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Discovery of an Orally Bioavailable, Brain-Penetrating, In Vivo Active Phosphodiesterase 2A
Inhibitor Lead Series for the Treatment of Cognitive Disorders. J. Med. Chem. 2017, 60,

7658-7676.

Discovery of Clinical Candidate
N-((15)-1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethyl)-7-methoxy-2-ox0-2,3-dihydro
pyrido[2,3-b]pyrazine-4(1 H)-carboxamide (TAK-915): A Highly Potent, Selective, and
Brain-Penetrating Phosphodiesterase 2A Inhibitor for the Treatment of Cognitive Disorders. J.

Med. Chem. 2017, 60, 7677-7702.

Discovery of a Novel Series of Pyrazolo[1,5-a]pyrimidine-Based Phosphodiesterase 2A Inhibitors
Structurally Different from
N-((15)-1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethyl)-7-methoxy-2-0x0-2,3-dihydro

pyrido[2,3-b]pyrazine-4(1H)-carboxamide (TAK-915), for the Treatment of Cognitive Disorders.
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CES

Ac acetyl

AcOH acetic acid

ADME-Tox absorption, distribution, metabolism, excretion, and toxicity
ADU Affective Disorders Unit

APCI atmospheric pressure chemical ionization
AUC area under the concentration-time curve
BBB blood brain barrier

Bn benzyl

Boc tert-butoxycarbonyl

BSA bovine serum albumin

Bu butyl

CaCl, calsium chloride

cAMP 3',5'-cyclic adenosine monophosphate
CDCl, deuterated chloroform

cGMP 3'.5'-cyclic guanosine monophosphate
CH,Cl, dichloromethane

CH;CN acetonitrile

CL clearance

Cnax maximum drug concentration

compd compound

COPD chronic obstructive pulmonary disease
c-Pr cyclopropyl

dba dibenzylideneacetone

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene



DDCL
DIEA
DMA
DME
DMF
DMSO
DPPA
dppf
DTT
EDCI
EDTA
ee
EGTA
EHNA
ER
ESI

Et
EtMgBr
Et;N
Et,O
EtOAc

EtOH

Fex

GCDC

Drug Discovery Chemistry Laboratories
N,N-diisopropylethylamine
N,N-dimethylacetamide
1,2-dimethoxyethane
N,N-dimethylformamide

dimethyl sulfoxide
diphenylphosphoryl azide
1,1'-bis(diphenylphosphino)ferrocene
dithiothreitol
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
ethylenediaminetetraacetic acid
enantiomeric excess

ethylene glycol tetraacetic acid
erythro-9-(2-hydroxy-3-nonyl)adenine
efflux ratio

electrospray ionization

ethyl

ethylmagnesium bromide
triethylamine

diethyl ether

ethyl acetate

ethanol

bioavailability

frontal cortex

glycochenodeoxycholate



GDP guanosine diphosphate

gem geminal

Gln glutamine

Gly glycine

GPCR G protein-coupled receptor

GTP guanosine triphosphate

HATU 1-(bis(dimethylamino)methylene)-1H-1,2,3-triazolo[4,5-b|pyridinium-

3-oxid hexafluorophosphate

HBA hydrogen bond acceptor

HBD hydrogen bond donor

HCl hydrogen chloride

HIP hippocampus

His histidine

HLM human liver microsomes

HMBC heteronuclear multiple bond correlation
HOBt 1-hydroxybenzotriazole

HOSA hydroxylamine-O-sulfonic acid

HPLC high-performance liquid chromatography
HTS high throughput screening

IBMX 3-isobutyl-1-methylxanthine

ICso 50% inhibitory concentration

Ile isoleucine

i-Pr isopropyl

i-Pr,0 diisopropyl ether

v intravenous



KHMDA
Kp

LC-MS
LC-MS/MS
LE

Leu

LipE
m-CPBA

MDRI1

MeMgBr
MeOH
Met
MgCl,
MgSO,

MK-801

MLM

MRT

MW
NaCl
NADP"
NADPH

NaHCO3

potassium hexamethyldisilazide

brain-to-plasma ratio

liquid chromatography—mass spectrometry

liquid chromatography tandem mass spectrometry

ligand efficiency

leucine

lipophilic efficiency

m-chloroperoxybenzoic acid

multidrug resistance protein 1

methyl

methylmagnesium bromide

methanol

methionine

magnesium chloride

magnesium sulfate
(5R,108)-(+)-5-methyl-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-
5,10-imine

mouse liver microsomes

mean residence time

methanesulfonyl

molecular weight

sodium chloride

nicotinamide adenine dinucleotide phosphate, oxidized form
nicotinamide adenine dinucleotide phosphate, reduced form

sodium hydrogen carbonate



NaOH
Na,S0,
NBS
ND
NDI
NH;
NMDA
NMR
NO
NOE
NOR
NOS
NT
NTA
PAH
PD
PDB
Pd/C
PDE
PFC
P-gp
Ph
Phe
PKA

PKG

sodium hydroxide

sodium sulfate
N-bromosuccinimide

not determined

novelty discrimination index
ammonia
N-methyl-p-aspartic acid
nuclear magnetic resonance
nitric oxide

nuclear Overhauser effect
novel object recognition
nitric oxide synthase

not tested

nitrilotriacetic acid
pulmonary arterial hypertention
pharmacodynamic

protein data bank
palladium on carbon
phosphodiesterase
prefrontal cortex
P-glycoprotein

phenyl

phenylalanine

protein kinase A

protein kinase G



po
POC
POCl;
Pr
RHS

RLM

SAR
SEC

SEM

S.E.M.

Ser
SPA
STR
TBS
TEA
TEV
TFA
THF
TLC
Tinax
TPSA
Tyr
Vdss

WHO

per os

proof of concept

phosphoryl chloride

propyl

right-hand side

rat liver microsomes

room temperature
structure-activity relationship
size-exclusion chromatography
(2-(trimethylsilyl)ethoxy)methyl
standard error of mean

serine

scintillation proximity assay
striatum

tris-buffered saline
triethylamine

tobacco etch virus
trifluoroacetic acid
tetrahydrofuran

thin layer chromatography
time to maximum value
topological polar surface area
tyrosine

volume of distribution

World Health Organization
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ERIENX, FICEEM» O EFEMONERYNIRIE L, REHECEE - & - B
BR-RAERE R EICEWEE L S TRMMEETH L. ZOFWERIL, 2R T 2100 T A
L (WHO, 2017 4F)', REIZIHWTH 79.5 HA (BAETEE, 2008 £ LHESNLTEH
D, RAODDOBLZ 1% PRETIHEOEVIKERE WX D °. ZOERIE, (1) 2R, %)
U8, =48, BB OREL, BFETER EAREE T BBMER] |, 2) & - BARDOMEUR, 51X
ZH 0, MELRLICREIND TRMER] , 3) g - BT - LB - HHL s
ROMEfFRAR ) 70 EOIR T &L D [RRAMREREE ) ORE QT T 3 DI ng. Bk
FERIFZ—ARICFIE B O BMENICEED A, RRMEIER I K OB RE B XA M E IR (3 AL
TIHAEMNCBLN D, 206 OIERITHIEIRIERICHML ThH, ZOHRHEHE L THET L L
N <, B - BROBMEEZ W BT 5 2 Lic k> TREIBEICh Y BERLEDFEIC
2 K7 H LASORENARZ RN TS, Eio, REBIZHD D ERE, WY 240G SHE, B
%R, TR L B RFERAIImD TREWVE SR, TR0 XA ETIED T
BLOBRRIEOBRBIZOAE DAL 6 THAEEICB W TREORELE 2> TWnd

HE A IFRIE O FEWFEIC O B D ORI EIT, BICHE—REUS RS (EREOR
MR BlzIE, 7 e awr, ~alY R—)% LT MR PSR GEERIGUR
MR B2 IE, ATy, JFT Y, URSRY Ry, TUET T — )2 (258
b (Figure 1) F—HEARBURS IR ST IGARBR D KX v D2 R IRICH B AR
AL, BERERICH L C B R 2R3 — 07 C, SRS RER At E R IS T v <,
F o BERSAORUR THL . TERIKD D2 SZAEIC HIFTAICEI K 720, HERSMIEIR, &
077 I MIER EORIVERORBIMRRE & 72> T D10 BB IR PUR hR 3k, 55—t
REUEIRHIZ L, 590 R8I v D2 SRREEHUERICINA T, B r b= 2A ZREHE
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SNIERR, @7 m T 7 FUASER EORWERBZERIET 5 EZ2 6T L Lans,
5 BGOSR RIT, IR IR, REEM, &R, (i ER SRR L TRAERE D
EWEBZEIERNME L /2o T ™Y F R, & HRGUEEETIX, wWIh
b IR RE R IR MR T 2 T RUGER RO DN 2 Lk, M5 AR
& RIVEEER 2 B LT A ) = X LIS CFERIBPHFE STV 5.
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Chlorpromazine Haloperidol

FER (FHK) fiFARE

Me
N

N () (Dm"’\—m
S R e

Olanzapine Quetiapine

z ZT
O

N

Me N\
99
N AP0
O Lo
O Cl
|
o-N \©/

Risperidone Aripiprazole

Figure 1. Structures of selected examples of currently approved typical or first-generation

antipsychotics and atypical or second-generation antipsychotics.

3S5-BRIRT T v — U VBB (3,5'-cyclic adenosine monophosphate, cAMP) 35 LY 3'5'-
AR T ) v—1U UM (3,5-cyclic guanosine monophosphate, cGMP) (%, MildiNtE > R A
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ICBWCTHERBEEZ R LTS, 2L, TNENT Ty 7 7—8Y 50
TT =Ny 7 T —8! NEHET A Lick o THEASND. TT =AY 7 7—E DOk
PEILIZ, Gs & 2/ 1D L I3 B2 BRI R VT oM E B 72 & OB S
BiEETHZEThlERIEND. —F, IT7T =LY 7 7—BId—BILERE SRS
(nitric oxide synthase, NOS) |2 X - T#EA SN D —E{LEFR (nitric oxide, NO) 12 L D IEHEAL S
H. AR LTe cAMP B LT ¢GMP 1T ENEZ /X7 E Y VL% A (protein kinase A,
PKA) &2 WIZ 37 B U UR{bl%FE G (protein kinase G, PKG) &\ 572 cAMP & 5 T
cGMP {KAFMEZ /37 E ) TR U DTGP 2 88 TR & 7 L M S vz ik, B0
5T OEREIEMEAIC X o ThE 2 e ABER 2 7 T

RAKRY AT Z—+E (phosphodiesterase, PDE) |X cAMP X cGMP &\ o 7Bk X 7
LAF RO 3=V VT 2T OUREA B O N o3 fif 2 BEAR B IC it L, =2 A1
5-AMP & 5\ ME 5-GMP |[ZEHT HDEERE CTH D (Figure 2)2. ZHE TIZ 21 MEOEMKLT
W7 a—=2 7S, Mik® D VIS BT D RTEN, BERILEMEE, 7 BRELSI O
FRRIMESS K OIETEAE O Hl R 72 S12FE-5V ¢, PDEL 2°5 PDEIl £ T 11 fifEH0 7 7
U—ZHBEENTNWD, ZNENDOT7 7 U —ZE7 X 7 BESIOMREEO RN 1 1D 4
DDOT A YA LBFET D, I EERRMEICESWNTY PDE 773U —X 3 2OH T

2 Y —: (1) cAMP OZ% % 9% PDE (PDE4, PDE7, 35 L U" PDES), (2) cGMP 7% %

B G 2U 0BT 0 B BEG y T2y MRBMDAT B ZRIKS VRV ETH Y, T RIBE BN A
(G ¥ >R AR 5K (G protein-coupled receptor, GPCR)) (239 B X L RV ETHDH. 0 VT 2=y b D
BERER L OSBIR T OFEIZ L Y, Gs, Gi, Gq, Gt REDY T 77 I U —IZHSNd. 7 2= )% GPCR (ZHE
GTAHE a VT 2=y MIFEALTWA YT /2> Y U (guanosine diphosphate, GDP) & 7’7 /v > =1 v
/% (guanosine triphosphate, GTP) DS H Z ¥V, GTP FEAM o 7=y b & B, v VT 2= Mgk
T4, IO 7=y MY, ENEIUERZ VR BRFREZTEELL, v 7T E TR~ B8ET 5. o Y
Taz=y bR Gs X7 EORE, GPCR OIEMALEZR CERE L GTP #A8 o ¥ 7 2=y MRT T =1
W7 I —BLRaT2I L THEMELETIER I L cAMP BEASND.



g L% PDE (PDES, PDE6, 3 X' PDEY), (3) cAMP B X ¢cGMP Difi ixHE L35

#HAE PDE (PDE1, PDE2, PDE3, PDE10, 3 X O PDE11) IZ73HI 5.
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HO™ HO-R
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Figure2. Hydrolysis of cyclic nucleotiede substrates by PDEs.

ZiIVE TIZ PDE3-5 ZiERY & 9% PDE [HFEAIZY, Sk OAN4, 180 PAZEME 2K A
(chronic obstructive pulmonary disease, COPD), % 4 4 # 6 & 55 <> il &h Ak P4 il &) i & JiE
(pulmonary arterial hypertension, PAH) 72 & DIEFFE & LT Eifi &4, BRICHED HiuTn
% (Figure 3)**. Lo X 5 IR Z R &35 PDE BLEAIM K TR E 2 pZh &2 b T
LOIZMA, W< 27/® PDE 7 7 I U —IMENAFRAICHEBLL TWD Z &G, T4

PDE 3RS R O 2 R IS 2 A AR & L THORERERZEDO TV D

35-38
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Figure 3. Structures of selected examples of currently approved PDE inhibitors. Of these, the PDE3
inhibitors milrinone, olprinone, and cilostazol have been approved for the short-term treatment of
congestive heart failure™ and the treatment of intermittent claudication,”® respectively. The PDE4
inhibitor roflumilast has entered the market as an oral treatment for reducing the risk of exacerbations
in patients with chronic obstructive pulmonary disease (COPD), who also have chronic
bronchitis.”” ** Another PDE4 inhibitors apremilast and crisaborole have been approved for the
treatment of psoriasis and psoriatic arthritis,”® and the treat ment of atopic dermatitis,’' respectively.
The PDES5 inhibitors sildenafil, tadalafil, vardenafil, avanafil, udenafil, mirodenafil, and lodenafil are
now marketed for the treatment of erectile dysfunction.”*** Sildenafil and tadalafil have also been
approved as treatments for pulmonary arterial hypertension (PAH);*> moreover, the latter has also

been used clinically for the treatment of benign prostatic hyperplasia.**



PDE2A ¥ cAMP B XU cGMP OMIEE Z MK fT 2 —ELEMATH L. £z,
PDE2A [IHEMLICEFEH L TR Y, 11T EE B L URIEIAIC BB R80T & 5 AEH L
H, U, BARIR, RHRIRICS < IFEE LTV D OISKE L, ARSI T ORBITREALI e~ T
WIRNT ERRE SN TWEPY. LS TIMEME 242 & 9~ 5454, PDE2A %Z[ET 5

12 & 2 KA ENE~ DO IKER BT D 720 2 & DS WIFF T X, BHERABRBOBLE O
RFEBSAMEEZ BNDLPWNE F BRI 7 VAT FEN L2y 7T IVREICE T 5 R
PRAFZEIZ T, FIEN cAMP B LY cGMP BED LHIC K-> T, v F 7 A EEB L OE
W98 (long-term potentiation) DY KZ B & ZFZ EAME I N TNDEPH £/, cGMP

BEY cAMP FZxhTEMRER LORMREOEKICEE LEZHZRZLTVWDH I L

L

BB TNDY, 2 b OFEEN 5, PDE2A PLEFIKILFE - G BIE T 2 ML C oM
N cAMP & 5\ M3 cGMP IR & m O R 2 (L2 Z LT &Ko T, R BSOS
ZEVESR BT T 2 BRI 2 SGE T SRR EIC R 2 WA IR SN T D, — 5 T,
PDE (ZIFZ B D K 512 11 FEO T 7 I U —0FE L, EAVE ISR 70 R B0 M e
WNIRTE, & L CHREREMEZ RS Z &6, & PDE (IAEEBNOER A Z2flildN S 7 F R
BICBWCTEERAHNEEZR L T0DLZERNMLATND., L7z2> T, PDE PAFHK
DERRPHFEIZ BT, PDE BIRVEDMERIE, FER9E 9% PDE OB FELZIA SN L
ffi> PDE PHFEIC RS < BIVEH 2 [FNEE - BT 2 LW OB DO TEHEL VR 5.
ZHETIZ PDE2A HEFERDOIRRIIEBORIEEIE TIHERITITONTE TEY, #£L<
OB 2 5 TSI E SN TV 5D (Figure )™ L LA b, < ofbAEWI
PDE2A Tk 2 HETEME, PDE 7 7 I U —@&§UE, PHXBITHEZ SO EYEBRER L, Wi
Nro7n7 7 AV THREZA L TEY, B4 T PDE2A HEIKOAKAIENBIG S LT
2010 FF TITHKRBRICE > 2 LAWIL ND-7001 OHATH-7=Y. ND-7001 135 1 FHEREK
R E CHEATE L OO, FENOFHHIZ IV T PDE2A BHLETEMER L O PDE 2IRME & HITR
437271 7 7 A )L (PDE2A ICsp = 190 nM, 3 {50 PDE B&iR{%) Tho7lo72, RMbEW %

W= FEERIR POC (proof of concept) DIRFEIXNEETH ~7-. Z D & 9 7RI FlzBW\ T, &



Ur Pfizer thX ¥ 507)72 PDE2A PHFTEME, /- PDE 7 7 I U —4RME, RIAFRP T
PEZ O RO BRIR LAY (PF-05180999) A S 7= RILEMIX, A KFHHIE, <
D% PSRRI A 4510 U CEB T FRERIR SRS FEhi S 728, 2014 4AFRICEGPRBHSE o Hp (R 23
WEESNTWD FEHEIEAR). £7- 2014 4E121E Janssen #K 0, BAf72 PDE2A PHEEM:
& PDE @#JMEZ AT DY —/bEH™, (1241 NV 7V 0[43-a]F 7 TV VU UiFEK 1 2
WESRTWDE®™Y —J5, 2002 412 Bayer £t X 0 it FUICIEBE T THRFFARBR Sz
BAY-60-7550" %, PDE2A PAEIKOIEFKMICIZI T 2 BERY —bai L LTAL< v
HALTHE D, PDE2A OAFRMEREIOMIICKE S EIRL TX 22 L LB o RILEY
OREAWRILE, & HICHFRBITIEIImS TRWZ EAHE S TEBY, ZhxTicissh
TW% in vivo fEFIZY PDE2A DORLEEMIZE S O E ) M L UdEimoathd 5
MRE & 72> T
ZOXIRBEROL &, FEOIX, KB LOEIKIZIH VT PDE2A 3G K FHNE 72
EORBIBEREREE 2 BT 5 A LRIEN S T Th D Z L 2 EET 5L, EMmAERE <,
EETE « ERIRIET, @R DRI J O T A R T PDE2A FHE SR DOPRRIFJE %

B4k L 7=,

2 AR O SREBSLAURERE, 2 THENEZR COMAZ B E LT SR AILEMD = 205,



ND-7001, Neuro3D (now Evotec)
PDE2A ICs: 50 nM2 (190 nMP)
PDE selectivity: 3x? vs. PDE10A
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PF-05180999, Pfizer
PDE2A ICsg: 1 nM?
PDE selectivity: 2000x? vs. PDE10A
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BAY 60-7550, Bayer
PDE2A ICsy: 4.7 nM? (0.86 nMP)
PDE selectivity: 50x? (190x°) vs. PDE1C

1, Janssen
PDE2A ICso: 10 nM2
PDE selectivity: >210x2 vs. PDE11A

a data from literature
b data generated at Takeda

Figure4. Representative structures and profiles of reported selective PDE2A inhibitors.
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7=t v MEE® 2 @ PDE2A FHEIEMEEL PDE 77 X U —@&RMEom EZHBM LT, (1) ©
v u[l,5-at) IV URBE EA~OBEEEA, 2) 7 I U Ul —EAL DR, (3) a-5l
NUUNT I UEMLDO BB EAT o 2. £ O R, PDE2A EEEN B L Z 160 5L L,
PDE3A [HZE & Holi LT 180 £ Bif72 PDE2A #EIRMEAZ R4 U — NMEAY 10a (ICs, = 24
nM) % fLH L7z (Scheme 1). £7- X #RIGHE RGN OFE R, (LA 10a 73 PDE2A Ofih
BER A A IR THAL TV A Z 2L L. &I, AMEAYD~

U ASDOREAFGIZ L > TN cGMP GREZAEIC LR SE 5 2 L2 L, AMeawn
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Scheme 1
GIn859
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(/"‘9 % OMe g5 /7(/”7;\’//0 O*F
=N FIN ©/ Me™N=N  hn Fr
L JHURAR—Z D SAR Big
Me [2&2U—R{ESMOAH Me
HTS Hit 18t Generation Lead
2 (racemate) 10a (eutomer)
PDE2A ICsy = 3800 nM PDE2A IC5y = 24 nM
PDE selectivity: 1.3x (vs. PDE4D) PDE selectivity: 180x (vs. PDE3A)

[55 2 %] A=TTIL, (LAY 10a & PDE2A & X MIERAEGEMIT OB ®ATEH LT,
ELBIEER IO PDE 77 2 Y —@FMEOm EEr XA TOMETEEBRR L. B 1 =
THHLZLAY 10a DY TV a[l,5-a]t’ ) 2 P VE8IE PDE 7 7 2 U — @O B A
i TdH 5 GIng59 & CH-O DFHWKEMAE THAEMFAL TWDL Z LALLM L
1D, GIn859 & WAHE R /KFRE G N TER T RE 72 FT BU B A% A R 4 BRET - AR L, 1ETEICKT T2 5%

AT LT, TOME, fHST5E 7 a[1,548° ) 2P UFEAK 31 LY PDE2A FH
FIEMEDK 6 5 B L7oHBlE#HIbE!, 2-4F V-23-Uk Rty R[23-pE7 Y iFE
7k 32 ZRMT Z LTI LIz, it C, LB 32 87272 ) — RMba L LT, o-4ri~
VUNT I VRO LN 2-A4F V23- Fu bl R[2,3-bE TV UERME E~D®E
HIEH N % FLITATYVY, PDE2A & OB 72 20 AR O 1536 KUY PDE2A ([ZRHE 7222
FHIZ LV IEMEIS LN PDE 7 7 U —BRMEom E&2 I L. [FRC, B4R PARBAT
WA ST 5 ECEERMIE(LFANE LOWIE T A — 2 2R & Ui ol bt 217

STFER, IERIZH 172 PDE2A PHEEME (ICso = 0.61 nM) 72 5 NI PDEIA (2% LT 4100



EOMRD TV PDE 7 7 X U —@ R A2 R 3LEY 42a =z AHT Z LTk Lz, AXMed
WiE, 7 FBXO= U RZEBWTRA 2B AN KOPRBITHELZRL, v~ T (I
T oROEEIZE > THAN cGMP GEZAEIC LA SE. £727 v MIB T 28 ek
FAHEER (novel object recognition test) ¥ X OV ENAY[EDEEER (passive avoidance test) (2350
, ARERBAMBERED TR L OSEEM 2R L, BEAF QPR IE TR &L 2 $EARS K
JEMR « e T 7 FUME - TEHERERE 72 E ORIER OBE OV i bEMTH H 2 L &2
LINT LTz, 20, (LEY 42a IZERREAILEY) (BI% = — F&E 5 TAK-915) & L Tt
SN, TNHOFFEMAR 2 ETRAS.

Scheme 2
GIn859

NH,
Q, BUHEEHR

o
N N
Ho o = HN% =
/(/N?;\fo OCF, F2E Ao 0CF, C?g\fo OCF;3
METN=N N . | T =N HN
H’ X gamamers  ~oN N
ISLI-BROZER “u
e

Me Me
10a (eutomer) 32 (racemate) 31 (racemate)
PDE2A IC5q = 24 nM PDE2A IC59 = 78 nM L PDE2A IC5q = 480 nM
PDE selectivity: 180x (vs. PDE3A) PDE selectivity: 41x (vs. PDE1A)
GIn859
NH2
O
F2E PDE2A (4K
Y OCF; | ZBskEZers
X R&ERBETR

ILf=Rid{biREt

PDE2A |4

,eﬁiﬁll‘“ﬁiﬁ

42a (TAK-915, eutomer)
PDE2A IC59=0.61 nM
PDE selectivity: 4100x (vs. PDE1A)
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[%5 3 #] AFETIL, &\ PDE2A [HEEMR L PDE 7 7 2 U —@IRMED> FHEBAT
PEIZENT: TAK91S Ny 27 7 v 7baoRIZ HiE L2, 5 1| EBIO%E 2 EOEK
e mBETRBENTLEY 118 B LV 31 1M E S EsHabE D2 LT

TAK-915 & E 2 oM, £ LT PHEX /37 (P-glycoprotein, P-gp)™ ™ (2 X B2 HEH D

g

SR DDRVHRY — MeaY 119 2 A+ Z LIickE Lz, & 5672 % PDE2A BHFHTEME
BELOPDE 77 I U —#IMEDOM LA LT, (LAY 10a © X #RIEHS SAEEREAT O1F
WAEIIALEY 119 O T Y a[l1,5-aE) SVUE 5 BEXW 6 (fi~OBEHIEE A Z BT L
TGS, TAK-915 & [A% @ PDE2A FHEVEME (ICs = 0.51 nM) & PDE 7 7 I U —@&{RME
(PDEIA FHEEHIZR LT 5300 £%) 2 -7 7Y u[1,5-0)' ) ¥ UFFEAK 1220 % R
T LRI Lz, £, ZOBBETE T Y a[1,5¢E U S VU 5 ICERFEFTHRA L
fe~7m 5 BRAZEATLZZEICEY, Zy b invivo 7 VT 7 A L in vitro JeEMERT
YUXRNDOET Ty ANNBRELBEINDL LB RM LI LAY 1220 1%, T v b
DR ARG L > THEERFNDOHEEITKAN PDE2A O HHEB LD cGMP &% L5
DL LB, ZEWELRBRICE O CRAMRELCED R E2 R T Z L 2L Lz, 2

N OFEMZR 3 ETHl~D.

B3 po s L8y B % 3 — T 5I8AF13 MDRI (mutidrug resistance protein 1) &S, BAFR AU THES
TR T 272012, FEMEZRADPOHM T D R U AR—F —ThD Pgp OFBFIIROLRWIENEETHD.
P-gp OIE L LT LHEH 3 WS, P-gp 8 TRIFE BUMIARME 2 F ) 72 g i 3R o f5 Fos & 5
Ehic P-gp 2L BHEHEE (P-gp or MDRI efflux ratio) &AW THRIED 5. P-gp (2L B HEHLE (B to A/A to B) (3,
P-gp S@RIFEBMIALNE A FVS, WRISUT 13 K ORI T, ZnEn O M Y72 OF@EEEZHEL, b
D% AW THIT 5.

ED L ST S FIRIRES L ORI T Pogp 10X BHEH 2 ol L7-BTSRIC K % &, A BIET 5
UL, HEHIIE 2.5 RSB THD & SNTNWD . KRICHBIT 5 Pgp WEOHIMTHAEL LT, HE
HIEEAS 2.5 LA EDBAIE P-gp DI LHIE LT-.
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Scheme 3

0]

oy

Mé OH
118 (racemate) 31 (racemate)
PDE2A IC5q = 24 nM PDE2A IC5q = 480 nM
PDE selectivity: 150x (vs. PDE1A) PDE selectivity: >21x (vs. PDE4D)
MDR1 efflux ratio: 2.8 MDR1 efflux ratio: 0.43

O F
@ I© T
F
B 5. 6 HOBREREL My Me

N\< Me
Me

122b (eutomer)
PDE2A IC59 = 0.51 nM
PDE selectivity: 5300x (vs. PDE1A)
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N
N
N.__O OCFj3 7;\]40 OCF4 =
Cr™ C
_N HN =N HN
BF 7 B4 T I
Me Me

A EEDN1T)IRE

/N\
N
o o._F
e
sl X
5/N HN Fr

Me
Mg ©OH

119 (eutomer)

PDE2A ICgy =66 NnM

PDE selectivity: >150x (vs. PDE3A)
MDR1 efflux ratio: 0.54



ZIKL-A
% 1 ¥ PDE2A EBROEEEEZ2ETS Y — NMLaH oA

#1E by MEEMOREL Y — MeEWalH 2461 U7 Y ar et ki

MEMEO @V PDE2A FERLZAINT 5124720, EEXLIL, AN EEM 714770 —
RV HTS #FEME LR, 7 a5V IV EREAT e vy MeGWw 2 %
HH L7z (Figure 1-1(A)). {b&% 2 @ PDE2A FLEEMRS LN PDE 7 7 2 U —@&{RMEIL,
ZEI 3.8 uM, 1.3 % (vs. PDE4D) & +5372 b DO TldZed > 72 b OO, &G HFHE
(structure activity relationship, SAR) ZHf5 L9 W7 X FiEEZ A LT\ Z &, R
P AR ATHE 2 FR M 5 E CEHERIEE TH S5 F & (molecular weight, MW) <9
TWRITHRMEF TS (topological polar surface area, TPSA) ZEDWE/ ST A — &) 3N S 2l T
bHoleZ LD, HEERFTZH LiED D ECHEESROSMPKE S RERE v MLEDY
EEZONTE. EHITEEW 2 1%, BTV a[1,54BY I VU 4 fNOEEFRFLET IR
HALO NH 393 TIKERAEZRT 5 Z Sl Lo TENEOHE MR XY HBD 423
YR INTND EMEIND ZENnD, PIRELEN LIAREMZIT) L THFITHS
EEZ LN, BROBEEEE 2, FH O, EIC PDE2A [EEMOM EZBIEL, &>
MEEY 2 OREEEBZ B LT

AT % BRAG L= S 400%, {b&% 2 & PDE2A % /%7 L X SR AE LT
RinolzZ L, HEEIRNW PDE HEAITHD 3-14 VT FN-1-AFFH 2 F

(3-isobutyl-1-methylxanthine, IBMX)* (Figure 1-2) & PDE2A OiEfbtki& 2858 &+ 2% 51

Y e 1 AT RE A R T RS D4 FAEEIC IS S MM ST A — 2 ORI, U B A% — 01| (Lipinski's
rule of 5)° [ZHSWTLLTFD 4 4 (1. MW < 500, 2. cLog P (IEFAMEHEE) < 5, 3. KEELZEM (hydrogen
bond acceptor, HBA) #% < 10, 4. /KFE A #5048 (hydrogen bond donor, HBD) %t < 5) Zii/= T Z &N E L&
INTWA. F7z, Hitchcock & 1% RAF7e FAXEATIEDEFIZIL TPSA < 90, 2 < clogP <5, MW < 500 33X T HBD
=0 DT 1 CEHRSINDREN TR E1TD 2 & afEEL T g 2
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TV IR 0GR P ARSI, WIhnb FyF o7 2a7 =K<, FHE%ED
b HREERADFEEIITE L Rd o7, £ T TEE BIE, MEEMMHEOEFRICE S Y

VRR—=ZOEKREREITH) Z & E L.

(A) (B) FIRYLH—

N l o HBRUINT I
4\H (j//%o OMe
@ Y

L

Me

PDE2A IC5: 3.8 uM

PDE selectivity: 1.3x (vs. PDE4D)
MW: 310

TPSA: 69

Figure 1-1. (A) Structure and profile of pyrazolo[1,5-a]pyrimidine hit 2 from a high-throughput

screen. The presumed intramolecular hydrogen bond is indicated in red. (B) SAR approach.

Me\
)\I)
Me
IBMX Me

Figure1-2. Structure of non-specific PDE inhibitor, IBMX.

EPLAEW 2 %Figure 1-1 (B) IZRT 3 DD 7T 7 AL MIHT (1. 84,2, 7 RV
VI —ERAL, 3. -GNV T X L), Figure 1-3 CTHERR S 5 ARG IZIE > T 7 7 7
A b OREETE R B 2 S L7z
I 1 7Y 8a[15abt ) IV UVREAOBEBLEAOHEZHMGET 52HANT, 7Y R
[1,5-a]EY IV VB E 2,56 BEDY 7 (fLIZATFAEKOEAERFT 5.

HRIE 2 7 2 REMMLO B AR = LB LY NH A% PDE2A FHEIEMEICE 2 5 8% RGET
%, BARMICIE, BVR=VEOBRE, Zoft HBA REO&H 5 ANV =V HEA~OEH, 7K

NH O A F AL ZRatd 5.
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g 3 5V a[154qE ) IV 4 fOEBERTFET I RO NH O FHNKERE
B OTEERBUCKTT 2 EEME A RIET 572012, 7 I RN NH O 2 F b (kg 2), 35X
CET7Ya[l,5-4abt ) IV 4 MERRTORBIRF~DEH, H D00 FNKE-KS
ZRH LTS EEZ DN DEMLTHTIZERIE K S - F 8 R 2 a4 5.

HRI% 4 T LA AETER L CTHERENIC a-DI_ VT I N DR A T 5.

N= 2 4)
HEE 1 ESV0[1,5-aE)ICVBADERE R'OBEA R P> OMe
BBE 2 TSR A—EME O LR {/ 7 ©/ - ,
B 3 5 FRKRRE ORI N HN R
HEX 4 NSULERERALERV O LTIV O LR kM 2
e N ’

2) 3)

O
O
@’{(I:HZ Af fié/:o C N P
HN N
\a Me”~ \ﬁ HN\ﬁ\ —CH HN \(©/
Me Me Me

Figure 1-3. Synthetic strategies of compound 2.

% 2 Hi  AWiETE & A ETEVEAE B

EZ7yu[15qbE ) VU 2,5 6 BEO 7 ALICESHRILEE A L-FER%E Table 1-1
7. BV a[5-alB) I VU 2 LI ATFAREEEAN (3a) 75 LIRS K E 5
T2 —0T, 5 \LATFVEBIK 3b (TTEMEDREFT 2 Z &N 0hoTz. fbE! 3a TRLM
TIEMEDWREHE, 2 MEATFNVEDOE NI L > THEOT I R VR = VI E OSARKIENE
U, a7 4 A= a VNCEBEZRIF LD EEBE L LND. —T7, 6 L A T /LEHIK
c IFMEEHR 2 L L TK 8 [EDTEMEDM ERFRD b, £72,5 B XY 7 (Lo
IS A FAIEAEA LY A FAVFHER 3d 1F, 5 fiAF K (3b) & HATHEEDNET
THEEPFRO SN, ZDZ LXK, T ML~D A FVHE AN PDE2A BLETEMEICHF LL

IRWEEL 52 TWAHZ LA RBTARETHY, 7 MiEIIAFNVIEEZHRT HFEDZEM
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LMEIE L 72V, & 2 WITHEE IR EHUIL 2 4F £ 72 WBUKMEE CH D TR B 2 b b.
UL EO#ER 2B £ 2, PDE2A FLEFMEOM EARD Sz 6 M@K W THl kit
M7 at 21T o 72, TORE, 6 17 mafk (3g), 7 v 7 m R (3f), 7= =/L{k (3g)
X 6 fLAF IR () LHIEL T, WTFNBIEENETI T2 Z LRI LMNE R, Zhb
DFEFIL, 6 MJEADBAFNVELTETELHBREO/NIRZEMTHLZ LE2RETLHHD L
EZixoNn5. UbEnkoic, €I ua(l,5-qt°Y I VU8 EE OSSR ORS 5, 6
N A FIVERIK 3¢ MR/ Y H 2 K212 (ligand efficiency, LE)™ Z{fFF Lo, & bR

PDE2A [HEIEMEZ RT Z EDRHA LN Lo T2,

EO Yy g NI, B A L LA EAERT B U e ROIEKEFRT %79 O Gibbs = F/LF— L
LTEHREND. DTFENBRHCAWFALOFEEZ KT 20ICHOONIEETH S, £/, BEARY — R
LW ERETD ECEEREEL 5.

U B2 R = AGI/KFELUSNDIFETE ~-RT In(ICso)//KFE LIS D%
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Table1-1. In Vitro Activities for Substituted Pyrazolo[1,5-a]pyrimidine Derivatives

compd R’ R’ R® R’ PDE2AICm(pND LE”
2 H H H H 3.8 (3.0-4.7) 0.32
3a Me H H H 16 (13-19) 0.27
3b H  Me H H 2.2 (1.8-2.7) 0.32
3c H H Me H 0.49 (0.43-0.57) 0.36
3d H  Me H Me 7.0 (4.8-10) 0.28
3e H H Cl H 1.4 (1.3-1.7) 0.33
3f H H ¢Pr H 1.0 (0.92-1.1) 0.31
3g H H Ph H 23 (18-31) 0.22

“1Cso values (95% confidence intervals given in parentheses) were calculated from percent inhibition
data (duplicate, n = 1). All values are rounded to two significant digits. ” Ligand Efficiency (LE) =
—1.37LoglCso/number of heavy atoms.

BT, 7 X FAEAEAL O ETE AR B 2 FREE L 72 (Figure 1-4). 7 X R AR = LD
B2 (4, 72 K NH O AF AL (5), 72 RANAR=VIED A VKR = VIEE~DER (6) D
WTALH PDE2A PHEEMEDN RESBEEI L. ZHHDOFEND, 7 I RAAR=/VEITK
FREOZARE LT PDE2A O7 X/ Wik ST L O EERICBES L TnWD—HT, 7

SR NH Zv7Ya[l54dbE ) IV VR 4 MERRTEODTFHNKERAEEZN L R
VI A= aryEEEALTWASZ EARB SN, I T, HFNKEMEORERE,EL
MEET D HMT, 7Y 0[1,5-4]) SV UE 4 (MEZBFRF% CH B LAY (7)
ETIAKRFERE LML TV D & HEE S DL THITZICERIEA LG8 (8) &kt L,
B EIT > 72 (Figure 1-5). T OFER, L&Y 7 I THRBVIEESELE LZOICX L, L&Y

8 IIIEMEDIR F RO LN H DD 21 uM OREEEZ 7T Z ERHL N LR o7 Zh
D ORERIT, KRFEOFHEERIZIBNT, 0 FINARFBREEIT K D SEARBLE O [E E L E I BL
ICHBETOLZLEFRBTHHDEEILNDS. o, BILE 8 TR O LA IEMEDOHTIIX
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BT \THEEE L T2 R E DN 0 FAMIBHD o- = F AR DNT I UELOTER a7 A=

3 NIEEAERIEFLEZERFEREEZ NS,

N ] . c
L] V{F f\ ﬁ g

3c 6
PDE2A ICs59 = 0.49 uM ICg0 = >100 uM ICg0 = >100 uM IC50 =>100 puM

Figure1-4. Effect of the amide linker connecting the pyrazolo[1,5-a]pyrimidine core and
p-methoxyphenyl moiety on PDE2A inhibitory activity.

R0 G Gror

Me

2
PDE2A IC5¢ = 3.8 uM PDE2A ICso =>100 uM PDE2A |C50 21 uM

Figure1-5. Analog designed to test the involvement of intramolecular hydrogen bonding in PDE2A

inhibitory activity. The intramolecular hydrogen bond is depicted as a red arc in compound 2.

WIZEE BIL, FRKBERGOBEREMAZEZR LT, 5 M7 I FEEIZE O F ERE
THETHMEHDO T I v =Y OEBREITo 7=, 7 2 RFEERIITHIRORIE, &5V TrEHN
{CEWT AT TV —HRIRLIE—HT I E 6-AFTNET Y a[1,50EY IV -3-D11
WU L DRT VG ERWET I MURISIZ X - TER L2, REMZRFFEROEIETE
PEFHBAZ Table 1-2 (TR L7z, £70, tBULEME LT p-A X7 = = /LFHEMAR 3c OIF
PE®H Table 1-2 (ZH#Hk L7=. {bEW 3c D/RXTALA XA RE LI BERAE 9a 1%, B
Rz 7 REOIEMORENFED S, ZORRIT, /NTALA R IEDURE O 22 & 2R

ICHFHE LTS, HOWIBEFIER L LT 7 2= VEOBTEE L2 E D, PDE2A ¥ /%7

18



EDOMBEAERZMRIE T DR A TR T2 b0 EEXOND. —F, T L F Al
PHOTTF VI (9a) & A FNVFEICEHR LG 9 1TIEMD 6 f5EE L, (LE® 3c O=
FNASBMIEEZ X HIZRE LAY od IJEEPREUE N L. 2618, kEW 9a @
I = F VR IR B BT 5 7 = = VD AL METERILS BT A & V3B ER (90

Tl 9 FOEEDIKRTARD Live. 2 b O/RERIL, ST VX L lg47 PDE2A FHETE
PEARE T2 ECEHEEREEEZ R L TCND I EE2RELTREY, RSN PDE2A OR;
v NESIRIICKET D L LB, 7 = VEEIEERBUCE R R EREEICHE L TV D
EZZBND. —H, LB 9d O/RTLA X HEE AL (90), HDHWITA L ML (9f)
BT EIEERER L2 e D, 7 o=k EoEHENS PDE2A HEGFMEICEETH
LT EMHBMNE ST E, NIEHRETHLA MR (Od) Z R 7 rda X ¥
T 9g) ICEHT DL, BLE 9 EEESM ELE. —RIZ, R TAFRA RS T 2
= EEE AT DA WIE C=C-O-CF; O _HANEAZT HEENLERDITK LT, A b
¥ 2o NEEE AT HILAEMTIE T = =V, BERT, A FLEOREZRTF R —F

RIS E T DEEE B LTV E A STV D (Figure 1-6)°. R U 7 v 2 F )L
FFATFNVEE L HAD LRI Emm <, BEET 5 7 = =V BV MIKRIRF & ONLR
REEZALRLT VW E, MU 7 Fa A FAREOBEFRIRICELY, $HET 2D 2T
LR TBRFE PO EBUVRAOENRTHEL—FHT, N 7t A MU RO
FIRF EOILAE SRR C-F #EGOMFEAMERE IR LLElT 5 2 L T hBoR
JEOFEWNELDL LD EZZ LN TNDY b0 Lhn, (LEY 99 TR LIk
DO EE, A RFTVENSG MY A A MR EADERIZ L 5T PDE2A X /37 & D
NEYAPEAR ARSI L= T, MU 704 A &7 = =)L K0 B AT SEAREL
DIEMH Y 7 A= a VLTS Z LI s THE RN T ~DOFERITE )= hr E

—OEEPIGI SN LITER L TWD EHEZEIND.
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Table1-2. SAR of Representative RHS Amines

/N\
/C>;YO
Me
=N
HN\R

PDE2A PDE2A
. compd R .
ICso (UM) ICso (uM)

R
OMe
0.49 OMe 52
* o g LT
(0.43-0.57) (39-68)
Me
36
(2.8-4.6) OMe
28
fiT/I::j of fiv/[:;j >100
(20-39)
Me OMe
49 oO_F
. o LT

(33-74)

compd

>100

9

6.1
(3.6-10)

“ICso values (95% confidence intervals given in parentheses) were calculated from percent inhibition

data (duplicate, n = 1). All values were rounded to two significant digits.

c Me,
\ ©

AFDBFTIDVELF—TFEEICHET HERAEL

[ F3C

"0 ‘o
b

a
R = Me vs. CF3 FIZLAOAFSRE TV EITH L TER T DEENR EZIER AL

("

Figure1-6. A difference in conformational preferences (dihedral angles 6 of C*~C"—0—C°) between
the methoxyphenyl and trifluoromethoxyphenyl groups.

WIZ, THVE TR AT & 72 ETE A BN 2T 0 Jn B2 F51S, TP m EIZR W CEE R

B, Ihbb, O IV 0154tV I8 6 fi~DAFILHEOEAN, @ KinbhU 7L
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Fu R N IHEAOEWEZNENMAGDETALEY (10) Zi%GF LA L7=f5 %, PDE2A
PR TE S FRANRZ A B9 2% Z ERH BN E 22572 (ICs = 0.053 puM). HiW T, JFIEMER
@ PDE2A PHFIEMEI LU PDE 7 7 X U — @RI T D B A GET 572012, (Lbaw
10 O8I %2 EhE L=, T OFEE, (R)-1K 10a (X7 (K 10 & ETEERK 2 51
EL, 9)-KTHD 10b 1% 10 pM DEEIZCBWNTCHIFHEZ RIS RWI ERHL MM E o T2
(Table 1-3). 723, =— b~— 10a™*" Offix AR EIX, %R+ 2 PDE2A & X ikt
REEfRATIC L W B L7z, 7=, (R)-1K 10a X PDE3A Zxf L C 180 f%, PDEI0A (2%} L T
310 %, ZOfhio> PDE 7 7 X U —IZxf L CIE 420 fFLL B BAF/2@& IR~ 1 7 7 A L %R

T2 E BB E 572 (Table 1-4).

ED gy F e — [ CEEEIEICED 5 DA, IEIEOTRN ST % 2 — h~— (eutomer), 3V %5 4 A h~—

(distomer) &V>9.
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Table 1-3. In Vitro Activity Profiles of 38 and Its Enantiomers 10a and 10b

/N\
{NQYO ¥
Me™\=N HN\p/ Fr
Me

compd stereo PDE2A ICsy (uM)*

10 rac 0.053 (0.047—0.059)
10a R’ 0.024 (0.022-0.027)
10b S° >100

“1Csp values (95% confidence intervals given in parentheses) were calculated from percent inhibition
data (duplicate, n = 1). All values are rounded to two significant digits. ” Absolute configuration
assigned based on the stereochemistry of the bound conformation in the crystal structure of 10a (see
Figure 1-6).

Table 1-4. In Vitro PDE Selectivity Profile of 10a

PDE subtypes ICso (uM)* selectivity ratio”
PDEIA >10 >420
PDE2A3 0.024 -
PDE3A 4.2 180
PDE4D2 >10 >420
PDE5SA1 >10 >420
PDE6AB >10 >420
PDE7B >10 >420
PDE8A1 >10 >420
PDE9A2 >10 >420
PDE10A2 7.4 310
PDE11A4 >10 >420

“1Cso values were calculated from percent inhibition data (duplicate, n = 1). All values are rounded to
two significant digits. ” Selectivity ratio (rounded to two significant digits) = PDE"X" ICso/PDE2A
ICs.
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O3 {bAS¥ 10a & PDE2A @ X BidchE SAEYEREAT

INETHRRTEZLIE, by MuAW 2 2uf kA & Lo G RERIC X b Bt
220EME & PDE BIWEZ R TLAY) 10a % LT 2 LB L7z, AL ofs G4 B
LN H72DIZ, 10a & PDE2A @ X #Hfl st G MidT 4 9k L7z, % ORER, Figure 1-7
(A) BEW 1-7 B) IR T LI, LAWY 10a 73 PDE2A DOfififil KA A k& LTS 2
EBRAEMERoTe e EROBEEMMEEAL —& LT, 7 I FEZO NH 1ZE 7Y m
[1,5-a]t°V I V0B 4 (fLERIFET &0 TRKREREEZIEL, EEa 7+ A= a VO
EICHFE L TWD I EZMERT DI LENTE, EHIT, 10a DX PT I ENLOHE
SINAARRLE L R REIRE LT, 20 X SRS MITIC L - C, (k5% 10a & PDE2A
EOMEAERBH SN pofe. UUFICRETREMAMERICOWTELD D,

1. 7Y 8a[1,5-0t VIR T AMNOKRZRTIX PDE 77 IV —@ O FERE G AL T
H5 GIn859 & CH-O DH#EEIRI/AKFERS (C-0 DOEE: 3.2 A)® 24 L CTHAEMEH LT
W5,

2. 7 X RANVA=VIET Tyre55 LK THINLIZKBR/EADOR Y NU—T ZTERT D &
EHIT, EHITH I —DORIDKGF EIKRFREEEHK L TS, ZORAEIL, ILR=/
EE2BELESS b8 3c — (LAWY 4, Figure 1-4) (2 KIEISIHMEA G L7k R &
FTIEDRNEDENZ D,

3. BTV e[5a ) IV URIEEICET 5 Phe62, FITALET 5 11e826 & ZiLZ i
72 HNT CH-n OHAAEMZEE L TW\% (Figure 1-7 (B)).

4, 7[5tV IV 6 LA TFVEIL LeusS8 flgHE 7 7 T T U — L ADHA
EHZ LTS, AFALVEEZHFELTVDLRT y FOREIFWROENTEY, ZOHAD
AFNEE LD KREREBEHRILICEET D EIEERET LR E —89 5 (Table 1-1,
3e-30).

5. e FUIEHIE 11e826, Phe830, His656, Tyr655 TP £ N7 EIAMEZEM %2 Hd T\ 5.
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6. p-hU 7 Fu A X7 x=/VHT PDE2A % /X7 L OFERIZ L - THITEKR S
AT NEEMEZEM 2 0 RBIC I L TV D, it > T Zhu HiE, ZOZERNRINET
Wit SN TWAhod PDE O X HRALHESEMITIC BV TR® Hud, PDE2A (TR
7222 T D ATHEME 2 S LT D™ Lo T, kA% 10 THER S iz BAF72
PDE 7 7 3 U —iR%IL, PDE2A ([ZRHEIRAZEMZRMT 22 LickoTheb s
TWLDOTIERWNEEBEZ NS, £72, NI TAF A FFRIHTT = = /VIRITH LT
TRV F =BG R 2R E AR O NARELE CHREMEZEMZ A LT D Z &R B2 E 72
ol 7x =K LR RICAET AR O A ¥ U7 2 = LFFEIK 3¢ &b
NC, MU TAFBERA XYY = = VFER 10 SRR AR ORI A T, &
DEICH & - SNAESL (T hrE—21b) NSV ERK 9 fFOiEMR I

R ERZBND.
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Figure 1-7. X-ray crystal structure of 10a bound in the PDE2A catalytic site (PDB 5XKM) viewed
from the top (A) and the entrance of the catalytic site (B). The key hydrogen bonding interactions of
10a with PDE2A and the intramolecular hydrogen bond in 10a are indicated by red and yellow dotted

lines, respectively.
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%4 H ALEY 10a @ invitro B L OSEYEIE Y 0 7 7 AL

{b5% 10a @ in vitro (Table 1-5) B X O EIEZ 1 7 7 1 )L (Table 1-6) Z/~7. 1k
A 10a 1357 78, TPSA, U 7Y Kb, evATERI= (Lipophilic efficiency, LipE)™ 72 & o
MTRERWERIEE™ 28 LW, £/, B b, Ty b, v 2ANFRAORITEN
THRFRRELENE7T 07 7 AV ER L, P-gp OIEEOAIREM MK < (MDRI efflux ratio =
0.43), BmWHRBITHEZ T Z E i aIn. AMeAEWE 7 v B IO~ 7 AT 0.3 mgkg
DENRNIE G A2 L2 2 A, KRR E 27 VT 7 A (Cliw) BEODMHEM (Vdy) &
L7223, 1 mghkg ORAKEEIZBWT, £REH 15% B LD 34% OEYFRIFH=HR
(bioavailability, F) & 58.7 ng-h/mL 35 KT 132.6 ngh/mL 0D I o i FE— B R st T e i A A
(AUCyg) Z/R T2, EBIT, ARO P-gp EMEORRLE L, 7 FBIO~ T R
T % e L PR RN (Tae) 1 (bW 5% 2 K (T v b)) BXO 1 KR (7
U R)) O & MR OEMRELL K, (TThEh 29 L 2.6 CRERMEEZRL, MIRHK
BP9 (blood brain barrier, BBB) Z i L THNIZEATT 5 Z L 2R L2, UL EORERND,
{b&4% 10a 1345 % OEERFHICE T 2 U — FMua®, £72 in vivo Y —L{bEWmE LTH

MThorEEZLNI.

) fevAMERRIT, AR L ISR F 2 NAT 5, BFORTERSNAIEETHS. Hifl BLORT
v 7T A7 (drug-like) 72t a AT 2 RE RV — FBXOBKEMLEMERET D L CHFHREE LS DR
TWa3.

NE¥AM:%hZR, LipE = pICsy — log D

B ) — RMEASIO MW R TPSA 72 & OWtE < T A — 2 1Z O SOl LR A1 2 M2 i X 0 890+ 5
BHRRHLZ ent, EREINDME (FS Z8) LV /P SVWEREELWVWEEZ LN TS, —H,LE R
LipE fHIZBE LTI, BUE BTSN TV 5 EELORTERFFEERIE (b v MU — MeAERHE) 0/ 3T 2
— X OFFTRER P B, U — FMLAEWRHRFOFEEIZZNZI LE=0.39,LipE=3.78 THDH I L BHEIN T
%%
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Table 1-5. Calculated Physicochemical Properties and In Vitro Profiles for Representative Lead 10a
/N\
N
] >;YO o} F
Me/QN I \lfF
Me

10a (eutomer)

property value
PDE2A 1Cs 0.024 uM
MW 378
Log D* 3.46
TPSA 69
LE 0.38
LipE° 4.16
PDE selectivity 180-fold (vs. PDE3A)
HLM <1 pL/min/mg
RLM* 36 uL/min/mg
MLM 27 pL/min/mg
MDRI ratio® 0.43

“ Log D value at pH 7.4.°® * LE (ligand efficiency) = —1.37LogICsy/number of heavy atoms. ¢ LipE
(lipophilic efficiency) = pICso — Log D. ¢ Metabolic stability in human liver microsomes. ¢ Metabolic
stability in rat liver microsomes.’ Metabolic stability in mouse liver microsomes. ¢ MDRI1 efflux ratio

in P-gp overexpressing cells.

Table1-6. Pharmacokinetic Properties and K, Values of 10a"

iv (0.1 mg/kg) po (1 mg/kg)
species CLuwl’ Vds* Coa’ Tt (h) AUCos!  F* (%) Kph
(mL/min/kg) (mL/kg) (ng/mL) (ng-h/mL)
rat 43.9 3953 15.9 1.7 58.7 154 29
mouse 43.2 4363 44.8 0.7 132.6 33.9 2.6

“ Rat or mouse cassette dosing at 0.1 mg/kg, iv and 1 mg/kg, po (non-fasted). Average of three rats.
? Total clearance. ¢ Volume of distribution at steady state. ¢ Maximum plasma concentration. ¢ Time of
maximum concentration. / Area under the plasma concentration vs. time curve (0—8 h). ¢ Oral

bioavailability. " Brain-to-plasma ratio at 2 h in rat and 1 h in mouse.
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%5 i AbA&W 10a @ invivo ZEFRIAW

PDE2A BHEMEMIC X 53 )%~ — % — (pharmacodynamic (PD) marker)™? (2395 8
BAEMGET 572012, (LAY 10a %~ 7 A2 O&SE (10, 30, 100 mg/kg) L, PDE2A 23
FEHLL TV DEMT (BTEEEE, BREIR, W)Y 12817 % oGMP B3 LT cAMP &4 HIE L
7= (Figure 1-8 (A) & 1-8 (B)). ZDOfER, 10a X RO TOENIZEIT S cGMP & &
30 mgkg 26 HEIKRTFHOPOFFEICHENSEZ. —F cAMP EIZOWCIE, AIEEIED &
100 mg/kg D &8 THEN 2B HAL7=. PDE2A X ¢cGMP B XY cAMP Dili )5 % Jisk
DIRETHZENHRESNTHDEN, (LG 10a DA LT, TNETICHEINLTND
BAY 60-7550%, erythro-9-(2-hydroxy-3-nonyl)adenine (EHNA)®, {L-&#) 1 (Figure 3)*® 72 & ot
® PDE2A MHEIHKTHRBEIZ cAMP £V b cGMP O ERICK L TE D RWREZ /RS
ERNED SN TWD, ZOBBIZBLR A TR TH 523, PDE2A [FAK cAMP LV
cGMP (Z5%f L CREWEIFIME (KW Ky 1) 28532 &7 F72 cAMP (2xf LC XL v Bk
DRV PDEL, 4, 7,8, 10 72 EDOfthod PDE 7 7 IV —2RHFET 5 Z L1 k- T, PDE2A fi
EIZL D cAMP OFRIGIVER SR STV D ATREME N B 2 b 5™, LLEORERNS,
PDE2A PHFIKIL, ABM25M4TIZB T, FIZ cGMP O EOIMKIZEE L Tnbd 2 &

ISR S Tz

10D s a8 G2 A4S TAC B L TARE A 7 = R ACHES W ER 2R LTV 500 E 9 hofskE  LCfiib
No. £72, TORISIZESNT, FHROBERLEGFAT V2 —VOREREVTETHS.
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Figure 1-7. Increase in mouse brain ¢cGMP (A) and cAMP (B) levels 30 min after oral

administration of compound 10a at 10, 30, and 100 mg/kg to ICR mice. The prefrontal cortex (PFC),

striatum (STR), and hippocampus (HIP) were isolated after microwave irradiation. Data are presented

as mean + SEM (n = 7-8); #p < 0.025, ## p < 0.005, ### p < 0.0005 vs vehicle by Williams’ test or

Shirley—Williams’ test.
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BEHE T Y a[l1,5-a8) IV -3- VAR R 15 (3, Scheme 1-1 [Z/RL72L DT, BT
Y u[1,5-a]E Y IV UBROMER LT AT IO MKSIRD 2 TRTARSHE. T4
b, S HWIFHSEMET, 5-7 3 V-1H-E 5 Y —)L 11 Zfix D 13- 5 /LR = L%
K 12a—c EHES S®I%, BoN-E T Y u[l,5-4lt') I 13a—c &7 /L H U KR
A2 & TRUST A VAR VR 15a—¢ #1372 (Route A). —J5 15e %, 7 Y 1[l,5-a]t
UV BRNT N VNIKGIRERODSAMET TREE TH o272, RIBEDFIZT AT )LD
AR %z £l 5 Z & THR L7 (Route B). F£7= 15d,f 1%, filkd ALK 14b % H

FIFEHIH, M85 13-V VR = VMR 12df & O RISICE > TER LT

Scheme 1-1. Synthesis of Substituted Pyrazolo[1,5-a]pyrimidine-3-carboxylic Acids 15a—f*

Route A
R N 2 N\ 2
N= a N b 17N
HN_| o —— » RLC /\// o __~ . R /\// o)
6 6 N
HN  OFt N
11 (R = H, Me) 13a (R = 2-Me) 15a (R = 2-Me)
13b (R = 6-Me) 15b (R = 6-Me)
13c (R = 5-Me) 15¢ (R = 5-Me)
15d (R = 5, 7-di-Me)
Route B c d 15e (R = 6-Cl)
N— 15f (R = 6-Br)
HNI>;\’//O
HoN OR
14a (R = Na)
14b (R =H)
OMe OMe w\)?\ OMe O O O m
X
Meo)\/kOMe EtO Me H MeOJ\/U\Me Me)J\/u\Me H R H
12a (for 13a) 12b (for 13b)  12c (for 13c) 12d (for 15d) 12e (R = Cl) (for 15€)
12f (R = Br) (for 15f)

“ Reagents and conditions: (a) 12a or 12b, AcOH, 70-90 °C, 0.5-16 h, 69—87% (for 13a and 13b);
12c, toluene, 100 °C, 16 h, 68% (for 13c); (b) 1 M or 2 M NaOH aq., MeOH, THF, 50-60 °C, 3
h—overnight, 80—87% (for 15a—C); (c) 2 M NaOH agq., EtOH, reflux, 20 h, (taken on crude) (for 14a);
(d) 12d or 12e or 12f, EtOH, AcOH, 80—100 °C, 1.5-2 h, 68% (for 15d), 64% (2 steps from 11) (for
15e), 75% (for 15f).
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o- IR LT R v 19, 21a, 21b, 22a, 22b 1E Scheme 1-2 FREDFIETHREK LTz, A
VAR VE 16 % Weinreb 7 X R 17 ~EH# L7t%, =F L7 ) = — ViRkS A EH ST
k> 180 &R L= il 18a ZIF X T v T4 VT uiRFy RIEMFF, AF LTI
EDA IV, B KFBILAR TR T MY TAICLDIETIZE ST N-AF AR T R
v 19 I\, E77,18ab 13k e X7 I v HBIEAEH S TAF T A 20ab &L,
W THAERM 2 KBIRIMOEIAT LT 2 2lab 28K L. XUV T I v

2lab |FHEERE & 95 2 & Thidb S ¥ T 22ab 157,

Scheme 1-2.  Synthesis of RHS Benzylamine Moieties 19, 21a, 21b, 22a, and 22b“

OCFs OCFs OR
a o b
o 0
N.

OH MeO™ "Me Me
16 17 18a (R = OMe)
18b (R = OCF3)
c
OMe /
N
Me” d
Me
19
HCl OR OR OR
f e
H2N - H2N - HO’ N\
Me Me Me
22a (R = OMe) 21a (R = OMe) 20a (R = OMe)
22b (R = OCF3) 21b (R = OCF3) 20b (R = OCF3)

“ Reagents and conditions: (a) oxalyl chloride, cat. DMF, THF, rt, 4 h, then
N,O-dimethylhydroxylamine hydrochloride, Et;N, DMA, rt, 16 h, 30%; (b) EtMgBr, THF, 0 °C, 2 h,
86%; (c) MeNH,, Ti(Oi-Pr),, MeOH, rt, 5 h, then NaBHy,, rt, overnight, 25%; (d) hydroxylammonium
chloride, Et;N, EtOH, 80 °C, 3—4 h, (taken on crude); (¢) H,, 10% Pd/C, MeOH or EtOH, rt, overnight,
66—95%; (f) HCl, Et,0, EtOAc, 1t, 67-91% (2 steps from 20a,b).
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{b&¥ 2, 3a—€, 5,7, 9a—g, 10, 11 1%, Hifkdhd D ME Scheme 1-1 THAL L7 E#H 7 >
2[1,5-a]Y 2V U3- KRB 15 & Scheme 1-2 THM LIZABEKR VLT Iv 21
HHNE 22 G SETEK L. 72, HFHIEMEAR 10ab 13 7 /K 10 @ Chiralpak

AD 717 A& W AFENC L0 EASF L7 (Scheme 1-3).

Scheme 1-3.  Synthesis of Pyrazolo[1,5-a]pyrimidine Derivatives 2, 3a—¢, 5, 7, 9a—g, 10, and 11°

N

N aorborc R! //N O
g — U
=X
3
free bases or HCI salts R
15 21,22 2, 3a-e, 5,7,9a-g, 10, 11

IN\
/(/Ng\fo OCF5
Me™N\=N HN\(©/

/(/"‘7;\’40 OCF; d Me
Me =N HN —> 10a
/N\

“ Reagents and conditions: (a) EDCI-HCI, HOBt-H,O, Et;N or none, DMF, rt, 2 h—4 days, 44—98%;
(b) EDCI, HOBt, DIEA, DMF, rt, overnight, 28—84%; (c) HATU, DIEA, DMF, rt, overnight, 52%; (d)
Chiralpak AD, 100% EtOH.
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6 fiv 77t LBIRN7 2= 1T a[l,5-qlt°) IV UBER 3 BLO 39 1%

MIST DR EDMA—EH7 Al v 7V RIS 12X B L7 (Scheme 1-4).

Scheme 1-4.  Synthesis of Pyrazolo[1,5-a]pyrimidine Derivatives 3f and 3g”

N< Ne
/C)J\fo OMe s /(/Ng\’//o OMe
Me Me
11 3 (R = c-Pr)
3g (R = Ph)

“ Reagents and conditions: (a) cyclopropylboronic acid, Pd(OAc),, Cy;P, KO#-Bu, toluene, 100 °C, 16
h, 10% (for 3f); phenylboronic acid, Pd(PPh;),, K,CO3;, DME, water, 150 °C (microwave), 20 min,
77% (for 39).
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TIRINANRZAEERAF LU EBAWVTA LR ICERL-FEER 4 BLO 6 13,
Vilsmeire i3” HH 0 E7nv 2RV BEA W 6-AFLE T Y a[1,5-4 B I Vv
(23) ~DALESERAI 2R 2 U bd 5T 7 v a Z LR = BIZ L 0 R 2 Uk 24 BE O
Jan A)LIR= UK 25 ~EH LT, XUV T I 2a EDOBEILT S LG H D W

ZANLVR T I MERISIZ X VEEREEY 4 BLTD 6 AR L7z (Scheme 1-5).

Scheme 1-5.  Synthesis of Pyrazolo[1,5-a]pyrimidine Derivatives 4 and 6°
/N\
N= a N,N\ b /(/N% OMe
N - > —

/ >J /@ >;YO Me =N HN

Me =N Me =N H
24 4 Me
\
N

IN\
N 6]
,N: 0 g ) 7 >;\§/,: OMe
/ —_—
" /@ §:O € =N HN
e
=N Cl

25 6

23

“ Reagents and conditions: (a) POCIl;, DMF, 0 °C to rt, 3 h, 82%; (b) 22a, NaBH(OAc);, AcOH, Et;N,
CH;CN, rt, overnight, 88%; (c) chlorosulfonic acid, 80 °C, 2 h, 26%; (d) 22a, DIEA, CH;CN, rt,
overnight, 97%.

