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Chemistry

AcOH acetic acid

Boc tert-butoxycarbonyl

Cbz benzyloxycarbonyl

cLogP calculated logarithm of partition coefficient P, hydrophobicity
partition coefficient

DCM dichloromethane

DIPEA N,N-diisopropylethylamine

DMSO dimethyl sulfoxide

DMF N,N-dimethylformamide

EtOAc ethyl acetate

EtOH ethanol

Et,O diethyl ether

HOBt 1-hydroxybenzotriazole

LAH lithium aluminium hydride

LBDD ligand based drug design

LDA lithium diisopropyl amide

m-CPBA m-chloroperbenzoic acid

MeOH methanol

NaBH(OAc);  sodium triacetoxyborohydride

OEA oleoylethanolamide

2-0G 2-oleoylglycerol

PTLC preparative thin-layer chromatography

SBDD structure based drug design

TBTU O-(benzotriazol-1-yl)-N,N,N’,N -tetramethyluronium tetrafluoroborate

TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin-layer chromatography

WSC water soluble carbodiimide, 1-ethyl-3-(3-dimethylaminopropyl)

carbodiimide hydrochloride



Biology

ADME absorption, distribution, metabolism and excretion
ADP adenosine-5’-diphosphate

ANOVA analysis of variance

ATP adenosine-5’-triphosphate

AUC area under the curve

BA bioavailability

cAMP cyclic adenosine-5’-monophosphate

CCso half maximal (50%) cytotoxicity concentration
CHO Chinese hamster ovary

Cmax max value of concentration

CYP cytochrome P450

DPP4 dipeptidyl peptidase IV

ECso half maximal (50%) effective concentration
Emax max value of efficacy

FBS fetal bovine serum

FRB free rotatable bond

FRET fluorescence resonance energy transfer

GIP glucose-dependent insulinotropic polypeptide
GLP-1 glucagon-liked peptide-I

GPR119 G-protein coupled receptor 119

HA hydrogen bond acceptor

HD hydrogen bond donor

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
hERG human ether-a-go-go related gene

HIT-T15 hamster B-cell line

HLM human liver microsomes

HPBCD 2-hydroxypropyl B-cyclodextrin

HTRF homogeneous time-resolved fluorescence
HTS high throughput screening

IBMX 3-isobutyl-1-methylxanthine

KO knock out

LDL low-density lipoprotein

mGLUTag mouse L-cell line

MIN6 mouse insulinoma cell line



MW
NEAA
NCI-H716
NIT-1
NR
oGTT
PD

PK
RINS
PKA
SAR
scGTT
SEM
siRNA

Tox

Analysis

ESI
HRMS
IR

LC
LTQ
MS
NMR
PDA
ZMD

molecular weight
non-essential amino acids
human L-cell line

mouse pancreatic 3-cell line
number of rings

oral glucose tolerance test
pharmacodinamics
pharmacokinetics

rat insulinoma cell line
protein kinase A
structure-activity relationship
subcutaneous glucose tolerance test
standard error mean

small interfering RNA

toxicology

electrospray ionization
high-resolution mass spectra
infrared spectroscopy

liquid chromatography
linear trap quadropole

mass spectrum

nuclear magnetic resonance
photo diode array

ZSpray™ Mass Detector
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1—1) BRI

WEIRIR &1 A > AU AERIARRIZ L DB IED &Ik e 2 18 & 3 5 B R
REICL DB TH D, HERFEEEIL, ERRESCRAEROE(LICHEN, Fx
ML TR, HHRPT I /AU LOARENND Z ENHLNATND, BAE
TG DT > TR 19 AFOERERE - REREIZELD L. ARTH., THEIRA
MR < BEoiLH AN] D890 TN & THERIFAD AIREMEZ B E TE WAL D 1,320
T NwEGDED L, REIC2210 HTAWS EHEESNLTND, 2

PERIFIIR & < T AR & MRBESRIGIC 0T Havsd, TRBERPBIZ, 1 A
U kBB s DT DRET 7NN A BRI ORRIE « JEENA AT R
ROFERFNE L TR Z 5, FERFEED 5%Hi% T, /A b BRICRIE
THZENEL, Bk VR VEIENRKHE L o T D, TRPERIFIZ, A
VA UBWDIRTRA A Y KB R & TR E S OEEOBBRE T,
Bk 2 7RBRBEIR 738 L OV 23N 0 FIET 5D, HERIF D 95%1E< 2T
BY. 40 WU ETORIENZ WA, ITFEEEREGHML TE TS, 1A
U DMNINEST=A A ARPUERCA A Y &3 D B Ml OFRE
JES 72 ST X0 mImBRREEIZ 22 o TV B ZEIEREIMBEE 25 126 mg/dL LA EFE 7213,
75 g D7 R HEARTFRER(GTTIZH W\ T 2 BEEE2S 200 mg/dL LA L& /R 54
o, BERIR LT E NG, P £, B s A R L LT, B b~T
7ra e rOf~t 7 a1l d 581G 27 HbAle 28 & 0 FEMRAIZHE R P
ZWHICE D ANLSATE Y, HbAle 28 6.1%LL ETH BT HHERIG & 2l &
N5, ZO@MAERRAEZ RIE U, MUBHE 2 155 F O R AE(Z2 AR P ILBE : 110 mg/dL
A, B2 oGTT # 2 FFREMIE : 140 mg/dL)IZARD Z & SR OIRIFHEITH 5.

BERIFERE D% 1%, FERBRETT T, oREMERAE LR L TR
D RIS < IR R L, B A IHEEZRIET S U R 7 @L< e
%o 1BHEAOHE &1, RMMERET 2 &b - JBE R 25 e E & &
JE22 EOMERERFICK-TRZ22F0ME 2 F 0 & LAk oOZENE - 5
REEATHD, 2HOH LWL Z D0, FRIH/NLEEIC DFE IS
MEBE , BEE, MRRBEE & RIMEREIC O TE S DA (O FEZE - BROE,
PEIRIFEIRE N S Do 2 < OFEFLIIRENT D, M=z b — LR RIFRIF L,
AN TE & D UVIEKRIMETEDRIAE « ROV A7 Zb x5, FOREE
TIAE = > b o — L Z24T Z XA OHE OFIE DN ] T X 2 0 OB ff 7 KT e
M3, ARFRTIL HbAlc 6.5%A T oAU/ NMILAEE DFIE - #ERAZIHI TE 5 Z
ERHE SR TS, * L L, KILEIEIC SOV TR, B o= he—L



T E O TBEFRELL_ EDBEFE D S 3IE - RO U A7 NE< b, > WThh,
BEOHEE TR, AR TROWRER T L2 ENL, ZNH~OXKR LR
IR DBEERRETH Y . £ O TRIRITIERE O FHIE R & 8 2-OfkfkerY
RfERIR T DOEBRTH D, - T, Mz he— L OBENREEL, 1 HE
U TR, ARMmpE7e < Z2 G X VR S s &2 2 1E L, HbAle 2 EF{LT
HIETHD,

O AR IFRIEDBREER & L TEZLOLNTND L DITBEAESCA P L AR Y
DIEMNT, BT b, JEm & X, IET S BRI ER U= S ki <,
ARF TIERRKANZ S~ 88 AR C b B8 PRI <0 i L E 72 & ORI H 2 5 0F L
TN, BMI2S5 PL b2 fEi & LT B, O AR B o 22 I R o5 UK A 1
5 BT IHEIRIR AT Lo3 <. SKETITPoM 7z Diabetes Prevention Program
TiE, MFERERE B AR FIEE L IEEIE 2 @D 5 AR EEE 2k L, (K&
B SURRER/D SE2 L 2 A, K3 FERIIEIERE Y OfFERECK L, {LEET
ITHERIE ~DBAT & 58%IH D S5 Z LN Tx, 7 {KHE | kg DFEEIC L 0 R
FI~DBAT Y A7 DI 16% L= Z E BB E o7, 8 2072, F1H
DOFERIF BT IR FRIEDIE S AL, BEEURRENT R L= F—BEEIC
ayvhr—LrEN5, BMI22 £Tay ha— L T& 5 &b EFBREEND 2N
ESNDMN, BMI22 £ THETE R THHUKEZ S%EAM S 3 2 & ClithEbe
RN, MEORFENWHETHLMONTND, © 72, ZOEFNNIEIEED
HIREINTWD, WY BFRIED TIZ, EFIICEIE I ERIELZTT D
Ba. WERDPYIFFTCEDENY TR, A VR VEZERGEL, IBE
R#MOBBLMER TS RO, o b — L3 EBICRIFE %, 210 Z
O ORFEEEEHEECHEDME D > hr— L E R TE RV,
SRR BIG S LD,

PERIIRREIZIE, A VRV 0oA AU MRS, A > AU ARbuE
WEHR, BEOWINZIESED a-/ NV as X —VHER R ER"H D, Zhbodk
FlixEn-mbE=as b —LEEZHLTVDEIN, A AV A VA 05U
EERCA R ARPIESERIOF 7 V) DU DA TR EE MO ER
LMESNTND, ARV VEHEIETIE, A AU U RIS B # A IZEH
LT, EnlbE= s be— g a @S 52, BVMiRicE >TH oA~
DB & 720 IR DR RAL 2B TIREN T 5, £, FTVUY
VUG T, TT 4 RAR T F D EH TNF-a<° MCP-1 72 EORIENEY A
KA LD TFICRENDT T ARAIAL DT T 7 ANEIEY AR
IRPUEDN WE T S — 5T BIBEAEI A O 43 b N TR S v, /NRAR G 23
ZHIE L. Z O/NRAEIHIIE 2R O = 3 L X —ARIZ L D BRI D Z &
TIEENT 5, " 20D, b0 EZHRET A0, BFREEL



EFIZEITTDHZ ENRODENTWD, TARF, BF LTSI
X7 F RaI (GLP-1) {EEERSC Y RTF N~ TFF L4 —F IV (DPP4) BHLEH
BRI A A WX Viiz o he— T2 LN TED
72, ARWNICIEREIZ2A AU i RIMBEDRIE Y A7 iKW, T2,
GLP-1 {EBSECITARERADEH WA S, DPP4 BHEARICIXAERMMN 22 < |
ZAUD DA GLP-1 BE Al & L THER STV D

1—2) GLP-1

RO & BREIRNES- D 7L a— 2 AN A g4 5 &, [RIFRE Ik
B%x EREED 70 a—2RARICK L TOA R 3R gk n b0 0753
L2 LM 1960 FERUITR SN TN, P 2O B DDA A ok
RS LR T2, KREFROBRDERUI EWIELE 26 0w S VT B Aiialc
ERTHHILESLVEY, A7 LT THDH, A7 LFURLEICIE
GLP-1 & Glucose-dependent insulinotropic polypeptide(GIP)723 &> % , 2 B DA A
U VoW D 20~60%%, GIP & GLP-1 DA > 7 LI MERICE D b T
W5, P mpEs i%itiﬂmﬁ%fﬁﬁfiﬁ%®Gw1 FAMFE T LTH

\Hmﬁﬁf%% MIZ GLP-1 285325 & 4 A Ve ET
é_k#ﬂghfkb\“H@%ﬁrfiGW4@ﬁﬁ;iDm%:/%m—
NEED RSN D,

BALRFMS
Ca*FrRIL

<

Karp T4 I fii o3 48

ATP/ADP u

SGLT2 \/
J)La—2x o

PKA

GLP-1 | > TT=ILEE Cﬁ

o =383 i)
GLP-1 m
2RI 000

0000
A2 AN) 53

X 1-1 : GLP-1 DA > A U VA7 UWAETR A 1 = X A



GLP-1IZ L DA VA Y UMW A B = XA LEK -1 DX HIZ7R> TS, £
T INA—ARNTUAR—=F =2 LTV a— R &R B HIRICEY AT & |
Adenosine-5’-triphosphate (ATP) & FE A fEBERIZ LD E R 3T 5, 24tk
Adenosine-5’-diphosphate (ADP)& Dby B L. MifafE E o> ATP (K171 K T+
FKarp F ¥ V) EHE L, BN T S, TOREE, BAKFNE Ca¥ ' F v
FABIEMAL L, Ca®' A AV DA B, Ca' A A RED ERIE, A A
U UERLO MBI ERE L, A AV RS S LS, TSz, GLP-1
VEHE B MR RITAEET D GLP-1 ZFIRITHE S LT T =gy 7 7 —EB 215Nk
L. MBI @ cyclic Adenosine-5’-monophosphate ((AMP)JRE % FH- &5, £D
it BIE ML S 4L 5 Protein kinase A(PKA) % I LT, Karp 7 ¥ RV O BASHCE ALK
TPt Ca™'F v RV OIFHEAL, & HICIEA v A Y VRO WY AT LR EHHE
T HZEREPRESNTND, 1 ZOMIZ, GLP-1 ZBEIEM & L Cilubk
{EME T N T1 3 53 E I OIE B AR DR, AL OV b2 REL, TR
R—V AZMHIT 5 2 L b WESN TN D, P

5T, GLP-1 ZAKIE, BE B MfaZ i Tide <, iR, i, O,
g, HILEREICHAEL TR, TOBIMERAIEZ < HESNTND,
PERIFIRRICEB W THERZR OB, 7T, THMRRICK T 2 BAIHIE

§ Yovese

e . Stomach
AR ‘\ - Gastric emptying
"W Cardioprotection

‘.‘ Cardiac output

ncreas

(l cP.1 setrated from Insulin biosynthesis
kol iidevas) B cell proliferation
A Insulin sensitivity § Postapopiosi
H W Glucose production
| i tlnsulin secretion
e, +§ Blucagon secretion
E‘;ﬁl“.
' Muscle

1-2 : GLP-1 DOFEAMEH (Medscape J Med, 2008, 10(7), 171. & 0 #5#)



RAmzFoins, GLP-1 IIMENICELGIND Z LIk, BEIMEIERZxR
T2 ENHE SIHL, GLP-1 SAEEIIHETEOEMER L, WA T
THZENEL, BEINEIWEAIL GLP-1 ZN L TWAZ EARENTW5, IHE
XV WSz GLP-1 BERHFHEO & AR FE CERT 22003, B M ikK
BAFZ 05 2 &, GLP-1 SRR RE A T8 PR O RIZ B AFTE L,
% 2T GLP-1 EAT 5 & R EMRSR LI 2/ U CHUE F RIS MEiE S h
5 R0, KO BAMIRIZ GLP-1 2MEH L2 ORISR FEIC/ERT 25 2
ERENEZLNATVWS, P RUL TR EAN T5%®ELT B HEH A0 EH
L O TS, B&REEOIMENIIX, GLP-1 ([2X DA > AU e
AbZT o2, ZoEEHmEERIC & \%E®H BE~OBE DRI L
PERINDSRRCC D Z b3 s, £, Zoicbifigicksiys 7~
HEE D IASEEER R EARE SN TWS, (K 1-2) ° ZDizH, GLP-1 O
SR A BRI IR ST 57202 < O RN R SN TE -, /MG L Mk v
YA S 3Tz GLP-1 X HIZAFET D DPP4 (2 K 0 By AL THC/I o S
%72, GLP-1 OYEAZERT 5 3A L LT, GLP-1 AR T 2= A hX> DPP4
FHEAIBAF SN T E T,

GLP-1 AT =2 ML 2010 FFITARFRTHID THEFE S 4, BUE 3 FEDIEHA
MEHESNTWDS, 7a=X R &L, ZHEERIHEE LT, ZOZRERITH LT
ABEMEME L RO RS R~ TE A Z T, R, ZRERITHEET D
Ty A=A M, EBEEYE OSSR L, T OAEKKIGERET 53
KITHDHMN, GLP-1 ZHEET T=2 ME. GLP-1 O7F 3/ [BEH| 2 — 284
% Z & C DPP4 I X B0 a4 5 Z Ll Lz GLP-1 7 e/ ThH Y,
GLP-1 ZFEITHES L, GLP-1 LRSS ERL, A AU U 3WCEsE
M EnEshTnsg, 5 nWFh b A7F RRFITH Y, ROEETIER
SETHEMCLVREIND, BRABRTIE, 77 8RBEERITA L RAY V5
%%@ﬁ?%éxwﬁiW%ﬁﬁk%@bfI%Mc&éﬁUWEﬁmmﬁﬂ
BN, T EWER S LT, BRI E DMk fﬂi%%&ﬁbéhfb\é

F 72, DPP4 BHEAIIL 2009 FICAF THIDH THEGR S, BIE 7 lo» Eifis
NTEY, WITRHESFHETRORGIN TS, m¢@DW4@@%%m£
T 5 LT GLP-1 BIEZHERFTH LN TEDH20, BEROA AT 3UWH
REES N, BRENELZRETHZENTE S, 'BARBRTIZIT IR L
i L TR EOZALROEE R M ORI 2T R < FKEAEME TN
ﬁf%éoWUL®_kﬁ%\m¢GH4®E%Z/%B~»?5:kﬁH%
RIGTEF ORBICEETH D Z ENERMICGER SN TV 5D,
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1—3) GLP-1 73iAZRE4> %5 GPCR
1-3-1) GPRI119

GLP-1 O3 bL L 72 —L LT, 4 G ¥ o7 G IBERZ /K
119(GPR119) DTN E ANZAT I TN D, T GPR119 1% 2003 FICFE S
A =77 VZBRERTHY, B b, vURAKDT v MTBWTIHEE & I
S FEH LTS, 202 IS TIRERC B HIMICB T AU v & ML L
M TIL GLP-1 & O RITEA ARG LV R S TW 5, 223 F7- P M
Fa kK @ NIT-1, MIN6, RINS <> HIT-T15, i 536 L MIfEkKE 7 /L C & % mGLUTag
X NCI-H716 IZBWTHIANHER I, 26 TORBUTHEME TR b/
i —FH L TW5,BGPRII9KO ¥ 7 A D oGTT TIXIEH ~ 7 2 & [64%5 0 M b HE
Bz RrLTnbb00, BEFKIZE D GLP-1 WA LTnad, ik
GPRI119 I S 72\ A U R Y BRI N2l Th D B2 D
73, GLP-1 3T ICEE AR ZE Z R L TWb EEX NS, *GPRII9 D
WNEMEY B R Th D N—Z‘ vﬁ% VT X ) — LT 2 K(OEA)IX, NCI-H716 <°
mGLUTag |23 20 K0 | IREKFRYZ: cAMP JREO ER/ER &R L,
GLP-1 3 W MiEE3 2 = <‘:75>3§|§¢é2}%“@\ P 7. A< GPRI19 NFEMEY

Gut

GPR119
2 N\
Aderylate cAme 1

Pancreas

cyclase u GIP GIP-R@\S\
K cell v | o P-cell  GPR119
GPR119
@S\DG* ) m
Adenylate  CAMP GLP-1 : ™
cyclase :
i
L cell / l u 3
Brain - Gastric emptying expansion of Insulin
atiety deceterion S-coll o secretion

xJ )/

1-3:GPR119 ®{EH (Diabetes Mellitus-Insights and Perspectives, 2013. X ¥ #i5#)
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A RTHDHY Y HRATZ 7 FUNa) i T7 v MHEEEEEICB W CREKRTEN
oA A UWMER Z R L, GPRI19 @ siRNA Z[AFHC/EFA S ® 25 Z & Ick
DA VA CMEENMET T 52 EE2RE LTS, ' 5%V, GPRI19 DEH
I 130Xk bEExLND, ° BENO LA GPRI19 23 &M L S
nNase., 7720y 7 7 —Y %I L cAMP IBEMN EF L, GLP-1 X0 Eh
%o T GLP-1 2MEMIC/EA L, X 1-1 Tias LK & [RBEIC cAMP 28 53
5o FTo. BB MM ED GPRI19 MIEMHEAAL SN TS cAMP OIRED EA-3 5,
ZHUTEY GLP-1 DR E HWE - T, FHREKFRIRA VAV DO UWRED
EnsEEZOEND, /2. 1-2)T/RLZ GLP-1 OHFHE~DORRIZE Y. Hik
HAMHI AT & D BAROAR T PRI DB IE 22 & b 2 0 | BERRIE DL T 22
HEDHIENTEDLEEZOND, ILIZE, BHEHAGIELE & HITERN
HZhR G H Y | RERINEIZE L AT 5,

1—3—2) GPRI120, GPR40

GLP-1 ys et 4 5% /K & LT, GPR119 LISMZ, GPR120 X° GPR40 D F
FEHI B L, FEIIIHIZENRE Z 72T\ %, GPR120 X° GPR40 [T\ 97411
FEH-R G ER(CS-C22) & U B > R &4 BBt E i BRI TH D, ¥ & bk
A5 A S DN A3z 315 5 GPR120 OIEME(IL GLP-1 Oz Rt &5 =
ENREINTEY, ZHUuI~ 7 AN UWMIETH D STC-1 fifld THAER I
TW5, ZO STC-1 MO EBERRIIRARIEIZ & 5 GLP-1 43U GPR120 4FFH)
SIRNA [Z X Dl S CTnbd, ED7=®, GPRI120 X GLP-1 7y a et L, [
BRCHR BRI A A ) Uy ER L, b=y e —LT& % algelt:
PDRENTWS, ® F72, GPRI20 [ZHEAEE RAW264.7 Ml e O M1 #~ 27 1 7
7 —VICHIRPEICBEL L TE Y | o3 AT GPR120 21 b s, 2
DOMIIZ B W TR ARTMRIEERZRELT 5 2 Mmoo Tng, ~7/nr>
7 — VI X DO RIEIFBARBE(L S OB REIRAOFRK E LTHHMbNTEH
D, AZRY v 7 Fa—L& ) ERGREICBW T2 —7 >
rChHD, 7

GPR40 |3/ L MIRRICHEL L TH 0 . £ DOIEMALIZ LY GLP-1 53 AMEE S
NHZ enmbinTnsd, Lol [ CIEBEEN IS = 2K D GPR120 @ GLP-1
IIUWMEHEREIZ R L, GPR40 OZEMENZ L3, 2N L& 7 ¥ —D siRNA
AW ERER DR SN TS, 2 —F T, GPR40 13 B MAIC & @ 3sEL L
TWDHZ ERMBINTWD, EHIENEES GPRA0 OIEMHALIZ L 0 | B flE)
D DOFERERFIII2A A Y Ui aEdE L, GPR40siRNA (250 Z OzhFix
HELTWD, GPRAOKO ~ 7 ATIE, IBEIC L DmA AU U ELAENINT,

12



MiFERE R S & 37, BB 5 & pREHE 4/x)/mf%&
ﬁ%ﬁ%%t# L72>L. GPR40KO ~ 7 A (T Sﬁ%m%%ﬁ%ﬁﬁbt

I@ﬁmmﬁ%mﬁvf/xj/ﬁ#ﬁ%%t¢&w9@®$%%%éwmmo
DT A=A RNET X I=A N, LN NEBERBEOIGERY —7 v Ml b
DT R B PN TS, B 2A2m BB TIEAREIE LRI
GPR40 7 == Z | Fasiglifam (TAK-875)i%. ** T v F ROt h D BBEER 1T 350
THERERIFN oA 2D U MEEER 2R L, £, BERFHFEET VT
v N COZERGEIRE & M & MPERE 2 B L, RN X514 v R Y v iz m |
e, BREBRIC LA, BRI EmELZ r L, KiLFEO Y X7 R\ 2
EDRENTZ, EBHIT, TAK-875 131 AU L-UbZ o, MK & HbAlc
KT ESWT27o®, Fiiz 72l OFERFIRFIE & UTIERICHIRE S TV 73,
Phase 3 BRICEB W TTIRIC BT 2 LMD BT A I Lz, !

SW°% J@O
1/2 H,0

%] 1-4 : Fasiglifam (TAK-875)

ZDOJFIKRN GPRAO T A=A MDY T AT T =27 FTHHINE I NI E R
W, ZOEEMEOBEND, [T < /MG LSO GLP-1 750 & B i
TOA LAY W ERET S GPR119 7 =X MIFEENEFEF > TS,

1—4) GPRI19 7 F=A |

TR, GPRI19 7 =X b OWEFIDE 2 TE TWD, Arena fHDOBHIE L 7-
GPR119 7 2= F T % AR231453 |E, GPR119 FEHLMIEME mGLUTag i
J O B AR HIT-T1S 128 W T, {LE IR ERFIIZHIEN cAMP RE % |

H&¥7=, (% 1-5) HIT-T15 flaD cAMP 513 GPR119 @ siRNA (2 X > T
FELIHl Sz LD, AR231453 1L GPRI19 ([SEIRGRT A=A N TH

0,
/S NI/§N
L
F NO, _N
mf<
1-5 : AR231453
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5 EFEZ BTV SD, mGLUTag Mifd TlX GLP-1 43 MR ELE FH 23 e &
HIT-T15 TIL 5 mM 7 /b a—A5&MEFTIEEEH ThH - 7253, 15mM 7/1/:»—
X*#TT%/XJ/ MIMEHETER 2R L2 Z 0D BERRERFN A A
OYUMEEVE S HERR S AL, IRILBE U 2 7 2MENZ L AVRIB SN TN D, #
AR231453 O & [RIRFHAIZ Prosidion fENBHFE L 7238 NAY GPR119 7 T =& |
T % PSN-632408 |X, GPR119 FELMAIIZ I\ THLA IR E R AF ) 72 cAMP i
EERAZRT ZEPHERIN, S512100mgkg EEHETIEH L LOD, T v
N CHEAHMEIER SR S iz, ¥ (X 1-6) ZORBRTO T v b OES) & ;’c:z g
Fe— VRS B bix e <, BEERER 72 S X DB Thn 2 & bR X
TW5b, Z OEBATMENZ IS < KRERDERA ER I TE Y, GPRI19 2 X D
TUMEEZ D GLP-1 ORRICE DD EBEZ H TV 5,

N-O
N //)\/O\C\
O laet
(o)
1-6 : PSN-632408

AR231453 K> PSN-632408 O#iE%, 2 < @ GPR119 7 =X FOWENR S
. WL ODITEEKRER E THEA TWD, AR231453 OEMEAY & L THI% S
L7 APD668 [FIEFITm WEEEE & BN RE 2o~ L T e, FRRRIRERERIC
BOWTKEHEGRHZMARHHD D EBECTEREL W 2 E8b B E Ik
LTWa, 3 (4 1-7) APD597 I% APD668 Tk, TEMEATS LTV 578,
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BRL TR, FRENDBHRIGECTHHOT 7
U ERLZENTE, 2T, XY HHERE 2-4: T UK T
L7 X D FIEE RN LA A 1T > 72, (Scheme
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, o L
HOA/\GNIO\K _>ON\Q| IOK b, HN\O‘IO\K
9

8 11b-I

0,

S
HS c s g s > <I:L
010, — {0, ==,
HO o NO, 0 NH, H ero
12 13 14

11a
o]
0 e S f s2
o NO, (6] NO, o NH,
15 16 10b
0, 0, o} 0 o} o}
oL w0 0L OO0 0L w0
HN HN
o NH, NH, NH, NH, o NH, NH,
10a 10c 10d 10e 10f 10g
0 (0]
., .. L. (3, =12
S NH NH NH NH NH
02 2 o 2 o 2 2 o 2
10h 10i 10j O 1ok 101

Reagents and conditions: (a) Dess-Martin periodinane, DCM (92%) (b) 10b-l, NaBH(OAc)3;, DCM (20-85%)
(c) (i) BrCH,CI, Cs,CO3, DMF (44%) (ii) 40% HNO3, AcOH (11%) (d) Fe, NH4Cl, EtOH, H,0 (56%)

(e) (i) HO(CH,),SH, DIPEA, NMP (26%) (ii) PPh3, DEAD, Toluene (75%) (f) (i) m-CPBA, DCM (99%)

(i) Fe, AcOH, H,0 (99%)

Scheme 2-2 : 7 2 7 1 7 11a-l DERL

22) 73 4T TOFECL VAR LT, = k1313 2-8E Fe®o T
Tx /=127 uEsun A X lOEbE, 40%0EEEE VW= h ekl
FVAEKL, = b KE2g8k b7 T A DECT A EICEY 4%
AR L7, 11aiX Scheme 2-1 (R T HIEILHES> THB LTz, 7 X 2 10b (% 4- A
FLoroFFr=raxXrBU180baM LT, B, AV T =k ) —)1
& DRKEEHUTE < BSOS XD 16 & L, Wi FOib s = h ko
2k 10b 28R L=, FOMMDOT I E, HIROFEE O £ 7138w D)
RIS E AL, BORISICHER Lz,

ABRZEHLIZET 707 2 KO in vitro GPR119 7 == & MEM: O FEALHE
B Table 2-2 IZ/R L7, #EMEIZE F &~ 20 2 ORI A VM 217
ST, FORER, 6-6 B 7 mERIZERILK L7 11b, 11e X° 11k TlE, *Hid 5 5-6
By aigE AT 5 1a, 11d <0 1 ([ZENEEOIKR TR R iz, 2079, 5-6
BV aBRIZOWNWT, BRAIEMREIToT-, ANVK=NVEOEMETH D7 b
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Table 2-2

CEY/a T I URBERO GPRII9 7 2= A MNEME

\fwAi}Ikﬁ

111

Compound

4c

11a
11b
11c
11d
11e
11f
11g
11h
11i
11j
11k
111

hECso (HM)

270
254
511
268
86
770
52
550
1029
46
88
272
734

80
93
81
99
85

94
91
25
98
95
100
89

hEmax® (%)

mEC50 (IIM)

224
266
NT®
331
87
NT®
66
515
NT®
123
262
351
892

mEmax* (%)
83
105
NT®
95
105
NT®
108
102
NT®
110
116
108
97

Yool KIEME (AR231453 DI KIEM: L O HlR) ° KAIE

Y 1d T3 GOIEEERA R o, LL, ANVKTZZ A1 RT 7 & A
R g TIHIRMENEE T 2R R E e o7-, S BT, IMd D AT L U EEEEF 112
B L7 13 b~ T RO L THEEIC
ANV = VIR E OB RGN E Y U —FEANMEO A ZLIZE A L, %
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DOFEF. 10 & 1 1T T B8 A0 11d KON 1f [7ER, @WiEEZ R LT,
KRz, A% 7 2 1 TIEK 2 5 OMEMER & Emax O EAR 6L, ZibH D
IEEMOFTRbEWEEZR L2, 11d, 1Uf, i 1jo Xz, Voh—o
FEENENED > THIEMEHERF L TWAILEWTIE. 7 F DOLE EEMED
RN D, ANVKR=VHEST N UTKBEREZHEE L ToKE L
D, BRI S L TOREDRENEHEL TV 5,

2—5) B ER Boc RO KET

INET, 2OV Y —RZAD GPRINY 7 A=A ML, iEHEOE - 72 11f & 11
HE T B BRIZ Boc EMEH SN TUWD, Boc FIX7 I VHHORERIZEL< H
WHNLTHRY ., IREMENIEFICE <, m@*#TT MRS D ZENMBILTY
b, SHIZ, BKNTOZRTIT—RBICL D02 TRISIL, RO TOHEY
@TQ’%—"&%ZE)J:T%LJ:@ L“CW&CW&%Z HiLh, Szewezyk ©OHE L7z
GPR119 7 =R MJFFETIE. Boc FDZEAMKIZ, 6 BEROEY YL VU XY
VOEUIUUEAWTEY, PUIUURELE LTV EEBE LTS, !
L., 5 BBRSMIEOREFIIIEE RN\, 5 ER%MAE LTHXH T
S NRTFT T I Ees 6 BEREMALE LTEY IV A~DOEHEIT S
776

Boc & & SR A U 7-{L- &% Scheme 2-2 O JFIEICHIY Bk 1TH 2 & &
L. BRUCHE R RS T 5T v a—/HKIE T v a—L 8 b AR L7z, (Scheme
2$t)\// BIK 18a-c [T V3 —)L 8 DFRERTH LT I /) T/ha—
N1T L 2-7un b IV UFEEEREDD v TV I K VAR LT 1,24-FF
VT8 XTI /T 1T E= UL, B RrF T IV
EDOBRILICE VAL, = UL 19 OFRE L R /7= 20
E AV TFIVEEE D WSC BLUHOBt # Wi Alc kv 12449207
—)L 18e 1577, 134-FF Y7 — L 18f X7 /L a2 —)L 8 DR P UL HER
21 KVaEkL, B, =—7 121 O Boc fLIZHES , p-= B 7 = =/L 01—
NA—=RFENLTERTITR2EL, AV TTFNARIZEDT o biITHE< . T
BWALIRFE L N 7 2=V ARAT7 4 X VBRIEL, Bk d 52 & T,
18f ~LH W, FTUTY— L 18 137 X/ FT7 V7 YV —/L 23 @ Sandmeyer
ﬁm”’i@%@bkiﬂ%%7977~wuk?i/?w:awn@ﬁm

ZXuEoni,

1H&U&h@&x%%“ﬁW%@LkMA%@meGmuw?ﬁ:x%ﬁ
PEDOFHmAE R %A Table 2-4 (TR LTz, (LA 11f @ Boc A Y I ¥ U FFEK
(25a-)ICEH L7254, WTNOEA S hECso DA T O TR R 7273, 25a
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HO HO
N__O a HO/\/\G ° NN
|

17 18a-c N
8 c R= 18a: Et, 18b: MeO, 18c: CO,Me
HO
N hig

20 18e
Bno/\/\O h BnO H J HO/\/\G
—_— N
N\n,o\|< N 3 VNH, —_— TO/
o) 22 o 18f N-N (

23 24 189

Reaents and conditions: (a) HCI, 1,4-Dioxane, DCM (95%) (b) corresponding pyrimidines, DIPEA,
i-PrOH (30-95%) (c) BrCN, NaHCO3, DCM, H,0 (95%) (d) (i) N-Hydroxyisobutyrimidamide, ZnCly,
EtOAc, THF (ii) EtOH, conc.HCI (78%) (e) NH,OH HCI, K,CO3, EtOH, H,0 (76%) (f) Isobutyric acid,
WSC, HOBt, DIPEA, DMF (50%) (g) BnBr, NaH, DMF (95%) (h) (i) HCI, 1,4-Dioxane, DCM

(i) p-Nitrophenyl chloroformate, DIPEA, DCM (96%)(iii) NHoNH,, EtOH (45%) (j) (i) Isobutyric acid,
TBTU, HOBt, DIPEA, DMF (66%) (ii) CCly4, EtzN, PPhs, DCM (63%) (iii) Pd/C, Hy, EtOH (99%)

(k) tert-Butylnitrate, CuBr, Acetone (67%) (1) 17, EtzN, DCM (98%)

Scheme 2-3 : 7/Va—/)L 7} 1 7 18a-g DA K

Titt F GPRII9IZHBWTEWV Emax 2/~ L, BV I V0 5O EHILITITIRE
PEDOE NS DN L TN Z ENoT, 124-FFH 7V — LiFEK 25d
T 1f & FRIFEOEMEZ R L2 D3 o BRI (25, 256) TIITEMEME T L7, 25d
DFTTIarlThbHTT VTV —/25g TIHIEMER RSN 72,111 <0 11
® Boc FEDOEHIZ B TIE, 26a,d X°27a, d NENZEHN i & 11 & [FIZ5ED ECs
ZARL.EHIC E T RO S TEV Emax 278 Lo, 2IUH OFERNG,

ZOVY—=AD GPRII9 7T IT=AMIBWT, 5-2FLEYI VL 34V
01244 TT ) — LN Boe RO BAFREMIA L L TEIK Z &g

S77,
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Table2-3 : B> 7 a7 I UFEARO GPRI19 7 =2 =& FEM:

(0]

{ii::LH/\/AT:jLR E;I::Lﬂ/\/AT:jLR

11i,26a,d X=C

11f, 25a-g R=
R= ) N * N
e Y T, B
YK Y Y S T N g ON
0 NAge NPome Ncome
2 11i 26a 26d
11f 25a 25b 25¢

