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Ac acethyl

aq. aqueous solution

Ar aryl

Bn benzyl

Bu butyl

cAMP cyclic adenosine monophosphate
cGMP cyclic guanosine monophosphate
cLogP calculated LogP (partition coefficient)
DDQ 2,3-dichloro-5,6-dicyano- para-benzoquinone
DMA N, N-dimethylacetamide

DMF N, N-dimethylformamide

DMSO dimethylsulfoxide

ECso 30% effective concentration

ED erectile dysfunction

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

eq. equivalent

FDA Food and Drug Administration

GC guanylate cyclase

5-GMP guanosine 5-monophosphate

GTP guanosine triphosphate

HOBt 1-hydroxybenzotriazole

ICso half maximal inhibitory concentration
rPr isopropyl

KDR kinase domain receptor

L-Arg L-arginine

L-Cit L-citrulline

LDA lithium diisopropylamide

mCPBA meta-chloroperoxybenzoic acid

Me methyl

Mp melting point

M.W. molecular weight

NMR nuclear magnetic resonance



nNOS
NO
NT
PDE
PDE5
Ph
PK

Pr

quant.

r.t.
THF
TLC

VS.

neuronal nitric oxide synthase
nitric monoxide

not tested
phosphodiesterase
phosphodiesterase 5
phenyl

pharmacokinetics

propyl

quantitative yield

room temperature
tetrahydrofuran

thin-layer chromatography

versus



ED (Erectile Dysfunction; Zh#EA~4) OFHELHIL, 2R T 14& 5000 5 ALLE
CHEESNTHEY . AODOEELICEE 2015 FEITITF ORI T 5 L FRIS LTV
%o V1998 HEIC HARTITONTEFREICL D &, 30 D 79 BT D HEEA TS
FHUE 1130 A, AFRBZMEITECEEMNT 523, 40 A TH 20%TEWVEHRETH
DT ENHE SN, ?

ERL T, PERDHINK LS X 0 AR ARSI TAERR L7z — BB L SR 0 iR X v i
ENDZENE Lo TR D, i & — b EFRITREZERIFICB VYT GC

(T =Ny 7 7 —8) ML L. .GTP (/7 /) v =V V) K 0 EKT 25 cGMP

GRIRZT /v r—0 V) OREN ERT L5, B RAyEV DY —THD cGMP
VX, VBRI 2 0hAE U, PRV IR~ D MBS AT 5 2 LI L v B k-t
% (Figure 1), 3 —JF. BEEEHANIZIT cGMP % 5-GMP (5-77 /vy —1U v
fig) ~3fiR9 HBEHE PDES (KRAKRY T AT 7 —¥ 5) HIFEL, ZHIZL > T cGMP
OB - B NS Tnb, 20 PDE5S ZET % Z &1LV RXERA
WD cGMP REZRD, #EREEHERFT 5LV a7 MoES< ED IR
DOIFFEDS. 1990 FARHE NS 2000 FERUTHT THAF DL < ORIERMZE THED S
T, @

[FEZEERE]
[ A
N
‘&1@:‘"1 PDE5
i EEE

. 3 ; 2
%}] 3 g oH cGMP ot oH 5-GMP,

i
B/X

Figure 1. it A h =X 1 L PDE5 HE#

PDE (21X 11 D77 I UV — (PDE1-11) OFENRERE SN TEHEY | HEH fp:
<cAMP (BT F v v—U ) & GMP OWFhu—F, iVl F 2B & L



TRBR > | MRS, 7 X BRSO FMEEIC L > THSTW5 (Table 1), -0 =
D955 PDE5S (X cGMP %R BAYICH 286, M M., /WA
R ST Y D HEENMAEILRIEM, I/ MOBEEMHIERE AR 2 L HE S
NTWD, 89 £i= ZOMDT A VP A LHAEKRNORE % 7k 2% < O&E| %2 Ri-
LCTWb5Z XY, PDE MEFEHOT A Y VA LNREIL, BIEH OB M CE
HERD,

Table 1. PDE 7 7 I J —

PDEL | PDE2 | PDE3 | PDE4 | PDES | PDE6 | PDE7 | PDES | PDE9 | PDE10 | PDE11
B . R
T3 D | RiE
X ERE | B oay | wm | TEG ARl R | g | BRES
ﬁ HEIM EIJ ] uumi uw .Iflllj\iﬁ ﬂE ﬁﬁ H:Fﬁ ﬂlﬂ RW %%
®| OB | B | e | gy | Wl | B B aa | WIR
#| BE | 25 || g s B R | TEE
25 R AR
g zgm: zgm: CAMP | cAMP | cGMP | cGMP | cAMP | cAMP | cGMP zgm: zgm:

1998 41T Pfizer L&V | HAF OO E G ED /6RIETHLINVTF 7«
/v (PDE5 PHEFHK / 854 A 727 7% RN EfiZi, ED {BHRITKE Rtz 2T
7= (Figure 2), L)L V77 4 uid, MEICFEST 5 PDE6 #fHET 5 Z
EXV, BWEAE L THRERESNHRE SN TS, 10 F72 B FIEHICFET D
PDE1 [HEMERAZECHER > T D70, BRREBTE~OFENESIND, FRC
=hu 7 Uk ) CBAEOHFHZ, BECMTKRTOY A7 NHHT-D, Bl anT
W5, £ZTEHIL. LY PDE FHFEMEMOBIIEICELL, H-o, JEE 2R H TR
DIHKT DRI ERPLETH D EB 2T,

Figure 2. VT F 7 4V O T 7 F%)

SHIZ, VT F T 4 VTR 30 405 60 4 TRYEDNFHE T 5725, 120 L v 34
FEN NI WIERAN ED BEEIITEE LW EE X T,
AT DX o REEOL L, MAMOEVVEEEEZA L, BEER I VENLT-MEE.
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@O m\v PDE5S EftE (RIEA O / Rl PDE6 (24 28R ME1X 2000 514 F)
@ HEfn~ o 8 WEEIFLEE O 22 E A FRe (FIVEF o)

@ M 20 53 AN TR 2541 2 BIghk (0 VW 3E5))

ZR RO PDES HEFKOAIMZ B E L TIT272 6D TH D,

FPEEIT, SR (BREN =ERER) OE LI TRHENT 4-7 U —/b-1-
A VXV 7 UFEAE 2 (T-1032) Wakiis & LA LEWAERIZHE T, miEE,
H->.PDE6 [HLEMEM L il L CEN- PDES ®IRMZ/RT A V% /U U FHEK 10b
Z R L7 (Figure 3),

Qo 2 Qo CL
SNAO N 0 SN OMe

CO,Me |:> Z~co,Me
OMe MeO ! OMe

MeO

OMe OMe
2(T-1032) 10b
PDE5_IC50 = 1.0 nM PDE5_IC5p =3.5nM
selectivity; 1C5q ratio of selectivity; IC5q ratio of
PDEG / PDE5 = 650 PDEG / PDE5 > 2800

Figure 3. 1 VX /U 358K 10b

S BT, L0 ANE - ZREOEWHBRE LA ORG A BIE L T, 0 FPHKERE
GERMA LU B BRI kit L, T1032 BX O T+ 7 4 v % kA%
PDE5 [HEIGM L PDES @IRMEZ R HH 5- X0V A -4-7 X /Y I VU FFEE
19a (T-6932) % RLH79Z Licpkzh L7z (Figure4), [55 1 %]

ring-opening (@(
mcozm (j\/o N NH

MeO OMe
o et
A H y
YOS 6 / (pseudo-ring) 19a (T-6923)
Az PDE5_IC5p =0.13 nM
Ar  (A=CHorN) selectivity; ICsy ratio of

PDEG6 / PDES = 2400

Figure 4. /5 +PKERS ZHH L2giaibaY 19a (T-6932 ) O




WIZ, T-6932 # VU — NbEWmE L TR Y VU8B EOBEHILAHZ Ful & Ui
B EAT 5 T2, BBl — K T-6932 1350 /) 22 BB ETE M 2 /=4 — 7, i iR 2 H
W HRBRICB W T EN R+ THo722 L L0 ALK T sS85
ZENMETHD EEZT, Fio, MW RIEMREHE & W o Fox OFAR & 35 %F
MELEMIAT 5T D701, KEMEE RSB MAH ST WERERE (B 20E,
LfkaouE 2 kgl 7 X VB BERIFEBRNT viR) OBEANITHOWTEIRRIITH
FEAT T2, EORR, VAT T T 4 v ERIDWRAEMIEER & PDE6 L & ik
L N7z PDES5 J®RMEZ T BOf (737 4 V) & R 2 L12aksh L7z (Figure
5)o 73T 7 4 V1% PDE6 LSO T A Y FA LITHT L @IRMEIC B, 19 B
BRCIX, VAT T 7 4 MZBW TR bR R E b KIBICE SN T D Z & 25
Bk ipot, ¥ Fi- IRA% 15 5 LIN TR A FHH S 2 At s S, 19 2011
EICHEE, 2012 FITKE, 2013 FRITIFERINICIB W T, ED JBFHKE U CRRA TS L
oo [55 2 #]

4 N\
OMe
C(*OH Cl
N._N._NH
\ﬁ <
N .~ o]
HNl
N“°N
R
\_ J
50f (avanafil) sildenafil
PDES5_IC5p = 5.2 nM PDES5_ICsy = 1.6 nM
selectivity; 1C5 ratio of selectivity; 1C5 ratio of
-
PDEG6 / PDES5 = 4000 PDE6 / PDE5 = 500
relaxant effect relaxant effect
EC30 =21nM EC30 =8.7nM

Figure 5. 5 %R PDES [HEHK T NF 7 1)L

I OICEFIL, LA OB TH N5 X Y ALY I UV UFFEK 62 12
HEHL, IhEdmg s LNy 7 7 v b EiER ikl L7= (Figure 6), 3,4,5- K~V
A MR T 2 = VEEE O BB TN T B IEMIR T 2B b 572l
CUBEROIENER LA HE LT, 4 (B X 5 (LE#RIEEEE/N LT SHEY K
[2,3-dl- vV 2 DU-T- A B EAR AR L, TORE, BONTHRERIEA MR
WP SIS ABERILHIERA (-7 1) I VUBER) I bEnwiEtERL, &
DHFMNE, VIVTF 7 4 VEBITIETNT T 4 v b k8 DR IR ER 2R3 5



AF AR 68b & T Z LTI LTz, [5 3 %]

OMe
OMe
o X
N\ﬁN\ NH C(*OH Cl
N. — o) N_N_N_O
oLy
N A

Me
MeO OMe
OMe
Pyrimidine (62) Pyridopyrimidinone (68b)
PDE5_ICgy = 0.21 nM PDES5_ICgy = 0.86 nM
relaxant effect_EC3y > 100 nM relaxant effect_EC3; = 0.85 nM |

Figure 6. UL EWARMOME (B FE'Y I ¥/ FEE)

LTI 26 O 3EDFEM 2 e,
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[#5—2=] &&IRA PDES FHEEREZET S
FHREY I UUBEEOAR L REEE

B—H MRER L ARRERTE

1998 DO NANT 7 40 (B4 - AT 7 5®) B, FivE TR OIENRTF
FELZ2 o 72 ED IRRIIREANZ2AELZ T2, L LERRL AT T 7 4 i, #
B FET %5 PDE6 ZHETHZ & L0, BEH & L THREREE NHE I, 59 10
BRI AFAET D PDEL MEMEH ZENCHRER>Z & L0, fEREITE~DHE)N
a7, PDE 21X, Ve &b 11 FEEGET DT 4 Y VA DBERNORE X 72
AU CHEERERZ R L TWD Z & K0 | BEMEH ORI IRIEH O B 5 T
HHEL/2H>TL D,

EHNHH PDES PLEROER ZBME L2 KS T, HInREE (31 - | = 2Ei)
CBWTCIEERGIZEY, 47 V=14 VX U/ UiFER 2 (T-1032) AR E
Tz (Figure 1-1), ¥ T-1032 ZT7 VX LA —=V T2 L > TRHEENT 1-
TUV—=NF TR L) TS UK 1 #)—REL, 1P PDES OFEETHDH cGMP
DIgEE SBIEERRT 5 2 LI X0 A ShFBlbawm T, T+ 7 4 Mict
M 29872 PDES FHEEM (ICso=1.0nM) %A LT\,

1 2 (T-1032) sildenafil
|C50 =2100 nM ICEO =1.0nM |C50 =1.6 nM
selectivity; 1Cs ratio of selectivity; ICgq ratio of

PDE6/PDE5 =650 ~<—» PDEG6/PDE5 =500

Figure 1-1. T-1032 & V757 4 )v® PDE5 PHETEM: & SR

LrL7e3 6 T-1032 1L PDE6 FHEMEMICH % PDES ERMEN T LT 7 41



ERFEE (T-1032; 650 1%, /v T+ 7 4/:5001%) THo7=Z &2z, A4 X etk
BRICBWTEHERBFEEITANRD LN L0, T bAEWRRNPLEL 72572,
Z ZTEHIT T1032 Zhnma{batn e LT, AN - Z2eMEORWERKEZ AT 5 @i
1) PDE5 FHEHKOERZ AL LI ABMIEICEF LT,

ERVER BT TR 1L ET T-1032 OOV AR = VHEORENZHSOWTHREET D Z
e LT, IVAR= VI EZR/T 5 2 BREEHKIZ. T-1032, > V7 F 7 4 v HiZlX PDE5
BELO PDE6 DREETHSH cGMP (2B T HH0HIETH D Z L I2Z, Beavo b
IZE V., cGMP & PDE & OMAERIZBWT, IR VENKER-ESHIELE L
THERBEEZRZ LTV ZERRESNTEY ., 1 KELOZLH)S PDE HER
P L ONERIUEIC B Z 5. 2 DA[REMERH 5O TIE RV B 21, £ TEEIL, 1-
AVF /v BED UM NVR=NVEEZRE L A V% ) UFERERG LA E
1T7-7= (Figure 1-2),

cGMP sildenafil

QO™ Qo1
<> \A o) O SN
Z~co,Me

MeO ! OMe MeO ! OMe
OMe OMe
(A =N orCH)
T-1032 isoquinoline derivatives

Figure 1-2. 4 VX% / U UiFEIKDERE




BIE FHA YRV UHEEEOER L KEEME

Scheme 1-1 (24 V% /U V8K 9 OEREZRT, FH L OFIEITHEN, 4
DNF X 1-TaE-2-PA NI AFAR P (3) ZHEWESE LT, 7T TERETA
V7= ) URBER 4 B, 1 ZE 12%T BT A S ) —)VIRIRT . RBIE T 24
BEFFR L, 1-/ VX /vy 5 ~FE LI, 3 MRV VAT 4 =1
BLOAY )= EHANTZ AT T HI LT, 6 % 2 TR 84%DYR T, 15
bz 6 AT UL CHIBGERT A LIk 1 sruefYX ) T BE
BNz, T U U ARBEAE L UT-EEARETTIC LD 107 a e s XUV T (iR
VUNKEFVHERRFICETTL, TTeE Rafdi A YU 8 Lk, 227 anm R
FAEY DU ERWT TAKBEIC—T UG AT 5 Z LI2 LY 2 T 53%0
T, BHIET DA VX U Bk 9 2157,

@\/o i
O NH
Z CO,H

MeO O OMe

OMe

@\/Q i @\/ g
O NH o O N
=
=
b CO,Me C CO,Me d

MeO i OMe MeO @

oM

7

BnO a

>
3]

OMe
OMe

e
6
7
O™ (lvo
7 A PE:
CO,Me 7
2 e CO,Me
wool<om ¢
e MeO OMe
OMe
8 9

Scheme 1-1. Reagents and conditions: (a) NH3-MeOH, r.t.; (b) SOClz, MeOH, reflux
(84% from 4); (c) POCls, reflux (quant.); (d) Pd-C, Hs, EtsN, EtOH, rt. (e)
2-chloromethylpyridine, K2:COs, DMF, 50°C (53% from 7).

BohicAYx /) UFEA 9 © PDE HFEERZAE LS 2 A, HiftmEY

10



PDE6 FHLEEMITKIEIZHTS (PDE6; ICs0 > 10000 nM) L T\ /=, —J7. PDE5 [Z
%L TIE ICs0 = 34 nM OFHETEMENFRO bz DD, T-1032 & ik L TR 30 1%
KFLTH Y, PDE5S HEEEOR EXFELE 72572 (Figure 1-3), LoxL7an 6,
k52 Scheme 1-1 FOAKFEARDIEGNFHO 21T > 72 & 2 A, FEFITHBRENZ &2,
1-7uauAYx /U UFER 7 3 1Cs = 2.3 nM O /72 PDE5 [LEFRM 2R+ 2
ERALMNE RS T,

< ! @\/ 4

RO
¥
Z~co,Me CO,Me
MeO’ i OMe MeO I OMe
OMe OMe
9 7

PDE5 ICsy=34nM  ~<€—3 [PDE5_ICy) = 2.3 nM
PDE6_ICs, > 10000 nM

Figure1-3. A V% / VU V#EIK 7,9 @ PDE PHEIEE

FHODRHE L 14 V¥ v UFBER TR TR UV A F Uik e 2-8° 0 ¥
NAF AT VEBENIZEREOIERZ R L T2 L X0, 1 EFROFERIE, A
VXU VB 1L~ OBEBEBEADNEEN LA LD T I EERBLTNDEEZD
NIz, T2 T AYF U CFHER T O VEBRERREZITI & L LR, 2O,
T—HA DL HIZL > THES N7 X TV UiFER E-4010 (PDE5_ICs = 0.56
nM, selectivity; ICso ratio of PDE6/ PDE5 = 1100) 9 2% 7 E[RIERIC 1, 4-BEHLD 2 B
WHEFEFEAMTHDH Z LICEH L, E-4010 L ofEDERADED S Figure 1-4
27 10a BEL Y 10b #=ExE L7,

11



N~O O N | E-010 Eisa) | OMe
CcOo,Me

MeO g om cl ©\/ " -
e e HN/\@ 0. \
N OMe
OMe NC SN OMe P
9 _N CO,Me
" : (J
MeO OMe

OMe
10

OH

Figure 1-4. E-4010 Lt O&EREDOE A fLEH A V) Y A FHEEDKE)

Scheme 1-2 [Z/rL72EEYD, 10a BLW 10b (X 1-7 A VX U 7(2kT5
BHSOSICE VAR L, T L 4 Faxdi e ool Y 7)) — )ViRikE 24
RFFENBGEFE T2 2 £12 XK D 50%DUET 10a BE L0, RESIDE D 1T
Y (87 mrE-4- A RFIRUUALT V) HEHWESGA, RSRORIGSEE T TIXERY
EED LI TE R oT, 2T, B DU B E RN 5 T A
&35 10b ZULE 22% THi7z, 20

@\/ L @\/ i}
(o) N O.

~N
7 ~co,Me ac 7 ~co,Me
_’>
O, T L0
MeO' OMe MeO' OMe
OMe OMe  hei salt
z 10a. b

Scheme 1-2. Reagents and conditions: (a) 4-hydroxypiperidine 7PrOH, reflux; (b)

3-chloro-4-methoxybenzylamine, CuO, pyridine, 100 °C; (c) HCI-MeOH (10a 50%, 10b
22%).

Boni-A VXV UFEK 10a BLO 10b @ PDE PHEEMEABIE L, 1 4if
A~OBEBHILEANICLY . WITholbEwy 1 A EERA 9 L ik /)7y PDES FHETE

12



%R L7 (10a5 ICs0 = 2.0 nM, 10b; ICs0 = 3.5 nM), —Ji. PDE6 FHEIEMEIZ OV
TiZ, 10a 2% ICs0 = 590 nM DOHREREDEMEEZ R LD D, 10b @ ICs fEIE
10000 nM DL E L FEFICHH< . MV PDES ERMENHERF X 7= (Figure 1-5),

< I @\/ ¢ @\/ HN/\(:[CI
SN0 N 0 SN o SN OMe

= = =

CO,Me |:> CO,Me CO,Me
MeO O OMe MeO O OMe MeO O OMe
OMe OMe OMe
9 10a 10b
PDE5_ICgy = 34 nM PDE5_ICgy =2.0 n\M PDES5_ICgy =3.5nM |
PDE6_ICgy > 10000 nM PDE6_ICsy = 590 nM ~&—> | PDEG_IC5, > 10000 nM |

Figure 1-5. 1 {\ii&ffi{ V% / U »#5E(K 10a, 10b © PDE BHETEM:

VLD X DIZEHIZ, 14 V% v 558K (T-1032) Zintib e & Lo G RdEbH
IZBWT, 77X 7V UFEK E-4010 L ofEOERAGDOEEFIHTHZ L T, ICo=
3.5 nM O /)72 PDE5S [LEEME L. PDE6 FLEICK LT 2800 %L EoENT-
PDE5 &RMEZ/RT, FHA Y5/ U aFEA 10b 2 /H L7,

13



B A Yx/ ) UFEE 10b 225 OB RRETTE

AEICHRME L728llg V7 U U FBER 10b 1L, #7172 PDE5 FLEIENE & PDE6
FREZxF LTy PDES &R %A 7R3 —J7, Lipinski @ Rule of 5 2V % KX < #fil
TH7r 77 A (MW. =629, cLogP="7.42) AL TEY ., OIS FE
7oz, Flz, BEREFMENRO LI T-1032 EFEENLEAFARL L T | IR
DY 27O T DI B2 D BASEWNME L E 2 7= (Figure 1-6),

HN/\©:CI
SN OMe
Z~co,Me

MeO O OMe M.W.=629
OMe clLogP =7.42
2 (T-1032) 10b

Figure 1-6. 1 V= /U V#FEK 10b DS, 70 &, clLogP

Scaffold-hopping. BiH. AFEMEME OO (BR) #EAEHTHZ LI X 0T
R IINT TAEGEDLFIET. AT 4T AT I A ML FIHENTEY  ALEY
HERI DRI D I 72 537 B & U CHEEEMCHEMBERRE OUGE L b2 b S d, 22
PDE5 PHEHKOMIZEIZHNT S, VT F 7 4L ® 1,6-dihydropyrazolol4,3-dl-
pyrimidin-7-one B& % 3H-imidazol5,1-A[1,2,4ltriazin-4-one BRIZZEH# T 25 Z LI1T &
0. Bayer tE3 VTS T 4 VAR L 7ZHI3 0 Hiv T D (Figure 1-7), 29

sildenafil (Pfizer) vardenafil (Bayer)

Figure 1-7. Scaffold-hopping @] L5+ 7 1 )L)

FE 5 HFEERIC Scaffold-hopping O FEZID Avd Z L& Len, Rt % w
RTZ7-012, IO 2 BB FHRA~T RERICEBRT 5O TiEa <, BEEBRLI

14



AHZ el Lz, BB, Figure 1-8 IZR"T X912, A VX U UED 1AL 6 3L
ZEAH L, HERAMEAM~EH LN G, 7T /K (NH) & DR =VEDLT-NK
FREOEFAL, WEICay 7 A—va rE2EEL LT B ERBHEEAY 2 ER
L7ce ZOBS ALEMOKEMER EZ2BE L, N BU-FERITmz e U UiFEk
HRE L, o RUUAFRUEMICONT S 2-E U DL A F LA L H AW
HZEELT,

R? ring-opening
Y,O N / OMe

Z~co,Me z
Ar
@ A - (o)
Rb

intramolecular

U
O_A_Ny hydrogen bond MeO OMe
Y \E; 6/ OMe (a-cHorN)
X monocyclic (pseudo-bicyclic) compounds
r

(A=CHorN)

Figure 1-8. 47 FP/KEE & 2 A L 7Bl “BRIE(L B DG

7B, FEEIL 1998 T LELO B, AL 0 FINKER G EFIHT 2 50 8=
{LEMEBRZ LR, EFHOMBHIRY TIXENE CRBEOILEDT VA BT o8
FlXIED > T2, Z DF% 2003 F1Z 72> T Furet ©7° KDR BHEIKOERIFIRIZIBVT,
17 7FTVUFERORBRELTCT Y NI =0T X RBRFAMETH S Z &2
HLTND, 29
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B FHREY IV CFEEOGRK & KEENE

Scheme 1-3 [TV B UFHER 14 OFBIEEZRT, HHODOFIEIIHEND, 40 Y
NFHI1-THE-2VARFUAFANRCYY 3 AHBEWEL LT, 4 TRTLAE
FeehiEiR 11 2457, ¥ XY IR 122 OFEA2HELT 11 LT =7 OfH
EAT-oT2E 2 A, 128 DAONNREANILE IVR=VERBRILLA VA R J VB
FHEE LT 12b Y 94%DIERTH L7, Zi1% Hofmann &7 DOSAFICH L7 &
A HET A7 =0 UBEK 18 A 6T%DIRTH L, R VA F DL
o, 7T HEOTNXILER TR BUFER 14 2157,

(o] (o]
BnO. CO,H BnO. BnO.
NH,
NH
4 steps 0 a o OH
_> _>
3 —
e JJ (J (J
(ref. 13) MeO OMe MeO OMe MeO OMe
OMe B OMe i OMe
1" 12a 12b
OMe

BnO NH, NH
I\\II://;\OMe ;:;\OM&\

Scheme 1-3. Reagents and conditions: (a) NHs aq., EDC, HOBt, DMF, r.t., (94%); (b)
NaOBr, NaOH agq., 1,4-dioxane, r.t. (67%); (¢c) () Pd-C, Hs, MeOH, THF, r.t., (i)
2-chloromethypyridine, NaH, DMF, r.t., (ii) 3-chloro-4-methoxybenzyl chloride,
NaH, THF, reflux (8% from 13).

F7-. U IV UFER 19a-¢ 1X Scheme 1-4 ([ZEE# D HIETEK LT-, 2,4-27
mr Y I 15 (2-78°C T LDA ZfEM L 5tz Y FAL L7112, 3,4,5- F U A
R RUOXT TR Rz, XUOVLTIVa—Uik 16 2157, 27 /v a—L %
T b~ TERIE L, N UAR 1T ~EFRE LT, 24- Y7 un b)) IV UFER
OREEEHSOGIE 4 ML CERMICHEITTT 5720, ETHEEGET 3744 h%yv
NRUPNVT 2 rEWET v a— )V EER L, 4 fLEBR 18a-c 1577, kW T NaH 7%
EF, 228 R U AF ALY VU A ERSEAZ LT, VU I VUFER 19ac %
ALz, 728, 19a @ 'H-NMR %~7 kL (CDCls &R) Tix, U IV VB 4
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(27 2 /M7 by (NH) 1% 6=9.46 ppm (CBUH S 4L7-, 8%, §=5~ 6 ppm fF
EICBRESNDT I 2 HEMERSES 7 FLTWAZ 2 XV 19a 047 I 7 H (NH)
E BN NIRRT FHNAKEEREZER L TWDHEEZ BN,

N Cl CI._N__CI
o i
CI._N__CI a
I\j/ —_— —>
N -
MeO OM Me
15 OMe
OMe
(@i (j\/ (@CI
CI.._N_X O._N__X
| S YOS
[ g N .~ o}
—_— —»
MeO OMe MeO OMe
OMe OMe
18a (X = NH) 19a (X = NH)
18b (X = NMe) 19b (X = NMe)
18c (X =0) 19¢c (X =0)

Scheme 1-4. Reagents and conditions: (a) (i) LDA, THF, -78 °C, (ii) 3,4,5-trimethoxy-
benzaldehyde, -78 °C (30%); (b) MnO2, CHCls, r.t. (96%); (c¢) 3-chloro-4-methoxy-
benzylamine, EtsN, DMF, r.t. (18a 71%) or N-methyl-(3-chloro-4-methoxybenzyl)-
amine, EtsN, DMF, 0 °C (18b 63%) or 3-chloro-4-methoxybenzyl alcohol, NaH, THF,
0 °C (18C); (d) 2-hydroxymethylpyridine, NaH, THF, r.t. (19a quant., 19b 82%, 19¢c
22% from 17).

BoNERUEUFER 14 BXOVY 2 DUFFEK 19a-¢ © PDE5S BLEGMEE
HELZEZA, U :/“‘/%%5;%;% 19a ( T-6932)1Z ICs0 = 0.13 nM DIEF TS 72
PHETEMED B Hivlc, — 77, BUBRON R 2R T 2 BB THRK L 72/ FIKER &
ZIRK L 72\ N-Me 1K (19b) BXOz—7 1k (19¢) X, Z1Z1 1Cs0 = 5.0 nM,
1.5nM OfFEMEAE /R L, T-6932 & H#E LTI s 10 40 1 LA FICIEMEN G L T
7= (Figure 1-9), A#fHEFIL. T-6932 0)3@?)7@5 PDE5 BHEJEMNS, 72 /K (NH)
ETNVR=NIED G FNKRFEREIC L D REEROE (G2 7 A—2 3 U ~DE
EM)KEELTV%:&%%@LTV%&%ZEMKO
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14
ICso = 0.66 "M

MeO'

19b
IC50 =5.0nM

/
oo,

z (@
|
H
0] ~—

N | \
¥

intramolecular
hydrogen bond

"H-NMR (CDCl,)
3 =9.46 ppm
(pseudo-ring)

MeO OMe

OMe

19a (T-6932)
ICso = 0.13 NM

:

19¢c
|Cso =1.5nM

Figure 1-9. FHl 88 Y — F T6932 DO EUS & B LIEREDEE

DL, RV UFBER 14 BEXOE Y 2 VUFEER 19a (oW, PDE6 [HE
TER & OBPWE, KON, v 5 B4 H R R AT RE(EH 21172 L7z, Tablel-1 (277 L
el BY ., kAW E biE PDES SBIRPEHERF S 41 (145 18000 %, 19a; 2400 %) .
F72 19a 22V TIE ECso =53 nM O fAsFEEH b S4v, ED 1aW3EE LT
DRIREMED R S L7,

Table 1-1. FHHEE R LAY D PDE5 SR & HgkiiAshiz/E M

selectivity
compound M.W.  cLogP IC50 (NM) ICsq rato of EC30 (NM)2
PDE6 / PDE5
14 549 5.33 0.66 18000 > 100
19a 551 4.58 0.13 2400 53

@ EC3q values were determined from the logarithmic concentration-inhibition curve.
The value is given as the average of at least two experiments, where the variation from the mean
value is +/-30% or less.
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PLbED X HI2EH T, aifi CRIE LIEETHA Y% U U8 ERE ke & L, 07K
RGO EFMA U HERR Gl B8R (bEW~ELHT 22 L1k, 1C0=0.13
nM OIEF 2572 PDES BLEIENELE 2400 0@y PDES SR MEZ R4 HiiE Y
RVUVHEENR 19a (T-6932 ) # AT Z EICEI LTz, 5B ETHAALT 7 4 cfR
RINDINTFT 7 4 VOFRRELSNZ, 7T 8T8 Ra-GUNRY o 25.20 X521
Y XYW B RETV 0 T yRbeE Y REY X0 EOERL R
Bk ZAT %5 PDE5S FLERNHRE SN TWDN, T-6932 120N & bR DM
HYEOERWEEZ AR L TWD SRR TH S5 (Figure 1-10),

OMe

- ?
N o o)

zé’ N
O
z
z
I
e
O
\_

-0
(N so
MeO OMe N\)
OMe
19a (T-6932) vardenafil OMe
CI

Q\/O\\L Me

N J?ﬁ" ‘ff*

o/
tetrahydro B-carboline derivatives guinazoline derivatives guinoline derivatives
PI'O/\ ]:/\(LN)/OMe
HN /N.IN
X QA
N’ | ) NN
N7™N

0|-| Et JNHme

pyridopyrazinone derivatives pyrazolopyridopyridazine derivatives

Figure 1-10. PDE5 [HEHKOHEE
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[# — %] &=2®RA PDE5 FHEH] 7357 4 VORI

m— HHY— F T6932 OMEEA L AREHG8

B TR SIVCHHEERR Y — NMeA T-6932 13, FEH 12587 e fE R PR EME

(ICs0 = 0.13 nM) &, PDE6 PHE/EM & ik LT 2400 507 PDE5S SiRME%
BT 25600, iz Aok oK ehak (7 U 5456 H a2 Atz 1E 1) (1<
BWTEHRIIA 5 THo7 (ECoo=53nM), £72. 4 X PK &8 (0.3 mg/kg f% M
hH) IZBWTIEX, MHA~DOFERBENBO OB oT, FHIL T-6932 O E O BLlME

(cLogP =4.59) &IRVVKIEMENZDORRETIXRVW B2, MEdEZHIELTE Y
SVUVREOREBRILORELEIT) 2L & Ln, 722 OB, BN B 2 E £
ot &0 O Fx QIR L DR A LA WITAT 535 T2 DI KEEVEE RE A0 Ll i A
SN TVERESEL (B 20X, 1T MREOWE 2 BoKBREL, 7 X U, B ER T EHEA~T 2 5R)
DB DWW TEIERNTHRETT 5 B kI 2 3 T,

N. issues
|

N -

OMe
oo £
\N OYN\ H
o)

insufficient relaxant effect on
isolated corpus cavernosum

EC30 =53 nM
MeO OM
e dog PK study (0.3 mg/kg, po);

not detected in plasma

19a (T-6932) -
low solubility in water

PDE5_ICg5q = 0.13 nM

selectivity; lCSO ratio of high lipophilicity (cLogP = 4.58)

PDE6 / PDES = 2400

Figure 2-1. FHEHK Y — K T-6932 DR

20



B U IVVR2MEBEBREORR

Scheme 2-1 IZ/RTEEBD, VU I VUHEK 2082 12, 270t IV 18a
W2, M AT a— LEviET 2 A AW CTEBNKIGEIT) Z LD AR LTz,

CI N _NH R2 Ny NH
|
Z o] N Z
_>
MeO OMe MeO OMe
OMe OMe
18a 20-32

Scheme 2-1. Reagents and conditions: (a) R2-H (corresponding alcohol), NaH, THF,
r.t. (20 63%, 21 85%, 22 75%, 23 83%, 24 72%, 25 66%) or RZH (corresponding
amine), EtsN, DMF or THF, r.t. (26 quant., 27 quant., 28 91%, 29 91%, 30 83%, 31
79%, 32 86%).