3 BRMALEY 8 1E Scheme 1-6 FLHiDTIETHM LIz, BV P 26 ZHFFEEHIHW,
EREX T I -0-ANVKRUBRIZE D N-T 2 LIS, $i e B4 Vg A TV ED 13-
PRS- IMBALBRIZ L » T, FFEDOE 7 YV u[l1,5-a) U ¥ VB kK 27a BL Y O E
BMEK 27Th 22 NFH 29% B LY 16% DULRTHZ. #1 T, Dess—Martin A% |2 &
L — kT v — VOB G, XU UAT v 2la EOETLT R ALMIG, £ LT ATV
DAKRGIRZ KO TR g 30 ITEE, ffRIZoFNT I MUEBUS 21T > TIEREAY 8

ARk L.
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Scheme 1-6.  Synthesis of 4,5-Dihydro-3H-pyrazolo[4,5,1-ij][ 1,6 Jnaphthyridin-3-one Derivative 8

A b c

| —_ OMe — -
=
26 27a 27b 28
:N—
d e ] N_ O OMe
OMe OMe _— N
Me
29 Me 30 Me 8

“ Reagents and conditions: (a) hydroxylamine-O-sulfonic acid, NaHCOs3, water, MeOH, 0 °C to 50 °C,
16 h, then methyl propiolate, K,CO;, 0 °C to rt, 2 h, 29%; (b)
1,1,1-triacetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-one (Dess—Martin periodinane), CH;CN, 0 °C to
rt, 2.5 h, (taken on crude); (c) 21a, NaBH(OAc);, AcOH, CH;CN, 0 °C to rt, 16 h, 79%; (d) 1 M
NaOH aq., MeOH, THF, 70 °C, 2 h, 94%; (¢) EDCI-HCI1, HOBt-H,O, DMF, 1t, 16 h, 85%.
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PLERARTE7Z L 91, HTS v MEEW 2 60U — RAIH AR L 72 s 28 s
£V, 5@y PDE2A PAFEMIS KO PDE 7 7 I U — @R M4 A7 28 PDE2A PHEZEY
— NMbAY 10a ORIMICHKSI L7z, By MEGYH 2 o0 ) — FAIMOWRIZHNT, 7
T REMED NH & BTV a[l1,5-4]E ) 2 VU 4 MEREFNEWVICHFNKERESZTE
L, iEEa 7 A= a v EREERL TS ZE, £ 7Y 01,54V SV U 6
FE~DAFNVIEOEA, BIOERKE 7 = =V EOBBEER p-A PR NS Y 7
| A R UHEA~DOZER) A PDE2A HEEMERS LN PDE 7 7 X U —&R oM EiZk
WCHEREEZRLZLTWDZEEWLNC L. LAY 10a 1TRYERERBRIC X v &%

ORI FS L OHARBATHEICEINL D 2 E DR &N, v U A~ORAOFEGIZB W TN cGMP
GROABERBMERZR L2, 25, 10a 28 in vivo &0V —/bLEHE L OE %O
RIE(EFIED ) — MEAmE L THHTH D Z L2 X7 AR VWi 5. — 5T, R
LA ORI E W S BLEIZIB W T, {EE 10a @ invivo AUIHELB LV PDE 7 7

—JERPE (180 % vs. PDE3A) AR+ TH Y, UBEOKEILBRFHICENTE bR

PDE2A PHEEMIS LN PDE 7 7 2 U —@INMOKEN ML E L EZE 2 ST,
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B2 E BEME - EBERYE - BB ITE2 R PDE2A FLEROAIR] « BEE
LEY TAK-915 DAl

51 H WPTR R

B 1 ETE V- NMAEYWORSGEZBEEBLT, fNbam o714 77 U —nb RISz
HTS t v MbEW 2 %k L L7oiEA s £ L, Rif7 PDE2A BHEEME S PDE 7
7 IV BRI, 2 LCEYBRET T v A VR AT — NMEEY, ¥ T Y a[1,5-4]
B VUFHER 10a 2 RHETZ EICKRI Lz AMEEWIT ERO BAF2R in vito B XD
in vivo 707 7 A VERKBRL, v 7 A~ORKAEREIZL 5T, PDE2A BEFH L TV 5
LI B W THERF 2 OAER cGMP 8O EAEMEZR LI, L LR b, Al
AWD in vivo AZIHE (30 mg/kg, po) IZBITHEWMFPERFERES L PDE 77 I U —i
R (180 % vs. PDE3A) IXEFIRIEMLAW OZBIR &0 S BLEO IR+ TH Y, K
28T PDE2A OHREA fEI] LAIEAER & L CORAMEMAET 5 & & b, flld PDE
RENLSNDOFT Z =7y MIBERT HEITER Z B 2729128, S 5725 PDE2A fAF
EMEB LN PDE 7 7 I U —B RO EAMELEZ LN, FmCThmCzi o1, 11
M¥H> PDE 7 7 I U —(TIEREME, BB A, METEEORIE AT 2 ENELR->TE
D, ZNEIDERNORE 2 Tk OMIEN S 7 T AR ORI 21T 5 2 & T AHTE
AZERELTNDZENRMBN TS, FIxIE, DR ME FIEff 72 12835 PDEL X
PDE3 OFAEL, METLRMEMHEIRZ: SRR~ ORENBE SN, MIEICFET D
PDE6 OFE L, HREFESMESL TS *% L7z23->7T, PDE 7 7 2 U —RIFEOHE
RiX, BMEHOEREICHRO TEEELZZOND. ThODOREEEX, FEHEOGIX, &LV
PDE2A PHETEM A58 < (PDE2A ICs < 5 nM), PDE BHE/EH OBIRMEICHEN (>1000 {501 1),
MO BRAF PRI Z Rk E M ORKREEDH ZLIZ L. U — FMMEa® 10a ©
PDE2A PHEIEMEFRS KUY PDE 7 7 X U —#RMEM L2 BHE L C, F#H H1L, PDE2A/LEY

10a HEEED X FRILHE M EE# (Figure 1-7) ICHESWEYRREH 21T 72, £72, &Gt
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(LA D PR AT & 2 R CREILT 5 721, TPSA 5 L 08 HBD 0¥k, 355 P-gp

REMEERE L LI AR ZFEmT 52 L & L.

52 ffi X BRI S U RO 7o KA R R

&% 10a O X 57¢% PDE2A [HEIEMIS LY PDE 7 7 X U —i@& R M E 4 g@ERkd
572121, PDE2A # /80 L OF -/ M BEEHOES Lo PDE 7 7 X U —IZIFFFEL
72\ PDE2A (AP 72 Ef 2 FIA T 2 BN B D L& 2 7. £ Z T, Figure 1-7 (TR LTz

X BRAE R EERICE SN T, LD 4 SO3EY RGN 2 1% L7 (Figure 2-1).

BRI 1 %5 1 FEOH 3 HICKY, BTV a[1,5-aE Y S VU T MOKFEFRFIT PDE 7
7 ) —HBO B AT TH D GIn859 & TV KFERE S 2 L THEMEHR LT
Bk ipotz, AFERIZIESE, GIn859 & I KBRA DR TE D70 fk
BAEBRRL, EEom E2X5. ZOFREBRIZE > T, EEOM ERHFETE 20805
T, ALE W OFHNECRE S AR IE A & o, Foal b FeIc 61T 2 i sEm LICR 5 2 &R
Hrrshns.
B 2 p-hU 7 Adv X MFv 7 =53, thod PDE 77 X U —TClE 2L E THEMN
FERB SAL TV 2V PDE2A (AR IR MEZEZ HA LTV D Z Ry hoTnNg. 22
T, ZONREMEZEM 2 TR T D iR EHILAZEANT 5 2 LIk Y, PDE2A BAFEMEDM L
& PDE 77 2V —@ERMEDH EAREFICKS. 2O, FU 74X b o7 Lo
F VR DL EMERE Y] 2R BRI OV T O RET 5.
g 3 UAY NG A PO 7Ry U ARHSBEA A4 v OEDIZIE, MRk I ik
A TH D His656 X° Glu829, & HITIFAKDFNLAFHET D, FTo, = F /ARSI T AR
CHE L TRY, ZOEDITHERIR E 2BUKMRE E B2 bz, 26 His656 X° Glug29

B DI T & OFEAER 2 W45 U, —F /L EA8E It B 238 A LU, PDE2A [HEEMED
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bz BAEd. E7z, M7 I BIRIESOK D T LB T 272D ORERMEHOR S =
R D Z & & LT,

HEEE 4 B 1 =5 2 HIOMMNTHLMNI /o728 51, 7Y 8[54V IV VE 6
LD A FVFLDE NI K > TEM I L OEIRPER RIS B L7z, BRig 1 CTHrizic A
U 7= BRI B D 22 M 2 W BRI BT 5, & 5\ ME PDE I CTRAZR ST I/ BEFEIE 20\ i
Ol B A B AT 5 Z LIl o T, IEEB KON PDE 7 7 X U — Bk m & H

a9

ERRE 1
GIn859 LBAREIZ KFIEE A RIREA
EZVO1,5-aEVI DU B OEER

HiHE 2
PDE2A [T ErEA M ZERE
MRMICTET HERBEDORR

ERK 4
BIGAEEOZRMENREMNICTIET S, HHLE L 3
PDE B TELZ7I/BERELZIB--EBREEA SBAAVEDIZHFEET BKHDFX° His656

CHRBEERRIREGBEEREDEA

Figure2-1. Drug design strategies to improve PDE2A inhibitory activity and PDE selectivity.

% 3 Hi  HHLEEE O PRIRIC (A 72 SR e T R« BRI 1

L& 10a O S LR HEEDM L2 BIFETICY 72> T, HEEHEDHIL, 10a DB T Y1
[1,5-a]t°V T VU8 E GIn859 DM AEM TH 2L KFRAICER Lz, — &I
CH-O DK ERKAIL X-H~Y (X, Y =N or 0) THEIN5 Hl/ e KERKAITHRT
FIVEE S D728, GIng59 & it A2 KB AE S 2 L THEAEHT 2 2 L 3 TEAUREED M
EREIFRFCE D EE X T2, — T, PDE2A X972 cAMP & c¢GMP DOIEE A2 MK 3RS 5
PDE O _BEHEEMEZHHAT 20T AT =ALO—2L LT [T VE2Iy AL vF | BERE

ERTW5 (Figure 2-2)**. ZhiE, cAMP B LT cGMP DOfiFEE %3859 5 72912, PDE
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77 IV —HBEORLERESHAM TH D Gln MIEH (PDE2A DA1E GIn859) A3 H HIIZ [Rl#xA
THEVILDTHD., LROAMERKIZHAEICIDMENERE 702310 AL vF] @
DFAN=ALa2BE LT, GIng59 L WAL /KFRZNEE NI AT RE 2R FTHL A # & 5 aE L 72
(Figure 2-3). ZOF, 5V u[l,5-a]t° V) I P UFHETRD BN TWD L TRAKERKED
HEMELER LT, 7 I FEALO NH & FRKFEREDIERTE D X 5 Bl ek OwE
IPEEIZ HBA & L CHERET 2 E R FOEANEIToT2. £72, P-gp IZ XD HEH DR EDD
MbEm A BT~ LA OB T TPSA =° HBD /¢ & OB LT 1) 72 fR
HLEBICANTZ., ZNE TOMEHICLD &, Pgp (X DHEHZMHIT 5 7-D121%, TPSA B
L OV HBD HIZhEh <90 A*, Z LT <2 (FT72bb, 0 20 1) TEESNDHFPHAN TIR
Wikt 2475 2 E BRI Tn D O ST NAKBRRAENRO OND FEX A T T, ©
DFEE DM Lo THRNF D TPSA B L HBD N ZET 5 LB 2 b, FilxiX, E
DFPKEBEREZERT 256121, 7 X RENZO NH 36 X ORHEZ O S AL 25 58
IZ~v A7 &f, Bt TPSA XY HBD #Izhnehiy 20 A> & 1 2L T5 LA
BTN TEDL P U EOBRERE X, AE T L DEMRGHL, TRBITHEA R L
7= 2 OOENS FERENDL Y I WL AR—ZOHFHN (TPSA <90 +20=110 A%, HBD #

<2+1=3)"9% TEWT LI L L L.

GIn (GIn859 for PDE2A) GIn (GIn859 for PDE2A)
* NHZ * O.
S G In85 2197 &
0. —_— NH, 2
. N Sy = N
Y I
H,N~ N~ N N~ N
cGMP O:p\/o cAMP O, p/o
HO Y5 HO”

Figure 2-2. Glutamine switch mechanism proposed to explain the accommodation of both cyclic

nucleotide substrates in dual-substrate PDEs.
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(A) cGMP ##E&E—F 1

(B) cGMP ##&&E—F 2

GIn859 GIn859
D Rk
o.. O..  HBA
HBDcore HBDCOI’elf
\ (0] o.__F \ (0] (0] F
~ .
Me Me
(C) cAMP ##E&E—K 1 (D) cAMP ¥&#ESE—F 2
GIn859 GIn859
*YO
NH; NHz
"HBA core HBA core
F O._F
YQ " "
F
“Me
Figure 2-3. Drug design concepts (A)—~(D) to identify new alternatives

pyrazolo[1,5-a]pyrimidine core.

% 4 Hi AW TE & EETEVEAHRS < B 1

BOFRICEREE, AR LT 2 BRIEEH O PDE2A BHETRMEIZK 9 58 2% Table 2-1 12F
i, AR LIZ A TORFERD TPSA 1L, (LAWRRFOBPETHE 3 HiCRkE L 110 A°
RIEOEHANIZINE S L H9BE LT, £/, fBEmE L TE T Y a[l,5aE) VU5
BIK 10 BET 31 ®F—4 % Table 2-1 (T L7-. GIn859 & cGMP AEDHE AR TK
FREADTERATREZ: 34-P 8 Fu 'l R[2,3-b|8°T VU 2(1H)-A4 vk 32 3oy n
[1,5-a]°V DU FEK 31 (2, &V PDE2A PHEVEMZ R L. L LAERS, b
¥ 32 ® 34-Ub Rt U R[2,3-b|ET7 Y U2(1H)-A4 VBRI, R HOBENMEIZ/R->TE
D, 70154tV IV UFFER 31 LT, BETFICNET D Phe862 & I1e826 &
?O nn BELY CH-=n FHAEEHIET L CWDREEMENRE X b, £2 T, bR 51EE

DI EEI - T, (LB 32 OT 7 Z MEEELEY 31 OEFEEZ TS 1,5-F7F
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UV U2(1H)-A4 U iBER 33 ZkE Lz, TORE, W@ 33 1XFEAR 32 L HK 4
fEFRVEMEZ R Lo, ARERIE, GIn859 & OMHAANEM DAL 67, 2 BBMEHK O LTI E
$% Phe862 B LT 11e826 & DAHAANEH DM MEMEFRBUCEE THL Z L 2RRTLH
DTHD. —J7, cAMP EROFESHEN L FIERIC GIn8S9 MIIBHD —NH, & DKFEREAZHFFL
T a[1,5-b][124) ) TP UFBER 34 13T V(1,54 ) 2 U UEER 10 S
RT, {EENRRKRELSPEI L. £72, bEW 33 oW 7 X &2 HTH7 7 ¥ LFEK 35
H cAMP BROFE G Z BIFF L2, EEOHEBITITE S 2o 7o, EENMET L72JRIA
& LT, GIn859 DRI & FH AN 2N Al REZRE U] 222 HBA & %\ M& HBD ZALE T
TORWAEEE L EETE RN H OO, GIn859 ORISR KAHTRD [ V% I AL v T
TRRE SN D HHEREHGS TERWAREE S E 2 b D, FEEE, Figure 1-6 (A) TRLIZALE
Yy 10a @ X FRICHESAEEMHT CIX, GIn859 MK D I /LR = L IIIMEET 5 Tyr827 {44
DT x ) —NAEKEEIE L KFREGEZR L TNDZ LRI TS, L7ed> T, ki
¥ 34 BELO 35 1L, ZOKBHBEFX Y NU—27 OUIKNIC L D=3 X —i8%% B0 5 HT-
IR AR NG TE RS TRER, EEDNMER T LD TIEZRWEHEETE 5. VT,
BAF0EEDFRD il b &8 32 ORI O M ERIR 4% CH IZEW L7254 36
DA AEAT 1208, EHEITBEE IR T L. Z0RIT, 34-P FrE Y F[2,3-bE°TF P
2(1H)-A VHEERICB N T, BT Y (151t I P UHERE FER, o1 NKSE G
[EMERBUCHERERZRTE L TNWDL 2 L2l T20b0EE2 615, LED X ST,
GIn859 & DAHAAEM DOUCEZHEM LB A A F2hi L-/ER, €7 Y 1548 IV
PHEARZ B[R] 558y PDE2A BHFETEMEZ R 3358K 32 B LT 33 2 AHT Z LIkl
2. L LD 5, TO%OICAWFHMEICE VT, 33 IIRERIEEICERT 2 EEXOND
BRN in vitro WEMERT VU X VAR LD A, 32 ICHRTBEEDOE T 7 Z 4
N-H o7 v b z2F L TWD 7D FWRBITHEMMENZ & b L. DLEDORERN S, 1k
AW 32 O 34Tt Fut'l R[2,3-b]E° T VU 2(1H)-A B2 HHEHKk & L TRIRL, UK

D AR 2 R L7z
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Table2-1. In Vitro Activities of Derivatives Possessing Various Fused Bicyclic Cores
YQ T
HN F
“Me

anticipated , 5
compd core o PDE2A ICsy (nM) TPSA (A%)
binding mode”

HO 'S 53
10 N (A) 69
ve—L_,] (47-59)

H S 480
31 N (A) 69
(350-650)
=N
o

32 HN)H (A) or (B) 78 84
or
N N., (61-98)
_N
(0]
HN 21
33 | (A) or (B) 84
N (18-26)
_N

34 N’N':j\ (€) 6300 81
MeJ\; * (4200-9800)

N
oN
l 19000
35 (C) or (D) 84
l A * (15000-24000)
N
o
HN)H 70000
36 N (A) or (B) 71
S (40000—-120000)

“ See Figure 2-3. ” ICs, values (95% confidence intervals given in parentheses) were calculated from

percent inhibition data (duplicate, n = 1). All values are rounded to two significant digits.
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5 H O ALEY 32 O EIE invitro IEHEB LW PDE 7 7 I U —ERM

EVED W B3 FRD ST AbBY 32 O EI A FE i L, LA D PDE2A [HETE
PEB L PDE 7 7 X U —RMEIT6 4 2 B 2 REE L7 (Table 2-2). T D#ER, S5
& 32a N 1Csp=66 nM OFHFEMEZ R L, b 9 —HFOFEMAR 32b 1L 100 uM DIRFEIZI
THIEEEE RS IR oTo, ZOFERIE, PDE2A ¥ 2 /37 PEEIZ U B 2 R Ofaks SEAREL
EERHLTVWDZERRL TS EEX LS. £ 32a 1L, 78 Ik 32 LEERDER
Wra 7y A NVERTZENRHA LML ST (PDEIA (2% LT 30 %, PDE3A (2%} L TiE

64 fiz, ZOftho> PDE 77 IV —IZxt L CTIE 150 524 1),
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Table2-2. In Vitro Activity Profiles of 32 and Its Enantiomers 32a and 32b

compd stereo PDE2A ICso (nM)“

32 rac 78 (61-98)
32a eutomer 66 (46-93)
32b distomer >100000
32 32a
PDE subtypes  ICso (nM)“ selectivity ratio” ICso (nM)“ selectivity ratio”

PDEIA 3200 41 2000 30
PDE2A3 78 - 66 -
PDE3A 8100 100 4200 64
PDE4D2 >10000 >130 >10000 >150
PDES5ALI 9800 130 >10000 >150
PDE6AB >10000 >130 >10000 >150
PDE7B >10000 >130 >10000 >150
PDESAI >10000 >130 >10000 >150
PDE9A2 >10000 >130 >10000 >150
PDEI10A2 >10000 >130 >10000 >150
PDE11A4 >10000 >130 >10000 >150

“1Csq values were calculated from percent inhibition data (duplicate, n = 1). All values are rounded to
two significant digits. ” Selectivity ratio (rounded to two significant digits) = PDE"X" ICso/PDE2A
IC50.
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B 6 Hi phUTAAERANFLT = = LI O i 2

S b7e% PDE2A IHEEMFS L PDE 77 2 U —RRMEOUEZ AL LT, V==
SV BERAIL O S B A E i L7~ (Table 2-3). Figure 1-7 1278 L7z X SIS A& B &
PDE2A 7 % A FITRHBE R AR ZE RN INR RIS T E N, REI RO TND Z LN
RBENTNDZ LD, 2037 MRARETEEHILZ PO AT Z1T o7z, 28 1 =
DE TV (154l Y Y U FEROBEETEMEFBE & RIS, p- U 74 o A b F 4k
(32) & A R AL (37a) ITEHT D EIEMEDRR 8 FF5T 2 2 E N, IR KX
SIRTLAEERELT, () IEEary 7+ A—2a T, 7=V E RXTALEBIENE AL

DNARBETHEL TS Z ERRALNER>TEY, —fKIIZ T = =L & [ CFmEIC
(LT D SAREE D = X L F—WC i b AR A b F U HE PDE2A # U N7 1RG5
BUACHEE AL NN L 2, = bu B—HEARNELEZ L ® £ Q) BEENMET
(ALog D = 0.83) 95 Z &£12X > T PDE2A DIREMMIEHE D7 7 > 7 7 U —)L AFHAAEH
PET L7mnE sy onsg. —7%, b 7ada A bk (32) L3225 3 kootkiks
T4 R 70Fa AF 0 (B7h) 7 uru i (37c) 1% 32 L RO HETEME A
RLTZHDOD, PDE 77 IV —E#RMEIIME T T 2HANRBO N, ZALDO/ERND, &
LD 3 Wk, HHWET == VEICEME LI MY A e A bR EROBERIRTH
PDE 7 7 I U —i&IRMEICEHELREEHZRZL WD EEZLND. FERRTTHRAEL
=T BF Y UFEMA 37d OFLEEMEITK 8 fFESS Lz, i\ T, MU 7 A m A bR AL
DI E 7R BRI E ARG 5720, 7 2= VDA ZMB LA/ ML R 74 Ak
FUREATHHEM (37 37 ZAM LD, WFRGIEMEIZRE I Lz, A2k
F O MLEFEOZEROKRE IPRLNTND, HDHWTA /L MLOBEBRLEAIZ L T

o3I = F OANEE & B o F OB AL & STRRCE RN AE L, [EEa L T A— g VITEEE K
F LMD R S D, RIS, EMFEROWREMEIC OV TIHGEE L 72, LR OREHT
X0, 7=V EOF N MIBELEOAXLIZIZ N 704 a A MO LD aEm 0 E

P ITFER SN WD E NG Do TV, SRS/ NE e 7 v o FEoE A & et L.
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ZORER, A/ MLz 7 A u a2 E AN L4/ M EBIR 37Th 1XIEHEME T 2 2 7R
L7=DiZx L, A X @K 379 1T 42 nM OFEVy PDE2A PHEEEZ /R 2 ENH B E 2
o7, UL EORGEHRER D, (baW 32 LIRESELL Eo PDE2A HEEMZR~T 7 = = L EH#]

fh 37b BEO 37g #RMT LN TET,
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Table2-3. SAR of the RHS Phenyl Group

o)
HNJ\
|

XN N O
_N HN\gAr
\Me
compd Ar PDE2A ICso (nM)* PDE selectivity” Log D°
OCF4
32 J@f 78 (61-98) 41-fold (PDE1A) 3.61
OMe
37a Q 610 (480-780) NT¢ 2.78
CFs
37b Q 72 (46-110) 4.2-fold (PDE1A) 3.45
37c DA 80 (64-100) 4.4-fold (PDE1A) 3.75
N )
37d Q 500 (410-590) NT 3.13
37e Q 4100 (3400-4900) NT¢ NT
* OCF,
37t Q 8100 (5500—18000) NT¢ 3.52
OCF,4
OCF,4
379 @[ 42 (33-52) 15-fold (PDE1A) 3.67
* F
OCF,
37h . Q 210 (160-290) 28-fold (PDE1A) 3.83

F

“1Csp values (95% confidence intervals given in parentheses) were calculated from percent inhibition
data (duplicate, n = 1). All values are rounded to two significant digits. © Minimum selectivity
(rounded to two significant digits) over other PDEs. The least selective PDE was given in parenthesis.

“ Log D values at pH 7.4. ¢ Not tested.
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078 Sl FOVRIBE O L - R 3

Uy REGHA MIGET L~ 7 32U LB L OMShERA A4V JEL o7 I ik
ALK T EOMBEEMZ B LT, Sl F MBI MEEREDOEALKRE L
(Table 2-4). A hF T AFNIEZAGT HFHER 38a IF PDE2A FHEIEMEIS LY PDE 7 7 2
U—RME L BICKRESWEHET H L L BT, ZOLBHIC K - TIEEME S K= <& (ALog D
=0.66) TXHZENH BN ERoT. Tz, —RAWME LIZ A FX = FVFHEAR 38b 13,
bat 32 LEHARTERIIEEESNTZH DD, PDE 7 7 3 U —@&FPEIHE T+ 2 M2 R L
7=, BT, 38a DT—T VIR T4 A F L U HRICER LT 38c 1% 10 5L EDIGHEOR
BRBEO LN, ZNHORRND, =—TFT VR T PDE2A & /37 L Fii- et B AE
MZEHRLTND 2 ERRBINToD, S HICMOMEEREDEAL BT L. £ Ok
B, —T Vv —VFFER 38d 1 32 LEERL T, WEMERB LT PDE 7 7 X U —@BIRPEAMR
BT a8 E -1, T2 =7 /v a—/LigEik 38e (3iEMR LY PDE #IRM4LC
WETDHZENHELNE -T2 LAY 38e O gem-2 A FIVIEDEAIZ L - THEAE D D
ARG S, TORE, 2> 7+ A — g UBRBEEL S EMER KOS E L7
DTV EHEZER LT, iz, BEO I HITEWALR SV FER 38f T BIF70E M &%
RUEZRTZEBHLNE R, 2D ORIRIE, TOMEPRMET I/ BRI KT T
(ZBHE N, TEEAANCE L2 BKMEDOERTH L Z L EFFEORWEREEZ X NS, — 5T,
MBHEEREDOE AL > T TPSA 5\ L HBD HOMMARD LN TWD. LAY
38d—f (XU HIF%E L= TPSA & 5\ i HBD O W o HAEME (TPSA < 110 A, HBD
o< 3) BBLTRY, EEBEOLZA Pgp MEOMHBMNRNZ ENHALMNE RS2 =
DOFEFIX, TPSA B L HBD O P-gp OIE RN Z THIT 5 L CTEERKFTHY,
FaNRELZINORHREORBIMENZ Y THLZ L2 IFTHHDE VR 5. L EOKE
fi sk & U, PDE2A [HEWEM L PDE 7 7 X U — @D i X ONREME ORI 4 [FRF I 5
BL, SHIT Pgp HEOBREDDIRWA XU AFAFHEIR 38a 2 RHTZ LTI L

7o, RA X TAFIVERT, IBEORBERFICI T DR E L CEIRTH 2L & L.
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Table2-4. SAR of the Branched Group at the Benzylic Position of the RHS Amine Moiety

0]

HNJ\
Sidon
R
PDE2A ICs o . TPSA J
compd R PDE selectivity Log D MDRI1
(nM)* (A%)

32 —Et 78 (61-98) 41-fold (PDE1A) 3.61 84 0.53
38a  —CH,OMe 19 (15-24) 310-fold (PDE1A) 2.95 93 0.68
38b  —CH,CH,OMe 62 (37-100) 14-fold (PDES) 3.09 93 0.77
38  —n-Pr 250 (190-330) NT* 4.05 84 0.59
38d —CH,OH 65 (35-120) 54-fold (PDEIA) 2.16 104 2.8
38e  —C(Me),OH 24 (18-33) 150-fold (PDE1A) 2.54 104 2.8
38f —CH,SO;Me 29 (22-38) 220-fold (PDE1A) 1.91 118 26

“1Cs values (95% confidence intervals given in parentheses) were calculated from percent inhibition
data (duplicate, n = 1). All values are rounded to two significant digits. © Minimum selectivity
(rounded to two significant digits) over other PDEs. The least selective PDE was given in parenthesis.

“ Log D values at pH 7.4.  MDRI1 efflux ratios in P-gp overexpressing cells. ¢ Not tested.

% 8 i MR~ OEHEIE A - HE 4

2 PDE 77 IU—0O7 I JBEIOLKIZL-T, 34- RrEY F23-hE 7V
R0H)-FVBENPERT DB ON DR O T X WA (B 21X PDE2A Tl
Tyr827, Leu858, Met847 7% 3,4-Ut Ru vl R[2,3-h|t T ¥V -2(1H)-4 LV BITHICIFET D
EEZBND) IZIE PDE 77 2 U —RITWL ONDENRH D Z ERRES N TND ¥,
ZOXIRT I BEBEDENT L o> THEIALOTIK « ¥4 X - lEIEVWRAEL, %
PDE 7 7 I U —ICHHEM R ERNTE SN TS EBEXONDZ &b, 34-YE Rt
R[2,3-b]E° T ¥V 2(1H)-A VB~ OEHILE AT PDE2A FHFETEMER L OURIRME 2 BT 5
FCHERRT T —F LE T BRI, B 1 EOF 2 Hi (Table 1-1 B2W) T~z k9

2, 7Y a[1,5-at) SV URICATFAREEEANT S Z L TIEMER L ONERIREO i TR
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IR ENRD DN TND., T b ORAE I, HERES X OEREom L2 e L

Iy

34-Vt Fu vl R[2,3-b|E°T ¥ 2(1H)-4 v B EOE#ILEIE 217 - 7= (Table 2-5). 6
7 (39a) BEOY 8 if (39c) IZA T NWHEEAT D &, HITIEENWIT T HEm AR LTZD
[ZXFL, 7 LA FVERG 3% 1X 2 fEOTEMERN BN, 1100 507z PDE 77 IV
—BIMEZ R T ZERHA LN o1, TNODRREEZIT T, D 34-PE R Y R
[23-b]E° T VU 2(1H)-A B T AL~ DEBRISEAZFEMICHET 22 & & Lie. AF Mk
X0 biREERE <, hommnwi s e e e (39d) 28 AT 5 L, PDE2A BHETEME
BLOERREOW EXEO LTz, —F, AFNVEEFEREDR YA X%4 L, &Kl
MWDy mrlk 3% ZEAT DL, EM - RIRMEICET 28 m 2R Uiz, AR, 7
PREOHENCL > TRHEBEOBETHEEMETL, EFICNET 5 Phe862/11e826 & D nn
BLO CH-—n MAMEANHEG Liciod e Hgani. Yoz Enb, 7 fi~OEHIEEA
IZRERT Y SOFEEBEOEFHBEORHE L VD 2 DORRIZ L - TEERBUCH
HLTWD RN R Sz, — 7T, ka4 3% BEW 39d e &d 7 (L7 /vF Lk
HRIT B oM A —F — OO EEE M S BN RFME AR L2 b 00, W REMEICRS
PEFT= . —IRANBEME DO @713, R AV A ENCES S BHEBLO U 2 78
B RDZ ENMEENTWD ¥ 22T, [RIREOHIMA/ NS 27 v af o8 A%
FREt U7ofE R, 7 AL A P UaBER 39f 13X, Xfind 57 urn LiFEk 30d & FRI%O
fEMEE 2 fFLL B L7z PDE 7 7 S U —BIRMEZ RS Z LN gholz. LInLRRDL, &
LIZE@mWA Y 7 a R ¥ VFER 39g 1E, KIERIEMEDIR TR Hiviz. Pl EORE &%
TR ENTALEY 39 X, —fOFHEK L 5 L&y TPSA (102 A% 2L TWAHI
LB 6T, P-gp OHFHEIZRIED 2o BAF el Z R Lz, i & RARIS, 0 FIKRER G
IZ &% HBA 3 LT HBD OHMEE REEE ORI R0 BAF7R P-gp 7R 7 A VICHE LT

WHEEZLND.
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Table2-5. SAR of Substitutions at the 3,4-Dihydropyrido[2,3-b]pyrazin-2(1H)-one Core

0
HNJ\

8 N__O OCF,
R+\ e
7\7N HN

6

OMe
compd R PDE2A I PDE selectivity” Log D° TPSA MDR1¢
(nM)* (A%)
38a H 19 (15-24) 310-fold (PDE1A) 2.95 93 0.68
3% 6-Me 40 (31-52) 50-fold (PDE1A) 3.38 93 0.63
39 7-Me 8.7 (7.6-10) 1100-fold (PDES) 3.35 93 1.0
39c 8-Me 85 (67-110) NT¢ 3.16 93 0.74
39d 7-c-Pr 3.5(3.0-4.1)  1300-fold (PDE3A)  3.85 93 1.0
3% 7-Cl 33 (30-36) 210-fold (PDE5) 3.74 93 0.58
39f 7-MeO 2.8 (2.6-3.1) 2700-fold (PDES) 3.20 102 1.3
39g 7-iPrO 77 (66-90) NT® 3.94 102 1.1

“1Cs values (95% confidence intervals given in parentheses) were calculated from percent inhibition
data (duplicate, n = 1). All values are rounded to two significant digits. ©° Minimum selectivity
(rounded to two significant digits) over other PDEs. The least selective PDE was given in parenthesis.

“ Log D values at pH 7.4.  MDRI1 efflux ratios in P-gp overexpressing cells. ¢ Not tested.

%9 Hi LAWY 39 B L OZOEIFEERDNFE L NFHEERD in vitro G

{b&% 39f 1T HEE (PDE2A FHFEIEME ICs < 5 nM, PDE selectivity > 1000 fi%) & 3 %58
717¢ PDE2A [HETEM EENTBIRMEZ R LI o aE 2 EEm L7, £z, L&Y
f O p-FUTAFABA RN T == )VEMI A, B 7 BOMRE TR L 37Tb BLW
379 DA RN 7 = = VI L= FREAR S FIRFIC A L, e Bl e i L. &
G PDE2A BHEIEME, PDE 7 7 X U —RPWER LT OZ Ottt in vitro 7’27 7 A L%
Table 2-6 (TR L7z, 00 EIR 40a, 41a, 42a 13X, ZNENxtET 5 b 5 7 O JFE R
X0 Y PDE2A Ik L CEWREAILEIEMEZ R LT, (L&Y 40a 1358 ) 22 HETEME (ICs =
1.6 nM) BL O PDE 7 7 I U —3RME (PDEIA (Z%f LT 3300 f%) Z/RL7=DZxf L, fb

AW Ala 1 IWIFF L7235 (ICs = 7.2 nM) 36 L ONERME (PDEIA 1IZxF LT 83 %) /RS 72
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Mmootz —J5, kG 42a 1TER LT Theb BAFRTEM (ICs = 0.61 nM) 33X OY PDE 7
7 X U —ERME (PDEIA 1Zxf LT 4100 fi%, 4 PDE 7 7 X U —IZxf9 % ICs fEHIX Table
2.7 2 R T ZERHALMNER ST F, BEFR - G XU N BRI RK (G
protein-coupled receptor, GPCR) * BENZ MK « £ A F ¥ b« b T UV AR—Z —%GLeH
it 96 FXHDO AT X —/7  FIEIRMEFRBR (Eurofins Panlabs #1) DR, (LAY 42a 1T Fid
6 FHOZ—7y FaR< 90 EOZ—7 y MK LT, MO TEWRRMEZ G52 &
VA L72. —J5, 10 pM OEEIZBWT 50% LA EOMEEEZ R L 6 BEO X —7 v
N (TEFLa) AT T —E:99%, 5-URF T —E8: 70%, CBl BB/ A4 KR
{&: 60%, PDES: 59%, L BIAI Lo AT v x> 54%, MREEEIR 1 Xa X7 F ¥ —1:
51%) D9 b, bBWLEFEEZRLEZTEFLal) o275 75— (2B L THN TRAE
R EfE L2 & A, ICs fEIC LT 3.9 pM ORI EFEMZ R L. e Z L b,
L& 42a (345D PDE 7 7 X U — (4100 {52l ) OAH R GT, MO RER % —57 v b
2R LT H D TR @I (6400 500 E) 235 PDE2A [HEHK TH D Z LWL

Lot
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Table2-6. In Vitro Profiles and Physicochemical Properties of Analogs 40a—b, 41a—b, 42a—b“

0] (0] o}

WL WL WL

/CJNI? OCF, /@NI? CFs /CJNI? OCF,
MeO MeO MeO F
OMe OMe OMe
40a or 40b 41a or 41b 42a or 42b
compd  stereo PDE2A ICs (nM)” PDE selectivity® Log D* T;;? MDR1¢
40a R 1.6 (1.4-1.9) 3300-fold (PDE1A) 3.19 102 15
40b S 39000 (28000—54000) - — - -
4la ND/ 7.2 (6.4-8.0) 83-fold (PDE1A) 3.03 93 0.79
41b ND' 21000 (10000—42000) - — - -
42a R 0.61 (0.53-0.70) 4100-fold (PDE1A) 3.32 102 0.87
42b S 910 (720—1200) - - - -

“ Racemic compounds were chirally separated and each enantiomer was profiled. The absolute
configurations of 40b and 42a were determined as S and R, respectively, via single crystal X-ray
analysis of the corresponding RHS benzylamine precursors (see the Experimental Section). ” ICs,
values (95% confidence intervals given in parentheses) were calculated from percent inhibition data
(duplicate, n = 1). All values are rounded to two significant digits. “ Minimum selectivity (rounded to
two significant digits) over other PDEs. The least selective PDE was given in parenthesis. ¢ Log D

values at pH 7.4. * MDRI efflux ratios in P-gp overexpressing cells.’ Not determined.
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Table2-7. PDE Selectivity Profile of 42a

PDE subtypes ICso (nM)* selectivity ratio”
PDEIA 2497 4100
PDE2A3 0.61 -
PDE3A >30000 >49000
PDE4D2 14882 24000
PDESALI >30000 >49000
PDE6AB >30000 >49000
PDE7B >30000 >49000
PDESALI >30000 >49000
PDE9A2 >30000 >49000
PDE10A2 >30000 >49000
PDE11A4 >30000 >49000

“1Cso values were calculated from percent inhibition data (duplicate, n = 1). All values are rounded to
two significant digits. ” Selectivity ratio (rounded to two significant digits) = PDE"X" ICs/PDE2A
ICs.

% 10 1 AbEY 42a OHEYERET 0T 7 AL

Ib&W 42a O 7 v MBI~ U AW ERERBR O R4 Table 2-8 12" 7T. {LEW
RalI7 v hBIO~TZDOFI 70 Y —ABWTIRENE W VT 7 A%RL, &
MFI 7Y —=AZBWTUHMEWZ VT T 2@z R Lic. (b6 42a %7 v P B XU~
7 A2 0.3 mgkg DFFRNEG- 2 L& ZA, 7y MIBWTHIKRE R VT 728
KOG HEFEZ /R L1228, 1 mglkg ORRAEEIZBWTIE, 221 57% B 56% DR
IR A ZRER SR & 2425 ng'h/mL 3 XY 1076.8 ng-h/mL 0D I T 7 B — R (5] dh R T #a A F
xR L7z &5, 7y FBIO~ U AICBIT D i@ P RESERIAT (bEmiEs
% 2 WEf) O & MIEROIEMIREL K, 13FZh 1.01 & 091 T, @\ TPSA %71
L7ZICH b 67, BERPRBITHEZ R Lz, ZORKERIE, D P-gp i@ EIFE TR %2

W= BB IEERER C P-gp OHEHE (0.87) BME» -T2 L EFEDRWVERTH 5.
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Table2-8. PK Parameters and K, Values of 42a in Rat and Mouse*

rat mouse human
Metabolic stability” (uL/min/mg) 84 73 33
CLtoa” (mL/min/kg) 39.3 8.6 -
Vdy! (mL/kg) 3429 1602 —
Cinax’ (ng/mL) 64.2 201.0 -
Thnai () 1.7 1.7 —
AUC, g (ng-h/mL) 2425 1076.8 -
F' (%) 56.7 55.6 —
K, 1.01 0.91 —

“ Cassette dosing at 0.1 mg/kg, iv and 1 mg/kg, po (non-fasted). Average of three rats or mice.
’ Metabolic stability was determined by incubation with liver microsomes. ¢ Total clearance.
¢ Volume of distribution at steady state. © Maximum plasma concentration. / Time of maximum
concentration. ¢ Area under the plasma concentration vs time curve (08 h). * Oral bioavailability.

" Brain-to-plasma ratio at 2 h after oral administration of 42a at a dose of 10 mg/kg.
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%11 B LA™ 42a L PDE2A O X #Aufs sk s fiihT

{b&% 42a & PDE2A & @ X #pAfE i 2 Figure 2-4 1T/R9. AL MEEMATIC X
v, LB 42a BMEE 10a & FAERORE ST PDE2A Ofitfit KX A LIS LT D
ZEWRENTZ. T2 34-Ue Fuvt U R[23-bET UV U2(0H)-A4 DT 7 X 5 NH X7
B Y, cGMP ERDOFEGHER T GIn859 gD W VR = I L KEREAEK L, — 5 Th:
X E R Phe862 & Phe830/11e826 & n—n 3LV CH-n OFENERZI L TLEHLLT
WA Z EWginolo. Fie, B 7T LD A MR UEITIEEB LW PDE 7 7 I U —E&RMEIC
LT, LFD 2 DOEELRERZ L TWVWD EHEL TS, 1| DAL, St EL L
THREOE THIE % 5D, Phe862 X° Phe830/11e826 & ® n—n XN CH-n OAHANEF %
LTS EEZBND.2 DHIL 7 ALA RV ENEEED Tyr827, Leu8ss, Met847 THH %
NI/ SR IEEMEERMZ RIS HIE LIEHER EICHFE LTV 2 EEx2LND. £
PDE2A ARy FTiE, A M TERMOD I FITHRENED Leuss8 MIBANFIET D 724N
R T 7 T T U=V 2 EAEHRNER S5 DI L, PDEIA A7 v kT, Leu858 (T
KIST DT X BFRIEN LD WO E Serdl6 TH B 72 DRI 72 BAEH SR T & T,
ZOFER PDEIA L OBIFENRM ELTEEBZX OND. S HIT UL TEHAMDO VA=V
%, AbAY 10a OT 2 RAHVR= VI & FERIZ, Tyr655 OKEEIE L Koy 12N LI KHBRES
Xy MU= ZERT 5 LRIHZ, BIOKSTF L BKRBREEZTM L TNDZ LR LML
Motz —J7, LT O NH X THEEY B EOERFT L5 TNAKREKEGEZRL TN D
ZEVHBMNE ol FT, A N AT VIR T OB D7 1) (Figure 2-4
(B) ZMNTWHIZHEL LT, PRLIZAKSFROEFEOT X 7 Wik & OB/ EAEH
IR TE R oz, L LD, BREN LI, A bR A FLAEOBREIR 137
L7 NH &RDR D5 FWKFERE A & I3BIORT 727250 FKER S OIERKIZEE L Tnd 2
ERASMNE o LAY 428 1T ERD 2 DS TRAEREENM LTIy T4 A—
3 VEBREICZENT D I EICL - T, PDE2A ¥ X7 LRI AEERA L TWD L5 %

bN5.
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GIn859

Figure 2-4. X-ray crystal structure of 42a bound in the PDE2A catalytic site (PDB 5VP0) viewed
from the top (A) and the entrance of the catalytic site (B). The key hydrogen bonding interactions of
42a with PDE2A and the intramolecular hydrogen bond in 42a are indicated by red and yellow dotted

lines, respectively.
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12 fi AbEY 42a @ invivo ZEPRIEAM

t&% 42a © PDE2A FHEIEMIZE D PD ~— 1 —Zxtd 2 HELZ AT L5720
Ib&W 42a Z~ 0 AT ORE L, BTEHEE, #7725 ONTHER O cGMP B L TY cAMP &
B2 ME Lz, TORER, L6 42a ITHEEFIICHAMEALO cGMP & &2 NS, Fr
[ZHFRGIZ BN TIE, 1 mgkg OHEN LA EREZ R LT (Figure 2-5 (A)). —J ¢cAMP (2
L i, AIEAZEICRBWV T 10 mgkg OEHAETOREEZRBIME R LA, £ ORNEITRE
CTHoTz. T2, TOMDORENIZIB N TIE cAMP (2% L T8 %A IF & 72 hv» 7= (Figure
2-5 (B)). 2N HOEFIL, (LAY 10a 72 b NTBEFED PDE2A [HEMRKZ HW-mE L K< —
H LTz ®9° 2518, kA 42a 12 X DR AR TUEIER 2 AT 27201, 7 v b &AW
T FT A IRTRAEABR A M L7 V. At R AR TR T L R FERRIT TR S TR Y,
BATATICEWT 2 DOR—KREZEER SIS %, —ERFMREEZEORFERITIZENT, i
B OMIREFH IR B E B2 TEMORRITEHIOL (L E R LR TH D, BiI3ESR
1T ERFFFATORBAE W & &, a0 H 2MIRIZ LD RVRRITEI 2] L, £ OWELFHEIX
R ORI Z AT TS ZEICEVIERT D, Z0Z &b, FramEBaBoraZ{bix
BEEFATRROME~DTLELZ ML TNDL EEZEZXONTNWDS. (LAY 42a =27 v MIRPEK
H.L, 2 RIS 3 ROBAERITEZITY, S HITEARITHD 48 Rk, 3 R ORER
TaAT -T2, 22 TIE, BAERITE L ORERITOMIR~DLRRFEHE, 72 b IR FFAIT OB
A IAEINE (NDI = novel object interaction/total interaction x 100) Z % H L7=. {bL&W 42a &
BO#EI1E, T_XTOME (0.01,0.1 725 TNT 1 mg/kg) (W THEERIT ORI M2
KIAE & 72203 o 7= (Figure 2-6 (A)). AR 1T/ 5 48 BRI, *HBEEOH AWK L BEMB K ~D
PRRFFR N ERRE L 20, MR~OREME N5 2 & 2R L7 (Figure 2-6 (B)). —J7, &
BRITRNAL A 42a ZH%5 L= 3MEHT, 0.1 mgkg O &) S HAWIE~DEERER OA
BRBEINARO b, 72, 1 mgkg OHET, HramiliEIRE (NDI) (2B W THEZRZE
RO BV (Figure 2-6 (C)). 2 HDZ Lnn, {LAEY 42a BN D cGMP & RO %

ML, RAEDTTHEIEA 2 RTZ LAVRBRENTZ. Hi T, MMAKTET T LVEi % vz
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in vivo HZhiER % E i L 72. NMDA (N-methyl-p-aspartic acid) Z&BEFEHIHEDO 7 = A 27 1
DRI H I U ERIVEREDIEIR AT D Z LD, NMDA A KREEREIR NN A 2k
FIE DOIRREIZB S L TV D ATEEMEARIB SN TV D, ZOREUZ IS &, NMDA Z & KFE T
HKTHD MK-801 ((5R,108)-(+)-5-methyl-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-imine)
Ik Bl SN ERasREREE T Y VT, (LAY 42a © T v MIE T 5% ERE
BERRER & F20 L 7= (Figure 2-7)%. Z OBRIL, 7 v FPOSRERICEA L7BICESEE 5 2 5
T LTk, WEADEA LMD B2 BEA T CRRBSE5RBRTh L. EFRRT v
ME, BEIZRAT L LEEXRHFICLVRANGEZONH Z L EFEL TWDHTOEICHY
F O AZRT 5T, MK-801 &5 L7277 v b TIIRBAEREOIER TIC K VIFRICEAT S
fEE N5 < 22D, FEEIZ MK-801 (0.1 mgkg) % 7 v MIE 595 L, X MREE (control
group) (Z%f L CRBAMERE DB EMEH N RO b v/ (Figure 2-7, xHHRRE vs. RBEEE 5B
(vehicle group)). —J5, {LE&# 42a OfEO#E 3 BE O 10 mgkg) (2L Y, MK-801 (2L Y
R SN RRAERERREE A A B I ET D 2 LR B E 2572 (Figure 2-7 (B), (C)). LA ED
Z L5, PDE2A FHEZKTH LAY 42a 13X NMDA S FAHEHEIR T2 X 2 iiiBkEE 4 dok

THLZEBHLMNERST.
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Figure 2-5. Effects of compound 42a on cyclic nucleotides in mouse brain. cGMP (A) and cAMP
(B) levels 1 h after oral administration of compound 42a (1 mg/kg, 3 mg/kg, and 10 mg/kg) were
measured in the mouse frontal cortex (Fcx), hippocampus (Hipp), and striatum (Str). Data are

presented as mean £ SEM (n = 18); *p < 0.05, ***p < 0.001, vs. vehicle by Shirley—Williams” test.
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Figure 2-6. Effects of 42a on a novel object recognition task in rats. Vehicle or 42a (0.01, 0.1, and
1 mg/kg) was orally administered 2 h prior to the acquisition trials. Exploration times in the
acquisition trial (A) and the retention trial (performed 48 h after the acquisition trial) (B) were scored.
Novelty discrimination index (NDI) (C) in the retention trial was calculated as: novel object
interaction time/total interaction time x 100 (%). Data are presented as the mean + S EM., n =9 for 1
mg/kg, n = 10 for the other groups; **p < 0.01 vs familiar object by paired t-test, #p < 0.025 vs

vehicle by one-tailed Williams’ test.
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Figure2-7. Effects of compound 42a on MK-801-induced episodic memory deficits assessed by the
passive avoidance task in rats. Vehicle or compound 42a (1, 3, and 10 mg/kg) was orally administered
2 h before the s.c. administration of saline or MK-801. Thirty minutes after the s.c. administration of
saline or MK-801 (0.1 mg/kg), the rat was placed on the illuminated chamber. The latency to cross
over into the dark chamber was recorded for up to a maximum of 300 s. The retention test was carried
out 24 h after the acquisition trial. Data (latency to cross over into the dark compartment on the
retention trial) are expressed as mean = S.E.M., n =20, **p <0.01 (versus control by Wilcoxon’s test),

"5 <0.01 (versus vehicle + MK-801 by Wilcoxon’s test).

%13 Hi Ab&¥ 42a OBEAFFURAESE TR SN D BWERIC KT 2 3F4fi

Frim Cam U7 £ O B F O PR E CRO b N2 ERD SRR ZREWEH LT, F
NIV D2 EAEEEERIC XD $AAMIERCEm T e T 7 FUME, ke b= 2A %
BRSSP A% v HI ZAEMENERC L 2 REIN-CHFEERFEAM b TG HIOEE,
Z 2T, kAW 42a O ZnHEWERICHT 288 % T v b &AW TRGEE L7z, SEARSMKIER
AT AR L LT, RERARRSZ BRI T 2ERE LTabN TV DI Z LT
— (catalepsy) &% #IE L7z (Figure 2-8). £7=, m 707 7 F MIER L O E NI B
NAHERTLEDIFIE L LT, TALNIMET D7 1T 7 F - (Figure 2-9 (A) BL S
JL o — AR (Figure 2-9 (B)) ZHIE L7=. ZOfER, EERPUESHRIR THH AT P
210 mgkg OHBETH X LTV —KSE R LDzt LT, (kA& 42a 1% 100 mgkg D
HEIZBWTHL R VX LTV —RICOEA Z R S oo Tc. 61T, AMEEMIZFET 100
mgkg OHETIREF 70T 7 F U REBLIOVI L a—AREICH L THEREL RIF

SNV ERHLMNE R oT UL EDOZ EnD, (LAY 42a 1TEEFOFURBARRE TRO H il
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Figure 2-8. Effects of 42a on cataleptic response in rats. Duration of cataleptic response was
measured using the bar test 2 h after the administration of 42a (10 or 100 mg/kg, po) and olanzapine
(10 mg/kg, po). Data are expressed as mean + S.E.M., n = 8 for each group, **p <0.01 (versus vehicle

by Student’s t-test). TOccurrence of animals in a cataleptic position for more than 90 s.
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Figure 2-9. Effects of 42a on plasma prolactin and glucose levels in rats. Blood samples were
collected from the tail vein 2 h after the administration of 42a (10, 30, or 100 mg/kg, po). (A) The
plasma prolactin concentration was determined by enzyme immunoassay kits. (B) The plasma glucose
concentration was determined by colorimetric detection using a chemical analyzer. Data are expressed

as mean + S.E.M., n = 5 per each group.
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% 14 8 ALEMOERK

7Y Hu[15-alt ) P UK 3L Ik 15 LUV T I 2 22b ORfEE BUG

2 X WA L7 (Scheme 2-1).

Scheme 2-1.  Synthesis of Pyrazolo[1,5-a]pyrimidine Derivative 31°

N
OCF, A
N,N\ HCI a /N __o OCF,
NSO+ HaN - 5
N =N HN
= OH
Me

Me
15 22b 31

“ Reagents and conditions: (a) EDCI-HCI, HOBt-H,O, Et;N, DMF, rt, overnight, 83%.

1,5-F 7 F U P 2(1H)-A 758K 33 1% Scheme 2-2 Bl FIETAK LIz, 2-7 nn
B-= et Yy A3) ITHEMESRMT, xRy e Y = AT L E SRR E L TER &
TV AT AR 44 & U4, TFA &M F, tert-7 F ) = 27 L DMK 53 it & Wi 2 2
fToTCZF NI ATV 45 ZEM LT, HiWT, = hakEoEirs 22-V= M Ui E O
M L - T, TEX—)L 47 % 4 T 53% OIETHER L. Fohi- 48 o7&

B — VIR BEVESRIE T, AV I VAT L Totk, B DU ET, Mz o HNEGE
T 22&7T, BlbBROZORDOBKIEN—ZFITETL, TLD 1,5-F7F Vv
R H)-F U BRALIK 48 155 2 LN TE T2, &tkIZ, 48 DT VI U KGR, fe< HFHO

RV T IV 22b EOKEE RO LV IER LAY 33 A LT
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Scheme 2-2.  Synthesis of 1,5-Naphthyridin-2(1H)-one Derivative 33"
NO, ooy OFBY X NO, NH,
a [
|\0| , § OEt _ > B OEt __ - . B OFEt
~-N | _N O _N O .N O
43 44 45 46

EtO.__OEt

I i
d 0 >NH e HN | f HN |
- 5 - o
OEt X 0 A
B | |
_N (@] _N OEt _N OH
47 48 49
o}
OCF;
HN | HCl
H,N
g | N o) OCF4 2
_N HN Me
" 22b
33 €

“ Reagents and conditions: (a) fert-butyl ethyl malonate, KOtert-Bu, THF, 60 °C to reflux, 3 h, (taken
on crude); (b) TFA, CH,Cl,, rt, overnight, (taken on crude); (c) H,, 10% Pd/C, EtOH, 50 psi, rt,
overnight, (taken on crude); (d) 2,2-diethoxylacetic acid, HATU, DIEA, DMF, rt, overnight, 53% (4
steps from 43); (e) TFA, H,0, cat. I, 50 °C, overnight, then piperidine, toluene, reflux, 6 h, 26%; (f) 2
M NaOH agq., EtOH, rt, 2 h, 87%; (g) 22b, HATU, DIEA, DMF, rt, 2.5 h, 46%.

v Y a[l1,5-b][1,2,4] b U 72 34 X Scheme 2-3 FEE# D HIEICHE-> TEK LTZ. 3-7
TV (50) IZX LT %7 2 -0- ALKl (HOSA) Z#1EHS®S 2 &
THLE BRI 51b & N-7 2 /{bfik 5la 2457, (iEBMEERRAEWIES Y S D T
IHERIC KV BEL, D% NOE ERIZ KLV ZNZhOME L2 RE Lz, RIZ, 5la ##
P, 13-UH VR VEMIETH D 2-4F-Ta 47T e N OfEa KIS ft
T LIS T 3-AFNAET Va[1,5-b][124] ) TV (52) Z4%7=. %l T, Vilsmeire
RIE P IC XD 52 OALEBENAY AL 2 UL, K< Pinnick Bk P 12X BN U 54

NEE RBICRUOULT R 220 EDOT 2 FBEIGIZ K o TERLEY 34 28 LT,
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Scheme 2-3.  Synthesis of 3-Methylpyrazolo[1,5-5][1,2,4]triazine Derivative 34

HoN
N= \ N
N= a HN-N. N b N
HN_ NN NQ 2, N-N_
/
Me/K;
HoN H2N H,N N
50 51a 51b 52

N= N=
Cc /NI d ,NI
ve—{_y; H me—{_y OH
53 54

IN\
. ?I—N?;\fo OCF5
- Me/K;N HN\(©/
Me
34

“ Reagents and conditions: (a) HOSA, KOH, DMF, 0 °C to 15 °C, 2 h, 17%; (b)
2-oxo-propionaldehyde, concd HCI, H,O, 60 °C to reflux, 1 h, 37%; (c) POCl;, DMF, 0 °C to 40 °C,
16 h, 28%; (d) NaClO,, NaH,POj,, 2-methyl-2-butene, fert-BuOH, H,O, 30 °C, 16 h, (taken on crude);
(e) 22b, EDCI, HOB, Et;N, DMF, 10—15 °C, 16 h, 3% (2 steps from 53).

1,6-F7 7 F VU 22 -5(6H)-A i8R 35 OAKIEL Scheme 2-4 FL#k D L THEK LT, 2-
TuELY V3- VAR (55) ITxT A (D) AREEAZ T NEERE = T L O
LT B F RIS L 5T 56 (2 X, fE T Vilsmeire #t3E ™ 2{EM SE 5 2 & TRILE
57 AR LIz, 57z 57 12 24-U A R IRUVLT I VEMESEDZ ETHR
VR IE K~ SRIZ B SOEG & e < BROFMEELUG S EIT L, 1,6-7 7 F U ¥ 2 -5(6H)-4
PR 58 AR, RICRU VLT v 20 EOfEE E TFA RIUET, 24-U A Ry

UNVEEDORRE ZATWVIER LS 35 ZE R LT
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Scheme 2-4.  Synthesis of 1,6-Naphthyridin-5(6H)-one Derivative 35°

MeO OMe

% EWM%L Mg@y

Meogg/OMe

d

o 5)Y OCF,
| OCFs _N HN

Y
N HN
HCI

59 Me

“ Reagents and conditions: (a) ethyl acetoacetate, Na, EtOH, Cu(OAc),, reflux, 16 h, 54%; (b) POCl;,
DMF, 0 °C to 5 °C, 2 h, (taken on crude); (c) 2,4-dimethoxybenzylamine, Et;N, DMF, 5 °C, 16 h,
26% (2 steps from 56); (d) amine 22b, EDCI, HOBt, Et;N, DMF, 5 °C to 40 °C, 32 h; (e) TFA, reflux,
16 h, 12% in 2 steps from 58.

34-UE R vl R[2,3-b]8 7 V2 -2(1H)-4 #FEK 32,36, 37a—h, 38a—e, 39a—c, 39e O
A% Scheme 2-5 (2R T, 2-7 m-3-= hr B U U UFREK 60a—f (2R =FLT I 0k
FF, AFNVT Y o REAIE LTERSEAZ LT 2 (E#RT I /Y P 6laf &
B ¥z, 5-7mE Py 61f I~vA 7 v v —7 ST, k8 1) 2EHSES 2
LR o THIGT D7 mrlk 61g ~EHW e, Boh/= ik 6lae g #1370V LHD

MIBBEHWKFRINCEVETL, it T ) —LiEs5 2 & T 34-TE B
U R[2,3-b|ET7 YV U2(1H)-F VB 62ae B LT 629 ZHEE L=, EHbAEY 32, 36,
37a-h, 38a—e 39—, 3% /% 34-Ut Frt' YU N23-h|ET7 V2 2(1H)-F V8 62 7 X
it 4-=ta7z=), HBHVE NV RAF LV ERIEESE%, NV ZF AT I VT, X
YUNLNT v 22a,22b,99, 100, 108 A{EFA SETHBK LIz, £72, AVKUEER 38 1L A

NT 4 K 64 & m-7 mao LAk 72 BEME (m-CPBA) TEE(LL THEL L.
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Scheme 2-5. Synthesis of 3,4-Dihydropyrido[2,3-b]pyrazin-2(1H)-one Derivatives 32, 36, 37a—h,
38a—e, 39a—c, and 39¢"

0
NO, . NO, , O ot J\
4 a ,
1 WJ§7/ \ N\/J\ cor ene HN
R o 1N OMe NH
_N R'—— X
5 N R1_|
6 X
60a (R' = H) 61a-e 62a-e, 62g (X = N)
60b (R' = 4-Me) 61f (R' = 5-Br) 62h (X = CH): commercially available
b
60c (R! = 6-Me) ,—_> 61g (R' =5-Cl)
60d (R! = 5-Me)
60e (R! = 5-1)
60f (R' = 5-Br) HCy 70 R3
HoN AN i forg
R2

99, 100, or 108

o
HNJ\ o HN
o — e
NE S G G g RT_x o
X HN N = \©\
NO

R2
32, 36, 37a-h, 38a-e, 39a-c, 3% 63a-b, 63d, 63h
j ,: 64 (R' = H, R? = -CH,SMe, R® = p-OCF3)
38f (R' = H, R? = -CH,SO,Me, R® = p-OCF3)

“ Reagents and conditions: (a) methyl glycinate hydrochloride, Et;N, DMF or EtOH, rt—90 °C, 3—16 h,
31%—quant.; (b) CuClL, NMP, 150 °C (microwave), 2.5 h, 64%; (c) H, (balloon pressure), 10% Pd/C,
EtOH, rt, 16 h or overnight, (taken on crude) (for 62a—d); (d) H, (balloon pressure), 5% Pt/C, THF, tt,
2—16 h, (taken on crude) (for 62e and 62g); (e¢) EtOH, reflux, 5—16 h, 58—99%; (f) 4-nitrophenyl
chloroformate, pyridine, DMA, rt—80 °C, 1624 h, 70-81% (for 63a, 63d, and 63h); (g)
4-nitrophenyl chloroformate, DIEA, THF, 0 °C to rt, 1 h, 51% (for 63b); (h) RHS benzylamine 22b,
99, 100, or 108, Et;N, DMF, rt—80 °C, 1-16 h, 23—96%; (i) triphosgene, THF, 40 °C, 1-5 h, then
RHS benzylamine 22a, 99, or 100, Et;N, THF, rt—60 °C, 16 h—overnight, 3-95%; (j) m-CPBA,
EtOAc, rt, overnight, 66%.

34-Vk Ru B R2,3-b18 7 YV 2(1H)-A4 VB 7 LOE#IE R OEMEITHITHT
Y, Scheme 2-5 DE KL TIZEHILEAN 2 G HIERE TITHRT IR 69, flxn 7 L
BEIAE LR L DRI ALT DDOICITE S RN E B X, £ TEL LI, FEEARO%
) B CE LG DS RTRE R DRI 20T B A OB e & B L THET 24T > 72 (Scheme

2-6). 774 626 D7 hMERF—% Q«(FUAAF LTI N)T FFI)ATF L (SEM)
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ETRE LML, FUBRAT 2T SEM Rl 65 &V T I 99, DWW
100 DFFARISIZ L > T LT K 66-68 ([Zi /=, Rk 7 (@M O ZEH (Faik
69-73) IZLLTFD 2 Y OHIETITo7. Thbb, 7 iy 7 v eViFEalk 69 (33 v
HIR 66 LXINT DR UEEE DMA—EIHZ 2 AN v ) VI BROGC LY BIFRINETH
e UL7-. —J5, 7T A7 v a % REEIR 70-73 1, S UEK 66 LS a— A URTEHN
EW AR EE * KRS T AR e VBT AT VR E LTntk, RFE-RTFE
fi & DIRALHIPIRIZ L D & R U AL, il 7 = /) — VHOKBREE DT v F A2 &
DWEBIO T ALT7vaxARKEGR LI, 5507 69-73 IZ TFA LKDBEEWEIEH S
T SEM SO Wifril 25723, 2 TOFFERIZINT, FrE DO & LI IR O
BRTERTLIE R AF UK 74 DPEFETLZENHB L. ~IT7 I —L 74
Do fREZERET D72, TFA ZREELTR, TUoE=T /A% ) —NVIEREERHSE5Z LT
WifrGE(R 39d, f, g, 75, 76 % BAFRIURTH:H 2 L N TE 72, HFEVEAR 40a-b, 41a-b,

A2ab 1%, T Ik 39, 75,76 DHFEHENZ L > THEIELT-.
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Scheme 2-6. Synthesis of 3,4-Dihydropyrido[2,3-b]pyrazin-2(1H)-one Derivatives 39d, 39f—g,
40a—b, 41a—b, and 42a—b*

o)
o o SEM‘N%
HN)S a SEM‘N% b
. X

- N Y =
NH NH gt
| N | h | N HN AU
AN AN !

OMe
62e 65 66 (R! = p-OCF3)
67 (R' = p-CF3)
68 (R' = p-OCF3, m-F)

Method A: ¢ SEM‘N& HN% N%

Method B: d, e, f
B —— ‘\ N 0o & R —g> ‘\ N\fo = R ‘ X N 0o R
g2~ N HN P g ~eN HN - ge N HN

OMe OMe OMe
69 (R" = p-OCF3, R? = c-Pr) 39d, 39f, 39¢ L 74 )
70 (R" = p-OCF3, R? = OMe) 75 (R' = p-CF3 R? = OMe)
71 (R' = p-OCF3, R? = Oi-Pr) 76 (R' = p-OCF3, m-F, R? = OMe)

72 (R' = p-CF3, R? = OMe)
73 (R" = p-OCF3, m-F, R? = OMe)

o}
HN)S

horiorj N

o
HN)H
o N__O
_ = X = X =
T [ 2w T [
N HNG AN N HN AN
OMe “OMe

40a-b, 41a-b, 42a-b
“ Reagents and conditions: (a) KHMDS, DMF, DMSO, 0 °C, 20 min, then SEMCI, rt, 3 h, 38%.; (b)
triphosgene, THF, 40 °C, 1-5 h, then RHS benzylamines 99 or 100, Et;N, THEF, rt—60 °C, 16
h—overnight, 64-95%.; (c) cyclopropylboronic acid, Pd(OAc),, Cy;P, K;PO,, toluene, 100 °C,
overnight, 73%; (d) B,pin,, PdCl,(dppf), KOAc, DMF, 80 °C, overnight, (taken on crude); (¢) 2 M
NaOH agq., THF, 0 °C, 30 min, then 35-36% H,0, aq., rt, 1.5-2 h, 80—97% (2 steps from 66—68); (f)
R’I, K,CO;, DME, rt—70 °C, overnight, 60—82%: (g) TFA, H,0, rt, 1-3.5 h, then NH;, MeOH, rt, 10
min—2 h, 67-93%; (h) Chiralpak IA, CO,/MeOH = 43:7 (for 40a and 40b); (i) Chiralpak AD,
hexane/EtOH = 3:2 (for 41a and 41Db); (j) Chiralpak AD, hexane/EtOH = 43:7 (for 42a and 42b).

