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SHT

Ac

Ar
Asn
Asp
AUC
ADDP

BBB

Bu

CHO
CYP
DIO
DIPEA
DMA
DME
DMEAD

DMEDA

DMF
DMSO
ECL
Et

Gln
GHS
HATU

5-Hydroxytryptamine (Serotonin)
5-E Fef hU 7 Iy (Br =)

Acetyl V%

Aryl 7=
Asparagine T ARG X
Aspartic acid T AT X PR
Area under the curve h R T A

1,1'-(Azodicarbonyl)dipiperidine

1,1-(7 A /1/7\1{:/1/):‘/\‘]:"/\0 y U

Blood brain barrier 1072 A BE P
Butyl 7T

Chinese hamster ovary F A =— RN AKX —JIEH

Cytochrome P450 v 7w L P450

Diet-induced obesity B A
N,N-Diisopropylethylamine N,N-~4 ¥ 7' m &)L F /L7 I
Dimethylacetamide CAFATERT IR
Dimethoxyethane VA RFTZH

Di-(2-methoxyethyl)azodicarboxylate
TSI ANKRBEY (2-A ¥ T L)
N,N'-Dimethylethylenediamine

NN-UAFLZF LTI

Dimethylformamide CAFIRNVLT IR
Dimethyl sulfoxide CAFIANEF TR
Extracellular loop sk ——7

Ethyl —F )L

Glutamine TNE I
Glutathione TINEFF

1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo(4,5-b) pyridinium

3-oxide hexafluorophosphate



HBA Hydrogen-bonding acceptor 7Kk &5 &K

HBD Hydrogen-bonding donor 7k & ik 5.5
hERG Human ether-a-go-go related gene
b NEIEREGEYED U U AT v R VIBIS T
HLM Huma liver microsome v Mfi7uey—A
HOBt 1-Hydroxybenzotriazole 1-8 Refo Xy U TV —)b
IPE Diisopropy! ether AT — )L
iv Intravenous B R
LHS Left hand side

(MCHRL #5307 7 —~ a7 3 TI\ZBIF %) ZEMEY

LLE Ligand-lipophilicity efficiency
NEEAMERN R
Me Methyl AF v
HMDS Hexamethyldisilazane ANEPAF LT
MCH Melanin-concentrating hormone

AT = EHRRVE
MCHR1 Melanin-concentrating hormone receptor 1

AT = EEER VT R

mp Melting point LTSN

MS Molecular sieve ElLFaTdg——7

MW Molecular weight ARy

NMR Nuclear magnetic resonance spectroscopy
BERESRIEG A 7 h v

Ph Phenyl 7 =)V

PLsis Phospholipidosis ARARIER—T R

po Per os 1 0 5

Pr Propyl A=S %

Pr Cyclopropyl /A=l = %

"Pr Normal propyl V% A=

PSA Polar surface area FREF R



RHS

SAR

TDI
TEA
TFA
TFAA
THF
THP
Thr
TPSA

Tyr
WSC

Right hand side

(MCHRL #5537 7 —~ a7 + 72313 5) ARGy
Structure-activity relationship

HE TG TS 1A B

Time-dependent inhibition I R{KAFAIBHLE
Triethylamine ) xZF LTI
Trifluoroacetic acid N =g (a7
Trifluoroacetic anhydride K~ VU 7 /v v FEER KD

Tetrahydrofuran T hZ7e 77 v
Tetrahydropyran V2 A= M= 1 = AV
Threonine MAd=r

Topological polar surface area
NEAH S ART 7 AR 2 T A
Tyrosine Fui
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
- FN-3-B-VAF LT I T REN) LRI A I NERBE
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TR RS O 2014 FEOFHE TIL, HRICB T DAD 19 EALL E2SEEE KT
4 < A (BMI)>25] THY ., 2D HH 6 AN (BMI>30) THLHESNTND
LB v U — R ES S v U — i BRI R R I K Y A S h, mT 2 R
W K0 EEA STV RIENET 7 4 R A BRI, miE, IEERFERE, 5O, )
WRZE RIS K OV 2RO EOBRBOFEICEIE L T D 2 2o, B A H ORI
TEA A2 RE S LTS TS 3

BIfE, MBSO EE LR, BFRE, EERE, AARIIRE (B RS2 CHE
WA T 4 TR E) B X UOSEWRRIEN o 5, RFFRIET K ONEEHRE Tl e 7265 &
PEFLNRNT LN AMBHRIEIIZFINIC Y O BN H 5,

FEWFIET B LT, WOK TIEHURR RS & U CTHRRPERE R HIHIZE Phentermine <O
U X—PRLEHK Orlistat 2N SNTWAS S OO, Phentermine [LEI1EF 2> &SI 2
3 r AU EHIBREN TRV, Orlistat [ZAEMGE & W =RIE 24 LTW5 *(Figure 1),
FoBEDIEL, PREMEEHEEEE LER SN TEZ AT RLF Y v | ke h=0F
WUV BE S Sibutramine ° A3 DM~ D B2 B 2010 AR ZERIN [ 35 77 20 & 4 o 1k o> %
a2 R U FIRMEE IR TH 5 HIRMES e A R CBl ZRMA v
N— X7 A=A | Rimonabant |X, BN CTORRBEZE LR EERIHDEAKDY AT MR
WA SN2 LD, KETIHIEAR, BINTEH 2008 FIRFEHIEE 2> T 5 T,

2012 D 2014 /T THEFEMERLJT (FDA) (X, HiziZ 3 SO FIET
3 [Lorcaserin (t & h =2 2C 7= =2A ), Qsymia (Phentermine & Topiramate ®#l)
$ X O Contrave (Bupropion & Naltrexone OAAN)] Z&KFE L7-, L)L, 25 OHHFID
4. BMI > 30 DL EH U< BMI > 27 LL bk omifiE, 2 BRI, IREREESD
BOHEZF3 L TV D BEEICRIEIIRESNTEY, 3 » HOKELT 5% Ll EOKE
BFPNETNIXEAZ T IET 24N H D (Qsymia (2D TiX Phentermine 15
mg/Topiramate 92 mg $E3%f58), F 7= 25 OFANIT LM E A X2 MBI 2 EHIM O
TIREGHAEN RO LN TWD, —JF, 2015 FIZAR S/ Liraglutide (GLP-1 71 27)
FZEMEOREWER & L THIRF STV 5208, ERFITEAL & Vo 7o~ 7 F FRFIRRA O
MEA R D, 2O XD ICBEFOFEMSEITIIZNR L ZRMEOHEICREN S H 2 &0 b
PUIEHE D unmet medical needs 13Eiv &,

72k, BARIZEBW CTIIIERE O EMIRRITIRE L TE LT, T 2HEM3EIT

Mazindol ®A T 5, L7 L., Mazindol o3 13 8 FE AEHE O B E G IZIRE S TE 0,

FEFWREORWEH DU 27 xR 3 #» HICHIRSH TV D,
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Orlistat Phel_1term|ne . Slbutre_imlne Rimonabant
. s Noradrenaline + dopamine noradrenaline + 5HT . .
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Bupropion Mazindol
. . . Naltrexone X .
Norepinephrine + dopamine Obioid antagonist Noradrenaline + dopamine
reuptake inhibitor P 9 + 5HT reuptake inhibitor

Lorcaserin Topiramate
5HT, agonist antiepileptic agent

Figure 1. Chemical structures of existing antiobesity agents.
B2l AT=VEERNVELER T VEERLVEUSEE L

AT = VEEARNE Y (MCH) (IR FESMUE-O AR MR ICB W TEA SN D 19
TR BRI DD RTTF RANLELTHY (Figure 2), Z OFFREBRHEITIMANICIA < $&
HENTWD % MCH OZAMKE LTIE 7 BEEER G-% o /=7 B 5K
(GPCR) T&» 5 MCH Z&& 1 (MCHR1) & MCH ZZ&1K 2 (MCHR2) 2 S TWn5
0 MCHRL X KMMAZE. RRAZ « werk, iR, (IR TEb72 © i OB AL RBL L T
%—J5 ™ MCHR2 [Z1F > HEICIHB W THILL Ty 27 Jiflc/2e > T, MCHR2 73
BAPEAR T 2 PEE TR T L OMERH D bOD P ZOMEEEIC T 5 BEARITAR
ERERTH D, £72. %< D MCHRL #HEENHRE S TWH D3t L, MCHR2 #;
PEEOBEIL pM A —4—D ICy HEFTHIOHRTHD 7,

H-Asp-Phe-Asp-Met-Leu-Arg-Cys-Met-Leu-Gly-Arg-Val-Tyr-Arg-Pro-Cys-Trp-GiIn-Val-OH
| |

Figure 2. Amino acid sequence of MCH.

MCH/MCHR1 RIFHEAITEE L O F—HEICB W CEE & Z R LT
HZEWMINETOMERICEVPALNER->TWD, T742bbL, SRS » ~ (DIO
T v MB RGN A 235 oblob =7 2 ¥ R dbidb 7 2 . A (agouti) <
2 1 Zucker (faffa) 7~ F Y IZHWVT MCH @ mRNA L~ULds JUORHL L~ Lo |5



WO LN TWD, 72, MCH D= &E LT, FicEEIEARIZWTEE, KH
BN LA v A VIEA AR TS 2 E RN HE S TS B, &bz, HE M
BZEIT D MCH OMEIREL~ 7 A XEIEEARNIZIH W TR O 2 U U6
MEETHZERMONTNDS P, —JF, MCH & L<{Z MCHR1 OEEHKEA~ 7 AT
FHORBIMZ R L, REUHE L REEIRHIC T 2 BB bnd 2, £, IR
BHETIIBE TEICH T D MCH ORFEAENEMLTWD Z EBHALNER->TND 2 &
5i21E. B MZBWT MCHRL OFERERIERZAZR (R210H & L < % P377S) 2MAEK T
ZRIERITIENHERSNTERY, HEDOERBA L MCHRL ¥ 7 /UK T & R
MRS TN 2

ZHH DA T MCH/MCHRL R EEITEIR LU= R F—HE I L CHELS BE
LTWDZEAERLTEY, MCHRL #5HI3RITHE LW TR S U3t & 70 5 &
EZOND, TNEZTEEOMIEHERIC L > T MCHRL ZAISEY —7 v k& LIZHIE
T OBFFE N FHE S v, Figure 3 1277 6 DDIKS LAY (AMG-076, GW865464.,
NGD-4715, Alb-127158(a), BMS-830216 335 LN AZD1979) DEGKBRFEBITHONT=2, H
BWE & RO WSO REES B AR B E o 7o B b E ML,
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NGD-4715 Alb-127158(a) AZD1979

MQW

BMS-819881 (R = H)
BMS-830216 (R = PO3H,, prodrug of BMS-819881)

Figure 3. Clinical candidates of MCHR1 antagonists.
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53 F MCHRL #5#3EA AR L T 5 » (Figure 4), — I 26 D(LEMIL, 3 F ko
T X REEGEEFIT, BREMEAL B R D  left hand side (LHS) TR BR L T LI
7 X VLA B RS right hand side (RHS) 73 /E A7 ICBEE S 7o MG RHEE A3 5, E 72,
vidu R7L A3 MCHRL OFREr P—EF L2 HWET N7 U ViBER 1b
DRy F T OER, PR VR =L L GIn127, TAFLT 2 UELE Asn294 L
D AAEANRES LTS ® (Figure 5), Z4 50D MCHRL f5H3Ki%, JE T 7 /L @)
BT B RIGEIER 2R L2, BOERREIRZ %% 5 hERG BEEIEHR
U VIRBE DI~ DOER AL D R AR Y ¥ R — A (PLsis) %, ZRMEOBMENDS, Z0
BOBRFITTIEENTz, ZORRRNO T, ZetEom EL7HE MCHRL #5384 i

W2 B LAR L7,
o) n-Me
| H
« O §1a(X=F)

11b (X = Cl)

J
/‘/‘/ bicyclic a||phat|c amine

3  motif motif

< | D

LHS RHS

Figure 4. Chemical structures of our MCHR1 antagonists.

RIEWF ORI & MCHRL 5HT3E D BRI ICHIh L TWARWER DO —> & L
T, B2l TORE, 2 hERG HEFEEHOMENRZE T D, ZHETIZ, BEFD
MCHR1 #5133 LY hERG FHEIROMBNIMHTIC L > CHEF D 7 77—~ a7 4 7 DX
PHERERM SN TR Y . 2y MCHRL #5035 hERG FHEMEM 28 Z Lo WRIK &
Ezbnl P, Thbb, BEF MCHRL #EH3KICHT 5 7 VL7 2 L, MCHRL
RSB 5 L COBEERSEE CH DO KE, VT A - FAERIZEY hERG F ¥ X%
NEDFRERIZBNWTHEIE TH D, TNETORFHIED . KT VXTI AT
I FERH N A — MECEBAETHY ., £NIZEY hERG FHEMFEHZENTE 5 2
EERBELTOWAN P 2R LYIIRIOET I M MCHRL F5HIE3IT B THEOR T
IZE D invivo THIREZRET HIZITEL RS T2,



Figure 5. Docking model of 1b with hMCHRI1 generated by homology modeling. (a) overall
structure (colored for helices) and (b) binding pocket of hMCHR1 with 1b (carbon atoms in yellow
for ligand and in green for receptor, nitrogen atoms in blue, oxygen atoms in red, and chloride

atom in light green).
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Figure 6 (ZR" T Ry o 72 8®E L TWS 2, 32bb, 2-7 3 7 %5V ) UikEk
4 OXF Y B EOZOOERIFETNEINLI Asplll08 I L OHikash L —7 (ECL)
FEo Thr EMHEER L, ZBRIEESEREPZRE L OR/GICEERER 2R L D &
LTCWb, —J5, Figure5 Tim L7zfex D Ny ¥ 7T Cifba® 1b o7 7V VB
BT Aspl23 LT Tyr 272 OIFEAVRIBRENTEY 2 AHZEALZFMT 5L T
TIRMERE S BRENL & SR L O EAERN IR L B X biLTs, £ I T ORI ENEA
BRIZEY, TAFLT I UM AERTZ R WIET I M MCHRL H5HI3E DR EFD Al HEC
b, THIZXY hERG FHEIEAS PLsis U A 7 O S iz 2o @O EA o Al
AR & B 2 7= (Figure 7), ABFEGEHIIESE, TAFAT I L & YRR EHT v
72, FET R ME MCHRL P3O RRICE T LT,
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Asp 11:08
GIn VI:20 P : NS
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\)\u “Thr in ECL2b
Me
4

Figure 6. Docking model of the quinazoline derivative 4 reported by 7TM Pharma on the basis of

F4CO

the B2-X-ray structure. Dotted lines denote the hydrogen-bonding interaction with the receptor.

ECL refers to the extracellular loop.

Asp123 and/or Tyr272
Asp123 and/or Tyr272

GIn127 GIn127

- M :
Feors :
N Me “Asn294 :> N Asn294
Cl 1b

Figure 7. Design concept of alkyl amine-free MCHR1 antagonists. Dotted lines denote the

New alkyl amine-free structure

hydrogen-bonding interaction with the receptor.

AFRSCTIE, FEE DR ARG TR RO CER L7 FRONEIC OV T L 5,
F2ETIE, EIROFRGTEHNZIE SN Y — FMEAWAI ORI & | Bl I 74y v
VHER ORGSR IEFR & KEERICOW R LD, HI3ETIE, A 4V EU D UVEBRO
TR DB L > TR ENTERU AL I XY — VFEROMEETEMEAES & 3881 EH, 7o
LT A7 = VFEIED CYP3A4 FFHMKAFRIPHTE (TDI) 1FH [E1kEDERRE (22U Th
L%, EHIZHE4ETIE, M MCHRL HHid DRI & | 1 &Y — LEFERD TA1537
BRICEB T 2 BIm i U A 7 [AEBEOBIKIZ OV Cii U 5,



B2 HRA I VU BBERORETEER R K OSEEL R

WU JET M MCHRL FEHIIEY — L QWi R

o1 SRR

5 1 BT ARSI EHIAENZ RN & FEN T2 ) — MEAWERIH T~ T
IVERILT R BN ARV IET 2 M MCHRL f5PUROBRF 21T 91T L. UL FICH
U 2 W b 0FeEE 2 R & U7 SRkt 2 5k L 7=,

Ploemen &I3BEfFOD PLsis FtAbAM 2T+ 5 2 & T, PLsis [\BEOET L [(pKa)
+(ClogP)’ <90 % L <% pKo<8 & L<IE ClogP<1] ##2EL T2 %, KEFL LY,
PLsis [F1BEZF51M) L 72 FEMRX T OFEEE & LT pK,< 8 %@Rbf:o F7-. MCHR1 X%z
FRIZRELL TV A Z ED, T OfREPERIT MBI (BBB) #&id 2 L8N H 5,
— A PRI, RSP EOIRAI & it U X0 IR S e B LR R T A — 2 O

TREMT 22 MR EN D, ThETIC, kg S L <IXERBAFEFE T I 1T 2 i 3E
@ﬁ%ﬁ% HPEH b TV AR—F—Th D P-gp OEEMFHMORERID, O FHK
BATIEC B 2 R BRAIA S ST B %, Hichcock 513, 416 ORBRAIZHEA L7z
ﬂa‘ﬁ%ﬁ& (PSA). ClogP fii, 73 1& (MW) ¥ X UVKFE#EEMLGH (HBD) aﬁﬁzfﬁiéﬂ
D HHEBATIE A FRA L7 chemical space Z##2M8 LTk 0 . BAFR2 B TIEDOBEIFIZIX
PSA<70, 2<ClogP <4, MW<450 53X HBD %t =0 : L<I% 1 fmﬁézhémlm
THEMRE AT 2 L A2HEE LT 5 ¥, Z o chemical space 1%, FTHEBITIEN KD B
DAL=y Mt L THO AR Rttt &b B 272, U EOEBEREZRE 2, KE TR
LI, BB K ORI TIEZ 180 L7 O OWE LR /ST A — X2 D ER
X415 chemical space (pK,< 8, PSA<70, 2<ClogP <4, MW <450 53O HBD ¥t =0 %
LI 1) 2EIciT L& LT,

TIVXNLT I UMV IET S M MCHRL #5Hi 2R EHT512H7= 0
Figure 8 T2k L7 — XU HES W T, ZRMEE OB MR E W2 2:75>ﬂ;ﬁ13“féh6—f)ﬁf$
MEERARE Lc, T72b5H, Aspl23 & L<IE Tyr272 L OMHAAERES A, KFE
AZRE X) 2R EICET 55556 L0 66 OFGEREARI L, &HIZ RN BX
O R? BRI NG BRI 24810 L7 7 L X VB 2 BCE U 72, ARRREHT IS X 847
L7 ZBRMEMEGER T, e d 27 22 | Z8ERD LHS (— &N A 3L B Z2H) Liffi
BTHZEICEV ATV —=T L, TOHMEEHNDTZ,



Asp123 and/or Tyr272

X
° Het R2

1
| R

H,N

Ar: 5-6 membered aromatic ring

Het: 5-6 membered heteroaromatic ring
X: hydrogen bonding acceptor

R', R% H or alkyl group

bicyclic motif
Figure 8. Lead identification strategy via RHS exploration. A number of bicyclic motifs were

designed on the basis of the illustrated general structure.
F2H B
7= /%7 b7 I FFHEE 6a-d OAAKLE Scheme 1 (I/RL7z, WAKRUEE S &

WSC IZ X DMEARIGZAT L. BEOY 6a—d 2E57-, ARG CHW=EFRT 2 LRI
WiEEHWTER LT,

Scheme 1
o) o)
J@/O\)LOH RNH,, WSC, HOBt /©/0\)J\N-R
———
H
DMF, rt
F3CO ' FaCO
s 5 24-63% ° 6a-d

/l::ji<>—Me scr= | L)
e T K

HIEH AVEHLEER

TEMBEROAZ V= I XV B ONEROE L Table 1 (IR LT, B
ZBZ 57 I I(Figure 8) ZaHli L7cHER., A IFVEY P UFHEK 6a 8LV 6b @
B ICs M 10° M A—F —D# A7 in vitro FEATEMZRLE 0, Zhbo(badix
TNVXNLT I VENL RN b, A IF VY DUVRPBEZREK L OMBERICEH

*) L& 6a @ CHO MfRIZE1T AHEHUEMEIT ICs fE 440M Thotz,
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HLTWb B2 605, EilifbEOmE LM E L, BER%E 1 HTHE Lz i
BATMEZ 4517 L7- chemical space (PSA< 70, 2<ClogP <4, MW <450 33 X! HBD %k =0
HL<IE 1) OHIPENTH 72, —FH. A RUPUFEK 6c BLORV Y 7T Ui
K 6d @ in vitro IEMEIZRE PEI LTz, ARERIZ, A IF Y VU DUR 1 ERF
IEMRBUCHEG L TWD Z EERR LTV,

AIE T UTfEEN S, TBREGEBROA I V—=0 72k 0 FET7 L % MCHRL
PERAE BRI D L CofEE L b4 I XYY VVEBRE BRI Z LTI LT,

Table 1. In vitro binding affinity of compounds 6a—d

o}
/©/o\)LN,R
H
F3CO
ICso (NM)?
Compound R .
hMCHR
NN
6a )@ g 38
1
=N
6b N N\/(\ g 3.0
Me

= —

6c );\Q% 1000
Qo

6d @ Me >1000

4ICsp values were calculated using an experiment performed in duplicate, with a standard deviation

of 3-fold. "Binding affinity for human MCHRL.

B2 vV IV UBERORAIH

—WRIZEIR T 2 R H T 2LAEMITIHEFN, BRI OBEND 5, FEEE, bE
¥ 6a LW 6b IFHANCALETH T8, BEEOM EEZIER L, {b&% 6b O
BT 2 NI EBRAL, HEL LY RUisEikasat Lz (Figure 9),



AE = 3.98 kcal/mol O\)k /Cr
IoNG
F,CO

6b (open form)

Figure 9. Design of cyclic amides on the basis of two conformers of 6b. The energy barrier

between the 2 conformers (AE value) was calculated using MOE.*

{b&% 6b 1% closed form & open form O > DRFTLERIEZ D L& 2 HiL, ZD
[H1121% 3.98 keal/mol = V¥ —FEBENTEIET 2 (MOE * (2 & 2 3G RIC IS ),
BT I N B IEITAAATZE Y RUBRERE LT, (kEW 6b @ closed form
NHIXE Y Ry 4 fLEHE (1), open form 7 HIXE Y Ko 3 (EHA (1) AixEH T
5. T ZTEHIT, LAY 6b 235077 MCHRL fEaBfE2 952 Lnn, IHEa
VT F A= a VIR LETERETH D closed form LiTWEETH DL EEZ, BU K2 4
PrEHR (1) 2l b U3kt 2 £l L=, AEiTik, K0 LERY — MeAh oA
MEfRm L7z ) RUFEEROAINE, BV RN OMO T ¥ B~ DREIEZE RIS
Wi C Do

218

o>

57

3T ax ey FUFEAR 1la BXL O 11b 1% Scheme 2 (TR L7z FiEIC L W AR L
2o THbb, BUD23-UF— (7) O 3 MOERIT XS 210k 3~
VONKERVEY Ry 8 &4, ki< I S (I) FETICRBT 0y 7Y v B
XV EMY 1la ~EE W, —FH, AU A7)0 12 LT 72/ —LED
Chan-Lam-Evans 1 v 7V > 7% 32 kv ik 13 238 L7-1%, R4 Bl
THZET, B Ry 1 ACEERR 14 215, I VM () FETICRT2 0y 7 >
TIISIZE D BRI b ~ &&=,
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Scheme 2

Wan'
OH Cl o XN (
e
HO\@ KOH, 4-chlorobenzyl bromide (e) NH 9a , Cul, DMEDA N~ \/ j
‘ =

= 40°C K,COj3, DMSO, 150 °C
7 80% 8 15% (for 11a)

11a R = 4-Cl-benzyl
11b R = 4-CF30-CgHy

Cul, DMEDA

)Cr ﬂ ’ K,COs, DMSO

150 °C, 13%
(for11b

F4CO” i \d
Me cl
o Cl
Meg\é 4-(trifluoromethoxy)phenol, Cu(OAc), (0] SN T
[} - X
° \C\' MS3A, pyridine, CHiCN, rt /©/ | ) KO'Bu, 'BUOH, water
= 47% F3CO i i
13

150 °C, microwave irradiation
12 73%

BV XY CFEAK 18, B IV UHER 22 BEO 26 DA% Schemes 3-5 1
LTz, BUEY ) UFER 18 13, U XY ) b4 — L 15 ZHREFERE L, TF
JALSOEIZHES THP JEBURFESIG e SN I 7 EER () IC XD h v 7Y VU RIS ERET
AR L7z (Scheme 3), BV ¥/ UaBiifk 22 1%, 46-VE Frfd Y IV (19) ©
E)TNAXULKISIZEDEONZEY I R 20 #VWTAR L, BV I K2 20 12
xfLTa vkl (1) I2E2D 0y 7V FRIGITHET L2y o 7272, Chan-Lam-Evans %
v IV TR ERCERY 22 215%7- (Scheme 4), BV ¥ EEER 26 1% 24-07
LB 2V (23) LW AR LTZ (Scheme 5), — B[ H o SyAr Ut T 4 (EEIRAYIC
TL PR 24 & 52 72, O TR 24 O 2 AR T E KERR %?ﬁ&w:%
BonN-v I I v UFEEER 25 2 vl (1) 2Ry 7 KRS LEB
) 26 ~&Ee,

Scheme 3

O /O
/O 4-chlorobenzyl bromide conc HCI
‘ E ©)
HO™ 7

KoCO3, CHsCN, DMF, rt MeOH reflux
64% 92%
16
=N
o N N\/(\ J 0 /CFN
X N\/\/\ J
NH Me N
| 9a ‘ _N Me
/@/\O N cu, trans-N,N'-dimethylcyclohexane-1,2-diamine /@/\O
K,COs3, dioxane, 110 °C
cl 2 70% Cl 18
17
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Scheme 4

A N=N
o /> ﬂ
OH HO\$ N
NH Me
‘ N  4-chlorobenzyl bromide \ /) OH 21 Cu(OAc),
HO N/) Ag,COs, THF, reflux o N pyridine, CH,Cly, MeOH, rt
0,
19 10% cCl 20 6%
1 T
N/
Me
Cl 22
Scheme 5
Cl OH
ji N)%N N)%N
N~ N (4-chlorophenyl)methanol | \
)‘\) O)\/ 0)\)
cl K,CO3, DMF, rt NaOH, dioxane, water, reflux
23 27% Cl 24 5% Cl 25
A~=N
1 N\/( j [e) =N
Me Y/
9a |, Cul, trans-N,N'-dimethylcyclohexane-1,2-diamine NXN NN {
)‘\% Me
K,COj3, dioxane, 110 °C o
18%
Cl 26

EROIRZAN A I 4 EY VbR m VR 21 [TFEIBICHES TR LTz, F72,
6-3— KA I XYY v 9a, {bEW 10a BL W 10b DARKICHOWTIL, H 4k
F%4-70axs vl RUBERO—BEAEBIEIZB W Tl T,

3 EWIEIE L B

%1 Tam U7 kB 6b O OO RTZEREE b LI L) R 3 B X
O 4 LEHRD invitro 5% Table2 (278 L7z,

vY K> 4 ALEHA 10a 2338572 in vitro EMEEZ R L= L, EY K2 3 (i
R 1la BEO Ub TIERIBISIEESES Lz, ZIUdEE= 7+ A —va UMb s
¥ 6b @ closed form ([Z¥ELL T2 & T 28 1 HOMME XFFT R TH D, —FH., 47
=/ FVEER 10b T 4-_2 DA X UFHEK 10a &g U TEESMEWERH S
MmElpole, KEREBZET A~ FHROME BE 4 Bilfk L7z 10a" B3 XL T 10b" @
RLZEMEZSIRT I K 6b' OffE L i L& Z A (LAY 108" OKEGT U —LH)3,
{59 6b' @ OCF; Jh& K< Ee D Z EBH LML 727 (Figure 10), — 5 (L& 100
DRIGT UV —/VEITLEY 6b' O OCFy LB ofMAR->THY, ZhiMbEew
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10b" DIEMEREIDER L 72> TN D T ENEZ B,

Table 2. In vitro binding affinity of compounds 10a, 10b, 11a, and 11b

R I
/
Rs‘)kN SN

ICso (NM)*
Compound position R
hMCHR®  rMCHR®
10a 4 OCH,(4-Cl-CeHy) 26 20
10b 4 O(4-CF;0-CgHs)  >1000 950
11a 3 OCH,(4-CI-CeH,) 990 650
11b 3 O(4-CF30-CgH,) 270 240

4ICsp values were calculated using an experiment performed in duplicate, with a standard deviation
of 3-fold. "Binding affinity for human MCHRL. °Binding affinity for rat MCHR1

(@]
F3CO -Me
Q0
o =
10b’

Figure 10. Superposition of the lowest energy conformers of 6b’ (yellow), 10a’ (purple), and 10b’
(orange) using MOE*! (for the calculation cost, the imidazopyridine ring was simplified with a
methyl group).

FEWTE U RUFFEMR 10a O H RO OREEEPE B 2 BEET << 7 VU aFEA 18,
22 BEXON 26 % invitro RERIZHL L7 (Table 3), ©°7 Y -6-4 L iFiElk 18 BL OV
VAU R 22 TIE in vitro FEPEDNEEE L. FAUCEEWISEAMES R (LLE &) O
WMETF L7, —J7, BV RUBR 3 M~OEFF-EATIEHEICEEST . REELIRT

*) pICso— log D74 IZ X WEH L7 6, —MICERE WS ONRY — MeamE LT#EL T
WaiEZLND,
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EH7- [logD74 ¥ =32 (10a), logD;4=2.8(26)], #ife LTEY I P 2-F L iFEK 26
ITbEY 10a LV B4F7 LLE fEZ L, U—RNMea¥HmE L CHEEITHLH Z &R S
nre 9,

AETim Uiz, KVLER Y — MEAMORAINEZ BR L Lo oRE S, $Ik7 I NiE
BIK 6b ORLEREL LAY 10a 2RI L7z, 70, i< B Y FUBROMIEZLH
WX 0bE 26 2T I M MCHRL #5530 ) — Mg & L TR Z & I2k)
L7,

Table 3. In vitro binding affinity, log D, and LLE of compounds 10a, 18, 22, and 26

Y/,
s A Ay

| |
/@AO)\\(‘X 6 Me
5
cl
ICso (NM)?
Compound X Y z Log D;,° LLE*
hMCHR®  rMCHR®
10a CH CH CH 26 20 3.2 4.4
18 N CH CH 92 110 3.7 3.3
22 CH N CH 150 140 2.9 3.9
26 CH CH N 37 30 2.8 4.6

%1Cx, values were calculated using an experiment performed in duplicate, with a standard deviation
of 3-fold. "Binding affinity for human MCHRL. “Binding affinity for rat MCHRL. “The logD value
atpH7.4.%

3 el FUFHEROAI
o1 KRG

HIEICIBWTE Y RUFFE(R 10a L VEREH LT YUk sfice Gl £OHR T
VU IV - A UFEK 26 MY S VLA UFEEE 22 L0 RIEEEART L
Z o L7 (Table 3), F£7-FEIZHIT HMFHI L > T LHS OELANIEMEICRET 5 Z &2
HOLNERSTWNAZ ENDG, LAY 26 BLTY 22 IZBWTH LHS OfdmAIEMEZEIC
HELTWD EEZT,

—RIZ 2- T v a X T U UFERIT, R L EE EOINLE 1) O O 2T DB

%) AW 10a, 18 LY 26 O CHO MAIZ I DHEHUEMIZE N2 1ICs fH 23
nM. 40nM BLX 140nM Th o7,
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EWDHZENMONT VD, ZOBRIZEY, B IV -2-F 0K 26 BLOEY 2
VUA-TFUFHEER 22 OOV RUEIIR e 5 REREEZRS Z E N TREND
(Figure 11A), T 72 b, {baM 22 TiENrYu X ERXf FHEIHE L7z 22-B,
&Y 26 TIIRPEFANHE LTz 26-A WZEREL E 2 b, 3HEREENS b I
SNTWVAH ARETIEEBNIEHEEATHE Y IV 0-2-4 R 26 OZERE 26-A
WIEPEa 74 A= a ZEBILCTn D LB 2 ZEREOEE(IZE D invitro EPE
WA HEY e L3R WEREH 21T o 70, BRAICIZE ) RUBR 5 fi~O@EHABEA b L
SHERVVNMANLE Y FUBR 3 (L2 BRRICEE LIk e aikat U (Figure 11B), # 72
% U — Muaalt &7,

A) .
active conformer

=

@ N/
TN

0y
Oji\T/N E = 4.08 kcal/mol QﬁN\N/
AE =4, P M
fLN\N\/X—Q cal/mo ) N) e
) e |8

Me
cl /[ j 22-B

energetically unfavorable energetically favorable
QWS
o AN @\QN)LN SN
) <] | AE > 5.87 kealimol ‘ Me

A Me — |
LS Q)
(¢]] 26-A Cl 26-B

energetically favorable energetically unfavorable

LR 1O

Figure 11. A) Conformational preference of compounds 22 and 26, and prediction of the active

B)

conformer. B) Design based on the putative active conformer. The energy barrier between the 2

conformers (AE value) was calculated using MOE.

55 2 IH

o>

57

5 MAZATFNIEEFT D 47 0ax vl RUFFER 31 1L Scheme 6 (2R3 FEIC
IV EK LT, 77205, 3AF /4= r Y T U-N-FFT R (27) 26, = hako
B NIC LB R B, SyAr BURICE 20 DAV HBEAL B DUN-AF R
SO — BB S 2 88 5 Z BB TR L7z 5- A F e’ ) R 30 Z vy, 3 (kR (1)
TFAETH Y 7V TR E D AR LT,
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Scheme 6

ﬁ/o@ N ﬁ,oe \ﬁ/o
/@ acetyl bromide ‘ P NaH, 4-chlorobenzyl alcohol /@ 1) Ac20, reflux
e,
O2N AcOH,80°C  B' 80°C o 2) 1 N NaOH, MeOH
Me 60% Me 28% Me reflux
27 28 29 4% (2 steps)

Me (e} =N
9a X N\/X—q
‘ NH Cul, trans-N,N'-dimethylcyclohexane-1,2-diamine ‘ N
o~ _ Me
/©/\ K,COs, dioxane, 110 °C /©/\O
Me Me
Cl
30

42% cl

T hZ7e FrbEZ U RUFEEK 37 13 Scheme 7 (2R L7 FEIC KD ARk Lz, 2
— RKv'U > 32 & 1-(4-chlorophenyl)prop-2-en-1-ol & @ Heck N2k 7 b 33 %
CHESOKBILER TRV F U AL DETEIMCE D R UALT L a— L 34 AR,
b\’Cf/ﬂﬂﬁﬁlJ%EfZli 34 ZARFT FY U LA TREET 2FIT LY LN FHNER 1K75>
TL. HRE 35 &7, PRk 35 |THFR O EMRE ¥, ki = L (1) I
Ty 7V TROGZE Y B 37 ~& 8\,

Scheme 7
¢ Pd(OAC), OH cl
IﬁN 1-(4-chlorophenyl)prop-2-en-1-ol /@)% L|BH4 | XN NaH
o NF NaHCO3, DMF, 120 °C TR o N  DMF, 1t
0 2% 4%
32 60% 34
A N=N
N N\/\/\ g
Cl Me
o 9a
N ammonium acetate NH Cul, N,N'-dimethylethane-1,2-diamine
¥z
0 AcOH, 200 °C, 0O F K,CO3, DMSO, 150 °C, microwave irradiation
Cl microwave irradiation al 57%
35 31% 36

Zuty R3 %W41@A&&%smmm8mﬁbto7&9»%*%@3w°w5
TIUNNT YR 39 AR L%, TR 39 2SI 200 FEChlEvGT 55k
Za vy Ry 1 CEERK 40 ~L#EU7-, %5 C Chan-Lam-Evans (2L A H y7°U NZ
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RIS X0 BEOY) 41 ~ LB -,

Scheme 8
1) isobutyl chloroformate N
I\~ O TEA, acetone, 0°C I N\~ tributylamine
9 o — o o ,
Cl 2) sodium azide, water, 0 °C  ClI THF, diphenyl ether, 200 °C
38 quant. (2 steps) 39 9.9%
=N
HO /; j
o ? NN 0} /CFN
OH Me /
Cu(OAc) N
21 2
ci ani uM (Me
0 N\F pyridine, MS4A, DMF, 50 °C 0NF
40 5% 41

3 AL L B

THREE 2 7 4 A= a3 VOB L VG LIALEH O invitro IEMEE Table 4
WZR LTz, 5-AF Y RUFER 3113V — MEA® 10a &bl L CTIEENKLS, BV
Ry B MLOBHIELFEENRNZ ERHALMNE 25T, T hF7e RetZ 7Y KU
MK 37 OREERERFHEL-ER, 7o 7= 33 Y — KA 10a L0 L
AR BRI ERD 2R LR, FOIEMEIL 10a I TMIEr o7, T 2 TOHE
PRI FIE, (A% 10a ([IFENT F T8 RrET VRO F L UEN & ZRIKORFEIC
EBbDLEZ, MERMSELIV/INSVWT T UBICEHBRLIZLZA, 7ut') RUigE
& 41 1% hMCHR1 (2% LT ICs i 10 ° M A — X —D30 /373 invitro {EMEA "4 2 &
MBS E ot T,

KEIZBIT AR, (LAY 10a ORI FAF T EE L VEEa L T4 A—
a WS ICEERT D 2 & TIHMER ERFEETH Y | KEMICBWTZrE Y R
RN scaffold & L CiblZe 2 LGN E o7,

*) {bAEY 37 BELO 41 @ CHO HMifaIZEBT DHEHUEMEIXZ 1 Z 4L ICs fH 330 nM 33
LN 42nM THot-,
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Table 4. In vitro binding affinity of compounds 10a, 31, 37, and 41

o =N
/@/‘\O Pz Me
cl R

ICs0 (NM)*

Compound Structure
hMCHR®  rMCHR®

\N/\/\/\ ]
31 . /i:” e 210 150

37 B ) e 94 62
Cl
o AN
41 o AR by 6.8 11
o _ Me

o e
N~ /\/\ ]
10a . ﬁ;” Ve 26 20

4ICsp values were calculated using an experiment performed in duplicate, with a standard deviation
of 3-fold. "Binding affinity for human MCHRL. °Binding affinity for rat MCHRL.

FAF ) FBEROMETEVEHR

KEIZBITHZZETOMBICEY, RHS 1T/ I XY V)V UVBERTHHMIET 2
VP MCHRL #5513 10a, 26 B LN 41 AT Z LITEh Lz, 2o ofb&EmiER
[F72 MCHRL #&A&iEME2 A L, & 512 CHO Mgz M7= MCH ##Ic & %5 ca®
mobilization assay (BT RE#F72 MCHRL fPliEME2 A T2 2 8 OnE oz
(Figure 12), & Z CTAIATIL, MR TR THo72/bEW 10a O LHS EREGT U
—H A IV VVERE 2 (MBXY 3 MLEHRILOTE 2 D REIC OV T L D,
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0 /Cr/"‘ o @N o @>N
/@ S N\/\/‘ ] N)LN SN y N s N7
o T e O
al

10a 26 41

Cl

Binding affinity (human): IC5q = 26 nM Binding affinity (human): IC5q = 37 nM Binding affinity (human): ICsq = 6.8 nM
Antagonistic activity (human): ICso = 23 nM  Antagonistic activity (human): IC5o = 140 nM  Antagonistic activity (human): ICgq = 42 nM

Figure 12. Binding affinities and antagonistic activities of lead compounds 10a, 26, and 41.

BB, AIXZVEY VU 3 NADT 3 x U RSOKER IS OMmMERE DB AZ L 0 TE
PEIFIE T L, AEOBEHIE L L UIATFAENRKETH-7-, T OMBEEEFB (SAR)
TR MCHRL 538 “ @ SAR & X< —BELTHEY ., AEOHKAEXEZI->T 5
eI,

o>

F2H AR

A-TNax B RUaBER 10a, 10c, 10d, 10g-I # LT 100-q (% Scheme 9 (Z/x L 7=
— A RIEIC SN TERR Lz, FED 4-7 0 ) DU -N-AF R (42) EX_UULT
Ja—L D SyAr SUGIZ L0 IR 43a—c &4, i< MOKERE & ORSICE W EY R
Vo1 ACEEERA 4da—c ~EEWE, O E Y Ry 1 CEEERAT, 3 o8 (1) 177
T, fixD 6-3— KA IFZ YV 9a-h Eho TV 7E8EHZ LIk, HWY
M~z ok, Kb 7Y U IRISICB W TR, B+ & LT DMEDA & L< I
trans-N, N'-dimethylcyclohexane-1,2-diamine D3 a i L, OB 4da—c D B D
ENALFEREO I VL (1) Z AWz, 2-v7 7 AFVEFEER 109 1%, 2-8 Ry
AFIVHER 100 P HHEFE(E, TMSCN 1L 57 bz Ak Lz, £7-, 6-3— K
AIEYEY P UFER 9a-h DA RRIZFEBROEICE Lz,
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Scheme 9

€
) Oe \®/O
‘ SN corresponding benzyl alcohol, NaH ‘ N ‘ NH
/ —_—
A THE 0 Ac,0, 140 °C 0
6-66% _,

31-58%

42 43aR'=F R 44aR'=F
43bR'=Cl 44bR'=Cl
43c R'=CF,4 44c R'=CF,3

44eR'=H

o =N w2
9, Cul S N\/Xi
DMEDA or trans-N,N'-dimethylcyclohexane-1,2-diamine ‘ N
=
K,CO3, DMF or DMSO, 11-56% ©/\o
R

10a-h
9a R? = °Pr 10a R'=Cl, R2 = °Pr
9b R? = Me 10c R'=H, R2=°Pr
9c R? = Et 10dR'=F, R2=°Pr
/CFN Rz od RZ=CN 10g R' = CF3, R?=°Pr
e Nf 9e R?= CONMe, 10h R' = H, R? = Me
Me 9f R? = CON(OMe)Me 10i R' = H, R?= Et
9g R? = CH,0OH 10jR"=F, R2=CN
L 9h R? = CH,0OMe | 10k R' = F, R? = CONMe,

10l R" = F, R2 = CON(OMe)Me

100 R' = F, R? = CH,OH
ej 1) SOCly, CH,Cly, rt

10p R' = F, R? = CH,OM
2) TMSCN, TBAF, THF, rt

10q R' = F, R? = CH,CN

Scheme 9 TH#37=AbA# 101 (%, Grignard F3E & DL LY A F LT I RFBER 10m
BLOY 7 v 7w e I FFER 10n ~&E72 (Scheme 10),

Scheme 10

i @—(o i /CFN ’
N _ x N\/g_[(
N ’T‘ OMe corresponding Grignard reagent N R
|
P Me Me ‘ _ Me
/©/\0 THF, -78 °C /©/\o
39-40%
F 101 °F

EZAT, VU RVER 4 MICkEART AV ax VB8N LEFEREART 2 L&
EBETDHE, 47 vaxo ) FUFEKRE, 48 Fexi ) R 45 LT 471
EFEY Ry 46 DB TERT DI ENEE LY, & 2T, Scheme 11 (/R #R#IZ
LG ATz, JFEIO 4-v Raxo vl Ko 45 (3bE 10c ONNKFESFRBISIZ
EIVERTE, 47 R 46 1Tk X BIY v 2 AW RBELSIC L0
L7z, -8 Fax v R 45 (Zxbd 2 7V VA8 AT, SRS T S LIk
FESSSAE T TV, BE® 10e, 10f XN 10r-y 2%87-, —J. 47 2ELE Y R 46
WX T D T ax I ALRORNE E vAESH (1) ZHWeh v 7Y 7 RS L <UL SyAr K
WCEVEITL, B 10b B 10z &5 LT,

10m R = Me
10n R = °Pr
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Scheme 11

le] Z =N
H2 (1 atm), 10% Pd-C POBrs SN/
10c o | N
MeOH, 99% DWF, 110°C = Me
71% Br
45 46

4-bromobenzyl alcohol, DMEAD

PPhj, THF, 63% (for 10e)
or (2-trifluoromethyithiophen-4-yl)methanol

RCH,OH, ADDP, PBus, THF KO'Bu, toluene, 100 °C (for 10z)
22-53% (for 10s-10y) 33%

or
RCH,Br, K,CO3;, DMF, 32-39%

(for 10f and 10r)
o A =N o AN
x N\/(\ ] F4CO s N7
. a0
Me Me
R0 NP o ~F

10e R = 4-Br-CgH,4 10v R = thiophen-2-yl

10f R = 4-'Pr-CgH, 10w R = thiophen-3-yl

10r R = pyridin-2-yl 10x R = 3-Cl-pyridin-2-yl
10s R = pyridin-3-yl 10y R = 2-Cl-thiophen-4-yl
10tR = pyndln-4-yl 10zR = 2-CF3-thiophen-4-y
10u R = pyrimidin-5-yl

4-(trifluoromethoxy)phenol
Cul, DMEDA

K,CO3, DMSO, 150 °C
31%

HIEH AVEHLEER

KXo B EOPH] SAR % Table5 (2R L7- (kLAY 10c-g), 2N ETHOH I L
—FILBFHVE FaF7x Lok B % U UHEE P ORFRER» . LHS
X TMS #BLD Phe213.Ala216 B LT Phe217.72HTNE TM 6 LI 5D Tyr273 7>
LI E 2 IEEHEEIRICRES L TR Y (B—EHE=H. Figue5 M), NI {[EH
B OEANE@E e Z EPBESNTZ, TZTRUVEBVR EXTOBEEREToT2 &
A, EEHBEASYUHER 10c BEOY p-7 v FEE 10d TiX, p-Z vofk 10a &k
L CIEMEDSEEE L7z, EEA 10c BX O p-7 v FEK 10d ITTEEHERENZ LD, X
VEVREOBFBEIXEHICEE L2V ENEILND, p-Z aafk 10a DEFER
FERRBRAICEBELT- p-7 0 E{k 10e TiX, 10a & H#L T in vitro JEMEA —{EHE58
Lz TZETORRIZ. NFMOAaF U JEFO van der Waals 42 & &M DO EFRE %2
ARLTWD, £Z TRKIZ, vander Waals D L7 F) I Fda AFAEBIOA VT
o EVEDOEAZRAT-N, (LAY 10f, 10g WY invitro FEEREI L7-, Zhb
DFEREMN D, RUEB VR EARNFAITERRFH L IXRFFFRED van der Waals ¥+
BREATHEREZEANREE CTHLZERALNE R ST,
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Table 5. In vitro binding affinity of compounds 10a, 10c—k, and 10m-q

o) = N 2

- 2
/ R
o
Me
o =

ICs0 (NM)*
Compound R R?
hMCHR® rMCHR®
10a cl °Pr 26 20
10c H °Pr 42 28
10d F °Pr 47 28
10e Br Pr 12 9.3
10f 'Pr Pr 410 240
10g CF; °Pr 72 82
10h H Me 78 80
10i H Et 120 120
10j F CN >1000 >1000
10k F ‘{ZME >1000 >1000
Me
10m F 4456 >1000 >1000
O
10n F 4A<t> >1000 >1000
100 F CH,OH >1000 >1000
10p F CH,OMe >1000 >1000
10 F CH,CN 180 170

4ICs values were calculated using an experiment performed in duplicate, with a standard deviation
of 3-fold. "Binding affinity for human MCHRL. °Binding affinity for rat MCHRL.