Table2-1 1279 X 912, T-6932(19a) D 27 A F L U #DffEIZL Y PDE5 [HE
TEMEDOWEIE GRS H3v7= (205 ICs0 = 22 nM, 21; ICs0 = 81 nM), F7=., U
ERE D C-analogue ~DOZEHAZ LV IEPEIXIZITHERF S 726 DD (225 ICs0 = 0.38 nM) |
DG ERANT B BRSO BT, /ﬁ i@/ﬁﬁ%ﬁﬁm WD BTz (28; 1Cs50 = 3.4
nM, 24; ICs0 = 1.7 nM), F&HEBRZ -2\ 25 [ZB W THLHERED PDE5S HLEEME

(ICs0 = 16 nM) 2§ HiL, VU IR ED=—T LiEEZ T I /% (-(NMe-)
NEBH LT 2T (SRR BEA AR Stz (27 ICs = 2.7 nM), F£72, BRT
L UEBEKITVTN L EV PDES EEEAR L, ZOFTET F T Kag VX
U EER 80 M3 b iR AeTEME A R LTz (805 ICs0 = 0.053 nM) , B2, =—7 /L (29;
ICs0=1.5nM vs. 28; IC50 = 0.74 nM) . 7 /L =2—/1 (80; ICs50 = 1.8 nM vs. 29; IC50 = 1.5
nM). 722 (81; ICs0 = 4.7 nM vs. 28; ICs0 = 0.74 nM) ZDOMMEERERZTFART D
ZEHHBLMNER ST,

£7-. PDE6 FLEMH & ORIRMEICHONWTIX, B LEZ—FT LEAKIZET
T-6932 % F[a]% R ORI (210~1600 %) THo=DIZx L, 7 2 BRI
im%’mw@mi%rfﬁmﬂmﬁgh/%_%wfj/%@m2916moP@#

W= PDES ®HIMEEZ R LT,
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Table 2-1. 2 (ZEH#aJL > PDES [FHETENE & MR EA I IC x4 2

OMe
R2_N H\,@
\ﬁ < Cl
[\~

MeO OMe

19a, 20-32

ICs0? selectivity ECsob 1C502 selectivity EC30b

compound  R2- ICs rato of compound R2- ICs rato of
(nM) PDE%/PDES (nM) (nM) PDé%/PDEs (nM)
- e
19a N | og 013 2400 53 26 peo~N& 26 2100 >100
NS Ost 90 N 29
20 22 21 27 2.7 > 37
(P 0 27 Ho N 3700
-z
21 | 81 NT NT 28 G 0.74 2000 NT
N Og N.g

oY
22 @\/osi 0.38 1600 >100 29 k/N,ss 1.5 6700 >100
o™
Z N
23 (\| 34 560 3.1 30 Ho N 1.8 2800 11
\NJ\/O:SS" \)\/ _55_

Me.

o N
/ NT >100
24 @\,035 17 780 31 Lhs 47 > 2100

25 HO O 16 560 8.0 32 ©\/>N s 0058 3200 >100

2 1Cs values of these compounds were calculated by an equation of the first degree using two data; just above and below 50% inhibition.
Some of the ICsq values were calculated using Prism, version 3.0.

o EC3 values were determined from the logarithmic concentration-inhibition curve. The value is given as the average of at least two experiments,
where the variation from the meanvalue is +/-30% or less.

70 WX H PSSR AR EE VR FIZ DWW TR IR B BRSNS S 7=, B
Tk LB 19a (T-6932; ICs0 = 0.13 nM, cLogP = 4.58) D AMERVEM X~
TR bDTHo7M (ECso=53nM), VU IPUVERAZEU I VUVER~LEHLZ 23

(ICs0 = 3.4 nM, cLogP = 3.63) %, PDE5 HETEMEAKI 80 77D 1ITHFH LIz DD,
WA /E X T-6932 L0 & 105 L7 b D Th -7z (EC0=8.1nM), F
oo A RFTZFT I UEMA 26 (ICs = 2.6 nM, clLogP =4.64) &, b Fe¥%y
TF LT I EHA 27 (ICs = 2.7 nM, cLogP = 3.88) 1%[F%» PDE5 [HEIEMIC
B o3, 27 O3 il /EM 27~ L7z (265 ECso > 100 nM vs. 27; ECao
=29 nM), FEEDKEEFED N FITE N R Y v EHA 29 (ICs5 = 1.5 nM, cLogP = 3.91)
& 80 (ICso = 1.8 nM, clLogP = 3.22) DIZENTHERO LI, B FeFdF I AF L
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Er2GT 25 30 5. X vsgSipimEmidstiziEH 2 s Lz (295 ECs > 100 nM vs. 305
ECs0 =11 nM), —J., ICso 2% 1 nM %Y %5/)72 PDE5S FHETEMZ R LIRS,
T-6932 % EHI S EWEHMEZ AT DX VL F 5 U EHIA 22 (ICH = 0.38 nM,
cLogP=6.08) BLO 7 7k FaA VXU &R 32 (ICs=0.053 nM, clLogP =
5.95) O¥FEMAREEER (ECso ) 1%, 100 nM 2B 255\ H DO Th-o7=, Llbo
Rl T6932 JE BRI I TIRE 4 O BIMMEAR T 23 M Atz (F BT -2 72 23
HTEHERBELTEY, Aifi CRE LA TEHITRY Thom B 2 T,

VIED X SIZEH T, FHE ) I Vg (T-6932) Zimf{bate Lz 2 (EH#]
HRRIZHB VT, PDE 5 [HETEME & OREETEMEMHER & & Iz, (LEWOBIHTERIC
K 2 WA ot AR VR A S BRAE ) 2 R L 7=, PDE6 FHLE(ER & o BHRMER X OV (A5
BEROBLEND, 2 MEHBILLE LTI 228 Fefd U AFAENRY 44 VLN
WEEZ LN, UEOKRFTELY, AT F7 4 v EREOHRAMIRERZH L,
PDE6 FHEMEMIZKIT % PDES @IRMEDOM ELAEFHHE Y 2 P U8k 30 & AL
L7z (Figure 2-2),

19a (T-6932) 29 30 sildenafil

PDE5_ICgsq = 0.13 nM PDE5_ICgy = 1.5 nM PDES5_ICgy =1.8 nM PDES5_ICgy = 1.6 nM
selectivity; 1C5 ratio of selectivity; 1C5 ratio of selectivity; 1C5q ratio of selectivity; 1C5q ratio of
PDEG6 / PDE5 = 2400 PDE6 / PDE5 = 6700 PDE6 / PDE5 = 2800 PDES6 / PDE5 = 500
relaxant effect relaxant effect relaxant effect relaxant effect

EC39 =53 nM EC3q > 100 nM > EC39=11nM EC39=8.7 nM

Figure 2-2. vV I U3KEIK 19a, 29, 30 L LT F 7 1 )L OB IEME

23



B U IVVRbNMBEBREORR

WIZEFIT, T-6932 OEVEHMER XMV IKEEHEICEE L KT L T0H &R D
N5 5 A NU A RFI RO ANVEOEKREITHO L Lz, LML72RN 5 Scheme
2-2 |R LT BT O G RIEIZIZLL T OBEEN T B v, L0 2307 G pik s HE &
ASSY

O H—TREOIE (19~30%)

@ H—TRET, FHALHEITH 5MEREZEN GEREREHL— 1)

@ vr/ratbt ) Iy 17 OBEKSIZEWT 2 A EBAEEAE RN EME)

cl_N__cCl cl_N__cl
S S
N_A\_OH N_A_O
CIG N Cl  1)LDA/THF MnO
Ty e e
2) CHCl,
OHC OMe MeO OMe . MeO OMe
15 OMe OMe y. 96% OMe

OMe
Ohmw] @ .

’
CI._N._NH N O._N__NH
ome X S _ N YOS
H,N NP (LOH N0
2 cl N
_— _—
Et;N / DMF NaH / THF
o MeO' OMe quant. MeO' OMe
Y. 71% OMe OMe
18a 19a
(3)[+ 2-amino-isomer (y. 20%) | (T-6932)

Scheme 2-2. T-6932 & hkiE D RE S

T TEH, LRHEEIRT 270D 47 v a-2-AF )L AL T 7 =)L 5-
U IVUHNVR TV AT )L (88) IZFB L, e MRERE LI22EN
TR A RV — R & EF L72 (Scheme 2-3), BIH, 833 1ZE U I VUVEBRSNIZT AT
NEEHELTEY, FFE - TRETRNE TS IRF-KRFEETERDPAREL 72572
O, REODIFRIZORN D EEZ DN, o, 2B ATFNVANT 7 =2V THD
ZLED .3 uu4 A IR UNT I UKD EWRED 4 GBI LT L
AEQ DRI SR N D L EZ BT, 2D 2N AFNZNLT 7 =)V FET, mCPBA %
FANWTER L L, RALBEFH A REWVIT AR ~EFHE LR Z S0 5 2 L2k,
x DTN ax A RROT I VK DBEBRPFIRRIZRD EB X bND, HRICT= ATV
B RBr0Ic, e DT a A VENEEWS D2 L2800 REQ DRI DN D
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EE 2T,
Flo AT I UEBR 34 [T L TCETSMNELEHL, TDER2MATFTIVANLT 7
=HEE FRLE ARRICRERT 2 Z LT kY o TR TO 2 fIE AL G FIRE & 72 D,
HIZ ANEBRIEREREZITOHAICH, 88 B AL T UL TRIESTHZ LILD
BJonsdrrau’) IVURFEKR 89 Ikt L, FAT = — v E AW TDERS AT
V40 ~EFFET D, 2 (L v e A RINRICER L%, mCPBA kX v 4
N7 2= VAT 7 = VEEOBERE R EH D 2 & T RE TR TO 4 hEHR LA H AT

Bl b EEZ DT,

( synthetic route of 5-position variants )

@E-

s o | o QO [Eda K oo,
i
N\l \I 2)
e | enviow E ?
: CO,Et s co2 t ) on
3 NaH / THF

C02Et \%
[ Ar]

36

( synthetic route of 2-position variants )

OMe

- e KOG [l # KX
Mes\ﬁ\":('; cl ,5:’; cl
— N = o] — [\~ o]
R3 R3

37 38

( synthetic route of 4-position variants )

SO,Cl N ol phsH  CWUN_SPh 5
Z~Co,Et NI Ncoer
39 40

R2_N.__SPh 2 m
\IT \ R\ﬁN\
N = o] — N. ~ o)

R3 R3
Eil 42

Scheme 2-3. #FH AL — kN DEEE
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RRICHEV, PRI 5 NLEHILIRERICET Lz, 88 #HIEFEEL TR =F LT
SUFET, 37 e a4 4 K ﬂev&y%w L EHWTEBRISZIT T2 2 A
WY 4NGEIRAN ORI EIT L, EEMIZ 84 #4157~ (Scheme 2-4), 2L A F /LA
N7 7= KA 1.1 %R0 mCPBA %Hﬁw(x;mﬁ#@% R~EFFE LI, 2-E
FaXxoAFareyvr b NaH oA THrT7vaxd A4 REAWTEBT L2 &
XV HMET D 85 & 2 THREILE 37% Tz, Z ORE, T AT LA HEIT L7 44
B2 MAMASRESIE 2-8 Fadv e I VUFER 45 NEIAE LD, o
BOAERIT 2-A X AVKR=VE Y IV UFHER 46 1SR D EHLUSIZB VTR
fil S, 81%DIRT 35 fFbiiz,

OMe OMe
(@CI (@CI

MeS. N CI N._NH N._NH
Y el e e
CO,Et CO,Et CO,Et
33 34 43
OMe

z |N
35 4 X 45
OMe (@
e
w e *Lt”“ -
CO,Et CO,Et

Scheme 2-4. Reagents and conditions: (a) 3-chloro-4-methoxybenzylamine, Et;N, THF, r.t.
(quant.); (b) (i) mCPBA (1.1 eq.), CHCIs, 0°C, (ii) 2-hydroxymethypyridine, NaH, THF, 0°C.
(35 37%, 44a 4%, 45 43% from 34); (c) mCPBA (2.7 eq.), CHCI;, rt. (41%); (d)
2-hydroxymethypyridine, NaH, THF, r.t. (81%).

F7- 2 ORFFERICHEBEENZ 212 40T 836 AEAT-ODOERT IR L E 2 Tun-
TF LT AT 85 L. ZhEG 55% CEIAELT 22V DL AFILT AT )L 44a D

PDE5 PHEEM A/ RT 2 LB BN E 72572, Figure 2-3 IZRT L 912, =F /LR
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TV 85 IXIERINC T TN iEE /RN D ICs0 = 5.5 nM @ PDE5S FHETEMZ R L7z,
ZOfEIE T-6932 & Hlk L CTHA4r D —ITR T LT\ 2 —J7 Atz /E HIZ D C
1Tt L AMERME A 2355880 537z (ECs0=37nM), clLogP RO T NI TFTLTWHZ &
[Nz (cLogP = 4.38), XUV A /VEHUE LD SKEMEOR EXEIFRFTE HETH
42 LICHBERE -, 2-8 U DA RAFI T AT )L 4da ([ZHOWTITEITIR S 7RV
EfREA 2R LIE B &7z (ECs0=38.1nM), 26 DOFER LY M uldbE&® 36 @
Ar OB A FTE LW, KV ENTOERIFSh D EY I V-5 AT L
HABEIE Y I V-5 VAR F T I RFEEASERT L Z EICHHET L,

OMe OMe OMe
Z | (@c| @\/ (@(ﬂ @/ (@Cl
\N O\ﬁ N\ NH \N O\ﬁ N\ NH \N O\r N._NH
|\ R~ o] [\~ o

O\I 0.
MeO' OMe Z N
OMe o
19a (T-6932) 35 44a
PDES5_IC5p =0.13 nM PDE5_IC5g = 5.5 nM PDES5_IC5p = 3.1 nM
selectivity; ICs ratio of selectivity; IC5 ratio of selectivity; ICs ratio of
PDE6 / PDES5 = 2400 PDEG6 / PDES5 = 130 PDE6 / PDE5 = 1000
relaxant effect relaxant effect relaxant effect
EC30=53 nM 3 EC30 =37 nM EC3y=3.1nM
cLogP =4.58 cLogP =4.38 cLogP =4.18

Figure 2-3. vV I Y -5-T A5 /LEEE(K 35, 44a O

OMe
OMe

z Cl
y ey
35 —2 g — = O__N__NH
N O_N._NH A
\Nﬁ\j: N o 0]
Z~coH )
\Rs

a7 44b-k

Scheme 2-5. Reagents and conditions: (a) NaOH aq., EtOH, r.t. (81%); (b) EDC,
HOBt, R°XH, DMF, r.t. (44b 49%, 44d 86%, 44e 78%, 44f 72%, 44g 65%, 44h 93%,
44i 91%, 44j 93%) or (i) SOCls, CH2Cls, r.t. (ii) R5XH, NaHCOs aq., CH2Cls, r.t. (44c
19%) or r () SOClz, CH2Cly, r.t. (i) RSXH, EtsN, CH:zCly, r.t. (44k 44%).

Scheme 2-5 (TR T L9 BV IV U-5-mF )L AT )LiFEIR 85 DMK L
DL NVR B 4T 12k L, EDC Z WS KGR, 8V Idtifb T4 =1 % A
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Wiz a ) MRBO7T X RMEBOSIZE D | BY I V05T A7 VEFER 44b B LD
EU I VU5 AR FY I NFER 44ck OBREIT- T2,

Table 2-2 (Z PDE5 [HEIGM:E PDE6 FHEMEMICRTT 2 PDE5S @&IRMEZRT,
44a O 5 (iU P URELEY I VAR LT 44b 3L EY L IRIER%E D
PDE5 FHEEMEZ R LT (IC0=4.2nM), £7/o, ZATREGEZ 27T I R~ZEHL
72 44c (ICs0=2.7nM) NEMEHER L7Z—J, 37T I F 44e (Z7EMEA KIE IS
L7z (ICs0 =85 nM), 7 3 RIS OV TIF EEEHFEBRA FLEELISMT HEIRB L O
BART VR VEE B TFR SINTEN, 44e LRIERIC 34T X IR 44k (ZITRIE TG
HWER RO b=, -, BREEIZOWTH=—T7 )L (44f), 73 (44g), 7=
—/V (44h-j) EOMMEERRENSTFRE S, BV I VU 200 & RIS MEREE ATRE 72
HALTHDLZ ENHALNERSTZ,

N.__NH
I N
X.qs
35, 44a-k
ICon@ selectivity ICen2 selectivity
compound  -XR5 50 ICsgratoof ~ compound  -XR® 50 |C4y rato of
("M)  ppE6 / PDES (M) ppE6 / PDES
35 o~ 55 130 44f JI“(H’\/\OMe 15 240
", N o
(0) AN
44a 2.1 1000 44
44a | 449§~ NS 56 630
H
3 N
44b O/\Nﬁ\/j 42 640 44h  sSy~~on 13 420
H
3 N
44c N | ) 27 480 44i 3‘-'”’\/\/0"' 12 480
g . \OH
sad H/\ﬁ\j 12 720 44i ;r.‘Nfo 35 510
N .~ H
44e 44k

N 5
44e 35“.‘/\@ 85 NT ”O\ >100  NT
Me Z OH

2 1Csq values of these compounds were calculated by an equation of the first degree using two data;
just above and below 50% inhibition. Some of the IC5( values were calculated using Prism, version 3.0.

PLED L HI2EH T, FHE Y 2 U UFER (T-6932) Zimmiba® & Uiz b ALE#i
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HERICBWT, 44a ITRFENHEY I V-5 AT LFHEARRCE Y IV -5- 1
REY I RBEEAL)N PDES FLEMEAZ T2 &2 R4 & & bio, ISHoEEEME
B &2 BUS L=,

O._N._NH 44a

N
\Nﬁ\/l?o PDES_ICSO =3.1nM
O

selectivity; 1C5 ratio of
PDE6 / PDES = 1000

Z N relaxant effect
NS EC30 =3.1nM

Figure 2-4. ¥V I -5-= AT /)LFEIR 44a
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BUE Y IVEANARET I FHEED 2B IV 4 L BEBEEOLREK

AIEICBWTERIL, B IV -5 AT AVFERBLOE Y I V-5V ARF
2 R#FEARN PDES FAEEMZ/RT 2 L 2R L7223, Table 2-2 (ZRT Loz, —
HOFEERD PDE6 FLEMEMICxT 2 PDES SIRVEIXFREE (£1000 %) TH-o7o,
ZZTEFRIILY IV -5 AT Y I RIFEAR 44c BLO 44d ZomfEbame L
T, BRWEm BRI E Uiz 2 B EIRR 21T o7, 7B ZOle, H_HiCTHG L
REETEMARB 225127 X ERZ TS ER LT, 28080 & B0 | BlshiEom
FE 72 VE R 2 FERL T D 72 I KR B RE SO L O S e W ERE S (B 213
1RREO T 2 foKERSE, 7 I U, BEBAEFBEA~T 0ER) OBANTOWTEIENICHR
L7,

Y I U5 VAR F Y I RFER 49a-g, 50a-g. 51-52, 33 L Y 56-57 |, Scheme
2-6 BEL W Scheme 2-7 FLHDTIEITHEWERK LTz, HilkOEY I -5-mF/Lx X
TN 1 TERTEOND 84 O AT IVEEENKSML, HIVREE 48 2157,
flize DT I U EAME L 8Tard ZfF71RIC. FNEND 2 (LEHRILOLEW 21TV, 49a-g,
50e-f, 51-562 % 7137- (Scheme 2-6),

o A

MeS NH
a MeS 6
wtetpg if e
CO,H
48 7a-d 49a-q, 50e-f, ﬂ, 52
L 49a-g (RS = 2-pyridylmethyl)
37 f(R5 2-pyrimidylmethyl)

w

37c, 5_ (R® = 3-hydroxypropyl)
2 (RS = trans-4-hydroxycyclohexyl)
<49a, 49c-f ; HCl salt>

|<J'I

Scheme 2-6. Reagents and conditions: (a) NaOH aq., EtOH, r.t. (quant); (b) EDC,
HOBt, R'NH2, DMF, r.t. (37a 94%, 37b 89%, 37c quant., 37d 88%); (c) () mCPBA,
CH:Clz or CHCIs, 0°C, (ii) RS R’NH, CH2Cl: or CHCl;s or THF or DMA, r.t. — 120 °C
(49b 72%, 49g 40%, 50e 25%, 50f 52%, 51 quant., 52 88%), (iii) HCl-EtO2, MeOH
(49a 93%, 49¢ 90%, 49d 66%, 49e 68%, 49f 91%).

BN X Scheme 2-7 [T XE 912, FT VY IV UER 2N EHBHIEOLEHAZIT 7214
o, TATIVE A DT I RANLFBE L, 2O, 2272 /5= b LR =)L

B U UEEEIK Bda-d, f 12OV TIE, Scheme 2-4 F#E O THEAA L7 2-8 K
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FUEU IDVUGFER 45 AT UMY CCTUET LA LIk o TELRE 278
2B Y I VURFER B3 ITHT DEMSISIC Lo THfF LTz, £, bdg 2O\ T
INETERERIZ, 84 D 2N ATFNANT 7 = )VIAE AVEFH A RNEFHE L%
(2, (B)-prolinol % W= EMSIZ LV &Rk Lz,

OMe OMe
(@(ﬂ R7 (@(ﬂ

N._NH NH

45 \r\;[ Py R \ﬁ
CO,Et CO,Et
54a-d, f
OMe
! *;E
CO,Et
OMe OMe
7
: cl E N._NH °
d RG.NYN\ NH e RE Y S
54a-d, f-g —» Nl\;[ —_— N.A_O
CO,H
HN. s
55a-d, f-q 50a-d, g, 56, 57
54a, 55a, 50a (R®R7N =5,8-dihydro-6H-[1,7]naphthyridin-7-yl)
54b. 55b, 50b (R®R'N = 5,6-dihydro-8H-imidazo[1,2-a]pyrazin-7-yl)
54c, 55¢ ,& (R6R7N 3-hydroxymethyl-piperidin-1-yl)

54d, 55d, 50d (R®R’N = 3-hydroxymethyl-pyrrolidin-1-yl)
54f, 55f, 56, 57 (R°R7N = (S)-2-hydroxymethyl-pyrrolidin-1-yl)
549 554, 509 (R®R7N = (R)-2-hydroxymethyl-pyrrolidin-1-yl)

Scheme 2-7. Reagents and conditions: (a) POCls, PhNEts, 100 °C (71%); (b) RSR'NH,
DMA or THF, r.t. (54a 92%, 54b 82%, 54c 97%, 54d 91%, 54f quant.); (c) () mCPBA,
CHCls, 5°C, (ii) (R)-prolinol, EtsN, THF, r.t. (52g 81%); (d) NaOH agq., DMSO or DMA,
r.t. (55a 86%, 55b 69%, 55c 96%, 55d 93%, 55f 80%, 55g 89%); (e) EDC, HOB,
R5NH2, DMF, r.t. (50a 74%, 50b 99%, 50c 69%, 50d 92%, 50g 74%, 56 55%, 57 58%).

"oz I V5 VAR F Y I RFE(K 49a-g, 50a-g @ PDE5S FHEIGME &
PDE6 BHEEHICKT 2 PDE5S BER{E% Table 2-3 (237, # _HiCHat2iTr-72
5- U AN Y RV URBER L RIS, 2BRMET S U EHA 49e (ICs0 = 6.5 nM)
50a (IC5 =0.35nM), 3L U50b (ICs0=2.5nM) Ty FVY PDES FHLEEM %
R L7 DD PDE @BIRMEITHFRE ThH - 7= (49e; 1200 £%, 50a; 650 1%, 50b; 590 %) .
LosUL7eii s, KR E A7 558K (46a-d, 50c-e) 7342 1Cs0 = 50 nM i D55
WEMEZ 7R, (9-prolinol EHAAR 49f B LY 50f 23FNE4 1Cs = 1.2 nM, 5.2
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nM O /j7 PDES [HEEMEZRT 2 &2 A L7-, (BA)-prolinol EHLK 50g 73,
701 OWEE (ICk=36nM) THho7mZ LXKV, EHUVV%Z&EFH#VX
FAREDNAKIL, PDE HEFEMICHEERERHZRT-LTWD EEX BN, 61T
M%@hmmmIE@%4%iﬂxﬁmfmI@ES@%W%_ﬁ?éImmsﬁﬁ¢
HENEAL, 4300 fi5. 4000 fi5 L IEFITEN TR Y, EH I,

Table 2-3. 2 (iZ{E#ifk> PDES [HETENE & SRVEIC 6§ 2 52 %

OMe OMe

.N._N._NH .N._N._NH
RS WT N RS WT D
N - o] N o]
HN HNl
Z "N N“°N
¢ g
49a-q 50a-q
ICen@ selectivity ICen@ selectivity
compound -NR6R? 50 ICsorato of compound -NR6R7 50 ICsg rato of
nM)  ppEs/PDES (M) ppE6/ PDES
Me Z
49a Lo~ Ns 32 >310 50a \NI Ng 0.35 650

(\JN\/)‘&S 25 590

HO\/OI T NT

(8]
=]
[op

o
49 Ho\)\/)«g 32 >320

HO.
49¢ O‘l 59 NT

>
(o g

Iy
(7]
(5
(=
(7]

HO

49d @ 54 NT 50d \——G s 2 NT
o OH

49e @(/\(\ 65 1200 St (),? >100  NT

OH
49f 4300 50f fis 5.2 4000
/\ 0‘\\0H
490 K/ >100 NT 50q s 36 NT

2 |Cs values of these compounds were calculated by an equation of the first degree using two data;
just above and below 50% inhibition. Some of the IC5( values were calculated using Prism, version 3.0.

F 7z, Table 2-4 |Z/" 7 X 512, 49f, 50f LIFLD (9-prolinol Bk 7 I N{HIEH
& LTKEERE (51,52), =—7 )1 (56), 7 (B7) EOfix ERERZTIA L
DOWVTIN S EWEIRMZ R T ZENRH LN ER ST, Z2D9 6 trans4 b FrX v
BT UK B2 BE W trans4- A hFX U7 uAaF LUK 56 NENE I,
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5600 f5LA [, 7700 5 DIEF AL PDES JERMEZ R LTz,

Zivn (9-prolinol EHURDYERAARIEMIZ DWW TS Table 2-4 1279, 209
5. 50f (EC30=2.1nM). 51 (EC30=4.9nM). 56 (ECs0=6.8nM). 8L 57 (ECso
=2.7n0M) B NTF 7 4 V% LR DUEREMEIER 2~ Uiz, R, 2-8 0 I U102
FT X RIK BOf 1358 7R AR (E R & B 72 PDES @R (4000 £5) % 3t
iz TR, FEFIZER SN,

Table 2-4. (S)-prolinol FE#ifAD PDE5 IR & Mk iAsshiE /EH

a selectivity b
compound  -R® ICs0 ICsy rato of ECso
(M) ppes/ppes (M)
4
49f 1.2 4300 22
N
N4]
50f 5.2 4000 2.1
Ay
51 LA~ OH 66 1500 4.9

5
52 O’ 1.8 >5600 > 100
‘OH
»
56 O’ 0.90 7700 6.8
‘OMe

0/\
57 6.1 2000 2.7
o E[J\/N'Me

sildenafil 1.6 500 8.7

2|Cs values of these compounds were calculated by an equation of the
first degree using two data; just above and below 50% inhibition.
Some of the IC5( values were calculated using Prism, version 3.0.

b EC3q values were determined from the logarithmic concentration-inhibition curve.
The value is given as the average of at least two experiments, where the variation
from the meanvalue is +/-30% or less.

ZDOB0f AT L—bhE LT ANERIEIEAEZTIT>7-, Scheme 2-3 TRt L7-
Jb— MRV 83 ZHRFEEIE 52 & T, IELRT 4 (\EHILEBMAAEE L 725
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7= (Scheme 2-8), 33 Z Mt A7 UL 50 oC THIEMEIET HZ Lickb, 7o
T4 K389 ~FHEL, FA TV =/ —NERANWT 4 7 ooz ERICERL 40 %
iz, otz 2 iy muliZ (S)-prolinol TEHEL 722, WIEIIHEWT = =LA )L
Ty o NVEEET I ~EHL, B9ae 15T,

N__CI CI _N__CI CI_N.__SPh
Uz IS S G
CO,Et CO,Et CO,Et
39 40

C(OH R8
0
N SPh N._N._NH

Y D
N = (o]
_>

1 ™

N“ "N N“ "N

I I
58 59a-e

Scheme 2-8. Reagents and conditions: (a) SO2Cls, 50 °C (quant.); (b) Ph-SH, K2COs,
toluene, r.t. (80%); (¢) () (9-prolinol, Et;N, THF, r.t., (ii) NaOH aqg., EtOH, r.t., (iii)
2-aminomethylpyrimidine, EDC, HOBt, DMF, r.t. (55%), (d) (i) mCPBA, CHCls, 0 °C, (ii)
amine (R8-NHby), EtsN, CHCls, reflux (59a 75%) or r.t. (59b 20%, 59¢ 83%, 59d 63%,
59e 89%, ).

F7=. 50f {2k LT BBrs ZEH L., 7=/ —/ 59f & L7=tkic, I vk
ZHWTT VX MET 52 & T 59g =5 L7z (Scheme 2-9),

LR . N NH X N _NH
N o —> N Ao —> n~N A o
HNl HNl HNl
NN N7 N NN
N N R

Scheme 2-9. Reagents and conditions: (a) BBrs, CH2Clz, 0 °C (43%); (b) Pr-I, K2COs,
DMF, r.t. (94%).
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Fohiz 69a-g @ PDE5S [HEFIGMEZRJE L7z L Z 5, Table 2-5 (-3 X 9 I2RFE
HOMRE LU B VB EOEN R ERIEABRIZ LD IEERRE I L-Z & X
DB I VUV 4 NEHRIEITEERIUCEHE AR E R L TWD Z WL E R

277,

Table 2-5. 4 (i {E#i5L > PDE5 FHEIEMEIC T 2 50

HNl
N“"°N
J
50f, 59a-q
compound -R8 ICs0 (NM)?  compound -R® ICs0 (NM)?
OMe OMe
50f /C(CI 5.2 59d /(:(M 40
e
" S
OMe
59a >100 59e >100
Cl
2 cl M
OMe OH
59b \/@ >100 59f o 95
24 Cl wn
OPr
>100 >100

Cl

8
_gb
2

3
By

2 |Csp values of these compounds were calculated by an equation of thefirst degree using two data;
just above and below 50% inhibition.Some of the ICs, values were calculated using Prism, version 3.0.

