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1 AMDE COWOUND 5 Technical Field The present
invention relates to a novel am de conpound having a
FAAH i nhi bitory effect. Background Art 10 Pain is

di sease which is serious for patients, lowers QO
and also leads to difficulty tn social life. Pain is
classified into inflamuatory pain, neuropathic pain,
noci cepti ve pain, and psychogenic pain, etc. according
to the cause. Inflammatory pain is pain associated
with an 15 inflamuati on bei ng caused by nociceptive
mechani cal stimulus, heat stinmulus or chem ca
stimulus arising from in vitro. It is known that not
only inflammuation site but also inflamuatory

cyt oki nes and cycl ooxyg§¥hBEeCPHP@pNRal cord play an
inportant role with respect to expression of 20

i nfl ammat ory pai n. Neuropathic pain is pathol ogica
pain generated by dysfunction of a peripheral or
Teemnriala In@rivays systemitself. Nociceptive pain is
pai n generated when nornal tissues are danmaged or
noci gept i ereddil UBndsnidi ofausal bvesi stapphi edhovdd amide
is classified into somatic pain 25 and visceral pain.
RmpA L HRRHYEE RSN ORI i i f refsigh as

i ndonet haci n, "a cycl ooxygenase I'l (COX-11) inhibitor
such as cel ecoxi b, a

Background Art

Pain i1s disease which is serious for patients, lowers
QOL, and also leads to difficulty in social life. ~ Pain is
classified into inflammatory pain, neuropathic pain,
nociceptive pain, and psychogenic pain, etc. according to
the cause. Inflammatory pain is pain associated with an
inflammation being caused Dby nociceptive mechanical
stimulus, heat stimulus or chemical stimulus arising from
in vitro. It is known that not only inflammation site but
also inflammatory cytokines and cyclooxygenase in spinal
cord play an important role with respect to expression of
inflammatory pain. Neuropathic pain is pathological pain
generated by dysfunction of a peripheral or central nervous
system itself. Nociceptive pain is pain generated when
normal tissues are damaged or nociceptive stimulus as a
causative 1is applied, and is classified into somatic pain

and visceral pain.
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central anal gesic such as tramadol, and an antipyretic

anal gesi ¢ such as acetam nophen are used as a

therapeutic 5 agent for inflammatory pain. However,

when the cycl ooxygenase inhibitor is used for a |ong
period of time, thereis a p@oblen1that side effects

such as gastrointestinal disturbance are caused. It

is also reported that the cycl ooxygenase Il inhibitor
causes 10 gastric ulcer, and recently, side effects of

a car GIVSERYIIENGSE FORemisicpid® mfncdy disyiindomethacin,
infarction and cerebral infarction are also a
aprcoislemxz yare neicoildi o Coalldet ilahsdpdh o svsplisneedmE i, @
anti convul sant such as gabapentin or pregabalin are
cggerctads athBlgesher apech i asagéemamioiolneusbgat i ¢ graiipyretic
but it is known that they can be required an increase

ana larsunt dycH ong- atetamiusepard that tdey sause Siadmpeutic
effect such as sedation, and a agent which can be

addzed W Fheut Capsimgaséde efdeiats andusateky,is wioén  the
avai | abl e yet. 20 Meanwhi |l e, cannabincid receptors

M hERR rdentintied t o3 NGe vk foras NeGRPLHS dDof time,
\9- t et rahydr ocannabi nol (A9- THC), which is an active

tiRLQS i al; cobt ai ned frompt hechgpp plast. &trpeesentsuch  as
the CBlI receptor (see Nature, Vol. 346, p. 561

SRR LB e o e o
r%sﬁgo\e;\:ﬁfzel’gAi nt'b‘]hs tsartgijllj%ghggqclogggzgeggge p'IISA’ :L(r&lg_L%E_’L)t)orar ®auses
gastric ulcer, and recently, side effects of a
cardiocirculatory system such as myocardial infarction and
cerebral infarction are also a problem.

An opioidic analgetic such as morphine and an
anticonvulsant such as gabapentin or pregabalin are used as
a therapeutic agent for neuropathic pain, but it is known
that they can be required an increase in amount by long-
term use and that they cause side effect such as sedation,
and a agent which can be used without causing side effects
and safely is not available yet.

Meanwhile, cannabinoid receptors have been identified
since 1990's as receptors for A9-tetrahydrocannabinol (A9-
THC), which is an active material obtained from the hemp
plant. At present, the CBl receptor (see Nature, Vol. 3460,

p. 561 (1990)), its splice variant CBla.(see J. Biocl. Chem.,

Vol. 270, p. 3726 (1995)), and the CB2 receptor (see Eur. J.
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the sane tine, N arachi donoyl et hanol am ne (anandam de)
was found in the brain of a pig as an endogenous
ligand for the CBl receptor (see Science, Vol. 258,
p. 1946 (1992)). 5 Anandam de belongs to the fam |y of
N-acyl at ed et hanol ani ne, as does

N- pal m t oyl et hanol am ne or N- ol eoyl et hanol am ne.

Fatty acid am des including these N-acyl ated

et hanol am nes are found to have effect on

Bphybenl-ogVeadl £dAcet Pon$4sudR9as) paien kpsed -Nafdrest around

Vol . 394, p. 277 (1998); and Pain, Vol. 10 76, p. 189
theoeBe it ary-zegohadoony{sekanat amene Voenandanidp)
209 (2001)) and pronotion of sleep (see Science, Vol.

was

2684 pn 1HE6bERIASP)E. aThe or aut enf @ndoigesyntshégsigeingr for the

deconposition of fatty acid am des has been

cBnvesttgpted siace k9N, Fiviedt., aseal cpumidependantd?))

transacyl ase 15 produces anandam de, which is N

aaeYkRheseh %‘éil@)ﬁg%t hanehanimei(see fJ N-Neyneakemeth¥elolamine,

41, p. 1303 (1983)), and then a fatty acid amde is

a%elﬁéégd Nlﬁﬁiﬁi{5§ﬂ£Whéﬁ§l§ﬁihQn<9E phesRkRIRS@ Ramine .

(see J. Neurochem, 2, p. 1613 (1984)). The

F%%?gt%%¥%$%yfﬁb§ ﬁ@fﬁ@?ﬁ%ctﬁggbvNt$cgha%gdh¥Q%gﬁ6@§ﬁlnes

ty acid amde into e corresponding fatty acid

a&ge%%gﬁdekbnhg%glggfkc% o%h%%h%ﬁ?%% Oﬁﬁ??ﬁﬁﬂéﬁéoﬁ@a%uch as

ed earlier but was

f 1
PR Banirs WA it Al Sk 1 oy ”atritrm Ey%gi Y ohlfRedgs VoL
7%L0%§§ Egge hﬁ%ﬂ%% Yglet§§§ regu at'%3962gée Nature, Vol.

414, p. 209 (2001)) and promotion of sleep (see Science,

vVol. 268, p. 1506 (1995)). The route for biosynthesis or

decomposition of fatty acid amides has been investigated

since 1980's. First, a calcium~-dependent transacylase

produces anandamide, which is

N-

acylphosphatidylethanolamine (see J. Neurochem., Vol. 41, p.

1303 (1983)), and then a fatty acid amide is released
therefrom by the action of phospholipase D (see J.
Neurochem., Vol. 42, p. 1613 (1984)). The existence of an

enzymatic activity which hydrolyzes a fatty acid amide into

the corresponding fatty acid, thereby eliminating

physiological activity, was suggested earlier but

its

was

confirmed only in the later half of 1990's. An active

material hydrolyzing oleamide was isolated from a rat,

and

its cDNA was cloned (see Nature, Vol. 384, p. 83 (1996)).
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The enzyne produced by genetic reconbi nation of the
cDNA was able to hydrolyze various fatty acid am des
i ncluding ol eam de and anandam de, and was naned as
fatty acid am de hydrolase (hereinafter, sonetines
abbreviated to "FAAH' in 5 tHe present specification).
Still, it is not sufficiently clear about the enzyne
responsi bl e for biosynthesis of fatty acid am des.
However, the fact that fatty acid am des are produced
Theommnrauroonarodeted hy agertel amregepbadaniont ok Fie cDNA
neuronal activity-dependent manner (see 10 Nature,
w¥el .akl322,tp. h$860[ $984Vpriisousi gfd byt yeani dghnlideer including
devel opnent of a therapeutic agent. Furthernore, an
oFAAKi dknaelkio uin amiise dgs drenwaps odarced, aandaanhyFAAHG amide
inhibitory agent has been discovered, so that the
nphysilakegi(@rlre iSiagiidi, C adree ©fmdAAb b pdy ba t @ntbs "FAAH" in
bei ng revealed. In the 15 FAAH knockout nobuse, the
teantenls oft fRdas AL i) des, sting) udingsamrdairdaciently
in the brain increased by 10 to 15 tinmes, but the
cRRi T LYoy Podyy Meightyand readynisenper akyre p M sdftenesis of
nouse were normal. However, a decrease in the

f%%%&on§é¥§nifﬁﬁhgzpainH&@évggser@ﬁ%L f@@% tghétmaﬁaé%& acid

correl ate e content of fatty acid amdes in

o8 LD, (SRRSO, AL, it el B0 i -2 St
LRl ot sup Serl altes oBe Ju i IS (oce
NGgLuat e (508 Prooechat| o 28 0P S8k, e By cox
development of a therapeutic agent. Furthermore, an FAAH
knockout mouse has been produced, and an FAAH inhibitory
agent has Dbeen discovered, so that the physiological
significance of FAAH inhibition is being revealed. In the
FAAH knockout mouse, the content of fatty acid amides,
including anandamide, in the brain increased by 10 to 15
times, but the mobility, body weight and body temperature
of the mouse were normal. However, a decrease in the
responsiveness to pain was observed, and this was
correlated with the content of fatty acid amides in the
brain (see Proc. Natl. Acad. Sci. USA, Vol. 98, p. 9371
(2001)). For the FAAH inhibitor, trifluoromethyl ketone
derivatives (see J. Am. Chem. Soc., 118, 5938 (199%9¢6)),
alpha-keto heterocyclic ring derivatives (see Proc. Natl.

Acad. Sci. USA, Vol. 97, p. 5044 (2000)), sulfonylfluoride
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5 derivatives (see Biochem Biophys. Res. Comun.,

Vol . 231, p. 217 (1997)), fluorophosphonate _

deri vatives (see Biochem Pharmacol., Vol. 53, p. 255
(1997)), and aryl carbanmate derivatives (see Nat.

Med., Vol. 9, p. 76 (2003)) are known. 5 In addition

to this, FAAH or anandam de has been reported to be

i nvol ved with various di seases. W have found that a

FAAH i nhi bitor has a cerebro-neuroprotective effect
damd vieg ivsef ulseas B admrapeRit drehwgenke s or Commun., Vol. 231,
cerebrovascul ar disorder. Also, it has been reported
pt.hatl 710 1I9&r7ge , qidntortopds sph obdAld aree ifvauridresn (ke Biochem.
brain of Alzheiner's patients (see The Journal of
PNaumaseilenceyoVol .5323,p.p. 25336((2008) ). ddd haxiesirbamate
al so discovered by a test wusing rats that an increase
derit/Be ia@BuUNicef Narandrm.ge vdiesw,t $.i me@N2003)) are known.
anti par ki nsoni an activity (see 15

Neur @psy&hQphabAecod Ophi /0l F2d% Br 1d84n&28942 )has been
It has also been reported t hat wonmen havi ng

I o] S e F J.
“EpPEeer] d08, Phoiir dEeigro s elayls phifbises O me navs

solandan de isg Ror(tmgﬂtﬁlocéx“hﬂm? t Q:re%%%?c%t &%ri‘lzrg:protectlve

rectal cancer roentero ogy
@200323 isre {ted t hat anh%é%H K ockoug - for
nDuse |s not suscep%l e tg'colonl S %o s ?s%g
ves . 113 1202 2004)). An FAA
CeﬁﬁPEr Viar‘?éju fug C¥l§°rréjr53<i'rteoAJt O exhf P%‘ %eﬁ?‘?xrrﬁlp;?ﬁt@ that

effect (see Nature Medicine, Vol. ’cP 76 (2003)).
pﬁﬂg Iguantltles of FAAH ‘are foun in ‘the ‘Prain of

Alzheimer's patients (see The Journal of Neuroscience, Vol.
23, p. 1136 (2003)). It has been also discovered by a test
using rats that an increase in the amount of anandamide
results in an antiparkinsonian activity (see
Neuropsychopharmacology, Vol. 29, p. 1134 (2004)). It has
also been reported that women having miscarriage show

decreased levels of FAAH (see J. Clin. Endocrinol. Metab.,

89, 5168 (2004)) . Anandamide 1is reported to inhibit

propagation of rectal cancer (see Gastroenterology, Vol.
125, p. 677 (2003)). It 1s reported that an FAAH knockout
mouse 1is not susceptible to colonitis or colitis (see J.
Clin. Invest., Vol. 113, p. 1202 (2004)) . An FAAH
inhibiting drug is reported to exhibit an anxiolytic effect
(see Nature Medicine, Vol. 9, p. 76 (2003)). FAAH 1is

reported to be a hydrolytic enzyme for oleylethanolamide,
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ol eyl ethanolam de, 6 which is a satiety factor

present in the small intestine (see Nature, Vol. 414,

p. 209 (2001)). FAAH is a hydrolytic enzyne for

st earoyl et hanol anide, and it §s reported that

adm ni stration of stearoylethanolamde to a 5 nouse
suppresses eating (see FASEB Journal, Vol. 18, p.

1580 (2004)). Since anandanmide is an agonist of the
wparhl il dar segpesy, faiehr i Brasabti éeptors ehelFAAmtestine
inhibitory agent is expected to have the sane activity
(@se t Nattuok,t h&odani 4ldi,d peceptddr dAFSBilst) .(for FAAH 1is a
exanpl e, 10 prophylactic and/or therapeutic activity

hiyarr oflyequde nten ziytenatfioan, sirdanaryt dtheontliardneg, and it  is
interstitial cystitis) (see JP 2002-202204 A). Since
rEAAHties ahenzyaRiwhiehabydnolofz est er eptogenossanide to a
sl eep substance, ol eami de, a FAAH i nhi bitor suppresses

moli@e 1&%@@@@@ @nnef oleamrdgHO rodueelsl een . (USs, p.
2003/ 0092734 A). International Publication No. WO

12007/ Q%@@@?gdescrsﬁ?ée An R de iconpauUNgdgBAYERY & the
FAAH i nhibitory activity, a conpound represented by

RO L] 2l 2 BN BR8] o oo
1n% %%%%gﬁlagent is expected to have the same activity as
that of the wvanilloid receptor agonist (for example,
prophylactic and/or therapeutic activity for frequent
urination, wurinary incontinence, interstitial cystitis)
(see JP 2002-202204 A).

Since FAAH is an enzyme which hydrolyzes an endogenous
sleep substance, oleamide, a FAAH inhibitor suppresses the
decomposition of oleamide to induce sleep (US 2003/0092734
A).

International Publication No. WO 2007/020888 describes,

as an- amide compound having a FAAH inhibitory activity, a

compound represented by the following formula:

Tla
N

wherein Z 1is oxygen or sulfur; RY is an optionally

7
|

C—R>——R*—R* (1)

Rk

eubstituted aryl or an optionally substituted heterocyclic

group; R is a hydrogen atom, an optionally substituted
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substituted aryl or an optionally substituted

heterocyclic group; R al is a hydrogen atom an
optionally substituted 7 hydrocarbon group, a

hydroxy, an optionally substituted alkoxy, an

optionally substituted aryl oxy, an optionally

substituted am no, or an optionally substituted 5- to

7- menbered saturated cyclic amno; R2' is an

optionally 5 substituted piperidine-1,4-diyl or an
hygeeaaPry SupaP;i t (i ed VP PEYazi AB- | ORLHPYAR LI R3PURs tg tuted
di val ent group. forned by elimnating two hydrogen

adkomy ,f rom apsérneddy réngs whtehednyp yd it hep optionally
substituted or a 6-nenbered aromatic heterocycle
sobstaitniteg lantind, herercoat opelised bty edubs tiitarneokygento 7-
sul fur and nitrogen atons in addition to carbon atons
mehbeleany she uf-atebler cyuedsti t atdodo;an®@*R4'id s e  gratipnally
formed by elimnating one hydrogen atom from an
sopkicaralkys subst peut efinbenzenaiking obran opii onaldtionally
substituted 5- to 6-nenbered heterocycle containing 1
sti®s41Ehchet epopt paBi sel echedi L ommwXygen, asubfviianed group
nitrogen atons in addition to carbon atons, or a salt

£heE80fy DeSGhasuie ngf the hvanidon Prehbem e bg penzene
Sol ved by the Inventiion 20 Cdrrently, nonsteroida

I
38 i'%Hgkﬁnnﬁégrﬂxgr%%%th%@SAE %tﬁ%@t%@TCBEiCa c-membered

anal gesics, etc. are used as therapeutic agents for
alrgﬁla%ﬁ' e E"h%rt)é 5%%' 1 l%n % o%%%ri%e_%gj 1€ + P P'i etH kdo a%%efr(se dSlected
a hirghly nee rdevel oping nore safe

from oxygen, sulfur and nitrogen atoms 1in addition to
carbon atoms which may be further substituted; and RY is a
group formed by eliminating one hydrogen atom from an
optionally substituted benzene ring or an optionally
substituted 5- to 6-membered heterocycle containing 1 to 4

hetercatoms selected from oxygen, sulfur and nitrogen atoms

in addition to carbon atoms, or a salt thereof.

Disclosure of the Invention
" Problem to be Solved by the Invention
Currently, nonsteroidal anti-inflammatory drugs
(NSAIDs) and narcotic analgesics, etc. are used as
therapeutic agents for inflammatory pain and neuropathic
pain, and there is a highly need for developing a more safe
therapeutic agent for pain without causing side effects

compared with these drugs. An object of the present
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effects 25 conpared with these drugs. An object of the
present 8 invention is to provide a safe and

excel l ent prophylactic or therapeutic agent for pain.

The present inventors have stdudi ed i ntensively so as

to achi eve the above-descri bed object and have found

that 5 conpounds represented by the follow ng fornula

(1) or salts thereof (hereinafter, sonmetines, referred
ipgeasiesnpsuriee Pryyifave £FRAHRIAhPEFELLGRACPInPPhylactic
and exert an excellent analgesic effect in various
opaithempelhs icapdeniugorcoaphet i ng t he present

invention. 10 That is, the present invention provides:

(1) Aheompmuswhitr epresehndesl bgveorshdd gd )inhemdsively so as
;A2 R-N A4 A3 wherein Ris an aromatic hydrocarbon or
tar ertiiesre hdter abyckdegeoiupedach jefctwhirch maye béound that
substituted by one 15 or nore substituents (excluding
cGhpbuabkoxygprpbendxy, bycankoxyll l1and nigetfcazally )(I)Abr salts
A2, A3 and A4 are each independently CHor N, ring B

theracphewd r O - hj Chomy ihe ssubstté i ed By 088 @ompound

nore hal ogen atons; 20 provided that when the noiety
(E§Pr esent edrFR¥Hl LMYt o2y activity and exert an excellent

analgesic effect 1in wvarious pain models, and thus
completing the present invention.
That is, the present invention provides:

(1) A compound represented by formula (I):

(2

NN AT
A e
R — AA,

wherein R 1is an aromatic hydrocarbon or aromatic
heterocyclic group each of which may be substituted by one
or more substituents {excluding Cj-5 alkoxy, phenoxy,
carboxyl and tetrazolyl):;

A1, Ay, As and A, are each independently CH or N;

ring B is a phenyl group which may be substituted by one or
more halogen atoms;

provided that when the moiety represented by formula:
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A~\ A2 A A3is - dNX or ring Bis a phenyl group
substituted by one or nore halogen atons, or a salt
thereof; 5 (2) The conpound according to (1), wherein
Ris an aromatic hydrocarbon or aromatic heterocyclic
group which nmy be substitut®d by one or nore
substituents selected from halogen and a C1_6 al kyl
group which nmay be hal ogenated; 10 (3) The conpound
according to (1), wherein Ris a phenyl or 5- to
10 menbgred aromati c heterocyclic group each of which
ubstituted by one or nore Cl1_6 al kyl groups;
he compound according to (1), wherein the noiety
ep Nes ﬂﬂed by the formula: A ~\ ~Az 15 A4 A3 in
for 'T's(l) is 10 N Z dNZN--\ - -~\N N

is

ring B is a phenyl group substituted by one or more halogen
atoms, or a salt thereof;

(2) The compound according to (1), wherein R is an
aromatic hydrocarbon or aromatic heterocyclic group which
may be substituted by one or more substituents selected
from halogen and a Ci.¢ alkyl group which may be
halogenated;

(3) The compound according to (1), wherein R 1s a phenyl
or 5- to 10-membered aromatic heterocyclic group each of
which may be substituted by one or more Cji_¢ alkyl groups;
(4) The compound according to (1), wherein the moiety

represented by the formula:

in formula (I) is



/ NON --~N x or (5) The conmpound according to (1),
wherein ring Bis a phenyl group substituted by one
or nore hal ogen atons; (6) The conpound according to
(1) , wherein Ris a phenyl 5 or 5- to 10-nenbered
aromati c heterocyclic group edth of which may be
substituted by one or nore Cl_6 al kyl groups, the
moi ety represented by the formula: A \\ ~A2 AZ -A3
informula (1) is N \NX 11 N=~-~\N- ~ N NON N or

zi nyl,

ich may be\ N/
substltuted,by one or nore . ,methyl groups, the noiety ’
represented by the fornula: AT4

(5) The compound according to (1), wherein ring B is a
phenyl group substituted by one or more halogen atoms;

(6) The compound according to (1), wherein R is a phenyl
or 5- to 1l0-membered aromatic heterocyclic group each of
which may be substituted by one or more Ci¢ alkyl groups,

the moiety represented by the formula:

in formula (I) is

ol e e

\—?

14



10

15

\ //A2 A4 A3 in formula (1) is N -~\N N N NO N or
or and ring Bis a phenyl group substituted by one or
nore 10 fluorine atons; (8) The conpound according to
(1), wherein Ris an isoxazolyl group which may be
substituted by one or nore n%¥hy| groups, the noiety
represented by the fornmula: AT4- K\ Az 15 A4 A3 12
in formula (I) is N/ N N,NNor and ring Bis a
phenyl group substityted by two fluorine atons;, (9)

The cggzéund according to (1%, erein the noiefy 5

repr Nsefted by t or nul a:

N—
OO A

'
and ring B is a phenyl group'substituted by one or more
halogen atoms;

(7) The compound according to (1), wherein R 1is an
isoxazolyl, pyridazinyl, pyridinyl, or phenyl group each of
which may be substituted by one or more methyl groups,

the moiety represented by the formula:

in formula (I) is

N:( — N= N=

N L —&/ —4

14 ’ ;y O

and ring B is a phenyl group substituted by one or more
fluorine atoms;
(8) The compound according to (1), wherein R 1is an
isoxazolyl group which may be substituted by one or more
methyl groups,

the moiety represented by the formula:
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AgQ A2 Aa A3 in formula (1) is N - - N4 N - NN
NON N or and ring B is a non-substituted phenyl
group.  (10) The conpound according to (1), wherein R
is a phenyl 10 or 5- to 10-nenbered aromatic

het erocyciic group each of W ch nay be substituted
by one or nore C1_6 al kyl groups, the noiey
represented by the formula: Ak A4 A3 13 in formula
(I)|S-NNN/N-NI\I-N—INN-NN or and ring
ip fermuhen-{Subési t ut ed phenyl group;

N:( — Nzé
__<\_//N, \NJN’ N —<\7N/

and ring B is a phenyl group substituted by two fluorine

atoms;

(9) The compound according to (1), wherein the moiety

represented by the formula:

in formula (I)

&

N— N—

and ring B is a non-substituted phenyl group:

4

(10) The compound according to (1), wherein R is a phenyl
or 5- to 1l0-membered aromatic heterocyclic group each of
which may be substituted by one or more C;-¢ alkyl groups,

the moiey represented by the formula:

=
—<\ 1_ P

AA,
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(11) The conpound according to (1), wherein Ris an

i soxazol yl, pyridazinyl, pyridinyl, or phenyl group
each of 5 which may be substituted by one or nore

met hyl groups, the noiety represented by the formul a:
A~ --<\ /A2 A4 A3 in formulaql) is NN /NN--<N ,
or and ring Bis a non-substituted phenyl group; 10
(12) The conpound according to (1), wherein Ris a
pyri dazi nyl or pyrldlnyl group, the noiety represented
iby fomamufler il ais ATq__ A4 A3 14 in formula (1)
is N N and ring B |s a non substituted phenyl

group __{<jf%g
4- [ N 3- dlfluo enyl)pyr i n-4- yI]NBt(? 4

N=— N=—
«g ~
N . or N
and ring B is a non-substituted phenyl group;
(11) The 'compound according to (1), wherein R 1s an
isoxazolyl, pyridazinyl, pyridinyl, or phenyl group each of
which may be substituted by one or more methyl groups,

the moiety represented by the formula:

in formula (I) is

— N:( N=

4

and ring B is a non-substituted phenyl group;
{12) The compound according to (1), wherein R 1is a
pyridazinyl or pyridinyl group,

the moiety represented by the formula:
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5 di nmet hyl i soxazol - 5-yl ) pi perazi ne-1-carboxam de or a
salt thereof; (14)

4-16-(2,4-di fluorophenyl)pyrazin-2-yl]-N (3, 4-

di met hyl i soxazol - 5-yl ) pi perazi ne-1-car boxam de or a
salt thereof; 10 (15) 14

4-[14-(2, 4-di fl uorophenyl) pyri mdi n-2-yl]-Npyridin-3-
yl pi perazi ne-1| -carboxam de or a salt thereof; (16)
4-[4-(2,4-di fluorophenyl)pyrimdin-2-yl]- N—pyrlda2|n-
iB- ﬁpﬁmﬁéﬁaiﬁhelﬁ-carboxan1de or a salt thereof; (17)
4-16-(2, 4-di fl uorophenyl)pyrimdin-4-yl]-N (3, 4 15

di met hyl4 soxazol - 5-yl ) pi perazi ne-| -carboxan de or a
saItN ereof; (18)

(g ph nylpyr|n1d|n 2-yl)-Npyridin-3-yl pi perazi ne-1 -
car de or a salt thereof; (19)

4- (N enyIpyrinidin-2-y|)-N—pyridazin-3-y|piperazine-
20 1-carboxam de or a salt thereof; (20) A prodrug of

ahhereagPeund aceonhdisn®sia tiited EAthyA redhugi;ne
conprising the conpound according to (1) or the

(pBeduug 2aqeondiung 14:Q rod®en vt )i dihe edijcing 3, 4-
acgordgngqto (21), r?%h Fg gpg& |nh|g?93an?23)

dIR%tH?QE%bQ%ZQQQ@LQUW%l%%rQ%lheJMmdQEHd%a%uRkprMla%!csalt
or thérapeutic agent for anxiety or depression, or an
tRe30algesi c;

(14) 4-[6-(2,4-difluorophenyl)pyrazin-2-yl]-N-(3,4-
dimethylisoxazol-5-yl)piperazine-l-carboxamide or a salt
thereof;

(15) 4-[4-(2,4-difluorophenyl)pyrimidin-2-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide or a salt thereof;

(16) 4-[4-(2,4-difluorophenyl)pyrimidin-2-yl]-N-pyridazin-
3—ylpiperazine—1—carb§xamide or a salt thereof;

(17) 4-[6-(2,4~-difluorophenyl)pyrimidin-4-y1l]-N-(3,4-
dimethylisoxazol-5-yl)piperazine-l-carboxamide or a salt
thereof;

(18) 4-(4-phenylpyrimidin-2-yl)-N-pyridin-3-ylpiperazine-1-
carboxamide or a salt thereof; |

(19) 4-(4-phenylpyrimidin-2-yl)-N-pyridazin-3-ylpiperazine-
l-carboxamide or a salt thereof;

(20) A prodrug of the compound according to (1);

(21) A medicine comprising the compound according to (1) or

the prodrug according to (20);
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(24) The nedicine according to (21), which is a

prophyl actic or therapeutic agent for inflammtory

pain or neuropathic pain; (25) A FAAH inhibitory

met hod characterized by 10 adm nistering to a manma

the effective anount of conpobhd according to (1), or

a prodrug thereof; (26) A nethod of prophylaxis or
treatment for anxiety, or depression, or of pain

relief characterized by admnistering to a manmal the
(@Zf)edihey e MgdGANcOf ac6RpOdRd 15 adédidi nghieh(13s oy FAAH
a prodrug thereof; (27) A nethod of prophylaxis or
imhedtirret; for i nflammtory pain or neuropathic pain
characterized by adm nistering to a manmal the

(ef3f) e dthiev encahimuinte afc aorpiound-caccr)di nhiah (i19 ,a mrohylatic
prodrug thereof. 20 (28) Use of the conpound according

dro Eherapeuvaipr odgegt ther eainxifetty t e naaptaeskibe,of or an
a FAAH inhibitor; (29) Use of the conpound according

a2 lgPsicor a prodrug " thereof, for the manufacture of

a prophylactic or therapeutic agent for anxiety or

denr 88 ONme@k c@Re 252888k4es5C; 46 (3Q)) Usewpfichhe is  a
conmpound according to (1) or a prodrug thereof, for

AIEIPIMEC 1 Ol ogiOely! SSLLE gy WomaBiny pain o
H§H¥§§§ﬂﬂlé‘%§fﬁ% present i nvention, there can be

(25) A FAAH Vinhibitory method characterized by
administéring to a mammal the effective amount of compound
according to (1), or a prodrug thereof;

(26) A method of prophylaxis or treatment for anxiety, or
depression, or of pain relief characterized by
administering to a mammal the effective amount of compound
according to (1), or a prodﬁug thereof;

(27) A method of prophylaxis or treatment for inflammatory
pain or neuropathic pain characterized by administering to
a mammal the effective amount of compound according to (1),
or a prodrug thereof.

(28) Use of the compound according to (1), or a prodrug
thereof, for the manufacture of a FAAH inhibitor;

(29) Use of the compound according to (1), or a prodrug
thereof, for the manufacture of a ©prophylactic or

therapeutic agent for anxiety or depression, or an

analgesic;
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5 provided a novel fused-ring conpound which has a
FAAH inhibitory effect and is useful as an anal gesic.
Best. Mbde for Carrying Qut the Invention As used
herein, "having a FAAH inhibitory activity" refers to
"having an activity which dirktly or indirectly 10
lowers a fatty acid am de hydrol ase activity". As used
herei n, exanples of "halogen (atom)" include fluorine
(atom chlorine (aton) , bromne (atom , iodine
(Bab ofpe Ast usbd hemmqundexaapbediof "@G1_6lal kyr g owgodrug
include 15 nethyl, ethyl, propyl, isopropyl, butyl,
theaebotyl , &ec- bhtyl marerfadiutnd , péntyd , psopentgtfic or
neopentyl, hexyl, and the like. Definitions of each
taprbek uitd of ageula folr) iwiflllambe t cdgs priibedri metetogiathic pain.
below. 20 In the above-described fornmula (1) , R
reprgsent-giag abonBheC Hydsesar bonvert as®atilere can be
het erocyclic group which nmay be substituted with one
pRbvIRks SHbstdflents, (RXG Ut NGonfebifRl KQXY chPheRgXYa FAAH
carboxyl and tetrazolyl). Exanples of "aromatic
1 AXGEQERLRON (LD LI LRLCSRRIS] 25 By RA1elsude 614

aryl grodps such as phenyl, 2-biphenylyl,

e e
"aromgiéggydkgggﬁggn‘Hé%%ggngylﬂﬁﬁ? }n59b§tory activity”
refers to “having an activity which directly or indirectly
lowers a fatty'acid amide hydrolase activity”.

As used herein, examples of “halogen (atom)” include
fluorine (atom), <chlorine (atom), bromine (atom), iodine
(atom) .

As used herein, examples of “Cj-¢ alkyl group” include
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-

butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl, and

the like.

Definitions of each symbol in formula (I) will be
described in detail below.

In the above-described formula (I), R represents an
aromatic hydrocarbon or aromatic heterocyclic group which
may be substituted with one or more substituents (excluding
Ci-salkoxy, phenoxy, carboxyl and tetrazolyl).

Examples of “aromatic hydrocarbon group” represented

by R include Cg-14 aryl groups such as phenyl, 2-biphenylyl,
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preferably 1 to 3, substituents on substitutable
positions. 5 A non-substituted aromatic hydrocarbon
group is also preferred. Exanples. of such
substituent include a hal ogen _atom (e.g., fluorine,
chlorine, bromne, iodine, etc.); an optionally
hal ogenat ed, hydroxyl ated or oxol ated | ower 10 al kyl
group (e.g., a Cl1_6 al kyl group such as nethyl et hyl ,
g i sopropyl, butyl, |sobut{ sec-buty

3r€#P BHY}Vl pén??Pheﬁ§%YP' et¥’: OﬁﬁtéﬁﬁFéﬁEPVQ and the
hal ogenated C1_6 al k roup such as fluoronethyl,

léhﬁoroﬁﬁphylFhaﬁﬁbuﬁgéﬁﬁghyﬁ préi@ﬁﬁ@ﬁonethyl
trifluoronmethyl, trichloronethyl, etc.; an 15
opt i 8nahl y" drymiragxiyd ahefdr@mgﬁb@hkyqr@}#@'bpm@wchh%l‘ée 1 to 5,
hydr oxynet hyl , hydroxyethyl, etc.; an optionally

poxbkatbdy C1t6 al kghbgtatpestshoas s2bexopuspplle positions.
2-oxobutyl, etc.); a cycloalkyl group (e.g., a C3_6 .

ACY @lbealskyls tgrate dsuchras t iy cliopdopyd rbaycl gbotyl , is  also
cycl opentyl, cycl ohexyl, etc.); a 20 | ower al kynyl
pgkedpréa. 9., a C2_6 al kynyl group such as ethynyl,

1 propynyl, propargyl, etc.); a |lower al kenyl group
(e. 9exafp %56 St kepyh AU sUth@siMbnyhe & |B(alilo?en atom

|sopropenyl but enyl, isobutenyl, etc.); an aralky
ngugri a, C7€%%o§r 5 Ak bgro%&esucrloﬂﬁn@enzlébc an
fhy enzy "25 phenethyl, etc.), "an aryl group
06 Lyl +group Phenylyvolated 1
%% %Pﬁ%?y #%qogp%g %Pébly%%h yﬁgﬁgﬁhpu&n éﬁthyf%xy ower

ag&yfpg(; % e g P 1_rylaci)f<)§/lgro%p(es)(0|hu%l ngnethyl ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, hexyl, etc.; an optionally halogenated C;-¢ alkyl
group such as fluoromethyl, chloromethyl, difluoromethyl,
dichloromethyl, trifluoromethyl, trichloromethyl, etc.; an
optionally hydroxylated Ci-s alkyl group such  as
hydroxymethyl, hydroxyethyl, etc.; an optionally oxolated
Ci-¢ alkyl group such as 2-oxopropyl, Z2-oxobutyl, etc.); a
cycloalkyl group (e.g., a Cz-¢ cycloalkyl group such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, etc.); a
lower alkynyl grou‘p (e.g., a Cy-g alkynyl group such as
ethynyl, 1l-propynyl, propargyl, etc.); a lower alkenyl
group (e.g., a Cz alkenyl group such as vinyl, allyl,
isopropenyl, butenyl, isobutenyl, etc.); an aralkyl group
(e.g., a Cqy-117 aralkyl group such as benzyl, o-methylbenzyl,

phenethyl, etc.), an aryl group (e.g., a Cei10 aryl group
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phenoxy)); a |ower al kanoyl group (e.g., a C1_6 al kyl -
carbonyl group such as fornyl, acetyl, propionyl,

butyryl, 5 isobutyryl, etc.); an arylcarbonyl group

(e.g., a C6_10 aryl-carbonylygroup such as benzoyl,

napht hoyl, etc.); a |ower al¥anoyloxy group (e.g., a

Cl 6 al kyl -carbonyl oxy group such as fornyl oxy,

acetyl oxy, propionyloxy, butyryloxy, isobutyryloxy,

etc.); an aryl carbonyl oxy group 10 (e.g., a C6_10

sacyl acsarmmwbxyngpb@bywcwt@ rbe?ﬁ%@ﬂ?m@/ly phenyl group);
napht hoyl oxy, etc.); a | ower al koxycarbonyl group

afe. grylexy Cyréugl k@aygcarbonqugr@aglguwh @soup (excluding
met hoxycar bonyl, et hoxycarbonyl, propoxycarbonyl,
pheapxgpoxycar hbowdy dlltamopclar garylp, (e.g., a Ci-¢ alkyl-
i sobut oxycar bonyl, tert-butoxycarbonyl, 15 etc.); an
catrablkyl oxpearbaiydh gio®upofeyl, , a8e€¥lllpropionyl, butyryl,
ar al kyl oxycar bonyl group such as benzyl oxycar bonyl,
18bBukiyryd,casbamyl & OWkyddMihyl digrdp (e.g., a Ce-10
trl-halogeno | ower al kyl group (e.g., a nono-, di- or

at_»&ll '&alr% Célr.cf‘uﬁ‘l %ﬁlchgréglpbeﬁ%glas rpe{ﬂrpcrmmt hyktc.); a

dichl oronmethyl’ trifluoronethyl,

l%w%rz Eﬁkgh 58§ghy rofpC- ke n, oxgQ Qﬂpypeﬁyyfugéyﬂg%yloxy

group; an n am ho' group; a nono-| ower

g%'ol&# amsﬂ%hg”“é% (e. f% gﬁﬁ%on(:]a-e%t? ‘%?Q A no%x%rp‘i%yloxy,

nethylanlno

am.no, I et
b&?wwﬁ&% dﬁ@&ﬁlt(yer gl S &rkflfgr“n'%ﬁélyglr%erp group
such as dlnethyla dlet Ian1no
(& Bropy? afrerie, adivi b, 6P BB ;ﬁué%ﬂ ngS Penzoyloxy,

naphthoyloxy, etc.); a lower alkoxycarbonyl group (e.g., a

Ci-6 alkoxy-carbonyl group such as methoxycarbonyl,

ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,
butoxycarbonyl, isocbutoxycarbonyl, tert-butoxycarbonyl,
etc.); an aralkyloxycarbonyl group (e.g., a Co-11

aralkyloxycarbonyl group such as benzyloxycarbonyl, etc.);
a carbamoyl group; a mono-, di- or tri-halogeno-lower alkyl

group (e.g., a mono-, di- or tri-halogeno-C;-4 alkyl group
such as chloromethyl, dichloromethyl, trifluoromethyl,
2,2,2-trifluoroethyl, etc.); an oxo group; an amidino
group; an imino group, an amino group; a mono-lower
alkylamino group (e.g., a mono-C;-4 alkylamino group such as
methylamino, ethylamino, propylamino, isopropylamino,
butylamino, etc.)} a di-lower alkylamino group (e.g., a di-

Ci-4 alkylamino group such as dimethylamino, diethylamino,
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met hyl et hyl am no, etc.); a |ower alkyl-|ower

al kyl car bonyl am no group (e.g., N nethylacetyl group,
etc.); an optionally hal ogenated | ower

al kyl car bonyl am no 5 group (gg?., acetyl am no group,
trifluoroacetyl am no group, c.);. a 3-to

6- menbered cyclic am no group which may contain, in
addition to carbon atons and one nitrogen atom 1 to

3 heteroatons selected froman oxygen atom a sulfur
ddtrawrad@mdintrogen at ofd { 80BroP|l81IRg, 6- nenberddutylamino,
cyclic 10 am no group such as aziridinyl, azetidinyl,
mpyrhydleitdivdyiminapyr r ol etigl ) ipyrrodgyl , ihewewol yl ,alkyl-lower
pyrazol yl, imdazolidinyl, piperidyl, norpholinyl,
adikpldraoomivdyminayr i dybupN- (retchyl pi Bemakhpybeetyl  group,
N- et hyl pi perazinyl, etc.); an al kyl enedi oxy group

efte.9.;, @n Chpliahkylenadi mgemitoup dvebrimiasylcarbonylamino
nmet hyl enedi oxy, ethyl enedi oxy, etc.); a hydroxy group;

gFoup (el Ar,0HYe &y IGHAMD Yrip, & NMETIGARHC GHOHRImEho group,
sulfo group; a sulfino group; a phosphono group; a

W flamoyl 3.9r eup; g andmmoal kylcsiehfianoyhi g6 0Wr i Iwhidh may
nono- Cl_6 al kyl sul fanmoyl group such as

MNrethy! syl W ioN 2P &S Wd@®Ynd one nitrogen atom,
N- propyl sul fanmoyl , N-1sopropyl sul fanmoyl, N

12%%! ?g&%ggg%%ﬁ)ﬁgcfs)e;le%t@dalﬂ&yén?' Ué%agg%eﬁr QB9 sulfur

sul fanmoyl group suc
S SRS e, M DY OB g ey
0 LA O ERUR (%812 90 25 AN O sainy,
pyrrolinyl, pyrrolyl, imidazolyl, pyrazolyl,rimidazolidinyl,
piperidyl, morpholinyl, dihydropyridyl, pyridyl, N-
methylpiperazinyl, N-ethylpiperazinyl, etc.); an
alkylenedioxy group (e.g., a Ci-3 alkylenedioxy group such
as methylenedioxy, ethylenedioxy, etc.); a hydroxy group; a
nitro group; a cyano group; a mercapto group; a sulfo
group; a sulfino group; a phosphono group; a sulfamoyl
group; a monoalkylsulfamoyl group (e.g., a mono-Ci-¢
alkylsulfamoyl group such as N-methylsulfamoyl, N-
ethylsulfamoyl, N-propylsulfamoyl, N-isopropylsulfamoyl, N-
butylsulfamoyl, etc.); a dialkylsulfamoyl group (e.g., a
di-Ci-¢ alkylsulfamoyl group such as N,N-dimethylsulfamoyl,
N,N-diethylsulfamoyl, N,N-dipropylsulfamoyl, N, N-
dibutylsulfamoyl, etc.); an alkylthio group (e.g., a Ci

alkylthio group such as methylthio, ethylthio, propylthio,
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I sopropyl thio, butylthio, sec-butylthio,

tert-butylthio, etc.); an arylthio group (e.g., a

C6-10 arylthio group such as phenylthio,

naphthylthio, etc.); a lower alkylsulfinyl group

(e.g., a Cl_6 alkylsulfinyl gtbup such as 5

nmet hyl sul finyl, ethylsulfinyl, propylsulfinyl,
butyl sul finyl, etc.); an arylsulfinyl group (e.g a

C6_10 arylsulflnyl group such as phenylsulflnl
inapiroRylsulipi nybutydtdip, askowbdh taillikylisul f&mnt W&thlor
(e.g., a C1_ 6 alkylsulfonyl group such as
eMELhyIamfanﬁmthkﬁigdeuwaﬂyg;,le feapybsultbhyl group such
butyl sul fonyl, etc.); and an arylsul fonyl group
ake.ghen @l 06.d,0 aayhsbhyionyb, gedup )such aswer alkylsulfinyl
phenyl sul f onyl , napht hyl sul-fonyl, etc.). Anbng these,

gaoh@l oges.angd anaopttpopal |y bal ogehated Clrduml kyduch  as
group are preferred, a C1_6 alkyl group is nore 15

nRi8hahedingnd met hyl ésnpastieuhar]y pref ergrepby B finyl,
"aromati ¢ hydrocarbon group which may be substituted

bW%&ﬁs%ﬂ%1%&U“”é%éUPStéhu%&%ishﬁﬁﬂdyﬁf@k&ﬂp. (8abkoX¥ Ce10
phenoxy, car oxy and tetrazolyl)" represented by R

aﬁér&r u‘i‘flﬁﬁaﬂf g)y s%c@)o%ss Setrffltétuqcfl%yq”atda%hthylsulflnyl

ocarb roup. I'es "of “aromatic

dgseonl o ge zrs;ﬁ&l%wo%ﬁagyg% 08 8,5 B, O
b G s T T gl R o,
p%?%?roaﬁ%n%yid (%5§H£&f on {rogen §U|f%5 ggdé¥9%%dlfonyl
group {e.g., a Ce-10 arylsulfonyl group such as

phenylsulfonyl, naphthylsulfonyl, etc.).

Among these, a halogen and an optionally halogenated
Ci-¢ alkyl group are preferred, a Ci_¢ alkyl group is more
preferred, and methyl is particularly preferred.

The “aromatic hydrocarbon group which may be
substituted with one or more substituents (excluding Ci-
calkoxy, phenoxy, carboxyl and tetrazolyl)” represented by
R is also preferably a non-substituted aromatic hydrocarbon
group.

Examples of “aromatic heterocyclic group” represented
by R include a 5- to l4-membered, preferably a 5- to 10-
membered, and more preferably a 5- or 6-membered aromatic
heterocyclic group which contains 1 or 2'kinds of 1 to 4

hetercatoms selected from nitrogen, sulfur and oxygen atoms
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21 in addition to carbon atons. Specific exanples

thereof include thienyl (e.g., 2-thienyl, 3-thienyl,
etc.), furyl (e.g., 2-furyl, 3-furyl, etc.), pyridyl
(e.qg., 2-pyridyl, 3-pyridyl, 4-pyridyl, etc.),

thiazolyl (e.g., 2-thiazolyl,2%5 4-thiazolyl,

5-thiazolyl, etc.), oxazolyl (e.g., 2-oxazolyl,

4- oxazolyl, etc.), pyrazinyl, pyrimdinyl (e.g., 2-
pyrlnldlnyl 4-pyrimdinyl, etc.), pyrrolyl (e.g., 1-
ipyradliftion: ppr rod §Qn 3apynsel yl Specéfic | enamzbiy| thereof
(e.q. 1-imdazolyl, 2-imdazolyl, 4-imdazolyl,

iet&uﬁg pyﬁazqﬂyl(dOg(e.@rﬁhlepyﬂazdlyﬂhiéﬁxﬁwrazbtyb, furyl
4-pyrazolyl, etc.), pyridazinyl (e.g., 3-pyridazinyl,
(4-pyri daziurgll, eBefdyryhndeticsot himzaldgtl (éegg,, 2-pyridyl,
3-isothiazolyl, etc.), and isoxazolyl (e.qg.
33py3@&§19IwLbyry@vﬂnlé&@se ﬁhﬁaszyEO{BEgber@dthlazolyl
aromatic heterocyclic group (e.g., pyridyl, pyrazinyl,
41%11@)5&@43/'13;' 5-RYibgaziny! etics9xazlaplol yat O(e) g.§ 2-oxazolyl,
preferre Such "aromatic heterocyclic group” nay

4%%‘521;15,@5 epée{eraw&alz 3,13, EQ%&hm&H%&i oN(e.g., 2-

stitatabl e positions. non- substi t ut ed aronatlc

gggﬁﬁ xbeg'l'c el gﬁl?g'erm preferyed. ?rgQrEfemol es.of, 1-

fi'tuent “in a 'hal ogen ato
p&%%ogkaV hl%%géﬁgt %%%?O£§?;P§ oxgﬁateglyomee 9
15ty %r?,ez% Sy SR Lty 93?2%%&#“6%5 T paazott
(%?BR,bUtXprrazolyl, 3-pyrazolyl, 4-pyrazolyl, etc.),
pyridazinyl (e.g., 3-pyridazinyl, 4-pyridazinyl, etc.), and

isothiazolyl (e.g., 3-isothiazolyl, etc.), and isoxazolyl

(e.g., 3-isoxazolyl). Among these, a 5- to 10-membered
aromatic heterocyclic group (e.g., pyridyl, pyrazinyl,
pyrazolyl, pyridazinyl, isoxazolyl, etc.) is preferred.

Such “aromatic heterocyclic group” may have 1 to 5,
preferably 1 to 3, substituents on substitutable positions.
A non-substituted aromatic heterocyclic group is also
preferred.

Examples of such substituent include a halogen atom
(e.g., fluorine, chlorine, Dbromine, iodine, etc.); an
optionally halogenated, hydroxylated or oxolated lower
alkyl group (e.g., a Ci-¢ alkyl group such as methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,

pentyl, hexyl, etc.; an optionally halogenated Cji-¢ alkyl
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25 pentyl, hexyl, etc.; an optionally hal ogenated Cl_6

al kyl 22 group such as fluoronethyl, chloronethyl,

di fl uoronmethyl, dichloronethyl, trifluoronethyl,
trichloronmethyl, etc.; an optlonally hydroxylated

Cl_6 al kyl group such as hydtoxynethyl, hydroxyethyl,
etc.; an optionally oxolated 5 C1 6 aIkyI group such

as 2-oxopropyl, 2-oxobutyl group, etc.); a cycloalkyl
group (e.g., a C3_6 cycloal kyl group such as

gepeicopTwopy | asCﬁhwnyﬁthxtlycl @bgW?llﬂet]éyéi olfdfuoromethyl,
etc.); a lower alkynyl group (e.g., a C2_6 al kynyl
dgcbapr0@@¢hyés dmh%dﬂorqmqwmmynytrlbegaﬁ@?ththceFC ;oan
a lower 10 al kenyl group (e.g., a C2_6 al kenyl group
opttdlonad 1wi nyhydrakkiylatedsopiCapenylalkwlt engroup  such  as
i sobutenyl, etc.); an aralkyl group (e.g., a 07_11

hatalokyineghaup sugdr asydengy) , eac.metdryl bpnzyhally oxolated
phenethyl, etc.); an aryl group (e.g., a C6_10 aryl

cQr OUQlﬁy@h @ﬁome%oh napht pybxoptépyl pr ef esadhyr b group,
phenyl group); an aryloxy group (e.g., C6_10 aryl oxy

e%Ola'p ée%‘i}dlq)'arlg;yﬁhe@?&){ﬁ) (e d.oneg @3k@n@ybw£wpl group
g., C al Kyl -car bonyl group such as fornyl,

s%% [Yls ekg?'og?:%hg (2Lg%fﬁ’ébuﬂ&sp,bUEW:XBpeﬁtcgl), Aftlohexyl,

ary carbo aryl - car bonyl “group

gﬁas gg%ag%gﬁﬁﬂ%@n%bo%Eb8§t6 a]iyl caﬁgonyﬁ ;nyl group
%&W%?Si%tﬁ?%%ﬁﬁ%l'r SRS PRIy o 2over
g%%%§§1d§§ up ?e g—,o ar%l_CaﬁagqxﬁpxgrgrouQnﬁﬂghagsv1nyl
allyl, isopropenyl, butenyl, isobutenyl, etc.); an aralkyl
group (e.g., a Cy-11 aralkyl group such as Dbenzyl, o-
methylbenzyl, phenethyl, etc.); an aryl group (e.g., a Ce-10
aryl group such as phenyl, naphthyl, etc., preferably
phenyl group); an aryloxy group (e.g., Cgi1p aryloxy group
(excluding phenoxy)), .a lower alkanoyl group (e.g., a Cie
alkyl-carbonyl group such as formyl, acetyl, propionyl,
butyryl, isobutyryl, etc.), an arylcarbonyl group (e.g., a
Ce-10 aryl-carbonyl group such as benzoyl, naphthoyl, etc.),
a lower alkanoyloxy group (e.g., a Ci-¢ alkyl-carbonyloxy
group such as formyloxy, acetyloxy, propionyloxy,
butyryloxy, isobutyryloxy, etc.); an arylcarbonyloxy group
(e.g., a Ce10 aryl-carbonyloxy group such as benzoyloxy,
naphthoyloxy, etc.); a lower alkoxycarbonyl group (e.g., a

Ci-s alkoxy-carbonyl group such as methoxycarbonyl,
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napht hoyl oxy, etc.); a |ower al koxycarbonyl group
(e.g., a 25 C1_6 al koxy-carbonyl group such as
nmet hoxycar bonyl, 23 et hoxycarbonyl, propoxycarbonyl,

i sopropoxycar bonyl, butoxycarbonyl,
i sobut oxycarbonyi, tert-butox&arbonyl, etc.); an
ar al kyl oxycar bonyl group (e.g., a Cr7_11

ar al kyl oxycar bonyl group such as benzyl oxycar bonyl ,

etc.); 5 a carbanoyl group; a nono-, di- or
ethpxlighogensll over RFRYIxYeFOUPYE. 9., asSepFeProxgicargenyl,

tri-hal ogeno-Cl 4 al kyl group such as chl oronethyl,
bdtohlyorobetlyl,, tdisbbusceyetmponyl, tert-butoxycarbonyl,

2,2,2-trifluoroethyl, etc.); an oxo group; an am di no
egrolp; aani m avafkplpxyaaraonhnd groupupa mpaog!l pwera 10 Cq-11

al kyl am no group (e.g., a nono-Cl_4 al kyl am no group
asHCRyasxydatrbyhal ngowt e 29, bphepybagtaebonyl, etc.);

i sopropyl ami no, butylamno, etc.); a di-Ilower

aakkybarbpo QEQHF ;(8 Gonod,didi -Chrd talikplbamigRecgnewer alkyl
such as di net hyl am no, dlethylan1no di propyl am no,

ggbhﬁoﬁ%p@ylamlWﬁongLbUHXLa@ﬂ“%rﬂjhéﬁ%ﬁg%éﬂ@y|aHlQ?l group
a1 ower al kyl ! omer alkylcarbonylanlno gr oup

&@FOQG§M]%ﬁ{%%é¥g§§§£ QHE roﬁgfhyl ant%?%@%@?&déthyl,

enat car ony am no - group

6%%%?%2%& lt%k&oro%%%tg' am_fo, GLe. b lpéi_ nta% a%dino

nbere cyc am no gr i ch may “con in
addition_to,carbon. atons and one nitrogen atom

93°URét efBat OHE "Sel JELER” frgﬁlaﬁmﬁQfgeﬁ & & m%%%—lower
ai%g&%gggﬁ1gggéggﬁg aF?n](mo%o C14 al&ylgmg%gbgrgﬁp such as

methylamino, ethylamino, propylamino, isopropylamino,
butylamino, etc.); a di-lower alkylamino group (e.g., a di-
Ci-4 alkylamino group such as dimethylamino, diethylamino,
dipropylamino, diisopropylamino, dibutylamino,
methylethylamino, etc.); a lower alkyl-lower
alkylcarbonylamino group (e.g.,' an N-methylacetyl group,
etc.), an optionally halogenated lower alkylcarbonylamino
group (e.g., acetylamino, trifluorocacetylamino, etc.); a 3-
to 6-membered cyclic amino group which may contain, in
addition to carbon atoms and one nitrogen atom, 1 to 3
hetercatoms selected from an oxygen atom, a sulfur atom and
nitrogen atom (e.g., a 3- to 6-membered cyclic amino group
such as aziridinyl, azetidinyl, pyrrolidinyl, pyrrolinyl,
pyrrolyl, imidazolyl, pyrazolyl, imidazolidinyl, piperidyl,

morpholinyl, dihydropyridyl, pyridyl, N-methylpiperazinyl,
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such as aziridinyl, azetidinyl, pyrrolidinyl,
pyrrolinyl, pyrrolyl, imdazolyl, pyrazolyl,
i m dazolidinyl, piperidyl, 25 norpholinyl,

di hydr opyri dyl ,

N- et hyl pi per azi nyl

nmet hyl enedi oxy,

nitro group, cyano

group, nono al kyl sul f anoyl

pyridyl,
etc.);

et hyl enedi oxy,
gr oup,

gr oup

N—nethylplpera2|nyl

24

an?4l kyl enedi oxy group
(e.g., a C1_3 al kyl enedi oxy group such as

etc.);
mer capt o group

(e.g.

hydr oxy group,

sulfo
Ngredny, ] psigefiard rrloue t &. Jphosphahsy §eoagiosul paeeyl (e.g., a

a mono-Cl 6

Calkyl sal kpbeyédgorup sgalouas h}smgﬁhylgalfam@ﬂhyléﬁedioxy,
N- propyl sul f anoyl ,
dtsgraamdisidyf,ameyk,. ) N buyytsxy f anoydy, ehdto agroup, cyan

N-et hyl sul f anoyl ,

di al kyl sul fanoyl group (e.g.

a di

N-

-Cl1_6 al kyl sul fanoyl

dﬂdﬂﬁ)loméﬂéhFﬁé N, d¥v-digret hglisabf argydup N, Nsdilfino  group

et hyl sul f anoy

N, N- di propyl sul f anoyl ,

ﬁﬂdﬂ‘;ﬁi&w g&ﬂﬁ 2NVl far@del )grédp, akdod tam
6 aIkyIth|o gr oup such as

Ithlgth%%ddlhgo,am PéQPi’éﬂnByP %litosdptm@uch as N

an arylthio

sec buty

O&ﬂg‘ﬂ&sulf wqé}]obut%l

such
dipropylsulfamoyl,

alkylthio group

(e. 9yip
yl sul finy

finyl
VT

h | sul finyl h | i
LI01 <31 PorT oy (o o Ay

Rr

tert-butylthi

éﬁ% 0, napht ?Qﬁgfga@

Ik I |f
Lo

(e.g., a

methylthio,;, ethylthio,

propylthio,

o0, etc.

etc

feviiplzafiofy

Ci-¢ alkylthio

sec—butylthio, tert-butylthio, etc.

(e.g., a Cg10

naphthylthio, etc.

arylthio

) ;

Ci-s alkylsulfinyl

ethylsulfinyl,
arylsulfinyl group

phenylsulfinyl,

(e.g.,

group

); an

such

O

4

BOUfmoyl group
yl t hi o,

S Eogeyds NN

N, N-dibutylsulfamoyl,

etc.); a

group such a

isopropylthio, butylthi

faﬁﬁ@ﬁf O%Pvgi’é}&y?é;l famoyl, N-

| sul finyl.
[ nyl,
"h‘iﬁ %loﬁl SRvaLlt Jf‘azrf,oyi/'group

et c.

§ §r€§ﬁ§&

a

n

S

Oy

arylthio group

as phenylthio

a lower alkylsulfinyl group (e.g.,

group

propylsulfinyl,

such

naphthylsulfinyl,

alkylsulfonyl group

as methylsulfonyl,

(e

butylsulfonyl, etc.):;

Ce-10 arylsulfonyl

naphthylsulfonyl,

etc.

g,

as

etc.

4

a

methylsulfinyl,

);

a lowe

butylsulfinyl, etc.); an

a Ceg-10 arylsulfinyl group such as

r

a Cij-g alkylsulfonyl group such

ethylsulfonyl,

propylsulfonyl,

and an arylsulfonyl group (e.g.,

group

).

such

as

a

phenylsulfonyl,



as met hyl sul fonyl, ethylsulfonyl, propylsulfonyl,
butyl sul fonyl, etc.); and an aryl sul fonyl group (e.g.,

a GC6_10 aryl sul fonyl group such as phenyl sul fonyl,

25 napht hyl sul fonyl, etc.). 25 Anong these, a

hal ogen, and an optlonally hal®genated C1_6 al kyl

group are preferred, a Cl1_6 alkyl group is nore

preferred, and nethyl is particularly preferred. In

t he above-described formula (1) Al, A2, A3 and A 5
eachAinpdepehdsst | v rivpresant SATTH P NptAﬁﬁﬁélm hajpgenated
A3 and A4, 0 to 2 substituents preferably represent
Cwﬁ'ﬁﬂkyﬁsgrQMQ roketor afepresbnt @dChy fedrkmll agrovp ' is2more
A4 A3 10 is preferably N N1 --~~N N N N N and N
pivbife rpeef, enahl yethiyé dsi ehytiisullarly- peeride?ic

In the above-described formula (I), A:, A,, As and A,
each independently represents CH or N.

Among Ai, A, A3z and A4, 0 to 2 substituents preferably
represent N.

That is, the moiety represented by formula:

is preferably

R ey

\N_/
o~ "
MN | \N_//N | “<\_N/ o 4<\N

More preferably, the moiety is

N—= — — N::<{
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N N Nand N In the above-described forrmula (1) B
represents a phenyl group which nay be substituted
with one or nore halogen atonms. However, when the

noi ety represented by formula: AT \ /A2 5 AZ -A3

is or dV ring Bis a phenyl 4foup substituted with
one or nore halogen atons. B is preferably a phenyl
group substituted with one or 10 nore (preferably, 1
to 2) hal ogen atons (preferably, fluogrine). Preferred
exanpl eg of Conpound (1) include the/ follow ng

soads or sal ¥5=fhereof. {Conpl&®d (I1)-A} 15 This

he cwnpound<&£1 ich the ty rgpresented by the
a7 27 A2 \M &3 in formula \l As

, and

In the above-described formula (I), B represents a
phenyl group which may be substituted with one or more
halogen atoms.

However, when the moiety represented by formula:

is

<

ring B is a phenyl group substituted with one or more
halogen atoms.

B is preferably a phenyl group substituted with one or
more (preferably, 1 to 2) halogen atoms (preferably,
fluorine).

Preferred examples of Compound (I) include the
following compounds or salts thereof.

{Compound (I)-A}
This is the compound in which the moiety represented by the

formula:
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NNN dN, N-NNN NNON-N or and ring Bis a
phenyl group substituted with one or nore hal ogen
atons. 5 Anpong Conpound (I1)-A, a conmpound (l)-A shown
belowis preferred. {Conmpound (l1)-A") This is the
compound in which Ris a pheyl group (e.g., phenyl,
etc.) or a 5- to 10-nenbered (preferably 5- to 6- 10
nmenber ed) aromatic heterocyclic group (e.g.,
3-pyridyl, 3,4-dinethyl-5-isoxazolyl, 3-pyridazinyl,
3- net hyl/-5- isoxazolyl, 2-pyrazinyl,

1- mex -5-pyrazolyl, etc.) each of which may be

su titerd with one or nore C1_6 al kyl groups, 15
he i ety represented by fornmula: 28 Arg- --<\ A2
A4 Mg—ihg formula (1) is N - -

in formula (I) is

s Iy e B

\N/

4

N—

—— N=— N=
_<\_//N \N—//N, _Q o _<\N

4

and ring B is a phenyl group substituted with one or more
halogen atoms.

