DESCRIPTION NOVEL AMINOPYRIMIDINE DERIVATIVES AS PLK | INHIBITORS
5Technical Field The present invention relates to a novel substituted aminopyrimidine
derivative %ﬁ}ij 9% field of medicine, which inhibits prollferatlon of tumor cells on the
basis of an inh {ory effect against PLK I, thereby exhibiting an antitirmor Efdét, and to
a PLK1 inhibitor and an antitumor agent containing the derivative. 10 Background Art
Proliferation is known to be active generally in cancerous cells compared with normal
cells, and in many cases, it is thought t@@%@@ﬁﬂ@gerliness of proliferation due to an
abnormality in the cell cycle control mechanism is the cause of cancer. A mitotic phase
(M phase) of the celkgyglesdstse-kD.ateR0fpauatlyRatitonngmeiemosome into
daughter cells, and a strict control in the process is essential for cell proliferation and
survival. Therefore, it is believed that the inhibition of M phase progression IS an

effective means for ”Ph@';l?r'etépngm%%l prQlifer %%%%%G%BI artcall hrm E'lteuc{@%!n@e% QI?'m
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effective resu nown se ression are
controllecﬁa tgo%elneﬁea%r%%é Wrﬁ’é osp oryf’psg%rld eﬁﬁté’ ? %) oﬁoaﬁeﬁe kinases)

famllz‘ils S e RAYe6hie kinase playing an important role in controlllng the cell cycle
including M phase, and this family includes four similar proteins of PLK I, PLK2, PLKS3,
and SAK?N%‘P@.AF%W?W._Mplecular. Cell Biology (Nat. Rev. Mol. Cell Biol.), Vol. 5,
429, (2004)). Of theSE&" PRI TIHBERCHS RpfET §t€ ‘i??%’ﬂiﬁ%ﬁfﬁ“&?ﬁ?ﬁ&‘}}t’aﬁ%tages at
M phase f'riatihTamsiisees: ek Prds Gusliriepnied fshar i pareirreatn stkp of
entering Mk 2SepithEhEsRirdhorEe PtFBSB e igEpairatiohrbrolfanfebetis dnd
cytoKinesisp pyquti sphéttatpevaree § 3 tiystia e (b erist cevieivihMolesitar. Cell
Biology.) {iatizt Resslt Maife@el Bioky oS ARS it (BGdF), that the inhibiNfopeld\wercthere are
many reports sugyestifigithatPLEK iMditverd xphéssed i variods. eaireereesitissues in
humans. Feniexamplesuilaidakds Gpprovaedtelberoveétexpressediitaoiffgmattoel lung
cancer (Oncogene, Yods tkéy ddy tHiR) kant heugiangrneskoanrcettGancgttResearch,
Vol. 46, A74;s 30 P8 nartihere aredata-showiag) thatthe-aerxpressien of PLK |
is in relatjoRiwithiaRtagoe $iscafpatenrtaith thosediseasesa hisalsotepanted that the
expressiemak Rhked dsrinarease tinsotheldy pesofieancaialah asiBiaelpmaancer,
esophageal eansar; QVasiam Ganesr candelanaman JUGH ISR S sHegeshihal.the
overexpregsioneit K kisFelalediiormalignaol-aleralon e aelsdn ApS RN Qrianother,
and 9450 EP@:EJJ‘&IHQQF@%&EQJ—MANP%B%%RQ%Q%QM& ;BEBQB%& giM
phase in gancer Qalls: Ak AN HESe A F TG RIRRYSRL 108! F%%%' folgraet for
antitumor approach, g fact, (e als %%9;@5;%9QQL%@t@ﬁépggm&nt%seglfn%%m'n'ng the

inhibitory effect on the {UI’IC'[I ]I_,q@a inst cancerous cells sing vario
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that the overexpression of PLK1 is related to malignant alteration of cells in one way or another, and also
that the function of PLK1 is important particulazly in the progression of M phase in cancer cells.

35 From these facts, PLK ] is thought to be a possible target for antitumor approach. In fact,
there are many reports on experiments for examining the inhibitory effect on the function of PLK1
against cancerous cells by using various experimental techniques. For example, it is reported that in the
experiment of expressing a function-inhibited PLK ] mutant in cells by using a viral vector, PLK1
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inhibition and apoptosis (Journal of National Cancer Institute (J. Natl. Cancer Inst.), Vol.
94, 1863 (2002)). In addition, it is reported that PLK1 shRNA (Journal of National
Cancer InstitutestdzNatl. SCancer Inst.), Vol. 96, 862, (2004)), or a-apiseRse..,
oligonucleotide (Oncogene, Vol. 21,3162 (2002)) gives an antitumor effect in a mouse
xenograft model. Those experimental results show that inhibition of the PLK | activity
causes the promotion of cancer cell growth inhibition and apoptosis, and strongly
suggest tAFE BPRTFABIOFHE 41 SHette wtitdrberate ftDifferentation (Cplgoptegent
inventors Hive'fildd: &' pACAR-aPsticearom Brra SanstitndasamBbAGK e rvertivd ¢Okaving
a PLK inhitsitisr erfeetrptitematohbrPubiitato-Wwe20068/02866ML Strhasss  Itis an
object of tHt'prelsefiidistiosaratdrpidwd & woletmminepyriridinerdenivative. that
exhibits a®@iK IninhilvitonpeEffeetdingd mrxoetentotdytostatic: (Celbgrewth inhilatornyactivity
based ondhe 45mhibiteficeffectutherebyitoceyaiep anantivmenagentbasagiebsuch
PLK | inhibiteiryiefieet. causes - praberidn aatiaier suchoobjeahitbedovaniass af tharesent
disclosureuwgysthesirad asvidessangeat-aminepydamidine derivatives, and discovered
that a compound represertedhiykommuiadl exhibitsexcelent-Rkichinhibiion.gffesct and

cytostaticrastivity hased.anshednbiRilory eifech.iwiscampleting the disclosure. That s,
the present disclosure relates to a compound represented by the Formula [I]: OH

wherein Ri.apd,R2, which may be the same or different, are each a hydrogen atom; a

halogen atom; e}tlg\é\{je(}rbglzlt%li rorlépenrg%\slmguone to two carbon atoms, which may be

. . re 10 provide a novel aminopyrimidi rivati
subsiitutegyih one: o, hics Alotle AR, Ol EVE BRIOMTRIGNY. 2260801 s and
Ra is 2 hyipgen dlom. wie e afherone o KA RA B, ) TOWEP aly
group substitut%jo\!{\éiﬂhml\ég%& Wﬁetre R, anﬁgﬁbhw |§:F1 ma béﬂﬂwe gaﬁ?‘é" or different,
are each a hydrogen ator; %j?’)a\?\z]é; a‘ll?ggif:g‘;ﬂ"(’ﬂ%?é BERZY Groupe oraeyeisalidi group
having thrg}ébtg SiX fg?gﬁlq?_a_o_ms, WAETETR YRE (e rsame) T e SBSHtuted with
one or mgfe Supst ﬁi‘ggﬂ% guﬂﬁkig?pﬁfgff BY THESBEE Gy tifrd ra i eberedfightthe
following 1) {0 3)° 1) a lower alkyl grou!o; 2) a substituent selected from
<SuBStituent Grofjp e disclosire elapiqq draratry rgivts Substifutedadith one or
more substituents selected from <Substituent Group >; and the cycloalkyl group may
include an ungatytaied-Bond; b) a 4- to 6-membered aliphatic heterocyclic
group selecteq frem An azetidinyl group, a pyrrolidinyl group, a piperidinyl group, and a
piperazinyl group; c) giower alkyl group substituted with a 4- to 6-membered
aliphatic ffe glic group selected from an azetidinyl group, a pyrrolidinyl group, a
piperidinyi gr upj/,thd piperazinyl group, d) a 5- or 6-membered aromatic

Trpm a pyrrolyl group; an imidazolyl group, a pyrazolyl

heterocyclic gréup $glectg Py
gziqylRgroup, and a pyrimidinyl group; or

oK

wherein Ry and Ry, which may be the same or different, are each a hydrogen atom; a
halogen ator; 2 lower alkyl group having one 1o two carbon atoms, which may be substituted with one to
three fiucrine atoms; or a cyclopropyl group;

25 one of R; and Ry is a hydrogen atom, While the other one of R, and R, is:

&} a lower alky!] group substituted with NR,R,, where R, and R, which may be the same
or different, are each a hydrogen atom, a lower alkyl group, a benzyl group, or a cycloalkyi group having
three 1o six carbon atoms, wherein the eveloalicyl group may be substituted with one or more substituents,
which may be the same or different, seiecied from the following 1) 10 3):
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e) a lower alkyl group substituted with a 5- or 6-membered aromatic heterocyclic group
selected from a pyrrolyl group, an imidazolyl group, a pyrazolyl group, a pyridyl group, a
pyrannyl group, and alpyinwsidinyyggoup, wherein the aliphatic heterocyclic group and
aromatic heterocyclic graupieatkirdepeincantyumay:hg sulstituted with one or more
substituents, which may be-thgysamesakaifferentoselesied.fiomtbefallowing 1) to 4): 1)
a lower akeyb@rairou 8>; and the SAAISHRSITURDESRIRGIeH QMRS s Substituent Group >;
3) a lower alkyl grou@)guhggmgggﬂ\égmpgﬁg%mggc%laggggg&t%%eIea%ggmfrom the

<SubstituSRLARA YR 2 BB diny1 group, and SNBEYGI0Z Hﬁ group having 3 to 8'Grbon
moms, which may b%ﬁg&ﬁlwg with.one.ormare i_g ibsti uegta?m elected from the

i) Brgcyeie

<Substitugnt, GrouR. > Re.Js,3,nvd ?r%ggéwﬂyqtgowmg% cyan ﬂrou Talogen Atom. or a

lower alkyl group; ang, sSupstitient Group™> | w s b éowa%%mﬁ%yﬁﬁ%ﬁt&oup
>: a halogen aigm, a h /drox gXlﬁ?rou anltro c*r’an%:ta r8eip > B AHERE Gfoup, a
carbamoy group, an aminosutronytigra a rmj%ﬂ%‘iﬂrg ??&Wé’f“éﬂﬂ%%’ﬂ%ﬁyl group,
a lower alkgllsulfonylafmlno SR uﬁsf"ow%‘r ai”f?l B8/ G0 TEhETRhicOFeaieEvyroup, a

lower alk8Xy CarBBATIERNHE. Grat5 SN BT BHANGE'] P, P IBHEF Sikarioy group, a
lower alkﬁ?i‘ff‘ﬁb“&aoﬂiﬁm‘ﬁ“@’é?ﬁ’ts& PHFOUTS, it syl D A tiakvaestiticedly
acceptabTé“hs‘&‘fFFﬁ?dé%%’f‘%@@Eﬁ‘Wé“&&b‘fﬁﬁé 066 FépregeEntdibyetie eboverstmula (1)
includes SiFGT e Ekistitrehdnfiomers and diastereomers in addition to racemates of
the compound. In a firstiespdiet, ahere is provided a compound of Formula[]: OH or a
pharmaceutically accepgtabieveaitcrddter flretabfiwhefeim 5> -~ Rl and R2, which
may be the same or difiérentlialereashsinidrogen atone sadalogenalom: adower alkyl
group havirigiose teine;eatbon atoms, which may be substituted with one to three
fluorine atoms; or a cycleprepyl gsaupyianads ReanthRAxis.a:hywdroganatam.while the
other onenet 4@sduaidhdRAedSiom the <Substirdmasiomyes.alkyl group substituted with NR.14,
where R, and R6, which mayhaithe.spmeondifarentare.cash.alydagenatom, a
lower alkyl group, a Benzyk@RuR 0k a:c¥8lealkyl . group having three to six carbon
atoms, Whgkeiithe-&Yeloakod.araup mgyagpgﬁﬂpgglggeggo |ghc)gge Qr.more. substlyuents
which may.he-the.same andiffersnt.selasied tom Lh(?wﬂ%‘@é&,%ny 10,3) ower 1a
lower alkaf gty 2)8HDSINENSE 5615 19, Sybsient Tl &> and

3) a lowes gl G, SURSITME I s or oot SUBSHIUEE Selccred from

<Substltggng0g§,g0%9p 3>" and the cyc cloalkyl'group may heluge B GrEa }Sie%"%nd

.g)y it rg;agr{,r;ee dﬂ goﬁffb Ceteracyals group selesied trom an azctidny group. o

alkyl gr Otfe Wi tfo rsrﬁ“edr'ﬁﬁg EF & PR HEraTaERE RE R rsEpr Estected
from an azetldlnyl group, a pyrrolldlnyl group, a piperidinyl group, and a piperazinyl
group, d) a 5- or 6-membered aromatic heterocyclic group selected from a
pyrrolyl group, an imidazolyl group, a pyrazolyi group, a pyridyl group, a pyrazinyl
group, and a pyrimidinyl group; or e) a lower alkyl group substituted with a 5-
or 6-membered aromatic heterocyclic group selected from a pyrrolyl gout), an
imidazolyl group, a pyrazolyl group, a pyridyl group, a pyrazinyl group, and a pyrimidinyl
group, wherein the aliphatic heterocyclic group and aromatic heterocyclic group each
independently may be substituted with one or more substituents, which may be the
same or different, selected from the following 1) to 4):




1) a lower alkyl group; 2) a substituent selected from the <Substituent Group 13.>;

3) a lower allcyl group substituted with one or more substituents selected from the
<Substituent Group 13>; and 4) a cycloalkyl group having 3 to 6 carbon atoms
which may be substituted with one or more substituents selected from the <Substituent
Group P>:, R5 is a hydrogen atom, a cyano group, a halogen atom, or a lower alkyl
group; and <Substituent Group 13> is defined as below: <Substituent Group P>: a
halogen atom, a bydroxy croup, a nitro group, a cyano group, an amino group, a
carbamoyl group, ahtaMiABETHIoHE GTothse arPTRarRY s 'al iéwer alkylsulfonyl group,
a lower alk-ylsulfohylamino group, a lower alkoxy group, a lower alkoxycarbonyl group,
a lower alkorwm%nfﬁmja@ino group, a lower alkanoyl group, a lower alkanoyloxy group,
a lower aIIcyIioﬁg[gyb, a carboxyl group, and a benzyl group. In a second aspect,
there is provideéd a pharmaceutiggil composition comprising, together with a
phaimaceuticaky acceptable carrier or diluent, at least one compound as defined above
as an active hgrie@. In a third aspect, there is provided a PLK | inhibitor
comprising, togéth U Ph

provided an antitumor agent comprising, together with a pharmaceutically acceptable
carrier or diluent, at least one cdfpound as defined above as an active ingredient.
The disclgigeremsisyraaresmriio e Breparatioh for simultaneous, separate, or
sequential administrBtiafi tHestraaba ik et AREER WherbahereshilinedIngEparation
includes atvwodeparkibpreparationd ofo carbon aiompviirdmaratomsitetadifigrtegether with a
pharmacéutisailyraceepreibteragrier. or diluent, the compound represented by the
Formula [l) or a pharmateutically svceptaite.sdaiicai-egte pthefeofid Ariel *a
preparation includingy togetheywith aupharmsiceutiealbeacneptablaicasrier-onedituent, an
antitumobagerhseteste driofaihe o uRCONBISinG Bhaniitumek alylaiingagentis,
antitumonaetimetabelies; antitiaeapiibinties, plantsdervedantHumer-agenis:s,
antitumok.RlatRY R GOMRIeXR R M40 @RARLAARECT (JB2007/075224 compounds,
antitumor camptothecifn, gdgrivatygs.antitumor tyrosine kinase inhibitors, monoclonal
antibodies, interferons, higlogicaldespansesnodiisrs.and. ather antitumor agents, or a
pharmaceutically acceptalle SaktahSSieE NS teRLAVAGIEINbsinens sl ARfitumor
alkyiming.ggenis e Dirogen mustard Neaxide, syclonhosphamide, Sifosfamide,
melphalart busulfan, mitobronito, carboguene. igtepa. JANIMLSING, AIMysKne,
temozolomldl%, and carmust ne, T —

pymolidiny! group, a pipendmy? group, pip vl group;

¢) a lower alkyl group substituied with a 4- o &-~membered aliphatic hetsrocyclic group
selected from an azetidiny! group, & pyrrolidinyl group, a piperidinyl group, and a piperaziny! group,
d} 2 5- or 6-membered aromatic heterocyclic group selected from a pyrroly! group, an
imnidazolyl group, a pyrazolyl group, a pyridyl group, a pyraziny] group, and a pyrimidinyl group; or
' e)  lower alky! group substituted with a 3- or 6~membered aromatic beterocyclic group

selected from a pyrrolyl group, an imidazolyl group, a pyrazoly] group, a pyridyi group, & pyrazinyl

group, and 2 pyrimidiny! group, wherein the aliphatic heterocyclic group and aromatic heterocyclic group

each independently may be substituted with one or more substifuents, which may be the same or different,

selected from the following 1) to 4):

1y & lower aliyl group;
2) a substitent selected from the <Substituent Group B>;
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the antitumor antimetabolites are methotrexate, 6-mercaptopurine riboside,
mercaptopurine, 5-fluorouracil, tegafur, doxifluridine cammfut, cytarabine" cytarabine
ocfosfate, enocitabine, S-1, gemcitabine, fludarabine, and pemetrexed disodium; 10the
antitumor antibiotics are actinomycin 13, doxorubicin, datmorubicin, neocarzt ostati
bleomycin, peplomycin, mitomycin C, atiarubicin, pirarubicin, epirubicin, zinostatin
stimalamer, idarubicinfssirolimus1 and valrubicin; the plant-derived antitumor
agents are vincristine, YihBIEEHH FiraSsHEwispbsae; wubitrsRaresoettand:
paclitaxelfsdlﬁﬁivfﬁto%’ﬁ?iﬁ’é;a'fSthe antitumor platinum complex compounds are cisplatin.
carbopiatin, nedaplatirf; &G s5tERiHYHEé Hrtiterroreanyiotver in it ves arer
irinotecar™tGibTEEAM: Bivee Arptetiesitetheantitmor tyrosine kinase inhibitors are
gefitinib, imatinib, andsértdtifiitsethemorocionad. antibodies-are: eeturoimnabp; and
bevacizumab, rituxint@bsstresratizurbrabd@ddlemtizimab, and trastuzumab; the
interferonSaretinteffernfr & fiterferonaaydexinterde ronazl), interieran, kinieretan y-la,
and interfersiuyeri krouthebitlogitalresgoase masifiers are lerastinlentinanwsizofiran,
picibanil, sivthubgnimes-and Bbthaathesaniikmonagents A s-mitoxaatrone,
L-asparaginasespraaanazine, dacakbazing. hyduny oaramids, pentosialin. S elinoin,
alefacept; dasbepestinalfa-anasitozole, exemestane, bicalutarnide, leuproreline, -
flutamide, fulvesttant.pegaptanih ocasedinm, deniloukin diftitox, aldesteulcin,
thyrotropivpltglgpahga(cse%&i&yigéiqa%}eb%tezo I ,capecﬂabmé), an ({gofeﬁrerl‘f‘h.' fn addition,
the disclosure relates 1o a pharmaceutical compoaitidn TREGERY 18y SHEs ZoWith a
pharmac8Utiesfiy'4&d&htable carrier or diluent, the compound represented by the
Formula [1] or aplafithéssticdity decepidisleasBiFor iektertheredfiranthamantitumor
agent seleetedchromithecgrotp consistingof antitdmat-alleylatingsagemnts ;antitymor
antimetabalitesgaatitumor antibiotics, plant-derived antitumor agents, antitumor
platinum compIﬁqxacsam@%ﬁaﬁﬁ@@tmémmgﬁfﬁpmﬁ%%ﬁ ag&@‘é%%!};’%%ﬁ@éé%%@%ﬁ%osi”e
kinase inbipitors, mgnaglonal antbodies, biolagical response modiiiers, and other
antitumog c?ﬁ%ag}ergrgg \”[/vherein, the definition of each antitumor agent asthe safle
meaning as de ed above), or a pharmaceutically acceptable salt or ester thereof.

The disclosureralsndslatasdo-amethns L URAINgGANSELS. SOMpLising administering
simultapeausiy-sepaatal. onseauentialy.adbemapsuicallyefiseliveamaunt of the
com p%ﬂﬂe preparations oft

* a preparation including, together with 2 pharmaceutically aceeptable carrier or dituent,

the compound represented by the Formula [1] or & pharznaceutically acceptabis salf or ester thereof; and
* a preparation including, together with a pharmaceutically acceptabie carrier or diluent,
an antinurmor agent selected from the group consisting of antitumor alkylating agents, antirumor

antimetabolites, antitumor antibiotics, plant-derived antitumor agents, antitumor platinum complex
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WO 2008/081910PCT/JP2007/075224 represented by Formula [I] above or a
pharmaceutically acceptable salt or ester thereof, in combination with a therapeutically
effective amasinhofsaiantitumor agent selected from the group CO‘Qf{l dgwcal; gntltumor
alkylating agents, antitumor antimetabolites, antitumor antibiotics, plant- rved
antiturnor agents, antirumorplatinum complex compounds, antitumor camptothecin
derivatives, antitumor tyrosine 5kinase inhibitors, monoclonal antibodies, interferons,
biological resprorisentiodifiersictirdhgthieran ittimer agent sifwwhierdingsthendafiamition of
each antitamipdiegertdas thiesamesmeanmigasteiinedabore:af @ phasmaceutically
acceptablecsaltiorsesterthenedf wher=in: The disclosure further relates to the use of a PLK |
inhibitor for the manufaeitre.otamedicamentinibelealmentof capeeh.and the use of
a PLK4 inkibitaincombination wibamantitumer-10agentior ihe. manufacture of a
inedicamephisthgaireatmentef cancer. In addition, the disclosure relates to a method
for treating cancers iR aammal:Rarisularv-inAumans) whish.comprises administering
a therapeugr.@ﬁlyp&tﬁgg%%mgq &L%&%&AQ%&%%&‘&W@%@ als, and to a method

for treating.cangers in. mammals (parficula lgé{_ﬂln hlémags Wh| ch comprlses admlnlsterlng
a thergpeutically effegltlv% amougblof a PLK1 inhi for to ammals in combination

with a theapeutically n‘?ﬁ%,c;}!;\{e am(gﬁrsifr o Catin 1lr;é2ggétuﬂr)??81r ’gn’eﬁtmm RORRET R
disclosure dgm%tes 10.an agent for t tregﬁng cers |ﬁncfﬁﬁln§§‘%zﬁ?fﬁ“|ﬁ?ﬁ’ﬁiﬁ’8fas an active

mgredlent and to" g?f‘ﬂé%’en or ?reatlng cancers which comPrlses together with an

antitumor agent, a PURAHATBIES AR 2R A0 & g ratisniprsteivattdre f&°&¥tbols and
terms descn‘ﬁ@’ﬁ"fh"Pr‘i%‘””ﬁf’é’%ﬁ‘f‘ﬁ"%lp‘é’&ﬂﬁﬁﬁﬁl’memII be 20explained. The "lower
alkyl Group" in the aftE BRI TeTelFs (s etamg R sebpiripreetrobice afky|
group haviifigPEt® 6 carbon atom(s), and examples thereof include a methyl group, an
ethyl group, a propyl g eiHTCarFseprEHY fatetss 2 iryicgroenammisobutybecin
group,,asec-taitylgoufrterns it e dinpse aipangdrgrcupbanheyl gietppand the like.
25The "cycloalkyl gréapirrithe aitovieformnslad) refcredto, siddtecPenambared alicyclic
groupPandiexamplesitverechi#aciude a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a tyctohexyke ot & cyelaheptylgitpoeacysieactiyh grawp:and the
like, and preferapiyesiensto a 3- to 6- membered alicyclic group. Preferred examples
include a cyclopropyihgraispi-a:eyetabubyingtQuRa:C VSIORE REFHOMR RN ha.c¥slehexyl
group. 30khe 'aliphatic heterocyclic group” in the above Formula (1) refers to a
satueated or unsaturatedaliphatic heteracydlic.aroup.genarally having atleast.one atom
selected A MILEAEER AN, ARQXYISNAI0M,. QJ%%}M&F&EQJ%Q&%Q'“O“ ‘to carbon
atoms, that.is..MoB0z.diz. Alticyclgused JA@M@@QJ%& IS m}éu a0 af%&roup’
pyrrolldln&bgagupala,ﬂg@rnwl@rgg&oﬁleagg%n,xl QL S‘pilefarp]morp 0lino group,

tetrahydrofurany up, an imidazolidin up, a thlomorp olino group
15tefgahygiror %lngﬁ é‘&;ﬁgﬁ? Osumei g(%)/i S Qe% :%ac %/) VAN Oéﬂ?i’ fﬁcé%ﬁll? “’Igﬁigeﬁ to
6-membered a %c%lc hetel 1[oc clic gr %up in ¢ o ) PeferE i a%aturated
or unsaturate dal atlc 7oy c?c rou°|0 a fé’té Grta@eét Fnlﬁclxﬁ cf‘éa’erﬁr(‘i?‘i’ocycl|c ring,
and exargg’]es%ereo 1“‘”6‘3““ emt Lo MR Lo Lo Ib SR g i s catiolai L
group, a Pipera za%cnfsfgﬁ‘ﬁoré’rlf‘é“fﬁ’éﬁ@mW@"Z’ﬁ?ﬁﬂ‘ﬁ‘gﬁ@EWWFM%%EM
The "aroniStiE Bt Gt TG ar i Sokgaimens mogéne ryhererswya
hetetocy BT With At opees o artasss shditéreiatom such as
a nitrogeFrAmSFizaGRsEe st M <o thiestike, and examples thereof include 5- to
7-membered mahodsrticrhéterdoyclic groupsandifysederingheterosyolicighaups formed
by fusiorFigféegoudy Seprerhbereduring o thremminboylidve amount of the compound
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5 heterocyclic group, and the like. Specifically, a thienyl group, a pyrrolyl group, a furyl
group, a thiazolyl group, an imidazolyl group, a pyrazolyl group, an oxazolyl group, a
pyridyl grodi$} epgetizinyl group, a pyrimidiny | group, a pyridazinygraup,asisoxazolyl
group, an isoquinolyl group, an isoindolyl ;coup, an indazolyl group, an indolyl group, a
“quinoxalinyl group, a quinolyl group, a benzoimidazolyl group, a berrzofuranyl group,
and the like may be mentioned. The "5- or 6-membered aromatic heterocyclic 10group”
in the abdPE SR PERPe Tr'd BBrsutitaintseree ndhoeyeliheiereeyilitgroup
with aromHic Broperiee sSHHeserpIes thsveof dertutieted fymohdrgroupisan imidazolyl
group, a pYIE?eRF-GreEpan epyrdyinetpie pyraznyhdioup pespisimidiaykgroup, and
the like. #gents, antimmofHigtntvedererisn @tomtidnahieaboverkoenuliail)wmayheexemplified
by a fluorkmesgitbition. chiorime atdmisa isrdminchataiing anphadineigtamrtheqdikesand
among thases (forexampityaflferihenaitonm : Aba-chiorine aiom; andakreming.atom are
preferredphammaceuticatil heslowettatieydsdfenyl group” in the above Formula (1) refers to a
substituent formegk by-handingdheabeve. lower alkyhgroupito.amsulfur.atom of a
sulfonyl greupnand examnpesihaeckdacluderamethyisiionylgroun, wﬁ@ﬁ%@X&%"fonyl
group; a Q%Mﬁuhﬁ@{%lyhﬁa@k%f @ﬂqjmﬁehkﬁ tl}IhgdhAQW(% ;QJU@I H%Q!i%%’?)){l%rr&@c og!rp rl'cj; atesl Qﬁ the
above Farila dhdeierse-a substitiepl-20fpmmed.bys Nostbsttition,of the faove ower
alIcylsulf@emggﬁpeg&@emefgﬁeapmm%m'e%haﬁof inglude & methy Isulfony
[amino gL, ﬁ%%ﬂ%&% ATUNO, Jroup, & bu]jéls fonylami O%ro P, 2 ““aANd the like:

The "lowgr alkoxy.aroups in. he above Formula ers 10 & group formed By honding
the "Jowey,alkyl group” 10 an oxygen atom. “a’mofm examples ereoi" i S‘fﬁvﬂé“?‘f’ﬁéfﬁ%xy

group, an ethox]y 25 g})u , & propoxy group, an isopropoxy group, a butoxy group, an
|sobutox¥fg£ egceb SR YD ‘%a?éli%f:%&Wt@&fﬁ%e‘é’ﬁé‘ﬁ‘m@fwﬁm@ﬁ“@
neopentyloxy “% SRR GO ﬁ’rm’a TS <BIEY IO G SFrarfr e ientinumor

The "low&F &lkosyd 'r%‘ﬁ)?f gres i‘f‘“??’l"i‘f‘\%‘tabove Formula (1) refers to a group formed by
bonding the Iower B BRI BS M Esup harersbeeifiesexariiptes thereof
incldde ae’%ﬁ'r%thoxycarbonyl group, an ethoxycarbonyl group, a propoxycarbonyl
group, an isopropoxyfEarBErRg rsHp  Eiisdtesefeariie Ayiefroup saizisobutosyearbany|
group, a ¥eteBtheRYEArBSHPe Sep Sarte outix Yo oriyigroey) e peniylonyeasponyl
group, afffeggeriokyeart ey glotbrarhaxiyloryicariaonyt-GroUBmak tert-butyk group,
isohexylexgroassonybgrdapraad thdiltke. The ' Iower alkoxycarbonylarnino group" in the
abo¥® Formula (1) i@ferscteigy group idbfesmerbiyiblasuhatitition ohthe-dowWekii.
alkoxycarbonyl groug teanaminogrewpy ard-speeific:examplesthergefdyciude a
methoxygabengaming gonip] @S thoxyearBony IAEHOGKY MM BeBrabiy refors 1o & 3- 10 6-
Propoxy earbesyiamin grgio WA SRRFRPANYERIHOBMAMINAIIOHRL A1 sroup, a
butoxycayrhemylasin-8 OLRIAISaREtoXycarbonylamino group, a sec-butoxycarbony
lamsino group, a ternbulEARARUANIAG GrAURA AR ) refers o a sanrated or
2008106LALBTIRRO0UTSZAH RRANRXGABADYIBMING IOVRS, nirogen o,
neopenmmmgmx@mgaq)rmpadatnmg.@g BRORRMING Group, o

isohexy [ nd thefike, " "Tower akanoyTyroup” in
the abo%}é%ﬁ&iéﬂgg%ﬁr%g&%& pyca)anr!pn(’ach %%/1 Boﬁ@ nd"ﬁﬁg “TBW@’F W?Yéﬁiﬁ’p to a

carbonyl gro mgquq]ng refera i Which The & %yﬁﬁp holino groiip, 2

p a fetr ero:s%umo gmup angd the like, -membered aliphartic
heterocyclic group” in the above Formula (1) refers to a saturated or unsatusated aliphatic heterocyclic

group that is a 4- io 6-membered monocyclic ring, and exampies thereof include an azetidyl group, a
pyrrolidinyl group, a piperidiny! group, a piperaziny] group, and the like.
. -5



5having Ito 5 carbon atom(s) is bonded to a carbonyl group. For example, an acetyl
group, a propionyl group, a butyryl group, an isobutyry | group, a valeryl group, an
isovaleryl group, a pivaloyl group, a pentanoyl group, and the like can be mentioned.
The "lower &iRaBY3) group” in the above Formula (1) refers to &GréupTermed by
bonding of the "lower allcanoyl group” to an oxygen atom, and examples thereof
include an acetyloxy 10group, a propionyloxy group, a butyrylotcy group, an

isobutyryloxy group, aaleasY, QU Al %@L Do grgggemmloxloxy group, a

pentanoylg)%cyn‘?grq}ép o wz arqmaﬁ::c pemes c am ng a‘t ast o {01 g{%léﬁ IQY()t gga?gove
Formula (Qnre ers to a 51# g{ltuen dmb ﬁ1 Aower a glgoug toa
n afom ?1 16

sulfur atom, an exan ereof i fi’cefu e a'%é : ?1 STGrouT mm‘éyt‘ﬁ'c)& SYFGUp,
butylthio oFSt KA ’ TRE T THE TR BLK r‘é’%?‘é%:*e té %eﬁgﬁSdl‘i?é*%fﬁeé%émy "

The tefm "K’f” ?%“8?‘?8" cS‘thﬂ’éiif” KRRESBMH @ﬁﬁé@%ﬁpféﬁﬁvyﬁﬁ%ﬁﬁy%ﬁ@tﬁﬂ’f@zﬁ’ﬁ
PLKI, PLKZ P PKE 3 SRR 2 P BLR TP W&dd‘r&'@“roarﬂmﬁbﬂﬁ@%élo like
Kinase |, Pyrimidinyl gm“*"Plﬁ@‘Féﬁ‘ﬁéfég"ﬁﬁef‘ﬁﬁ%@)ﬁEﬁlﬁz s e salrooadtlt et
"pharmac@tifiézmy! aeeeptape Zoean rorintene Wikl expicdegiaierly! souwp,2  The
term "treabfeiroricareer isamigcanterd) Ak (setbineter progetit spyecifitation
meandé therHibithorbot Eamde fiveftrgiowthr sy edrmia isterirdicaricamtitiamor agent to
cancer patiers: Fihetreatmentpréferd bl degrestegtheacander delhgrowtirpthat is,
reduces tedumopsitesvhiciroaimbermeasuireduyT beutreaittrent more preferably
eradicates cancer completelys 2mf hehtotn: Bancoll) aF wsednithe,presant speeification
includes seldrimarsmandhematopiietis:cancals, xamplesofthesalid fumnmearsinclude
cerehgal caneas. heachand.heskeaneceresophageal cancer, thyroid cancer, small cell
lung cancer, non-smajl el RGCRIC B BFeasL SBNG8IUASTHGCaNGRN gl Aladder/bile
duct cancgls RERARCCADGS . RRNGIERNG CANGEEyE HONFANCH ! SRlaLGARGRE.QVarian
cancer, choriQeRitheliomas MelNeCARGST CRIVICaLOARGSH, g;g,g%p&b@guretera' cancer,
urinary 30bladder Caﬂgewmmﬁﬁoﬁﬁﬁ%%@%”lL‘%n%@&Q?h&%ﬁ&'&ﬁL@e@&?&%@ fipbryonal
Canc% Wélme%b gn ;on&@h ggvcmgwtgnl%qsumm Fgr]cglm% ngé]'”;‘l% oﬂfau%)tometh les

OSteosarQﬁ)erec% e u thy% aan‘ngg groLIaSSalr{ gt!g' sul %n?a?ﬁma u;% S gf the
hematopmgtllg Fkancers mcf‘u&e acute Ieﬁkemla c%ryonlcﬁ 6hat| émla %ﬁrpdnlc
myelogenouseleuekemla [rue po themla mal nant - I mphoma, multlple myeloma
non-Hodgkin's lymp homa. an% %5;’ oé"g’ter"ﬁ"?“nm"il SRS AR LTSy eYine present
specification |nc‘IU(l§ye§Ir Bralph °6’£’§t?5’ﬁ“$aﬁdrf‘&‘aﬁglfseﬁféel"éf‘ﬁnggﬁ%?’aﬂ%§’°‘I‘*h? 8rar
prepatatiSii BRERpATEY ”B)f%??&ﬁi%? FRBLUIRY BORIBICBIARAE ot T K S5referably a
tablet, calSSTH b FHR AEY TREDEr S ATETEP ST SRIBIRTL NI R &ehlized
liquid preff4i&tidf such as solution, suspension, and the like, which is specifically an
injectable WO 2008081yt ORCTE P06 78 2 # pyedparstidiceirip dafersitrmeabd the
like, and prrsfes &b Rpisraticimtenve ot ttion. prepeaittioemaladtintebverioas drip.
30 methoxycarbony! group, an ethoxycarbonyl group, a propoxycarbony] group, an isopropoxycarbonyl

group, a butoxycarbonyl group, an isobutoxycarbonyl group, a sec-butoxycarbonyl group, a tert-

butoxycarbony! group, a pentyloxycarbonyl group, a neopentyloxycarbony! group, a hexyloxycarbonyl

group, an isochexyloxycarbonyl group, and the like.

The "iower alkoxycarbonylamine group” in the above Formula (I} refers to a group
35  formed by N-substitution of the "lower alkoxycarbonyl group” to an amino group, and specific examples

thereof include a methexycarbonylamino group, an ethoxycarbonylamino group, a

propoxycarbonylamino group, an isopropoxycarbonylamino group, a butoxycarbonylamino group, an

isobutoxycarbonylamino group, a sec-butoxycarbonylamine group, a fert-butoxycarbonylamino group, a

-6~



The term -combined preparation’ as used in the present specification refers to the
preparation including two or more kinds for simultaneous, separate, or sequential
administration in the 5treatment, which may be provided as a kit-type preparation or a
Q a0sisIofe . " . . : P¥E‘f PIONTITSIA .
pharmacet%ca composition. The "combined preparation” also includes preparations
prepared by further combining one or more preparation(s) to the above described
combined preparation including two separate preparations which is useful in the

treatment of SanGRIHLAULOR 1a:.thadwe SRP3IAlRQFRA AORS ORRYOMMO6up,
preparatiQp{s)nellding.atleasttoaneantitumor agent selected from the group
consisting of antitumar. allcylating, agents, AnkitwegL.antimeiabolies, satitupor
antibiotic, plant-derved anitimor A9G0Ls. 4N INALRIANIDLM GOMRIE. CRMpAKNdS,
antitumor camptothecin denvatyves, antiumorrosine, kinase lnljhitars. mgngeional
antibodies, inte Perops, 1010 ical response  Mmadifiers, and other gnig%ggg,g&gaents
(Wherein,%rﬁ’“g”aeﬁmlgﬁugfaééscw%;ﬁt rﬁrﬁ’c?%agnér%{ has the same r%egning as defined
above), of A BRAHHACELHEANR Accéptable salt or 15ester hereof, may he further
combined, together With's BAXPATACR GTIERIN t3“’36‘0]:'8"'petFé{:b”f‘em?:é{ Her of ¢ y@n‘mcﬁ this case,
the furtheRBmBiledoaEIBEeDd Ha B AP A s D e R e S A e ebusly,
sepafitel§oEr SEEREHETA WWW@%&?&@%@%@%@Y#F@%@W&ﬁﬁed
preparatiGhv el EE th Aol s BRIBAS BRI EREMPIFRY Yy a preparation
comprising the compdeiierPeirdisre iy e SH TRV S TR A S Brep Srafon
comprisingBifhwbieliraeikliahgoarpiepafaism corpelrd reacedsta m2Otsr Fercdmbined
preparatiotny!botiof. vgysEp arateaptipiifations may be either an oral preparation or
parenteral preparatiohs emaitekhativelys ane-bffirestwo separate preparations may be an
oral preparation whilenthesothén onexdeéingPbkparietite kakpr épdratiobefnjectiebléy
preparatienxorrddp, infusiemyakor the "preparation” according to the invention, a
therapeutically effectiveameunt afithe campounshiaecoreingdathel invention may be
included, together with a-phermacautinalyaccepiable:2aneaienandinentpthe
formylatiqp techaigue ds; tReuahtia.be the technical common knowledge for those
skilled in the technicalfigldywhich isthereforaelhknow i Prafepably ssuehdqreparation
can be foymed,iniQ.ipgstharith 2 haymaceuticallAcrepiahie catigrridient, a
preparation for oral administration.inttaveneus.dnfusion; A diectiofstsinga number of
methods generally known,to those sklledin.he art, Jhe jerm ‘administration” as used
in the present specification,incliides parenteral S0agministration andigraral -~
administration in the case of using e, combined,preparation AcCording, o, e invention.
That is, WREH BEiFStaring the compmed reparation ;Eo ‘may be parenterally
administ eersé;ﬁ;’a%'?i Saﬁiéerrﬁharogcancer sm? [« ATICET,, TIOTE-$IT p ng cancer, bieast cancer,

[
_ EBS Rt raly administered whils the.other one Pein
administePSa° 6P SBH SRS SRRy b orally administered. Here., the
"parenter PSRRI RO TR BE P BRI TRt vEN UL At Eiratic R
subctftanBeide SenmiRetREL ?"rﬁﬁﬁ?ﬁﬁ‘éﬁdﬁ?ﬁ&'ﬁ?ﬁ%ﬁﬁ?ﬁﬁ‘?lé?fﬂcfh‘é’lﬁﬁe‘,‘"ﬁ?ﬁf‘ﬁeferabIy
35includesntkerHige PR AP P a2 R SHET o th e o P FBTE™
preparationgkn Bomimithe herptdreidt SreHReHEAT6 I a- Buopa rerNera R SBministered,
preferablyhimticaneheusly administerdd:y Brelnmelienist &ferzi Bdiriistred Dy an
intravenousighipy omphtnaveddusknjection. In addition, for the case of WO
2008708191 0P CT/JRBOSH Qrdp2ikbréchmisi Stén prgsin e Brimore drepd redpeptdinand
combinatieeyanyrgbiienpreparaticpstoay Bengifidralprdparaticnroria. pananterbd
preparatigi, preferably 4 BHMAGHCIAG:theiayentierythepepmpoincreiedeatediby the above
Formula (.mawbeiadministaned sigwiianaausikavithcpihoeantifumokagent. Also, the
compound represented by the above -7-



5Formula (I) may be administered first and subsequently the other antitumor agent may
be administered, or alternatively the other antitumor agent may be administered first
and subseq&g%% ﬁ?% %ompound represented by the above Formula (1) may be

o /1819 ‘ -
administered. Eurther. the compound represented by the above PSTHEA% Y4y be
administered and then the other antitumor agent may be administered separately at
time interval, or alternatively the other antitumor agent may be administered and then

the 10compeumaddepsesenteddy:the mw@rﬁgmm&mmm@g@m@m separately
at time intervadncLhgi@administration order and administration interval can be
appropriately selecteq,by.thasg,skiled o ihe.ark.depending,on:ihe, used preparation
including the,comnanad,\epIesaRIGH.RY iisakove Formula (I, reparation ingluding an
antiturgor Agent,whih,<an be Used jp sombination, the type of cancer cellg fo be
treated, a.r.JE% ;H}E atient's 'Cﬁnd'tlgc!} 15 ﬁe terma;;%?ﬁ@m%neo%ﬁ}/ as used in the present

o ed Preparalion SO 1830 S pTe ations pre CF GO N ONe
specification me%r}gs administering a Most at the same tme Tor a treatnient. The term

"separategpm}émﬁ AAMINIStErnG SAparatl? At aTHaTehied i S P8P s iFRRiRE A L for
example, | ?é??r%et%e?i’?ée”tc_gscéncve\/’here one medication is used on the first day and another
medication is used off fA& SRR WRSPY B TrESEnIEH T, "PriefeH oS deefitemir=neans
adminfstefiig i TEBTEEesA b Peram e sirsaferd p trlyEigesyireriong medication
is used fird AN RISt BB ratiead A e E At arimintervat eipradetermined
time for aFatifefritumer campiohectedriiv aiveRarHER Akt adbitss avwsentin the
present spésiEafsHitRearidoan: ey hatingg e e hivimgtemtiaamotaotivitc &fidithe
"alkylatingfagjé pttitheredn jonorabreferstes thérdgbnt provitingeanicalk ylograpsinoan
alkylationsregibtion ofvdn otarmotoempotad it whichdhe-hy dregen: atamoisisubstituted
with an alfdglcgrobipfExanpies efidhotantivaomaliyigtingagbnistnpaludenikagen
mustard 2bNrexige, wyicle phogpheamipesifasimideiselphalan,duusylian, mitobronitol,
carboquopgniliiatepehe ERAIPNESI By, fdpaUSHiRey IQMOBOIaRBIR, GRS ING: AR the like.
The term Fantilumer-aatitoetaholies’ Rswused it thepresepkspesiiication refers to a
metateolic antagonisthavingantitanenactivitys andhe. Jrastabrlic.antaganisghere in
the wide sepsedngluasssuRsiaRGes whishteriera.anaumal metahelic.changs jo take
place duglR.iig.smilanSHCLH 6-QF SAURCHAR.I0.MetaRAliEs M IAMINg  cagnzymes,
amino acids, sugars&tg.)fhat.are He IMPAURN JAGICIS.IN¢ &&%ﬁ‘%%gg&zvéaﬂ‘%u% 3tances

|

by nhibifing ah glectfon

which preyeal Ihe.pradustion plidh-energy.intermediates by ;
tran%ortc féltgrrgﬁugn{amp oerr%u a{i&p %cll;%qyc:[ gr;gq}r 8{% rpt t;[ taecol[ic):tzs gc'l' I:Q{?n(}inoe LQ% 9;[1{0652( ate, 6-
mercaptapyrne hogid et eapioputine, & fuoroyrac, fEget doKifuing”
cartnofur, cytarabine, cytarabine oc Cceos‘%c gte,e,rghouia%l S S emf:ﬁ?ﬁﬁfﬁgﬁe
fludarabine, Emetrexed aisodiumn, ane the Tike. 3517 BFRT*SAMUTAGH BRtBSTics” as
used in the present Spediftatioh Farsre 1850 ARSTStE HavITAntitsi ARV, and the
"antibiotics” here is Bf’)&fﬁﬁ}éa&“liﬁisﬁﬂi??&@r&éﬁé’ﬁ%§fe§ﬁﬁpm@ﬁ8@§“§ﬁ1ﬁéférﬁ‘é%§ that inhibit
the gPowtPBPGHHERIRCHBRETET LIS InShiet S KRS e ted eFrerdipy anspstig oEamples
of the "arftifitfibrah it LmipsRise ECHR B EFRIoBANE i prraseRorbiciredV O
2008/08 POTOPE PIPZOOT/ TPkt niterbeid ebrinsird il ormyeainisenaitomycin
C, aclarupicha oplbaadntiisierse plrubteitrzzitsesdtinisstivod larhés, fdaraimtimisiralimus,
valrubicirdrarigrire. ikeutanecus adminiffyoteimmiiplait-denediantitum Greagentsi-as used in
the preséniugpéeificationsingludesooipo urdsshand ngantiturpogactivityarginaied in
plants, ané#hosergempounds mwhichiareisubieat terabehemicabmodificatiomiExamples
of the "ptemnt eerinachantiturioy agenishdnckide iMBehisti Re-/bn blasiing, Mindesing,
etoposide, sobuzoxane, docetaxel, paclitaxel, vinorelbine, and the like.
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The term antitumor camptothecin derivatives" as used in the present specification
includes camptothecin per se, and refers to an inhibitory compound against proliferation
of cancerous cells, which is structurally related to camptothecin. The "antitumor
camptotheck®desvatives” is not 10particularly limited to, but mayrbe/ezemptiied by,
camptothecin, 10-hydroxy camptothecin, topotecam irinotecan, 9-aminocamptothecin,
or the like. The irinotecan is metabolized in vivo and exhibits antitumor activity as
SN-38. The camptothecin derivative is thought to have almost similar mechanism of
action andUH/PASEEMPISMEE K ff'té‘”@? OB R T R RRAT SRR &litics,
14,850-857° (1887 T" SR FHEEEHIT antitumor platinum complex compounds” as used in
the present specificatioffSré e &1E g pl At Aurrr eompstese CotHp sttt PavAtG &Rtitumor
activity, angmrgerdignnare e e EopBt A ha ke rcaneratrit BORphesk

compdund et iovide sdplatirehiripth alfsameds fsrbprefereckexanydiesiotitiedtatinum
compoundifretirde displatiniicig-gianmayibrediaeoddiatmtnitdyanim the compound
chloro(dietimsenetbiahn el platihuinti1dehidritey. Futher, the compound represented by the
dichloro(ethwlanediaming pqlabinsierlaid tebam i efdyiber agent may be administered
cyclobutarggdicarboxylateyplatinumity cardaepiatimyyspiroplatiasdproplatiag ten the
diammine{zneibyhinalonate)n2Gplatinhin(ihxst bylemesiamnineralonadaphatinum(l1);
aqua(l,2-diaminadicyslohexana)suinhaio plalinmaiils,aguail2sdia BRRe in the ar,
dicycloheyapeipalanalo platintntstl K diapinocyclahaxans nalenate platinum(11);
(4-carboxyphthalate)i.Z:iamine eye ahexan e At hk- (k25 s arainecysiahe xane)-
(|500|trateg&@|%r@gjg;t)m(;tgngg@gnmocyclohexane)oxalato platinum(11); ormaplatin;
tetraplatin; carboplatllqw2 Qed@&%gg}da@@,@l@gg& Qﬁ@ggig&ggm%@%r&mgg&%g platinum
complex ¢ompoyn %él%er plliee, thihe-piesetl snecllcalion Qgges%%g@fa Jy known
and are cgipmerm availab §nd or fan be fro she avin |nauyc§klllhln the art

a treatiment, an h erstot ecase ere one medicatio
in accordance WI conventlona techni ??ow eterm antltumorm¥r05|ne

another m 1ca n 15 used on the for a trgatment. 1he te; s
kinase inhBiter e A Leat i the prasant speciicaton e ers foa rosm% Kinase
inhibitor HETRE BRETRSSH %ﬁc ﬁ‘\’/‘ﬁya“d f"a‘ffﬁ"‘e"“t;}trréé"fﬁte" HASIRR %"t PURLRR AT é’r%“‘fo a
chenfital ¥4BStHtE forHFstingH “frasie ’ ﬁ%fé"éi“‘ﬁvﬁfﬁﬁtlﬁ?/gﬁ?é?afﬁ’ﬁ‘ansferr| ng
ay-phosphate group S0BF AT E- s WAPE 8 GraUBTd P spetHip WG A pFbteins.
Examples'bfiatie agﬁﬁt‘ffu%d?"l‘ﬁ}?ﬁéfﬁ‘é’ Rutaeeinthtatarsehditiee @"éﬁﬁ'ﬂ FEhTSi AP
erlotinib, Biddrseii)! sroup in an alipppticnaprripR SO CIETTICaPRIBEHIC Y B P LA T8 present
specificativriiraferdtheralivasieiso Byprotti e detromenbris st mtibédytermivityéells,
and éxanplede nclueesdetdariiabmbevedibalimabyl ftuxintaditd] erhtepontabetrastuzumab,
and the likeir@8%ihertetin. imterderdhsrasstiseddidhie. present specification refers to an
interferon having antitamer actixity wamel-gensr allyehthercasesptMirgbinéection, is a
glycoproteuathedne:ihe molestitanonveigint oliatboué20;000shichesipredueedisecreted
from the mostoirniealicellseAs WethaSHadil g fakprphifedration shedstedteran
inhibits preliferalienaefice sk cols  rnpadie|ar-aed ikt 1mbtran\Wrs in
2008/08 124ARG Tid R2LALL ik ad pus.dmmd Rl g clerastivitiomineiuding the
enh ancerga;mnqe‘mﬁacm E?s.l_téﬁil | %&a%@lé‘!ﬁ%h@%@i&é& k:ﬂ%g_b@@s@ newat Eéﬂfé&&‘ﬁé sExamples of
the "interferan. incluse Inerieianannteriaran A-2anisHinrana:2R.AntgHeren p,
interfero Q%ﬂa@im%ﬂ%?{ﬁﬁ’a@%ﬁ@imﬁﬁg éhi,egukgtabine, fludarabine, pemetrexed disodium, and the like.
35 The term "antitumor antibiotics” as used in the present specification refers to an antibiotic

having antitumor activity, and the "antibiotics™ here is prepared by microorganisms, and includes

substances that inhibit the growth or other functions of cells in microorganisms or other organisms.