UED X HIZEEIL. FHEY I V-5 DR 2 FHEERD 2 fiB LD 4 (&
BAILPRFRIC BT, BN OREETE AR 2 #7895 & & Bz, 247 (9-prolinol & H#a
(R R PDES BRMEZ RS Z L2 R L, £io, 2 b ORERAMIZE 2 E L
T BEFEREO VT T 7 4 v % BB 58 72 itsE(E ] (ECso=2.1 nM) & PDE6
FLEIEM KT 2@ 7= PDES &M (4000 £%) #7579 2B U S UL AF LT IR
& 50f (7 NF 7 40) ZRMTZ EICEI L7z (Figure 2-5),
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z HN Cl
< |
N O SN OMe
=
CO,Me |:>
MeO i OMe
OMe
2(T-1032) 10b
PDE5_IC5p = 1.0 nM PDE5_ICsp = 3.5 nM
selectivity; 1C5 ratio of selectivity; 1C5 ratio of
PDES6 / PDE5 = 650 PDEG6 / PDE5 > 2800
OMe OMe (@KOMe
(j\/ (@(ﬂ o/\ (@cl ’ | o N . Cl
3
SN~ O N NH HO\)\,NYN\ NH N N
| |
N_A_O N_A_O N A0
|:> and o
MeO OMe MeO OMe Z N
OMe OMe S
19a (T-6932) 30 44a
PDE5_IC50 = 0.13 nM PDE5_IC5¢ = 1.8 nM PDE5_IC5p = 3.1 nM
selectivity; 1C5 ratio of selectivity; 1C5 ratio of selectivity; 1C5 ratio of
PDE®6 / PDE5 = 2400 PDEG6 / PDE5 = 2800 PDEG6 / PDE5 = 1000
relaxant effect relaxant effect relaxant effect
EC30= 53 nM EC30 =11 nM EC30 =3.1nM
e A
OMe

HN &
N“"N f!l/\\)N o
W Me
. J
50f (avanafil) sildenafil
PDE5_ICs5y = 5.2 nM PDE5_ICs5y = 1.6 nM
selectivity; 1C5q ratio of selectivity; IC5q ratio of
PDEG6 / PDE5 = 4000 PDES6 / PDE5 = 500
relaxant effect relaxant effect
EC30 =2.1nM EC30 =8.7nM

Figure 2-5. 7357 4 VAIHORKEE VT F 7 4 )V & OIEEE
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BHE TAFTIA4NDODTaT AL

AIEINC B W CTERIL, BEFRO AT T 7 ¢ V% BB 55 7 i Ashig/EA & |
PDE6 BHFEIEAICKIT D472 PDES &R ML ~7 50f (7 /37 4 L) ZHRH LT
M. ZDBRDOBEFHIBWT, 7T T 4 VI FICR TR 2 T e 7 7 A VEHT 5
ZEBHBMNE ST,

9, PDE5 JEIRIMEICHOWTIE, 7377 4 4iE PDE6 OB 53, 7T A V4
A DT L THENTEIRMEZ A LTV D Z EAVHIBH L7, 9 Table 2-6 (27 /37 «
WETNTFT 40 BEROZEDORIZKE FDA IZEKRBINTZ 28] OSvTF7 41,
ZHT 7 4)v) 0O PDE BIRMEZ R, £T EREBIE~OZE N KREINS PDEL H
EVEFICHT T HEIRMEIZ T AT F 7 4N 375 fETHDLIDIK L, T F 7 4 11T
10000 {ELL EoEN -8R 2 /R LT, 7=, EliLilly #to> ¥ %5 7 ¢ 1% PDE6 2
KLTT AT 7 4 VL EOBRMEZ RT—F BEHR~OEENR SIS PDELL
R DRI 25 (5 LOVRE Do Ted, ZOT A VA LT L TH T N F 7 4
JUIE 10000 (5L EOEN - BIWEEZ R LTz, 2O X277 o uidfhio 3 Fl & i
72D BATOT A VP A LK LT 100 5L EDOART 2O HE - PDES #RM %
RTRBFHETH D,

Table 2-6. 7377 ¢ L3 L OHiHREED PDES B 19

Selectivity (fold difference)
avanafil sildenafil vardenafil tadalafil
C}‘/‘ ?: ’G@L;M ) T’%\fﬁo’w oJ MN%NH oJ %“ﬁwm
structure \> NJ\@ § NJ\@ Y Nho)
RS P
U Me’N\) ? Et’N\) °
PDE 1 10192 375 1012 10500
PDE 2 9808 39375 273810 >25000
PDE 3 >19231 16250 26190 > 25000
PDE 4 1096 3125 14286 14750
PDE 6* 121 16 21 550
PDE7-10 > 1000
PDE 11 >19231 | 4875 | ses2 | 25

* trypsin-activated PDE6

Flo, A XMW invivo ik (F2ERMEHIANTE EAEH) ITknwT, + 2
N 5-1% 10 75 CRREWMRANIEN R K E D (T F 7 003 30 57) . BIZhER
IRENT, W FTEHERFICOWTH T T 7 4 b EH_THELS, I BUVWEE
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MIERBICTH D Z LR ailc, AR D LB 0  ALEWMT A B Clrivkg L ot
2 LT (S)-prolinol DEAZATV, FEEEICE MFI 7 v Y —AZHVRBRICE N
TH, 7T MK 60 BRI R UEEE 61 ENRFEHE LCTRES TN
(Figure 2-6) . MANEZ 45D PDES BHETEMEANETS L T4 7= DEWMER Rt 23 52
BENTWD EBEL TN, ROBEKRERICE T MlEh o 8RBT, H
VAR VERIR 61 12Nz, Er Y PURIMBIVNSMORILKATHS Z ERHLE
o7z, W WFTIUC L TH T AT 7 4 VORI ME (Bivy PDES BEIRME & 4 EH
Frfe) 2k LT, (S)-prolinol (Z K& &% EZRI-LTWDHEEX D,

CN(oH (@, (@ c02H (@we

N._NH
\ﬁ N
N o o} :> o]
HNl HNl
N~ IN N~ IN N’ IN
X X X
sof R & R o R
ICs0 =5.2nM IC50 = 410 nM IC5o > 1000 NM

Figure 2-6. 7L 7t K 60 & /LR g 61 @ PDE5S FHEEM:

A XFERBRIZBNTH 14 V¥ v Uik T-1032 (2) ISR b EE 72T

FUIFER SN o7 2 & L0 TNF 7 4 VITERRRBRICHED b, BRRRBRCIX
b MZBWTH AN OB 72U & A R S HL, 32 iRA% 15 0 LAIN TR %2 %
2R RENT VT F 7 4 L 30~60 43), 1210 F- 2 TH L
TF7 4 VORAICE N TRD L TWERRERE & RIFBICEE S TWnWD Z L83
Sk gol, 6,19

PLED X 9 72it T 37 4 (50f) 1d, 2011 AEICH#[E, 2012 A2 K[EH .,
X512 2018 FETIEIHKINIZ BN T, ED {REE E L COAGREZREG LTz,
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[E=%] =%®{RH% PDE5 MREEREETS
HHEY FEY IV UBEARDOERR & IEHREME

B EREAEBITE

EFLTIIINETIC 1A VX ) 7 UFER T1032(2) ZifE b e LI gikm
BINAY PDES [HEHORBRIIEIZEBNT, FLOBRELEHT L2 IR 0EHHE D
DUHEEE (FEE) . £, b MR A IMENS T I RO K EHIL O &
BRIZ X0 SRS AiERAAEEH & PDE6 PRLEICK L CTHEN - PDES @M% R
FTT T 740 (50f ) ZFRLH L (B %), H _®EHENUH TR0, —E#HD
(9-prolinol EHLLE U I V2 -5- LA FH I RFERITWT R L ENZSEREEZ RT
D, FRROMHANL 5 Y A LB Y RV UFERICBWTHRD LI, 62 (X PDE6 [
ELERIZXT LT 5700 f5OE 7= PDES @&RMEZ R LTz (Figure 3-1), 50f 1314
IZHTHL ED IR E L CORARZEZRGT HICE L0, LS WIRZREMECTIX 50f (2f¢<
Ny 7Ty TICEWOBIENLE LB Z b, T2 TEFRILZZO 62 IZEHL, 2
it e Lo\ 7 7 v b EWIRRIEF LT,

OMe
NH2 4
z R
S RZ_N__NH OH -~ C:m
N Scaffold \ﬁ N N. N. _NH
hopping N_. A __o (Syprolinol YOS
— — N0
amide HN
MeO OMe NlN
’d
OMe V
2(T-1032) pyrimidine 50f (avanafil)
derivatives
OMe OMe
CI\_N._NH N_N._NH
7S YOS PDE5_ICsg = 0.21 nM
N A0 (S)-prolinol N_A_O - _
—_— selectivity; 1Cs ratio of
DMF PDEG6 / PDE5 = 5700
r.t.
MeO OMe uant MeO OMe relaxant effect
OMe quant. OMe ECs0 > 100
cLogP =4.01
18a 62

Figure 3-1. ZNFE TOEMERL Y I UUFHEK 62 DR
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v I VUFBER 62 137 )7 PDES FHEIENE (ICs0 = 0.21 nM) & AL 7= 801
Zn9 AN, T6932 (19a) & [FIERIC, VR ARIFE/EH I+ CTh o 7= (EC30 > 100 nM)
INETIHELNTHEANS, BUIVUVERANMD 3744 FF XU HET
IEMERBUC, 72,207 (S)-prolinol FH{ZiE PDE6 (Zxt7 HBIMEICEE TH L7720
INSIFHEEF T AL E Le, — . BALD MY A U7 = = VBRI EWETMED R
ERoTNDT2D, ZOEMLOHIER, BV X 0 BIKMEOBEBRILICASRT 5 Z Lz k
0. MERAHIEER oM L2 S92 & L Lz (Figure 3-2), 72, Ny 277 v 7k
EMTHHT L LY, FRERIRY BOf LITEDEHEA~FHFETDH I L ERBITEWT
BRAFZEIZE T LTz,

YN\ NH
")/Y
|:> deletion of trimethoxybenzen moiety
MeO Me . - .
OMe |:> replacement with more hydrophilic substituents
62

Figure 3-2. &R #t
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B 57N IVUBEEOAR L EEEME

Scheme 3-1 {25/ IV E Y I VUFHER 64a BLUS- T LY IV UFFER
64b-f OERIEE T T, 84 DT AT NVEEZKFEY) FULT LI =L TEILL, 5
BN5t Rafv AFUERE b~ W T T 52 81k 63 ~iFE LT,
63 DEY I VUVERAN AT IVANT 7 =)V EEAEFHIEIZL Y (S-prolinol TEHT 5 2
EIZED BRI Y I VUFHER 64a A5, 57T e ) I VUK 64b-d
BEO 64f 1%, 64a O 5 NiA/NL INVEITH L TH~ OF#BSBREZIML, 5647
2T NV a—E b~ T TR LT LI R VAR LT, e, A XX Y —L
EHA 64e 1F, 5L INLEY IV 63 ITxfL, £T 5 fTALHLEZIC 2 ik
(9)-prolonol TEHTDHZ LIzl AL,

S o

MeS MeS NH N NH
Ve, X T
CO,Et CHO CHO
34 63 64a
OMe
N._N._NH 64b (R° = Me)
B 5 _ i
c WNT\):%O 64c (R5 = vinyl)
64d (R® = pyridin-2-yl)
RS 64f (RS = 2-pyridylmethyl)
64b-d, f
OMe OMe
LI, o L,
MeS._N._NH N._N.__NH
d D e i
63— N _L_o — N_A_o
N7 N.Me N~ N_Me
\—/ \—/
65 64e

Scheme 3-1. Reagents and conditions: (a) (i) LiAlH4, THF, r.t. (83%), (i) MnOs,
CH:Cly, r.t. (76%); (b) ) mCPBA, CHCls, 0°C, (i1) (S-prolinol, EtsN, CHCls, 0 °C
(83%); (¢) (1) MeLi, Et20, THF, -78 °C or vinylmagnesium bromide, THF, 0 °C or
n-Bulii, 2-bromopyridine, Et20, THF, -78 °C or mBuli, 2-methylpyridine, THF,
-78 °C, (i) MnOs, CHCls, r.t. (64b 60%, 64c 43%, 64d 57%, 64f 8%); (I @)
1-methylimidazole, n-BuLi, THF, -78 °C, (ii) MnO2, CHClIs, r.t. (95%); (e) 1) mCPBA,
CHCls, 0 °C, (ii) (9-prolinol, EtsN, CHCls, r.t. (86%).
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F 72, Scheme 3-2 (/" L 912, 64c (ZxF7 5 Michael fHINISIZE Y, 7 2/
ik 64g BEY 64h AR LTz, BOf OF A F 1K 641 1E, 5L LE Y R
Ty o6da L 227 I/ AFAREY IV EDETNT I MERISIC K VAL, 64a 12
%3 % Horner-Wadsworth-Emmons SN2 &Y a, G ARfAFIT AT VERBIK 64) %
Hif% L7- (Scheme 3-3).

N._NH
\ﬁ\
N_A_O
6dc —
N
[] 64q (Z = 0)
z 64h (Z = NMe)

Scheme 3-2. Reagents and conditions: (a) morpholine or 1-methylpiperazine, EtOH,
r.t. (64g 98%, 64h quant.).

OMe
a9 f@m o K@
N._N.__NH N N NH
15 \
N 2~ /
64a 2 HN 64a

I
6i\) 64i

Scheme 3-3. Reagents and conditions: (a) 2-aminomethylpyrimidine, NaBH4, AcOH,
1,2-dichloroethane, r.t. (26%); (b) (Et0):P(O)CH2CO:Me, NaH, THF, r.t. (13%).

"Boiz bR INEY IV UFEK 64a, 57 LY IV UFER 64b-h, B
J:U\ 64i-j @ PDE5 [HEVEM:% Table 3-1 (29, BUlHIMEEKREAZ B E L TRY X b
X7 2= VHEY BRU 2R L 2 VIR 64a (ICs0 = 33 nM) (3 KIEIZIEPE ES L7z,
— . AFNVIEEFR LT BT UK 64b 1Z1E ICs0 =5.2 nM DOIEMENGRD H AL, A
A GEl BRIV O TER) OEBILOFENTEIERN LICHF G5 2 LR ST,
FURARRTT == VEABERAT 0 RAZEW L2 GEITI TR E O EFENE (64d;
ICs50=12nM, 64e;ICs50=12nM) Z/R L7, TAFNIEEY o —E L THELE
nERAEA LT 64f (ICs =3.5nM), 64g (ICs0=2.9 nM), 64h (ICs = 5.2 nM)
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X, 7T VIR 64b L RIFEEOBLEEMEZ R L, LB D OBEECALE I L - T
R PE L (MR EESR) NEARRECTH D 2 L ARIB S NT-, £72. 50f OFT A% (K 64i

(ICs0 > 100 nM) X KIEZ2IEMEDIETINFRD B2, a, F AT AT )LV EHK 64)
XN H O TR BIRVEM (ICs =2.2nM) %7 L7z,

Table 3-1. 5 (i {E#iiL > PDE5 FHEIEMEIC T 2 58

OMe OMe
OMe
o e e
N._N._NH N._N._NH
N._N.__NH h TS
1o M\g V.
N o
H
i 64i

I
L6 Nl o)
o
7z ~N
62, 64a-b, d-h 64i U
compound  -R3 cLogP ICso” compound -R3 cLogP ICs0”
(nM) (nM)
~ OMe
62 3 4.01 0.21 64f /I 3.5
ome  + A 3.52
OMe
64a s 278 33 64a SN 348 29
H 0
64b  Sye 3.25 5.2 6ah SN 255 52
N.
Me
SN
64d | /‘ 3.79 12 64i — 0.87 >100
I)Ile
¥ N :
64e \TJ 3.07 12 64i — 3.12 22
N /

2 |Csq values of these compounds were calculated by an equation of the first degree using two data;
just above and below 50% inhibition. Some of the IC5q values were calculated using Prism, version 3.0.
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BEE U REY IV UBEADSR L REEM

ARV TER L, BV 2 “/“‘/?)%%MK 62 O 5 (LR A NVEROAEHRIT K0 Bl
PRI O AIREME 2 MR L7223, S Db & Tl b a9 & ik L PDE5 Fi
EIEMEDS 10 43D 1 LLFY @%LT%WEK%@@T%5%&%&%%ULR%%T
boleZ X, Ny 27y AMeEME L TUIGFE LI RN EEZEZ b,

% ZTCEEIX Figure 3-3 [ZRT LI, T BY I VUFEERD 4B X517
EHL AR L, w%euFm&dEUiVy%ﬁvﬁmkﬁﬁﬁé:&T\%ﬁ%%
IEEMZESG L LD EEX T, 2D X ) RBRICL 2B ZEH (scaffold-hopping) 1%
EHENE B TIToTEBROMO7 7a—F L 5250, Larsen 5 Rho/MKL1
transcriptional pathway PBLEHIOMIE TIX, $IKD 7 7 =07 I REEO—H &R
kLA Y =_aF @7 I RERASEEHRT 52 LT B iIREs LU ENE 2 deE L
TWn5h, 3 ZOXRIICERILEIT) Z L TEY T v 7 7 A L E2WELTZROI OB Z
NETICHRE SN TS, £ZTEES, FMEHLEHEE T A= 3 (THY
SEEZE TS 5 2 & T HERIL S E B L2 HIRBIEEom L2 Higd 2 &
E LT, B, ZOERERIZ LY AFEOME LAY TH D T-1032(2) LRITL 2
BRYEBRALEW & 72 503, 2V E TOERERIZI O THIBHE HIL-CH DR B R S R &
KL THEY, T-1032 & REEOFBENTEAT 2 FHEMHIZIEF IRV L& 2 72,

OMe
C(\ (@ Scaffold OH (@
hopping
N NH N N_O
3 cyclization :>
/ =

acyl(formyl)pyrimidine pyridopyrimidinone

Figure 3-3. I#4BRILIC LAY Y R Y IV VEHEHKDORE

Scheme 3-4 |ZEY FE'U 227 UFFE(K 68ab, de, h DERIELRT, 57/
JLEY 2V 68 12%9 5D Horner-Wadsworth-Emmons MIGNMZ L V5572 a &
RfAFI= A7/ 66 % NaH f7{E N A ¥/ — WVIRRP T2 L1k, BU R
VYUY 67a 257, Eo, 5 A I XY — VEUK 67e (X 5-7EFALEY
vy 65 HHEEIEEE L, b UEEEYF 100 °C ¢ Horner-Wadsworth-Emmons
FOGZEATH 2 &I 1 TRTHER LI, TNbD 2/ A FNANT 7 = VHA ik
296V (S)-prolinol CTEMETHZ EICLD, 68a BLU 68e # &k L7z, 72, a #
AEaFI= A7V 66 ([Zxf L, AF NI FTLETT ALl LV L7z cuprate % H
WT L4APMBOEZAT 9 2 8280 | FRHCBRILROS B EIT L, 5,6-V 8 Ru-o V%
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0 URRER 69 157, 2N AEAHLIZ%IC, DDQ AW THILEEZRILT S Z LI
0. 5 AFK 68b A LTz, £7o. 2-E Y PVEHK 68d 1% 64d & HIFEIEE
& L72 Horner-Wadsworth-Emmons SURIZ KD 17T%DURTE L3, FEOSR
PEFEARY ) = FVERE 68h T8GR -7, % Z T Horner-Wadsworth-
Emmons DRV IZ b U AT Y LEREEA TV & VD Z & T RILE (8%)
BRLHME TS 68h ZHUF LT,

¢ (R® = 1-methylimidazol-2-yl)

OMe OMe OMe
(@(“ (@(ﬂ (@(ﬂ
MeS._N._NH MeS._N._NH MeS. _N.__N_O
YOS a (RP=H) MEONS _b . TeyS
N o N A A N A2
COZMe

R® R3

2, 65 66 67a. e

Me Me R3
69 70 68a,b. e
OMe OMe
C(\QH (@CI C(‘OH (@ECI
N | N NH h N\ﬁN\ N_O
N\;E¢O N A
3 s 62, 67a,68a (R®=H)
R R 68b (R° = Me)
64d. h 68d.h 64d, 68d (R® = pyridin-2-yl)

(
65, 67e, 68e (R® = 1-methylimidazol-2-yl)
(R® = 2-(morpholin-4-yl)ethyl)

Scheme 3-4. Reagents and conditions: (a) (MeO)2P(O)CH2CO2:Me, NaH, THF, r.t.
(59%); (b) NaH, MeOH, r.t. (65a 96%); (c) (MeO)2P(O)CH2COsMe, NaH, toluene
100 °C (65e 13%); (d) () mCPBA, CHCIs, 0 °C, (ii) (S)-prolinol, EtsN, CHCls, 0 °C
(66a 77%, 66e 96%); (e) MeLi, CuCN, EtOz, THF, 0 °C, (67%); (f) (1) mCPBA, CHCls,
0 °C, (i) (9-prolinol, EtsN, CHCls, 60 °C (75%); (g) DDQ, dioxane, 60 °C (66b 30%).;
(h) (MeO)2P(O)CH2CO2:Me, NaH, toluene, 100 °C (66d 17%) or TMSCH2CO:Me,
dicyclohexylamine, n-BuLi, THF, r.t. (66h 8%).

Bon-vY ReY IV UEFEEKO PDES BEEMEAE L7 L = 4, Table3-2
IZRTE IV ToltEWmE 10 nM % Flald I1Cs Ea R LTz, £ 79 1 BkiE
WZ iz, U REY Y UiFEK 68ab, de, h 1%, TN FND% T B EAVATEE
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(BRI EY IVUREER 64a, 57 L E Y I ULERELK 68b, de, g Lk
LT, RTBRWEARTZERALNE RN, ZORRIZ, B FEY IV v
BRAEGUC L0  SBHD 2 7 o A— 3 U BIRNICRE I FE Eb S i 2 &I
EDbDEEZTND, FHZZOH T BN AT ILVERRAE 68b (ICs=0.86 nM) 3L W
FARY ) = FLERK 68g(ICs =0.98 nM) 1%, 1Cs0 {74 1 nM % Y] 55874172 PDE5
FEEMEZ R LTz, £7-. PDE6 [HEMEM & i L7= PDES JEIRMEIZ OV Cldimia{b
A 62 LB LT INBET LI b DD, 5 LA F/LEHK 68b (ZiX 2300 5D
17 PDES BERMEDHERE iz,

Table 3-2. £V Nv'V I/ VFiEKD PDES BHEEM: & SR

R3 R3
64a-b. d-e, g 68a-b, d-e, g
IC.a IC.2 selectivity
compound  -R3 50 compound  -R3 cLogP 50 ICsq rato of
(nM) ("M)  ppEs /PDES
64a Sy 33 68a sy 1.91 33 850
64b SMe 5.2 68b SMe 241 086 2300
< _N <S_N
64d 45| N 12 68d 45| N 252 17 1900
/ /
Iyle Iyle
64e :s‘YN 12 68e N 1.86 7.2 NT
o2e 1 2ce T
N2 N2
64q ESV\N’\ 2.9 68q ESV\N’\ 2.03 0.98 1600
o o

2]Csq values of these compounds were calculated by an equation of the first degree using two data;
just above and below 50% inhibition. Some of the ICs values were calculated using Prism, version 3.0.

U REY Y UFEK 68b, d, g O v Y HIVERL SRR MR 2 E LT,
Table 3-3 2T L HIZWT N TR 2R LT2D, ZOHTHRIC 5 LA TFIVE
#afk 68b 7% ECso = 0.85 nM D IEF T8RS 72 IRRIER 27~ LTz, Z O/ERIE,
VT F 7 40 (ECs0=8.7TnM) O 105587172 b D THH Z LIz, 8w TH
ENRH LT N7 40 (ECo=2.1nM) %% LRS5O THH-T-,
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Table 3-3. U K'Y 3 2/ gl ilod i 2 AR (ot 1T

a
compound  -R3 ECs0
(nM)
5
OMe 68a H 2.2
SMe 0.85

b

Z=

\ /~ C:’

\ P-4
2]

B B

Q. (on

s N
I S 13
R3 Z

68a-b. d. @ 68a SN 86
o

sildenafil 8.7

avanafil 2.1

2 ECgy values were determined from the logarithmic concentration-inhibition curve.
The value is given as the average of at least two experiments,
where the variation from the mean value is +/-30% or less.

U EDXHI2EH T, BV IV UFER 62 At am s LI- AR BV,
5 NLT IVEMED LRI LU 2 BRIERMEMESUC X D IBHEE(IC L v . 77172 PDES
PR 2 R T HHEHILEWEE, ©) REY IV Uik a A L7z, TizZof
MB L IVTF T 4 VDK 10 F558 1 7R AR (FH (ECs0=0.85nM) & PDE6 [H
FEVERICK L, 2300 D@72 PDES &ML RT/Ny 7 7 v TG Y 68b %
AT Z STk Lz,

OMe
OMe C(*OH (@m
N._N._NH
OH Cl \ﬁ AN
NYN\ N_O N A0
|
N A2 HN]\
Me NZ™N
LV
sildenafil 68b 50f (avanafil)
PDE5_IC5g = 1.6 nM PDE5_IC5q = 0.86 nM PDE5_IC59 =5.2 nM
selectivity; ICs ratio of selectivity; ICg ratio of selectivity; ICg ratio of
PDE6 / PDE5 = 500 PDE6 / PDE5 = 2300 PDE6 / PDES5 = 4000
relaxant effect relaxant effect relaxant effect
EC30 =8.7nM E030 =0.85nM EC30 =2.1nM

Figure 3-4. ') RE'Y I ¥/ VFHEK 68b OIEHREME
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7 il

FEHIT. MBEMEO®mVEELZ A L, PDES BRMEICENZ KR O ED JAHED

Az B L TERMIREZITV. LU OBFERR 2157,

1.

1-A V¥ /v UFFER (2, T1032) ZimfEbam e LIcGEMIckWT, 747
PURBER E-4010 L ofEOEREDEEFIHATH 2 LI2L Y, ICh = 3.5 nM
D877 PDES PHEVENE L | PDE6 PR & kol LT 2800 f5LL o7 PDES
BRIV 2 RSB AL, V% U UK 10b &2 R L7,

A VXU FHEE 10b O 2 REEKA., 5 FPKBERAGZFH LIRS (5
LB AL A ~ERRAHRT 5 Z LIk v, IEFEICH D PDES [HEEM: (ICs
=0.13nM) & PDE6 [ & il LT 2400 D&y PDES BRI A2 R4 5
KAt A 19a (T-6932 )% R L=,

B Y P UFFER T-6932 O 2 (EHILIRIRIT IV T ETEEAE B d K OB M
IR & D AshAz (E R R 2 R & & bic, 2T F 7 4 Vv LRI O
fstiEIEA (ECso= 11 nM) %24 L. PDE6 [ & Ml U7 fEHEIPED 2800 %
2l B L7z 2-8 Faf s AFLE/ARY CERAE 30 2 R Lz,

Y S UVHER T-6932 O 5 MLEHIERRICBW T, 44a (IZFEINDHED R
VU5 T AT IVEEEARE Y I VU5 BRI RBEK) PDES FHEEH
RT A RHE L,

Y VU5 VRS R RBERD 2 (i L 4 fEHBRIEERICB VT, K5
NOREEIEVERBE ZBH ST 5 & & bz, 247 (9)-prolinol &E#iiA7Y PDE5 [
EERIC L TENEERIREZ T 282 R LT,

TN OYERARIZE A @ U T B O VT F T ¢ V% FE B SR ek AR
FAEH (ECs0=2.1nM, ) & PDE5 et (PDE6 FHE/EM & il LT 4000 %)
FIZAR A% 15 43 AN TohR & 44~ 2 RIghi:, 3 & OV B 7o VE A Ffe (R0 6 FEfED)
R 28U IV AFAT I RIK B0 (TN T ) B RMTZ EITEI LT,

VU UUEREIR 62 DOBNLT IVEMNLOZE AR K ON2 B RS X A AR [
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EAIZ LV, 587172 PDES BEIGMEZ RTHEERILEDRE. ©U REU IV
VREAREZ R LT, FICZOHNS, LT T 4 VDK 10 5T ) AR A
#BIEA (ECso = 0.85 nM) &, PDE6 P & bz LT 2300 {50 7= PDE5 &
PMEZRT Ay 7T v TEMEEY 68b & RHT Z LTI LT,

EREARMTIEIC IV TR S s iEiRey PDES EHKT ST~ 410 ED
BRSO HEBRPIIFFE D,
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P

K LaFELDDHIZHID | KHEHIEE LB rRZEE, SOICHEMZBYY L
KRR FR P S PR Ze R R SLEEIZ D X0 - L Ed, £72, HFEE L
BEZHY £ UI/REIESER, AR RI2dR ., A e EdsZ, M —hEic0 X
VOB ERLET,

AW EE OFTET 5 il 28RS TITbZ b O TH b | KOS
hZ TEEE Lo, R by REIFER ., FARZER PFFEAREE . e o
FEARIER R . ALIGEE B L AR RACIR S BV 2 L E T

KWFFEDOBATIZH T2V | #AEL K72 DR L EBUR 2150 £ Lo i HE— Rt
DXV - LET,

RIS L, RABEFEE, HBS A2 £ Lz, ARFIE L, BAFKE L, =
M EZ L 1 R REN - LET, £7-. HEERBR A Y L THE -,
KRR AL, H)IAPEL DR E SIS 2 LET,

FTo, WSAERRICH T2V LR MER L HfREZ B £ Lz, @i EE LI LEY
B OBEEZRLET,

AWFFEIZER U, #E 0T 2 BREV L 72 o P O Bk B E 2 TH & £ L7-AI3E Ls
MR DRI T N2 L E T,
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KEROET

sl Biichi 535 7 # /VELRHIE S 2 W THIE L7z, BRI A~7 L

(IH-NMR) (2% JOEL JNM-FX200, Varian Gemini 300, 5% JOEL
JNM-GSX400 ZfEH L. 7 T AF N T o 2NEEEDE & L CHW., ppm HAL
TRO#E L7z, JRAMER (IR) A2 /Ui Analect RFX-65 i\ Z Analect FX-6200
FT-IR THIE L7z, E&EOHr A7 Fv (MS) X Finnigan MAT SSQ 7000C (APCI,
ESD. i\ % Finnigan MAT Incos 50 (EI) CTHIE L7=, j7£#0Hr1T Perkin-Elmer
2400 C, H, N p#rasa M L7z, JEYEEIL Horoba SEPA-200 high sensitive
polarimeter ZfEH LHIE L7z, IISICHWEEBITE L X 27— —7 X 4A 30X
BA ECHMBELT-bDEMEH LT,

H—EDER

Methyl 7-benzyloxy-1-0x0-4-(3,4,5-trimethoxyphenyl)-2 H-isoquinoline-3-
carboxylate (6) D&k

D OIFIECENAK LTLE®w 4 (1.0 g, 2.16 mmol)™IZ 12%- 7 > E=7T-A X
J VIR AN A RIS T 24 WREER Uiz, B2 IR £ Lok, FRIEIC 10%-
HEEE-HEe — F VIR A N 2 T2, TR R £ Lotk FRIEICKEZMA, 7 rakiL
LCHI Lo, A8 2K CUve L=, il MY O ACHBR L, WA RIER &L
oo FDNTERREZ A% 7 — /(100 mD)ICEE L, H{bF 4=/ 514 mg, 4.32 mmol)
KW T T Lic, RINKZ 24 ReNEGRDE L%, |IRE CHAILEE 6 mL)%
Mz 7o, RISHRZ 18 R INEGEYE L 7=, IOKICHEEEB =T /LTIt L7z, AHE
K, EEK, B IOMIRMAEEK CIERGEE L%, Wi MY o A THzlg L, W%
WERE L, BonEkezs V5o L7 a~ 777 +— (CHCls : MeOH
=50 DTHRTZZ LIk, 6 (861 mg, 84%)Z HA@EKR L LTH7=, mp
200-202 °C; 'H-NMR (DMSO-dy 6 11.28 (1H, S), 7.83 (1H, d, J= 3.0 Hz), 7.3-7.6 (6H,
m), 7.25 (1H, d, J= 3.0 Hz), 6.55 (2H, s), 5.28 (2H, s), 3.73, 3.74 (9H, s), 3.60 (3H, s);
IR (Nujol) cm™ 1727, 1659; MS (APCI) m/z 476 [M+H]*.

