;e3e44DNF*% . T6T_710 3 MAR 2004 DESCRI PTI ON AROVATI C NI TROGEN- CONTAI NI NG
6- MEMBERED CYCLI C COVPOUNDS 5 TECHNI CAL FI ELD The present i nveatﬁn nRrﬂuat es
to a novel aromatic nitrogen containing 6-nmenbered cyclic conp

exhibiting a cGW specific phosphodi esterase (PDE) inhibitory activit
V inhibitory activity) 10 and bei ng useful as a nedi canent, and \mmﬂ “
for preparing the same. BACKGROUND ART | h general, it is known t )

which is an intracellular second nessenger, is deconposed and i nact i*o®¢%&d
by 15 phosphodi est erase which w deI\é di stributes in many cell types and

ti ssues of the living body, andIMie® €RdHDE QdNivity is inacti
|l evel of cGW in cells is increased, and as a result, various mﬂlmmmwmmmml

phar macol ogi cal activities, for exanple, relaxation of vascul ar

muscl e, relaxation of bronchial smooth nuscle, and inhibition of 20*6sles*
pl atel et aggregati on are ARAMATEY NIRQ@GESN-CONTAININGen reported t hat
such cQGW specific PDE inhibitors (i.e., PDE Vinhibitors) are useful in
the treatment of di sease@‘é@y@ﬁgia[hqmm SRMPQUENRRer  of

cGWP-signal i ng, including hypertension, angina pectoris, mnyocardi al
inf& ction, chronic or acute 25 heart failure, pul nonary hypertension, etc.

(Aust ral 1 an HRVCAL BIEERAR 2004 2 Publ | cat fon’ No. 9658077). 1t has. al 0
Fomal o soxual dy<TORGTESAN VEYRITSHARFIRIER aIA HoVFl & OBRBRJEAI OB 23- 20
573-384 (260017 BE FerATRDEEed Bblb copiro Bnd JpHibitiag padaMA SPeGRC 115.
1999)) coRTUIRRORiE Eiats Pk ifhistiory givitiy BRI ibitaS6A44 ¥t 000)
et e 60 Sl an SinediaRIEATHRE e tbboe HEGr SRR

same.

BACKGROUND ART

In general, it is known that cGMP, which is an intracellular

second messenger, is decomposed and inactivated by

15 phosphodiesterase which widely distributes in many cell types and
tissues of the living body, and when said PDE activity is inactivated, the
level of cGMP in cells is increased, and as a result, various
pharmacological activities, for example, relaxation of vascular smooth
muscle, relaxation of bronchial smooth muscle, and inhibition of

20 platelet aggregation are exhibited.

Moreover, it has been reported that such cGMP specific PDE
inhibitors (i.e., PDE V inhibitors) are useful in the treatment of diseases
caused by a functional disorder of cGMP-signaling, including
hypertension, angina pectoris, myocardial infarction, chronic or acute

25 heart failure, pulmonary hypertension, etc. (cf., PCT Patent Publication

WO 96/05176, etc.), and prostatic hyperplasia (Australian Patent



10 drhydro- 1- et hyl - 7- oxo- 3- propyl - 1H pyrazol o[ 4, 3-d] pyri m di n-5-yl)

phenyl sul f onyl ] - 4- net hyl pi perazi ne [general name: Sildenafil] having PDE V
inhibitory activity is useful in the treatnment of diseases sucll aMARCIMN e
erectile dysfunction (copul ative inpotence), etc. (cf., Boolell et al., The
Journal of Urol ogy, Supplenent, vol. 155, no. 5, p. 495A739 ( 1996); 15
Terrett et al., Bioorganic 8v Meudicinal Q:hen‘i stry Letters, vol. 6, no. 15
p. 1819 ( 1996); and Ballard et al., British Journal of Pharnacol ogy,
Proceedi ng_Suppl epent, vol. 118, p.. 153 (1996)). However, sildenafil has
been r epor Fadlication Nos 995394 Aet 4t basinlae hesameanasted SeabPDIuM usi on, gut
di sorder, rhj ;g,ti s, color sense, disorder, 20 penile erectile continuance,
etc. (1rw Atbifgrs magebamgerplinthe tsatmantAl fomalsissgua) slysiungtiono. 20,

e A e ALl T
ol Baytiessaafinais dat ol b aesds < dbttlon 1o
iR, SRS G e L
e N T
Jour nal of “PHEOPENCE & Thet gt VLo PRGCR. Lf: 5yt anfst r ade et
g sa%b%&g%giﬁ%%{lféﬂf%%f%fﬁqgéﬁ‘%ﬁ@'€ﬁ¥mé‘3' Fedddk 151;?%3??2@@9?”3@8) Yovi de a
novel aromatic ni en- tajni 6- Er ' nd_s op' an
excel lent 10 phos%hgg}%s %&ag‘%%g?‘ﬁ%% ?\%ﬂlﬁﬁ?‘%’%%g%g?g}\;?ﬁfxyé%d%‘bzgng
dyaPunct: 0B o HalaPbh PR L S P BRI by BRI SV et on
ot T ogencoRtEr T RURGER 4 Mo e ot JEner A HEne SSHRLAN having 1 on

rel ates togfﬁﬁf Hﬁ&&@iéﬁﬁﬁﬂ%is‘:ﬁgéﬂl@h%eﬁfglg?fpﬁﬁﬁgf WQd%sﬁsgm&PHQd of

the formnul -RRIYlI~ Z O R~ wherein IS a

substi t ut edegi] HY 8t ' QBLA Y teBk Oy Clp . Rl is
I gt s (e A ot A o

formul a: - ReQFdErdd1b MOt S1BR3SUpplernigRs! ¥4 %,%o.iﬁ}%%@%)\%@%%@;

Ut
ni trogen-containing het erocyclic group, and Qi$ a | ower al kyl ene group or
a g6ngl e byaghett et ad, WiodPeictdMEQIciARC hebhist Létted)ivel, &4nbs 18, p.

substituted or unsubstituted cycl oal kyl group); is a substituted or
unsubst i t udlgd oo atd Balardtt ¥l.aBtidsh Jcurgiad wif Rifarmacology,
Proceeding Supplement, vol. 118, p. 153 (1996)).
However, sildenafil has been reported to have side effects such
as headache, facial suffusion, gut disorder, rhinitis, color sense disorder,
20 penile erectile continuance, etc. (Irwin et al., The New England Journal
of Medicine, vol. 338, no. 20, p. 1397-1404 (1998); Morales et al.,
International Journal of Impotence Research, vol. 10, no. 2, p. 69-73
(1998); and Goldenberg, Clinical Therapeutics, vol. 20, no. 6, p. 1033-
1048 (1998)).
25 In addition, sildenalfil has also been reported that the effects of

sildenafil on light response of retina tissues and its PDE VI inhibitory



03 MAR 2004 4 the formula:CH, and the other is a group of the fornula:

-N-, or. a pharnmaceutically acceptable salt thereof, and a procegsy fm 4
preparing the sane. Anong the conpounds (lI) of the present invention, guﬁe 5
ni t rogen-contai ning heterocyclic group of the "substituted or unsubstituted
ni t rogen-contai ning heterocyclic group” for Ring Ais a 5to 10-nenbered
monocyclic or bicyclic nitrogen-containi®g heterocyclic group, nore
particularly, a 5- or 6-nmenbered nitrogen-containing heterononocyclic group
and a 8- to 10-nmenbered nitrogen-containing 10 heterobicyclic group, and
nmost parti cadtavity correfateneach mthbeir dhe@xperionentsonidagsg@Moradas it milng

het erononocyclic group such as pyrrolidinyl group, piperazinyl group,

pi peri dyl gﬁ;ﬁgmamnp doumabof)ﬁppo&mq Rgsearaly, wlndbbooel, ar. &8af7idc

ni trogen-cont ai ni ng heterononocyclic group such as imdazolyl group,
pyrrolyl gr@@98)ktwhile dhbag bewmrepasged thehPRBiVipmeetinatpleysiac gr oup
such as 6, 7-di hydro-5H_pyrrol o[ 3, 4-b] pyri di n-6-yl group,

5, 6, 7, 8- t etimapgiipsicaireds b) the-sepsatien of light (Mebigdes et al., International
,6,7,8-tetrahydro-1, 7- napht hyri di n- 7-yl igr oup,

L 2,3, 4- t etdaminRlPAmMBean gegaTCHs 3ep, 10, no. 2, p. 69-73 (1998); Estrade

H 2,3,4,5, 6, 7- hexahydr opyr azol o[ 4, 3-c] pyr.idin-5-yl_grou

,5,6, 7-t etq%ly,dﬁafﬂpa%|~%{qpala[f PrargyacQlPay 6V el 3&%@,&7-163 (1998)).
,6,7,8-tet [ j.d - iJndin-6-yl group,

4,5, 6, 7-tet$§§gp%ti ﬁkﬁ%&%gﬂpyri di n-3-yl group, etc. The

ni trogen-cont ai ni het erocyclic group of the "substituted or unsubstituted
ni t r ogen- cont ai ni 28“ F?gi ot ei}eregﬁe&gr;nw%poﬁgsitg go%‘kle 8- YRl rematic

ni t r ogen- cont.ai ni ng het.er.ongnoc CL)I c group or a 8- to0.2S 10- nmenbered
ni (1 ogen- cOMERERTIECREBIBE CoyRaPLeErD ERCTT STy SHOWIBE 4 CHSHlRBer od
- ti it - t qi, ni ter. i. 3 MAR 2004 5
suc @;Z:f‘nﬁL%fm@%n}ié’&%%}%%ﬁ?%R%@&agf@@%gfo?yﬁ%&fﬁllﬁverarb@%ega%aaﬁfq"mai %Sfild
romi i o nersgEh i broRa s P D FEr plnil M SR
aroup. by 198 a4l SHOURec ) Wi 0F Qe BR0LMschdROURah TGB!V
V1 i y Z1 group, ang a8

group, oxazo gr oup, azo group; pyra to
aroup, _aui TGS B R e e K el SRS BRI o
aroupt Tor ATl SHAREH GRI camBBaty Forta R T oo, (2) a
ot ot () an am npcgiiet iienBR Hlatet)iclah HOHla e Altoet) 2N X Nydr oxy

group, (8) c%d@%hg%ﬁﬁéﬁqt%@&%frcﬁi%)ccﬁnbg‘&%ﬂ é‘fﬁ%%&%@ﬁ‘m: group, ( 10) a
| ower al koxy-substituted | ower I5 al kanoyl group, 11 ) a | ower al kanoyl

group, ( 12@yano-substitut ed lower alkyl group, and ( 13) a pyrimdinyl
e
o)

OhELPEFO

group subst N inaChgnﬁylanino group substituted by a hal ogen at om
and a | ower Xy group and (ii) a cycl oal kyl car banoyl group substituted
by a hydroxy grou¥. ..,Q0 The aﬂpl group of the "substituted or
unsubstituted aryl ﬁrou " for R is, for exanple, a 5- to 10-nenbered
monocyclic or bicyclic Rfomatic hydrocarbon group such as phenyl group,

napht hyl group, .etc. The substituent of the "substituted or unsubstituted
aryl wherein Ring A is a substituted or unsubstituted nitrogen-containing

heterocyclic group; R! is a substituted or unsubstituted lower alkyl

20 group, a group of the formula: -NH-Q-R? (in which R? is a substituted or
unsubstituted nitrogen-containing heterocyclic group, and Q is a lower
alkylene group or a single bond), or a group of the formula: -NH-R* (in
which R* is a substituted or unsubstituted cycloalkyl group); R?is a

substituted or unsubstituted aryl group; one of Y and Z is a group of



25 group"-for R2 is, for exanple, a |lower al koxy group, a hal ogen atom.. a
cyano group, a nitro group, a hydroxy group, a |lower alkyl group, 0 3 MAR
200 6 etc. The substituent of the "substituted or unsubstituted lsz RKY|
group” for R and the substituent of the "substituted or unsubstoi ed

cycl oal kyl group"” for R4 are, for exanple, a | ower al koxy group, a 5
hydroxy group, a norpholinyl group, a |ot%er alkylsulfonyl group, a di

(1 ower al kyl ) phosphi no group, a di-(lower alkyl)am no group, a

pyrim di nyl -substituted | ower al kylam no group, a pyridyl grou a

pyri dyl am r&egiosapilaa=@ier, angpheatberiis @ sy péﬁé@ ifwnuz‘i\w —a

pyri m di nyl oxy group, etc. 10 Throughout the present description and the

cl ai ns, th@r'alﬂ%@ma&wtl%lbugec e galh targpt, anthianpracessfathed chain

al kyl group havipng 1 to 6 carbon atons, such as nethyl, ethyl, propyl,

i sopropyl , MIGPAriNng the§ae. tert-butyl, etc. The "lower al koxy group" neans
a straight chain or branched chain al koxe/ group having 1 to 6 carbon 15
atoms, such as nef¥#BRPE tBEHOMPOBREsdkyof thapressntdnyentiony ithry,

i sobutyl oxy,, tert-butyloxy, etc. The "cycl oal kyl group" neans a cycl oal kyl
havithg 3 td“érqgé’lnb%nélé‘h%g heterocyslie \grpypr dlpthie "sykstamiedior cycl opent yi |
cycl ohexyl, cycl ohe tél ,..etc. The "] ower all(l_%%le e gqroup," nmeans a,straight
chain or 20MBTERtRBHeERitegRkgPBIRINGRE dIFtR Yﬁglcl Tou s ferMHBE Ai®AD- such

hyl , hyl i hy,l. . . T "hal . at '
T uort ol G Gt e tho TELIAIE B iStGic AR oe R T TP elPE Shtong
th d | f the,. t L i f er.abl 25 d
o oomneitoph, nle bR ERER A BRSNS R oo o)
f t " bsti t uted titut 03, VAR, 200 7 . .
O LD on- cdateToR RIS eRbuBr@ B 1S 18- mentidd BiBoden gontaininger o

e AR ER ORI AL AR P LR PR B home o
substi t ut %q.oprg%ggggllilg%Eééyéoqﬁaw%{g%g&(gﬁ(}o&%&%lcn oglﬁ(%rlgéyc ic group” is

selected from rou onsi's Fc?up, (2) a

D i oy Yo UBD, Buidtariiflibody loiBel Mol MordilliRle ity
group, and e&g), SPYE g Y rdd ‘é‘x'Brr??{?f%t\t,r\gééﬁ-c%tﬁﬁing ﬂ&@za(fj&%ﬁcgoaw oup

substituted by a hal ogen atom 10 a al koxy grGup an

cycl oal kyl ¢geha tshpgé@a@,a%ti%’aiafzeléﬁ;gaggtp?ﬁjygggﬁggrgﬁgy&c.,Rén{isa a | over

al kyl group”™whi ch nmay optionally b roup selected from

the sr oup GRRYEHLEEh @inthg BB rodlidRtie gfdw suhSBO iRy QHR B _
mor phol i nyl group, a |ower™ al kyl sul'fonyl' group, a di-(lower alkyl)phosphino
group, a dipytrt61663,415) @ ridin- 85 1INg- o) B)6, A, 8P tr Ahpd Aotimigu s, bg)ed | ower
al kyl am no group, a pyridyl group, a pyri cfyl am no group, and a l'ower
al kyl -SUbSEiytra’zi@ﬂmjflpgﬁoﬁl@,FEY,B,ﬂ,@tﬁtranyéf@llWQiaﬁHﬂﬂl}frﬁde%il griodp R3, or a
group of the fornmula: -NH R4, the nitrogen-containing heterocyclic group of
t he "subst i1t,m$4-Mralmmmﬂsqgaﬁmlﬁmylogmmomam,@i,m,gs,b;éz-elre&ahyair@- gr oup”
20 for R3 is a 5- or 6-nenbered nitrogen-containing heterononocyclic group
or a 8- topliPansloikBedpyridiagdryl groupi @i, B, Aetetraity dnothiazols[Gp-c]and t he
substituent of the above "substituted or unsubstituted nitrogen-containing
het2ér ocycl ipyrigtinup-yligroagl, &6 £J8f tetraliydropywido[4 (Bisi] pyring did-6ayl gyeupal kyl
group) a hydroxy-substituted | ower al kyl 25 group, an oxo group, an ani no
group, a did,%)6gVetetedkydoa8HRrimidang)4, % clpmedireBkdnenplupgredop and a
cyano-substituted | ower al kyl group, R4 is a

The nitrogen-containing heterocyclic group of the "substituted

or unsubstituted nitrogen-containing heterocyclic group" for R?® is a 5-
or 6-membered nitrogen-containing heteromonocyclic group or a 8- to
25 10-membered nitrogen-containing heterobicyclic group, for example, a

5- or 6-membered non-aromatic nitrogen-containing heteromonocyclic



0 3 MAR 2004 8 5 cycl oal kyl group being substituted by a group sel ected

fromthe group consisting of hydroxy group, a |ower alkoxy grou%gwm~
pyri m-di nyl oxy group, R2 is a phenyl group being substituted by ou
selected fromthe group consisting of a | ower al koxy group, a hal ogen atom
a cyano group, a nitro group) a hydroxyh%roup and a | ower al kyl group. Mre
particul arly, preferable conpounds of t present 10 invention are
conmpounds of the formula (1), wherein the nitrogencontaining heterocyclic
group of the "substituted or unsubstituted nitrogen-containing heterocyclic
group" for 8RPWEP SNl ag rgorphokinghgerun) piperazioy! gooup) piperidiet groormnocycl i c
group of the formula: HNONOCN , ~N-, ~1 ~ NuN- , CN- or N 15 or a

ni t r ogen- chitaglinzoly] BeewpoBikydnopyrignislipyberewe, dittdrapygazayhgreuphar ei n
the above-nentioned 5- or 6-nenhered nitrogen-containing heterononocyclic’
group and &5 Grmemharsd aremsiis nitrggenpcantaininghetatomopocylia grodp | ~N
N ~NI \ ~ ~ NNI,N',~£I—~~I~,NH_or~IN_a.N and the

ni t r ogen- cGHECR & Hé{rﬁ’élﬁiﬁ% grauR, ByEdpzis] greups pysidyl @reupe pyoaselikt i t ut ed
ni t rogen-cont ai nir}qrgd het er ocyclic group” for R3 is a non aromatic

ni t Pogen- c 8RPAPnHREIFFAME! Bhettd azody I growp, dhiasplyk graum.apyrazing SIMRIR004
“NH= - I.';1"r\|1d|_|a lgw tBHl &ngrl}lib%rreél rﬁ\i:roNgeg-containing heterobicyclic group such
as benzothiazolyl group, quinolyl group, dihydrobenzoxazolyl group,
etc. |
The substituent of the "substituted or unsubstituted nitrogen-

10 containing heterocyclic group” for Ring A and R® is, for example, (1) a
lower alkyl group, (2) a hydroxy-substituted lower alkyl group, (3) a
formyl group, (4) an oxo group, (5) an amino group, (6) a di-(lower
alkyl)amino group, (7) a hydroxy group, (8) a lower alkoxy group, (9) a
lower alkoxycarbonyl group, (10) a lower alkoxy-substituted lower

15 alkanoyl group, (11) a lower alkanoyi group, (12) a cyano-substituted
lower alkyl group, and (13) a pyrimidinyl group substituted by (i) a
bénzylamino group substituted by a halogen atom and a lower alkoxy
group and (ii) a cycloalkylcarbamoyl group substituted by a hydroxy
group, etc.

20 The aryl group of the "substituted or unsubstituted aryl group"
for R? is, for example, a 5- to 10-membered monocyclic or bicyclic
aromatic hydrocarbon group such as phenyl group, naphthyl group,
etc.

The substituent of the "substituted or unsubstituted aryl

25 group" for R? is, for example, a lower alkoxy group, a halogen atom, a

cyano group, a nitro group, a hydroxy group, a lower alkyl group,



9 OVl NH or an aromatic nitrogen-containing heterocyclic group of the
formula:. , NI NN1 A\, N, >>2>NNN-~NN-\ 1T N>>2>>CN-\gly gty
| NS~N~\ ~~\ SONN/ ~ N~N1 \ , ~ ~ or NSSAm)ngtR
conmpounds (1) of the present invention, other 5 preferable conpounds are
compounds of the fornula (1) wherein the nitrogen-containing heterocyclic
group of the "substituted or unsubstitutéd nitrogen-containing heterocyclic
group” for Ring Ais a 5or 6-nenbered nitrogen-containing heterononocyclic
group or a 8- to 10-nmenbered ni trogen-cont ai ni ng heterobicyclic group, and
the 10 substttuent of the above ‘substituted or unsubstituted nitrogen
contai ning heterocyclic group” is sel ected fromthe group consisting of a

| ower al kyl groupﬁ/'@m hstatyentupisthe tmudestitted arl kysubstitptedalomemalkyyr oup
and an oxo group, is a |ower al kyl group which nmay optionally be

subst i t ut ed®rBRPa fgr &J;ﬁrséltbets@d:smtu@mtwé thedepbstitated pnginsulbstitubed 0 3
MAR 2004 10 5 to 15 20 al kox gro and a m)rphol inyl group, a group of the
fornul a: - MBickyatsy] growp g are,t exeiplea 2 loNrerRalkorpegrovphet i t ut ed or
unsubsti tuted_ nitrogen-containing heterocyclic grou for R3is a 5- or

6- mEnber ed IANOBYRTOME CalATRG ohigwe 25 Re &ylomies eg}kﬁfepllﬁqmd [group, eépdi-onal | y
be substituted by _a_l ower  al kyl group,. R~ is a cycloal kyl group being
substi t ut ed! Wraa’éﬁ’é)@@os“ﬂ}éﬁﬁeﬁio%r% @h@oﬁfﬁétﬂ%kﬁ 1BQigFgUPS ahydr oxy group

and a |l ower al koxy gqr a phenyl group being substituted by a group
sel ect ed frﬂyﬁm%‘)/”@?oﬁ}g%é%’é%i?w&r @E@Wg%%@PﬁF@ngf‘auHaﬁogen at om
and a cyano gt More parti uI arl pref er abl oynds of the present

i nvention é’ry% ‘&jﬁﬁﬂ&ﬁc%m&]fp t"’h ﬁﬁfyé %‘ﬁ?smfz |IHPF 1Ry} B3Nt ai ni ng
het er ocycli c f t he ' substl tuted or unsubstituted nitrogen-containing
het er ocycl iPé’rgMgiBW oF gFﬁ"ﬁB Gs a 5- or 6menbered non-aromatic

h I f the.f
or T80 T ogen- contaFAREGORbBF GHrRSseH rO“IF’laﬁienfﬂr?@ Bercirftan e Howe a-
vvh inth t d d
A1t T ogencomt s hENT G SARon SERIERE & ca.% ﬁ?rahe{&n%%@da%?al”% A EFLP ar omat i ¢
ni trogen- CoRLALD IS BRI ARIASY SLLR S ARnd, %thYE SSFopyl, isopropyl,
butyl, isobutyl, tert-butyl, etc. The "lower alkoxy group" means a

straight chain or branched chain alkoxy group having 1 to 6 carbon
15 atoms, such as methoxy, ethoxy, propoxy, isopropyloxy, butyloxy,
isobutyloxy, tert-butyloxy, etc.

The "cycloalkyl group" means a cycloalkyl having 3 to 8 carbon
atoms, such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, etc. The "lower alkylene group" means a straight chain or

20 branched chain alkylene group having 1 to 6 carbon atoms, such as
methylene, ethylene, trimethylene, etc.

The "halogen atom" means a fluorine atom, a chlorine atom, a
bromine atom, or an iodine atom.

Among the compounds (I) of the present invention, preferable

25 compounds are compounds of the formula (I) wherein the nitrogen-

containing heterocyclic group of the "substituted or unsubstituted



/I ~N1INN , NN' ~1 . or NN- and the n.i t rogen-contai ning heterocyclic
group of. the "substituted or unsubstituted nitrogen-containing hetﬁ chhp
group” for R3 is a non aromatic nitrogen-containing heterononocycl Woup
of the formul a: 0 3 MMAR 2004 mMmHO- Nr ~No Oor an aronatic
ni t rogen-cont ai ni ng het erononocyclic group of the fornmula: NNN HN N~ 1 N >
> N~ ~N1 or N5 Mre particularly, preferable conpounds of the present
i nvention are conpounds of the forrmula (I) wherein Ring Ais a group of the
formula: OHOH _. N N_\ / NN N'~ N ,  NHO 10 O H3CN~ OHCN~ ~ | or ~Nr
~ ~N-' N RROI{roggn-eqrtaining hefprogyclia growpr for Rikg AsimatS-tan@d | ower al kyl
group, a norphqli nél -substituted [ ower al kyl group, a group of the fornula:
-NH Q R3, é'fle‘éfﬁtﬁfé figrogersceRtaiing hetgramonpayslic arojip @5 208- ted G-or nul a:
0 3 MAR 2004 12 5 10 .15 20 NHs N HaC CHs w,O~- ~ N\ | / ~ NN |
membered nitrogen-containing heterobicyclic group, and the
substituent of the above "substituted or unsubstituted nitrogen-
5 containing heterocyclic group" is selected from the group consisting of
(1) a lower alkyl group, (2) a hydroxy-substituted lower alkyl group, (3) a
formyl group, (4) an oxo group, (5) an amino group, (6) a hydroxy group,
(7) a lower alkoxycarbony! gfoup, and (8) a pyrimidinyl group
substituted by (i) a benzylamino group substituted by a halogen atom
10 and a lower alkoxy group and (ii) a cycloalkylcarbamoyl group
substituted by a hydroxy group, R! is a lower alkyl group which may
optionally be substituted by a group selected from the group consisting
of a lower alkoxy group, a hydroxy group, a morpholinyl group, a lower
alkylsulfonyl group, a di-(lower alkyl)phosphino group, a di-(lower
15 alkyl)amino group, a pyrimidinyl-substituted lower alkylamino group, a
pyridyl group, a pyridylamino group, and a lower alkyl-substituted
piperazinyl group, a group of the formula: -NH-Q-R?, or a group of the
formula: -NH-R*, the nitrogen-containing heterocyclic group of the
"substituted or unsubstituted nitrogen-containing heterocyclic group"
20 for R? is a 5- or 6-membered nitrogen-containing heteromonocyclic
group or a 8- to 10-membered nitrogen-containing heterobicyclic group,
and the substituent of the above "substituted or unsubstituted
nitrogen-containing heterocyclic group" is selected from the group
consisting of a lower alkyl group, a hydroxy-substituted lower alkyl

25 group, an oxo group, an amino group, a di-(lower alkyl)amino group, a

lower alkanoyl group and a cyano-substituted lower alkyl group, R* is a



~N~-\ O~>>>H3C/ ~ N ~NI| or NwN ~OH or ~OCH3 R4 is a group of the
formula:r ~~, and R2 is a group of the fornmula: OCH3 or ~ ~ OCH3 (|

Among the conpounds (1) of the present invention, nore preferable Q;énmurx@é
are conpounds of the forrmula (1) wherein the nitrogen-containing

het erocyclic group of the "substituted or unsubstituted nitrogen-containing
het erocyclic group" for Ring Ais a 5or & nmenbered nitrogen-containing

het er ononocyclic group or a 8- to 10-nenbered nitrogen-containing

het er obi cycl i c glr oup, and the substituent of the above "substituted or
unsubst i t ut@glerlkybgapeprheingiswpstiuded dychigrogposglectes from thp gretipct ed

fromthe group caqnsi stl of a lower_ al kyl group, a hydroxy-substituted
| ower al kylcosrdsiing otk @r@w #nlpvier alkoxyr stomp Rhd; & pyrimidinyloxy
al koxysubstitute Iovver al k group,., a group of the fornula: -NHQR3, or a

group of t HEFOM® Rl i§: 2 PN, gr?ﬁe beingsiylbsiated bsupgneym seleeted from
nitrogen-cgg;:eal ni ng heter’g}% {.) gr ou for R3is _a 5- or 6-nenbered

ni t r ogen- cdRCHTAUR CRBBISLEIHRA %g@?"ieé 83’5%)5 g&'\ﬂPEhar{%@logﬁﬂi%ﬁﬁm | § Cpano
substituted by a | ower alk (E% R~ is droxy substituted cycl oal kyl
gr ou.é), and §R9YPs &yt %WPué é‘glby ’ﬁ’gg%q}’d% @é@l‘”B{/ KW FORP- 0 3 MAR 2004

13 I d f f I | k d hal

atom Noro partic %qgégrﬁg?f@?fy&ré?%a%éeéeﬁ&“ﬁaaé Hedmebstn & 1o 0"

invention are ¢ ounds of thefo rein the nltro encontalnlng

h | A5 HER SR Sadpobitis o fRe boontim Binehercifeusnit

hgtgggggl:c 6ro:gl f or Ais.a Etr') (f non- ar.onat i c “containing

ni t r ogen- ¢S E%FH?‘E‘& ‘P."et:eé%%‘g%%%‘i?é’ éPS Eugg 'ﬁée 8F Mﬂ%lb%muwi N or N
1] t t i

et or ocye| raosedfst8athbe Mferysledraio Rk it g coma g,

hetgy 00y el i g ArauRg 40fodBh. L3RRl H BRI 6nBLELRIERS SRR Bt

heteronnnocyc I'C group or ifu

ni trogen-co ni ng heﬂﬂkognnocyclvc-group of t formula: n NN NN~ ~ ~
~ or N~ N i kp parti cul ar/l prN#erablq{hqﬁpounds of the present
conpounds ar onpounds fhe for (1) wherd’n R>ong Ais a group 20 of
t he fornmul a: '

O o (O

or a nitrogen-containing heterobicyclic group of the following formula

H

wherein the above-mentioned 5- or 6-membered nitrogen-containing
heteromonocyclic group and a 5- or 6-membered cyclic group are fused:

15

and the nitrogen-containing heterocyclic group of the "substituted or
unsubstituted nitrogen-_coritaining heterocyclic group" for R? is a non-

aromatic nitrogen-containing heteromonocyclic group of the formula:



0 3 MAR 2004 14 5 OH~N~ N~ NN Rl is a |lower al koxy-substituted | ower

al kyl group, a group of the O H3CN~ OHCN~ ~ I N or WN N~. N formul a:
-NH- Q' R3, or a group of the formula: -NH R4, R3 is a group of theg § quarubos
Ho~-NCH3 / ~/wN > ~~ N~N, ~, NH3Cor ~-NN~1 --( J--CHPR4 is a
group of the formula: ~--~, and R2 is a group of the ~ OCH3 formula: C ,

Anong the conpounds (1) of the present i®vention, further 10 15 preferable
conpounds are conpounds of the fornula (1) wherein the nitrogen-containing
het erocyclic group of the "substituted or unsubstituted nitrogen-containing
het er ocycl i cogroup” for[.Ed\ng Ais 50r 6-np@hersd nitrogen-containing
heteromnocy@ groypjor R-8- HN 10>jnenbered ogen-cont ai ni ng
het er obi cycl Ne~-Ngoup, aad/t he substifuent o NETRAbQve "substituted or

unsubsti tuted nitrogencontaini ng het erl_?cycl ig group” is a
hydroxy-substituted |ower alkyl group,yRl is a group of the formula:

-NH Q R3, thé—NHubst it tgg!or unsubft ted nitrogen-containing
het er ocycl i "o f I's aggp- menber ed ni trogen-contai ni ng
het er omonocyclic group ch may 04 R 2004 15 optionally be
substituted by a |l ower alkyl group, and R2 is a phenyl group being

substi t ut edbrtyn argnmaijc afrege¢redomtainingchgreoopycingraip of thé ferthater al koxy
group and a hal ogen ator’r&I More particularly, the nore preferable conmpounds

of the 5 107 N HN 3
L e

3 3

N N
NA{\I =\ “ [j\
v 4 Nv \ ’ X N )

-, Gl & OO

,O
B 70 . KL
S , A , S or Ny
Among the compounds (I} of the present invention, other
5 preferable compounds are compounds of the formula (I) wherein the
nitrogen-containing heterocyclic group of the "substituted or
unsubstituted nitrogen-containing heterocyclic group” for Ring A is a 5-
or 6-membered nitrogen-containing heteromonocyclic group or a 8- to
10-membered nitrogen-containing heterobicyclic group, and the
10 substituent of the above "substituted or unsubstituted nitrogen-
containing heterocyclic group" is selected from the group consisting of a
lower alkyl group, a hydroxy-substituted lower alkyl group, a formyl
group and an oxo group, R! is a lower alkyl group which may optionally

be substituted by a group selected from the group consisting of a lower



15 present invention are conpounds of the formula (I) wherein the

ni trogen-contai ning heterocyclic group of the "substituted or unsubstituted
ni t rogen-contai ning heterocyclic group”" for Ring Ais a 5or 6- menBdr MAR 2004
non-aromati ¢ nitrogen-containi ng heterononocyclic group of the fornula: HN
~N_~ N_or ' , or agroup of the formula: ~N~" | N= ~N- or Wi\~N_ the

ni trogen-contai ning heterocyclic group o}0the "substituted or unsubstituted
ni t rogen-contai ning heterocyclic group” for R3 is a non aronatic

ni t rogen-cont ai ni ng het er ononocycl,ic_group of the formula: O ~N~ ~ or an
aromati c n?ﬂk@@éﬁ”&‘éﬁt%%ﬁrf&oﬁﬁﬁ@haﬁbgmﬁi agrgupuyf Bre farentle mul a: HN ~N N

v ~or N~ | ~ More particularly, the preferable conpounds of the
pr esent 20'Nﬁg&‘ﬁsoﬁré‘r%“%ﬁg&hﬁgommtl%'e'mﬁrﬁﬁltéle( jspubsiHated ®TRing A is a
group of the fqrnul a: MAR 20Q 5 16 OH NI _or ~ ~ N ~ NN NR is

a group of Uit %%WFQ:nigN%eG“F@?t%“F% teRasyplieRreHe" fer lNﬁﬁliﬁﬁl @ PBC N CHs

LN U AT AR T M e N

e OMOuLs Sk Te LEIUA (LT eLn bkt i of e Sl

| nvention, btc-:9ng substitutéd by a group selected from the group consisting of

hydroxy group and a lower alkoxy group, R? is a phenyl group being
substituted by a group selected from the group consisting of a lower
alkoxy group, a halogen atom and a cyano group.