BB a-/ I DT S AR B A dE T A 86 1% Scheme 2-7 FEID
ETHERLTZ. 7 by 8a HHWIE 86b 1Tt Fn7oEeXoBr 77 Ly /7oL
AuerBERWESA-—BH /a2y 7V IR PP 50V ETEFT LD

Buchwald 7 3 /{biss ® 12 LW AR LT-. &7 b 86c—e 13Xt d 5% B35 78-80 # M
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FEBFEHT WY, Weinreb 7 X FADOZEH L i< = F 7 ) =% —)Likd L OFISIZ L - TH
L7z, £ by 86f (T BTN EY 84 LT VU AfEEA WU T AN &
DIy TV TN LT /K 85 & Lictk, =F A7) =r— ARl EKE LS TH
L7, —J, 7 h> 86h i, TAWTt R 87 ~ODE=LT U =% — Vil ORI
THELN T3 —/L 88 % Dess—Martin i3 ™ TEL L7214, /3T ¥ Afiliit %
WAL ) =D ap-AEF7 k2 89 ~ORIER 12k > THI LT, 861 IZT7 LT &
K 90 % Corey—Chaykovsky Sitx 77 1280 =R UK 91 ~EH L=tk 7 RU T AR R
XV RICEDZRFVOBBRBLOE LN kT /L 2—/L D Dess—Martin 2t 7 12XV
B LTz, £72 86— 1£,83 DAF NI = — LREKE DKM L > THE LT ' N7
=/ 93 HAHWIHIRD 94 OHNE=VEE o fEDORFL, < REERI) BLOT vk
RUFRERANZAY ) —VOREER ®, HD00FT N T AF AR FFY RIS X D RELE

Az X > THERR LT-.
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Scheme 2-7.  Synthesis of Common Ketone Intermediates 86 for RHS Benzylamine Moieties”

T e D D e

Me

77 86a (R' = p-c-Pr) 81-83 78 (R' = m-OCF3)
86b (R1 = p-azetidine) 79 (R" = 0-OCFj)
86c (R' = m-OCF3) d 80 (R' = p-OCF3, m-F)
86d (R' = 0-OCF3) OCF, OCF,
86e (R' = p-OCF3, m-F) e
86f (R' = p-OCF3, o-F) NC &
86g (R' = CFy)* F F

85 84

i OCF;
OCF,4 OCF3 OCF3
f g h (e}
(@) —  » HO — > 0 -
H ™ ™
88 89 OMe

87
i

86h
\ R
ocFs OCF; .
7/©/ HO % . R?
0
X

OMe

91 92 86i (R' = OCF3 R2=H, X =0)
86j (R' = OCF3, R?=H,X=9)
86k (R' = OCF;, R2=F, X=0)
86l (R" = CF3, R?=H, X=0)

R1 R1
k lorm
O R2 ——————~ o R2
Me

OCF3
(@)
AL,
N.
eO” Me

Br
83 93 (R"=OCF;, R2=F) 95 (R' = OCF3, R =F)
94 (R' = OCF;, R? = H)* 96 (R' = OCF3, R? = H)

97 (R'=CF3; RZ=H)*  *commercially available

“ Reagents and conditions: (a) cyclopropylboronic acid, PdCl,(dppf), K;PO,, DME, H,O0, 85 °C, 20 h,
78% (for 86a); (b) azetidine, Pd,(dba);, Xantphos, NaOtert-Bu, toluene, 85 °C, 20 h, 73% (for 86b);
(c) N,O-dimethylhydroxylamine hydrochloride, EDCI or EDCI-HCI, HOBt or HOBt-H,O, Et;N, DMF,
0 °C—rt, 16 h, 86—96%; (d) EtMgBr, Et,O, THF, 0 °C to rt, 16 h—3 days, 69-96%; (¢) ZnCN,,
Pd,(dba);, dppf, DMF, 100 °C, overnight, 43%; (f) vinylmagnesium bromide, THF, 0 °C, 2 h, 60%;
(g) 1,1,1-triacetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-one (Dess—Martin periodinane), CH;CN,
0 °C or rt, 1-1.5 h, 67-97%; (h) PdCIl,(CH;CN),, MeOH, CH,CI,, 0 °C to rt, 50%; (i) (CH;3);SOI,
NaH, DMSO, THEF, rt, 1 h, 45%; (j) NaOMe, DMF, 60 °C, 2 h, 65%; (k) Br,, AcOH, 50 °C, 1 or 3 h,
82%; (1) MeOH, Ag,CO;, BF;-OEt,, 50-60 °C, 2.5 h—overnight, 80—90%; (m) NaSMe, THF, 0 °C to
rt, 2 h, 86%.
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Scheme 2-7 THEDLHMNTZ 86 1L b Ruaxo 7 20 tDAFT ARG, il T4aEfit
A W AR TSI T o LIk o TRV AT I 99 NN T2 99 TR

L35 2 L TREME ST 100cf, 100h—i, 1001 & L 7= (Scheme 2-8).

Scheme 2-8.  Synthesis of RHS Benzylamine Moieties 99 and 100 from Ketones 86

= = = HCI =z
—LR! n L R! oorp L R q R
O AN — o NS ' = HyN N — > H,N P
R2 R? R? R2

86a-l 98a-1 99a-1 100c-f, 100h-i, 1001

“ Reagents and conditions: (n) hydroxylammonium chloride, Et;N, EtOH, rt—80 °C, 3—72 h, (taken on
crude); (o) Hp, 10% Pd/C or Raney Ni or 20% Pd(OH),/C, EtOH or MeOH, rt, 4 h—overnight, (taken
on crude); (p) BH; THF, reflux, 20 h or overnight, (taken on crude); (q) HCL, EtOAc, rt.

TV a— LIS A A 5P LT 2 > 108 1E Scheme 2-9 FLE D IFIEICHES T
ALz 7Py 100 I LT n-7FALYFULEERSE T - F
LW EAT o121, REBETMHEME LT 2-7002- % VY HIBRF L EZERESES 2L T
-7 R ATV 102 ZfFT2. RIS, BIEIZHE, X% A~OER, i T V7 LIRFEE
AW BEMBEITLIC LR LT I 104 A LT, S 62T /5% Boc TiR#
(105) L7zth, AT NVEKFT VI =T L) FULATEILL THEKT /L a—/L 106 A
L7z, F7z, 105 1 ZAF AT Y =% — VB A UG S E 5 2 & T 7 /b2 —b 107 ~&

&, IRITHRER/IEE — F WA IRIZ T Boe fb9° 2% Z & THEREHE 108 2437,
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Scheme 2-9.  Synthesis of RHS Benzylamine Moiety 108"

OCF; OCF3
OCF3 a b
e} : et
Br
Et0" O Et0" O

101 102 103

OCFs OCF; OCF,
2 Boc” Boc”
EtO e} EtO (e} OH
104 105 106
/

OCF; Hel OCF5
H —>g H>N
Boc” 2
Me OH Me OH
Me Me
107 108

“ Reagents and conditions: (a) n-BuLi, THF, =78 °C, 50 min, then ethyl 2-chloro-2-oxoacetate,
=78 °C to rt, overnight, 23%; (b) hydroxylammonium chloride, Et;N, EtOH, 80 °C, overnight, 27%;
(c) Hy, 10% Pd/C, EtOH, rt, overnight, 86%; (d) Boc,O, THF, rt, 2 days, (taken on crude); (e¢) LAH,
THEF, 0 °C, 30 min, 62%; (f) MeMgBr, THF, 0 °C, 2 h, 41%:; (g) HCI, EtOAc, rt, 84%.

b&% 40a OBILV— M X DA RHEE Scheme 2-10 127”7, Scheme 2-8 THL L 7=
YUNT I 0 DT X HA Boe bk TIR#EL, 55472 109 % Chiralpak IC T A%
MANTHFRET 2 2 LIk 0, EFEMEAR 110a 5L 110b 2457, 2 i, HElg/HE
it F VIR A N Z T Boc b5 2L TRUPAT IV Mla BLO b #EhEh
WERBEOER & LT, 728, 11b OV VAL OMERSLRELE IS, 111a O HifseE X 7
REXEMMTRE RN IR SN T S IR ERE L2, £, ELAY 40a 1% 34-PE FetbEy K
23-b]E°T VU 2(H-A V8 112 EX_XCPLT Iy b O/ a X 4= fbn 7 =

NERNTZD LTERRIZ LD SR LTz,
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Scheme 2-10.  Alternative Synthetic Route for 40a’

OCF, OCF, OCF; OCF,
H2N Boc” Boc” Y * Boc”
OMe OMe “OMe OMe
99i 109 110a 110b
OCF, OCF5
. HCl HCl
— = HN + HoN
“OMe OMe
111a 11b
0
o)
)S HN
HN d, e
; N__O OCF;
—_— X
\NH | hd
| _N HN
_N MeO
MeO
OMe
112 40a

“ Reagents and conditions: (a) Boc,O, Et;N, THF, rt, 20 h, 82%; (b) Chiralpak IC, hexane/EtOH, =
93:7; (c) HCl, EtOAc, rt, 1 h, 96%; (d) 4-nitrophenyl chloroformate, DIEA, THF, rt, 24 h, (taken on
crude); (e) amine 111b, Et;N, DMF, rt, 24 h, 52% (2 steps from 112).

Ib&¥ 42a ORILV— M X DA RIEE Scheme 2-11 (2787, Scheme 2-8 THL L7y
T I 99k DT X A& Boe TRk L, 6772 113 % Chiralpak AD 771 7 A
ZHWTHFELSET D2 L1280, FEMEAE da B0 14b #4572, iV C, 114a 12
W/ — F VSR 2 A T Boe fbd 2 2 & TR L7 2 1156 &R OEIA L
LT, RUUAT R O LRELE 2 R ET D ETRERERSE RS 5L,
Fet 115 & — BBt (116) L, #7212 (H)-T-(p- FA A V)-p-ili A lstE 117 2% L7,
AFEER D X BHEERITIC LD, N DO SRBLE X S R ERE LT, 77, Y
LAY 42a 1% 34-VE Frbl R[23-b]ET7 VU 2(1H)-4> 112 L X7 v 117

Or7ua X 4= ba 7=V ERWEY LTSI E D Bk LTz,
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Scheme 2-11. Alternative Synthetic Route for 42a and Synthesis of (+)-Di-(p-toluoyl)-p-tartaric
Acid Salt 117 Suitable for X-ray Crystallography*

OCF; OCF; OCF,4 OCF,4
HzN F Boc” F Boc” F Boc” Y F
OMe OMe OMe >
99k 113 114a 114b
OCF OCF
. HCl 3 d 3
e HN . _ % L HN -

OMe OMe
115 116
o O+ _OH Me OCF;
e
- s - Ko H,N
Me’ HO O © OMe
117

o

)S HN)H
HN fg "N OCF;

O
‘ S /(ékl\lr H\I\T
MeO _N MeO F

OMe
112 42a

“ Reagents and conditions: (a) Boc,O, Et;N, THF, rt, 16 h, 79%; (b) Chiralpak AD, hexane/EtOH, =
19:1; (c) HCL EtOAc, rt, 3 h, 95%; (d) NaHCO;, H,0, quant.; (e) (25,3S)-(+)-di-(p-toluoyl)-D-tartaric
acid, EtOH, H,0, 50 °C, overnight; (f) 4-nitrophenyl chloroformate, DIEA, THF, rt, 3 h, 88%; (g)
amine 115, DIEA, DMF, rt, 16 h, 63%.
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# 15 fifi flEh

U— FbA# 10a @ PDE2A FHENEM L PDE 77 U —&RMEOI L 5m EAH
ffLC, 10a & PDE2A @ X #dLfb st gz EIZ, LF O 4 SOREYEREHRN &
BRLT.

HEME 1 GIn859 & AR/ /KT G B DAL
HRIE 2 PDE2A (ZHFMMIZRIRIAMEZEMEZ SH T2 p-h) 7AFdu X v o7 2= LB
M Al

BRIE 3 JTfE DK FROMNET X WER AL & DM AEAER 218 L 7o = TV BRI EE o i Ak

HME 4 B~ OEHRISEN & KiEfl

Fz, B HRBITH LA E 15D 72012, MBITHZ THIT 5 ETEER 2 SO
HLER 8T A —& (TPSA < 110 A%, HBD < 3) @ HIEEZ 4 FHNKERKAE 2 EZE L TRE
L, (LAWRF O L Lz, B ORI IE SO -G Rl bRat 2179 2 & T, ICs =
0.61 nM /)72 PDE2A FHFE(EME & PDEIA [R5 & bk LT 4100 {5LL EO#E L7Z PDE2

B KO R 2B TIE 2 OFE ROl 34-0 Re vy R[23-p8° 7 ¥ -2(1H)-A
CHER 428 RMTZ LIS LT (LAY 42a 1T~ U ZADMMN cGMP & & & H R
fERNCEIN S, 7 v b & HWCHamRRmaRis L O~ U 2 &2 - @iy ekt ic
BOWTHBERBIBEEDOTLER L OKEEAZ R L. —F, BEOFBMFHRE TR bR
5 RIVEFICE T 23 BRIC B W C, LA 42a IXRHRERET a7 7 A VERT S Z
ERHBMNE ot Fe, KEEYE R WL EERBROG R, GRS EEIT AR
D oNT o hEEe— VU BNHR SN Z D, (LAY 42a (B 2 — K TAK-915) %
ERARRBR OB A & L CER I L7z,
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B 3IE BMESFEHIATIIHBROREOBEONATY v FMEIC X 2 HH K

TAK-915 v 7 7 v F{b&oR|Hl

B 1 H AR R K ONHHELY — MM E ORI

INETIZEEDIE, H 1 FIZTHIS XV T Y a[1,5-a ) I VVBREEE T
ey MEAEW 2 ZiEtEba® E L CHi#l PDE2A FLERIORBIFIEZIT, FE~O®E
HIEEN, - F AR DT X UENL OIS LU EI 21TV, PDE2A FHETEM R K
N PDE 7 7 X U —&{RMEOM ELZY — NMeA® 10a % R L7z (Figure 3-1). S HIZE
2 WIZTC, U—FbEY 10a O X AL G MRAT O 1 A RS Rl it & 92hE L
ToAER, JERICH) 72 PDE2A FHLEIEMEE 4100 0L EoENT- PDE 7 7 2 U —i@iRME%
IR EERERI LAY 42a (TAK-915) % R L7= (Figure 3-1). 42a [35% 04512 X - TN
cGMP & &% A BIKTFH» OABEICHMESE, £-fr ORSIGRESYTT BV TH
Btz os Lic, AMEEWIEE 0%, A RIEREE S LTHIRAD 2 RIZTITEST2H,
IEEWERBEEIZ IV T 42a DLEEME~ORBELRHRTH 722 Lovh, RRIOFHRE
2 Ty 77 TALEMDO RN LB LB Z BT,

42a DFEFIZELWIRICIBNT, FHELIL, (LG U8 ITRESND L DT, 42a LT
MIEDRRD a3 P T I FE B LT e (Figure 3-2). {EAY 118 13 42a
ERERD=—T VI E AT % 38a LT, A% PDE2A FHFEMFS L O PDE 7 7
RV —BREZAEL TWebDD, P-gp ITLDFEHBR< ki = 2.8), 2 b —EHOH
KT PR TE O TN H o 72, 42a & 118 1E, W kAW ILITIFIER U TPSA (102 A?
vs. 104 A% 2L TCWAICHBED LT, BT P-gp MEDOBREN 20 < BT 72 PRI THEDN
MR SN TWD, BIFEOH 3 HiTim U7z & 512, HBD O#L Pgp KE v 7 7 A LB &
OHFRBEATHEIC R E R BE 52 2HEERK T THH Z L@ STl 9 42a & 118
D P-gp HET 17 7 A /LDiEWT HBD $10DiE\ (42a: 2 HBDs vs. 118: 3 HBDs) (ZHZ[A L

TWHZ ENRBINT. —FHT, 1 BEOERECRANINIZE T Y a[1,5-q]) I¥
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VBB 311X, ZORFRICBW TR KON U T I U G L S LTV RN T
¥ PDE2A FLEIEVEIIARH0 Tholzb oo, BAEA A TPSA (69 A*) X HBD ¥ (—
D) ML TRAZ: P-gp 7R 7 7 AL (HEHEE = 043) EFRBATHEZ R L. 2 b
OFERAZIIC, FHOIT, 118 ORETH D 34-UE FrE Y R[23-b|E T VU 2(1H)-4
Bia HBD D | 2V RWE TV a[l1,54t ) I P UBRICEW L, 5 F42fKd HBD ¥ %
AIECREL 2 DETEELIoANA 7Y v MeB 19 ZikEHL, P-gp REDOBEED
WHTRLY — MEBWORGZ B L7z, £ORE, ~1 7V v FMeEY 119 13, ICs = 66 nM
O BIf7: PDE2A FHEIEME 150 524 ED PDE 7 7 2 U —@#RMEZ /R L, 2 oHIFFE D
P-gp BEMENMENZ LA SN ERo7c, DLEOBEHERZ IS, FE HI1E, 119 28 Y

— MeBW & UTHRLIER, EiEAHZ il & U iE i b 9E 2 B ks L7z

7 N N=
C?J\fo OMe /(/Ng\fo o*F
6 =N —  Me—_y HN\(@ Dr
Me Me

Figure 3-1.

2 (racemate)

PDE2A IC5q = 3800 nM

PDE selectivity: 1.3x (vs. PDE4D)
MW: 310

TPSA: 69

10a (eutomer)

PDE2A IC5q = 24 nM

PDE selectivity: 180x (vs. PDE3A)
MW: 378

TPSA: 69

Log D: 3.46

MDR1 ratio: 0.43

OMe
42a (TAK-915, eutomer)
PDE2A IC50 = 0.61 nM
PDE selectivity: 4100x (vs. PDE1A)
MW: 458
TPSA: 102
Log D: 3.32
MDR1 ratio: 0.87

Transition from high-throughput screening hit 2 to clinical candidate 42a.



1) Different RHS from 42a (TAK-915)

118
PDE2A IC5g = 24 nM

PDE selectivity: 150x (vs. PDE1A)
MW: 424

TPSA: 104

HBD counts: 3

Log D: 2.54

MDR1 ratio: 2.8

Different core from 42a (TAK-915)
/N\
N
= (0] O F
CQY K
=N HN F

L

Me

31
PDE2A ICgq = 480 nM
PDE selectivity: >21x (vs. PDE4D)

38a

PDE2A ICgg =19 nM

PDE selectivity: 310x (vs. PDE3A)
MW: 410

TPSA: 93

HBD counts: 2

Log D: 2.95

MDR1 ratio: 0.68

New lead
,N\
C?J\fo OXF
=N HN Fr
Me

OH
119 Me

PDE2A IC5p = 66 nM
PDE selectivity: >150x (vs. PDE3A)

MW: 364 MW: 394
TPSA: 69 TPSA: 89
HBD counts: 1 HBD counts: 2

Log D: 3.21 Log D: 2.38
MDR1 ratio: 0.43 MDR1 ratio: 0.54

Figure3-2. Origin of a novel PDE2A lead compound 119.

Yarand

52 i e

% 1 BEOH 3 Hi (Table 1-1) T U7z 918, (k&YW 2 OB TV a[1,5-0]) IV
B EA~DOAFAVIEEADKREHIB T, 6 (L A F/VEBARITIEE LR & A TEMERK 10
fEm b L7z, —J7, 5 AL A FOVEBIRITIEMENREF LI2DIZXE L, 2 (i D WE 7 (LA Fu
EHRIIEENEE T 2@ Z R L. 26 0MmAERIZ, {bE 119 v 7 Y a(l,5-4]
BUIUUVER 6 LICATFNVELZEAN (120) L2 Z A, WiIfF LY, £ 13 FoiErtn
ENR® Sz (Figure 3-3). (LAY 10a & PDE2A & DA X MG SR O fG R
e, B 5 ALEBRIL O T ISR IS E D £ TO MBI R & RZEM OFLENH S 2

Lo TEY (Figure 3-4), 5 (LfEHIL L U TR~ OBEHAILDTIA S5 ATREMEDN RIZE ST
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W5, 7o, ZOMAIXRATRO Table 1-1 T 5 LA FIVENTFRINTRERE L —F LT
UboBEZREZEEZ, V— NMeEW 119 O X LR D1EMOM E21Em LT, 5 fiE#fEDK
Wit (Figure 3-5 @ RY), 2 BNT 6 LA FVHDE A (Figure 3-5 @ R*) #Mitd 52 &
& LT, ZOBE, SFBEEAEROMELBEL, £TIT 5 MEREOEBLRFEERL, £

D&, 6 (LA FNIEEE DMABEDERG 21T 2 & & L.

N= N
éii?vé;L\T?o O__F /JZ:?7;;L\T§O O\T<F
=N HN Fr — Me™N=N HNIQ/ Fr
Me Me
v OH me OH
119 120
PDE2A ICsp = 66 nM PDE2A ICsy = 5.1 nM

Figure 3-3. Effect of a 6-methyl substitution on PDE2A inhibitory activity.
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N= 2
7 _-N
_— o} o.__F
Me{Q\f Xt
=N HN F
5
Me

10a
PDE2A ICgq = 24 nM

Figure 3-4. X-ray crystal structure of 10a bound in the PDE2A catalytic site (PDB 5XKM).

/N\
6 N%fo O*F
2
R =N HN F F
15
i M OH
e

e
M
RZ=H or Me

Figure 3-5. Drug design strategies to further increase potency and PDE selectivity.
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B 3H BT u[l5qb VIV S L~OEBRESE A LS AR

7 al,5-atV I VB S IS REBOREBHRLT Y ZEA LR %L Table 3-1
SR E T, HRIEAWE LTEAY 119 O e T 7 A L& Table 3-1 LB:icH#k L7z
EI7YR[L5-at ) IV UR 5 EBREOTFMAMEET 57201, ATV bE&En
MW ERIE DB A LT Lz, £ ORER, 4 Y 7' e EVFER 121a 13, EEHK 119 &
ERTIEHEICREZ R EBITRO N0 o DIk LT, Ebizimm <, IREEOKHE L7z
7 M7k Ru2H-¥7 =/LiFER 121b 13 119 L HTEENRB L ZE 6 FlEET MR
WL, Ll b, 121b 13 P-gp EEOMHMA TR, S HITHEVY in vivo 7 U7 F
VAERTZEDRALMNE R oT2 ALEY 121b TR O NTERENIE~T v B O MR & iR
THRL, WICHFHE T BROBAZRG Lz, ZORER, 2-v°) UL (121c) OE A
X o T, PDE2A FHEIEMES LY PDE 7 7 X U —@&RMEDO AR LT, P-gp HEHT v 7 7 AL
BEO invivo 7 V7T 7 ARG RBIZHET D2 LB 0hhoTc. SHIT,3- BRI 42V Y
VBB 121d B XV 121e 1, 2-V U P UFFEER 121c & [RIERIC, TEME - BIRMERS LY P-gp
EEMORTHELWT a7 7 A VERFELIZA, invivo 7 V7 7 0 ZXE(LOBEM Z R L
7. 7V 770 ADEAL, BV UVR EOAFNVE, HHWEE Y VU EEMEROmL
RFTERTHHDOEBEX BN, 2T, AFNE Y VUFHERONRBLENEDOUE 15
MLT, AFNVEORHE 7 v RIRFOBEANT I L, FIRHCE R O AN 2 R
LEET Y — VBB LT 7 A F AT Y — LFEk 121f 233 L, %L
EZA, PAMEY invivo 7 VT T U ANKRIFIZEGE L, (&M - @RMER LY P-gp EMED
2-B U DVEEEIR 121c LRISORIRT 0T 7 A NVERFFT S 2 LR oTo. LinLis

N6, —HEDRFR AT FHRE~T n RFLA 121cf 1F, BETOEWITIB W TIFEF IR

B A 2EHIEL LT, BT VR[5 ) S VVE 5 MIREETICHBEREE T, H50ITERETA
EOTHEMES, TR0 REGOMEREL) | [ERESMEBRIL] LHT5.

84



VN in vitro YEMERT v LY BORT NG NE Aot JemEE, AR
BUEDO—2>Th Y, KNITILEW DG S T-1%, LR GRS FIHN) 23np 5 2 &
TIZ, ALEE, K, FhRBR EDfERZ ISR T HEIT R TH 5. HEEE AT 5LEW
%, BEET D7 V=Y v TR, %25 RKEZEMRT270L, Bt ~OE 4kt
FRF TR 6, BRIR TOREHHIR I D FTREMDN & 5 72, BIEEKRIFZEIZ BV Tt s
HWART Y LOIRWMEAMORER KD Hivd 'Y 22 TEE LI, LAY 121cf T
PO HAVIZ in vitro FEMERT Uy L OREEZ B L. EiloBREHIB W T, BT Y —
JVFHER 121f 1T in vito WEMEER MO TR T s A VTR TH-T-Z LD, Bl&k
EHEFHE~Tr 5 BR, FICEFRSEAUERLOBEANLTHRFT 22 L L L. TOMRE, &
e T — VFFEIR 121g 13 121f &N, IEVER L ONERIRMER 2-3 KT L7
LoD, P-gp FREMERB LD in vivo 7 VT T U AIBHREEZ R LT, SOICRHFETRE N
E LT, LAY 121g ONFEMERT ¥ Y VN KIBIZSET D Z E R L E o 72, FEl
IR TH LN, 5 MEHREOEEHERIZE 5T, in vito KHEEOFRREHK EEEXOND 5
(EHILZET YT Y u[1,5-aE ) IV VROBREBICEMAEL, TORRE, in vitro F
FMERT v VOBIRICE R S =D TIE RV EHEZE L TV 5D, 20T, B Y — L
RELTATF A IZY —FHEK 1210 26 LT & 2 A, RIEEWITR ) I0EM & RATF
72 PDE 77 U —#f B LW in vitro HEMERT ¥ ¥ V&R LT, 58UV P-gp K&
BTHOHLIENHLMNEoTn, A XXV —NVEBEOBWVERENZFORNEEZ N2 L
226, LLFD 2 180 OFFEIC THEEMKRBO 2 HREt L. —2 07 7re—F & LT,
AIZ =N EICETRSIETHD MY 7vda AFAEOEAN AT (121). —~oH
DT Ta—FL LT, AIF—LRIZEDHIZHL) —DOEHEFFE2EATLZ LICL VI

EMEOI R E K -T2 (121), 121k). Z DfESR, 121i-k OWTNOLEY S BAF72 in vitro

12 e pr R 5 X OFERE T COLAMITREE LI MR R OS2 A2 X Y in vito MR T o
vV EFHET .
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KEET BT 7 ANVEBLDN in vivo 7V T T RAERL, S HIT P-gp FEEMS KIEIZSE
TBHZEMNHGNE IR o728, PDE2A BHEEMIS L O PDE 7 7 A I U —Z R IT R & < P

95 DA AR LT,
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Table3-1. Profiles of Pyrazolo[1,5-a]pyrimidine Derivatives with Substitutions at the 5-Position

=N HN F
R1 5
Me
Me OH
rat in
1 PDE2A PDE ) phototox
compd R o MDR1°¢ vivo CL Log D/
ICso (nM)*  selectivity J (%)°
(mL/h/kg)
66
119 H >150-fold 0.54 632 —-0.1 2.38
(41-110)
34
121a i-Pr 190-fold 0.48 NT® -9.2 3.30
(24-49)

10
(5.2-19)

121b NT*® 3.6 4142 —6.6 2.82

1.2
(0.80-1.8)

121c 2700-fold 0.52 381 102.1 3.48

(0.61-1.6)

0.77
(0.44-1.4)

121e 1400-fold 0.80 4350 108.7 3.22

1.7
(1.2-2.5)

121f 1300-fold 1.2 558 102.1 3.14

O
N=
N/
— 0.98
121d NG / 3800-fold 0.80 2361 78.9 3.38
Me
"
N Me
o
N~y
j-

F

“1Csp values (95% confidence intervals given in parentheses) were calculated from percent inhibition
data (duplicate, n = 1). All values are rounded off to two significant digits. © Minimum selectivity
(rounded off to two significant digits) over other PDEs.  MDR1 efflux ratios in P-gp overexpressing
cells. ¢ Plasma clearance calculated following 0.1 mg/kg, iv cassette dosing in rats (non-fasted).
¢ Values (%) represent the difference between viability of cells exposed to 50 uM of the test
compound in the absence of UV irradiation and that in the presence of UV irradiation, where cell
viability was measured by intracellular ATP content (%) at 50 UM relative to vehicle control. A larger
value is interpreted as a higher risk of phototoxicity. / Log D values at pH 7.4. ¢ Not tested.

" Precipitates observed.
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Table 3-1 (continued).

Profiles of Pyrazolo[1,5-a]pyrimidine Derivatives with Substitutions at the

5-Position
IN\
N =
/ 7JYO O
/5N HN
R1
Me
me  OH
rat in
. PDE2A PDE ) phototox
compd R o MDR1¢ vivo CL Log D/
ICso (nM)*  selectivity (L/kg) (%)°
m 2
66
119 H >150-fold 0.54 632 -0.1 2.38
(41-110)
7 5.4
121g N-N 630-fold 0.54 353 11.0 3.29
L/ (3.4-8.7)
7
1.2
121h N_/ 0.94.16 1900-fold 52 NT* -1.0 3.08
‘e (0.94-1.6)
7
N 7.1
121i N‘r\/g 230-fold 2.1 637 11.8 3.42
(4.6-11)
CF3
_ NN 5.4 ,
121§ N‘\/) 690-fold 0.73 476 7.5 3.12
(3.5-8.3)
Me
7
N 11
121k NE<N 88 14 610-fold 0.90 779 3.8 3.15
e (8.8-14)

“1Cso values (95% confidence intervals given in parentheses) were calculated from percent inhibition

data (duplicate, n = 1). All values are rounded off to two significant digits. © Minimum selectivity

(rounded off to two significant digits) over other PDEs. “ MDRI1 efflux ratios in P-gp overexpressing

cells. ¢ Plasma clearance calculated following 0.1 mg/kg, iv cassette dosing in rats (non-fasted).

¢ Values (%) represent the difference between viability of cells exposed to 50 uM of the test

compound in the absence of UV irradiation and that in the presence of UV irradiation, where cell

viability was measured by intracellular ATP content (%) at 50 UM relative to vehicle control. A larger

value is interpreted as a higher risk of phototoxicity. / Log D values at pH 7.4. ¢ Not tested.

" Precipitates observed.
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4l 7V als-ale’) IV S, 6 (~OEHELE A &SRR

AIEICBW TR LA bEW 121 B X 121k 1T P-gp FEEME, in vivo 7 U 7 T 2 R,

BEW in vitro SHEHERT v LOWTHEREFRT 07 7 AV EHL TV DD, &
PEd KO EORAR I TV, & 1 BEOFE 2 fictm Loy 7 Y r[l,5-qa &
U2V UBR EA~OBEBILOREIEIEAB D, 6 AL A F LRI PDE2A FHLETEMER X OV PDE
T IV @B ARESSBLETLZILENHLNER-TED, ZoMA%E 121 BLW
121k OWEALAINCEIST D2 & & Lz, ZOfER, 122a B3 LY 122b (3412 100 pM A —
X —DIEFITHE PDE2A BHEIEME S 5000 5% %5 PDE 7 7 I U —3f U (Table 3-2,
FEANIT Table 3-3 BMR) 2R, TOMDT BT 7 AL 6 L A FI/LFEDEAIC L - THEAL,
OEENTRRD Do 7= LAY 122a 13 in vitro YEIERT > v v L& Ffi L7z 50 uM
DRFEIZBWTHTHSPBIE SN TE Y, 2z, /Nl o ATREEILSE O 2003, e
< EBHTHBDFED BTV 25 uM OIRFEIZEB W TIE, RF|MEFEIL 121cf O
WTNOAEW L L TH, (L&Y 122a @ in vitro JeEMERT v 2 v /WX BAE ISR S
NTWDLZEBNHLMNERoTe, — 75, k& 122a & 122b OEMREZRELZL 2 A
(Table 3-4), (LA 122a IEEEMER L OHMED &5 & OS5 FIZR W T HIEME DS IEF I
ZENHBMNE R oT LG 1228 OIREEAEMEI, Table 3-2 @ in vitro JemEMEREMIZ IV
THIHE B HER SN TV Z E E b FEORWERTH Y, Z D% O L OEtR
BRC O ARINEICIREZ K LT, — 7T, ba 122b 133l L 72T oS Tzl
T BIFREfEEZ R LTZ. &51Z, 122b @ PDE2A [HEEM, PDE 7 7 2 U —@&RME, £
DfhfEx D77 7 A NVEBRELT, XMeEWE ZnUBEROBEEmE L TR ET L2 L

LT
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Table 3-2.

Profiles of Di-substituted Pyrazolo[1,5-a]pyrimidine Derivatives

/N\
N
f >;\fo O F
Me/g;N HN fF
R1
Mo 7 on
rat in vivo
. PDE2A ICs PDE phototox
compd R __, MDRI CL Log D/
(nM)“ selectivity J (%)°
(mL/h/kg)
120 H 5.1 (4.3-6.1) 1600-fold 0.53 2743 4.2 2.66
N/*
122a EI\/X 0.31 (0.27-0.35) 5800-fold 1.2 940 13.0° 3.24
Me
N/*
122b h'}/\(N 0.51 (0.46—0.58) 5300-fold 1.0 1169 3.7 3.42
Me

“1Cs values (95% confidence intervals given in parentheses) were calculated by nonlinear regression

analysis of percent inhibition data (n = 2). All values are rounded off to two significant digits.

’ Minimum selectivity (rounded off to two significant digits) over other PDEs. * MDR1 efflux ratios in

P-gp overexpressing cells. ¢ Plasma clearance calculated following 0.1 mg/kg, iv cassette dosing in

rats (non-fasted). © Values (%) represent the difference between viability of cells exposed to 50 uM of

the test compound in the absence of UV irradiation and that in the presence of UV irradiation, where

cell viability was measured by intracellular ATP content (%) at 50 uM relative to vehicle control. A

larger value is interpreted as a higher risk of phototoxicity. / Log D values at pH 7.4. ¢ Precipitates

observed.
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Table 3-3. Inhibitory Activities of 122a and 122b against Human PDEs”

122a 122b

PDE subtypes  1Cso (nM)* selectivity ratio” ICso (nM)* selectivity ratio”
PDEIA 3300 11000 2700 5300
PDE2A3 0.31 - 0.51 -
PDE3A >10000 >32000 >10000 >20000
PDE4D2 3300 11000 9400 18000
PDESALI 8800 28000 9100 18000
PDE6AB 1800 5800 8000 16000
PDE7B >10000 >32000 >10000 >20000
PDESALI >10000 >32000 >10000 >20000
PDE9A2 >10000 >32000 >10000 >20000
PDE10A2 1700 5500 3100 6100
PDE11A4 3000 9700 >10000 >20000

“1Cs values (nM) were calculated by nonlinear regression analysis of percent inhibition data (n = 2).

All values are rounded off to two significant digits.

Table3-4. Thermodynamic Solubility of Compound 122a and 122b

thermodynamic solubility (pug/mL)

compd crystallinity (%)
pH 1.2 pH 6.8 pH 6.8 + GCDC*
122a 0.45 0.32 16 89
122b 7 4.1 140 83

“ Solubility in a pH 6.8 solution containing sodium glycochenodeoxycholate (GCDC). This is

considered as simulated intestinal fluid (pH 6.8) in the presence of bile acid.
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W5 fii k&M 122b L PDE2A O X HpdLfs A ARAT

{b&%) 122b & PDE2A L X #pdbilidbtiEis JOMLEY 10a & PDE2A & X i
Rt A S &2 2 LE 4L Figure 3-6 (A) BE O 3-6 (B) (TR T, fEdu &y ofE %, &%
122b 1355 1 TR LAY — MMeAt 10a LRERIC, LLFO 1-5 (R$THIEMER 2 R
LTWLZEBRHALMNERST.

1. ©7Va[l5abt V) ITVUR 7 MOKERTIL Gn859 & CH-O O#ELIVAFRES %
STUTHAEEMR L T 5.

2. EFY 0154tV I VUBRIZETO Phe862 LN 11e826 & ZhZFH n—n 72 5N
CH-n OFBEAERIZE W ZENL TS,

3. EIY a5t I VB 6 LA TFILIET Tyr827, Leu8ss, 11e826 THH - IAME
2L 7 7 T T U — )V A AR ZTR L TN 5.

4. 7 I RANR=VEEIT Tyr655 LR FEI LTEAKRFER/EOFR Yy NT—27, EHIZH D
—ORID KT L KFEREE Z B LTV 5 (Figure 3-6 (A) (ZIZRFLHE. #6011 Figure
1-7 /).

5. p-hU 7 Fn A %7 =)L PDE2A #2807 L OFERIZ K > THTITER S
Tz PDE2A |ZHr BV NEEATEZZ M 2 20 RHIC TR L T 5.

e 5 OOMEMERICZ, 122b 1% PDE2A % > /87 L LU FOH =2 HAER 2 15 L

TWDZ ENIoT-.

6. BTV [15-alEV IVUBR S MO M) TV —ABRIZETICHD 11e866 & Met847 (T
BENDEBEDRICHKEL, 77 T T U= AHEEREZ LTS, £/, hUT
Y — VBRI Leu858 D FEHH LR = LE L KEN L TKERKEEZEHKL TWD.

7. DA =R 7 L= —AERALIE T X FEMLO NH & FRKBEREZIERT 5 & &b
2, gem-T A FNVIAZ X D HEEHHE O OEHEINHEIENIRIC L > THEEa 7+ A= 3 00

HELIZE S LT D
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Lk Xz, k& 122b 13V — FMbEW 10a & [FEE, GIng59 & OAHAEH X
TAK-915 L HARTHWZ ENTHEREIND OO, Fikd PDE2A KR Z2H7- /2 AE/EM %
W55 LIZL - T TAK91S L RIZEDHR )72 PDE2A BHLEEMFR XY 5300 504 Lo

N7 PDE 77 2 ) —@ERMZRLTWHEEZOND.

Figure 3-6. (A) X-ray crystal structure of 122b bound in the PDE2A catalytic site (PDB 5VP1) and
(B) X-ray crystal structure of 10a bound in the PDE2A catalytic site (PDB 5XKM). The

intramolecular hydrogen bonds are indicated by yellow dotted lines.

93



6 fi LAY 122b OIEyEEE S 1 7 7 A L

ft&® 122b ©F v B LU~ 7 AIZEIT 5 FEMENREHAER O R % Table 3-5 1T/R-7.
L&Y 122b %27 v P B L~ R{Z 0.3 mgkg OFARNE G2 LizE 2 A, LICBiF/R7
V77 ABXONDMERZ R L, 1l mgkg fRAOKRGIZENTIE, £ 31% BT 48%
O B 72 AW RROR =R & 272.8 ngh/mL 3 LY 628.6 ng-h/mL o i i BE—FR R Hh AR T e
EEEZ R LT, 512, 7 v b Ofs i PR E BRI 31T 2 A & i b o 3K
b K, 13 032 T, @\ TPSA (114 A% Z/R L7722 H B 67, ki R e P Tk %
AT ZEDBHLNE o T

Table3-5. PK Parameters and K}, Values of Compound 122b in Rat and Mouse*

rat mouse
CLyow” (mL/h/kg) 1169 768
Vdg (mL/kg) 2329 1337
Cinax (ng/mL) 58.1 181.0
Tnax” (h) 2.0 0.7
AUCyg (ng-h/mL) 272.8 628.6
F* (%) 31.2 48.2
K, 0.32 -

“ Cassette dosing at 0.1 mg/kg, iv and 1 mg/kg, po (non-fasted), in an average of 3 rats or mice. ” Total
clearance. ¢ Volume of distribution at steady state. ¢ Maximum plasma concentration. ¢ Time of
maximum concentration. 7 Area under the plasma concentration vs time curve (0—8 h). ¢ Oral

bioavailability. ” Brain-to-plasma ratio at 2 h after oral administration of 122b at a dose of 10 mg/kg.
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B 78 LAY 122b @ invivo FKPEEEAM

FBELAY 1220 PMEH D TICEBEERA LT 5208 9 2y (target engagement) % FRFET
L7202, {bEWY 122b @ PDE2A BRI T A B ARALE T L. 3% % Figure 3-7
T AL e 1220 2R OBEETHZ LI L o T, KLY DB SR BB T D
PDE2A IZHEMKRFIISHEA L TNWD Z EBHLNERoT. ZD L X, EDsy (50% HAHZED
EEOHE) 1T 3.9 mgkg Thotz. iz, kB 122b @ PD ~—I —ITkI4 2 8% fife
BT D721, BIEEE, AR S NTHER D cAMP B XY cGMP & &% HIE L7 (Figure
3-8). ZNETOMAEFEERIC 5 LA 122b 1E EFROMEALIZ I\ T H BRI
cGMP ZEZHMEH, 3 mgkg OPHENOLAERENTFO N, —J7, {LEY 122b 1%
ZHETOR R EFERIZ, cAMP & BICHEREELZ KIS 2o 7. Ak o H&— 5 A 548
BDFER (Figure 3-7) 776, 3 mg/kg OHEIZEIT D PDE2A BER EAHRIT ~37% THDHZ
EDD, BETVICEWTOAREAREZBEZ D AEICCREER 25T 5 2 L AHIFS
b, 2T, N cGMP &R&OINNERD S5tz 3 mgkg OG-8 CRMEERETT
NaERWET v bz B EERERER 2 F0E L 7= (Figure 3-9). & D%, MK-801 (0.1 mg/kg) O
TR BEHAZ Lo THF3s SN Bk rEREEAER 23, {bE8 122b o5 (3 mgkg) 12X
DWAHBILWETD Z EBRMRTE . LEoZ b, (LAY 122b 135 2 TR LE

TAK-915 L[RZ%®D PD ~— I —IZx T 21EHB L OFRHEERZ RT Z ERBH LN E 7o T,
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Figure3-7. 1Invivo PDE2A target occupancy in the striatum measured 2 h after oral administration

of 122b in rats.
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Figure 3-8. Effects of compound 122b on cyclic nucleotides in rat brain. cGMP (A) and cAMP (B)
levels 2 h after oral administration of compound 122b (1 mg/kg, 3 mg/kg, and 10 mg/kg) were
measured in the rat frontal cortex (Fcx), hippocampus (Hipp), and striatum (Str). Data are presented as

mean = SEM (rn = 9); *p < 0.025, **p < 0.005, ***p < 0.0005, vs. vehicle by Shirley—Williams’ test.
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MK-801 (0.1 mg/kg)

Figure 3-9. Effects of compound 122b on MK-801-induced episodic memory deficits assessed by
the passive avoidance task in rats. Vehicle or compound 122b (3 mg/kg) was orally administered 90
min before the s.c. administration of saline or MK-801. Thirty minutes after the s.c. administration of
saline or MK-801 (0.1 mg/kg), the rat was placed on the illuminated chamber. The latency to cross
over into the dark chamber was recorded for up to a maximum of 300 s. The retention test was carried
out 24 h after the acquisition trial. Data (latency to cross over into the dark compartment on the
retention trial) are expressed as mean £ SEM, n = 20, **p < 0.01 (versus control by Wilcoxon’s test),

"5 <0.01 (versus vehicle + MK-801 by Wilcoxon’s test).

98



ZRRT IV a— VA AT S YL T 2 > 130 1 Scheme 3-1 FEED FIETHAK L
72. RURXT AT B R 123 1L Bucherer-Bergs [t ' 1L U xETHE X hA Y 124 o~
MW tk, TADYVIMAKSRIZEID 7 I V8 125 #46pkLiz. 125 o7 I /M %
Schotten—Baumann D5 F, Boc S THRH#EL, LWV THLR U8 126 # A F LT 25 2 &
ICE S TAFNT ATV 127 \[ZEB LT, 567 127 2 ATF N7 ) =% —/LaldE & OB
SHTC=H|Ta— 0 128 & L7-1%, Chiralpak AD % W72 24BN X 0 e RTE A
129a B LN 1290 B L7=. #W T, FTEDOMRLE (P ETEIT#% R (Scheme 3-5)) & F
T HHFEMEAR 1292 & e /IEliE = 5 /L Tt Boc kT 52 LICk o TRUVLT I 130

wHElRlE & LTS,

Scheme 3-1.  Synthesis of RHS Benzylamine Moiety 130°

OCF, OCF4 OCF3 OCF3
a H b H,N ¢ N
(@) E——— O:/\N - 2 - Boc”
H HN o) 0~ "OH
124 125

0~ OH

123 126

OCF,4 OCF,4
. N . N
Boc” Boc”
M
©"/ 0oH

0~ “oMe Me
127 128
OCF,4 OCF,4 Hel OCF,4
. N N _ % . HN
Boc” Boc” Y 2
Me Me—~ Me
/> OH
Mé OH M OH Me
129a 129b 130

“ Reagents and conditions: (a) KCN, (NH,),COs, EtOH, H,0, 50 °C to 60 °C, 3 h, (taken on crude);
(b) KOH, water, 90 °C, 3 days, (taken on crude); (¢) Boc,O, 2 M NaOH agq., THF, rt, overnight, (taken
on crude); (d) Mel, K,COs;, DMF, tt, 2 h, 46% (4 steps from 123); () MeMgBr, THF, 0 °C, 1 h, 76%;
(f) Chiralpak AD, hexane/EtOH = 95:5; (g) HCI, EtOAc, rt, 1.5 h, 84%.

&% 119 & 120 (FHEKOEE 15 B LY 15b (Scheme 1-1 &) E XU 7 I v

W 130 & O7 I FMERIZ L > THE A L7Z (Scheme 3-2).
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Scheme 3-2.  Synthesis of Pyrazolo[1,5-a]pyrimidine Derivatives 119 and 120°

N=
N HCI OCFs N_A_ o OCF
=N OH E/I OH Me
e OH
Me
15 (R = H) 130 119 (R = H)
15b (R = Me) 120 (R = Me)

“ Reagents and conditions: (a) EDCI'-HCI, HOBt-H,O, Et;N, DMF, rt, overnight, 41-87%.

5 LEHREY T Y v[1,5-alE ) 2V UFFER 121a—k X Scheme 3-3 FR#E D HFIETHK L
o, 7Y r[5-a ) IV 132 [ TEEMSEMET, 5-7 2 /-1H-¥ 7 Y —/L 131 & 3-= |
XTI VNBRTT IV EDRERIGIZ LY G L. RIS, = ATV 132 27 )V U K5y
R LD VAR WE 133 & Lictk, A% kY > (POCly) 212 T 130 °C THIET 5 Z
Llilko TR mufk 134 277, HWT, GEEON VLT I 130 Z2EHSE 5
ZETHTEAD 5-7un eIy al5-qE Y Y UFEA 135 A AL BT Y e
[1,5-a]¥°V I VU8 5 (i~OEBEEE NI K —EH 7 aAxh v 7V U IRIE,>D 50
IRIET BT — VB & OREBISUSZ A0 TTY, EmIeAY 121d-k ~EWiz, 72
By 7V T 136 BN 137 1L, BIERE T VU ARFEE RO ICBERGE T L, A
L7 4 ViR 121a B LY 121b 21372 —J7, 2-¥ U Y UFER 121c (oW TiE, Rl
D S5-rmrrE7Ya[l5abt ) IV UFER 135 A RELETAMA-—EIH /e AL v 7Y
VI ROSIEIT Lo t2t2, Bilb— F TOEMEREILTZ. 135 IZEENDHT I R =
T V3 — VL e E ORRMEEREIE DS A » 7Y o T ROGICEER B A KAFE L TV 5 ATt %
2N, RUDNT R VEMEOEARIOE Ra ik 132 hHEE L S-rnn e
FVa[l,5-aV 2 PUBEK 138 L 2-B U UL R U A — LR L— R 139 A SRk EE
T, EKVEMEH, 80 °C TMELVT 5 Z & T 87% D EMFARNETHEDH » 7V 71K 140 %
BHZENTEE 2 BBIZ, AT UK 140 XTIV B UMK S RPN T I v

130 & DHEA I & > TEF LAY 121c ~EU -,
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Scheme 3-3.  Synthesis of 5-Substituted Pyrazolo[1,5-a]pyrimidine Derivatives 121a—Kk*

N /N\ /N\
2 N N
a b
HNg\fo 2. / >;\f° — . / >;\f°
HO

HN  OEt Et

131 132 133
‘ h ‘ c
/N\
7 N _ o : N~ N=
[ N = (o] N = O
—N OEt -— / /
=N =N
N= . OEt . Cl
\_/ 140 138 134

N HN F =N HN
N= R Me cl Me
N\ J Me OoH Me OH
141 136 (R = 2-propenyl) 135
I
g 137 (R = 3,6-dihydro-2H-pyran-4-yl)
121b
121c-k

“ Reagents and conditions: (a) ethyl 3-ethoxyacrylate (cis- and trans-mixture), Cs,CO;, DMF,
100 °C, 2 h, 91%; (b) NaOH aq., THF, EtOH, 50—60 °C, 2 h—overnight, 75-98%; (c) POCl;, DIEA,
130 °C, 4 h, 74%; (d) RHS benzylamine 130, DIEA, CH;CN, 0 °C to rt, 16 h, 77%; (e) alkyl or
arylboronic acid pinacolester, (Amphos),PdCl,, K,COs;, toluene, H,O, 120—150 °C (microwave), 25
min—2.5 h, 63-78%; (f) azole, K,CO;, DMF, 80-90 °C, 30 min—2 h, 7-74%; (g) H,, 5%
Pd/C—ethylenediamine complex, MeOH, rt, 16 h, 83—98%; (h) POCI;, 100 °C, 16 h, 61%; (i) lithium
4-methyl-1-pyridin-2-yl-2,6,7-trioxa-1-borabicyclo[2.2.2]octan-1-uide 139, Pd(OAc),, Ph;P, Cul,
DMEF, 80 °C, 2 h, 87%; (j) RHS benzylamine 130, HATU, DIEA, DMF, 1t, 12 h, 84%.

56-VIEHE T YV a[1,5-a]B Y I UV UFHER 122a B LW 122b DA% Scheme 3-4 (2
RY. T ET Y 145 (X 2-7 T HEE tert-T7 TV (142) & tert-T7 RX T EA(VA
FAT I VAR (143) L ORMERIG, it E RZU e T Y — VEREBERIGD 2 T
FE, 64% DOUCRTA L. Ho07- 145 13 1,3-UH VR = V%R 148 & OFFA SUGIC

EoT, 781,546V I VU 149 ~NEWZ, 70k, 148 (XA X 7 U JLVER A TV (146)
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DAVT 4 MO RFEFT R TARXARFY R/AZ ) — VERE DRISIZ &L > THEK
L7, £7, k& 149 @ 5 fiik Fe¥ 3% DBU 7 F, V7 ==Y VBTV R%
HAWTT ¥ RIR 150 IZE#H L7214, a-mVINVTZF VT R 72 =/LARAK T (151a)
DHEZAERMER 151b & 1,3-BmFHNER L E B 7 ==L AR AT ¢ A F v ROREEZ 1
I RU T Y= VBRIBEMNGIZ L 5T 1,23- 8 7Y — Uk 153a &R L7z %M —5 T,
149 ZIHFLRFR L NN Y 7 2 =LK AT ¢ Y& VT2 Appel BUE ' (2 L7 B ik
152 & L7etg, MEMEMHT, 3- A FIV-1H-124- 8 U 7 V' — )L O HF R EHSH

1,2,4- 5 U 7Y —fk 153b Z(ESIRAYIZIG7-. 153ab XIS N T tert-7 F /LT A
FTIVDOMKGR, ZTDHDOR DT I 130 L DO7 I MMEEISIZ X » TEAELE Y

122ab #157-.
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Scheme 3-4. Synthesis of 6-Methyl-5-Substituted Pyrazolo[1,5-a]pyrimidine Derivatives 122a and
122b*

o)
N
o) Me,N__NMe a NC b L
NC\)L . 2 Y 2 e \fkot-Bu . HN>;YO
Ot-Bu Ot-Bu N-Me
‘ H2N Ot-Bu
Me
142 143 144 145
o OMe O N=
e
y& _° . i d ° ] Ng\fo
OMe Br%OMe MeOMOMe Me
=N g
Me BY Me Me OtBu
HO
146 147 148 149

IN\
/ Ng\fo
f/« Me™N=N  otBu X N Ne
" 150 / Ng\fo i / Ng\fo
—_—
149 Mo NN dray Me™ NN on
\ N'N\ / H R
h /</ 0 i 153a,b 154a,b

Me _—N

Ot-Bu
cl Compd R k
152
;7%.,
153a,154a,122a N\~
p N=
H. O H__O~ N\) N,
I L I Me f = o) O\KF
Me” SPPh, Me™ “PPhs G METNAN Fr
151a 151b N, R M
153b,154b,122b N\\/{N i,le OH
Me 122a,122b

“ Reagents and conditions: (a) neat, rt, 30 min, (taken on crude); (b) NH,NH,-H,O, MeOH, 70 °C,
overnight, 64%; (c) Br,, EtOAc, rt, 16 h, (taken on crude); (d) NaOMe, MeOH, 70 °C, 3 h, (taken on
crude); (e) Cs,CO;, DMF, 100 °C, 16 h, 84%; (f) DPPA, DBU, THF, 60 °C, 5 h, 74%; (g) 151, toluene,
80 °C, 3 h, then MgCl,, 60 °C, 2 h, 97%; (h) CCly,, PPhs, 1,2-dichloroethane, 75—85 °C, 4.5 h, 88%; (i)
3-methyl-1H-1,2,4-triazole, K,CO;, DMF, 60 °C, 2 h, 69%; (j) MsOH, CH;CN, rt—=60 °C, 5.5
h—overnight, 85-91%; (k) RHS benzylamine 130, EDCI-HCI, HOBt-H,O, Et;N, DMF, rt, 2
h—overnight, 75—82%.

RUUNVT IV 130 O NARELE ZRE T D720, HERE 130 A fic kb 7Y

— 1k 155 & L7218, (+)-T-(p- F VA A V)-DABATR & DB R HTRRIC k> T 156 Ak b
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L CHUf% L7 (Scheme 3-5). 156 D Hifkfh X SRS ORGSR, o O AL Ok ST ARELE
X S IRERELT.

Scheme 3-5. Synthesis of (+)-Di-(p-toluoyl)-bp-tartaric Acid Salt 156 of 155 Suitable for X-ray
Crystallography

OCF OCF
el 3 3 b Oo OH Me OCF3
HoN - K} HoN
(0] Me
Me HO (@) Mé OH
156

“ Reagents and conditions: (a) NaHCO;, H,O; (b) (25,35)-(+)-di-(p-toluoyl)-D-tartaric acid, EtOH,
H,O0, 50 °C, overnight.
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MBI 6 MOBEBIEERZIT - I E, TAK-915 & R 058 ) 22 HEEME (ICs = 0.51
nM) EfEN7- PDE 7 7 I U —8&RPE (5300 £ vs. PDEIA) B XL invitro 7R 7 7 A L%
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L e LTS LWEREEW THD L BEZXBND.
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EERODER

All solvents and reagents were obtained from commercial sources and were used as received.
Microwave-assisted reactions were carried out in a single-mode reactor, Biotage Initiator 2.0 or 2.5
microwave synthesizer. Yields were not optimized. All reactions were monitored by thin layer
chromatography (TLC) analysis on Merck Kieselgel 60 F254 plates or Fuji Silysia NH plates, or LC—
MS (liquid chromatography—mass spectrometry) analysis. LC-MS analysis was performed on a
Shimadzu liquid chromatography—mass spectrometer system operating in atmospheric pressure
chemical ionization (APCI) (+ or —) or electrospray ionization (ESI) (+ or —) mode. Analytes were
eluted using a linear gradient with a mobile phase of water/acetonitrile containing 0.05% TFA or 5
mM ammonium acetate and detected at 220 nm. Column chromatography was carried out on silica gel
((Merck Kieselgel 60, 70-230 mesh, Merck) or (Chromatorex NH-DM 1020, 100-200 mesh, Fuji
Silysia Chemical, Ltd.)), or on prepacked Purif-Pack columns (SI or NH, particle size: 60 pm, Fuji
Silysia Chemical, Ltd.). Analytical HPLC was performed using a Corona Charged Aerosol Detector or
photo diode array detector with a Capcell Pak C18AQ (3.0 mm ID x 50 mm L, Shiseido, Japan) or
L-column2 ODS (2.0 mm ID x 30 mm L, CERI, Japan) column at a temperature of 50 °C and a flow
rate of 0.5 mL/min. Mobile phases A and B under neutral conditions were a mixture of 50 mmol/L
ammonium acetate, water, and acetonitrile (1:8:1, v/v/v) and a mixture of 50 mmol/L ammonium
acetate and acetonitrile (1:9, v/v), respectively. The ratio of mobile phase B was increased linearly
from 5% to 95% over 3 min, and then maintained at 95% over the next 1 min. Mobile phases A and B
under acidic conditions were a mixture of 0.2% formic acid in 10 mmol/L ammonium formate and
0.2% formic acid in acetonitrile, respectively. The ratio of mobile phase B was increased linearly from
14% to 86% over 3 min, and then maintained at 86% over the next 1 min. All final test compounds
were purified to >95% chemical purity as measured by analytical HPLC. Elemental analyses were

carried out by Takeda Analytical Laboratories, and all results were within £0.4% of the theoretical
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values. Melting points were determined on a BUCHI B-545 melting point apparatus or a DSC1 system
(Mettler-Toledo International Inc., Greifensee, Switzerland) and are uncorrected. Optical rotation was
determined by a Jasco P-2300 polarimeter. Specific rotations [a]5, are given in deg dL g' mm™".
Proton ('H) and carbon (**C) nuclear magnetic resonance (NMR) spectra were recorded on a Varian
Mercury-300 (300 MHz), Bruker DPX300 (300 MHz), or Bruker Avance II" 600 (600 MHz)
instrument. All 'H and *C NMR spectra were consistent with the proposed structures. All proton and
carbon shifts are given in parts per million (ppm) downfield from tetramethysilane (8) as the internal
standard in deuterated solvent, and coupling constants (/) are in hertz (Hz). NMR data are reported as
follows: chemical shift, integration, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; quint,
quintet; m, multiplet; dd, doublet of doublets; td, triplet of doublets; ddd, doublet of doublet of
doublets; and brs, broad singlet), and coupling constants. Very broad peaks for protons of, for example,

hydroxyl and amino groups are not always indicated.
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N-(1-(4-Methoxyphenyl)propyl)pyrazolo[ 1,5-a] pyrimidine-3-carboxamide (2). To a solution of
pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (15) (50 mg, 0.31 mmol) in DMF (2 mL) were added
EDCI (71 mg, 0.37 mmol), HOBt (49 mg, 0.37 mmol), and DIEA (79 mg, 0.61 mmol). Then 21a (55
mg, 0.34 mmol) was added. After stirred at rt overnight, the reaction mixture was diluted with EtOAc
and washed with saturated aqueous NaHCO; and saturated aqueous NaCl. The organic layer was dried
over anhydrous Na,SO, and concentrated in vacuo. The residue was purified by preparative TLC
(petroleum ether/ethyl acetate, 1:1) to give 2 (50 mg, 0.16 mmol, 52%) as a colorless oil. 'H NMR
(400 MHz, CDCls) 6 0.97 (3H, t, J = 7.6 Hz), 1.92-2.00 (2H, m), 3.78 (3H, s), 5.12-5.14 (1H, m),
6.87 (2H, d, J = 8.8 Hz), 6.97-6.99 (1H, m), 7.33 (2H, d, J = 8.8 Hz), 8.19-8.21 (1H, m), 8.63-8.66
(2H, m), 8.76-8.78 (1H, m). MS (ESI/APCI) mass calculated for [M + H]" (C,,H,sN,O,) requires m/z
311.14, found m/z 311.1. HPLC purity: 99.3%.

N-(1-(4-Methoxyphenyl)propyl)-2-methyl pyrazol o[ 1,5-a] pyrimidine-3-carboxamide  (3a). To a
mixture of 15a (128 mg, 0.720 mmol), 22a (160 mg, 0.793 mmol) and Et;N (0.151 mL, 1.08 mmol) in
DMF (5 mL) were added HOBt-H,O (133 mg, 0.868 mmol) and EDCI'-HCI (166 mg, 0.866 mmol).
The mixture was stirred at rt for 5 h and then poured into NaHCO; aqueous solution, extracted with
EtOAc, washed with water, dried over anhydrous Na,SO, and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, hexane/ethyl acetate, 2:3 to 0:100) to afford 3a (171
mg, 0.528 mmol, 73%) as a colorless oil. "H NMR (300 MHz, DMSO-dg) 6 0.89 (3H, t, J = 7.4 Hz),
1.75-1.91 (2H, m), 2.62 (3H, s), 3.73 (3H, s), 4.88-5.03 (1H, m), 6.85-6.95 (2H, m), 7.21 (1H, dd, J =
6.8, 4.2 Hz), 7.25-7.34 (2H, m), 8.43 (1H, d, /= 8.3 Hz), 8.78 (1H, dd, /= 4.2, 1.5 Hz), 9.20 (1H, dd,
J=1.0, 1.7 Hz). MS (ESI/APCI) mass calculated for [M + H]" (C,3sH,;N4O,) requires m/z 325.2, found
m/z 325.3. HPLC purity: 100%.

N-(1-(4-Methoxyphenyl)propyl)-5-methyl pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (3b). To a

mixture of 15¢ (98.1 mg, 0.554 mmol), 22a (123 mg, 0.610 mmol), and Et;N (0.116 mL, 0.832 mmol)
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in DMF (5 mL) were added HOBt-H,O (102 mg, 0.666 mmol) and EDCI'-HCI (127 mg, 0.662 mmol).
The mixture was stirred at rt for 5 h and then poured into NaHCO; aqueous solution, extracted with
EtOAc, washed with water, dried over anhydrous Na,SO, and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, hexane/ethyl acetate, 1:1 to 0:100). The product was
crystallized from hexane/ethyl acetate (5:1) to afford 3b (109 mg, 0.335 mmol, 61%) as a white solid.
'H NMR (300 MHz, DMSO-d) & 0.88 (3H, t, J = 7.4 Hz), 1.73-1.96 (2H, m), 2.67 (3H, s), 3.73 (3H,
s), 4.95 (1H, q, J= 7.2 Hz), 6.87-6.96 (2H, m), 7.16 (1H, d, J = 6.8 Hz), 7.26-7.34 (2H, m), 8.40 (1H,
d, J = 8.3 Hz), 8.46 (1H, s), 9.15 (1H, d, J = 7.2 Hz). MS (ESI/APCI) mass calculated for [M + H]"
(CisH1N4O,) requires m/z 325.2, found m/z 325.3. HPLC purity: 100%. mp 89 °C.
N-(1-(4-Methoxyphenyl)propyl)-6-methyl pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (3c). The title
compound was prepared in 84% yield as a yellow oil from 15b and 21a using the procedure analogous
to that described for the synthesis of 2. "H NMR (400 MHz, CDCl3) 6 0.97 (3H, t, J= 7.6 Hz), 1.92—
1.97 (2H, m), 2.44 (3H, s), 3.78 (3H, s), 5.11-5.13 (1H, m), 6.87 (2H, d, J=8.8 Hz), 7.32 (2H, d, J =
8.8 Hz), 8.16 (1H, d, J = 8.0 Hz), 8.51 (1H, d, J = 2.0 Hz), 8.55 (1H, d, J= 1.2 Hz), 8.58 (1H, s). MS
(ESI/APCI) mass calculated for [M + H]" (C3sH;;N4O5) requires m/z 325.2, found m/z 325.2. HPLC
purity: 99.9%.
N-(1-(4-Methoxyphenyl)propyl)-5,7-dimethyl pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (3d). The
title compound was prepared in 53% yield as a white solid from 15d and 22a using the procedure
analogous to that described for the synthesis of 3b. '"H NMR (300 MHz, DMSO-d;) & 0.82-0.94 (3H,
m), 1.75-1.94 (2H, m), 2.63 (3H, s), 2.74 (3H, d, /= 0.8 Hz), 3.73 (3H, s), 4.88-5.03 (1H, m), 6.87—
6.96 (2H, m), 7.13 (1H, d, J = 0.8 Hz), 7.24-7.36 (2H, m), 8.42-8.56 (2H, m). MS (ESI/APCI) mass
calculated for [M + H]" (C1oH,3N,40,) requires m/z 339.2, found m/z 339.2. HPLC purity: 100%. mp
129 °C.