11j,27a,d X = O
N * N * O [ * N ( )
\r/ / \W D \W / \r/ D) *_O N *~-N
o- N- N- s- \ﬁ\j\ g >—<
N o N N T < ¥ L o
11] 27a 27d

Compound hECsp(nM) hEmax® (%) mECso(nM) mEmax® (%)

52 94 55 108
117 115 159 98
115 101 60 106
149 85 139 67
73 94 NT® NT®
161 91 NT® NT®
704 85 1015 88
121 10 812 93
46 98 123 110
51 113 167 110
58 110 158 113
88 95 262 116
58 110 160 109
61 95 266 111

“opf RIEME (AR231453 D RIENE & DELER) ° AHE
2—6) IEMEALEY) D in vivo FFHM
AWFRICBNT, F—= TR L 912, 2O U —XD GPRI19 7 =%
NI OB G ARER B RIRIREIE L L COREEZAE L LTW5D, FDO7HIZ
. ALEMN T o, A XY L7 EOEMIZIZBW TR OES TORhE %
BT AVENSH S, £ 2T, FIOIT in vitro 7l TEiETEE R LT-ALEWIZH
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W, oGTT T & 2 fhE EAMGEIIRE D Z L& Lic, 2D oGTT IFHER T D
< U AR LT, FHRHTIC 10 mgkg @ GPR119 7 F= A F &k 0#& 5 L1z 30 554
IZRR O TD 2 gkg D7 KA AR L, 0305 120 43 F CRERFAGIZ I OB
ZHIE L, FERBNZ GHE(= > b a— W)Zx 9 5 s - =R 2 34 L7, 1k
BMOMEHEZMA D ZENTE, ZMICEMEAFTELZENE, YU A
M LEREZITo72, ZORBRTREDO D HFEHL, & M TORRE S b
T A EEE S Z LN TE, DI, MOBEIC XL DMk F-mE e 2
o EHETHZENTE S, M EAMGIRITIU TORICEIVER LTS,
Flo, b EAMEERIIEFFICAEEN S 2GR IR D R o & HE
LTWb,

HoBE BB 26(%) =
S R MEE FA-dh# AUC/= > b — UREIEE 5 dhft AUC % 100

EIEETH o T2ALEWIT OV T oGTT 2l 2 17 - 7= #E B 4 Table 2-4 (2777,
Table 2-4 : {EMHALE D oGTT i H
(0] (o]
ol

mﬁ”\@ NG

N, O N
\r/
11f \c[,r \ﬁ 25d O-\

a2 2 T
N_N N__N N
1o &y
26a Z 26d "N 27a

Ty
SN O

>y

a a oGTT
hECs hEmax mECsy mEmax

Compound 120min
(nM) (o) (nM) (%)

AAUC(%)
11f
25d
11i
26a
26d
27a
“ ool KIEME (AR231453 O KIGME L O H#e) ° RlE
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ZDRER. %< DILAW T 20%5#4 O b ERIEE R 2R L, 11f & 26a (2
BWTa b — ) LERICR L ER-IHIZ R 2 A EREL R > THERT L Z
EMTE T, WIT, Ib@EWIRE R LTz 26a @ oGTT (21T 5 AR IGH: %
P L7, ORER. HEEAFR L E BRI E R L, 3 KT 10 mgkg
DFFIZEBNT, TN 29%M O 38% DA B/ ik ERMEIREZ R L, L&
¥y 26a T RZEIMEEAEZ 2 b o —/LTX B A[REM AR LTz, (X 2-5)

14000 [

12000 +

*EFE

10000 T Ekk

8000
6000

(mg/dl*min)

4000

delta BG AUC ¢_120min

2000 r

vehicle 3 mg/kg 10 mg/kg

—_==vehicle

~&—3 mg/kg

300 r

—ir—10 mg/kg

100

Blood Glucose (mg/dL)

0 30 60 90 120
Time after Gle. load (min)

2-5 : 26a @ oGTT F &S IERER
L&Y 26a DSEWWIMEE EFIHIZIEAEB L TNDZ D, KW\ TR A
ff ik BR(scGTTHZ L A IfipE EF M2 o2 L & Lz, 2D seGTT I3 T
D~ 7 A% LT, FRIIZ 10 mg/kg O GPR119 7 2 =& M & 045 L7230 4
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BRI TIZ2gkg DT FUKEZAM L, 0453725 120 43 F TRERFHIIT . b i
ZRE L, 22 b — VBECxEd A M B A NEEE A2 TN L7, seGTT Tldfk
O CHFAfT ATz d . BEREIC X 23L& 5 D GLP-1 W<,
GPRI19 7T=A FZDHLDD GLP-1 BL A A Y 43U X 5 ik B 580
FlEEZ D Z &N TE D, IHITIE, HIEE B O GLP-1 a7z <, &l
ERERBETDHIENTE D280, SR 7228 I8 R & Ml KR8 2 8 5 I /E 0 1
TZENTE, TNICKHTEREZFHMMTE 5, (¥ 2-6) —EANTHERIKIZ L 5
GLP-1 WAz 5702, FIRMBEFARRER M Th D28, P X v il
RERZIT O 72, R THEGIZEDPEART 21T T\ 5, £ORHE, 10 mgkg (2
BT 32%DIbE FFIMEFELZ R L, LAY 26a NEFZEMFEZIT T 70<, 22
fERF RIS = > h— L TE D AREME 2R LTz,

30000

25000

20000

EEE

15000

(mg/dl*min)

10000

delta BG AUC 0-120min

5000

vehicle 10 mg/kg

2-6 : 26a @ scGTT #i& 5

X5, LAY 26a D GLP-1 0 WRED T 24T - 72, fEEHIC K D GLP-1 43l
FI AR DTeOMBE T O~ 2% AV, {LEW 26a 21 5-% ., 30 53D GLP-1
REZa ba—REE R LTz, HB—FE T~ X 512, GLP-1 /L DPP4 (Z &
DL EIINTCLE D 72, IEMER GLP-1 Z2HIET 5 Z L ITREETH -
T2o 2T, IEMERLE X ORIEMHEA 2 AW 7 total GLP-1 JBEZHIEL, 22>
fr— L DT o T, ZORER., {bEY 26a 5 LIcEETlR, =2
Fe— L BRIZRE L, 2 UL EOFEZ: GLP-1 IRED LR RZRD Lz, (X 2-7)
Metabolex £ BRZEAL A9 T 5 MBX-2982 D#faf F TO GLP-1 43 HS Fe T i i
S, LA 26a O GLP-1 JBE LR LRI%TH-7, ' &5, GLP-1 L&Y
& — 7 w27 T MNGLP-1IRKO)~ 7 2 % 7= oGTT ORI TIE, AR231453
IZIER ~ U A TIEAE 2 EAfERZ R Lizolzxr L, GLP-IRKO v 7 A
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TIXZ DR BEITHEAFEE IR E > T 5D, P DF D, AR231453 D X 9 i@ fi7e
GPR119 7 F=A kTt GLP-1 Z4> S 72\ A A U 3 UA7E 0T Tid, 58V 385 &
R ZENTEP, GPRII9 7 I = F OFEFATNHER TIX. GLP-1 WEENRZ D
HEH~DFENRKENWEEZEZOND, ZTDT=H, {LEW 26a 1L oGTT THRL K
haERLizizd, 2D 2585 GLP-1 WX Hom < . ik EF-flic %
HBLTWhEEZTWD,

12 ek
= 10 ¢
2
< 8
S 6 L
E 4
z
= 2
=

O 1

vehicle 30 mg/kg

%] 2-7 : 26a @ GLP-1 5y WM BR
2—7) 26aDRT T TA 7 FAFM

b 26a 1% oGTT MO8 seGTT 2B W CILbE FAEIERZ2 R LT, 5%,
BRI SME T 7201l ZoEWE I L TEERZ1T > Tl
B, 2DV —ZADGPRIIY 7T I=A FRIEKIZRV 950, T v T T4 7 %A
DFM 21T > 7o, ARG ATHE7e3EA] & LT Phase 2 BA BICHEA 72{LA WtEE
DIFATING T v T4 7 X AR T /NI A—=ZELTUTFTOLDOBRHAILILT
W5, FEMW), KEFBAEUEGEOEMD), KEFBAZHEEDOEMA), K/
I B ) —NrBlfRE(cLogP). H HEIHLRS G OF(FRB) B OENR)DIH V) |
Lipinski %° Oprea 573 K7 » 7T A 7 I EMITBIT DHE RN T A — 2 B %
RIEBL TS, ' LA 26a DZNEDNRT A—HFEHUTZERBUTOL
B THS,
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Table2-5: R v 7T A 7 RAINT A —H

Lipinski Rule of 5 Oprea Rule
MW = 500 HD = 2
HD = 5 HA=2~9
HA = 10 FRB =2~8
cLogP <5 NR =1~4

Table 2-6 : 26a DY/ XTF X — &

Compound \% %%
26a 378.51

26a (W T HLD /T A —H ¢, Lipinski X° Oprea DB 5 OFEEICH TLE -
TBY, RIv I I9A4 0 ThdrEZEZLND, LEDOZ LD 26a I3HUFEIRIE
TEH & LT oGTT & seGTT THERERZ/RL, FT7 v 7 T4 7 7xtiEz LT
B, TOBELHHTHLZ LD, FUTZD 26a 2V — NMEEMERE L
7=,
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2—8) /INME

1. b EW T 472V O HTS 2L A5 7= HTS b v MEAWOIEYE % [h)
b, PR ER 2L A EE T 570, {bEWE AR, Vb
— R OBED3IODT Z T A MO FNEFIZ oW Tk 217 - 7=,

2. U I—DkFEt
4 JFFRDV =0 b BURERE G2 5 Z LR 000 JREHEO W
RBEIC L DY T — 33 L“Cl/\f:o ABREDREEHTIE, 7I FRHT7 I
JAF U IR LT GEIT 10 (5 O1EMER E( vs da) 3 b0, =—TF 1
A 4f TIITEERES 23 A E?fbf_ Z e D IEMEFRBUCHE M E R N HE ) =
ZLTNDZ ENRRBINT,

3. ABROKF
ANV = VIO FEMBE R Z AT o T AR, DR = VI E R L2 GA120
HIEEOR ENR S, A X eV RaxXe 7T ) R B RER
BH 27, £72. 7 bV o —kEAALE R EIEMEICHERE A <, b
VRANKRENIEDOKE-EEZHRERE LTORE LD b, BERoMERE L
TOERHDERIEMICEHE L TWD Z ERRIB I LT,

4. B EROMF
Boc A KfE~NT O BRICEH L, 5-=F LY IV & 34 Y S -124-
FXV T VN B REMIRE U TTHERET A T E N o T,

5. invitro fHIHIC BV T, BEHFRfERZ R LTALEWIZHOWT oGTT A7 ) —=
VT AT o TRER 2 ALA L & 26a) A E R EE ERINEIER 2R LT,

6. I bm\WAIREZR LTALEW 26a TIIHEKFH QM= > b v —)L b s

T&E, seGTT THEmWRIRD A b, BRI MY & 228 & fpk O 75 & =
YR ATHIENRTELEERZLND,
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2—9) FEBROHE
2—9—1) Chemistry

General directions

All commercially available reagents and solvents were used without further purification.
Reactions were carried out using oven-dried flasks or glassware, mixtures were stirred
with magnetic stirring bars and concentrated using a standard rotary evaporator, unless
otherwise noted. '"H NMR spectra were recorded by a JEOL JNM-ECP400 spectrometer
operating at 400 MHz at 25 °C with tetramethylsilane as internal standard. Data are
reported as follows: chemical shift in ppm (9), integration, multiplicity (s = singlet, d =
doublet, t = triplet, q = quartet, quin = quintet, sep = septet, br = broad, m = multiplet),
and coupling constant (Hz). LC/MS spectra were determined on a Waters ZMD2000
equipped with a Waters 2690 injector and a PDA detector operating at 210—400 nm and
interfaced with a Micromass ZMD mass spectrometer. High-resolution mass spectra
(HRMS) were recorded on a Thermo. LTQ Orbitrap. Column chromatography was
carried out on silica gel (Merck silica gel 60 (0.063-0.200 mm) or Fuji Silysia
NH-DM1020). Preparative thin-layer chromatography and thin-layer chromatography
was performed on silica gel (Merck TLC or Fuji Silysia NH-TLC).

Representative procedure of compound 4 (except for 4f)

Synthesis of tert-butyl 4—(4—((1,1-dioxidobenzo[Althiophen—5-yl)amino)-4—oxobutyl)
piperidine—1—carboxylate 3a

To a solution of N-Boc-4-(piperidin-4-yl)butylic acid (407 mg, 1.5 mmol), WSC (575
mg, 3.0 mmol), HOBt (405 mg, 3.0 mmol) and DIPEA (870 uL, 5.0 mmol) in DMF (5.0
mL) was added 5-aminobenzothiophene 2 (149 mg, 1.0 mmol). The resulting solution
was stirred with ambient temperature overnight. The reaction mixture was poured into
crashed ice and extracted with EtOAc. The organic layer was washed with brine, dried
over anhydrous Na,SO,4 and concentrated. The residue was purified by silica gel column
chromatography (EtOAc : hexane = 2 : 3) to give a benzothiophene amide (400 mg,
yield 99%) as a white solid.: '"H NMR (CDCls) &: 8.19 (s, 1H), 7.79 (d, J = 8.8 Hz, 1H),
7.45 (d, J= 5.5 Hz, 1H), 7.32-7.20 (m, 3H), 4.10 (brs, 2H), 2.68 (brs, 2H), 2.39 (t, J =
7.3 Hz, 2H), 1.81-1.75 (m, 2H), 1.69-1.55 (m, 3H), 1.45 (s, 9H), 1.41-1.35 (m, 2H),
1.15-1.09 (m, 2H): ESI-MS (m/e): 403 [M+H]".

To a solution of the amide obtained above (391 mg, 0.97 mmol) in DCM (10 mL) was
added m-CPBA (419 mg, 2.43 mmol) at 0 °C. The resulting mixture was allowed to
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warm to room temperature and stirred for 2 h. Water (10 mL) and 5 N NaOH (1 mL, 5.0
mmol) were added to the reaction mixture, and the whole was extracted with DCM. The
organic layer was washed with brine, dried over anhydrous Na,SO4 and concentrated.
The residue was purified by PTLC (EtOAc : hexane = 3 : 2) to give 3a (327 mg, yield
88%) as a white solid.: '"H NMR (CDCls) &: 7.97 (s, 1H), 7.61 (d, J = 8.4 Hz, 1H), 7.50
(s, 1H), 7.33 (dd, J= 8.4, 1.8 Hz, 1H), 7.16 (d, /= 7.0 Hz, 1H), 6.73 (d, /= 7.0 Hz, 1H),
4.10 (brs, 2H), 2.67 (brs, 2H), 2.39 (t, J = 7.7 Hz, 2H), 1.79-1.73 (m, 2H), 1.68-1.63 (m,
3H), 1.45 (s, 9H), 1.33-1.29 (m, 2H), 1.10 (dq, J = 12.4, 4.4 Hz, 2H): ESI-MS (m/e):
435 [M+H]".

tert-butyl 4-(5—((1,1-dioxidobenzo[ b]thiophen—5—-yl)amino)-5—oxopentyl)piperidine—1
—carboxylate 3b

'H NMR (CDCls) &: 7.97 (d, J = 1.8 Hz, 1H), 7.62 (d, J = 8.4 Hz, 1H), 7.47 (s, 1H),
733 (dd, J = 8.4, 1.8 Hz, 1H), 7.17 (d, J = 7.0 Hz, 1H), 6.72 (d, J = 7.0 Hz, 1H), 4.09
(brs, 2H), 2.66 (brs, 2H), 2.40 (t, J = 7.3 Hz, 2H), 1.73-1.69 (m, 2H), 1.65-1.59 (m, 3H),
1.45 (s, 9H), 1.44-1.35 (m, 2H), 1.32-1.26 (m, 2H), 1.08 (dq, J = 12.8, 4.1 Hz, 2H):
ESI-MS (m/e): 449 [M+H]".

tert-butyl 4—(3-((1,1-dioxidobenzo[ blthiophen—5—-yl)amino)-3—oxopropyl)piperidine—
1-carboxylate 3¢

'H NMR (CDCls) &: 7.96 (s, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.52 (s, 1H), 7.32 (dd, J =
8.0, 1.8 Hz, 1H), 7.17 (d, J = 6.9 Hz, 1H), 6.73 (d, J = 6.9 Hz, 1H), 4.11 (brs, 2H), 2.69
(brs, 2H), 2.43 (t, J = 7.7 Hz, 2H), 1.76-1.72 (m, 2H), 1.60-1.55 (m, 3H), 1.46 (s, 9H),
1.18-1.10 (m, 2H): ESI-MS (m/e): 421 [M+H]".

tert-butyl 4-(2—((1,1-dioxidobenzo[ Althiophen—5-yl)amino)-2-oxoethoxy)piperidine—
1-carboxylate 3d

'"H NMR (CDCls) &: 8.51 (s, 1H), 7.96 (d, J = 1.9 Hz, 1H), 7.66 (d, J = 8.4 Hz, 1H),
7.46 (dd, J = 8.4, 1.9 Hz, 1H), 7.19 (d, J = 7.0 Hz, 1H), 6.74 (d, J = 7.0 Hz, 1H), 3.85
(brs, 2H), 3.63 (sep, J = 4.0 Hz, 1H), 3.09 (ddd, J = 13.6, 9.9, 2.7 Hz, 2H), 1.98-1.91 (m,
2H), 1.63-1.56 (m, 2H), 1.47 (s, 9H): ESI-MS (m/e): 423 [M+H]".

tert-butyl 4-((2—((1,1-dioxidobenzo[ blthiophen—5—-yl)amino)-2—oxoethyl)methyl)amin—
o)piperidine—1—carboxylate 3e

'"H NMR (CDCLy) &: 9.57 (s, 1H), 7.99 (s, 1H), 7.66 (d, J = 8.1 Hz, 1H), 7.43 (d, J = 8.1
Hz, 1H), 7.19 (d, J = 7.0 Hz, 1H), 6.75 (d, J = 7.0 Hz, 1H), 4.22 (brs, 2H), 3.21 (s, 2H),
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2.72-2.63 (m, 3H), 2.60 (t, J = 12.5 Hz, 2H), 2.41 (s, 3H), 1.82-1.73 (m, 2H), 1.47-1.39
(m, 11H): ESI-MS (m/e): 436 [M+H]".

Synthesis of tert—butyl 4-(4—((1,1-dioxido—2,3—dihydrobenzo[ hlthiophen—-5—-yl)amino)
butyl)piperidine—1—carboxylate 4a

To a solution of 3a (21.7 mg, 50 pumol) in THF (1 mL) was added 0.9 M BH;-THF
solution (200 pL, 180 umol), the resulting solution was refluxed for 3 h and then
allowed to cool to room temperature. To the reaction mixture was added MeOH (1 mL)
and K»,COs3 (34.6 mg, 250 umol) and stirred for 1 h. The mixture was diluted with water
and extracted with EtOAc. The organic layer was washed with brine, dried over
anhydrous Na,SO,4 and concentrated. The residue was purified by PTLC (EtOAc :
hexane = 3 : 2) to give 4a (11 mg, yield 51%) as a white solid.: '"H NMR (CDCl;) &:
7.47 (d, J = 8.8 Hz, 1H), 6.57 (dd, J = 8.8, 2.2 Hz, 1H), 6.37 (d, J = 2.2 Hz, 1H), 4.11
(brs, 2H), 3.44 (t, J = 7.3 Hz, 2H), 3.25 (t, J = 7.3 Hz, 2H), 3.14 (dd, J = 12.4, 7.8 Hz,
2H), 2.67 (brs, 2H), 1.67-1.59 (m, SH), 1.45 (s, 9H), 1.30-1.25 (m, 2H), 1.12-1.05 (m,
2H): HRMS ESI calcd for C,;H34N,O4S 423.2312, found 423.2310.

tert-butyl 4-(5—((1,1-dioxido—2,3—dihydrobenzo[ blthiophen—5—-yl)amino)pentyl)piperi—
dine—1—carboxylate 4b

'H NMR (CDCly) &: 7.48 (d, J = 8.4 Hz, 1H), 6.57 (d, J = 8.4 Hz, 1H), 6.37 (s, 1H),
4.11 (brs, 2H), 3.4 (t, J = 7.0 Hz, 2H), 3.25 (t, J = 7.0 Hz, 2H), 3.13 (dd, J = 12.4, 7.0
Hz, 2H), 2.67 (brs, 2H), 1.68-1.61 (m, 5H), 1.45 (s, 9H), 1.41-1.36 (m, 2H), 1.29-1.24
(m, 2H), 1.13-1.05 (m, 2H): HRMS ESI calcd for Cy,H3sN,O4S 437.2468, found
437.2466.

tert-butyl 4-(3—((1,1-dioxido—2,3—dihydrobenzo[ blthiophen—5—-yl)amino)propyl)piperi—

dine—1—-carboxylate 4¢

'H NMR (CDCly) &: 7.48 (d, J = 8.4 Hz, 1H), 6.58 (d, J = 8.4 Hz, 1H), 6.37 (s, 1H),
4.11 (brs, 2H), 3.63 (brs, 1H), 3.43 (t, J = 7.3 Hz, 2H), 3.26 (t, J = 7.3 Hz, 2H), 3.15 (dd,
J=11.7, 5.9, 2H), 2.67 (brs, 2H), 1.69-1.62 (m, SH), 1.45 (s, 9H), 1.39-1.32 (m, 2H),
1.15-1.07 (m, 2H) : ESI-MS (m/e): HRMS ESI calcd for C;;H3;N,04S 409.2155, found
409.2151.

tert-butyl 4—(2—((1,1-dioxido—2,3—dihydrobenzo[ blthiophen—5—-yl)amino)ethoxy)piperi—
dine—1-carboxylate 4d

'H NMR (CDCLy) &: 7.49 (d, J = 8.4 Hz, 1H), 6.63 (dd, J = 8.4, 1.8 Hz, 1H), 6.43 (s,
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1H), 3.75 (brs, 2H), 3.76 (t, J = 5.2 Hz, 2H), 3.61-3.43 (m, 3H), 3.33 (dd, /=10.7, 5.2
Hz, 2H), 3.26 (t, J = 6.9 Hz, 2H), 3.07 (ddd, J = 12.8, 9.2, 3.7 Hz, 2H), 1.90-1.81 (m,
2H), 1.62-1.55 (m, 2H), 1.46 (s, 9H): HRMS ESI calcd for C,oH3oN,0sS 411.1948,
found 411.1946.

tert-butyl4—((2—((1,1-dioxido—2,3—-dihydrobenzo[ blthiophen—5-yl)amino)ethyl)(methy—
[) amino)piperidine—1-carboxylate 4e

'H NMR (CDCly) &: 7.48 (d, J = 8.4 Hz, 1H), 6.61 (d, J = 8.4 Hz, 1H), 6.39 (s, 1H),
4.89 (s, 1H), 4.19 (brs, 2H), 3.46 (t, J = 5.5 Hz, 2H), 3.28 (t, J = 5.5 Hz, 2H), 3.18 (brs,
2H), 2.79-2.63 (m, 4H), 2.58 (brs, 1H), 2.23 (s, 3H), 1.81-1.72 (m, 2H), 1.49-1.39 (m,
11H): HRMS ESI calcd for C5;H33N304S 423.2191, found 423.2191.

Synthesis of tert-butyl 4-(3—((1,1-dioxido—2,3—dihydrobenzo[blthiophen—5-yl)oxy)pr—
opyl)piperidine—1-carboxylate 4f

benzo[b]thiophen—5-ol 5

To a suspension of 5-aminobenzothiophene 2 (149 mg, 1.0 mmol) in 10% H,SO4 (16
mL) was added dropwise a solution of NaNO; (72.5 mg, 1.05 mmol) in water (1.5 mL)
at 0 °C. The resulting mixture was stirred for 1 h at same temperature, slowly warmed to
10 °C for 30 min and then urea (60 mg, 1.0 mmol) was added to the mixture. After
stirring for 5 min, the resulting mixture was added dropwise to 10% H,SO4 (10 mL) at
90 °C and stirred at 90 °C further 30 min. The reaction mixture was hot filtrated through
a celite pad and the filtrate was cooled to 0 °C. The formed precipitate was filtered,
rinsed with water and dried under reduced pressure to give benzo[b]thiophen-5-ol 5 (78
mg, yield 52%) as a yellow solid.: '"H NMR (CDCls) &: 7.71 (d, J= 8.8 Hz, 1H), 7.44 (d,
J=5.4Hz, 1H), 7.24 (d, J=2.5 Hz, 1H), 7.22 (d, /= 5.4 Hz, 1H), 6.92 (dd, /= 2.5, 8.4
Hz, 1H), 4.83 (s, 1H): ESI-MS (m/e): 151 [M+H]".

tert-butyl 4-(3—(benzo[ b]thiophen—5—-yloxy)propyl)piperidine—1-carboxylate 6

To a solution of benzo[b]thiophen-5-01 5 (78 mg, 0.52 mmol),
N-Boc-3-(piperidin-4-yl)propan-1-ol (138 mg, 0.57 mmol) and triphenylphosphine (150
mg, 0.57 mmol) in toluene (5.0 mL) was added dropwise a solution of 2.2 M
diethylazodicarboxylate (260 uL, 0.57 mmol) in toluene at 0 °C and the mixture was
allowed to warm to room temperature. After stirring for 3 h, the solution was
concentrated and the residue was purified by PTLC (CHCI; : hexane =5 : 1) to give the
title compound 6 (175 mg, yield 90%) as a white solid.: 'H NMR (CDCL) 8: 7.72 (d, J
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= 8.8 Hz, 1H), 7.43 (d, J = 5.5 Hz, 1H), 7.26 (m, 2H), 6.98 (dd, J = 8.8, 2.2 Hz , 1H),
4.10 (brs, 2H), 4.01 (t, J = 6.6 Hz, 2H), 2.69 (brs, 2H), 1.89-1.81 (m, 2H), 1.73-1.67 (m,
3H), 1.46 (s, 9H), 1.35-1.27 (m, 2H), 1.15-1.07 (m, 2H) : ESI-MS (m/e): 376 [M+H]".

tert-butyl  4—(3—((1,1-dioxido—2,3—dihydrobenzo[ blthiophen—5-yl)oxy)propylpiperi—
dine—1-carboxylate 4f

To a solution of 6 (175 mg, 0.47 mmol) in DCM (5.0 mL) was added m-CPBA (201 mg,
1.16 mmol) at 0 °C. The resulting mixture was allowed to warm to room temperature
and stirred for 2 h. Water (5.0 mL) and 5 N NaOH (0.5 mL, 2.5 mmol) were then added,
and the whole was extracted with DCM. The organic layer was washed with brine, dried
over anhydrous Na,SO4 and concentrated. The residue was purified by PTLC (EtOAc :
hexane = 1 : 3) to give a dioxobenzothiophene ether (175 mg, yield 92%) as a white
solid.: "H NMR (CDCls) &: 7.61 (d, J= 8.4 Hz, 1H), 7.12 (d, J = 6.9 Hz, 1H), 6.94 (dd,
J=284,1.8 Hz, 1H), 6.84 (d, /= 1.8 Hz, 1H), 6.72 (d, J = 6.9 Hz, 1H), 4.09 (brs, 2H),
4.01 (t, J = 6.2 Hz, 2H), 2.69 (brs, 2H), 1.89-1.80 (m, 2H), 1.73-1.65 (m, 3H), 1.46 (s,
9H), 1.44-1.38 (m, 2H), 1.15-1.09 (m, 2H) : ESI-MS (m/e): 408 [M+H]".

To a solution of the ether obtained above (71 mg, 173 umol) in EtOH (3.0 mL) was
added 10 % Pd/C (14 mg). The mixture was stirred under hydrogen atmosphere at room
temperature for 1 h. The catalyst was filtered off, and the filtrate was concentrated under
reduced pressure to give the title compound 4f (64 mg, yield 90%) as a yellow solid.: 'H
NMR (CDCls) é: 7.63 (d, J = 8.4 Hz, 1H), 6.96 (d, J = 8.4 Hz, 1H), 6.79 (s, 1H), 4.11
(brs, 2H), 3.99 (t, /= 6.2 Hz, 2H), 3.49 (t, J = 6.6 Hz, 2H), 3.33 (t, /= 6.6 Hz, 2H), 2.69
(brs, 2H), 1.87-1.79 (m, 2H), 1.71-1.66 (m, 3H), 1.46 (s, 9H), 1.44-1.38 (m, 2H),
1.18-1.10 (m, 2H): HRMS ESI calcd for C,;H3;NOsS 410.1995, found 410.1994.

Synthesis of 5—nitrobenzo[dl[1,3]oxathiole 13

To a solution of 2-hydroxythiophenol 12 (2.52 g, 20 mmol) and Cs,CO; (9.77 g, 30
mmol) in DMF (100 mL) was added dropwise bromochloromethane (2.0 mL, 30 mmol)
and the mixture was stirred at 110 °C for 2 h. After cooling to room temperature, the
reaction mixture was poured into ice-water and extracted with Et,O. The organic layer
was washed with brine, dried over anhydrous Na;SO,4 and concentrated. The residue
was purified by silica gel column chromatography (EtOAc : hexane = 1 : 10) to give
benzo[d][1,3]oxathiole (2.39 g, yield 86%) as a white solid.: 'HNMR (CDCls) &: 7.17
(dd, J = 8.1, 1.1 Hz, 1H), 7.00 (td, J = 8.1, 1.1 Hz, 1H), 6.89 (td, J = 8.1, 1.1 Hz, 1H),
6.82 (d, J=8.1 Hz, 1H), 5.71 (s, 2H): ESI-MS (m/e): 139 [M+H]".

A solution of benzo[d][1,3]oxathiole obtained above (239 mg, 17.3 mmol) in AcOH
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(0.5 mL) was added dropwise to a mixture 40% HNO3 (11.4 mL) and AcOH (9.0 mL) at
-15 °C and the mixture was stirred for 1 h at -10 °C. The mixture was poured into
ice-water and extracted with EtOAc. The organic layer was washed with brine, dried
over anhydrous Na,SO, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc : hexane = 1 : 3) to give a title compound 13 (342 mg, yield
11%) as a yellow solid.: "H NMR (CDCls) &: 7.81 (dd, J= 8.4, 2.2 Hz, 1H), 7.62 (d, J =
2.2 Hz, 1H), 7.25 (d, J = 8.4 Hz, 1H), 5.86 (s, 2H): ESI-MS (m/e): 184 [M+H]".

Synthesis of benzo[ dl[1,3]oxathiol-5—amine 14

Iron (418 mg, 7.5 mmol) was added to a solution of 13 (342 mg, 1.87 mmol) and NH4Cl
(100 mg, 1.87 mmol) in EtOH (7.5 mL) and water (3.0 mL) and the mixture was stirred
for 2 h. The mixture was filtrated through a celite pad and washed with EtOAc and
water. After a phase separation of the filtrate, the aqueous layer was extracted with
EtOAc, the combined organic layers were washed with brine, dried over anhydrous
Na,SO4 and concentrated. The residue was purified by PTLC (EtOAc : hexane =1 : 3)
to give a title compound 14 (160 mg, yield 55%).: "H NMR (CDCl;) &: 6.92 (d, J = 8.8
Hz, 1H), 6.27-6.24 (m, 2H), 5.63 (s, 2H), 3.60 (brs, 2H): ESI-MS (m/e): 154 [M+H]".,

Synthesis of 6—nitro—2,3—dihydrobenzo[5][1,4]oxathiine 16

Potassium hydroxide (2.0 g, 36 mmol) was added to a solution of
3,4-methylenedioxynitrobenzene 15 (3.34 g, 20 mmol) and 2-mercaptoethanol (3.14 mL,
44 mmol) in N-methylpyrrolidone and the reaction mixture was stirred at 50 °C
overnight. The mixture was diluted with water and extracted with EtOAc. The organic
layer was washed with brine, dried over anhydrous Na,SO4 and concentrated. The
residue was purified by silica gel column chromatography (EtOAc : hexane =1 : 1) to
give a diol (1.12 g, yield 26%) as a yellow solid.: "H NMR (CDCls) &: 7.81 (d, J = 2.6
Hz, 1H), 7.71 (dd, J = 8.4, 2.6 Hz, 1H), 7.64 (d, J = 8.4 Hz, 1H), 3.78 (t, J = 5.5 Hz,
2H), 3.01 (t,J = 5.5 Hz, 2H): ESI-MS (m/e): 216 [M+H]".

To a solution of the diol obtained above (430 mg, 2.0 mmol) and triphenylphosphine
(577 mg, 2.2 mmol) in toluene (10 mL) was added dropwise a solution of 2.2 M
diethylazodicarboxylate (1.0 mL, 2.2 mmol) in toluene at 0 °C and the mixture was
allowed to warm to room temperature. After stirring for 1 h, the solution was
concentrated and the residue was purified by silica gel column chromatography
(EtOAc : hexane = 1 : 4) to give a title compound 16 (295 mg, yield 75%) as a yellow
solid.: "H NMR (CDCls) &: 7.75-7.69 (m, 2H), 7.16 (d, J = 8.4 Hz, 1H), 4.45 (t, J = 4.8
Hz, 2H), 3.19 (t, J= 4.8 Hz, 2H) : ESI-MS (m/e): 198 [M+H]".
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Synthesis of 7-amino—2,3—dihydrobenzo[5][1,4]oxathiine 4,4—dioxide 10b

To a solution of 16 (282 mg, 1.45 mmol) in DCM (10 mL) was added m-CPBA (398 mg,
3.6 mmol) at 0 °C. The resulting mixture was allowed to warm to room temperature and
stirred for 3 h. Water (10 mL) and 5 N NaOH (1.2 mL, 6 mmol) were added to the
reaction mixture and the whole was extracted with DCM. The organic layer was washed
with brine, dried over anhydrous Na,SO, and concentrated. The residue was purified by
PTLC (EtOAc : hexane = 3 : 2) to give a sulfone derivative (330 mg, yield 99%) as a
pale white solid.: "H NMR (CDCls) 8: 7.88 (d, J = 8.8 Hz, 1H), 7.64 (s, 1H), 7.14 (d, J
= 8.8 Hz, 1H), 4.85 (t, J = 5.5 Hz, 2H), 3.51 (t, J = 5.5 Hz, 2H): ESI-MS (m/e): 230
[M+H]".

Iron (279 mg, 5.0 mmol) and water (300 pL) was added to a solution of the sulfone
derivative obtained above (229 mg, 1.0 mmol) in AcOH (3.0 mL) and the reaction
mixture was stirred at 65 °C for 2 h. The mixture was filtrated through a celite pad and
washed with water and EtOAc. After a phase separation of the filtrate, the aqueous layer
was extracted with EtOAc, the combined organic layers were washed with brine, dried
over anhydrous Na;SO4 and concentrated to give a title compound 10b (199 mg, yield
99%) as a pale white solid, which was used for next step without further purification.:
'H NMR (CDCls) 8:7.55 (d, J = 8.8 Hz, 1H), 6.38 (dd, J= 8.8, 2.2 Hz, 1H), 6.14 (d, J =
2.2 Hz, 1H), 4.77 (t, J = 5.5 Hz, 2H), 4.06 (brs, 2H), 3.43 (t, J = 5.5 Hz, 2H): ESI-MS
(m/e): 200 [M+H]".