Examples of the "antitumor antibiotics” include actinomycin I, doxerubicin, daunorubicin,

-9.



The term "biological response modifiers” as used in the present specification is also
5abbreviated as BRM, and generally is a generic term of substances or drugs which
lead to achieve individual benefits against tumors, infections, or other diseases by
regulating B6l&gREEEactions such as a defense mechanism pogsasgadsyserganisms,
and survival, proliferation, or differentiation of tissue cells. Examples of the "biological
response modifiers" include krestin, lentinan, schizophyllan, picibanil, ubenimex, and
the like. 10The term'’ %her antlt mor ag nts" ﬁar

egl in the resent cific tion refers
ocarzinostating, bleomycl, g rF Dm [s15) lom YCin L, a F] 1gin, PIFATUD] Il é aﬁ
to an antltumora ent avn tit or act] Vlt W is Hot clude |n anyo the
stimal o, !d ECE imus va icm
above. Examples o her antl umo?a enfs mclude mltoxantrone L-as araglnase

procarbazine, dacarb |ﬁ"g‘ RO SQVcé“%arnla%e T SRISSALN PISEEH ey mc
darbepoeﬁﬁ“&‘if&"’sﬁﬁ"g@tﬁf%’lﬁr B EEITE BRI “I"é’f?ﬁ%dtseﬂhé aﬁﬁ‘@ﬁ‘i g’é

fu Ivesﬁanfhﬁﬁ%ﬁm%cfé%f&?ﬁmﬁéﬁ?@ﬁwﬁ it ase e ﬁ“ﬁ%‘r’ﬁ‘ﬁlﬁsﬁ?ﬁaﬁa
arsenic trigiieasBErEsb Mbcapetanec yseTenti andartie like. All of the
above "antitumor allcjieiry RfersemEE o AHtne s sl e sresed fietiviBrantibiotics”,
"plant-derivédeantinheizgentstd Cantitemmobilatiaarreospiexderipoeitestotantitumor
camptothedinvdehvatives)y ahtitimertyhesin ébkinedeqmn bibitohs i Yaiorioelorat
antibodiesiitinterferenss, Hibieldgicahrisp ansenpradifie rshyand totheh-aintitrren.agents”
are generailytdaownianecrponmescial ik Oadikadte sorcatibéfromth oseihaving
ordinary skilhifbiheragt-isRceoTaaAcRNth Metiods kngwnpenBesoiaRNREAl of
known/used.meihass; § batemis-disslesed, apiosesefonpiaducingsgefitinibs fosexample,
in the specification ofd &m PaterbN@iwbhsr8 Smbprecessdon predusingariuimab,
for example,Jp inigrmatenal.RURICAIANYWORKA02A0), 2 PIRCRSS. QL ALACUE G
bevacizumal, for £xamRlis-inisratienal Rulisation W18 202 a-Riecessdor
producmq}aag%mmu LexamRplesinihesrsneclicalions.of 8, Patent Nos.

5,420, 319 ro dlet’hgyﬁgég’l me%‘ &at? %% I% fﬁgrﬁgoﬂcﬂﬁm%%m&%mmpﬁ&t&x%&%mqﬂem ithe
specmcatlo %u carbo 125% ?pxrgpgtm 1 rb%gﬁri Qaglroge Ec‘nhﬁmsﬁ) agycmg

h qu'"b" pah 7089, 5,191,082,
canl%togt eCI Se%l ICﬁtIO g Z(i) 0 LHatmum(l?) aq 19%1 o%wﬁrckglhzekanb sulphatg
20 ZL{) ¢ hex eé)rogess for pr 'écm giinotes %@neﬁ%ﬁi%%mple
in the spepcﬂmu Jha?)‘?a émﬁmf’ ‘twi\f LeTAKEP S roducin opoxfecan for

example, TATHEHEE s AL R S R b NTeR) gp o BreRES TSP p)roducmg
temozoloATE BRI Pfafﬁlé"‘"svﬁé%eff?&%l?’i%ﬁ‘%?lﬁ‘éb%%§%“i‘3‘ﬁté>’<§ﬁ%i’r"f‘é8 Patent
PublicaticAIRET i Aeow: 4f gl P & &SP BTG HRATRE TR ther 8péedfication
ofJapaneSEmFiEk A EE L eHt UGN P £ B P 1Recially available, jdir gip
antitumorcafief dxtidaitye rerafp FraNa RTEE™ AitPEgRh FIUSEFE NGRS commercially
available under the proghaet atinmer Niestnkirefe o¥RbRAESedrshin PR afed Tofpeitiehs
35cyclophosphringiitesdsncbirenireingi i avanaiieaitie benproduetintrmeEnioian from
Shionogi &Bal sitttycH s famidhe iStoofmiesciathcairadad le turrdertive phedinst smame
ifomisle frgmrShionogikd.cOa pldehcieipiiadarpiscdenimertialiyavailatiesuntekitze
product nansmA kexan Fromnb GlasaSanthi llembiisulfan is commercially available under
the product name Maklindromhtake dapharmace uiisal-mitgasanitial igersldan WO
2008108 1930P SE 1P ROV LTS24 samprergially, avalable undecdbepsoduct name
Myebrol fromisyarinRharmaseiticalfQidd vaarbaguone is commercially available
undeysthe product nape. &SAIRANSITLMSRRKYREOpebitdathiRISPd dSisarmparaially
available Jnder the:product.name.l espanin fram. Sy mitemeRhdipacsuiicals Co., Ltd;
fan'must'w?gms)ommsB%Lb{c@\é%%pc,'e%/gag@(rmtmgumaml&y@@gﬁ@sfmgi}@tsublshl

Pharma viral proliferation, the interferon inhibits proliferation of cells {tumor cells in particular) and exhibits
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5Corporation; nimustine is commercially available under the product name Nidran from
Santry Co., Ltd.; temozolomide is commercially available under the product name
Temodal from Schering-Plough Co., Ltd.; and cammstine is commercially available
under the pfétlttEEie Gliadel wafer from Guilford Pharmaceut®@igrBorttieantitumor
antimetabolites, for example, methotrexate is commercially available 10under the
product name Methotrexate from Takeda pharmaceutical; 6-mercaptopurine riboside is
commercially available sinder the product name Thioiogine from Awentis, Co,, Lid-
mercaptopurine IS C( mrgerua’l‘fg %vzg,lf'afrafe under the product name [&dkerin from
Takeda phafaceutical ;'“’Ea-’?ﬁfosroﬁreagﬁelserg%ﬁ%&?c‘;ﬁ%@%ﬁggg Uhder e BrEduct
name 5-FOFOR kYEWEHARRE B8 'ita™ &G akr is commercially available under the
product name FutraftiFHEth UTRG Pt feetficaae6’ 1 tarsuoxmiriime s
commercrifiFarditab i RHRrIRY Srodties RamESTRErTON freR IS I%Par; carmofur
is commeteigiyeaaiatsrangtiter it rrafiesedranif RoiopsHiamtue apb =
Pharmacedtient; esytenabinscis ¢ ormgtaroiaify avariserder tiiprottet Hamecdiylocide
from Nippoa8linfakliGaicLdeyreytarisirddefostate Isigonmherdidly. avaiable under
the produgtnamenStargsid from Nippon Kayaku Co., Ltd.; enocitabine is commercially
availaple under the preductdtamei Sunrabir feons Asaiwdcasei-Garporation 8- 201 is
commerciaty-availabigiundeithedqprodustinamendSed ifromTaine P Tanmaceutical Col,
Ltd; gemcitabigeris corpmergialyiavaiable updenihe praduci-namedemzar from Eli
Lily Co., lutdssHeictarabipadiseammersiaticayailabednde idbeprodustname Fludara
from Japan.RehetngsRiang et andpemeipxed disomika acammeyciayavailable
undefsthe;Rrouhe LRAME: AR, TomRlb il ind Ish-2RE ok tgiantitumor antibiotics, for
example, aCtInomyCmHDf_!ﬁe M%[MX@YQ&HQ@&&P%&M %B%%Et@&%i&%megen
from Bany Rharmagentical.cQmbk g dexamRicinis commercially. ayailahle pder the
product name Adrigein from. Kyowa Halcico, Gon kgl daungarupisin s.commercially
avallable,% er ghe rodug%na,me Raunomycin fr%mar[c\/‘lggw ra%}gélégwﬁl_a%q.d'ogl%gcgﬁyzlnostatln

OQICAL TES OF 2pen

. nsg modifiers”, .
IS commerc) aval af%[’é u ra{[ﬁe(;:r)({_o uq{t ame Neocarzmos%atln from amanouchi
2 ava; Ea _0 anbe rom. {hose 6\’121 i S 1|l in e a.rtinb?ccord 3Wﬂ1 metho a OWII pCT S&
Pharmaceutical; Neomycin 1s 30cammercially available under the product name Mao

o

from Nipgof KayEKRE “.S,ef_i“&??‘)ﬁse?‘i'é“’r’ﬁ VAR 1S CORMMSTOET AvARSbIE Ul dar e Product
name PelfGEiTshun KEEE cfzj?’,%fd‘.E”ﬁ%’fff)f%"fé‘?%“‘é‘%e%‘ﬁ%?FS?‘&W\?’%(?aiIable
under the 1FBtieRet RAPRERIT ﬁﬁ@&?ﬁ“??&’fﬂ“ﬁ%ﬂ@é"ﬁ%{‘?ﬁPﬁ"&%‘.‘f“ﬁ‘f&f gettbicin is
commercTATR Rl FABEr iR TP tHE RO dREE R Are WETR CTAGHT frofh SYaaRdtichi
Pharthac®etitatiopipAHib e S eorthertiady avaiip retide Pec BeGerEE S Pinorubin
from Nippgernircaiydieapeticaion efdpirlAneiHas B50othemereraliscmiras e aivdisinghe product
name Farmgredbieim frorrdivaxmatiaSclapo retdn 2o stfiasetfaleiherig@dbmmercially
availablesntie tive Proddte narte Bmedidsefronedafarowthr Phamifaeeuttas.
idarubicitasrcgenmaedialiyasad labledridariheproduetiriama:l denmfycin #fork Rharmacia
corparatign;s, \Wds 2208468 10 10RGE IIR20071E Th 224:8ino hnys:iscommercially available
under thespsadue mama:Rapans me-fomWyethssafcvaltub tainmis BomsReanciatly
availablecsnggitha-prodictpameniatstas. tiosnAnthra pharmaceutical.” For
the plant-derived angiinaoniagenis, ieexan plexpelistinais.cemmercially available
under the REQALE] RAMR. QBCARJIQMRBIARAGE Sofr Cristdith: eiphlastinds,commercially
a'\/a'!@mec}ﬁlﬂﬁﬁp@rm@ gPEQﬁ%%Aﬂ?EU%MH\Q@?&RQ Jfrem %MQE&Q&JH_W%&HQ%&&O- , Ltd :
vindesine js sommercially. Avalahiasndes he.pradust tame Flidssindrem, Shionogi &
Co., Ltd.; elonoside is commergially avallable Jnderihe, Rradust aame, Lasistiiam
Nippon Kayaii0ehld 2REOKANS, COmmErcially, aveliablcunder, e prgduct name
Perazolin Trom Zenyaﬁu Kogyo; docetaxel is ommerciaﬁy avallable under the product
name Taxotere from Aventis Co., Ltd.; paclitaxel is commercially available under the
product name 10Taxol from Bristol-Myers K.K.; and vinorelbine is commercially
available under the product name Nave!bine from Kyowa Halcko Co., Ltd.



For the antitumor platinum complex compounds, for example, cisplatin is commercially
available under the product name Randa from Nippon Kayaku Co., Ltd.; carboplatin is
commercially available under the product name Paraplatin from Bristol-Myers K.K.;
nedaplatin BtyM#iegially 15available under the product name AgugrastronizShionogi &
Co., Ltd.; and oxaliplatin is commercially available under the product name Eloxatin
from Sanofi K.K. For the antitumor camptothecin derivatives, for example,
irinotecan is > comyr erCJ;ablé’a a%LabIe under ﬁ tna e Cam to froL Yakult Co.,
Ltd.; topotecénn IS S\r’?fmer‘érfa Naiabie U )éfert et name. caim in from
GlaxoSmifARIIHE® BREPEsHn) f&t‘ﬁ‘éac? ﬁ”“é’%%‘n%’?ﬁ“é‘?‘c?a e%ﬁ*ﬁé “frﬁ"‘fﬁﬁ‘% AR ERemical
Company,%"@“ﬁ"‘a@té"aﬂ‘"‘“e “""“"g‘*"“ifcﬂ“?ﬁcé"‘é’ﬂﬂffﬁ%}“ ST 9GA BB BRI S fof
example, GEFifi ReCGRErGEiPatiEbBie i s the ProviRet HisEhidess from
AstraZendCEROMAtHITECo FrTs oAy Ao A retsrerdretiearp Fadtict e Gledvéc from
Novaa is [ffrarteaife Keommerérlotinisbis wénmithereial pavaitatidremadr e prddifet name
Tarceva figm@Srphinehaceutidely 2506 fhervAohpidralantibdte Suférexample,
cetuximalFisrgontinkrcially available under the product name Erbitux from Bristol-Myers
Squibb Company; bevabtzamalr istoortnierscialyuapaitabie underdhespidid uctisame
Avastin fronGenentestnd Meddituximablisaometeially avatabie-undesithe product
name Rituxar-iramaBioge mider: faalemuzdmalris commesCiallyravailabir.under the
product nasmg-Lanpatiblrai-Bedex.d at: pndirastuzacafdseammeraialiavailable
under the pradusiname3HeiceptindomsGhugakPhanmasedtical CQsnldd.

For the inE@rﬁtﬁFQQ@J@ffa@ém{ﬁe ﬂﬁ&_@&f%mﬁdﬁx%mm@&ﬁﬁwa%@i?@ﬁuﬂd?f the
prodyet Name, REEEHR . RHMEQMCHE REFM 3 Or urkdth HENRIGED A 2fdSur is
commerciglly ayaiablgunder the praduct 0ame Ganteran:A.Fam, Lakeday urabine is

pharmaceyficaliy g,rfﬁmnae%pe SOMMEiRIN AYRIARIS UGS e ioductagme

Intron A fro fa ecis {%prn c1a 1a em’lst plrg g&fgﬂg&r&&&s&pmmermé a\éa”?qle under

35 the pro Eﬁ m) | a P arma%eutL 1 aL,t rieron y- lais
cna ine i merc1a ie rthe roduct name Sunra Aé

commerua? avalTa%T ?] uct F]a e qunO ?X(ar\é rq{mai COIOI‘] g?’:o L'[d

mmer 1all aval hle under Tal
and mterferon |sycor’namer0|a V a'b% und he pr name bLgamma from

Otsuka PHAITH " BEREtEsY P "26‘63‘ é%ﬁfﬁ EHIEI00 For
the buolodl&‘%ﬁ& ﬁdﬁgféeﬁi% St ey F)‘ﬁlft Krashipise Eﬁ‘ﬁfﬁﬁ@r%‘i%ﬁ S?gé’v%fﬁ‘éﬁl% ‘under
the produet ﬁ’ﬁﬁ?é"féﬂé@ﬁﬂ”fl’éfﬁ“@ﬁrﬁ‘@%“@@b LR R T e SRR EPEiEHY B ilable
under thé-Broduct name Lentinan from Aventis Co., Ltd.; schizophyllan is commercially
avail@ble under the protERE A BEHIFRMFRBRS RARSH PHAFARsTHEaheBbleLtd.;
picibanil igEohmetsiaiydvaitpidanterStaeseaitecionbith doPiyariichrorr@hugai
Pharmaceuatitah@e. tht tedugimema Berrmdxnid cormipidrciall jrdvaitaioldcinid extivecipipduct
name Bestativieirain Nippor Key Bkuo@win fibd. Meiji Sciks, Fodrndeergthariaititunroriadigents,
for exampielahiteskantionicisoenarerdiathiraia lédnewnid eithepriedvebaams Novantron
from3wWyethrhedayiedapanid tespailaginaseiseoNyRercigity availablewnmdrithe product
name Leunase:ing a:yewa-Hadgrmiicaank M drecaihazingis commaicaiynavailable
10under therprpalvsnamadiatulaRdomSReched apar; dacarhezineds cenvpercially
ava“ablecmzﬁ%vailable under the prodect aame Aclacinon from Yamanouchi Pharmaceutical; pirarubicin

is commercially available under the product name Pinorubin from Nippon Kayaku Co., Lid.; epirubicin is

s commercially available under the product name Farmorubicin from Pharmacia corporation; zinostatin
stimalamer is commercially available under the product name Smancs from Yamanouchi Pharmaceutical;

idarubicin is commercially available under the product name Idamycin from Pharmacia corporation;
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product name Dacarbazine from Kyowa Hakko Co., Ltd.; hydroxycarbamide is
commercially available under the product name Hydrea from Bristol K.K.; pentostatin is
commercially available under the product name Coforin from Chemo-Sero-Therapeutic
Research |RstiteEsg8einoin is commercially available under the gretietaiarima+
Vesanoid from Roche Japan; alefacept is commercially available under 15the product
name Amevive from Biogen Idec Inc.; darbepoetin alfa is commercially available under
the product name Aranelﬂ?ryfg\gggbiemger% Inc anast&ozole |§ com rrg?rc iall Qvallable

101 LS 15 COMINere: &g{ namne apamune C va UCIT 1S
under the product name ex from raZeneca; exemesta scommermally

available ﬁoﬁ“d“emrcfﬁé’ B PR e R ES R BAYE B ehRitamide is
commercia avaﬂabT@rﬁ‘r"iH‘@P ﬁ‘i‘é"%ﬂ’ﬂ@f}rﬁéﬁ%f@ﬁ’@@@%ﬁ‘f’ﬁ&ﬁinﬁﬁ"gf’é‘ﬁ‘@@ frailable
Ieuprorel|ﬁ@iy§*§8ﬁfﬂ%i‘€ffﬁﬁ§?“ﬁ%ﬁﬁ’ﬁ RUigiraet the! prodlkE & raptinT A Eht ‘t#teda
20phatmdsattiedraiaritd e dnmidreanraia faplé uider e protte faEEulexin
from SchentghPiotgae e frvaistratt 1€ doh Arereia i avaEBier it #E product
name FastodesuftorncAstraferiéoar Beghptanitl getasotivrmiseeinpcrtlatifatdailable
under therprvdustrizmeliMacigenkd 8rayG ditead! Beiencesinoaidénitéa knpdiftitox is
commercialty Buailaliie under thel praduict:tidrmen@ntal frovit igéndcRhdumaceuticals
Inc.; atdesieuildn- s conmmer gldlly@vailable: tndetdbaipradist memie Prolevdan 25from
Chiron Corpearatiangn Kinwoteepinaglpha is commercially available under the product
name Thyrogen fromrésenzyimes: ALsai Cothidxidais.aommersially availableddndsr the
product namesiL isenefamme kIberenewissk Mgy daoriezamipds predueadpnder the
product name.V eleade fram Mileaiim;.capesiabine s produped Woderihaproduct
namg sXelpdadiomRAGRRLAREhORSBEEHN SRR B eed WNARS JRgpRREUGERARAE Zoladex
from AS”%%@E%@&%QTJ%%&?E%e BRLILMar agents: as used in the present specification
include antitumor agents, SQIRGIed QM. ANUMMRL AKYIAHNG. AGEIIS: coffiibhpOr
antimetaholiies”, anitumor, andbiotics.. . plany Qeruaeqoao@et' @90%%%%m§a‘,amytumor
platinum COMGIEE Comboud, Attt cameloiech deativcs.. aniiypor
tyrosme l% ase innibitors Xmonoc lonal ant| mf’er erons" "biolog ogical response

mod%lers AT orfﬁg?mgﬁﬁ rﬁo?’a ents® 35Embod|ments of the comgound represented

by the above Formuf B é("sséﬁelﬁm T IRORE JaTailP eyt is commercially

2008/08 19IPT TS OGP P58 I from AstraZpgpea el AT FI A& SEME or
different, BRE'S A SR BGRIP SRR S IK R aBHR SSIBREA E RS i S fch may be
substitutaPHFHEREFE tHER I BHAE SIS or a cyclopropyl group. Rlis
preféfably a lower alkSjltkgratipelaaa aiePeii P learBBTr StHTeY) WIREReIT Y BElSsp&tituted
with Ito 3UfRurrire sty SoeyEieprtipsh Srothdoopay chiaplme st ymmercially availRblds more
preferablyrderfe tmdvgroups astieflyl Grovph difiusrometwiaretpydadifiadromethyl
group, a eydiorop Figrodn Gicaet ikorine diupaumnab is commerRylisagajige mdrehpreferably an
ethyl groupyeaCdiflubfomativy lgroup rasteflud iometyk i ouiibl eyoldprogyd graup, or a
chlorde atompuid 6Rispratferabiyialloydregen atom. For R3 and R4, one of R3 and R4
is a hydrogen atom, magthepiheroaeaiRaamehR4 isnmercially avait)iatowes gty group
substitutegnaiiinNRaRin whesaRasandel 44; which. mayshenthe:same:endifferaat, are
each a hydragematam.:- Iowarralkl Sraup. A Hena @ oL Smasyaioatabgiaun
having thiee-ia.aix.carhan aiomsnhergianbe, cuciasiow oruR-mayPe-swpstiuted with
one _Qir m@E%r&ﬁbéﬂﬁ'ré‘?ﬂ@ from Mochida Pharmaceutical Co,, Lid.; interferon y-1a is commercially

available under the product name Imunomax-y from Shionogi & Co., Ltd.; and interferon y-nl i3

commercially available under the product name Ogamma from Otsuka Pharmaceutical Co., Ltd.
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15which may be the same or different, selected from the following 1) to 3):

1) a lower alkyl group; 2) a substituent selected from <Substituent Group IIx; and

3) a lower alkyl group substituted with one or more substituents selected from
<Substituent@rotys163; and the cycloalkyl group may include an wosatusated:bond; 20b)
a 4- to 6-membered aliphatic heterocyclic group selected from an azetidinyl group, a
pyrrolidinyl group, a piperidinyl group, and a piperazinyl group; or c) a lower
alkyl group substituted with a 4- to 6-membered aliphatic heterocyclic group , selected
from an azetidinyl gro8i 2 BSFFaIrER gt D RsEriYA S’ﬁ?ﬁﬁ%’“‘%ﬁﬁ“&?@? B’ﬁ@?ﬁzmyl
group,  Underthe productggmg Kregp %Oﬁ%“ﬁ‘iﬁ’e%o‘“gré?ﬁﬁﬁb“ﬁ%‘f’é’i%ﬁ}@l regrdtie¥cted from
a pyn-oly|Rfdeigast- PSimieEBIyIt Foup'daPirazoRn ity g itipha pyrazinyl
group, anérdypyensigiirifigfion faiep Phamaccutical 892 4b\rgbaiky Farotipdubsirtiteriwith a 5-
or 6-nfemberedvcromatidhe feroeyrehid groeprseléetd difromrapyr dlyngretiplyan
imidazoly kg¥eipundepiy arzdly ngroBptér pyr iNdogr SapkeCpykaizinyl group, and a pyrimidinyl
group, wherein the afipliatitcheterocyeticsgroupraladrvonmaticsheterodytlicaggioup each .
independenihymaysbensubstifutedwithvone @einase st ent s chiehimeaybeithe
same or differanf.dQselectad.ftommnthe-do lambng. Idopdzthantonwenadkyligrotpe