6-Chloro-N-(1-(4-methoxyphenyl)propyl)pyrazolo[ 1,5-a]pyrimidine-3-carboxamide (3e). To a

mixture of 15e (200 mg, 1.01 mmol) and 21a (176 mg, 1.06 mmol) in DMF (8 mL) were added
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HOBt-H,O (186 mg, 1.21 mmol) and EDCI-HCI (233 mg, 1.21 mmol). The mixture was stirred for 2 h
and then poured into NaHCO; aqueous solution. The mixture was extracted with EtOAc, washed with
water, dried over anhydrous Na,SO, and concentrated in vacuo. The residue was purified by column
chromatography (basic silica gel, hexane/ethyl acetate, 19:1 to 2:3) to afford 3e (234 mg, 0.678 mmol,
67%) as a white solid after crystallization from hexane/ethyl acetate (5:1). '"H NMR (300 MHz,
DMSO-dg) 6 0.89 (3H, t, J= 7.3 Hz), 1.73-1.93 (2H, m), 3.73 (3H, s), 4.96 (1H, q, /= 7.3 Hz), 6.82—
6.95 (2H, m), 7.23-7.34 (2H, m), 8.08 (1H, d, J = 8.7 Hz), 8.59 (1H, s), 8.91 (1H, d, J = 2.3 Hz), 9.75
(1H, d, J = 2.3 Hz). MS (ESI/APCI) mass calculated for [M + H]" (C;7HsCIN,4O,) requires m/z 345.1,
found m/z 345.2. HPLC purity: 100%. mp 102 °C. Anal. Calcd for C;;H,,CIN4O,: C, 59.22; H, 4.97; N,
16.25. Found: C, 59.26; H, 4.98; N, 16.10.
6-Cyclopropyl-N-(1-(4-methoxyphenyl)propyl)pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (3f). To a
mixture of 11 (150 mg, 0.385 mmol), cyclopropylboronic acid (49.7 mg, 0.579 mmol) and potassium
tert-butoxide (143 mg, 1.27 mmol) in toluene (5 mL) were added Pd(OAc), (4.3 mg, 0.02 mmol) and
tricyclohexylphosphine (10.8 mg, 0.04 mmol). The mixture was stirred at 100 °C for 16 h under Ar
and then poured into water. The mixture was extracted with EtOAc, dried over anhydrous Na,SO,4 and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl
acetate, 19:1 to 1:4) to afford 3f (13.9 mg, 0.040 mmol, 10%) as a pale yellow oil. "H NMR (300 MHz,
CDCls) 6 0.74-0.84 (2H, m), 0.97 (3H, t,J = 7.4 Hz), 1.07-1.18 (2H, m), 1.84-2.07 (3H, m), 3.78 (3H,
s), 5.12 (1H, q, J= 7.6 Hz), 6.81-6.92 (2H, m), 7.28-7.37 (2H, m), 8.17 (1H, d, J = 8.3 Hz), 8.47 (1H,
d, J=1.9 Hz), 8.52 (1H, d, J = 1.9 Hz), 8.58 (1H, s). MS (ESI/APCI) mass calculated for [M + H]"
(Cy0H23N40,) requires m/z 351.2, found m/z 351.2. HPLC purity: 95.6%.
N-(1-(4-Methoxyphenyl)propyl)-6-phenylpyrazol o[ 1,5-a] pyrimidine-3-carboxamide (3g). Into a
microwave vial equipped with a magnetic stirrer were added 11 (120 mg, 0.308 mmol), phenylboronic
acid (41.3 mg, 0.339 mmol), DME (3 mL), and water (1.5 mL), followed by Pd(Ph;P), (17.8 mg, 0.02

mmol). The reaction vial was flushed with nitrogen, sealed, and heated by microwave irradiation at
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150 °C for 20 min. The mixture was poured into water and extracted with EtOAc. The combined
organic phases were dried over anhydrous Na,SO4 and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, hexane/ethyl acetate, 19:1 to 2:3) to afford 3g (92 mg,
0.239 mmol, 77%) as a pale yellow solid after crystallization from hexane/ethyl acetate (5:1). '"H NMR
(300 MHz, DMSO-d;) 6 0.91 (3H, t, J= 7.2 Hz), 1.77-1.96 (2H, m), 3.73 (3H, s), 4.99 (1H, q, J="7.3
Hz), 6.84-6.98 (2H, m), 7.24-7.38 (2H, m), 7.41-7.62 (3H, m), 7.84-7.97 (2H, m), 8.22 (1H, d, J =
8.3 Hz), 8.60 (1H, s), 9.24 (1H, d, J = 1.9 Hz), 9.68 (1H, d, J = 2.3 Hz). MS (ESI/APCI) mass
calculated for [M + H]" (C,3H,3N,40,) requires m/z 387.2, found m/z 387.1. HPLC purity: 100%. mp
145 °C. Anal. Calcd for C»3H»»N40,-0.1H,0: C, 71.15; H, 5.76; N, 14.43. Found: C, 71.15; H, 5.84; N,
14.15.

1-(4-Methoxyphenyl)-N-((6-methyl pyrazol o[ 1,5-a] pyrimidin-3-yl)methyl)propan-1-amine (4). To a
mixture of 24 (100 mg, 0.621 mmol), 22a (188 mg, 0.932 mmol), acetic acid (0.107 mL, 1.86 mmol),
and Et;N (0.104 mL, 0.746 mmol) in CH;CN (5 mL) at rt was added sodium triacetoxyborohydride
(263 mg, 1.24 mmol). The mixture was stirred at rt overnight. The mixture was quenched with
saturated aqueous NaHCO; at rt and extracted with EtOAc. The organic layer was washed with water
and saturated aqueous NaCl, dried over anhydrous MgSQ,, and concentrated in vacuo. The residue
was purified by column chromatography (basic silica gel, hexane/ethyl acetate, 9:1 to 1:1) to give 4
(169 mg, 0.544 mmol, 88%) as a pale yellow oil. "H NMR (300 MHz, CDCl;) 3 0.77 (3H, t, J= 7.6
Hz), 1.52-1.79 (2H, m), 2.36 (3H, d, J = 0.8 Hz), 3.52 (1H, dd, J = 7.9, 5.7 Hz), 3.73-3.96 (5H, m),
6.89 (2H, d, J = 8.7 Hz), 7.19-7.31 (2H, m), 7.91 (1H, s), 8.31 (1H, d, /= 2.3 Hz), 8.41 (1H, dd, J =
2.3, 1.1 Hz). MS (ESI/APCI) mass calculated for [M + H]" (C;sH»N40,) requires m/z 311.2, found
m/z 311.2 [M + H]". HPLC purity: 100%.

N-(1-(4-Methoxyphenyl)propyl)-N,6-dimethyl pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (5). To a
mixture of 15b (70 mg, 0.40 mmol) and 19 (78 mg, 0.44 mmol) in DMF (5 mL) was added HATU

(225 mg, 0.592 mmol), followed by DIEA (102 mg, 0.791 mmol). The mixture was stirred at rt
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overnight, and then diluted with EtOAc and washed with saturated aqueous NaHCO; and saturated
aqueous NaCl. The organic layer was dried over anhydrous Na,SO,4 and concentrated in vacuo. The
residue was purified by preparative TLC (petroleum ether/ethyl acetate, 1:1) to give 5 (70 mg, yield
52%) as a yellow oil. "H NMR (400 MHz, DMSO-ds) & 0.91-0.94 (3H, m), 1.92-2.02 (2H, m), 2.34
(3H, s), 2.67-2.72 (3H, m), 3.74 (3H, s), 6.92 (2H, d, J = 8.4 Hz), 7.28-7.32 (2H, brs), 8.32 (1H, s),
8.60 (1H, d, J = 2.0 Hz), 9.04-9.05 (1H, m). MS (ESI/APCI) mass calculated for [M + H]
(C19H,3N40,) requires m/z 339.2, found m/z 339.2 [M + H]". HPLC purity: 100%.
N-(1-(4-Methoxyphenyl)propyl)-6-methyl pyrazol o[ 1,5-a] pyrimidine-3-sulfonamide (6). To a mixture
of 25 (70.2 mg, 0.303 mmol) and 22a (67.0 mg, 0.33 mmol) in CH3CN (5 mL) at rt was added DIEA
(0.127 mL, 0.741 mmol). The mixture was stirred at rt overnight. The mixture was quenched with
water and extracted with EtOAc. The organic layer was washed with water and saturated aqueous
NacCl, dried over anhydrous MgSQ,, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/ethyl acetate, 9:1 to 1:3) to give 6 (106 mg, 0.294 mmol, 97%) as a
white solid. "H NMR (300 MHz, CDCl;) § 0.82 (3H, t, J = 7.4 Hz), 1.52-2.00 (2H, m), 2.40 (3H, d, J
= 0.8 Hz), 3.67 (3H, s), 4.15 (1H, q, J = 7.9 Hz), 5.25 (1H, d, J = 8.3 Hz), 6.32-6.55 (2H, m), 6.66—
6.88 (2H, m), 8.18 (1H, s), 8.30-8.57 (2H, m). MS (ESI/APCI) mass calculated for [M — H]
(C17H9N4O;S) requires m/z 359.1, found m/z 359.0. HPLC purity: 100%. mp 136 °C. Anal. Calcd for
Ci7H20N4058: C, 56.65; H, 5.59; N, 15.54. Found: C, 56.71; H, 5.70; N, 15.28.
N-(1-(4-Methoxyphenyl)propyl)pyrazol o[ 1,5-a] pyridine-3-carboxamide (7). The title compound was
prepared in 44% yield as a white solid from pyrazolo[1,5-a]pyridine-3-carboxylic acid (15) and 21a
using the procedure analogous to that described for the synthesis of 3e. "H NMR (300 MHz, CDCl;) &
0.96 (3H, t,J=7.4 Hz), 1.79-2.14 (2H, m), 3.80 (3H, s), 5.07 (1H, q, /= 7.6 Hz), 5.97 (1H,d, J="7.9
Hz), 6.80-6.99 (3H, m), 7.28-7.40 (3H, m), 8.12 (1H, s), 8.30 (1H, d, J=9.1 Hz), 8.47 (1H, d, J= 6.8

Hz). MS (ESI/APCI) mass calculated for [M + H]" (C,3H,0N;0,) requires m/z 310.2, found m/z 310.1
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[M + H]". HPLC purity: 99.2%. mp 105 °C. Anal. Calcd for C;gH;oN3O,: C, 69.88; H, 6.19; N, 13.58.
Found: C, 69.77; H, 6.18; N, 13.50.
4-(1-(4-Methoxyphenyl)propyl)-4,5-dihydro-3H-pyrazol o[ 4,5,1-ij][ 1,6] naphthyridin-3-one (8). To a
solution of 30 (664 mg, 1.96 mmol) in DMF (20 mL) was added EDCI-HCI (413 mg, 2.15 mmol),
followed by HOBt-H,O (330 mg, 2.15 mmol). The mixture was stirred at rt for 16 h and then poured
into water. The mixture was extracted with EtOAc, washed with water and saturated aqueous NaCl,
dried over anhydrous Na,SO,, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/ethyl acetate, 19:1 to 0:100) to afford 8 (535 mg, 1.67 mmol, 85%)
as a white solid after crystallization from hexane/ethyl acetate (4:1). '"H NMR (300 MHz, DMSO-d;) &
0.90 3H, t, J=7.4 Hz), 1.91-2.16 (2H, m), 3.73 (3H, s), 4.33 (1H, d, J = 18.6 Hz), 4.83 (1H, d, J =
18.6 Hz), 5.84-5.96 (1H, m), 6.86-6.96 (2H, m), 6.96-7.05 (1H, m), 7.13-7.21 (1H, m), 7.24-7.32
(2H, m), 8.27 (1H, s), 8.63 (1H, d, J = 6.8 Hz). MS (ESI/APCI) mass calculated for [M + H]
(C19H9N30,) requires m/z 322.2, found m/z 322.1. HPLC purity: 100%. mp 137 °C. Anal. Calcd for
CioH19N30,: C, 71.01; H, 5.96; N, 13.08. Found: C, 70.89; H, 6.01; N, 12.88.

6-Methyl-N-(1-phenyl propyl)pyrazolo[ 1,5-a] pyrimidine-3-carboxamide (9a). The title compound was
prepared in 28% yield as a white solid from 15b and 1-phenylpropan-1-amine using the procedure
analogous to that described for the synthesis of 2.'"H NMR (400 MHz, CDCl;) & 0.99 (3H, t, J = 7.6
Hz), 1.93-2.00 (2H, m), 2.44 (3H, s), 5.16-5.22 (1H, m), 7.21-7.25 (1H, m), 7.31-7.35 (2H, m), 7.39—
7.40 (2H, m), 8.23 (1H, d, J = 8.0 Hz), 8.53 (1H, d, J = 2.0 Hz), 8.56 (1H, s), 8.58 (1H, s). MS
(ESI/APCI) mass calculated for [M + H]" (C,7HsN4O) requires m/z 295.2, found m/z 295.1. HPLC
purity: 100%. mp 116 °C.

6-Methyl-N-(1-phenylethyl)pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (9b). The title compound was
prepared in 84% yield as a white solid from 15b and 1-phenylethanamine using the procedure
analogous to that described for the synthesis of 3e, except that silica gel was employed in place of

basic silica gel in a column chromatographic separation. 'H NMR (300 MHz, DMSO-d) § 1.52 (3H, d,
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J=172Hz),2.38 3H, d, J=0.8 Hz), 5.15-5.28 (1H, m), 7.21-7.45 (5H, m), 8.21 (1H, d, J = 8.0 Hz),
8.49 (1H, s), 8.75 (1H, d, J = 2.3 Hz), 9.15-9.21 (1H, m). MS (ESI/APCI) mass calculated for [M +
H]" (C1¢H,7N40) requires m/z 281.1, found m/z 281.2. HPLC purity: 99.6%. mp 112 °C.
N-(2,3-Dihydro-1H-inden-1-yl)-6-methyl pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (9c). The title
compound was prepared in 69% yield as a white solid from 15b and 2,3-dihydro-1H-inden-1-amine
using the procedure analogous to that described for the synthesis of 3e, except that silica gel was
employed in place of basic silica gel in a column chromatographic separation. 'H NMR (300 MHz,
DMSO-dg) 6 1.80-1.97 (1H, m), 2.35 (3H, d, /= 0.8 Hz), 2.51-2.64 (1H, m), 2.79-3.07 (2H, m), 5.57
(1H, q, J=8.2 Hz), 7.16-7.34 (4H, m), 8.12 (1H, d, J= 8.3 Hz), 8.56 (1H, s), 8.65 (1H, d, /= 1.9 Hz),
9.15-9.20 (1H, m). MS (ESI/APCI) mass calculated for [M + H]" (C,;H;;N40) requires m/z 293.1,
found m/z 292.7. HPLC purity: 100%. mp 160 °C.

N-(4-Methoxybenzyl)-6-methyl pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (9d). The title compound
was prepared in 84% yield as a yellow oil from 15b and 1-(4-methoxyphenyl)methanamine using the
procedure analogous to that described for the synthesis of 2. '"H NMR (400 MHz, CDCl;) & 2.42 (3H,
s), 3.79 (3H, s), 4.65 (2H, d, /= 5.6 Hz), 6.88 (2H, d, J = 8.8 Hz), 7.33 (2H, d, J = 8.8 Hz), 8.12 (1H,
s), 8.43 (1H, d, J = 2.0 Hz), 8.55 (1H, s), 8.63 (1H, s). MS (ESI/APCI) mass calculated for [M + H]"
(C16H17N4O,) requires m/z 297.1, found m/z 297.2. HPLC purity: 98.0%.
N-(3-Methoxybenzyl)-6-methyl pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (9¢€). The title compound
was prepared in 90% yield as a colorless oil from 15b and 2,3-dihydro-1H-inden-1-amine using the
procedure analogous to that described for the synthesis of 3e, except that silica gel was employed in
place of basic silica gel in a column chromatographic separation. 'H NMR (300 MHz, DMSO-d;) &
2.38 (3H, d, /= 0.8 Hz), 3.73 (3H, s), 4.56 (2H, d, J = 6.1 Hz), 6.78-6.86 (1H, m), 6.88-6.97 (2H, m),
7.19-7.30 (1H, m), 8.31 (1H, t, J= 5.9 Hz), 8.52 (1H, s), 8.71 (1H, d, J= 1.9 Hz), 9.14-9.21 (1H, m).
MS (ESI/APCI) mass calculated for [M + H]" (C¢H;¢N4O>) requires m/z 297.1, found m/z 297.2.

HPLC purity: 100%.
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N-(2-Methoxybenzyl)-6-methyl pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (9f). The title compound
was prepared in 69% yield as a white solid from 15b and (2-methoxyphenyl)methanamine using the
procedure analogous to that described for the synthesis of 3c. '"H NMR (300 MHz, DMSO-d) & 2.38
(3H, d, /= 0.8 Hz), 3.88 (3H, s), 4.53 (2H, d, J = 6.1 Hz), 6.85-6.94 (1H, m), 7.02 (1H, d, /= 8.0 Hz),
7.20-7.31 (2H, m), 8.40 (1H, t, J = 5.9 Hz), 8.49 (1H, s), 8.74 (1H, d, J = 1.9 Hz), 9.14-9.20 (1H, m).
MS (ESI/APCI) mass calculated for [M + H]" (C¢H;7N4O,) requires m/z 297.1, found m/z 297.1.
HPLC purity: 100%. mp 171 °C.

6-Methyl-N-(4-(trifluoromethoxy)benzyl)pyrazolo[ 1,5-a] pyrimidine-3-carboxamide (9g). The title
compound was prepared in 69% yield as a white solid from 15b and
1-(4-(trifluoromethoxy)phenyl)methanamine using the procedure analogous to that described for the
synthesis of 3e, except that silica gel was employed in place of basic silica gel in a column
chromatographic separation. 'H NMR (300 MHz, DMSO-d;) 6 2.38 (3H, d, J = 0.8 Hz), 4.61 (2H, d, J
= 6.1 Hz), 7.28-7.37 (2H, m), 7.43-7.51 (2H, m), 8.42 (1H, t, J = 6.1 Hz), 8.52 (1H, s), 8.71 (1H, d, J
= 1.9 Hz), 9.15-9.21 (1H, m). MS (ESI/APCI) mass calculated for [M + H]" (C,sH4F5N,40,) requires
m/z 251.1, found m/z 351.1. HPLC purity: 100%. mp 111 °C.
6-Methyl-N-(1-(4-(trifluoromethoxy) phenyl]propyl)pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (10).
The title compound was prepared in 98% yield as a colorless oil from 15b and
1-(4-(trifluoromethoxy)phenyl)propan-1-amine using the procedure analogous to that described for the
synthesis of 3e, except that silica gel was employed in place of basic silica gel in a column
chromatographic separation. 'H NMR (300 MHz, DMSO-d;) 8 0.92 (3H, t, J= 7.4 Hz), 1.78-1.96 (2H,
m), 2.39 (3H, s), 5.04 (1H, q, J = 7.2 Hz), 7.27-7.39 (2H, m), 7.44-7.57 (2H, m), 8.28 (1H, d, /= 7.9
Hz), 8.47 (1H, s), 8.77 (1H, d, /= 2.3 Hz), 9.14-9.23 (1H, m). MS (ESI/APCI) mass calculated for [M
+H]" (CisH 3F3N40,) requires m/z 379.1, found m/z 379.1. HPLC purity: 99.0%.
6-Methyl-N-((1R)-1-(4-(trifluoromethoxy)phenyl) propyl)pyrazol o[ 1,5-a] pyrimidine-3-carboxamide

(10a). 10 (1.07 g, 2.78 mmol) was chirally separated utilizing chiral chromatography with a Chiralpak
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AD 50 mm ID x 500 mm L column, mobile phase 100% EtOH, and flow rate 60 mL/min, to afford
10a (475 mg, tR1), which was recrystallized from hexane/ethyl acetate (5:1) to afford 10a (339 mg,
0.896 mmol, 32%, 64% theoretical) as a white solid. Analytical HPLC analysis carried out on a 4.6
mm ID x 250 mm L Chiralpak AD column with the same eluent as above at a flow rate of 0.5 mL/min
indicated that 10a was of >99.9% ee. 'H NMR (300 MHz, DMSO-d) 6 0.93 (3H, t, J = 7.3 Hz), 1.79—
1.97 (2H, m), 2.39 (3H, s), 5.04 (1H, q, J = 7.3 Hz), 7.27-7.40 (2H, m), 7.45-7.57 (2H, m), 8.29 (1H,
d, J = 7.9 Hz), 8.48 (1H, s), 8.77 (1H, d, J = 1.9 Hz), 9.14-9.23 (1H, m). °C NMR (151 MHz,
DMSO-ds) 6 10.50, 14.47, 29.07, 53.01, 104.37, 120.00 (q, J = 256.0 Hz, 1C), 120.86, 128.11, 135.10,
142.81, 144.03, 145.06, 146.98 (q, J = 1.7 Hz, 1C), 154.57, 160.65. MS (ESI/APCI) mass calculated
for [M + H]+ (CygH 5F5N4O,) requires m/z 379.1, found m/z 379.1. HPLC purity: 99.7%. Anal. Calcd
for CisH,7F3sN,O,: C, 57.14; H, 4.53; N, 14.81. Found: C, 57.07; H, 4.53; N, 14.74. [a]5, =—175.5(c
=0.94 in MeOH). mp 106 °C.
6-Methyl-N-((15)-1-(4-(trifluoromethoxy) phenyl) propyl) pyrazol o[ 1,5-a] pyrimidine-3-carboxamide
(10b). 10 (1.07 g, 2.78 mmol) was chirally separated utilizing chiral chromatography with a Chiralpak
AD 50 mm ID x 500 mm L column, mobile phase 100% EtOH, and flow rate 60 mL/min, to afford
10b (452 mg, tR2), which was recrystallized from hexane/ethyl acetate (5:1) to afford 10b (230 mg,
0.609 mmol, 22%, 44% theoretical) as a white solid. Analytical HPLC analysis carried out on a 4.6
mm ID x 250 mm L Chiralpak AD column with the same eluent as above at a flow rate of 0.5 mL/min
indicated that 10b was of 99.7% ee. 'H NMR (300 MHz, DMSO-d,) & 0.93 (3H, t, J = 7.3 Hz), 1.78—
1.98 (2H, m), 2.39 (3H, s), 5.04 (1H, q, J = 7.3 Hz), 7.27-7.39 (2H, m), 7.44-7.57 (2H, m), 8.29 (1H,
d, J =79 Hz), 848 (1H, s), 8.77 (1H, d, J = 1.9 Hz), 9.16-9.23 (1H, m). MS (ESI/APCI) mass
calculated for [M + H]" (CgH sF3N40,) requires m/z 379.1, found m/z 379.1. HPLC purity: 100%. mp
106 °C. Anal. Calcd for CsH,F3N4O,: C, 57.14; H, 4.53; N, 14.81. Found: C, 57.03; H, 4.55; N,

14.72.
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6-Bromo-N-(1-(4-methoxyphenyl)propyl)pyrazolo[1,5-a] pyrimidine-3-carboxamide (11). The title
compound was prepared in 83% yield as an off-white solid from 15f and 21a using the procedure
analogous to that described for the synthesis of 3e. '"H NMR (300 MHz, DMSO-d;) 8 0.88 (3H, t, J =
7.4 Hz), 1.75-1.92 (2H, m), 3.73 (3H, s), 4.89-5.02 (1H, m), 6.83-6.96 (2H, m), 7.22-7.36 (2H, m),
8.07 (1H, d, J = 8.3 Hz), 8.56 (1H, s), 8.93 (1H, d, J = 2.3 Hz), 9.79 (1H, d, J = 2.3 Hz). MS
(ESI/APCI) mass calculated for [M + H]" (C,7H;sBrN,0,) requires m/z 389.1, found m/z 389.0.

Ethyl 2-Methylpyrazolo[ 1,5-a] pyrimidine-3-carboxylate (13a). The mixture of 11 (1.04 g, 6.16 mmol)
and 12a (1.21 g, 7.39 mmol) in AcOH (20 mL) was stirred at 70 °C for 16 h. The mixture was
concentrated in vacuo and then partitioned between EtOAc and NaHCO; aqueous solution. The phases
were separated and the aqueous phase was extracted with EtOAc. The combined organic phases were
dried over anhydrous Na,SO, and concentrated in vacuo. The residue was purified by column
chromatography (basic silica gel, hexane/ethyl acetate, 1:1 to 0:100) to afford 13a (0.870 g, 4.24 mmol,
69%) as a white solid after trituration with hexane/ethyl acetate (5:1). '"H NMR (300 MHz, DMSO-d;)
6 1.32 3H, t,J="7.2 Hz), 2.61 (3H, s), 4.30 2H, q, J=7.1 Hz), 7.22 (1H, dd, J = 6.8, 4.2 Hz), 8.77
(1H, dd, J=4.2, 1.9 Hz), 9.15 (1H, dd, J= 7.0, 1.7 Hz).

Ethyl 6-Methylpyrazolo[1,5-a]pyrimidine-3-carboxylate (13b). The title compound was prepared in
87% yield as a white solid from 11 and 12b using the procedure analogous to that described for the
synthesis of 13a. "H NMR (300 MHz, CDCl;) 6 1.42 (3H, t, J=7.0 Hz), 2.44 (3H, s), 4.44 2H, q, J =
6.9 Hz), 8.51 (1H, s), 8.55 (1H, s), 8.66 (1H, d, /= 1.9 Hz).

Ethyl 5-Methylpyrazolo[1,5-a] pyrimidine-3-carboxylate (13c). A mixture of 11 (1.05 g, 6.45 mmol)
and 12c (1.71 g, 12.9 mmol) in toluene (10 mL) was stirred at 100 °C for 16 h and then concentrated
in vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl acetate, 19:1 to
0:100) to afford 13c (0.898 g, 4.37 mmol, 68%) as a beige solid. '"H NMR (300 MHz, DMSO-d;) &
1.31 3H, t,J=7.0 Hz), 2.62 (3H, s), 4.28 (2H, q, J= 7.2 Hz), 7.17 (1H, d, J = 7.2 Hz), 8.53 (1H, s),

9.11 (1H, d, J=7.2 Hz).
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2-Methylpyrazolo[ 1,5-a]pyrimidine-3-carboxylic Acid (15a). To a solution of 13a (866 mg, 4.22
mmol) in THF (20 mL) and MeOH (10 mL) was added 1 M NaOH aqueous solution (12.7 mL, 12.7
mmol). The mixture was stirred at 50 °C for 16 h and then concentrated in vacuo. The residue was
suspended in water and 1 M HCI aqueous solution (12.7 mL, 12.7 mmol) was added. The resulting
solid was collected by filtration, rinsed with water and dried to afford 15a (649 mg, 3.66 mmol, 87%)
as a white solid. "H NMR (300 MHz, DMSO-d;) & 2.60 (3H, s), 7.19 (1H, dd, J = 7.2, 4.2 Hz), 8.73
(1H, dd, J = 4.2, 1.5 Hz), 9.14 (1H, dd, J = 6.8, 1.9 Hz), 12.26 (1H, brs). MS (ESI/APCI) mass
calculated for [M + H]" (CsHgNO,) requires m/z 178.1, found m/z 178.1.

6-Methylpyrazol o[ 1,5-a]pyrimidine-3-carboxylic Acid (15b). A mixture of 13b (6.44 g, 31.38 mmol),
2 M NaOH aqueous solution (23.5 mL, 47.1 mmol), THF (20 mL) and MeOH (20 mL) was stirred at
60 °C overnight. The mixture was acidified with 10% citric acid aqueous solution. The resulting
precipitate was collected by filtration, washed with water and dried to give 15b (3.91 g, 22.1 mmol,
70%) as a white solid. '"H NMR (300 MHz, DMSO-d) & 2.37 (3H, s), 8.50 (1H, s), 8.71 (1H, d, J =
1.9 Hz), 9.09-9.15 (1H, m), 12.33 (1H, brs). MS (ESI/APCI) mass calculated for [M + HJ’
(CgHgN;0,) requires m/z 178.1, found m/z 178.0.

5-Methylpyrazolo[1,5-a]pyrimidine-3-carboxylic Acid (15c). The title compound was prepared in
84% yield as a beige solid from 13c using the procedure analogous to that described for the synthesis
of 15a. 'H NMR (300 MHz, DMSO-d;) & 2.62 (3H, s), 7.15 (1H, d, J = 7.2 Hz), 8.49 (1H, s), 9.10 (1H,
d,J=7.2 Hz), 12.27 (1H, brs). MS (ESI/APCI) mass calculated for [M + H]" (CsHgN;0,) requires m/z
178.1, found m/z 178.1.

5,7-Dimethylpyrazolo[1,5-a] pyrimidine-3-carboxylic Acid (15d). A mixture of 14b (502 mg, 3.75
mmol) and 12d (394 mg, 3.94 mmol) in EtOH (8 mL) and AcOH (8 mL) was stirred at 100 °C for 1.5
h and then concentrated in vacuo. To the residue were added EtOH (4 mL). The resulting solid was
collected by filtration, rinsed with EtOH (2 mL) and dried to afford 15d (487 mg, 2.54 mmol, 68%) as

a white solid. "H NMR (300 MHz, DMSO-ds) § 2.58 (3H, s), 2.72 (3H, d, J = 0.8 Hz), 7.10 (1H, d, J =
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0.8 Hz), 8.51 (1H, s), 12.20 (1H, brs). MS (ESI/APCI) mass calculated for [M + H]" (CoH;oN;0,)
requires m/z 192.1, found m/z 192.1.

6-Chloropyrazol o[ 1,5-a] pyrimidine-3-carboxylic Acid (15€). To a solution of 11 (1.00 g, 6.45 mmol)
in EtOH (15 mL) was added 2 M NaOH aqueous solution (9.67 mL, 19.3 mmol). The mixture was
stirred at reflux for 20 h. The mixture was concentrated in vacuo (azeotroped with toluene) to give the
crude product 14a. The residue was suspended in EtOH (2 mL) and AcOH (7 mL), and then 12e
(0.721 g, 6.77 mmol) was added. The mixture was stirred at 80 °C for 2 h and then cooled to rt. Water
was then added and the precipitate was filtered by filtration, rinsed with water and EtOH, and dried to
afford 15e (0.809 g, 4.10 mmol, 64%) as a beige solid. "H NMR (300 MHz, DMSO-d;) & 8.61 (1H, s),
8.86 (1H,d,J=2.3 Hz), 9.71 (1H, d, J= 2.3 Hz), 12.54 (1H, brs). MS (ESI/APCI) mass calculated for
[M — H] (C;H;3CIN;O,) requires m/z 196.0, found m/z 196.0.
6-Bromopyrazolo[1,5-a]pyrimidine-3-carboxylic Acid (15f). To a solution of 14b (2.63 g, 19.64
mmol) in EtOH (30 mL) and AcOH (30.0 mL) was added 12f (3.11 g, 20.6 mmol). The mixture was
stirred at 80 °C for 1.5 h and then cooled to rt. The resulting solid was collected by filtration, rinsed
with water and dried to afford 15f (3.58 g, 14.8 mmol, 75%) as a beige solid. 'H NMR (300 MHz,
DMSO-ds) 6 8.58 (1H, s), 8.88 (1H, d, J=2.3 Hz), 9.76 (1H, d, J = 2.3 Hz), 12.54 (1H, brs).
N-Methoxy-N-methyl-4-(trifluoromethoxy)benzamide (16). To a solution of 16 (9.96 g, 48.3 mmol)
in THF (200 mL) was added oxalyl chloride (5.97 mL, 62.8 mmol), followed by a drop of DMF. The
mixture was stirred at rt for 4 h and then concentrated in vacuo (azeotroped with toluene) to afford the
corresponding acyl chloride as a pale yellow oil. This was dissolved in DMA (150 mL) and then Et;N
(10.1 mL, 72.5 mmol) and O,N-dimethylhydroxylamine hydrochloride (6.13 g, 62.8 mmol) were
sequentially added. The mixture was stirred for 16 h and poured into water. The mixture was extracted
with EtOAc, washed with water and concentrated in vacuo. The residue was purified by column

chromatography (silica gel, hexane/ethyl acetate, 100:0 to 1:1) to afford 17 (3.64 g, 14.6 mmol, 30%)
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as a colorless oil. "H NMR (300 MHz, DMSO-ds) 6 3.27 (3H, s), 3.55 (3H, s), 7.44 (2H, dd, J = 8.9,
0.9 Hz), 7.69-7.78 (2H, m).

1-(4-(Trifluoromethoxy)phenyl)propan-1-one (18b). To a solution of 17 (3.64 g, 14.6 mmol) in THF
(40 mL) at 0 °C was added dropwise EtMgBr (1 M in THF, 21.9 mL, 21.9 mmol). The mixture was
stirred at rt for 2 h. LC-MS analysis indicated that the starting material still remained. Therefore,
further EtMgBr (1 M in THF, 10.0 mL, 10.0 mmol) was added. The mixture was stirred for another 30
min and then poured into 0.5 M HCI aqueous solution, extracted with EtOAc, dried over anhydrous
Na,SO, and concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexane/ethyl acetate, 100:0 to 3:1) to afford 18b (2.73 g, 12.5 mmol, 86%) as a colorless oil. 'H NMR
(300 MHz, DMSO-dg) 6 1.09 (3H, t, J= 7.2 Hz), 3.07 (2H, q, J = 7.2 Hz), 7.44-7.56 (2H, m), 8.02—
8.16 (2H, m).

1-(4-Methoxyphenyl)-N-methylpropan-1-amine (19). To a mixture of 18a (1.50 g, 9.14 mmol) and
methylamine (27 wt % in methanol, 2.10 g, 18.3 mmol) in MeOH (20 mL) was added titanium
tetraisopropoxide (3.11 g, 11.0 mmol) and the mixture was stirred at rt for 5 h. Then sodium
borohydride (0.680 g, 18.3 mmol) was added. After the mixture was stirred overnight, it was diluted
with NaOH aqueous solution and filtered. The filtrate was extracted with dichloromethane and the
organic layer was washed with saturated aqueous NaCl, dried over anhydrous Na,SO4 and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl
acetate, 0:100) to give 19 (0.400 g, 2.23 mmol, 25%) as a yellow oil. "H NMR (CDCls;, 400 MHz) &
0.79 (3H, t,J=17.6 Hz), 1.55-1.62 (1H, m), 1.71-1.78 (1H, m), 2.27 (3H, s), 3.29-3.33 (1H, m), 3.81
(3H, s), 6.85-6.88 (2H, m), 7.16-7.19 (2H, m).

1-(4-Methoxyphenyl)propan-1-amine (21a). To a solution of 18a (23.5 g, 143 mmol) and
hydroxylammonium chloride (10.9 g, 157 mmol) in EtOH (300 mL) was added Et;:N (21.9 mL, 157
mmol) at rt. The mixture was refluxed for 3 h and then evaporated under reduced pressure to remove

EtOH. The residue was partitioned between EtOAc and water, and the organic layer was washed with
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saturated aqueous NaCl, dried over anhydrous Na,SO,, and concentrated in vacuo to give the crude
product 20a (26.7 g, 149 mmol, ~quant.) as a white solid, which was subjected to the next reaction
without further purification. A mixture of 20a (12.4 g, 69.2 mmol) and 10% Pd/C (containing 50%
water, 8.19 g) in EtOH (300 mL) was hydrogenated under balloon pressure at rt overnight. The
catalyst was removed by filtration and the filtrate was concentrated in vacuo. The residue was purified
by column chromatography (basic silica gel, 200 g, hexane/ethyl acetate, 9:1 to 1:9) to give 21a (7.56
g, 45.8 mmol, 66%) as a pale yellow oil. "H NMR (300 MHz, DMSO-d;) 6 0.76 (3H, t, J = 7.4 Hz),
1.30-1.64 (2H, m), 1.87 (2H, brs), 3.63 (1H, t, /= 6.7 Hz), 3.72 (3H, s), 6.74-6.91 (2H, m), 7.15-7.29
(2H, m). MS (ESI/APCI) mass calculated for [M — NH,]" (C;oH,30) requires m/z 149.1, found m/z
149.2.

1-(4-(Trifluoromethoxy)phenyl)propan-1-amine (21b). The crude product 20b was prepared in 99%
yield as a colorless oil from 18b using the procedure analogous to that described for the synthesis of
20a. 'H NMR (300 MHz, DMSO-dq) & 1.04 (3H, t, J = 7.6 Hz), 2.72 (2H, q, J = 7.6 Hz), 7.31-7.44
(2H, m), 7.70-7.82 (2H, m), 11.29 (1H, s). A mixture of 20b (2.89 g, 12.4 mmol) and 10% Pd/C
(containing 50% water, 800 mg) in MeOH (30 mL) was hydrogenated under balloon pressure at rt
overnight. The catalyst was removed by filtration and the filtrate was concentrated in vacuo to give the
crude product 21b (2.58 g, 11.8 mmol, 95%) as a colorless oil. This material was taken on to the next
reaction without further purification. "H NMR (300 MHz, DMSO-dy) & 0.77 (3H, t, J = 7.4 Hz), 1.41—
1.68 (2H, m), 2.21 (2H, brs), 3.74 (1H, t, /= 6.6 Hz), 7.21-7.34 (2H, m), 7.41-7.52 (2H, m).
1-(4-Methoxyphenyl)propan-1-amine Hydrochloride (22a). A mixture of 20a (26.7 g, 149 mmol) and
10% Pd/C (containing 50% water, 15.8 g) in MeOH (200 mL) was hydrogenated under balloon
pressure at rt overnight. The catalyst was removed by filtration and the filtrate was concentrated in
vacuo to give the crude product 21a. The crude material 21a was diluted with EtOAc (100 mL) and
added 1 M HCI solution in diethyl ether (150 mL). The resulting solid was collected and washed with

EtOAc to give 22a (27.4 g, 136 mmol, 91%) as a white solid. "H NMR (300 MHz, DMSO-d;) & 0.74
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(3H, t,J=7.4 Hz), 1.58-2.13 (2H, m), 3.76 (3H, s), 4.04 (1H, dd, J=9.5, 5.3 Hz), 6.84-7.12 (2H, m),
7.29-7.61 (2H, m), 8.44 (3H, brs).

1-(4-(Trifluoromethoxy)phenyl)propan-1-amine Hydrochloride (22b). The crude product 21b (11.3 g,
51.4 mmol) was dissolved in EtOAc (70 mL) and MeOH (10 mL) and then 4 M HCI solution in
EtOAc (40 mL) was added. After 20 min of stirring (no precipitate occurred), the solvent was removed
under reduced pressure. To the residual white solid was added Et,0O and the resulting solid was
collected by filtration, rinsed with Et,O and dried to afford 22b (10.1 g, 39.6 mmol, 67%) as a white
solid. "H NMR (300 MHz, DMSO-d) § 0.76 (3H, t, J = 7.4 Hz), 1.70-2.11 (2H, m), 4.20 (1H, dd, J =
9.1,5.7 Hz), 7.39-7.53 (2H, m), 7.61-7.71 (2H, m), 8.63 (3H, brs).

6-Methylpyrazol o[ 1,5-a] pyrimidine-3-carbal dehyde (24). To a solution of 23 (5.91 g, 44.4 mmol) in
DMF (50 mL) was added phosphorus oxychloride (12.4 mL, 133 mmol) at 0 °C. The mixture was
stirred at rt for 3 h. The mixture was neutralized with 8 M NaOH aqueous solution and extracted with
EtOAc/THF (2:1). The organic layer was dried over anhydrous MgSO,4 and was passed through a
silica gel pad (eluted with THF). The appropriate fraction was concentrated in vacuo and the obtained
solid was collected by filtration, washed with cold EtOAc, and dried to give 24 (5.86 g, 36.4 mmol,
82%) as a yellow solid. '"H NMR (300 MHz, CDCl;) 6 2.48 (3H, s), 8.54 (1H, s), 8.60 (1H, s), 8.66
(1H, d, J = 1.9 Hz), 10.27 (1H, s). MS (ESI/APCI) mass calculated for [M + H]" (CsHsN;0) requires
m/z 162.1, found m/z 162.2.

6-Methylpyrazolo[1,5-a]pyrimidine-3-sulfonyl chloride (25). 6-Methylpyrazolo[1,5-a]pyrimidine
(23) (300 mg, 2.25 mmol) was added to chlorosulfonic acid (1.50 mL, 22.5 mmol). The mixture was
stirred at 80 °C for 2 h, and then poured into iced water. The precipitate was collected, washed with
water, and dried to give 25 (135 mg, 0.583 mmol, 26%) as a white solid. "H NMR (300 MHz, CDCls)
62.53 (3H,d,J=1.1 Hz), 8.52 (1H, s), 8.66 (1H, dd, J=2.3, 1.1 Hz), 8.82 (1H, d, /= 1.9 Hz).

Methyl  4-(Hydroxymethyl)pyrazolo[1,5-a]pyridine-3-carboxylate  (27a). A solution  of

hydroxylamine-O-sulfonic acid (HOSA) (2.07 g, 18.3 mmol) in water (10 mL) was basified with
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saturated aqueous NaHCO; at 0 °C. To this mixture was added a solution of 26 (1.00 g, 9.16 mmol) in
MeOH (10 mL) at the same temperature, and the mixture was heated at 50 °C for 16 h. The mixture
was diluted with toluene, and concentrated in vacuo (this protocol was repeated 3 times). The residual
solid was suspended in DMF (23 mL), to which methyl propiolate (0.897 mL, 10.1 mmol) and
potassium carbonate (3.80 g, 27.5 mmol) were successively added at 0 °C. After vigorous stirring at rt
for 2 h, the mixture was filtered by filtration. The filtrate was partitioned between EtOAc and water.
The phases were separated and the aqueous phase was extracted with EtOAc. The combined organic
phases were washed with water, dried over anhydrous Na,SQO,, and concentrated in vacuo. The residue
was purified by column chromatography (silica gel, hexane/ethyl acetate, 19:1 to 1:4) to afford 27a
(0.556 g, 2.70 mmol, 29%) and methyl 6-(hydroxymethyl)pyrazolo[1,5-a]pyridine-3-carboxylate
(27b) (0.311 g, 1.51 mmol, 16%) as white solids. Data for 27a: "H NMR (300 MHz, DMSO-d;) & 3.80
(3H, s), 5.04 2H, d, J=5.7 Hz), 5.37 (1H, t,J = 5.7 Hz), 7.10-7.21 (1H, m), 7.65 (1H, dd, J= 7.2, 1.1
Hz), 8.44 (1H, s), 8.70-8.78 (1H, m). MS (ESI/APCI) mass calculated for [M + H]" (C;oH;;N,O3)
requires m/z 207.1, found m/z 207.1. Data for 27b: 'H NMR (300 MHz, DMSO-ds) & 3.83 (3H, s),
4.58 (2H, d, J=4.9 Hz), 5.46 (1H, t, J= 5.7 Hz), 7.58 (1H, dd, /= 9.1, 1.5 Hz), 8.05 (1H, dd, /= 9.1,
0.8 Hz), 8.43 (1H, s), 8.67-8.79 (1H, m). MS (ESI/APCI) mass calculated for [M + H]" (C,oH;;N,05)
requires m/z 207.1, found m/z 207.1.

Methyl 4-Formylpyrazolo[1,5-a]pyridine-3-carboxylate (28). To a suspension of 27 (550 mg, 2.67
mmol) in CH;CN (70 mL) at 0 °C was added portionwise Dess-Martin periodinane (1.36 g, 3.20
mmol). The mixture was stirred at rt for 1.5 h. Further Dess-Martin periodinane (500 mg) was added at
rt. Stirring was continued for another 1 h and then NaHCOj; aqueous solution and solid Na,S,0; were
successively added. After stirring for 20 min, the mixture was extracted with EtOAc, washed with
saturated aqueous NaHCO; and saturated aqueous NaCl, dried over anhydrous Na,SO,, and
concentrated in vacuo to afford 28 (545 mg, 2.67 mmol, 100%) as a reddish solid. This was used in the

next reaction without further purification. "H NMR (300 MHz, DMSO-dy) 6 3.85 (3H, s), 7.29-7.38
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(1H, m), 8.06 (1H, dd, J = 7.6, 1.1 Hz), 8.64 (1H, s), 9.17 (1H, dd, J = 6.8, 1.1 Hz), 10.96 (1H, d, J =
0.8 Hz).

Methyl 4-(((1-(4-Methoxyphenyl)propyl)amino)methyl)pyrazol o[ 1,5-a] pyridine-3-carboxylate (29).
To a mixture of 28 (540 mg, 2.64 mmol), 21a (612 mg, 3.70 mmol), and acetic acid (0.454 mL, 7.93
mmol) in CH3CN (25 mL) at 0 °C was added portionwise sodium triacetoxyborohydride (1.18 g, 5.29
mmol). The mixture was stirred at rt for 16 h and then poured into saturated aqueous NaHCOs;. The
mixture was extracted with EtOAc, dried over anhydrous Na,SO,, and concentrated in vacuo. The
residue was purified by column chromatography (basic silica gel, hexane/ethyl acetate, 19:1 to 1:1) to
afford 29 (739 mg, 2.09 mmol, 79%) as a colorless oil. 'H NMR (300 MHz, DMSO-d;) & 0.68 (3H, t,
J =174 Hz), 1.36-1.73 (2H, m), 3.31-3.43 (1H, m), 3.73 (3H, s), 3.75 (3H, s), 3.90-4.16 (2H, m),
6.78-6.95 (2H, m), 7.09 (1H, t, J = 7.0 Hz), 7.14-7.26 (2H, m), 7.34-7.45 (1H, m), 8.42 (1H, s), 8.65—
8.79 (1H, m) (one proton was not observed). MS (ESI/APCI) mass calculated for [M + H]
(Cy0H,4N50;) requires m/z 354.2, found m/z 354.2.

4-(((1-(4-Methoxyphenyl) propylyamino)methyl) pyrazol o[ 1,5-a] pyridine-3-carboxylic Acid (30). To a
solution of 29 (743 mg, 2.10 mmol) in THF (15 mL) and MeOH (7.5 mL) was added 1 M NaOH
aqueous solution (6.31 mL, 6.31 mmol). The mixture was stirred at 50 °C for 30 min and then at 70 °C
for 1.5 h. The mixture was acidified with 1 M HCI aqueous solution (12.6 mL, 12.6 mmol) and then
evaporated under reduced pressure to remove the organic solvents. The residual aqueous solution was
passed through HP20 (DIAION™, Mitsubishi Chemical) (eluted with water and then CH;CN). The
acetonitrile fractions containing the desired product was concentrated in vacuo to afford 30 (674 mg,
1.99 mmol, 94%) as a white solid. 'H NMR (300 MHz, DMSO-d¢) & 0.61-0.77 (3H, m), 1.58-2.05
(2H, m), 3.62-3.93 (5H, m), 3.94-4.09 (1H, m), 6.83-7.03 (3H, m), 7.12 (1H, d, J = 6.8 Hz), 7.26—
7.43 (2H, m), 8.32 (1H, s), 8.72 (1H, d, J = 6.8 Hz), 11.33 (1H, brs) (one proton was not observed).
MS (ESI/APCI) mass calculated for [M + H]" (C,9H,,N303) requires m/z 340.2, found m/z 340.1 [M +

H]".
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Enzyme Assay Protocol. Preparation of human PDE. Human PDE1A, 3A, 4D2, 5A1, 7B, 8A1, 9A2,
and 11A4 enzymes were purchased from BPS Bioscience. Human PDE6AB enzyme was purchased
from SB Drug Discovery. Human PDE2A3 full-length gene was transduced into Sf9 cells, and the
enzyme was purified by His-tag affinity column and gel filtration. Human PDE10A2 was generated
from COS-7 cells that had been transfected with the full-length gene. The enzymes were stored at
—70 °C until use.

PDE2A3 enzyme inhibitory assay. PDE activity was measured using an SPA (Scintillation Proximity
Assay) (GE Healthcare). To evaluate the inhibitory activity of a compound, 10 pL of serially diluted
compounds were incubated with 20 pL of PDE enzyme (final concentration 0.023 nM) in assay buffer
(50 mM HEPES-NaOH, 8.3 mM MgCl,, 1.7 mM EGTA, and 0.1% bovine serum albumin (BSA) (pH
7.4)) for 30 min at rt. The final concentration of DMSO in the reaction solution was 1%. Compounds
were tested in duplicate in 96-well half-area plates (Corning) or a 384-well OptiPlates (PerkinElmer).
We used an 8 concentration serial dilution dose response ranging from 100 pM to 10 pM compound
concentrations. To start the reaction, 10 pL of substrate [’H] ¢cGMP (final concentration 77 nM,
PerkinElmer) were added to a total volume of 40 pL. After 60 min at rt, 20 pL of 20 mg/mL yttrium
silicate SPA beads containing zinc sulfate were added to terminate the PDE reaction. After allowing to
settle for an additional 60 min, the assay plates were counted in a scintillation counter (PerkinElmer)
to allow calculation of the inhibition rate. The inhibition rate was calculated based on the 0% control
wells with enzyme and DMSO, and the 100% control wells without enzyme. All ICs, values were
obtained by fitting the results to the following 4 Parameter Logistic Equation:

y=A+(B-A)/(1+ (10"(C-x)*D)))

where A is the minimum y value, B is the maximum y value, C is Log(ECs,) value, and D is the
slope factor.

Human PDE enzyme assay. PDE activities were measured using an SPA (GE Healthcare). To evaluate

the inhibitory activity, 10 uL of serially diluted compounds were incubated with 20 uL of PDE
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enzymes, except for PDE1A, in the following assay buffer: 50 mM HEPES-NaOH, 8.3 mM MgCl,,
1.7 mM EGTA, and 0.1% BSA (pH 7.4) for 30 min at rt. The PDE1A enzyme assay was performed in
the following assay buffer: 50 mM Tris-HCI, 8.3 mM MgCl,, 0.2 mM CaCl,, 0.1% BSA, and 30 nM
Calmodulin (pH 7.5). The final concentration of DMSO in the assay was 1%, and compounds were
tested in duplicate in 96-well half-area plates (Corning). We used an 4 concentration serial dilution
dose response ranging from 10 uM to 10 nM compound concentrations. To start the reaction, 10 uL of
substrate ([3H] cGMP (final concentration 77 nM, PerkinElmer) for PDE1A, 5A1, 6AB, 9A2, 10A2,
and 11A4 or [’H] cAMP (final concentration 14.7 nM, PerkinElmer) for PDE3A, 4D2, 7B, and 8A1)
was added for a final assay volume of 40 pL. After 60 min incubation at rt, 20 pL of 20 mg/mL
yttrium silicate SPA beads containing zinc sulfate was added to terminate the PDE reaction. After
allowing to settle for more than 120 min, the assay plates were counted in a scintillation counter
(PerkinElmer) to allow calculation of the inhibition rate.

Estimation of Log D at pH 7.4. Log D4, which is the partition coefficient of the compounds between
1-octanol and aqueous buffer at pH 7.4, was measured using a chromatographic procedure based on a
previously published method.®® The instruments utilized were a Waters Alliance 2795 HPLC system
and a 2996 UV-vis detector (Milford, MA, USA).

In Vitro Metabolic Clearance Assay. In vitro oxidative metabolic studies of the tested compounds
were performed using hepatic microsomes obtained from humans, rats or mice. The reaction mixture
with a final volume of 0.05 mL consisted of 0.2 mg/mL hepatic microsome in 50 mM KH,PO,—
K,HPO, phosphate buffer (pH 7.4) and 1 pM test compound. The reaction was initiated by the
addition of an NADPH-generating system containing 25 mM MgCl,, 25 mM glucose 6-phosphate, 2.5
mM B-NADP", and 7.5 unit/mL glucose 6-phosphate dehydrogenase at 20% of the volume of the
reaction mixture. After the addition of the NADPH-generating system, the mixture was incubated at
37 °C for 0, 15, and 30 min. The reaction was terminated by adding an equivalent volume of CH;CN.

After the samples were mixed and centrifuged, the supernatant fractions were analyzed using liquid
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chromatography tandem mass spectrometry (LC-MS/MS). For metabolic clearance determinations,
chromatograms were analyzed for the disappearance rate of the parent compound from the reaction
mixtures. All incubations were made in duplicate.

Transcellular  Transport Study Using a Transporter-Expresson  System. Human
MDR I-expressing LLC-PK1 cells were cultured as reported previously with minor modifications.'®
The transcellular transport study was performed as reported previously.'”’ In brief, the cells were
grown for 7 days in an HTS Transwell 96-well permeable support (pore size: 0.4 um, surface area:
0.143 cm?) with a polyethylene terephthalate membrane (Corning Life Sciences, Lowell, MA, USA) at
a density of 1.125 x 10’ cells/well. The cells were preincubated with M199 at 37 °C for 30 min.
Subsequently, transcellular transport was initiated by the addition of M199 either to apical
compartments (75 pL) or to basolateral compartments (250 puL) containing 10 pM digoxin, 200 pM
lucifer yellow as a marker for the monolayer tightness, and 10 uM test compounds, and then
terminated by the removal of each assay plate after 2 h. Aliquots (25 pL) from the opposite
compartments were mixed with acetonitrile containing alprenolol and diclofenac as internal standards,
and then centrifuged. The compound concentrations in the supernatant were measured by LC-MS/MS.
The apparent permeability (P,p,) of test compounds in the receiver wells was determined and the
efflux ratio (ER) for the MDRI1 membrane permeability test was calculated using the following
equation:

ER=P app,BtoA/ P app,AtoB

where Py a8 18 the apical-to-basal passive permeability—surface area product and P,p,pwoa 1S the
basal-to-apical passive permeability—surface area product.

Protein Expression and Purification. Human PDE2A catalytic domain (residues 578-919) for
crystallographic study was purified from insect cells as a fusion protein with an N-terminal 6x
histidine tag and adjacent tobacco etch virus (TEV) protease cleavage site. An extra His—Ala sequence

was added prior to Ser578 of the PDE2A sequence, based on the previously described structure.'® The
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histidine-tagged PDE2A was expressed in Sf9 insect cells, and the harvested cell pellets were
suspended in lysis buffer (50 mM Tris-HCI (pH 8.0), 1 mM DTT, 1 mM EDTA, and 10% glycerol),
followed by centrifugation. The supernatant was supplemented with 300 mM NaCl and 20 mM
imidazole and loaded onto a nickelnitrilotriacetic acid (Ni-NTA) Superflow™ cartridge (QIAGEN).
The PDE2A bound resin was washed with wash buffer (50 mM Tris-HCI (pH 8.0), 10% glycerol, 300
mM NaCl, and 20 mM imidazole), and eluted with wash buffer containing 250 mM imidazole. The
eluted histidine-tagged PDE2A catalytic domain was desalted using a HiPrep 26/10 Desalting column
(GE Healthcare) with tris-buffered saline (TBS) (pH 7.4), 0.5 mM DTT, 1 mM EDTA, and 10%
glycerol. The histidine-tagged protein was cleaved at the TEV cleavage site by TEV protease treatment.
After TEV cleavage, the digested protein was passed through the Ni-NTA Superflow™ cartridge to
remove the unwanted histidine-tagged fragments and histidine-tagged TEV proteases, followed by ion
exchange chromatography using a MonoQ 10/100 GL column (GE Healthcare) in basal buffer (50 mM
Tris-HCl1 (pH 8.0), 1 mM DTT, and 10% glycerol) with a 0-500 mM NaCl linear gradient.
Subsequently, the purified catalytic domain was further treated with HilLoad 26/60 Superdex200
column (GE Healthcare), concentrated by ultrafiltration to 9.5 mg/mL, and stored at —80 °C until use.

Crystallization and Structure Determination. Crystals were obtained using the sitting-drop
vapor-diffusion method by mixing 50 nL of protein solution (9.5 mg/mL PDE2A catalytic domain in 1
mM 10a, TBS (pH 7.4), 0.5 mM DTT, 1 mM EDTA, and 10% glycerol) and 50 nL of reservoir
solution containing 0.1 M Tris-HCI (pH 7.5), 410 mM MgCl,, and 29.3% PEG 3350 at 20 °C.
Complex crystals were transfered into liquid nitrogen and stored until data collection. Diffraction data
were collected from a single crystal at the Advanced Light Source beamline 5.0.3 (Berkeley, CA) for
compounds 10a, and processed using the program HKL2000.'"® The structures were determined by

109

molecular replacement using MOLREP, ™ utilizing the previously reported coordinate of PDE2A with

the PDB accession code 5XKM.'? Subsequently, the structures were refined through an iterative

112

procedure utilizing REFMAC'"" followed by model building with WinCoot.'"” The dictionary files for
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the inhibitors were prepared using AFITT (OpenEye Scientific Software). X-ray data collection and
refinement statistics for the crystal structure of PDE2A in complex with compound 10a were

summarized in Table 1-7.
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Table 1-7. X-ray Data Collection and Refinement Statistics for the Crystal Structure of PDE2A in
Complex with Compound 10a

10a
Data Collection
X-ray source ALS BL5.0.3
Wavelength (A) 0.97645
Space group P1

Unit cell dimensions (A) a=729,b=89.8,¢=903,0a=107.3,3=113.9,y=89.8

Resolution (A) 2.20
Unique reflections 100556
Redundancy 1.8
Completeness (%) 96.8 (93.4)
I/o(1) 8.5 (L.5)
Reym" 0.090 (0.554)
Refinement

Reflections used 95501
RMS Bonds (A) 0.006
RMS Angles (°) 0.946
Average B value (A?) 28.6
R-value” 0.2061

R free’ 0.2632

“Rsym = XhXj |[<I(h)> — I(h)j| / ZhEj <I(h)>, where <I(h)> is the mean intensity of symmetry-related
reflections. ” R-value = X | [Fobs| — [Fcalc| | / = [Fobs|. Rfree for 5% of reflections excluded from

refinement. Values in parentheses are for the highest resolution shell.

Animal Experiments. The care and use of animals and the experimental protocols were approved by

the Experimental Animal Care and Use Committee of Takeda Pharmaceutical Company Limited.
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Pharmacokinetic Analysis in Rat or Mouse Cassette Dosing. Compound 10a was administered
intravenously (0.1 mg/kg) or orally (1 mg/kg) by cassette dosing to nonfasted male Crl:CD(SD)(IGS)
rats (8W, n = 3) or male ICR mice (8W, n = 3). The combination for a cassette dosing was determined
to avoid combinations of compounds with the same molecular weight. The solution of compounds in
dimethylacetamide containing 50% (v/v) 1,3 butanediol at 0.1 mg/mL/kg was administered
intravenously to isoflurane-anesthetized mice via femoral vein. The suspension of compounds in 0.5%
methyl cellulose with water was used for vehicle (1 mg/kg) and was administered orally by gavage.
After administration, blood samples were collected via tail vein by syringes with heparin at 5, 10, 15,
30 min, 1, 2, 4, and 8 h (iv) and 15, 30 min, 1, 2, 4, and 8 h (po), and centrifuged to obtain the plasma
fraction. The plasma samples were deproteinized by mixing with acetonitrile followed by
centrifugation. The compound concentrations in the supernatant were measured by LC-MS/MS with a
standard curve. Pharmacokinetic parameters were calculated by the non-compartmental analysis. The
area under the concentration-time curve (AUC) and the area under the first moment curve (AUMC)
were calculated using the linear trapezoidal method. The mean residence time (MRT) was calculated
as AUMC/AUC. The total clearance (CLiy,) was calculated as doseiv/AUC;. The volume of
distribution (Vdy) was calculated as CL % MRTj,. Oral bioavailability () was calculated as
(AUC,/dosey,)/(AUC; /dose;,) < 100.

Brain and Plasma Concentrations in Rats and Mice. Compound 10a was administered orally to
non-fasted rats or mice at 1 mg/kg. Blood and brain samples were collected 2 h or 1 h after oral
administration to rats or mice, respectively. The blood samples were centrifuged to obtain the plasma
fraction. The brain samples were homogenized in 0.1 M phosphate buffer (pH 7.4) to obtain the brain
homogenate. The plasma and brain homogenate samples were deproteinized with CH;CN containing
an internal standard. After centrifugation, the compound concentrations in the supernatant were

measured by LC-MS/MS.
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Measurement of Cyclic Nucleotide Content in the Mouse Brain. Animals. Five-week-old male ICR
mice were purchased from CLEA Japan, Inc. (Japan). The mice were housed in groups of 5/cage in a
light-controlled room (12 h light/dark cycles with lights on at 07:00). Food and water were provided
ad libitum. After a one-week acclimation period, the six-week-old mice were used for experiments.

Measurements. Compound 10a was suspended in 0.5% (w/v) methylcellulose in distilled water, and
was administered at 10 mL/kg body weight for mice. Mice were administered orally either vehicle or
10a (10, 30, or 100 mg/kg) after a habituation period of at least 30 min. A microwave fixation system
(Muromachi Kikai, Tokyo, Japan) was used to sacrifice unanesthetized mice by exposure of the head
to a microwave beam 30 min after administration of 10a. Brain tissues were isolated and then
homogenized in 0.5 M HCI, followed by centrifugation. Concentration of cyclic nucleotides in the
supernatant were measured using cyclic AMP EIA kit or cyclic GMP EIA kit (Cayman Chemical,

USA) according to the manufacturer’s instructions. Values were calculated as pmol/mg tissue weight.
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N-(1-(4-(Trifluoromethoxy)phenyl)propyl) pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (31). A mixture
of  pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (15) (26.7 mg, 0.16 mmol),
1-(4-(trifluoromethoxy)phenyl)propan-1-amine hydrochloride (22b) (46.0 mg, 0.18 mmol), EDCI-HCI
(37.6 mg, 0.20 mmol), HOBt-H,O (30.1 mg, 0.20 mmol), and Et;N (0.027 mL, 0.20 mmol) in DMF
(1.5 mL) was stirred at rt overnight. The mixture was poured into water and extracted with EtOAc.
The organic layer was separated, washed with saturated aqueous NaCl, dried over anhydrous MgSOy,
and concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexane/ethyl acetate, 4:1 to 0:100). The desired fractions were collected and concentrated in vacuo.
The resulting solid was triturated with i-Pr,O, collected by filtration, rinsed with i-Pr,O, and dried to
give 31 (49.2 mg, 0.135 mmol, 83%) as a white solid. "H NMR (300 MHz, DMSO-ds) & 0.93 (3H, t, J
= 7.4 Hz), 1.81-1.96 (2H, m), 5.05 (1H, q, J = 7.2 Hz), 7.25-7.37 (3H, m), 7.47-7.56 (2H, m), 8.32
(1H, d, J = 8.0 Hz), 8.56 (1H, s), 8.86 (1H, dd, J = 4.2, 1.9 Hz), 9.29-9.37 (1H, m). MS (ESI/APCI)
m/z 365.2 [M + H]". HPLC purity: 100%.

2-Ox0-N-(1-(4-(trifluoromethoxy) phenyl)propyl)-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-carboxam
ide (32). To a solution of 13a (904 mg, 2.62 mmol) in DMF (15 mL) were added 22b (736 mg, 2.88
mmol) and EtN (1.10 mL, 7.85 mmol). The mixture was stirred at rt for 1 h and then poured into
NaHCOj; aqueous solution. The mixture was extracted with EtOAc, washed with 1 M HCI aqueous
solution and saturated aqueous NaCl, dried over anhydrous Na,SO4 and concentrated in vacuo. The
residue was purified by column chromatography (silica gel, hexane/ethyl acetate, 9:1 to 0:100) to
afford 32 (910.6 mg, 2.31 mmol, 88%) as a white solid. "H NMR (300 MHz, CDCl3) § 0.96 (3H, t, J =
7.4 Hz), 1.76-1.96 (2H, m), 4.67 (2H, s), 4.90 (1H, q, J = 7.2 Hz), 6.99 (1H, dd, J = 7.6, 4.9 Hz),
7.12-7.25 (3H, m), 7.30-7.42 (2H, m), 7.99 (1H, dd, J = 5.1, 1.7 Hz), 991 (1H, s), 10.46 (1H, d, J
=7.2 Hz). MS (ESI/APCI) mass calculated for [M + H]" (C,sH;sFsN4O3) requires m/z 395.1, found m/z

395.2. HPLC purity: 98.9%. mp 185 °C.
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2-Oxo-N-((1R or
195)-1-(4-(trifluoromethoxy) phenyl) propyl)-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-carboxamide
(32a). Resolution of the enantiomers of 32 was carried out chromatographically using a Chiralpak IC
50 mm ID x 500 mm L column (hexane/ethanol, 400:600) at 60 mL/min. Resolution of 32 (907 mg,
2.30 mmol) provided 439 mg of 32a as the first eluting enantiomer, which was triturated with
hexane/ethyl acetate (5:1) to afford 32a (416.9 mg, 1.03 mmol, 45%, 89% theoretical) as a pale yellow
solid. Analytical HPLC analysis carried out on a 4.6 mm ID x 250 mm L Chiralpak IC column with
the same eluent as above at a flow rate of 0.5 mL/min indicated that 32a was of 99.7% ee. 'H NMR
(300 MHz, DMSO-d;) 6 0.88 (3H, t, J= 7.3 Hz), 1.70-1.89 (2H, m), 4.41 (2H, s), 4.81 (1H, q, J=6.9
Hz), 7.10 (1H, dd, J = 7.7, 5.1 Hz), 7.25-7.37 (3H, m), 7.38-7.51 (2H, m), 8.02 (1H, dd, /= 5.1, 1.7
Hz), 10.34 (1H, d, J = 7.5 Hz), 10.82 (1H, brs). MS (ESI/APCI) mass calculated for [M + H]
(CigHgF5N4O;) requires m/z 395.1, found m/z 395.2. HPLC purity: 97.9%. Anal. Calcd for
CisH7F;N4O5: C, 54.82; H, 4.35; N, 14.21. Found: C, 55.01; H, 4.59; N, 14.12.