Among Compound (I)-A, a compound (I)-A’ shown below is
preferred.
{Compound (I)-A’"}
This is the compound in which R is a phenyl group (e.g.,
phenyl, etc.) or a 5- to l0-membered (preferably 5- to 6-
membered) aromatic heterocyclic group (e.g., 3-pyridyl,
3,4-dimethyl-5-isoxazolyl, 3-pyridazinyl, 3-methyl-5-
isoxazolyl, 2-pyrazinyl, l-methyl-5-pyrazolyl, etc.) each
of which may be substituted with one or more C;-s alkyl
groups,

the moiety represented by formula:



~~~~/N\V N dNZN=, ° NN\~N~ \ N Nor N and
ring Bis a phenyl group substituted with one or nore
hal ogen atons. 5 {Conpound (I)-B} This is the conpound
in which the noiety represented by formula: A= (\ ~
A2 A A3 in fornula (1) is 208 NN - - NNIN NN
NXN N or and ring B is a non-substituted phenyl

group. Anmong Compound (I)-B, Conpound (1) -B shown
below is preferred. {Conmpound (I)-B'} 5 This is the

conpound inp which Ris a phenyl group (e.g., phenyl,
etc.) or 5- to 10-nenbered (preferably 5- to 6-
F:X

in formula

\_/ \ AN \_/

—L \ /N _Q\_/ —4
N— , N o N
and ring B 1is a phenyl group substituted with one or more
halogen atoms.
{Compound (I)-B}
This is the compound in which the moiety represented by

formula:

=
_——<&T——AA2

A—A,

in formula (I) is



10

menbered) aromatic heterocyclic group (e.g.,
3-pyridy|, 3, 4-di net hyl - 5-i soxazol yl, 3-pyridazinyl,
3-met hyl -5- isoxazolyl, 2-pyrazinyl,

1- net hyl - 5 pyrazolyl, etc.) each 10 of which may be
substituted with one or nore2C1_6 al kyl groups, the
noi ety represented by fornula: AT4._ \ A2 A4 A3 in
formula (1) is dN/ - N N N30 NN NO NN Nor and
ring Bis a non-substituted phenyl group. Salts of the

by formula/(1) are preferably
cept abl ts and ek | es

de/sal tyg w i nprganic/basey salts
NC @e, g{th aﬁLfégigﬂﬁlc aci d,
organi ¢ acid, sdlts wwth a basic or °

ino acid an the like. Preferred exanpl es of

aci di ¢
salts wwth the |Wor ani ¢ base

NJKN/'*

and ring B is a non-substituted phenyl group.

Among Compound (I)-B, Compound (I)-B’ shown below 1is
preferred.
{Compound (I)-B’}
This is the compound in which R is a phenyl group (e.g.,
phenyl, etc.) or a 5- to 1l0-membered (preferably 5- to 6-
membered) aromatic heterocyclic group (e.g., 3-pyridyl,
3,4-dimethyl-5-isoxazolyl, 3-pyridazinyl, 3-methyl-5-
isoxazolyl, 2-pyrazinyl, 1l-methyl-5-pyrazolyl, etc.) each
of which may be substituted with one or more Ci;-¢ alkyl
groups,

the moiety represented by formula:

o
_<\ ; //AZ

in formula (I) is

ﬂj g W Ny
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include alkali netal salts such as sodiumsalts and
10 potassiumsalts; alkali earth nmetal salts such as
cal cium salts and nagnesium salts; alum num salts;
ammonium salts and the like. Preferred exanpl es of
salts with the organic base 3Jbthclude salts with
trinmethylam ne, triethylamne, pyridine, 15 picoline,
et hanol am ne, di et hanol am ne, triethanol am ne,
trometham ne (tris(hydroxynethyl)nethylamne), tert-
ne, cyclohexyl am ne, benzyl/ani ne,

N, N-dlbenzyN yl enedi am ne and
Pr xanpl e salJs with the

i no %an’c acid Od(nclude sal t th hydrochloric,
hﬁdrl komc nitri ,Sulrf uric, “phosphoric acid and
the like, Preferred exanple f salts with the organi c
ang 4139 BlﬁélﬁdgogaPPgs%ﬂFﬁ%Fg R%@ny cétic?

P

trifluoroacetic, ht halic, fumaric tarfari

mal ePe1 | (1 che sUeEPARES ﬁf&ﬁr@seﬁ&eﬁﬁﬁe Bt (D) are
benzenesul fonic, p- toluenesulfonic acid and the |ike.

P ePeahEi e P eI B WiCaldit 2 GFIE ke bad | ESaffifo Sxamples
acid include salts with arginine, |ysine, ornithine

thrd eplfe ibickade Peafter Méd hexanpines dsf isaltes i 137 itfe with an

acidic amno acid include salts with aspartic acid,

oglganari daecd,d smdts heithi ke, i Rragdraigasciod, Cﬁﬁb@@n@lth an
(1) refer to compounds which are

organic acid, salts with a basic or acidic amino acid and

the like.

Preferred examples of salts with the inorganic base
include alkali metal salts such as sodium salts and
potassium salts; alkali earth metal salts such as calcium
salts and magnesium salts; aluminum salts; ammonium salts
and the like.

Preferred examples of salts with the organic base
include salts with trimethylamine, triethylamine, pyridine,
picoline, ethanolamine, diethanolamine, triethanolamine,
tromethamine (tris (hydroxymethyl)methylamine), tert-
butylamine, cyclohexylamine, benzylamine, dicyclohexylamine,
N,N-dibenzylethylenediamine and the like.

Preferred examples of salts with the inorganic acid
include salts with hydrochloric, hydrobromic, nitric,
sulfuric, phosphoric acid and the like.

Preferred examples of salts with the organic acid
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converted into Conmpound (I) through the reaction by an
enzynme or gastric acid under in vivo physiol ogica

condi tions, that is, conpounds which are converted

into Compound (1) through enzymati c oxi dati on,

reduction 15 hydrolysis, or the |ike, and conpounds

whi ch are converted into Conpound (I) through

hydrol ysis and the like by gastric acid and the |ike.
Exanpl es of the prodrug of Conpound (1) i nclude
icoApoendssahtshi ohitdn afonoigr oupr eftiGompdurd luordasetic,
acyl ated, al kylated or phosphated (e.g., 20 conpounds
phft hahiieh amﬂmﬁfmbgrougamﬁcCDmmnnnhqﬂq,ismaleic, citric,
ei cosanoyl at ed, al anyl ated, pentyl anmi nocar bonyl at ed,
stecinic, malic, methanesulfonic, benzenesulfonic, P-
met hyl - 2- oxo- 1, 3- di oxol en- 4-yl ) net hoxycar bonyl at ed,
togtealydneburanyl-atednd etrcahydieapyr anyl at ed,
pyrrolidyl met hyl at ed, pival oyl oxynet hyl ated, or tert

25 buytylratedy; LOMAWS,f Nsii hyathydnexpaghieupnlino acid
Conmpound 32 (I) is acylated, alkylated, phosphated or

d
%%ﬁ%%% 5%?t% w§t @gﬁgﬁgﬁgﬁnlbaﬁﬁgigiﬁggggﬁMmgﬁﬁ%g)6He like.

pr Op&bn% e%laleggn\{rl l%gd%tfg%alt%uwﬁylt‘ﬂee%cidic amino acid

funarylate

onet, Icarbon Iate
Jf%ﬁ?%%%d?%%€?aﬁ?1 edyber onpounég | ATRRREACa S o??d the
group of Conpound (1) is esterified or am dated
eg., conpounds i n which a carboxy group of Conpound
(1) is ethyl-esterified, phenyl- _esterified

car bREATRTIRA st PR Eed &Fhefﬁ§?5nFﬁoﬁ§Wﬁﬁunds which are

converted into Compound (I) through the reaction by an
enzyme or gastric acid wunder in vivo physiological
conditions, that is, compounds which are converted into
Compound (I) through enzymatic oxidation, reduction
hydrolysis, or the like, and compounds which are converted
into Compound (I) through hydrolysis and the 1like by
gastric acid and the like. Examples of the prodrug of
Compound (I) include compounds in which an amino group of
Compound (I) is acylated, alkylated or phosphated (e.g.,
compounds in which an amino group of Compound (I) is
eicosanoylated, alanylated, pentylaminocarbonylated, (5-
methyl-2-oxo-1,3-dioxolen-4-yl)methoxycarbonylated,

tetrahydrofuranylated, tetrahydropyranylated,
pyrrolidylmethylated, pivaloyloxymethylated, or tert-

butylated); compounds in which a hydroxy group of Compound
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10 esterified, pivaloyloxynethyl-esterified,

et hoxycar bonyl oxyet hyl -esterifi ed,

pht hal i dyl -esterifi ed,

(5- et hyl - 2- oxo- 1, 3-di oxol en-4-yl ) et hyl -esterified,

cycl ohexyl oxycar bonyl et hyl - est@rified, or

met hyl am dated) ; and the |ike. These conpounds can be

15 prepared from Conmpound (1) by a known rmet hod.

Prodrugs of Conmpound (I) may be those which are

(@Gonvienr eedtlehed, Conpaurmtgd,) phdephphgdi slroghenkted (e.g.,
conditions as described in H rokawa Book Store,
cpuplouskied in ¥@0%0h ‘aDebeloprentgofudr og', C¥opoud (I) is
Mol ecul ar Design, pp.163-198. 20 A nethod for

apeepakited ,t helompoaick todd t heppopseaylatadent ipdivadidylated,
be descri bed bel ow. Preparation Process 1 Conpound (I)

sokctihg1presgnt inventioncganrpeapegpared, for alanylated,
exanpl e, according to Preparation Process 1

di BRA8S2RIEH ome® hRY bl o9 la@WdNg 3Chemre- 20F B B 3@%}& ted)
éqU|v§Fent fﬁére?oc ° X:aAa dll 0 HSC N NH L' Vi

c%mgoﬁhdsAAiﬁzvh@&ﬁp % 1§£&§8&§C:§}éuﬂ e Ao EES&H@C is

represents a PO | eavi ng group Ureldatlon O
esterlfkﬂd or amidated (e.g., compounds in which a carboxy

group of Compound (I) is ethyl-esterified, phenyl-~
esterified, carboxymethyl-esterified, dimethylaminomethyl-
esterified, pivaloyloxymethyl-esterified,
ethoxycarbonyloxyethyl-esterified, phthalidyl-esterified,
(5-methyl-2-oxo~-1,3-dioxolen-4-yl)methyl-esterified,
cyclohexyloxycarbonylethyl-esterified, or
methylamidated);and the 1like. These compounds can be
prepared from Compound (I) by a known method.

Prodrugs of Compound (I) may be those which are
convenrted into Compound (I) under physiological conditions
as described in Hirokawa Book Store, published in 1990,
“Development of Drug”, Vol. 7, Molecular Design, pp.l163-198.

A method for preparing the compound of the present
invention will be described below.

Preparation Process 1

Compound (I) of the present invention can be prepared,

for example, according to Preparation Process 1 represented

by the following scheme or a process equivalent thereto:
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~\\ Al ~-NN \ n A2 H/~-N-~\ A ,AZ AP-NCO (VI) Art-NH
LJ Ay A3 Aa A3 Mor Arl-NHCOOCH2CC13 (MIl) (1) or
Arl-N(COOCH2CCI 3)2 (VI11) or AP-NHCOOPh OX) wherein
each synbol is as defined above. Exanples of the

| eavi ng group L1 include hali#és such as chloride,
brom de, and iodide; or alkylsulfonyloxy 5 groups
such as a net hanesul fonyl oxy group and a
trifluoromethanesul fonyl oxy group, and the |iKke.
According to Preparation_Process 1, first, Conpound
(1V) is prepared by sub' i ng Compound (11
substitution reaction u g Compound (I11).
substitution reactipng K g(s})lrorl ed gut accor
convepti opa{ h@t hod i 1 resen |
‘cat akyst-di n¥a’sol veﬁ-t—wh-i—e-h—d X y—xha"a_é
the f€action. es of thetrdase include basic
salts suabh as gguﬂl fﬁf arbonate, potassi um
car bonat e, cesi um car bonat e, sodi um hydrogen

car bonat e, tr| pot assi um phosphat e; aronat L@im nes

such as pyr' e, lutidine; tertiary anine ch as 34
triet hyI am tri prapygtiam ne, trlobuy-y{ an,
- —<\A A2
8" A ALY,
—§:M2 Ar-NCO (VI) Ar'—NH
" or Ar'-NHCOOCH,CClz (VIf) o
or  Arl-N{COOCH,CCls), (VIIl)

or  Ar'-NHCOOPh (IX)

wherein each symbol is as defined above.

Examples of the leaving group L' include halides such
as chloride, bromide, and iodide; or alkylsulfonyloxy
groups such as a meﬁhanesulfonyloxy group and a
trifluoromethanesulfonyloxy group, and the like.

According to Preparation Process 1, first, Compound
(IV) is prepared by subjecting Compound (II) toc a
substitution reaction using Compound (III).

The substitution reaction is carried out according to
a conventional method in the presence of a base and a
catalyst in a solvent which does not have influence on the
reaction.

Examples of the base include basic salts such as
sodium carbonate, potassium carbonate, cesium carbonate,
sodium hydrogen carbonate, tripotassium phosphate; aromatic

amines such as pyridine, lutidine; tertiary amines such as
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-rgéatlve

cycl ohexyl di met hyl am ne, 4-di et hyl am nopyridi ne, N, N-

di met hyl ani | i ne, N nethyl pi peri di ne,

N-net hyl pyrrolidine, N nethylnorpholine; netal

al koxi des such as sodium 5 net hoxi de, sodi um et hoxi de,

sodi um tert-butoxi de, potassiifn tert-butoxide. The
anounts of the base and Conpound (Il1) to be used are
preferably about 1 to about 5 nolar equival ents

relative to Conpound (I11), respectively. 10 Exanpl es
tofiethyleatiakyst to be tusedopylehdnegacti on itndlbwde lamine,
pal | adi um cat al ysts such as pal | adi um acet at e,
cpallbadixyiddhleahiydemninet, r aki $—-¢ime phehyhphosphi dae)e, N, N-
pal | adi um  bi s(di benzyl i deneacet one) pal | adi um

di mes hgilhenzy hiedenaceaiahg)idiipaldiadingy ancguisflenredlidine,
15 exanples of "ligand" include phosphines such as
Nt-kie@hk¥ kphesphiine,; metal alkoxides such as sodium
triaryl phosphine,, trial koxyphosphi ne. The anount of
mbR8oRakkadisumieat @ity ilde ,bedésesh itertusiald:h ’OWotassium
0.001 to about 5 nolar equivalents, and preferably
+abeut, .0 Q% sLo about 0.5 nolar equivalents 20 rel ative

to Cbnpoung (1'1). The anpbunt of the "phosphines"” to

be u [ [ ye t 0 0 0 r

cqui warerris SR o SR RS bt cBRB RS Band o be used
nol ar uival ent .relative . .to und (1) .

GF T REC PR WREER dods 16 RAE T ni uSEET 2 aLents

t he neac%bo%o%%%h%%g(%EQgr%égﬂgééy%gﬁ¥fahydrofuran

Examples of the catalyst to be used in the reaction
include palladium catalysts such as palladium acetate,
palladium chloride, tetrakis(triphenylphosphine)palladium,
bis(dibenzylideneacetone)palladium,
tris(dibenzylidenacetone)dipalladium, and preferred

examples of "ligand” include phosphines such as

trialkylphosphine, triarylphosphine, -trialkoxyphosphine.

The amount of the palladium catalyst to be used 1is
usually about 0.001 to about 5 molar equivalents, and
preferably about 0.01 to about 0.5 molar equivalents
relative to Compound (II). The amount of the "phosphines"
to be used is wusually about 0.001 to about 10 molar
equivalents, and preferably about 0.01 to about 1 molar
equivalent relative to Compound (II).

Examples of the solvent which does not have influence

on the reaction include ethers such as tetrahydrofuran,
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1, 2- di mret hoxyet hane; hal ogenat ed hydrocarbons such as

chl orof orm aromati c hydrocarbons such as tol uene;

am des such as N, N-di nethyl formam de; and sul f oxi des
such as dinmethyl sulfoxide. These solvents may be

used in mixture 5 of two or nbre kinds at an

appropriate ratio. The anmount of these solvents to be
used is from1 to 100 fold-volunmes relative to

Compound (I1). The reaction tenperature is usually

1f, Pomiaesboxy808anis abowut 0 250T; e@nd hycefomealionsf r oanot  as
to 120C. 10 The reaction tine is usually from about
c@lbrbdoabeutar@ thiour BydConpobnds( Is¥cht haus obflaened amides
can be isolated and purified by known separation and

spahi T &eatN an- diasgish $lUC I casyamifde; exanpl eplfoxides such as
concentration, reduced pressure concentration, 15

dsekverRt extlrashiden, crysédlsézaéhos, may be used in mixture
recrystallization, phase transfer, chromatography.

cComHngk- (hdRe MRYnBS ﬁ%e%n|db§f6bf¥%ﬁer§§€lb0n The amount
W t hout being isolated. Then, Conpound (V) is prepared

ogyt@éég'ygﬂJghf%tﬁgtbebQ§Q&yE§r?98M|1g@®ﬂlﬁd(¥81d volumes
Compound (IV). 20 This reaction 1s carried out

r%ggg @gngotgo O%%%ng&honal nmet hod by reacting with

an aci in a s 'vent i'ch does not have influence on

the rT%aCtrleonct Exanples. of &?8 3¢/ %éxﬂﬁl efPé!Hr%%%ﬂt ~50°C
chl orii H d‘ogen BYohtaeé; sar’f ur
Argreeselle d9's, ane ety g o

The reaction time is usually from about 0.5 to about
36 hours.

Compound (IV) thus obfained can be 1isolated and
purified by known separation and purification means such as,
for example, concentration, reduced pressure concentration,
solvent extraction, crystallization, recrystallization,
phase transfer, chromatography. Compound (IV) may be used
in the next reaction without being isolated.

Then, Compound (V) is prepared by eliminating a tert-
butoxycarbonyl group from Compound (IV).

This reaction is carried out according to a
conventional method by reacting with an aéid in a solvent
which does not have influence on the reaction.

Examples of the acid include hydrogen chloride,

hydrogen bromide, sulfuric acid, trifluorocacetic acid, and

trifluoromethanesulfonic acid, and the like. The amount of
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36 the acid to be used is preferably fromabout 1 to

about 100 nolar equivalents relative to Conpound

(1V). Exanples of the solvent which does not have

i nfluence on the reaction include hydrocarbons such

as hexane; 5 al cohols such & nmet hanol; ethers such

as tetrahydrofuran; esters such as ethyl acet at e;

hal ogenat ed hydrocarbons such as chloroform aromatic

hydr ocar bons such as tol uene; am des such as
thbhbdudethybefosﬁanudepraﬁersbﬂﬁoiﬁé@sab@@h lago about 100

di net hyl sul foxide, and the |ike. These sol vents nay
mbeatOecygsedailantbxtaiettioet wo Gemporedki(dds -at an

appropriate ratio. The anount of these solvents to be

usedeksmplles oexamel esolfweam lwhci0foésl dovohanes influence

relative to Conmpound (1V). The reaction tenperature

ohS HgHal k¥aEreBhabeut1u3@C hidrbeaabeuts 250Ch ard hexane;
preferably fromOC to 120C. The reaction tinme is

%V%ﬁbhg fhem akoyte G d 0 abomtrs 24dubRUES. tERMROWIGFofuran;

hus “obt ai ned can be isol ated and purified by

FEQ?@ §ﬁ8ﬁrgg|8@h Rd UL ifi.Cati-an ABARS SWEARBardhs such

xanp concentrati on, reduced pressure

conc %% 2R, sol ¥%&5t§étr% % %%%%tallk%at%%n toluene;

ecrys |za(|on phase t r omat ogr aphy.

aﬁég%guggglaﬁﬁﬁ 4% %ﬂ%%% infégﬁ?§eéé ng%g% gf%%ﬁ%%%tsuch
aEUbJ%%%£§% suq% x1%e, and the like. These solvents may be
used in mixture to two or more kinds at an appropriate
ratio. The amount of these solvents to be used 1is, for
example, from 1 to 100 fold-volumes relative to Compound
(IV).

The reaction temperature is usually from about -50°C
to about 250°C, and ?referably from 0°C to 120°C.

The reaction time is usually from about 0.5 to about
24 hours.

Compound (V) thus obtained can be 1isolated and
purified by known separation and purification means such as,
for example, concentration, reduced pressuré concentration ,
solvent extraction, crystallization, recrystallization,
phase transfer, chromatography. Compound (V) may be used
in the next reaction without being isolated.

Theh, Compound (I) is prepared by subjecting Compound

(V) to an ureidation reaction.
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25 (V) to an ureidation reaction. 37 The ureidation

can be carried out by reacting isocyanate (VI), or
2,2,2-trichl oroet hyl carbanmate (VI1), or
bis(2,2,2-trichloroethylcarbamate)(VII1), or

phenyl carbamate (1X) to Conpound (V). 5 The

preparation of Conpound (I) by the reaction of

Compound (V) and isocyante (VI) is carried out

according to a conventional nethod in the presence of

a ba%bei n wreishtiam whikh Bes GFGirissf | Udhee BW t F&acting
reacti on. Exanples of the base include pyridine,
ispcgehyltanmi(Vé) ,t pirb@t ¢l @ntwéchl@roethylcarbamate (VII), or
di i sopropyl et hyl am ne, potassium carbonate, sodi um
bearbogate rrscdilomokydyilde rbamd tpot(&SSilum hydri de, and or
the |I|ike. The anmounts of the base and isocyanate (VI)
phenke cusedmatkee (pxef evalkloypaladt (V)t.o about 5 nol ar

equi valents” 15 relative to Conpound (V),

respegkbi ishdpa Bx@iph es fof céhigosed vert) wbychidoeseaotion of
have i nfluence on the reaction include ethers such as

CghgbﬂﬁbeWﬂgrandt%%%%@%@E%fqW@ﬂ,i@i@ﬁﬁﬁied out according to
1, 2- di met hoxyet hane; "hal ogenated hydrocarbons such as

aChLonofor my di chh oot hapei hest gr8s@Rc8uUcdr as, ebh¥k in a

acetate; aromatic hydrocarbons such as benzene,

LAyt U s MNP A S, o
yl" sul foxi de, and the |ike.

o%?%%% %%E%eQE%lﬂﬁé'%%ff%%%é}“é?fgéﬂjiéﬁiﬁéF’éHiHH¥§iamine,

diisopropylethylamine, potassium carbonate, sodium

carbonate, sodium hydride, and potassium hydride, and the

like.

The amounts of the base and isocyanate (VI) to be used
are preferably about 1 to about 5 molar equivalents
relative to Compound (V), respectively.

Examples of the solvent which does not have influence
on the reaction include ethers such as diethylether,
tetrahydrofuran, dioxane, 1,2-dimethoxyethane; halogenated
hydrocarbons such as chloroform, dichloromethane; esters
such as ethyl acetate; aromatic hydrocarbons such as
benzene, toluene; amides such as N,N-dimethyl formamide;
and sulfoxides such as dimethyl sulfoxide, and the like.
These solvents may be used in mixture to two or more kinds

at an appropriate ratio. The amount of these solvents to

be used is, for example, from 1 to 100 fold-volumes
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at an appropriate ratio. The anmount of these solvents

to 25 be used is, for exanple, from1l to 100

fol d-volumes 38 relative to Conmpound (V). The

reaction tenperature is usually fromabout -50C to

250C, and preferably from 0C% E% 120C. The reaction

time is usually fromabout 0.5 to about 5 36 hours.
Compound (I) thus obtained can be isol ated and

purified by known separatlon and purification nmeans
rshehizs, tof 6pmeRHERpl éV) concentration, reduced pressure
concentration solvent extraction, crystalllzatlon

r ecr Jealtdazdtiioon, temoe phases t iansfsera L lohrbreit ogbaphy ~50°C
The preparatlon of Conpound (I) by the reaction of
tGoapolngd 6wy amdf2rap2yt firohl OrSettloyle& bamate (VI 1),

or bis(2,2,2-trichloroethylcarbamate)(VIIl), or
phenyheankamatien |9meé sisansuedlgutf rarcorishuty 0 o5atds about
conventional method in the presence of a base in a
3g0hwert . which does not influence on the reaction.

Exanpl es of the base include pyridine, triethylamne,

tri butybaghae, (1di i SORfOPYIwtdh&d neanpobassiiy®lated and
car bonate, sodium carbonate, sodium hydride, and

p995§§§ﬁug&hXQBVQese§QQaEE%n 20 d ike1fike @MU f such as,

the base and 2,2, 2- "trichl oroethyl carbamate (VII1), or
ngsgéa%p%e, concentration, reduced pressure concentration ,

solvent extraction, crystallization, recrystallization,
phase transfer, chromatography.

The preparation of Compound (I) by the reaction of
Compound (V) and 2,2,2-trichloroethylcarbamate (VII), or
bis(2,2,2-trichlorcethylcarbamate) (VIII), or
phenylcarbamate (IX) is carried out according to a

conventional method in the presence of a base in a solvent

which does not influence on the reaction. Examples of the
base include pyridine, triethylamine, tributylamine,
diisopropylethylamine, potassium carbonate, sodium

carbonate, sodium hydride, and potassium hydride, and the
like.

The amounts of the base and 2,2,2-
trichloroethylcarbamate (VIi1), or bis(2,2,2-
trichloroethylcarbamate) (VIII), or phenylcarbamate (IX) to
be used are preferably about 1 to about 5 molar equivalents

relative to Compound (V), respectively.



trichl oroethyl carbamate) (VII1), or phenyl carbamate

(I'X) to be used are preferably about 1 to about 5

nol ar equivalents 25 relative to Conpound (V),
respectively. 39 Exanples of_ the solvent which does

not have influence on the reaction include ethers such

as diethylether, tetrahydrofuran, dioxane,

1, 2- di met hoxyet hane; hal ogenated hydrocarbons such as

chl orof orm dichl oronet hane; esters 5 such as et hyl

acet Brampapsnafi ¢ ey didd@mBorid stie Hle@s BehzBage 1nfluence
tol uene; ketones such as acetone; am des such as
oN, Ntdbnethybtﬁonnaﬁhdépdande§bEﬁ§xi§@§hsu@ﬁ agliethylether,
di met hyl sul foxide, and the like. These sol vents may
tberasgdrbfiurahxt uriexane,wol p2 -dmet kondsthenan halogenated
appropriate ratio. The 10 anount of these solvents to
hbarusedbbas fauicexanpl ehlbrofoim, t odilfl §odk viodnees esters
relative to Conpound (V). The reaction tenperature is
susHal by feeryabodtet30€; t ar20@€icandypirelarabng f samh as
OC to 120C. The reaction tinme is usually from about

p@n2ehe, kUt enkd 36 MK $. sGeAPAYNd dddortdiusabias nedch as

can be'isol ated and purlfled by known separation and

NpHrHEbQQE?Qn PEARSSHED ashg o X@MRlse, such as dimethyl
Concent ratl on, reduced pressure concentrati on,

s%gkgﬁgh ex%ﬁﬁftkﬂg %. Stal&%é@%'o lven S HEI be used in

recrystaVll i on phase trans rona ogr aphy.
le ara%bOQw@{Q%gﬁgag% kinds at an approprlate ratio. The

amount of these solvehts to be used is, for example, from 1
to 100 fold-volumes relative to Compound (V).

The reaction temperature is usually from about -50°C
to 200°C, and preferably from 0°C to 120°C.

The reaction time is usually from about 0.5 to about
36 hours.

Compound (I) thus obtained <can be isolated and
purified by known separation and purification means such as,
for example, concentration, reduced pressure concentration,
solvent extraction, crystallization, recrystallization,
phase transfer, chromatography.

Preparation Process 2

Compound (IV) in the Preparation Process 1 can be
prepared, for example, according to Preparation Process 2
presented by the following scheme or a process equivalent

thereto;
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Compound (IV) in the Preparation Process 1 can be
prepared, for exanple, according to Preparation
Process 2 presented by the follow ng schene or a
process equivalent 25 thereto; 40 L2 (A~ L2 O
L1-°\ A A2 (X) O A - H3C CNNHOM A3 HBC NN\ AA2 H C
3 H3C+- 0 A4-A3 H3C H3C (I I) L1, L2 represent (Xl)
| eaving groups FB G B(OH)2 0 AL H3C )-N N\ A A2
H3C-O Aa A3 or H3C 0O \ B/ B (I1V) O wherein L2
represents a | eaving group apd other synbols are as
defi.ned above. Exanpl es o[“%e | eavi ng group L2

i ncl ude halides such 1 L2
L A
(E? /T \ —-<\ A- 2 (X) o) I\ A1=<
H1C N NH Ay A
3+ \__/ 473 H4C N N—\ A A
H3C O = H3C+O \'_—/ A4'A3
HsC e
{ah L1, L2 represent X))

leaving groups

oot o

wherein L2 represents a leaving group and other symbols are
as defined above.

Examples of the leaving group L? include halides such
as chloride, bromide, and iodide; or alkylsulfonyloxy
groups such as methanesulfonyloxy group and
trifluoromethanesulfonyloxy group, and the like.

According to Preparation Process 2, Compound (XI) is
prepared by subjecting Compound (II) to a coupling reaction
using Compound (X). Compound (XI) can be synthesized from
Compound (II) and Compound (III) in a similar method
described for the ©preparation of Compound (IV) of
Preparation Process 1.

Compound (XI) thus obtained can be isolated and

purified by known separation and purification means such as,
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5 as chloride, brom de, and iodide; or

al kyl sul fonyl oxy groups such as net hanesul f onyl oxy

group and trifluoronethanesul fonyl oxy group, and the

i ke. According to Preparation Process 2, Conpound

(XI') is prepared by subjecti%b Compound (I1) to a
coupling reaction 10 using Conpound (X). Conpound

(XI') can be synthesized from Conpound (11) and

Compound (I11) in a simlar nethod described for the |
fprepapariien ebnCsnpdandonl Vreglicepr PFac&iten cPrseEsgation,
1. Conmpound (XI) thus obtained can be isolated and 15
spurehited dst tamvirorsepacay soalhhdapuenfi caicaysivgddd zation,
such as, 41 for exanple, concentration, reduced
phress trre ncdreeg ntatatdnat,ogrsgihpent  @oatpaethd oXI) may be used
crystallization, recrystallization, phase transfer,
iahresahegrapkyctCompauntiolXl betmyy heolsedd.i n t he next
reaction wi thout being isolated. 5 Then, Conpound (IV)

IS preparedchyosub qating sComepiandd 0¥ )sultd eeaupld MPmpound
reaction with boronic acids or boronic esters. The
(&QYPI 4 HY JeRAtinQN +SaERIsheqdiel BEEOKIENGLiAsA or boronic
conventional nmethod in the presence of a base and a
l@cGatalyst in a solvent which does not have influence

on the reation. The anmount of the boronic acid or the

boro%ﬁ%‘%% %é&% 98a8§§gni%1§bgg£r9eé E%ta@%%oﬂéﬁng to a

nmol ar ‘equi v

conventional method in the presence of a base and a
catalyst in a solvent which does not have influence on the
reation.

The amount of the boronic acid or the boronic ester to
be wused 1is about 0.5 to about 10 molar equivalents,
preferably about 0.9 to about 3 molar equivalents relative
to Compound (XI).

Examples of the base include basic salts such as
sodium carbonate, potassium carbonate, cesium carbonate,
sodium hydrogen bicarbonate, tripotassium  phosphate;
aromatic amines such as pyridine, lutidine; tertiary amines
such as triethylamine, tripropylamine, tributylamine,
cyclohexyldimethylamine, 4-dimethylaminopyridine, N, N-
dimethylaniline, N-methylpiperidine, N-methylpyrrolidine,
N-methylmorpholine; metal alkoxides such as sodium
methoxide, sodium ethoxide, sodium tért—butoxide, potassium

tert-butoxide.
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preferably about 0.9 to about 3 nolar equival ents

relative 15 to Conpound (Xl). Exanples of the base

i nclude basic salts such as sodi um carbonate,

pot assi um car bonat e, cesium carbonate, sodium

hydr ogen bi carbonate, tripotassi um phosphat e;

aromati ¢ am nes such as pyridine, lutidine;, tertiary

am nes 20 such as triethylam ne, tripropylam ne,
tributylam ne, cycl ohexyl di nethylam ne,

4- di fschydmaeimoppLi difre, PSR- ot meehydsadl | ifeabout 0.5 to
N- et hyl pi peri di ne, N-nethyl pyrrolidine,

aNonet Hyd oo phiol egeivabeatsal korif¢esbdiycmiamitsoli tm about 5
met hoxi de, sodi um et hoxi de, sodiumtert-butoxide,
mRQkaS sicuihvad e niter trdiuttdxiedeo £2mpEemdan@int, afespleetively.
base to be used is about 0.5 to about 10 nol ar

equi valeties pefeiabtycabpst dséa ahowheb remmitdon include
equi valents relative to Conmpound (XI), respectively.
pBXanies, ofatheysatalyisth used gan e uneasteentenclgida adium
5 pal | adium catal ysts such as pal I'adi um acet at e,

C%%H (Héﬁn 9h|0ride'tetrakis(tri henylphosphine)palladium,
tetfgkls(trlphenylphosphine)palléﬁiLn% pRosp P

i.s(di [ l4_adi
b?ﬁﬁ%gé?%% zf#gggﬁg%g%%ﬁg§gﬁﬁéﬁﬁ%%ghn1 and and the

reactj.on s .preferably carri.e by_ addip -
5 a(r%idl% o ?Lelrogeélc?cf%boeryxegﬁ%p;asllo Qq]%ndan?ﬁ?n% gdghe reaction
.phosphipnes such_as. trialkyl phosphine (e
Jf%iQi%%@ﬁ%%@%hFﬁgfleérf%V%I%ﬁe%?%ﬁggpﬁ%n%??and’ Preferred
triaryl phosphi ne ge.%.,
of ligand

examples include phosphines such as
trialkylphosphine (e.g., tributylphosphine,
tricyclohexyphosphine), triarylphosphine (e.g.,

triphenylphosphine), trialkoxyphosphine.

The amount of the palladium catalyst to be used is
usually about 0.001 to about 5 molar equivalents,
preferably about 0.01 to about 0.5 molar equivalents
relative to Compound (XI). The amount of the "phosphines"
to be used is usually about 0.001 to about 10 molar
equivalents relative to Compound (II), preferably about
0.01 to about 1 molar equivalent relative to Compound (II).

Examples of the solvent which does not have influence
on the reaction include ethers such as tetrahydrofuran,
1,2-dimethoxyethane; alcohols such as methanol, ethanol,
propanol; halogenated hydrocarbons such as chloroform;

aromatic hydrocarbons such as benzene, toluene; nitriles



tri phenyl phosphi ne), trial koxyphosphi ne. The anmount of

t he pal |l adium catal yst to be used is 15 usually about

0.001 to about 5 nolar equivalents, preferably about

0.01 to about 0.5 nolar equivalents relative to

Conpound (XI). The amount of %he "phosphines" to be

used is usually about 0.001 to about 10 nol ar

equi val ents relative to Conmpound (1), preferably

about 20 0.01 to about 1 nolar equivalent relative to
s@ohpamd aCelthitridgnpl BEoB or her 5b¢ v e iifichSHE6Bs Fot N/ N-

have influence on the reaction include ethers such as
dieethhydifofruran de ;1,2 ]diarstdrox ystdlanes dimehblks sudfoxide;

as net hanol, ethanol, propanol; hal ogenated
ahydwacarhomsesuc s dsregtdsomafyorby 2% dr omanigture of two or

hydr ocar bons such as benzene, toluene; nitriles 43
msueh rsiaceihi bhi lapprfofiaari tratsy. anmides susintasof these

N, N di net hyl formam de; sulfoxides such as dinethyl

ssukbtaxkde,, wodyvager.s, Thase sghvMgnés maynmbe used1d0 fold-
mxture of two or nore kinds at an appropriate ratio.

vgmﬁm@gDEQEaQEth%%eC%m%%h%@ntiIt0 be used is, for

exanple, from1l to 100 fol d- volunes relative to
Conpeoy A%&ﬁgyeté Lion & eqperate J seHsHakb¥ut -50°C
fron1about out 250C, and preferably from 0C

chosBBE Do cheagil pR-thTg st pl comstout. O
Shor&%ne%égééf%dw%lme is usually from about 0.5 to about
36 hours.

The reaction time <can be shortened by wusing a
microwave apparatus, and the like.

Compound (1) thus obtained can be isolated and
purified by known separation and purification means such as,
for example, concentration, reduced pressure concentration,
solvent extraction, crystallization, recrystallization,
phase transfer, chromatography.

When Compound (I) has isomers such as optical isomers,
stereoisomers, regioisomers, or rotational isomers,
Compound (I) encompasses any one of such isomers and
mixtures thereof. For example, when optical isomers of
Compound (I) are present, optical isomers obtained by
resolution of racemates are also included in Compound (I).

These isomers can be obtained as an isolated product by

synthetic means and separation means known per se in the
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m crowave apparatus, and the |ike. Conmpound (l) thus
obt ai ned can be isolated and purified by known

separation and purification neans such as, 15 for

exanpl e, concentration, reduced pressure

concentration, solvent extract4don, crystallization,
recrystallization, phase transfer, chr omat ogr aphy.

When Conpound (1) has isomers such as optical isomers,

st ereoi sonmers, regioisoners, or rotational isoners,
a20 ConﬂaundxﬁﬁmxencunpasseSOhwynbne ofxSushtisdaers column
and m xtures thereof. For exanple, when optical
chsonersgabph@onpeund sti)l lazetpoeserttc.optical i soners

obtai ned by resolution of racemates are al so incl uded

in Coppeuindd(!)1) Thesebieson®r stloan fherobbai nedysisala, and
i sol ated product by 25 synthetic neans and separation
CERABSNKNQW) REIcpddbddenddh afhgleopegptratian, forms and
solvent extraction, colum chromatography,

m&§%6y3E§§£t§§EEHQ L Lmg : CDEQ%%Q@l@')CHEY be |§ké§&%ed by

formof crystals, and Cbnpo (1) enconpasses both

c?ggggglgfﬁ%ggw'dg%g iRy and <Py Bt Xedi cEYShAl hieRBods known

ystal's can be prepared by crystallization
accordlng rystallization nmethods known per se in
Sqrel 6%%p%u%d (1) may be e|ther a solvate (e.qg.

P%E“ g B ol 1B B g 200 HeRRRSRes e,
e%%c) %gsa non-solvate, and encompasses both forms.

Compounds labeled with isotopes (e.g., 3H, 14C, 35S,
125I, etc.) are also comprised in Compound (I).

Since Compound (I) or a prodrug thereof (hereinafter,
sometimes, referred to as the compound of the present
invention) has an excellent FAAH inhibitory activity
against mammals (e.g., mouse, rat, hamster, rabbit, cat,
dog, cow, sheep, monkey, human, etc.), it is useful as a
prophylactic and/or therapeutic agent for FAAH-mediated
conditions or diseases.

As described in Examples hereinafter, a threshold in a
pain model 1is decreased by administration of the compound
of the present invention having a FAAH inhibitory activity.
Therefore, the compound of the present invention is useful
for prophylaxis and treatment of pain, for example,

inflammatory ©pain associated with osteoarthritis and

rheumatoid arthritis and neuropathic pain such as painful
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1251, etc.) are also conprised in Conpound (1). Since
Conpound (1) or a prodrug thereof (hereinafter,

sonmetines, referred to as the conpound of the present

i nvention) has an excellent FAAH inhibitory activity

15 agai nst mammals (e.g., nouse, rat, hanmster, rabbit,

cat, dog, cow, sheep, nonkey, human, etc.), it is

useful as a prophylactic and/or therapeutic agent for
FAAH nedi ated conditions or diseases. As described in
dExapplies her eienafdrerthyw/ dimkestiot d i n meuoppbhhcnodel pain,
i s decreased by adm nistration of the conpound of the
ppEeseftpyenhicanahadiang ta iGAAHnushnkeutradgiact i vity.
Therefore, the conpound of the present invention is

usef gh f@4iprOphyladniplany bifeatmentdicfeapal npff ovhich the
exanple, inflamatory pain associated wth

coabeeant B the ards2%tr NewalQicsh alst sty dd prophylaxis
neur opat hi ¢ pain such as painful 45 diabetic

anguropathy/diabetig-ngycopathie paife post herapeticyd  to,
neuraigia, trigemnus neuralgia. In addition, exanples

f ' WA th d
c%re%Q%vg%%%§%§ o?ﬁ%@%é?r 5é$§ @pgﬁp g?gokagrprﬁﬁermebral

ravention 1S use prophyl ax and treat nent

i nclude, . but are not .lim t ecehr, | a
ngfggrd%?lg%Us§§I§§HﬁFSopggﬁgofg%%ge%ggrg¥%é%%é %E gt upon
cerebral nerve cell, protection effect upan hgg

beAgunhT BF™8 pital SBIFaLi nfurFy, BHEiT di §6Fd8r up%cﬁrder upon

revival after cardiac arrest, brain functiona [ .
revival after card?ac arrest, abra{n %unctioé§¥: &g%llne

before and after brain operation, hypoxidosis, hypoglycemia,
trauma of brain or spinal cord, drug intoxication, gas
poisoning, diabetes mellitus, administration of antitumor
agent, disorder of nervous system caused by alcohol and the
like, Huntington’s chorea, prion disease, amyotrophic
lateral sclerosis, spinocerebellar degeneration, eating
disorder, adiposis, pollakisuria, urinary dincontinence,
rheumatism, hypertrophic arthritis, interstitial cystitis,
Crohn’s disease, colitis, colonitis, colon cancer, large
bowel cancer, contraception, or AIDS.

The compound of the present invention is also useful,
based on the above-described knowledge in the art, as a
prophylatic and/or therapeutic agent for nausea, sicchasia
or vomiting caused by anticancer agent; apocleisis or
cachectic anorexia in cancer or infection (e.g., AIDS,

etc.); convulsion, pain, tremor, nystagmus or enuresis due
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10 before and after brain operation, hypoxidosis,

hypogl ycem a, trauma.of brain or spinal cord, drug

i ntoxi cation, gas poisoning, diabetes nellitus,

adm ni stration of antitunor agent, disorder of

nervous system caused by al cohdl and the |Iike,

Hunti ngton's chorea, prion disease, anyotrophic 15

| ateral sclerosis, spinocerebellar degeneration,

eating disorder, adiposis, pollakisuria, urinar

tiongonti iehcescleheaiat i siropiserpd bphi BuaELRBLPNSS chorea;
interstitial cystitis, Crohn's disease, colitis,

Toolreritts’ s, syoldowrean derv,odagege. ndevowes dyﬁhﬂaesia; locomotor
contraception, or AIDS. 20 The compound of the present
dirventeiron | sasdisme usefglaucbased onlilkegy; inflammation;
above-descri bed knowl edge in the art, as a

epriapkylat i Guanrdhefuridhercapadds agﬁrﬁrﬁmra nausessity; sleep
sicchasia or vomting caused by anticancer agent;

daReGRILS| Sdebrecdshast i GnaANeEYXi améRt£BNCEIs@dses; Crohn’s
infection (e.g., AIDS, 25 etc.) ; convul sion, pain,

dilsene ; @ﬁ%ﬁgﬂﬁékig GUELSES QH%eé@t1E9aﬁUk5%@ﬁ%ls, AIDS;
scler05|s chroni c pal n; Huntlngton s chorea;

Cl-gqlirtq_t t e’ S délsorlg;r‘@s, | evﬁg?@ﬁ I ng'a{ﬁ@grdySk'r%%sc'aq_ cancer;

oconot’ or der ma; gl auconm; IIergy
Iepsy ng.dis arr
hgﬁegﬁtﬁ?%¥Q§§§ Egordelyglégep ess%én %ﬁ%ﬁ% é E?ltus'
di_seas Cr.ohn's di sease nar S sease
S tlﬁl%ﬂﬂﬁﬁﬁls Angarﬁﬁﬂ%% S BT T as 4

col on cancer; rectal cancer; hypertrlglycerlden1a,
NGRS - di abetes mel | tus:;

Furthermore, since FAAH is an enzyme which hydrolyzes
an endogenous sleep substance, oleamide, a FAAH inhibitory
agent induces sleep by suppressing the decomposition of
oleamide. Therefore, the compound of the present invention
is a useful prophylactic and/or therapeutic agent of sleep

disorders, for example, sleep abnormality such as intrinsic

~sleep disorders (e.g., psychophysiological insomnia),

extrinsic sleep disorders, circadian rhythm disorders (e.g.
time zone change (jet lag) syndrome, shift work sleep
disorder, irregular sleep-wake pattern, delayed sleep phase
syndrome, advanced sleep phase syndrome, non-24 hour sleep-
wake), and the 1like; parasomunias; and sleep disorders
associated with medical or psychiaric disorders (e.qg.,
chronic obstructive pulmonary disease, Alzheimer's disease,

Parkinson's disease, cerebrovascular dementia,
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arterial sclerosis; and Parkinson's disease, or as a

10 contraceptive. Furthernore, since FAAH is an enzyne

whi ch hydrol yzes an endogenous sl eep substance,

ol eam de, a FAAH inhibitory agent i nduces sl eep by
suppressing the deconpositiorf’of ol eanide. Therefore,

t he conpound of the present invention 15 is a useful
prophyl actic and/ or therapeutic agent of sleep

di sorders, for exanple, sleep abnormality such as
schuzpphmenlsbeéppaeseﬂéevsapélgty psyER6pRYsi ol ogi ca
insomia), extrinsic sleep disorders, circadian

r hyt bomgbsanddet®) (erg.3 ptbdeugonEh@hangeh@ﬁetbwagﬁoxiCity
syndrone, shift work sleep 20 disorder, irregular

(sl gep- waketpat texncidel ayedrsheep phadeityynduemetoxicity,
advanced sl eep phase syndrone, non-24 hour sl eep-
r@@K@Loxgnd t he kibkeaiopakasemyni as; addusl eep diiswederzion,
associated with nedical or psychiaric disorders (e.g.,

CQQEQHerQE’L%ﬁ"tE}Ct ' ¥€cpt}“ MRRAr Ve &h sease, uzhelseirephylatic
di seasé, 25 Par ki nson’ s di sease, cerebrovascul ar

agﬁvggtL@her%ésé@ﬁizgggﬁ%@'afo§e9%§§§h%n’dﬁ§éé§éy described
neur osi s und or a prodrug thereof has | ow

hggéaﬁak¥er(9ngmamﬁgﬁge %oﬁ'c'%%ma%thEh% 0&%%ht%abbit, do

genot oxi City,” “reprotoxy, “cardiotoxXicity, ‘drug

g Nteraction 8 carcinggen et nd c used
Ias B ph@?%tlc t8nas & é&%%%%¥1cggée t%s ggwggrlég atter

%Eﬁﬁﬁs%ﬁggngﬁ g?d g%@?lnaft 1Ja nggH3031glog 'by mixing

with a pharmacologically acceptable carrier.

Examples of the dosage form of the pharmaceutical
composition include oral preparations such as tablets
(including sugar coated tabTets, film coated tablets,
sublingual tablets, and orally disintegrating tablets),
capsules (including soft capsules and microcapsules),
granules, powders, troches, syrups, emulsions, suspensions,
films (e.g., orally disintegrating films); and parenteral
preparations such as injections {(e.g., subcutaneous
injections, intravenous injections, intramuscular
injections, intraperitoneal injections, drops, etc.),
external preparations (e.qg., transdermal ©preparations,
ointments, etc.), suppositories (e.g., rectal suppositories
vaginal suppositories, etc.), pellets, nasal agents,
pulmonary agents (inhalants), and eye drops. These can be

safely administered orally or parentrally (e.g., topical,
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g, cat, cow, horse, pig, nonkey, etc.) as such, or

after fornulating into a pharmaceutical conposition

by mxing 10 with a pharmacol ogically acceptabl e

carrier. Exanples of the dosage form of the

phar maceuti cal conposition iffclude oral preparations

such as tablets (including sugar coated tablets, film
coated tablets, sublingual tablets, and orally

di sintegrating tablets), 15 capsul es (including soft
regpsul, es nard veinorsc ggsdnésrratgroanul es, powders,

troches, syrups, enulsions, suspensions, filns (e.g

or al Mpediesi npegpatriarg ofhisl ms ayand bgar emedrealse COHtrOlled
preparations such as injections (e.g., subcutaneous
pirkjpechitdrs,s | Nftavencuss | nppetdi onsldadea anpsephaat20ns  or
i njections, intraperitoneal injections, drops, etc.),
sextefinald prepasald oRsefRrgtidisansdeimaleprgpar,at isans,ained
ointnments, etc.), suppositories (e.g., rectal

rRURRAS tRH@apsiadishal suppositories, etc.), pellets,
nasal agents, pulnnnary agents (inhalants), and eye

dr opsy, TheSL, £28: be; 281 Salalh SR Stk edeorgitdyafid b
arentreéhliﬁ§ re ge, %oplcaf bﬁs rectal, |n$r§%éé§ts ¥

c%%%%' Sil %tll %@tho@eﬁle i tatdf_o%fmcpﬁ&?l €A example,

contto preparatlons suc as rapid release

S R Lt e T

phar %Ceuéérg‘gelnt nPo%lhtel ocnongp%nunde gfe@%ree%rt@/se%t invention
in the pharmaceutical composition varies depending on the
dosage form, the dose of the compound of the present
invention, but it is, for example, from about 0.1 to 100%
by weight.

Herein, as the pharmacologically acceptable carrier, a
variety of organic or inorganic carrier materials that are
conventionally used as materials used for preparation can
be used, and they are incorporated as excipient, lubricant,
binder or disintegrant in solid preparations; and as
solvent, solubilizing agent, suspending agent, isotonic
agent, buffer, soothing agent or the 1like 1in 1liquid
preparations. In addition, preparation additives such as
antiseptic, antioxidant, colorant or sweetener can be also
used if necessary.

Preferred examples of excipients include lactose,

sucrose, D-mannitol, D-sorbitol, starch, pregelatinized
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conventional nethod in the art of fornulation, for

exanple, a nethod described in Japanese Pharnmacopei a.

The content of the conpound of the present invention

10 in the pharmaceutical conposition varies depending

on the dosage form the dosé%f the conpound of the
present invention, but it is, for exanple, from about

0.1 to 100% by meight Fbrein as the

phar macol ogi cal |y acceptable carrier, a 15 variety of
sorgahi c dexEmonganiccyespiilénematerialesehat largsubstituted
conventionally used as materials used for preparation
hednoxbprused, aatltheyear esddicon poreathak vass teéncl piceatlulose,
| ubricant, binder or disintegrant in solid
ghfeparRidiens; whlla@sansol Leght saintbhidi@isg agentjc acid,
suspendi ng agent, isotonic 20 agent, buffer, soothing
s3denbtok thealikenim |quiﬂlcﬁﬁ@parahmagﬁeSﬂum aluminate
addition, preparation additives such as antiseptic,

m@@gggéhgggg a6al eRraNt 1@k Sweet ener can be al so used
f necessary. Preferred exanples of excipients include

laCt%?%fer%@dsugggﬁglep'm@@”'i&%rlé%ﬁ%gk”fﬁﬂluégEﬂﬂﬁ@ne31um

prege tinized 4 tarch, dextrin, crystalline

sggl ul.gse, af%yhlﬂgﬁégf%§%} {Qfg0X¥Bi?8¥&a§eghghe§eand the

iFGm car® oxyne | ose, "~gumarabic, pullulan,
Lkght anhydr ous SICI|IC acid, synthetic al um num
iTi'cate, magnesium alumnate 5 netasilicate and the

llkePreferred examples of binders include pregelatinized

starch, sucrose, gelatin, gum arabic, methylcellulose,
carboxymethyl cellulose, sodium carboxymethyl cellulose,
crystalline <cellulose, lactose, D-mannitol, trehalose,
dextrin, pullulan, hydroxypropyl cellulose,
hydroxypropylmethyl cellulose, polyvinyl pyrrolidone and
the like.

Preferred examples of disintegrants include lactose,
sucrose, starch, carboxymethyl cellulose, calcium
carboxymethyl cellulose, sodium c¢roscarmellose, sodium
carboxymethyl starch, light anhydrous sicilic acid, low-
substituted hydroxypropyl cellulose and the like.

Preferred examples of solvents include water for
injection, physiological saline, Ringer's solution, alcohol,
propylene glycol, polyethylene glycol, sesame 0il, corn oil,
olive oil, cotton seed o0il and the like.

Preferred examples of solubilizers include
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Preferred exanples of lubricants include nmagnesi um
stearate, calciumstearate, talc, colloidal silica and
the like. Preferred exanples of binders include
pregel atini zed 10 starch, sucrose, gelatin, gum
arabi c, nethyl cel | ul ose, caﬁﬁbxynethyl cel | ul ose,
sodi um car boxynet hyl cellul ose, crystalline
cellul ose, |actose, D-mannitol, trehal ose, dextrin,
pul I ul an, hydroxypropyl cellul ose, ,
plydesrypeosy| methgoloel | uPBRY1pREyVi AYFCPYrr ol iiERENLtOL,
and 15 the like. Preferred exanples of disintegrants
tiretlalde <, actrse vyl sucenseatst ar ehhasalboxyrrdts@piinonethane,
cellul ose, cal cium carboxynethyl cellul ose, sodium
chascakemelll, os e, r isodiam 1 aarimxy mectytmst apchonkitght sodium
anhydrous sicilic acid, |ow 20 substituted
chyda®ey prsep urc elalulege tand stdad uni kese thrtef emdedthe like.
exanpl es of solvents include water for injection,
physipQleggirgalg Saéﬂ;élﬁglal& ngert s Sdpdnding al agbaks include
propyl ene glycol, polyethylene glycol, sesame oil
X Qs 0biMe Qlsl | s €04 £ PIk SeLeh D b1 athd hesbikam 2%uryl
Preferred exanpl es of solubilizers include 50

§%¥f%§%%ylngEﬁé%ﬁfﬁepf%§§UﬁfgeaghMCohecgtﬁﬁﬁﬁitﬁénzalkonium

treh se, . enzoat e, et hanol , "tri sam nonet hane,

C t]Toolzf%TSc{tee,r %le’ ztereh% %ﬂ@'&{ﬂéﬁdéo%}ﬁ“&ﬁ!@m ?oméﬁgate;
citrate,” sodium salicyl ate, sodi um acetate and t he
Hf&g%philic polymers such as polyvinyl alcohol, polyvinyl
pyrrolidone, sodium carboxymethyl cellulose, methyl
cellulose, hydroxymethyl cellulose, hydroxyethyl cellulose,
and hydroxypropyl cellulose; polysorbates, polyoxyethylene

hardened castor oil and the like.

Preferred examples of isotonizing agents include

sodium chloride, glycerin, D-mannitol, D-sorbitol, glucose

and the like.

Preferred examples of buffers include buffer solutions
of phosphate, acetate, carbonate, citrate and the like.

Preferred examples of soothing agents include benzyl
alcohol and the like.

Preferred examples of antiseptics include
paraoxybenzoate esters, chlorobutanol, benzyl alcohol,
phenethyl alcohol, dehydroacetic acid, sorbic acid and the
like.

Preferred examples of antioxidants include sulfite,
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5 Preferred exanples of suspendi ng agents i ncl ude
surfactants such as stearyltriethanol am ne, sodi um

| auryl sulfate, |aurylam nopropionic acid, |ecithin,
benzal koni um chl ori de, benze ﬂoniun1ch|oride, and

gl ycerin nonost ear at e; hydro% ilic polyners such as

pol yvi nyl al cohol, polyvinyl 10 pyrrolidone, sodium

car boxynet hyl cellul ose, nethyl cellul ose,

hydr oxynet hyl cel | .ul ose, hydroxyethyl cellul ose, and
ARFEESRVST G\ 08 I1dkGse; pol ysorbates, pol yoxyet hyl ene
hardened castor oil and the |ike. Preferred exanpl es

of | SEEGHTASy PR LSS nefud® LI KHdRepR ERI dRicdede water-
glycerin, D-mannitol, D-sorbitol, glucose and the

sloilié l ePrasfidrredt @k afpees (ef dbuf flarad i diresideuplf fer Food Red
solutions of phosphate, acetate, carbonate, citrate

Nand 2t ked iNce. 3,PrEefoer rYed lexaisl e afnds oGt .hisng BgehtBlue No.
i ncl ude benzyl 20 alcohol and the like. Preferred

lexanpl eNoof aptisept)ecs wacéuvdenspanlabxybeazoateyes (e.g.,
esters, chlorobutanol, benzyl alcohol, phenethyl

adheoho sdahydioFaceld Gasid wasdbisslat ik afigihe tar dyes),
like. 25 Preferred exanples of antioxidants include
nsthiratie, a9ts aseogbat egangrbhent| keen LSSy EH, colcothar,
exanpl es of coloring agents include water- soluble

edi bl gtk dyas e 9., food dyes such as Food Red

Preferred examples of sweeteners include saccharine
sodium, dipotassium glycyrrhizinate, aspartame, stevia and