2) a ubstituent seleated ffemihe QR SIHICREBEOMI: (3imercially available R)ia t@wer alkyl
group subsiituied.with.8neomere.substiticnis; seieciesh from;iibanSubstituant Group
p; and 354)a gysiRakul-OrguR. Raving. k6 Lathan Atoms iehimay.he: substituted
with one %;EGQ5%‘&9&&%&@&@4%@1@%@%%@1@5&9bé&tﬂé%&%ﬁ@%‘&;ﬁﬁmf% R3 and
R4, itis preferahle that.ang, of R3.andR41% &by, ggqsac@@mem%mam% Qg of R-3
and R4 15y, Wbl 8&%&9?%%5%9% Hingahl fannggraLlﬁy LQIRHP sipluted

with NRaftbaUV\{ here AB&S%%

hydrogen atom O\Q(ea? Tﬁ %{’OUBAIHQES%OC %rgig Xvag atglng) Ve tO SIX C% on

atoms, w ereln e CycClo rou |tute Wlt e OI’ more substituents,
fro: ﬁar Ing.: bicalutam com erc:a aval er, the product namc;([ {)eé g

which may Be The Sama or diferant- Saledtad Fromthe fofiowing 11 1) alower

alkyl %I’O straZeneca; leuproreline is commerc;alfy available under the product name Lupuim from’ Take

M en nc anas%z@% is commercla Y j\:l’al % UEI ez‘ tﬂe prc%uc(%n [

phannaceut:cal fAutamide is commercially available under the product name Eulexin from Schering-
Plough Co., Ltd.; fulvestrant is commercially available under the product name Faslodex from
AstraZeneca; pegaptanib octasodivm is commercially available under the product name Macugen from
Guilead Sciences Inc.; denileukin difiitox is commercially available under the product name Ontak from
Ligand Pharmaceuticals Inc.; aldesleukin is commercially available under the product name Proleukin
25 from Chiron Corporation; Thyrotropin alpha is commercially available under the product name Thyrogen
from Genzyme; Arsenic trioxide is commercially available under the product name Trisenox from Cell
Therapeutics, Inc.; bortezomib is produced under the product name Velcade from Millenium;
capecitabine is produced under the product name Xeloda from Roche; and goserelin is produced under the
product name Zoladex from AstraZeneca.
30 The term "antituinor agents" as used in the present specification Include antitumor agents
selected from “antituimor atkylating agents”, "antitumeor antirnetabolites”, "antitumor antibiotics”, "plant-
derived antitumor agents”, "antitumor platinum complex compounds”, "antitumor camptothecin
derivatives", "antitumor fyrosine kinase inhibitors”, "monoclonal antibodies”, "interferons”, "biological
response moedifiers”, and "other antitumor agemns®,

35 Embodiments of the compound represented by the above Formula (I) will be described in

more detail.
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2) a substituent selected from <Substituent Group 13.>; and 3) a lower alkyl
group substituted with one or more substituents selected from <Substituent Group {3>;
or b) a 4- or 6-membered aliphatic heterocyclic group selected from an
azetidinyl gratjsvessaosyrrolidinyl group and a piperidinyl group, wisgreinahesatiphatic
heterocyclic group may be substituted with one or more substituents, which may be the
same or different, selected from the foIIowing 1) to 3): 1) a lower alkyl group;

2) a substituent selected from the <sul stituent %roqeﬂf an dh e Eﬁ

alkyl group substituted Fith"oRe orarfncﬁiree StibsStttien § s% ected frém the 1 gubstltuent
Group flt>™°™ @ lower gyl aous WA E SPa T 388 F RS f&’ﬁﬁgc’ﬁlrse?e?a%if Bgroup
consisting®of% halogen atom, a hydroxy group, an amino group, a lower alkylsulfonyl
group, and a lower afkdxgegrais: ower 2kt aregp IRPahl KA T ORI BrEtéPable that one
of R3 éndsﬂﬂ%@é"ﬁ%@@@W‘aﬁﬁ‘ﬂm%ﬂcfﬁ‘épﬁﬂﬁea‘%ﬁérﬁfmnéﬁﬁ‘@I is an amino lower
alkyl group (wherein Belfdnrowvefealiyt et ligiedr o ebrarehe d DOERSNg sUp having | to 3
carbon ateoifisyrwhichris Nasbatitured.or NbNoe 2bstituted with a linear or branched
alkyl group having It&5scarboncatdmfs) 2eepyperdi nyilgrouphn ek suMrsubstituted with
a linear orzbranchaegraikykgronp dhawiagdio 5 carbon atom(s); a pyrrolidinyl group which
is N-substituted with & liess-o brangaedsalkyl group having 1 to 5 carbon atom(s); an
azetidinyl group whichis,M-substiirtednwithsa linegneohranched-alle/dgrasrhaving | to
5 carbon atom(s); or a.Qyelealiad-grauRiRiahavingivade Sixcarbarmatgmsnavherein the
piperidinyhgaug:, the-pyEraldiny kgrosbwanthihe.azalisinygraup-eachindependently
may be furthes substituied with-a lieganarbranchsd-alkvlarowm bavngdQicakon
atom(s), apgthe, Gysloalkl graun mayhe.sHAStHMeR Witha linear or branched alkyl
group having 1to 3 car%gqoggpm egrcglgtronally having a hydroxy group. Here, the
piperidinyl group is preferably N g%pgg%kegs@gggg@og XL‘ Ngsubstituted piperidin-4-yl,
Or the ike. The PYrotGiIY IR & reb%fsrbrxrl e a%%%r%t?m&y IRlidinzg-vl,

N-substitute rolidin-3- an more re era sybstituted
yrrolrdrné—y’f{‘p@/ﬁweéarzgf3 d’l%ﬂa% coaah f;f rrnaa HC réstatulrrte%lhaz%etldln 3- yl or the like.

The (%)lcloalkyl group P re er ’B‘i’er e ftelm 8?1’3’ JIOF the ﬁ(ﬁm lr(’)yrémrpé:”rlerably
cyclopentf, ‘ﬁ‘S?"ié’%‘PaﬁEfpﬁﬂf“’i %rs” ”é’v%’ﬁ aErf’r’(%m.a‘z'n 5bfe that one of R3 and RA is a
hydrogen atom, and SRR LRI Fg NEXS Wﬁ‘é?ireij)?“ﬁ?ﬁﬁ@ﬁg&“%mﬂ YPoup
having ItoE A tEiS] FnieARS S ED et et AP S B et AR G, an
isopropylamino grouf),*F; PL&ifttesSHsTOPYSRHG giotiyP Stet b itAARITe §itaET a
piperdlinymifaty sitike hrsarebd gisstift e MR A EEROF AR RIRYY §roE having Ito
5 carbon atom(s); a pyrioiidifiyl greupbHirieh g Nesubghbeed satia iiseaciremanched
alkyl groupdiading 4 rio-d carom atgrm(s) rarr.azetaingrgroup WihiekrisaNestbstituted
with a linesrordpmain@iyd &6:ip, wherein the aliphatic heterocyclic group and aromatic heterocyclic group

each independently may be substituted with one or more substituents, which may be the same or different,

30 selected from the following 1) to 4):

" 1) a lower atkyl group;
2} a substituent selected from the <Substituent Group >;
3) a lower alkyl group substituted with one or more substituents selected from the
<Substituent Group ~; and
35 4} a cycloalkyl group having 3 to 6 carbon atoms, which may be substituted with one or
more substituents selected from the <Substituent Group B>,
For R; and B, it is preferable that one of R; and R, is a hydrogen atom, and the other one
of Ry and Ry is:
-i5-



WO 2008/081910PCT/JP2007/075221 alkyl group having Ito 5 carbon atom(s); or a
cyclopentyl group which may be substituted with a methyl group or a hydroxymethy |
group, wherein the piperidinyl group, the pyrrolidinyl group, and the azetidinyl group
may be furth@r4iB8ttdted with a linear or branched alkyl group heSArE#G/88arbon
atom(s). R5 is a hydrogen atom, a cyano group, a halogen atom, or a lower alkyl group.
5R5 is preferably a hydrogen atom, a cyano group, a halogen atom, or a methyl group,

more preferably a cy nq gro#§ a halcg) %}eggﬁ%ﬁﬁ% ﬁ{é%tE 1 9roup,. E)artlcéu[%r %ﬂ
orl to RS,

preferably acyano g rame
erent. are feach I:G &0 atem OWEK‘ CE 03;1 &Fu 1&\111'1 Wﬁ O 81X
from the V|ewp0|n’t 0 r%a cefl ito e asis of a

PLKI inhilfftar) Hfect 4Ha ‘fﬁﬁ% g ?ﬁg%ﬂl“ﬂ)b% %‘fgﬁé‘ﬁt “ff’i’é"f‘@fﬁ 8%%“&%3’&"(@3&?’5 more
10preferabide &y ?h‘éﬁﬂ%\ﬁi‘ffﬁf‘gﬁ’é‘é“@“@@% °More preferable. (A) Case where:

Rl is alower alkyl groupHaiat 872 carbon atom(s) which may be substituted with | to
3 fluorine atom(s), a cycEPFERHVE HiotpIoR SHAISE a2 is a hydrogen atom;
150ne of 123 and R4 & Hawyoig enuateimingh Hakibns GrsrsendustRIcertiR™ is an amino
lower alkytSgreup-f@irer&inesaid lower alkyl is a linear or branched alkyl group having 1
to 3 carbon atom(s)) wdvct isrissuld stitechardt Nedicguigstitd fed witke@liliriearor
brancied mHeydigraup: havi pigedato1 orearbon-atomiisha pipesidinybgroupwttichiig
N-substitutechwithma-tineginenbraachedalyhgreupinavingdto oo adsaretomis)):a
pyrrolidinyl group whichaisMN-suhstitigied with a linear or branched alkyl group having
201 to 5 carbon atom(g) saR:azaticdioy grauR wishis: dlsppstitated with a linear or -
branched alkyl group Baving ko pEaERRRMMOMES): Of e itk geawrhawing five to
six caebonatames, whgrein the piperidinyl group, the pyrrolidinyl group, and the
azetidinyl group each,ndependealiv,may, ke furhersubsiiiuied witha/neangE,
branched glkyl }gﬁ%wgn@s/'ﬂ%nko%%ugaarmg ﬁtgagm)y] and.the cygloalkyl group may be
substituted with a lingaror, frand ed.alky] KPR 2.GRERO0 Alamiah optionally
having a 2 geroog% g[i%? aglmmgigwlfg' glkcyano @ﬁmreB sa;dllqowerglﬁr] i5 aqm O;[b? rqleghyl

group (B I.lﬂ/ase av] ito3ca:b0n atom% wh;(%t Xlg{)sutlpédor dY 19)[;8{[{1] uoromethyl
group, atr ugromet% %I’OU a cy oa OHE(X TLOgP‘1 orac Iorlne atom IS a

hy droge éafb?‘nd alkyl group avm%lft a: oup hich s Nh téstﬁglxe ovfher one of
R3 and R ¥ T’i‘ﬁ‘&%‘?‘é‘}‘%ﬁé"r‘iﬁﬂ%&‘%mﬁw Bﬁ‘ﬁtﬁ%{)\lkﬁé”’f‘%‘@%ér‘ﬁ% "o RiEh is
substitutet witit oAt A BPBUTS, AR SEISPIGHTTHE GHBU 5o hich B X
1,1-dimethyisPopyiEh RS GFSTR S LB SHHIBRITS Yol e BRsevidinyy gretnsithch is
N-subStithtseeiticatifear BBk aIRgIGroap h ARG HOS! eRrBo Atotitdva
pyrrolidingiogrensh BBwrehy isans st ttRE e itk e llinear Srvrathdkee My ged s having
Ito 5 carbortaterm(s)zdthezetidiviyr rons twhHestitisNud s tiurdsnwith llmear oring
branched! atkykdroaprirasitigiohs cartphcateris tHor teoyeloyeraylgromiwhicth may be
substitutedbwitthdpipagtivghgrdenstred hipedwyprietiid Heodjy, nxdrdidain dioe is preferably

30 N-substituted pyrrolidin-2-yl, N-substituted pyrvolidin-3-y1, or the like, and more preferably N-substituted

pyrrolidin-2-yl. The azetidiny! group is preferably N-substituted azetidin-3-yl, or the like. The
cycloalky! group is preferably cyclopentyl, cyclohexyl, or the like, more preferably cyclopentyl.
For R; and Ry, it is even more prcfcrnge that one of R; and Ry is a hydrogen atom, and

the other one of Ry and R, is a linear or branched alkyl group having 1 to 3 carbon atom(s) which is

35 substituted with a dimethylamino group, an isopropylamino group, 1,1-dimethylpropylamino group, or t-
butylamino group; a piperidinyl group which is N-substituted with a linear or branched alkyl group
having 1 to 5 carbon atom(s); a pyrroiidiny! group which is N-substituted with a linear or branched alky}
group having 1 to 5 carbon atom(s); an azetidinyl group which is N-substituted with a linear or branched
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WO 2008/08191PCT/JP2007/075224 piperidinyl group, the pyrrolidinyl group, and the
azetidinyl group each independently may be further substituted with a linear or
branched alkyl group having Ito 3 carbon atom(s); and R5 is a cyano group, a fluorine
atom, or a He#RAEEdUp. (C) Case where: 5RI is an ethyl group, BdifRidtuiiéthyl group,
a trifluommethyl group, a cyclopropyl group, or a chlorine atom; R2 is a hydrogen atom;
one of R3and R4 is a hydrogen atom, while the other one of R3and R4 is a

toutylami ag(gipeth?g ic med %{omcés pm snymggq%pb&@mmaﬂw group

whichis N substitute e Qu vin 5%5 cg
atom(s); &P pi eri ?’nr% mf ir(%r Qer Tge pm ﬁm WI?WO ﬁ%ylgmwr ranc CEjna Ikyl

group haisg 108" ‘f:a? OR Atms a mm cr’?or?ﬂ in-2- O%)u av\/\ﬁw 'Substituted with
a linear or branched HIRYJI"GFSER %l aﬂoggugar}b%} £\ ‘8?%1 Sy °a“r'1”a&z ﬁﬁ.rf’ 3-y | group
whichis N-substitutett Gt e&?lﬁ%ﬁ’%@ﬁf’?ﬁ’cﬁ%ﬁ‘%?dﬂ?ﬂ‘lﬁ’ﬁeﬁﬁ F%éint%hg %rﬁ%on
atom(s); G1o ESERHITUFOt I ARREH THEy et SttE & it 2 RTEt iyt GrotEsr a
hydroxynettPefens 15HkErsiR the piperidin-3-y1 group, the piperidin-4-y1 group, the
pyrrolidin-2-y1 grougcafdethrefardtidinesesyPer ey e iirHerdiletietriit a
methyl gromsipsfaddiR Slitiane ydmotgrotgyinsracfitiorimecabisntie following casTfigiBefhstituent
Group p>risiadgcupiednsistingsefQ@ ihatogen atbrviea hydroxy group, a nitro group, a
cyano group, an amipo@soupea carbamoyl-group, an aminosulfonyl group, an imino
group, 20a lower alkyisulfeayligroup, avigwer aieyisutfonylaminobgrowpyal loweralkoxy
group, a loweknalkexycashppybgeaup ot lawen atkoxycarbonylamino group, a lower
alkanoy! group, a lonyen alkapayle:cy group, a lower allcylthio group, a carboxyl group,
and asbenzyl grouPene of R, and RTBEasRIFRSHEMEAN GROMRRR: 1§ RrAGEbLY Bhigs Qupr
consistingygf Z.RANARRA AOMHRRYJION:PLRA ANIRAOAWR 1 & laweh algyisulfony |
group, ar\%&lgwgrba#ﬁmrgmlapsuegﬁmewammewmmg@rmwsqumm@,tgi@d,@@rbon
atom in th%,;ﬁg llowi 9«:%% TGt the.campeundreriassniadiy 4be Rorpuas(1) is
preferably an 3 Czsm oy e UDBOHAE:Of BRYE FAEDHIR D) IS RIEIGREAN up having

20 1to5 carbon atom(s}; an azetidinyl group which is Ne-substituted with a linear or branched alky! group
having 1 to 5 carbon atom(s); or a cycloalky! group having five to six carbon atoms, wherein the
piperidiny] group, the pyrrolidinyl group, and the azetidinyl group each independently may be further
substituted with a linear or branched alkyl group having 1 to 3 carbon atom(s), and the cycloalkyl group
may be substituted with a linear or branched alky! group having 1 to 3 carben atom(s} optionally having a

25  hydroxy group; and

R; is a eyano group, a halogen atom, or a methyl group.
(B) Case where:
R, is a methyl group, an ethyl group, a difiluoromethyl group, a trifluoromethyl group, a
cyclopropy! group, or a chlorine atom;

30 R, is a hydrogen atom;

one of R; and Ry is a hydrogen atom, while the other one of R; and Ry is a linear or
branched alkyl group having 1 to 3 carbon atom(s) which is substituted with a dimethylamino group, an
isopropylamino group, 1,1-dimethylpropylamino group, or t-butylamino group; & piperidiny] group which
is W-substituted with a linear or branched atkyl group having 1 to 5 carbon atom(s); a pyrrolidiny! group

35  which is N-substituted with a linear or branched alkyl group having 1 to 5 carbon atom{s); an azetidinyl
group which is N-substituted with a linear or branched alkyl group having 1 to 5 carbon atom(s); or a
cyclopenty! group which may be substituted with a methy! group or a hydroxymethyl group, wherein the
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(8)2-[((1 S)-1-(442-(tert-butylamino)-1-hydroxyethyllphenyflethy
Damino}-4-(8-ethylimidazo[1,2- 30a]pyridin-3-yOpyrimidine-5-carbonitrile (Examples 2
and 3); (04-(8-ethylimidazo[1,2-a]pyridin-3-y1)-2-R(l 5)-1 - {
4-[hydroxyP1a3es8Epiperidin-4- PCT/IP2007/075224
yOrnethyl]phenyl}ethyDarnino]pyrimidine-5-carbonitrile (Examples 9 and 10); WO
2008/081910PCT/JP2007/075224 (c)4 (8-cyclopropylimidazo[1,2-a]pyridin-3-y 0-21((!

8)-1-{4-[h dro{f( 1¥ 1 memey IP Eny aup and she azetidmyi group each mdependemly may be further
yI)methyI s'égr' g{'%gr > %ar o Ie gExaqmp e 12);
(d)4-(8-et quml azo p rlcfl 3VOP-RO gg -(4- roxy -methylpiperid n-3-
yOmethyl]phenylleth ffan%’lno%offﬁml e BoEatboniriie (Examples 13, 14, 15, and 16);
5(e)2-[((I 8)-144[2-(t dﬁ%}ﬁﬁ\mo )-1- hydroxyelhyll heny Il

ethyl)amino]-4-(8-cHio? ! g1t 2 ST S 3 Wf&i?f@%%ﬁ?b%ﬁ’iﬂ?ﬂ@?ﬁ%&%pIe
22); (02-[€f 1 )¢ 28%: (tert-butylamino)-1-hydroxyeihyliphenyllethyl)aminol448-
(difluoromethyOimidReZtf ¥y 3e83p§eretin-3-yflpyrimidine-5-carbonitrile (Examples 4 and 21);
(g) 4-(8-cyclopropylinsiefdz &4 R2 ied pyfis i 20l g o (s evtfimiethypyrrolidin-2- |
Oyl)(hydraxyymethwiipteemyl lethyl) aimitolpyrmtdidimess carenifrieExerpled 23, 24, 25,
and 26); iRk amdbutytmrmholy L{gup(bhviog 1 to 5 catbon atom(s); a piperidin-4-yl group
S)-1-([4-(8nehloroimiciazopln2-EhaywidimBey A ybeftumhopgrimitlatan atom(s); a pyrrolidin-2-
yllaminolethlphiendiethianokdExaniple @ By (iS)erbufda(e 1 to 5 carbon atom(s); an
S)-1-{[4-(8=chioreimitpzalh 2-alpyridiar-iy 1 )ibadil noropysiiginuphaving 1 to 5 carbon
yllaminolethybpheayldl-ea Rylaysiopaotyitaminel e thapol-¢pample28)n L ()
S)-2-{ten-ylarmineickddy((os)-be (ekBroyoloprapimisiaroll ralpyidiod0-5-
methylpytinidins-iaminalathybrhenylethaog: xample 29); (k) (I

S)-2-(ten- butylamlnfg)[ga%m(glglu; -{l4#8:6yclapropylim idazo[1,2-alpyridin-3-y1)-5-

fluoropyrimidin-2-yligrninQ)etyh eheigthang LAEXAMR'E300nm atord!) nydroxy group, a
(18)-2- (ter bua(lamlnoo) 1-

an(:!ammo oup ae;arbamoyi oup an ammosulfonyi group, an imino group,

S)- 12(55 oro- rlfluorom th azo Lnﬁgoa

Nding3 ;
20y||pyr|rﬁ|(a‘freir mlno U{)h x c%t ag'{l]%l Ol oae:zra 6§Tégmupa?o:‘;e;]kanoyloxy
[4418)- 1- it -c ! azo 5 r| |n§ g?uoropyrlmldlnp
yflamlno)%?ﬁgllip%”eehalﬁ %grd’” B r?oohﬂnn- - 6’% thanol (Examples 32 ﬁnd 33);

144-((18)-1-{[4-(8-chIBFGIHATASS ?‘"ﬁ’*’ oy &fﬁfaﬁ A B ropy Aimidn2 VA nof%thyl)ph
enyll-2- (ERIREAGTEPARDT:S AHEL BPH?j';i P8t ié%‘“f‘:ﬂaé‘é"%fﬁﬁd 35); 25(0) [4
S)-1%{4-(8-chloroimitaZ8Ir BBy 3SR RIS RSh YRR fﬁ“i}’ﬂ%ﬁ‘ﬁ’fﬂé‘fﬁ?l‘%ﬁhenylhl-
isopropyleFeaidiheBS ORI S TOr TE@ T PIEE88 @rve37); or (p) (I

S)-2-(tert-butylaming); 1-{4 (1S) 1-(1448-(difluoromethyl)imidazo[1,2-a]pyridin-3-y1]-5-
fluoropyrimidin-2- yIIam Ieﬂllp jenyllethanol (Example 38),

Lz :
4
i /A ‘ f
The compound of above Formula (I) is preferably
(2)2-[{(18)-1-{4-[2-(tert-butylamino)- i-hydroxyethyljphenyt}ethyl)amino]-4-(8-ethylimidazof 1,2-
30 alpyridin-3-yDpyrimidine-5-carbonitrile (Exampies 2 and 3);

(bY¥4-(R-ethylimidazof 1,2-alpyridin-3-y13-2-[((18)-1-{4-[hydraxy{1-isopropylpiperidin-4-
ylymethyt]phenyl}ethylamino]pyrimidine-5-carbonitrile (Examples 9 and 10);
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or a pharmaceutically acceptable salt or ester thereof 30In addition, the preferred
aspects of the present invention can also be represented as follows. (1) A compound
of Formula (1) above or a pharmaceutically acceptable salt or ester thereof, in which R5
is a hydrog@t¥ 2t & cyano group, a halogen atom, or a methyl F&ERY#E1752¢2) The
compound described in (I) above or a pharmaceutically acceptable salt or ester thereof,
in which 35R1 is a lower alkyl group having one or two carbon atom(s), which may be

substituted with I to 3 flugrine atom rou chloan atom, and R2
is a hydrogen atom: of. “We: 568@%@%‘1@1%&@%5@%%%&?%% ”Idhe% compound
described H”f f70F Tﬂ’}lgﬁ&aﬂ‘%‘?jgmﬁg?ﬁsﬁ%’ﬁ sty atte Qt)able salt or ester thereof, in
which the @& Yﬂ%‘?‘?f"@fo@ﬁff@ 5 LIS @f&ﬁ‘i‘yﬁ T"i‘%’@?e ‘Gotip, an amino group,
a lower alkyrstidis G rov4RtE Tétver %’RBWW“‘G@ 4. [2y"fH& compound
describedGiF-Efyrone B ey B)nbbveier dhpivanacelneany st capeaniadal or ester
Sthereof, revikichiomewfiRS-eaktidsExtnrdfdgen atom, and the other one of R3 and
R4is: 02 [((%)-&Bweraikyingrolpydubstiviveehivithy RIRE -#rhere Ra and Ri" which
may be theisameta)differéht,hve wath i inidrogentetorh (domer alkylgroup, or a
cycloallcyleyraspydaningaiitectozsiipcarbbyatiunms idiareinthielgyclotdiy| group may be
substituteghmvthoneanmers substivgntsidkhichmayibEthesamesordiffersent, selected
from the folowingh dayR)iidkPb)a dovyer; ateydhgraii@azo1,2-alpyridin-2) lRsSubsHittenhaelected
from <SubsditienRiBrauptdmsaBthnpe 27); 3) a lower alkyl group substituted with one
or more sgséituentssselectech Fomis2HRSHHRAREGHOLIRd3)yrRldin-2- b) a 4- or
6-membeygd, aliphaliapieipcucic giRpRRIscied.fom.apazgtidinyl group, a
15pyjeoliay hpmapb@fﬁgrmlpmﬁlgm gresp-whergindhe: aliphaticHarerocyclic group
may be sybatiiee 1\4\/5%@&&9&@@@}4@%}@%& ~hich may be the same or different,
selected fk?ﬂb ier LQYV}QQQO t )l%[qugvc ct %Ué}’yt%?a‘é&q 2 ajpyridin-3-y[}-5- 2). a :
SUbStItUEfAt ergm m o?et peny ct%anol 3) a lower
alkyl grou(;a 8%56 §}t§rlil %tylavanltgo § E? fﬁ]lélip)stlt tt%ggzlaglchzmdi(gz%ﬂh hjpyrzdsn 3-