2-Oxo-N-((1Ss or
1R)-1-(4-(trifluoromethoxy)phenyl) propyl)-2,3-dihydr opyrido[ 2,3-b] pyrazine-4(1H)-carboxamide
(32b). Resolution of the enantiomers of 32 was carried out chromatographically using a Chiralpak IC
50 mm ID % 500 mm L column (hexane/ethanol, 400:600) at 60 mL/min. Resolution of 32 (907 mg,
2.30 mmol) provided 429 mg of 32b as the first eluting enantiomer, which was triturated with
hexane/ethyl acetate (5:1) to afford 32b (399 mg, 1.01 mmol, 44%, 88% theoretical) as a pale yellow
solid. Analytical HPLC analysis carried out on a 4.6 mm ID x 250 mm L Chiralpak IC column with
the same eluent as above at a flow rate of 0.5 mL/min indicated that 32b was of >99.9% ee. 'H NMR
(300 MHz, DMSO-ds) 6 0.88 (3H, t, J= 7.3 Hz), 1.70-1.90 (2H, m), 4.41 (2H, s), 4.81 (1H, q,J=7.0
Hz), 7.11 (1H, dd, J = 7.7, 5.1 Hz), 7.26-7.38 (3H, m), 7.38-7.51 (2H, m), 8.02 (1H, dd, J=4.9, 1.5

Hz), 10.35 (1H, d, J = 7.2 Hz), 10.83 (1H, brs). MS (ESI/APCI) mass calculated for [M + H]
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(CisHisF3N4O3) requires m/z 395.1, found m/z 395.1. HPLC purity: 100%. Anal. Calcd for
Ci3H7F3N40;: C, 54.82; H, 4.35; N, 14.21. Found: C, 54.90; H, 4.50; N, 14.15.
2-0Ox0-N-(1-(4-(trifluoromethoxy) phenyl)propyl)-1,2-dihydro-1,5-naphthyridine-4-carboxamide
(33). To a mixture of 49 (372 mg, 1.96 mmol), 22b (650 mg, 2.54 mmol) and DIEA (1.03 mL, 5.87
mmol) in DMF (15 mL) was added HATU (1.12 g, 2.94 mmol). The mixture was stirred at rt for 2.5 h
and then poured into water. The mixture was extracted with EtOAc, washed with water and saturated
aqueous NaCl, dried over anhydrous Na,SO, and concentrated in vacuo. The residue was purified by
column chromatography (silica gel, hexane/ethyl acetate, 4:1 to 0:100), followed by a second column
purification (silica gel, hexane/ethyl acetate, 4:1 to 0:100)) to afford 33 (341 mg, 0.871 mmol, 45%) as
a white solid after recrystallization from ethyl acetate. 'H NMR (300 MHz, DMSO-dq) & 0.95 (3H, t, J
= 7.4 Hz), 1.78-1.92 (2H, m), 5.03 (1H, q, J = 6.9 Hz), 7.08 (1H, s), 7.30-7.40 (2H, m), 7.50-7.58
(2H, m), 7.63 (1H, dd, J = 8.5, 4.4 Hz), 7.79 (1H, dd, J = 8.3, 1.5 Hz), 8.58 (1H, dd, J = 4.5, 1.5 Hz),
1047 (1H, d, J = 8.0 Hz), 12.17 (1H, brs). MS (ESI/APCI) mass calculated for [M + H]
(C19H7F3N30;) requires m/z 392.1, found m/z 392.2. HPLC purity: 95.7%.
3-Methyl-N-(1-(4-(trifluoromethoxy)phenyl)propyl )pyrazol o[ 1,5-b] [ 1,2,4] triazine-8-carboxamide
(34). A mixture of compound 54 (30 mg, containing 50% of 52), 22b (46 mg, 0.18 mmol), HOBt (24
mg, 0.18 mmol), EDCI (34 mg, 0.18 mmol), and Et;N (20 mg, 0.20 mmol) in DMF (3 mL) was stirred
at 10—15 °C for 16 h. The mixture was diluted with water (15 mL), extracted with EtOAc (10 mL x 3).
The combined organic layer was washed with saturated aqueous NaCl (10 mL), dried over anhydrous
Na,SO, and concentrated in vacuo. The residue was purified by preparative HPLC (column: Fuji C18
(25 mm ID x 300 mm L), YMC (20 mm ID x 250 mm L); mobile phase A: 0.05% HCI in water;
mobile phase B: 0.05% HCI in acetonitrile; flow rate: 25 mL/min), and most of CH;CN was removed
under reduced pressure. The remaining solvent was removed by lyophilization to give 34 (4 mg, 3% in
2 steps) as a yellow solid. '"H NMR (400 MHz, DMSO-dq) § 0.93 (3H, t, J = 7.2 Hz), 1.81-1.92 (2H,

m), 2.63 (3H, s), 4.97-5.06 (1H, m), 7.32 (2H, d, J = 8.0 Hz), 7.52 (2H, d, J = 8.8 Hz), 8.14 (1H, d, J
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= 8.4 Hz), 8.56 (1H, s), 8.81 (1H, s). MS (ESI/APCI) mass calculated for [M + H]" (C;7H,,F5N;505)
requires m/z 380.1, found m/z 380.2. HPLC purity: 100%.

5-Ox0-N-(1-(4-(trifluoromethoxy) phenyl)propyl)-5,6-dihydro-1,6-naphthyridine-8-carboxamide
(35). A solution of impure 59 (370 mg, 93% LC-MS purity) in TFA (3 mL) was stirred at reflux for 16
h. After cooling to rt, the mixture was concentrated in vacuo. The residue was dissolved in CH,Cl, (20
mL) and the solution was washed with saturated NaHCO; (20 mL). The organic layer was
concentrated in vacuo. The residue was purified by column chromatography (silica gel, petroleum
ether/ethyl acetate, 2:1 to 0:100), followed by preparative TLC (EtOAc) to afford 35 (30 mg, 0.0767
mmol, 12% in 2 steps from 58) as a white solid. '"H NMR (400 MHz, DMSO-d) § 0.93 (3H, t, J = 7.2
Hz), 1.81-1.94 (2H, m), 5.06 (1H, q, J = 7.2 Hz), 7.33 (2H, d, J = 8.0 Hz), 7.50 (2H, d, J = 8.8 Hz),
7.66 (1H, dd, J = 8.0, 4.8 Hz), 8.20 (1H, s), 8.66 (1H, dd, J = 8.0, 2.0 Hz), 9.09 (1H, dd, J = 4.8, 2.0
Hz), 11.01 (1H, d, J = 7.6 Hz), 12.17 (1H, brs). MS (ESI/APCI) m/z 392.0 [M + H]". mp 185 °C.
3-Oxo-N-(1-(4-(trifluoromethoxy)phenyl) propyl)-3,4-dihydroquinoxaline-1(2H)-carboxamide  (36).
To a solution of 63h (313 mg, 1.00 mmol) and 22b (307 mg, 1.20 mmol) in DMF (10 mL) was added
Et;N (418 pL, 3.00 mmol) at rt. After being stirred at 80 °C for 24 h, the mixture was quenched with
water and extracted with EtOAc. The organic layer was separated, washed with water and saturated
aqueous NaCl, dried over anhydrous MgSO, and concentrated in vacuo. The residue was purified by
column chromatography (silica gel, hexane/ethyl acetate, 9:1 to 1:1) to give 36 (281 mg, 0.714 mmol,
72%) as a white solid. '"H NMR (300 MHz, CDCl;) & 0.88 (3H, t, J = 7.3 Hz), 1.69-1.86 (2H, m),
4.30-4.52 (2H, m), 4.81 (1H, q, J = 7.2 Hz), 5.39 (1H, d, J = 7.2 Hz), 6.91-6.97 (1H, m), 7.07-7.37
(7H, m), 8.02 (1H, brs). MS (ESI/APCI) mass calculated for [M + H] (Ci9H19F3N303) requires m/z
394.1, found m/z 394.1. HPLC purity: 96.9%. mp 198 °C. Anal. Calcd for C9HsF;N30;: C, 58.01; H,
4.61; N, 10.68. Found: C, 58.17; H, 4.70; N, 10.59.
N-(1-(4-Methoxyphenyl)propyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-carboxamide (37a).

To a solution of 62a (23.5 mg, 0.160 mmol) and Et;N (65.9 uL, 0.470 mmol) in THF (5.0 mL) and
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DMA (1.0 mL) was added triphosgene (46.8 mg, 0.160 mmol) at 0 °C. After stirring at 0 °C for 2 h,
Et;N (65.9 uL, 0.470 mmol) and 22a (159 mg, 0.790 mmol) was added at 0 °C. The mixture was
stirred at rt for 2 h and then quenched with water. The mixture was extracted with EtOAc, washed with
saturated aqueous NaCl, dried over anhydrous Na,SO,4 and concentrated in vacuo. The residue was
purified by column chromatography (basic silica gel, hexane/ethyl acetate, 1:1 to 0:100) to give 37a
(6.33 mg, 0.019 mmol, 12%) as a white solid after trituration with hexane/i-Pr,O. '"H NMR (300 MHz,
CDCl) 6 0.79-1.00 (3H, m), 1.76-1.97 (2H, m), 3.78 (3H, s), 4.68 (2H, s), 4.83 (1H, q, J = 7.2 Hz),
6.86 (2H, d, /= 8.7 Hz), 6.96 (1H, dd, /= 7.7, 5.1 Hz), 7.08-7.37 (3H, m), 7.97 (1H, dd, /= 5.1, 1.3
Hz), 9.69 (1H, brs), 10.35 (1H, d, J = 7.6 Hz). MS (ESI/APCI) mass calculated for [M — H]
(C1gH9N4O3) requires m/z 339.2, found m/z 339.1. HPLC purity: 99.8%.
2-Ox0-N-(1-(4-(trifluoromethyl)phenyl) propyl)-2,3-dihydr opyrido[ 2,3-b] pyrazine-4(1H)-carboxamid
e (37b). To a solution of 63a (314 mg, 1.00 mmol) in DMF (10 mL) were added 999 (223 mg, 1.10
mmol) and Et;N (0.418 mL, 3.00 mmol). The mixture was stirred at rt for 16 h and then concentrated
in vacuo. The residue was diluted with water and extracted with EtOAc. The organic layer was
separated, washed with saturated aqueous NaHCO;, water and saturated aqueous NaCl, dried over
anhydrous MgSO, and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, hexane/ethyl acetate, 9:1 to 3:2) to give 37b (314 mg, 0.830 mmol, 83%) as a colorless
prisms after recrystallized from hexane/ethyl acetate. '"H NMR (300 MHz, CDCl3) & 0.97 3H, t, J =
7.3 Hz), 1.89 (2H, quin, J = 7.3 Hz), 4.67 (2H, s), 4.93 (1H, q, /= 6.8 Hz), 7.01 (1H, dd, J= 7.7, 5.1
Hz), 7.19 (1H, dd, /= 7.5, 1.5 Hz), 7.44 (2H, d, J = 8.3 Hz), 7.58 (2H, d, /= 8.3 Hz), 8.01 (1H, dd, J
=4.9, 1.5 Hz), 9.16 (1H, brs), 10.48 (1H, d, J = 7.2 Hz). MS (ESI/APCI) mass calculated for [M + H]"
(CigHsF5N4O,) requires m/z 379.1, found m/z 379.2. HPLC purity: 100%. mp 105 °C. Anal. Calcd for
CisH7F3NLO,: C, 57.14; H, 4.53; N, 14.81. Found: C, 56.89; H, 4.55; N, 14.74.

N-(1-(4-Cyclopropyl phenyl)propyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-carboxamide

(37¢). The title compound was prepared as a pale yellow solid after recrystallization from hexane/ethyl
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acetate in 23% yield from 63a and 99a using the procedure analogous to that described for the
synthesis of 37b. "H NMR (300 MHz, CDCl;) § 0.61-0.70 (2H, m), 0.86-0.98 (5H, m), 1.79-1.95 (3H,
m), 4.61-4.75 (2H, m), 4.79-4.90 (1H, m), 6.92-7.06 (3H, m), 7.10-7.24 (3H, m), 7.99 (1H, dd, J =
5.1, 1.7 Hz), 8.36-8.67 (1H, m), 10.33 (1H, d, J = 7.2 Hz). MS (ESI/APCI) mass calculated for [M +
H]" (C50H»3N40,) requires m/z 351.2, found m/z 351.2. HPLC purity: 98.0%.
N-(1-(4-(Azetidin-1-yl)phenyl)propyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-car boxamide
(37d). The title compound was prepared as a colorless prisms after recrystallization from hexane/ethyl
acetate in 80% yield from 63a and 99b using the procedure analogous to that described for the
synthesis of 37b. '"H NMR (300 MHz, CDCl;) § 0.91 (3H, t, J = 7.3 Hz), 1.74-1.96 (2H, m), 2.27-2.39
(2H, m), 3.84 (4H, t, J = 7.2 Hz), 4.60-4.72 (2H, m), 4.74-4.85 (1H, m), 6.38-6.45 (2H, m), 6.90—
6.99 (1H, m), 7.09-7.21 (3H, m), 7.97 (1H, dd, J = 5.1, 1.7 Hz), 8.53 (1H, s), 10.24 (1H, d, J=7.9
Hz). MS (ESI/APCI) mass calculated for [M + H]" (C,0H24Ns0,) requires m/z 366.2, found m/z 366.2.
HPLC purity: 100%. mp 176 °C. Anal. Calcd for C,0H,3N50,: C, 65.73; H, 6.34; N, 19.16. Found: C,
65.73; H, 6.23; N, 18.93.

2-Ox0-N-(1-(3-(trifluoromethoxy) phenyl)propyl)-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-carboxam
ide (37€). To a solution of 63a (369 mg, 1.17 mmol) and 100c (335 mg, 1.31 mmol) in DMF (10 mL)
was added Et;N (0.409 mL, 2.94 mmol) at rt. After being stirred for 16 h, the mixture was quenched
with water and extracted with EtOAc. The organic layer was separated, washed with water and
saturated aqueous NaCl, dried over anhydrous MgSO, and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, hexane/ethyl acetate, 9:1 to 33:67) to give 37e (202
mg, 0.512 mmol, 44%) as a white solid after recrystallization from hexane/ethyl acetate. 'H NMR (300
MHz, CDCls) é 0.96 (3H, t, J = 7.3 Hz), 1.82-1.93 (2H, m), 4.68 (2H, s), 4.92 (1H, q, J = 6.9 Hz),
7.00 (1H, dd, J= 7.5, 4.9 Hz), 7.09 (1H, dd, J = 7.9, 1.1 Hz), 7.14-7.20 (2H, m), 7.23-7.29 (1H, m),
7.31-7.39 (1H, m), 8.00 (1H, dd, J = 4.9, 1.5 Hz), 8.57-8.77 (1H, m), 10.44 (1H, d, J = 7.2 Hz). MS

(ESI/APCI) mass calculated for [M + H]" (C,sH sF3N,40,) requires m/z 395.1, found m/z 395.2. HPLC
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purity: 99.7%. mp 110 °C. Anal. Calcd for C;sH;;F3N4O5: C, 54.82; H, 4.35; N, 14.21. Found: C,
54.69; H, 4.37; N, 14.16.

2-0Ox0-N-(1-(2-(trifluoromethoxy) phenyl)propyl)-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-carboxam
ide (37f). The title compound was prepared as a white solid in 78% yield from 63a and 100d using the
procedure analogous to that described for the synthesis of 37e. '"H NMR (300 MHz, DMSO-d;) & 0.89
(3H,t,J=7.4 Hz), 1.66-1.91 (2H, m), 4.40 (2H, s), 4.97-5.15 (1H, m), 7.11 (1H, dd, J= 7.7, 4.9 Hz),
7.26-7.42 (4H, m), 7.44-7.53 (1H, m), 8.00 (1H, dd, /= 5.0, 1.6 Hz), 10.41 (1H, d, J= 7.7 Hz), 10.80
(1H, s). MS (ESI/APCI) mass calculated for [M + H]" (C,sH,sFsN,4O,) requires m/z 395.1, found m/z
395.2. HPLC purity: 99.4%. mp 178 °C. Anal. Calcd for C;sH;,F3N4O5: C, 54.82; H, 4.35; N, 14.21;
F,14.45. Found: C, 55.00; H, 4.49; N, 14.20; F, 14.21.

N-(1-(3-fluoro-4-(trifluoromethoxy) phenyl)propyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-c
arboxamide (37g). The title compound was prepared as a white solid after crystallization from
hexane/ethyl acetate in 63% yield from 63a and 100e using the procedure analogous to that described
for the synthesis of 37e. "H NMR (300 MHz, DMSO-d;) 6 0.77-0.95 (3H, m), 1.81 (2H, quin, J = 7.3
Hz), 4.35-4.47 (2H, m), 4.81 (1H, q, J= 7.2 Hz), 7.11 (1H, dd, J= 7.7, 5.1 Hz), 7.27 (1H, d, J = 8.3
Hz), 7.32 (1H, dd, J=7.9, 1.5 Hz), 7.44-7.58 (2H, m), 8.02 (1H, dd, J=4.9, 1.5 Hz), 10.30 (1H, d, J
= 7.2 Hz), 10.81 (1H, s). MS (ESI/APCI) mass calculated for [M + H]" (C;sH,7,F4N,40;) requires m/z
413.1, found m/z 413.1. HPLC purity: 100%. mp 154 °C. Anal. Calcd for CgHcFsN4O;: C, 52.43; H,
3.91; N, 13.59. Found: C, 52.48; H, 3.89; N, 13.30.

N-(1-(2-Fluoro-4-(trifluoromethoxy)phenyl) propyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-

carboxamide (37h). The title compound was prepared as a white solid after recrystallization from
hexane/ethyl acetate in 87% yield from 63a and 100f using the procedure analogous to that described
for the synthesis of 37e. '"H NMR (300 MHz, DMSO-d) 6 0.89 (3H, t, J = 7.2 Hz), 1.70-1.88 (2H, m),
4.40 (2H, s), 5.00 (1H, q, J= 7.4 Hz), 7.11 (1H, dd, J= 7.9, 4.9 Hz), 7.22 (1H, d, J = 8.7 Hz), 7.27—

7.42 (2H, m), 7.49 (1H, t, J = 8.5 Hz), 8.02 (1H, dd, J= 4.9, 1.9 Hz), 10.43 (1H, d, J = 7.5 Hz), 10.81
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(1H, s). MS (ESI/APCI) mass calculated for [M + H]" (C3H,,F4sN,O3) requires m/z 413.1, found m/z
413.2. HPLC purity: 97.2%. mp 173.9-176.3 °C.

N-(2-Methoxy-1-(4-(trifluoromethoxy) phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-
carboxamide (38a). The title compound was prepared as a white solid after trituration with hexane in
55% yield from 63a and 99i using the procedure analogous to that described for the synthesis of 32. 'H
NMR (300 MHz, DMSO-dg) 6 3.28 (3H, s), 3.55-3.71 (2H, m), 4.33-4.50 (2H, m), 4.99-5.13 (1H, m),
7.11 (1H, dd, J = 7.9, 4.9 Hz), 7.27-7.39 (3H, m), 7.42-7.53 (2H, m), 8.00 (1H, dd, J=4.9, 1.7 Hz),
10.51 (1H, d, J = 7.4 Hz), 10.83 (1H, brs). MS (ESI/APCI) mass calculated for [M + H]
(CisH1sF3N4Oy) requires m/z 411.1, found m/z 411.1. HPLC purity: 99.8%. mp 163 °C. Anal. Calcd for
CisH17F3N4O4: C, 52.69; H, 4.18; N, 13.65. Found: C, 52.83; H, 4.33; N, 13.55.
N-(3-Methoxy-1-(4-(trifluoromethoxy)phenyl) propyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H
)-carboxamide (38b). The title compound was prepared as a white solid in 25% yield from 63a and
100h using the procedure analogous to that described for the synthesis of 37e. 'H NMR (300 MHz,
DMSO-dq) 6 2.01 (2H, q, J= 6.0 Hz), 3.21 (3H, s), 3.25-3.33 (2H, m), 4.29-4.51 (2H, m), 5.01 (1H, q,
J=6.8Hz), 7.11 (1H, dd, J = 7.9, 4.9 Hz), 7.26-7.37 (3H, m), 7.39-7.50 (2H, m), 8.02 (1H, dd, J =
4.9, 1.5 Hz), 10.31 (1H, d, J= 7.5 Hz), 10.81 (1H, brs). MS (ESI/APCI) mass calculated for [M + H]"
(CisH1sF3N4Oy) requires m/z 424.1, found m/z 425.2. HPLC purity: 99.8%. mp 132 °C. Anal. Calcd for
CioH9F3N4O4: C, 53.77; H, 4.51; N, 13.20; F,13.43. Found: C, 53.50; H, 4.52; N, 13.02; F, 13.37.
2-0Ox0-N-(1-(4-(trifluoromethoxy) phenyl)butyl)-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-carboxami
de (38c). The title compound was prepared as a white solid after crystallization from hexane/ethyl
acetate in 73% yield from 63a and 1-(4-(trifluoromethoxy)phenyl)butan-1-amine hydrochloride using
the procedure analogous to that described for the synthesis of 37e. '"H NMR (300 MHz, CDCl;) &
0.86-1.01 (3H, m), 1.23-1.51 (2H, m), 1.68-1.94 (2H, m), 4.584.75 (2H, m), 4.96 (1H, q,J= 7.5 Hz),
7.00 (1H, dd, J=7.7, 5.1 Hz), 7.10-7.22 (3H, m), 7.31-7.38 (2H, m), 8.00 (1H, dd, /= 4.9, 1.5 Hz),

8.99 (1H, s), 10.40 (1H, d, J = 7.5 Hz). MS (ESI/APCI) mass calculated for [M + H]" (C19H2F3N,05)
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requires m/z 424.1, found m/z 409.2. HPLC purity: 99.7%. mp 171.7-173.7 °C. Anal. Calcd for
Ci9H9F3N40;: C, 55.88; H, 4.69; N, 13.72. Found: C, 55.94; H, 4.78; N, 13.54.
N-(2-Hydroxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-
carboxamide (38d). A mixture of tert-butyl
(2-hydroxy-1-(4-(trifluoromethoxy)phenyl)ethyl)carbamate (106) (52 mg, 0.16 mmol) and 2 M HCI
solution in EtOH (2 mL, 4.00 mmol) was stirred at 60 °C for 2 min and then concentrated in vacuo.
To the residue were added DMF (2 mL), Et;N (0.045 mL, 0.32 mmol), and 63a (50.9 mg, 0.16 mmol)
at rt. The mixture was stirred at rt overnight and then poured into saturated aqueous NaCl. The mixture
was extracted with EtOAc, washed with saturated aqueous NaCl, dried over anhydrous MgSQO,, and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl
acetate, 1:1 to 0:100), followed by a preparative HPLC purification (column: L-Column2 ODS 20 mm
ID x 150 mm L; mobile phase A: 0.1% TFA in water; mobile phase B: 0.1% TFA in acetonitrile; flow
rate: 20 mL/min). The desired fraction was neutralized with saturated aqueous NaHCO3, concentrated
in vacuo to remove most of acetonitrile, and extracted with EtOAc. The organic layer was separated,
dried over anhydrous MgSQ,, and concentrated in vacuo to give 38d (32.2 mg, 0.081 mmol, 50%) as a
white solid. "H NMR (300 MHz, DMSO-d;) & 3.51-3.80 (2H, m), 4.29-4.53 (2H, m), 5.09 (1H, t, J =
5.1 Hz), 7.11 (1H, dd, J = 7.7, 5.1 Hz), 7.28-7.35 (4H, m), 7.40-7.51 (2H, m), 8.01 (1H, dd, J = 4.9,
1.5 Hz), 10.39 (1H, d, J = 7.2 Hz), 10.79 (1H, brs). MS (ESI/APCI) mass calculated for [M + HJ"
(C17H6F3N4Oy) requires m/z 397.1, found m/z 397.1. HPLC purity: 98.8%. mp 190 °C.
N-(2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy)phenyl)propyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyraz
ine-4(1H)-carboxamide (38e). The title compound was prepared as a white solid after trituration with
hexane/ethyl acetate in 82% yield from 63a and 108 using the procedure analogous to that described
for the synthesis of 37e. '"H NMR (300 MHz, CDCl;) § 1.16 (3H, s), 1.37 (3H, s), 1.70 (1H, s), 4.55—
4.76 (2H, m), 4.91 (1H, d, J= 8.3 Hz), 7.02 (1H, dd, J = 7.9, 4.9 Hz), 7.13-7.22 (3H, m), 7.37-7.46

(2H, m), 8.07 (1H, dd, J = 4.9, 1.5 Hz), 8.51 (1H, s), 10.93 (1H, d, J = 8.3 Hz). MS (ES/APCI) mass
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calculated for [M + H]" (CoHy0F3N404) requires m/z 425.1, found m/z 425.1. HPLC purity: 99.5%. mp
164.7-168.5 °C. Anal. Calcd for CoH9F3N4O4: C, 53.77; H, 4.51; N, 13.20. Found: C, 53.91; H,
4.66; N, 13.22.

N-(2-(Methylsulfonyl)-1-(4-(trifluoromethoxy) phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazine
-4(1H)-carboxamide (38f). A mixture of m-CPBA (68.7 mg, 0.28 mmol) and 64 (54 mg, 0.13 mmol)
in EtOAc (10 mL) was stirred at rt overnight. Then saturated aqueous Na,S,0; was added at rt and the
mixture was stirred for 5 min at the same temperature. The mixture was poured into saturated aqueous
NaHCOj; and extracted with EtOAc. The organic layer was separated, washed with saturated aqueous
NaHCO; and saturated aqueous NaCl, dried over anhydrous MgSO, and concentrated in vacuo. The
resulting solid was triturated from hexane/ethyl acetate to give 38f (38.2 mg, 0.083 mmol, 66%) as a
white solid. '"H NMR (300 MHz, DMSO-dy) 8 2.91 (3H, s), 3.63 (1H, dd, J = 14.7, 4.5 Hz), 4.00 (1H,
dd, J=14.5,9.2 Hz), 4.26-4.56 (2H, m), 5.46 (1H, td, J= 8.5, 3.8 Hz), 7.11 (1H, dd, J= 7.9, 4.9 Hz),
7.30 (1H, dd, J = 7.9, 1.5 Hz), 7.33-7.41 (2H, m), 7.53-7.61 (2H, m), 7.98 (1H, dd, J = 4.9, 1.5 Hz),
10.62 (1H, d, J = 7.9 Hz), 10.82 (1H, s). MS (ESI/APCI) mass calculated for [M + HJ
(CisH1sF3N4OsS) requires m/z 459.1, found m/z 459.2. HPLC purity: 99.7%. mp 147.2-150.8 °C. Anal.
Calcd for C;gH7F5N4O5S: C, 47.16; H, 3.74; N, 12.22. Found: C, 46.92; H, 3.80; N, 12.00.
N-(2-Methoxy-1-(4-(trifluoromethoxy) phenyl)ethyl)-6-methyl-2-oxo-2,3-dihydropyrido[ 2,3-b] pyr azi
ne-4(1H)-carboxamide (39a). To a suspension of 62¢ (118 mg, 0.72 mmol) in THF (20 mL) was
added triphosgene (171 mg, 0.58 mmol) at rt. The mixture was stirred at 40 °C under Ar for 1 h. After
cooling to rt, the mixture was concentrated in vacuo. The residue was diluted with THF and
concentrated in vacuo (this procedure was repeated three times). To a solution of the residue in THF
(20 mL) were added 100i (235 mg, 0.87 mmol) and Et;N (0.302 mL, 2.16 mmol) at rt. The mixture
was stirred at rt for 16 h and then poured into water. The mixture was extracted with EtOAc, dried
over anhydrous Na,SO, and concentrated in vacuo. The residue was purified by column

chromatography (silica gel, hexane/ethyl acetate, 4:1 to 0:100) to give 39a (58.3 mg, 0.137 mmol,
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19%) as a white solid after crystallization from hexane/ethyl acetate (2:1). 'H NMR (300 MHz,
DMSO-ds) 6 2.42 (3H, s), 3.29 (3H, s), 3.56-3.70 (2H, m), 4.39 (2H, s), 4.97-5.09 (1H, m), 6.96 (1H,
d, J=8.3 Hz), 7.22 (1H, d, J = 8.0 Hz), 7.27-7.37 (2H, m), 7.42-7.53 (2H, m), 10.72 (1H, s), 10.80
(1H, d, J = 7.2 Hz). MS (ESI/APCI) mass calculated for [M + H]" (C,oH,0F3N4O4) requires m/z 425.1,
found m/z 425.2. HPLC purity: 95.1%. mp 175 °C.
N-(2-Methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-7-methyl-2-oxo- 2,3-dihydropyrido[ 2,3-b] pyraz
ne-4(1H)-carboxamide (39b). The title compound was prepared as a pale yellow solid in 96% yield
following the general procedure described for preparation of compound 37e, by using 63d and 100i.
'H NMR (300 MHz, DMSO-ds) & 2.26 (3H, s), 3.28 (3H, s), 3.56-3.68 (2H, m), 4.32-4.48 (2H, m),
4.99-5.11 (1H, m), 7.14 (1H, d, J = 1.5 Hz), 7.27-7.37 (2H, m), 7.41-7.51 (2H, m), 7.85 (1H, d, J =
1.3 Hz), 10.38 (1H, d, J = 7.4 Hz), 10.78 (1H, brs). MS (ESI/APCI) mass calculated for [M + H]"
(C19Hp0F3N4Oy) requires m/z 425.1, found m/z 425.2. HPLC purity: 99.1%. mp 149 °C.
N-(2-Methoxy-1-(4-(trifluoromethoxy) phenyl)ethyl)-8-methyl-2-oxo-2,3-dihydropyrido[ 2,3-b] pyr azi
ne-4(1H)-carboxamide (39c). To a solution of 63a (82.5 mg, 0.251 mmol) in DMF (5 mL) were added
100i (68.3 mg, 0.251 mmol) and Et;N (0.096 mL, 0.689 mmol). The mixture was stirred at rt for 16 h
and then poured into NaHCO; aqueous solution. The mixture was extracted with EtOAc, washed with
1 M HCI aqueous solution and saturated aqueous NaCl, dried over anhydrous Na,SO, and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl
acetate, 9:1 to 0:100), followed by a preparative HPLC purification (column: L-Column2 ODS 20 mm
ID x 150 mm L; mobile phase A: 0.1% TFA in water; mobile phase B: 0.1% TFA in acetonitrile; flow
rate: 20 mL/min). The desired fraction was neutralized with saturated aqueous NaHCO3, concentrated
in vacuo to remove most of acetonitrile, and extracted with EtOAc. The organic layer was separated,
dried over anhydrous Na,SO,, and concentrated in vacuo to afford 39¢ (73.1 mg, 0.172 mmol, 69%) as
a white solid. 'H NMR (300 MHz, DMSO-d) & 2.30 (3H, s), 3.27 (3H, s), 3.56-3.68 (2H, m), 4.33—

4.49 (2H, m), 5.00-5.10 (1H, m), 7.03 (1H, d, /= 5.7 Hz), 7.27-7.36 (2H, m), 7.41-7.51 (2H, m), 7.93
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(1H,d,J=5.3 Hz), 10.28 (1H, d, J= 7.6 Hz), 10.35 (1H, s). MS (ESI/APCI) mass calculated for [M +
H]" (C 9H,0F3N40,) requires m/z 425.1, found m/z 425.1. HPLC purity: 99.9%. mp 128 °C.
7-Cyclopropyl-N-(2-methoxy-1-(4-(trifluoromethoxy) phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] p
yrazine-4(1H)-carboxamide (39d). A mixture of 69 (432 mg, 0.740 mmol) in TFA (2.1 mL) and H,O
(0.236 mL) was stirred at rt for 3.5 h and then concentrated in vacuo. The residue was dissolved in
DMF (10 mL) and 8 M NH; solution in MeOH (2.0 mL, 16.0 mmol) was added. The mixture was
stirred at rt for 1 h and then concentrated in vacuo. The residue was diluted with EtOAc. The solution
was washed with water and saturated aqueous NaCl, dried over anhydrous Na,SO, and concentrated in
vacuo to give 39d (279 mg, 0.590 mmol, 80%) as a white solid after trituration with hexane/ethyl
acetate (10:1). "H NMR (300 MHz, DMSO-dy) 8 0.61-0.71 (2H, m), 0.93-1.05 (2H, m), 1.90-2.03
(1H, m), 3.28 (3H, s), 3.55-3.71 (2H, m),4.30—4.49 (2H, m), 5.00-5.12 (1H, m), 6.96 (1H, d, J=2.3
Hz), 7.32 (2H, d, /= 7.9 Hz), 7.46 (2H, d, J = 8.7 Hz), 7.85 (1H, d,J = 1.9 Hz), 10.34 (1H, d, J=7.5
Hz), 10.69 (1H, s). MS (ESI/APCI) mass calculated for [M + H]" (CyH,F3N,40,) requires m/z 425.2,
found m/z 451.1. HPLC purity: 98.8%. mp 149 °C.
7-Chloro-N-(2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazi
ne-4(1H)-carboxamide (39€). To a solution of 579 (132.4 mg, 0.72 mmol) and Et;N (305 pL, 2.16
mmol) in THF (6 mL) and DMA (6 mL) was slowly added a solution of triphosgene (214 mg, 0.72
mmol) in THF (3.0 mL) at 0 °C. After stirring at 0 °C for 2 h, a mixture of Et;N (508 pL, 3.61 mmol)
and 100i (980 mg, 3.61 mmol) in THF (3.0 mL) and DMA (6.0 mL) was added at the same
temperature. The mixture was stirred at rt for 3 h and then quenched with water. The phases were
separated and the aqueous phase was extracted with EtOAc. The combined organic phases were
washed with water and saturated aqueous NaCl, dried over anhydrous Na,SO, and concentrated in
vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl acetate, 99:1 to
3:2) to give 39e (10.4 mg, 0.023 mmol, 3.2%) as a pale yellow solid after trituration with hexane/ethyl

acetate (10:1). "H NMR (300 MHz, DMSO-ds) & 3.29 (3H, s), 3.53-3.71 (2H, m), 4.32-4.52 (2H, m),
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4.99-5.12 (1H, m), 7.27-7.38 (3H, m),7.48 (2H, d, J= 8.7 Hz), 8.06 (1H, d, J = 2.3 Hz), 10.13 (1H, d,
J=17.2Hz), 10.93 (1H, brs). MS (ESI/APCI) mass calculated for [M + H]" (C,sH;,CIF;N,40,) requires
m/z 445.1, found m/z 445.1. HPLC purity: 96.5%.

7-Methoxy-N-(2-methoxy-1-(4-(trifluoromethoxy) phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyra
zine-4(1H)-carboxamide (39f). A mixture of 70 (395 mg, 0.69 mmol) in TFA (10 mL) and water (1.1
mL) was stirred at rt for 3 h and then concentrated in vacuo. The residue was dissolved in DMF (19
mL) and 8 M NHj solution in MeOH (3.73 mL, 29.8 mmol) was added. The mixture was stirred at rt
for 2 h and then concentrated in vacuo. The residue was diluted with EtOAc. The solution was washed
with water and saturated aqueous NaCl, dried over anhydrous Na,SO, and concentrated in vacuo. The
residue was purified by column chromatography (silica gel, hexane/ethyl acetate, 99:1 to 0:100) to
give 39f (203 mg, 0.461 mmol, 67%) as a white solid after trituration with hexane/ethyl acetate (10:1).
'H NMR (300 MHz, DMSO-ds) & 3.28 (3H, s), 3.54-3.68 (2H, m), 3.83 (3H, s), 4.30-4.51 (2H, m),
4.98-5.12 (1H, m), 6.96 (1H, d, J = 2.6 Hz), 7.27-7.37 (2H, m), 7.46 (2H, d, /= 8.7 Hz), 7.76 (1H, d,
J=12.6Hz), 10.02 (1H, d, J = 7.5 Hz), 10.76 (1H, brs). MS (ESI/APCI) mass calculated for [M + H]"
(C19Ha0F3N4Os) requires m/z 441.1, found m/z 441.2. HPLC purity: 98.7%.
7-1sopropoxy-N-(2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] py
razine-4(1H)-carboxamide (39g). A mixture of 71 (90 mg, 0.15 mmol) in TFA (2.13 mL) and water
(0.239 mL) was stirred at rt for 3 h. The mixture was concentrated in vacuo. The residue was dissolved
in DMF (4 mL) and 8 M NHj solution in MeOH (0.808 mL, 6.46 mmol) was added. The mixture was
stirred at rt for 2 h and concentrated in vacuo. The residue was diluted with EtOAc. The solution was
washed with water and saturated aqueous NaCl, dried over anhydrous Na,SO, and concentrated in
vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl acetate, 99:1 to
0:100) to give 39g (67.2 mg, 0.143 mmol, 95%) as a white amorphous solid. '"H NMR (300 MHz,
DMSO-dg) 6 1.29 (6H, d, J = 6.0 Hz), 3.28 (3H, s), 3.52-3.69 (2H, m), 4.28-4.49 (2H, m), 4.60 (1H,

dt, J=12.1, 6.0 Hz), 5.04 (1H, d, J = 7.2 Hz), 6.94 (1H, d, J = 2.6 Hz), 7.27-7.37 (2H, m), 7.46 (2H, d,
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J=28.7Hz), 7.73 (1H, d, J = 2.6 Hz), 10.01 (1H, d, J = 7.2 Hz), 10.72 (1H, s). MS (ESI/APCI) mass
calculated for [M + H]" (C2;H,4F3N4O5) requires m/z 469.2, found m/z 469.2. HPLC purity: 99.1%.
7-Methoxy-N-((1S)-2-methoxy-1-(4-(trifluoromethoxy) phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b]
pyrazine-4(1H)-carboxamide (40a). (Method A: step 39f — 40a in Scheme 2-6) Resolution of the
enantiomers of 39f was carried out chromatographically using a Chiralpak IA 20 mm ID x 250 mm L
column (COy/methanol, 43:7) at 50 mL/min. Resolution of 39f (200 mg, 0.454 mmol) provided 90.0
mg of 40a as the first eluting enantiomer, which was crystallized from hexane/ethyl acetate to afford
40a (78.3 mg, 0.178 mmol, 39%, 78% theoretical) as a white solid. Analytical HPLC analysis carried
out on a 4.6 mm ID X 150 mm L Chiralpak IA column (CO,/methanol, 41:9) at a flow rate of 4.0
mL/min indicated that 40a was of 99% ee. 'H NMR (300 MHz, DMSO-dg) 6 3.28 (3H, s), 3.52-3.70
(2H, m), 3.83 (3H, s), 4.26-4.52 (2H, m), 4.97-5.13 (1H, m), 6.96 (1H, d,J=2.6 Hz), 7.32 (2H, d, J =
8.3 Hz), 7.46 (2H, d, J=8.7 Hz), 7.76 (1H, d, J = 2.6 Hz), 10.02 (1H, d, J = 7.5 Hz), 10.77 (1H, brs).
MS (ESI/APCI) mass calculated for [M + H] (C19HaF3N4Os) requires m/z 441.1, found m/z 411.1.
HPLC purity: 100%. mp 77.6-78.6 °C. Anal. Calcd for C;oH;oN4OsF5-0.25H,0: C, 51.30; H, 4.42; F,
12.81; N, 12.59. Found: C, 51.58; H, 4.71; F, 12.52; N, 12.41.
7-Methoxy-N-((1S)-2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b]
pyrazine-4(1H)-carboxamide (40a). (Method B: step 112 — 40a in Scheme 2-10) To a solution of
112 (179 mg, 1.00 mmol) and 4-nitrophenyl carbonochloridate (242 mg, 1.20 mmol) in THF (10 mL)
was added DIEA (262 pL, 1.50 mmol) at rt. After being stirred at rt for 24 h, the mixture was
concentrated in vacuo. To a solution of the residue and 111b (299 mg, 1.10 mmol) in DMF (10 mL)
was added Et;N (418 pL, 3.00 mmol) at rt. After being stirred at rt for 24 h, the mixture was quenched
with water and extracted with EtOAc. The organic layer was washed with water and saturated aqueous
NaCl, dried over MgSQO,, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/ethyl acetate, 4:1 to 1:4) to give 40a (227 mg, 0.515 mmol, 52%)

as a white solid after recrystallization from heptane/acetone. Analytical HPLC analysis carried out on
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a 4.6 mm ID x 150 mm L Chiralpak IA column (CO,/methanol, 41:9) at a flow rate of 4.0 mL/min
indicated that 40a was of >99.9% ee as the first eluting enantiomer. 'H NMR (300 MHz, CDCl;) &
3.40 (3H, s), 3.68 (2H, d, J = 4.9 Hz), 3.87 (3H, s), 4.65 (2H, s), 5.12-5.22 (1H, m), 6.80 (1H, d, J =
2.6 Hz), 7.13-7.21 (2H, m), 7.37-7.44 (2H, m), 7.71 (1H, d, J = 2.6 Hz), 8.90 (1H, s), 10.17 (1H, d, J
= 7.2 Hz). MS (ESI/APCI) m/z 441.1 [M + H]". Anal. Calcd for C;oH;9N4OsF3: C, 51.82; H, 4.35; N,
12.72. Found: C, 51.65; H, 4.41; N, 12.62.

7-Methoxy-N-((1R)-2-methoxy-1-(4-(trifluoromethoxy) phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b]
pyrazine-4(1H)-carboxamide (40b). Resolution of the enantiomers of 39f was carried out
chromatographically using a Chiralpak IA 20 mm ID x 250 mm L column (CO,/methanol, 43:7) at 50
mL/min. Resolution of 39f (200 mg, 0.454 mmol) provided 94.0 mg of 40b as the second eluting
enantiomer, which was crystallized from hexane/ethyl acetate to afford 40b (60.0 mg, 0.136 mmol,
30%, 60% theoretical) as a white solid. Analytical HPLC analysis carried out on a 4.6 mm ID X 150
mm L Chiralpak TA column (COy/methanol, 41:9) at a flow rate of 4.0 mL/min indicated that 40b was
of >99.9% ee. 'H NMR (300 MHz, DMSO-d;) 8 3.28 (3H, s), 3.53-3.67 (2H, m), 3.83 (3H, s), 4.27—
4.51 (2H, m), 4.96-5.16 (1H, m), 6.96 (1H, d, /= 3.0 Hz), 7.32 (2H, d, /= 8.3 Hz), 7.41-7.54 (2H, m),
7.76 (1H, d, J= 2.6 Hz), 10.02 (1H, d, J = 7.2 Hz), 10.76 (1H, brs). MS (ESI/APCI) mass calculated
for [M + H]+ (C19H,0F3N4O5) requires m/z 441.1, found m/z 411.1. HPLC purity: 100%.
7-Methoxy-N-((1S or
1R)-2-methoxy-1-(4-(trifluoromethyl) phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-c
arboxamide (41a). Resolution of the enantiomers of 75 was carried out chromatographically using a
Chiralpak AD 50 mm ID X 500 mm L column (hexane/ethanol, 3:2) at 80 mL/min. Resolution of 75
(444 mg, 1.05 mmol) provided 210 mg of 41a as the first eluting enantiomer, which was crystallized
from hexane/ethyl acetate to afford 41a (197 mg, 0.464 mmol, 44%, 88% theoretical) as a white solid.
Analytical HPLC analysis carried out on a 4.6 mm ID X 250 mm L Chiralpak AD column

(hexane/ethanol, 7:3) at a flow rate of 1.0 mL/min indicated that 41a was of >99.9% ee. '"H NMR (300
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MHz, DMSO-dg) 6 3.28 (3H, s), 3.61-3.68 (2H, m), 3.83 (3H, s), 4.29-4.50 (2H, m), 5.03-5.16 (1H,
m), 6.97 (1H, d, J = 2.6 Hz), 7.56 (2H, d, J = 8.3 Hz), 7.69 (2H, d, J = 8.3 Hz), 7.77 (1H, d, J = 2.6
Hz), 10.07 (1H, d, J = 7.2 Hz),10.77 (1H, brs). MS (ESI/APCI) mass calculated for [M + H]
(C19Hp0F3N4Oy) requires m/z 425.1, found m/z 425.1. HPLC purity: 100%. mp 144 °C.

7-Methoxy-N-((1R or
195)-2-methoxy-1-(4-(trifluoromethyl) phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-c
arboxamide (41b). Resolution of the enantiomers of 75 was carried out chromatographically using a
Chiralpak AD 50 mm ID x 500 mm L column (hexane/ethanol, 3:2) at 80 mL/min. Resolution of 75
(444 mg, 1.05 mmol) provided 210 mg of 41b as the second eluting enantiomer, which was
crystallized from hexane/ethyl acetate to afford 41b (189 mg, 0.444 mmol, 43%, 85% theoretical) as a
white solid. Analytical HPLC analysis carried out on a 4.6 mm ID % 250 mm L Chiralpak AD column
(hexane/ethanol, 7:3) at a flow rate of 1.0 mL/min indicated that 41b was of >99.9% ee. 'H NMR (300
MHz, DMSO-dg) 6 3.28 (3H, s), 3.61-3.67 (2H, m), 3.83 (3H, s), 4.30-4.50 (2H, m), 5.04-5.16 (1H,
m), 6.97 (1H, d, J = 2.6 Hz), 7.56 (2H, d, J = 8.3 Hz), 7.69 (2H, d, J = 8.3 Hz), 7.77 (1H, d, J = 2.6
Hz), 10.07 (1H, d, J = 7.5 Hz),10.77 (1H, s). MS (ESI/APCI) mass calculated for [M + H]
(C19Hp0F3N4Oy) requires m/z 425.1, found m/z 425.1. HPLC purity: 100%. mp 142 °C.

N-((19)-1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethyl)-7-methoxy-2-oxo-2,3-dihydropyr
ido[2,3-b]pyrazine-4(1H)-carboxamide (42a). (Method A: step 76 — 42ain Scheme 2-6) Resolution
of the enantiomers of 76 was carried out chromatographically using a Chiralpak AD 50 mm ID % 500
mm L column (hexane/ethanol, 43:7) at 80 mL/min. Resolution of 76 (1.34 g, 2.93 mmol) provided
652 mg of 42a as the first eluting enantiomer, which was crystallized from hexane/ethyl acetate to
afford 42a (578 mg, 1.26 mmol, 43%, 86% theoretical) as a white solid. Analytical HPLC analysis
carried out on a 4.6 mm ID x 250 mm L Chiralpak AD column (hexane/ethanol, 13:7) at a flow rate of
1.0 mL/min indicated that 42a was of 99.8% ee. '"H NMR (300 MHz, DMSO-dq) 6 3.29 (3H, s), 3.53—

3.72 (2H, m), 3.83 (3H, s), 4.24-4.54 (2H, m), 4.95-5.16 (1H, m), 6.96 (1H, d, J = 2.6 Hz), 7.29 (1H,
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d, J=8.3 Hz), 7.39-7.61 (2H, m), 7.75 (1H, d, /= 2.6 Hz), 10.02 (1H, d, J = 7.5 Hz), 10.78 (1H, brs).
PC NMR (151 MHz, DMSO-d) & 45.41, 52.93, 55.99, 58.42, 74.55, 110.38, 115.66 (d, J = 18.8 Hz,
1C), 119.97 (q, J =257.6 Hz, 1C), 123.54 (d, J = 3.3 Hz, 1C), 123.70, 124.59, 125.82, 133.80 (qd, J =
1.7, 12.7 Hz, 1C), 135.07, 143.41 (d, J = 6.1 Hz, 1C), 152.10, 153.26 (d, J = 249.9 Hz, 1C), 153.75,
165.32. MS (ESI/APCI) mass calculated for [M + H]" (CoH,0F3N4O4) requires m/z 459.1, found m/z
459.2. HPLC purity: 100%. [a]D, =—114.5 (c = 1.00 in MeOH). mp 151.2-152.2 °C. Anal. Calcd for
CioH sFiN4Os: C, 49.79; H, 3.96; F, 16.58; N, 12.22. Found: C, 49.84; H, 4.14; F, 16.38; N, 12.12.

N-((19)-1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethyl)-7-meth oxy-2-oxo-2,3-dihydropyr
ido[2,3-b]pyrazine-4(1H)-carboxamide (42a). (Method B: step 112 — 42a in Scheme 2-11) To a
suspension of 112 (2.49 g, 13.90 mmol) and DIEA (7.13 mL, 41.7 mmol) in THF (120 mL) was added
portionwise 4-nitrophenyl chloroformate (3.64 g, 18.1 mmol) at 0 °C. The mixture was stirred at rt
under N, for 3 h and then concentrated in vacuo. To the residue were added i-Pr,O (200 mL) and
saturated aqueous NaCl (150 mL) and the mixture was srirred at rt for 20 min. The resulting
precipitate was filtered, washed with water and then i-Pr,O, and dried to give 4-nitrophenyl
7-methoxy-2-0x0-2,3-dihydropyrido[2,3-b]pyrazine-4(1 H)-carboxylate (4.20 g, 12.2 mmol, 88%) as a
gray solid. A mixture of 4-nitrophenyl
7-methoxy-2-0x0-2,3-dihydropyrido[2,3-b]pyrazine-4(1 H)-carboxylate obtained above (4.20 g, 12.2
mmol), DIEA (11.9 mL, 69.5 mmol), 115 (4.43 g, 15.3 mmol) and DMF (130 mL) was stirred at rt for
16 h and concentrated in vacuo. To the residue were added EtOAc (200 mL), THF (100 mL), and
NaHCOj; aqueous solution (200 mL). The phases were separated and the aqueous phase was extracted
with EtOAc/THF (2:1). The phases were washed with saturated aqueous NaCl, dried over anhydrous
Na,SO,, and concentrated in vacuo. The residue was purified by column chromatography (basic silica
gel (200 g), hexane/ethyl acetate, 3:17) to give 42a (5.01 g, 10.9 mmol, 79%) as a pale yellow solid.
To a solution of 42a (5.00 g, 10.9 mmol) in EtOH (200 mL) was added activated carbon (10 g). After

the mixture was stirred at rt for 30 min, the insoluble material was removed by filtration and washed
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with acetone several times. The filtrate was concentrated in vacuo. To a solution of the obtained
compound (4.17g) in acetone (35 mL) was added dropwise heptane (70 mL) at 52 °C (precipitate
occurred) and the mixture was stirred at 52 °C for 1 h. Additional heptane (35 mL) was added
dropwise at 52 °C and then gradually cooled to rt. The mixture was stirred overnight, and then stirred
at 5 °C for 1 h. The precipitate was collected by filtration, rinsed with acetone/heptane (7:21) to give
42a (3.15 g, 6.87 mmol, 63%) as a white solid. Analytical HPLC analysis carried out on a 4.6 mm ID
x 150 mm L Chiralpak ADH column (hexane/ethanol, 13:7) at a flow rate of 1.0 mL/min indicated that
42a was of >99.9% ee as the first eluting enantiomer. "H NMR (300 MHz, DMSO-d¢) d 3.29 (3H, s),
3.56-3.70 (2H, m), 3.83 (3H, s), 4.30—4.52 (2H, m), 4.95-5.16 (1H, m), 6.96 (1H, d, J = 2.6 Hz), 7.29
(1H, d, J= 8.3 Hz), 7.43-7.57 (2H, m), 7.75 (1H, d, /= 3.0 Hz), 10.02 (1H, d, /= 7.2 Hz), 10.78 (1H,
brs). MS (ESI/APCI) m/z 459.2 [M + H]". HPLC purity: 99.9%.

N-((1R)-1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethyl)- 7-methoxy-2-oxo-2,3-dihydropyr
ido[2,3-b]pyrazine-4(1H)-carboxamide (42b). Resolution of the enantiomers of 76 was carried out
chromatographically using a Chiralpak AD 50 mm ID % 500 mm L column (hexane/ethanol, 43:7) at
80 mL/min. Resolution of 76 (1.34 g, 2.93 mmol) provided 680 mg of 42b as the second eluting
enantiomer, which was crystallized from hexane/ethyl acetate to afford 42b (563 mg, 1.22 mmol, 41%,
83% theoretical) as a white solid. Analytical HPLC analysis carried out on a 4.6 mm ID x 250 mm L
Chiralpak AD column (hexane/ethanol, 13:7) at a flow rate of 1.0 mL/min indicated that 42b was of
99.6% ee. '"H NMR (300 MHz, DMSO-dq) & 3.29 (3H, s), 3.53-3.70 (2H, m), 3.83 (3H, s), 4.29-4.51
(2H, m), 4.98-5.12 (1H, m), 6.97 (1H, d, J = 3.0 Hz), 7.29 (1H, d, J = 8.3 Hz), 7.39-7.59 (2H, m),
7.75 (1H, d, J = 2.6 Hz), 10.02 (1H, d, J = 7.2 Hz), 10.78 (1H, brs). MS (ESI/APCI) mass calculated
for [M + H]" (C1oHF3N,40,) requires m/z 459.1, found m/z 459.1. HPLC purity: 98.2%. mp 151.2—
152.2 °C. Anal. Calcd for C,oH;sN4OsF4-0.3H,0: C, 49.21; H, 4.04; F, 16.39; N, 12.08. Found: C,

49.17; H, 4.05; F, 16.20; N, 12.04.
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tert-Butyl Ethyl (3-Nitropyridin-2-yl)malonate (44). To a suspension of potassium tert-butoxide (26.6
g, 237 mmol) in THF (500 mL) at 60 °C was added dropwise fert-butyl ethyl malonate (45 mL, 237
mmol), followed by 43 (25.0 g, 158 mmol) in THF (50 mL). The mixture was refluxed for 3 h. The
mixture was concentrated in vacuo and the residue was diluted with 1 M HCI aqueous solution (100
mL). The aqueous solution was extracted with EtOAc and the combined organic phase was washed
with saturated aqueous NaCl, dried over anhydrous Na,SO,4 and concentrated in vacuo to give crude
44 (66.7 g). This was used in the next reaction without further purification. '"H NMR (400 MHz,
CDCl;) 6 1.30 (3H, t, J= 7.2 Hz), 1.49 (9H, s), 4.29—4.33 (2H, m), 5.43 (1H, s), 7.51 (1H, dd, J = 8.4,
4.2 Hz), 8.46 (1H, d, /= 8.4 Hz), 8.82 (1H, d, /= 5.2 Hz).

Ethyl (3-Nitropyridin-2-yl)acetate (45). To a solution of crude 44 (66.7 g) in CH,Cl, (300 mL) was
added TFA (100 mL). The mixture was stirred at rt overnight. The mixture was concentrated in vacuo
and the residue was diluted with NaHCO; aqueous solution (100 mL). The mixture was extracted with
EtOAc, washed with saturated aqueous NaCl, dried over anhydrous Na,SO, and concentrated in vacuo
to give crude 45 (29.0 g). This was used in the next reaction without further purification. 'H NMR
(400 MHz, CDCl3) 6 1.26 (3H, t, J= 7.2 Hz), 4.20 (2H, q, /= 7.2 Hz), 4.33 (2H, s), 7.48 (1H, dd, J =
8.0, 1.2 Hz), 8.43 (1H, dd, J= 8.4, 1.2 Hz), 8.80 (1H, dd, /= 8.4, 1.2 Hz).

Ethyl (3-Aminopyridin-2-yl)acetate (46). A mixture of crude 45 (29.0 g) and 10% Pd/C (containing
50% water, 2.90 g) in EtOH (400 mL) was stirred under 50 psi of H, at rt for 3 h. The mixture was
filtered through celite and the filtrate was concentrated in vacuo to give crude 46 (25.5 g). This was
used in the next reaction without further purification. '"H NMR (400 MHz, CDCl;) § 1.26 3H, t, J =
7.2 Hz), 3.85 (2H, s), 4.17 (2H, q, J = 7.2 Hz), 4.32 (2H, br s), 6.99-7.06 (2H, m), 7.99-8.01 (1H, m).
Ethyl (3-((Diethoxyacetyl)amino)pyridin-2-yl)acetate (47). To a mixture of crude 46 (25.5 g, 142
mmol) and 2,2-diethoxylacetic acid (23.0 g, 156 mmol) in DMF (300 mL) was added DIEA (70.3 mL,
425 mmol), followed by HATU (80.7 g, 212 mmol). The mixture was stirred at rt overnight. The

mixture was diluted with water and extracted with EtOAc (300 mL x 2). The combined organic phase
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was washed with NaHCO; aqueous solution and then saturated aqueous NaCl, dried over anhydrous
Na,SO, and concentrated in vacuo. The residue was purified by column chromatography (silica gel,
petroleum/ethyl acetate, 3:1) to give 47 (26.0 g, 53% in 4 steps from 43). '"H NMR (400 MHz, CDCl;)
6 1.27-1.33 (9H, m), 3.69-3.83 (4H, m), 3.90 (2H, s), 4.20 (2H, q, /= 7.2 Hz), 4.97 (1H, s), 7.25-7.28
(1H, m), 8.29-8.35 (2H, m), 9.53 (1H, br s). 2,2-Diethoxylacetic acid was prepared in the following
method. To a solution of ethyl 2,2-diethoxyacetate (17.8 g, 101 mmol)in EtOH (50 mL) was added 2
M NaOH aqueous solution (101 mL, 202 mmol). The mixture was stirred at rt for 16 h and then EtOH
was removed under reduced pressure. The aqueous phase was extracted with Et,O. The aqueous phase
was acidified with 2 M HCI aqueous solution to pH 3~4, saturated with solid NaCl and extracted with
EtOAc. The combined organic phases were dried over anhydrous Na,SO,4 and concentrated in vacuo to
afford 2,2-diethoxyacetic acid (3.37 g, 22.7 mmol, 23%) as a colorless oil. '"H NMR (300 MHz,
DMSO-dg) 6 1.13 (6H, t, J= 7.2 Hz), 3.46-3.67 (4H, m), 4.80 (1H, s), 12.92 (1H, brs).

Ethyl 2-Oxo-1,2-dihydro-1,5-naphthyridine-4-carboxylate (48). To a solution of 47 (3.00 g, 9.67
mmol) in TFA (50 mL) was added H,O (2 mL), followed by 2 drops of I, fresh solution (30 mg of I,
was suspended in TFA (10 mL)). The mixture was heated to 50 °C overnight and then concentrated in
vacuo. The residue was dissolved in toluene (50 mL) and piperidine (3 mL). The resulting mixture was
refluxed for 6 h, and then concentrated in vacuo. The residue was purified by column chromatography
(silica gel, petroleum ether/ethyl acetate, 1:1) to give 48 (550 mg, 26%). 'H NMR (400 MHz, CDCls)
6 1.44 3H,t,J=17.2 Hz), 4.53 (2H, q, J = 7.2 Hz), 7.07 (1H, s), 7.48-7.51 (1H, m), 7.74-7.77 (1H,
m), 8.66—8.68 (1H, m), 12.38 (1H, br s).

2-0x0-1,2-dihydro-1,5-naphthyridine-4-carboxylic Acid (49). To a solution of 48 (70 mg, 0.32 mmol)
in EtOH (5 mL) was added 2 M NaOH aqueous solution (4 mL). The mixture was stirred at rt for 2 h.
EtOH was removed under reduced pressure and the aqueous phase was acidified to pH ~5 with 1 M

HCIl aqueous solution. The precipitate was collected by filtration and dried to give 49 (53 mg, 87%) as
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a beige solid. 'H NMR (400 MHz, DMSO-ds) & 7.02 (1H, s), 7.64-7.67 (1H, m), 7.80 (1H, d, J = 8.8
Hz), 8.55 (1H, d, J=4.0 Hz), 12.26 (1H, d, /= 10.4 Hz), 14.86 (1H, br s).

1H-Pyrazole-1,5-diamine (51a). To a vigorously stirred solution of 2H-pyrazol-3-ylamine (50) (4.00 g,
48.2 mmol) in DMF (50 mL) cooled in an ice-salt bath was added KOH (20.0 g, 357 mmol). The
mixture was stirred at 0 °C for 20 min. Then, HOSA (5.45 g, 48.2 mmol) was added in portions. The
mixture was stirred vigorously at 10—15 °C for 2 h. The mixture was filtered by a cake of celite and the
celite was washed with CH,Cl, (50 mL x 2). The combined filtrate was concentrated in vacuo. The
residue was purified by column chromatography (silica gel, CH,Cly/methanol, 100:0 to 60:1) to afford
51a (less polar, 810 mg, 17% yield) as a yellow solid and 51b (more polar, 520 mg, 11% yield) as a
yellow solid. The structures were confirmed by nuclear overhauser effect (NOE) experiments (See
below). "H NMR for 51a (400 MHz, DMSO-ds) & 4.91 (2H, brs), 5.14 (1H, d, J = 2.0 Hz), 5.66 (2H,
brs), 6.86 (1H, d, J= 1.6 Hz). "H NMR for 51b (400 MHz, DMSO-d;) § 4.41 (2H, brs), 5.22 (1H, d, J

— 2.4 Hz), 5.85 (2H, brs), 7.08 (1H, d, J = 2.0 Hz).
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NOE Data for 51a
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3-Methylpyrazolo[1,5-b][1,2,4]triazine (52). To a solution of 2-oxo-propionaldehyde (40% aqueous
solution, 689 mg, 3.83 mmol) in H,O (4 mL) and concd HCI (0.2 mL) was added 51a (300 mg, 3.06
mmol) in small portions at 60 °C. The mixture was heated to reflux for 1 h. After cooling to 15 °C, the
mixture was basified to pH ~8 with saturated aqueous NaHCO; and extracted with CH,Cl, (10 mL x
3). The combined organic layer was dried over anhydrous Na,SO, and concentrated in vacuo. The
residue was purified by preparative TLC (CH,Cly/methanol, 10:1) to give 52 (150 mg, 37% yield) as a
yellow solid. The structure was confirmed by heteronuclear multiple bond correlation (HMBC)
experiments (See below). 'H NMR (400 MHz, CDCls) § 2.65 (3H, s), 6.79 (1H, d, J = 2.4 Hz), 8.12

(1H, d, J = 2.8 Hz), 8.30 (1H, s).
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HMBC Data for 52
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3-Methylpyrazolo[1,5-b][1,2,4]triazine-8-carbaldehyde (53). POCI; (800 mg, 5.26 mmol) was added
dropwise to DMF (5 mL) at 0 °C under N,. After 30 min of stirring at 0 °C, a solution of 52 (150 mg,
1.12 mmol) in DMF (3 mL) was added dropwise at the same temperature. The mixture was warmed to
40 °C and stirred for 16 h. After cooling to 10 °C, the mixture was diluted with water (20 mL) and
basified to pH ~9 with 1 M NaOH aqueous solution. The mixture was extracted with EtOAc (15mL x
3). The combined organic layer was washed with saturated aqueous NaCl (15 mL), dried over
anhydrous Na,SO,, and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, petroleum ether/ethyl acetate, 5:1) to give 53 (50 mg, 28% yield) as a yellow solid. 'H
NMR (400 MHz, CDCl;) 6 2.75 (3H, s), 8.59-8.63 (2H, m), 10.29 (1H, s).

3-Methylpyrazolo[1,5-b][1,2,4]triazine-8-carboxylic acid (54). A mixture of 53 (50 mg, 0.31 mmol),
NaClO; (140 mg, 1.55 mmol), NaH,PO,4 (94 mg, 0.78 mmol), and 2-methyl-2-butene (55 mg, 0.78

mmol) in fert-BuOH (5 mL) and H,O (2 mL) was stirred at 30 °C for 16 h. The solvent was removed
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under reduced pressure and the residue was diluted with water (10 mL). The mixture was extracted
with CH,Cl, (10 mL x 5). The combined organic layer was washed with saturated aqueous NaCl (10
mL), dried over anhydrous Na,SO,, and concentrated in vacuo to give 54 (30 mg, containing 50% of
52) as a yellow solid. "H NMR (400 MHz, DMSO-d;) 6 2.57 (3H, s), 8.57 (1H, s), 8.78 (1H, s), 12.73
(1H, brs).

2-(2-Ethoxy-2-oxoethyl)nicotinic Acid (56). Na (2.85 g, 124 mmol) was dissolved in absolute EtOH
(100 mL) and the solution was cooled to rt. To the resulting solution were added ethyl acetoacetate
(9.66 g, 74.3 mmol), 2-bromonicotinic acid (55) (10.0 g, 49.5 mmol), and Cu(OAc), (360 mg, 1.98
mmol). The mixture was stirred at reflux for 16 h. After cooling to rt, the mixture was acidified with
AcOH (80 mL) and concentrated in vacuo. The residue was diluted with water (50 mL) and the
mixture was extracted with CH,Cl, (50 mL x 5). The extract was concentrated in vacuo. The residue
was purified by column chromatography (silica gel, CH,Cl,/methanol, 100:0 to 10:1) to afford 56
(5.60 g, 26.8 mmol, 54%) as a yellow solid. "H NMR (400 MHz, DMSO-dg) 6 1.16 (3H, t, J = 7.2 Hz),
4.06 (2H, q, J = 7.2 Hz), 4.17 (2H, s), 7.46 (1H, dd, J = 8.0, 4.8 Hz), 8.27 (1H, dd, J = 8.0, 2.0 Hz),
8.66 (1H, dd, J = 4.8, 2.0 Hz), 13.35 (1H, brs).

(8E or 82)-8-((Dimethylamino)methylene)-5H-pyrano[4,3-b]pyridine-5,7(8H)-dione (57). To a
stirred solution of 56 (700 mg, 3.35 mmol) in DMF (5 mL) was added POCI; (0.70 mL, 7.5 mmol)
dropwise at 0 °C. The mixture was stirred at 5 °C for 2 h, and then poured into ice/water (20 mL). The
mixture was extracted with CH,Cl, (20 mL x 3). The extract was concentrated in vacuo to afford crude
57 (400 mg) as a yellow solid. This was used in the next reaction without further purification. 'H
NMR (400 MHz, CDCls) 6 3.37 (3H, s), 3.55 (3H, s), 7.12 (1H, dd, J = 8.0, 4.8 Hz), 8.39 (1H, d, J =
7.2 Hz), 8.57 (1H, dd, J = 4.8, 1.6 Hz), 8.79 (1H, s).
6-(2,4-Dimethoxybenzyl)-5-0x0-5,6-dihydro-1,6-naphthyridine-8-carboxylic  Acid (58). To a
suspension of crude 57 (400 mg) in DMF (8 mL) were added EtN (740 mg, 7.32 mmol) and

2,4-dimethoxybenzylamine (919 mg, 5.50 mmol), and the mixture was stirred at 5 °C for 16 h. The
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mixture was poured into ice/water (30 mL) and then acidified with 1 M HCI aqueous solution to pH ~
1. The precipitate was collected by filtration, washed with water (5 mL), and dried to afford 58 (300
mg, 0.881 mmol, 26% in 2 steps from 56) as a yellow solid. '"H NMR (400 MHz, DMSO-d;) & 3.75
(3H, s), 3.78 (3H, s), 5.16 (2H, s), 6.52 (1H, dd, J = 8.4, 2.4 Hz), 6.59 (1H, d, J = 2.4 Hz), 7.24 (1H, d,
J=8.4Hz),7.74 (1H, dd, J = 8.0, 4.8 Hz), 8.67 (1H, s), 8.73 (1H, dd, J = 8.0, 2.0 Hz), 9.06 (1H, dd,
J=4238,2.0 Hz).