Methyl 7-benzyloxy-1-chloro-4-(3,4,5-trimethoxyphenyl)isoquinoline-3-carboxylate
(1) DERL

&% 6 (1.48 g, 3.11 mmol) & 43 T Hifk U > (30 mI)IZHfE L, 3 IFfHINAE T L
Teo XRVHALY U EBIERE LB, BT V2%, HEK, BLORM
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REKCIERES L=, BB ZMERT R Y U ATk, BIERET S22 &2k,
7 (1.60 g, quant) % A@EEKE L THE7Z, mp 148-150 °C; 'H-NMR (DMSO-d») &
7.30-7.80 (8H, m), 6.64 (2H, s), 5.39 (2H, s), 3.75, 3.76 (9H, s), 3.66 (3H, s); IR (Nujol)
cm® 1725; MS (APCD) m/z 494 / 496 [M+H]*.

Methyl 7-(2-pyridylmethoxy)-4-(3.4,5-trimethoxyphenyl)isoquinoline-3-carboxylate
(9) DEAL

TNTUFERE T, LAY 7 (490 mg, 0.992 mmol), kU =F /L7 I (100 mg).
BXOx=Z /) —L (50 mL)DIEAMIZ. 10% /3T 27 Lx#E(200 mg) 2Nz 72, i
BAEMEKFBFHLKTQ atm) BRI THEIE Uz, MUEABER] L7, T8I 2 BE iR AE
THZ LT, AmEEES-, ZoAaaEE (200 mg)z DMF (6 mDIZEE L, 2-7
naAFLE ) DU EREE(120 mg, 0.732 mmol)d L UVREES U 7 4(200 mg, 1.55
mmol) Z M % 7=, SR Z 50 °C T 3 Wefiliise Licth, KICHEZEIR— T LHhH L7z,
AHEE & KB L O & K CIERBEA L, Bilg) b U » A Crzg . UERME L7,
Sonzkits NH-> Vv 5 ho 670~ 2757 4— (CHCls - hexane=1:3 —
1: 2 THHIT 2 Z L2k v, 9(132mg, 53%) % FAEAE LT, mp 146-148 °C;
TH-NMR (DMSO-ds 6§ 9.42 (1H, d, J= 0.7 Hz), 8.62 (1H, m), 7.86 (1H, dt, J= 0.7, 2.7
Hz), 7.80 (1H, d, 2.0Hz), 7.50-7.75 (3H, m), 7.38 (1H, m), 6.63 (2H, s), 5.39 (2H, s),
3.76 (9H, s), 3.64 (3H, s); IR (Nujol) cm™ 1735; MS (APCID) m/z 461 [M+HI*
Elementary analysis Calculated for C2sH24N20¢: C 67.82, H 5.25, N 6.08, Found: C
67.35, H 5.13, N 5.75.

Methyl 7-benzyloxy-1-(4-hydroxy-1-piperidyl)-4-(3,4,5-trimethoxyphenyl)-
isoquinoline-3-carboxylate hydrochloride (10a) ® £ ik

&% 7 (150 mg, 0.304 mmol), 4-t R Y (153 mg, 0.912 mmol),
BLOA V7w = (5 mL)DIEEWE 24 RERINEGET Lz, |iRETHEIL%
(2RI 2 R R 5 U T BRI I ERR — TV A 0 2 K ds K UM & K CHRERPEE L |
Wil ~ U U A THORES, BUERNE L7, /oo ikiEx NH-S U5 v o 627 0
~ 2777 14— (CHCIs: hexane = 1: 1) CRHL L 721212, HaliE- A % 7 — VIR Z N Z
W2 TR E LT, BB, VY e o —T L E AL 2 IS % 2
L2 LD 10a (90 mg, 50%) & B talE A & L7, tH-NMR (DMSO-d») 6 7.3-7.7 (8H,
m), 6.57 (2H, s), 5.36 (2H, s), 5.2 (2H, m), 3.74 (9H, s), 3.59 (3H, s), 3.4-3.6 (2H, m),
2.9-3.1 (2H, m), 1.8-2.0 (2H, m), 1.5-1.8 (2H, m); IR (Nujol) cm 1733; MS (APCI)
m/z 559 [M+H]*; Elementary analysis Calculated for C25H3sCIN207: C 64.59, H 5.93,
C15.96, N 4.71, Found: C 60.10, H 6.20, CI 5.86, N 4.19.
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Methyl 7-benzyloxy-1-[(3-chloro-4-methoxyphenyl)methylamino]-4-(3.4,5-
trimethoxyphenyl)isoquinoline-3-carboxylate hydrochloride (10b) ®D £ i

b&# 7 (100 mg, 0.204 mmol), 3-7 B r-4- X FF X LT 2 (0.5 mL), B2
fESRIAD, B LU Y (0.6 mL)DIEEW % 100 °C T 5 RFf#HHR L7z, BRI 2 KIZ
EEHER— TV CThi U7z, A 2 /KkEB L OB /K CIEKEESR L. g L) o
L THLIE %, WERME Lz, (o BREL LYV DTN DT L Iua~x NI T 74—
(hexane : AcOEt =5 : D THR L7, g2 ¥ /) —WIRIRZ N A2, TR % 8T
ELTz, BoNTERECA Y eV o—T V2N ZIERT 5 Z &128D
10b (30 mg, 22%) & K HE AfE A& & L Cf%7-, 'TH-NMR (DMSO-dy) § 8.05 (1H, s), 7.0-7.7
(10H, m), 6.52 (2H, s), 5.29 (2H, s), 4.74 (2H, s), 3.83 (3H, s), 3.73 (9H, s), 3.61 (3H,
s); IR (Nujol) em™ 1751; MS (APCI) m/z 629 / 631 [M+H]*.

6-Benzyloxy-3-hydroxy-3-(3.4,5-trimethoxyphenyl)isoindolin-1-one (12b) D& ik

D OIFIECHENAK LT EE® 11 (50 mg, 0.118 mmol)1¥% N,N-V A F /LK
VAT 2R (2 mICEMR L., K F7 =7 KEKGO ul, 0.743 mmol) & L ¥
EDC (68 mg, 0.355 mmol) # Nz, =i F TIhA ICHIE L7 BRI L, BOSHK
(K E A, BT VTt L7, AHE A K, EEK, B L ORMEEK CIER
HLlot%, g NY U LATHERL, WIEZBIERE E Lz, BoniEikas U 7
BT hrnua< 777 — (CHCls: AcOEt=1: 1) TR L 7-%I2, FigoFLBLW
AV TN =T )V EMZATH L ERZREIT 5 2 L1280 12b (46 mg, 94%) %
FEE R S L T2, mp 187-189 °C; 'H-NMR (CDCls) § 7.30-7.46 (5H, m), 7.29 (1H,
d, J=8.4 Hz), 7.25 (1H, d, J= 2.4 Hz), 7.14 (1H, dd, J= 2.4, 8.4 Hz), 6.76 (2H, s),
6.71 (1H, br), 5.08 (2H, s), 3.82 (9H, s); IR (Nujol) cm™ 3270, 1703, 1326, 1243, 1233,
1129; MS (APCID m/z 422 [M+H]*, 422 [M+H-H:0l*; Elementary analysis
Calculated for C24H23NO¢: C 67.53, H 5.57, N 3.28, Found: C 67.55, H 5.46, N 3.07.

(2-Amino-4-benzyloxy-phenyl)-(3.4,5-trimethoxyphenyl)methanone (13) D &%

b 12b (1.06 g, 2.53 mmol) & 1,4-2 4 F % 2(20 mI)IZIEE L, |ILICT 2NV
KERALT b U 7 A/kEEHE(10.11 mL, 20.24 mmol), LT 0.97M-NaOBr (12.42 mL,
12.07 mmoD Z M x| [FHRIZ TR LTz, RINRICEE K ZI 2, Bt~ F /L Chi
U7, ARELHEET MY O ATk, WIHAZBERE L, GonlmiEr sV
HITENHT L a~< v 7T 74— (Hexane : AcOEt=1: DTHERITHZ L2k 13
(662 mg, 67%) % kA L LT/, 'TH-NMR (CDCls) § 7.31-7.49 (6H, m), 6.84 (2H,
s), 6.22-6.30 (2H, m), 6.26 (2H, br), 5.09 (2H, s), 3.91 (3H, s), 3.87 (6H, s); IR (Nujol)
em® 1730, 1647, 1621, 1581, 1291, 1233, 1125, 1090, 1004; MS (APCI) m/z 394
[M+H]*.
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[2-[(3-Chloro-4-methoxyphenyl)methylamino]-4-(2-pyridylmethoxy)phenyl]-(3.4,5-
trimethoxyphenyl)methanone (14) D&%

TR T, LAY 18 (4.0 g, 10.17 mmol), A% /—/L (100 mL), B X
7 b7 Fu 77265 mL)ORAMIC., 10% /37 27 ARFE(800 mg) = Mz 7-, X
SR G KFEFAR T atm)RIEICC 2 BRI L, S22 0800 L=k, 181K %
JERAET 5 Z & T, mEERERT, Zhvd TAIUFRART NNV ATFILRLVAT
2 RGO mINCIEME L, KB T 2-7anm AF LY U (917 mg, 5.59 mmol).,
WNTAKRFELT B U 7 4(497 mg, 11.2 mmol) Z N1 2 RIE TR LTz, RIGIRIZHE
b7 =y LKEMZ, BEfg=F L CHIE L7z, AifE 2 fafn ik oo L. hilg
T NU UL THIRE, WIEEZBIEEE L, BonREE2 s VD5V a7 a~ b
2777 4— (CHCls : AcOEt=1: 2) TH# T 5 Z LIC LV sAaERZ 57, HonizE
(100 mg, 0.254 mmol) #75 hF b Fu 75 @ mIIZEM L, 73 FHKT 3-
suan-4-A hF X7 vl R(6G3mg, 0.279 mmol), RWTAFELT U v L(22
mg, 0.559 mmol) % % 24 FEREINEGEGE L7-, S| E THEIL72RIC, SR ZKIZ
X HERE = TV TR Lo, AHEE 2 KR L O K CIERBES L., ik~ v
LATHLEES ., WERME L, BohEkEEZ L VDTN DT AIa~w NI T 7 4—
(CHCI3: AcOEt =20 D) TR L7222, A ¥/ — /v Z M LIz EREZEIRT 5 2
L2k 14 (21 mg, 15%) & #H A A L L CTH7-, mp 142-144 °C; tH-NMR (CDCls) §
9.20 (1H, t, J= 5.1 Hz), 8.55-8.58 (1H, m), 7.68 (1H, dd, J= 1.8, 7.7 Hz), 7.54 (1H, d,
J=8.8Hz), 7.43 (1H, d, J= 7.9 Hz), 7.35 (1H, d, /= 2.0 Hz), 7.20-7.23 (2H, m), 6.88
(1H, d, J=8.4), 6.82 (2H, s), 6.25 (1H, dd, J= 2.4, 9.0), 6.20 (1H, d, J= 2.4 Hz), 5.19
(2H, s), 4.36 (2H, d, J=5.3 Hz), 3.91 (3H, s), 3.90 (3H, s), 3.87 (6H, s); IR (Nujol) cm'!
3320, 2923, 2853, 1625, 1595, 1575, 1508; MS (APCI) m/z 549 [M+H]*

(2,4-Dichloropyrimidin-5-y1)-(3,4.5-trimethoxyphenylDmethanol (16) D& sk
TNIVFEHRF, A4V 7ae 7 (1.56g 154mmo)D7 T Rrn>7J
(80 mL)EWKIZ-78 °C 12T 7 F U F U AL(1.6 M-~FH ¥R, 9.65 mL, 154
mmol) i F L. [REICT 30 o Lz, ZhiZ, 2,47 l) I22(1.0g, 6.70
mmol) D7 T b Fu 7 Z (50 mLIER Z i F L, FHRIC T 1R Lz, kW T,
3,4,5- F U A FF I R_RUP/LFE F(1.71 g, 8.70 mmol) ®F FF & K275 (10 mL)
B T L, RIS T 1R EER Lc, BOSIKICHAL T B =0 DKER N A, =
IBE CTRAICHIR LTz, ROSRIZKZ A, Bifg—F /L Chil U, A %7Kk LU
TR CIER e L, BiiEgT b Y o A CHoeth UERME L7z, Soniikiks vV
HTFNH T LT a< 7T 7 4— (CHCls : AcOEt =501 — 25 1) THHR L 721212,
AV Ta LT —7 )V EMAATH L BERZIEIT 2 2 L1280 16 (706 mg, 30%)%
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YRR EER & LT 7, mp 117-119 °C; 'H-NMR (CDCIs) § 8.85 (1H, d, /= 0.6 Hz),
6.57 (2H, s), 5.99 (1H, d, J= 3.5 Hz), 3.84 (6H, s), 3.82 (3H, s), 2.76 (1H, d, /= 3.3
Hz); IR (Nujol) cm™ 3444, 3049, 1591, 1556, 1525, 1506, 1472, 1419; MS (APCI) m/z
345 / 347 [M+H]*.

(2.4-Dichloropyrimidin-5-yD-(3,4,5-trimethoxyphenyl)methanone (17) DA ik

(k4% 16 (100 mg, 0.290 mmol)? 7 11 1 AL 1 (3 mL)AIEIC. — Bt~ > % (500
mg) A, EET 14 FefiHiFE Lz, RNEWaER] L, IR 2 ERGET 2 Z &1 X
V. 17 (95 mg, 96%) % HEEK L L TH7-, mp 106-107 °C; tH-NMR (CDCls) § 8.62
(1H, s), 7.02 (2H, s), 3.98 (3H, s), 3.88 (6H, s); IR (Nujol) cm! 1675, 1585, 1553, 1513,
1503, 1462; MS (ED) m/z 342 / 343 [M+H]*.

[2-Chloro-4-[(3-chloro-4-methoxyphenyl)methylamino]pyrimidin-5-y1]-(3,4,5-
trimethoxyphenyl)methanone (18a) D&k

&% 17 (96 mg, 0.286 mmol) D N,N-2 A F )L/ AT 2 R mLIEIKIZ 3-7 1
T-4-A FF TRV T 2 (54 mg, 0.314 mmoD)B LMY =F LT 2 (58 mg,
0.572 mmol) Z N 2., =i C 1 REEE Lz, ROSIRICAKZ N %, Bilig—F /L Chit L
Too AHEIE 2 /K3 X OB AR K CIRRBEE L. AiER T b U U A CThzlite, JBUERNE L
oo SoNT-EEEZ VISV D T L a~ 777 ¢— (hexane : AcOEt=7:2 —
1: DTRRT2ZLIckY 18a (97 mg, 7T1%) & [EA L LTH72, mp 146-148 °C;
TH-NMR (CDCls) 6 9.26 (brt, 1H), 8.51 (1H, s), 7.41 (1H, d, J = 2.2 Hz), 7.27 (1H, dd,
J=2.3, 8.3 Hz), 6.92 (1H, d, J= 8.4 Hz), 6.86 (2H, s), 4.72 (2H, d, J= 5.7 Hz), 3.94
(3H, s), 3.91 (3H, s), 3.89 (6H, s); IR (Nujol) cm 3311, 2924, 2853, 1635, 1605, 1584,
1506, 1464, 1374, 1162, 1127; MS (APCI) m/z 478 / 480 [M+H]*; Elementary
analysis Calculated for C22H21CloN3Os: C 55.24, H 4.43, Cl 14.82, N 8.79, Found: C
54.43, H 4.31, N 8.61.

L&Y 18b 1L, /L&Y 18a L RO HIEIZ L W ARk Lz, ICRB IO T — 4 %
PLFIZRT,

[2-Chloro-4-[(3-chloro-4-methoxyphenyl) methyl-methyl-amino]pyrimidin-5-yl]-
(3,4.5-trimethoxyphenyl)methanone (18b)

Yield 63%; H-NMR (CDCls) 6 8.18 (1H, s), 7.28 (1H, d, /= 2.2 Hz), 7.13 (1H, dd, /
=2.2, 8.4 Hz), 7.04 (2H, s), 6.85 (1H, d J= 8.4 Hz), 4.80 (2H, s), 3.95 (3H, s), 3.88 (3H,
s), 3.87 (6H, s), 2.83 (3H, s); IR (Nujol) cm™ 1649, 1567, 1535, 1501, 1492, 1461; MS
(APCI) m/z492 / 494 [M+H]*.
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[4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-(2-pyridylmethoxy)pyrimidin-5-
y1]-(8,4,5-trimethoxyphenyl)methanone (19a) D&k

2-t FEF U AFLEY P (68 mg, 0.63 mmo)DT hT7 b K77 (3 mL)IFEK
(ZkFEALT R U 7 425 mg, 0.63 mmol) ZNx, |IL T30 0L, ZnbEy
18a (45 mg, 0.094 mmol) D7 F T & K7 J (3 mLEEAZR F L. [FEIZT 1 K
BRI LT, BOSIREKICEE | BT /L T L7, FHE %2 KB L Otafigik T
NEVRGEE L, Bile) b U o AT, WIERME Lo, SOk E2 s V5 vh 7
Lrnm< 257 4— (CHCls : MeOH =50 : 1) TR L7211, Hifg=F L, A V7
RELT—=T L BRONF Y ZMANTH LZEERAZTERT 22 812K Y 19a (56
mg, quant.)Z HAEA L L TH72, mp 129 °C; TH-NMR (CDCls) § 9.46 (1H, brt), 8.58
(1H, s), 8.58 (1H, m), 7.70 (1H, dt, J= 1.8, 7.7 Hz), 7.49 (1H, d, J= 7.9 Hz), 7.31 (1H,
d, J=2.2 Hz), 7.21 (1H, m), 7.19 (1H, dd, /= 2.3, 8.3 Hz), 6.87 (1H, d, /= 8.4 H2),
6.84 (2H, s), 5.58 (2H, s), 4.66 (2H, d, J= 5.9 Hz), 3.93 (3H, s), 3.89 (3H, s), 3.89 (6H,
8); IR (Nujol) cm® 3325, 2924, 2854, 1623, 1592, 1459, 1431, 1321, 1132; MS (APCD
m/z 551 / 553 [M+H]*; Elementary analysis Calculated for CosH27ClaN4Os: C 61.04,
H 4.94, C16.43, N 10.17, Found: C 60.48, H 4.88, C1 6.62, N 9.99.

& 19b 1%, {bEY 19a & RBED HIEIZ LV &Rk LTz, IURB X OOHT— % %
PLFIZRT,

[4-[(8-Chloro-4-methoxyphenyl) methyl-methyl-amino]-2-(2-pyridylmethoxy)-

pyrimidin-5-y1]-(3,4,5-trimethoxyphenyl) methanone (19b)

Yield 82%; mp 154-157 °C; 'H-NMR (CDCls) § 8.51 (1H, ddd, /= 1.1, 1.8, 5.0 Hz),
8.29 (1H, s), 7.68 (1H, dt, J= 1.8, 7.9 Hz), 7.49 (1H, d, J= 7.9 Hz), 7.14-7.20 (1H, m),
7.14 (1H, d, J= 2.0 Hz), 7.07 (2H, s), 7.03 (1H, dd, J= 2.2, 8.4 Hz), 6.81 (1H, d, J=
8.4 Hz), 5.54 (2H, s), 4.77 (2H, s), 3.94 (3H, s), 3.88 (6H, s), 3.87 (3H, s), 2.79 (3H, s);
IR (Nujol) cm 1643, 1577, 1543, 1501, 1455, 1406; MS (APCI) m/z 565 / 567
[M+H]+; Elementary analysis Calculated for C29H29C12N4O¢: C 61.65, H 5.17, C1 6.27,
N 9.92, Found: C 61.12, H 5.05, C1 7.32, N 9.63.

[4-[(3-Chloro-4-methoxyphenyl) methoxy]-2-(2-pyridylmethoxy)pyrimidin-5-yl]-
(3,4,5-trimethoxyphenyl)methanone (19¢) D &A%

&% 17 (150 mg, 0.437 mmol), 3-7 B r-4-% hF X V7 )L 2—)(79 mg,
0.459 mmol), L TUT Tk Fr 77 @ mL)OREGWIIKE FAKELT MY v L%
Nz, [FEREZT 30 /R L7z, RIGIKIZ 2-8 R $ o A F L E Y (48 mg, 0.437
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mmol), KW TAFELT F VU 7 A8 mg, 0.437 mmol) ZhNZ., X512 30 i L=,

FOSIRIZAK &2 N2, BEfg—F /L CHitt L7z, AHE 2R L, 507kl z2 Y

HENERE 7 a~ 757 4 — (hexane : AcOEt =1: 1) THR+TA2ZLI1I2LD, 19
(52 mg, 22%) % [EH{A & L CH7-, mp 108-109 °C; 'H-NMR (CDCls) § 8.61-8.66 (1H, m),
8.52 (1H, s), 7.74 (1H, dt, J= 1.8, 7.8 Hz), 7.53 (1H, d, J= 7.8 Hz), 7.24-7.29 (1H, m),
7.20 (1H, d, J= 2.0 Hz), 7.09 (1H, dd, J= 2.0, 8.4 Hz), 6.99 (2H, s), 6.83 (1H, d, J=
8.4 Hz), 5.64 (2H, s), 5.32 (2H, s), 3.93 (3H, s), 3.88 (3H, s), 3.81 (6H, s); IR (Nujol)
cm’ 1656, 1583, 1554, 1503, 1425, 1331, 1261, 1221, 1127, 1065; MS (APCI) m/z 552
/ 554 [M+H]*; Elementary analysis Calculated for C2sH26CIN3sO7: C 60.93, H 4.75, Cl
6.42, N 7.61, Found: C 60.59, H 4.55, C1 6.46, N 7.49.

PDE BREEME DO RIE

PDE FEIEMEORIEIX T A 7 L ERIEIZ & W 1T 572,39 PDE (100 pL) ® 50 mM
Tris-HC1 (pH 8.0)iA#% % . 50 mM Tris-HC1 (pH 8.0). 12.5 mM Hfb~ 27 % v A,
10 mM 2-A V7 h=H ) —) BELO0.825 mg/mL 7V MET VT I Unbied
200 pL 7 v A RAEEIRIZINZ 72, 222 BHl-cGMP £ X OFEERH cGMP @ 50
mM Tris-HC1 (pH 8.0¥&#& % & Tr 200 pL DRRAEIR 2 N2 . SOLZ B Uiz, KGR
%37 CT30mMA ¥ =a—FL72%. 1.5 5H&EW L7z, kT 100 uL @ 1 mg/mL
ANEBRAR—I R A7 HTAT va s R)ZEINLT 37°C T 30 /MERIR L7,
500 pL D A & ) — )L ZEIN LS 2451 L7-1% 10, sk %Z Dowex 17 AZfitL7=
%, BWHKIZ 5 mL 0K FL—3 3 h 7T AEMiZ. LOQUID
SCINTILLATION ANALYZER (PACKARD #t# 2200CA) #H T, IWHENT-
[3H]-guanosine O SHTEM: % HIE L7,

v X RIS B 1T B shERVE A O llE

12~15 HEHOMEME NZW RS X4 iz, BRI, Ui 40 S e B I R 2R
RERMH L, fAEMESEERV RN, ESHN5mm OA MY v 7 EREER L, ER
1L 10 mL ORBRZNT- Lo~ 7 X AEIKN 1.6 g OFF IR Z )T TR L,
37£0.5 °C T 95%02,5%CO0z, IRA T A Z 5 L7 KB H T 60 70 ML EL S H T2,
120 mM KCl TIEARDWHMERIS A MR L, £D%, 5L 7 ==L 7 U VIR E VL
o SH. BefekRIC /e o721, BifA% 0.1, 1, 10, 100, 1000 pL & 30 43 FEIkE T RSN L
7oo BYEEEIZEBT AMFEDO K E 1T 100 pL /33 A K A ilfEE 100% & L CER
L7,
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B_EDOER

[4-[(3-Chloro-4-methoxyphenyDmethylamino]-2-[2-(2-pyridyl)ethoxylpyrimidin-5-
yl]-(8,4,5-trimethoxyphenyl)methanone (20) D& Ji%

2-t Ferf L oF L) (22 mg, 0.18 mmo)DT 7t K77 (1 mL)EK
(ZAKFEET Y 7 A5 mg, 0.133 mmol) Z 1%, = T 40 ofEHE L=, KISkITibs
¥ 18a (46 mg, 0.0951 mmo) D7 7t Ku 7 Z (2 mLIAKRZIMNA, BT 2 K
BRI U7, BOSRICKZ I %2, BTV Chhi 7o, BHE % /KB L Ofafi &k Tl
KUY L, BilgT N U O L THES, BUERNE L, oG a s U D717 A
sua~< 777 ¢— (CHCls : AcOEt =1 : 3) THfld 2 Z L2k v 20 (34 mg, 63%)
ZEAR L L T2, mp 112-114 °C; 'H-NMR (CDCls) § 9.46 (1H, brt), 8.57 (1H, m),
8.53 (1H, s), 7.62 (1H, dt, J= 1.8, 7.7 Hz), 7.40 (1H, d, J= 2.2 Hz), 7.26 (1H, m), 7.24
(1H, dd, J=2.2, 8.4 Hz), 7.15 (1H, ddd, J= 1.3, 4.9, 7.7 Hz), 6.88 (1H, d, /= 8.6 H2),
6.83 (2H, s), 4.78 (2H, t, J= 6.9 Hz), 4.71 (2H, d, J= 5.7 Hz), 3.92 (3H, s), 3.89 (3H, s),
3.98 (6H, s), 3.29 (2H, t, J= 6.9 Hz); IR (Nujol) cm! 3280, 1631; MS (APCI) m/z 565/
567 [M+H]*; Elementary analysis Calculated for C29H29CIN4Os: C 61.65, H 5.17, Cl
6.27, N 9.92, Found: C 61.00, H 5.00, N 9.66.

{Lat 21-24 1%, (LAY 20 & RBEO IR L 0 AR Lis, IS L U5 HF— ¥
2 UL FIR T,

[4-[(3-Chloro-4-methoxyphenyDmethylaminol-2-[3-(2-pyridyDpropoxylpyrimidin-5-y
1]-(3.4,5-trimethoxyphenyl)methanone (21)

Yield 85%; mp 98 °C; 'H-NMR (CDCls) § 9.46 (1H, brt), 8.54 (1H, s), 8.53 (1H, m),
7.59 (1H, dt, /= 1.8, 7.7 Hz), 7.38 (1H, d, J= 2.2 Hz), 7.22 (1H, dd, J= 2.3, 8.2 Hz),
7.18 (1H, d, /= 7.9 Hz), 7.11 (1H, ddd, J= 1.1, 4.9, 7.5 Hz), 6.89 (1H, d, /= 8.6 Hz),
(1H, s), 6.84 (2H, s), 4.68 (2H, d, J= 5.9 H2), 4.55 (2H, t, J = 6.5 Hz), 3.92 (3H, s),
3.89 (3H, s), 3.98 (6H, s), 2.98 (2H, m), 2.26 (2H, m); IR (Nujol) cm™ 3305, 1618; MS
(APCI) m/z 579 / 581 [M+H]*; Elementary analysis Calculated for C3oHs1CIN4Os: C
62.23, H 5.40, C1 6.12, N 9.68, Found: C 61.78, H 5.27, N 9.49.

[2-Benzyloxy-4-[(3-chloro-4-methoxyphenyl) methylamino]pyrimidin-5-yl1]-(3,4,5-

trimethoxyphenyl)methanone (22)

Yield 75%; mp 129 °C; 'H-NMR (CDCls) 6§ 9.46 (1H, brt), 8.56 (1H, s), 7.47-7.42
(6H, m), 7.20 (1H, dd, J= 2.2, 8.4 Hz), 6.89 (1H, d, /= 8.4 Hz), 6.83 (2H, s), 5.45 (2H,
s), 4.71 (2H, d, J= 5.9 Hz), 3.92 (3H, s), 3.90 (3H, s), 3.88 (6H, s); IR (Nujol) cm!
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1621; MS (APCI) m/z 550 / 552 [M+H]* Elementary analysis Calculated for
C29H23CIN3O¢: C 63.33, H 5.13, Cl 6.45, N 7.64, Found: C 62.86, H 4.96, Cl 7.97, N
7.54.

[4-[(38-Chloro-4-methoxyphenyl) methylamino]-2-(pyrimidin-2-ylmethoxy)-

pyrimidin-5-y1]-(3,4,5-trimethoxyphenyl)methanone (23)

Yield 83%; mp 169-170 °C; 'H-NMR (CDCls) § 9.40 (1H, brt), 8.69 (2H, d, J= 4.9
Hz), 8.58 (1H, s), 7.19 (1H, d, J= 2.2 Hz), 7.15 (1H, t, J= 4.9 Hz), 7.12 (1H, dd, J=
2.2, 8.4 Hz), 6.85 (1H, d, J= 9.0 Hz), 6.83 (2H, s), 5.64 (2H, s), 4.57 (2H, d, J= 5.9
Hz), 3.92 (3H, s), 3.89 (3H, s), 3.88 (6H, s); IR (Nujol) cm™ 1615; MS (APCI) m/z 552 /
554 [M+H]* Elementary analysis Calculated for C27H26CIN506: C 58.75, H 4.75, Cl
6.42, N 12.69, Found: C 58.29, H 4.69, N 12.23.

[4-[(3-Cloro-4-methoxyphenyl)methylamino]-2-(2-furylmethoxy)pyrimidin-5-yl]-
(3.4,5-trimethoxyphenyl)methanone (24)

Yield 72%; mp 130-132 °C; 'H-NMR (CDCls) § 9.47 (1H, brt),8.56 (1H, s), 7.43 (1H,
dd, J=0.92, 1.8 Hz), 7.40 (1H, d, /= 8.4 Hz), 7.24 (1H, dd, J= 2.3, 8.3 Hz), 6.91 (1H,
d, J= 8.4 Hz), 6.84 (2H, s), 6.43 (1H, d, J= 3.3 Hz), 6.36 (1H, dd, J= 1.9, 3.2 Ha2),
5.40 (2H, s), 4.75(1H, d, /= 5.7 Hz), 3.93 (3H, s), 3.90 (3H, s), 3.89 (6H, s); IR (Nujol)
cm! 3310, 1622, 1581, 1563, 1462, 1377, 1339; MS (APCI) m/z 540 / 542 [M+H]*
Elementary analysis Calculated for C27H26CINsO7: C 60.06, H 4.85, Cl1 6.57, N 7.78,
Found: C 59.88, H 4.75, N 7.33.

[4-[(3-Chloro-4-methoxyphenylDmethylaminol-2-(2-hydroxyethoxy)pyrimidin-5-yl]-
(3.4,5-trimethoxyphenyl)methanone (25)

Yield 66%; mp 175-176 °C; 'H-NMR (CDCls) § 9.47 (1H, brt),8.54 (1H, s), 7.40 (1H,
d, J=2.2 Hz), 7.24 (1H, dd, J= 2.3, 8.3 Hz), 6.91 (1H, d, /= 8.4 Hz), 6.84 (2H, s),
4.70 (2H, d, J = 5.9 Hz), 4.53 (2H, m), 3.97 (2H, m), 3.93 (3H, s), 3.90 (3H, s), 3.89
(6H, s), 2.57 (1H, t, J = 6.2 Hz); IR (Nujol) cm™! 3400, 3299, 1617; MS (APCI) m/z 504
/ 506 [M+H]*; Elementary analysis Calculated for C24H26CINsO7: C 57.20, H 5.20, Cl
7.03, N 8.43, Found: C 56.69, H 5.05, N 8.21.