10 More particularly, preferable compounds of the present
invention are compounds of the formula (I) wherein the nitrogen-
containing heterocyclic group of the "substituted or unsubstituted
nitrogen-containing heterocyclic group" for Ring A is a 5- or 6-

membered non-aromatic nitrogen-containing heteromonocyclic group of

15 the formula:

or a nitrogen-containing heterobicyclic group of the following formula
wherein the above-mentioned 5- or 6-membered non-aromatic nitrogen-
containing heteromonocyclic group and a 5- or 6-membered aromatic

20 nitrogen-containing heteromonocyclic group are fused:

— 7 "N 7
%N"’ g;a’ > \Nl ", and

the nitrogen-containing heterocyclic group of the "substituted or
unsubstituted nitrogen-containing heterocyclic group" for R® is a non-

aromatic nitrogen-containing heteromonocyclic group of the formula:



pharmaceutically preferable conmpounds are conpounds sel ected fromthe
following group or a pharmaceutically acceptable salt thereof.
(S)-2-(2-hydroxynet hyl -1-pyrrolidinyl)-4-(3-chl oro-4- net hoxy 03 MAR 2004
benzyl am no) - 5-[ N- (2- pyri m di nyl net hyl ) car bar noyl ] pyri m di ne;
2- (6, 7-di hydro-5H pyrrol o[ 3, 4-b] pyri di n-6-yl)-4-(3-cyano-4 15
met hoxybenzyl ani no) - 5-[ N- ( 2- pyri m di nyl ngédhyl ) car barmoyl ] pyri ni di ne;
2-(5,6,7,8-tetrahydroi m dazo[ 1, 2-a]pyrazin-7-yl)-4-(3-chloro-4
met hoxybenzyl am no) - 5-[ N-(t raps- 4- net hoxycycl ohexyl ) carbanoyl] pyrim dine;
2- (6, 7-di hydro-5H pyrrol @[ 3, 4-b] pyri di n-6-yl)-4-(3-cyano-4 20
nmet hoxybenz 1 NO) - 5- t raps-4- hydr oxycycl ohexyl ) car banmoyl ] pyri m di ne;
0 3 MAR 200{ 17 /2-(6,7- @IO-SH—pyrrol o[ 3,4-b] pyridin-6-yl)-4-(3-cyano-4
met hoxybenzy Hi\no))i‘S-[ (2,or phol i noet hyl ) car banoyl | pyri m di ne;
(S)-2-(2-hydroxynet hyl - 1-pyrrolidinyl)-4-(3-chl oro-4-net hoxy
benzyl am nar-én [aNofrZatid niirogenarirttriniey heryhignudyelidigieup of the
2-((2S) - 2-hydroxynet hyl - 1- pyrrolidinyl]-4-(3-chl oro-4- nmet hoxy
benzyl am ndprimulét [ [ ( 2R) - 4- et hyl - 2- nor phol i nyl ] met hyl ] car banoyl J
pyri mdine; 2-[(2S)-2-hydroxynethyl-1-pyrrolidinyl]-4-(3-chloro-4-nmethoxy
benzyl am no N-[T( 4- met N-<=2- nor pholayl ] net hyl ] car banoyl ] 10
pyri m di ne; (ST[ 2-(2- MXyneq\h I} 1- pyrr@;yl ) -4-(3-chl or o- 4- met hoxy
benzyl am no) M- ['N; ( 4- pyReA"m di nyl' et hyl,) car | ) pyrim dine;
2- (4- nmet hyl - 3- oxo- 1- pi per azi nyl ) - 4-(3-chl or o- 4- net hoxybenzyl
am no) - 5-[ N- (trans-4- hydroxycycl ohexyl ) car banoyl ] pyri m di ne; 15
2-(4-fornyl-2~pj perazi nyl )M (3-chl or o- 4- met hoxybenzyl am no)
5-TN-(t rang\I 4- hydr oxycycl phejfyl ) car bamoyl | pyri m di ne;
2-(5,6,7, 8- hyd©&i mi 1, 2-a] pyrazin-7-yl)-4-(3-chloro-4
nmet hoxybenzyl am no) - 5-[ N- (trans- 4- hydr oxycycl ohexyl ) car banoyl ]

5 More particularly, preferable compounds of the present

invention are compounds of the formula (I) wherein Ring A is a group of

the formula:

OH OH
- 2\
HO '

0
HBC&— OHCNK:\N/ . \/ )

R! is a lower alkyl group, a lower alkoxy-substituted lower alkyl group,

>

10 a morpholinyl-substituted lower alkyl group, a group of the formula:
-NH-Q-R3, or a group of the formula: -NH-R*, R? is a group of the

formula:



-~ pyrimdine; 20 2-[cis-2,5-bis(hydroxynmethyl)-1-pyrrolidinyl]-4-(3-chloro-4
met hoxybenzyl am no) - 5-[ N- ( 2- pyri m di nyl net hyl ) car banoyl | pyri m di ne;
2-(5,6,7,8-tetrahydroi mi dazo[ 1,2-a]pyrazin-7-yl)-4-(3-chloro-403 MAR 2004
met hoxybenzyl am no) - 5-[ N- ( 2- pyri m di nyl met hyl ) car banoyl | pyri m di ne;
2-(5,6,7,8-tetrahydroi mdazo( 1, 2-a]pyrazin-7-yl)-4-(3-chloro-4 25

met hoxybenzyl am no) - 5- [N-(2 m)rphol i noet h?ll ) car banoyl ] pyri m di ne;
2-(5,6,7,8-tetrahydro-1, ?-naphthyridin-7-yl)-4-(3-chl oro-4 0 3 MAR 2004

18 met hoxybenzyl am no)c5. [N—(2 m)r phol i noet hyl ) cgg.panoyl | pyri m di ne;
(S)-2-(2-hy xyrreth Nl pyrro |nyI) 4- -chI or8‘ oxy

benzyl am n 5 acet :ﬁjl pyrim d|

(S)-2-(2-h Ny et -pyrro yI) 4- Ior - hoxy 5
benzyl am no) - 5 [N—(4 yrixdazi nyl net hyl )car ano yI ] y i m di ne;
(S)-2-(2-hydroxynet hyl - 1-pyrrolidinyl)-4-(3-chlor 3 - met hoxy

benzyl am n?{f‘s [I\I-(SN@‘T‘ m di nyl met ) car banoyl ] pyri m di ne;
(S)-2-(2- hydr ofynet hyl pyrroI|d| |4(3 chl or o- 4- met hoxy
benzyl am no N— (2-pyTi dyl%t hyI amoyl ] pyri m di ne; 10
(S)-2-[N-(2-pyrimdinyl net hyl ) carbanoyl ]-3-(3-chl oro-4 ’

met hoxybenzyl am no) - 5- [ 2- hydr oxymet h - pérrol i di nyl ] pyTaxgi ne;
(S)- 2- (2- hygdroxynet hyl - 1- pyirrol i.di Ny HchICU‘ro-4-OC*'|3
benzyl ami né 5.4 goowp ofibheitRsYHY ) cartbny! ] pyri ni di ne: ,
2-(5,6,7, 8- tetrahydrmmdazo[ 1, 2-a] pyrazin-7-yl)-4-(3-chloro-4 15

net hoxyben?;ﬂdaﬁi A% R &roup p{ thedermila: mor phol i nyl ) met hyl |

car banoyl ] pyri m di ne;

(S)-2-[N-(2-pornhol.i noet hyl ) car bagdw, ] - 3- ( 3- chl or o- 4- net hoxy

benzyl am no QQ}Hﬂoxyﬁét hyl = @) §¥¢Hs nyl ) pyr azi ne;

2-[N-(2-pyrinmad E;Yl nmet hyl ) car bano 3- (3-chl oro-4- nmet hoxy 20

benzyl am no) -5- (3, 6, 7, 8-t et rahydr oi m@¥zo[ 1, 2- a] pyr azi n- 7-yl ) pyr azi ne;

(S)-2-(2-hydroxynet hyI 1- pyrrolidinyl)-4-(3-chl oro-4-met hoxy

ben®yl am no) - 5- [ (Amat g oky ednyboandb ¢l)ydf] her prasdnhénvention, more

(S)-2-(2-hydroxynet hyl -1-pyrrolidinyl)-4-(3-chl oro-4-nmet hoxy
preferable compounds are compounds of the formula (I) wherein the
nitrogen-containing heterocyclic group of the "substituted or
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-
or 6-membered nitrogen-containing heteromonocyclic group or a 8- to

10 10-membered nitrogen-containing heterobicyclic group, and the
substituent of the above "substituted or unsubstituted nitrogen-
containing heterocyclic group" is a group selected from the group
consisting of a lower alkyl group, a hydroxy-substituted lower alkyl
group, a formyl group and an oxo group, R! is a lower alkoxy-

15 substituted lower alkyl group, a group of the formula: -NH-Q-R3, or a
group of the formula: -NH-R*, the "substituted or unsubstituted
nitrogen-containing heterocyclic group" for R? is a 5- or 6-membered
nitrogen-containing heteromonocyclic group which may optionally be

substituted by a lower alkyl group, R* is a hydroxy-substituted
20 ~ cycloalkyl group, and R? is a phenyl group being substituted by a group



benzyl ami no)-5-[N-( 1,3, 5-trinethyl-4-pyrazolyl)carbanoyl]pyrindine,
or a pharmaceutically acceptable salt thereof. Anmong the conpounds (U£30f
the present invention, 0 3 MAR 200 19 pharnmaceutically nore pre ér
conpounds are conpounds selected fromthe follow ng group or a
pharmaceutically acceptable salt thereof.
(S)-2-(2-hydroxynet hyl -1- pyrrolidinyl)-4183-chl or o- 4- met hoxy
benzyl am no) - 5-[ N- (2- pyri m di nyl met hyl ) car banoyl Jpyri m di ne; 5
(S)-2-(2-hydroxynet hyl - 1-pyrrolidinyl)-4-(3-chl oro-4-nmethoxy

benzyl am n@)elmmf(mlpgha graumgprsisting odebamser 41spxy grdaiipeand a

2- (4- et hyl - 3- oxo- 1- pi per azi nyl ) -4-(3-chl or o- 4- net hoxybenzyl

am no) - 5- [&Mﬂ@ﬂﬁh@iﬂﬁhydroxycyclohexyl)carbanoyl]pyrlnldlne
2-(4-fornyl -1- plpera2|nyl) - (3-chl oro- 4- net hoxybenzyl am no) 10

5-[ N- (t r ans- 4- hy dMasgyartsns ﬁylly) éa@mwfler@bh eampaunds of the present
2-(5,6,7,8-tetrahydroi m dazo[ 2-a]lpyrazin-7-yl)-4-(3-chloro-4
met hoxybeniyemiien)ans. C[Cbmpszumﬂ@ of theh rmﬂ@ﬂ) whasairbihg pytrogea: ne;
2-(5,6,7,8-tetrahydroi m dazg] 1, 2-a] a2|n 7- g -4-(3-chloro-4

met Boxyben £PPARTBE hﬁtﬁm ORI p fac h§w5>§a lbgﬁﬁio‘ylr pwuhﬁtrauﬁ@d 15
2 (5 6,7,8-tetrahydro-1 pht hyridin-7- 3-chloro-4
met hoxybenﬂFerﬁFﬁo‘)'OIBta[lNr(& ﬁ%Fr%ﬁBﬂWuSé?H? )f%raRb%Sréylsj By i
(S)- 2(2h rrolidin 3ch|oro4rrethox
benzyl am n % Ialr Fﬁlphtéf’é#‘) ?tﬁgmﬂrmca(ghc group of

(S)-2- [N-(i Eyl’l |nyI nmet hyl ) car banoyl J- 3- (3 chloro-4 20
met hoxyben 1)7 af Iﬁ‘bﬂ 85- (2- hydr oxynet hyl - 1- pyrrol i di nyI ) pyr azi ne;

(S)-2-(2- hydroxyrret%-pyrrolldl nyly.- 4- (3- chl or o- 4- net hoxy

benzyl am noj-13-[ ( 2- yet hyl )car ony! ] pyrim di ne
(S)-2-(2-h net hyW.- Igpyrrofi di N4- ( 3- chl or o- 4- et hoxy
benzyl am no) - 5-[ N-( trimethyl - 4-pyrazol yl ) carbanoyl | pyri m di ne, 25 or

a qtbar IT&CE%E_I @Adp%ﬁﬁ@%‘pﬁﬁlialt t hereof . Anpbng the conpounds (1) of the

present invert

the nitrogen-containing heterocyclic group of the "substituted or

H

unsubstituted nitrogen-containing heterocyclic group" for R? is a non-
aromatic nitrogen-containing heteromonocyclic group of the formula:

O

15 K/N\ , Or

an aromatic nitrogen-containing heteromonocyclic group of the formula:
Z HN N/
E\)P\ NJ\ \ r\J\
N ’ ’
More particularly, more preferable compounds of the present

compounds are compounds of the formula (I) wherein Ring A is a group

20 of the formula:



0 3 MAR 2004 20 pharmaceutically preferable other conpounds are conpounds
selected fromthe followi ng group or a pharnmaceutically acceptable salt

t hereof. (S)-2-(2-hydroxynethyl-1-pyrrolidinyl)-4-(3-chloro-4-nmetth®MAR 2004
benzyl am no) - 5-[ N- (2- pyri m di nyl et hyl ) car banoyl ] pyri m di ne; 5
(S)-2-(2-hydroxynet hyl - 1- pyrrolidinyl)-4-(3-chl oro- 4- net hoxy

benzyl ani no) - 5- [ N- ( 2- mor phol i noet hyl ) car B&noy! | pyri ni di ne;
2-(5,6,7,8-tetrahydroi mdazo[ 1,2-a]pyrazin-7-yl)-4-(3-chloro-4
nethoxybenzyla ) 5- [N—(2 pyri m di nyl met hyl ) car banoyl | pyri m di ne;

2-(5,6,7,8-tetr ydro na hthyridin-7-yl)-4-(3-chloro-4 10
nmet hoxybenzy no) - 5- [ phol i noet hyl ) car banoyl ] pyri m di ne;
(S)-2-(2-hy et hyl - fL-di nyl ) - 4- (3- chl or o- 4- met hoxy

benzyl am no) - [N- ¢5- pyrl m | nyI met hyl ) car banoyl | pyri m di ne;
(S)-2-[N-(2-pyrimdinyl net hyl ) carbanoyl ]-3-(3-chl oro-4 :
nmet hoxybenzyl am Qo) - 5- (2 hydroxyrret hyl - 1- pyrrol i di nyl ) pyrazi ne; 15

(S)-2-[N-( ol i noeg rbam)yl] 3- r o- 4- met hoxy

benzyl am n %hydr oxy y -1-p rroI |@Q:)t§\r_r azi ne;

(S)-2-(2- hydro +hy] - ON-—di ny ) 4-TR-C 0- 4- met hoxy

benzyl am no)-5-[ N-( 1, 3, 5 trimethyl - 4 pyrazol yI )ca’rbam)yl ]pyrimdine, or a

phar maceut lm’aingzl@@eﬁane&bes&@lshtﬁt&i eiber AN Pt fée% Ripereds (1) of the
erable’c

present invention, especially pharnaceutlcally pre onpounds are

conpounds Jekesilgd-HOQ-RAEoF 8!grovp sl HOMInoh1A -NHURREBULI £8}dWp of
accept abl e salt thereof.

(S) - 2- (2- hytheadsysmilfyl - 1- pyrrol i di nyl) - 4-(3-chl or o- 4- net hoxy
benzyl am no) - 5- [N— pyr| m di nyI met hyl ) car barmyl ] pyrim d| ne, or a 25

phar maceut i g B3 sal reof , 6,7, 8- t ydro 1,7
napht hyri d| yI) 4- hI oro 4 hoxy nz Iam no) 5 ! 0 3 MAR 200
21 nor phol i Nl:LyI )ca yl, 1 py i ne, phatrmace | y acceptabl e

salt_thereof; and fu er
(S) 2. (2- hydroxyrret hy? 1pyrrolidinyl)-4-(3-chl oro-4-nmet hoxybenzyl am no) - 5-[

N-( 1,3,5-trinethyl 4-pyrazol yl ) carba ] pyrimdine, or a pharmaceutically
acceptable salt 5 thereof. Wen the @ (1) of the present invention
or a R* is a group of the formula: , and R? is a group of the

OCHs

formula: Cl

Among the compounds (I) of the present invention, further

preferable compounds are compounds of the formula (I) wherein the

10 nitrogen-containing heterocyclic group of the "substituted or
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-
or 6-membered nitrogen-containing heteromonocyclic group or a 8- to
10-membered nitrogen-containing heterobicyclic group, and the
substituent of the above "substituted or unsubstituted nitrogen-

15 containing heterocyclic group” is a hydroxy-substituted lower alkyl
group, R! is a group of the formula: -NH-Q-R?3, the "substituted or
unsubstituted nitrogen-containing heterocyclic group" for R®is a 5- or

6-membered nitrogen-containing heteromonocyclic group which may



phar maceutical ly acceptable salt thereof has an asynmetric .carbon atom at
Ring A, RlL and/or R2, it may exist in the formof an optically active

i soner thereof owing to said asymretric carbon atomthereof, 10 @BdMAd‘%m
present invention also includes these optical isoners and a m xture

t hereof . The conpound (1) of the present invention or a pharmaceutically
acceptabl e salt thereof exhibits an exceldPent selective PDE V inhibitory
activity but substantially shows few side effects such 15 as col or sense
di sorder, and, hence;, it can be used in the prophylaxis or treatnent of
peni | e er e@Rticnalis barathsituted bypadewsr adlsyhetmip,(and &rise phieoal | y be
used either in the free formar in the formof_ a pharmaceutically

accept abl e 1P beaeH1bstifdedray arouwn seleriedhfrosnthe group congisting
corrpound'(lczj ipcl udes a salt 20 with an inorganic acid such as

hydr ochl or i & 087§ akoXyrgrotp angra ZPr8@e, or a salt with an organic
acid such as acetﬁe, fum,-lraite, Oﬁa| ate, citrate, nethanesul fonate,
benzenesul f onat e, MY§Paxtculagrlydheanere prelespbleceemponpuimal the or a salt
t hereof includes either 25 intranol ecul e%r salt or. an additive thereof, and

sol vat es oPTRyERbIRERRR 85¢ compoungmeithe toymida (Hrwbeminddepound (1) or

a phar maceut.}cal | y acceﬁt abLe sal t ]%Ihereof can be adm ni stered either

orally or pPHFOREDRFeRiaInipghetarogxcke eraRiddhensHbstHysed QEi onal

Capsul oo, POnRUR TR B CoPaihir feler B C e T phop dPRRTGH A SuBiSnoual
| ni ment s, o PaREbEa R R e Bt SRR s B SRR ReyBHS . and
rapi dl y-di %gﬁé%;fgtyeg&g%@héet s in oral cavity, etc. These pharnmaceuti cal

preparatio d by fornmnulating with a pharmaceutically
acceptabl e additi vey h as 10 excjipient, binder, wetting agent,

di si ntegratpor,\ thickening aggnt, [etc], by a conventional nethod. The dose
of jishe conp G1) Nhe prese LNvention or a pharmaceutically
acceptabl e salt thereof may vary in acéordance with the adm nistration

routes, an %Itb%aﬁigfefhe‘ﬂ@rirgmaﬁ and conditions of the 15 patients. For
en a

exanpl e, wh mnistered In an injection preparation, it is usually in
the range ofy R 0. 001- 1omay, preferably in the range of about
0.1-10 ng/ Kg/day. en adm fi stjered in an oral preparation, it is usually
in the rangbl/og\,abbut @ri-2 N Tay, preferably in the range of about
0.1-80 ng/ kg/ day. 20 Concomitantly, since the conmpound (1) of the present

i nvention ehe &iftloaeRBcaHisRd Me@e&@epéﬁ@gﬁoﬁﬁldf_thlee'lrs%mstﬁﬁk?écbb}S an

excell ent selective PDE V inhibitory activity, it also may be useful in the

pr ophyl axi siurulstiated Hitrokefll caasesimaHsfdobyclic brpeht &R d gaister of
c@WP-si gnal i ng, such as pulnonary hypertension, diabetic

15 aromatic nitrogen-containing heteromonocyclic group of the formula:

O

an aromatic nitrogen-containing heteromonocyclic group of the formula:

More particularly, the preferable compounds of the present
20 invention are compounds of the formula (I}, wherein Ring A is a group of

the formula:



25 gastroparesis, hypertension, angina pectoris, myocardial infarction,
chroni ¢ or acute heart failure, femal e sexual dysfunction, prostatic 03
MAR 2004 23 hyperpl asia, asthma, diarrhea, constipation and achal &8iMAR 12004
addition to the above-nentioned erectrile dysfunction. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON The conpounds é\l) of the present invention may
be prepared by 5 the foll ow ng Processesl@ to F. Process A Anong t he
conmpounds (1) of the present invention, the conpound of the fornmula (1)
wherein Rl is a group of the formula: -NHQR3 or -NHR4, i.e., the
compound of th ormula (l-a): A N~ N~ NH -R2 1Y~ Z O (l-a) 10 R11
(wherein R1}+S a groug/ofN formula: -N -NH R4, and the ot her
synbol s ar & agydefi ned e) /can bedprepar rgacting a conpound of the
formula (11)Y X1 R S~N-"(1 1Y~ z coors 15 Wer¥in XI is a hal ogen atom
R5 is a protecting group for carboxyl group, RO is substituted or

unsubst i t ulRldslaogesuplofythedoommlar -NHsQbB; Ritied groumeiitist forsheth:ar y!
group, and the other synbols are as defined above, with a conpound of the
formula (111): ZOFE@\-CI—IZC H2 (111) wherein thel\?yrrbols are as defined

above, oxi db g theN-egUl ti ng _goqpound of th roula (1V): 24 ROS~N~
NH CH2- R2 IV Y+ ( )NZ\ S @]‘ t hggysynbols dre as defined above, to
give a sul forySCor SHTfnyl) cxgpound of the Rofnula (V):

H3C

)

and R? is a group of the formula:

‘QOCH3

5 Cl

Among the compounds (I) of the present invention, the most
preferable compounds are compounds of the formula (I) wherein Y is a
group of the formula: =N—, and Z is a group of the formula: =CH—.
Among the compounds (I) of the present invention,
10 pharmaceutically preferable compounds are compounds selected from
the following group or a pharmaceutically acceptable salt thereof.
(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl]pyrimidine;
2-(6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-6-yl)-4-(3-cyano-4-
15 methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl]pyrimidine;
2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(trans-4-methoxycyclohexyl)carbamoyl]-
pyrimidine,
2-(6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-6-yl)-4-(3-cyano-4-
20 methoxybenzylamino)-5-[N-(trans-4-hydroxycyclohexyl)carbamoyl]-

pyrimidine;



ROSO~~N~ NH- CH2-R2 Y~ Z COORS 5 wherein n is 1 or 2, and the other.-synbols
are as defined above, 0 3 MAR 20Q reacting the conpound (V) with a conpound
of the formula (MI): A NH (V) wherein the synbol is as defi ned 58 eior
a salt thereof, to give a compound of the formula (VMI1): NNHCH2-R2 Y
(M) 10 Z COORS wherein the synbols are as defined above, renoving a
protecting group R5 for a carboxyl groupl'Z)f the conmpound (VI1) to give a
conmpound of the formula (MII1): N~ NHCH2-R2 (MI11) Y~ Z COCH 15 wherein

t he synbols are asg defined above, and fol |l owed by reacting the conpound
(MI11) with a conéd@m’é‘cth@ﬁ%‘sf}émrgloﬁXf—'éjpﬁldm'ﬁ'ﬂl)ﬂ-&?—%@@eﬂﬂ t he

defi ned, ab 0 The conpound (l-a) can al so be prepared by

synbols are a pve. | )
subj ecting rq;qﬁrzxoxy e@%dﬁm%ﬁﬁiﬁ-@ommwlmqt ylearbameyrsrimidine; gi ve a

conpound of the I X}: AN-N- NHCH2-R2 |Yl~ ~ (X) Z COX2 wherein X2
i s a hal ogen at on&')?ﬁ'dgt esrettydopyrelidiayl) ad+(Brelalozpdtranethexyr ol | owed

above. comp SR ITRMOICaTNs s B @ s st Ba 7 kasay Ay HihiRel ogeno. conpound
of tshe formila ( sz[.(2§34-'2£f>1<}lf&r0%<ymethyl~ 1-pyrrolidinyl]-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-[[(2R)-4-methyl-2-morpholinyljmethyl]carbamoyl]-
pyrimidine;
2-[(29) -2-hydroxyme.thy1- 1-pyrrolidinyl]-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-[[(2S)-4-methyl-2-morpholinyljmethyl]carbamoyl]-
10 pyrimidine;
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(4-pyrimidinylmethyl)carbamoyl]pyrimidine;
2-(4-methyl-3-oxo-1-piperazinyl)-4-(3-chloro-4-methoxybenzyl-
amino)-5-[N-(trans-4-hydroxycyclohexyl)carbamoyl]pyrimidine;
15 2-(4-formyl-1-piperazinyl)-4-(3-chloro-4-methoxybenzylamino)-
5-[N-(trans-4-hydroxycyclohexyl)carbamoyl]pyrimidine;
2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(trans-4-hydroxycyclohexyl)carbamoyl]-
pyrimidine; |
20 2-[cis-2,5-bis(hydroxymethyl)- 1-pyrrolidinyl]-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl]pyrimidine;
2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)-5- [N—(2-pyrimidinylmethyl)éarbamoyl]pyrimidine;
2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
25 methoxybenzylamino)-5-[N-(2-morpholinoethyljcarbamoyl]pyrimidine;
2-(5,6,7,8-tetrahydro-1,7-naphthyridin-7-yl)-4-(3-chloro-4-



wherein X3 and X4 are a hal ogen atom and the other synbols are as 10

defi ned  above, wi th carbon dioxide, protecting the carboxyl group 8 2004
resul ting conpound of the formula (XI1): 3 (XIl) Y~ Z COOH 15 wherein the
synbol s are as defined above, to give a conmpound of the forrmula (XII1): X4
(XI11) Y~ Z COOR5 wherein the synbols are as defined above, reacting the
compound (XI11) with the conpound (I111) tI® give a 20 conpound of the
formula (XIV): 0 3 MAR 2004 26 X ~N~ NHHCH2-R2 Y\ (XIV) Z COORS wherein

t he synbols are as,  defined above, and foll gwed by reacting_the caonmpound
(XIV) with mﬁhesﬁb@nﬁdawnp)-%[&d?tm@mhphéoati@%car&mgﬁdpxmﬁl@n al so

be prepared by subjecting the conmpound (V) to.hydrolysis, followed by
hal ogenati ng the r@%@'f?%@@@?ﬁ&?ﬁh}’bﬂ'Pﬁ@oﬂ@#m#'(&wlowmm-R2 Y

~ (XV) Z CQORS wher ei he synbols are as defined above. 10 Process B Anpong
t he corrpounH%n%Yer);nHFl T#Gaﬁ?é'é}ggi’n €i on, the conpound of the fornula (I)
wherein Rl is a s ti ed, or unsubstituted | ower kyl grqup, j.e., the
conmpound of the fﬁgi‘@‘&{%ﬂy— ?‘Ylﬂlel‘%ﬁyﬁ‘ll’mr@ﬁi lﬁéﬁﬁ\(ﬁ“:%l@({'ﬂ:mﬂhﬁ“

5 benzylamino)-5-[N-(4-pyridazinylmethyl)carbamoyl]pyrimidine;
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(5-pyrimidinylmethyl)carbamoyl]pyrimidine;
(S)-2-(2-hydroxymefhy1— 1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(2-pyridylmethyljcarbamoyl]pyrimidine;
10 (S)-2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-
methoxybenzylamino)-5-[2-hydroxymethyl-1-pyrrolidinyl]pyrazine;
(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[(2-morpholinoethyl)carbonyl]pyrimidine;
2-(5,6,7,8-tetrahydroimidazo[ 1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
15 methoxybenzylamino)-5-[N-[(4-methyl-2-morpholinyljmethyl]-
carbamoyl]pyrimidine;
(S)-2-[N-(2-morpholinoethyljcarbamoyl]-3-(3-chloro-4-methoxy-
benzylamino)-5-(2-hydroxymethyl-1-pyrrolidinyl)pyrazine;
2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-methoxy-
20 benzylamino)-5-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)pyrazine,
(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[(2-methoxyethyl)carbonyl]pyrimidine;
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(1,3,5-trimethyl-4-pyrazolyl)carbamoyl]pyrimidine,
25 or a pharmaceutically acceptable salt thereof.

Among the compounds (I) of the present invention,



15 (wherein R12 is a substituted or unsubstituted | ower al kyl group, and .
the other synbols are as defined above) can be prepared by oxidizing a
conpound of the formula (XVI): RIS~N~ NH-CH2-R2 Y\ (XVI) Z CH20H OQnvhd¥ABi 200}
the synbols are as defined above, which is obtained by 20 reduction of the
conmpound (IV), to give a conpound of the formula 0 3 MAR 2004 27 (XVII)
RIS N~ NH-CHz-R2 (XVI1) Y~ Z CHO whereinl®he synbols are as defined above,
further oxidizing the conpound (XVII) to give a conpound of the 5 formula
(XVI11) ROSO~ N~ NHCH2-R2 (XVI11) Y~ Z CHO wherein the synbols are as
defi ned ab@harmaemitticajly neorcopgsierable campyundstanereormpopodsisletied o gi ve
a conpound of the fornula (XIX): A~ N~ NHCHz-R2 Y~ ~ (XIX) 10 Z CHO

wher ei n t hdremnihsl Bllovangerosid e mlm@v@acma@allyi@ocnpt%@malhahmox) with
a nmetal salt of a conpound of the faormula ( -b% R12-H (I X-b) 15 wherein

R12 is as defined(@bdue: hy@rcgmeﬁlsdolw@mh@my )né-(Boelera-4-xogthoxyn- N~
NH CH2- R2 Y~Z R-2 V\/nerel n the s tﬁvi i)l s are as defined abqve, followed by
oxi di zi ng {AFEZY do(IR¥x§2-pyrimiiny Iresthlicsrbarpey URieudne: (1) of the

resent invention
p 35 I nvent | (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-

benzylamino)-5-[N-(4-pyrimidinylmethyljcarbamoyl]pyrimidine;
2-(4-methyl-3-oxo0-1-piperazinyl)-4-(3-chloro-4-methoxybenzyl-
amino)-5- [N-(trans—4-hydroxycyclohexyl) carbamoyl]pyrimidine;
2-(4-formyl- 1-piperazinyl)-4-(3-chloro-4-methoxybenzylamino)-
10 5-[N-(trans-4-hydroxycyclohexyl)carbamoyl]pyrimidine;
2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl]pyrimidine;
2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(2-morpholinoethyl)carbamoyl]pyrimidine;
15 2-(5,6,7,8-tetrahydro-1,7-naphthyridin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(2-morpholinoethyl)carbamoyl|pyrimidine;
(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(5-pyrimidinylmethyl)carbamoyl}pyrimidine;
(S)-2-[N-(2-pyrimidinylmethyl)carbamoyl}-3-(3-chloro-4-
20 methoxybenzylamino}-5-(2-hydroxymethyl- 1-pyrrolidinyl)pyrazine;
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[(2-methoxyethyl)carbonyl]pyrimidine;
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(1,3,5-trimethyl-4-pyrazolyl)carbamoyl]pyrimidine,
25 or a pharmaceutically acceptable salt thereof.