6-(2,4-Dimethoxybenzyl)-5-oxo-N-(1-(4-(trifluoromethoxy)phenyl) propyl)-5,6-dihydro-1,6-naphthyr

idine-8-carboxamide (59). A mixture of 58 (300 mg, 0.882 mmol), 22b (226 mg, 0.882 mmol), EDCI
(253 mg, 1.32 mmol), HOBt (178 mg, 1.32 mmol) and Et;N (268 mg, 2.65 mmol) in DMF (5 mL) was
stirred at 5 °C for 16 h and then at 40 °C for 16 h. After cooling to rt, the mixture was poured into
water (10 mL) and extracted with CH,Cl, (15 mL x 2). The extract was concentrated in vacuo. The
residue was purified by column chromatography (silica gel, petroleum ether/ethyl acetate, 5:1 to 2:1)
to afford impure 59 (500 mg, 93% LC-MS purity). 100 mg of impure 59 was further purified by
preparative HPLC (column: YMC-pack ODS-A 4.6 mm ID x 150 mm L; mobile phase A: 0.05% HCI
in water; mobile phase B: 0.05% HCI in acetonitrile; flow rate: 1.5 mL/min). After most of the solvent
was removed under reduced pressure, the residue was lyophilized to afford 59 (27 mg, 0.0467 mmol,
26%) as a yellow solid. The remaining impure 59 (370 mg, 93% LC—MS purity) was used in the next
reaction without further purification. '"H NMR (400 MHz, DMSO-d;) 6 0.92 (3H, t, J = 7.2 Hz), 1.82—
1.91 (2H, m), 3.74 (3H, s), 3.76 (3H, s), 5.05 (1H, q, J = 7.2 Hz), 5.06-5.17 (2H, m), 6.50 (1H, dd, J
=8.4,2.4Hz), 658 (1H, d, J = 2.4 Hz), 7.18 (1H, d, J = 8.4 Hz), 7.32 (2H, d, J = 8.0 Hz), 7.49 (2H,
d, J = 8.8 Hz), 7.67 (1H, dd, J = 8.0, 4.8 Hz), 8.52 (1H, s), 8.69 (1H, dd, J = 8.0, 2.0 Hz), 9.09 (1H,
dd, J =4.8,2.0 Hz), 10.99 (1H, d, J = 7.6 Hz). MS (ESI/APCI) m/z 542.1 [M + H]".

Methyl N-(3-Nitropyridin-2-yl)glycinate (61a). The mixture of 60a (36.6 g, 231 mmol), methyl
glycinate hydrochloride (29 g, 231 mmol), and Et;N (80 mL, 577 mmol) in DMF (231 mL) was stirred

at 90 °C for 3 h. After cooling to rt, the mixture was poured into water. The resulting solid was
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collected by filtration, washed with water, and dried to give 61a (49.8 g, 236 mmol, quantitative yield)
as a yellow solid. This was used in the next reaction without further purification. '"H NMR (300 MHz,
CDCl) 6 3.80 (3H, s), 4.40 (2H, d, /= 5.7 Hz), 6.74 (1H, dd, J = 8.3, 4.5 Hz), 8.36-8.55 (3H, m). MS
(ESI/APCI) mass calculated for [M + H]" (CsH;(N3O,) requires m/z 212.1, found m/z 212.1.

Methyl N-(4-Methyl-3-nitropyridin-2-yl)glycinate (61b). To a mixture of 60b (1.51 g, 8.77 mmol) and
methyl glycinate hydrochloride (1.16 g, 9.21 mmol) in DMF (12 mL) was added Et;N (3.06 mL, 21.9
mmol). The mixture was stirred at 80 °C for 16 h. The solvent was evaporated and the residue was
diluted with EtOAc. The organic layer was washed with water and saturated aqueous NaCl, dried over
anhydrous Na,SQO,. The solvent was evaporated. The residue was purified by column chromatography
(silica gel, hexane/ethyl acetate, 19:1 to 4:1) to give 61b (0.614 g, 2.73 mmol, 31%) as a yellow solid.
'H NMR (300 MHz, DMSO-d;) 5 2.39 (3H, s), 3.63 (3H, s), 4.14 (2H, d, J = 5.7 Hz), 6.69 (1H, dd, J =
4.9,0.8 Hz), 7.83 (1H, t, J=5.9 Hz), 8.13 (1H, d, J= 4.9 Hz). MS (ESI/APCI) mass calculated for [M
+ H]" (CoH,N30,) requires m/z 226.1, found m/z 226.3.

Methyl N-(6-Methyl-3-nitropyridin-2-yl)glycinate (61c). The title compound was prepared in 94%
yield as a yellow solid from 60c and methyl glycinate hydrochloride using the procedure analogous to
that described for the synthesis of 61b. "H NMR (300 MHz, DMSO-d,) & 2.38 (3H, s), 3.66 (3H, s),
429 (2H, d, J = 6.1 Hz), 6.70 (1H, d, J = 8.3 Hz), 8.34 (1H, d, J = 8.3 Hz), 8.76 (1H, t, /= 5.5 Hz).
MS (ESI/APCI) mass calculated for [M + H]" (CoH,,N30,) requires m/z 226.1, found m/z 226.1.
Methyl N-(5-Methyl-3-nitropyridin-2-yl)glycinate (61d). The title compound was prepared as a
yellow solid in 70% yield from 60d and methyl glycinate hydrochloride using the procedure analogous
to that described for the synthesis of 61b. "H NMR (300 MHz, DMSO-d;) & 2.24 (3H, s), 3.64 (3H, s),
4.28 (2H, d, J=5.7 Hz), 8.27-8.37 (2H, m), 8.60 (1H, t, /= 5.7 Hz).

Methyl N-(5-1odo-3-nitropyridin-2-yl)glycinate (61€). To a solution of 60e (11.1 g, 39.0 mmol) in
EtOH (350 mL) were added methyl glycinate hydrochloride (9.80 g, 78.1 mmol) and Et;N (13.6 mL,

97.6 mmol) at rt. After being refluxed for 16 h, the reaction mixture was concentrated, and the residue
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was quenched with water and extracted with EtOAc. The organic layer was separated, washed with
water and saturated aqueous NaCl, dried over anhydrous MgSO, and concentrated in vacuo. The
residue was crystallized from hexane/ethyl acetate to give 61e (9.79 g, 29.0 mmol, 74%) as a yellow
solid. "H NMR (300 MHz, CDCl;) & 3.79 (3H, s), 4.36 (2H, d, J = 5.5 Hz), 8.43 (1H, brs), 8.53 (1H, d,
J = 2.1 Hz), 8.70 (1H, d, J = 2.1 Hz). MS (ESI/APCI) mass calculated for [M + H]" (CgHoIN;0,)
requires m/z 338.0, found m/z 337.9.

Methyl N-(5-Bromo-3-nitropyridin-2-yl)glycinate (61f). The title compound was prepared as a dark
yellow solid in 82% yield from 60f and methyl glycinate hydrochloride using the procedure analogous
to that described for the synthesis of 61e. '"H NMR (300 MHz, CDCl3) & 3.80 (3H, s), 4.37 (2H, d, J =
5.7 Hz), 8.37-8.51 (2H, m), 8.57 (1H, d, J = 2.3 Hz). MS (ESI/APCI) mass calculated for [M + H]"
(CgHyBrN;0y4) requires m/z 290.0, found m/z 290.0.

Methyl 2-((5-Chloro-3-nitropyridin-2-yl)amino)acetate (61g). To a stirred solution of 61f (400 mg,
1.38 mmol) in NMP (13.8 mL) was added copper(I) chloride (410 mg, 4.14 mmol). The mixture was
stirred at 150 °C for 2.5 h under microwave irradiation. The mixture was partitioned between EtOAc
and water, and the gray solid was filtered off. The phases of the filtrate were separated and the aqueous
phase was extracted with EtOAc. The combined organic phases were washed with water and then
saturated aqueous NaCl, dried over anhydrous Na,SO,4 and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, hexane/ethyl acetate, 99:1 to 4:1) to give 61g (181 mg,
0.737 mmol, 53%) as a yellow solid after trituration with i-Pr,O. The filtrate was concentrated to give
the residue. The residue was triturated with hexane/i-Pr,O (5:1) to give 61g (36.1 mg, 0.147 mmol,
11%) as a yellow solid. '"H NMR (300 MHz, DMSO-d;) § 3.65 (3H, s), 4.29 (2H, d, J = 5.7 Hz), 8.54
(2H, s), 8.81 (1H, t, J = 5.5 Hz). MS (ESI/APCI) mass calculated for [M + H]" (CgHoCIN;0,) requires
m/z 246.0, found m/z 246.0.

3,4-Dihydropyrido[2,3-b]pyrazin-2(1H)-one (62a). A mixture of 6la (24.1 g, 114 mmol) and 10%

Pd/C (containing 50% water, 3.0 g) in EtOH (381 mL) was stirred at rt overnight under H,. The
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catalyst was filtered off and evaporated. A suspension of the residue in EtOH (500 mL) was refluxed
for 16 h. After cooling to rt, the solid was collected by filtration, washed with EtOH, and dried to give
62a (16.8 g, 113 mmol, 99%) as a gray solid. 'H NMR (300 MHz, DMSO-d,) & 3.89 (2H, d, J= 1.5
Hz), 6.54 (1H, dd, /= 7.5, 4.9 Hz), 6.67 (1H, s), 6.91 (1H, dd, J= 7.5, 0.8 Hz), 7.59 (1H, dd, J = 4.9,
1.5 Hz), 10.34 (1H, brs).

8-Methyl-3,4-dihydropyrido[2,3-b]pyrazin-2(1H)-one (62b). A mixture of 61b (610 mg, 2.71 mmol)
and 10% Pd/C (containing 50% water, 500 mg) in EtOH (60 mL) was hydrogenated under balloon
pressure at rt for 16 h. The catalyst was removed by filtration and the filtrate was stirred at 80 °C for 8
h. The solvent was removed under reduced pressure. The resulting solid was triturated with
hexane/ethyl acetate (1:2) to afford 62b (258 mg, 1.58 mmol, 58%) as a dark purple solid. 'H NMR
(300 MHz, DMSO-d¢) 6 2.14 (3H, s), 3.83 (2H, d, J= 1.9 Hz), 6.45 (1H, d, J = 5.3 Hz), 6.58 (1H, s),
7.51 (1H, d, J = 4.9 Hz), 9.91 (1H, s). MS (ESI/APCI) mass calculated for [M + H]" (CgH;(N;0)
requires m/z 164.1, found m/z 164.2.

6-Methyl-3,4-dihydropyrido[2,3-b]pyrazin-2(1H)-one (62c). A mixture of 61c (3.08 g, 13.7 mmol)
and 10% Pd/C (containing 50% water, 1.5 g) in EtOH (200 mL) was hydrogenated under balloon
pressure at rt for 1.5 h. The catalyst was filtered off and the filtrate was stirred at 80 °C for 8 h. EtOH
was removed to ~50 mL, to which ethyl acetate/hexane (30 mL/15 mL) were added. The resulting
solid was collected by filtration, rinsed with hexane/ethyl acetate (2:1) and dried to afford 62c (1.911 g,
11.71 mmol, 86%) as a gray solid. "H NMR (300 MHz, DMSO-d;) 6 2.20 (3H, s), 3.86 (2H, d, /= 1.9
Hz), 6.39 (1H, d, J = 7.6 Hz), 6.60 (1H, s), 6.82 (1H, d, J = 7.6 Hz), 10.25 (1H, s). MS (ESI/APCI)
mass calculated for [M + H]" (CgH;(N3O) requires m/z 164.1, found m/z 164.2.
7-Methyl-3,4-dihydropyrido[2,3-b]pyrazin-2(1H)-one (62d). A mixture of 61d (6.99 g, 31.0 mmol)
and 10% Pd/C (containing 50% water, 2.0 g) in EtOH (100 mL) was stirred at rt overnight under H,.
The catalyst was filtered off and evaporated. A suspension of the residue in EtOH (100 mL) was

refluxed for 5 h and then concentrated to ~1/3 volume in vacuo. To the residue was added i-Pr,O (30
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mL) and the precipitate was collected by filtration, rinsed with i-Pr,O and dried to give 62d (4.56 g,
27.9 mmol, 90%) as a gray solid. '"H NMR (300 MHz, DMSO-d;) § 2.09 (3H, s), 3.85 (2H, d, J = 1.5
Hz), 6.45 (1H, s), 6.72—6.80 (1H, m), 7.39-7.48 (1H, m), 10.31 (1H, s).
7-10do-3,4-dihydropyrido[2,3-b]pyrazin-2(1H)-one (62€). A mixture of 61e (6.0 g, 17.8 mmol) and
5% Pt/C (500 mg) in THF (300 mL) was hydrogenated under balloon pressure at rt overnight. The
catalyst was removed by filtration and the filtrate was concentrated in vacuo to give methyl
2-((3-amino-5-iodopyridin-2-yl)amino)acetate as brown oil. This product was subjected to the next
reaction without further purification. MS (ESI/APCI) m/z 308.0 [M + H]". A solution of methyl
2-((3-amino-5-iodopyridin-2-yl)amino)acetate (5.47 g, 17.8 mmol) in EtOH (200 mL) was refluxed
for 16 h. The reaction mixture was concentrated, and the residue was triturated with i-Pr,O to give 62e
(4.48 g, 16.3 mmol, 91%) as a gray solid. "H NMR (300 MHz, DMSO-d;) 6 3.93 (2H, d, J = 1.5 Hz),
6.96 (1H, br. s), 7.12 (1H, d, J= 1.1 Hz), 7.74 (1H, d, J = 1.9 Hz), 10.42 (1H, br. s). MS (ESI/APCI)
mass calculated for [M + H]" (C;H;IN;O) requires m/z 276.0, found m/z 276.0.
7-Chloro-3,4-dihydropyrido[2,3-b]pyrazin-2(1H)-one (62g). A solution of 61g (181 mg, 0.74 mmol)
in THF (12.5 mL) was hydrogenated over 5% Pt/C (20 mg) at rt for 2 h. The catalyst was filtered off
and washed with EtOH, and the filtrate was concentrated in vacuo. The residue was dissolved in EtOH
(10 mL), and the mixture was stirred at reflux overnight. Since the starting material remained, 2 M
HCI solution in MeOH (1 mL) was added to the mixture, which was stirred at reflux for further 10 min.
After the solvent was removed under reduced pressure, the residue was diluted with EtOAc and
neutralized with saturated aqueous NaHCO;. The phases were separated and the aqueous phase was
extracted with EtOAc. The combined organic phases were washed with saturated aqueous NaCl, dried
over anhydrous Na,SO, and concentrated in vacuo to give 62¢g (132 mg, 0.721 mmol, 98%) as a brown
solid. This was used in the next reaction without further purification. "H NMR (300 MHz, DMSO-dg)
8393 (2H,d,/J=1.5Hz),6.92 (1H, d, J= 2.3 Hz), 6.98 (1H, s), 7.59 (1H, d, /= 2.3 Hz),10.48 (1H, s).

MS (ESI/APCI) mass calculated for [M + H]" (C;H,CIN;O) requires m/z 184.0, found m/z 184.0.
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4-Nitrophenyl 2-Oxo-2,3-dihydropyrido[2,3-b]pyrazine-4(1H)-carboxylate (63a). To a solution of
62a (3.0 g, 20.1 mmol) in DMA (170 mL) and pyridine (30 mL) was added 4-nitrophenyl
chloroformate (4.87 g, 24.1 mmol) at rt. After being stirred for 20 h, the mixture was quenched with
water and extracted with EtOAc. The organic layer was separated, washed with 1 M HCI aqueous
solution, water and saturated aqueous NaCl, dried over anhydrous MgSQ, and concentrated in vacuo.
The residue was crystallized from hexane/ethyl acetate to give 63a (4.83 g, 15.4 mmol, 76%) as a
colorless needle. 'H NMR (300 MHz, DMSO-ds) 6 4.51 (2H, s), 7.26 (1H, dd, J= 7.9, 4.5 Hz), 7.40
(1H, dd, J=17.9, 1.5 Hz), 7.48-7.58 (2H, m), 8.11 (1H, dd, J = 4.7, 1.7 Hz), 8.26-8.35 (2H, m). MS
(ESI/APCI) mass calculated for [M + H]" (C,4H;;N,4Os) requires m/z 315.1, found m/z 315.1.
4-Nitrophenyl 8-Methyl-2-oxo-2,3-dihydropyrido[2,3-b] pyrazine-4(1H)-carboxylate (63b). To a
solution of 62b (50.5 mg, 0.31 mmol) and DIEA (0.162 mL, 0.93 mmol) in THF (4 mL) was added
4-nitrophenyl chloroformate (81 mg, 0.40 mmol) at 0 °C. After being stirred at rt for 1 h, the mixture
was poured into water, extracted with EtOAc, dried over anhydrous Na,SO, and concentrated in vacuo.
The resulting solid was triturated with hexane/ethyl acetate (2:1), collected by filtration, rinsed with
hexane/ethyl acetate (2:1) and dried to afford 63b (51.9 mg, 0.158 mmol, 51%) as a tan solid. '"H NMR
(300 MHz, DMSO-dg) 6 2.32 (3H, s), 4.47 (2H, s), 7.15 (1H, d, J = 4.9 Hz), 7.48-7.57 (2H, m), 8.01
(1H, d, J = 4.9 Hz), 8.26-8.36 (2H, m), 10.52 (1H, s). MS (ESI/APCI) mass calculated for [M + H]"
(Cy5H3N405) requires m/z 329.1, found m/z 329.2.

4-Nitrophenyl 7-Methyl-2-oxo-2,3-dihydropyrido[2,3-b] pyrazine-4(1H)-carboxylate (63d). To a
solution of 62d (1 g, 6.13 mmol) in DMA (40 mL) were added 4-nitrophenyl chloroformate (1.48 g,
7.35 mmol) and pyridine (15 mL) at rt. The mixture was stirred at rt for 16 h and then water (ca. 100
mL) was added. The resulting precipitate was collected by filtration, rinsed with water and dried to
afford 63d (1.63 g, 4.97 mmol, 81%) as a beige solid. 'H NMR (300 MHz, DMSO-ds) & 2.29 (3H, s),
4.48 (2H, s), 7.20 (1H, d, J= 1.3 Hz), 7.45-7.58 (2H, m), 7.95 (1H, d, /= 1.3 Hz), 8.21-8.38 (2H, m),

10.85 (1H, 3).
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4-Nitrophenyl 3-Oxo-3,4-dihydroquinoxaline-1(2H)-carboxylate (63h). To a solution of 62h (447 mg,
3.02 mmol) in DMA (18 mL) and pyridine (4 mL) was added 4-nitrophenyl chloroformate (730 mg,
3.62 mmol) at rt. After being stirred at 80 °C for 24 h, the mixture was quenched with water at rt and
extracted with EtOAc. The organic layer was separated, washed with 1 M HCI aqueous solution, water
and saturated aqueous NaCl, dried over anhydrous MgSO, and concentrated in vacuo. The residue was
crystallized from hexane/ethyl acetate to give 63h (657 mg, 2.10 mmol, 70%) as a yellow solid. 'H
NMR (300 MHz, DMSO-d¢) & 4.44 (2H, brs), 7.00-7.10 (2H, m), 7.14-7.23 (1H, m), 7.56-7.65 (2H,
m), 7.68-7.75 (1H, m), 8.25-8.36 (2H, m), 10.80 (1H, s). MS (ESI/APCI) mass calculated for [M —
H] (Cy5HoN30s) requires m/z 312.1, found m/z 312.1.

N-(2-(Methylsulfanyl)-1-(4-(trifluoromethoxy) phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyrazine
-4(1H)-carboxamide (64). The title compound was prepared as a white solid after crystallization from
hexane/ethyl acetate in 46% yield from 63a and 99 using the procedure analogous to that described
for the synthesis of 37b. "H NMR (300 MHz, CDCls) & 2.05 (3H, s), 2.97 (2H, d, J = 6.0 Hz), 4.69
(2H, s), 5.24 (1H, q, /= 6.4 Hz), 7.01 (1H, dd, J = 7.7, 5.1 Hz), 7.12-7.25 (3H, m), 7.34-7.46 (2H, m),
8.03 (1H, dd, J = 4.9, 1.5 Hz), 9.55 (1H, brs), 10.76 (1H, d, J = 7.2 Hz). MS (ESI/APCI) mass
calculated for [M + H]+ (C1sHsF3N403S) requires m/z 427.1, found m/z 427.1. HPLC purity: 100%.
mp 114.5-117.1 °C. Anal. Calcd for C,gH;7F;N40;S: C, 50.70; H, 4.02; N, 13.14. Found: C, 50.78; H,
4.18; N, 12.97.

7-1odo-1-((2-(trimethylsilyl)ethoxy)methyl)-3,4-dihydropyrido[ 2,3-b] pyrazin-2(1H)-one (65). To a
stirred solution of 62e (6.05 g, 22.0 mmol) in DMF (100 mL) and DMSO (150 mL) was added
KHMDS (26.4 mL, 26.4 mmol) dropwise at 0 °C under N,. The mixture was stirred at 0 °C for 20 min
and SEMCI (5.74 mL, 30.8 mmol) was added at 0 °C. The mixture was stirred at rt for 3 h and then
poured into water. The mixture was extracted with EtOAc, washed with water and saturated aqueous
NaCl, dried over anhydrous Na,SO, and concentrated in vacuo. The residue was purified by column

chromatography (silica gel, hexane/ethyl acetate, 100:0 to 4:1), followed by a second column
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purification (basic silica gel, hexane/ethyl acetate, 100:0 to 4:1) to afford 65 (3.41 g, 8.41 mmol, 38%)
as a tan solid. '"H NMR (300 MHz, DMSO-d;) 8 —0.04 (9H, s), 0.86 (2H, t, J = 7.7 Hz), 3.55 (2H, t, J
=7.7 Hz), 4.02 (2H, d, J = 1.5 Hz), 5.26 (2H, s), 7.08 (1H, s), 7.50 (1H, d, J= 1.5 Hz), 7.88 (1H, d, J
= 1.9 Hz). MS (ESI/APCI) mass calculated for [M + H]" (C;3H,IN;0,Si) requires m/z 406.0, found
m/z 406.1.

7-10do-N-(2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-2-oxo-1-((2- (trimethyl silyl )ethoxy)methy
1)-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-carboxamide (66). To a stirred solution of 65 (1.11 g, 2.73
mmol) in THF (42 mL) was added a solution of triphosgene (647 mg, 2.18 mmol) in THF (6.3 mL)
dropwise at rt under N,. The mixture was stirred at 40 °C for 1 h under N, and then concentrated in
vacuo. The residue was diluted with THF and concentrated in vacuo (this procedure was repeated three
times), and suspended in THF (21 mL). The mixture was added dropwise to a mixture of
2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethanamine hydrochloride (889 mg, 3.27 mmol) and Et;N
(1.15 mL, 8.18 mmol) in THF (14mL) with stirring at rt. The mixture was stirred at 60 °C overnight.
The mixture was concentrated in vacuo and the residue was diluted with EtOAc. This solution was
washed with water and saturated aqueous NaCl, dried over anhydrous Na,SO, and concentrated in
vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl acetate, 99:1 to
7:3) to give 66 (1.17 g, 1.76 mmol, 64%) as a pale orange solid. 'H NMR (300 MHz, DMSO-d;) &
0.00 (9H, s), 0.91 (2H, t, J= 7.7 Hz), 3.34 (3H, s), 3.52-3.76 (4H, m), 4.60 (2H, s),5.03-5.17 (1H, m),
5.36 (2H, s), 7.37 (2H, d, J= 8.3 Hz), 7.52 (2H, d, J= 8.7 Hz), 8.01 (1H, d, J= 1.9 Hz), 8.39 (1H, d, J
=1.9 Hz), 9.96 (1H, d, J = 7.2 Hz). MS (ESI/APCI) mass calculated for [M + H]" (Cp4H3,F3IN4O5Si)
requires m/z 667.1, found m/z 667.1.

7-10do-N-(2-methoxy-1-(4-(trifluoromethyl) phenyl)ethyl)-2-oxo-1-((2- (trimethyl silyl ) ethoxy) methyl)
-2,3-dihydropyrido[2,3-b]pyrazine-4(1H)-carboxamide (67). To a solution of 65 (1.53 g, 3.77 mmol)
in THF (60 mL) was added a solution of triphosgene (0.896 g, 3.02 mmol) in THF (8 mL) at rt. After

being stirred at 40 °C for 5 h, the mixture was concentrated in vacuo. To a mixture of 100l (1.16 g,
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4.53 mmol) and Et;N (1.58 mL, 11.3 mmol) in THF (60 mL) was added a solution of the residue
obtained above in THF (10 mL) at rt. The mixture was stirred at 60 °C for 16 h, and then quenched
with water and extracted with EtOAc. The organic layer was separated, washed with water and
saturated aqueous NaCl, dried over anhydrous MgSO, and concentrated in vacuo. The residue was
purified by column chromatography (basic silica gel, hexane/ethyl acetate, 19:1 to 7:3) to give 67
(2.18 g, 3.35 mmol, 89%) as a pale orange solid. 'H NMR (300 MHz, CDCl5) § 0.00 (9H, s), 0.90—
0.99 (2H, m), 3.38 (3H, s), 3.59-3.73 (4H, m), 4.65 (2H, d, J = 1.1 Hz), 5.12-5.20 (1H, m), 5.27 (2H,
s), 7.42-7.51 (2H, m), 7.53-7.62 (2H, m), 7.95 (1H, d, J = 1.9 Hz), 8.25 (1H, d, J = 1.9 Hz), 10.15
(1H, d, J = 6.8 Hz). MS (ESI/APCI) mass calculated for [M + H]+ (Cy4H31F3IN4O4S1) requires m/z
651.1, found m/z 651.1.
N-(1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethyl)-7-iodo-2-oxo- 1-((2-(trimethyl silyl ) eth
oxy)methyl)-2,3-dihydropyrido[2,3-b] pyrazine-4(1H)-carboxamide (68). To a stirred solution of 65
(3.83 g, 9.45 mmol) in THF (144 mL) was added a solution of triphosgene (2.24 g, 7.56 mmol) in THF
(22 mL) dropwise at rt under N,. The mixture was stirred at 40 °C for 3 h under N, and concentrated in
vacuo. The residue was diluted with THF and concentrated in vacuo (this procedure was repeated three
times), and suspended in THF (72 mL). The mixture was added dropwise to a mixture of 99K (2.87 g,
11.3 mmol) and Et;N (2.66 mL, 18.9 mmol) in THF (48 mL) with stirring at rt. The mixture was
stirred at 60 °C overnight. The mixture was concentrated in vacuo and the residue was partitioned
between EtOAc and water. The phases were separated and the aqueous phase was extracted with
EtOAc. The combined organic phases were washed with saturated aqueous NaCl, dried over
anhydrous Na,SO,4 and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, hexane/ethyl acetate, 99:1 to 7:3) to give 68 (6.15 g, 8.98 mmol, 95%) as a pale yellow
amorphous solid. '"H NMR (300 MHz, DMSO-dg) & 0.00 (9H, s), 0.85-0.97 (2H, m), 3.35 (3H, s),
3.59-3.77 (4H, m), 4.60 (2H, s), 5.03-5.18 (1H, m), 5.37 (2H, s), 7.36 (1H, d, J = 8.7 Hz), 7.46-7.64

(2H, m), 8.02 (1H, d, J= 1.9 Hz), 8.38 (1H, d, J= 1.9 Hz), 9.96 (1H, d, J = 7.2 Hz).
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7-Cyclopropyl-N-(2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-2-oxo-1-((2-(trimethylsilyl)ethox
y)methyl)-2,3-dihydropyrido[2,3-b] pyrazine-4(1H)-carboxamide (69). A mixture of 66 (683 mg, 1.03
mmol), cyclopropylboronic acid (176 mg, 2.05 mmol), K3PO,4 (802 mg, 3.59 mmol), Cy;P (117 mg,
0.410 mmol), and Pd(OAc), (46.0 mg, 0.210 mmol) was stirred at 100 °C overnight under Ar. The
mixture was filtered and the filtrate was washed with water and saturated aqueous NaCl, dried over
anhydrous Na,SO, and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, hexane/ethyl acetate, 99:1 to 7:3) to give 69 (432 mg, 0.743 mmol, 73%) as a pale yellow
solid. "H NMR (300 MHz, CDCl3) & 0.00 (9H, s), 0.64-0.78 (2H, m), 0.90-0.99 (2H, m), 1.00-1.13
(2H, m), 1.83-1.99 (1H, m), 3.39 (3H, s), 3.59-3.73 (4H, m), 4.65 (2H, d,J=1.1 Hz), 5.17 (1H, d, J =
7.5 Hz), 5.29 (2H, s), 7.17 (2H, d, J=7.9 Hz), 7.34-7.45 (3H, m), 7.86 (1H, d, /= 1.9 Hz), 10.29 (1H,
d, J = 7.5 Hz). MS (ESI/APCI) mass calculated for [M + H]" (C,;H36F3IN4O5Si) requires m/z 581.2,
found m/z 581.2.
7-Methoxy-N-(2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-2-oxo-1-((2-(trimethylsilyl)ethoxy)m
ethyl)-2,3-dihydropyrido[2,3-b] pyrazine-4(1H)-carboxamide (70). A mixture of 66 (900 mg, 1.35
mmol), bis(pinacolato)diboron (707 mg, 2.70 mmol), KOAc (546 mg, 5.40 mmol), and PdCl,(dppf)
(99 mg, 0.14 mmol) in DMF (13.5 mL) was stirred at 80 °C overnight under Ar. The mixture was
quenched with water and extracted with EtOAc. The combined organic layer was washed with
saturated aqueous NaCl, dried over anhydrous Na,SO,4 and concentrated in vacuo to afford crude
N-(2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-2-ox0-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-y1)-1-((2-(trimethylsilyl)ethoxy)methyl)-2,3-dihydropyrido[2,3-b]pyrazine-4(1 H)-carboxamide (1.55
g). This was used in the next reaction without further purification. MS (ESI/APCI) m/z 667.4 [M + H]".
To a stirred solution of the crude product obtained above (1.55 g) in THF (23 mL) was added 2 M
NaOH aqueous solution (4.64 mL, 9.28 mmol) at 0 °C. After 30 min of stirring at 0 °C, hydrogen
peroxide (0.813 mL, 9.28 mmol) was added to the mixture. The mixture was stirred at rt for 1.5 h and

then quenched with ice-water at rt and extracted with EtOAc. The combined organic layer was washed

173



with saturated aqueous NaCl and dried over anhydrous Na,SO, and concentrated in vacuo. The residue
was purified by column chromatography (silica gel, hexane/ethyl acetate, 99:1 to 1:1) to give
7-hydroxy-N-(2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-2-oxo-1-((2-(trimethylsilyl)ethoxy)me
thyl)-2,3-dihydropyrido[2,3-b]pyrazine-4(1H)-carboxamide (0.678 g, 1.22 mmol, 90% in 2 steps from
66) as a pale yellow oil. '"H NMR (300 MHz, CDCl5) & 0.00 (9H, s), 0.89-1.01 (2H, m), 3.39 (3H, s),
3.60-3.74 (4H, m), 4.65 (2H, s), 5.10-5.20 (1H,m), 5.27 (2H, s), 6.28 (1H, brs), 7.17 2H, d, J=7.9
Hz), 7.33 (1H, d, J = 2.6 Hz), 7.37-7.47 (2H, m), 7.72 (1H, d, J = 2.6Hz), 9.96 (1H, d, J = 7.2 Hz).
MS (ESI/APCI) mass calculated for [M + H]+ (Cy4H3,F3N4O6Si) requires m/z 557.2, found m/z 557.3.
To a stirred solution of
7-hydroxy-N-(2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-2-oxo-1-((2-(trimethylsilyl)ethoxy)me
thyl)-2,3-dihydropyrido[2,3-b]pyrazine-4(1 H)-carboxamide (560 mg, 1.01 mmol) in DMF (13 mL)
was added K,CO; (140 mg, 1.01 mmol) and methyl iodide (95 pL, 1.51 mmol). The mixture was
stirred at rt overnight. The mixture was quenched with water and extracted with EtOAc. The combined
organic layer was washed with saturated aqueous NaCl, dried over anhydrous Na,SO, and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl
acetate, 99:1 to 3:2) to give 70 (395 mg, 0.692 mmol, 69%) as a white amorphous solid. 'H NMR (300
MHz, CDCly) 6 0.00 (9H, s), 0.86-1.01 (2H, m), 3.39 (3H, s), 3.58-3.73 (4H, m), 3.90 (3H, s), 4.65
(2H, s),5.10-5.22 (1H, m), 5.29 (2H, s), 7.17 (2H, d, J = 8.3 Hz), 7.31-7.47 (3H, m), 7.75 (1H, d, J =
2.6 Hz), 9.98 (1H, d, J = 7.2Hz). MS (ESI/APCI) mass calculated for [M + H]" (CasH34F3N4O¢Si)
requires m/z 571.2, found m/z 571.3.

7-1sopropoxy-N-(2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-2-oxo- 1-((2- (trimethylsilyl )ethoxy
)methyl)-2,3-dihydropyrido[2,3-b]pyrazine-4(1H)-carboxamide (71). To a stirred solution of
7-hydroxy-N-(2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)-2-oxo-1-((2-(trimethylsilyl)ethoxy)me
thyl)-2,3-dihydropyrido[2,3-b]pyrazine-4(1 H)-carboxamide (102 mg, 0.180 mmol) in DMF (2.4 mL)

were added K,COs; (25.6 mg, 0.180 mmol) and 2-iodopropane (28.0 pL, 0.280 mmol). The mixture
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was stirred at 70 °C overnight. The mixture was quenched with water and extracted with EtOAc. The
combined organic layer was washed with saturated aqueous NaCl, dried over anhydrous Na,SO,4 and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl
acetate, 99:1 to 7:3) to give 71 (90 mg, 0.150 mmol, 82%) as a colorless oil. 'H NMR (300 MHz,
CDCls) 6 0.00 (9H, s), 0.90-1.00 (2H, m), 1.38 (6H, d, J = 6.0 Hz), 3.39 (3H, s), 3.61-3.72 (4H, m),
4.56 (1H, dt,J=12.2, 6.2 Hz), 4.65 (2H, s), 5.11-5.21 (1H, m), 5.28 (2H, s), 7.17 (2H, d, /= 7.9 Hz),
7.34 (1H, d, J = 2.6 Hz), 7.38-7.44 (2H, m), 7.73 (1H, d, J = 2.6 Hz), 9.99 (1H, d, J = 7.5 Hz). MS
(ESI/APCI) mass calculated for [M + H]" (C»7H35F3N404Si) requires m/z 599.2, found m/z 599.3.

7-Methoxy-N-(2-methoxy-1-(4-(trifluoromethyl) phenyl)ethyl)-2-oxo-1-((2-(trimethyl silyl)ethoxy) met
hyl)-2,3-dihydropyrido[2,3-b] pyrazine-4(1H)-carboxamide (72). A mixture of 67 (1.19 g, 1.83 mmol),
bis(pinacolato)diboron (0.941 g, 3.67 mmol), KOAc (0.742 g, 7.34 mmol), and PdCl,(dppf) (0.137 g,
0.18 mmol) in DMF (18 mL) was stirred at 80 °C overnight under Ar. The mixture was quenched with
water and extracted with EtOAc. The combined organic layer was washed with water and saturated
aqueous NaCl, dried over anhydrous Na,SO,; and concentrated in vacuo to give crude
N-(2-methoxy-1-(4-(trifluoromethyl)phenyl)ethyl)-2-ox0-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
y1)-1-((2-(trimethylsilyl)ethoxy)methyl)-2,3-dihydropyrido[2,3-b]pyrazine-4(1 H)-carboxamide (1.19
g). This was used in the next reaction without further purification. MS (ESI/APCI) mass calculated for
M + H]+ (C30H43BF3N4O¢Si) requires m/z 651.3, found m/z 651.3. To a stirred solution of the crude
product obtained above (1.19 g) in THF (18 mL) was added 2 M NaOH aqueous solution (3.67 mL,
7.34 mmol) at 0 °C. After 30 min of stirring at 0 °C, hydrogen peroxide (0.642 mL, 7.34 mmol) was
added to the mixture. The mixture was stirred at rt for 2 h. The mixture was quenched with ice-water
and acidified with 1 M HCI aqueous solution, and extracted with EtOAc. The combined organic layer
was washed with water and saturated aqueous NaCl, dried over anhydrous Na,SO,4 and concentrated in
vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl acetate, 99:1 to

1:1) to give
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7-hydroxy-N-(2-methoxy-1-(4-(trifluoromethyl)phenyl)ethyl)-2-oxo-1-((2-(trimethylsilyl)ethoxy)meth
yl)-2,3-dihydropyrido[2,3-b]pyrazine-4(1 H)-carboxamide (0.796 g, 1.47 mmol, 80% in 2 steps from
67) as a pink oil. 'H NMR (300 MHz, CDCl;) & 0.00 (9H, s), 0.87-1.03 (2H, m), 3.39 (3H, s), 3.58—
3.75 (4H, m), 4.54-4.76 (2H, m), 5.13-5.23 (1H, m), 5.24-5.34 (2H, m), 7.33 (1H, d, J = 2.3 Hz),
7.45-7.54 (2H, m), 7.54-7.63 (2H, m), 7.72 (1H, d, J = 2.6 Hz), 10.09 (1H, d, J = 7.2 Hz). MS
(ESI/APCI) mass calculated for [M + H]+ (Cy4H3,F3N4O5S1) requires m/z 541.2, found m/z 541.2. To a
stirred solution of
7-hydroxy-N-(2-methoxy-1-(4-(trifluoromethyl)phenyl)ethyl)-2-oxo0-1-((2-(trimethylsilyl)ethoxy)meth
yl)-2,3-dihydropyrido[2,3-b]pyrazine-4(1 H)-carboxamide (796 mg, 1.47 mmol) in DMF (19 mL) was
added K,CO; (205 mg, 1.47 mmol) and methyl iodide (139 pL, 2.21 mmol). The mixture was stirred
at rt overnight. The mixture was quenched with water and extracted with EtOAc. The combined
organic layer was washed with saturated aqueous NaCl, dried over anhydrous Na,SO, and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl
acetate, 99:1 to 11:9) to give 72 (665 mg, 1.20 mmol, 81%) as a white solid. "H NMR (300 MHz,
CDCls) 6 0.00 (9H, s), 0.84-1.01 (2H, m), 3.39 (3H, s), 3.57-3.75 (4H, m), 3.90 (3H, s), 4.65 (2H,
$),5.14-5.24 (1H, m), 5.29 (2H, s), 7.37 (1H, d, J = 2.6 Hz), 7.44-7.53 (2H, m), 7.56-7.65 (2H, m),
7.76 (1H, d, J = 2.6 Hz),10.03 (1H, d, J = 7.2 Hz). MS (ESI/APCI) mass calculated for [M + H]"
(Cy5H34F3N4O5Si) requires m/z 555.2, found m/z 555.2.
N-(1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethyl)-7-methoxy-2-oxo-1-((2-(trimethylsilyl
)ethoxy)methyl)-2,3-dihydropyrido[ 2,3-b] pyrazine-4(1H)-carboxamide (73). A mixture of 68 (6.15 g,
8.98 mmol), bis(pinacolato)diboron (4.61 g, 18.0 mmol), KOAc (3.64 g, 36.0 mmol), and PdCl,(dppf)
(0.657 g, 0.90 mmol) in DMF (90 mL) was stirred at 80 °C overnight under Ar. The mixture was
quenched with water and extracted with EtOAc. The combined organic layer was washed with water
and saturated aqueous NaCl, dried over anhydrous Na,SO, and concentrated in vacuo to give crude

N-(1-(3-fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethyl)-2-ox0-7-(4,4,5,5-tetramethyl-1,3,2-dioxa
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borolan-2-yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-2,3-dihydropyrido[2,3-b]pyrazine-4(1 H)-carboxam
ide. This was used in the next reaction without further purification. MS (ESI/APCI) mass calculated
for [M + H]" (C3H4,BF4N40,Si) requires m/z 685.3, found m/z 685.3. To a stirred solution of the
crude product obtained above (theoretical amount: 6.15 g, 8.98 mmol) in THF (90 mL) was added 2 M
NaOH aqueous solution (18.0 mL, 35.9 mmol) at 0 °C. After 30 min of stirring at 0 °C, hydrogen
peroxide (3.15 mL, 35.9 mmol) was added to the mixture. The mixture was stirred at rt for 2 h. The
mixture was quenched with ice-water and acidified with 1 M HCI aqueous solution, and extracted with
EtOAc. The combined organic layer was washed with water and saturated aqueous NaCl, dried over
anhydrous Na,SO,4 and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, hexane/ethyl acetate, 99:1 to 1:1) to give
N-(1-(3-fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethyl)-7-hydroxy-2-oxo-1-((2-(trimethylsilyl)et
hoxy)methyl)-2,3-dihydropyrido[2,3-b]pyrazine-4(1 H)-carboxamide (4.99 g, 8.69 mmol, 97% in 2
steps from 68) as a brown oil. '"H NMR (300 MHz, CDCl;) & 0.00 (9H, s), 0.86-1.02 (2H, m), 3.39
(3H, s), 3.60-3.72 (4H, m), 4.65 (2H, d, J= 1.1 Hz), 5.12 (1H, dt, /= 7.1, 4.7 Hz), 5.28 (2H, s), 7.08—
7.27 (3H, m), 7.35 (1H, d, J = 2.5 Hz), 7.72 (1H, d, J = 2.6 Hz), 10.03 (1H, d, J =7.4 Hz). MS
(ESI/APCI) mass calculated for [M + H]+ (Cy4H3,F4N4O6Si) requires m/z 575.2, found m/z 575.2. To a
stirred solution of
N-(1-(3-fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethyl)-7-hydroxy-2-oxo-1-((2-(trimethylsilyl)et
hoxy)methyl)-2,3-dihydropyrido[2,3-b]pyrazine-4(1 H)-carboxamide (8.47 g, 14.7 mmol) in DMF
(189 mL) was added K,CO; (2.05 g, 14.7 mmol) and methyl iodide (1.39 mL, 22.1 mmol). The
mixture was stirred at rt overnight and then concentrated in vacuo. The residue was partitioned
between EtOAc and water. The phases were separated, and the aqueous phase was extracted with
EtOAc. The combined organic phases were washed with saturated aqueous NaCl, dried over
anhydrous Na,SO, and concentrated in vacuo. The residue was purified by column chromatography

(silica gel, hexane/ethyl acetate, 99:1 to 3:2) to give 73 (5.22 g, 8.87 mmol, 60%) as a pale yellow
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amorphous solid. '"H NMR (300 MHz, CDCl;) § 0.00 (9H, s), 0.88-1.01 (2H, m), 3.40 (3H, s), 3.58—
3.74 (4H, m), 3.90 (3H, s), 4.65 (2H, s),5.13 (1H, dt, J= 7.2, 4.7 Hz), 5.30 (2H, s), 7.11-7.31 (3H, m),
7.33-7.42 (1H, m), 7.76 (1H, d, J = 2.6 Hz), 10.01 (1H, d, J =7.5 Hz). MS (ESI/APCI) mass
calculated for [M + H]" (CasH3,F4N4O4Si) requires m/z 589.2, found m/z 589.2.
7-Methoxy-N-(2-methoxy-1-(4-(trifluoromethyl) phenyl)ethyl)-2-oxo-2,3-dihydropyrido[ 2,3-b] pyr azi
ne-4(1H)-carboxamide (75). A mixture of 72 (665 mg, 1.20 mmol) in TFA (17.3 mL) and water (1.93
mL) was stirred at rt for 1 h and then concentrated in vacuo. The residue was dissolved in DMF (33
mL) and 8 M NHj; solution in MeOH (6.46 mL, 51.7 mmol) was added. The mixture was stirred at rt
for 10 min and concentrated in vacuo. The residue was diluted with EtOAc. The solution was washed
with water and saturated aqueous NaCl, dried over anhydrous Na,SO, and concentrated in vacuo to
give 75 (474 mg, 1.12 mmol, 93%) as a white solid after trituration with hexane/ethyl acetate (10:1).
'H NMR (300 MHz, DMSO-ds) & 3.28 (3H, s), 3.59-3.68 (2H, m), 3.83 (3H, s), 4.25-4.55 (2H, m),
5.00-5.17 (1H, m), 6.97 (1H, d, J = 3.0 Hz), 7.56 (2H, d, J = 8.3 Hz), 7.64-7.73 (2H, m), 7.77 (1H, d,
J =2.6 Hz), 10.07 (1H, d, J = 7.5 Hz), 10.77 (1H, s). MS (ESI/APCI) mass calculated for [M + H]"
(C19Hy0F3N4Oy) requires m/z 425.1, found m/z 425.1.
N-(1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethyl)-7-methoxy-2-oxo-2,3-dihydropyrido[ 2
,3-b]pyrazine-4(1H)-carboxamide (76). A mixture of 73 (5.22 g, 8.87 mmol) in TFA (128 mL) and
water (14.3 mL) was stirred at rt for 1.5 h and then concentrated in vacuo. The residue was dissolved
in DMF (243 mL) and 8 M NHj solution in MeOH (47.8 mL, 382 mmol) was added. The mixture was
stirred at rt for 2 h and concentrated in vacuo. The residue was diluted with EtOAc. The solution was
washed with water and saturated aqueous NaCl, dried over anhydrous Na,SO, and concentrated in
vacuo to give 76 (3.37 g, 7.36 mmol, 83%) as pale yellow solid after trituration with hexane/ethyl
acetate (10:1). '"H NMR (300 MHz, DMSO-d) 8 3.29 (3H, s), 3.63 (2H, tt, J = 9.6, 4.9 Hz), 3.83 (3H,

s), 4.26-4.52 (2H, m), 4.95-5.15 (1H,m), 6.97 (1H, d, J = 2.6 Hz), 7.29 (1H, d, J = 8.3 Hz), 7.41-7.60
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(2H, m), 7.75 (1H, d, J = 3.0 Hz), 10.02 (1H, d, J = 7.5 Hz),10.77 (1H, s). MS (ESI/APCI) mass
calculated for [M + H]" (CoH9F4N4O5s) requires m/z 459.1, found m/z 459.1.
N-Methoxy-N-methyl-3-(trifluoromethoxy)benzamide (82). To a mixture of
3-(trifluoromethoxy)benzoic acid (78) (5.00 g, 24.3 mmol), EDCI (7.03 g, 36.6 mmol) and HOBt
(4.94 g, 36.6 mmol) in DMF (50 mL) were added N,O-dimethylhydroxylamine hydrochloride (2.63 g,
26.7 mmol) and Et;N (7.36 g, 72.9 mmol). The mixture was stirred at 10 °C for 16 h, and then poured
into water (100 mL). The mixture was extracted with EtOAc (150 mL x 3), washed with saturated
aqueous NaCl (400 mL x 3), dried over anhydrous Na,SO,, and concentrated in vacuo to afford 81
(5.31 g, 21.3 mmol, 88%) as a yellow oil. "H NMR (400 MHz, CDCl;) 6 3.37 (3H, s), 3.55 (3H, s),
7.28-7.34 (1H, m), 7.45 (1H, t, J=8.0 Hz), 7.57 (1H, s), 7.64 (1H, d, J = 8.0 Hz).
N-Methoxy-N-methyl-2-(trifluoromethoxy)benzamide (82). To a mixture of
2-(trifluoromethoxy)benzoic acid (79) (5.00 g, 24.3 mmol), EDCI (7.03 g, 36.6 mmol) and HOBt
(4.94 g, 36.6 mmol) in DMF (50 mL) were added N,O-dimethylhydroxylamine hydrochloride (2.63 g,
26.7 mmol) and Et;N (7.36 g, 72.9 mmol). The mixture was stirred at 10 °C for 16 h, and then poured
into water (100 mL). The mixture was extracted with EtOAc (150 mL x 3), washed with saturated
aqueous NaCl (300 mL x 3), dried over anhydrous Na,SO,, and concentrated in vacuo to afford 82
(5.21 g, 20.9 mmol, 86%) as a colorless oil. "H NMR (400 MHz, CDCl;) 6 3.36 (3H, s),3.45 (3H, s),
7.27-7.37 (2H, m), 7.39-7.50 (2H, m).
3-Fluoro-N-methoxy-N-methyl-4-(trifluoromethoxy)benzamide (83). A mixture of
3-fluoro-4-(trifluoromethoxy)benzoic acid (80) (15.0 g, 66.9 mmol), N,O-dimethylhydroxylamine
hydrochloride (7.18 g, 73.6 mmol), EDCI-HCI (16.7 g, 87.0 mmol), HOBt-H,O (13.3 g, 87.0 mmol)
and EN (12.1 mL, 87.0 mmol) in DMF (200 mL) was stirred at rt for 64 h. The mixture was
quenched with water and extracted with EtOAc. The organic layer was separated, washed with water
and saturated aqueous NaCl, dried over anhydrous MgSO, and concentrated in vacuo. The residue was

purified by column chromatography (silica gel, hexane/ethyl acetate, 19:1 to 4:1) to give 83 (17.6 g,
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65.7 mmol, 98%) as a colorless oil. "H NMR (300 MHz, CDCl3) 6 3.38 (3H, s), 3.56 (3H, s), 7.30—
7.39 (1H, m), 7.52-7.64 (2H, m). MS (ESI/APCI) m/z 268.0 [M + H]".
2-Fluoro-4-(trifluoromethoxy)benzonitrile (85). A mixture of dicyanozinc (4.53 g, 38.6 mmol),
1-bromo-2-fluoro-4-(trifluoromethoxy)benzene (84) (10.0 g, 38.6 mmol), Pd,(dba); (1.77 g, 1.93
mmol) and dppf (2.14 g, 3.86 mmol) in DMF (150 mL) was stirred at 100 °C overnight under N,. The
mixture was partitioned between EtOAc and saturated aqueous NaCl. The mixture was filtered
through a cake of celite and the filtrate was extracted with EtOAc. The extract was washed with
saturated aqueous NaCl, dried over anhydrous MgSOQ,, filtered, and concentrated in vacuo. The
residue was purified by column chromatography (basic silica gel, hexane/ethyl acetate, 49:1 to 1:1),
followed by a second column chromatography purification (silica gel, hexane/ethyl acetate, 49:1 to
7:3) to give 85 (3.39 g, 16.5 mmol, 43%) as an orange oil. '"H NMR (300 MHz, CDCl;) & 7.07-7.18
(2H, m), 7.65-7.76 (1H, m).

1-(4-Cyclopropyl phenyl)propan-1-one (86a). A mixture of 1-(4-bromophenyl)propan-1-one (77) (1.07
g, 5.00 mmol), cyclopropylboronic acid (558 mg, 6.50 mmol, PdCI,(dppf) (183 mg, 0.25 mmol) and
K;5PO4 (2.12 g, 10.0 mmol) in DME (15 mL) and water (5 mL) was stirred at 85 °C for 20 h under N,.
The mixture was extracted with EtOAc, washed with saturated aqueous NaCl, dried over anhydrous
MgSO, and concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexane/ethyl acetate, 9:1 to 7:3) to give 86a (679 mg, 3.90 mmol, 78%) as a colorless oil. 'H NMR
(300 MHz, CDCls) 6 0.73-0.82 (2H, m), 1.01-1.10 (2H, m), 1.21 (3H, t,J= 7.2 Hz), 1.94 (1H, tt, J =
8.3, 5.0 Hz), 2.97 (2H, q, J = 7.2 Hz), 7.08-7.16 (2H, m), 7.82-7.90 (2H, m). MS (ESI/APCI) m/z
174.89 [M + H]".

1-(4-(Azetidin-1-yl)phenyl)propan-1-one (86b). A mixture of 77 (639 mg, 3.00 mmol), azetidine (303
uL, 4.50 mmol), Pd,(dba); (137 mg, 0.15 mmol), xantphos (174 mg, 0.30 mmol) and sodium
tert-butoxide (432 mg, 4.50 mmol) in toluene (15 mL) was stirred under N, at 85 °C for 20 h.The

mixture was quenched with water at rt and extracted with EtOAc. The organic layer was separated,
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washed with water and saturated aqueous NaCl, dried over anhydrous MgSO, and concentrated in
vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl acetate, 19:1 to
4:1) to give 86b (414 mg, 2.19 mmol, 73%) as a white solid. '"H NMR (300 MHz, CDCl;) & 1.20 (3H, t,
J=17.3 Hz), 2.42 (2H, quin, J = 7.3 Hz), 2.90 (2H, q, J = 7.2 Hz), 3.99 (4H, t, J = 7.3 Hz), 6.32-6.39
(2H, m), 7.82-7.90 (2H, m).

1-(3-(Trifluoromethoxy)phenyl)propan-1-one (86c). To a solution of 81 (5.31 g, 21.3 mmol) in THF
(50 mL) was added dropwise 3 M EtMgBr solution in Et,0 (14.2 mL, 42.6 mmol) at 0 °C under N,.
The mixture was stirred at 12 °C for 16 h and then poured into saturated aqueous NH4CI (50 mL). The
mixture was extracted with EtOAc (80 mL x 3). The combined organic layer was dried over anhydrous
Na,SO, and concentrated in vacuo. The residue was purified by column chromatography (silica gel,
petroleum ether/ethyl acetate, 10:1) to afford 86¢ (3.23 g, 14.8 mmol, 69%) as a yellow oil. '"H NMR
(400 MHz, CDCl;) 6 1.24 (3H, t, /= 7.2 Hz), 3.01 (2H, q, J= 7.2 Hz), 7.34-7.44 (1H, m), 7.51 (1H, t,
J=8.0Hz), 7.81 (1H, s), 7.85-7.92 (1H, m).

1-(2-(Trifluoromethoxy)phenyl)propan-1-one (86d). To a solution of 82 (5.21 g, 20.9 mmol) in THF
(30 mL) was added dropwise 3 M EtMgBr solution in Et,0 (13.9 mL, 41.7 mmol) at 0 °C under N,.
The mixture was stirred at 10 °C for 16 h and then poured into saturated aqueous NH4CI (50 mL). The
mixture was extracted with EtOAc (100 mL x 3). The combined organic layer was dried over
anhydrous Na,SO, and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, petroleum ether/ethyl acetate, 10:1) to afford 86d (3.23 g, yield: 71%) as a yellow oil. 'H
NMR (400 MHz, CDCl;) 6 1.20 (3H, t,J=7.2 Hz), 2.95 (2H, q, J= 7.2 Hz), 7.28-7.33 (1H, m), 7.34—
7.41 (1H, m), 7.48-7.55 (1H, m), 7.70 (1H, dd, J= 7.6, 2.0 Hz).
1-(3-Fluoro-4-(trifluoromethoxy)phenyl)propan-1-one (86€). To a solution of 83 (5.00 g, 18.7 mmol)
in THF (200 mL) at 0 °C was added dropwise 3 M ethylmagnesium bromide solution in Et,O (7.49
mL, 22.5 mmol). The mixture was stirred at rt for 3 days. The mixture was poured into saturated

aqueous NH,Cl and extracted with EtOAc. The organic layer was separated, washed with saturated
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aqueous NacCl, dried over anhydrous MgSO, and concentrated in vacuo. The residue was purified by
column chromatography (silica gel, hexane/ethyl acetate, 49:1 to 7:3) to give 86e (2.60 g, 11.0 mmol,
59%) as a pale yellow. "H NMR (300 MHz, CDCl5) 6 1.24 (3H, t,J=7.2 Hz), 2.98 (2H, q, J= 7.3 Hz),
7.34-7.49 (1H, m), 7.71-7.88 (2H, m).

1-(2-Fluoro-4-(trifluoromethoxy)phenyl) propan-1-one (86f). To a solution of 85 (3.79 g, 18.5 mmol)
in THF (50 mL) at 0 °C was added dropwise 3 M ethylmagnesium bromide solution in Et,O (7.39 mL,
22.2 mmol). The mixture was stirred at 0 °C for 1 h under N,. The mixture was poured into saturated
aqueous NH4CI and extracted with EtOAc. The organic layer was separated, washed with saturated
aqueous NacCl, dried over anhydrous MgSO, and concentrated in vacuo. The residue was purified by
column chromatography (silica gel, hexane/ethyl acetate, 49:1 to 1:1) to give 86f (1.12 g, 4.75 mmol,
26%) as a yellow oil. 'H NMR (300 MHz, CDCl3) § 1.14—1.24 (3H, m), 3.00 (2H, qd, J=7.2, 3.2 Hz),
6.95-7.05 (1H, m), 7.05-7.13 (1H, m), 7.96 (1H, t, /= 8.5 Hz).
3-Methoxy-1-(4-(trifluoromethoxy)phenyl)propan-1-one (86h). To a solution of
1-(4-(trifluoromethoxy)phenyl)prop-2-en-1-one (89) (7.92 g, 36.6 mmol) in CH,Cl, (92 mL) was
added methanol (1.48 mL, 36.6 mmol) and PdCl,(CH3;CN), (0.951 g, 3.66 mmol) at 0 °C. The mixture
was stirred at rt overnight under Ar and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/ethyl acetate, 100:0 to 17:3) to give 86h (4.55 g, 18.3 mmol, 50%)
as a yellow solid. "H NMR (300 MHz, CDCl5) § 3.22 (2H, t, J = 6.4 Hz), 3.38 (3H, s), 3.82 (2H, t, J =
6.4 Hz), 7.22-7.36 (2H, m), 7.97-8.07 (2H, m). MS (ESI/APCI) m/z 249.0 [M + H]".
2-Methoxy-1-(4-(trifluoromethoxy)phenyl)ethanone (86i). (Method A: step 92 — 86i) To a solution
of 92 (930 mg, 3.94 mmol) in CH;CN (20 mL) at 0 °C was added portionwise Dess—Martin
periodinane (2.51 g, 5.91 mmol). The mixture was stirred at rt for 1.5 h. NaHCO; aqueous solution
and Na,S,0; aqueous solution were sequentially added. After stirring for 15 min, the mixture was
extracted with EtOAc, washed with saturated aqueous NaHCOs;, dried over anhydrous Na,SO, and

concentrated in vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl
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acetate, 19:1 to 3:2) to afford 86i (898 mg, 3.83 mmol, 97%) as a colorless oil. "H NMR (300 MHz,
DMSO-ds) 6 3.36 (3H, s), 4.80 (2H, s), 7.48-7.57 (2H, m), 8.01-8.10 (2H, m).
2-Methoxy-1-(4-(trifluoromethoxy)phenyl)ethanone (86i). (Method B: step 96 — 86i) To a solution
of 96 (9.91 g, 35.0 mmol) in MeOH (250 mL) was added Ag,COs; (12.6 g, 45.5 mmol) and BF;-OEt,
(5.96 g, 42.0 mmol) at rt. After being stirred at 50°C overnight, the mixture was filtered, and the
filtrate was concentrated in vacuo. The mixture was diluted with water and extracted with EtOAc. The
organic layer was separated, washed with water and saturated aqueous NaCl, dried over anhydrous
MgSO, and concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexane/ethyl acetate, 100:0 to 4:1) to give 86i (6.85 g, 29.3 mmol, 84%) as a colorless oil. 'H NMR
(300 MHz, CDCls) 6 3.51 (3H, s), 4.67 (2H, s), 7.27-7.35 (2H, m), 7.94-8.07 (2H, m).
2-(Methylsulfanyl)-1-(4-(trifluoromethoxy) phenyl)ethanone (86j). Sodium methanethiolate (1.24 g,
17.7 mmol) was added to a solution of 96 (5.00 g, 17.7 mmol) in THF (150 mL) at 0 °C. The mixture
was stirred at rt for 1 h, and then passed through a cake of basic silica gel pad (hexane/ethyl acetate,
10:1). The appropriate fractions were concentrated in vacuo to give 86j (4.23 g, 16.9 mmol, 96%) as a
pale yellow oil. "H NMR (300 MHz, CDCl;) § 2.14 (3H, s), 3.74 (2H, s), 7.27-7.36 (2H, m), 7.99—
8.10 (2H, m).

1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethanone (86k). To a solution of 95 (4.91 g, 16.3
mmol) in MeOH (150 mL) was added Ag,CO; (5.85 g, 21.2 mmol) at rt. BF;-OEt, (2.48 mL, 19.6
mmol) was added dropwise to the mixture, which was stirred at 60 °C for 2.5 h. The mixture was
filtered, and the filtrate was concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/ethyl acetate, 19:1 to 4:1) to give 86k (3.28 g, 13.0 mmol, 80%) as
a colorless oil. "H NMR (300 MHz, CDCl;) & 3.50 (3H, s), 4.63 (2H, s), 7.38-7.46 (1H, m), 7.75-7.87
(2H, m).

2-Methoxy-1-(4-(trifluoromethyl)phenyl)ethanone (861). To a solution of 97 (2.50 g, 9.36 mmol) in

MeOH (50 mL) were added Ag,COs (2.99 g, 12.2 mmol) and BF;-OEt, (1.42 mL, 11.2 mmol) at rt.
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After being stirred at 50 °C for overnight, the mixture was filtered, and the filtrate was concentrated in
vacuo. The residue was quenched with water and extracted with EtOAc. The organic layer was
separated, washed with water and saturated aqueous NaCl, dried over anhydrous MgSO,, and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl
acetate, 19:1 to 4:1) to give 86l (1.84 g, 8.43 mmol, 90%) as a white solid. 'H NMR (300 MHz,
CDCl;) 6 3.51 (3H, s), 4.70 (2H, s), 7.75 (2H, d, J = 8.3 Hz), 8.06 (2H, d, /= 7.9 Hz).
1-(4-(Trifluoromethoxy)phenyl)prop-2-en-1-ol (88). To a solution of
4-(trifluoromethoxy)benzaldehyde (87) (21.0 g, 110 mmol) in THF (316 mL) at 0 °C was added
dropwise 1 M vinylmagnesium bromide solution in THF (133 mL, 133 mmol). The mixture was
stirred at 0 °C for 2 h under Ar. The mixture was quenched with saturated aqueous NH4ClI at 0 °C and
extracted with EtOAc. The organic layer was separated, washed with saturated aqueous NaCl, dried
over anhydrous MgSO, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/ethyl acetate, 100:0 to 4:1) to give 88 (14.4 g, 66.0 mmol, 60%) as
a yellow oil. '"H NMR (300 MHz, DMSO-d;) & 5.00-5.15 (2H, m), 5.63 (1H, d, J = 4.5 Hz), 5.85-6.03
(1H, m), 7.31 (2H, d, J = 8.5 Hz), 7.42-7.48 (2H, m). MS (ESI/APCI) m/z 201.0 [M + H — H,0]".
1-(4-(Trifluoromethoxy)phenyl)prop-2-en-1-one (89). To a solution of 88 (9.8 g, 44.9 mmol) in
CH;CN (150 mL) was added Dess—Martin periodinane (21.0 g, 49.4 mmol) at rt. The mixture was
stirred at rt for 1 h. The mixture was evaporated. The residue was purified by column chromatography
(silica gel, hexane/ethyl acetate, 100:0 to 17:3) to give 89 (6.47 g, 29.9 mmol, 67%) as a colorless oil.
'H NMR (300 MHz, CDCl;) & 5.98 (1H, dd, J = 10.5, 1.5 Hz), 6.46 (1H, dd, J = 17.1, 1.7 Hz), 7.13
(1H, dd, J=17.0, 10.5 Hz), 7.31 (2H, d, J = 7.9 Hz), 7.98-8.04 (2H, m). MS (ESI/APCI) m/z 217.0
[M +H]J".

2-(4-(Trifluoromethoxy)phenyl)oxirane (91). To a suspension of 4-(trifluoromethoxy)benzaldehyde
(87) (5.00 g, 26.3 mmol) in DMSO (35 mL) was added portionwise trimethylsulfoxonium iodide (8.10

g, 36.8 mmol) over 5 min. After H, gas evolution ceased, the cloudy solution was treated with a
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solution of 4-(trifluoromethoxy)benzaldehyde (5.00 g, 26.3 mmol) in THF (35 mL) over 15 min. After
1 h of stirring, ethanol (1 mL) was slowly added, then the THF and ethanol were removed under
reduced pressure. The DMSO solution was poured into water (100 mL) and then extracted with
extracted with EtOAc. The organic layer was separated, washed with saturated aqueous NaCl, dried
over anhydrous Na,SO4 and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/ethyl acetate, 100:0 to 7:3) to give 91 (2.44 g, 12.0 mmol, 45%) as
a colorless oil. '"H NMR (300 MHz, CDCl;) § 2.76 (1H, dd, J = 5.3, 2.7 Hz), 3.16 (1H, dd, /= 5.7, 4.2
Hz), 3.87 (1H, dd, /= 3.8, 2.7 Hz), 7.14-7.24 (2H, m), 7.27-7.36 (2H, m).
2-Methoxy-1-(4-(trifluoromethoxy)phenyl)ethanol (92). To a solution of 91 (1.00 g, 4.90 mmol) in
DMF (5 mL) was added NaOMe (1.32 g, 24.5 mmol) at rt. After being stirred at 60 °C for 2 h, the
mixture was partitioned between EtOAc and water, the organic layer was washed with saturated
aqueous NaCl, dried over with anhydrous Na,SO,, and concentrated in vacuo. The residue was
purified by column chromatography (silica gel, hexane/ethyl acetate, 19:1 to 1:9) to give 92 (0.752 g,
3.18 mmol, 65%) as a pale yellow oil. "H NMR (300 MHz, CDCl;) & 2.92 (1H, br. s.), 3.40 (1H, dd, J
= 9.8, 8.7 Hz), 3.43 (3H, s), 3.54 (1H, dd, J = 9.8, 3.7 Hz), 4.90 (1H, dd, J = 8.7, 3.0 Hz), 7.12-7.24
(2H, m), 7.34-7.46 (2H, m).