the like.

Furthermore, the compound of the present invention can
be used in combination with drugs other than the compound
of the present invention.

Examples of drugs which can be used in combination
with the compound of the present invention (hereinafter may
be abbreviated to a combination drug) include nonsteroidal
anti-inflammatory agents (e.g., meloxicam, tenoxicam,
indomethacin, ibuprofen, celecoxib, rofecoxib, aspirin,

indomethacin, etc.), disease modifying anti-rheumatic drugs

(DMARDs) , antipyretic-analgesics (acetanilide,
acetaminophen, phenacetin, etc.), steroidal anti-
inflammatory agents (hydrocortisone, prednisolone,

methylprednisolone, betamethazone, dexamethasone, etc.),

narcotic analgesics (morphine, fentanyl, codeine phosphate,
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No. 2 and No. 3, Food Yellow No. 4 and No. 5, Food

Blue No. 5 1 and No. 2, etc.), water-insoluble |ake

dyes (e.g., alum numsalts of the above water-sol uble

edi ble tar dyes), natural dyes (e.g., P-carotene,

chl orophyl |, col cot har, etc?ﬁ and the like. Preferred

exanpl es of sweeteners include saccharine 10 sodium

di potassi um gl ycyrrhi zi nate, aspartane, stevia and

the |like. Furthernore, the conpound of the present
pehbedinen caAxybedgsed i nc&6mbi nat FOANAFER tdFfugs 29eRgesics

than the conpound of the present invention. 15

(ExampHfes, of ecugs whpchlcapnbethsgdcisn déadiogatingn etc.),

with the conpound of the present invention
afthécennalsenteny (gbbaabbreéwni at edptigagadorhi nakirpamazepine,

drug) include nonsteroidal anti-inflammtory agents
phengtoifel oxtcam tendxircapthriirdodetbaci tprodamref ertc.),

cel ecoxi b, rofecoxib, aspirin, 20 indonethacin, etc.),
afltseageondef ydngyant(Tnrheummi betdrygMAKIDMARDS) inhibitor,

anti pyretic-anal gesics (acetanilide, acetam nophen,

eEBeWacetéﬂio&E C. e Bic@lz@icdal 1 ARt bitbREl aned syaagentgc. )
(hydrocorti sone, predni sol one, nethyl predni sol one,

| CQEBQHEBB§QOQQNHQ%%§QERB@%QQEyd?EEahna%QnB@rCQﬁk? and the

anal gesi cs (norphi ne, fentanyl codei ne phosphate 52
PR 908 SIS o IS Al 083LES soctuco
antidementia drugs, for example, acetylchollnesterase
inhibitors (e.g., donepezil, rivastigmine, galanthamine,
zanapezil, etc.), PB-amyloid protein production, secretion,
accumulation, aggregation and/or deposition inhibitors (f-
secretase inhibitors (e.g., compounds described in
W098/38156, compounds described in W0O02/2505, W002/2506 and
W002/2512, OM99-2 (WO01/00663)), y-secretase inhibitors
(LY-450139, etc.), y-secretase modulators (E2012, etc.), B-
amyloid protein aggregations (e.g., PTI-00703, ALZHEMED
(NC-531), PPI-368 (JP 11-514333 A), PPI-558 (JP 2001-500852
), SKF-74652 (Biochem. J.(1999),340(1),283-289)), B-
amyloid antibody, p-amyloid vaccine, B-amyloid degrading
enzyme, etc.), cerebral function activating agents (e.g.,
aniracetam, nicergoline, etc.), neurogenesis/neurotization
promoters (e.g., Akt/PKB activator, GSK-3f inhibitor, etc.)
therapeutic agents for Parkinson’s disease (e.g., dopamine

receptor agonist (L-dopa, bromocriptene, pergolide,
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anti convul sants (gabapentin, bupivacai ne,

car bamazepi ne, phenytoin, etc.), antiarrhythm c drugs

(procaine, etc.), 5 anti-cytokine drugs (TNF

i nhi bitor, MAPKi nase inhibitor, etc.), aldose

reductase inhibitors (kinedale3etc.), cannabinoid

agoni sts (tetrahydrocannabinol, etc.) and the |IiKke.

In addition, exanples of conbination drug include

antldenentla drugs, for exanple, acetylcholinesterase
ta@lpﬁhpbmorpga@epﬁxol@onep@kze‘ﬁrgo}imt pganpatadine, etc.),

gal ant ham ne, zanapezil, etc.), R-anyloid protein
mpnodméheonoxséxset | (OMO) a¢0hmbﬁapton(d%ggﬁmﬂﬂmﬂ erelegiline,
and/ or deposition inhibitors (R secretase inhibitors
réeagemidenpounds zdescri bed.ijn \WHBA3BLYE,1 ccompowgrsds (e.g.,
descri bed in W02/ 2505, W02/ 2506 and 15 W02/ 2512,
tOVB9xZph e 84 00663)Dar MaECT etase, i UMY t OhBibitors (e.g.,
(LY-450139, etc.), y-secretase nodul ators (E2012,

e8kachpoRe, aMH0N ] Prigietdp A9 €9a5ERDS é& @trophic lateral
PTI - 00703, ALZHEMED (NC-531) PPl - 368 (J 11- 514333

séﬁer88h355ie P 20011300822 Aburdkrofa? (Biahem etc.)
J.(1999) 340 ) '283-289)), 'R 20 amyl oi d anti body,

tRed Blt‘_ij:\lj ?leﬂ%s Rféwl%gogﬁgiadé&gavf@fy%d etv&rl)derlng

cerebral I on activating agents

aniracetam cer e ),

ﬁgﬁpggene5|s?ﬁéuﬁ%£ééhlon 8%roﬁ%?gntlfe gengKtlﬁfgatlve’
act.i GSK- 3 nhi |tor t her eutic
a&ééﬁ¥¥%ﬁ8r ﬁiF%rﬁ50€$§ ‘§%ﬁ%elP§ éitoﬁgpa hg- p5 CFI-1183,

receptar agonist (L-d bronocri pt ene, pergolide, 53
IPArfpefol e, pran1%§?6ﬁ§%7cabergolln§ Sadamant adi ne Reuronal

etc
diffe&entiation/neurotization promoters (leteprinim,

Xaliproden; SR-57746-A, SB-216763, etc.), antidepressant
drugs (e.g., MAO inhibitor, tricyclic antidepressant drug,
selective serotonin reuptake inhibitor SSRI, selective
serotonin-noradrenaline reuptake inhibitor SNRI, triple
reuptake inhibitor, CRF antagonist, etc.), antianxiety drug
s (e.g., benzodiazepine-based medicine, etc.), sleeping
drugs (e.g., benzodiazepine-based medicine, non-
benzodiazepine-based medicine, melatonin agonist, etc.),
thrombolytic drug (e.g., tissue plasminogen activator,
urokinase, etc.), anticoagulants (e.g., argatroban,
warfarin, etc.), tenth factér inhibitors, thromboxane
synthase .inhibitors (e.g., ozagrel, etc.), antioxidants
{(e.g., edaravone, etc.), antihydropic agents (e.qg.,

glycerol, mannitol, etc.), therapeutic agents for
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nmonoan ne oxi dase (MAO) i nhibitor (deprenyl,

selegiline, remacemde, riluzole, etc.), cholinolytic
drugs (e.g., trihexyphenidyl, biperiden, etc.), COMI
inhibitors (e.g., 5 entacapone, etc.)), therapeutic

agents anyotrophic |ateral §%4erosis (e.qg., riluzole,
neurotrophic factor, etc.), therapeutic agents for

abnor mal behavi or and wandering acconpani ed by

progress of denentia (e.g., sedative, anxiolytic,

heper)l ipapopt osiushi nkisbi ©cdiod ecdegol -GPwerigy, ryug (statin
| DN- 6556, CEP-1347, etc.), neurona

(ei.Bf.er empTata ond N otsiozdtimon pabapressatiet eprdimivgstatin,
Xal i proden; SR-57746-A, SB-216763, etc.),

raptuivdepaedsant etdr.ugs (febg.ateMAQd.mhi,bi tadrgfitmayecl | etc. ),
anti depressant drug, selective serotonin reuptake

siofiail Rinteors yw3Mas s el wei b veo 4p, senotbpparnenadvenakenes (ACE
reuptake inhibitor SNRI, triple reuptake inhibitor,
i@REb@Qb@gonb%bicQ%%éﬁm.aﬁﬁia%ﬁﬂﬁdbnﬁ@ug Sdrgirg. ,inhibitor,
benzodi azepi ne- based nedi cine, etc.), sleeping drugs

k& 9., beprgdigzepipe- hased medis¢iRe, PPBparation, insulin
benzodi azepi ne- based nedici ne, nel-atonin.agonist,

IS 020 ﬁPgﬁ&EQLgt G B Ugs (& fiordy) 15548 PLESALBOYSMsulin
activator, ~uroki nase, etc.?, ant i coagul ants™(e.g.,
ar.gat.roban, . [ n <) s th.fagtor.inhjbit ,
oot et et oopRhis] 1t el do B agRE B 1 408 eon
etc.,),, antioxida e. edaravone, etc.),, .
R%ﬁ%ﬂ%ﬁﬂ%ﬂﬁQ9%ﬁﬁ;§§P{é.ég?iaé 8F§Ce?gff?ﬁa%%3ﬁﬁéncer drugs
(%ﬁ%ﬂ{’ttgﬂéﬁﬁﬁﬁéc a ggégrgggog? 5-FU, anthracyclines,

molecular-target agent, hormone therapy drug, etc.),

therapeutic agents for pollakisuria and urinary
incontinence (e.g., harncare, solifenacin, etc.),
therapeutic agents for overactive bladder (e.g.,

tolterodine, etc.), therapeutic agents for osteoporosis
(e.g., vitamin D preparation, PTH, calcium receptor
antagonist, calcitonin, risedronate, alendronate, etc.) and
the like.

Combination of the compound of the present invention
with the combination drug can obtain an excellent effect
such as:

(1) the combination can reduce the dosage compared with the
case where the compound of the present invention or
combination drug is administered alone;

(2) the combination can set long treatment period by
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hyperlipem a such as chol esterol -l owering drug (statin
(e.g., pravastatin sodium atorvastatin, sinvastatin,
rosuvastatin, etc.), fibrate (e.g., clofibrate, etc.),
squal ene synthase inhibitor), antihypertensive agents

(ACE 5 inhibitor, angiotensiPdl antagonist, renin
inhibitor, etc.), antidiabetics (e.g., insulin
preparation, insulin secretion pronpoters such as

sul fonylurea agents, insulin resistance inproving
sadgentdnguchhas PARPAgebhict attuPPARV g t iaglt izgoninsichanism
DPPIV i nhibitors, etc.), anticancer drugs 10 (e.qg.,
dp&ereuin grepatati ecompbuld, odntheapyelsienés invention;

nol ecul ar-target agent, hornone therapy drug, etc.),
(Bher@apeutbobageni snf aanpahd okt sin i a atrbnageanaric effect by
i nconti nence (e.g., harncare, solifenacin, etc.),
sthecapayt i ehagesdsbi st oyer agtuye Hdwdaer A& idn Iechanism
tolterodine, etc.), therapeutic agents for

d93eerAE0%kem t8edcompblianl BrDipeepakahiedn ; PRHd
cal ci um recept or ant agonli st cal ci t oni n, ri sedr onat e,

(@l)engﬁ@n@%%biﬁlta%j)orﬁngan_t hent d ke acogphe?%thEéef dPLect by

conmpound of the present invention 20" w-

Lnat.i r bt ad LLent. t.. Sue
SR Lot Fan oL S RE il don el the
with the _case where the conmpound of the present
cpﬁééﬁ FéﬁnogrugOnbination drug i s adnministered al one;

ﬁ? (gL L8, 6mRi natlon can,set L ong tr&at BNt PELI 0%, csent

invention and the combination drug are used in combination,
administration timing of the compound of the present
invention and the combination drug is no specifically
limited, and the compound of the present invention and the
combination drug may be administered simultanecusly or in
time intervals to subject of administration. The dosage of
the combination drug may be based on the dosage used
clinically and can select appropriately depending on
subject of administration, administration route, diseases,
combination thereof or the like.

Examples of the dosage form of the compound of the
present invention and the combination drug include (1)
administration of a single preparation obtained by
formulating simultaneously ﬁhe compound o¢f the present
invention and the combination drug, (2) simultaneous

administration in the same administration route of two
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55 selecting the conbination drug having action

mechani sm different fromthe conpound of the present

i nvention; (3) the conbination can naintain a

therapeutlc effect by selecting the conbination drug
havi ng action mechanism 5 di¥§erent fromthe conpound

of the invention; and (4) the conbination can obtain a
synergi stic ef f ect by conbi ning the conpound of the
present invention with the conbination drug.

kiderei naf t prepattenivhe conpolmeld ofyt heoprebening 1geparately
i nvention and the conbination drug are used in
toentiomgtdwn ofdhhai streseinan irivemgiof ahé tbapowndiofation
the present invention and the conbination drug is no
depeci fiqally thie t edagand athe ndenpeuridnof time présent same
invention and the conbination drug nay be
addihAisstrerednsidadtcaneousky rinds 35 brepairatepwal t@ined
subj ect of admi nistration. The dosage of the

b?o”@bﬁﬁhlﬁﬂlﬁgUgs€§¥rQ€e@§segh@n thfpsos@getisethe present

clinically and can sel ect appropriately dependi ng on

g@gh%EEnOféﬂgﬂlﬂﬁgraébﬂ@1n§@ﬂ6ﬂ'585§5'on QQUt%amultaneous
i seases conbi nati on thereof or the lik

agﬁﬂgﬁg%§a%lo%h%190§aggf&gQ@Hy JJM&&& QMPfr$9@e %f two

present i nvention an e conbi nation drug I nclude

kﬁoglnls rat%o%r%gl% Slng¢€a éggarﬁéoundﬁgigkggg @% arately

mul at i il tanéou € co e’ presen

hgv%%ﬂéghngm %h%hcogg%@2H€NE£¥éj 1é§)a§an¥ taQ%%1lnatlon

drug, and (5) time lag administration in a different
administration route of two kinds of preparations obtained
by formulating separately the compound of the present
invention and the combination drug (e.g., administration of
the compound of the present invention and the combination

drug in this order, or in a reverse order).

EXAMPLES

While the present invention is illustrated in more
detail by the following Examples, Formulation Examples and
Experimental Examples, these examples are Jjust embodiments
and not intended to 1limit the present invention. In
addition, various changes can be made without departing
from the scope of the present invention.

“Room temperature” in the following Reference Examples

and Examples usually means a temperature from about 10°C to
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25 admnistration in the sane adm nistration route of
two 56 kinds of preparations obtained by fornulating
separately the conmpound of the present invention and
the conbination drug, (3) tinme lag admnistration in
the same adninistration rout® of two kinds of |
preparations obtained 5 by formul ati ng separately the
compound of the present invention and the conbination
drug, (4) sinultaneous admnistration in a different
ak@mcnBStFation route of two kinds of preparations
obt ai ned by formulating separately the conpound of

t he ptésent abhvemtironoand thedcoibi nElt¢ orcdE/Htug hagivd the
(5) time lag administration in a different

faddomiisgr akkeaingeut e of two ki nds of preparations
obtained by fornulating separately the conpound of
stheipgesent invention and the conbination drug (e.g.,
adm ni stration of the conpound of the present :
di:n¢¥enihier and the conmbination 15 drug in this order,
or in a reverse order). EXAMPLES Wiile the present
tl:nyentihen is illustrated in nore detail by the
foll owi ng Exanpl es, Formul ati on Exanpl es and 20

EnBedT N s and hot | ntended to [imt the pre

present

i.n i.on...In addition, various changes can be nade
HVA%%gEﬁgggﬁérting fromthe scope of the present

inventiaon. "Roomtenperature” in the follow ng
Prat &r&ie Exanpl es

J: coupling constant

Hz: Hertz

CDCls: deuterated chloroform

DMSO-dg: deuterated dimethyl sulfoxide

'H NMR: proton nuclear magnetic resonance

(R,R)-Me-BPE: (+)-1,2-bis((2R,5R)-2,5-dimethylphospholano)
ethane

(S,S8)-Et-FerroTANE: (=)-1,1"-bis((2S5,48)-2,4-
diethylphosphotano) ferrocene

Example 1
4-[2-(2,4-difluorophenyl)pyrimidin-4-yl]-N-pyridin-3-

ylpiperazin-l-carboxamide dihydrochloride
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25 and Exanpl es usually neans a tenperature from about
10C to 57 about 35C. O her abbreviations used in the
context have the followi ng nmeanings. s: singlet 5 d:
doublet t: triplet q: quartet m nultiplet br:
broad 10 J: coupling const ant°8Hz: Hertz CDCL3:

deut erat ed chl or of orm DVSO d6: deut erated di net hyl

sul foxi de 1H NMR proton nucl ear magneti c resonance 15
(R, R) - Me- BPE:

(+)-1, 2-bi s((2R 5R) -2, 5-di net hyl phosphol ano) et hane
(S, S)-Et-FerroTANE: (-)-1,1" -bis((2S, 4S)-2, 4-

di et hyl phosphot ano) f err ocen \ple 1 20
4-[2-(2,4-difluorophenyl) py
yl pi per azi n- 1- car boxam de di

N /N F
N N
/\N>u\/
H
N=
(1) Tert-butyl 4-(2-chloropyrimidin-4-yl)piperazine-1-
carboxylate

A mixture of 2,4-dichloropyrimidine (1.00 g, 6.71
mmol), tert-butyl piperazine-l-carboxylate (1.37 g, 7.38
mmol), triethylamine (1.40 ml, 10.1 mmol) and N, N-
dimethylformamide (10 ml) was stirred at zroom temperature
for 4 hours. The reaction was poured into water and
extracted with ethyl acetate. The extract was washed with
water, dried over .anhydrous magnesium sulfate, and the
solvent was distilled off under reduced pressure. To the
residue was added diethylether and separated by filtration
to obtain the title compound (1.80 g, 90%) as a solid.

'y NMR (CDCls) &: 1.49 (9H, s), 3.47 - 3.58 (4H, m), 3.60 -
3.71 (4H, m), 6.40 (1H, 4, J = 6.2 Hz), 8.07 (1lH, d, J =
6.2 Hz).

(2) Tert-butyl 4-[2-(2,4-difluocrophenyl)pyrimidin-4-
yllpiperazine-l-carboxylate

To a mixture of tert-butyl 4-(2-chloropyrimidin-4-

yl)piperazine-l-carboxylate (1.80 g, 6.02 mmol), 2,4-
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O~ NFN<\--ZZ NH (1) Tert-butyl

4-(2-chl oropyri m di n-4-yl)pi perazine-|1- carboxylate A

m xture of 2,4-dichloropyrimdine (1.00 g, 6.71 5

mol ), tert-butyl piperazine- I-carboxylate (1.37 g,

7.38 mmol), triethylamne (It 220 m, 10.1 nmol) and

N, N di nethyl formam de (10 ml) was stlrred at room
tenperature for 4 hours. The reaction was poured into
water and extracted wth ethyl acetate. The extract

dhd < URESREG WL PR T PG wédCe, (drifed Jover énﬁ?ﬁﬂdu§n 2N aqueous
magnesi um sul fate, and the  solvent was distilled off
S@AdER cEdiReEd st esaliteiomo (2hemlp esindlict plisenridéd0 ml) was
di et hyl ether and separated by filtration to obtain

athedt i t4ter donpovreh€iy Boh@splo0y aeldaddind. (83 NwR, 0.723
(CDC13) 5: 1.49 (9H, s), 3.47 - 3.58 (4H, m, 3.60 -
mbb13. 7t (4bpommtenfheta (ite dnddr=16.12ddpn 8t@dsplhelre, and
d J = 6.2 H). (2) Tert-butyl

the| it A-ditdsiosopheayl ppyrictd nederyldht. The reaction
pi perazi ne-1-carboxylate To a m xture of tert-butyl

whs( Dot ed 0pyition whfle 4- a2Q1 YéXpipetadi Retrr cathoxylaltate.
(1.80 g, 6.02 nol ), 2,4 59 difluorophenyl boroic acid

Thi. %&ﬁha@tOﬁa@“%ésh@dZMﬁﬂweﬁyﬁerSo@ﬂﬂgﬁaébgﬁmd%hydrous
solution (24 m) and toluene (60 M) was added

nhgheakiat uAfkemd Phasphine palbadt umh6833 781184723 £ under

reduced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate:thexane = 4:1) to
obtain the title compound (907 mg, 40%) as an oily material.
'H NMR (CDCls) &: 1.49 (9H, s), 3.48 - 3.76 (8H, m), 6.44
(1, 4, § = 6.4 Hz), 6.84 - 6.99 (2H, m), 8.02 - 8.12 (1lH,
m), 8.36 (1H, d, J = 6.4 Hz).
(3) 2-(2,4-difluorophenyl)-4-piperazin-l-ylpyrimidine

To a solution of tert-butyl 4-[2-(2,4-
difluorophenyl)pyrimidin-4-yl]lpiperazine-1l-carboxylate (888
mg, 2.36 mmol) in ethyl acetate (9 ml) was added 4N
hydrogen chloride-ethyl acetate solution (2 ml) and the
mixture was stirred at room temperature for 5 hours, and
the solvent was distilled off under reduced pressure. The
residue was dissolved in water and the pH was adjusted to
11 by adding 1IN aqueous sodium hydroxide solution, and
extracted with ethyl acetate. The extract was washed with

water, dried over anhydrous magnesium sulfate, and the
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nmol ) at room tenperature under nitrogen atnosphere,
and 5 the mxture was stirred at 100C overni ght. The
reaction was poured into water and extracted with
ethyl acetate. The extract was washed with water,
dried over anhydrous magnesi@fn sulfate, and the
sol vent was distilled off under reduced pressure. The
residue was purified by silica gel 10 col um
chromat ogr aphy (ethyl acetate: hexane = 4:1) to obtain
spheentt We sc ehipdudd sOO7 hrgundm) reduapd oPF§sFarer fal obtain
1H NVR (CDC13) 5: 1.49 (9H, s) , 3.48 - 3.76 (8H m ,
tBedditléHecodpodnd G544HrY, 6584 as6a990(2M, majergad2 -
8.12 (1H, m, 8.36 (1H, d, J = 6.4 Hz). 15 (3)
'R-12R 4¢dbE 1 yordophenyl )~ 43 plpel & nml, yBpgPi m 8i.9€ TdHa m),
solution of tert-butyl 4-[2-(2,4-
64Tl voaplze Iy, py)i M &li 81 4- y7 ] 3 perazi me; | 7casbexyl.at’e (1H,
(888 ng, 2.36 mmol) in ethyl acetate (9 m) was added
m4N ghydrogensehliogi deyet hyl acetate solution (9 nl)
‘and the 20 m xture was stirred at roomtenperature for
(2)hougs,rand  sthe r3olvephds ) Pystidilad-af-fyiungdepyridin-3-
reduced pressure. The residue was dissolved in water

v3Rdpkhe DHcas adiuskad dko ashydibcaddigel N agueous

roxi de solution, an extracted with ethyl

acet ate. g%‘i LAk A Jas %lwo%g%%ﬁlﬁﬂg %M'?q{ﬂe% zin-1-

over anﬁy rous magnesium sul fate, an ol'vent
SR AL Rk g R U
ul, 0.362 mmbl) in tetrahydrofuran (1.5 ml) was added 3-
pyridine = isocyanate (65.2 nl, 0.543 mmol) at room
temperature and the mixture was stirred at room temperature
for 5 hours, and the solvent was distilled off under
reduced pressure. The residue was purified by high
performance liquid chromatography (YMC HPLC column,
solution A: 0.1% trifluoroacetic acid-acetonitrile solﬁtion,
solution B: 0.1% aqueous trifluorocacetic acid solution,
eluted with 10% to 100% solution A) to obtain 4-[2-(2,4-
difluorophenyl)pyrimidin-4-yl]-N-pyridin-3-ylpiperazine-1-
carboxamide as an oily material. 4-[2-(2,4-
difluorophenyl)pyrimidin-4-yl]-N-pyridin-3-ylpiperazine-1-
carboxamide (51.2 mg, 0.129 mmol) was dissolved in ethyl
acetate (1.0 ml) and 4N hydrogen chloride-ethyl acetate
solution (1.0 ml) was. added and stirred at room temperature

for 1 hour, and the solvent was distilled off under reduced
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1H NWMR (CDC13) 6: 3.01 - 3.17 (4H, m, 3.69 - 3.98

(4H, m, 6.37 - 6.52 (1H m, 6.81 - 7.03 (2H, m,

7.93 - 8.17 (1H 5 m, 8.29 - 8.45 (1H, m. (4)

4-[2-(2, 4-difluorophenyl)pyrimdin-4-yl]-Npyridin-3-

yl pi per azi ne- | - car boxani de” di%lydrochl ori de To a

sol ution of 2-(2,4-difluorophenyl)-4-piperazin-|-

yl pyrim dine (100 ng, 0.362 nmol) and triethyl am ne

(50.4 10 pl, 0.362 nmmol) in tetrah{drofuran (1.5 m)
pwassadded ZhpyrediAeei yoeyanarestedlazgy fgosdmehpnpl and
at room tenperature and the m xture was stirred at
diebhyiefrperatar ebthon Shkoliis leandmphangol(w@ntd was 31%) as
distilled off under reduced pressure. The resi due was
apapiifded Mglhigh fbiperf dBmarcés8Bi’Gui d chr omat ogr aphy

(YMC HPLC colum, solution A; 0.1%trifluoroacetic
lracidrRaqeMesi-tg) | 8 :sal. @9 on, 3.861 ytHennd:, 3 196 aguaold (4H,
trifluoroacetic acid solution, eluted with 10%to
miQ0% 30l utipn &) to obyapnu4y[2-1.B6- (1H, d, J = 2.3 Hz),

di fl uor ophenyl ) pyri m di n-4-yl]-Npyridin-3-yl pi perazin
7€zh 207cgBbexam e as.an qiky wRievi &l s.4,[2.@2m), 8.03 -

d|f|uorophenyl)pyr|n1d|n-4-y|]-N—pyr|d|n-é-yIplpera2|n

€rh- r boxanmsdg (9152580, 0@ 1 I dissol vwed ,
R M S arare. (1°0°0) “hhd 4k Rydonen o W8®.6 2

chhoride- et hyl _ageta sqlyutico 1.Q,mM) was. added

9325 é?gfrgd gt rgé§1ﬁgﬁbe?gf&9eq%g’f%9'1 hour, and the
Esolv nt ,.was distilled off under reduced 61 pressure.

TREP Ss?due was recrystallized from nethanol and

4-[2-(2,4-difluorophenyl)pyrimidin-4-yl]-N-(3,4-
dimethylisoxazol-5-yl)piperazine-l-carboxamide

F

~ CH, O I\ — F
H.LC
v )
~ H

A mixture of 2,2,2-trichloroethyl (3,4-
dimethylisoxazol-5-yl)carbamate (115 mg, 0.398 mmol), 2-
(2,4-difluorophenyl)-4-piperazin-l-ylpyrimidine (100 mg,
0.362 mmol) and diisopropylethylamine (0.126 ml, 0.724
mmol) in dimethylsulfoxide (1.5 ml) was stirred at 70°C
overnight. The reaction was poured into water and
extracted with ethyl acetate. The extract was washed with
water, dried over anhydrous magnesium sulfate, and the

solvent was distilled off under reduced pressure. The
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di ethylether to obtain the title conpound (52.3 ng,

31% as a solid. Melting point: 187 - 188C. 1H NWR
(DVMBSO-d6) 5: 3.69 - 3.86 (4H m , 3.89 - 4.10 (4H, 5

nm, 7.22 (1H, d, J =7.2 Hz), 7.36 (1H, d, J = 2:3

Hz), 7.47 - 7.63 (1H, m, 7.98 (1H, dd, J = 8.6, 5.6

Hz), 8.03 - 8.20 (1H, m, 8.34 - 8.59 (2H, m, 8.67

(1H, d, J = 8.6 Hz), 9.18 (1H, d, J = 2.3 Hz), 10.18

(1H, s). Example 2 10
rgsfgue2, 4wdisf | upksphésyll ) ppwi m dilgha- ypprgorgapce liquid
di net hyl i soxazol - 5-yl ) pi perazi ne-|-carboxam de F CH,
cBromatBgrHpB€ N- O'ME A HRDG ur ecdfump, 2, 2sptichPoroethyl 0.1%
(3,4- dinethylisoxazol-5-yl)carbamate (115 ng, 0.398
timdl ordackbic acid-acetonitrile solution, solution B:
(2, 4-di fluorophenyl)-4-piperazin-I-ylpyrimdine (100

0N @gdedusmek) fand rdaiceepcopyliet kylanine ,( @1126@dMwith 10%
0.724 mol) in dinethylsulfoxide (1.5 m) was stirred
tat 706 quardyig . ATheak@actd iy dvasl I Ed firBin0 Nek&fie and
and extracted with ethyl acetate. The extract was
e ?/ileqad’e\!ttabcezocc‘!\’aéﬁfaigntﬁ@ QUET ANBMAB OIS MRYDEET W, 243)
sulfate, and the solvent was distilled off under
a@egu%%qi%ﬁesﬁgﬁ%iggh%OQ%t:rQ%Wdue2@%$C9ur'f'ed by hi gh

performance [ qui
'H NMR (DMSO-d¢) &: 1.76 (3H, s), 2.13 (3H, s), 3.50 - 3.62

o

(4H, m), 3.69 - 3.80 (4H, m), 6.86 (1H, d, J = 6.2 Hz),
7.13 - 7.23 (1H, m), 7.26 - 7.38 (lH, m), 8.02 - 8.14 (1H,
m), 8.35 (l1H, 4, J = 6.2 Hz ), 9.25 (1lH, s).

Example 3
4-[2-(2,4-difluorophenyl)pyrimidin-4-yl]-N-pyridazin-3-

ylpiperazine—1—carboxamide

N= F

XN/
@NMMN{\JN
N—=N H

A mixture of 2,2,2-trichlorocethyl pyridazin-3-
ylcarbamate (108 mg, 0.398 mmol), 2-(2,4-difluorophenyl)-4-
piperazin-l-ylpyrimidine (100 mg, 0.362 mmol) and
diisopropylethylamine (0.126 ml, 0.724 mmol) in

dimethylsulfoxide (1.5 ml) was stirred at 70°C overnight.

© The reaction was poured into water and extracted with ethyl
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chr omat ogr aphy (YMC HPLC col umm, solution A: 0.1%

trifluoroacetic acid-acetonitrile solution, solution

B: 0.1% aqueous trifluoroacetic acid solution, eluted

with 10%5 to 100% sol ution A) and recrystalli zed from

hexane and ethyl acetate to tain the title conpound

(36.6 ng, 24% as a solid. Melting point: 207 - 208C

1H NV\R (DMSO-d6) 6: 1.76 (3H, s), 2.13 (3H, s), 3.50 -

3.62 (4H, m, 3.69 - 3.80 (4H, m, 6.86 (1H, d, J =

agezafe)., The7.8radt 28aplashed 7w2eh- watdg ( 18riaj, over

8.02 - 8.14 (1H, m, 8.35 (1H, d, J =6.2 Hz ), 9.25

ahbidreons e Bn sulfate, and the solvent was distilled

4-[2-(2,4-difluorophenyl)pyrimdin-4-yl]-N pyridazin-3

of fylymder azedackdcareesariede FThAN @esiNud Nvad5pNriNfiHed by

A mxture of 2,2,2-trichloroethyl pyridazin-3-

syl1Gasabayat ec4 1@ Nehr On308gAaPhy, (methanol:ethyl acetate =

2-(2,4-difluorophenyl)-4- piperazin-1-ylpyrimdine

16 11@@ r%d Or 362, 5701 )1 288 rdbinSORLQME edhy! aﬂw@ @Qe%%Qe to
?.n 20 dinethyl sul foxide (1.5 m)

6HH rredtﬂE 7QE%P¥er£B&$5undTh@KfQ?C%{ n vas) pogged solid.
into water and extracted with ethyl 63

Melting point: 200 - 201°C.

'H NMR (DMSO-dg) &: 3.58 - 3.71 (4H, m), 3.72 - 3.84 (4H,
m), 6.88 (l1H, d, J = 6.2 Hz), 7.14 - 7.25 (1H, m), 7.28 -
7.39 (1H, m), 7.59 (1H, dd, J = 9.1, 4.6 Hz), 7.96 - 8.14
(2H, m), 8.36 (l1H, d4, J = 6.2 Hz), 8.85 (l1H, d, J = 4.0
Hz ), 9.99 (1H, s).

Example 4
4-[2-(2,3-difluorophenyl)pyrimidin-4-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide

F
0 T\ = F
S !
N= H
(1) Tert-butyl 4-[2-(2,3-difluorophenyl)pyrimidin-4-

yl]lpiperazine-l-carboxylate
To a mixture of tert-butyl 4-(2-chloropyrimidin-4-
yl)piperazine-l-carboxylate (3.0 g, 10.0 mmol), 2,3-

difluorophenylboronic acid (2.38 g, 15.1 mmol), 2N agueous
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acetate. The extract was washed with water, dried
over. anhydrous magnesium sul fate, and the sol vent
was distilled off under reduced pressure. The residue
was purified by silica gel columm chromat ography
(met hanol : ethyl acetate = 5 £49) and recrystallized
from hexane and ethyl acetate to obtain the title
compound (31.9 ng, 22% as a solid. Melting point:
200 - 201C. 1H NWR (DVBO-d6) 6: 3.58 - 3.71 (4H, m
sgd¥em- cgr@enpsl, sofutios 88 1H,) Bnd EoBuQn$tleO7m14 was
- 7.25 (dH, m , 7.28 - 10 7.39 (1H, m, 7.59 (1H, dd,
addedg.t:l_etzlalﬁiwl)ipk?ergﬁlph@sgmr(QH,pali)l,ad&@G (1H39d,9J 1.20
= 6.2 Hz), 8.85 (1H, d, J =4.0 Hz ), 9.99 (1H, 5s).
mimsanple 4room temperature under nitrogen atmosphere, and
4-12-(2, 3-di fl uorophenyl ) pyri m di n-4-yl]-Npyridin-3-
th8 wipuperaziae- |steardexad deo Y E o fd)giert - butylreaction
4-[2-(2, 3-di fl uorophenyl)pyrim di n-4-

WME] Fzﬁdlﬁfél?i netd- G hoxyhate derdadied Uke tof d€ffr bubykate.
chl oropyri m di n-4- 20 yl)pi perazine-|-carboxyl ate

Tﬁé %&raﬂ&co ggolv)ask?e@ wdikh! upraphenylheronk fe ACi@hydrous
g, 15. , 2N aqueous 64 sodi um car bonate

<R, L g e 08 g O e

reduced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate) and high performance
liquid chromatography (YMC HPLC column, solution A: 0.1%
trifluorocacetic acid-acetonitrile solution, solution B:
0.1% aqueous trifluorocacetic acid solution, eluted with 10%
to 100% solution A) to obtain the title compound (424 mg,
11%) as an oily material.
'H NMR (CDCls) &: 1.49 (9H, s), 3.52 — 3.59 (4H, m), 3.68 -
3.77 (4H, m), 6.47 (14, d, J = 6.2 Hz), 7.08 - 7.28 (2H, m),
7.74 - 7.85 (1H, m), 8.37 (1H, d, J = 6.2 Hz).
(2) 2-(2,3-difluorophenyl)-4-piperazin-l-ylpyrimidine

To a solution of tert-butyl 4-[2-(2,3~
difluorophenyl)pyrimidin-4-yl]piperazine-l-carboxylate (420
mg, 1.12 mmol) in ethyl acetate (4.2 ml) was added 4N
hydrogen chloride-ethyl acetate solution (4.2 ml) and the
mixture was stirred at room temperature for 5 hours, and
the solvent was distilled off under reduced pressure. The

residue was dissolved in water and the pH was adjutsted to
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mol ) at room tenperature under nitrogen atnosphere,

and the mxuture was stirred at 1000C overni ght. The
reaction 5 was poured into water and extracted with

ethyl acetate. The extract was washed with water,

dried over anhydrous nmagnesi&m sulfate, and the

sol vent was distilled off under reduced pressure. The
residue was purified by silica gel colum

chromat ogr aphy (ethyl acetate) and hi gh perfornmance 10

11i ooy d ashrigreat ér apliye PYHC SdRIIGm ohAROXsdRut $@Rupton, and
0.1% trifluoroacetic acid-acetonitrile solution,

eg@lracitend Biith). cti%aquemisate i f | Toe oaseriectawied washed with
solution, eluted with 10% to 100% solution A) to

wahteai, n theetli tdeecompiuntt (i 24magnesit®) asléateil yand the
material. 15 1H NWMR (CDC13) 5: 1.49 (9H, s), 3.52 -

53198 ntdMasn)disk B8 ed o FF (ddhr Mredficdd piHssdrel t® obtain
6.2 Hz), 7.08 -~ 7.28 (2H m, 7.74 - 7.85 (1H m,

t8e37 (e dcoﬁpauﬁdz k@i@ (@@, quantitative) as an oily
2-(2,3-difluorophenyl)-4-piperazin-1-yl pyrimdine To a
melkytizgn of tert-butyl 4-[2-(2,3- 20

di f 1 uor ophenyl ) pyri m di n- 4-yl ] pi perazi ne-| -car boxyl ate

14 A2 | )i n ethyl etate G4:2 o

gdggg ggpcéiﬂ s Bl &t by (%g fle G453 ol )3 Was oy, ),

drogen’ chl ori de-ethyl acétate sol ut'i on

(42 ) 797”%%';6%1@ XL Yree (‘r’%{gﬁ drred &t yooMg poy 7 06 -

tenperature 0 Hour's,  a thé sol vent 'was

108" he UL p0mer rpdipet pegplr £ sNS,20 Lge U so.o,
6%% %%)gdding 1IN aqueous sodi um hydroxi de sol ution, and
(3) 4-[2-(2,3-difluorophenyl)pyrimidin-4-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

A mixture of 2,2,2-trichloroethyl pyridin-3-
ylcarbamate (107 mg, 0.398 mmol), 2-(2,3-difluocrophenyl)-4-
piperazin-l-ylpyrimidine {100 mg, 0.362 mmol) and
diisopropylethylamine (0.126 ml, 0.724 mmol) in
dimethylsulfoxide (1.2 ml) was stirred at 70bC overnight.
The reaction was poured into water and extracted with ethyl
acetate. The extract was washed with water, dried over
anhydrous magnesium sulfate, and the solvent was distilled
off under reduced pressure. The residue was purified by
silica gel column chromatography (methanol:ethyl acetate =

1:9) and recrystallized from hexane and ethyl acetate to

oe

obtain the title compound (25.9 mg, 18%) as. a solid.

Melting point: 208 - 209°C.
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extracted with ethyl acetate. The extract was washed

wth water, dried over anhydrous magnesi um sul f at e,

and the solvent was distilled off under reduced

pressure to obtain 5 the title conpound (310 ng,
quantitative) as an oily mat%tial. 1H NMR (CDC13) 5:

2.93 - 3.00 (2H, m, 3.51 - 3.59 (2H m, 3.66 - 3.77
(4H, m, 6.46 (1H, dd, J = 6.2, 4.9 Hz), 7.06 - 7.28

(2H, m, 7.74 - 7.84 (1H, m, 8.36 (1H, dd, J = 10.0,
"HONBIR? (H24SO~(B) &: 3.56 - 3.66 (4H, m), 3.71 - 3.82 (4H,
4-12-(2, 3-di fl uorophenyl ) pyri m di n-4-yl]-Npyridin-3-

myl, piperlaziiie- | d cafbex&ni2déizA ,m&tdk e~ of . 37 (2H, m), 7.48 -
2,2,2-trichloroethyl pyridin-3- ylcarbamate (107 ny,

7Q.6398 1mwoln),, 27 (27 3-di7f. baor@phemyl,) -&-1d45(1H, dd, J = 4.7,
pi perazin-| -yl pyrimdine (100 ng, 0.362 =01) and

1di3 sepr,opy.l3et hylHmae I & 26 Mz) 08724 mmy,) d,nJ = 2.3 Hz),
di met hyl sul foxide (1.2 m) was stirred at 70C

gowar niight <) .The reaction was poured into water and
‘extracted with ethyl acetate. The extract was washed

P watser, dried over 20 anhydrous magnesium sul fate,

and the solvent was distilled off under reduced

Rressur e._ it resj ri.fi.ed sy, sy el

Rr@sSSur & dﬂ'}%uo%%g‘g%&yﬁn%ﬁ%d died Y1 1Sh ca A

col unn "chr omat ogr hanol : et hyl” acetate = 1:9)

d .ystalli.zed f d et hyl te t
B T e oot e s g <ty A6 sl
25 Melting point: 208 - 209C. 66

F
. H, O I\ F
H N N N
N N\ 7
A mixture of 2,2,2-trichloroethyl (3,4~

dimethylisoxazol-5-yl)carbamate (115 mg, 0.398 mmol), 2-
(2,3-difluorophenyl)-4~-piperazin-l-ylpyrimidine (100 mg,
0.362 mmol) and diisopropylethylamine (0.126 ml, 0.724
mmol) in dimethylsulfoxide (1.2 ml) was stirred at 70°C
overnight. The reaction was poured into water and
extracted with ethyl acetate. The extract was washed with
water, dried over anhydrous magnesium sulfate, and the
solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(methanol:ethyl acetate = 1:19) and recrystallized from

hexane and ethyl acetate to obtain the desired product
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1H NV\R (DMSO-d6) S: 3.56 - 3.66 (4H, m , 3.71 - 3.82

(4H m , 6.91 (1H, d, J =6.2 Hz) , 7.22 - 7.37 (2H,

m , 7.48 - 7.60 (1H, m , 7.77 - 7.93 (2H, m , 8.16

(1H, dd, J =4.7, 1.3 Hz), 8,38 (1H, d, J = 6.2 Hz),

8.66 (1H, d, J = 2.3 HzZ), 5 8/81 (1H s). Exanple 5
4-12-(2, 3-di fl uorophenyl ) pyrimdin-4-yl]-N (3, 4-

di met hyl i soxazol - 5-yl ) pi perazi ne-|-carboxanmide F GO 3

ON RFY, N NOHI10 A nmixture of o

@ B 1g Clmcdr@ee”%”sqlgldgb_ Melting point: 209 - 210°C

d| met hyl i soxazol -5-yl)carbamate (115 ng, 0.398 mmlg,

"B NMR 3DHiSO-der ophenyl7p- 43girperazicn1B- yI3Fyr istidihez - 3.63
(100 ng, 0.362 mml) and diisopropyl ethylam ne (0.126
MH, 0ny7243.6f0l-) 3 n83dli Métihyleul foxsde (LE,2dH )Iwas 6.4 Hz),
stirred at 70C 15 overnight. The reaction was poured

740 wal €36 anth, ex}yact éd w Theét hylH,acet,at’™e.77The 7.89 (1H,
extract was washed with water, dried over anhydrous
nyggresiamisyl fat er aml 4 ez solvers vas, dstilled of f

under reduced pressure. The residue was purified by
Sidriga ggl col um chromat ogr aphy 20 (et hanol : et hyl
acetate = 1:19) and recrystallized from hexane and

etiyl (acetate o Gal i e desd 1ed Py oduetp B dazin-3-

ylpiperazine-l-carboxamide

8] ) N—
>\—N‘ ‘
Q—ﬁ Waw,

oe

The title compound (26.0 mg, 17%) as a solid was
prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate
and 2-(2,3-difluorophenyl)~4-piperazin-l-ylpyrimidine in a
manner similar to that of Example 3. Melting point: 235 -
236°C (ethyl acetate-hexane).

'H NMR (DMSO-dg¢) &: 3.61 - 3.70 (4H, m), 3.72 - 3.82 (4H,
m), 6.90 (1H, d, J = 6.2 Hz ), 7.26 - 7.36 (1H, m), 7.48 -
7.63 (2H, wm), 7.79 - 7.87 (1H, m), 8.02 (1H, dd, J = 9.0,
1.3 Hz), 8.38 (1H, d, J = 6.2 Hz), 8.86 (lH, dd, J = 4.6,
1.3 Hz), 10.00 (1H, s).

Example 7

4-[2-(2,4-difluorophenyl)pyridin-4-yl]-N-pyridin-3-
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S (2H, m 7. 79 - \7.87 (1
L ),>%TE§%£}N, |

(27.0 ng, 18% as a solid. Melting point: 209 - 210C
1H NV\R (DMSO-d6) 6: 1.76 (3H, s), 2.13 (3H, s), 3.52 -
3.63 (4H, m, 3.68 - 3.83 (4H, m, 6.89 (1H d, J =
6.4 Hz), 7.24 - 7.36 (1H, m, 7.47 - 7.61 (1H m,
7.77 - 7.89 (IH, 5mn), 8.389%H d, J =6.4 Hz ),
9.25 (1H, s). Exanple 6
4-12- (2, 3-di fl uor ophenyl ) pyri m di n-4-yl]-Npyridazin-3
- yl pi perazine-|-carboxamde / F O--\ NF (2ht 10
y¥rérerapéneorpeangorasideny, 17% as a solid was
prepared from 2,2, 2-trichl or oet hyl
pyridazin-3-yl carbamate and
2-(2,3-difluorophenyl)-4-piperazin-1-ylpyrimdine in a
manner simlar to that kxanple 3. Melting point:
235 - 236C (ethyl acet exane). 15 1H NMR ( DVSO d6)
5: 3.61 - 3.70 (4H m , 72 - 3.82 (4H, m, 6.90
(1H d, § = 6.2 Hz ), 726 7.36 (1H, m, 7.48 - 7.63
. nf, 8.02 (1H, dd, J = 9.0,
N 6.2 Hz), 8.86 (1H dd, J =
, ; 1H, s). 20 Exanple 7
4 (2,%4-di fl uor ophenyl ) pyridin-4-yl]-N-pyridin-3 68
yl pi perazi ne- | - car boxam de

(1) Tert-butyl 4- (2-chloropyridin-4-yl)piperazine-1-
carboxylate

A mixture of 4-bromo-2-chloropyridine (3.87 ml, 34.9
mmol), tert-butyl piperazine-l-carboxylate (5.0 g, 26.9
mmol), trisdibenzylideneacetone dipalladium (492 mg, 0.537
mmol), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (932
mg, 1.61 mmol), sodium tert-butoxide (3.87 g, 40.3 mmol)
and toluene (270 ml) was stirred at 100°C for 6 hours. The
reaction was poured into water and extracted with ethyl
acetate. The extract was washed with water, dried over
anhydrous magnesium sulfate, and the solvent was distilled
off under reduced pressure. The residue was purified by
silica gel column chromatography (ethyl acetate:hexane =
1:1) to obtain the title compound (5.62 g, 70%) as a solid.
'H NMR (CDCls) &: 1.49 (9H, s), 3.30 - 3.37 (4H, m), 3.52 -
3.60 (4H, m), 6.57 (1H, dd, J = 6.1, 2.4 Hz), 6.65 (1H, d,
J = 2.4 Hz), 8.04 (1H, 4, J = 6.1 Hz).

(2) Tert-butyl 4-[2-(2,4-difluorophenyl)pyridin-4-
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F 0~~-F NNN H(1) Tert-butyl

4- (2-chl oropyri di n-4-yl) pi perazi ne=l - carboxylate 5 A

m xture of 4-brono-2-chloropyridine (3.87 nl, 34.9

nmol ), tert- butyl pi per azi ne-| - car boxyl at e (5 0 g,

26.9 mmol), trisdibenzyliderfhcetone di pal | adi um (492

nmg, 0.537 mol),

4, 5- bi s(di phenyl phosphi no) -9, 9- di met hyl xant hene (932

ng, 1.61 nmmol), sodiumtert-butoxide (3.87 g, 40.3
yhuplipere zang -tokcagRexy2abden ) was stirred at 100C for

6 hours. The reaction was poured into water and

ext r ot e winixtwtty| ofcetars-bUhy lextdactohdeonmpywddlin-4-
with water, dried over anhydrous magnesi um sul f at e,
vangipkeagzdheent caadotiyititiel ed(2 of f gnder6 rBtlucedol), 2,4-
pressure. The residue was purified by 15 silica ge
de el uai opheagabogioaply A«cthyll fet@t elbexanaot) , 12K) agmeous
obtain the title conpound (5.62 g, 70% as a solid.

sdHiNMR (Gt D! sd1 491 49H(23) m13. Hhd BoBlefdH(6M ml) was
3.52 - 3.60 ( 4 H, m, 6. 57 (1H, dd, J =6 . 1, 2

aﬁd‘élé),t@tlﬁém(éﬁl%}at ﬁhﬁn@sﬁhﬂza p%l%d(lllht th3 mgﬁ b.806

20 (2) Tert

(26 48kl UALARNEIL)PY Ghdks- 4 69 tmosph d
m@lfélpera§lne rboxy| ai e rogen atmosphere, an
the mixture was stirred at 100°C overnight. The reaction

was poured into water and extracted with ethyl acetate.
The extract was washed with water, dried over anhydrous
magnesium sulfate, and the solvent was distilled off under
reduced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate:hexane = 1:1) to
obtain the title compound (927 mg, 37%) as an oily material.
'y NMR (CDCls) &: 1.49 (9H, s), 3.34 - 3.41 (4H, m), 3.54 -
3.63 (4H, m), 6.65 (1H, dd, J = 5.9, 2.5 Hz), 6.83 - 7.03
(2H, m), 7.08 - 7.14 (1H, m), 7.87 - 8.00 (1H, m), 8.39 (1H,

d, J = 5.9 Hz).

-~ (3) 1-[2-(2,4-difluorophenyl)pyridin-4-yl]lpiperazine

To a solution of tert-butyl 4-[2-(2,4-
difluorophenyl)pyridin-4-yllpiperazine-l-carboxylate {920
mg, 2.45 mmol) in ethyl acetate (9.2 ml) was added 4N
hydrogen chloride-ethyl acetate solution (9.2 ml) and the
mixture was stirred at room temperature for 5 hours, and

the solvent was distilled off under reduced pressure. The
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To a m xture of tert-butyl 4-(2-chloropyridin-4-

yl ) pi perazi ne- 1-carboxylate (2.0 g, 6.72 mol ), 2,4-

di f 1 uor ophenyl boronic acid (1.59 g, 10.1 muol), 2N

aqueous 5 sodi um carbonate solution (27 m) and

toluene (67 m) was added tetQakistriphenyl phosphine

pal | adium (931 ng, 0.806 mmpl) at room tenperature

under nitrogen atnosphere, and the m xture was

stirred at 100C overnight. The reaction was poured

riestidugatvers ahids extvedt ed whthretinyd HretpilewagQagpasted to

extract was washed with water, dried over anhydrous

1naghgshm&dﬁndfaﬁe,aqmdouhe:ﬂnimﬂmthwd506ﬁ§eiI$@bubi©n, and

under reduced pressure. The residue was purified by

eitlriaca egelwi ttol atifiy I s oaed ogr aphye (eklhybct was washed with

acetate: hexane = 1:1) to obtain the title conpound

w(-&%} Mdr84%) @Sean HiHpamater mdlgnekd ukH Eslwﬁef(aeaclsand the
:1.49 (9H, s), 3.34 - 3.41 (4H, m, 3.54 - 3.63 (4H,

s@l’ve@t6ﬁva(sl|ﬂléjglll]ef Sff Junde? Héhuc@dS%resEuQ% H2Hbtain

- 7.14 (1H m, 7. 87 - 8.00 (1H, m, 8.39

ﬁ’l He i 1, Duhd Z)e1 A Hy, ly material.
t ]e lt%e %é) I uor ophenyl ) pyr| d| n aL4S yaln) pollpeyr z;nza} neerlzao To

g. ﬁﬁh“thEGﬁL §er5 butyl 340k2-G2 45y, 3.26 - 3.39 (4H, m),

uorop yr|d|n 4- yI)plpera2|ne I-carboxylate

1}% %d45 nol:) i n eg:)h;ﬂ aceéaéf (942 @)z\ﬁas 711

Urogen ¢RI 0" Hyl acetate solut

& Zéfg%hsgq%d$ Bz hbu%uégand 2% R@%SOFVén%O%; (1H, d, J =

distilled off under reduced pressure. The 70
5.9 Hz).

(4) 4-[2-(2,4-difluorophenyl)pyridin-4-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

The title compound (105 mg, 49%) as an amorphous
powder was prepared from 2,2,2-trichloroethyl pyridin-3-
ylcarbamate and 1-[2-(2,4-difluorophenyl)pyridin-4-
yllpiperazine in a manner similar to that of Exmaple 3.
'H NMR (DMSO-dg¢) &: 3.41 - 3.52 (4H, m), 3.56 - 3.69 (4H,

m), 6.85 - 6.97 (1H, m), 7.13 - 7.40 (4H, m), 7.82 - 7.95

(2H, m), 8.1l6 (1H, dd, J 4.6, 1.4 Hz), 8.31 (1H, d, J =
6.0 Hz), 8.66 (1H, 4, J = 2.1 Hz), 8.82 (1lH, s).

Example 8

4-[2-(2,4-difluorophenyl)pyridin-4-yl]-N-(3,4-

dimethylisoxazol-5-yl)piperazine-l-carboxamide



10

15

resi due was dissolved in water and the pH was adj usted
to 11 by addi ng 1N aqueous sodi um hydroxi de sol ution,
and extracted with ethyl acetate. The extract was
washed with water, dried over anhydrous magnesi um
sulfate, and the 5 solvent wad distilled off under
reduced pressure to obtain the title conpound (612
ng, 919% as an oily material. "H NWR (CDC13) 5: 2.94 -
3.06 (4H m, 3.26 - 3.39 (44 m, 6.65 (1H, dd, J =
5.9, 2.5 Hz), 6.81 - 7.02 (2H_m, 7.11 (1H t, J =
2.0 Hz), 7.84 - 7.99 (1H, m),f8.37 (1H, d, J = 10 5.9
). (4) . o
4-[2-(2,4-difluorophenyl) di n-4-yl]-Npyridin-3-

yl pi per azi ne- 1- car boxam d e title compound (105 ng,
49% as an anor phous powder was prepared from

2.2, 2- tFilc®| or geThy| di n-3- 15 yl carbamate and
1L$ - (R, 4-d or ophe ridin-4 yl]piperazine in a
manngr Sinyl ar Exmapl e 3. 1H NVR ( DMSO- d6)

5: 3N4% - 8.52 (4H m, 3.56 - 3.69 (4H m, 6.85 -
6.97 (IH m, 7.13 - 7.40 (4H m, 7.82 - 7.95 (2H
m, 8.16 (1H, dd, J = 4.6, 1.4 Hz), 8.31 (1H, d, J =
g()aﬁ%‘ S%’Qitﬁe(s%o(n{g_o'urgj J67.% 1ndi2) 5 8261Hs So1id was
-12-(2, 4-di f idi n~4-wl 1= N -1 1 _5_
pgﬁhégéé %rgh bg??g?g??%hh%%%kghg} }% h &gﬁ%ﬁigl%foxezol 5

yl i soxaz pi perazin carbo
yl)carbamate and 1-[2-(2,4-difluorophenyl)pyridin-4-

yl]piperazine in a manner similar to that of Example 3.
Melting point: 234 - 235°C (ethyl acetate-hexane)

'H NMR (DMSO-dg) &: 1.76 (3H, s), 2.13 (3H, s), 3.37 - 3.50
(4H, m), 3.52 - 3.66 (4H, m), 6.89 (1H, dd, J = 6.0, 2.4
Hz), 7.12 - 7.24 (2H, m), 7.29 - 7.40 (1H, m), 7.82 - 7.93
(1H, m), 8.30 (1H, d, J = 6.0 Hz ), 9.25 (1H, s).

Example 9
4-[2-(2,4-difluorophenyl)pyridin-4-yl]-N-pyridazin-3-

ylpiperazine-l-carboxamide

0 — —
@NFNL'—/N \ /N
H
N=N

The title compound (123 mg, 57%) as a solid was
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CHOF HI\ NOHThe title conmpound (84.6 ng, 56%

as a solid was prepared from 2,2, 2-trichl oroet hyl

(3, 4-di net hyl i soxazol -5- yl)carbanate and

1-[2-(2, 4-di fl uorophenyl )pyridin-4 5 yl]piperazine in

a manner simlar to that of BXanple 3. Melting point:

234 - 235C (ethyl acetate-hexane) 1H NVR (DVSO d6) 5:

1.76 (3H, s), 2.13 (3H, s), 3.37 - 3. 50 (4H, m :

3.52 - 3.66 (4H, , 6.89 (1H, dd, J = 6.0, 4 Hz
pYepared7 fapn 2%2;3 trzl«z@lorcrem@y%myrrﬁiazmsi ylgagpamate
10 (1H, m, 8.30 (1H d, J =6.0 Hz ), 9.25 (1H, s).
abBdanpt 829(2, 4- dlfluorophenyl)pyrldln a- yl]lpiperazine in a
4-[2-(2,4-difluorophenyl)pyridin-4-yl]-Npyridazin-3-
myhpepesaniiter]l toardietandeEfmm@e F. NIALNIing Nolnt:5189 -
The title conmpound (123 ng, 57% as a solid was 72
1poéparedtiabpi2oZn2abrhekbharoet hyl

pyri dazi n-3-yl carbamate and -
13- fidr( 2. pfrsdi-ll, wosepheemyd ) pysi 8i n-(4#yl Inpi,pes 2@ ne Bn7a (4H,
manner simlar to that of Exanple 3. Melting point:
n}896.90 (1H, dd, T = 5.9, 2.5 Hz), 7.12 - 7.25 (2H, m),

7.29 - 7.40 (1H, m), 7.58 (lH, dd, J = 9.1, 4.6 Hz), 7.82 -
8.05 (2H, m), 8.30 (1H, 4, J = 5.9 Hz), 8.83 - 8.88 (1H, m),
9.99 (1H, s).

Example 10
4-15-(2,4-difluorophenyl)pyridin-3-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide dihydrochloride

N N
— H
N
(1) Tert-butyl 4- (5-bromopyridin-3-yl)piperazine-1-
carboxylate

A mixture of 3,5-dibromopyridine (1.65 g, 6.97 mmol),
tert-butyl piperazine-l-carboxylate (1.0 g, ©5.37 mmol),
trisdibenzylideneacetone dipalladium (98.4 mg, 0.107 mmol),
4,5-bis (diphenylphosphino) -9, 9-dimethylxanthene (186 mg,

0.322 mmol), sodium tert-butoxide (774 mg, 8.06 mmol) and
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1900C (tetrahydrofuran-hexane). 5 1H NVR (DMSO- d6) b:
3.40 - 3.51 (4H, m , 3.62 - 3.72 (4H m , 6.90 (1H
dd, J =5. 9, 2.5 H) , 7.12 - 7 25 (2H m , 7.29 -
7.40 (1H, m, 7.58 (1H dd, J = 9.1, 4.6 Hz), 7.82 -
8.05 (2H, n), 8.30 (1H d, J = 5 9 Hz), 8.83 - 8.88
(1H,|ﬁ, 9.99 (1H, s). 10 Exanple 10
[5 (2, 4-di fl uorophenyl ) pyridin-3-yl]-Npyridin-3-
| pi perazi ne-1|-carboxam de di hydrochloride F O F ~-
tplugneC @O(m)’l_ Teras bgt:wfred at 100°C for 6 hours. The

4- (5- bronopyri di n-3-yl ) pi perazine-1- 15 carboxylate A
reaxtipe ofas, bodirkdonopye | dierer( 1285 g¢xtgagregnovith ethyl
tert-butyl piperazine-Il-carboxylate (1.0 g, 5.37

appobre. triredi benzddtdeneacetamtedi pathadiaimy,98d4iag, over
0.107 mmol ),
adhYdbbscdirplierydiphosptli fut)e 9, Sndi ke hgbkanhhemes( H86tilled
ng, 20 0.322 mmmol ), sodiumtert-butoxide (774 ng, 8.06

ofB0In AW #8dutehugrescd@earl ) nas sidgire® atad0PGridied by
6 hours. The reaction was poured into water and

SQKEEQthQ “khhu@&hY&hréﬁ§E§§§apﬂﬁe @HACt s ¥BEa ¥aSHEHane =
dri ed over anhydrous magnesi um sul f at e,

1384 the ,3elyent was ;dist idddund (1.46 g, 79%) as a solid.
'Y NMR (CDCls) &: 1.49 (9H, s), 3.14 - 3.23 (4H, m), 3.55 -
3.63 (4H, m), 7.28 - 7.32 (1H, m), 8.15 (1H, d, J = 1.7 Hz),
8.21 (1H, d, J = 2.4 Hz).
(2) Tert-butyl 4-[5-(2,4-difluorophenyl)pyridin-3-
yl]lpiperazine-l-carboxylate

To a mixture of tert-butyl 4-(5-bromopyridin-3-
yl)piperazine-l-carboxylate (1.0 g, 2.%92 mmol), 2,4-
difluorophenylboronic acid (692 mg, 4.38 mmol), 2N agueous
sodium carbonate solution (12 ml) and toluene (30 ml) was
added tetrakistriphenylphosphine palladium (405 mg, 0.351
mmol) at room temperature under nitrogen atmosphere, and
the mixuture was stirred at 100°C for 7 hours. The
reaction was poured into water and extracted with ethyl
acetate. The extract was washed with water, dried over
anhydrous magnesium sulfate, and the solvent was distilled
off under reduced pressure. The residue was purified by

silica gel column chromatography (ethyl acetate:hexane =

1:1) to obtain the title compound (1.03 g, 94%) as an oily



10

15

20

25

5 of f under reduced pressure. The residue was purified

by silica gel colum chromatography (ethyl

acetate: hexane = 1:1) to obtain the title conpound

(1.46 g, 79% as a solid. 1H NWR (CDC13) 5: 1.49 (9H

s); 3.14 - 3.23 (4H, n), 3.55’4 3.63 (4H, m, 7.28 -

7.32 (1H, m, 8.15 (1H, d, J = 1.7 Hz), 10 8.21 (1H

d J =24 Hz). (2) Tert-butyl

4-[5-(2, 4-difluorophenyl)pyridin-3-
mAtesiigdr-azi ne-1 - carboxylate To a mixture of tert-buty
14-(5-bronnpyridin-3- yl ) pi perazi ne-|-carboxylate (1.0

g, NEROZCiok) , 52, 4~ 495 (AHf | gor ophélyl-ber-@rfi cl4dli dn)(,692- 57 -
ng, 4.38 nmmol), 2N aqueous sodi um carbonate sol ution

3.5 MiHand)olaweate £30.08) &S madded.28 - 7.32 (1lH, m),
tetraki stri phenyl phosphi ne pal |l adi um (405 ng, 0.351

TUBRH )- at. 4O0MmH enper & e UHlers)ni t8 ofen( i nosphere,2.8 Hz) .
and the mxuture was stirred at 100C for 7 hours. The

20 read-i @n Mmas O EHHIH L \WREEId B -ext g eieh v i

ethyl acetate. The extract was washed with water,

dri edcpver 5anhydroys; gRgNesiym suldatienand the 4= 15- (2, 4-
solvent was distilled off under reduced pressure. The ‘

iﬁﬁ%ﬁ%ﬁ?ﬁﬁ%ﬁ%%ﬁ%iﬁ%%%$%§i§%$éfﬁﬁ§53&fé?%ﬁ?%f%3x¥%?te (.02
£01 3401 gl £ BOTONDS, (ol 94 88,20y Yoo
h(ﬁ/é%}qrgr%.ga%%iiﬁjg'—n??hgzﬂkl’ac@ﬁat% 88,1uf134 ((le_d’ M) and the
mixture was stirred at room temperature fbr 4 hours, and
the solvent was distilled off under reduced pressure. The
residue was dissolved in water and the pH was adjusted to
11 by adding 1N aqueous sodium hydroxide solution, and
exracted with ethyl acetate. The extract was washed with
water, dried over anhydrous magnesium sulfate, and the
solvent was distilled off under reduced pressure to obtain
the title compound (699 mg, 94%) as an oily material.

'y NMR (CDCls) &: 2.99 - 3.12 (4H, m), 3.16 - 3.28 (4H, m),
6.87 - 7.04 (2H, m), 7.24 - 7.33 (1H, m), 7.35 - 7.47 (1H,
m), 8.21 (1H, s), 8.31 (1H, 4, J = 2.8 Hz).

(4) 4-[5-(2,4-difluorophenyl)pyridin-3-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide dihydrochloride

4-[5-(2,4-difluorophenyl)pyridin-3-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide as an oily material was prepared

from 2,2,2-trichloroethyl pyridin-3-ylcarbamate and 1-[5-
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7.35 - 7.46 (1H, m) , 8.24 (1H, s), 8.31,(1H d, J =
2.8 Hz). 5 (3)

1-[5-(2, 4-di fl uorophenyl)pyridin-3-yl]pi perazine To a
solution of tert-butyl 4-[5-(2, 4-

di f1 uorophenyl)pyridin-3-yl] i"per azi ne-1 - car boxyl at e
(1.02 g, 10.7 mol) in ethyl acetate (10 m) was
added 4N hydrogen chl ori de-ethyl acetate solution (10

m) and the 10 m xture was stirred at roomtenperature
(Pof-difdupsprhadyli hersdiventr yWhpideseeinged off uhdepanner
reduced pressure. The residue was dissolved in water
samdléhe pHaoas adjpust edofo Ekampladdi ng-1N aquedudS-(2,4-
sodi um hydr oxi de solution, and exracted with ethyl
dacetatrephdhelepyradi nwasyhasNedywitihniS-wapeperdried-1-
over anhydrous magnesium sul fate, and the solvent was
cgirsbkbin@deof(fz2tzandsermq,ed©lc:5615 PRSI a0 dbésbIved hén ethyl
title conpound (699 ng, 94% as an oily material. 1H

aNyBaQQIK@§)05nﬂ3 9%nd 3IN2n{dkog 8% GhlbrrdS-dEh(BHacetate:
n, .87 - 7.04 (2H, m, 7.24 - 7.33 (1H m, 7.35 -

séé?zlgﬁH 2.8Omﬁb'w§szédeéa a8 s§1§¥eﬁlﬂt Gooth te%p%rature
féF[§ g%u% déEPUQEnggﬁxééﬁygI% glétﬁhheM'BfE'@h@e% reduced