WA IZ Y EY DU 2 MOMEE#REZITo72 (kA% 10h-k 3 XY 10m-q), [A]
MEOBEBILIL, BEFOT I UEALEY (1-3) IZBWTT AF AT I LAY Asn294
ERREAERT 28I THET 2 B2 bid, £2T, HBD & L<IX HBA @
WK D Asn294 & OMHBEAERZI LIZIEHEERA IR C& 5 B 272, £ 2 TAK
BSOS X Hx OFREZATHIEREL A IV 2 fIIZEAL, ZORE
BT, a7 a e vigs AT VR (10h), b L<IZ=FOLEE (100) ICEHR L E 2
A, invitro IEMEIZENZEI 2-3 B LD 34 FEEs Lz, Wiy 7 /3 (10j). vk
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X7 2 R (10K), 7 F o (10m BLW 10n) o2 EA LA, Wb
TEMENREART Lz, ZORRIEL, B REMEOBERIELBEANICLV A IX Y Y VUER
1 MEFRFETF EOBFHEENMET L, SBEEOHBEEANTEL RolchE2 bbb,
EEE, BRIFF LOBFEEL PM3 ik (MOPAC)® ICLVEELEE Z A, WTFhofk
EMZBNTHEFHBEOK TR bz (Figure 13), =2 T, BFEEIZEEL 20
BEHLAZEA LILEY 100-q ZilH L7220 (I 4y YV UViRE 1 EHEFRTO
7% : 10d, —0.104; 100, —0.108; 10p, —0.103; 10q, —0.097). * 7/ A F /LK 10q DA
107 M A—F—DFEZRTICEE Y . 2 M~ A T2 AR & EER$
D5 ETARRNIZ ENHB N E ST, LEDRERNL, A I XYV VU 2 MBI
ELTIEYZ7 a7V ENRETHY . Asn294 & OFE HAEH 238 - 7o it B RE o> i
AT X DIEMEm RIXER T & Ao T,

-0.104 -0.074 -0.089
o i
/CNV/ /CV\X, N\/g_{N -Me
o) Me Me

/@R 10j 10k
o NF R= -0.081 -0.076
oS aPe=t
/
Me Me
10 10

Figure 13. Calculated electron densities (PM3, MOPAC) on the nitrogen atom on the
imidazopyridine ring of 10d, 10j, 10k, 10m, and 10n.

BT, K7 UV — AV EOFER b E BIIC, Fx OFEHRERBREZEALL
(Table 6), FTHEEHULDEAIZLD %éﬁ%f@ﬂa%@(ﬁm:ﬁi5%2%“%??% L7z (b
AW 10r-w), 2-v' U PEEEME 10r 1%, 3-E U DFHER 10s B O 4-v ) DLk
K 10t &bl U CRARIEHZR L, B FBIUT v MR L TEREI ICs fHA 240
nM BEO 150 nM DfEZ R Lo, £o, mifEDO e Y I P FFEAR 10u TIERIEZRTE
PR N &2 e, BRI TFOFARMEIIEREIC K > TETRZ2 503 (k& 10r-t), 5
TPEE IS 2 eI, SR E TOY TV —TB T DM MCHRL F5PT3E iat
RERL—B L * *ji FA 7 = UEEM 10v B XL 10w (TR )7 in vitro 1EMEAE
AL, BRI 3-F = LEFEAR 10w OIEMEIIRET 5 XB UK 10c LV Tho7-
(25 vs 42 nM),
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Table 6. In vitro binding affinity of compounds 10a and 10r-z

2
N-—/
Jﬁj )
Me
A 0N

ICs0 (NM)*
Compound Ar
hMCHR" rMCHR®
N
10r B 240 150
=
10s o >1000 >1000
10t i >1000 >1000
10u NQ?/ >1000 >1000
10v T 95 130
10w (Q/ 25 54
N\
10x ® 24 19
Cl
10y C'\g 7.7 75
10z Fscﬁ 17 15
10a | )@( 26 20

C

4ICs values were calculated using an experiment performed in duplicate, with a standard deviation
of 3-fold. "Binding affinity for human MCHRL. °Binding affinity for rat MCHRL.

RITZ AR ONREEMEEK & O & A2 BICHEICT X Zh b OEREER E~OIRE
PEBEHILOMEA 2R 7 (10x-2), 3-7 v u b U P UFER 10x 13, kST 2 EE K
10r L V5&J)7 in vitro {EEEZFSH, £V — MG 10a LY &V LLE 2R~ L7=
[LLE =5.2 (10x), 4.4 (10a)], 7 v F4 7 = FEIK 10y 12U — KMe&® 10a LV B X
Z ZAEHSI72 in vitro EMEARL, B FBIUT v b EBIT ICsk E 10°M A—F—D
172 1ICs RO SNz, —F, MU ZAFaAFLF 47 = FER 102 1Z7 o0
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FH 7 = UFHER 10y IITETEHELHO0, U— NMEAE¥ 10a L 05817 in vitro 15
oLz,

AT Ul biftgic kv, UV — MMeA® 10a LV 8772 MCHRL #EA&1EMEEZ A
ThH7uuFAT o UFEAE 10y ZRMTIEICKREI LI, £, AMEAWIE CHO Hi
flZ BWTHEN T MCHRL H5HUEMEZ ~T 2 E 03B 602 & 72 572 (10y: 1Cs = 19 M),

HHHI A IXY Y PUFFER 10a OREBEH
BT R F344 T v MK 2D T H ME AR

WIEH DY M A RFET << UV — NMbEY 10a 285717 714 U o 7Bt
L7, {tA% 10a @ pK, fE ® 1% 7.9 TH Y, F7-F4RBITIEZ 5 L7 chemical space
DOEIFAN ;ﬁ?ﬁz}aﬂiié%féﬂlﬁ%éﬁi 5% LCu= (TPSA” = 49, ClogP = 5.0, MW = 405,
HBD % =0), 7=, {bA&% 10a X invitro FEMIZISV\T PLsis 2 ThHO, Ny F 7 7
v 7HRBRIZE VT hERG Bﬂ%ﬂ’ﬁﬂ% RS0 7z (ICs> 10 uM), & 52 L& 10a 1%
7 v MTBWT, BRI AWM & i 2#& 4R L7z (Table 7).

Table 7. Pharmacokinetic parameters of 10a in rats®

e iv (0.1 mg/kg) po (1 mg/kg)
Compound ” CLwl V! Crax Toax  AUCqgp?
(mL-htkg™  (mL-kg™®) (ng-mL™) ()  (hg-h-mL7Y)
10a 58 312 1053 313 2.0 1880

°n = 3; SD rats (male, 8 weeks old). "Bioavailability. “Total clearance. “Volume of distribution at
steady state. °Maximal plasma concentration. ‘Time of maximal concentration. %Area under the

plasma concentration—time curve (0-8 h).

{t&% 10a @ in vivo (BT D8R ZMER T <<, kB4 10a % DIO F344 7 v T
B 5 ZHREE A MR L7z, {£E® 10a (3 B LT 10 mg/kg) % —H—[al,
T HERAO®EEG LIE Z A, 3 molkg #5-EET-15.1%, 10 mg/kg & 5-HET-29.6% D &
(KA B B OIR R 2355 b= (Figure 14), #5-1% 24 BRE# o i & QYK O3
BEEEIL, 3 mglkg GRHCBWTZENEH 351 ng/mL 35 L OY 218 ng/mL, 10 mg/kg &5

REIZ BT 1350 ng/mL 38 KO8 841 ng/mL Tdh - 7= (B EEEE: 0.61 58 LT 0.62),

**)

&% 10a @ DIOF344 T v FOIMIEFIZHIT A FEREETRSER 7)1 002 THDHZ &

*) NABSE [ F AR R A, 0 O SRk A R A S TICEHIC PSA 2 ET L
HDOFE, PSA L TPSA 17 DENE AT 2 ER @S ST g
=) MAUZIT HIMEE X T B LS LT nEY OEIG,

25



5. &G 24 B oMmEh 7 ) — (KB IT 3mglkg B LY 10 mglkg BEREICH L TE
NN 7.0ng/mL L 27 ng/mL (17.2nM BE O 66.5nM) EHEH SN, 22 ICs
fED 0.86 5B LN 3.3 5D 7 U — (KRN MIEFIT/FET D LB X b,
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o

vehicle 10a (mg/kg)

Figure 14. Effects of 10a in a 2-day food intake study in DIO F344 rats. Inhibition of cumulative
food intake for 2 days in DIO F344 rats was evaluated. The compound was administered once
daily, and food intake from the initial administration to 2 days later was measured. The cumulative
food intake inhibition rate was calculated by dividing the average food intake of each treatment
group by that of the vehicle group. Each data represents mean + SD (n = 6 for each group). (#) p <
0.025 vs. the vehicle group (Williams test).

F2M REPEIEE F344 T v MRS D i R G alER

&) 10a OHULEIEM Z DIOF344 7 v MZksi) 2 il sk G-k 1 s CRE
fli L 7= (Figure 15), {t&% 10a(3 BL T 10 mg/kg) Z—H —[Al, BB O&EG Lz L
A AEDPOHEKGENRERER TERD 3mg/kg G- SHER S, vehicle B
X LT 3mglkg #5-H#ET 3.7%., 10 mg/kg 58T 8.6% DOEREIK TGO bz, £z,
Z ORFOFEL AL vehicle FE & LI L, ThEHL 154% B LT 36.2% B LTV,
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—C—vehicle
-8 | —@—10a 1mg/kg
—A&—10a 3 mg/kg

ETe
Cumulative food intake (g)
U
o

Body weight change (% of initial)

-10 | -m-10a 10 mg/kg 0
" —@-Sibutramine 1 mg/kg

days

Figure 15. Effects of 10a in a repeated-dose study in DIO F344 rats. A) Body weight change from
initial during 2 weeks of dosing. B) Cumulative food intake for 2 weeks of dosing. The compounds
were administered once daily for 2 weeks and body weight and food intake were measured before
drug administration. Each data represents mean = SD (n = 6 for each group). (#) p<0.025 vs. the

vehicle group (Williams test), (**) p<0.01 vs. vehicle group (Student’s t-test). Sib = Sibutramine.

31 MCHR1 KB~ 7 AIZBIT 5 R e g ik

t&% 10a OBEMEIEAN MCHRL 27 L7AEATH D Z L #5EH3 <<, &I
MCHR1 XK~ 2% AW kAW 10a OIYEM % fGE L7- (Figure 16), {44 10a (10
BEO30mgkg) Z#—H—, ZHMEOHREGLZEZA, EFH~ U ATITHEKGH
BAMEIER 3220 S 7= D1t L, MCHRL KR~ 7 ZITBWTIIERRERD S 170
ST, AFERIL, B IETHERANALAEY 10a OFAMEIEMR B L OEEIE FIER,
MCHRL #HUEH Z M 2R THL Z L 2R LTV D,
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_ Ovehicle

14
10a 10 mg/kg

@12 i l10330r;g/kg 17
210 |
Elo T
= g
T
=]
L 6 -
S
s 4 -
©
=
E 2
=
o

0 —

WT KO

Figure 16. Effects of 10a in a 3-day food intake study in MCHR1-deficient and wild-type mice.
The mice were fed a high-fat diet. The cumulative food intake was measured for 3 days. Each data
represents mean + SD (n = 5 or 6 for each group). (#) p < 0.025 vs. the vehicle group (Williams
test).

6 HT MG

1 BT EHI DS & | B LAY & 0 L2k T 2B & 0y MCHRL
FEPUEZ A3 _< | IEMERBUCEZE TH 52, [FFFZ hERG FLEIEM R L O PLsis %
BREFRET DT NXNT I N EFT2720FET 2 U MCHRL 530G 21T - 72,
Z DR, MR L OTHRBATIE AR L= O OWBYLRII ST A — 2 B IERSND
chemical space (pK, <8, PSA<70, 2<ClogP <4, MW <450 53T HBD # =0 & L<IE
1) ZfEICY — MEaAIH 2R Aok ). BAF7Z2 MCHRL 5 &7&E MR L OHIR TO
EMEZETHEY RUFER 10a, BV IV U8R 26 BLO7 vy RUGFER
41 Rz Lok Uiz, (R Fba% 10a 1Z invitro FEMICI5V T Plsis EMETH Y |
Ny F 7T TRBRIZBWT hERG IEEM 2 RS 2o Tc, £z, L&Y 10a L&
PERESE 7~ MZIUVT MCHRL #EHUERIC IS < 50D 7o 8B A il fE A 3 X OVREIK M E
MER LTz, 2B ORERIL, OOWELFEN T A —2 L HES Bt LW
AT A2 FR1A L 7= chemical space % /=3 x D U — FAIHEMIE RN AR TH Y . h
IZE D invivo THZZFE L, )2 hERG FHEEHF L O PLsis & D U X 7 HMEJK
N7=IET 2 M MCHRL $5HIEEO AN AIEE/R Z L 2R LT 5,
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Asp123 and/or Tyr272

.M
OO
N Me “Asn294
H

O bicyclic aliphatic amine
E motif motif

10a (X = CH)
26 (X = N)

29

Asp123 and/or Tyr272

zuumm

6b (open form)

o AN

\N\/\/\ J
cl s

o) _ Me
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BRI XA 25— VISR OGS PEFA BT 3 K OB EH]

i
w
it

(R M T BRIERE & BB W DYRTR

R
5

=
H

i

il

et EEAfRE LT 2 oM MCHRL #5530 Al 2 B #9IC, BT Tldsa 72
in vitro B3 XN in vivo TOIEMEZRTA I XV E DV UiFER 10a & FH L7z (Figure
17), AMEAYTIE hERG MLEMEFF L O PLsis AL U 2 7 MER L TR Y . Fex oW
THTa T ANERTIENHLNE RS-, L L, BICHEERBRZME L& 2 A,
{b&% 10a 1Z 10 uM IZHB\W\ T CYP3A4 FREERAZRTZ ENHL MM E o7, AIEH
XA IEY T VU L N OEEMERF 2 CYP3A4 EONLERIZENLT H 2 &M
JFRRTEZ ~72bDeBEZLND, ZZTAREITIE, A IFYEYDUVRICRDD LIV

BEMEDARN ZBRVERE S B A AT~ KEREZREEH T DM ORISR (7
PAIZV YD UVBRBIONS XA I XY —LBR) 2R EMA#RE L. invitro 11

252 2 5B A Wit LT,

Asp123 and/or Tyr272
(unutilized)

Asp123 and/or Tyr272

IIIIIIII p
/©©/ Me Asn294 /@ NN~ Asn294
Me (unutilized)
O /@/\O =
Cl Cl

1b 10a

Figure 17. Chemical structures of 1b and the amine-free MCHR1 antagonist 10a. Dotted lines
depict putative interactions with MCHRL1.
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o>

57

THAIFZVEY VUFEIR 48a—c (X, TVAIXYEY Y 4Tac EHFAVT, RilE
FAFICRLIZIUALE (1) ZHWD vy 7Y O RISIZE W ERk L= (Scheme 12), =
CTHWEA I EY XYY 47a BEW 47c 1L, FERERDHEFRT I 49a & L
<IE 49 1ZxtT % a7 mES by 50 IZX DT AFL, B BILEE T VAR Y BT
FhiTHFICL VAR Lz, —FH., A IFVET VL AT 1TV RIUERIGE L ORI
TRZBEEMICERT L ZETER L, $74b5, 7 51 O FIVIkER 52 % o-
TaEST R B0 1K DT AFIMMESISICATT 2 & TRALATEEA 53 & L, T OB EK K
U 7 v fERIC K D BRSO 2R CRAFRINGERTHIY 4Tb 2155 2 LN TE T,
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Scheme 12

o Y
\ N~ \/ j
‘ NH | M
P 47a-c, Cul, DMEDA, K,COj o NF ©
(®)
/©/\ DMSO, 150 °C, microwave irradiation /©/\
cl Cl

44b 1-42% 48aX=CH,Y=CH,Z=N

48b X=CH,Y=N,Z=CH
48¢ X=N,Y=CH,Z=CH

v

M
50 , NaHCO,, DMA, 80 °C, 76% (for 47a)

X _NH, or X _N
/[ S 50, DMF, 100 °C, 13% (for 47¢) /[ Q—Q
_N x_.N
B ~Z” B 2
Me
49aX=CH, Z=N 47aX=CH,Z=N
49bX=N,Z=CH 47¢ X=N,Z=CH
o]
Br.
Ts
NH N Me N
NTX 2 _Tso “Ts 50  NaH N“Y ' 0
v 50 T
Br pyrldlne rt NaHCOj3, DMF, rt Br
51% 46% Me
51 52 53

N
TFAA J‘://\r//
o N< \/\ ﬂ
THF, 0 °C, then 60 °C  Br
80% Me
47b

Ry A I FE Y —)VFFEK 5da OARREIT, 2B AR XA I 4V — Lkl
RO—RAREICB N TR S,

3IH  EMTENE & B

A XYY PUFHEK 10a O RIERG RO SAR #ER % Table8 (TR L7, A
IFVEIVTVUVRO 6 BREDICERIAFEEALLTFA IF YV EY O UFFER
48a—c DIAEFED pKSPEAZE L= 2 A, WPRbHILAEY 10a X HEMEMEN -
ERTREINTZ, T OEWE invitro FEHlICHE L& 2 A, A IF Y ET DV UFHEK
48b TIHELAW 10a &L T invitro IEERB LT 2 FH A IFX VBTV UHE
K 48a BELOS I ¥V B IV UFFEIR 48c TiE, £ 10 5B L0 50 FIEMER
<7D Z LM BN E 7272 (48a: ICs = 380 nM,  48c: ICsp > 1000 nM), #iV T, [EH
fDESEEE LTHWOND Z ENEL, BRI TORENMENEZ X bNHN XA
SEV— VB P BEALRER, (LA 54a 13 ) — FMLa 10a L FESOR S in
vitro {EMEZRTZ E RPN E o7, LEW Bba ITBIT ARV AL IXY —/VER 1
NZERBIF T EOIEERD pK, I 5.71 THHo=Z &6 RO LI=#H Y — R
b e LT, 15MEm LA B Lo B2 o Rttt 2 i 5 2 & & LT,
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Table 8. In vitro binding affinities and pK, values of compounds 10a, 48a—c, and 54a

(@)
_Ar
| N
ﬁ;

ICso (NM)* c
Compound Ar . PKa
hMCHR1
NN
10a /C"‘r\(/ g 26 7.85
Me
/ /N
48a /E;Nr\/\/\ J 380 6.35
Me
N7 _N
48b )\//\Nr\(/ j 44 5.35
Me
48c /&/\Nr 7/ >1000 6.35
Me
N\> <
54a /@EN 35 571
Me

#1Cs values were calculated using an experiment performed in duplicate with a three-fold standard
deviation. " Binding affinity for human MCHRL. ®pK, values of conjugate acids were calculated
using ACD Labs ver. 12.0.

F2f NURA I VFHEROEETEEFR

RIEEICBIT DA S4B DUFEED SAR TiE, A I AV E U DUER 2 fL~DRR:
FEOBNITEMEZ G S e, ZOfRPE, XU AL IX Y — VB 2 (LB W TS Rk
Tho, Thaxvik KEgkE, 7 b L<E7 I REDOEAIZLY invitro (G
59 L7, £ 2 CARHEITIE, Fix D7 VX ASRE AN X DR EERORRILZ By &
LIeRU AL IF Y =)0 2 fEBIEOFHEIZ DWW TORH LD, £/, LHS 1T 5
TV = VEORSEEHTIE, BEROYE FuF 72 L UBERBIOX ) Y UEERD
SAR LB E|Z, T uFUERC P Y DUBIOY Y VOB R E MR
L. £D%, BIEICBWTEHERICIROH ST T 47 = VEROEANEZRATZ, LLFD
HIZBWTEEM AR U 5.
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o

B4

A-7ax v ) RUFER 54 O —fREREZ Scheme 13 2k L7-, Hod iR

dda—d OERL, BLOEF VALER () AW > 7Y T RO ﬁ 4 FIR L= Rk

WS E L. BRI R 15T,

Scheme 13 .
N
Josgt
Br N
R2

55a R? = Me, R® = °Pr  55e R? = Me, R® = CH,°Pr
55b R?=Et, R®=°Pr 55f R? = Me, R® = CH,/Bu

0] 55¢ R?2="Pr, R® = °Pr 55g R? = Me, R® = °Bu \%R3
/@H 55d R? = Me, R®=Me 55h R? = Me, R® = Et
\
N o N\F

L

55, Cul, trans-N,N'-dimethylcyclohexane-1,2-diamine, K,CO3 R

4
% (for 54a, 54f, 541, and 54m
443 R = 4-F dioxane, 18-87% (for > an )
1=4.- 1 2 _ 3=
44b R!= 4.Cl 55, Cul, DMEDA, K,CO3, DMSO, 11-47% 54a R’ =4-Cl, R® = Me, R* = Pr
44d R' = 3-C (for 54b, 54e, 54h-k, and 54y) 54b R' = 4-F, R? = Me, R® = Me
44eR'=H 54e R' = 4-F, R? = Me, R® = °Pr

54f R' = 4-F, R? = Me, R® = °Bu
54h R' = 4-F, R? = Me, R® = CH,°Pr
54i R' = 4-F, R? = Me, R® = CH,/Bu
54j R' = 4-Cl, R? = Et, R® = °Pr
54k R' = 4-Cl, R? = "Pr, R® = °Pr
541 R' = H, R? = Me, R® = °Pr
54m R' = 3-CI, RZ = Me, R® = °Pr
54y R' = H, R2 = Me, R® = Et

ANLOBNRIER A B E Lz 47 vax vl R 54 ORIEEMEE Scheme 14
2R L7z, Scheme 13 (ZBWTHEK L7 kG 541 & L <1 54y DOANKFE D RSGIT K
VAR L 7o gEPEA 56a F5 KON 56b 1Txt L, HAMESME T & L IIHIERIESE T TT
NX LT HZ EICL Y BB ERT-, KT V—VENLc e ) R DU BREFT e

54p 1X. = MU JLFBEIKR 54z 27 IV Sdaa ([TEHRA Lo, UL VMR L OB

mﬁmlﬁﬁ$mibéﬁbto
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Scheme 14

o N
\%Rs o N\ 3
/@ N H, (1 atm), 10% Pd-C \ N%R
Me - = \
O = MeOH ‘ _ Me
86-99% HO
541 R® = °Pr 56a R3 = °Pr
54y R3=Et 56b R® = Et

R*CH,X, K,CO3, DMF

N
0o
14-76% (for 54c, 540 and 54z) /@[ \>fR3
N N
or R0 | _ Me 54c R3 = Et, R* = 4-F-CgH,
R*CH,0H, ADDP, PBug, THF 54n R® = °Pr, R* = 2-CI-CgH,4
9-42% (for 54n and 54q-u) 540 R® = °Pr, R* = 5-Cl-pyridin-2-yl
4, 3 = ¢ 4 —
NaOMe, MeOH, rt, then [ >+2 R = “Pr.RT=CN
NH,4CI, rt, quant

54aa R3 = °Pr, R* = C(NH)NH,HCI
2-chloro-1,3-bis(dimethylamino)trimethinium
hexafluorophosphate NaOMe, MeOH, rt, 51% 54p R3 = °Pr, R4 = 5-Cl-pyrimidin-2-yl

54q R3 = °Pr, R* = thiophen-2-yl
54r R® = °Pr, R* = thiophen-3-yl
54s R3 = °Pr, R* = 5-Cl-thiophen-2-y!
54t R® = °Pr, R* = 4-Cl-thiophen-2-y!
54u R® = °Pr, R* = 5-Cl-thiophen-3-yl

N AL IFY —)VE 2 MLOREAREL R E B E LTEBRIEIC LD 47 vaxy
v K> 54d BI O b4g DERL%E Scheme 15 2ok L7z, JiEE 57 (k92D AF LT
D SWAr FUSIZEY p=hrr 7 aEerP L 58a 1%, ki I Uk (1) kA
FV U IRIG = hulko@EIT RS *© 2R TP 60 ZFREL L7, KT PR 60
Zxt L 1 MEO AR U EEE HATU (2 & - THEA SE 7%, B o N7 2 ReRETm
AT HFETRUAAIFY = VEREZHBE L, HIWE T 2{LE8 54d B b4g 21572,

Scheme 15

44a o) NO,
NO, MeNH, NO2  ui, DMEDA, K,CO, /©[
/@[ (40% MeOH solution) | N NH
Br F EtOH, rt Br TH DMSO, 120 °C o NF Me
94% Me microwave irradiation /©/\
57 58a sy © 59

o 1 e

_ Fecach /i; NH R3COOH, HATU, DIPEA /@ N
EIOH, water, 70°C. DMEF, then AcOH, 90 °C o L Me
94% F 18-65% F/©/\

60 54d R® = "Pr
549 R® = °Pen

6-7 BERL XA IX Y —)L 55a-h IE p-= ka7 rERLHP L 58ac &AL,

Scheme 16 (IR L7 FHEIC L D AR LT, p-= h B 7 unE_ 8 58ac DEITHIGIC &
DIT IR E S, D TAF R Y SRR R T AR U E OGS D
TLTAIXNYNBEMBEL, HIUWE LTz (pathA BL U B), £/, p= ke oE
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NPy 58a b L<IE 58b DIRTLOH, fFHNTTT I HBEA~DT I REEUE, FE
e MBS T COBRILIINIZ L B Z457- (path C), S HIT, p-= hr T BERY
B 58a &7 I NMUBUGIZAT L, 67T I REHERFIE N8B W CHE IS 5
LT, S e EOBRTKIAB IO IX Y — VBRBEERE L ETL, BRI~
Z EHAEETH -7 (path D),

Scheme 16

path A
NH cyclobutanecarboxylic acid,
Zn, NH,CI /©[ 2 POCl,
MeOH, water, rt Br ITIH 120 °C (for 55g)
93% Me 45%
61

path B
Zn, NH4CI, MeOH, water, rt,

NO, , NO, : 3 N
/@[ R2NH, /@[ then R3COOH, POCl,, 120 °C, 45-72% (for 55a and 55c) /©[ N g
_ = R

Br F NH or Br N

EtOH, rt Br path C "

76-94% R? Zn, AcOH, rt, then R*COOH, HATU, DIPEA, DMF, rt, R
57 582 R < Mo then AcOH, 80 °C, 37-96% (for 55b, 55e, and 55h) 55a R2 = Me, R® = %Pr
58b R? = Et 55b R? = Et, R3 = °Pr
58c R2 = "Pr 55¢ R? = "Pr, R3 = °Pr

55d R? = Me, R® = Me
55e R? = Me, R® = CH,°Pr

NO, 55f R2 = Me, R® = CH,/Bu
Me Zn 55g R2 = Me, R® = °Bu
Br N

55h R2 = Me, R® = Et

path D o;\Rs AcOH, 90 °C,
AcCl, toluene, 90 °C, 97% (for 62a) 5 65-78%
or 62a R° = Me (for 55d and 55f)

3= )
3,3-dimethylbutanoy! chioride, NaH, 62b R® = CH;Bu

DMF, 70 °C, 50% (for 62b)

3IH  EMTENE & B

NRURAILY—)VEE 2 fLD SAR % Table 9 (27 L7z, #1OIZT /LF/VEHE O
EATo7c & 24 (54b-d), A FLFHEIK 54b OFEENFREICE E - 7-0ICx L
(h(MCHR1: IC5 = 77 nM), =F /LiFEIK 54c B L n-7' 0 ELEEEIK 54d Tl 2 52
FEVEYERS o To, IV 7 a7 AR VO Z1T-o7& 25 (Bde-g), ¥/ 7Y
JVEHER 5de TIXR T V¥ AEHE DT FILFHER b4 &g U O FIEMED M B LT,
LU, D7 a7 VT VTR Y A ZEAFI R IEMERE 2 < 2L b E o7z
(54e > 54f > 54g), 7=, 7 n B AFILFHER 54h 1ZET A AEHED n-T e e
JVEHER BAd & B UK 3 RIEMESEES L. R A FOLFEEIR 540 1230 TR
TERRERIFAN TIEMEDRRO b hoTe, THUDLDRERNG, XU XA IX Y —)L 2 fif
IO IRTATESEIR AT E L TR0 | SIEMIT/NE 72 2 72 L 3 TR LBHED B
LIREPEERIL, P Ch vy a B VRN RERERETHDL Z ENHL N E RS T,

FMNWTRUXAL IFXY—)L 1 LD SAR ZfER LT A, = FNEDOEAT
MCHR1 (Zxt9° % in vitro JEPERET855 L (54a vs 54j). n-7 & E/LIEOE A CIEMEDN
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KIEWZIEES L7z (54a vs 54K), Ziuid, 1 MOBEHILHFEMEMEL . AFVENKETH
HZLHERLTWA,

Table 9. In vitro binding affinities of compounds 54a—k

Woae Y

R1
ICso (NM)?
Compound R* R R?
hMCHR1" rMCHR1°
54b F Me Me 77 65
54c F Me Et 48 38
54d F Me "Pr 34 39
54e F Me Pr 40 28
54f F Me cyclobutyl 240 210
54¢g F Me cyclopentyl 600 460
54h F Me CH,Pr 90 140
54i F Me CH,'Bu >1000 >1000
54j Cl Et Pr 37 34
54k Cl "Pr Pr 85 110
54a Cl Me Pr 35 21

#1Cs values were calculated using an experiment performed in duplicate with a three-fold standard
deviation. ° Binding affinity for human MCHRL. ¢ Binding affinity for rat MCHRL.

WRIZ, LHS (280 DK 7 U — N IEOZh R A fRGE L 7= (Table 10), HEEHL{A 541 @ ICs
23 FBEONT v MZBWT, ZNE1 45n0M BE O 43nM THH7=DIZKL, /3T
K~D 7 v FFT (54e) BLOMERFT (54a) OFAIZ L VIEERm ELZ, —FH, A X
fir (54m) B XAV ML (54n) ~DFFRF A OB L VIEMEITRE <55 L7z, K
TV =N E UCHEBRERRZEA LT & 2 A IEMEITIREMEIME T3 2 OIZiE > T
55 L 7= (540: ClogP = 3.56, 54p: ClogP =2.56) ©, Z 415 OfERIL, LHS APV BKI A0 B8R
HETFICh, RUBVER EA~OEBRILE NI TN 5E TH D & 5 BEH o I
MCHRL #5380 & K< —F Lz »,
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Table 10. In vitro binding affinities of compounds 54a, 54e, and 541-p

N
? Iy
Jﬁ“ \
Me
o P

RO
I1Cs (nM)a
Compound R*
hMCHR1° rMCHR1°
541 Oy 45 43
5e xr 40 28
54a o or 35 21
54m @ 100 72
Cl
54n L 160 140
b 3
540 | 7 47
cr
N\
54p | LN >1000 900

C

#1Cs values were calculated using an experiment performed in duplicate with a three-fold standard
deviation. ° Binding affinity for human MCHRL. ¢ Binding affinity for rat MCHRL.

BWTRIGT V— Ve LTTF A7 = VREBAL, ZOIEMEIZE X 2B 47 L7z
(Table 11), 2-F T = /L§HEK 54q OIEENFRE CTH 7Dk L, 3-F = = /LiFE K
54r [T B UFFEAR B4l L L TRABRIEEZ R LI SN T IO DOF 47 = VB
FICERFRFZEA L& 25 (Bds-u), WTILOLEIZIBN T HIEMER E23FED i,
FCH 57 mu-3-F = LFFER b54u 13k IR RIEEEZ R LT,
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Table 11. In vitro binding affinities of compounds 54g-u

ICs0 (NM)?

Compound R?
hMCHR1" rMCHR1®

54 T 76 120
54r g 28 29
54s \-s 19 11

54t ey 17 18
54u 7" 14 9.3

#1Cs values were calculated using an experiment performed in duplicate with a three-fold standard
deviation. ° Binding affinity for human MCHRL. ¢ Binding affinity for rat MCHRL.

ARENZB T Db ORER, UV — NMbEY bda ORGEET ) — NV HEFEA D/ oo
EBEfTF A7 35281280, 7 MCHRL faTEMEA =~ — @O EWEEA H
4z Llizgksh L=,

W3 FA T = EEARD CYP3AL FERE A7 I FE 2 [A]58E 0D ¥k

o

1H A

&
4

1

B /177 invitro EMEE R LT-RIEIOF A4 7 = ViFEREZEE LR, (L&Y 54r, 54t
F L 54u ITHWT CYP3AL FERMEAFRIBLEMER (TDI 7EH) 23380 HaLd 2 & A3
Hink7p o7z (Table 12),

*) ARHEIICH ST D AR 72 CYP3A4A FHLEMEM, BEEE o EE 22 W AR AR 2%
MND,
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Table 12. CYP3A4 TDI risk of compounds 54g-u

2 <
joas
R 07N

Compound R* CYP3A4 TDI?
(% remaining)

54q T NT®

54r @/ 74

54s \-s 83

54t o~ 25
|~(gj//

54u c 44

4 CYP3A4 time-dependent inhibition assay (n = 2). The remaining activity of CYP3A4 after
pre-incubation with a test compound was determined. ° Not tested.

CYP3A4 |FAEMERNIZHR LB EICHET D CYP 74 Y 74 —LTHY | Hix 2ok
EARGHIZRE G L TWD Z &b, CYP3A4 IZxT 5 TDI U 27 247 H3ANZITERR TD
WM AERN RS S, BARBEEEL 725, XUBUFHER bde BLOEY VUi
K 540 1% TDI fER A RS0l Z &onh, FEFHIIT A7 = V8D TDI EA DA
WiETHDLEZTz, TA7 = VERBBLRENC L0 ISR EZE T <, Zhpd
R T LREGT D 2 LI L 2 EtERBIC, CYP3A4 ORA[WIIBHEIC X 2 SR A 1E
MEBERITBENDHDL LNV ZNETOREND L, T4 7= BO TDI fEA~D
Btz Y,

ZZTIEAY 54t BL Y 54u D CYP3A4 TDI TEH Ot 2 B4~ | VLV EF 4
VT TR AL LT, (LAY 54t BE U 54u b MNFI v Y —AFEET, FL
2T A LGS EIERER, LAY 54t /DI "54t + GSH + O" D4y F&ICHMS T 5
GSH k23, {bA% 54u 7>51% "54u + GSH — Hy' Oy T8I T2 GSH fHhnik
D3RS S 4L72 (Scheme 17), & B2, GSH fHIfED A A 27 MV XV | GSH 1ZF 4
T VBRICHIML TS EEx b, 2L ORERNG . (LAY 54t 25 IXE LI
IZE Y ALRFY RERAEL, $< GSH offhn P12k -T GSH BnF 47 =B L 3

D FAT - U BROBE, HELERD BRSNS ST D 8,
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fLICFEA L TWD EEZ b, E7o. (LG 54u D HITERBIC L Y =R %o M
WAL, fe< GSH OfN, BAKMIGZRET GSH AN ETTnWb EEZ BN, =
o ORI/ G, Tabled TiH~<72 CYP3AATDI 1EMIL, F4 7 = OEALAHNIC LV
JEMED ANV AR XY RS L <IEmARF v REXRAEL, 2y CYP3A4 L ARG MED
BAEREZIERT 52 LI L VEBERIEEZILET 5 2 LICRRT 5 LR s,

N
o}
0 Py - J QS
/@[ \>—< Glutathione~g N N
54t GSH N N P Me
_ Me C|\©/\ o
[MtH[* =412 HLM | o ~"0 S,
\ S. 0

estimated structure of GSH adduct
estimated structure of [M+H]* = 735
oxidative reactive metabolite

" _
R <
o
Me
=
o~ T ®
s Glutathione e} /@[N\> j
54u GSH or \ /@, N

R —

[M+H]* =412 HLM 0 N \
L=
CI\WO < e

estimated structure of GSH adduct
[M+H]" =717

estimated structure of
oxidative reactive metabolite

Scheme 17. Plausible mechanisms of glutathione adduct formation by incubation of test
compounds 54t and 54u with GSH and human liver microsomes (HLM). The test compounds (30
uM) were incubated with HLM (1.0 mg/mL) in the presence of GSH (1 mM) at 37 °C for 60 min.
The structures of the GSH adducts were estimated by LC/MS/MS analysis.

21 RWEkE

AED CYP3A4 TDI {EF OMEMATIZIE S X (1) 74 7 = VB E~O @\ W E RS
A, BLLIE Q) FA 7= VEBROBFEEOKBIZELY ., 47 = U FERD CYP3A4L
TDI YER A ELEEFIRE & 5 2 7=, T3, AiEO Table 12 (2R L7{b&%) 54s @ TDI U A
7 3hofbAE & g L TR, ZUET AT 2D 2,5 InEHRIND L FEREC
s mVERIR DN T 47 = VERASORBBEROBLZ T TV L8 THLLEXD
. B (1) OFIMEEZ R AR THDH, AETIE LR (2) OFRhEEBGEET X
BN BARIFETHD V) ZAA R ATFAVEELEAN LT A7 = VFEREHRF L.,
%@ CYP3A4TDI FAEF/EHELEEZ 62 2 RAIZ DUV THRRRE L 72,
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o>

BI3HE AR

U A XAF BT AT = VFFER S4v—x 1L, BIEICBWTERK LT 4-8 R
XU B RUBER 56a (ZxfT 2 WIERS, b LI 56a LA L 47 e
R BB 63 12T 27 /v aFx IALBISIZ L W ARk L7z (Scheme 18),

Scheme 18

[5-(trifluoromethyl)thiophen-2-ylJmethanol

N
o) /@EM ADDP, PBu,
Jij“ |
Me
HO™
56a

THF, rt, 35% (for 54v)

l POBr3, DMF, 50 °C, 49%

N
o
N 4 N\
(0] ; j R*CH,0H, NaH /@[ —<
/©[N\ > N N
‘ ) M | _ Me
e (o)
Br &
63

DMA, 120 °C (for 54w and 54x) 4™

26-51%
54v R* = 5-CF5-thiophen-2-yl
54w R* = 4-CF-thiophen-2-yl
54x R* = 5-CF5-thiophen-3-yl

HAE AEMIEERS LB

KU Zvta XA F VBT 47 = UFFER 54v-x @ in vitro 53R LUV CYP3A4 TDI
YEf % Table 13 (2R L7z, 5-h VU 740 A F)L-2-F = = )LFFE(R by |3%d 5 7 1
o EHR 54s LIEISED invitro IEMEE IR L7203 4- B U 7oA e 2 T )L-2-F o = )L ER
S4w X7 v mEHAR 54t bbbl U CIEMERME 72, F72, 5- MU 7t a A FL-3-F
T LREEIR BAx TIE7 o mEHAR 54u DR LT, BLE 3 HEEETH -2, B
W, TDI AEH ARG L7 /53, 2, 5 (s @E Sz ba ) 54v AR 67 2 (iidh D
WE 5 MO~ FRNEBERTHY ., LV TF4T7 2 VBROBILGEHAEIT LT W EEZ S
NHEY 54w B LT 54x IZHBWTH EFRGIMED MY 7 AF VDB AT L
v TDI fEFASKIEICE SN D Z E RSN E o7z, (LAY 54w 3B LT 54x (Zxbis
57 nn@EEIK 54t BEO 54u N TDI BETH D Z &b (Table12), b U 7L
g AFVEEO TDI MRS T 2 A METH S vz b,

FAT7 = %, EOOSHEREH ARSIV . LI UITED O & L CGEA
TLHZENMTONDMEANH D, RETOMRFHZL Y, MY 7t a A FVERT 47
= U PEOSHERE & 42 C D 8E 0D I 2O E W building block & LT, Al
(AT & D AR R ST,
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Table 13. In vitro binding affinities and CYP3A4 TDI risk of compounds 54s and 54v—x

N
? Iy
Jé“ |
Me
o =

RO

ICeo (nM)° CYP3A4 TDI’
hMCHR1”  rMCHR1° (% remaining)

Compound R*

54v g 16 13 97

Fysl

54w Fo~(T 34 17 87
54x FsC g ] 41 29 96
54s cg 19 11 83

#1Cs values were calculated using an experiment performed in duplicate with a three-fold standard
deviation. ° Binding affinity for human MCHRL1. ® Binding affinity for rat MCHR1. ¢ CYP3A4
time-dependent inhibition assay (n = 2). The remaining activity of CYP3A4 after pre-incubation

with a test compound was determined.

4/Er/ﬁ Ry XA 3 &\/w/lﬁ’]@’%ﬂi 54s @?ﬂﬁﬁﬁzﬂq

i

11H AR F344 7 v MBI 5 B B M LR 5k

i

FROBFICRE &2, 57)7e MCHRL #ATEMEZ R L, 22> CYP3A4TDI fEf %
[BlfE L72fbBW 54s BEXO bdv 2 FH s 7m 77 A4V 7RI Lz, 2 b
CHO i 2 v 7o M SR BRI W C B AT 72 MCHRL #5HUTE M4 7~ L (54s: ICso = 24
NM, 54vICso =18 nM), 727 v MIBWTRBAFRR AWINE & i h##& 27~ L7 (Table
14),

fbA49) 54s BEV 54v @ in vivo (21T DR AR T <L, W{LE%%E DIO F344
7 v MBI 5 H BRI MERERIC ML L7, {tE9 54s (3 LT 10 mg/kg) % —
H—ME, “HEEO®KELZEZA, 3 mgkg 58T —11.6%, 10 mg/kg # 57T
-36.5% O REEKFHLEBEREBEOK FAEO L7 (Figure 18), —Ji, {L&# 54v @ 3
malkg % 5-HEE, LAY 54s LIRITFSE (-12.6%) OFEAMFHIEM 27~ L7225, 10 mg/kg
BHREOIERIZLE Y 54s @ 10 mglkg £ 5-8F & LER TR CTH > 72 (-20.3%), Z 4L,
{bE¥ 54v OFEFEYE (0.25 pg/mL at pH 6.8) 73 {54 54s (2.3 pg/mL at pH 6.8) & V) {K»
ZLIC K BRI EREIC L Y LAY 54v D 10 mglkg G RED ML HIEENR S TH D
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FHLEZONT, TROORREZT, (LB 54s Zfe < dfeix Gl amE LT
IR LTz,
Table 14. Pharmacokinetic parameters of 54s and 54v in rats®

iv (0.1 mg/kg) po (1 mg/kg)
F CLiotal” Ve’ Crac  Tma  AUCqgy’
Compound D ) o 5
(%)  (mL-h kg ") (mL-kg ") (hg-mL ") (h) (ng-h-mL 7)
54s 23 450 920 164.7 1.0 514.9
54v 57 285 979 297.8 2.7 2015.6

“n = 3; SD rats (male, eight weeks old). ® Bioavailability. © Total clearance. ¢ Volume of
distribution at steady state. © Maximal plasma concentration. " Time of maximal concentration. °

Area under the plasma concentration—time curve (0-8 h).

30 -I— 30
=225 | =25
o o |
- # -
] ]
£20 £20 —
K 2
L 15 - L15 -
v v
=2 =
® 10 - ® 10 -
= =
E 5 +— — E 5 =
o o

0 — 0
3 ‘ 10 3 ’ 10
vehicle 54s (mg/kg) vehicle 54v (mg/kg)

Figure 18. Effects of 54s and 54v in a two-day food intake study in DIO F344 rats. Inhibition of
cumulative food intake over two days in DIO F344 rats. The compounds were administered once
daily, and food intake from the initial administration to two days later was measured. The
cumulative food intake inhibition rate was calculated by dividing the average food intake of each
treatment group by that of the vehicle group (n = 6 for each group). (#) p < 0.025 vs. the vehicle
group (Williams test).

W2 RV F344 T v MBI D i E R SR

{b&% 54s OFUERAIEM Z DIO F344 7 v M) 2 ki 53 RIZ B\ CRE
fli L7= (Figure 19), {LA&% 54s (1. 3 B L 10mg/kg) % —H [\, AR O&EE L
LA HENPOHEBKRGEMZRREIK TIERS 3 mg/kg #5860 HHEZE XL, vehicle Bf
W2 LT 3mglkg #%5-8#EC 2.2%, 10 mg/kg & 5#ET 4.1% OFREERTFLARD LI, £
7o EORFOBEEEIT vehicle #E&EL L, ZZEh 11.6% LT 20.9% K)o 7z,
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{b&% 54s 10 mg/kg FGHEOMAETIDPEED F 5 7 7 13 079 uM THY | LA
¥ 54s OIEFERRIFERMN 002 THHZ D, 7V —{KfE T 158nM EHEH S5,
ZOREFRIT, LAY 54s D 10 mglkg HEHGREETIL ICs D 1.44 fEoifiEh > U —Rjg
FENFBRZE L THESNTVD Z EE2RLTEY, 2 47% OFREK FICHE R
WIRE B2 bivie, £7=, L&Y 54s O HFIRERIL 05 THLZ b, +4072
BBB @it a A9 25 Z LM LML RoTz,

Al 5. B 250

E 7 I

-

E g 2200 | L #

“6 i # * %

e 0 ElSO

- -]

e 1 # 3

c L

8 2 %% glOO

£ 3 - #oE

.%D —O—vehicle E 50

2 4 7 _e-54s1 mg/kg S

-§' -5 - —&—54s 3 mg/kg 0 L

@ 6 - —#-54s10mg/kg 1 ‘ 3 ‘ 10 1
7 —@—Sibutramine 1 mg/kg
=l = vehicle 54s (mg/kg) Sib

0o 2 4 6 8 10 12 14 ‘

days (mg/ke)

Figure 19. Effects of 54s in a repeated-dose study in DIO F344 rats. A) Body weight change from
initial value during two weeks of dosing. B) Cumulative food intake for two weeks of dosing. The
compounds were administered once daily for two weeks and the body weight and food intake were
measured before drug administration. Each data point represents mean = SD (n =5 or 6 for each
group). (#) p < 0.025 vs. the vehicle group (Williams test), (**) p < 0.01 vs. the vehicle group
(Student’s t-test). Sib = Sibutramine.