1-(3-Fluoro-4-(trifluoromethoxy)phenyl)ethanone (93). To a solution of 83 (13.3 g, 49.7 mmol) in
THF (250 mL) was added 3 M MeMgBr solution in Et,O (21.5 mL, 64.6 mmol) at 0 °C. After being
stirred at rt for 4 h, the mixture was quenched with 1 M HCI aqueous solution and extracted with
EtOAc. The organic layer was separated, washed with water and saturated aqueous NaCl, dried over
anhydrous MgSO, and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, hexane/ethyl acetate, 19:1 to 4:1) to give 93 (10.2 g, 45.9 mmol, 92%) as a colorless oil. 'H
NMR (300 MHz, CDCls5) 6 2.61 (3H, s), 7.36-7.46 (1H, m), 7.74-7.84 (2H, m).
2-Bromo-1-(3-fluoro-4-(trifluoromethoxy)phenyl)ethanone (95). To a stirred solution of 93 (4.41 g,

19.9 mmol) in AcOH (176 mL) was added Br, (1.04 mL, 19.9 mmol). The mixture was stirred at
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50 °C for 3 h and then concentrated in vacuo. The mixture was partitioned between EtOAc and
NaHCO; aqueous solution. The phases were separated and the aqueous phase was extracted with
EtOAc. The combined organic phases were washed with saturated aqueous NaCl, dried over
anhydrous Na,SO, and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, hexane/ethyl acetate, 99:1 to 91:9) to give 95 (4.91 g, 16.3 mmol, 82%) as a pale yellow oil.
'H NMR (300 MHz, CDCl5) § 4.39 (2H, s), 7.36-7.51 (1H, m), 7.77-7.91 (2H, m). MS (ESI/APCI)
m/z300.9 [M — HJ .

2-Bromo-1-(4-(trifluoromethoxy)phenyl)ethanone (96). To a solution of 94 (10.0 g, 49.0 mmol) in
AcOH (100 mL) was added a solution of Br, (2.64 mL, 51.5 mmol) in AcOH (10 mL) at rt. The
mixture was stirred at 50 °C for 1 h. The mixture was poured into water and extracted with EtOAc.
The organic layer was separated, washed with saturated aqueous NaHCO; and saturated aqueous NacCl,
dried over anhydrous MgSO, and concentrated in vacuo to give 96 (11.3 g, 39.9 mmol, 82%). This
was used in the next reaction without further purification. "H NMR (300 MHz, CDCl;) 6 4.42 (2H, s),
7.33 (2H, d, J=7.9 Hz), 8.00-8.11 (2H, m).

1-(4-Cyclopropyl phenyl)-N-hydroxypropan-1-imine (98a). To a solution of 86a (679 mg, 3.90 mmol)
and hydroxylammonium chloride (542 mg, 7.79 mmol) in EtOH (40 mL) was added Et;N (1.09 mL,
7.79 mmol) at rt. After being stirred for 72 h, the mixture was concentrated in vacuo, quenched with
water, and extracted with EtOAc. The organic layer was washed with water and saturated aqueous
NaCl, dried over anhydrous MgSQ,, and concentrated in vacuo to afford 98a (738 mg, 3.90 mmol,
quantitative yield). This was used in the next reaction without further purification. '"H NMR (300 MHz,
CDCl;) 6 0.66-0.76 (2H, m), 0.93-1.03 (2H, m), 1.05-1.21 (3H, m), 1.84-1.97 (1H, m), 2.49-2.85
(2H, m), 7.07 (2H, d, J = 8.3 Hz), 7.44-7.56 (2H, m), 7.80 (1H, brs). MS (ESI/APCI) m/z 190.2 [M +
H]".

1-(4-(Azetidin-1-yl)phenyl)-N-hydroxypropan-1-imine (98b). To a solution of 86b (410 mg, 2.17

mmol) in EtOH (30 mL) were added hydroxylammonium chloride (602 mg, 8.67 mmol) and Et;N
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(1.21 mL, 8.67 mmol) at rt. After being stirred for 20 h, the mixture was concentrated in vacuo,
quenched with water, and extracted with EtOAc. The organic layer was washed with saturated aqueous
NaCl, dried over anhydrous MgSQO,, and concentrated in vacuo to afford 98b (443 mg, 2.17 mmol,
quantitative yield). This was used in the next reaction without further purification. '"H NMR (300 MHz,
CDCl;) 6 1.04-1.22 (3H, m), 2.38 (2H, quin, J = 7.3 Hz), 2.49-2.82 (2H, m), 3.91 (4H, t, J = 7.2 Hz),
6.38-6.47 (2H, m), 7.29-7.53 (3H, m). MS (ESI/APCI) m/z 205.1 [M + H]".
1-(3-(Trifluoromethoxy)phenyl)propan-1-one oxime (98c). To a solution of 86¢ (3.23 g, 14.8 mmol)
in EtOH (20 mL) were added hydroxylammonium chloride (1.23 g, 17.8 mmol) and Et;N (1.80 g, 17.8
mmol). The mixture was stirred at reflux for 16 h. After cooling to rt, the solvent was removed under
reduced pressure. The residue was partitioned between EtOAc (50 mL) and H,O (50 mL). The
aqueous phase was extracted with EtOAc (50 mL x 3). The combined organic layer was dried over
anhydrous Na,SO,4 and concentrated in vacuo to afford 98c (3.04 g, 13.0 mmol, 88%) as a colorless oil.
'HNMR (400 MHz, CDCl3) & 1.18 (3H, t, J = 7.6 Hz), 2.81 (2H, q, J = 7.6 Hz), 7.18-7.25 (1H, m),
7.42 (1H, t,J=8.0 Hz), 7.49 (1H, s), 7.51-7.58 (1H, m), 8.44 (1H, brs).
1-(2-(Trifluoromethoxy)phenyl)propan-1-one oxime (98d). To a solution of 86d (3.23 g, 14.8 mmol)
in EtOH (25 mL) were added hydroxylammonium chloride (1.12 g, 16.3 mmol) and Et;N (1.65 g, 16.3
mmol). The mixture was stirred at reflux for 16 h. After cooling to rt, the mixture was concentrated
under reduced pressure to remove EtOH. The residue was partitioned between EtOAc (30 mL) and
water (30 mL). The aqueous phase was extracted with EtOAc (30 mL x 3). The combined organic
layer was dried over anhydrous Na,SO, and concentrated in vacuo to afford 98d (2.31 g, 9.91 mmol,
67%) as a colorless oil. "H NMR (400 MHz, CDCl;) 6 1.05 (3H, t, J = 7.6 Hz), 2.77 (2H, q, J = 7.6
Hz), 7.27-7.35 (2H, m), 7.36-7.44 (2H, m), 8.28 (1H, s).
1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-N-hydroxypropan-1-imine (98€). To a solution of 86e (2.51
g, 10.6 mmol) in EtOH (35.4 mL) was added hydroxylammonium chloride (0.89 g, 12.8 mmol) and

Et;N (1.78 mL, 12.8 mmol) at rt. The mixture was stirred at rt overnight. The mixture was poured into
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water and extracted with EtOAc. The organic layer was separated, washed with saturated aqueous
NaCl, dried over anhydrous MgSQO,, and concentrated in vacuo to give 98e (2.69 g, 10.7 mmol,
quantitative yeild) as a pale yellow oil. This was used in the next reaction without further purification.
1-(2-Fluoro-4-(trifluoromethoxy)phenyl)-N-hydroxypropan-1-imine (98f). A mixture of 86f (1.12 g,
4.74 mmol), hydroxylammonium chloride (0.395 g, 5.69 mmol) and Et;N (0.793 mL, 5.69 mmol) in
EtOH (30 mL) was stirred at 80 °C for 3 h. The mixture was poured into saturated aqueous NaCl and
extracted with EtOAc. The organic layer was separated, washed with saturated aqueous NaCl, dried
over anhydrous MgSO, and concentrated in vacuo to give 98f (1.27 g, 5.06 mmol, quantitative yeild)
as a yellow oil. "H NMR (300 MHz, CDCl3) & 1.11 (3H, t, J = 7.7 Hz), 2.48-2.85 (1H, m), 6.93-7.14
(2H, m), 7.19-7.53 (1H, m), 7.83-8.53 (1H, m).

N-Hydroxy-1-(4-(trifluoromethyl)phenyl) propan-1-imine (98g). To a solution of 86g (2.00 g, 9.89
mmol) in EtOH (100 mL) were added hydroxylammonium chloride (1.38 g, 19.8 mmol) and Et;N
(2.76 mL, 19.8 mmol) at rt. After being stirred for 20 h, the mixture was quenched with water and
extracted with EtOAc. The organic layer was separated, washed with saturated aqueous NaCl, dried
over anhydrous MgSO, and concentrated in vacuo to afford 98g (2.15 g, 9.90 mmol, quantitative
yield). The residue was used in the next reaction without further purification. 'H NMR (300 MHz,
CDCl) 6 1.06-1.23 (3H, m), 2.54-2.90 (2H, m), 7.47-7.78 (4H, m), 8.14-8.53 (1H, m).
N-Hydroxy-3-methoxy-1-(4-(trifluoromethoxy)phenyl)propan-1-imine (98h). To a solution of 86h
(4.55 g, 18.3 mmol) in EtOH (92 mL) was added hydroxylammonium chloride (1.53 g, 22.0 mmol)
and Et;N (3.07 mL, 22.0 mmol) at rt. The mixture was stirred at 70 °C overnight. The mixture was
poured into water at rt and extracted with EtOAc. The organic layer was separated, washed with
saturated aqueous NaCl, dried over anhydrous MgSO, and concentrated in vacuo to give 98h (4.70 g,
17.9 mmol, 97%) as a yellow oil. This was used in the next reaction without further purification.
N-Hydroxy-2-methoxy-1-(4-(trifluoromethoxy)phenyl)ethanimine (98i). To a solution of 86i (898 mg,

3.83 mmol) in EtOH (20 mL) were added hydroxylammonium chloride (320 mg, 4.60 mmol) and
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Et;N (0.641 mL, 4.60 mmol). The mixture was stirred at 80 °C for 4 h and then evaporated under
reduced pressure to remove EtOH. The residue was partitioned between EtOAc and water. The phases
were separated and the aqueous phase was extracted with EtOAc. The combined organic phases were
dried over anhydrous Na,SO,4 and concentrated in vacuo to afford 98i (949 mg, 3.81 mmol, 99%) as a
colorless oil. This was used in the next reaction without furthur purification. MS (ESI/APCI) m/z
250.1 [M+H]".

N-Hydroxy-2-(methylsulfanyl)-1-(4-(trifluoromethoxy)phenyl)ethanimine (98j). A mixture of 86
(3.85 g, 15.4 mmol), triethylamine (3.11 g, 30.8 mmol) and hydroxylammonium chloride (1.39 g, 20.0
mmol) in EtOH (100 mL) was stirred at 80 °C for 16 h. The mixture was poured into saturated
aqueous NaCl and extracted with EtOAc. The organic layer was separated, washed with saturated
aqueous NaCl, dried over anhydrous MgSO, and concentrated in vacuo to give 98] (3.78 g, 14.3 mmol,
93%) as a yellow oil. "H NMR (300 MHz, CDCls) § 2.14 (3H, s), 3.83 (2H, s), 7.15-7.39 (2H, m),
7.62-7.87 (2H, m), 8.22 (1H, brs). MS (ESI/APCI) m/z 266.0 [M + H]".
1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-N-hydroxy-2-methoxyethanimine (98k). To a solution of
86k (3.28 g, 13.0 mmol) and hydroxylammonium chloride (1.81 g, 26.0 mmol) in EtOH (150 mL) was
added Et;N (3.63 mL, 26.0 mmol) at rt. After being stirred for 60 h (over weekend), the mixture was
concentrated in vacuo, quenched with iced water, and extracted with EtOAc. The organic layer was
washed with water and saturated aqueous NaCl, dried over anhydrous MgSQO,, and concentrated in
vacuo to afford 98k (3.26 g, 12.2 mmol, 94%). This was used in the next reaction without further
purification. '"H NMR (300 MHz, CDCl;) & 3.33-3.42 (3H, m), 4.25-4.68 (2H, m), 7.27-7.63 (3H, m),
7.68 (1H, s). MS (ESI/APCI) m/z 268.1 [M + H]".
N-Hydroxy-2-methoxy-1-(4-(trifluoromethyl)phenyl)ethanimine (98l). To a solution of 86l (1.84 g,
8.43 mmol) in EtOH (100 mL) were added hydroxylammonium chloride (1.17 g, 16.9 mmol) and Et;N
(2.35 mL, 16.9 mmol) at rt. After being stirred for 4.5 h, the mixture was concentrated, quenched with

water, and extracted with EtOAc. The organic layer was washed with saturated aqueous NaCl, dried
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over anhydrous MgSQO,, and concentrated in vacuo to afford 98| (1.97 g, 8.43 mmol, quantitative
yield). This was used in the next reaction without further purification. '"H NMR (300 MHz, CDCl3) &
3.33-3.40 (3H, m), 4.29-4.72 (2H, m), 7.58-7.83 (4H, m), 8.01-8.39 (1H, m). MS (ESI/APCI) m/z
234.1 [M+H]".

1-(4-Cyclopropylphenyl)propan-1-amine (99a). To a solution of 98a (738 mg, 3.90 mmol) in THF (40
mL) was added 1 M BH;-THF solution in THF (7.09 mL, 7.80 mmol) at rt. After being refluxed for 20
h, the mixture was quenched with 1 M HCI aqueous solution at rt and extracted with EtOAc. The
organic layer was separated, washed with water and saturated aqueous NaCl, dried over anhydrous
MgSO, and concentrated in vacuo to afford 99a (630 mg, 3.60 mmol, 92%). This was used in the next
reaction without further purification.

1-(4-(Azetidin-1-yl)phenyl)propan-1-amine (99b). A mixture of 98b (443 mg, 2.17 mmol) and 10%
Pd/C (containing 50% water, 45 mg) in MeOH (15 mL) was hydrogenated under balloon pressure at rt
for 20 h. The catalyst was removed by filtration and the filtrate was concentrated in vacuo to give 99b
(410 mg, 2.15 mmol, 99%) as a colorless oil. This was used in the next reaction without further
purification. 'H NMR (300 MHz, CDCl;) § 0.85 (3H, t, J = 7.3 Hz), 1.61-1.72 (2H, m), 2.28-2.41 (2H,
m), 3.70 (1H, t, J= 7.0 Hz), 3.86 (4H, t, J = 7.2 Hz), 6.38-6.46 (2H, m), 7.11-7.19 (2H, m).
1-(3-(Trifluoromethoxy)phenyl)propan-1-amine Hydrochloride (99c). A mixture of 98¢ (1.03 g, 4.21
mmol) and Raney Ni (300 mg) in MeOH (100 mL) was hydrogenated under 50 psi at 50 °C for 4 h.
The suspension was filtered through a pad of Celite and the filter cake was washed with MeOH (50
mL x 3). The combined filtrate was concentrated to afford the crude product. The residue was purified
by preparative HPLC (column: YMC-pack ODS-A 4.6 mm ID % 150 mm L; mobile phase A: 0.05%
HCI in water; mobile phase B: 0.05% HCI in acetonitrile; flow rate: 1.5 mL/min). After most of the
solvent was removed under reduced pressure, the residue was lyophilized to afford 100c (330 mg, 1.29
mmol, 31%) as a yellow solid. '"H NMR (400MHz, DMSO-d;) & 0.75 (3H, t, J = 7.2 Hz), 1.71-1.85

(1H, m), 1.92-2.05 (1H, m), 4.17-4.28 (1H, m), 7.34-7.42 (1H, m), 7.51-7.61(3H, m), 8.66 (3H, brs).
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1-(4-(Trifluoromethyl)phenyl)propan-1-amine (99g). A mixture of crude 989 (2.15 g, 9.90 mmol) and
20% Pd(OH),/C (containing 50% water, 200 mg) in EtOH (100 mL) was hydrogenated under balloon
pressure at rt for 5 h. The catalyst was removed by filtration and the filtrate was concentrated in vacuo
and purified by column chromatography (basic silica gel, hexane/ethyl acetate, 9:1 to 1:1) to give 999
(988 mg, 4.86 mmol, 49%) as a colorless oil. "H NMR (300 MHz, CDCl3) 6 0.87 (3H, t, J = 7.3 Hz),
1.62-1.77 (2H, m), 3.89 (1H, t, J = 6.8 Hz), 7.44 (2H, d, J = 7.9 Hz), 7.58 (2H, d, J = 7.9 Hz). NH,
peak was not observed. MS (ESI/APCI) m/z 204.1 [M + HJ".
2-Methoxy-1-(4-(trifluoromethoxy)phenyl)ethanamine (99i). A mixture of 98i (948.6 mg, 3.81
mmol) and 10% Pd/C (containing 50% water, 300 mg) in MeOH (20 mL) was hydrogenated under
balloon pressure at rt overnight. The catalyst was removed by filtration and the filtrate was
concentrated in vacuo to give 99i (854 mg, 3.63 mmol, 95%) as a white wax-like solid. This was used
in the next reaction without further purification. '"H NMR (300 MHz, DMSO-d;) & 3.25 (3H, s), 3.29—
3.38 (2H, m), 3.98-4.15 (1H, m), 7.25-7.34 (2H, m), 7.47-7.54 (2H, m). MS (ESI/APCI) m/z 236.1
[M +H]J".

2-(Methylsulfanyl)-1-(4-(trifluoromethoxy)phenyl)ethanamine (99j). A mixture of 1.1 M BH; THF
solution in THF (5.14 mL, 5.65 mmol) and 98] (500 mg, 1.88 mmol) in THF (50 mL) was stirred at
reflux under N, overnight and then 1 M HCI aqueous solution was added. After being stirred at rt for
15 min, the mixture was poured into saturated aqueous NaHCOj; and extracted with EtOAc. The
organic layer was separated, washed with saturated aqueous NaHCO; and saturated aqueous NaCl,
dried over anhydrous MgSOy,, and concentrated in vacuo to give 99 (515 mg, 2.05 mmol, quantitative
yeild) as a colorless oil. This was used to the next reaction without further purification. MS
(ESI/APCI) m/z 235.0 [M + 1 — NH;]".
1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethanamine (99k). A solution of 98k (3.26 g,
12.2 mmol) in EtOH (60 mL) was treated with 20% Pd(OH),/C (containing 50% water, 1 g) under H,

for 5 h. The catalyst was filtered off and the filtrate was concentrated in vacuo to afford 99k (2.87 g,
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11.3 mmol, 93%) as a white solid. "H NMR (300 MHz, CDCl;) 6 3.32-3.44 (4H, m), 3.43-3.54 (1H,
m), 3.56-3.99 (2H, m), 4.19 (1H, brs), 6.99-7.48 (3H, m). MS (ESI/APCI) m/z 254.1 [M + H]".
1-(2-(Trifluoromethoxy)phenyl)propan-1-amine Hydrochloride (100d). A mixture of 98d (2.31 g,
9.91 mmol) and Raney Ni (1.00 g) in MeOH (100 mL) was hydrogenated under 50 psi at 50 °C for 4 h.
The suspension was filtered through a pad of Celite and the filter cake was washed with MeOH (50
mL x 2). The combined filtrate was concentrated to afford the crude product as a white wax-like solid.
The residue was dissolved in EtOAc (70 mL) and MeOH (10 mL). 4 M HCI solution in EtOAc (40 mL,
160 mmol) was added to the above mixture. The mixture was stirred at 15 °C for 2 h and the solvent
was removed under reduced pressure. The resulting solid was triturated with MTBE, collected by
filtration, rinsed with MTBE (50 mL x 3), and dried to afford 100d (1.36 g, 5.32 mmol, 54%) as a
white solid. "H NMR (400 MHz, DMSO-d;) § 0.78 (3H, t, J = 7.2 Hz), 1.76-1.89 (1H, m), 1.96-2.10
(1H, m), 4.31-4.41 (1H, m), 7.39-7.48 (1H, m), 7.49-7.59 (2H, m), 7.84 (1H, dd, J = 6.8, 2.4 Hz),
8.69 (3H, brs). MS (ESI/APCI) m/z 219.9 [M + H]".
1-(3-Fluoro-4-(trifluoromethoxy)phenyl)propan-1-amine Hydrochloride (100€). A mixture of 98e
(2.69 g, 10.71 mmol) and 10% Pd/C (containing 50% water, 540 mg) in EtOH (36 mL) was
hydrogenated under balloon pressure at rt overnight. The catalyst was removed by filtration and the
filtrate was concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexane/ethyl acetate, 7:3 to 0:100). The desired fractions were collected and evaporated. To a solution
of the residue in EtOAc (10 mL) was added 4 M HCI solution in EtOAc (10 mL, 40 mmol). The
mixture was concentrated in vacuo. The resulting solid was triturated with i-Pr,O, collected by
filtration, rinsed with i-Pr,O, and dried to give 100e (1.85 g, 6.76 mmol, 63%) as a white solid. 'H
NMR (300 MHz, DMSO-d;) 6 0.77 (3H, t, J = 7.5 Hz), 1.74-1.92 (1H, m), 1.92-2.12 (1H, m), 4.24
(1H, dd, J = 9.0, 5.8 Hz), 7.50 (1H, d, J = 8.5 Hz), 7.67 (1H, td, J = 8.3, 0.9 Hz), 7.80 (1H, dd, J =

11.6, 2.0 Hz), 8.76 (3H, brs).
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1-(2-Fluoro-4-(trifluoromethoxy)phenyl)propan-1-amine Hydrochloride (100f). A mixture of 98f
(1.27 g, 5.06 mmol) and 10% Pd/C (containing 50% water, 150 mg) in MeOH (30 mL) was
hydrogenated under balloon pressure at rt for 2 days. LC-MS showed no reaction. After the Pd/C was
filtered off, Raney nickel (100 mg, 0.85 mmol) was then added to the mixture. The mixture was
hydrogenated under balloon pressure at rt for 2 days. LC—MS showed the reaction was slow with most
of the starting material remained. After the Raney nickel was filtered off, 20% Pd(OH),/C (containing
50% water, 100 mg, 0.71 mmol) was added to the mixture, which was hydrogenated under balloon
pressure at rt overnight. The mixture was passed through a cake of celite, and the filtrate was
concentrated in vacuo. To the residue was added 4 M HCI solution in EtOAc (5 mL, 20 mmol). The
resulting solid was triturated with i-Pr,O at 0 °C, collected by filtration, rinsed with i-Pr,O at 0 °C, and
dried to give 100f (647 mg, 2.36 mmol, 47%) as a white solid. "H NMR (300 MHz, DMSO-d;) & 0.79
(3H, t, J = 7.3 Hz), 1.73-1.92 (1H, m), 1.93-2.10 (1H, m), 4.32-4.50 (1H, m), 7.41 (1H, d, J = 8.7
Hz), 7.52 (1H, dd, J = 10.5, 1.5 Hz), 7.80 (1H, t, J = 8.5 Hz), 8.56 (2H, brs). MS (ESI/APCI) m/z
221.0 [M+H]J".

3-Methoxy-1-(4-(trifluoromethoxy)phenyl) propan-1-amine Hydrochloride (100h). A mixture of 98h
(4.70 g, 17.9 mmol) and 20% Pd(OH),/C (containing 50% water, 300 mg) in MeOH (89 mL) was
hydrogenated under balloon pressure at rt overnight. The catalyst was removed by filtration and the
filtrate was concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexane/ethyl acetate/methanol, 1:1:0 to 0:100:0 to 0:3:2). The desired fractions were collected and
evaporated. To the residue was added 4 M HCI solution in EtOAc (15 mL, 60 mmol) at rt. The mixture
was stirred at rt for 10 min and concentrated in vacuo. The residue was triturated with hexane/i-Pr,O,
collected by filtration, rinsed with hexane/i-Pr,0, and dried to give 100h (2.40 g, 8.40 mmol, 47%) as
a pale yellow solid. "H NMR (300 MHz, DMSO-dg) & 1.92-2.08 (1H, m), 2.26 (1H, d, J = 5.3 Hz),
3.05-3.16 (1H, m), 3.18 (3H, s), 3.25-3.36 (1H, m), 4.36 (1H, brs), 7.46 (2H, d, J = 8.1 Hz), 7.60—

7.72 (2H, m), 8.62 (3H, brs).
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2-Methoxy-1-(4-(trifluoromethoxy)phenyl)ethanamine Hydrochloride (100i). To a 4 M HCI solution
in EtOAc (100 mL, 400 mmol) was added a solution of 99i (4.80 g, 20.4 mmol) in EtOAc (10 mL) at
rt. After being stirred for 2 h, the mixture was concentrated in vacuo. The resulting solid was triturated
with i-Pr,0, collected by filtration, rinsed with i-Pr,O, and dried to afford 100i (4.20 g, 15.5 mmol,
76%) as a white solid. '"H NMR (300 MHz, DMSO-de) & 3.34 (3H, s), 3.58-3.74 (2H, m), 4.58 (1H, dd,
J=16.6,5.5Hz), 7.46 (2H, d, J= 8.7 Hz), 7.65 (2H, d, J = 8.3 Hz), 8.57 (3H, brs). MS (ESI/APCI) m/z
236.1 [M+H]".

2-Methoxy-1-(4-(trifluoromethyl) phenyl)ethanamine Hydrochloride (1001). A mixture of 98l (1.97 g,
8.43 mmol) and 10% Pd/C (containing 50% water, 200 mg) in EtOH (100 mL) was hydrogenated
under balloon pressure at rt overnight. The catalyst was removed by filtration and the filtrate was
concentrated in vacuo. To a stirred 4 M HCI solution in EtOAc (20 mL, 80 mmol) was added a
solution of crude 2-methoxy-1-(4-(trifluoromethyl)phenyl)ethanamine obtained above (1.85 g, 8.43
mmol) in EtOAc (5 mL) at rt. After being stirred for 30 min, the mixture was concentrated in vacuo.
The residue was triturated with ethyl acetate, collected by filtration, rinsed with ethyl acetate, and
dried to afford 100l (1.81 g, 7.08 mmol, 84%) as a white solid. "H NMR (300 MHz, DMSO-d;) &
3.26-3.41 (3H, m), 3.59-3.78 (2H, m), 4.58-4.73 (1H, m), 7.66-7.91 (4H, m), 8.69 (3H, brs). MS
(ESI/APCI) m/z 220.1 [M + HJ".

Ethyl Oxo(4-(trifluoromethoxy)phenyl)acetate (102). To a solution of
1-bromo-4-(trifluoromethoxy)benzene (101) (10.0 g, 41.5 mmol) in THF (200 mL) at —78 °C was
added dropwise 1.6 M butyllithium solution in hexane (31.1 mL, 49.8 mmol). The mixture was stirred
at —78 °C for 50 min under N,. Then, ethyl 2-chloro-2-oxoacetate (6.23 g, 45.6 mmol) was added to
the mixture at —78 °C. The mixture was gradually warmed to rt and stirred at the same temperature
overnight. The mixture was poured into 1 M HCI aqueous solution at 0 °C and extracted with EtOAc.
The organic layer was washed with water and saturated aqueous NaCl, dried over anhydrous MgSQOy,,

and concentrated in vacuo. The residue was purified by column chromatography (silica gel,
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hexane/ethyl acetate, 49:1 to 1:1) to give 102 (2.50 g, 9.54 mmol, 23%) as an orange oil, which
contained some impurities. This was used in the next reaction without further purification. '"H NMR
(300 MHz, CDCl;) 6 1.41-1.47 (3H, m), 4.41-4.51 (2H, m), 7.30-7.40 (2H, m), 8.04-8.19 (2H, m).
Ethyl 2-(Hydroxyimino)-2-(4-(trifluoromethoxy)phenyl)acetate (103). A mixture of Et;N (1.60 mL,
11.4 mmol), 102 (2.50 g, 9.54 mmol) and hydroxylammonium chloride (0.795 g, 11.4 mmol) in EtOH
(100 mL) was stirred at 80 °C overnight. The mixture was poured into saturated aqueous NaCl and
extracted with EtOAc. The organic layer was washed with saturated aqueous NaCl, dried over
anhydrous MgSQ,, and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, hexane/ethyl acetate, 49:1 to 1:1) to give 103 (725 mg, 2.62 mmol, 27%) as a pale yellow
solid. "H NMR (300 MHz, CDCl5) § 1.36 (2H, t, J = 7.0 Hz), 1.40 (3H, t, J= 7.2 Hz), 436 (2H, q, J =
7.2 Hz), 4.46 (2H, q, J = 7.2 Hz), 7.19-7.33 (4H, m), 7.53-7.64 (4H, m), 8.65 (1H, brs), 9.22 (1H,
brs).

Ethyl Amino(4-(trifluoromethoxy)phenyl)acetate (104). A mixture of 103 (720 mg, 2.60 mmol) and
10% Pd/C (containing 50% water, 140 mg) in EtOH (15 mL) was hydrogenated under balloon
pressure at rt overnight. The mixture was filtered and the filtrate was concentrated in vacuo to give
104 (590 mg, 2.24 mmol, 86%) as a pale orange solid. 'H NMR (300 MHz, CDCl;) & 1.18-1.28 (3H,
m), 2.09 (2H, brs), 3.97-4.37 (2H, m), 4.63 (1H, s), 7.13-7.25 (2H, m), 7.43 (2H, d, J = 8.7 Hz). MS
(ESI/APCI) m/z 264.1 [M + HJ".

Ethyl ((tert-Butoxycarbonyl)amino)(4-(trifluoromethoxy)phenyl)acetate (105). A mixture of 104
(590 mg, 2.24 mmol) and Boc,0O (430 mg, 2.47 mmol) in THF (20 mL) was stirred at rt for 2 days.
The mixture was concentrated in vacuo to give crude 105 (952 mg, 2.62 mmol, quantitative yeild) as a
yellow oil. This was used in the next reaction without further purification. '"H NMR (300 MHz,
CDCl) 6 1.22 (3H, t, J = 7.2 Hz), 1.53 (9H, s), 3.99-4.33 (2H, m), 5.32 (1H, d, J = 6.8 Hz), 5.63 (1H,

brs), 7.19 (2H, d, J= 7.9 Hz), 7.41 (2H, d, J = 8.7 Hz).
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tert-Butyl (2-Hydroxy-1-(4-(trifluoromethoxy)phenyl)ethyl)carbamate (106). To a suspension of
LAH (41.8 mg, 1.10 mmol) in THF (5 mL) at 0 °C was added 105 (100 mg, 0.28 mmol). The mixture
was stirred at the same temperature for 30 min and then MgSQO, and a small amount of H,O were
sequentially added, followed by EtOAc. The mixture was filtered through celite pad and the filtrate
was concentrated in vacuo to give 106 (54.8 mg, 0.171 mmol, 62%) as a colorless gum. '"H NMR (300
MHz, CDCls) 6 1.55 (9H, s), 3.71 (1H, brs), 3.86 (2H, brs), 4.79 (1H, brs), 5.28 (1H, brs), 7.11-7.24
(2H, m), 7.29-7.41 (2H, m). MS (ESI/APCI) m/z 320.1 [M — H] .

tert-Butyl  (2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy)phenyl)propyl)carbamate (107). To a
solution of methylmagnesium bromide (1 M THF solution, 2.20 mL, 2.20 mmol) in THF (5 mL) at
0 °C was added 105 (200 mg, 0.55 mmol). The mixture was stirred at 0 °C for 2 h. The mixture was
poured into saturated aqueous NH4Cl and extracted with EtOAc. The organic layer was separated,
washed with saturated aqueous NaCl, dried over anhydrous MgSQ,, and concentrated in vacuo. The
residue was purified by column chromatography (silica gel, hexane/ethyl acetate, 9:1 to 1:4) to give
107 (78 mg, 0.224 mmol, 41%) as a pale yellow solid. "H NMR (300 MHz, CDCls) 6 1.05 (3H, s),
1.36 (3H, s), 1.40 (9H, brs), 1.49 (1H, brs), 4.50 (1H, d, J= 5.3 Hz), 5.52 (1H, d, J = 5.7 Hz), 7.14-
7.23 (2H, m), 7.29-7.38 (2H, m).

1-Amino-2-methyl-1-(4-(trifluoromethoxy)phenyl)propan-2-ol Hydrochloride (108). A mixture of
107 (78 mg, 0.22 mmol) and 4 M HCI solution in EtOA (5§ mL, 20 mmol) was stirred at rt for 1 h. The
mixture was concentrated in vacuo to give 108 (53.3 mg, 0.187 mmol, 84%) as a pale yellow solid. 'H
NMR (300 MHz, DMSO-dg) 6 0.97 (3H, s), 1.23 (3H, s), 4.23 (1H, s), 5.39 (1H, s), 7.38-7.52 (2H, m),
7.55-7.71 (2H, m), 8.37 (3H, brs). MS (ESI/APCI) m/z 250.1 [M + H]".

tert-Butyl (2-Methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)carbamate (109). To a solution of 99i
(10.8 g, 45.9 mmol) in THF (250 mL) were added Boc,O (11.7 mL, 50.5 mmol) and Et;N (7.68 mL,
55.1 mmol) at rt. After being stirred for 20 h, the mixture was quenched with water and extracted with

EtOAc. The organic layer was washed with water and saturated aqueous NaCl, dried over anhydrous
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MgSO,, and concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexane/ethyl acetate, 19:1 to 4:1) to give 109 (12.7 g, 37.8 mmol, 82%) as a white solid. 'H NMR (300
MHz, CDCL) 6 1.41 (9H, brs), 3.35 (3H, s), 3.46-3.67 (2H, m), 4.80 (1H, brs), 5.29 (1H, brs), 7.13—
7.21 (2H, m), 7.30-7.39 (2H, m).

tert-Butyl ((1R)-2-Methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)carbamate (110a). Resolution of the
enantiomers of 109 was carried out chromatographically using a Chiralpak IC 50 mm ID % 500 mm L
column (hexane/ethanol, 93:7) at 85 mL/min. Resolution of 109 (12.7 g, 37.8 mmol) provided 110a as
a white solid (5.84 g, 17.4 mmol, 46%, 92% theoretical) as the first eluting enantiomer. Analytical
HPLC analysis carried out on a 4.6 mm ID % 250 mm L Chiralpak IC column (hexane/ethanol, 9:1) at
a flow rate of 1.0 mL/min indicated that 110a was of 99.4% ee. '"H NMR (300 MHz, CDCL;) 6 1.41
(9H, brs), 3.35 (3H, s), 3.49-3.67 (2H, m), 4.80 (1H, brs), 5.29 (1H, brs), 7.13-7.21 (2H, m), 7.30-
7.38 (2H, m).

tert-Butyl ((15)-2-Methoxy-1-(4-(trifluoromethoxy)phenyl)ethyl)carbamate (110b). Resolution of the
enantiomers of 109 was carried out chromatographically using a Chiralpak IC 50 mm ID % 500 mm L
column (hexane/ethanol, 93:7) at 85 mL/min. Resolution of 109 (12.7 g, 37.8 mmol) provided 110b as
a white solid (5.95 g, 17.7 mmol, 47%, 94% theoretical) as the second eluting enantiomer. Analytical
HPLC analysis carried out on a 4.6 mm ID % 250 mm L Chiralpak IC column (hexane/ethanol, 9:1) at
a flow rate of 1.0 mL/min indicated that 110b was of 99.8% ee. "H NMR (300 MHz, CDCl;) § 1.41
(9H, brs), 3.35 (3H, s), 3.49-3.66 (2H, m), 4.81 (1H, brs), 5.29 (1H, brs), 7.13-7.21 (2H, m), 7.30-
7.39 (2H, m)..

(1R)-2-Methoxy-1-(4-(trifluoromethoxy)phenyl)ethanamine Hydrochloride (111a). A mixture of
110a (5.84 g, 17.4 mmol) and 4 M HCI solution in EtOAc (30 mL, 120 mmol) was stirred at rt for 1 h.
The mixture was concentrated in vacuo, and the residue was triturated with i-Pr,O, collected by

filtration, rinsed with i-Pr,O, and dried to give 111a (4.52 g, 16.6 mmol, 96%) as a white solid. 'H
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NMR (300 MHz, DMSO-d¢) 6 3.33 (3H, s), 3.60-3.77 (2H, m), 4.52-4.61 (1H, m), 7.46 (2H, d, J =
8.3 Hz), 7.68 (2H, d, J = 8.7 Hz), 8.67 (3H, brs). MS (ESI/APCI) m/z 219.0 [M + H — (NH3)]".
(19)-2-Methoxy-1-(4-(trifluoromethoxy)phenyl)ethanamine Hydrochloride (111b). A mixture of
110b (5.95 g, 17.7 mmol) and 4 M HCI solution in EtOAc (30 mL, 120 mmol) was stirred at rt for 1 h.
The mixture was concentrated in vacuo, and the residue was triturated with i-Pr,O, collected by
filtration, rinsed with i-Pr,O, and dried to give 111b (4.30 g, 15.8 mmol, 89%) as a white solid. 'H
NMR (300 MHz, DMSO-ds) 83.33 (3H, s), 3.60-3.77 (2H, m), 4.52—4.61 (1H, m), 7.46 (2H, d, J= 8.3
Hz), 7.68 (2H, d, J = 8.7 Hz), 8.67 (3H, brs). MS (ESI/APCI) m/z 219.1 [M + H — (NH3)]".

tert-Butyl (1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethyl)carbamate (113). To a solution
of 99k (7.47 g, 29.5 mmol) in THF (200 mL) were added Boc,O (7.53 mL, 32.5 mmol) and Et;N (6.17
mL, 44.3 mmol) at rt. After being stirred at rt for 16 h, the mixture was quenched with water and
extracted with EtOAc. The organic layer was separated, washed with saturated aqueous NaCl, dried
over anhydrous MgSO,, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/ethyl acetate, 19:1 to 4:1) to give 113 (8.25 g, 23.4 mmol, 79%) as
a white solid. '"H NMR (300 MHz, CDCls) & 1.42 (9H, brs), 3.35 (3H, s), 3.49-3.67 (2H, m), 4.78 (1H,
brs), 5.34 (1H, brs), 7.08-7.29 (3H, m). MS (ESI/APCI) m/z 254.0 [M + H — (Boc)]".

tert-Butyl ((1S)-1-(3-Fluoro-4-(trifluoromethoxy) phenyl)-2-methoxyethyl)carbamate ~ (114a).
Resolution of the enantiomers of 113 was carried out chromatographically using a Chiralpak AD 50
mm ID x 500 mm L column (hexane/ethanol, 19:1) at 80 mL/min. Resolution of $43 (12.5 g, 35.5
mmol) provided 114a as a white solid (5.73 g, 16.2 mmol, 46%, 92% theoretical) as the first eluting
enantiomer. Analytical HPLC analysis carried out on a 4.6 mm ID x 250 mm L Chiralpak AD column
(hexane/ethanol, 19:1) at a flow rate of 1.0 mL/min indicated that 114a was of >99.9% ee. 'H NMR
(300 MHz, CDCl;) 6 1.42 (9H, brs), 3.35 (3H, s), 3.49-3.66 (2H, m), 4.77 (1H, brs), 5.34 (1H, brs),

7.07-7.30 (3H, m). MS (ESI/APCI) m/z 254.0 [M + H — (Boc)]".
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(19)-1-(3-Fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethanamine  hydrochloride  (115). A
mixture of 114a (5.73 g, 16.2 mmol) and 4 M HCI solution in EtOAc (100 mL, 400 mmol) was stirred
at rt for 3 h. The mixture was concentrated in vacuo, and the resulting solid was triturated with i-Pr,0,
collected by filtration, rinsed with i-Pr,O, and dried to give 115 (4.45 g, 15.4 mmol, 95%) as a white
solid. '"H NMR (300 MHz, DMSO-ds) § 3.33 (3H, s), 3.61-3.78 (2H, m), 4.55-4.64 (1H, m), 7.47-
7.56 (1H, m), 7.64-7.83 (2H, m), 8.74 (3H, brs). MS (ESI/APCI) m/z 254.0 [M + H]".
(+)-Di-(p-toluoyl)-p-tartaric acid salt of 116 (117). 115 (2.00 g, 6.90 mmol) was suspended in EtOAc
and neutralized with saturated aqueous NaHCOs. The organic phase was dried over anhydrous Na,SO,
and concentrated in vacuo to afford 116 (1.74 g, 6.87 mmol, quantitative yeild) as a colorless oil. 116
(127 mg, 0.500 mmol) and (2§,35)-(+)-di-(p-toluoyl)-D-tartaric acid (193 mg, 0.500 mmol) were
dissolved in EtOH (200 pl) and water (200 pl) at rt. The mixture was heated to 50 °C and standed
overnight to give (25,395)-2,3-bis((4-methylbenzoyl)oxy)butanedioic acid -
(15)-1-(3-fluoro-4-(trifluoromethoxy)phenyl)-2-methoxyethanamine (1:1) (117) suitable for X-ray
crystallography.

Enzyme Assay Protocol. Preparation of human PDE. Human PDE1A, 3A, 4D2, 5A1, 7B, 8A1, 9A2,
and 11A4 enzymes were purchased from BPS Bioscience. Human PDE6AB enzyme was purchased
from SB Drug Discovery. Human PDE2A3 full-length gene was transduced into Sf9, and human
PDE2A3 enzyme was purified by His-tag affinity column and gel filtration. Human PDE10A2 was
generated from COS-7 cells transfected with the full-length gene. The enzymes were stored at —70 °C
until use.

PDE2A3 enzyme inhibitory assay. PDE activity was measured using a SPA (GE Healthcare). To
evaluate the inhibitory activity of the compound, 10 pL of serially diluted compounds were reacted
with 20 puL of PDE enzyme (final concentration 0.023 nM) in assay buffer (50 mM HEPES-NaOH, 8.3
mM MgCl,, 1.7 mM EGTA, and 0.1% bovine serum albumin (BSA) (pH 7.4)) for 30 min at rt. The

final concentration of DMSO in the reaction solution was 1%. Compounds were tested in duplicate in
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96-well half-area plates (Corning) or a 384-well OptiPlate (PerkinElmer). We used an 8 concentration
serial dilution dose response ranging from 100 uM to 10 pM compound concentrations. To start the
reaction, 10 pL of substrate [*H] cGMP (final concentration 77 nM, PerkinElmer) was added to a total
volume of 40 pL. After reaction for 60 min at rt, 20 pL of 20 mg/mL yttrium SPA beads containing
zinc sulfate was added to terminate the PDE reaction. After allowing to settle for an additional 60 min,
the assay plates were counted in a scintillation counter (PerkinElmer) to allow calculation of the
inhibition rate. The inhibition rate was calculated on the basis of the 0% control wells with enzyme
and DMSO, and the 100% control wells without enzyme. All ICs, values were obtained by fitting the
results to the following 4 Parameter Logistic Equation:

y=A+(B-A)/(1+ (10"(C-x)*D)))

where A is the minimum y value, B is the maximum y value, C is Log(ECso) value, and D is the
slope factor.

Human PDE enzyme assay. PDE activities were measured using a SPA (GE Healthcare). To evaluate
the inhibitory activity, 10 uL of serially diluted compounds were incubated with 20 puL of PDE
enzymes, except for PDE1A, in the following assay buffer: 50 mM HEPES-NaOH, 8.3 mM MgCl,,
1.7 mM EGTA, and 0.1% BSA (pH 7.4) for 30 min at rt. The PDE1A enzyme assay was performed in
the following assay buffer: 50 mM Tris-HCI, 8.3 mM MgCl,, 0.2 mM CaCl,, 0.1% BSA, and 30 nM
Calmodulin (pH 7.5). The final concentration of DMSO in the assay was 1%, and compounds were
tested in duplicate in 96-well half-area plates (Corning). We used an 4 concentration serial dilution
dose response ranging from 10 uM to 10 nM compound concentrations. To start the reaction, 10 pL of
substrate ([3H] cGMP (final concentration 77 nM, PerkinElmer) for PDE1A, 5A1, 6AB, 9A2, 10A2,
and 11A4 or [’H] cAMP (final concentration 14.7 nM, PerkinElmer) for PDE3A, 4D2, 7B, and 8A1)
was added for a final assay volume of 40 pL. After 60 min incubation at rt, 20 pL of 20 mg/mL

yttrium SPA beads containing zinc sulfate was added to terminate the PDE reaction. After allowing to
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settle for more than 120 min, the assay plates were counted in a scintillation counter (PerkinElmer) to
allow calculation of the inhibition rate.

Estimation of Log D at pH 7.4. Log D4, which is the partition coefficient of the compounds between
1-octanol and aqueous buffer at pH 7.4, was measured using a chromatographic procedure based on a
published method.®® The instruments utilized were a Waters Alliance 2795 HPLC system and a 2996
UV-vis detector (Milford, MA, USA).

Transcellular  Transport Study Using a Transporter-Expression System. Human
MDR I-expressing LLC-PK1 cells were cultured as reported previously with minor modifications.'*
The transcellular transport study was performed as reported previously.'”” In brief, the cells were
grown for 7 days in an HTS Transwell 96-well permeable support (pore size: 0.4 um, surface area:
0.143 cm?®) with a polyethylene terephthalate membrane (Corning Life Sciences, Lowell, MA, USA) at
a density of 1.125 x 10° cells/well. The cells were preincubated with M199 at 37 °C for 30 min.
Subsequently, transcellular transport was initiated by the addition of M199 either to apical
compartments (75 pL) or to the basolateral compartments (250 pL) containing 10 uM digoxin, 200
UM lucifer yellow as a marker for the monolayer tightness, and 10 uM test compounds, and then
terminated by the removal of each assay plate after 2 h. The aliquots (25 pL) in the opposite
compartments were mixed with acetonitrile containing alprenolol and diclofenac as an internal
standard and then centrifuged. The compound concentrations in the supernatant were measured by
LC-MS/MS. The apparent permeability (Py,,) of test compounds in the receiver wells was determined
and the efflux ratio (ER) for the MDR1 membrane permeability test was calculated using the
following equation: ER = Py gioa/ Papp,atoB

where Py, a8 18 the apical-to-basal passive permeability—surface area product and P,p,pwa 1S the
basal-to-apical passive permeability—surface area product.

In Vitro Metabolic Clearance Assay. In vitro oxidative metabolic studies of the test compounds were

carried out using hepatic microsomes obtained from humans, rats, or mice. The reaction mixture with
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a final volume of 0.05 mL consisted of 0.2 mg/mL hepatic microsomes in 50 mM KH,PO,~K,HPO,
phosphate buffer (pH 7.4) and 1 uM test compound. The reaction was initiated by the addition of an
NADPH-generating system containing 25 mM MgCl,, 25 mM glucose 6-phosphate, 2.5 mM
B-NADP", and 7.5 units/mL glucose 6-phosphate dehydrogenase at 20 vol% of the reaction mixture.
After addition of the NADPH-generating system, the mixture was incubated at 37 °C for 0, 15, and 30
min. The reaction was terminated by addition of an equivalent volume of acetonitrile. After the
samples were mixed and centrifuged, the supernatant fractions were analyzed using LC-MS/MS. For
metabolic clearance determinations, chromatograms were analyzed to determine the disappearance of
the parent compound from the reaction mixtures. All incubations were carried out in duplicate.

Protein Expression and Purification. The PDE2A catalytic domain (578-919) was cloned into a
pFastBac vector, for expression in Sf9 cells, utilizing an N-terminal 6% poly-histidine tag containing a
TEV cleavage site. Large-scale production of recombinant protein was carried out in Sf9 cells. The
pellet from 10L of baculovirus-infected Sf9 cells was resuspended in 600 mL of lysis buffer containing
25 mM Tris (pH 7.6), 1 M NaCl, 20 mM imidazole, 5% glycerol, and 3 Roche cOmplete Protease
Inhibitor tablets. The cell suspension was homogenized with the Polytron PT-3100, centrifuged for 1 h
at 13,000 rpm (JA-14 rotor), and the clarified supernatant was brought to 800 mL with lysis buffer
before batch binding with 10 mL of Probond Ni resin (Invitrogen) and rolling for 2 h at 4 °C. The
beads were collected by low speed centrifugation (3,500 rpm, JS-4.2 rotor), loaded into a gravity
column, and washed slowly overnight with 2 L of wash buffer containing 25 mM Tris (pH 7.6), 1 M
NaCl, 20 mM imidazole, and 5% glycerol. The following day, the protein was eluted with buffer
containing 25 mM Tris (pH 7.9), 50 mM NaCl, 250 mM imidazole, and 10% glycerol. The 1.5 mL
sample eluted from the Nickel capture step was brought to 9 mL with Mono Q buffer A containing 25
mM Tris (pH 7.9), and 10% glycerol. After the full sample volume was bound to the Mono Q column,
a salt gradient was applied from 0 to ~800 mM NaCl in 40 mL. Fractions corresponding to the

unphosphorylated protein (identified by MS with MW = 40178 Da) were pooled for further
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purification by size-exclusion chromatography (SEC) on a Superdex 200 column equilibrated in
1XTBS pH 7.4, 0.5 mM DTT, 1 mM EDTA, and 10% glycerol. Peak SEC fractions were collected and
concentrated to 12 mg/mL for crystallization.

Crystallization and Structure Determination. Crystals suitable for data collection were first grown
in hanging drops using the vapor diffusion method at rt by adding 0.5 pL of protein solution with 1
mM of IBMX” and 0.5 pL of reservoir solution (30% PEG 3350, 0.1 M Tris pH 7.5, and 0.2 M
MgCl,). PDE2A IBMX crystals were soaked in a drop containing 5 mM of 42a, 31% PEG 3350, 0.1
M Tris (pH 7.5), and 0.2 M MgCl, for 6 days. Crystals were transferred through a fresh cryo-protected
soak drop immediately before being harvested and flash frozen in liquid nitrogen. X-ray diffraction
data were collected at ALS beamline 5.0.2 using a Pilatus3 6M (Dectris) detector from a single
cryogenically protected crystal (100 K) at a wavelength of 1 A. The crystals belong to space group
C121 and contain three enzyme molecules per asymmetric unit. X-ray diffraction data were reduced
using the HKL2000'® software package. The structure was determined by molecular replacement with
PHASER within the CCP4 program suite and refined with REFMAC."" Several cycles of model
building using MIfit'"* and refinement using REFMAC were performed to improve the quality of the
model. The coordinates and structure factors have been deposited in the PDB with accession code
5VPO.

Animal Experiments. The care and use of animals and the experimental protocols were approved by
the Experimental Animal Care and Use Committee of Takeda Pharmaceutical Company Limited.
Pharmacokinetic Analysis in Rat or Mouse Cassette Dosing. Compound 42a was administered
intravenously (0.1 mg/kg) or orally (1 mg/kg) by cassette dosing to nonfasted male Crl:CD(SD)(IGS)
rats (8W, n = 3) or male ICR mice (8W, n = 3). The combination for a cassette dosing was determined
to avoid combinations of compounds with the same molecular weight. The solution of compounds in
dimethylacetamide containing 50% (v/v) 1,3 butanediol at 0.1 mg/mL/kg was administered

intravenously to isoflurane-anesthetized mice via femoral vein. The suspension of compounds in 0.5%
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methyl cellulose with water was used for vehicle (1 mg/kg) and was administered orally by gavage.
After administration, blood samples were collected via tail vein by syringes with heparin at 5, 10, 15,
30 min, 1, 2, 4, and 8 h (iv) and 15, 30 min, 1, 2, 4, and 8 h (po), and centrifuged to obtain the plasma
fraction. The plasma samples were deproteinized by mixing with acetonitrile followed by
centrifugation. The compound concentrations in the supernatant were measured by LC-MS/MS with a
standard curve. Pharmacokinetic parameters were calculated by the non-compartmental analysis. The
area under the concentration-time curve (AUC) and the area under the first moment curve (AUMC)
were calculated using the linear trapezoidal method. The mean residence time (MRT) was calculated
as AUMC/AUC. The total clearance (CLiy,) was calculated as doseiv/AUC;. The volume of
distribution (Vdy) was calculated as CL * MRTj,. Oral bioavailability () was calculated as
(AUC,/dosey,)/(AUC;/dose;y) < 100.

Brain and Plasma Concentration in Rats and Mice. Compound 42a was suspended in 0.5% (w/v)
methylcellulose in distilled water, and was administered at a volume of 2 mL/kg body weight for rats
and 10 mL/kg for mice. Seven-week-old male SD rats (Charles River Laboratories Japan, Inc.,
Yokohama, Japan) and seven-week-old male ICR mice (CLEA Japan Inc., Tokyo, Japan) were
euthanized 2 h after oral administration of 42a (10 mg/kg). Blood was centrifuged and the
supernatants were collected as plasma. Brain was homogenized in physiological saline. Concentrations
of 42a were measured in aliquots of rat plasma and tissues, which were mixed well with acetonitrile
containing internal standards and then centrifuged. The supernatants were diluted with solvents for
LC-MS/MS analysis (mobile phase A: 10 mM ammonium formate/formic acid (100/0.2, v/v), mobile
phase B: acetonitrile/formic acid (100/0.2, v/v)). The diluted solutions were injected into an LC-—
MS/MS (API5000, AB Sciex, Foster City, CA) equipped with a Shimadzu Shim-pack XR-ODS
column (2.2 pum packing particle size, 2.0 mm ID x 30 mm L) maintained at 50 °C. The
chromatographic separation was performed using gradient elution at a flow rate of 0.7 mL/min. The

LC time program was as follows: Mobile phase B was held at 5% for 0.2 min, and increased linearly
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to 99% in 1.1 min. After maintaining B at 99% for another 0.7 min, it was brought back to 5% in 0.01
min, followed by re-equilibration for 0.59 min. The total cycle time for one injection was 2.6 min.
Compound 42a was detected using multiple reaction monitoring mode and the transition m/z 459.20
— 223.01. Analyst"" software (version 1.4.2) was used for data acquisition and processing.
Measurement of Cyclic Nucleotide Contents in Mouse Brains. Animals. Four-week-old male ICR
mice were purchased from CLEA Japan, Inc. (Japan). After one week acclimation period, the
five-week-old mice were used for the experiment. The mice were housed in groups of 5/cage in a
light-controlled room (12 h light/dark cycles with lights on at 07:00). Food and water were provided
ad libitum.

Measurements. Compound 42a was suspended in 0.5% (w/v) methylcellulose in distilled water and
administered at a volume of 10 mL/kg body weight for mice. Either vehicle or compound 42a was
administered orally to mice after a habituation period of more than 30 min. Compound 42a was
administered at 3 and 10 mg/kg. A microwave fixation system (Muromachi Kikai, Tokyo, Japan) was
used to sacrifice unanesthetized mice by exposure of the head to the microwave beam at 60 min after
administration of 42a. Hippocampi were isolated and homogenized in 0.5 mol/L HCI, followed by
centrifugation. The cGMP concentration in the supernatant was quantified using a cyclic GMP EIA kit
(Cayman Chemical, USA) according to the manufacturer’s instructions. Values were expressed as
pmol/mg tissue weight.

Compound 42a was suspended in 0.5% (w/v) methylcellulose in distilled water, and was administered
in a volume of 10 mL/kg body weight for mice. Either vehicle or compound 42a (1, 3, and 10 mg/kg)
was administered orally to mice after a habituation period of more than 1 h. A microwave fixation
system (Muromachi Kikai, Tokyo, Japan) was used to sacrifice unanesthetized mice by exposure of
the head to the microwave beam at 60 min after administration of 42a. Brain tissues were isolated and

homogenized in 0.5 mol/L HCI, followed by centrifugation. The concentration of cyclic nucleotides in
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the supernatant was quantified using a cyclic cAMP or GMP EIA kit (Cayman Chemical, USA)
according to the manufacturer’s instructions. Values were expressed as pmol/mg tissue weight.

Effects of 42a on the Novel Object Recognition Task in Rats. Animals. Six-week-old male Long—
Evans rats were purchased from Japan SLC Inc. Rats were acclimated for one week prior to the
experiment. The rats were housed in groups of 2 or 3/cage in a light-controlled room (12 h light/dark
cycles with lights on at 07:00). Food and water were provided ad libitum.

Measurements. Compound 42a was suspended in 0.5% (w/v) methylcellulose in distilled water, and
administered at a volume of 2 mL/kg body weight for rats. On day 1, rats were allowed to habituate to
the behavioral test room for over 1 h, and then they were allowed to habituate individually to the
empty test box (a gray-colored polyvinyl chloride box (40 x 40 x 50 cm)) for 10 min. The test was
comprised of two, 3 min trials called the acquisition and retention trials, separated by a 48 h inter-trial
interval. On day 2, in the acquisition trial, rats were allowed to explore two identical objects (Al and
A2) for 3 min. Object exploration was defined as rats’ licking, sniffing, or touching the object with
forelimbs while sniffing. Leaning against the object to look upward and standing or sitting on the
object were excluded. The exploration time of rats for each object (Al and A2) was scored manually.
Rats that scored less than 10 s of total exploration time during the acquisition trials were excluded
from further study. On day 4, in the retention trial, rats were again allowed to explore a familiar object
(A3) and a novel object (B) for 3 min. Exploration times for the familiar and novel objects were
manually scored in the same way as in the acquisition trial. Vehicle or 42a (0.01, 0.1, and 1 mg/kg)
was administered orally 2 h prior to the acquisition trial. The novelty discrimination index (NDI) was
calculated using the following equation: novel object interaction time/total interaction time x 100
(%).Forty rats were prepared in total, and then one rat treated with 1 mg/kg was excluded because its
total exploration time in the acquisition trial was less than 10 s (6.95 s). Numbers of rats treated with
vehicle and those treated with 0.01, 0.1, and 1 mg/kg of compound 42a were 10, 10, 10, and 9,

respectively.
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Determination of the Absolute Stereochemistry of Amine 111a. The absolute configuration of 111a
was determined by X-ray crystallography.

Crystal data for 111a: CoH5F5NO,C10.25C,Hs, MW = 294.70; crystal size, 0.20 x 0.09 x 0.06
mm; colorless, block; triclinic, space group P1, a = 7.2413(3) A, b = 14.4003(6) A, c = 14.4361(6) A,
a =105.170(8)°, = 103.917(8)°, y = 92.350(7)°, V = 1401.53(12) A®, Z =4, Dx = 1.397 g/en?’, T =
100 K, £ =2.736 mm™, 2 = 1.54187 A, R, = 0.051, wR, = 0.133, Flack Parameter'"* = 0.036(13).

All measurements were made on a Rigaku R-AXIS RAPID-191R diffractometer using graphite
monochromated Cu-Ka radiation. The structure was solved by direct methods with SHELXS-97'" and

15 All non-H atoms were refined

was refined using full-matrix least-squares on F* with SHELXL-97.
with anisotropic displacement parameters.
CCDC 1548480 for compound 111a contains the supplementary crystallographic data for this paper.

These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via

http://www.ccdc.cam.ac.uk/Community/Requestastructure/Pages/DataRequest.aspx?.

Figure2-10. ORTEP of 111a, thermal ellipsoids are drawn at 20% probability.

Determination of the Absolute Stereochemistry of Amine 114a. The absolute configuration of 114a
was determined by X-ray crystallography of its (+)-di-(p-toluoyl)-p-tartaric acid salt 117.

Crystal data for 117: C1oH12F4sNO,"CyH,705, MW = 639.55; crystal size, 0.20 x 0.11 x 0.09 mm;

colorless, block; monoclinic, space group P2,, a = 7.88545(14) A, b =25.3299(5) A, ¢ = 15.2262(3) A,
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a=7y=90° f=90.330(7)°, ¥ =3041.20(10) A*, Z=4, Dx = 1.397 g/cm’, T=100 K, = 1.044 mm",
2 =1.54187 A, R, = 0.060, wR, = 0.160, Flack Parameter''* = 0.01(15).

All measurements were made on a Rigaku R-AXIS RAPID-191R diffractometer using graphite
monochromated Cu-Ka radiation. The structure was solved by direct methods with SIR92''® and was

15 All non-H atoms were refined with

refined using full-matrix least-squares on £~ with SHELXL-97.
anisotropic displacement parameters.
CCDC 1548479 for compound 117 contains the supplementary crystallographic data for this paper.

These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via

http://www.ccdc.cam.ac.uk/Community/Requestastructure/Pages/DataRequest.aspx?.

Figure2-11. ORTEP of 117, thermal ellipsoids are drawn at 20% probability.
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(S)-N-(2-hydroxy-2-methyl-1-(4-(trifluoromethoxy) phenyl) propyl)pyrazol o[ 1,5-a] pyrimidine-3-carb
oxamide (119). A mixture of pyrazolo[1,5-a]pyrimidine-3-carboxylic acid (15) (43.8 mg, 0.268 mmol),
130 (84.3 mg, 0.295 mmol), EDCI-HCI (61.7 mg, 0.321 mmol), HOBt-H,O (49.3 mg, 0.321 mmol),
and TEA (0.045 mL, 0.321 mmol) in DMF (1.5 mL) was stirred at rt overnight. The mixture was
poured into water and extracted with EtOAc. The organic layer was washed with saturated aqueous
NaCl, dried over anhydrous Na,SO,4 and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/ethyl acetate/methanol, 4:1:0 to 0:100:0 to 0:9:1) to give 119 (43.6
mg, 0.111 mmol, 41%) as a white solid after trituration with i-Pr,0O. "H NMR (300 MHz, DMSO-ds) 6
1.03 (3H, s), 1.26 (3H, s), 4.87-5.00 (2H, m), 7.24-7.36 (3H, m), 7.46-7.59 (2H, m), 8.52 (1H, s),
8.81-8.95 (2H, m), 9.33 (1H, dd, J = 7.0, 1.7 Hz). MS (ESI/APCI) m/z 395.0 [M + H]". HPLC purity:
100%. mp 148 °C.

(S)-N-(2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy)phenyl) propyl )-6-methyl pyrazol o[ 1,5-a] pyrimidi
ne-3-carboxamide (120). A mixture of 6-methylpyrazolo[1,5-a]pyrimidine-3-carboxylic acid (15b)
(53.1 mg, 0.300 mmol), 130 (94.3 mg, 0.330 mmol), EDCI-HCI (69.0 mg, 0.360 mmol), HOBt-H,O
(55.1 mg, 0.360 mmol), and Et;N (50.2 pl, 0.360 mmol) in DMF (1.5 mL) was stirred at rt overnight.
The mixture was poured intowaterand extracted with EtOAc. The organic layer was washed with
saturated aqueous NaCl, dried over anhydrous MgSO, and concentrated in vacuo. The residue was
purified by column chromatography (basic silica gel, hexane/ethyl acetate, 9:1 to 1:9) to give 120 (107
mg, 0.262 mmol, 87%) as a white solid after trituration with i-Pr,0. '"H NMR (300 MHz, DMSO-d;) &
1.02 (3H, s), 1.25 (3H, s), 2.40 (3H, s), 4.89 (1H, s), 4.94 (1H, d, J= 8.7 Hz), 7.28 (2H, d, /= 7.9 Hz),
7.51 (2H, d, J = 8.7 Hz), 8.43 (1H, s), 8.76-8.86 (2H, m), 9.18 (1H, dd, J = 1.9, 1.1 Hz). MS
(ESI/APCI) m/z 409.2 [M + H]". HPLC purity: 100%. mp 208 °C.
N-((19)-2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy) phenyl) propyl)-5-isopropyl pyrazol o[ 1,5-a] pyri

midine-3-carboxamide (121a). A mixture of 136 (38.6 mg, 0.09 mmol) and 5% Pd/C—ethylenediamine
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complex (10 mg) in MeOH (5 mL) was hydrogenated under balloon pressure at at rt for 16 h. The
catalyst was removed by filtration and the filtrate was concentrated in vacuo. The residue was purified
by column chromatography (silica gel, hexane/ethyl acetate, 19:1 to 0:100) to afford 121 (32.1 mg,
0.074 mmol, 83%) as a white amorphous solid. '"H NMR (300 MHz, DMSO-d;) § 0.99-1.08 (3H, m),
1.27 (3H, s), 1.41 (3H, d, J=4.5 Hz), 1.43 3H, d, /= 4.5 Hz), 3.20-3.34 (1H, m), 4.81-5.00 (2H, m),
7.22-7.34 (3H, m), 7.48-7.61 (2H, m), 8.44 (1H, s), 9.07 (1H, d, /= 8.7 Hz), 9.19 (1H, d, /= 7.2 Hz).
MS (ESI/APCI) m/z 437.1 [M + H]". HPLC purity: 98.9%.
N-((19)-2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy) phenyl) propyl)-5-(tetrahydro-2H-pyran-4-yl) py
razolo[ 1,5-a]pyrimidine-3-carboxamide (121b). A mixture of 137 (84.4 mg, 0.177 mmol) and Pd/C
(en) (15 mg) in MeOH (10 mL) and THF(dry) (2 mL) was hydrogenated under balloon pressure at rt
for 16 h. The catalyst was removed by filtration and the filtrate was concentrated in vacuo. The residue
was purified by column chromatography (silica gel, hexane/ethyl acetate, 19:1 to 0:100) to afford
121b (82.9 mg, 0.173 mmol, 98%) as a white amorphous solid. '"H NMR (300 MHz, DMSO-d,) & 1.04
(3H, s), 1.28 (3H, s), 1.86-2.11 (4H, m), 3.13-3.28 (1H, m), 3.45-3.59 (2H, m), 3.97-4.10 (2H, m),
4.88-4.99 (2H, m), 7.24-7.34 (3H, m), 7.50-7.61 (2H, m), 8.45 (1H, s), 9.03 (1H, d, J = 8.7 Hz), 9.21
(1H, d, J = 7.2 Hz). MS (ESI/APCI) m/z 479.1 [M + H]". HPLC purity: 99.6%.
N-((19)-2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy) phenyl) propyl)-5-(pyridin-2-yl)pyrazol o[ 1,5-a]
pyrimidine-3-carboxamide (121c). A mixture of crude 141 (79.0 mg, 0.329 mmol), 130 (94.0 mg,
0.329 mmol), HATU (163 mg, 0.428 mmol), DIEA (0.172 mL, 0.987 mmol), and DMF (3 mL) was
stirred at rt for 12 h. The mixture was diluted with water and extracted with EtOAc. The organic layer
was separated, washed with saturated aqueous NaCl, dried over anhydrous Na,SO, and concentrated
in vacuo. The residue was purified by column chromatography (basic silica gel, hexane/ethyl acetate,
100:0 to 0:100) to give 121c (130 mg, 0.276 mmol, 84% (63% yield in 2 steps from 141)) as a pale
yellow amorphous solid. "H NMR (300 MHz, CDCly) & 1.21 (3H, s), 1.49 (3H, s), 1.96 (1H, s), 5.14

(1H, d, J = 8.3 Hz), 7.14-7.22 (2H, m), 7.44-7.56 (3H, m), 7.88-7.97 (1H, m), 8.26 (1H, d, J = 7.4
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Hz), 8.64 (1H, s), 8.75-8.88 (3H, m), 9.25 (1H, d, J = 8.3 Hz). MS (ESI/APCI) m/z 472.1 [M + H]".
HPLC purity: 97.3%. Anal. Calcd for C,3H,0F3N505: C, 58.60; H, 4.28; N, 14.86. Found: C, 58.61; H,
4.51; N, 14.86.