Among the compounds () of the present invention,



20 the conpound of the formula (1) wherein a group Rl is a | ower al koxy 0
3 MAR 2004 28 substituted ethyl group, a norpholino-substituted deﬁMR 2004
group, a 4l ower al kyl pi perazi nyl group-substituted ethyl group, a
3-pyridyl am nosubstituted ethyl group, a 2-pyridyl-Iower alkylam no
group-substituted ethyl group, a di-lower alkylamnoethyl group or a

hydr oxyet hyl group, 5 i.e., the compound2@f the fornmula (1-¢): A ~N~
NH-CH2-R2 Y~ Z O (I _c) Rs wherein R6 is a |ower al koxy group, a norpholino
group, a 4-lower al kyl pi perazi ny] group, a 3-pyridylamno group, a

2- pyri m dyRhaswerce fisallinprefegableothergrempinds & eompougidsupelosteast

hydr oxy graoup, and 10 the other synbols are as defined above, can be

pr epar ed bﬁrqléla@{q OMHBERTRNGLAT 2D sgMAceRtigally iageaptrRls fisdt Haersolt he

f | a: CH2=CH | i d_of the f la (XXL1): A ~ N-
Nﬁl[ ?JU-IZ?RZ Y., zwﬁ)(%ﬂ%}’%’%g@%ﬂ? f%gg&h@%yy-éﬁé-%@@?ﬁ@@t%%e,

O e Lo SRS 0 S5 ST kit 2, (L)
of the Tormila (X3 raivERa v R G RE T 8 B Borp e e
Process C R SRRAN%S (V- B-rs iSRS R S DY 5! High fngoPOUNd Of the
2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)—s-[N-(2-pyrimidinylmethy1)carbamoyl]pyrimidine;
2-(5,6,7,8-tetrahydro-1,7-naphthyridin-7-yl)-4-(3-chloro-4-
10 methoxybenzylamino)-5-[N-(2-morpholinoethyl)carbamoyl]pyrimidine;
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(5-pyrimidinylmethyl)carbamoyl]pyrimidine;
(S)-2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-
methoxybenzylamino)-5-(2-hydroxymethyl- 1-pyrrolidinyl)pyrazine;
15 (S)-2-[N-(2-morpholinoethyljcarbamoyl]-3-(3-chloro-4-methoxy-
benzylamino)-5-(2-hydroxymethyl- 1-pyrrolidinyl)pyrazine;
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(1,3,5-trimethyl-4-pyrazolyl)carbamoyl]pyrimidine,
or a pharmaceutically acceptable salt thereof.
20 Among the compounds (I) of the present invention, especially
pharmaceutically preferable compounds are compounds selected from
the following group or a pharmaceutically acceptable salt thereof.
(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(2-pyrimidinylmethyl)jcarbamoyl]pyrimidine, or a
25 pharmaceutically acceptable salt thereof, 2-(5,6,7,8-tetrahydro-1,7-
naphthyridin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-



ROS~N~ NH CH2-R2 Y., ~ (XXV) 10 Z COOH wherein the synbols are as defined
above, ‘which is obtained by renoving the protecting group R5 for car boxyl
group of the conmpound (IV), with the conpound (I~-a) to give a c%mn@obf
the formula (XXVI a) ROS N NHCH2-R2 Y~ Z O (XXVI-a) 15 R~ ~ wherein the
synbol s are as defined above, oxidizing the conpound (XXVI-a) to give a
conpound of the formula (XXVII-a): 0 32¥AR 200 30 RISO~~N~ NH CH2- R2 Y~Z
O (XXVIl-a) Rl1 wherein the synbols are as defined above, followed by
reacting the conpound (XXVIl-a) with the conpound (VI) . 5 Process D The
conpound ( IMeyPRakinpethligrrbamaenl]piiimiding or 2 ohssmrrattieally f or nul a
(XXVI11): ROS~N~ NH-CH2-R2 (XXVI11) Y~Z OH R12 whereiri the synbols are as
defined abdecePifbiensals thsreathaadolprthear (Phg-(Zohydeorsanpbuddl{ Xvi 1) with a
metal salt of the, cqompound. (I X-h), to give a_conpound of the fornula
( XXVI - b) : R@grﬂﬁﬁmﬁbﬁz@shsﬂ%4wmwmnm§nmek§rw 1 ha,8yirisBrthdr e as
defi ned above, further oxidizing the conpound (XXVI-hb 0 give a compound
of 15 the FOoRYIRZOY ﬂpagr)oyﬁgggﬂn@ng,_pnp@arzp@gmaceuu)cahy a%ceptable srgit
5 thereof.
When the compound (I) of the present invention or a
pharmaceutically acceptable salt thereof has an asymmetric carbon
atom at Ring A, R! and/or R’, it may exist in the form of an optically
active isomer thereof owing to said asymmetric carbon atom thereof,
10 and the present invention also includes these optical isomers and a
mixture thereof.
The compound (I) of the present invention or a
pharmaceutically acceptable salt thereof exhibits an excellent selective
PDE V inhibitory activity but substantially shows few side effects such
15 as color sense disorder, and hence, it can be used in the prophylaxis or
treatment of penile erectile dysfunction.
The present compound (I) can clinically be used either in the
free form or in the form of a pharmaceutically acceptable salt thereof.
The pharmaceutically acceptable salt of the compound (I) includes a salt
20 with an inorganic acid such as hydrochloride, sulfate, nitrate or
hydrobromide, or a salt with an organic acid such as acetate, fumarate,
oxalate, citrate, methanesulfonate, benzenesulfonate, tosylate, or
maleate.
The present compound (I) or a salt thereof includes either

25 intramolecular salt or an additive thereof, and solvates or hydrates

thereof.



Y ~ O (XXVI1-b) R12 wherein the synbols are as defined above, 0 3 MAR
2004 31 followed by reacting the conpound (XXVII-b) with the conpound (VI).
Process E The conpound (I1-b) can be prepared by 5 oxidizing a cg&ﬁddﬁﬁj

the formula (XXX): X _ N X4 1Y~ Z OH ( R-2 wherein the synbols are as
defined above, which is obtained by reacting the di hal ogeno conpound (Xl)
with a conpound of the formula (XX X): I@@-GHO(XXIX) 10 wherein R12 is as
defi ned above, to give a conpound of the formula (XXXI) N Xa IYW Z O
(XXXI') R12 wherein_the synbols are as_defined above, ;reacting the conpound
(XXXI) with the cdmsaifsenticompeugiud er aphaympaceitieally pecepiahle salt
(XXXI'1): X~ N~ NHCH-R2 Y~ Z OdEIX,XXII) R~2 wherein the synbols are as
defi ned abdberesigan herdpinisieradgithae oraliy oumarerisaally, windcende onpound
(V) . 0 3 MAR 2004 32 The abgve conpound (XXX 1) can al so be prepared by
reacting tﬁer%ﬂﬁ&ﬂ?wt@mynwmomripb@ﬁﬁawt(qalmrepar@tl% sichvagound of

the formul g F11): . .
ta ig?s(, grgnules, fine granules, pills, capsules, powders, injections,

5 inhalants, buccal preparation, sublingual tablets, syrups, dry syrups,
jellys, suppositories, ointments, elixirs, liniments, lotions, drinks, nasal
drops, percutaneous preparations, and rapidly-disintegrating tablets in
oral cavity, etc. These phérmaceutical preparations may be prepared
by formulating with a pharmaceutically acceptable additive such as

10 excipient, binder, wetting agent, disintegrator, thickening agent, etc., by
a conventional method.

The dose of the compound (I) of the present invention or a
pharmaceutically acceptable salt thereof may vary in accordance with
the administration routes, and the ages, weights and conditions of the

15 patients. For example, when administered in an injection preparation,
it is usually in the range of about 0.001-100 mg/kg/day, preferably in
the range of about 0.1-10 mg/kg/day. When administered in an oral
preparation, it is usually in the range of about 0.1-200 mg/kg/day,
preferably in the range of about 0.1-80 mg/kg/day.

20 Concomitantly, since the compound (I) of the present invention
or a pharmaceutically acceptable salt thereof exhibits an excellent
selective PDE V inhibitory activity, it also may be useful in the
prophylaxis or treatment of diseases caused by a functional disorder of
cGMP-signaling, such as pulmonary hypertension, diabetic

25 gastroparesis, hypertension, angina pectoris, myocardial infarction,

chronic or acute heart failure, female sexual dysfunction, prostatic



X ~N'" NHCH2-R2 Y~z OH (XXXII1) R-2 5 wherein the synbols are as defined
above, foll owed by oxidizing the conmpound (XXXIIl). Process F The conpound
(1-a) can be prepared by reacting the conpound (XII11) with a conp(aumh%a,'
the formula 10 (XXXIV): RSH (XXXI'V) wherein Ris a substituted or
unsubstituted | ower al kyl group or a substituted or unsubstituted aryl
group, to give a conpound of the formul a28xXX~~'V): X ~NSR 1Yy ~ ( 15 Z
COOR5 wherein the synbols are as defined above, reacting the conpound
(X3~XV) with the corrpound (VIJ or a salt thereof to give a conpound of the
formul a (xbymsrplagianasthga digrrh ea(@@@@t\pa)t@@@dﬂgcglwa\mneuaddtmensynbols
are as defined above, renoving the prot ectl ng, group R5 for a carboxyl group
of the 0 @ngﬁeﬂgeﬁﬁﬁﬁéarﬂi‘ee sodr\dysibgcgione a conpound of the fornul a
(XXXVIT): A N=N rein the s&rrbols are as defined

S
Shove, 1 eadbERy M@%@&?&MW@%THEH‘&VE BB T i ve
conpound of the fornmula (XXXl X) N SR | COR11 wherein the

symbol s are as def'ﬁ%ﬂomd%ﬂbf)éé}ﬂ? ceeie %/W%BWHEMP)BTCPG%@(ﬁWatl on

to e a | f
gl Y S 10 P(/)wmg Processes A to F.

Process A
Among the compounds (I) of the present invention, the
compound of the formula (I).wherein R! is a group of the formula:

-NH-Q-R? or -NH-RY, i.e., the compound of the formula (I-a):

GN Ny~ NH-CH,-R?
N 2
\“/ I(

Yo 7 0 (I-a)
10 R
(wherein R is a group of the formula: -NH-Q-R? or -NH-R*, and the
other symbols are as defined above) can be prepared by
reacting a compound of the formula (II):
9
R SY N\ e
~Z7 ~CcooRr®

15 wherein X! is a halogen atom, R° is a protecting group for carboxyl
group, R° is subétituted or unsubstituted lower alkyl group or a
substituted or unsubstituted aryl group, and the other symbols are as
defined above, |
with a compound of the formula (III):

20 R?-CH,-NH, (I1I)
wherein the symbols are as defined above,

oxidizing the resulting compound of the formula (IV):



or sulfinyl conpound, 10 followed by reacting the resultant with the
conpound (111). The above Processes A to F can be carried out as §@l s34
Process ‘A The reaction of the conpound (I1) with the conpound (II1) is
carried out in the presence or absence of an acid scavenger in a 15

sol vent. The acid scavenger includes, for exanple, an organic base such as
N, N- di i sopropyl et hyl ami ne, N-net hyl nor ph@fi ne, triethylam ne, pyridine,
etc., and an inorgani ¢ base such as sodi um hydride, sodi um carbonate,
potassiun1c§%§onq§e, sodi um Rydrogen carbonate, etc. The solvent may be any
sol vents whi‘c Nii-GHenRY t he reaction, for 20 exanpl e,
dinethylsulfox?@gazfgtrahydrofuraﬁﬂntoluene, et hyl acetate, chloroform

di net hoxyet hane,™X¥1®2peorY, N di net hyl f or mam de, etc. The reaction is
carried out at a tenperature of from-10C to roomtenperature, preferably
at a tenperwhgreinothe symbeds ese esaigiingd abore 2004 34 tenperature. The
reaction of oxjidizing the conpound (1V) to give the sulfonyl 5 10 (or

sul finyl) d@m§89ﬁHSF%?UW%(@%ﬁ@ﬁkﬂdbﬁﬁnﬂﬁnvﬂgoﬁthé%@@u8¥Oﬁh oxi di zi ng agent
in a sol vente-dhe i dizj agent includes, for exanple, peracids such as
n}chloroper%é%§@l qg ' ?hggﬁa%%tic acid, etc., and an inorganic oxidizing
agent such as mangangge di oxi de, so@)um periodate, hydrogen peroxide,

di nitrogen tetroxi @D@R*n, hydroperoxi de, iodobenzene acetate, t-butyl

hypochl orite sulfun’l chlori of.assi um per oxynon | fate, etc. The
S vEnt rmyBerSiy 381 Ehe ARt SRS R Br S el aBBKE T or
exanpl e, chlorofor thyl ene chlorjide, dichloroethane,. acetic acigd, etc.
The reaction is Cgrﬁ%pﬁ‘ég %ﬁmQOP&ﬁ)gﬁa‘f’&bea SPWRW&%G‘EF&OW?& (GI)'
preferably tenperature of from-10C to 10C. The reaction of the
conpound ( yéph_ﬁhe co&gound (VI) or a 15 20 25 salt thereof can be

in the

carried out presé e or absence of an acid scavenger in a sol vent.
The aci d scavenger includes, for exanple, an organic base such as

N N-di i Sopr&fm&hheﬂeaggf o1 B B8 dH Y gBBl/é nSr a.ts%lg?hé‘%xj&%?j 10°eivld | di ne,

etc., and an 1rnorgani ase such as sodrum’hydri um ohat e,

pot assi um ¢ . ' n carbonate, etc. The salt of the
\fcgrﬁﬁeﬁh%l ?fzggébrc%?nﬁ%fii

conmpound ( S pre an a I'i metal salt such as sodiumsalt,

pot assium s ~ etc. The solvent may be any sol vent which does not disturb
the reactioEZEi Pl enDENdRPet hyl f or mam de, tetrahydrofuran

di net hoxyet Rane, dff netyiyl sul f oki de, etc.pﬁ e reaction is carried out at a .
tenperature of froyp to 15QC, preferably’at a tenperature of fromroom
tend@rature to 60C. Z 0 @O 2004 35 The reaction of renoving the

[ f b I f th d [ h
Compound. (VT PIeBae S whels Bie Sty eBivn: 1 onal method stch ag
ydrolysi s, cat al YL REUChSRcRk arolll RP1bP a8l BEIFHpAREPLERG Lo the

types of the prot
compound (VII) to give a compound of the formula (VIII):

A _
CN\W Nj: NH-CH,-R?
~

Y\z COOH

15 wherein the symbols are as defined above, and

(VIII)

followed by reacting the compound (VIII) with a compound of
the formula (IX-a):

R1-H (IX-a)
wherein the symbols are as defined above.

20 The compound (I-a) can also be prepared by subjecting the



5 a carboxyl group to be renoved. When a protecting group for a carboxyl
group i's renoved by hydrolysis, the hydrolysis is carried out, for e§<arrpl e,
in the presence of a base in a solvent. The base is preferably, ford 9 MAR 2004
exanpl e, an al kali netal hydroxide such as sodi um hydroxi de, potassium
hydroxi de, |ithium hydroxide, etc., or an _alkali 10 nmetal carbonate such as
sodi um car bonat e, potassium carbonate; e®. The solvent may be water or a
m xture of water and methanol, ethanol, tetrahydrofuran, dioxane,
N, N- di met hyf or mam de, _di net hyl sul f gxi de, etc. The reaction is carried out
at a tenperearppeusd (Mihnto h%oswn@nép@waycqmp@w@@éﬂa@ fprnuia {Xjom 5C
to 60C. The protecting group for a carboxyl group represented by RS may
be any conv, n%j ﬂnal otecting group for a carboxyl group, such as a |ower
al kyl group\ be PH-@Hg-R"The reaction of the conpound (VII1) with
t he conpoun X- cah be carried o ) in the presence or absence of a
condensi ng agent, &2or an acti'vating agent in a suitable solvent.
The condensi ng agent includes, for exanple, dicyclohexylcarbodiim de,
1- et hyl - 3- (Whdremt X3/ saaihaipgep dtpnsg e dhe mitHer sginisdrphasgbfingdl azi de,
di et hyl cyanophosphonate, etc., which is usually used in the peptide
synt hesi s. athavehasel folbwetk by rfeactisngathd eompound) X)) withatlee santpasnd
triethylamne, N 25 nethynorpholine, etc., and the activating agent
i ncl¥des, f(bX-ajxanpl e, 1-hydroxybenzotriazole, etc. The solvent may be any
solvent which ~ 0 3 MAR 2004 36 does not disturb the reaction, for exanple,
met hyl ene chl ori dén adstitigny dhefalawe, campodinge{ViY) ¢an adsn be preperohibyri | e,
N, N-di net hyl acet am de, ethy| acetate) etc. The reaction is carried out at a
tenperature of fréreatgagadihsdagenn eommrmind of thedernpadati®le of from 5 -10C
to 10C. The alternative process of converting the conpound (VII1) into the
conmpound ( %x3._whingh i s¢further reacted with the compound (1X-a) can be
carried out byJfir y reacti nggt he conmpound (VII1) with a hal ogenati ng
agent in the pygsesdce or absen )Jof an activating agent by 10 a
conventional met®od, and reacting the resulting conpound (X) with the
conpound (1 X-a). The reaction of the conpound (VIII) with a hal ogenating
agent i s cavhemdnd(t and %' ard sdmlog@herthal,ogeddhe nghageymbalsErefas abl y
t hi onyl chloride, oxalyl chloride, phosphorus pentachloride, etc. The
actiGat i ng dajomad abope.ef erably an ani de conpound such as 15
N, N-di net hyl f ormam de, etc. The solvent may be any sol vent which does not
di sturb t hevitbasrbom, dioxidexanpl e, met hyl ene chl oride, chloroform
t et rahydrof uran, benzene, toluene, dioxane) etc. The reaction is carried
out at a tenper at pretestirfg the c30®x groo, ojpthed seutltipngacompoumseohithe e of
from-5C to 10C. 20 The subsequent reaction with the conmpound (I X-a) is
carried outfoflﬁlutl*héxﬂﬂlesence of an acid scavenger in a solvent. The acid
iyl u fpr exanple, an organic base such as

t

scavenger i
N, Ndi i sopr o’gf?ag ine, N rreﬁgw nor pholine, triethylam ne, pyridine,

di met hyl am nogyri di ne, etc., a an i norgani c base such as sodi um 25

hydri de, sodiu ar @He, potassium carbonate, sodi um hydrogen carbonate,
etc._The solvent, y be any sol vent which does not 0 3 MAR 2004 37 5 10
di stirb t héVhersdpit ﬁ,sﬁrﬁgok%ﬁ?pﬁﬁ, efGhLAYAYSf uran, met hyl ene chlori de,
chlorof orm_taql uene, benzene, .di pxane éé}? | acetate, etc. The reaction is
carried outtoﬁw%at%q{ﬁEPM%fme ?qrml% %o 100C, preferably at a

t emper at ur >ez<3of fNom o bC to 10C. The reaction of treating the dihal ogeno
conpound ( XI') Yy t¥rcar bon di oxi(ﬂﬁlto gi ve the conmpound (XII) can be carried
out in the pr 5€ of a _base in a)l sol vent. The base includes, for exanple,
an al kali metal ZalICQORN organi ¢ base such as |ithiumdiisopropylam de,

lithium 2,2,,6,6-tetranet piperidjde, etc. The solvent nay be any sol vent
whi ch does vﬂ&?red?g%‘ﬁrsé’r{lﬁéisr%%cﬁ; %nfegreaé?(%ﬁfpl e, tetrahydrofuran,

1, 2-di net hoxyet hane, .die | ether The reaction is ried oyt at a

t enper at ure of frB‘Fﬁiqtl%g}%’(So-r%@hgﬁg?g} b t ?an?%%%ggﬁhrté’ B om

-1QQC to -70C. _The,r tion Qf [ cting the carboxyl group of the
corfpound 1§°%p?%fi)°%ﬁgleg€%\5gﬁflﬁg(5@mound (XI'I'1) can be carried out by a
conventional nethod, for exanple, by reacting with an al kyl ati ng agent in
the presence of a base in a solvent, when the protecting group is a | ower

al kyl group. The alkylating agent is preferably a | ower al kyl halide such
as nethyl iodide. The base is preferably an al kali nmetal hydrogen carbonate
such as sodi um hydrogen carbonate, and the solvent may be any sol vent which
does not disturb the reaction, for exanple, N, Ndinethylfornman de,

tetrahydrofuran, etc. The reaction is carried out at a tenperature of from
. 0C to 100C, preferably at a tenperature of fromroomtenperature to 70C.




25 The reaction of the conpound (XIIl) wth the-conpound (I1l) to give the
conpound (XI'V) can be carried out in the sanme nmanner as in 0 3 MAR 2004
38 the reaction of the conpound (I11) with the compound (111). The r@achAR 7004
of the compound (XIV) with the conmpound (VI) to 5 10 15 20 25 give the
conmpound (VII) can be carried out in the _sane manner as in the reaction of
t he conpound (V) with the conpound (VI).26he hydrolysis reaction of the
conmpound (V) to give the conpound (XV) can be carried out in the presence
of a base igsa S9! veg . Jhesbase includes, for exanple, an alkali netal
hydr oxi de sUc |aS\ h‘%ﬂr oxi de, potassi um hydroxide, |ithium hydroxide,
etc., and an ajkall netal carbonatgXx$uch as sodi um carbonate, potassium
carbonate, etc.>AheGORnt is preferably water, or a mxture of water and
met hanol , et hanal ,  tetrahydrofuran i oxape, N, Ndi met hyl f or mam de,

di met hyl sulWB&T<de, the ymeR ?E"a@ﬁidﬁfﬂr}gggpi’?e@"\gut at a tenperature of
from-20C to 80C, efergbly at, a tenperature of from-5C to 60C. . The
reaction of hal ogé ‘i“l"ﬁﬁ%yh acS i the compounrd (XY itk thapsmmeund v) can
be carried put in the same manner as in the reaction of obtaining the
conpound ()&f)oy hal ogenating the compound (Xl I1) by a hal ogenating agent.

Process B The redyction reaction of the c nd (I 0 give t conpound
(XVIJ can be carri éﬁtgﬁ’ t'1‘?":‘? ?lﬂ%vepf‘ég’é}?&’é“gk%g%r%gé‘i%’ggﬁég'ﬁ?ar?f?g’ysui tabl e
sol vent. The ,r.educi agent is preferably.,an al.kali tal alum num hydride
such as' |1 CHRr B e RpabRel TR Al sy Furad By heRpiPriE Rt as
l'ithium bor . | al yent e any sol vent which does not

di sturb thgggégté?ggﬁﬁég?néggr%e ,Or%utngMrofuran, di oxane, diethyl ether,
di met hoxyethane.Ngt c NHIBR,-R20 3 MAR 2004 39 reaction is carried out at a

t enperature of |fr3 -78¢ f0 a boi%{gng poi nt of the solvent to be used,
preferably at 4. t erat yre of f i -10C to roomtenperature. The oxidation
reaction of the %oanQiQR(XV_I)_ to give the 5 conpound (XVII) can be carried
out in the Vpﬁgfeﬁﬂ%ﬁo%”ﬁ%f%pé %‘Sr&fﬂ%%? b#){;e.a sol vent. The oxidi zi ng agent

iC an convert an al coho

may be any one Into a carbonyl conpound, for

exaypl e, ERGREES B di oxi de, barium per manganate, potassi um pernmanganate,
2, 3-di chl orob, b-di cyano- 1, 4- benzoqui none, pyridi ni um chl orochr omat e,

pyridini um 10 di cllRsRERhE cothpouhle (A VS prEIenaBytisal ygat which does
not disturb the reaction, for exanple,” chloroform toluene, ethyl acetate,

1, 2-di chl orerhpenfid dretHeyiceRfulahiiowheeein Rt igBYHiStiiABd gt C. The reaction
is carried out” at a tenperature of fromOC to 100C, preferably at a

t enper at ur quedu b1 teaABwiee TEIRYRE+IEp 0./ Qke cbnpbenaXdfddlel oRnfiflaqin of
t he conpound (XVII) to give the conpound (XVII1) is carried out in the sane
manner as i/ the reaction of obtaining the conpound (V) by oxidizing the

conpound (1) A Nhﬁm\:EENimHQijt he conpound (XVII11) with the conpound (VI)

to give the olind [ XIX) is carrftﬁd out in the same manner as in the 20
reaction of the c V) vvith(")ecorrpound(l\/).

Q
R12
15 (wherein R'? is a substituted or unsubstituted lower alkyl group, and

the other symbols are as defined above) can be prepared by

oxidizing a compound of the formula (XVI):
RQSTNINH-CHz-Rz
Yo — (XVI)
~Z” “CH,O0H

wherein the symbols are as defined above, which is obtained by

20 - reduction of the compound (IV), to give a compound of the formula



The reacti'on of the conmpound (XIX) with a netal salt of the conpound (I X-b)
to give the conmpound (XX) may be carried out in a suitable solvent ,,The
netal salt of the conpound (I1X-b) is preferably Iithiumsalt, etc. U?h R 2004
sol vent may be any sol vent which does not 25 disturb the reaction, for
exanpl e, tetrahydrofuran, dioxane, diethyl ether, dinethoxyethane, etc. The
reaction may preferably proceed at a 022 MAR2004 40 tenperature of from
-78C to roomtenperature. The oxidation reaction of the conpound (XX) to

gi ve the conmpound (I-b) may be carried out in the same manner as in the
reaction of()@HI)ai ni ng (XVI ) by oxidizing the conpound (XVI). 5 The

reaction of rrpoun X with the Gignard conpound can be carried
out in a suRt :E e solvent is preferably tetrahydrofuran,

di oxane, dieth et her, etc The r(&a€Hi on may preferably proceed at a

t enperature of dﬁ@ to 60C, preferably at a tenperature of from-78C

to roomterrperature 10 The oxidation reaction of the conpound (XXI'l) to

gi ve the compelsia }rmjwﬂ%aé%uasm&ﬁrmd abavehe sane manner as in the
reacti on of obt ai nr t he corrpound (XVI1) by oxidizing the compound (XVI).
The reaction of tH#ar Aripgehe IoompeunehX \danisogivg & xompowkoéthe R6 i s
a nor phol i no gr Qup | oner al kyl pi perazi nyl group, a 3 15 pyridylam no
groud, a 2-pym JWJIIbmr al kyl am no group, or a di-lower alkylam no group
to give th oung (I ) QernRGisarmrpholrno group, a 4-|ower

al kyl pi per azi nyl r E %rr dyl amél roup, a 2pyrimdinyl-Iower

al kyl am no group,y 0 d| -l ower al kyl group can be carried out in the
presence or absenc\ez of "@Hbase in a sui tabl e 20 solvent. The base incl udes,

for exanple,, an.organic e such i i sopropyl et hyl am ne,
N- et hy| morBRETSIRdDE §18 Hfﬂ ar Ad f@mdyﬁﬂ%"%t c., and an inorganic base

such as sodi um hydro sodi um car,b ot assi um car ho te sodi um
hydr ogen car bonat &%2 ‘3&“&8 thELOIBPORRL (2{33 IEP’@E]%FESI%PIBBOBPH to give a

N, N- di et hy] f or na etra fur an, di net hoxyet hane,

di et hyl sul?&?ﬁ%nd&thﬁ{%nr"é (ﬁ may preferably proceed at a

t enperat ure fromOC to 150C, 0 3 MAR 2004 41 preferably at a
t enper at ur g oA romNoomt epature to 60C. On the other hand, the
th QNH%P%

reacti on of ) with the conpound (XXI'V) wherein R6 is a
hydr oxy group or r aI koxy gr OUP(KIR) gi ve the conmpound (XXI) wherein R6
i s 1 hydroxy group (i'r a GHOower al koxy group can be carried in the presénce
of an acid in a,so|lvent or_ wthout e% sol vent. The acid includes, for

exanpl e, aWVBeEiydAeSYARPAlSsAthan g imeciAPeverci d, etc., or an or ganic acid
such as net hanesul fonic crd oni.c acid, t I nesulfonrc aci d,
benzenesul foni ¢ at§RFEURE L efﬁ@%ﬁ@@di&ﬁwﬂr BBk ?[ﬁ &I‘E-RIHPPuQ@h@p

t ol uene, e di met hyl f or mam de, di met hoxyet hane
di net hyl suﬁﬁSj H@,‘ﬁ%t@.('%}he reaction may preferably proceed at a

t enperature of fr%rﬂa_ to 150C, _rb(jferably at a tenperature of fromroom
tenperature to 60 ocess C eaction of removing the pr ot ecting gr oup

carbe car SRECIR ViPbR e RSB o combreul OO oGRIE HRRY (e

conmpound (V] by rermvr ng the protecting group RS for a car boxyl group of
t he corrpou d A NH- CHZ-RZ

(XX)

wherein the symbols are as defined above,
followed by oxidizing the compound (XX).
In addition, among the compounds (I) of the present invention,

20 the compound of the formula (I) wherein a group R! is a lower alkoxy-



The reaction of the conpound (XXV) with the conpound (lX-a) 20 to give the
conpound (XXVI-a) can be carried out in the same manner as in the reaction
of the conpound (VI11) with the conpound (1X-a). The reaction of 83 MARiZBY
t he conpound (XXVI-a) to give the conmpound (XXVII-1) can be carried out in
the sane manner as in the reaction of obtaining the conpound (V) by

oxi di zi ng the above 25 conpound (IV). Th@8reaction of the conpound
(XXVIl-a) with the conmpound (VI) 0 3 MAR 2004 42 to give the conpound
(1-a) of the present invention can be carried out in the same manner as in
the reacti cihstituted eshpbareip g mprphelirowarhstiinded vthyl gratass 4D 5 The
reaction of the compound (XVII) with a metal salt of the conmpound (IX-b) to
give the cdAWsh Keperazinyhgf g -sxabstibted ethyl giean sa-pandplaraingn t he -
reaction of the, conpound. (XIX) with a netal salt of the conpound (IX-b).
The reacti G ltmggiezﬂﬁbéfwc%@paﬁﬁdg‘fﬂWﬁr a}kxlanyn@egw-ﬁgb@a&»mmd

(XXVI-b) can, bg carried.qut in_fhe sane ner as in_the reaction of
obt ai ni ng Pﬁ@yﬁglﬁﬁi&m‘ﬂ d(liﬁ?we)" %@@Fm%tﬂgpﬁfé‘l@@ﬁrﬁ)bﬁdr@mt}“ﬂ 8PP pr ocess
wherein the coppound (XXVL-h). is oxidized to give the conpound (XXVII-Db)
whi § is fdfth eeemmq%%ogﬁbssfm@ugeﬁﬁshnd 15 (1-b) of the present
i nvention c e carried out in the sane manner as in the process wherein
t he corrpour(d A V) im@g&%@d to give the compound (XXVII-a) which is
further conwerpedYy ntg t ound (I-if of the present invention. Process
E 20 The reactionygf e_gonpound (XI') W-€h the conpound (XXIX) to give the
conpound (XXX) is cd&ri out in the presence of a base in a suitable
sol vent. The base includes,rfor exanple, an alkali metal salt of an organic
base such as lithiumdiisopropylamde, |ithium
2,2, 6, 6t et menerelry IR iset Isiveeallaser gidigp, s@mMEPhdbo gﬁo@ﬁyamld&@&t whi ch 25
does not disturb the reaction, for exanple, tetrahydrofuran,
1, 2di et hoxyleylpdperazihyl gadurstd 8rpydtiglamiieo gmp,i@m-pyri@laird 126weHt at a
0 3 MAR 2004 43 tenperature of from-100C to -30C, preferably at a '
t enper at ur elkflaiom g0 4 di-13@€r alkglaneiaet gnm br exhpd 7Zo:50g#dig,can@ound
(XXX) to give the conmpound (XXXI) can be carried out in the same manner as
i ntthe 5 r¢hetothar symboldiazeras dafnedrgmveg (XVI) to give the conpound
(XVI1). The reaction of the conpound (XXXI) with the conpound (II11) to give
t he conpougan(bexrreparsthbyaeeatingdieocnmpournide (XXysvithrmGrigrsaridn t he
reaction of the conmpound (I1) with the conmpound (Il1). The reaction of the
cormpound ( xsoapoung iof thedorewdaund (Vi) 10 or a salt thereof to give the
conpound (I-b) of the present invention can be carried out in the sane
manner as in the €ERECHMEBr t he conpB®U (V) with the conpound (V). The
reaction of the conmpound (XXX) with the conmpound (lI1l) to give the conpound
(XXX 11) chhgbee 8 sompeupd:ofi the fesmalee(®38iier as in 15 the reaction of the
conmpound (Il with the conpound (111). Besides, the reaction of oxidizing
t he conpound [11) to give the conpound (XXXII) can be carried out in
t he sane rN\a]s/'N Ihm-Celgmzi on of oxidizing the conmpound (XVI) to give
t he conpoun 1 .