Synthesis of 3—(piperidin—4-yl)propan—1-ol 17

To a 4 M hydrogen chloride/1,4-dioxane solution (10 mL) was added tert-butyl
4-(3-hydroxypropyl)piperidine-1-carboxylate 7 (3.0 g, 12.4 mmol) at 0 °C, and the
mixture was stirred for 3.5 h at 30 °C. The solvent was removed in vacuo and the
residue was partitioned between DCM and satd. NaHCOs3, and the organic layer was
dried over anhydrous Na,SO4 and concentrated in vacuo to give 17 (1.77 g, yield 99%)
as a white solid.: "H NMR (CDCls) &: 3.64 (t, J= 6.7 Hz, 2H), 3.05 (dt, J=11.6, 2.8 Hz,
2H), 2.57 (dt, J = 11.6, 2.5 Hz, 2H), 1.68 (d, J = 13.2 Hz, 2H), 1.55-1.61 (m, 2H),
1.21-1.43 (m, 3H), 1.09 (ddd, J = 24.1, 12.1, 4.0 Hz, 2H). ESI-MS (m/e): 144 [M+H]".

General procedure with Synthesis of pyrimidine derivatives 18a—c (Method I)

A mixture of 17 (3.18 mmol), the corresponding 2-chloropyrimidine (6.36 mmol) and
DIPEA (2.77 mL, 15.9 mmol) in 2-propanol (15 mL) was heated under reflux for 23 h.
The mixture was concentrated and the residue was partitioned between EtOAc and satd.

NaHCOs;, and the organic layer was dried over anhydrous Na,SO, and then

45



concentrated. The residue was purified by silica gel column chromatography to give the

desired product.

3—(1-(5—ethylpyrimidin—2-yl)piperidin—4—yl)propan—1-ol 18a

'H NMR (CDCl;) &: 8.16 (s, 2H), 4.68 (dt, J = 13.2, 2.2 Hz, 2H), 3.65 (dd, J = 11.7, 6.6
Hz, 2H), 2.84 (dt, J = 11.7, 2.7 Hz, 2H), 2.45 (q, J = 7.6 Hz, 2H), 1.77 (d, J = 11.7 Hz,
2H), 1.48-1.66 (m, 3H), 1.12-1.36 (m, 7H). ESI-MS (m/e): 250 [M+H]".

3—(1-(5—methoxypyrimidin—2—yl)piperidin—4-yl)propan—1-ol 18b

'H NMR (CDCLy) 8: 8.46 (s, 2H), 4.54-4.67 (m, 2H), 3.80 (s, 3H), 3.65 (d, J = 11.7 Hz,
2H), 2.84 (dt, J = 11.7, 2.8 Hz, 2H), 1.50-1.86 (m, 5H), 1.12-1.44 (m, 4H). ESI-MS
(m/e): 252 [M+H]".

3—(1-(5-methoxycarbonylpyrimidin—2—yl)piperidin—4—yl)propan—1-ol 18¢

'H NMR (CDCls) : 8.81 (s, 2H), 4.88 (d, J = 13.2 Hz, 2H), 3.87 (s, 3H), 3.66 (td, J =
6.6, 5.4Hz, 2H), 2.93 (td, J = 13.2, 2.8 Hz, 2H), 1.82 (d, J = 10.5 Hz, 2H), 1.66-1.54 (m,
3H), 1.37-1.32 (m, 2H), 1.23 (t, J = 5.4 Hz, 1H), 1.20-1.13 (m, 2H). ESI-MS (m/e): 280
[M+H]".

Preparation of 3-(1-(3-isopropyl-1,2,4-oxadiazol-5-yl)piperidin—4-yl)propan—1-ol
18d (Method II)

4—(3-hydroxypropyl)piperidine—1—carbonitrile 19

A solution of 17 (10.0 g, 70 mmol) in DCM (170 mL) was mixed with a suspension of
NaHCOs (17.7 g, 210 mmol) in water (40 mL). To this stirred mixture was added
dropwise a solution of cyanogen bromide (8.9 g, 84 mmol) in DCM (30 mL) at 0 °C and
the resulting mixture was stirred at same temperature for 30 min. The mixture was
allowed to warm to room temperature and stirred overnight. The mixture was poured
into satd. NaHCO; and the whole was extracted with CHCI;. The organic layer was
dried over anhydrous Na,SO4 and concentrated to give crude product 19 (10.8 g, yield
91%) as a colorless oil, which was used in the next step without further purification.: 'H
NMR (CDCl3) &: 3.65 (dd, J = 11.4, 6.6 Hz, 2H), 3.42 (d, J = 13.2 Hz, 2H), 2.99 (t, J
=11.4 Hz, 2H), 1.71-1.75 (m, 2H), 1.55-1.60 (m, 2H), 1.24-1.37 (m, SH). ESI-MS (m/e):
169 [M+H]".

3—(1-(3-isopropyl—1,2,4—oxadiazol-5-yl)piperidin—4-yl)propan—1-ol 18d
Zinc chloride (1.0 M in Et,O, 77 mL, 77 mmol) was added dropwise to a stirred
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solution of 19 (10.8 g, 64 mmol) and N-hydroxyisobutyramidine (7.85 g, 77 mmol) in
EtOAc (130 mL)/THF (130 mL) over 30 min. After stirring for 1 day, the formed
precipitates were filtered and washed with Et,O (30 mL). This precipitate was dissolved
in a mixture of EtOH (250 mL) and conc. HCI (37 mL) and the solution was stirred at
70 °C for 17 h. The solvent was removed in vacuo, the residue was dissolved with satd.
NaHCOs; and EtOAc. The layers were separated and the aqueous layer was extracted
with EtOAc. The combined organic layers were washed with brine and dried over
anhydrous Na,SO4 and concentrated. The residue was purified by silica gel column
chromatography (EtOAc) to give the title compound 18d (13.6 g, yield 77%) as a
colorless oil.: '"H NMR (CDCl;) 8: 4.10-4.14 (m, 2H), 3.66 (q, J = 6.0 Hz, 2H), 3.02 (td,
J=12.8, 2.8 Hz, 2H), 2.87 (sep, J = 7.0 Hz, 1H), 1.78 (d, J = 13.5 Hz, 2H), 1.45-1.64
(m, 3H), 1.38-1.20 (m, 10H). ESI-MS (m/e): 254 [M+H]".

Preparation of 3-(1-(5-isopropyl-1,2,4—oxadiazol-3-yl)piperidin—4-yl)propan—1-ol
18e

N=hydroxy—4—(3—hydroxypropyl)piperidine—1-carboximidamide 20

To a solution of 19 (236 mg, 1.4 mmol) in EtOH (1.57 mL) was added K,COs (193 mg,
1.4 mmol), hydroxylamine hydrochloride (195 mg, 2.8 mmol) and water (2.36 mL) and
the mixture was refluxed for 1 day. After cooling to ambient temperature, the reaction
mixture was diluted with water and extracted with EtOAc. The organic layer was dried
over anhydrous Na,SO, and concentrated to give crude product 20 (213 mg, yield 76%)
as a colorless oil, which was used in the next step without further purification.: "H NMR
(CDCl3) 8: 4.31 (s, 1H), 3.65 (t, J = 6.6 Hz, 2H), 3.42 (d, J = 12.8 Hz, 2H), 2.62 (dt, J =
2.6, 12.8 Hz, 2H), 1.75-1.68 (m, 2H), 1.65-1.55 (m, 3H), 1.42-1.09 (m, 4H). ESI-MS
(m/e): 202 [M+H]".

3—(1-(5-isopropyl—1,2,4—oxadiazol-3-yl)piperidin—4-yl)propan—1-ol 18e

To a solution of 20 (213 mg, 1.06 mmol), WSC (243 mg, 1.27 mmol), HOBt (180 mg,
1.17 mmol) and DIPEA (487 pL, 3.5 mmol) in DMF (4.0 mL) was added isobutylic
acid (93.4 mg, 1.06 mmol). After stirring for 3 days, the resulting solution was diluted
with water and extracted with EtOAc. The organic layer was washed with brine, dried
over anhydrous Na;SO, and concentrated. The residue was dissolved in toluene (4.0
mL), the mixture was refluxed for 1 h and concentrated. The residue was purified by
PTLC (CHCIl; : MeOH =9 : 1) to give the title compound 18e (135 mg, yield 49%) as a
yellow oil.: '"H NMR (CDCls) &: 8.01 (s, 1H), 3.98 (d, J = 12.8 Hz, 2H), 3.65 (t, J= 6.6
Hz, 2H), 3.06 (sep, J = 7.0 Hz, 1H), 2.86 (dt, J = 2.6, 12.5 Hz, 2H), 1.74 (d, /= 13.2 Hz,

47



2H), 1.65-1.58 (m ,2H), 1.49-1.40 (m, 1H), 1.35 (d, J = 7.0 Hz, 6H), 1.31-1.23 (m, 2H).
ESI-MS (m/e): 254 [M+H]".

Preparation of 3—(1-(5-isopropyl—1,2,4-oxadiazol-3-yl)piperidin—4—yl)propan—1-ol 18f
tert-butyl 4-(3—-(benzyloxy)propyl)piperidine—1-carboxylate 21

To a suspension of NaH (328 mg in oil, 8.2 mmol) in DMF (10 mL) on the ice bath was
added 7 (1.0 g, 4.1 mmol) and the mixture was stirred for 1 h at room temperature.
Benzyl bromide (843 mg, 4.9 mmol) was added to the mixture at 0 °C, the reaction
mixture was allowed to warm to room temperature and stirred for 2 h. The mixture was
diluted with satd. NH4Cl and extracted with EtOAc. The organic layer was washed with
satd. NaHCO3 and brine, dried over anhydrous Na,SO,4 and concentrated. The residue
was purified by silica gel column chromatography (Hexane : EtOAc =3 : 1) to give 21
(1.4 g, yield 99%) as a colorless oil.: "H NMR (CDCls) &: 7.37-7.26 (m, 5H), 4.50 (s,
2H), 4.11 (brs, 2H), 3.46 (t, J = 6.6 Hz, 2H), 2.65 (t, J = 12.1 Hz, 2H), 1.67-1.57 (m,
4H), 1.45 (s, 9H), 1.39-1.30 (m ,3H), 1.09 (qd, J = 4.0, 11.4, 2H). ESI-MS (m/e): 334
[M+H]".

4—(3—(benzyloxy)propyl)piperidine—1-carbohydrazide 22

A 4 M hydrogen chloride/1,4-dioxane solution (7.15 mL, 31 mmol) was added dropwise
to a solution of 21 (1.4 g, 4.1 mmol) in DCM (14.3 mL) at 0 °C, and the mixture was
stirred for 4 h at room temperature. The solvent was removed in vacuo and the residue
was washed with Et,O to give a hydrochloride salt (1.06 mg, yield 95%) as a colorless
solid, which was used in the next step without further purification.. 'H NMR
(DMSO-dp) 6: 8.46 (brs, 2H), 7.38-7.19 (m, SH), 4.44 (s, 2H), 3.41 (t, J = 6.4 Hz, 2H),
3.22 (d,J=12.4 Hz, 2H), 2.79 (t, J = 11.3 Hz, 2H), 1.78 (d, /= 13.1 Hz, 2H), 1.59-1.42
(m, 3H), 1.31-1.19 (m, 4H). ESI-MS (m/e): 234 [M+H]".

To a solution of the hydrochloride salt obtained above and DIPEA (2.22 mL, 12.8
mmol) in DCM (17.2 mL) was added 4-nitrophenylchloroformate (641 mg, 3.19 mmol)
at 0 °C, stirred for 30 min at same temperature and allowed to warm to room
temperature. The mixture was concentrated and the residue purified with silica gel
column chromatography (Hexane : EtOAc = 2 : 1) to give a 4-nitrophenylcarbamate
(1.13 g, yield 89%) as a colorless solid.: '"H NMR (CDCls) &: 7.37-7.26 (m, 5H), 4.50 (s,
2H), 3.89 (d, J = 12.1 Hz, 2H), 3.80 (brs, 2H), 3.46 (t, J = 6.6 Hz, 2H), 2.75 (td, J = 8.4,
2.2 Hz, 2H), 1.75-1.57 (m, 4H), 1.51-1.30 (m ,3H), 1.23-1.14 (m, 2H). ESI-MS (m/e):
399 [M+H]".

Hydrazine monohydrate (2.83 mL, 58 mmol) was added to a solution of
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4-nitrophenylcarbamate obtained above (283 mg, 0.71 mmol) in EtOH (17 mL) and the
mixture was refluxed for 1 h. After concentration of the mixture, the residue was
dissolved in EtOAc and the solution was washed satd. NaHCOs four times, dried over
anhydrous Na,SO4 and concentrated. The residue was purified by PTLC (CHCI; :
MeOH = 5 : 1) to give the title compound 22 (92 mg, yield 45%) as a yellow oil.: 'H
NMR (CDCls) 6: 7.40-7.26 (m, SH), 4.48 (s, 2H), 3.94 (d, J = 12.1 Hz, 2H), 3.78 (brs,
2H), 3.47 (t, J = 6.6 Hz, 2H), 2.75 (td, J = 12.1, 2.2 Hz, 2H), 1.75-1.62 (m, 4H),
1.50-1.35 (m ,3H), 1.20-1.09 (m, 2H). ESI-MS (m/e): 292 [M+H]".

3—(1-(5-isopropyl—1,2,4—oxadiazol-3-yl)piperidin-4—yl)propan—1-ol 18f

To a 30 min stirring solution of isobutylic acid (30 mL, 0.32 mmol), O-(benzotriazol-1-
yl)-N,N,N,N -tetramethyluronium tetrafluoroborate (102 mg, 0.32 mmol), HOBt (8.9
mg, 63 umol) and DIPEA (277 pL, 1.59 mmol) in DMF (1.1 mL) was added 22 (92 mg,
0.32 mmol) and the mixture was stirred further 1 day. The reaction mixture was diluted
with satd. NaHCOj; and extracted with EtOAc. The organic layer was washed with brine,
dried over anhydrous Na,SO4 and concentrated. The residue was purified by silica gel
column chromatography (EtOAc) to give an acylhydrazide (75 mg, yield 65%) as a
colorless solid.: '"H NMR (CDCls) &: 7.66 (d, J = 8.0 Hz, 2H), 7.40-7.26 (m, 5H), 6.87
(d, J = 8.0 Hz, 2H), 4.50 (s, 2H), 3.96 (d, J = 12.6 Hz, 2H), 3.46 (t, J = 7.0 Hz, 2H),
2.81 (t, J = 12.6 Hz, 2H), 2.46 (sep, J = 7.0 Hz, 1H), 1.75 (d, J = 12.6 Hz, 2H),
1.66-1.58 (m, 2H), 1.49-1.39 (m, 1H), 1.38-1.33 (m, 2H), 1.26 (d, J = 7.0 Hz, 6H),
1.25-1.12 (m, 2H). ESI-MS (m/e): 362 [M+H]".

A solution of the acylhydrazide obtained above (75 mg, 0.21 mmol), triphenylphosphine
(174 mg, 0.662 mmol) and Et;N (185 pL, 1.2 mmol) in tetrachloromethane (5 mL) was
refluxed overnight and then evaporated. The residue was purified by NH-PTLC
(Hexane : EtOAc =1 : 1) to give a 1,3,4-oxadiazole (45 mg, yield 63%) as a colorless
oil.: '"H NMR (CDCls) &: 7.40-7.26 (m, 5H), 4.50 (s, 2H), 3.94 (d, J = 12.1 Hz, 2H),
3.47 (t, J = 6.6 Hz, 2H), 3.01 (sep, J = 6.6 Hz, 1H), 2.93 (td, J = 1.8, 11.8 Hz, 2H),
1.80-1.62 (m, 4H), 1.50-1.35 (m ,3H), 1.32 (d, J = 6.6 Hz, 2H), 1.29-1.22 (m, 2H).
ESI-MS (m/e): 344 [M+H]".

To a solution of 1,3,4-oxadiazole obtained above (45 mg, 130 pumol) in EtOH (1.0 mL)
was added 10 % Pd/C (5 mg). The mixture was stirred under hydrogen atmosphere at
40 °C overnight. The catalyst was filtered off and the filtrate was concentrated under
reduced pressure to give the title compound 19f (33 mg, yield 99%) as a colorless solid,
which was used in the next step without further purification.: '"H NMR (CDCl3) &: 4.02
(d, J=11.8 Hz, 1H), 3.66 (t, J = 7.0 Hz, 1H), 3.05-2.92 (m, 3H), 1.77 (t, J = 13.0 Hz,
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2H), 1.69-1.62 (m, 2H), 1.60-1.54 (m, 1H), 1.47-1.26 (m, 10H): ESI-MS (m/e): 254
[M+H]".

Preparation of 3-(1-(3-isopropyl-1,2,4-thiadiazol-5-yl)piperidin—4-yl)propan—1-ol
18g

5—bromo—3-isopropyl-1,2,4-thiadiazole 24

Copper(Il) bromide (328 mg, 1.47 mmol) was added to tert-butyl nitrite (460 uL, 3.84
mmol) in acetone (6 mL) at 0 °C, the mixture was allowed to warm to room temperature
and stirred for 1.5 h. To the mixture was added a solution of
5-amino-3-isopropyl-1,2,4-thiadiazole 23 (200 mg, 1.74 mmol) in acetone (1.4 mL) and
stirred for 1 h. After cooling to 0 °C, 48% HBr solution was added to the mixture and
the reaction mixture was stirred at room temperature for 1 h. The reaction mixture was
diluted with water and extracted with DCM. The organic layer was washed with brine,
dried over anhydrous Na,SO4 and concentrated. The residue was purified by silica gel
column chromatography (Hexane : EtOAc =9 : 1) to give 24 (241 mg, yield 67%) as a
colorless oil.: '"H NMR (CDCl;) &: 3.31 (sep, J = 6.9 Hz, 1H), 1.38 (d, J = 6.9 Hz, 6H).
ESI-MS (m/e): 208 [M+H]".

3—(1-(3-isopropyl-1,2,4-thiadiazol-5-yl)piperidin—-4-yl)propan—1-ol 18g

To a solution of 24 (241 mg, 1.16 mmol) and Et;N (487 uL, 3.48 mmol) in DCM (5
mL) was added 8 (332 mg, 2.32 mmol) at room temperature and the reaction mixture
was stirred for 1 day. The mixture was diluted with water and the whole was extracted
with DCM. The organic layer was washed with brine, dried over anhydrous Na,SO,4 and
concentrated. The residue was purified by PTLC (Hexane : EtOAc =1 : 2) to give 18g
as a colorless oil (306 mg, yield 98%).: '"H NMR (CDCls) &: 3.88 (d, J = 12.7 Hz, 2H),
3.66 (dd, J=6.3, 11.1 Hz, 2H), 3.49 (d, J = 4.7 Hz, 2H), 3.10 (td, /= 3.0, 12.7 Hz, 2H),
3.00 (sep, J = 6.9 Hz, 1H), 1.79 (d, J = 13.4 Hz, 2H), 1.67-1.46 (m, 3H), 1.42-1.28 (m,
10H). ESI-MS (m/e): 270 [M+H]".

Preparation of 11a-l, 25a—g, 26a,d and 27a, d

General procedure for preparation of aldehydes (Method III)

To a solution of the corresponding alcohol (I mmol) in DCM (10 mL) was added
Dess-Martin periodinane (1.1 mmol) at 0 °C, and the mixture was stirred for 3 h at room
temperature. To the mixture was added water and 5 N NaOH (6 mmol), and the whole

was extracted with DCM. The organic layer was washed with brine, dried over
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anhydrous Na,SO,, concentrated and the crude product was subjected to the next

reaction without further purification.

General procedure with reductive amination (Method IV)

To a solution of amine (0.1 mmol) and a corresponding aldehyde (0.1 mmol) in DCM (2
mL) was added NaBH(OAc); (0.2 mmol), and the reaction mixture was stirred at room
temperature overnight. The mixture was poured into satd. NaHCO3 and the whole was
extracted with DCM. The organic layer was washed with brine, dried over anhydrous

Na,SOs4, and concentrated. The residue was purified by PTLC.

tert-butyl  4-(3—((3,3—dioxido—2H-benzo[ dl[1,3]oxathiol-6—yl)amino)propyl)piperid—
ine—1—carboxylate 11a

'"H NMR (CDCls) 8: 7.36 (d, J = 8.4 Hz, 1H), 6.32 (dd, J = 8.4, 2.2 Hz, 1H), 6.09 (d, J =
2.2 Hz, 1H), 4.98 (s, 2H), 4.29 (brs, 1H), 4.08 (brs, 2H), 3.12 (dd, J=12.1 , 5.5 Hz, 2H),
2.67 (brs, 2H), 1.69-1.62 (m, SH), 1.45 (s, 9H), 1.41-1.33 (m, 2H), 1.13-1.06 (m, 2H):
HRMS ESI caled for C0H30N,05S 411.1948, found 411.1953.

tert-butyl 4—(3-((4,4—dioxido—2,3—dihydrobenzo[ ][ 1,4]oxathiin—7—yl)amino)propyl)
piperidine—1—carboxylate 11b

'"H NMR (CDCly) 8:7.53 (dd, J = 8.8, 0.9 Hz, 1H), 6.29 (d, J = 8.8 Hz, 1H), 6.00 (s, 1H),
4.79-4.74 (m, 2H), 4.09 (brs, 2H), 3.64 (s, 1H), 3.44-3.40 (m, 2H), 3.09 (dd, J =12.4,
7.0 Hz, 2H), 2.67 (brs, 2H), 1.65-1.57 (m, 5H), 1.45 (s, 9H), 1.34-1.28 (m, 2H),
1.16-1.07 (m, 2H) : HRMS ESI calcd for C;;H3,N,05S 425.2104, found 425.21024.

tert-butyl  4-(3—((1,1-dioxido—2,3—dihydrobenzo[ dlisothiazol-5—yl)amino)propyl)pip—
eridine—1—-carboxylate 11¢

'H NMR (CDCly) &: 7.52 (d, J = 8.4 Hz, 1H), 6.61 (dd, J = 8.4, 2.2 Hz, 1H), 6.36 (s,
1H), 4.51 (s, 1H), 4.41 (d, J = 5.5 Hz, 2H), 4.18 (s, 1H), 4.09 (brs, 2H), 3.13 (dd, J =
12.4, 7.0Hz, 2H), 2.67 (brs, 2H), 1.69-1.63 (m, 5H), 1.46 (s, 9H), 1.39-1.33 (m, 2H),
1.16-1.07 (m, 2H): HRMS ESI calcd for C,0H3;N304S 409.2035, found 409.2035.

tert-butyl 4—(3—-((1-ox0—2,3—-dihydro—1H-inden—5-yl)amino)propyl)piperidine—1-car—
boxylate 11d

'H NMR (CDCl;) &: 7.56 (d, J = 8.4 Hz, 1H), 6.52-6.48 (m, 2H), 4.12 (brs, 2H), 3.65
(brs, 1H), 3.19 (t, J = 6.9 Hz, 2H), 3.00 (¢, J = 5.5 Hz, 2H), 2.67 (brs, 2H), 2.62 (t, J =
5.5, 2H), 1.69-1.62 (m, SH), 1.45 (s, 9H), 1.42-1.36 (m, 2H), 1.15-1.07 (m, 2H): HRMS
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ESI calcd for C»,H3oN,O3 373.2486, found 373.2491.

tert-butyl 4—(3—((5-o0x0-5,6,7,8—tetrahydronaphthalen—2-yl)amino)propyl)piperidi—
ne—1-carboxylate 11e

'H NMR (CDCls) 5: 7.89 (d, J = 8.4 Hz, 1H), 6.45 (dd, J = 8.4, 2.2 Hz, 1H), 6.29 (d, J =
2.2 Hz, 1H), 4.13 (brs, 2H), 3.16 (dd, J = 12.4, 7.0 Hz, 2H), 2.84 (t, J = 6.3 Hz, 2H),
2.67 (brs, 2H), 2.56 (t, J = 6.3 Hz, 2H), 2.07 (quin, J = 5.5, 2H), 1.69-1.62 (m, 5H), 1.45
(s, 9H), 1.39-1.32 (m, 2H), 1.10 (qd, J = 4.4, 10.5 Hz, 2H): HRMS ESI calcd for
Cy3H34N,05 387.2642, found 387.2648.

tert-butyl 4-(3—-((3—-ox0-2,3—-dihydrobenzofuran—6—yl)amino)propyl)piperidine—1-ca—
rboxylate 11f

'H NMR (CDCls) 5: 7.41 (d, J = 8.4 Hz, 1H), 6.25 (dd, J = 8.4, 2.2 Hz, 1H), 6.09 (d, J =
2.2 Hz, 1H), 4.58 (s, 2H), 4.48 (s, 1H), 4.11 (brs, 2H), 3.18 (dd, J = 12.4, 6.6 Hz, 2H),
2.67 (brs, 2H), 1.69-1.62 (m, SH), 1.45 (s, 9H), 1.38-1.32 (m, 2H), 1.17-1.12 (m, 2H):
HRMS ESI caled for C,;H30N,04 375.2278, found 375.2278.

tert-butyl 4-(3—((1-oxoisoindolin—-5-yl)amino)propyl)piperidine—1-carboxylate 11g

'H NMR (CDCly) &: 7.63 (d, J = 8.4 Hz, 1H), 6.62 (dd, J = 8.4, 2.2 Hz, 1H), 6.55 (s,
1H), 5.84 (s, 1H), 4.34 (s, 2H), 4.08 (brs, 2H), 3.16 (t, J = 7.3 Hz, 2H), 2.67 (brs, 2H),
1.69-1.62 (m, 5H), 1.46 (s, 9H), 1.41-1.34 (m, 2H), 1.14-1.07 (m, 2H): HRMS ESI
calcd for C,1H31N3035 373.2365, found 373.2364.

tert-butyl 4—(3-((1,1-dioxido—2,3—dihydrobenzo[ b]thiophen—6—yl)amino)propyl)pipe—
ridine—1—-carboxylate 11h

'H NMR (CDCls) 8: 7.10 (d, J = 8.4 Hz, 1H), 6.82 (d,.J = 2.2 Hz, 1H), 6.76 (dd, J = 8.4,
2.2 Hz, 1H), 4.08 (brs, 2H), 3.91 (s, 1H), 3.46 (¢, J = 7.0 Hz, 2H), 3.26 (t, J = 7.0 Hz,
2H), 3.11 (q, J = 4.4 Hz, 2H), 2.67 (brs, 2H), 1.69-1.60 (m, 5H), 1.45 (s, 9H), 1.39-1.30
(m, 2H), 1.15-1.05 (m, 2H): HRMS ESI calcd for C,;H3;N,04S 408.2083, found
408.2079.

tert-butyl  4-(3-((83-ox0-2,3—-dihydro—1A-inden—5-yl)amino)propyl)piperidine—1-ca-
rboxylate 11i

'H NMR (CDCls) 8: 7.26 (m, 1H), 6.89 (m, 2H), 4.08 (brs, 2H), 3.11 (t, J = 6.9 Hz, 2H),
3.01 (t, J = 5.9 Hz, 2H), 2.72-2.62 (m, 4H), 1.69-1.62 (m, 5H), 1.45 (s, 9H), 1.37-1.30
(m, 2H), 1.13-1.05 (m, 2H): HRMS ESI calcd for C;,H3;N,O3 372.2413, found
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372.2412.

tert-butyl 4-(3-((3-ox0-2,3—-dihydrobenzofuran—5-yl)amino)propyl)piperidine—1-ca—
rboxylate 11j

'H NMR (CDCls) 5: 7.43 (d, J = 8.4 Hz, 1H), 6.26 (dd, J = 8.4, 1.8 Hz, 1H), 6.09 (d, J =
1.8 Hz, 1H), 4.58 (s, 2H), 4.48 (brs, 1H), 4.09 (brs, 2H), 3.18 (dd, J = 12.4, 7.3 Hz, 2H),
2.67 (brs, 2H), 1.69-1.62 (m, SH), 1.45 (s, 9H), 1.37-1.30 (m, 2H), 1.15-1.07 (m, 2H):
HRMS ESI caled for C,;H30N,04 374.2205, found 374.2216.

tert-butyl 4—(3—-((4-oxochroman—6-yl)amino)propyl)piperidine—1-carboxylate 11k

'H NMR (CDCls) &: 7.03 (dd, J = 6.5, 2.5 Hz, 1H), 6.83-6.81 (m, 2H), 4.46 (t, J = 6.2
Hz, 1H), 4.07 (brs, 2H), 3.45 (s, 1H), 3.08 (t, J = 7.3 Hz, 2H), 2.77 (t, J = 6.2 Hz, 2H),
2.67 (brs, 2H), 1.72-1.64 (m, SH), 1.45 (s, 9H), 1.36-1.28 (m, 2H), 1.15-1.06 (m, 2H):
HRMS ESI caled for C»,H3;N,04 388.2362, found 388.2362.

tert-butyl 4-(3—-((3—oxoisoindolin—5-yl)amino)propyl)piperidine—1-carboxylate 11l

'H NMR (CDCls) 8: 7.22 (d, J = 8.1 Hz, 1H), 7.03 (d,J = 2.2 Hz, 1H), 6.80 (dd, J = 8.1,
2.2 Hz, 1H), 6.08 (s, 1H), 4.33 (s, 2H), 4.08 (brs, 2H), 3.15 (t,J = 7.3 Hz, 2H), 2.67 (brs,
2H), 1.70-1.62 (m, 5H), 1.45 (s, 9H), 1.39-1.31 (m, 2H), 1.15-1.07 (m, 2H): HRMS ESI
calcd for C,1H31N305 373.2365, found 373.2365.

6—((3—-(1-(5-ethylpyrimidin—2-yl)piperidin—4-yl)propyl)amino)benzofuran—3(2 A)—one
25a

'H NMR (CDCL;) &: 8.16 (s, 2H), 7.42 (d, J = 8.8 Hz, 1H), 6.25 (dd, J = 8.8, 1.8 Hz,
1H), 6.09 (d, J = 1.8 Hz, 1H), 4.70 (d, J = 13.2 Hz, 2H), 4.58 (s, 2H), 4.51 (s, 1H), 3.19
(dd, J = 12.6, 7.1 Hz, 2H), 2.84 (td, J = 12.8, 2.4 Hz, 2H), 2.45 (q, J = 7.6 Hz, 2H),
1.80-1.65 (m, 4H), 1.65-1.55 (m, 1H), 1.40-1.34 (m, 2H), 1.25-1.13 (m, SH). HRMS
ESI calcd for Cy,HgN4O, 381.2285, found 381.2291.

6—((3—(1-(5—-methoxypyrimidin—2-yl)piperidin—4—yl)propyl)amino)benzofuran—3(2 4)—on
e 25b

'"H NMR (CDCl3) &: 8.09 (s, 2H), 7.42 (d, J = 8.4 Hz, 1H), 6.25 (dd, J = 8.4, 1.8 Hz,
1H), 6.10 (d, J = 1.8 Hz, 1H), 4.61 (d, J = 13.2 Hz, 2H), 4.58 (s, 2H), 4.49 (s, 1H), 3.80
(s, 3H), 3.19 (dd, J = 12.2, 6.6 Hz, 2H), 2.83 (t, J = 11.4 Hz, 2H), 1.79-1.65 (m, 5H),
1.33-1.27 (m, 2H), 1.20 (ddd, J = 25.4, 13.2, 4.8 Hz, 2H): HRMS ESI calcd for
C,1H6N40O5 383.2077, found 383.2079.
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6—((3—(1-(5—-methoxycarbonylpyrimidin—2—-yl)piperidin—4—yl)propyl)amino)benzofuran—
3(2H)—one 25¢

'H NMR (CDCL;) 5: 8.81 (s, 2H), 7.46 (d, J = 8.4 Hz, 1H), 6.34 (dd, J = 1.9, 8.4 Hz,
1H), 6.23 (d, J = 1.9 Hz, 1H), 4.90 (d, J = 12.6 Hz, 2H), 4.58 (s, 2H), 4.48 (s, 1H), 3.87
(s, 3H), 3.20 (dd, J = 6.9, 12.6 Hz, 2H), 2.92 (t, J = 10.6 Hz, 2H), 1.83 (d, J = 13.2 Hz,
2H), 1.70-1.62 (m, 2H), 1.57-1.49 (m, 1H), 1.37-1.33 (m, 2H), 1.21-1.15 (m, 2H):
HRMS ESI caled for C,HpsN4O4 411.2027, found 411.2017.

6—((3—-(1-(3-isopropyl-1,2,4-oxadiazol-5-yl)piperidin—4-yl)propyl)amino)benzofuran—3
(2H)—one 25d

'H NMR (CDCls) 5: 7.43 (d, J = 8.8 Hz, 1H), 6.25 (dd, J = 8.8, 1.8 Hz, 1H), 6.09 (d, J =
1.8 Hz, 1H), 4.58 (s, 2H), 4.52 (s, 1H), 4.13 (d, J = 12.6 Hz, 2H), 3.19 (dd, J = 6.6, 12.6
Hz, 2H), 3.02 (td, J = 12.8, 2.6 Hz, 2H), 2.88 (sep, J = 7.0 Hz, 2H), 1.78 (d, J= 11.7 Hz,
2H), 1.70-1.62 (m, 2H), 1.52-1.47 (m, 1H), 1.42-1.36 (m, 2H), 1.34-1.25 (m, 8H):
HRMS ESI caled for C,;HpsN4O3 385.2234, found 385.2240.

6—((3—-(1-(5-isopropyl-1,2,4-oxadiazol-3-yl)piperidin—4-yl)propyl)amino)benzofuran—3
(2H)-one 25e

'H NMR (CDCls) 5: 7.42 (d, J = 8.8 Hz, 1H), 6.25 (dd, J = 8.8, 1.9 Hz, 1H), 6.09 (d, J =
1.9 Hz, 1H), 4.59 (s, 2H), 4.49 (s, 1H), 3.99 (d, J = 12.8 Hz, 2H), 3.19 (dd, J = 12.8, 7.2
Hz, 2H), 3.06 (sep, J = 7.0 Hz, 1H), 2.86 (td, J = 12.8, 2.2 Hz, 2H), 1.77-1.65 (m, 4H),
1.59-1.50 (m ,1H), 1.42-1.23 (m, 10H): HRMS ESI calcd for C,;H,sN4O3 385.2234,
found 385.2241.

6—((3—-(1-(5-isopropyl-1,3,4-oxadiazol-2-yl)piperidin—4-yl)propyl)amino)benzofuran—3
(2H)—one 25f

'"H NMR (CDCly) 8: 7.44 (d, J = 8.4 Hz, 1H), 6.27 (dd, J = 1.9, 8.4 Hz, 1H), 6.09 (d, J =
1.9 Hz, 1H), 4.58 (s, 2H), 4.49 (s, 1H), 3.98 (d, J = 12.8 Hz, 2H), 3.20 (dd, J="7.2, 12.8
Hz, 2H), 3.02 (sep, J = 6.9 Hz, 1H), 2.92 (t, J= 10.1 Hz, 2H), 1.76 (d, J = 13.2 Hz, 2H),
1.70-1.65 (m, 2H), 1.52-1.46 (m, 1H), 1.45-1.40 (m, 2H), 1.38 (d, J = 6.9 Hz, 6H),
1.37-1.33 (m, 2H): HRMS ESI calcd for C,;H,sN4O3 385.2234, found 385.2235.

6—((3—-(1-(3-isopropyl-1,2,4—-thiadiazol-5-yl)piperidin—4-yl)propyl)amino)benzofuran—-3
(2H)-one 25¢g

'"H NMR (CDCls) 8: 7.43 (d, J = 8.4 Hz, 1H), 6.25 (dd, J = 8.4, 1.9 Hz, 1H), 6.09 (d, J =
1.9 Hz, 1H), 4.58 (s, 2H), 4.49 (s, 1H), 3.91 (d, J = 13.3 Hz, 2H), 3.20 (dd, J = 12.8, 7.0

54



Hz, 2H), 3.10 (td, J = 12.8, 2.9 Hz, 2H), 3.02 (sep, J = 7.0 Hz, 1H), 1.80 (d, J= 13.5 Hz,
2H), 1.73-1.67 (m, 2H), 1.55-1.48 (m, 1H), 1.43-1.38 (m, 2H), 1.37-1.28 (m, SH):
HRMS ESI calcd for C5HsN40,S 401.2006, found 401.1983.