pI per azi ne- car boxam rochlorid

4 Léu@ 4-di £l yar, egu%nw p%&g@tﬁvﬂ LY &wo&r,%%t%anol and

PRI pérazi nes1-carboxam de as 'y ‘materi a
dE%Eﬁgﬁﬁggeéfg%{g E%rlgh g%g%&m%mmnd (203.2 mg, 60%)
bt Hr RS
'H-NMR (DMSO-d¢) &: 3.51 - 3.66 (4H, m), 3.71 - 3.85 (4H,
m), 7.24 - 7.39 (1H, m), 7.45 - 7.60 (1H, m), 7.77 - 7.90
(1H, m), 7.96 (1H, dd, J = 8.7, 5.5 Hz), 8.16 (1H, s), 8.38
(14, s), 8.46 - 8.57 (2H, m), 8.70 - 8.80 (1H, m), 9.22 (1H,
d, J = 2.3 Hz), 10.28 (1H, s).

Example 11 |
4—{5—(2,4—difluorophenyl)pyridin—B—yl]—N—(3,4—

dimethylisoxazol-5-yl)piperazine-l-carboxamide

CH; O /_—ﬂ\ p—
HL
AT
0

The title compound (181 mg, 60%) as a solid was
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di f 1 uor ophenyl ) pyridi n-3-yl]-Npyridin-3-yl pi perazi ne-

| - carboxam de (223.3 ng, 0.565 mmol) was dissolved in
ethyl 5 acetate (2.0 m) and 4N hydrogen

chl oride-ethyl acetate .solution (2.0 m) was added

and stirred at roon1tenperatu?@ for 1 hour, and the

sol vent was distilled off under reduced pressure. The

resi due was recrystallized from met hanol and

di ethylether to obtain the title co ound (203.2 ny,
PBBRR L L) oM 53 it NS arp aidivnk : (%@ ~digrathyilidaqurz0l-5-
(DVMbO-d6) 5: 3.51 - 3.66 (4H, m, 3.71 - 3.85 (4H,

yi)),caklater. 39 &ad, nm ,1-7L%5(2, 47—.C61051(U_1_CH;OHi‘)e,nWl. Jyridin-3-

7.90 (1H, m, 7.96 (1H, dd, J =8.7, 5.5 Hz), 8.16

Y iraBi28 iflld ®m3Inndr46imi8a%x7 f@Hthej, & 7B8xample 3.

8.80 (1H, m, 9.22 (1H, 15d, J = 2.3 Hz), 10.28 (1H

MLt ixamdietlkl 147 - 148°C (tetrahydrofuran-hexane) .

4-15-(2, 4-di fl uorophenyl ) pyridin-3-yl]-N(3,4-

l@ll N@[‘RhYUD'M%@Xr@%P' 55- Y. yBi R8Hazisng- b-.aar hemnide B.CH- 3.38
~~ N NO 20 The title conpound (181 ny,

@Q_P/() a3sg>1;|d Wago/Gapprepared f7om 7 .30 (1H, m), 7.34 -
2, 2- trlchloroethyl ('3, 4- di'met hyl i soxazol -5-

y%zca(?@”%? aRd 6& [5-4 27 4- q'uﬁl uqyop@nayé)ml di;p- % 8.38

pi peraziné in a manner sim/lar to that of Exanple
&H, d, 3= 1.9 Hz ), 9.26 (1H, s).

-Example 12

4-[5-(2,4-difluorophenyl)pyridin-3-yl]-N-pyridazin-3-

ylpiperazine-l-carboxamide

0 V) —
@?‘_N\—JN A
H
N=N

The title compound (79.4 mg, 22%) as a solid was
prepared from 2,2,2-trichlorocethyl pyridazin-3-ylcarbamate
and 1-[5-(2,4-difluorophenyl)pyridin-3-yl]lpiperazine in a
manner similar to that of Example 3. Melting point: 172 -
173°C (ethyl acetate-hexane).

'H NMR (DMSO-d¢) &: 3.23 - 3.42 (4H, m), 3.60 - 3.76 (4H,
m), 7.17 - 7.29 (1H, m), 7.35 - 7.51 (2H, m), 7.54 - T7.74

(2H, m), 7.97 - 8.07 (1H, m), 8.16 (1H, s), 8.38 (1H, d, J
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Melting point: 147 - 148C (tetrahydrofuran-hexane). 5
1H NVR (DMBO-d6) 5: 1.76 (3H, s), 2.13 (3H, s), 3.25 -
3.38 (4H, m, 3.53 - 3.69 (4H, m, 7.17 - 7.30 (1H
m, 7.34 - 7.52 (2H, m), 7.61 - 7.74 (1H, m), 8.16
(1H br s), 8.38 (1H d, J Z71.9 Hz ), 9.26 (1H s).
Exanple 12 10
4-[5-(2, 4-di fluorophenyl) pyridin-3-yl]-N pyridazin-3-
yl pi perazine-|-carboxamde F O CFF NN HN=N The
=t 2t beHzbnpBuhl ¢79:40ng1H2294 » adUa0sol(L8, ws - prepared
from2,2,2-trichloroethyl pyridazin-3-ylcarbamte 15
Eaadple[ 53( 2, 4-di f | uor ophenyl ) pyri di n- 3-yl | pi perazi ne
ina mnner simlar to that of Exanple 3. Melting
4p0bRt 2, 473i£11336phehhyl) pacetane2hgtand)ypyHANNRS -
(DMSO-d6) 6: 3.23 - 3.42 (4H, m , 3.60 - 3.76 (4H,
yMbipdrdZine?129athbxamide?. 35 - 7.51 (2H, m, 7.54 -
7.74 20 (2H, m, 7.97 - 8.07 (1H, n), 8.16 (1H, s),
8.38 (1H, d, J 77 2.6 Hz), 8.80 - 8.90 (1H, m, 10.01
(1H, s) Exanple 13 F
4-[6-(2,4-di fluorophenyl razin-2-yl]-Npyridin-3-

LN
@N\%N\JM\N/
N= H

(1) Tert-butyl 4-(6-chloropyrazin-2-yl)piperazine-1-
carboxylate

A mixture of 2,6-dichloropyrazine (520 mg, 3.49 mmol),
te;t—butyl piperazine-l-carboxylate (500 mg, 2.69 mmol),
trisdibenzylideneacetone dipalladium (49.2 mg, 0.054 mmol),
4,5-bis (diphenylphosphino)-9,9-dimethylxanthene (93.2 mg,
0.161 mmol), sodium tert-butoxide (387 mg, 4.03 mmol) and
toluene (27 ml) was stirred at 100°C for 6 hours. The
reaction was poured into water and extracted with ethyl
acetate. The extract was washed with water, dried over
anhydrous magnesium sulfate, and the solvent was distilled
off under reduced pressure. The residue was purified by
silica gel column chromatography (ethyl acetate:hexane =
1:1) to obtain the title compound (385 mg, 48%) as a solid.

H NMR (CDCls) &: 1.49 (9H, s), 3.51 - 3.65 (8H, m), 7.84
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yl pi perazi ne-l-carboxamde F &YNON* NN H5 (1)
Tert-butyl 4-(6-chloropyrazin-2-yl)piperazine-|I-
carboxylate A mixture of 2,6-dichloropyrazine (520 ng,

3.49 mmol ), tert-butyl piperazine-I|-carboxylate (500

ng, 2.69 mmol), 10 trisdiben%%lideneacetone

di pal I adium (49.2 ng, 0.054 nmol ),

4, 5- bi s(di phenyl phosphi no) -9, 9-di et hyl xant hene (93. 2

ng, 0.161 nmol), sodiumtert-butoxide (387 ng, 4.03

(il B )and - %Bol (déne 5027 M) was stirred at 100C for 6

hours. The reaction was poured into water and

(@it ract eBenkthueyhyl 15 4clétat.4 -THe lavaradtendls pyrazin-2-
washed with water, dried over anhydrous magnesi um

v pfigtesra zame -tlheasdloranitateas distilled off under

reduced pressure. The residue was purified by silica

gel @@l unn chtotmtegr aphy teetthyplutadet at-ef hexdtdnercpyrazin-2-
1:1) to obtain the title conpound (385 ng, 48% as a

yA0kiithe r2Q ihid -NVR A(rCGAR)a ths 1(HB0 (Y, S) 1.3451mmcd 1G5 2, 4-
(8H 'm, 7.84 78 (1H s), 7.98 (1H s). (2)

dhentrdiWte rdrililsdohid- didddoropheny) ) pYsa8ZiAod) , 2N aqueous .
yl ] pi perazi ne-1|-carboxyl ate :
sodium carbonate solution (4.9 ml) and toluene (12 ml) was
added tetrakistriphenylphosphine palladium (172 mg, 0.149
mmol) at room temperature under nitrogen atmosphere, and
the mixture was stirred at 100°C overnight. The reaction
was poured into water and extracted with ethyl acetate.
The extract was washed with water, dried over anhydrous
magnesium sulfate, and the solvent was distilled off under
reduced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate:hexane = 1:1) to
obtain the title compound (375 mg, 81%) as an oily material.
'y NMR (CDCls) &: 1.50 (9H€, s), 3.55 - 3.70 (8H, m), 6.85 -
7.06 (2H, m), 7.95 - 8.06 (1H, m), 8.11 (1H, s), 8.40 (1H,
d, J = 2.8 Hz).
(3) 2-(2,4-difluorophenyl)-6-piperazin-l-ylpyrazine

To a solution of tert-butyl 4-16~-(2,4-
difluorophenyl)pyrazin-2-yl]lpiperazine-l-carboxylate (370
mg, 0.983 mmol) in ethyl acetate (3.7 ml) was added 4N

hydrogen chloride-ethyl acetate solution (3.7 ml) and the

mixture was stirred at room temperature for 5 hours, and
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To a mixture of tert-butyl 4-(6-chloropyrazin-2- 5

yl ) pi perazi ne-|-carboxylate (370 ng, 1.24 mol), 2, 4-

di fl uor ophenyl boronic acid (293 ng, 1.86 mml), 2N

aqueous sodi um carbonate solution (4.9 m) and

toluene (12 n) was added tet%aki striphenyl phosphi ne

pal | adium (172 ng, 0.149 mmol) at room tenperature

under nitrogen atnosphere, and 10 the m xture was

stirred at 100C overni ght. The reaction was poured
that sonaeat avg aastEdilas vith wadgr seevage. Pryraure. The

extract was washed with water, dried over anhydrous
reagresi wassdfsgel vethdint hwasekvemd Wi dvist vafeddoipted to
~under reduced pressure. The residue was purified by

18i Ibhga egelinkp ¢8| umuetuonetcagraphiiyfevhybde solution, and

acetate: hexane = 1:1) to obtain the title conpound
ek875chigd &1¥%h asan aidetawet eriBhe eitirBVR (EBCH3phed with

1.50 (9H, s), 3.55 - 3.70 (8H, mM, 6.85 - 7.06 (2H,

whHker?{. 98ric8. WrddHamydr®ukl (mibnes)ium8. 401fdtk, thnd the
= 2.8 H). 20 (3)

s816énd- dizfd ugraphend )sHr phRgs AZBade¥lipyiassieeT@A obtain
solution of tert-butyl 4-[6-(2,4-

if | - 2=y HRis ine-Ji- ;ate
t9§7%HQ%%PE%B§§§BﬁLS%PQ_%gX hBisnerazineJincankenyiate

in“ethyl acetate (3.7 nl) was

(
1§g§@§nﬁ§bgg%ﬂ[§geg5§@!9r5¢87eqaﬁt 9§§t§tgssal%t%@n<4ﬂ, m),

m xture was stirre t room

LIPS o U8, 108 8 U 3031 78,01 191001 YANL HEe o,
8q5§sQHﬁ§ddthmgy5(8a%%){he pH was adj usted to
(4) 4-[6-(2,4-difluorophenyl)pyrazin-2-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

The title compound (53.4 mg, 37%) as a solid was
prepared from 2,2,2-trichloroethyl pyridin-3-ylcarbamate
and 2—(2,4—difluorophenyl)—6—piperazin—l—ylpyrazine in a
manner similar to that of Example 3. Melting point: 155 -
156°C (ethyl acetate-hexane).
'y NMR (DMSO-dg) &: 3.58 - 3.68 (4H, m), 3.69 - 3.77 (4H,
m), 7.21 - 7.32 (2H, m), 7.37 - 7.47 (1H, m), 7.86 - 7.93
(1H, m), 7.99 - 8.11 (1H, m), 8.13 - 8.20 (1H, m), 8.27 (1H,
d, J = 3.0 Hz), 8.40 (1H, s), 8.66 (1H, d, J = 2.3 Hz),
8.82 (1H, s).
Example 14
4—[6—(2,4—difluorophenyl)pyrazin—Z—yl]—N—(3,4—

dimethylisoxazol-5-yl)piperazine-l-carboxamide
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11 by addi ng 1N aqueous sodi um hydroxi de sol uti on, and
extracted with ethyl acetate. The extract was washed
with 5 water, dried over anhydrous magnesi um sul fate,
and the solvent was distilled off under reduced
pressure to obtain the title®@onmpound (204 ny, 75%
as an oily material. 1H NMR (CDC13) 5: 2.96 - 3.07
(4H, m, 3.58 - 3.69 (4H m, 6.85 - 7.04 (2H m,
7.97 - 8.07 (1H, m, 8.09 (1H, s), 10 8.37 (1H d, J
= 2.8 Hz). (4) F

4-16-(2, 4-di fl uorophenyl
yl pi per azi ne-| - car boxami he title conpound (53.4
ng, 37% as a solid was \Jrgpared from

2,2, 2- trlchloroethyl yrA di k- 3-yl carbamate 15 and

ﬁﬁ%z 44 uovﬁﬁﬁenyl =0 plﬂ%ra2|n | -yl pyrazine in a
SI to rhéia f Exanple 3. Melting point:

155 } (et acetane- hexane). 1H NVR (DMSO d6) 5:
3. 53“\-03 68 (4H, m, 3.69 - 3.77 (4H, ), 7.21 - 7.32
(2H m, 7.37 - 7.47 (1H, m, 7.86 - 7.93 20 (1H m,

99 The8 %lt(lleH, c&%po@n&s ¢58: Qon{ng 3@')5 &7 a( 1E|olﬁd was
j Hz) 0 (iH s) ) .66 (1K d J = Hz)

Eﬁar%% (b SQ 252%&1%%1:@1 (3
4 [6 (2, 4-di f1'uor'ophenyl’ ) pyr azi n- 2- yl]

Sty i soxazolz a-yl ) pi P?réza{‘ﬂ&of@&?&%@m de 80 cFazin-1-

azin-2-yl]-Npyridin-3-

4 dlmethyllsoxazol 5-
N-(3,4-" 25

ylpyrazine 1in a manner similar to that of Example 3.
Melting point: 225 - 226°C (tetrahydrofuran-hexane).

'H NMR (DMSO-dg¢) &: 1.76 (3H, s), 2.13 (3H, s), 3.56 - 3.64
(4H, m), 3.67 - 3.75 (4H, m), 7.20 - 7.32 (1H, m), 7.36 -
7.48 (1H, m), 7.98 - 8.12 (1H, m), 8.27 (l1H, 4, J = 3.0
Hz ), 8.38 (1H, s), 9.26 (1H, s).

Example 15
4-[4-(2,4-difluorophenyl)pyrimidin-2-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide

(1) Tert-butyl 4-methylpiperazine-l-carboxylate

To a solution of l-methylpiperazine (1.0 g, 9.98 mmol)
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H3O~ F HCNOHThe title conpound (51.9 ngy, 36%
as a solid was prepared from 2,2, 2-trichl oroet hyl
(3, 4-di net hyl i soxazol -5- yl)carbanate and :
2-(2,4-difluorophenyl)-6-piperazin-I 5 ylpyrazine in a
manner similar to that of Ex&iple 3. Melting point:
225 - 226C (tetrahydrofuran-hexane). 1H NVR ( DMSO- d6)
5: 1.76 (3H, s), 2.13 (3H, s), 3.56 - 3.64 (4H, m,
3.67 - 3.75 (4H m, 7.20 - 7.32 (1H,_nm, 7.36 - 7.48
apdHtraethylegineg, (0. (A HM L m) 118 027y, gn Fetrghgdrpduran
Hz-), 8.38 (1H, s), 9.26 (1H, s). Exanple 15
(20 #l( 2, whodi ddded ophehylry pprimildidicanddnagepyrd Ath-g3- 11.0
yl pi perazi ne-1-carboxamide F N~-NN N N 15 (1)
mel t - bitt oods nedriyyd paperazi apdl thar boixydatee Wos astirred at
sol ution of 1-nethyl piperazine (1.0 g, 9.98 mmol) 81
rasd tempthytamen€oflsbBontrs.11TAenmeb)tibn was poured into
tetrahydrofuran (20 m) was added di-tert-butyl

watear boratex{ 22 4@, wlithO ctHDl ) a8éL£06MN t EIMEr &k UF&ct was
and the m xture was stirred at roomtenperature for 8
wHOHES: wik8 FRaEd oyMasy PO £dahRY@rous magnesium sulfate,
and the solvent was distilled off under reduced pressure to
obtain the title compound as an oily material. The
resulting crude product was used for the subsequent
reactien as such.
(2) Tert-butyl 4- (4-chloropyrimidin-2-yl)piperazine-1-
carboxylate

A mixture of tert-butyl 4-methylpiperazine-1-
carboxylate (2.0 g, 9.98 mmol), 2,4-dichloropyrimidine
(1.49 g, 9.98 mmol) and toluene (20 ml) was stirred at
110°C overnight. The reaction was poured into water and
extracted with ethyl acetate. The extract was washed with
water, dried over anhydrous magnesium sulfate, and the
solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(ethyl acetate:hexane = 1:1) to obtain the title compound
(1.83 g, 62%) as a solid.
ly NMR (CDCls) &: 1.49 (9H, s), 3.44 - 3.53 (4H, m), 3.75 -
3.84 (4H, m), 6.53 (1H, 4, J = 5.1 Hz), 8.16 (1lH, d, J =

5.1 Hz).
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5 water and extracted with ethyl acetate. The extract

was washed with water, dried over anhydrous nagnesi um

sul fate, and the solvent was distilled off under

reduced pressure to obtain the title conpound as an

oily material. The resultmg‘3 rude product was used

for the subsequent 10 reaction as such. (2)

Tert-butyl 4-(4-chloropyrim din-2- yI)piperazine | -
carboxylate A m xture of tert-buty

(3) met hyT ot peraizy he- | - 4ce{r4bd>2yl4a‘tdéf(12100fog>h691§/§8 Ryrgmidin-2-
2,4-dichloropyrimdine 15 (1.49 g, 9.98 mmol) and
Yﬂdp@eﬁeaezoenﬂrCwa®0§wﬂﬁ¢@d at 110C overni ght. The
reaction was poured into water and extracted with

et hylToacet atextThe exf r actrtwasitnals hdd Mi-tdh L oxatperrimidin-2-
dried over anhydrous magnesi um sul fate, and the

y30bY ertrawas edil sttialdbed yakfteunder . 0 educed prEssumaolThe 2, 4-
20 residue was purified by silica gel colum

d@lﬁng@s_&bg%a@mor(i@tbta)wona@:et ateghexage wgl: 15.02 okb@in, 2N
the title conpound (1.83 g, 62% as a solid. 1H NWR

aé@@@l@) s@dlqimdf%a(t%'dna@e, s>144 ion3- 5‘:33 (44|ﬁ|nl MandB-tEH wene (33
m . (1HdJ=.HZ) 816(1Hd

mi wa%Sa@d%dH%ktr%%lsQ%h E%Eyﬂﬂﬂd@phlne palladlum (464 mg,
4- [4 (2, 4-difluorophenyl)pyrirmd 2-

oy|%2|0 <ﬁéop§}!%§%£b9§¥£@£§t39e uﬁhéku qubdgﬁwaéﬂg§ﬂhere,
and the mixture was stirred at 100°C overnight. The
reaction was poured into water and extracted with ethyl
acetate. The extract was washed with water, dried over
anhydrous magnesium sulfate, and the solvent was distilled
off under reduced pressure. The residue was purified by
silica gel column chromatography (ethyl acetate:hexane =
1:1) to obtain the title compound (894 mg, 71%) as an oily
material.
'H NMR (CDCls) &: 1.50 (9H, s), 3.46 - 3.58 (4H, m), 3.85 -
3.93 (4H, m), 6.83 - 7.08 (3H, m), 8.08 - 8.22 (1H, m),
8.39 (1H, d, J = 5.3 Hz).
(4) 4-(2,4-difluorophenyl)-2-piperazin-l-ylpyrimidine

To a solution of tert—butyl 4-[4-(2,4~
difluorophenyl)pyrimidin-2-yl]lpiperazine-l-carboxylate (890
mg, 2.36 mmol) in ethyl acetate (9.0 ml) was added 4N

hydrogen chloride-ethyl acetate solution (9.0 ml) and the

mixture was stirred at room temperature for 4 hours, and
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yl ) pi perazi ne- 1-carboxylate (1.0 g, 3.35 nmol ), 2,4- 5

di fl uor ophenyl bori cboronic acid (793 ng, 5.02 muol),

2N aqueous sodi um car bonate solution (13.4 m) and

toluene (33 m) was added tetrakistriphenyl phosphine

pal | adi um (464 ng, 0.402 nn6¥§ at room tenperature

under nitrogen atnosphere, and the m xture was

stirred at 100C overni ght. The 10 reaction was poured

into water and extracted with ethyl acetate. The

thrt SV eREs Waes Itbics b e dved BF | uiii¢ edrodeFedankpdrBas - The
magnesi um sul fate, and the solvent was distilled off
rgadérer educ et IrElssd eln Theteesiedde s PHur v peddpjisted to
silica gel colum chromatography (ethyl acetate: hexane

1% 15y lat)ditg obNaiagidweus i tdoslicanpbuddok884 ngpluddén, and
as an oily material. 1H NWVR (CDC13) 5: 1.50 (9H, s),
e3r4bcted. BB tMAHLHY], Bmte 3. IBhé Akt Apct6w83 wadh@8 with
(3H, m, 8.08 - 8.22 (1H m, 8.39 (1H d, J =5.3
whEZEr,204£fdd over anhydrous magnesium sulfate, and the
4- (2, 4-di fl uorophenyl) - 2-pi perazin-1-yl pyrimdine To a
sSQkdhE0RQf diefti-IDWY | oA [dnd&r 4reduced pressure to obtain
di f1 uor ophenyl ) pyri m di n-2-yl ] pi perazi ne-1|-carboxyl ate

90 . , [k »izn hylysacetate s ) was

tggdgétg% C%? ?gggg(éﬁﬁoﬁﬁge¥gt2y%%a€eﬁg§éggolution

149 m the 25, m xtyr stikre roam
%eﬁ%%ré%ﬁ?ggfé$'4§h%£15,yéﬁgmggH'tﬁz’sgrggnt %dgo (-, m)
distil l.ed of f,.under r ed press . The .resi _
6835 ] 3)3 (3inge se.df[‘f%e pﬁl'%gsyggf u?? g’ 881 dug was 5

sol ved ~i n "Wdt er’ ‘and éd t'o

4.9 Hz).
{5) 4-[4-(2,4-difluorophenyl)pyrimidin-2-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

The title compound (77.0 mg, 36%) as a solid was
prepared from 2,2,2-trichloroethyl pyridin-3-ylcarbamate
and 4-(2,4-difluorophenyl)-2-piperazin-l-ylpyrimidine in a
manner similar to that of Example 3. Melting point: 206 -
207°C (ethyl acetate-hexane).
'y NMR (DMSO-dg) &: 3.49 - 3.70 (4H, m), 3.76 - 4.00 (44,
m), 6.98 - 7.15 (1H, m), 7.20 - 7.36 (2H, m), 7.36 - 7.51
(1H, m), 7.82 - 7.97 (1H, m), 8.07 - 8.25 (2H, m), 8.50 (1H,
d, J =4.5 Hz), 8.66 (1H, br s), 8.82 (lH, br s).
Example 16
4-[4-(2,4-difluorophenyl)pyrimidin-2-y1l]-N-(3,4-

dimethylisoxazol-5-yl)piperazine-l-carboxamide
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11 by addi ng I N agueous sodi um hydr oxi de sol uti on, and
extracted with ethyl acetate. The extract was washed
with 5 water, dried over anhydrous magnesi um sul fate,
and the solvent was distilled off under reduced
pressure to obtain the titleStonpound (523 ny, 80%
as a solid. 1H NWR (CDC13) 5: 2.94 - 3.00 (4H m,
3.83 - 3.90 (4H m, 6.83 - 7.03 (3H, m, 8.10 - 8.21
(1H, m, 8.37 (1H, d, J = 10 4.9 Hz). (5)
4-[4-(2, 4-difluorophenyl)pyrfmdin-2-yl]-Npyridin-3-
yl pi per azi ne-1 - car boxam he title conmpound (77.0

0

ng, 36% as a solid was pared from
2,2,2-trichloroethyl pyri -3-ylcarbamate 15 and
4-(2,4-difl uorophenyl)-2/pi perazin-1-ylpyrimdine in a
n?y ar /To\t haf—o Exgnple 3. Melting point:

@- hexane). 1H NVR (DMSO- d5) 5:
3.49|F 370 (4N—), &7 - 4.00 (4H m, 6.98 - 7.15
(1H Mmp, 7H20 - 7.36 (2H, m, 7.36 - 7.51 20 (1H, m,
7.82 - 7.97 (IH m, 8.07 - 8.25 (2H, m, 8.50 (1H

d, Jrnd BiH2), §01§901(113ra'|’ bse S9 m%-,823()%5‘|, HE 9. s0lid was
Exanpl e 16

pé:l'ér?@éa;{]gﬁ Affjdrrfx lé",of_,%?{/ﬁyéﬂlgyfééﬁﬁiﬂ' 23’ ,\’4-1di\1lfte_§€’rn34%i450§l<:azol—5—

i soxazol pl per azi ne-| - car boxam de
§%§é%é%£%agé and 4-(2,4-difluorophenyl)-2-piperazin-1-

ylpyrimidine in a manner similar to that of Example 3.

'Melting point: 197 - 198°C (ethyl acetate-hexane).

'y NMR (DMSO-dg) &: 1.76 (3H, s), 2.13 (3H, s), 3.50 - 3.61
(4H, m), 3.79 - 3.90 (4H, m), 7.06 (1H, dd, J = 5.1, 2.5
Hz ), 7.22 - 7.32 (1H, m), 7.36 - 7.50 (1H, m), 8.09 - 8.22
(1H, m), 8.50 (1H, 4, J = 5.1 Hz ), 9.26 (1lH, s).

Example 17
4-[4-(2,4-difluocrophenyl)pyrimidin-2-yl]-N-pyridazin-3-

ylpiperazine-l-carboxamide

|

N=N
The title compound (31.6 mg, 22%) as a solid was
prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate

and 4-(2,4-difluorophenyl)-2-piperazin-l-ylpyrimidine in a
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NHN O HThe title conmpound (66.4 ng, 30% as a

solid was prepared from2,2,2-trichloroethyl

(3, 4-di net hyl i soxazol -5- yl)carbanate and
4-(2,4-difluorophenyl)-2-piperazin-1 5 ylpyrimdine in

a manner simlar to that of B&nple 3. Mlting point:

197 - 198C (ethyl acetate-hexane). 1H NVR (DMSO d6) 5:

1.76 (3H, s), 2.13 (3H, s), 3.50 - 3.61 (4H m, 3.79

- 3.90 (4H m, 7.06 (1H, dd, J =5.1, 2.5 Hz ), 7.22
manne3d2 sirdlay to7. @et of Soxqupleny; 8sMedting ppintg 184 -
(1H, m, 8.50 (1H, d, J =5.1 Hz ), 9.26 (1H 5s).
1B%8Gpl(ethyl acetate-hexane).
4-[4-(2,4-difluorophenyl)pyrimdin-2-yl]-N pyridazin-3

'y ywpi penedi-ng) | Scardascam de. B8 /(4B, @) N NAZ2 NF' 3N91  (4H,
\\/-H N=N 15 The title conpound (31.6 ng, 22% as a
m3Ql il s (1py epay ed = a2, 2225t Hizghl or.a hyl 7.32 (1H, m),
pyri dazi n-3-yl carbamate and

7;!3@2,—4-70'.! 41 uprpphgnyl - Bgpiner,azid)- 15 yL pyri i dinezn ,ag.02

(1H, dd, J = 9;1,‘1.5 Hz), 8.11 - 8.21 (1H, m), 8.50 (1H, d,
J = 5.1 Hz), 8.85 (1lH, dd, J = 4.5,‘1.5 Hz ), 9.97 (1H, s).
Example 18
4-16-(2,4-difluorophenyl)pyrimidin-4-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide

F
Q\ I\ = F
72 WNaNARNY)
N= H
(1) Tert-butyl 4-(6-chloropyrimidin-4-yl)piperazine-1-
carboxylate

A mixture of 4,6-dichloropyrimidine (2.08 g, 14.0
mmol), tert-butyl piperazine-l-carboxylate (2.0 g, 10.7
mmol), trisdibenzylideneacetone dipalladium (197 mg, 0.215
mmol), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (373
mg, 0.644 mmol), sodium tert-butoxide (1.55 g, 16.1 mmol)
and toluene (100 ml) was stirred at 100°C for 6 hours. The
reaction was poured into water énd extracted with ethyl

acetate. The extract was washed with water, dried over
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manner simlar to that of Exanple 3. Melting point:
184 - 185C (ethyl acetate-hexane). 1H NVR (DMSO d6) 5:
3.60 - 3.68 (4H m , 3.82 - 3.91 (44 m , 7.06 (1H
dd, J =5.1, 225 H) , 7.23 - 7.32 (1H m , 5 7.38 -
7.47 (1H, n), 7.58 (1H, dd, P& 9.1, 5.1 Hz), 8.02
(1H, dd, J 9.1, 1.5 Hz), 8.11 - 8.21 (1H m, 8.50
(1H, d, J 5.1 Hz), 8.85 (1H, dd, J = 4.5, 1.5 Hz ),
9.97 (1H, s). Exanple 18
anhy xR s4ndighlegdopreyiateyr iandli tha- §p]vappyrpdi Aigrilled
10 yl pi perazine-l-carboxamide F O ~~ - FNNNV N NH
of f) uFetetr brkghcdd ( rebborepyr i Phei mesighppiveey apipefied by
carboxyl ate A m xture of 4, 6-dichloropyrimdine (2.08
s@lit4. OGgel5comoh), dlerdmdbibytayhper(@zihyd- | acarboxyhexane =
(2.0 g, 10.7 nmmol), trisdibenzylideneacetone
1dipakbadby 019Remyit@e2tbmpaimd) ,(2.31 g, 72%) as a solid.
4, 5- bi s(di phenyl phosphi no) -9, 9- di net hyl xant hene (373
1onvR- 64dcipl 3, Bo46 umgersy pusogpde 61535 (gn, 16y} 3.61 -
mol) and toluene (100 m) was stirred at 100C for 6
30oyr §4uThe) 20 ¢r 8actihan was pouned kNt @)water and
extracted with ethyl "acetate. The extract was washed

Wwhth water, dried over 86_ (2 4-difluorophenyl)pyrimidin-4-

yllpiperazine-l-carboxylate

| To a mixture of tert-butyl 4-(6-chloropyrimidin-4-
yl)piperazine-l-carboxylate (1.0 g, 3.35 mmol), 2,4-
difluorophenylboronic acid (793 mg, 5.02 mmol), 2N aqueous
sodium carbonate solution (13.4 ml) and toluene (33 ml) was
added tetrakistriphenylphosphine palladium (464 mg, 0.402
mmol) at room temperature under nitrogen atmosphere, and
the mixutre was stirred at 100°C overnight. The reaction
was poured into water and extracted with ethyl acetate.
The extract was washed with water, dried over anhydrous
magnesium sulfate, and the solvent was distilled off under
reduced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate:hexane = 1:1) to
obtain the title compound (906 mg, 72%) as a solid.
'y NMR (CDCls) &: 1.50 (9H, s), 3.52 - 3.60 (4H, m), 3.68 -
3.75 (4H, m), 6.86 - 7.06 (3H, m), 8.05 - 8.16 (1H, m),
8§.70 (1H, 4, J = 1.1 Hz).

(3) 4-(2,4-difluorophenyl)-6-piperazin-l-ylpyrimidine
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anhydr ous magnesi um sul fate, and the sol vent was
distilled off under reduced pressure. The resi due was
purified by silica gel columm chronat ography (ethyl
acetate: hexane = 1:1) to obtain the title conmpound
(2.31 g, 72% as a solid. 5 PH NVR (CDC13) 6: 1.49
(9H, s), 3.50 - 3.57 (4H m, 3.61 - 3.70 (4H, m,
6.50 (1H, s), 8.39 (1H, s). (2) Tert-butyl
4-16-(2, 4-di fluorophenyl ) pyri m di n-4-
yl ] pFper aziéne- | -<@rHeh@A ate To a niRELTRUBY Lt ert 4BbyI(2, 4~
4-(6-chl oropyrimdin-4- 10 yl)pi perazine-|-carboxyl ate
difloogerBe8slmulk)inigdia-4dyi] népephenyrbéreairecayilgte (900
(793 ng, 5.02 mml ), 2N aqueous sodi um carbonate
mgel B idh @id®14 nip &ﬁduﬂolaenéa@ss ?)Owas ) added added 4N
tetraki stri phenyl phosphi ne pal |l adi um (464 ngy, O0.402
hyaeb)eat dhdemildemeaeratiureceinaes abinbgen dtOmispher eand the
and 15 the m xutre was stirred at 100C overni ght. The
mh RAGkEORa INaSt POLEQd aitNtrddnat esmpddaext¢ acbed M hburs, and
ethyl acetate. The extract was washed wth water,

tﬂ@'%@l%%%& QQRNQﬁgﬁﬁjjﬁﬁgnﬁﬁﬁU@h&@ffﬂé@ucéﬂdpkhesure The
solvent was distilled off under reduced pressure. The

rbeshdue mas pwddiedy bynsihtea gelk 2QLqwmias ad usted to

chronat?graphy (ethyl acetate: hexane = 1:1) to tain
It , 9
1?C66g3)c§hﬁgﬁg8H &é%§h£ﬂ3%§§%ﬁmlaﬁgaréghﬁg §$i&%§%n, and

extracg4§0wg%ﬁ %§%§} aﬁ&%_égkl g% §§Q§act wég %%@hed with

watgr, %iégorégééﬂnthydﬂa er%%bne51%| ygﬁf%gkge and the

solvent was distilled off under reduced pressure to obtain
the title compound (551 mg, 83%) as an oily material.
'H NMR (CDCl3) &: 2.91 - 3.03 (4H, m), 3.63 - 3.74 (4H, m),
6.83 - 7.06 (3H, m), 8.01 - 8.15 (1H, m), 8.68 (1lH, s).
(4) 4-16-(2,4~-difluorophenyl)pyrimidin-4-yl]-N-pyridin-3-
ylpiperazine—-l-carboxamide

The title compound (120 mg, 56%) as a solid was
prepared from 2,2,2-trichloroethyl pyridin-3-ylcarbamate
and 4-(2,4-difluorophenyl)-6-piperazin-l-ylpyrimidine in a
manner similar to that of Example 3. Melting point: 171 -
172°C (ethyl acetate-hexane).
'H NMR (DMSO-dg) &: 3.54 - 3.65 (4H, m), 3.69 - 3.82 (4H,
m), 7.16 (1H, s), 7.19 - 7.32 (2H, m), 7.36 — 7.47 (1H, m),
7.85 - 7.93 (1H, m), 7.94 - 8.05 (1H, m), 8.16 (1H, dd, d,

J = 4.6, 1.4 Hz), 8.61 - 8.68 (2H, m), 8.82 (1H, s).



87 To a solution of tert-butyl 4-[6-(2,4

di fl uor ophenyl ) pyri m di n-4-yl ] pi perazi ne-1-car boxyl ate
(900 ng, 2.39 mmol) in ethyl acetate (9.0 m) was
added 4N hydrogen chl ori de-ethyl acetate sol ution
(9.0 ) and the 5 mixture wa®8stirred at room
tenperature for 5 hours, and the solvent was
distilled off under reduced pressure. The residue was
di ssolved in water and the pH was adjusted to 11 by
Exagedg N aqueous sodi um hydr oxi de sol ution, and
extracted with ethyl acetate. The extract was washed
4w [t (20 Awaltidrl,ucdhoipdgnove P yarimidhioud 1vagmési (Pmidsul f at e,
and the solvent was distilled off under reduced
dpmesuyrle stoocxacdatlai S y 1t) ipe. eirtal 26 neotipawrd (&5 dvy, 83%)
as an oily material. "H NWR (CDC13) 5: 2.91 - 3.03
(4H, m, 3.63 - 3.74 (4H m, .83 - 7.06 (3H, m,
8.01 - 8.15 (1H, m, 8.68 (1H, s) 15 (4)

m\di n-4-yl]-N-pyridin-3-
yl pi per azi ne-1 - car boxam de itle conpound (120 ny,
56% as a solid was prepared_from

2,2,2-trj hIoroethyI -3yl carbamate and
4- (2, 4- 0 ropﬁ@ﬁyl)-.—ﬁ1oera2|n 1- ylpyr|n1d|ne in a

SI rt i Exanple 3. Melting point:
171 -|]1 geth eta exane) "H NMR (DVSO d6) 5:
3. 54 N_3765H(4H, m, 3.69 - 3.82 (4H, m, 7.16 (1H
s), 7.19 - 7.32 (2H m, 7.36 - 7.47 (1H, m, 7.85 -
7.93 (1H, m, 7.94 - 8.05 (1H, m, 8.16 (1H, dd, d,

The title compound (112 mg, 50%) as a solid was
prepared from 2,2,2—trichlo£oethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 4-(2,4-difluorophenyl)-6-piperazin-1-
ylpyrimidine in a manner similar to that of Example 3.
Melting point: 198 - 199°C (ethyl acetate-hexane).

'H NMR (DMSO-dg) &: 1.76 (3H, s), 2.13 (3H, s), 3.52 - 3.60
(4H, m), 3.68 - 3.81 (4H, m), 7.15 (1H, s), 7.19 - 7.29 (1H,
m), 7.37 - 7.47 (1H, m), 7.93 - 8.04 (1H, m), 8.63 (1lH, d,
J = 0.9 Hz ), 9.25 (1H, s).

Example 20
4-[6-(2,4-difluorophenyl)pyrimidin-4-yl]-N-pyridazin-3-

ylpiperazine-l-carboxamide
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25 J =4.6, 1.4 Hz), 8.61 - 8.68 (2H, nm), 8.82 (1H,
s). 88 Exanple 19

4-[6-(2, 4-di fl uorophenyl)pyrimdin-4-yl]-N(3,4-

di met hyl i soxazol - 5-yl ) pi perazi ne-1-carboxamde F CHO
F H3C\ NNO HS5 The title &npound (112 ng, 50% as
a solid was prepared from 2,2, 2-trichl oroet hyl

(3, 4-di net hyl i soxazol -5- yl)carbanate and
4-(2,4-difluorophenyl)-6-piperazin-1- ylpyrimdine in
a manner simlar to that Exanple 3. Melting point:
198 - 199C (ethyl acet hexane). 10 1H NMR ( DMSO- d6)
5: 1.76 (3H, s), 2.13 s), 3.52 - 3.60 (4H, m,
3.68 - 3.81 (4H, m, (1H, s) 7.19 - 7.29 (1H,
n, 737-747(1H 93 - 8.04 (1H, m, 8.63
(1H d, 9.5 (1H, s). Exanple 20 15

4- 6\2 w e )pyrimdin-4-yl]-Npyridazin-3
- ¥ azi -caNpoxamide 89 F O~ F N N4\ NN

The title compound (21.2 mg, 10%) as a solid was

prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate
and 4-(2,4-difluorophenyl)-6-piperazin-l-ylpyrimidine in a
manner similar to that of Example 3. Melting point: 249 -
250°C (tetrahydrofuran-hexane) .

'H NMR (DMSO-d¢) 5: 3.60 - 3.69 (4H, m), 3.71 - 3.80 (4H,
m), 7.16 (1H, s), 7.20 - 7.29 (1H, m), 7.36 - 7.47 (1H, m),
7.59 (1H, dd, J = 9.1, 4.6 Hz), 7.94 - 8.05 (2H, m), 8.63

(14, d, J = 1.4 Hz), 8.85 (lH, dd, J = 4.6, 1.4 Hz ), 9.98

Example 21
4-[6-(2,3-difluorophenyl)pyrimidin-4-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide

atal

(1) Tert-butyl 4-16-(2,3-difluorophenyl)pyrimidin-4--

yl]piperazine-l-carboxylate
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O N=NH The title conpound (21.2 ng, 10% as a solid

was prepared from 2,2,2-trichl oroethyl

pyri dazi n- 3-yl carbamate and
4-(2,4-difluorophenyl)-6-piperazin-l-ylpyrimdine in a

5 manner simlar to that of Blanple 3. Melting point:

249 - 250C (tetrahydrofuran-hexane). 1H NVR ( DMSO- d6)

5. 3.60 - 3.69 (4H m, 3.71 - 3.80 (4H m, 7.16

(1H, s), 7.20 - 7.29 (1H, m, 7.36 - 747 1H m,
7.59TP1Hr duixQure 9 df Lte&tHb)utYZl 94 --(68chy O@@Hyrnfjnldln 4-
8.63 10 (1H, d, J = 1.4 Hz), 8.85 (1H, dd, J = 4.6,
yl)piberpzi@e98-chtHoxg)latExandl.€421 g, 4.15 mmol), 2,3-
4-[6-(2,3-difluorophenyl)pyrimdin-4-yl]-Npyridin-3-
dylfpupepanengibocanhexamide f48F md)~ & 2H dboly, (2N agueous
Tert-butyl 4-[6-(2,3-difluorophenyl)pyrimdin-4

syl php&aadidierde cas boxydat €190m170 addmi d Mrendf (40 ml) was
tert-butyl 4-(6-chloropyrimdin-4

¥HERI P& BZd ines tlr 1G3 S iln24 4418 R
adlfl uorophenyltbolr onelk}g?%%:l déap(}(9183 rrg,g;Ll 33 Im% g7 0.498

nA@Y§OUS:  room temperature under nitrogen atmosphere, and

the mixture was stirred at 100°C overnight. The reaction
was poured into water and extracted with ethyl acetate.
The extract was washed with water, dried over anhydrous
magnesium sulfate, and the solvent was distilled off under
reduced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate:hexane = 3:7) to
obtain the title compound‘(290 mg, 19%) as a solid.
'H NMR (CDCl;) &: 1.49 (9H, s), 3.52 - 3.61 (4H, m), 3.68 -
3.76 (4H, m), 6.97 - 7.02 (l1H, m), 7.15 - 7.30 (2H, m),
7.75 - 7.85 (1H, m), 8.71 (1H, 4, J = 1.1 Hz).
(2) 4-(2,3-difluocrophenyl)-6-piperazin-l-ylpyrimidine

To a solution of tert-butyl 4-{6~-(2,3-
difluorophenyl)pyrimidin-4-yl]lpiperazine-l-carboxylate (280
mg, 0.744 mmol) in ethyl acetate (2.8 ﬁl) was added 4N
hydrogen chloride-ethyl acetate solution (2.8 ml) and the
mixture was stirred at room temperature for 5 hours, and
the solvent was distilled off under reduced pressure. The
residue was dissolved in water and the pH was adjusted to

11 by adding 1N aqueous sodium hydroxide solution, and
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sodi um car bonate solution (17 m) and toluene (40 m)

was 5 added tetrakistriphenyl phosphi ne pall adi um (576

ng, 0.498 nmol) at roomtenperature under nitrogen

at nosphere, and the m xture was stirred at 100C

overnight. The reaction was $oured into water and

extracted with ethyl acetate. The extract was washed

with water, dried over anhydrous 10 magnesi um sul f at e,

and the solvent was distilled off under reduced
eptessted. wThe eédiyduecsas tpuri fThesl &ytsicti caagetashed with

col umm chr omat ogr aphy (ethyl acetate: hexane = 3:7) to
wabtaj n diied i tdve rcorpbydst ot:290magne4 9% asubfatodi d.antH the

NVR (CDC13) 5: 1.49 (9H, s), 3.52 - 3.61 (4H, nm, 3.68
sol¥bn8. ¥as(4Hstillel DEE vhdr (ddtiuddd FrdSsurd. 80 obtain

(2H m, 7.75 - 7.85 (1H, m, 8.71 (1H, d, J = 1.1
thig) ci€2 compound (168 mg, 82%) as an oily material.

4- (2, 3-di fl uorophenyl ) - 6-pi perazi n-1-yl pyrimdine To a

s obt | pep@f )t eyt -bWyl_43[62 (2418; m), 3.64 - 3.74 (4H, m),
dlfluorophenyl)pyr|n1d|n 4- yI]plpera2|ne I-carboxylate

(280 057 mro n hyI aceg a (2. ) S
6'§§ Jlﬁﬁ Egdroaeééchlo??%% e?ﬁy acetgtzgsold?f%% é%QS ™

t he u s stirred at roomtenperature
8?%% gﬂﬁbu?é andtl ?heggolvent was distilled off under

duc d he Sld was d| oIv er
grﬁ§a§ §&FI Pé&P g?f¥rﬁmld |ng§%& ougln_3_
0 |un1h droxi de soluti.an, and 91 extracted mnth
yi?ﬁ?FrﬁéiPSté CHH Oé?@ﬁ%@t was washed with water,

dri ed over anhydrous neS|un1squat
h y R o

and the
e title” compoun )

525 "8 solid was
prepared from 2,2,2-trichloroethyl pyridin-3-ylcarbamate
and 4-(2,3-difluorophenyl)-6-piperazin-l-ylpyrimidine in a
manner similar to that of Example 3. Melting point: 179 -
180°C (tetrahydrofuran-hexane) .

'y NMR (DMSO-dg) &: 3.55 - 3.66 (4H, m), 3.72 - 3.83 (4H,
m), 7.21 (1H, s), 7.24 - 7.40 (2H, m), 7.50 - 7.63 (1H, m),
7.65 - 7.74 (1H, m), 7.85 - 7.94 (1H, m), 8.16 (1lH, dd, J =
4.6, 1.4 Hz), 8.61 - 8.69 (2H, m), 8.83 (1lH, s).

Example 22

4-[6-(2,3-difluorophenyl)pyrimidin-4-yl]-N-(3, 4~

dimethylisoxazol-5-yl)piperazine-l-carboxamide
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solvent was distilled off under reduced pressure to

obtain the title conpound (168 ng, 82% as an oily
material. 5 1H NWVR (CDC13) 5: 2.93 - 3.02 (4H, m,

3.64 - 3.74 (4H m, 6.99 (1H, s), 7.13 - 7.30 (2H,

?)) 7.74 - 7.83 (1H, m, 8.6 (1H d, J = 1.1 Hz).

3

4-16- (2, 3-di fl uorophenyl ) pyrim di n-4-yl]-N pyridin-3-

yl pi perazi ne-| -carboxanm de 10 The title conpound (50.8

ng, 42% wsthesatdmpovasd pBépdredgfrgmhs) as a solid was
2,2,2-trichloroethyl pyridin-3-ylcarbamate and

pdep2 r3ddiffrono g ehentir)i-cbrlpirpertailn- (13- yi-oyimertindilies dxa ze 1 -5 -
manner simlar to that of Exanple 3. Melting point:

yv172arbh8BEe(t et sy dr af-urgerane)roptienitl )NMRpiperazin-1-
(DMSO-d6) 6: 3.55 - 3.66 (4H m , 3.72 - 3.83 (4H,

yq%ﬁergﬁlﬁ%H &b&t& %4 oiBt4O2G©H M1L1°C Y& et raBRArofuran-
ST 765 - (1h m . 7.85 - 7.94 (1H, ).
%X%ge 1H dd, J = 4.6, 1.4 FE), 8.61 - 8.69 (2H, m,
1H s). Exanple 22 20

neﬁhﬁPﬁég'xé °5§'°5FW! LA @2%??%&43;5%“ 363
(%1,'_8@% RN NS WP P2 m) yThe, Uil @ eompound {FL 3 40 (1m,
m), 7.51 - 7.63 (1H, m), 7.65 - 7.74 (1H, m), 8.65 (1H, s ),
9.26 (1H, s).

Example 23

4-[6- (2-fluorophenyl)pyrimidin-4-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide

/ \

(1) Tert-butyl 4-[6-(2-fluorophenyl)pyrimidin-4-
yllpiperazine-l-carboxylate

To a mixture of tert-butyl 4-(6-chloropyrimidin-4-
yl)piperazine-l-carboxylate (1.2 g, 4.02 mmol), 2-
fluorophenylboronic acid (843 mg, 6.02 mmol), 2N aqueous
sodium carbonate solution (16 ml) and toluene (40 ml) was
added tetrakistriphenylphosphine palladium (557 mg, 0.482

mmol) at room temperature under nitrogen atmosphere, and
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prepared from 2,2, 2-trichl oroet hyl

(3, 4-di net hyl i soxazol -5- yl)carbanmate and

4- (2, 3-di fl uorophenyl ) - 6-pi perazin-1- yl pyri m di ne.

Melting point: 210 - 211C (tetrahydrofuran- 5 hexane).

1H NW\R (DVBO-d6) 5: 1.76 (3H,9%), 2.13 (3H, s), 3.50 -
3.63 (4H, m, 3.69 - 3.83 (4H, m, 7.20 (1H, s), 7.30

- 7.40 (1H - m, 7.51 - 7.63 (1H m, 7.65 - 7.74 (1H

nm, 8.65 (1H, s ), 9.26 (1H, s). 10 Exanple 23

the| Gri-=dtaion@phenykypyr o dith 4 ydTeNpyrt di nTBe reaction
yl pi perazi ne-1-carboxamde O-\- ~~ - F NNN N (1)

wher tpbutydl 41[te- (Raténoropheaytypytedi dii-hd- etbyl acetate.
yl ] pi perazi ne-1-carboxylate To a m xture of tert-butyl

Tére( 6eghl € OPWaST dhshdd Wilgh peaazirpe-dricat boxgkatanhydrous
(1.2 g, 4.02 mmol ), 2- fluorophenyl boronic acid (843

nel i Ml fat2N Aquepns s80dkHM Gaksbanate 19@ldutdfam under
6 m) and t ol uene (40 M) was 20 added

@q&&a strd pheny! phesphine pald adi4im, (5571 88, b§. 483 ica gel

) at roon1tenperature under nitrogen atnosphere,

e L T R e e P TR
éﬂggﬁn.%ﬁg}%ﬁﬁle compound (1.28 g, 89%) as an oily material.
'y NMR (CDCls) &: 1.49 (9H, s), 3.53 - 3.59 (4H, m), 3.68 -
3.75 (4H, m), 7.03 (1H, s), 7.11 - 7.20 (1H, m), 7.23 -
7.31 (1H, m), 7.36 - 7.46 (1H, m), 8.01 - 8.08 (1H, m),
8.69 - 8.74 (1H, m).
(2) 4-(2-fluorophenyl)-6-piperazin-l-ylpyrimidine

To a solution of tert-butyl 4-[6-(2~
fluorophenyl)pyrimidin-4-yl]piperazine-l-carboxylate (1.28
g, 3.57 mmol) in ethyl acetate (12 ml) was added 4N
hydrogen'chloride—ethyl acetate solution (12 ml) and the
mixture was stirred at room temperature for 5 hours, and
the solvent was distilled off under reduced pressure. The
residue was dissolved in water and the pH was adjusted to
11 by adding 1N aqueous sodium hydroxide solution, and
extracted with ethyl acetate. The extract was washed with
water, dried over anhydrous magnesium sulfate, and the
solvent was distilled off under reduced pressure to obtain

the title compound (819 mg, 89%) as an oily material.

'y NMR (CDCl;3) &: 2.92 - 3.01 (4H, m), 3.62 - 3.75 (4H, m),
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The extract was washed with water, dried over

anhydrous magnesium sul fate, and the sol vent was
distilled off under 5 reduced pressure. The residue

was purified by silica gel colum chromatography

(ethyl acetate:hexane = 1:1) % obtain the title

conpound (1.28 g, 89% as an oily material. 1H NWR
(CDC13) 5: 1.49 (9H, s), 3.53 - 3.59 (4H, m, 3.68 -

3.75 (4H, m), 7.03 (1H, s), 7.11 - 7.20 (1H, m, 7.23
71017.@H,(1#), , ny¥,.02. 36 7.20461H1HmMIY , 78201~ BB (iH;, m),
m, 8.69 - 8.74 (1H, mM (2)

74362 [Tudrcophieny In)-,6-pi Per-azs neT - yLByrmin dBnd0Tdld, d, J =
solution of tert-butyl 4-[6-(2-

1f. bugeophenyl ) pyri m di n- 4-yl ] pi per azi ne- 1| - car boxyl at e

(1.28 15 g, 3.57 mmol) in ethyl acetate (12 m) was
(3dded 4N hydregen rahletptengtihyly raegtdre SsellgtNep yridin-3-
m) and the mxture was stirred at room tenperature

yipk perAoyhe-1aRd rpbamsakvent was distilled of f under
reduced pressure. The residue was dissolved in water

and P, | to 1hpy addingsiN aqueousy
sodi tﬁﬁ?hyﬁ%@?d?ﬁ%@%ﬁ%n,é&d Y S oA A hyl — o oC

p%%§g§%%' g@%mexbr%CE—WQ§6%%§E3%€M§f] ﬁ%?fﬁ&niﬁﬁ %arbamate

r “anhydious magriési umsul fate, "and ‘the solvent was
distill f under reduced. pr e.t in..the .
IR L S L A T PR
1H NWVR (. 13) 5: 2.92 -_.3.01 (4H, .m, 3,62 - 3.75, . _
TERRS Iy LTO4 5 (1 (Y & ERmsTe 3 b ERRin Pophsy 178
7.30 (1H, m,
179°C Y(ethyl acetate-hexane).
'y NMR (DMSO-d¢) ®: 3.56 — 3.66 (4H, m), 3.70 - 3.83 (4H,
m), 7.18 (1H, s), 7.24 - 7.40 (3H, m), 7.47 - 7.60 (1H, m),

7.84 - 7.96 (2H, m), 8.16 (1H, dd, 4, J = 4.6, 1.4 Hz),

8.61 - 8.69 (2H, m), 8.83 (1lH, s).

Example 24
4-[6-(2-fluorophenyl)pyrimidin-4-yl]-N-(3,4-

dimethylisoxazol-5-yl)piperazine-l-carboxamide

H, O — — F

HC >fN N—( /N
NN S NI/
Nog H

The title compound (168 mg, 73%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-

yl)carbamate and 4-(2-fluorophenyl)-6-piperazin-1-
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7.35 - 7.46 (1H, m, 7.98 - 8.07 (1H, nm), 8.70 (1H d,
J = 1.1 Hz). (3)
4-[6-(2-fluorophenyl)pyrimdin-4-yl]-Npyridin-3- 5

yl pi perazi ne-| -carboxanmi de The title conmpound (120 ng,
559 as a solid was prepared3rom
2,2,2-trichloroethyl pyridin-3-ylcarbamate and
4-(2-fluorophenyl)-6-pi perazin-1-ylpyrimdine in a
manner simlar to that of Exanple 3. Melting point:
y1Z8rimi10idd9Gr( ebhyhameet atseéntidrane)o IHaNVROEDNBO®E)e 3.
6: 3.56 - 3.66 (4H, m, 3.70 - 3.83 (4H, m, 7.18
Mé1Hing) poTn24 18%. 40108PC nmpthyl4dcet@r66hekhnem,
7.84 - 7.96 (2H, nm), 8.16 (1H, dd, d, J = 4.6, 1.4
lzaMR  Bp9do=d 8. 69: (RHe M3uB. 88, (AHL3s)3H]15skExaspbe 243.62
4-1 6- ( 2- fluorophenyl)pyrinidin 4-yl]1-N(3, 4-
Hm?wyl Bs@éazob Boyl(:Ri peKaziynesl -car bexanizdgoNC YN3N (2H,
-~ ~ O The t|tIe conpound (168 ng, 73% as a
?olbdégas 22@ 8prqggr%ng1wgg 2,72- @gl@@horggthglg4 (1H, d,

met hy i soxazol 5- yl)car bamat e and

4 (8 gl HQn?IPhgn% 2Hp| gfr.am n-1 95 ylpyrimdine in a

manner Si Exanple 3. Melting point:
E;{g%p-l 189C (et hyl acetate-hexane).

4-[6-(2-fluorophenyl)pyrimidin-4-yl]-N-pyridazin-3-

ylpiperazine-l-carboxamide

The title compound (92.7 mg, 42%) as a solid was

prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate
and 4- (2-fluorophenyl)-6-piperazin-l-ylpyrimidine in a
manner similar to that of Example 3. Melting point: 207 -
208°C (tetrahydrofuran-hexane).
'H NMR (DMSO-dg) &: 3.59 - 3.70 (4H, m), 3.71 - 3.82 (4H,
m), 7.17 (1H, s), 7.29 - 7.41 (2H, m), 7.48 - 7.64 (2H, m),
7.88 - 7.96 (1H, m), 8.02 (1H, dd, J = 9.0, 1.3 Hz), 8.64
(1H, 4, J = 0.9 Hz), 8.85 (lH, dd, J = 4.6, 1.3 Hz ), 9.99
(lH, s) .

Example 26
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1H NVR (DMBO-d6) 6: 1.76 (3H, s), 2.13 (3H, s), 3.51 -
3.62 (4H, m, 3.69 - 3.80 (4H, m, 7.17 (1H, s), 7.30
- 7.39 (2H 5m, 7.49 - 7.58 (1H, m, 7.85 - 7.96
(1H, m, 8.64 (1H d, J = 0.9 Hz ), 9.26 (1H, s).
Exanpl e 25 96

4-[6-(2-fl uorophenyl) pyrimdin-4-yl]-Npyridazin-3-

yl pi perazi ne-|-carboxamde O~~ - F NN-NH N= N 10
The title conpound (92.7 ng, 42% as a-solid was
dpriépdBedlirorpRely2-) prirdmidioethyll] -N-pyridin-3-

pyri dazi n- 3-yl carbamate and
vap(ipefrbuanephenylrpo&apiipler azi n- 1-yl pyrim dine in a
manner simlar to that of Exanple 3. Melting point:
207 - 15 208C (tetrahydrofuran-hexane). ''H NWR
(DMSO-d6) 5: 3.59 - 3. 4H, m) , 3.71 - 3.82 (4H,
m, 7.17 (1H, s), 7.2 —2H (2H, m, 7.48 - 7.64
(2H m, 7.88 - m, 8.02 (1H, dd, J = 9.0,
: : = 0.9 Hz), 8.85 (IH dd, J =
4.6, 1.3N (1H s). Exanple 26 96
4@- IuOLphen I)_|g9yr|md|n 4-yl]-Npyridin-3-

N—

H

(1) Tert-butyl 4-[6-(3-fluorophenyl)pyrimidin-4-
yl]lpiperazine-l-carboxylate

To a mixture of tert-butyl 4—(6—chloropyrimidin—4—
yl)piperazine-l-carboxylate (930 mg, 3.12 mmol), 3-
fluorophenylboronic acid (656 mg, 4.68 mmol), 2N aqueous
sodium carbonate solution (13 ml) and toluene (30 ml) was
added tetrakistriphenylphosphine palladium (433 mg, 0.375
mmol) at room temperature under nitrogen atmosphere, and
the mixture was stirred at 100°C overnight. The reaction
was poured into water and extracted with ethyl acetate.
The extract was washed with water, dried over anhydrous
magnesium sulfate, and the solvent was distilled off under
reduced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate:hexane = 1:1) to
obtain the title compound (373 mg, 33%) as an oily material.
'H NMR (CDCl3) &: 1.50 (9H, s), 3.52 - 3.61 (4H, m), 3.69 -
3.78 (4H, m), 6.85 (1H, 4, J = 1.1 Hz), 7.10 - 7.21(1H, m),

7.38 - 7.49 (1H, m), 7.65 - 7.80 (2H, m), 8.70 (1H, d, J =
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yl pi perazi ne-1-carboxamde F \\ NNN NF (1)

Tert-butyl 4-[6-(3-fluorophenyl)pyrimdin-4- 5

yl ] pi perazi ne-1-carboxylate To a m xture of tert-butyl

4- (6-chl oropyri m di n-4- yl)plgera2|ne 1- car boxyl at e

(930 my, 3.12 mol), 3- fluorophenyl boronic acid (656

nyg, 4.68 mmol), 2N aqueous sodium carbonate sol ution

(13 M) and toluene (30 mM) was 10 added

t et raki stri phenyl phosphi ne pal | adium (433 ng, 0.375
lndoHE)at room tenperature under nitrogen atnosphere,

and the mxture was stirred at 100C overni ght. The
(Readt-i(8n flwas opbengd ) i-ot-plwetrer iand —exXryadmédiniet h

ethyl acetate. The extract was washed with water,

dri edoover anhydrsisiti®rmagnesifum sutdéat-eoutant t he 4-[6-(3-
sol vent was distilled off under reduced pressure. The
flesirdpeengs ) pyfiifiied nby -sill]ipd@egelz i necllumarboxylate (370
chromat ogr aphy (ethyl acetate: hexane = 1:1) to obtain

tlghe 1103 e emound (SH8y 10 .ac33%teas (aN70inkly) Mataer i aided 4N
H NMR (CDC13) 6: 1.50 (9H, s), 352- 3.61 (4H, m,

h%d%%gf%?ﬁ%i@%ﬂdgieiﬁyl6a§5t%@@ s@lu%10n1 13F¢)m17 184 the

. m, 7.65 - 7.80 (2H,
Hﬂktugéﬂ%éékgtgrréd at’ rdort t@%perature for 6 hours, and
the solvent was distilled off under reduced pressure. The

residue was dissolved in water and the pH was adjusted to
11 by adding 1N aqueous sodium hydroxide solution, and
extracted with ethyl acetate. The extract was washed with
water, dried over anhydrous magnesium sulfate, and the
solvent was distilled off under reduced pressure to obtain
the title compound (264 mg, 99%) as an oily material.
Y NMR (CDCl3) &: 2.92 - 3.05 (4H, m), 3.65 - 3.77 (4H, m),
6.85 (14, 4, J = 1.1 Hz), 7.09 - 7.21 (1H, m), 7.37 - 7.49
(1H, m), 7.65 - 7.79 (2H, m), 8.68 (1lH, 4, J = 1.1 Hz).
(3) 4-[6- (3-fluorophenyl)pyrimidin-4-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

The title compound (81.0 mg, 43%) as a solid was
prepared from 2,2,2-trichloroethyl pyridin-3-ylcarbamate
and 4- (3-fluorophenyl)-6-piperazin-l-ylpyrimidine in a
manner similar to that of Exmaple 3. Melting point: 205 -
206°C (ethyl acetate-hexane).

Y NMR (DMSO-dg) &: 3.54 — 3.68 (4H, m), 3.76 - 3.89 (4H,
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(2) 4-(3-fluorophenyl)-6-piperazin-1-ylpyrimdine To a
solution of tert-butyl 4-[6-(3-

fl uorophenyl ) pyri m di n-4-yl ] pi perazi ne-| -car boxyl at e

(370 5 ng, 1.03 mmol) in ethyl acetate (3.7 m) was

added 4N hydrogen chlori de-ethyl acetate solution (3.7

m) and the mxture was stirred at roomtenperature

for 6 hours, and the solvent was distilled off under
reduced pressure. The residue was dlssolved in water
mand 7t-B4 pH7wa$§ déflusted f/o 420 (1H,by)addi-vd IN7addedddl, m

sodi um hydr oxi de solution, and extracted with ethyl

7266t at §.. 9The 18xt mact w&@9 washé® viZth miat &r-17driléd dd, J =
over anhydrous magnesi um sul fate, and the solvent was
4didst ill.Isedizof)f, @ndeér (neduesed Pr.&Ssurlel,tol,obt & 2.7 he), 8.84
title conpound (264 ng, 99% as an oily material. 15
(lH,NMR,(CDClS) 5: 2.92 - 3.05 (4H, m, 3.65 3.77 (4H

m, 6.85 (1H d, J = 1.1 Hz), 7.09 - 7.21 (1H, ),
Eziag1 1e 3749 (1H, m), 7.65 - 7.79 (2H n), 8.68 (1H,
d J=1.1Hz). (3)

44 [le6- (33ff1|ul<5<%fo?;ﬁ>ﬁé% |y R i ip-a4-yl ] 2y 14 -di n- 3-

yl pi perazi ne- | -carboxanlde 20 The t|tIe conpound (81.0
Qlci ed f

dg,gl > ,t §]t{?llsc a%ro (S')LetShg’IM%SWP | |a(r?aglrey ;:ic é:{a%?ﬁgtaén ldaend

4- (3-fluorophenyl)-6-pi perazin-1-ylpyrimdine in a

manner simlar to that of /Exwaple 3. Melting point:

205 - 206C (ethyl acetat and) . 25 1H NVR ( DMSO- d6)

5: 3.54 - 3.68 (4H, m, 3.89 (4H, 98

H, 0
HC §L~N N
N| A\ H \__/ N——-//
0

The title compound (92.2 mg, 46%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 4- (3-fluorophenyl)-6-piperazin-1-
ylpyrimidine in a manner similar to that of Exmaple 3.
Melting point: 185 - 186°C (ethyl acetate-hexane).

'Y NMR (DMSO-dg) &: 1.77 (3H, s), 2.13 (3H, s), 3.49 - 3.63
(4H, m), 3.72 - 3.88 (4H, m), 7.29 - 7.39 (1H, m), 7.44 (1H,
sy, 7.50 - 7.60 (1H, m), 7.96 - 8.10 (2H, m), 8.62 (1H, s ),
9.27 (1H, s).

Example 28

4-[6-(4-fluorophenyl)pyrimidin-4-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide
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m, 7.24 - 7.38 (2H, n), 7.44 (1H, s), 7.51 - 7.61

(1H m), 7.87 - 7.94 (1H m, 7.97 - 8.09 (2H m,
8.17 (1H, dd, J = 4.5, 1.5 Hz ), 8.63 (1H, s), 8.67
(1H, d, J = 2.7 Hz), 884 (1H, s) 5 Exanple 27
4-16-(3- fluorophenyl)pyrlmd|9194 y1] - N- (3, 4-

di net hyl i soxazol - 5-yl ) pi perazine-I-carboxamde F 3 0
tic NN NON NO H The title conpound (92.2 ng, 46% as
a solid was 10 prepared from 2,2, 2-trichl oroet hyl

(3, 4-di net hyl i soxazol -5- vyl )gar bamat e and

4- (3-fl uorophenyl)-6-piperazin-1- ylpyrimdine in a
manner simlar to that o maple 3. Melting point:
185 - 186C (ethyl acetat xane) . 1H NMR (DWVSO d6) S:
1.77 (3H, s), 2.13 (3H, s 3.49 - 3.63 15 (4H, m,
3.72 - 3.88 (4H, m, 7.28 7.39 (1H, m, 7.44 (1H,
s), 7.50 76’0—(\1H ,\7.96 - 8.10 (2H, m, 8.62

(1 1H, |l e 28
4 6- muorgghenyl)p I mdin-4-yl]- N-pyrldln 3- 20
raziine-1-carboxanm de 99 F

(1) Tert-butyl 4-[6-(4-fluorophenyl)pyrimidin-4-
yl]piperazine-l-carboxylate

To a mixture of tert-butyl 4-(6-chloropyrimidin-4-
yl)piperazine-l-carboxylate (1.2 g, 4.03 mmol), 4~
fluorophenylboronic acid (843 mg, 6.04 mmol), 2N aquedus
sodium carbonate solution (16 ml) and toluene (40 ml) was
added tetrakistriphenylphosphine palladium (557 mg, 0.484
mmol) at room temperature under nitrogen atmosphere, and
the mixture was stirred at 100°C overnight. The reaction
was poured into water and extracted with ethyl acetate.
The extract was washed with water, dried over anhydrous
magnésium sulfate, and the solvent was distilled off under
reduced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate:hexane = 1:1) to
obtain the title compound (714 mg, 50%) as an oily material.
'H NMR (CDCls) &: 1.50 (9H, s), 3.52 - 3.60 (4H, m), 3.69 -
3.77 (4H, m), 6.83 (1H, 4, J = 0.9 Hz), 7.11 - 7.20 (2H, m),
7.93 - 8.02 (2H, m), 8.68 (1H, d4, J = 0.9 Hz).

(2) 4-(4-fluorophenyl)-6-piperazin-l-ylpyrimidine
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N QAN H (1) Tert-butyl
4-[6-(4-fl uorophenyl) pyrim di n-4-
yl ] pi perazi ne-1-carboxylate To a m xture of tert-butyl
4- ( 6- chloropyrinidin-4- 5 yl ) pi perazi ne-I| -carboxyl ate
(1.2 g, 4.03 mol ), 4- fluor nyl boronic acid (843
nmg, 6.04 mmol), 2N aqueous sodium carbonate sol ution
(16 M) and toluene (40 mM) was added
t et raki stri phenyl phosphi ne pal | adi um (557 ng, O0.484
mol Toat room t espérdtione undef ni t rigggeir Rittidspher é- [
and 10 the m xture was stirred at 100C overni ght. The
fieacbpbrnyhagypomiedni-dtglietieeragdnextraetrodxyilelhe (710
ethyl acetate. The extract was washed with water,
mdt i ed. o etmanhydiousstingEignesietmtsul fate, rdnd whe added 4N
sol vent was distilled off under reduced pressure. The
hiasbdea was quirdd-eath iy stétg£eegeblhbieal ymo ml) and the
chromat ogr aphy (ethyl acetate: hexane = 1:1) to obtain

m&Q%uEbt |8y L ORPOHAES ( 414 MAbm 508 pasaiir8i It rMed erbaks, and
H NWVR (CDC13) 5: 1.50 (9H, s), .52 - 3.60 (4H, m,

tﬁeG%oav%n%7d&gidfgt{fiéggé@f{uﬁﬂgg fe@ugeHEFIeZs&%gi The

% ?QU%)wég) ed in water and the H was adjusted to
| uorop eny plpera2|n -yl pyri dlne 100" To

I f b
1?| 8¥g%%enfﬁ5 Eﬁrt %uég%§ d&(%l hy%roFl sol on, and

pyr|n1 pi'per az carboxy ate

e%&a@&tg% w1€% e y ace§§gyl a&ﬁéaggtgacg % Wa2hed with

water, dried over anhydrous magnesium sulfate, and the
solvent was distilled off under reduced pressure to obtain
the title compound (456 mg, 89%) as a solid.

'y NMR (CDCls) &: 2.93 - 3.02 (4H, m), 3.66 - 3.75 (4H, m),
6.82 (1H, 4, J =1.1 Hz), 7.09 - 7.20 (2H, m), 7.91 - 8.02

(2H, m), 8.67 (1H, 4, J = 1.1 Hz).

(3) 4-[6-(4-fluorophenyl)pyrimidin-4-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide

The title compound (142 mg, 65%) as a solid was
prepared from 2,2,2-trichloroethyl pyridin-3-ylcarbamate