Y\Z/ OH (XX1)

15 N\

wherein the symbols are as defined above,
oxidizing the compound (XXII) to give a compound of the

formula (XXIII):



Process F*20 The reaction of the conpound (Xl I1) with the conpound (XXXl V)
can be carried out in the presence or absence of an acid scavenger jn a

sol vent. The acid scavenger includes, for exanple, an organic bas@ilMAﬁ 2064
N, N- di i sopropyl et hyl am ne, N nethyl norpholine, triethylamne, pyridine,
etc., or an inorganic base such as sodium hydri de, sodium 25 carbonate,

pot assi um car bonat e, sodi um hydrogen car@&hate, etc. The solvent nmay be any
sol vent whi ch does not disturb the reaction, for 0 3 MAR 2004 44 exanpl e,
N, N- di met hyl f or mam de, tetrahydrofuran, toluene, ethyl acetate, chloroform
di met hoxyet pane; xyl ene, di nethylformam de, etc. The reaction is carried

out at a te@bh\ﬁr/d\l f_NHoOM;-R8C to roomtenperature, preferably at a
t enperature rojn 0Q to 5 roomtenperature. The reaction of the conpound
(XXXV) with the co

Q/) or a sal()b(gger eof can be carried out in the
sanme manner as int repction of the conpound (V) wth the conmpound (VI).
The reaction of renoving\{he protecting group RS for a carboxyl 10 group of
t he conpound (XXXVI) to give the conmpound (XXXVII) can be carried out in
the same manper as_in the reaction_of renoving the protecting group RS for
a carboxyl WYhetginghe smbedkystmasdeiined ebgvee the conpound (VI11). The
reaction of the cgrrﬁoun (XXXVI|) with the conpound (I X 15 a) can be
carried out in thdokewedRhreactig the cranpeard($XIB) witle acommpoonad of | 1)
wi th the cogpound ([ X- The oxidation reaction of the conpound (XXX X)
can be car rtig’%d%&im&]?ﬁ)&y)éane manner as the reaction of the conpound (1V)
to gf%ve t he corrpoggczi%(v). The o&% ting agent is preferably
m chf or oper benzoi acid, etc! ) sol vent may be any sol vent which does
not disturh ]hhe NS ?g@ti on,, f.or exg | e, chloroform nethylene chloride,
di chl or oet NEHECB R 1523 definedi2bo%he reaction is carried out at a

t enper at ur eijr%f -78C to 50C, preferably at a tenperature of from-10C
to 10C. The—sl%ééggent reaction with the conpound (111) can be carried 25

out in the same e i.n e . eaction of t conpound (I1) and the
compound (111). TR éor%%oundt H-a) can eprepareg%y mp (1)

reacting a compound of the formula (XXV):

RgS\“/ N—NH-CH,-R?
' (XXV)
z

10 COOH
wherein the symbols are as defined above, which is obtained by
removing the protecting group R® for a carboxyl group of the compound
(IV), with the compound (IX-a) to give a compound of the formula (XXVI-
a):
R%S
\“/N\ NH-CH,-R?
Y\Z/ 0 (XXVI-a)
15 R

wherein the symbols are as defined above,
oxidizing the compound (XXVI-a) to give a compound of the

formula (XXVII-a):



0 3 MAR 2004 45 The compound (I) thus obtained can be converted into a
pharmaceutical |y acceptable salt thereof. The starting conpound (IT) can be
prepared, for exanple, according to the nethod disclosed in Jour n&B MAR 2004
Anmerican Chemcal 5 Society, p. 3S0, vol. 65, 1943. Exanples of the
conmpound (I) of the present invention which can be prepared by the above
exenplified nethods are illustrated bel o830 but the present invention should
not be construed to be limted thereto. 10 Exanple 1 (1) To a solution of
4- chl or o- 5- et hoxycar bonyl - 2- net hyl t hi opyri m dine (25.33 g) in
N, N- di met hyg9ae laniNle (GR.¢H).gar € added a sol ution of
3-chl or o- 4- net ho yb@nzyl am ( 19.62 g) in NNdinethylformamde ( 15 m)
and triethyl am ne/ o) under icepoo@liapg. The 15 mixture is stirred
at roomtenperature- forf20 mnutes, and theréeto is added
3-chl or o- 4- net hoxybenzyg™nmi ne (940 ng), and the mixture is further stirred
for 15 mnutes. To the mxture is further added said am ne (940 ng), and
the m Xtur‘%}rljxére%ithE%SrrBB 1stR éﬂ@ig“dte?ﬁr dTJ’%%O{;eeacti on mxture is poured into
vater ang cit 5

a mxture of 1ce rirc aci and the mxture is extracted
wi th ethyl acetat e : gﬁ\ﬁ] ?Sﬁw_ | 10 % aqueous
citric acid solut f‘o(}lno wat r{e%%glrﬁﬁl%,é a éﬁ’gﬁf ovg%ly‘é‘}rﬁl};gl?gus sodi um
sul f at e. T%ﬂﬁl%ly atrys evaporated under reduced pressure, and the residue
is washed wt n-ﬁe;};{'{rg to give
4- (Z chl or prdc-88d oxybenzyl am no) - 5- et hoxycar bonyl - 2- net hyl 25
thiopyrimdine (38.34 g), mp. 86C. (2) To a solution of the conpound (5.00
g) obtained in thehakewspbhhd (1b %M&éﬁ@?aﬁl@ditﬂéf chloroform (50 m) is

F g [ cid (4.0

added a sol ution of mchl oroperbenzoic g) in chloroform (50 m)

under ice-cooli ngoxmﬁntgmcs'}ﬁ@wﬁdioitﬁ%imggﬁlgqml urs. The reaction

m xture is washed with a saturated aqueous sodi um hydrogen carbonate

sol ution am_ﬁsbri Re. and the 5 organic layer is dried over anhydrous sodium
sulfate, a t‘lfné 1CH2sRevaporat ed under reduced pressure to give crude
4-(3-chloro-4 Yo o (XXVIII)

met hoxybenzyl am™g6) ¢ eﬁhoxycar bonyl - 2- et hyl sul fi nyl pyrimdine, M5 (mz):

447 (MH). (3) The crﬁggle product obtained in the above (2) is dissolved in

10 tetrahydrofuran ( m), and thereto is added a solution of L-prolinol (

1.50 g) and.triethyl am ne 1.60 q) .in tetrahydrofuran (.10 nl) at room
t enper at ur FNEFRE Hhe SYPEbels ate as gﬁﬁ89§r%”§4ﬂ: which isebtained byrescking e i s

di Lluted with ethyl acet and washe ith ueous sodj dr ogen
carlk}onat e Lof pr%‘ﬁo%ﬂg (%l&ﬁné’."ﬂgt?e%‘? ﬁ\g&t ‘Pfaﬁ'g’r C?@p@ﬁr@hﬁ%gﬁ tPLI¥A Ry dr ous
sodium sul fate, an h | vent | vapor at ed under reduced pressure. The
residue i SCBH}HQL}%% #&ﬁsffgf@éﬁﬁéﬁ%ﬁr@m chr omat ogr aphy (sol vent;
chl or of orm 9and crystallized froma m xture of ether and nhexane to give
(S) - 4- (3- cR8rg- Py Cyhertzy| ani no) - 5- et hoxycar bonyl - 2- ( 2- hydr oxynet hyl - 1
-pyrrolidinyl)gyrimdine (4.72 g), m Qb§38-90C, M5 (mz): 421 (M#). (4)
A mxture of t nd (3.4 g) obtained in the above (3), a 10 % aqueous
sodi um hydroxi de"solytjon (23 m), and dinmethylsulfoxide (34 mM) is stirred
at room tenperature I 15 hours. The reaction m xture is poured into a 10
% aqueous citric acid solution, and 25 the precipitates are crystallized
froma m xwlrezedf thesyaitydls efrarasndefidedtdimve; 0 gi ve
(S)-4-(3-chl oro-4-net hoxybenzyl am no) - 5- car boxy- 2- (2

further oxidizing the compound (XXVI-b) to give a compound of

15 the formula (XXVII-b):

I {gson N NH-CH,-R?
~N 2
\f

Y. 2h o (XXVII-b)

R12

wherein the symbols are as defined above,



03 MAR 2004 47 hydroxynet hyl -1-pyrrolidinyl)pyrimdine (2.52 g), mp.
205-208C, Ms (mz): 391 (MH-. (5 A mxture of the conpound (600 np)
obtai ned in the above (4), 2-ani nonethyl pyrinidine (217 ng), 03 MAR 2004
1- (3-di net hyl am nopropyl )-3-ethyl 5 carbodiim de hydrochloride (323 ng),

1- hydr oxybenzotri azol e nonohydrate (227 ng) and N, N-di met hyl f ormam de ( 12
m) is stirred at roomtenperature for 83hours, and the reaction mxture is
poured into aqueous sodi um hydrogen carbonate solution. The m xture is
extracted with ethyl acetate, washed with brine, and dried over 10

anhydr ous sodi um $ellgeed byTreactiig the compvapd (XK I-haethtbduced pressure,
and the residue is purified by silica gel colum chronmat ography (solvent;
chl or of or mageepewsd &IB0: 1) to give

(S)-2-(2-hydroxynet hyl - 1-pyrrolidinyl)-4-(3-chl oro-4-net hoxybenzyl am no) - 5-
[ N- (2pyri mis@cass By| ) car banoyl | pyrimi dine (610 ng), mp. 160-163C. 15
Exanple 2 (1) To a_suspension of |ithiumalum numhydride (4.15 g) in

t et rahydr of uran ( Tisoegmpongdaddacan b prepsaedby

2- met hyl t hi o- 4- (3ch| gr o- 4- net hoxybenz{yl am no) - 5- et hoxycar bonyl pyri m di ne
(38.82  g) in tetr8FdHesA R omPadndRithenesmuledXeedli ng at 5C to 10C over
a period 20 of one hour. After the addition, the ice bath is renoved, and
the reacti oXPui r X% stirred at roomtenperature for one hour. To the
reaction mxtyite rjs added water (4.15 m) under ice-cooling, and thereto is
further added sodi y¥XKydr oxi de solution (4.15 m). To the

m xture is addedwater (4.15 m) three tinmes, and the mxture is 25 stirred
at roomtenperature R'8r one hour. The reaction mixture is treated wth
magnesi um sul fate, and the solid precipitates obtained are 0 3 MAR 200 48
filtered. VigemigcheidyahBsls @ 26 lediced étboée%tvoﬁmldfs%yfafiﬂedH}erée{dtfr{%t ®

and the washi ngs are conbi ned, and concentrated under reduced”pressur
triturated thetdihaldgeHdeSmplov@id K1) a6ieh af 8oRpburRPBY ORY foghli®L ngm);
resulting crystals are collected by filtration, and 5 washed T wth

i sopropyl ether tRYJCHO2-rnet ixKiK) o-4- (3-chl oro-4

nmet hoxybenzyl am no) - 5- hydr oxynet hyl pyri m di ne as pale yellow crystalline
powder . Fi ndienein®izts as:defirddabdbe,ld givera Bomiarird 3€ e dorrdups oduct i on:
yield; 2.32 g, mp. 1S9-160C 10 In addition, the above solid precipitates
are washed (¥¥2Ih with i sopropyl ether, and the filtrate is concentrated
under - reduced pressure to give colorless crystals. The resulting solid is
suspended iy3 i sapropwy4 ether, filtered, and the precipitates are washed
well with.iso fo et her and hexane to give

2- met hyl t hi o- 4 (3Jghl gy o- 4- met he%Hénzyl ani no) -5 15 hydr oxymet hyl pyri ni di ne
(4.26 g) as col&le crystals, mp. 161162C. (2) To a suspension of

2- met hyl t hi o- 4- ( 3- cl{1@r o- 4- net hoxybenzyl am no) - 5- hydr oxynet hyl pyri m di ne
(25.10 g) obtained in the above (1) in chloroform ( 150 m) is added

i 0xi d 37.6 d,2 h ' i i I i d
at Foom teMieelt FBE IR R B A defBRaFhaihr o 1o further sdded manganese
di oxi d wd . 6 ' fLhe starti d dth
oot de power (it e o bR ATRRRE LDl FRRLAA S RO g0 P
reggved bycgfﬂlﬁ&ﬁg#g@tgg fg%hggéwﬂgt he filtrate is concentrated under
r re. The ue 1s

educed press resi uspended in a mxture of ethyl acetate

and i sopropyl e&her. The przeci pitates are filtered, and washed successively
with 0 B%Mﬁ/ Ntd-CHo-R
Y\Z/ 0 (XXX1I)
R12

wherein the symbols are as defined above,
followed by reacting the compound (XXXII) with the compound
(VI).



i sopropyl “ether and hexane to give

2- et hyl t hi o- 4- (3- chl or o- 4- met hoxybenzyl am no) - 5-f or nyl pyri m di ne (22 43 Q)
as colorless crystals, mp. 124-125C. (3) A solution of 03 MAR 2004
2- met hyl t hi o- 4- ( 3- chl or 0- 4- net hoxybenzyl am no)5 5-fornyl pyri m di ne (2.057
g) in chloroform (20 m) is treated with m chl oroperbenzoic acid (80 %
1.468 g) at OC for 30 mnutes. To the re8@ion mxture are is added
L-prolinol (0.901 g), and then triethylamne ( 1.33 m), and the mxture is
reacted at OC for one hour. The reaction mxture is warnmed to room
tenperature, and Thedabovedomipdured (YKXdtjetat alsoTbe prephued® bySres@sitgd
successively with a saturated aqueous sodi um hydrogen carbonate sol ution,
wat er and & mqmape@ds@éﬁithth 6he denspounidii]) tmndivdra edmpmindiafiyde ous
sodi um sul f ate. recipitates are renoved by filtration through a silica
pl ug. The fferHﬁe()ﬁg(Iéthentrat ed under reduced pressure to give (S)-2 15
(2- hydroxymet hyl - 1-pyrrolidinyl)-4-(3-chloro-4-nmet hoxybenzyl am no) -5

formyl pyrinxdin 1. QQ;;HQ.R&s col orl ess anorphous, Ms (nfz): 377 (MH).
(4) To a solut |on f
(S)-2-(2-hydroky hyJOH.- pyrrol i di(KKXIH}- ( 3chl or o- 4- met hoxybenzyl ami no) - 5- f
ornyl pyrim di ne¥91. nmg) in 20 tetrahydrofuran (20 m) is added 1.10 M
solution of nethyl Ig®hiumin ether ( 1.1 m) at -78C, and the m xture is
reacted for 10 mnutes, and thereto is added aqueous sodi um hydrogen

car bpnat e %ﬂllé&télﬂrihe-r%ﬁﬁ?scéf-'é)as'H@fitrllércfsaingv§XtraCt ed wth ethyl acetate to

gi ve crude

(S)-2-(2hydr oxynmegdyd 6:8 WL t hoxybenzyl am no) - 5- (
1 25 hydroxyet hyl )pyrvlv‘éln%i H’\%hgﬁtpe)ébléégﬁ ; I@? The crude product
obt ai ned i rprbhes@lpove (4) |s treated with MAR 200 50 nanganese
dioxide (0.5 g) at roomtenperature, and the mxture is stirred overnight.

The reaction mxtqrhe dompeahad1 ) dain b@félx‘éiéa?ééi hours, and the insol uble
materials are renoved by filtration. Itraté€ is concentrated under

reduced pressure, réatstinuthé icothpousd!(Ker) wigeh &ﬁhgaﬁna%toﬂmtﬁ%ﬁﬂay
(solvent; chloroform ethyl acetate = 3:1 ) to giv

(91 2- hydt(m(wm) hyl - 1- pyrrol i di nyl)-4-(3-chl oro- 4- met hoxybenzyl

am no)-5-acetyl pyrimdine (56.7 ng) as colorless oil, M5 (nfz): 391 (MH)
Exanple 3 10 ( 1)RB# a sol uti ofxXmXIV

(S)-2-(2-hydroxynethyl -1-pyrrolidinyl)-4-(3

chl or o- 4- nwthemeyh & isyh anibut)tubed orryth Pybstiticiedel ot4 A]’R%rl Efougbrahydr of uran
(about 1 m) is added dropwi se a 1.0M solution of vinyl magnesi um brom de
in tetrahyenbstitated nr airsubstitmtedetrghgrdvap hto ghe 4 eaaipaundiofttiee i s
stirred at -78C for 10 minutes, and stirred at room 15 tenperature for 10
m nutes. THemelc{X8¥XV)i xture is poured into a mixture of ice and a

sat ur at ed %gue/gs so% um hydrogen carbonate solution, and the m xture is
extracted Xcetate. The or ganic layer is washed successively with
wat er and bri ri ed over anhydr odi um sul fate, and concentrat ed
ungegr reduced bz opR20 The obtained crude product is subjected to
preparative _thin | ayer chronmatography (solvent; ethyl acetate: nethanol =
20:1) to gpwhgrem the symbols are as defined above,

(S)-2-(2-hydroxynet h¥l -1- pyrrol i dlrr% -4-(3- chI or o- 4- met hoxybenzyl am no) - 5-
( 1- hydroxy 2 proﬁ?@ﬁ ing,he,gempon lthsth@QOpeysldo€<ﬂ) onB fait z) :

405 (MH) ) To a sol ution of
(S)-2-(2- h%'?r&ﬁ ke Ea 2 x9sppeerAritie frmalenPer¥VR: met hoxybenzyl ani no) - 5- (
1- hydr oxy- 2 open 1-yl) pyrimdine 0 3 MAR 2004 51 ( 144 mg) in
chl or of or |s a ded manganese di oxide (432 ng), and the mxture is
vi gorously stl terrper ature for three days. The insol uble
materials are’re ved byflltrationo ite, and the filtrate is
concentrated undef® eeRSressure to give pale yellow 5 oil (124 ng). The
resul ting crude product |s purified by silica gel

20 wherein the symbols are as defined above,

removing the protecting group R® for a carboxyl group of the



col utm chromat ography (silica gel 20 g, solvent; chloroformethyl acetate =
2:1) to.give

(S)-2-(2-hydroxynet hyl -1-pyrrolidinyl)-4-(3-chl or o4- nmet hoxybenzyl %% 22
acryloyl)pyrimdine (90 ng) as colorless crystals, mp. 113-115C 30
403 (MH#). 10 (3) To a solution of

(S)-2-(2-hydroxynet hyl - 1-pyrrolidinyl)-433

chl or o- 4- met hoxybenzyl am no) - 5- (acryl oyl )pyrimdine (72 ng) in ethanol (2
m) is added norpholine (78 QL1) at roomtenperature, and the m xture is
stirred at ¢@@Ppovarh bta givesa compowsd dffther forntulanXHXVII):e i s
concentrated der reduced pressure, and the residue is 15 poured into
water, and Yhe mixture is extracted with ethyl acetate. The organic |ayer

i s washed sicébdsi iSfh water and brine, dried over anhydrous magnesium
sul fate, an ncentrpted to dryness w&é@educed pressure to give
(S)-2-(2-hydr oxyrré"?& JC-d)qr rolidinyl )4 hl or o- 4- met hoxybenzyl am no) - 5- |
(2- nor phol i noet hyl ) Car bony k]'|20 pyrimdine (91 ng). The obtained crude
product is whesehvidte spmdioly hraegtdéfendd d®owk), and the solution is treated
with a saturated solution of hydrochloric acid in nethanol (5 m), and
concentrated underenetingethepseapouard POXXVE) reghdte ¢empdded gkby) tacet ate,
and the mxture is filtered. The 25 resulting solid is washed well wth
hexahe to ggive a compound of the formula (XXXIX): -
(S)-2-(2-hydroxynet hyl - 1-pyrrolidinyl)-4-(3-chl oro-4-net hoxybenzyl am no) - 5-
[(2 03 04 52 nor phol i noethyl)carbonyl] pyrimdine di hydrochl ori de
(65 ng), (AY D)~ ). Exanple 4 (1) To a solution of .
4- ( 3- chl or o-M=#et Hoxylenzyl am no) - 5- et wg car bonyl - 2- net hyl t hi opyri m di ne
(972 ny) obtai nedyﬁ'z ove Exarrplé = 5 in chloroform (8 m) is added
a solution of mchloroperbenzoic acid (80 % 598 ng) in chloroform( 10 m)

under ice- GoREFdIf RNesyALBY hesla8idelthdd ABLES, The reaction nmixture is
stirred under icecooli'ng for one hour. The reaction mxture is diluted with

a saturated 10 aquedyectioditiadonshegra (XBCP)abeo:aahHbnod oR8%h EAfonyl
chloroform |l ayer is collected, washed successively with a %at ur at ed uneous
sodi um hydragsulfiesl konapeusd) uti on, water and a saturated aqueous sodi um
chl oride solution, dried over anhydrous sodium sul fate, and concentrated
under reduced pressliswed bygreitirngthe ebsulghre witieheWondpound (I11).
sul finyl -4-(3-chl oro-4-net hoxybenzyl am no) - 5- et hoxycar bonyl pyrim di ne as
col orl ess car anel $heMbdvd Pyoce33és (At F. c412 belcadicdbit ia@folbws.
2- met hyl sul finyl -4-(3-chl oro-4- met hoxybenzyl am no) - 5- et hoxycar bonyl pyri m di
ne (whol e &rogasyd Aobtained in the above (1) in tetrahydrofuran (6 m) is
added dropw se a 2N aqueous 20 sodi um hydroxi de solution ( 1.32 m) under
i ce-cool i ng over &hgacastionfolthr cotgeurihdly watlt tlom comgarmed () $si rred
under ice-cooling for 30 mnutes, and thereto are added tetrahydrofuran (8
nm) and N, Rérrgedigutaicetherpdesqrecawy abshoce ederi anidsodvwermerdinst i rred under
icecooling for 30 mnutes, and thereto are added water (5 nl) and N, N 25
di &t hyl acspliinde (Thenegid seavenger inaludsiefor eamydkj ag drganonbakeur . The
reaction mxture s _acidified with a 10 % aqueous citric acid 0 3 MAR
2004 53 solSHchoRs NuNrdiisepransietstiamingnf-mathabmetphelive, tri¢thydammne,
acetate. The extracts are conbined, washed with water and a saturated
aqueous so®Vid1RA] 8tS. dandaninerganicikaseovech asnsattivme hyddidensoditat e, and
concentrated under reduced pressure. The residue is separated by 5 silica
gel col unm C@RPYRRtc ROiBAGILE qarbangss, sadiugn hisiregan;cashportt,ate et hyl
acetate = H:1 --, chloroformisopropanal, = 30:1) to give )
2-hydr oxy410%-39lV Rt ma Frﬁﬁm@&f?ﬁ%mm@ﬁ@p arslistitothe reaation.diosie (618
ng)..as slightly yellow crystalline powder, mp. 195-197C. (3) A m xture of
2- @dr oXy- gx’(‘é{&lﬁi grethylstlexidaris a&mdf@fu@rl,oméuﬁmy@mygmtwsi m di ne
(500 ny) Ob{'x?i ned in _the above (2), . )

chloroform, dimethoxyethane, xylene, N,N-dimethylformamide, etc.

The reaction is carried out at a temperature of from -10°C to room

temperature, preferably at a temperature of from 0°C to room



di et hyl am nobenzene (2 m) and phosphorus oxychloride (4 m) is stirred at
80C for-30 mnutes, and stirred at 100C for 5 hours. After cooling, the
reaction solution is poured into ice-water, and the m xture is stirred at
roomtenperature for 30 minutes. The resulting mixture is 15 extr 88t MAR \iogh
ethyl acetate, and the organic layer is washed with water and a saturated
aqueous sodi um chloride solution, dried &fer anhydrous sodi umsul fate, and
concentrated under reduced pressure. The residue is purified by silica gel
col um chromat ography (silica gel: 7 g, solvent; chloroform to give

2- chl or o- 4- {E30REIANEE 4- net hoxybenzyl 20 ami no) - 5- et hoxycar bony! pyri ni di ne
(375 nmg) as slightly yellow crystalline powder, mp. 114-115 M (mz): 356
(MH+) . (4) A ni xt dhe Bgaction of oxidizing the compound (IV) to give the sulfonyl

2- chl or o- 4- 3-c%orﬁ- 4- met hoxybenzyl ani no) - 5et hoxycar bonyl pyri m di ne (285
ng) obtain 1pxl) gesppopnd (\ 18 cargedi ouhinithe mraaenge of anaidizugne (
197 mg), triethylamne (0.22 mM) and 25 chloroform (3 m) is stirred at

r oom t enper38He!T¥ B S0V eENty o e oxiiziag agent ncledesfior exaanplsyperadids
reac%i on m'x‘%é{e isT&iéi uted with, 0_(? MAR 2004 54 ethyl acetate, and
washed wi t SYER & mrlorgnethrnioly ecid spesacesictaridwetn, andyan anergarde and
the organic l.gyer is washed with water and a saturated aqueous sodi um

chl ori de so‘?’f}grzdﬁg AL PUTL RS ARRPERBELS oK G saAfumepenipdate myslioganed

The 5.resid sSiljc col um

ot o A T ERgBEE bl nrtforchifholdfibhondo S
|15(2)p ;f%lr ae%%?‘%’&’?\i_&é?ﬂﬁ@?? eTrEltE h‘d?{/lo‘?:}%jml amﬁg??SI-u en': ho arbonyl pyrim
i di ne (2906%})‘32‘5}5(‘{%%?56#1?%%3 el cﬁ}%‘? 59&%‘2 rB&&d%er ?%S;S??V%W %cg‘t,dOﬁ/ﬁs (M z):
80 R, Wb
m) in a m@%ﬁ%@%@%ﬁ%ﬁﬁtﬁﬁ@d%ﬂge ??h%(}%agﬁéig\&gtce%’”ﬁ oYsahd s

et ranydr of i HerpERe RIS 7B CORSORY prelrats B Lhihibsif it ot e 1or

13 hours. Teprahyd{géeiran is evaporated under reduced pressure, and the
resulting solution is diluted with water, and neutralized with a 10 %

aqueous citric acirfleS@ltiodNof %cmlﬁg PP @ogﬁ]de@&{l ggldi%v%ea

filtration, washed with water, net I sopropyl

2- (1% 6, 7, 8-slalf fled16f ohfll B @8fried out in the presence or absence of an acid . .

1, 2-a] pyrazin-7-yl)-4-(3chl oro- 4- net hoxybenzyl am no) - 5- car Boxypyrl m di ne (
187 ny) as scavengesi arssivent.i MEh@aviitscaveieerdaindss; fodesampredh M
(mz): 413 (MH'. 25 (6) A mxture of

2- (5, 6, 7, 8orghnahase stichozs NI N2digg apriopsilethflamind( K- gt Ry Bndrpeé Ky benzy|
am no) - 5- car boxypyri m dine (60 ng), 4 d 3 MAR 2004 55

met hyl - 2- atrietingrhyine pyrilinepef? 2afdran) indrdahidi Beidwih@iiaROsodium

propyl ) - 3-et hyl carbodi i m de hydrochloride (30.6 ng), 1-hydroxybenzo
triazol e (hydsidey)scaiidniNchiribmatch potassitm darbdnaty, dadifinh hyegdogén r oom
tenperature for 22 hours. Water is poured into the reaction m xture, 5 and
t h@0ni xt ur earBomate, &tted TWhe lsadtt biythacetraieund|fél)ds gaetarably ah alkal@shed
successively with water, a saturated aqueous sodi um hydrogen carbonate

sol ution, weetal saidsweh me, sattinen salte podasyitimsnls tcum The solvent may

be any solvent which does not disturb the reaction, for example, N,N-
dimethylformamide, tetrahydrofuran, dimethoxyethane, dimethyl-
sulfoxide, etc. The reaction is carried oﬁt at a temperature of from

25 0°C to 150°C, preferably at a temperature of from room temperature to

60°C.



--sulfate, and concentrated under reduced pressure to give the colorless
crystals (70.0 ng), which are further recrystallized froma m xture of 10
chl orof orm and hexane to give 2-(5,6,7,8-tetrahydroim dazo[ 1,2-ap3 maRr 2004
pyrazin-7-yl)-4-(3-chl oro-4- nmet hoxybenzyl am no) -5-[ N-[ (4- et hyl -2
nor phol i nyl ) met hyl ] car banoyl Jpyrim dine (51.7 ng) as colorless needl es,
mp. 132-134C, M5 (mz): 527 (M#). ExanpBbes 5-6 15 The correspondi ng
starting materials are treated in a sinmlar manner as in Exanple 4-(6) to
give the compounds as listed in the following Table 1, OV ~1IN- N\ N ' \i
N N~ C N ~ CORD Tl reaction ofwemRoming ithe ppotacting gopep tRefor dNeRoveiey]5Y
C+NVB( i z) : 506 (MH ) NPowder 6- HO- t ~M5(mfz):512 (M) 0 3 MAR 2004 56
Exanpl e 7- 22roppeot the eoppriing (Vikiteigive tae epimpaund ¢Villeedede camied mi | ar
manner to give the conpounds as listed in the following Table 2. / Ove A N-
N\ Ro N/ @trhpleeconyqetionyl npthoposucineshiydwiysis ocatiytialrpduption, es 7~N
N
etc. which is selected according to the types of the protecting group for
5 a carboxyl group to be removed. When a protecting group for a
carboxyl group is removed by hydrolysis, the hydrolysis is carried out,
for example, in the presence of a base in a solvent. The base is
preferably, for example, an alkali metal hydroxide such as sodium
hydroxide, potassium hydroxide, lithium hydroxide, etc., or an alkali
10 metal carbonate such as sodium carbonate, potassium carbonate,
etc. The solvent may be water or a mixture of water and methanol,
ethanol, tetrahydrofuran, dioxane, N,N-dimethyformamide, dimethyl-
sulfoxide, etc.  The reaction is carried out at a temperature of from 0
to 80°C, preferably at a temperature of from 5°C to 60°C. The
15 protecting group for a carboxyl group represented by R® may be any
conventional protecting group for a carboxyl group, such as a lower
alkyl group, benzyl group, etc.
The reaction of the compound (VIII) with the compound (IX-a)
can be carried out in the presence or absence of a condensing agent, a
20 base or an activating agent in a suitable solvent. The condensing agent
includes, for example, dicyclohexylcarbodiimide, 1-ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide, diphenylphosphoryl azide, diethylcyano-
phosphonate, etc., which is usually used in the peptide synthesis. The
base includes, for example, an organic base such as triethylamine, N-

25 methymorpholine, etc., and the activating agent includes, for example,

1-hydroxybenzotriazole, etc. The solvent may be any solvent which



Ea\lg\jg;rNgml'\JﬂsHl\/B( mz): 538(~M:|+) 8N~-NCl Tl:l~~~| [ OVeAnor phpljé, MS( .z) ; SZM\@}CBIN
p. 243- 245C10 N CNHN=~~I | OHAnor phous ™ NVB( T z) : 500(
N N CNn "N-Nu Mp.129-132CH 12 NN Cn "N~ ~ M p. 150-152CH13~CHC "N~ H
~Powder (HO ) N=~MB( i z) : 483(MH+) 14 ~OH C1~N "N H
JANDr phousN~=NMS( 1 z) : 484( MH+) 0 3 MAR 360 57 Table 2 (No. 2) Ex.~ No.
CNo R~ RPhysi cocheni cal properties 15 ~OH d ~
does not disturb the reaction, for example, methylene chloride,
tetrahydrofuran, N,N-dimethylformamide, acetonitrile, N,N-dimethyl-
acetamide, ethyl acetate, etc.  The reaction is carried out at a
temperature of from -30°C to 50°C, preferably at a temperature of from
5 -10°C to 10°C.
The alternative process of converting the compound (VIII) into
the compound (X), which is further reacted with the compound (IX-a)
can be carried out by firstly feacting the compound (VIII) with a
halogenating agent in the presence or absence of an activating agent by
10 a c'onventional method, and reacting the resulting compound (X) with
the compound (IX-a). The reaction of the compound (VIII) with a
halogenating agent is carried out in a solvent. The halogenating agent
is preferably thionyl chloride, oxalyl chloride, phosphorus pentachloride,
etc. The activating agent is preferably an amide compound such as
15 N,N-dimethylformamide, etc. = The solvent may be any sblvent which
does not disturb the reaction, for example, methylene chloride,
chloroform, tetrahydrofuran, benzene, toluene, dioxane, etc. The
reaction is carried out at a temperature of from -30°C to 100°C,
preferably at a temperature of from -5°C to 10°C.
20 The subsequent reaction with the compound (IX-a) is carried
out in the presence of an acid scavenger in a solvent. The acid
scavenger includes, for example, an organic base such as N,N-
diisopropylethylamine, N-methylmorpholine, triethylamine, pyridine,
dimethylaminopyridine, etc., and an inorganic base such as sodium

25 hydride, sodium carbonate, potassium carbonate, sodium hydrogen

carbonate, etc.  The solvent may be any solvent which does not



' ~. VCarahel N~NN HM5(m z) : 505(M++)0 ~ Nr..p Ano hous16- VN MeCl~nl| OH

HVS(m z):503(MH ) 17~CH NI\ N ~ "N H NAnor phous +~~M5(m z):484(MHd )OH N ~N H
Anor phous18N C1~N ~ i M5(m z): 484(VH') 19 ~OH C1~N~N~ 03 MAR 2004
HHAmor phousNMS( nT z) : 505( M) Me200HC VN- Cl HN~~i | | OHIVS

m z): 503( M) OH21IN- C1~N~~ H N ~Anor phous + OHMS(m z): 514(MH ) Exanple 22
(1) To a solution of diisopropylanne (0378 g) in tetrahydrofuran 5 (40 m)
i s added dropwi se a 1.6M solution of n-butyl lithiumin hexane (4.82 m) in
a dry ice-acetone bath over a period of 3 minutes. The mixture is stirred
in the sanélipiink the regctiomfos xaraplendetrakydrefuraraquethylenpwihieride, )
solution of 2,6-dichloropyrazine (0.50 g) in tetrahydrofuran (5 m) at the
sane tenpercélt%ﬁ?cgbb‘@erto eﬁ@rﬁ?ﬁd‘@ﬂelshqmrh@:rﬁ}bé’é acgtafes Btc.mi xkhe seactienirred
for one hour. The reactjon mxture is ?oured into dré?ice, and the m xture

i s stirred$CFE6th AR demrerabnre atinesa -30qdor LRIG cprefesablyati a

iluted with a 10 % a ous 3 004
difuted w temperatu?e 8P From -5° to%&

5 The reaction of treating the dihalogeno compound (XI) with
carbon dioxide to give the compound (XII) can be carried out in the
presence of a base in a solvent. The base includes, for example, an
alkali metal salt of an organic base such as lithium diisopropylamide,
lithium 2,2,6,6-tetramethylpiperidide, etc.  The solvent may be any

10 solvent which does not disturb the reaction, for example, tetrahydro-
furan, 1,2-dimethoxyethane, diethyl ether, etc.  The reaction is carried
out at a temperature of from -100°C to -30°C, preferably at a
temperature of from -100°C to -70°C.

The reaction of protecting the carboxyl group of the compound

15 (XTI} to give the compound (XIII) can be carried out by a conventional
method, for example., by reacting with an alkylating agent in the
preserice of a base in a solvent, when the protecting group is a lower
alkyl group. The alkylating agent is preferably a lower alkyl halide
such as methyl iodide. The base is preferably an alkali metal hydrogen

20 carbonate such as sodium hydrogen carbonate, and the solvent may be
any solvent which does not disturb the reaction, for example, N,N-
dimethylformamide, tetrahydrofuran, etc.  The reaction is carried out
at a temperature of from 0°C to 100°C, preferably at a temperature of
from room temperature to 70°C.