6—((3—-(1-(5—ethylpyrimidin—2-yl)piperidin—4-yl)propyl)amino)-2,3—dihydro—1/inden—
1-one 26a

'H NMR (CDCls) 8: 8.16 (s, 2H), 7.24 (d, J = 8.8 Hz, 1H), 6.89-6.87 (m, 2H), 4.68 (d, J
= 13.2 Hz, 2H), 3.80 (brs, 1H), 3.13 (t, J = 7.1 Hz, 2H), 3.01 (t, J = 5.7 Hz, 2H), 2.83
(td, J = 13.2, 2.4 Hz, 2H), 2.67 (t, J = 5.7 Hz, 2H), 2.45 (q, J = 7.6 Hz, 2H), 1.77 (d, J =
11.0 Hz, 2H), 1.69-1.65 (m, 2H), 1.59-1.49 (m, 1H), 1.36 (dd, J = 15.7, 7.0 Hz, 2H),
1.23-1.12 (m, SH): HRMS ESI calcd for C,3H30N4O 379.2492, found 379.2482.

6—((3—-(1-(3-isopropyl-1,2,4-oxadiazol-5-yl)piperidin—4-yl)propyl)amino)-2,3—dihydro—
1H-inden—1-one 26d

'H NMR (CDCls) 8: 7.25 (d, J = 8.8 Hz, 1H), 6.89-6.87 (m, 2H), 4.12 (d, J = 13.2 Hz,
2H), 3.76 (brs, 1H), 3.14 (t, J = 7.1 Hz, 2H), 3.29-2.91 (m, 4H), 2.88 (sep, J = 7.0 Hz,
1H), 2.67 (t, J = 5.7 Hz, 2H), 1.78 (d, J = 11.4 Hz, 2H), 1.71-1.66 (m, 2H), 1.53-1.46 (m,
1H), 1.38 (dd, J = 15.6, 6.8 Hz, 2H), 1.23-1.18 (m, 8H): HRMS ESI calcd for
CyH;30N40, 383.2441, found 383.2446.

5-((3-(1-(5-ethylpyrimidin—2-yl)piperidin—4-yl)propyl)amino)benzofuran—3(2 A)—one
27a

'H NMR (CDCly) &: 8.16 (s, 2H), 7.0-6.94 (m, 2H), 6.75 (d, J = 1.5 Hz, 1H), 4.69 (d, J
— 13.2 Hz, 2H), 4.59 *s, 3H), 3.62 (brs, 1H), 3.09 (t, J = 7.0 Hz, 2H), 2.84 (td, J = 12.8,
2.4 Hz, 2H), 2.45 (q, J = 7.6 Hz, 2H), 1.77 (d, J = 12.1 Hz, 2H), 1.71-1.66 (m, 2H),
1.58-1.50 (m, 1H), 1.37 (dd, J = 15.9, 6.8 Hz, 2H), 1.22-1.11 (m, 5H): HRMS ESI calcd
for CoHysN4O; 381.2285, found 381.2282.

5—((3—-(1-(3-isopropyl-1,2,4-oxadiazol-5-yl)piperidin—4-yl)propyl)amino)benzofuran—3
(2H)—one 27d

'"H NMR (CDCls) 8: 7.0-6.94 (m, 2H), 6.75 (d, J = 2.2 Hz, 1H), 4.59 (s, 2H), 4.12 (d, J
= 13.2 Hz, 2H), 3.61 (brs, 1H), 3.09 (t, J = 7.0 Hz, 2H), 3.02 (td, J = 12.8, 2.2 Hz, 2H),
2.88 (sep, J = 7.0 Hz, 1H), 1.78 (d, J = 12.1 Hz, 2H), 1.70-1.62 (m, 2H), 1.54-1.48 (m,
1H), 138 (dd, J = 15.9, 6.8 Hz, 2H), 1.26-1.20 (m, 8H): HRMS ESI calcd for
C,1HgN4O5 385.2234, found 385.2230.
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Calculate of physical property

All physical property except cLogP was calculated with ACD/PhysChem History.
ACD/Labs, ver. 10.00, Advanced Chemistry Development, Inc.: Toronto, Canada, 2006.
cLogP was calculated with sybyl-X, ver 2.0. Tipos, L.P.: St. Louis MO, USA, 1979.

2—9—2) Biology

Cell-based cAMP functional assay

Cellular cAMP was measured using HTRF cAMP HiRange reagent (CISBIO, Cedex,
France). CHO-K1 cells expressing hGPR119 receptors were obtained from Applied Cell
Sciences and were grown in flasks containing F-12 medium supplemented with 10%
FBS, 1% non-essential amino acids (NEAA), 20 mM HEPES, 50 units/ml penicillin, 50
ul/ml streptomycin, and 400 pg/ml geneticin. CHO-K1 cells expressing mGPR119
receptors were prepared in house and were grown in flasks containing F-12 medium
supplemented with 10% FBS, 1% NEAA, 20 mM HEPES, 50 units/ml penicillin, 50
ul/ml streptomycin, and 400 pg/ml geneticin. For the hGPR119 or mGPR119 functional
assay, cells expressing hGPR119 or mGPR119 were harvested, resuspended in
incubation buffer (F-12 medium, 20 mM HEPES, 1 mM IBMX), and dispensed into
384-well plates at a density of 1.5 104 cells/well in the presence or absence of test
compounds. Cells were incubated at 37 °C for 30 min, and the cAMP-d2-conjugated
antibody and the anti-cAMP-cryptase-conjugated antibody were added to the plate.
After incubation for 60 min at room temperature, measurements were made using a
HTRF (TR-FRET) Microplate Reader ARTEMIS (Furuno Electric Co., Ltd, Tokyo,
Japan). Data analysis was performed based on the ratio of fluorescence intensity of each
well at 620 and 665 nm. The sigmoidal dose-response equation was used to determine
EC50 and Emax values. These values represent the relative efficacy that was defined as
the ratio of the response of test compound to the maximum response of AR231453 (7.4
nM for hECsy and 20 nM for mECsy).

Animal Experiments

All animal experiments in this study were performed in accordance with the "Rules for
Feeding and Storage of Experimental Animals and Animal Experiments" and approved
by the Institutional Animal Care and Use Committee of the testing facility from the

point of view of animal welfare.
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oGTT and scGTT

Male 8-week-old C57BL/6J mice (Charles River Japan) were fasted overnight and then
received orally administrated vehicle (20% HPBCD) or test compound 3 or 10 mg/kg (n
= 8). After 30 min, glucose was given orally or subcutaneously at 2 g/kg, and blood
samples were collected from tail veins at 0, 20, 40, 60 and 120 min. Blood glucose level

was measured using Glutest Pro R (Sanwa Kagaku Kenkyusyo).

GLP-1 secretion

Male 10-week-old C57BL/6J mice were fasted for 5 h and received orally administered
vehicle (5% DMSO, 0.1% Tween 80 and 0.5% methylcellulose) or compound at 30
mg/kg (n = 10). Plasma total GLP-1 (both intact GLP-1 (7-36) amide and its primary
metabolite) levels at 30 min after the administration were measured by ELISA using

anti-GLP-1 monoclonal antibodies.

Statistical analysis
All values are expressed as a mean and standard error mean (SEM). Statistical
significance was tested using a one-way ANOVA and the Dunnett’s multiple

comparison test.
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LD ALEYD QT IERIEH OA L THIT 5 Z L 3 T& %5, hERG FHESE
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Table 3-1 : U — NML&EW &AL &Y D hERG FHETEE

(0]

26a, 26d, 11i: X = CH, 25a, 25d, 11f:
R= R=
N *~_N *__O N ~_N *__O
Y YK Yy Y
N~ 0- 0 N__~ O-N 0
26a 26d 1i 25a 25d 11f

27a, 27d, 11j: X=0
R= N
* * N * (o]
ﬁl/ A \( />—_< \n/
N~ O-N o
27a 7d

2

11j

Comp- hECs5, hEmax” hERG inhibition
ound (nM) (%) (%)@10 uM
26a 51 113 14 4.41 7.92
26d 41 96 27 4.38 7.92
11i 46 98 33 4.98 7.92
27a 58 110 22 391 7.94
27d 61 95 38 3.88 7.94
11j 88 95 45 4.48 7.94
25a 117 115 0 391 6.64
25d 73 94 8 3.88 6.64

11f 52 94 11 4.48 6.64
ootk KIEME (AR231453 D RIEM: & D Hg)

cLogP pKa (MB)
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#2CH hERG PHEMEMZ®EHM TS LB 261D, £ T, QOOHEEMEDOFHE
Z B LIciE R4 F.OlziTvy, @O/NS RS2 S 28 2 7278 5 . hERG [H
EEHOERAZIS Z & & LT,

(LAY 26a,d KO IZES 7 07 2 0 OMICERY PURICHERE2H
LTW5, X3-412H2bEWD XK 512 hERG FLE R SN %LE12E, LIE
USRS D UVEREZERA LTS, 26a RELERV D UVEEAFLTEY,
vy rn7 e 8B 58 hERG BLECEE R &E & L“Cb\Zﬂb\pKa il % B HY
L. WEZ8 L7=(Table 3-2), T ODOHEFR., BRY DU EHEOHIEMEIT, WTFnofksd
mchberrzur Il N o7z, hERG LEMEMICHET D X o RN
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Table 3-2 : #E 1AM & hERG PHEVEH ORI

26a 26d 11i

hERG inhibition

Compound

(70)@10 pM
26a 5.39
26d 27 792  4.75
11i 33 792 -1.39

BERFOEFBIINLIZTTHY , ZOHEEMOFHEEZITH) ZENEETHDH EEZ
biv, B a7 oo EEOIE AT L L L,

3—4) ~TurbEYIZuaT IUDOERK

&M 26a OT I ) BEOBEENEZINEST D121, HWERMET I 7 K2 Fin
T =T VERRT I REZREIZEBRT L H51E, 7 7 KOBICEBRILZEAL
< THHELET I ) EKOFEFEIROETEEL TTHHEERD S,
T X HEOEREMENR TN E DL LT, B E TR LIEAEEY 1 & 4f (Table2-1)73
HON, IEEPHT LT LES TS, 7T/ EEZEEWVLDICERT 55
3 T RO RCIRRIEO NS 2 S, LIS OE T hERG FHEEH
BT LR D, 7T EOFIAEEFRIOBEBFHEEL T 57201
3. ARV A —IZEFRIMERZEAT L ERL A RO B UVREANT
HENODEMT D ENBEZOND, pFELMER LN L, RS T,
WEMELHBETEX LI END, ABNDAATRROEAZITIZE L LT,

A BRENTRRICEBRLTIACEMZ AT D20, R E R 5587 I KD
B AT, ~TrE a7 I ART, BEFEOSE " % 52 Dieckmann #fE
ke < BREE Z X — i & L TER L72, (Scheme 3-1~4) HIH | il ST
W5 28a KR28c & T 7 VLR ATV L D Heck IiniE, 72/ KA RETH

&7 L RIS S DT LTz, KFEWRINF# ., Dieckmann #fg & 1255 < BLAREEIZ
£V, 30a L 30c ZEIETHEL, A%V 717 30b & 30d 1T, XTI 570
a— VKO T aEFEE A F BN TZT A I LD 29b L 29d ZFRELT-
#%. 30a & 30c L[REDONL— N THAER LT,
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fx fx — o

MeO,C MeO,C d
28a: X=N, Y =CH, R1 = Br 29a: X=N,Y= CH, 30a: X=N, Y =CH, Z=CH,
28b: X=N, Y =CH, R' = OH R? = CH,CH,CO,Me 30b: X=N,Y=CH,Z=0
28¢c: X=CH, Y =N,R" =Br 29b: X =N, Y = CH, 30c: X=CH, Y =N, Z=CH,
28d: X=CH, Y =N, R' = OH R2 = OCH,CO,Me 30d: X=CH,Y=N,Z=0

29c: X=CH,Y=N,

R? =CH,CH,CO,Me

29d: X=CH,Y=N

R? = OCH,CO,Me
Reagents and conditions: from 28a and 28c to 30a and 30c respectively. (a) (i) Methyl acrylate,
PdCI,(P o-Tols),, EtzN, DMF (ii) Hp, Pd/C,EtOH (65-72%) (b) (i) tert-BuOK, DMF (ii) NaCl (56-
71%
Reaéents and conditions: from 28b and 28d to 30b and 30d respectively. (a) BrCH,CO,Me,
Cs,CO3, DMF (58-82%) (b) (i) tert-BuOK, DMF (ii) NaOH (35-51%})

Scheme 3-1 : ~7T R EY 7 17 2 30a-d DERL

AR TH D, LB 3da-c ITENENTHIRDIEENTH 5 31, 35, 41 22 HE AL
L7z BIB. 31 &7V a— g AT ED T v 7 T BRI Dieckmann
MAMNKEZY 32 25272, p-A FFIR_RUDLT I LOKEEH., Tk
D7 I REEEAL, MRRTHZEIZED, 34a %G5 LB TET,

MeO,C._~
Cl N

31

Reagents and conditions: (a) HOCH,CO,Me, NaH, DMF (67%) (b) (i) p-MPMNH,, EtsN, NMP (27%)
(ii) TFA (66%) (d) conc. HCI, MeOH (86%)

Scheme 3-2 : ~7T b7 a7 I 34a DERL

34b b 34a L [FIERDO/NL— F TORM AT L7223, 39040 & p- A FF o~

LT I L DOREEDEITE T, XUV ERERBLE-EWVWL— FTOA
Elpot-, b, /un=aF U35 # XUV T v a— Ll LY 4%
RZ_Xr oo =70 Licob, =27 )URIZED 36 & LTz, p-A FF
RUVNLVT IV EDHRIZEV T IV BREEANL, KEDRIZ I PR
CNLTEDL, TaEFBA TN DT AFIMETY = AT UK 38 L LT,
LDA (2 X ¥ Dieckmann ffis L7D B, BIKERIZHS . p-A FF IRV %E
TFAIC K VBB S D Z L2k v 34b 2 AR L T2,
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M302c N
HO,C a  MeO,C Me0,C._~, c m
:Ck — \ E— 0~ > NHPMB

MeO,C

Me()zc
: \ I:k
- . N
\ P MeO,C
o NH,

MeOZC
34b 39

Reagents and conditions: (a) (i) BhOH, NaH, THF (i) Mel, K,COs3, DMF (90%) (b) (i) p-MPMNH,, Et;N,
NMP (40%) (i) Hy, Pd/C, MeOH (92%) (c) BrCH,CO,Me, K,CO3, DMF (56%) (d) (i) LDA, THF (70%)
(i) conc. HCI, MeOH (99%) (iii) TFA (80%)

Scheme 3-3 : ~T b7 a7y I 34b DERL

34¢ [ TA X U ANVKR= NI ERBERL E L CTHW EL— MCE W Gk EITo T2,
EUiVV41&7Uﬂ~WMi?Wk®%é%K\%ﬁﬁ?®@%ﬂﬁ<\p
A RFIRUDLT I L OEBTISIC L VTZRATAR42 L LTz, p-A B
IR DUNEENRE LD, Dleckmann MaA e < DURFRIC L D | 34e &
AR LT,

Et0,C._~
N 0]
Etoch§N a I\/)\ b

—_— B — e ~N
_ 0~ >N~ “NHPMB
cl N/‘\SMe c c) o ‘N/)\NHZ
41 t0; 42 34c

Reagents and conditions: (a) (i) HOCH,CO,Et, NaH, THF (40%) (i) m-CPBA, DCM
(iii) -MPMNH,, Et;N, NMP (63%) (b) (i) TFA (91%) (ii) tert-BuOK, DMF (21%)
(iiiy conc. HCI, MeOH (49%)

Scheme 3-4 : ~T bt > 7 a7 I 34c DERK

Inbo~TarEY Y a7 I RO —KnE

LTYTAFAMDO +BuOK & E LT - N

Dieckmann fi & Z1T> CWAH D, ~T TEOEWNIC \/j

0 IEFANTIMAKSIRENEZ LT N ORH D | 42 o’ °/\Y/\H
D s TIEHIEF IR HE L 7> T D, (scheme

3-4) X 51T, 38 0B DOKIG T +-BuOK TlEiE & A 3-6 - —SARILR
EHMDBRLIKEGS Z LIXTET, LDA 2D Z L TINRELHEDL Z &N
TETHBY., BERNASHE TS SEILERH D, £2, b —DODF—
e To A BREE TlX, = AT /L OMKSEZRICBRIENE X 5, bW
PR MR R D GAF I THEEME S T TIThAL 523, 30b & 30d DA RIS DA
M REERIZIK 3-6 12T X 97 TBERNARL TWD Z ERMER I, 2
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NG RN AERR T D 7 b AR RS T Tl b v a LN EME(L ST
LEHIZEICLY, ZEMMEPEATEEBZ X TND, 22T, 2&KILEH<T
D, BESRM TR LS T CORISIZEI D F 2 5 2 L1280 BAFRIGE
THHOT I UK EB/L LN TE,
3—5) ~TrbEYrZa7r I UFERD SAR

30a-d B LW 3da-¢c EXHLT 257078 REDETLHT I {kick by, 7%
WD EZITO ALEMNRAREE TH 72 44d 135D Z E RN TEX 2o 7203,
ZOMIZENTITHIOILEW E1GD Z L3 TE 7=, (Scheme 3-5) L2, A B
MANTBRES T RBRIZRSTEZ IR, TIVORBHEMETLTEY ., K
I DHEITNBENGENH Y . 7 X 2 34b X° 34¢ Scheme 2-2 D 515 TITIRIN =R &

z

Y
Ny ‘ //‘\
‘ /k a X N
X” > NH o H NN
2 W‘/\j\
(o]
N~ Et

30a: X =N, Y =CH, Z = CH,
30b:X=N,Y=CH,Z=0
30c: X=CH,Y =N, Z=CH,
30d: X=CH,Y=N,Z=0

43a: X=N,Y =CH, Z=CH,
43b: X=N,Y=CH,Z=0
43c:X=CH,Y=N,Z=CH,
43d: X=CH,Y=N,Z=0

(o]

Sy - . \ \)Y\
\ o)

—a ’ HN\O«
34a:X=N,Y=CH 44: X=N,Y=CH,R=Boc R
34b: X=N,Y=N 45a: X=N,Y =N, R=Boc
34c: X=CH,Y=N 45b: X =N, Y =N, R = 5-Et-Pyrimidin-2-yl

46a: X=CH, Y=N,R =Boc

46b: X =CH, Y = N, R = 5-Et-Pyrimidin-2-yl

46¢: X =CH, Y = N, R = 3-isopropyl-1,2,4-oxadiazol-5-yl
46d: X=CH, Y = N, R = 5-MeO-Pyrimidin-2-yl

46e: X =CH, Y = N, R = 5-MeO,C-Pyrimidin-2-yl

46f: X =CH, Y = N, R = 5-F-Pyrimidin-2-yl

46g: X =CH, Y = N, R = 5-CF3-Pyrimidin-2-yl

8: R=Boc

BN
N‘R

18a: R = 5-Et-Pyrimidin-2-yl

18b: R = 5-MeO-Pyrimidin-2-yl

18c: R = 5-MeO,C-Pyrimidin-2-yl

18d: R = 3-isopropyl-1,2,4-oxadiazol-5-yl
18e: R = 5-F-Pyrimidin-2-yl

18f: R = 5-CF3-Pyrimidin-2-yl

Reagents and conditions: (a) (i) Corresponding alcohol (8, 18a, b, ¢, d, e, f), Dess-Martin

periodinane, DCM (>90%) (ii) NaBH(OAC)s,

71%)

DCM (Method A, 25-62%) or AcOH (Method B, 45-

Scheme 3-5 : ~7 2 B> 7 7 I 43-46 DAL
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eolz, TOREE LT, 7 I 34b X° 3de OREMENMENZ & F2, Zh
SOT I UNEHELE L THOWTW AL AT L ASIETIZS W ERFET b
oo T, i UTHEOBWIMEZITV, ZOHEREZEZ Tnolo b 2 A,

WERR B AR AT NI RN [ B L, BERRO A CTRIEZITH 2 & T, &b B I=R
THHOT I VIREHJLZENTE T, AREEH L L~TrEY 70T I

Table 3-3 : A B ~T 2 B> 7 a{fkd SAR

R\H/\/\G RIH
R "T"x mw

m a,n@a ”@u ?%
m m

45b

hEmax” mECsy mEmax” hERG inhibition

@ o ) waopm PP
26a 51 113 167 110 14 7.92
27a 58 110 160 109 22 7.94
43a 114 117 147 113 NT® 5.39
43b 1098 110 1319 97 NT® 5.39
43¢ 78 115 54 110 NT® 5.39
11f 52 94 55 108 11 6.64
44 (23%)° 87 448 107 5 2.50
I (26%) € 110 513 120 5 5.39
45b 46 112 75 105 0 5.39
T (57%)° 108 255 113 8 5.84
46b 31 111 45 103 0 5.84
46¢ 51 108 79 108 0 5.84

ooy KIEME (AR231453 DI KIEM: L O HlR) ° RKHIE
%7 T=A MEH:@100 nM
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{R® in vitro GPR119 7 2 =& NMEMEDOFHAMFEH & hERG [HETGME% Table 3-3 I
T~ LT,

ZORER, ALEW 26a DTV T S ThHD 43a X° 43¢ TIHEEOE T DK
THRALNZ27a D77 F a7 Thsd 43b TIEIRE S TEENEET T 2R &
7pofe, B RE~ U RO G TEIEHZ TR L TWALEM It OT TS r s T
% 44, 452 35 X OV 46a HLIEMEDOIEH 2378 D AL7=2%, hERG FHE/EH w7
NREBHNTZ, 5T, 452 & 46a D Boc A TF L E Y I DU |ZiEH LT 45b
& 46b TiX, hERG BHEEHN R < &R ER R 67, KT, 46b T
T FE~UREHITIEEOR ENRROGIL, ZNETTHRO®EVIEEEZR LT,
Flo, AT ELTXH TV — UK 46 TH EIEMEEMERF L7223 5, hERG
FHEEMEZ SERICIMA D Z N TE o, REEDOEV Boc ) b BRIREMIALC
EHT 5 Z L THERIC hERG HEEHZMA 52N TETEY, B3 7u7
IO pKa & 6 LTI AZ, BOMREMEZ FTIFDZ ENEETHDL Z EN00
o, o, ~TREVIREOERFFOMEIZELY, 7 I RO pKa (Il
EALLTEBY, 6-7 27 71[32-c]t ) V2 -30QH)-4 > DA (46a-¢) T, ~7T 1
EY 7 aRHERE L TRbE W pKaz s L, ol b @V EEZ R LTV,
T, BLETEONTMA T L EMEEROIGMERBIC T 2 EEME L
RO H 5, 46b D pKa 73 5.84 TH D | 8 7o HME DAL FIZIEME DAL
TEHLS Z ERREBEINT,

INET, ABELIZaRELY VU I—LOMAMNELZ LR L THIERICKE
RIEACINIRNEENE L, By 7 alk Eosr b OIEEICKHT 2% E 0N RHT
Holzy, TZT, TNETARLEEY I 0BROBERT Uy L~y T HHE
L., B%%1T->7-, Schrodinger tLD & 7R 7' 1 7' F A Jaguar 8.2 % >,
Hartree-Fock £(HF/6-31G** leve) &[] LEFEART ¥ V2R L, ~ v 7k
L7z, (K3-7)

e 25a L 46b Z LT 5 &7 b DB FEEICEILIZZR VDN, 46b D ST
FHEEOBEBFBEEIZRTFTL TS, LvL, 26aX°27a & DU P {K(43a-c)
OREITIE, BV VU RKOEFRETEENME T LTSN, IEEIZTL LAKT
LTLE-TWS, ZZTC, BV Vi hk43a-c & ZNEINET 5 & 432 X°43b
(T AEED R o 7o 43¢ I F R DOEFEBEME T LTS, £/,
43b | 43a LR FEEOETEENRELR>TEBY ., 7 N OB FEEOK
TROBFBROEBEOHEMN., O Ak DIEHEICENR > TN D
EBAZOND, T RNCOBEBTEENMITT L2007 7874 — L L TOMEE
FETT2EEZONDZD, 7 P TBEFRSMEICE A EBFROBFEED
BKTFSE22L L7777 —L L TCOEEDOR T NIEMERRICHEESE L TWVD
EEZTWD,
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H
25a 46b
(ECso: 117 nM) (ECso: 31 nM)

26a 27a
(ECsp: 51 nM) (ECs: 58 nM)

' /\N/ S
o H
43a 43b 43c
(ECsp: 114 nM) (ECsp: 1098 nM) (ECs0: 78 nM)

37 HERT VX Ny
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oW T, B RE R LT 46b O=F ALY IV O F VIO LW AT
72, (Scheme 3-5) % Dk 4% Table 3-4 |2/~ L7z,

Table 3-4 : B BR{ll#5 SAR

hECsy hEmax® mECsy, mEmax® hERG inhibition

(nM) (%) (nM) (%) (%)@10 pM
46b Et 31 111 45 103 0
46d OMe 64 106 126 104 0
T73  CO,Me 153 100 124 80 0
46f F 51 111 70 98 0
46g CF; 51 94 39 72 NT®

Topty K (AR231453 D KIGHE & O, ° AH1E

A RXTE46d O ATV 46e D L D et EL TITIETEDR T 25 WL B 472 A3,
ToA a6t 0 b U 7oA u A FVEL d6g WG A CIEEIEEE R L, =
F VIR 46b N bETEEE R Lz, b U Zbd e A FOUVEITRRENE L. E
TREMEETHEH D, LL, TFUERTHRLEWVEEZ R LTS Z EnD,
Y I VUROBTEE LD L RImOIERENMED GPR119 7 2 =R MEMEDREL
ICHEThDL EEX DD, £72, WTHLD hERG FEEHITE B ST,
ABRTHD 7032tV 2 -3-QH)-A B NEMEF L O hERG FHEEH
DIEREHCHE AT Y v 74V RTHDLZ ERmmoT,

~NTFr Y a A TG TILhERG LEEM 2R TIRENIT LA LR
<, 46b OIEMEM F& B UIRIEMEEI L2 E 28 A L7z & LTH, hERG fHF
DTG 2 ATREME IRV, TR, Kelly X° Dominique S X E XU ¥ U BRAD A F
NHEEOBAIC LY EEEE EEETWE, T b A olsEEom & &
BICERYV P UVEOHBENTNY, arT7xrA—varRNEESNDDTE
EZEZ BN TS, £/, Mascitti 1%, VU 7 —OEEIEMIC L0 IEMEZ W
EEHETVS, P MBX-2982 X° GSK-263A & U — FMbAMOREEZ F R o o —1
IZHET A L, Vo = TF T — LB Y DUBNER L EE LI LN,
INERBEHILEDBEANTE H A= IH D EEZLN, T LAEBIENABE
T, SOICEEEICHTEH % AT 52 & TIEMEN M L9 2 rTae ks
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HbH, T T, 46b OFELHIEVER EEZBREL, Vo h—8 R U UVEBROMSE

EffiztTo> 2L L L,

FT. BEEERDT I T a— UK, FREEAY U UFEERICR L,
Wittig KOSIZ LD U o —FmamE L, KBIRINT 52 LI2XK 0GRk L7 (49
& 49f <), (Scheme 3-6) AL, HilkO Y 2 UFFEKRE G- DA
FLTBEN) N T 2 VRAT =0 KL O Wittig SKUOSIZE D, NP
T—F kL L7=Db . Pearlman filtfit B & V72 EKEFZHK T ORGIZ X
0. KRFBIRIN & LRFEZITV, 49a-d Z 5k L7o, 4- X F /U1K 49e X N-Boe-A
=RaF o FILs0 ZHEREE LT, = ATV afiid LDA & 3 Vb A F

Y Y
(o} w a b HO W
N NH
z R z
X X
47a: W = (R)-Me, X, Y,Z=H, 48a: W = (R)-Me, X, Y,Z=H, 49a trans: W = (R)-Me, X, Y,Z=H
R = (S)-2-MeBn R =(S)-2-MeBn 49a cis: W = (R)-Me, X, Y,Z=H
47b: Y=Me, W, X,Z=H, 48b: Y =Me, W, X, Z=H, 49b: Y=Me, W, X,Z=H
R=Bn R=Bn 49c: W, X =-(CHy),-, Y, Z=H
47c: W, X =-(CHy),-, Y,Z=H, 48c: W, X = -(CHy),-, Y, Z=H, 49d: W, X =H, Y, Z = -(CHy),-
R=Bn R=Bn
47d: W, X=H, Y, Z = -(CH,),-, 48d: W, X =H, Y, Z = -(CH,),-,
R=Bn R=Bn

(o}
f e
—————= HO —— HO
N. N. NH
Boc Boc

53 54

o (0]
N._N
. Y
7 Et

C

55d: U,V,W,X=H,Y,Z=
55e:U=Me,V,W, X,Y,Z=
55f: V=Me, U W, X,Y,Z=H

Reagents and conditions: (a) BnO(CH,)3PPh3Br, t-BuOK, THF (42-85%) (b) H,, Pd(OH),, EtOH and then conc. HCI (81%-
99%) (c) (i) LDA, Mel, THF (99%) (ii) LAH, THF (99%) (iii) Dess-Martin Periodinane, DCM (85%) (d) (i) EtO,CCH=PPh,,
Toluene (74%) (ii) Hp, Pd/C, EtOH (99%) (iii) LAH, THF (92%) (e) HCI, 1,4-Dioxane (49%) (f) (i) EtO,CCH,PO(OEt),, NaH,
THF (i) Hy, Pd/C, MeOH (93%) (iii) LAH, THF (99%) (g) (i) 49a-f, 2-CI-5-Et-Pyrimidine, DIPEA, i-PrOH (32-88%)

(i) Dess-Martin Periodinane, DCM (>95%) (iii) NaBH(AcO)3, AcOH (25-56%)

Scheme 3-6 : ~7T 2 bE > 7 a7 I 55a-f DAL
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Table 3-5: U I —K OB~ U8 EHLHEGE A2 KX D SAR

B B B

[0} = H/\/\O o) = H/\/“" o) = u/\/\O/

N N N N N N

ol 19 X
46b Z et Z gt

o

SN
el el e
Y\J\Et Y\J\Et ﬁ \Nﬁ/\ Et

55b trans 55b cis 55¢

55a trans

S @u b, 0.

55d 55e

91& % .y %
H
L, DY

55f

hEmax” mECsy mEmax” hERG inhibition

pKa (MB)
(%) (nM) (%) (Y0)@10 pM
46b 31 111 45 103 0 5.39
55a c b b
(52%) 92 NT NT 0 5.84
trans
S5a c b b b
: (24%) 91 NT NT NT 5.84
CI1S
55b .
600 80 306 28 NT 5.84
trans
55b
. 111 111 279 96 0 5.84
CIS
S (58%)° 99 NT® NT® 10 5.84
L (28%)°© 106 NT® NT® NT® 5.84
55¢ (1%)°¢ 65 NT® NT® NT® 5.85
55¢ 14 112 68 104 0 5.82
56f 18 111 61 108 3 5.82

Tl KIEME (AR231453 D KIEME L DR, ° RKBIE %7 2= MEM@100 nM.
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JZE Y AF L L, Z AT A ZT VT e NIZEITL LD, Wittig KIISIZ XKV
T AT B AR LT, AKFBIRINE, = AT V2T /va—uZ&Ein L, Bk
FME T Boc HERETHZEICED, T /T /va—L49e 457z, U 1—3
AL A F VK 49f (X, N-Boc4-7 B F L ERY P 53 ZFEE L L T,
Horner-Wadsworth-Emmons i3 2\ o, B-REAFI AT IVIZEH LT-D 5,
49e L [FAEEDO N — MZTAK LT SONT=T X/ 7/ 22—/ 49a-f [T Scheme2-2
DHEZHENERY DT I )Rz TF A IV UVBREAEAN, Ta—L %k
BLLT VT e RE L, 6N TATE RE 672 /-70[32-c]E ) Vv
3-F 2 34e L OFETT I 2IZE Y BRIOILEY) SSa-f Bk LTz, U o
—RERY DUBRAEMLI-~T R E Y 1T 2 KD in vitro GPR119 7 2=
A NEMEOFEAL RS & % Table 3-5 (2~ L7z,

ZORER, BEXY U UBRODO AT ALK 55a, 55b L TN 55e 13T AL B IEMEDMEK
T ofERE o7, 55a ° 55b ICBWTAFILED Y AT v AFLE DD
F0 . EHICERNDD Z B ghoTz, WTHOLEMIZEB W THIEEDE W
BlEIXY v —EH0m2=h N T AVLFRIZIER TN D ERET H &, AT
X7 X2 ¥ VAN TW D (K] 3-8), Z DELEX Kelly H ORI H 5 1E M
6 E LB o X SfkiiEs s — &L Tns, !

