FBf) ORLEMEE

%, ETEME L OUKEETED B4t 72 87 1225V T, MDA-MB-453 } Y SK-BR-3 (25§32 Al Fa a5 $H 2= 4E
i L7~ (Table8), FDHEHE., 57 1% 1 & X, AMPK IEMHAVIER O B4R - 7288 77 7240 R 5l B 2 E
MAZRLUT-, 51T 57 1%, E#EA) AMPK EMHALFITH S AICAR L e . UV — N EAW 1 L RIEEDER

PEZ2 LT e AL O BE 5 2 [HE L7,

Table 8. In Vitro Activities of 57 Compared to Those of AICAR and 1

MDA-MB-453 SK-BR-3
AMPK activation

Compound growth inhibition growth inhibition

ECso (uM)* . .

ICso (LM) ICso (uM)
AICAR NT® 1700 180

1 0.89 0.39 29% inh. at 1 pM
57 0.016 0.0058 13% inh. at 3 uM

2The ECso values were examined by phospho-ACC whole cell ELISA using the MDA-MB-453 cell line, and determined

in triplicate in one experiment. ® The ICso values were determined in triplicate in one experiment. ¢ NT: not tested.
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FIUEHT AEOE LD

AREE I, HH AMPK iEHELAIOBS 2 B & L, & MILEMIE TH 5 MDA-MB-453 i\ /=7 = /
BATT A ElTolo, TORE, BEFED AMPK IGMEILA & I3 R 24 A L, H-OEEER AMPK %
PEEAITH S AICAR LIFERZR 2ZBRMETE UM EIEN 2R3 ) — MEaw 1 2G Le,

WRIT, FEEOR L2 BRI E L, U— NMUaw 1 OMEEREZIT > 7o, ZORR, FIEMED 80 fFLL Lm) I
L7cAbe 21 2 i LTe, IEPER BB 2 B2~ L R o bEaW DT 7 MGz VT MOE (2 &
DEREEMEN R EIT o1, ZTORR, TRE Y U E RGN E RO A AR LICEETH D
ZEDTRB I NI, SO 21 OKEEEFHI L & 2 A BBE pH T OKEMENZE L <KL, invivo IZ
BT DI BRDFHMMICE S 22 & DRI ST,

T, 21 OFEFEHARET D L IRTHE pH FHTIZB T 2 KEMENSE LT LG ORIt Z B & L,
SOROMELM AT T, FORE, 21 LRIFEOFEEZA L, BB pH I TOKEMEICEN D10
EW 57 R LT, 57 OFFUICEW T, Al LR e Y DU EZOMET 88 & o ZEAAEN
FICHEBETHL WO HRNOEREZG, EXY D27 F T RrbE ) Do~ BT 52 L1cky, JF
EMED R Z i/ NRIZHN R, KEMEARZR 5 2 & Btz m L SE 7, 57 13 AMPK iEMEAB/EA A i
thN, T2 ) A TA7 V== ZIC TR L 1 & LT 70 (RS0 7 MRS E R 2 7R L
Hov MELEMIaK TdH 5 SK-BR-3 ITX LT, XV B MIa@UEZ2 R LT,

—J5C 57 1%, FEWBREK OFEIEOBLEN S in vivo 12T 5 2L EORGENREETH -7z, WRETILH

T2l r B2 A T D OEMRER « Fm{biFZEic L 5. B LAY ASP4132 DAIHICOW Tk~ 5,

o 0 o
AMPK activation (MDA-MB-453) AMPK activation AMPK activation
EC,, = 0.89 uM EC,,=0.010 uM EC,, =0.016 uM
growth inhibition squbiIity (JP2; pH 6.8): <1 uM solubility (JP2): > 100 uM
MDA-MB-453: IC,, = 0.39 pM growth inhibition
SK-BR-3: 29% inhibition (1 uM) MDA-MB-453: IC, = 0.0058 uM

SK-BR-3: 13% inhibition (3 M)

Figure 15. Fi—EDE & ®
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EE BERLAY ASP4132 I TN Z D EIL &8 D AR Kk O TEHAE R

H U — NMee & T OUE

b MR IR U TR 7258 R M 2 R 3 IR ELERRY. AMPK JEMEL AN DU T in vivo (2381T 5 3B
HAORGEEED 5, BHIT, B RIC TR 3,5-DAFAE Y VU A(LH)-F U EREEDREL 12572
LHEEZA L, b FREMIRIZES VT AMPK IEMALER Z "4 {bam & LT, MRS OV T I 2R
T 21bE 581245 B L7z (Figure16), AMEAEMITHE —THIZ TR Y — Mea® 1 LEERIZ, TAT T X
BUEFTE 74 7 7 VbAWITx L. MDA-MB-453 il % FV 7= whole cell ELISA 7 v B A2 K27 =/ # A

TRV == T &ATH 2LV RS/ bEamTH %,

58

Figure 16. 1t 5% 58 DS

b5 58 D& N FLEEMIAE IR 2 HIAIE P 5 R RUE 4 AICAR & T 25 BT, O b I
ek 2 R CRETR B S PR /R 2 554 L 7= (Figure 17), Z OF5 5, EHEH) AMPK {E1{LAITH 5 AICAR 23
4 C ORRARRIZ R U CHIFEFL R 2R L7 oioxt L, 58 1T @z itk (MDA-MB-453, OCUB-M) & {E/#&

ZVERR (SK-BR-3, AU-565) MEad 4L, AR Y — FMEa® 1 213 L &9 2 — @ OFFEK & [FERICHil
BRIEIRA 2B EE I 2" 2 LA L o Te, H—EIZB W TR~ 2 & L [RERIC, BEED AMPK
TEHEACANZ R DR WS e 7 = ) B4 T AT HRMEEMERT, 2 E Tl WABEEFRE I 57

L Pa v AT 4V ACERD RN EZ R LTS EEZ BT,
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Cell Viabllity (%)

Cell Viabliity (%)

AICAR

150
100
- SK-BR-3
Lok bbbt \ Ui Uy - AU-565
-+ OCUB-M
o -0 MDA-MB-453
5 4
Log(M)
Compound 58
$
1004 == SK-BR-3
-+ AU-565
B0 eeeerrrree N eeeeeenncerecereeencrrcnnesnncnns
%= OCUB-M
0 -®= MDA-MB-453

<10 -9 -8 7 -8 5

Log (M)

*Each cell viability data point was determined in triplicate in one experiment.

Figure 17. AICAR (top) % UMLEH) 58 (bottom) DAEEL D &~ FUa ARARAR 263 2 HEFHPH F 4 H oD Hrig

LLEDOFER G 881387272 ) — RMbam e LTHaRTr 7 v A VERTHLEZ bNIZT-®D,
KPR 2 580 & B 722 23S M 7o BB A B 9~ BT, invitro (2331 D FE 4 OIEHL - FEIEPEH A 5T
i L7 (Table9), % Df5H, 58 1358 /172 AMPK IEPE(LAE M M OSBRI 58 ) 720 MR ¥ 5l PR 51 0 2 75
— 5T, BB pH AHEIZHB T 2 KEMEICZ L, B MFI 7 vy —2adickid 2Rz EEIciB VN TdaED

RUNP DD Z LD hoT,
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WIT, T DRE DRI 1E 2R D < NRETEDORRIE & 72 2/LBW D logP & R LTz, ZDfER. 58
L BRI EATIEEM TH L Z L THIS T (clogP=4.6), 58 1L, invitro (Z351F % FEEIHMEIZ I T
TR OBNEM 2R T2 2 Lonb, FEIL, 58 D EIEMZ RS IR D T &7 < IR FE P I O L 4 i

R DL, ALERMEEMORIBUZER S L& X T,

Table 9. In Vitro Profiles of Compound 58°®

Aqueous
MDA-MB-453  SK-BR-3
AMPK HLM solubility (uM)? calc.
o growth growth )
activation o CLint, vitro JP1 cLogP® most basic
ECso (M) inhibition inhibition (mL/min/kg) . K
s0 (UM)? mL/min/kg)* pKa®
ICso (UM)P ICso (UM)P
50 (UM) 50 (UM) IPITC
>100
0.0079 0.0030 >3 158 <1 4.6 5.5
<1

2 The ECso value was examined by whole cell ELISA using the MDA-MB-453 cell line, and determined in triplicate in
one experiment. ® The ICso value was determined in triplicate in one experiment. ¢ In vitro intrinsic clearance with human
liver microsomes in the presence of a NADPH-generating system. ¢ Aqueous solubility in JP1 (pH 1.2) and JP2 (pH 6.8).

¢ pKa and clogP values were calculated using ACD LogP prediction software.*”)

ZZTEEIL. IO OEE RIS LEMORILE BINE LTIc 74— ARTA T T HHET S
ZEL Lz, TATTUHEDEZDD Y — FEAEY 58 6 ORI Z Figure 18 (2787 (R4 5
A RURB I C TR O 2 B & LI LWk E: — & T, FEMIIAR S ZMia 2 M),
VEVRIZBWTI, NIMEREOREE, K ONT 0 BA~OEREI T, £, BT UUVRIZEBW
T, BEERT P UVBRAOEHIC K D /FEE O, WONI B BRI K 2 IR 4
Tole, EBIT, MRANCBUBRICEW L, BEHRAIEDOET LR B U BROBREID K 2 KPS DR,
FOBET 27 =V T I FREGONT B ERAOZER, Fiz, hRRCP VB EDRIBRICE 5 1

= ~DEWE AT -T2,
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SO T =Y T T R A O M N\\r)\
| \_NH

M O TR

@/\
'1{

1 A e b

AT B~ DR
R@\/

R: H, F, OMe

P 1 D R

| most basic amine |

e
L

Figure 18. U — F{bA4 58 72 & DA hl B

WHEITIE, FEBRICE R LIS EAR OGRSV TR~ 5,
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B T A=W ARNTAT T VR AL LIALEm OB RIE

LB 62-65 13X LL FITRT HiEZE AW TEK L7 (Scheme7), 9, Hifld 59 & 71 ZfHA L T60 & L
7otz = P A KBIRINEOSIZ TEIT L, 61 2157, RIZ, oz 6l (T L, MU =F AT I 37
TIThRIFRAF U HERSETA YT F— b E LT, 1-Boc-EXRT VU ZMMAxTY LT REE &R L
7oo TDO%, BRI FIZTBoe AREL, 62 2G5 L7z, 72, 63 KUN64 X, 62 DAL FIFL, 6112
FNURAZ BB SEZ%, TNENRIET DR VA ERT DUFEREMINT S Z LI AR LT,

BT, 651, HEMELMTIZ T 2Pk d 5 Z & THRALLT-.

71
0 WSC-HCI o] PAC o
CF. H, (1.0 kgficm?)
OH HOBt - N/\’ 3 2 N/\' CF3
@ K/N b K/N
O,N O,N HoN
59 61

(y. 84%) (y. 98%)

(" ONH
Boc/N\)

triphosgene
Et;N

0
| CFy
then HCI/EtOAC 0 N
N easVs
c K\N H

H N\) 62 (-2HCI)
(y- 70%)

N
R” \) o} 63:R= \©\)\ (y. 42%)
triphosgene CF.
Et.N o N 8
61 3 iy N o
c (\N N ~
N\) H 64:R = (y. 79%)
R

65
(y. 79%)

Scheme 7. Synthesis of 62—65
Reagents and conditions: (a) 1-{[4-(trifluoromethyl)phenylmethyl}piperazine (71), WSC-HCI, HOBt, DMF, r.t., 84%;
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(b) 10% Pd/C, H> (1.0 kgf/cm?), EtOAc, 1.t., 98%; (c) 62: triphosgene, EtsN, THF, 0 to 60°C, then zert-butyl piperazine-
1-carboxylate, r.t., then 4.0 M HCl in EtOAc, EtOAc, MeOH, r.t., 70%; 63: triphosgene, EtsN, THF, 0 to 60°C, then 1-
[(4-fluorophenyl)methyl]piperazine, r.t., 42%; 64: triphosgene, EtN, THF, 0 to 60°C, then 1-[(4-
methoxyphenyl)methyl]piperazine, r.t., 79%; (d) benzyl bromide, KoCO3, DMF, r.t., 79%.

{bLEWY 67 1XLL FITRT HEZHWNTER L7 (Scheme 8), F£7 . Scheme 7 |2 TE LI 61 Z[EEEDSS
RICTA VYT F—RE LT, 1-Boc-IREERT DU ZEA ST, Fi T, BRMESETICT Boe 221
FEL., 66 & L7, wEIC, 66 & 4-A FFXFIR_RUXT AT REZ@ETHT I JALRUSICHA L, EH TR

BT 61T AR LT,

~NH
BOC’N\ /‘
i
N

triphosgene

Q CF
CF Et,N HCI/1,4-di % :
aelsi T Ve g e,
H N N HN Q H
61

66
(y. quant.)

L
CHO
(@]

NaBH(OAc), CF,
then HCI/1,4-dioxane  —© )oL N/\'\/©/
_—
c KjLJ/W N oA
N T
67 (-2HCl)

(y. 84%)

Scheme 8. Synthesis of 67

Reagents and conditions: (a) triphosgene, EtsN, THF, 0 to 60°C, then fert-butyl 1,4-diazepane-1-carboxylate, r.t.; (b) 4.0
M HCl in 1,4-dioxane, MeOH, r.t., quant. for 2 steps; (c) 4-methoxybenzaldehyde, NaBH(OAc)s3, AcOH, CH.Cl,, r.t.,
then 4.0 M HCl in 1,4-dioxane, MeOH, r.t., 84%.

LAY 70 1XLL TSRS 5iEE2 W TAR LT (Scheme 9), #1012, il 68 % kU =F /LT I 7
Ty PIRAFATTA YT — e Licth, 4 A PRI RN ERT U EERHESE, VT,
BMERIET . = AT AEEMKGIHET D22 LT 2157z, SHIT, FFHNTZ69 & 1-Boc-TREENT V%
M LIzt BRVESME TICT Boe A2 BRE LTz, EIC, BHONIZT I L 4P T F R AF NN T
NT R REEREITCT I ALRINCA L, SR TRAZRTT70 24/ LT,
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o triphosgene

o~ Et,N _ NaOHag. _ ] OH
HoN \) H

N

69

(y. 61%)
, CF;
/\N /©/ 3
HN\ / OHC

WSC-HCI NaBH(OAC)3

CF3
(0]
HOBt HCI/1,4-dioxane  then HCI/1,4-dioxane
c e
o g,
. ey
A
N
70 (-2HCI)
(y. 70%)

Scheme 9. Synthesis of 70

Reagents and conditions: (a) triphosgene, EtsN, THF, 0 to 60°C, then 1-[(4-methoxyphenyl)methyl]piperazine, r.t.; (b)
1.0 M NaOHagq., MeOH, 60°C, 61% for 2 steps; (c) tert-butyl 1,4-diazepane-1-carboxylate, WSC-HCI, HOBt, CH,Cl,,
r.t.; (d) 4.0 M HCl in 1,4-dioxane, MeOH, r.t.; (e) 4-(trifluoromethyl)benzaldehyde, NaBH(OAc)s;, AcOH, CH2Cl, r.t.,
then 4.0 M HCl in 1,4-dioxane, MeOH, r.t., 70% for 3 steps.

L& 74, 75 3L FIORT HIEZ AW TERK LT (Scheme10), £, fiflkd 71 & 3-7 I ) ZHEM A
MaT2HZETT2 27, £, RS 71 & 47 3 BERE Boc (Ra#IK & 2 A Lioth, MMM FicT
Boc A4 REL T 73 21572, R&ZIC, BONIZEZNLNDT I % Scheme 7-9 & [FIREDRIFIZ TS Vo7
T—=hE LB 4A PFRIANVNERT VU EAERMSETY LT RIGZEMR L, SR TREAZRET 74, 75

AR LTz,
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R-CO,H HoN
WSC- HCI (0] 72: R= . 82%
T B "

73:R= HNA~A (v, 74%)

N !
~o NH fin/N
. 74: Linker = X (y. 49%)

triphosgene, Et;N

then HCI/1,4-dioxane /©/\N/\ i e
Y N CF
b S ‘\/ ¥ Linker )¢ N7 \/©/ ’ 75: Linker = /ﬁ/N 8
k/N (-2HCI) (y- 43%)
Scheme 10. Synthesis of 74 and 75

Reagents and conditions: (a) 72: 3-aminobenzoic acid, WSC-HCI, HOBt, DMF, r.t., 82%; 73: 4-[(tert-
butoxycarbonyl)amino]butanoic acid, WSC-HCI, HOBt, CH,Cl,, r.t., then 4.0 M HCI in 1,4-dioxane, MeOH r.t., 74%
for 2 steps; (b) triphosgene, EtsN, THF, 0 to 60°C, then 1-[(4-methoxyphenyl)methyl]piperazine, r.t., then 4.0 M HCI in
1,4-dioxane, MeOH, r.t., 43—49%.

& 77, 18 1 XL I RT HiEEHAWTEM L7 (Scheme11), T #]$IZ, Scheme 7 |2 TS AL7- 61
BB U A-J VIR R Boe PREEIR EHES L. BEMESE FIZ T Boc R RELTT6 2157-, ®IZ, 556
N7=76 L 4-2A X R_RUOXT AT e REEZETLT 2 ARSI L, SEETREERTCT77 28 L=, [FH

RIS, AT D707k KE 76 & Z2ETHT 2 LS4 2 & T, 18 AR LT,

0
o
N
Boc”
0 WSCHCI
CFs HOBt HCI/EtOAG
N > K/N
H,N K/N 2
2
61 76 (-2HCI)
(y. 56%)
o)
N E:HO 7:R= 7 )
aBH(OAc), Fy  (2HC) (y. 50%)
DIPEA '\(/\\/©/
N o
- =
Q)L 78: R= N \ (v. 23%)
\/ \S

Scheme 11. Synthesis of 77 and 78
Reagents and conditions: (a) 1-(fert-butoxycarbonyl)piperidine-4-carboxylic acid, WSC-HCI, HOBt, DMF, r.t.; (b) 4.0
M HCl in EtOAc, EtOAc, MeOH, r.t., 56% for 2 steps; (c) 77: 4-methoxybenzaldehyde, NaBH(OAc)3;, AcOH, DIPEA,
DMF, CHCly, r.t., then 4.0 M HCl in EtOAc, MeOH, r.t., 50%; 78: 6-methoxypyridine-3-carbaldehyde, NaBH(OAc)3,
AcOH, DIPEA, DMF, CH,Cly, r.t., 23%.
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A% 82 IFLL FITRT HEEZHWTABK L7 (Scheme12), £ F#IOIZ, ilkd 79 %, xtIsd HEadEAL
WERNTT b LT, b b2 AWT 134-4F 907 YV — VERARESE L=, WRIC, MRS
T Z AT VEEIKGEL T 80 Z15F7=, H\ T, 80 & 71 & ZHfia Licth, BEMESME T2 T Boc A BrE
L. 81 & L7, HwEIZ, 81 &£ 6-A X EY D300 LT e REERITHT X /LIS L, 1

THREEZRT8 2R LT,

(¢}
O/
Cl
(e}
(0] e} p-TsCl
N/N Ha pyridine _ Et,N _ NaOHagq. ‘ OH
N H a b c 0]
Boc” Boc-N |
79

LN
7
WSC-HCI CF
HOBt _ TFA N \/@/ 3
d " e O’ K/N

0]

“ (y. 76%)
Ns"cHo o
NaBH(OAG), 0
then p-TSOH-H,O N N \/@/CF?’
f — 0 ‘\/N
N &
_N
82 (-2TsOH)
(y. 41%)

Scheme 12. Synthesis of 82

Reagents and conditions: (a) methyl 4-(chlorocarbonyl)benzoate, pyridine, THF, 0°C to r.t.; (b) p-TsCl, EtzN, DCE, r.t.;
(c) 8.0 M NaOHagq., THF, MeOH, r.t., 65% for 3 steps; (d) 71, WSC-HCI, HOBt, CH,Cly, r.t.; (¢) TFA, CHxCly, r.t.,
76% for 2 steps; (f) 6-methoxypyridine-3-carbaldehyde, NaBH(OAc)3, AcOH, CHxCly, r.t., then p-TsOH-H>O, acetone,
r.t., 41%.

&) 86 1ZLL TRt HiEAZFWTAE L7 (Scheme13), F1°, Mk 83 & 2 VL A4-H)LAR Ik

Boc friifk & A HE Y VR b Y 7 = = VIS TMBGE L TR Y A 24 Y — VEBRARE LTk, = ATV



ZKGEL T 84 & Uiz, HiWT, o7z 84 12k L, 71 & Ofis& M U Boc FEDEREZ IR T 85 215714,

6-A FF B D3NN T e REDETHT 2 (bR, KOGER T2 T 86 28 L7,

0]

O)LO H

_N

o Boc o

HoN ~ P(OPh), NaOHaq. N

X - e O

a b N

H,oN

83

H
84
(y. 32%)
CF
HN/\’ 3
LN
71
WSCHC Q
HOBt TFA N CF3
-—— N / N/\
¢ d N ‘\/N
H
85
O ‘ (y. 26%)
Na
cHoO g
NaBH(OAc),
then "N 0
p-TsOH-H,O N
> — N CF3
e N @A““Q
N K/N
H
86 (-3TsOH)
(y. 64%)

Scheme 13. Synthesis of 86

Reagents and conditions: (a) 1-(zert-butoxycarbonyl)piperidine-4-carboxylic acid, pyridine, P(OPh);, reflux; (b) 1.0 M
NaOHag., MeOH, 55°C, 32% for 2 steps; (c) 71, WSC-HCI, HOBt, DMF, r.t.; (d) TFA, CH2Cly, r.t., 26% for 2 steps;
(e) 6-methoxypyridine-3-carbaldehyde, NaBH(OAc)3, AcOH, CH,Cly, r.t., then p-TsOH-H>O, acetone, r.t., 64%.

LA 90 1ZLL FITRT HiEEZ AV TAK L7 (Scheme 14), FFHIDIC, HlkD 87 & 71 & 2HEA LT
88 & L7k, st 248 m VEEHEREZ O TIAD v 7 ) U I ROSEAT, 89 215372, fl T, RT7 V7
Dl A BN R KRBTSRI CNE A L 7 ¢ v &85t L, BePESef: T, Boc BABRE LTz, &I,
BONETIVE 6 A XV EY VU300 T e REEBETLNT 2 ALRISICA L, S TR E2 R T

90 ARk L7,
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o 71
N WSCHCI i
~ “OoH HOBt N\W)LN e
T AT
Br NH N
87 88
(y. 73%)
o
Boc-N  )—B
o
Pd(PPh,), Q
Nt . N V@CH
b BOCNC\>_®/NH LN
89
(. 81%)
/O =
NscHo
PA(OH),/C NaBH(OAc), —Q 0
H, .0kgflem?) — HcyEtoAc  then p-TsOHH,0 N Nﬁ)LN/\ o
- - > o X
d
90 (-2TsOH)
(y. 30%)

Scheme 14. Synthesis of 90

Reagents and conditions: (a) 71, WSC-HCIl, HOBt, DMF, r.t., 73%; (b) tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-3,6-dihydropyridine-1(2H)-carboxylate, Pd(PPh3)4, Na>COs, 1,4-dioxane, H>O, 95°C, 81%; (c) 20%
Pd(OH),/C (wetted with approx. 50% water), H» (3.0 kgf/cm?), MeOH, r.t.; (d) 4.0 M HCl in EtOAc, EtOAc, r.t.; (¢) 6-
methoxypyridine-3-carbaldehyde, NaBH(OAc);3, AcOH, Et;N, CH2Cl,, r.t., then p-TsOH-H,0, acetone, r.t., 30% for 3

steps.
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FBH BRLTETA T T ILEMD AT U —= TR - B

— I, BREER m MBS0t U TBIEE B A BA L, o F OIREME AR T 25 Z L 12 K0 KB MR
WETDZENMON TN 00D 223 IEEPED @V MEAY) 58 (26 L T [AEROEIS 23 A 2 Th
5 EERT, —T LG~ OBMEEREIEOE AL, (LEW &N+ & OAROHMEIERMNER b
LR EEENESTT D, HDVE, ML IREME ORI X o THIfaBOEE MR R b D Z L IT X
D AR PEN NG T 5 72 & FEYEMEICK L TRORENAEL L Z LA VX LIZRMEE 25 9, 22 THEH
X, TREEMEOIRBUZE O TR A WET DI 2 G THD L 2 L & Lic, T, BALIZE > TS
WM OPEE LT 5 Z LI K o> TR IEZAR T S8, TREEE RES LB SE L 2 & K2 deE
THFENRESINTND D, U—FNbEWMTHD 58 ITHEEMICRFMEICEOREE A L TW2e), &
F TR DRI 2 AKENESGE T 726 5 —DODMlig L5 2 & & LT,

ETHIDOIC, EHIL 58 DIREMEAAR L 7L & & skt - G L7, Table 10 (&, EHILR MO A #i%
BHL L TALE T ON T, FIEVE - AKETEO TR R L OB O R A =<3, M) 7 rd e AT~y
DUNEAEBRE LT 62 ITNREMES R E UK T L. KBS KRIGICHEE L —J7 T, EEEHETH D AMPK iF
PEALAE R AN RIRIZINES LTz, 58 DNDARIEMEEME TH D MY 7t AF L RERE LTZ 65 bRERIZ, 5
FEMEDME T U ORI SE Lc— 5 C G 3EREREE 2 2 L 23T, £/, 58 D R HD k
U7 ga XA FNEE Ty FRITEB L2 63 128V TH, 65 LREROBMMAR b, —J T, REICA
FERUEZBEALL 64 Tk, EEMHZEZR D 2 &R <IREMEMER L. ZHICEvokistEodE s R o
Too UEDZ NG AFOMEHTEH 50 DV ED R 72 AMPK IEMALTER OMEFFICEZE TH 5 2 L 234
Mmole, £lo, NUBUR EOE#IL L LTI A M AN EFREROKEHEIZBW TR ST U 2D H

TbDTHDLZ EERHLE,
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Table 10. AMPK Activation Activity and Aqueous Solubility of 62—65 Compared to Those of 58

R@;JLHQAUJQ%

AMPK P2
Compound R A activation cLogP*
(uM)°
ECso (uM)*
e
58 CF; N\) 0.0079 <1 4.6
k¢
By
62¢ - (\N >3 >100 2.4
HN
e
65 H N\) 0.027 12 3.7
k¢
e
63 F N\) 0.022 3.1 3.8
k¢
N
64 OMe (\ 0.0047 6.0 4.0

H{Z
.

2The ECso values were examined by whole cell ELISA using the MDA-MB-453 cell line, and determined in triplicate in
one experiment. ® Aqueous solubility in JP2 (pH 6.8). ¢ clogP values were calculated using ACD LogP prediction

software.> ¢ Dihydrochloride.

W TS 64 125 L RIS 2 iETH 3 2 2 &2 K 2 KB MESGE N RIS DUV TR L 72, Table 11 (2,
A, B KU C E & 24 LT AL G ORIl KA~ T, MFE TH LD E~T VA0 A EICIEx PRt
ETHOLREERT VU ZEALT 6713, 64 L L TIHAMRFAETH DI HED LT, Ko
BRDHNT, CHITHREERT DU EEA LT 70 128V T H RBEOMEF RO vz, —J T, AMPK i&
PEALERIZ OV TR, 64 L HIE L THTILOLEMITEN TS 10 fFREOREN R 6, 72, B#E%

KIFRZ2 /X T B O IERIIR e A Z EHL L LTz 74 IZB W CIIKIEEOUEEIT R 6T, 64 & ik L CEIEM
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N5 EREEEES Lz, EDI2, BEHOEERE 7V E Uiz 75 TIXRHFrEE O & HITHREME B K
WL AKEMEEORIEICH B Le, —5 T, 64 &Ml U CEEMEIE 100 fFRREERES T 25 2 L v mioTz,

U EOFRERE D ACEDOREERFEEZIET 2 2 LI 20 HiFRE D KEENSET 2 2 L2 R LT,
— 7T, ARFEL, AMIREOFERIZBOCIEIENE S OMNDARNETH D 2 LR nnole, FEFIL Z
ZETORRNS 64 2 FEIAEWE L TRRL, KRLBETHDLE MFI 7 vy —AHfZBT 5%

EMUEEZ R E LIS bR b aREMAZFERT 52 & & Lz,

Table 11. AMPK Activation Activity and Aqueous Solubility of 67—75 Compared to Those of 64

B JOL C
A O b T CFs
Tl
AMPK
Compound A B C activation P2 . cLogP*
ECso (uM)? (kM)
64 %{@ > \(@A K\U\; 0.0047 6.0 4.0
; //\N}‘ﬂ f';\N/\
67 %N\_) \(@A b"‘\; 0.046 98 4.1
709 s{@ > \(@A ;\GN—% 0.042 15 4.0
749 %{@ > /\©/\ K\U\; 0.022 45 3.8
750 (\N}H A~ ;\N/\ 0.58 >100 3.3

H{Z
L
.

Vi

2The ECso values were examined by whole cell ELISA using the MDA-MB-453 cell line, and determined in triplicate in
one experiment. ® Aqueous solubility in JP2 (pH 6.8). ¢ clogP values were calculated using ACD LogP prediction

software.> 4 Dihydrochloride.
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—fRIZ, 7 v Y =iz 2R EMIE, IEETEZ AR 5 2 L 1T & o TKEME & kR eE 3
L2 EBMENTNDG 9, ZOFELITHNS, ALEMDOEEMEZIERT 5 Z LIk > TREFZEMEZ SET
B FENHE SN TN D 9, Pierson HITAREIZBWN T, HEMEAZH KT 2 Z L2 L FiEfhricBun Ty
FOTa b x—a VIRAREE R | A A ABITHE D DR Z EEOUEERICH G T 5 2 L 2128
LTV,

FIWIOIC, (LG 64 Dt MIFR 7 1 Y — AP EIT HRELENM & TG L7z AE 5, U — NMEAw 58 &
PR L CEN A O NRWZ L3537 -7 (Table 12), — 5T, 58 & 64 DML L L& 2 A, bE
Y 64 OFMEROIEEMEZ R Lc, PLEORER LV EFH T, AFERITR W THF2RONEENME 2 Bl 2K
TEELET T, RBLEESECT 2 e L TR Th D EEX T, T2 TEEIL, AREOME
WAIZAT, &9 — 2D Th bW OEEM LRI L FELTRAALL L& LT,

A L72EA T OV T most basic pKa fEZFHE L7ZfER, LT Vv h—%7T I R~ BT D LI
KO HEFEMEDN RIEIZHE R T2 Z AR E NIz, T2 CTEHEHIX, 641 Ly LTIV 7 I REfAAA
PALEW 1T G LT, ZOFER, 771264 LHELL T MFI 7 v Y — A B T 2 RELEMENKE L
U Lz, — 5T, 77 OKREMIL 64 LB L TIK T L7z, 77 @ clogP fE72S 64 L B L THER L T2 2 &
Mo FEFITIIREIEDOHERKDPIKEMR TORR TH D B X T2, 22T, {bEW 77 OIREMERREZ B/ &
L. EHANCBUBRADONT 0 i OB AZRABTRER, Y MICERRFA2EA LT 718 IZBW TR E
EELOIFR 7 v Y — 5B 2R EME 2R 5 & I, KBEHEOBENRD bz, U EDORER
F0. U—=FtEY 58 DBETH o 7oKL O EM 2 UeE L, EiEMETH 5 AMPK iEMALE %

RFFLTALEM 18 2 AT Z LR T&E T,
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Table 12. AMPK Activation Activity, Aqueous Solubility and Metabolic Stability of 77 and 78 Compared to Those of

58 and 64
AMPK HLM P2 Calculated
Compound X Y R activation CLint, vitro (M) most basic cLogP!
ECso (UM)? (mL/min/kg)P ! pKa¢
58 N CH CF; 0.0079 158 <1 5.5 4.6
64 N CH OMe 0.0047 185 6.0 6.1 4.0
77¢ CH CH OMe 0.011 39¢ <1 9.0 4.9
78 CH N OMe 0.012 77 4.6 7.8 3.6

2The ECso values were examined by whole cell ELISA using the MDA-MB-453 cell line, and determined in triplicate in
one experiment. ° In vitro intrinsic clearance with human liver microsomes in the presence of a NADPH-generating
system. ¢ Aqueous solubility in JP2 (pH 6.8). ¢ cLogP and pKa values were calculated using ACD LogP prediction

software.>® ¢ Dihydrochloride. f Substrate concentration < 0.2 uM.