25 The reaction of the compound (XIII) with the compound (I1I) to

give the compound (XIV) can be carried out in the same manner as in



58 hydrochloric acid solution in order to adjust the pH value thereof to
about 2, and then extracted with ethyl acetate. The conbi ned organic |ayers
are extracted with a saturated aqueous sodi um hydrogen carbonate sol ution,
and the aqueous extract is washed with ethyl 5 acetate, acidified with a 10
% aqueous hydrochloric acid, and extracted with ethyl acetate. (Bemgronfpyned
organic | ayer is washed vmth wat er and a3&aturated aqueous sodi um chl ori de
solution, dried over anhydrous sodi um sul fate, and concentrated under
reduced pressure. The residue is triturated with a m xture of chloroform
and hexane {8 19actipn @f gho companndxil) vitls thﬁcsfrﬂmpop;nda(ﬂilhe (234 ng) as a
slightly brown crystalline powder, mp. 139-141C_M (m'z): 191 (MH"'. (2)
A mxture of 2- car%%]e%c@léhoéﬁh@F@WP@%ﬂﬁdMYPWlﬂ‘g)“-hm@pailp@dndr(w)hm above
(1), sodium h rogen C%Blbonate 11 s met h iodide (0.5 m) and

N, N- di met hyBiF6rt rﬁCHEPP‘E M) ¢an @re.qarrétf: PUf i §§aﬂlé¢rmaanar esfior 14
hour s. The xture IS glluted with g 10 % agqueous citric acid solution, and
extracted wi enre@tqi;yqng tae cempgiand dvh withy tBe gamponaddVi.s washed wit h
water and a saturg[ltl,r Hg}gu ous sodiym chl oride solution, dried over

anhy¥dr ous sodi um Tolystp AR P&F@ﬂceﬁwu@@dﬁb&gmﬂ%re to give
crystal ] neBRbEnd Bl eds gt ?Z' Qﬁt SR <ORRse of B DA Fur ¢ of
[ i R
m xture i(s "’gl(% tagdsso\ﬂl{lﬁ“ gxy%mé%% gaﬁ% Pa"lifb llf'?’ﬂ‘éﬁl ﬁé{ﬁﬂo’é&lﬁr act ed
et g o, A A B oGBSl 1 YL o o

sat ur at ed aquéous S IR and

conggntr at gg(ffégg r&gbb%%%t?(r)g&surerh(elg v S?ésggraefg%gle ‘HF‘\/%'zd and purified

by silica um  chromat’ography

hexane: chl qp,@f0r- Gt %M’am%aﬁ%ldgméﬁﬁ Eé&&h&&?&fu"’} %Oozgaerrl]é rlqtl\?d

under reduced pressure to giv

met hoxycar Qﬁﬁi/éth%f()?’rrfaﬁhﬁé) d%rﬁahgpgm?&a%efles h}%sf {@P?{%%wmloz ny)

as pal e yellow cfystalline powder (4)
A mxture @ut%ﬂ@ttéﬁwﬁ{@fwf fz%iﬁ?zz@hb%osé"cf'%ﬁ -

am no) - 5- chl oropyrazi'ne 150 ng), 2-hydroxynet Ikl?pyrr dﬁl ne Pgég%lrr?g),
and trieth)dfqmlﬁe_ac@ﬂo?f,@ba; in tetrahydrofuran (5 mM) is stirred at room
temperature for 4 hours, and the mixture is heated at 50C for 2 hours. To

thetsri xture is adgeg I%aw@hoe;ﬂﬁmd@ehm&rgoméiwﬁaﬂo‘t&xé (X9) to gnga m xture

is stirred at 50C for one hour ter cooling, water Is to the

reaction mosmpeundnXivheanibd vafriéd o@&t1ha&i§§hﬁﬂet1haﬁh@)‘|asaﬁ?ﬁ?ée The
extract is washed with water and brine, dried over anhydrous sodi um

sul fate, ardactioneftoltténingttes coegpovart (Kb HedogdietingsHk dogpyghtiow oi |

is purified by silica gel colum chromat ography (sol vent; chloroform hexane
= 1:1) to ¢XU§ loBe-Ralveehaxygpaganty| - 3- (3 20
chl or o- 4- met hoxybenzyl am no) - 5- ( 2- hydr oxynet hyl - 1- pyrrol i di nyl) pyrazine
(123 ny) aPrpatss Bel | ow powder, M5 (mz): 407 (M#). (5) To a solution of
(S) - 2-met hoxycar bonyl - 3- ( 3- chl or 0- 4- net hoxybenzyl am no) - 5- ( 2- hydr oxynet hyl -
1- @ r ol i di nyl ) pyTheineduCtinh ragctiuht ef tieel compdenadiidi)eto(diyeitheet hanol (8
m) is added a 4N aqueous 25 sodi um hydroxide solution ( 1 (43 m), and the
m xture isceompownd4XVipoan thenpamratdivat finrth24ptesense of keredecihigagearitxt ur e
is acidified with 10 0 3 MAR 2004 60

in a suitable solvent. The reducing agent is preferably an alkali metal

aluminum hydride such as lithium aluminum hydride, and an alkali
metal borohydride such as lithium borohydride, etc.  The solvent may
25 be any solvent which does not disturb the reaction, for example,

tetrahydrofuran, dioxane, diethyl ether, dimethoxyethane, etc. The



aqueous hydrochloric acid solution, and extracted with ethyl acetate. The
organic .l ayer is washed wth water and brine, dried over anhydrous sodi um
sul fate, concentrated under reduced pressure, and washed with di i §dbMARY04
al cohol to give (S)-2-carboxy-3=(3-chl oro-4-nmethoxybenzyl 5

am no) - 5- ( 2- hydr oxynet hyl - 1- pyrrol i di nyl ) pyrazine (537 ng) as yellow
crystals, mp. 169-171C, M5 (mz): 391 (BOH)-. (6) A mixture of
(S)-2-carboxy- 3-(3-chl oro- 4- et hoxybenzyl am no) 5- ( 2- hydr oxynet hyl - 1- pyrrol i
di nyl ) pyrazi ne (80, ng) obtained in the above (5), 2-ami nonethylpyrim dine
(26.7 ny), MEAELPH ATt aNé atmtampagture-of lapaxyHRIC 6o e heding p8t3 ny)
in N Ndi metIh | f or mam de (3 mﬁg is stirred at roomtenperature for 18
hours. Wat P! the $RVEBY to Reoused praferaldl ah & temmerabitreest fram eHOWE tth et hyl
acetate. The extract is washed with water, a saturated aqueous sodi um

hydr ogen caASER4EBIRGPE SN, and brine, dried over anhydrous sodium

sul fate, and 15 cqpcentrated under reduced pressure. The residue is
purified by sili cgfq‘g"ePX tamreainmob dhapempasnddfiVi) &2 give et ate) to
gi ve . . ‘qs
(S) -2- [ N ( ZRPPRPEChT YL AP RestiRs) PRt dn (thegpesenea af@m exidiama | ani no) - 5
-(2hydroxyrret%){tl.- 1-p Frol i di I%;E%/ir.azi ne (87.6 , M5 (mz): 484 (MH).

0 3 MAR 20(7F ‘Ex%r?é s, 1458, rﬂ@ﬂgg BERVIGHy WiHERGad s are
treated in L Lar _annet_as_in anple 22 to.give the conpounds as
listed in t é‘sdfeg} Fg‘ﬁlﬁﬁﬁ?ibﬁ‘% %.Cafgxﬁ%gp??mr@?%‘i’g‘l rlexaﬂlﬁicergﬁﬁg%neﬁ. No.
CN RPhysi cqg: i g j e ~- NHCH - ( N~ .

2Anor phous %ﬁ? %[Hi/g%%gﬁégéﬁ%ﬁ%%nfﬁg&—ﬂtasSJQM?BHSB§@WH\%@H¢BNB%( VHH+)

5 Exanpl e A1 re L .

(9)- 2 (2 e S EERRS F.Abenzoquingn Byridinjum phjogochromate, pyridinium

4- hoxyb 1 - acr im_dine t hanol m) and
co@ sul fﬁdr@él aci O%Eé'dro%%‘gl%éi%tgag ugnedael%;; Esé)il%t %&iﬁa’gﬁé&lo Af ter

the reacti ishfrif 9@ &@é&ioﬁ,hi%rsé%a‘fﬁﬁie,‘&18%’&’89:%?&8&1&%{%‘3eerthSzFSH&% e,
1,2-dichloroethane, methylene chloride, tetrahydrofuran, etc. The
reaction is carried out at a temperature of from 0°C to 100°C, preferably
at a temperature of from room temperature to 70°C. |

15 The oxidation reaction of the compound (XVII) to give the
compound (XVIII) is carried out in the same manner as in the reaction
of obtaining the compound (V) by oxidizing the compound (IV).
The reaction of the compound (XVIII) with the compound (VI) to
give the compound (XIX) is carried out in the same manner as in the
20 reaction of the compound (V) with the compound (IV).
The reaction of the compound (XIX) with a metal salt of the
compound (IX-b) to give the compound (XX) may be carried out in a
suitable solvent. The metal salt of the compound (IX-b) is preferably
lithium salt, etc. The solvent may be any solvent which does not
25 disturb the reaction, for example, tetrahydrofuran, dioxane, diethyl

ether, dimethoxyethane, etc.  The reaction may preferably proceed at a



pressure, “and the residue is separated by silica gel thin |ayer chromato
graphy (solvent; chloroformnethanol = 30:1) to give (S)-2-(2-hydroxy

met hyl - 1- pyrrolidinyl)-4-(3-chl oro-4- nmet hoxybenzyl am no)-5-[ (2 03 2
met hoxyet hyl ) car bonyl ] pyrim dine (27 ng) as colorless oil, M (Mz):% 45
(MH). Exanple 26 A solution of

(S)-2-(2-hydroxynet hyl - 1- pyrrolidi nyl)-44B-chl oro 0 3 MAR 200 62

4- met hoxybenzyl am no) - 5-[ N- (2- pyri m di nyl net hyl ) car banoyl ] pyri m di ne (82. 48
g) and benzenesul foni c acid nonohydrate (60.06 g) in methanol ( 1000 m) is
concent r at etgmparatugerafdiranm + 78 to vovwm tkemperatok. met hanol and acetone to
give (S)-2-(2-hydroxynethyl-1-pyrrolidinyl) 5

4- (3- chl or o- 4- met Hox§ bEHEtiamiraagtion [af the-qompaididnPbetongivg caebanoy| | pyri m
i di ne di benzenesul fonate ( 121.8 g) as colorless crystals, mp.

158. 5- 161. 5eompexisl €-bymayhbg cgraiedfout in the same manner as in the
(S)-4-(3~chl oro:4-net hoxybenzyl am no) - 5- car boxy 10

2- ( 2- hydr ox3EAStian of opiaindng d}ycwn sy exigizingethe amopeyndopfé)ned i n Exanpl e
1-(4), 4-amno-1,3, 5-trinethyl pyrazole (47.9 ) .. )

1- (38 met hyl ani no lzﬁpwactgolépﬁi-ﬁ@&ommunﬂd&ggmathh@rchagnwla. 7 ng),

lhydr oxybenzotri azo] e mgnohydrate (41.3 ng), _and N, N-di net hyl f ormam de (3
m) is stirf@BPRUNheAn R PRI PELiBA SUHGIIE solsat: 5Thewdldentiso aqueous
sodi um hyd:‘ﬁlge?n c@r bona eéol ution,, The m xture is extracted with ethyl
acetate, a REARIY JaRiatidoiirany dis¥ang, digthyhatler, £ie. salhe aeaationi ne,
and dried over ant}gdrclus sodi ﬁLij sulfate. The s%vent | S evaporated under
reduced pr dS&rRreigraPlY foreed @i tempgratiteidyors t78°% §eP0SEH urm

O OB O AU (SO VS 1B F DA EORELI B on Himblrdlle.

I -(3-chl - 4et | ami =5 [N (1, 3 .
LG el - apyr 2B ST PRI PR R SemAde R OMNo @i s fheso0 ().
Exanpl e 28

4- chl or o- 5@8@2@ @%’%@ﬂ_i%@g{iﬁ RE BH IR SAmRG B angnay inthe Teagiipg, y |
concent rai o Ski Bl SorBouli (kP Yo iiine e £RRo L8840 aueous
scetate, and the o SoRARGOLtne BombN R KAl WP H BE PRI BB 1
rash Col urm SeiBE: BoaTRRpRbETe ghifn] Aot fikget SUBMPIP AR OLTR 5 |
Jormow o1 | SREAEIET GsAl 2oy b RRINREND ol Plodl o

2, 4- di chl or@kﬁraehmgg@%qg%iw 'thmc@hwo%%%%gi wRlrai R ik ﬁq*&%PﬁBHﬁ% (1)

and mner capt obenzene i n tol uene i s added potasstum

carbonate (gofp, @) 4dbweE.alRyibibbhyl dup, S Qo?ﬁliixgar?ﬁlsrﬁ gf B & Sfber &t ur e

for one hour, stirred at 50C for one hour, and 100C for

10 mi nut es.pyFimidieylleiver @lkslapoitoe 865 a@idotwee dlicilahid casat ed
with ethyl acetate. The organic Iaygrrdl&?{gs washed with brine, dgli‘(g{}s over

sodi um sul ftat earrbedl oatinahierpitesdncdog diesdribecof & baseiihiedububid | i ca gel

flash col um 15 chromat ography (solvent; ethyl acetate: hexane = 1:20

-, éthyl acebltent. The base includes, for example, an organic base such as N,N-
diisopropylethylamine, N-methylmorpholine, triethylamine, pyridine,
etc., and an inorganic base such as sodium hydroxide, sodium
carbonate, potassium carbonate, sodium hydrogen carbonate, etc.
The solvent may preferably be ethanol, N,N-dimethylformamide,

25 tetrahydrofuran, dimethoxyethane, dimethylsulfoxide, etc. The

reaction may preferably proceed at a temperature of from 0°C to 150°C,



hexane = 1:10) to gi-ve 2-chl oro-4-phenyl t hi o-5-et hoxycar bonyl pyri nmi di ne
(4.16 g) as colorless crystals, Ms (mz): 29S (M#). (3) To a solution of
2- chl or o- 4- phenyl t hi o- 5- et hoxycar bonyl pyri m di ne (4:05 g) obtai negg AR %‘U
above (2) in tetrahydrofuran (40 m) 20 are added L-prolinol
triethylamne (2.77 g), and the mxture is stirred at roomterrperature for
20 hours. Water is poured into the reactddn m xture, and the m xture is
extracted with ethyl acetate. The organic layer is washed with brine, dried
over sodium sulfate, and concentrated under reduced pressure. The residue
i's purifiedprsiesablycat a5egmeratlalser10f:ﬁbmoom terapomatapkyto(601Qent ; et hyl
acetate: hexane = 1:2) to
(S)-2-(2- hydroxyrre('t)nyzlhclo :rrhﬂriuitiﬂys!yeaa:t;ﬂmpythoiconﬁammdxxxmpvatMR
2004r 64 carbonyl pyrimdine (4.16'g) as colorless viscous oil, M5 (mz):
360 (MH+) t}(myom%;rgcb()&m\’)hwbpremR is a hydroxy group or a lower alkoxy
(S)-2-(2-hydroxynethyl -1-pyrrolidin henyl t hi o- 5- et hoxycar bonyl pyri m di
ne (4.10 g)gmt%wq the pematssed &K@)Wgﬁr@ma his a(lnolnexy grougdded a 4N
aqueous sodj um hy roxi de sol ution . , and the m xture is stirred at
r oon? t enper RAATAIKEKY BIOHPUFRN chP%Iﬁ@dr Eh&lflﬁf dresemner pbani aciddoeal salvemty
aqueous citric q_ml d sol iltl on (r%&cnﬂ until the solution becones weak
aci di c, andP¥ Wethauk & selventexThecacid ipcindes, hf§°lr cxeEnplee anminwrgagimpacid ayer
i s washed V\ntt}bwat er..and brine, 10 dried over di um sul fate, and
concent r at etH¢H 35i %fl{@f afl‘(l’ze'i?yd?’bﬁi? organic a01 such as methanesulfonic

T 08 TR s SR ol S5

(25 o) ot rg?ﬁé@‘?ﬁe?%qlwﬁ bbpredr o e Bl ather doffene otAen 00 g)
| R e e gx@eteﬂsgzewmezﬁmw@é&
e PG IR S e o

hydr ogen 2 i e e odi yum sul f and
Concent rat &gy ey A Plbrohiod os“?éﬁbgoé’r}‘i B st
purified bypgckisd gel flash col um chr omat ogr aphy (solvent; ethyl acetate)
to give -

2- (2 Ny 0xyTet el ko o Finbo DRSS Wil ERCZRIT, Uy ) car

anoyl Jpyrimdine (2.39 g) as ¢ rlescr stals

Nujol ) |
Es;usz) %2 h?/ggr% oi%%n%tthhé;/?ol pﬁl}%flﬁl n;'ﬁ# e thé%ﬂ &naq%%%y )O‘%‘rgi’f FAfEeS) 25
phenyl t hi o-dad ¥ {12 BiAidhiHABH Ay i ¢RE %HEMbhFMdeT:‘aﬁh {hel E0mBD Pt a' ned

in the above (5) in chloroform (3 m) is added mchl or perbenz ic acid

(70.1 ng) qVIN by aechdvifgthsiptiotedting ErbfipRafor0Cchebo3R hel0 the

m xture arg ad&}é 3-chl orgoben%l am n%tg|(r50p ng) and tri et%popamgﬁte e(48 0 ng)
at 0C, and domepouxtiyvel)is stirred at .roomtenperature for 17 hours. To the
m xture is poured water, and the mxture is extracted with chloroform The
organic |ayer is Wh:eh@dlcmtrﬂbﬁammeorrlerdlﬁtﬂ (WKTV? sddh he Sorhpdendnd-a)
concentrated under reduced pressure to give yellowoil ( 169 ng), which is
purdd i ed bytosgdive the gempodant (XXWrm) cam deatangiapbut (s aheasine ehlgher
acetate), and triturated with a m xture of ethyl acetate and hexane to give
(S) - 2- (2- hyar ioxghrerdadtidppf the icdmyd) nd-(VEHL it dve coypoamd (B6-a) N- (2- pyrim
i dyl met hyl ) car banoyl ] pyri m dine (95.3 ng) as col orl ess powder, m p.
153-156C, | R ( Nuj ®hp:re324ibn dfc@ddeaing ths domhppundbEXWH2) to ghle fte a

sol ution of

(S) - 2- (2- hydnupymed {(HIXVIH gy raeol bdicaytipdipheiy théisante fidrfRempys imithyl met hyl )
carbanoyl ] pyrim dine ( 100 ng) obtained in the above (5) in chloroform (3
m) is addedaetichlafradyteiiegthieccamipduiicd (M) by oxidinipg the @Bpvand t he ni xture
is stirred at OC for 30 mnutes. To the m xture are added

4- 128 hoxybeanypeinddI\()48. 8 ny) and triethylamne (48.0 ng) at OC, and the
m xture is stirred at roomtenperature for 20 mnutes. To the mxture is
poured wat er, andThhgeaciipore! the eompatinst(XKVH-ahwithothe pprgraindéVhr gani ¢
| ayer is washed wi.th brine, dried over sodiumsulfate, and concentrated to
give a yellowoil ( 143 ng), Wiich is purified by silica gel flash colum
chromat ogr aphy (solvent; ethyl acetat e) to give

(S)-2-(2-hydroxynet hyl 1- pyrrolidinyl ) 4- (4- met hoxybenzyl am no) - 5-[ N- ( 2- pyri
m dyl met hyl)



0 3 MAR 2004 66 carbanoyl]pyrinidine (88.2 ng) as colorless powder, IR .
(Neat): 3296, 1633 cml1l, Ms (mz): 450 (MH). Exanple 29 ( 1 ) A solution
of (S)-2-(2-hydroxynethyl-1-pyrrolidinyl)-4-(3-chloro5 03 MAR 2004
4- met hoxybenzyl am no) -5-fornyl pyrimdine ( 10.0 ng) in tetrahydro furan (
1.0 m) obtained in Exanple 2 (3) is treated with a 1.6M sol ution of
n-butyl lithiumin hexane (83 ~1) at -786% or 3 nminutes, and thereto is
added an aqueous sodi um hydrogen carbonate sol ution. The reaction m xture

is extracted wth. et acetate to ve(S) 2- (2- hydroxy 10
met hyl - 1- pytd 81VFoﬁh¢y¢§/mmoc@£hr%Jr%f SRISRS BN EPLIRM %t)b&qarzled out in

hydr oxypent rimdine

(5 o 5 Tyt e AT eras 1o Fhf g ESioR. Qe Smeosk (AGKYBE | ani no) - 5-
( 1- hydroxy ent di ne obtained in the above is treated with
manganese %%p\éé)r@/é}%) at roomtenperature, and 15 thereto is added
gradual ly ggdltl orB manganese di oxide ( 100 ng), and the m xture is

stirred ov The reaction mxture is heated under reflux for 5 hours,
o ghe, Lnse! uble. teﬁ{éc%?rb%&%%”nﬁ%ﬁéé&’#b B e splir o RS i
L%?gx%{e?%&? gy“r%%ﬂoﬁﬁ V(e%% éﬁpg}wiimﬁ%&%ﬁrﬁey?%ﬁﬁ%?u@b%nt anoyl p
)é;;?pldlegeSg 3° elglc%rnﬁlgégg%gn ?\%gg g ngrﬁ:%‘ﬁp rﬁgggwbﬁlﬁét‘f@a%wﬁﬁzpm o7
e AN AR é@gﬁﬂﬁqmﬁ*’?ﬁi ai)' BN, Qo Rl o TEe A
RPhysi cochem cal pw’téd&%@gf o ‘1\?18%%@ Rlloﬁlﬂ}gﬁr{\é WH?%Q@%J N~Cl ~N N

NYAnmor phousvs(m z) : 517( VH
10 compound (XXVI-b) can be carried out in the same manner as in the

reaction of obtaining the compound (XVII) by oxidizing the compound
(XVI).
The process wherein the compound (XXVI-b) is oxidized to give

the compound (XXVII-b) which is further converted into the compound

15 (I-b) of the present invention can be carried out in the same manner as
in the process wherein the compound (XXVI-a) is oxidized to give the
compound (XXVII-a) which is further converted into the compound (I-a)
of the present invention.
Process E

20 The reaction of the compound (XI) with the compound (XXIX) to
give the compound (XXX) is carried out in the presence of a base in a
suitable solvent. The base includes, for example, an alkali metal salt of
an organic base such as lithium diisopropylamide, lithium 2,2,6,6-
tetramethylpiperidide, etc.  The solvent may be any solvent which

25 does not disturb the reaction, for example, tetrahydrofuran, 1,2-

dimethoxyethane, diethyl ether, etc.  The reaction is carried out at a



, . JAnor phous, NN ~M5(ni z):-503(M+) 33 C-N~ C JAnor phous +
MeMS(m z) 1 538(MH ) 34, ~~ ( N OH G NH2HC1 salt N MeM p.223-226 C 35 ~~H N
CNHZ 'N ~ ;N H ~Amor phous  +~N ' MeMS(nf z) : 513(VH ) 36~CH 03 MAR 2004
NCl HN~~~~1 OMVeAnor phous ' ~MB(nf z) : 504(MH ) 37 | N N Cln “NJ J

MB( N z) : 524( MH+) H 43

temperature of from -100°C to -30°C, preferably at a temperature of
from -100°C to -70°C.
The reaction of oxidizing the compound (XXX) to give the
compound (XXXI) can be carried out in the same manner as in the
5 reaction of oxidizing the compound (XVI) to give the compound (XVII).
The reaction of the compound (XXXI) with the compound (III) to
give the compound (XXXII) can be carried out in the same manner as in
the reaction of the compound (II) with the compound (I1I).
The reaction of the compound (XXXII) with the compound (VI)
10 or a salt thereof to give the compound (I-b) of the present invention can
be carried out in the same manner as in the reaction of the compound
(V) with the compound (VI).
The reaction of the compound (XXX) with the compound (I1I) to
give the compound (XXXIII) can be carried out in the same manner as in
15 the reaction of the compound (II) with the compound (IlI). Besides, the
reaction of oxidizing the compound (XXXIII) to give the compound
(XXXII) can be carried out in the same manner as in the reaction of
oxidizing the compound (XVI) to give the compound (XVII).
Process F |
20 The reaction of the compound (XIII) with the compound (XXXIV)
can be carried out in the presence or absence of an acid scavenger in a
solvent. The acid scavenger includes, for example, an organic base
such as N,N-diisopropylethylamine, N-methylmorpholine, triethylamine,
pyridine, etc., or an inorganic base such as sodium hydride, sodium
25 carbonate, potassium carbonate, sodium hydrogen carbonate, etc.

The solvent may be any solvent which does not disturb the reaction, for
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etc. The reaction is carried out at a temperature of from
-10°C to room temperature, preferably at a temperature of from 0°C to
5 room temperature.
The reaction of the compound (XXXV) with the compound (VI)
or a salt thereof can be carried out in the same manner as in the
reaction of the compound (V) with the compound (VI).
The reaction of removing the protecting group R® for a carboxyl
10 group of the compound (XXXVI) to give the compound (XXXVII) can be
carried out in the same manner as in the reaction of removing the
protecting group R°® for a carboxyl group of the compound (VII) to give
the compound (VIII).
The reaction of the compound (XXXVII) with the compound (IX-
15 a) can be carried out in the same manner as in the reaction of the
compound (VIII) with the compound (IX-a).
The oxidation reaction of the compound (XXXIX) can be carried
out in the same manner as the reaction of the compound (IV) to give the
compound (V). The oxidating agent is preferably m-chloroperbenzoic
20 acid, etc.  The solvent may be any solvent which does not disturb the
reaction, for example, chloroform, methylene chloride, dichloroethane,
acetic acid, etc. The reaction is carried out at a temperature of from
-78°C to 50°C, preferably at a temperature of from -10°C to 10°C.
The subsequent reaction with the compound (III) can be carried

25 out in the same manner as in the reaction of the compound (II) and the

compound (III).
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The compound (I) thus obtained can be converted into a
pharmaceutically acceptable salt thereof.

The starting compound (II) can be prepared, for example,
according to the method disclosed in Journal of American Chemical

5 Society, p. 350, vol. 65, 1943,

Examples of the compound () of the present invention which
can be prepared by the above exemplified methods are illustrated below,
but the present invention should not be construed to be limited
thereto.

10 Example 1
(1) To a solution of 4-chloro-5-ethoxycarbonyl-2-methylthio-
pyrimidine (25.33 g) in N,N-dimethylformamide (85 ml) are added a
solution of 3-chloro-4-methoxybenzylamine (19.62 g) in N,N-dimethyl-
formamide (15 ml) and triethylamine (16.7 ml) under ice-cooling. The

15 mixture is stirred at room temperature for 20 minutes, and thereto is
added 3-chloro-4-methoxybenzylamine (940 mg), and the mixture is
further stirred for 15 minutes. To the mixture is further added said
amine (940 mg), and the mixture is stirred for 15 minutes. The
reaction mixture is poured into a mixture of ice water and citric acid,

20 and the mixture is extracted with ethyl acetate. The extract is washed
successively with a 10 % aqueous citric acid solution, water and brine,
and dried over anhydrous sodium sulfate. The solvent is evaporated
under reduced pressure, and the residue is washed with n-hexane to
give 4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonyl-2-methyl-

25 thiopyrimidine (38.34 g), m.p. 86°C.

(2) To a solution of the compound (5.00 g) obtained in the above (1)
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in chloroform (50 ml) is added a solution of m-chloroperbenzoic acid
(4.00 g) in chloroform (50 ml) under ice-cooling, and the mixture is
stirred for 2 hours. The reaction mixture is washed with a saturated
aqueous sodium hydrogen carbonate solution and brine, and the
5 organic layer is dried over anhydrous sodium sulfate, and the solvent is
evaporated under reduced pressure to give crude 4-(3-chloro-4-
methoxybenzylamino)-5-ethoxycarbonyl-2-methylsulfinylpyrimidine, MS
(m/z): 447 (MH"). |
(3) The crude product obtained in the above (2) is dissolved in
10 tetrahydrofuran (40 ml), and thereto is added a solution of L-prolinol
(1.50 g) and triethylamine (1.60 g) in tetrahydrofuran (10 ml) at room
temperature. The mixture is stirred overnight, and the reaction
mixture is diluted with ethyl acetate, and washed wifh aqueous sodium
hydrogen carbonate solution and brine. The organic layer is dried over
15 anhydrous sodium sulfate, and the solvent is evaporated under reduced
pressure. The residue is purified by silica gel column chromatography
(solvent; chloroform) and crystallized from a mixture of ether and n-
hexane to give (S)-4-(3-chloro-4-methoxybenzylamino)-5-ethoxy-
carbonyl-2-(2-hydroxymethyl-1-pyrrolidinyl)pyrimidine (4.72 g), m.p.
20 88-90°C, MS (m/z): 421 (MH).
(4) A mixture of the compound (3.4 g) obtained in the above (3), a
10 % aqueous sodium hydroxide solution (23 ml), and dimethyl—
sulfoxide (34 ml) is stirred at room temperature for 15 hours. The
reaction mixture is poured into a 10 % aqueous citric acid solution, and

25 the precipitates are crystallized from a mixture of tetrahydrofuran and

ether to give (S)-4-(3-chloro-4-methoxybenzylamino)-5-carboxy-2-(2-
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hydroxymethyl-1-pyrrolidinyl)pyrimidine (2.52 g), m.p. 205-208°C, MS
(m/z): 391 (M-H).
(5) A mixture of the compound (600 mg) obtained in the above (4),
2-aminomethylpyrimidine (217 mg), 1-(3-dimethylaminopropyl)-3-ethyl-
5 carbodiimide hydrochloride (323 mg), 1-hydroxybenzotriazole

monochydrate (227 mg) and N,N-dimethylformamide (12 ml) is stirred at
room temperature for 8 hours, and the reaction mixture is poured into
aqueous sodium hydrogen carbonate solution. The mixture is
extracted with ethyl acetate, washed with brine, and dried over

10 anhydrous sodium sulfate. The solvent is evaporated under reduced
pressure, and the residue is purified by silica gel column chromato-
graphy (solvent; chloroform:methanol = 50:1) to give (S)-2-(2-hydroxy-
methyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-
pyrimidylmethyl)carbamoyl]pyrimidine (610 mg), m.p. 160-163°C.

15 Example 2
(1) To a suspension of lithium aluminum hydride (4.15 g) in
tetrahydrofuran (150 ml) is added a solution of 2-methylthio-4-(3-
chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (38.32 g) in
tetrahydrofuran (100 ml) under ice-cooling at 5°C to 10°C over a period

20 of one hour. After the addition, the ice bath is removed, and the
reaction mixture is stirred at room temperature for one hour. To the
reaction mixture is added water (4.15 ml) under ice-cooling, and thereto
is further added 3N aqueous sodium hydroxide solution (4.15 ml). To
the mixture is added water (4.15 ml) three times, and the mixture is

25 stirred at room temperature for one hour. The reaction mixture is

treated with magnesium sulfate, and the solid precipitates obtained are
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Exanpl e 84-86 The correspondi ng starting conmpounds are treated in a simlar
manner to give the conpounds as listed in the followng Table 5. "OH N N~
N~Ra N/ OR-~ Table 5 Ex. No. R RPhysicdéhenical properti es84/ \ CH-N-N~ J
HFoanCl NMS(m z) : 470( M#) 85~ \ CI' N ~N~ J HPowder Cl NV5( ni z) : 488( MH+) 86~ \
CMe~N ~N , Powder - MS(m z) : 468( M+) 5 Exanple 87 A m xture of

(S) - 2- car boftifeneq.3-Ehe @recipitaten @rppeashedavittetrahydrofuran. The |

5-(2- hydr ox thyl -1-pyrroljdinyl)pyrazine (80 ng) obtained in Exanple 22
(5), 2-am mné-taﬁtw?ﬁqu ¢embined, agyl concemiyated under

reduced pressure, and triturated with a mixture of ethyl acetate and
isopropyl ether. The resulting crystals are collected by filtration, and
5 washed well with isopropyl ether to give 2-methylthio-4-(3-chloro-4-
methoxybenzylamino)-5-hydroxymethylpyrimidine as pale yellow
crystalline powder.
First production: yiéld; 25.10 g, m.p. 162-163°C
Second production: yield; 2.32 g, m.p. 159-160°C
10 In addition, the above solid precipitates are washed again with
isopropyl ether, and the filtrate is concentrated under reduced pressure
to give colorless crystals. The resulting solid is suspended in isopropyl
ether, filtered, and the precipitates are washed well with isopropyl ether
and hexane to give 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-
15 hydroxymethylpyrimidine (4.26 g) as colorless crystals, m.p. 161-
162°C.
(2) To a suspension of 2-methylthio-4-(3-chloro-4-methoxybenzyl-
amino)-5-hydroxymethylpyrimidine (25.10 g) obtained in the above (1)
in chloroform (150 ml) is added manganese dioxide powder (37.6 g), and
20 the mixfure is vigorously stirred at room temperature for one day. To
the mixture is further added manganese dioxide powder (12.6 g, 0.5
time amount of the starting compound), and the mixture is stirred for
three days. The insoluble materials are quickly removed by filtration
on celite, and the filtrate is concentrated under reduced pressure. The
25 residue is suspended in a mixture of ethyl acetate and isopropyl

ether. The precipitates are filtered, and washed successively with
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VB rr% 2): 512§ I\tAo_'x-"-mylpyrlmlchn«‘: (2. 057 g) in chloroform (20 ml) is treated with m-
chloroperbenzoic acid (80 %, 1.468 g) at 0°C for 30 minutes. To the
reaction mixture are is added L-prolinol (0.901 g), and then
triethylamine (1.33 ml), and the mixture is reacted at 0°C for one
hour. The reaction mixture is warmed to room temperature, and

10 diluted with ethyl acetate. The mixture is washed successively with a
saturated aqueous sodium hydrogen carbonate solution, water and a
saturated sodium chloride solution, and dried over anhydrous sodium
sulfate. The precipitates are removed by filtration through a silica
plug. The filtrate is concentrated under reduced pressure to give (S)-2-

15 (2—hydroxymethy1- 1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-
formylpyrimidine (1.9990 g) as colorlesé amorphous, MS (m/z): 377
(MH").