20 yllpyrimidin-2-y1}amino)ethytlphenyl}ethanol (Exampie 31);
(m) {4-((18)}-1-{ [4{8wchioroimidazo[1,2—a]pyridin-3-y2)-5—ﬁ uoropyrimidin-2-
yi]amino}ethylyphenyi](1,2-dimethylpyrrolidin-2- yl}meihanol {Examples 32 and 33);
(n) 1-{4-((1S}-1-{[4-(8-chlorcimidazo[1,2-ajpyridin-3-y1)-5- fluoropyr]rmdm 2—yl]amm0}eﬂ1y])pheny]} -
(dimethylamino)-2-methylpropan-1-o! (Examples 34 and 35);
25 {0) [4-((1S)-1-{[4-(8-chloroimidazo[],2-a}pyridin-3-yl)-5-fluoropyrimidin-2-yl]amino} ethyl)phenyl}(1-
isopropylazetidin-3-ylymethanol (Examples 36 and 37); or
{p) (18)-2-(tert-butylamino)- 1~ {4-[(18)-1-({4-[8-(difluoromethyimidazo{1,2-a}pyridin-3-yil-5-
fluoropyrimidin-2-yl}amino)ethyl]phenyl}ethanol (Example 38),
or a pharmaceutically acceptable salt or ester thereof.
30 In addition, the preferred aspects of the present invention can also be represented as
follows.
(1} A compound of Formula (I} above or a pharmaceuticatly acceptable salt or ester thereof, in which R
is a hydrogen atom, a cyano group, a halogen atom, or 2 methyl group; or
{2} The compound described in (1} above or a pharmaceutically acceptable salt or ester thereof, in which
35 Ryis alower alkyl group having one or two carbon atom(s), which may be substituted with I to 3 fluorine

atom(s); a cyclopropyl group; or a chlorine atom, and R; is a hydrogen atom; or.
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20<Substituent Group P; or (5) The compound described in any one of (1) to (4) above
or a pharmaceutically acceptable salt or ester thereof, in which: Rl is a lower
alkyl group having 1 or 2 carbon atom(s) which may be substituted with 1 to 3 fluorine
atom(s), a ByCBpyl group, or a halogen atom; 25R2 is a hydragenrateovms224
one of R3 and R4 is a hydrogen atom, while the other one of R3 and R4 is an amino
lower alkyl group (wherein said lower alkyl is a linear or branched alkyl group having Ito
3 carbon 2 &%%@3 "Voﬂr'ﬁgem%d 5 E}j eEL%roD'a N-dL-subsfjtuted w ”;‘a? inear of pranched
alkyl group avm% ndinyl group whic “substituted with
a linear or BFAREREG LI Gmopuﬁ y ﬁﬁ\llif‘r% Oglfaédmﬁyo%{’a‘i’oma(mjmér ﬁ’rroﬁwcflnyl group
which is I@‘%deléct'i‘f’u?é"dpr/\?ﬂ‘?\ag’ﬁvﬁé‘g?xoﬁ?ﬁ?&r‘?&hed alkyl group having Ito 5 carbon atom(s);
an az,etidify Grempeth drieNESToRG RiteH WtR S fild AP o Btk ed skl greughaving
1 to 5carBgrratoriE)e AL AR Greits Hafh G TRE stk fedtbbritatoms, wherein
the pi peridinyl groups) thieqsy¥ed Histiygiets »ahtFRe Weeldmig Ry roimp e ghthe same
independetReragdsectartisemabyst tited dlithemuineapslebrdischiedalk{rgeoup having |
to 3 carbomtatetms))ytand therdydioaiikyb gep tar85nied e wetystiy tedtiviths.avliree or
branchedralkyd:geoupthavingdég Soarbbiratem(s}optionally having a hydroxy group;
and Rb is a cyano groupicashatggensatom, or a methyl group; or WO
2008/081910PCT/JP 2p02{Q2bR 2d-c(@)rbinenampaunesdesesibed in any one of (1) to (5)
above or a pharmacesitically accepipblesall arester hereediiamedhichi rom Rlis a
methyl gresspsamaihy graup, a difluoromethyl group, a trifluoromethyl group, a cyc
opropyl group, or a GhHlALING-ALRNB R enis-A MY QLR BIOMicd from an a2eRNG 9HB3 and R4
is a hydrogenaia B whlle theatheranerfd13 apdRadsalineatarbruched alkyl
group hayjng lta. 3 sathan.at0mis) whiehdssubsiiied eérm?e@fgmtram@r@oqogroup, an
isopropylamino group,, lggwglmc Q, [,gropy lam ino group, or t-butylamino group; a
piperidinyl group whrc‘zhambsnf'serl St gggom Eh% mquentojrr abgchgd alkyl group havrng Ito
5 carbon amm(s); a pyioldiny | group, which ls\-sibstiied wit.a neg o
bran%ped ?%X group vrng CArbon atom S); an azetl |ny group whic
N-substitu i"ﬁear or branched alkoy roup having Ito 5 carbon atom(s) ora
cyclopen 'L%(/ gr&p ?/vﬁ‘cﬁesrcr'i’ged B B S d Wi 2 AR P GO G S A aIt)‘é’yFn%"thyI
group, whé §fri“tﬁ%ﬁrperld|nyl roup, the pyrrolidinyl grou and the azetidinyl group
each independently*hidy’B& ?ﬁ?fﬁ‘@?"s‘ﬁﬁ%fLﬂé&%ﬂhﬂtﬁl‘lfﬁ@%wgﬁﬁ‘éﬁ@ﬁeﬁm 'YPoup
having Itd B EAFBER B ISy BAGI8RY fEle &4 -group, a fluorine atom, or a methyl
grouf. F&e BCEsSBRREE preparation according to the invention, which is
formed with two sep#dis Prdpardtignssritieprarcraphe tiarGhedRbothrohtiertvo
separate#fitéparativrgnsfdtererdbp reparatiobitsiret itentahprepdrdtiobisiontthe
combinedheparationtacctridifiguigitha mentiononicheis:fof aved witls two @0separate
preparationsspreferdhtiycnepieparationptogéthdénarithvaphrnikd ceutically acceptable
carri@r Ofcarbon atom(s); 2 pyrrolidiny! group which is N-substituted with a linear or branched alkyl group having

1 to 5 carbon atom{s); an azetidinyl group which is N-substituted with a linear or branched alky! group

having 1 to 5 carbon atom(s); or a cycloalkyl group having five to six carbon atoms, wherein the

piperidinyl group, the pyrrolidiny! group, and the azetidiny] group each independently may be further

substituted with a linear or branched alkyl group having 1 to 3 carbon atom(s), and the cycloalkyl group

35  may be substituted with a linear or branched alky! group having ! to 3 carbon afom(s) optionally having a
hydroxy group; and

R; is & cyane group, a halogen atom, or a methyl group; or
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diluent, is a preparation comprising: (a)24(( |
S)-1-14-12-(tert-butylamino)-1-hydroxyethyflphenyltethyDamino]-4-(8-et yl idazo[1,2-
a]pyridin-3-yOpyrimidine-5-earbonitrile;
(b)4-(8-ethytimieiazeiPL2-alpyridin-3-y1)-2-K(1S)-1-{4-[hydroxy( soptByigipenitin-4-
25yOmethyl]shenyltethyDaminolpyrimidine-5-carbonitrile;
(c)4-(8-cyclopropylimidazo[1,2-alpyridin-3-y1)-2-[((1S)-1- {4 [hydroxy(1-methylpiperidin-4
- yOmethyf nyltethyltaminol r|m|d| rbonltrl

it ethxif?r?g e b SR e T
yfimethyl]p enyﬁe 2g/flamlnoThyrlmldlne -5-carbonitrile

30(e)2-[((1S)-1-{4-1 (Bl RRiALT ny‘éi’réﬁ%?ﬁ%%*ﬁ’éﬁ%e&tﬁ%é‘f’f*ifﬁ‘esﬁgff”t% chloroim
idazo[1,2 Cﬁfﬁ‘if?fﬁlﬁ“?f’yﬂﬁﬁfﬁ”iiﬁﬁﬁ‘én's carbonitrile; (02-K(
1S)-1-f442-(tert- buty‘i‘aﬁﬁWoie’rﬁtf&?oxyethyl]phenyl}ethyl)amino]-448-
(difluoromethyDimid &3] 2] fyFitiiBerdpiniitinEe sheapson firies Re is a ligggr or
4-(8-cycloprepy it 2y 2] Py raivrrSegoiRuion S upstiaciirRhditimetnApyesotidine2-
35yfl(hydriespyrriethy iksheriyfiethy Darmmroipydimieli hbtGaesdoonitri eipe (! group which
(1S)-2-(teit Hpubytared na)-<litd(( B)athi{4iiSeohibromnmidas oftoR aalpyir idin=8ididy)-Befluoropyri
midin<2- ylgchinelethyliohényjeth anelid G2 0811081910 P GB3R20GCT 076284 (i) (|
S)-114-((:B)lwrifd i 8-chinieimidazetd @-adpyeidinay-odigoro pysiva dincdror a _
yIjamino}e&biyb)ﬁ@wﬂ Lnitn[khy methyioye kamemtyt)agt_i@atﬂam}m@)w@p, wherein the
S)-2-(tert-hBpihisarnioe) lAdni(isis fidn(S-eye lopimpylontazobldralpyidinSnyibor 5-
methy|pymﬂu&%ﬂ'@m%%%é@ﬂ%ﬂw@mmh té%rbon afom(s); and
(15)-2s(tert-butylarniQ): 4144 1m); 1 hld-{Baexuclpnreny migdazo[1,2-a]pyridin- -3- -y1)-5-
quoropyrlmldln -2- y”q{&] W&J&Eﬁﬁ@%ﬂﬁ@&ﬁﬂ& t(}/)he invention, which is formed with two
(18)-2- (te;épga&bg,@mm L4l dalRatlvipsAdSallritiuarometivpinidazo(1,2-alpyridin
-3- yIIpyumédépamnM Oz%lggréqg gghgl!g gny ) ethanol, (|n) -a]pyridin-3-yl)-5- quoropyrlmldln
10yljaminojethyliphenyl(t,c: dcme ugyrroh liyi2avomethanol: (n) 1444(]

4 g8 chlor0|m|dazoﬁra X reln i :?gl?o wat rlrr;li!:emic%!yya (?éggal ﬁ%@yozpheny

S 1230 ate preparatio
El-2- (dlm th |no |nc p oparit

[44(15)-150%3 Salpﬂé)r maoazgo pyridin-3-y1)-5- -fluoropyrimidin-2- yllamlnolethypphe
nylj(1- isd o[ yTéié’flglﬁeﬁb“ﬁfﬁ%fﬁéh dr&’fyig’(mmy”mhy”am‘m’}4(g ethylimidazo[]

15)-2-(teHRB ARy 3, ey 448-(difluoromethyDimidazo[1,2-alpylidin-3-y1]-5-
( ) ( (b)4- g{zhyhmmazofl Zz}pj:c:d%?; yl)L[{(iS)(E ~{4-Thydroxy{1- 1¥)pi‘opy]pspend!n 4- Py B ]

25  yDmethyllphenyl}ethyDamino]pyrimidine-5-carbonitrile;
(c)4-(8-cyclopropylimidazo[1,2-ajpyridin-3-y[}-2-{((1 8)-1- {4-Thydroxy{1-methylpiperidin-4-

yhmethyllphenyl}ethyl)aminofpyrimidine-5-carbenitrile;
(d)4-(8-ethylimidazo[i,2-a)pyridin-3-y}-2-{((18)-1- {4-[hydroxy{I-methyipiperidin-3-
yimethyllphenyl}ethyDamino]pyrimidine-5-carbonitrile;

30 (e)2-{((18)-1-{4-[2-(tert-butylamino)- I -hydroxyethy{jphenyi}ethylamino}-4-(8-chloroimidazo[1,2-
alpyridin-3-y{)pyrimidine-3-carbonitrile;
{02-[{(15)- - {4-[2-(teri-butylamino}- I-hydroxyethyllphenyl} ethylJamino]-4- 8-
{difluoromethyl)imidazof1,2-alpyridin-3-yHpyrimidine-5-carbonitrile;
{g) 4-(8-cyclopropylimidazo[1,2-a]pyridin-3-y-2-{{(18)- 1-{4-[(1,2-dimethy[pymolidin-2~

35  yhthydroxy)methyllphenyl}ethylJaminc]pyrimidine-5-carbonitrile;
(h) (18)-2-(tert-butylamino)- 1-[4-((18)-1-{[4-(8-chloroimidazo{ 1 ,2-a]pyridin-3-y1)-5-fluoropyrimidin-2-
yHamino}ethy))phenyijethanol;
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fluoropyrimidin-2-yl}aminolethyl]phenyllethanol, or a pharmaceutically acceptable salt or
ester thereof. The combined preparation according to the invention which
comprises two separate preparations may be further combined with at least one
preparationiciiditigfitogether with a 20pharmaceutically acceptabraeasriersoe diluent,
an antitumor agent selected from the group consisting of antitumor alkylating agents,
antitumor antimetabolites, antitumor antibiotics, plant -derived antitumor agents,
antitumor plex c tothecin derivatives, antitumor
tyrosine k@l tég yrfﬂ(g%g]rs{?rﬁg Q{'ﬂ d§ntl§ s ?(r?t E?egjropﬁlsmﬁ{loIgglcal response
modifiers, * RS ﬁﬂémgm?ﬁ] A i(()1"mf‘hmé/icfm ‘i‘?ﬂ ea?D nition of each antitumor agent has
the same H’ié&?ﬁﬁ HHERREd ;Ef[? ) %%%‘Bf?%&’&?ﬂtﬁcﬂwgﬁééﬁéble salt or ester
thereof. ™™y lpy“’?l\d‘ﬁﬁd’?ﬁi‘ﬁ%ﬁ%m%gﬁ‘ﬁ?ﬁglmon according to the invention preferably
includés, toY&thet it prarMhS B CHN-actepraie Ed s icirsidnmeeht;
(a)2-[((18ﬂi"-’{’Mi‘L@(‘Eérth@f%&Fﬁﬁﬁ?j’}ﬂfﬁ?ﬂ%xyethyIjphenylIethyfiaminol-4-(8-ethy|imidaz
o[1,2- a]pyidRrS s fipprmitin (SO EHGHifiRae-4-8-(rifluoromethyimidazo[1,2-alpyridin-3-
30(b)448-EthvyhirdicZiziofti R etiplirieinb 3y 2-[((1S)-1-(41hydroxy(1-isopropylpiperidin-4-
yOmethyllphBrigietryp&niinojpirmidineybdodrbphitslepyrimidin-2-
(c)4(8<cyclvpropyiimitlazo{l;2iaipytidinidrplh2e4#8)- 1-(44hydroxy(1-methylpiperidin-4-
yOmethyliphemydiethyfiaminatpyrimidinedb-carborititleppyrimidin-2-ylJamino} ethy yphenyi]-2-
(d)4-(8-ethytinicazo)l, 2-alpysidir-3ry 1)-2-[((1.9)-1-{4-[hydroxy(1-methylpiperidin-3-
35yomethyl)plrenyiligihyaminaipynmighian: Gaanibi@midin-2-ylamino tethyphenyl](1-
(€)2-[((15)sekrigvi2=Atert-butvaning)-1-hydroxyethyl]phenyl}ethyfiaminoj-4-(8-chloroimida
20[1, 25 ajpyHdin-Gay URyHIRIClnGr R GRIEDITIARI MG ARRBIOB T ORETP2007/075224
(024((1 S)yrk:{ddzaatesthutviamingilyhgigxyethyllphenyljethyDarnino]-418- -
(d|f|uororqggwmg%%[]ageg‘gg%qgmr gstnggyggfnldlne -5-carbonitrile; (g)

4- (8 cyclopropyllmldqlhzoc[jl gngép%u atio§ ayco dlngfén(élﬁsx}zvens;ﬁn [Qﬁ%l gér%%ge »P&’g%ogtgm 2_
y1)(hydroxy %m%fbwhegxgt QaminoRyImidne.2-cargopirle, R

(18)_ -(ten u%ua no L r:ero (Ig]ill,\]fnt f?ﬂgtlﬁlm(ﬂ’ ent select dfrgn the group consisting of
o

T1Ca;
uar rnmi

S)--{ (8 c oroimidazo[1,Z-alp
lites, antit antibiotics, plani-derived antitumor

or alkylatin ents or antiméta
yliamino)&hyBBREHYITEHE
R
yliarnino}StRY IRy Wﬁiﬂﬁﬁéﬂ%ﬂ&&&?ﬁ‘a f)‘éiﬁ%iﬁb’*é?ﬂ%‘iﬁ‘ai’d‘ﬁe“ gy otbr anttumor
(1S)-2- (teeBU T T ea A (o et e T RSO Y PR s 6T 2L FhyFRlin-3-y 1)-5-
10méthylpyrfdisee prarisstgipHerfijethanol; (k)
(1S)-2-(tert- butylamm@l)amzﬁ@s(@SYme%gféH@méﬁwﬁﬁmaz@{qaﬂyai]ﬁy%FP&fshvl) 5-
fluoropyriviifich RE2eyliattiio)Oipbip rrstry Hethvarol; (1)
(1S)-2-(ter2tatharifhd) - af(s)jad- 05 oorosesitutromptyRdsizofiPhaipyridin-3-

a]pyridin-3-yl}pyrimidine-5-carbonitriie;

30 (by4-(8-ethylimidazo[1,2-ajpyridin-3-y1}-2-[((18}-1-{4-fhydroxy(1-isopropypiperidin-4-
yDmethyllphenyl}ethylamino}pyrimidine-5-carbonitrile;
(c}4-(8-cyclopropylimidazo[1,2-alpyridin-3-y1)-2-[((15)-1- {4-[hydroxy(1-methylpiperidin-4-
yDmethyllphenyi ethyDaminolpyrimidine-5-carbonitrile;
(d)4-(8-cthylimidazo[},2-ajpyridin-3-yI}-2-{{(18)-1-{4-[hydroxy(1-methylpiperidia-3-

35  yDmethylphenyljethyDamino]pyrimidine-5-carbonitrile;
(e)2-[((18)-1-{4-[2-(tert-butylamine)-1-hydrexyethyl]phenyl} ethyDamino}-4-(8-chloroimidazo[ 1,2~
ajpyridin-3-yD)pyrimidine-5-carbonitrile;
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ylipyrimidin-2-yHamino)ethyljphenyHethanol; 15(m) [4-((1 5)-1,-([4-(8-chloroimidazor
1,2-ajpyrid in-3-y0-5-fluoropyri idin-2-
yllamino}ethyl)phenylj(1,2-dimethylpyrrolidin-2-yOmethanol; (n)

1-[4-((1S)-1- VP28 EMYroimidazo[1,2-a]pyridin-3-y1)-5-fluoropyrinvidim2syljamino}lahyOp
henylj-2- (dimethylamino)-2-methylpropan-I-ok Co) [4-(0S)- |
-{[4-(8-chloroimidazo[1,2-a]pyridin-3-y1)-5-fluoropy midin-2-yliamino} ethyOphenylj(1-

20isoprop ftmethanok r
(1S)-2- (te?ﬁ ﬁ %wﬁ% i A‘Zﬁf‘é )9 ﬁ)éy OB TSHEAEIiG Rz 01, 2-a]pyridin-3-y1]-5-
fluoropyrinic |n- -y SYStRYH ”?1“ 3§Wé?ﬁ'*d1"515 BFEYErmaceutically acceptable sail
or ester th&teor.” dgp“’py i ”"Bﬁé‘]ﬁgﬂ‘?é?ﬂ}éf” fepreskitativeiprbcessddsdr producing the
compound SPHTE Rl s ebrH NIk (e Scheme la: Process for
Produélng(‘@gﬁﬁ“ﬁ Gt PEathita( P ro b of Boritiufey THecompoting of
Formula (Flaeeerdingafi@atiention (where RI, R2, R3, R4, and R5 are the same as
defined aﬁ%ﬁé}&ﬁrﬂb%’sﬁﬁﬂ%é@i’zéﬁimoﬂr%?lwwjeéti@@-mmmd of Formula (Ha)
(where R, ReningtbREars-tHd-sahmeyderdefimedeitiong) to an oxidation reaction to obtain
the comp&ufi8 GfSFomvaiscl114@)sAe e RioRDy and:-RB, asgythe-same as defined
abové$ andetnisvriorzzandthemppnautiinga substitution reaction between the
compoundkbf: Horeawa(ldde)-andphenstydamingvenresentgs iy Hgabove Formula
(IV) (whemRgyand:R4varedhesameayashdefined above). The compound of
Formula (Ma)sanbe.synthesized by exidizing the-ampanihet5ormpladHa) in a
solvent syghyasidichigramsihape.ghigreiorm, N,N-dimethylformamide, or the like,
10with thewyse@éan@xidizing.Raentbsushas M saaRaHhgnzoic acid (m-CPBA),
benzoyl pgf%ggmwgg%g@ @%%i%my%%g&ym periodate, or the like, preferably

with the f KOPRSHRE! In;fhe reagction, m-C erbenzoic acid
(m- CPBAUSEE:& Egﬁzi %ﬁet mo&%@%ﬂ}é mohll’eys15 prefelrjg rfdcﬁ é) ?th %rEh GieTof the

rogan-1-oi;

compoung,of Tmyla . C |oQ fem glgrroe can be appro riately selected by
thos%ha\zer)l; ord liiqadrr}/(sl—kl(’i1 ki e aﬁr?l ccor nce WiEh THe Sta Ry e BB Sused

or the rea(ctl %22 m eleactlon temperature is usually from 0C to room
temperat feact m } %J&ﬁf/ %H%%@BWH"TWW%U%a?BUtdt‘F‘iéyd]t?ratlon of the
reaction canqﬁ RSBrG F%ié?ff‘f‘r’fé?@&%é&‘%’?ldecreased In addition, the obtained
compound %thf’%aﬁ% & EOFRNA S P rEs) 'esifbe subject to the following reaction without
being separated and e g &b ettt orendtisn briweendtidenrmpound of
aboﬁé FaPHiti Pl edyaier20phenethylamine of above Formula (1V) is preferably

carried out in the presence of a base (e.g., an
Scheme la: Process for Producing Compound of Forrsula (1) from Compound of Formula
{Iia)
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inorganic base such as potassium carbonate and sodium hydrogen carbonate, or an
organic base such as triethylamine and diisopropylethylamine). The reaction solvent for
use includgg,chlorefogm, tetrahydrofuran, N,N-dimethylforrnamide, ﬂl{{]ﬁi@}d%ﬂffox'de
and the like, and preferably includes chloroform and tetrahydrofuran. In the reaction
phenethylamine of above Formula (V) is used in an amount of 0.5 to 3 moles, to | mole
of the compound represented by Formula (lila). The reaction temperature can be
appropriately s%cted by those having ordmary skilhin the art in accordance with the
5starting compo &sed or the redction so but the reaction temperature is
usually from rr?pemt@?@& the b %gf) mt of the solvent, preferably room
temperature. reactloml
reaction cé appropriately i e-
Producing Camaund of Formula (1) froH
i s &
The compoung, f
are the same a deflned above) can be s nﬁ%esaed by conducting a substitution
reaction between the compound of Formula (lla) (where RI, R2, and R5 are the same
as defined above) and phenethylamine 15represented by the ve Formula (IV)
(where R3 and R4 are the same as dgfindd ahove). The subgti Reaction between
the compound of above Formula (lib) aznd plepetty Formula (1V) is
preferably carried out in the presence of agggse | 0., angor nic base such as
potassium carbonate, sodium CarbOI‘TaIE"S'O'O‘I‘UTTTt'EgTum and ﬁdl am hydrogen
carbonate, or an organic base such as triethylamine and dusd‘broﬁ yickai
reaction solvent for 20use includes chloroform, tetrahydrofuran, )
N,N-dimethylfommmide, N,N- dlm%m@%e@@amlde N-methy1- 2- é)glrrolldlncﬁ?l%

dimethylsulfoxide, an thelk I erabrl includes N,N- thylf ripam
N Ndlmethéllacetoamige "N-me ﬂpnﬁe% raéfl ne, In thi tldné(‘é\%:etrlﬂoﬁhhﬁ/h%n (%amlne of