Invitro ([ZFWT, B0EME « KEME - B MNFI 70 Y — 2B T 2EHEZEMNED T AR BRI 7AW
78 ZHUF L7720, W T T8 D invivo IZBITHT 0774 V7 a#dD 2 & & Uiz, BRHEBRICHIT T
bt M OIEYIREAE TRITHITL720 . —fRIZT v bOA X - PR EOEMICIIT D PK BT — % 3
Whbhb, TZTEEIT, ALAH 18 DT v h O PK RBE EMi L7 (Table 13), ZTOfEE, L& 78
DEHE7 VT T A (Cly 137 v bOFMFE (552 mL/min/kg®) &Mz CIHEFICREL, £/, £
FIFIAE (F) b 10%REICEED Z LB oholz, 2O E1E, LB 78 3 invive IZEB W TR ORI MELZ
Z L, £z, RN LHNICHETHZ AR L TWe, DLEORER KLY | BRI TRE 2 b E M D

BUAFIZIET . in vivo ([ZBIT DY ENRE T 0 7 7 A VOUGENHIT-/EE LTEELE, —FH T, 78 1% in
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Vitro \ICBWCEHR 70 7 7 A VERT 0O, ZIWEHERF L T2 BT invivo FYEHRE O % 3 5 M3
NHDHEEZ BN, REITIX, FroioA CE ORI M T 72 B0 LA O OFE R B H L 7=BIR s

Y) ASP4132 DXFE T 0 7 7 A U o THERIZOW TR 5,

Table 13. Pharmacokinetic Properties of 78 in SD Rats

1.v. (1 mg/kg) p.-o. (1 mg/kg)
AUCoap? ti2 Vs CLitot AUCoap? Crnax tmax F
(ng-h/mL) (h) (L/kg) (mL/min/kg) (ng-h/mL) (ng/mL) (h) (%)
123 3.5 50.9 137 13.3 1.9 0.5 11

2 Area under the plasma concentration versus time curve from time zero to 24 h after dosing.
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RS In vivo EYENEE DL EE & ASP4132 (90)DFE L K ONE YR A TAh el 5

RIS THTZICA B 72 > TALEW T8 D in vivo FEMTNRET v 7 7 A VOB Z UWET L2470 | F

THIDIT, ALEW 18 1Tk L TT v MTFMREZ N invitro FREITRR 2 FhE LT, £ OREER, (L& 78 D
T=U UMY X REENRE L TEC LHERI SN DB R S vz, —Mic, BRIl IAENZE
Fih 72 EOLEINTIBIZ BT CYP IZAAR SN OBERFEIC L B LA S TR T %5, — T,
TRATNART I FLA BT HEEMICB VTR, 2 bl ORI 2 TR AFET 5 =27
T —BIZ L DMAKRSRRHEZ T D2 BN TND O, FEHIL, 7 v MBI LEYW 718 Ofd T
EReH 7 V77 A (Cliw) OERNCT =V T I FEGOIKRSAGHBTE LT D ERE L, in
vivo (ZH1T 2 FMENRELGE D 7250 FE S DMK R 2 Bk Db amafEt 5 L & Lz, 73
R & OFRHIHIBIR O RNREL, 2 5%MEIE D W) FHIFAGK (bioisostere) ~DZEHIZ LV R LGS Z & 03
HBENTND D, BEHIZINODERICHESE 18O T7 =V U7 I Fitd % 5 BElRA~T 0 5EFRA~ L L
THIEE LT, ARLIALEMTONT, EEE - KEMELEOE MNFI 7 0y — Aoz ErE (0 :
B2 728 T & DMK RN D2 L EM 2T 25 & D TidZe <. EITREICKITS CYP FiICk D
LA Z TN 2%, LW 78 LRI THLZ LA HEEL LTo) OFMEFER. & OICHRVEME K O M
(most basic pKa) DFH A % Table 14 (2777,

FPTALEW I8 DT =V MET I REAE 134-FF VT S — LB EHLT 82 A LT, D
FEH. 821X AMPK IEMEALAERICIN T 78 L 0 00BRUEME 2R LT — 7 ©, AKBEMEME T L7z, iz, 7
=V T R REEREA I LY —ABRE L, TRARUPUVREMBR LNV Y A I H YUK 86 AR L
Too LML D 86 1TV TILEIEMOHES & HLITAKEMEDIK T RRD HiLiz, —FH T, 86 DXV A 2
B — DI & % R LTAE B 90 1236\ T 78 L [F% D AMPK IEPEAL/ER OKIEEL O e FIFR 710y —
LHNZBIT R EEEDNRBO b, LLEORER LY | 718 ORISR in vitro 70 7 7 A VOLRFFIZINZ

UHOHETH LT =V M7 I FEGZERE L7 bEmE LT 90 ZAIHT 5 2 LN T&E T,
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Table 14. AMPK Activation Activity, Aqueous Solubility and Metabolic Stability of 82, 86 and 90 Compared to Those

of 78
(0]
&'{J\N/\ CF3
Structure K/N
oAb
| most basic amine |
AMPK P2 HLM Calculated
Compound Structure activation (uMY" CLint, vitro most basic  cLogP*
ECso (uM) . (mL/min/kg)® pKa®
O
78 \/lLN 0.012f 4.6 77 7.8 3.6
H
82¢ O 0.0045° <1 NT" 8.3 3.9
— 1
N-
N
86¢ §—</N | 0.091° <1 NT" 8.3 3.8
H

N
\j/\ 0.018¢
90¢ N\ _NH 5.6 61 8.3 3.5
(0.0056-0.056)

@ Aqueous solubility in JP2 (pH 6.8). ® In vitro intrinsic clearance with human liver microsomes in the presence of a

NADPH-generating system. ¢ pKa and clogP values were calculated using ACD LogP prediction software.> ¢ Ditosylate.
¢ Tritosylate. f The ECso values were examined by whole cell ELISA using the MDA-MB-453 cell line, and determined
in triplicate in one experiment. &€ The geometric mean of the ECso value from 3 independent experiments was examined
by whole cell ELISA using the MDA-MB-453 cell line, and shown along with the 95% confidence interval. » NT: not
tested.

WIZ. 90 D in vivo (BT HIRNEIREZ LT 2 HAY T, 78 L REEICT v & W= PK iR & 30 L /-
(Table15), ZDO#EHR., B L7-@Y . (bAEMIODEH 7 VT T A (Cl) 1278 LH L TRE KT
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L7, 61T, AEaRIiR (F) 2oV THGRERENBO N, LEORRKRLY, 7=V %7 I K

FEA & WP EMIR~E BT 2 2 L2 X0 | invitro ICBW TR R T a7 7 A V&R L, B2 invivo 12

B SENEREICESNTENTZ T 07 7 A VEFTo0EW 90 2 T Z N TET,

Table 15. Pharmacokinetic Properties of 90 in SD Rats Compared to Those of 78

i.v. (1 mg/kg) p.-o. (1 mg/kg)
AUC4p° ti2 Vs CLiot AUC41° Crnax tmax F
(ng-h/mL) (h) (L/kg) (mL/min/kg) (ng-h/mL) (ng/mL) (h) (%)
90? 887 3.6 4.6 19 705 72 1.7 80
78 123 3.5 50.9 137 13.3 1.9 0.5 11

2 Ditosylate. ® Area under the plasma concentration versus time curve from time zero to 24 h after dosing.

T, AEEAEW 90 I2OWT E BIZEEMZR invitro 70 7 7 A V&35 LT-, EIEM:TH 5 AMPK %

PEACAE A R OSBRSS KREEYE « & MIFX 7 1 Y — A2 36T 2 G2 e M o0 FAth s R 2

Table 16 (29, b MILEMIEK Tdh 5 MDA-MB-453 & U SK-BR-3 (2] L CTO{LE¥ 90 DA fnEEfiEpH = /E

HZFHIi L7z & 2 A, MDA-MB-453 fifaicxt LTk Y — RMbA4) 58 Lk U CTIEHAZ RE 2D 2 &7

<HEHEZPHEE Lz, — 57 C. SK-BR-3 (25 LClL 58 & FkRICH D CTHWEELEEHZRL, Zb —#

DILEWVFEORE TH 28 ED b ML MISHRIEIRA R B 2 R L TV D 2 L v oz,

F7-. YHEIZES L Tl Table 14 (2 TR L7ZH Y |

15E pH AT IC 1T KSR & DRRERFE L2 Z LI

Mz, & FEHERE S D —D>Th D4 U a— ViR TIN LTSRIZE W TEE KO U= ? B S vz,

EHIZ, b —OOREThHo-t MFI 7 v Yy —2afizBir 518

WY, U— Mea S8 L L TlEN b,
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Table 16. AMPK Activation Activity, Antiproliferative Activity, Aqueous Solubility and Metabolic Stability of 90

Compared to Those of 58
AMPK MDA-MB-453 SK-BR-3 Aqueous HLM
Compound activation growth inhibition  growth inhibition solubility (uM)? CLint, vitro
ECso (uM) ICso0 (UM) ICso (uM) JP1/IP2/JP2+TC (mL/min/kg)®
58 0.0079¢ 0.00304 > 3d >100/<1/<1 158
0.018f 0.014f
90° > 3f >100/5.6/> 100 61

(0.0056-0.056)  (0.0084-0.022)

@ Aqueous solubility in JP1 (pH 1.2) and JP2 (pH 6.8). ® In vitro intrinsic clearance with human liver microsomes in the
presence of a NADPH-generating system. ¢ The ECso values were examined by ELISA assay using the MDA-MB-453
cell line, and determined in triplicate in one experiment. ¢ The ICso values were determined in triplicate in one experiment.
¢Ditosylate. f The geometric mean of the ECs value from 3 independent experiments was examined by whole cell ELISA
using the MDA-MB-453 cell line, and shown along with the 95% confidence interval. The geometric mean of the ICsg

values from 3 independent experiments are also shown along with the 95% confidence interval.

RBIZ LB 90 D invivo (21T D HUBGEM 23t L7z, -l 212472V MDA-MB-453 i 2 55
L7zX— Rv U 2%&Ef L, (L& 90 2 —H —[ul, O#&EI2T0.5, 1, 2, 4, 8mgkg DFE-&ET 20 HH
ARG LTz, SR 2 ~N— 2 & U= FUBESHE A N SR O R B OB ERE 4 Figure 19, 20 &1
Table 17 (27”7,

FEMOFER, 90 1% 1 mg/kg O D O EEHEAMINEIER 2~ Lz, £72. 2 mgkg DHEITIHUWT 26%/E
BHBAEER Z R L, 8 mgkg O EITIWTIE 96%IEFRHMEIEH 27~ L7= (Figure 19, Table 17) , Mx T,
ETORGEFIZEW TERGHRTICRT 2RE~OZBIIA NS (LEMRGIZ X 5 EE R
5

Rohenro7z (Figure 20) , DL EOFERNG | FEFHIMLEW 90 ZBIRLEY ASP4132 & L TEIR L7-,
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S 4004
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g 3004
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S 200-
1
SR C-otE SRR . WY T — N
£ 100- s e
= koK
0 ' l l KRR
0 7 14 21
Day
- Vehicle 48 Compound 90 2 mg/kg

-’- Compound 90 4 mg/kg
9 Compound 90 8 mg/kg

<O Compound 90 0.5 mg/kg
SV Compound 90 1 mg/kg

2 Mice were treated with 90 from Days 0 to 19. Each point represents the mean = SEM (N = 5). Statistical analysis was

performed on the values obtained on Day 20. ***P < (0.001 compared to the value obtained in the vehicle-treated group

on Day 20 (Dunnett’s multiple comparisons test).

Figure 19. MDA-MB-453 8 X — K~ U 27 /W BT 5166 90 DHUEEZR

Table 17. Antitumor Growth Inhibition and Regression Rate in an MDA-MB-453 Xenograft Mouse Model?

Dose Inhibition of Tumor

Compound )
(mg/kg) tumor growth (%) Regression (%)

0.5 <0 -

1 29 -

90° 2 > 100 26

4 > 100 87

8 > 100 96

4 Mice were orally treated with 90 once daily from Day 0 to Day 19. The percent inhibition of tumor growth and the

percent of tumor regression on Day 20 were calculated using the mean tumor volume in each group (N = 5). ® Ditosylate.

¢ not applicable.
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Body weight (g)
7

101
5-
0 T T !
0 7 14 21
Day
<\ Vehicle 4 Compound 90 2 mg/kg
Compound 90 0.5 mg/k Compound 90 4 mg/k;
p grkg p grkg
Compound 90 1 mg/k Compound 90 8 mg/k
p g/Kg p g/Kg

2 Mice were treated with 90 from Days 0 to 19. Each point represents the mean = SEM (N = 5). Statistical analysis was
performed on the values obtained on Day 20 (Dunnett’s multiple comparisons test). The body weight in 2 and 4 mg/kg-
treated groups was significantly greater than that in the vehicle-treated group (P < 0.05 and P < 0.01, respectively).

Figure 20. MDA-MB-453 i X — K~ 7 2 &7 /U BIT HbA8 90 O KAEHE G WM FIC 1 2 K EHER »
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FHEH AEOE LD

ARETIL, BH—ETHONIALEWRE L TR R OMEEZ A L, HORERO MR P 2 LT HE 5 L 1
Zord &I invive IZB T 2 EKEHE AT RE 7 b A ORI Z B L L2 GBI EZ T > 72, 7 AT 7 AHK
ICEWMZ7 A7 7 Vbbb, H—8ICOR LCHEE & RkOMIaER LA L, HoMEoRE <&
2 5fba 58 o/ — Meam e UL TRIRL, KEHEAOE MF 7 1y —2afizkid 27 ErE
DEE HRYE U, 58 OWEEM 21T o 7, HEME R R OV F OEFEICE R L Tba R %
AT TGS, 58 Ll U CRIFDO BIEEAZ AT 5 & ITHREOKEMEEZ A L, AL ErEnm L Lz
&M 78 Z2 U Lz, HiTL invivo (IZRT 2 MBE 7 1 7 7 A )L ORHiiZ BRYE L72 T v b PK iRz
FEhi L7z & Z A, 18 1TMIEF 2 HHLNTIHR L, BARINES RRTHD Z L3 yinol,

7 v MiF#ilaz iz 78 OREIRBOFRERN D ALEOHFEEDO—> L LTT =V T I R
BONMKDIRRBHN TR ENTZ, £ 2T, 7=V T I FIEA OEM RS Mk ~DZE a2 A T il 5
78 L[AISED FIEME - KM - PR 7 v Y — AR AR EN AR T L 3ET, T v b PKERBRICEB VT
BAFIRRNEIRE Y 1 7 7 A VR LB 90 & WL LTz, B2, (LA 90 O invivo |Z351F 2 HilEEFE A
Rl L7z, ZORR, HE~Y U ZAET TN T, —H R 2mgkg O F 50 HARERED 72  JEEIE
MEFE L2 b, EEIL. 90 ZBIR(LAY ASP4132 & L CEIR L7, RETIE, 5 HfRBRR Al

&

b & LT, ASP4132 D% S bIZdiE LIAL B ORIHIZ B 2 MG MARBINIIEIC SV Tk < D,

RoUS

AMPK activation (MDA-MB-453)  solubility (JP2; pH 6.8): <1 uM
EC,, = 0.0079 uM HLM CL, 1 158 mL/min/kg

AT O = A0

AMPK activation Rat PK
EC,, = 0.012 uM CL,,: 137 mL/min/kg

int, vitro®
growth inhibition calc. pKa: 5.5
MDA-MB-453: IC,, = 0.0030 uM  clogP: 4.6

SK-BR-3: IC,, > 3 uM

solubility (JP2): 4.6 uM

F: 11 %

HLM CL, 1 77 mL/min/kg

int, vitro®
calc. pKa: 7.8
clogP: 3.6

AMPK activation
EC,, = 0.018 uM

growth inhibition
MDA-MB-453: IC,, = 0.014 pM

SK-BR-3: IC,, > 3 uM

—0
0}
NT N CF,
—> o NN ’
NQ_O/N H ‘\/N anti-tumor efficacy

2 mg/kg: 26% tumor regression

solubility (JP2): 5.6 uM
HLM CL, 1 61 mL/min/kg

int, vitro
calc. pKa: 8.3
clogP: 3.5

Rat PK
CL, .: 19 mL/min/kg

tot”

. 9RY i F: 80 %
ASP4132 (90) 8 mg/kg: 96% tumor regression °

Figure21. 3 " EOF L ®
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BEE FHARBERBREMMLAEME LTO—T VY VI —FEEOE K O S MEHE

H U — NMee & T OUE

BT, FREDO B MELEMIREK ISR U TR ) 22 AMPK IR M EAER I NS AR E AR EER 2~ L, in
vivo ([ZEW TR A BB ER 2 kB &9 ASP4132 (90)D A H 2 [T 72 B D LA DUV Tk 7=,
ASP4132 [ZRAFRIEH T 0 7 7 A MTINA T MFI 7 vy —2fickld 22 EticEn, 7 F& M
WTCHRHI L 72 in vivo IZ3B1T 2 8WERE 7 0 7 7 A Vb BIFTh o7, —J7T, IHE pH (ITIZ BT 5Kk
A LIEEAT. WEORMMH D EEX LN, —KIZ, HEEWNIZET DKEWEDR AR +5370 2 L ITE
L LB HEIEEN T 2 &L IEE D DAL a2 TR SN2 < 72 D Z LM BTN D 32,
2D XD TSR EZ AT 268 T BRRRBRIZ RN T 1) BB EIDS CTe b &I G T B,
EHWEM 2RI T DI ERRE £ TIUEM A REET 2 2 LN TERW.2) LEMDRBEN IR D Z
Ko TTHEDEYRE A ENCEEZ BT 5, REDVAINELSRDLLEBZALND,

F72. ASP4132 [THFEE D hERG F v R/VIHLETEME 2R T Z L 03> 72 (123 ; Table 19), —fi%IZ,
hERG F ¥ XL ZMET 2 2 £12 ko TLEMIMHE/SBOEIEIZME S QT MROMER NI X Z S, A4
NRSCZEIRIE 7R E DTRA 72 @M Z2 £ U5 2 Z LM 6TV D T2 AERIEIRRIREABRIC T 2@t 2 712
ORNDLAREMEDR DD LB Z b,

bz bt FEEITHE MRBEREM LAY E LT ASP4132 & [HZELL LD in vitro O in vivo 7’11
Ty ANER L, B ASP4132 & ik U CHRE pH (HUTIC 35 1) D 7KENE & OV hERG T v R VB ETEME S B e
W LAk EmoRIHE Bfe T 2 & & L,

JT4. Ritchie HIE, (LEWTF OFEFREN 3 B LG OREKRBREDLEPERNZ L2 W/E L, £D
EHRDO—>L T, 3 FHNOEFREPENT 5 2 & TKREBEMENRERDND Z L 2R XTND ¥, KEfEDF
EIZEKNIT ASPA132 13 4 SDDOFHHFBRAZAT D LD, FHIL, HERRBZHUC S Z &K 2RI
WET DM LD & B AT, ZTE TOMIEEMMBINIIEN G | £ O PV AMPK IEHALAERI S
BUCHHETHDLZ LR oTNDHT2H, ASPAR2 AT 2 ZRIENT B /R TH LY A I XY —)L

FHBICRT 2B 2, B 2B THRONTLAEM 77 125 B L7z (Figure 22),
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e Q)LN (N
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77
Figure 22. {54 77 O

B REIZBWTIR, invivo ICBIT 2EWERR T 0 T 7 A NV EAYGET D720, MUK RAEIT X 2B
EEINTZT =V T X B EZEMFNEMATH LI ~T n HERA~NEER L L2l ~7z, Lol
N5, B AR E ORI W TIKEEEOBLE NS | FHEEROBAHEST Z &< T =
UMY X NG 2 RS 2 RIS S BB & B 2 T,

Flo. b I —OOMETH D hERG F v F/VHEEM ORI SW T, AMEHZ A4 2baM DR &
U C— AR R O W IRIETE 2 592 2 EMETF LD Z &0 D (b ; Figure 24) | ARG D
PATITHEINME R ONRIAME 2 R & LT A RUBBR S AR Ch D & B 2 7,

EXT. IO OBEE I LG DEEMAIN A BN E L7+ — WA RTA T T VIBEDOTD, 771 &
U— AW e LB EZITY 2 & L Lz, ZOWK% Figure 23 (7 GEMIZASES “Hi422 1),
T=U T R REMICE T, =T U U=~ BT 5 2 LI L HFRRE A IS S Z L7
KEETE D EEB R, —FH T, ZOX ) REBITHEOIREIEOE R TR S L, KEED S 572 5 HEN
BasShicicd, TRRUBVREAV VD UVERANEEBRTL L 2B R, TOLT, BBLEZEY VU
FoBEBIEE#ELETITO L L Uiz, WA VRICBWTIE, NI MEREORKEL, KONT 2R
~DOEWEAT Tz, o, BB A2 AT 58T DUATBW TR, 4 (LIZEFRGIEEZEAT

% Z IS K0 IO 2R A T,
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R: Me, OMe, OEt

| RPAIS:- SN/

AT 0 B~ DA

I
MO =T H OB, BRI

SCAI NN He AN G ¢

R H, Me

= 77

most basic amine

CFs
O

Figure 23. U — LAY 77 526 DA Rl

WHEITIE, FEBRICE R LIS EAR OGRSV TR~ 5,
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B T A=W ARNTAT T VR AL LIALEm OB RIE

(LB 95 1IZLL TR HIEZHWTAERK L7 (Scheme 15), F DI, HilkD 91 2, 4-A FF
Unrual) REAWTT VXL LTk, BEMSH T, = AT VEE KL T2 & Lz, /-, il
D93 % T1 EHEE L. 94 & Lz, %\ T 92 % DMF filfii v, — e A U Vic CletE b & LT 94 &

JE ST AR, B TRAR T IS 26 LT,

0
0 \©\/0| 0
o~ > >

91 92
(y. 63%)
CF
HNT™Y 8
LN
71
o WSCHCI o}
HOBt F
/N ‘ OH Ol /ENJ)LN/\ \/©/C 3
e N
HoNT X HoNT K/
93 94
(y. 79%)
(COCl),, DMF o
then 94, pyridine N CF
then HCI/1,4-dioxane o /O)LN/\ \/©/ ’
d 0 NN ‘\/N
N H
95 (-3HCI)
(y. 40%)

Scheme 15. Synthesis of 95

Reagents and conditions: (a) 4-methoxybenzyl chloride, DMF, r.t.; (b) 4.0 M NaOHag., THF, EtOH, r.t., 63% for 2 steps;
(c) 71, WSC-HCIl, HOBt, DMF, r.t., 79%:; (d) 92, (COCl)2, DMF, CH2Cl», 0°C to r.t., then 94, pyridine, CH>Cl,, 0°C to
r.t., then 4.0 M HCl in 1,4-dioxane, MeOH, r.t., 40%.

L&Y 102-107 (XL FIrRT HiEEZ HW AR L7- (Scheme 16), F 31D, HRD 96 2= A7 /L1l
L=t BXU U4 A % ) —)b Boc PREIR & ONIER S ZATVY, T AT V&2 DK 43 fiE L C @ A 98
E LTz, BRNT, Bon bl Rk 98 EHIRONR UL NT U UEEERTL L AES LR, RS

TIZTBoc FEZBREL, 99 & L7z, SHIZ, 6N T I 99 EZNENRICT LT VT b RE &E T
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7 2 ACBOSICA U=, R TRAZR TR Y 74 m A F UK 102, 103 A Lz, £7-. d@dik o8
& 1-Cbz- BT U & i L, KBWIMRIZ T Coz 2 BRE LItk ZhEhxtihd 27 V7 e REH
WTETHT X JAEBUSZATV, BEMESME T Boc A4 FREL T 100, 101 & L7z, &EZIZ, ot ®
NOT Iz VT 102, 103 ERBRICETHNT 2 MERISEIT > 7tk ERTRAZR T ik 104 H 5

WIET T R 105-107 AR LT,

O/\OH
N
Boc” (0]

(0] conc. H,SO, (0] N
Ny, MeoH N o DEAD, PPh; NaOHag. _ 7 o
. ‘ a S ‘ b c (@] X
HO HO N
96 97 Boc 98
(y. 76%) (y. 99%)

71

WSC-HCI (0]
HOBt N

CF
then HCI/1,4-dioxane z N/\’ \/@/ 3
% d o | LN
R4
0 o
K/N OHC

“Cbz

O
WSC-HCI Pd/C , NaBH(OAcl:)3 N Ry
o HOBt _H,(1.0kgflm?)  then HCI/1,4-dioxane 2N \/©/
d o0 X ‘\/N
HN
100: R, = Cl (y. 33%)

101: R, = CN (y. 33%)

compound X R, R,
Ar-CHO
NaBH(OAc), 102030C)  cH ome  CF,
then - )
HCI/1 4-dioxane o 103 (-2TsOH)
CF
or (y. 53%) N OMe 3
p-TSOH-H,0 N N Ri
- i - 104 (-2TsOH
99, 100, 101 > R, k/N\/©/ I 7(2%) ) N oMe «

e N O/\o N
X__A__N 105 (2TsOH) oMe N

0,
102 - 107 (y. 66%)
106 (-4HCl)
. 36%) N Me CN
107 (-2TsOH)
o 50%) N OEt CN

Scheme 16. Synthesis of 102-107
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Reagents and conditions: (a) conc. H2SO4, MeOH, 85°C, 76%; (b) tert-butyl 4-(hydroxymethyl)piperidine-1-carboxylate,
2.2 M DEAD in toluene, PPhs, THF, 0°C to r.t.; (c) 1.0 M NaOHag., THF, MeOH, 60°C, 99% for 2 steps; (d) 99: 71,
WSC-HCI, HOBt, CH,Cl,, r.t., then 4.0 M HCI in 1,4-dioxane, MeOH, r.t., 88%; 100, 101: benzyl piperazine-1-
carboxylate, WSC-HCI, HOBt, CH>Cl,, r.t., then 10% Pd/C (wetted with approx. 50% water), H, (1.0 kgf/cm?), EtOH,
r.t., then ArCHO, NaBH(OAc)3, AcOH, CH,Cly, r.t., then 4.0 M HCl in 1,4-dioxane, MeOH, r.t., 33%; (e) 103, 104, 105,
107: ArCHO, NaBH(OAc)s;, AcOH, CH)Cl,, r.t., then p-TsOH-H,O, acetone, r.t., 53—72%; 102, 106: ArCHO,
NaBH(OAc)3, AcOH, CH,Cly, r.t., then 4.0 M HCl in 1,4-dioxane, MeOH, r.t., 38—51%.

bEW 112-114 1 ZLL N IR T HEEZ AW TER L2 (Scheme 17), #1012, HELALEW TH 5 108%)
DAFNT—=FT NERZEALT VI =7 DT THAF /AL T 109 & Lotz B XY 2 4-2 %/ —)L Boc Ik
FEIR O TCHRIE SR 21T, SRS FIZ T AT VA K3 L C 110 24537, Hiv T 110 & 126
(B Akik(T Scheme 19 (TR & S L. BRVESRME T, Boc k& FRZs L CHa@PRIA 111 & L7, KIZ,
@ AR 111 & 124 (BT Scheme 19 (ZFCHD) & 23807 I /AUBUSITAT L7ctk, &R TR AR T
12 6 L, £, E@EPmE ik L, 132 5503133 (Wb, AAiAiT Scheme 19 [ZFEHEL)

ZHAWTT VXSGR Z 1TV, FNEIER TRZ/RT 113 KON 114 &8/ LT,
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Boc’N 0o

o) N
N _ AC, o DEAD, PPh, NaOHag. O OH
= (] —> > > .
\ b c O/\o
~N NS
o] N
Boc”
108 109 110
(y. 80%) (y. 69%)

CN
IV
LN
126 (-2HCI) %
WSC-HCI
N CN
HOBt, Et,N HCI/1,4-dioxane d'«\ \/©/
y R o NS K/N
HN

111
(y. quant.)
~© = |
NS"crHo
124 0
NaBH(OAc),

N CN
then p-TsOH-H,O & NN \/@/ 112 (-2TsOH)
11 >
f O LN (v. 56%)

273 N CN
» then pTSOHH,0 “ N \/©/ 113 (:2TsOH)
; Oo_ N x K/N (y. 59%)

133 O

DIPEA CN
then succinic acid LILN/\ \/©/ 114 (succinate)
1M1 : \[ LO/\ K/N (v. 74%)

Scheme 17. Synthesis of 112-114

Reagents and conditions: (a) AlCl3, CH,Cly, reflux, 80%; (b) tert-butyl 4-(hydroxymethyl)piperidine-1-carboxylate, 2.2
M DEAD in toluene, PPh3, THF, 0°C tor.t.; (¢c) 1.0 M NaOHagq., THF, MeOH, 60°C, 69% for 2 steps; (d) 126, WSC-HCI,
HOBY, Et3N, CH2Cly, 1.t.; (e) 4.0 M HCl in 1,4-dioxane, MeOH, r.t., quant. for 2 steps; (f) 112: 124, NaBH(OAc)3, AcOH,
CH:Cl,, r.t., then p-TsOH-H-O, acetone, r.t., 56%; 113: 132, K,CO3, MeCN, r.t., then p-TsOH-H,O, MeOH, r.t., 59%;
114: 133, DIPEA, MeCN, r.t., then succinic acid, EtOH, r.t., 74%; Preparations of compounds 124, 126, 132 and 133

were indicated in Scheme 19.



AW 119122 1ZLA TSR T HiEZ W TEB L7Z (Scheme 18), FT#]®IZ, Scheme 17 [Z TR H L7
109 (ZxF L, 135 (A pkiki Scheme 19 (ZF0H) & 5 WIESCHBEAL A TH D 4-7 04 BERY 242
5 7 —)v Boc ik 0% vy, A HBEE D2 HWTOESOG 21T o 7otk VST, =27 V&2 ok
RTHZ LTS KO6 BH T, WIZ, BHNTZENENO N IVR VEEE 126 (A FIEIE Scheme 19 (2
FOER) LS L. BAMESRMET. Boc EAFREL T, U8 & L7z, &&EIC, BonltnEnoT I %2/
WT 124 (B EEIT Scheme 19 270D & ORICH T X /LUGEAIT o 7o, W TREZET 119 LT 120
BEM LTIz, £2. TRENOT I AT L, 133 (£ Scheme 19 [ZFEHD) & W T 7 LF ALKIG &

1TV, EETEAZRT121 K122 28 LT,

Ry

-
Boc’N Q
9 N
N o (n-Bu),P=CHCN NaOHag. Ry - ‘ OH
U a b 0N
HO N
Boc”
109 115: R, = OMe (y. 91%)
116: R, = F (y. 54%)
CN
HNTY
‘\/N
126 (-2HCI) o
WSC-HCI
N CN
HOB, Et,N __HCI/1,4-dioxane R /CILN/\’ \/©/
c d o X ‘\/N
HN
117: R, = OMe (y. quant.)
118: R, = F (y. quant.)
~.© N
N A cho
124

NaBH(OAc), 119 (succinate)

N CN
17 11 then succinic acid _ R z | N/\y R, = OMe (y. 61%)
18 e RN A o X ‘\/N 120 (succinate)
_— N

R, =F (y. 68%)

DIPEA N 121 (succinate)

CN
then succinic acid R - ‘ N/\, \/©/ R, = OMe (y. 65%)
117, 118 . > ~_O0_N ’/\j/\o X ‘\/N 122 (succinate)
N

R, = F (y. 68%)
Scheme 18. Synthesis of 119-122
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Reagents and conditions: (a) 115: 135, cyanomethylenetributylphosphorane, toluene, 100°C; 116: fert-butyl 4-fluoro-4-
(hydroxymethyl)piperidine-1-carboxylate,’” cyanomethylenetributylphosphorane, toluene, 110°C; (b) 1.0 M NaOHag.,
MeOH, 60°C, 54-91% for 2 steps; (c) 126, WSC-HCI, HOBt, EtsN, CH,Cl, r.t.; (d) 4.0 M HCl in 1,4-dioxane, MeOH,
r.t., quant. for 2 steps; (e) 119, 120: 124, NaBH(OAc)3, AcOH, CHxCly, r.t., then succinic acid, MeOH, 61-68%; 121,
122: 133, DIPEA, MeCN, r.t. to 50°C, then succinic acid, EtOH, acetone, 65—68%; Preparations of compounds 124, 126,
133 and 135 were indicated in Scheme 19.

%12, Scheme 17 }2U* Scheme 18 (2 THW AR P RAD G RIEEZ LI FIZRT (Scheme 19), 124 (%
il 123 % n-BuLi Z W T w7 - F 0 LML 72#% ., DMF 2/EHSE2 2 LiIck vl L7, £z
126 (X, il 125 Z W T 4-FRA IRV = YL EDETHT X ALBUSEAT > Tote . BRMESIE T
Boc JZfRETHZ L THM LI, SHIT, 1321F, TlRD 12712F FU T LA MY FEEHSETI28 &
L7c#e, KFARTVFEFT N VLW TZATAEHZETLL, oAU T v a—/0 130 26T
A=k vz aufbd 5 E TR LI, £, 27T 228 ) — AT tert-7 N X0 U T A ERER &S
DL 129 215721, 132 DAL [FAERIZIET, 7 n b TRZET 133 26 L7, %12, 135
IXSCRBEA LA T D 134D TR VB A A X 7 — VB BRI TICTRERT 5 2 L2k b ARk

L7,
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(6]
NN ‘ DMF SNUNF |
Na Br a Nx CHO
123 124
(y. 59%)

: CN
OHC

Boc. NaBH(OAc), _  HCVEtOAc _ HN eN
LN

(
e
o

\
o

125 126 (-2HCI)
(y. 77%)
Cl_ N MeONa O_ N
or .
O_ N O_ N
& tBUOK, EOH | \ NaBH, ~ R-7~~z SOC, RNz
S QO — " » S o) e ‘ T ‘
N ~ d N ‘R e XN OH f XN Cl
O O
127 128: R = Me (y. 81%) 130: R = Me (y. 77%) 132: R = Me (y. quant.)
129: R = Et (y. 82%) 131: R= Et (y. 75%) 133: R = Et (y. quant.)