#3TH MCHR1 K~ 7 AT D BRI fER AR

RTEIC I 1T D bA ) 54s OEEMENER I XL OMEKEIK TEA2 MCHRL %4t L7k
HThnH T LEZFEHT R, I MCHRL K~ T 2 ZHWT LAY 54s OVER % MGE
L 7= (Figure 20), &% 54s (10 B L 30mg/kg) % —H —[F, —HMKEAOKRELIZ& 2
A, B~ U A TIIAREEFNZ2PUERER RO b0zt L, MCHRL K~ m A
WZBWTIIERRRD b doTe, £o, EF~ U ATIHIHHPOICAER TIERWAIHE
(KA 2B B IHIER 235580 B 7= DITk L, MCHRL X4~ 7 AZBW TTERIHIZ)
ERRD BN o T2, AfEFRIL, LAY 54s OHUERIER A MCHRL #EHI1EH %213
DINRETHHZ LERLTVD,

*) W2 ARG LT & & OEFMRIBIZ 61T 2 fdfin iR L
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Ovehicle _ DOvehicle

m 54s 10 mg/kg m 545 10 mg/kg

H 54s 30 mg/kg H 54s 30 mg/kg T
T s

=]
—
[y
=

= = N
o U O
[a—y
No

o

w
=
o

S
o

ke ¢
o
Cumulative food intake (g)
oo

Body weight change (% ofinitial) =
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o
[
o
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Figure 20. Effects of 54s in a three-day study in MCHR1-deficient (KO) and wild-type (WT) mice.
The mice were fed a high-fat diet. The body weight change (A) and cumulative food intake (B)
were measured for three days. Each data point represents mean + SD (n = 6 for each group). (#) p

< 0.025 vs. the vehicle group (Williams test).

55 HT /MG

AV DUBRICRbEREEEO " BIEHRARE AT AR ERELE
FER. BAf7e invitro IEEEFTHRURXA I XY = VHEERE R LT, £, Fid i
HLIZBWT, K7V — LV EICT 47 = VERER T H(LEWEEDR D) 72 invitro TEE%
IRTZERHLMNERoTz, TNHDTF A7 = ViFERITL CYP3A4TDI fEHZ/R L7203,
FAT = VB 5 A~OBEBIBEA b LI IEMICEE L, ETREMED MY 7oA
BAFNVEZEANTLHZ LI TDI fEHAZRERETE L Z L 2R LTc, 47 = 13K
JEPERE AR DR LY . LIZ LIZEY OO REE & L CTEAT S 2 & 3BT S LA HE
FRH LM, AETHIH L MY Z0da A FVERT 47 = VIS E £ T 5
a7 WA A7 buildingblock &7 5 &2 B0,

587)7% in vitro IEMEEZ A L, TDI {EHNEIE S 72 {bA9) Bds IZRTEDOA I XY Y
VUBERTRD b 10 uM IR A Al CYP3A4 FREEHAZ/RSF, 72, in
vitro {28\ T PLsis &L U 27 B LT hERG FHEEH 2R ERh-o72, L&YW 54s 1
DIO rat ([ZBW TR RAREK FIERZ R LIZZ &0, ARAREAIEMILEmE 20 15
LEBEZBND,
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HRLA 5 — VI EROREEE R RS d S OEE R

H
IS
it

FBIA v & — VERER DR S

R
5

=
H

o

D
3

N

RO WHHRPUEMROAR A B L Lz, FET 2 M MCHRL #5H13E 0 £ 3L
FEDOFER, HE2EICBWTUIAIXZA VY DU BRE, BIRICBO IRV AL I LY —
LBR% RHS ICAT AU RUGBEMRIZOWTHE L7z (Figure 21), 1 > R— /L kK
64 ODIFHENRKEARTFTLTVDEZEND Y, BHOHRNEY LAY 10a 8L 54s (X,
fiaeR FEFFETPZRE ED Aspl23 b L<IE Tyr272 EHHAEAT L Z L2k 0ig
MERLTWD EEZ LN, —FH, HHMEORZ (66 10a 3K b4s 23 EZED in
vitro fEATEMEZ R L TWD Z &b, AHEAERIIHEAER FERR ORI 8%
ZFRnZ ERHER SN, NS DIET I M MCHRL #HiE CIIBEFEO 7 I UM
MCHR1 i3 L 720 hERG PHEIEAR LN PLsis ALY A7 AR L TR, 7=
ARG 7 > MW TERAZREBEIMHEEN S RER TEN 2”722 2N LTI
i U7z,

Asp123 and/or Tyr272 Asp123 and/or Tyr272
GIn127, GIn127, GIn127,
"o AN “o N; < “0 A
X N\/\/\ J /©[ /
| N | N N | N N
Me Me Me
o NF ~ 0" NF o NF
\ S
Cl Cl
10a Cl 54s 64
ICso (NMCHR) = 26 nM IC59 (N(MCHR4) = 19 nM IC50 ((MCHR{) = 150 nM

Figure 21. Chemical structures of amine-free MCHR1 antagonists (10a and 54s) and indole

derivative 64. Dotted lines depict putative interactions with MCHR1.

—J7. T2 72> T Washburn 5%, hERG F v Rk L # — 4w MEIRMEDNE W
it MCHRI #5Hi38 % 8 LT 5 * (55— Figure 3 123517 %5 BMS-819881), EEH D
MCHR1 53BN TR FIIIER ISR CTh 223, BIRMER L OLZaEMEOmIZHB N T
PR IR A N GR E B 2 b, £ 2 TRETIE, x0T I
MCHR1 #5H3% B2 Ht: MCHRL #5Hi3E~ & H R S8 5 XL WRGEH 21T - 72,
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2 YR

HPE MCHRL U3 ZAIHT 2 LTI, ThETOASIFYEY DUVBBIORUX
A XY VB & RO R EHAMEZ /R L 7 IR A R ORI D EE TH H, =
RIKE OBIFINEICH T DM AR EER IR OE OB G NKRE < N EDEZDOT, K
| oo X' B ZRRE OMAEMNPTRERERIFATF2A L. »oTOLERD pK,
BEOENET Y et DU (K2 =43) BLUOA ¥V — L8 (pK.=29) 2H7T 51k
A 65 BL 66a kit L7z (Figure 22), 728, A v & — LVikEIRIIE D 0] B
TlE, AV F Y =R 2 fi~Dv 7 a7 a B AR EET HICE > TR T
720, XIET D AT IAFHFER 66a ZHWTA ¥ — VFEKROGHREZFMTHZ L &
L7,

Asp123 and/or Tyr272

2,8 £, 01
/) O\AOIX
oYL e o
Me
SO
cl I

ICso ("MCHR;) = 26 nM

[

/N\
0 N—-Me
=
/@
Me
/©/\o g
Cl

65 66a

Figure 22. Design of pyrazolo[1,5-a]pyridine derivative 65 and 2H-indazole derivative 66a.

o NN
=
o
Me
/©/\O =

Cl

55 3 IH

o>

%
A2 F—/VBEK 64, 7Y B EY VUFER 65, A XY —/LiFEK 66a BILO

67 1%, FB2EFAEGIR LIV (I) 2RIy 7V U ITRIGICED, BY K>
44b DRI SR 68, 69, 7la BLE N 70 ZHWTARL L7 (Scheme 19),
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Scheme 19

g, < oy
ﬁ“ ” ﬁ\\
M
Cl

68, Cul, DMEDA, K,CO3;, DMSO \ /;9 Cul, DMED, K,CO3, DMSO
150 °C, microwave irradiation, 22% 150 °C, microwave irradiation, 55%
70, Cul, trans-N,N*-
71a, Cul, DMEDA, K,CO3 dimethylcyclohexane-1,2-diamine
DMSO, 150 °C, 31% K,COj,, dioxane, 110 °C, 34%
Me
=N, o N,
i N-Me /@E’(N
—
Me e
/@/\o = /@/\O =

Cl

Cl
66a 67
Me
“ -N N\ /N\
N == / =
Br N Br Br Br
Me Me Me Me
68 69 70 71a

EFEDA v F—v 6 LRFEAE 68 IX Scheme 20 (TR L7=FEIZESNTERK LT,
T, HEEE 72 O 7T — Me, BEY YT U ROGIHELS . = FeE0EITo=
TREZBRTCRILFBFETH D o-TAF= AT =V UiFEK 75 2187-, BRILATERE 75
ERWA v F—VBREBEIX., EROEI TP U AT, 0 fiVsT7 VT L0062 i

5V A~NEERLT S HETHS D) 2#FESETITV O N-AF/ULORICER L
THA 2 F—/ViFElk 68 ~L B\ /-,

Scheme 20
ethynylcyclopropane,
/@ szo OTf  Cul, PdCl,(PPhs),, TEA F SnCl,, EtOAc
———
pyridine, 0 °c water, rt, reflux
NO, Br NO, m3h Br NO,
92% 93%
73 74
= PCI,, FeCl, /@\/3_4 Mel, NaH /@\/\>_<]
EtOH, rt, then 80 °C DMF, 0 °c Br N
Br NH, 94% (2 steps) Mo
75 ? P 46% 68

Sy 5 iREEK 69 1. Scheme 21 TR L72AFT A 79 Rk L

FTAFEICEVAR L, FEO 22AFAEY P 77 O AFNVE%S NaHMDS 2LV
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it m hAb L7tk 7 a 7 ma R ANVRVBATF VAT VERIGESE D Z LT R
18 LU, fel A F VAU R TTHRP A 79 2157, fe CTETER 79 &
TFAA TG 2% Z & TRIED T VU 2 RHITHAE ST, 7V  OBBIBRILK G
ERTETY Y VUVREMELE ¥, £0%, Vilsmeier AR -ET Y
DUBR 3 NDFRINL IS, BRI 8l DV T UIBRTAKRTHAY 69 2157,

Scheme 21
hydroxylamine hydrochloride
SN NaHMDS, -78 °C to rt N o O o 2 e
| | | |
S A
Br Me then methyl cyclopropanecarboxylate Br MeOH. 60 °C Br N
77 -78°Ctort 56% 78 53% 79

TFAA, triethylamine N-(chloromethylene)-N-

_ triethylsilane
DME 0 °Cto 1t = N’N\ methylmethanaminium chloride Z "N N\ -|-yEA = N/N\
—
NS < X ~ —
then FeCly, DME  gr CHaON 1t Br —’TFA’ PPN
rtto 80 °C H

Me
47% 80 44% o 95%
81 69

I, A F V=) 5 (LRFEMK 70 BLO Tla OERIEIL, F 2BV ORT
A B = VRO AR BN Tl 7z,

FATH EWIETE L B

TR R ORELIRERE Table 15 (R L7z, 7Y Y PUiBEk 65 T
ITMbEY 10a & bblg U CTIEMED 2-3 (HIR< 7o o7e, —057, BBRIENZ L ITH D 2H-A
VA —)VEBER 66a 13 LEW 10a SIZIERIZEOFEMEE R Lz, AR OEERRD pK,
fEE in vitro IEMEICHBERRARD T, E/ohMrF 66a THIFMZRL TS Z
ED D TEMERBUCITZ AR & A BAVEH ATRE 7 BHRIF 1 L O I E -5t % 5w B e Bl A2 Bl
BTX2 BUEMAGERPEETHL EEXDLND, —J7, IH-A V&Y —/LiFEk 67 T
1. 2H-A U # ) — VB R 66a &Ll L C 3 (SRR MM o 72, 2T AbEY 67
D 1 MWMERF T EOIMSLE -5 ESRKEDOHBERN KON -0 EEZ LD, K
HIZBTERNPD, A IFX Y BV D VRBBILUONRNU XA I XY — VB & RI%OZEEH
FPEZRE: LI IR MG O BR & LT, 2H-1 &Y — B ZE BT 2 LIoakEh L,
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Table 15. In vitro binding affinities and pK, values of compounds 10a, 54s, 65, 66a, and 67

c d stéi (Can (M) K, value on X°
ompoun /C O pK, value on
X5 hMCHR1® :
o A NN
65 b@ﬁ% 69 4.3

Me 35 29

o (I/N
- N-Me
66a . J@“

o) N,
, N
67 Q/C@ 99 ;

o AN
SN
10a . /@N e 26 7.9
Clg
? N
N N
545 - oJ‘é b 19 5.7

#1Cso values were calculated using an experiment performed in duplicate, with a standard deviation
of three-fold. ® Binding affinity for human MCHRL1. ¢ pK, values of conjugate acids on X" were
calculated by ACD Labs ver. 12.0.2

W28 TA1537 RRICEBIT DiEEME Y A 7 [AIEE D kRS
F1H WY

A UEY—)VFEEIR 66a HHRH T T 7 A ) o TREBRICH LT & 2 A TAL537 #kA
= Ames 2BR D ICBWTHIETH U . AN TGIEIC S8 2 BIGTEED U

*) EIRBERE R, & ATF VUV ERIRRER e AT o2 XIF 7 AE 2 W, 4Ry
H DZEFRFNE 2 RIS 5 728 ORBRIA,

N
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20 xHTDHIERHLNE o7 (Figure 23),

66a

Ames test
TA1537, S9-: positive
TA1537, S9+: negative

Figure 23. Result of the Ames test of compound 66a using TA1537.

Thbb, 897 HEEIET. LAY 66a % TALS37 FRICIEM S7-f5 %, 250 pglplate 7>
5 2 FL EOERGEIF o v = — OB HER I, —F. S9 F1E T, T72b bAHNE
ML FIZB W LAY 66a IXERIFM A RI 2oz Z & h, kA 66a AL
BRIFVEZFE L TND LB b, —MKIC TALS37 #kiZ. DNADHEHEHIZA DA
HEDOERAEZAET D DNA A X — AL —F—ZRE LB VEKE L TaL5NTEY,
MO EWEEBRMIE S BB TH D acridine < ellipticine 728 TA1537 #RIZ%F LT DNA A
VHE—HL—Ta kAT =AY T MUER R E M BTV S 2 (Figure
24), F£7=. {t&¥ 66a :inm PEDER A HEE 2 5729, DNA & OIAFE BTG &%
TEOERAET 2 RBIERWZ L2 D fbAY 66a TR LAV ARFMEIL DNA
475*%V%957¢mL%O<%@?%6k%¥§ﬂko

Me
H
X N
X \
0
—
N
Me

acridine ellipticine

Figure 24. Chemical structures of polycyclic aromatic DNA intercalators: acridine and ellipticine

—J7. A{bEY 66a OHEENRBEALIL LHS LRV IUAALTH Y . EREHITE R
FUEUDUBEIR 8a EEZ NS (Figure 25), LAWY 82a 1% TA1537 #hz v /-
Ames BRI TR L72/E R, BB Th o7z, Lo T, S9 FE FIZBWTLEY 66a 28
Btk ch oMb e LT, BT L0 RPCAEURRT V— 2 - ki 82a
NERFMEZFBE L2V THDL EEZ LN,

Y FFI 7oy —Ah SO Sy
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o =N,
N—-Me
~
Jé“
Me
HO &
82a

Figure 25. Chemical structure of a possible degradation product of compound 66a.
H2M RRYIRG

R T U7 R 7 U — VOB RIFEVE~DOR G, BL LAY 66a L BEfF DNA A
YE—=HL—F—Tbh% ellipticine L DEREDE LY | ERIFEMEIZLLT OREE KA
S DNA A =T —ya ARV ERESND L& 2T, bbb, (1) 1%
VBRI DR E Y RUBRICH T DM EDmWER L & . DNA O E O nn
FIHEAER, 25 NC () LHS EREET U —13 L DNA & OfIN 7 nn FE/EFATH
% (Figure 26),

Me
H
[ N
N / Q
Me

=
O
n—n stack with a DNA base pair <——
——> binds to a DNA intercalation site

66a

Figure 26. Hypothesized binding mode of compound 66a to DNA.

L Z AT, Albertini 5% 5HT,, 7 2 =& hOAEMITIZBNT, £ T / Er—Li
BEBLIOA VT BT Y = VFEERORBEDO Y = I F ALY A TF VI AEEANL TE
TS 2 [AEE 95 & TAL537 FRICEIT HERFMEY 2 7 BREIZIRA TH D Z & 2@
LTWn5 2,

iRk EY) 66a & DNA & O PRGN B L OV FmtfEEREEC K 5 TA1537 £
\ZBITHERFME Y X 7 mEEEOWEF 2B E 2, FRLllnd DNA A X — AL — 3 v
[B1EE DRI A N2 T e,

(1) KT V) — VEL DB E DK T,
() A HE VBRSO NARIN i O E R X 2 e A i o[58,
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A TiX, kil TA1537 BRIZBIT HBIEFENE Y X 7 [BEEOEREE OFZMEIZ SOV Tha
L5,

FHI3EH G

4-7Thaxvey FUFEE 66 (X, F2E - FAFMTRLIZI VLS O ZHAWE=D
o7V UG E Y, EPREE 44a, 44b BEO 44e LY AR L7- (Scheme 22),

Scheme 22 -
/N\
/<I< N-R?
=
Br

Me
71aR?=Me
71b R? = Et

o] 71c R?="Pr o) @N—RZ
2 — Cf =
b” | TR =P b
Me
o NF . o ~F
71a or 71d, Cul, DMEDA, K,CO3, DMSO, 150 °C ”

AT

44aR'=F (for 66j, 66k, 66m, and 66n), 39-70% 66h R'=Cl,R2 =

44bR'=Cl or 66iR'=CI,R? = "Pr

44eR'=H 71b or 71¢, Cul, trans-N,N-dimethylcyclohexane-1,2-diamine 66j R' = CI, R? = °Pr
K,CO3, dioxane, 110 °C (for 66h and 66i), 13-43% 66k R' =F, RZ=°Pr

66m R' = H, R2 = Me
66n R' =H, R? = °Pr

4 (fTONBIEELEHRAY HOE LT 4-TAax T BV RUFEEEAOREREKRIL. Scheme
23 (R TRIES 3H L RIROFIEIC X Y Eii L7,

Scheme 23
R2 Hz(1atm)
/é 10% Pd-C N R? POCI3 DMF
EtOH rt Me  500¢, 54%
78-94%
66m R?= Me 82a R?= Me
66n R2= °Pr 82b R%=°Pr
ArCH,OH, DMEAD, PPh; [{OH
THF, 60 °C (for 66b-g) Ficlg
13-50% 94

o _N KO'Bu, DMA,
,@N—Rz 80°C, 67%
/@ Me (for 661)
AN

66b Ar = 5-CF3-thiophen-2-yl, R? = Me
66¢ Ar = 4-CF5-thiophen-2-y, RZ = Me
66d Ar = 5-CF3-thiophen-3-yl, R = Me
66e Ar = 4-CF5-1,3-thiazole-2-yl, RZ= Me
66f Ar = 2-CF3-1,3-thiazole-4-yl, R2 = Me
66g Ar = 4-F-Ph, R?= Me

661 Ar = 5-CF3-thiophen-3-yl, R? = °Pr

A E—) 5 (TREBEBRE 70 BLO Tlac OERESL Scheme 24 [Z/RLT-, T
RDOA &YV —) 84 ~DEEMELMET TOT VX MERISIIER 1 (OBREICETL
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A& 70). 2 L7 VFIALEDOGRUTBINRIZHE E 72 ((bEW Tlc), £Z T 2 %
REY 72T VX LS Z et L5 R, Meerwein RIEZ WD Z & TTVF LD 2 i
BIROICET T2 L2 AL, BFRINETHNY 7la BLXO 71b 255 LN TE
Too LU, AFETEATE 2BEMEIIAFRRELR Meerwein RIEITKFL, RESH
D%, BlERE, 4V FY—VER 2 (I~ORBIRA LB RILEATEORG 2 #ke L7,

Scheme 24

Mel, NaH, DMF @N
[ //
0°C, 39% B
Me

70
N

Br
Me
84 _N
N—R2
=
Br

iodopropane, NaH, DMF, 0 °C, 17% (for 71c)
or

5\ ==

Me

trialkyloxonium tetrafluoroborate, EtOAc, rt 71aR%=Me
47-81% (for 71a and 71b) 71b RZ = Et
71¢ R? ="Pr

AVES— VB 2 M~DOBBREEALFTE LTS Cadogan KIE > DU BHEE
Scheme 25 (/R L7z, @& 72 2BRLATEMEA 86 iXHiflRDEL 85 LV ALz, 77
/v 86 ICHLFX T h A4 Y TuRxy FEHWT T I VERETo %, Y >~
BEhYxFad 150 ETMETHZLiIckY, RPTAELKLTST A L fED NH E~D
BARGEZRTAME TS 2-v7aFab A &Y= T1d 2B, ¥Za7la)L
EEoEEmWERLY 23-B#2H-A VXY — VB 2 fi~EATHIFE BLO=F 3
X35 Cadogan ISIXZAVE TICHMENE N, SRIEEORH L, =F I VB
—FA L UREDEARIGZ DT KRy b Cadogan RIS BIEIX, 4 &V —)v 2 {iL
BRAEOHFHEKEL LTERLEEZLND,

Scheme 25
NO, cyclopropylamine, TI(O'Pr).,. 60 °C, N
0, =\
Br/©\n/Ma HNO; (fuming) Br/@grm then P(OEt);, 150 °C /©;(N_<]
0°C, 33% Br
o) o) 45% Me
85 86 71d

FAT7 2 AHX ) —)v CF; BH#K 90 BL W 94 L Scheme 26 72 H N 27 IR LT
FHEIZEIVAR L, 3-RMV TZAFa A FAFA4T7 2 (87) (12T 580 U LITFER
RAIZHEFT L, AR IUEK 88 LN 89 28 322 DHETHRL L7- (Scheme 26), #i< K
FIARUFEFT RV TAZELEER, VI SNV u~v 577 40— XA ERTHB
W90 27z, £l-, a—FFA 7y R IZXHL TR 7 u A FLEELEATIE
H ATRE T & 5 (Scheme 27), T 2 b b, I U Ll (O & methyl
2,2-difluoro-2-(fluorosulfonyl)acetate 7>HHAEIH72 CF—Cu iz a—RFFA 7 92 &
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UGS Z & TE® 93 24 ¥, ki EITRUGIC LY B 94 %157,

Scheme 26

FsC FaC FsC NagH FaC
7\—\/ LiTMP, THF, -78 °C aBH,
Ny — " 3 / N\ H Ho [\ - + I\
0

S then DMF, rt S S MeOH, 0 °C S "
87 50% 88 89 37% 90
Scheme 27
o (0] Cul, methyl 2,2-difluoro-2-(fluorosulfonyl)acetate o
Mel, K,CO3 hexamethylphosphoramide
s DMF, rt s 0% 5% S
91 99% 92 93
NaBH,
F3C‘@/\ OH
THF, MeOH, 60 °C S

99% 94

AT EWIETE L B

AETOMFTIEL, ZAFETO SAR FRICHES X, 5072 invitro IEMERHIFFTE 5
B HIE IR I%Bﬁénzbto FP.B2HETH U DNA A X —F L— =3 UAEAR]
BEA RN L7 B — OBRIRIC S D& | K7 U — Vi E MY 7ad e 2AF RS LT 7 v
FIFDNEBR L IZE AR RS ER~ L EHLL 72 (Table 16),

RIS BT DI CAFZE CRI L= F 47 = VEREZE A L5 R (66b—d), 2,4- %)}ﬁ&?
7 = UEHEMR 66c LT 66d AN ICs fE 10° M A —&—0D BAFAiEEE R L-0
LT, 25-EHT A4 7 = VFER 66b (IIEMEMEK -T2, I, BFEBENMET LT
TV —)ViEER 66e LN 66f ZRHILI-E Z A, WINLLXIRT 5T AT = FER
& Hife U CIEMERES 0> o 72 (66 vs 666, 66d vs 66f), = Z T{LEY 66d Z3EIN L, TA1537
FRa 2 Ames RBRICHE L7 & 2 A, 313 pglplate 7206 2 [FOERE R a0 =—DH
MABO B, BETHD Z PRI, LLEDRERND ., H— O IR 5D < Kb
TV = VEOBEFEERREIL, IEEOIR T ERE itﬂ:/\% 66d bR Ames FHEK
IhER LT Z Enh, ERIFMEY R 7 EREOA e FETIE W &l L7,

BLRZRNZ 1T, 4-7 v BB U FFE(K 66g (T 5000 pg/plate D= £ T2 F 5
MY 27 ZRET, Ames [RHETH -7z, FFMRHBIIAHATH L3, 7 v RIETFDOMR))
BT REIEFEDRICL DR B UVBRBOBTHER TOM, Ellis &HOWMEITH HERIC
DTEDEL D Z EIZE R mT U —isr & DNA F85 & O A AEHES 5 EK k
HEHEns >,
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Table 16. Biological activities of compounds 66a—g

fo) =N,
N—Me
S
Jﬁ;“
Me
=
A" 0

|C50 (nM)a -
Compound Ar Ames (TA1537, S9-)
hMCHR1® rMCHR1°
i d
66a o /©/ 35 36 positive
66b Fso/igﬁ\\ 170 90 NT®
F3CZ—>\
66¢ I\ 74 38 NT
S
66d ,4(?( 90 70 positive
FisC™ g
F3C
66e Zf@\\ 130 76 NT
S
o
66f FSC/<S\ 230 130 NT

669 . ©/ 110 76 negative

#1Cs values were calculated using an experiment performed in duplicate, with a standard deviation
of three-fold. ® Binding affinity for human MCHRL. ¢ Binding affinity for rat MCHRL. ¢ >Two-fold

increase of the revertant colony compared with vehicle control. ® Not tested.

BT ORI IS & A F Y — VR 2 (LOEHRIEE B % e L 7= (Table 17),
fb&¥ 66a DA FNIEEE, =FNH n-T o B E BT 5206, SRR TR
PR T AERD 572 (66h 35 XY 66i), WKIZ, 2-v 7 v a LA & — LiFE K (66)-1)
Zaxat L, £ OIEMER L OVERFEMEICE 2 2R EREE LTz, 3HE B 7 n 7w e VR,
AES = VBROFME LY 4268 SiH ER->TWNDEZ EDVRENTEY ., 45Ok
ETFICREM EEZ B (Figure 27), S HI2, 2, H_RHICBT2BRa»L L, ¥
7 v 7'a EVIEOE NG RIZ SRR Z LS, 22T, BiE T L7
2H-A X — VB DFTRLE BR IS ICHE W LB 66j-1 Gk, Rl L7z, 2-2 7
77 a BV 66j— (IXHnd D A TR L ik LT /)72 MCHRL & TEMEZ R L
(66a vs 66j. 66g Vs 66k, 66dvs66l), FE2FDA I XYY VUFHEIK, FI3EORX
A IV = NVFHERICRE S 7 n e CVEOEOER RSN, S5, ZnbokE
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Wi TA1537 #k%& V2 Ames 5BRICEUN T, 5000 pg/plate £ TERFIMEY 27 2R X
T, BEThoT,

Table 17. In vitro binding affinities and results of the Ames test of compounds 66a and 66h—I

/N\
0 _R?
_
/@
A 07N

Me

|C50 (n M)a
Compound Ar R? Ames (TA1537, S9-)*
hMCHR1® rMCHR1¢

66h @( Et 140 65 NT
66i CI/©/ "Pr 210 130 NT
66j N /©/ Pr 31 23 negative
66k . ©/ Pr 43 35 negative
66l F.c /@ Pr 38 26 negative
66a /©/ Me 35 36 positive®

o

#1Cs values were calculated using an experiment performed in duplicate with a three-fold standard
deviation. ? Binding affinity for human MCHRL. ¢ Binding affinity for rat MCHRL1. ¢Not tested. ®
>Two-fold increase of the revertant colony compared with vehicle control.

Figure 27. The lowest energy conformers of 661’ calculated using MOE® (for the calculation cost,
the structure was simplified).

AKE T UIEERICEY, FOFEMEZEFIE, DNA A X —h L —3 g %M
WET D Z LN TALR37 BRICRBIF A EEFM Y R 7RI A 72 = EGEA SNz, £7-.
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FHBTIEA V=B 2 fi~DY 7 a7 a VB ANGRATHDH 2 & Z2RH L
7=,

W3 A H—LiHEK 661 OIKIIER

FERLOBEN D, 772 MCHRL #E&TEMEZ R L, 22D TALS37 RRICIIT 248 R M
U 27 &k LIAbEY 661 33X 66) % in vivo (23T D EBEBRICHE L, Zh b
I% CHO Mifin % 72 iR R BRIZ B W T RAF7e MCHRL #59tiEMEZ 7R L (66): 1Cs =
33nM. 66l: 1C5=79nM) 7. T v MTIBSUNTBAFZRR ORI IE & i 558 4% L7- (Table
18), b 2 k&5 B, DIO F344 7 » b (28I 5 — A B AMH MRz )
T XD BE ek EM (66j: 7.8% at 3 mg/kg, 5.6% at 10 mg/kg, 66l: 21.5% at 3 mg/kg,
30.6% at 10 mg/kg) %7 L7cfbad 661 % < dfiifk 5B b &4 & L TR L7e,

Table 18. Pharmacokinetic parameters of 66j and 661 in rats®

iv (0.1 mg/kg) po (1 mg/kg)
Fb C I—totalC Vssd C malxe Tmaxf AU CO—S hg
Compound I 1 -1 -1
(%) (mL-h"kg~")  (mL-kg ") (ng-mL ") (h)  (hg-h-mL")
66j 37 207 676 291 4.0 1813
66l 78 296 949 426 2.7 2879

®n = 3; SD rats (male, eight weeks old). ° Bioavailability. © Total clearance. ¢ Volume of
distribution at steady state. ® Maximal plasma concentration.  Time of maximal concentration. °

Area under the plasma concentration—time curve (0-8 h).

b& 661 OFUIETIEM % DIO F344 7 v NI 2 K 5385\ CRF
fli L7= (Figure 28), {L&% 661 (5 B LY 10 mg/kg) % —H —[[l, “HEMEOKSG L-L
ZA. AENPOHEBIRFEN R REK TERZ 5 mg/kg #5/-E0 HHER S 41, vehicle BEIZ
% LT 5mglkg 58T 3.9%, 10 mg/kg # 5T 7.6% DEREIKLFARBDO LT, £72,
ZDORFOFEEEEIT vehicle #f &L, 221 12.2% B LT 23.2% B LT, 1k
“4) 66l @ 10 mg/kg FEGFEOMAEPEYRLE D b T 7L 3.36 uM TH Y . DIO F344
7w MZBT AW 66l OIEFESTL /L 0022 THLHZ b, 7 U —{KfE T
739 nM EHEMEND, ZORRIE. LAY 661 @ 10 mglkg #5HETIL ICs HED 2.8
fEomEEr 7V —REENRBRZE U THEAINTEY . ZhD 7.6% OFREKTICHE
IEMBEE L EZOND, £ LAY 661 ORM/IMLTIEEEIT 066 THDHZ ENnD, +
/372 BBB BidMEE AT D EBNHLMNE RS T, IHIT ALAW 66l IXIEF ~ 7 ATl

*) fbE¥ 66] @ MCHR2 (237 AHEHUEMEIL IC5>10uM TH Y, MCHRL EIRHYT
otz
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FEEMHEWER 2R L7012k L, MCHRL K~ 7 AZBWCTIHERANRD o7,
Xo7T, ERoEaEMmEIERK LOMREK FERIZ MCHRL #H{ERZ N+ 220F %5

XD,
A) B)
so 2 250 -
£ 1 - C)
'€ 0 200 -| #
- 0 - EE
° B #
& 1 - £ 150 -
g 3
e 2 - )
& <100 -
T 3 - 2
x ®
T s 20 1
3 -O—vehicle # £
5 E]
z —8-661 5 mg/kg o 0
S -6 | —&—66l10mg/kg 5 10 1
—@—Sibutramine 1 mg/k
7 8/ke vehicle| “CElmelial | Sk
0 2 4 6 8 10 12 14 (mg/kg)
days

Figure 28. Effects of 66l in a repeated-dose study in DIO F344 rats. A) Body weight change from
the initial value during two weeks of dosing. B) Cumulative food intake for two weeks of dosing.
The compounds were administered once daily for two weeks and the body weight and food intake
were measured before drug administration. Each data point represents mean = SD (n = 6 for each
group). (#) p < 0.025 vs. the vehicle group (Williams test), (**) p < 0.01 vs. the vehicle group
(Student’s t-test). Sib = Sibutramine.

AR MG

2 =7y MERME JOLZEMOm LI TE 5 %M MCHRL #Hi3EnHRR %217 -
TAER, BAF7R invitro EMEE T LA XY —EEERE R Uz, Ao ) — R
¥ 66a 1% TA1537 FEZ W 7= Ames HBRICEBWTHIETH - 7225, DNA & DO FARES
FRANCEEDS &, BEFEMY X7 OEEZRALTFER, A XY =N~V 7 a7 m ek
BEEANTDHZ LK D FEMEOKTICL Y, TAL537 FRiCk T 2 B2 CTE 5 2
EBNHDLNE ST, D OFERIT, BRI DNA A ¥ —H L—&— & LTSRN
DIEFEMACEM D LA HD D, 2 BMEEE O D PS5 DNA EAHAEM LA
HZEERLTEY, A%OAZKICBIT2EEREERE L 2D EEZLND,

BR)73% invitro {EMEZA L. Ames iBRICEIT DB BT X 7 ElkEE b &Y
661 1% 10 uM IZBWTEE CYP 7 A Y 74— (LA2/2C8/2C9/2D6/3A4) 1Tt % Al
PR EMEH A RS, E72 CYP3A4TDI {EH. PLsis & U 2 7 B L hERG PHEEH
ERE o Tz, SHIT, LAY 661 1L DIOF344 7 v MIBW T R REI FIEA %2
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RLIEZ &b, TP MCHRL i3 s LT B O SWERIBEMLEM L R 155 &
FBEABND,
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PUBER SR ORI Z Fi1m L7c MCHRL F5Hi3K o oy 73kt & Al a EhE L=, BE#H D
MCHR1 5T & bz L, K v Z2ettom bEmogit 2 BigE L, sigEED 7 L%
VT R UENL AR ST WHTBIET 2 M MCHRL 5Pt 25 L=, UV — NMEAWAIH
DRI & LT, 7AF AT I B HAWROEEERHIRICIN 2 EEMEOIR (pK, < 8) &
R A FR A L7t/ RT A —% (PSA< 70, 2<ClogP <4, MW <450 3 X" HBD % =
0 bL<IT 1) ZEEL L TEYRIHTHZ LT, B MCHRL fEATEEEZA L, in
vitro FFAMIZ VT hERG FLEMEM I L O PLsis ALY 27 2R X WHIHA I 4V E
VY UHEEE RN T RIS LT, £72, fe< RIS IR OMGEAIRIC Lo T, B
PEDMEIL SN Te_ XA I H Y — VFFEER, S DITIEHES FTh DA v &Y — LiFER

BEEtL, ZFNENLDY invitro IZB1T 5ot EEET VT v MIZBIT 5]
7R BB E R 2 3 2 3EANEML &4 54s BN 66l & R L7,

Flo, XA IE Y —VHEEOGEEIC BN T, T T = VEROAHHEME LD
AT 22 L T FAT7 2 B 2,5 (i~OEHIEEA b LTI EEm<E
FRBIMED U 7 A e AFAHEOEFEANIZLY CYP3A4 TDI YEAOERECKE) Lz, &
BT, A U E = VHFBEIROAKAZETIE, Ames FRBRICIBWT TAL537 BT bz
BIEEE Y A7 B ALEHOFEMEIZE S DNA A U Z = b—va VICERT D &5
2 FEERZR T S0 0 HEZEAT 2 F CELEEY A7 2 TE 52 &2 R
L7,

A, MCHRL #5HT3EDMF7EIZ K 0 | A 2 FUmEE & 72 0 15 28 HobE & i
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Experimental section

General. Melting points were determined on a Yanaco melting point apparatus Mp-500D and are
uncorrected. "H NMR and **C NMR spectra were recorded on a Bruker AVANCE Il (300 MHz)
or a Bruker Advance Il plus (400 MHz) spectrometer. Chemical shifts are given in parts per
million (ppm) downfield from tetramethysilane (o) as the internal standard in deuterated solvent,
and coupling constants (J) are in Hertz (Hz). Data are reported as follows: chemical shift,
integration, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, quint = quintet, m =
multiplet, dd = doublet of doublets, td = triplet of doublets, and bs = broad signal), and coupling
constants. Protons of the methyl group on the 3 position of the imidazopyridine ring were
frequently merged with solvent peak of DMSO, and not observed. Reagents and solvents were
obtained from commercial sources and used without further purification. Reaction progress was
determined by thin layer chromatography (TLC) analysis on Merck Kieselgel 60 F254 plates or
Fuji Silysia NH plates. Chromatographic purification was performed on silica gel columns [(Merck
Kieselgel 60, 70-230 mesh size or 230-400 mesh size, Merck) or (Chromatorex NH-DM 1020,
100-200 mesh size)] or on Purif-Pack (SI or NH, particle size: 60 um, Fuji Silysia Chemical, Ltd.).
LC—MS analysis was performed on a Shimadzu Liquid Chromatography—Mass Spectrometer
System, operating in APCI (+ or —) or ESI (+ or —) ionization mode. Analytes were eluted using a
linear gradient of 0.05% TFA containing water/acetonitrile or 5 mM ammonium acetate containing
water/acetonitrile mobile phase and detected at 220 nm. Analytical HPLC was performed with
Corona CAD (Charged Aerosol Detector) or photo diode array detector. The column was a Capcell
Pak C18AQ (50 mm x 3.0 mm I.D., Shiseido, Japan) or L-column 2 ODS (30 mm x 2.0 mm I.D.,
CERI, Japan) with a temperature of 50 °C and a flow rate of 0.5 mL/min. Mobile phase A and B
under a neutral condition were a mixture of 50 mmol/L Ammonium acetate, water and acetonitrile
(1:8:1, viviv) and a mixture of 50 mmol/L ammonium acetate and acetonitrile (1:9, v/v),
respectively. The ratio of mobile phase B was increased linearly from 5% to 95% over 3 min, 95%
over the next 1 min. Mobile phase A and B under an acidic condition were a mixture of 0.2%
formic acid in 10 mmol/L ammonium formate and 0.2% formic acid in acetonitrile, respectively.
The ratio of mobile phase B was increased linearly from 14% to 86% over 3 min, 86% over the
next 1 min. The purities of compounds submitted for biological evaluation were >95% as
determined by elemental analyses within +0.4% of the calculated values or analytical HPLC.

Yields are not optimized.
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Experiments concerning Chapter 2

2,3-Dimethylimidazo[1,2-a]pyridin-6-amine. To a solution of 9b (1.05 g, 3.85 mmol), cesium
carbonate (2.51 g, 7.70 mmol), Xantphos (156 mg, 0.27 mmol) and Pd,(dba); (106 mg, 0.12 mmol)
in DMF (12 mL) was added benzophenone imine (0.71 mL, 4.24 mmol) at ambient temperature.
The mixture was stirred at 80 °C under Ar atmosphere overnight. The mixture was poured into
water and extracted with EtOAc-THF. The organic layer was separated, washed with brine twice,
dried over MgSO,, and concentrated in vacuo. The residue was purified by column
chromatography (NH silica gel, hexane/EtOAc = 80/20 to 20/80) to give the title compound (448
mg, 72%) as a dark yellow solid. *H NMR (300 MHz, DMSO-dg) & 2.22 (3H, s), 2.25 (3H, ), 4.76
(2H, brs), 6.73 (1H, dd, J = 9.5, 1.9 Hz), 7.17 (1H, d, J = 9.5 Hz), 7.29 (1H, d, J = 1.9 Hz). MS
(ESI/APCI) m/z 162.0 [M + H]".

2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-amine. A mixture of 9a (900 mg, 3.02 mmol),
diphenylmethanimine (602 mg, 3.32 mmol), cesium carbonate (1967 mg, 6.04 mmol), Pd,(dba);
(41.5 mg, 0.05 mmol), Xantphos (52.4 mg, 0.09 mmol), and DMF (10 mL) was heated at 80 °C
under Ar atmosphere for 5 h. The mixture was poured into water, and extracted with EtOAc. The
mixture was washed with brine, dried over MgSQO,4 and concentrated. The residue was dissolved in
THF (5 mL), and treated with 3 N HCI (5 mL) at rt for 10 min. Then the mixture was poured into
sat. NaHCO3 solution, and extracted with EtOAc. The extract was washed with brine, dried over
MgSQO,, concentrated, and purified by column chromatography (NH silica gel, hexane/EtOAc =
80/20 to 20/80) to give the title compound (360 mg, 64%) as a pale yellow solid. *H NMR (300
MHz, DMSO-dg) & 0.72-0.90 (4H, m), 1.90-2.02 (1H, m), 2.33 (3H, s), 4.76 (2H, s), 6.71 (1H, dd,
J=9.3,2.1Hz),7.15(1H,d, J =9.4 Hz), 7.28 (1H, d, J = 1.5 Hz). MS (ESI/APCI) m/z 188.2 [M +
H]".

2-Cyclopropyl-3-methylindolizin-6-amine hydrochloride. 6-Methylpyridin-3-amine (3.2 g, 29.6
mmol) was dissolved in THF (50 mL) and a solution of sodium hexamethyldisilazane (1.9 M THF
solution, 34.3 mL, 65.10 mmol) was added dropwise at rt with stirring over 15 min. After stirring
for 10 min, a solution of di-tert-butyl dicarbonate (9.62 mL, 41.4 mmol) in THF (15 mL) was
added dropwise over 10 min. After stirring for 3 h, the reaction solution was extracted with EtOAc,
washed with brine, dried over MgSQ,, and concentrated. The residue was purified by column
chromatography (silica gel, hexane/EtOAc = 95/5 to 70/30) to give di-tert-butyl
(6-methylpyridin-3-yl)imidodicarbonate (4.0 g, 44%) as a pale yellow solid. *"H NMR (300 MHz,
CDCl) & 1.42 (18H, s), 2.57 (3H, s), 7.15 (1H, d, J = 7.9 Hz), 7.36 (1H, dd, J = 7.9, 2.6 Hz), 8.29
(1H, d, J = 2.6 Hz). MS (ESI/APCI) m/z 309.2 [M + H]".

A mixture of di-tert-butyl (6-methylpyridin-3-yl)imidodicarbonate (1.3 g, 4.22 mmol),
2-bromo-1-cyclopropylpropan-1-one (50, 1.12 g, 6.32 mmol) and sodium bicarbonate (0.850 g,

65



10.1 mmol) in 2-butanone (14 mL) was stirred under reflux overnight. The mixture was quenched
with water at rt and extracted with EtOAc. The organic layer was separated, washed with water and
brine, dried over MgSQ,4, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/EtOAc = 100/0 to 90/10) to give di-tert-butyl
(2-cyclopropyl-3-methylindolizin-6-yl)imidodicarbonate (812 mg, 50%) as a green solid. *H NMR
(300 MHz, CDCl3) & 0.58-0.69 (2H, m), 0.91-0.98 (2H, m), 1.45 (18H, s), 1.82-1.96 (1H, m),
2.45 (3H, s), 6.02 (1H, s), 6.42 (1H, dd, J = 9.4, 1.5 Hz), 7.21 (1H, d, J = 9.4 HZz), 7.51 (1H, s). MS
(ESI/APCI) m/z 387.2 [M + H]".

A mixture of di-tert-butyl (2-cyclopropyl-3-methylindolizin-6-yl)imidodicarbonate (400 mg, 1.03
mmol) and 4 N HCI in EtOAc (2.6 mL, 10.4 mmol) in EtOAc (1 mL) was stirred at rt for 2 h. The
insoluble material was collected and washed with EtOAc to give the title compound (110 mg, 48%)
as a brown solid. *"H NMR (300 MHz, DMSO-d) & 0.52-0.66 (2H, m), 0.87—1.00 (2H, m), 1.87—
1.97 (1H, m), 2.44 (3H, s), 6.12 (1H, s), 6.59 (1H, dd, J = 9.4, 1.5 Hz), 7.39 (1H, d, J = 9.4 Hz),
8.02 (1H, s), 10.14 (3H, br s). MS (ESI/APCI) m/z 187.1 [M + H]".
6-lodo-3-methylimidazo[1,2-a]pyridine-2-carboxylic acid. A mixture of 2-oxo-butyric acid
(10.0 g, 98.0 mmol), EtOH (110 mL), benzene (50 mL) and p-toluenesulfonic acid (200 mg) was
heated under reflux for 4 h. The reaction mixture was then cooled to rt and concentrated. The
residue was diluted with a mixture of DCM (500 mL) and water (200 mL), and DCM layer was
separated. DCM layer was washed with brine, dried over Na,SO,, and concentrated to give ethyl
2-oxobutanoate (10 g, 77 %) as colorless liquid that was used for the next step without further
purification. *H NMR (400 MHz, DMSO-dg) & 0.97 (3H, t, J = 7.2 Hz), 1.26 (3H, t, J = 7.2 Hz),
2.82(2H,q,J=7.2Hz),4.21 (2H, q, J=7.2 Hz).

To a stirred solution of ethyl 2-oxobutanoate (10.0 g, 77 mmol) in a mixture of EtOAc (100 mL)
and CHCI; (50 mL) was added CuBr; (54 g, 231 mmol), and then the mixture was heated under
reflux for 16 h. The reaction mixture was then cooled to rt, filtered through the Celite® pad, and the
filtrate was concentrated to afford ethyl 3-bromo-2-oxobutanoate (15 g, 94%) as green oil that was
used for the next step without further purification. *H NMR (400 MHz, CDCl5) & 1.38 (3H, t, J =
7.2 Hz),1.79 (3H, d, J = 7.2 Hz), 4.38 (2H, m), 5.15 (1H, g, J = 7.2 HZ).