r
above Formuelaa'ff\% dleé]ﬁeéiélapvr? an ar lé)ursll orY; §St o Emoe e g ofe S’f“tﬁé c?om ound

as defin 10 an oxidation rc:actl ; to obtam ihe GOl

represent&d By EormuTa (Tib). THE TEacton Emperatiie &% e RS ected
by thdse REVIY BRAHERR SRR (el TTAECBIBS e 28 i) SPGB PLinG
used or tAETESRTBITSBRIETSE %fﬁﬁ@?@ﬁ&fﬁfﬁ“ﬁﬁ%me@ﬁgﬁéﬂfﬁw B
temperatﬁ‘i‘é(et@‘fﬁ@a@é’ﬂW@eﬁ&ﬁf)ﬁﬁé‘%&d%ﬁidﬁﬁ—f’ff’éf’ﬁfﬂ{/ 80 to 200 C . The reaction is
usually completed it ® toreaHeiFs i i aurih vrtie vt eapptseiabpropriately
increasedWridbroaseteSetth méiordpre sepreitive Proteds farPrddeding € ompound
of FAfmutat(hq & WD 2008{0S I O1IHROTHIPABOTHOTIZPYn-CPBA), benzoyl peroxide,

hydrogen peroxide sotution, sodium periodate, or the like, preferably with the use of m-chloroperbenzoic

ormula () according t h%éﬁ]%%ntlon (where RI, R2, R3, Rd, and R5

acid. In the reaction, m-chloroperbenzoic acid (m-CPBA) is used in the amount of 2 to 5 moles,
preferably 2 moles, to 1 mole of the compound of Formula {{Ia}. The reaction temperature can be
appropriately selected by those having ordinary skill in the art in accordance with the starting compound
15 used or the reaction solvent, but the reaction temperature is usually from 0°C to room temperature. The
reaction is usually completed in 1 to 24 hours, but the duration of the reaction can be appropriately
increased or decreased.  In addition, the obtained compound of the above Formula (11}a) can be subject
10 the foliowing reaction without being separated and purified.
The substitution reaction between the compound of above Formula (Iila) and
20 phenethylamine of above Formula (IV}) is preferably carried out in the presence of a base (e.p., an
inorganic base such as potassium carbonate and sodium hydrogen carbonate, or an organic base such as

triethyfamine and diisopropylethylamine). The reaction solvent for use includes chioroform,
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RI/R2 j (VIII) H2N N lekSMeScheme 2a (Ha) The compound of above Formula
(Via) (where R5 is the same as defined above) can be synthesized by Still coupling
reaction befween cis:1-ethoxy-24ri-n-butyltin (which can be synth%?,i&]%(go%{(}:%gzrging to
the method disclosed in J. Am. Chem. Soc., 1977, 99, 7365) and thé compoiind of
above 5 Formula (Va) (where R5 is the same as defined above), using
dichlorobis(triphenylphosphine)palladium (Il) as a catalyst. The reaction solvent is
preferably-aeionits @, adiddheireastionitemperatidec:ds tiskiallydrenrrpomigmperature
to the boilmgdpaintrafiheyschwentiand-prefenabiy:theiboilingpomibeithe salvent. The
reaction is-ssuatlyscompleled inok tom24.heura [Hutdhe duration ofihe.reagtion can be
appropriaigly.isieasedabsecraased »l 0I5 6.4 R0 ek Akove.FoHMA Hla)
(Where Radathensame s definedakovs) canberisrared.byd eagtingihe.gompound of
above Fopmlla.LVishith.Nsarosasuceinipidain.4digxarte An the:seaction, 1to 3
mole(s), Rrgigrahi LIS, NRIQMASUSEINIRIAR 10 RlG. ol e compound of
Formula (Via) is used. The reaction temperature can be appropriately selected by those
having ordinary skil i3 the @ik, aqeardance it (e, Srting, romacURd.sed. but the
reacti n Lp@rrgpgrtﬁgy_re Is preferably 15from 0C to room temperature. The Teaction is
usually comp etg in I1to 12 hours, but the duration oéﬂthe reaction can be appropriately
increased or;j;?iased. The optained Compound of formula (Vila) can be subject to
the subsequ eachion withol m &}, isolation i ’i ifiéation. The compound of
above Form ) (where 131 RZufERs are the same as defined above) can be
synthesizeg frém the compound¥af abmne Forfusar a) and the compound of above
20Formula (¥llLx(where 131 and R2 are the sam efined apove) in 1,4-dioxane. In
the reaction, It 3 ole(s), preferably | mole of the cortipo @o a{a&ove Formula (VIII),
to | mole of théligompound of Formula (Vlla) is used. The rect'Q temperature can be
appropriately selected by those having ordinary skill in the art in accordance with the
starting compound used, but e rEkctn temperature is usually from room temperature
to the boiling point ofttrremsipe ptF areapvererdisy s rabmitérde e deetaB0E. - 26 -
WO 2008/681910PETAIPLOENHOT 5204 FHiky redlotion 4subruath eoimireted ife 1to 24
hours, buetirestinidtion of heheadidn vdisbe Gppropsiddely icreadettohdetreased.
The tompound:obabove Fommud & \(\Mak:+d: exdapl@cisnd-shikdred 2¢miethylsulfaniO-5-
pyrirnidinecarbonitrileys emteitikescindhtheec onrpoptne of abevedreramiad V1), for
example pisn2hanninoeSod-icling] 0 isthachiss.crhese: com pedire sr aresaith e
commeraialyna\vaitabie:ofceanb e.syintt) esize dfiameas@nm taansi allavai lable:sompound
by a methoshgenesalyknewrshy thesehaving: erdinay.skilhinihaatotamneaihad
analggouscharetabieraiurniniemationakBublication, Wo2004/043936. Rage,32- 33,

etc.). 2-pyrrolidinone, dimethyisuifoxide, and the like, and preferably includes N,N-dimethylformamide, N,N-

dimethylacetoamide, N-methyl-2-pyrrolidinone. In the reaction, phenethylamine of above Formula (IV)
is used in an amount of 0.5 to 3 moles, to 1 mole of the compound represented by Formula (fIb). The
reaction temperature can be appropriately selected by those having ordinary skill in the art in accordance
25 with the starting compound used or the reaction solventi, but the reaction temperature is usually from
room temperature to the boiling point of the solvent, preferably 80 to 200 °C . The reaction is usually

completed in 1 to 24 hours, but the duration of the reaction can be appropriately increased or decreased.

Scheme 2a: Representative Process for Producing Compound of Formula {Ila}
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R2 R5 I N Not.C1Scheme 2b 10(11b) The compound of above Formula (ilb)
(where RI, R2, and R5 are the same as defined above) can be synthesized using the
same methgrﬁ shaywn in Scheme 2a from the compound of abgg 4 %mgl%%
(Vb)(where It is as defined above) as a starting material, in place o0 t e compound of
above Formula (Va) in Scheme 2a; refer to Scheme 2b. 15The compound of above
Formula (Vb), for example, is 2, 4-dichloro-5-methylpyridine, and the like, and also the
compound of above Formula (VIII), for example, is 2-amino-pigglin, and the like, both of
which are_eith€F commercially availgbleédgt can be synthesi F a commercially
available %6 paéund raIIy krewr-by thes V|ng ordinary skill in the
artora meth ’%@@@gous theretol re InternaLona!Pg\llcatlo

W02004/043936, page 32 to 33, etc) 20 Scheme 3: Repredentifite-Process for
Producing Cof¥igiound of Formula ((¥}WO 2008/081910PCT¥¥RR2007/075224 (VII)(IX)
1. n-BuLljj (Xal R 3. NaBH4 Scheme 3

Ry

Rz
Y om (e

N
E N&SMe Scheme 2a
{ila)

The compound of above Formula (Via) (where R is the same as defined above) can be
synthesized by Still coupling reaction between cis- 1-ethoxy-2-tri-n-butyltin (which can be synthesized
according to the method disclosed in 1. Am. Chem. Soc., 1977, 99, 7365) and the compound of above

5 Formula (Va) (where R; is the same as defined above), using dichlorobis(tripheny |phosphine)palladium
(1) as a catalyst. The reaction solvent is preferably acetonitrile, and the reaction temperature is usnally
from room temperaiure o the boiling point of the solvent, and preferably the boiling point of the solvent.
The reaction is usually completed in 1 to 24 hours, but the duration of the reaction can be appropriately
increased or decreased. ‘

10 The compound of above Formula {(VHa) (where R; is the same as defined above) can be
prepared by reacting the compound of above Formula (Via) with N-bromosuccinimide in 1,4-dioxane. In
the reaction, 1 1o 3 mole(s), preferably 1 mole of N-bromosuccinimide, to T mole of the compound of
Formula (V1a) is used. The reaction temperature can be appropriately selected by those having ordinary
skill in the art in accordance with the starting compound used, but the reaction temperature is preferably

15 from 0°C to room temperature. The reaction is usually completed In 1 to 12 hours, but the duration of the
reaction can be appropriately increased or decreased. The obtained Compound of Formula (VIia) can
be subject to the subsequent reaction without further isolation and purification.

The compound of above Formula (Hz2) (where Ry, Ry, and Ry are the same as defined
above) can be synthesized from the compound of above Formula (VHa} and the compound of above

20 Formula (VIID) (where R, and R, are the same as defined above) in 1,4-dioxane. In the reaction, 1 to 3
mole(s), preferably 1 mole of the compound of above Formula (VIII), to 1 mole of the compound of
Formula (VIIa} is used. The reaction temperature can be appropriately selected by those having ordinary
skill in the art in accordance with the starting compound used, but the reaction temperature is usuaily
from room temperature to the boiling point of the solvent, and preferably from room temperature to 50°C,
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The compound of above Formula (IX) (where Boc is a tert-butoxycarbonyl group) can
be synthesized using commercially available (S)-(-)-1-(4-bromophenyl)ethylamine
(above compy }M}%sh JI)) in accordance with the method generallg known b trlose
having ordinary skill in the art (Literature: 5Protective Groups in rganlc §]y 2ﬁ1esis, the
third edition, written by T.W. Greene, John Wiley & Sons Publication, page 518 -524,
etc.). Next, the compound of above Formula (XI) (where Boc, R3, and R4, are
the samerasrdefinedsalnpue)ean ibeisyithesinat: by dissboubjectingsmebufyhitthiem to the
compoungeiabeve-ermula (1X) in tetrahydrofiran to obtain aryllithium as a reaction
intermediate and thenJeaghing sithvarketone ofkQahpvefonmulakla) i iwheare R3 and
R4 are thg same-asdefingd.ahove) & amaldeltvde.ehabavenhomua Xy tuhere R4 is
the same;as Aiefinedl ahoye). bathphwhich.Ae.a0sleciophils- Jndhemaction.3 to 5
moles, pr&ﬁ%ﬁ@ﬁ%ﬁa@&l@%&%&rﬁ%@HEMU&@eJQaﬂy mgle Bfihe :compaund ehikarmula (1X)
is used. In addition. J10.3 MAIS(E) LIRS KIS Alakye FoImWAdSaLanihe aldshyde

of above Formula (Xb), to 1 mole of the compound of Formula (IX) is used. The
reaction temperature s ysually, fiom, 786,10 G A2and prelclaply -1ty The reaction is
usually completed in fto 24 hotirs, but the duration 0 eachgn e approprlately
increased or ddcreased. In giddigion, the compoumgl. of o ve Formula (XI) can
also be sffathesized byuthe-stollﬁm' methodmlhaqs he, o ) "_o' f above Formula
(IX) is subje Bgel\ngputylllthlum to shtein.aryllithium asja ign intermediate, which is
then reacted with an electrophile such as Weinrebamide 20fKc¥where R3 is the same
as defined abptg). The obtained c@viigound is subjected to &vedjuction WO
28/081910PCT/JP2007/075224 reaction with the use of sodium boronhydride to
synthesize the compound of above Formula (XI). In the reaction, 2 to 5 moles,
preferably 2 moles of n-butyllithium, to 1 mole of the compound of Formula (IX) is used.
In addition, Itg 3 mdie(s) of the aiide of above Formula (Xc), to | mole of the compound
of Formula (IX} geemgﬂ;he rm{c‘ﬂt?mperature is usually from -78C to OC, and

preferably - . Me 5reactig§'ﬂrsﬁally completed in 1 to 24 hours, but the duration of

the reactiofi ¢an be appropratell increased or decreased. In the reduction reaction,
1103 mole(s), preferably 1 mdle af sodium boronhygdrigige t&:| mole of the compound of
Formula (IX) is used. ¥h Eompound of above Formula (1V) (where R3 and
Rq arfe the same as defined abo§/ can be synthesized using the compound of above
Formula (XI1) in accofétariers it eehmetiod Gemesrafty R:okASwirt hy e seitiaving
ordinary gkitbirethesarbizibrate fe sProtebeie Troupshmmerybnicheyrmisesist fveethird
edition, Virittalh By FAE ekeetrdndobmWVileygnSonsiP iblicatith: pages 1800524, etc.).
The compeuwid(¢h atsovefarniela $te)s fbr example, is [-methyl-4-piperidone, or the like,
and the compound ohabowerk of mnevier {dloly (0N, example, S.3eizylo-5-methylpyridine,
2-formy|pysadidin exd-cartboxyaieg arthe fikenl heigampauné iof-abovecharmada (Xc), for
examplejiks, benaylxkyN-methaxy-MNal ametndcasbamaydipipesnidineshearhxslate, or the
like. ThesgxsampoLRdsasaeihercamnmekaiali: available enean hesynthesized from a
commergigly avalablatompeupdiyia meibndgensrally. kowa by those having
ordipgry skill in the art or a method analogous thereto (Literature: Bioorg. Med. Chem.,

2003, 11, 3153, Pargphlet ofjnicnatenal Pubicalian A0 287, page 60 -61, etc)

20Scheme 4: Represen ive Process for Producing Compound of Formula (XVI)
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BocHN a BocHNBocHN (XI) ItNu own OH OW) Scheme 4 The compound of
above Formula (XII) (where Boc is a tert-butoxycarbonyl group) can be obtained by
subjecting {Q,3,6944pligg reaction the compound of above Formul g, Q%Ig Bocis
the same as defined above) and potassium vinyltrifluoroborate or V|nyl2tr|buty tin, in a
solvent such as N,N- 25dimethylformamide, 1,4-dioxane, toluene, tetrahydrofuran,
methanol, dimethoxyethane, or the like, in the presence of a palladium catalyst such as
tetrakis(triphes ylphosphme)palladl im 0) or dichlorobis(triphenylphosphine)palladium
GBS )OKatd is used herein, the reaction is preferably
carried out in the*fresence of an inorg&nigase such as sodium carbonate, sodium
WO 2008/081910PCTLIP20117/075224 hydrogen carbonate, or potassium carbonate,
or an orgamd‘ﬂ’gse such as trlethyi%’nme or dilsopropylethylamine. In the reaction, the
reaction temperature can be appropriately selected by those having ordinary skill in the
art in accordance with the reagent used or the reaction solvent, but the reaction
temperature is usuallyﬁom room temperature to the boiling point of the solvent. The
reaction |s‘%5m@uaily2@mMQ%ﬁ in I1to 24 hours, but the duration of the reaction can be
appropriately increased or decreased The compound of above Formula (XI11)
(where Bac is the samg as defined above),can be synthe5|zed h subjectlng the
compound,of ghqve FormutaciXll) toa dihysrex ion ka4 Qixed solvent of
acetone and Waterwith the use g osmium tdekie ok
It is 10preferable that the geaction |s carried out L@Mally from OC to rootémperature
The reactlon |s usuaﬂb,ﬂ

it dégreased. An optically active substance of the
compound:sosﬁamqve Formula (XI II) can be synthesized by subjecting the compound of
above Formula (XII) to a sharplesg_ gsymmetric dihydroxylation reaction (Literature:
Chem, Rev., 1994, 94, 2483, etc.) with the use of AD-mix-a or p 15(available from
Aldrich Corporation)flinstesddbiasem gt (Bitidercdaanoxitizingdgengou) canbe  The
compoungretabDuedonmutaXéldhivisere Bomisdhergmdasdainedmabeve)itan be
synthesizestdy-aeleativel-intreaucingradeaming graigp-icmay grimany dmydrexytegroup of
the campeasadyetabewedrasmianéd [beamd daen, stibjesting he-resultantta.awyclization
reaction by.heaking:dm a-selvani. such as dichloromethane, chloroform, toluene,
tetrahydrofuran, or thedike ciRgheiRrasencs -k etthenans20inorganiebasemsuch as
sodium hygroxilee RTBSS TR dy axid ey RRIasHI A RORAG ALHE KR FOfan

(EX) in tetrahydrofuran to obtain aryllithium as a reaction intermediate and then reacting with a ketone of

10 above Formula (Xa) (where Ry and R, are the same as defined above) or an aldehyde of above Formula
(Xb) (where Ry is the same as defined above), both of which are an electrophile. In the reaction, 2t0 5
i moles, preferably 2 moles of n-butyllithium, to I mole of the compound of Formula (IX} is used. In
addition, 1 to 3 mole(s) of the ketone of above Formula {Xa) or the aldehyde of above Formula (Xb), 10 1
mole of the compound of Formula (IX) is used. The reaction temperature is usuaily from -78°C to 0°C,
15 and preferably -78°C. The reaction is usuaily completed in 1 to 24 hours, but the duration of the reaction
can be appropriately increased or decreased.
In addition, the compound of above Formula (XI} can also be synthesized by the
following method. That is, the compound of above Formula (IX) is subject to n-butyilithium to obtain
aryllithium as a reaction intermediate, which is then reacted with an electrophile such as Weinrebamide

20 {Xc) {where R; is the same as defined above). The obtained compound is subjected to a reduction
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organic base such as triethylamine, diisopropylamine, pyridine, or the like. In this case,
a methanesulphonyl group, p-toluenesulfonyl group, or the like can be used as a
leaving grqup, n 1bg reaction of introducing a leaving group, Ito %ép%%é)mpggerably
1.1 moles of methanesulphonyl chloride or p-toluenesulfonyi chloride, to I mole of the
compound of above Formula (XII1) is used. The 25reaction temperature is from 0C to
room temperature, and preferably OC. The reaction is usually completed in 1 to 24
hours, butthenduration:ef diexeactionican Hemapppphataly iereasechos decrieased.
The compaiag b akone frasaar aney dradgnesiNy, is ansubstituenidariyedfinim:g
nucleophilic:agenhsiiei as;aderbutylanine.0reup-RndBae isdhesamepsdefined
above) cap.hg. sypthasized Ryeacting:a0 eReMdRFepreseredby-themboye igrmula
(XIV) with.a.pueleaplilic.aaent N.39R.80Me 0k sHch.As Methanel: sthangl.apwater. In
the reactmea_t,gm'&&9&%0%&%{1@&@9w;&&retss%kx(%%)@%g ragles ofidhe nucleophilic

agent, to,| m %n%f the comp eucgmpggnggp@/ is used. The reaction

temperature can be ﬁpprorﬁ)rladte}xb elgccteuq k&y,) Wgé:ﬁ @a\gg\g or glnaré/ 55 !Jm eré tpm?rt in

accordance M}Qt%}? gta,rtl com dort gegctll_ agcgglt\{‘ep hﬁtk’o mﬁactlon

11 COmPO ) ove ormilta
temperature IS usua ufl;dgin roo temperature to the {%ﬁ QII’lt O en and

preferabl 8 Hﬁﬁfio‘?ﬁm TETRG ?ﬁﬁ BFREsoNaRT Sr’éar ?81191 i nugsﬁsa?Ty
complete%é‘ﬁﬁe%o’ﬂwﬁgﬁ% %f}fﬁeged'u Iny 62? e TOAHISh &S Be Apptobriately
increased or decrealEACTPRERIETES ﬁﬂ?&l%@{%f“fﬁ’iar‘fgi?é%ﬁﬁtﬂylﬁ)’f"%e){g?ﬁepf’éEhle fike,
teabutylatfiie cPpRrd 21iee bF TR Thesark & ke - Comimertinf saimBie Br can
be synthd¥i¥éd frormaewe ?@Ggi‘ﬁglf@i@%ﬁ‘?mfﬁm?@ﬂﬁhe&h%erC|a1Iy available
compduneebylcaiisthisietdscrePRITEWE B/ o SEshery T IR TaRy SIAmTTiEie art or a
method amveiltsoustheratssiTh Evorepstrrd bizielemnmt by Xy gorreall Ners the
same as defined dtsoviernaniiyete argyathitsiywd Gonthtre coiriperideat airdvé@ormula
(XV) in ae@Brdance. Pethhthef inethtdddihbraky KA Byrtrdde Flastirlg ordinary skill in
the art (Literature: Protective Groups in Organic Synthesis, the third edition, written by
T.W2a6reene, John ¥iey & SpasRublication; paiyets L8mbad, oeteunula (XVI) In the
production pro&eﬁf described i above Scheme 4, desirable compounds
can also ta erwe Wm%%’\hs nthetic organic
chemistry such as pr%'tectlng or deprotecting methods of fun@pp%l groups [for example,
see Protectivd®roups in Organic ##Synthesis, the thifdllledition, written by T.W.
Greene, John Wiley & Sons Publlcatlon] as necessary. Next, the PEN. 1

i tlon inhibgtory effect of the confpaund of Formula (1) will

-ritof e Mhhibisdry effectagditét RLR 1 activity (Method

$ b&n known that 210tNEodon of
human PLK | whlchwmglnally codes for thi&dnine can be chan@®d to an active type by
altering the site into aspartic acgd olgcular and Cell Biology (Mol. Cell. Biol.), 17th
edition, 3408 (1997)). In order to-obtain a human active type PLK1 protein, cDNA of

The compound of above Formula (XIT) (where Boc is & tert-butoxycarbony] group} can

be obtained by subjecting to a coupling reaction the compound of above Formula (IX) {where Boc is the
same as defined above) and potassium vinylirifluoroborate or vinyltributyltin, in a soivent such as N.N-
25  dimethyiformamide, 1,4-dioxane, toluene, tetrahydrefuran, methanol, dimethoxyethane, or the like, in the
presence of a palladium cataiyst such as tetrakis(triphenylphosphine)paliadium (0) or
dichlorobis(triphenylphosphine)palladium (II). When potassium vinyltrifluoreborate is used herein, the

reaction is preferably carried out in the presence of an inorganic base such as sodinm carbonate, sodium
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20 mutated PLK1 (PLK1-T210D) of which the 210th codon codes for aspartic acid by
substituting a base in the 210th codon of human PLK | cDNA, was prepared. A
baculoku&[)s{ XXP&? the N terminus of the PLKET210D cDNA is fusegm\)% t)z ST
(glutathione S-trans erase) was prepared, and then the PLK IT2f 00 FANStEEd into a
Spodoptera frugiperda (SO 9 insect cell was highly expressed as a GST-fused protein.
The cells were recovered and suspended in a lysis buffer (50mM tris-hydrochloric acid
buffer 25pkbgedrbbatmivbaadism-chiosicderlnaM SRIA et hiyanediamine tetraacetic
acid)[ImMidighipthnsitel 0. 1% palyaxyethylpnemserbitannonptatiake) tadneakeells with
sonicator,ang-speraaiant was iecavesedaliena cant fugation, Ihesupesnatant was
reacted og.giRINONG.SERNANGSE ReAdsaRd.Ren the.beadswerg washed-wishia lysis
buffer; Thereaftar. thebeadswrreserateddnadyisBriietogniaining Risgision
Protease favailable from GE Healthcare Bioscience Company) to recover supernatant.