[4-[(3-Chloro-4-methoxyphenyl) methylamino]-2-[2-methoxyethyl(methyl)amino]-
pyrimidin-5-yl1]-(3,4,5-trimethoxyphenyl)methanone (26) D £k

{tE&% 18a (96 mg, 0.20 mmol)Z NN AF /AL LT I K2 mL)ICHEM L.
N-(2-methoxyethyl)methylamine (100 mg, 1.12 mmol) % Il 2 iR CTHRA&IRHE L=, K
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JEHRIZK Z N A, HEER—F /)L CHIE U 7o, AR %2 /K3 KL OB & /K TIERBEA L.
WiEg 7T R YU U N TR R Lo, SOk EZ S Y ATV T A a~v N7
77 4— (CHCls — CHCIs : MeOH = 99 : 1) CHHL L7=t812, FER=F L, BL O~
XYM L ERZRET 5 Z &2k 26 (108 mg, quant.)Z AR E L
TH3#7z, mp 121-123 °C; 'H-NMR (CDCls) § 9.47 (1H, brt), 8.3-8.5 (1H, brs X 2),
7.3-7.5 (1H, m), 7.1-7.3 (1H, m), 6.88 (1H, d, J= 8.0 Hz), 6.79 (2H, s X 2), 4.6-4.8 (2H,
m), 3.90 (3H, s), 3.89 (6H, s), 3.88 (3H, s), 3.7-4.0 (2H, m), 3.4-3.7 (2H, m), 3.33 (3H,
sX2), 3.25 (3H, sx2); IR (Nujol) cm? 1590; MS (APCI) m/z 531 / 533 [M+HI*
Elementary analysis Calculated for C26H31CIN4Oe: C 58.81, H 5.88, C1 6.68, N 10.55,
Found: C 58.33, H 5.82, C1 6.89, N 10.30.

(L&Y 27-32 1%, {bEW 26 & FEED HIEIC L VAR LT, KRB X OOHT —4%
8% W N NPT B

[4-[(38-Chloro-4-methoxyphenyl) methylamino]-2-[2-hydroxyethyl(methyl)amino]-

pyrimidin-5-v1]-(3.4.5-trimethoxyphenyl)methanone (27)

Yield 85%; mp 166-168 °C; 'H-NMR (CDCls) § 9.4-9.6 (1H, m), 8.22-8.26 (1H, s X 2),
7.43-7.48 (1H, dX 2, J= 2.0 Hz), 7.2-7.4 (1H, m), .7.11 (1H, d X2, J = 8.0 Hz), 6.83
(2H, s X 2), 4.70 (1H, m), 4.61 (2H, m), 3.83 (3H, s), 3.80 (6H, s), 3.73 (3H, s), 3.5-3.8
(4H, m), 3.18-3.20 (3H, s X 2); IR (Nujol) cm™ 1607; MS (APCID) m/z517 /519 [M+H]*.

[4-[(3-Chloro-4-methoxyphenylDmethylaminol-2-(1-piperidyDpyrimidin-5-y1l-(3.4.5-t
rimethoxyphenyl)methanone (28)

Yield quant.; mp 142-143 °C; '"H-NMR (CDCls) § 9.47 (1H, brt),8.38 (1H, s), 7.43
(1H, d, J=2.2 Hz), 7.24 (1H, dd, J= 2.2, 8.4 Hz), 6.89 (1H, d, /= 8.4 Hz), 6.79 (2H, s),
4.64 (2H, d, J = 5.9 Hz), 3.89 (6H, s), 3.88 (6H, s), 3.85 (4H, m), 3.88 (6H, s),
1.52-1.73 (6H, m); IR (Nujol) cm™ 3322, 2924, 2853, 1589, 1528, 1459, 1257, 1230,
1129; MS (APCID) m/z 527 / 529 [M+HI]* Elementary analysis Calculated for
C27H31CIN4Os: C 61.53, H 5.93, C1 6.73, N 10.63, Found: C 61.74, H 5.98, C1 6.85, N
9.99.

[4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-morpholino-pyrimidin-5-yl1]-(3,4,5-t
rimethoxyphenyl)methanone (29)

Yield 91%; mp 176-177 °C; '"H-NMR (CDCls) § 9.49 (1H, brt),8.39 (1H, s), 7.40 (1H,
d, J=2.2 Hz), 7.22 (1H, dd, J= 2.2, 8.4 Hz), 6.89 (1H, d, /= 8.4 Hz), 6.80 (2H, s),
4.64 (2H, d, J=5.9 Hz), 3.9 (4H, m), 3.90 (3H, s), 3.89 (3H, s), 3.88 (6H, s), 3.74 (4H,
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m); IR (Nujol) ecm™ 3307, 1609; MS (APCI) m/z 529 / 531 [M+HI]* Elementary
analysis Calculated for C26H29CIN4Os: C 59.03, H 5.53, C1 6.70, N 10.59, Found: C
58.93, H 5.37, N 10.42.

[4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[2-(hydroxymethyl) morpholin-4-
vllpyrimidin-5-y1]-(3,4,5-trimethoxyphenylDmethanone (30)

Yield 83%; mp 175-176 °C; 'H-NMR (CDCls) § 9.50 (1H, brt),8.39 (1H, s), 7.40 (1H,
d, J=2.2 Hz), 7.22 (1H, dd, J= 2.2, 8.4 Hz), 6.90 (1H, d, /= 8.6 Hz), 4,6-4.7 (4H, m),
4.02 (1H, m), 3.90 (6H, s), 3.88 (6H, s), 3.5-3.8 (4H, m), 2.95-3.13 (2H, m), 1.96 (1H,
dd, J = 5.8, 6.6 Hz); IR (Nujol) cm™® 3520, 1602; MS (APCI) m/z 559 / 561 [M+H]*;
Elementary analysis Calculated for C27H31CIN4O7: C 58.01, H 5.59, C1 6.34, N 10.02,
Found: C 57.59, H 5.32, C1 6.48, N 9.75.

[4-[(8-Chloro-4-methoxyphenyl) methylamino]-2-(4-methylpiperazin-1-yl)-

pyrimidin-5-y1]-(3,4,5-trimethoxyphenyl) methanone (31)

Yield 79%; mp 155-156 °C; "H-NMR (CDCls) § 9.48 (1H, brt),8.38 (1H, s), 7.41 (1H,
d, J=2.2 Hz), 7.23 (1H, dd, J= 2.2, 8.4 Hz), 6.89 (1H, d, J= 8.4 Hz), 6.79 (2H, s),
4.64 (2H, d, J= 5.7 Hz), 3.96 (4H, m) 3.90 (3H, s), 3.89 (3H, s), 3.88 (6H, s), 2.39 (4H,
m), 2.37 (38H, s); IR (Nujol) ecm™ 3261, 1600; MS (APCI) m/z 542 / 544 [M+H]*
Elementary analysis Calculated for C27H32CIN505: C 59.83, H 5.95, C1 6.54, N 12.92,
Found: C 59.26, H 5.79, N 12.61.

[4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-(8,4-dihydro-1H-isoquinolin-2-
yvDpyrimidin-5-y1]-(3,4,5-trimethoxyphenyl) methanone (32)

Yield 86%; mp 123-124 °C; 'H-NMR (CDCls) § 9.50 (1H, brt),8.43 (1H, s), 7.45(1H,
m), 7.23-7.30 (1H, m), 7.17-7.23 (4H, m), 6.90 (1H, d, J = 8.4 Hz), 6.80 (2H, s), 5.0
(2H, brd), 4.69 (2H, d, J= 5.9 Hz), 4.1 (2H, m), 3.90 (3H, s), 3.89 (3H, ), 3.88 (6H, s),
2.92 (2H, m); IR (Nujol) cm™ 3310, 2924, 2854, 1598, 1463; MS (APCI) m/z 575/ 577
[M+H]+; Elementary analysis Calculated for Cs1H31CIN4Os: C 64.75, H 5.43, C1 6.16,
N 9.74, Found: C 64.49, H 5.33, N 9.62.

Ethyl 4-[(3-chloro-4-methoxyphenyl) methylamino]-2-methylsulfanyl-pyrimidine-5-
Carboxylate (34) DEhk

4-7mna-22-AFNLFA-E) I V-5 F AT 38 (1.00 g, 4.30 mmol) &
NNV AFNFENLT I RA2mIZEMFE L, -7 rr-4- A hF X217 2 (810
mg, 4.73 mmol), BEL UK U =F /L7 2 2(0.66 mL, 4.73 mmoD) Z Nz, ZiR T 4 FfH
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BidR Lo, ROSIRIC 10%- 27 = 2 Bk iR 2 I % il — 7L CHi L=, AHE %Ki
F ORI K CIER S L, WiligT U o A Crzlts, WIERME L7, 15 Dok
VN T A a~ 7T 7 ¢— (hexane : AcOEt=5: 1) THEIT 5 Lick
v 84 (1.58 g, quant.) Z[EH A L L TH7~, mp 82-83 °C; 'H-NMR (CDCls) § 8.65 (1H,
m), 8.53-8.62 (1H, m), 7.35 (1H, d, J= 2.2 Hz), 7.19 (1H, dd, J= 2.2, 8.4 Hz), 6.88
(1H, d, J= 8.4Hz), 4.67 (2H, d, J= 5.7 Hz), 4.32 (2H, q, J= 7.1 Hz), 3.89 (3H, s), 2.50
(3H, s), 1.37 (8H, t, J = 7.1 Hz) ; IR (Nujol) cm™ 3341, 1688, 1682, 1580, 1570, 1503;
MS (APCI) m/z 368/ 370 [M+H]*.

Ethyl 4-[(3-chloro-4-methoxyphenyl) methylamino]-2-(2-pyridylmethoxy)-
pyrimidine-5-carboxylate (35). 2-Pyridylmethyl 4-[(3-chloro-4-methoxyphenyl)-
methylamino]-2-(2-pyridylmethoxy)pyrimidine-5-carboxylate (44a). ¥ L % Ethyl

4-[(3-chloro-4-methoxyphenyl) methylamino]-2-hydroxy-pyrimidine-5-carboxylate
(45) DE Rk

it&% 34 (5.00 g, 13.6 mmoD % 7 7 kL A (B0 mL)ICEM L. KET.
80%-mCPBA (3.23g, 15.0 mmol) ® 7 & 7k /L 4 (45 mL)IRIK & 25 537 T F L7,
[FRIZ T 45 M Lo, RISIRICEREE KE ML, 7 ea kR A THE LK,
HHEE 2 A K CHR %, Wil Y U ACHE L, W2 ERE T2 2 Lick
D AR (5.64 0252, 2D H490g 2T FTt K75 (25 mI)IZIEME L.
2-t ¥ AF/LE Y 0 (1.46 g, 13.4 mmoLl), /KFEF VU 7 A(21 mg, 13.1
mmol), 5L T b7 & K77 (20 mL)ZKE T 20 o fi#R3 2 2 &12 L 0 BIEFasE
LIzt z . KB T T Uiz, BREICT 1RRIBHEE L2 %IS, RSIRIC 10%- 27 = B8
IR 2 N 2 Wl — /L CHIE U7e, ARERE £ /K36 K O & K TR e L | fiife
TR U U A THIRSG, WIEIEME LTz, o EEEs s Vs o hra~< N 7o 7
+4— (CHCls: AcOEt =2 :1— 3:2, then, CHCls: MeOH =10: 1), &R\CTNH->'V
HFNHT AT a~< 7T 74— (CHCIs : AcOEt = 10 : 1, then, CHCls : MeOH =
10: DTS Z L0k v 85(2.25 g, 37%) Ak AkiA L LT, 44a (234 mg, 4%)
ZIEAER L LT, 45 (2.06 g, 43%) & MEAE (K & L CH57=, 85 TH-NMR (CDCls) § 8.77
(1H, ), 8.60 (1H, t-like, J= 5.7 Hz), 8.55 (1H, ddd, /= 0.9, 1.7, 4.8 Hz), 7.67 (1H, dt,
J=1.8,7.7Hz), 7.46 (1H, d, J= 7.9 Hz), 7.25 (1H, d, J= 2.2 Hz), 7.16-7.22 (1H, m),
7.13 (1H, dd, J= 2.2, 8.4 Hz), 6.85 (1H, d, J= 8.4 Hz), 5.54 (2H, s), 4.60 (2H, d, J =
5.9 Hz), 4.31 (2H, q, J= 7.1 Hz), 3.88 (3H, s), 1.36 (3H, t, /= 7.1 Hz); IR (Nujol) cm™
3337, 1685, 1591, 1502, 1451, 1440, 1421; MS (APCI) m/z 429 / 431 [M+H]*. 44a
TH-NMR (CDCls) & 8.88 (1H, s), 8.54-8.61 (3H, m), 7.72 (1H, d, J= 7.7 Hz), 7.65 (1H,
dt, J=1.8, 7.7 Hz), 7.46 (1H, d, J= 7.9 Hz), 7.39 (1H, d, J= 7.9 Hz), 7.25 (1H, d, J=
2.2 Hz), 7.16-7.28 (2H, m),7.13 (1H, dd, J=2.2, 8.4 Hz), 6.84 (1H, d, J= 8.4 Hz), 5.55
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(2H, s), 5.42 (2H, s), 4.60 (2H, d, J= 5.9 Hz), 3.88 (3H, s); IR (Nujol) cm! 3336, 1691,
1587, 1503, 1477, 1457, 1429; MS (APCD m/z 492 / 494 [M+H]*; Elementary
analysis Calculated for C2sH22CIN504: C 61.04, H 4.51, C1 7.21, N 14.24, Found: C
60.43, H 4.59, Cl1 7.54, N 13.68. 45 'H-NMR (CDCls) § 12.57 (1H, brs), 8.73 (1H, t, J
= 7.7 Hz), 8.25 (1H, s), 7.36 (1H, d, J= 2.2 Hz), 7.23 (1H, dd, J= 2.2, 8.4 Hz), 6.89
(1H, d, J=8.4 Hz), 4.68 (2H, d, J=5.7 Hz), 4.27 (2H, q, J= 7.1 Hz), 3.89 (3H, s), 1.33
(3H, t, J = 7.1 Hz); IR (Nujol) cm™ 3345, 3322, 3077, 1677, 1637, 1623, 1572, 1501;
MS (APCI m/z 338/ 340 [M+H]*; Elementary analysis Calculated for Ci15H16CIN3O4:
C 53.34, H 4.77, C110.50 N 12.44, Found: C 53.42, H 4.85, C1 10.55, N 11.79.

Ethyl 4-[(3-chloro-4-methoxyphenyl) methylamino]-2-methylsulfonyl-pyrimidine-5-
Carboxylate (46) D5k

ft&% 84 (300 mg, 0.816 mmoD) % 7 7 1A /L A5 mI)IZIEME L., Ko T,
80%-mCPBA (475, 2.20 mmol) D 7 & 1 7L A6 mL)IEIE % 25 537N Tl F L7z, =
IRACC 7 REEE R L2t ROGIRICERRIEE K 2%, 7 m e AV ATl L7z, ARk
J& & N A K T % . Biie T N Y U A TR L, WA IERE R L, B HNT-5E
WE VTSN T L a~ 7T 7 ¢— (hexane : AcOEt =3:1 — 3: 2) CHHl9
HZEIZX, 46 (133 mg, 41%) & HApEK & L C457=, H-NMR (CDCls) § 8.81 (1H,
s), 8.75-8.84 (1H, m), 7.36 (1H, d, J= 2.2 Hz), 7.23 (1H, dd, J= 2.2, 8.4 Hz), 6.90 (1H,
d, J=8.4 Hz), 4.64 2H, d, J=5.7 Hz), 4.36 (2H, q, J= 7.1 Hz), 3.89 (3H, s), 3.45 (3H,
s), 1.38 (3H, t, J = 7.1 Hz); IR (Nujol) cm™ 3320, 1753, 1697, 1639, 1627, 1565, 1503;
MS (APCI) m/z 416/ 418 [M+H]".

iR ObAEY 85 12O\ TIL, AFOHFETHARMR LT,

Ethyl 4-[(3-chloro-4-methoxyphenylmethylaminol-2-(2-pyridylmethoxy)-
pyrimidine-5-carboxylate (35) D&k

2-t FEX U EY Y(32 mg, 0.295 mmo) DT 7t Ku 77 (2.5 mLIAEKIZ,
KFET H U U A(12 mg, 0.295 mmol) A Mz, = T 5 H##E Lz, FOSKIALEDY
46 (118 mg, 0.295 mmo) D7 F 7 & Ku 7 7 (2.5 mLEE A M %, [FHEIZT 30 /04
FRU 7o, BROSHRIZ 10%- 7 = U FR/KEE IR 2 N 2 iR — L CHiltH L7, AR 27k 36 &
O &K CNER Y L., BifgT N U U A CHplte | BIERNE L7z, Bohio kit
VUGN T A aw 7T 74— (CHCls: AcOEt=4:1— 1:2) TR L2 &
IZXL Y 85(1.06 mg, 84%) % MEfE LA & L CTHT-,

4-[(8-Chloro-4-methoxyphenyl) methylamino]-2-(2-pyridylmethoxy)pyrimidine-5-
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carboxylic acid (47) D&k

fb&% 85 (100 mg, 0.233 mmol) Z =% / —/L(2 mL)H L OVK@ mLIZ#E L=, =
AT 2NKEEIL T B U o7 A 7KIE%(0.17 mL, 0.350 mmol) Z %, =i T 1 BFRIF L
T2 BORRIZ T4 7 —(2 mL), /K2 mL)3 KO 2NKEER(LT R U o AKEH(0. 3 4
mL, 0.700 mmol) % 1 X [FRIC T 4 REfEHEHR L7z, BROSIRIC 10%- 27 = U oK iR 2 N
ATCHRL, =% ) —VEBERE L, MR UICLERZIER L, KTHET L2 212
£V, 47 (76 mg, 81%) % AtaEA L L TH7=, mp 202-205 °C; 'H-NMR (DMSO-ds) &
12.8-13.3 (1H, br), 8.89 (1H, t, J = 5.9 Hz), 8.61 (1H, s), 8.54 (1H, ddd, J= 0.9, 1.8,
4.9 Hz), 7.77 (1H, dt, J= 1.8, 7.7 Hz), 7.29-7.38 (3H, m), 7.22 (1H, dd, J= 8.4, 2.2 Hz),
7.04 (1H, d, J= 8.6 Hz), 5.42 (1H, s), 4.55 (2H, d, J= 6.1 Hz), 3.82 (3H, s); IR (Nujol)
cm’! 3296, 1663, 1595, 1505, 1462, 1443; MS (ESI) m/z 399/ 401 [M-H].

4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-(2-pyridylmethoxy)- N-(pyrimidin-2-
ylmethyDpyrimidine-5-carboxamide (44d) D& A%

{b&% 47 (150 mg, 0.374 mmol), 2-7 2 / AF /L E U 2 ¥ (61 mg, 0.561 mmol).,
B X HOBt (66 mg, 0.486 mmol) > N,N-¥ A F LRV LT 2 R(E mIIEKIZ, K
T EDC (93 mg, 0.486 mmol) Z /1 %2, =i £ THA ICHFIR LA bR HEE LT, K
SR BN E K A N %, BEE =T L CHIM U7e, AE & fafn ik Coivets, hilg
TR U LTHEEL, WHAZMTERE L, BonEEcy=F Lo —T LB IO
AV TN —T N ENZ N LB R 2 2 L1280 | 44d (159 mg, 86%)
Z B AER L L TH 7, mp 133-136 °C; 'H-NMR (CDCls) § 9.16 (1H, brt), 8.75 (2H, d,
J=5.0 Hz), 8.55-8.57 (1H, m), 8.54 (1H, s), 7.67 (1H, dt, J= 1.8, 7.7 Hz), 7.51 (1H,
m), 7.46 (1H, d, J= 7.9 Hz), 7.24-7.28 (2H, m), 7.17-7.21 (1H, m), 7.14 (1H, dd, J=
2.2,8.4Hz), 6.83 (1H, d, J= 8.4 Hz), 5.54 (2H, s), 4.81 (2H, d, J= 4.4 Hz), 4.58 (2H, d,
J=5.9 Hz), 3.88 (3H, s); IR (Nujol) cm™ 3413, 3270, 2923, 2853, 1655, 1600, 1586,
1571, 1563, 1515, 1504; MS (APCI) m/z 492 / 494 [M+H]* Elementary analysis
Calculated for C24H22CIN7Os: C 58.60, H 4.51, C1 7.21 N 19.93, Found: C 58.45, H
4.54, C17.18, N 19.43.

L&Y 44b, B L 44e-j 13, (LAWY 44d ERBEDO FIEIC XV ARk LTZ, KRB X
O — % % LL FITRT,

Pyrimidin-2-ylmethyl 4-[(3-chloro-4-methoxyphenyl) methylamino]-2-(2-

pyridylmethoxy)pyrimidine-5-carboxylate (44b)
Yield 49%; mp 137-139 °C; 'H-NMR (CDCls) § 8.93 (1H, s), 8.71 (1H, d, J= 4.8 Hz),
8.54-8.56 (IH, m), 7.68 (lH, dt, J=1.8, 7.9 HZ), 7.47 (1H, d, J="7.7 HZ), 7.17-7.27
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(3H, m), 7.13 (1H, dd, J= 2.2, 8.4 Hz), 6.83 (1H, d, /= 8.4 Hz), 5.55 (2H, s), 5.51 (2H,
s), 4.60 (2H, d, J=5.9 Hz), 3.88 (3H, s); IR (Nujol) cm™* 2922, 2853, 1687, 1603, 1587,
1566, 1504; MS (APCID) m/z 493 / 495 [M+H]*; Elementary analysis Calculated for
C24H21CIN6sO4: C 58.48, H 4.29, C1 7.19, N 17.05, Found: C 57.93, H 4.16, Cl 7.45, N
16.66.

4-[(38-Chloro-4-methoxyphenyl) methylamino]- MV-methyl-2-(2-pyridylmethoxy)- N-(2-
pyridylmethyl)pyrimidine-5-carboxamide (44e)

1H-NMR (CDCls) § 8.53-8.56 (1H, m), 8.24 (1H, m), 8.21 (1H, s), 7.64-7.70 (1H, m),
7.47 (1H, d, J= 7.9 Hz), 7.27 (1H, m), 7.14-7.24 (4H, m), 6.83 (1H, d, J = 8.4 Hz),
5.51 (2H,s), 4.81 (2H, s), 4.60 (2H, d, J= 5.9 Hz), 3.88 (3H, s), 3.06 (3H, s); IR (Neat
+ CHCls) em™ 3145, 3011, 2930, 2838, 1629, 1591, 1501; MS (APCI) m/z 505 / 507
[M+H]*.

4-[(3-Chloro-4-methoxyphenyl)methylamino]- V-(3-methoxypropyl)-2-(2-

pyridylmethoxy)pyrimidine-5-carboxamide (44f)

Yield 72%; mp 158-159 °C; 'H-NMR (CDCls) § 9.22 (1H, brt), 8.55 (1H, m), 8.25
(1H, s), 7.67 (1H, dt, J= 1.8, 7.7 Hz), 7.46 (1H, d, J= 7.9 Hz), 7.26 (1H, d, J= 2.2 Hz),
7.18 (1H, m), 7.14 (1H, dd, J= 2.2, 8.4 Hz), 7.03 (1H, brt), 6.83 (1H, d, /= 8.4 Hz),
5.52 (2H, s), 4.56 (2H, d, J= 5.9 Hz), 3.87 (3H, s), 3.57 (2H, t, J= 5.5 Hz), 3.49 (2H,
m), 3.39 (3H, s), 1.86 (2H, m); IR (Nujol) cm™ 3270, 2924, 2853, 1637, 1595, 1456;
MS (APCI) m/z493 / 495 [M+H]*; Elementary analysis Calculated for C2sH26CIN5O4:
C 58.54, H 5.55, C1 7.51, N 14.84, Found: C 58.37, H 5.42, C1 7.58, N 14.65.

4-[(3-Chloro-4-methoxyphenyl)methylamino]- AV-(2-morpholinoethyl)-2-(2-

pyridylmethoxy)pyrimidine-5-carboxamide (44g)

Yield 65%; 'TH-NMR (CDCls) § 9.13 (1H, brt), 8.55-8.56 (1H, m), 8.32 (1H, s), 7.67
(1H, dt, J=1.8, 7.7 Hz), 7.45 (1H, d, J= 8.1 Hz), 7.26-7.27 (1H, m), 7.19 (1H, dd, J=
5.9, 7.3 Hz), 7.14 (1H, dd, J= 2.2, 8.4 Hz), 6.83 (1H, d, J= 8.4 Hz), 6.74 (1H, br), 5.53
(2H, ), 4.57 (2H, t, J= 5.9 Hz), 3.88 (3H, s), 3.72 (4H, t, J = 4.6 Hz), 3.45 (2H, m),
2.58 (2H, t, J= 6.0 Hz), 2.49 (4H, t, J = 4.4 Hz); IR (Nujol) cm™! 3280, 3062, 2947,
2853, 2811, 1638, 1587, 1544, 1502; MS (APCI) m/z 513 / 515 [M+H]* Elementary
analysis Calculated for C2sH29CINeO4: C 58.53, H 5.70, Cl 6.91, N 16.38, Found: C
57.91, H 5.67, C1 7.09, N 16.10.

4-[(3-Chloro-4-methoxyphenyl) methylamino]- N-(3-hydroxypropyl)-2-(2-
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pyridylmethoxy)pyrimidine-5-carboxamide (44h)

Yield 93%; mp 155-156 °C; 'H-NMR (CDCls) § 9.18 (1H, brt), 8.55 (1H, m), 8.32
(1H, s), 7.66 (1H, dt, J= 1.8, 7.8 Hz), 7.42 (1H, d, J= 7.8 Hz), 7.25 (1H, d, J= 2.2 Hz),
7.19 (2H, m), 7.13 (1H, dd, J= 2.2, 8.4 Hz), 6.83 (1H, d, /= 8.4 Hz), 5.50 (2H, s), 4.56
(2H, d, J= 5.9 Hz), 3.88 (3H, s), 3.78 (2H, m), 3.55 (2H, m), 3.33 (3H, brs), 1.79 (2H,
m); IR (Nujol) cm® 3336, 3265, 1647, 1595, 1459, 1425, 1304, 1283, 1259, 1231,
1047; MS (APCI) m/z 458 / 460 [M+H]* Elementary analysis Calculated for
C22H24CIN5O4: C 57.71, H 5.28, C1 7.74, N 15.29, Found: C 57.22, , H 5.25, C1 8.05, N
15.09.

4-[(8-Chloro-4-methoxyphenyl) methylamino]- V-(4-hydroxybutyl)-2-(2-
pyridylmethoxy)pyrimidine-5-carboxamide (44i)

Yield 91%; mp 124-125 °C; 'H-NMR (CDCls) § 9.30 (1H, brt), 8.54 (1H, m), 8.41
(1H, s), 7.65 (1H, dt, J= 1.8, 7.8 Hz), 7.54 (1H, m), 7.39 (1H, d, J= 7.8 Hz), 7.24 (1H,
d, J=2.2Hz), 7.19 (2H, m), 7.12 (1H, dd, /= 2.2, 8.4 Hz), 6.83 (1H, d, J = 8.4 Hy),
5.50 (2H, s), 4.55 (2H, d, /= 5.9 Hz), 3.87 (3H, s), 3.72 (2H, m), 3.39 (2H, m), 3.02
(1H, br), 1.60-1.78 (4H, m); IR (Nujol) cm™* 3278, 1646,1587, 1549, 1507, 1455, 1427,
1376, 1301, 1282, 1264, 1212, 1064, 1015, MS (APCD) m/z 472 / 474 [M+HI]*
Elementary analysis Calculated for C23H26CIN504: C 58.54, H 5.55, C1 7.51, N 14.84,
Found: C 57.78, H 5.64, C17.11, N 13.95.

4-[(3-Chloro-4-methoxyphenyl)methylamino]- V-(¢rans-4-hydroxycyclohexyl)-2-(2-py

ridylmethoxy)pyrimidine-5-carboxamide (44j)

Yield 93%; 'H-NMR (CDCls) 6 9.09 (1H, t, J= 5.9 Hz), 8.53-8.57 (1H, m), 7.67 (1H,
dt, J=1.8, 7.8 Hz), 7.43 (1H, d, J= 7.8 Hz), 7.26 (1H, d, J= 2.4 Hz), 7.16-7.22 (1H,
m), 7.14 (1H, dd, J= 2.4, 8.4 Hz), 6.84 (1H, d, /= 8.4 Hz), 5.80 (1H, d, J= 7.3 Hz),
5.52 (2H, s), 4.55 (2H, d, J= 5.9 Hz), 3.88 (3H, s), 3.78-3.88 (1H, m), 3.58-3.70 (1H,
m), 1.97-2.13 (4H, m), 1.20-1.52 (5H, m); IR (Nujol) cm™ 3260, 1631, 1585, 1501,
1422, 1307, 1257, 1209, 1063; MS (APCI) m/z 498 / 500 [M+H]*.

4-[(8-Chloro-4-methoxyphenyl) methylamino]-2-(2-pyridylmethoxy)- N-(2-

pyridylmethyDpyrimidine-5-carboxamide (44c)

&% 47 (100 mg, 0.249 mmo) &7 mu A X (3.5 mIZME L, LT 4=
(0.02 mL)ZMA 7=, ST 1R R Lotk SOSI 2 BRI LTz, 15 D77kl
Zyrnun AL (8 mI)NIRRE L., fafEE K@ mL) 22 iR CTHM L <R L7z, K
JSHRIZ 2-7 2 7 AFILE Y 2 2(85 mg, 0.797 mmol) Z A1 2 [FHEIC T 4 BEEHEER L=,
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AHJE Z o BE L. KIS K OMaR &K TR Y. RO Thelg )~ b U o ATk L 72 4%
2, WA IR E L, BonEREE VSNV T A a~w NI T T 4 —
(CHCls — CHCls : MeOH = 25 : D TR L72#12, Y F Nz —FT L& MIMNH L
BERZIEET 5 2 &1LV 44c (23 mg, 19%) % AAEA L L CTHE7-, mp 100-102 °C;
H-NMR (CDCls) § 9.16 (1H, brt), 8.55-8.57 (2H, m), 8.51 (1H, s), 7.60-7.65 (1H, m),
7.46 (1H, d, J= 8.9 Hz), 7.13-7.30 (5H, m), (1H, d, J= 8.9 Hz), 6.84 (1H, d, /= 8.2
Hz), 6.68 (1H, m), 5.53 (2H, s), 4.66 (1H, d, J=8.2 Hz), 4.57 (2H, d, J= 5.9 Hz), 3.88
(3H, s); IR (Nujol) cm™® 3260, 2953, 2924, 2853, 2725, 1644, 1585, 1571, 1537, 1503;
MS (APCI) m/z 491 / 493 [M+H]*.

[4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-(2-pyridylmethoxy)pyrimidin-5-
vl]-(4-hydroxy-1-piperidyl) methanone (44k)

&% 47 (51 mg, 0.127 mmol)Z Y7 v A % (5 mI)IZiR#E L., HikF 4 =100
)2 M&Te, |IRT 1 RERBER Lot BOGIRZ BUERNE L7z, fSFoniikiks oy
o AKX (3 mINIZEE L, FY=F 7 2 (89 ul, 0.635 mmo)IB LN 4-E R
Y (64 mg, 0.635 mmol) Z 1 2., I T 30 kL7, SUSHRIZAK 2N % KE
i F /LTI U7z, A 2 7Kds KL ORI AR CIERYEE L, Mg N Y U ATz
Mtk WTERME LT, o niEikz v Vv v aru~ 757 +— (CHCls —
CHCl; : MeOH = 10 : 1) THHI9 % = LI2 LV 44k (27 mg, 44%) Zkik & L Ti57-,
TH-NMR (CDCls) § 8.56 (1H, ddd, J= 0.9, 1.7, 4.8 Hz), 8.06 (1H, s), 7.67 (1H, dt, J=
1.8, 7.7Hz), 7.47 (1H, d, J= 2.9 Hz), 7.39 (1H, t, J= 5.7 Hz), 7.27 (1H, d, J= 2.7 Hz),
7.16-7.22 (1H, m), 7.14 (1H, dd, J= 2.2, 8.2 Hz), 6.85 (1H, d, J= 8.4 Hz), 5.22 (2H, s),
4.33 (2H, d, J= 5.7 Hz), 3.90-4.05 (3H, m), 3.88 (3H, s), 3.32-3.44 (2H, m), 1.88-1.99
(2H, m), 1.54-1.66 (2H, m); IR (Nujol) cm™* 3334, 1621, 1614, 1583, 1575, 1503, 1442,
1412; MS (APCI) m/z 484 | 486 [M+H]*.