and 4- (4-fluorophenyl)-6-piperazin-l-ylpyrimidine in a
manner similar to that of Example 3. Melting point: 180 -
182°C (ethyl acetate-hexane).
'y NMR (DMSO-dg) &: 3.54 - 3.67 (4H, m), 3.74 - 3.88 (4H,
m), 7.24 - 7.41 (4H, m), 7.85 - 7.94 (1lH, m), 8.17 (1H, dd,

J = 4.6, 1.4 Hz ), 8.21 - 8.31 (2H, m), 8.61 (1lH, 4, J =
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15

hydrogen chl ori de-ethyl acetate solution (7.0 m) and
the 5 mxture was stirred at roomtenperature for 5
hours, and the solvent was distilled off under
reduced pressure. The residue was dissolved in water
and the pH was adjusted to Ifly adding 1N aqueous
sodi um hydr oxi de solution, and extracted with ethyl
acetate. The extract was washed with 10 water, dried
over anhydrous magnesium sul fate, and the solvent was
0dBsti) | ed.6ff (UHder, r édacéd4pHessuBe8Bo (éBtafh- the
title conpound (456 ng, 89% as a solid. 1H NWR
E(ERE18)25: 2.93 - 3.02 (4H m, 3.66 - 3.75 (4H m,
6.82 (1H, d, J =1.1 Hz), 7.09 - 7.20 (2H, m, 7.91 -
48102 (415103 dophEnyd) 6V rihHdid,-43yE]ENE (Bzh- (3)
4-[6-(4-fluorophenyl)pyrimdin-4-yl]-Npyridin-3-
dYhBtRONL azbrazbicarhoxgabdeathactitkarporpaind (142 ny,
65% as a solid was prepared from
2,2,2-trichloroethyl pyridin-3-ylcarbamte 20 and
4- (4-fl uorophenyl)-6-piperazinfl-ylpyrindine in a
manner simlar to that of Exafiple 3. Melting point:
180 - 182C (ethyl acetate-#Mexane). 1H NVR (DVSO d5) b:
3.54 - 3.67 (4H m , 3.74- 3.88 (4H m, 7.24 -
7.41 (44, m, 7.85 - H, m, 8.17 (1H, dd, 25 J

. ! 5
= 4.6, gHAOHZ ) 21 -~8:31 (2H, n), 8.61 (1H d, J
g 0./8 rz}m_ .67 dyJ = 2.4 Hz), 8.83 (1H, s).
Exanpl e\29 - \ YA -

N\O H

The title compound (151 mg, 66%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 4-(4-fluorophenyl)-6-piperazin-1-
Ylpyrimidinev in a manner similar to that of Example 3.
Melting point: 207 - 208°C (ethyl acetate-hexane).

'y NMR (DMSO-dg) &: 1.77 (3H, s), 2.13 (3H, s), 3.50 - 3.63
(44, m), 3.73 - 3.86 (4H, m), 7.27 - 7.41 (3H, m), 8.19 -
8.31 (2H, m), 8.60 (1H, 4, 0 = 0.8 Hz ), 9.27 (1lH, s).
Example 30
4-[6-(4-fluorophenyl)pyrimidin-4-yl]-N-pyridazin-3-

ylpiperazine-l-carboxamide
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4-[6-(4-fluorophenyl)pyrimdin-4-yl]-N(3,4-

di net hyl i soxazol - 5-yl ) pi perazi ne-1-carboxam de F
CHBOH3CNO H 5 The title conmpound (151 ng, 66% as
a solid was prepared from2,2,2-trichl oroet hyl

(3, 4- di net hyl i soxazol - 5- yl)ééﬁbanate and

4- (4-fl uorophenyl)-6-piperazin-I1- ylpyrimdine in a
manner simlar to that of Exanple 3. 10 Melting

poi nt: 207 - 208C (ethyl acetate-hexane). 1H NWR
(DVMSO-d6) 6: 1.77 (3H, s), 2.1F (3H, s), 3.50 - 3.63
(4H, m, 3.73 - 3.86 (4H, m .27 - 7.41 (3H, m,
8.19 - 8.31 (2H, m, 8.60 d J=0.8H ), 9.27
(1H, s). Exanple 30 15

t|tIe co gund/f85\7 % as a solid was prepared
, 2

hphloro pMr i dazi n- 3-yl car bamat e
N_

The title compound (85.7 mg, 58%) as 'a solid was
prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate
and 4- (4-fluorophenyl)-6-piperazin-l-ylpyrimidine in a
manner similar to that of Example 3. Melting point: 254 -
255°C (tetrahydrofuran-hexane) .

'H NMR (DMSO-dg) &: 3.59 - 3.70 (4H, m), 3.75 - 3.86 (4H,

m), 7.28 - 7.42 (3H, m), 7.59 (1H, dd, J = 8.0, 4.7 Hz),

8.02 (1H, dd, J = 9.0, 1.3 Hz), 8.20 - 8.31 (2H, m), 8.60

(1H, d, J = 0.8 Hz), 8.86 (1H, dd, J = 4.7, 1.3 Hz ), 10.0
(1H, s).

Example 31

4-(2",4" -difluorobiphenyl-3-yl)-N-pyridin-3-ylpiperazine-1-

carboxamide

o

(1) Tert-butyl 4-(3-bromophenyl)piperazine-l-carboxylate
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and 4-(4-fluorophenyl)-6-piperazin-I-ylpyrimdine in a

5 manner simlar to that of Exanple 3. Melting point:

254 - 255C (tetrahydrofuran-hexane). 1H NVR ( DMSO- d6)

5. 3.59 - 3.70 (4H m, 3.75 - 3.86 (4H m, 7.28 -

7.42 (3H, m, 7.59 (1H, dd, J1&39.0, 4.7 Hz), 8.02

(1H, dd, J =9.0, 1.3 Hz), 8.20 - 8.31 (2H, m, 8.60

10 (1H, d, J = 0.8 Hz), 8.86 (1H, dd, J =4.7, 1.3 Hz

), 10.0 (1H, s). Exanple 31

4- ( 2'To4'a didllurdroobiqghényl3-Brdnodanpli Jdiipeg-ad ipiperd#zi00 g,
ne-l- carboxamde F ,tF HH 15 (1) Tert-butyl -

4-123 bmohpphery| d ptperazbueyl - dachakphatte 1087.3® g, 0.125
sol ution of 1-(3-bronmophenyl)pi perazine (30.00 g,

1325i aolne @l dlie t @mil-daitgd  doar bonat eras27a88ed, dropwise
0.125 nol) in nmethylene chloride (200 m) was added

QAW Samitdd etdyl amyneo(2253 nh1)0.4250 D] ) adtl GBe amikture
the mxture 5 was stirred at roomtenperature for 3

WU s TRy reactbOn +¥ascpouned iEBLO3WalRIrsand The reaction
extracted with nmethylene chloride. The extract was

Washed, i d qrﬁgju%%lsaatﬂﬁ al.8d- S0t M Y HOYEM ene chloride.

carbonate solution, dried over anhydrous sodium

The extract was washed with aqueous saturated sodium
hydrogen carbonate solution, dried over anhydrous sodium
sulfate, and the solvent was distilled off under reduced
pressure. The residue was recrystallized from hexane to
obtain the title compound (42.0 g, 99%).
'H NMR (CDCli) &: 1.48 (9H, s), 3.12 - 3.15 (4H, m), 3.56 -
3.58 (4H, m), 6.84 (1H, 4, J = 6.8 Hz), 6.99 (1H, d, J =
7.2 Hz), 7.05 (1H, s), 7.09 - 7.11(1H, m).
(2) 1-(2',4"-difluorobiphenyl-3-yl)piperazine

To a solution of tert-butyl 4-(3-
bromophenyl)piperazine-l-carboxylate (2.00 g, 7.30 mmol)
and 2,4-difluorophenylboronic acid (1.30 g, 10.2 mmol) in
1,2-dimethoxyethane-water (20 ml, Vpwe:Vie = 10:1) was added
sodium carbonate (1.25 g, 14.6 mmol) and
tetrakistriphenylphosphine palladium (340 mg, 0.360 mmol)
at room temperature under nitrogen atmosphere and heated
under reflux for 4 hours. The reaction was cooled and
poured into water, and extracted with ethyl acetate. The

extract was washed with aqueous saturated sodium hydrogen
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sul fate, and the solvent was distilled off under
reduced 10 pressure. The residue was recrystallized
from hexane to obtain the title conpound (42.0 g,
990). 1H NWMR (CDC13) 5: 1.48 (9H, s), 3.12 - 3.15 (4H,
m, 3.56 - 3.58 (4H, m, 6.8444H d, J = 6.8 Hz),
6.99 (1H, d, J = 7.2 Hz), 7.05 (1H, s), 7.09 -
7.11(1H, m. 15 (2)
1-(2',4" -difluorobi phenyl -3-yl) pi perazine To a
cgobohaba ofoltwricrhut yirigd( ver anhydrous sodium sulfate,
br onophenyl ) pi per azi ne-1-carboxylate (2.00 g, 7.30
amdplthe ard &k divd s udiephénygbbarfuni endet dr¢du@edgpressure.
10.2 mmol ) in 1, 2-di nmet hoxyet hane-water (20 m,
TNOME: YEROd5e10: Thswaspaddeded0 sogi umstaribanat ge(ll. 250lumn
g, 14.6 mol) and tetrakistriphenyl phosphi ne
cRabhadbymep840 Mkt B0 MeBhkr :atthiQona ¢etpes akured: 1)  to
under nitrogen atnosphere and heated under reflux for

 ofthours. The yeaction,mas cool ad @nd 4’peurradoridd phenyl-3-

wat er, and extracted wWth ethyl acetate. The 25

ygggggeﬁ:a\é@ e\A@Slaggbwix h 22QUQ0OUS S@t Uratked sodi um

gen 104 carbonate solution, "dried over anhydrous

SOdiﬂmé%ld%ﬁfﬁ o?ngegggbﬁggieqtﬂ §4duaﬂﬂﬂd3}dyﬂbhenyl—3—

under reduced pressure. resi due was purified by

i l, I h t h I :
Va0 REPE e R T ador AFEORVT0LE) t 42580t arh t et ShutyFmet)  in
4-(2' , 4" -difl. bi ph | - 3- ' : :
i SrRePazEheS Tor b EERS. F51GT 680 (T R )sol'GRi G TTed
a

of tert-butyl 4-(2',4'-dif|uo%p%&%hegxh-sﬁhe reaction was

t room temperature for 3 ol
distilled off under reduced pressure. The residue was
neutralized by adding aqueous saturated sodium hydrogen
carbonate solution and extracted with methylene chloride.
The extract was dried over anhydrous sodium sulfate and the
solvent was distilled off under reduced pressure. The
residue was recrystallized from hexane to obtain the title
compound (1.45 g, 97%).
ly NMR (CDCls3) &: 3.00 - 3.02 (4H, m), 3.13 - 3.15 (4H, m),
6.70 - 6.79 (3H, m), 6.83 - 6.86 (2H, m), 7.18 - 7.25 (2H,
m) .
(3) 4- (2’ ,4" -difluorobiphenyl-3-yl)-N-pyridin-3-
ylpiperazine-l-carboxamide

To a solution of 1-(2’,4’ -difluorobiphenyl-3-

yl)piperazine (200 mg, 0.730 mmol) and triethylamine (147

mg, 1.46 mmol) in tetrahydrofuran (6.0 ml) was added 3-
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yl ) pi perazi ne-1|-carboxylate (2.10 g, 5.60 mml) in
trifluoroacetic acid-nethylene chloride (1:2) was

stirred 10 at roomtenperature for 3 hours and the
reaction was distilled off under reduced pressure.

The residue was neutralized 1P addi ng aqueous

saturated sodi um hydrogen carbonate sol ution and
extracted with nmethylene chloride. The extract was

dried over anhydrous sodiumsulfate and the 15 sol vent
pwas ddinst i LbedyohfitandéB8r edaicedd pr&&sufeol Theat r dsiCduander
was recrystallized fromhexane to obtain the title
ntamrpoend {tnddplgerO7¢hd IthAVRiKEDECEI)wdHs It0Fred3, 2 room
(4H, m, 3.13 - 3.15 (4H m, 6.70 - 6.79 (3H m,
t8mB3ratlr86 ficdH 4 Mourk,18nd 7tBS £8Hven20wap. di3)illed off
4-(2',4" -di fluorobi phenyl -3-yl)-Npyridin-3-

whkRirpeF 8 hed | a/exam de Tie arselidieonw®$ recrystallized
1-(2',4" -difluorobi phenyl -3- yl)piperazine (200 ng,"

£ of30k ) aRd atclel eihy! e (1t he 25t 80,00kAG NEBE) title
In tetrahydrofuran (6.0 m) was added 3 105 pyridine

cé?%o%ﬂﬁat(§6@8g\gr,rg'56%)7%% Aoy st 0C under  nitrogen

sphere and the m xture was stirred at room

1%?&&%{@333{3%;@5 4 .hoyrs, 3”_@.%@‘9 S vept wasedi stisl legd (4h,

. educed pressure he residue was
Mo GVed r Thie i 11 & cempRird (10 . Hesh e 1 LT (1
t%obji'8.0 Hz), 7.26 (1H, dd, J = 8.4, 4.4 Hz), 7.31 - 7.36
(2H, m), 7.58 (1H, g, J = 6.8 Hz), 7.88 (lH, d, J = 8.4 Hz),
8.15 (1H, d, J = 4.4 Hz), 8.65 (1H, d, J = 2.4 Hz), 8.80
(1H, br s).
Example 32

4-(2",4" -difluorobiphenyl-3-yl)-N-(3,4-dimethylisoxazol-5-

yl)piperazine-l-carboxamide

O\

H
N \ |
el e

O HE

The title compound (132 mg, 44%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 1-(2’,4’-difluorobiphenyl-3-yl)piperazine

in a manner similar to that of Example 3.
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1H NV\R (DMBO-d6) 5: 3.22 - 3.24 (4H, m, 3.61 - 3.63
(4H, m, 6.94 (1H d, J 7.6 Hz), 7.05 - 7.07 (2H, m,
7.17 (1H, t, J =8.0 Hz), 7.26 (1H, dd, J = 8.4, 4.4
Hz), 7.31 - 7.36 10 (2H, m, 7.58 (1H, q, J = 6.8 Hz),
7.88 (1H, d, J = 8.4 Hz), 810% (1H d, J = 4.4 Hz)
8.65 (1H, d, J = 2.4 Hz) , 8.80 (1H, br s). Exanple
32
4-(2',4" -difluorobi phenyl -3-yl)-N-(3, 4-di net hyl i soxazo
H - rmeDm@pdperEa,zuheia c3t boxam del® F3B, OBN, 3320 HS3-24
3 The title conmpound (132 ng, 44% as a solid was
(paepaned 3 reom 2, 3,.%10t r (4h) ompet yl95 (1H, d, J = 7.6 Hz),
(3, 4-di net hyl i soxazol -5- yl)carbamate and
71062, 4'.0di f(l2ugr ebi,phemyd - Bt/ )pi perazkne H20,iA.82 - 7.37
manner simlar to that of Exanple 3. 106 1H NWR
Q“SQ)dGﬁ Bg 1146 G3Hg ) 3.3. 423)(3H.29) ,(18,2br s3..24
A ny, 3.58 3 (1( n),695(1Hd J =7.6 H),
(2H, n), 7.18 (1H, t, J = 2.4 Hz), 7.32 -
E% g@lg gg 7.58 (1H, g, J = 3.6 Hz), 9.25 (1H, br

S) A i ] 1-3-yl)~-N- d 3-vyl erazine-
82" gggflﬁuo%bé%lﬁgxw 3ny) I\I-p 3]/:rl| ggzllnn 3yylp6|ppera

Zi ne- 1 car,boxam de

l=carboxamide

The title compound (175 mg, 61%) as a solid was

. prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate

and 1-(2’,4’-difluorobiphenyl-3-yl)piperazine in a manner
similar to that of Exmaple 3.

4 NMR (DMSO-dg) &: 3.20 - 3.23 (4H, m), 3.64 - 3.67 (4H,
m), 6.93 (1H, d, J = 7.2 Hz), 7.01 - 7.05 (2H, m), 7.16 (1H,
t, J = 2.4 Hz), 7.29 - 7.35 (2H, m), 7.54 - 7.58 (2H, m),
7.99 (1H, d, J = 8.8 Hz), 8.82 (1H, dd, J = 4.4, 0.8 Hz),
9.95 (1H, br s).

Example 34

4- (27,4’ -difluorobiphenyl-3-yl)-N-phenylpiperazine-1-

carboxamide
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F HN=N The title conpound (175 ng, 61% as a solid

was 10 prepared from 2,2, 2-trichl oroet hyl

pyri dazi n- 3-yl car bamat e and

1-(2',4' -difluorobi phenyl -3-ylal,£|i perazine in a manner

simlar to that of Exmaple 3.1 NVR (DVSO-d6) 6: 3. 20

- 3.23 (44, m, 3.64 - 3.67 (44 m, 6.93 (1H d,

7.2 Hz), 7.01 - 7.05 (2H, m, 7.16 (1H, 15t, J =

Hz), 7.29 - 7.35 (2H, m, 7.54 - 7.58 (2H, m, 7.99

(FH, d, J = 8.8 Hz), 8.82 (1H, dd, J = 4.4, 0.8 Hz),
) H br s). Exanple 34

-}r_:li f 1 uor obi phenyl - 3-yl ) - N- phenyl pi perazi ne-1| -

poxam de 107 F ,LF H O The title conpound

Ol

J
2.

(16 , 569 as a soljd prepared from

1-(2',4-diflu i phe )pi perazi ne and phenyl
i socy [ s to that of Exanple 31.
5 1H 3.23 (4H, m, 3.59 - 3.61

(4H, m. 6.91 - 5 95 @H m, 7.02 - 7.06 (2H, ),

7.17 - 7.25 (3H,
The title compound (160 mg, 56%) as a solid was
prepared from 1-(2',4’-difluorobiphenyl-3-yl)piperazine and
phenyl iSocyanate in a manner similar to that of Example 31.
'H NMR (DMSO-d¢)&: 3.21 - 3.23 (4H, m), 3.59 - 3.61 (4H, m),
6.91 - 6.95 (2H, m), 7.02 - 7.06 (2H, m), 7.17 - 7.25 (3H,
m), 7.30 - 7.36 (2H, m), 7.46 (2H, 4, J = 8.0 Hz), 7.57 (1H,
q, J = 6.8 Hz), 8.60 (1H, br s).
Example 35
4-(2",4"-difluorobiphenyl-3-yl)-N-(3-methylisoxazol-5-

yl)piperazine-l-carboxamide

HC ?>__/—‘\ | |
WU

The title compound (160 mg, b55%) as a solid was
prepared from 2,2,2-trichloroethyl {3-methylisoxazol-5-
yl)carbamate and 1-(2’,4’-difluorobiphenyl-3-yl)piperazine

in a manner similar to that of Example 3.
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m, 7.30 - 7.36 (2H, m, 7.46 (2H, d, J = 8.0 Hz),
7.57 (1H, g, J = 6.8 Hz), 8.60 (1H, br s). Exanple 35
10

4-(2',4' -difluorobi phenyl -3-yl N—(3 met hyl i soxazol - 5-

yl ) pi per azi ne-1| - car boxam de 8F H3C NOH The title
conpound (160 ng, 55% as a solid was prepared from
2 2,2-trichloroethyl (3-nethylisoxazol-5- 15

) car bamat e and
i NﬁR ADMEOFHabr dbi phedyl(38. yE) pi perdzine - 4ln @EHmaher 359
simlar to that of Exanple 3. 108 1H NWVR (DWVSO d6) 5:
—2.3364 3K4Hs) m)3. 18. 22 (24, (4H, n§.93B. $9H,- d3. 62 €4H.2 Hz),
m, 5.92 (1H, s), 6.93 (1H, d, J =7.2 Hz), 7.00 -

77006  ZH,05m) (2H7. 16 ( TH1at(1H), =t5. 4] 2.4 4z)3.4.1209 ~ 7.29 -

7.35 (2H, m, 7.54 (1H, g, J = 8.0 Hz), 10.29 (1H, br

73)35 5(El>§amfp|,67364 (1H, g, J = 8.0 Hz), 10.29 (1H, br s).
4-(2',4" -difluorobi phenyl -3-yl)- N—pyrazin-z-ylpiperaﬂ
E&thﬂ&ﬁ&ﬂbOX&n]de F QF CNHTo a solution of

pyrazi ne-2-carboxylic acid (12.4 g,

4-(2",4" -difluorobiphenyl-3-yl)-N-pyrazin-2-ylpiperazine-1-

carboxamide

F

&,
Saesel

To a solution of pyrazine—Z—carbogylic acid (12.4 g,
0.100 mol) and triethylamine (26.3 g, 0.26 mol) in
tetrahydrofuran (125 ml) was added dropwise
diphenylphosphorylazide (36 g, 0.13 mol) at 0°C wunder
nitrogen atmosphere and the mixture was stirred at 0°C for
30 minutes, followed by at room temperature for 2 hours,
and the reaction solution was distilled off under reduced
pressure. The residue was dissolved in toluene (25 ml) and
the mixture was stirred at 85°C for 10 minutes, and the
solvent was distilled off under reduced pressure to obtain
2-pyrazine isocyanate. The resulting 2-pyrazine isocyanate

was used for the subsequent reaction as such.
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10 0.100 nol) and triethylamne (26.3 g, 0.26 nol) in
tetrahydrofuran (125 m) was added dropw se

di phenyl phosphoryl azide (36 g, 0.13 nol) at OC under

ni trogen atnosphere and the mixture was stirred at 0C

for 30 nminutes, followed byl&° roomtenperature for 2
hours, 15 and the reaction solution was distilled off

under reduced pressure. The residue was dissolved in
toluene (25 mM) and the mxture was stirred at 85C

for 16 m aut esolarddrhe &bl veht (R4s4drdtElLhegobiphenyl-3-
under reduced pressure to obtain 2-pyrazine
yvisptyanateneTheobesyl t Dng32mpyt aziend tsoeypapadening0 (147 mg,
was used for the subsequent reaction as such. 109 To
124850kibilon i6f def 22h @drsiftawr obi phenyas3 added dropwise a
yl ) pi perazine (200 ng, 0.73 mmol) and triethylam ne
s614¢iBH, L6 mmb)rinidetrahydeghuean (6 (F.)oonas g) in
added dropwi se a solution of 2-pyrazine isocyanate

tégrgggaiofﬂrénte&faﬁ1¢rQﬂyr@ﬂC(%n@Ek'aﬁl@@b@ﬂﬂeétmosphere,

nitrogen atnosphere and the m xture was stirred at

a£8°Wh%§. ?&%ﬁ%re ol %&njngﬁfsatTn§xﬁ?aEEh Br¥WlSre for 14

o water and extracted mnt et hyl acetate.

Th t t
w?@%dﬁsﬁm%ﬁﬂ TR Tivent otgacted
tilled off under reduced .
BER -éaqb%fﬁﬁ%ﬁ:eérf@?%éﬁceprféﬁﬁégc ek §§F§Hﬁsg%%fated
YMC HPLC col | ut : 1% fl
S e A e i et

was distilled off under reduced pressure. The residue was

B8 7o

purified by high performance liquid chromatography (YMC

HPLC column, solution A: 0.1% trifluorocacetic acid-

acetonitrile solution, solution B: 0.1% agueous

trifluoroacetic acid solution) to obtain the title compound
(95.0 mg, 33%).

'H NMR (DMSO-dg) &: 3.21 - 3.24 (4H, m), 3.64 - 3.67 (4H,

m), 6.94 (1H, 4, J = 7.6 Hz), 7.02 - 7.06 (2H, m), 7.17 (1H,
t, J = 2.0 Hz),7.30 - 7.34 (2, m), 7.57 - 7.59 (1lH, m),

8.21 (1H, 4, J = 2.8 Hz), 8.30 (1H, dd, J = 2.4, 1.2 Hz),

9.04 (1H, 4, J = 1.2 Hz), 9.63 (1H, br s).

Example 37

4-(2',4" -difluorobiphenyl-3-yl)-N-(l-methyl-1H-pyrazol-5-

yl)piperazine-l-carboxamide
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15

trifluoroacetic acid solution) to obtain the title
conpound 15 (95.0 ng, 33%. 1H NMR (DVBO d6) 5: 3.21
- 3.24 (44 m, 3.64 - 3.67 (44 m, 6.94 (1H d, J =
7.6 Hz), 7.02 - 7.06 (2H, m, 7.17 (1H, t, J =2 . O
Hz) , 7.30 - 7.34 (2H, m |, 721057 - 7 .59 (1H, m ,
8.21 (1H, d, J = 2.8 Hz) , 8.30 (1H, dd, J = 2.4, 1.2
Hz) , 20 9.04 (1H, d, J = 1.2 Hz), 9.63 (1H, br s).
Exanpl e 37

4-(2',4' -difluorobi phenyl -3Fyl)- N (1- net hyl -1 H pyrazol
-5- yl)piperazine-1l-carhexamde 110 FF N NH CH3
The title conpound (170Q 596) as a solid was
prepared from2,2,2-tri
(1-rrethy|-||—|-pyrazo|-5- y

obi pkenyl - 3Fyl ) pi per azi ne n a

1-(2',4¢dif 5 i
fman er %}m ar 3f Exanple 3. 1H NMR ( DMSO d6)
3\03 4H ) /4 3.51 - 3.65 (7H, m , 5.99

HJ—20Hz),693(1HdJ=72Hz)

Hz

- , d, : , 7.01
- 7N05 (2H, m, 7.14 (1H, dt, J = 8.4, 2.4 Hz), 7.28 -
7. SGCQ H m, 7.54 - 7.60 (1H m, 8.60 (1H, br s). 10
Exanple 38

4 (2pnd - BLERUOT 0B POERY! - Brdd ) ol PYBiodi - JaY! T RRSAAL  wias

prepared from 2,2,2-trichloroethyl (l-methyl-1H-pyrazol-5-
yl)carbamate and 1-(2',4’-difluorobiphenyl-3-yl)piperazine
in a manner similar to that of Example 3. |

'Y NMR (DMSO-dg) &: 3.03 - 3.11 (4H, m), 3.51 - 3.65 (7H,
m), 5.99 (1H, 4, J = 2.0 Hz), 6.93 (1H, 4, J = 7.2 Hz),
7.01 - 7.05 (2H, m), 7.14 (1H, dt, J = 8.4, 2.4 Hz), 7.28 -
7.36 (3H, m), 7.54 - 7.60 (1H, m), 8.60 (1H, br s).

Example 38
4-(2',3"-difluorobiphenyl-3-yl)-N-pyridin-3-ylpiperazine-1-
carboxamide

F

’ S—
N—jV N
N\
O
(1) 1-(2’,3’-difluorobiphenyl-3-yl)piperazine
To a mixture of tert-butyl 4-(3-

bromophenyl)piperazine-l-carboxylate (3.00 g, 10.9 mmol),
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carboxamde F (,-FHN O (1)
1-(2', 3 -difluorobi phenyl -3-yl)pi perazine 15 To a
m xture of tert-butyl 4-(3-
br onophenyl ) pi per azi ne-1-carboxylate (3.00 g, 10.9
mrol ), 111 2, 3-difl uorophenylBoronic acid (1.75 g,
15.3 mmol) in 1,2- dinethoxyethane-water (30 ni,
VDVE: VH20 = 10:1) was added sodium carbonate (1.87 g,
21.9 mmol) and tetrakistriphenyl phosphi ne pall adi um
2( 5201 fnoDopbbnyirobyobiat acddm (tleMderat uke. Ureel) in 1,2-
ni trogen atnosphere and heated wunder reflux for 4
dhautBoxybenagacivhoarwas3Coalled aRd: VipeuredlDnld weatser added
and extracted with ethyl acetate. The extract was
swashed W th ragueeus satur.aed sagli um hydregen mmol) and
carbonate solution, dried over anhydrous sodi um

téHEE@E%tréLBhéﬁg}lbh%s%ﬁhM%ntpa@%diuﬁﬁI I bed eff, undss0 mmol)
reduced pressure e residue was purified by silica

gar§&ﬂuQ@ﬁg@?%@H?Eogﬁﬁﬂﬁy ﬁP@fé?éﬁu@ﬁﬂd§§h6ﬁ$Yénd heated

acetate obtain , ter but yl

V5 I
oGS, LB IS g, sesqign g, conted ond

pg%lghl ég &frt bUth ex& b%eddﬁﬁﬂﬂnégﬂffeggét§ﬁe The

extract was washed with aqueous saturated sodium hydrogen
carbonate solution, dried over anhydrous sodium sulfate,

and the solvent was distilled off under reduced pressure.

The residue was purified by silica gel column
chromatography (petroleum ether:ethyl acetate = 10:1) to
obtain tert-butyl 4-(2’,3"-difluorobiphenyl-3-

yl)piperazine-l-carboxylate (2.86 g, 86%).

A solution of tert-butyl 4-(2’,3’-difluorobiphenyl-3-
yl)piperazine-l-carboxylate (2.86 g, 7.65 mmol) in
trifluoroacetic acid-methylene chloride (1:2) was stirred
at room temperature for 5 hour and the reaction was
distilled off under reduced pressure. The residue was
neutralized by adding aqueous saturated sodium hydrogen
carbonate solution, and extracted with methylene chloride.
The extract was dried over anhydrous sodium sulfate and the
solvent was distilled off under reduced pressure. The
residue was recrystallized from diethylether to obtain the

title compound (2.00 g, 96%).
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yl ) pi perazi ne-1|-carboxylate (2.86 g, 7.65 mml) in
trifluoroacetic acid-nethylene chloride (1:2) was

stirred at roomtenperature for 5 hour and the

reaction was distilled off undg reduced pressure.

The residue was 20 neutralized y addi ng aqueous

saturated sodi um hydrogen carbonate sol ution, and
extracted with nethylene chl oride. The extract was

dried over anh us _sodi um sul fate and the solvent
FadMEi $CDOLed ff3uﬁéer PedécddBpr 83sure 4 1The 3 +45i die ™)/
was recrystalllzed fron1d|ethylether to obtain the 25
&3] el ldonpourid ( 2 08 ¢(1B6%,. Ar2 8 IHHWR (COEL3) 6:02 (2H,
3.15 - 3.16 (4H, m, 3 41 - 3.43 (4H, m, 6.31 (1H

mjr, s).,03%6.58 (UH, (3H, n)s 8 LHz)LH,7.100 I .02 (t2H,. m,

7.03 - 7.05 (3H m, 7.30 (1H t, J =8.2 Hz). (2)

)2, 3 -difl uotoldl phrmd: Bryd)yegyen Wi +3-3¢1 5-N~-pyridin-3-
yl pi perazi ne-| - carboxanm de The title conmpound (110 ng,
ﬁ&?/_ﬁpe&%ﬂrw]j-d:alﬁﬁaxaﬂﬁﬁar ed from

1-(2',3' -difluorobi phenyl -3-yl) pi perazi ne and

3- pymﬂs ne itSecyanapbeuhl a(lMBpnefigsi MdAr e thatsefid was
Exanmpl e 31. 10 1H NWVR (DVMSO-d6) 5. 2.99 -' 3.06 (4H,

e 63 4 n Zin
ﬂgdoar_?écﬁflffo’ns J\ 2( H% d@fl&]ﬁb%ﬁlﬂz 321) 3]7\]'12)33}:39%342 e and

§j§§ '%rne déyéna J8 83 20 Hzhner8. 14 mgigr diod Fhat of
(1H, br s). Exanple 39

Example 31.

'H NMR (DMSO-dg) &: 2.99 — 3.06 (4H, m), 3.61 - 3.63 (4H,

m), 6.97 (1H, d, J = 8.8 Hz), 7.06 (1H, d, J = 7.2 Hz),

7.11 (1H, s), 7.26 - 7.42 (5H, m), 7.88 (1H, d, J = 8.0 Hz),

8.14 (1H, d, J = 3.2 Hz), 8.65 (lH, s), 8.87 (1lH, br s).

Example 39

4-(2',3"-difluorocbiphenyl-3-yl)-N-(3,4-dimethylisoxazol-5-

yl)piperazine-l-carboxamide

F
)
)
OO
H
\/

| O HC
The title compound (130 mg, 43%) as a solid was

prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-

yl)carbamate and 1-(2’,3'-difluorobiphenyl-3-yl)piperazine
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4-(2',3" -difluorobi phenyl -3-yl)-N (3, 4-di nethylisoxazo
| -5- yl)piperazine-l-carboxamde F ,tF HO-N N-/N\
\' Il ws O The title conmpound (130 ngy, 43% as a solid
was prepared from 2,2, 2-tri cdHlroet hyl
(3, 4-di net hyl i soxazol -5- 20 yl)carbanmate and
1-(2',3" -difluorobi phenyl -3-yl)pi perazine 113 in a
manner simlar to that of Exanple 3. 1H NVR ( DVMSO d6)
iB: alm@dAnéB8Hsim)laR. 1o {BRE oF, Egample 3.22 (4H, m,
3.54 - 3.64 (44 m, 6.96 - 7.10 (3H, m, 7.24 - 7.44
TH AR M DMOO2de)( 1H, Dbr74%) (3%, ExanpRels0(3H, s), 3.16 - 3.22
4-(2',3 -difluorobi phenyl -3-yl)-N-pyridazin-3-yl pi pera
(Zitnem)]- carsoxand ded F(4pr Ninj , N8NO6The 1i1td e(Bdnpound7 .24 -
(170 ng, 59% as a solid was 10 prepared from
7242, 24401 ghl ovoeuhyh upybirdazi.n- 3-yl car bamat e and
1-(2', 3" -difluorobi phenyl -3-yl)pi perazine in a manner
g2hfphar 4bo that of Exanple 3.

4- (27,37’ -difluorobiphenyl-3-yl)-N-pyridazin-3-ylpiperazine-

O F

q§ ﬁﬁfﬂ\ {Qil» F
(o
H

N=N

l-carboxamide

The title compound (170 mg, 59%) as a solid was
prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate
and 1-(2',3"’-difluorobiphenyl-3-yl)piperazine in a manner
similar to that of Example 3.

'y NMR (DMSO-dg) &: 3.23 - 3.25 (4H, m), 3.66 — 3.68 (4H,
m), 6.98 (1H, 4, J = 7.6 Hz), 7.06 (1H, d, J = 8.4 Hz),
7.11 (1H, s), 7.27 - T7.43 (4H, m), 7.55 (14, m), 8.00 (1H,
d, J = 8.8 Hz), 8.84 (1H, d, J = 3.2 Hz), 9.95 (lH, br s).
Example 41
4-(2',3"-difluorobiphenyl-3-yl)-N-phenylpiperazine-1-

carboxamide
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1H NV\R (DMBSO-d6) 5: 3.23 - 3.25 (4H, m, 3.66 - 3.68
(4H m, 6.98 (1H, d, J =7.6 Hz), 7.06 (1H, d, J =
8.4 Hz), 15 7.11 (1H, s), 7.27 - 7.43 (4H, m, 7.55
(1H, m, 8.00 (1H, d, J = 8.8 Hz), 8.84 (1H, d, J =
3.2 Hz), 9.95 (1H, br s). Exahple 41

4-(2',3" -di fluorobi phenyl - 3-yl ) - N phenyl pi per azi ne-1 -
carboxam de 114 \ 0 - F H The title conpound (165
ng, 58% as a solid was prepared from

1-(2', 3" -difluorobi phenyl - pi perazi ne and phenyl
i socyanate in a manner Si )-o- Fhat of Exanple 31
5 1H NWR (DVSO-d6) 5: 3.22 24 (4H, m, 3.59 - 3.62
(4H m, 6.92 (1H t, J =/7.2\Hz), 6.98 (1H, d, J =

3.6 Hz), O7.07 8.4 Fz), 7.12 (1H, s), 7.21
(2H__t, JO\>k .8 7.33 (1H, n), 7.35 (2H
t@%g Hz)\. 7/42 \\7.48 (3H, m), 8.60 (1H, br s).
1 y 42

4-X=2=/3' - 8i f 1 uor obi phenyl - 3-yl ) - N- (3- et hy! i soxazol - 5-

yl ) pi perazi ne-l-carboxamde F HIC NN\ / FNOH
The title compound (165 mg, 58%) as a solid was

prepared from 1-(2’,3’-difluorobiphenyl-3-yl)piperazine and
phenyl isocyénate in a manner similar to that of Example 31.
4 NMR (DMSO-dg) &: 3.22 - 3.24 (4H, m), 3.59 - 3.62 (4H,
m), 6.92 (l1H, t, J = 7.2 Hz), 6.98 (1H, d, J = 3.6 Hz),
7.07 (14, d, J = 8.4 Hz), 7.12 (1H, s), 7.21 (2H, t, J =
7.8 Hz), 7.29 - 7.33 (1H, m), 7.35 (2H, t, J = 8.0 Hz),
7.42 - 7.48 (3H, m), 8.60 (1lH, br s).

Example 42
4—(2',3’—difluorobiphenyl—B—yl)—N—(3—methylisoxazol-5—

yl)piperazine-l-carboxamide

o
o0\ F
M

The title compound (125 mg, 43%) as a solid was
prepared from 2,2,2-trichloroethyl (3-methylisoxazol-5-
yl)carbamate and 1-(2’,3’-difluorobiphenyl-3-yl)piperazine

in a manner similar to that of Example 3.
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The title conpound (125 ng, 43% as a solid was 15
prepared from 2,2, 2-trichl or oet hyl
(3-net hyl i soxazol -5- yl)carbamate and
1-(2', 3" -difluorobi phenyl - 3- ylf perazine in a manner
simlar to that of Exanpl e 3.141315 1H NVR (DMSO-d6) 5:
2.13 (3H, s), 3.19 - 3.22 (44, m, 3.59 - 3.62 (4H,
m, 5. 94 (1H, s), 6.98 (1H, d, J = 7.6 Hz), 7.05 (1H,
d, J =8.4Hz), 7.10 (1H, s), 724-7.45(4H, :
'HONZR ((liSObds)s)é 52 EkanpBe, 48), 3.19 - 3.22 (4H, m), 3.59
4-(2',3" -difluorobi phenyl -3-yl ) N- pyrazi n- 2-yl pi per azi
ne 62 caaﬂﬂ)pxam,déi.F% r({NIN Bhe td.t9% c¢bfipodnd 95 Mg Hz),
33%9 as a solid was 10 prepared from
72-0pyr@aa, negaigbexl.iac Hagi,d 7and 1163 ,s3',- 7.24 - 7.45 (4H, m),
di fl uor obi phenyl -3-yl ) pipe razine in a manner simlar
10Q20t hats, o rExanpl e 36. 1H NMR (DVBO-d6) 5: 3.23 -
3.25 (4H, m, 3.65 - 3.67 (44 m, 6.98 (1H d, J =
E;a% |]'_|é),437 06 (1H, d, J =8.4 Hz), 15 7.11 (1H s),

I7D 43(4Hnj821(1HdJ:24Hz)830

4L%§” %)hdgfq o&%%&ﬁ%en&l 3L§§Ii@ﬁpf%&%iﬁ;giyﬂﬂiﬁﬁra21ne 1-

C%% af" |quorob|phenyI-S-yI)-I\l-(I-rrethyI-IH-pyrazol
a3 §/<I pi per azi ne- 1 -car boxam de

Oy
o\\ N/—\ O F
aSas)
H
N

The title compound (95 mg, 33%) as a solid was
prepared from 2-pyrazinecarboxylic acid and 1-(2',3'-
difluorobiphenyl-3-yl)piperazine in a manner similar to
that of Example 36.

'H NMR (DMSO-d¢) &: 3.23 - 3.25 (4H, m), 3.65 - 3.67 (4H,
m), 6.98 (1H, d, J = 7.2 Hzf, 7.06 (1H, 4, J = 8.4 Hz),

7.11 (1H, s), 7.27 - 7.43 (4H, m), 8.21 (1H, d, J = 2.4 Hz),

©8.30 (1H, s), 9.04 (1H, 4, J = 1.6 Hz), 9.63 (lH, br s).

Example 44
4-(27,3"-difluorobiphenyl-3-yl)-N-(l-methyl-1H-pyrazol-5-

yl)piperazine-l-carboxamide
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116 O _Cr ~~~F NNNNH OH The title conpound
(175 ng, 61% as a solid was prepared from
2,2,2-trichloroethyl (1-methyl-IH pyrazol -

yl ) carbamat e and

1-(2',3' -difluorobi phenyl -3-y}3Ypi perazine 5 in a
manner simlar to that of Exanple 3. 'H NMR ( DVSO d6)
6: 3.31 - 3.33 (4H m, 3.66 - 3.68 (7H, nm , 6.08
(1H, d, J 1.6 Hz) , 7.07 (1H, d, J =7.6 Hz) , 7.15
(1H, d, J = 8.0 Hz), 7.20 (1H, s), 7.34 - 7.54 (5H,

m, 8.69 (1H br s). anpl e 45

4-16-(2,4-di fluorophen idi n-2-yl].-Npyridin-3-
yl pi perazi ne- | - car boxam
1-
a

=/F ON F N~-NN H (1)

) PY®i di n- 2-yl ] pi perazine 15 To
4- (6-bronopyridin-2 117

ate (3.00 g, 8.77 nmol) and

-[6-(2, -dlfluorophen

m'xtur of /tert b
yl ergg -1 -
2,4-\ |

N\N\
CH,

The title compound (175 mg, 61%) as a solid was
prepared from 2,2,2-trichloroethyl (l—methyl—lH—pyrazol—S—
yl)carbamate and 1-(2’,3’-difluorobiphenyl-3-yl)piperazine
in a manner similar to that of Example 3.

'H NMR (DMSO-dg) &: 3.31 - 3.33 (4H, m), 3.66 - 3.68 (7H,
m), 6.08 (1H, 4, J = 1.6 Hz), 7.07 (1H, d, J = 7.6 Hz),
7.15 (1H, 4, J = 8.0 Hz), 7.20 (1H, s), 7.34 - 7.54 (5H, m),
8.69 (1H, br s).

Example 45
4-[6-(2,4-difluorophenyl)pyridin-2-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide

XN LN, ST
>—NN
O
H

N=
(1) 1-[6-(2,4-difluorophenyl)pyridin-2-yl]piperazine

To a mixture of tert-butyl 4-(6-bromopyridin-2-
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di f 1 uor ophenyl boronic acid (1.40 g, 12.3 mmol) in 1, 2-

di nmet hoxyet hane-water (30 m, VDME VH20 = 10:1) was

added sodium carbonate (1.25 g, 17.5 nmol) and 5

t et raki stri phenyl phosphi ne pal | adium (340 ng, O0.440

mml) at roomtenperature udder nitrogen at nosphere

and heated under reflux for 1 hour. The reaction was

cool ed, poured into water, and extracted with ethyl
acetate. The extract was washed wth aqueous
véapupatredisediuarhpdrpgenccatbdiat 6,108 sbl ufied,) dred2:4-
over anhydrous sodiumsulfate, and the solvent was
ddifs$tibkbpHenfibundeicr esluted pressumce. THe3 resedue Masl, 2-
purified by silica gel colum chromatography
dipethokeumhehbewnaethyl (ACetdt,e ¥ndOVd)p t© 0Btdin was added
tert-butyl

s6dfi@m( 2, 4-@iribowerephenyll) g i di ng 2- yl]p7péra2|mmou) and
~carboxylate (2.84 g, 860). A solution of tert-butyl

téthk8x63t4iphenylphosphine palladium (340 mg, 0.440 mmol)
dlfluoropheny ypyrldln 2- yﬁiplperazine | - carboxyl ate

@Zf%%mgte%€é§agﬁ95)ddﬁéf'ﬁLHQBQ@ﬁe@ﬁ%d§§H&ﬂ$tQﬂﬁe%%ated
chl ori de masstwredatroomtemmrMUreforZ

uggguce %qu&hQR%p feﬁgﬁk distidied QL %B@Q%d poured

pressure. reS| ue was neutralized by

1n gh?loﬁ%ugg S S%h%? &i& n%%ﬂygrgggg @rbo%%%eextract

Fact ene orlde

Eie I i
sgagsi%%? g@feéeikgg? ma 3&%3{ St%%h&%%p fr??é exangnd the
solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(petroleum ether:ethyl acetate = 10:1) to obtain tert-butyl
4-16-(2,4-difluorophenyl)pyridin-2-yl]lpiperazine-1-
carboxylate (2.84 g,>86%).

A solution of tert-butyl 4-[6-(2,4-
difluorophenyl)pyridin-2-yl]lpiperazine-l-carboxylate (2.84
g, 7.55 mmol) in trifluoroacetic acid-methylene chloride
(1:2) was stirred at room temperature for 2 hours and the
reaction was distilled off under reduced pressure. The
residue was neutralized by adding aqueous saturated sodium
hydrogen carbonate solution, and extracted with methylene
chloride. The extract was dried over anhydrous sodium

sulfate and the solvent was distilled off under reduced

pressure. The residue was recrystallized from hexane and
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di ethyl ether to obtain the title conmpound (1.50 g,

720). 1H NWMR (CDC13) 5: 2.97 - 3.05 (4H, m, 3.39 -

3.41 (4H m, 6.55 (1H, d, J = 8.4 Hz), 6.82 - 6.79

(1H, m, 6.86 - 6.88 (1H, m, 7.08 (1H, dd, J = 7.6,

2.4 H), 7.46 (1H, t, J = 588 Hz), 7.95 (1H q, J =
8.8 Hz). (2)
4-16-(2,4-difluorophenyl)pyridin-2-yl]-Npyridin-3-

yl pi perazi ne- 1| -carboxam de The title conpound (220_ny,
d¥eovasthesotpdoasinpiipaicédler epmpound (1.50 g, 72%) .
1-[6-(2,4-di fl uorophenyl)pyridin-2- 10 yI]plpera2|ne
"BMdMB- pYPCHi N i shcyanat®. 0 &4wanmer Sk APl ar 3-¢4 tHE ™),
of Exanple 31. 1H NVR (DMBO d6) 5: 3.59 - 3.62 (8H

6np5 G192 @IHJ & 8.4& HB. A 6292 7.0979 1K Hddmn)) 6.862- 6.88
2.4 H), 7.20 - 7.34 (3H m, 7.66 (1H, t, J = 8.0

(HE) , mf., 89 .(CBH, (i, Jd&, 874=H2).6,12 .8. O&)(1H .46 J1&,8t8 J =
Hz) , 8.15 (1H, dd, J = 4.4, 1.2 Hz) , 8.65 (1H, d, J

8= oZHé Hz),. 98. Z@H(ld, br =s k.. sExannl e 46

4-[ (2 4-di f1 uor ophenyl ) pyridin-2-yl]-N-(3, 4-

él rret hy|4Lg@xq90I4 =2 ¥h LRI-B @216 Pyra @t bosapiide n-oyGH 3 n-3-

ylplpera21ne l-carboxamide

The title compound (220 mg, 77%) és a solid was
prepared from 1-[6-(2,4-difluorophenyl)pyridin-2-
yl]lpiperazine and 3-pyridine isocyanate in a manner similar
to that of Example 31.
'H NMR (DMSO-dg¢) &: 3.59 - 3.62 (8H, m), 6.92 (1H, d, J =
8.4 Hz), 7.09 (1H, dd4, J = 7.2, 2.4 Hz), 7.20 - 7.34 (3H,
m), 7.66 (1H, t, J = 8.0 Hz), 7.89 (1H, d, J = 8.4 Hz),
8.03 (1H, g, J = 8.8 Hz), 8.15 (1lH, dd, J = 4.4, 1.2 Hz),
8.65 (1H, d, J = 2.4 Hz), 8.79 (1H, br s).
Example 46
4-[6-(2,4-difluorophenyl)pyridin-2-yl]-N-(3,4-

dimethylisoxazol-5-yl)piperazine-l-carboxamide

CH; O /\ p—
HC :
e A

e
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The title conpound (185 ng, 62% as a solid was
prepared from 2,2, 2-trichl or oet hyl
(3, 4-di net hyl i soxazol -5- yl)carbanate and
1-[6-(2, 4-di fl uorophenyl)pyridin-2- yl]piperazine in a
manner simlar to that of Exarmple 3. 5 1H NWR
(DVMBO-d6) 6: 1.75 (3H, s), 2.12 (3H, s), 3.56 - 3.61
(8H, m, 6.90 (1H, d, J = 8.4 FE), 7.08 (1H, dd, J =
5.0, 2.4 Hz), 7.18 (1H dt J 9.6, 2.2 Hz), 7.30 -
7. 36T©£H tlh'ie 7¢ ©8p U] t(18P = g0 ﬁir 8202 F1Kokid was
J =8.3 Hz), 9.22 (1H, br s). 10 Exanple 47
péep@{@ﬂ,4{©h¢Qu@n@phe@phﬂpwmedmwiz4¢LP=quﬁﬁhﬁiﬁa®X§zOl—5—
yl pi perazi ne-1-carboxanmide F F O CN$ N~ H N=N he
yii) tlaebaaspeund (4580 ng, 157%- @s 4adsdlivbmageny pyridin=-2-
prepared from 2, 2, 2-trichl or oet hyl
yQM ligpazian-ideylicamban®iher althilar to that of Example 3.

6- (2, 4-di fl uorophenyl ) pyridin-2-yl]piperazine in a
1H3Nﬂﬁf §M§bLag t®. t haysof 3Exanp), e23121F(I3MyRs()DIVSQ5<$6% 3.61

4 (84 m , 6.90 (1H, d, J = 9.2 Hz),

%'HQ7H{];H'6.C% g;m 4d8 J2~48H74) Hz7 18704 Zﬁfililbld, 0= 5.0,
n), 7. 30 - 36 ("1 m, 56 (1 , dd, J =

b4 By, Hoad B, ar, 0 = 9.6, 2.2 Hz), 7.30 - 7.36 (1H,

m), 7.66 (1H, t, J = 4.0 Hz), 8.02 (1H, g, J = 8.3 Hz),
9.22 (1H, br s).

Example 47

4-[6-(2,4-difluorophenyl)pyridin-2-yl]-N-pyridazin-3-

ylpiperazine-l-carboxamide

The . title compound (150 mg, 52%) as a solid was
prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate
and 1-[6-(2,4-difluorophenyl)pyridin-2-yl]piperazine in a
manner similar to that of Example 3.

'y NMR (DMSO-dg) ®: 3.62 - 3.64 (8H, m), 6.90 (1H, d, J =
9.2 Hz), 7.07 (1H, dd, J = 4.8, 2.4 Hz), 7.18 - 7.22 (1H,

m), 7.30 - 7.36 (1H, m), 7.56 (1H, dd, J = 0.8, 4.4 Hz),
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120 7.65 (1H, t, J =8.0 Hz), 7.97 - 8.05 (2H m,

8.83 (1H, dd, J =3.0, 1.2 Hz), 9.94 (1H, br s).

Exanpl e 48
4-[6-,(2,4-difluorophenyl)pyridin-2-yl]-N=phenyl pi pera
zine- 5 1-carboxamide F ON1#¥ N~ ~~ OH The title
conpound (135 ng, 47% as a solid was prepared from
1-[6-(2, 4-difl uorophenyl)pyridin-2- yl]piperazine and
phenyl isocyanate in a manner simlar to 10 that of
7E)6@nﬁ|lé{/31—«/ :DHZNIQRC( VB ﬁ6)975— 3 .58 -(2‘3“116@1'1)(18}'%-%,(1}1! dd;
6.89 - 6.94 (2H, m, 7.08 (1H, dd, J = 7.2, 2.4 Hz),
J7TA8 0,728 (M, M9.94 7130 br7.85 (1H, nm), 7.46 (2H

d J=7.6 H), 7.65 (1H, t, J = 8.0 Hz), 8.02 (1H,
Mxample 386 Hz), 8.59 (1H, br s). 15 Exanple 49

4-16-(2, 4-di fl uorophenyl ) pyridin-2-yl]-N(3-nethylisox

4B @~ ( 5-4HJiF IRRI @ M 1) gardiexam de 112N -ghdny i perazine-

l-carboxamide

F

0O /——ﬁ\ N— F

| < > N\% N\_/Nﬁ
H

The title compound (135 mg, 47%) as a solid was
prepared from 1-[6-(2,4-difluorophenyl)pyridin-2-
yllpiperazine and phenyl isocyanate in a manner similar to
that of Example 31. |
'H NMR (DMSO-dg) &: 3.58 - 3.60 (8H, m), 6.89 - 6.94 (2H,
m), 7.08 (lH, dd, J = 7.2, 2.4 Hz), 7.18 - T7.24 (3H, m),
7.30 - 7.35 (1H, m), 7.46 (2H, d, J = 7.6 Hz), 7.65 (lH, t,
J = 8.0 Hz), 8.02 (1H, g, J = 3.6 Hz), 8.59 (1lH, br s).
Example 49
4-[6-(2,4-difluorophenyl)pyridin-2-yl]-N-(3-methylisoxazol-

5-yl)piperazine-l-carboxamide
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IN -0 H The title conpound (150 ng, 52% as a solid
was prepared from 2,2,2-trichl oroet hyl
(3-net hyl i soxazol -5- yl)carbanmate and
1-[6-(2, 4-di fluorophenyl )pyridin-2 5 yl]piperazine in
a manner simlar to that of Bxdnple 3. 1H NMR
(DVMBSO-d6) 5: 2.14 (3H, s), 3.58 - 3.61 (8H, m, 5.93
(1H, s), 6.90 (1H, d, J = 8.4 Hz), 7.08 (1H, dd, J =
4.8, 2.4 Hz), 7.18 (1H, dt, J = 9.6, 2.4 Hz), 7.30 -
7.36 (1H, in), 7.65 (1H t, J = 8.0 Hz), 8.02 (1H q,
J =8.3 Hz), 10 10.28 (1H, Hr s). Exanple 50
4-16-(2,4-di fluorophenyl )di n-2-yl]-Npyrazin-2-

A

yl pi per azi ne-| - car boxam ~-~ N F NHI15 The
title conpound (120 ng, as a solid was 122
prepared from 2-pyrazi necarbgxylic acid and 1-[6-(2, 4-

di f1 uor op nyI)pyKidi yl ) pt perazi ne in a nmanner
i9q | t at Exanmphe 36. 1H NVR (DMSO- d6) 6:
.:§ (8 ,\6.90 (1H, d, J = 5 8.4 Hz),
, Hid, J =7.4, 2.2 Hz), 7.19 (1H dt, J =
, 2.4 Hz), 7.31 (1H, dt, J = 11.8, 2.4 Hz), 7.64
. t, J =7.8 Hz), 7.99 (1H, q, J = 8.4 Hz), 8.21

s pfle JeTefe? compound (150 mg, 52%) as a solid was

5
3.6
7.0
8.4
(1H
(1H

prepared from 2,2,2-trichloroethyl (3-methylisoxazol-5-
yl)carbamate and 1-[6-(2,4-difluorophenyl)pyridin-2-
yllpiperazine in a manner similar to that of Example 3.

'y NMR (DMSO-dg) &: 2.14 (3H, s), 3.58 - 3.61 (8H, m), 5.93
(1H, s), 6.90 (1H, 4, J = 8.4 Hz), 7.08 (l1H, dd, J = 4.8,
2.4 Hz), 7.18 (1H, dt, J0 = 9.6, 2.4 Hz), 7.30 - 7.36 (1H,
m), 7.65 (1H, t, J = 8.0 Hz), 8.02 (1H, g, J = 8.3 Hz),
10.28 (1H, br s).

Example 50
4-16-(2,4-difluorophenyl)pyridin-2-yl]-N-pyrazin-2-

ylpiperazine-l-carboxamide

N= F

N ny-\N
o
—N

The title compound (120 mg, 42%) as a solid was
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Hz), 8.30 (1H, s), 9.04 (1H, s), 9.63 (1H, br s).
Exanple 51 10
4-[6-(2,4-difluorophenyl)pyridin-2-yl]-N(I-methyl-IH
pyrazol - 5-yl ) pi perazi ne-1-carboxamide F F N H CH3
The title compound (165 ngy, 5#% as a solid was
prepared from 2, 2, 2-trichl or oet hyl
(1-nmet hyl -1 H pyrazol -5 15 yl ) carbamate and
1-[6- (2, 4-di fl uorophenyl ) pyridin-2- yl]piperazine in a
prapaeedsi ficbar fopvhatiokcExhrplyéis. 2HiRVR2pBVEO-dE) (2, 4-
6: 3.57 - 3.62 (11H, m, 6.00 (1H, d, J = 2.0 Hz),
d6£9Qotdbhedy1Jpyr8d8nH2)y17p@Befdkingd,in) & BaBner2sqmilar
Hz), 7.18 - 7.22 (1H, m, 7.29 - 7.36 (2H, m, 7.66
tblHha200k, Edample83bz), 8.03 (1H, g, J = 8.4 Hz), 8.60
(1H, br s). 123 Exanple 52 '
14- ifr ( 2 DBrsdi-bl posepheml )-pyz i @i n{2ayl ko pyrdadi e, d, J
yl pi perazi ne-I-carboxamide F NH 5 (1)
slal 6202, 3 digf | uar,ophenyd )byt i dj n2 22 yhlkpi peragi nexJodz, J
m xture of tert-butyl 4-(6-bronopyridin-2-yl)

8.4, 2.4 Hz), 7.31 (13, dt, J = 11.8, 2.4 Hz), 7.64 (1lH, t,

J = 7.8 Hz), 7.99 (1H, g, J = 8.4 Hz), 8.21 (1H, 4, J = 2.4
Hz), 8.30 (1H, s), 9.04 (1H, s), 9.63 (1H, br s).

EXample 51
4-[6-(2,4-difluorophenyl)pyridin-2-yl]-N-(l-methyl-1H-
pyrazol-5-yl)piperazine-l-carboxamide

F

STy
O
N— H

CHs

The title compound (165 mg, 57%) as a solid was
prepared from 2,2,2-trichloroethyl (l-methyl-lH-pyrazol-5-
yl)carbamate and 1-[6-(2,4-difluorophenyl)pyridin-2-
yllpiperazine in a manner similar to that of Example 3.
'H NMR (DMSO-dg) &: 3.57 - 3.62 (11H, m), 6.00 (1H, 4, J =
2.0 Hz), 6.90 (l1H, d4, J = 8.8 Hz), 7.08 (lH, dd, J = 4.8,
2.4 Hz), 7.18 - 7.22 (1H, m), 7.29 - 7.36 (2H, m), 7.66 (1lH,

t, J = 7.8 Hz), 8.03 (1H, g, J = 8.4 Hz), 8.60 (lH, br s).
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pi per azi ne-|-carboxylate (4.00 g, 11.8 mvol) and 2, 3-
di fl uor ophenyl boronic acid (2.59 g, 16.5 mml) in 1, 2-
di met hoxyet hane-water (30 m, VDME VH20 = 10:1) was
added 10 sodi um carbonate (2.49 g, 16.46 mmol) and
tetraki stri phenyl phosphi ne patd3di um (680 ng, 0.880
mol ) at room tenperature under nitrogen atnosphere
and heated wunder reflux for 3 hours. The reaction was
cool ed, poured into water, and extracted wth ethyl
Exempated2The extract 15 was washed with aqueous
saturated sodi um hydrogen carbonate solution, dried
dovér (dnRydiddgosophemysuplatielnadd vilde N-poinigin —Was
distilled off under reduced pressure. The residue was
vppipkredibyg-§-kiacaogemicdel uimm chr omat ogr aphy

(petrol eumether:ethyl acetate = 10:1) to obtain
tert-butyl 20
4-[6-(2,3-difl uorophenyl)
carboxylate (4.06 g, 92%.
tert-butyl 4-[6-(2,3
di fl uoropbenyl }py<i di n (| ] pi perazi ne-1-carboxyl ate
(4. 06 g,QlO. i/n tr\fluoroacetic acid-nethyl ene
at roomtenperature for 4

chyornde A 1: A
hqur s t he omWas distilled off under
r eggeéd pWessure. The residue was neutralized by

addi ng aqueous saturated sodi um hydrogen carbonate

(39 $LiRn2RdERRLAGLEA MLAR R L ene Gl i e pThe

extra sTdri e “ove us sodiu ate and
the %8' Vgntmﬂ? u:géSté%l q:derqcf—fbuucnydler 4r—e(%li%er%mopyridin—2—yl)

piperazine-l-carboxylate (4.00 g, 11.8 mmol) and 2,3-

-2-yl ] pi perazi ne-|
A sol ution of

difluorophenylboronic acid (2.59 g, 16.5 mmol) in 1,2-
dimethoxyethane-water (30 ml, Vpue:Vmzo = 10:1) was added
sodium carbonate (2.49 g, 16.46 mmol) and
tetrakistriphenylphosphine palladium (680 mg, 0.880 mmol)
at room temperature under nitrogen atmosphere and heated
under reflux for 3 hours. The reaction was cooled, poured
into water, and extracted with ethyl acetate. The extract
was washed with aqueous saturated sodium hydrogen carbonate
solution, dried over anhydrous sodium sulfate, and the
solvent was distilled off under reduced pressure. The
residue was purified by silica gel column chromatography
(petroleum ether:ethyl acetate = 10:1) to obtain tert-butyl
4-[6-(2,3-difluorophenyl)pyridin-2-yl]piperazine-1-

carboxylate (4.06 g, 92%).
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10 pressure. The residue was recrystallized from
hexane and diethylether to obtain the title conpound
(2.50 g, 84% . 1H NWR (CDC13) : 5 3.22 - 3.20 (4H m
, 3.79 - 3.81 (4H, m 6.70 (1H, d J =8.4 Hz), 7.16
- 7.19 (1H, m, 7.23 - 7.26 M, , 7.63 (1H, t, J =
4.2 Hz), 7.71 - 7.72 (1H, m. 15 (2)
4-16- (2, 3-di fl uor ophenyl ) pyri di n-2-yl]-Npyridin- 3-
yl pi perazi ne-| -carboxani de The title conmpound (120 ng,
42% Ras a sobldties prepafed fromrt-butyl -[6-(2,3-
1-[6-(2,3-di fl uorophenyl) pyridi n-2- yI]plpera2|ne and
d3£pypirdpheniydopyanadtie-2rya ] paprerzi@-sdrwhlr@oxyd atieat (4.06
of Exanple 31. I|H NWR (DMSO-d6) 5. 3.61 - 3.63 (8H, m
g, 6.0 (dheld, ih=tr8f4ukzpbacétlit (d¢fdddetUyErefeb,chloride
2.0 Hz), 7.26 - 7.33 (2H, m, 7.46 (1H, g, J = 8.4
(Hz)) 4a@9 Jtlihrdd dt=r8ofd HepperdttTe( dr t4 Howrd. 2nd the
Hz) , 7.89 (1H, d, J =8.8 Hz) , 8.15 25 (1H d, J =

r8a0chz), BH646LHi 19kd 8BP Lhldebrréducd@spriosatlee  The
53 4-[6-(2, 3- dlfluorophenyl)pyrldln 2-yl]-N-(3, 4-

rQ%Qﬁhgywé§”ﬁEH%réiﬁéé&N r 34h P8y a&@é@géagb@%raEe@HQodlum
3/--\ NOHD5 The tlt?e compound (150 ny,

h?gé%ggﬁi%gygéﬁgwgssolutlon, and extracted with methylene

chloride. The extract was dried over anhydrous sodium
sulfate and the solvent was distilled off under reduced
pressure. The residue was recrystallized from hexane and
diethylether to obtain the title compound {(2.50 g, 84%).
'Y NMR (CDCls): & 3.22 - 3.20 (4H, m), 3.79 - 3.81 (4H, m),
6.70 (1H, 4, J = 8.4 Hz), 7.16 - 7.19 (1H, m), 7.23 - 7.26
(2H, m), 7.63 (1H, t, J = 4.2 Hz), 7.71 - 7.72 (1lH, m).
(2) 4-16-(2,3-difluorophenyl)pyridin-2-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

The title compound (120 mg, 42%) as a solid was
prepared from 1-[6-(2,3-difluorophenyl)pyridin-2-
yl]lpiperazine and 3-pyridine isocyanate in a manner
similar to that of Example 31.
'H NMR (DMSO-de) &: 3.61 - 3.63 (8H, m), 6.95 (1H, d, J =
8.4 Hz), 7.11 (1H, 4d, J = 7.6, 2.0 Hz), 7.26 - 7.33 (ZH,
m), 7.46 (1H, g, J = 8.4 Hz), 7.69 (1H, t, J = 8.0 Hz),

7.75 (1H, t, J = 7.2 Hz), 7.89 (1H, 4, J = 8.8 Hz), 8.15

(1H, 4, J = 4.0 Hz), 8.66 (1lH, s), 8.80 (1lH, br s).
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prepared from 2,2, 2-trichl oroet hyl

(3, 4-di net hyl i soxazol -5- yl)carbanmate and

1-[6-(2, 3-di fluorophenyl)pyridin-2- yl]piperazine in a
manner simlar to that of Exaq§le 3. 1H NWMR ( DVMSO- d6)
5. 1.75 (3H, s), 2.12 (3H, s)123.56 - 3.62 10 (8H,

m, 6.94 (1H, d, J = 8.4 Hz), 7.12 (1H, dd, J = 4.8,
2.4 Hz), 7.28 - 7.33 (1H m, 7.43 - 7.50 (1H, m,
7.66 - 7.76 (2H, m, 9.23 (1H, br s). Exanple 54
E&apn®-1€2 53- di f | uor ophenyl ) pyri di n-2-yl]-N pyri dazi n- 3-
15 yl pi perazi ne-1-carboxamde F 0-1 NF The title
4eqBpaen G -E1i58 uryophsHy 1ap var ishn-@ -wdg -126( 3,grepar ed
from2,2,2-trichloroethyl pyridazin-3-ylcarbamate and
dinme@hiy2,i3odialzlouenephe milpanardidier-12-cd dpigeeriaik ne in a
manner simlar to that of Exanple 3. 1H NVMR ( DVSO d6)
b: 3.61 - 3.64 (84 m , 6.94 (1H, d, J = 5 8.4 Hz),
7.11 (1H, dd, J = 7.6, 2. ), 7.29 - 7.31 (1H, m,
7.45 - 7 47 (1H, m, 7.5 B (1H m, 7.66 - 7.76

(2H : 8 01 (1H, dd, .b, 1.2 Hz), 8.83 (1H, dd,
for s). Exanpl e 55 10
4Hb6 ( yridin-2-yl]-N phenyl pi peraz
i ne- ar '
N\

The title compound (150 mg, 50%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 1-[6-(2,3-difluorophenyl)pyridin-2-
yl]piperazine in a manner similar to that of Example 3.

'y NMR (DMSO-dg) &: 1.75 (3H, s), 2.12 (3H, s), 3.56 - 3.62

il
S
(oo

~

(84, m), 6.94 (1H, 4, J = 8.4 Hz), 7.12 (1H, dd, J
2.4 Hz), 7.28 - 7.33 (1H, m), 7.43 - 7.50 (1H, m), 7.66 -
7.76 (2H, m), 9.23 (1H, br s).

Example 54
4-[6-(2,3-difluorophenyl)pyridin-2-yl]-N-pyridazin-3-

ylpiperazine-l-carboxamide

Q§ g
aracaY
H

N=N

The title compound (158 mg, 55%) as a solid was
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F ON Fa\l\~ \-/ N HThe title conpound (130 ng,

459 as a solid was prepared from

1-[6-(2, 3-di fluorophenyl)pyridin-2- 15 yl] pi perazi ne

and phenyl isocyanate in a manner simlar to that of

Exanpl e 31. 1H NVR (DMBO d6) 126 3.58 - 3.60 (8H, m,

6.91 - 6.95 (2H, m, 7.11 (1H, d, J = 5.6 Hz), 7.22

(2H, t, J =7.8 Hz), 7.27 - 7.32 (1H, m, 7.42 - 7.47

(3H, m, 7.66 - 7.76 (2H, 20 m, 8.57 (1H, br s).
pErpapke FGom72,2,2-trichlorocethyl pyridazin-3-ylcarbamate

4-[6-(2, 3-di fl uorophenyl ) pyridin-2-yl]-N(3-nethylisox
andol - eyl ) pi-pii Azuoecpheay bopam denF2-PL Neiper&k B Nin a

NN NO H The title conmpound (130 ngy, 45% as a solid
mwAserSspneparedof eaat202, Bxtmbakl 6r.oet hyl

(3-nmet hyl i soxazol -5- yl)carbamate and

'H-f@r ( 2p8sdi-blposephemyl )-pysi i n{8H, yk) pi prreawi (e, nda J =
manner simlar to that of Exanple 3.

8.4 Hz), 7.11 (1H, dd, J = 7.6, 2.4 Hz), 7.29 - 7.31 (1H,

m), 7.45 — 7.47 (1H, m), 7.55 - 7.58 (1H, m), 7.66 - 7.76
(2H, m), 8.01 (1H, 44, J = 5.0, 1.2 Hz), 8.83 (lH, dd, J =
4.4, 1.2 Hz), 9.95 (1H, br s).

Example 55

4-16-(2,3-difluorophenyl)pyridin-2-yl]-N-phenylpiperazine-

l-carboxamide

O M/—_\N N— F
TN M
§

The title compound (130 mg, 45%) as a solid was

prepared from 1-[6-(2,3-difluorophenyl)pyridin-2-
yl]lpiperazine and phenyl isocyanate in a manner similar to
that of Example 31.
'H NMR (DMSO-dg¢) &: 3.58 - 3.60 (8H, m), 6.91 - 6.95 (2H,
m), 7.11 (1H, 4, J = 5.6 Hz), 7.22 (2H, t, J = 7.8 Hz),
7.27 - 7.32 (1H, m), 7.42 - 7.47 (3H, m), 7.66 — T7.76 (2H,
m), 8.57 (1H, br s).

Example 56
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NVR (DMSO-d6) 6: 3.61 - 3.64 (84 m , 6.94 (1H, d,
8.4 Hz), 7.11 (1H, dd, J =7.6, 2.4 Hz), 7.29 -

1 (1H 10 m, 7.45 - 747(1H, m, 7.55 - 7.58
m, 7.66 - 7.76 (2H, m, 8.01 (1H, dd, J = 5. O,
Hz), 8.83 (1H, dd, J = A%l 1.2 Hz), 9.95 (1H, br
). Exanpl e 57

4-[6-(2, 3-di fl uor ophenyl ) pyri di n-2-yl]-N pyrazin-2- 15
yl pi perazi ne-I1-carboxamide F ~N N~ F H N 128 The

1H
J
2
(
1
S

4ti[bHd2¢canpodadof0Bbemyl ) 5% ddn-& ~yolli-f ~vds meitdydriegxazol-

from 2- pyrazi necarboxylic acid and 1-[6-(2, 3-

5diyill) vapephenyk)pyciadionx2mildepi per azi ne in a nanner
simlar to that of Exanple 36. 5 1H NWR (DWVSO d6) 5:
3.60 - 3.63 (84 m, 6.94 (1H d J= 84H),6 7.11
(1H, dd, J = 7. 6, 2.0 Hz) \27_- 7.31 (1H, m,
7.45 - 7.48 (1H, m, 7.67 EZH m, 8.21 (1H, d,
J = 2.4 Hz), 8 30 (1H, s), /985 (1H, s), 9.62 (1H hr
S). Exan‘plga 0
.4.1 b6 (2 - d\{ | @or op

N— F
enyl ) pwidin-2-y1]-N-(1-nmethyl -1 H

\

The title compound (130 mg, 45%) as a solid was
prepared from 2,2,2-trichloroethyl (3-methylisoxazol-5-
yl)carbamate and 1-[6-(2,3-difluorophenyl)pyridin-2-
yl]lpiperazine in a manner similar to that of Example 3.

'Y NMR (DMSO-d¢) &: 3.61 - 3.64 (8H, m), 6.94 (1H, d, J =
8.4 Hz), 7.11 (1H, dd, J = 7.6, 2.4 Hz), 7.29 - 7.31 (1H,
m), 7.45 - 7.47 (1H, m), 7.55 - 7.58 (1H, m), 7.66 - T7.76
(2H, m), 8.01 (1H, dd4, 9 = 5.0, 1.2 Hz), 8.83 (1lH, dd, J =
4.4, 1.2 Hz), 9.95 (1lH, br s).

Example 57
4—[6-(2,3—difluorophenyl)pyridin—2—yl]—N—pyrazin—Zf

ylpiperazine-l-carboxamide
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pyrazol - 5-yl ) pi perazi ne-1-carboxamide O ~~ - F N \

N~ NONH CFt The title conpound (150 ng, 52% as a
solid was prepared from 2,2, 2-trichl oroet hyl

(1-met hyl -1 H pyrazol -5- 15 yl)carbamate and

1-[6- (2, 3-di fl uorophenyl ) pyrilditn-2- yl]piperazine in a
manner simlar to that of Exanple 3. 1H NVMR ( DVSO d6)

5: 3.56 - 362(11H m, 5.99 (1H, d, J = 1.6 Hz),
6.94 (1H, d, J = 8.4 Hz), 7.11 (1H, dd J =4.8, 2.0
Hz) , TRe28titVe 3Zxqkhumy , (A.AB5 (o, 45%) =5, @st)Olld was
20 7.66 - 7.76 (2H, m, 8.59 (1H, br s). 129 Exanple
pb8pared from 2-pyrazinecarboxylic acid and 1-[6-(2,3-
4- (5- phenyl pyridi n-3-yl)-N-pyridin-3-yl pi perazi ne-| -
dearnhexaphdayN) PyNidin€l-iy1 1Nipbr&k)n€eritr bt phnner similar
4- (5-bronopyridi n-3-yl) pi perazine-1 carboxylate To a
£80kHLi0B Ok x3mpidi BeQnopyridine (15.0 g, 63.8

Yy NMR (DMSO-d¢) &: 3.60 - 3.63 (8H, m), 6.94 (1H, d, J =
8.4 Hz), 7.11 (1H, dd, J = 7.6, 2.0 Hz), 7.27 - 7.31 (1H,
m), 7.45 - 7.48 (1H, m), 7.67 - 7.76 (2H, m), 8.21 (1H, d,

J = 2.4 Hz), 8.30 (1H, s), 9.05 (1H, s), 9.62 (lH, br s).

Example 58

4-[6-(2,3-difluorophenyl)pyridin-2-yl]-N-(l-methyl-1H-

pyrazol-5-yl)piperazine-l-carboxamide

et 8

N\N

The title compound (150 mg, 52%) as a solid was
prepared from 2,2,2-trichloroethyl (l-methyl-1H-pyrazol-5-
yl)carbamate and 1-[6-(2,3-difluorophenyl)pyridin-2-
yl]piperazine in a manner similar to that of Example 3.

'y NMR (DMSO-d¢) &: 3.56 - 3.62 (11H, m), 5.99 (1H, d, J =
1.6 Hz), 6.94 (1H, 4, J = 8.4 Hz), 7.11 (1H, dd, J = 4.8,