134 135
(y. 52%)

Scheme 19. Synthesis of 124, 126, 132, 133 and 135

Reagents and conditions: (a) 1.7 M »n-BuLi in hexane, THF, —68°C then DMF, —68°C to r.t., 59%; (b) 4-
formylbenzonitrile, NaBH(OAc)3, AcOH, CH,Cly, r.t.; (c) 4.0 M HCI in EtOAc, EtOAc, CHCIs, r.t., 77% for 2 steps; (d)
128: MeONa, MeOH, 0°C to r.t., 81%; 129: +-BuOK, EtOH, 0°C, 82%,; (e¢) NaBH4, MeOH, 0°C to r.t., 75-77%; (f)
SOCl,, CH2Cly, 0°C to r.t., quant.; (g) p-TsOH-H,O, MeOH, r.t., 52%.
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FBH BRLTETA T T IVEMD AT U —= TR - B

AREE OGS EBBIE (Figure23) (T TRRZ@Y | EHIL. V— NMUEWMTH D 771 OFFEFERE A
T Z &<, invivo IZBW TR IBE SN D T =V T I NG Z BT 5 bawT 1 v
LT, TAFANT—TFT NI U H—%BR LT, £72, Fill Walker 13, /0 FRIKFERGZHET 22 L1
LU0 3 FORAEEMET L, KEMEPSETLZL2MELTWD P, TTOT =0 T X Fiiga 7 /1%
WE—TFNY U —~EBWT D2 LIS 0 LA DIKFERHBE B —EMsEk L. S TRkFEEA %
L7 < 25 Z &b, 2O XD REBITIKEEDOBBEIZB N THOAMNTHL Z LIS NT, — T,
C&M 771 OT7 =V T 2 FEBET VXL —T VBB LTALEMZ DO b Ok, TREMEOEETH 5
LogP DRIHEAEN 5 22, F LIREMO®MEAEM &b Z Lz sz, DL ExEE 2. FHITET
KIDOIZ, AbE 77 126 L, TR Z B & L2 R B RO ERIFFDOEAN VT, ZORE, H
RARCBUREE Y DU BT 95 128V T, 8 TR D AMPK IEMHALIEH OWEs &1 5 oD, g
THEDAK T L KIEVED K72 E23FRD S37- (Table 18), KIZ, 95 OT7 =V UET 2 RiERE T VL
T—T WY =B U R GO NTALEY 102 1L EW 77 L RIEOIREETH HITHEDL LT,
{bEW 95 & RIERIZHRD T BAF e KiEMEZ R LTz,

IHITES RE T LT, 1021395 & Hf LT AMPK IEMEALIE Y 10 fisfEm B L. U— NMeaw 77 &
A% OEEN A RTZ L3 nhole, BLED X 51T, BAFZR EIEME R OUKETEZ R 102 2 [ L7z 7z

D, FHNT 102DV T, ESIZEEMA invitro 70 7 7 A VEFHlTH Z & & LT,
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Table 18. AMPK Activation Activity and Aqueous Solubility of 95 and 102 Compared to Those of 77

0]

|x\ N/\\/O/CFS
Linker L“{ = K/N

/0©V O}‘x

AMPK P2
Compound X Linker activation . cLogP*
(1M)
ECso (M)
0]
77¢ CH %i/u\N/}g 0.011 <1 4.9
H
(0]
95¢ N ”,ﬁi 0.089 > 100 3.6

102¢ N ‘LH/\O}LH 0.0083 >100 4.8

2 The ECso values were examined by whole cell ELISA using the MDA-MB-453 cell line and determined in triplicate in
one experiment. ® Aqueous solubility in JP2 (pH 6.8). ¢ cLogP values were calculated using ACD LogP prediction
software.> ¢ Dihydrochloride. ¢ Trihydrochloride.

Table 19 (25T, #Hli L72ALA 102 O in vitro 712 7 7 A )% ASP4132 Ll LT, ZOREE, LA
¥ 102 1% ASP4132 L A0 EFEMER O MFI 7 v Y —Ladicisid 2 a2 et 42 74 & 42, Table18 |2
TR LT2I@ Y 5 pH A OKENEIC W THREZRUEEN RO biviz, —J7 T, 102 13 ASP4132 L Hfk L T
X HIZH 172 hERG F v XA FEEN AT 5 2 L3 oTc, REE -HIT TR~/ Y . hERG F ¥ %
VOMEILOMAE RICK L CRA B2 A U5 2 ML Tl 1 £, EERAEZAT LS
WIORHE L U CTHROWE M R OB OIREEZ A5 2 L0 ZETF B2 7677, 102 1% ASP4132 & fhiis U T
P, BRI R LTEEMTH D . HEEMIZ S 2 E THIE STV % hERG 7 ¥ RV EL G O FF

BICH T FED Z &5 (Figure 24) . & H (IR EE M O [BIEED 7= DI HEEENE K ORI T DRI
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FLWEEBX, MAT, FHEECOWTIRHLZEE~DOFENBE SN L720, JREMEL DT 2%

KWRBICHIEIT D2 e, 2 To7a 7 7 A WIBWTEREFILEWAIHBICHIT Tl e EEZT-,

Table 19. AMPK Activation Activity, Aqueous Solubility, Metabolic Stability and hERG Inhibitory Activity of 102

Compared to Those of ASP4132

g e

ASP4132 (90)

AMPK P2 HLM hERG Calculated
Compound activation (MY CLint, vitro inhibition cLogP*® most basic
= .
ECso (uM)? (mL/min/kg) ICso (uM) pKa®
102¢ 0.0083 >100 97 0.74 4.8 9.2
ASP4132 (90)° 0.018 5.6 61 2.0 3.5 8.3

2 The ECso value was examined by whole cell ELISA using the MDA-MB-453 cell line and determined in triplicate in
one experiment. ® Aqueous solubility in JP2 (pH 6.8). ¢ cLogP and pKa values were calculated using ACD LogP

prediction software.> ¢ Trihydrochloride ¢ Ditosylate.
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mostbasicamine‘ o

Thr623
Ser624

. . \
f Acggptor ' _N N /\ CF,
@4 Hydrophobe/Acceptor - Oht"’ ' \ K/N
O \ X
Positive charge _ M o
i 102
Tyré52
Hydrophobes Hydrophobes
Phe656 yarop ﬁ ydrop

Hydrophobes Positive charge

hERG blocker

Figure 24. hERG F v F/VIHEEM 2409 2L AW OREERRR L {L & 102 & DIk

(Hih . 2EHET77 L0, —HWE)

FTHIDOIC, IBEMERRZ B L LG 102 12k L CTREEEEER~DEHL 1 DOE AN %772 (Table
20), TOREE, 103 13 AMPK {EVEALIER ., KESPE, REFLEMEZ MR L, BOBIFF8 Y hERG F v F/VIH
ETEMEDNEES LT,

WIZ, SO DIEEMEREZ B E L, IREMEICEATZERIE TH A A FR LO MY 7 vdm A F 1
OB MEAT T, 7 v Fe LM LT, TR 3 IR EEIT8 L7 b O, RAF7KVEME % 779 104
iRz, —H5CL 104132103 L LT, B MNFI 7 v Y —AFIZEB T 2L EMERKIBICIR T L7,

ITAE Jones B, 7 v o LAY FEMAL LT, T VENALTHLZLaWMELTND ™, #5
FAREICBNT, 7 2 AN mo L i U TIRETEMEWEREL ThH 2720 AKEEREIZ E MR
. NREMER G35GB T 0 7 7 A N2 dGET DNRBHIGFTE D LN TWD, FH TR %
Bz, FC < BREMEABIE-T° % hERG F v R /VBLFIEMEOWBES b IFF CE 20 TlE e Ex, AHAEE
B D@L T ) M LT, T ORER. WIFRHE D KISV BAF T, LA 104 LILE L TE MT
17 v Y — AR AL EMEN KRS L7z 105 2 Al Lz, 2 T, (&% 10512103 & kbl L
T, HIFFE Y hERG F v RABAEEMED & 672 2E90558 0 H A7z, 105 13 103 & bbf U CHEAMRIX RIFEEE
Th o= TREMEZIRBIE T LT &b 202 L2 hERG F v R/ABREFEMED & 572 555

RS TEBRNTHD EEZ B,
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Table 20. AMPK Activation Activity, Aqueous Solubility, Metabolic Stability and hERG Inhibitory Activity of 102—

105
0]
N R
= N
T
X2
most basic amine
AMPK P2 HLM hERG Calculated
Compound X R activation (MY CLint, vitro inhibition ~ cLogP®  most basic
ECso (uM)? ! (mL/min/kg)  ICso (UM) pKa®
102¢ CH CF; 0.0083 >100 97 0.74 4.8 9.2
103¢ N CF; 0.0051 >100 94 34 3.8 8.0
104¢ N Cl 0.018 >100 523 NT! 34 8.0
105¢ N CN 0.036 >100 58 13 2.5 8.0

2The ECso values were examined by whole cell ELISA using the MDA-MB-453 cell line and determined in duplicate or
triplicate in one experiment. ® Aqueous solubility in JP2 (pH 6.8). ¢ cLogP and pKa values were calculated using ACD
LogP prediction software.’” ¢ Trihydrochloride. ¢ Ditosylate. T NT: not tested.

FITAF BT 105 1%, AREEME, REZEEME & OVhERG T v RAVHETEEICB W TR 27 0 7 7 A V&R
L72—75T0 102 L L CEEETH 5 AMPKIEMEALIEMAS 4 (5RERERES L7z, £ 2 CTHEHIT, EEED
mEZEAE L, SbARLMEREEZEDD Z L L-, £T0IC, BfEEZ SR - £RELEY Y

BROEHZFT- 7= (Table 21), £t ) U VB 2L DEHILE X N TN D A FLFEA~ L5 L 7= 106
. FIEPESEES Lic, — T A MR UEZT R UHEALEH LT 107 12380 T, FIHMED 2 (5FRE )
EL72, SBiz, FREV P UEBRIA (R) ICATFAEEZEATHZEICLYD, S OIZ 2 [HREEMEN M B
L7AbE 112 2157, IRETEERILETH LT VXNV EEEEEEAN L Z LI K 0L EMOIEMED EH L

72720, BBlMEE FIEEE DNRT U AZRMA Z L H#HWE L, EME UV UVUVERAE T UV~ EH LT,
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ZTORER, A PR UVERKTHD N3 ITBWTUIERMENEII LT, A v ELT b EA~LE

ot HpZ LIk EDE Y PUBEARTHE LN SAR & EIREICEE MM E LT, FORE., FiEEmT

)

|

HEEY 112 12045 b OO, JRIEMEDN L VIR REZEEICENTALEY 114 2 RE LT,

Table 21. AMPK Activation Activity, Aqueous Solubility and Metabolic Stability of 105-107 and 112-114

most basic amine

AMPK P2 HLM Calculated
Compound Ri R activation (MY CLint, vitro cLogP® most basic
1 .
ECso (uM)? (mL/min/kg) pKa®
0]
- X
1054 | H 0.036 >100 58 2.5 8.0
N~
X
106¢ N H 0.054 >100 NTe 2.7 7.6
=
\/O AN
1074 | H 0.019 >100 61 2.7 8.0
N~
\/O AN
1124 Nl Me 0.0093 >100 83 3.2 8.0
=

_O__N_

13 \[ J\/ Me 0.043 =100 46 2.7 8.0
N
O N

114f \[ J\/ Me 0.025 =100 44 2.9 8.0
N

2The ECso values were examined by whole cell ELISA using the MDA-MB-453 cell line and determined in duplicate or

triplicate in one experiment. ® Aqueous solubility in JP2 (pH 6.8). ¢ cLogP and pKa values were calculated using ACD
LogP prediction software.’” ¢ Ditosylate. ¢ Tetrahydrochloride. f Succinate. € NT: not tested.
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T, Table21 (ISR LTAALEMID O B invitro 70 7 7 A )V & L TR BTV AORNTWEZE Y P
FER 112 L OE T VUFHER 114 12O T, BERE(EOBLAND S LR EMEEAZRAD Z L L L
Too BHHX, FITCICEBRELBEAT M ARET DU VU TO =82 BE L LT, XY T 47
ERTLHZE L LT

1) JEBRNEREAG T2 R BRI O

2) BEHIEOE AN K-> TRFRENE T 20

3) INFECEMAEZEAL CTELT, SRR

Fiz, BATLHEHE L LTI hERG F ¥ R/VILEFEIED & 672 598085 2 SBHICE KRG IMEDOERER TH
D7 wFRMLEA PR VEABRL, 7PN TROBNENY DU OREMELHET L2 L 2B 2T,

AR LT AL % Tl L 7R R, 2 TOEMITI W TRAFZ2KEMEDFE D H 7z (Table22), FEIHMEIC
BOTHE, A PFUEEZEALE 119 X121 1280V T AMPK IEMHALER OWF A R S iz, 7 v #FELs
BALT 120 X122 IZBWTEFHEOM EARBO bz, —H T, 120 X122 Ok MFI 7 v Y — A
SR D MRHLEMEE G LIRS R, WIhOEEmICB T 7 v BLEARTO(LAY & ik U TR ek
DILF RO b7z,

B R IO T, O RN E MF 2 e Y — AP ORBLEEOWUBICE VW TEETH D 2
&z ~7- (Table12), £7-. (LEW 102 706 DEREF 21T 5124720 | HEIEMEOFHEITE LTI
EMEE DRRNG | JREMEE DART o 2 WEEITHIET & TH D Z & Zik~<72 (Table19, Figure24), =
ZTABK L 120 KON IZOWTE IO OTFRINHH L, BB REIMEFERTH L 7 v FEE R LR
WHEMEAFETHERY PUBRFFOEIIEA L2 Z 12X > T most basic pKa 2MEF L, fiRE LT
MFI 7w Y =L PZB T 5B LEENMET LD LEZ BN D,

L L2, EMEEREZE T VUVERE L, IREELY LIRS LbEd® 12213, 7 v RIEOEA
(2 X ¥ most basic pKa Z{X F SH721C H B 57 ASP4132 & RIFRE O E EMEZREFT 52 LB TET,

bz &b EEE, KEMEIEOICHF 7 v Y — A2 G EREDNNT o A E2EF L, BV

DUHEAD 112 LY T D UHERD 122 ITOWTCEHMi R D S5 Z 2 LT,
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Table 22. AMPK Activation Activity, Aqueous Solubility and Metabolic Stability of 119—122 Compared to Those of

112 and 114
0]
N CN
-z | N/\
XN k/N
most basic amine
AMPK 2 HLM Calculated
Compound Ri R activation (MY CLint, vitro cLogP® most basic
ECso (uM)? ! (mL/min/kg) pKa®
112¢ H 0.0093 >100 83 32 8.0
~ P
119¢ Nl OMe 0.035 >100 NT! 32 7.2
=
120¢ F 0.0038 >100 168 32 7.1
114¢ H 0.025 >100 44 2.9 8.0
O N
121¢ \[ _ OMe 0.082 >100 NTf 2.8 7.2
N
122¢ F 0.011 >100 89 2.7 7.1

2The ECso values were examined by whole cell ELISA using the MDA-MB-453 cell line and determined in duplicate or
triplicate in one experiment. ® Aqueous solubility in JP2 (pH 6.8). ¢ cLogP and pKa values were calculated using ACD

LogP prediction software.’” ¢ Ditosylate. ¢ Succinate. f NT: not tested.

EHR5 invitro 7077 A4 Y7L LT 112 XN 122 O hERG F ¥ R/ATHEEMAZZHE L. 102 &
ASP4132 L il L7~ (Table23), FDOfEHR. b DILEWEED hERG F ¥ R /VPHEEME L., BiIFF L7-#@ Y

MM R ONEEAPE AR TSV T 22380 b, SHIC, AL 112 XU 122 13RI DO=—T

79



WY I =B A TEWTH D 102, KO B TIR~7ZFFLE ASP4132 (90) & HLfz L THI & 2259
VN hERG 7 v RV EEMEZ R LT,

B DIEMON, LA 122 1X hERG F ¥ F/VILETEEDS R b 59 < . HOEEM: - KEME - iFX 7 &
Y= LB T IR EEDO R TICB W TR BENTANT AT ke ThH o7z, ULk & LY
IbEW122 ZHLRLEME L TRIRL, 5725 invitro KW invivo 707 7 A4 V) U 7D HZ L L LT,

WEITIE, invitro XN in vivo (28T DILEW 122 O @ IREHIFE ROV TR 5,

Table 23. hERG Inhibitory Activity of 112 and 122 Compared to That of 102 and ASP4132 (90)

hERG Calculated
Compound inhibition cLogP? most basic
ICso (uM) pKa?
102° 0.74 4.8 9.2
112¢ 16 32 8.0
1224 >30 2.7 7.1
ASP4132 (90)° 2.0 3.5 8.3

2 cLogP and pKa values were calculated using ACD LogP prediction software.>® ® Trihydrochloride. ¢ Ditosylate.

d Succinate.
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FUET B RBAR AL AW 122 O FIREHE

ATENC TR LA ZED 122 (I2OW T, S BIZFEMZR invitro 7’01 7 7 A VA FHI L, # R % ASP4132
E R L7c (Table 24), JCIZ/R L7238 Y . 122 1% ASP4132 & [F% D AMPK iEHALER 2R LTz, F72,
I FLyEE AR Cd 5 MDA-MB-453 ¢ OY SK-BR-3 1Zxf L T ORI FRBRE R A 3/ L 7= & Z A, MDA-MB-
453 1ZxF LTl ASP4132 L RIS DOHIFAAEIEH 2" L7z, S 51T, SK-BR-3 1T%f L Tl ASP4132 Z (I U
T D ZAVE TOLAMRE L [RRRICHRD THIWETEAEEA 2R L, FED b N FLE kSR A 72 B 5 FH
FVEMZR"T 7 =) 2 A4 TR EN TV, £72, 1220 MF 7 v Y — A ORI ENEIT ASP4132
LRI TH T,
MMA T, REDOHIEHE T H - 12 IHE pH ATIZI6 1T 2 KEME K OV hERG F v RAVIHETENEICSW T,
WU E ASP4132 & i L CRIEIZ S Lz, LLEORER LV | LAY 122 13 invitro 1233 T ASP4132 &

[ OFHEMEZ A L, I EO T 0 7 7 A V2B THHELTALEW THL Z LW LN E R o7,

Table 24. Summary of In Vitro Profiles of 122 Compared to Those of ASP4132 (90)

MDA-MB-453 SK-BR-3
AMPK HLM Aqueous solubility hERG
o growth growth o
Compound activation CLint, vitro (LM)? inhibition
inhibition inhibition
ECso (uM) (mL/min/kg) JP1/JP2/JP2+TC  1Cso (uM)
ICso (LM) 1Cso (uM)
ASP4132 (90) 0.018° 0.014¢ >3¢ 61 >100/5.6/> 100 2.0
21% inh.
1220 0.0114 0.026° 89 >100/>100/> 100 > 30
at 3 uMe

@ Aqueous solubility in JP1 (pH 1.2) and JP2 (pH 6.8). ® Succinate. ¢ The geometric mean of the ECso value from 3
independent experiments was examined by whole cell ELISA using the MDA-MB-453 cell line, and the geometric mean
of the ICsp values from 3 independent experiments were also shown. ¢ The ECs value was examined by whole cell ELISA
using the MDA-MB-453 cell line and determined in triplicate in one experiment. © The ICso value was determined in

triplicate in one experiment.
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WIZ, 122 D in vivo \Z3\T D IRNBNREA G T2 BT, 25 80Tk ~7z 78 &KUY ASP4132 & [FERIC
7> b PK R AJEhE L7z (Table 25), EOfER, 122 D2H 7 V7 7 A (CLo) (X7 =V T X Rk
G&HA7T 578 (Table13) &L TRESUELTIY ., I HIT ASP4132 (Table15) LV & BRAFAREATR
L7ze M2 T, AWFERIASE (F) b 78 LR L TRE S UEET D &2, ASP4132 & [H% O BAT 722 flA
HFHONT, ULEXY, 7=V M7 I RERETAIAT—F LY U —~ BT 52 LT, {LE&h

DFEFRB T Z < invivo ITBIT2EWERE T 0 7 7 A NV a2lETH I ENTE, ZO/ME, 1k

AW 122 13 ASP4132 & Bl U CRIZELL B invivo EWENRE 7 0 7 7 A NV H v 2 & Ny o T,

Table 25. Pharmacokinetic Properties of 122 in SD Rats Compared to Those of 78 and ASP4132 (90)

i.v. (1 mg/kg) p.o. (1 mg/kg)
AUCap’ tin Vs CLitot AUCoa’ Crax tmax F
(ng-h/mL) (h) (L/kg) (mL/min/kg) (ng-h/mL) (ng/mL) (h) (%)
122° 6580 2.7 0.42 2.5 5470 1090 1.3 83
78 123 3.5 50.9 137 13.3 1.9 0.5 11
ASP4132 (90)b 887 3.6 4.6 19 705 72 1.7 80

2 Succinate. ® Ditosylate. © Area under the plasma concentration versus time curve from time zero to 24 h after dosing.

wE, ALEW 122 O in vivo IZBIT 2 FUEEBER 250 L7, sHlICIEX, 55 % UET (Figure 19, 20)
& [AIRRIZ MDA-MB-453 Z4HJ L7- X — R~ 2 & W (LA 122 2 —H A, £ O0#&512T 1, 2, 4mg/kg
O ET 14 AMKERYS Lz, BEREX—R & LIPS ER I N & 5RO R EZE L ORERS R4
Figure 25, 26 [Z/~7,

R ORE R AL A 122 13 1 mg/kg O— B RGO A &N O BB RPESEER 2R Lz, £72. 2, 4 mg/kg
O—H ZEEGOHEICBWTEEGREEN 2R L, ZOEHIIHREGEEISC TR EL, MZA T, &£ToO
HAEIZBWTRERGHMEFPICBIT 5 ERE~OFET R ALEYHEGIC L2 EERFEETIR NN o7,

LLEDORERMN S FHFIL, invitro, invivo IZEB\WT ASP4132 L [RIS OSKBIIEA - SpEie 7 0 7 7 A L%
L. HOKEME « hERG F ¥ RVLEFERICI W TS T 7 7 7 A AR SEE LT LG 122 2, 5

RBAFEPEAiI L E & L TER LT,
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Tumor volume (mm?)

*
Thk
* kK
0 7 14
Day
“F Vehicle BID 4 1222 mg/kg BID 13% regression

- 122 1 mg/kg BID 83% inhibition W 122 4 mg/kg BID 64% regression

@ Succinate. ® Mice were treated with 122 from Days 1 to 14. Each point represents the mean + SEM (N = 5). Statistical
analysis was performed the values on Day 15. *: P < 0.05, **: P <0.01, and ***: P <0.001 compared with the value of

vehicle on Day 15 (Dunnett’s multiple comparison test).

Figure 25. MDA-MB-453 g X — R~ U 2 &7 /WZ BT HEW 1222 OHFUEE A °

30 -

25 4 ! ! .
30 5 4
% 5]  F Vehicle BID
z O 122 1 mg/kg BID
€11 4 1222mgkgBD
A o1 W 122 4mgkgBID

0 T T

0 7 14
Day

2 Succinate. ® Mice were treated with 122 from Days 1 to 14. Each point represents the mean + SEM (N = 5).

Figure 26. MDA-MB-453 i X — R~ 7 2 €7 /LZEBIT 2{LEW 122° O G 5 IR T 2 (KEH#ER b
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FHEH AEOE LD

ARFETIL, 5 FE TR LAY ASP4132 (90) DG pH (T2 31T 5 KEEM:ckE M OV hERG F v
RV ETENEEREZ B & U, A < ZRIC TR L iba® 77 28272 ) — MeaWw & L7 aRiuRb
ZEhE LTz, Ok, AMPK iEMALIER « KIEME - & FIFR 7 v Y — A8 T 2 e IcER - = —
TN =24 TDIEME LT, 102 2 ZAH LT,

feW T, LAY 102 O hERG F v R/VILETEME ORI 2 HAY & L, S 572 5 AR RE 2 350 U 7o, Mkt
K ONREAMEIZE B U CTEE W RRER 2 5505 L 7RG R, 102 & Hlg L CTOREEMENR L D b DD, RAF 7 KE M
FOE MIF 7 v Y — LB 2L EMEZA L, H-D hERG F v RAPLETEME G L 72L& 105
R L7,

Iz, FIEVEO M EJR T hERG F ¥ F/VLETEMED S 672 2184 B & L CH R 2 i L 727521
FETEME - KEME - & MIF 7 1Y — 2B D ZEM - hERG F ¥ XV EFREO 2R TIZEB N T AT
Y ADRIFRAEEY 112 KON 122 A Uiz, E#FIX. 2 b OE®ON, hERG T RV FIGPEN X
DIEE L7 122 Z HELEm L L TRIR LT,

SHIZ, LA 122 D invivo IZBIT 2FMERET 1 7 7 A VORI A AR E LTT » b PKaBR 4 320 L

THER . LA 122 25 ASP4132 Ll L ClRIEELL FDO2H 7 U 75 2 A (Clwy) « 3 ONZ BAF72 W19 F)

<+

M= (F) 28352 RN ERST,

AT, ALE 122 D invivo (23T DHUGEN 23140 L 72658, i~ U 2R E 7 LICHV T 2mgkg O
—H L, & AEG0HED SRR & b TR IR A A LT,

L EOFERIN G EF X, invitro, in vivo 2T XTOT 17 7 A L) BAF72 122 %25 —HRBIEM LA

WELTRBETZENTE,

84



‘O CF
5 0 N/\,'\l 8
ey T O =

AMPK activation (MDA-MB-453)
EC,, = 0.011 uM

QVTNLO/\O/QILK/\/@/

solubility (JP2; pH 6.8): <1 uM
HLM CL, : 39 mL/min/kg

int, vitro®
calc. pKa: 9.0
clogP: 4.9

AMPK activation
EC,, = 0.0083 uM

hERG inhibition
ICqy = 0.74 uM

AMPK activation
EC,, = 0.036 pM

hERG inhibition
ICyp = 13 uM

AMPK activation

EC,, = 0.011 pM

growth inhibition

MDA-MB-453: IC,, = 0.026 M
SK-BR-3: 21% inh. at 3 pM
anti-tumor efficacy

1 mg/kg, BID: 83% TGI

4 mg/kg, BID: 64% tumor regression

Figure27. H-EHDE &
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solubility (JP2): =100 uM
HLM CL, - 97 mL/min/kg

int, vitro®
calc. pKa: 9.2
clogP: 4.8

solubility (JP2): > 100 uM
HLM CL : 58 mL/min/kg

int, vitro®
calc. pKa: 8.0
clogP: 2.5

solubility (JP2): > 100 uM
HLM CL : 89 mL/min/kg

int, vitro®
calc. pKa: 7.1
clogP: 2.7

Rat PK
CL, .: 2.5 mL/min/kg

tot”

F: 83 %



o

L, HEIREER L L CoOHH AMPK FEEBTEMEALAI ORI A B L, 3,5-0 A F v U U -4(1H)-

FUFBERK N DT I UHER O EEERBINIE 21T o 7, TORR, LT O 2157,

F—ETIE, TAT 7ARIERETA 77 VIbEMTHL ) — Meaw 1 o EiEER A2 HAE L, #HiE
EHEAToT, TOME, BV VR EATFAREOMNELRELL, KX EBURO 7 v #zELXZ M) 70
A AFVIEANE WA D Z LIS & 0 FEER 80 Ll b EL7fbEam 2 R L7, 2O BT Y —
SV O A s FEIEMER RICEE TH D & WV )RR A ST,

{EEW) 21 OKEEMEZ FHM L7285, 158 pH AHEDKENEDRE L <KL | invivo IZ31F 5 & 672 27T
WS RNZ LBy oTz, £ 2T, 21 OEEMEEHER Lo pH AHTICRBT 2KEEAZ SETH 2 L %
HHVE L, SOROMEEMEIToTz, ZORER, 7 V—AEMHICT FZ e e ) o) o h—%E
AT HZ &L, 21 LEFOEEEZA L, HOBE pH 30T TOKEMD RAF LAY 57 ZBUF LT,
OB, BEREIEEEMERRT 5720, BN A ONHE#EINTHIE T, TR RrEY Y
YV BT LR TE R, ALEW ST IRV — MMEEM 1 & i U C 70 f5F2 AL 58 7 7 Al HE SR fH. 35 1R
M#zR L. H-2SK-BR-3 b MR U CHIHE 2 M s R 2% L7z,

— T, 57 1%, EYEEKOFEEOBLRND ZHE LORGERREECH o7=7cd, TAT T AMIKT 47

ZUALEHOT TRKOEIR T v 7 7 A Ve B4 D2 B b E a2 IR L, S BT 2D T,

BT, Y — MEEmE LTEa 58 iR L, KEMKOE MIF 7 v Y —2afiZid 510
BEEMEOWEL AL LMELE A T T2, ZORE. N 7AFu XA FLED A FF U E~DLEHK
O LTEMLOT I RO, WA BV RICER T EZEAT L LICLY, 58 LRSS EE
MaE AT TP REOKEEZA L, Hot MFI 7 v Y —AadZEBiT 2RELEMEN W L2 bEw
78 & i L7,

IEEWM 18 ZMWTT » F PKEBRAZFEM LT2& 2 A, 78 D in vivo IZBIT LFYEET 1 7 7 A VITAR

ThDHIENDNRENT, T T 18 DEYBHRE T 1 7 7 A NikEL AL L, S bR 5 EES W2 F e LT,
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JFAERE 2 N2 78 ORI R OFERIZESNTT = U UMY I RIEGOEREZ FHE L, B U5
ET =V MET X RREGEMER LT A I F Y — VI A TOEW ZikET - G LTz, ZORRGEL
7oA E 90 1%, 78 L RIED EVENE - KigtE - © MNFI 7 v Y —AfiZB T 2L EEEZHF L. 7 FPK
ARRIZB W TR REYERE T n 7 7 A V&R LTz,

LAY 90 D invivo |23 D HUEBEM 234l L7z & 2 A, & LML MDA-MB-453 i~ 7 AE7
JVZIBWT 2 mg/kg/day O A F G2 B ARERD 72 < EIGERME 2 758 Lz, LLEORIRN G, 90 1ZIFEHERY
AMPK JEMACPE RN EED 7o 223U ia iR L R VIS 2 vt R STz, 726, {LEW 90 IZBER(LE

ASP4132 L LT, 2015 T2 & L-5 1 AR 2 BAtA L7~ (NCT02383368),

WoETCIE, B E TR LRI A Y ASP4132 DOFE pH T2 BT B KA S # & OV hERG F % 1
JVBHEVEVEERE A HRY & L, Briez U — MMEE 77 L0 SRR %2 540 L7z, KEETEDRARR) 72 58I A
F T T ORFOGERICE R U TOEERET o TR, PRARUCBUVREEY DU~ EHL, 7=
HET X RRERETNAFNT—T N I =BT H 2 L2 AMPKIEMALIER - KIS - & MIT
v Y —AFIZBT AR EEICENTALA Y 102 2 L L=, i\ T, LA 102 D hERG F v /L
FLEVEMEORESZ HE L, S bR AREMA I Lz, FiEEofim b, K OE M - IREMEICER
L CHRMIBB 1T o 7oA, HIEME - KEEME - B MIFX 7 v Y — Azl iT 2L EM, hERG F ¥ */b
FEEEORTICBW TR R T a7 7 A VERTILEM 122 Z# A LT,

fba¥ 122 1%, 7 v b PKEBRIZIUV T ASP4132 L [RIELL LD in vivo FEMIENRE 7 v 7 7 A )L a4 &t
(2, & FIEMIEE MDA-MB-453 HE~ U 2 €7 /UIZEIT 5 invivo TUIEBERFAGIZ IV T, 2 mgkg O—
H Bl A 4550 SR ERD 70 < SR 28 L7, LLEORERN G BAFEILEY) ASP4132 DA 25 KH%
PEROVhERG F v RAVBRETEMEORE A . o7 v 7 7 A VA2 5 2 & 72 Rk U7 85 AR BIF ML

EWm122 = AT LN TE R,

AKFTEIZ LD, 3,5-0 AT NV VU4 H)-F VHER LR VT 2 USROS MEAHBIICES 3
HERER AR A ST, £7-. MDA-MB-453 i X — R~ 7 ZEFLICBWT, IRAEOKR O CHEH

a3 e PGS EH 273 ASP4132(90)% L L7z, S 512, ASP4132 L [RI% D IEPE - FpHEhiE 7
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vy ANERL BB KEEEZET 5 E L HIZ hERG T R/VBLEIR M2 58 L7 122 % R L7,

B AR TER LI —E DG D EHER IR O FE, I N Z OFERIZ T L7z AMPK &
{EAE DR E O FLIEAMIIZ B W GRIR CTH DB IC O W TIIRIRFZEIC TR T L TR, S%#Esns 1
ETH D,

TS DWFERCRDS, A% O AMPK EPELAIONFSE « BIRICISH SN D 2 & 28515,
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Chemistry

IR spectra were obtained using a SHIMADZU IRAffinity-1S spectrophotometer. "H-NMR spectra were recorded on a
Varian VNS-400, Varian 400-MR, JEOL JNM Lambda-300, JEOL JNM Lambda-400 or Bruker AVANCE III-HD500
spectrometer. '3 C-NMR spectra were recorded on a Bruker AVANCE III-HD500 spectrometer. Chemical shifts were
expressed in J values (ppm) using tetramethylsilane as the internal standard (s = singlet, d = doublet, t = triplet, q =
quartet, dd = double doublet, ddd = double double doublet, m = multiplet and br = broad peak). Mass spectra were
recorded on a JEOL GC Mate II, Waters SQD, Waters ZQ-2000, Thermo Fisher LCQ Advantage or Thermo Fisher
Exactive Plus Orbitrap. All reactions were performed using commercially available reagents and solvents without further

purification.

Chapter 1

2-{[(5-Bromo-3-methylpyridin-2-yl)oxy]methyl}-4-methoxy-3,5-dimethylpyridine (5)

To a mixture of 2-(chloromethyl)-4-methoxy-3,5-dimethylpyridine hydrochloride (600 mg, 2.7 mmol) and 5-bromo-2-
hydroxy-3-methylpyridine (2; 510 mg, 2.7 mmol) in toluene (6.0 mL) was added Ag,COs (1.9 g, 6.8 mmol). The mixture
was stirred at 110°C in the dark for 6 h. After cooling to room temperature, the mixture was filtered through a Celite pad.
The filtrate was concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane/EtOAc)
to give the product (360 mg, 39%). 'H-NMR (DMSO-de) ¢: 2.11 (3H, s), 2.21 (3H, s), 2.23 (3H, s), 3.74 (3H, s), 5.36
(2H, s), 7.78-7.83 (1H, m), 8.09-8.13 (1H, m), 8.19 (1H, s); MS m/z: 337 (M+H)".