To ethyl 3-bromo-2-oxobutanoate (16 g, 76.5 mmol) and 5-iodo-pyridin-2-ylamine (8.42 g, 38.25
mmol) was added EtOH (100 mL), and the mixture was heated under reflux for 16 h. The reaction
mixture was cooled to rt and concentrated. The resulting residue was diluted with DCM (300 mL),
and the DCM layer was washed with water and brine, successively. The DCM layer was dried over
Na,SQO,4, concentrated, purified by column chromatography (silica gel, hexane/EtOAc = 75/25) to
afford ethyl 6-iodo-3-methylimidazo[1,2-a]pyridine-2-carboxylate (4.0 g, 32%) as yellow solid. *H
NMR (400 MHz, CDCls) & 1.44 (3H, t, J = 7.2 Hz), 2.77 (3H, s), 4.45 (2H, q, J = 7.2 Hz), 7.37
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(1H, dd, J = 9.6, 1.2 Hz), 7.44 (1H, d, J = 9.2 Hz), 8.16 (1H, s). MS (ESI/APCI) m/z 331.0 [M +
H]".

To a stirred solution of ethyl 6-iodo-3-methylimidazo[1,2-a]pyridine-2-carboxylate (1.5 g, 4.54
mmol) in a mixture of THF (10 mL) and H,O (10 mL) was added LiOH-H,0 (381 mg, 9.0 mmol),
and the resulting mixture was stirred at rt for 16 h. The mixture was concentrated, and the residue
was washed with EtOAc (10 mL) and then diluted with H,O (10 mL). The aqueous layer was
neutralized with 2 N HCI solution. The mixture was extracted with EtOAc, and the organic layer
was dried over Na,SO, and concentrated to give the title compound (1.0 g, 73%) as a yellow solid.
'H NMR (400 MHz, DMSO-dg) & 2.77 (3H, s), 7.60 (1H, d, J = 9.4 Hz), 7.99 (1H, d, J = 9.3 Hz),
9.02 (1H, s). MS (ESI/APCI) m/z 302.9 [M + HJ".
N-(2,3-Dimethylimidazo[1,2-a]pyridin-6-yl)-2-[4-(trifluoromethoxy)phenoxy]acetamide (6a).
A mixture of 5 (146 mg, 0.62 mmol), 2-methyl-3-methylimidazo[1,2-a]pyridin-6-amine (100 mg,
0.62 mmol), WSC (238 mg, 12.4 mmol), HOBLt (16.8 mg, 0.12 mmol) and DMF (4 mL) was stirred
at rt overnight. The mixture was poured into water, and extracted with EtOAc. The extract was
washed with brine, dried over MgSQ,, concentrated, and purified by column chromatography (NH
silica gel, hexane/EtOAc = 90/10 to 50/50) followed by recrystallization from EtOAc—hexane to
give the title compound 6a (89.2 mg, 38%) as an off-white solid; mp 202-204 °C. *H NMR (300
MHz, DMSO-dg) & 2.29 (3H, ), 2.34 (3H, s), 4.79 (2H, s), 7.08-7.16 (2H, m), 7.22 (1H, dd, J =
9.4, 1.9 Hz), 7.34 (2H, d, J = 8.3 Hz), 7.38-7.49 (1H, m), 8.72 (1H, d, J = 1.1 Hz), 10.23 (1H, s).
3C NMR (101 MHz, DMSO-dg) & 7.9, 13.1, 67.3, 114.0, 115.6, 116.0, 116.1, 118.5, 120.1 (q, J =
256.5 Hz), 122.4, 124.9, 139.3, 140.7, 142.2, 156.6, 166.4. MS (ESI/APCI) m/z 380.1 [M + H]".
Anal. Calcd. for C1gH16F3N303: C, 56.99; H, 4.25; N, 11.08. Found: C, 56.92; H, 4.26; N, 11.03.
N-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-2-[4-(trifluoromethoxy)phenoxy]aceta
mide  (6b). The title compound was prepared in 63% vyield using
2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-amine in an analogous manner to 6a. White solid;
mp 158 °C. 'H NMR (400 MHz, DMSO-dg) & 0.82-0.92 (4H, m), 1.97-2.11 (1H, m), 2.42 (3H, s),
4.78 (2H,s), 7.12 (2H, d, J = 9.4 Hz), 7.20 (1H, dd, J = 9.4, 1.9 Hz), 7.31-7.43 (3H, m), 8.72 (1H,
s), 10.22 (1H, s). B¢ NMR (75 MHz, DMSO-dg) 6 7.8, 7.9, 8.0, 67.2, 113.7, 115.6, 115.9, 116.0,
118.4, 120.6 (q, J = 253.5 Hz), 122.5, 124.9, 140.8, 142.2, 144.4, 156.6, 166.4. MS (ESI/APCI)
m/z 406.1 [M + H]". Anal. Calcd. for CHsF3N3O3: C, 59.26; H, 4.48; N, 10.37. Found: C, 59.02;
H, 4.49; N, 10.29.
N-(2-Cyclopropyl-3-methylindolizin-6-yl)-2-[4-(trifluoromethoxy)phenoxy]acetamide  (6c).
The title compound was prepared in 24% yield using 2-cyclopropyl-3-methylindolizin-6-amine
hydrochloride in an analogous manner to 6a. Off-white solid; mp 168-170 °C (EtOAc—hexane). *H
NMR (300 MHz, DMSO-ds) & 0.45-0.62 (2H, m), 0.83-0.95 (2H, m), 1.84-1.97 (1H, m), 2.39
(3H, s), 4.75 (2H, s), 5.97 (1H, s), 6.69 (1H, dd, J = 9.5, 1.9 Hz), 7.04-7.16 (2H, m), 7.26 (1H, d, J
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=9.5Hz), 7.34 (2H, d, J = 8.3 Hz), 8.50 (1H, s), 9.97 (1H, s). *C NMR (75 MHz, DMSO-dg) & 7.4,
8.3,9.2,67.3,94.7, 111.7, 112.4, 116.0, 117.6, 117.8, 120.1 (q, J = 253.5 Hz), 122.5, 123.4, 128.57,
128.61, 142.1, 142.2, 156.7, 166.1. MS (ESI/APCI) m/z 405.2 [M + H]". Anal. Calcd. for
Ca1H19F3N,03: C, 62.37; H, 4.74; N, 6.93. Found: C, 62.24; H, 4.71; N, 6.92.
N-(2,3-Dimethyl-1-benzofuran-5-yl)-2-[4-(trifluoromethoxy)phenoxy]acetamide (6d). The title
compound was prepared in 62% yield using 2,3-dimethyl-1-benzofuran-5-amine in an analogous
manner to 6a; mp 156-159 °C. *H NMR (400 MHz, DMSO-d) & 2.09 (3H, s), 2.35 (3H, s), 4.74
(2H, s), 7.01 (2H, d, J = 9.0 Hz), 7.32-7.39 (4H, m), 7.81 (1H, s), 10.08 (1H, s). °C NMR (75
MHz, DMSO-dg) & 7.5, 11.6, 67.4, 109.6, 109.9, 110.1, 116.0, 116.1, 120.1 (g, J = 253.5 Hz),
1225, 129.9, 133.2, 142.11, 142.13, 149.8, 151.3, 156.7, 165.9. MS (ESI/APCI) m/z 380.2 [M +
H]". Anal. Calcd. for C1oH16FsNOy: C, 60.16; H, 4.25; N, 3.69. Found: C, 59.89; H, 4.26; N, 3.69.
3-[(4-Chlorobenzyl)oxy]pyridin-2-ol (8). To a stirred solution of KOH (0.360 g, 9.00 mmol) in
MeOH (10 mL) was added 7 (1.00 g, 9.00 mmol) portionwise. To the resulting red solution was
added 4-chlorobenzyl bromide (1.85 g, 9.00 mmol), and the reaction mixture was stirred at rt for
30 min, then at 40 °C for 1.5 h. The mixture was concentrated, and partitioned between EtOAc,
THF and water. The organic layer was washed with brine, dried over MgSQ,, and concentrated.
The precipitate was collected by filtration, and washed with IPE to give the title compound (1.69 g,
80%) as an off-white solid. *H NMR (400 MHz, CDCls) & 5.12 (2H, s), 6.14 (1H, d, J = 7.0 Hz),
6.74 (1H, d, J = 7.3 Hz), 7.02 (1H, d, J = 6.3 Hz), 7.31-7.40 (4H, m), 12.36-12.56 (1H, m). MS
(ESI/APCI) m/z 236.0 [M + H]".

2-Cyclopropyl-6-iodo-3-methylimidazo[1,2-a]pyridine (9a). A mixture of
2-bromo-1-cyclopropylpropan-1-one (50, 1.00 g, 5.65 mmol), 5-iodopyridin-2-amine (1.24 g, 5.65
mmol) and EtOH (10 mL) was heated at 70 °C for 48 h. The mixture was poured into sat. NaHCO;
solution, and extracted with EtOAc. The extract was washed with brine, dried over MgSO,,
concentrated, and purified by column chromatography (silica gel, hexane/EtOAc = 95/5 to 65/45)
to give the title compound (520 mg, 31%) as a pale orange solid. *H NMR (300 MHz, DMSO-dg)
§0.81-0.94 (4H, m), 1.96-2.11 (1H, m), 2.46 (3H, s), 7.21-7.32 (2H, m), 8.44 (1H, s). *C NMR
(75 MHz, DMSO-ds) 6 8.3, 8.4, 85, 75.3, 116.3, 117.5, 128.6, 130.6, 142.1, 144.9. MS
(ESI/APCI) m/z 299.0 [M + H]".

2-Methyl-6-iodo-3-methylimidazo[1,2-a]pyridine (9b). To a solution of 5-iodopyridin-2-amine
(2.50 g, 11.4 mmol) in DMF (20 mL) was added 3-bromo-2-butanone (1.19 mL, 11.4 mmol), and
the mixture was stirred at 90 °C overnight. The mixture was neutralized with sat. NaHCO3 solution,
and extracted with EtOAc/THF (1:1). The organic layer was separated, washed with water and
brine, dried over MgSQO,4, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/EtOAc = 75/25 to 0/100) to give the title compound (980 mg,
32%) as a dark yellow solid. *H NMR (300 MHz, DMSO-dg) & 2.29 (3H, s), 2.38 (3H, s), 7.20—
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7.39 (2H, m), 8.46 (1H, s). MS (ESI/APCI) m/z 272.9 [M + H]".
2-Ethyl-6-iodo-3-methylimidazo[1,2-a]pyridine (9c). The title compound was prepared in 31%
yield using 2-bromopentan-3-one in an analogous manner to 9a. Yellow solid. *H NMR (400 MHz,
DMSO-dg) 8 1.19 (3H, t, J = 7.2 Hz), 2.38 (3H, s), 2.65 (2H, q, J = 7.2 Hz), 7.27-7.33 (2H, m),
8.47 (1H, s). MS (ESI/APCI) m/z 286.8 [M + HJ".
6-lodo-3-methylimidazo[1,2-a]pyridine-2-carbonitrile  (9d). To a stirred solution of
6-iodo-3-methylimidazo[1,2-a]pyridine-2-carboxylic acid (1.0 g, 3.3 mmol) in DMF (15 mL) were
added HATU (1.88 g, 4.92 mmol) and Et3N (1.38 mL, 9.9 mmol) at 0 °C. The mixture was allowed
to warm to rt for 30 min, and then NH4CI (725 mg, 13.5 mmol) was added. The resultant mixture
was stirred at the same temperature for 18 h. The mixture was then concentrated, and the residue
was diluted with DCM (100 mL), and washed with sat. NH4CI solution (40 mL), sat. NaHCO;
solution (20 mL), water (30 mL) and brine (50 mL) successively. DCM layer was then dried over
Na,SQO,4, and concentrated to give 6-iodo-3-methylimidazo[1,2-a]pyridine-2-carboxamide (600 mg,
60%) as a yellow solid. *H NMR (400 MHz, DMSO-dg) & 2.73 (3H, s), 7.33 (1H, br s), 7.39 (1H, d,
J=9.3Hz), 7.49 (1H, d, J = 9.4 Hz), 7.63 (1H, br s), 8.63 (1H, s). MS (ESI/APCI) m/z 301.9 [M +
H]".

To a stirred solution of 6-iodo-3-methylimidazo[1,2-a]pyridine-2-carboxamide (600 mg, 1.99
mmol) was added POCI; (40 mL), and the mixture was heated at reflux for 3 h. The mixture was
then cooled to rt, and concentrated. The residue was poured into ice-cold sat. NaHCO; solution
(100 mL). The mixture was extracted with EtOAc (150 mL) twice, and the combined EtOAc layers
were washed with water (100 mL) and brine (100 mL), dried over Na,SO, and concentrated to give
the title compound (500 mg, 88%) as a yellow solid. *H NMR (400 MHz, DMSO-ds) & 2.60 (3H,
s), 7.46 (1H, d, J = 9.5 Hz), 7.60 (1H, d, J = 9.3 Hz), 8.74 (1H, s). MS (ESI/APCI) m/z 283.9 [M +
H]".

6-lodo-N,N,3-trimethylimidazo[1,2-a]pyridine-2-carboxamide (9e). To a stirred solution of
6-iodo-3-methylimidazo[1,2-a]pyridine-2-carboxylic acid (150 mg, 0.49 mmol) in DMF (5 mL)
were added HATU (283 mg, 0.74 mmol), and DIPEA (0.17 mL, 0.99 mmol) at 0 °C. The mixture
was allowed to warm to rt for 30 min, and dimethylamine (2 N THF solution, 0.25 mL, 0.49 mmol)
was added. The resultant mixture was stirred at rt for 18 h. The mixture was concentrated, and the
residue was diluted with DCM (100 mL), washed with sat. NH4CI solution (40 mL), sat. NaHCO;
solution (20 mL), water (30 mL) and brine (50 mL). DCM layer was then dried over Na,SO,4, and
concentrated to give the title compound (150 mg, 93%) as brown oil. ‘H NMR (400 MHz,
DMSO-dg) & 2.52 (3H, s), 2.99 (3H, s), 3.18 (3H, s), 7.41 (1H, d, J = 9.3 Hz), 7.46 (1H, dd, J = 9.3,
1.2 Hz), 8.62 (1H, s). MS (ESI/APCI) m/z 329.8 [M + H]".
6-1odo-N-methoxy-N,3-dimethylimidazo[1,2-a]pyridine-2-carboxamide (9f). To a stirred
solution of 6-iodo-3-methylimidazo[1,2-a]pyridine-2-carboxylic acid (600 mg, 1.98 mmol) in
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DMF (10 mL) were added HATU (1.50 g, 3.97 mmol), DIEPA (1.30 mL, 7.94 mmol) and
N,O-dimethylhydroxylamine hydrochloride (385 mg, 3.97 mmol) at 0 °C. The resultant mixture
was stirred at rt for 16 h. The mixture was then diluted with water (60 mL), and extracted with
EtOAc (100 mL) twice. The organic layers were successively washed with sat. NaHCO3 solution
(50 mL), water (50 mL), and brine (50 mL). The EtOAc layer was then dried over Na,SO,, and
concentrated. The crude product was purified by column chromatography (silica gel,
hexane/EtOAc = 80/20) to give the title compound (600 mg, 88%) as an off-white solid. *H NMR
(400 MHz, DMSO-dg) 6 2.56 (3H, s), 3.39 (3H, s), 3.73 (3H, ), 7.42 (1H, d, J = 9.4 Hz), 7.48 (1H,
d, J=9.4 Hz), 8.64 (1H, s). MS (ESI/APCI) m/z 345.6 [M + H]".
(6-1odo-3-methylimidazo[1,2-a]pyridin-2-yl)methanol (9g). To a stirred solution of ethyl
6-iodo-3-methylimidazo[1,2-a]pyridine-2-carboxylate (2.0 g, 6.06 mmol) in DCM (20 mL) was
added DIBAL-H (1.76 M toluene solution, 7.72 mL, 13.6 mmol) at —19 °C . The resultant mixture
was stirred at the same temperature for 3 h, and then at rt for 4 h. The reaction mixture was
quenched with MeOH and water (2 mL) at —40 °C. The mixture was acidified with a few drops of
5 N HCI solution, and pouted into sat. NaHCO3; (20 mL) solution. The mixture was extracted with
EtOAc (150 mL) three times, and the combined EtOAc layers were washed with brine (50 mL),
dried over Na,SOy,, and concentrated. The crude residue was purified by column chromatography
(silica gel, DCM/MeOH = 98/2) to give the title compound (1.1 g, 62%) as a yellow solid. 'H
NMR (400 MHz, DMSO-dg) & 2.45 (3H, ), 4.55 (2H, s), 5.03 (1H, br s), 7.31-7.39 (2H, m), 8.53
(1H, s). MS (ESI/APCI) m/z 288.9 [M + HJ".
6-lodo-2-(methoxymethyl)-3-methylimidazo[1,2-a]pyridine (9h). To a stirred solution of 9g
(200 mg, 0.69 mmol) in DCM (2 mL) was added SOCI; (56 uL, 0.78 mmol) at rt, the mixture was
stirred at the same temperature for 4 h. SOCI, (125 uL, 0.78 mmol) was added, and stirred at rt for
further 3 h. The reaction mixture was diluted with DCM (100 mL), washed with sat. NaHCO; (20
mL), dried over Na,SOy, and concentrated to give
2-(chloromethy!)-6-iodo-3-methylimidazo[1,2-a]pyridine (150 mg, 24%) as a yellow solid. *H
NMR (400 MHz, DMSO-ds) & 2.48 (3H, s), 4.88 (2H, s), 7.36 (1H, d, J = 9.3 Hz), 7.42 (1H, dd, J
=9.3, 1.3 Hz), 8.56 (1H, s). MS (ESI/APCI) m/z 306.6 [M + H]".

To a stirred solution of 2-(chloromethyl)-6-iodo-3-methylimidazo[1,2-a]pyridine (150 mg, 0.49
mmol) and MeOH (2.5 mL) was added NaOMe (65 mg, 1.06 mmol), and the resulting mixture was
heated at reflux for 3 h. The reaction mixture was then cooled to rt and concentrated. The mixture
was poured into water (50 mL), and extracted with EtOAc (50 mL) twice. Combined EtOAc layers
were washed with brine (30 mL), dried over Na,SO,, and concentrated. The residue was purified
by column chromatography (silica gel, DCM/MeOH = 97/3) to give the title compound (100 mg,
67%) as an off-white solid. 'H NMR (400 MHz, DMSO-dg) & 2.50 (3H, s), 3.30 (3H, s), 4.49 (2H,
s), 7.33-7.38 (2H, m), 8.55 (1H, s). MS (ESI/APCI) m/z 303.0 [M + H]".
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4-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)pyridin-2(1H)-
one (10a). Two batches of a mixture of 44b (1.00 g, 4.24 mmol), 9a (1.27 g, 4.24 mmol), DMEDA
(0.48 mL, 4.24 mmol), Cul (0.81 g, 4.24 mmol), K,CO3 (1.76 g, 12.7 mmol), and DMSO (15 mL)
were heated at 150 °C for 3 h. The two batches were combined, and poured into 14% NH; solution.
The mixture was extracted with EtOAc/THF (1:1). The extract was washed with brine, dried over
MgSQ,, concentrated, and purified by column chromatography (silica gel, hexane/EtOAc = 90/10
to 0/100, then EtOAc/MeOH = 100/0 to 85/15) followed by column chromatography (NH silica gel,
hexane/EtOAc = 90/10 to 0/100) to give a crude product (350 mg).

A mixture of 44b (200 mg, 0.85 mmol), 9a (253 mg, 0.85 mmol), DMEDA (95.0 uL, 0.85 mmol),
Cul (162 mg, 0.85 mmol), K,CO3 (352 mg, 2.55 mmol), and DMSO (3 mL) was heated at 110 °C
under microwave irradiation for 1 h. Another two batches of a mixture of 44b (1.00 g, 4.24 mmol),
9a (1.27 g, 4.24 mmol), DMEDA (0.48 mL, 4.24 mmol), Cul (0.81 g, 4.24 mmol), K,CO; (1.76
mg, 12.7 mmol), and DMSO (13 mL) were heated at 110 °C under microwave irradiation for 1 h.
The reaction mixtures were combined, and poured into 14% NH; solution. The mixture was
extracted with EtOAC/THF (1:1). The extract was washed with brine, dried over MgSQy,
concentrated, and purified by column chromatography (silica gel, hexane/EtOAc = 90/10 to 0/100,
then EtOAc/MeOH = 100/0 to 85/15) followed by column chromatography (NH silica gel,
hexane/EtOAc = 90/10 to 0/100) to give a crude product (950 mg).

These two crude lots were combined, and recrystallized from EtOH-water to give the title
compound (1.25 g, 17% in total) as a white solid; mp 230-232 °C. *H NMR (300 MHz, DMSO-dg)
§ 0.84-0.96 (4H, m), 2.01-2.13 (1H, m), 2.47 (3H, s), 5.16 (2H, s), 6.00 (1H, d, J = 2.6 Hz), 6.14
(1H, dd, J=7.6, 2.6 Hz), 7.11 (1H, dd, J = 9.4, 1.9 Hz), 7.43 (1H, d, J = 9.4 HZz), 7.50 (4H, s), 7.66
(1H, d, J = 7.6 Hz), 8.36 (1H, d, J = 1.1 Hz). **C NMR (75 MHz, DMSO-dq) & 7.8, 8.0, 8.1, 68.8,
97.7, 100.2, 114.9, 116.6, 121.9, 123.2, 127.2, 128.5, 129.7, 132.8, 134.9, 139.7, 141.9, 145.0,
162.8, 167.0. MS (ESI/APCI) m/z 406.1 [M + H]". Anal. Calcd. for C,3H,0CIN3O,-H,0: C, 65.17;
H, 5.23; N, 9.91. Found: C, 65.09; H, 5.24; N, 9.87.
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-[4-(trifluoromethoxy)phenoxy]pyrid
in-2(1H)-one (10b). A mixture of 46 (100 mg, 0.29 mmol), 4-(trifluoromethoxy)phenol (103 mg,
0.58 mmol), DMEDA (31.0 uL, 0.29 mmol), K,CO3 (120 mg, 0.87 mmol), Cul (55.3 mg, 0.29
mmol), and DMSO (3 mL) was heated at 150 °C for 3 h. The mixture was purified by column
chromatography (NH silica gel, hexane/EtOAc = 90/10 to 0/100) to give the title compound (39.6
mg, 31%) as a white solid; mp 227-228 °C. *H NMR (400 MHz, DMSO-ds) & 0.85-0.96 (4H, m),
2.08 (1H, brs), 5.58 (1H, d, J = 2.4 Hz), 6.26 (1H, dd, J = 7.4, 2.6 Hz), 7.13 (1H, d, J = 9.5 Hz),
7.35-7.48 (3H, m), 7.53 (2H, d, J = 8.7 Hz), 7.82 (1H, d, J = 7.5 Hz), 8.41 (1H, s). *C NMR (75
MHz, DMSO-dg) 6 7.8, 7.97, 8.05, 99.5, 100.6, 115.0, 116.6, 120.0 (g, J = 254.3 Hz),122.0, 122.8,
123.0, 123.2, 127.0, 141.2, 141.9, 145.2, 145.6, 151.7, 162.4, 167.1. MS (ESI/APCI) m/z 442.3 [M
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+ H]". Anal. Calcd. for Cy3H;gF3N3O3: C, 62.58; H, 4.11; N, 9.52. Found: C, 62.46; H, 4.10; N,
9.48.

4-(Benzyloxy)-1-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)pyridin-2(1H)-one (10c).
A mixture of 9a (1.48 g, 4.97 mmol), 44e (1.00 g, 4.97 mmol), Cul (946 mg, 4.97 mmol), DMEDA
(0.534 ml, 4.97 mmol), K,CO3 (2.06 g, 14.9 mmol), and DMSO (13 mL) was heated at 110 °C for
1 h under microwave irradiation. The mixture was quenched with 28% NH; solution, and extracted
with EtOAC/THF (1:1). The organic layer was separated, washed with water and brine, dried over
MgSO,, passed through silica gel pad (EtOAc), and concentrated in vacuo. The residue was
purified by silica gel column chromatography (silica gel, EtOAc/MeOH = 100/0 to 85/15) and
recrystallized from EtOH (80 mL) to give the title compound (1.03 g, 56%) as an off-white solid;
mp 233-235 °C. 'H NMR (300 MHz, DMSO-dg) & 0.83-0.96 (4H, m), 2.02-2.12 (1H, m), 2.47
(3H, s), 5.16 (2H, s), 6.01 (1H, d, J = 2.6 Hz), 6.09-6.18 (1H, m), 7.11 (1H, dd, J = 9.4, 1.9 Hz),
7.32-7.53 (6H, m), 7.66 (1H, d, J = 7.5 Hz), 8.37 (1H, d, J = 1.1 Hz). *C NMR (75 MHz,
DMSO-dg) 6 7.8, 7.9, 8.1, 69.7, 97.7, 100.3, 114.8, 116.6, 121.9, 123.2, 127.2, 127.9, 128.2, 128.5,
135.8, 139.7, 141.8, 145.1, 162.8, 167.2. MS (ESI/APCI) m/z 372.2 [M + H]". Anal. Calcd. for
Ca3H,1N30,: C, 74.37; H, 5.70; N, 11.31. Found: C, 74.21; H, 5.65; N, 11.28.
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-((4-fluorobenzyl)oxy)pyridin-2(1H)-
one (10d). To a stirred mixture of 44a (200 mg, 0.912 mmol), 9a (285 mg, 0.956 mmol), and
K,CO3 (378 mg, 2.73 mmol) in DMF (6 mL) was added Cul (34.7 mg, 0.182 mmol) and
trans-N,N'-dimethylcyclohexane-1,2-diamine (26 mg, 0.182 mmol). The reaction vessel was sealed
and heated at 130 °C for 16 h. DMF was removed in vacuo, and then the residue was partitioned
between EtOAc (100 mL) and water (20 mL). The organic layer was washed with brine, dried over
Na,SO,4, and concentrated in vacuo. Two batches were combined and purified by preparative
HPLC to give the title compound (80 mg, 11%) as an off-white solid; mp 233-235 °C. 'H NMR
(300 MHz, CDOD3) & 0.95-0.99 (4H, m), 2.06 (1H, m), 2.51 (3H, s), 5.14 (2H, s), 6.11 (1H, d, J =
2.6 Hz), 6.28 (1H, dd, J = 7.6, 2.6 Hz), 7.14 (2H, t, J = 8.7 Hz), 7.21 (1H, dd, J = 9.4, 1.9 Hz),
7.46-751 (3H, m), 7.60 (1H, d, J = 7.6 Hz), 8.33 (1H, d, J = 1.3 Hz). **C NMR (101 MHz,
DMSO-dg) 6 7.8, 7.9, 8.0, 68.9, 97.6, 100.2, 115.3 (d, J = 21.2 Hz), 114.8, 116.5, 121.9, 123.1,
127.2, 130.2 (d, J = 9.1 Hz), 132.0 (d, J = 3.0 Hz), 139.7, 141.9, 145.0, 161.9 (d, J = 245.4 Hz),
162.7,167.1. MS (ESI/APCI) m/z 389.8 [M + H]". Purity > 99.9% (HPLC).
4-[(4-Bromobenzyl)oxy]-1-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)pyridin-2(1H)-
one (10e). To a solution of 45 (500 mg, 1.78 mmol) in THF (5 mL) was added 4-bromobenzyl
alcohol (332 mg, 1.78 mmol), (E)-bis(2-methoxyethyl) diazene-1,2-dicarboxylate (541 mg, 2.31
mmol), and PPh; (606 mg, 2.31 mmol) at rt, and the mixture was stirred for 16 h at rt. The mixture
was poured into water and extracted with EtOAc. The organic layer was separated, washed with

water and brine, dried over MgSQO,, and concentrated in vacuo. The residue was purified by
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column chromatography (silica gel, EtOAc/MeOH = 90/10), and the product was crystalized from
EtOAc to give the title compound (502 mg, 63 %) as white crystals; mp 228-229 °C. *H NMR
(400 MHz, DMSO-dg) & 0.82-0.96 (4H, m), 2.07 (1H, br s), 2.47 (3H, s), 5.15 (2H, s), 5.99 (1H, d,
J=24Hz),6.14 (1H, dd, J = 7.9, 2.5 Hz), 7.06-7.15 (1H, m), 7.43 (3H, d, J = 8.8 Hz), 7.59-7.69
(3H, m), 8.37 (1H, s). *C NMR (75 MHz, DMSO-ds) & 7.8, 8.0, 8.1, 68.8, 97.7, 100.2, 114.9,
116.6, 121.3, 121.9, 123.2, 127.2, 130.0, 131.4, 131.5, 135.3, 139.8, 141.9, 145.1. MS (ESI/APCI)
m/z 450.3 [M + H]". Anal. Calcd. for C,3H»BrNzO,: C, 61.34; H, 4.48; N, 9.33. Found: C, 61.14;
H, 4.40; N, 9.25.
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-{[4-(propan-2-yl)benzyl]oxy}pyridin
-2(1H)-one (10f). To a solution of 45 (200 mg, 0.71 mmol) in DMF (3 mL) was added
1-(bromomethyl)-4-(tert-butyl)benzene (0.131 mL, 0.78 mmol) and K,CO3 (197 mg, 1.42 mmol),
and the mixture was stirred at rt for 16 h. The mixture was poured into water, and the resultant
solid was collected by filtration. The solid was recrystallized from acetone—MeOH to give the title
compound (114 mg, 39%) as white crystals; mp 244-246 °C. *H NMR (400 MHz, DMSO-dg) &
0.84-0.99 (4H, m), 1.21 (6H, d, J = 6.9 Hz), 2.08 (1H, d, J = 5.5 Hz), 2.47 (3H, br s), 2.91 (1H, dt,
J=13.7, 6.8 Hz), 5.11 (2H, s), 6.00 (1H, d, J = 2.5 Hz), 6.12 (1H, dd, J = 7.5, 2.4 Hz), 7.05-7.16
(1H, m), 7.24-7.33 (2H, m), 7.35-7.40 (2H, m), 7.43 (1H, d, J = 9.5 Hz), 7.65 (1H, d, J = 7.7 Hz),
8.37 (1H, s). *C NMR (101 MHz, DMSO-dg) & 7.8, 7.9, 8.0, 23.8, 33.1, 69.6, 97.6, 100.2, 114.8,
116.5, 121.9, 123.2, 126.4, 127.2, 128.0, 133.1, 139.6, 141.9, 145.0, 148.5, 162.8, 167.2. MS
(ESI/APCI) m/z 414.4 [M + H]". Anal. Calcd. for CsH27N30,-0.1H,0: C, 75.19; H, 6.60; N, 10.12.
Found: C, 75.19; H, 6.54; N, 10.10.
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-{[4-(trifluoromethyl)benzy]oxy}pyri
din-2(1H)-one (10g). To a stirred mixture of 44c (110 mg, 0.409 mmol), 9a (121 mg, 0.409 mmol),
K,CO3 (168 mg, 1.22 mmol), and dioxane (10 mL) was added Cul (15 mg, 0.079 mmol) and
trans-N, N -dimethylcyclohexane-1,2-diamine (11 mg, 0.079 mmol). The reaction vessel was
sealed and heated at 110 °C for 16 h. The mixture was filtered through Celite®, and the filtrate was
concentrated in vacuo. The residue was diluted with water, and extracted with EtOAc. The organic
layer was washed with brine, dried over Na,SO,4, and concentrated. The residue was purified by
silica gel column chromatography (silica gel, DCM/MeOH = 98/2) to give the title compound (40
mg, 22%) as an off-white solid; mp 240-242 °C. '"H NMR (400 MHz, CDOD3) & 0.95-1.01 (4H,
m), 2.06 (1H, m), 2.51 (3H, s), 5.28 (2H, s), 6.10 (1H, d, J = 2.4 Hz), 6.33 (1H, dd, J = 7.6, 2.4 Hz),
7.21 (1H, dd, J = 9.2, 2.0 Hz), 7.47 (1H, d, J = 9.6 Hz), 7.62-7.67 (3H, m), 7.72 (2H, d, J = 8.4
Hz), 8.33 (1H, s). *C NMR (75 MHz, DMSO-ds) & 7.8, 8.0, 8.1, 68.7, 97.8, 100.1, 114.9, 116.6,
121.9, 123.2, 124.2 (q, J = 270.8 Hz), 125.4 (q, J = 3.8 Hz), 127.2, 128.2, 128.6 (q, J = 31.5 Hz),
139.8, 140.7, 141.9, 145.1, 162.8, 166.9. MS (ESI/APCI) m/z 440.2 [M + H]". Anal. Calcd. for
Ca4H20F3N30,: C, 65.50; H, 4.59; N, 9.56. Found: C, 65.45; H, 4.65; N, 9.53.
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4-(Benzyloxy)-1-(2,3-dimethylimidazo[1,2-a]pyridin-6-yl)pyridin-2(1H)-one (10h). The title
compound was prepared in 50% yield using 9b and 44e in an analogous manner to 10g. Off-white
solid; mp 220-221 °C. *H NMR (400 MHz, DMSO-dg) & 2.33 (3H, s), 2.39 (3H, s), 5.17 (2H, s),
5.99 (1H, d, J = 2.4 Hz), 6.14 (1H, dd, J = 7.6, 2.3 Hz), 7.12-7.14 (1H, m), 7.45-7.49 (5H, m),
7.67 (1H, d, J = 7.6 Hz), 8.38 (1H, s). *C NMR (101 MHz, DMSO-dg) & 7.9, 13.1, 68.8, 97.7,
100.2, 114.9, 117.0, 122.2, 123.1, 127.2, 128.5, 129.6, 132.7, 134.8, 139.7, 140.0, 141.7, 162.7,
167.0. MS (ESI/APCI) m/z 379.8 [M + H]". Anal. Calcd. for C,;H15CIN;0,-H,0: C, 63.40; H,
5.07; N, 10.56. Found: C, 63.36; H, 5.07; N, 10.50.
4-(Benzyloxy)-1-(2-ethyl-3-methylimidazo[1,2-a]pyridin-6-yl)pyridin-2(1H)-one  (10i). The
title compound was prepared in 25% using 9c and 44e in an analogous manner to 10g. Off-white
solid; mp 218-220 °C. *H NMR (400 MHz, DMSO-dg) & 1.22 (3H, t, J = 7.5 Hz), 2.39 (3H, s),
2.69 (2H, dd, J = 14.9, 7.3 Hz), 5.16 (2H, s), 5.99 (1H, d, J = 2.6 Hz), 6.14 (1H, dd, J = 7.6, 2.6
Hz), 7.13 (1H, dd, J = 9.4, 1.9 Hz), 7.48-7.49 (5H, m), 7.67 (1H, d, J = 7.6 Hz), 8.38 (1H, d, J =
1.3 Hz). ®*C NMR (101 MHz, DMSO-dg) & 7.8, 14.1, 20.3, 68.8, 97.7, 100.2, 115.1, 116.2, 122.3,
123.1, 127.2, 128.5, 129.6, 132.7, 134.8, 139.7, 141.8, 1455, 162.7, 167.0. MS (ESI/APCI) m/z
394.0 [M + H]". Anal. Calcd. for C,,H»CIN30,-0.25H,0: C, 66.33; H, 5.19; N, 10.55. Found: C,
66.22; H, 5.10; N, 10.54.
6-{4-[(4-Fluorobenzyl)oxy]-2-oxopyridin-1(2H)-y1}-3-methylimidazo[1,2-a]pyridine-2-carboni
trile (10j). The title compound was prepared in 34% yield using 9d and 44a in an analogous
manner to 10g. Off-white solid; mp 230-232 °C.*H NMR (400 MHz, DMSO-dg) & 2.63 (3H, s),
5.15 (2H, s), 6.04 (1H, d, J =2.4 Hz), 6.18 (1H, dd, J =2.5, 1.6 Hz), 7.23-7.28 (2H, m), 7.47 (1H,
dd, J = 9.7, 1.7 Hz), 7.51-7.54 (2H, m), 7.67-7.69 (2H, m), 8.69 (1H, s). °C NMR (101 MHz,
DMSO-dg) 6 8.7, 69.0, 97.6, 100.6, 115.1, 115.2, 115.3 (d, J = 21.2 Hz), 116.5, 123.7, 128.0, 129.6,
130.2 (d, J = 9.1 Hz), 131.2, 132.0 (d, J = 3.0 Hz), 139.3, 143.1, 161.9 (d, J = 245.4 Hz), 162.6,
167.3. MS (ESI/APCI) m/z 375.0 [M + H]". Anal. Calcd. for C,;H5FN40,-0.25H,0: C, 66.57; H,
4.12; N, 14.79. Found: C, 66.74; H, 4.09; N, 14.78.
6-{4-[(4-Fluorobenzyl)oxy]-2-oxopyridin-1(2H)-yI}-N,N,3-trimethylimidazo[1,2-a]pyridine-2-
carboxamide (10k). The title compound was prepared in 34% vyield using 9e and 44a in an
analogous manner to 10g. White solid; mp 252-254 °C.*H NMR (400 MHz, DMSO-dg) & *H
NMR (400 MHz, DMSO-ds) & 2.54 (3H, s), 3.01 (3H, s), 3.22 (3H, s), 5.15 (2H, s), 6.03 (1H, d, J
= 2.4 Hz), 6.16 (1H, dd, J = 7.5, 2.4 Hz), 7.24-7.31 (3H, m), 7.51-7.54 (2H, m), 7.62 (1H, d, J =
9.6 Hz), 7.69 (1H, d, J = 7.6 Hz), 8.56 (1H, s). *C NMR (101 MHz, DMSO-d;) 8.8, 35.0, 38.3,
69.0, 97.6, 100.4, 115.3 (d, J = 21.2 Hz), 116.4, 123.0, 123.5, 125.5, 128.4, 130.2 (d, J = 9.1 Hz),
132.0 (d, J = 4.0 Hz), 137.2, 139.5, 141.0, 161.9 (d, J = 245.4 Hz), 162.7, 164.7, 167.2. MS
(ESI/APCI) m/z 421.4 [M + H]". Anal. Calcd. for CpsHFN,O5-0.15H,0: C, 65.29; H, 5.07; N,
13.24. Found: C, 65.29; H, 5.02; N, 13.21.
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6-{4-[(4-Fluorobenzyl)oxy]-2-oxopyridin-1(2H)-y1}-N-methoxy-N,3-dimethylimidazo[1,2-a]py
ridine-2-carboxamide (10l). To a stirred mixture of 44b (500 mg, 2.28 mmol), 9f (945 mg, 2.73
mmol), K,CO3 (945 mg, 6.84 mmol), and dioxane (20 mL) were added Cul (174 mg, 0.91 mmol)
and trans-N,N'-dimethyl-cyclohexane-1,2-diamine (130 mg, 0.91 mmol). The reaction vessel was
sealed, and heated at 110 °C for 16 h. The reaction mixture was then cooled to rt, filtered through
Celite®, and the concentrated. The residue was diluted with EtOAc (150 mL), washed with brine
(50 mL), dried over Na,SO,4 and concentrated. The crude product was purified by column
chromatography (silica gel, DCM/MeOH = 98/2) to give the title compound (320 mg, 32%) as an
off-white solid. ‘H NMR (400 MHz, DMSO-ds) & 2.57 (3H, s), 3.41 (3H, s), 3.75 (3H, s), 5.15 (2H,
s), 6.03 (1H, d, J = 2.6 Hz), 6.16 (1H, dd, J = 7.6, 2.6 Hz), 7.23-7.32 (3H, m), 7.51-7.54 (2H, m),
7.62 (1H, d, J = 9.6 Hz), 7.70 (1H, d, J = 7.5 Hz), 8.58 (1H, s). MS (ESI/APCI) m/z 437.4 [M +
H]".
1-(2-Acetyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-[(4-fluorobenzyl)oxy]pyridin-2(1H)-one
(10m). To a stirred solution of 10l (150 mg, 0.34 mmol) in THF (10 mL) was added a solution of
MeMgBr (3 M in ether, 344 uL, 1.03 mmol) at —78 °C, and the resulting mixture was stirred at
same temperature for 2 h. The reaction mixture was then quenched with sat. NH4CI solution (40
mL), and allowed to warm to rt. The reaction mixture was concentrate, and extracted with EtOAc
(100 mL). The organic layer was washed with brine (40 mL), dried over Na,SOy,, and concentrated.
The resulting residue was purified by column chromatography (silica gel, DCM/MeOH = 97/3) to
give the title compound (55 mg, 40%) as a white solid; mp 249-251 °C. *H NMR (400 MHz,
DMSO-dg) 8 2.61 (3H, s), 2.73 (3H, ), 5.15 (2H, s), 6.04 (1H, d, J = 2.2 Hz), 6.16 (1H, dd, J = 7.7,
2.6 Hz), 7.24-7.28 (2H, m), 7.35 (1H, dd, J = 9.7, 1.7 Hz), 7.51-7.54 (2H, m), 7.68-7.71 (2H, m),
8.63 (1H, s). BC NMR (101 MHz, DMSO-dg) 6 9.2, 27.7, 69.0, 97.6, 100.5, 115.3 (d, J = 21.2 Hz),
117.1, 123.3, 125.6, 126.7, 126.6, 129.2, 130.2 (d, J = 8.1 Hz), 132.0 (d, J = 3.0 Hz), 139.1, 139.4,
141.4, 161.9 (d, J = 245.4 Hz), 162.6, 167.2, 196.8. MS (ESI/APCI) m/z 392 [M + H]". Purity
98.9% (HPLC).
1-[2-(Cyclopropylcarbonyl)-3-methylimidazo[1,2-a]pyridin-6-yl]-4-[(4-fluorobenzyl)oxy]pyri
din-2(1H)-one (10n). The title compound was prepared in 39% yield using “PrMgBr in an
analogous manner to 10m. White solid; mp 233-234 °C. *H NMR (400 MHz, DMSO-dg) & 1.04
(4H, m), 2.73 (3H, s), 3.34 (1H, m), 5.15 (2H, s), 6.04 (1H, d, J = 2.5 Hz), 6.16 (1H, dd, J = 7.5,
2.4 Hz), 7.24-7.28 (2H, m), 7.37 (1H, dd, J = 9.5, 1.5 Hz), 7.51-7.54 (2H, m), 7.69 (1H, d, J = 3.9
Hz), 7.72 (1H, d, J = 1.6 Hz), 8.64 (1H, s). *C NMR (101 MHz, DMSO-dg) § 9.2, 11.0, 17.4, 69.0,
97.6, 100.5, 115.3 (d, J = 21.2 Hz), 117.2, 123.3, 125.4, 126.6, 129.2, 130.2 (d, J = 8.1 Hz), 132.0
(d, J = 3.0 Hz), 139.1, 139.4, 141.6, 161.9 (d, J = 245.4 Hz), 162.6, 167.2, 198.0. MS (ESI/APCI)
m/z 418 [M + H]". Purity 98.3% (HPLC).
4-[(4-Fluorobenzyl)oxy]-1-[2-(hydroxymethyl)-3-methylimidazo[1,2-a] pyridin-6-yl]pyridin-2(
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1H)-one (100). The title compound was prepared in 43% yield using 9g and 44a in an analogous
manner to 10g. White solid; mp 270-273 °C.*H NMR (400 MHz, CDCl,) & 2.46 (3H, s), 4.58 (2H,
d, J =5.3 Hz), 5.04 (1H, m), 5.14 (2H, s), 6.02 (1H, d, J = 2.5 Hz), 6.13 (1H, dd, J = 7.6, 2.6 Hz),
7.18 (1H, dd, J = 9.5, 1.6 Hz), 7.24-7.28 (2H, m), 7.51-7.54 (3H, m), 7.68 (1H, d, J = 7.6 Hz),
8.44 (1H, s). ®C NMR (101 MHz, DMSO-ds) & 8.1, 57.0, 68.9, 97.6, 100.3, 115.3 (d, J = 22.2 Hz),
115.6, 122.6, 123.7, 127.6, 130.2 (d, J = 9.1 Hz), 132.0 (d, J = 3.0 Hz), 139.6, 141.6, 143.7, 161.9
(d, J = 245.4 Hz), 162.7, 167.1. MS (ESI/APCI) m/z 380.0 [M + H]". Anal. Calcd. for
Cz1H18FN303:0.5H,0: C, 64.94; H, 4.93; N, 10.82. Found: C, 64.89; H, 4.74; N, 10.87.
4-[(4-Fluorobenzyl)oxy]-1-[2-(methoxymethyl)-3-methylimidazo[1,2-a]pyridin-6-yl]pyridin-2(
1H)-one (10p). The title compound was prepared in 26% yield using 9h and 44a in an analogous
manner to 10g. White solid. *H NMR (400 MHz, DMSO-dg) & 2.49 (3H, s), 3.42 (3H, s), 4.65 (2H,
s), 5.01 (2H, s), 6.04 (1H, d, J = 2.5 Hz), 6.08 (1H, dd, J = 7.5, 2.5 Hz), 7.08-7.14 (3H, m), 7.26
(1H, m), 7.39 (2H, dd, J = 8.4, 5.4 Hz), 7.63 (1H, d, J = 9.4 Hz), 7.98 (1H, s). MS (ESI/APCI) m/z
394.0 [M + H]".
(6-{4-[(4-Fluorobenzyl)oxy]-2-oxopyridin-1(2H)-y1}-3-methylimidazo[1,2-a]pyridin-2-yl)aceto
nitrile (10q). To a stirred solution of compound 100 (120 mg, 0.31 mmol) in DCM (1 mL) was
added SOCI;, (1 mL), and the mixture was stirred at rt for 18 h. The mixture was concentrated,
diluted with DCM (100 mL), and quenched with sat. NaHCOj3 solution (50 mL). The organic layer
was separated, washed successively with water (50 mL) and brine (50 mL), dried over Na,SO,,
and concentrated to give
1-[2-(chloromethyl)-3-methylimidazo[1,2-a]pyridin-6-yl]-4-[ (4-fluorobenzyl)oxy]pyridin-2(1H)-o0
ne (120 mg, 96%) as an off-white solid. ‘H NMR (400 MHz, DMSO-d) & 4.91 (2H, s), 5.14 (2H,
s), 6.02 (1H, d, J = 2.4 Hz), 6.15 (1H, dd, J = 7.6, 2.5 Hz), 7.23-7.28 (3H, m), 7.51-7.57 (3H, m),
7.68 (1H, d, J = 7.6 Hz), 8.48 (1H, s). MS (ESI/APCI) m/z 398.2 [M + H]".