4-[(3-Chloro-4-methoxyphenyl) methylamino]-2-methylsulfanyl-pyrimidine-5-
carboxylic acid (48) D&%

{454 84 (10.0 g, 27.2 mmol) % ¥ A F /L Z /LR F 2 R(100 mI)ICEEAE L. AN-KEE
b7 b U U LKA INZ %, IR T 6 FFHHE L7, 10%- 7 = Bk 20 2
THR L7, KEMAMHH LIZBEIRZIERL, A Y 7 e —7 LTS+ 5 2
ElZE D, 48(9.22 g, quant.) & [EA L LT/, 'H-NMR (DMSO-d») § 8.89 (1H, t, /
= 6.1 Hz), 8.52 (1H, s), 7.43 (1H, d, J= 2.2 Hz), 7.29 (1H, dd, J= 2.2, 8.4 Hz), 7.10
(1H, d, J = 8.4 Hz), 4.62 (2H, d, J = 6.1 Hz), 3.82 (3H, s), 2.44 (3H, s) ; MS (ESD m/z
338 /340 [M-HIJ-.
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4-[(38-Chloro-4-methoxyphenyl) methylamino]-2-methylsulfanyl- N-(2-
pyridylmethyl)pyrimidine-5-carboxamide (37a) D& ik

1t&¥ 48 (500 mg, 1.47 mmol), 2-7 3/ AF /Y 2 (175 mg, 1.62 mmol),
B L HOBt (199 mg, 1.47 mmoD) D NN A F LR/ LT 2 R mLIERIC, K
T EDC (310 mg, 1.62mmoD) Z 1z, ik F TH~ (ZHIE L2 SRREIRE Lz, ik
I BTN EE K2 N %, FEfE= L CHiH Uiz, AE % fafn ik Coietk, ik
NU D LTHEEL, WHZREREE Lz, BOoNTREICHR- T LB LR A Y 7 n
L —T v EMZ, AT LEEEREZ RIS 2 2 L1k v, 87a (597 mg, 94%) % {4
[k & LT/, mp 143-145 °C; 'H-NMR (CDCIs) § 9.10 (1H, t, J = 5.9 Haz),
8.54-8.58 (1H, m), 8.42 (1H, s), 7.69 (1H, dt, J= 1.7, 7.7 Hz), 7.64 (1H, br), 7.36 (1H,
d, J=2.2Hz), 7.28 (1H, d, J = 7.7 Hz), 7.22-7.27 (1H, m), 7.22 (1H, dd, J= 2.2, 8.4
Hz), 6.88 (1H, d, /= 8.4 Hz), 4.67 (2H, d, J= 4.6 Hz), 4.64 (2H, d, J= 5.9 Hz), 3.87
(3H, ), 2.50 (3H, s); IR (Nujol) cm™ 3322, 3227, 1639, 1585, 1573, 1195; MS (APCD
m/z 430 / 432 [M+H]+.

t&Y 8Tb-d &, LAWY 87a LRBKDITIEZ LV AR LI, INRE XU T —
Z 2 LN TSR T,

4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-methylsulfanyl- V- (pyrimidin-2-

yvlmethyl)pyrimidine-5-carboxamide (37b)

Yield 89%; 'H-NMR (CDCls) § 9.10 (1H, brt), 8.74 (1H, d, J= 4.9 Hz), 8.44 (1H, s),
7.35 (1H, d, J= 2.2 Hz), 7.25-7.28 (1H, m), 7.20 (1H, dd, J= 2.2, 8.4 Hz), 6.87 (1H, d,
J=8.4Hz), 4.81 2H, d, J= 4.4 Hz), 4.65 (2H, d, J= 5.9 Hz), 3.88 (3H, s), 2.50 (3H,
s); MS (APCI) m/z 431/ 433 [M+H]*.

4-(3-Chloro-4-methoxy-benzylamino)-2-methylsulfanyl-pyrimidine-5-carboxylic acid

(3-hydroxy-propyl)-amide (37¢c)

Yield quant.; 'TH-NMR (CDCls) § 9.18 (1H, brt), 8.20 (1H, s), 7.35 (1H, d, J= 2.2
Hz), 7.19 (1H, dd, J= 2.2, 8.4 Hz), 6.88 (1H, d, J= 8.4 Hz), 4.64 (2H, d, J= 5.9 H2),
3.89 (3H, s), 3.82 (2H, t, J= 5.5 Hz), 3.54-3.59 (2H, m), 2.48 (3H, s) 1.80-1.83 (2H,
m); IR (Nujol) cm™ 3255, 3067, 2923, 2854, 2727, 1640, 1589, 1551, 1500; MS (APCI)
m/z 397/ 399 [M+H]*.

4-[(8-Chloro-4-methoxyphenyl) methylamino]- V- (4-hydroxycyclohexyl)-2-
methylsulfanyl-pyrimidine-5-carboxamide (37d)
Yield 88%; '"H-NMR (CDCls) § 9.23 (1H, t, J= 5.9 Hz), 8.46 (1H, s), 8.24 (1H, d, J=
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7.5 Hz), 7.41 (1H, d, J= 2.0 Hz), 7.28 (1H, dd, J= 2.2, 8.6 Hz), 7.11 (1H, d, J= 8.6
Hz), 4.53-4.59 (3H, m), 3.83 (3H, s), 3.58-3.73 (1H, m), 2.48 (3H, s) 3.31-3.44 (1H, m)
2.42 (3H, s), 1.75-1.89 (4H, m), 1.13-1.41 (4H, m); IR (Nujol) cm™? 3440, 3287, 3228,
1627, 1582, 1573, 1554, 1499; MS (APCI) m/z 437 / 439 [M+H]*.

4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[2-hydroxyethyl(methyl)amino]- N-
(2-pyridylmethyl)pyrimidine-5-carboxamide 3 hydrochloride (49a) D& ik

{b&% 8Ta (150 mg, 0.306 mmo) % ¥ 7 A % (10 mD)ICIEME L., K& T
mCPBA (79 mg, 0.367 mmol) D7 11 x % (10 mL)AE#R % 30 237 Tl F L7z,
FRIC T 3 PRI L= 12, 2-(A F T R /)= ¥ J —/1(120 mg, 1.60 mmol) & Il %,
A ZERE THIR LS 24 FefH#E Uiz, SONKICEFIEE K2z, Hifg—F
JUTCHIH U7z, AHEE 2 fafn R oK CTUeiftik . Biilig T U O A TRz L, A BE R
Bl EGohniEikEs NH-V U SV a7 0~ 77 4 — (CHCl) THRLL,
AR )= NVEBIOER- VTN — T VIERZMA D Z L2 L AT U7 ER 2 I8
THZEIZLD, 49a (163 mg, 93%) % AtalE A L L THE7-, mp 217-219 °C; tH-NMR
(DMSO-de) 6 10.0 (1H, brs), 9.90 (1H, brs), 8.75 (1H, d, J = 5.5 Hz), 8.71 (1H, s), 8.34
(1H, t, J= 8.0 Hz), 7.86 (1H, d, J= 8.0 Hz), 7.77 (1H, t, J= 6.0 Hz), 7.4-7.5 (1H, m),
7.2-7.4 (1H, m), 7.09 (1H, d, J= 8.0 Hz), 4.74 (2H, d, J= 5.5 Hz), 4.59 (2H, brs), 3.82
(3H, s), 3.4-3.8 (4H, m), 3.21, 3.26 (3H, brsx2); IR (Nujol) cm™ 3287, 1664; MS
(APCD) m/z 457/ 459 [M+H]*.

{bAW) 49¢-f 1T, (bW 49a L REED FIEIC LV ARk LTz, INRB L O — % %
PLFIZRT,

4-[(3-chloro-4-methoxyphenyl)methylamino]-2-(4-hydroxy-1-piperidyl)- N-(2-

pyridylmethyl)pyrimidine-5-carboxamide 3 hydrochloride (49¢)

Yield 90%; mp 210-214 °C; '"H-NMR (DMSO-d» § 9.8-10 (2H, m), 8.75 (1H, d, J=2
Hz), 8.70 (1H, s), 8.35 (1H, t, J= 8 Hz), 7.86 (1H, d, J= 8 Hz), 7.78 (1H, t, J= 7 H2),
7.31 (1H, d, J=2 Hz), 7.29 (1H, dd, J=2, 8 Hz), 7.09 (1H, d, J= 8 Hz), 4.74 (2H, d, J
=6 Hz), 4.57 (2H, d, J=6 Hz), 3.82 (3H, s), 3.7-4.0 (2H, m), 3.4-3.7 (2H, m), 1.7-1.9
(2H, m), 1.2-1.5 (2H, m),; IR (Nujol) cm™ 3268, 1660; MS (APCI) m/z 483 / 485
[M+H]*.

4-[(8-Chloro-4-methoxyphenyl) methylamino]-2-[2-(hydroxymethyl)-1-piperidyl]- V-

(2-pyridylmethyl)pyrimidine-5-carboxamide 3 hydrochloride (49d)
Yield 66%; TH-NMR (DMSO-dy § 9.9 (1H, brt), 9.6 (1H, br), 9.3 (1H, brs), 8.95 (1H,

69



s), 879 (1H, d, J=5 Hz), 8.43 (1H, d, J=8 Hz), 7.95 (1H, t, J=7 Hz), 7.86 (1H, d, J
=17 Hz), 7.41 (1H, d, J= 2 Hz), 7.31 (1H, dd, J= 2, Hz), 7.10 (1H, d, J= 8 Hz), 4.80
(2H, d, J = 6 Hz), 4.4-4.7 (4H, m), 3.82 (3H, s), 3.3-3.6 (1H, m), 3.2-3.3 (1H, m),
2.7-3.0 (1H, m), 1.2-2.0 (6H, m),; IR (Nujol) cm 1667; MS (APCI) m/z 497 / 499
[M+H]*.

4-[(38-Chloro-4-methoxyphenyl) methylamino]-2-[(3.9-3-(hydroxymethyl)-3,4-
dihydro-1H-isoquinolin-2-y1]- V-(2-pyridylmethyDpyrimidine-5-carboxamide
3 hydrochloride (49e)

Yield 76%; '"H-NMR (DMSO-d») § 8.74 (1H, d, J= 2 Hz), 8.60 (1H, s), 8.35 (1H, t, J
=8Hz), 7.87(1H, d, J=8 Hz), 7.79 (1H, t, J= 7 Hz), 7.50 (1H, d, J= 2 Hz), 7.37 (1H,
dd, J = 2, 8 Hz), 7.26 (4H, m), 7.11 (1H, d, /= 8 Hz), 4.2-5.2 (6H, m), 3.82 (3H, s),
3.4-3.8 (2H, m), 2.8-3.2 (3H, m); IR (Nujol) cm™ 1666, 1661; MS (APCI) m/z 545 / 547
[M+H]*.

4-[(38-Chloro-4-methoxyphenyl) methylamino]-2-[(2.9-2-(hydroxymethyl)pyrrolidin-1
-vl]- N-(2-pyridylmethyDpyrimidine-5-carboxamide 3 hydrochloride (49f)

Yield 91%; '"H-NMR (DMSO-ds 6 9.9 (2H, br), 8.65-8.80 (2H, m), 8.31 (1H, d, J=8
Hz), 7.84 (1H, d, J=8 Hz), 7.75 (1H, d, J= 6 Hz), 7.25-7.5 (2H, m), 7.10 1H, d, J=8
Hz), 4.73 (2H, m), 4.59 (2H, m), 4.4 (1H, br), 4.2 (1H, m), 3.82 (3H, s), 3.3-3.7 (4H, m),
1.8-2.2 (4H, m),; IR (Nujol) cm™ 1667; MS (APCI) m/z 483/ 485 [M+H]*.

4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[2-(hydroxymethyl)morpholin-4-yl]-
N-(2-pyridylmethyDpyrimidine-5-carboxamide (49b) D & 5%

&% 87a (919 mg, 2.14 mmol) & 7 = 17k /L A (10 mI)ICIEMR L. K% T mCPBA
(508 mg, 2.35 mmol)® 7 v 1 /L A(10 mL)IRFIE % 15 4373 F T F L7=t%., EiRE T
FRL 15 S Lz, RISHEZBEREL, VDTN BT LIn~ T T7 4 —
(AcOEt — AcOEt : MeOH =5 : 1) TR L7-%, FiB—F LB LY Y Fne L
— TNV EMZTHH LZBERZ BT 5 2 L I2 X BaFEEREG22 mg) #H7, 205 H
100 mg % 7 v iR/ A@ mIIIEfE L, 2-FEKR U o A X /) —/1(56 mg, 0.470 mmol)
A, SR TRERIE L, JOSREZREREL, SV ATV T L a~ NI T 7
1 — (AcOEt :MeOH =10: D THR L7z, FHR-FLEBIVVA Y T nro—T
a2 THH L7 B IEIRT 5 = L 12XV . 49b (94 mg, 84%) % H Ak L LT
72, mp 151-152 °C; tH-NMR (CDCls) § 9.07 (1H, t, J = 5.7 Hz), 8.52-8.57 (1H, m),
8.38 (1H, s), 7.68 (1H, dt, J= 1.8, 7.8 Hz), 7.43 (1H, t, J= 4.6 Hz), 7.36 (1H, d, J= 2.2
Hz), 7.28 (1H, d, J= 7.8 Hz), 7.22 (1H, m), 7.19 (1H, dd, J= 2.2, 8.4 Hz), 6.86 (1H, d,
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J=28.4Hz), 4.65 (2H, d, J= 4.6 Hz), 4.55 (2H, d, /= 5.7 Hz), 4.51 (2H, brs), 3.99 (1H,
dd, J= 3.5, 11.5 Hz), 3.88 (3H, s), 3.52-3.78 (4H, m), 3.08 (1H, ddd, J= 3.5, 11.5, 13.4
Hz), 2.89 (1H, dd, J= 10.4, 13.4 Hz); IR (Nujol) cm™! 3372, 3237, 1641, 1597, 1495,
1461, 1376, 1342, 1233, 1063; MS (APCD m/z 499 / 501 [M+HI]*; Elementary
analysis Calculated for C24H27CINegO4: C 57.77, H 5.45, C1 7.10, N 16.84, Found: C
57.74, H 5.37, C1 7.29, N 16.62.

L& 49g. 50e-f, 51, LT 52 1L, (LEW 49b L REROITIEIC IV ALz,
WREB LT —# 2L FIRT,

4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-(4-methvlpiperazin-1-y1)- A\*(2-

pyridylmethyl)pyrimidine-5-carboxamide (49g)

Yield 40%; mp 126-130 °C; 'H-NMR (CDCls) § 9.02 (1H, t, J = 5.7 Hz), 8.51-8.56
(1H, m), 8.37 (1H, s), 7.68 (1H, dt, J= 1.8, 7.8 Hz), 7.38 (1H, br), 7.37 (1H, d, J= 2.2
Hz), 7.28 (1H, d, J= 7.8 Hz), 7.20 (1H, dd, J= 2.2, 8.4 Hz), 7.18-7.29 (1H, m), 6.86
(1H, d, J= 8.4 Hz), 4.60 (2H, d, J= 4.6 Hz), 4.56 (2H, d, J= 5.9 Hz), 3.88 (3H, s), 3.86
(4H, t, J=5.0 Hz), 2.43 (4H, t, J= 5.0 Hz), 2.32 (3H, s); IR (Nujol) cm™ 3291, 1632,
1599, 1493, 1359, 1238; MS (APCI) m/z 482 / 484 [M+H]*; Elementary analysis
Calculated for C24H2sCIN7O2: C 59.81, H 5.86, Cl 7.36, N 20.34, Found: C 58.21, H
5.95, C1 6.96, N 18.92.

4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[(3 £)-3-(hydroxymethyl) morpholin-

4-y1]- N-(pyrimidin-2-ylmethyDpyrimidine-5-carboxamide (50e)

Yield 25%; 'H-NMR (CDCls) § 9.12 (1H, brt), 8.73 (2H, d, J= 4.8 Hz), 8.39 (1H, s),
7.35 (1H, d, J= 2.2 Hz), 7.34 (1H, br), 7.25 (1H, t, J= 4.8 Hz), 7.18 (1H, dd, J= 2.2,
8.4 Hz), 6.87 (1H, d, J=8.4 Hz), 4.80 (2H, d, J= 4.4 Hz), 4.68 (1H, m), 4.44-4.63 (3H,
m), 3.92-4.02 (3H, m), 3.88 (3H, s), 3.86 (1H, m), 3.64 (1H, dd, /= 3.5, 12.0 Hz), 3.55
(1H, m), 3.28 (1H, m); IR (Nujol) em™ 3301, 1633, 1591, 1569, 1502,1448, 1281, 1257,
1219, 1063, 1025; MS (APCI) m/z 500 / 502 [M+H]*.

4-[(38-Chloro-4-methoxyphenyl) methylamino]-2-[(2.9)-2-(hydroxymethyl)pyrrolidin-1

-y1]- V-(pyrimidin-2-ylmethyl)pyrimidine-5-carboxamide (50f)

Yield 52%; 'H-NMR (CDCls) § 9.15 (1H, brt), 8.75 (2H, d, J= 4.9 Hz), 8.44 (1H, s),
8.39 (1H, s), 7.38 (1H, d, /= 2.2 Hz), 7.3-7.4 (1H, br), 7.23-7.26 (1H, m), 7.21 (1H, dd,
J=2.2,8.4Hz),6.87(1H,d, J=8.6 Hz), 4.79 (2H, d, J= 3.8 Hz), 458 2H, d, J=5.5
Hz), 4.2-4.3 (1H, br), 3.88 (3H, s), 3.62-3.83 (3H, m), 3.5-3.6 (1H, br), 2.0-2.2 (1H, br),
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1.8-2.0 (1H, br), 1.5-1.7 (1H, br); MS (APCI) m/z 484 / 486 [M+H]*; [alp25 = -70.3 (¢
1.00, MeOH).

4-[(3-Chloro-4-methoxyphenyl) methylamino]-2-[(2.9-2-(hydroxymethyl)pyrrolidin-1
-y1]- N-(8-hydroxypropyl)pyrimidine-5-carboxamide (51)

Yield quant.; 'TH-NMR (CDCls) § 9.14 (1H, t, J= 5.9 Hz), 8.11 (1H, s), 7.37 (1H, d, J
=2.2 Hz), 7.20 (1H, dd, J= 2.2, 8.4 Hz), 6.87 (1H, d, J= 8.4 Hz), 4.57 (2H, d, J= 5.3
Hz), 4.12-4.22 (1H, br), 3.88 (3H, s), 3.51-3.87 (9H, m), 2.0-2.2 (1H, br), 1.8-2.0 (2H,
br), 1.76 (2H, t, J= 5.9 Hz), 1.6-1.7 (2H, br); IR (Nujol) cm™* 2929, 2871, 2360, 1623,
1591, 1542, 1522, 1501; MS (APCI) m/z 450 / 452 [M+H]*.

4-[(3-chloro-4-methoxyphenyl)methylamino]- N-(¢rans-4-hydroxycyclohexyl)-2-

[(2,9)-2-(hydroxymethyDpyrrolidin-1-yllpyrimidine-5-carboxamide (52)

Yield 88%; 'H-NMR (CDCls) 6 9.09 (1H, t, J= 5.9 Hz), 8.01-8.17 (1H, m), 7.37 (1H,
d, J=2.2 Hz), 7.20 (1H, dd, J= 2.2, 8.4 Hz), 6.87 (1H, d, J= 8.4 Hz), 5.61-5.91 (1H,
m), 4.56 (2H, d, J = 5.9 Hz), 4.17-4.45 (1H, m), 3.88 (3H, s), 3.45-3.88 (7TH, m),
1.20-2.18 (13H, m); IR (Nujol) cm™* 3283, 1621, 1590, 1521, 1459; MS (APCI) m/z 490
/ 492 [M+H]* ; Elementary analysis Calculated for C24H32CIN504: C 58.83, H 6.58, Cl
7.24, N 14.29, Found: C 57.25, H 6.76, C1 7.08, N 13.52.

Ethyl 2-chloro-4-[(3-chloro-4-methoxyphenyl) methylamino]pyrimidine-5-
carboxylate (53) D&k

Fx VALY (4 mIITAEE Y 45 (500 mg, 1.48 mmol), 8L NNV ZF LT =
U > (2mL)Z %, 80 °C T 30 4y, K\ T 100 °C T 5 BefEl i L7z, |k £ THHEIEL,
FOSHE 22 KT 2. CERIRC 30 4R L. WEfe—F /L CHi L7z, A 27K LU
PR CIEREE L, BiiEg T b Y o A CHzleth UERME L7z, Soniikiks
HTFNH T LT a~ 7T 7 40— (CHCl) THRT 2 Z L2k Y 53 (375 mg, 71%) %
PRI AEAR L LT 72, mp 114-115 °C; '"H-NMR (CDCls) § 8.70 (1H, s), 8.60-8.69 (1H,
br), 7.36 (1H, d, J= 2.0 Hz), 7.23 (1H, dd, /= 2.2, 8.4 Hz), 6.90 (1H, d, J= 8.4 Hz),
4.65 (2H, d, J= 5.7 Hz), 4.35 (2H, q, J=7.1 Hz), 3.90 (3H, s), 1.38 (3H, t, J= 7.1 Hz);
IR (Nujol) cm™® 3331, 1689, 1599, 1577, 1505; MS (APCI) m/z 356 / 358 [M+H]*.

Ethyl 4-[(3-chloro-4-methoxyphenyl)methylamino]-2-(6,8-dihydro-54-1,7-
naphthyridin-7-yDpyrimidine-5-carboxylate (54a) D& ik

It&® 53 (1.0 g, 2.97 mmol) % NN AFNLTE 7 I F(20 mL)IZIRFE L .
5,6,7,8-7 k7t Fu-[1,7177F VU (416 mg, 3.27 mmol), BLURF ) =F L7 3
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(570 mg, 5.95 mmol) Z 1 %, =R T 5 KRR L7z, MUSRICAKZMZ, $TH L7z
BERZEET 52 &1k v, b4a(1.17 g, 92%) & AAE A L L CT/457-, mp 114-115 °C;
IH-NMR (CDCls) § 8.67 (1H, s), 8.4-8.5 (1H, br), 8.44 (1H, dd, J= 1.5, 4.8 Hz), 7.46
(1H, d, J= 7.9 Hz), 7.37 (1H, d, J= 2.2 Hz), 7.22 (1H, dd, J= 2.2, 8.4 Hz), 7.11 (1H,
dd, J=4.8, 7.8 Hz), 6.88 (1H, d, J= 8.4 Hz), 4.14 (1H, brt), 5.07 (1H, s), 4.27 (2H, q, /
= 7.1 Hz), 3.88 (3H, s), 2.90 (1H, brt), 1,34 (3H, t, J= 7.1 Hz); IR (Nujol) cm™! 1669,
1603, 1582; MS (APCI) m/z 454 / 456 [M+H]*.

b 54b-d 1%, (L&YW bda LRIBEDOTIEICL VAR LTZ, IRB L OOHT —
2 % LU FIZRT,

Ethyl 4-[(3-chloro-4-methoxyphenyl) methylamino]-2-(6,8-dihydro-5 A
imidazol[1,2-alpyrazin-7-yl)pyrimidine-5-carboxylate (54b)

Yield 82%; mp 179-184 °C; '"H-NMR (CDCls) § 8.65 (1H, s), 8.52 (1H, t, J= 5.0 Hz),
7.35 (1H, d, J=2.0 Hz), 7.21 (1H, dd, J= 2.2, 8.2 Hz), 7.05 (1H, d, J= 1.3 Hz), 6.89
(1H, d, J= 8.4 Hz), 6.86 (1H, d, /= 1.1 Hz), 5.07 (2H, s), 4.61 (2H, d, J = 5.7 H2),
4.23-4.33 (2H, m), 4.28 (2H, q, J= 7.1 Hz), 4.00-4.08 (2H, m), 3.89 (3H, s), 1.35 (3H, t,
J=17.1 Hz); IR (Nujol) cm™ 3340, 3134, 1669, 1600, 1582, 1517, 1504, 1485, 1463,
1443; MS (APCI) m/z 443 | 445 [M+H]*.

Ethyl 4-[(3-chloro-4-methoxyphenyl) methylamino]-2-[3-(hydroxymethyl)-1-

piperidyllpyrimidine-5-carboxylate (54¢)

Yield 97%; 'H-NMR (CDCls) § 8.60 (1H, s), 8.47 (1H, brt), 7.37 (1H, d, J= 2.2 Hz),
7.19 (1H, dd, J=2.2, 8.4 Hz), 6.87 (1H, d, J= 8.4 Hz), 4.52-4.65 (2H, dm), 4.25 (2H, q,
J="17.1Hz), 3.88 (3H, s), 3.38-4.20 (6H, m),1.38-1.97 (5H, m), 1.33 (3H, t, /= 7.1 H2);
IR (Nujol) cm™ 1677, 1602, 1589, 1532; MS (APCI) m/z 435 / 437 [M+H]*.

Ethyl 4-[(3-chloro-4-methoxyphenyl) methylamino]-2-[3-(hydroxymethyl)pyrrolidin-

1-yllpyrimidine-5-carboxylate (54d)

Yield 91%; mp 163-165 °C; 'H-NMR (CDCls) § 8.62 (1H, s), 8.44 (1H, brt), 7.38 (1H,
d, J=2.2 Hz), 7.20 (1H, dd, J = 2.2, 8.4 Hz), 6.87 (1H, d, J = 8.4 Hz), 4.59 (2H, d, J=
6.0 Hz), 4.26 (2H, q, J= 7.1 Hz), 3.88 (3H, s), 2.46-2.62 (3H, m), 2.04-2.17(1H, m),
1.72-1.87 (1H, m), 1.33 (3H, t, J = 7.1 Hz); IR (Nujol) cm™* 3338, 1673, 1601, 1586,
1542; MS (APCI) m/z 421 / 423 [M+H]*.

Ethyl 4-[(3-chloro-4-methoxyphenyl)methylamino]-2-[(2 R)-2-(hydroxymethyl)-
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pyrrolidin-1-yl]pyrimidine-5-carboxylate (54g) D& ik

t&% 34 (1.85 g, 5.03 mmol) & 2 v 11 AR /L A (10 mI)IZIERE L, kBT mCPBA (79
mg, 0.367 mmol) DY 7 1 u A & (10 mL)AERK Z 30 7707 Tl T~ L7z, [RIRIZT 3 IR
R L2, SORRICEFIEE K2 x, 7 aad/ VATl Uiz, AE % faf
BIKTHE%, miliET MU UL THREBEL, BEAZBIERE L, (o7 EEx2T b
Zt Rr77 Q0 mDIZEML, (B-7aV /7 —/ (560 mg, 5.54 mmol), BLUh
Jx=F /7 (700 mg, 6.93 mmo) D7 h Tt Rur~7Z (10 mL)Z={E T~ L7z,
BOGIR 2 AKICHEE | BEfg = /L CHltE U 72, A#IE 2 /K d6 K OV Ak K CIERBEA L |
Wilg 7 R U o AT, BIERME L7-, o EiEicy 4 Y e e rm—7 vz
Z. ATHLU7ZZBEERZERT 5 Z 212k v, b4g (1.70 g, 81%) %= Ak L L TH7-,
mp 87-89 °C; 'H-NMR (CDCls) § 8.54 (1H, brt), 7.37 (1H, d, J=2.0 Hz), 7.26 (1H, s),
7.19 (1H, dd, J = 2.0, 8.5 Hz), 6.88 (1H, d, J = 8.5 Hz), 4.59 (2H, d, J = 6.0 Hz),
4.2-4.4 (1H, m), 4.26 (1H, m), 3.88 (3H, s), 3.4-3.9 (4H, m), 2.0-22. (1H, m), 1.8-2.0
(2H, m), 1.5-1.8 (2H, m), 1.34 (3H, t, J = 7.1 Hz); IR (Nujol) cm™ 3328, 1681; MS
(APCI) m/z 421/ 423 [M+H]*.

4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-(6,8-dihydro-54-1,7-naphthyridin-
7-yDpyrimidine-5-carboxylic acid (55a) D&%

{t&¥ B4a (1.10 g, 7.42 mmol) & ¥ A F /L Z LR F 3 R (20 mI)IZEMFE L. 10%- /K ik
B b U U 2KIER6 mL) &%, =BT 6 B, &\ T 60 °C T2 KR L=,
FIRETHAIL, BUSKRIZ 10%-HEFBKERZ M2 PR L7=%IC, KTHIRL, il
TEEEREEIRT S5 2 Lk b, B55a (890 mg, 86%) % HaE AL L CTH7=, mp
181-184 °C; 'H-NMR (DMSO-ds) 6 12.6 (1H, brs), 8.73 (1H, brt), 8.51 (1H, s), 8.42
(1H, d, J=4.9 Hz), 7.63 (1H, d, J= 7.7 Hz), 7.45 (1H, d, J= 1.8 Hz), 7.33 (1H, dd, J=
1.8, 8.4 Hz), 7.25 (1H, dd, J= 4.9, 7.7 Hz), 7.09 (1H, d, J= 8.4 Hz), 4.95 (2H, s), 4.85
(2H, br), 4.61 (1H, d, J= 5.9 Hz), 4.60 (2H, br); IR (Nujol) cm™* 1659, 1590; MS (ESI)
m/z 424 | 426 [M-H]".

{b&% 55b-d. B L 55f-g 1%, (LAWY 5ba LREIBED HIEIZ LY AR LTz, IRE
FOST —Z 2 LU FITRT,

4-[(3-Chloro-4-methoxyphenyl)methylaminol-2-(6,8-dihydro-5 H-imidazo[1,2-
alpyrazin-7-yDpyrimidine-5-carboxylic acid (55b)

Yield 69%; mp 223-226 °C; 'H-NMR (DMSO-ds § 12.2-13.1 (1H, br), 8.74 (1H, t, J
= 5.9 Hz), 8.52 (1H, s), 7.44 (1H, d, J= 2.2 Hz), 7.31 (1H, dd, J= 2.0, 8.4 Hz), 7.11
(1H, d, /= 1.0 Hz), 7.10 (1H, d, /= 8.4 Hz), 6.89 (1H, d, J= 1.1 Hz), 4.91 (2H, s), 4.61
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(2H, d, J=5.9 Hz), 4.18-4.24 (2H, m), 3.97-4.04 (2H, m), 3.82 (3H, s); IR (Nujol) cm!
3300, 1668, 1591, 1505, 1480, 1461, 1447; MS (ESI) m/z413/ 415 [M-HJ".

4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[3-(hydroxymethyl)-1-piperidyl]-
pyrimidine-5-carboxylic acid (55¢)

Yield 96%; mp 96-98 °C; 'H-NMR (DMSO-ds § 9.14 (1H, br), 8.33 (1H, br), 7.46
(1H, d, J= 1.8 Hz), 7.34 (1H, brd), 7.09 (1H, d, J= 8.6 Hz), 4.59 (2H, d, J= 6.0 Hz),
2.7-4.7 (10H, m), 1.2-1.8 (5H, m); IR (Nujol) cm™ 3278, 2935, 1621, 1567; MS (ESID
m/z 405 / 407 [M-H]".

4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[3-(hydroxymethyDpyrrolidin-1-

vl]pyrimidine-5-carboxylic acid (55d)

Yield 93%; mp 138-143 °C; 'H-NMR (DMSO-d» § 12.40 (1H, br), 8.63 (1H, br),
8.44 (1H, s), 7.44 (1H, d, J= 1.8 Hz), 7.31 (1H, dd, J= 1.8, 8.4 Hz), 7.09 (1H, d, J=
8.4 Hz), 4.71 (1H, brs), 4.55 (2H, d, J = 5.1 Hz), 3.82 (3H, s), 3.20-3.68 (6H, m),
2.30-2.42 (1H, m), 1.91-2.04 (1H, m), 1.62-1.76 (1H, m); IR (Nujol) cm™ 1654, 1635,
1567; MS (ESI) m/z 391/ 393 [M-HJ.