2-{[(5-Bromo-4-methylpyridin-2-yl)oxy]methyl}-4-methoxy-3,5-dimethylpyridine (6)

Compound 6 was prepared from 5-bromo-2-hydroxy-4-methylpyridine (3) in 94% yield using a similar approach to that
described for 5. 'TH-NMR (DMSO-ds) J: 2.22 (6H, s), 2.31 (3H, s), 3.74 (3H, s), 5.33 (2H, s), 6.92 (1H, s), 8.19 (1H, s),
8.26 (1H, s); MS m/z: 337 (M+H)*.

2-{[(5-Bromo-6-methylpyridin-2-yl)oxy]methyl}-4-methoxy-3,5-dimethylpyridine (7)

Compound 7 was prepared from 3-bromo-6-hydroxy-2-methylpyridine (4) in 92% yield using a similar approach to that
described for 5. "H-NMR (DMSO-ds) d: 2.22 (3H, s), 2.24 (3H, s), 2.49 (3H, s), 3.74 (3H, s), 5.33 (2H, s), 6.67 (1H, d,
J=8.8Hz), 7.86 (1H, d, /= 8.8 Hz), 8.20 (1H, s); MS m/z: 337 (M+H)".

2-({[5-(4-Fluorophenyl)-3-methylpyridin-2-yljoxy} methyl)-4-methoxy-3,5-dimethylpyridine (8)

To a mixture of 2-{[(5-bromo-3-methylpyridin-2-yl)oxy]|methyl}-4-methoxy-3,5-dimethylpyridine (5; 100 mg, 0.30
mmol) and 1,4-dioxane (3.0 mL) were added (4-fluorophenyl)boronic acid (83 mg, 0.59 mmol), 2.0 M Na,COs aqueous
solution (0.74 mL, 1.5 mmol) and PdCl>(PPh3), (10 mg, 0.015 mmol). The mixture was stirred at 90°C for 15 h. After
cooling to room temperature, the mixture was diluted with H,O and extracted with EtOAc. The organic layer was washed

with saturated NaHCO3 aqueous solution and brine, dried over MgSO4 and concentrated in vacuo. The residue was
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purified by column chromatography on silica gel (hexane/EtOAc) to give the product (100 mg, quantitative yield). 'H-
NMR (DMSO-ds) ¢: 2.19 (3H, s), 2.23 (3H, s), 2.26 (3H, s), 3.76 (3H, s), 5.43 (2H, s), 7.24-7.34 (2H, m), 7.66-7.75
(2H, m), 7.86-7.92 (1H, m), 8.21 (1H, s), 8.26-8.33 (1H, m); MS m/z: 353 (M+H)".

2-({[5-(4-Fluorophenyl)-4-methylpyridin-2-yl]oxy} methyl)-4-methoxy-3,5-dimethylpyridine (9)

Compound 9 was prepared from 6 in quantitative yield using a similar approach to that described for 8. "H-NMR (CDCl5)
0:2.20 (3H, s), 2.28 (3H, s), 2.34 (3H, s), 3.79 (3H, s), 5.47 (2H, s), 6.73 (1H, s), 7.07-7.16 (2H, m), 7.21-7.30 (2H, m),
7.97 (1H, s), 8.28 (1H, s); MS m/z: 353 (M+H)".

2-({[5-(4-Fluorophenyl)-6-methylpyridin-2-yl]oxy} methyl)-4-methoxy-3,5-dimethylpyridine (10)

Compound 10 was prepared from 7 in quantitative yield using a similar approach to that described for 8. 'H-NMR
(DMSO-ds) 6: 2.23 (3H, s), 2.28 (3H, s), 2.36 (3H, s), 3.75 (3H, s), 5.37 (2H, ), 6.75 (1H, d, J = 8.3 Hz), 7.22-7.33 (2H,
m), 7.36-7.47 (2H, m), 7.55 (1H, d, J = 8.3 Hz), 8.22 (1H, s); MS m/z: 353 (M+H)".

2-({[5-(4-Fluorophenyl)-3-methylpyridin-2-yl]oxy} methyl)-3,5-dimethylpyridin-4(1 H)-one (1)

To a solution of 2-({[5-(4-fluorophenyl)-3-methylpyridin-2-ylJoxy} methyl)-4-methoxy-3,5-dimethylpyridine (8; 100
mg, 0.30 mmol) in CH>Cl, (3.1 mL) was added AICl; (120 mg, 0.89 mmol). After the mixture was stirred at room
temperature for 1 h, H O was slowly added. The mixture was extracted with CHCIs. The organic layer was washed with
saturated NaHCO3 aqueous solution and brine, dried over MgSO4 and concentrated in vacuo. The residue was purified
by column chromatography on silica gel (CHCl3/MeOH) to give the product (53 mg, 53%). 'H-NMR (DMSO-ds) : 1.87
(3H, s), 1.96 (3H, s), 2.24 (3H, s), 5.32 (2H, s), 7.25-7.32 (2H, m), 7.52 (1H, d, J = 5.7 Hz), 7.66-7.75 (2H, m), 7.88—
7.93 (1H, m), 8.27-8.31 (1H, m), 11.11-11.27 (1H, m); MS m/z: 339 (M+H)"; ESI-MS m/z: 339.1503 (M+H)* (Calcd
for C20H2002NoF: 339.1503).

2-({[5-(4-Fluorophenyl)-4-methylpyridin-2-yl]oxy} methyl)-3,5-dimethylpyridin-4(1H)-one (11)

Compound 11 was prepared from 9 in 74% yield using a similar approach to that described for 1. '"H-NMR (DMSO-d)
0: 1.87 (3H, s), 1.95 (3H, s), 2.22 (3H, s), 5.28 (2H, s), 6.88 (1H, s), 7.23-7.34 (2H, m), 7.36-7.46 (2H, m), 7.46-7.58
(1H, m), 7.98 (1H, s), 11.26 (1H, br s); MS m/z: 339 (M+H)"; ESI-MS m/z: 339.1504 (M+H)* (Calcd for C20H200,N,F:
339.1503).

2-({[5-(4-Fluorophenyl)-6-methylpyridin-2-yl]oxy} methyl)-3,5-dimethylpyridin-4(1H)-one (12)

Compound 12 was prepared from 10 in 45% yield using a similar approach to that described for 1. 'H-NMR (DMSO-d)
0: 1.86 (3H, s), 1.98 (3H, s), 2.36 (3H, s), 5.29 (2H, s), 6.80 (1H, d, J = 8.4 Hz), 7.23-7.32 (2H, m), 7.36-7.44 (2H, m),
7.48-7.55 (1H, m), 7.58 (1H, d, J = 8.3 Hz), 11.25 (1H, br s); MS m/z: 339 (M+H)"; ESI-MS m/z: 339.1504 (M+H)*
(Caled for CooH2002N2F: 339.1503).

4-{6-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methoxy]-2-methylpyridin-3-yl}benzonitrile (13)
To a mixture of 2-{[(5-bromo-6-methylpyridin-2-yl)oxy]methyl}-4-methoxy-3,5-dimethylpyridine (7; 400 mg, 1.2
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mmol), toluene (7.0 mL) and H>O (1.0 mL) were added (4-cyanophenyl)boronic acid (350 mg, 2.4 mmol), K3PO4 (650
mg, 3.1 mmol), SPhos (60 mg, 0.15 mmol) and Pd(OAc), (30 mg, 0.13 mmol) under an argon atmosphere. The mixture
was stirred at 110°C overnight. After cooling to room temperature, the mixture was diluted with H,O and extracted with
EtOAc. The organic layer was washed with brine, diluted with CHCIs, dried over MgSOj4 and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (CHCI3/MeOH) to give the product (410 mg, 96%). 'H-
NMR (DMSO-ds) ¢: 2.23 (3H, s), 2.28 (3H, s), 2.38 (3H, s), 3.75 (3H, s), 5.39 (2H, s), 6.75-6.83 (1H, m), 7.57-7.65
(3H, m), 7.88-7.96 (2H, m), 8.21 (1H, s); MS m/z: 360 (M+H)".

4-Methoxy-3,5-dimethyl-2-({|6-methyl-5-(4-methylphenyl)pyridin-2-yljoxy}methyl)pyridine (14)

Compound 14 was prepared from 7 and (4-methylphenyl)boronic acid in 92% yield using a similar approach to that
described for 13. 'TH-NMR (DMSO-ds) d: 2.23 (3H, s), 2.28 (3H, s), 2.35 (3H, s), 2.36 (3H, s), 3.75 (3H, s), 5.37 (2H, ),
6.73 (1H, d, J= 8.4 Hz), 7.21-7.27 (4H, m), 7.52 (1H, d, J= 8.4 Hz), 8.21 (1H, s); MS m/z: 349 (M+H)".

4-Methoxy-3,5-dimethyl-2-[({6-methyl-5-[4-(trifluoromethyl)phenyl]pyridin-2-yl} oxy)methyl]pyridine (15)
Compound 15 was prepared from 7 and [4-(trifluoromethyl)phenyl]boronic acid in 77% yield using a similar approach
to that described for 13. "H-NMR (DMSO-ds) d: 2.23 (3H, s), 2.28 (3H, s), 2.38 (3H, s), 3.75 (3H, s), 5.39 (2H, s), 6.80
(1H, d, J= 8.4 Hz), 7.59-7.65 (3H, m), 7.81 (2H, d, J= 8.2 Hz), 8.22 (1H, s); MS m/z: 403 (M+H)™.

4-Methoxy-3,5-dimethyl-2-[({6-methyl-5-[3-(trifluoromethyl)phenyl]pyridin-2-yl} oxy)methyl]pyridine (16)
Compound 16 was prepared from 7 and [3-(trifluoromethyl)phenyl]boronic acid in 82% yield using a similar approach
to that described for 13. "H-NMR (DMSO-ds) d: 2.23 (3H, s), 2.28 (3H, s), 2.37 (3H, s), 3.75 (3H, s), 5.39 (2H, s), 6.78
(1H, d, J= 8.4 Hz), 7.63 (1H, d, J= 8.4 Hz), 7.66-7.78 (4H, m), 8.22 (1H, s); MS m/z: 403 (M+H)™.

4-Methoxy-3,5-dimethyl-2-[({6-methyl-5-[2-(trifluoromethyl)phenyl]pyridin-2-yl} oxy)methyl]pyridine (17)
Compound 17 was prepared from 7 and [2-(trifluoromethyl)phenyl]boronic acid in quantitative yield using a similar
approach to that described for 13. 'H-NMR (DMSO-ds) J: 2.10 (3H, s), 2.23 (3H, s), 2.29 (3H, s), 3.75 (3H, s), 5.27—
5.48 (2H, m), 6.70-6.77 (1H, m), 7.40 (1H, d, J= 7.5 Hz), 7.45 (1H, d, J = 8.6 Hz), 7.60-7.68 (1H, m), 7.71-7.78 (1H,
m), 7.86 (1H, d, J= 7.5 Hz), 8.23 (1H, s); MS m/z: 403 (M+H)*.

6-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methoxy]-2-methyl-6'-(trifluoromethyl)-3,3'-bipyridine (18)

Compound 18 was prepared from 7 and [6-(trifluoromethyl)pyridin-3-yl]boronic acid in 88% yield using a similar
approach to that described for 13. "H-NMR (DMSO-dc) d: 2.23 (3H, s), 2.28 (3H, s), 2.40 (3H, s), 3.75 (3H, s), 5.41 (2H,
s), 6.84 (1H, d, J=8.4 Hz), 7.71 (1H, d, J = 8.4 Hz), 7.98 (1H, d, J = 8.2 Hz), 8.11-8.17 (1H, m), 8.22 (1H, s), 8.78—
8.86 (1H, m); MS m/z: 404 (M+H)*.

4-{6-[(3,5-Dimethyl-4-0x0-1,4-dihydropyridin-2-yl)methoxy]-2-methylpyridin-3-yl}benzonitrile (19)
Compound 19 was prepared from 13 in 72% yield using a similar approach to that described for 1. '"H-NMR (DMSO-d)
0: 1.86 (3H, s), 1.97 (3H, s), 2.38 (3H, s), 5.30 (2H, s), 6.85 (1H, d, J= 8.4 Hz), 7.48-7.56 (1H, m), 7.57-7.62 (2H, m),
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7.65 (1H, d, J = 8.4 Hz), 7.89-7.97 (2H, m), 11.26 (1H, br s); MS m/z: 346 (M+H)"; ESI-MS m/z: 346.1545 (M+H)*
(Calcd for C21H2002N3: 346.1550).

3,5-Dimethyl-2-({[|6-methyl-5-(4-methylphenyl)pyridin-2-yl]oxy} methyl)pyridin-4(1H)-one (20)

Compound 20 was prepared from 14 in 63% yield using a similar approach to that described for 1. 'H-NMR (DMSO-d)
0: 1.86 3H, s), 1.97 (3H, s), 2.35 (3H, s), 2.36 (3H, s), 5.28 (2H, s), 6.79 (1H, d, J= 8.4 Hz), 7.20-7.30 (4H, m), 7.46—
7.60 (1H, m), 7.55 (1H, d, J = 8.4 Hz), 11.24 (1H, br s); MS m/z: 335 (M+H)"; ESI-MS m/z: 335.1747 (M+H)* (Calcd
for C21H230,N2: 335.1754).

3,5-Dimethyl-2-[({6-methyl-5-[4-(trifluoromethyl)phenyl]pyridin-2-yl}oxy)methyl]|pyridin-4(1H)-one (21)

To a mixture of 4-methoxy-3,5-dimethyl-2-[({6-methyl-5-[4-(trifluoromethyl)phenyl]pyridin-2-yl} oxy)methyl]pyridine
(15; 300 mg, 0.75 mmol) and MsOH (2.0 mL) was added methionine (350 mg, 2.3 mmol). The mixture was stirred at
90°C overnight. After cooling to room temperature, the mixture was poured into a saturated NaHCO3 aqueous solution.
The mixture was diluted with 10% citric acid aqueous solution and extracted with CHCIls. The organic layer was dried
over MgSO4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(CHCI13/MeOH) to give the product (160 mg, 55%). 'H-NMR (DMSO-ds) J: 1.86 (3H, s), 1.98 (3H, s), 2.38 (3H, s), 5.30
(2H, s), 6.85 (1H, d, J = 8.4 Hz), 7.49-7.56 (1H, m), 7.61 (2H, d, J=8.2 Hz), 7.65 (1H, d, /= 8.4 Hz), 7.81 (2H, d, J =
8.2 Hz), 11.26 (1H, br s); MS m/z: 389 (M+H)"; ESI-MS m/z: 389.1472 (M+H)* (Calcd for C21H200,N,F3: 389.1471).

3,5-Dimethyl-2-[({6-methyl-5-[3-(trifluoromethyl)phenyl]pyridin-2-yl}oxy)methyl]|pyridin-4(1H)-one (22)
Compound 22 was prepared from 16 in 53% yield using a similar approach to that described for 21. 'H-NMR (DMSO-
ds) 0: 1.86 (3H, s), 1.98 (3H, s), 2.37 (3H, s), 5.30 (2H, s), 6.84 (1H, d, J = 8.4 Hz), 7.48-7.56 (1H, m), 7.60-7.80 (4H,
m), 7.67 (1H, d, J = 8.4 Hz), 11.26 (1H, br s); MS m/z: 389 (M+H)"; ESI-MS m/z: 389.1470 (M+H)" (Calcd for
C21H2002N,F3: 389.1471).

3,5-Dimethyl-2-[({6-methyl-5-[2-(trifluoromethyl)phenyl]pyridin-2-yl}oxy)methyl]|pyridin-4(1H)-one (23)
Compound 23 was prepared from 17 in 53% yield using a similar approach to that described for 21. 'H-NMR (DMSO-
ds) 0: 1.87 (3H, s), 1.98 (3H, s), 2.10 (3H, s), 5.19-5.38 (2H, m), 6.79 (1H, d, /= 8.4 Hz), 7.39 (1H, d, J= 7.5 Hz), 7.49
(1H, d, J = 8.4 Hz), 7.53 (1H, s), 7.60-7.69 (1H, m), 7.70-7.79 (1H, m), 7.86 (1H, d, J= 7.7 Hz), 11.26 (1H, br s); MS
m/z: 389 (M+H)*; ESI-MS m/z: 389.1469 (M+H)" (Calcd for C21H200>NF3: 389.1471).

3,5-Dimethyl-2-({[2-methyl-6'-(trifluoromethyl)[3,3'-bipyridin]-6-yl]oxy} methyl)pyridin-4(1H)-one (24)
Compound 24 was prepared from 18 in 18% yield using a similar approach to that described for 1. 'H-NMR (DMSO-d)
0: 1.86 (3H, s), 1.98 (3H, s), 2.41 (3H, s), 5.31 (2H, s), 6.89 (1H, d, /= 8.4 Hz), 7.52 (1H, s), 7.74 (1H, d, /= 8.4 Hz),
7.99 (1H, d, J = 8.2 Hz), 8.11-8.19 (1H, m), 8.78-8.83 (1H, m), 11.27 (1H, br s); MS m/z: 390 (M+H)"; ESI-MS m/z:
390.1419 (M+H)" (Caled for C20H1002N3F3: 390.1424).

{6-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methoxy|-2-methylpyridin-3-yl}boronic acid (25)
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To a solution of 2-{[(5-bromo-6-methylpyridin-2-yl)oxy]methyl}-4-methoxy-3,5-dimethylpyridine (7; 1.0 g, 3.0 mmol)
and triisopropyl borate (1.1 mL, 4.8 mmol) in THF (15 mL) was added »n-BuLi (2.8 mL, 4.6 mmol, 1.7 M in hexane) at
—62°C. After stirring at —60°C for 1 h, the mixture was stirred at 0°C for an additional 1 h. H>O and EtOAc were added,
and the mixture was stirred at room temperature for 30 min. The resulting mixture was neutralized with 1.0 M HCI
aqueous solution and extracted with EtOAc. The organic layer was washed with brine and dried over Na;SO4. The filtrate
was concentrated in vacuo. The residue was purified by column chromatography on silica gel (CHCI3/MeOH). IPE and
hexane were added, and then the precipitated solid was collected by filtration to give the product (640 mg, 71%). 'H-
NMR (DMSO-ds) ¢: 2.21 (3H, s), 2.24 (3H, s), 2.52 (3H, s), 3.74 (3H, s), 5.33 (2H, s), 6.58 (1H, d, J = 8.2 Hz), 7.77
(1H, d, J= 8.2 Hz), 7.99 (2H, s), 8.19 (1H, s); MS m/z: 303 (M+H)".

6'-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methoxy]-2'-methyl-5-(trifluoromethyl)-2,3'-bipyridine (26)

Compound 26 was prepared from 25, 2-bromo-5-(trifluoromethyl)pyridine and Pd(PPhs)4 in 85% yield using a similar
approach to that described for 8. 'H-NMR (CDCl;) d: 2.28 (3H, s), 2.36 (3H, s), 2.55 (3H, s), 3.79 (3H, s), 5.51 (2H, s),
6.78 (1H, d, J= 8.4 Hz), 7.54 (1H, d, /= 8.2 Hz), 7.70 (1H, d, J = 8.4 Hz), 7.91-8.06 (1H, m), 8.27 (1H, s), 8.89-8.99
(1H, m); MS m/z: 404 (M+H)".

2-{6-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methoxy]-2-methylpyridin-3-yl}-5-(trifluoromethyl)pyrimidine (27)
Compound 27 was prepared from 25, 2-chloro-5-(trifluoromethyl)pyrimidine and Pd(PPhs)4 in 82% yield using a similar
approach to that described for 8. 'H-NMR (CDCl;) d: 2.27 (3H, s), 2.36 (3H, s), 2.82 (3H, s), 3.79 (3H, s), 5.54 (2H, s),
6.79 (1H, d, J= 8.6 Hz), 8.27 (1H, s), 8.33 (1H, d, J = 8.6 Hz), 8.98-9.06 (2H, m); MS m/z: 405 (M+H)".

2-{6-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methoxy]-2-methylpyridin-3-yl}-5-(trifluoromethyl)pyrazine (28)
Compound 28 was prepared from 25, 2-chloro-5-(trifluoromethyl)pyrazine and Pd(PPhs)4 in 80% yield using a similar
approach to that described for 8. "TH-NMR (CDCl;3) d: 2.28 (3H, s), 2.37 (3H, s), 2.61 (3H, s), 3.80 (3H, s), 5.52 (2H, s),
6.82 (1H, d, J = 8.6 Hz), 7.76 (1H, d, J = 8.6 Hz), 8.28 (1H, s), 8.76-8.87 (1H, m), 8.95-9.05 (1H, m); MS m/z: 405
(M+H)".

3-{6-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methoxy]-2-methylpyridin-3-yl}-6-(trifluoromethyl)pyridazine (29)
Compound 29 was prepared from 25, 3-chloro-6-(trifluoromethyl)pyridazine and Pd(PPhs)4 in 72% yield using a similar
approach to that described for 8. 'TH-NMR (CDCl;3) d: 2.28 (3H, s), 2.37 (3H, s), 2.60 (3H, s), 3.80 (3H, s), 5.53 (2H, s),
6.83 (1H, d, J= 8.6 Hz), 7.73-7.80 (2H, m), 7.87 (1H, d, J= 8.8 Hz), 8.28 (1H, s); MS m/z: 405 (M+H)".

3,5-Dimethyl-2-({[2'-methyl-5-(trifluoromethyl)[2,3'-bipyridin]-6'-yl]oxy} methyl)pyridin-4(1H)-one (30)

To a solution of ~BuOK (360 mg, 3.2 mmol) in DMF (3.5 mL) was added the solution of dodecane-1-thiol (0.79 mL,
3.3 mmol) in DMF (6.0 mL). The mixture was stirred at room temperature for 30 min. A solution of 6'-[(4-methoxy-3,5-
dimethylpyridin-2-yl)methoxy]-2'-methyl-5-(trifluoromethyl)-2,3'-bipyridine (26; 260 mg, 0.65 mmol) in DMF (2.5 mL)
was added, and the mixture was stirred at 60°C for 2 h. After the mixture was cooled to room temperature, H,O, 1.0 M

HCI aqueous solution and brine were successively added. The mixture was extracted with CHCI;/MeOH (5:1). The
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organic layer was dried over Na,SO4 and concentrated in vacuo. The residue was purified by column chromatography
on silica gel (CHCI3/MeOH), followed by column chromatography on amino functionalized silica gel (EtOAc/MeOH)
to give the product (170 mg, 66%). 'H-NMR (DMSO-ds) o: 1.87 (3H, s), 1.98 (3H, s), 2.52 (3H, s), 5.33 (2H, s), 6.88
(1H, d, J= 8.6 Hz), 7.53 (1H, s), 7.84 (1H, d, /= 8.2 Hz), 7.90 (1H, d, J = 8.6 Hz), 8.25-8.34 (1H, m), 9.02-9.09 (1H,
m), 11.26 (1H, br s); MS m/z: 390 (M+H)*; ESI-MS m/z: 390.1416 (M+H)" (Calcd for C20H1902N3F3: 390.1424).

3,5-Dimethyl-2-[({6-methyl-5-[5-(trifluoromethyl)pyrimidin-2-yl]|pyridin-2-yl} oxy)methyl|pyridin-4(1 H)-one
31

Compound 31 was prepared from 27 in 16% yield using a similar approach to that described for 30. 'H-NMR (DMSO-
ds) 0: 1.80-1.90 (3H, m), 1.98 (3H, s), 2.75 (3H, s), 5.35 (2H, s), 6.93 (1H, d, J = 8.6 Hz), 7.40-7.64 (1H, m), 8.36 (1H,
d, J= 8.6 Hz), 9.28-9.44 (2H, m), 11.26 (1H, br s); MS m/z: 391 (M+H)"; ESI-MS m/z: 391.1378 (M+H)* (Calcd for
Ci19H1302N4F3: 391.1376).

3,5-Dimethyl-2-[({6-methyl-5-[S-(trifluoromethyl)pyrazin-2-yl]pyridin-2-yl} oxy)methyl]|pyridin-4(1H)-one (32)
Compound 32 was prepared from 28 in 41% yield using a similar approach to that described for 30. 'H-NMR (DMSO-
ds) 0: 1.87 3H, s), 1.99 (3H, s), 2.57 (3H, s), 5.34 (2H, ), 6.94 (1H, d, J = 8.6 Hz), 7.49-7.57 (1H, m), 8.02 (1H, d, J =
8.6 Hz), 9.09-9.13 (1H, m), 9.25-9.28 (1H, m), 11.27 (1H, br s); MS m/z: 391 (M+H)*; ESI-MS m/z: 391.1374 (M+H)"
(Calcd for C19H302N4F3: 391.1376).

3,5-Dimethyl-2-[({6-methyl-5-[6-(trifluoromethyl)pyridazin-3-yl|pyridin-2-yl} oxy)methyl]pyridin-4(1 H)-one (33)
Compound 33 was prepared from 29 in 23% yield using a similar approach to that described for 30. 'H-NMR (DMSO-
ds) 0: 1.87 3H, s), 1.99 (3H, s), 2.52 (3H, s), 5.35 (2H, ), 6.95 (1H, d, J = 8.4 Hz), 7.47-7.60 (1H, m), 7.98 (1H, d, J =
8.4 Hz), 8.25(1H, d,J=8.6 Hz), 8.36 (1H, d, J= 8.6 Hz), 11.29 (1H, br s); MS m/z: 391 (M+H)"; ESI-MS m/z: 391.1371
(M+H)" (Caled for C19H1802N4F3: 391.1376).

6-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methoxy]-2-methylpyridine-3-carbaldehyde (34)

To a mixture of 2-{[(5-bromo-6-methylpyridin-2-yl)oxy]methyl}-4-methoxy-3,5-dimethylpyridine (7; 1.4 g, 4.0 mmol)
in THF (20 mL) was added dropwise #-BuLi (2.4 mL, 4.0 mmol, 1.7 M in hexane) at -64°C. DMF (0.65 mL, 8.4 mmol)
was added dropwise at —63°C, and the resulting mixture was stirred at the same temperature for 30 min. The reaction
was quenched by addition of saturated NH4Cl1 aqueous solution. After warming to room temperature, the mixture was
diluted with H,O and extracted with EtOAc. The organic layer was washed with brine, dried over MgSO4 and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane/EtOAc) to give the
product (520 mg, 45%). '"H-NMR (CDCls) 6: 2.27 (3H, s), 2.34 (3H, s), 2.78 (3H, s), 3.79 (3H, s), 5.53 (2H, s), 6.75 (1H,
d, J=8.6 Hz), 8.00 (1H, d, /= 8.6 Hz), 8.26 (1H, s), 10.21 (1H, s); MS m/z: 287 (M+H)*.

Diethyl {[6-(trifluoromethyl)pyridin-3-yljmethyl}phosphonate (36)
A mixture of 5-(chloromethyl)-2-(trifluoromethyl)pyridine (35; 480 mg, 2.5 mmol) in triethyl phosphite (3.0 mL, 17

mmol) was stirred at 150°C for 4 h. After cooling to room temperature, the mixture was concentrated in vacuo. The
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residue was purified by column chromatography on silica gel (hexane/CHCl3/MeOH) to give the product (670 mg, 92%).
'"H-NMR (CDCls) ¢: 1.28 (6H, t, J = 7.1 Hz), 3.20 (2H, d, J = 21.8 Hz), 4.03-4.13 (4H, m), 7.65 (1H, d, J = 8.2 Hz),
7.82-7.90 (1H, m), 8.62 (1H, s); MS m/z: 298 (M+H)".

4-Methoxy-3,5-dimethyl-2-{[(6-methyl-5-{(E)-2-[6-(trifluoromethyl)pyridin-3-yl]ethenyl}pyridin-2-
yDoxy|methyl}pyridine (37)

To a mixture of NaH (55% in oil, 37 mg, 0.85 mmol) in DME (1.0 mL) was added dropwise a solution of diethyl {[6-
(trifluoromethyl)pyridin-3-ylJmethyl } phosphonate (36; 240 mg, 0.79 mmol) in DME (2.0 mL) at 0°C. The mixture was
stirred at the same temperature for 30 min. A solution of 6-[(4-methoxy-3,5-dimethylpyridin-2-yl)methoxy]-2-
methylpyridine-3-carbaldehyde (34; 200 mg, 0.70 mmol) in DME (2.0 mL) was added dropwise, and the resulting
mixture was stirred at the same temperature for 1 h, and then stirred at room temperature for 2 h. The mixture was diluted
with H,O and extracted with EtOAc. The organic layer was washed with brine, dried over MgSQOj4 and then concentrated
in vacuo. The residue was purified by column chromatography on amino functionalized silica gel (hexane/EtOAc) to
give the product (180 mg, 58%). 'H-NMR (DMSO-ds) d: 2.22 (3H, s), 2.27 (3H, s), 2.59 (3H, s), 3.75 (3H, s), 5.38 (2H,
s), 6.77 (1H, d, J=8.6 Hz), 7.22 (1H, d, /= 16.3 Hz), 7.66 (1H, d, /= 16.3 Hz), 7.89 (1H, d, /= 8.4 Hz), 8.08 (1H, d, J
= 8.6 Hz), 8.21 (1H, s), 8.29-8.39 (1H, m), 8.93-9.00 (1H, m); MS m/z: 430 (M+H)".

3,5-Dimethyl-2-{[(6-methyl-5-{(E)-2-[6-(trifluoromethyl)pyridin-3-yl]ethenyl} pyridin-2-yl)oxy|methyl} pyridin-
4(1H)-one (38)

Compound 38 was prepared from 37 in 48% yield using a similar approach to that described for 21. 'H-NMR (DMSO-
ds) 0: 1.86 (3H, s), 1.97 (3H, s), 2.59 (3H, s), 5.28 (2H, s), 6.82 (1H, d, /= 8.6 Hz), 7.24 (1H, d, /= 16.3 Hz), 7.45-7.57
(1H, m), 7.66 (1H, d, J=16.3 Hz), 7.90 (1H, d, /= 8.4 Hz), 8.11 (1H, d, /= 8.6 Hz), 8.30-8.41 (1H, m), 8.89-9.07 (1H,
m), 11.22 (1H, br s); MS m/z: 416 (M+H)*; ESI-MS m/z: 416.1578 (M+H)" (Calcd for C22H2102N3F3: 416.1580).

4-Methoxy-3,5-dimethyl-2-{[(6-methyl-5-{2-[6-(trifluoromethyl)pyridin-3-yl]ethyl} pyridin-2-
yDoxy]|methyl}pyridine (39)

To a solution of 4-methoxy-3,5-dimethyl-2-{[(6-methyl-5-{(E)-2-[6-(trifluoromethyl)pyridin-3-yl]ethenyl}pyridin-2-
yl)oxy|methyl}pyridine (37; 95 mg, 0.22 mmol) in THF (1.5 mL) and EtOH (1.5 mL) was added 10% Pd/C (wetted with
approx. 50% water, 20 mg). After stirring under a hydrogen atmosphere (1.0 kgf/cm?) at room temperature for 4 h, the
mixture was filtered through a Celite pad and the filtrate was concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane/EtOAc) to give the product (79 mg, 83%). 'H-NMR (CDCls) d: 2.26 (3H, s), 2.34
(3H, s), 2.39 (3H, s), 2.82-2.97 (4H, m), 3.78 (3H, s), 5.41 (2H, s), 6.59 (1H, d, J= 8.4 Hz), 7.21 (1H, d, J = 8.4 Hz),
7.55-7.60 (2H, m), 8.26 (1H, s), 8.54 (1H, s); MS m/z: 432 (M+H)*.

3,5-Dimethyl-2-{[(6-methyl-5-{2-[6-(trifluoromethyl)pyridin-3-yl]ethyl} pyridin-2-yl)oxy|methyl} pyridin-4(1H)-
one (40)

Compound 40 was prepared from 39 in 56% yield using a similar approach to that described for 21. 'H-NMR (DMSO-
ds) 0: 1.85 (3H, s), 1.94 (3H, s), 2.37 (3H, s), 2.78-3.02 (4H, m), 5.21 (2H, s), 6.65 (1H, d, J= 8.2 Hz), 7.43-7.54 (2H,
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m), 7.82 (1H, d, J = 8.2 Hz), 7.90-7.99 (1H, m), 8.59-8.67 (1H, m), 11.18 (1H, br s); MS m/z: 418 (M+H)"; ESI-MS
m/z: 418.1731 (M+H)" (Caled for CooHy30,N5F3: 418.1737).

tert-Butyl 6-(benzyloxy)-2-methyl-3',6'-dihydro|[3,4'-bipyridine]-1'(2'H)-carboxylate (42)

Compound 42 was prepared from 41,*® tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridine-
1(2H)-carboxylate and Pd(PPhs)4 in quantitative yield using a similar approach to that described for 8. "H-NMR (CDCl;3)
0:1.50 (9H, s), 2.25-2.37 (2H, m), 2.41 (3H, s), 3.61 (2H, t, J=5.6 Hz), 3.96-4.10 (2H, m), 5.36 (2H, s), 5.48-5.63 (1H,
m), 6.55-6.61 (1H, m), 7.25-7.40 (4H, m), 7.44-7.50 (2H, m); MS m/z: 381 (M+H)".

tert-Butyl 4-(6-hydroxy-2-methylpyridin-3-yl)piperidine-1-carboxylate (43)

To a solution of tert-butyl 6-(benzyloxy)-2-methyl-3',6'-dihydro[3,4'-bipyridine]-1'(2'H)-carboxylate (42; 2.2 g, 5.7
mmol) in THF (20 mL) and MeOH (20 mL) was added 20% Pd(OH),/C (wetted with approx. 50% water, 400 mg). After
stirring under a hydrogen atmosphere (2.5 kgf/cm?) at room temperature for 6 h, the mixture was filtered through a Celite
pad. The filtrate was concentrated in vacuo. To the residue was added IPE and the precipitated solid was collected by
filtration to give the product (1.5 g, 92%). 'H-NMR (DMSO-de) J: 1.34-1.47 (2H, m), 1.41 (9H, s), 1.47-1.63 (2H, m),
2.20 3H, s), 2.54-2.92 (3H, m), 3.91-4.14 (2H, m), 6.11 (1H, d, /= 9.3 Hz), 7.33 (1H, d, /= 9.3 Hz), 11.39 (1H, br s);
MS m/z: 293 (M+H)*.

tert-Butyl  4-{6-[(4-methoxy-3,5-dimethylpyridin-2-yl)methoxy]-2-methylpyridin-3-yl}piperidine-1-carboxylate
(44)

Compound 44 was prepared from 2-(chloromethyl)-4-methoxy-3,5-dimethylpyridine hydrochloride and 43 in 98% yield
using a similar approach to that described for 5. 'H-NMR (CDCl;) d: 1.44-1.58 (2H, m), 1.48 (9H, s), 1.66-1.77 (2H,
m), 2.26 (3H, s), 2.34 (3H, s), 2.48 (3H, s), 2.67-2.96 (3H, m), 3.78 (3H, s), 4.15-4.36 (2H, m), 5.41 (2H, s), 6.63 (1H,
d, J=8.4 Hz), 7.35 (1H, d, J= 8.4 Hz), 8.25 (1H, s); MS m/z: 442 (M+H)".