55b trans TiX, ¥V A Emax N REIEKTFLTED, AFALERZ T NI T
N ZER LS GEIITEREDIR TEH B2 N5, £ T, XUV UER
DEMIEE T X v VFICEET 2 2 ENTEIURX, IEMENH 95 rTREME:
MNEZBND, FIT, FATIU v UEEIZR D EEZ LN DEERO A
Z1To72, LvL, PRIZK L, EXY U UBRO 2,6-2UE(LIK 55d J O 3,5-2846
{BIR 55e (2> Th, IEENMETFTLTEY, 2O U —XD GPRIIY9 7 =X

Q o Néj/Et
Z >N ‘
m NN ~ N)\\N
0 Xx N/\/\k( T\j\ 0—Xx N/\/\m
H
N Et H
55a trans 55a cis
o o
| N.__N | /\/\k/N N
0 X H/\/\g/ W\j\ 0 Xy H Il‘/ \j\
= Et Z Et
55b trans 55b cis
o o}
| N._ N | N.__N
NN DL Ty 1L
& Et & Et
55d

55e

[X] 3-8 : 55a, 55b, 55d & O\ 55e DFiE
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FTIRERY D UBROBBRELZRFET 2 2 & T, IGMER RIZBR S 20 o7,
ZhiE, BB L TIEEOm ELERITIE, B IV AR 4N VU
ZLTEBY, 20U —XADGPRINY 7 T=A hOFIRY o h—|Zt~, B
VUBR 4 NLONRREENKEL 2o TR, BERY UUACEBENSEAIND
ZEIZED, XV arTx A= a UBREE SHIEHRBICERICE - LB
2 HND,

WIZ, Vo —IC AT NIAEEA LTz 55 TIREMER 2 f5m B L, 14nM & 3E
FIZEVEMEZ R Lz, Zhid, %307 Y — K 56f THIRBEO RN D
. 18nM EEWIEHA TR L, U B —~D A FLEOE AN FIZ% 5 L
TNV ENyhotz, £, 55f 121X hERG FLEEHASBH ST, &5l
DY —=ADGPRIIY T A=A FOFTHRbEWT T=A MEMEZAF L T,

3—6) IEMHALEWD in vivo A

ABRICA~T oY nRBAMHT 252 L2k V., hERG HEIEM & GPR119 7
A=A MEMOTRHEAZ BRI LN TER, TOFRT, HKbEWEEEZRL
72 55F Z W T REIEITERIC 72 5 LB 2 b5 BHEHIHIER & GLP-1
Oy UM R X OWWUHE RIS TEH 2 WRGET 5729 oGTT %#4T-7-, H—FE Tk~
72 L 912, GLP-1 [Zi3kk~x REBERR L 2 ENHMoNTRY, TOHFHDO—
DICHEHIFEERR DD, ZOFEITFRIEAEEZLONTE D, FERIO
BENEZLEEHICHEORNEMNEEDLZ LICKD, BEREMADZ ENT
5, WUSHWEMNE LTEEMEWERRH Y . BHHIHEEN R & 254
T RMENER S RBT DAl geERE <. 20 2 DO CTIREZ MH| T X
LHEEBEZLNTWS, BHEHMEWERIIT® FT7 2/ 7207 A2 M2 X0
END, TE N7 72 0%, B TR ST/ MG TESSCRI SN S,
ZDlD, MHAOTERNTI ) 7o BEEZHETHZEICLD, B/
~OPEHEEETE T2 Z N TE D, T N7/ 7 = ORINEZ G4 5
728, AN < 725 Cmax PIREIZRHMIcIEG: &89, Cmax £ TOIMHPIRE &
AUCIZ X VEHMIEA1T 5, M TO~ 7 A3t LTLEW 55 5 5- L, 30 431%
TN 7o EZROKRE L, MEFNICF T2 T T 2 REE
E LT, (K13-9) £DFEFR, 10, 20 MEL T E T X 7 = 5% 20 5%
THOAUCIZBWC, 7B "7 ) 7=V BENRa b — I LAERICIET
LTV, 55t OFPHIHIER 2R T & 7o,
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ZDOFEREEMT D720, 55F D GLP-1 UMEEREZ HIE Lz, iR T~
AWKk, AbEMAE S L, 30 5% D total GLP-1 2 2 l1E L=, (X 3-10) %
OFEFR, AE7Z GLP-1 IREO EARH Y . FHHMmEWER 23+ sb0 L%
2 bhd,

BV T, PUBEIRIFEIER & LT, BRI ~DIERAZ R 5720, 55f 2 7z
oGTT #{T o7z, B T DO~ A2 55f 2O 5L, 30 5%/ L a— A AT
ATV, MERFRIC PR 2 E Lz, T OERZK 3-11 1R LT,

16000

14000 T

82%

12000

10000

8000 r

6000

4000 -

2000 -

ZBlood Glucose AUC(0-120min)

Control 55f 10 ma/kg
3-11 : 55f @ oGTT A 5

ZORER, 18%D Ml EAMEWEMA 2R L7223, 2 e — VBRI LA R ZE
<, M E R LIERETH D &YW L, £ 2T, 55f & [RERICEIEE 2R
L 721t &%) 45b, 46b, 46¢, 46f, 46g K O* 56f % AT, oGTT Z1T->72, Z DR
% 55F DFER L & H1T Table 3-6 (2R L7z, T DOFEE. 10 mg/kg T 20%F2E O I
WEEAMSWER ZTRT b0 b o7, WIThoLEW b A BRI R S 7
Mo T2, 46b X° 55F [XE\V in vitro IEMEEZ A L CRY . FEYEREICHIBEI 720 )
ez 572, 46b KT 55f ¢ Pharmacokinetic(PK)iRBR 21T - 7=, M ERIC
b3tk LS TOWIN, JIFIE - 1AL CORBWIELEE I D B %
AT PEBRMICRIET 5, 2 OEIG 2~ AW FRRIHERBA) N ENEI 55%,
1% TH DI ENGnoTz, 556 1% BA MEL . B EWRINMESELZ & 2335 &
IR 2o INTH D EBZ DTN, 46b IXEWVBA Z/RL72N L, HER
WM RS Rhotl-, o, ~TrbE Y7 uaBE2 AT 548 W, oGTT TRhE
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Table 3-6 : ~7 1T B> 7 u{k®d oGTT &5
(o]

N

s ?
0" NN SN
H/\/\Q Ny mr‘/\)\@
| H
45b N\)\Et N\W\Nj\
o [\ INZ Et
m o 55¢
0 = N N
. H/\/\O“\R m"‘ /\)\G
* % * *, N H
\(N\ _N \(N\ \f N N _N
NI\)\Et \cq‘N/}-’-‘< NI\)\F N\;\CF:‘ \Or—N/
46b 46¢c 46f 469 56f
oGTT
120min BA(%)
AAUC(%)

hECsy mECsy hERG inhibition
(nM) (%)@10 uM

¢ ORHIE

DR NTALEY 262 <° 11f & [FIZELL EO in vitro iEHEZA L TV DHIZHEED D
P TR b EFHEEREZRLTORY, T2 T, TORKEESLZD
26a, 11f, 46b <° 55f OIWRE DL AT 572, 4 {LEWD GPR119 7 T =R
MEPE, oGTT #EH. oGTT KFD I i i FE(Cmax) L UHEWIRE AUC & BA
% Table 3-7 IZ/R L 7=,

ZORER, 46b X° 55f O MLF OEWIREIL, 26a <° 1 (IZxt L, [FELL Eo
BEZRLTEY, N2 RT DI RIERRETHLOITE b LT, 3
NaERmR L TWRNZ ERAG N E o Tz,

Drucker 1% GLP-1 L8 7% —KO ¥ 7 A, GIP L& 7% —KO ~ 7 A K]
Jid 1Lt 7% —% KO L7z DIRKO ¥ 7 2 TP AR231453 @ oGTT DiEW & #i5
LT3, “DIRKO « 7 2 Tld AR231453 |2 & U AW S 7= GLP-1 KO GIP |2
LA ARV U WMEEER D 72 &35 2 AL, AR231453 @ GPR119 %41 L7
BN A A Y ERIC L B i EFRHEIERZ R TWh a3, E0zhE
I h

81



Table 3-7 : oGTT # 5 & ifn. rp i e

Comp- hECs mECs OGT'.T Compound concentration
ound (M) (nM) 120min - BACA)
AAUC(%) Cmax((uM) AUC (uM/h)
26a 51 167 62 4.8 8.44 45
11f 52 66 67 6.3 9.09 18
46b 31 45 76 6.9 8.22 55
55f 14 68 82 9.0 6.63 11

72, GLP-1IKO ~ 7 A T4 b EF-MEIEMITREG LTV, GLP-1, GIP
KOA 2 ORERIAERIZZ D RN REL THDH EBEZHND, 55D
GLP-1 Z3WMERIX 2 R TH Y . 26a ° MBX-2982 & [FIZEFEE D GLP-1 43
AHEMER 2 A LT 528, ARl FRMEIER 2R LT, P55 1% BA
DHEEWEITW R, 26a Ll EOMPEEZRLTEY, GLP-1 TOMENR+45ThH
HEBZDE, A VA UWEEDMRWFTREME RIZ XD, BA ICRIED 720
46b LI E R L TWRWNWZ B, 26a DX D7, V& ) U H A TITHAR, A~
Ty a4 TOFEKITInvitro & invivo TOTREERH D EEZ BV, ~T
REY T ad A TG TOHRERFEIEE L TORBITE LW EEZ X HND,
L7 L 55F 13 GLP-1 S0 WMEEE R & Z Ul S < BHEHIHIERZ A L TE Y |
REHNPNHIVER 72 £ O GLP-1 WA B3 2 SKEEH OMGEN EEN 5,
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3—7) /NE

1. U—F{tEdWm26a D707 7 AU 7 OFEE AT 0 hERG FLENRD S,
B m 7 I U OEEMEESR ) hERG FETHMEICEE L T\ D &Pl
7= ALE W 26a D ABR A ~T O BRICEW L T I ERNL O ERME 2 FHE L.
hERG FHEEH & GPR119 7 = MEM & OTRBEAX 5 = & & LT,

2. ABRDO~T R E Y BESOEMREIT TR, THIEY hERG FLEEH %
BT D Z ENTE, 6-7 2 71[32-c]E Y ¥ U-3QH)-4 2 TORIEMED
M BN R Si., BEAZEHL THZOEMITHER ST,

3. Uy RBOBTRES ROAR, HEROTFEEOET L7 b7
/€T 5 —REOFHRERIUH T L T2 L EX BN,

4. AREEFEL, BERE D U 1 —0HEEMi #1772, BEREXRY U UVEBRODZ
VT F A= a OREEICKAIEMER AL, BREHBEC A FLEDE
ANZATST=D08, IEHOm FIXR oo 7=,

5. U =3 ~DAF)VEDEANIZLD, K2 FoIEMER ERR SN, =
I, Vo —0HBEN TR TS EEZLN, ATFNLEOEAIZLD
REVAEMEDE | EFHE - T, IEMEA FICOR R o7 e EZ2THEY, ZNETT
®bEWGPRING 7 F=2 MEMEZ AT HILEWMTH D 55f Z A LT,

6. 55f |£ GLP-1 puwMEdEEIZEE S, BHEHMGEER AR SN, 2O
GLP-1 Z3WMEESEH 1Z MBX-2982 & [F%5 D GLP-1 JWEETH 0 | +43 720U
BETHLHZENEZOND,

7. 55f XU ETEHEWIENEZ R LIZALEYD oGTT Z1iT-o7208, Zh b
~NTaEY I akRERET LAY TIIW TN O A ERES A RIS 2o T,

8. IMHPHRELD LR & oGTT THI & /R L7Z 260 IZH~A~T B EY 7 nBRE A
BRELTAHT DILAWREETIL, in vitro & in vivo JEMEDTEBEN & 5 Z & 238
S5 CH Y 5373 invivo {EMEZ NI T2DITIT S b7 HIEMER BRI &7
HEEZOND, INETHEINTND GPRING 7 A=A M, KbHE
EEEET 2O THE M BETH Y | 55f 05 2 FFREDOIRMEZE L/
<V TRBLLEOBEFE IR & L7,
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3—8) FEERDOHT
3-8-1) Chemistry

Representative procedure for compound 30a—d

Methyl 6—amino—3-(3—methoxy—3—oxopropyl)picolinate 29a

To a degassed solution of 28a (5.57 g, 24.1 mmol), methyl acrylate (6.5 mL, 72.3
mmol), EtN (10.1 mL, 723 mmol) in DMF (30 mL) was added
dichlorobis(tri-o-tolyl-phosphine) palladium (II) (0.95 g, 1.2 mmol). The resulting
solution was stirred at 80 °C for 17 h under argon atmosphere. The reaction mixture was
evaporated, and then the residue was diluted with Et,O/hexane = 1/1. The resultant
precipitate was filtered and washed with hexane to give an unsaturated ester (4.42 g) as
a yellow solid, which was used in the next reaction without further purification.: 'H
NMR (CDCls) 6: 8.20 (d, J = 8.0 Hz, 1H), 7.76 (d, /= 8.0 Hz, 1H), 6.66 (d, J = 14.2 Hz,
1H), 6.23 (d, J = 14.2 Hz, 1H), 4.87 (brs, 2H), 3.99 (s, 3H), 3.80 (s, 3H): ESI-MS (m/e):
236 [M+H]".

To a solution of the unsaturated ester obtained above (4.42 g, 18.7 mmol) in EtOH (40
mL) was added 10% Pd/C (0.44 g). The mixture was stirred under hydrogen atmosphere
at 50 °C for 8 h. The catalyst was filtered off and the filtrate was concentrated under
reduced pressure to give the title compound 29a (4.16 g, yield 72%, 2 steps) as a yellow
solid. '"H NMR (DMSO-dj) &: 7.36 (d, J = 8.5 Hz, 1H), 6.54 (d, J = 8.5 Hz, 1H), 6.10
(brs, 1H), 3.78 (s, 3H), 3.57 (s, 3H), 2.69-2.65 (m, 2H), 2.35-2.30 (m, 2H). ESI-MS
(m/e): 238 [M+H]".

Methyl 2—amino—5-(3—methoxy—3—oxopropyl)isonicotinate 29¢
"H NMR (CDCl;) o: 8.04 (s, 1H), 6.95 (s, 1H), 4.49 (brs, 2H), 3.90 (s, 3H), 3.66 (s, 3H),
3.10 (t, J= 7.6 Hz, 2H), 2.60 (t, ] = 7.6 Hz, 2H). ESI-MS (m/e): 239 [M+H]".

6—Amino—3—methoxycarbonylmethoxy—pyridine—2—carboxylic acid methyl ester 29b

A suspension of 28b (1.81 g, 10.8 mmol), methyl bromoacetate (1.04 mL, 11.3 mmol)
and Cs;COs (7.57 g, 23.2 mmol) in acetonitrile (75 mL) was stirred at room temperature
for 15 h. Methyl bromoacetate (500 pL, 5.43 mmol) was further added, and the mixture
was stirred at room temperature for an additional 7 h. The mixture was diluted with
water and extracted with EtOAc. The organic layer was dried over anhydrous Na;SOs,
evaporated, and the residue was purified by silica gel column chromatography (MeOH:
CHCIl; = 1: 10) to give 29b (2.12 g, yield 82%).: 'H NMR (CDCl3) &: 7.35-7.30 (m, 1H),
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6.66-6.61 (m, 1H), 4.63 (s, 2H), 4.50 (s, 2H), 3.95 (s, 3H), 3.79 (s, 3H). ESI-MS (m/e):
241[M+H]".

Methyl 2-amino—5-(2—-methoxy—2—oxoethoxy)isonicotinate 29d
'H NMR (CDCly) &: 8.14 (d, J = 0.8 Hz, 1H), 6.69 (d, J = 0.8 Hz, 1H), 4.62 (s, 2H),
4.35 (brs, 2H), 3.92 (s, 3H), 3.83 (s, 3H). ESI-MS (m/e): 241 [M+H]".

2-Amino—5H-cyclopenta—[blpyridin—7(6 4)—one 30a

To a solution of 29a (2.0 g, 8.39 mmol) in anhydrous DMF (40 mL) under argon
atmosphere was added potassium tert-butoxide (2.22 g, 16.8 mmol) at 0 °C. The
mixture was allowed to warm to room temperature and stirred for 1.5 h. The mixture
was cooled to 0 °C and neutralized with 2 N HCI (10 mL). NaCl (984 mg, 16.8 mmol)
was then added to the mixture and the resulting suspension was stirred at 140 °C for 30
min. The reaction mixture was evaporated and the residue was diluted with 90 %
methanolic CHCI;. Insoluble materials were filtered off, and the filtrate was
concentrated. The residue was purified by silica gel column chromatography (MeOH :
CHCIl; = 1: 50) to give 30a (0.697 g, yield 56%) as a brown solid.

'H NMR (CDCls) 8: 7.60 (d, J = 8.4 Hz, 1H), 6.71 (d, J= 8.4 Hz, 1H), 6.44 (d, J=5.3
Hz, 1H), 4.75 (brs, 2H), 3.03-2.94 (m, 2H), 2.75-2.65 (m, 2H). ESI-MS (m/e): 149
[M+H]".

5-Amino—furo[3,2-b]pyridin—3—one 30b

'"H NMR (CDCls) : 7.52-7.48 (m, 1H), 6.75 (d, J = 9.1 Hz, 1H), 6.19 (s, 2H). ESI-MS
(m/e): 151 [M+H]".

3-Amino—6,7-dihydro—5A-cyclopental clpyridin-5—one 30c

'H NMR (CDCLy) 8: 835 (s, 1H), 6.75 (s, 1H), 4.67 (brs, 2H), 3.12-3.02 (m, 2H),
2.76-2.66 (m, 2H). ESI-MS (m/e): 149 [M+H]".

5-Aminofuro[2,3-clpyridin—3(2 H)—one 30d

'"H NMR (CDCls) &: 8.24 (d, J = 1.1 Hz, 1H), 6.68 (d, J = 1.1 Hz, 1H), 4.63 (s, 2H),
4.39 (brs, 2H). ESI-MS (m/e): 151 [M+H]".

Preparation of 6—aminofuro[2,3—5lpyridin—-3(2 4)—-one 34a

Methyl 6—chloro—3—oxo0—2,3—dihydrofuro[2,3-b]pyridine-2—carboxylate 32
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To a suspension of NaH (4.16 g in oil, 104 mmol) in DMF (50 mL) was added dropwise
methyl glycolate (3.94 mL, 52 mmol) in ice-water bath. After removed from ice-water
bath, the mixture was allowed to warm to room temperature, stirred for further 30 min
and then cooled to 0 °C again. To the resulting mixture was added methyl
2,6-dichloronicotinate (4.03 g, 19.8 mmol) one portion and stirred for 30 min at same
temperature. To the reaction mixture was added water (100 mL) and 6 N HCI (12 mL),
the formed precipitate was collected, washed with water and hexane and dried under
reduced pressure to give 32 (3.07 g, yield 67%) as a pale yellow solid.: '"H NMR
(CDCl3) &: 8.20 (s, 1H), 8.06 (d, J = 8.2 Hz, 1H), 7.35 (d, /= 8.2 Hz, 1H), 4.02 (s, 3H).
ESI-MS (m/e): 228 [M+H]".

Methyl 6—amino—3—ox0-2,3—dihydrofuro[2,3-b]pyridine-2-carboxylate 33

To a solution of 32 (920 mg, 4 mmol) in N-methylpyrrolidone (9 mL) was added
p-methoxybenzyl amine (1.05 mL, 8 mmol) and Et;N (2.23 mL, 16 mmol) and the
mixture was heated to 80 °C. After stirring for 5 h, the reaction mixture was cooled to
room temperature, poured into satd. NH4Cl and extracted with EtOAc. The organic
layer was dried over anhydrous Na,SO4 and evaporated. The residue was purified by
silica gel column chromatography (EtOAc: Hex = 1: 3) to give p-methoxybenzyl amine
derivative (350 mg, yield 27%) as a yellow solid. '"H NMR (CDCls) & 7.65 (s, 1H), 7.27
(d, J=8.8 Hz, 8H), 6.90 (d, J = 8.8 Hz, 2H), 6.17 (d, /= 7.8 Hz, 1H), 5.52 (s, 1H), 5.19
(s, 1H), 4.65 (s, 2H), 3.86 (s, 3H), 3.81 (s, 3H). ESI-MS (m/e): 329 [M+H]".

A solution of p-methoxybenzyl amine derivative obtained above (328 mg, 1.07 mmol)
in TFA (5 mL) was refluxed for 3 h and then concentrated. To the residue was added
MeOH, insoluble materials were filtered off, and the filtrate was concentrated. The
residue was purified by silica gel column chromatography (EtOAc : Hex =1 : 1) to give
33 (147 mg, yield 66%) as a brown solid.: 'H NMR (DMSO-dy) & 7.82 (d, J = 33.9 Hz,
2H), 7.60 (d, J = 8.6 Hz, 1H), 6.29 (d, J = 8.6 Hz, 1H), 5.49 (s, 1H), 3.73 (s, 3H).
ESI-MS (m/e): 209 [M+H]".

6—aminofuro[2,3-b]pyridin—3(2 H)—one 34a

A solution of 33 (127 mg, 0.61 mmol) in MeOH (2.4 mL) and conc. HCI (2.4 mL) was
refluxed for 30 min and then concentrated. To the residue was added satd. NaHCOs, the
formed precipitate was collected, washed with water and dried under reduced pressure
to give 34a (79 mg, yield 86%) as a brown solid.: 'H NMR (DMSO-d) 8 7.58 (d, J =
8.5 Hz, 3H), 6.23 (d, J= 8.5 Hz, 1H), 4.64 (s, 2H). ESI-MS (m/e): 151 [M+H]".
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Preparation of 6—aminofuro[3,2-clpyridin—3(2)—one 34b

Methyl 4—(benzyloxy)-6—chloronicotinate 36

To a solution of benzyl alcohol (269 mL, 2.6 mol) in THF (2 L) was added NaH (104 g
in oil, 2.6 mol) at 0 °C. After stirring at room temperature for 30 min, a solution of 35
(192 g, 1 mol) in THF (100 mL) was added dropwise to the mixture at 0 °C. The
resulting mixture was stirred at room temperature overnight and then diluted with water.
The low-boiling solvent was evaporated and the residue was washed with Et,O. The
aqueous layer was acidified with 6 N HCI to pH 1 and extracted with EtOAc. The
organic layer was washed with brine, dried over anhydrous Na,SO,4 and concentrated.
The residue was dissolved in DMF (1 L), and K,COs (138 g, 1 mol) was added
portionwise to the solution. After stirring at room temperature for 30 min, iodomethane
(258 g, 1.82 mol) was added dropwise to the mixture, and the resulting mixture was
stirred at room temperature for an additional 2 h, and then partitioned between water
and EtOAc. The organic layer was washed with brine, dried over anhydrous Na,SO4 and
concentrated in vacuo to give 36 (230 g, 90%) as a white solid.: 'H NMR (CDCl) &
8.74 (s, 1H), 7.33-7.49 (m, 5H), 5.24 (s, 2H), 3.92 (s, 3H). ESI-MS (m/e): 278 [M+H]".

Methyl 4-hydroxy—6—((4-methoxybenzyl)amino) nicotinate 37

The mixture of 36 (52 g, 187 mmol), p-methoxybenzyl amine (51 g, 374 mmol) and
Et;N (75 g, 748 mmol) in N-methylpyrrolidone (500 mL) was stirred at 80 °C overnight.
The reaction mixture was diluted with water and extracted with EtOAc. The organic
layer was washed with brine, dried over anhydrous Na,SO4 and concentrated. The
residue was purified by silica gel column chromatography (EtOAc: hexane = 1:1) to
give an ester (28 g, yield 40%) as a white solid, which was used in the next step without
further purification.: '"H NMR (CDCls) &: 8.63 (s, 1H), 7.43 (d, J = 7.2 Hz, 2H), 7.37 (4,
J=17.2 Hz, 2H), 7.30 (t, J = 7.2 Hz, 1H), 7.23 (d, J = 8.7 Hz, 2H), 6.87 (d, J = 8.7 Hz,
2H), 5.81 (s, 1H), 5.19 (s, 2H), 5.11 (s, 2H), 4.41 (d, J = 5.6 Hz, 2H), 3.85 (s, 3H), 3.81
(s, 3H): ESI-MS (m/e): 379 [M+H]"

A mixture of the ester obtained above (28 g, 75 mmol) and 10% Pd/C (2.8 g) in MeOH
(1 L) was stirred under hydrogen atmosphere for 2 h at room temperature, and CHCl; (2
L) was added. The catalyst was filtered off and rinsed with 90% methanolic CHCl;, and
the filtrate was concentrated to give 37 (20 g, yield 92%), which was used in the next
step without further purification.: "H NMR (DMSO-d) &: 8.40 (s, 1H), 8.10 (brs, 1H),
7.26 (d, J= 8.7 Hz, 2H), 6.91 (d, J = 8.7 Hz, 2H), 6.04 (s, 1H), 4.43 (d, /= 4.8 Hz, 2H),
3.81 (s, 3H), 3.73 (s, 3H). ESI-MS (m/e): 289 [M+H]".
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Methyl 4—(2—methoxy—2—oxoethoxy)-6—((4—-methoxybenzyl)amino)nicotinate 38

A suspension of 37 (22 g, 75 mmol) and K,CO; (16 g, 113 mmol) in DMF (50 mL) was
stirred at room temperature for 30 min, and methyl bromoacetate (17.2 g, 113 mmol)
was added. The resulting mixture was stirred at room temperature overnight, diluted
with water, and then extracted with EtOAc. The organic layer was washed with brine,
dried over Na,SOy, concentrated, and the residue was triturated with MeOH to give 38
(15 g, yield 56%) as a white solid.: '"H NMR (CDCl;) &: 8.65 (s, 1H), 7.25 (d, J= 8.7 Hz,
2H), 6.88 (d, J = 8.7 Hz, 2H), 5.60 (s, 1H), 5.23 (brs, 1H), 4.65 (s, 2H), 4.43 (d, J=5.6
Hz, 2H), 3.85 (s, 3H), 3.80 (s, 3H), 3.75 (s, 3H). ESI-MS (m/e): 361 [M+H]".

6—Aminofuro[3,2—c]pyridin—-3(2 H)-one 34b

To a solution of 38 (18 g, 50 mmol) in THF (150 mL) was added dropwise LDA (2 M,
50 ml, 200 mmol) at -40 °C, and the mixture was stirred at the same temperature for 2 h.
The mixture was then quenched with satd. NH4Cl and extracted with EtOAc. The
organic layer was concentrated and the residue was recrystallized from MeOH to give
the B-keto ester (11.5 g, yield 70%) as a white solid, which was used in the next reaction
without further purification.: '"H NMR (CDCls) &: 8.49 (s, 1H), 7.26 (d, J = 8.7 Hz, 8H),
6.90 (d, J=8.7 Hz, 2H), 6.01 (d, /= 0.5 Hz, 1H), 5.75 (brs, 1H), 5.14 (s, 1H), 4.47 (brs,
2H), 3.86 (s, 3H), 3.81 (s, 3H). ESI-MS (m/e): 329 [M+H]".

To a solution of the B-keto ester obtained above (11.5 g, 35 mmol) in MeOH (100 mL)
was added conc. HCI (100 mL), and the reaction mixture was refluxed for 2 h. The
resulting mixture was concentrated to give the corresponding decarboxylated product
(9.5 g, yield 99%) as a yellow solid.: "H NMR (CDCls) &: 8.46 (s, 1H), 7.26 (d, J = 8.7
Hz, 7H), 6.90 (d, J = 8.7 Hz, 2H), 5.93 (s, 1H), 4.62 (s, 2H), 4.45 (d, J = 5.6 Hz, 2H),
3.81 (s, 3H): ESI-MS (m/e): 271 [M+H]".

A solution of the decarboxylated product prepared above (28.5 g, 105 mmol) in TFA (15
mL) was heated at 60 °C for 4 h. The mixture was evaporated, and the residue was
partitioned between EtOAc and 6 N HCI. The pH of the aqueous layer was adjusted to
pH 9 with NaHCOj; in an ice-bath, and the formed precipitates were collected to give
4.6 g of 34b as a yellow solid. The filtrate was extracted with EtOAc, and the organic
layer was washed with brine, dried over Na,SO4, and concentrated to give an additional
8.2 g of 34b (combined yield 80%).: 'H NMR (DMSO-dy) &: 8.31 (s, 1H), 7.13 (brs,
2H), 5.98 (s, 1H), 4.69 (s, 2H). ESI-MS (m/e): 151 [M+H]".
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Preparation of 2—aminofuro[2,3-dlpyrimidin—5(6 4)—one 34c¢

Ethyl 4-(2—ethoxy—2-oxoethoxy)-2—((4-methoxybenzyl)amino)pyrimidine—5—-carbo—
xylate 42

NaH (1.76 g in oil, 44 mmol) was added to a solution of ethyl glycolate (2.1 mL, 22
mmol) in THF (50 mL) at 0 °C, and the mixture was stirred for 30 min. To the mixture
was added 41 (4.6 g, 20 mmol) and the mixture was stirred at room temperature for 2 h.
The reaction mixture was quenched with crashed ice and extracted with EtOAc The
organic layer was washed with brine, dried over anhydrous Na,SO,4 and concentrated.
The residue was purified by silica gel column chromatography (EtOAc: hexane = 1: 3)
to give an ester (2.4 g, yield 40%) as a white solid, which was used in the next step
without further purification.: '"H NMR (CDCls) &: 8.86 (s, 1H), 4.99 (s, 2H), 4.37 (q, J =
7.1 Hz, 2H), 4.24 (q, J = 7.1 Hz, 2H), 2.51 (s, 3H), 1.38 (t, /= 7.1 Hz, 3H), 1.27 (t, J =
7.1 Hz, 3H): ESI-MS (m/e): 301 [M+H]".

To a solution of the ester obtained above (4.1 g, 13.7 mmol) in DCM (110 mL) was
added m-CPBA (6.82 g, 27.3 mmol) at 0 °C. The mixture was allowed to warm to room
temperature and stirred for 2 h. Water and 5 N NaOH were added to the mixture and the
whole was extracted with DCM. The organic layer was washed with brine, dried over
anhydrous Na,SO4 and concentrated. The residue was dissolved in N-methylpyrrolidone
(45 mL), and p-methoxybenzyl amine (2.14 mL, 16.4 mmol) and Et;N (4.57 mL, 32.8
mmol) were added to the solution. The resulting mixture was stirred overnight, poured
into water and extracted with EtOAc. The organic layer was washed with brine, dried
over anhydrous Na,SO, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc : hexane = 1: 3) to give 42 (3.35 g, yield 63%) as a white
solid.: '"H NMR (CDCls) &: 8.82 (brs, 0.75H), 8.70 (brs, 0.75H), 7.21 (d, J= 7.7 Hz, 2H),
6.87 (d, J = 7.7 Hz, 2H), 5.88 (brs, 0.75H), 5.45 (brs, 0.25H), 4.89 (s, 2H), 4.61 (brs,
0.5H), 4.49 (brs, 1.5H), 4.32 (q, J = 7.1 Hz, 2H), 4.15 (brs, 2H), 3.80 (s, 3H), 1.35 (t, J
=7.1 Hz, 3H), 1.21 (brs, 3H). ESI-MS (m/e): 390 [M+H]".

Ethyl 2—-amino—5-ox0-5,6—dihydrofuro[2,3—dlpyrimidine—6—carboxylate 43

A solution of 42 (2.73 g, 7 mmol) in TFA (40 mL) was refluxed for 2 days, evaporated,
and then azeotroped with toluene. The residue was partitioned with CHCl; and satd.
NaHCO:s, the aqueous layer was extracted with CHCIs, and the combined organic layers
were washed with brine, dried over anhydrous Na,SO4 and concentrated. The residue
was triturated with Et,O, filtered, rinsed with cold Et,O and dried under reduced

pressure to give a diester (1.72 g, yield 91%) as a yellow powder, which was used in the
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next step without further purification.: '"H NMR (CDCls) &: 8.75 (s, 1H), 5.23 (brs, 2H),
4.93 (s, 2H), 4.34 (q, J = 7.0 Hz, 2H), 4.23 (q, J = 7.0 Hz, 2H), 1.36 (t, J = 7.0 Hz, 3H),
1.26 (t, J=7.0 Hz, 3H),: ESI-MS (m/e): 270 [M + H]".

To a solution of the ester obtained above (470 mg, 1.74 mmol) in DMF (15 mL) was
added potassium fert-butoxide (490 mg, 4.4 mmol) at —15 °C, and the mixture was
allowed to warm to room temperature. After stirring for 30 min, the solution was cooled
to 0 °C, neutralized with 6 N HCI and evaporated. The residue was purified by silica gel
column chromatography (MeOH: CHCIl; = 1: 50) to give the title compound 43 (80 mg,
yield 21%) as a brown solid.: '"H NMR (DMSO-dj) &: 8.65 (1H, s), 8.32 (1H, brs), 8.23
(1H, brs), 5.57 (1H, s), 4.21 (q, J = 7.1 Hz, 2H), 1.22 (t, J= 7.1 Hz, 3H). ESI-MS (m/e):
224 [M+H]".

2-Aminofuro[2,3-dlpyrimidin-5(6 A)-one 34c

To a suspension of 43 (61 mg, 0.27 mmol) in MeOH (2 mL) was added conc. HCI (455
puL, 5.4 mmol), and the mixture was refluxed for 1 h. The mixture was cooled to 0 °C
and neutralized with satd. NaHCOs;. The precipitate was filtrated and washed with water,
and the filtrate was extracted with CHCI;. The organic layer was dried over anhydrous
Na,SO4 and concentrated. The residue was purified by PTLC (MeOH: CHCI; = 1: 9) to
give 34¢ (20 mg, yield 49%) as a white solid. "H NMR (DMSO-d;) &: 8.58 (s, 1H), 8.04
(brs, 1H), 7.96 (brs, 1H), 4.72 (s, 2H). ESI-MS (m/e): 152 [M+H]".

General procedure for substituted 3—(piperidin—4-yl)propan—1-ol 49a—d

Step 1: To a suspension of (3-benzyloxypropyl)triphenylphosphonium bromide (1.07 g,
5.0 mmol) in THF (10 mL) was added NaH (400 mg in oil, 10 mmol) at 0 °C, and the
mixture was stirred for 10 min at room temperature. A solution of 47 (5.0 mmol) in THF
(10 mL) was added dropwise to the mixture over a period of 5 min. The resulting
mixture was refluxed for 13 h. The mixture was quenched with satd. NH4Cl at 0 °C and
poured into water (20 mL) and then extracted with EtOAc. The organic layer was dried
over anhydrous Na,SO, and concentrated. The residue was purified by silica gel column

chromatography to give 48.

(E,Z)-4—(3—-(benzyloxy)propylidene)-2—methyl-1-((S)-1-phenylethyl)piperidine 48a
'"H NMR (CDCl;) 8: 7.41-7.22 (m, 10H), 5.12 (td, J = 15.3, 7.0 Hz, 1H), 4.52 (d, J= 7.0
Hz, 2H), 3.95-3.85 (m, 1H), 3.45 (q, J = 7.0 Hz, 2H), 3.07-2.93 (m, 1H), 2.41-2.19 (m,
5H), 2.16-1.94 (m, 3H), 1.28 (d, J = 8.8 Hz, 3H), 1.04 (d, J = 8.8 Hz, 3H): ESI-MS
(m/e): 350 [M+H]".
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1-benzyl-4-(3—-(benzyloxy)propylidene)-3—-methylpiperidine 48b

less-polar isomer; 'H NMR (CDCls) &: 7.37 — 7.20 (m, 10H), 5.09 (td, J = 7.2, 1.9 Hz,
1H), 4.51 (s, 2H), 3.52 (d, J = 13.5 Hz, 1H), 3.45 (td, /= 7.2, 1.9 Hz, 2H), 3.38 (d, J =
13.4 Hz, 1H), 2.92-2.85 (m, 1H), 2.76-2.64 (m, 2H), 2.64-2.52 (m, 1H), 2.33 (tdd, J =
14.4, 7.3, 1.7 Hz, 2H), 2.01-1.87 (m, 3H), 1.17 (d, J = 7.0 Hz, 3H): ESI-MS (m/e): 336
[M+H]".

polar isomer; 'H NMR (CDCls) & 7.36-7.22 (m, 10H), 5.12 (td, J = 7.0, 0.9 Hz, 1H),
4.51 (s, 2H), 3.53-3.41 (m, 4H), 2.72-2.64 (m, 2H), 2.53-2.42 (m, 1H), 2.35 (dd, J =
14.2, 7.1 Hz, 3H), 2.14-2.05 (m, 2H), 1.85 (dd, J = 10.6, 9.1 Hz, 1H), 1.01 (d, J = 6.7
Hz, 3H) : ESI-MS (m/e): 336 [M+H]".

8-benzyl-3—(3—-(benzyloxy)propylidene)-8—azabicyclo[3.2.1]octane 48¢
'H NMR (CDCls) &: 7.41-7.22 (m, 10H), 5.30-5.20 (m, 1H), 4.52 (s, 2H), 3.61 (s, 2H),
3.48-3.43 (m, 2H), 3.23-3.19 (m, 2H), 2.57-2.54 (m, 1H), 2.37-2.24 (m, 2H), 2.23 (s,
2H), 1.91-1.85 (m, 2H), 1.64-1.38 (m, 3H). ESI-MS (m/e): 348 [M+H]",

3-benzyl-8—(3—(benzyloxy)propylidene)-3—azabicyclo[3.2.1]octane 48d

'H NMR (CDCls) 8: 7.35-7.20 (m, 10H), 5.10 (t, J = 7.3 Hz, 1H), 4.52 (s, 2H), 3.47 (t, J
= 7.0 Hz, 2H), 3.46 (s, 2H), 2.75 (td, J = 8.5, 3.9 Hz, 2H), 2.68 (s, 1H), 2.39-2.30 (m,
3H), 2.13 (dd, J = 18.3, 8.8 Hz, 2H), 1.88-1.75 (m, 2H), 1.58-1.55 (m, 2H). ESI-MS
(m/e): 348 [M+H]".

Step 2: To a solution of 48 (5 mmol) in EtOH (18 mL) was added 20% Pd/C (0.35 g).
Medium pressure hydrogenation (4.5 atm) was conducted at 60 °C for 70 h and then at
room temperature for 7 h in the presence of conc. HCI (0.83 mL, 10 mmol). The catalyst

was filtered off and the filtrate was concentrated under reduced pressure to give 49.