2.0 Hz), 7.28 - 7.32 (2H, m), 7.45 (1H, g, J = 5.6 Hz),

7.66 — 7.76 (2H, m), 8.59 (1H, br s).
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mol ) and tert-butyl piperazine-I|-carboxylate (11.9 g,
63.83 mmol ) i n anhydrous toluene (600 mM) was added
sodium 10 tert-butoxide (9.19 g, 95.8 mmwol ), 4, 5-
bi s(di phenyl phosphi no)-9, 9-di net hyl xant hene (1.48 g,
2.56 mmol) and trisdibenzyli#éfeacetone dipal | adi um
(366 ng, 0.64 mmol) under nitrogen atnosphere and the
reacti on was degassed, and heated under reflux for 5
hours. The 15 reaction was distilled off under reduced
Hyeegslir €9 and to the resi due was added ethyl acetate
and water followed by extracted. The extract was
Analshach ami tlip ysaitdirat dy or-iNreyy ¢ idtdire o -oxlgri reeteyadimorrsl -
sodi um sul fate, and the solvent was distilled off
dasrderxaneidiegced pressure. The residue was 20 purified by
silica gel colum chromatography (petrol eum
ether:ethylNacetate = 5:1) to obtain the title
conmpound (130 ~|(10.0 g, 50% . 1H NWR (MeCD) 5: 1.47

: 3.30 (4H, m, 3.50 - 3.60 (4H, m,
H, > H s), 820 (1H, s). (2)
enyIpyridin-3}¥l)pHperazine di hydrochloride 5
To~a_ xture. of e ut-Yl - bronmopyri di n- 3-
yl ) pi perazi ne- 1- car boxy|jate (((9.00 g, 26.4 mmol) and
phenyl boronic acid (4.18 g, 84.3 Jmol) in 1, 2-
di met hoxyet hane-wat er (300 ml NVDME: VH20 = 10: 1) was
added sodium carbonate (5.59 g, 52.8 nmmol) and 10

i f‘k' St phgnyl phosphy ng; pal L adi om (314,00, ) 0: 199, ine-1-

carboxylate

To a solution of 3,5-dibromopyridine (15.0 g, 63.8
mmol) and tert-butyl piperazine-l-carboxylate (11.9 g,
63.83 mmol) in anhydrous toluene (600 ml) was added sodium
tert-butoxide (9.19 g, 95.8 mmol) , 4,5~
bis (diphenylphosphino}~9, 9-dimethylxanthene (1.48 g, 2.56
mmol) and trisdibenzylideneacetone dipalladium (366 mg,
0.64 mmol) under nitrogen atmosphere and the reaction was
degassed, and heated under reflux for 5 hours. The
reaction was distilled off under reduced pressure, and to
the residue was added ethyl acetate and water followed by
extracted. The extract was washed with saturated brine,
dried over anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (petroleum

ether:ethyl acetate = 5:1) to obtain the title compound
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at room tenperature under nitrogen atnosphere and the
reacti on was degassed, and heated under reflux for 10
hours. The reaction was distilled off under reduced
pressure, and to the residue was added ethyl acetate
and water followed 15 by extr&® ed. The extract was
washed with saturated brine, dried over anhydrous
sodium sul fate, and the solvent was distilled off
under reduced pressure. The residue was purified by
(8Dl Dcg,gébPscel um chr omat ography (petrol eum
ether:ethyl acetate = 5:1) to obtain tert-butyl 4-(5

'RoNpkenyeEy) i 8k n1347I )(PHpersazi rie-A0- carboXxy| ade, (8) P03.50 -
g, 90%. A solution of tert-butyl

346051 pheny) pyri. disn{ 34, yk) pi penazicng; | s¢ar bogyl atdg, s).
(8.00 g, 7.65 mml) in 4N hydrogen chlori de-ethyl

(acetate-ph0AyMby rvasnstiylegdipbrakoam tenperatunerfiae
14 hours and a solid was separated by 25 filtration

to obtain the; CQEPO . 939 idin-3-
VR @%I\/B% dgﬁ ;{J:C&Jé§16%[fp U’E@r’t(-ﬁo@@ynég % %(%; _bl_f%;ﬂos?y'f' din-3

yglg%55%321ng §Q§g§§ox I_Iaté 89 4&“) dﬁéJ =28.8 I*Qmol and

8.58 (1H°9),

p§ ?élgégﬁ§ Ly??%Cl& % kﬁpyr?dln 3- j?plpera2|neﬁ r2-
d§8ﬁggéﬁgggﬁsggga?gékfr@ﬂﬂ?ouﬂd v%%?\ﬁQD 60%%)%3 was added
Séﬁgg§pgsp%g&%é%?§gcya ;%Pfﬁﬁrgzkgﬁner Eé ﬁ??glgﬁégﬁhat and
tgirgﬁ?gggﬁpgénylphosphine palladium (914 mg, 0.790 mmol)
at room temperature under nitrogen atmosphere and the
reaction was degassed, and heated under reflux for 10 hours.
The reaction was distilled off under reduced pressure, and
to the residue was added ethyl acetaté and water followed
by extracted. The extract was washed with saturated brine,
dried over anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (petroleum
ether:ethyl acetate = 5:1) to obtain tert-butyl 4-(5-
phenylpyridin-3-yl)piperazine-l-carboxylate (8.00 g, 90%).
A solution of tert-butyl 4- (5-phenylpyridin-3-
yl)piperazine-l-carboxylate (8.00 g, 7.65 mmol) in 4N
hydrogen chloride-ethyl acetate (100 ml) was stirred at

room temperature for 14 hours and a solid was separated by

filtration to obtain the title compound (6.00 g, 93%).
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10 1H NMR (DMBO-d6) 5: 3.32 - 3.43 (4H, m) , 3.57 -
3.72 (4H, m), 7.22 - 7.32 (1H m, 7.41 (1H t, J =
7.6 Hz), 7.49 (2H, t, J = 7.4 Hz), 7.56 (1H, d, J =
2.0 Hz), 7.72 (2H, d, J = 7.4 Hz), 7.88 - 7.92 (1H
m, 8.15 (1H, dd, J = 4.6, 1181 Hz) , 8.31 (1H, d, J =
1. 6 Hz) , 8.35 (1H, d, J = 2.4 Hz) , 15 8.65 (1H, d,
J = 2.8 Hz), 8.83 (1H s). Exanple 60

N- (3, 4-di net hyl i soxazol - 5-yl)-4-(5-phenyl pyri di n- 3-

'y MBI foMai-de) | Scarbdam de. HBC(4H, 3md, >3 .NIN - ~3 82N (4H
O 20 The title conmpound (147 ng, 49% as a solid

m\vas7 .peeparedof Kom 2m?, 27t BBchkdr ot hyl = 6.8 Hz), 8.27 (1H,
(3, 4-di net hyli soxazol -5 132 vyl)carbamate and

si- (5-pbenyhpysi don=32yhk) giper 8zbve (1di hydr oehbdri(dg,i br s) .
a manner simlar to that of Exanple 3. 1H NWMR
@PNBC>QG)55 hén?@pggﬁdlﬁ}B llZNG§MI1&Xn 3-29pipdrd2ine-1-
(4H E 5 (4H , 7.38 - 7.42 (1H, m,

cgrggxggydes t, J =17. 4 Hz), 7.56 (1H s) 7.72 (2H, d,

. 8.32 (2H, dd, J =8.0, 2.0 Hz), 9.25

(1H’Tﬁ 'e<§&% 185 69%) lid
4 (5- p%enﬁ%{?i di n- ?%/I? pyr i ggm n- yI p?%eraamsr?e-ll . es
rbox8n1de from 1-(5-phenylpyridin-3-yl)piperazine

P
dihydrochloride and 3-pyridine isocyanate 1in a manner
similar to that of Example 31.

'y NMR (DMSO-dg¢) &: 3.32 - 3.43 (4H, m), 3.57 - 3.72 (4H,
m), 7.22 - 7.32 (1H, m), 7.41 (1H, t, J = 7.6 Hz), 7.49 (Z2H,
t, J = 7.4 Hz), 7.56 (1H, d, 0 = 2.0 Hz), 7.72 (2H, 4, J =
7.4 Hz), 7.88 - 7.92 (1H, m), 8.15 (1lH, dd,bJ = 4.6, 1.4

Hz), 8.31 (1H, d4, J = 1.6 Hz), 8.35 (1H, d, J

I
N
[faN
=
o

8.65 (1H, 4, J = 2.8 Hz), 8.83 (1lH, s).
Example 60
-(3,4-dimethylisoxazol-5-yl)-4-(5-phenylpyridin-3-

yl)piperazine-l-carboxamide

CH, O S\
H,C >—N / \
ISR

e

The title compound (147 mg, 49%) as a solid was

prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
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NN N N 10 The title conpound (80 ng, 21% as a

solid was prepared from2,2,2-trichloroethyl

pyri dazi n- 3-yl carbamate and

1- (5- phenyl p.yridi n-3-yl ) pi perazi ne di hydrochl oride in

a manner simlar to that of]é¥%nple 3. 15 1H NWR

(CDC13) b: 3.30 - 3.54 (4H, m, 3.64 - 3.78 (4H, m,

7.38 - 7.61 (5H m, 7.75 (2H, d, J = 7 2 Hz), 8.03

1H d, J 8.4 Hz), 8.34 (2H, d J = 8 Hz), 8.86

é gar@pma;g 01 @gq s). Ip ﬂﬁp@ngjngldln 3-yl)piperazine
4- (6- phenyl pyridi n-2-yl)-N-pyridin- 3- ylglpera2|ne
déhvborahildes 1983 inagN mﬂnner(ﬁﬁmilar to that of Example 3.

1- (6- phenyl pyri di n-2-yl ) pi perazi ne di hydrochl oride To

‘B NHMRt (PBSOfdtlerd: butyp 4366- br onBpyRi dBH,2s), 3.29 - 3.35
yl ) pi perazi ne-1-carboxylate (10.0 g, 29.3 mol) and 5
(gHenyl) hoBonioc —adi.éd5( 54081 @) ,4L..B8nwol7). 4i2n (IH2 m), 7.48 (2H,
di met hoxyet hane-water (300 ml, VDME: VH20 = 10:1) was
tadded= sodi um)garboswt e166. 22 ,9,7 58 7(pwpl J,ard = 7.6 Hz),
tetraki stri phenyl phosphi ne pall adium (1.01 g, 0.880
gmpl J2H, dd, J = 8.0, 2.0 Hz), 9.25 (1H, s).

Example 61

- (5-phenylpyridin-3-yl)-N-pyridazin-3-ylpiperazine-1-

‘carboxamide

7 N\ Nx__/N‘*g \__/
N=

The title compound (80 mg, 21%) as a solid was
prepared from 2,2,2-trichloroethyl pyridazin—3—ylcarbamate
and 1-(5-phenylpyridin-3-yl)piperazine dihydrochloride in a
manner similar to that of Example 3.
'H NMR (CDCl3) &: 3.30 - 3.54 (4H, m), 3.64 - 3.78 (4H, m),
7.38 - 7.61 (5H, m), 7.75 (ZH, d, J - 7.2 Hz), 8.03 (1H, d,
J = 8.4 Hz), 8.34 (2H, 4, J = 6.8 Hz), 8.86 (1H, s), 10.01
(1H, s).
Example 62
4- (6-phenylpyridin-2-yl)-N-pyridin-3-ylpiperazine-1-

carboxamide
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at room tenperature under nitrogen atnosphere and the
10 reaction was degassed, and heated under reflux for
5 hours. The reaction was distilled off under reduced
pressure, and to the residue was added ethyl acetate
and water followed by extractdd. The extract was
washed with saturated brine and dried over anhydrous
sodi um sul fate, and the solvent 15 was distilled off
under reduced pressure. The residue was purified by
~xal um chromat ogr aphy (petrol eum

( = 5:1) to obtain tert-butyl 4-(6-
i perazi ne-1-carboxylate (8.00 g,
: ert-butyl 4-(6-phenyl pyridin-2-
pi per azi ne-1 -carboxyl ate (8.00g) in 4N hydrogen
was stirred at room
a solid was

134 tenperature for 14|hou
separated by filtratiéh to nthe title conpound
(5.20 g, 81% . 1H NWR (DNSOwj 6: 3.12 - 3.22 (4H

m, 3.82 - 3.90 (4H, , 6.92 (1H, d, J = 8.4 Hz),
?L3h:(¥i tthn J<¥rH@~ 38 zirfe AiKEkodLoridd
1 f%’]lspyll zygplp lJe—7y?drjj,9Ol

(2H S} £ tert-butyl 4-(6-b din-2-
4-(6-p enylpyrlé?ﬁxa yO -N-Sfrldﬁny ylpléeraé?$EPle T

FALBOATAS The 1415 SOIPOUNG G101, 39, 25 Amol)  and

prepar e

E%hdl qb |Q%rldln(; ylgp%ﬂgra2|ne 4Q|der8ﬁgh9rid§n 1,2-

e |1 socCyanate 1 n a r‘rann
dimethoxyethane-water (300 ml, Vpwr:Vazo = 10:1) was added
sodium -carbonate (6.22 g, 58.7 mmol) and

tetrakistriphenylphosphine palladium (1.01 g, 0.880 mmol)
at room temperature under nitrogen atmosphere and the
reaction was degassed, and heated under reflux for 5 hours.
The reaction was distilled off under reduced pressure, and
to the residue was added ethyl acetate and water followed
by extracted. The extract was washed with saturated brine
and dried over anhydrous sodium sulfate, and the solvent
was distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (petroleum
ether:ethyl acetate = 5:1) to obtain tert-butyl 4-(6-
phenylpyridin-2-yl)piperazine-l-carboxylate (8.00 g, 70%).
A solution of tert-butyl 4-(6-phenylpyridin-2-
yl)piperazine-l-carboxylate (8.00q) in 4N hydrégen

chloride-ethyl acetate (100 ml) was stirred at room



simlar to that of Exanple 31. 1H NVR (DMSO d6) 6:
3.58 - 3.73 (84, m , 6.87 (1H, d, J = 8.4 Hz), 7.20
- 7.30 (2H, m), 7.37 - 7.50 (3H, n), 7.65 (1H, 15 t,
J =7.8H), 7.91 (1H d, J =84 Hz), 8.05 (2H d, J
= 7.6 Hz), 8.16 (1H d, J = 4 Hz), 8.67 (1H, d, J =
2.0 Hz), 8.82 (1H s). Exarrple 63

- N- (3, 4-di met hyl i soxazol -5-yl)-4-(6-phenyl pyridin-2- 20

yl ) pi perazi ne-|1-carboxamde H CH3 N7 H3C, ONN ~
tempe35tuThe 01| d Lohpound 260 ayso849) WasSa sHqepted by

was prepared from 2,2, 2-trichl oroet hyl
f@Etéadﬁwethplbsomamothﬁ-tytﬂeapbmp@v@daﬁ@-ZO g, 81l%).

1- (6- phenyl pyridi n-2-yl)pi perazi ne dihydrochloride in

'@ NHRne(rDl\@ionCidIGar St:0 3.4t -of 3ERANIKE,3m)5 THANMWR- 3.90 (4H,

(DMSO-d6) S: 1.75 (3H, s), 2.12 (3H, s), 3.54 - 3.68
m68H6 T, 61184 (ilHJd? .z 824, Hz7) 377.2BH(1H, d J #.2 Hz),

.2 Hz), 7.35 - 7.40 (1H, m, 7.40 - 7.48 (2H, m,

7?3@4 (3H47t ,(38,=m)§. @ .H2) ,(1& 03,(2H= ddg d.3,884021.BH, d,

Hz), 9.23 (1H, s). Exanple 64
J = 7.2 Hz), 9.64 (2H, br s).

(2) 4- (6-phenylpyridin-2-yl)-N-pyridin-3-ylpiperazine-1-
carboxamide

The title compound (110 mg, 36%) as a solid was

prepared from 1- (6-phenylpyridin-2-yl)piperazine
dihydrochloridev and 3-pyridine isocyanate 1in a manner
similar to that of Example 31.
'H NMR (DMSO-d¢) &: 3.58 - 3.73 (8H, m), 6.87 (1H, d, J =
8.4 Hz), 7.20 - 7.30 (2H, m), 7.37 - 7.50 (3H, m), 7.65 (1H,
t, J = 7.8 Hz), 7.91 (1H, d, 0 = 8.4 Hz), 8.05 (2H, d, J =
7.6 Hz), 8.16 (1H, 4, J = 4.0 Hz), 8.67 (1H, 4, J = 2.0 Hz),
8.82 (1H, s).
Example 63
N-(3,4-dimethylisoxazol-5-yl)-4-(6-phenylpyridin-2-

yl)piperazine-l-carboxamide

NzT

CH, O —\
H,C &

| AN N N/ —-
N—
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4- (6- phenyl pyri di n-2-yl)-N-pyridazi n-3-yl pi perazi ne-1I -
carboxam de aNN H N~~IIN\ O NI, N The title

compound (109 ny, 35% as a solid was prepared from
2,2,2-trichloroethyl pyridaziii3-yl carbamate 15 and

1- (6- phenyl pyri di n-2-yl) pi perazi ne di hydrochl oride in

a nmanner simlar to that of Exanple 3. 1H NMR

(DMBO-d6) 5: 3.62 - 3.72 (84, m, 6.85 (1H, d, J =

8.4 WHpp, 7ipbe(1¢pmpound= R0 Hxg, 7838)- Fs4& (m\ylid was
m, 7.43 - 7.50 (2H,m, 7.57 (1H, dd, J = 8.8, 4.4
PHepargd64r2d @1H, 2ttrichlgroelhyl 7399-dige@hy(l3™oxapol-5-
8.84 (1H, d, J = 4.4 Hz), 9.96 (1H, s). 136 Exanple
yBbcarbamate and 1-(6-phenylpyridin-2-yl)piperazine
4- (6- phenyl pyrazi n-2-yl)-N-pyridi n-3-yl pi perazi ne-| -
dearbevanide iNeNinHE MaNderNsImilhrTeot thatylof Example 3.
4- (6-chl oropyrazi n-2-yl ) pi perazi ne-1- carboxyl ate
'Yy NMR (DMSO-dg) &: 1.75 (3H, s), 2.12 (3H, s), 3.54 - 3.68

(8H, m), 6.84 (1H, d, J = 8.4 Hz), 7.25 (1H, d, J = 7.2 Hz),
7.35 - 7.40 (1H, m), 7.40 - 7.48’(2H, m), 7.64 (l1H, t, J =
8.0 Hz), 8.03 (2H, dd, J = 8.4, 1.6 Hz),‘9.23 (1H, s).
Example 64

4~ (6-phenylpyridin-2-yl)-N-pyridazin-3-ylpiperazine-1-

carboxamide

~_ X

Ll

O N\N/

The title compound (109 mg, 35%) as a solid was
prepared from 2,2,2—trichloroe£hyl pyridazin-3-ylcarbamate
and 1-(6-phenylpyridin-2-yl)piperazine dihydrochloride in a
manner similar to that of Example 3.

'H NMR (DMSO-d¢) &: 3.62 - 3.72 (8H, m), 6.85 (1H, d, J =
8.4 Hz), 7.25 (1, d4, J = 7.2 Hz), 7.36 - 7.42 (1H, m),
7.43 - 7.50 (2H,m), 7.57 (l1H, dd, J = 8.8, 4.4 Hz), 7.64
(1§, t, 0 = 8.0 Hz), 7.99 - 8.07 (3H, m), 8.84 (1lH, d, J =

4.4 Hz), 9.96 (1lH, s).
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To a solution of 2,6-dichloropyrazine (15.0 g, 0.100
mol) in acetonitrile (300 m) was added tert-butyl

pi per azi ne-|-carboxylate (38.0 g, 0.22 nol) and heated
10 under reflux for 14 hours. The reaction was
distilled off under reduced pt®essure and to the

resi due was added nethylene chloride and water

foll owed by extracted. The extract was washed with
saturated brine, dried over anhydrous sodium sulfate,
Egndptiee 650l vent was distilled off 15 under reduced
pressure. The residue was crystallized from
4di(ét-ppeatyRey ree iobRaiyd ) tile pittildd ncemydwrid e2@.10eg, 1 -
67% as a solid. 1H NWR (CDC13) 6: 1.44 (9H, s), 3.50
carBox@mi8d, m, 7.81 (1H, s), 7.95 (1H, s). 20 (2)
2-pheny|-6-piperazin-1-y|pyrazine di hydrochl oride To a
solution of tert-butyl 4-(6-chloropyrazin-2 137

yl) pi perazi ne-| -car oxy (13.0 g, 43.6 nmol) and
phenyl bor oni c aC|d 165 4 mol ) in anhydrous
ene (400 Npot assi um phosphate (18.5

osphlno)-9,9-dinethylxanthene (1.00
') and trisdi benzylideneacetone

dlpalla~i (251 nmg, O0.44 mmol) under nitrogen
atnnspher%, and the reaction was degassed and heated
under reflux for 14 hours. The reaction was distilled

Qided nECRGTEHEY Eh or 1 el Gt bk ST BI I, ﬁ”epl”i@esrazme 1-

carboxylate

To a solution of 2,6—di¢hloropyrazine (15.0 g, 0.100
mol) in acetonitrile (300 ml) was added tert-butyl
piperazine—i—carboxylate (38.0 g, 0.22 mol) and heated
under reflux for 14 hours. The reaction was distilled off
under reduced pressure and to the residue was added
methylene chloride and water followed by extracted. The
extract was washed with saturated brine, dried over
anhydrous sodium sulfate, and the solvent was distilled off
under reduced pressure. The residue was crystallized from

diethylether to obtain the title compound (20.0 g, 67

ow

) as
a solid.

'y NMR (CDCl3) &: 1.44 (9H, s), 3.50 - 3.59 (8H, m), 7.81
(1, s), 7.95 (1H, s).

(2) 2-phenyl-6-piperazin-l-ylpyrazine dihydrochloride

To a solution of tert-butyl 4-(6-chloropyrazin-2-
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10 by extracted. The extract was washed w th saturated
brine, dried over anhydrous sodiumsulfate, and the
solvent was distilled off under reduced pressure. The
residue was purified by silica gel colum
chr omat ogr aphy (petrol eum ethel:ethyl acetate = 5:1)
to obtain tert-butyl 4-(6 15
phenyl pyrazi n- 2-yl ) pi perazi ne-1-carboxyl ate (6.23 g,
429% . A solution of tert-butyl 4-(6-phenyl pyrazin-2-
vy) pppperazihrelrceabbayybaee (61230g) d/n 4RBhGdr ggeml)  and
chloride-ethyl acetate (100 nl) was stirred at room
phenpébatonecf eci@ H6UPS gnd 6a .doking lhag nsepayaredsbyoluene
20 filtration to obtain the title conpound (5.30 g,
(989) m11HvANRaEBYBOpdGR s51iud. bbospBa2e ((48,. 5mp, 3792 mmol),
(4H, t, J = 4.2 Hz) , 7.41 - 7.56 (3H, m , 8.09 (2H,
498-bd s¥d7pBendiPhobiphing) 38, OFding)khy8xahthtHe s)(1.00 g,
9.52 (2H, br s). (3)

14766mpReNy LR 22 BudphkyhH Phedica+3nyl piipenazidiem -(251 mg,
25 carboxam de 138 The title conpound (330 ny, 859@

Oa§4anﬁﬁh' MRS PrEPA &L A FOFhosphere, and the reaction was
2- phenyl - 6- pi perazin-1-yl pyrazine di hydrochl ori de and

RIS ne-bonyarme ugeTamDeruyoLBan o fdpla o one

r$a§glon$ﬁ§%ggiftﬁ¥léd %ﬁg(%ﬁb gdre u%eé é%?ﬁgg%iland to
ge3fe€iﬁueSYas aggz 1ﬁet§yle rlde andSWa%er @%&lowed
by extracted. The extract was washed with saturated brine,
dfied over anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (petroleum

ether:ethyl acetate = 5:1) to obtain tert-butyl 4-(6-

"phenylpyrazin-2-yl)piperazine-l-carboxylate (6.23 g, 42%).

A  solution of  tert-butyl  4-(6-phenylpyrazin-2-
yl)piperazine-l-carboxylate (6.23 g) in 4N  hydrogen
chloride-ethyl acetate (100 ml) was stirred at zroom
temperature for 7 hours and a solid was separated by
filtration to obtain the title compound (5.30 g, 93%).

'H NMR (DMSO-dg) &: 3.10 - 3.29 (4H, m), 3.93 (4H, t, J =
4.2 Hz), 7.41 - 7.56 (3H, m), 8.09 (2H, dd, J = 7.8, 1.0
Hz), 8.38 (1H, s), 8.55 (1H, s), 9.52 (2H, br s).

{3) 4- (6-phenylpyrazin-2-yl)-N-pyridin-3-ylpiperazine-1-

carboxamide
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(1H, d, J = 2.8 Hz), 8.80 (1H, s). 10 Exanple 66

N- (3, 4-di net hyl i soxazol -5-yl)-4-(6-phenyl pyrazi n- 2-

yl ) pi per azi ne- 1-car boxam de H OFCH N N 3N O H 3C The
title conpound (300 ng, 64% as a solid was 15

prepared from 2,2, 2-trichl or oktthyl

(3, 4-di net hyl i soxazol -5- yl)carbanmate and

2- phenyl - 6- pi perazi n-1-yl pyrazine dihydrochloride in

a manner simlar to that of Exanple 3. 1H NWR

( DVSOhg6) thtle, 7@omBeung) , (300 BH, 89)) 3281 a Fehid was
(4H, m, 3.66 - 3.75 (4H m, 7.41 - 7.49 (3H, m,
p8e®hre0 8.07 (fz2iem n), 8. IphbHyls)o-EB.pEs yzik-Is)ylpyrazine
9.23 (1H, br s). Exanple 67 139

dAhyGrpléiylrpiyieaz iamd2 - WE-jpyiipyimed aziso3raplgiieperiari ree- Imanner
carboxamide N NNH NN N. The title conpound (340

s 12 cagshatselfi Exsaple 31.

'H NMR (DMSO-d¢) &: 3.58 - 3.66 (4H, m), 3.66 - 3.75 (4H,
m), 7.24 (1lH, dd, J = 8.4, 4.4 Hz), 7.38 - 7.52 (3H, m),
7.86 (1H, dd, J =), 8.05 (2H, dd, J = 8.2, 1.4 Hz), 8.13
(1H, dd, J = 4.8, 1.2 Hz), 8.31 (1H, s), 8.45 (1H, s), 8.63
(l1H, 4, § = 2.8 Hz), 8.80 (1H, s).

Example 66 |
N-(3,4-dimethylisoxazol-5-yl)=-4-(6-phenylpyrazin-2-

yl)piperazine-l-carboxamide

0]
H N
/_ N N__/N——<§/JL\ o
CH,
N:>——N \ / \\\O HBC

The title compound (300 mg, 64%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl) carbamate and 2-phenyl-6-piperazin-l-ylpyrazine
dihydrochloride in a manner similar to that of Example 3.
'y NMR (DMSO-d¢) &: 1.73 (3H, s), 2.10 (3H, s), 3.51 - 3.61
(4H, m), 3.66 - 3.75 (4H, m), 7.41 - 7.49 (3H, m), 8.04 -
8.07 (2H, m), 8.30 (1H, s), 8.45 (1H, s), 9.23 (1H, br s).

Example 67
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5 prepared from 2,2, 2-trichl oroet hyl
pyri dazi n- 3-yl carbamat e and
2- phenyl - 6- pi perazi n-1-yl pyrazi ne di hydrochloride in a
manner simlar to that of Exanple 3. 1H NVR (DVSO d6)
5. 3.63 - 3.75 (8H, m), 7.43139.49 (3H m, 7.55
(1H, dd, J =8.8, 4.4 Hz), 7.98 (1H dd, J = 9.0, 10
1.4 Hz), 8.05 (2H, dd, J =8.0, 1.6 Hz), 8.30 (1H, s),
8.45 (1H, s), 8.82 (1H, dd, J = 4 4, 1.2 Hz), 9.96
4¢ 16 pe¥nyErpnpken68-yl) -N-pyridazin- 3- ylplpera21ne 1-
4- (6- phenyl pyri m di n-4-yl)-Npyridin-3-yl pi perazi ne-1I -
ceabbrxamide O N NN Hao-r N N/ N 15 (1)
Tert-butyl 4-(6-chloropyrimdin-4-yl)piperazine-|I -
carboxylate 140 To a solution of

4, 6-di chl oropyri m diyne g, 0.100 nol) in
N, N-di et hyl f or mami de ( 50 ) was added tert-butyl
pigerazi ne- | - xyharex(22. 0 g, 0.12 nol) and

hylan1ne (120 gH'0.12 nol), and the m xture was

5= - )] tenperature for 14 hours. The
reactlom poured into water and extracted with
mathyle~et\I | oride.

The title compound (340 mg, 57%) as a solid was
prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate
and 2-phenyl-6-piperazin-l-ylpyrazine dihydrochloride in a
manner similar to that of Example 3.

'H NMR (DMSO-dg¢) d: 3.63 - 3.75 (8H, m), 7.43 ~ 7.49 (3H,

. m), 7.55 (1H, dd4, J = 8.8, 4.4 Hz), 7.98 (1H, dd, J = 9.0,

1.4 Hz), 8.05 (2H, dd, J = 8.0, 1.6 Hz), 8.30 (1H, s), 8.45
(14, s), 8.82 (1H, dd, 0 = 4.4, 1.2 Hz), 9.%6 (1H, s).
Example 68

- (6-phenylpyrimidin-4-yl)-N-pyridin-3-ylpiperazine-1-

carboxamide
o /l
M Ao
(\NN
\)H
e
N._~N
(1) Tert-butyl 4- (6-chloropyrimidin-4-yl)piperazine-1-

carboxylate
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The extract was washed with saturated brine, dried

over anhydrous sodium sul fate, and the sol vent was
distilled off under reduced pressure. The resi due was
crystallized from 10 diethylether to obtain the title
conmpound (15.0 g, 509 as a 5¥id. 1H NWR (CDC13) 5:

1.45 (9H, s), 3.41 - 3.53 (4H, m, 3.55 - 3.65 (4H,

m, 6.47 (1H, s), 8.35 (1H s). (2)

4- phenyl - 6- pi perazi n-1-yl pyri m di ne di hydrochl ori de 15

To aTsolutiodrmtafont extt 4bh ety ch-LEg-ophirdrdgyimien dion04g, 0.100
yl ) pi perazi ne-| -carboxylate (12.0 g, 40.3 mmol) and

mphie nyinb o, diridd maedhy L(EHrBidmg.de60.14 Ommdl)) wias sldedr aest-butyl
toluene (400 m) was added potassi um phosphate (17.0
pdped@zineril-rarboxylate (22.0 g, 0.12 mol) and
4, 5- bi s(di phenyl phosphi no) -9, 9-di net hyl xant hene (931
tHetdQ1hmBhemmol } . andg} rigdidbeneyl)i,dengacetROe mixture was
di pal 'adium (232 ng, 0.40 nmol) under nitrogen

satirpsphere a3od the ge%(%h'r‘én £as 1 4dererat.ed ard heatedn was
under reflux for hours. The reaction was distilled

pgglé gan 56%{%@&1 RIEFSHLe raBdeLio e ﬁl@%hgy@n&\’a%hlorlde
e y ene chl oride and mater follomed

tr The e S sat ted
iy n%?*li%at %%ﬁ%%‘iﬁ%dﬁ’%ﬁféﬁ%%%%%%%% TitvSve, dghgd over
t e solvent \was |IIed off under uced p

e reS|d58d%§§'sﬁﬂ§$flédaby SPl i &8 g& dcbo dlé%filed off

ronat o rap y]%%%troleun% ether; Sagyaagc%&%%%allﬁigh from

up SObtt&i %Hr%_( resi
Boopiie LT 1)1 56 ] e 2080y 46 (5,50 8,

a solid.
'H NMR (CDCl3) &: 1.45 (9H, s), 3.41 - 3.53 (4H, m), 3.55 -
3.65 (4H, m), 6.47 (1H, s), 8.35 (1lH, s).
(2) 4-phenyl-6-piperazin-l-ylpyrimidine dihydrochloride

To a solution of tert-butyl 4-(6-chloropyrimidin-4-
yl)piperazine-l-carboxylate (12.0 g, 40.3 mmol) and
phenylboronic acid (7.37 g, 60.4 mmol) in anhydrous toluene
(400 ml) was added potassium phosphate (17.0 g, 80.5 mmol},
4,5-bis (diphenylphosphino)-9,9-dimethylxanthene (931 mgqg,
1.61 mmol) and trisdibenzylideneacetone dipalladium (232 mg,
0.40 mmol) under nitrogen atmosphere and the reaction was
deaerated and heated wunder reflux for 14 hours. The
reaction was distilled off under reduced pressure and to
the residue was added methylene chloride and water followed

by extracted. The extract was washed with saturated brine,
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A solution of tert-butyl 4-(6-phenyl pyrim din-4-

yl ) pi perazi ne-|-carboxylate (5.50 g) in 4N hydrogen

chl oride-ethyl acetate (100 m) was stirred at room
tenperature for 6 hours and a solid was separated by

10 filtration to obtain the ti4}e conpound (5.00 g,

99% . 1H NWR (DVMBO-d6) b: 3.20 - 3.30 (4H, m, 4.15 -

4.22 (4H, m, 7.57 - 7.67 (4H, m, 8.12 (2H, d, J =

6.8 Hz), 8.84 (1H, s), 9.84 (2H, br s). (3)

d4ie6- ghenylgyhyﬁrduﬁ 4Kyh}ﬂ¢+®wlf@¢©rSayﬁpﬂﬁéTaﬁphéeFt was
15 carboxam de The title conpound (410 ng, 91% as a
dseliid 1wds off eparded f reduced pressure. The residue was
4- phenyl - 6- pi perazi n-1-yl pyri m di ne di hydrochl ori de
pard £3epyribdi nel lisecy grat ecohuan marinesma tso g d @iy t o ettatol eum
of Exanple 31. 20 1H NWR (DMSO-d6) 5: 3.56 - 3.59 (4H,
efther3etbyl 3ad8thdl, =mM5;1y. 250 (ldhtdith texB-Bhtyl 44-
Hz) , 7.33 (1H, d, J = 1.2 Hz), 7.46 - 7.49 (3H m,
pée%?lpy?i&ﬁdﬁ%HA @h p&f%%a21%eli c%%ﬁﬁ;?ﬂat% 98 .GYHg, 409).

8.81 (1H,
S). 25 £9 W2 tert-butyl 6-phenyl, din-4-
N- (3, 4 g%ﬁﬂg%fflsoxazol %r )?4y(6 phénylpi??hp rl%f e
yX'kEb%% %Eh@gllc%§%%%§%gk%e F%QSN in 4N  hydrogen
chloride-ethyl acetate (100 ml) was stirred at room

temperature for 6 hours and a solid was separated by
filtration to obtain the title compound (5.00 g, 99%).
'H NMR (DMSO-dg) &: 3.20 - 3.30 (4H, m), 4.15 - 4.22 (4H,
m), 7.57 - 7.67 (4H, m), 8.12 (2H, d, J = 6.8 Hz), 8.84 (1H,
s}y, 9.84 (2H, br s).
(3) 4~(6—phenylpyrimidin—4—yl)—N—pyridin—3—ylpiperazine—l—
carboxamide

The title compound (410 mg, 91%) as a solid was
prepared from 4-phenyl-6-piperazin-l-ylpyrimidine
dihydrochloride and 3-pyridine isocyanate 1in a manner
similar to that of Example 31.
4 NMR (DMSO-d¢) &: 3.56 - 3.59 (4H, m), 3.76 - 3.79 (4H,
m), 7.25 (1H, dd, J = 8.4, 4.4 Hz), 7.33 (1H, 4, J = 1.2
Hz), 7.46 - 7.49 (3H, m), 7.85 - 7.88 (1H, m), 8.12 - 8.15
(3H, m), 8.58 (1H, d, J = 0.8 Hz), 8.63 (1H, d, J = 2.4 Hz),
8.81 (1H, s).

Example 69
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CH3 NOHC The title conpound (380 ng, 81% as a
solid was 5 prepared from 2,2, 2-trichl oroet hyl
(3, 4-di net hyl i soxazol -5- yl)carbanate and
4- phenyl - 6- pi perazi n-1-yl pyri m di ne di hydrochl ori de
in a manner sinilar to that of*®xanple 3. 1H NMR
(DVMSO-d6) 6: 1.73 (3H, .s), 2.10 (3H, s), 3.50 - 3.58
(4H, m, 3.75 - 3.80 (4H m, 7.33 (1H, s), 7.46 -
748(3H 10 m, 812 - 8.15 (2H, m, 8.57 (1H, d, J =
NG (S, prlm@tgyyxgqxaqngQ—yq5G%ﬂﬁQgpﬁynylpyrlmldln 4-
4 (6- phenyl pyrim di n-4-yl)-Npyridazi n-3-yl pi perazi ne-
y1-) pdgrehmamede -Qafiydganyded ar--~-rH ON N 15 The
title conpound (220 ng, 49% as a solid was prepared
2,2,2-trichloroethyl pyridazin-3-ylcarbamate and
enyl - 6- pi perazin-1-yl pyrimdine dihydrochloride in
a manner simlaroto that of Exanple 3. 1H NWR

AV
( DVBQ-dB) 6/_2\55 Hggj“\(bm m, 3.72 - 3.80 (4H,
A VA \\O s -

H.C

The title compound (380 mg, 81%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 4-phenyl-6-piperazin-l-ylpyrimidine
dihydrochloride in a manner siﬁilar to that of Example 3.

'y NMR (DMSO-dg¢) ®: 1.73 (3H, s), 2.10 (3H, s), 3.50 - 3.58
(4H, m), 3.75 - 3.80 (4H, m), 7.33 (1H, s), 7.46 — 7.48 (3H,
m), 8.12 - 8.15 (2H, m), 8.57 (1H, 4, J = 0.8 Hz), 9.23 (1lH,
br s).

Example 70

4- (6-phenylpyrimidin-4-yl)-N-pyridazin-3-ylpiperazine-1-

carboxamide

The title compound (220 mg, 49%) as a solid was
prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate

and 4-phenyl-6-piperazin-l-ylpyrimidine dihydrochloride in
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.55 (1H, dd, J 9.0, 4.6 Hz), 7.98 (1H, dd,
.2, 1.2 Hz), 8.13 5 - 8.15 (2H, m, 8.57 (1H
.2 Hz), 8.81 - 8.82 (1H, m, 9.95 (1H, br s).
Exanpl e 71 143
4- (2- phenyl pyri di n-4-yl)-N-pyridin-3-yl pi perazi ne-| -
carboxamide H N NN 10 - ~/ O (1) Tert-butyl
4- (2-chl oropyridi n-4-yl)pi perazine-1- carboxylate To a
aspkhonheonsemidalr seotachbdr Bﬁwpérrené‘ -(15.0 g, 77.3
mol ) and tert-butyl piperazine-I-carboxylate (18.0
'H5NFR. 3 DMEo)del n daniBy.drious BobleddH( 400 ,m3J- Was— aédé@ (4H,
sodiumtert-butoxide (11.0 g, 116 nmol), 4, 5-
mbLSOdBphemﬁLpﬁosph#n@)%gﬁaediﬁemﬁykxanﬂﬁedéﬁoln84 g,-55> (1H,
2.32 mol) and trisdi benzyli deneacet one di pal |l adi um
d6445 m,9. 0. 7. amrd)), UNdes niky ogeén at sosphere,.camd), 8.13
the reaction was 20 degassed and heat ed under refl ux
_far114 Q@pr Thegyre@gtrqm was=di spi bked ef Biundaer.g82 (1H,
reduced pressure and to 144 the residue was added
n§t hyl sacqtat epand,water followed by extracted. The
extract was mashed ‘with saturated brine and dried
Egg%%l%nqxdrous sodi um sul fate, and the sol vent was

7.34 (1H, d, J = 0.8 Hz), 7.45 - 7.47 (3H, m
= J
d

4- (2-phenylpyridin-4-yl)-N-pyridin-3-ylpiperazine-1-

carboxamide

()
7N\ /N N\
N B hk—“d/N—ﬁgb Nv

(1) Tert-butyl 4- (2-chloropyridin-4-yl)piperazine-1-
carboxylate

To a solution of 4-bromo-2-chloropyridine (15.0 g,
77.3 mmol) and tert-butyl piperazine-l-carboxylate (18.0 g,
77.3 mmol) in anhydrous toluene (400 ml) was added sodium
tert-butoxide (11.0 g, 116 mmol) , 4,5-
bis (diphenylphosphino)-9,9~-dimethylxanthene (1.34 g, 2.32
mmol) and trisdibenzylideneacetone dipalladium (445 mg,
0.77 mmol) under nitrogen atmosphere, and the reaction was
degassed and heated under reflux for 14 hours. The

reaction was distilled off under reduced pressure and to
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distilled off under reduced pressure. The residue was

5 purified by silica gel colum chromat ography

(petroleum ether:ethyl acetate = 5:1) to obtain the

title conpound (16.0 g, 70%_ as a solid. 1H NWMR

(CDC13) 5: 1.45 (9H, s), 3.30'443.32 (4H, m), 3.52 -

3.54 (4H m, 6.52 - 6.55 (1H, m, 6.01 (1H, s), 7.97

- 10 8.04 (1H, m (2)

1-(2-pheny|pyridin-4-y|)giperazine di hydrochl ori de_To
thesolagiidie ofas epddpdt gthal( 2aefadro@nd dvatqr followed by
yl ) pi perazi ne-| -carboxylate (16.0 g, 53.7 mmol) and
ephignyitibor. onTheaeixd ree.L80ag, WGBS dMBIth iss tarmidddpsrine and
tol uene 15 (500 m ) was added potassi um phosphat e

d22d8 gyed0Znhydkdps sodium sulfate, and the solvent was

4, 5- bi s(di phenyl phosphi no) -9, 9-di net hyl xant hene (1. 24
dgsti2lthl nodE) wnikit r irediukenzybrdeseacet on€he residue was
di pal  adium (309 ng, 0.54 nmol) under nitrogen

patrigseler gy aih ide react cenuwas cliegassegr apidy he@teatrol eum
under reflux for 20 hours. The 20 reacti on was

gt lked10f f capdes redyced pressptgiaNdHO tihee compound
resi due was added ethyl acetate and water followed by

(&%l 102Gt ed.oqThe Xt 16t mas washed with saturated
brine,” dried over anhydrous sodiumsulfate, and the

180 MENt RS, distil hed gfif under reducedspressure; The s, -
ué § s

I esi Was~25 purified ifica gel colum

325%?nﬁh99r$§hye§eﬁgrol%g 14( Jegggf:%ygxl ﬁgﬁta£§,:7_97 _

0 ‘obtaf n t'er't - but'yl ~4-
%;%Hexr%gkn-4-yl)plperazqne-I-carboxyIate (8.00 g,

g
(2) 1-(2-phenylpyridin-4-yl)piperazine dihydrochloride
To a solution of tert-butyl 4-(2-chloropyridin-4-

yl)piperazine-l-carboxylate (16.0 g, 53.7 mmol) and
phenylboronic acid (9.80 g, 80.5 mmol) in anhydrous toluene
(500 ml) was added potassium phosphate (22.8 g, 107 mmol),

4,5-bis (diphenylphosphino) -9, 9-dimethylxanthene (1.24 g,

2.15 mmol) and trisdibenzylideneacetone dipalladium (309 mg,
0.54 mmol) under nitrogen atmosphere, and the reaction was
degassed and heated under reflux for 20 hours. The
reaction was distilled off under reduced pressure and to
the residue was added ethyl acetate and water followed by
extracted. The extract was washed with saturated brine,

dried over anhydrous sodium sulfate, and the solvent was

distilled off under reduced pressure. The residue was

purified by silica gel column chromatography (petroleum
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A solution of tert-butyl 4-(2-phenylpyridin-4-

yl ) pi perazi ne-|-carboxylate (8.00 g) in 4N hydrogen 5

chl oride-ethyl acetate (120 m ) was stirred at room
tenperature for 6 hours and a solid was separated by
filtration to obtain the titl¥Tonpound (7.20 g, 98%.

1H NV\R (DMSO-d6) 5: 3.73 - 3.93 (4H, m, 4.00 - 4.15

(4H m , 7.26 (1H, dd, J =7.2, 2.0 Hz) , 7.50 (1H

d, J =20 10 Hz), 7.54 - 7.64 (3H m), 8.02 (2H, dd,
eghergeghyi. 6ap|2)tates 29 $1H dtoJ obtrIn HAertrpwyl 4-(2-
(2H, br s). (3

pheh @l phenghipydi-diln p4 pplrpzNngyli-diarodxyllpitger(@zi0fe o - 44%) .
carboxam de The title conmpound (200 ny, 44% as a

sol i d wasoliSipnepargd fremt-butyl 4- (2-phenylpyridin-4-
1- (2- phenyl pyri di n-4-yl) pi perazi ne di hydrochl oride
yangi3epyriitdienre -caedyaRdiee N asmaonerg) si ol ar4to thatrogen
of Exanple 31. 1H NWVR (DMSO-d6) 5: 3.38 - 3.51 (4H

cﬂhor3d55eth§l67a&@ﬂatéﬁ,(ﬁﬁ@z:&ﬂfﬁ Hds JsEi6rBd 224 room
Hz), 7.24 (1H, J =8.4, 4.4 20 Hz), 7.30 - 7.47 (4H,

tghgeZa%@relkkogd 6J owrd, eﬂxﬁ Et)so§194 &351 §@baﬁbted by
) 13 (1H, dd, J = 1.6

f&&@ra@&oﬁ To ob@aH%)the tQ%lgl%oﬂﬁou%d‘ %‘%dﬂ@ 98%
8. 80 s). Exanple

e §R4 %Mfé%t ! %Oxasz%5 yb) 94 (Ghey! Pyréglin- 4. %6
plpera2|ne car boxam d

m), 7.26 (1H, dd, J§ = 7.2, 2.0 Hz), 7.50 (1lH, 4, J = 2.0
Hz), 7.54 - 7.64 (3H, m), 8.02 (2H, dd, J = 8.0, 1.6 Hz),
8.29 (1H, d, 0 = 7.2 Hz), 10.01 (2H, br s).
{3) 4-(2-phenylpyridin-4-yl)-N-pyridin-3-ylpiperazine-1-
carboxamide

The title compound (200 mg, 44%) as a solid was
prepared from 1-(2-phenylpyridin-4-yl)piperazine
dihydrochloride and 3-pyridine isocyanate 1in a manner
similar to that of Example 31.
'H NMR (DMSO-dg) &: 3.38 - 3.51 (4H, m), 3.55 - 3.67 (4H,
m), 6.82 (lH, dd, J = 6.0, 2.4 Hz), 7.24 (1H, J = 8.4, 4.4
Hz), 7.30 - 7.47 (4H, m), 7.86 (1H, dd, J = 5.6, 1.2 Hz),
8.04 (2H, dd, J = 8.4, 1.2 Hz), 8.13 (1H, dd, J = 8.4, 1.6
Hz), 8.25 (1H, d4, J = 5.6 Hz), 8.63 (1H, 4, J = 2.4 Hz),
8.80 (1H, 55.
Example 72

-{(3,4~dimethylisoxazol-5-yl)-4-(2-phenylpyridin-4-
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HO~N O H 3C The title conpound (350 ng, 74% as a

solid was prepared from2,2,2-trichl oroethyl

(3, 4-di net hyl i soxazol -5- 5 yl)carbamate and

1- (2- phenyl pyri di n-4-yl) pi perazi ne di hydrochloride in

a manner simlar to that of Béfmple 3. 1H NWR

(DVMBO-d6) 5: 1.73 (3H, s), 2.10 (3H, s), 3.40 - 3.50

(4H, m, 3.52 - 3.61 (4H, m, 6.80 (1H, dd, J = 6.0,

2.4 Hz) , 7.30 - 7.45 (4H m , 8.03 (2H, dd, J =

vé)eirerazipp-l-rerdoxamity d, J = 6.0 Hz), 9.27 (1H,

br s). Exanple 73

4- (2- phenyl pyridi n-4-yl)-Npyridazi n-3-yl pi perazi ne-| -

ca xamde NN HN CNN-~\ J/ -<\O 15 The title
poynd (100 ng, 33% as a solid was prepared from

, 2, /trichloroethyl yridazin-3-yl carbamate and

1- (2- phenyl pyridin-4- Yl )pl petazi ne di hydrochl oride in

a 147 /7 manner/sim |l ar/ to \\h of Exanple 3. 1H NMWR

( DVBQL d6) /B .65N-‘<\72 4H, ¢y, 3.81 - 3.92 (4H,

i
4
2

=L 7. 1H oK. 43 (1H d, J = 2.0 Hz), -
7.53 - 7.67 (4H, nm), 7.83 -~ 7.91 (2H n), 8.02 (1H d,
J =9.2 H),

The title compound (350 mg, 74%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 1—(2-phenylpyridin—4—yl)piperazine
dihydrochloride in a manner similar to that of Example 3.
'H NMR (DMSO-dg) &: 1.73 (3H, s), 2.10 (3H, s), 3.40 - 3.50
(4H, m), 3.52 - 3.61 (4H, m), 6.80 (1H, dd, J = 6.0, 2.4
Hz), 7.30 - 7.45 (4H, m), 8.03 (2H, dd, J = 6.6, 1.4 Hz),
8.24 (1H, d, J = 6.0 Hz), 9.27 (1lH, br s).

Example 73
4- (2-phenylpyridin-4-yl)-N-pyridazin-3-ylpiperazine-1-

carboxamide

H N=N
: N

/ . _<\__/>
K S
= O

The title compound (100 mg, 33%) as a solid was

prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate

and 1-(2-phenylpyridin-4-yl)piperazine dihydrochloride in a
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58.27 (1H d, J =7.6 Hz), 8.85 (1H, d, J = 3.6 Hz).
Exanpl e 74

4- (2- phenyl pyrim di n-4-yl)-N-pyridin-3-yl pi perazi ne-1 -
carboxamde H CQN ON 10 (1) Tert-butyl

4- (2-chl oropyri m di n-4-yl)pi ‘azine-1- carboxyl ate To

a solution of 2,4-dichloropyrimdine (50.0 g, 0.338

mol ) in ethanol (500 m) was added tert-butyl

pi perazi ne-|- carboxylate (62.8 g, 0.338 nol) and
ngpaeanchpdiegeolShesr pénxemps6. 8-g, 0.676 nol) and
1heated under reflux for 1.5 hours. The reaction was

§i NMBr d@M&d dshe of:i [3-redt e was72cdAdentwat ed.8To-t Re92 (4H,
resi due was added net hyl ene chloride and water
mf ol [7oieéd by7 @ r cH edm) The . 4%t r(dét, was hashed0 #Weth 7.53 -
saturated brine, dried over anhydrous sodi um sul f at e,
72@7andHt he) solfvent —~was odi stHl, | edl , ofsf. oendan,r eéduded 9.2 Hz),
pressure. The residue was purified by silica ge

gcohumu}48, cheomatography .@pet(nal,eun et ke . &t hygl) .

acetate = 10:1) to obtain the title conpound (40.0 g,

EggﬁilelH4NNR (CDC13) 5: 1.49 (9H, s), 3.46 - 3.53 (4H,
: - 3.69 (4H, n) 6.40 (1H, d, J = 6.4 Hz),

48 Qﬁpﬁgﬁylgyrimldl§ Q- lwlhh yridin-3-ylpiperazine-1-

carboxamide

v
(O e A
— Vg

(1) Tert-butyl 4-(2-chloropyrimidin-4-yl)piperazine-1-
carboxylate

To a solution of 2,4-dichloropyrimidine (50.0 g, 0.338
mol) in ethanol (500 ml) was added tert-butyl piperazine-1-
carboxylate (62.8 g, 0.338 mol) and sodium hydrogen
carbonate (56.8 g, 0.676 mol) and heated under reflux for
1.5 hours. The reaction was filtered and the filtrate was
concentrated. To the residue was added methylene chloride
and water followed by extracted. The extract was washed
with saturated brine, dried over anhydrous sodium sulfate,

and the solvent was distilled off under reduced pressure.

The residue was purified by silica gel column
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: 610) JA sold g)tll

(2) 2-phenyl -4-piperazin-|-yl pyrimdine

di hydrochl oride To a solution of tert-butyl

4- (2-chl oropyri mdi n-4- yl)piperazine-I|-carboxyl ate

(13.0 g, 43.5 mmol) and phenyl boronic acid (7.95 g,

65.2 mmol ) in anhydrous tol uéifé 10 (500 ml) was added

pot assi um phosphate (18.4 g, 87.0 mmol),

4, 5- bi s(di phenyl phosphi no) -9, 9-di et hyl xant hene (1. 00

g, 1.74 mmol) and trisdi benzyli deneacetone
chrpaktadiraphy25@atg;olanm3ehelky cthddr ateagen= 10:1) to

at nosphere, and the reaction was degassed and heated
obhdén tkel axtlier ctrhiphouds.(4The &5 A€&ceti on was

distilled off under reduced pressure and to the
‘i aeMRIUCCD@E; )addedl g hydenes chl ®rife—ald5datéH, m), 3.62 -
followed by extracted. The extract was washed with
3sgpur@ued ror,i ne,40drirgd ayers anhgdsous)sodi.wm sulf ate, J =

and the solvent was distilled off under reduced

sbnegsyure. The residue was 20 purified by silica ge

col umm chr omat ogr aphy (petrol eum ether:ethyl acetate

(fhs Fh%ﬁ Qbﬁabﬂ §5Elguﬁ¥&lﬁ €2midine dihydrochloride
enyl pyrimd y plpera2|ne | - carboxyl ate (9.00 g,

rlo?lf ?rtt&giﬂutébl(zzlpf@n?hﬁ)é gg‘}lﬂlf&iln 4-

yI)plpera2|neu% carboxyl ate (

/S5 AORSEA P PR R 100,910 o, Stysrs9 g o o
pgé@ygkghgabéogﬁwécg ?%n th gbt%%l n?%ﬂ%%ﬁ&%r%%s%}o}uene
?gﬁf’ w?s gddgdzgo %gsﬂm Lnosbnd e’ %% 7 60 B mmoty
4,5-bis(diphenylphosphino) -9, 9-dimethylxanthene (L.00 g,
1.74 mmol) and trisdibenzylideneacetone dipalladium (250 mg,
0.43 mmol) under nitrogen atmosphere, and the reaction was
degassed and heated wunder reflux for 14 hours. The
reaction was distilled off under reduced pressure and to
the residue was added methylene chloride and water followed
by extracted. The extract was washed with saturated brine,
dried over anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (petroleum
ether:ethyl acetate = 5:1) to obtain tert-butyl 4-(2-
phenylpyrimidin-4-yl)piperazine-l-carboxylate (9.00 g, 61%).

A  solution of tert-butyl 4-(2-phenylpyrimidin-4-
yl)piperazine-l-carboxylate (9.00 g) in 4N  hydrogen

chloride-ethyl acetate (100 ml) was stirred at room
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57.73 (1H, m, 8.35 - 8.45 (3H, mM, 9.95 (2H, br s).

(3)

4- (2- phenyl pyrim di n-4-yl)-N-pyridin-3-yl pi perazi ne-1 -
carboxam de The title conpound (287 ng, 96% as a

solid was prepared from 14

2- phenyl - 4- pi perazi n-1-yl pyri mdine 10

di hydrochl ori de and 3-pyridi ne i socyanate in a manner
simlar to that of Exanple 31. 1H NI\/R(SDI\/SOd6) 5:
tgmp8ratgre2 fudl, ¢ hgirpl angl 83 (ﬂ?ﬂl mwas, gepamgted by
d J =56 Hz), 7.25 (1H, dd, J =8.4, 4.8 Hz), 7.40
fil1¥7r48i08Hrm) pb7a82 th%.88t@¢Hpomppu8d136QiH,gdd78%5-J

= 4.8, 1.4 H), 8.26 - 8.32 (3H, m, 8.63 (1H, d, J =

'R. WMRHADMSB-83) ( &k, 35)L9 Exabmpb2 78H, m), 4.12 - 4.33 (4H,
N- (3, 4-di net hyl i soxazol -5-yl)-4-(2-phenyl pyri m di n-4-
my|,) pi.per azime-d,- carboxasi de ) 0,.81CH3 7 0631 8T 20mThe7.69 -
title conpound (150 ng, 48@6 as a solid was 150

7prepangd f5 o238, 2- grisehligugethyl 9.95 (2H, br s).

(3, 4-di net hyl i soxazol - 5- yI)carbanate and

pheayb- ' [ Lpyk,i L : chi; r A ne-1-

R R e B s S e
~EPVBO-d6)y b 1.74 (3H, s), 2.10 (3H, s), 3.51 - 3.59

The title compound {287 mg, 96%) as a solid was
prepared from 2-phenyl-4-piperazin-l-ylpyrimidine
dihydrochloride and 3-pyridine isocyanate in a manner
similar to that of Example 31.

'H NMR (DMSO-dg) &: 3.53 - 3.62 (4H, m), 3.71 - 3.83 (4H,

m), 6.80 (1H, d4, J = 5.6 Hz), 7.25 (1lH, dd, J = 8.4, 4.8

Hz), 7.40 - 7.48 (3H,m), 7.82 - 7.88 (1H, m), 8.13 (1H, dd,
J=4.8, 1.4 Hz), 8.26 - 8.32 (3H, m), 8.63 (lH, d, J = 2.4

Hz), 8.81 (lH, s).

Example 75
-(3,4-dimethylisoxazol~-5-yl)-4-(2-phenylpyrimidin-4-

yl)piperazine-l-carboxamide

The title compound (150 mg, 48%) as a solid was
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5(4H m, 3.70 - 3.80 (4H m, 6.79 (1H, d, J = 6.4

Hz), 7.41 - 7.48 (3H, m, 8.28 - 8.33 (3H m, 9.24

(1H, s). Exanple 76

4- (2- phenyl pyri m di n-4-yl)-N pyridazin-3-yl pi perazi ne-

| - carboxamide NN H N~ " / 10 The title conmpound

(95 ngy, 32% as a solid was prepared from
2,2,2-trichloroethyl pyridazin-3-ylcarbanate and

2- phenyl - 4- pi perazin-1 -yl pyri m di ne di hydrochl oride in

rer aretet Siam | Zar2 42 thiath lofr @&l e 3. 4-4binef INWR soxazol-5-
(DMBSO-d6) 6: 3.50 - 3.60 (4H, m , 3.72 - 3.86 (4H,

i), cabclEndtkH, d, add= 6. L HH)enyl-M-piFesz (1BH mlpyrHéidine
(1H, dd, J = 8.4, 4.4 Hz), 7.98 (1H, d, J = 8.8 Hz),

B rodh MYy ide3Hn g ,mahB2r (dihilgr o thdk Hzf Efaigfile 3.
(1H, s). Exanmple 77 20

Y- (ump hemdopydsh medi n- 24y (Bl pyr,i & .n-3- y3mi per,azd rek |- 3.59
carboxanmide 151 H N (1) Tert-butyl

e 4- gl osopyrim di 9o 2-(uky) piper agine-l1u, d, J = 6.4 Hz),
7.41 - 7.48 (3H, m), 8.28 - 8.33 (3H, m), 9.24 (1H, s).
Example 76
4—(2—phenylpyrimidin—4—yl)—N—pyridazin—3—ylpiperazine—1—

carboxamide

H N=N

The title compound (95 mg, 32%) as a solid was
prepared from 2,2,2-trichlorocethyl pyridazin-3-ylcarbamate
and 2-phenyl-4-piperazin-l-ylpyrimidine dihydrochloride in
a manner similar to that of Example 3.

'H NMR (DMSO-dg¢) &: 3.50 - 3.60 (4H, m), 3.72 - 3.86 (4H,
m), 6.79 (1H, 4, J = 6.4 Hz), 7.40 - 7.50 (3H,m), 7.56 (1H,
dd, J = 8.4, 4.4 Hz), 7.98 (1H, d, J = 8.8 Hz), 8.25 - 8.40
(3H, m), 8.82 (1H, d, J = 4.0 Hz), 9.56 (1lH, s).

Example 77

4- (4-phenylpyrimidin-2-yl)-N-pyridin-3-ylpiperazine-1-

carboxamide
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carboxylate To a solution of 2,4-dichloropyrimdine
(50.0 g, 0.338 5 nol) in ethanol (500 m) was added
tert-butyl piperazine-l- carboxylate (62.8 g, 0.338
nol ) and sodi um hydrogen carbonate (56.8 g, 0.676
nmol ) and heated under reflux ¥%¥r 1.5 hours. The
reaction was filtered and the filtrate was
concentrated. To the residue was added net hyl ene
chloride 10 and water followed by extracted. The

e act was washed wth saturated brine, dried over
anhygt ous sodi um sul fate, and the solvent was

di sti\ I ed of f underyreduced pressure. The residue was
purifped by sitca § cqyunn chr omat ogr aphy

( pet ia ther tate = 10:1) to 15 obtain

the thtHne cghpeﬁnd 06 30 g, 6% . 1H NMR (CDCl3) 6:

1.49 (9H, s), 3.45 - 3.52 (4H, m, 3.75 - 3.83 (4H, m

, 6.53 (1H, d, J = 4.8 Hz) , 8.16 (1H, d, J = 4.8

(z) . (B9rd- | - 24pi(pekazicRobyipyiim-¢i-§e ) piperazine-1-
di hydrochl ori 20 To a solution of tert-butyl

cérggx9mgggopyrln1dln 2- yl) pi perazi ne-1-carboxyl at e
(6 g, 20.7 mml) and phenyl boronic acid (3.75 g,

31. 1 BTTQ' )somtaeny@rfogs 4Lell%%a%r%§%m(ra%9n@g (508% g, 0.338

added pot assi um phosphat e

mél§ Qbséghgggﬂylgﬁgs h'”%%s a% %b”%%@%tﬁéQ e?ﬁ;&ﬁ%glne 1-

ris enzy i deneacet one

cggﬁﬁg ﬁgkén](% 98ng’ eaéf;3§@0|%oypde nB't58%§ﬂm hydrogen

an ‘the i 'on was

carbonate (56.8 g, 0.676 mol) and heated under reflux for
1.5 hours. The reaction was filtered and the filtrate was
concentrated. To the residue was added methylene chloride
and water followed by extracted. The extract was washed
with saturated brine, dried over anhydrous sodium sulfate,
and the solvent was distilled off under reduced pressure.
The residue was purified by silica gel column
chromatography (petroleum ether:ethyl acetate = 10:1) to
obtain the title compound (6.30 g, 6%).
'Y NMR (CDCl3) ®: 1.49 (9H, s), 3.45 - 3.52 (4H, m), 3.75 -
3.83 (4H, m), 6.53 (1H, 4, J = 4.8 Hz), 8.16 (1lH, d, J =
4.8 Hz).
22) 4-phenyl-2-piperazin-l-ylpyrimidine dihydrochloride

To a solution of tert-butyl 4-(4-chloropyrimidin-2-
yvl)piperazine-l-carboxylate (6.30 g, 20.7 mmol) and

phenylboronic acid (3.75 g, 31.1 mmol) in anhydrous toluene
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5 degassed and heated under reflux for 14 hours. The
reaction was distilled off under reduced pressure and

to the residue was added nethyl ene chloride and water

foll owed by extracted. The extract was washed with
saturated brine, dried overjéﬁhydrous sodi um sul fat e,

and the solvent was 10 distilled off under reduced
pressure. The residue was purified by silica ge

col utm chr omat ogr aphy (petrol eum ether:ethyl acetate

(25§ T% Uaébﬁgﬁﬁdt@pﬁﬁﬁgﬂym.@h@@phate (9.20 g, 41.5 mmol),
phenyl pyri m di n-2-y L%plpera2|ne | - carboxyl ate (5.00

47@@@18Adg@h@@wéﬁh@fs &P by Y- d4meahylerpitpenion di(ﬁ8<2 mg,
15 yl ) pi perazi ne-|-carboxylate (5.00 g) in 4N hydrogen

OcBBomingeé) eehyll tadetidabenezyd0 deineawas ostel digd ldaddeom (119 mg,
tenperature for 6 hours and a solid was separated by

Of. Lt matoilon waleobtral trdden tathescloapoundnd4:be gea@B8%pn was
1H NV\R (DMBSO-d6) 6: 3.11 - 3.20 (4H, m , 4.05 - 4.13

dedHssed0 mhd, He3beflHinderJ meblub HYr, 74 dthourk 55 The
(34 m , 8.13 - 8.15 (2H, m, 8.47 (1H, d, J = 5.6

rb@bt18n5&&§%ﬂlbtlﬁled(%Ef under reduced pressure and to
4- (4- phenyl pyrim din-2-yl)-Npyridin-3-yl pi perazi ne-| -

t6ar bexaaudeyibe sbigkhenconrpaund 213 rTle 34hY B3R followed
solid was 25 prepared from

b§ @Q%Qth%dp'p?BQZEQtlaﬁkp r%”%@%ﬁ%dl%§th saturated brine,
di hydrochl ori de and 3-pyridine isocyanate in a manner

dg?ggl ?}rvsefro 5‘?3&?9{#?%?8%%1“ %u %ﬁ g%%hde(i) sglvent was

distilled off under reduced pressure. The residue was
purified by silica gel column chromatography (petroleum
ether:ethyl acetate = 5:1) to obtain tert-butyl 4-(4-
phenylpyrimidin-2-yl)piperazine-l-carboxylate (5.00 g, 70%).
A  solution of tert-butyl 4-(4-phenylpyrimidin-2-
vl)piperazine-l-carboxylate (5.00 g) in 4N hydrogen
chloride-ethyl acetate (100 ml) was stirred at room
temperature for 6 hours and a solid was separated by
filtration to obtain the title compound (4.50 g, 98%).
'H NMR (DMSO-dg) &: 3.11 - 3.20 (4H, m), 4.05 - 4.13 (4H,
m), 7.35 (1H, 4, § = 5.6 Hz), 7.47 - 7.55 (3H, m), 8.13 -
8.15 (2H, m), 8.47 (1H, 4, J = 5.6 Hz), 9.57 (2H, br s).
(3) 4-(4-phenylpyrimidin-2-yl)-N-pyridin-3-ylpiperazine-1-
carboxamide
The title compound (273 mg, 91%) as a solid was

prepared from - 4-phenyl-2-piperazin-l-ylpyrimidine
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m, 7.21 - 7.30 (2H, m, 7.50 - 7.55 (3H, m, 7.
7.90 5 (1H m, 8.12 8.20 (2H, m, 8.45 (1H, d,
5.2 Hz), 8.64 (1H, d, J = 2.4 Hz), 8.83 (1H, 5s).

Exanpl e 78

N- ( 3, 4- di et hyl i soxazol - 5-yl )1 23 (4- phenyl pyri mi di n- 2-

yl ) pi perazi ne-1-carboxamide HON jNNCHa NOF-C

10 The title conmpound (250 ngy, 80% as a solid was
prepared from 2, 2, 2-trichl oroet hyl

did yalrgichdiomildies oxazol 35pywlifdachanstos yamdite in a manner
4- phenyl - 2- pi perazin-1-yl pyrimdi ne dihydrochloride

siimid amarueert hsitmdfaE xtaoptlleat3 lof Exanpl e 3. 15 1H NWR
(DVMBO-d6) 6: 1.73 (3H, s), 2.10 (3H, s), 3.51 - 3.57
'HANMRM) (DMEBM) 3.:88 (AH, - P, 6Z. A2H(i k) ,d,3J85 5.3.93 (4H,
Hz), 7.46 - 7.50 (3H, m, 8.06 - 8.13 (2H, m, 8.44
mi1H7.®21 F =7.50 2 (k) , m9, 2% .6DH- br. ) . (Bxampl ¢ 79820- 7.90
4- (4- phenyl pyrim din-2-yl)-Npyridazin-3-yl pi perazi ne-

(1, capboxamge 154 >H N=iN N)O Therditig, canpaound 6140 1z)
ng, 37% as a solid was

8.64 (1H, 4, J = 2.4 Hz), 8.83 (1lH, s).

82
J

Example 78
N-(3,4-dimethylisoxazol~5~yl) -4~ (4-phenylpyrimidin-2-

yl)piperazine-l-carboxamide

The title compound (250 mg, 80%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 4-phenyl-2-piperazin-l-ylpyrimidine
dihydrochloride in a manner similar to that of Example 3.
'H NMR (DMSO-dg¢) &: 1.73 (3H, s), 2.10 (3H, s), 3.51 - 3.57
(4H, m), 3.80 - 3.88 (4H, m), 7.22 (1H, d, J = 5.2 Hz),
7.46 - 7.50 (3H, m), 8.06 - 8.13 (2H, m), 8.44 (1H, 4, J =
5.2 Hz), 9.21 (1H, br s).

Example 79
4-(4-phenylpyrimidin-2-yl)~-N-pyridazin-3-ylpiperazine-1-

carboxamide
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15

prepared from 2,2, 2-trichl oroet hyl

pyri dazi n- 3-yl carbamate and

4- phenyl - 2- pi perazi n- 1-yl pyri m di ne di hydrochloride in
5 a manner simlar to that of Exanple 3. 1H NWR
(DVBO-d6) 6: 3.55 - 3.65 (4H,1%) , 3.81 - 3.89 (4H,
m, 7.21 (1H, d, J =5.2 Hz), 7.45 - 7.50 (3H, m,
= 8.8

7.55 (1H, dd, J , 4.4 Hz), 7.98 (1H, dd, J =
9.2, 1.2 Hz), 8.09 - 8.13 (2H, m, 8.44 (1H d, J =
5.2 Hz), 8.81 (1H, d, J = 10 4.4 Hz), 9.92 (1H, br
S Exanpl e 80

A y, 2, 4-di fl uorophenyl ) pyridi n-2-yl]-Npyridin-3-
y

ger azi ne- 1- car boxam de NEN-N 2N N 15 (1)
e (

oro-4-(2,4-dif|uoq$ph nyl \pyri dine To a sol ution
r onp- 2- cho ‘6T§%+d§8 g, 156 mol),
{1 ud enyl nic a (24.6 g, 156 mmol), 155
and sedLHQ,car onate (43.1 g, 312 mmol) in nethano

(195 m ) was added tetTaki sphenyl phosphi ne pal | adi um
(9.01 g, 7.79 mmol) at room tenperature under

ni tragen atpsphesgpouldd Ef@b"ﬁ%ﬁur%7%@5 gtirgeds@tiq was
50C for 17 hours. T%e 5 reaction Was cooled to room

p%% t%%%t@ﬂ&xﬁné EhQ—E§§Bh&%€g?8§ghi 5%J£ﬂ51§f¥icég%%mate

rate was dried over an gnesi um sul*fate
~30d 1 he 80 V—ef‘—tp;%"’aez’lréjéf’%—'i%{ifkfﬁnaﬁ ger FEEgH%‘S[@hloride in
pressure. e residue was rnrtie y Silica ge
a manner similar to that of Example 3.
'H NMR (DMSO-d¢) &: 3.55 - 3.65 (4H, m), 3.81 - 3.89 (4H,
m), 7.21 (1H, 4, J = 5.2 Hz), 7.45 - 7.50 (3H, m), 7.55 (1H,
dd, J = 8.8, 4.4 Hz), 7.98 (1H, dd, J = 9.2, 1.2 Hz), 8.09
- 8.13 (2H, m), 8.44 (1H, d, J = 5.2 Hz), 8.81 (1H, d, J =
4.4 Hz), 9.92 (1H, br s).
Example 80
4-14-(2,4-difluocrophenyl)pyridin-2-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

F

— F

®)
/N
@N%L/N N7
H
-

(1) 2-chloro-4-(2,4-difluorophenyl)pyridine
To a solution of 4-bromo-2-choloropyridine (30 g, 156