30(2) Measurement ﬂIcE:)OITan'unE%{J' %P e%glttln\{hgy(}ﬂﬂ) (where E!: 91{3 gl%a%eag §eltl'r%m§e@£}%ntpe
ELK1- 1210%51263%@!Ejb ed?){g t‘ﬁ1 e%e RERY |td ga{;gm @eygﬁ ny(rj} e (% aspar j]c11 mixed
a

acid- gluta IC a eucme -met %nlne utamic acl n|n er| nine-
eﬂ ol acelo d water. with the use ¢ smium Stl' Xl y TEECY ttSN
alanlne asEartlc acid-giutamine-glutarni a nlne Sine-va ne
ferable that ﬂ’le eaciion is carvied out usuag ?l’? O Fogm em eraiure. iy CUW Hilél
of the"amino acid seq uence 0. of

in which fhe SRRAE SGrFsun sequenc
CDC25C AR “E)]‘e""é’r‘f‘8r*é";5‘E§r{9’“‘ghe R 5 LRETOPEL a§&‘8%‘1&*ei€” B REBstt, 3'd
edition, 341 (2002)] & aRtEPBLWELEEE °§§’e CUTHSB A& PHe PESCHIER A carried out in
accordarBHI e s tRBHCGPPOyEhiKE MBHIHGED Be A PSSAIE™B. 410, 215 - 220,
(2001)]. THE VIR G rieEeHD A EBibRon Whs'ed ¥ a5t-aHd ‘fﬁé“t‘:ﬁfrﬁ'ﬁd‘é’ﬁ?b?‘i bf the:
reaction BUferiRs 20mVFereiotlr SEFIH T EaEE BETEE @~ PAF eIV magnesium - 31
- WO 2008/081910P€ F3P2a0T/orspaelid ideie: S Mtk th elsial AL thylene
glycol-bisthétazairhindethsictiied)aig Ny trtptpadontic eiety Thierdtbe panfiedoP LK
1,50 nis4Bfthemmibdtibtepeptides50 ty Mishnoncdalreled-adenbsirtwiphogphate
(ATP), andH as@nbfay:33t.Habkledhiie, (2600tr4000Cikmimbiel-werefadded to carry
out the reactien ai-2bEfcrdR0: minuiesyokher, i Gogldeof850nmmbphesphaté-bufier was
added todbeibreaction: sysiemite derpiipadeith @yreaction: Thewesudiant solution was
spotted onigasmukins cree-phespioceiulpse filter on & Qerwelkplater-ffter meashing the
phosphogcgliulogedidteEwiththpMphesphate, bulferythediiecmas Ariashismeasure the
radioactivify-with adiguidigsintillation.aontersd Reen-dabsleeb ATiPang{y:=33P):labeled
ATPwere Rrychasec Qi AREISRaMRIaGIE BRE ARy RO IRG M Seraen
phosphogcgllulase, filtes, was, purchasad from Milipore, Cors.: LAl he.addition.of the
compound according,{q J»tl%&!%‘&’&%b@@%%ﬁ?rwg@ SyStemsHias: caried.Qut by adding
1.1 {IL of the selution prenared R}@E’rﬁ%ﬂ@!}'ﬂﬁ‘% QA§§%¥L§% N Qm%‘élﬂxv%%'ff?%%de ata

20-fold coneentialion,of f1e. Inalconeel yat Lo SRRHRIAE “Rnoavnhdc%gppxc 3dding 1.14
of dlgaethayTeln oxide to the regctlp value e g]ompound

rF'I sug! as met anoc/, et ter reactmu, I.mole to e:xc s ve amouﬂ
accordln%’to the I trlghlon OJ{E “e L %D a‘(’:tlv%igv%f ge erm% %‘d the
moles o 1
results are sthowntln aib"f’e ’be Bb OW. 1\/\fd'ﬁ 0B/ %{f@i ® }]j’ Té: mﬁf able 1 2.
erature capbe riate ose hav m it in the art in
Measuremeiit T iitory e?fecaf’%lq et PERD M SR (RASTSE B
accordance with the stafting compound used or the reaction solvent but the reactl(m temperature is
usually from room temperature to the boiling point of the solvent, and preferably from 40°C to the boiling
35  point of the solvent. The reaction is usually compieted in 1 to 24 hours, but the duration of the reaction
can be appropriately increased or decreased. The nucleophilic agent in the reaction, for example, is tert- -

butylamine, piperazine, or the like. These are either commercially available or can be synthesized from a
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(1) Preparation of PLK | (wild type) 5Human PLK | was purchased from Cama
Biosciences Inc. According to the Product Information from Cama Biosciences Inc the
present enﬁ{?ﬁﬁ an.enzyme obtained by preparing a baculovirus for Whl(%hzgg
terrninus o ength cDNA of a wild type PLK 1 is fused with é@ﬁ?gﬂut’ thione
S-transferase), followed by highly expressing PLKI transfected into an insect cell as a
GSTfused protein, and then carrying out a purification with the use of glutathione
sepharose-ahtematograRRynbM2YyMeasurermentiab v bikd(nilcly pehactiuity te ar

For the mgasuiemen:af:the-BLK | activity, a synthetic peptide
(arginine-arginineargipiggsashastisAcid-glutamicacidrlereingmathioningsgiutanic
acid-alanipgrserne;Rhe BylalaninesAlanineasPattic.acid-olaming:d WRMIEC wown
acid-ajanipeslysingvaling) (SEQu R NQunld. Mhichihe. sesinssyiiaunding, sequence

of the amipe. A SEQUENGE Q- ﬂh%%vﬁ?! GliSsent Q@&l'}gg?%%” §§:P8£Bed as the 15site for

PLK1 substrate [EM33 ;p%ntmgn ?mzats'sgpdeécﬁ (G0 alsLed, ¥32 1580 A%,
substrateforth PLKI

b mcﬁ, mmmmq wa carre >d out In a ccor ance with the
method as Cfé‘SCI‘I% d eg% OI‘ImOtOe Or BT Segyis Y 251%1_ 2 20, (2001)1

The V Iu rotectfnﬁ‘]or ERrot tlﬂﬁ i?u IO unct;oniérgugf %ése%rﬁwtectw%ﬁvmug? fhergreactlon
buffet’wa 38t mT\}F”‘Tdries“ﬁ?t%tfﬁeﬁg‘fl 7% TT&' ‘“W r%oﬁsg%“eié?ﬁt‘r%"]é’écwor&aelo 5mM
dithiothreitol/1 mM EGTA (ethylene glycol- bls(beta -aminoethylether-N,N,NI,NI-
tetraacetic acid). Th&P&tS Pt éﬂ“?’fl‘_’?(iffeéwcﬂif‘fﬁgeﬁﬁﬁ’é%?éoﬁéﬁfﬁg%"l‘]’f?ﬁ”ﬁ‘f
non- |abe|@°&°&&éﬁ8§fﬁ‘é’etﬁﬁﬁ8§i)hate (ATP), and 0.3 jr Ci [ -33P]-labeled ATP (>2500
Ci/mmole) were added to perform the reaction at a reaction temperature of 25C for 120
minuiés. Thisresfier DhAr8raragbhisrp Respratdsiiferddas added to the reaction
system to terminate ¢hé-seertitiogl Falht #HélYesultant solution 25was spotted onto a
multi-screen phosphiotse fedoisefiltes 9 “a@8dAnetkptate wikierritie phosphobetitese filter
is washedawithhan#b tnivhqhosphatécheffersarddiventid gt Miretadid geti Bitjory@dol.
measuredauitiv, liguidigintiletiorr Dbuniek: Hhisanendabeted amd[ K3 3dtHabbeled ATPS,
and the mudiiesereerphosphineeiuiase filtd rouraredaurc hasechfiinsGiddenitheate
Rio-Sciengesy'apgMillipareiGoHporg ian-sespestivelyicOndaition.of thacompound of
the preseniinveptonneotheeasisn sysiemvasoattied:0pthyadding Gkl of the
solution prapssaddyrelisppan-disspivingtheacompeudnghindimeihysulfaxide at a
20-fold copeentralion ofthedinal sencrnitation Akenrakuas iravided Ry adeing 0.5 1
of dimethylsuliaxide QEhe JERAAIAMBYSTR M, W28 AR L LA S IRG0RL1Y 75224
1030 Va'lfl?:9%5&}%;9&1@]88E‘J}Qté?xfnmr%lﬂﬁﬁé%mr@’&m@ﬁl fordthe B !rkﬁplm%'ﬂ'%was
determined, and ihe E%%HL?H%BGﬁQ?&Q’M&JQQ'&&Q?@WﬂQR %ﬁéﬁ%&@&m&?we the
same re%kmi)ea snwgl;]eewlzis chwt%rYIas%t!avgyr Olth%re%ﬁ(é:ro m e% p wer?a ré[acgedl if aqntl uf] g%!palsntmpl'K I
can be Opt&aé%‘gg} !‘O v a,m !"0 e%lrt.llcare S&OSCIEH and IB IS CIeV%Ir that th% |nh|b%0ry
aCtIVé ty s rema rﬁg ?et(}:'ne ?ﬁﬁlbltor f?é)ct against cell

€ tofl}{l_?ﬁ) a%? 9
pl’0|l eration: Measu men ItO aCtI It
For the measurement of the PL -T210D actw:ty a synthetic peptide (arginine-arginine-

arginine-aspartic acid-glutamic acid-leucine-methionine-glutamic acid-alanine-serine-phenylalanine-

alanine-aspartic acid-glutamine-glutamic acid-alanine-lysine-vatine} (SEQ. [D. NO.: 1} in which the

serine swrrounding sequence of the amino acid sequence No. 198 of CDC25C having been reported as the
35  site for PLK 1 substrate [EMBO Report, 3™ edition, 341 (2002)] is aliered, was used as a substrate.

The reaction was carried out in accordance with the method of Toyoshima-Morimoto er
al. [Nature, Vol. 410, 215 - 220, (2001)). The volume of the reaction solution was 21,1l and the
composition of the reaction buffer was 20mM tris-hydrochloric acid buffer (pH 7.4} /10mM magnesium
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10against PLKI at Cellular Level (I) Method of Cell Culture For the
measurement of the PLK | inhibitory activity of the compound at a cellular level, human
uterine cerw&gﬁm]%%&ell lines HeLaS3 cells were used. The HeL%%B ceII was obtained
from American Type Culture Collection (ATTC), and cultured in a S h&ibaEtor of
saturated steam by using 15Dulbecco’s Modified Eagle's Medium containing 10% fetal
calf serum at 37C in the presence of 5% CO2. (2) Measurement of Inhibitory Activity of
the compewne: aceidingdethe inventiondl basbeensaporad-thatBl K plays an
importani#ale.in ¥asioyssiagesofmiioicinbaseivrphase) i mammalisngells (Nature
Review MaleculattslhRiolegy-ANatcRev. Mok.CelrBifh) Mo 20Rx43%2004)) In
fact, whep,mammalian cellsarg Jseaied with PLK Jr siRNAIQGeRUakiheexREeSaIoN
level §her9%3.09¥ﬁ!§n% ogressindsinhibited and thus.the G6ls grealesied.at M phase.
At the tme, e, e alasphoryaan lexel il seringRRIdYR. AN sipne H3, which
s thoughtfo be fequire 191250 Wom%& ehdsnsauon. o Phasg,iscxamined.
then it is 0 %j%eygtﬁf at the, QL Iab Ilac,AeIr% anced to "(}]ﬁ eve us azer tre?&ng the

and |y Ere urc aAse
cells with f’htesccgm h%uggeacogr I{gp m% nv?grll;uhomn1 e osp ory ation level of
1=~5CF i
histone H Was SXARTed By e indirecrHilorasae rﬁlﬁ)od technique; the M phase

cellsWere |dent|f|ed13§’7?jig’i?? ‘ﬁ%ﬂ f’(’%‘f ferest doal f‘ﬁﬁi‘éﬁ‘fé"rﬂfﬁmﬁﬁgﬁf’ﬂéefﬁearsatlo of
cells arrc¥fat &t M PiEsk! dnt TorarEEsT 2 aE srea A eynp St iwad et dated to
evaluate Y& B ROPSFHISR B LERAT Sfd e fAXP RAVE Pty by adding 1.1 ul. of

2008/08 P frietob7rorsp g em First, HeLaS3 cells were seeded into a
lysine-treated 96-welFptale (R ewmres gl saiaon o BLE00 Y shEwEl, and
allowéd téristaintd. stiflhareprdsatsskrsaninesio hetd €02 incubator. 24 hours after the
seeding, the compound according to the invention, which is diluted in series, was added
into each well of the plate, and further allowed to stand still in the CO2 incubator. 18
hours after the 5addition of the compound according to the invention, the culture
medium containing the compound according to the invention in each well of the plate
was removed, and then 100 111- of ice-cold 100% methanol (Walio Pure Chemical
Industries, Ltd.) was added, to carry out cell fixation for 10 minutes and treatment of
increasing the membrane permeability. Subsequently, to the wells in which the
methanol was removed, 50 p.L of 1% BSA/PBS was added, and then blocking was
carried out for 30 minutes. 10Thereatfter, for the primary antibody reaction, 50 pL of 1%
BSA/PBS containing a 2.5mg/mL Anti- phospho Histone 1-13 (Ser10) antibody (Upstate
Corp.) was added to the wells, and the plate was left over at room temperature for 90
minutes. After terminating the reaction, each well was once washed with PBS; and for
the second antibody reaction, 50 pL of 1% BSA/PBS containing 1.5 ing/mL
Cy5-labelled antirabbit IgG (H+L) antibody (Chemicon) and 10 ug/m1, DAPI (Sigma)
which is a nucleus staining 15regent, was added, and further left over at room
temperature for 90 minutes. After terminating the reaction, the reaction solution in wells
was removed and replaced with 1004 of PBS, and then fluorescence images were
caprured by using IN Cell Analyzer 1000 (manufactured by GE Amersham) to analyze
the ratio of M phase cells (Mitotic index) in each view. When the maximum value of the
ratio of cells arrested at M phase which can be induced by each drug is assumed as
100%, the drug concentration
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20required for inducing 50% out of that 100% is defined as EC50. EC50 values
obtained by the above-mentioned method are shown in Table 3 below wO
2008/0819‘?108 {) 1%007/075224 As shown in Table 3, C?Ptheﬂ%ozrwoound of
the invention exh its a strong inhibitory effect against cell prollfera%on it Is ¢considered
to be extremely useful as an antitumor agent. As 5compared with the compounds
disclosed in International Publication W02006/025567, it is apparent that the compound
of the invemian exhibits remarkably more excellent inhibitory activity against cell
proliferatifbAtiieEtgohdvingPiie-fa itwhiipratrtiadt structure: OH As mentioned above, the
compoung “&E’& rtjclj‘%g“ﬁ‘?vention has an exgellent PLK 1 10inhibitory activity and
also has & lf‘r:gﬁeém?tnl itorl effect against cell prioliferation. Therefore, it is believed to
be useful &s.an . antitumor dent for stronolv Inhipiting the proliferation of cancerous
cells. Thatids,.a.pharmacelitical. compaosition codtaining the novel substituted
aminopyrisidine ""“”"t:v Ecccrd:ng to-the-ivéntion or a pharmaceutically acceptable
salt or estelitrerast o ibiitapitilrmsragBht cohtaitfageste novel substituted
aminopyrimidine deriVatirerstiecdridifgtdthecinvention or a 15pharmaceutically
acceptable salt or esterahiditiofaisupblielbantorbebeffevtvérforthedreattnértof cancer
patients. Irfadditicanttrenphiannacdutica rompusiton o rtheanttudioragent imay
contain phannacguticadyhasceptable Caltriess cpdilo@vtisd dere Ktheftermits GST
"pharmaceguticalysacoepiahleicactier sigrdimenis Prefiersdecexaipniededy s fiaisy-bees
wax, senirso}idar, ligLikeh pelyet onatpral-anhydr ogenatedilpetediwatar (e ghistilled
watery especially disgi ed-waieriarinjeciinnyetedyiphysiological brine, alcohol WO
2008/081910PCT/IP20Q #Q£0224:(8 18 pELN 0L, QlyariRlrpalyalaaueans.glucose
solution, martaitol-yegeiableioibioeihe.ikgi.Adilives (B8 bilking.ageptadisintegrant,
binder, lubricant.welting agentysiamilizensmuwsifien;dispessanidreseivative,
sweetengr,; cqlpraiin{ayQHngARELOL A AMALGSURS lRBER. IRICKERIRG AgSRE.diluent,
buffeng SURSIAREESAlY GRS SRIHPI R SELIRR AAINIONSIUAHE SllSh 22lhI0T

adjustlng§§m0t|c 5pressure, coating agent, or antioxidant], and the like. The
compoun accordlnqto the |nvent|o? %%Qa%c%r Cg ‘%t ege%§t§ dgscngegg cz';lylr}‘!lnrgaester

Here, the jerm progi SRR el 0@)} GYaIe D tehieoﬁscaﬁgem (g molecule

is chemicaily Mo ich itsett show SIO al activity but after being
administépeds C"mf’Gs’h?’rlaoﬁg SFNSDACK 16° ﬁf‘s or| inal grug m A eciile 18 e%ﬁ’)&f dtug
effic&ty. W?Yﬁeéof)f?}g A °8Wﬁ°é“68\|4n GTAr%”%]e“eo%‘:ﬁ ‘f&bgf’oﬁ‘ﬁ%"eﬁv SHEo A ¢ Compound of
above FAFRtIE ™ \Wﬁﬁ‘ifﬁ ?Pféf FORI"TS RERASESE Wit} 4 AL r?ﬁﬁgftlé group or the
like can lfée%’i‘é?ffﬁ?ﬁ%’@wﬁﬁ? F\H e@t@?"‘i‘fﬁﬁ@@ﬁ%ﬁ&‘@‘ac’ﬁ KeesiAkce with
the methaﬂf%mffﬁﬁwR%Wﬁlﬁﬁi{@éfafwf%é&h%mg%ﬁdmvamkﬁf%h’fﬁé 3P

phosphate buffer was added to the reaction system to terminate the reaction, and the resultant solution

25 was spotted onte & multi-screen phosphocetiulose filter on a 384-well plate. Afier the phosphocellulose
filter is washed with a 75 mM phesphate buffer and then dried, the radioactivity was measured with a
liquid cintiliation counter. The non-iabeled and [ v —33P]-Iabeled ATPs, and the multi-screen
phosphocelulose filter were purchased from GE Healtheare Bio-Sciences, and Millipore Corporation,
respectively,

30 Addition of the compound of the present invention to the reaction system was carried out
by adding 0.5 u 1 of the solution prepared by preliminarily dissolving the compound in dimethyisulfoxide
at a 20-fold concentration of the final concentration. A control was provided by adding 0.5 u1of

dimethylsulfoxide to the reaction system.
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Furthermore, for tumors suitable for expecting a therapeutic effect of the compound
according to the invention, for example, human solid tumors and the like may be
mentloned\.,v@é@(]rip[%1 &5, 150f the human solid tumors include cereq)&l fﬁ%{?@%'}k#?ad and
neck cancer, esophageal cancer, thyroid cancer, small cell cancer, non-small cell
cancer, breast cancer, gastric cancer, gall bladder/bile duct cancer, hepatic cancer,
pancreatic cancer, colon cancer, rectal cancer, ovarian cancer, chorioepithelioma,
uterine cancer, cervicaleanaess ienalpelieieterat-caneenwinaniiadeer cancer,
prostate ganeekipenie-cancermtesticuns camser, embryonal cancer, Wilms' tumor, skin
cancer, maliginant melanoma, neuroblastoma, 20osteosarcoma, Ewing's sarcoma, soft
tissue safesmariana. the likeNextdthee) phammaceutically acceptable salt or ester
thereof' diSserityeet aprsies Wife®Rplained. When the compound according to
the invenliBRSEHERE5¥ Y antitumor agent or the like, the compound can be used in
the form u_:_..,_.,,__-._- hereof. Typical examples of 25the
pharmac nic acid salts such as salts with alkali
metals, e Aytdrochloride, sulfate, nitrate, phosphate,
carbonatesaTydrot rate; organic acid salts such as acetate,
propionat@gTactate, maleais; tumarate, tartrate, malate, citrate, and ascorbate;
sulfonate iisuch as metha Iesulfonate |seth|ona e, benzenesulfonate, and
toluenesuffonate: acidic g 5 aspartate and glutamate; and the like.
A preferrétisalt-of.3 Bt ing-ta the invention is a hydrochloride salt,
and the like. As Fﬂpepmmw fomatfﬁhwﬁ?a@mwanyvmfé@pmm%ammf the
compouris-adcorgingric the inventior:can déled reehdvittingd Baptapreatelypgembining
methods ithat@ayecconuventidnsiilyigised in the field of organic synthetic chemistry.
Specifically, a method of neutrally titrating a solution of the compound according to the
inventionsimadies:fosnmdisingoartalkating: salptiom-asnnacidiesefuliansarthailive, may
35bagnentienedx  a celiular LEXAMPles of the ester of the compound according to the
invention include methykestercatyhaster, and the like. These esters can be prepared
by esterifying a free gaR@xdharHR Aol ingh iRl aRdRr drmeiiges M Quuar level,
2008/081910RGHOB2007I078224 1o as3 conFREUNE: AAMIRISEALAN QRmMF RLWhen
administering. the, compaunfaceoreieg 10 thR.IBVENEeN ASA0 @@&m@%m@% the
ike, \cariqyis forms can be selecied. For example, ofplRieRarations such.as sablet,

capsule, & wder, granule, and liquid; and sterlllzed liquid parentera preparations such

as solution and sus MSIOI’] and H’ng like entlon ere oJ|d lpreparanons
F% ) 1b:tory c tyof eco';ntpounix a.cco m t«iS e nvedt
can be prepared, without mooﬂlc e form of tablet ule, rn?;trgg et‘ or

Lo
powder accordlng to si’é%‘*a"a“’a”*‘* K gﬂfyég?f Al ”;f)‘; ag?e %aglao ! \prlate
S i

additives " EAH B S4B IR aag?ﬁves chM@Iesaﬁa’acs QOGR4 acth¥e s 0S6;
staréfes st su%?h(%{)g‘%dggcﬁgﬁﬁ“c%afﬁm WHsat ‘"‘éﬁfﬁtfgé' Hp Lt AU 408 th§t°(—§f‘c’1ﬁsé“§c|d

inorganicd ¥ f§e§ﬂkﬂ¥°5§’r§%fﬁfﬁﬂ’h’srﬁ8‘fé’§‘?l e FPFé’@lﬁé‘ﬁ ﬁ???t&‘fﬁ?m RS, s gﬁ%%‘?’bus
calcium ﬁﬁ@g‘ﬁl’fﬁféa‘@ﬂﬂ‘ﬁ@ﬂd%éﬁ?‘?ﬁ@?@@d&H‘%"éﬁﬁp‘ﬁ]ﬁi’ﬁiﬂ?ﬁ‘ﬁﬁﬁ’lfﬁé‘i‘i@"%ﬁfﬁf 2
polyallcyriage stndaeioadidishies sGemay critnisteat et aiahragiesilnt stearate;
alcohols Seithvels Sreafyt teohbE saie e e yparesh elccxting SyFrtetitcechulose derivatives
sucl¥as mietiryireialogofdaryoximethryidedfiosendts)fcetthosatiadgechnique;
hydroxyptepyhnetteiiceliuiosdictmadditibricts! thestss genérathyusdrkabiditiveseglach as
water, gelatin] iaiCyvegetdbieeditSioand gimbarabledandthadikay swayralsailiel
mentioneghitlby hase salieiprepatations such as tablet, capsule, granule, and powder
may usually contain 0,1 to 100% by welght preferably 5 to 100% by weight, of the
active ingredient.