4-Methoxy-3,5-dimethyl-2-({[6-methyl-5-(piperidin-4-yl)pyridin-2-ylJoxy}methyl)pyridine (45)

To a solution of fert-butyl 4-{6-[(4-methoxy-3,5-dimethylpyridin-2-yl)methoxy]-2-methylpyridin-3-yl}piperidine-1-
carboxylate (44; 2.3 g, 5.1 mmol) in CH>Cl, (20 mL) was added TFA (5.0 mL, 65 mmol). After stirring at room
temperature for 6 h, the mixture was neutralized with saturated NaHCO3 aqueous solution while cooling on ice. The
mixture was extracted with CHCl;/MeOH (5:1). The organic layer was dried over Na,SO4 and concentrated in vacuo.
The residue was purified by column chromatography on amino functionalized silica gel (CHCIz/MeOH) to give the
product (1.8 g, quantitative yield). "H-NMR (DMSO-d) J: 1.31-1.66 (4H, m), 2.21 (3H, s), 2.24 (3H, s), 2.42 (3H, s),
2.52-2.80 (3H, m), 2.91-3.10 (2H, m), 3.74 (3H, s), 5.29 (2H, s), 6.63 (1H, d, /= 8.4 Hz), 7.51 (1H, d, /= 8.4 Hz), 8.19
(1H, s); MS m/z: 342 (M+H)*.

4-Methoxy-3,5-dimethyl-2-({[6-methyl-5-(1-methylpiperidin-4-yl)pyridin-2-yljoxy} methyl)pyridine (46)
To a solution of 4-methoxy-3,5-dimethyl-2-({[6-methyl-5-(piperidin-4-yl)pyridin-2-ylJoxy} methyl)pyridine (45; 200
mg, 0.59 mmol) in THF (3.0 mL) and EtOH (3.0 mL) was added 1H-benzotriazol-1-methanol (150 mg, 0.97 mmol).
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After the mixture was stirred at room temperature for 10 min, NaBH(OAc); (290 mg, 1.4 mmol) was added. After stirring
at room temperature for 18 h, the reaction was quenched by addition of saturated NaHCO3 aqueous solution. The mixture
was extracted with CHCIls. The organic layer was dried over Na,SO4 and concentrated in vacuo. The residue was purified
by column chromatography on silica gel (CHCl3/MeOH) to give the product (150 mg, 73%). '"H-NMR (CDCls) J: 1.58—
1.82 (4H, m), 1.99-2.15 (2H, m), 2.26 (3H, s), 2.33 (6H, s), 2.47 (3H, s), 2.53-2.70 (1H, m), 2.91-3.05 (2H, m), 3.77
(3H, s), 5.40 (2H, s), 6.63 (1H, d, J= 8.6 Hz), 7.41 (1H, d, /= 8.6 Hz), 8.25 (1H, s); MS m/z: 356 (M+H)".

2-{[(5-{1-[(4-Fluorophenyl)methyl]piperidin-4-yl}-6-methylpyridin-2-yl)oxy| methyl}-4-methoxy-3,5-
dimethylpyridine (47)

To a solution of 4-methoxy-3,5-dimethyl-2-({[6-methyl-5-(piperidin-4-yl)pyridin-2-yl]oxy} methyl)pyridine (45; 200
mg, 0.59 mmol) in CH>Cl; (6.0 mL) were added 4-fluorobenzaldehyde (77 pL, 0.73 mmol) and AcOH (67 pL, 1.2 mmol).
After the mixture was stirred at room temperature for 1 h, NaBH(OAc); (250 mg, 1.2 mmol) was added. After stirring at
room temperature for 18 h, the reaction was quenched by addition of saturated NaHCO3 aqueous solution. The mixture
was extracted with CHCIls. The organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (CHCI3/MeOH) to give the product (220 mg, 84%). 'H-
NMR (CDCl3) d: 1.63-1.77 (4H, m), 2.01-2.15 (2H, m), 2.25 (3H, s), 2.33 (3H, s), 2.46 (3H, s), 2.55-2.72 (1H, m),
2.91-3.06 (2H, m), 3.51 (2H, s), 3.77 (3H, s), 5.40 (2H, s), 6.62 (1H, d, J = 8.4 Hz), 6.93-7.10 (2H, m), 7.27-7.34 (2H,
m), 7.42 (1H, d, J = 8.4 Hz), 8.25 (1H, s); MS m/z: 450 (M+H)*.

4-Methoxy-3,5-dimethyl-2-({[|6-methyl-5-(1-{[4-(trifluoromethyl)phenyl]methyl}piperidin-4-yl)pyridin-2-
ylloxy}methyl)pyridine (48)

Compound 48 was prepared from 45 and 4-(trifluoromethyl)benzaldehyde in 69% yield using a similar approach to that
described for 47. 'TH-NMR (DMSO-d) 6: 1.53-1.71 (4H, m), 2.05-2.18 (2H, m), 2.21 (3H, s), 2.24 (3H, s), 2.41 (3H, s),
2.56-2.73 (1H, m), 2.84-2.96 (2H, m), 3.60 (2H, s), 3.73 (3H, s), 5.28 (2H, s), 6.62 (1H, d, J = 8.4 Hz), 7.49-7.61 (3H,
m), 7.69 (2H, d, J= 7.9 Hz), 8.19 (1H, s); MS m/z: 500 (M+H)*.

3,5-Dimethyl-2-({[|6-methyl-5-(1-methylpiperidin-4-yl)pyridin-2-ylJoxy}methyl)pyridin-4(1 H)-one (49)
Compound 49 was prepared from 46 in 14% yield using a similar approach to that described for 21. 'H-NMR (DMSO-
ds) 0: 1.53-1.67 (4H, m), 1.85 (3H, s), 1.89-2.04 (2H, m), 1.95 (3H, s), 2.19 (3H, s), 2.41 (3H, s), 2.52-2.63 (1H, m),
2.79-2.91 (2H, m), 5.21 (2H, s), 6.68 (1H, d, J = 8.4 Hz), 7.45-7.52 (1H, m), 7.56 (1H, d, J= 8.4 Hz), 11.17 (1H, br s);
MS m/z: 342 (M+H)"; ESI-MS m/z: 342.2175 (M+H)" (Calcd for C20H230,N3: 342.2176).

2-{[(5-{1-[(4-Fluorophenyl)methyl]piperidin-4-yl}-6-methylpyridin-2-yl)oxy]methyl}-3,5-dimethylpyridin-4(1 H)-
one (50)

Compound 50 was prepared from 47 in 39% yield using a similar approach to that described for 21. 'H-NMR (DMSO-
ds) 0: 1.54-1.69 (4H, m), 1.85 (3H, s), 1.94 (3H, s), 2.00-2.13 (2H, m), 2.41 (3H, s), 2.55-2.70 (1H, m), 2.84-2.96 (2H,
m), 3.48 (2H, s), 5.20 (2H, s), 6.67 (1H, d, J= 8.4 Hz), 7.07-7.20 (2H, m), 7.27-7.40 (2H, m), 7.44-7.53 (1H, m), 7.58
(1H, d, J= 8.4 Hz), 11.16 (1H, br s); MS m/z: 436 (M+H)"; ESI-MS m/z: 436.2388 (M+H)* (Calcd for C26H310,N3F:
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436.2395).

3,5-Dimethyl-2-({[|6-methyl-5-(1-{[4-(trifluoromethyl)phenyl|methyl}piperidin-4-yl)pyridin-2-
ylloxy}methyl)pyridin-4(1H)-one (51)

Compound 51 was prepared from 48 in 46% yield using a similar approach to that described for 21. 'H-NMR (DMSO-
ds) 0: 1.55-1.71 (4H, m), 1.84 (3H, s), 1.94 (3H, s), 2.04-2.20 (2H, m), 2.42 (3H, s), 2.55-2.73 (1H, m), 2.82-2.97 (2H,
m), 3.60 (2H, s), 5.20 (2H, s), 6.68 (1H, d, J= 8.4 Hz), 7.45-7.52 (1H, m), 7.56 (2H, d, J=8.2 Hz), 7.59 (1H, d, /= 8.4
Hz), 7.69 (2H, d, J = 8.2 Hz), 11.02-11.30 (1H, m); MS m/z: 486 (M+H)"; ESI-MS m/z: 486.2354 (M+H)* (Calcd for
C27H310,N3F3: 486.2363).

2-[({5-[1-(4-Fluorophenyl)piperidin-4-yl]-6-methylpyridin-2-yl} oxy)methyl]-4-methoxy-3,5-dimethylpyridine
(32)

To a mixture of 4-methoxy-3,5-dimethyl-2-({[6-methyl-5-(piperidin-4-yl)pyridin-2-ylJoxy} methyl)pyridine (45; 200 mg,
0.59 mmol) and toluene (6.0 mL) were added 1-bromo-4-fluorobenzene (0.13 mL, 1.2 mmol), #~-BuONa (110 mg, 1.2
mmol), BINAP (22 mg, 0.035 mmol) and Pd»(dba); (12 mg, 0.013 mmol) under an argon atmosphere. The mixture was
heated under reflux condition for 18 h. After cooling to room temperature, the mixture was diluted with EtOAc and
filtered through a Celite pad. The filtrate was washed with H,O and brine, dried over Na,SO4 and concentrated in vacuo.
The residue was purified by column chromatography on silica gel (CHCl3/MeOH), followed by column chromatography
on amino functionalized silica gel (hexane/CHCl;) to give the product (120 mg, 47%). 'H-NMR (CDCls) J: 1.74-1.94
(4H, m), 2.26 (3H, s), 2.34 (3H, s), 2.50 (3H, s), 2.63-2.93 (3H, m), 3.60-3.74 (2H, m), 3.78 (3H, s), 5.42 (2H, s), 6.65
(1H, d, J= 8.4 Hz), 6.87-7.04 (4H, m), 7.43 (1H, d, J= 8.4 Hz), 8.26 (1H, s); MS m/z: 436 (M+H)™.

2-[({5-[1-(4-Fluorophenyl)piperidin-4-yl]-6-methylpyridin-2-yl} oxy)methyl]-3,5-dimethylpyridin-4(1H)-one (53)
Compound 53 was prepared from 52 in 33% yield using a similar approach to that described for 21. 'H-NMR (DMSO-
ds) 0: 1.64-1.82 (4H, m), 1.85 (3H, s), 1.95 (3H, s), 2.46 (3H, s), 2.63-2.89 (3H, m), 3.62-3.78 (2H, m), 5.22 (2H, s),
6.70 (1H, d, J = 8.4 Hz), 6.90-7.15 (4H, m), 7.41-7.54 (1H, m), 7.60 (1H, d, /= 8.4 Hz), 11.18 (1H, br s); MS m/z: 422
(M+H)*; ESI-MS m/z: 422.2235 (M+H)" (Calcd for C25H290,N3F: 422.2238).

tert-Butyl 6-[(4-methoxy-3,5-dimethylpyridin-2-yl)methoxy]-2-methyl-3',6'-dihydro[3,4'-bipyridine]-1'(2' H)-
carboxylate (54)

Compound 54 was prepared from 7, tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridine-
1(2H)-carboxylate and Pd(PPhs)4 in 76% yield using a similar approach to that described for 8. 'H-NMR (CDCls) d: 1.50
(9H, s), 2.26 (3H, s), 2.27-2.37 (2H, m), 2.34 (3H, s), 2.40 (3H, s), 3.61 (2H, t, J=5.6 Hz), 3.78 (3H, s), 3.96-4.11 (2H,
m), 5.42 (2H, s), 5.50-5.63 (1H, m), 6.61 (1H, d, J= 8.4 Hz), 7.23-7.29 (1H, m), 8.26 (1H, s); MS m/z: 440 (M+H)".

6-[(4-Methoxy-3,5-dimethylpyridin-2-yl)methoxy|-2-methyl-1',2',3',6'-tetrahydro-3,4'-bipyridine (55)
Compound 55 was prepared from 54 in 87% yield using a similar approach to that described for 45. "TH-NMR (CDCl;3)
0:2.21-2.28 (2H, m), 2.26 (3H, s), 2.34 (3H, s), 2.43 (3H, s), 3.08 (2H, t, J = 5.6 Hz), 3.44-3.53 (2H, m), 3.78 (3H, s),

98



5.42 (2H, s), 5.57-5.65 (1H, m), 6.60 (1H, d, J = 8.4 Hz), 7.23-7.31 (1H, m), 8.26 (1H, s); MS m/z: 340 (M+H)".

1'-[(4-Fluorophenyl)methyl]-6-[(4-methoxy-3,5-dimethylpyridin-2-yl)methoxy|-2-methyl-1',2',3',6'-tetrahydro-
3,4'-bipyridine (56)

Compound 56 was prepared from 55 and 4-fluorobenzaldehyde in 84% yield using a similar approach to that described
for 47. '"H-NMR (CDCl;) d: 2.26 (3H, s), 2.30-2.37 (2H, m), 2.34 (3H, s), 2.42 (3H, s), 2.67 (2H, t, J = 5.6 Hz), 3.07—
3.18 (2H, m), 3.61 (2H, s), 3.77 (3H, s), 5.41 (2H, s), 5.52-5.57 (1H, m), 6.59 (1H, d, J = 8.4 Hz), 6.97-7.08 (2H, m),
7.29 (1H, d, J= 8.4 Hz), 7.31-7.37 (2H, m), 8.25 (1H, s); MS m/z: 448 (M+H)*.

2-[({1'-[(4-Fluorophenyl)methyl]-2-methyl-1',2',3",6'-tetrahydro[3,4'-bipyridin]|-6-yl}oxy)methyl]-3,5-
dimethylpyridin-4(1H)-one (57)

Compound 57 was prepared from 56 in 25% yield using a similar approach to that described for 1. 'H-NMR (DMSO-d)
0: 1.85 (3H, s), 1.95 (3H, s), 2.22-2.32 (2H, m), 2.36 (3H, s), 2.62 (2H, t, J= 5.5 Hz), 2.98-3.07 (2H, m), 3.58 (2H, s),
5.22 (2H, s), 5.54-5.60 (1H, m), 6.67 (1H, d, J = 8.4 Hz), 7.09-7.21 (2H, m), 7.33-7.41 (2H, m), 7.45 (1H, d, /=84
Hz), 7.47-7.54 (1H, m), 11.20 (1H, br s); *C-NMR (DMSO-ds) J: 9.92, 13.64, 22.40, 30.12, 49.24, 52.09, 60.63, 61.93,
107.41, 114.79 (d, J=20.9 Hz), 120.91, 121.76, 124.73, 130.57 (d, J = 8.0 Hz), 130.93, 133.01, 133.99, 134.38 (d, J =
3.0 Hz), 139.21, 140.60, 151.94, 160.06, 161.17 (d, J=242.4 Hz), 177.37; MS m/z: 434 (M+H)"; ESI-MS m/z: 434.2234
(M+H)" (Calcd for Ca6H2900,N3F: 434.2238); IR (KBr) 1632, 1589, 1570, 1508, 1466, 1449, 1371, 1306, 1269, 1215,
1198, 1155,1138, 1117, 1030, 993 cm™".

Chapter 2

(4-Nitrophenyl)(4-{[4-(trifluoromethyl)phenyl|methyl}piperazin-1-yl)methanone (60)

To a solution of 1-{[4-(trifluoromethyl)phenyl]methyl}piperazine (71; 3.0 g, 12 mmol) in DMF (60 mL) were added 4-
nitrobenzoic acid (59; 2.5 g, 15 mmol), WSC-HCI (3.5 g, 18 mmol) and HOBt (830 mg, 6.1 mmol). After stirring at
room temperature overnight, the mixture was diluted with H>O and stirred at 0°C for 1 h. The precipitated solid was
collected by filtration to give the product (4.1 g, 84%). 'H-NMR (DMSO-dc) J: 2.31-2.55 (4H, m), 3.23-3.35 (2H, m),
3.56-3.74 (2H, m), 3.62 (2H, s), 7.55 (2H, d, J= 8.0 Hz), 7.63-7.73 (4H, m), 8.25-8.31 (2H, m); MS m/z: 394 (M+H)".

(4-Aminophenyl)(4-{[4-(trifluoromethyl)phenyl|methyl}piperazin-1-yl)methanone (61)

To a solution of (4-nitrophenyl)(4-{[4-(trifluoromethyl)phenyl Jmethyl} piperazin-1-yl)methanone (60; 4.1 g, 10 mmol)
in EtOAc (60 mL) was added 10% Pd/C (410 mg). After stirring under a hydrogen atmosphere (1.0 kgf/cm?) at room
temperature for 5 h, the mixture was filtered through a Celite pad and the filtrate was concentrated in vacuo to give the
product (3.8 g, 98%). 'H-NMR (DMSO-ds) J: 2.38 (4H, t, J = 4.9 Hz), 3.43-3.55 (4H, m), 3.59 (2H, s), 5.49 (2H, s),
6.49-6.58 (2H, m), 7.06-7.15 (2H, m), 7.55 (2H, d, J= 8.0 Hz), 7.69 (2H, d, J= 8.0 Hz); MS m/z: 364 (M+H)".

N-[4-(4-{[4-(Trifluoromethyl)phenyl|methyl} piperazine-1-carbonyl)phenyl]piperazine-1-carboxamide
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dihydrochloride (62)

To a solution of (4-aminophenyl)(4-{[4-(trifluoromethyl)phenyl]methyl} piperazin-1-yl)methanone (61; 300 mg, 0.83
mmol) in THF (7.5 mL) were added triphosgene (82 mg, 0.27 mmol) and EtzN (0.12 mL, 0.83 mmol) at 0°C. The mixture
was stirred at 60°C for 1 h. After the mixture was cooled to room temperature, terz-butyl piperazine-1-carboxylate (230
mg, 1.2 mmol) was added. After stirring at room temperature for 3 h, the mixture was diluted with H,O and extracted
with CHCl3/MeOH (4:1). The organic layer was washed with H>O and brine, dried over Na;SO4 and concentrated in
vacuo. The residue was purified by column chromatography on silica gel (hexane/EtOAc/MeOH). To a mixture of the
purified product in EtOAc (5.0 mL) was added 4.0 M HCl in EtOAc (0.90 mL, 3.6 mmol). After the mixture was stirred
at room temperature overnight, 4.0 M HCI in EtOAc (0.90 mL, 3.6 mmol) and MeOH (4.0 mL) were added. After stirring
at room temperature overnight, the mixture was diluted with Et;O. The mixture was stirred at room temperature for 1 h,
and the precipitated solid was collected by filtration to give the product (320 mg, 70%). 'H-NMR (DMSO-ds) J: 2.96—
3.24 (6H, m), 3.25-3.61 (4H, m), 3.71 (4H, t, J= 5.3 Hz), 3.85-4.69 (4H, m), 7.37 (2H, d, J=8.6 Hz), 7.58 (2H, d, J =
8.6 Hz), 7.76-7.95 (4H, m), 9.05-9.15 (1H, m), 9.15-9.39 (2H, m), 11.60-11.88 (1H, m); MS m/z: 476 (M+H)"; ESI-
MS m/z: 476.2262 (M+H)" (Calcd for C24H200,N5F3: 476.2268).

4-[(4-Fluorophenyl)methyl]-/N-[4-(4-{[4-(trifluoromethyl)phenyl|methyl} piperazine-1-
carbonyl)phenyl]piperazine-1-carboxamide (63)

To a solution of (4-aminophenyl)(4-{[4-(trifluoromethyl)phenyl]methyl} piperazin-1-yl)methanone (61; 200 mg, 0.55
mmol) in THF (5.0 mL) were added triphosgene (54 mg, 0.18 mmol) and Et;N (77 pL, 0.55 mmol) at 0°C. The mixture
was stirred at 60°C for 1 h. After the mixture was cooled to room temperature, 1-[(4-fluorophenyl)methyl]piperazine
(160 mg, 0.83 mmol) was added. After stirring at room temperature for 3 h, the mixture was diluted with H,O and
extracted with CHCIs. The organic layer was washed with H>O and brine, dried over Na;SO4 and concentrated in vacuo.
The residue was purified by column chromatography on silica gel (hexane/EtOAc/MeOH). To the residue was added
hexane, the precipitated solid was collected by filtration to give the product (130 mg, 42%). 'H-NMR (DMSO-ds) J:
2.28-2.47 (8H, m), 3.35-3.71 (8H, m), 3.50 (2H, s), 3.60 (2H, s), 7.10-7.20 (2H, m), 7.23-7.30 (2H, m), 7.30-7.40 (2H,
m), 7.46-7.54 (2H, m), 7.55 (2H, d, J = 8.0 Hz), 7.69 (2H, d, J = 8.0 Hz), 8.68 (1H, s); MS m/z: 584 (M+H)*; ESI-MS
m/z: 584.2633 (M+H)" (Calcd for C31H3402NsF4: 584.2643).

4-[(4-Methoxyphenyl)methyl]-/V-[4-(4-{[4-(trifluoromethyl)phenyl]methyl}piperazine-1-
carbonyl)phenyl]piperazine-1-carboxamide (64)

Compound 64 was prepared from 61 and 1-[(4-methoxyphenyl)methyl]piperazine in 79% yield using a similar approach
to that described for 63. '"H-NMR (DMSO-ds) J: 2.24-2.48 (8H, m), 3.36-3.66 (10H, m), 3.60 (2H, s), 3.74 (3H, s),
6.80-6.96 (2H, m), 7.19-7.25 (2H, m), 7.24-7.30 (2H, m), 7.47-7.53 (2H, m), 7.55 (2H, d, J= 8.0 Hz), 7.69 (2H, d, J =
8.0 Hz), 8.68 (1H, s); MS m/z: 596 (M+H)*; ESI-MS m/z: 596.2833 (M+H)" (Calcd for C3,H3703NsF3: 596.2843).

4-Benzyl-N-[4-(4-{[4-(trifluoromethyl)phenyl|methyl} piperazine-1-carbonyl)phenyl]piperazine-1-carboxamide
(65)
To a solution of N-[4-(4-{[4-(trifluoromethyl)phenyl]methyl} piperazine-1-carbonyl)phenyl]piperazine-1-carboxamide
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dihydrochloride (62; 300 mg, 0.55 mmol) in DMF (6.0 mL) were added benzyl bromide (78 pL, 0.65 mmol) and K>,CO3
(260 mg, 1.9 mmol). After stirring at room temperature overnight, the mixture was diluted with H,O and stirred at 0°C
for 1 h. The precipitated solid was collected by filtration. The obtained solid was purified by column chromatography on
silica gel (CHCl3/MeOH). The purified product was triturated with hexane, and the precipitated solid was collected by
filtration to give the product (250 mg, 79%). 'H-NMR (DMSO-ds) o: 2.28-2.47 (8H, m), 3.36-3.68 (8H, m), 3.51 (2H,
s), 3.60 (2H, s), 7.19-7.40 (7H, m), 7.47-7.53 (2H, m), 7.55 (2H, d, J= 8.0 Hz), 7.69 (2H, d, J = 8.0 Hz), 8.68 (1H, s);
MS m/z: 566 (M+H)"; ESI-MS m/z: 566.2727 (M+H)* (Calcd for C31H3502N5F3: 566.2737).

N-[4-(4-{[4-(Trifluoromethyl)phenyl|methyl}piperazine-1-carbonyl)phenyl]-1,4-diazepane-1-carboxamide (66)
Compound 66 was prepared from 61 and fert-butyl 1,4-diazepane-1-carboxylate in quantitative yield using a similar
approach to that described for 62. 'H-NMR (DMSO-ds) J: 1.65-1.75 (2H, m), 2.32-2.48 (4H, m), 2.64-2.75 (2H, m),
2.76-2.86 (2H, m), 3.40-3.66 (8H, m), 3.60 (2H, s), 7.23-7.30 (2H, m), 7.55 (4H, d, J = 8.6 Hz), 7.69 (2H, d, J = 8.0
Hz), 8.35 (1H, s); MS m/z: 490 (M+H)".

4-[(4-Methoxyphenyl)methyl]-/V-[4-(4-{[4-(trifluoromethyl)phenyl|methyl}piperazine-1-carbonyl)phenyl]-1,4-
diazepane-1-carboxamide dihydrochloride (67)

To a solution of N-[4-(4-{[4-(trifluoromethyl)phenyl]methyl}piperazine-1-carbonyl)phenyl]-1,4-diazepane-1-
carboxamide (66; 400 mg, 0.83 mmol) in CH>Cl, (7.0 mL) were added 4-methoxybenzaldehyde (0.28 mL, 0.83 mmol),
AcOH (5.0 uL, 87 umol) and NaBH(OAc); (500 mg, 2.4 mmol). After stirring at room temperature for 2 h, the mixture
was diluted with saturated NaHCO3 aqueous solution and extracted with CHCls. The organic layer was dried over MgSOj4
and concentrated in vacuo. The residue was purified by column chromatography on silica gel (CHCl;/MeOH). The
purified product was treated with excess 4.0 M HCl in 1,4-dioxane and MeOH. The mixture was concentrated in vacuo.
The residue was triturated with Et,O, and the precipitated solid was collected by filtration to give the product (470 mg,
84%). 'H-NMR (DMSO-ds) 9: 2.04-2.19 (1H, m), 2.24-2.42 (1H, m), 2.96-3.21 (4H, m), 3.24-3.72 (10H, m), 3.78 (3H,
s), 3.95-4.57 (6H, m), 7.01 (2H, d, /= 8.6 Hz), 7.36 (2H, d, J = 8.6 Hz), 7.54 (2H, d, J = 8.6 Hz), 7.60 (2H, d, /= 8.6
Hz), 7.78-7.94 (4H, m), 8.71 (1H, s), 10.67-10.89 (1H, m), 11.55-11.83 (1H, m); MS m/z: 610 (M+H)"; ESI-MS m/z:
610.2991 (M+H)" (Caled for C33H3003NsF3: 610.3000).

4-({4-[(4-Methoxyphenyl)methyl]piperazine-1-carbonyl}amino)benzoic acid (69)

To a solution of methyl 4-aminobenzoate (68; 1.5 g, 9.9 mmol) in THF (30 mL) were added triphosgene (1.1 g, 3.7
mmol) and EtN (1.7 mL, 12 mmol) at 0°C. The mixture was stirred at 60°C for 1.5 h. After the mixture was cooled to
room temperature, 1-[(4-methoxyphenyl)methyl]piperazine (2.1 g, 10 mmol) was added. After stirring at room
temperature for 2.5 h, the mixture was diluted with H>O and CHClIs. The precipitated solid was collected by filtration.
The filtrate was extracted with CHCls. The organic layer was concentrated in vacuo. A mixture of the residue and the
collected solid was triturated with EtOAc, and the precipitated solid was collected by filtration. To a mixture of the
obtained solid in MeOH (50 mL) was added 1.0 M NaOH aqueous solution (50 mL, 50 mmol). The mixture was stirred
at 60°C for 3.5 h. After cooling to room temperature, the mixture was neutralized with 1.0 M HCI aqueous solution

(approx. ~ pH 7), and then extracted with CHCI3/IPA (4:1) and CHCl3/MeOH (4:1). The combined organic layer was
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dried over MgSO4 and concentrated in vacuo to give the product (2.2 g, 61%). 'H-NMR (DMSO-ds) J: 2.36 (4H, t, J =
4.9 Hz), 3.41-3.49 (4H, m), 3.43 (2H, s), 3.74 (3H, s), 6.89 (2H, d, J= 8.6 Hz), 7.22 (2H, d, /= 8.6 Hz), 7.55 (2H, d, J
= 8.8 Hz), 7.80 (2H, d, /= 8.8 Hz), 8.81 (1H, s); MS m/z: 370 (M+H)".

4-[(4-Methoxyphenyl)methyl]-/V-[4-(4-{[4-(trifluoromethyl)phenyl|methyl}-1,4-diazepane-1-
carbonyl)phenyl]piperazine-1-carboxamide dihydrochloride (70)

To a mixture of 4-({4-[(4-methoxyphenyl)methyl]piperazine-1-carbonyl }amino)benzoic acid (69; 200 mg, 0.54 mmol),
tert-butyl 1,4-diazepane-1-carboxylate (110 mg, 0.57 mmol), HOBt (90 mg, 0.67 mmol) and CH>Cl; (5.0 mL) was added
WSC-HCI (130 mg, 0.68 mmol). After stirring at room temperature for 3 d, the mixture was diluted with saturated
NaHCOs3 aqueous solution, extracted with CH>Cl, and dried over MgSOs. The organic layer was concentrated in vacuo.
The residue was purified by column chromatography on silica gel (CHCI3/MeOH). To a solution of the purified product
in MeOH (2.0 mL) was added 4.0 M HCl in 1,4-dioxane (2.0 mL, 8.0 mmol). After stirring at room temperature for 1 h,
the mixture was diluted with saturated NaHCO3 aqueous solution and extracted with CHCI3/IPA (4:1). The organic layer
was dried over MgSO4 and concentrated in vacuo. To a solution of the residue in CH>Cl, (5.0 mL) were added 4-
(trifluoromethyl)benzaldehyde (0.20 mL, 0.53 mmol), AcOH (5.0 pL, 87 umol) and NaBH(OAc)s (250 mg, 1.2 mmol).
After stirring at room temperature overnight, the mixture was diluted with saturated NaHCO3 aqueous solution and
extracted with CHCIls. The organic layer was dried over MgSO4 and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (CHCl;/MeOH). The purified product was treated with excess 4.0 M HCl in 1,4-
dioxane and MeOH. The mixture was concentrated in vacuo. The residue was triturated with Et,O, and the precipitated
solid was collected by filtration to give the product (260 mg, 70%). 'H-NMR (DMSO-ds) J: 1.91-2.47 (2H, m), 2.84—
3.73 (13H, m), 3.79 (3H, s), 4.04-4.36 (5H, m), 4.37-4.58 (2H, m), 6.97-7.07 (2H, m), 7.30-7.43 (2H, m), 7.47-7.61
(4H, m), 7.79-7.98 (4H, m), 9.11 (1H, s), 11.02-11.23 (1H, m), 11.25-11.44 (1H, m); MS m/z: 610 (M+H)"; ESI-MS
m/z: 610.2997 (M+H)" (Calcd for C33H3903NsF3: 610.3000).

(3-Aminophenyl)(4-{[4-(trifluoromethyl)phenyl|methyl} piperazin-1-yl)methanone (72)

Compound 72 was prepared from 1-{[4-(trifluoromethyl)phenyl]methyl}piperazine (71) and 3-aminobenzoic acid in
82% yield using a similar approach to that described for 60. 'H-NMR (DMSO-ds) d: 2.26-2.47 (4H, m), 3.26 (4H, s),
3.60 (2H, s), 5.23 (2H, s), 6.41-6.47 (1H, m), 6.50-6.55 (1H, m), 6.56—6.62 (1H, m), 7.04 (1H, t, /= 7.7 Hz), 7.55 (2H,
d, J=8.0Hz), 7.69 (2H, d, J = 8.0 Hz); MS m/z: 364 (M+H)".

4-Amino-1-(4-{[4-(trifluoromethyl)phenyl]methyl} piperazin-1-yl)butan-1-one (73)

To a mixture of 1-{[4-(trifluoromethyl)phenyl]methyl}piperazine (71; 380 mg, 1.6 mmol), 4-[(fert-
butoxycarbonyl)amino]butanoic acid (310 mg, 1.5 mmol), HOBt (260 mg, 1.9 mmol) and CH,Cl, (6.0 mL) was added
WSC-HCI1 (360 mg, 1.9 mmol). After stirring at room temperature overnight, the mixture was diluted with saturated
NaHCOj3 aqueous solution and extracted with CHCls. The organic layer was dried over MgSO4 and concentrated in vacuo.
The residue was purified by column chromatography on silica gel (CHCl3/MeOH). To a solution of the purified product
in MeOH (3.0 mL) was added 4.0 M HCl in 1,4-dioxane (3.0 mL, 12 mmol). After stirring at room temperature for 1 h,

the mixture was diluted with saturated NaHCO3 aqueous solution and extracted with CHCl3. The organic layer was dried
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over MgSOy4 and concentrated in vacuo to give the product (370 mg, 74%). 'H-NMR (DMSO-dc) J: 1.43—1.63 (2H, m),
2.24-2.42 (6H, m), 2.48-2.56 (2H, m), 3.40-3.48 (4H, m), 3.58 (2H, s), 7.55 (2H, d, J = 8.0 Hz), 7.69 (2H, d, J = 8.0
Hz); MS m/z: 330 (M+H)".