(4) To a solution of (S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-
chloro-4-methoxybenzylamino)-5-formylpyrimidine (91.0 mg) in

20 tetrahydrofuran (20 ml) is added 1.10 M solution of methyl lithium in
ether (1.1 ml) at -78°C, and the mixture is reacted for 10 minutes, and
thereto is added aqueous sodium hydrogen carbonate solution. The
reaction mixture is extracted with ethyl acetate to give crude (S)-2-(2-
hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-(1-

25 hydroxyethyljpyrimidine, MS (m/z): 393 (MH").

(5) The crude product obtained in the above (4) is treated with
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hours, and the insoluble materials are removed by filtration. The
filtrate is concentrated under reduced pressure, and purified by silica
5 gel column chromatography (solvent; chloroform:ethyl acetate = 3:1) to
give (S)-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzyl-
amino)-5-acetylpyrimidine (56.7 mg) as colorless oil, MS (m/z): 391
(MEL). |
Example 3
10 (1) To a solution of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-
chloro-4-methoxybenzylamino)-5-formylpyrimidine (84 mg) in
tetrahydrofuran (about 1 ml) is added dropwise a 1.0M solution of vinyl
magnesium bromide in tetrahydrofuran in a dry ice-acetone bath. The
reaction mixture is stirred at -78°C for 10 minutes, and stirred at room
15 temperature for 10 minutes. The reaction mixture is poured into a
mixture of ice and a saturated aqueous sodium hydrogen carbonate
solution, and the mixture is extracted with ethyl acetate. The organic
layer is washed successively with water and brine, dried over anhydrous
sodium sulfate, and concentrated under reduced pressure.
20 The obtained crude product is subjected to preparative thin
layer chromatography (solvent; ethyl acetate:methanol = 20:1) to give
(S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)—4- (3-chloro-4-methoxybenzyl-
amino)-5-(1-hydroxy-2-propen-1-yl)pyrimidine (30 mg) as colorless oil,
MS (m/z): 405 (MH").
25 (2) To a solution of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-
chloro-4-methoxybenzylamino)-5-(1-hydroxy-2-propen-1-yl)pyrimidine
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the filtrate is concentrated under reduced pressure to give pale yellow
5 oil (124 mg). The resulting crude product is purified by silica gel

column chromatography (silica gel 20 g, solvent; chloroform:ethyl
acetate = 2:1) to give (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-
4-methoxybenzylamino)-5-(écryloyl)pyrimidine (90 mg) as colorless
crystals, m.p. 113-115°C, MS (m/z): 403 (MH").

10 (3) To a solution of (S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-
chloro-4-methoxybenzylamino)-5-(acryloyl)pyrimidine (72 mg) in ethanol
(2 ml) is added morpholine (78 p1l) at room temperature, and the
mixture is stirred at room temperature for 40 minutes. The reaction
mixture is concentrated under reduced pressure, and the residue is

15 poured into water, and the mixture is extracted with ethyl acetate. The
organic layer is washed successively with water and brine, dried over
anhydrous magnesium sulfate, and concentrated to dryness under
reduced pressure to give (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-
chloro-4-methoxybenzylamino)-5-[(2-morpholinoethyljcarbonyl]-

20 pyrimidine (91 mg).

The obtained crude product is dissolved in ethyl acetate (10 ml),
and the solution is treated with a saturated solution of hydrochloric
acid in methanol (5 ml), and concentrated under reduced pressure. To
the residue is added ethyl acetate, and the mixture is filtered. The

25 resulting solid is washed well with hexane to give (S)-2-(2-hydroxy-

methyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[(2-
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Example 4
(1) To a solution of 4-(3-chloro-4-methoxybenzylamino)-5-ethoxy-
5 carbonyl-2-methylthiopyrimidine (972 mg) obtained in the above
Example 1-(1) in chloroform (8 ml) is added a solution of m-chloro-
perbenzoic acid (80 %, 598 mg) in chloroform (10 ml) under ice-cooling
over a period of 30 minutes. The reaction mixture is stirred under ice-
cooling for one hour. The reaction mixture is diluted with a saturated
10 aqueous sodium hydrogen carbonate solution, and the chloroform layer
is collected, washed successively with a saturated aqueous sodium
hydrogen carbonate solution, water and a saturated aqueous sodium
chloride solution, dried over anhydrous sodium sulfate, and
concentrated under reduced préssure to quantitatively give 2-methyl-
15 sulfinyl-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonyl-
pyrimidine as colorless caramels, MS (m/z): 384 (MH").
(2) To a solution of 2-methylsulfinyl-4-(3-chloro-4-methoxybenzyl-
amino)-5-ethoxycarbonylpyrimidine (whole amount) obtained in the
above (1) in tetrahydrofuran (6 ml) is added dropwise a 2N aqueous
20 sodium hydroxide solution (1.32 ml) under ice-cooling over a period of 2
minutes. The reaction mixture is stirred under ice-cooling for 30
minutes, and thereto are added tetrahydrofuran (8 ml) and N,N-
dimethylacetamide (6 ml). The reaction mixture is stirred under ice-
cooling for 30 minutes, and thereto are added water (5 ml) and N,N-

25 dimethylacetamide (2 ml}, and stirred under ice-cooling for one hour.

The reaction mixture is acidified with a 10 % aqueous citric acid
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solution, diluted with water, and extracted twice with ethyl acetate.
The extracts are combined, washed with water and a saturated aqueous
sodium chloride solution, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. The residue is separated by
5 silica gel column chromatography (silica gel: 20 g, solvent; chloroform:
ethyl acetate = 5:1 — chloroform:isopropanol = 30:1) to give 2-hydroxy-
4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (618
mg) as slightly yellow crystailine powder, m.p. 195-197°C.
(3) A mixture of 2-hydroxy-4-(3-chloro-4-methoxybenzylamino)-5-
10 ethoxycarbonylpyrimidine (500 mg) obtained in the above (2),
diethylaminobenzene (2 ml) and phosphorus oxychloride (4 ml) is
stirred at 80°C for 30 minutes, and stirred at 100°C for 5 hours. After
cooling, the reaction solution is poured into ice-water, and the mixture
is stirred at room temperature for 30 minutes. The resulting mixture is
15 extracted with ethyl acetate, and the organic layer is washed with water
and a saturated aqueous sodium chloride solution, dried over
anhydrous sodium sulfate, and concentrated under reduced pressure.
The residue is purified by silica gel column chromatography (silica gel: 7
g, solvent; chloroform) to give 2-chloro-4-(3-chloro-4-methoxybenzyl-
20 amino)-S-ethoxycarbonylpyrimidine (375 mg) as slightly yellow
crystalline powder, m.p. 114-115°, MS (m/z): 356 (MH?).
(4) A mixture of 2-chloro-4-(3-chloro-4-methoxybenzylamino)-5-
ethoxycarbonylpyrimidine (285 mg) obtained in the above (3), 5,6,7,8-
tetrahydroimidazo[1,2-a]pyrazine (197 mg), triethylamine (0.22 ml) and
25 chloroform (3 ml) is stirred at room temperature for 2.5 hours, and

stirred at 60°C for 2.5 hours. The reaction mixture is diluted with



HO H'131 /N1 ~ N.Mp.180-183C N~ NH 132 CHON N- O | ~H-N~-

MB( T z) :482(MH+) HO H 133 ~N ~ ~ ~ M p. 176-179C N~ ~N ~ OCH3 HO HB 3f MAf

~N ~i N Mp.224-227C N~ H CH3 H Anor phous 135 HO N~ OH ~N~~~ M5 m z :50
M# (/) () HO~ NH 136 ~ N~ N M p. 177-180C N~ H H3C HO / CH3 N Powder 137
NN/~ NM(mz):486(MH ) H H3C HO -N Powder 138 ~ N\ N, N~ H H3C CH3
MB(n z) : 486( MH+) 139 HO- OH ' N~~ ~ Powder54\N~ N MS(mf z):500(MH ) 140 OH ~ P
OCH3 ~orphous N ~~ OCH O3 MB(m z):499(M4) 0 3 MAR 2004 79 Table 7 (No.
6) Ex. No.

RPhysi cocheﬁ@él%ﬁb@@s teingb washed-wiNhoMatemnr ﬁ]’iwablra@btawﬂeyérz)s éA4GeMed | 42~CH
- Amor phousNCH N N A a 3+~M5(mf z) : 503(MH ) 143 ~CHN ~N \

M p. 112- 114€Hivathacetate, anththt ougagic werm(wdsnecswmwmer and a

) 145~CHNCHM p. 123- 125C
saturated aqueous sodium chloride solution, dried over anhydrous

sodium sulfate, and concentrated under reduced pressure. The
5 residue is purified by silica gel column chromatography (silica gel: 10 g,

solvent; chloroform:methanol = 50:1), and concentrated under reduced
pressure. The resultant is triturated with isopropyl ether to give 2-
(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3—chloro-4-methoxy-
benzylamino)-5-ethoxycarbonylpyrimidine (290 mg) as colorless

10 crystalline powder, m.p. 179-182°C, MS (m/z): 443 (MH").
(5) A suspeﬁsion of 2-(5,6,7,8-tetréhydroimidazo[1,2-a]pyra2in-7—
y1)-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine
(290 mg) obtained in the above (4) and 2N aqueous sodium hydroxide
solution (1.64 ml) in a mixture of dimethylsulfoxide (5 ml) and water (1

15 ml) is stirred at room temperature for one hour. To the mixture is
added tetrahydrofuran (5 ml), and the mixture is stirred at room
temperature for 13 hours. Tetrahydrofuran is evaporated under
reduced pressure, and the resulting solution is diluted with water, and
neutralized with a 10 % aqueous citric acid solution. The precipitates

20 are collected by filtration, washed with water, methanol and isopropyl
ether to give 2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-
chloro-4-methoxybenzylamino)-5-carboxypyrimidine (187 mg) as
colorless crystalline powder, m.p. 223-226°C (decomposed), MS (m/z):
413 (M-H).

25 (6) A mixture of 2-(5,6,7,8-tetrahydroimidazo|[1,2-a]pyrazin-7-yl)-4-
(3-chloro-4-methoxybenzylamino)-5-carboxypyrimidine (60 mg), 4-