N-((19)-2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy) phenyl) propyl)-5-(6-methyl pyridin-3-yl) pyrazol

o[ 1,5-a]pyrimidine-3-carboxamide (121d). The title compound was prepared as a pale yellow solid
after trituration with hexane/ethyl acetate (5:1) in 63% yield from 135 and
2-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine using the procedure analogous to
that described for the synthesis of 137, except that basic silica gel was employed in a column
chromatography purification in place of silica gel. 'H NMR (300 MHz, DMSO-d,) & 1.03 (3H, s), 1.33
(3H, s), 2.60 (3H, s), 4.93 (1H, d, J = 8.3 Hz), 5.19 (1H, s), 7.23-7.33 (2H, m), 7.48-7.59 (3H, m),
7.98 (1H, d, J = 7.5 Hz), 8.50 (1H, s), 8.81 (1H, dd, J = 8.3, 2.3 Hz), 9.24 (1H, d, J = 8.7 Hz), 9.41

(1H, d,J = 7.5 Hz), 9.54 (1H, d, J = 2.3 Hz). MS (ESI/APCI) m/z 486.1 [M + H]". HPLC purity: 100%.
mp 237 °C.

N-((19)-2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy) phenyl) propyl)-5-(2-methyl pyridin-4-yl) pyrazol

o[1,5-a]pyrimidine-3-carboxamide (121e). A mixture of 135 (130 mg, 0.303 mmol),
2-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine ~ (100 mg, 0.455  mmol),
(Amphos),PdCl, (21.5 mg, 0.0303 mmol), K,CO; (62.9 mg, 0.455 mmol), toluene (2 mL) and water
(0.2 mL) was heated at 120 °C under microwave irradiation for 2.5 h. After being cooled to rt, the
reaction mixture was directly purified by column chromatography (basic silica gel, ethyl
acetate/methanol, 100:0 to 19:1) to give 121e (115 mg, 0.237 mmol, 78%) as an off-white solid after
recrystallization from heptane/ethyl acetate. "H NMR (300 MHz, CDCl3) & 1.21 (3H, s), 1.50 (3H, s),
1.73 (1H, s), 2.72 (3H, s), 5.13 (1H, d, J = 8.5 Hz), 7.13-7.20 (2H, m), 7.46-7.54 (3H, m), 7.91 (1H,
dd, /=5.1, 1.3 Hz), 8.09 (1H, s), 8.67 (1H, s), 8.75 (1H, d, J = 5.3 Hz), 8.88 (1H, d, J= 7.4 Hz), 9.19
(1H, d, J = 8.3 Hz). MS (ESI/APCI) m/z 486.1 [M + H]". HPLC purity: 100%. mp 192 °C. Anal. Calcd

for Co4Hy, F3NsOs: C, 59.38; H, 4.57; N, 14.43. Found: C, 59.03; H, 4.60; N, 14.24.
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5-(1-(Difluoromethyl)-1H-pyrazol -4-yl)-N-((1S)-2-hydr oxy-2-methyl-1-(4-(trifluoromethoxy) phenyl)
propyl)pyrazolo[ 1,5-a] pyrimidine-3-carboxamide (121f). The title compound was prepared as a white
amorphous solid in 77% yield from 135 and
1-(difluoromethyl)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1 H-pyrazole using the procedure
analogous to that described for the synthesis of 137, except that the crude material was purified by
basic silica gel column chromatography followed by silica gel column chromatography. '"H NMR (300
MHz, DMSO-d;) 6 1.04 (3H, s), 1.36 (3H, s), 4.89 (1H, d, /= 8.3 Hz), 5.28 (1H, s), 7.23-7.35 (2H, m),
7.49-7.59 (2H, m), 7.73 (1H, d, J= 7.5 Hz), 7.97 (1H, t, J = 59.0 Hz), 8.45 (1H, s), 8.81 (1H, s), 9.29
(1H, s), 9.32-9.42 (2H, m). MS (ESI/APCI) m/z 511.1 [M + H]". HPLC purity: 100%.
N-((19)-2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy) phenyl)propyl)-5-(1H-pyrazol - 1-yl ) pyrazol o[ 1,
5-a]pyrimidine-3-carboxamide (1219). To a mixture of 135 (126.3 mg, 0.295 mmol) and 1H-pyrazole
(24.1 mg, 0.353 mmol) in DMF (4 mL) was added K,COj; (48.8 mg, 0.353 mmol). The mixture was
stirred at 90 °C for 30 min and then poured into water. The mixture was extracted with EtOAc, washed
with water and saturated aqueous NaCl, dried over anhydrous Na,SO, and concentrated in vacuo. The
residue was purified by column chromatography (silica gel, hexane/ethyl acetate, 19:1 to 0:100) to
afford 1219 (102 mg, 0.222 mmol, 75%) as a white solid after trituration with hexane/ethyl acetate
(5:1). '"H NMR (300 MHz, DMSO-d;) & 1.02 (3H, s), 1.36 (3H, s), 4.86 (1H, d, J = 8.3 Hz), 5.34 (1H,
s), 6.75-6.81 (1H, m), 7.23-7.33 (2H, m), 7.48-7.58 (2H, m), 7.76 (1H, d, J = 7.5 Hz), 8.05 (1H, d, J
= 1.5 Hz), 8.46 (1H, s), 9.02-9.14 (2H, m), 9.37 (1H, d, J = 7.5 Hz). MS (ESI/APCI) m/z 461.1 [M +
H]". HPLC purity: 100%. mp 241 °C.
N-((19)-2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy) phenyl) propyl)-5-(4-methyl-1H-imidazol - 1-yl)p
yrazolo[1,5-a] pyrimidine-3-carboxamide (121h). The title compound was prepared as a pale yellow
solid after trituration with hexane/ethyl acetate (5:1) in 70% yield from 135 and
4-methyl-1H-imidazole using the procedure analogous to that described for the synthesis of 121g,

except that a preparative HPLC (column: L-Column2 ODS 20 mm ID x 150 mm L; mobile phase A:
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0.1% TFA in water; mobile phase B: 0.1% TFA in acetonitrile; flow rate: 20 mL/min) was employed in
place of silica gel column chromatography. '"H NMR (300 MHz, DMSO-ds) & 1.02 (3H, s), 1.35 (3H,
s), 2.24 (3H, s), 4.87 (1H, d, J = 8.3 Hz), 5.31 (1H, s), 7.24-7.33 (2H, m), 7.47-7.57 (2H, m), 7.73 (1H,
d, J=7.9 Hz), 8.07 (1H, s), 8.45 (1H, s), 8.85 (1H, d, J= 0.8 Hz), 9.00 (1H, d, J = 8.3 Hz), 9.46 (1H,
d, J=17.5 Hz). MS (ESI/APCI) m/z 475.1 [M + H]". HPLC purity: 99.2%. mp 130 °C.
(S)-N-(2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy)phenyl) propyl)-5-(4-(trifluoromethyl)-1H-imida
zol-1-yl)pyrazolo[ 1,5-a] pyrimidine-3-carboxamide (121i). The title compound was prepared as a pale
yellow solid after trituration with hexane/ethyl acetate (5:1) in 70% yield from 135 and
4-(trifluoromethyl)-1H-imidazole using the procedure analogous to that described for the synthesis of
121g. "H NMR (300 MHz, DMSO-ds) & 1.02 (3H, s), 1.34 (3H, s), 4.86 (1H, d, J = 8.3 Hz), 5.36 (1H,
s), 7.23-7.33 (2H, m), 7.47-7.58 (2H, m), 7.89 (1H, d, J = 7.5 Hz), 8.53 (1H, s), 8.92-9.02 (2H, m),
9.15 (1H, s), 9.62 (1H, d, J = 7.5 Hz). MS (ESI/APCI) m/z 529.1 [M + H]". HPLC purity: 100%. mp
220 °C.
N-((19)-2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy) phenyl) propyl)-5-(4-methyl-1H-1,2,3-triazol - 1-
yhpyrazolo[1,5-a]pyrimidine-3-carboxamide (121j). A mixture of 135 (430 mg, 1.00 mmol),
4-methyl-1H-1,2,3-triazole (100 mg, 1.20 mmol) and K,CO; (208 mg, 1.50 mmol) in DMF (4 mL)
was stirred at 80 °C for 2 h. The mixture was quenched with water at rt and extracted with EtOAc. The
organic layer was separated, washed with water and saturated aqueous NaCl, dried over anhydrous
MgSO, and concentrated in vacuo (508.7 mg). The residue was purified by using preparative HPLC
(column: L-Column2 ODS 20 mm ID % 150 mm L; mobile phase A: 0.1% TFA in water; mobile phase
B: 0.1% TFA in acetonitrile; flow rate: 20 mL/min). The first eluting factions (tR1) were concentrated
to dryness, and washed with saturated aqueous NaHCOs, extracted with EtOAc. The organic layer was
separated, washed with water and saturated aqueous NaCl, dried over anhydrous MgSO, and
concentrated in vacuo. The residue (42.7 mg) was crystallized from hexane/ethyl acetate to give 121j

(34.4 mg, 0.072 mmol, 7.2%) as a white solid. "H NMR (300 MHz, DMSO-d)  1.04 (3H, s), 1.37
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(3H, s), 2.44 (3H, s), 4.87 (1H, d, J = 8.3 Hz), 5.39 (1H, s), 7.23-7.34 (2H, m), 7.48-7.58 (2H, m),
7.93 (1H, d, J=7.5 Hz), 8.55 (1H, s), 8.88 (1H, d, /= 0.8 Hz), 9.07 (1H, d, /= 8.3 Hz), 9.50 (1H, d, J
= 7.5 Hz). MS (ESI/APCI) m/z 476.2 [M + H]". HPLC purity: 99.4%. mp 260 °C.
N-((19)-2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy) phenyl) propyl)-5-(3-methyl-1H-1,2,4-triazol - 1-
yhpyrazolo[1,5-a] pyrimidine-3-carboxamide (121k). The title compound was prepared as a white
solid after trituration with i-Pr,O in 35% yield from 135 and 3-methyl-1H-1,2,4-triazole using the
procedure analogous to that described for the synthesis of 121g, except that basic silica gel was
employed in a column chromatography purification in place of silica gel. '"H NMR (300 MHz,
DMSO-de) 6 1.02 (3H, brs), 1.36 (3H, s), 2.47 (3H, brs), 4.86 (1H, d, J = 8.1 Hz), 5.43 (1H, s), 7.21-
7.35 (2H, m), 7.47-7.59 (2H, m), 7.63 (1H, d, J = 7.5 Hz), 8.52 (1H, s), 9.06 (1H, d, J = 8.1 Hz), 9.46
(1H, d, J = 7.5 Hz), 9.55 (1H, s). MS (ESI/APCI) m/z 476.1 [M + H]". HPLC purity: 100%.
(S)-N-(2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy)phenyl) propyl)-6-methyl -5-(4-methyl-1H-1,2,3-t
riazol-1-yl)pyrazolo[1,5-a] pyrimidine-3-carboxamide (122a). To a mixture of 154a (2.81 g, 10.9
mmol) and 130 (3.26 g, 11.4 mmol) in DMF (250 mL) were added HOBt-H,O (2.06 g, 13.1 mmol),
EDCI-HCI (2.55 g, 13.1 mmol) and TEA (7.65 mL, 54.4 mmol). The mixture was stirred at rt
overnight and then quenched with water at rt. The mixture was extracted with EtOAc, washed with
saturated aqueous NaHCOs;, water, and then saturated aqueous NaCl, dried over anhydrous Na,SOy,
and concentrated in vacuo. The residue was purified by column chromatography (silica gel,
hexane/ethyl acetate, 100:0 to 3:17) to give 122a (3.86 g, 7.89 mmol, 73%) as a white solid. "H NMR
(300 MHz, CDCl5) 6 1.17 (3H, s), 1.48 (3H, s), 1.74 (1H, s), 2.50 (3H, d, /= 0.8 Hz), 2.84 (3H, d, J =
0.8 Hz), 5.05(1H, d, /= 8.3 Hz), 7.17 (2H, d, J = 7.9 Hz), 7.38-7.48 (2H, m), 8.60 (1H, s), 8.69-8.82
(3H, m). The obtained product (3.86 g, 7.89 mmol) was dissolved in EtOAc (277 mL) at 50-60 °C. To
this solution was added hexane (150 mL) at the same temperature and a white solid precipitated. After
2 h of stirring at rt, further hexane (88 mL) was added to the mixture, which was stirred at rt for 10

min. The white precipitate was collected by filtration, washed with hexane/ethyl acetate, and dried to
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give 122a (3.17 g, 6.48 mmol, 82 %) as a white solid. '"H NMR (300 MHz, CDCl3) § 1.17 (3H, s), 1.48
(3H, s), 1.74 (1H, s), 2.50 (3H, d, /= 0.8 Hz), 2.84 (3H, d, J = 0.8 Hz), 5.05(1H, d, J = 8.3 Hz), 7.17
(2H, d, J = 8.3 Hz), 7.39-7.48 (2H, m), 8.60 (1H, s), 8.69-8.83 (3H, m). MS (ESI/APCI) m/z 490.2 [M
+ H]'". HPLC purity: 100%. mp 238-239 °C. Anal. Calcd for C»,H,,F3sN,O5: C, 53.99; H, 4.53; F,
11.64; N, 20.03. Found: C, 53.82; H, 4.42; F, 11.64; N, 19.81.
(S)-N-(2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy)phenyl) propyl )-6-methyl -5-(3-methyl-1H-1,2,4-t
riazol-1-yl)pyrazol o[ 1,5-a] pyrimidine-3-carboxamide (122b). To a suspension of 154b (606 mg, 2.35
mmol) in DMF (12 mL) were added 130 (805 mg, 2.82 mmol), EDCI-HCI (540 mg, 2.82 mmol),
HOBt-H,0O (431 mg, 2.82 mmol), and TEA (0.392 mL, 2.82 mmol) at rt. The mixture was stirred at rt
for 2 h. The mixture was poured into water and extracted with EtOAc. The organic layer was separated,
washed with saturated aqueous NaCl, dried over anhydrous MgSO, and concentrated in vacuo. The
residue was purified by column chromatography (basic silica gel, hexane/ethyl acetate, 4:1 to 1:9) to
give 122b (858 mg, 1.75 mmol, 75%) as a white solid after recrystallization from i-Pr,O/ethyl acetate.
'H NMR (300 MHz, DMSO-ds) § 1.00 (3H, s), 1.31 (3H, s), 2.46 (3H, s), 2.64 (3H, d, J = 0.8 Hz),
4.87 (1H, d, J= 8.0 Hz), 5.32 (1H, s), 7.27 (2H, d, J = 8.0 Hz), 7.51 (2H, d, J = 8.7 Hz), 8.49 (1H, s),
8.85 (1H, d, J = 8.3 Hz), 9.46-9.53 (2H, m). °C NMR (151 MHz, DMSO-d,) 8 13.81, 16.90, 27.23,
28.42, 59.79, 70.72, 104.48, 112.33, 119.99, 120.00 (q, J = 256.0 Hz, 1C), 130.07, 139.82, 140.56,
142.33, 145.40, 146.18, 147.05 (q, J= 1.7 Hz, 1C), 148.11, 159.97, 162.02. MS (ESI/APCI) m/z 490.3
[M + H]". HPLC purity: 100%. [a]3, = —363.2 (c = 1.00 in MeOH). mp 212 °C. Anal. Calcd for
CHnF3N70;5: C, 53.99; H, 4.53; N, 20.03. Found: C, 54.11; H, 4.50; N, 20.04.
2-Amino-2-(4-(trifluoromethoxy)phenyl)acetic Acid (125). The solution of potassium cyanide (19.4 g,
299 mmol) in water (170 mL) at 50 °C was added dropwise to a solution of 4-trifluoromethoxy
benzaldehyde (123) (34.1 mL, 239 mmol) and ammonium carbonate (62.0 g, 645 mmol) in EtOH (273
mL) and water (109 mL). The mixture was stirred at 60 °C for 3 h. After cooling to rt, EtOH was

removed under reduced pressure. To the mixture was acidified to pH ~1 with concd HCI at 0 °C. The
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solid was filtered off and washed with water. To a solution of potassium hydroxide (66.2 g, 1000
mmol) in water (250 mL) was added the product at rt. The mixture was stirred at 90 °C overweekend.
After cooling to rt, the mixture was neutralized with concd HCI. The resulting solid was filtered off,
washed with water, and dried to give 125 (56.0 g, 238 mmol, 100 %) as a pale yellow solid. This was
used in the next reaction without further purification. MS (ESI/APCI) m/z 234.0 [M — H] .
((tert-Butoxycar bonyl)amino)(4-(trifluoromethoxy)phenyl)acetic Acid (126). To a solution of 125
(56.0 g, 238 mmol) in THF (476 mL) was added Boc,O (82.9 mL, 357 mmol) and 2 M NaOH aqueous
solution (357 mL, 714 mmol) at rt. The mixture was stirred at rt. The mixture was poured into water at
rt and extracted with Et,O. The aqueous layer was acidified to pH ~3 with 1 M HCI aqueous solution
at 0 °C and then extracted with EtOAc. The organic layer was washed with saturated aqueous NaCl,
dried over anhydrous MgSO, and concentrated in vacuo to afford 126 (63.3 g, 189 mmol) as a pale
yellow solid. This was subjected to the next reaction without further purification. MS (ESI/APCI) m/z
3339[M—-H].

tert-Butyl  (2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy)phenyl)propyl)carbamate (127). To a
solution of 126 (63.3 g, 189 mmol) in DMF (378 mL) were added Mel (14.2 mL, 227 mmol) and
K,CO; (31.3 g, 227 mmol) at rt. The mixture was stirred at rt for 2 h. The mixture was poured into
water at rt and extracted with EtOAc. The organic layer was separated, washed with saturated aqueous
NaCl, dried over anhydrous MgSO, and concentrated in vacuo. The residue was purified by column
chromatography (silica gel, hexane/ethyl acetate, 100:0 to 4:1) to give 127 (38.7 g, 111 mmol, 46 %
from 21) as an off-white solid. "H NMR (300 MHz, CDCl3) 6 1.26-1.53 (9H, m), 3.73 (3H, s), 5.27-
5.41 (1H, m), 5.54-5.75 (1H, m), 7.20 (2H, d, J = 8.3 Hz), 7.35-7.44 (2H, m). MS (ESI/APCI) m/z
348.1 [M —H] .

tert-Butyl  (2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy)phenyl)propyl)carbamate (128). To a
solution of 127 (23.5 g, 67.3 mmol) in THF (336 mL) was added dropwise MeMgBr (269 mL, 269

mmol) at 0 °C. The mixture was stirred at 0 °C under Ar for 1 h. The mixture was quenched with
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saturated aqueous NH4Cl at 0 °C and extracted with EtOAc. The organic layer was separated, washed
with saturated aqueous NaCl, dried over anhydrous MgSO, and concentrated in vacuo. The residue
was purified by column chromatography (silica gel, hexane/ethyl acetate, 19:1 to 2:3) to give 128
(17.9 g, 51.2 mmol, 76 %) as a white solid. 'H NMR (300 MHz, CDCls) § 1.05 (3H, s), 1.30-1.47
(12H, m), 4.50 (1H, d, J= 6.4 Hz), 5.53 (1H, d, J= 8.7 Hz), 7.18 (2H, d, J= 7.9 Hz), 7.33 (2H, d, J =
8.7 Hz). MS (ESI/APCI) m/z 348.0 [M — H] .

tert-Butyl  ((19)-2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy)phenyl)propyl)carbamate  (129a).
Resolution of the enantiomers of 128 was carried out chromatographically using a Chiralpak AD 20
mm ID x 250 mm L column (hexane/ethanol, 19:1) at 80 mL/min. Resolution of 128 (22.3 g, 63.8
mmol) provided 129a as a white solid (10.2 g, 29.1 mmol, 46%, 91% theoretical) as the first eluting
enantiomer. Analytical HPLC analysis carried out on a 4.6 mm ID x 250 mm L Chiralpak AD column
with the same eluent as above at a flow rate of 1.0 mL/min indicated that 129a was of >99.9% ee. 'H
NMR (300 MHz, CDCL;) 6 1.05 (3H, s), 1.36 (3H, s), 1.40 (9H, brs), 1.51 (1H, brs), 4.50 (1H, d, J =
7.5 Hz), 5.53 (1H, d, J = 8.3 Hz), 7.13-7.23 (2H, m), 7.29-7.39 (2H, m).
(19)-1-Amino-2-methyl-1-(4-(trifluoromethoxy) phenyl)propan-2-ol Hydrochloride (130).

A mixture of 129a (10.2 g, 29.3 mmol) and 4 M HCI solution in EtOAc (70.0 mL, 280 mmol) was
stirred at rt for 1.5 h. The mixture was concentrated in vacuo and the resulting solid was triturated with
hexane/i-Pr,0, collected by filtration, rinsed with hexane/i-Pr,0O, and dried to afford 130 (7.00 g, 24.5
mmol, 84 %) as a pale red solid. "H NMR (300 MHz, DMSO-ds) 6 0.98 (3H, s), 1.23 (3H, s), 4.23 (1H,
brs), 5.39 (1H, s), 7.37-7.48 (2H, m), 7.63 (2H, d, J = 8.7 Hz), 8.46 (3H, brs).

Ethyl 5-Hydroxypyrazolo[1,5-a]pyrimidine-3-carboxylate (132). To a mixture of ethyl
3-amino-1H-pyrazole-4-carboxylate (131) (30.0 g, 193 mmol) and ethyl 3-ethoxy-2-propenoate (cis-
and trans-mixture, 41.9 mL, 290 mmol) in DMF (387 mL) was added cesium carbonate (113 g, 348
mmol). The mixture was stirred at 100 °C for 2 h, diluted with water and then acidified to pH ~5 with

AcOH. The resulting solid was filtered by filtration, washed with water and dried to afford 132 (36.4 g,
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176 mmol, 91 %) as a beige solid. "H NMR (300 MHz, DMSO-dg) 6 1.28 (3H, t, J= 7.1 Hz), 4.28 (2H,
q,J=7.1Hz),6.15(1H, d,J=7.9 Hz), 8.13 (1H, s), 8.57 (1H, d, /= 7.9 Hz), 11.73 (1H, brs).
5-Hydroxypyrazolo[ 1,5-a]pyrimidine-3-carboxylic Acid (133). To a solution of 132 (20.8 g, 100
mmol) in THF (223 mL) and EtOH (111 mL) was added 2 M NaOH aqueous solution (201 mL, 401
mmol). The mixture was stirred at 50 °C overnight. The mixture was evaporated under reduced
pressure to remove solvents and then neutralized with 2 M HCI aqueous solution (201 mL, 401 mmol).
The resulting solid was collected by filtration, rinsed with water/EtOH and dried to give 133 (17.7 g,
99 mmol, 98 %) as a beige solid. 'H NMR (300 MHz, DMSO-d;) § 6.14 (1H, d, J= 7.9 Hz), 8.09 (1H,
s), 8.56 (1H, d, J= 7.9 Hz).

5-Chloropyrazolo[1,5-a]pyrimidine-3-carbonyl Chloride (134). To cooled (0 °C) POCI; (71.0 mL,
762 mmol) were added 133 (5.00 g, 27.9 mmol) and DIEA (16.1 mL, 92.1 mmol). The mixture was
stirred at 130 °C for 4 h and then concentrated in vacuo. The residue was diluted with toluene and
water at 0 °C, and then extracted with EtOAc. The organic layer was separated, dried over anhydrous
Na,SO,, filtered through a cake of silica gel pad (eluted with ethyl acetate) and concentrated in vacuo.
The resulting solid was triturated with heptane, collected by filtration, washed with heptane and dried
to give 134 (4.46 g, 20.7 mmol, 74%) as a beige solid. "H NMR (300 MHz, CDCl5) 6 7.16 (1H, d, J =
7.2 Hz), 8.65 (1H, s), 8.70 (1H, d, J = 7.2 Hz).
5-Chloro-N-((1S)-2-hydroxy-2-methyl-1-(4-(trifluoromethoxy)phenyl) propyl ) pyrazol o[ 1,5-a] pyrimid
ine-3-carboxamide (135). To a cooled (0 °C) mixture of 134 (1.48 g, 6.85 mmol) and CH;CN (30 mL)
were added 130 (1.96 g, 6.85 mmol) and DIEA (3.58 mL, 20.6 mmol), and the mixture was stirred at
0 °C to rt for 16 h. The mixture was poured into water and extracted with EtOAc. The organic layer
was separated, washed with saturated aqueous NacCl, dried over anhydrous Na,SQO,, and concentrated
in vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl acetate, 100:0
to 0:100) to give 135 (2.27 g, 5.29 mmol, 77%) as white amorphous solids. 'H NMR (300 MHz,

CDCl) 5 1.19 (3H, s), 1.40 (3H, s), 1.88 (1H, s), 5.12 (1H, d, J = 8.7 Hz), 6.99 (1H, d, J = 7.2 Hz),
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7.17-7.23 (2H, m), 7.45-7.53 (2H, m), 8.56 (1H, d, J = 8.7 Hz), 8.62 (1H, s), 8.67 (1H, d, J = 7.2 Hz).
MS (ESI/APCI) m/z 429.1 [M + H]".
N-((19)-2-Hydroxy-2-methyl-1-(4-(trifluoromethoxy) phenyl) propyl)-5-(prop- 1-en-2-yl)pyrazol o[ 1,5-
a]pyrimidine-3-carboxamide (136). Into a microwave vial equipped with a magnetic stirrer were
added 135 (76.1 mg, 0.177 mmol), 4,4,5,5-tetramethyl-2-(prop-1-en-2-yl)-1,3,2-dioxaborolane (46.6
mg, 0.266 mmol), K,CO; (36.8 mg, 0.266 mmol), toluene (4 mL) and water (0.4 mL), followed by
(Amphos),PdCl, (12.6 mg, 0.0177 mmol). The reaction vial was flushed with nitrogen, sealed and
heated by microwave irradiation at 150 °C for 25 min. The mixture was purified by column
chromatography (basic silica gel, hexane/ethyl acetate, 19:1 to 1:4), followed by a second column
purification (silica gel, hexane/ethyl acetate, 19:1 to 1:4) to afford 136 (48.8 mg, 0.112 mmol, 63%) as
a yellow amorphous solid. "H NMR (300 MHz, DMSO-d;) 6 1.00 (3H, s), 1.27 (3H, s), 2.37 (3H, s),
4.88-4.98 (2H, m), 5.80 (1H, s), 6.36 (1H, s), 7.24-7.34 (2H, m), 7.49-7.58 (2H, m), 7.65 (1H, d, J =
7.5 Hz), 8.45 (1H, s), 9.02 (1H, d, J = 8.7 Hz), 9.22 (1H, d, J= 7.5 Hz). MS (ESIVAPCI) m/z 435.2 [M
+H]".
5-(3,6-Dihydro-2H-pyran-4-yl)-N-((1S)-2-hydroxy-2-methyl-1-(4-(trifluoromethoxy)phenyl)propyl)p
yrazolo[1,5-a]pyrimidine-3-carboxamide (137). Into a microwave vial equipped with a magnetic
stirrer were added 135 (142 mg, 0.330 mmol),
2-(3,6-dihydro-2 H-pyran-4-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (104 mg, 0.495 mmol), K,COs
(68.5 mg, 0.495 mmol), toluene (4 mL) and water (0.4 mL), followed by (Amphos),PdCl, (23.4 mg,
0.0330 mmol). The reaction vial was flushed with nitrogen, sealed, and heated by microwave
irradiation at 150 °C for 25 min. The mixture was purified by column chromatography (silica gel,
hexane/ethyl acetate, 19:1 to 1:4) to afford 137 (110 mg, 0.230 mmol, 70%) as a yellow solid. 'H
NMR (300 MHz, DMSO-d;) 6 1.00 (3H, s), 1.28 (3H, s), 2.67-2.94 (2H, m), 3.84-3.97 (2H, m), 4.35—
4.43 (2H, m), 4.86-5.00 (2H, m), 7.24-7.34 (3H, m), 7.49-7.56 (2H, m), 7.59 (1H, d, J= 7.5 Hz), 8.42

(1H, s), 9.06 (1H, d, J= 8.7 Hz), 9.20 (1H, d, J = 7.5 Hz). MS (ESI/APCI) m/z 477.2 [M + H]".
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Ethyl 5-Chloropyrazolo[1,5-a] pyrimidine-3-carboxylate (138). POCIl; (30 mL, 322 mmol) was added
to 132 (5.54 g, 26.7 mmol) and the mixture was stirred at 100 °C for 16 h. After POCI; was removed
under reduced pressure, the residue was partitioned between EtOAc and NaHCO; aqueous solution.
The phases were separated and the aqueous phase was extracted with EtOAc. The combined organic
phases were washed with water and saturated aqueous NaCl, dried over anhydrous Na,SO4 and
concentrated in vacuo. The residue was purified by column chromatography (silica gel, hexane/ethyl
acetate, 19:1 to 1:1) to afford 138 (3.69 g, 16.3 mmol, 61%) as a white solid. MS (ESI/APCI) m/z
226.1 [M+H]".

Ethyl 5-(Pyridin-2-yl)pyrazol o[ 1,5-a] pyrimidine-3-carboxylate (140). A mixture of ethyl 138 (300 mg,
1.33 mmol), lithium 4-methyl-1-(pyridin-2-yl)-2,6,7-trioxa-1-borabicyclo[2.2.2]octan-1-uide (139)
(566 mg, 2.66 mmol), PhsP (139 mg, 0.532 mmol), copper(l) iodide (127 mg, 0.665 mmol) and
Pd(OAc), (29.9 mg, 0.133 mmol) in DMF (5 mL) was stirred at 80 °C for 2 h under Ar. The mixture
was filtered through a cake of basic silica gel pad (eluted with ethyl acetate), followed by a cake of
silica gel pad (eluted with ethyl acetate). The appropriate fractions were concentrated in vacuo. The
resulting solid was triturated with hot ethyl acetate and insoluble materials were filtered off. After
concentration of the filtrate, the residue was purified by column chromatography (basic silica gel,
hexane/ethyl acetate, 100:0 to 3:7) to give 140 (309 mg, 1.15 mmol, 87 %) as a pale yellow solid after
trituration with i-Pr,O. "H NMR (300 MHz, CDCl3) 8 1.47 (3H, t, J = 7.1 Hz), 4.46 (2H, q,J = 7.1 Hz),
7.40-7.47 (1H, m), 7.86-7.95 (1H, m), 8.25 (1H, d, J = 7.4 Hz), 8.59 (1H, s), 8.71-8.76 (2H, m), 8.80
(1H, d, J = 7.4 Hz). MS (ESI/APCI) m/z 269.1 [M + H]".

5-(Pyridin-2-yl)pyrazolo[ 1,5-a] pyrimidine-3-carboxylic Acid (141). A mixture of 140 (117 mg, 0.436
mmol), 4 M NaOH aqueous solution (0.545 mL, 2.18 mmol), THF (3.5 mL) and EtOH (3.5 mL) was
stirred at 60 °C for 2 h. After being cooled to 0 °C, the mixture was acidified with 6 M HCI aqueous
solution (0.363 mL) and concentrated in vacuo to give crude 141 (79.0 mg, 0.329 mmol, 75%). This

was used in the next reaction without further purification.
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tert-Butyl 2-cyano-3-(dimethylamino)acrylate (144). A mixture of fert-butyl 2-cyanoacetate (142)
(24.3 g, 172 mmol) and tert-butoxy bis(dimethylamino)methane (143) (35.5 mL, 172 mmol) was
stirred at rt for 30 min. The mixture was evaporated to give 144 as a pale yellow solid. This was used
in the next reaction without further purification. '"H NMR (300 MHz, CDCls) & 1.50 (9H, s), 3.17 (3H,
s),3.36 3H, s), 7.62 (1H, s).

tert-Butyl 3-Amino-1H-pyrazole-4-carboxylate (145). A mixture of 144 (33.8 g, 172 mmol) and
hydrazine monohydrate (8.39 mL, 172 mmol) in MeOH (344 mL) was stirred at 70 °C overnight.
After cooling to rt, the mixture was poured into water at rt and extracted with EtOAc. The organic
layer was separated, washed with saturated aqueous NaCl, dried over anhydrous MgSO, and
concentrated in vacuo. The residue was crystallized from i-Pr,0  to give 145 (20.0 g, 109 mmol,
64%) as a pale orange solid. '"H NMR (300 MHz, DMSO-d,) & 1.47 (9H, s), 4.86-6.14 (2H, m), 7.07—
7.92 (1H, m), 11.44-12.34 (1H, m). MS (ESI/APCI) m/z 184.1 [M + H]".

Methyl 2,3-Dibromo-2-methylpropanoate (147). To a solution of methyl methacrylate (60.1 g, 600
mmol) in EtOAc (353 mL) at 0 °C was added a solution of bromine (30.7 mL, 600 mmol) in EtOAc
(30 mL). The mixture was stirred at rt for 16 h and then saturated aqueous Na,S,0; was added. The
mixture was diluted with water and extracted with EtOAc. The combined organic phases were washed
with saturated aqueous NaCl, dried over anhydrous Na,SO,4 and concentrated in vacuo to afford 147
(152 g, 584 mmol, 97%) as a colorless oil. "H NMR (300 MHz, DMSO-d,) § 1.95 (3H, s), 3.76 (3H, s),
4.08-4.14 (1H, m), 4.16—4.22 (1H, m).

Methyl 3,3-Dimethoxy-2-methylpropanoate (148). A suspension of sodium methoxide (28% MeOH
solution, 226 g, 1.17 mol) in MeOH (234 mL) was heated to 70 °C and then a solution of 147 (152 g,
584 mmol) in MeOH (20 mL) was added rapidly. The mixture was stirred at 70 °C for 3 h. After
cooling to rt, the mixture was filtered and washed with MeOH, and then the filtrate was concentrated
in vacuo. The residue was partitioned between Et,0 and water. The organic layer was washed with

water and saturated aqueous NaCl, dried over anhydrous MgSQ,, filtered, and concentrated in vacuo
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to give 148 (54.5 g, 336 mmol, 58%) as a pale yellow oil. This was used in the next reaction without
further purification. '"H NMR (300 MHz, CDCl;) § 1.17 (3H, d, J = 7.2 Hz), 2.71-2.85 (1H, m), 3.35
(3H, s), 3.38 (3H, s), 3.70 (3H, s), 4.50 (1H, d, J= 7.6 Hz).

tert-Butyl 5-Hydroxy-6-methylpyrazolo[1,5-a]pyrimidine-3-carboxylate (149). To a mixture of 145
(20.0 g, 109 mmol) and 148 (26.6 g, 164 mmol) in DMF (219 mL) was added cesium carbonate (64.2
g, 197 mmol). The mixture was stirred at 100 °C for 16 h, diluted with water and then acidified to pH
~4 with AcOH. The resulting solid was filtered by filtration, washed with water and dried to afford
149 (22.6 g, 91.8 mmol, 84%) as a white solid. 'H NMR (300 MHz, DMSO-d,) & 1.53 (9H, s), 1.96
(3H, d, J=1.1 Hz), 7.97 (1H, s), 8.53 (1H, d, J = 1.1 Hz), 11.22 (1H, brs). MS (ESI/APCI) m/z 250.1
[M +H]J".

tert-Butyl 5-Azido-6-methylpyrazolo[1,5-a]pyrimidine-3-carboxylate (150). To a suspension of 149
(4.99 g, 20.0 mmol) in THF (100 mL) was added DBU (4.52 mL, 30.0 mmol) and DPPA (5.17 mL,
24.0 mmol) at rt. The mixture was stirred at 60 °C under Ar for 3 h. DBU (1.51 mL, 10.0 mmol) and
DPPA (1.72 mL, 8.00 mmol) were added thereto. The mixture was stirred at 60 °C under Ar for 2 h.
The mixture was poured into water at rt and extracted with a 1:1 mixture of hexane and EtOAc. The
organic layer was separated, washed with saturated aqueous NaCl, dried over anhydrous MgSQOy,
filtered through a short pad of silica gel, eluted with a 1:1 mixture of hexane and EtOAc, and
concentrated in vacuo. The resulting solid was triturated with hexane to give 150 (4.03 g, 14.7 mmol,
74%) as a pale green solid. "H NMR (300 MHz, DMSO-dg) 6 1.51-1.65 (9H, m), 2.12-2.55 (3H, m),
8.38-8.49 (1H, m), 8.85-9.11 (1H, m). MS (ESI/APCI) m/z 275.1 [M + H]".

tert-Butyl 5-Chloro-6-methylpyrazolo[ 1,5-a]pyrimidine-3-carboxylate (152). Carbon tetrachloride
(9.73 mL, 100 mmol) was added to a solution of PPh; (27.1 g, 100 mmol) in 1,2-dichloroethane (223
mL) at rt. The mixture was stirred at the same temperature under N, for 30 min. To this mixture was
added a suspension of 149 (5.0 g, 20.1 mmol) in 1,2-dichloroethane (111 mL) at rt and the resulting

mixture was stirred under N, at 75-85 °C for 4.5 h, and then concentrated in vacuo. The residue was
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partitioned between EtOAc and water. The phases were separated and the aqueous phase was extracted
with EtOAc. The combined organic phases were washed with saturated aqueous NaCl, dried over
anhydrous Na,SO,, and concentrated in vacuo. The residue was purified by column chromatography
(silica gel, hexane/ethyl acetate, 100:0 to 7:3) to give 152 (4.75 g, 17.7 mmol, 88%) as a white solid.
'H NMR (300 MHz, CDCl3) § 1.62 (9H, s), 2.42 (3H, d, J = 0.9 Hz), 8.40 (1H, s), 8.52 (1H, d, /= 0.9
Hz).

tert-Butyl 6-Methyl-5-(4-methyl-1H-1,2,3-triazol-1-yl) pyrazol o[ 1,5-a] pyrimidine-3-car boxyl ate
(153a). A mixture of 150 (4.36 g, 15.9 mmol) and 151 (6.07 g, 19.1 mmol) in toluene (79 mL) was
stirred at 80 °C for 3 h. To the mixture was added MgCl, (4.54 g, 47.7 mmol). After 15 min, to the
mixture was added MgCl, (3.03 g, 31.8 mmol). The mixture was stirred at 60 °C under Ar for 2 h. The
solid was filtered off, washed with hot toluene. The filtrate was evaporated. The residue was purified
by column chromatography (silica gel, hexane/ethyl acetate, 19:1 to 9:11) to give 153a (4.83 g, 15.4
mmol, 97%) as a white solid. "H NMR (300 MHz, CDCI3) 6 1.64 (9H, s), 2.46 (3H, d, J = 0.8 Hz),
2.78 (3H, d,J = 1.1 Hz), 8.46-8.50 (2H, m), 8.71-8.73 (1H, m). MS (ESI/APCI) m/z 315.2 [M + H]".
tert-Butyl 6-Methyl-5-(3-methyl-1H-1,2,4-triazol - 1-yl )pyrazol o[ 1,5-a] pyrimidine-3-carboxyl ate
(153b). To a solution of 152 (1.08 g, 4.03 mmol) in DMF (20 mL) was added
3-methyl-1H-1,2,4-triazole (0.469 g, 5.65 mmol) and K,CO; (0.781 g, 5.65 mmol) at rt. The mixture
was stirred at rt overnight and warmed to 60 °C for 2 h. After cooling to rt, water was added to the
mixture. The solid was collected by filtration, washed with water, and dried to give 153b (0.870 g,
2.77 mmol, 69%) as a tan solid. 'H NMR (300 MHz, DMSO-d) § 1.56 (9H, s), 2.43 (3H, s), 2.54 (3H,
d, J = 1.1 Hz), 8.56 (1H, s), 9.10 (1H, s), 9.43 (1H, d, J = 1.1 Hz). MS (ESI/APCI) m/z 315.2 [M +
HJ".

6-Methyl-5-(4-methyl-1H-1,2,3-triazol-1-yl)pyrazol o[ 1,5-a] pyrimidine-3-carboxylic Acid (154a). To
a stirred suspension of 153a (2.64 g, 8.40 mmol) in CH3CN (84 mL) was added methanesulfonic acid

(2.78 mL, 42.0 mmol) at 0 °C. The mixture was stirred at rt overnight. The starting material remained
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on TLC and further methanesulfonic acid (0.555 mL, 8.40 mmol) was added. The mixture was stirred
at rt for 1 h and then neutralized with 1 M NaOH aqueous solution at 0 °C. The organic solvent was
evaporated under reduced pressure and then diluted with water. The resulting solid was collected by
filtration, washed with water and then hexane, and dried to give 154a (1.98 g, 7.67 mmol, 91%) as a
white solid. 'H NMR (300 MHz, DMSO-d;) & 2.40 (3H, s), 2.52 (3H, d, J = 0.8 Hz), 8.50 (1H, d, J =
1.1 Hz), 8.62 (1H, s), 9.50 (1H, d, J= 1.1 Hz), 12.52 (1H, brs). MS (ESI/APCI) m/z 259.2 [M + H]".
6-Methyl-5-(3-methyl-1H-1,2 4-triazol-1-yl)pyrazol o[ 1,5-a] pyrimidine-3-carboxylic Acid (154b). To
a suspension of 153b (0.87 g, 2.77 mmol) in CH;CN (14 mL) was added MsOH (1.26 mL, 19.4 mmol)
at 0 °C. After being stirred at rt for 5 h, the mixture was warmed to 60 °C for 30 min. | M NaOH
aqueous solution (19.4 mL, 19.4 mmol) was added thereto at 0 °C. CH;CN was evaporated. The solid
was collected by filtration, washed with water, dried to give 154b (0.606 g, 2.35 mmol, 85%) as a tan
solid. "H NMR (300 MHz, DMSO-d;) & 2.42 (3H, s), 2.48-2.53 (3H, m), 8.60 (1H, s), 9.09 (1H, s),
9.44 (1H, d, J = 1.1 Hz), 12.49 (1H, brs). MS (ESI/APCI) m/z 259.1 [M + HJ".
(+)-Di-(p-toluoyl)-p-tartaric acid salt of 155 (156).
(15)-1-amino-2-methyl-1-(4-(trifluoromethoxy)phenyl)propan-2-ol hydrochloride (130) (2.00 g, 7.00
mmol) was suspended in EtOAc and neutralized with saturated aqueous NaHCOs. The organic phase
was dried over anhydrous Na,SO, and concentrated in vacuo to  afford
(15)-1-amino-2-methyl-1-(4-(trifluoromethoxy)phenyl)propan-2-ol  (155) (1.74 g, 6.98 mmol,
quantitative  yeild) as a colorless oil. 155 (125 mg, 0.500 mmol) and
(25,35)-(+)-di-(p-toluoyl)-p-tartaric acid (193 mg, 0.500 mmol) were dissolved in EtOH (500 ul) and
water (500 pul) at rt. The mixture was standed at rt overnight to give
(25,35)-2,3-bis((4-methylbenzoyl)oxy)butanedioic acid -
(15)-1-amino-2-methyl-1-(4-(trifluoromethoxy)phenyl)propan-2-ol (1:1) (156) suitable for X-ray

crystallography.
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Enzyme Assay Protocol. Preparation of human PDE. Human PDE1A, 3A, 4D2, 5A1, 7B, 8A1, 9A2,
and 11A4 enzymes were purchased from BPS Bioscience. Human PDE6AB enzyme was purchased
from SB Drug Discovery. Human PDE2A3 full-length gene was transduced into Sf9 cells, and the
enzyme was purified by His-tag affinity column and gel filtration. Human PDE10A2 was generated
from COS-7 cells that had been transfected with the full-length gene. The enzymes were stored at
—70 °C until use.

PDE2A3 enzyme inhibitory assay. PDE activity was measured using an SPA (GE Healthcare). To
evaluate the inhibitory activity of a compound, 10 pL of serially diluted compounds were incubated
with 20 pL of PDE enzyme (final concentration 0.023 nM) in assay buffer (50 mM HEPES-NaOH, 8.3
mM MgCl,, 1.7 mM EGTA, and 0.1% bovine serum albumin (BSA) (pH 7.4)) for 30 min at rt. Final
concentration of DMSO in the reaction solution was 1%. Compounds were tested in duplicate in
96-well half-area plates (Corning) or 384-well OptiPlates (PerkinElmer). We used an 8 concentration
serial dilution dose response ranging from 100 uM to 10 pM compound concentrations. To start the
reaction, 10 pL of substrate ['H] ¢cGMP (final concentration 77 nM, PerkinElmer) were added to a
total volume of 40 pL. After 60 min at rt, 20 pL of 20 mg/mL yttrium silicate SPA beads containing
zinc sulfate were added to terminate the PDE reaction. After resting undisturbed for an additional 60
min, the assay plates were counted in a scintillation counter (PerkinElmer) to allow calculation of the
inhibition rate. Inhibition rate was calculated based on 0% control wells with enzyme and DMSO, and
100% control wells without enzyme. All ICsy values were obtained by fitting the results to the
following 4 Parameter Logistic Equation:

y=A+(B-A)/(1+ (10"(C-x)*D)))

where A is the minimum y value, B is the maximum y value, C is Log(ECs,) value, and D is the
slope factor.

Human PDE enzyme assay. PDE activities were measured using an SPA (GE Healthcare). To evaluate

the inhibitory activity, 10 uL of serially diluted compounds were incubated with 20 uL of PDE
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enzymes (except for PDE1A) in assay buffer (50 mM HEPES-NaOH, 8.3 mM MgCl,, 1.7 mM EGTA,
and 0.1% BSA (pH 7.4)) for 30 min at rt. The PDE1A enzyme assay was performed in a different
assay buffer (50 mM Tris-HCI, 8.3 mM MgCl,, 0.2 mM CacCl,, 0.1% BSA, and 30 nM Calmodulin
(pH 7.5)). The final concentration of DMSO in the assay was 1%. Compounds were tested in duplicate
in 96-well half-area plates (Corning). We used an 4 concentration serial dilution dose response ranging
from 10 pM to 10 nM compound concentrations. To start the reaction, 10 uL of substrate ([*H] cGMP
(final concentration 77 nM, PerkinElmer) for PDE1A, 5A1, 6AB, 9A2, 10A2, and 11A4 or [3H] cAMP
(final concentration 14.7 nM, PerkinElmer) for PDE3A, 4D2, 7B, and 8A1) were added for a final
assay volume of 40 puL. After 60 min incubation at rt, 20 pL of 20 mg/mL yttrium silicate SPA beads
containing ZnSO, were added to terminate the PDE reaction. After resting undisturbed for more than
120 min, the assay plate was counted in a scintillation counter (PerkinElmer) to allow calculation of
the inhibition rate.

Transcellular  Transport Study Using a Transporter-Expression System. Human
MDR I-expressing LLC-PK1 cells were cultured as reported previously with minor modifications.'*
The transcellular transport study was performed as reported previously.'”” In brief, the cells were
grown for 7 days in HTS Transwell 96-well permeable support (pore size 0.4 pm, 0.143 cm® surface
area) with polyethylene terephthalate membrane (Corning Life Sciences, Lowell, MA, USA) at a
density of 1.125 x 105 cells/well. The cells were preincubated with M199 at 37 °C for 30 min.
Subsequently, transcellular transport was initiated by the addition of M199 either to apical
compartments (75 pL) or to basolateral compartments (250 pL) containing 10 uM digoxin, 200 uM
lucifer yellow (as a marker for the tightness of the monolayer), and 10 uM test compounds. The assay
was terminated by the removal of each assay plate after 2 h. Aliquots (25 pL) from the opposite
compartments were mixed with CH;CN containing alprenolol and diclofenac as internal standards, and

then centrifuged. The compound concentrations in the supernatant were measured by LC-MS/MS. The
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apparent permeability (P,y,) of test compounds in the receiver wells was determined and the efflux
ratio (ER) for the MDR1 membrane permeability test was calculated using the following equation:
ER=P app,BtoA/ P app,AtoB

where Pypaws 1S the apical-to-basal passive permeability-surface area product and Py, poa 1S the
basal-to-apical passive permeability-surface area product.

Phototoxicity Test. Phototoxicity assay was carried out as described in the OECD guideline No.
432" with some modifications for a high-throughput screening. BALB/c 3T3 cells were cultured at
37 °C under 5% CO, in DMEM supplemented with 10% fetal bovine serum, 50 IU/mL penicillin and
50 mg/mL streptomycin. Cells were seeded at 2.5 x 10° cells/well in 384-well white plates, and
cultured in DMEM supplemented with 10% fetal bovine serum, 2 mM L-glutamine, 1 mM sodium
pyruvate, 50 IU/mL penicillin, and 50 pg/mL streptomycin for 1 day. Two 384-well plates per test
compound (50 uM) in Earle’s Balanced Salt Solution (EBSS) supplemented with 1 mM HEPES were
preincubated for 1 h. One of the two plates was irradiated (+UV) for 60 min with 1.4—-1.7 mW/cm?® (5—
6 J/cm?), whereas the other plate was kept in the dark (—UV). In both plates the treatment medium was
replaced with the culture medium and after another 24 h of culture, the cell viability was determined
by measuring the cellular ATP content. The cellular ATP content was measured using the
Celltiter-Glo™ assay kit (Promega) following the manufacture’s instruction. ATP content was
calculated as follows. ATP content (% of control) = (relative light unit (RLU) of test compound/RLU
of 1% DMSO) x 100.

Estimation of Log D at pH 7.4. Log D74, which is the partition coefficient of the compounds between
1-octanol and aqueous buffer at pH 7.4, was measured using a chromatographic procedure based on a
published method.®® The instruments utilized were a Waters Alliance 2795 HPLC system and a 2996
UV-vis detector (Milford, MA, USA).

Thermodynamic Solubility Measurement Using the Shake-Flask Method. The measurement of

thermodynamic solubility was carried out as previously described.” Briefly, the drug substances were
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weighed into Thomson filter vials (Chrom Tech, Inc., Minnesota, U.S.A.). JP1 (pH 1.2), JP2 (pH 6.8),
and JP2-containing 20 mM GCDC were added to the vials. The vials were incubated at 37 °C for 18 h
and the resulting suspensions were filtered by compressing the vials. The drug concentration of the
filtrates was determined using a UHPLC system.

Powder X-ray Diffraction (PXRD) and Crystallinity Calculation. PXRD patterns were collected
using a RINT UltimalV powder X-ray diffractometer (Rigaku Corp., Tokyo, Japan) according to
previously described conditions.®® The peak intensities of the crystalline (Ic) and non-crystalline (/a)
fractions were integrated from the baseline collection according to Herman’s method."®'’ The
crystallinity was calculated using the following equation with an autocrystallinity calculation software
(Rigaku, Tokyo, Japan).'"'?°

Crystallinity = Ic x 100 / (Ic + [a) x 100

Protein Expression and Purification. The PDE2A catalytic domain (578-919) was cloned into a
pFastBac vector, for expression in Sf9 cells, utilizing an N-terminal 6% poly-histidine tag containing a
TEV cleavage site. Large scale production of recombinant protein was carried out in Sf9 cells. The
pellet from 10L of baculovirus infected Sf9 cells was resuspended in 600 mL lysis buffer containing
25 mM Tris pH 7.6, 1 M NaCl, 20 mM imidazole, 5% glycerol, and 3 Roche cOmplete Protease
Inhibitor tablets. The cell suspension was homogenized with the Polytron PT-3100, centrifuged for 1 h
at 13,000 rpm (JA-14 rotor), and the clarified supernatant was brought to 800 mL with lysis buffer
before batch binding with 10 mL of Probond Ni resin (Invitrogen) for 2 h at 4 °C, rolling. The beads
were collected by low speed centrifugation (3,500 rpm with JS-4.2 rotor), loaded into a gravity column,
and washed slowly overnight with 2 L of wash buffer containing 25 mM Tris pH 7.6, 1 M NaCl, 20
mM imidazole, 5% glycerol. The following day the protein was eluted with buffer containing 25 mM
Tris pH 7.9, 50 mM NaCl, 250 mM imidazole, 10% glycerol. The 1.5 mL sample eluted from the
Nickel capture step was brought to 9 mL with Mono Q buffer A containing 25 mM Tris pH 7.9, and

10% glycerol. After the full sample volume was bound to the Mono Q column, a salt gradient was
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applied from 0 M NacCl to ~800 mM NaCl in 40 mL. Fractions corresponding to the unphosphorylated
protein (identified by MS with MW = 40178 Da) were pooled for further purification by
size-exclusion chromatography on a Superdex 200 column equilibrated in 1XTBS pH 7.4, 0.5 mM
DTT, 1 mM EDTA, 10% glycerol. Peak SEC fractions were collected and concentrated to 12 mg/mL
for crystallization.

Crystallization and Structure Determination. Crystals suitable for data collection were first grown
using the vapor diffusion method in hanging drops at room temperature by adding 0.5 pL protein
solution with 1 mM IBMX*’ and 0.5 pL reservoir solution (30% PEG 3350, 0.1 M Tris pH 7.5, and 0.2
M MgCl,). PDE2A IBMX crystals were soaked in a drop containing 5 mM compound 122b, 31%
PEG 3350, 0.1 M Tris pH 7.5, and 0.2 M MgCl, for 3 days. Crystals were transferred through a fresh
cryo-protected soak drop immediately before being harvested and flash frozen in liquid nitrogen.
X-ray diffraction data was collected at ALS beamline 5.0.2 using a Pilatus3 6M (Dectris) detector
from a single cryogenically protected crystal (100K) at a wavelength of 1 A. The crystals belong to the
space group C121 and contain three enzyme molecules per asymmetric unit. X-ray diffraction data
was reduced using the HKL2000'® software package. The structure was determined by molecular
replacement with PHASER within the CCP4 program suite and refined with REFMAC."" Several
cycles of model building using MIfit'"? and refinement using REFMAC were performed for improving
the quality of the model. The coordinates and structure factors have been deposited in the Protein Data
Bank with accession code 5VP1.

Animal Experiments. The care and use of animals and the experimental protocols were approved by
the Experimental Animal Care and Use Committee of Takeda Pharmaceutical Company Limited.
Pharmacokinetic Analysis in Rat or Mouse Cassette Dosing. Compound 122b was administered
intravenously (0.1 mg/kg) or orally (1 mg/kg) by cassette dosing to nonfasted male Crl:CD(SD)(IGS)
rats (8W, n = 3) or male ICR mice (8W, n = 3). The combination for a cassette dosing was determined

to avoid combinations of compounds with the same molecular weight. The solution of compounds in
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dimethylacetamide containing 50% (v/v) 1,3 butanediol at 0.1 mg/mL/kg was administered
intravenously to isoflurane-anesthetized mice via femoral vein. The suspension of compounds in 0.5%
methyl cellulose with water was used for vehicle (1 mg/kg) and was administered orally by gavage.
After administration, blood samples were collected via tail vein by syringes with heparin at 5, 10, 15,
30 min, 1, 2, 4, and 8 h (iv) and 15, 30 min, 1, 2, 4, and 8 h (po), and centrifuged to obtain the plasma
fraction. The plasma samples were deproteinized by mixing with acetonitrile followed by
centrifugation. The compound concentrations in the supernatant were measured by LC-MS/MS with a
standard curve. Pharmacokinetic parameters were calculated by the non-compartmental analysis. The
area under the concentration-time curve (AUC) and the area under the first moment curve (AUMC)
were calculated using the linear trapezoidal method. The mean residence time (MRT) was calculated
as AUMC/AUC. The total clearance (CLiy,) was calculated as doseiv/AUC;. The volume of
distribution (Vdy) was calculated as CL % MRTj,. Oral bioavailability () was calculated as
(AUC,/dosey,)/(AUC;/dose;y) < 100.

Brain and Plasma Concentration in Rats. Compound 122b was administered orally to Long—Evans
rats (male, non-fasted, 7-week old) at 10 mg/kg. Blood and whole brain samples were collected 2 h
after oral administration. The blood samples were centrifuged to obtain the plasma fraction. The brain
samples were homogenized in saline to obtain the brain homogenate. Compound concentrations were
measured in aliquots of rat plasma and brain, which were mixed well with acetonitrile containing an
internal standard and then centrifuged. The supernatants were diluted with solvents for LC-MS/MS
analysis (mobile phase A: 10 mM ammonium formate/formic acid (100/0.2, v/v), mobile phase B:
acetonitrile/formic acid (100/0.2, v/v)). The diluted solutions were injected into an LC-MS/MS
(API5000, AB Sciex, Foster City, CA) equipped with a Shimadzu Shim-pack XR-ODS column (2.2
pum packing particle size, 2.0 mm ID x 30 mm L) maintained at 50°C. The chromatographic separation
was performed using gradient elution at a flow rate of 0.7 mL/min. The LC time program was as

follows: Mobile phase B was held at 5% for 0.1 min, and increased linearly to 95% in 0.1 min. After
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maintaining B at 95% for another 0.8 min, it was decreased to 5% in 0.01 min, followed by
re-equilibration for 0.59 min. The total cycle time for one injection was 1.6 min. Compound 122b was
detected using multiple reaction monitoring mode and the transition m/z 490.01 — 240.96. Analyst™
software (version 1.4.2) was used for data acquisition and processing.

In Vivo Occupancy Study. In vivo target occupancy study of compound 122b was conducted using
LC-MS/MS. Compound 122b was suspended in 0.5% (w/v) methylcellulose in distilled water, and
PF-05270430"" was dissolved in dimethylacetamide and 1,3-butanediol (1:1). SD rats were pretreated
with vehicle (po, n = 6) or compound 122b (0.3 mg/kg, 1 mg/kg, 3 mg/kg, 10 mg/kg, and 30 mg/kg,
po, n = 4 in each group) 2 h before sampling. PF-05270430 (0.1 mg/mL/kg) was administered by
bolus intravenous injection via lateral tail vein 30 min before sampling. Rats were decapitated, and
blood and brain samples (striatum as target tissue and cerebellum as reference tissue) were collected.
Brain samples were weighed and saline was added (20% weight/volume), followed by
homogenization with Lysing Matrix I beads (MP Biomedicals). Homogenized samples were stored at
—30°C until quantification of tracer (PF-05270430) using LC-MS/MS. The supernatants were diluted
with solvents for LC-MS/MS analysis (mobile phase A: 10 mM ammonium formate/formic acid
(100/0.2, v/v), mobile phase B: acetonitrile/formic acid (100/0.2, v/v)). The diluted solutions were
injected into an LC-MS/MS (API5000, AB Sciex, Foster City, CA) equipped with a Shimadzu
Shim-pack XR-ODS (2.2 um packing particle size, 2.0 mm ID x 30 mm L) maintained at 50°C. The
chromatographic separation was performed using gradient elution at a flow rate of 0.7 mL/min. The
LC time program was as follows: Mobile phase B was held at 5% for 0.1 min, and increased linearly
to 95% in 0.1 min. After maintaining B at 95% for another 0.8 min, it was decreased to 5% in 0.01 min,
followed by re-equilibration for 0.59 min. The total cycle time for one injection was 1.6 min.
PF-05270430 was detected using multiple reaction monitoring mode and the transition m/z 432 —
386. Analyst™ software (version 1.4.2) was used for data acquisition and processing. Specific tracer

binding (Bsp) in the striatum was represented as the difference between the tracer concentration in
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striatum and that in cerebellum. PDE2A occupancy was calculated using the following equation:
Occupancy (%) = (Bsppase = Bsparug)/Bsppase X 100, where Bgppase and Bspgn are the concentrations at
baseline (vehicle treatment) and at drug treatment, respectively. Curve fitting of the saturation curve
was carried out by nonlinear regression using GraphPad Prism 5.02 (GraphPad Software, Inc., San
Diego, CA).

Measurement of Cyclic Nucleotide Contents in Rat Brain. Animals. Five-week-old male Long—
Evans rats were purchased from Japan SLC, Inc. (Japan). The rats were housed in groups of 3/cage in
a light-controlled room (12 h light/dark cycles with lights on at 07:00). Food and water were provided
ad libitum. After a one week acclimation period, the six-week-old rats were used for experiments.
Measurements. Compound 122b was suspended in 0.5% (w/v) methylcellulose in distilled water, and
was administered in a volume of 2 mL/kg body weight for rats. Rats were administered orally with
either vehicle or compound 122b (1 mg/kg, 3 mg/kg, and 10 mg/kg) after >1 h of habituation. A
microwave fixation system (Muromachi Kikai, Tokyo, Japan) was used to sacrifice unanesthetized rats
by exposure of the head to the microwave beam at 2 h after administration of 122b. Brain tissues were
isolated and then homogenized in 0.5 mol/L HCI, followed by centrifugation. The concentration of
cyclic nucleotides in the supernatant was measured using a cyclic AMP EIA kit or cyclic GMP EIA kit
(Cayman Chemical, USA) following the manufacturer’s instructions. Values were expressed as
pmol/mg tissue weight.

Step-through Passive Avoidance Task. This task was performed as previously described'* with some
modifications. This experiment was conducted in 7-8-week-old male Long—Evans rats. The apparatus
(Brainscience idea, Osaka, Japan) consisted of an illuminated chamber (25 x 10 x 25 cm) connected to
a dark chamber (30 x 30 x 30 cm) by a sliding door (8 x 8 cm). On the training day, each animal was
subjected to a single pre-training trial 4—6 h before the acquisition trial. The rat was placed in the light
chamber, and the sliding door was opened 30 s later. As soon as the rat entered the dark chamber with

all four paws, the door was closed. The rat was then allowed to remain in the dark chamber for 30 s
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before being returned to its home cage. In the acquisition trial, the rat was placed in the light chamber,
and the sliding door was opened. The time required for the rat to enter the dark chamber was then
recorded. As soon as the rat entered the dark chamber, the door was closed, and an electric shock (0.5
mA, 3 s) was delivered from the floor grid. The rat was then returned to its home cage. The retention
test was conducted 24 h later. The rat was again placed in the light chamber with the sliding door.
After 30 s, the door was opened and the latency for the rat to cross over into the dark compartment
was recorded. If the animal did not enter the dark chamber within 300 s, the retention test was
terminated, and the animal was given a ceiling score of 300 s. Vehicle or compound 122b (3 mg/kg)
was administered po 2 h prior, and saline or MK-801 (0.1 mg/kg) was administered sc 30 min prior to
the acquisition trial. The statistical significance of differences between group latency scores was
determined by Wilcoxon’s test with significance set at p < 0.05.

Determination of the Absolute Stereochemistry of RHS Amine 155. The absolute configuration of
free base of 130 (i.e. 155) was determined by X-ray crystallography of its (+)-di-(p-toluoyl)-D-tartaric
acid salt 156.

Crystal data for 156: C;;H;sF;NO, -CyH;,05 , MW = 635.59; crystal size, 0.21 x 0.13 x 0.07 mm;
colorless, block; monoclinic, space group C2, a = 25.4050(5) A, b =7.84709(14) A, ¢ = 15.9718(3) A,
a=y=90° f=95114(7)°, V=3171.37(11) A*, Z=4, Dx = 1.331 g/em’, T= 100 K, 1z = 0.950 mm ',
2 =1.54187 A, R, =0.029, wR, = 0.077, Flack Parameter'"* =—0.11(10).

All measurements were made on a Rigaku R-AXIS RAPID-191R diffractometer using graphite
monochromated Cu-Ka radiation. The structure was solved by direct methods with SIR2008''® and

5 All non-H atoms were refined

was refined using full-matrix least-squares on F* with SHELXL-97.
with anisotropic displacement parameters.
CCDC 1548481 for compound 156 contains the supplementary crystallographic data for this paper.

These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via

http://www.ccdc.cam.ac.uk/Community/Requestastructure/Pages/DataRequest.aspx?.
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Figure3-10. ORTEP of 156, thermal ellipsoids are drawn at 20% probability.
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