To a stirred solution of
1-[2-(chloromethyl)-3-methylimidazo[1,2-a]pyridin-6-yl]-4-[ (4-fluorobenzyl)oxy]pyridin-2(1H)-o
ne (150 mg, 0.32 mmol) in THF (5 mL) were added TMSCN (115 uL, 1.13 mmol) and TBAF (1 M
solution in THF, 1.13 mL, 1.13 mmol) at rt, and the resulting mixture was stirred for 4 h. The
reaction mixture was then quenched with sat. FeSO,4 solution (10 mL), and extracted with DCM
(100 mL) twice. The combined organic layers were washed with brine (30 mL), dried over Na,SOy,
and concentrated. The crude material was purified by column chromatography (silica gel,
DCM/MeOH = 97/3) to afford the title compound (60 mg, 48%) as a white solid; mp 220-222 °C.
'H NMR (400 MHz, DMSO-dg) & 2.46 (3H, s), 4.15 (2H, s), 5.14 (2H, s), 6.03 (1H, s), 6.15 (1H, d,
J = 7.2 Hz), 7.24-7.28 (3H, m), 7.51-7.59 (3H, m), 7.67 (1H, d, J = 7.6 Hz), 8.48 (1H, s). °C
NMR (75 MHz, DMSO-dg) 6 7.7, 16.4, 69.0, 97.6, 100.4, 115.4 (d, J = 21.0 Hz), 115.6, 118.3,
118.5, 122.9, 124.8, 128.0, 130.0 (d, J = 9.0 Hz), 132.0 (d, J = 3.8 Hz), 133.6, 139.6, 142.2, 162.0
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(d, J = 243.0 Hz), 162.7, 167.2. MS (ESI/APCI) m/z 389.4 [M + H]*. Anal. Calcd. for
CyH17FN40,-0.25H,0: C, 67.25; H, 4.49; N, 14.26. Found: C, 67.30; H, 4.46; N, 14.18.
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-(pyridin-2-ylmethoxy)pyridin-2(1H)
-one (10r). The title compound was prepared in 32% vyield using 2-(bromomethyl)pyridine
hydrobromide in an analogous manner to 10f. White crystals; mp 217-220 °C. *H NMR (400 MHz,
DMSO-dg) & 1.05 (2H, d, J = 3.8 Hz), 1.16 (2H, d, J = 8.3 Hz), 2.23-2.32 (1H, m), 2.58 (3H, s),
5.29 (2H, s), 6.07 (1H, d, J = 2.3 Hz), 6.30 (1H, dd, J = 7.7, 2.4 Hz), 7.41-7.53 (1H, m), 7.62 (1H,
d, J=7.9Hz),7.72 (1H, d, J = 7.8 Hz), 7.85-7.92 (1H, m), 7.93-8.01 (2H, m), 8.65 (1H, d, J = 4.5
Hz), 9.00 (1H, s). **C NMR (75 MHz, DMSO-ds) & 5.9, 7.7, 8.1, 68.6, 97.8, 100.9, 110.5, 120.1,
123.8, 1245, 124.8, 131.2, 132.1, 135.5, 137.0, 139.3, 141.0, 146.4, 152.9, 162.4, 167.2. MS
(ESI/APCI) m/z 373.2 [M + H]". Anal. Calcd. for CyH;N,0,-2HCI-H,0: C, 57.03; H, 5.22; N,
12.09. Found: C, 57.13; H, 5.19; N, 12.09.
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-(pyridin-3-ylmethoxy)pyridin-2(1H)
-one (10s). To a solution of 45 (150 mg, 0.53 mmol), pyridin-3-yl-methanol (116 mg, 1.06 mmol),
and tributyl phosphine (322 mg, 1.59 mmol) in THF (15 mL) was added ADDP (401 mg, 1.59
mmol). The mixture was stirred under sonication at 60 °C for 4 h. The reaction mixture was then
cooled to rt and concentrated. The residue was diluted with DCM (60 mL), washed with water (30
mL) twice and brine (30 mL), dried over Na,SO,4, and concentrated. The resulting residue was
purified by column chromatography (silica gel, DCM/MeOH = 96/4) to give the title compound
(61 mg, 31%) as an off-white solid; mp 210212 °C. *H NMR (400 MHz, DMSO-ds) & 0.88-0.92
(4H, m), 2.07 (1H, m), 5.21 (2H, s), 6.05 (1H, d, J = 2.5 Hz), 6.14 (1H, dd, J = 7.5, 2.6 Hz), 7.11
(1H,dd, J=9.4, 1.7 Hz), 7.42-7.48 (2H, m), 7.67 (1H, d, J = 7.6 Hz), 7.89-7.91 (1H, m), 8.37 (1H,
s), 8.61 (1H, br s), 8.70 (1H, br s). *C NMR (75 MHz, DMSO-dg) & 7.8, 8.0, 8.1, 67.4, 97.7, 100.2,
114.9, 116.6, 122.0, 123.2, 123.6, 127.2, 131.5, 135.9, 139.8, 141.9, 145.1, 149.2, 149.5, 162.8,
167.0. MS (ESI/APCI) m/z 373.4 [M + H]". Anal. Calcd. for C5,H;0N,0,-0.1H,0: C, 70.61; H,
5.44; N, 14.97. Found: C, 70.75; H, 5.38; N, 14.89.
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-(pyridin-4-ylmethoxy)pyridin-2(1H)
-one (10t). The title compound was prepared in 28% yield using pyridin-4-yl-methanol in an
analogous manner to 10s. White solid; mp 251-253 °C. 'H NMR (400 MHz, DMSO-ds) & 0.98—
1.08 (4H, m), 1.98-2.02 (1H, m), 2.50 (3H, s), 5.11 (2H, s), 6.02 (1H, d, J = 2.6 Hz), 6.15 (1H, dd,
J=17.6,2.7Hz),7.06 (1H, dd, J = 9.4, 1.8 Hz), 7.31 (1H, d, J = 7.6 Hz), 7.36 (2H, d, J = 5.6 Hz),
7.57 (1H, d, J = 9.4 Hz), 7.94 (1H, s), 8.68 (2H, d, J = 5.8 Hz). "*C NMR (75 MHz, DMSO-d¢) &
7.8,8.0,8.1,67.8,97.8,100.1, 114.9, 116.6, 121.8, 122.0, 123.2, 127.1, 139.9, 141.9, 144.9, 145.1,
149.8, 162.7, 166.8. MS (ESI/APCI) m/z 373.3 [M + H]". Anal. Calcd. for C,,H,N,40,-0.5H,0: C,
69.28; H, 5.55; N, 14.69. Found: C, 69.33; H, 5.50; N, 14.57.
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-(pyrimidin-5-ylmethoxy)pyridin-2(1
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H)-one (10u). The title compound was prepared in 33% yield using pyrimidin-5-yl-methanol in an
analogous manner to 10s. White solid; mp 236-238 °C."H NMR (400 MHz, DMSO-dg) & 0.88—
0.92 (4H, m), 2.05-2.09 (1H, m), 2.48 (3H, s), 5.26 (2H, s), 6.08 (1H, d, J = 2.5 Hz), 6.16 (1H, dd,
J=175,26Hz),7.11 (1H, dd, J =95, 1.8 Hz), 7.43 (1H, d, J = 9.4 Hz), 7.68 (1H, d, J = 7.8 Hz),
8.38 (1H, s), 8.95 (2H, ), 9.22 (1H, s). **C NMR (75 MHz, DMSO-ds) & 7.8, 8.0, 8.1, 65.1, 97.7,
100.1, 114.9, 116.6, 122.0, 123.2, 127.1, 129.7, 139.9, 141.9, 145.1, 156.5, 158.3, 162.8, 166.8.
MS (ESI/APCI) m/z 374.2 [M + H]". Anal. Calcd. for C,;H19N50,.0.75H,0: C, 65.19; H, 5.34; N,
18.10. Found: C, 65.32; H, 5.22; N, 18.11.
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-(thiophen-2-ylmethoxy)pyridin-2(1H
)-one (10v). The title compound was prepared in 22% vyield using thiophen-2-yl-methanol in an
analogous manner to 10s. Off-white solid; mp 225 °C (decomposition). *H NMR (400 MHz,
DMSO-dg) 6 0.88-0.92 (4H, m), 2.06-2.08 (1H, m), 5.35 (2H, s), 6.07-6.12 (2H, m), 7.07 (1H, dd,
J=4.8,35Hz), 7.09-7.13 (1H, m), 7.27 (1H, d, = 3.1 Hz), 7.43 (1H, d, J = 9.4 Hz), 7.61 (1H, d,
J=4.9Hz), 7.64 (1H, d, J = 7.5 Hz), 8.37 (1H, s). *C NMR (101 MHz, DMSO-ds) & 7.8, 7.9, 8.0,
64.5,97.7,100.1, 114.8, 116.5, 121.9, 123.2, 126.9, 127.1, 127.3, 128.3, 137.7, 139.7, 141.9, 145.0,
162.7, 166.7. MS (ESI/APCI) m/z 378.3 [M + H]". Anal. Calcd. for C,H3oN30,S-0.4H,0: C,
65.57; H, 5.19; N, 10.92. Found: C, 65.57; H, 5.01; N, 10.86.
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-(thiophen-3-ylmethoxy)pyridin-2(1H
)-one (10w). The title compound was prepared in 40% yield using thiophen-3-yl-methanol in an
analogous manner to 10s. White solid; mp 234 °C (decomposition). ‘H NMR (400 MHz,
DMSO-dg) & 0.88-0.94 (4H, m), 2.04-2.10 (1H, m), 5.15 (2H, s), 6.02 (1H, d, J = 2.6 Hz), 6.10
(1H, dd, J = 7.6, 2.6 Hz), 7.07 (1H, dd, J = 9.5, 1.8 Hz), 7.19 (1H, d, J = 4.9 Hz), 7.43 (1H, d, J =
9.4 Hz), 7.59 (1H, dd, J = 4.8, 2.9 Hz), 7.64-7.66 (2H, m), 8.37 (1H, s). *C NMR (101 MHz,
DMSO-dg) 6 7.8, 7.9, 8.0, 65.2, 97.5, 100.2, 114.8, 116.5, 121.9, 123.2, 124.7, 126.8, 127.2, 127.5,
136.6, 139.6, 141.9, 145.0, 162.8, 167.1. MS (ESI/APCI) m/z 378.3 [M + H]". Anal. Calcd. for
C,1H19N30,S-0.6H,0: C, 64.96; H, 5.24; N, 10.82. Found: C, 64.84; H, 5.01; N, 10.71.
4-[(5-Chloropyridin-2-yl)methoxy]-1-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)pyri
din-2(1H)-one (10x). The title compound was prepared in 53% yield using
(5-chloropyridin-2-yl)methanol in an analogous manner to 10s. White solid; mp 200201 °C.'H
NMR (400 MHz, DMSO-dg) & 0.84-0.96 (4H, m), 2.01-2.12 (1H, m), 2.47 (3H, ), 5.24 (2H, 9),
5.99 (1H, d, J = 2.6 Hz), 6.18 (1H, dd, J = 7.6, 2.7 Hz), 7.11 (1H, dd, J = 9.5, 1.8 Hz), 7.43 (1H, d, J
=9.5Hz), 7.61 (1H, d, J = 8.3 Hz), 7.68 (1H, d, J = 7.7 Hz), 8.03 (1H, dd, J = 8.3, 2.4 Hz), 8.37 (1H,
s), 8.67 (1H, d, J = 2.4 Hz). BC NMR (75 MHz, DMSO-dg) 6 7.8, 8.0, 8.1, 69.8, 97.8, 100.1, 114.9,
116.6, 121.9, 123.2, 123.5, 127.1, 130.5, 136.9, 139.9, 141.9, 145.1, 147.8, 154.0, 162.7, 166.9.
MS (ESI/APCI) m/z 407.1 [M + H]*. Anal. Calcd. for C»,H1oCIN,O,: C, 64.94; H, 4.71; N, 13.77.
Found: C, 64.80; H, 4.72; N, 13.69.
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4-[(5-Chlorothiophen-3-yl)methoxy]-1-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)py
ridin-2(1H)-one (10y). The title compound was prepared in 41% yield using
(5-chloro-thiophen-3-yl)-methanol in an analogous manner to 10s. White solid; mp 233-235 °C.
'H NMR (400 MHz, DMSO-dg) & 0.88-0.92 (4H, m), 2.05-2.09 (1H, m), 2.47 (3H, s), 5.06 (2H, s),
6.01 (1H, d, J=2.6 Hz), 6.10 (1H, dd, J = 7.6, 2.7 Hz), 7.11 (1H, dd, J = 9.5, 1.9 Hz), 7.20 (1H, d,
J=17Hz), 743 (1H,d,J=9.4 Hz), 7.56 (1H, d, J = 1.2 Hz), 7.65 (1H, d, J = 7.7 Hz), 8.36 (1H, d,
J = 1.3 Hz). °C NMR (75 MHz, DMSO-ds) & 7.8, 8.0, 8.1 65.1, 97.5, 100.2, 114.9, 116.6, 121.9,
123.2, 124.3, 127.0, 127.2, 128.9, 136.4, 139.7, 141.9, 145.1, 162.8, 166.9. MS (ESI/APCI) m/z
412.0 [M + H]". Anal. Calcd. for CH;sCIN30,S-0.4H,0: C, 60.18; H, 4.52; N, 10.03. Found: C,
60.01; H, 4.47; N, 10.08.
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-{[5-(trifluoromethyl)thiophen-3-yI]
methoxy}pyridin-2(1H)-one  (10z). A mixture of 46 (111 mg, 0.32 mmol),
2-(trifluoromethylthiophen-4-yl)methanol (88 mg, 0.48 mmol) and KO'Bu (109 mg, 0.97 mmol) in
toluene (3 mL) was heated at 100 °C for 1 h. The mixture was poured into water, and extracted
with EtOAC/THF (1:1). The extract was washed with brine, dried over MgSQ,, and concentrated in
vacuo. The residue was purified by column chromatography (NH silica gel, hexane/EtOAc = 97/3
to 0/100). The solid was recrystallized from IPA-IPE to give the title compound (47.5 mg, 33 %)
as a white solid; mp 209-210 °C. *H NMR (400 MHz, DMSO-dg) & 0.83-0.99 (4H, m), 2.07 (1H,
brs), 5.17 (2H, s), 6.05 (1H, s), 6.13 (1H, d, J=5.0 Hz), 7.12 (1H, d, J = 9.9 Hz), 7.44 (1H, d, J =
9.3 Hz), 7.67 (1H, d, J = 7.5 Hz), 7.81 (1H, s), 8.07 (1H, ), 8.37 (1H, s). *C NMR (101 MHz,
DMSO-dg) 6 7.8, 7.9, 8.0, 64.6, 97.5, 100.1, 114.8, 116.5, 121.9, 122.4 (g, J = 269.7 Hz), 123.1,
127.1, 129.6, 129.8 (q, J = 38.4 Hz), 130.3 (g, J = 4.0 Hz), 137.1, 139.7, 141.9, 145.1, 162.7, 166.9.
MS (ESI/APCI) m/z 446.4 [M + H]". Anal. Calcd. for CyH1gF3N30,S: C, 59.32; H, 4.07; N, 9.43.
Found: C, 59.46; H, 4.20; N, 9.35.
3-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)pyridin-2(1H)-
one (11a). The title compound was prepared in 15% yield using 8 and 9a in an analogous manner
to 10a. White solid. 180 °C (decomposition). "H NMR (400 MHz, CDCls) & 0.94-1.11 (4H, m),
1.94-2.04 (1H, m), 2.48 (3H, s), 5.13 (2H, s), 6.15 (1H, t, J = 7.2 HZz), 6.73 (1H, d, J = 7.3 Hz),
7.03 (1H, d, J = 6.8 Hz), 7.08 (1H, d, J = 9.4 Hz), 7.31-7.44 (4H, m), 7.56 (1H, d, J = 9.4 Hz),
7.99 (1H, s). BC NMR (75 MHz, DMSO-dg) 8 7.8, 8.0, 8.1, 69.0, 104.2, 115.1, 116.0, 116.7, 122.0,
122.9, 127.4, 128.4, 129.6, 131.0, 132.5, 135.5, 141.9, 145.2, 148.1, 157.3. MS (ESI/APCI) m/z
406.1 [M + H]". Anal. Calcd. for Cy3H,,CIN3O,-0.5H,0: C, 66.58; H, 5.10; N, 10.13. Found: C,
66.30; H, 5.22; N, 10.21.
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-3-[4-(trifluoromethoxy)phenoxy]pyrid
in-2(1H)-one (11b). The title compound was prepared in 13% vyield using 9a and 14 in an
analogous manner to 10a. Pale yellow crystals; mp 188-190 °C (EtOAc—hexane). *H NMR (400
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MHz, DMSO-dg) 6 0.83-0.96 (4H, m), 2.03-2.14 (1H, m), 6.39 (1H, t, J = 7.1 Hz), 7.09 (2H, d, J
= 9.0 Hz), 7.16-7.24 (1H, m), 7.34 (2H, d, J = 8.7 Hz), 7.46 (2H, t, J = 9.5 Hz), 7.70 (1H, d, J =
5.5 Hz), 8.49 (1H, s). *C NMR (101 MHz, DMSO-dg) & 7.8, 7.9, 8.0, 104.2, 115.0, 116.7, 117.7,
120.1 (g, J = 256.5 Hz), 122.0, 122.5, 122.7, 127.0, 128.2, 136.2, 141.9, 143.1 (q, J = 2.0 Hz),
144.1, 145.3, 155.6, 157.3. MS (ESI/APCI) m/z 442.3 [M + H]". Anal. Calcd. for Cy3H1gF3N303: C,
62.58; H, 4.11; N, 9.52. Found: C, 62.43; H, 4.30; N, 9.35.
2-Chloro-3-[4-(trifluoromethoxy)phenoxy]pyridine (13). To a solution of 12 (2.00 g, 8.35
mmol) and 4-(trifluoromethoxy)phenol (1.19 mL, 9.19 mmol) in CH3CN (50 mL) was added
Cu(OAc), (3.03 g, 16.7 mmol), MS3A (2.00 g) and pyridine (3.38 mL, 41.8 mmol) at rt, and the
mixture was vigorously stirred at rt for 10 days. The insoluble material was removed by filtration,
and the filtrate was concentrate in vacuo. The residue was purified by column chromatography
(silica gel, hexane/EtOAc = 100/0 to 0/100) to give the title compound (1.15 g, 47%) as an orange
oil. 'H NMR (400 MHz, DMSO-dg) & 6.82 (1H, d, J = 8.9 Hz), 7.16 (3H, d, J = 9.0 Hz), 7.42 (2H,
d, J = 8.8 Hz), 7.46-7.54 (1H, m), 7.65 (1H, dd, J = 8.0, 1.3 Hz), 8.29 (1H, dd, J = 4.5, 1.3 Hz).
MS (ESI/APCI) m/z 289.9 [M + H]".

3-[4-(Trifluoromethoxy)phenoxy]pyridin-2(1H)-one (14). A mixture of 13 (1.02 g, 3.52 mmol),
KO'Bu (1.19 g, 10.1 mmol), water (0.19 mL, 10.1 mmol) and ‘BuOH (15 mL) was heated at
150 °C for 1 h under microwave irradiation. The mixture was poured into water, and extracted with
EtOAc. The organic layer was separated, washed with water and brine successively, dried over
MgSQ,, and concentrated in vacuo. The residue was purified by column chromatography (silica
gel, hexane/EtOACc = 100/0 to 75/25) to give the title compound (0.702 g, 73%) as white crystals.
'H NMR (400 MHz, DMSO-dg) 6 6.21 (1H, d, J= 6.8 Hz), 6.97 (2H, d, J = 9.0 Hz), 7.26-7.36 (4H,
m), 12.02 (1H, br s). MS (ESI/APCI) m/z 272.9 [M + H]".
5-Hydroxy-2-(tetrahydro-2H-pyran-2-yl)pyridazin-3(2H)-one (15). To a stirred solution of
4,5-dichloropyridazin-3(2H)-one (2.0 g, 121 mmol) in THF (12 mL) was added
3,4-dihydro-2H-pyran (1.4 mL, 15.4 mmol) and p-toluenesulfonic acid (185 mg, 0.97 mmol), and
the reaction mixture was heated under reflux for 16 h. Additional 3,4-dihydro-2H-pyran (1.4 mL,
15.4 mmol) was added to the reaction mixture, and the reaction mixture was heated under reflux
for further 24 h. The mixture was then cooled to rt, concentrated under reduced pressure, and
poured into sat. NaHCOj3 solution (100 mL). The mixture was extracted with EtOAc. The organic
layer was washed with brine, dried over Na,SO, concentrated, and purified by column
chromatography (silica gel, hexane/EtOAc = 90/10) to give
4,5-dichloro-2-(tetrahydro-2H-pyran-2-yl)pyridazin-3(2H)-one (2.3 g, 76%) as an off-white solid.
'H NMR (400 MHz, DMSO-dg) & 1.43-1.52 (2H, m), 1.65-1.70 (2H, m), 1.92-1.95 (1H, m),
2.01-2.05 (1H, m), 3.58-3.64 (1H, m), 3.94-3.97 (1H, m), 5.82 (1H, dd, J = 10.3, 1.8 Hz), 8.23
(1H, s). MS (ESI/APCI) m/z 249.0 [M + H]".
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To a stirred solution of 4,5-dichloro-2-(tetrahydro-2H-pyran-2-yl)pyridazin-3(2H)-one (2.3 g, 9.27
mmol) in MeOH (26 mL) was added KOH (519 mg, 9.27 mmol) at 0 °C. The reaction mixture was
heated at 50 °C for 30 min and then stirred at rt for 19 h. The mixture was concentrated, diluted
with water (50 mL), and extracted with EtOAc. The organic layer was washed with brine, dried
over Na,SO4  concentrated, and triturated with 10% ether-hexane to give
4-chloro-5-methoxy-2-(tetrahydro-2H-pyran-2-yl)pyridazin-3(2H)-one (2.1 g, 92%) as a light
yellow solid. '"H NMR (400 MHz, DMSO-dg) & 1.50-1.52 (2H, m), 1.63-1.66 (2H, m), 1.93-2.05
(2H, m), 3.59-3.60 (1H, m), 3.93-3.96 (1H, m), 4.09 (3H, s), 5.87 (1H, dd, J = 10.8, 2.0 Hz), 8.29
(1H, s). MS (ESI/APCI) m/z 245.0 [M + HJ".

To a stirred suspension of 4-chloro-5-methoxy-2-(tetrahydro-2H-pyran-2-yl)pyridazin-3(2H)-one
(2.1 g, 8.6 mmol) in water (20 mL) was added KOH (578 mg, 10.3 mmol) at rt and the reaction
mixture was heated under reflux for 3 h. The mixture was cooled to rt and acidified with 1 N HCI
solution to pH = 5. The mixture was extracted with EtOAc, and the organic layer was washed with
water and brine, dried over Na,SO4 concentrated, and triturated with ether to give
4-chloro-5-hydroxy-2-(tetrahydro-2H-pyran-2-yl)pyridazin-3(2H)-one (1.9 g, 96%) as an off-white
solid. *H NMR (400 MHz, DMSO-dg) & 1.44-1.49 (2H, m), 1.59-1.70 (2H, m), 1.90-2.09 (2H, m),
3.53-3.62 (1H, m), 3.91-3.94 (1H, m), 5.82 (1H, d, J = 10.2 Hz), 7.78 (1H, s). MS (ESI/APCI) m/z
231.0 [M + H]".

To a stirred solution of 4-chloro-5-hydroxy-2-(tetrahydro-2H-pyran-2-yl)pyridazin-3(2H)-one (1.0
g, 4.34 mmol) in MeOH (20 mL) and Et;N (606 pL, 4.34 mmol) was added Pd-C (10%, 25 mg),
and the mixture was stirred under hydrogen atmosphere at rt for 16 h. The insoluble material was
filtered through the Celite® pad, and the filtrate was concentrated and purified by column
chromatography (silica gel, DCM/MeOH = 96/4) to give the title compound (600 mg, 70%) as an
off-white solid. '"H NMR (400 MHz, DMSO-ds) & 1.44-1.49 (2H, m), 1.54-1.57 (1H, m), 1.61—
1.69 (1H, m), 1.90-1.93 (1H, m), 1.99-2.08 (1H, m), 3.51-3.57 (1H, m), 3.90-3.94 (1H, m), 5.81
(1H, dd, J = 9.6, 1.8 Hz), 5.94 (1H, d, J = 2.5 Hz), 7.68 (1H, d, J = 2.5 Hz), 11.57 (1H, br s). MS
(ESI/APCI) m/z 197.2 [M + H]".
5-(4-Chlorobenzyloxy)-2-(tetrahydro-pyran-2-yl)-2H-pyridazin-3-one (16). To a stirred
solution of 15 (200 mg, 1.02 mmol) and 4-chlorobenzyl bromide (209 mg, 1.02 mmol) in MeCN (8
mL) and DMF (1 mL) was added K,CO3; (282 mg, 2.04 mmol), and the resulting mixture was
stirred at rt for 16 h. The reaction mixture was then concentrated, diluted with water (30 mL), and
extracted with EtOAc (75 mL) three times. The organic layers were washed with water (50 mL)
and brine (50 mL) successively, dried over Na,SO,4, and concentrated to give the title compound
(210 mg, 64%) as a white solid. 'H NMR (400 MHz, DMSO-dg) 6 1.44-1.49 (2H, m), 1.56-1.59
(1H, m), 1.62-1.66 (1H, m), 1.90-1.93 (1H, m), 2.00-2.10 (1H, m), 3.52-3.59 (1H, m), 3.91-3.94
(1H, m), 5.14 (2H, s), 5.81 (1H, dd, J = 10.5, 2.0 Hz), 6.38 (1H, d, J = 2.7 Hz), 7.48 (4H, s), 7.83
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(1H, d, J = 2.7 Hz). MS (ESI/APCI) m/z 321.2 [M + HJ".
5-(4-Chlorobenzyloxy)-2H-pyridazin-3-one (17). To a stirred suspension of 16 (210 mg, 0.65
mmol) in MeOH (5 mL) was added conc. HCI (0.5 mL) at rt, and then the reaction mixture was
heated at reflux for 3 h. The mixture was cooled to rt, concentrated, and neutralized with sat.
NaHCO;3; (20 mL). The resulting precipitate was collected by filtration, washed with water, and
dried to give the title compound (140 mg, 91%) as an off-white solid. *H NMR (400 MHz,
DMSO-dg) & 5.12 (2H, s), 6.27 (1H, s), 7.48 (4H, s), 7.72 (1H, d, J = 2.5 Hz), 12.6 (1H, br s). MS
(ESI/APCI) m/z 237.2 [M + H]".
5-[(4-Chlorobenzyl)oxy]-2-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)pyridazin-3(2
H)-one (18). The title compound was prepared in 70% yield using 9a and 17 in an analogous
manner to 10g. White solid; mp 190-192 °C.*H NMR (400 MHz, DMSO-ds) & 0.88-0.92 (4H, m),
2.06-2.09 (1H, m), 2.47 (3H, s), 5.23 (2H, s), 6.54 (1H, d, J = 2.6 Hz), 7.23 (1H, dd, J = 9.3, 1.7
Hz), 7.46 (1H, d, J = 9.4 Hz), 7.50-7.55 (4H, m), 8.01 (1H, d, J = 2.7 Hz), 8.46 (1H, s). *C NMR
(101 MHz, DMSO-dg) 6 7.7, 7.9, 8.0, 69.5, 104.7, 114.8, 116.5, 121.3, 121.8, 127.9, 128.6, 130.0,
133.1, 133.6, 134.0, 141.8, 145.2, 159.0, 160.7. MS (ESI/APCI) m/z 407.2 [M + H]". Anal. Calcd.
for C,H19CIN4O,: C, 64.94; H, 4.71; N, 13.77. Found: C, 64.88; H, 4.82; N, 13.55.
6-[(4-Chlorobenzyl)oxy]pyrimidin-4(3H)-one (20). To a stirred solution of 19 (2.5 g, 22.3 mmol)
in THF (25 mL) was added Ag,CO3 (15.33 g, 55.75 mmol) and 4-chlorobenzyl bromide (4.58 g,
22.3 mmol). The resultant mixture was heated at reflux for 2 h. The reaction mixture was then
cooled to rt, filtered through Celite®, and concentrated. The crude material was purified by column
chromatography (silica gel, DCM/MeOH = 95/5 to 90/10) to afford the title compound (500 mg,
10%) as a white solid; mp 217-219 °C.*H NMR (400 MHz, DMSO-dg) & 5.23 (2H, s), 5.60 (1H, s),
7.44 (4H, m), 8.11 (1H, s), 12.39 (1H, s). *C NMR (75 MHz, DMSO-ds) & 67.4, 91.7, 128.4, 129.6,
132.6, 135.3, 150.4, 163.1, 169.2. MS (ESI/APCI) m/z 237.2 [M + H]". Anal. Calcd. for
C11HoCIN,0,-0.6H,0: C, 55.49; H, 3.88; N, 11.77. Found: C, 55.53; H, 3.89; N, 11.70.
(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)boronic acid (21). To a solution of 9a (10 g,
33.5 mmol) in THF (335 mL) was added n-BuLi (1.6 M hexane solution, 62.9 mL, 101 mmol) at
—78 °C. The mixture was stirred at the same temperature under N, atmosphere for 30 min. Boric
acid triisopropyl ester (11.5 mL, 50.3 mmol) was added, and the mixture was stirred at —78 °C for
30 min and then at rt for 3 h. The mixture was neutralized with 6 N HCI solution and then
concentrated in vacuo. The residue was dissolved with MeOH (30 mL) and then 3 N HCI solution
(30 mL) was added to the mixture. The mixture was stirred at 60 °C overnight. The mixture was
neutralized with 8 N NaOH solution at 0 °C and MeOH was evaporated. The mixture was basified
with 8 N NaOH solution and washed with ether. The aqueous layer was neutralized with 6 N HCI
solution at 0 °C. The precipitate was collected, and washed with water and ether to give the title
compound (6.12 g, 84%) as a brown solid; mp 215 °C (decomposition). 'H NMR (300 MHz,
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CD;0D) 4 0.93-1.00 (2H, m), 1.19 (2H, dd, J = 8.9, 2.1 Hz), 2.11-2.24 (1H, m), 2.61 (3H, s), 7.54
(1H, s), 7.87-8.01 (1H, m), 8.23 (1H,s). MS (ESI/APCI) m/z 217.3 [M + H]".
6-[(4-Chlorobenzyl)oxy]-3-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)pyrimidin-4(3
H)-one (22). To a mixture of 20 (150 mg, 0.63 mmol) and 21 (275 mg, 1.26 mmol) in a mixture of
DCM (15 mL) and MeOH (15 mL) were added Cu(OAc), (346 mg, 1.89 mmol) and pyridine (0.5
mL, 6.3 mmol). The resulting reaction mixture was stirred at rt for 16 h. The insoluble material was
then filtered through Celite® and the filtrate was poured into 1 N HCI solution. The mixture was
extracted with DCM (100 mL) twice, and the combined DCM layers were washed with sat.
NaHCOj3 solution (50 mL) and brine (50 mL) successively, dried over Na,SO,4, and concentrated.
The resulting residue was purified by preparative HPLC to afford the title compound (15 mg, 6%)
as an off-white solid; mp 225-226 °C. *H NMR (400 MHz, CD;0OD) & 0.95-1.02 (4H, m), 2.05
(1H, m), 2.52 (3H, s), 5.37 (2H, ), 5.88 (1H, s), 7.24 (1H, dd, J = 9.5, 1.8 Hz), 7.38-7.49 (5H, m),
8.42 (2H, d, J = 6.2 Hz). **C NMR (75 MHz, DMSO-d¢) & 7.8, 8.00, 8.04, 67.8, 91.0, 114.9, 116.6,
122.5,123.0, 123.7, 128.5, 129.7, 132.7, 135.2, 142.1, 145.3, 152.4, 161.9, 168.6. MS (ESI/APCI)
m/z 407.0 [M + H]". Anal. Calcd. for C,,H14CIN,O,: C, 64.94; H, 4.71; N, 13.77. Found: C, 64.71;
H, 4.74; N, 13.62.

2-Chloro-4-[(4-chlorobenzyl)oxy]pyrimidine (24). To a stirred solution of 23 (10.4 g, 70.1
mmol) and (4-chlorophenyl)methanol (10 g, 70.0 mmol) in DMF (50 mL) was added K,CO3 (14.5
g, 105.2 mmol), and the resulting mixture was stirred at rt for 16 h. The mixture was then diluted
with water (100 mL), and the resulting precipitate was collected by filtration and dried to give the
title compound (4.8 g, 27%) as an off-white solid; mp 112-120 °C. 'H NMR (400 MHz,
DMSO-dg) 8 5.40 (2H, s), 7.06 (1H, d, J = 5.6 Hz), 7.46-7.52 (4H, m), 8.49 (1H, d, J = 5.7 Hz).
MS (ESI/APCI) m/z 255.2 [M + H]".

4-[(4-Chlorobenzyl)oxy]pyrimidin-2-ol (25). To a stirred mixture of 24 (2.8 g, 11.0 mmol) in
dioxane and water (1:4, 30 mL) was added NaOH (440 mg, 11 mmol), and the mixture was heated
at reflux for 3 h. The reaction mixture was then cooled to 0 °C, and the precipitate was collected by
filtration, washed with cold water and dried under vacuum to give the title compound (130 mg,
5%) as an off-white solid; mp 206-208 °C.*H NMR (400 MHz, DMSO-dg) & 5.29 (2H, s), 5.92
(1H, d, J = 7.0 Hz), 7.45 (4H, s), 7.72 (1H, d, J = 6.8 Hz), 11.36 (s, 1H). *C NMR (75 MHz,
DMSO-dg) 6 66.3, 93.5, 128.4, 130.0, 132.6, 135.2, 146.1, 156.1, 171.1. MS (ESI/APCI) m/z 237.2
[M + H]". Anal. Calcd. for C1;HgCIN,0,-0.14H,0: C, 55.24; H, 3.91; N, 11.71. Found: C, 55.23; H,
3.84; N, 11.92.
4-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)pyrimidin-2(1
H)-one (26). The title compound was prepared in 18% using 9a and 25 in an analogous manner to
10g. Off-white solid; mp 205-207 °C. 'H NMR (400 MHz, DMSO-d) & 0.85-0.92 (4H, m), 2.05—
2.09 (1H, m), 2.47 (3H, s), 5.40 (2H, s), 6.21 (1H, d, J = 7.2 Hz), 7.19 (1H, dd, J = 9.5, 1.6 Hz),
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7.44-752 (5H, m), 8.11 (1H, d, J = 7.2 Hz), 8.47 (1H, s). *C NMR (75 MHz, DMSO-ds) & 7.8,
8.0, 8.1, 66.9, 94.7, 115.0, 116.6, 122.1, 122.8, 127.1, 128.5, 130.1, 132.8, 134.9, 141.9, 145.2,
150.1, 1549, 171.1. MS (ESIAPCI) m/z 4072 [M + H]". Anal. Calcd. for
C2H19CIN4O,-0.18H,0: C, 64.43; H, 4.76; N, 13.66. Found: C, 64.42; H, 4.70; N, 13.57.
4-Bromo-3-methyl-pyridine 1-oxide (28). To a stirred solution of 27 (3.00 g, 19.4 mmol) in acetic
acid (36 mL) was added dropwise acetyl bromide (23 mL) at 0 °C. After complete addition, the
reaction mixture was heated at 80 °C for 3 h. The reaction mixture was cooled to rt and poured
over crushed ice (200 g). The resulting mixture was neutralized with 1 N NaOH solution, and
extracted with DCM (100 mL) twice. The organic layer was washed with water (100 mL) and brine
(100 mL), dried over Na,SO4, and concentrated to give the title compound (2.2 g, 60%) as a light
yellow solid. *H NMR (400 MHz, DMSO-dg) & 2.24 (3H, s), 7.62 (1H, d, J = 6.8 Hz), 7.97 (1H, dd,
J=6.8,1.7 Hz), 8.28 (1H, s). MS (ESI/APCI) m/z 188.1 [M + H]".
4-[(4-Chlorobenzyl)oxy]-3-methylpyridine 1-oxide (29). The title compound was prepared in
28% vyield using 28 and 4-chlorobenzyl alcohol in an analogous manner to 43b. Off-white solid. *H
NMR (400 MHz, DMSO-dg) & 2.10 (3H, s), 5.19 (2H, s), 7.04 (1H, d, J = 7.1 Hz), 7.47 (4H, s),
8.01 (1H, d, J = 7.0 Hz), 8.07 (1H, s). MS (ESI/APCI) m/z 250.2 [M + H]".
4-[(4-Chlorobenzyl)oxy]-5-methylpyridin-2(1H)-one (30). To 29 (500 mg, 1.9 mmol) was added
acetic anhydride (5 mL), and the solution was heated at reflux for 4 h. The reaction mixture was
then cooled to rt, and concentrated. The residue was diluted with a mixture of MeOH (20 mL) and
1 N NaOH solution (10 mL), and the resulting solution was heated at reflux for 1 h. The mixture
was cooled to rt, and concentrated. The residue was diluted with water (30 mL), and extracted with
DCM (75 mL) three times. The combined DCM layers were concentrated, and purified by
preparative HPLC to afford the title compound (20 mg, 4%) as a white solid. *H NMR (400 MHz,
DMSO-dg) & 1.89 (3H, s), 5.08 (2H, ), 5.76 (1H, s), 7.09 (1H, s), 7.47 (4H, s), 10.95 (1H, s). MS
(ESI/APCI) m/z 250.2 [M + H]".
4-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-5-methylpyrid
in-2(1H)-one (31). The title compound was prepared in 42% yield using 9a and 30 in an analogous
manner to 10g. Off-white solid; mp 238-239 °C. *H NMR (400 MHz, DMSO-ds) & 0.88-0.92 (4H,
m), 1.97 (3H, s), 2.06 (1H, m), 2.47 (3H, s), 5.19 (2H, s), 5.98 (1H, s), 7.10 (1H, dd, J = 9.4, 1.9
Hz), 7.42 (1H, d, J = 9.4 Hz), 7.50 (4H, s), 7.54 (1H, s), 8.35 (1H, d, J = 1.3 Hz). *C NMR (75
MHz, DMSO-dg) 6 7.8, 8.0, 8.1, 112.2, 68.7, 97.2, 108.3, 114.8, 116.5, 121.9, 123.3, 127.3, 128.6,
129.3,132.6, 135.1, 136.9, 141.9, 145.0, 162.5, 166.1. MS (ESI/APCI) m/z 420.2 [M + H]". Purity
99.8% (HPLC).

1-(4-Chlorophenyl)-3-(2,4-dichloropyridin-3-yl)propan-1-one (33). To a solution of 32 (1.12 g,
4.09 mmol) in DMF (40 mL) were added 1-(4-chlorophenyl)prop-2-en-1-ol (1.03 g, 6.13 mmol),
NaHCO; (0.687 g, 8.18 mmol), and Pd(OAc), (0.092 g, 0.41 mmol), and the mixture was heated at
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120 °C for 15 h. The mixture was poured into water, and extracted with EtOAc. The organic layer
was separated, washed with water and brine, dried over MgSQ,, and concentrated. The residue was
purified by column chromatography (silica gel, hexane/EtOAc = 100/0 to 85/15) to give the title
compound (0.772 g, 60%) as a light brown amorphous solid. *H NMR (400 MHz, CDCls) & 3.20—
3.26 (2H, m), 3.32-3.39 (2H, m), 7.29 (1H, d, J = 5.1 Hz), 7.45 (2H, d, J = 8.5 Hz), 7.92 (2H, d, J =
8.5 Hz), 8.19 (1H, d, J =5.1 Hz).

1-(4-Chlorophenyl)-3-(2,4-dichloropyridin-3-yl)propan-1-ol (34). To a solution of 33 (100 mg,
0.32 mmol) in THF (3 mL) was added LiBH,4 (6.92 mg, 0.32 mmol) at rt. After 1 h, the mixture
was quenched with sat. NaHCO; solution, and extracted with EtOAc. The organic layer was
separated, washed with sat. NaHCO3 and brine, dried over MgSQ,, and concentrated. The residue
was purified by column chromatography (silica gel, hexane/EtOAc = 100/0 to 70/30) to give the
title compound (83 mg, 82%) as a colorless oil. *H NMR (400 MHz, CDCl3) § 1.93-2.10 (3H, m),
2.85-2.98 (1H, m), 3.01-3.14 (1H, m), 4.81 (1H, t, J = 7.8 Hz), 7.24 (1H, d, J = 5.1 Hz), 7.34 (4H,
s), 8.13 (1H, d, J =5.1 Hz).
5-Chloro-2-(4-chlorophenyl)-3,4-dihydro-2H-pyrano[3,2-c]pyridine (35). To a solution of 34
(678 mg, 2.14 mmol) in DMF (5 mL) was added NaH (60% oil dispersion, 86 mg, 2.14 mmol) at 0
°C, and the mixture was allowed to warm to rt with vigorous stirring. After 17 h, the mixture was
guenched with water and extracted with EtOAc. The organic layer was separated, washed with 0.1
N NaOH solution and brine, dried over MgSO,, and concentrated. The residue was purified by
column chromatography (silica gel, hexane/EtOAc = 100/0 to 70/30) to give the title compound
(386 mg, 64%) as a pale yellow amorphous solid. *H NMR (400 MHz, CDCls) § 1.95-2.13 (1H,
m), 2.26-2.37 (1H, m), 2.79-3.02 (2H, m), 5.21 (1H, d, J = 9.9 Hz), 6.99 (1H, d, J = 5.4 Hz), 7.29—
7.47 (4H, m), 7.97-8.11 (1H, m).
2-(4-Chlorophenyl)-2,3,4,6-tetrahydro-5H-pyrano[3,2-c]pyridin-5-one (36). The mixture of 35
(384 mg, 1.37 mmol), ammonium acetate (528 mg, 6.85 mmol) and AcOH (5 mL) was heated at
200 °C for 1 h under microwave irradiation. The solvent was evaporated and the residue was
dissolved to EtOAc. The mixture was poured into sat. NaHCO3 solution, and extracted with EtOAc.
The organic layer was separated, washed with sat. NaHCO; solution and brine, dried over MgSOy,,
and concentrated. The residue was purified by column chromatography (silica gel, EtOAc/MeOH
= 100/0 to 90/20) to give the title compound (112 mg, 31%) as a pale orange amorphous solid. *H
NMR (400 MHz, CDCl3) & 1.86-2.00 (1H, m), 2.25 (1H, dt, J = 13.9, 2.7 Hz), 2.48-2.80 (2H, m),
4.99-5.06 (1H, m), 6.01 (1H, d, J = 7.3 Hz), 7.15-7.19 (1H, m), 7.27 (1H, s), 7.29-7.35 (2H, m),
7.35-7.40 (2H, m). MS (ESI/APCI) m/z 279.8 [M + H]".
2-(4-Chlorophenyl)-6-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-2,3,4,6-tetrahydro-
5H-pyrano[3,2-c]pyridin-5-one (37). A mixture of 36 (30 mg, 0.11 mmol), %9a (68.3 mg, 0.23
mmol), DMEDA (0.018 mL, 0.17 mmol), Cul (24.0 mg, 0.13 mmol), K,CO3 (47.5 mg, 0.34 mmol)
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and DMSO (2 mL) was heated at 150 °C for 1 h under microwave irradiation. The reaction mixture
was filtered through NH silica gel (EtOAc/MeOH = 90/10). The filtrate was poured into 1 N
NaOH solution, and extracted with EtOAc. The organic layer was separated, washed with 0.1 N
NaOH solution and brine, dried over MgSQO,, and concentrated. The residue was purified by
column chromatography (NH silica gel, EtOAc/MeOH = 100/0 to 90/10) to give the title
compound (28.4 mg, 57%) as white crystals. '"H NMR (400 MHz, DMSO-dg) & 0.81-0.97 (4H, m),
1.88-2.02 (1H, m), 2.02-2.15 (1H, m), 2.22 (1H, d, J = 14.6 Hz), 2.48 (3H, s), 2.53-2.60 (2H , m),
5.23 (1H, d, J = 8.3 Hz), 6.12 (1H, d, J = 7.5 Hz), 7.13 (1H, d, J = 9.4 Hz), 7.40-7.54 (5H, m),
7.59 (1H, d, J = 7.7 Hz), 8.37 (1H, ). **C NMR (75 MHz, DMSO-dq) & 7.8, 8.0, 8.1, 19.2, 27.9,
76.7,99.9, 106.7, 114.9, 116.5, 122.0, 123.3, 127.5, 128.0, 128.5, 132.5, 137.2, 139.4, 141.9, 145.1,
161.8, 162.1. MS (ESI/APCI) m/z 432.4 [M + H]". Anal. Calcd. for CysH2,CIN3O,-0.55H,0: C,
67.91; H, 5.25; N, 9.47. Found: C, 67.96; H, 5.27; N, 9.51.
3-[5-(4-Chlorophenyl)furan-2-yl]prop-2-enoyl azide (39). To a solution of 38 (1 g, 4.02 mmol)
and triethylamine (0.729 mL, 5.23 mmol) in acetone (20 mL) at 0 °C was added dropwise isobutyl
carbonochloridate (0.684 mL, 5.23 mmol). After stirring for 1 h at 0 °C, sodium azide (0.340 g, 5.23
mmol) in water (4 mL) was added, and the resultant mixture was stirred for further 30 min at 0 °C
and at rt for 30 min. Water (40 mL) was added, and the resulting precipitate was collected by
filtration, washed with water and dried to give the title compound (1.10 g, quant.) as a yellow solid.
'H NMR (300 MHz, CDCl5) § 6.37 (1H, d, J = 15.5 Hz), 6.71-6.82 (2H, m), 7.35-7.42 (1H, m),
7.49 (1H, d, J = 15.5 Hz), 7.60-7.71 (2H, m). *C NMR (75 MHz, DMSO-ds) & 109.9, 115.5,
120.8,126.2, 127.9, 129.1, 132.2, 133.4, 149.8, 155.3, 171.1.
2-(4-Chlorophenyl)furo[3,2-c]pyridin-4(5H)-one (40). To a stirred mixture of diphenylether (40
mL) and tributylamine (10.0 mL, 41.7 mmol) at 200 °C was added dropwise a solution of 39 (3.83
g, 14.0 mmol) in diphenylether (60 mL) and THF (20 mL). After addition, the resulting brown
mixture was stirred for 30 min before cooling to rt. Hexane (200 mL) was added, and the resulting
suspension was filtered. The precipitate was washed with EtOH, filtered and dried to give the title
compound (340 mg, 9.9%) as a light brown amorphous solid. *H NMR (300 MHz, DMSO-dg)
86.70 (1H, d, J=7.9 Hz), 7.34 (1H, d, J = 7.2 Hz), 7.49-7.59 (3H, m), 7.87 (2H, d, J = 8.7 Hz),
11.51 (1H, brs). BC NMR (75 MHz, DMSO-dg) 6 94.4, 103.0, 117.3, 125.8, 128.0, 129.0, 132.1,
133.0, 152.2, 159.1, 159.8. MS (ESI/APCI) m/z = 246.0 [M + H]".
2-(4-Chlorophenyl)-5-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)furo[3,2-c]pyridin-4
(5H)-one (41). A mixture of 40 (100 mg, 0.41 mmol), 21 (106 mmol, 0.49 mmol), Cu(OAc), (4.99
mg, 0.04 mmol), pyridine (66.0 uL, 0.81 mmol), MS4A (48.9 mg), and DMF (5 mL) was stirred at
rt for 4 h and at 50 °C overnight. After filtration of the reaction mixture through Celite®, the filtrate
was poured into 1 N HCI at rt and extracted with EtOAc. the organic layer was separated, washed

with sat. NaHCOj; solution and brine successively, dried over MgSO,4 and concentrated in vacuo.
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The residue was purified by column chromatography (silica gel, hexane/EtOAc = 20/30 to 0/100).
The solid was collected and washed with EtOH to give the title compound (10 mg, 5%) as an
off-white solid; mp 278-279 °C. 'H NMR (300 MHz, DMSO-dg) & 0.84-0.99 (4H, m), 2.04-2.14
(1H, m), 6.94 (1H, dd, J = 7.6, 0.8 Hz), 7.21 (1H, dd, J = 9.4, 1.9 Hz), 7.49 (1H, d, J = 9.4 Hz),
7.53-7.59 (2H, m), 7.66 (1H, s), 7.75 (1H, d, J = 7.6 Hz), 7.88-7.96 (2H, m), 8.48 (1H, d, J = 1.5
Hz). *C NMR (75 MHz, DMSO-dg) & 7.8, 8.0, 8.1, 95.3, 103.4, 115.0, 116.6, 117.1, 122.4, 123.3,
125.9, 127.3, 128.0, 129.1, 133.0, 137.1, 142.0, 145.2, 153.2, 158.4, 159.2. MS (ESI/APCI) m/z =
416.1 [M + H]". Anal. Calcd. for C4H15CIN;O,: C, 69.31; H, 4.36; N, 10.10. Found: C, 69.11; H,
4.48; N, 10.09.