Exanpl e 146 The corresponding starting compounds are treated in a simlar 5
manner- to gi ve the conpound of the following fornula as foam M W& 64
(MH+). OOHi O NNNM N~ O~N~ HN/ Exanple 147 The corresf o0
starting conpounds axe treated in a simlar 10 nmanner to give the conpound
of the following formula, mp. 140-144C. 0 3 MAR 2004 80 HO~~. NHi O C
~~~ ~OB NNN1H~i H~-NNNwH&@~1 C N ONwOH H Exanpl e 148
To a solution of (S)-2-(2-hydroxynethyl-1-pyrrolidinyl)-4-(3

chl or o- 4- met hoxybenzyl ami no) - S-[ N- ( 2- pyri m dyl net hyl ) car banoyl] 5

pyri nmi di ne (@tEyh@ramhinaimesylmoEzhaphe (22(Bmg)n 1rid-djrhetieylahhioo-de (6 )

i s added dropwi se boron brom de (300 p.l) under ice-cooling. The reaction
m xture i s Brapylkd-ethyicuthndiimideihydrachloride @W6i mghdiéydrekybanto- and

t hen a saturated aqueous sodi um hydrogen carbonate sol ution under

i ce- cool i ngtriggede (2 kume)iand R, Nadimdthylfdrmamide 8 enbfis Kbire¢dylt raosi at e
and tetrahydrofuran, and the organic layer is washed successively with

wat er and biemperathge ik 22rkouss.dr Wedenve povoedd ints thé acactiemanimaeent r at ed
under reduced _pressure to give a slightly brown anorphous (227 ng). The
resuPt ant iandtBEREEHIE S Erteraied withathiyl hectatsul flihegrigasit ldyyexr isat eri al s
are renoved by filtration. The 15 filtrate is subjected to silica gel

col umm chr ofabBed Shepessaivaly withhertptra spearapdnagrsducsodieimdyrdrnogen
chromat ography to

(S) - 2-(2hy ﬁ&tggﬁ\@iﬁa’g}r VateaRg brine( drigd ever- anhydraxs beditymani no) - 5- [
(i 20 470 SNERE; e SRR OTY etk Rgidergeics da cepuse fo S4B ha saprieom 1.
0 3 MR 2008 1 DA 20 2 AR O0 S o el i
(2009 b RSE i BB thelvd 2/ 8,67 B U it 1.5 T8
pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-[(4-methyl-2-
morpholinyl)methyljcarbamoyl]pyrimidine (51.7 mg) as colorless needles,
m.p. 132-134°C, MS (m/z): 527 (MH").

Examples 5-6

15 The corresponding starting materials are treated in a similar
manner as in Example 4-(6) to give the compounds as listed in the

following Table 1.

OMe

Tj cl
N
ZNcoR!

Table 1
Ex. No. R! Physiochemical properties
5 (r\{ H_ Powder
'_N: MS(m/z):506 (MH")

H Powder
6 HO]II<:><N——
MS(m/z):512 (MH")




5 hydroxi de solution (- 10 m) at roomtenperature. To the reaction nixture
is added dinethylsulfoxide (5 m), and the mxture is stirred atgp 4
tenperature overnight. To the resulting colorless solution is added citric
acid until the solution becomes acidic. To the solution is added an excess
anount of water (about 50 m), and the resulting 10 precipitates are
collected by filtration. The precipitateS@re washed with isopropyl al cohol
and i sopropyl ether successively, and dried under reduced pressure to give
2- met hyl t hi 0- 4- (3- chl or 0- 4- met hoxybenzyl am no) - 5- car boxypyri m dine ( 1.864
g) as pal e Examplei 24l pabl e powder, mp. 238-240C (dec.). 15 (2) To a
suspensi on of 4-(3-chl oro-4-nethoxybenzyl am no)-5

car boxy- 2- net hyl t e gerraspionsling Goaningimatmwidlglanedreatent inde fimildr) are
added oxal yl chloride (150 ng) and N, N-di net hyl formam de, and the m xture
is stirred BanRRMa givsciw eprappundvanilisteddn thadolowing Mabled. To a
suspension of the resulting acid chloride 20 conpound and 5-am nopyri m di ne
(84.0 nmg) in methylene chloride (5 mM) is added di nmet hyl am nopyridine ( 144
nmg) at roomtenperature, and the mixture is stiyreggt roomtenperature. To

the mxture is poured water, the mxture gxtracted wth ethyl
acetate. The extract is washedawkth g_sapura ggueous sodi um hydr ogen
carbonate solution, 25 water T n&y driéd over Rlodi um sul fate, and

concentrated. The residue is tritugat
n- hexane to 0 3 MAR 200 82 give
4- (3-chl oro- 4- met hoxybenzyl am no) -'5- (5- pyti m di nyl am nocar bonyl ) -2-nmethyl th
i opyrimdine (216 ng) as pale yell ow needles, mp. 238-240C, IR (Nujol):
3251, 1666 cm1, M5 (nfz): 416 (M)TaHlld)2 foaipuspension of the compound (
150 ngy) obtajned in the 5 above (2) in chloroform ( 10 m) is added
m chl or oper benzoi ¢ acj d 07 ng)| at 0G, and the m xtu i j at 0C
for one hour| BRdN&t | rédAaN"'roomtBﬂperatureRfor one %Xri%cﬁ)irg{%ﬁjm xture
is added mc nzoir€ acid (53 ) at 0C._and the M RPHIESs stirred
at OC for 30| m nutes. Twnj xtlure arje a\(tzlded Fyro Aﬁgmﬁé,%? rng) fand 10
m x a

W a mxture of ethyl acetate and

triethylanmine (7Z.9 np) latll 0G and Che neN s Sstirred room
tenperature for 20 hours> t he |mi xturle i 4 poured waMSHm/gneBSMET N xt ure
is extracted with chlforofqr Thg organlic | ayer is wa brine] dried
over sodiumisul f 8te, ancf%ﬁgntrat@@l un&vﬁédm@ o?ggbg{iﬁ%& o givel|yellow
vi scous oil [(201 ng),| waNch™i'S pdrified by 15 si | | ¥&(gek): 23 ¢ ol um
chromat ogr aphy (sol vent ; gt hyl adet at e)j, vvashedevlth a m xture of ethyl
acetate and jhexafe tq gilvel N— CN u’\{ﬂ% M.p.243-245°C

(S) - 4- (3-chllor o- 4net Hoxyenzyl ani|no) - 5-|( 5- pyr i'mAdi ny] am nocar bonyl ) -
oxynet hyl - 1-[pyrrol i dijnyl i mdijne (8%} nyg) col or waff? es, m
192195C, IR |(Nujl@ ): {32719, 1869 gmdaN N5 H IO . Exanpl
150- 157 The |correspondi nd starting congounds™are treph&imi/n:S0HMH’) a
manner as ir Exanpl e {149 _{ o _give [the cdnmpounds, as Tilsted rn the TolTpw ng
Tabl e 8. d 3 MWR 2&84“8 [/;NCJVE AR [N W GUNN O O %_qub_elﬁoc

Physi cochemi|cal Ex. propertieg ~ IH Powder

- (hydr

1Y "2 2 B v

S

7N N o
12 . Cl SN A M.p.150-152°C
NJ\/N‘ H
N N Powder (HC])
13 Cﬁ OH Cl N Y
N H S~ MS(m/z):483(MH")

N N Amorphous
14 CN\T oH | ¢ N )

N MS(m/z):484(MH")




150 /-(N"OH"' Ni ~ Ni m z): 46

470 M+ J (/) () H 152 OH' Ni ~ Mp.182-185C NvN ~ H 153 d\lﬁ@\lN
N Mp.176-178C HO H CH3 powder N 154 ~ ~ ~ CH3 MS(ni z): 487( M) IQI~ N
~ CH3 155 \\ OH N ~ M p. 161-163C CH3 H ~ N ~ CH3 powder 156 ~OH N ~

M5(m z):513(MH#) O CHs H ~-~ NY N~ CH3 Powder 157 CN _OH N MS(ni z): 498( M)
CH3 0 3 MAR 2004 84 Exanple 158 (1) A Sispension of

4- (3-chl or o- 4- met hoxybenzyl am no) - 5- car boxy2- net hyl t hi opyri m dine ( 154.0
ng) obtained in Exanple 149 ( 1) in nmethylene chloride (5 m) is treated
with oxalyl chloride ( 119 ul) at room5 tenperature, and thereto is added
N, N- di net hyl f or manmi de. The i xt ur e Tablet2 (Ned2f or one hour, and the sol vent

i s evaporat ¢d under] reducgd presgure. [he resiaue i%lrEdl ed—wrth c;:Fr,

VB( 9(Mt) /NYN 151 pH Powder N~ Ni MS mz.
N\

and kept in (g afpijger ftpn-avernighpe The volgtile tBhysicochemicalmyed

under reducgd pressjure, d the nesidu¢ is treated with gropecides amojunt of
10 di azomet frame—at—[0C—amd—Kkept—ma refrtger mu. ovier-hght—Fhe—+eagt i on

i s quenched|w mejt han and the nixture L}/ udfl ééb-l‘ra;ynéél lica gel

chr omat ogr aphy “(‘'sol jvent\.MNexane: ¢t h acet Bt & =2 )| st S y)%ip 5 R

4- (3- chl or o4—rethexyberzyani-ne)+s-{di- f hyl carbgny Oh\gw-ln} ogyrimd
ine (21.5 ) as pdle yell soI d, IR[(Nyjo 3277, &w, 1607, |1567,
1461, 1377, [1389, 1141 _ghi 'y mG) : | 364 I)IQHm 2-165C (dec.|). (2)
A suspensi o of thd corr oNobt hi ned {n t heabove (MSQm( i[n

met hanol (3|m) 1s|treated wth {oluengesuldoni c_aci g rmno%arate (—1§.5 ng)
at room t enper atpur g. T)@&Joment I'soEeVApOr ane TJlNder ed presdure,
and the residue is |puri¥iNad by pfeparafive L §o| v ans(m hgxaaevet)hy|
acetate = 2{Iy to give

4- (3-chl or o 4- gt hdxyb @Ri No) - &( npt hoxynairhyl cd AEReRANPLS. et hyI t hi opyr
imdine ( 11.0 ng) as c If\brl ess pi 177 (B) A on (MS(M‘FZ qgamﬁq 11.0
ng) obt ai neg—mthg—above—(2y—25r+r——¢h oroform( 1 reat-ed—wi-tih
m chl or oper benzoi c |aci d 4 ng)|at 0Q Theym re 'Afmé @hgd with
triethylanmpe 48.3 |1, 18 Jan8L-pf olGlno (b'?ﬁ%&g 2004 8?%

~ N MS(m/z):505(MH?)

N\ \ F

20 OHCN__ N— Cl HN»O-IIIOH oam

MS(m/z):503(MH")

OH
“ N
91 N— cl N J Amorphous
on H N~ MS(m/z):514(MH?)

Example 22
(1) To a solution of diisopropylamine (0.78 g) in tetrahydrofuran

5 (40 ml) is added dropwise a 1.6M solution of n-butyl lithium in hexane
(4.82 ml) in a dry ice-acetone bath over a period of 3 minutes. The
mixture is stirred in the same bath for 30 minutes. To the mixture is
added dropwise a solution of 2,6-dichloropyrazine (0.50 g) in
tetrahydrofuran (5 ml) at the same temperature over a period of 15

10 minutes, and the mixture is stirred for one hour.. The reaction mixture

is poured into dry ice, and the mixture is stirred at room temperature

for one hour. The reaction mixture is diluted with a 10 % aqueous



(36 ng) at' roomtenperature, .and the reaction mixture is stirred overnight.
The reaction mixture is diluted with ethyl acetate, washed with & &MBr&bed
aqueous sodi um hydrogen carbonate solution and a saturated aqueous sodi um
chloride solution, and dried over sodiumb5 sulfate. The residue is purified
by preparative TLC (solvent; chloroformethyl acetate = 1:1) to give
(S)-4-(3-chl oro-4-net hoxybenzyl am no) 5- (/&8 hoxynet hyl car bonyl ) - 2- ( 2- hydr oxy
met hyl - 1-pyrrolidinyl)pyrimdine (8.5 ng) as colorless oil, Ms (mz): 421
(M) . I NDUSTRI AL APPLI CABI LITY 10 The conpound (1) of the present

i nventi on ahsdsoghlarivaaeidt $aution fcoedentd adfast thehpikodluextiidiedb! excel | ent
PDE V inhibitory activities, and they are useful pharnmaceutical conpounds
for the proﬁh?ﬂgﬂ,sﬁr& ther grteantedtwipbrithy] ecetatel e Tihes¢eambined organic 0 3
MAR 2004 86 CLAIM5S 1. An aronmmtic nitrogen-containing 6-nmenbered cyclic
conpound of laygss fage mxnteagteyl: withne NatnratedoaqReeds sodinOn(hydfogen wher ei n
Ring Ais a substituted or unsubstituted nitrogen-containing heterocyclic
group; Rl isarbanafstsalution, anditkepsticousekiraokis wakhedgrithpethgl gr oup of
the formula: -NHQR3 (in which R3 is a substituted or unsubstituted
nitr8gen coff@liahenacidalied sdikela £0 Jo agpiearnihypdirechlorimwecid] @nal &ytreoeedyr oup
or a single bond), or a group of the formula:; -NHR4 (in which R4 is a
substi t ut edWd¥! & t?socqtﬁgﬁ(-edlp ks epaHhirgr Qjigemis layer isswaskedsyith watgror
unsubsti t ut ed argl roup; one of Y and Z is a group of the fornmula: =CH,
and the ot heRdi& %“gfra&ﬁg asueoys sedimm shlonde splugiopn sirird evier cal | y
acceptable salt .there The c r@rgound according to claiml1, wherein

f,. 15 2.
the nitrogef® Xﬁf%‘??}isﬁal%%lﬂ Rife i Bapn brRted andgiaduasdeprassure.

o menber ed HHE PEHEE B A AL NOER PORURBLFLP! ClorBthss gl bovege (1:1]
R b
al kyl g)r/oup&y%ghllg’eh@%?’gg{/’%SE%PD%&%DW?‘%/%ﬁﬁ%fM%) ('3)(a 120r ny|
At 0,000 A1 0 AR B A U B,
over al kowy Bbabots PENRLRIH A G SRR il ARUBIERGBES by
nydr oxY 91 905 ot i 1, NOUEhe 1ot BB PRI AR 00PL 40

substituted by a’'group’selecte rom ‘oup Sist1ng a | owner

al kpxy 9r ouRmpBearOXyr F4WRard "Bl P ARkt AYd (ijgﬁ?:d@ed‘%viltl]‘?"é{e? ) kel s feny|
group, a di-(l'ower alkyl)phosphino group, a di-(lower alkyl')yamno group, a
pyrim di nylcisti®alcid ebRetidRVERd YA RBHNR B Q9 g%e?é[tre'. dyih OE OBinéd

pyridyl ami no group and a |lower al kyl-substituted piperazinyl group, a group

of the formiganic Niye?B3wastie@ vl wWhatet ddiealhtlonray é'u‘eB’E“s%diﬁHﬁst_t ed
u ITu

ni t rogen-contai ning heterocyclic group of the "substituted or uns

ni t r ogen- castlatidiengblhieioer, i beeOaANYdArbAE Bl Suliatdrafq mermber ed

ni t rogen- cont ai ni ng het erononocyclic group or a 8- to 10- nenbered

ni t r ogen- c aorAenitrgtelen atobredatéd paessipre mwgivtef@rﬁéﬂﬁdﬁda%bn?ﬁswe above
"substituted or unsubstituted 15 nitrogen-containing heterocyclic group” is
sel2@t ed frdichidrepgraziped@nsi sig) Bg mledblonwecridtalling pomierd m.p. 60-

hydr oxy-substituted | ower al kyl group, an oxo group, an am no group, a

di - (1 oner #3%,)MBi (mo/zjr @B, (M’)] ower al kanoyl group and a cyano-substituted
| ower al kyl group, R4 is a cycloal kyl group being substituted by a group
sel ected fr3m t heAgmixii20ofcdmeetioxygasbohyiBoSsdighlnippyeazined3al tgxy
group and a pyrimdinyloxy group, R2 is a phenyl group gei ng substituted by
a group selobtapted imthe boyeddp Sohdomi-HrmethorybeneylaalikeX20drigp, a

hal ogen atom a cyano group, a nitro group, a hydroxy group and a | ower

al kyl gr ouprieghylamei neof@p % mdl)eod daty rigluene (i) 25 stiresdian robm

25 temperature for 7 hours. The reaction mixture is diluted with a 10 %

aqueous citric acid solution, and extracted with ethyl acetate. The



25 ni trogen-containing heterocyclic group of the "substitut ed or
unsubstituted nitrogen-containing heterocyclic group” for R ng Aolg.f 8%% 0
3 MAR 2004 88 or 6-nenbered nitrogen-containi ng heterononocyclic M _ %
the formula: Hw O ~N ~ ~N - ~ \--> > NON N or Nor a nitrogen-containing
het er obi cyclic group of the follow ng formula wherein the above-nentioned
5- or 6-nenbered nitrogen-containing het ®nonocyclic group and a 5- or
6-menmbered cyclic group are fused: ~N~/ I N ~N N-N- , N-N- ~\ ~ ~ NwN
Hr HNNIT N ~NI N ~1 NHor ~1 N_S Nand the nitrogen-containing
het er ocycl i extgasuis washed wishbwatenard osatnsbdtaquecers sodinogerhlordeai ni ng
heterocyclic group” for R3 is a non 10 aromatic nitrogen-containing
het er onpnoc§@Hitiorgdrigd ever Bediwnnsimiatep and-soppkh tradét unden reduded H HN ~H
N~ ~N or N O or an aronmati ¢ nitrogen-containing heterocyclic group of the
fornula: PressyER 20bg ®sidue isseparated and purified hyvsihea-geCcalumm > > >
>O-N~I NS~N>>~SONNwW, ~~or NS S or apharnmaceutically
accept abl e Garamategraphy (silicehgel Sngoselyentcoexamechiorofermm= 1: Whemel n t he
5 10_15
5 the desired fractions are concentrated under reduced pressure to give 2-
methoxycarbonyl-3-(3-chloro-4-methoxybenzylamino)-5-chloropyrazine
(102 mg) as pale yellow crystalline powder, m.p. 149-151°C, MS (m/z):
342 (MH"). |
(4) A mixture of 2-methoxycarbonyl-3-(3-chloro-4-methoxybenzyl-
10 amino)-5-chloropyrazine (150 mg), 2-hydroxymethylpyrrolidine (88.6
mg), and triethylamine (0.12 ml) in tetrahydrofuran (5 ml) is stirred at
room temperature for 4 hours, and the mixture is heated at 50°C for 2
hours. To the mixture is added 2-hydroxymethylpyrrolidine (44.3 mg),
and the mixture is stirred at 50°C for one hour. After cooling, water is
15 added to the reaction mixture, and the mixture is extracted with ethyl
acetate. The extract is washed with water and brine, dried over
anhydrous sodium sulfate, and concentrated under reduced pressure.
The resulting yellow oil is purified by silica gel column chromatography
(solvent; chloroform:hexane = 1:1) to give (S)-2-methoxycarbonyl-3-(3-
20 chloro-4-methoxybenzylamino)-5-(2-hydroxymethyl- 1-pyrrolidinyl)-
pyrazine (123 mg) as pale yellow powder, MS (m/z): 407 (MH").
(5) To a solution of (S)-2-methoxycarbonyl-3-(3-chloro-4-methoxy-
benzylamino)-5-(2-hydroxymethyl-1-pyrrolidinyl)pyrazine (775 mg)
obtained in the above (4) in ethanol (8 ml) is added a 4N aqueous
25 sodium hydroxide solution (1.43 ml), and the mixture is stirred at room

temperature for 24 hours. The reaction mixture is acidified with 10 %



ni t r 6gen- cont ai ni ng heterocyclic group of the "substituted or unsubstituted
ni trogen-containing heterocyclic group” for Ring Ais a 5or 6-memigey R 2004
ni t rogen- cont ai ni ng het erononocyclic group or a 8- to 10-nenbered

ni t rogen-cont ai ni ng heterobicyclic group, and the substituent of the above
"substituted or unsubstituted nitrogencontaining heterocyclic group” is

sel ected fromthe group consisting of a bower al kyl group, a

hydr oxy-substituted | ower al kyl group, a fornyl group and an oxo group, Rl
is a lower alkyl group which nay optionally be substituted by a group

sel ect ed fraguedres drycirpchlnric atichgolftian,| awe rexatdaiuyl withugthghecatate.

nor phol i nyl group, a group of the formula: -NH Q R3, or a group of the
fornul a: - NFhorgahie layebss iwasled] withinsaibs ainidibrdenidrieshevecanhgid roug
heterocyclic group” for R3 is a 5- or 6-nmenbered nitrogen-containing

het er ormnocmx‘ﬂum gudinte wbonte miprg texb Linateal Hegl uve dspiesisutre} 28 dbyashédwath al Kyl
group, R4 is a cycloal kyl group being substituted by a group selected from
the group cdinsoptapyd ad¢oholdto3giveaRSPABdadibtyy 8¢ (@xyhlyrowp-rasthaxyl ]-al koxy
group, R2 is a phenyl group being substituted by a group selected fromthe
gr oug consi%Iﬂlng)-Eféahde@fyrabﬂuﬂylmymu@ﬁdmyﬂmwgemmﬁﬂﬂ ang) =65 yaliove group.
5. The conpound according to claim4, wherein the 5 10 15

ni t r ogen- cd?W&F%ﬂﬁngi-@et]é%)éYdl"pe MP doy 2pf 3PhdM-djbsti t uted or unsubstituted
ni trogen-cogs aining heterocyclic group” for Ring Ais a 5or 6-nenbered

non- ar omat i @) ni t r SyBHXEEHR & ()ndr eebexprbhdederadgmnihosybeneylaorimo)-a:  HN

N~ ~N or r ni trogen-containing heterobicyclic group of the

fol | owi ng f%lf(%ﬁ?ﬁrmﬂé?t%ﬂﬂepxm@ﬁﬁhpytﬁ?éaengdngBogé@@@dem then- aromat i ¢
ni t rogencont.ai ni et erononocycli ¢ group and a 5- or 6-nenbered aromatic
ni trogen- cdit %@QBW%WFE“BP@L@%?éng)usleatdlphlomeihwmdriﬁ N~N'
or 1 _ N N; the njtrogen-containi ng heterocyclic group of the

"su]oéti t ut e‘ngfﬂg’ﬁ’éGBH PRETIG70LG ﬁ"-wtlaimwglmmﬂ@wamdgr(aum) f or
R3 is a non_aromati ¢ ni tr?gen-cont ai {g)ién I?‘Ieot eronpnocyclic group of the

f or mul a: H1§)~Stt§l’§F~I@E 1P LeP e ARG ogEn- YoRkeEiRinRyinsa: @tetbRocycl i c

010U o WeqRBohokk i ard MR 10, RN 2o cor i
washed with water, a saturated aqueous sodium hydrogen carbonate
solution, and brine, dried over anhydrous sodium sulfate, and

15 concentrated under reduced pressure. The residue is purified by silica

gel column chromatography (solvent; ethyl acetate) to give (S)-2-[N-(2-
pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-methoxybenzylamino)-5-(2-
hydroxymethyl-1-pyrrolidinyl)pyrazine (87.6 mg), MS (m/z): 484
(MH?).



NNNN "N >HON~1 NN~wN>>N[~~J~1 or NOHCN ~ OHCN ~ ~ |
~N- ~N-wor ~N N> > Rl is a lower alkyl group, a |ower alkoxy-subpgimagt ams

| ower al kyl group, a norpholinyl-substituted | ower al kyl group, a group of
the formula: -NH QR3, or a group of the formula: -NHR4, R3 is a group of
the formila: O~N~ CH3 NOH3 NCHs NN / ~Nv >> H3C N or N ~N Nw |
~OH R4 is a group of the formula ~--~: RB1is a group of the formula: or
-0-0CH3 and OCH3 or ~\ OCH3 C CN 0 8 MAR 2004 92 7. The conpound
according to claim1, wherein the 5 10 15 nitrogen-contai ning heterocyclic
group of tExdmphst PBuR4d or unsubstituted nitrogen-containing heterocyclic
group” for Ring Ais a 5or 6-nenbered nitrogen-containing heterononocyclic
group or a 8- to Thenmrrespondirtyg sigatingoniateriahgaheteynbiddyd siniasup, and
t he substituent of the above "substituted or unsubstituted

ni t r ogencommannengshist Exenywlkei22 ¢o gine' the cangpoupd s eksdisted ifiridre t he group
consisting of a |ower al kyl group, a hydroxy-substituted |ower alkyl group,
a formyl grfollpwimgl TabloBo group, RL is a | ower al koxysubstl tuted | ower

al kyl group, a group of the formula: -NHQR3, or a group of the fornula:
-NH-R4, the "substituted or unsubsti tut ed ni {£Oyer tai ning heterocyclic
group” for R3is a 5- or ered nltrlfbgen { ai ni ng het erononocyclic

group whi ch may optlonally 3 ‘H,L al kyl group, R4 is a

hydr oxy- substi tuted cycl oal ¢p, nd i enyl group being

substituted by a group sel ected fr oup consisting of a | ower al koxy
oun a

group and a hal ogen atom 8. The conp ccordlng to claim7, wherein the
20 ni trogen-containi ng heterocyclic grodp of the substltuted or
unsubsti tut ed nltrogen contai ni ng heteppgyglic group” for Ring Ais a 5or

6- menber ed nof—arofratte—htt+oger—gont-a-R-rg—heterorprosyes-c—group-of the
formula: HN N o No or Rr a groyp of trkel f or mul|@hysicochemical
properties

Nﬁ/\N/ N= Amorphous
23 ~~NHCH,—4
Q\,N\) 2 \N:/> MS(m/z):506(MH")

0 —
04 C’,_ H N N\_/O Amorphous
AN H MS(m/z):505(MH")

Example 25

A mixture of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-
4-methoxybenzylamino)-5-(acryloyl)pyrimidine (31 mg), methanol (1 ml)
and conc. sulfuric acid (one drop) is heated under reflux for 2 days.

10 After the reaction is complete, the solvent is evaporated under reduced
pressure, and the residue is separated by silica gel thin layer chromato-
graphy (solvent; chloroform:methanol = 30:1) to give (S)-2-(2-hydroxy-
methyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[(2-
methoxyethyl)carbonyljpyrimidine (27 mg) as colorless oil, MS (m/z):

15 435 (MH').

Example 26
A solution of (8)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-



O3MAR 20D4 93 5 10 15 ~N~ " | N~N_ or ~N N.. the ni trogen-contai ni ng

het erocyclic group of the "substituted or unsubstituted ni t r ogen-HcPMARI2004ng
heterocyclic group” for R3 is a non aromatic nitrogen-containing

het er omonocyclic group of the fornula: ~, O an aromatic

ni trogen-containing heterononocyclic group of the formula: N~ ~N N~ ~ ~ ~ ~
or N\~ 1 N 9. The conpound according to cb2 m 1, wherein Ring Ais a group
of the formula: OH ~N~ N Ne\N> > OHCN ~ OHCN ~/ | 3 or w~N_ ~Nr ~ ~N- N
RL is a | ower al koxy-substituted |ower alkyl group, a group of the fornula:

-NH Q R3, of- TEGQTQ?W@GMZ}’“IMHMFEﬂNa(Q-pNﬂrm@mRBne&}d)cgfﬂbwﬂ@ﬁ].t he formul a:
H3CN~CH3/ ~ NN ~~~Nw-~N, ~or w~ ~ C~OHR4 is a group of
t he fornul adyrimidine BR1480g)iand t@mapesﬁlfbh&: ac1ch‘B)ri‘de3ch&®é (68.085Bin
formula: C . 10. The conmpound according to claim1, wherein the 5 10 15 20
methanol (1000 ml) is concentrated, and recrystallized from a mixture
of methanol and acetone to give (S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-
5 4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)-
carbamoyl]pyrimidine dibenzenesulfonate (121.8 g} as colorless crystals,
m.p. 158.5-161.5°C.
Example 27
A mixture of (S)-4-(3—'ch10ro-4-methoxybenzylamino)-5-carboxy-

10 2-(2-hydroxymethyl-1-pyrrolidinyl)pyrimidine (100 mg) obtained in
Example 1-(4), 4-amino-1,3,5-trimethylpyrazole (47.9 mg), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (58.7 mg), 1-
hydroxybenzotriazole monchydrate (41.3 mg), and N,N-dimethyl-
formamide (3 ml) is stirred at room temperature for 8 hours, and

15 poured ihto aqueous sodium hydrogen carbonate solution. The
mixture is extracted with ethyl acetate, and the organic layer is washed
with water and saturated brine, and dried over anhydrous sodium
sulfate. The solvent is evaporated under reduced pressure, and the
residue is purified by silica gel column chromatography (solvent;

20 chloroform:methanol = 5:1) to give (S)-2-(2-hydroxymethyl-1-pyrrolidin-
yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(1,3,5-trimethyl-4-
pyrazolyljcarbamoyl]pyrimidine (115 mg), MS (m/2): 500 (MH").

Example 28
(1) A solution of 4-chloro-5-ethoxycarbonyl-2-methylthiopyrimidine
25 (5.0 g} in sulfuryl chloride (20 ml) is heated at 50°C for one hour. The

reaction mixture is concentrated, and thereto is poured a saturated



ni t rogen-cont ai ni ng heterocyclic group of the "substituted or unsubstituted
ni trogen-contai ning heterocyclic group” for Rhng Ais a 5or 6-rren@grm 2004
ni t rogen- cont ai ni ng het erononocyclic group or a 8- to 10-nenbered

ni t rogen-cont ai ni ng heterobicyclic group, and the substituent of the above
"substituted or unsubstituted nitrogencontaining heterocyclic group” is a
hydr oxy-substituted | ower al kyl group, RBb3 s a group of the formula:

-NH-Q R3, the "substituted or unsubstituted nitrogen-containing

het erocyclic group” for R3 is a 5- or 6-nenbered nitrogen-containing

het er ononocgghieeugsodpimhhytirogen oathamatel solhéioswbsthd niietdutyisaa | ower al kyl
group, and R2 is a phenyl group being substituted by a group selected from
the group cexishstadhwyitdf ethylaeetatd, lend tiye ouganivdagehas ogeshert with Whted he
conpound according to claim 10, wherein the nitrogen-containing -
het er ocycl i @ngdhyipe odricdeoves gosinnusuifate, amd gbscentriadddni Thegesidwatisi ni ng
heterocyclic group” for Rhng Ais a 5 or 6-nmenbered non-aromatic

ni t r ogen- capiBifigdney rdias geiothasly cblumgr caporofitegraphyr (solwenttithyl , ~ N- or
N- or a group of the formula: ~N~ N=~N- or ~N~N the nitrogen-containing

het e? ocycl i acejptrup exanme="Ed0} to quasntitativelp giveR 42dirhleso5-atisatyst i t ut ed
ni trogen-contai ni ng heterocyclic group”" for R3 is a non aromatic
nitrogen-cdl‘fﬁréioﬂﬁ}’h@’ﬁ@'tléiréﬁ%h&gyg‘)l&1Q:YQH©Wﬁ>lbe§h@nf@F R20a{M). ~N~ ~ or an
aromatic ni tsogen-cont ai ni.ng heterononocyclic group of the formula: NN 1 ~
N or N ~ N ~12Tomsobahipamid.dcdishderyStetharercarhonylprnidire(d. Ag) s 10
a group of the.fornula: ~N~ N~ N-Nl_/ | or ~~N_ NRLis a group of
the formul PAARE lﬁé,ﬁe@_‘%"? &) grslpregrapkebenrong @ 3O gdnNolrene (0 N ~ -~

oG e B Bt Bl oy B 0%, Mk AR ™

10 stirred at room temperatuILe for one hour, stirred at 50°C for one hour,
and further stirred at 100°C for 10 minutes. To the mixture is poured
water, and the mixture is extracted with ethyl acetate. The organic
layer is washed with brine, dried over sodium sulfate, and
concentrated. The residue is purified by silica gel flash column

15 chromatography (solvent; ethyl acetate:hexane = 1:20 —ethyl acetate:
hexane = 1:10) to give 2-chloro-4-phenylthio-5-ethoxycarbonyl-
pyrimidine (4.16 g) as colorless crystals, MS (m/z): 295 (MH").
(3) To a solution of 2-chloro-4-phenylthio-5-ethoxycarbonyl-
pyrimidine (4.05 g) obtained in the above (2) in tetrahydrofuran (40 ml)

20 are added L-prolinol (1.66 g) and triethylamine (2.77 g), and the mixture
is stirred at room temperature for 20 hours. Water is poured into the
reaction mixture, and the mixture is extracted with ethyl acetate. The
organic layer is washed with brine, dried over sodium sulfate, and
concentrated under reduced pressure. The residue is purified by silica

25 gel flash column chromatography (solvent; ethyl acetate:hexane = 1:2)

to give (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-phenylthio-5-ethoxy-



15 wherein Y is a group of the formula: =N-, and Z is a group of the
formula: =CH. 14. (S)-2-(2-Hydroxymethyl-1-pyrrolidinyl)-4-(3- %%ﬁ'iﬁm
met hoxybenzyl am no) - 5-[ N- (2- pyri m di nyl met hyl ) car banoyl ] pyri m di"nge;

2- (6, 7-di hydro-5H pyrrol o[ 3, 4-b] pyri di n-6-yl ) -4-(3-cyano-4

met hoxybenzyl am no) - 5-[ N- (2- pyri m di nyl met hyl ) car banoyl | pyri m di ne; 0
3MAR 2004 96 2-(5, 6, ?,8-tetrahydroi m dazéf4

1, 2-a] pyrazin-?-yl)-4-(3-chloro-4 S
met hoxybenzyl ami no) - 5-[ N- (traps- 4- net hoxycycl ohexyl ) carbamoyl ] pyrim di ne;
2- (6, ?- di hyerbBIHpyriruidins (4-16 gyas dotorbesd Yiséo(s-ailydVis-(4n/z): 360 o
met hoxybenzyl am no) - 5-[ N- (traps- 4- hydr oxycycl ohexyl ) car banoyl ] pyri m di ne;
2- (6, ?-di hyéﬂUﬂSl—l— pyrrol o[ 3, 4-b] pyri din-6-yl)-4-(3-cyano-4

nmet hoxybenzyl am no) - 5- [ N- ( 2- nor phol i noet hyl ) car bamoyl ] pyri mi di ne;
(S)-2-(2- hy%ﬂ oxy mekthgsolugonref (SHi%ri2-hyairogyntdtbyb-l4pymrohicinyy1)-6t-

benzyl am no) - 5- [ N- ( 2- mor phol i noet hyl ) car barmoyl ] pyri m di ne;

2-[(29) - 2- sy hia-Rye thoxyearbenwipayimidingg4cH) @ obaimedhioxthe above
benzyl am no)-5-[ N [ [(%%@4- net hyl - 2- nor phol i nyl ] met hyl ] car banoyl]

pyri i di ne; (321n e3kpnol (ROl yeradided a 4N pavepds wpdium hgdeoridesalutipnhoxy
15 benzyl am_n )-g- [N-[[(2S).-4-net hyl -2-norpholinyl]nethyl]carbanoyl ]

pyri mi di ne;(sfé)m » and BN Stl”ﬁ?r&'fo'flqodnr’wmpﬂ'_a({@rf_t: rol@-houmst hoxy
benzyl am n rim di nyl met hyl)car banoyl ] pyri m_di ne;

2- (4- net hyﬁl}é?}é&ggééﬁg%eﬁo&‘ipﬁw 1)5_84{4@31 enlQre agusetiRaiieagid sobition (30
am )5, Ll s B eyl ones carharov L pU L m A e e
5L (b Al N ALRRTRYL) RIS s brine,
met fipxybenzyl 3,90} sBak %&ﬁgée-, 4a-nhc¥ %Hé r({é/r(éltgc;] % ygli\;ecfg) pf—@yﬁyldroxy-
methyl-1-pyrrolidinyl)-4-phenylthio-5-carboxypyrimidine (3.65 g) as
colorless crystals, MS (m/z): 330 (M-H)".
(5) A mixture of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-phenyl-
thio-5-carboxypyrimidine (2.55 g) obtained in the above (4), 2-

15 aminomethylpyrimidine (1.09 g), 1,2-dichloroethane (1.77 g) and 1-
hydroxybenzotriazole (1.25 g) in N,N-dimethylformamide (40 ml) is
stirred at room temperature for 16 hours. To the mixture is poured
water, and the mixture is extracted with ethyl acetate. The organic
layer is washed with water, a saturated aqueous sodium hydrogen

20 carbonate solution and brine, dried over sodium sulfate, and
concentrated .to give pale yellow crystals (4.05 g), which is further
purified by silica gel flash column chromatography (solvent; ethyl
acetate) to give 2-(2-hydroxymethyl-1-pyrrolidinyl)-4-phenylthio-5-[N-(2-
pyrimidylmethyljcarbamoyl]pyrimidine (2.39 g) as colorless crystals,

25 m.p., 154-156°C, IR (Nujol): 1633 cm!, MS (m/z): 423 (MH").

(6) To a solution of (S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-



25 pyrimdine; 2-[cis-2,5-bis(hydroxynmethyl)-1-pyrrolidinyl]-4-(3-chloro-4
0 3MAR 2004 97 o q]g MAR 200
met hoxybenzyl am no) - 5-[ N- (2- pyri m di nyl met hyl ) car banoyl ] pyri m di he;
2-(5,6,7,8-tetrahydroi m dazo[ 1,2-a]pyrazin-7-yl)-4-(3-chloro-4

met hoxybenzyl am no) - 5-[ N- (2- pyri m di nyl met hyl ) car banoyl | pyri m di ne;
2-(5,6,7,8-tetrahydroi m dazo[ 1, 2-a]pyrassn-7-yl)-4-(3-chloro-4

met hoxybenzyl am no) - 5- [ N- ( 2- nor phol i noet hyl ) car banoyl ] pyri m di ne;
2-(5,6,7,8-tetrahydro-1, 7-napht hyridin-7-yl)-4-(3-chloro-4

met hoxybenzghemylmb)o-S Mza}ymhpdydmeub@ﬂ)hﬁkbaﬁfdg@]@yimwhb@dOrk@lg)
(S)-2-(2-hydroxynet hyl -1-pyrrolidinyl)-4-(3-chloro-4-neth

benzyl am ngbtaimedihytheyabaored{S)an ciloroform (3 ml) is added m- chloro-
(S)-2-(2-hydroxynet hyl - 1- pyrrolidinyl)-4-(3-chl oro- 4-net hoxy

benzyl am n@erbenioi{ctapit (7dhiimg) e O, reat taerayikknye s ditee at 0°C for
(S)-2-(2-hydroxynet hyl - 1-pyrrolidinyl)-4-(3-chl oro-4-net hoxy

benzyl am no30 minutes. p§F|0| thediniytumet duyd dddedBvolldmpehaydimiie (50.3 mg)
(S)-2-(2-hydroxynet hyl -1-pyrrolidinyl)-4-(3-chl oro-4-nethoxy 15

benZy| ami ncﬁ)mii{lﬁlﬂejdaﬁylﬂ H8n@rhg) 2t 8P Gamnyl fheymiirtukiens; stirred at room
(S)-2-[N-(2-pyrimdi n¥l net hyl ) car banoyl ] - 3- (3-chl oro-4

met hoxybenZAFRRPELIaNIS QlﬁﬂmleWnéﬁmyhle anurQ)IlS gonyed pyatar, med the
(S)-2-(2-hydroxynet hyl - pérrol i di nw) 3-chl or o- 4- et hoxy _
benzyl ani ndNPHYreds exiRed wsdhighlp pbﬁhlelp@DrgﬁHdHCrﬂayest washed with
2-(5,6,7, 8- tetrahydrmmdazo[ 1,2-a]lpyrazin-7-yl)-4-(3-chloro-4

met hoxybenztgﬂl%‘?m @HF 51‘1€N-910@4uﬁ%§ﬁy ©-aipd gesicenjratadturydgr Imimzﬂd)yl ]
pyri m di ne; %S% LI §2 mor phol. | noet hyl ) car banoyl | - 3- (;3 chl or o- 4- met hoxy
benzyl ani ndYE8SEE 9 & ‘6&%@%}41 168 Mg, wrighlipmurfied by silica gel flash

2- di th b chl or o- 4- et hoxy
be[ I(ampﬁ(rfl)olpé 5L ggn]@? DI, (¢ Y‘Fﬁ‘ﬁz&ég{r’l QC?taé?)pMFrhthEW(}Wﬁhﬁ ne;

03 MAR 200%11xture of ethyl acetate and hexane to give (S)-2-(2-hydroxymethyl-1-

pyrrolidinyl)-4-(3-chlorobenzylamino)-5-[N-(2-pyrimidylmethyl)-
carbamoyl]pyrimidine (95.3 mg) as colorless powder, m.p. 153-156°C,
IR (Nujol): 3241, 1637 cm’!, MS (m/z): 454 (MH").

15 (7) To a solution of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-
phenylthio-5-[N-(2-pyrimidylmethyl)carbamoyl]pyrimidine (100 mg)
obtained in the above (5) in chloroform (3 ml) is added m-chloro-
perbenzoic acid (70 %, 70.1 mg) at 0°C, and the mixture is stirred at
0°C for 30 minutes. To the mixture are added 4-methoxybenzylamine

20 (48.8 mg) and triethylamine (48.0 mg) at 0°C, and the mixture is stirred
at room temperature for 20 minutes. To the mixture is poured water,
and the mixture is extracted with chloroform, and the organic layer is
washed with brine, dried over sodium sulfate, and concentrated to give
a yellow oil (143 mg), which is purified by silica gel flash column

25 chromatography (solvent; ethyl acetate) to give (S)-2-(2-hydroxymethyl-
1-pyrrolidinyl)-4-(4-methoxybenzylamino)-5—[N-(2-pyrimidylmethy1)—



98 (5)-2-(2-hydroxynet hyl - 1- pyrrol.i di nyl ) - 4- (3- chl or o- 4- met hoxy

benzyl am no) - 5- [ ( 2- net hoxyet hyl ) car bonyl ] pyri m di ne; 03 MAR 2004
(S)-2-(2-hydroxynet hyl - 1-pyrrolidinyl)-4-(3-chl or o- 4- met hoxy v

benzyl ami no)-5-[N-( 1, 3,5-trinethyl-4-pyrazol yl)carbanoyl]pyrimdine, or a
pharmaceutical |y acceptable salt thereof. 15.

(S)-2-(2-Hydroxynet hyl - 1-pyrrolidinyl ) - 4663- chl or 0- 4 S

met hoxybenzyl am no) - 5- [ N- (2- pyri m di nyl rret hyl ) car banoyl ] pyri m di ne;
(S)-2-(2-hydroxynet hyl - 1- pyrrol i di nyl)-4-(3-chl oro-4-net hoxy

benzyl am nd@r %aPP\PB( 36'%’11 I @3 Remrgi/a)sm odasy Powdarpii(Neat)1 3296,

am no) 5. | QLS &S ISy G sy ARl GHEKY ) car baroy | pyr i di ne:

2-(4-fornyl-1-piperazinyl)-4-(3- chI or o- 4- met hoxybenzyl ami no)

5-TN-(t ran%ﬁ%—&cycl ohexyl ) car banoyl | pyri m di ne;

et ﬁoiyﬁeﬁgéfta?naﬂydr fufiart 51 (9 2riRah R rBg il BaRogld il 4+ 3¢ aloro-

et ey ben PO SRR e oty Bt mEbie oo

2 noy bend PR P8 ke BRI RS ereEle 2 o) cimai iy o setuton

benzyl am né "L BERGP e B LICRS D28 B it thert

(m? htz)xgllt;l_eglzy%gr(#l r@o%h%y%%t'{y %@@Wlo% B}é o ?ﬁflo lutien,i fbe

f)z)'\zil grzn 2%@5 ?g?h%ytluﬁ% 193@8{1943)&51 igir']xy"t]l'xéﬁla]c:ﬁ#a&r &8 give t(g) (22 gydroxy-

E(ag)rbognxl gﬁlﬁ%o) 5- %OI%dlwfar Es(rjrél:eltq%I %3 4’%‘3‘% a%?’)zxmg?fﬁx$]%y?| ?n (I\j/:o\rl?e,zogf

?SI)O[]gf ?gcﬁglt f%?{,d’n% yr r ﬂe’nzpﬁgg%?chl oro-4 o

met hoxybenzg) am ngj)- @ (be_(/ar&wmeﬂ%blnY | BV OitbiafAf- B 1JREE 4 T Sl ey -
benzylamino)-5-(1-hydroxypentyl)pyrimidine obtained in the above is
treated with manganese dioxide (25 mg) at room temperature, and

15 thereto is added gradually additional manganese dioxide (100 mg), and
the mixture is stirred ovefnight. The reaction mixture is heated under
reflux for 5 hours,. and the insoluble materials are removed by
filtration. The filtrate is concentrated under reduced pressure, and