mmol), 2,4-difluorophenylboronic acid (24.6 g, 156 mmol),
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col uim chr omat ogr aphy (ethyl acetate: hexane = 1:8) to

10 obtain the title conpound (31.9 g, 91% as a solid.

1H NWR (CDC13) 5: 6.95 - 7.05 (2H, s), 7.37 - 7.39

(1H, m, 7.43 - 7.47 (1H, m, 7.49 (1H, br s), 8.47

(1H, d, J =13.2 Hz). (2) Tetbsbutyl

4-[14-(2, 4-di fl uorophenyl) pyridin-2- 15

yl ] pi perazi ne-|-carboxylate A m xture of

2-chl oro-4-(2, 4-di fluorophenyl)pyridine (15.0 g, 66.5
ambl odient chubyphapiepetayihegl - Gdboxyd lat ein( t2thagol (195
66.6 mmol ), palladiumacetate (746 ng, 3.32 mol),

2, )2- bes( dgdwhykphesikhsparnylbhbspaphthyba Y Badilung, (9.01 g,
5.32 20 mml ), sodiumtert-butoxide (13.0 g, 133

Tomd )mmend A t4-rddinDXedaep d38uhd ) uwads rstirdrediedt HBHEosphere,
for 18 hours. The reaction was cooled to room

dreipenat wiie ik tigssvietedrast digstd I ked aff nmges.  The
reduced pressure. To the residue was added et hyl

RAGRIES N@@hégoﬂkﬁhﬂ$5¥déﬁegeﬁﬁé§£tu9é'QQdZQH@“¥esultlng
anhydrous magnesi um sul f at e, t he sol vent was

s‘Hﬁt ! %—dbyﬁsﬁ‘f‘éj&r ﬁﬁ ?%E&S%%«%s ﬁrjaesc!xﬁé&e Mydrous

pur| Ica ge um chr omat ogr ap

,réaﬁmunﬁ“%qgﬂa&hsgan%hg;sa&%% AR e e

r6ed§Jd:e 66 i;%_? 3. ?%? SJ@?S_lS 4gw%%'_§3uﬁ)1z1§d(§>y( llca gel
é%lﬁ%n chromgtography (ethyl acetate:hexane = 1:8) to
obtain the title compound (31.9 g, 91%) as a solid.
'H-NMR (CDCl3) &: 6.95 — 7.05 (2H, s), 7.37 - 7.39 (1H, m),
7.43 - 7.47 (1H, m), 7.49 (1lH, br s), 8.47 (1H, 4, J = 13.2
Hz) .
(2) Tert-butyl 4-[4-(2,4-difluorophenyl)pyridin-2-
yllpiperazine-l-carboxylate

A mixture of 2-chloro-4-(2,4-difluorophenyl)pyridine
(15.0 g, 66.5 mmol), tert-butyl piperazine-l-carboxylate
(12.4 g, 66.6 mmol), palladium acetate (746 mg, 3.32 mmol),
2,2-bis(diphenylphosphino)-1,1-binaphthyl (3.31 g, 5.32
mmol), sodium tert-butoxide (13.0 g, 133 mmol), and 1,4-
dioxane (133 ml) was stirred at 85°C for 18 hours. The
reaction was cooled to room temperature and the solvent was
distilled off under reduced pressure. To the residue was
added ethyl acetate, washed with distilled water, dried

over anhydrous magnesium sulfate, and the solvent was
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1-[4- (2, 4-di fl uorophenyl ) pyridin-2-yl]piperazi ne
ydrochl oride 10 To a solution of tert-butyl
4- (2, 4-
i fl uorophenyl)pyridin-2-yl]piperazi ne-1-carboxyl ate

(19.0 g, 50.6 mmol) in nmeth (63 mM) was added 4N

hydr ogen chl ori de-net hanol solution (50.6 m), and

the m xture was stirred at roomtenperature for 16

hours. The resulting 15 solid was filtered, washed

dwist-h Ldethandf , vantkr redugrderpressiuced pr§b5ur@$$xﬁue was
obtain the t|tIe conpound (15.5 g, 98% as a solid.
phtiEVRI( CDCBY) 5: s31223a(4H, ge)l, 3. @blitiH, s) chZzddktography
7.02 (1H, m, 7.23 (1H, br s), 7.26 - 7.31 (1H, m,
(Biéﬁlor%m@@ha&@:bbﬁan@)F 1.:712 <ol oP&a(ihHthe) ti8120 compound
(1H, d, J = 5.6 Hz), 9.40 (2H, br s). (4)

(494 (;,2 466 f lagoroplenyl.) pyri di n-2-yl ] -N-pyri di n- 3-
ylplpera2|ne | - car boxam de To a sol ution of

h=lir (2chedif | gor qp*a@nyw}pyrgph N3257258¥,] piperazive- 6.78
di hydrochl ori de (500 ng, mol ) in 157 nethylene

|l o |de (202 _mM d t yl amre 5 ,
%ﬁ01%hnoﬁ)%g d g)pé?l&%ﬂe%ﬁsogygﬁgte@(fgl e, ﬁﬂ @ 24 (1K,

dnngl tenperature and the m xture mas stlrred
roon1tengLrature for 12 hours, and the solvent was

distille ff nder duced ure The
%& purlfﬂeg J%S%IF' g&rﬁaﬁ%ﬁﬁ1 ona ogr %ﬂ%lperaZlne

dihydrochloride

(3)
di h
4-[
di f

To a solution of . tert-butyl 4-[4-(2,4-
difluorophenyl)pyridin-2-yl]piperazine-l-carboxylate (19.0
g, 50.6 mmol) in methanol (63 ml) was added 4N_hydrogen
chloride-methanol solution (50.6 ml), and the mixture was
stirred at room temperature for 16 hours. The resulting
solid was filtered, washed with methanol, and dried under
reduced pressure to obtain the title compound (15.5 g, 98%)
as a solid.

H-NMR (CDCli) &: 3.22 (4H, s), 3.91 (4H, s), 7.01 - 7.02
(14, m), 7.23 (1H, br s), 7.26 - 7.31 (1H, m), 7.44 - 7.50
(1, m), 7.72 - 7.78 (1H, m), 8.20 (1H, d4, J = 5.6 Hz),
9.40 (2H, br s).

(4) 4-[4-(2,4-difluorophenyl)pyridin-2-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

To a solufion. of 1-[4-(2,4-difluorophenyl)pyridin-2-

yl]piperazine dihydrochloride (500 ﬁg, 1.60 mmol) in
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(et hanol : ethyl acetate = 1:6) to obtain the title
conpound (453 ng, 71% as a solid. 1H NMR (DMSO d5)
5. 3.63 (8H, s), 6.82 - 6.84 (1H m, 6.98 10 (1H
s), 7.22 - 7.29 (2H, m), 7.39 - 7.44 (1H, m), 7.66 -
7.72 (1H, n), 7.88 - 7.92 (1K ™), 8.15 - 8.17 (1H,
n), 8.21 (1H, d, J = 5.6 Hz), 8.66 (1H d, J = 2.4
8.81 (1H, s). Exanple 81 15
4 (2, 4-difluorophenyl)pyridin-2-yl]-N

(3

m@t ﬂ-hyh shtazédes-(yl-Ypirger dvd hea fdedr békaﬁhméammw@ 564
- OFF N N N To a solution of

ml, [ 44 (@] 4xaiofll)uorpPhehyd Y piydink nizooyleagitger 42Phe mg, 1.93
di hydrochl oride (500 ng, 1.60 mml) in 20

madoiret lyd subdroxicdape2alunk) aves dddediXtNre was stirred at
di i sopropyl ethylamne (0.698 m, 4.01 mmol) at room

rdbfi tenperature, &ad t e mMhxdwrse, wasndti thed ablweom was
tenperature for 30 mnutes. 2,2,2-trichloroethyl (3,4-

ddisaet hyhi sexazelmfry! Yeaunbagutgrd SO/r&1y, 1THE mEHi)due was
was added and the m xture was stirred at 45C for 12

phPUESeqd> coghed tgingem tenpenat ureo1angd the cheagkbit@@raphy
was poured into water, followed by the m xture was

?%%?é?géfgkhgﬂrgggEaté hoyr. ¢) The 5%%%&5'%%eSQh%QeW%%mpound
(453 mg, 71%) as a solid.

'H-NMR (DMSO-dg) &: 3.63 (8H, s), 6.82 - 6.84 (1H, m), 6.98
(1, s), 7.22 - 7.29 (2H, m), 7.39 - 7.44 (1H, m), 7.66 -
7.72 (1H, m), 7.88 - 7.92 (1H, m), 8.15 - 8.17 (1lH, m),
8.21 (1H, 4, J = 5.6 Hz), 8.66 (lH, 4, J = 2.4 Hz), 8.81
(1H, s).

Example 81

4-14-(2,4-difluorophenyl)pyridin-2-y1l]-N-(3,4-

dimethylisoxazol-5-yl)piperazine-l-carboxamide

F

CH, 0
HC > 7\
Y\ng N\__/N \N /
N” H

To a solution of 1-[4-(2,4-difluorophenyl)pyridin-2-
yllpiperazine dihydrochloride (500 mg, 1.60 mmol) in
dimethylsulfoxide (2.2 ml) was added N, N-

diisopropylethylamine (0.698 ml, 4.01 mmol) at room
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wat er and ethyl acetate, and dried under reduced

pressure to obtain the title conmpound (155 ng, 23%

as a solid. 10 1H NWR (DMSO-d6) 5: 1.76 (3H, s), 2.13

(3H, s), 3.55 - 3.61 (84 m, 6.82 - 6.84 (1H m,

6.97 (1H, s), 7.21 - 7.26 (1H58m, 7.38 - 7.44 (1H

nm, 7.66 - 7.72 (1H, m, 8.20 (1H, d, J = 5.2 Hz),

9.24 (1H, br s). Exanple 82 15
4-[4-(2,4-difluorophenyl)pyridin-2-yl]-Npyridazine-3-
tylpeperaziene- | awdr bdtan deixFueF wWas N-stiNred N=N To room
a solution of 1-[4-(2,4-difluorophenyl)pyridin-2-
tphppirpenazi nEodi BAr odhludrisde (5002 My;tAdlS0lemmddhyln (3,4~
20 dinethylsulfoxide (2.2 m) was added N, N
ddimesbpuapykatbyamyne cc@oa83ted , (8001 mypl )1aléraeml) was
159 tenperature, and the m xture was stirred at room

atigBperatdir enkomi3q AUt LS. s2.i2x2<t raehlkergetdydt 12 hours,
pyri dazi n-3-yl carbamate (477 nmg, 1.76 mmol) was added,

c8Bdedt heo Mesblr ec MRS stk Fed %&mﬂ5€hé0&e%%tﬁQMfSwagh%oured
reaction 5 was poured into water and extracted wth
19Egy%a%%§%a%%ilowed by the mixture was stirred for further
1 hour. The resulting solid was filtered, washed with
water and ethyl acetate, and dried under reduced pressure
to obtain the title compound (155 mg, 23%) as a solid.
'H-NMR (DMSO-d¢) &: 1.76 (3H, s), 2.13 (3H, s), 3.55 - 3.6l
(8H, m), 6.82 - 6.84 (1H, m), 6.97 (1lH, s), 7.21 - 7.26 (1H,
m), 7.38 - 7.44 (1H, m), 7.66 - 7.72 (1H, m), 8.20 (1H, d,
J = 5.2 Hz), 9.24 (1H, br s).
Example 82
4-[4-(2,4-difluorophenyl)pyridin-2-yl]-N-pyridazine-3-

ylpiperazine-l-carboxamide

F

%>—NF_XN \__ F

N

N=N

To a solution of 1-[4-(2,4-difluorophenyl)pyridin-2-
yl]lpiperazine dihydrochloride (500 mg, 1.60 mmol) in
dimethylsulfoxide (2.2 ml) was added N, N-

diisopropylethylamine (0.698 mi, 4.01 mmol) at room



foll owed by the extract was washed with water, dried
over anhydrous nagnesi um sul fate, and the sol vent was
distilled off under reduced pressure. The resi due was
purified by silica gel columm chromatography (ethyl
10 acet at e: di chl or onet hane: meth&nol = 3:1:0.5) to
obtain the title conpound (199 ngy, 31% as a solid.
1HNVR (DMSO-d6) 6: 3.63 (8H, s), 6.82 - 6.84 (1H, m,
6.98 (1H, s), 7.21 - 7.26 (1H, nm), 7.38 - 7.44 (1H
tgmpetaBaire,7. 66n¢1H thy , MiGBure7. 7@a$ 1HsTHrre@l 00at  room
8.03 (1H, m, 15 8.21 (1H, d, J = 5.2 Hz), 8.85 (1H
thmpk =t Hz Hgr 9. W (IHnwe)es Exanpl € 83, 2-trichloroethyl
N-1, 2- benzoi soxazol -3-yl -4-[4-(2, 4-di fl uor ophenyl ) pyri
odiri-daZ-iyl-Ppiperadiaede ceboxag) de. 76 @nb1) wals aNMeN, and
ONH 20 The title conpound (176 ng, 42% as a solid
thas miGd u ey epay et frm 42,4510 iy ardetdydts. The reaction
1, 2- bnzoi soxazol - 3- yl carbanmat e and

5 whrd 4pbdréadiifdieor gphepylaRyr bdipa2reMl 1Rider a2hhe idbdate,
manner simlar to that of Exanple 81. 1HNWR ( O d6)

f%lf%dgé(g§tt§%'e§t§§ct @3%5&§§ﬁe£0wi§h7gater, dried over

anhydrous magnesium sulfate, and the solvent was distilled

off under reduced pressure. The residue was purified by
silica gel column chromatography _ (ethyl
10 acetate:dichloromethane:methanol = 3:1:0.5) to obtain the

title compound (199 mg, 31%) as a solid.

'HNMR (DMSO-d¢) &: 3.63 (8H, s), 6.82 - 6.84 (1H, m), 6.98

(14, s), 7.21 - 7.26 (1H, m), 7.38 - 7.44 (1H, m), 7.56 -

7.60 (1H, m), 7.66 - 7.72 (1H, m), 8.00 - 8.03 (1H, m),
15 8.21 (1H, d, J = 5.2 Hz), 8.85 (1H, d, J = 3.6 Hz ), 9.96

(1H, s). |

Example 83

N-1,2~benzoisoxazol-3-yl-4-[4-(2,4-difluorophenyl)pyridin-

2-yl]piperadine-l-carboxamide

@{ 3
N N

O\N/ N

20

The title compound (176 mg, 42%) as a solid was
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5 (1H, s), 7.22 - 7.27 (1H, m), 7.29 - 7.33 (1H, m,
7.39 - 7.44 (1H, m, 7.59 - 7.73 (3H m, 7.85 (1H, d,
J =8.0 H), 8.22 (1H, d, J =5.6 Hz), 9.99 (1H 5s).
Exanpl e 84

4-[4- (2, 3-di fl uorophenyl ) pyriteh-2-yl]- N—pyrldln 3- 10
yl pi perazine-1-carboxamde F OF CNN H (1

2-chl oro-4-(2, 3-di fl uorophenyl ) pyridine To a sol ution

of 4-Dbrono-2-chl oropyridine (10.0 g 52.0 mmol ),
pzega@ﬁﬁluofbpmen%h&MQnﬁEﬂQﬁﬁQﬁ%@t@Mlg,1521®nZE}SOX3201 3-
mmol ), and sodi um carbonate (14.4 g, 104 mmol) in
yireempaolktel04 nmandnas adddd -t (€, rialdisghvemdgitreyphipwidin-2-
pal l adium (3.00 g, 2.60 mml) at room tenperature
yungepemiaziaged nakmospinere,s irdidrt e rmheturcd Wxsmple 81.
stirred at 50C for 17 hours. The reaction was cool ed

'fOMR 0QDMEERREY astr e .8ad (BRe resuld gy 206s8bi d1wasm), 6.70
filtered. The filtrate was dried over anhydrous

magnesi um syl fate and (the &0l ventoovas distikhed aff 7.39 -
under 161 reduced pressure. The residue was purified

70% 4sihicargel 7 eel umy ehy qrmt oghaphy stetiy, 4, 7 = 8.0 Hz),
acetate hexane =71:8) to obtaln "t he t|tIe "compound

023,300 WY SR SokDG MG o T2

Example 84
4-[4-(2,3-difluorophenyl)pyridin~-2-yl]-N-pyridin-3-

ylpiperazine~l-carboxamide

|
O /—\ p— F
N N
«}fuﬂg
N= H

(1) 2-chloro-4-(2,3-difluorophenyl)pyridine

To a solution of 4-bromo-2-chloropyridine (10.0 g,
52.0 mmol), 2,3-difluorophenylboronic acid (8.21 g, 52.0
mmol), and sodium carbonate (14.4 g, 104 mmol) in methanol
(104 ml) was added tetrakisphenylphosphine palladium (3.00
g, 2.60 mmol) at room temperature under nitrogen atmosphere,
and the mixture was stirred at 50°C for 17 hours. The
reaction was cooled to room temperature and the resulting
solid was filtered. The filtrate was dried over anhydrous

magnesium sulfate and the solvent was distilled off under



10

15

20

25

57.41 - 7.43 (1H, m), 7.52 (1H s), 8.48 (1H, d, J =
5.2 Hz). (2) Tert-butyl

4-[4-(2, 3-di fl uorophenyl)pyridin-2-

yl ] pi perazi ne- 1-carboxylate A m xture of

2-chl oro-4- (2, 3-di fl uoropheny9byridine (10.0 g, 44.3

mol ), tert-butyl piperazine-I|-carboxylate 10 (9.91

g, 53.2 mml), palladiumacetate (498 ng, 2.22 nmol),

2, 2- bi s(di phenyl phosphi no) -1, 1- bi naphtyl (2.21 g, 3.55
renoked sodissmresrt - Bue oxiede d(8. 6@ sg,p 89 Digrhoby, sapdca gel
1,4- dioxane (89 m) was stirred at 85C for 18 hours.
chhemnr eattrioon twas aphgl ed etth yiloomcteerprer:dtereemeand t e 8) to
solvent was 15 distilled off under reduced pressure.
ob@at he thesicdue ewasmpadaed (etthyl gaceteat) e aswiasked iwi.t h
distilled water, dried over anhydrous nagnesi um

lsulfiRt ecpang the sotvent7was (distin | ed.obf -unden (1H, m),
reduced pressure. The residue was purified by silica

79@'1 cobugn GhEOMRY ogha@iz\/ (aet, hyl) 2@ acet@tg: hexane 3 .2 Hz) .
:3) to obtaln the title conpound (13.4 q, 819@ as a

Bt R S LA o AR oo

Y%]Fip€§é§§8|fhuo%%%ﬁgﬁyﬁ)pyrld|n 2-yl ] pi perazine 25 To

d|f| gﬁ%g%%ﬁ%?;er C%blperaﬂ%%%Huorﬂﬂ?eﬁy%ﬂa¥rldlne
[Ty S RO LUHE R .
gtégug? 53.2 ﬁmol), palladium acetate (498 mg, 2.22 mmol),
2,2-bis(diphenylphosphino)-1,1-binaphtyl (2.21 g, 3.55
mmel), sodium tert-butoxide (8.69 g, 89.0 mmol), and 1,4-
dioxane (89 ml) was stirred at 85°C for 18 hours. The
reaction was cooled to room temperature and the solvent was
distilled off under reduced pressure. To the residue was
added ethyl acetate, wished with distilled water, dried
over anhydrous magnesium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified Dby silica gel column chromatography (ethyl
acetate:hexane = 1:3) to obtain the title compound (13.4 g,
81%) as a solid.

'H-NMR (CDCl3) d&: 1.49 (94, s), 3.58 (8H, s), 6.78 - 6.81
(2H, m), 7.15 - 7.22 (3H, m), 8.27 (1H, d, J = 4.8 Hz).

(3) 1-{4-(2,3-difluorophenyl)pyridin-2-yl]lpiperazine

To a solution of tert-butyl 4-14-(2,3-
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stirred at roomtenperature for 16 hours, and the
resulting 5 solid was filtered. The solid was
di ssolved in water, neutralized by adding 1N aqueous
sodi um hydroxi de solution, and extracted with ethyl
acetate. The extract was wi sH&® with water, dried
over anhydrous magnesi um sul fate and the solvent was
distilled off under reduced pressure to obtain 10 the
title conpound (6.50 g, 66% as a solid. 1H NWMR
d{ €D BYPprbengl7BYEABint 2-F1lpdpBrpz)ine3lasaghpxylatg #£13.4
4.8 Hz), 6.79 (1H, d, J = 4.8 Hz), 6.90 (1H, s), 7.29
g; B3RP (dkbln) in7.m8thar¥oU3 (BEHmIN) , ws4'Addeld 54N ( bidrogen
nM, 8.19 (1H d, J = 5.2 Hz). 15 (4) ‘
cBib4i@2-3edhihuor opiliemyddrpy i di 8- 2x1\)l | ahEpyhiedimi 8ture was
yl pi per azi ne-1-carboxam de To a sol ution of
stil4262a8- dbbhueeppbenylyBy Fodi N62hoylpi perazinee re30Q ting
ng, 1.09 mml) in nethylene chloride (1.2 m) was

sgddad 444 etehylkamepe (00484 8biid. 3dadmBlilsanded0 in water,
3-pyridine isocyanate (157 ng, 1.31 mmol) at room

ngﬁgggﬂﬁggﬁebygggfggﬁoENXBHGQOW@Ss%@ﬁﬁﬁﬁ%j@id%%@@_solution,

tenperature r urs and the solvent "'was distilled

f.f ced i fi .
a§9 ﬁﬁﬂ¥§%£é§“%ﬁ é%ﬁgﬁuggetggg.reihgﬁg? 2a Ur¥%§$%lshed

ca gel colum romat ography | anol : e
acetate = 1:3). t 25 obtain the ti 8
TR B i o S ALIRGE M5 (hn
Sglggn](.S?fa:?g)C%lﬁ%l%e(dl;%%’ggdfglé?%%%‘#ft%?j’ p?:'eg%u(:%H‘tos)o’btain
the title compound (6.50 g, 66%) as a solid.

'H-NMR (CDCls) &: 2.78 (4H, t, J = 4.8 Hz), 3.45 (4H, t, J

4.8 Hz), 6.79 (1H, 4, J = 4.8 Hz), 6.90 (1H, s), 7.29 -
7.35 (1H, m), 7.39 - 7.43 (1H, m), 7.47 - 7.54 (1lH, m),
8.19 (1H, d, J = 5.2 Hz).
(4) 4-[4-(2,3-difluorophenyl)pyridin-2-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

To a solution of 1—[4—(2,3—diflu§rophenyl)pyridin—Z—
yllpiperazine (300 mg, 1.09 mmol) in methylene chloride
(1.2 ml) was added triethylamine (0.184 ml, 1.31 mmol) and
3-pyridine 1isocyanate (157 mg, 1.31 mmol) at room
temperature, and the mixture was stirred at room
temperature for 12 hours and the solvent was distilled off
under reduced pressure. The residue was purified by silica
gel column chromatography (methanol:ethyl acetate = 1:3) to

obtain the title compound (285 mg, 66%) as a solid.
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n, 7.42 - 7.46 (1H, m, 7.50 - 7.56 (1H, m, 7.
7.97 (1H m, 8.16 - 8.17 (1H, m, 8.25 (1H, d,
5.2 Hz), 5 8.67 (1H, d, J = 2.4 Hz), 8.82 (1H, s)

Exanpl e 85

4-[4-(2,3-difluorophenyl)pyridfh-2-yl]-N(3,4-

di met hyl i soxazol - 5-yl) pi perazi ne- 1- car boxam de F H3C
CH3OF >NN/ NN NHC 10 To a solution of

11-[4-(2, 3-di fl uorophenyl ) pyridin-2- yl]piperazine (300
HgNMR. dO@M$RoId) i B :didrdhyt s8l foxi(@E was » et (1H, d, J =
N, N- di i sopropyl ethylam ne (0.200 m, 1.20 nmmol) at
4.Gomz)enpertat urlél, and the ari-xtidd waldl stiirr ed ¥ +obm’/ (1H,
tenperature for 30 mnutes. 2,2,2-trichloroethyl (3,4

)5 di et hyl 7segazaH; 5ayl,) dardamate. $34%51Hy, ml, 20 .®%ol-) 7.97
was added and the m xture was stirred 45C for 12
fioyr sm) coel.ed - s ropm(tappenat U 25 andHt hel,reacti Gn2 Hz),
was poured into water, followed by the m xture was
gstgrred; for, furt erg Iidourg . s2Thew,esyl ting solid was
filtered, washed with water and 20 et hyl acetate, and

drded dnder reduced pressure to obtain the title

conmpound (310 ny, 69% as a solid. 164

4-[4-(2,3-difluorophenyl)pyridin-2-y1l]-N- (3,4~

89
J

dimethylisoxazol-5-yl)piperazine-l-carboxamide

> { i |
CH, 0O F
HLC NN —
\W#ﬁ§>__ﬁ N\___/N ‘L /

N

To a solution of 1-[4-(2,3-difluorophenyl)pyridin-2-
yl]lpiperazine (300 mg, 1.09 mmol) in dimethylsulfoxide was
added N,N-diisopropylethylamine (0.200 ml, 1.20 mmol) at
room temperature, and the mixture was stirred at room
temperature for 30 minutes. 2,2,2-trichlorcethyl (3,4-
dimethylisoxazol-5-yl)carbamate (345 mg, 1.20 mmol) was
added and the mixture was stirred 45°C for 12 hours, cooled
to room temperature, and the reaction was poured into water,
followed by the mixture was stirred for further 1 hour.
The resulting solid was filtered, washed with water and
ethyl acetate, and dried under reduced pressure to obtain

the title compound (310 mg, 69%) as a solid.
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1H- NWR (DMSO-d6) 5: 1.76 (3H, s), 2.13 (3H, s), 3.56 -
3.62 (8H, m, 6.86 (1H, d, J = 4.8 Hz), 7.02 (1H, s),
7.31 - 7.36 (1H, m, 7.42 - 7.45 (1H, m, 7.49 - 7.55

(1H, m, 8.23 (1H, d, J =5.2 Hz), 9.24 (1H, br s). 5
Exanpl e 86 164

4-[4-(2, 3-di fl uorophenyl) pyridin-2-yl]-N pyridazin- 3-

yl pi perazine-|-carboxamde F 0O /~-\ F NNNI N=NFi

1The title conpound (315 , 73% as a solid was 10

PriMar éaMppPofsR, 2; 21t VpchBbr o6t hyR-13 (3H, s), 3.56 - 3.62
pyri dazi n- 3-yl carbamate and

(BH,4-1(2, 36dBFfI| udtiopheny?) pyrd di nH2} y| [/piOger &dimesin d.31 -
manner simlar to that of Exanple 85. 1HNVR ( DVMSO d6)
75:363. GUH( 8H) , S)7,. 42 85 7.8587(1HLH, m)1), 77402 - (1HB5sS)(1H, m),
7.31 - 7.37 (1H, m, 7.42 - 7.46 (1H, m, 7.49 - 15

87.260 (12, dy) .0 & GQ 2> #)03 .4, mH, &23F)(1H, d, J =

5.2 Hz), 8.84 - 8.85 (IH mM, 9.97 (1H, br s).

ERARHlE 837

N- 1, 2- benzoi soxazol - 3-yl -4-[4-(2, 3-di fl uorophenyl ) pyri

4&1 - (&, WA ReIAH Rl 1087 hoxam -ge vhea n-foy N /i AN N

ylpiperazine-l-carboxamide

-
QI /= F
@N%N\—JN N7
H

The title compound (315 mg, 73%) as a solid was
prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate
and 1-[4-(2,3-difluorophenyl)pyridin-2-yl]piperazine 1in a
manner similar to that of Example 85.

'HNMR (DMSO-d¢) &: 3.64 (8H, s), 6.85 - 6.87 (1H, m), 7.02
(l1H, s), 7.31 - 7.37 (l1H, m), 7.42 - 7.46 (1H, m), 7.49 -
7.60 (2H, m), 8.00 - 8.03 (1H, m), 8.23 (1H, d, J = 5.2 Hz),
8§.84 - 8.85 (1H, m), 9.97 (1H, br s).

Example 87
N-1,2-benzoisoxazol-3-yl-4-[4-(2,3-difluorophenyl)pyridin-

2-yl]lpiperazine-l-carboxamide
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The title conpound (235 ng, 50% as a solid was
prepared from 2,2, 2-trichl or oet hyl

1, 2- benzoi soxazol - 3- yl carbamate and

1-[4- (2, 3-di fluorophenyl )pyridin-2 5 yl]piperazine in
a manner simlar to that of B&nhple 85. 1HNMR
(DVMBO-d6) 5: 3.67 (8H, s), 6.86 - 6.89 (1H, m, 7.04
(1H, s), 7.29 - 7.37 (2H, m, 7.42 - 7.47 (1H, m,
7.49 - 7.56 (1H, m, 7.58 - 7.66 (2H, m, 7.85 (1H, d,
J =8.4 Hz), 8.25 (1H, J = 5.2 Hz), 9.99 (1H, br
s). 10 Exanpl e 88

Sl NCOHA1) 2 2,2-trichloroethyl
§£u£;7§XN xazal -5- 15 yl)carbamate To a

of &-ethyl -¥-nmet hyl -5-am noi soxazol (1.93 g,
1: ) an pyridPhe (0.75 g, 9.51 nmol) in 166
acetnitrile (10 m) under ice-colding was added
dropwi se ethyl 2,2,2-trichlorofornmate and the

r eacti,an %@ﬁlétiééﬁﬁouﬁﬁ rQﬂﬁat%ﬁﬁer@b%ﬁe for 4 hamriq was
et'hyl

The reaction was diluted wth acet ate, added

p9e3§r%$dr%%ﬂh9ri9?2§§5tghkh1898ethy1 1,2-benzoisoxazol-3-

ylcarbamate and 1—[4—(2,3—difluorophenyl)pyridin—Z—
yl]lpiperazine in a manner similar to that of Example 85.

'HNMR (DMSO-d¢) &: 3.67 (8H, s), 6.86 — 6.89 (1H, m), 7.04
(14, s), 7.29 - 7.37 (2H, m), 7.42 - 7.47 (1H, m), T7.49 -
7.56 (1H, m), 7.58 - 7.66 (2H, m), 7.85 (1H, d, J = 8.4 Hz),

8.25 (1H, d, J = 5.2 Hz), 9.99 (1lH, br s).

Example 88

4-[2-(2,3-difluorophenyl)pyrimidin-4-yl]-N-(3-ethyl-4-

methylisoxazol-5-yl)piperazine-l-carboxamide

F
) N— F
HC o N
>~—N N—%&L_ N
N;\N\_/ /
~0 H
(1) 2,2,2-trichloroethyl (3-ethyl-4-methylisoxazol-5-

yl)carbamate

To a solution of 3-ethyl-4-methyl-5-aminoisoxazol

(1.93 g, 9.12 mmol) and pyridine (0.75 g, 9.51 mmol) in
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5 extracted. The extract was washed with water, dried
over anhydrous sodi um sul fate and the sol vent was
distilled off under reduced pressure to obtain the
title conpound (2.4 g, 100% as colorless oil. 1H NWR
(CDC13) 6: 1.28 (3H, t, J = A% Hz) , 1.94 (3H s) ,
10 2.62 (2H, q, J = 7.5 Hz), 4.83 (2H, s), 6.83 (1H
br s). (2)
4-[2-(2,3-difluorophenyl)pyrimdin-4-yl]-N(3-ethyl-4-
aﬂethyhtSQiadeIBIylbpupéﬁazﬂﬁ@fﬁﬂéﬁﬂﬁﬁxaﬁﬁﬂea¢@e@ dropwise
suspension of 2,2,2-trichloroethyl (3-ethyl-
enhyhyELéb%hzmidh%dQQﬁnﬁnﬂmﬂeam@.BﬁngEEQKlQﬁKW§$ stirred
2-(2,3- 15 difluorophenyl)-4-piperazin-1-ylpyrimdine
adi o ctdnqrd ke (3 360y, 1 1h6Qrmmol)hevase acidedn dwepwddéuted
triethylamne (0.40 g, 4.00 mmol) at room tenperature
wald theyeattd it ayasadsedr nedNath #XCdmro 2 deourss md), and
the reaction was added dropwi se water (4 m), and the

eRtXxbuEeqwas Bid réedrate r QaR 2R shenpeariatiireator, 1dhowd. over
The resulting crystal was filtered, washed with water

ahﬁyagbﬁbns%dﬁ%Hg%d9E¥§k§hnﬁ§ @h§oébgvenghﬁageaﬂgEhEQed of f
crude crystal was recrystallized fromethyl acetate

b e I 0 3 1%4% n t
<3O LELOGER ph ke SOOI 2 PR i o

17 5 Hz), 1.78 (3H, (67 2. 50
?EH} q> %gﬁb¥ﬁ§ %&Olz3 55- é 59 (4H( n) Sé 73-3.80 (4H,

f?’%&@@ﬁw L 28 B0y (T o sl (Theta O3

2 g 62H a, J = 7.5 Hz), 4.83 (2H, s), 6.83 (lH, br s).
(2) 4-[2-(2,3-difluorophenyl)pyrimidin-4-yl]-N-(3-ethyl-4-
methylisoxazol-5-yl)piperazine-l-carboxamide

To a suspension of 2,2,2-trichlorocethyl (3-ethyl-4-
methylisoxazol-5-yl)carbamate (0.36 g, 1.20 mmol), 2-(2,3-
difluorophenyl)-4-piperazin-l-ylpyrimidine dihydrochloride
(0.35 g, 1.00 mmol) was added dropwise triethylamine (0.40
g, 4.00 mmol) at room temperature and the reaction was
stirred at 40°C for 2 hours. To the reaction was added
dropwise water (4 ml), and the mixture was stirred at room
temperature for 1 hour. The resulting crystal was filtered,
washed with water to obtain a crude crystal as a solid.
The resulting crude crystal was recrystallized from ethyl
acetate to obtain the title compound (230 mg, 54%) as a
white crystal. Melting point: 188-189°C

'H-NMR (DMSO-dg¢) &: 1.17 (3H, t, J = 7.5 Hz), 1.78 (3H, s),



10

15

20

(1H, s) 5 Exanple 89

4-12-(2, 3-di fl uorophenyl ) pyrimdin-4-yl]-N(4-ethyl-

net hyl i soxazol - 5-yl ) pi peradi ne-| -carboxanm de C H3C O

CNN NO H (1) 2,2,2-trichloroethyl

(4- et hyl - 3- net hyl i soxazol - 5- 1@/ yl)carbamate To a

sol ution of 4-ethyl-3-nethyl-5-am noi soxazol (1.93 g,

9.12 nmol) and pyridine (0.75 g, 9.51 nmol) in

acetonitrile (10 m) under ice-col ding was added

2dbepvicgie det My 2,.2, 2izt)ri ShISSrof-Ometddl ,( )93 33,739.31.80 (4H,

mmol ) and the 15 reaction was stirred at room

mt) gngerd@t urled f at, 17 houf. 6 THe) , r 8ael-dn3dad 1di,| uted Wi0r7.56

et hyl acetate, added 0.5N hydrochloride (25 m) and

(ext r agt,ed.. sThey .8a rdat, was, Sedhedimjth, water 6.drided, 9.24

over anhydrous sodiumsulfate and the solvent was

(digst ighl.ed of f under reduced pressure to 20 obtain the

title conpound (2.1 g, 89% as a pale brown oily

Eggg;n%rllealgg 168 H NWR (CDC13) 5: 1.14 (3H, t, J = 7.5
226(3Hs) 2.39 (2H, g, J = 7.5 Hz), 4.83

(_ 3 ) ~3-

: %FZ ?2 33@&%?u&%?0§%1ny )pyfﬁl%)r%]d&nn 44 yle]] NI\I- (44 eécthﬁ/yl 33-

m %hﬁh%%%éé%ﬁﬁzayﬁ'kﬂkﬁﬁ%@%d&fﬂ - CARIXAM e

>\_/—\ @

(1) 2,2,2-trichloroethyl  (4-ethyl-3-methylisoxazol-5-

N\
O

yl)carbamate

To a solution of 4-ethyl-3-methyl-5-aminoisoxazol
(1.93 g, 9.12 mmol) and pyridine (0.75 g, 9.51 mmol) in
acetonitrile (lO ml) under ice-colding was added dropwise
ethyl 2,2,2-trichloroformate (1.93 g, 9.12 mmol) and the
reaction was stirred at room temperature for 1 hour. The
reaction was diluted with ethyl acetate, added 0.5N
hydrochloride (25 ml) and extracted. The extract was
washed with water, dried over anhydrous sodium sulfate and
the solvent was distilled off under reduced pressure to
obtain the title compound (2.1 g, 89%) as a pale brown oily

material.
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5 The title conpound (310 ng, 72% as a white crystal

was prepared from2,2,2-trichloroethyl (4-ethyl-

met hyl i soxazol - 5-yl) carbamate and

2- (2, 3-di fluorophenyl)-4- piperazin-1-yl pyrindine

di hydrochl oride in a manner Xi%ilar to that of

Exanple 88. Melting point: 176-177C 10 (et hyl

acetate). 1H NWVR (DMSO-d6) 5: 1.03 (3H t, J =7.5

FE) 2.17 (3H, s), 2.24 (2H, q, J = 7.5 Hz),

113 196R 3 6DCL4H, 3t ; 1. 3476 34HthbrJ 5,7 -6 9@2(,1# 46 338, s),
6.3 Hz), 7.28-7.33 (1H, m, 7.94-7.59 (1H,
2738042H85q@1H,=nﬁf58H38,(ﬂHB3dJ2ﬁ,:SﬁJ36H2ﬁ,(9H16br15)-
(1H, s). Exanple 90

(BB ( 34eyel-dpr, 6pylifdviosoxazaly-15 pylrim-di2—42,y3-] -N- (4-ethyl-3-
di fl uor ophenyl) pyri m di n-4-yl ] pi per adi ne- I-carboxan1de
mEthQ1NsBx¥zbNN5 -1 QpHp2@ agihe2,12 c2rixelliakoet hyl

(3-cycl opropyl i soxazol -5- yl)carbamate 169 To a

sol utrhan Gt 13 C&’@I'n@@ﬁﬁ@)" 39 0amd0i 39%azelse 4 1wA8td, crystal
9.12 mmol ) and pyridine (O 75 g, 9.51 mmol) in

wa%etorgﬂrte@alr%o( 10 pdgmunder oi eereokdiRgowasyadded 4—ethyl-3-
dropw se

methylisoxazol-5-yl)carbamate and 2-(2,3-difluorophenyl)-4-
piperazin-l-ylpyrimidine dihydrochloride in a manner
similar to that of Example 88. Melting point: 176-177°C
(ethyl acetate).

'H-NMR (DMSO-dg) &: 1.03 (3H, t, J = 7.5 Hz), 2.17 (3H, s),
2.24 (2, g, J = 7.5 Hz), 3.56-3.59 (4H, m), 3.76 (4H, br
s), 6.90 (1H, 4, 0 = 6.3 Hz), 7.28-7.33 (1H, m), 7.94-7.59
(1H, m), 7.80-7.85 (1H, m), 8.38 (lH, d, J = 6.3 Hz), 9.16
(1H, s).
Example 90

- (3-cyclopropyl-4-isoxazol-5-yl)-4-[2-(2,3-

difluorophenyl)pyrimidin-4-yllpiperadine-l-carboxamide

%*” <

(1) 2,2,2-trichloroethyl (3-cyclopropylisoxazol-5-

y1l)carbamate
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ethyl 2,2,2-trichloroformate (1.93 g, 9.12 mmol) and

the 5 reaction was stirred at roomtenperature for 1

hour. The reaction was diluted with ethyl acetate,

added 0.5N hydrochloride (25 m) and extracted. The
extract was washed with watek®9dried over anhydrous
sodium sul fate, and the solvent was distilled off to
obtain the title conpound 10 (1.60 g, 67% as a

yel l ow solid. 1H NWR (CDC13) 5: 0.81-0.86 (2H,

1. 01T%. G5 Hitign of. §2<cOOPEPHY 1P, amlssl(s@HaZ§)le (1.93
5.84 (1H, s), 7.74 (1H br S). (2)
gN—(Eadyclmmmdpyl-mndsoggzbdiﬁeylXO47p2-gz,39.§5 mmol) in
di f 1 uor ophenyl ) pyri m di n- 4-yl ] pi per adi ne-1| - car boxam de
atheocdesiriaed prioduel) ( 18Aeny,idR20%olakiray Wha s e addpsit alropwise
was prepared from 2,2, 2-trichloroethyl (3-

c&nehopr opy? i sexerdbrSrytnses bamog and 2-(2, Imol) and the
di f1 uorophenyl ) - 4-pi per azi ne- 1-yl pyri m di ne
@bQ¥Q%%Cmé¥'§%hﬁ¥E&na€ RFRBREr HididAutO #dat10hour. The
Exanpl e 88. Nbltlng point: 180-181C (ethyl acetate).

d 69- 5 ac =1. 0 .
r%gb@wgnggw%ggs ég thg %EF&%?)S)Qt%@ 1 (%ﬁ@%ﬁﬁ 0.5N

h?()dggc.;gég %%H %6 IEE %@Z)eéqézra% 7d40 8%5}3 ?aﬁ_ltrac’:t was
35 lH
W&SPE% flE%)WP%UOVOp en %%§?}§? §E§%H§%f<%ﬁT%p sulfate, and

the solvent was distilled off to obtain the title compound

(1.60 g, 67%) as a yellow solid.

1H-NMR (CDCls) &: 0.81-0.86 (2H, m), 1.01-1.05 (2H, m),

1.92-2.00 (1H, m), 4.85 (2H, s), 5.84 (1H, s), 7.74 (1H, br
s).
(2) N-(3-cyclopropyl-4-isoxazol-5-yl)-4-[2-(2,3-
difluorophenyl)pyrimidin-4-yl]piperadine-1l-carboxamide

The desired product (180 mg, 42%) as a white crystal
was prepared from  2,2,2-trichloroethyl (3-
cyclopropylisoxazol-5-yl)carbamate and 2-(2,3-
difluorophenyl)-4-piperazine-1l-ylpyrimidine dihydrochloride
in a manner similar to that of Example 88. Melting point:
180-181°C (ethyl acetate).
'H-NMR (DMSO-dg) &: 0.69-0.75 (2H, m), 0.94-1.00 (2H, m),
1.86-1.95 (1H, m), 3.61 (4H, br s), 3.81.(4H, br s), 7.03
(1H, 4, J = 6.6 Hz), 7.33-7.40 (1H, m), 7.60-7.68 (1H, m),

7.79-7.83 (1H, m), 8.42 (1H, d, J = 6.6 Hz), 10.35 (1H, s).
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fl uoropyridin-3-yl)pi perazine-1-carboxamde F O ~NF
FNNA\NN NH NS5 (1) 2, 2,2-trichloroethyl
(6-fluoropyridin-3-yl)carbamate To a sol ution of

6-fl uoropydi ne-3-anmne (1.0 g, 8.92 mol) and
pyridine (0.85 g, 10.7 mmol) itP acetnitrile (10 nl)
under ice-colding was added dropw se ethyl 2,2, 2-
trichloroformate (2.18 g, 10.26 mmol) and the reaction
was 10 stirred at roomtenperature for 1 hour. The
ExkemptieoAlwas diluted with ethyl acetate, added 0.5N
hydrochloride (25 m) and extracted. The extract was
4wi 8hed , Bi-th fwabeophedivile ¢ yaver dammicydds Nsddi-um

sul fate, and the solvent was distilled off under
fledueed rpdeasorell @ipektraizi nkka -tdatdoex ati deonrpound
(2.14 g, 83% as a purple solid. 1H NWR (CDC13) 6:
4.84 (2H, s), 6.94 (1H, d, J = 3.3 Hz), 6.97 (1H, d,
J = 3.3 Hz), 8.05-8.10 (1 17-8.19 (1H, M.
(2) 4-[2-(2,3-difluorophe rirmdin-4-yl]-N-(6- 20
fl uoropyridi n-3-yl) pi peraziyfre{l - car boxam de The title
conmpound (g10 §p+_§5@© gs(a whigte crystal 171 was

prepared fnrgm 2, 2, NLL(jEL: oet hyl (.6-fl uoropyridin-3-
-/ N\  \ 7
N= H

(1) 2,2,2-trichloroethyl (6-fluoropyridin-3-yl)carbamate

To a solution of 6-fluoropydine-3-amine (1.0 g, 8.92
mmol) and pyridine (0.85 g, 10.7 mmol) in acetnitrile (10
ml) under ice-colding was added dropwise ethyl 2,2,2-
trichloroformate (2.18 g, 10.26 mmol) and the reaction was
stirred at room temperature for 1 hour. The reaction was
diluted with ethyl acetate, added 0.5N hydrochloride (25
ml) and extracted. The extract was wished with water,
dried over anhydrous sodium sulfate, and the solvent was
distilled off under reduced pressure to obtain the title
compound (2.14 g, 83%) as a purple solid.

'H-NMR (CDCl3) &: 4.84 (2H, s), 6.94 (1H, d, J = 3.3 Hz),
6.97 (1H, 4, J = 3.3 Hz), 8.05-8.10 (l1H, m), 8.17-8.19 (1H,
m) .

(2) 4-[2-(2,3-difluorophenyl)pyrimidin-4-yl]-N-(6-
fluoropyridin-3-yl)piperazine-l-carboxamide

The title compound (310 mg, 75%) as a white crystal
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yl)carbamate and 2-(2, 3-di fl uorophenyl) - 4-pi perazin-| -

yl pyri m di ne di hydrochloride in a manner simlar to

that of Exanple 88. Ml ting point 192- 193C (et hyl
acetate). 5 1HNWR (DVMBSO-d6) 6: 3.61-3.65 (4H, m,

3.83 (4H, br s), 6.99 (1H d79 = 6.0 Hz), 7.08-7.12

(1H, m, 7.31-7.38 (1H m, 7.56-7.65 (1H, m,

7.80-7.85 (1H, n), 8.03-8.08 (1H, m, 8.30 (1H, s),

8.41 (1H, d, J 6.0 Hz), 8.94 (1H, s). Exanmple 92 10
sz(@mﬂﬂaﬂaﬂfﬁx@mpzo%prerdbipﬁostyv} Aqg-Zluprapyridin-3-
di fl uor ophenyl ) pyri m di n- 4-yl ] pi perazi ne-1 -car boxam de
yPHEarGeBag€ O GaFd N=R-H2( By d2,f2,u@rophehlydr) odttpilperazin-1-
(6-chl oro-5-isopropyl pyridazin-3- yl)carbanate 15 To a
viohutimadiat 6GiakbepehForsder apyle- Banarirnepyiildazitwe that of
(1.53 g, 8.92 mol) and pyridine (0.85 g, 10.7 mmol)

EkAmacet gpi.t r vke t(AG Bblintnden2i-ce3Cal dictg Wascecadded .
dropwi se ethyl 2,2,2-trichloroformate (2.18 g, 10.26

Lol amgisiche eact | 9N euas . shi I [£4, aky)l,008 ¢ BNPEGL UbE <),
for 20 168 hours The precipitate was separated by

6f bt raki o tg —obt ai Bt he7tb%L© QQ QEPdn%64@'§1~ﬁI§@
as a mhlte "solid. 172 H-NNR ,
md,=7858-H2ks 3142 %:357(%W~7.85 (1H, m), 8.03-8.08 (1H, m),
8.30 (l1H, s), 8.41 (1H, d, J = 6.0 Hz), 8.9%4 (1H, s).
Example 92
- (6-chloro-5-isopropylpyridazin-3-yl)-4-[2-(2,3-

difluorophenyl)pyrimidin-4-yl]lpiperazine-l-carboxamide

CH,

HC o M\ M= F
)

ad Ny Nx_/m
H

(1) 2,2,2-trichlorocethyl (6-chloro-5-isopropylpyridazin-3-
yl) carbamate

To a solution of 6-chloro-5-isopropyl-3-
aminopyridazine (1.53 g, 8.92 mmol) and pyridine (0.85 g,
10.7 mmol) in acetonitrile (70 ml) under ice-colding was
added dropwise ethyl 2,2,2-trichloroformate (2.18 g, 10.26
mmol) and the reaction was stirred at room temperature for
168 hours. The precipitate was separated by filtration to

obtain the title compound (640 mg, 21%) as a white solid.
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m, 4.87 (2H, s), 8.19 (1H, s), 8.44 (1H, br s). (2)

N- (6-chl oro-5-i sopropyl pyridazin-3-yl)-4-[2-(2, 3-

di fl uorophenyl ) pyri m di n-4-yl ] pi perazi ne-1-car boxam de

5 The title conpound (320 ng, 67@@ as a white crystal

was prepared from 2, 2, 2- trlcﬂié?oethyl (6-chl oro- 5-

i sopropyl pyri dazi n- 3- yI)carbanate and 2-(2, 3-

di fl uorophenyl) - 4- pi perazi n-1-yl pyri m di ne
,dihydrochloride in a manner simlar to that

e 6CBBL3IMEY t i hg3poilAtly 910 T1o2- QQ%Cﬁ%éth§I22 -3.35 (1H,
acetate). 1H NWR (DMSO-d6) 6: 1.23 (6H, d, J = 6.6
mHz) 4. 870928,18 ¢ 1B 19m)(1H3. 60-388@4( SHE,nPr 6)90 (1H,

d, J 6.3 Hz), 7.27-7.34 (1H, n), 7.50-7.59 (1H, m,
(2)56- 7 65NH(I6|,—chr)l,or%.—SSi(sbﬁ,ro@d',lpyii:da@_i@—laz-,yla_—_’fl —le)—,(z ,3-
8.09 (1H, s), 8.38 (1H, d, J =6.3 Hz), 15 8.94 (1H
ds¥ludopben i) psyimExampke yd3piperazine-1l-carboxamide
4-[4-(2-fluorophenyl)pyrimdin-2-yl]-Npyridin-3-

yl pi paraziine-d - eanpoxagi de20 I\th, B7&) 2@ (13 white crystal
4- (2-fl uorophenyl) - 2-pi perazi n-1-yl pyri m di ne

' WQEhyde%BEQ%Hde %Z%m.T0232SQUﬂﬁﬂBhﬂﬂidéwﬁﬁmUtym chloro-5-

(4-chl oropyrimdin-2 yl)plpera2|ne - carboxyl ate (10
8p§%ﬁ§%g?9l§ﬁ§%§N%|§qr%%Q%%Mb Qronic acighd 7.02 g, 2-(2,3-

difluorophenyl)-4-piperazin-l-ylpyrimidine dihydrochloride

in a manner similar to that of Example 88. Melting point:

192-193°C (ethyl acetate).

'H-NMR (DMSO-dg) &: 1.23 (6H, d, J = 6.6 Hz), 3.09-3.18 (1H,
m), 3.60-3.80 (8H, m), 6.90 (1H, d, J = 6.3 Hz), 7.27-7.34

(14, m), 7.50-7.59 (1H, m), 7.56-7.65 (1H, m), 7.83 (1H, dd,
J = 6.6 Hz, 8.1 Hz), 8.09 (1H, s), 8.38 (1H, d4, J = 6.3 Hz),
8.94 (1H, s), 10.15 (1H, s).

Example 83

4-[4-(2-fluorophenyl)pyrimidin-2-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide

O /\ N—
O
N= H

(1) 4-(2—fluorophenyl)—2—pipérazin—l—ylpyrimidine

dihydrochloride
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aqueous sodi um carbonate solution (45 m) in 1,2 5

di met hoxyet hane (300 nml) was added

t et raki stri phenyl phosphi ne pal | adium (4.64 g, 40.2
mol ) at roomtenperature under ni trogen at nosphere,
and the mixture was stirred &f395C overni ght. The
reaction was poured into the saturated saline, and
extracted with ethyl acetate. The 10 extract was dried
over anhydrous magnesi um sul fate, and the solvent was

di stild ed seflfutimderoty écﬁ;&e@%ﬁs%@‘t@%%ﬁlmldln 2-
tert-butyl

A=) [pd-p(e2-ef 4 iner-dptremyd Osdra e dilP 23,y 13 %i pemezi Ine-2-
1-carboxyl ate. The obtained tert-butyl 4-[4-(2
Fllusoragdteeryilbgpyomiind diai-A2- 1 .]q8 per 870 1k -rmadar boyd éde
was 15 dissolved in ethyl acetate (70 m) and
aidtanols diQeh rdarboradtk tam itutel @ol (43 afl \Waish aﬂd,cmd 4N
hydrogen chl ori de-ethyl acetate solution (42 m, 167

dmRl thossid ek at3gmem) tempelatdd e overnight, and the
reaction was distilled off under reduced pressure. To

ﬂ%éﬁ%%%h%l%ﬁﬁ%bﬁﬁ' p20 Acalat &1 (0% M Ao 8ndumo1) at

met hanol O m’), stirred at room tenperature for 2

lhﬁ)lil{ Sc:err{ JJaQ:Vfﬁ% %&J’L’e L n Wasnoddld £ ed 4 O 1995 hfture
title conpound (7.90 g, 95% as a solid. 1H

vﬂrﬁ@@%}) S A il s 4081 %%%urgé into

aﬁt’?rat(ef;_lsa 1ne8 05 e8x aéted w@th etq'lyl a8ce5t5ate The
ex‘Jrac 2wfa!suo role ng\lglpyar hr?/éj ZIX&'l(}ﬁe[\éip\}/rglsddff_aEe, and the
solvent was distilled off under reduced pressure to obtain
tert-butyl 4-[4-(2-fluorophenyl)pyrimidin-2-yl]lpiperazine-
l-carboxylate. The obtained tert-butyl 4-[4-(2-
fluorophenyl)pyrimidin—Z—yl]piperazine—l—ca:boxylate was
dissolved in ethyl acetate (70 ml) and methanol (100 ml),
and to the solution was added 4N hydrogen chloride-ethyl
acetate solution (42 ml, 167 mmol), stirred at room
temperature overnight, and the reaction was distilled off
under reduced pressure. To the residue was added ethyl
acetate (300 ml) and methanol (60 ml), stirred at room
temperature for 2 hours, followed by the crystal was
filtered to obtain the title compound (7.80 g, 95%) as a
solid.
'H-NMR (DMSO-dg) &: 3.15 - 3.22 (4H, m), 4.02 - 4.08 (4H,

m), 7.14 - 7.17 (1H, m), 7.33 - 7.40 (2H, m), 7.55 - 7.6l



yl pi perazi ne- 1- car boxanm de The title conmpound (134 ng,
59%9 as a solid was 5 prepared from
2,2,2-trichloroethyl pyridin-3- ylcarbanate and

4- (2-f1 uorophenyl ) - 2- plpera2|n 1-yl pyrimdine

di hydrochloride in a manner siffilar to that of Exanple
88. Melting point: 200-201C (tetrahydrofuran-hexane).
1H NVR (DMSO-d6) 3.52 - 3.68 (4H, m, 3.79 - 3.94 (4H,
n, 10 7.06 - 7.11 (1H, m, 7.22 - 7.44 (3H m, 7.51
(LH7. 83, (8HO5 m) 8.70851H, 7m95 B1B2 m 8-85021H,8m2 (1H,
n, 813 - 821 (1H m, 8.50 (1H d, J = 5.3 Hz),
(8)66—¢£Hx2dflmoxogh3nﬁi)pyrSmSﬁi@IHryéﬂrNEpawpﬁén9$‘15
N- (3, 4-di et hyl i soxazol -5-yl)-4-[4-(2-
viptipeephengl )l pyrrodamideyl | pi per azi ne-| - car boxam de
CH3 OCNC- FHC/ OJ The title conpound (185 ng,
779 Tas aisoki dowdsunpr eéparedaf,r 69%) as a solid was
2,2,2-trichloroethyl (3,4-dinethylisoxazol-5- 20

5 pyébs%ea@%ﬁ and, 4-t2ithuerephery! bv2-piipenazilkalrbamate

yl pyri m di ne d|hydrochlor|de in a mnner simlar to

a 8 - [t i
R s e iy e bl

, dgﬁydr%khl%r&ée(§ﬁ as an%e%651m§1g§ to that of Example 88.
Melting point: 200-201°C (tetrahydrofuran-hexane).
'H-NMR (DMSO-dg) 3.52 - 3.68 (4H, m), 3.79 - 3.94 (4H, m),
10 7.06 - 7.11 (1H, m), 7.22 - 7.44 (3H, m), 7.51 - 7.63 (1H,
m), 7.85 - 7.95 (1H, m), 8.02 - 8.12 (1H, m), 8.13 - 8.21
(1H, m), 8.50 (1H, 4, J = 5.3 Hz), 8.66 (lH, d, J = 2.3 Hz),
8.81 (1H, s).
Example 94
15 N- (3, 4-dimethylisoxazol-5-yl)-4-[4-(2-

fluorophenyl)pyrimidin-2-yl]lpiperazine-l-carboxamide

CH, O N F
sy /N —
H.C N N
WN% \_/ %\N
N.g H

The title compound (185 mg, 77%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
20 yl)carbamate and 4-(2-fluorophenyl)-2-piperazin-1-

ylpyrimidine dihydrochloride in a manner similar to that of



(4H, m, 3.73 - 3.95 (4H, m, 7.06 - 7.11 (1H, m,
7.31 - 57.41 (2H m, 7.52 - 7.62 (1H m, 8.03 -
8.11 (1H, m, 8.50 (1H, d, J = 4.9 Hz), 9.25 (1H, s).
Exanpl e 95

A-[ 4- (2-fl uorophenyl) pyri m dil-2-yl ] - N-pyri dazi n- 3-

yl pi perazi ne-1-carboxam de &CNHCF N =N 10 T he title
compound (183 ny, 80% was prepared from
2,2,2-trichloroethyl pyridazin-3-ylcarbamate and 4-(2
Ekampéghéﬁyl)lepﬂpera@antl 996yﬂ&ﬁ1§|ﬁéetrahydrofuran-
di hydrochloride in a manner simlar to that of
hExamplle 88. Melting point: 15 228-229C
(tetrahydrof uran- hexane). 1H NVR (DVSO d6) 5: 3.54 -
13- 2R (4BMSO3d6)3.5%7 . B OBHAH) , M.,1F7. 081, .,13 (4H,- 3.66
m, 7.29 - 7.43 (2H, m, 7.51 - 7.63 (2H, m, 7.95 -

(8u34m(2H3 . mB, -83505( XMH,dm)J F.469-Hz).11 §17F9 m)8. 9031 -
(1H m, 9.96 (1H s). 20 Exanple 96

74204-0%; f hyor opBenyl ypypi nidi, nmz yls] oY pywi.ditn-31}7&) ,
yl pi per azi ne- | - car boxam de F

8.50 (1H, d, J = 4.9 Hz), 9.25 (1H, s) .

Example 95
4-[4-(2-fluorophenyl)pyrimidin-2-yl]-N-pyridazin-3-

ylpiperazine-l-carboxamide

SNV
O
N=N H

The title compound (183 mg, 80%) was prepared from
2,2,2-trichloroethyl pyridazin-3-ylcarbamate and 4-(2-
fluorophenyl)-2-piperazin-l-ylpyrimidine dihydrochloride in
a manner similar to that of Example 88. Melting point:
228-229°C (tetrahydrofuran-hexane).

'H-NMR (DMSO-dg) 6:'3.54 - 3.72 (4H, m), 3.77 - 3.98 (4H,
m), 7.03 - 7.13 (1H, m), 7.29 - 7.43 (2H, m), 7.51 - 7.63
(2H, m), 7.95 - 8.14 (2H, m), 8.50 (1H, 4, J = 4.9 Hz),
8.79 - 8.90 (1H, m), 9.96 (1H, s).

Example 96

4-[4-(3-fluorophenyl)pyrimidin-2-yl]-N-pyridin-3-
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(1) 4-(3-fluorophenyl)-2-piperazin-I|-ylpyrimdine

di hydrochloride 5 The title conpound as a solid was
prepared fromtert- butyl

4-(4-chl oropyri m din-2-yl)pi perazi ne-1-carboxyl ate
and 3-fl uorophenyl boronic acildd4n a manner sinmilar to
that of Exanple 93. Yield 97% 1H NVR (DVSO d6) S:
3.17 - 3.23 (4H m, 4.04 - 4.10 (44, 10 m, 7.36 -
7.42 (2H, m, 7.54 - 7.61 (1H, m, 7.97 - 8.04 (2H
yipip8re3ineglseabHxamide( 2)

4-[4-(3-fl uorophenyl)pyrimdin-2-yl]-Npyridin-3-

yl pi perazi ne-1-car boxam ge=The title conpound (63.7
ng, 28% as a solid vvas

2,2,2-trichl oroet hyl

4- (3-fl uorophenyl)-2-
di hydrocRori gein a

n- 3-yl carbamate and
in-1-yl pyrimdine

11C (tetrahydrof uran-hexane).
: # - 3.69 (4H, m, 3.83 - 3.97

7.24 - 7.33 (2H, m, 7.33 - 7.42 (1H m,
: 7.63 (1H, m, 7.86 - 7.94 (1H, m, 7.94 - 8.05
(2H, m, 8.13 177 8.19 (1H m, 8.51 (1H, d, J =5.3

G RIS AT Rl R Lo RaE P re - ey Ty €
d&hgg&ggﬁﬁg&k%%yrinidin-2-y|]piperazine-I-carboxanide

The title compound as a solid was prepared from tert-
butyl 4-(4-chloropyrimidin-2-yl)piperazine-l-carboxylate
and 3-fluorophenylboronic acid in a manner similar to that
of Example 93. Yield 97%.
'H-NMR (DMSO-dg) &: 3.17 - 3.23 (4H, m), 4.04 - 4.10 (4H,
m), 7.36 — 7.42 (2H, m), 7.54 - 7.61 (1H, m), 7.97 - 8.04
(2H, m), 8.53 - 8.56 (1H, m).
(2) 4-[4-(3-fluorophenyl)pyrimidin-2-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

The title compound (63.7 mg, 28%) as a solid was
prepared from 2,2,2-trichloroethyl pyridin-3-ylcarbamate
and 4—(3—fluorophenyl)—2—éiperazin—1—ylpyrimidine
dihydrochloride in a manner similar to that of Example 88.
Melting point: 210-211°C (tetrahydrofuran-hexane).
'H-NMR (DMSO-dg) &: 3.54 — 3.69 (4H, m), 3.83 - 3.97 (4H,
m), 7.24 - 7.33 (2H, m), 7.33 - 7.42 (1H, m), 7.52 - 7.63

(1H, m), 7.86 - 7.94 (1H, m), 7.94 - 8.05 (2H, m), 8.13 -
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15

F CH ON--~/NHa~ N ~-N\N O The title conmpound
(144 ng, 60% as a solid was prepared from
2,2,2-trichl oroethyl (3,4-dinethylisoxazol-5

yl ) carbamate and 4-(3-fluorophenyl)-2-piperazin-I 10
yl pyri nidine di hydrochloride $h’a manner sinilar to
that of Exanple 88. Melting point: 161-162C
(tetrahydrofuran- hexane). 1H NVR (DMBO-d6) 6: 1.77
(3H, s), 2.13 (3H, s), 3.45 - 3.68 (4H, , 3.75 -
84100 (14H, ™), 82531 (WH, &, I = 5. B HE), 8577 . G3- & 44 =
(1H, m, 7.51 - 7.65 (1H, m, 7.91 - 8.06 (2H m,
B.B5HA)LHB .B2 J(1H,5.8 Hz), 9.26 (1H, s). Exanple 98
4-[4-(3-fluorophenyl)pyrimdin-2-yl]-Npyridazin-3-

P gpigder 871 ne-| - carboxam de 178 F ON --N ND N=N The
title conpound (183 ng, 80% as a solid was prepared
N+ @ 2, Rt 1o oraet g - yayr- dagd neB- yl carbamate  and
4- (3-fluorophenyl)-2-pi perazi n-1-yl pyri m di ne
fluorophenyl)pyrimidin-2-yl]piperazine-l-carboxamide

oo

/NN
Wciyﬁ%%_J}—NxﬁjN—<g /

The title compound (144 mg, 60%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 4-(3-fluorophenyl)-2-piperazin-1-
ylpyrimidine dihydrochloride in a manner similar to that of
Example 88. Melting point: 161-162°C (tetrahydrofuran-
hexane) .

'H-NMR (DMSO-d¢) &: 1.77 (3H, s), 2.13 (3H, s), 3.45 - 3.68
(4H, m), 3.75 - 4.00 (4H, m), 7.31 (1H, 4, J = 5.3 Hz),
7.33 - 7.44 (1H, m), 7.51 - 7.65 (1H, m), 7.91 - 8.06 (2H,
m), 8.51 (1, d, J = 5.3 Hz), 9.20 (1lH, s).

Example 98
4-[4-(3-fluorophenyl)pyrimidin-2-yl]-N-pyridazin-3-

ylpiperazine-l-carboxamide
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5 di hydrochloride in a manner simlar to that of
Exanple 88. Melting point: 238-239C
(tetrahydrof uran- hexane). 1H NVR (DMSO d6) 5: 3.59
3.71 (4H, m, 3.82 - 3.99 (4H,_ m, 7.30 (1H d, J
5.1 Hz), 7.33 - 7.43 (1H, m,1"@51 - 7.64 (2H, m,
7.91 - 8.07 (3H m, 8.51 (1H, d, J = 5.1 Hz), 10 8.81
- 8.89 (1H, mM, 9.98 (1H, s). Exanple 99
4-[4-(4-fluorophenyl)pyrimdin-2-yl]-Npyridin-3-

yl pi perazi ne-I-carboxamide F OH 15 (1)

4- (4-fl uorophenyl) - 2- pi pe a%i n-1-yl pyrimdi ne

di hydrochl ori de The tiNt| & conpound as a solid was

prepared fromtert 179 butyl
4- (4- chl By opyT i di)i=R-yl ) pi per azi ne- | - car boxyl at e
an f 1 uoT Gphe orohic acid in a manner simlar to

t hat NExanpte 93 =Yield 92% 1H NVR (DMSO d6) 5:
3. 1N 3.23 (4H, m), 4.04 - 4.12 (4H, 5 m, 7.34 -
7.40 (3H, nm, 8.21 - 8.28 (2H, m, 8.49 - 8.53 (1H,
- (2) . .
4- [ 4164~ il waeopbapyhhpy ri1mizdinr, 2-8)ls]) - P isdilnWBwas
yl pi perazi ne-1|-carboxam de The title conpound (142 ny,
p8e¥hras &reQl PdoWBS trichloroethyl pyridazin-3-ylcarbamate
and 4—(3—fluorophenyl)—2—piperazih—l—ylpyrimidine

dihydrochloride in a manner similar to that of Example 88.

Melting point: 238-239°C (tetrahydrofuran-hexane).

'H-NMR (DMSO-d¢) &: 3.59 - 3.71 (4H, m), 3.82 - 3.99 (4H,

m), 7.30 (1, d, J = 5.1 Hz), 7.33 - 7.43 (1H, m), 7.51 -

7.64 (2H, m), 7.91 - 8.07 (3H, m), 8.51 (1H, d, J = 5.1 Hz),

8.81 - 8.89 (1H, m), 9.98 (1H, s).
Example 99
4-[4-(4-fluorophenyl)pyrimidin-2-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide

0] 7\ N—
Q?N\-/H\N /

(1) 4-(4-fluorophenyl)-2-piperazin-l-ylpyrimidine
dihydrochloride

The title compound as a solid was prepared from tert-
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10 prepared from 2,2, 2-trichl oroet hyl
pyri di n-3-yl carbamat e © and :
4- (4-fluorophenyl) - 2-pi perazi n-1-yl pyri m di ne
di hydrochloride in a manner sinmilar to that of Exanple
88. Melting point: 233-234C X%%trahydr of ur an- hexane).
1H NWR (DMSO-d6) 5: 3.53 - 3.68 (4H, m, 3.82 - 3.97
(4H, 15 m, 7.21 - 7.41 (4H, m, 7.85 - 7.94 (1H m,
8.16 (1H, dd, J =4.5, 1.5 Hz), 8.19 - 8.28 (2H, :
b8r4#8 (iHA-¢hldropgrdmidin-28y86pireraging-3-zagbgxrylate
8.81 (1H, s) Exanple 100
aNd( 3-4idiomephghiydbrazalicsaylip- 40] 4- Mgnn2@ similar to that
fl uorophenyl ) pyri m di n-2-yl ] pi perazi ne- 1- car boxam de F
oEFExeMB O N3N ~lyiN1N 99%180 The title conpound (171
ng, 71% as a solid was prepared from
121 R - tpsbtagoes hyd . 1(8,4-3jxet | soxazoleb-- 4.12 (4H,
yl ) carbamate and 4-(4-fl uorophenyl)-2-pi perazin-| -
myl, PYr @i di ne 4@i hydr oghl owi de ingamanner, si)ilsandt o §.53
that of 5 Exanple 88. Mel ting point: 226-227C
(ghetﬁﬁhydrofuran- hexane). 1H NVR (DVMSO-d6) 5: 1.77

‘4

30, "4y, 2.13 (3H, s), 3.49 - 3.64 (4H ), 3.80 -
(399445 (4Me1 628l ) byl rnE A2 2] -N-pyridin-3-

ylpiperazine-l-carboxamide
The title compound (142 mg, 62%) as a solid was

prepared from 2,2,2-trichloroethyl pyridin-3-ylcarbamate

‘and 4-(4-fluorophenyl)-2-piperazin-l-ylpyrimidine

dihydrochloride in a manner similar to that of Example 88.
Melting point: 233-234°C (tetrahydrofuran-hexane).

'H-NMR (DMSO-d¢) &: 3.53 - 3.68 (4H, m), 3.82 - 3.97 (4H,

m), 7.21 - 7.41 (4H, m), 7.85 - 7.94 (1H, m), 8.l16 (1H, dd,

J=4.5, 1.5 Hz), 8.19 - 8.28 (2H, m), 8.48 (1H, 4, J = 4.
Hz), 8.66 (l1H, 4, J = 2.3 Hz), 8.81 (1H, s).

Example 100

N-(3,4-dimethylisoxazol-5-yl)-4-[4-(4-
fluorophenyl)pyrimidin-2-yl]lpiperazine-l-carboxamide

F

9
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7.30 - 7.40 (2H, m), 8.17 - 8.27 (2H, m, 8.47 (1H d,

J = 10 5.3 Hz), 9.25 (1H, s). Exanple 101

4-[4- (4-fluorophenyl)pyrimdin-2-yl]-N pyridazin-3-

yl pi perazi ne-I-carboxamide F O N 15 The title

compound (176 ng, 77% as a s6lid was prepared from

2,2,2-trichloroethyl pyridazin-3-ylcarbamate and

4- (4-fluorophenyl) - 2-pi perazin-1-yl pyri m di ne

di hydrochloride in a manner simlar to that of Exanple

88. Thel tingepeinpoungs-(189Cmgy et/d&hy dsofusgaiexase) .

20 1H- NVR (DVMBO-d6) 5: 3.53 - 3.72 (4H, m, 3.80 -
p3ep8redHfrom 2,2,25tfidhldrogthys. I3HAyditeld3Bylipokhzol-5-

(2H, m, 7.58 (1H, 181 dd, J = 9.1, 4.9 Hz), 8.02
y(1HarBamdtzs Qnd HEz)(4-8116ropBe2§l)2Hpimera@isF1-1H

d J =53Hz), 885 (1H d, J = 3.4 Hz), 9.96 (1H
yvS$pbyrExaaphe #0Ry@rochloride in a manner similar to that of
4-[4-(2, 3-di | uorophenyl ) pyri m di n-2-yl]-N-pyridin- 3-
exbRbper 8zl nevki1¢anoxaninge 2B602M7Fc QiNthralydrofuran-

hexane).

'H-NMR (DMSO-dg) &: 1.77 (3H, s); 2.13 (3H, s), 3.49 - 3.64
(4H, mj, 3.80 - 3.94 (4H, m), 7.26 (1H, 4, J = 5.3 Hz),
7.30 - 7.40 (2H, m), 8.17 - 8.27 (2H, m), 8.47 (1H, d, J =
5.3 Hz), 9.25 (1H, s).

Example 101
4-[4-(4-fluorophenyl)pyrimidin-2-yl]-N-pyridazin-3-

ylpiperazine-l-carboxamide

O /——\ N=—
(/_\>—N>LN\—/N_<\N /
N=N H

The title compound (176 mg, 77%) as a solid was
prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate
and 4-(4-fluorophenyl)-2-piperazin-l-ylpyrimidine
dihydrochloride in a manner similar to that of Example 88.
Melting point: 168-169°C (tetrahydrofuran-hexane).

'H-NMR (DMSO-d¢) &: 3.53 - 3.72 (4H, m), 3.80 - 3.98 (4H,

m), 7.25 (1H, 4, J = 5.3 Hz), 7.30 - 7.41 (2H, m), 7.58 (1H,
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(1) 4-(2,3-difluorophenyl)-2-piperazin-1-yl pyrimdi ne
di hydrochl oride 10 The title conpound as a solid was
prepared fromtert- butyl
4- (4-chl oropyrim di n-2-yl) pi pera2| ne-| -carboxyl ate
and 2, 3-di fl uorophenyl boroni cl&tid in a manner sinilar
to that of Exanple 93. Yield 94% 1H NVMR (DVSO d6) b5:
3.15 - 3.23 (4H m, 4.01 - 4.08 (44, 15 m, 7.15 -
7.18 (1H, m, 7.34 - 7.41 (1H, r% 7.58 - 7.65 (1H,
dey, J7=8P.1,7486 HEH, 1), 028 GH,- 5O PH1 Mz) ,(H).16 - 8.28
4-[4-(2, 3-di fl uorophenyl ) pyri m di n-2-yl]-Npyridin-3-
(PHpi per,adi.Ag- 1-1dar Woxdm=de -Bhélalit |8 Sdonfddund!,(57.=1 3.4 Hz),
ng, 25% as a solid was 20 prepared from
92,98, 21,1 ehl.or oet hyl pyridi n-3-yl carbamate 182 and
4- (2, 3-di fl uorophenyl ) - 2-pi perazi n-1 -yl pyri m di ne
eciaydreoaflzori de in a manner similar to that of Exanple
88. Melting point: 232-233C (tetrahydrofuran-hexane).