3—((2R)-2—methylpiperidin—4-yl)propan—1-ol 49a
'H NMR (CDCl;) &: 3.64 (t, J = 6.6 Hz, 2H), 3.09 (ddd, J = 10.2, 4.6, 1.8 Hz, 2H),
2.68-2.55 (m, 2H), 1.65-1.26 (m, 7H), 1.09-0.98 (m, SH): ESI-MS (m/e): 158 [M+H]".

3—(3—-methylpiperidin—4-yl)propan—1-ol 49b

'"H NMR (CDCly) 8: 4.77 (brs, 2H), 3.71 (td, J = 7.3, 5.6 Hz, 2H), 3.29 (d, J = 9.9 Hz,
2H), 2.93-2.88 (m, 2H), 2.37 (td, J = 7.3, 2.6 Hz, 2H), 1.92 (s, 1H), 1.81 (d, J= 13.5 Hz,
2H), 1.65-1.26 (m, 3H), 0.99 (dd, J = 7.2, 3.5 Hz, 3H): ESI-MS (m/e): 158 [M+H]".
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3—(8—azabicyclo[3.2.1]octan—8—-ylidene)propan—1—-ol 49¢
'"H NMR (CDCl3) 8: 9.62-9.18 (m, 2H), 4.02 (brs, 2H), 3.68 (s, 2H), 2.57-2.46 (m, 2H),
2.32-2.25 (m, 2H), 1.96-1.91 (m, 3H), 1.59-1.51 (m, 6H). ESI-MS (m/e): 170 [M+H]".

3—(3—azabicyclo[3.2.1]octan—8-ylidene)propan—1—-ol 49d

'"H NMR (CDCl) 8: 9.82 (brs, 1H), 8.89 (brs, 1H), 3.67 (td, J = 15.5, 7.0 Hz, 2H), 3.24
(dd, J = 12.4, 2.6 Hz, 2H), 3.01 (t, J = 9.5 Hz, 2H), 2.20-1.91 (m, 5H), 1.76-1.42 (m,
6H). ESI-MS (m/e): 170 [M+H]".

Preparation of 3—(4—methylpiperidin—4-yl)propan—1-ol 49e

tert-butyl 4—formyl-4—methylpiperidine—1—carboxylate 51

To a solution of fert-butyl 4-ethoxycarbonylpiperidine-1-carboxylate 50 (2.32 g, 9
mmol) in anhydrous THF (50 mL) was added dropwise 1.8 M LDA in
THF/heptane/ethylbenzene solution (10 mL, 18 mmol) at -78 °C. After 10 min stirring
at -78 °C, iodemethane was added to the mixture and the reaction mixture was warmed
to 0 °C for over 3 h. The reaction mixture was quenched with satd. NH4Cl and extracted
with EtOAc. The organic layer was washed with 0.5 N HCI, satd. NaHCO3 and brine,
dried over anhydrous Na,SO,, and concentrated to give a quaternary ester (2.45 g, yield
99%) as a colorless oil, which was used in the next reaction without further
purification.: "H NMR (CDCls) &: 4.16 (q, J = 6.9 Hz, 2H), 3.75 (brs, 2H), 2.98 (t, J =
11.3 Hz, 2H), 2.05 (d, J = 13.2 Hz, 2H), 1.45 (s, 9H), 1.35 (t, J = 13.2 Hz, 2H), 1.26 (t,
J=6.9 Hz, 3H), 1.20 (s, 3H). ESI-MS (m/e): 272 [M+H]".
To a suspension of LAH (684 mg, 18 mmol) in anhydrous THF (45 mL) was added
dropwise a solution of the quaternary ester obtained above (2.45 g, 9 mmol) in THF (7
mL) at 0 °C, the mixture was allowed to warm to room temperature and stirred for 2 h.
After cooling to 0 °C, to the reaction mixture was carefully added water (1.1 mL) and
stirred for 30 min. Insoluble materials were filtered off, the residue was washed with
EtOAc and the filtrate was concentrated to give an alcohol (2.06 g, yield 99%) as a
colorless solid, which was used in the next reaction without further purification.: 'H
NMR (CDCls) &: 3.70 (brs, 2H), 3.38 (d, /= 5.9 Hz, 2H), 3.14 (ddd, /= 13.4, 10.2, 3.3
Hz, 2H), 1.49-1.44 (m, 11H), 1.34-1.27 (m, 2H), 0.99 (s, 3H). ESI-MS (m/e): 230
[M+H]".
To a solution of the alcohol obtained above (2.06 g, 9 mmol) in DCM (90 mL) was
added Dess-Martin periodinane (4.2 g,10 mmol) at 0 °C, the mixture was allowed to

warm to room temperature and stirred for 2 h. To the mixture was added water and 5 N
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NaOH (10 mL) and the whole was extracted with DCM. The organic layer was washed
with brine, dried over anhydrous Na,SO4, concentrated. The residue was purified by
silica gel column chromatography (EtOAc : hexane = 1 : 3) to give the title compound
51 (1.75 g, yield 85%) as a colorless oil.: '"H NMR (CDCls) &: 9.47 (s, 1H), 3.64 (brs,
2H), 3.15-3.09 (m, 2H), 1.91 (td, J = 13.9, 4.0, 2H), 1.49-1.39 (m ,13H), 1.08 (s, 3H).
ESI-MS (m/e): 232 [M+H]".

tert-butyl 4—(3—ethoxy—3—oxopropyl)-4—-methylpiperidine—1-carboxylate 52

A solution of 51 (1.75 g, 7.65 mmol) and (carbethoxymethylene)triphenylphosphorane
(1.9 g, 7.65 mmol) in toluene (30 mL) was stirred at room temperature overnight. The
reaction mixture was concentrated and the residue was purified by silica gel column
chromatography (EtOAc : hexane = 1 : 3) to give an a,f—unsaturated ester (1.69 g,
yield 74%) as a colorless oil.: '"H NMR (CDCls) &: 6.92 (d, J = 16.0, 1H), 5.79 (d, J =
16.0, 1H), 4.20 (q, J = 7.0, 2H), 3.46 (brs, 2H), 3.32 (ddd, J = 12.0, 8.4, 4.0, 2H),
1.65-1.61 (m, 2H), 1.49-1.41 (m, 11H), 1.30 (t, J = 7.0, 3H), 1.10 (s, 3H). ESI-MS
(m/e): 298 [M+H]".

To a solution of the unsaturated ester obtained above (1.69 g, 5.69 mmol) in EtOH (30
mL) was added 10% Pd/C (169 mg). The mixture was stirred under hydrogen
atmosphere at room temperature for 9 h. The catalyst was filtered off, and the filtrate
was concentrated under reduced pressure to give 52 (1.69 g, yield 99%) as a colorless
oil, which was used in the next reaction without further purification.: '"H NMR (CDCls)
0:4.13 (q, J = 7.0 Hz, 1H), 3.57 (brs, 2H), 3.20 (ddd, J = 12.0, 8.4, 4.0, 2H), 2.26 (m,
2H), 1.69-1.60 (m, 2H), 1.45 (s, 9H), 1.40-1.25 (m, 5H), 0.93 (s, 3H). ESI-MS (m/e):
240 [M+H]".

3—(4-methylpiperidin—4-yl)propan—1-ol 49e

To a suspension of LAH (322 mg, 8.5 mmol) in anhydrous THF (30 mL) was added
dropwise 52 (1.69 g, 5.65 mmol) in THF (5 mL) at 0 °C, the mixture was allowed to
warm to room temperature and stirred for 3 h. After cooling to 0 °C, to the reaction
mixture was carefully added water (600 pL) and stirred for 30 min. Insoluble materials
were filtered off, the residue was washed with EtOAc and the filtrate was concentrated
to give an alcohol (1.43 g, yield 92%) as a colorless solid, which was used in the next
reaction without further purification.: 'H NMR (CDCls) &: 3.63 (dd, J = 11.7, 6.2 Hz,
2H), 3.54 (brs, 2H), 3.21 (ddd, J = 13.2, 10.2, 3.3 Hz, 2H), 1.60-1.51 (m, 2H), 1.45 (s,
9H), 1.39-1.28 (m, 6H), 0.94 (s, 3H). ESI-MS (m/e): 258 [M+H]".

A 4 M HCI 1,4-dioxane solution (13 mL) was added to a solution of the alcohol
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obtained above (1.43 g, 5.21 mmol) in 1,4-dioxane at 0 °C, and the mixture was stirred
for 2 h at 50 °C. The solvent was evaporated and dissolved in DCM, this solution was
washed with satd. NaHCO3, dried over anhydrous Na,SO,4 and concentrated in vacuo to
give 49e (403 g, yield 49%) as a white solid.: '"H NMR (CDCl;) &: 3.64 (m, 2H),
2.85-2.78 (m, 4H), 1.61-1.50 (m, 2H), 1.39-1.26 (m, 6H), 0.93 (s, 3H). ESI-MS (m/e):
158 [M+H]".

Preparation of 3—(piperidin—4-yl)butan—1-ol 49f

Ethyl 2-(diethoxyphosphoryl)acetate (4.23 mL, 21.1 mmol) was added to a suspension
of NaH (845 mg in oil, 21.1 mmol) in THF (40 mL) at 0 °C and the resulting mixture
was stirred at the same temperature for 15 min. A solution of fert-butyl
4-acetylpiperidine-1-carboxylate 53 (4.0 g, 17.6 mmol) in THF (10 mL) was added to
the mixture at 0 °C and allowed to warm to room temperature. After stirring for 12 h,
the reaction mixture was quenched by ice-water and extracted with EtOAc. The organic
layer was washed with brine, dried over anhydrous Na,SO,4, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc : hexane =1 : 4) to
give a (E) and (Z)-mixture of o,-unsaturated ester (4.92 g) as a colorless oil.

To a mixture of o,B-unsaturated ester obtained above (4.90 g, 16.5 mmol) in MeOH (20
mL) was added 10% Pd/C (500 mg), and the mixture was stirred at 30 °C for 15 h under
hydrogen atmosphere. After filtering through celite pad, the solvent was distilled off
under reduced pressure to give a saturated ester (4.93 g, yield 93%) as a colorless oil.:
'"H NMR (CDCly) &: 4.11-4.16 (m, 4H), 2.60-2.66 (m, 2H), 2.34-2.39 (m, 1H),
2.07-2.13 (m, 1H), 1.88-1.95 (m, 1H), 1.57-1.61 (m, 2H), 1.45 (s, 9H), 1.31-1.35 (m,
1H), 1.26 (t, J = 8.0 Hz, 3H), 1.14-1.22 (m, 2H), 0.92 (d, J = 4.0 Hz, 3H). ESI-MS
(m/e): 300 [M+H]".

To a solution of the saturated ester obtained above (4.93 g, 16.5 mmol) in THF (40 mL)
was added portionwise LAH (625 mg, 16.5 mmol) at 0 °C under argon atmosphere, the
mixture was stirred at the same temperature for 1 h and allowed to warm to room
temperature. After stirring for 3 h, the reaction mixture was quenched with crashed ice,
diluted with EtOAc, washed with brine and dried over anhydrous Na,SO,. The solvent
was distilled off under reduced pressure to provide 54 (4.2 g, yield 99%) as a colorless
oil. '"H NMR (CDCl5) &: 4.13 (m, 2H), 3.61-3.76 (m, 2H), 2.63 (m, 2H), 1.17-1.71 (m,
21H), 0.87 (d, J = 4.0 Hz, 3H). ESI-MS (m/e): 258 [M+H]".

To a4 M HCI 1,4-dioxane solution (10 mL) was added 54 (3.2 g, 12.4 mmol) at 0 °C,
and the mixture was stirred for 3.5 h at 30 °C. The solvent was evaporated and the
residue was dissolved in DCM. This solution was washed with satd. NaHCOs, dried
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over anhydrous Na,SO,4 and concentrated in vacuo to give 49f (1.94 g, yield 99%) as a
white solid. '"H NMR (CDCls) &: 3.60-3.74 (m, 2H), 3.10-3.13 (m, 2H), 2.54-2.62 (m,
2H), 2.15 (s, 2H), 1.18-1.73 (m, 8H), 0.88 (d, J = 4.0 Hz, 3H). ESI-MS (m/e): 158
[M+H]".

Preparation of compounds 43a—c, 44, 45a-b, 46a—c and 55a—f

General procedure for preparation of aldehydes

Corresponding alcohols (pyrimidine derivatives and oxadiazole derivatives) were
prepared from substituted 3-(piperidin-4-yl)propanol 49a-f according to Method I or II
in chapter 2, and were converted to corresponding aldehydes using the synthetic method
IIT in chapter 2. 43a-c, 44, 45a-b, 46a-c and 55a-f were prepared by reductive amination
mentioned below (Method A and B) from heterobicyclic amines and corresponding
aldehydes.

General procedure with reductive amination

Method A

To a solution of amine (0.1 mmol) and aldehyde (0.1 mmol) in DCM (2 mL) was added
NaBH(OAc); (0.2 mmol), and the reaction mixture was stirred at room temperature
overnight. The mixture was poured into satd. NaHCO; and the whole was extracted
with DCM. The organic layer was washed with brine, dried over anhydrous Na,;SOy,

and concentrated. The residue was purified by PTLC.

Method B

To a solution of amine (0.1 mmol) and aldehyde (0.1 mmol) in AcOH (500 pL) was
added NaBH(OAc); (0.2 mmol), and the reaction mixture was stirred for 1 h at room
temperature. The mixture was then neutralized with satd. NaHCO; and extracted with
CHCIls. The organic layer was washed with brine, dried over anhydrous Na;SO,, and

concentrated. The residue was purified by PTLC.

2—((3—-(1-(5—ethylpyrimidin—2-yl)piperidin—4-yl)propyl)amino)—-5,6—dihydro—7 H#cyclop
ental b]pyridin—7-one 43a

'H NMR (CDCls) &: 8.15 (s, 2H), 7.56 (d, J = 8.6 Hz, 1H), 6.61 (d, J = 8.6 Hz, 1H),
4.83 (s, 1H), 4.72-4.63 (m, 2H), 3.38-3.32 (m, 2H), 3.08-2.90 (m, 2H), 2.86-2.76 (m,
2H), 2.73-2.55 (m, 2H), 2.50-2.45 (m, 2H), 1.78-1.71 (m, 2H), 1.68-1.62 (m, 2H),
1.61-1.45 (m, 1H), 1.40-1.30 (m, 2H), 1.24-1.10 (m, 4H). HRMS ESI calcd for
CHy9N50 380.2445, found 380.2448.
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5—((3—(1-(5—Ethylpyrimidin—2—yl)piperidin—4—yl)propyl)amino)furo[3,2—b]pyridin—3(2 H)
—one 43b

'H NMR (CDCLy) &: 8.16 (s, 2H), 7.33 (d, J = 9.2 Hz, 1H), 6.69 (d, J = 9.2 Hz, 1H),
470 (s, 1H), 4.67-4.65 (m, 3H), 4.58 (s, 1H), 3.37 (dd, J = 12.5, 7.0 Hz, 2H), 2.83 (td, J
— 13.1, 2.6 Hz, 2H), 2.45 (q, J = 7.6 Hz, 2H), 1.79-1.73 (m, 2H), 1.68-1.64 (m, 2H),
1.59-1.51 (m, 1H), 1.40-1.24 (m, 4H), 1.18 (t, J = 7.6 Hz, 3H). HRMS ESI calcd for
C,1H27N50, 382.2237, found 382.2239.

3—((3-(1-(5—ethylpyrimidin—2-yl)piperidin—4-yl)propyl)amino)—6,7—dihydro—5/Hcyclop
ental clpyridin-5-one 43¢

'H NMR (CDCls) &: 835 (s, 1H), 8.16 (s, 1H), 6.60 (s, 1H), 4.70-4.48 (m, 3H),
3.30-3.20 (m, 2H), 3.09-3.02 (m, 2H), 2.95-2.80 (m, 2H), 2.73-2.67 (m, 2H), 2.45 (q, J
= 7.6 Hz, 2H), 1.80-1.60 (m, 4H), 1.61-1.47 (m, 2H), 1.42-1.32 (m, 2H), 1.23-1.13 (m,
5H). HRMS ESI calcd for C»;H9NsO 380.2444, found 380.2448.

tert-butyl  4—(3—-((3—ox0—2,3—dihydrofuro[2,3—blpyridin—6—yl)amino)propyl)piperidine
—1-carboxylate 44

'H NMR (CDCls) &: 7.67 (d, J = 8.4 Hz, 1H), 6.12 (d, J = 8.4 Hz, 1H), 5.38 (brs, 1H),
4.63 (s, 2H), 4.08 (brs, 2H), 3.47 (brs,2H), 2.67 (t, J = 12.3 Hz, 2H), 1.710-1.63 (m, 4H),
1.50-1.45 (m, 1H), 1.45 (s, 9H), 1.33 (td, J = 13.9, 6.3 Hz, 2H), 1.09 (ddd, J = 24.3,
12.5, 4.3 Hz, 2H). HRMS ESI calcd for Cy0H9N304 376.2231, found 376.2234.

tert-butyl 4—(3—((5-oxo0-5,6—dihydrofuro[2,3-dlpyrimidin—2-yl)amino)propyl)piperid-
ine—1—carboxylate 45a

'H NMR (CDCls) 5: 8.67 (s, 0.4H), 8.56 (s, 0.6H), 6.21 (brs, 0.6H), 5.94 (brs, 0.4H),
4.66 (s, 1.3H), 4.63 (s, 0.7H), 4.10 (brs, 2H), 3.48-3.57 (m, 2H), 2.67 (t, J = 11.7 Hz,
2H), 1.63-1.71 (m, 5H), 1.45 (s, 9H), 1.33-1.39 (m, 2H), 1.12-1.23 (m, 2H). HRMS ESI
calcd for C19HgN4O4 377.2183, found 377.2193.

2—((3—(1-(5-Ethylpyrimidin—2-yl)piperidin—4—yl)propyl)amino)furo[2,3—dlpyrimidin—5(6

H)—one 45b

'H NMR (CDCLy) 8: 8.67 (s, 0.4H), 8.56 (s, 0.6H), 8.16 (s, 2H), 6.05 (brs, 0.6H), 5.83
(brs, 0.4H), 4.67-4.71 (m, 2H), 4.66 (s, 1.3H), 4.63 (s, 0.7H), 3.49-3.58 (m, 2H),
2.80-2.86 (m, 2H), 2.45 (q, J = 7.6Hz, 2H), 1.66-1.78 (m, 4H), 1.54-1.56 (m, 1H),
1.32-1.38 (m, 2H), 1.18 (t, J = 7.6 Hz, 3H), 1.12-1.23 (m, 2H). HRMS ESI calcd for
Cy0H26N¢O, 383.2189, found 383.2197.
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tert-butyl  4—(3—-((3—ox0—2,3—dihydrofuro[3,2—clpyridin—6—yl)amino)propyl)piperidine
—1-carboxylate 46a

'H NMR (CDCls) &: 8.46 (s, 1H), 5.87 (s, 1H), 5.34 (brs, 1H), 4.61 (s, 2H), 4.09 (brs,
2H), 3.27 (d, J = 6.6, 2H), 2.67 (t, J = 12.6 Hz, 2H), 1.71-1.64 (m, 5H), 1.45 (s, 9H),
1.38-1.32 (m, 2H), 1.25-1.10 (m, 2H). HRMS ESI calcd for Cy0H29N304 376.2230,
found 376.2240.

6—((3—(1-(5-Ethylpyrimidin—2-yl)piperidin—4—yl)propyl)amino)furo[3,2—clpyridin—3(2 H)
—one 46b

'H NMR (CDCLy) &: 8.46 (s, 1H), 8.16 (s, 2H), 5.88 (s, 1H), 5.32 (brs, 1H), 4.70 (d, J =
12.5 Hz, 2H), 4.61 (s, 2H), 3.28 (dd, J = 12.5, 6.3, 2H), 2.84 (td, J = 13.1, 2.6 Hz, 2H),
245 (q, J = 7.6 Hz, 2H),1.83-1.63 (m, 5H), 1.43-1.32 (m, 2H), 1.26-1.11 (m, 5H).
HRMS ESI caled for C,;H;7N50, 382.2237, found 382.2244.

6—((3—(1-(3-Isopropyl—1,2,4-oxadiazol-5-yl)piperidin—4—yl)propyl)amino)furo[3,2—clpy
ridin—3(2H)-one 46¢

'H NMR (CDCls) &: 8.47 (s, 1H), 5.88 (s, 1H), 5.31 (s, 1H), 4.62 (s, 2H), 4.13 (d, J =
12.9 Hz, 2H), 3.29 (dd, J = 12.3, 6.2 Hz, 2H), 3.02 (td, J = 13.0, 2.8 Hz, 2H), 2.88 (sep,
J =7.0 Hz, 1H), 1.78 (d, J = 11.9 Hz, 2H), 1.74-1.64 (m, 2H), 1.55-1.44 (m, 1H),
1.43-1.34 (m, 2H), 1.34-1.19 (m, 8H). HRMS ESI calcd for Cy)H»7NsO; 386.2186,
found 386.2195.

6—((3—(1-(5—-Methoxypyrimidin—2-yl)piperidin—4—yl)propyl)amino)furo[3,2—c]pyridin—3(
2 H)-one 46d

'H NMR (CDCls) &: 8.46 (s, 1H), 8.08 (s, 2H), 5.88 (s, 1H), 5.45 (brs, 1H), 4.67—4.54
(m, 4H), 3.79 (s, 3H), 3.28 (d, J = 6.2, 2H), 2.82 (td, J = 13.1, 2.6 Hz, 2H), 1.86-1.61 (m,
4H), 1.59-1.53 (m, 1H), 1.44-1.32 (m, 2H), 1.27-1.12 (m, 2H). HRMS ESI calcd for
Cy0H25N505 384.2029, found 384.2041.

6—((3—(1-(5-Methoxycarbonylpyrimidin—2-yl)piperidin—4—yl)propyl)amino)furo[3,2—c]p
yridin—3(2 H)—one 46e

'"H NMR (CDCLy) &: 8.81 (s, 2H), 8.47 (s, 1H), 5.88 (s, 1H), 4.90 (d, J = 13.3, 2H), 4.61
(s, 2H), 3.87 (s, 3H), 3.30 (brs, 2H), 2.92 (t, J = 13.2, 2H), 1.822 (d, J = 11.4 Hz, 2H),
1.75-1.66 (m, 2H), 1.59-1.53 (m, 1H), 1.46-1.37 (m, 2H), 1.25-1.11 (m, 2H). HRMS
ESI calcd for C;1H,5Ns04 412.1979, found 412.1975.

97



6—((3—(1-(5-Fluoropyrimidin—2-yl)piperidin—4—yl)propyl)amino)furo[3,2—clpyridin—-3(2 H
)-one 46f

'H NMR (CDCl;) &: 8.46 (s, 1H), 8.17 (s, 2H), 5.88 (s, 1H), 5.31 (brs, 1H), 4.59-4.69
(m, 4H), 3.22-3.34 (m, 2H), 2.79-2.90 (m, 2H), 1.11-1.82 (m, 9H). HRMS ESI calcd for
C19H2,FNsO, 372.1830, found 372.1835.

6—((3—(1-(5—(Trifluoromethyl)pyrimidin—2—yl)piperidin—4-yl)propyl)amino)furo[3,2—clp—
yridin—3(2 H)-one 46g

'H NMR (CDCly) 5: 8.50-8.41 (m, 3H), 5.88 (d, J = 0.5 Hz, 1H), 5.46 (brs, 1H), 4.87—
478 (m, 2H), 4.61 (s, 2H), 3.29 (dd, J = 12.5, 6.4 Hz, 2H), 2.91 (td, J = 13.1, 2.6 Hz,
2H), 1.85-1.76 (m, 2H), 1.75-1.67 (m, 2H), 1.65-1.57 (m, 1H), 1.43-1.33 (m, 2H),
1.23-1.11 (m, 2H). HRMS ESI calcd for Cy0H»,F3NsO, 422.1798, found 422.1803.

trans—6—((3—(1-(5—ethylpyrimidin—2-yl)-2—methylpiperidin—4-yl)propyl)amino)furo[3,2
—clpyridin—3(2 A)-one 55a trans

'H NMR (CDCl;) 8: 8.46 (s, 1H), 8.16 (s, 2H), 5.88 (s, 1H), 5.44 (s, 1H), 5.08-4.99 (m,
1H), 4.64—4.53 (m, 3H), 3.28 (d, J = 6.2 Hz, 2H), 2.95 (td, J = 13.3, 2.7 Hz, 1H), 2.45
(@, J = 7.6 Hz, 2H), 1.86-1.54 (m, 4H), 1.42-1.31 (m, 3H), 1.20-1.08 (m, 8H). HRMS
ESI calcd for C;,H,9N50, 396.2394, found 396.2398.

cis—6—((3—(1-(5—ethylpyrimidin—2—yl)-2—methylpiperidin—4—yl)propyl)amino)furo[3,2—-¢

lpyridin—3(2H)-one 55a cis

'H NMR (CDCls) &: 8.42 (s, 1H), 8.15 (s, 2H), 5.90 (s, 1H), 5.87 (s, 1H), 4.61 (s, 2H),
4.49-4.35 (m, 2H), 3.31-3.10 (m, 3H), 2.45 (q, J = 7.6 Hz, 2H), 2.07-1.94 (m, 1H),
1.92-1.81 (m, 1H), 1.68 (td, J= 14.9, 7.5 Hz, 2H), 1.62-1.50 (m, 1H), 1.50-1.40 (m, 2H),
1.36-1.23 (m, 2H), 1.23-1.15 (m, 6H).HRMS ESI calcd for C;;H29Ns0, 396.2394,
found 396.2400.

trans—6—((3—(1-(5—ethylpyrimidin—2-yl)-3—methylpiperidin—4-yl)propyl)amino)furo[3,2
—clpyridin—3(2 H)—one 55b trans

'"H NMR (CDCLy) 3: 8.40 (s, 1H), 8.14 (s, 2H), 5.96 (s, 1H), 5.88 (s, 1H), 4.71 (d, J =
11.9 Hz, 1H), 4.65-4.55 (m, 3H), 3.25 (s, 2H), 2.81 (dd, J = 17.4, 7.6 Hz, 1H),
2.56-2.3.9 (m, 3H), 1.87-1.67 (m, 3H), 1.66-1.52 (m, 1H), 1.34 (d, J = 6.1 Hz, 1H),
1.29-1.14 (m, 6H), 0.98 (d, J = 8.2 Hz, 3H): HRMS ESI calcd for C;;H»9N50, 396.2394,
found 396.2384.
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cis—6—((3—(1-(5—ethylpyrimidin—2—yl)-3—methylpiperidin—4—yl)propyl)amino)furo[3,2—¢
lpyridin—3(2H)—-one 55b cis

'H NMR (CDCls) 8: 8.4 (s, 1H), 8.14 (s, 2H), 5.89 (s, 1H), 5.79 (s, 1H), 4.62 (s, 2H),
4.56-4.48 (m, 1H), 4.40 (ddd, J = 13.1, 3.7, 1.8 Hz, 1H), 3.28 (dd, J = 12.3, 6.4 Hz, 2H),
3.10 (dd, J = 13.1, 3.2 Hz, 1H), 2.98 (ddd, J = 13.1, 10.0, 5.0 Hz, 1H), 2.44 (q, J = 7.6
Hz, 2H), 1.97-1.87 (m, 1H), 1.76-1.62 (m, 3H), 1.52 (dd, J = 9.4, 4.2 Hz, 2H), 1.37 (dd,
J=15.0, 7.6 Hz, 2H), 1.18 (t, J = 7.6 Hz, 3H), 0.86 (d, J = 7.0 Hz, 3H): HRMS ESI
calcd for Cy,H29N50, 396.2394, found 396.2384.

6-((3—((1R,3S,5S)-8—(5—Ethylpyrimidin—2—yl)-8—azabicyclo[3.2.1]octan—3-yl)propyl)a
mino)f-uro[3,2—clpyridin—3(2 H)—one 55¢

'"H NMR (CDCly) 8: 8.45 (s, 1H), 8.16 (s, 2H), 5.85 (s, 1H), 5.41 (s, 1H), 4.68-4.63 (m,
2H), 4.62-4.59 (m, 2H), 3.25-3.19 (m, 2H), 2.49-2.42 (m, 2H), 2.32-2.29 (m, 2H),
2.08-2.04 (m, 2H), 1.78-1.75 (m, 2H), 1.68-1.64 (m, 2H), 1.64—1.60 (m, 2H), 1.58—
1.55 (m, 1H), 1.32-1.28 (m, 2H), 1.31-1.19 (m, 3H). HRMS ESI calcd for Ca;HaoNsO;
408.2394, found 408.2393.

6—((3—(3—(5—ethylpyrimidin—2—yl)-3—-azabicyclo[3.2.1]octan—8—yl)propyl)amino)furo[3,2
-clpyridin-3(2 A)-one 55d

'"H NMR (CDCls) &: 8.47 (s, 1H), 8.16 (s, 2H), 5.89 (s, 1H), 5.41 (s, 1H), 4.62 (s, 2H),
434 (dd, J=12.7, 3.3 Hz, 2H), 3.31 (d, J = 6.4 Hz, 2H), 2.93 (d, J = 11.8 Hz, 2H), 2.46
(@, J = 7.6 Hz, 2H), 2.11 (s, 2H), 1.74-1.68 (m, 3H), 1.58-1.51 (m, 4H), 1.38-1.27 (m,
2H), 1.18 (J = 7.6 Hz, 3H). HRMS ESI calcd for C,3Hy9NsO, 408.2394, found
408.2392.

6—((3—(1-(5—ethylpyrimidin—2—yl)-4—-methylpiperidin—4—yl)propyl)amino)furo[3,2—c]pyri
din—3(2H)-one 55e

'"H NMR (CDCly) 3: 8.46(s, 1H), 8.16 (s, 2H), 5.87 (s, 1H), 5.33 (s, 1H), 4.61 (s, 2H),
4.05 (td, J=13.5, 4.9 Hz, 2H), 3.46 (ddd, J=13.5, 8.8, 4.2 Hz, 2H), 3.27 (d, /= 6.0 Hz,
2H), 2.45 (q, J = 7.6 Hz, 2H), 1.65 (td, J = 11.2, 7.5 Hz, 2H), 1.50-1.36 (m, 6H), 1.18 (,
J=7.6 Hz, 3H). HRMS ESI calcd for C,,H39N50;, 396.2394, found 396.2384.
6—((3—(1-(5-Ethylpyrimidin—2-yl)piperidin—4—yl)butyl)amino)furo[3,2—clpyridin—-3(2 H)-
one 55f

'H NMR (CDCly) 8: 8.46 (s, 1H), 8.16 (s, 2H), 5.88 (s, 1H), 5.35 (brs, 1H), 4.75-4.79
(m, 2H), 4.61 (s, 2H), 3.20-3.41 (m, 2H), 2.75-2.83 (m, 2H), 2.45 (q, J = 8.0 Hz, 2H),
1.74-1.81 (m, 1H), 1.66-1.70 (m, 2H), 1.45-1.52 (m, 3H), 1.23-1.36 (m, 2H), 1.18 (t, J
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= 8.0 Hz, 3H), 0.94 (d, J = 8.0 Hz, 3H). HRMS ESI calcd for C;,H,9N50, 396.2393,
found 396.2387.

3-8-2) Biology

hERG binding assay

hERG channel inhibition was assessed using Predictor TM hERG Fluorescence
Polarization Assay Kit (Invitrogen, Carlsbad, CA). The positive control, E-4031, and
test compounds were dissolved in DMSO. The assay was performed according to the

manufacture’s protocol.

Gastric emptying

Liquid-phase gastric emptying was assessed using the acetaminophen absorption test
according to a literature method.® Male 11-week-old C57BL/6J mice were fasted
overnight, and orally given 10 mg/kg of compound or vehicle (5 % DMSO, 0.1 %
Tween 80 and 0.5 % methylcellulose) 30 min before oral administration of an aqueous
solution of 20 % glucose and 1 % acetaminophen (Sigma-Aldrich, St. Louis, MO) at a
dose of 2 g/kg glucose—100 mg/kg acetaminophen. Blood samples (40 ulL) were
collected 10 and 20 min after acetaminophen administration and plasma acetaminophen
levels were measured using an acetaminophen assay kit (Cambridge Life Sciences,
Cambridge, U.K.).