4-[(4-Methoxyphenyl)methyl]-/V-[3-(4-{[4-(trifluoromethyl)phenyl]methyl}piperazine-1-
carbonyl)phenyl]piperazine-1-carboxamide dihydrochloride (74)

To a solution of (3-aminophenyl)(4-{[4-(trifluoromethyl)phenylJmethyl}piperazin-1-yl)methanone (72; 650 mg, 1.8
mmol) in THF (13 mL) were added triphosgene (190 mg, 0.64 mmol) and EtsN (0.30 mL, 2.2 mmol) at 0°C. The mixture
was stirred at 60°C for 2 h. After the mixture was cooled to room temperature, 1-[(4-methoxyphenyl)methyl]piperazine
(480 mg, 2.3 mmol) was added. After stirring at room temperature for 3 h, the mixture was diluted with H>O and extracted
with CHCIls. The organic layer was dried over MgSO4 and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (CHCI3/MeOH). The purified product was treated with excess 4.0 M HCl in 1,4-dioxane
and MeOH. The mixture was concentrated in vacuo. The residue was triturated with Et,O, and the precipitated solid was
collected by filtration to give the product (600 mg, 49%). 'H-NMR (DMSO-ds) J: 2.82-3.67 (13H, m), 3.79 (3H, s),
4.20-4.55 (7TH, m), 6.99-7.06 (3H, m), 7.34 (1H, t, /= 7.8 Hz), 7.49-7.57 (3H, m), 7.61-7.66 (1H, m), 7.78-7.91 (4H,
m), 9.09 (1H, s), 10.99-11.16 (1H, m), 11.57-11.82 (1H, m); MS m/z: 596 (M+H)*; ESI-MS m/z: 596.2835 (M+H)"
(Calcd for C3,H3703Ns5F3: 596.2843).

4-[(4-Methoxyphenyl)methyl]-/V-[4-0x0-4-(4-{[4-(trifluoromethyl)phenyl]methyl}piperazin-1-
yDbutyl]|piperazine-1-carboxamide dihydrochloride (75)

Compound 75 was prepared from 73 and 1-[(4-methoxyphenyl)methyl]piperazine in 43% yield using a similar approach
to that described for 74. '"H-NMR (DMSO-ds) J: 1.56-1.72 (2H, m), 2.27-2.42 (2H, m), 2.77-3.67 (15H, m), 3.78 (3H,
s), 3.94-4.12 3H, m), 4.24 (1H, d, /= 5.1 Hz), 4.34-4.52 (3H, m), 6.81 (1H, t, J= 5.1 Hz), 7.00 (2H, d, J = 8.8 Hz),
7.52 (2H, d, J= 8.8 Hz), 7.79-7.93 (4H, m), 10.88-11.14 (1H, m), 11.60-11.91 (1H, m); MS m/z: 562 (M+H)*; ESI-MS
m/z: 562.2992 (M+H)" (Calcd for C20H3903NsF3: 562.3000).

N-[4-(4-{[4-(Trifluoromethyl)phenyl|methyl}piperazine-1-carbonyl)phenyl]piperidine-4-carboxamide
dihydrochloride (76)

Compound 76 was prepared from 61 and 1-(fert-butoxycarbonyl)piperidine-4-carboxylic acid in 56% yield using a
similar approach to that described for 73. 'H-NMR (DMSO-ds) d: 1.67-1.92 (3H, m), 1.92-2.06 (3H, m), 2.56-4.31
(11H, m), 4.44 (2H, s), 7.41 (2H, d, J= 8.8 Hz), 7.72 (2H, d, J= 8.8 Hz), 7.84 (2H, d, /= 8.2 Hz), 7.89 (2H, d, J= 8.2
Hz), 8.64-9.35 (2H, m), 10.50 (1H, s), 11.78-12.16 (1H, m); MS m/z: 475 (M+H)".

1-[(4-Methoxyphenyl)methyl]-N-[4-(4-{[4-(trifluoromethyl)phenyl|methyl} piperazine-1-
carbonyl)phenyl]piperidine-4-carboxamide dihydrochloride (77)

To a solution of N-[4-(4-{[4-(trifluoromethyl)phenyl|methyl} piperazine-1-carbonyl)phenyl]piperidine-4-carboxamide
dihydrochloride (76; 100 mg, 0.18 mmol) in DMF (1.0 mL) were added DIPEA (94 uL, 0.55 mmol), 4-
methoxybenzaldehyde (24 pL, 0.20 mmol), AcOH (21 pL, 0.37 mmol) and CH,Cl> (1.0 mL). After the mixture was
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stirred at room temperature for 1.5 h, NaBH(OAc)3 (77 mg, 0.37 mmol) was added. After stirring at room temperature
overnight, the mixture was diluted with saturated NaHCO3 aqueous solution and extracted with EtOAc. The organic layer
was washed with brine, dried over Na>SO4 and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (CHCl;/MeOH). The purified product was treated with excess 4.0 M HCI in EtOAc and
MeOH. The mixture was concentrated in vacuo. The residue was triturated with EtOAc, and the precipitated solid was
collected by filtration to give the product (61 mg, 50%). 'H-NMR (DMSO-d) d: 1.87-2.16 (4H, m), 2.57-2.77 (1H, m),
2.78-3.69 (12H, m), 3.79 (3H, s), 4.17-4.30 (2H, m), 4.33-4.56 (2H, m), 7.02 (2H, d, /= 8.8 Hz), 7.41 (2H, d, J= 8.6
Hz), 7.53 (2H, d, J= 8.8 Hz), 7.71 (2H, d, J= 8.6 Hz), 7.79-7.94 (4H, m), 10.27-10.44 (1H, m), 10.43-10.56 (1H, m),
11.53-11.96 (1H, m); MS m/z: 595 (M+H)*; ESI-MS m/z: 595.2895 (M+H)" (Calcd for C33H3303N4F3: 595.2891).

1-[(6-Methoxypyridin-3-yl)methyl]-/NV-[4-(4-{[4-(trifluoromethyl)phenyl|methyl} piperazine-1-
carbonyl)phenyl]piperidine-4-carboxamide (78)

Compound 78 was prepared from 76 and 6-methoxypyridine-3-carbaldehyde in 23% yield using a similar approach to
that described for 77. 'TH-NMR (DMSO-d) : 1.56-1.69 (2H, m), 1.70-1.82 (2H, m), 1.88-2.01 (2H, m), 2.25-2.47 (5H,
m), 2.78-2.91 (2H, m), 3.24-3.72 (4H, m), 3.40 (2H, s), 3.60 (2H, s), 3.83 (3H, 5), 6.78 (1H, d, /= 8.4 Hz), 7.32 (2H, d,
J=28.6 Hz), 7.55 (2H, d, J = 8.0 Hz), 7.60-7.67 (3H, m), 7.69 (2H, d, J = 8.0 Hz), 8.04 (1H, d, J= 2.0 Hz), 10.00 (1H,
s); MS m/z: 596 (M+H)*; ESI-MS m/z: 596.2840 (M+H)* (Calcd for C3,H3703N5F3: 596.2843).

4-{5-[1-(tert-Butoxycarbonyl)piperidin-4-yl]-1,3,4-o0xadiazol-2-yl}benzoic acid (80)

To a mixture of tert-butyl 4-(hydrazinecarbonyl)piperidine-1-carboxylate (79; 1.0 g, 4.1 mmol), pyridine (1.0 mL, 12
mmol) and THF (10 mL) was added a solution of methyl 4-(chlorocarbonyl)benzoate (860 mg, 4.3 mmol) in THF (10
mL) at 0°C. The mixture was stirred at same temperature for 0.5 h. After stirring at room temperature for 4 h, the mixture
was diluted with H>O and extracted with EtOAc. The organic layer was washed with brine, dried over Na;SO4 and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (CHCIz/MeOH). To a solution
of the purified product in DCE (28 mL) were added p-TsCl (790 mg, 4.1 mmol) and Et;N (1.0 mL, 7.2 mmol). After
stirring at room temperature overnight, the mixture was diluted with H,O and extracted with CHCls. The organic layer
was washed with brine, dried over MgSO4 and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (CHCls/MeOH). To a mixture of the purified product in THF (8.0 mL) and MeOH (8.0
mL) was added 8.0 M NaOH aqueous solution (1.3 mL, 10 mmol). After stirring at room temperature for 2 h, the mixture
was acidified with conc. HCl under water-cooling (approx. ~ pH 3) and concentrated in vacuo. The residue was triturated
with H,0, and the precipitated solid was collected by filtration to give the product (1.0 g, 65%). 'H-NMR (DMSO-ds) J:
1.42 (9H, s), 1.62-1.75 (2H, m), 2.02-2.12 (2H, m), 2.88-3.11 (2H, m), 3.24-3.36 (1H, m), 3.87-4.00 (2H, m), 8.05—
8.18 (4H, m), 13.24-13.41 (1H, m); MS m/z: 372 (M-H)".

{4-|5-(Piperidin-4-yl)-1,3,4-oxadiazol-2-yl|phenyl} (4-{[4-(trifluoromethyl)phenyl]methyl} piperazin-1-
yDmethanone (81)

To a mixture of 4-{5-[1-(tert-butoxycarbonyl)piperidin-4-yl]-1,3,4-oxadiazol-2-yl} benzoic acid (80; 300 mg, 0.80
mmol), 1-{[4-(trifluoromethyl)phenyl|methyl}piperazine (71; 220 mg, 0.88 mmol), HOBt (140 mg, 1.1 mmol) and
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CH:Cl; (9.0 mL) was added WSC-HCI (190 mg, 0.98 mmol). After stirring at room temperature overnight, the mixture
was diluted with H,O and extracted with CHCIs. The organic layer was washed with H,O and saturated NaHCOj3 aqueous
solution, dried over Na>SOj4 and concentrated in vacuo. The residue was purified by column chromatography on silica
gel (CHCl3/MeOH). The purified product was triturated with hexane/IPE (1:1), and the precipitated solid was collected
by filtration. To a solution of the obtained solid in CH>Cl, (4.0 mL) was added TFA (0.50 mL, 6.5 mmol) in a water bath.
After stirring at same temperature for 6 h, the mixture was diluted with saturated NaHCO3 aqueous solution at 0°C, and
then extracted with CHCl3; and CHCl3/MeOH (5:1). The combined organic layer was dried over Na,SO4 and concentrated
in vacuo. The residue was triturated with hexane/IPE (1:1), and the precipitated solid was collected by filtration to give
the product (310 mg, 76%). 'H-NMR (DMSO-ds) J: 1.92-2.05 (2H, m), 2.20-2.31 (2H, m), 2.34-2.55 (4H, m), 3.03—
3.18 (2H, m), 3.24-3.52 (5H, m), 3.53-3.79 (2H, m), 3.62 (2H, s), 7.56 (2H, d, J = 8.0 Hz), 7.61 (2H, d, J = 8.4 Hz),
7.70 (2H, d, J= 8.0 Hz), 8.04 (2H, d, J= 8.4 Hz), 8.27-8.76 (1H, m); MS m/z: 500 (M+H)".

[4-(5-{1-[(6-Methoxypyridin-3-yl)methyl]|piperidin-4-yl}-1,3,4-oxadiazol-2-yl)phenyl](4-{[4-
(trifluoromethyl)phenyl]methyl}piperazin-1-yl)methanone ditosylate (82)

To a mixture of {4-[5-(piperidin-4-yl)-1,3,4-oxadiazol-2-yl|phenyl} (4-{[4-(trifluoromethyl)phenyl]methyl} piperazin-1-
yl)methanone (81; 200 mg, 0.40 mmol), AcOH (46 pL, 0.80 mmol) and CH>Cl, (5.0 mL) was added 6-methoxypyridine-
3-carbaldehyde (68 mg, 0.49 mmol). After the mixture was stirred at room temperature for 1 h, NaBH(OAc)3 (180 mg,
0.83 mmol) was added. After stirring at room temperature overnight, the mixture was diluted with saturated NaHCO3
aqueous solution and extracted with CHCIs. The organic layer was washed with brine, dried over NaSO4 and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (CHCl3/MeOH). The purified
product was purified by column chromatography on amino functionalized silica gel (hexane/CHCls). To a solution of the
purified product in acetone (3.0 mL) was treated with p-TsOH-H,O (65 mg, 0.34 mmol). The mixture was stirred at room
temperature for 2 h. The mixture was diluted with Et;O, and the precipitated solid was collected by filtration to give the
product (160 mg, 41%). 'H-NMR (DMSO-ds) J: 1.91-2.06 (2H, m), 2.11-2.51 (3H, m), 2.28 (6H, s), 2.89-3.72 (12H,
m), 3.85-3.92 (3H, m), 4.26-4.70 (4H, m), 6.90-6.98 (1H, m), 7.11 (4H, d, J= 7.9 Hz), 7.48 (4H, d, /= 7.9 Hz), 7.59-
7.95 (7H, m), 8.00-8.14 (2H, m), 8.25-8.35 (1H, m), 9.29-9.57 (1H, m), 9.82-10.19 (1H, m); MS m/z: 621 (M+H)*;
ESI-MS m/z: 621.2794 (M+H)" (Calcd for C33H36s03NgF3: 621.2796).

2-[1-(tert-Butoxycarbonyl)piperidin-4-yl]-1 H-benzimidazole-5-carboxylic acid (84)

To a mixture of methyl 3,4-diaminobenzoate (83; 1.3 g, 7.8 mmol), triphenyl phosphite (2.5 mL, 9.4 mmol) and pyridine
(5.2 mL) was added 1-(fert-butoxycarbonyl)piperidine-4-carboxylic acid (1.8 g, 7.8 mmol). The mixture was stirred
under reflux condition overnight. After cooling to room temperature, the mixture was concentrated in vacuo. The residue
was diluted with EtOAc, and the solution was successively washed with 1.0 M HCI aqueous solution, water, 1.0 M
NaHCOs aqueous solution and brine, dried over Na,SO4 and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexane/EtOAc). To a solution of the purified product in MeOH (10 mL) was added 1.0 M
NaOH aqueous solution (10 mL, 10 mmol). The mixture was stirred at room temperature overnight. After further stirring
at 55°C for 5 h, the mixture was concentrated in vacuo. The residue was diluted with H>O and acidified (approx. ~ pH

4). After stirring at room temperature for 2 h, the mixture was sonicated. The precipitated solid was collected by filtration
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to give the product (870 mg, 32%). 'H-NMR (DMSO-de) 6: 1.18-3.20 (8H, m), 1.42 (9H, s), 3.87-4.10 (1H, m), 7.54
(1H, d, J=8.2 Hz), 7.77 (1H, dd, J= 1.5, 8.2 Hz), 8.01-8.13 (1H, m), 12.34-12.84 (2H, m); MS m/z: 346 (M+H)".

[2-(Piperidin-4-yl)-1H-benzimidazol-6-yl](4-{[4-(trifluoromethyl)phenyl]methyl}piperazin-1-yl)methanone (85)
Compound 85 was prepared from 84 in 26% yield using a similar approach to that described for 81. 'H-NMR (DMSO-
ds) 0: 1.61-1.74 (2H, m), 1.86-1.96 (2H, m), 2.34-2.46 (4H, m), 2.54-2.64 (2H, m), 2.87-2.97 (1H, m), 2.98-3.05 (2H,
m), 3.42-3.65 (4H, m), 3.61 (2H, s), 7.15 (1H, d, J=7.9 Hz), 7.33-7.60 (2H, m), 7.55 (2H, d, J = 8.2 Hz), 7.69 (2H, d,
J=8.2Hz), 12.18-12.44 (1H, m); MS m/z: 472 (M+H)".

(2-{1-[(6-Methoxypyridin-3-yl)methyl]piperidin-4-yl}-1 H-benzimidazol-6-yl)(4-{[4-
(trifluoromethyl)phenyljmethyl}piperazin-1-yl)methanone tritosylate (86)

Compound 86 was prepared from 85 in 64% yield using a similar approach to that described for 82. "TH-NMR (DMSO-
ds) 0: 1.93-2.13 (2H, m), 2.28 (9H, s), 2.32-2.42 (2H, m), 3.00-4.27 (13H, m), 3.90 (3H, s), 4.35 (2H, s), 4.48 (2H, s),
6.89-6.98 (1H, m), 7.12 (6H, d, J = 8.2 Hz), 7.42-7.49 (1H, m), 7.49 (6H, d, J = 8.2 Hz), 7.70-7.91 (7H, m), 8.25-8.35
(1H, m), 9.31-10.23 (2H, m); MS m/z: 593 (M+H)"; ESI-MS m/z: 593.2834 (M+H)" (Calcd for C3,H3s02NgF3: 593.2846).

(5-Bromo-1H-benzimidazol-2-yl)(4-{[4-(trifluoromethyl)phenyl|methyl} piperazin-1-yl)methanone (88)
Compound 88 was prepared from 5-bromo-1H-benzimidazole-2-carboxylic acid (87) in 73% yield using a similar
approach to that described for 60. 'H-NMR (DMSO-ds) J: 2.42-2.59 (4H, m), 3.63 (2H, s), 3.69-3.76 (2H, m), 4.36—
4.48 (2H, m), 7.31-8.11 (2H, m), 7.42 (1H, d, /= 8.2 Hz), 7.58 (2H, d,J=7.9 Hz), 7.71 2H, d, J=7.9 Hz), 13.29 (1H,
s); MS m/z: 469 (M+H)".

tert-Butyl 4-[2-(4-{[4-(trifluoromethyl)phenyl]methyl}piperazine-1-carbonyl)-1 H-benzimidazol-5-yl]-3,6-
dihydropyridine-1(2H)-carboxylate (89)

To a mixture of (5-bromo-1H-benzimidazol-2-yl)(4-{[4-(trifluoromethyl)phenyl methyl } piperazin-1-yl)methanone (88;
1.2 g, 2.6 mmol), tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridine-1(2H)-carboxylate (1.6
g, 5.1 mmol), Na,CO3 (2.2 g, 21 mmol), 1,4-dioxane (40 mL) and H>O (10 mL) was added Pd(PPhs)4 (590 mg, 0.51
mmol). The mixture was stirred at 95°C for 24 h. After cooling to room temperature, the mixture was diluted with H.O
and extracted with EtOAc. The organic layer was dried over Na>SO4 and concentrated in vacuo. The residue was purified
by column chromatography on silica gel (CHCl3/MeOH) to give the product (1.2 g, 81%). 'H-NMR (DMSO-ds) J: 1.44
(9H, s), 2.42-2.59 (6H, m), 3.53-3.60 (2H, m), 3.63 (2H, s), 3.69-3.76 (2H, m), 3.97-4.06 (2H, m), 4.41-4.53 (2H, m),
6.11-6.22 (1H, m), 6.98-7.77 (7H, m), 13.07-13.14 (1H, m); MS m/z: 570 (M+H)".

(5-{1-[(6-Methoxypyridin-3-yl)methyl]piperidin-4-yl}-1H-benzimidazol-2-yl)(4-{[4-
(trifluoromethyl)phenyl]methyl}piperazin-1-yl)methanone ditosylate (90)

To a solution of tert-butyl 4-[2-(4-{[4-(trifluoromethyl)phenyl|methyl} piperazine-1-carbonyl)-1 H-benzimidazol-5-yl]-
3,6-dihydropyridine-1(2H)-carboxylate (89; 1.4 g, 2.4 mmol) in MeOH (41 mL) was added 20% Pd(OH),/C (wetted with
approx. 50% water, 800 mg). After stirring under a hydrogen atmosphere (3.0 kgf/cm?) at room temperature for 24 h, the
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mixture was filtered through a Celite pad. The filtrate was concentrated in vacuo. The residue was purified by column
chromatography on silica gel (CHCI3/MeOH). To a solution of the purified product in EtOAc (30 mL) was added 4.0 M
HCl in EtOAc (5.0 mL, 20 mmol). After stirring at room temperature overnight, the mixture was concentrated in vacuo.
The residue was triturated with EtOAc and hexane, and the precipitated solid was collected by filtration to give the
desired intermediate (740 mg). To a mixture of a part of the intermediate obtained above (200 mg, 0.34 mmol), AcOH
(0.10 mL, 1.8 mmol), EtzN (0.14 mL, 1.0 mmol) and CH,Cl, (4.0 mL) was added 6-methoxypyridine-3-carbaldehyde
(100 mg, 0.76 mmol). After the mixture was stirred at room temperature for 10 min, NaBH(OAc)3 (580 mg, 2.8 mmol)
was added. After stirring at room temperature overnight, the mixture was diluted with saturated NaHCO3; aqueous
solution and extracted with CHCls. The organic layer was dried over Na,SO4 and concentrated in vacuo. The residue was
purified by column chromatography on amino functionalized silica gel (CHCls/MeOH). The purified product was treated
with p-TsOH-H>O (69 mg, 0.36 mmol) in acetone. The mixture was concentrated in vacuo. The residue was triturated
with EtOH and IPE, and the precipitated solid was collected by filtration to give the product (180 mg, 30%). 'H-NMR
(DMSO-ds) 0: 1.81-2.13 (4H, m), 2.28 (6H, s), 2.80-3.80 (13H, m), 3.90 (3H, s), 4.35 (2H, d, J = 4.6 Hz), 4.37-4.75
(2H, m), 5.80-6.12 (1H, m), 6.92-6.99 (1H, m), 7.07-7.14 (4H, m), 7.13-7.26 (1H, m), 7.27-8.09 (10H, m), 8.29-8.42
(1H, m), 9.14-9.75 (1H, m), 9.80-10.47 (1H, m), 12.74-13.74 (1H, m); *C-NMR (DMSO-ds) J: 20.67, 30.18, 38.75,
43.10,50.57,51.12,51.51, 53.35, 56.02, 58.10, 110.59, 112.13, 115.54, 118.51, 122.76, 124.25 (q, J=272.8 Hz), 125.40,
125.67 (q, J=3.5 Hz), 128.03, 129.91 (q, J=29.9 Hz), 132.22, 133.78, 137.72, 139.99, 141.95, 144.81, 145.35, 149.87,
157.87, 164.14; MS m/z: 593 (M+H)"; ESI-MS m/z: 593.2844 (M+H)" (Calcd for C3:H3602NsF3: 593.2846); IR (KBr)
3013, 1632, 1612, 1497, 1441, 1400, 1323, 1215, 1163, 1121, 1067, 1032, 1009 cm™".

Chapter 3

1-[(4-Methoxyphenyl)methyl|piperidine-4-carboxylic acid (92)

To a solution of 4-methoxybenzyl chloride (1.1 mL, 7.7 mmol) in DMF (10 mL) was added ethyl piperidine-4-
carboxylate (91; 3.0 mL, 19 mmol). After stirring at room temperature for 16 h, the mixture was diluted with H>O and
extracted with EtOAc. The organic layer was successively washed with H»O, saturated NaHCO3 aqueous solution and
brine. The organic layer was dried over Na,SOs and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (CHCI3/MeOH). To a solution of the purified product in THF (15 mL) and EtOH (10 mL)
was added 4.0 M NaOH aqueous solution (13 mL, 52 mmol). After stirring at room temperature for 3 d, the mixture was
acidified with conc. HCI (approx. ~ pH 5) and concentrated in vacuo. To the residue was added CHCI:/MeOH (2:1), and
the mixture was filtered and the filtrate was concentrated in vacuo. The residue was triturated with EtOAc, and the
precipitated solid was collected by filtration to give the product (1.2 g, 63%). 'H-NMR (DMSO-ds) J: 1.46-1.63 (2H,
m), 1.69-1.88 (2H, m), 1.90-2.30 (3H, m), 2.64-2.88 (2H, m), 3.08-3.63 (2H, m), 3.73 (3H, s), 6.88 (2H, d, /= 8.4 Hz),
7.21 (2H, d, J= 8.4 Hz); MS m/z: 250 (M+H)".

(5-Aminopyridin-2-yl)(4-{[4-(trifluoromethyl)phenyl]|methyl} piperazin-1-yl)methanone (94)
To a solution of 5-aminopyridine-2-carboxylic acid (93; 200 mg, 1.4 mmol) in DMF (3.3 mL) were added 1-{[4-
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(trifluoromethyl)phenyl]methyl} piperazine (71; 360 mg, 1.5 mmol), WSC-HCI (330 mg, 1.7 mmol) and HOBt (250 mg,
1.9 mmol). After stirring at room temperature overnight, the mixture was diluted with H,O and extracted with EtOAc.
The organic layer was successively washed with H»O, saturated NaHCO3 aqueous solution and brine. The organic layer
was dried over Na;SO4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(CHCI3/MeOH) to give the product (420 mg, 79%). 'H-NMR (CDCl;) d: 2.32-2.69 (4H, m), 3.58 (2H, s), 3.72-3.84 (4H,
m), 3.90 (2H, s), 7.01 (1H, dd, /= 2.7, 8.4 Hz), 7.46 (2H, d, J = 8.0 Hz), 7.54-7.60 (3H, m), 7.98 (1H, d, J = 2.7 Hz);
MS m/z: 365 (M+H)*.

1-[(4-Methoxyphenyl)methyl]-N-[6-(4-{[4-(trifluoromethyl)phenyl|methyl}piperazine-1-carbonyl)pyridin-3-
yl]piperidine-4-carboxamide trihydrochloride (95)

To a solution of 1-[(4-methoxyphenyl)methyl]piperidine-4-carboxylic acid (92; 110 mg, 0.45 mmol) in CH>Cl, (4.0 mL)
were added (COCI), (44 pL, 0.51 mmol) and DMF (1 drop) at 0°C. After the mixture was stirred at room temperature
for 1 h, a solution of (5-aminopyridin-2-yl)(4-{[4-(trifluoromethyl)phenyl]methyl} piperazin-1-yl)methanone (94; 140
mg, 0.37 mmol) in CH,Cl, (2.0 mL) and pyridine (76 pL, 0.95 mmol) were added at 0°C. After stirring at room
temperature for 4 h, the mixture was diluted with H>O and extracted with CHCls. The organic layer was washed with
brine, dried over Na,SOj4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(CHCI3/MeOH). The purified product was dissolved in MeOH (3.0 mL) and the solution was treated with 4.0 M HCI in
1,4-dioxane (0.50 mL, 2.0 mmol). After stirring at room temperature for 15 min, the mixture was concentrated in vacuo.
The residue was triturated with Et,O, and the precipitated solid was collected by filtration to give the product (110 mg,
40%). 'H-NMR (CDsOD) d: 1.93-2.36 (4H, m), 2.73-2.86 (1H, m), 3.03-3.16 (2H, m), 3.20-3.74 (10H, m), 3.83 (3H,
s), 4.28 (2H, s), 4.52 (2H, s), 7.00-7.07 (2H, m), 7.43-7.48 (2H, m), 7.77-7.86 (5H, m), 8.28 (1H, dd, J = 2.4, 8.6 Hz),
8.94 (1H, d, J= 2.4 Hz); MS m/z: 596 (M+H)"; ESI-MS m/z: 596.2836 (M+H)" (Calcd for C3,H3703NsF3: 596.2843).

Methyl 5-hydroxypyridine-2-carboxylate (97)

To a solution of 5-hydroxypyridine-2-carboxylic acid (96; 10 g, 72 mmol) in MeOH (120 mL) was added conc. H2SO4
(8.0 mL, 150 mmol). The mixture was stirred at 85°C overnight. After cooling to 0°C, the mixture was basified with 1.0
M NaOH aqueous solution (approx. ~ pH 9), and then acidified with 10% citric acid aqueous solution (approx. ~ pH 5).
The mixture was extracted with CHCI3/IPA (4:1). The organic layer was dried over MgSO4 and concentrated in vacuo
to give the product (8.4 g, 76%). 'H-NMR (DMSO-d) J: 3.82 (3H, s), 7.27 (1H, dd, J= 2.8, 8.6 Hz), 7.94 (1H, dd, J =
0.5, 8.6 Hz), 8.22 (1H, dd, /= 0.5, 2.8 Hz), 10.81 (1H, s); MS m/z: 154 (M+H)*.

5-{[1-(tert-Butoxycarbonyl)piperidin-4-yljmethoxy}pyridine-2-carboxylic acid (98)

To a solution of methyl 5-hydroxypyridine-2-carboxylate (97; 2.0 g, 13 mmol), fert-butyl 4-(hydroxymethyl)piperidine-
1-carboxylate (3.0 g, 14 mmol) and PPh; (5.0 g, 19 mmol) in THF (40 mL) was added dropwise 2.2 M DEAD in toluene
(9.0 mL, 20 mmol) at 0°C. After stirring at room temperature overnight, the mixture was concentrated in vacuo. The
residue was purified by column chromatography on silica gel (hexane/EtOAc). To a solution of the purified product in
THF (20 mL) and MeOH (20 mL) was added 1.0 M NaOH aqueous solution (40 mL, 40 mmol). The mixture was stirred

at 60°C for 1 h. After cooling to room temperature, the mixture was acidified with 10% citric acid aqueous solution
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(approx. ~ pH 5). The mixture was extracted with CHCI3/IPA (4:1). The organic layer was dried over MgSQO4 and
concentrated in vacuo to give the product (4.4 g, 99%). 'H-NMR (DMSO-ds) J: 1.10-1.25 (2H, m), 1.40 (9H, s), 1.70—
1.81 (2H, m), 1.91-2.05 (1H, m), 2.60-2.91 (2H, m), 3.91-4.09 (4H, m), 7.50 (1H, dd, J=2.8, 8.6 Hz), 8.01 (1H, d, J=
8.6 Hz), 8.36 (1H, d, /= 2.8 Hz), 8.97 (1H, s); MS m/z: 337 (M+H)".

{5-[(Piperidin-4-yl)methoxy|pyridin-2-yl}(4-{[4-(trifluoromethyl)phenyl|methyl}piperazin-1-yl)methanone (99)
To a mixture of 5-{[1-(fert-butoxycarbonyl)piperidin-4-yljmethoxy} pyridine-2-carboxylic acid (98; 1.4 g, 4.2 mmol), 1-
{[4-(trifluoromethyl)phenyl|methyl} piperazine (71; 0.85 mL, 4.3 mmol) and CH>Cl, (25 mL) were added WSC-HCI
(1.1 g, 5.7 mmol) and HOBt (750 mg, 5.6 mmol). After stirring at room temperature overnight, the mixture was diluted
with saturated NaHCO3 aqueous solution and extracted with CHCls. The organic layer was dried over MgSO4 and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (CHCl;/MeOH). To a solution
of the purified product in MeOH (10 mL) was added 4.0 M HCl in 1,4-dioxane (10 mL, 40 mmol). After stirring at room
temperature for 2.5 h, the mixture was basified with saturated NaHCO3 aqueous solution and extracted with CHCIz/IPA
(4:1). The organic layer was dried over MgSO4 and concentrated in vacuo to give the product (1.7 g, 88%). 'H-NMR
(DMSO-ds) 0: 1.10-1.24 (2H, m), 1.64-1.74 (2H, m), 1.77-1.93 (1H, m), 2.24-2.57 (6H, m), 2.91-3.02 (2H, m), 3.32—
3.73 (6H, m), 3.92 (2H, d, J= 6.4 Hz), 7.47 (1H, dd, J= 2.9, 8.8 Hz), 7.52-7.58 (3H, m), 7.69 (2H, d, J= 8.2 Hz), 8.24
(1H, dd, J= 0.7, 2.9 Hz); MS m/z: 463 (M+H)".

{4-[(4-Chlorophenyl)methyl]piperazin-1-yl}{5-[(piperidin-4-yl)methoxy]pyridin-2-yl}methanone (100)

To a mixture of 5-{[1-(tert-butoxycarbonyl)piperidin-4-ylJmethoxy}pyridine-2-carboxylic acid (98; 3.0 g, 8.8 mmol),
benzyl piperazine-1-carboxylate (1.8 mL, 9.3 mmol) and CH>Cl, (50 mL) were added WSC-HCI (2.3 g, 12 mmol) and
HOBt (1.6 g, 12 mmol). After stirring at room temperature overnight, the mixture was diluted with saturated NaHCO3
aqueous solution and extracted with CHCl3. The organic layer was dried over MgSO4 and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (CHCI3/MeOH). To a solution of the purified product in
EtOH (40 mL) was added 10% Pd/C (wetted with approx. 50% water, 1.0 g). After stirring under a hydrogen atmosphere
(1.0 kgf/cm?) at room temperature for 3 d, to the mixture was added 10% Pd/C (wetted with approx. 50% water, 1.5 g).
After stirring under a hydrogen atmosphere (1.0 kgf/cm?) at room temperature for 2 d, the mixture was filtered through
a Celite pad and the filtrate was concentrated in vacuo. The residue was purified by column chromatography on silica
gel (CHCI3/MeOH) to give the intermediate (1.2 g). To a solution of the obtained intermediate (600 mg, 1.5 mmol) in
CH>Cl: (12 mL) were added 4-chlorobenzaldehyde (240 mg, 1.7 mmol), AcOH (10 pL, 0.17 mmol) and NaBH(OAc)3
(800 mg, 3.8 mmol). After stirring at room temperature overnight, the mixture was diluted with saturated NaHCO3
aqueous solution and extracted with CHCl3. The organic layer was dried over MgSO4 and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (CHCI3/MeOH). To a solution of the purified product in
MeOH (6.0 mL) was added 4.0 M HCl in 1,4-dioxane (6.0 mL, 24 mmol). After stirring at room temperature for 1 h, the
mixture was diluted with saturated NaHCO3; aqueous solution and extracted with CHCI3/IPA (4:1). The organic layer
was dried over MgSOy4 and concentrated in vacuo to give the product (640 mg, 33%). 'H-NMR (DMSO-de) 6: 1.10-1.25
(2H, m), 1.64-1.72 (2H, m), 1.76-1.91 (1H, m), 2.26-2.55 (6H, m), 2.91-3.00 (2H, m), 3.41-3.69 (6H, m), 3.91 (2H, d,
J=6.4Hz),7.29-7.42 (4H, m), 7.46 (1H, dd, /= 2.9, 8.8 Hz), 7.55 (1H, dd, /= 0.7, 8.8 Hz), 8.24 (1H, dd, /= 0.7, 2.9
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Hz); MS m/z: 429 (M+H)".