41HHN @E%@ﬂiﬁﬁar éi ﬁiﬂ%ﬂﬁﬁ“ﬂ —N3- idih-93
(Z[I_ngnj, Xlsp}] y‘D] ),p6$c28(1H
yﬁﬁﬁ?é %n%wl—%a%bﬂ&kmléesz - 7 43 (1H m, 7.54 -

(1 m, - 7.95 (2H, m, 8.16 (1H, dd, J =
4.5, 1. Hz) 816(1H dd, J =4.5, 1.5 Hz), 8.54
(1H, d, J = 5.1 Hz), 8.66 (1H, d J =2.5H), 881
(1H, s). 10 Exanpl e 103
N- (3, 4-di et hyl i soxazol -

(1) 4-(2,3-difluorophenyl)-2-piperazin-l-ylpyrimidine
dihydrochloride

The title compound as a solid was prepared from tert-
butyl 4-(4-chloropyrimidin-2-yl)piperazine-l-carboxylate
and 2,3-difluorophenylboronic acid in a manner similar to
that of Example 93. Yield 94%.
'H-NMR (DMSO-dg) &: 3.15 - 3.23 (4H, m), 4.01 - 4.08 (4H,
m), 7.15 - 7.18 (1H, m), 7.34 - 7.41 (1H, m), 7.58 - 7.65
(l1H, m), 7.81 - 7.86 (1H, m), 8.57 - 8.59 (1H, m).
(2) 4-[4-(2,3-difluorophenyl)pyrimidin-2-yl]-N-pyridin-3-
ylpiperazine~l-carboxamide

The title compound (57.1 mg, 25%) as a solid was

prepared from 2,2,2-trichloroethyl pyridin-3-ylcarbamate
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di f 1 uor ophenyl ) pyri m di n- 2-yl ] pi perazi ne-| - car boxam de

F FHCNNL/ NN NOHThe title conpound (137 ng,

58% as a solid was 15 prepared from

2,2,2-trichloroethyl (3,4-dinethylisoxazol-5-

yl )carbamat e and 4- (2, 3-di f| ub¥®phenyl ) - 2- pi perazin-1 -

yl pyri m di ne di hydrochloride in a manner simlar to

that of Exanple 88. Melting point: 193-194C
(tetrahydrofuran- hexane). 20 1H NMR (DMSO-d6) 5: 1.76
af@HA SR, 32 diF ludmorenyd.)5E P ipega zig3 1 (VAR Y 1yl I3.07g

- 3.92 (4H m, 7.04 - 7.13 (1H m, 7.31 - 7.43 (1H,
dihydx s Lori dg7 il e, manner. AAmilA9Gq tHatnof Exaggple 88.
(1H, d, J = 4.9 Hz), 9.24 (1H, s). Exanple 104 5

M&1[t4n(@2 p-iditf:] ReRe@EiBsi\ ) (mertimandidrcfFudan-iepanedazi n- 3

- yl piperazine-l-carboxamde F F N N N=NH The title
'geNpRUNOME@06,)ND5: 918 as B. 60| (#Hwas), 3.75 - 3.99 (4H,
m), 7.09 (1H, dd, J = 5.1, 2.5 Hz ), 7.28 (1lH, dd, J = 8.3,
4.5 Hz), 7.32 - 7.43 (1H, m), 7.54 - 7.66 (1H, m), 7.79 -
7.95 (2H, m), 8.16 (1H, dd, J = 4.5, 1.5 Hz), 8.16 (1lH, dd,
J=4.5, 1.5 Hz), 8.54 (1H, 4, J = 5.1 Hz), 8.66 (lH, d, J
= 2.5 Hz), 8.81 (1H, s).

Example 103

N-(3,4-dimethylisoxazol-5-yl)-4-[4-(2,3-

difluorophenyl)pyrimidin-2-yl]lpiperazine-l-carboxamide

CH, O

! / N\ }\l N
" CWNV\&N}*N\_/”{N—

~g H

The title compound (137 mg, 58%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 4-(2,3-difluorophenyl)-2-piperazin-1-
ylpyrimidine dihydrochloride in a manner similar to that of
Example 88. Melting point: 193-194°C (tetrahydrofuran-
hexane) .

'y-NMR (DMSO-dg) &: 1.76 (3H, s), 2.13 (3H, s), 3.51 - 3.64
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prepared from 2,2, 2-trichl oroet hyl

pyri dazi n-3-yl carbamate 10 and

4- (2, 3-di fl uorophenyl ) - 2- pi perazi n-1-yl pyri m di ne

di hydrochloride in a manner sinilar to that of Exanple
88. Melting point: 248-249CY&%trahydr of uran- hexane).
1H NWR (DMSO-d6) 5: 3.54 - 3.72 (4H, m, 3.77 - 3.98
(4H m, 7.09 (1H dd, J =5.0, 2.5 Hz), 7.32 - 7.43
(1H, m, 15 7.52 - 7.67 (2H, m, 7.79 - 7.91 (1H, :
(8HQ2m{ 1H3 -d8, —~J3=929.(H,1m3,H7) 04854 -4 BH,(1d, ;)= 5.8l -
Hz), 8.85 (1H, dd, J = 4.5, 1.3 Hz), 9.97 (1H, s).
TEXamilg, 185, 7.53 - 7.67 (1H, m), 7.79 - 7.90 (1H, m),
4-[4-(2,5-difluorophenyl)pyrimdin-2-yl]-Npyridin-3-
8203yl(pHpedazione- k- GaHkoxalw.dd 18%, B)~i N P\F YN N N
NN- H (1)
E4af@18- diofil uor ophenyl ) - 2- pi perazi n- 1-yl pyri mi di ne

di hydrochl oride The title conpound as a solid was
4Pr[@PQQE‘@—E&Q'Ihb%bbhe%?ll)'Fﬂrimidin—2—yl] -N-pyridazin-3-
4-(4-cﬁ|oropyrin1din- -yl) pi perazi ne-1-carboxyl ate
yaBderazdhtluargphenykheroni c acid in a manner simlar
to "that of Exanple 93. Yield 95% 1H NVR (DMSO d6) 6:
3.13 - 3.23 (4H, m, 4.01 - 4.08 (4H, m, 7.17 - 7.20
(1H, m, 7.42 - 7.48 ( m, 7.87 - 7.93
F

| o) —\ N
ATaSas
N—N H

The title compound (206 mg, 91%) as a solid was
prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate

and 4-(2,3-difluorophenyl)-2-piperazin-l-ylpyrimidine

dihydrochloride in a manner similar to that of Example 88.

Melting point: 248-249°C (tetrahydrofuran-hexane).

'H-NMR (DMSO-d¢) &: 3.54 - 3.72 (4H, m), 3.77 - 3.98 (4H,
m), 7.09 (1H, dd, J = 5.0, 2.5 Hz), 7.32 - 7.43 (lH, m),
7.52 - 7.67 (2, m), 7.79 - 7.91 (1H, m), 8.02 (1H, dd, J =
9.0, 1.3 Hz), 8.54 (1H, d, 0 = 5.0 Hz), 8.85 (1H, dd, J =
4.5, 1.3 Hz), 9.97 (1H, s).

Example 105
4-{4-(2,5-difluorophenyl)pyrimidin-2-yl]-N-pyridin-3-

ylpiperazine-l-carboxamide
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%0)(1H, m, 7.81 - 7.86 (1H, m, 8.57 - 8.59 (1H, m.
2

4-[4-(2,5-di fluorophenyl)pyrimdin-2-yl]-Npyridin-3-
yl pi perazi ne-| -carboxam de The title conmpound (95.5
my, 42% as a solid was prepdted from
2,2,2-trichloroethyl pyridin-3-ylcarbamate 15 and
4-(2,5-di fl uorophenyl) - 2-pi perazin-1-yl pyri m di ne

di hydrochloride in a manner simlar to that of Exanple
88. Melting point: 270-271C (tetrahydrofuran-hexane).
1H NVR (DVMBSO-d6) 6: 3.51 - 3.69 (4H, m, 3.80 - 3.94
(4H, m, 7.11 (1H, = 4.9, 2.7 Hz), 7.28 (1H,

| & 106

8. \(1 |
(3, /=i methyl i sdxazol -5-y1)-4-[4-(2, 5-
di ¥dor ophenyl ) pyri m di n- 2-yl ] pi per azi ne-1 - car boxam de
FCHOF CNN NOH 5
(1) 4-(2,5-difluorophenyl)-2-piperazin-l-ylpyrimidine

dd, J = 8.3, 20 4.5 , 7.38 - 7.49 (2H, ), 7.82 -
7.94 (24 m, 816 (YH \dd, J = 4.5 1.5 Hz), 8.53
(1H, d,g§_;/179 \8- 67 185 (1H d, J = 2.7 Hz),

a

dihydrochloride

The title compound‘as a solid was prepared from tert-
butyl 4-(4-chloropyrimidin-2-yl)piperazine-l-carboxylate
and 2,5-difluorophenylboronic acid in a manner similar to
that of Example 93. Yield 95%.
'H-NMR (DMSO-dg) ®: 3.13 - 3.23 (4H, m), 4.01 - 4.08 (4H,
m), 7.17 - 7.20 (1H, m), 7.42 - 7.48 (2H, m), 7.87 - 7.93
(1H, m), 7.81 - 7.86 (lH, m), 8.57 - 8.59 (1H, m).
(2) 4-[4-(2,5-difluorophenyl)pyrimidin-2-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

The title compound (95.5 mg, 42%) as a solid was
prepared from 2,2,2-trichloroethyl pyridin-3-ylcarbamate
and 4-(2,5-difluorophenyl)-2-piperazin-l-ylpyrimidine
dihydrochloride in a manner similar to that of Example 88.
Melting point: 270-271°C (tetrahydrofuran-hexane).
ly-NMR (DMSO-dg) d: 3.51 - 3.69 (4H, m), 3.80 - 3.94 (4H,
m), 7.11 (1H, d4d, J = 4.9, 2.7 Hz), 7.28 (1H, dd, J = 8.3,
4.5 Hz ), 7.38 — 7.49 (2H, m), 7.82 - 7.94 (2H, m), 8.16

(14, dd, J = 4.5, 1.5 Hz), 8.53 (1H, d, J = 4.9 Hz), 8.67
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" 1H NMR (DMBO-d6) 5: 3.

The title conpound (204 ng, 86% as a solid was
prepared from 2,2, 2-trichl or oet hyl

(3, 4-di net hyl i soxazol -5- yl)carbamate and

4-(2,5-di fl uorophenyl) - 2-pi perazin-I- ylpyrimdine

di hydrochloride in a manner sifilar to that of 10
Exanpl e 88. Melting point: 218-219C (tetrahydrofuran-
hexane). 1H NWVR (DMSO-d6) 5: 1.77 (3H, s), 2.13 (3H,
s), 3.48 - 3.65 (4H m, 3.77 - 3.93 (4H m, 7.11
(LBF, dddyJ & 2.5. ¥z)2. 8.8Bz)(1H7.87 .- 7.49 (2H, m, 7.82
- 7.93 (1H, m, 8.53 (1H, d, 15 J =5.1 Hz), 9.24
Ekikple) 10Exanpl e 107
4-[4-(2,5-difluorophenyl)pyrimdin-2-yl]-N pyridazin-3

- N~ (Bl, g-pemazhReilkogarbaxariyde -186 4-K2i, 5SP\F N N -\ H

NN= The title conmpound (101 ng, 44% as a solid was
d@EQQ@&@@h@hgﬁl%y%aﬁu@ﬁhG@L9ﬂQ©h@Hraz1ne l-carboxamide
pyri dazi n-3-yl carbamate and
4-(2,5-difluorophenyl)-2-piperazin-1-ylpyrimdine 5

di hydrochloride in a mipner sinilar to that of Exanple
88. Melting point: 271 C (tetrahydrofuran-hexane).
3.72 (4H m, 3.79 - 3.96
5.1, 2.4 Hz), 7.38 - 7.50

(4H m, 7.11 (1H, dd,

The title compound (204 mg, 86%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 4-(2,5-difluorophenyl)-2-piperazin-1-
ylpyrimidine dihydrochloride in a manner similar to that of
Example 88. Melting point: 218-219°C (tetrahydrofuran-
hexane) .

'H-NMR (DMSO-dg) &: 1.77 (3H, s), 2.13 (3H, s), 3.48 - 3.65
(4H, m), 3.77 - 3.93 (4H, m), 7.11 (1H, dd, J = 5.1, 2.5
Hz), 7.37 - 7.49 (2H, m), 7.82 - 7.93 (1H, m), 8.53 (1H, d,
J = 5.1 Hz), 9.24 (1H, s).

Example 107
4-[4-(2,5-difluorophenyl)pyrimidin-2-yl]-N-pyridazin-3-

ylpiperazine-l-carboxamide
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7.58 (1H, dd, d, J =9.0, 4.7 Hz), 7.82 - 7.93 (1H,
m, 10 8.02 (1H dd, d, J =9.0, 1.3 Hz), 8.53 (1H, d,
J =51 Hz), 885(1H dd, J =4.7, 1.3 Hz), 9.97
(1H, s). Exanple 108 _

4-4-(3, 4-di fluorophenyl)pyrih@in-2-yl]-Npyridin-3-
yl pi perazi ne-1-carboxamde F \ F N H 15 (1)

4- (3, 4-di fl uorophenyl) - 2- pi perazi n-1-yl pyri m di ne

di hydrochloride 187 The title conmpound as a solid was
prepared fromtert bugyl

4- (4-chl oropyri m di n- 234 pi perazi ne-| -car boxyl ate

and 3, 4-difl uorophenylni c acid in a manner simlar
to that of Exanpl e 9\ Y eld 98% 5 1H NVR ( DVMBO- d6)

5: 3.14 - 3.23 (4H 403 - 4.11 (4H m, 7.37

765(1H m, 8.04 - 810 (1H,

. 7.40 (1

n) , 8.53 - 8.56 (1H, m. (2)
4-\ 4- - oroyl)pyrlmdanyI] N- pyri di n- 3-
yl i ra2| ne | -carboxam de 10 The title conpound (47.8
ng, 21% as a solid was prepared from
e 2 % I eARhQY QR Y 1Nty Vi AN DAL s AN wvas

uor op uﬂ 2 pi pera2| n-1-yl pyri m di ne
prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate
and 4-(2,5-difluorophenyl)-2-piperazin-l-ylpyrimidine
dihydrochloride in a manner similar to that of Example 88.
Melting point: 271-272°C (tetrahydrofuran-hexane).
'H-NMR (DMSO-dg) &: 3.55 — 3.72 (4H, m), 3.79 - 3.96 (4H,
m), 7.11 (1H, d4d, J = 5.1, 2.4 Hz), 7.38 - 7.50 (2H, m),

7.58 (1H, dd, 4, J = 9.0, 4.7 Hz), 7.82 - 7.93 (1H, m),

8.02 (1H, dd, d, J

9.0, 1.3 Hz), 8.53 (1H, 4, J = 5.1 Hz),
8.85 (1H, dd, J = 4.7, 1.3 Hz), 9.97 (1lH, s).

Example 108
4-[4-(3,4-difluorophenyl)pyrimidin-2-yl]-N-pyridin-3-
yvlpiperazine-l-carboxamide

F

VAR
@NM\—/H/
N= H

(1) 4-(3,4-difluorophenyl)-2-piperazin-l-ylpyrimidine

dihydrochloride
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di hydrochloride in a manner simlar to that of Exanple

88. Melting point: 231-232C (tetrahydrofuran-hexane).

15 1H-NVR (DMSO-d6) 5: 3.48 - 3.70 (4H, m , 3.78 -

3.99 (4H, m, 7.23 - 7.33 (2H, m), 7.53 - 7.65 (1H,

m, 7.86 - 7.94 (1H, m, 8.087~ 8.11 (1H, m, 8.16

(1H, dd, J = 4.5, 1.5 Hz), 819 - 8.29 (1H, m, 8.51

(1H, d, J = 5.3 Hz), 8.66 (1H d, J = 2.7 Hz), 8.82

(1H, s). 20 Exanple 109

N- (3Thedtiti hypmprandl 25- pl podip4wes, prepared from tert-

~di fl uorophenyl) pyri m di n-2-yl] pi perazi ne-1-car boxam de
b1881 E-F4-NhlHrOpyTheitinte-gdnpopedaif?-Agca88Uxydste

a solid was prepared from2,2,2-trichl oroet hyl
aﬁa,47dFHEEmeESphaﬁgﬂbeomﬁﬁCabbdnﬁheaamdnner similar to
4- (3, 4-di fl uorophenyl)-2-pi perazin-1 5 yl pyrimdi ne
tdibhydroghbapndeon avaangenssi.milar to that of

Exanpl e 88. Melting point: 214-215C (tetrahydrofuran-

Lhexane DMékbE E(D'\ﬁ(}édﬁ) $:23l. 74@(?&'1 9,02.-13% (BH, (48

s), 3. . (4H, rr), 3.80 - 3.96 (4H, rr), 7.31
mélHW 7 §o3 Hﬁ)'méo .33 - 3.%@ ((J_UF! % @34 -~ 8.10
| 1H n) (1H, m, 8.50 (

a3 ) 92 %6—(%5’303) (1H, m), 8.53 - 8.56 (1H, m).

(2) 4-[4-(3,4-difluorophenyl)pyrimidin-2-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

The title compound (47.8 mg, 21%) as a solid was

prepared from 2,2,2-trichloroethyl pyfidin—3—ylcarbamate

and 4-(3,4-difluorophenyl)-2-piperazin-l-ylpyrimidine

dihydrochloride in a manner similar to that of Example 88.

Melting point: 231-232°C (tetrahydrofuran-hexane).

'H-NMR (DMSO-d¢) &: 3.48 - 3.70 (4H, m), 3.78 - 3.99 (4H,

m), 7.23 - 7.33 (2H, m), 7.53 - 7.65 (1H, m), 7.86 — 7.94

(1H, m), 8.01 - 8.11 (1H, m), 8.16 (1H, dd, J = 4.5, 1.5
Hz), 8.19 - 8.29 (1H, m), 8.51 (1H, 4, J = 5.3 Hz), 8.66
(1H, 4, 0§ = 2.7 Hz), 8.82 (1H, s).

Example 109

N-(3,4-dimethylisoxazol-5-yl)-4-[4-(3,4-

difluorophenyl)pyrimidin-2-yllpiperazine-l-carboxamide
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Exanpl e 110

4-14-(3, 4-di fl uorophenyl) pyri m di n-2-yl]-Npyridazin-3
- yl pi perazin-1-carboxamde FF \ N NNH 15 The
title conpound (188 ng, 83% as a solid was 189
prepared from 2,2, 2-trichl or détthyl

pyri dazi n- 3-yl carbamate and

4- (3, 4-di fl uorophenyl) - 2- pi perazi n-1 -yl pyri m di ne

di hydrochloride in a manner simlar to that of Exanple
88. Melting point: 218-2%9C (tetrahydrofuran-hexane).
5 1HNWR (DVMSO-d6) 5: 3. - 3.73 (4H, m, 3.80 - 3.99
(4H, m, 7.30 (1H, d, 5.3 Hz), 7.51 - 7.66 (2H,
n, 7.96 - 8.11 (2H, . (1H, d, J = 5.3 Hz),
8.85 (1H, d, J. = 3.4 , 9.97 (1H, s). Exanple 111

eqyl ) pyrimdin-2-yl]-Npyridin-3-
ide FF | t-\\- ~ | --~-P~

The title compound (162 mg, 68%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 4-(3,4-difluorophenyl)-2-piperazin-1-
ylpyrimidine dihydrochloride in a manner similar to that of
Example 88. Melting point: 214-215°C (tetrahydrofuran-
hexane) .

'H-NMR (DMSO-dg) ®: 1.77 (3H, s), 2.13 (3H, s), 3.50 - 3.63
(4H, m), 3.80 - 3.96 (4H, m), 7.31 (1H, 4, J = 5.3 Hz),
7.52 - 7.66 (1H, m), 8.01 - 8.11 (1H, m), 8.17 - 8.30 (1H,
m), 8.50 (1H, d, J = 5.3 Hz), 9.26 (1H, s).

Example 110
4-[4-(3,4-difluorophenyl)pyrimidin-2-yl]-N-pyridazin-3-

ylpiperazin-l-carboxamide

0] N
N
- OA
N=N H

The title compound (188 mg, 83%) as a solid was
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(1) 4-(3,5-difluorophenyl)-2-piperazin-|-ylpyrimdine

di hydrochl oride 15 The title conpound as a solid was
prepared fromtert- butyl

4- (4-chl oropyri m di n-2-yl') pi per azi ne-| - carboxyl ate

and 3, 5-di fl uorophenyl boroni cl@2id in a manner simlar

to that of Exanple 93. Yield 95% 1H NVR (DVSO d6) b5:
3.14 - 3.23 (4H m, 4.04 - 4.10 (44, 20 m, 7.41 -

7.49 (2H m, 7.88 - 7.96 (2H, m, 8.55 - 8.59 (1H
pmepake@ fE@m 2,2,2-trichloroethyl pyridazin-3-ylcarbamate
4-[4- (3, 5-di fluorophenyl)pyrimdin-2-yl]-Npyridin-3-
ayildpidpeBa Zi-rE-flueardpdxaryild e- ZHpe pleirtal ze ne-drydymnet iti46 ey,
64% as a solid was prepared from

d2 h¥d2-dahileiiareoatrhy meyimedi r-idrilacardearmte & @axhmple 88.
4- (3, 5-di fl uorophenyl) - 2-pi perazi n- 1=yl pyri m di ne
i1 Y Ghig0 ) 19 -d @ 1igR- 28 IPRN NEe talliylcilo fuddrhate xefndixanpl e

88. Melting point: 231-232C (tetrahydrofuran-hexane).

11%J:NM¥R b@b’@%gﬁ)65 335(53— 3371370, 4}4H,m 338(78— 349804y,
dd, J = 8.3, 4.9 Hr)] 35(1Hd,

7. 38 = 7. L, . 7. oe —
743% ]((()LlH de 35_34ng% (117? ﬁzn)) 786?5((%HH 9@’(3#'96

8 1% %%’1?96%@5%? (qé{ medt hyI [ soxazgizaé §/ )%54 1AF(S 5- -

d%fﬁﬁ8ﬂo§%é%ylfﬁ?rlﬁldln 2- yl]plpera2|ne | - car boxam de
Example 111

4-[4-(3,5-difluorophenyl)pyrimidin-2-yl]-N-pyridin-3-

yvlpiperazine-l-carboxamide

(1) 4-(3,5-difluorophenyl)-2-piperazin-l-ylpyrimidine
dihydrochloride

The title compound as a solid was prepared from tert-
butyl 4-(4-chloropyrimidin-2-yl)piperazine-l-carboxylate
and 3,5-difluorophenylboronic acid in a manner similar to
that of Example 93. Yield 95%.
'H-NMR (DMSO-dg¢) ®: 3.14 - 3.23 (4H, m), 4.04 - 4.10 (4H,
m), 7.41 - 7.49 (2H, m), 7.88 - 7.96 (2H, m), 8.55 - 8.59

(1H, m).



FF HQ N~-NM N A HN O The title conpound (188

ng, 79% as a solid was prepared from
2,2,2-trichloroethyl (3,4-dinmethylisoxazol -5-

yl) carbamate and 4-(3, 5-di fl uorophenyl) - 2-pi perazin- |

20 yl pyrimdine dihydrochlorid20in a manner sinmilar to
that of Exanple 88. Melting point: 241-242C
(tetrahydrofuran 191 hexane). 1H NVR (DVSO d6) 5:

1.77 (3H, s), 2.13 (3H, s), 3.46 - 3.66 (4H, m, 3.76
(2)4.400 448, Smi fa s phidnyd,) Ry rinE. @ )y 1 |7 Ne® y-r it i46-3-
(iH, m, 7.83 - 7.96 (2H, m, 853 (iH d, J = 55.3
yHD) pe.a25 nleH- carb deaniplee 113
4-[4-(3,5-difluorophenyl)pyrimdin-2-yl]-Npyridazin-3
-yl mihperadzilre donpariheX amdde nfg , F 64N ~iad aNsolid wWs N

Fi 10 The title conpound (89.0 ng, 39% as a solid was
prepared from 2,2,2-trichloroethyl pyridin-3-ylcarbamate
and 4-(3,5-difluorophenyl)-2-piperazin-l-ylpyrimidine
dihydrochloride in a manner similar to that of Example 88.
Melting point:x231—232°C (tetrahydrofuran-hexane) .

'H-NMR (DMSO-dg) &: 3.51 - 3.70 (4H, m), 3.78 — 4.00 (4H,
m), 7.28 (1H, dd, J = 8.3, 4.9 Hz), 7.35 (1H, d, J = 4.9
Hz), 7.38 - 7.48 (1H, m), 7.85 - 7.96 (3H, m), 8.16 (1H, dd,
J=4.9, 1.5 Hz), 8.54 (1H, d, J = 4.9 Hz), 8.66 (1lH, d, J
= 2.7 Hz), 8.82 (1lH, s).

Example 112

N-(3,4-dimethylisoxazol-5-yl)-4-[4-(3,5-

difluorophenyl)pyrimidin-2-yl]piperazine-l-carboxamide

CH, O N
HC ’ >\_N/ \N4</ N
l N N S N=
The title compound (188 mg, 79%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl) carbamate and 4-(3,5-difluorophenyl)-2-piperazin-1-
ylpyrimidine dihydrochloride in a manner similar to that of

Example 88. Melting point: 241-242°C (tetrahydrofuran-
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prepared from 2,2, 2-trichl oroet hyl
pyri dazi n- 3-yl carbamate and
4- (3, 5-di fl uorophenyl) - 2- pi perazi n-1-yl pyri m di ne
di hydrochloride in a manner sinmilar to that of Exanple
88. Melting point: 270-27103°%1
(tetrahydrof uran- hexane). 15 1H NMR (DMSO-d6) 5: 3.53
- 3.75 (44, m, 3.78 - 4.00 (44 m, 7.35 (1H, d, J =
5.3 Hz), 7.38 - 7.49 (1H, m, 7.58 (1H, dd, J =
hd4xBnkz), 7.82 - 7.95 (2H, n), 8.02 (1H, dd, J =
1.5 Hz), 8.54 (1H, d, J = 5.3 Hz), 8.85 (1H, d, J =
UEB- MMRZ ) DM9O 9T )( BH, 1s)7.7 2@BHExanpl € 11 (3H, s), 3.46 - 3.66
4-[4-(2,6-difluorophenyl)pyrimdin-2-yl]-Npyridin-3
(482 myl, pBperazi neob- cauboxanm de3b (CH, Q,NJ F 5.3 Hz),
H3C, ~j--~-N~\ N N O H (1) Tert-buty
743B4-(2..@9dihhyompphengt) pyri.wiedi(2H2- m), 8.53 (1H, d, J =
yl ] pi perazi ne-1-carboxylate 5 To a solution of
5t 8r tizhut gl 24- (4uchker.opyri m din-2
yl ) pi perazi ne-|-carboxylate (6.00 g, 20.1 nmmol ), 2, 6-
rqLfbyar gphenyl boronic acid (3.80 g, 24.1 nmol),
potassium fluoride (3.5 g, 60.3 nmol) in
teyrahydraof : (101666 S @ -3
4t$%33? g ?g??ggrggggﬁg%é£9r£%1@§n 2LyWﬁ Na%§%qda21n 3

bén en

ylpiperazine-l-carboxamide

F

o, N
@NML/H/N—\
n=N H

The title compound (89.0 mg, 39%) as a solid was
prepared from 2,2,2-trichloroethyl pyridazin-3-ylcarbamate
and 4—(3,5—difluorophenyl)—2—piperazin—1—ylpyrimidine
dihydrochloride in a manner similar to that of Example 88.
Melting point: 270-271°C (tetrahydrofuran-hexane).

'H-NMR (DMSO-dg) &: 3.53 - 3.75 (4H, m), 3.78 — 4.00 (4H,

m), 7.35 (14, d, J = 5.3 Hz), 7.38 - 7.49 (1H, m), 7.58 (1H,

dad, J = 9.1, 4.5 Hz), 7.82 - 7.85 (2H, m), 8.02 (1H, dd, J
= 9.1, 1.5 Hz), 8.54 (1H, d, J = 5.3 Hz), 8.85 (1H, d, J =
3.4 Hz), 9.97 (1H, s).

Example 114

4-[4-(2,6-difluorophenyl)pyrimidin-2-yl]-N-pyridin-3-
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10 di palladium (1.80 g, 2.01 mmol ) and

tri-tert-butyl phosphine (10 wt% in hexane) (8.4 g,

4.02 mmol ) at roomtenperature under nitrogen

at nosphere, and the m xture was stirred at 60C for 2

hours. The reaction was cool éd?4 o room tenperat ure,

and concentrated. The residue was poured into 15

wat er, and extracted with ethyl acetate. The extract

was dried over anhydrous nmagnesium sul fate, and the
vipipentznas-ldicstbbkedidef under reduced pressure. The

residue was purified by a colum chromatography on

silica gel (ethyl acetate:hexane = 1:5) to obtain the

title conpound (6.60 g, 20 87% as a solid. 193

1H NWMR (CDC13) 6: 1.42 (9 ) , 3.32 - 3.42 (4H, m

3.72 - 3.75 (4H, m, 6-84 /85 (1H, m, 7.22 - 7.26
(2H lﬂ 7.54 - 7.62 (1H 8.51 (1H, d, J = 4.9

F
}40(2 6 d?f Q__{ 2-Yiperazin-1-ylpyrimdine 5
hgff chI ti\t | ¢/compound as a solid was
t - buty
I'ljlfluorophenyl)pyrlmdln 2 yl ] pi perazi ne-1 -
carboxylate in a manner simlar to that of Exanple 93.
Yield 87% 10 1H NWR (DMSO-d6) 6: 3.11 - 3.21 (4H, m,

g %eﬁf %gg4H %46é2,?1ﬁ1fluor§p§%%§ﬂég%g"%%é§n 27 29

YSJ%?&Pcsé,aé-i&?rFJ&P&Bﬁé‘Hﬁa)tﬁyri ni di n-2-yl]- N pyri di n- 3-
To a solution of tert-butyl 4-(4-chloropyrimidin-2-

yl)piperazine-l-carboxylate (6.00 g, 20.1 mmol), 2,6~
difluorophenylboronic acid (3.80 g, 24.1 mmol), potassium
fluoride (3.5 g, 60.3 mmol) in tetrahydrofuran-water

(10:1) (66 ml) was added trisdibenzylideneacetone
dipalladium (1.80 g, 2.01 mmol) and tri-tert-butylphosphine
(10 wt% in hexane) (8.4 g, 4.02 mmol) at room temperature
under nitrogen atmosphere, and the mixture was stirred at
60°C for 2 hours. The reaction was cooled to room
temperature, and concentrated. The residue was poured into
water, and extracted with ethyl acetate. The extract was
dried over anhydrous magnesium sulfate, and the solvent was
distilled off under reduced pressure. The residue was
purified by a column chromatography on silica gel (ethyl
acetate:hexane = 1:5) to obtain the title compound (6.60 g,

87%) as a solid.
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25

yl pi perazi ne-| -carboxam de 15 The title conmpound (158

ng, 69% as a solid was prepared from
2,2,2-trichloroethyl pyridin-3-ylcarbanate and
4-(2,6-difluorophenyl)-2-piperazin-1-yl pyri m dine

di hydrochloride in a manner st®ilar to that of Exanple

88. Melting point: 185-186C (tetrahydrofuran-hexane).

20 1H- NWVR (DMSO-d6) b: 3.51 - 3.65 (4H, m, 3.73 -

,3.90 (4H m, 6.86 (1H d, J = 4.9 FE%, 7.19 - 7.33
ESMRMCDILIDL &: A 682 (13, n§),, B8R -~ B oW (44, i), 3.72 -
8.16 (iH dd, J =4.5 1.5 Hz), 8.53 (1H, d, J = 4.9
3HZP, (BHG5M)1IHG -84 F £.353 (HE),, m)8. 80 221H, Ts)26 28H, m),
Exanpl e 115 194 _

INS@E3 ~4-dieet(iy, i s0%aBal515-0H),- 4] 4F (2,469 Hz) .

di fl uor ophenyl ) pyri m di n-2-yl ] pi per azi ne-1 - car boxam de

(B ) O4N-( 2F 6 -NiH 1The cipihtelngy 10 o1zp@une: lakG6 15,y 1654201 rdsl ime
solid was 5 prepared from 2, 2,2-trichl oroet hyl
di3xArdicmiditldesoxazol - 5- yl ) carbamat e and

4- (2, 6-di fl uorophenyl) - 2-pi perazin-1- ylpyrimdine

di hy éh@chli@nicde Jup AR Sdlil@do dhdardfd from tert-
Exanpl e 88. Melting point: 189-1900C (tetrahydrofuran-

ng%g,"qng}:[%q A% %:—Ng&g&l%%%@yﬁ:py]rim&ﬁﬁZ 1] Aperazine-1-

carboxylate in a manner similar to that of Example 93.

- Yield 87%.

'H-NMR (DMSO-dg) &: 3.11 - 3.21 (4H, m), 3.98 - 4.02 (4H,
m), 6.93 - 6.96 (1H, m), 7.23 - 7.29 (2H, m), 7.55 - 7.63
(1H, m), 8.55 - 8.59 (1H, m).
(3) 4-{4-(2,6-difluorophenyl)pyrimidin-2-yl]-N-pyridin-3-
ylpiperazine-l-carboxamide

The title compound (158 mg, 69%) as a solid was
prepared from 2,2,2-trichloroethyl pyridin-3-ylcarbamate
and 4—(2,6—difluorophenyl)—2—piperazin—1-ylpyrimidine
dihydrochloride in a manner similar to that of Example 88.
Melting point: 185-186°C (tetrahydrofuran-hexane).

'H-NMR (DMSO-dg) &: 3.51 — 3.65 (4H, m), 3.73 — 3.90 (4H,

Il

m), 6.86 (1H, d, J 4.9 Hz), 7.19 - 7.33 (3H, m), 7.51 -
7.66 (1H, m), 7.84 - 7.94 (1H, m), 8.16 (1H, dd, J = 4.5,
1.5 Hz), 8.53 (1H, d, J = 4.9 Hz), 8.65 (1H, 4, J = 2.3 Hz),
8.80 (1H, s).

Example 115
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(4H, m, 3.71 - 3.89 (4H m, 6.86 (1H, d, J = 4.9
Hz), 7.18 - 7.32 (2H, m, 7.51 - 7.65 (1H, m, 8.53
(1H d J = 4.9 Hz), 9.23 (1H, s). Exanple 116 15

4-1 4- (2 6-di fl uorophenyl ) pyri m di n-2-yl]-N-pyridazin-3
-yl pi perazine-1-carboxam de 1#/ O-NNN F N N- N-N
195 The title conmpound (105 ng, 46% as a solid was
prepared from 2,2, 2-trichl oroet hyl
pyri dazi n-3-yl carbamate and
N4-((32 46-ddinfel tharla ploeasyrl o)l -2-ilperdadidr-124-pyri mi di ne
di hydrochloride in a manner simlar to that of Exanple
d8 &1 v ridglhteinyg. ) poimitni A28-222090 piperazine-1-carboxamide
(tetrahydrof uran-hexane). 1H NVR (DVBSO d6) 6: 3.54 -
3.69 (4H m, 3.74 - 3.90 (44 m, 6.86 (1H, d, J =

4.9 Hz), 7.18 - 7.32 (2 , 7.52 - 7.66 (2H, m,
8.01 (1H, d, J = 9.1F 53 (1H, d, J = 4.9 Hz),
8.84 (1H, d, J = 3.8 Hz) .94 (1H, s). 10 Formul ation
Exanpl e 1) Cbnpou d nple 1 10 ng (2) Lactose
60 ngy %g?; cﬁ‘ 5 nmy (4) Hydroxypropyl nethyl

| os

The title compound (166 mg, 67%) as a solid was
prepared from 2,2,2-trichloroethyl (3,4-dimethylisoxazol-5-
yl)carbamate and 4;(2,6—difluorophenyl)-2—piperazin—1—
ylpyrimidine dihydrochloride in a manner similar to that of
Example 88. Melting point: 189-190°C (tetrahydrofuran-
hexane) .
ly-NMR (DMSO-dg¢) &: 1.76 (3H, s), 2.13 (3H, s), 3.43 - 3.64
(4H, m), 3.71 - 3.89 (4H, m), 6.86 (1H, d, J = 4.9 Hz),
7.18 - 7.32 (2H, m), 7.51 - 7.65 (1H, m), 8.53 (1H, d, J =
4.9 Hz), 9.23 (1H, s).

Example 116
4-[4-(2,6-difluorophenyl)pyrimidin-2-yl]}-N-pyridazin-3-

ylpiperazine-l-carboxamide

O
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15 (5) Magnesium stearate 2 ng A m xture of 10 ng of
t he conpound obtained in Exanple 1, 60 ng of |actose
and 35 ng of corn starch is granulated wusing 0.03 nL
of | Oamt % aqueous hydr oxypropyl net hyl cell ul ose
solution (3 ng in terns of hyldroxypropyl net hyl 20
cellulose), dried at 40C and sieved. The resulting
granule is mxed with 2 ng of magnesi um stearate and
conpressed. The resulting uncoated tablets are sugar-
coat Bdewktihla susmpensidoril6b sgcrd$é) tist anisedidi oxisde,
talc and gum Arabic in water, and the coated tablets
paepar2l Fuseat ped, B-thibaeswarthgloblyaiikdacdat8dylcarbamate
tablets. 196 Experinmental Exanple 1 Measurenent of
ahAAH-i(nhisbdt @1 Yoaebhenk Y ) -01piBeepanat-iloy 1ofy rendyitee
fraction The FAAH gene was cloned by PCR That is, an

a?ngaRbihi 64 heagreat measeebbakied byt Lankyi B oularfie 88.
cycles ‘the reaction carried out at 95C for 30 sec, at

Mé@@lk@rpggntse§28 QQ@ at Z%gra%&d%oThQahnh%&%n%Mc|e
using a human brain |brar as "cDNA | |brary 5

PR @}%%?W 31Ii %ﬂ if’gfg(gl%’%lylﬂ,
I t

o B VGt 0, 0, P SO e Ty g, 2

473 é?gedmsané ﬁ Lrhet A Ry BT %% Sald, aoﬂdJ =

4.9 Hz), 8.84 (1H, d, J = 3.8 Hz), 9.9%94 (1H, s).

Formulation Example 1

(1) Compound of Example 1 10 mg
(2) Lactose 60 mg
(3) Corn starch 35 mg
(4) Hydroxypropylmethyl cellulose 3 mg
(5) Magnesium stearate 2 mg

A mixture of 10 mg of the compound obtained in Example
1, 60 mg of lactose and 35 mg of corn starch is granulated
using 0.03 mL of 10wts% aqueous hydroxypropylmethyl
cellulose solution (3 mg in terms of hydroxypropylmethyl
cellulose), dried at 40°C and sieved. The resulting
granule is mixed with 2 mg of magnesium stearate and
compressed. The resulting uncoated tablets are sugar-
coated with a suspension of sucrose, titanium dioxide, talc
and gum Arabic in water, and the coated tablets are

lusetred with beeswax to obtain coated tablets.
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was inserted into pMSRa vector which was cleaved wth
the 15 restriction enzynes EcoRl and Sall and
collected simlarily, thereby to obtain pMSRa-hunan
FAAH. A cell line CHO K1/human FAAH was prepared, in
whi ch human FAAH was stably 1&@pressed in the cel
line CHO- KI by a nmethod known per se, using the
resulting plasm d. CHO K1/ human FAAH was 20 i ncubat ed
using a medium (in which fetal bovine serum (FBS) and
Exd4B8imenea hddednpbe Ham s F- 12 nediumto final
concentrations of 10% and 800 g/m, respectively) in a
M&EERurémenbad 6r FRAH37Chanfitbhe setisiwgre harvested.
Cells were washed with PBS, suspended in a buffer (10
(M Frépardt idh 26f EBTAymadrt8codvbMyCl2 as each fi.na
concentration) , and 197 disrupted with a Pol ytron

honoggai zefn HEherwaseplohbugpyi porRat 906¢, ithean
supernatant was collected and further centrifuged at

a%ﬁ@@@gedAnggﬁgﬁtoﬁﬁg'BﬁgaEHQHeEQOHhr%@&n%u§ﬁﬁnd@dcyﬁles
PER (Catal 0g No. 78501; Pierce 5 Biotechnol ogy,

thgcréaégl YSa?Plg§Z¥H€ BEa§§P@nfor(§b EBzymati €5°c for 30
reaction ing a -well plate (Costar Corp.), various

?gncenk agk092 F E8§t208g9099d8nF ?ggﬁgzﬁgﬁhgca human

raétron finall concentration o

arach anlde upstrat e . AMCAA: nanufactured by
Eﬁ&ﬂ%&ﬁgféﬁV |na? gconc\fént5ration of 3 uM were

Rl - R R
5/ —TTTTGTCGACTCAGGATGACTGCTTTT-3’ [SEQ ID NO:2] as primer
set, and KOD DNA polymerase (Toyobo Co., Ltd.) as DNA
polymerase. The amplified fragment was cleaved with
restriction enzymes EcoRI and Sall and collected, and then
was inserted into pMSRa vector which was cleaved with the
restriction enzymes EcoRI and Sall and collected similarily,
thereby to obtain pMSRa-human FAAH. A cell line CHO-
K1/human FAAH was prepared, in which human FAAH was stably
expressed in the cell line CHO-K1 by a method known per se,
using the resulting plasmid. CHO-Kl/human FAAH was
incubated using a medium (in which fetal bovine serum (FBS)
and G418 were added to Ham’s F-12 medium to final
concentrations of 10% and 800 pg/ml, respectively) in a CO;
incubator at 37°C and the cells were harvested. Cells were
washed with PBS, suspended in a buffer (10 mM Tris, 1 mM

EDTA and 10 mM MgCl, as each final concentration), and
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0.2% gl ycerol and 0.02% Triton X-100 as each fina
concentration) at 37C for 90 mnutes. After the

reaction, 15 the fluorescent count of the plate was
nmeasured by an ARVO SX 1420 MULTI LABEL COUNTER

(manuf actured by WALLAC) unde¥?7 excitation at 355 nm

and em ssion at 460 nm The count of a sanple
cont ai ni ng solvent insted of the test conpound was

taken as 100% and the count at zero tinme was taken as
d@%rup2@dt withl euPatletiien hohiogiendrgract Aitey of the
conpound. Table 1 Exanpl e nunbers that gave conpounds
cehase flugamd oBAAH 900k, bither y upatrineg tE¥t was 90%blec tepr @nd
at a concentration of 1 pM 1-11, 15-33, 34, 37-40,
fh2+hér 2éntr9GLed68182,00899.88A116 11t chrtaimeseamerefrom
fromthe results of Table 1 that the conpound of the
wRlE $@Rehddant nOM-IPER axeellient NoAAHSER] ; imikidid ory
activity. Experinmental Exanple 2 Analge5|c effect in

BACRIG nd g YW 'Itnt&' ng ttoe%tlv'en aH &8z yheSuUSRensien of the
t est conpound (10 ng/kg) was 5 orally adm nistered to

(3 ) MRS/ a%HCGQeg] 3&§§ after the adm nistration, 0.6%

aqueou acetic acid solution was |ntraper|toneally

S YSILY oo DAL GPLd0 g Sochove gh, vasious
clorrqéee(qult%t %l Y naf g%r tt,ehset adcrgmrleosl}nra%t,l Oghgnt é!uzgrgamgmier_saction
(final concentration of 150 ng) and AMC arachidonyl amide
substrate (AMCAA: manufactured by CAYMAN CHEMICAL: final
concentration of 3 uM) were reacted in a 50ul reaction
buffer (125 mM Tris-HCl1 (pH 9.0), 1 mM EDTA, 0.4 mM HEPES,
0.2% glycerol and 0.02% Triton X-100 as each final
concentration) at 37°C for 90 minutes. After the reaction,
the fluorescent count of the plate was measured by an ARVO
SX 1420 MULTILABEL COUNTER (manufactured by WALLAC) under
excitation at 355 nm and emission at 460 nm. The count of
a sample containing solvent insted of the test compound was
taken as 100%, and the count at zero time was taken as 0%,

to calculate the inhibitory activity of the compound.

Table 1

Example numbers that gave compounds whose human FAAH
inhibitory ratio (%) was 90% or more at a concentration of
1 uM.

1-11, 15-33, 34, 37-40, 42-47, 57, 59-61, 68-82, 85, 88-116

It can be seen from the results of Table 1 that the

compound of the present invention has excellent FAAH
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10 later, and the withing response was counted. A

test of nean. difference between two groups (Student's
t-test) was perforned conpared to control group and

the analgesic effect was evaluated. 15 Table 2

Exanpl e No. Withing count (%985 42.2 14 67.2 15

66.7 17 56.9 19 51.9 77 46.8 79 38.9 110 34.7 It
can be seen fromthe results of Table 2 that the

conmpound of the present invention has excell ent
iahabgésiry aetfiéty.Experinental Exanple 3 20 Effect on
inflammatory pain (formalin test) 199 Fornalin test
Ewge rpechopied@xanpdedi2ng to the nmet hod by Dudhgaonkar

et al (Eur. J. Pharmacol., 492, 117-122, 2004).

For mahin geas ci eif¢etced iaubeetaneandldy wi2@plihsg ttejsti in mice
the subplantar regi on of nouse right hind paw, and
‘the af fegbpbnoion test wrnpewsd feempsendo- escapsy/kg) was
response in 5 mnutes

orally administered to a mouse. At 60 minutes after the
administration, 0.6% aqueous acetic acid solution was
intraperitoneally administered in an amount of 10 ml/kg
body weight. The mouse was accommodated in a special cage
from immediately after the administration until 20 minutes
later, and the writhing response was counted. A test of
mean difference between two groups (Student’s t-test) was
performed compared to control group and the analgesic

effect was evaluated.

Table 2

Example No. Writhing count (%)
5 42.2

14 67.2

15 ' 66.7

17 56.9

19 51.9

77 46.8

79 38.9

110 34.7

It can be seen from the results of Table 2 that the
compound of the present invention has excellent analgesic
effect.

Experimental Example 3

Effect on inflammatory pain (formalin test)




frominmedi ately after the adm nistration and between

10 mnutes and 30 m nutes after injection was

exam ned. Experinmental Exanple 4 Effect on

i nflammatory pain (yeast-induced hyperal gesia) 10
Randal | -Selitto nmethod was per¥%rned according to the

nmet hod by Randall, L.D. and Selitto, J.J (Arch. Int.

Phar macodyn. Ther., 111(4), 409-419, 1957). Yeast was

i njected subcutaneously in the subplantar regi on of

rat Foirghtl ihi e spawaangetriosmiedd acee ridanidameattiben meghed by
the 15 effect of a test conpound for pain response to
Dadpressliee est biul(Bsirwas .ePamirmed o lExpdri2nedtlal-122, 2004) .
Exanple 5 Effect on inflamuatory pain (Adjuvant

Fatrtnarniih swpai ninnetitat) s20cAdjameants 1gr t i2Dplgsieehodin  the
was performed according to the nethod by

shewheutdrB.Bqgi(dr .09 RbassaealhhtChgmet hedw, aRd, the effect
127-136, 1963). Conpl ete Freund' s adjuvant was

ofNiectad idbr ﬁﬂﬂ¥$§n§§éuﬁ8gé96agé takpbgbk AhNd pawutes
and thus induced polyarthritis. After a certain

R ofduRfaid By 23 sLBe ahnor geli pheRaLLEBrbYad exEERben 10
stimulus 1n tarsal-tibia 200 joints of opposite hind

m@.%\(ytie‘% L% r3q)e 3\1‘%‘% t@sP %if_r% &€ S_LW?J %%%i on? % & té@( a?d‘ifn . of
a test conmpound was exam ned. perinental Exanple 6

xp%&l%%%%%q”%&%H%l%erCt (carrageeni n edema acute

Effect on inflammatory pain (yeast-induced hyperalgesia)

Randall-Selitto method was performed according to the
method by Randall, L.D. and Selitto, J.J (Arch. Int.
Pharmacodyn. Ther., 111(4), 409-419, 1957). Yeast was
injected subcutaneously in the subplantar region of rat
right hind paw and thus induced inflammation, and the
effect of a test compound for pain response to a pressure
stimulus was examined.

Experimental Example 5
Effect on inflammatory pain (Adjuvant arthritis pain
method)

Adjuvant arthritis method was performed according to
the method by Newbould,B.B. (Br. J Pharmaccl. Chemother.,
21, 127-136, 1963). Complete Freund’s adjuvant was
injected in the subplantar region of rat left hind paw and
thus induced polyarthritis. After a certain period of time,

the abnormal phonation by flexural stimulus in tarsal-tibia
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5 inflammtion nodel) Carrageenin edema test was
perfornmed according to the nethod by Wnter et. a
(Proc. Soc. Exp. Biol. Med. 111, 544-547, 1962). A
carrageenin solution was injected subcutaneously in
the footpad site of rat right24H nd paw 10 and thus
i nduced edema. After the adm nistration of a test
compound, the volune of the footpad site of the right
hi nd paw was neasured over tine and the effect for
jetleha whAsoperantaetingxperi rentrabaEladpbe 7 RBiEf feeponse,
on inflammatory pain (hyperal gesia by TNFa) Randall &
abédl thtoefibditi efl aethetd wasppenflomredexawmtoedi-ng to
the nmethod by Randall, L.D. and Selitto, J.J. (Arch.
EkperikRbacancedympl&her., 111(4), 409-419, 1957). TNFa
was i njected subcutaneously in the footpad site of rat

aR0iright ahingdopaw angktduts i ndueedagabhaamat i@fsmand acute
the effect of a test conpound to pain response for

iRECSRMEE i ofit lBYLYs was exami ned. Effect on neuropathic
pain (SNI nodel) SNI ( spared nerve injury ) nodeling

mas @g%&ggagﬂlnzéd%%%0%®§%ldé&tﬁﬁ%ﬁ@%ﬂéﬁ by-begosterd the
. C.J.Pain 201 (Pain, 87, 149-58, 2000

<SS PR PR the pbe ey 2 et 10,
5§§§€29?d 1962). A carrageenin solution was injected
subcutaneously in the footpad site of rat right hind paw
and thus induced edema. After the administration of a test
compound, the volume of the footpad site of the right hind
paw was measured over time and the effect for edema was
examined.

Experimental Example 7

Effect on inflammatory pain (hyperalgesia by TNF«)

Randall & Selitto modified method was performed
according to the method by Randall, L.D. and Selitto, J.J.
(Arch. 1Int. Pharmacodyn. Ther., 111(4), 409-419, 1957).
TNFo was injected subcutaneously in the footpad site of rat
right hind paw and thus induced inflammation, and the
effect of a test compound to pain response for pressure
stimulus was examined.

Effect on neuropathic pain (SNI model)
SNI ( spared nerve injury ) modeling was performed

according to the method by Decosterd I. and Woolf C.J.Pain
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Experi mental Exanple 8 5 Effect on neuropathic pain

(ZDF nodel ) Using ZDF (Zucker D abetic Rat) , the

effect of a test conmpound to pain response for

tactile stimulus was exam ned. Experinental Exanple 9

10 Effect on inflanmatory paid?l hyperal gesia by TNFa)
"Randal |l & Selitto nodified nethod was perforned

according to the nmethod by Randall, L.D. and Selitto,

J.J. (Arch. Int. Pharmacodyn. Ther., 111(4), 409-419,
(BO57) . 87TNEA WaS ,i oédtled sAfioant aneosstyinnpeheod of time,
footpad of rat 15 right hind paw and thus induced
thaf kdffeati of, aancdthecomfdecd of patestespopeandotrotactile
pai n response for pressure stimnulus was exam ned.
sEiaon Expeesnmertal nExanpl e 3-8, the conpound of the

present invention indicated excellent anal gesic effect

EQEerggeﬁagm.Ekamgggigion, from Experimental Exanple 9,
the effect on inflammatory pain can be tested.

pkRdust bhahApBLbheabll %gangfz@@d}naaetw the present
Invention, there can be 25 provided a novel

of o0 aAd T8 UobPUr B a drergos 2" 208 FRLARET ©F @
test compound to pain response for tactile stimulus was
examined.

Experimental Example 9

Effect on inflammatory pain (hyperalgesia by TNF«)

Randall & Selitto modified method was performed
according to the method by Randall, L.D. and Selitto, J.dJ.
(Arch. Int. Pharmacodyn. Ther., 111(4), 409-419, 1957).
TNFx was injected subcutaneously in the footpad of rat
right hind paw and thus induced inflammation, and the
effect of a test compound to pain response for pressure
stimulus was examined.

From Experimental Example 3-8, the compound of the
present invention indicated excellent analgesic effect on

pain. In addition, from Experimental Example 9, the effect

on inflammatory pain can be tested.

Industrial Applicability
According to the present invention, there can be

provided a novel fused-ring compound which has a FAAH



1. A conpound represented by formula (I): A~ N N A2
RN A4 A3 H wherein Ris an aronmatic hydrocarbon or
aromatic 5 heterocyclic group each of which may be
substituted by one or nore substituents (excluding
Cl_6 al koxy, phenoxy, carboxf2 and tetrazolyl); Al,
A2, A3 and A4 are each independently CHor N, ring B
is a phenyl group which nmay be substituted by one or
10 nore hal ogen atons; provided that when the noiety
inbpbésenyedfhpctorpmdl as uvAgful<es A2 apnglagsiics or dN
ring Bis a phenyl group substituted by one or nore
hal ogen 15 atons, or a salt thereof. 2. The conpound
according to claim1l1, wherein Ris an 204 aromatic
hydr ocarbon or aromatic heterocyclic group which nmay
be substituted by one or nore substituents sel ected
from hal ogen and a C1_6 al kyl group which may be

hal ogenat ed. '
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3. The conpound according to claim1l, wherein Ris a 5
phenyl or 5- to | O-nenbered aromatic heterocyclic
group each of which may be substituted by one or nore
Cl1 6 alkyl groups. 4. The conpound according to claim
1, wherein the noiety represedded by the fornula:
ATg-- --<\ Az 10 A A3 in formula (I) is N dN, N
- N N N\ --<\ | N~ Nor N5 The conpound
according to claim1, whereinring Bis a phenyl
group substituted by one ofLADME hal ogen atons. 6. The
conpound according to claiml1l, wherein Ris a 15
lpheny @mdpurd Apresdiareed ayr oimtncl hetIBrocycl i c
group 205 each of which may be substituted by one or
nore Cl_6 al kyl groups, the noiety represented by the
formula: ATg- \\ A .

0N N\ AT
>——N N-{& Mo
RN M Ak

wherein R is an aromatic hydrocarbon or aromatic
heterocyclic group each of which may be substituted by one
or more substituents (excluding Ci.¢ alkoxy, phenoxy,
carboxyl and tetrazolyl);

A1, By, A; and A, are each independently CH or N;

ring B is a phenyl group which may be substituted by one or
more halogen atoms;

provided that when the moiety represented by formula:

is

ring B is a phenyl group substituted by one or more halogen
atoms, or a salt thereof.

2. The compound according to claim 1, wherein R 1is an
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Ad A3 5 in formula (1) is N NN N=—~ NNONN , or
and ring B is a phenyl group substituted by one or
nore hal ogen atons. 7. The compound according to
claiml1l, wherein Ris an isoxazolyl, pyridazinyl,
pyridinyl, or phenyl group e@ of 10 which may be
substituted by one or nore nethyl groups, the noiety
represented by the fornula: Ak ~\ A2 AaAs in
formula (1) is 206 N-( N --(N -/\N NON ~N \'N or

aaodat i ag hBdireca rphenydr groupasabsthatsme iyl ishegppup which
nore fluorine atons. 8. The conpound according to

mglaigy lsubbereiibeR iksy abne or more substituents selected

from halogen and a Cj-¢ alkyl group which may be halogenated.
3. The compound according to claim 1, wherein R is a
phenyl or 5- to 1l0-membered aromatic heterocyclic group
each of which may be substituted by one or more Cj-¢ alkyl
groups.

4. The compound according to claim 1, wherein the moiety

represented by the formula:

i~
——{gr—/ﬁz

A—A,

in formula (I) is

= :z
-
]
=
]
=

/

N
N= 4(—( —<
N ‘—Q_ ——<\
M N—7
5. The compound according to claim 1, wherein ring B is a

phenyl group substituted by one or more halogen atoms.
6. The compound according to claim 1, wherein R 1is a

phenyl or 5- to 10-membered aromatic heterocyclic group
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I soxazol yl group which may be substituted by one or

nmore 5 methyl groups, the noiety represented by the
formula: Ar /Az Aa A3 in formula (1) is N4 N N or

N and ring B is a phenyl group substituted by two

fluorine 10 atons. 9. The cdiffound according to claim

1, wherein the noiety represented by the fornula: A~

,Az A4 A3 in formula (1) is 207 N N /NN NNIN

N N or and ring Bis a non-substituted phenyl. group.
each of which may be substituted by one or more Ci-¢ alkyl

groups,

the moiety represented by the formula:

=
_—<gr—/ﬁ2

AA,

in formula (I) is

@ %j & <G

N /)

14

e
___<§_;7N | \N__éﬂ | _—_<§__ﬁ/ . ——“QN

and ring B is a phenyl group substituted by one or more
halogen atoms.

7. The compound according to claim 1, wherein R is an
isoxazolyl, pyridazinyl, pyridinyl, or phenyl group each of
which may be substituted by one or more methyl groups,

the moiety represented by the formula:

in formula (I) is



10. The compound according to claim1, wherein Ris a
phenyl or 5- to 10-nenbered aromatic heterocyclic
group each of which may be substituted by one or nore
C,_6 alkyl 5 groups, the noiey represented by the
formula: Ag \\ A2 A4 A3 inZdlrnula (1) is N - NN
N/N NN NNOor Nand ring Bis a non-substituted
phenyl group. 10 11. The conpound according to claim

1, wherein Ris an isoxazolyl, pyridazinyl,
pyridinyl, or phenyl/ group each/of which may be
subgy--ut ed by gr oups, t he
noi ety pre A - A3
TTTQ%igﬂfa (1) N

, ; Or

~and ring B is a phenyl group substituted by one or more
fluorine atoms.
8. The compound according to claim 1, wherein R is an
isoxazolyl group which may be substituted by one or more
methyl groups,

the moiety represented by the formula:

in formula (I) is

/

_ —{ =
oS

and ring B is a phenyl group substituted by two fluorine

atoms.

9. The compound according to claim 1, wherein the molety

represented by the formula:

in formula (I) is
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NN/ NN N / N, or and ring Bis a non-substituted
phenyl group. 5 12. The conpound according to claim1,
wherein Ris a pyridazinyl or pyridinyl group, the

noiety represented by the formula: A=~_--<\ ;2 A4

A3 in fornula (1) is N 10 N2%d ring Bis a

non- substituted phenyl group. 13.

4-[2-(2, 3-di fluorophenyl)pyrimdin-4-yl]-N(3,4-

di met hyl i soxazol - 5-yl ) pi perazi ne-1 -car boxam de or a
r eof . /
4-di fluo enyl ) pyr a2N- 2- yl | - NN&ESK4-

{ soxazo)/- 5- g)pi zin9 | - carbgxam or a
t her eof . . N\ /
4- di f | uoropheny! ) pyri m Mi n; 2-yl ]~ pyri di n- 3-

yl pi perazi ne-1-carboxam de or a salt thereof.
— N::%i N—
i —Q\_/ —4 /
N N or N

14

vand ring B is a non-substituted phenyl group.

iO. The compound according to claim i, wherein R 1is a
phenyl or 5- to lO—mem@ered arocmatic heterocyclic group
each of which may be substituted by one or more C;-¢ alkyl
groups,

the moiey represented by the formula:

in formula (I

) is
L~

14 4

— N— N—
NN \ 7 —<\/
7
N , N o N
and ring B is a non-substituted phenyl group.
11. The compound according to claim 1, wherein R 1is an

isoxazolyl, pyridazinyl, pyridinyl, or phenyl group each of

which may be substituted by one or more methyl groups,
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16.
4-[14-(2, 4-di fl uorophenyl) pyrim di n-2-yl]-Npyridazi n-
5 3-yl pi perazi ne-1-carboxam de or a salt thereof. 17.
4-[6-(2,4-difluorophenyl)pyrimdin-4-yl]-N(3,4-
di met hyl i soxazol - 5-yl ) pi per aZiOfe- | - car boxam de or a
salt thereof. 18.
4- (4- phenyl pyri m di n-2-yl)-N-pyridin-3-yl pi perazi ne-1 -
10 carboxam de or a salt thereof. 19.
the (dopbenytpyrenedtad2byl Yhdl pyrindazi n- 3- yl pi per azi ne-
1-carboxam de or a salt thereof. 20. A prodrug of the
compoung according to claim1. 21. A medicine
conpyLagng t he conpound according to claim 15 1 or
t he/ prodrug according to claim20. 22. The nedicine
ac rdiﬁb to claim21, which is a FAAH inhibitor. 23.
The cine according to claim21, which is a
prophyl atic or therapeutic agent for anxiety or
. de haon, -y 20_.or an anal gesic. 24. The nedici ne
lgcg%?éﬁgg ég)c 3in121, which is a prophylactic or
therapeutic agent for inflammatory pain or
Zg

A FAAH i npib{tory nethod

rized by"—2% adm nisteying\o a mamml the
of konpouna_ﬁgo cording to claim
1, prodrug eof. 26. A od of prophylaxis
or treatneént for anxiéty,” or
and ring B is a non-substituted phenyl group.
12. The compound according to claim 1, wherein R 1is

pyridazinyl or pyridinyl group,

the moiety represented by the formula:

in formula (I) is

N—
<\/
N
and ring B is a non-substituted phenyl group.

13. 4-[2-(2,3-difluorophenyl)pyrimidin-4-yl]-N-(3,4-

dimethylisoxazol-5-yl)piperazine-l-carboxamide or a salt

thereof.

14. 4-[6-(2,4-difluorophenyl)pyrazin-2-yl]-N- (3,4~

dimethylisoxazol-5-yl)piperazine-l-carboxamide or a salt
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15

20

25

depression, or of pain relief characterized by

adm nistering to a mammal the effective anount of
compound 5 according to claim1, or a prodrug
thereof. 27. A nmethod of prophylaxis or treatnent for
inflammatory pain or neurop&d¥ c pain characterized
by adm nistering to a mammal the effective anmount of
compound according to claim1, or a prodrug thereof.
10 28. Use of the conpound according to claiml, or a

tpeedog thereof, for the manufacture of a FAAH

inhibitor. 29. Use of the conpound according to claim
18, oz-a4prodnugifiherephenk0n pyhenidnuf-aetydf eNepbyaidin-3-
prophylactic or therapeutic agent for anxiety or

vigPpesak9e-0F caBlbokamanal geskCsall. thseeof .t he
conpound according to claiml, or a prodrug thereof

160r ﬁh$4UQQUEaa&QEQOQBpﬁeH&QpBykaﬁhuﬁnoa yunemap@@hu@éln—
agent i nf | anmat or ai n or “neuropathic pain.

SE%?FE%EaE%;ngGbag%égng@%e@§ Bharrrceui-eals ,Conpany

ound <130>668505 <150> JP

13907428393, 4<%5%iu%9%2>h%91yl9py%%%qal%-izwﬁ-%q (241>
dimethylisoxazol-5-yl)piperazine-l-carboxamide or a salt
thereof.

18. 4—(4—phenylpyrimidin—2—yl)—N—pyridiﬁ—B—ylpiperazine—1—
carboxamide or a salt thereof.

19. 4—(4—phenylpyrimidin—2—yl)—N—pyridazin—B—ylpiperazine—
l-carboxamide or a salt thereof.

20. A prodrug of the compound according to claim 1.
21. A medicine comprising the compound according to claim

1 or the prodrug according to claim 20.

22. The medicine according to claim 21, which is a FAAH
inhibitor.
23. The medicine according to c¢laim 21, which 1is a

prophylatic or therapeutic agent for anxiety or depression,
or an analgesic.
24. The medicine according to <c¢laim 21, which 1is a
prophylactic or therapeutic agent for inflammatory pain or
neuropathic pain.
25. A FARH inhibitory method characterized by

administering to a mammal the effective amount of compound



10

15

<212> DNA <213> Artificial Sequence <220> <223>
primer <400> 1 aaaagaattc gccaccatgg tgcagtacga
gctgtg 36 <210> 2 <211> 27 <212> DNA <213>
Artificial Sequence <220> <223> prinmer <400> 2
ttttgtogac tcaggatgac tgctttt21d7

according to claim 1, or a prodrug thereof.

26. A method of prophylaxis or treatment for anxiety, or
depression, or of pain relief characterized by
administering to a mammal the effective amount of compound
according to claim 1, or a prodrug thereof.

27. A method of prophylaxis or treatment for inflammatory
pain or neuropathic pain characterized by administering to
a mammal the effective amount of compound according to
claim 1, or a prodrug thereof.

28. Use of the compound according to claim 1, or a prodrug
thereof, for the manufacture of a FAAH inhibitor.

29. Use of the compound according to claim 1, or a prodrug
thereof, for the manufacture of a ©prophylactic or
therapeutic agent for anxiety or depression, or an
analgesic.

30. Use of the compound according to claim 1, or a prodrug
thereof, for the manufacture of a ©prophylactic or

therapeutic agent for inflammatory pain or neuropathic pain.
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<160> 2

210> 1
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<212> DNA
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<223> primer
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