separated with preparative thin layer chromatography to give (S)-2-(2-
20 hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-

pentanoylpyrimidine (5.8 mg) as colorless oil, MS (m/ z):l 433 (MH").



5 (S)-2-(2-hydroxynet hyl -1-pyrrolidinyl)-4-(3-chl oro- 4- net hoxy
benzyl am no) - 5-[ N- ( 2- nor phol i noet hyl ) car banoyl ] pyri m di ne; 03 MAR 2004
2-(5,6, 7, 8-tetrahydroi m dazo[ 1, 2-a]pyrazin-7-yl)-4-(3-chloro-4
met hoxybenzyl am no) - 5-[ N- ( 2- pyri m di nyl met hyl ) car banoyl | pyri m di ne;
2-(5,6,7,8-tetrahydro-1, 7-napht hyridin-7-yl)-4-(3-chloro-4 10
met hoxybenzyl ami no) - 5- [ N- ( 2- nor phol i noet BYl ) car banoyl ] pyri mi di ne;
(S)-2-(2-hydroxynet hyl -1-pyrrolidinyl)-4-(3-chl oro-4- net hoxy
benzyl am no) - 5-[ N- (5- pyri m di nyl et hyl ) car banoyl ] pyri m di ne;
(S)-2-(N-( I t hyl ) car banoyl ] -3-(3-chloro-4
met hoxybenzyl am no) - 5-[ 2- hydr oxynet hyl - 1- pyrrol i di nyl ] pyrazi ne; 15
(S) - 2- [ N- ( 2- nor phdiheeetresppodinastgitingcophinds ate tesdted yin a similar
benzyl am no) - 5-[ 2- hydr oxifxrret hyl - 1-pyrrolidinyl ] pyrazine,;
(S) - 2- ( 2- hyaesnardogive theygomppeundpl s listesl thithe followinghBaple 4.
benzylam no)-5-[N-( 1, 3,5-trinethyl -4-pyrazol yl )cablmlm)yl ]pyrimdine, or a
pharmaceutically acceptabl e t thereof. 2047 e
(S)- 2- (2- Hydr oxynet hyl - 1- pyfr q| i\ldi ny|,) - 4H( 3- ¢ 0-4
met hoxybenzyl am no) - 5- [ N- ( 2\pyr ) Mg byl et baoyl | pyrim dine, or a
pharmaceutically acceptable salt tpherepf. 18.
2-(5,6,7,8-Tetrahydro- 1, 7- napht hyr'raei- 6}-4-(3
chl or o- 4- met hoxybenzyl am no) - 5-[ N- (2- nor phol i noet hyl ) car banmoyl ] 25
pyrimdine, or a pharmaceutically acceptiable salt thereof. 0 3 MAR 2004
100-101 19. (S)-2-(2-Hydroxynet hyl qhHwyyr {Né.dj)nyl )-4-(3-chloro-4

3 [l 12 $ov £ sy A

met hoxybenzyfamrog5-tN~A—13+pt+Hrethy—d—py+razelyr-ear-baroy

pyri m di ne, DF: a.phar ng tically @pcept abl e sal t t hePhg§icoghethicAl
phar maceut i chF**corbgsi L 0N, whi ¢h Tonf ai ns an active dridgeedbgnt the
conpound as pet—erfh—tr—any—ene—oft—elaire—1-19—0or y

acceptabl e splt theneof L. Use of t1e__$onpound as| set forth in anyl one of
clains 1-19,| or3@ phar @- jcal I YChccept ab Nsal t | Mep.200,2145Ct he
treat nent of Z
N - N
31 & N Cl 7N/\|,\j A_morphous
X N7 MS(m/z):517(MH")

X N Amorphous
N— HNTPES 7
32 [Nj: cl N\)

MS(m/z):503(MH?)

N - ~N © Amorphous
33 g N H

9 cl /\[Nj MS(m/2):538(MH’)

Me
NH2 HCI salt
OH ~ 5
s | QU | e | ey o
~ N Me M.p.223-226C

NHz Amorphous
OH C ~ I rp
N N*Me | MS(m/z):513(MH")

\ Amorpho
36 C(\OH Cl HN><:>-|IIOMe TPRous
N MS(m/z):504(MH")

o N/"‘\O
37 ! N N— Cl AVAVAN; MS(m/z):524(MH’)
H




10 a-patient with penile erectile dysfunction.
set forth in any one of clains 1-19,

t her eof ,

of the compound as set forth in any one of clains 15 1-19,
pharmaceutically acceptable salt thereof,
w th pul nronary hypertension.
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HO
~ N
80 42: 3 Cl ﬁ/\,\q; M.p.149-151.5C
OH \N/\’N\ Amorphous
L GO | o .
8 N, 2 H N~ MS(m/2):495(MH")
\N N\ .
82 @:N— Cl N 1) |Mpa2isc
' HO% )
83 _ Cl HN 4OH | M.p.151-152°C
Q_N “’O |




109& () - &"01 10%y& ()- &======">}[ <SH=! - MLO%& ()-!10%gg& ()- ! 109%& () -

| YLOY&() -

S10%&' ()-&9109& ()-'>.>9>G>>>zY7SH=!1d $10%+& ()-z 0§ 3 MAR 2004

$10%&' ()-2z)! #$10%&' ()-z! ° 10%&' ()- < MLOY&' ()- MLO% & ()- >>?!?????
@sh] >/ 1 d940% & ()- 10 10 10 s'f 109 ()-!; s'f 10% = & ()-
10%08& ()-9Y. 10% ()- @ @aaad@ @Bh]>!!d! +f10%"& ()- &

10% & ()-L9010% & ()-L&L0% & ()-10% & ()7210% & () - (@@@/@ @ @R[ 9h] >! ! !
1096 " & ()-1f109& ()-!f109& ()-!f10%z& ()-f109%& ()-f10%8& () - @A@\DDDDDY]

111f&10%%& ()- 10" 10" 10"!110% & ()-3S10% & ()- ! 10%"& ()-10% & () -
DEAEOEEEEd EExa@oplle RHO8BE () - 1096& ()-F310%& ()-  s1096& ()- 109%B& ()-

10968 () - EEFFFFFaBj _@!!1096& () - 10% () - F10%& ()-! 10% ()-:!10%& ()-

9) 10%¢! () -

F, &G@Mﬁ@re@ondin@sm&mg ¢el’r@ounds are treated in a similar

' & 10965& ()-' & 109%& ()- %4096& ()-$- 1096& ()-"109%B& () -
H HHaHHHHHFAVINEN ! TD 806 theSorop6undeaEs: listesl TOUBEI¢!lovdng UabHk: 5) -

" &1 109 ()- ' & 109 ()- HHHHHH' I "2VK@! | 10%& () -, ! 0@ 10%: () -
| V@ 10%RR& () - 10% ()- 10%: ()- g) T4 DIITI]<VK@!! k' 1092%
28 ()-:, 1109 ()-:109%& ()-:S 108& () - 37y109%47& ()-

y10% & ()-111111JaBVK@'! k910%&
10% & () - 109%& ()-J*JdJgdj IMIMVAVK@ ! !

10

15

R
Table 5
Ex. No. R® ' R! Physicoche.mical
properties

84 /-Q—OH \N/TN‘ Foam

cl H NS | Msm/z):470MH)
85 /—Q-CI \N'WTN‘ Powder

Cl H N~ MS(m/z):488(MH")
86 /—Q—OMe \NYN\ Powder

F H NS | MS(m/2):468(MH")

Example 87

A mixture of (S)-2-carboxy-3-(3-chloro-4-methoxybenzylamino)-
5-(2-hydroxymethyl-1-pyrrolidinyl)pyrazine (80 mg) obtained in
Example 22 (5), 2-aminomethyl-4-methylmorpholine (31.9 mg), 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide hydrochloride (43 mg), 1-
hydroxybenzotriazole (30.3 mg) in N,N-dimethylformamide (3.m1) is
stirred at room temperature for 18 hours. To the reaction mixture is
poured water, and the mixture is extracted with ethyl acetate. The
extract is washed with water, a saturated aqueous sodium hydrogen
carbonate solution and brine, dried over anhydrous sodium sulfate, and

concentrated under reduced pressure. The residue is purified by silica

\‘3 % N ég y#, 1 10%& ()-°S 109%& ()-S

_@



10 10" & 109%& ()-9s3109%& ()-L)109%& ()-f%d0%& () -
Y1 @09 ()- MW MWNIEVK@'!! 10y10%4& ()- gl0%4& ()- z 10%4&' ()3 MAR 2004
10948 ()- ~10%4& ()-9910%& ()- NN N N( O70>CdBVK@ ! !
1V, - 10/HVH&' () -, - 10%& ()-! 10%4& ()-9' 10%4& () - LF10%4& ()-s10%4& ()->OvOrOn
000, PAEVK@!'! " 10%4& () - %@ 10%4&' () - #10%& () -
891098 () - 8&9109%&' () - &9109%&' () - ; PFPPPPP/ @3 >VK@!! f5%0%& () -
@3910%& ()- )& 10% & ()- 4J0)& 10%[ 4& (Q%)-)!a 00 ()- L
& 10%aHaH&' ()-) & 109%& () -/ ?QKQVIPQaQhA!l 1T NLO%&' () -
)10% & ()- 10&6(13@%%1'-1 S&huvé%phgn?;ggg?t)a%y (so%:ant; ethyl acetate) to give (S)-2-
10H Y710%4& () -a [ <bAI I I Y100 & ()- ! 109 ()-!" 10%& ()--0
109&' () - - snethydr 2 onpreholiny ResRpRRaBb i dY RSB Bl qrp- BB 96:8/-( ) -
100 & ()- & 10%& ()- @10%& ()- ! 10%\,\& ()- R=SSSS8T;
TdEbA! I 1 - 1og@@leﬁmlnm&%%zh(vﬂroxymﬂ-(l)pyr@vhdmxl')myr%@e/&&@(5) mgtSMS
10% & ()- ; TTTU U UUdEbA! | ! Y7T#10% & ()- ,f5:10% & () -
(m/z): 505 (MH'), IR (Nujol): 3295, 1635 cm'!.

5 Examples 88-91

The corresponding starting compounds are treated in a similar

manner to give the compounds as listed in the following Table 6.

| OMe
H
en A
C TN\ N Cl
A0
N
R‘l
Table 6
Ex. No. @ —_— R! Physicoche:mical
properties
OH \ M.p.177-179°C
s | L I
N MS(m/z):490(MH’)
H
N —N M.p.167-169°C
89 &
N OW/OH MS(m/z):512(MH")
H
20 +8 “No~N™N | M.p.140.5-141.5C
N’I\/N\ K/O
—NH A ho
NN 0 morphous
91 /]
NN \—Q-_r\}Me MS(m/z):527(MH")




Ys3@0% &'()-11 10% & ()-,/10% & ()- |- 10% & ()-
10% 0&.4)- fML0% o0& ()- L 10% o0& ()-9%0% o0& ()- 10\ 10\ 3 MAR 2004
10\Y' 9- 10% & () - ( Vi WAVAW WIWIEDC! 1 1Sl - 10% 0& () - f @L0% 0& () - 10%?0&"‘(‘5{-
S-10% 0& ()- 310% 0& ()- f10% 0& () - 4n\WWWY XyXXdEbC! 1 11110% 0& ()- @

10% o0& () - &109% 0& ()- S3109% 0& ()-

&@L0% 0&' () -L10% 0& () - 4XX- YnYYYYdEbC! ! | 7g#10% 0&' () -

Y+@0% 0& ()-1)10% 0& ()- ,' 10% 0& ()-19&210% 0& ()- &#$10% 0& () -

Y>ZZZ[ I [[[[dE:/ 10' 0 10' 0L9&10% 0& ()- Y7s$10% 0& ()- f510% o0& ()- Ys3
10% 0&' () - EX8MI8s(92-Y4510% o& ()- [[[[[\:\x\xY:/ 10" 010%&' ()-109%&' ()-
10%&' ()- 10%& ()- 109%& ()-&@L0%&' ()- 10' ox\\\ 2] p]]]dE:/

10' 0@ 10%& () - L10YBh¢ roMip@nding Bhaminy comR1Ads ardAvateH- %4 kil dE: /
10' 0% 109& ()-# 10%&' ()- !109%& ()- @O% ()-10%& () -

310%&' () -/ _manneéy to gige/ thEOc@npodkis as liptddik'thefoHewing Table 7.

UUUUUUUY( VbCl 1!

OMe
(P K
NS ol
N A0
R'
_Table 7 (No. 1)
Ex. No. @N—— R! Physicochemical
properties
NN \ Powder
92 HN®  )ulOH
A MS(m/z):475(MH")
A\ ~ Powder
93 Q\ N—  ulloH
NN H MS(m/z):509(MH’)
H
94 ,k}\/\N,\l Amorphous
N L_O |MS(m/2):512(MH")
OH
H N7 .
95 %\N —N\A\/,;" M.p.150-152°C
\\\\\OH H N/ .
96 LN, N |mpie2163cC
—n’
97 C,\ OH N\ N |Amorphous
N - MS(m/2):486(MH’)
CHs
OH N7 Amorphous
98 C(\ H N
N~ NN | MS(m/2):484(MH?)
99 e __H =N Amorphous
N \_7/ MS(m /2):483(MH")
100 "2 ,H Ny Amorphous
No I & MS(m/2):497(MH")




%WO%& ()- “+YL0%&' ()- )10%& ()-'10%& ()- "~ $aVaaaaaaxnmbC 10' 0, &10% & ()- 10
10 1099f 109 ()- sY7mLOY% ()- S5 109 ()- " 310% ()-aaa$bbbbbdEnBG mAR 2004
10' 09$10% & ()- 10% & ()-yl0% & ()- 10% & ()- 10%& ()-

"10% & () - bc[ cccdPddEMC

10' of F10% & ()-LS10% & ()-f 10% & ()-10% & ()-f10% & ()-10% & () - PdddeVeeed
EnbC 10' of ' 10% & ()-%0% & ()-L$-#10% & ¢p-"10% & ()-f 10% & ()-9

10% & ()-ef Lfff g@dEnbC 10' 0f s310% & ()- 110% & ()-f/10%8 & ()-& "10% & () -
f+109% & ()-)10% & () - @9ggggggggbC 10' 0&310%4& () - %40%4& ()- 10" 10"

10"S 9S10% & ()-& 7Z10% & ()-f510% & ()- g@bhhi G ~i dEbC 10' 0

10948 () -: $109H& ()- 10%H& ()-f10%4&' ()-  10%4& ()- 10%H& ()-
~iij?jjjjdEbC 10" 01094 ()- S310%-&gble FaMba.08h& () - SL&L0%H' () -Y 10%4&' () -

Sy10%’ () - j [TKWKKK7 T dERCT0™ 0) OV () - @ T0% & () Y7 11— ——
Ex. No. A N— R! ys1coc e‘mlca
properties
OH N
101 er H/m\ M.p.148-150°C
S
102 C(\OH _n\/«? Amorphous
N~ . N MS(m/z):512(MH)
CHa
HO H
103 ’N@ | M.p.210-213C
NG =
HO
3
104 N ’S] M.p.195-198°C
N H
" N Amorph
105 -} \=>—CH3 orphous
N MS(m/z):498(MH")
HO N
106 snAAocH, | Mp.232-235C
N H
HO CHs
107 C? oA S M.p.207-208°C
AN NN
H
OH -N Amorphous
108 N
N~ Y OCH; | MS(m/2):547(MH")
o)
CHs
Amorphous
109 CN'\ OH SNYON P
~ H o} MS(m/z):501(MH")
HyC




&# 940%H& () - ' 10%H& ()- S 10%H& () -ul Il & nmdEbC
10' of 510%& () - @310%4&' () - 110%4& ()-y/ @ 10%4& ()- -9$10%4& ()- 03 MAR 2004
+109%1&' () - mLnonpngnr n~nnobC 10' 0: ' 10%&' ()-s 10%& ()-%d0% ()- 10H 10H
10H L9- 10%44&' () - Y7#10%4& () - ooopSpppdEbC 10' 0s @#10%& () - LnmLO%&' () -
Y109 ()- y4109%&' ()- '109%& ()- Z109%& ()-ppgggqqq% dEbBC 10" o%MLOY%R () -
CHFWO0R ()-1z 109& ()- z 10%& ()-y&s10%& ()-3ml0%& ()-% crrr9sssdEbC
10' 01109%& ()-/ 109%&' ()-9-!109%& ()-+ !109%& ()-)109%& () -

f' 109& ()-sstPtYtZt[t\thtxmbC 10' 0%40%& ()- 10 10

10" 9s109%&' ()-9Y7-#10%&' ()- fy510%& ()-s310% ()-htkttzuuvva?nbC

10' o! cLt Y40%P5P5&' ()-s! 1096&' ()- $109K& ()-! $10%& ()-pS109B& ()-9
1096&' () - VEwxUxUyyzz[ 9nbC 10' o! y/ 39AaD ($)

YBY 0% & () [T q&YBY%0% 57 5& () - L YA QIB& ()-TTL : :
WOYPAL () - | M ERVNIMEKEE (A neb {-{ |{: {>{{{rv7 10" Fodeeysicochamiea]) {°
109" ()-9%.10P& ()- |10nm properties
OH N=
110 H -173%
C{ ‘NVQ? M.p.172-173°C
OH H F
111 C(\ \/E\JL M.p.145-147°
N AN p.145-147°C
=
112 C(\OH /“ N Amorphous
N CH, MS(m/z):497(MH")
N
113 (o \H 1 ;7/0*'3 M.p.148-150°C
HO N—-N
114 ‘ \N/QS> M.p.217-219°C
N N
O.H SN N“N Amorphous
115 H/\E)
. NJ Pz MS(m/z):484(MH")
HO
116 “ \/Nl:\,"\ Amorphous
N < N"TOCH; | MS(m/z):514(MH?)
HO
117 ' ,'rj N7 Amorphous
N \OI///O/];N\’" MS(m/z):568(MH")
HO i
N
118 N<z""\—CH 29907
Cﬁ e \gj 3 | M.p.217-220°C
OH H HN
119 N —NA M.p.212-214°C
~
CHs




10mmi-y/ 3940%m& ()- {{}:|E {||dEuV7 10' | 109%& ()-
10%& ()< 109 ()-109%& ()- @O0%& ()- 109%& ()-||}"}f}}}}"2uvy 0 3 MAR 2004
10' y$: 109& ()-"109& ()- 109& ()- ! 109& ()-! 10%

& ()-" " 10%& ()-}}}(~~~~}~2uV7 10'9 4@0% ()- S, S 10% & ()-S,

109& ()- "*"109& ()-!L&LO%{& ()-!&LOY%& ()-~"XYZ[\ _zb@ 10' ! Of 109%& () -

109& ()- &L0%& ()-° 10 10 10f 8: 109& () - &6TGU& () - zK} [ <b@

10' "1 109& ()-!13f10983& ()-!>3f 109R?& ()-109& ()- 109& ()-!H 109& () - KWa?b@
10' 1| 109%CC& () - &LO%& ()- 3MLOY ()- !YL10% & ()-1T109% () -

@@LOY% () - SN'<b@ 10' ! | *109& ()-! *109%EE& ()-)10%& ()-' 109%& () -

FYa.0%: ()-!10° 10% ()-M naBb@ 10 |810%&ﬂNy610fV& ()- 4z109%& ()-vy,

109& () - 90109%& ()-!*10%=& () -/ Ab@at Q1B+ & ()- 10%& ()- L

10% & ()-9' 1p% & () 10 1099@#10%& () - ASI UaBb@ ) )
10" 1 1y10% & { Exy N9sl& () (10%-&()-- [10% & (g 109 & Fpvsicochemical
_ properties
120 C(\OH : N"CN Amorphous
AN N MS(m/z):514(MH")
191 C(\OH H HN-NH Amorphous
N
N NN | MS(m/2):488(MEY)
OH ~N z N’CH3 o,
122 CN(: N = M.p.142-144°C
CH
123 "3 = Amorphous
\ SeST | MS(my2):472ME?
~ )
194 C(\OH H \/f\/”/CHa Amorphous
N NN MS(m/z):497(MH?*)
0O _
OH
125 C(\ H CH M.p.143-146°C
. Amorphous
126 C(\OH H OH
N ANA S MS(m/z):514(MH’)
| NH2 | Amorphou
127 C(\OH § d I’ phous
N NS MS(m/z):498(MH")
108 C(\OH H | Amorphous
N<. NOASNTOH | MS(m/2):513(MH?)
=
129 OH B M.p.101-103°C
No N
" i
\ 0,
130 d \” NNy, | Mp215-217C




1> L10%"& ()-U a@@ 10'!
10% & ()-10% & ()-!&10% " & () -
F. 100u& ()-!F. 109%s& ()-!fF. 109%@& () -
| "#03bC 10' F9310% & ()-10% & ()-T 10"
"F. 10% & () - 3CTaBbC 10
109 & ()-y10% & ()-10% & ()-!

8109 & ()-3mML0% & ()-10 10%"& ()-t 109%& ()-tYs10% & ()-

- #10% & () -

OL&10% & () -
") VzX7h@ 10'
“L&L0% & ()-! 8L&LOYR () - ! HOL&LOY& () -
10" &810% & () -

f$10% & () -

10"

" 109 & () -

0 3 MAR 2004

S 10% " & ()78 109%& () - Fn~aBbC 10
y! 109 & () - 82?bC

10' L@$10% & ()-!9%10% " & ()-! "% 1098+8+& ()-#110% & ()- !10% & () -
10% & ()- +VgxaB7C 10' 10" &L9#10% & () - Y7@00/' & (
IC @10% " & ()- @10% ()-f9010% & %?F 0% & Ei) 17] HC 10'

10" 1 Q810%+& () -1 (_0810% " & () - &1ovkakle-7 (NeoPk ()-HI0% & ()- 10"
10" 7aa?HC 10'[ 10! qy1] %(K@-'Q/loty" & () -y10W& () 0B & ().~ T0%
10% & () - Ex. No. A N R! ]Pq'lysmoghemma

properties
HO, H
131 AN N M.p.180-183C
N< NH
CHO N= 0il
132 /\—/w‘ NA ) 1
N< _ ’ N MS(m/z):482(MH")
HO H
133 C? g m M.p.176-179°C
N< N OCHjs
HO Hs NH
134 C? ~y [N M.p.224-227°C
No
H  &h,
Amorphous
135 >C(\OH N A
HOM_N. ANA MS(m/2):500(MH")
HO NH
136 C} N \zN M.p.177-180°C
N\ HH3C
HO _CHy
78 Powder
137 SN
N N MS(m/z):486(MH")
HaC
HO =N
138 \N/<\’: ;\J\CH POWder
N Hi 3 | MS(m/z):486(MH’)
HO(, A~ Powder
139 %~ ~OH H N
N ’N‘)\/Nj MS(m/z): 500(MH")
140 C(\OH P P/%%:C" Amorphous
N I 3 MS(m/z):499(MH?)

f6F10% & () -



@p ?HC 10" 10f#10% & ()-!16°910% "& ()-! 910%H& ()-Fz10% & ()-yS10% & () -
s10% &-() - Zswa?HC 10' 1018, 10% ()-1T, 10%.& ()-L*CHO% & ()- ip)3 uaR 2004
109% & ()- 9 z109% & ()-fF9&10% & ()- WRSTUbxmbC 10' 10!f&L09%& ()- 10" 10
10"& 9 $10% & ()-SI 7109% & ()- Sy510% & ()- 310% & () - be~CaBnbC 10'

10! 3109%& ()-109& ()- 'F x10% & ()-109& ()-:!10% ()-9 10% ()- O SAEMbC 10'
10! y&109& ()- S$ 109& ()-"109& ()- 109%& (9 L109%& ()- 109%& ()- Sdw}~SH= 10'

10 10 10 10 4 109& ()-S, 2109%& ()-90109%& ()-!9l (109& ()-!9l (109%& ()-1}~?SH=
10' 10 109& ()-109& ()-!f10%}& ()-!3& 109& ()- 109 ()-y& 109& ()- "dESH=
10' 10

Table 7 (No. 6)
Ex. No. @ — R! Phys1coche:m1cal
properties
141 C(\ OH ~~ N~ CHs Amorphous
N\ \CH3 MS(m/z)-448(MH+)
A h
142 CN(\OH /\,N/_\N-CHS morphous R
- el MS(m/z):503(MH")
' =N
143 CN(\OH A/ | Mpaii2-114T
b H
144 C(\OH H Néj Amorphous
145 CN(\OH ~~OH M.p.123-125C
~

Example 146

The corresponding starting compounds are treated in a similar

5 manner to give the compound of the following formula as foam, MS

NYN | N Me
Na 0

NN

(m/z): 464 (MH?).

Example 147

The corresponding starting compounds are treated in a similar

10 manner to give the compound of the following formula, m.p. 140-144°C.



yL10%& ()*yY 10%& ()- y10% ()-' @O%& ()-  10%& ()-10% ()-" 3l aBSH= 10' 10 )
100& ()~' ' 110%& ()- % 10%& ()- $@O%& ()- " !100%E& ()- ! 10%4& (p 3 \RR ASHE
10' 10 10 10 1096S109%& ()- f34MLOYE () -

S2109& ()-! L+ 109& ()-! L+ 1098080& ()- QaBSH= 10' 10 10SS10% & () -

109 & ()-13109% " & ()-3109%& ()-&310% & ()- @10% & () - QamdBSH= 10' 10 10!
O9MLO% " & () - IMLO%E’ () -'S 10% & ()-S, 910808 ()-Lz10% & () - F10% & ()-

/za?SH= 10° 110 10" 109%"p"& ()~ * 10% () - Y% 109 & () - Of # 0% & ()-

s'l\/llO%&()-'QI\/llO%f& ) Bl aB7= 10' 10"
109% & ()-! 3-109% " ., ()-8&1z10% & ()- @, 10%&()--10%&()
Ny 109%& ()- 109%& () 10 NQY& () - L

ClD/\Tth/N\P N OMe
HaCO Y
\I<N’O "OH

To a solution of (S)-Q-(Z-hydroxymethyl-1-pyrrolidinyl)-4-(3-

Example 148

chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidylmethyljcarbamoyl]-

5 pyrimidine (307 mg) obtained in Example 1-(5) in methylene chloride (6
ml) is added dropwise boron bromide (300 pl) under ice-cooling. The
reaction mixture is stirred at 0°C for 4 hours, and thereto is added
methanol, and then a saturated aqueous sodium hydrogen carbonate
solution under ice-cooling. The mixture is extracted with a mixture of

10 ethyl acetate and tetrahydrofuran, and the organic layer is washed
successively with water and brine. The mixture is dried over sodium
sulfate, and concentrated under reduced pressure to give a slightly
brown amorphous (227 mg). The resultant is suspended in chloroform,
and the resulting insoluble materials are removed by filtration. The

15 filtrate is subjected to silica gel column chromatography, and further
purified by NH-silica gel column chromatography to give (S)-2-(2-
hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-hydroxybenzylamino)-5-[N-
(2-pyrimidylmethyl)carbamoyl]pyrimidine (129 mg) as a colorless foam,
MS {m/z): 470 (MH’), IR (Nujol): 3279, 1632, 1593, 1569, 1518, 1463

20 cm™.



109" () - S&10%& ()- 10" 10" GbaBmVy'.10% Z 109%&' ()-S 109%&' ()- M 10%& () -
1 109978& ()-109%& ()-109%& ()- CIPc} ?nNy' 10@ 0

+109%& ()-, )1 10%& ()-!"-109%& ()-!"-109%& ()- &LO%& ()- L#10%& () - >2 3R 2004
10° 9109&' ()-, 1 7109& ()- |y5ml0%& ()-!/s109%& ()-/s109%& ()-9- 109& ()-
1098 ()-109%& ()- 109%& ()- f1l0%& ()-9 10%& ()-%0%& ()- 10
107KwaBmN' 1096 31096& () - S910%& ()- 31@H/& ()-f @0%& ()-Lf 1095& () -!
109%58& () - (kdBnN/ 1098 93( S10%gMIME () - & 10%& () - $1098& ()-"1096& () -
109%&' () - L- 10%5&' ()-Ey =nV_!"2' 109658 ()-

K2' 10988& (X ] '()-9l. 8100/6& ()-y,10%& ()- !'H 93(S10%&' ()-UbC
1S10% & ()- s 10% & () - &510%& 105 105 105Ss9109%6& () -

710968&' () - Ul 2bC A spspensicg of mehxltb}o ~4- @mr(oyérimwlap@bem&l-
“10%"& ()- T. 10%. &() EaBbC ! -10%&&% 0% & () -

10% & () - g18miRo)-p-e mw&a(bomylw@mrchn@)(-? Qigb@brtamed in Example 1 (1)

y, M 109&' () - y, M 1005 & % *#109% & () - (S109% & ()-f&L0% & ()-$10% & () - <}
xnmbC | @4101%& (I)'lct‘rgdsu xidg (10 ml) is treated with 10 % aqueous sodium

YlO% & 09% 9610% & &FA#10% & A cdEnbC ! _
* 1109 (5)5191{%%*18?() spdagion) (1) ( @E{qoml@%zg%r)aturqw&om%@@nambc I 9-

%gtjl/%cyg ) '8 S(B)l I%Oé/x %1(§ etcgc{ %Eiw%ylg%lf(oxﬁé %LQ %gi) ,( z)m?l t%%%%ugt)urgli]s s‘f1rreg Cg{)tl
room temperature overnight. To the resulting colorless solution is
added citric acid until the solution becomes acidic. To the solution is
added an excess amount of water (about 50 ml), and the resulting

10 precipitates are collected by filtration. The precipitates are washed
with isopropyl alcohol and isopropyl ether successively, and dried under
reduced pressure to give 2-methylthio-4-(3-chloro-4-methoxybenzyl-
amino)-5-carboxypyrimidine (1.864 g) as pale yellow impalpable powder,
m.p. 238-240°C (dec.).

15 (2) To a suspension of 4-(3-chloro-4-methoxybenzylamino)-5-
carboxy-2-methylthiopyrimidine (200 mg) in methylene chloride (5 ml)
are added oxalyl chloride (150 mg) and N,N-dimethylformamide, and the
mixture is stirred at room temperature for 30 minutes, and
concentrated. To a suspension of the resulting acid chloride

20 compound and 5-aminopyrimidine (84.0 mg) in methylene chloride (5
ml) is added dimethylaminopyridine (144 mg) at room temperature, and
the mixture is stirred at room temperature. To the mixture is poured
water, and the mixture is extracted with ethyl acetate. The extract is
washed with a saturated aqueous sodium hydrogen carbonate solution,

25 water and brine, dried over sodium sulfate, and concentrated. The

residue is triturated with a mixture of ethyl acetate and n-hexane to
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5 above 8) in chloroform (10 ml) is added m-chloroperbenzoic acid (107

mg) at 0°C, and the mixture is stirred at 0°C for one hour, and stirred at
room temperature for one hour. To the mixture is added m-chloro-
perbenzoic acid (53 mg) at O°C, and the mixture is stirred at 0°C for 30
minutes. To the mixture are added L-prolinol (43.7 mg) and

10 triethylamine (72.9 mg) at 0°C, and the mixture is stirred at room
temperature for 20 hours. To the mixture is poured water, and the
mixture is extracted with chloroform. The organic layer is washed with
brine, dried over sodium sulfate, and concentrated under reduced
pressure to give yellow viscous oil (201 mg), which is purified by NH-

15 silica gel flash column chromatography (solvent; ethyl acetate), washed
with a mixture of ethyl acetate and hexane to give (S)-4-(3-chloro-4-
methoxybenzylamino)-5-(5-pyrimidinylaminocarbonyl)-2-(hydroxy-
methyl-1-pyrrolidinyl)pyrimidine (81 mg) as colorless needles, m.p. 192-
195°C, IR (Nujol): 3279, 1669 cm™!, MS (m/z): 470 (MH").

20 Examples 150-157

The corresponding starting compounds are treated in a similar
manner as in Example 149 to give the compounds as listed in the

following Table 8.
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Table 8
Ex. No. CA:N__ R Physicochemical
properties
H
P
150 C(\OH _N A owder
N N~ MS(m/z):469(MH+)
H
Powd
151 C(\OH NN oweer
N< Nz MS(m/z):470(MH+)
H
152 CN(\OH /Nm M.p.182-185°C
N
153 C(\OH Y M.p.176-178°C
Ne N
HO CH
H ® Powder
154 /N\%\/ch MS(m/2):487 (MH+)
m/z).
N O-N
H
~N 7N CHj
155 CN(\\OH P M.p.161-163°C
CH,
H
156 C(\ oH O | Powder
N Paad MS(m/2):513(MH+)
o) CH,3
H
/NTN\ CHs Powder
157 C’\OH N(T
NJ MS(m/z):498(MH+)
CHa
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110% & ()- 3 10% & ()- s@10% & ()-y 10982 ()- Y10% & () -

y109% & ()-5J5}dEOA3!  10** 1) & 10% & ()- f' 10% & ()-%d0% & () -
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10" L910% & (1) - &Y73v#Ospension dERES-chloroybimeti@ybenzylthing))5-carboxy
2-methylthiopyrimidine (154.0 mg) obtained in Example 149 (1) in
methylene chloride (5 ml) is treated with oxalyl chloride (119 nl) at room
5 temperature, and thereto is added N,N-dimethylformamide. The
mixture is stirred for one hour, and the solvent is evaporated under
reduced pressure. The residue is treated with ether, and kept in a
refrigerator overnight. The .volatile materials are removed under
reduced pressure, and the residue is treated with an excess amount of
10 diazomethane at 0°C, and kept in a refrigerator overnight. The reaction
is quenched with methanol, and the mixture is purified by silica gel
chromatography (solvent; hexane:ethyl acetate = 2:1) to give 4-(3-chloro-
4-methoxybenzylamino)-5-(diazomethylcarbonyl)-2-
methylthiopyrimidine (21.5 mg) as pale yellow solid, IR (Nujol): 3277,
15 2115, 1607, 1567, 1461, 1377, 1357, 1141 cm’!, MS (m/z): 364 (MH"),
m.p. 162-165°C (dec.).
(2) A suspension of the compound obtained in the above (1) (16.5
mg) in methanol (3 ml) is treated with toluenesulfonic acid monohydrate
(16.5 mg) at room temperature. The solvent is evaporated under
20 reduced pressure, and the residue is purified by preparative TLC
(solvent; hexane:ethyl acetate = 2:1) to give 4-(3-chloro-4-methoxy-
benzylamino)-5-(methoxymethylcarbonyl)-2-methylthiopyrimidine (11.0
mg) as colorless oil.
(3) A solution of the compound (11.0 mg) obtained in the above (2)
25 in chloroform (1 ml) is treated with m-chloroperbenzoic acid (7.4 mg) at

0°C. The mixture is treated with triethylamine (8.3 y11) and L-prolinol
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10"L! cs$10%=& ()-!$10%"& ()-!$10%"& ()-s 10% & ()-&10% & ()- 10"

10"t c*} [ <E4saturated aqueous sodium chloride solution, and dried over sodium

10" 9% $10% & () -!9% $109%ZZ& () -! 9% $1Q%hé& ()-s3FY%0% & ()-! Ps3FYd0% * & () -
s$1096 & () -swlfatsy [horesigpedis-ruribod ) praprugtive TLC (solvent; chloro-

form:ethyl acetate = 1:1) to give (S)-4-(3-chloro-4-methoxybenzylamino)-
5-(methoxymethylcarbonyl)-2-(2-hydroxymethyl-1-pyrrolidinyl)-
pyrimidine (8.5 mg) as coloriess oil, MS (m/z): 421 (MH").
INDUSTRIAL APPLICABILITY

10 The compound (I) of the present invention and a
pharmaceutically acceptable salt thereof exhibit excellent PDE V
inhibitory activities, and they are useful pharmaceutical compounds for

the prophylaxis or treatment of penile erectile dysfunction, etc.
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compound of the formula (I):

@N\“/N\ NH-CH,-R?
Y< z/j;fo )
5 R _
wherein Ring A is a substituted or unsubstituted nitrogen-containing
heterocyclic group; R! is a substituted or unsubstituted lower alkyl
group, a group of the formula: -NH-Q-R3 (in which R3 is a substituted or
unsubstituted nitrogen containing heterocyclic group, and Q is a lower

10 alkylene group or a single bond), or a group of the formula: -NH-R* (in
which R#is a substituted or unsubstituted cycloalkyl group); R? is a
substituted or unsubstituted aryl group; one of Y and Z is a group of
the formula: =CH—, and the other is a group of the formula: =N—,
or a pharmaceutically acceptable salt thereof.

15 2. The compound according to claim 1, wherein the
nitrogen-containing heterocyclic group of the "substituted or
unsubstituted nitrogen-containing heterocyclic group” for Ring A is a 5-
or 6-membered nitrogen-containing heteromonocyclic group or a 8- to
10-membered nitrogen-containing heterobicyclic group, and the

20 substituent of the above "substituted or unsubstituted nitrogen-
containing heterocyclic group" is selected from the group consisting of
(1) a lower alkyl group, (2) a hydroxy-substituted lower alkyl group, (3) a
formyl group, (4) an oxo group, (5) an amino group, (6) a hydroxy group,

(7) a lower alkoxycarbonyl group, and (8) a pyrimidinyl group
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25 nitrogen-containing heterocyclic group of the "substituted or

unsubstituted nitrogen-containing heterocyclic group” for Ring A is a 5-
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5 R! is a lower alkyl group, a lower alkoxy-substituted lower alkyl group,

a morpholinyl-substituted lower alkyl group, a group of the formula:

-NH-Q-RS3, or a group of the formula: -NH-R#4, R3 is a group of the

formula;
ﬁH3 N HSCN CHs
SURS UGS
0 , , A ) ,
HaC

2N
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CN\JP‘\ K/[t or [\lj/J
Oron o Do
10 R% is a group of the formula: , and

R? is a group of the formula:

—Q-OCH;, or QOCH3
Cl CN .
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substituent of the above "substituted or unsubstituted nitrogen-
containing heterocyclic group" is a group selected from the group
consisting of a lower alkyl group, a hydroxy-substituted lower alkyl
group, a formyl group and an oxo group, R! is a lower alkoxy-

10 substituted lower alkyl group, a group of the formula: -NH-Q-RS3, or a
group of the formula: -NH-R#*, the "substituted or unsubstituted
nitrogen-containing heterocyclic group" for R3 is a 5- or 6-membered
nitrogen-containing heteromonocyclic group which may optionally be
substituted by a lower alkyl group, R* is a hydroxy-substituted

15 cycloalkyl group, and R? is a phenyl group being substituted by a group
selected from the group consisting of a lower alkoxy group and a
halogen atom.

8. The compound according to claim 7, wherein the
nitrogen-containing heterocyclic group of the "substituted or

20 unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-
or 6-membered non-aromatic nitrogen-containing heteromonocyclic

group of the formula:

C\N-, HQ, or G—

a group of the formula:

, O
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9. The compound according to claim 1, wherein Ring A is

a group of the formula:
OH

O. SO

’

O
H CN)S OHCN =
3 K/ Q_ or N | N-
10 N= N ,
R! is a lower alkoxy-substituted lower alkyl group, a group of the
formula: -NH-Q-RS, or a group of the formula: -NH-R%, R3 is a group of

the formula:

3G, CHs A~ N
,N = N*“
Nﬁi , EN\/I'\I\ , d or NJ\
HaC ,

— —OH
15 R* is a group of the formula: , and R? is a group of the
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6 membered nitrogen-containing heteromonocyclic group which may
optionally be substituted by a lower alkyl group, and R? is a phenyl
group being substituted by a group selected from the group consisting
of a lower alkoxy group and a halogen atom.

15 11. The compound according to claim 10, wherein the
nitrogen-containing heterocyclic group of the "substituted or
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-
or 6-membered non-aromatic nitrogen-containing heteromonocyclic
group of the formula:

v, @
20 N- | K/N— or = or

b

a group of the formula:

2\ Z
g:/g?\j—— or \N I N-

b

the nitrogen-containing heterocyclic group of the "substituted or
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R1is a group of the formula: -NH-Q-R3, R3 is a group of the formula:

H3C\

10 H3C

’

R? is a group of the formula:

‘QOCH3

Cl

13. The compound according to any one of claims 1-12,
wherein Y is a group of the formula: =N—, and Z is a group of the
15 formula: =CH—.
14. (S)-2-{2-Hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl|pyrimidine;
2-(6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-6-yl)-4-(3-cyano-4-

methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl]pyrimidine;
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sS@10%&&' () - 2-[(2 -hydroxymethyl- 1-pyrrolidinyl]-4-(3-chloro-4-methoxy-
15 benzylamino)-5-[N-[[(28)-4-methyl-2-morpholinyljmethyljcarbamoyl]-
pyrimidine;

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(4-pyrimidinylmethyljcarbamoyl|pyrimidine;
2-(4-methyl-3-oxo-1-piperazinyl)-4-(3-chloro-4-methoxybenzyl-
20 amino)-5-[N-(trans-4-hydroxycyclohexyljcarbamoyl|pyrimidine;
2-(4-formyl-1-piperazinyl)-4-(3-chloro-4-methoxybenzylamino)-
5-[N-(trans-4-hydroxycyclohexyljcarbamoyl]pyrimidine;
2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(trans-4-hydroxycyclohexyl)carbamoyl]-
25 pyrimidine;

2-[cis-2,5-bis(hydroxymethyl)- 1-pyrrolidinyl]-4-(3-chloro-4-
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s h@ 10%%& ()- §-%,6,7 ,8-tetrahydro-1,7-naphthyridin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(2-morpholinoethyl)carbamoyl]pyrimidine;
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-acethylpyrimidine;

10 (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-

benzylamino)-5-[N-(4-pyridazinylmethyl)carbamoyl]pyrimidine;
(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(5-pyrimidinylmethyl)carbamoyl]pyrimidine;
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
15 benzylamino)-5-[N-(2-pyridylmethyl)carbamoyl]pyrimidine;
(S)-2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-
methoxybenzylamino)-5-[2-hydroxymethyl-1-pyrrolidinyl]pyrazine;
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[(2-morpholinoethyl)carbonyl]pyrimidine;

20 2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-[(4-methyl-2-morpholinyljmethyl}-
carbamoyl]pyrimidine;

(S)-2-[N-(2-morpholinoethyljcarbamoyl]-3-(3-chloro-4-methoxy-
benzylamino)-5-(2-hydroxymethyl-1-pyrrolidinyl)pyrazine;

25 2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-methoxy-
benzylamino})-5-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)pyrazine;
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methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl]pyrimidine;
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(4-pyrimidinylmethyl)carbamoyl]pyrimidine;
10 2-(4-methyl-3-o0xo0-1-piperazinyl)-4-(3-chloro-4-methoxybenzyl-
amino)-5-[N-(trans-4-hydroxycyclohexyl)carbamoyl]pyrimidine;
2-(4-formyl-1-piperazinyl)-4-(3-chloro-4-methoxybenzylamino)-
5-[N-(trans-4-hydroxycyclohexyl)carbamoyl]pyrimidine;
2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
15 methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl]pyrimidine;
2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(2-morpholinoethyl)carbamoyl]pyrimidine;
2-(5,6,7,8-tetrahydro-1,7-naphthyridin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(2-morpholinoethyljcarbamoyl]pyrimidine;
20 (S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(5-pyrimidinylmethyl)carbamoyl]pyrimidine;
(S)-2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-
methoxybenzylamino)-5-[2-hydroxymethyl- 1-pyrrolidinyl|pyrazine;
(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
25 benzylamino)-5-[(2-methoxyethyljcarbonyl]pyrimidine;
(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
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5 (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(2-morpholinoethyl)carbamoyl|pyrimidine;
2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl|pyrimidine;
2-(5,6,7,8-tetrahydro-1,7-naphthyridin-7-yl)-4-(3-chloro-4-

10 methoxybenzylamino)-5-[N-(2-morpholinoethyl)carbamoyl]pyrimidine;

(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(5-pyrimidinylmethyl)carbamoyl|pyrimidine;

(S)-2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-
methoxybenzylamino)-5-[2-hydroxymethyl- 1-pyrrolidinyl|pyrazine;

15 (S)-2-[N-(2-morpholinoethyl)carbamoyl]-3-(3-chloro-4-methoxy-
benzylamino)-5-[2-hydroxymethyl- 1-pyrrolidinyl|pyrazine;

(S)-2-(2-hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxy-
benzylamino)-5-[N-(1,3,5-trimethyl-4-pyrazolyl)carbamoyl|pyrimidine,
or a pharmaceutically acceptable salt thereof.

20 17. (S)-2-(2-Hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-
methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl]pyrimidine,
or a pharmaceutically acceptable salt thereof.

18. 2-(5,6,7,8-Tetrahydro-1,7-naphthyridin-7-yl)-4-(3-
chloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl)carbamoyl]-

25 pyrimidine,

or a pharmaceutically acceptable salt thereof.
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Use of the compound as set forth in any one of claims
15 1-19, or a pharmaceutically acceptable salt thereof, in the treatment of

a patient with pulmonary hypertension.