4-[(4-{5-[(Piperidin-4-yl)methoxy]pyridine-2-carbonyl}piperazin-1-yl)methyl]|benzonitrile (101)

Compound 101 was prepared from 98 and 4-formylbenzonitrile in 33% yield using a similar approach to that described
for 100. 'H-NMR (DMSO-de) d: 1.10-1.29 (2H, m), 1.64—1.73 (2H, m), 1.75-1.92 (1H, m), 2.30-2.56 (6H, m), 2.90—
3.01 (2H, m), 3.48-3.68 (6H, m), 3.92 (2H, d, J = 6.4 Hz), 7.44-7.59 (4H, m), 7.76-7.83 (2H, m), 8.24 (1H, dd, /= 0.4,
2.4 Hz); MS m/z: 420 (M+H)".

[5-({1-[(4-Methoxyphenyl)methyl]piperidin-4-yl} methoxy)pyridin-2-yl](4-{|4-
(trifluoromethyl)phenyl]methyl}piperazin-1-yl)methanone trihydrochloride (102)

To a solution of {5-[(piperidin-4-yl)methoxy]pyridin-2-yl}(4-{[4-(trifluoromethyl)phenyl]methyl}piperazin-1-
yl)methanone (99; 300 mg, 0.65 mmol) in CH2Cl, (6.0 mL) were added 4-methoxybenzaldehyde (90 puL, 0.74 mmol),
AcOH (5.0 uL, 87 umol) and NaBH(OAc)3 (300 mg, 1.4 mmol). After stirring at room temperature overnight, the mixture
was diluted with saturated NaHCO3 aqueous solution and extracted with CHCls. The organic layer was dried over MgSOj4
and concentrated in vacuo. The residue was purified by column chromatography on silica gel (CHCI3/MeOH). A solution
of the purified product in MeOH was treated with excess 4.0 M HCI in 1,4-dioxane. The mixture was concentrated in
vacuo. The residue was triturated with Et,O, and the precipitated solid was collected by filtration to give the product (230
mg, 51%). 'H-NMR (DMSO-ds) J: 1.54-2.15 (5H, m), 2.75-3.73 (10H, m), 3.78 (3H, s), 3.91-4.06 (2H, m), 4.11-4.37
(3H, m), 4.38-4.68 (3H, m), 7.01 (2H, d, J = 8.8 Hz), 7.43-7.61 (3H, m), 7.68 (1H, d, J = 8.8 Hz), 7.78-7.97 (4H, m),
8.27 (1H, d, J=2.9 Hz), 10.52 (1H, br s), 11.89 (1H, br s); MS m/z: 583 (M+H)"; ESI-MS m/z: 583.2888 (M+H)* (Calcd
for C3,H3303N4F3: 583.2891).

[S-({1-[(6-Methoxypyridin-3-yl)methyl]piperidin-4-yl} methoxy)pyridin-2-yl](4-{[4-
(trifluoromethyl)phenyljmethyl}piperazin-1-yl)methanone ditosylate (103)

To a solution of {5-[(piperidin-4-yl)methoxy]pyridin-2-yl}(4-{[4-(trifluoromethyl)phenyl]methyl}piperazin-1-
yl)methanone (99; 300 mg, 0.65 mmol) in CH>Cl, (6.0 mL) were added 6-methoxypyridine-3-carbaldehyde (100 mg,
0.73 mmol), AcOH (5.0 puL, 87 umol) and NaBH(OAc¢); (300 mg, 1.4 mmol). After stirring at room temperature overnight,
the mixture was diluted with saturated NaHCO3 aqueous solution and extracted with CHCls. The organic layer was dried
over MgSO4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(CHCI13/MeOH). A solution of the purified product (230 mg, 0.40 mmol) in acetone was treated with p-TsOH-H,O (150
mg, 0.79 mmol). The mixture was concentrated in vacuo. The residue was triturated with Et,O, and the precipitated solid
was collected by filtration to give the product (320 mg, 53%). 'H-NMR (DMSO-ds) d: 1.38-1.65 (2H, m), 1.78-2.17
(3H, m), 2.29 (6H, s), 2.85-3.56 (10H, m), 3.89 (3H, s), 3.99 (2H, d, /= 6.0 Hz), 4.12-4.73 (6H, m), 6.93 (1H, d, /= 8.4
Hz), 7.07-7.16 (4H, m), 7.43-7.60 (5H, m), 7.70 (1H, d, J= 8.6 Hz), 7.75 (2H, d, /= 7.9 Hz), 7.80-7.93 (3H, m), 8.24—
8.31 (2H, m), 9.32 (1H, br s), 10.07 (1H, br s); MS m/z: 584 (M+H)"; ESI-MS m/z: 584.2840 (M+H)* (Calcd for
C31H3703N5F3: 584.2843).

{4-[(4-Chlorophenyl)methyl]piperazin-1-yl} [5-({1-[(6-methoxypyridin-3-yl)methyl]piperidin-4-
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yl}methoxy)pyridin-2-yljmethanone ditosylate (104)

Compound 104 was prepared from 100 in 72% yield using a similar approach to that described for 103. 'H-NMR (DMSO-
ds) 0: 1.39-1.65 (2H, m), 1.81-2.19 (3H, m), 2.29 (6H, s), 2.77-3.60 (10H, m), 3.70-4.74 (11H, m), 6.93 (1H, d, J=9.0
Hz), 7.12 (4H, dd, J= 0.7, 8.4 Hz), 7.45-7.59 (9H, m), 7.62-7.75 (1H, m), 7.80-7.87 (1H, m), 8.18-8.36 (2H, m), 9.27
(1H, br s), 9.89 (1H, br s); MS m/z: 550 (M+H)"; ESI-MS m/z: 550.2584 (M+H)* (Calcd for C30H3703N5Cl: 550.2579).

4-({4-[5-({1-[(6-Methoxypyridin-3-yl)methyl]piperidin-4-yl} methoxy)pyridine-2-carbonyl]piperazin-1-
yl}methyl)benzonitrile ditosylate (105)

Compound 105 was prepared from 101 in 66% yield using a similar approach to that described for 103. 'H-NMR (DMSO-
ds) 0: 1.35-1.68 (2H, m), 1.78-2.14 (3H, m), 2.29 (6H, s), 2.77-3.60 (10H, m), 3.89 (3H, s), 3.99 (2H, d, J = 6.0 Hz),
4.09-4.71 (6H, m), 6.93 (1H, d, J=8.4 Hz), 7.12 (4H, d, /= 7.9 Hz), 7.46-7.60 (1H, m), 7.49 (4H, d, J=7.9 Hz), 7.65—
7.76 3H, m), 7.83 (1H, dd, J= 2.4, 8.6 Hz), 7.97 (2H, d, J = 8.4 Hz), 8.20-8.35 (2H, m), 9.27 (1H, br s), 10.01 (1H, br
s); MS m/z: 541 (M+H)"; ESI-MS m/z: 541.2925 (M+H)* (Calcd for C31H3703N¢: 541.2922).

4-({4-[5-({1-[(6-Methylpyridin-3-yl)methyl|piperidin-4-yl} methoxy)pyridine-2-carbonyl]piperazin-1-
yl}methyl)benzonitrile tetrahydrochloride (106)

Compound 106 was prepared from 101 and 6-methylpyridine-3-carbaldehyde in 38% yield using a similar approach to
that described for 102. 'H-NMR (DMSO-d) d: 1.54-2.22 (5H, m), 2.57-4.86 (21H, m), 7.54 (1H, dd, J= 2.9, 8.8 Hz),
7.68 (1H, d, J= 8.8 Hz), 7.79-8.04 (4H, m), 8.27 (1H, d, J = 2.9 Hz), 8.38-8.68 (2H, m), 8.86-9.08 (1H, m), 11.34 (1H,
brs), 11.91 (1H, br s); MS m/z: 525 (M+H)"; ESI-MS m/z: 525.2971 (M+H)" (Calcd for C31H3702Ne: 525.2973).

4-({4-[5-({1-[(6-Ethoxypyridin-3-yl)methyl|piperidin-4-yl} methoxy)pyridine-2-carbonyl]piperazin-1-
yl}methyl)benzonitrile ditosylate (107)

Compound 107 was prepared from 101 and 124 in 59% yield using a similar approach to that described for 103. 'H-
NMR (DMSO-ds) 0: 1.33 3H, t,J=7.1 Hz), 1.41-1.63 (2H, m), 1.76-2.17 (3H, m), 2.29 (6H, s), 2.84-3.54 (10H, m),
3.99 (2H, d, J= 6.0 Hz), 4.12-4.77 (8H, m), 6.89 (1H, d, /=9.0 Hz), 7.11 (4H, d, J = 8.2 Hz), 7.41-7.59 (1H, m), 7.48
(4H, d, J= 8.2 Hz), 7.65-7.75 (3H, m), 7.82 (1H, dd, /= 2.4, 8.6 Hz), 7.97 (2H, d, J= 8.4 Hz), 8.22-8.34 (2H, m), 9.25
(1H, br s), 10.01 (1H, br s); MS m/z: 555 (M+H)*; ESI-MS m/z: 555.3079 (M+H)" (Calcd for C3:H3003Ns: 555.3078).

Methyl 5-hydroxy-3-methylpyridine-2-carboxylate (109)

To a solution of methyl 5-methoxy-3-methylpyridine-2-carboxylate®® (108; 2.4 g, 13 mmol) in CH>Cl, (140 mL) was
added AICl; (20 g, 150 mmol). The mixture was heated under reflux condition overnight under an argon atmosphere.
After cooling to 0°C, the mixture was diluted with 1.0 M HCI aqueous solution and stirred at room temperature. The
mixture was basified with 1.0 M NaOH aqueous solution and acidified with 10% citric acid aqueous solution. The mixture
was extracted with CHCI3/IPA (4:1), and the organic layer was dried over MgSOj4 and concentrated in vacuo to give the
product (1.8 g, 80%). 'H-NMR (DMSO-ds) J: 2.44 (3H, s), 3.79 (3H, s), 7.08 (1H, dd, /= 0.8, 2.6 Hz), 8.02 (1H, dd, J
=0.4, 2.6 Hz), 10.56 (1H, br s); MS m/z: 168 (M+H)*.
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5-{[1-(tert-Butoxycarbonyl)piperidin-4-yljmethoxy}-3-methylpyridine-2-carboxylic acid (110)

Compound 110 was prepared from 109 in 69% yield using a similar approach to that described for 98. 'H-NMR (DMSO-
ds) 0: 1.03-1.27 (2H, m), 1.40 (9H, s), 1.66-1.82 (2H, m), 1.86-2.06 (1H, m), 2.46-2.54 (3H, m), 2.61-2.92 (2H, m),
3.92-4.03 (2H, m), 3.99 (2H, d, J= 6.4 Hz), 7.36 (1H, d, J=2.7 Hz), 8.16 (1H, d, J=2.6 Hz), 12.57 (1H, br s); MS m/z:
351 (M+H)".

4-[(4-{3-Methyl-5-[(piperidin-4-yl)methoxy|pyridine-2-carbonyl}piperazin-1-yl)methyl]|benzonitrile (111)

To a solution of 5-{[1-(tert-butoxycarbonyl)piperidin-4-ylmethoxy}-3-methylpyridine-2-carboxylic acid (110; 600 mg,
1.7 mmol), 4-[(piperazin-1-yl)methyl|benzonitrile dihydrochloride (126; 480 mg, 1.8 mmol), EtsN (0.49 mL, 3.5 mmol)
in CH2Cl, (9.0 mL) were added WSC-HCI (450 mg, 2.3 mmol), HOBt (320 mg, 2.4 mmol). After stirring at room
temperature overnight, the mixture was diluted with saturated NaHCO3 aqueous solution and extracted with CHCls. The
organic layer was dried over MgSQO4 and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (CHCI3/MeOH). The purified product was dissolved in MeOH (5.0 mL) and treated with 4.0 M HCl in 1,4-
dioxane (5.0 mL, 20 mmol). After stirring at room temperature for 1.5 h, the mixture was basified with saturated NaHCO3
aqueous solution and extracted with CHCI3/IPA (4:1). The organic layer was dried over MgSO4 and concentrated in
vacuo to give the product (790 mg, quantitative yield). '"H-NMR (DMSO-dc) J: 1.07-1.33 (2H, m), 1.62-1.73 (2H, m),
1.75-1.91 (1H, m), 2.21 (3H, s), 2.25-2.37 (2H, m), 2.38-2.55 (4H, m), 2.89-3.04 (2H, m), 3.06-3.16 (2H, m), 3.58-
3.61 (2H, m), 3.61-3.69 (2H, m), 3.88 (2H, d, J= 6.6 Hz), 7.32 (1H, d, J= 2.7 Hz), 7.52 (2H, d, /= 8.4 Hz), 7.79 (2H,
d, J=8.4 Hz), 8.06 (1H, d, J = 2.6 Hz); MS m/z: 434 (M+H)".

4-({4-[5-({1-[(6-Ethoxypyridin-3-yl)methyl|piperidin-4-yl} methoxy)-3-methylpyridine-2-carbonyl]piperazin-1-
yl}methyl)benzonitrile ditosylate (112)

Compound 112 was prepared from 111 and 124 in 56% yield using a similar approach to that described for 103. 'H-
NMR (DMSO-ds) 6: 1.33 (3H, t, J= 7.1 Hz), 1.41-1.59 (2H, m), 1.78-2.14 (3H, m), 2.26 (3H, s), 2.29 (6H, s), 2.79—
3.78 (10H, m), 3.95 (2H, d, J = 6.0 Hz), 4.06—4.82 (8H, m), 6.90 (1H, d, J = 8.6 Hz), 7.07-7.15 (4H, m), 7.37 (1H, d, J
=24Hz),7.48 (4H, d, J=7.9 Hz), 7.61-7.76 (2H, m), 7.82 (1H, dd, J= 2.4, 8.6 Hz), 7.91-8.02 (2H, m), 8.08 (1H, d, J
= 2.4 Hz), 8.26 (1H, d, J = 2.4 Hz), 9.27 (1H, br s), 10.04 (1H, br s); MS m/z: 569 (M+H)*; ESI-MS m/z: 569.3238
(M+H)" (Caled for C33H4103Ne: 569.3235).

4-({4-[5-({1-[(5-Methoxypyrazin-2-yl)methyl]piperidin-4-yl} methoxy)-3-methylpyridine-2-carbonyl]piperazin-1-
yl}methyl)benzonitrile ditosylate (113)

To a mixture of 4-[(4-{3-methyl-5-[(piperidin-4-yl)methoxy]pyridine-2-carbonyl}piperazin-1-yl)methyl]benzonitrile
(111; 410 mg, 0.94 mmol) and MeCN (8.0 mL) were added 2-(chloromethyl)-5-methoxypyrazine (132; 170 mg, 1.1
mmol) and K>CO3 (390 mg, 2.8 mmol). After stirring at room temperature overnight, the mixture was diluted with H.O
and extracted with CHCIs. The organic layer was dried over MgSO4 and concentrated in vacuo. The residue was purified
by column chromatography on silica gel (CHCl3/MeOH). The purified product (380 mg, 0.68 mmol) was dissolved in
MeOH and treated with p-TsOH-H,O (240 mg, 1.3 mmol). The mixture was concentrated in vacuo. The residue was
triturated with Et;O, and the precipitated solid was collected by filtration to give the product (500 mg, 59%). 'H-NMR
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(DMSO-de) J: 1.42-1.65 (2H, m), 1.76-2.16 (3H, m), 2.26 (3H, s), 2.29 (6H, s), 2.81-3.82 (10H, m), 3.85-4.05 (SH, m),
4.34-4.75 (4H, m), 4.41 (2H, d, J = 4.9 Hz), 7.07-7.15 (4H, m), 7.37 (1H, d, J = 2.7 Hz), 7.48 (4H, d, J= 7.9 Hz), 7.70
(2H, d,J=8.2 Hz), 7.97 2H, d, J = 8.2 Hz), 8.09 (1H, d, J= 2.7 Hz), 8.38 (1H, d, J= 1.3 Hz), 8.43 (1H, d, J = 1.3 Hz),
9.66 (1H, br s), 9.78-10.19 (1H, m); MS m/z: 556 (M+H)*; ESI-MS m/z: 556.3030 (M+H)* (Calcd for CsHss03N7:
556.3031).

4-({4-[5-({1-[(5-Ethoxypyrazin-2-yl)methyl]piperidin-4-yl} methoxy)-3-methylpyridine-2-carbonyl]piperazin-1-
yl}methyl)benzonitrile succinate (114)

To a solution of 4-[(4-{3-methyl-5-[(piperidin-4-yl)methoxy]pyridine-2-carbonyl}piperazin-1-yl)methyl]benzonitrile
(111; 3.2 g, 7.3 mmol), DIPEA (4.0 mL, 23 mmol) and MeCN (30 mL) was added a solution of 2-(chloromethyl)-5-
ethoxypyrazine (133; 1.5 g, 8.4 mmol) in MeCN (20 mL). After stirring at room temperature for 14 h, the mixture was
concentrated in vacuo. The residue was purified by column chromatography on amino functionalized silica gel
(hexane/EtOAc), followed by column chromatography on silica gel (CHCl3/MeOH). The purified product (3.2 g, 5.7
mmol) was dissolved in EtOH (12 mL) and treated with succinic acid (670 mg, 5.7 mmol). After stirring at room
temperature for 0.5 h, the mixture was concentrated in vacuo. The residue was treated with heptane. After stirring at
room temperature overnight, the precipitated solid was collected by filtration to give the product (3.7 g, 74%). 'H-NMR
(DMSO-ds) 0: 1.19-1.43 (2H, m), 1.34 (3H, t, /= 7.0 Hz), 1.64-1.85 (3H, m), 1.98-2.17 (2H, m), 2.20 (3H, s), 2.25—
2.36 (2H, m), 2.39-2.45 (2H, m), 2.41 (4H, s), 2.79-2.96 (2H, m), 3.03-3.21 (2H, m), 3.54-3.69 (6H, m), 3.91 (2H, d, J
=6.0 Hz),4.33 (2H, q,J=6.9 Hz), 7.32 (1H, d, J=2.7 Hz), 7.52 (2H, d, /= 8.4 Hz), 7.79 (2H, d, J = 8.4 Hz), 8.06 (1H,
d, J=2.7Hz), 8.16 (1H, d, /= 1.3 Hz), 8.21 (1H, d, J= 1.3 Hz), 12.10 (2H, br s); MS m/z: 570 (M+H)*; ESI-MS m/z:
570.3185 (M+H)" (Calcd for C3,H40O3N7: 570.3187).

5-{[1-(tert-Butoxycarbonyl)-4-methoxypiperidin-4-yljmethoxy}-3-methylpyridine-2-carboxylic acid (115)

To a mixture of methyl 5-hydroxy-3-methylpyridine-2-carboxylate (109; 960 mg, 5.7 mmol), tert-butyl 4-
(hydroxymethyl)-4-methoxypiperidine-1-carboxylate (135; 1.4 g, 5.7 mmol) and toluene (20 mL) was added
cyanomethylenetributylphosphorane (2.2 mL, 8.3 mmol). The mixture was stirred at 100°C overnight under an argon
atmosphere. After cooling to room temperature, the mixture was concentrated in vacuo. The residue was purified by
column chromatography on silica gel (hexane/EtOAc). The purified product was dissolved in MeOH (20 mL) and treated
with 1.0 M NaOH aqueous solution (20 mL, 20 mmol). The mixture was stirred at 60°C for 1 h. After cooling to room
temperature, the mixture was washed with Et,O and the aqueous layer was acidified with 10% citric acid aqueous solution.
The mixture was extracted with CHCIl3, and the organic layer was dried over MgSO4 and concentrated in vacuo. The
residue was triturated with Et,O, and the precipitated solid was collected by filtration to give the product (2.0 g, 91%).
'H-NMR (DMSO-ds) J: 1.40 (9H, s), 1.45-1.60 (2H, m), 1.73-1.88 (2H, m), 2.51 (3H, s), 2.85-3.16 (2H, m), 3.19 (3H,
s), 3.61-3.82 (2H, m), 4.11 (2H, s), 7.42 (1H, d, J = 2.4 Hz), 8.20 (1H, d, J = 2.4 Hz), 12.60 (1H, br s); MS m/z: 381
(M+H)".

5-{[1-(tert-Butoxycarbonyl)-4-fluoropiperidin-4-yljmethoxy}-3-methylpyridine-2-carboxylic acid (116)
Compound 116 was prepared from 109 and zert-butyl 4-fluoro-4-(hydroxymethyl)piperidine-1-carboxylate’® in 54%
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yield using a similar approach to that described for 115. 'H-NMR (DMSO-d) J: 1.41 (9H, s), 1.55-1.82 (2H, m), 1.83—
2.01 (2H, m), 2.51 (3H, s), 2.89-3.18 (2H, m), 3.73-3.93 (2H, m), 4.27 (2H, d, J=21.2 Hz), 7.42 (1H, d, J= 2.4 Hz),
8.21 (1H, d, J=2.4 Hz), 12.64 (1H, br s); MS m/z: 369 (M+H)".

4-[(4-{5-[(4-Methoxypiperidin-4-yl)methoxy]-3-methylpyridine-2-carbonyl} piperazin-1-yl)methyl]|benzonitrile
117

Compound 117 was prepared from 115 in quantitative yield using a similar approach to that described for 111. '"H-NMR
(DMSO-ds) o: 1.41-1.62 (2H, m), 1.64-1.83 (2H, m), 2.22 (3H, s), 2.26-2.36 (2H, m), 2.37-2.48 (2H, m), 2.63-2.81
(4H, m), 3.06-3.18 (2H, m), 3.16 (3H, s), 3.60 (2H, s), 3.60-3.70 (2H, m), 4.00 (2H, s), 7.37 (1H, d, J=2.4 Hz), 7.52
(2H, d, J= 8.4 Hz), 7.80 (2H, d, /= 8.4 Hz), 8.11 (1H, d, J = 2.4 Hz); MS m/z: 464 (M+H)".

4-[(4-{5-[(4-Fluoropiperidin-4-yl)methoxy]-3-methylpyridine-2-carbonyl} piperazin-1-yl)methyl]benzonitrile
(118)

Compound 118 was prepared from 116 in quantitative yield using a similar approach to that described for 111. '"H-NMR
(DMSO-ds) 0: 1.52-1.90 (4H, m), 2.21 (3H, s), 2.26-2.35 (2H, m), 2.37-2.48 (2H, m), 2.63-2.87 (4H, m), 3.05-3.19
(2H, m), 3.60 (2H, s), 3.61-3.69 (2H, m), 4.14 (2H, d, /= 21.0 Hz), 7.38 (1H, d, /= 2.4 Hz), 7.52 (2H, d, J = 8.4 Hz),
7.79 (2H, d, J= 8.4 Hz), 8.12 (1H, d, J= 2.4 Hz); MS m/z: 452 (M+H)".

4-({4-[5-({1-[(6-Ethoxypyridin-3-yl)methyl]-4-methoxypiperidin-4-yl} methoxy)-3-methylpyridine-2-
carbonyl]piperazin-1-yl}methyl)benzonitrile succinate (119)

To a  solution of  4-[(4-{5-[(4-methoxypiperidin-4-yl)methoxy]-3-methylpyridine-2-carbonyl} piperazin-1-
yl)methyl]benzonitrile (117; 370 mg, 0.79 mmol) in CH,Cl, (6.0 mL) were added 6-ethoxypyridine-3-carbaldehyde (124;
120 mg, 0.79 mmol), AcOH (5.0 pL, 87 pmol) and NaBH(OACc)s3 (450 mg, 2.1 mmol). After stirring at room temperature
for 4 h, the mixture was diluted with saturated NaHCO3 aqueous solution and extracted with CHCls. The organic layer
was dried over MgSO4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(CHCI13/MeOH). The purified product (370 mg, 0.62 mmol) was dissolved in MeOH and treated with succinic acid (72
mg, 0.61 mmol). The mixture was concentrated in vacuo. The residue was triturated with heptane, and the precipitated
solid was collected by filtration to give the product (340 mg, 61%). 'H-NMR (DMSO-ds) J: 1.30 (3H, t, J = 7.1 Hz),
1.50-1.70 (2H, m), 1.73-1.87 (2H, m), 2.14-2.63 (8H, m), 2.21 (3H, s), 2.41 (4H, s), 3.05-3.16 (2H, m), 3.15 (3H, s),
3.44 (2H, s), 3.54-3.72 (2H, m), 3.59 (2H, s), 4.00 (2H, s), 4.28 (2H, q, /= 7.1 Hz), 6.75 (1H, d, J= 8.6 Hz), 7.37 (1H,
d,J=2.2Hz),7.52 (2H, d,J=8.2 Hz), 7.61 (1H, dd, J=2.4, 8.6 Hz), 7.79 (2H, d, /= 8.2 Hz), 8.03 (1H, d, /= 2.2 Hz),
8.10 (1H, d, /J=2.4 Hz), 12.22 (2H, br s); MS m/z: 599 (M+H)"; ESI-MS m/z: 599.3348 (M+H)" (Calcd for C34H4304N¢:
599.3340).

4-({4-[5-({1-[(6-Ethoxypyridin-3-yl)methyl]-4-fluoropiperidin-4-yl} methoxy)-3-methylpyridine-2-
carbonyl]piperazin-1-yl} methyl)benzonitrile succinate (120)

Compound 120 was prepared from 118 in 68% yield using a similar approach to that described for 119. "H-NMR (DMSO-
ds) 0: 1.30 (3H, t, J = 7.1 Hz), 1.55-2.06 (4H, m), 2.14-2.48 (6H, m), 2.21 (3H, s), 2.42 (4H, s), 2.58-2.74 (2H, m),
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3.03-3.18 (2H, m), 3.46 (2H, s), 3.59 (2H, s), 3.60-3.70 (2H, m), 4.15 (2H, d, J = 20.5 Hz), 4.28 (2H, q, J = 7.1 Hz),
6.75 (1H, d, J= 8.5 Hz), 7.37 (1H, d, J = 2.2 Hz), 7.52 (2H, d, J = 8.4 Hz), 7.62 (1H, dd, J= 2.4, 8.5 Hz), 7.79 (2H, d, J
= 8.4 Hz), 8.03 (1H, d, J= 2.2 Hz), 8.11 (1H, d, J = 2.4 Hz), 12.17 (2H, br s); MS m/z: 587 (M+H)"; ESI-MS m/z:
587.3137 (M+H)" (Caled for C33HsO3NGF: 587.3140).

4-({4-[5-({1-[(5-Ethoxypyrazin-2-yl)methyl]-4-methoxypiperidin-4-yl} methoxy)-3-methylpyridine-2-
carbonyl]piperazin-1-yl}methyl)benzonitrile succinate (121)

Compound 121 was prepared from 117 and 133 in 65% yield using a similar approach to that described for 114. 'H-NMR
(DMSO-ds) 6: 1.34 (3H, t,J=7.1 Hz), 1.53-1.72 (2H, m), 1.72-1.88 (2H, m), 2.21 (3H, s), 2.25-2.47 (6H, m), 2.41 (4H,
8), 2.53-2.65 (2H, m), 3.05-3.18 (2H, m), 3.15 (3H, s), 3.59 (4H, s), 3.61-3.69 (2H, m), 4.01 (2H, s), 4.33 (2H, q, J =
7.1 Hz), 7.37 (1H, d, J=2.4 Hz), 7.52 (2H, d, J = 8.4 Hz), 7.79 (2H, d, J= 8.4 Hz), 8.10 (1H, d, /= 2.4 Hz), 8.17 (1H,
d, /=13 Hz), 8.21 (1H, d, J= 1.3 Hz), 12.22 (2H, br s); MS m/z: 600 (M+H)"; ESI-MS m/z: 600.3292 (M+H)" (Calcd
for C33H4204N7: 600.3293).

4-({4-[5-({1-[(5-Ethoxypyrazin-2-yl)methyl]-4-fluoropiperidin-4-yl}methoxy)-3-methylpyridine-2-
carbonyl]piperazin-1-yl}methyl)benzonitrile succinate (122)

To a solution of  4-[(4-{5-[(4-fluoropiperidin-4-yl)methoxy]-3-methylpyridine-2-carbonyl} piperazin-1-
yl)methyl]benzonitrile (118; 2.0 g, 4.4 mmol) in MeCN (20 mL) were added DIPEA (2.7 mL, 16 mmol) and 2-
(chloromethyl)-5-ethoxypyrazine (133; 960 mg, 5.5 mmol) in MeCN (5.0 mL). After stirring at 50°C for 18 h, the mixture
was concentrated in vacuo. The residue was purified by column chromatography on silica gel (CHCl3/MeOH), followed
by column chromatography on amino functionalized silica gel (hexane/EtOAc). The obtained product was suspended in
Et,0O and the mixture was stirred at room temperature overnight. The precipitated solid was collected by filtration. The
obtained solid was purified by column chromatography on silica gel (CHCl3/MeOH/EtOAc). The obtained product was
triturated with Et:O, and the precipitated solid was collected by filtration. The obtained solid (2.0 g, 3.3 mmol) was
dissolved in acetone (15 mL) and EtOH (15 mL) and treated with succinic acid (390 mg, 3.3 mmol). After stirring at
room temperature 15 min, EtOH (15 mL) was added. After stirring at room temperature 0.5 h, the mixture was stirred at
50°C for additional 15 min. The mixture was filtered and the filtrate was concentrated in vacuo. To the residue was
suspended in heptane. After stirring at room temperature for 0.5 h, the precipitated solid was collected by filtration to
give the product (2.1 g, 68%). 'H-NMR (DMSO-ds) J: 1.34 (3H, t,J = 7.1 Hz), 1.61-2.01 (4H, m), 2.21 (3H, s), 2.26—
2.47 (6H, m), 2.42 (4H, s), 2.62-2.81 (2H, m), 3.05-3.19 (2H, m), 3.53-3.72 (2H, m), 3.59 (2H, s), 3.62 (2H, s), 4.16
(2H,d,J=20.7Hz),4.34 (2H, q,J=7.1 Hz), 7.37 (1H, d, J= 2.4 Hz), 7.52 (2H, d, J=8.4 Hz), 7.79 (2H, d, /= 8.4 Hz),
8.12 (1H, d, J=2.4 Hz), 8.18 (1H, d, /= 1.3 Hz), 8.22 (1H, d, /= 1.3 Hz), 12.16 (2H, br s); 3 C-NMR (DMSO-ds) o:
14.21, 17.16, 28.76, 30.96 (d, J=20.9 Hz), 40.79, 45.91, 48.01, 52.18, 52.83, 60.08, 60.96, 61.72, 72.23 (d, J=23.4 Hz),
92.59(d,J=174.5Hz), 109.71, 118.77, 123.19, 129.52, 131.27, 132.09, 133.78, 134.08, 140.24, 143.93, 144.83, 146.21,
154.25, 158.67, 166.36, 173.50; MS m/z: 588 (M+H)"; ESI-MS m/z: 588.3092 (M+H)" (Calcd for Cs;H39O3N7F:
588.3093); IR (KBr) 2228, 1717, 1626, 1585, 1531, 1427, 1368, 1335, 1312, 1213, 1177, 1047, 1016, 1003 cm™".

6-Ethoxypyridine-3-carbaldehyde (124)
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To a solution of 5-bromo-2-ethoxypyridine (123; 5.0 g, 25 mmol) in THF (70 mL) was added dropwise n-BuLi (16 mL,
26 mmol, 1.7 M in hexane) at —68°C under a nitrogen atmosphere. After the mixture was stirred at the same temperature
for 0.5 h, DMF (10 mL, 130 mmol) was added dropwise. The mixture was allowed to warm gradually to room
temperature and stirred for 3 h. The mixture was diluted with 10% citric acid aqueous solution and extracted with EtOAc.
The organic layer was washed with brine, dried over MgSO4 and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (hexane/EtOAc) to give the product (2.2 g, 59%). 'H-NMR (DMSO-d) J: 1.35
(3H,t,J=7.1Hz),4.43 (2H, q,J=7.1 Hz), 6.96 (1H, ddd, /= 0.7, 0.7, 8.7 Hz), 8.11 (1H, dd, /= 2.4, 8.7 Hz), 8.75 (1H,
dd, J=0.7,2.4 Hz), 9.96 (1H, d, J= 0.7 Hz); MS m/z: 152 (M+H)".

4-[(Piperazin-1-yl)methyl]benzonitrile dihydrochloride (126)

To a solution of tert-butyl piperazine-1-carboxylate (125; 7.0 g, 38 mmol) in CHCl, (47 mL) were added 4-
formylbenzonitrile (5.9 g, 45 mmol) and AcOH (4.3 mL, 75 mmol). After the mixture was stirred at room temperature
for 0.5 h, NaBH(OAc)3 (16 g, 75 mmol) was added. After stirring at room temperature for 3 h, the mixture was diluted
with saturated NaHCO3 aqueous solution and extracted with CHCIs. The organic layer was dried over Na>SO4 and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (CHCI3/MeOH). The purified
product was dissolved in EtOAc (60 mL) and CHCI3 (60 mL) and treated with 4.0 M HCI in EtOAc (60 mL, 240 mmol).
After stirring at room temperature for 3 d, the mixture was diluted with hexane, and then the precipitated solid was
collected by filtration to give the product (8.0 g, 77%). 'H-NMR (D,0) d: 3.59 (8H, s), 4.52 (2H, s), 7.70 2H, d, J = 8.2
Hz), 7.90 (2H, d, J = 8.2 Hz); MS m/z: 202 (M+H)".