4-[(38-Chloro-4-methoxyphenyl) methylamino]-2-[(2.9-2-(hydroxymethyl)pyrrolidin-1
-yllpyrimidine-5-carboxylic acid (55f)

Yield 80%; mp 205-208 °C; 'H-NMR (DMSO-ds) § 8.64 (1H, br), 8.44, 8.45 (1H, s X
2),7.41,7.43 (1H, s xX2), 7.30 (1H, d, J= 8.4 Hz), 7.09 (1H, d, J= 8.4 Hz), 4.55 (2H, d,
J=5.3 Hz), 4.10 (1H, br), 3.82 (3H, s), 3.57-3.62 (1H, m), 3.46-3.50 (2H, m), 3.2-3.4
(1H, m), 1.85-2.00 (4H, m); IR (Nujol) cm™ 3480, 2190, 3075, 2954, 2925, 2853, 2857,
1663, 1611, 1579, 1518, 1502; MS (ESI) m/z 391 / 393 [M-HI".

4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[(2.£)-2-(hydroxymethyD)pyrrolidin-1

-yllpyrimidine-5-carboxylic acid (55g)

Yield 80%; '"H-NMR (DMSO-de) § 12.4 (1H, br), 8.64 (1H, br), 8.43, 8.45 (1H, s X 2),
7.42 (1H, sX2), 7.30 (1H, m), 7.09 (1H, d, J = 8.6 Hz), 4.56 (2H, m), 4.10 (1H, br),
3.82 (3H, s), 3.26-3.66 (4H, m), 1.78-2.06 (4H, m); IR (Nujol) cm™ 3385, 1657, 1625,
1568, 1461; MS (ESI) m/z 391 / 393 [M-H]; Elementary analysis Calculated for
C1sH21CIN4O4: C 55.03, H 5.39, C1 9.02, N 14.26, Found: C 53.68, H 5.28, Cl1 8.74, N
13.47.

4-[(8-Chloro-4-methoxyphenyl) methylamino]-2-(6,8-dihydro-5H-1,7-naphthyridin-7-

75



y1)- M (pyrimidin-2-ylmethyl)pyrimidine-5-carboxamide (50a)

{t&% 5ba (100 mg, 0.23 mmol), 2-7 2/ A F/LE Y 2 (38 mg, 0.345 mmol),
B XL HOBt (35 mg, 0.276 mmol) % N,N-V A F /LR AT 2 RE mI)IIEM L. K
# . EDC (50 mg, 0.276 mmoD) % 1 x 7=, ZiF THRA ICHIE L7223 5 24 REEHLEE
L7z, SONRICEAFIEE K 20 2, BEfg =T L CHlith L7z, AiE 2 fafn Ak coeid
%, WilET N U U LA THEE L WA IR £ Lic, Bl ikiEa > ) B Vil 7
n~ 777 ¢— (CHCls: MeOH =10 1) TH# 425 Z L2 X V., 50a (90 mg, 74%)
ZHGERE LTz, tH-NMR (CDCls) § 9.06 (1H, t, J= 5.9 Hz), 8.73 (2H, d, J =
4.2 Hz), 8.54 (1H, brt), 8.47 (1H, s), 8.44 (1H, dd, J=1.7, 4.8 Hz), 7.38 (1H, d, J= 2.2
Hz), 7.46 (1H, dd, J= 1.7, 7.7 Hz), 7.38 (1H, brt), 7.24 (1H, dd, /= 2.2, 8.6 Hz), 7.23
(1H, d, J=4.9 Hz), 7.11 (1H, dd, J= 4.8, 7.7 Hz), 6.87 (1H, d, J= 8.6 Hz), 5.06 (2H, s),
4.63 (2H, d, J=5.9 Hz), 4.12 (1H, t, J= 5.8 Hz), 2.90 (2H, t, J= 5.8 Hz); IR (Nujol)
cm! 1619, 1592, 1569; MS (APCI) m/z 517/ 519 [M+H]*.

&% 50b-d., 50g, 56, 33 LT 57 1, (LEW 50a &[FEIERDOFIEIZL W AR LT,
WRB LT —Z 2L FIRT,

4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-(6,8-dihydro-5H-imidazo[1,2-
alpyrazin-7-yD)- N-(pyrimidin-2-ylmethyDpyrimidine-5-carboxamide (50b)

Yield 99%; 'H-NMR (CDCls) § 9.12 (1H, t, J= 5.9 Hz), 8.74 (2H, d, J = 4.9 Hz),
8.45 (1H, s), 7.42 (1H, brt), 7.35 (1H, d, J= 2.1Hz), 7.25 (1H, t, J= 4.9 Hz), 7.21 (1H,
dd, J=2.1, 8.1 Hz), 7.05 (1H, d, J= 1.3 Hz), 6.88 (1H, d, J= 8.1 Hz), 6.87 (1H, d, J=
1.3 Hz), 5.06 (2H, s), 4.80 (2H, d, J=4.2 Hz), 4.59 (2H, d, J= 5.9 Hz), 4.27 2H, t, J=
5.2 Hz), 4.02 (2H, t, J= 5.2 Hz), 3.88 (3H, s); IR (Nujol) cm 3219, 1634; MS (APCI)
m/z 506 / 508 [M+H]*; Elementary analysis Calculated for C24H24CIN9O2: C 56.97, H
4.78, C1 7.01, N 24.92, Found: C 55.55, H 4.59, Cl 8.82, N 23.89.

4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[3-(hydroxymethyl)-1-piperidyl]- V-

(pyrimidin-2-ylmethyl)pyrimidine-5-carboxamide (50¢)

Yield 60%; mp 149-152 °C; 'H-NMR (CDCls) § 9.08 (1H, t, J= 5.7 Hz), 8.74 (2H, d,
J=4.9 Hz), 8.39 (1H, s), 7.38 (1H, d, J= 2.2 Hz), 7.32 (1H, brt), 7.24 (1H, t, J= 4.9
Hz), 7.20 (1H, dd, J= 2.2, 8.4 Hz), 6.86 (1H, d, J= 8.4 Hz), 4.79 (1H, d, J= 4.4 Hz),
4.55 (2H, d, J= 5.7 Hz), 3.88 (3H, s), 1.40-1.97 (5H, m); IR (Nujol) cm™ 1618, 1593,
1574; MS (APCI) m/z 498 / 500 [M+H]*.

4-[(8-Chloro-4-methoxyphenyl)methylamino]-2-[3-(hydroxymethyl)pyrrolidin-1-vy1]-
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MN-(pyrimidin-2-ylmethyl)pyrimidine-5-carboxamide (50d)

Yield 92%; mp 150-152 °C; 'H-NMR (CDCls) § 9.03 (1H, t, J= 6.0 Hz), 8.72 (2H, d,
J=4.9Hz), 842 (1H, s), 7.34 (1H, t, J=4.4 Hz), 7.23 (1H, t, J= 4.9 Hz), 7.21 (1H, dd,
J=2.2,8.4Hz),6.86 (1H, d, J= 8.4 Hz), 4.79 2H, d, J= 4.4 Hz), 4.57 (2H, d, J= 6.0
Hz), 3.87 (3H, s), 2.45-2.61 (1H, m), 2.04-2.18 (1H, m), 1.70-1.88 (1H, m); IR (Nujol)
cm’ 1622, 1595, 1573; MS (APCI) m/z 484 / 486 [M+H]*.

4-[(38-Chloro-4-methoxyphenyl) methylamino]-2-[(2 B)-2-(hydroxymethyl)pyrrolidin-1
-yll- V-(pyrimidin-2-ylmethyl) pyrimidine-5-carboxamide (50g)

Yield 89%; mp 162-163 °C; 'H-NMR (CDCls) § 9.14 (1H, brt), 8.74 (2H, d, J = 4.8
Hz), 8.45 (1H, s), 7.38 (1H, d, J= 2.2 Hz), 7.35 (1H, m), 7.25 (1H, t, J= 4.9 Hz), 7.21
(1H, dd, J=2.2, 8.4 Hz), 6.87 (1H, d, J= 8.4 Hz), 4.79 (2H, d, J= 4.4 Hz), 4.59 (2H, d,
J = 5.9 Hz), 426 (1H, m), 3.88 (3H, s), 3.48-3.86 (5H, m), 1.67-2.13 (4H, m); IR
(Nujol) cm™ 3289, 1638, 1588, 1567, 1541, 1488, 1466; MS (APCI) m/z 484 / 486
[M+H]+; Elementary analysis Calculated for C23sH26CIN7Os: C 57.08, H 5.42, C1 7.33,
N 20.26, Found: C 56.85, H 5.44, C1 7.30, N 19.79; [alp? = +70.2 (¢ 1.00, MeOH).

4-[(38-Chloro-4-methoxyphenyl) methylamino]-2-[(2.9-2-(hydroxymethyl)pyrrolidin-1
-vl]- N-(¢rans-4-methoxycyclohexyl)pyrimidine-5-carboxamide (56)

Yield 55%; 'H-NMR (CDCIs) § 9.09 (1H, brt), 8.01-8.19 (1H, m), 7.37 (1H, d, J =
2.2 Hz), 7.20 (1H, dd, J = 2.2, 8.4 Hz), 6.87 (1H, d, J = 8.4 Hz), 5.60-5.78 (1H, m),
4.56 (2H, d, J= 5.7 Hz), 3.88 (3H, s), 3.47-3.90 (5H, m), 3.35 (3H, s), 3.11-3.21 (1H,
dm), 1.17-2.14 (13H, m); IR (Nujol) cm™ 3290, 1622, 1590, 1520, 1461; MS (APCI)
m/z 504 / 506 [M+H]*.

4-[(38-Chloro-4-methoxyphenyl) methylamino]-2-[(2.9-2-(hydroxymethyl)pyrrolidin-1
-y1]- V- [(4-methylmorpholin-2-y) methyllpyrimidine-5-carboxamide (57)

Yield 58%; 'H-NMR (CDCls) § 9.07 (1H, brt), 8.08-8.24 (1H, m), 7.37 (1H, d, J=
2.2 Hz), 7.20 (1H, dd, J= 2.2, 8.4 Hz), 6.87 (1H, d, /= 8.4 Hz), 6.30 (1H, t, J= 4 Hz),
4.57 (2H, d, J=5.7 Hz), 3.88 (3H, s), 3.86-3.93 (1H, m), 3.47-3.82 (7H, m), 3.20-3.37
(1H, m), 2.62-2.75 (2H, m), 2.29 (3H, s), 2.06-2.17 (2H, m), 1.60-1.99 (5H, m); IR
(Nujol) em 3282, 1632, 1591, 1501, 1462; MS (APCI) m/z 505 / 507 [M+H]*
Elementary analysis Calculated for C24H33CIN6O4: C 57.08, H 6.59, C1 7.02, N 16.64,
Found: C 56.50, H 6.71, C16.97, N 15.77.

Ethyl 2.4-dichloropyrimidine-5-carboxylate (89) D& A%
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4-7aa-2-AFNLFA-E) I V-5 F T 270 33 (5.0 g, 21.5 mmol) Ak
27 U200 mI)IZHN %, 50 °C C 1 Refliisk L7z, iR E THEIE, RIS Z T
e Uiz, 130N 7l IcfafiEE K21, Big—F L it L7z, AEZ K, B
T ORI R K TUE . MR U U A TEIR L, BREARBERE L, GOk
EaEY UV~ v T 7 4— (hexane : AcOEt =10 : 1) THl4 2= Lic kb,
39 (4.87 g, quant.) Z B Ak & L TH37=, tH-NMR (CDCls) § 9.03 (1H, s), 4.46 (2H,
q, J=7.1Hz), 1.43 (3H, t, J= 7.1 Hz); IR (Nujol) cm* 1699; MS (DI-EI) m/z 220 / 222
[M+H]*.

Ethyl 2-chloro-4-phenylsulfanyl-pyrimidine-5-carboxylate (40) D& %

{b&% 39 (200 mg, 0.905 mmol) & /b (2 mI)IZIEfE L. REEH U v A(188 mg,
1.36 mmol), B L OF 47 = / —/1(110 mg, 0.993 mmol) Z Iz, =L T 2 BfE#E#E L
Too BUNRIZKZ N Z . BEfg=F LV Chi L7z, AHIE 2K, 3 LUK Tl
%, WilET U U AT L, AT E LT, BonlkEE ) b S v ev

277 4 — (hexane : AcOEt=20: 1) TS Z LI12XL VD, 40 (213 mg, 80%) % 1

fE A L L CTH7=, tH-NMR (CDCls) § 8.89 (1H, s), 7.44-7.55 (5H, m), 4.47 (2H, q, J=
7.1 Hz), 1.45 (3H, t, J= 7.1 Hz); IR (Nujol) cm™ 1708, 1714; MS (APCI) m/z 295 / 297
[M+H]-~.

2-[(2.9-2-(HydroxymethyDpyrrolidin-1-yl]-4-phenylsulfanyl- N-(pyrimidin-2-
ylmethyl)pyrimidine-5-carboxamide (58) D& %

&% 40 (195 mg, 0.662 mmo) %7 7 & K77 (@ mIIZAEfEL, F U =F
7 2 (134 mg, 1.32 mmol), BL (9-7r U/ —/(80 mg, 0.795 mmol) Z Nz, =
IR T 12 RFEIERE Lo, BONRIZKZ N Z . Bi—F L CHitH L7z, AEA K, B X
Oafn Bk CHeifia, M7 MU U LA TR L, WIEABERE Lo, 5007258
UV hFENVIa~ 7T 7 4 — (hexane : AcOEt =2: D) TR« Z ik, #
BRI (186 mg) 2 457=, ZD 5 H 115 mg X J —/(3 mLIZIAMR L. 4N-/KEE(b
T b U w7 AKEERR(0.24 mL, 0.96 mmol) Z Il %, ZE3E C 18 REEFEFE L 7=, SOBRIZ 10%-
7 T BRI Z N A TR L7, B v CHlltt L7z, AifE 2K, B LU
TR CHEE, BilgT Y U AT L, WA RIER ET2 2 L I2 L pgaEE
(130 m@) #5372, ZDH5H 115 mg & NN AF/INE/NLLT I RE mICIAEL, 2-
T AF Y 2PV (190 mg, 1.56 mmol). HOBt (234 mg, 1.69 mmol), &K T
EDC (333 mg, 1.74 mmol) % /Il 2 EiR CRAR R LTz, SONRIZKZM A, Bifg=F /v
THIH L7z, AE 2K, B X Otk Coeidit, ik b U o A CRgE L, R
ERERE L, BonEE%E2 NH-> U B 7 v 7 n~ 757 4 — (AcOEt) TR
T2 LIk v, 58(83 mg, 55%) % HAEKE L TH7-, 'H-NMR (CDCIs) § 8.75 (2H,
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d, J=4.9 Hz), 8.44, 8.56 (1H, s X 2), 7.36-7.63 (6H, m), 7.25 (1H, t, J= 4.9 Hz), 4.91
(2H, d, J = 4.4 Hz), 4.16 (1H, qm), 3.45-3.75 (2H, m), 2.88-3.25 (2H, m), 1.40-2.14
(4H, m); IR (Nujol) cm™* 3271, 1633; MS (APCI) m/z 423 [M+H]*.

4-(3-Chloro-4-methoxy-anilino)-2-[(2.9-2-(hydroxymethyDpyrrolidin-1-yl]- V-
(pyrimidin-2-ylmethyDpyrimidine-5-carboxamide (59a) D& ik

&% 58 (65 mg, 0.154 mmol) % 7 & 1 7R /L A (3 mI)IZVESE L, ki T mCPBA (46
mg, 0.185 mmoD) Z M %, [FRIZT 30 i+ Lz, RINKIZ 8-/ rr-4- A hF 7 =
J > (36 mg, 0.231 mmol), BELOh U =F /L7 2 (31 mg, 0.309 mmol) & %, 15
RFFINBGERGE LT, IR E THHEIE. JONRIKZMZ, Z7raRLv ATt Lz, A
B 2K, B L ORI K Tl Ml MY U AT L I 2 e £ LT,
JFonicikiis NH-v U 5nvru~ h 757 4 — (AcCOEY) THRT 22 L1280,
59a (54 mg, 75%) % A aE A & L CTf%7-, "H-NMR (CDCls) § 11.02 (1H, brs), 8.76 (2H,
d, J=4.9 Hz), 8.42 (1H, s), 8.13 (1H, d, J= 8.8 Hz), 7.48 (1H, brt), 7.38 (1H, dd, J=
2.2, 8.8 Hz), 7.27 (1H, t, J= 4.9 Hz), 6.89 (1H, d, /= 8.8 Hz), 6.60 (1H, br), 4.83 (2H,
d, /= 3.3 Hz), 4.30 (1H, m), 3.90 (3H, s), 3.60-3.90 (4H, m), 1.50-2.24 (4H, m); IR
(Nujol) cm 3314, 1649; MS (APCI) m/z 470 / 472 [M+H]*; Elementary analysis
Calculated for C22H24CIN-7Os: C 56.23, H 5.15, Cl 7.54, N 20.86, Found: C 55.88, H
5.01, C1 7.87, N 20.35.

(LAY 59b-e 1L, (LAY 59a L IRMED HFIEIC L VAR LIZ, KRB X OO HrT —4#
28” W N NPT B

4-[2-(8-Chloro-4-methoxyphenylethylamino]-2-[(2.5)-2-(hydroxymethyl)pyrrolidin-1
-y1]- M (pyrimidin-2-ylmethyl)pyrimidine-5-carboxamide (59b)

Yield 20%; 'H-NMR (CDCls) § 8.78-8.98 (1H, m), 8.74 (2H, d, /= 4.8 Hz), 8.3, 8.4
(1H, brsx2), 7.36 (1H, m), 7.21-7.29 (2H, m), 7.02-7.20 (1H, m), 6.85 (1H, d, /= 8.4
Hz), 4.79 (2H, d, J= 4.2 Hz), 4.25, 4.40 (1H, m X 2), 3.87 (3H, s), 3.50-3.90 (6H, m),
2.8-2.9 (2H, m), 1.73-2.15 (1H, m); MS (APCI) m/z 498/ 500 [M+H]*;

2-[(2.9-2-(Hydroxymethyl)pyrrolidin-1-yl]-4-[(4-methoxyphenyl)methylamino]- V-
(pyrimidin-2-ylmethyl)pyrimidine-5-carboxamide (59¢)

Yield 83%; '"H-NMR (CDCls) § 9.08 (1H, brs), 8.73 (2H, d, J= 5.0 Hz), 8.29 (1H, s),
7.34 (1H, brs), 7.27 (2H, d, J= 8.8 Hz), 7.24 (1H, t, J= 5.0 Hz), 6.85 (2H, d, J= 8.8
Hz), 4.78 (2H, d, J= 3.7 Hz), 4.61 (2H, d, J= 5.9 Hz), 4.25 (1H, m), 3.50-3.90 (4H, m),
3.79 (3H, s), 1.60-2.20 (4H, m); IR (Neat) cm 3296, 1633; MS (APCD) m/z 450
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[M+H]* Elementary analysis Calculated for C2sH27N7O3: C 61.46, H 6.05, N 21.81,
Found: C 61.25, H 6.29, N 20.22.

2-[(2.9-2-(HydroxymethyDpyrrolidin-1-y1]-4-[(4-methoxy-3-methyl-phenyl)-
methylamino]- V-(pyrimidin-2-ylmethyl)pyrimidine-5-carboxamide (59d)

Yield 63%; 'H-NMR (CDCls) § 9.04 (1H, m), 8.73 (2H, d, /= 4.9 Hz), 8.3, 8.4 (1H,
brsx2), 7.32 (1H, m), 7.24 (1H, t, J= 4.9 Hz), 7.10-7.17 (2H, m), 6.76 (1H, d, J=5.5
Hz), 4.78 (2H, d, J= 4.0 Hz), 4.58 (2H, d, J= 5.5 Hz), 4.25-4.40 (1H, m), 3.5-3.9 (4H,
m), 3.80 (3H, s), 2.19 (3H, s), 1.7-2.1 (4H, m); IR (Nujol) cm™* 3258, 1636, 1591, 1566,
1463, 1377; MS (APCI) m/z 464 [M+H]*.

4-[(3-Chlorophenyl)methylamino]-2-[(2,9-2-(hydroxymethyDpyrrolidin-1-yl]- N-
(pyrimidin-2-ylmethyDpyrimidine-5-carboxamide (59e)

Yield 89%; 'H-NMR (CDCls) § 9.20 (1H, brs), 8.74 (2H, d, J= 4.9 Hz), 8.31 (1H, s),
7.36 (1H, brs), 7.34 (1H, s), 7.17-7.28 (5H, m), 6.83 (1H, brs), 4.80 (2H, d, J= 4.2 Hz),
4.65 (2H, d, J = 5.3 Hz), 4.25 (1H, m), 3.40-3.80 (4H, m), 1.50-2.20 (4H, m); IR
(Nujol) ecm™ 3241, 1637; MS (APCI) m/z 454 / 456 [M+H]*; Elementary analysis
Calculated for C22H24CIN7O2: C 58.21, H 5.33, Cl 7.81, N 21.60, Found: C 58.11, H
5.38, Cl 7.64, N 20.80.

4-[(38-Chloro-4-hydroxy-phenyl) methylamino]-2-[(2.9-2-(hydroxymethyl)pyrrolidin-
1-y1]- V-(pyrimidin-2-ylmethyl) pyrimidine-5-carboxamide (59f) D& ik

&% 50f (307 mg, 0.634 mmoD %7 A% (6 mIICIEML., KG T, =&
bR 7 3E(300 pL) &3 F L7z, [RHRICT 4 BFRRBHERE . ROSIRIC A Z 7 —/b, IRWTH
MEEKEZ N A, B LTl U7c, AE 4K, B X O AR Tz, it
Bl U D ATHIEL, WA IERE E L, BohiEikzs UV hrnvrsa~ N7 o
74— (CHCls : MeOH = 20 : 1), R\WTCT NH-v VB vrma~ v757 14—
(CHCL: : MeOH = 20 : 1) CHBIFT 2 = L 12 L b . 59f (129 mg, 43%) % F @A L LT
#37=, 'H-NMR (CDCls) § 9.14 (1H, m), 8.74 (2H, d, J= 5.0 Hz), 8.3, 8.4 (1H, s X 2),
7.36 (1H, m), 7.32 (1H, d, J= 2.0 Hz), 7.25 (1H, t, J= 5.0 Hz), 7.15 (1H, dd, J= 2.1,
8.3 Hz), 6.94 (1H, d, J= 8.4 Hz), 6.10 (1H, brs), 4.79 (2H, d like), 4.57-5.10 (2H, m),
4.25 (1H, m), 3.50-3.85 (4H, m), 1.65-2.10 (4H, m); IR (Nujol) cm™ 3279, 1632, 1593,
1569, 1518, 1463; MS (APCI) m/z470 / 472 [M+H]*.

4-[(8-Chloro-4-propoxy-phenyl)methylamino]-2-[(2,9-2-(hydroxymethyl)pyrrolidin-
1-y1]- M-(pyrimidin-2-ylmethyl)pyrimidine-5-carboxamide (59g) & k%
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b 5If (100 mg, 0.213 mmol) % N,N- A F /LA LT 2 R mIICIEM L, K
fz 71V 7 (32 mg, 0.234 mmol), 3L 99— K7 m,3(31 ul,, 0.320 mmol) & /i1 %,
IR T 5 R Lic, BOSKICAKZ N2, BEfe—F /L Chlltt L7z, g 2K, B X
O BHEK T, M) MU U AT L, WA RIER E Lo, 55N
Z NH-> U7 nvrsna~ 777 44— (AcOEY) TR 5 Z Lick v, 59g (102 mg,
94%) % A aEA L LC1&7-, 'H-NMR (CDCls) § 9.14 (1H, brs), 8.74 (2H, d, J= 4.9
Hz), 8.30, 8.44 (1H, s X2), 7.36 (1H, d, J= 2.2 Hz), 7.35 (1H, brs), 7.24 (1H, t, J= 4.9
Hz), 7.17 (1H, dd, J= 2.2, 8.4 Hz), 6.85 (1H, d, /= 8.4 Hz), 4.78 (2H, d, J= 3.9 Hz),
4.58 (2H, d, J = 5.7 Hz), 4.27 (1H, m), 3.97 (2H, t, J = 6.6 Hz), 3.48-3.85 (4H, m),
1.50-2.20 (4H, m), 1.84 (2H, m), 1.06 (3H, t, J= 7.4 Hz); IR (Nujol) cm™! 3275, 1635;
MS (APCI) m/z512/ 514 [M+H]*; Elementary analysis Calculated for C2sHs0CIN7Os:
C 58.65, H 5.91, C16.92, N 19.15, Found: C 58.23, H 5.97, C1 6.90, N 18.17.

PDE BHEIEMEDHIE
HEmOFERBEICETH LI TIEICLVITo T,

7 S VAR AR LIS 38 1T B kR O RIE
HmOERBEICTH LTI L VITo T,
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BZEOER

[4-[(3-Chloro-4-methoxyphenyl) methylamino]-2-[(2.9)-2-(hydroxymethyl)pyrrolidin-
1-yllpyrimidin-5-y1]-(3.4.5-trimethoxyphenyl)methanone 2 hydrochloride (62) D&k

It&% 18a (120 mg, 0.25 mmol) % N,N-2 A F/LA/NLLT I FQ mI)ICEEAE L (9-
7al /—/1(126 mg, 1.25 mmol) Z Mz, =E THRAEHE L7-, BISIRIZKZINZ.,
FEfe— T L CHIH L7z, B Z K, X Ofafi K Coiesk, Mg b v AT
L, WA TR AL, BSongikE Y b5 v~ 757 4 — (CHCIs —
CHCls : MeOH = 95 : 5) CHRLL . M- o F Lo —T WRKB L OV A Y 7 e
T—T N EMAZ, HTH LTZEERZERT 5 Z &2k 0, 62 (152 mg, quant.) % [ A& (K
& LT3/, 'H-NMR (DMSO-de) 6§ 9.6-9.8 (1H, m), 8.12, 8.17 (1H, s X2), 7.51 (1H, m),
7.3-7.5 (1H, m), 7.12 (1H, d, J= 8.5 Hz), 7.00, 7.01 (2H, s X2), 4.66 (1H, d, J= 5.8
Hz), 4.25 (2H, brs), 3.84 (3H, s), 3.83 (6H, s), 3.76 (3H, s), 3.4-3.8 (5H, m), 1.8-2.2
(4H, m); MS (APCI) m/z 543 / 545 [M+H]".

4-[(38-Chloro-4-methoxyphenyl) methylamino]-2-methylsulfanyl-pyrimidine-5-
carbaldehyde (63) D&k

KFLY F LTV =7 5(165 mg, 4.35 mmo) DT T b K27 T (5 mL)EE
MRz, KB T, ke 834 (1.52 g, 4.14 mmo) DT s 7 & 77 (15 mLIEIK % i
TUL., EIRT 1R Lz, KT, ROGIKIZAK(0.17 mL), 16%-7KEg{kT b U o A
KEEH(0.17 mL), 7K(0.51 mL) ZNESRMN 2., 2T 1 KR Lz, BOSR % K CTAR
L. Hefie—F L CHI L7, AEZ K, B L ORI EK ok, Mg ~Y oA
THRE L, I Z TR ET D ZEIcEV, L1l gDEKEE-, 209D 667mg %
7 kL A0 mDICERE L, b~ 4 (1.833 g, 15.3 mmol) # il 2., =RIE T 24
RERER L7z, RIEW A8 L 7212 | SR IR 2 U E AR L. 15 DALz i~ ¥ &N
AN L7 ERZ 8T 2 2 212k 63 (602 mg, 76%)% AEA L L TH7-, mp
122-125 °C; 'H-NMR (CDCls) § 9.71 (1H,s), 8.92 (1H, brt), 8.34 (1H, s), 7.35 (1H, d, J
=2.2 Hz), 7.18 (1H, dd, J= 2.2, 8.4 Hz), 6.89 (2H, d, J= 8.4 Hz), 4.69 (2H, d, /= 6.0
Hz), 3.89 (3H, s), 2.57 (3H, s); IR (Nujol) cm™ 3311, 2924, 2853, 1673, 1187, 1463,
1360, 1143, 1063; MS (APCI) m/z 324 / 326 [M+H]*.

4-[(3-Chloro-4-methoxyphenyl)methylaminol-2-[(2,9)-2-(hydroxymethyl pyrrolidin-1
-yllpyrimidine-5-carbaldehyde (64a) £ i

&% 63(2.06 g, 6.36 mmol) D 7 & 1 7k A (20 mL)IEIKIZ ., KB K. mCPBA (1.47
g, 6.81 mmoD) Z/VEF oIz, ERIZT 30 4 L=, RISIKIZ (9-Fal ) —L
(901 mg, 8.90 mmol), BLO MU =F /L7 2 (1.33 mL, 9.54 mmoD) ANz, HIZ 1
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PR ER L7, SOGIR Z2 S8l £ CTHH-R U B = /L TAIR U 7o, ARRE 2 fafn Bk
K. B L ORI R K CIRR S L7 Bilg 7 b U o A TRl U7, NS &85 L .
TR 2 WM 5 2 ik v, 64a (1.99 g, 83%) & AMEA L LCTHE7-, 'H-NMR
(CDCIs) 6 9.49, 9.50 (1H, s 2), 8.90 (1H, brs), 8.15, 8.26 (1H, s X2), 7.37 (1H, d, J=
2.2 Hz), 7.19 (1H, dd, J= 2.2, 8.4 Hz), 6.88 (1H, d, J= 8.4 Hz), 6.22 (1H, brs), 4.61
(2H, d, J= 5.9 Hz), 4.36 (1H, m), 3.89 (3H, s), 3.53-3.87 (4H, m), 1.60-2.22 (4H, m);
IR (Nujol) ecm™ 3308, 1648, 1602, 1577, 1529, 1501, 1475, 1244, 1063; MS (APCI)
m/z 377/ 379 [M+H]*.

1-[4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[(2,.9)-2-(hydroxymethyl)-
pyrrolidin-1-yl]pyrimidin-5-yllethanone (64b) D& ik

&% 64a (91 mg, 0.242 mmo)%Z 7 FF & K77 (@ m)ICIEfEL., -78°C 2T
AFNAVVF T AQLIM-Y=F Lo —7 VAR, 1.1 mL, 1.21 mmoD) Zi# F L7z, BUGIK
K ZEMZ, B E THR2ICHFIR L, BT LI Lo, AEEZK, 3 X O8f
BIKTHG%, WilET N UL THEBEL, BEAZBIERE L, (o7 EEZ 7 v
RV (5 mIICIEME L, b~ > (500 mg, 5.75 mmol) & I 2 SRR TR
L721212, 6 RERDINBGENE LTz, NEM AR L, TeiR 2 B ERME Lz, 5o /oikik
YUV a~ 757 4— (CHCls:AcOEt =3 DTHMIT 52 L1k, 64b
(57 mg, 60%) & KA L L1577, "H-NMR (CDCls) § 9.57, 9.62 (1H, br X 2), 8.47,
8.60 (1H, sx2), 7.36 (1H, d, J= 2.2 Hz), 7.19 (1H, dd, J= 2.2, 8.4 Hz), 6.88 (1H, d, J
= 8.4 Hz), 6.50 (1H, br), 4.60 (2H, d, J= 6.0 Hz), 4.31 (1H, m), 3.89 (3H, s), 3.50-3.84
(4H, m), 2.43 (3H, s), 1.64-2.50 (4H, m); IR (Neat) cm™ 3283, 1629, 1595, 1574, 1525,
1502, 1472, 1279, 1064; MS (APCI) m/z 391 / 393 [M+H]*.