Pharmacokinetic study

Male Wister/ST rats (9 weeks old) and male CD-1 (ICR) mice (7 weeks old) were
acclimated to experimental conditions 7-14 d before use, and had free access to food
and water throughout the acclimatization period. The animals were fasted overnight,
and compound was administered intravenously via the tail vein or orally (by gavage) at
the indicated doses (n=3 in rats, n=2 in mice) as a solution in 10% DMSO and 5%
HPBCD in H,O. Blood samples were taken periodically and the plasma was analyzed by
LC-MS-MS with quantitation against a standard curve.
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Reagents and conditions: (a) 2-CI-5-Et-Pyrimidine, DIPEA, i-PrOH (99%) (b) (i) BrCN, NaHCO3, DCM, H,O
(ii) N-Hydroxyisobutyrimidamide, ZnCl,, EtOAc, THF (iii) EtOH, conc.HCI (65%) (c) (i) Dess-Martin periodinane,
DCM (90-98%) (ii) 10i, NaBH(OAc);, DCM (56-78%)

Scheme 4-1 : 58a-¢ DA
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2-2 DFIFITHESEE L, BAFRIET 58a-¢c 2155 2 LN TE 7=, Z D invitro
GPR119 7 = =X MEMOFHIFE R A Table 4-1 127 L7z,

Table 4-1 : VU > 1 —3 {if A F )V EE D& HEERN R

26a R: 26d R: 1iR: 58a R: 58b R: 58c R:

\Nfbv *\E/\N { *\cr)f°7< \Nfbv \f:/ - *\([,]/0 <

Comp- hECsy hEmax® mECsy, mEmax” hERG inhibition Metabolic

ound (nM) (%) (nM) ) (%)@10 pM Stability”
26a 51 113 167 110 14 4.7
58a 110 111 298 105 6 7.4
26d 58 110 158 113 27 3.6
58b 105 95 203 104 7 7.5
11i 46 98 123 110 33 4.0
58¢ 61 93 144 107 1 6.6

Lol RIEME (AR231453 D fe KiEME & D il
P MIFI 2 v Y — AT A uM)E TR L, 30 531 DAL S DR fF &) BB,

ZORER, BEROE) 3{LAHDO ) V=3 (LI A FNIEEEAN LR, W
NOEA S IR EIX20 S O OMERIEEZHERF L, IREMEN R EL TV 5
IZH 020 5T hERG HETEENMREZ RTZ LR 0hole, L., NEEME
DOHRPFHE E L TEZLNLDRBLEEDOEANHER SN, UV T—DE
BILER N R & 72 iE M9 28 72 < . hERG BLEEH OWEICE L L THB Y,
HEMZWETE HMEEMZITI 2 & L& L,
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4—2) RBLEMEDOLEER

RLEMEZUET HDIIT REL T T2O0HFERPAON TN D,
—ODIIIREEAFEH T AL THY . O —2HMH I 2R SN
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EZFRTRHEEZONTEY ., BEEEZRET2 2 L2 ko REtL etk
ERETLIENTE S, BSOS EE ISR H D, * B —HIK
I ETX, v b A P450 (CYP) 72 EIC X Vil Z 2Kk b7 & ORRLRIREHR
TAT T —BD XD RIKDREERIC L D= 2T LT 2 R EDOMKI R
ENB D, H ML &L, BULESOREED OKBEST X ) Kl &~d
BEOZETHY, IV ru BREG, MBRE VA T4 G ENA
HNTWD, U— NMEAMORBZLEM: 2 5-M L7z in vitro TORHZR EMERER
e FI 7Y —2ZHWRTHY FEIZCYP BHEETHIE ML TH D,
Z DF— MG TR E2 Z 0T WEL & U CTHEBE I SUGTE D @uEAL
DR SNDZERNMOENTEY, RUUML, BEEDEWELCNL AR
EODIRNEML R ER BT DI, TS OERy OE & 15T 5 E IR SO
WHEORE 2175 2 & T — MMEaMoR#LEnZETE &2 b5,
V—RNbEmo Y > — kO B RIZBITH2REEHAEZ THITHE, LWTRLE
21z, JEMISHTH 0 IBEMED & < SLRBEFE O DY v —4r, BEREXY
VUM BEREY U I VU SO TNVERERETOENDS, (K4-1)

H
o Eéi N
O

N~

X 4-1: U — NMEE) 26a O TARERL

4—3) U — NEZLEHD SAR

REFNL A Z D7DV B D BIEL LT, AFAHER T LA m i
KiFohs, Y0 ZhboBEBEITNES L EHICHT2RENDRVWEAL S

5o BT, 7 R EZTIC L, FOEHBEEITS L o TE T
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F R
F\/\o/ R F\/\/O\R \/\0(H

X1 4-2 : fRIEMEZ TUF 9 27 v HREHNLE
(Chembiochem. 2004, 5(5), 637-643 X ¥ #ixi#y)

Do Y INABREEEANT DL RCIRIEEEITE AT LB O,
W EMICER BN D R L B SRR, S FNICBER L 7 v HER
TNFAEL, O-F HEBEN 31 AL TOREa L 7 4 A— 3 UV EFFOEAICE
PENMEIT 2 2 E N HE SN TS, T(K4-2)26a DV > 1—~D 7 LAtk
DEANTIE, TOREICHIMBER T2 ERFEHICELR LU ETHY
FEBRIZ cLogP HIKF L THY . L EMZUETE DA gMERE .,

Flo, A MFTVREITEOR = RXT OB TKEN,ELR LI DL ENRTE,
DTOREERZEKTESEHLZ LN TED, £ZTC, VU I—BROZNLD
MESNAF VI A FFUESLT VA EOEAEZITUV, GPRII9 7 2= MNE
PR L EE~DOBE L2 L L Lz,

o a BnO B b HO
NH N
“Chz
59

4

60a: R = trans-Me 61a: R = trans-Me
60b: R = cis-Me 61b: R = cis-Me
(o] OH OMe HCl
EtO,C
N. N.
Boc Boc NH
62 63 64
0 i F HCI
EtO,C e EtO,C f
N. N.
Boc Boc NH
62 65 66
EtO,C HCl
o~ g 2 f HO
N F N F NH
Boc \Boc

67 68 69

Reagents and conditions:

(a) (i) CbzCl, K,CO3, DCM, H,0 (91%) (ii) BnO(CH,)3PPh3Br, t-BuOK, THF (37%) (b) Hy, Pd(OH),,
EtOH and then conc. HCI (99%) (c) (i) LiBH4, THF (63%) (ii) TBSCI, imidazole, DMF (48%) (d) (i)
Me3OBF4, Proton sponge, DCM (91%) (ii) TBAF, THF (85%) (iii) HCI, 1,4-dicoxane, DCM (99%) (e) (i)
NaBH,, EtOH (99%) (ii) Deoxo-Fluor, DCM (25%) (f) (i) LAH, THF (93-99%) (ii) HCI, 1,4-dicoxane (96-
99%) (g) (i) EtO,CCHFPO(OEL),, BuLi, THF (82%) (ii) H,, Pd/C, EtOH (99%)

Scheme 4-2 : 73 / 7 /La—/L 61, 64, 66 L TX 69 DK
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Y 2.6 1Y A F VIR Scheme 3-6 D FIEIZHEWNEREL L=, U —3
PR A R VEE ORI VA K CEBINTZT I/ 7/ a—viX, N-Boc-4-(2-
T RFUHNVR=ZATEFNESRT D 62 nbA LIz, A bRk FEL
FRUFRIVTFUAILY ATV 7 MOl FEEL LAV ELTZDD,
1T a—nD tert-7F NI AF NI NMALEITH)ZET63 &Lz, ZD2
T /v — L% Meervein a3 & Proton sponge®iZ L W A F AL EITV, BilRiE
THZEIZKDT I )T Na—)v 64 EfFle, ZA K 661%62 D ki DiE

JEliZ & Dﬁ%%ﬂf:'fﬂ/ﬁ—/l/% Deoxo-Flour®Z T 7 /v A FEICTAH L=, —
AT NOEITCICHES . BREIZ LV A LTz, 72, Vo —2{fun 74 uk
TE#ENTT I 7/v:z—/v 69 | %, N-Boc-4-75/L 2 LB~ 20 66 1> B AT
L7z, BB, 77 & R & Hormer-Wadsworth-Emmons i3 Z/EH S5 Z &
L0V U —DEEITV, PA/C TOKFRME, LAHIZETIC LD Tra—u
EL, BRETDHZLITLY BHAD 69 ~E T,

Honi=7 I 7 a—) b Scheme 2-3 D HiEAZ FEICKFEBBREZEAL,
TNAT e RICBb LTtk 6-7 X /A X 7 o EORITHMT I /fbick v, BHW
WaERk LT,

B B &AM L7T-ALEW D in vitro GPR119 7 = =2 MEVEDO R H % Table
42T Lz, ZOREHR, BV I VU SOESELEE N 7t a A FLVERICE
faL7- 58e ClIiEMEOm BT R 5N otz, UL, 744 k5E8d) LT b

Table 4-2 : B Bg O & #4550 5

Q@%Q QQMQ

58a: R = Et 70a: R = trans-Me
58d: R=F 70b: R = cis-Me

hECsy hEmax® mECsy, mEmax" hERG inhibition Metabolic

(nM) (%) (nM) (%) (%)@10 uM Stability*®
26a 51 113 167 110 14 4.7
58a 110 111 298 105 6 7.4
58d 107 104 215 100 NT® 6.0
58¢ 192 105 472 98 NT® 4.0
70a 398 88 237 59 NT® 4.9
70b 1273 92 2727 40 NT® NT®

Lok AIEME (AR231453 DR KIENE & D Hrilg, ° ﬂezﬂl
‘b MF e Y —AIUEEWG uMETRINL., 30 0% O AV ORGFEN SR,
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UZnFu XFLE(E8e) DT NDLEG & = F/VEEITH LT, RETLEREDL
ERRONTEY, 58a T FLVENH;EZIT TNV EBZTNWD, 7A
o JE(58d) KT CTld T L (58a) & [RIZEDEE2 R L TR Y . Bif/: BEREHR
ETHDHLENZ D, BTV 26 MY AT VK T0a, b Tl (2 EMOSE

Table 4-3 : U — D EHILN

N
58a Wl/\j\/ 58b )
N~ O-N

Comp- hECsy hEmax” mECsy mEmax® hERG inhibition Metabolic

ound (nM) (%) (nM) (%) (%)@10 uM Stability*
26a 51 113 167 110 14 4.7
58a 110 111 298 105 6 7.4
58b 105 95 203 104 7 7.5
71a 138 118 235 107 NT® 9.4
71d 197 108 432 99 NT® 4.1
72a 58 118 71 111 NT® 10.6
72d 48 101 114 97 19 4.4
73a 48 114 70 110 NT® 6.6
73b 33 100 47 116 16 4.6
73d 68 107 83 98 NT® 1.0

Topty K (AR231453 D KT & O Hlg, © AE
‘B RMFIZa Y —AUEEWG uMERIIL, 30 5% OIL A OFF R B EH,
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ME BTN, BT A K T0a, > 21K 70b O TIHEMEOTI A FE O b i,
FRIZ AR 70b CTOFEMBTIN B> TEY ., AR TIEAF VIR ENT F
VXM DHZ EIFEZIILL, BELL I NI TAFMERNTND L&
265D, FBEETEBEN T N T AHRICZHL EB 6N 558121F,
FRRICIEMEOIR T AR S TE Y, XY DU FoB#HLIIZ O & N g
PEDIRGHIZHET D Z LN TR ST,

FNT, Vo —DREEH TS, U —IOKEEERILE LTA Ry
VIEEBANLTALEY T1a, b, (R 2 Z I K D FEIROIREES FIF5 2 &
MTEDL 7N I &L L72{bEY) 724, d XN 73a, b, d D in vitro GPR119
7 A= MEMOFHFE R A Table 4-3 2R L7,

ZORR, BRNZTF ALY I THD Tla KO 72a ZERV\NT, A F /LUK
58a <> 58b 1Zxf L TV EMEDBGEDGRD Hivlz, A F /LK 58a °A FF UK
Tla TIHEEORF N R O, 7 A4 a8 A L ba W Tl et
DOUEMN R WTUOHEEBE N~ T 2D 5 TEV GPRI19 7 2=
A MEVEERT Z ENGoTz, FRT, 73d 1T, U — MMLAEW & R%E L~V ik
PERLENG, EFICEWVREHEZEEEZ R L, Zhidiivrteikzod
ORRFEZFIZS W L, ZOMAEYRETITI 7 VA L TOERIZED
cLogP WK TFLTWAZ BB LWL EEXLNT, £/, 7 vFEIX, KE
WZIRWTIRA R/ NS W, [EERBUCME a7 4 A—3 a3 SIZRE
I BE R 2l oTe B2 BND, £2, 73b ik REW~ T ATY — Nbd
MED@BWENEEZ R L, A& CEEOIEEREE L TR bEWVIEEEZ R L
7~

4—4) {EHEEEYD in vivo FEAM

Vo=l nAulkz 8 ALTALeawTide PR~ A0 G T —F
fEEWITE_ETEEZ R L, BRI ZEE bHERm ELTne, 22T &
2R LT ALE Y T2, T3, b, R TN d (DWW C HURERIF IR 2 MRES 5 72
oGTT AT o7, MR FDO~ U A5 L, SMbEW % 10 mgkg OHETHEG- L,
ZD 30 RT3 — AART LT, OBMERERYI i R E ORIE 217 -
7o EOFER% Table 4-4 12”7,

ZORER, AR LZEENSIEFIZH E LT\ 73d 1I3A B RN IRE S vz
B, THRICK L 4{bEWH R IRV AUC 277 LT, 73d ZBR< TR TOELAIC
20%LL E M BRI RGEO Hiv, S HI273b TR BRVERRH Y | AE
R BE BRI R AR ST, $EN T, 20 73b @ oGTT 1281 5 HEK
SIS AT o 72, (X 4-3)
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Table 4-4 : EIEMHALAY DO~ T A oGTT #Hi5H

Comp- hECsy hEmax® mECsy mEmax

120min

ound (nM) (%) (nM) “(%) AAUC(%)

72a 58 118 71
73a 48 114 70 110 73
73b 33 100 47 116 70%*

73d 68 107 &3 98 91
Yood RTEME (AR231453 O RIEME & O il

Z DGR, 1~10 mg/kg O THEKFRI 2 MbE ERIHEE 2 M S, 73b
INEHBIBIBE LI 2R E2E L TWAZ R LNE R 5T, RIT 73b 2
REMHEER 2B T 20 E ) MBS ICHERT LD, TR T2 7 =ik
XD BHEHIHER ZRGE L 72, (K 4-4) HRBRIFERE T~ T XX L 10
mg/kg D 73b Z %5 L. £ 30 /0142 100 mgkg DT b7 2 ) 7 = v AR
L. 2050 FEComb 7 N7 7V BEZRETAZ L0 G L7,

350
g 300 -
g 250 —c==Control
® 200
4 73b 1mglkg
E 150
g 100 —a—T3b 3 mglkg
_3 50 —e—73b 10 mg/kg
m
N 0

-30 0 30 60 90 120

Time (min)
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ZlBlood Glucose AUC(0-120min)

e
(3]
1

Plasma Acetaminophen (mM)

Acetaminophen AUC(0-20min)

e
F -9
T

o
W
T

o
nN
T

e
-
T

0.0

16000
14000
12000
10000
8000
6000
4000
2000

4-3 :

I 88% 76% 70%
B T & %
Control 73b 73b 73b

1mgl/kg 3mg/kg 10 mg/kg

73b O~ 7 A oGTT & e ak Bk

=== Control

—e—73b
10 mg/kg

1 Il |

-10 0 10 20 30

Time (min)

86%

Control 73b 10 mg/kg

4-4 : 73b O H HEH N H| R
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FOFRER N0 KO2050MF T N T ) 72 VBEEIVTRLb Y b
— LRI LAERKMEEZ R L, AUC bAREIIKTSETRY ., HHEHImEE
HEHELTWAZ L NHERTXT-,

4.0 -

(g/night)

3.0 -

20 G

Food intake

5 mg/kg ‘ 30 mg/kg

0.0

Control ‘ Sibtramine 73b

<] 4-5 : 73b OFELEEHIE ¢
CERYNDOLERD T T KT BT H O 1 HAEEEE, 41823 vihicle
F ke oRE%O 1 BEfiEAZ L TW5S,

S BT, 73b OEREHMIMENEHR 2 TR 5720, ik 5% 1 OB ED
HEZIT > 72, (4 4-5) 73b 58 TIXEY AR 5-RFIC L ~BETE O 3580
b, 2 br— AR LT, AEREBHEEORTZ R L, ZORERIT
PR3 L CKET RSN TWAERr h=2 -« AT KL+ U U FHEBOARR
ERTHHYT FT I (14 4-6) P LRSLLEOERIHEEH THY . B
P EER DGR & Ao, 73b Ol G- MR BRI HIEA 2 R RTREE 2 R
BEEZTWD, U—KNMbLAW 26a 1X. MBX-2982 & [FI% D GLP-1 Zy st
ERZA LR Db BHEHIEWER 2R L T2 LD 73b 13 26a 12
W EROEEZBND, KRIZT v M EHAWTEHUEREEH ORGEE 1T -
72, BEEIORM %2 VE LT HHEAMRBRIZIEWN T, < 7 X TIEE MK D A ff
DRELSBRDED, 7y NI TALDHERENVWZ ENLZDAMB /NI 72D
BHMELM ETS, o, MOEWCXVEDINEHT A0 H%<. & FhTO
R TR 2 72 DI b IO FE T O IR FEAM
FEECHY ., Ty bEAOEIELTo 7, °' N
7 v FTORAMRAREZITIRIIC, 7 v b
GPR119 ZEEMEZ V= cAMP 7 v & A %47 ]

VN, ECso 7% 125 nM. Emax 7% 102% G % = & 7% 46: Y7 hTI
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G3Io Tz, WRIZT73b D PKiBR 21TV, ~ U RA[ERET v P CTHLEDZRTNE D
TR T-, & OftH % Table 4-5 127 L7=,

Table 4-5 : 73b ® PK 7' 7 7 A )L

Dose

. . iv t12 CL, Vass oral (@) 111:). Tmax BA
Species iv/oral
(h) (L/h/kg) (L/kg) tp(h) (ng/mL) (h) (%)
(mg/kg)
Rat 0.5/3.0 2.24 0.89 2.31 3.67 315 2.11 58
Mouse 1.0/5.0 1.16 1.71 1.87 1.07 1090 0.17 68

73b I~ T A, 7w MZBWT, WIFNLEEWBAZRLTEY ., Kz v b
TITHY O IGEE 2737 VT T 0 AMEL | 4 BEERE O 2 R4 2 &

130
< 110
3 90
% 70 =—C==Control
@ 50 73b
S 30 3mglkg
o 10 —o—73b
o | 10 mg/kg
8 10 ¢ ——73b
o .30 - S— I 30 mg/kg
q _50 1 1 1 1 J

30 0 30 60 90 120
Time (min)
JBOOO [ 106% 90% 80%
£ i |
E 8000 | T
g T
S
O 6000 |
e
=
2 4000 |
(5]
=
o
o 2000 |
[=]
[=]
% 0 1 1
Control 73b 73b 73b

3mgkg 10mg/kg 30 mglkg

4-7 :73b ® 7 > b oGTT &Ko ERER
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Boayinole, ~UALETy NTREED BA Z/RL, vV AL T v N T3ERE
DREENDDH Z LD, w7 & oGTT IZH~NHENEND Z ENTFHESN-T-
B, 3~30mgkg DHAETHT v b oGTT Z17-72, (X 4-7) ZOFER, 7 v k
T HEKRF 2 b ERIHERSHEE T, 30 mgkg THERIENEZ R L
oo 2T, WIZ, ZOFEPHAEICBONCEEREIMETOMEE TRITEZ S
scGTT #17-7z, (IX 4-8)

14000 [

12000

T 73%
10000 |

8000
6000

4000

Z1Blood Glucose AUC(0-120min)

2000 +

0

Control 73b 30 mg/kg

4-8 : 73b ® 7 v b scGTT

ZDOFEF, 73b 1% oGTT THE 3% /R L72[F U 30 mgkg CTHE /2 MHE E
HIEER 2R L, v~V RALET TR 7y MZBWTHLARRENZRT Z &
N CTE7, B N GPRI19 7 A=A MEMIZ T AKNT v MIHEEL, B T
FEVEROWARTORGENAEICRL EEZBND,

4—5) MOMERIFGIAHER & O iR

B WHUHE RIS TER S REMHIERICEN D B2 065 BHEHMEIER & &
AEAMH/E %ﬁﬁo}ﬁo 73b & HLHT 2 E23 TE 72, GPRI19 7 =& MITHLE
TP GLP-1 WA X B HUBERIBER OIE S, WE B MRS E A ER L, B
KIFH 72 A A Y v \/Mﬁ{ ETh D, 6@73& G

F
PR119 7 =R R CThIX, FHaFL LTI TiZk }F
TSN TW5 DPP4 FHER L 0 & B\ ORI i LN
WEAZRT L EL D, BVHESRLE T3b Fm

Z AT, DPP4 BHEH] & O3 b iAlR 217 5 F
ZE b L, BUHRIBGIER O ZIT O 720, [ 4-9: %27 FFo
Merck tEDERZE L= &% 7Y FF o (X 4-9) °
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120 r

ZBlood Glucose (mg/dL)

ZIBlood Glucose AUC(0-120min)

Blood Glucose (mg/dL)

&

-
o
o

=== Control

—eo— Sitagliptin
10 mg/kg
—e—73b
30 mg/kg

12000 -

10000 +

8000 -

6000 -

4000

2000 -

(=]

30 60 90 120

Time (min)

72% 73%

Control Sitagliptin 73b
10 mg/kg 30 mg/kg

4-10 : DPP4 [HEH| & @ iR O; oGTT

150

100 -

(44
o
T

o

=—C==Control

—e—Sitagliptin
10 mg/kg

—a—73b
30 mg/kg

1 1 1 1 J

&
)

0 30 60 90 120

Time (min)
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12000 r

£
E 10000 | 92% 73%
8 T
§- 8000 |
<
o 6000
w
[=]
g 4000
]
?
o 2000 -
m
N 0
Control Sitagliptin 73b
10 mg/kg 30 mg/kg

[X] 4-11 : DPP4 [HEH| & O iR ©); seGTT

73b Z VN, T v FTOD oGTT WX seGTT 247 - 72, (X 4-10 ¥ 11) oGTT T
. 27V TFF 73b L BIHEPOMBEHER 2R L, £ 28%., 27%D

B2 IME EFIHIEAERD Hiv, R 72 PrR % fAE s EH 23 Hess S vz,
F 72, scGTT TiE 73b 1% 27% & AR MME LRGSR 2R LzolcktL, v %
7 FF o ORI 8% & ARAE T d - 1=, Z2 G & fE 2 B U 7= seGTT 13 /%
TEEIZEDZ I Va—RAEAWTH DO, Zba—AfRIZ LD GLP-1 53k
L7a< 72 %, DPP4 BHEARNI W &7z GLP-1 O fRZHETHA D= AL TH
%, DPP4 [HEHIT 5424772 oGTT 1281 5 GLP-1 25 o =38 % 2 e
BRETHY ., 4 FEZICITREREICED Z L B> TS, P IROBERE T
I GLP-1 D EFIT72 < AR BUTH T GLP-1 EEICE L T\ e L&
X v, ZENERE A MBEIRRE CIIHRE R EI RV e B 2 5D, —F . GPR119
7 A=A MI/MEG L MIICER LT, GLP-1 OQWERET 5720, KRR
GLP-1 IREZHEFFT 220 TE 5, I HIT, BB ML TIX GLP-1 DR E &
HIZ, B A VA Y U UMEEER R 5729, seGTT (235 T DPP4 %
FEVb@EmWEBERLIZEEZ OGNS, UL EDZ LD 73b 13 2 DOBEE ST
RERICB W TR RE R LoD, % i K& OVZE IE IR & o2 & 205
DD Z &R S, DPP4 [HEA| & REL EOHHERBIER 2R3 2 LN T
=7,

WIZ GPR119 7 2 =2 ks DIRILEE U A 71225 CREM L 7=, B RIS TR DRI
ERHO—2¢ LTRIMBER H D, A AV oA 2 Y U3 IMEERITH D A
NT F =7 LTHISU AN Y = FAITTIER. EDOEROIEE FITKiHE 2R &
D, MFIIFEBNPLEL I TS, 2D 2 Flo X 5 IR DA 5 % f
B 2720, KIMEEY 27 5HMliZ21 T -7z, RBRISHRE TOZ v Maxf L, SU A
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80 r

- === Control
T Omg/kg
o
E ~eo—Glimepiride
] 0.5 mg/kg
3
g g Nateglinide
® 30 mg/kg
'§ —e—73b
o 100 mg/kg
m 10 F

0 1 | 1 |

0 60 120 180 240

Time (min)

: 9
1 Nﬂjg\hg Oxﬁ((j
.

Y AEY R FTF 7V =K
[X] 4-12 : 73b OAKIMLEE Y A 7 G

ELTZIV ALY R Y% ZU=FHELTCFHFTZU =R " ZH, 73b 13FH
A ELL D 100 mg/kg % 85 LFEM L7z, (X1 4-12)

AV AY UBUMEERITH A 7 U A Y RRoFF 71 = RIXZe g o ol
BB 7 v a3 — A REDOK TR Z YV, 50 mg/dL % T F o Y Kk
DIMERR S ATz, 73b TlI BG4 4 WRefE] & CIBEE 2 2 kid 22 > 7=, GPR119 7
A=A MNIF—ETRLEEY, FHEH L GLP-1 (2 X D PR EKRF A v
A Y U WMEEERIIC L 0, b A2 22 b a— LT B 72 ORI E & 2o
BB, ARMBED U X7 DI NZ I FEIRIFIREIE TH 5 2 L 3R
ST,

4—6) hERG F v R /VIHLE 22 M OV Ofh 22 R

U — NMEA 26a (21X hERG F v X /VIHEER R H 0 . ZRBOMER KD
BTz, 26a DEciEALIZ & D DPP4 FHEAI & R4 LL EOHUHERIESITER 2 A3 % 73b
ZRMTZ LN TE 72D, hERG FEFEH E ORI AHRT o2 L & L,
Ry F U5 TR A B NERBRE % —12 |[CZFE L hERG F v %LV
TERZER LIZE Z A, ICsoED 27.4 uM (8.6%@1 pM) T > 7=, 73b N7 > k
oGTT THEhZ R LD 7 U —{KD Cmax 7% 92.4 nM (Cmax: 6.6 uM, ¥ > /37
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fEE% 98.6%) TH Y., 300 [FilLVVERILN B 5D Z L DR ST, QT IEEE
HRNEN D LI 30 (gD LM Sh TRy, P +ohefemintnT
WA EEZEZ LIV, QT EEAERIC LB 0EHIRITHIC S W EHIBTTX 5,

VT, 73b 23 GPRI19 IR T T =R N THDH Z L &7 728, oo GPCR
L ORI 2 RS L 72, Multispan (LA T 07 7 A4 U v 7 —v 2 M itk
WTCTA VAT WStIEICE S GPCR & LT I8FE (75 /v Al, A3 L
7B —, T RLF U U RIKaA2,0B2,p2. BT A KCBl Z&FE, =L
A RF =22, GPR40, 41,43,120, 7 LU U RFIK, GIP L7 ¥ —_ GLP-1
L7 H— AT F=UZRAEMTL, 2AH Y UZREMI, —a—aXFF R
Y1, P2Y1 Z&R) ZIBRL, TA=A K~ T X I=A MNEMEEZRE L], £
DFER. 10 uM T 50%LL EOTEEZRT HO1X 72 <. 73b OHUBERFEIER X
GPRI119 IR LD ThHhH I ERER N, £ 7. Ricerca f D
LeadProfilingScreen®(Z T X% /LT v A P 24T\, 1 =232 RFK 2B(97% at
10 M) Z B < 68 FEDZ IR T ¥ RIVDNA T 4 7T v EAIZENTI0
UM T 50%LL FOFEEHETH Y . +o72 @ WENH 5 LR Sz,

I, Z OO FEMERHE B 2 DWW T H Rl 21T\, 73b DL RMEEMRGE LTz,
SEMHIZEE 532 CYP o RO ECHEIL, WM BEAEHIZBE D 5 Btk
HTHD, mbBMRHNCEEL CYP3A4 B FZRIOEEDEZ N CYP2C9 X°
CYP2D6 OFLEMEMITIH< . W h ICsEDS 10 pM UL ETH >7-, CYP3A4
DEZFEOMIC, FEDAD=XLNTAMCIZORNDEEEZ LR TND
CYPIA2 OFE:FFHEEH S 50 uM £ THERR SN T, WM AEERICEER WS
LRSI,

IbEMDBIRHEEZRE T 27DICEZ OFERERINTEY, Bin T2
SRS YefoRBLH . DNA GEM R E2H BRI 08TE 5, ZOHFD—>
& LTI 2 W BB 722 A R (Ames RBR) bV, ToOffifix, 72
HONNCEE L EFEEDOE SN, ERLFWE e & O BRICEH &
NHENNADTA RTANTHETY Ahvb v TWnWb, =ZEfbg AT 4= At
10 5 HikkZ V- Ames 3R T 73b 13 atE AR L, BInEE OB RIE B IR &
Bz, £, AatEtERRe2 THlT 5 2 &3 T& % CHO KI fifad v
ToMila s ERER T KT ME(CCs: 31 uM) TH B Z L DR ST,
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4—7) JINE

L W‘% 26a O U — NEGEILIZIV T, hERG MMM AMER T & 5 ik &
NS REEER AN TH L LEX, B TO SAR iR ZHKITH
nLTié’TTO 77,

2. HE=BETIEMN FICHE LY v —3 fi~D A F VI L A BTGNS
MEFF S 7285, hERG [HEFERHZRBSE S 2 L3 0ho7-, LaL., #
772 E LT, Bt m Bk 5 &2 bR EMEOHENED
HivT,

3. fLEW 26a DRHEZ T D LBEZDNDLELE AT VI A b #V%%D?/I/
zl‘tﬂﬁ%f“%?ﬁ‘w“é Z & &0, R EEOR 2K V=l T
iz BN LG EIE, R EEOUEE LG ) L2 RS éhto

4. 73b IR LETEEEZR L, 6-7 2 /A v F ) U EA T DLEMIE TR Y
mWEEZ R LT,
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4—8) EHROH
4—8—1) Chemistry
Preparation of 3—(1-(5—ethylpyrimidin—2-yl)piperidin—4-yl)butan—1-ol 57a

To a solution of 49f (500 mg, 3.18 mmol) and DIPEA (2.77 mL, 15.9 mmol) in
2-propanol (15 mL) was added 2-chloro-5-ethylpyrimidine (906 mg, 6.36 mmol), and
the resulting mixture was refluxed for 1 day. The mixture was diluted with EtOAc and
satd. NaHCOs, and the layers were separated and the aqueous layer was extracted with
EtOAc. The combined organic layers were washed with brine, dried over anhydrous
Na,SOs and concentrated. The residue was purified by silica gel column
chromatography (EtOAc : hexane = 2 : 1) to give 57a (830 mg, yield 99%) as a
colorless oil.

'H NMR (CDCl3) &: 8.16 (s, 2H), 4.73-4.78 (m, 2H), 3.62-3.77 (m, 2H), 2.74-2.82 (m,
2H), 2.45 (q, J =16 Hz, 8 Hz, 2H), 1.24-1.53 (m, 8H), 1.18 (t, J = 8.0 Hz, 3H), 0.88 (d,
J = 8.0 Hz, 3H). ESI-MS (m/e): 264 [M+H]".

Preparation of 3—(1-(3—isopropyl—1,2,4-oxadiazol-5-yl)piperidin—4—yl)butan—1-ol 57b

To a solution of 49f (500 mg, 3.18 mmol) in DCM (10 mL) were added successively a
suspension of NaHCOj3 (801 mg, 9.54 mmol) in water (3.0 mL) and a solution of
cyanogen bromide (505 mg, 4.77 mmol) in DCM (3.0 mL) 0 °C, and the resulting
mixture was stirred at the same temperature for 30 min and then to room temperature
overnight. The mixture was poured into satd. NaHCO; and extracted with CHCls. The
organic layer was dried over anhydrous Na,SO,4 and concentrated under reduced
pressure to give crude product of a nitrile derivative (600 mg) as a colorless oil, which
was used in the next step without further purification.

'H NMR (CDCls) 8: 7.27 (s, 2H), 3.61-3.76 (m, 2H), 3.43-3.47 (m, 2H), 2.94-3.02 (m,
2H), 1.26-1.70 (m, 8H), 0.89 (d, J = 8.0 Hz, 3H). ESI-MS (m/e): 183 [M+H]".

Zinc chloride (1.0 M in Et20, 3.95 mL, 3.95 mmol) was added over 5 min to a stirred
solution of the  nitrile derivative obtained above (600 mg) and
N-hydroxyisobutyramidine (404 mg, 3.95 mmol) in EtOAc (8.0 mL)/THF (7.0 mL).
After a 1 day of stirring, the precipitate was filtered and washed with Et,O (2.0 mL).
This precipitate was dissolved in a mixture of EtOH (15 mL) and conc. HCI (2.0 mL),

and the solution was stirred at 70 °C for 17 h. The solvent was evaporated and the
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residue was dissolved with satd. NaHCO; and EtOAc. After phase separation, the
aqueous layer was extracted with EtOAc, the combined organic layers were washed
with brine, dried over anhydrous Na,SO, and concentrated. The residue was purified by
silica gel column chromatography (EtOAc) to give 57b (550 mg, yield 65%) as a
colorless oil.

'"H NMR (CDCLy) &: 4.16-4.19 (m, 2H), 3.63-3.77 (m, 2H), 2.95-3.03 (m, 2H),
2.85-2.92 (m, 14H), 1.31-1.73 (m, 8H), 1.29 (d, J = 4.0 Hz, 6H), 0.89 (d, J = 8.0 Hz,
3H). ESI-MS(m/e): 268 [M+H]".

Preparation of 3—(2,6—dimethylpiperidin—4-yl)propanol 61a and 61b

Benzyl 4-(3—(benzyloxy)propylidene)-2,6—dimethylpiperidine—1-carboxylate 60a and b
To a suspension of 2,6-dimethylpiperidin-4-one 59 (cis trans mixture, 5.1 g, 31.2 mmol)
and K,COs3 (12.9 g, 93.6 mmol) in DCM (51 mL) and water (51 mL) was added
benzylchloroformate (6.95 mL, 46.8 mmol) and the mixture was stirred at room
temperature for 1 day. After phase separation, the aqueous layer was extracted with
DCM, the combined organic layers were washed with brine, dried over anhydrous
Na,SO4, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc : hexane = 1 : 4) to give a Cbz-piperidone derivative (7.4 g,
yield 91%) as a pale yellow oil.: '"H NMR (CDCls) &: 7.42-7.30 (m, 5H), 5.25-5.10 (m,
2H), 4.91-4.80 (m, 0.7H, trans) 4.53-4.39 (m, 1.3 H, cis trans mixture) 2.86 (dd, J =
17.0, 5.6 Hz, 0.7H), 2.73 (dd, J = 16.2, 6.0 Hz, 0.3H), 2.39 (dd, /= 17.0, 2.2 Hz, 0.7H),
2.30 (dd, J=16.2, 1.8 Hz, 0.3H), 1.38-1.26 (m, 6H). ESI-MS (m/e): 262 [M+H]".

To a suspension of (3-benzyloxypropyl)triphenylphosphonium bromide (27.8 g, 56.6
mmol) in THF (140 mL) was added NaH (2.26 g in oil, 56.6 mmol) at 0 °C, and the
mixture was stirred at room temperature for 10 min. To the mixture was added dropwise
a solution of Cbz-piperidone derivative obtained above (7.4 g, 28.3 mmol) in THF (20
mL) and the resulting mixture was refluxed for 12 h. The mixture was quenched with
satd. NH4Cl at 0 °C and poured into water (20 mL) and then extracted with EtOAc. The
organic layer was dried over anhydrous Na,SO4 and concentrated. The residue was
purified by silica gel column chromatography (EtOAc : hexane = 1 : 4) to give 60a
(trans isomer, (E) and (R) mixture, 4.1 g, yield 37%) as a colorless oil and 60b (cis
isomer, (E) and (R) mixture, 3.3 g, yield 30%) as a colorless oil. 60a "H NMR (CDCls)
o: 7.49-7.30 (m, 10H), 5.51-5.43 (m, 1H), 5.25-5.17 (m, 2H), 5.25-5.10 (m, 2H),
4.55-4.48 (m, 3H), 4.25-4.15 (m, 1H), 3.54-3.48 (m, 2H), 2.83 (d, J = 14.2 Hz, 0.4H),
2.54 (d, J = 13.2 Hz, 0.4H), 2.48-2.28 (m, 3.5H), 2.22-2.17 (m, 1H), 1.95 (d, J = 12.0
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Hz, 0.7H), 1.39-1.20 (m, 6H). ESI-MS (m/e): 394 [M+H]". 60b '"H NMR (CDCl;) :
7.48-7.25 (m, 10H), 5.36 (s, 1H), 5.20-5.09 (m, 2H), 4.52-4.48 (m, 2H), 4.26-4.11 (m,
2H), 3.56-3.47 (m, 2H), 2.83 (d, J = 13.2 Hz, 0.6H), 2.54 (d, J = 13.2 Hz, 0.6H),
2.44-2.28 (m, 4H), 2.12(d,J=12.0 Hz, 0.8H), 1.19-1.07 (m, 6H). ESI-MS (m/e): 394
[M+H]".

Preparation of 3-(2,6—dimethylpiperidin—4-yl)propan—1-ol 61a and 61b
Title compound was synthesized from 60a and 60b respectively according to step 2 in

the general procedure of 49a-d in chapter 3.

trans—3—(2,6—dimethylpiperidin—4-yl)propan—1-ol 61a

'H NMR (CDCl;) &: 9.46 (s, 1H), 9.38 (s, 1H), 3.79 (s, 1H), 3.64 (t, J = 6.6 Hz, 1H),
3.33 (s, 1H), 3.12 (s, 1H), 1.82-1.72 (m, 2H), 1.62-1.45 (m, 8H), 1.41-1.35 (m ,1H),
1.14 (d, J = 7.0 Hz, 3H). ESI-MS (m/e): 172 [M+H]".

3—((r-2, c—4, c—6)-2,6—dimethylpiperidin—4-yl)propan—1-ol 61b
'H NMR (CDCl;) 5: 9.69 (s, 1H), 9.48 (s, 1H), 9.08 (s, 1H), 3.64 (t, J = 6.6 Hz, 1H),
3.10 (s, 2H), 1.84 (d,J = 12.8 Hz, 2H), 164-1.39 (m, 12H). ESI-MS (m/e): 172 [M+H]".