4-[(4-Fluorobenzyl)oxy]pyridine 1-oxide (43a). The title compound was prepared in 6% yield
using (4-fluorophenyl)methanol in an analogous manner to 43b. *H NMR (300 MHz, DMSO-dg) &
5.15 (2H, s), 7.04-7.13 (2H, m), 7.19-7.30 (2H, m), 7.46-7.57 (2H, m), 8.07-8.14 (2H, m). MS
(ESI/APCI) m/z 220.1 [M + H]".

4-[(4-Chlorobenzyl)oxy]pyridine 1-oxide (43b). A solution of (4-chloropheny)methanol (49.5 g,
347 mmol) in THF (200 mL) was added dropwise to a suspension of NaH (60% oil dispersion,
16.7 g, 419 mmol) in THF (200 mL) at 0 °C. After the mixture was stirred at 0 °C for 30 min, 7b
(45.0 g, 347 mmol) was added portionwise to the reaction mixture. After completion of the
addition, the mixture was stirred at rt for 5 h. The mixture was quenched with water (400 mL) at
0 °C, and extracted with EtOAc/THF (1:1) four times. The organic layers were combined, passed
through NH-silica gel pad (EtOAc/MeOH) and concentrated. The filtrate was concentrated, and the
residual solid was washed with IPE and dried to give the title compound (54.3 g, 66%) as a brown
solid. *H NMR (400 MHz, CDCl5) 8 5.17 (2H, s), 7.08 (2H, d, J = 6.9 Hz), 7.48 (4H, s), 8.10 (2H,
d, J=7.0 Hz). MS (ESI/APCI) m/z 236.0 [M + H]".

4-{[4-(Trifluoromethyl)benzyl]oxy}pyridine 1-oxide (43c). The title compound was prepared in
29% vyield using [4-(trifluoromethyl)phenylJmethanol in an analogous manner to 43b. Yellow solid.
'H NMR (400 MHz, DMSO-dg) & 5.29 (2H, s), 7.10 (2H, d, J = 7.6 Hz), 7.67 (2H, d, J = 8.0 Hz),
7.78 (2H, d, J=8.4 Hz), 8.11 (2H, d, J = 7.6 Hz). MS (ESI/APCI) m/z = 270.2 [M + H]".
4-[(4-Fluorobenzyl)oxy]pyridine-2(1H)-one (44a). The title compound was prepared in 58%
yield using 43a in an analogous manner to 44b. "H NMR (300 MHz, DMSO-d) & 5.04 (2H, ),
5.78 (1H, d, J = 2.3 Hz), 5.90 (1H, dd, J = 7.2, 2.7 Hz), 7.17-7.28 (3H, m), 7.43-7.53 (2H, m),
11.10 (1H, br s). *C NMR (75 MHz, DMSO-ds) & 68.5, 97.9, 99.1, 115.3 (d, J = 21 Hz), 130.2 (d,
J=8.3Hz),132.2 (d, J = 3 Hz), 135.4, 161.9 (d, J = 242.3 Hz), 164.0, 167.3. MS (ESI/APCI) m/z
=220.1 [M+H]".

4-[(4-Chlorobenzyl)oxy]pyridine-2(1H)-one (44b). A mixture of 43b (54.3 g, 230 mmol), and
acetic anhydride (540 mL, 5.71 mol) was stirred at 140 °C for 2 h. After concentration of the

mixture, the residue was dissolved in MeOH (300 mL). Water (450 mL) was added to the mixture,
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followed by stirring at rt for 1 h. The resulting precipitate was collected by filtration, washed with
IPA, and dried to give the title compound (29.3 g, 54%) as a gray solid. '"H NMR (300 MHz,
CDCl3) 6 4.99 (2H, s), 5.93 (1H, d, J=2.3 Hz), 6.03 (1H, dd, J=7.4, 2.5 Hz), 7.23 (1H,d, J=7.2
Hz), 7.29-7.44 (4H, m). *C NMR (75 MHz, DMSO-ds) & 68.4, 98.0, 99.1, 128.5, 129.7, 132.7,
135.0, 135.5, 163.9, 167.2. MS (ESI/APCI) m/z 236.0 [M + H]".
4-{[4-(Trifluoromethyl)benzylloxy}pyridin-2(1H)-one (44c). The title compound was prepared
in 31% vyield using 43c in an analogous manner to 44b. Off-white solid. '"H NMR (400 MHz,
DMSO-dg) 8 5.19 (2H, s), 5.77 (1H, d, J = 2.4 Hz), 5.93 (1H, dd, J = 7.2, 2.4 Hz), 7.26 (1H, d, J =
7.6 Hz), 7.64 (2H, d, J = 8.0 Hz), 7.77 (2H, d, J = 8.4 Hz), 11.12 (1H, s). MS (ESI/APCI) m/z
270.0 [M + H]".
1-(2-Cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)-4-hydroxypyridin-2(1H)-one (45). A
mixture of 10c (2.2 g, 5.92 mmol), 10% Pd-C (0.22 g, 2.07 mmol) and MeOH (40 mL) was stirred
under H, atmosphere at ambient temperature for 1 h. The catalyst was removed by filtration, and
the filtrate was concentrated in vacuo to give the title compound (1.65 g, 99%) as off-white
amorphous solid. *H NMR (400 MHz, DMSO-dg) & 0.82-0.98 (4H, m), 2.02-2.12 (1H, m), 2.47
(3H, s), 5.64 (1H, s), 5.97 (1H, d, J = 5.6 Hz), 7.10 (1H, d, J = 9.3 Hz), 7.41 (1H, d, J = 9.4 Hz),
7.57 (1H, d, J = 7.5 Hz), 8.33 (1H, s), 11.07 (1H, br s). *C NMR (75 MHz, DMSO-ds) & 7.8, 8.0,
8.1, 98.1, 101.2, 114.7, 116.5, 121.8, 123.5, 127.6, 139.6, 141.9, 1449, 163.1, 168.7. MS
(ESI/APCI) m/z 345.0 [M + H]".
4-Bromo-1-(2-cyclopropyl-3-methylimidazo[1,2-a]pyridin-6-yl)pyridin-2(1H)-one (46). To a
solution of 45 (1.95 g, 6.93 mmol) in DMF (20 mL) was added phosphorus (V) tribromide oxide
(1.77 mL, 17.4 mmol) at rt, and the mixture was heated at 110 °C for 1 h. The mixture was poured
into sat. NaHCOj3 solution, and extracted with EtOAc. The organic layer was separated, washed with
water and brine, dried over MgSQ,, and concentrated in vacuo. The residue was purified by column
chromatography (NH silica gel, hexane/EtOAc = 90/10 to 0/100) to give the title compound (1.70 g,
71%) as an off-white solid; mp 198-200 °C. *H NMR (400 MHz, DMSO-dg) & 0.83-0.98 (4H, m),
2.04-2.12 (1H, m), 2.47 (3H, s), 6.60 (1H, d, J = 7.3 Hz), 6.88 (1H, s), 7.16 (1H, d, J = 9.5 Hz),
7.46 (1H, d, J = 9.3 Hz), 7.74 (1H, d, J = 7.3 Hz), 8.47 (1H, s). *C NMR (75 MHz, DMSO-dg) &
7.8, 7.99, 8.04, 109.3, 115.0, 116.7, 121.9, 122.1, 122.7, 126.7, 136.0, 140.3, 142.0, 145.3, 160.4.
MS (ESI/APCI) m/z 345.0 [M + H]".
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Experiments concerning Chapter 3

4-[(3-Chlorobenzyl)oxy]pyridine-2(1H)-one (44d). The title compound was prepared in 49%
yield using (3-chloropheny)methanol in an analogous manner to 44b. Off-white solid. '"H NMR
(400 MHz, DMSO-dg) 8 5.07 (2H, s), 5.76 (1H, d, J = 2.4 Hz), 5.92 (1H, dd, J = 7.2 2.4 Hz), 7.25
(1H, d, J = 7.3 Hz), 7.34-7.45 (3H, m), 7.50 (1H, br s), 11.10 (1H, br s). MS (ESI/APCI) m/z =
236.0 [M + H]".

6-Bromo-2-cyclopropyl-3-methylimidazo[1,2-b]pyridazine (47a). To a solution of 49a (1.0 g,
5.75 mmol) in DMA (10 mL) was added 50 (1.40 mL, 11.5 mmol) and NaHCO; (0.97 g, 11.5
mmol) at rt, and the mixture was stirred at 80 °C for 16 h. The mixture was poured into water and
extracted with EtOAc. The organic layer was separated, washed with water and brine, dried over
MgSQ,, and concentrated in vacuo. The residue was purified by column chromatography (silica
gel, hexane/EtOACc = 100/0 to 70/30) to give the title compound (1.10 g, 76%) as yellow crystals.
'H NMR (400 MHz, DMSO-dg) & 0.87-1.01 (4H, m), 2.14 (1H, br s), 2.51-2.53 (3H, s), 7.28 (1H,
d, J=9.3 Hz), 7.90 (1H, d, J = 9.3 Hz). MS (ESI/APCI) m/z = 252.0 [M + H]".
6-Bromo-2-cyclopropyl-3-methylimidazo[1,2-a]pyrazine (47b). To a solution of 53 (1.24 g, 2.92
mmol) in THF (10 mL) was added TFAA (0.826 mL, 5.84 mmol) at 0 °C, and the mixture was
heated at 60 °C for 3 h. The mixture was poured into sat. NaHCOj; solution at rt and extracted with
EtOAc. The organic layer was separated, washed with 1 N NaOH solution and brine, dried over
MgSQ,, and concentrated in vacuo. The residue was purified by column chromatography (silica
gel, hexane/EtOAc = 100/0 to 50/50) to give the title compound (0.59 g, 80%) as pale yellow
crystals. '"H NMR (400 MHz, DMSO-dg) § 0.81-1.07 (4H, m), 2.15 (1H, t, J = 4.8 Hz), 2.53 (3H, s),
8.61 (1H, s), 8.68 (1H, s). MS (ESI/APCI) m/z = 252.2 [M + H]".
6-Bromo-2-cyclopropyl-3-methylimidazo[1,2-a]pyrimidine (47c). To a solution of 49b (500 mg,
2.87 mmol) in DMF (10 mL) was added 50 (0.70 mL, 5.75 mmol) at rt, and the mixture was stirred
at 100 °C for 24 h. The mixture was poured into 1 N NaOH solution and extracted with EtOAcC.
The organic layer was separated, washed with 1 N NaOH solution and brine, dried over MgSO,,
and concentrated in vacuo. The residue was purified by column chromatography (NH silica gel,
hexane/EtOAc = 100/0 to 50/50) to give the title compound (89 mg, 12%) as pale yellow crystals.
'H NMR (400 MHz, DMSO-dg) & 0.84-1.02 (4H, m), 2.04-2.15 (1H, m), 2.50 (3H, br s), 8.41 (1H,
s), 8.98 (1H, s).
4-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-3-methylimidazo[1,2-b]pyridazin-6-yl)pyridin-2(1
H)-one (48a). The title compound was prepared in 28% yield using 44b and 47a in an analogous
manner to 48c. Pale yellow crystals; mp 234-236 °C (EtOAc-hexane). '"H NMR (400 MHz,
DMSO-dg) & 0.87-1.08 (4H, m), 2.17 (1H, br s), 2.52 (3H, br s), 5.19 (2H, s), 6.04 (1H, s), 6.23
(1H, d, J = 7.8 Hz), 7.30 (1H, d, J = 9.3 Hz), 7.50 (4H, s), 7.82 (1H, d, J = 7.8 Hz), 8.02 (1H, d, J =
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9.4 Hz). *C NMR (75 MHz, DMSO-dg) & 7.6, 8.29, 8.31, 69.0, 97.7, 101.1, 115.6, 120.9, 124.0,
128.6, 129.8, 132.8, 134.7, 136.5, 137.8, 146.2, 148.1, 162.5, 167.5. MS (ESI/APCI) m/z = 407.3
[M + H]". Anal. Calcd for C»,H14CIN,O,: C, 64.94; H, 4.71; N, 13.77. Found: C, 64.86; H, 4.63; N,
13.70.
4-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-3-methylimidazo[1,2-a]pyrazin-6-yl)pyridin-2(1H)-
one (48b). The title compound was prepared in 42% yield using 44b and 47b in an analogous
manner to 48c. Pale yellow crystals; mp 221-222 °C. *H NMR (400 MHz, DMSO-dg) & 0.92—1.04
(4H, m), 2.14-2.24 (1H, m), 2.54 (3H, s), 5.18 (2H, s), 6.01 (1H, d, J = 2.4 Hz), 6.17 (1H, dd, J = 7.7,
2.6 Hz), 7.50 (4H, s), 7.78 (1H, d, J = 7.7 Hz), 8.68 (1H, s), 8.83 (1H, s). *C NMR (101 MHz,
DMSO-dg) 6 7.5, 8.1, 8.7, 68.8, 97.7, 100.4, 115.1, 119.4, 128.5, 129.7, 132.8, 134.8, 135.8, 138.0,
138.3,138.9, 149.2, 162.5, 166.9. MS (ESI/APCI) m/z = 407.4 [M + H]". Purity 97.8% (HPLC).
4-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-3-methylimidazo[1,2-a]pyrimidin-6-yl)pyridin-2(1
H)-one (48c). A mixture of 44b (83 mg, 0.35 mmol), 47¢ (89 mg, 0.35 mmol), DMEDA (0.075
mL, 0.71 mmol), Cul (66.6 mg, 0.35 mmol), K,COj3 (146 mg, 1.06 mmol), and DMSO (3 mL) was
heated at 150 °C for 1 h under microwave irradiation. The mixture was poured into 28% NH;
solution at rt and extracted with EtOAc. The organic layer was separated, washed with 0.1 N
NaOH solution and brine, dried over MgSQ,, and concentrated in vacuo. The residue was purified
by column chromatography (NH silica gel, hexane/EtOAc = 50/50) to give the title compound (1.1
mg, 0.77 %) as white crystals. *H NMR (400 MHz, DMSO-dg) & 0.95 (4H, d, J = 2.0 Hz), 2.06—
2.17 (1H, m), 2.45 (3H, s), 5.18 (2H, s), 6.01-6.06 (1H, m), 6.16-6.24 (1H, m), 7.50 (4H, s), 7.68—
7.75 (1H, m), 8.34-8.41 (1H, m), 8.87-8.94 (1H, m). MS (ESI/APCI) m/z = 407.4 [M + H]". Purity
99.2% (HPLC).

N-(5-Bromopyrazin-2-yl)-4-methylbenzenesulfonamide (52). To a solution of 51 (2.0 g, 11.5
mmol) in pyridine (40 mL) was added TsClI (3.29 g, 17.2 mmol) at rt, and the mixture was stirred
at rt overnight. The solvent was evaporated, and the residue was poured into sat. NH,CI solution,
extracted with EtOAc, washed with water and brine, dried over MgSQ,, and concentrated in vacuo.
The residue was purified by column chromatography (silica gel, hexane/EtOAc = 100/0 to 50/50)
to give the title compound (1.92 g, 51%) as white crystals. *H NMR (400 MHz, DMSO-ds) & 2.36
(3H,s), 7.40 (2H, d, J =8.2 Hz), 7.82 (2H, d, J = 8.3 Hz), 8.18 (1H, s), 8.44 (1H, s), 11.67 (1 H, br
s). MS (ESI/APCI) m/z =328.0 [M — H]-.
N-[(2E)-5-Bromo-1-(1-cyclopropyl-1-oxopropan-2-yl)pyrazin-2(1H)-ylidene]-4-methylbenzen
esulfonamide (53). To a solution of 52 (1.73 g, 5.27 mmol) in DMF (20 mL) was added NaH
(60% oil dispersion, 0.32 g, 7.9 mmol) at 0 °C, and the mixture was stirred at rt for 30 min. To the
mixture was added 50 (1.87 g, 10.5 mmol) at rt and the resulting mixture was stirred overnight.
The mixture was poured into water and extracted with EtOAc. The organic layer was separated,

washed with water and brine, dried over MgSQO,, and concentrated in vacuo. The residue was
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purified by column chromatography (silica gel, hexane/EtOAc = 100/0 to 50/50) to give the title
compound (1.02 g, 46%) as a white solid. '"H NMR (400 MHz, DMSO-dg) & 0.74-1.00 (4H, m),
1.71 (3H,t,J = 7.3 Hz), 2.21-2.29 (1H, m), 2.36 (3H, s), 5.63 (1H, d, J = 7.3 Hz), 7.34 (2H, d, J =
8.0 Hz), 7.69 (2H, d, J = 8.2 Hz), 8.31 (1H, s), 8.76 (1H, s).
4-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-1-methyl-1H-benzimidazol-6-yl)pyridin-2(1H)-one
(54a). To a stirred degassed mixture of 55a (502 mg, 2.0 mmol), 44a (470 mg, 2.0 mmol), and
K,CO3; (552 mg, 4.0 mmol) in dioxane (15 mL) were added Cul (76 mg, 0.4 mmol) and
trans-N,N'-dimethyl-cyclohexane-1,2-diamine (56 mg, 0.4 mmol). The reaction vessel was sealed
and heated at 110 °C for 16 h. The reaction mixture was cooled to rt and concentrated. The
resulting residue was diluted with DCM (250 mL), washed with brine (100 mL), dried over
Na,SO,4, and concentrated. The residue was purified by column chromatography (silica gel,
DCM/MeOH = 97/3 to 96/4) to give the title compound (150 mg, 18%) as a white solid. *H NMR
(400 MHz, CD30D) & 1.14-1.20 (4H, m), 2.24 (1H, m), 3.90 (3H, s), 5.16 (2H, s), 6.09 (1H, d, J =
2.6 Hz), 6.27 (1H, dd, J = 7.6, 2.7 Hz), 7.15 (1H, dd, J = 8.5, 2.0 Hz), 7.41-7.50 (5H, m), 7.69 (2H,
t, J = 8.3 Hz). MS (ESI/APCI) m/z = 406.0 [M + H]". Anal. Calcd for Cy3H,N30,Cl: C, 68.06; H,
4.97; N, 10.35. Found: C, 67.96; H, 5.01; N, 10.30.
1-(1,2-Dimethyl-1H-benzimidazol-6-yl)-4-[(4-fluorobenzyl)oxy]pyridin-2(1H)-one (54b). The
title compound was prepared in 25% vyield using 44c and 55d in an analogous manner to 54e.
White solid; mp 256-258 °C (EtOAc—hexane). *H NMR (300 MHz, DMSO-dg) & 2.55 (3H, ),
3.73 (3H, s), 5.14 (2H, s), 5.99 (1H, s), 6.09 (1H, d, J = 6.8 Hz), 7.06 (1H, d, J = 8.5 Hz), 7.26 (2H,
t, J = 8.7Hz), 7.45-7.64 (5H, m). *C NMR (101 MHz, DMSO-dg) & 13.4, 29.7, 68.8, 97.8, 99.8,
108.6, 115.4 (d, J = 22.2 Hz), 117.8, 120.2, 130.2 (d, J = 8.1 Hz), 132.1 (d, J = 3.0 Hz), 134.6,
135.6, 139.7, 141.5, 141.5, 153.6, 161.9 (d, J = 245.4 Hz), 162.7, 166.6. MS (ESI/APCI) m/z =
364.3 [M+H]". Anal. Calcd for C,;H1gN3sO,F: C, 69.41; H, 4.99; N, 11.56. Found: C, 69.29; H,
5.04; N, 11.45.

1-(2-Ethyl-1-methyl-1H-benzimidazol-6-yl)-4-[ (4-fluorobenzyl)oxy]pyridin-2(1H)-one  (54c).
A suspension of 56b (5.00 g, 18.6 mmol), 1-(chloromethyl)-4-fluorobenzene (5.37 g, 37.1 mmol),
K,CO3(7.70 g, 55.7 mmol), and DMF (50 mL) was stirred at rt for 19 h. The resulting precipitate
was collected by filtration, and the solid was washed with IPE and water successively to give a
crude product (3.89 g). Other two bathes using 35 g and 50 g of 9b gave 33.2 g and 50.0 g of crude
product, respectively. Three lots were combined and recrystallized from MeOH-water to give the
title compound (71.4 g, 57%, three bathes) as a white solid; mp 228-229 °C. *H NMR (300 MHz,
CDCl3) 8 1.46 (3H, t, J = 7.6 Hz), 2.93 (2H, g, J = 7.5 Hz), 3.73 (3H, s), 5.02 (2H, s), 6.01-6.11
(2H, m), 7.05-7.16 (3H, m), 7.24-7.45 (6H, m), 7.77 (1H, d, J = 8.5 Hz). *C NMR (75 MHz,
DMSO-dg) & 11.3, 20.1, 29.5, 68.9, 97.8, 99.8, 108.8, 115.4 (d, J = 21.0 Hz), 118.1, 120.3, 130.3 (d,
J=8.3Hz),132.2 (d, J = 3.0 Hz), 134.7, 135.7, 139.7, 141.5, 157.8, 162.0 (d, J = 243.0 Hz), 162.8,
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166.7. MS (ESI/APCI) m/z = 378.3 [M + H]". Anal. Calcd for Cp,HzFN30,: C, 70.01; H, 5.34; N,
11.13. Found: C, 69.90; H, 5.26; N, 11.12.
4-[(4-Fluorobenzyl)oxy]-1-(1-methyl-2-propyl-1H-benzimidazol-6-yl)pyridin-2(1H)-one (54d).
The mixture of 61 (90 mg, 0.27 mmol), HATU (106 mg, 0.28 mmol), n-butyric acid (0.024 mL,
0.27 mmol), DIPEA (0.136 mL, 0.80 mmol), and DMF (2 mL) was stirred at ambient temperature
for 1 h. The mixture was quenched with water and extracted with EtOAc. The organic layer was
separated, washed with water and brine, dried over MgSQ,, and concentrated in vacuo. The residue
was dissolved with AcOH (2.0 mL) and stirred at 90 °C for 1 h. After evaporating, the residue was
purified by column chromatography (NH silica gel, hexane/EtOAc = 90/10 to 0/100). The residual
solid was recrystallized from EtOAc—MeOH to give the title compound (48.7 mg, 47%) as an
off-white solid; mp 217-219 °C. *H NMR (300 MHz, DMSO-ds) 5 1.00 (3H, t, J = 7.4 Hz), 1.74—
1.88 (2H, m), 2.86 (2H, t, J = 7.6 Hz), 3.74 (3H, s), 5.13 (2H, s), 5.98 (1H, ), 6.09 (1H, dd, J = 7.6,
3.0 Hz), 7.06 (1H, dd, J = 8.5, 2.1 Hz), 7.21-7.31 (2H, m), 7.50-7.56 (3H, m), 7.56-7.61 (2H, m).
3C NMR (101 MHz, DMSO-d) & 13.7, 20.1, 28.4, 29.6, 68.8, 97.8, 99.8, 108.7, 115.3 (d, J = 21.2
Hz),118.0, 120.3, 130.2 (d, J = 8.1 Hz), 132.1 (d, J = 3.0 Hz), 134.6, 135.6, 135.6, 139.7, 141.5,
156.7, 161.9 (d, J = 245.4 Hz), 162.7, 162.8, 166.6. MS (ESI/APCI) m/z = 392.2 [M + H]". Anal.
Calcd for C»3H»,FN30, -0.1H,0: C, 70.25; H, 5.69; N, 10.69. Found: C, 70.28; H, 5.57; N, 10.71.
1-(2-Cyclopropyl-1-methyl-1H-benzimidazol-6-yl)-4-[(4-fluorobenzyl)oxy]pyridin-2(1H)-one
(54e). To a solution of 44c¢ (2.44 g, 11.2 mmol), 55a (2.8 g, 11.15 mmol), K,CO; (4.62 g, 33.5
mmol), and DMEDA (1.20 mL, 11.15 mmol) in DMSO (56 mL) was added Cul (2.12 g, 11.2
mmol), and the mixture was stirred at 150 °C under Ar atmosphere for 2 h. After cooling to 0 °C,
28% NH3 solution (56.0 mL) was added, and the mixture was allowed to warm to rt for 2 h. The
precipitate was collected by filtration, washed with water and IPE, dissolved in THF (500 mL), and
filtered through a short NH silica-gel column (EtOAc). The filtrate was concentrated and the
residue was purified by column chromatography (NH silica gel, hexane/EtOAc = 90/10 to 0/100),
followed by recrystallized from EtOH-water to give the title compound (1.60 g, 37%) as an
off-white solid; mp 221-223 °C. 'H NMR (300 MHz, CDCls) 6 0.99-1.15 (4H, m), 2.20-2.33 (1H,
m), 3.85 (3H, s), 5.13 (2H, s), 5.98 (1H, d, J = 2.6 Hz), 6.09 (1H, dd, J = 7.7, 2.8 Hz), 7.00-7.09
(1H, m), 7.21-7.32 (2H, m), 7.43-7.67 (5H, m). *C NMR (101 MHz, DMSO-d) & 7.0, 8.3, 29.6,
68.8,97.8, 99.8, 108.6, 115.3 (d, J = 22.2 Hz), 117.6, 120.5, 130.2 (d, J = 9.1 Hz), 132.1 (d, J = 3.0
Hz), 134.5, 135.7, 139.6, 141.0, 158.2, 161.9 (d, J = 245.4 Hz), 162.7, 166.6. MS (ESI/APCI) m/z
=390.2 [M + HJ". Anal. Calcd for Cp3H2N30,F-0.1H,0: C, 70.61; H, 5.20; N, 10.74. Found: C,
70.53; H, 5.19; N, 10.69.
1-(2-Cyclobutyl-1-methyl-1H-benzimidazol-6-yl)-4-[(4-fluorobenzyl)oxy]pyridin-2(1H)-one
(54f). The title compound was prepared in 22% yield using 44c and 55¢g in an analogous manner to
54a. White solid; mp 246-249 °C. 'H NMR (400 MHz, CDCl3) & 1.91-1.94 (1H, m), 2.05-2.12
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(1H, m), 2.39-2.46 (4H, m), 3.66 (3H, s), 3.89 (1H, m), 5.13 (2H, s), 5.98 (1H, d, J = 2.8 Hz), 6.08
(1H, dd, J = 7.6, 2.8 Hz), 7.07 (1H, dd, J = 8.4, 2.0 Hz), 7.26 (2H, t, J = 8.8 Hz), 7.51-7.55 (3H,
m), 7.57-7.63 (2H, m). **C NMR (101 MHz, DMSO-de) & 18.1, 26.4, 29.4, 31.5, 68.8, 97.8, 99.8,
108.7, 115.3 (d, J = 21.2 Hz), 118.2, 120.3, 130.2 (d, J = 9.1 Hz), 32.1 (d, J = 3.0 Hz), 134.7, 135.9,
139.6, 141.4, 159.2, 161.9 (d, J = 245.4 Hz), 162.7, 166.6. MS (ESI/APCI) m/z = 404.0 [M + H]".
Anal. Calcd for C,4H»FN30,:0.11H,0: C, 71.10; H, 5.52; N, 10.36. Found: C, 71.14; H, 5.42; N,
10.32.
1-(2-Cyclopentyl-1-methyl-1H-benzimidazol-6-yl)-4-[(4-fluorobenzyl)oxy]pyridin-2(1H)-one
(549). The title compound was prepared in 22% yield using cyclopentanecarboxylic acid in an
analogous manner to 54d. White solid; mp 262-263 °C (EtOAc-hexane). 'H NMR (300 MHz,
DMSO-dg) & 1.59-1.85 (4H, m), 1.88-1.99 (2H, m), 2.07 (2H, br s), 3.45 (1H, t, J = 7.7 Hz), 3.76
(3H, s), 5.13 (2H, s), 5.99 (1H, d, J = 2.6 Hz), 6.09 (1H, dd, J = 7.5, 2.6 Hz), 7.06 (1H, dd, J = 8.5,
2.1 Hz), 7.26 (2H, t, J = 8.9 Hz), 7.46-7.64 (5H, m). *C NMR (101 MHz, DMSO-ds) & 25.3, 29.6,
31.1, 36.2, 68.8, 97.8, 99.8, 108.7, 115.3 (d, J = 21.2 Hz), 118.1, 120.2, 130.2 (d, J = 8.1 Hz),
132.1 (d, J = 3.0 Hz), 134.6, 135.9, 139.7, 141.3, 160.3, 161.9 (d, J = 245.4 Hz), 162.7, 166.6. MS
(ESI/APCI) m/z = 418.1 [M + H]". Anal. Calcd for CysH24FN30,-0.14H,0: C, 71.49; H, 5.83; N,
10.00. Found: C, 71.48; H, 5.67; N, 10.04.
1-[2-(Cyclopropylmethyl)-1-methyl-1H-benzimidazol-6-yl]-4-[(4-fluorobenzyl)oxy]pyridin-2(
1H)-one (54h). The title compound was prepared in 37% yield using 44c and 55e in an analogous
manner to 54j. Pale yellow solid; mp 206-214 °C. 'H NMR (300 MHz, CDCls) & 0.27-0.37 (2H,
m), 0.57-0.68 (2H, m), 1.12-1.25 (1H, m), 2.87 (2H, d, J = 6.4 Hz), 3.75 (3 H, s), 5.02 (2 H, 9),
5.96-6.13 (2H, m), 7.04-7.16 (3H, m), 7.31 (1 H,d, J =7.2 Hz), 7.35-7.45 (3H, m), 7.79 (1 H, d,
J = 8.3 Hz). *C NMR (101 MHz, DMSO-dg) § 4.5, 8.9, 29.8, 31.1, 68.8, 97.8, 99.8, 108.8, 115.3
(d, J = 21.2 Hz), 118.1, 120.3, 130.2 (d, J = 8.1 Hz), 132.1 (d, J = 3.0 Hz), 134.7, 135.6, 139.7,
141.6, 156.4, 161.9 (d, J = 245.4 Hz), 162.7, 166.6. MS (ESI/APCI) m/z = 404.2 [M + H]". Anal.
Calcd for C4H2oN30,F: C, 71.45; H, 5.50; N, 10.42. Found: C, 70.88; H, 5.57; N, 10.13.
1-[2-(2,2-Dimethylpropyl)-1-methyl-1H-benzimidazol-6-yI]-4-[ (4-fluorobenzyl)oxy]pyridin-2(
1H)-one (54i). The title compound was prepared in 34% yield using 44c and 55f in an analogous
manner to 54e. White solid; mp 238-239 °C. ‘*H NMR (300 MHz, DMSO-ds) & 1.04 (9H, s), 2.81
(2H,s), 3.77 (3H, s), 5.14 (2H, s), 5.99 (1H, d, J = 2.6 Hz), 6.09 (1H, dd, J = 7.6, 2.6 Hz), 7.08 (1H,
dd, J = 8.5, 2.1 Hz), 7.20-7.32 (2H, m), 7.48-7.56 (3H, m), 7.61 (2H, dd, J = 7.9, 5.3 Hz). °C
NMR (101 MHz, DMSO-dg) & 29.4, 30.4, 32.4, 39.0, 68.8, 97.8, 99.8, 109.0, 115.3 (d, J = 21.2
Hz), 118.1, 120.4, 130.2 (d, J = 8.1 Hz), 132.1 (d, J = 3.0 Hz), 134.6, 135.3, 139.7, 141.6, 155.0,
161.9 (d, J = 245.4 Hz), 162.8, 166.7. MS (ESI/APCI) m/z = 420.2 [M + H]". Anal. Calcd for
CasH26FN3O;: C, 71.58; H, 6.25; N, 10.02. Found: C, 71.46; H, 61.7; N, 9.97.
4-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-1-ethyl-1H-benzimidazol-6-yl)pyridin-2(1H)-one
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(54j). A mixture of 44a (100 mg, 0.42 mmol), 55b (124 mg, 0.47 mmol), Cul (81 mg, 0.42 mmol),
DMEDA (0.048 mL, 0.42 mmol), K,CO3 (147 mg, 1.06 mmol), and DMSO (2.5 mL) was heated
120 °C for 1 h under microwave irradiation. The mixture was quenched with 28% ammonia
solution at rt and extracted with EtOAc. The organic layer was separated, washed with brine, dried
over MgSQ,, and concentrated in vacuo. The residue was purified by column chromatography (NH
silica gel, hexane/EtOAc = 75/25 to 0/100). The solid was crystallized from IPA-hexane to give
the title compound (85 mg, 48%) as a light pink solid; mp 203-204 °C. 'H NMR (300 MHz,
CDCls) & 1.08-1.19 (2H, m), 1.20-1.31 (2H, m), 1.46 (3H, t, J = 7.4 Hz), 1.93-2.05 (1H, m), 4.29
(2H, g, J = 7.2 Hz), 5.02 (2H, s), 6.01-6.08 (2H, m), 7.10 (1H, dd, J = 8.7, 1.9 Hz), 7.28-7.42 (6H,
m), 7.70 (1H, d, J = 8.3 Hz). *C NMR (75 MHz, DMSO-dg) & 7.0, 7.1, 8.4, 15.0, 37.7, 68.7, 97.9,
99.8, 108.4, 117.8, 120.4, 128.5, 129.7, 132.7, 134.5, 134.8, 135.0, 139.8, 141.5, 157.6, 162.8,
166.6. MS (ESI/APCI) m/z = 420.1 [M + H]". Anal. Calcd for C,;H,,CIN;0,: C, 68.65; H, 5.28; N,
10.01. Found: C, 68.53; H, 5.29; N, 9.73.
4-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-1-propyl-1H-benzimidazol-6-yl)pyridin-2(1H)-one
(54K). The title compound was prepared in 11% yield using 44a and 55c in an analogous manner to
54j. Off-white solid. '"H NMR (300 MHz, CDCl;) & 1.00 (3H, t, J = 7.5 Hz), 1.08-1.20 (2H, m),
1.23-1.33 (2H, m), 1.85-1.96 (2H, m), 1.96-2.04 (1H, m), 4.20 (2H, t, J = 7.3 Hz), 5.02 (2H, s),
6.00-6.13 (2H, m), 7.01-7.16 (3H, m), 7.28-7.36 (2H, m), 7.37-7.45 (2H, m), 7.70 (1H, d, J = 8.3
Hz). MS (ESI/APCI) m/z = 434.2 [M + H]".
4-(Benzyloxy)-1-(2-cyclopropyl-1-methyl-1H-benzimidazol-6-yl)pyridin-2(1H)-one (541). The
title compound was prepared in 87% yield using 44e and 55a in an analogous manner to 54a.
White solid; mp 210-211 °C. 'H NMR (300 MHz, CDCls) 6 0.95-1.19 (4H, m), 2.18-2.34 (1H, m),
3.85 (3H, ), 5.15 (2H, ), 5.98 (1H, d, J = 3.0 Hz), 6.10 (1H, dd, J = 7.6, 2.6 Hz), 6.96-7.11 (1H,
m), 7.29-7.66 (8H, m). **C NMR (101 MHz, DMSO-dg) & 7.1, 8.3, 29.5, 69.6, 97.8, 99.8, 108.5,
117.7, 120.3, 127.8, 128.1, 128.5, 134.5, 135.8, 135.9, 139.6, 141.4, 158.3, 162.8, 166.7. MS
(ESI/APCI) m/z = 372.0 [M + H]". Anal. Calcd for C,3H»N3O,: C, 74.37; H, 5.70; N, 11.31.
Found: C, 74.19; H, 5.76; N, 11.16.
4-[(3-Chlorobenzyl)oxy]-1-(2-cyclopropyl-1-methyl-1H-benzimidazol-6-yl)pyridin-2(1H)-one
(54m). The title compound was prepared in 29% yield using 44b and 55a in an analogous manner
to 54a. White solid; mp 220-222 °C. 'H NMR (400 MHz, DMSO-dg) & 1.02-1.11 (4H, m), 2.25—
2.29 (1H, m), 3.85 (3H, s), 5.18 (2H, ), 5.97 (1H, d, J = 2.4 Hz), 6.12 (1H, dd, J = 7.5, 2.5 Hz),
7.04 (1H, dd, J = 8.5, 1.6 Hz), 7.43-7.48 (3H, m), 7.49-7.55 (3H, m), 7.59 (1H, d, J = 7.6 Hz). °C
NMR (75 MHz, DMSO-ds) 6 7.1, 8.4, 29.6, 68.6, 97.9, 99.8, 108.6, 117.8, 120.4, 126.4, 127.5,
128.1, 130.5, 133.1, 134.4, 135.8, 138.5, 139.8, 141.4, 158.3, 162.8, 166.5. MS (ESI/APCI) m/z =
405.8 [M + H]". Anal. Calcd for C,3H»0CIN3O,: C, 68.06; H, 4.97; N, 10.35. Found: C, 67.94; H,
4.91; N, 10.31.
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4-[(2-Chlorobenzyl)oxy]-1-(2-cyclopropyl-1-methyl-1H-benzimidazol-6-yl)pyridin-2(1H)-one
(54n). To a suspension of 56a (100 mg, 0.36 mmol) and (2-chlorophenyl)methanol (101 mg, 0.71
mmol) in THF (2 mL) were added tributylphosphine (0.266 mL, 1.07 mmol) and ADDP (269 mg,
1.07 mmol) at 60 °C, and the mixture was stirred at the same temperature for 3 h. After solvent
was removed by evaporation, the residue was purified by column chromatography (silica gel,
hexane/EtOAc = 90/10 to 0/100, then EtOAc/MeOH = 100/0 to 85/15), followed by column
chromatography (NH silica gel, hexane/EtOAc = 90/10 to 0/100, then EtOAc/MeOH = 100/0 to
85/15). The residual solid was recrystallized by EtOH-hexane to give the title compound (60.0 mg,
42%) as an off-white solid; mp 199-201 °C.'"H NMR (400 MHz, DMSO-dg) & 1.01-1.13 (4H, m),
2.23-2.31 (1H, m), 3.85 (3H, s), 5.20 (2H, s), 6.02 (1H, d, J = 2.6 Hz), 6.10 (1H, dd, J = 7.5, 2.5
Hz), 7.06 (1H, dd, J = 8.6, 1.6 Hz), 7.40-7.48 (2H, m), 7.50-7.57 (3H, m), 7.59 (1H, d, J = 7.5 Hz),
7.61-7.66 (1H, m). *C NMR (75 MHz, DMSO-dg) & 7.1, 8.4, 29.6, 67.3, 97.7, 99.6, 108.6, 117.8,
120.4, 127.5, 129.5, 130.4, 130.7, 133.0, 133.1, 134.4, 135.8, 139.8, 141.4, 158.3, 162.8,
166.7. MS (ESI/APCI) m/z = 406.1 [M + H]". Anal. Calcd for Cp3H,0N30,Cl: C, 68.06; H, 4.97; N,
10.35. Found: C, 68.11; H, 4.88; N, 10.31.
4-[(5-Chloropyridin-2-yl)methoxy]-1-(2-cyclopropyl-1-methyl-1H-benzimidazol-6-yl)-pyridin
-2(1H)-one (540). The title compound was prepared in 14% vyield using 56a and
(5-chloropyridin-2-yl)methanol in an analogous manner to 54c. White solid; mp 234-236 °C
(EtOH-H,0).*H NMR (400 MHz, DMSO-dg) & 1.04-1.09 (4H, m), 2.26-2.32 (1H, m), 3.84 (3H,
s), 5.23 (2H, s), 5.96 (1H, s), 6.12 (1H, dd, J = 7.7, 2.6 Hz), 7.04 (1H, m), 7.50-7.52 (2H, m),
7.59-7.61 (2H, m), 8.02-8.04 (1H, m), 8.67 (1H, s). *C NMR (75 MHz, DMSO-dg) & 7.1, 8.4,
29.6, 69.8, 98.0, 99.7, 108.5, 117.8, 120.4, 123.5, 130.5, 130.5, 134.4, 135.8, 136.9, 139.9, 141.4,
147.8, 154.1, 158.3, 162.7, 166.5. MS (ESI/APCI) m/z = 407.4 [M + H]". Anal. Calcd for
C2H19CINGO,: C, 64.94; H, 4.71; N, 13.77. Found: C, 64.77; H, 4.83; N, 13.50.
4-[(5-Chloropyrimidin-2-yl)methoxy]-1-(2-cyclopropyl-1-methyl-1H-benzimidazol-6-yl)pyridi
n-2(1H)-one (54p). A mixture of 54aa (100 mg, 0.27 mmol),
2-chloro-1,3-bis(dimentylamino)trimethinium hexafluorophosphate (98 mg, 0.32 mmol), sodium
methoxide (43.4 mg, 0.80 mmol), and MeOH (3 mL) was stirred at rt for 1 h. The mixture was
concentrated and the residue was diluted with water. The aqueous phase was extracted with EtOAcC.
The combined organic layers were washed with water and brine, dried over MgSQO,4, and
concentrated in vacuo. The residue was purified by column chromatography (NH silica gel,
hexane/EtOAc = 90/10 to 0/100) to give the title compound (56.0 mg, 51%) as a white solid; mp
217-219 °C.*H NMR (400 MHz, DMSO-dg) & 0.94-1.17 (4H, m), 2.26 (1H, br s), 3.85 (3H, s),
5.36 (2H, s), 5.87 (1H, br s), 6.13 (1H, d, J = 9.0 Hz), 7.04 (1H, d, J = 9.0 Hz), 7.51 (2H, br s),
7.59 (1H, d, J = 6.9 Hz), 9.02 (2H, s). *C NMR (101 MHz, DMSO-ds) & 7.0, 8.3, 29.5, 69.5, 97.9,
99.6, 108.5, 117.7, 120.3, 129.8, 134.4, 135.8, 139.8, 141.4, 156.1, 158.3, 162.5, 162.6, 166.6. MS