Methyl 5-methoxypyrazine-2-carboxylate (128)

To a solution of methyl 5-chloropyrazine-2-carboxylate (127; 10 g, 58 mmol) in MeOH (100 mL) was added portion-
wise sodium methoxide (5.0 g, 93 mmol) at 0°C under a nitrogen atmosphere. After stirring at room temperature for 3 h,
the mixture was diluted with 10% citric acid aqueous solution and extracted with EtOAc. The organic layer was dried
over MgSO4 and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(hexane/EtOAc) to give the product (7.9 g, 81%). 'H-NMR (DMSO-ds) J: 3.88 (3H, s), 4.00 (3H, s), 8.41 (1H, d, J=1.3
Hz), 8.84 (1H, d, J = 1.3 Hz); MS m/z: 169 (M+H)".

Ethyl 5-ethoxypyrazine-2-carboxylate (129)

To a solution of +-BuOK (2.3 g, 21 mmol) in EtOH (30 mL) was added portion-wise methyl 5-chloropyrazine-2-
carboxylate (127; 3.0 g, 17 mmol) at 0°C. After stirring at the same temperature for 1 h, the mixture was neutralized with
1.0 M HCI aqueous solution and extracted with CHCIs. The organic layer was dried over Na;SO4 and concentrated in
vacuo. The residue was purified by column chromatography on silica gel (CHCls) to give the product (2.8 g, 82%). 'H-
NMR (DMSO-dg) 6: 1.33 (3H, t,J=7.1 Hz), 1.37 (3H, t,J= 7.1 Hz), 4.34 (2H, q, J=7.1 Hz), 444 2H, q,J="7.1 Hz),
8.37 (1H, d, J= 1.3 Hz), 8.81 (1H, d, /= 1.3 Hz); MS m/z: 197 (M+H)*.

(5-Methoxypyrazin-2-yl)methanol (130)
To a mixture of methyl 5-methoxypyrazine-2-carboxylate (128; 2.3 g, 14 mmol) and MeOH (45 mL) was added NaBH4
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(1.6 g, 42 mmol) at 0°C. After stirring at the same temperature for 15 min, the mixture was stirred at room temperature
for an additional 2 h. The mixture was acidified with 1.0 M HCI aqueous solution and basified with 1.0 M NaOH aqueous
solution. The mixture was extracted with CHCI3/IPA (4:1), and the organic layer was dried over MgSO4 and concentrated
in vacuo. The residue was purified by column chromatography on silica gel (hexane/EtOAc) to give the product (1.5 g,
77%). 'H-NMR (DMSO-ds) J: 3.90 (3H, s), 4.55 (2H, d, J= 5.7 Hz), 5.40 (1H, t, J= 5.7 Hz), 8.20-8.22 (1H, m), 8.22—
8.24 (1H, m); MS m/z: 141 (M+H)*.

(5-Ethoxypyrazin-2-yl)methanol (131)

Compound 131 was prepared from 129 in 75% yield using a similar approach to that described for 130. 'H-NMR (DMSO-
ds) 0:1.34 (3H,t,J=17.1 Hz),4.34 2H, q,J= 7.1 Hz),4.54 (2H, d, /= 5.7 Hz), 5.39 (1H, t, J= 5.7 Hz), 8.07-8.32 (2H,
m); MS m/z: 155 (M+H)".

2-(Chloromethyl)-5-methoxypyrazine (132)

To a solution of (5-methoxypyrazin-2-yl)methanol (130; 700 mg, 5.0 mmol) in CH>Cl, (10 mL) was added SOCI, (1.0
mL, 14 mmol) at 0°C. After stirring at room temperature for 0.5 h, the mixture was concentrated in vacuo to give the
product (800 mg, quantitative yield). 'H-NMR (CDCIl3) J: 3.98 (3H, s), 4.65 (2H, s), 8.19-8.20 (1H, m), 8.20-8.21 (1H,
m); MS m/z: 159 (M+H)".

2-(Chloromethyl)-5-ethoxypyrazine (133)

Compound 133 was prepared from 131 in quantitative yield using a similar approach to that described for 132. '"H-NMR
(DMSO-ds) 0: 1.35 3H, t,J=7.1 Hz), 4.36 (2H, q, /= 7.1 Hz), 4.80 (2H, s), 8.29 (1H, d, /= 1.3 Hz), 8.33 (1H, d, J =
1.3 Hz); MS m/z: 173 (M+H)™.

tert-Butyl 4-(hydroxymethyl)-4-methoxypiperidine-1-carboxylate (135)

To a solution of fert-butyl 1-oxa-6-azaspiro[2.5]octane-6-carboxylate’? (134; 10 g, 47 mmol) in MeOH (150 mL) was
added p-TsOH-H>O (300 mg, 1.6 mmol). After stirring at room temperature overnight, the mixture was diluted with
saturated NaHCO3 aqueous solution and H>O. The mixture was extracted with CHCls. The organic layer was dried over
MgSOs and concentrated in vacuo. The residue was purified by column chromatography on silica gel (hexane/EtOAc)
to give the product (6.0 g, 52%). '"H-NMR (DMSO-ds) d: 1.23-1.43 (2H, m), 1.39 (9H, s), 1.53-1.67 (2H, m), 2.77-3.06
(2H, m), 3.13 (3H, s), 3.30-3.34 (2H, m), 3.53-3.73 (2H, m), 4.54 (1H, t, J= 5.5 Hz); MS m/z: 246 (M+H)".

Pharmacology

All animal experiments were performed in accordance with the regulation of the Animal Ethics Committee of Astellas

Pharma Inc.

Cell Lines
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The breast cancer cell lines MDA-MB-453, SK-BR-3 and AU565 were purchased from American Type Culture
Collection (Manassas, VA, USA) and OCUB-M was purchased from RIKEN BRC (Tsukuba, Japan). MDA-MB-453
was cultured in Leibovitz’s L-15 Medium (Life Technologies, Carlsbad, CA, USA) under CO»-free conditions at 37°C.
OCUB-M was cultured in Dulbecco’s Modified Eagle Medium (SIGMA Aldrich Co. LLC., St. Louis, MO, USA) at
37°C in 5% CO,. SK-BR-3 and AU565 were cultured in RPMI 1640 medium (SIGMA Aldrich Co. LLC., St. Louis, MO,
USA) at 37°C in 5% CO,. All medium was supplemented with 10% fetal bovine serum (SIGMA Aldrich Co. LLC., St.
Louis, MO, USA) and 1% penicillin/streptomycin (Life Technologies [Cat. No. 15070-063]).

Whole Cell ELISA

MDA-MB-453 cells were seeded onto 384-well clear flat plates at 1.5 x 10* cells/well. The following day, the cells were
treated with the test compound at final concentrations of 0 (DMSO only), 0.1, 0.3, 1, 3, 10, 30, 100, 300, 1000, 3000 and
10000 nM. The final concentration of DMSO in each well was 0.1% (v/v). Two hours after addition of the test compound,
the cells were fixed in 40% glyoxal solution (Nakarai Chemical Ltd, Kyoto, Japan) for 30 min at room temperature. For
probing, the supernatant was discarded and the cells were permeabilized with 0.1% Triton X-100 in PBS for 10 min at
room temperature. Subsequently, the supernatant was discarded and the cells were blocked with ODYSSEY Blocking
solution (Li-Cor Biosciences, Lincoln, NE, USA) for 1 h at room temperature. After discarding the supernatant, a primary
phospho-Acetyl-CoA Carboxylase (Ser79) Antibody (1:500 in ODYSSEY Blocking solution; Cat. No. 3661, Cell
Signaling Technologies, Danvers, MA, USA) was added. After incubating overnight at 4°C, the plates were washed 3
times with TBS containing 0.05% Tween20 (TBS/Tween). Goat anti-rabbit IRDye 800CW (Li-Cor Biosciences; 1:1,000
in ODYSSEY Blocking solution) was added, and the plates were incubated for 1 h at room temperature. After the
incubation, the plates were washed 3 times with TBS/Tween and dried for at least 3 h at room temperature. Fluorescence
signals were quantified using the Aerius automated infrared imaging system (Li-Cor Biosciences). The assays were
performed in triplicate, and the data were analyzed using Prism5 software (GraphPad Software Inc., San Diego, CA,
USA). The ECso value of each test compound was calculated using Sigmoid-Emax model non-linear regression analysis.

The average signal was normalized by regarding the signal in the DMSO-treated group as 0% in each experiment.

Cell Growth Inhibition Assay

Each breast cancer cells above were seeded onto non-adherent 384-well white plates at 500 cells/well or 96-well white
plates at 1000 cells/well. The following day, the test compound was added to each well at final concentrations of 0
(DMSO only), 0.3, 1, 3, 10, 30, 100, 300, 1000, and 3000 nM. The final concentration of DMSO in each well was 0.1%
(v/v). Four days after addition of the test compound, cell viability was determined using a CellTiter-Glo® Luminescent
Cell Viability Assay (Promega, Madison, WL, USA). CellTiter-Glo® Reagent was added to each well, and luminescence
was measured using ARVO SX® (Perkin Elmer Inc., Waltham, MA, USA). The assay was performed in triplicate. Cell
viability according to luminescence intensity was normalized by regarding the average luminescence intensity following
treatment with DMSO only as 100% and no luminescence intensity as 0%. The ICso value of each test compound was
calculated by Sigmoid-Emax non-linear regression analysis using Prism5 software (GraphPad Software Inc., San Diego,

CA, USA).
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Animals
Five-week-old male nude mice (CAnN.Cg-Foxn1nu/CrlCrlj[nu/nu]) were purchased from Charles River Laboratories
Japan, Inc. (Kanagawa, Japan). They were maintained on a standard diet and water throughout the experiments under

specific-pathogen-free conditions.

In Vivo Antitumor Evaluation of ASP4132 (90)

MDA-MB-453 cells were suspended in a 1:1 BD Matrigel Matrix (BD Biosciences, Franklin Lakes, NJ, USA) to PBS
solution at 3 x 107 cells/mL. The cell suspension was subcutaneously implanted at 3 x 10° cells/animal/100 uL around
the lumbar region and allowed to grow. Mice were divided into 6 groups (N = 5) at 21 d after inoculation such that the
mean tumor volume was comparable among the groups. The first day of administration was designated Day 0, and
observation was continued until Day 20. ASP4132 was dissolved in 6% (2-hydroxypropyl)-p-cyclodextrin (SIGMA
Aldrich Co. LLC., St. Louis, MO, USA) solution as the vehicle, to obtain concentrations of 0.5, 1, 2, 4 and 8 mg/10 mL.
Vehicle or 0.5, 1, 2, 4 or 8 mg/kg of ASP4132 was orally administered (10 mL/kg) to nude mice once-daily for 20 d. All
dose levels of ASP4132 are expressed as the free base. Tumor diameter and body weight were measured on Days 0, 5,
9, 13, 16 and 20. Tumor volume was calculated as follows:

Tumor volume [mm?] = (Length of tumor long axis [mm]) x (Length of tumor short axis [mm])? x 0.5

Dunnett’s multiple comparisons test was used to compare the tumor volume and body weight the day after the last
treatment (Day 20) between the vehicle- and ASP4132-treated groups. P<0.05 was used to indicate statistical significance.
The tumor growth inhibition rate was calculated as follows:

Tumor growth inhibition rate [%] = 100 x {1 — [(Mean tumor volume of each group on Day 20 [mm?]) — (Mean tumor
volume of each group on Day 0 [mm?])] / [(Mean tumor volume of the vehicle group on Day 20 [mm?]) — (Mean tumor
volume of the vehicle group on Day 0 [mm?])]}

The tumor regression rate was calculated in groups whose tumor growth inhibition exceeded 100% as follows:

Tumor regression rate [%] = 100 x [1 — (Mean tumor volume of each group on Day 20 [mm?]) / (Mean tumor volume of

each group on Day 0 [mm?])]

In Vivo Antitumor Evaluation of Compound 122

MDA-MB-453 cells were suspended in a 1:1 BD Matrigel Matrix (BD Biosciences, Franklin Lakes, NJ, USA) to PBS
solution at 3 x 107 cells/mL. The cell suspension was subcutaneously implanted at 3 x 10° cells/animal/100 uL around
the lumbar region and allowed to grow. Mice were divided into 4 groups (N = 5) approximately 3 weeks after inoculation
such that the mean tumor volume was comparable among the groups. The first day of administration was designated Day
1, and observation was continued until Day 15. Compound 122 was dissolved in 6% (2-hydroxypropyl)-p-cyclodextrin
(Sigma Aldrich Co. LLC.) solution as the vehicle, to obtain concentrations of 1, 2 and 4 mg/10 mL. Vehicle or 1, 2 or 4
mg/kg of 122 was orally administered (10 mL/kg) to nude mice twice-daily for 14 days. All dose levels of 122 are
expressed as the free base. Tumor diameter and body weight were measured on Days 0, 5, 8, 12 and 15. Tumor volume
was calculated as follows:

Tumor volume [mm?] = (Length of tumor long axis [mm]) x (Length of tumor short axis [mm])? x 0.5

Dunnett’s multiple comparisons test was used to compare the tumor volume and body weight the day after the last
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treatment (Day 15) between the vehicle- and 122-treated groups. P<0.05 was used to indicate statistical significance.
The tumor growth inhibition rate was calculated as follows:

Tumor growth inhibition rate [%] = 100 x {1 — [(Mean tumor volume of each group on Day 15 [mm?®]) — (Mean tumor
volume of each group on Day 0 [mm?])] / [(Mean tumor volume of the vehicle group on Day 15 [mm?]) — (Mean tumor
volume of the vehicle group on Day 0 [mm?])]}

The tumor regression rate was calculated in groups whose tumor growth inhibition exceeded 100% as follows:

Tumor regression rate [%] = 100 x [1 — (Mean tumor volume of each group on Day 15 [mm?]) / (Mean tumor volume of

each group on Day 0 [mm?])]

In Vitro hERG Inhibition Assay

CHO cells that stably expressed hERG channels were cultured in Ham’s F12 containing 10% FBS, 5% ganeticin and 5%
hygromycin B. Prior to experiment, the culture medium was removed and the cells were washed with PBS. Cell was
suspended with Serum Free Media containing CHO-S-SFM 11, 25 mM HEPES, 100 units/mL P/S at concentration of 2—
5 x 109 cells/mL. Cell suspension, test compounds solution on plate, and extracellular and intracellular solutions were
set at Qpatch system. Used solutions are followings:

Extracellular (mM): 145 NaCl, 4 KCI, 10 HEPES, 2 CaCl,, 1 MgCl, 10 D(+)-Glucose, adjust pH to 7.4 with NaOH
Intracellular (mM): 120 KCl, 4 Na,-ATP, 10 EGTA, 10 HEPES, 1.75 MgCl,, 5.374 CaCl,, adjust pH to 7.2 with KOH
The application of pressure for forming gigaseals and the whole-cell patch clamp configuration were established using
QPatch Assay Software (Sophion Bioscience).

Addition of test compounds was also set up using the QPatch Assay Software. Compounds were added to the cells with
the eight pipettes via the QPlate integrated glass microfluidic pathways. hERG inhibition was evaluated using a stimulus
voltage protocol consisting of a 4.8 s activating pulse to 20 mV from a holding potential of =80 mV and a 5 s test pulse
to —50 mV (tail current). The pulse pattern was repeated continuously at 15 sec intervals. All QPatch data were analyzed

and ICsos were calculated using Sophion’s QPatch Assay software.

Measured logD7.4
The LogD7.4 value was calculated as the natural logarithm of the compound concentration ratio between 1-octanol and
Dulbecco’s phosphate buffered salts aqueous solution (pH 7.4). The concentration within each of the two layers was

evaluated using LC-MS after 10 mM DMSO stock solution of the compound was dissolved and partitioned at 23°C.

Aqueous Solubility

The test compounds in 10 mM DMSO solution (13 pL) were diluted to 130 pM by adding the fluid for disintegration test
(JP1: pH 1.2, JP2: pH 6.8, JP2+TC). After incubation at 25°C for 20 h, precipitates were separated by filtration. The
filtrate and a standard solution comprising a 100 pM DMSO solution of the test compound were examined using liquid
chromatography. The ratio of the peak area of the sample solution to the peak area of the standard solution was calculated

to determine the aqueous solubility.

In Vitro Intrinsic Clearance with Human Liver Microsomes
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The test compounds (0.1-0.2 uM) were incubated with pooled human liver microsomes (0.2 mg protein/mL), NADPH
(1 mM) and EDTA (0.1 mM) in pH 7.4 phosphate buffer (100 mM) at 37°C for 30 min. The peak area of the test
compound was measured using liquid chromatography-tandem mass spectrometry (LC-MS/MS) to calculate the in vitro

intrinsic clearance (CLin, vitro).

Pharmacokinetic study

Compound 78 and 90

Male SD rats were administered orally and intravenously with compound 78 and 90. Compound 78 was dissolved in 30—
40% PEG400, and compound 90 was dissolved in DMF/PG/water (10/10/80), respectively, for oral and intravenous
administration. Blood samples were collected using syringes containing heparin sodium at multiple time points up to 24
h after oral or intravenous administrations. Compound concentrations were determined using LC-MS/MS.

Pharmacokinetic parameters were calculated by non-compartment analysis.

Compound 122

Male SD rats were administered orally and intravenously with compound 122. Compound 122 was dissolved in 30—40%
PEG400 for oral and intravenous administration. Blood samples were collected using syringes containing heparin sodium
at multiple time points up to 24 h after oral or intravenous administrations. Compound concentrations were determined

using LC-MS/MS. Pharmacokinetic parameters were calculated by non-compartment analysis.

121



2 Z BN

1) GLOBOCAN 2018 (https://www.uicc.org/news/new-global-cancer-data-globocan-2018)

2) ERNIRAMFGEY v 2 =N AE#RY—E X (http:/ganjoho.jp/public/index.html)

3) HAEGIK 75 & HTI5 3 FLES &I OZE &R (2017)

4) HAREFH M, No. 4726, 11 A 4385 (2014).

5) Miki Y., Swensen J., Shattuck-Eidens D., Futreal P. A., Harshman K., Tavtigian S., Liu Q., Cochran C., Bennett L.
M., Ding W., Bell R., Rosenthal J., Hussey C., Tran T., McClure M., Frye C., Hattier T., Phelps R., Haugen-Strano
A., Katcher H., Yakumo K., Gholami Z., Shaffer D., Stone S., Bayer S., Wray C., Bogden R., Dayananth P., Ward
J., Tonin P., Narod S., Bristow P. K., Norris F. K., Helvering L., Morrison P., Rosteck P., Lai M., Barrett J. C., Lewis
C., Neuhausen S., Cannon-Albright L., Goldgar D., Wiseman R., Kamb A., Skolnick M. H., Science, 266, 66—71
(1994).

6) Wooster R., Bignell G., Lancaster J., Swift S., Seal S., Mangion J., Collins N., Gregory S., Gumbs C., Micklem G.,
Barfoot R., Hamoudi R., Patel S., Rices C., Biggs P., Hashim Y., Smith A., Connor F., Arason A., Gudmundsson J.,
Ficenec D., Kelsell D., Ford D., Tonin P., Bishop D. T., Spurr N. K., Ponder B. A. J., Eeles R., Peto J., Devilee P.,
Cornelisse C., Lynch H., Narod S., Lenoir G., Egilsson V., Barkadottir R. B., Easton D. F., Bentley D. R., Futreal P.
A., Ashworth A., Stratton M. R., Nature, 378, 789-792 (1995).

7) Konecny G. E., Kristeleit R. S., Br. J. Cancer, 115, 1157-1173 (2016).

8) Rugo H. S., Vidula N., Ma C., Am. Soc. Clin. Oncol. Educ. Book, 35, e40-54 (2016).

9) Johnston S. R. D., JNCI J. Natl. Cancer Inst., 107, 1-10 (2017).

10) AR 7 I g A uv—, —uth, AT I WA A F o —HELZE S

1) 7 I AN A A u P— e, A — otk BARRRHRILE 7 X v S A a2 —5 189 B 2

12) Nakatsuka M., Ragan J. A., Sammakia T., Smith D. B., Uehling D. E., Schreiber S. L., J. Am. Chem. Soc., 112,
5583-5601 (1990).

13) AEENEIE YT D7 I NS A A m U— FERRE SAERBET, LR, B A LR

14) Hirata Y., Uemura D., Pure & Appl. Chem., 58, 701-710 (1986)

15) Aicher T. D., Buszek K. R., Fang F. G., Forsyth C. J., Jung S. H., Kishi Y., Matelich M. C., Scola P. M., Spero D.
M., Yoon S. K., J. Am. Chem. Soc., 114, 3162-3164 (1992).

16) Yoshida T., Ozawa Y., Kimura T., Sato Y., Kuznetsov G., Xu S., Uesugi M., Agoulnik S., Taylor N., Funahashi Y.,
Matsui J., Br. J. Cancer, 110, 1497-1505 (2014).

17) Funahashi Y., ef al., The 11" Annual Meeting of Japanese Society of Medical Oncology (2013).

18) Garcia D., Shaw R. J., Mol. Cell, 66, 789-800 (2017).

19) Carling D., Zammit V. A., Hardie D. G., FEBS Lett., 223, 217-222 (1987).

20) Hardie D. G., Carling D., Sim A. T. R., Trends Biochem. Sci., 14, 20-23 (1989).

21) Carling D., Mayer F. V., Sanders M. J., Gamblin S. J., Nat. Chem. Biol., 7, 512-518 (2011).

22) Herzig S., Shaw R. J., Nat. Rev. Mol. Cell Biol., 19, 121-135 (2018).

23) Shaw R. J., Kosmatka M., Bardeesy N., Hurley R. L., Witters L. A., DePinho R. A., Cantley L. C., Proc. Natl. Acad.
Sci. USA, 101, 3329-3335 (2004).

24) Chen Z., Shen X., Shen F., Zhong W., Wu H., Liu S., Lai J., Mol. Cell. Biochem., 377, 35—44 (2013).
122



https://www.uicc.org/news/new-global-cancer-data-globocan-2018
https://www.uicc.org/news/new-global-cancer-data-globocan-2018
http://ganjoho.jp/public/index.html
http://ganjoho.jp/public/index.html

25) Calabrese M. F., Rajamohan F., Harris M. S., Caspers N. L., Magyar R., Withka J. M., Wang H., Borzilleri K. A.,
Sahasrabudhe P. V., Hoth L. R., Geoghegan K. F., Han S., Brown J., Subashi T. A., Reyes A. R., Frisbie R. K., Ward
J., Miller R. A., Landro J. A., Londregan A. T., Carpino P. A., Cabral S., Smith A. C., Conn E. L., Cameron K. O.,
Qiu X., Kurumbail R. G., Structure, 22, 1161-1172 (2014).

26) Chen L., Xin F.J., Wang J., HuJ., Zhang Y. Y., Wan S., Cao L. S., Lu C., Li P, Yan S. F., Neumann D., Schlattner
U., Xia B., Wang Z. X., Wu J. W., Nature, 498, E§-E10 (2013).

27) Xiao B., Sanders M. J., Underwood E., Heath R., Mayer F. V., Carmena D., Jing C., Walker P. A., Eccleston J. F.,
Haire L. F., Salu P., Howell S. A., Aasland R., Martin S. R., Carling D., Gamblin S. J., Nature, 472,230-233 (2011).

28) Steinberg G. R., Carling D., Nat. Rev. Drug Discov., 18, 527-551 (2019).

29) He X., Li C., Ke R., Luo L., Huang D., Tumor Biol., http://doi.org/10.1177/1010428317697576 (2017).

30) Lee C. W.,, Wong L. L. Y., Tse E. Y. T., Liu H. F., Leong V. Y. L., Lee J. M. F., Hardie D. G., Ng L. O. L., Ching
Y. P., Cancer Res., 72, 4394-4404 (2012).

31) LiJ., Jiang P., Robinson M., Lawrence T. S., Sun Y., Carcinogenesis, 24, 827-834 (2003).

32) Jones R. G., Plas D. R., Kubek S., Buzzai M., Mu J., Xu Y., Birnbaum M. J., Thompson C. B., Mol. Cell, 18, 283—
293 (2005).

33) Zhuang Y., Miskimins W. K., J. Mol. Signal., 3:18 (2008).

34) Hadad S. M., Fleming S., Thompson A. M., Crit. Rev. Oncol. Hematol., 67, 1-7 (2008).

35) Inoki K., Zhu T., Guan K. L., Cell, 115, 577-590 (2003).

36) Feng Z., Hu W., Stanchina E., Teresky A. K., Jin S., Lowe S., Levine A. J., Cancer Res., 67, 3043-3053 (2007).

37) Li W., Saud S. M., Young M. R., Chen G., Hua B., Oncotarget, 6, 73657378 (2015).

38) KimJ., Yang G., Kim Y., Kim J., Ha J., Exp. Mol. Med., 48, €224 (2016).

39) Corton J. M., Gillespie J. G., Hawley S. A., Hardie D. G., Eur. J. Biochem., 229, 558-565 (1995).

40) Sullivan J. E., Brocklehurst K. J., Marley A. E., Carey F., Carling D., Beri R. K., FEBS Lett., 353, 33-36 (1994).

41) Cool B., Zinker B., Chiou W., Kifle L., Cao N., Perham M., Dickinson R., Adler A., Gagne G., Iyengar R., Zhao G.,
Marsh K., Kym P., Jung P., Camp H. S., Frevert E., Cell Metab., 3, 403—416 (2003).

42) Cameron K. O., Kung D. W., Kalgutkar A. S., Kurumbail R. G., Miller R., Salatto C. T., Ward J., Withka J. M.,
Bhattacharya S. K., Boechm M., Borzilleri K. A., Brown J. A., Calabrese M., Caspers N. L., Cokorinos E., Conn E.
L., Dowling M. S., Edmonds D. J., Eng H., Fernando D. P., Frisbie R., Hepworth D., Landro J., Mao Y., Rajamohan
F., Reyes A. R., Rose C. R., Ryder T., Shavnya A., Smith A. C., Tu M., Wolford A. C., Xiao J., J. Med. Chem., 59,
8068—-8081 (2016).

43) Owen M. R., Doran E., Halestrap A. P., Biochem. J., 348, 607—614 (2000).

44) Rena G., Hardie D. G., Pearson E. R., Diabetologia, 60, 1577-1585 (2017).

45) Knapp D. M., Gillis E. P., Burke M. D., J. Am. Chem. Soc., 131, 6961-6963 (2009).

46) Horner L., Hoffmann H. M. R., Wippel H. G., Ber., 91, 61-63 (1958).

47) Wadsworth W. S., Emmons W. D., J. Am. Chem. Soc., 83, 1733—-1738 (1961).

48) Shiao M. J., Tarng K. Y., Heterocycles, 31, 819—824 (1990).

49) Paul F., Patt J., Hartwig J. F., J. Am. Chem. Soc., 116, 5969-5970 (1994).

50) Guram A. S., Buchwald S. L., J. Am. Chem. Soc., 116, 7901-7902 (1994).

123


http://doi.org/10.1177/1010428317697576
http://doi.org/10.1177/1010428317697576

51) MOE2016.0802, Chemical Computing Group Inc., 1010 Sherbrooke St. West, Suite #910, Montreal, QC, Canada,
H3A 2R7, 2016.

52) Lipinski C. A., J. Pharmacol. Toxicol. Methods, 44, 235-249 (2000).

53) Valvani S. C., Yalkowsky S. H., Roseman T. J., J. Pharm. Sci., 70, 502-507 (1981).

54) Zou Y., Yan C., Zhang H., Xu J., Zhang D., Huang Z., Zhang Y., Eur. J. Med. Chem., 138, 313-319 (2017).

55) Walker M. A., Bioorg. Med. Chem. Lett., 27, 5100-5108 (2017).

56) Brown A., Brown L., Brown T. B., Calabrese A., Ellis D., Puhalo N., Smith C. R., Wallace O., Watson L., Bioorg.
Med. Chem. Lett., 18, 52425244 (2008).

57) Brown A., Brown T. B., Calabrese A., Ellis D., Puhalo N., Ralph M., Watson L., Bioorg. Med. Chem. Lett., 20, 516—
520 (2010).

58) This compound previously reported as a myosin activator in W02001/036386.

59) ACD/Percepta, version 14.0.0, Advanced Chemistry Development, Inc., Toronto, ON, Canada, www.acdlabs.com,
2013.

60) Cisneros J. A., Robertson M. J., Mercado B. Q., Jorgensen W. L., ACS Med. Chem. Lett., 8, 124—127 (2016).

61) Hill A. P., Young R. J., Drug Discov. Today, 15, 648—655 (2010).

62) Fujita Y., Yonehara M., Tetsuhashi M., Noguchi-Yachide T., Hashimoto Y., Ishikawa M., Bioorg. Med. Chem., 18,
1194-1203 (2010).

63) AmottJ. A., Planey S. L., Expert Opin. Drug Discov., 7, 863—875 (2012).

64) Pierson P. D., Fettes A., Freichel C., Gatti-McArthur S., Hertel C., Huwyler J., Mohr P., Nakagawa T., Nettekoven
M., Plancher J. M., Raab S., Richter H., Roche O., Rodriguez Sarmiento R. M., Schmitt M., Schuler F., Takahashi
T., Taylor S., Ullmer C., Wiegand R., J. Med. Chem., 52, 3855-3868 (2009).

65) Davies B., Morris T., Pharm. Res., 10, 1093—1095 (1993).

66) fiH %, Folia Pharmacol. Jpn., 134, 334-337 (2009).

67) Meanwell N. A., J. Med. Chem., 54, 2529-2591 (2011).

68) Ritchie T. J., Macdonald S. J. F., Drug Discov., Today, 14, 1011-1020 (2009).

69) Zhou H., Sun G., Liu Z., Zhan X., Mao Z., Heterocycles, 87, 2071-2079 (2013).

70) Shipe W. D., Barrow J. C., Yang Z. Q., Lindsley C. W., Yang F. V., Schlegel K. A. S., Shu Y., Rittle K. E., Bock
M. G., Hartman G. D., Tang C., Ballard J. E., Kuo Y., Adarayan E. D., Prueksaritanont T., Zrada M. M., Uebele V.
N., Nuss C. E., Connolly T. M., Doran S. M., Fox S. V., Kraus R. L., Marino M. J., Graufelds V. K., Vargas H. M.,
Bunting P. B., Hasbun-Manning M., Evans R, M., Koblan K. S., Renger J. J., J. Med. Chem., 51, 3692—-3695 (2008).

71) Tsunoda T., Nagino C., Oguri M., Ito S., Tetrahedron Lett., 37, 2459-2462 (1996).

72) Cui l. J., Tran-Dubé M., Shen H., Nambu M., Kung P. P., Pairish M., Jia L., Meng J., Funk L., Botrous I., McTigue
M., Grodsky N., Ryan K., Padrique E., Alton G., Timofeevski S., Yamazaki S., Li Q., Zou H., Christensen J.,
Mroczkowski B., Bender S., Kania R. S., Edwards M. P., J. Med. Chem., 54, 63426363 (2011).

73) Walker M. A., Bioorg. Med. Chem. Lett., 27, 5100-5108 (2017).

74) Cavero ., Mestre M., Guillon J. M., Crumb W., Exp. Opin. Pharmacother., 1, 947-973 (2000).

75) Vandenberg J. 1., Walker B. D., Campbell T. J., Trends Pharmacol. Sci., 22, 240-246 (2001).

76) Aronov A. M., J. Med. Chem., 49, 6917-6921 (2006).

124



77) Aronov A. M., Drug Discov. Today, 10, 149—155 (2005).
78) Jones L. H., Summerhill N. W., Swain N. A., Mills J. E., Med. Chem. Commun., 1, 309-318 (2010).

125



B

KL DFER KL OVERRIC DTV | ZRY) T B2 RS L HiHE 2 15 0 £ LA BRI iy —
BRI DL L B £,

Flo. KRB L TR AR OB EREEUR & EHEELZ 0 £ Lo Ab R KA L ST 7E T 8% - ik

XA

WEREIAR L AERRER P o 2 —FHHE - R WEE ML WONCIEE R PR R ER 7

PRI HEALH L B £,

ARWFENTT 2T 7 ZABFRASHI AT E X Y T 4 I TIT NI D THY . FX¥ T 47— b

F U AR =R ESRET T4 T v AAT—Y a UHYSEE Go®4 ) 7 4 IZeEArE) Bmite
ORI RHN I L E T

ARFROZATIZHT=0 | R, HEEL W2 X E LT A7 7 AMEKRASE 7 7 A T 2R EH

IR, HARERITZER SRS RIS SFIRE R ISR V2 LE T

ARG LDVERRIC BTV . — T bR TR 2B Y F U ARMGRER] S (S A TR L BT,
ARMFFED Fefts o BATIZR W T, BIGTH AW IEE E Lo RBE R, B, EBE BRI, fis

#if o, ARREBIC, IESAER L XD EHIN T LET
FRAHAR 2T > T2 & £ LERBAEZIE L [HAAAR £, THESERE L mmEeE - L O
WENRERABR 21T > TV 72 & & LA SRl b ARPIFESCE I E EILH L B &4

KL DIERRICHT= 0 . A2 THE L TH 2B £ LA M A EFEEI0 K0 EEWZLET,

R, FAOBFFEAETE 2T L, WA TS N FIRICIR E#HWZ LE T,

126