1-[4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[(2,9)-2-(hydroxymethyl)-
pyrrolidin-1-yllpyrimidin-5-yllprop-2-en-1-one (64c) DA ik

{tE&% 64a(4.1g,10.88 mmo)Z T FF & Kz 77 (B0 mLICIAEfE L, KB FTE
== xv A7 r KA.OM-7 h 7 a7 J ¥k, 43.5 mL, 43.5 mmol) % i
T U, ERRICT 1 ReRE#R Lo, ROSRICERE LY B =0 DKEKZ N Z | HilE—
FOUTHIE U7, AREE A K, B LU AEK THdE, g U o LT L,
W ZIERE E L7, BGonkikz> Vs 5 vsa~ /57 ¢4— (CHCls —
CHCls : MeOH =50 : 1) T4 2 Z Lok, E|AKIKQ.70 9% 5-, it s
AR L (120 mI)ICIRME L. b~ 7 (8.1 g, 93.1 mmoD) Z M % . IR T 15 B
BHR LT, NEM 2R L, IR A BEIRNE L, o/ Ex2 s ) A v~ k
777 4— (CHCI3 : AcOEt= 2 : 1) THMT 22 L2k, 64c(1.92 g, 43%) & 1K
@ER E L TH7Z, mp 118-122 °C; 'H-NMR (CDCls) § 9.81, 9.88 (1H, brt X 2), 8.56,
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8.69 (1H, sx2), 7.37 (1H, d, J= 2.2 Hz), 7.20 (1H, dd, J= 2.2, 8.4 Hz), 7.07, 7.09 (1H,
ddx2, J=10.6, 16.8 Hz), 6.88, 6.89 (1H, d X2, J= 8.4 Hz), 6.33 (1H, dd, J= 1.8, 16.8
Hz), 5.79 (1H, dd, J= 1.8, 10.6 Hz), 4.62 (2H, d, J= 6.0 Hz), 4.27-4.40 (1H, m), 3.89
(3H, s), 3.50-3.87 (4H, m), 1.60-2.22 (4H, m); IR (Nujol) cm™ 1639, 1603, 1521; MS
(APCID) m/z 403/ 405 [M+H]*.

[4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[(2.9)-2-(hydroxymethyDpyrrolidin-
1-yl]pyrimidin-5-y1]-(2-pyridyl)methanone (64d) D4 Ak

o7 F U F 7 A16M-~F I AR, 3.54 mL, 5.66 mmol) & ¥ =T L —7 L(10
mD)IZHNZ, <78 °CIZHAIL 2-7 1€V 2 2(0.556 mL, 5.83 mmol) Z i F LT 20
S LT, ZhicibE Y 64a (314 mg, 0.833 mmo)?D7 F 7t K7 Z (10 mL)
FR 2 R TR R L. 30 0¥k L7, BUSIRIZKZIN A, i E THRAICHIR L7
%, Eele— T L ORI L7e, BHE A2 K, 3 X ORI RIEK CHRE . ik N Y o A
THRE L, BWIEEZRBIER E L, BoiicikEs 7 na kv (056 mDIZEM L, ik
{b~ > 77>(900 mg, 10.4 mmol) & i %, IR T 15 BEfHEFE L=, REm A2 L., I8
R LR L=, Fon-Eikazv Vb5 vrue~ k757 ¢— (CHCIs : AcOEt =
1: DTS5 Z ik, 64d (216 mg, 57%) Z K E AR A S L CH7Z, 'H-NMR
(CDCls) 6 9.66, 9.71 (1H, brt X 2), 8.80, 8.91 (1H, s X2), 8.62-8.68 (1H, m), 7.76-7.89
(2H, m), 7.40-7.45 (1H, m), 7.40 (1H, d, J = 2.2 Hz), 7.23 (1H, dd, J= 2.2, 8.4 Hz),
6.89, 6.90 (1H, d X2, J=8.4 Hz), 4.68 (2H, d, J=5.9 Hz), 4.24-4.42 (1H, m), 3.89 (3H,
s), 3.50-3.90 (4H, m), 1.40-2.22 (4H, m); IR (Nujol) cm™ 1591, 1566, 1524; MS (APCI)
m/z 454 | 456 [M+H]*.

1-[4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[(2,9)-2-(hydroxymethyl)-
pyrrolidin-1-yllpyrimidin-5-yl]-2-(2-pyridyDethanone (64f) D& 1%

2-AFNVEY (94 ul,, 0.954 mmo) =7 F 7 & Ru 77 (2 mI)IZEEM L., -78 °C
T o7 F Y F U AQL6M-~F ¥ K, 0.497 mL, 0.795 mmol) & F L7=, [RHEIC
T 30 /rfithth. L& 64a (60 mg, 0.159 mmo) D7 ~ 7 & Kz 7 Z (0.5 mL)IAEIR
Zf T Ly [FHRICT 90 ofii#k Lz, BUSIRIC/AKZIN A, =il £ TR ICHHR L2,
Wefe— F /L CHI L7z, A A K, 3 X Oaf &K THd#, Mg ~ U U ATz
el WIRAWERE Lz, BonEEs s oo ik A6 mDICHEMF L, @b~
77(300 mg, 3.45 mmol) Z M %, IR T 3 HEMRHE L7, 24 ReflnERE L7, =
RETWAILI-%, RNaWmaiEn] L, 18K 2 BERNE Lz, JSon/miExs ) s
WE/7n~ 777 4— (AcOEt : MeOH =10: D) THRT 2 Z L2k v, 64d (6 mg,
8%) & kR & L CH7=, 'H-NMR (CDCls) § 9.55, 9.60 (1H, brtxX2), 8.72, 8.84
(1H, s X 2), 8.56 (1H, m), 7.64 (1H, dt, /= 1.8, 7.8 Hz), 7.34 (1H, d, J= 2.2 Hz), 7.26

84



(1H, d, J= 7.8 Hz), 7.14-7.20 (2H, m), 6.85 (1H, d, J= 8.4 Hz), 4.57 (2H, d, J= 5.9
Hz), 4.26-4.34 (3H, m), 3.88 (3H, s), 3.49-3.86 (5H, m), 1.60-2.20 (4H, m); MS (APCI
m/z 468 / 470 [M+H]+.

[4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-methylsulfanyl-pyrimidin-5-y1]-(1-
methylimidazol-2-yDmethanone (65) D&%

1-AF A LV —1(0.394 ML, 4.94 mmoD) %7 7 & Fu 7 F (10 mL)IZIEME L .
718 °C Tn7F /LU F 7 A(1.6M-~F Y A, 2.90 mL, 4.64 mmol) Zii F L7, [A
IR T 90 iR tc. (LAY 64a (500 mg, 1.54 mmo)D7 hZ & K~ Z (10 mL)
TR A T LIRS T 5 0 L7c, BOSIKIT K Z N 2 IR £ TR A IZHIR L7,
Fef— LG L7z, AEZ K, B X OfafnREK Cotiesk, Mg~ v AT
L, BIEZRIERE L, BonEiEL 7 v o kL AQ6 mDICHEM L, b~
> 77(1.0 g, 11.5 mmoD) # Nz, IR CRASRIE Lz, REWEIER] L. JEK % T
G Lz, SON-EEICHoF LB LA Y T a e Lo—T L& 4, Lz
BARZIERT 52 L2k, 65 (591 mg, 95%) Z ¥k EAEAK L L TH7Z, mp
158-159 °C; 'H-NMR (CDCls) § 9.57 (1H, s), 9.43 (1H, t, J= 5.7 Hz), 7.38 (1H, d, J=
2.2 Hz), 7.22 (1H, dd, J= 2.2, 8.4 Hz), 7.18 (1H, d, J= 1.1 Hz), 7.07 (1H, brs), 6.90
(1H, d, J= 8.4 Hz), 4.73 (2H, d, J= 5.7 Hz), 3.98 (3H, s), 3.90 (3H, s), 2.52 (3H, s); IR
(Nujol) em™ 3270, 1605, 1571, 1511, 1408, 1296, 1281, 1270, 1127, 1064; MS (APCI)
m/z 404 / 406 [M+H]*; Elementary analysis Calculated for C1sH1sCIN502S: C 53.53,
H 4.49, C18.78, N 17.34, S 7.94, Found: C 53.08, H 4.35, C1 9.47, N 17.10, S 7.79.

[4-[(38-Chloro-4-methoxyphenyl) methylamino]-2-[(2.9-2-(hydroxymethyl)pyrrolidin-

1-yllpyrimidin-5-y1]-(1-methylimidazol-2-yl)methanone (64e) D& %

&% 65 (124 mg, 0.307 mmol) D 7 & 1 7k /L A (3 mL)¥AIKIZ . K% . mCPBA (70
mg, 0.322 mmol) Z/VET ol %z, RIRIZT 15 o L=, MGRIZ (9-7 el /—
(61 pL, 0.614 mmol), BLO MU =F /L7 2 (86 pl, 0.614 mmol) Z %, =EiEE
TIRAZIZHIR U722 DRI U7z, ROSRICEIFNEE K2 N2, WEiE—F /L CHi L
Too AHEIEZ K, B X O RIEK CHesE Liztk, MR N U w7 AT U, B2 )
JEREE LR, fonkEEsz Vv rsa~ 2777 4— (CHCls: AcOEt=1:1—
AcOEt) THHI4 2% Z 212k v, 64e (121 mg, 86%)% AM[EA L L THE 7z, 'H-NMR
(CDCIs) 6 9.50, 9.55 (1H, brtx2), 9.28, 9.29 (1H, sX2), 7.46, 7.47 (1H, d X2, J= 0.9
Hz), 7.45 (1H, d, /= 2.2 Hz), 7.34 (1H, m), 7.10 (1H, d, J= 8.4 Hz), 7.09 (1H, d, J=
0.9 Hz), 4.75, 4.90 (1H, t X2, J = 5.7 Hz), 4.60 (2H, m), 4.16 (1H, m), 3.88 (3H, s),
3.82 (3H, s), 3.30-3.70 (4H, m), 1.78-2.09 (4H, m); IR (Nujol) cm™ 3291, 1591, 1527,
1456, 1417, 1409, 1269, 1063; MS (APCI) m/z 457 / 459 [M+H]".
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1-[4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[(2,.9)-2-(hydroxymethyl)-
pyrrolidin-1-yl]pyrimidin-5-yl]-3-morpholino-propan-1-one (64g) D& ik

IbE&% 64c (300 mg, 0.745 mmol) & =% / — /(10 DIZEAEfE L, E/LE Y (324 mg,
3.72 mmol) &M%, FILT 1 B Lz, DSOS Z IR L, 1536 7=/ 4 K
T L THIN Lz, ZhzaK, BLORMAEKTHRE L%k, Mg b)) v AT
L, WIRZWIEE ET52 12X Y, 64g (358 mg, 98%) % HEkk AL LT,
TH-NMR (CDCls) 6 9.57, 9.64 (1H, brt X 2), 8.50, 8.62 (1H, s X2), 7.36 (1H, d, J= 2.2
Hz), 7.18 (1H, dd, J= 2.2, 8.4 Hz), 6.88 (1H, d, J= 8.4 Hz), 4.59 (2H, d, J= 5.9 H2),
4.25-4.42 (1H, m), 1.60-2.22 (4H, m), 3.49-3.85 (8H, m), 2.97 (2H, t, J= 7.2 Hz), 2.75
(2H, t, J = 7.2 Hz), 2.46-2.52 (4H, m); IR (Neat) cm* 1625, 1593, 1525; MS (APCI)
m/z 490 / 492 [M+H]+.

IbEY 64h 1Z. LAY 64g LEED HIEIC IV A Lz, ILRB L OGHT —#
UL TIORT,

1-[4-[(3-Chloro-4-methoxyphenyl)methylamino]-2-[(2,.9)-2-(hydroxymethyl)-
pyrrolidin-1-yllpyrimidin-5-v1]-3-(4-methylpiperazin-1-yDpropan-1-one (64h)

Yield quant.; 'TH-NMR (CDCls) § 9.58, 9.65 (1H, brt X 2), 8.51, 8.63 (1H, s X2), 7.36
(1H, d, J=2.0 Hz), 7.19 (1H, dd, J= 2.0, 8.2 Hz), 6.88 (1H, d, J= 8.4 Hz), 4.45, 4.59
(2H, d X2, J= 5.9 Hz), 4.30 (1H, m), 3.89 (3H, m), 3.50-3.85 (4H, m), 2.97 (2H, m),
2.67 (2H, m), 2.47-2.54 (8H, m), 2.29 (3H, s), 1,70-2.15 (4H, m); IR (Neat + CHCls)
cm'! 3280, 1625, 1593, 1573, 1526, 1473, 1459; MS (APCI) m/z 503 / 505 [M+H]*.

[(29-1-[4-[(3-Chloro-4-methoxyphenyl)methylamino]-5-[(pyrimidin-2-

Imethylamino)methyl]lpyrimidin-2-yl]pyrrolidin-2-yllmethanol (64i) D& ik

KFEALATHES Y 7 4(10 mg, 0.266 mmol) % 1,2-27 n (2 mL)IZRE L .
K FCHERE(73 pL, 1.28 mmol) Z 1., FHEIZT 90 oii# L7z, BINRIZ 2-7 2 7
AFNVEY 2T (17 mg, 0.160 mmol), 3L MEAEY 64a (50 mg, 0.133 mmol) I
Z. BIRTHRAERE Uz, ROGKRICEAREE K Z I %2, Bifg=TF /L CHitt L7z, AE
ZK, B L ORI AE K CHRE L MEE T MU U AT L BB E2RIEE L LT,
Bonrklass ) B ViEE s a~ 82757 4 — (AcOEt : MeOH = 1: 1) TRl
5HZ 2L, 64i (16 mg, 26%) & MEEph{A L LTS/, 'H-NMR (CDCls) § 8.55 (2H,
d, J=4.9 Hz), 8.02 (1H, t, J= 5.9 Hz), 7.57 (1H, br), 7.39 (1H, d, J= 2.2 Hz), 7.23
(1H, dd, J= 2.2, 8.4 Hz), 7.15 (1H, t, J= 4.9 Hz), 6.86 (1H, d, J= 8.4 Hz), 4.61 (2H,
m), 4.19 (1H, br), 4.06 (2H, s), 3.89 (3H, s), 3.48-3.78 (6H, m), 2.08 (1H, m), 1.78-1.98
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(2H, m), 1.63 (1H, m); IR (Neat + CHCls) cm™ 3275, 1609, 1579, 1500, 1477, 1457,
1341, 1256, 1064; MS (APCI) m/z470/ 472 [M+H]*.

Methyl (£)-3-[4-[(3-chloro-4-methoxyphenyl) methylamino]-2-[(2.5)-2-
(hydroxymethyl)pyrrolidin-1-yl]pyrimidin-5-yl]prop-2-enoate (64j) D& %

VT IVR AR/ FEE A F (84 mg, 0,398 mmol) &7 R T & K7 T (1 mI)ITIE
fifg L, okt FCAFENT F Y 7 (10 mg, 0.398 mmol) Z i %, [FHRIZ T 30 3R L7,
ZAEAEY 64a (100 mg, 0.265 mmol) DT F T b K7 F (1 mDEKZMNZ, =
JRC 2 BRI U7, BROSHRIC B Fn B /K 2 0 %, BEfg = )L T U 7=, B HEJE 2 k.
B L ORI A K CHE L%, Wil U U ACTHREL, WA BIEE E L, 55
Ni-EE AV AN ERB I o~ 7T 7 4 — (hexane : AcOEt =1: 1) T4 =
L2k, 64§ (15 mg, 13%) Z A A S L CTH72, mp 163-164 °C; 'TH-NMR (CDCls)
§ 8.05 (1H, br), 7.50 (1H, d, J= 15.9 Hz), 7.37 (1H, d, J = 2.2 Hz), 7.20 (1H, dd, J=
2.2,8.4Hz),6.96 (1H, d, J=8.4 Hz), 6.11 (1H, d, J=15.9 Hz), 5.41 (1H, br), 4.60 (2H,
br), 4.27 (1H, br), 3.91 (3H, s), 3.77 (3H, s), 3.50-3.78 (4H, m), 2.11 (1H, m), 1.92 (2H,
m), 1.65 (1H, m); IR (Nujol) cm™ 3380, 1707, 1597, 1556, 1500, 1463, 1193; MS
(APCI) m/z 433/ 435 [M+H]*.

Methyl (£)-3-[4-[(3-chloro-4-methoxyphenyl) methylamino]-2-methylsulfanyl-
pyrimidin-5-yl]prop-2-enoate (66) D& %

T AF VIR AR J FEE A F1(0.75 mL, 4.63 mmo) &7 F T b K7 Z (20 mL)IZ
WL, KB FTAK#ENT B Y 7 (185 mg, 4.63 mmol) Z Nz . FHRICT 30 S0Hi#R L
72 ZHUTILE®) 63 (1.0 g, 3.09 mmol) Z Nz, IR CHRIEHEE L-, MIGHKRICAFE
HEARZ M, BT /L TRt L7, AE A K, B X OB B K THed L 7o, bt
Bl MU D ATHIREL, WA E L, BonEikEz > UV hrnvrsa~ N7 o
7 4 — (hexane : AcOEt=4: D)THHEL, 2= TF LB O A Y oL —T /L
ZINZATH L7ZERZJEERT 5 2 L2k D, 66 (691 mg, 59%) & A A L LT,
mp 144-145 °C; '"H-NMR (CDCls) § 8.19 (1H, s), 7.51 (1H, d, J=15.8 Hz), 7.36 (1H, d,
J=2.2Hz), 7.20 (1H, dd, J= 2.2, 8.4 Hz), 6.90 (1H, d, J= 8.4 Hz), 6.24 (1H, d, J=
15.8 Hz), 5.39 (1H, t, J= 5.5 Hz), 4.66 (2H, d, J= 5.5 Hz), 3.90 (3H, s), 3.79 (3H, s),
2.51 (3H, s); IR (Nujol) cm™ 3297, 1714, 1629, 1558, 1507, 1462, 1425, 1385, 1316,
1291, 1164, 1148, 1133, 1064; MS (APCI) m/z 380 / 382 [M+H]* Elementary analysis
Calculated for Ci17H1sCIN3OsS: C 53.75, H 4.78, Cl1 9.33, N 11.06, S 8.44, Found: C
53.80, H 4.80, C19.30, N 11.04, S 8.36.

8-[(8-Chloro-4-methoxyphenyl) methyl]-2-methylsulfanyl-pyrido[2,3-dlpyrimidin-7-o
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ne (67a) DAk

It&% 66 (540 mg, 1.42 mmol) % A % / —/L(10 mI)IZI&E L, Kif T TAFE LAY
FF hU A (6 mg, 0.142 mmoD) Z NN X 72, =R CRAIRE L=, 5 REINZGE
Lz, BIRETHAL, Fri L7zBEEEZERT 5 Z LI2 KLY, 67a (475 mg, 96%) %
EA S L7, mp 189-190 °C; 'H-NMR (CDCls) § 8.61 (1H, s), 7.61 (1H, d, J=
9.5Hz), 7.54 (1H, d, J=2.2 Hz), 7.38 (1H, dd, J= 2.2, 8.6 Hz), 6.84 (1H, d, J= 8.6 Hz),
6.67 (1H, d, /= 9.5Hz), 5.52 (2H, s), 3.86 (3H, s), 2.64 (3H, s); IR (Nujol) cm™* 1673,
1655, 1597, 1523, 1503, 1459, 1258, 1167; MS (APCI) m/z 348 / 350 [M+HI*
Elementary analysis Calculated for Ci6H14CIN302S: C 55.25, H 4.06, Cl 10.19 N
12.08, S 9.22, Found: C 54.92, H 4.02, C110.13, N 12.00, S 8.95.

8-[(8-Chloro-4-methoxyphenyl) methyl]-5-(1-methylimidazol-2-yD)-2-
methylsulfanyl-pyrido[2.3-dlpyrimidin-7-one (67e) D&%

D RAF LR AR J FEE A F (338 mg, 1.86 mmol) & /b (10 mINIZ MR L., K%
TCAFEMNLT B 7 A(T5 mg, 1.88 mmol) Z %, =iE T30 oL, ks
¥ 65 (150 mg, 0.371mmol) Z %, 100 °C T 16 B L7-, KISIRIZKZINZ .
FEfe = F /L CHItE L7o, AHE 2K, B X ORI AEK Cois L7-%., Mk~ v A
THMRL., WIHAZBERE L, BoniEEa L UV hrVviEE /I a~ N9 7 4 —
(AcOEt) THifl-4 2% = L2k v | 67e (21 mg, 13%) Z [EA L L TH7-, TH-NMR (CDCls)
§9.13 (1H, s), 7.56 (1H, d, J= 2.2 Hz), 7.39 (1H, dd, /= 2.2, 8.4 Hz), 7.28 (1H, d, J=
1.1 Hz), 7.11 (1H, d, J= 1.1 Hz), 6.85 (1H, d, J= 8.4 Hz), 6.63 (1H, s), 5.57 (2H, s),
3.87 (3H, s), 3.78 (3H, s), 2.64 (3H, s); IR (Nujol) cm™ 1669, 1565; MS (APCI) m/z 428
/ 430 [M+H]"~.

8-[(3-Chloro-4-methoxyphenyl)methyl]-2-[(2.9)-2-(hydroxymethyl)pyrrolidin-1-
yllpyrido[2,3-dlpyrimidin-7-one (68a) D & )%

&% 67a (247 mg, 0.71 mmol)®D 7 1 /L A(5 mLVERIZ. Kk F. mCPBA
(192 mg, 0.78 mmol)® 7 1 v 7 /L A (2 mL)EHR & F L. [FEIZ T 1 R L7,
FRIC (9-71 Y 7 — (79 mg, 0.78 mmol), B LN F U =F /L7 2 (216 mg, 2.13
mmol) ®7 7R/ A2 mIERET T L, =il CRERE L, MOSKIZAfES
KzEMZ, Z7wadR)LATHI Lc, AREEZK, B L ORMEHEK TS Lk, it
fer U U LTHEEL, BUERME L, SonEEx> ) hrnra~s vro7 40—
(CHCl3: EeOH=50: 1) THHI L, FiB=F LB IOV A Y Fu Lz —7 L&z T
Frif L7 B R Z I8 2 Z 12k b, 68a (218 mg, 77%)% k& L M7=, mp
140-142 °C; 'H-NMR (CDCls) § 8.35 (1H, s), 7.56 (1H, s), 7.45 (1H, d, J = 9.3 H2),
7.39 (1H, br), 6.83 (1H, d, J= 8.7 Hz), 6.40 (1H, d, /= 9.3 Hz), 5.52 (1H, br), 5.43 (2H,
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s), 4.31-4.38 (1H, m), 3.85 (3H, s), 3.60-3.89 (4H, m), 1.90-2.66 (3H, m), 1.80 (1H, m);
IR (Nujol) cm™® 3355, 1655, 1612, 1577, 1528, 1456, 1406; MS (APCI) m/z 401 / 403
[M+H]+; Elementary analysis Calculated for C20H21CIN4Os: C 59.93, H 5.28, C1 8.84
N 13.98, Found: C 59.42, H 5.14, C1 8.96, N 13.61.

L&Y 68e (X, {LEW 68a LIFEERDITIEIZ L VAR LIz, IREBXOSHTT —~
Z LRI,

8-[(3-Chloro-4-methoxyphenyl)methyl]-2-[(2.9-2-(hydroxymethyDpyrrolidin-1-y1]-5-(
1-methylimidazol-2-yl)pyrido[2.3-dlpyrimidin-7-one (68¢)

Yield 91%.; tH-NMR (CDCls) 6 8.86 (1H, s), 7.58 (1H, br), 7.40 (1H, br), 7.25 (1H, d,
J=1.3Hz),7.25(1H,d, J=1.3 Hz), 7.08 (1H, d, J= 1.3 Hz), 6.85 (1H, d, /= 8.4 Hz),
6.39 (1H, s), 5.49 (2H, s), 3.87 (3H, s), 3.75 (3H, s), 3.64-3.95 (4H, m), 1.93-2.27 (3H,
m), 1.68-1.88 (1H, m); IR (Nujol) cm™ 1655, 1582, 1533; MS (APCI) m/z 481 / 483
[M+H]*.

8-[(8-Chloro-4-methoxyphenyl)methyl]-5-methyl-2-methylsulfanyl-5.6-
dihydropyrido[2,3-dlpyrimidin-7-one (69) D&k

7 ALH(294 mg, 3.28 mmol) % Y= F Lt —F (1 mI)IZIERE L, -78 °C 1T T A
FUF 7 501 M-V =F )Lt —T VEERK, 5.98 mL, 6.59 mmo) Z{i F L7z, KIS
B2 0°C £ THIE L, 1 B L2%I2-78°C ICmHEI Lz, Zhiciba® 66a
(250 mg, 0.658 mmol) D7 F Tt Fr 7 Z (10 mLIEREZ F L, 0°C £ TR ll5H
B2 5 90 /fi#h Uiz, BOSIRICEFELT =0 AKIERZ N2, BT v
THIH L7z, AEZ K, 8L Otaf &k ol Liztk, Wilg)r b U o A CTHREL,
WIEEME L, SoniEiEs s Vb5V a~ 727 ¢— (hexane : AcOEt =2 :
DTHERT L ZEI2LD, 69 (161 mg, 67%) % AGEA L L TH7-, 'H-NMR (CDCls)
§8.18 (1H, s), 7.44 (1H, d, J= 2.2 Hz), 7.28 (1H, dd, J= 2.2, 8.4 Hz), 6.83 (1H, d, J=
8.4 Hz), 5.20 (2H, s), 3.86 (3H, s), 3.00-3.13 (1H, m), 2.81 (1H, dd, /= 5.7, 15.9 Hz),
2.56 (1H, dd, J= 7.7, 15.9 Hz), 2.54 (3H, s), 1.27 (3H, d, /= 6.8 Hz); IR (Nujol) cm!
1694, 1579, 1546, 1504; MS (APCI) m/z 364 / 366 [M+H]*.

8-[(3-Chloro-4-methoxyphenyl)methyl]-2-[(2.9-2-(hydroxymethylpyrrolidin-1-yl]-5-
methyl-5.6-dihydropyrido[2.3-dlpyrimidin-7-one (70) D {5k

It 69 (85 mg, 0.23 mmol) D 7 1 7k /L A (3 mL)EHEIZ, KB F. mCPBA (63
mg, 0.25 mmol) Z iz, [FHEICC 1 REfRER L=, SISHRIC (9-7'a Y /7 —/1(56 mg,
0.54 mmol), BIXWh U =F /L7 I (48 mg, 0.27 mmol) Z %, iR CRAEREL
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7o BUGHRIZ (8)-71 Y /7 —/1(72 mg, 0.71 mmoD)Z %, 60 °C T 2 HRH#: L71=,
RIS ZRIRETHA LB, SBREEKZMNL, 7 eok/L ATl L, AHE
K, BLORFIEE KT L%, Mg N o AT L, BIERME L, 55
nNiegkia v Vs nvrsa~ v 777 4 — (AcOE) TR 52 &1k 0, 70 (73 mg,
75%) % A EAR & L7, 'H-NMR (CDCls) § 7.92 (1H, s), 7.46 (1H, d, J= 2.0 Hz),
7.24-7.28 (1H, m), 6.83 (1H, d, /= 8.6 Hz), 6.4 (1H, br), 5.17 (2H, s), 4.17-4.26 (1H,
m), 3.86 (3H, s), 2.91-3.05 (1H, m), 2.77 (1H, dd, J= 5.7, 15.8 Hz), 2.50 (1H, dd, J=
7.7, 15.8 Hz), 1.83-2.20 (3H, m), 1.64-1.77 (1H, m), 1.23 (3H, d, J = 6.8 Hz); IR
(Nujol) em™ 1693, 1601, 1551, 1503; MS (APCI) m/z 417/ 419 [M+H]*.

8-[(38-Chloro-4-methoxyphenyl)methyl]-2-[(29)-2-(hydroxymethyDpyrrolidin-1-y1]-5-
methyl-pyrido[2,3-dlpyrimidin-7-one (68b) D & Ji%

&% 70 (10 mg, 0.0240 mmol) % 1,4-A4FH (2 mICIAEfEL, 2,3-Y 7 nn
-5,6- VT J -para~X> > % / (7T mg, 0.0308 mmol) Z Nz, =RiE T 24 K, &\ T
60°C T 24 IR HE Lo, ROSHKRZBERM L. fFonckika >V a5 ra~< 7
7 7 4 —(CHCls : MeOH =50 : 1) TH#LT 5 Z L12L D, 68b (3 mg, 30%) % H K
& LCT47=, 'H-NMR (CDCls) § 8.49 (1H, s), 7.53 (1H, br), 7.32-7.39 (1H, m), 6.83
(1H, d, J = 8.4 Hz), 6.28 (1H, s), 5.42 (2H, brs), 4.24-4.38 (1H, m), 3.86 (3H, s),
3.64-3.87 (4H, m), 2.36 (3H, s), 1.90-2.24 (3H, m), 1.74-1.85 (1H, m),; IR (Nujol) cm™!
1733, 1653, 1584; MS (APCI) m/z 415/ 417 [M+H]*.

8-[(38-Chloro-4-methoxyphenyl) methyl]-2-[(2.9)-2-(hydroxymethyl)pyrrolidin-1-yl]-5-(
2-pyridyDpyrido[2,3-dlpyrimidin-7-one (68d) DA ik

DA F VIR AR J Wil A F (70 mg, 0.91 mmol) & h /L= (10 mL)ICIAfE L. KiG
TTAFENLT U 7 A(B6mg, 0.91 mmol) &M%, FHIRT1RRIHE L7Z, 2 ks
¥ 64d (116 mg, 0.26 mmol) & il 2, 100 °C T 6 REIFH#E L7z, =il TWHEI L=,
FOSHRIZK Z N A, WERE—F /L CHit Lo, A 27K, 3 J O &K T Lz
%, Wi U U AT L, WA ERE L Lz, S0 ikiEs > U 7 vikig s
n< 2777 4— (AcOE) THHIT 2 Z L2k v, 68d (21 mg, 17%) % [EHkE LTH
72, mp 183-187 °C; 'H-NMR (CDCls) § 8.82 (1H, s), 8.73-8.77 (1H, m), 7.87 (1H, dt, J
=1.8, 7.7 Hz), 7.54-7.60 (2H, m), 7.36-7.44 (2H, m), 6.85 (1H, d, /= 8.4 Hz), 6.75 (1H,
brs), 6.54 (1H, s), 5.51 (2H, s), 4.28-4.38 (1H, m), 3.87 (3H, s), 3.56-3.92 (4H, m),
1.92-1.28 (3H, m), 1.70-1.83 (1H, m); IR (Nujol) cm* 1644, 1572, 1533; MS (APCI)
m/z 478/ 480 [M+H]*.

8-[(8-Chloro-4-methoxyphenyl) methyl]-2-[(2.9-2-(hydroxymethyDpyrrolidin-1-y1]-5-(
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2-morpholinoethyl)pyrido[2.3-dlpyrimidin-7-one (68h) D & ik

v 7u~Fi oLy 2 (510 mg, 2.82 mmol) &7 T b K7 T (1.5 mL)IZIAEMR
L. -78°C Tn7F NI F 7 AL(1.6 M-~FH KK, 1.76 mL, 2.82 mmol) & F L,
FHEIC C 1R L7, ZAUT B U A F 0o U LEEEE A F/1(462 mg, 2.82 mmol) &
Nz, 10 /e L7-%12, (k&% 64h (138 mg, 0.282 mmolD) %, 0°C % Thx
(ZHR UZe Ay & 5 RERIFRHE U7, SUSIR A IR T 15 REMEE Lo iokE Nz, Fig
TFLCTHIE L7z, AHEE &K, B L O A K Tt L=k, Mg b U AT
L, WEEBIEEE L, BonEiEsz Vb SVl s a~ NI T T 4 —
(AcOEt) THHI4 % Z L2k v, 68h (11 mg, 8%)% HEkAL L TH7-, 'H-NMR
(CDCls) 6 8.54 (1H, s), 7.54 (1H, brs), 7.37 (1H, brt), 6.83 (1H, d, J = 8.4 Hz), 6.31
(1H, s), 5.42 (2H, brs), 4.29-4.39 (1H, m), 3.86 (3H, s), 3.69-3.90 (8H, m), 2.53 (4H,
m), 2.88 (2H, brt), 2.64 (2H, brt), 1.92-2.24 (3H, m), 1.70-1.86 (1H, m); IR (Neat) cm!
1583; MS (APCI) m/z 514 / 516 [M+H]*.

PDE PHEVEMEORIE
B BEOFERBEICHRHE LI HIECLVITo 7,

7 S VAR AR LIS 38 1T B kR O RIE
HmOERBEICETH LI TIEICLVITo T,
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