95



(ESI/APCI) m/z = 408.3 [M + H]".
1-(2-Cyclopropyl-1-methyl-1H-benzimidazol-6-yl)-4-(thiophen-2-ylmethoxy)pyridin-2(1H)-on
e (54q). The title compound was prepared in 30% yield using 56a and thiophen-2-ylmethanol in an
analogous manner to 54n. White solid; mp 222-223 °C. 'H NMR (400 MHz, DMSO-dg) & 1.04—
1.11 (4H, m), 2.24-2.28 (1H, m), 3.85 (3H, s), 5.34 (2H, s), 6.05-6.07 (2H, m), 7.03-7.08 (2H, m),
7.27 (1H, d, J = 2.8 Hz), 7.50-7.52 (2H, m), 7.57 (1H, d, J = 7.2 Hz), 7.61 (1H, d, J = 4.9 Hz). °C
NMR (101 MHz, DMSO-dg) 6 7.1, 8.3, 29.5, 64.4, 97.8, 99.7, 108.5, 117.8, 120.4, 126.9, 127.3,
128.3, 134.4, 135.8, 137.8, 139.7, 141.4, 158.3, 162.7, 166.3. MS (ESI/APCI) m/z = 377.8 [M +
H]". Purity 99.4% (HPLC).
1-(2-Cyclopropyl-1-methyl-1H-benzimidazol-6-yl)-4-(thiophen-3-ylmethoxy)pyridin-2(1H)-on
e (54r). The title compound was prepared in 37% yield using 9a and thiophen-3-ylmethanol in an
analogous manner to 54n. Off-white solid; mp 223-225 °C. 'H NMR (400 MHz, DMSO-dg) &
1.02-1.09 (4H, m), 2.24-2.28 (1H, m), 3.85 (3H, s), 5.13 (2H, s), 5.99 (1H, d, J = 2.6 Hz), 6.06
(1H, dd, J =75, 2.6 Hz), 7.04 (1H, dd, J = 8.4, 1.7 Hz), 7.19 (1H, d, J = 4.2 Hz), 7.50-7.52 (2H,
m), 7.56-7.60 (2H, m), 7.64 (1H, m). *C NMR (101 MHz, DMSO-dg) & 7.1, 8.3, 29.5, 65.1, 97.6,
99.8, 108.5, 117.8, 120.4, 124.7, 126.8, 127.6, 134.5, 135.8, 136.7, 139.6, 141.4, 158.3, 162.8. MS
(ESI/APCI) m/z = 378.2 [M + H]". Anal. Calcd for C,;H19N30,S-0.12H,0: C, 66.44; H, 5.11; N,
11.07. Found: C, 66.49; H, 5.09; N, 11.08.
4-[(5-Chlorothiophen-2-yl)methoxy]-1-(2-cyclopropyl-1-methyl-1H-benzimidazol-6-yl)pyridi
n-2(1H)-one (54s). The title compound was prepared in 33% vyield using 56a and
(5-chlorothiophen-2-yl)methanol in an analogous manner to 54n. White solid; mp 218-220 °C
(EtOH-H,0). 'H NMR (400 MHz, DMSO-d) 5 1.02-1.11 (4H, m), 2.23-2.28 (1H, m), 3.85 (3H,
s), 5.29 (2H, s), 6.03-6.07 (2H, m), 7.02 (1H, dd, J = 8.5, 1.8 Hz), 7.08 (1H, d, J = 3.7 Hz), 7.16
(1H, d, J = 3.8 Hz), 7.51 (2H, dd, J = 5.4, 3.5 Hz), 7.57 (1H, d, J = 7.4 Hz). *C NMR (75 MHz,
DMSO-dg) 6 7.1, 8.4, 29.6, 64.4, 97.9, 99.6, 108.5, 117.8, 120.4, 126.6, 128.3, 129.1, 134.4, 135.8,
137.3, 139.8, 141.4, 158.3, 162.7, 166.1. MS (ESI/APCI) m/z = 412.3 [M + H]". Anal. Calcd for
C,1H13CINZO,S: C, 61.23; H, 4.40; N, 10.20. Found: C, 61.34; H, 4.43; N, 10.21.
4-[(4-Chlorothiophen-2-yl)methoxy]-1-(2-cyclopropyl-1-methyl-1H-benzimidazol-6-yl)pyridi
n-2(1H)-one (54t). The title compound was prepared in 24% vyield using 56a and
(4-chlorothiophen-2-yl)methanol in an analogous manner to 54n. Off-white solid. *H NMR (400
MHz, DMSO-dg) & 1.04-1.09 (4H, m), 2.26 (1H, m), 3.85 (3H, s), 5.32 (2H, ), 6.03-6.08 (2H, m),
7.04 (1H, dd, J = 8.5, 1.8 Hz), 7.28 (1H, s), 7.50-7.52 (2H, m), 7.58 (1H, d, J = 7.5 Hz), 7.64 (1H,
s). B¢ NMR (101 MHz, DMSO-dg) & 7.1, 8.3, 29.5, 64.0, 97.9, 99.6, 108.5, 117.8, 120.3, 122.1,
123.0, 127.8, 134.4, 135.8, 139.4, 139.8, 141.4, 158.3, 162.7, 166.1. MS (ESI/APCI) m/z = 412.2
[M + H]". Purity >99.9% (HPLC).
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4-[(5-Chlorothiophen-3-yl)methoxy]-1-(2-cyclopropyl-1-methyl-1H-benzimidazol-6-yl)pyridi
n-2(1H)-one (54u). The title compound was prepared in 9% vyield using 56a and
(5-chlorothiophen-3-yl)methanol in an analogous manner to 54n. White solid; mp 236-237 °C. 'H
NMR (400 MHz, DMSO-dg) & 1.02-1.11 (4H, m), 2.24-2.32 (1H, m), 3.85 (3H, s), 5.05 (2H, s),
5.98 (1H, d, J = 2.6 Hz), 6.06 (1H, dd, J = 7.6, 2.7 Hz), 7.03 (1H, dd, J = 8.4, 1.8 Hz), 7.20 (1H, d,
J=1.4Hz), 751 (2H, dd, J = 5.4, 3.5 Hz), 7.56-7.58 (2H, m). *C NMR (101 MHz, DMSO-d¢) &
7.1, 8.3, 29.5, 65.0,97.7,99.7, 108.5, 117.7, 120.3, 124.2, 127.0, 128.8, 134.4, 135.8, 136.5, 139.7,
141.4, 158.3, 162.7, 166.5. MS (ESI/APCI) m/z = 4120 [M + H]". Anal. Calcd for
C,1H13CINZO,S: C, 61.23; H, 4.40; N, 10.20. Found: C, 61.19; H, 4.39; N, 10.17.
1-(2-Cyclopropyl-1-methyl-1H-benzimidazol-6-yl)-4-{[5-(trifluoromethyl)thiophen-2-ylJmeth
oxy}pyridin-2(1H)-one (54v). The title compound was prepared in 35% yield using 56a and
[5-(trifluoromethyl)thiophen-2-ylJmethanol in an analogous manner to 54n. White solid; mp 256—
257 °C. 'H NMR (400 MHz, DMSO-dg) & 0.99-1.14 (4H, m), 2.22-2.31 (1H, m), 3.85 (3H, s),
5.45 (2H, s), 6.06 (1H, d, J = 2.5 Hz), 6.10 (1H, dd, J = 7.5, 2.7 Hz), 7.05 (1H, dd, J = 8.5, 1.8 Hz),
7.38 (1H, d, J = 2.8 Hz), 7.49-7.54 (2H, m), 7.60 (1H, d, J = 7.5 Hz), 7.69 (1H, d, J = 2.8 Hz). °C
NMR (101 MHz, DMSO-dg) & 7.0, 8.3, 29.5, 64.0, 98.0, 99.5, 108.5, 117.8, 120.3, 125.0 (q, J =
269.7 Hz), 128.1, 129.4 (q, J = 37.4 Hz), 130.0 (g, J = 4.0 Hz), 134.4, 135.8, 139.9, 141.4, 143.4 (d,
J = 2.0 Hz), 158.3, 162.6, 166.0. MS (ESI/APCI) m/z = 446.1 [M + H]". Anal. Calcd for
C2H1gF3N30,S: C, 59.32; H, 4.07; N, 9.43. Found: C, 59.43; H, 4.10; N, 9.42.
1-(2-Cyclopropyl-1-methyl-1H-benzimidazol-6-yl)-4-{[4-(trifluoromethyl)thiophen-2-ylJmeth
oxy}pyridin-2(1H)-one (54w). NaH (60% oil dispersion, 87 mg, 2.18 mmol) was added to a
solution of [4-(trifluoromethyl)thiophen-2-ylJmethanol (90, 397 mg, 2.18 mmol) in DMA at 0 °C.
After being stirred at the same temperature for 30 min, 57 (500 mg, 1.45 mmol) was added to the
reaction mixture. The mixture was stirred at 120 °C for 10 min. The mixture was quenched with
water at 0 °C and extracted with EtOAc. The organic layer was separated, washed with water and
brine, dried over MgSQO,4, and concentrated in vacuo. The residue was purified by column
chromatography (NH silica gel, hexane/EtOAc = 100/0 to 0/100), followed by preparative HPLC
(L-Column 2 ODS, eluted with H,O in acetonitrile containing 0.1% TFA). The desired fraction
was neutralized with sat. NaHCO; solution and extracted with EtOAc. The organic layer was
separated, dried over MgSO,, and concentrated in vacuo to give the title compound (330 mg, 51%)
as a pale yellow solid; mp 218-219 °C (IPA-IPE). 'H NMR (400 MHz, DMSO-dg) 6 0.95-1.14
(4H, m), 2.21-2.33 (1H, m), 3.85 (3H, s), 5.39 (2H, s), 6.05-6.10 (2H, m), 7.05 (1H, dd, J = 8.5,
1.2 Hz), 7.52 (2H, dd, J = 5.0, 3.2 Hz), 7.56-7.67 (2H, m), 8.33 (1H, s). *C NMR (101 MHz,
DMSO-ds) & 7.0, 8.3, 29.5, 63.9, 97.9, 99.6, 108.5, 117.8, 120.3, 122.0 (q, J = 270.7 Hz),124.57,
124.59, 129.3 (q, J = 35.4 Hz), 129.6 (q, J = 4.0 Hz), 134.4, 135.8, 139.8, 141.4, 158.3, 162.7,
166.1. MS (ESI/APCI) m/z = 446.1 [M + H]". Anal. Calcd for CyH15F3sN30,S-0.25H,0: C, 58.72;
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H, 4.14; N, 9.34. Found: C, 58.89; H, 4.21; N, 9.29.
1-(2-Cyclopropyl-1-methyl-1H-benzimidazol-6-yl)-4-{[5-(trifluoromethyl)thiophen-3-ylJmeth
oxy}pyridin-2(1H)-one (54x). The title compound was prepared in 26% yield using 57 and
[5-(trifluoromethyl)thiophen-3-ylJmethanol (94) in an analogous manner to 54x. White solid; mp
236-237 °C (EtOH-H,0). *H NMR (400 MHz, DMSO-dg) & 1.02-1.12 (4H, m), 2.22-2.31 (1H,
m), 3.85 (3H, s), 5.16 (2H, s), 6.01 (1H, d, J = 2.5 Hz), 6.09 (1H, dd, J = 7.6, 2.4 Hz), 7.04 (1H, dd,
J =85, 1.3 Hz), 7.48-7.55 (2H, m), 7.59 (1H, d, J = 7.5 Hz), 7.81 (1H, s), 8.06 (1H, s). *C NMR
(101 MHz, DMSO-dg) 6 7.0, 8.3, 29.5, 64.5, 97.7, 99.7, 108.5, 117.8, 120.3, 122.4 (g, J = 270.0
Hz), 129.6, 129.8 (q, J = 37.4 Hz), 130.2 (q, J = 3.0 Hz), 134.4, 135.8, 137.2, 139.7, 141.4, 158.3,
162.7, 166.4. MS (ESI/APCI) m/z = 446.3 [M + H]". Anal. Calcd for C,,H15F3N30,S: C, 59.32; H,
4.07; N, 9.43. Found: C, 59.36; H, 4.25; N, 9.34.
4-(Benzyloxy)-1-(2-ethyl-1-methyl-1H-benzimidazol-6-yl)pyridin-2(1H)-one (54y). The title
compound was prepared in 47% yield using 44eand 55h in an analogous manner to 54e. White
solid; mp 214-216 °C (MeOH-H,0). *H NMR (300 MHz, CDCl3) & 1.46 (3H, t, J = 7.5 Hz), 2.93
(2H, g, J = 7.6 Hz), 3.73 (3H, s), 5.06 (2H, s), 6.03-6.13 (2H, m), 7.13 (1H, dd, J = 8.4, 1.9 Hz),
7.28-7.48 (TH, m), 7.77 (1H, d, J = 8.4 Hz). *C NMR (75 MHz, DMSO-dg) & 11.3, 20.1, 29.5,
69.6, 97.8, 99.9, 108.8, 118.1, 120.3, 127.9, 128.2, 128.5, 134.7, 135.7, 135.9, 139.7, 141.5, 157.8,
162.8, 166.8. MS (ESI/APCI) m/z = 360.3 [M + H]". Anal. Calcd for C,,H,;N30,-0.92H,0: C,
70.28; H, 6.12; N, 11.18. Found: C, 70.18; H, 5.72; N, 11.13.
{[1-(2-Cyclopropyl-1-methyl-1H-benzimidazol-6-yl)-2-oxo-1,2-dihydropyridin-4-ylJoxy}aceto
nitrile (54z). A mixture of 56a (1.00 g, 3.55 mmol), bromoacetonitrile (0.27 mL, 3.91 mmol),
K,COs3 (1.47 g, 10.7 mmol), and DMF (10 mL) was stirred at 80 °C for 2 h. The mixture was
poured into water and extracted with EtOAc. The extract was washed with brine, dried over
MgSQ,, and concentrated. The residue was purified by column chromatography (NH silica gel,
hexane/EtOAc = 97/3 to 0/100) to give the title compound (0.87 g, 76%) as a white solid; mp 184—
186 °C. 'H NMR (400 MHz, DMSO-dg) & 0.97-1.20 (4H, m), 2.27 (1H, br s), 3.85 (3H, s), 5.25
(2H, s), 6.08 (1H, br s), 6.14 (1H, d, J = 7.65 Hz), 7.07 (1H, d, J = 8.5 Hz), 7.49-7.59 (2H, m),
7.67 (1H, d, J = 7.4 Hz). ®C NMR (101 MHz, DMSO-dg) 8 7.1, 8.4, 29.5, 53.3, 98.2, 98.9, 108.6,
115.7, 117.8, 120.3, 134.2, 135.8, 140.4, 141.5, 158.4, 162.4, 164.9. MS (ESI/APCI) m/z = 321.3
[M+H]".
2-{[1-(2-Cyclopropyl-1-methyl-1H-benzimidazol-6-yl)-2-oxo0-1,2-dihydropyridin-4-ylJoxy}eth
animidamide hydrochloride (54aa). Sodium methoxide (2.53 mg, 0.050 mmol) was added to a
solution of 54z (300 mg, 0.94 mmol) in MeOH (4 mL) and the mixture was stirred at rt for 4 h. To
the solution was added ammonium chloride (52.6 mg, 0.98 mmol) and the mixture was stirred at rt
overnight. The solvent was evaporated to give the title compound (368 mg, quant.) as a light brown
solid. 'H NMR (400 MHz, DMSO-dg) & 1.19 (4H, m), 2.27 (1H, br s), 3.86 (3H, s), 4.99 (2H, s),
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5.87 (1H, s), 6.16 (1H, d, J=5.3 Hz), 7.04 (1H, d, J = 7.8 Hz), 7.48-7.57 (2H, m), 7.68 (1H, d, J =
7.5 Hz), 9.04 (3H, br s). MS (ESI/APCI) m/z = 321.3 [M + H]".
6-Bromo-2-cyclopropyl-1-methyl-1H-benzimidazole (55a). A mixture of 59a (4.20 g, 18.2
mmol), zinc (5.94 g, 90.9 mmol), NH,CI (9.7 g, 182 mmol), MeOH (50 mL), and water (25 mL)
was stirred at rt for 3 h. After MeOH was removed by evaporation, the mixture was neutralized
with sat. NaHCO; solution and extracted with EtOAc. The organic layer was separated, washed
with water and brine, dried over MgSO,, and concentrated in vacuo. Then the residue was
dissolved in POCI; (1.68 mL, 18.0 mmol) and cyclopropanecarboxylic acid (2.86 mL, 36.0 mmol)
was added to the mixture at rt. The mixture was stirred at 120 °C for 3 h. After cooling to 0 °C, ice
water and sat. NaHCO3 solution were carefully added, and the mixture was extracted with EtOAc.
The extract was washed with brine, dried over MgSQ,, concentrated to give a brown solid. This
solid was dissolved in 1 N HCI solution and washed with EtOAc. The aqueous layer was basified
with 4 N NaOH solution and extracted with EtOAc. The organic layer was washed with brine,
dried over MgSO,, and concentrated to give the title compound (3.3 g, 72%) as a brown solid. *H
NMR (300 MHz, DMSO-dg) & 0.95-1.14 (4H, m), 2.23 (1H, tt, J = 7.9, 5.1 Hz), 3.83 (3H, s), 7.24
(1H, dd, J = 8.5, 2.1 Hz), 7.41 (1H, d, J = 8.7 Hz), 7.75 (1H, d, J = 1.9 Hz). *C NMR (101 MHz,
DMSO-dg) 6 7.0, 8.4, 295, 112.4, 113.4, 119.6, 123.9, 137.2, 141.1, 157.9. Anal. Calcd for
CuHuBrNy: C, 52.61; H, 4.42; N, 11.16. Found: C, 52.37; H, 4.31; N, 11.14.
6-Bromo-2-cyclopropyl-1-ethyl-1H-benzimidazole (55b). Zinc (8.0 g, 122 mmol) was added to a
solution of 59b (3.0 g, 12.2 mmol) in AcOH (60 mL) at rt. The mixture was stirred at ambient
temperature for 30 min. The insoluble material was removed by filtration and the filtrate was
concentrated in vacuo. The mixture was neutralized with sat. NaHCO; solution and extracted with
EtOAc. The organic layer was separated, washed with water and brine, dried over MgSQO,, and
concentrated in vacuo to give an intermediate 4-bromo-N®-ethylbenzene-1,2-diamine.

HATU (489 ¢, 129 mmol) was added to a solution of the intermediate
4-bromo-N%-ethylbenzene-1,2-diamine, DIPEA (6.40 mL, 36.7 mmol), and
cyclopropanecarboxylic acid (0.98 mL, 12.2 mmol) in DMF (40 mL), and the mixture was stirred
at rt for 1 h. The mixture was quenched with water and extracted with EtOAc. The organic layer
was separated, washed with water and brine, dried over MgSQO,, and concentrated in vacuo. The
residue was dissolved in AcOH (40 mL) and the mixture was stirred at 80 °C for 1 h. After
concentration of the mixture, the residue was neutralized with sat. NaHCO3 solution and extracted
with EtOAc. The organic layer was separated, washed with water and brine, dried over MgSQy,,
and concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexane/EtOAc = 100/0 to 0/100) to give the title compound (1.2 g, 37%) as a pale yellow solid. *H
NMR (300 MHz, CDCl3) & 1.03-1.18 (2H, m), 1.19-1.30 (2H, m), 1.46 (3H, t, J = 7.2 Hz), 1.96
(1H, tt, J = 8.2, 4.9 Hz), 4.25 (2H, q, J = 7.3 Hz), 7.29 (1H, dd, J = 8.3, 1.9 Hz), 7.43 (1H, d, J =
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1.5 Hz), 7.50 (1H, d, J = 8.3 Hz). *C NMR (101 MHz, DMSO-dg) & 7.0, 8.4, 14.9, 37.6, 112.3,
113.5, 119.7, 123.9, 136.1, 141.2, 157.3. MS (ESI/APCI) m/z = 265.1 [M + H]". Anal. Calcd for
C1,H13BrN,: C, 54.36; H, 4.94; N, 10.57. Found: C, 54.29; H, 4.87; N, 10.58.
6-Bromo-2-cyclopropyl-1-propyl-1H-benzimidazole (55c). The title compound was prepared in
56% yield using 59¢ in an analogous manner to 55a. Pink solid. *H NMR (300 MHz, CDCls) &
1.00 (4H, t,J = 7.4 Hz), 1.07-1.16 (2H, m), 1.21-1.30 (2H, m), 1.80-2.01 (3H, m), 4.13-4.21 (2H,
m), 7.26-7.32 (1H, m), 7.42 (1H, d, J = 1.9 Hz), 7.50 (1H, d, J = 8.7 Hz). MS (ESI/APCI) m/z =
279.1 [M + H]".

6-Bromo-1,2-dimethyl-1H-benzimidazole (55d). To a solution of 63a (30.0 g, 109 mmol) in
AcOH (300 mL) was added zinc powder (35.9 g, 549 mmol) at rt. After being stirred over 90 °C
for 4 h, the reaction mixture was allowed to cool to rt, and the zinc dust was removed by filtration
with Celite pad and washed with EtOAc. The filtrate was concentrated and partitioned between
EtOAc and sat. NaHCO3 solution. The resulting precipitate was removed by filtration with Celite
pad, and the filtrate was extracted with EtOAc. The organic layer was separated, washed with
water and brine, dried over MgSO, and concentrated. The residue was purified by
chromatography (NH silica gel, hexane/EtOAc = 100/0 to 0/100) to give the title compound (16.0
g, 65%) as a purple solid. *H NMR (400 MHz, CDCl5) & 2.56-2.61 (3H, m), 3.69 (3H, s), 7.32 (1H,
dd, J = 8.5, 1.3 Hz), 7.43 (1H, s), 7.53 (1H, d, J = 8.4 Hz). *C NMR (101 MHz, DMSO-dg) & 13.4,
29.8, 112.6, 113.6, 119.6, 123.8, 137.1, 141.3, 153.3. MS (ESI/APCI) m/z = 225.1 [M + H]". Anal.
Calcd for CqHgBrN,: C, 48.02; H, 4.03; N, 12.45. Found: C, 48.12; H, 3.99; N, 12.52.
6-Bromo-2-(cyclopropylmethyl)-1-methyl-1H-benzimidazole (55e). The title compound was
prepared in 96% vyield using 59a and cyclopropylacetic acid in an analogous manner to 55b. 'H
NMR (300 MHz, CDCl3) 6 0.31 (2H, d, J = 6.0 Hz), 0.63 (2H, dd, J = 7.9, 1.1 Hz), 1.08-1.27 (1H,
m), 2.83 (2H, d, J = 6.4 Hz), 3.72 (3H, s), 7.34 (1H, d, J = 1.9 Hz), 7.45 (1H, d, J = 1.9 Hz), 7.58
(1H, d, J = 8.7 Hz). MS (ESI/APCI) m/z = 265.1 [M + H]".
6-Bromo-2-(2,2-dimethylpropyl)-1-methyl-1H-benzimidazole (55f). The title compound was
prepared in 78% yield using 63b in an analogous manner to 55d. White solid. *H NMR (300 MHz,
CDCly) § 1.02 (9H, s), 2.77 (2H, s), 3.75 (3H, s), 7.28 (1H, dd, J = 8.7, 1.9 Hz), 7.51 (1H, d, J =
8.3 Hz), 7.76 (1H, d, J = 1.9 Hz). MS (ESI/APCI) m/z = 281.0 [M + H]".
6-Bromo-2-cyclobutyl-1-methyl-1H-benzimidazole (559). To a mixture of
cyclobutanecarboxylic acid (352 uL, 3.73 mmol) and 62 (500 mg, 2.48 mmol) was added POCl;
(10 mL) and the mixture was heated under reflux for 4 h. The mixture was cooled to rt and poured
into ice-cold sat. NaHCOj; solution (100 mL). The mixture was extracted with EtOAc, and the
organic layer was washed with brine, dried over Na,SO4, and concentrated under reduced pressure.
The reside was purified by column chromatography (silica gel, hexane/EtOAc = 70/30) to afford
the title compound (300 mg, 45%) as an off-white solid. *H NMR (400 MHz, DMSO-dg) & 1.89—
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1.95 (1H, m), 2.01-2.12 (1H, m), 2.37-2.46 (4H, m), 3.64 (3H, s), 3.80-3.88 (1H, m), 7.27 (1H, dd,
J=8.4,16Hz),751(1H, d,J=8.4Hz), 7.75 (1H, d, J = 1.6 Hz). MS (ESI/APCI) m/z = 266.8 [M
+HJ".

6-Bromo-2-ethyl-1-methyl-1H-benzimidazole (55h). The title compound was prepared in 57%
yield using 59a and propanoic acid in an analogous manner to 55e. *H NMR (400 MHz, CDCls)
§1.45 (3H, t, J = 7.5 Hz), 2.89 (2H, g, J = 7.5 Hz), 3.69 (3H, s), 7.32 (1H, dd, J = 8.5, 1.8 Hz),
7.44 (1H, d, J= 1.5 Hz), 7.57 (1H, d, J = 8.5 Hz). MS (ESI/APCI) m/z = 239.0 [M + HJ".
1-(2-Cyclopropyl-1-methyl-1H-benzimidazol-6-yl)-4-hydroxypyridin-2(1H)-one ~ (56a). A
mixture of 541 (2.4 g, 6.46 mmol), 10% Pd-C (1.2 g), and MeOH (60 mL) was hydrogenated under
H, atmosphere (1 atm) at rt for 3 h. The inorganic material was removed by filtration and the
filtrate was concentrated in vacuo to give the title compound (1.57 g, 86%) as an off-white solid.
'H NMR (400 MHz, DMSO-dg) & 0.99-1.13 (4H, m), 2.21-2.30 (1H, m), 3.85 (3H, s), 5.65 (1H, br
s), 5.95 (1H, d, J = 7.4 Hz), 7.02 (1H, dd, J = 8.4, 2.0 Hz), 7.40-7.58 (3H, m), 10.78 (1H, br s). °C
NMR (101 MHz, DMSO-dg) 6 7.1, 8.4, 29.6, 108.4, 109.0, 117.9, 120.0, 121.9, 133.8, 135.3,
135.8, 140.2, 141.7, 158.6, 160.4. MS (ESI/APCI) m/z = 282.1 [M + H]". Anal. Calcd for
C16H15N30,-0.11H,0: C, 67.84; H, 5.42; N, 14.83. Found: C, 67.80; H, 5.42; N, 14.81.
1-(2-Ethyl-1-methyl-1H-benzimidazol-6-yl)-4-hydroxypyridin-2(1H)-one  (56b). The title
compound was prepared in 99% vyield using 54y in an analogous manner to 56a. Pale yellow solid.
'H NMR (300 MHz, DMSO-dg) & 1.33 (3H, t, J = 7.5 Hz), 2.90 (2H, q, J = 7.5 Hz), 3.74 (3H, s),
5.65 (1H, d, J = 2.5 Hz), 5.96 (1H, dd, J = 7.5, 2.5 Hz), 7.04 (1H, dd, J = 8.4, 2.0 Hz), 7.49-7.62
(3H, m), 10.88 (1H, br s). *C NMR (101 MHz, DMSO-dg) & 11.3, 20.0, 29.5, 98.4, 100.2, 108.7,
117.9, 120.3, 135.0, 135.7, 139.9, 141.4, 157.7, 163.0, 167.2. MS (ESI/APCI) m/z = 470.2 [M +
H]". Anal. Calcd for Cy5H1sN30,-1.35H,0: C, 61.36; H, 6.08; N, 14.31. Found: C, 61.49; H, 5.73;
N, 14.39.

5-Bromo-N-methyl-2-nitroaniline (58a). To a solution of 57 (25.0 g, 114 mmol) in EtOH (100
mL) was added methylamine (40% in MeOH, 34.8 mL, 341 mmol) at rt. The mixture was stirred at
rt for 1 h and then cooled to 0 °C. The precipitate was collected by filtration, and washed with
EtOH and IPE successively to give the title compound (24.8 g, 94%) as a yellow solid. *H NMR
(300 MHz, DMSO-dg) & 2.95 (3H, d, J = 4.9 Hz), 6.83 (1 H,dd, J = 9.1, 1.9 Hz), 7.17 (1 H, d,J =
1.9Hz),7.98 (1 H, d, J=9.1 Hz), 8.23 (1H, brs).

5-Bromo-N-ethyl-2-nitroaniline (58b). The title compound was prepared in 80% yield using
ethylamine in an analogous manner to 58a. Pale yellow solid. "H NMR (300 MHz, CDCl5) & 1.38
(3H, t, J = 7.2 Hz), 3.33 (2H, qd, J = 7.2, 5.1 Hz), 6.75 (1H, dd, J = 9.1, 1.9 Hz), 7.01 (1H, d, J =
1.9 Hz), 7.98 (1H, br s), 8.03 (1H, d, J = 9.1 Hz).

5-Bromo-2-nitro-N-propylaniline (58c). The title compound was prepared in 76% yield using

n-propylamine in an analogous manner to 58a. Orange solid. *"H NMR (300 MHz, CDCl;) & 1.06
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(3H,t,J=7.5Hz), 1.77 (2H, m), 3.25 (2H, td, J = 7.1, 5.1 Hz), 6.74 (1H, dd, J = 9.0, 1.9 Hz), 7.01
(1H, d, J =19 Hz), 7.92-8.11 (2H, m).
4-[(4-Fluorobenzyl)oxy]-1-[3-(methylamino)-4-nitrophenyl]pyridin-2(1H)-one (59). The title
compound was prepared in 44% yield using 44a and 58a in an analogous manner to 54a. Yellow
solid. *H NMR (300 MHz, DMSO-dg) & 2.96 (3H, d, J = 4.9 Hz), 5.13 (2H, s), 6.00 (1H, d, J = 2.3
Hz), 6.14 (1H, dd, J = 7.7, 2.8 Hz), 6.69 (1H, dd, J = 9.0, 1.9 Hz), 6.96 (1H, d, J = 1.9 Hz), 7.25
(2H, t,J=8.9Hz), 7.52 (2H, dd, J = 8.3, 5.7 Hz), 7.64 (1H, d, J = 7.5 Hz), 8.13 (1H, d, J = 9.0 H2),
8.27 (1H, d, J = 4.9 Hz). MS (ESI/APCI) m/z = 370.1 [M + H]".
1-[4-Amino-3-(methylamino)phenyl]-4-[(4-fluorobenzyl)oxy]pyridin-2(1H)-one (60). A
mixture of 59 (90 mg, 0.24 mmol), iron (54.4 mg, 0.97 mmol), calcium chloride (54.1 mg, 0.49
mmol), EtOH (1.5 mL), and water (1.5 mL) was heated at 70 °C for 3 h. The inorganic material
was removed by filtration, and the filtrate was concentrated. The residue was neutralized with sat.
NaHCO; solution and extracted with EtOAc. The extract was washed with brine, dried over
MgSO,, and concentrated to give the title compound (78 mg, 94%) as an brown solid. *H NMR
(300 MHz, CDCls) 8 2.85 (3 H, s), 3.29-3.41 (2 H, m), 4.99 (2 H, s), 5.90-6.08 (2 H, m), 6.52-6.65
(2H,m),6.74 (1H,d,J=79Hz),7.09(2H,t,J=87Hz),7.23(1H,s),7.39(2H,dd, J=8.7,5.3
Hz). MS (ESI/APCI) m/z = 340.1 [M + H]".

4-Bromo-N2-methylbenzene-1,2-diamine (61). A solution of 58a (350 mg, 1.51 mmol), zinc (495
mg, 7.57 mmol), and NH4CI (810 mg, 15.15 mmol) in MeOH (4 mL)/water (2 mL) was stirred at rt
for 1 h. The insoluble material was removed by filtration and neutralized sat. NaHCOj; solution.
The mixture was concentrated and extracted with EtOAc. The organic layer was separated, washed
with water and brine, dried over MgSQ,, and concentrated in vacuo to give the title compound as a
brown solid (282 mg, 93%). 'H NMR (400 MHz, DMSO-dg) 6 2.68 (3H, d, J = 4.9 Hz), 4.60 (2H,
s), 4.87 (1H, d, J = 4.9 Hz), 6.32-6.58 (3H, m). MS (ESI/APCI) m/z = 202.09 [M + H]".
N-(5-Bromo-2-nitrophenyl)-N-methylacetamide (62a). To a solution of 58a (50.0 g, 216 mmol)
in toluene (500 mL) was added acetyl chloride (30.8 mL, 432 mmol) at rt. After being stirred at
90 °C for 15 h, acetyl chloride (7.69 mL, 108 mmol) was added and the mixture was stirred at
90 °C for further 5 h. The reaction mixture was cooled to rt, poured into EtOAc, washed with sat.
NaHCO; solution and brine, dried over Na,SO,4, and concentrated. The residual solid was
recrystallized from EtOAc—hexane to give the title compound (57 g, 97%) as a yellow solid. 'H
NMR (400 MHz, DMSO-ds) 6 1.65-2.26 (3H, m), 3.00-3.52 (3H, m), 7.67-8.20 (3H, m). MS
(ESI/APCI) m/z=272.9 [M + H]".

N-(5-Bromo-2-nitrophenyl)-N,3,3-trimethylbutanamide (62b). To a mixture of 58a (300 mg,
1.30 mmol), 3,3-dimethylbutanoyl chloride (0.45 mL, 3.25 mmol), and DMF (5 mL) was added
NaH (60% oil dispersion, 57.1 mg, 1.43 mmol), and the mixture was heated at 70 °C overnight.

The mixture was poured into water and extracted with EtOAc. The extract was washed with brine,
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dried over MgSO,, concentrated, and purified by column chromatography (silica gel,
hexane/EtOAc = 100/0 to 75/25) to give the title compound (214 mg, 51%) as a solid. *H NMR
(400 MHz, DMSO-dg) & 0.86-1.06 (9H, m), 1.67-2.39 (2H, m), 3.02-3.45 (3H, m), 7.68-8.13 (3H,
m). MS (ESI/APCI) m/z = 329.0 [M + H]".
4-Bromo-1-(2-cyclopropyl-1-methyl-1H-benzimidazol-6-yl)pyridin-2(1H)-one  (63). To a
solution of 56a (1.0 g, 3.55 mmol) in DMF (15 mL) was added phosphoryl tribromide (1.22 g, 4.27
mmol) at ambient temperature. The mixture was stirred at 50 °C for 9 h. The mixture was poured
into sat. NaHCO; solution and extracted with EtOAc. The organic layer was separated, washed
with water and brine, dried over MgSO,, and concentrated in vacuo. The residual solid was
recrystallized from EtOH-hexane to give the title compound (600 mg, 49%) as a brown solid. 'H
NMR (400 MHz, DMSO-d) 8 0.99-1.16 (4H, m), 2.22-2.32 (1H, m), 3.85 (3H, s), 6.54 (1H, dd, J =
7.3,2.0Hz), 6.84 (1H, d, J=2.0 Hz), 7.09 (1H, dd, J = 8.4, 1.9 Hz), 7.50-7.61 (2H, m), 7.67 (1H, d,
J = 7.3 Hz). ®C NMR (101 MHz, DMSO-dg) & 7.1, 8.3, 29.5, 98.5, 99.9, 108.5, 117.7, 120.4,
134.7,135.8, 140.0, 141.3, 158.2, 162.9, 166.8. MS (ESI/APCI) m/z = 345.0 [M + H]". Anal. Calcd
for C16H14BrN3O: C, 53.78; H, 4.36; N, 11.76. Found: C, 53.85; H, 4.10; N, 11.94.
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Experiments concerning Chapter 4

4-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-1-methyl-1H-indol-6-yl)pyridin-2(1H)-one (64). A
mixture of 44b (75 mg, 0.32 mmol), 68 (80 mg, 0.32 mmol), DMEDA (0.034 mL, 0.32 mmol),
Cul (60.9 mg, 0.32 mmol), K,CO3 (133 mg, 0.96 mmol), and DMSO (2 mL) was heated at 150 °C
for 1 h under microwave irradiation. The mixture was poured into water and extracted with EtOAC.
The organic layer was separated, washed with water and brine, dried over MgSO,, and
concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexane/EtOAc = 100/0 to 0/100) to give the title compound (28.0 mg, 22%) as off-white crystals;
mp 210-211 °C. *H NMR (400 MHz, DMSO-dg) 8 0.70 (2H, d, J = 3.6 Hz), 1.00 (2H, d, J = 7.4
Hz), 2.03 (1H, brs), 3.74-3.80 (3H, m), 5.15 (2H, s), 5.96 (1H, br s), 6.08 (1H, d, J = 6.8 Hz), 6.14
(1H, s), 6.87 (1H, d, J = 8.2 Hz), 7.37 (1H, s), 7.41-7.53 (5H, m), 7.57 (1H, d, J = 7.7 Hz). °C
NMR (101 MHz, DMSO-dg) & 6.6, 7.2, 29.6, 68.7, 96.5, 97.9, 99.5, 107.9, 118.0, 119.2, 126.6,
128.5, 129.7, 132.7, 133.9, 135.0, 136.7, 139.9, 145.0, 162.8, 166.5. MS (ESI/APCI) m/z = 405.3
[M + H]". Anal. Calcd for C,,H»CIN,O,: C, 71.19; H, 5.23; N, 6.92. Found: C, 71.32; H, 5.19; N,
6.93.
4-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-3-methylpyrazolo[1,5-a]pyridin-5-yl)pyridin-2(1H)
-one (65). The title compound was prepared in 55% yield using 44b and 69 in an analogous
manner to 64. White crystals; mp 229-231 °C (EtOAc). *H NMR (400 MHz, DMSO-dg) & 0.81—
1.03 (4H, m), 1.95-2.11 (1H, m), 2.27 (3H, s), 5.16 (2H, s), 5.99 (1H, d, J = 2.3 Hz), 6.14 (1H, dd,
J=17.6, 2.4 Hz), 6.65-6.74 (1H, m), 7.50 (4H, s), 7.56 (1H, s), 7.66 (1H, d, J = 7.5 Hz), 8.48 (1H,
d, J = 7.3 H2). BC NMR (101 MHz, DMSO-dg) & 6.9, 7.2, 8.1, 68.8, 97.8, 100.4, 104.5, 110.4,
113.2,128.1, 128.5, 129.7, 132.8, 134.8, 135.2, 138.2, 138.9, 155.2, 162.3, 166.9. MS (ESI/APCI)
m/z = 406.3 [M + H]". Anal. Calcd for C,3H,0CIN3O,: C, 68.06; H, 4.97; N, 10.35. Found: C,
67.78; H, 5.08; N, 10.24.
4-[(4-Chlorobenzyl)oxy]-1-(2,3-dimethyl-2H-indazol-5-yl)pyridin-2(1H)-one (66a). A mixture
of 44b (300 mg, 1.27 mmol), 71a (287 mg, 1.27 mmol), DMEDA (0.137 mL, 1.27 mmol), K,CO3
(528 mg, 3.82 mmol), Cul (242 mg, 1.27 mmol), and DMSO (10 mL) was heated at 150 °C for 3 h.
The mixture was poured into 28% NH; solution and extracted with EtOAc-THF. The extract was
washed with brine, dried over MgSQ,, concentrated, and purified by column chromatography
(silica gel, EtOAc/MeOH = 100/0 to 85/15) followed by recrystallization from EtOH to give the
title compound (150 mg, 31%) as a white solid; mp 242—244 °C. *H NMR (400 MHz, DMSO-dg) &
2.61 (3H, s), 4.07 (3H, s), 5.15 (2H, s), 5.97 (1H, d, J = 2.3 Hz), 6.09 (1H, dd, J = 7.6, 2.3 Hz),
7.10 (1H, d, J = 9.2 Hz), 7.47-7.55 (5H, m), 7.60 (1H, d, J = 7.5 Hz), 7.65 (1H, s). *C NMR (101
MHz, DMSO-dg) 6 9.4, 37.4, 68.7, 97.9, 99.8, 116.6, 117.8, 120.1, 125.3, 128.5, 129.7, 132.7,
133.3, 134.9, 139.7, 145.6, 162.8, 166.6. MS (ESI/APCI) m/z = 406.3 [M + H]*. Anal. Calcd for
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C,1H13CIN30,:0.27H,0: C, 65.56; H, 4.86; N, 10.92. Found: C, 65.90; H, 4.75; N, 10.97.
1-(2,3-Dimethyl-2H-indazol-5-yl)-4-{[5-(trifluoromethyl)thiophen-2-ylJmethoxy}pyridin-2(1H
)-one (66b). To a suspension of 82a (100 mg, 0.39 mmol), triphenylphosphine (308 mg, 1.18
mmol), and [5-(trifluoromethyl)thiophen-2-ylJmethanol (143 mg, 0.78 mmol) in THF (5 mL) at
60 °C was added DMEAD (275 mg, 1.18 mmol). After stirring 3 h, the mixture was diluted with
EtOAc, washed with water and brine, dried over MgSO,, and concentrated. The residue was
purified by column chromatography (silica gel, EtOAc/MeOH = 100/0 to 90/10) to give the title
compound (71.2 mg, 43%) as a white solid; mp 191-193 °C. 'H NMR (400 MHz, DMSO-dg) &
2.61 (3H, s), 4.07 (3H, s), 5.44 (2H, s), 6.03-6.14 (2H, m), 7.11 (1H, dd, J = 9.0, 2.0 Hz), 7.36—
7.41 (1H, m), 7.54 (1H, d, J = 8.9 Hz), 7.59-7.71 (3H, m). *C NMR (101 MHz, DMSO-dg) & 9.4,
37.4,64.0,98.0, 99.6, 116.7, 117.9, 120.1, 122.3 (q, J = 269.7 Hz), 125.3, 128.1, 129.5 (9, J = 37.4
Hz), 130.0 (g, J = 4.0 Hz), 132.7, 133.2, 139.9, 143.4 (d, J = 1.5 Hz), 145.6, 162.7, 166.1. MS
(ESI/APCI) m/z = 420.3 [M + H]". Anal. Calcd for CyH:6FsN30,S: C, 57.27; H, 3.85; N, 10.02.
Found: C, 57.09; H, 3.84; N, 10.00.
1-(2,3-Dimethyl-2H-indazol-5-yl)-4-{[4-(trifluoromethyl)thiophen-2-ylJmethoxy}pyridin-2(1H
)-one (66c¢). The title compound was prepared in 13% vyield using 82a and 90 in an analogous
manner to 66b. White crystals; mp 199200 °C. *H NMR (300 MHz, DMSO-dg) & 2.61 (3H, ),
4.07 (3H, s), 5.38 (2H, s), 6.04-6.11 (2H, m), 7.11 (1H, dd, J = 9.1, 2.0 Hz), 7.50-7.63 (3H, m),
7.63-7.68 (1H, m), 8.29-8.37 (1H, m). *C NMR (101 MHz, DMSO-ds) & 9.4, 37.4, 63.9, 97.9,
99.6, 116.7, 117.9, 120.1, 122.0 (q, J = 270.7 Hz), 124.6 (d, J = 2.0 Hz), 125.3, 129.3 (9, J = 35.4
Hz), 129.6 (q, J = 5.1 Hz), 132.7, 133.2, 139.8, 141.4, 145.6, 162.7, 166.2. MS (ESI/APCI) m/z =
420.3 [M + H]". Anal. Calcd for CyH:6FsN30,S-0.15H,0: C, 56.91; H, 3.89; N, 9.95. Found: C,
56.86; H, 3.87; N, 9.90.
1-(2,3-Dimethyl-2H-indazol-5-yl)-4-{[5-(trifluoromethyl)thiophen-3-ylJmethoxy}pyridin-2(1H
)-one (66d). The title compound was prepared in 43% yield using 82a and 94 in an analogous
manner to 66b. White solid; mp 217-218 °C (EtOH-hexane). ‘*H NMR (400 MHz, DMSO-dg) &
2.61 (3H, s), 4.07 (3H, s), 5.16 (2H, s), 6.01 (1H, s), 6.09 (1H, d, J =7.7 Hz) 7.11 (1H, d, J = 9.3
Hz), 7.54 (1H, d, J = 8.9 Hz), 7.60 (1H, d, J = 7.5 Hz), 7.65 (1H, s), 7.81 (1H, s), 8.06 (1H, s). **C
NMR (101 MHz, DMSO-d) 6 9.4, 37.4, 64.5, 97.7, 99.7, 116.6, 117.9, 120.1, 122.4 (q, J = 269.7
Hz),125.3, 129.6, 129.8 (q, J = 36.4 Hz), 130.3 (q, J = 4.0 Hz), 132.7, 133.3, 137.2, 139.7, 145.6,
162.8, 166.5. MS (ESI/APCI) m/z = 420.3 [M + H]". Anal. Calcd for CyoH1sFsN30,S: C, 57.27; H,
3.85; N, 10.02. Found: C, 57.34; H, 3.89; N, 10.09.
1-(2,3-Dimethyl-2H-indazol-5-yl)-4-{[4-(trifluoromethyl)-1,3-thiazol-2-yl]methoxy}pyridin-2(
1H)-one (66€). The title compound was prepared in 50% yield using 82a and
[4-(trifluoromethyl)-1,3-thiazol-2-yl]methanol in an analogous manner to 66b. White solid; mp
213-215 °C (IPA-IPE). 'H NMR (400 MHz, DMSO-dg) & 2.61 (3H, s), 4.07 (3H, s), 5.56 (2H, s),
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6.08 (1H, s), 6.16 (1H, d, J = 9.8 Hz), 7.11 (1H, d, J = 8.9 Hz), 7.54 (1H, d, J = 8.9 Hz), 7.66 (2H,
d, J = 11.7 Hz), 8.61 (1H, s). *C NMR (101 MHz, DMSO-dg) & 9.4, 37.4, 66.3, 98.3, 99.4, 116.7,
117.9, 120.1, 120.4 (g, J = 270.7 Hz), 125.0 (q, J = 2.0 Hz), 125.2, 132.8, 133.2, 140.0, 142.4 (q, J
= 36.4 Hz), 145.7, 162.6, 165.9, 168.2. MS (ESI/APCI) m/z = 421.3 [M + H]". Anal. Calcd for
C19H15F3N40,S: C, 54.28; H, 3.60; N, 13.33. Found: C, 54.20; H, 3.59; N, 13.27.
1-(2,3-Dimethyl-2H-indazol-5-yl)-4-{[2-(trifluoromethyl)-1,3-thiazol-4-ylJmethoxy}pyridin-2(
1H)-one (66f). The title compound was prepared in 24% vyield using 82a and
[2-(trifluoromethyl)-1,3-thiazol-4-ylJmethanol in an analogous manner to 66b. White solid; mp
185-188 °C. 'H NMR (400 MHz, DMSO-ds) & 2.61 (3H, s), 4.07 (3H, ), 5.32 (2H, s), 6.05-6.14
(2H, m), 7.11 (1H, d, J = 8.9 Hz), 7.54 (1H, d, J = 9.2 Hz), 7.61 (1H, d, J = 7.4 Hz), 7.66 (1H, s),
8.33 (1H, s). *C NMR (101 MHz, DMSO-dg) & 9.4, 37.4, 64.7, 97.8, 99.6, 116.6, 117.9, 119.7 (q,
J =273.7 Hz), 120.1, 124.6, 125.3, 132.7, 133.3, 139.8, 145.6, 152.3, 154.5 (q, J = 40.4 Hz), 162.8,
166.4. MS (ESI/APCI) m/z = 421.3 [M + H]". Anal. Calcd for CyH35F3N40,S-1.78H,0: C, 50.43;
H, 4.13; N, 12.38. Found: C, 50.46; H, 4.03; N, 12.38.
1-(2,3-Dimethyl-2H-indazol-5-yl)-4-[(4-fluorobenzyl)oxy]pyridin-2(1H)-one (66g). The title
compound was prepared in 37% vyield using 82a and (4-fluorophenyl)methanol in an analogous
manner to 66b. White solid; mp 247-248 °C (EtOH-H,0). *H NMR (400 MHz, CDCl3) & 2.62
(3H,s), 4.14 (3H, s), 5.03 (2H, s), 6.06 (1H, dd, J = 7.5, 2.6 Hz), 6.09 (1H, d, J = 2.5 Hz), 7.12 (2H,
t,J=8.6 Hz), 7.21(1H, dd, J =9.1, 1.7 Hz), 7.32 (1H, d, J = 7.5 Hz), 7.43 (2H, dd, J = 8.2, 5.5 Hz),
7.54 (1H, d, J = 1.0 Hz), 7.70 (1H, d, J = 9.0 Hz). *C NMR (101 MHz, DMSO-ds) & 9.4, 37.4,
68.9, 97.8,99.8, 115.3 (d, J = 21.2 Hz), 116.6, 117.8, 120.1, 125.3, 130.2 (d, J = 9.1 Hz), 132.1 (d,
J=4.0 Hz), 132.7, 133.3, 139.6, 145.6, 161.9 (d, J = 245.4 Hz), 162.8, 166.7. MS (ESI/APCI) m/z
=364.1 [M+H]".
4-[(4-Chlorobenzyl)oxy]-1-(2-ethyl-3-methyl-2H-indazol-5-yl)pyridin-2(1H)-one (66h). The
title compound was prepared in 13% yield using 44b and 71b in an analogous manner to 67.
Off-white solid. *H NMR (400 MHz, DMSO-dg) & 0.83-0.87 (3H, m), 1.84-1.91 (2H, m), 2.59
(3H,s),4.29 (2H, t, J = 7.0 Hz), 7.25 (1H, dd, J = 9.0, 1.8 Hz), 7.48 (1H, d, J = 9.0 Hz), 7.94 (1H,
d, J=1.6 Hz). MS (ESI/APCI) m/z = 394.2 [M + H]". Purity 99.4% (HPLC).
4-[(4-Chlorobenzyl)oxy]-1-(3-methyl-2-propyl-2H-indazol-5-yl)pyridin-2(1H)-one (66i). The
title compound was prepared in 43% vyield using 44b and 71c in an analogous manner to 67.
Off-white solid. '"H NMR (400 MHz, DMSO-dg) & 0.86 (3H, t, J = 7.4 Hz), 1.86-1.92 (2H, m),
2.62 (3H,s), 4.32 (2H, t, J = 6.9 Hz), 5.15 (2H, s), 5.96 (1H, d, J = 2.6 Hz), 6.08 (1H, dd, J = 7.6,
2.7 Hz), 7.09 (1H, dd, J = 9.0, 1.8 Hz), 7.50 (4H, s), 7.55 (1H, d, J = 9.1 Hz), 7.60 (1H, d, J = 7.6
Hz), 7.65 (1H, d, J = 1.4 Hz). B3¢ NMR (101 MHz, DMSO-dg) 6 9.3, 10.9, 23.0, 51.1, 68.7, 97.8,
99.8, 116.8, 118.0, 120.0, 125.4, 128.5, 129.7, 132.3, 132.7, 133.3, 135.0, 139.7, 145.8, 162.8,
166.6. MS (ESI/APCI) m/z = 408.0 [M + H]". Purity 99.8% (HPLC).
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4-[(4-Chlorobenzyl)oxy]-1-(2-cyclopropyl-3-methyl-2H-indazol-5-yl)pyridin-2(1H)-one (66j).
The title compound was prepared in 39% yield using 44b and 71d in an analogous manner to 64.
White crystals; mp 222-224 °C (EtOAc). 'H NMR (300 MHz, DMSO-dg) & 1.09-1.18 (2H, m),
1.22-1.30 (2H, m), 2.70 (3H, s), 3.96 (1H, dt, J = 7.4, 3.6 Hz), 5.15 (2H, s), 5.97 (1H, d, J = 2.6
Hz), 6.09 (1H, dd, J = 7.6, 2.7 Hz), 7.09 (1H, dd, J = 9.1, 2.0 Hz), 7.49-7.55 (5H, m), 7.58 (1H, d,
J=7.6Hz), 7.65 (1H, dd, J = 2.0, 0.7 Hz). **C NMR (101 MHz, DMSO-dg) § 6.9, 9.5, 31.4, 68.7,
97.8,99.8, 116.9, 117.7, 120.3, 125.5, 128.5, 129.7, 132.7, 133.4, 134.1, 134.9, 139.6, 145.1, 162.7,
166.6. MS (ESI/APCI) m/z = 406.3 [M + H]". Anal. Calcd for C»3H»,CIN30,-0.1H,0: C, 67.76; H,
4.99; N, 10.31. Found: C, 67.76; H, 4.99; N, 10.31.
1-(2-Cyclopropyl-3-methyl-2H-indazol-5-yl)-4-[ (4-fluorobenzyl)oxy]pyridin-2(1H)-one (66k).
The title compound was prepared in 70% yield using 44a and 71d in an analogous manner to 66a.
White crystals; mp 195-196 °C (EtOAc). *H NMR (400 MHz, DMSO-dg) & 1.14 (2H, d, J = 5.3
Hz), 1.27 (2H, br s), 2.70 (3H, s), 3.95 (1H, d, J = 3.5 Hz), 5.13 (2H, s), 5.98 (1H, br s), 6.08 (1H,
d, J=7.2 Hz), 7.09 (1H, d, J = 8.9 Hz), 7.26 (2H, t, J = 8.6 Hz), 7.49-7.61 (4H, m), 7.65 (1H, s).
3C NMR (101 MHz, DMSO-dg) & 6.9, 9.5, 31.4, 68.9, 97.8, 99.8, 115.3 (d, J = 21.2 Hz), 116.9,
117.7,120.3, 125.5, 130.2 (d, J = 9.1 Hz), 132.1 (d, J = 3.0 Hz), 133.5, 134.1, 139.6, 145.1, 161.9
(d, J = 244.4 Hz), 162.8, 166.7. MS (ESI/APCI) m/z = 390.3 [M + H]". Anal. Calcd for
Ca3H20FN30,: C, 70.94; H, 5.18; N, 10.79. Found: C, 70.92; H, 5.18; N, 10.78.
1-(2-Cyclopropyl-3-methyl-2H-indazol-5-y1)-4-{[5-(trifluoromethyl)thiophen-3-yl]methoxy}p
yridin-2(1H)-one (661). To a solution of 94 (1.82 g, 10.0mmol) in DMA (25 mL) was added
potassium tert-butoxide (1.12 g, 10.0 mmol) at 0 °C and the suspension was stirred at same
temperature for 15 min. To the mixture was added 83 (2.5 g, 8.34 mmol) and the mixture was
heated at 80 °C for 1.5 h. The mixture was cooled to rt and water was added. After being stirred at rt
overnight, the precipitate was collected by filtration and washed with water, EtOH, and IPE to give a
solid. The resulting solid was recrystallized from DMSO-EtOH-water to give the title compound
(2.5 g, 67%) as a solid; mp 215-216 °C. *H NMR (300 MHz, DMSO-dg) & 1.09-1.19 (2H, m),
1.21-1.31 (2H, m), 2.70 (3H, s), 3.92-4.01 (1H, m), 5.16 (2H, s), 6.01 (1H, d, J = 2.6 Hz), 6.09
(1H,dd, J=7.6, 2.7 Hz), 7.10 (1H, dd, J = 9.2, 2.0 Hz), 7.53 (1H, d, J = 9.2 Hz), 7.59 (1H, d, J =
7.6 Hz), 7.65 (1H, d, J = 1.3 Hz), 7.81 (1H, s), 8.06 (1H, d, J = 1.4 Hz). °C NMR (101 MHz,
DMSO-dg) 6 6.9, 9.5, 31.4, 64.5, 97.7, 99.7, 116.9, 117.7, 120.3, 122.4 (g, J = 269.7 Hz), 125.5,
129.6, 129.8 (q, J = 36.4 Hz), 130.3 (q, J = 4.0 Hz), 133.4, 134.1, 137.2, 139.6, 145.2, 162.8, 166.5.
MS (ESI/APCI) m/z = 446.2 [M + H]". Anal. Calcd for C»H1gN30,SF3: C, 59.32; H, 4.07; N, 9.43.
Found: C, 59.30; H, 4.17; N, 9.37.
4-(Benzyloxy)-1-(2,3-dimethyl-2H-indazol-5-yl)pyridin-2(1H)-one (66m). The title compound
was prepared in 65% yield using 44e and 71b in an analogous manner to 66a. Pale yellow solid;
mp 215-217 °C. *H NMR (400 MHz, DMSO-dg) & 2.61 (3H, s), 4.07 (3H, s), 5.15 (2H, s), 5.98
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(1H, d, J = 2.3 Hz), 6.09 (1H, dd, J = 7.5, 2.2 Hz), 7.11 (1H, d, J = 9.0 Hz), 7.32-7.50 (5H, m),
7.53 (1H, d, J = 9.2 Hz), 7.59 (1H, d, J = 7.5 Hz), 7.65 (1H, s). *C NMR (101 MHz, DMSO-dg) &
9.4, 37.4, 69.6, 97.8, 99.8, 116.6, 117.8, 120.1, 125.3, 127.8, 128.1, 128.5, 132.7, 133.3, 135.9,
139.6, 145.6, 162.8, 166.8. MS (ESI/APCI) m/z = 346.3 [M + H]". Purity 99.9% (HPLC).
4-(Benzyloxy)-1-(2-cyclopropyl-3-methyl-2H-indazol-5-yl)pyridin-2(1H)-one (66n). The title
compound was prepared in 67% yield using 44e and 71d in an analogous manner to 64. White
crystals; mp 194-195 °C (EtOAc). *H NMR (400 MHz, DMSO-dg) & 1.11-1.19 (2H, m), 1.26 (2H,
d, J =3.0 Hz), 2.70 (3H, s), 3.96 (1H, dt, J = 7.3, 3.6 Hz), 5.15 (2H, s), 5.97 (1H, d, J = 2.5 Hz),
6.09 (1H, dd, J = 7.5, 2.5 Hz), 7.10 (1H, dd, J = 9.1, 1.8 Hz), 7.34-7.50 (5H, m), 7.52 (1H, d, J =
9.2 Hz), 7.58 (1H, d, J = 7.5 Hz), 7.65 (1H, s). *C NMR (101 MHz, DMSO-dg) & 6.9, 9.5, 31.4,
69.6, 97.8, 99.8, 116.9, 117.7, 120.3, 125.5, 127.8, 128.1, 128.5, 133.5, 134.1, 135.9, 139.6, 145.1,
162.8, 166.8. MS (ESI/APCI) m/z = 372.3 [M + H]". Purity >99.9% (HPLC).
4-[(4-Chlorobenzyl)oxy]-1-(1,3-dimethyl-1H-indazol-5-yl)pyridin-2(1H)-one (67). To a mixture
of 70 (200 mg, 0.88 mmol), 44b (168 mg, 0.77 mmol), and K,CO; (368 mg, 2.66 mmol) in
dioxane (20 mL) were added Cul (51 mg, 0.36 mmol) and
trans-N,N'-dimethyl-cyclohexane-1,2-diamine (68 mg, 0.36 mmol). The mixture was heated at 110
°C for 16 h. The mixture was cooled to rt and concentrated. The residue was diluted with DCM,
washed with brine, dried over Na,SO,4, and concentrated. The residue was purified by column
chromatography (silica gel, DCM/MeOH = 97/3) to give the title compound (100 mg, 34%) as a
off-white solid; mp 172-173 °C. *H NMR (400 MHz, DMSO-dg) & 2.47 (3H, s), 3.99 (3H, s),. 5.16
(2H,s), 5.97 (1H, d, J = 2.6 Hz), 6.10 (1H, dd, J = 7.6, 2.6 Hz), 7.30 (1H, dd, J = 8.8, 1.7 Hz), 7.49
(4H, s), 7.60 (1H, d, J = 2.1 Hz), 7.62 (1H, d, J = 3.5 Hz), 7.68 (1H, d, J = 1.4 Hz). "*C NMR (101
MHz, DMSO-dg) 6 11.4, 35.1, 68.7, 97.8, 99.9, 109.6, 118.2, 122.4, 125.5, 128.5, 129.7, 132.7,
133.0, 134.9, 139.4, 139.7, 140.6, 162.8, 166.7. MS (ESI/APCI) m/z = 380.0 [M + H]". Anal. Calcd
for C»H1sCIN3O,: C, 66.40; H, 4.78; N, 11.06. Found: C, 66.35; H, 4.84; N, 11.09.
6-Bromo-2-cyclopropyl-1-methyl-1H-indole (68). To a solution of 76 (1.0 g, 4.24 mmol) in DMF
(5 mL) was added methyl iodide (0.79 mL, 12.7 mmol) and NaH (40% oil dispersion, 0.17 g, 4.24
mmol) at 0 °C. After 3 h, the mixture was poured into sat. NH4CI solution and extracted with
EtOAc. The organic layer was separated, washed with water and brine, dried over MgSQO,, and
concentrated. The residue was purified by column chromatography (silica gel, hexane/EtOAc =
100/0 to 90/10) to give the title compound (0.48 g, 46%) as pale yellow crystals. *H NMR (400
MHz, DMSO-dg) 6 0.68 (2H, d, J = 3.8 Hz), 0.98 (2H, d, J = 6.5 Hz), 1.99 (1H, br s), 3.30 (1H, s),
3.72-3.79 (3H, m), 6.09 (1H, s), 7.07 (1H, d, J = 8.0 Hz), 7.35 (1H, d, J = 8.3 Hz), 7.62 (1H, 3).
5-Bromo-2-cyclopropyl-3-methylpyrazolo[1,5-a]pyridine (69). To a solution of 81 (50 mg, 0.19
mmol) in TFA (3 mL) was added triethylsilane (0.60 mL, 3.77 mmol) at rt and the mixture was