Preparation of 3—-methoxy—3—(piperidin—4-yl)propanol hydrochloride 64

tert-butyl 4—(3—((tert-butyldimethylsilyl)oxy)—1-hydroxypropyl)piperidine—1-carboxy—
late 63

To a suspension of LiBH, (343 mg, 15.8 mmol) in THF (12 mL) was added a solution
of 1-Boc-4-(2-ethoxycarbonyl-acetyl)piperidine 62 (1.18 g, 3.94 mmol) in THF at 0 °C,
the reaction mixture was allowed to warm to room temperature and stirred overnight.
The mixture was diluted with water, carefully quenched with 1 N HCI and extracted
with EtOAc. The organic layer was dried over anhydrous Na,SO,4 and concentrated. The
residue was purified by silica gel column chromatography (MeOH : CHCl; =1 : 30) to
give a diol (638 mg, yield 63%) as a colorless oil.: "H NMR (CDCls) &: 4.14 (s, 2H),
3.92 (s, 1H), 3.88-2.81 (m, 1H), 3.66 (s, 1H), 2.65 (d, J = 14.6 Hz, 3H), 2.25 (s, 1H),
1.82-1.78 (m ,1H), 1.75-1.66 (m, 1H), 1.72-1.68 (m, 1H), 1.53-1.44 (m, 11H), 1.28-1.21
(m, 2H): ESI-MS (m/e): 260[M+H]".

To a solution of the diol obtained above (3.4 g, 13.1 mmol) and imidazole (1.78 g, 26.2
mmol) was added fert-butyldimethylsilyl chloride (2.37 g, 15.7 mmol) at room

temperature. After stirring for 1.5 h, the mixture was diluted with water and extracted
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with EtOAc. The organic layer was dried over anhydrous Na,SO,4 and concentrated. The
residue was purified by silica gel column chromatography (EtOAc : hexane = 1 : 3) to
give 63 (2.33 g, yield 48%) as a colorless oil.: '"H NMR (CDCls) &: 4.12 (s, 2H), 3.94
(td, J=10.1, 4.4 Hz, 1H), 3.87-3.78 (m 1H), 3.65-3.52 (m, 2H), 2.66 (t, J = 12.2 Hz,
2H), 1.85 (t, J = 13.9 Hz, 1H), 1.64 (td, J = 12.7, 7.2 Hz, 2H), 1.52-1.44 (s, 11H),
1.28-1.19 (m, 2H), 0.91 (s, 9H), 0.10 (s, 6H) : ESI-MS (m/e): 374 [M+H]".

3-methoxy—-3—(piperidin—4-yl)propanol hydrochloride 64

To a solution of 63 (2.33 g, 6.24 mmol) in DCM (100 mL) was added proton sponge®
(8.02 g, 37.4 mmol) and trimethyloxonium tetrafluoroborate (2.77 g, 18.7 mmol) at
room temperature. After stirring for 1.5 h, the reaction mixture was quenched with satd.
NH4CI and the whole was extracted with DCM. The organic layer was dried over
anhydrous Na,SO4 and concentrated. The residue was purified by silica gel column
chromatography (EtOAc : hexane = 1 : 4) to give a methyl ether (2.21 g, yield 91%) as
a colorless oil. '"H NMR (CDCls) &: 4.12 (s, 2H), 3.70 (dd, J = 7.2, 5.4 Hz, 2H), 3.36 (s,
3H), 3.09 (m, 1H) 2.64 (t, /= 12.1 Hz, 2H), 1.76-1.55 (m , 5H), 1.45 (s, 9H), 1.32-1.18
(m, 2H), 0.91 (s, 9H), 0.05 (s, 6H) : ESI-MS (m/e): 388 [M+H]".

To a solution of the methyl ether obtained above (2.21 g, 5.70 mmol) in THF (58 mL)
was added 1 M tetrabutylammonium fluoride in THF solution (28.5 mL, 28.5 mmol) at
0 °C, the reaction mixture was allowed to warm to room temperature and stirred for 1 h.
The mixture was diluted with water and extracted with EtOAc. The organic layer was
dried over anhydrous Na,SO4 and concentrated. The residue was purified by silica gel
column chromatography (EtOAc) to give an alcohol (1.33 g, yield 85%) as a colorless
oil.: "H NMR (CDCl5) &: 4.16 (s, 2H), 3.83-3.74 (m, 2H), 3.40 (s, 3H), 3.21 (ddd, J =
9.0, 5.7, 3.5 Hz, 1H), 2.65 (d, J = 8.7 Hz, 2H), 1.80-1.57 (m , 5H), 1.46 (s, 9H),
1.33-1.14 (m, 2H): ESI-MS (m/e): 274 [M+H]".

A 4 M HCI 1,4-dioxane solution (10 mL) was added to a solution of the alcohol
obtained above (1.33 g, 4.87 mmol) in DCM (6.0 mL) at 0 °C, and the mixture was
stirred for 2 h at room temperature. The solvent was concentrated in vacuo to give 64
(840 mg, yield 99%) as a colorless solid, which was used in the next step without
further purification.: "H NMR (CDCls) 8: 8.92 (s, 2H), 4.46 (d, J = 4.8 Hz, 1H), 4.13 (d,
J=4.6 Hz, 1H), 3.52-3.43 (m ,2H), 3.26 (s, 3H), 3.17 (td, J= 7.2, 2.2 Hz, 2H), 2.79 (t, J
=12.2 Hz, 2H), 1.85-1.60 (m ,2H), 1.58-1.36 (m, 3H): ESI-MS (m/e): 174 [M+H]".
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Preparation of 3—fluoro—3—(piperidin—4-yl)propanol 66

tert-butyl 4-(3—ethoxy—1—fluoro—3—oxopropyl)piperidine—1-carboxylate 65

To a solution of 1-Boc-4-(2-Ethoxycarbonyl-acetyl)piperidine 62 (2.99 g, 10 mmol) in
EtOH (30 mL) was added portionwise NaBH,4 (416 mg, 11 mmol) at room temperature
and then the reaction mixture was stirred for 1 h. The mixture was poured into cold satd.
NaHCOs; and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SO4 and concentrated to give a secondary alcohol (3.0 g, yield 99%) as a colorless
oil, which was used in the next reaction without further purification.: "H NMR (CDCl;)
0:4.22-4.05 (m, 4H), 3.80 (s, 1H), 3.04 (d, J = 3.4 Hz, 1H), 2.66 (t, J = 11.8 Hz, 2H),
2.52 (dd, J = 16.0, 2.7 Hz, 1H), 2.41 (dd, J = 16.0, 9.5 Hz, 1H), 1.89-1.82 (m, 1H),
1.75-1.68 (m, 1H), 1.59-1.47 (m ,3H), 1.45 (s, 9H), 1.29 (t, J = 4.4 Hz, 3H). ESI-MS
(m/e): 302 [M+H]".

To a solution of the secondary alcohol obtained above (3.0 g, 10 mmol) in DCM (60
mL) was added dropwise Deoxo-Fluor® (3.69 mL, 20 mmol) at -78 °C and the mixture
was stirred at same temperature for 3 h. The reaction mixture was carefully poured into
satd. NaHCOs and the whole was extracted with DCM. The organic layer was dried
over anhydrous Na,SO, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc : hexane =1 : 4) to give 65 (760 mg, yield 25%) as a colorless
oil.: '"H NMR (CDCls) &: 4.76 (ddd, J = 48.0, 8.8, 3.6 Hz, 1H), 4.21-4.10 (m ,4H),
2.72-2.48 (m, 4H), 1.82-1.69 (m, 2H), 1.62-1.53 (m, 1H), 1.35-1.24 (m, 5H). ESI-MS
(m/e): 304 [M+H]".

3—fluoro—3—(piperidin—4-yl)propanol hydrochloride 66

To a suspension of LAH (143 mg, 3.75 mmol) in anhydrous THF (15 mL) was added
dropwise a solution of 65 (760 mg, 2.5 mmol) in THF (2 mL) at 0 °C, the mixture was
allowed to warm to room temperature and stirred for 3 h. After cooling to 0 °C, to the
reaction mixture was carefully added water (250 uL) and stirred for 30 min. Insoluble
materials were filtered off, the residue was washed with EtOAc and the filtrate was
concentrated to give an alcohol (650 mg, yield 99%) as a colorless oil, which was used
in the next reaction without further purification.: '"H NMR (CDCls) &: 4.48 (dddd, J =
48.6, 8.8, 6.2, 3.8 Hz, 1H), 4.41-4.35 (m, 2H), 3.70 (brs, 2H), 2.72-2.62 (m, 2H),
1.95-1.81 (m, 3H), 1.75-1.62 (m, 2H), 1.45 (s, 9H), 1.21-1.12 (m, 2H). ESI-MS (m/e):
262 [M+H]".

A 4 M HCI 1,4-dioxane solution (6.0 mL) was added to a solution of the alcohol
obtained above (650 mg, 2.5 mmol) in 1,4-dioxane (6.0 mL) at 0 °C, and the mixture
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was stirred for 2 h at 50 °C. The solvent was concentrated in vacuo to give 66 (491 mg,
yield 99%) as a colorless solid.: '"H NMR (CDCls) &: 4.46 (d, J = 48.6 Hz, 1H), 4.35 (s,
2H), 3.64-3.52 (m, 2H), 2.79 (s, 2H), 1.96-1.83 (m, 3H), 1.61-1.51 (m, 2H), 1.39-1.26
(m, 2H). ESI-MS (m/e): 162 [M+H]".

Preparation of 2—fluoro—3—(piperidin—-4-yl)propanol 69

tert-butyl 4-(3—ethoxy—2—fluoro—3—oxopropyl)piperidine—1-carboxylate 68

To a solution of triethyl 2-fluoro-2-phosphonoacetate (24.2 g, 100 mmol) was added
dropwise 1.6 M n-butyl lithium in hexane solution (65.6 mL, 105 mmol) for 20 min at
0 °C and the mixture was stirred at same temperature for 1 h. To the reaction mixture
was added dropwise 1-Boc-4-piperidinecarboxyaldehyde 67 (21.3 g, 100 mmol) in THF
(100 mL) for 10 min and allowed to warm to room temperature. After stirring for 12 h,
the reaction mixture was cooled to 0 °C, quenched with satd. NH4Cl, diluted with water
and extracted with Et;O. The organic layer was dried over anhydrous Na,SO, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc :
hexane = 1 : 5) to give an a,p-unsaturated ester (24.6 g, yield 82%) as a pale yellow
oil.: '"H NMR (CDCl5) &: 5.72 (dd, J=21.2, 10.1 Hz, 1H), 4.30 (q, J= 7.0 Hz, 2H), 4.12
(brs, 2H), 3.32-3.10 (m, 2H), 2.76 (t, /= 12.6 Hz, 2H), 1.77-1.65 (m ,2H), 1.53-1.42 (m,
10H), 1.40-1.22 (m, 5H). ESI-MS (m/e): 302 [M+H]".

A mixture of the a,B-unsaturated ester obtained above (24.3 g, 80.6 mmol) and 10%
Pd/C (2.4 g) in EtOH (240 mL) was stirred under hydrogen atmosphere for 2 days at
room temperature. The catalyst was filtered off and rinsed with MeOH and the filtrate
was concentrated to give 68 (24.3 g, yield 99%), which was used in the next reaction
without further purification. 'H NMR (CDCls) 8: 4.96 (ddd, J = 49.4, 9.2, 3.2 Hz, 1H),
4.26 (q, J = 7.1 Hz, 2H), 4.10 (brs, 2H), 2.70 (t, J = 12.2 Hz, 2H), 1.96-1.55 (m ,5H),
1.45 (s, 9H), 1.31 (t, J= 7.1 Hz, 3H), 1.26-1.05 (m, 2H). ESI-MS (m/e): 304 [M+H]".

2—fluoro—3—(piperidin—4-yl)propanol hydrochloride 69

To a suspension of LAH (4.5 g, 119 mmol) in anhydrous THF (240 mL) was added
dropwise a solution of 68 (24.1 mg, 79.4 mmol) in THF (120 mL) at 0 °C, the mixture
was allowed to warm to room temperature and stirred for 4 h. After cooling to 0 °C, to
the reaction mixture was carefully added water (8.5 mL) and stirred for 30 min.
Insoluble materials were filtered off, the residue was washed with EtOAc and the filtrate
was concentrated to give an alcohol (19.2 g, yield 93%) as a colorless oil.: 'H NMR
(CDCl3) 6: 4.69 (dddd, J = 50.2, 12.7, 6.2, 3.2 Hz, 1H), 4.10 (brs, 2H), 3.78-3.58
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(m ,2H), 2.72 (t, J = 12.2 Hz, 2H), 1.83-1.57 (m, 4H), 1.45 (s, 9H), 1.37-1.32 (m, 1H),
1.22-1.03 (m, 2H). ESI-MS (m/e): 262 [M+H]".

A solution of the alcohol obtained above (19.2 g, 73.4 mmol) in 4 M HCI 1,4-dioxane
solution (220 mL) was stirred at room temperature for 1 h and concentrated in vacuo to
give the title compound 69 (14.0 g, yield 96%) as a colorless solid, which was used in
the next reaction without further purification. '"H NMR (DMSO-d;) &: 8.83 (s, 1H), 8.51
(s, 1H), 4.94 (s, 1H), 4.67-4.46 (m 1H), 3.53-3.42 (m, 2H), 3.21 (s, 2H), 2.84 (tdd, J =
15.9, 12.6, 2.9 Hz, 2H),1.98-1.66 (m ,3H), 1.64-1.42 (m, 2H), 1.40-1.25 (m, 2H).
ESI-MS (m/e): 162 [M+H]".

Preparation of compounds 58a—e, 70a, b, 71a, d, 72a, d and 73 a, b and d

Corresponding alcohols was prepared from substituted 3-(piperidin-4-yl)propanol 61,
64, 66 and 69 according to Method I or II in chapter 2, and was converted to
corresponding aldehydes using the synthetic method III in chapter 2. 58a-e, 70a, b, 71a,
d, 72a, d and 73 a, b and d were prepared by reductive amination from

6-aminoindan-1-one and corresponding aldehydes mentioned in chapter 2 (Method IV).

6—((3—(1-(5—ethylpyrimidin—2-yl)piperidin—4-yl)butyl)amino)-2,3—dihydro—1+-inden—1
—one 58a

'H NMR (CDCL3) :8.16 (s, 2H), 7.25 (d, J = 8.8 Hz, 1H), 6.91-6.86 (m, 2H), 4.76 (dd,
J=11.1, 2.2 Hz, 2H), 3.69 (s, 1H), 3.26-3.05 (m, 2H), 3.01 (t, J = 5.3 Hz, 2H), 2.79
(ddd, J=11.1, 5.3, 2.2 Hz, 2H), 2.67 (t, J = 5.3, 2H), 2.45 (q, J = 7.6 Hz, 2H), 1.81-1.63
(m, 3H), 1.57-1.40 (m, 3H), 1.37-1.21 (m, 2H), 1.18 (t, J = 7.6 Hz, 3H), 0.93 (d J = 6.4,
3H). HRMS ESI calcd for C,4H3,N4O 393.2649, found 393.268]1.

6—((3—-(1-(3-isopropyl-1,2,4-oxadiazol-5-yl)piperidin—4-yl)butyl)amino)-2,3—dihydro—1

H-inden—1-one 58b

'"H NMR (CDCly) 8:7.25 (d, J =9.3 Hz, 1H), 6.91-6.86 (m, 2H), 4.18 (dd, J = 13.4, 2.0
Hz, 2H), 3.70 (s, 1H), 3.27-3.05 (m, 2H), 3.05-2.68 (m, 4H), 2.88 (sep, J = 7.0 Hz, 1H),
2.68 (dd, J = 6.4, 4.9 Hz, 2H), 1.79-1.65 (m, 3H), 1.65-1.31 (m, 5H), 1.28 (d, J= 7.0 Hz,
6H), 0.94 (d J= 6.7, 3H). HRMS ESI calcd for C»3H3,N40, 397.2598, found 397.2597.

tert-butyl 4-(4-((3—-oxo0-2,3—dihydro—1A-inden—5-yl)amino)butan—2-yl)piperidine—1-
carboxylate 58¢

'H NMR (CDCl3) 8:7.25 (d, J = 8.8, 1H), 6.89-6.86 (m, 2H), 4.14 (brs, 2H), 3.18 (ddd,
J=11.7,7.0, 4.8, 1H), 3.12-3.07 (m, H), 3.01 (t, J = 5.1 Hz, 2H), 2.67 (t, J = 5.1 Hz,
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2H), 2.64 (brs, 2H), 1.74-1.68 (m ,1H), 1.62-1.55 (m, 3H), 1.46 (s, 9H), 1.41-1.17 (m,
4H), 091 (d, J = 7.6 Hz, 3H). HRMS ESI caled for C,3H34N,O3 387.2642, found
287.2122 (deBoc fragment).

6—((3—(1=(5—fluoropyrimidin—2-yl)piperidin—4—yl)butyl)amino)-2,3—dihydro—1-inden—1
—one 58d

'H NMR (CDCLy) § 8.17 (d, J = 0.5 Hz, 2H), 7.25 (d, J = 8.8 Hz, 1H), 6.91-6.86 (m,
2H), 4.75-4.59 (m, 2H), 3.73 (brs, 1H), 3.21 (ddd, J = 11.6, 9.1, 5.1 Hz, 1H), 3.10 (ddd,
J=11.6, 8.6, 6.5 Hz, 1H), 3.04-2.98 (m, 2H), 2.80 (tdd, J = 12.8, 4.4, 2.7 Hz, 2H),
2.70-2.64 (m, 2H), 1.80-1.61 (m, 3H), 1.56-1.40 (m, 3H), 1.36-1.18 (m, 2H), 0.93 (d, J
= 6.5 Hz, 3H). HRMS ESI calcd for C;,H»7FN4O 383.2241, found 383.2244.

6—((3—(1=(5-trifluoromethylpyrimidin—2—yl)piperidin—4-yl)butyl)amino)-2,3—dihydro—14
—inden—1-one 58e

'H NMR (CDCls) & 8.45 (d, J = 0.7 Hz, 2H), 7.28-7.21 (m, 1H), 6.91-6.86 (m, 2H),
4.94-4.85 (m, 2H), 3.71 (brs, 1H), 3.21 (ddd, J = 11.8, 9.1, 5.2 Hz, 1H), 3.11 (ddd, J =
11.8, 8.6, 6.5 Hz, 1H), 3.04-2.98 (m, 2H), 2.92-2.79 (m, 2H), 2.70-2.64 (m, 2H),
1.79-1.67 (m, 3H), 1.64-1.39 (m, 3H), 1.38-1.17 (m, 2H), 0.93 (d, J = 6.4 Hz, 3H).
HRMS ESI caled for C,3H;,7F3N40 433.2209, found 433.2211.

trans—6—((3—((1-(5—ethylpyrimidin—2-yl)-2,6—dimethylpiperidin—4—yl)propyl)amino)-2,3

—dihydro—1H-inden—1-one 70a

'H NMR (CDCls) 8: 8.20 (s, 2H), 7.25 (d, J = 8.4 Hz, 1H), 6.93-6.88 (m, 2H), 4.59-4.52
(m ,1H), 4.31-4.25 (m, 1H), 3.89 (brs, 1H), 3.16 (t, J = 7.0 Hz, 2H), 3.03-2.99 (m, 2H),

2.67 (dd, J = 6.6, 4.9 Hz, 2H), 2.45 (q, J = 7.2 Hz, 2H), 2.12-2.06 (m, 1H), 1.96-1.91 (m,
1H), 1.88-1.79 (m, 2H), 1.72-1.66 (m, 2H), 1.53-1.47 (m, 2H), 1.42 (td, J = 11.2, 3.6 Hz,
1H) , 1.31 (d, J = 7.4 Hz, 2H), 1.26-1.18 (m, 6H) .HRMS ESI calcd for CosHssN4O
407.2805, found 407.2800.

6—((3—((r-2,c—4,c—6)—-1-(5—ethylpyrimidin—2—-yl)-2,6—dimethylpiperidin-4—yl)propyl)ami
no)-2,3—dihydro—1/4-inden—1-one 70b

'"H NMR (CDCLy) &: 8.19 (s, 2H), 7.25 (d, J = 8.8 Hz, 1H), 6.91-6.87 (m, 2H), 4.89
(quin, , J = 6.2 Hz, 1H), 3.91 (brs, 1H), 3.17 (t, J = 7.0 Hz, 2H), 3.03-2.99 (m, 2H),
2.70-2.68 (m, 2H), 2.45 (q, J = 7.2 Hz, 2H), 1.98-1.93 (m, 1H), 1.74-1.69 (m, 3H),
1.39-1.28 (m, 4H), 1.21-1.13 (m, 9H). HRMS ESI calcd for C,sH34N4O 407.2805,
found 407.2797.
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6—((3—(1-(5—ethylpyrimidin—2-yl)piperidin—4-yl)-3—methoxypropyl)amino)-2,3—dihydro
—-1H-inden—1-one 71a

'H NMR (CDCls) 8: 8.16 (s, 2H), 7.25 (d, J = 8.8 Hz, 1H), 6.91-6.86 (m, 2H), 4.82-4.73
(m, 2H), 4.13 (brs, 1H), 3.39 (s, 3H), 3.30-3.21 (m, 2H), 3.12 (ddd, J = 8.6, 5.8, 3.2 Hz,
1H), 3.06-2.97 (m, 2H), 2.87-2.74 (m, 2H), 2.70-2.64 (m, 2H), 2.45 (q, J = 7.6 Hz, 2H),
1.92-1.76 (m, 3H), 1.74-1.67 (m, 2H), 1.37-1.27 (m, 2H), 1.18 (t, J = 7.6 Hz, 3H):
HRMS ESI caled for C,4H3,N40, 409.2598, found 409.2603.

6—((3—(1=(5—fluoropyrimidin—2-yl)piperidin—4—yl)-3—methoxypropyl)amino)-2,3—dihydr
o—1H-inden—1-one 71d

'H NMR (CDCls) 8: 8.17 (s, 2H), 7.25 (d, J = 8.4 Hz, 1H), 6.91-6.86 (m, 2H), 4.78-4.69
(m, 2H), 4.13 (brs, 1H), 3.40 (s, 3H), 3.30-3.21 (m, 2H), 3.16-3.09 (m, 1H), 3.05-2.98
(m, 2H), 2.87-2.75 (m, 2H), 2.71-2.64 (m, 2H), 1.92-1.78 (m, 3H), 1.76-1.66 (m, 2H),
1.37-1.22 (m, 2H): HRMS ESI calcd for C,,H,7N40;, 399.2191, found 399.2188.

6—((3—-(1-(5—ethylpyrimidin—2-yl)piperidin—4—yl)-3—fluoropropyl)amino)-2,3—dihydro—1
H-inden—1-one 72a

'H NMR (CDCLy) &: 8.16 (s, 2H), 7.26-7.5 (m, 1H), 6.93-6.89 (m, 2H), 4.82-4.71 (m,
2H), 4.56-4.30 (m, 1H), 4.07 (brs, 1H), 3.36 (t, J = 6.7 Hz, 2H), 3.09-2.97 (m, 2H), 2.83
(tdd, J = 12.9, 5.8, 2.8 Hz, 2H), 2.74-2.59 (m, 2H), 2.04-1.87 (m, 3H), 1.87-1.75 (m,
1H), 1.67 (d, J=13.2 Hz, 1H), 1.36 (dddd, J = 16.8, 12.6, 8.5, 4.4 Hz, 2H). HRMS ESI
calcd for Cy3H9FN4O 397.2398, found 397.2401.

6—((3—(1=(5—fluoropyrimidin—2-yl)piperidin—4-yl)-3—fluoropropyl)amino)—-2,3—dihydro—1
H-inden—1-one 72d

'H NMR (CDCls) &: 8.18 (s, 2H), 7.27-7.25 (m, 1H), 6.98-6.87 (m, 2H), 4.97-4.74 (m,
1H), 4.66 (dd, J = 12.6, 2.8 Hz, 2H), 4.13 (brs, 1H), 3.42-3.28 (m, 2H), 3.08-2.97 (m,
2H), 2.94-2.80 (m, 2H), 2.75-2.61 (m, 2H), 1.91-1.71 (m, 4H), 1.47 (dddd, J = 21.9,
14.5, 8.4, 2.9 Hz, 2H), 1.35-1.09 (m, 2H). HRMS ESI calcd for C,;H4F,N4O 387.1991,
found 387.1996.

6—((3—-(1-(5—ethylpyrimidin—2-yl)piperidin—4-yl)-2—fluoropropyl)amino)-2,3—dihydro—1
H-inden—1-one 73a

'H NMR (CDCl3) &: 8.16 (s, 2H), 7.27 (d, J = 8.4 Hz, 1H), 6.93 (dd, J = 8.4, 2.3 Hz,
1H), 6.90 (d, J =2.3 Hz, 1H), 5.00-4.76 (m, 1H), 4.76-4.65 (m, 2H), 4.12 (brs, 1H),
3.43-3.28 (m, 2H), 3.08-2.96 (m, 2H), 2.94-2.81 (m, 2H), 2.76-2.64 (m, 2H), 2.45 (q, J
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= 7.6 Hz, 2H), 1.91-1.72 (m, 4H), 1.58-1.37 (m, 1H), 1.28 (ddd, J=22.4, 15.1, 8.0 Hz,
2H), 1.15 (t, J = 7.6 Hz, 3H). HRMS ESI calcd for C3HoFN4O 397.2398, found
397.2405.

6—((2—fluoro—3—(1—(3-isopropyl-1,2,4-oxadiazol-5-y)piperidin—4—-yl)propyl)amino)-2,3
—dihydro—1AH-inden—1-one 73b

'H NMR (CDCls) 6:7.27 (d, J = 8.1 Hz, 1H), 6.93 (dd, J = 8.1, 2.4 Hz, 1H), 6.89 (d, J =
2.4 Hz, 1H), 4.84 (dddd, J=50.4, 10.5, 6.9, 2.9 Hz, 1H,), 4.14 (dd, J=12.6, 2.0 Hz,
3H), 3.46-3.21 (m, 2H), 3.07 (ddd, J =12.6, 3.9, 2.9 Hz, 2H), 3.02 (t, J = 5.5 Hz, 2H),
2.88 (sep, J = 6.9 Hz, 1H), 2.68 (t,J = 5.5 Hz, 2H), 1.94-1.68 (m, 4H), 1.61-1.20 (m,
OH). BC-NMR (CDCl3) 0: 207.4, 175.7, 170.8, 147.2, 145.5, 138.1, 127.16, 122.5,
104.2, 90.4 (d, J = 169.9 Hz), 48.4 (d, J = 21.2 Hz), 46.1, 46.0, 3.92 (d, J = 20.1 Hz),
36.9,31.94,31.92,30.94, 27.0, 24.9, 20.4. HRMS Calcd for C,0H9FN,0O, 401.2347;
Found, 401.2352. mp 88-90°C. IR (KBr) 3402, 2926, 1699, 1598, 1505, 1406, 1263,
837 cm™ .,

6—((3—(1=(5—fluoropyrimidin—2-yl)piperidin—4-yl)—2—fluoropropyl)amino)—-2,3—dihydro—1
H-inden—1-one 73d

'H NMR (CDCls) 8: 8.17 (s, 2H), 7.27 (d, J = 8.4 Hz, 1H), 6.98-6.87 (m, 2H), 4.97-4.74
(m, 1H), 4.66 (dd, J = 12.6, 2.8 Hz, 2H), 4.13 (brs, 1H), 3.42-3.28 (m, 2H), 3.08-2.97
(m, 2H), 2.94-2.80 (m, 2H), 2.75-2.61 (m, 2H), 1.91-1.71 (m, 4H), 1.47 (dddd, J = 21.9,
14.5, 8.4, 2.9 Hz, 2H), 1.35-1.09 (m, 2H). HRMS ESI calcd for C,;H4F,N4O 387.1991,
found 387.1997.

4—8—2) Biology

Assessment of hepatic microsomal metabolism

Metabolic stability was calculated from substrate disappearance rate in human liver
microsomes as L/h/kg body weight. The assay was carried out by incubation of 5 uM
test compound with human liver microsomes (Xenotech, Lenexa, KS, U.S.A.), NADPH
and buffer at 37°C for 30 min and measurement of percent compound remaining by

precipitation method followed by LC-MS-MS analysis.

Assessment of hypoglycemia risk
Male 8-week-old Wistar/ST rats (Japan SLC) were used. Compounds were administered

orally at time 0 min to overnight-fasted animals (n=8/group). The plasma glucose levels

129



were measured using a portable glucometer (GLUTEST Pro R; Sanwa Kagaku
Kenkyusho, Japan).

Food Intake
Male 8-week-old C57BL/6J mice (Charles River Japan) were used. Mice were housed
in a SPF facility with controlled light cycle (7:00-19:00 on) and were given standard
chow (CRF-1; Charles River Japan) and water adlibitum. The vehicle
(3%DMS0/15%PEG/15%HPBCD)  or test compounds were administered orally, and
the diet was exchanged for 45% kcal high fat diet (D14251; Research Diet Inc., NJ)
between 19:00 and 8:30. The diet weight before and after a feed was measured. All the
mice were administered the vehicle two days before the experiment, and the food intake

was measured in the similar way.
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B VIHE RIS O FIESRR DO—>TH Y | A AU ARPUECHE B il OEE
Wzl ST ENMOENTND, PERFBEREIHZ B SNTND
M, FO—FIIEREMERNS 5 & S, BEREEEENLE RS H o
77 UTHE, GLP-1 ([ZBE T 28 03K L L C, DPP4 PHLEAIN L &iviz, HEEE
BKAFRI72A LAY W KD pEEZ 2> hr— L TE AL LT, £<D
MBI SN TWDH—J7, IEEECA A Y ARG BH TIR R 5
LA STV 5, GPRI19 7 2 =2 ~ZE, DPP4 BHEHI & RAERIZ GLP-1 [ZBH
THH2 =7 FThHYD GLP-1 A AV OWM GO ERETHZ Lk,
AV AY K AEENMED Y b e — L S REMHEER L 55 X DPP4
PR & [l Eo sk TIER 2R3 & 2, AFSEICET LT,

A, GPR119 7 2= A F OHEHITHEZ TR Y, £ < ORIEEETHREMT
bhTWb, £Z T, FMIHFH 72 GPRI19 7 2= b & A4 7=0, BLEY
T4 77V RN HTS 470, (ka1 /AT Z LR T&Ee, ZoaW
113E 7 v B(A 8], $RY v —K D Boe-E' XU YU B B)ICL Wk S h
TWHHREF DL WFRbEmTHY, (ka1 by MeamE LT, A
BR. U — KO B BROREEIGTEFE BN IE A B AG L 72,

Vo —DRAEHERET I RGN LT I ) AF L UICEBR LIESLAIC 10 14
OIEMER EAR S vs 4a), 7 X/ FE o —T UG IC A U728 1TIEEN
KR LIZ Enbdevs ), 7 X EPTEMRBUCEE 2K EHEZ L TnDHZ en
IR EINT=, BT vBO AR VEIIMAA AL B HOWSERTWD
TEF—T7THY, TOBEBFRIMELOKBREEZREODENEETHDL &5
R DIV, TOANVKR=NVIEOFEMEER LT oTc, ANVR=VEE T b IAZE
L 72 GBI OREED R EAFRD B, FRZ 6-7 I /RN T T 3 A UK
ML 6-7I /A F-1-F RN BETEEEZ R LTz, 202 20{bEWO X
N, BV RBEY U —OREMELZE L TH ., EESHER £ 723m k-
LCWe, AFBBEZARROBEITIEEMEFELTRELT, KEHBEEIZL D%
RIT AT, BFROIMER & U THEEBITIEMEICREL TWb B b,
NG 2 oDbEWE FEIT, Boe ix KV RZER T — N A — NERIZER LT
FER.5-=F L E Y 2 T(252,26a,272)° 3-1 VTR E N1 24-FF VTV —
JV(25d, 26d, 27d)28 BAFICHERET D Z L 3o To, T 2 F COMRFICEintE%E
RLTAEED D oGTT ZFHli L7= & Z A, 26a DNEWVIRE R LT, 20 26al%
R EARFH 72 i EFIHERZ /R L, seGTT TORELMEGRTE, ZERS
MBEDRIENREEZEF> TWDZ LN gnolz, TD=dh, 20 26a =V — Kb
Gl L, BRHIBRMNEIToT,
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260 DT 7 AV T EATOTRER, 99V 5 S hERG [HEERH D |
EHIZY — REZALES TIEZZDOERAPENEOLH Y . Z OFHIT hERG [H
FEERZRELT W ERB IS, £2C, EjEMEE hERG FAEEH &
LTI T DMLENDH Y . ZF D=2, hERG BLENEM 2 1+ 512 FiF 5 7,
hERG BLEVEH 2KV IRBE CHERF L 722235 GPRI19 7 2= & MEMEZ A E&E 5
MEN S - 72, hERG BLERBGEED A T 7 o—Ons | HHEMEORHERN Z D
U—ZXDLEWITRbE L TWD ETFRIL, 5 FECBIEIC R AL
FETE L HELE LT, BV rBBRNOXREUVBROANT B EA~OE L% R
oo TORER, 6-7 2 7 710[3,2-c]E° U ¥ -3QH)-4 > T hERG BLEEM % 524
WA, EEOm ELRO bz, kxR BT nBROFERT ¥ VDo)
e, rhrOT7 78T H—L LTOMEE L BHFEROEAEEOKTNENME
D) FIZO72 RN o EHERIL TWD, S BITY U —0 X F I L HERIC
KX OROLIEEOBNSSEZ R L7, LvL, ZO55f 20 LT D ABRMB~T
oy iR TH AW T, in vitro TEMERNIEFITEWIC S 230 BT,
oGTT COHBE RN ENZHER T 1, in vitro JEMEE in vivo IEMHED M TREENZR
LT,

Z 2T, in vivo IETEDRER TETWVN526a DAETDH6-T X /A L Fo-1-4
ZARELTHOW, INETOMRAERICHEY — Ng#EbziTo72, A BRB)N
6-7 2 7 u[32-c]tV P UB3QH)-F v OBEITIEMM LY v —D A F
NI K DEHITIEEZHERE L2 b 00, REZEMHEOBEALNRO b, £
ZC, T AEERALICERRIE OB AT D Z LI LD, REREMED W EE R A
oo TORER, Vo I—~O 7 N A RO ANELAZ RN LS E 5 2 LA
I ARLEMES A F VRIS LEGE L Tunvie, 74 e RITZ A S0
RPZ2ZITICS WVEBRIETHY, S5V U h—~D 7 A v OB N I#EE
FOFEL LT, clogP ZIE TFTSHTEY, 2O Z L THTEEDIREMED TR
STEBY, RZEENSGELLEEZLND, FrZ, Vo h—2i% 7 /4 n
ETEBLE T3 D 6-T I /A B -1-F 2T HEWEE Tl b migtE %
T~ LT,

FEEMEZ R LT2AEE P O in vivo BURZ 1TV 73b 23 e b m WOV %2 7R L oGTT
R seGTT THmEiEtEZ R Lic, £70. HHRHIMSHERSCEEEIMHEN R 5
. 2O REEINIMEERZ BT 5L R T2 N TEL, &6
|2, DPP4 [HEAI & OHEERERIZHBWTH, oGTT TR Db - A-Mikl1ER %
~ L. scGTT TlX DPP4 [HEHILL EDOFEE 2R LTE Y | 73b L= G R = A 2
(% DPP4 BHEAI L D & @ WEEGIRT 2 &R oo 7, & S LTV /2 hERG T v
FOVILEER & GPR119 7 2 =& MEMEOZE281L, 73b @ hERG BHLEIE ML
VVRRETHERF L7235, GPRI19 7 T =R MEMIZ Y — RMEEW 26a L 0 HiEME
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DA ETAHZENRTETEY, 262 ZLENABS>TWND EEZ LN, Ny TV
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