stirred vigorously for 16 h. The mixture was poured into 1 N NaOH solution and extracted with
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EtOAc. The organic layer was separated, washed with sat. NaHCO3 solution and brine, dried over
MgSO,, and concentrated. The residue was purified by column chromatography (silica gel,
hexane/EtOAc = 100/0 to 85/15) to give the title compound (45.2 mg, 95%) as white crystals. 'H
NMR (400 MHz, CDCls) 6 0.92-1.06 (4H, m), 1.91-2.01 (1H, m), 2.25 (3H, s), 6.63 (1H, dd, J =
7.3, 1.9 Hz), 7.46 (1H, d, J = 1.6 Hz), 8.09 (1H, d, J = 7.4 Hz). MS (ESI/APCI) m/z = 252.8 [M +
H]".

5-Bromo-1,3-dimethyl-1H-indazole (70). To a stirred suspension of NaH (60% oil dispersion,
136 mg, 2.83 mmol) in DMF (10 mL) was added a solution of 84 (400 mg, 1.89 mmol) in DMF (2
mL) at 0 °C, and the mixture was stirred at the same temperature for 30 min. Mel (400 uL, 2.83
mmol) was added and the resulting mixture was stirred at 0 °C for 4 h. The reaction mixture was
guenched with water and extracted with EtOAc. The combined EtOAc layers were washed with
brine, dried over Na,SO,, and concentrated. The residue was purified by column chromatography
(silica gel, hexane/EtOACc = 80/20) to give the title compound (200 mg, 39%) as a yellow oil. *H
NMR (400 MHz, DMSO-ds) & 2.45 (3H, s), 3.95 (3H, s), 7.46 (1H, dd, J = 8.9, 1.8 Hz), 7.54 (1H,
d, J=8.9 Hz), 7.94 (1H, d, J = 1.5 Hz). MS (ESI/APCI) m/z = 225.0 [M + H]".
5-Bromo-2,3-dimethyl-2H-indazole (71a). To a solution of 84 (4.25 g, 20.1 mmol) in EtOAc
(100 mL) was added trimethyloxonium tetrafluoroborate (4.47 g, 30.2 mmol) and the mixture was
stirred at rt for 5h. The mixture was poured into 1 N NaOH solution and extracted with EtOAc.
The extract was washed with brine, dried over MgSO,, and concentrated to give the title compound
(3.65 g, 81%) as a solid. *H NMR (400 MHz, DMSO-ds) & 2.58 (3H, s), 4.04 (3H, s), 7.25 (1H, d,
J=9.0Hz), 7.47 (1H, d, J=9.0 Hz), 7.94 (1H, s).

5-Bromo-2-ethyl-3-methyl-2H-indazole (71b). The title compound was prepared in 47% vyield
using triethyloxonium tetrafluoroborate in an analogous manner to 71a. Off-white solid. *H NMR
(400 MHz, DMSO-dg) & 1.43 (3H, t, J = 7.2 Hz), 2.62 (3H, s), 4.39 (2H, g, J = 7.2 Hz), 5.15 (2H,
s), 5.96 (1H, d, J= 2.6 Hz), 6.08 (1H, dd, J = 7.6, 2.7 Hz), 7.09 (1H, dd, J = 9.1, 1.9 Hz), 7.50 (4H,
s), 7.55 (1H, d, J = 9.1 Hz), 7.55 (1H, d, J = 7.6 Hz), 7.65 (1H, d, J = 1.6 Hz). MS (ESI/APCI) m/z
=240.0 [M + H]".

5-Bromo-3-methyl-2-propyl-2H-indazole (71c). The title compound was prepared in 17% yield
using iodopropane in an analogous manner to 70. Yellow oil. *H NMR (400 MHz, DMSO-dg) &
0.83-0.87 (3H, m), 1.84-1.91 (2H, m), 2.59 (3H, s), 4.29 (2H, t, J = 7.0 Hz), 7.25 (1H, dd, J = 9.0,
1.8 Hz), 7.48 (1H, d, J = 9.0 Hz), 7.94 (1H, d, J = 1.6 Hz). MS (ESI/APCI) m/z = 253.0 [M + H]".
5-Bromo-2-cyclopropyl-3-methyl-2H-indazole (71d). To a solution of 86 (43.0 g, 176 mmol) in
toluene (250 mL) were added cyclopropylamine (24.4 mL, 352 mmol) and titanium isopropoxide
(105 mL, 352 mmol) at rt, and the mixture was stirred at 60 °C for 16 h. After removal of solvent, the
residue was dissolved in triethyl phosphite (91 mL, 529 mmol), and the mixture was heated to
150 °C for 2 h. The mixture was treated with NH silica gel (500 g) in EtOAc (500 mL) with stirring
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overnight. The silica gel was removed by filtration, washed with EtOAc, concentrated, and filtered
through a silica gel (500 g, hexane/EtOAc = 85/15). The filtrate was evaporated and the residue was
recrystallized from EtOAc-hexane to give the title compound (19.8 g, 45%) as an off-white solid.
'H NMR (400 MHz, DMSO-dg) & 1.13 (2H, d, J = 5.3 Hz), 1.25 (2H, br s), 2.67 (3H, s), 3.87-3.97
(1H, m), 7.25 (1H, d, J = 9.0 Hz), 7.46 (1H, d, J = 9.0 Hz), 7.94 (1H, s). MS (ESI/APCI) m/z =
251.2 [M + H]".

4-Bromo-2-nitrophenyl trifluoromethanesulfonate (73). To a solution of 72 (9.43 g, 43.3 mmol)
in pyridine (200 mL) was added Tf,0O (8.0 mL, 47.6 mmol) at 0 °C and the mixture was stirred for
1 h. The mixture was quenched with sat. NaHCO; solution and extracted with EtOAc. The organic
layer was separated, washed with sat. NaHCO; solution and brine, dried over MgSQO,, and
concentrated. The residue was purified by column chromatography (silica gel, hexane/EtOAc =
100/0 to 80/20) to give the title compound (14.0 g, 92%) as a colorless oil. *"H NMR (300 MHz,
DMSO-dg) 6 7.78 (1H, d, J = 8.9 Hz), 8.20 (1H, dd, J = 8.8, 2.5 Hz), 8.56 (1H, d, J = 2.5 Hz).
4-Bromo-1-(cyclopropylethynyl)-2-nitrobenzene (74). To a solution of 73 (2.0 g, 5.71 mmol) in
THF (20 mL) were added ethynylcyclopropane (0.58 mL, 6.86 mmol), Cul (0.054 g, 0.29 mmol),
PdCI,(PPhs), (0.20 g, 0.29 mmol), and TEA (2.4 mL, 17.1 mmol) at rt under N, atmosphere, and
the mixture was stirred at rt for 3 h. The mixture was concentrated and purified by column
chromatography (silica gel, hexane/EtOAc = 100/0 to 80/20) to give the title compound (1.42 g,
93%) as a yellow oil. 'H NMR (400 MHz, DMSO-dg) & 0.79 (2H, br s), 0.90-1.00 (2H, m), 1.61
(1H, d, J=4.0 Hz), 7.58 (1H, d, J = 8.3 Hz), 7.89 (1H, d, J = 8.3 Hz), 8.22-8.30 (1H, m).
5-Bromo-2-(cyclopropylethynyl)aniline (75). To a solution of 74 (1.42 g, 5.34 mmol) in EtOAc
(20 mL) was added SnCl;, (1.3 mL, 26.7 mmol) and water (0.96 mL, 53.4 mmol) at rt, and the
mixture was heated at reflux for 4 h. The mixture was quenched with sat. NaHCO3 solution. The
insoluble material was removed by filtration and the filtrate was diluted with EtOAc. The organic
layer was separated, washed with sat. NaHCO; solution and brine, dried over MgSQO,, and
concentrated in vacuo. The residue was used for next reaction without further purification. *H
NMR (400 MHz, DMSO-dg) & 0.77 (2H, br s), 0.81-0.90 (2H, m), 1.50-1.60 (1H, m), 5.47 (2H, br
s), 6.59 (1H, d, J = 8.2 Hz), 6.85 (1H, s), 6.98 (1H, d, J = 8.3 Hz).
6-Bromo-2-cyclopropyl-1H-indole (76). To a solution of 75 (1.09 g, 4.62 mmol) in EtOH (20
mL) was added PdCl; (41 mg, 0.23 mmol) and FeCl, (37 mg, 0.23 mmol) at rt, and the mixture
was heated at 80 °C for 2 h. The solvent was evaporated, and the residue was purified by column
chromatography (NH silica gel, hexane/EtOAc = 100/0 to 70/30) to give the title compound (1.02
g, 94 %) as yellow crystals. "H NMR (400 MHz, DMSO-dg) § 0.77 (2H, d, J = 4.8 Hz), 0.97 (2H, d,
J=8.0 Hz), 1.17 (1H, t, J = 7.1 Hz), 1.95-2.05 (1H, m), 6.09 (1H, s), 7.02 (1H, d, J = 8.3 Hz),
7.31 (1H, d, J = 8.3 Hz), 7.38 (1H, s), 11.02 (1H, br s). MS (ESI/APCI) m/z = 236.0 [M + H]".
2-(4-Bromopyridin-2-yl)-1-cyclopropylethanone (78). To a solution of 77 (5.5 g, 32.0 mmol) in
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THF (40 mL) was added NaHMDS (1.9 M THF solution, 20.2 mL, 38.4 mmol) at —78 °C, and the
mixture was stirred at rt for 1 h. Methyl cyclopropanecarboxylate (3.27 mL, 32.0 mmol) was added
at —78 °C, and the mixture was allowed to warm to rt for 16 h. The mixture was quenched with sat.
NaHCO; solution and extracted with EtOAc. The organic layer was separated, washed with sat.
NaHCOj3 solution and brine, dried over MgSQO,, and concentrated. The residue was purified by
column chromatography (silica gel, hexane/EtOAc = 90/10 to 50/50) to give the title compound
(4.3 g, 56%) as a yellow oil. *H NMR (400 MHz, CDCl;) & 0.92 (2H, dd, J = 7.5, 3.3 Hz), 1.04—
1.14 (2H, m), 2.00-2.10 (1H, m), 4.03 (2H, s), 7.37 (1H, d, J = 5.1 Hz), 7.44 (1H, s), 8.38 (1H, d, J
= 5.3 Hz).

2-(4-Bromopyridin-2-yl)-1-cyclopropyl-N-hydroxyethanimine (79). To a solution of 78 (5.86 g,
24.4 mmol) in MeOH (50 mL) was added hydroxylamine hydrochloride (8.48 g, 122 mmol) and
NaOH (4.88 g, 122 mmol) at rt, and the mixture was heated at 60 °C for 14 h. The mixture was
poured into sat. NaHCO; solution and extracted with EtOAc. The organic layer was separated,
washed with 1 N NaOH solution and brine, dried over MgSQO,, and concentrated. The resulting
solid was recrystallized from EtOAc—hexane to give the title compound (3.3 g, 53%) as white
crystals. '"H NMR (400 MHz, DMSO-dg) 8 0.55-0.67 (4H, m), 1.46-1.56 (1H, m), 3.66 (2H, s),
7.47-7.55 (2H, m), 8.36 (1H, d, J = 5.9 Hz), 10.55 (1H, s).
5-Bromo-2-cyclopropylpyrazolo[1,5-a]pyridine (80). To a suspension of 79 (395 mg, 1.55
mmol) in DME (4 mL) was added triethylamine (1.08 mL, 7.74 mmol) at 0 °C. TFAA (0.26 mL,
1.86 mmol) was added to the mixture portionwise at the same temperature. After 30 min, the
mixture was turned to clear yellow solution. The mixture was quenched with sat. NaHCO3 solution
and extracted with EtOAc. The organic layer was separated, washed with sat. NaHCO3 solution
and brine, dried over MgSQ,, and concentrated. The residue was diluted with DME (4 mL) and
FeCl, (19.6 mg, 0.15 mmol) was added to the mixture. The mixture was heated to 80 °C for 2 h.
Then the mixture was poured into 1 N NaOH solution and extracted with EtOAc. The organic layer
was separated, washed with 1 N NaOH solution and brine, dried over MgSQ,, and concentrated.
The residue was purified by column chromatography (silica gel, hexane/EtOAc = 100/0 to 85/15)
to give the title compound (173 mg, 47%) as pale yellow crystals. *H NMR (400 MHz, DMSO-ds)
§ 0.73-0.85 (2H, m), 0.91-1.05 (2H, m), 1.97-2.13 (1H, m), 6.30 (1H, s), 6.87 (1H, dd, J = 7.3,
1.9 Hz), 7.83 (1H, d, J = 1.8 Hz), 8.48 (1H, d, J = 7.4 Hz). MS (ESI/APCI) m/z = 238.8 [M + H]".
5-Bromo-2-cyclopropylpyrazolo[1,5-a]pyridine-3-carbaldehyde (81). To a solution of 80 (500
mg, 2.11 mmol) in CH3;CN (5 mL) was added N-(chloromethylene)-N-methylmethanaminium
chloride (324 mg, 2.53 mmol) at 0 °C, and the mixture was stirred at rt for 1 h. The mixture was
quenched with sat. NH,4CI solution and the suspension was stirred at rt for 30 min. The mixture
was poured into sat. NH,CI solution and extracted with EtOAc. The organic layer was separated,

washed with sat. NaHCO; solution and brine, dried over MgSO,, and concentrated. The residue
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was purified by column chromatography (silica gel, hexane/EtOAc = 100/0 to 75/25) to give the
title compound (245 mg, 44%) as white crystals. *H NMR (400 MHz, DMSO-dg) & 0.99-1.16 (4H,
m), 2.58-2.70 (1H, m), 7.32 (1H, dd, J = 7.1, 1.7 Hz), 8.36 (1H, s), 8.73 (1H, d, J = 7.3 Hz), 10.17
(1H, s).

1-(2,3-Dimethyl-2H-indazol-5-yl)-4-hydroxypyridin-2(1H)-one (82a). A mixture of 66m (1.8 g,
5.21 mmol), palladium on carbon (0.56 g, 5.21 mmol), and EtOH (40 mL) was vigorously stirred
under H, atmosphere at rt for 3 h. The inorganic material was removed by filtration and the filtrate
was concentrated to give the title compound (1.04 g, 78%) as a solid. ‘H NMR (400 MHz,
DMSO-dg) & 2.60 (3H, s), 4.07 (3H, s), 5.64 (1H, d, J = 1.9 Hz), 5.94 (1H, dd, J = 7.5, 2.1 Hz),
7.09 (1H, dd, J =9.0, 1.5 Hz), 7.52 (2H, d, J = 8.3 Hz), 7.62 (1H, s), 10.8 (1H, br s).
1-(2-Cyclopropyl-3-methyl-2H-indazol-5-y1)-4-hydroxypyridin-2(1H)-one  (82b). The title
compound was prepared in 94% vyield using 66n in an analogous manner to 82a. Yellow solid. *H
NMR (400 MHz, DMSO-dg) 6 1.06-1.19 (2H, m), 1.26 (2H, d, J = 3.3 Hz), 2.69 (3H, s), 3.95 (1H,
dt, J=7.2,3.5 Hz), 5.60 (1H, d, J = 2.1 Hz), 5.92 (1H, dd, J = 7.5, 2.3 Hz), 7.08 (1H, dd, J = 9.0,
1.8 Hz), 7.49 (2H, t, J = 7.9 Hz), 7.61 (1H, s), 11.05 (1H, br s). MS (ESI/APCI) m/z = 282.3 [M +
H]".

4-Chloro-1-(2-cyclopropyl-3-methyl-2H-indazol-5-yl)pyridin-2(1H)-one (83) To a suspension
of 82b (8.0 g, 28.4 mmol) in DMF (140 mL) was added phosphorus oxychloride (3.18 mL, 34.1
mmol) at rt and the mixture was stirred at 50 °C for 21 h. The mixture was poured into EtOAc and
washed with sat. NaHCO3 solution. The aqueous layer was extracted with EtOAc, and the extracts
were washed with water and brine, dried over Na,SO,4, and concentrated. The resulting residue was
dissolved in EtOAc-THF at 50 °C and NH-silica gel was added to the mixture. After 1 h, a mixture
was purified by column chromatography (NH silica gel, EtOAc only) to give the crude product. The
crude solid was triturated with IPE and collected by filtration to give the title compound (4.59 g,
54%) as an off-white solid. *H NMR (300 MHz, DMSO-dg) & 1.11-1.20 (2H, m), 1.22-1.31 (2H,
m), 2.70 (3H, s), 3.97 (1H, tt, J = 7.4, 3.7 Hz), 6.44 (1H, dd, J = 7.4, 2.5 Hz), 6.65 (1H, d, J= 1.9
Hz), 7.13 (1H, dd, J = 9.3, 2.1 Hz), 7.56 (1H, d, J = 9.1 Hz), 7.71-7.75 (1H, m), 7.77 (1H, d, J =
7.2 Hz). MS (ESI/APCI) m/z = 300.2 [M + HJ".

1-(5-Bromo-2-nitrophenyl)ethanone (86). To nitric acid (fuming, 2 mL, 25.1 mmol) was slowly
added sulfuric acid (2.5 mL, 25.1 mmol) at 0 °C and the mixture was stirred at same temperature
for 15 min. To the solution was slowly added 85 (3.34 mL, 25.1 mmol) at 0 °C with vigorous
stirring and the mixture was stirred at same temperature for 1 h. The mixture was poured into ice—
water and extracted with EtOAc. The organic layer was washed with sat. NaHCO3 solution and
brine, dried over MgSQO,, concentrated, and purified by column chromatography (silica gel,
hexane/EtOAc = 100/0 to 90/10) to give the title compound (2.04 g, 33%) as pale yellow crystals.
'H NMR (400 MHz, DMSO-dg) & 2.58 (3H, ), 7.92-8.00 (1H, m), 8.02-8.08 (2H, m).
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4-(Trifluoromethyl)thiophene-2-carbaldehyde (88). To a solution of norpempidine (9.3 mL,
55.1 mmol) in THF (150 mL) was added n-BuLi (34.5 mL, 55.1 mmol) at —78 °C and the mixture
was stirred at 0 °C for 10 min. Then the mixture was cooled to —78 °C and a solution of
3-(trifluoromethyl)thiophene (6.99 g, 46.0 mmol) in THF (5 mL) was added dropwise over 30 min.
Then the mixture was stirred for 1 h at the same temperature. DMF (10.7 mL, 138 mmol) was
added, and stirred at rt overnight. The mixture was quenched with 1 N HCI solution and extracted
with EtOAc. The organic layer was separated, washed with 1 N HCI solution and brine, dried over
MgSO,, and concentrated. The residue was purified by column chromatography (silica gel,
hexane/EtOAc = 100/0 to 85/15) to give the title compound (4.1 g, 50%) as a light brown oil. 'H
NMR (400 MHz, DMSO-dg) & 7.63 (1H, d, J = 5.1 Hz), 8.31 (1H, d, J = 5.1 Hz), 8.37 (1H, s), 8.80
(1H,s), 9.97 (1H, s), 10.09 (1H, s).

[4-(Trifluoromethyl)thiophen-2-ylJmethanol (90). To a solution of 88 (7.06 g, 39.2 mmol) in
MeOH (50 mL) was added NaBH,(1.48 g, 39.2 mmol) at 0 °C and the mixture was stirred for 10
min. The mixture was quenched with sat. NH,CI solution and extracted with EtOAc. The organic
layer was separated, washed with sat. NH4CI solution and brine, dried over MgSO,, and
concentrated. The residue was purified by column chromatography (silica gel, hexane/EtOAc =
100/0 to 85/15) to give the title compound (2.63 g, 37%) as a pale yellow oil. *H NMR (400 MHz,
CDCls) 8 1.84-1.93 (1H, m), 4.81-4.87 (2H, m), 7.14 (1H, s), 7.66 (1H, 9).

Methyl 5-iodothiophene-3-carboxylate (92). A mixture of 91 (3.48 g, 13.7 mmol), methyl iodide
(1.29 mL, 20.6 mmol), K,CO3 (2.84 g, 20.6 mmol), and DMF (35 mL) was stirred at rt for 1 day.
The mixture was poured into water and extracted with EtOAc. The extract was washed with brine,
dried over MgSO, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/EtOAc = 98/2 to 85/15) to give the title compound (3.62 g,
99%) as a white solid. *"H NMR (400 MHz, CDCl3) & 3.86 (3H, s) 7.66 (1H, s) 8.08 (1H, s).
Methyl 5-(trifluoromethyl)thiophene-3-carboxylate (93). To a solution of 92 (896 mg, 3.34
mmol), Cul (1.91 g, 10.0 mmol), and hexamethylphosphoramide (3.49 mL, 20.1 mmol) in DMF (15
mL) was added methyl 2,2-difluoro-2-(fluorosulfonyl)acetate (2.53 mL, 20.1 mmol) at rt. The
mixture was stirred at 80 °C under N, atmosphere for 5 h. The mixture was neutralized with sat.
NaHCOj; solution and extracted with EtOAc. The organic layer was separated, washed with brine,
dried over MgSQO,, and concentrated. The residue was purified by column chromatography (silica
gel, hexane/EtOAC = 99/1 to 85/15) to give the title compound (526 mg, 75%) as a colorless oil. *H
NMR (400 MHz, CDCl,)  3.89 (3H, s) 7.86 (1H, s) 8.23 (1H, d, J = 1.0 Hz).
[5-(Trifluoromethyl)thiophen-3-ylJmethanol (94). To a solution of 93 (523 mg, 2.49 mmol) in
THF (10 mL) and MeOH (1 mL) was added NaBH, (2.20 g, 58.0 mmol) at rt. The mixture was
stirred at 60 °C for 3 h. The mixture was quenched with water and extracted with EtOAc. The

extract was washed with brine, dried over MgSQ,, and concentrated. The residue was purified by
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column chromatography (silica gel, hexane/EtOAc = 90/10 to 50/50) to give the title compound
(449 mg, 99%) as a pale yellow oil. ‘H NMR (400 MHz, CDCl3) & 1.71 (1H, t, J = 5.7 Hz), 4.70
(2H, d, J=5.6 Hz), 7.39 (1H, s), 7.43 (1H, s).
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Experiments concerning biological activities

Determination of hMCHR1 competitive inhibitory activity of test compound using binding
assay. 1. Preparation of membrane fraction. Using hMCHR1-expressing CHO cell clone 57,
MCHR1-expressing CHO cellular membrane fractions were prepared by the following method. In
phosphate buffered saline (pH 7.4) supplemented with 5 mM EDTA (ethylenediaminetetraacetic
acid) were respectively suspended human MCHR1-expressing CHO cells (1 x 10° cells) and
centrifuged. Homogenate buffer [10 mL, 10 mM NaHCOs;, 5 mM EDTA, pH 7.5, 0.5 mM PMSF
(phenylmethylsulfonyl fluoride), 20 mg/L leupeptin, 4 mg/L E-64, 1 mg/L pepstatin A] was added
to the pellets of the cells and, using Polytron Homogenizer, the mixture was homogenated. The
supernatant obtained after centrifugation at 400 x g for 10 min was further centrifuged at 100,000
x g for 1 h to give precipitate of the membrane fraction. The precipitate were suspended in 2 mL of
assay buffer [20 mM Tris-HCI (pH 7.5), 5 mM EDTA, 0.5 mM PMSF, 20 mg/L leupeptin, 4 mg/L
E-64, 1 mg/L pepstatin A]. The membrane fractions were suspended in assay buffer to a protein
concentration of 2 mg/mL, and after dispensing, preserved at —80 °C and used upon thawing each
time when in use.

2. Binding assay. An MCHRZ1-expressing CHO cellular membrane fraction (173 pL) diluted with
an assay buffer was dispensed to a 96 well polypropylene plate (3363, Corning). DMSO solution
(2 pL), 33 uM cold MCH (1-19) diluted with DMSO solution (2 uL), or a test compound solution
diluted with DMSO solution to various concentrations (2 L) was added, and lastly, [***I]-MCH(4—
19) diluted with assay buffer (hereinafter, sometimes to be referred to as “hot MCH”, 25 uL) was
added to each well. The mixture was reacted with stirring at rt for 1 h, and the plate was set on
FilterMate Harvester (PerkinElmer). Using a polyethyleneimine-treated glass filter plate (GF/C,
PerkinElmer), which had been previously set, the plate was suction-filtered and washed three times
with washing buffer (50 mM Tris-HCI buffer pH 7.5). The glass filter plate was dried, MicroScint
0 (PerkinElmer) was added at 25 ulL/well, and the resulting radioactivity was measured by
TopCount liquid scintillation counter (PerkinElmer). The binding inhibition rate of the test
compound was calculated by the following formula.

Binding inhibition (%) = 100 — (radioactivity upon addition of test compound and hot MCH —
radioactivity upon addition of cold MCH and hot MCH solution)/(radioactivity upon addition of
DMSO solution and hot MCH - radioactivity upon addition of cold MCH and hot MCH solution)
x 100

Measurement of MCH receptor 1 antagonistic activity of test compound using Ca®
mobilization assay. Using an expression vector plasmid introduced with human MCHR1 gene for

expression in animal cells, human MCHR1 gene was introduced into CHO cells (CHO dhfr’) by
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Lipofectamine LTX (Invitrogen). The cells were cultured in selection MEMa medium [445 mL of
MEMa medium without nucleic acid and added with 5 mL of Penicillin-Streptomycin (Invitrogen)
and 50 mL of dialyzed fetal bovine serum]. Colony 24 clones grown in the selection medium,
which were human MCHR1 gene-expressing CHO cell candidates, were selected. From these
clones, clone #4 which showed the highest response to the change of Ca®* concentration on
stimulation by the addition of 25 nM ligand MCH (4-19) was selected by Ca®* mobilization assay.
In the following test, this human MCHR1-expressing CHO cell (clone #4) was used. An integrated
dispensing function fluorometer (CellLux, PerkinElmer) was used for Ca** mobilization assay. The
CHO cells were sown in a 96 well plate (type 3904, Corning) with a black wall and clear well
bottom at a density of 20000 cells/well, and cultured in an incubator for about 24 h at 5% CO,, 37
°C. The medium was removed, and the cells were washed with phosphate buffered saline (PBS). A
Ca?" indicator dye reagent (DOJINDO LABORATORIES, Ca screening no-wash kit Fluo4) was
added at 100 uL/well, and the dye was allowed to penetrate into the cell for 30 min in an incubator
at 5% CO,, 37 °C. The plate was set on a plate reader. First, a test compound solution diluted with
an assay buffer [10 mM HEPES (pH 7.4): 1 x Assay Buffer (DOJINDO LABORATORIES,
attached to Ca screening no-wash kit Fluo4) containing 0.1% BSA] or DMSO solution was added
at 50 pL/well, and then ligand MCH (4-19) peptide (final concentration 2 nM) diluted with assay
buffer or DMSO was added at 50 uL/well, during which changes in intracellular fluorescence were
measured at 2 seconds intervals. The antagonistic activity of the test compound was calculated by
the following formula and shown as an inhibition rate (%) wherein the intracellular fluorescence
activity resulting from the stimulation by the addition of ligand MCH (4-19) peptide was 100%
and that of the well added with DMSO solution alone was 0%.

Inhibitory rate (%) = 100 — [fluorescence activity upon addition of test compound and MCH(4-19)
peptide solution — fluorescence activity upon addition of DMSO solution only]/[fluorescence
activity upon addition of DMSO solution and MCH(4-19) peptide solution — fluorescence activity
upon addition of DMSO solution only] x 100

Evaluation of PLsis inducing potential.®® DMEM medium, L-glutamine, penicillin-streptomycin,
pyruvic acid, and N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)-1,2-
hexadecanoyl-sn-glycero-3-phosphoethanolamine  triethylammonium salt (NBD-PE) were
purchased from Invitrogen Corporation. As bovine serum albumin (BSA), a product of Thermo
Trace Ltd. (Melbourne, Australia) was used, and as Amiodarone, a product of ICN (Costa Mesa,
CA) was used. A test compound was used in the form of a 10 mM DMSO solution.

FBS was added at a final concentration of 5 vol% to DMEM medium supplemented with
L-glutamine, pyruvic acid and penicillin-streptomycin and subjected to the experiment. Culture

was performed using 5% carbon dioxide gas—95% air as a gas phase in a CO, incubator at 37 °C.
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HepG2 cells were suspended in a culture medium at 50x10* cells/mL, plated in a 96 well plate at
50 pL/well and precultured for 24 hr. After preculture, the culture medium was removed, a culture
medium containing 60 uM NBD-PE was added at 50 uL/well, and a culture medium containing
0.6 uM or 20 uM test compounds were each added at 50 puL/well to HepG2 cells, and the cells
were cultured for 24 hr. As a positive control, Amiodarone was used at a final concentration of 10
puM.

After exposure to the test compound for 24 hr, the fluorescence intensity (Ex. 485 nm, Em. 538
nm) of NBD-PE uptaken by the cells was measured by a fluorometer. The measurement value with
addition of 0 uM test compound solution was subtracted as a blank, a relative value to the
measurement value with addition of 10 uM Amiodarone was calculated, and the maximum value
per unit concentration of the test compound was obtained as a phospholipidosis inducing potential.

Evaluation of time-dependent inhibition (TDI) of CYP3A4 (single-point assay). Human liver
microsomes were purchased from Xenotech, LLC (Lenexa, KS). A mixture of a test compound (30
uM) and microsomes in phosphate buffer (pH 7.4) was preincubated at 37 °C in the presence of an
NADPH-generating  system  containing MgCl,, glucose-6-phosphate, B-NADP*, and
glucose-6-phosphate dehydrogenase. After preincubation, enzymatic activity of CYP3A4 in the
incubation mixture was determined by measuring 6B-hydroxytestosterone in the reaction with
testosterone by UPLC. The activity (% of control) for each preincubation time was calculated to
the following: {(activity with test compound)/(activity with DMSQO)} x 100. The remaining
activity (% remaining) after preincubation was calculated to the following: {activity with

preincubation (% of control)}/{activity without preincubation (% of control)} x 100.

GSH trapping experiment. 1. Instrument. LC/MS system consisted of UPLC system (Waters,
Milford, MA) and SYNAPT Q-TOF mass spectrometer (Waters) equipped with an electrospray
ionization source.

2. Microsomal incubation with GSH. For the GSH trapping experiments each test compound (30
uM) was incubated with human liver microsomes (final protein concentration 1.0 mg/mL;
XenoTech, LLC. Lenexa, KS) in the presence of an NADPH-regenerating system and GSH (1
mM) in phosphate buffer (pH 7.4) at 37 °C. The reaction was terminated after 60 min by the
addition of an equal volume of acetonitrile. After centrifugation at 15000 rpm for 10 min, 5 pL of
supernatant was injected into LC/MS system.

3. LC/MS/MS analysis. Microsomal incubation mixtures were separated on a BEH Cyg column (1.7
pm, 2.1 x 100 mm; Waters) using solvent A (5% acetonitrile in 5 mM aqueous ammonium acetate)
and solvent B (90% acetonitrile in 50 mM aqueous ammonium acetate). At a flow rate of 0.5

mL/min, the initial elution gradient was 98% solvent A and 2% solvent B with a linear gradient to
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70% solvent B over 10 min and returned to initial condition. The column was allowed to
equilibrate at 2% solvent B for 5 min before the next injection. The column temperature was 40 °C
and the eluents were monitored with a PDA detector. The mass spectrometry was run in positive
ion mode. The source settings were 1.20 kV capillary voltage, 35 V sampling corn voltage, 120 °C
source temperature, 350 °C desolvation temperature. GSH adducts were analyzed based on their

product ion spectra of the protonated molecules upon CID ramped from 15V to 40 V.

Pharmacokinetic analysis in rat cassette dosing. Test compounds were administered
intravenously (0.1 mg/kg) or orally (1 mg/kg, suspended in 0.5% methylcellulose aqueous
solution) by cassette dosing to nonfasted rats. After administration, blood samples were collected
and centrifuged to obtain the plasma fraction. The plasma samples were deproteinized by mixing
with acetonitrile followed by centrifugation. The compound concentrations in the supernatant were
measured by LC/MS/MS.

Evaluation of anorectic effect using male DIO F344/Jcl rats. Male DIO F344/Jcl rats (50 weeks
old) fed with a high-fat diet (D12451: Research Diets) from 5 weeks old were used. From before
the start of experiment, the rats were singly housed, given a powder high-fat diet (D12451M:
Research Diets), and habituated to oral administration with tap water. The rats were grouped based
on both the food intake and the body weight of day—1. The rats were orally administered vehicle
(0.5% methylcellulose solution) or compounds suspended in vehicle at 2 mL/kg 1h before the
onset of dark period for 2 days (6 rats per group). The food intake for 2 days from the initial
administration was measured. The food intake inhibition rate of each compound administration

group to the vehicle group was calculated.

Evaluation of anti-obesity effect using male DIO F344/Jcl rats. DIO F344 rats (45 weeks old)
were habituated and grouped prior to treatment as described above. The rats were orally
administered vehicle (0.5% methylcellulose solution) or compounds suspended in vehicle at 2
mL/kg for 2 weeks (6 rats per group). Sibutramine was used as a positive control in this study. The
compounds were administered after measurement of body weight at 1-3 h before the onset of dark
period and food intake was measured every 2 or 3 days. The change in body weight was presented

as percentage from initial body weight.

In vivo selectivity of anorectic effect by using MCHR1-deficient mice. Male MCHR1-deficient
mice and wild-type litter mate mice (45 weeks old) loaded with a high-fat diet (D12451) from 5
weeks of age were used. Before the start of the experiment, the mice were independently raised, a

high-fat diet (D12451) was given, and tap water (0.5 mL) was administered for acclimation. The
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mice were grouped on the basis of food intake from day—3 to day—1 and body weight of day—1 as
indices. Each group was orally administered vehicle (0.5% methylcellulose solution) or
compounds suspended in vehicle at 10 mL/kg for 3 days (6 mice per group). Food intake for 3 days

was measured.
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