Liquid preparations can be prepared in the form of suspension, syrup, injectable
preparation, or the like, using appropriate additives which are generally used for liquid
preparatio% ﬁ](?&&g%water, alcohols, plant-derived oils e.g., SO%%%%}QZQJ% 0956‘”“'[ oil,
sesame oil, and the like. 20In particular, examples of appropriate solvént or diluent
useful in the case of parenterally administering via intramuscular injection, intravenous
injection, or subcutaneous injection, include distilled water for injection, aqueous
solution of lidocaine Fiydrechineidesgesaatiamuscularinention) plphysialogicalomine,
aqueous ghiease.sotutign.ethanal duiddorintrarensusdrjestionfeg. nagueons solution
of citric agigsssediwn-citiate, angthedikakLlectobissoktioniiegm fdid for infasion
onfor 25inlravanausiniesion) and: thedke,anddmixed solutions: thereefsfier me  These
injectable, pEeRAFANQRS MRAKLE AR & Ir i A RONISEQNCOMPOMALWILD sHilakle additives
W_h'Ch IS t&&%ﬂg?éﬁé\{%@&% @;Lm@l% M§ﬁméﬂu£%$@5‘, Iithe ferm. U@QLP&E igpparily _
dissolved, guch ipieciaRlg Jiguid sanusually.coniain O 1o I% Ly weighff.the: active
Ingredient, . . . of increesthll i IIELIQT, QLALAGMINISALAN SHEAS SHIREDSIAN,SYTUP OF
the like, Cwaag rgnoacr)gpgl?G%Lsgf)’IQ}p%S’ngg@SbwyﬁV\aI&tl%bt g Ihgrl? occxir:xlé/ v%a!qr!:%%eegh%p fto'rB() minutes. For the
treatment accal %% 16 the invention, e 98@?{1{% SRR T8 vﬁ?ne%'%ﬁ'?!&é@%%l be varied
in accordance wii hepacﬁrﬁlnlst ation form of the comPoun regreserﬁe by Formula
(1), the kiR BF L aNBo A TEpTESeEd By FOFm fi‘i‘?& Be e terormuiaton
comprisirfly tHB ‘EHHPEERE ) ‘?%‘?eﬁf‘é’&"%*i}“ﬁ%”ﬁ%fﬁ% & B U “the Rig ™
administratOAMIPRTS e GTRIRTBTCB it SARRARDT SEaaRt AP bE LB
combinatiBiieeii e SHte e e Siis s pertrddted iy tihiseahuitb S B e patient. The
most SuitEertheanifdit UAGEI A PreGEterT fREcEBdM O AT b é Heterifed by those
having ordiftigpytisitafepriednt b vile Hasie et al cotmd oy tsdd thetapy Edurse and/or
considerifigptenprégentspetiticdtivring NG 2008708 1 Y1 OPETRIA 0D PR PE 2 ) to

The preferréedretimt Ythe confdsunddaodordingto Wenitventiomtebetbhmimistered in
practice el esappidpristehcinereaiséded htetreasedsimace obthaniceima thntbrerdimd of the
compounedqtoeb @usedpdhedandfohth@cormiositceinixed, the frequency of -
administration, the spegifinesitateds catedpancconditicnsiohthepatientodor
example, the daily dose for an adult is, in the case of oral 5administration, 10 to 500
mg, and in the case of parenteral administration, preferably intravenous injection, 10 to
100 mg, per day. In addition, the dose frequency may vary depending on the mode of
administration and symptoms, but the administration can be conducted once, or divided
into 2 to 5 portions. The course of the compound represented by the Formula
(1) and other antitumor agents to 10be used in combination is not particularly limited,
but can be appropriately determined in accordance with the public literature as
necessary by those having ordinary skill in the art. Examples Hereinafter, the present
invention will be described in more detail with reference to 15Examples, but the
invention is not intended to be limited by the Examples by any means. In Examples,
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thin layer chromatography was performed using Silica gel 60F254 (Merck & Co., Inc.)
or NH (Fuji Silysia Chemical, Ltd.) for the plate, and a UV detector for the detection.
Wakogel MG;300,95,6-200 (Wako Pure Chemical Industries, Ltdi (%%g%%ysm
Chemical, Ltd.), Biotage Si or Biotage NH (Biotage), or Purif-Pa i was
used as the silica gel for column. In a preparative reversed phase liquid
20chromatography, CombiPrep Pro C18 (YMC) was used for a column, and 0.1%
trifluoroagetiesacid aqueous solution and 0.1% trifluoroacetic acid acetonitrile solution
were useffoMELnBbIE p é‘é@l‘%ﬁ?‘i@wgtsﬁbctra, IMS-SX102A (JEOL, Co. Ltd.), or
QUATTRO g@pmgigm ‘ﬁ‘fg%% RIPAETEIBE™Br for the £C-MS, ZMD (Micromass) was used, for
the meadiirement. Eor 1 LNMR spectra.dimethylsulfoxide was used as the internal
standard & baburing- dlmethylsquOX|de solution,
25tetrampet ndard in the case of measuring in a
deuterate as used as the internal standard in the

case of jution. In addition, a spectrometer such
as Mercu 100 (400 MHz; Varian, Inc.), or
INM-AL4{ ed for the measurement. All values were

expresse

pviations used in Examples are given
below. s t: Triplet 35dt: Double triplet g: Quartet
dq: Doulesgmsrtetint X 81910PCTOP2007/1175224 m: Multiplet
br: BroaddargoRioadsing g ﬂfe@guplmg constaft Hz: Hertz DMSO-d6: Deuterated
dimethylgulfadee/ 25567

. !u‘! H u.l

1105 118.4
152 555.6
1153 72.3

As shown in Table 3, since the compound of the invention exhibits a strong inhibitory
effect against cell proliferation, i is considered to be extremely useful as an antitumor agent. As
5 compared with the compounds disclosed in International Publication W(O2006/025567, it is apparent that
the compound of the inveniion exhibits remarkably more excellent inhibitory activity against cell

proliferation, due to having the following partial structure:

A

Ry Ry
(o1
As mentioned above, the compound according to the invention has an excellent PLK 1
10 inhibitory activity and also has a strong inhibitory effect against cell proliferation. Therefore, it is
believed to be usefuf as an antitumor agent for strongly inhibiting the proliferation of cancerous cells.
That is, a pharmaceutical composition containing the novel substituted aminopyrimidine derivative
accbrding to the invention or a pharmaceuticaily acceptable salt or ester thereof, or an antitumor agent
containing the novel substituted aminopyrimidine derivative according to the invention or a
15 pharmaceutically acceptable salt or ester thereof, is believed to be effective for the treatment of cancer
patients. In addition, the pharmaceutical composition or the antitumor agent may contain
pharmaceuticalty acceptable carriers or diiuents. Here, the term "pharmaceutically acceptable carriers or
diluents” refers to excipients [e.g., fats, bees wax, semi-solid or liquid polyol, natural or hydrogenated oil,

etc.]; water (e.g., distilled water, especially distilled water for injection, etc.}, physiclogical brine, alcohol
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CDCI3: Deuterated chloroform CD30D: Deuterated methanol RT: Retention time
10Hereinbelow, structural formulae of compounds of Examples 1 to 38 will be shown in
Tables 4 t gzd&mgg@bles compounds marked with * near by aﬁ&%ggmgl}r&%carbon
atom to WhICh R3, Rti, and OH are bonded, indicate that one of thelr asymmetric carbon
atoms is in an 12-form and the other one is in an S-form. However, Examples 13 to 16
are shown as follows. In Table 5, compounds 15marked with ** near by an asymmetric
carbon atep) 4e=whiehc-R3, iR anedo® kluare botaedsdndicate-tiratithatasygidietde carbon
atoms are: fheisamesisamess:af eithe i -fenmg ef-ansSifoamnmdeanwitescompounds
marked with-#%5in dicata-thabihe .asynmetic-earbonatemsiateithesamedsomers of
either an R-farm.eLan, SHiere; butitheywarethediferent isemersdramsthe.smmpounds
mark@d V}él'g;;]surm CJ«;@(@ ggélrt, or agiki(i%]sand @Hikg H2CH3
The compound according fo the invention can also be used as a prodrug containing ester.
Here, the term "prodrug" generally refers to a derivative in which a certain drug molecule is chemically
modified, which itself shows no physiclogical activity but after being administered in vive, transforms
back to its original drug molecule to exhibit drug efficacy. As the prodrug of the compound according to
10 the inveniion, a compound of above Formula (I} in which the bydroxyl group is acylated with a phosphate
group or the like can be exemplified. The prodrug and esier can be produced in accordance with the
method commonly known or used by those having ordinary skill in the art.
Furthermore, for tumors suitable for expecting a therapeutic effect of the compound
according to the invention, for example, human solid tumors and the like may be mentioned. Examples
§5  of the human solid tumors include cersbral cancer, head and neck cancer, esophageal cancer, thyroid
cancer, small cell cancer, non-small cell cancer, breast cancer, gastric cancer, gall bladder/bile duct cancer,
hepatic cancer, pancreatic cancer, colon cancer, rectal caneer, ovarian cancer, chorioepithelioma, uterine
cancer, cervical cancer, renal pelvic/ureteral cancer, urinary bladder cancer, prostate cancer, penile cancer,
testicular cancer, embryonal ¢cancer, Wilms’ tumor, skin cancer, malignant melanoma, nevroblastoma,
20  osteosarcoma, Ewing’s sarcoma, soft tissue sarcoma, and the like.
~ Next, the "pharmaceutically acceptable salt or ester thereof” described above w1il be
explained.
When the compound according to the invention is used as an an{itumor agent or the like,
¢he compound can be used in the form of a pharmaceutically acceptable salt thereof. Typical examples of
25  ihe pharmaceutically acceptable salt include inorganic acid salis such as salts with alkali metals, e.g.,
sodium, potassium, and the like, hydrochloride, sulfate, nitrate, phosphate, carbonate, hydrogen carbonate,
and hyperchlorate; orpanic acid salts such as acetate, propionate, lactate, maleate, fumarate, tarirate,
malate, citrate, and ascorbate; sulfonates such as methanesulfonate, isethionate, benzenesulfonate, and
toluenesulfonate; acidic amino acid salts such as aspartate and glutamate; and the like. A preferred sali of
30 the compound accerding to the invention is a hydrochloride salt, and the like.
Preparation of the pharmaceutically acceptable salts of the compound according to the
invention can be carried out by appropriately combining methods that are conventionally used in the field
of erganic synthefic chemistry. Specifically, a method of neutrally titrating 2 solution of the compound
according to the invention in a free form using an atkaline selution or an acidic solution, or the like, may
35  be mentioned.
Examples of the ester of the compound according to the invention include methyl ester,
ethyl ester, and the like. These esters can be prepared by esterifying a free carboxyl group according to
standard methods.
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For the administration form vsed when administering the compound according fo the
invention as an antitumor agent or the like, various forms can be selected. For example, oral preparations
such as tablet, capsule, powder, granule, and liquid; and sterilized liquid parenteral preparations such as
solution and suspension, and the like may be mentioned.

Here, solid preparations can be prepared, without modifications, in the form of tablet,
capsule, granule, or powder according to standard methods, but can be also prepared vsing appropriate
additives. Examples of the additives include sugars such as lactose and glucose; starches such as those
from corn, wheat, and rice; fatiy acids such as stearic acid; inorganic salts such as sodium metasiicate,
magnesium aluminate, and anhydrous calcium phosphate; synthetic polymers such as
polyvinylpyrrolidone and polyalicylene glycol; fatty acid salts such as calcium stearate and magnesium
stearate; alcohols such as stearyl alcohol and benzyl alcohol; and synthetic cellulose derivatives such as
methylcellulose, carboxymethyleellulose, ethylceliulose, and hydroxypropylmethyleellulose. In addition
to these, generally used additives such as water, gelatin, talc, vegetable oils, and gum arabic, and the like,
may also be mentioned. '

These solid preparations such as tablet, capsule, granule, and powder may usually contain
0.1to 100% by weight, preferably 5 to 100% by weight, of the active ingredient.

Liquid preparations can be prepared in the form of suspension, syrup, injectable
preparation, or the like, vsing appropriate additives which are generally used for liguid preparations, such
as water, alcohols, plant-derived oils e.g., soybean oil, peanut oil, sesame oil, and the like.

In particular, examples of appropriate solvent or diluent useful in the case of parenterally
administering via intramuscular injection, intravenous injection, or subcutaneous injection, include
distilled water for injection, aqueous solution of lidocaine hydrochloride (for intramuscular injection),
physiological brine, agueous glucose solution, ethanol, fluid for intravenous injection {e.g., agueous
solution of citric acid, sodium citrate, and the like), electrolyte solution {e.g., finid for infusion orfor
intravenous injection), and the like, and mixed solutions thereof.

These injectable preparations may be in a form of powder or compound with suitable
additives which is to be dissolved at the time of use, in addition to the form that preliminarily dissolved.
Such injectable lquid can usually contain 0.1 to 10% by weight of the active ingredient.

The liquid for oral administration, such as suspension, syrup or the like, can contain 0.5
to 10% by weight of the active ingredient.

For the treatment according to the invention, the preferred course of medication may be
varied in accordance with the administration form of the compound represented by Formula (I), the kind
of compound represented by Formula (I) to be used, the formulation comprising the compound
represented by Formula (1) to be used; the kind, administration form, and formulation of other antitumor
agent(s) to be used in combination; and cancerous cells to be treated and the conditions of the patient.
The rost suited ireatment under 2 predetermined condition can be deiermined by those having ordinary .
skill in the art on the basis of 8 conmnonly used therapy course and/for considering the present

specification.
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The preferred amount of the compound according to the invention o be administered in
practice can be appropriately increased or decreased in accordance with the kind of the compound to be
used, the kind of the composition mixed, the frequency of administration, the specific site to be treated,
and conditions of the patient. For example, the daily dose for an adult is, in the case of oral
administration, 10 to 500 mg, and in the case of parenteral administration, preferably intravenous
injection, 10 to 100 mg, per day. In addition, the dose frequency may vary depending on the mode of
administration and symptoms, but the administration can be conducted once, or divided into 2 10 5
portions.

The course of the compound represented by the Formula (I) and other antitamor agents to
be used in combination is not particularly limited, but can be appropriately determined in accordance with

the public literature as necessary by those having ordinary skill in the art.

Examples

Hereinafier, the present invention will be described in more detail with reference to
Examples, but the invention is not intended to be limited by the Examples by any means. In Examples,
thin layer chromatography was performed using Silica gel goFysq (Merck & Co., Inc.) or NH (Fuji Silysia
Chemical, Ltd.) for the plate, and a UV detector for the detection. Wakogel ™C-300 or C-200 (Wako
Pure Chemical Industries, Lid.), NH (Fuji Silysia Chemical, Ltd.}, Biotage Si or Biotage NH (Biotage), or
Purif-Pack (MORITEX) was used as the silica gel for column. In a preparative reversed phase liquid
chromatography, CombiPrep Pro C18 (YMC) was used for a column, and 0.1% trifluoroacetic acid
aqueous solution and 0.1% triffuoroacetic acid acetonitrile solution were used fcr a mobile phase. For the
MS spectra, JMS-8X102A (JEOL, Co. Ltd.), or QUATTRO I (Micromass) was used, or for the LC-MS,
ZMD (Micromass) was used, for the measurement. For the NMR spectra, dimethylsuifoxide was used as
the internal standard in the case of measuring in a deuterated dimethylsulfoxide solution, .
tetramethylsilane was used as the internal standard in the case of measuring in a deuterated chloroform
solution, and methanol was used as the internal standard in the case of measuring in a deuterated
methanal solution. In addition, 2 spectrometer such as Mercury 400 (400 MHz; Varian, Inc.}, Inova 400
(400 MHz; Varian, Inc.), or INM-AL400 (400 MHz; JEOL, Co. Lid.) was used for the measurement. Al
& values were expressed in ppm.

The meanings of the abbreviations used in Examples are given below.

s: Singlet

d: Doublet

dd: Double doublet .

t: Triplet

dt: Double triplet

q: Quartet

dq: Double quartet

quint: Quintet
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ON OH Table 8 EXAMPLE | WO 208/081919PCT/JP2007/075224

Synthesis of 2-H(IS)-1-1442-(dimethylamino)-1-hydroxyethyl]phenyllethyl)arnino]-4
(8-methylimi -a|pyridin-3-yl)pyrimidine-5-carbonitrile [1] ( i referred to
as the corrli%(g%ﬁ? %i # (1) 2 gof S+)-1-(4-bromophenyl?gﬁél!a%%rﬁgzﬁas
dissolved in 20 mL of chloroform, and 54.18 mL of triethylamine was added. Thereto,
2.62 g of di-tert-butyl dicarbonate was added under an ice- cold condition, and the
mixture was stirred fer @Qupiautes at room temperature. The reaction solution was
diluted in 300 mL of gthyhacetate and washed with water and saturated brine in that
order, and the resultipg megasigilayer was dried over anhydrous magnesium sulfate.
The insolubles were filtgregh the filtkate was concentrated under reduced pressure, and
the resulting residuepyas.dissolved in a small 10amount of chloroform and solidified

with hexane, to obtaj) 26 8. Set=RMMR Rl #dace

CDCla: Deuterated chloreform
C3OD: Deuterated methanol
RT: Retention time
4] Hereinbelow, structural formulae of compounds of Examples ! to 38 will be
shown i Tables 4 1o 8. In the iables, compounds marked with * near by an asymmetric carbon
atom to which Rz, Re, and OH are bonded, indicate that one of their asymmetric carbon atoms is
in an R-form and the other one is in an S-form.
However, Examples 13 to 16 are shown as follows. . In Table 5, compounds
15  marked with ** near by an asymimetric carbon atom to which Rs, Ry, and OH are bonded,
indicate that the asymmetric carbon atoms are the same isomers of either an R-form or an S-form.
Meanwhile, compounds marked with ¥** indicate that their asymmetric carbon atoms are the
same isomers of either an R-form or an S-forim, but they are the different isomers from the

compounds marked with *¥,
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bromophenyl)ethyl)carbarnate [1-1] (hereinafter, referred to as the compound [1-1]) as
a white solid. (2) A mixture of 600 mg of the compound [I-1], 75 mg of
dichlorobis(tyi Iphosphine)palladium (H), 743 ML of tributy1(1-ethoxyvinyl)tin, and
3 ml, of 13:(}%%5@%39 ti]/vas stirred overnight at 100C. After standin%ci%ﬂc’:%}%%f,ﬂméé)
insolubles were filtered and the 15filtrate was concentrated under reduced pressure.
The resulting residue was purified by silica gel column chromatography (eluent:
hexane/etlaypt acetate = 8/2) to obtain 367 mg of tert-butylklS)-1-(4-

acetylphe nyHethyI]carbaan&%l-Z] (hereinafter, referred to as the compound [1-2]) as a

colorless|solid. N 84 mg of benzyl tributyl ammonium bromide was
dissolved in a mixed salvent g# 3 mL of chloroform and 2 mL of methanol, and then 141
p.L of bramine was adddd. Thereto, a solution 20 prepared by dissolving 363 mg of the
compound [1-2] in a iy solfent of 4 mL of chloroform and 0.8 mL of methanol was
added. The reaction m \ irred for 30 minutes At 40C. After standing to cool,
water wals added to the reaction ipR, which was exjracted with chloroform. The
organic layer was washed with saturajgd brine, and dried over anhydrous sodium
sulfate. Tihe-sptubleswere-fittered; ' centrated under reduced

pressure Ee;lnd!;[ F resu gng residue wa kfied by silica gel 25column chromatography
(elucnt: Hexanejethyl acétate oljtain 170 mg of tert-butyl{(18)-1-[4-
(bromoaggtyhp &".y!]e icayb Hhereafterreferred to as the compound

[1-3]) as p colofless oil : ?’@3350 mg af the compound [1-3] was
dissolved in 0.5 mL of N,N-dimethylformamide, and 363 pt., of dimethylamine (2.0 M
tetrahydrgfuranisaielippravas added theretog,[ e mixtute was 30 stirred overnight at
room temperatyre, and then o the reaction gettition was added a saturated aqueous
solution ¢f sodibm hydfogen carbon%ﬁd thesolutioh was extracted with ethyl
acetate. The arhanic laver was washe® with saturated brine and dried over anhydrous
sodium sﬁlfate.?“h’gﬁgﬁs;%'fubles were filtered, the filtrate vas concentrated under
reduced pressuyre, andthe rgsulting ]:SI e purified by preparative thin-layer
chromatggraphy, to obtain 26.3 mg oftert-butyl{(1S)-1-}4-(N,N-

35dimethylglycyphen %th}ljicarbarnate [154 {hereinafter, referred to as the compound

[1-41) as a colgrless oily proguct. ~E~ ~5) 26.3 mg of the compound [1-4] was
dissolved in 1.9 mL of methanol, 16.Zmg"of sodium bofonhydride was added thereto,

and the rgixturgayas-stiged-fpr36-minutes a:;tmmﬁ—(eﬁﬂerature. WO
2098/081910PCTOP2007/075224 To the re tion solution was added a saturated
aqueousisolutign of sodium hydrogen garbsnate, and t%}e solution was extracted with a
mixed salvent af chlorgform arid methatfbl (mixing ratiof 9/1). The organic layer was
washed With sdfdtated|B¥inejand dri hydrous sodium sulfate. The insolubles
were filtgred, and the filtrate was com%@er regduced pressure, to obtain

(19)-1

-é41 2- (Himethvlamino)-1-hvdroxvethvil enyflethyl)carbamate [|-5]
H CH \| 7 7 7 7 7 LI |

(hereinatter, reterred 0 as the compoun 1) The cdmpound [1-5] was used in the
subsequent redction without|further puriication. i (6) 10 g of

4-[(Z)-2-ethoxyVinyl]-21(meth rimidinecarbonltrile (synthesized according to

segt oW 0906/025567, pages 90- 91) was
hixed solventijof 150 mL A dioxane gnd 30 mL of water and then
8.04 g of N- 10promospuccinimide w. d thereto unpder-an ice-cold condition, and
the mixtyre was stirred for 15 hours at:room temperature. To the reaction solution, 4.89
g of 2-amino-3-picoline was added, and the mixture was further stirred for 2.5 hours.
200 mL of water was added to the reaction-gblution to extract with 2 L of a mixed
solvent of chloroform and methanol (mixing ratio: 9/1). The organic layer was washed
with water, and dried over anhydrous magnesium sulfate. Thereafter, the insolubles
were filtered, 15and the filtrate was concentrated under reduced pressure. The resulting
residue was dissolved in a small amount of chloroform and solidified with hexane to

~htarirm A ND ~ ~F 1 70 vriamsthwvwrdlirmaiAdAa=ATI1T D Alvivridirm D




(7) 20.1 mg of the compound [1-6] was dissolved in 1.5 mL of chloroform and then 24.7
20mg of m-chloroperbenzoic acid was added thereto under an ice-cold condition, and
the mixture was sticced for 30 minutes at 0C. To the reaction SOI%%%F}%%%‘QQEPO' a
saturated aqueous solution of sodium hydrogen carbonate was added, and the solution
was extracted with chloroform. The resulting organic layer was washed with saturated
brine, and then dried over anhydrous sodium sulfate. The insolubles were filtered and
the filtrateanas concentrated under reduced pressure to obtain the oxidized form of the
25compdund 11-61. In a s&parate flask, the compound [I-5] was dissolved in 1.5 mL of
chloroform, and 1.5 m oroacetic acid was added thefeto. The mixture was
stirred fof 1 hour at ro pérature. The reaction solutionjwas concentrated under
reduced Jﬂ)ressure, regylting residue was dissolved in methanol, which was
passed through a weak anjon.exchange resin (Bond Elut Regular type NA, GL
Sciences| Inc.) to remove th”@%?@r%fagetic acid, and the solyent was distilled off under
reduced pressure. 30 The resulting fiesidue was dissolved in 0.5 mL of tetrahydrofuran,
triethylany lv.obtiained oxidi form in 1 mL of chloroform, and the
solution was stjrred for 3 hourg at rqom temperature. To theireaction solution was
added a $aturated-dgueus safition of sodium hygirogen carbonate, and the solution
was extracted with chlofoform; The fresulting niedayer wias washed with saturated
brine, anfl then dried over anhydrods BSSoqmg:?sulfate. Thelinsolubles were filtered,
the filtrate was|concentrated uhder reduced*pressure, and. then purified by preparative
thin-layet'€hronidt84raptiy (del&ioping solvent: chibroform/methanol = 20/1), to obtain
14.5 mg bf the ftitle compound {1] asja yellow §olid. Tfie specjral data of the compound
[1] are présentdd below.{- 47 - WO P008/0§1910PCT/JP200/7/075224 11-1-NMR
(CDCI3) p;-9-64.-0.62 (fa,-1HX1/5);18.95 g4 {m11-1+H-144/5), 8.56 (s, 1Hx1/5), 8.53
(s, | Hx4 53, 7.43%°7°15 [n, 5H), 6.64 -6.63 (M %/I-H,)LEH@.OZ - 6.01 (m, 1Hx4/5), 5.85 -5.76
(m, 1Hx1/5), 542 - 5.33(in, 1K-F1Hx 1/5), 5:16!- 5.12 (m, 1114/5), 4.74- 4.69 (m, IH),
2.69 (s, IHx3/8), 2.64 (9, 2H+1Hx2/5), 2.34,(s, 314), 2.03- 180 (n, 21-1), 1.63 (d,..1 =
6.8Hz, 3Ty 5Mass 442MFIJsNEXAMPLE 2 __ .., Syhthesis of
2-[((18)-1-{4-[(1S)-2<(trt-butylhming)-1- YO
hydroxyethyllphenyflethyDamiho]-4t(8-ethylimidazo[1,2-alpyridin-3-yOpyrimidine-5-carb

onitrile [2 IRaftef Tefe as thecompoun 1) A mixture of 1.0 g of the
compourid [I-1], 892 mgjof potassiu viny&jiimmgrate, 468 mg of
dichlorohis(triphenylphosphing) pallpdium (14), 10 inl” of 2.0M agueous sodium

carbonatg ionand 20 mL of NiN-dimethylformarnide,-was stirred overnight at 90C.
After staméing 0 €odl, water was added to th refction soluion, which was extracted
with ethy] acetate. The nesulting organic 15tayer was:washeg with saturated brine and

dried ovar anhydrous sddium s,u?\lifatm The if8otubles were

15 CH,CH; H c ‘/ﬁ
o : ™
\|/\/ \Cﬁg
OH

16 CH,CH, H ON
e N
\‘/O \CHJ

Ok

Z(D

-A42 -



filtered, the filtrate was concentrated under reduced pressure, and the resulting residue
was purified by silica gel column chromatography (eluent: hexane/ethyl acetate =

100/0- 75/2\% zt(ols%lg ﬂp 485 mg of tertbutyl[(1 8)-1-(4-vinylphenyl
(hereinafter, referred to as the compound [2-1]) as a white solid.

IIcarbamate [2-1]

RS

AD-mix-alpha (available from Aldrich Corporation) was added to a mixed solvent of 110
mL of tert-butanol’and 110 mL of water to prepare a suspension. Thereto, 4.34 g of the
compoungais1) was added under an ice-cold condition, and the mixture was stirred for

24 hours
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The resu
were filtef
residue w
=100/0 -
1]phenyl
white soli
3.66 g of
reaction
mixture
anhydrod

under reduced gressure, and th

Schromatograph

column 3
6.52 g of
4-methyl
colorless

o

e

P, 1qlu

Ixture

ethylicarbamate‘ [2 2] (herel

t the same temperature. 25 g of sodium sulfite
30 minutes at 0C, and then éxtracted with chloroform.
s dried over 25anhydrous sogium sulfate. The insolubles

s added to the reaction

|nafter referred to as he compound [2-2]) as a

ie--36¢3)-4-32-g-of the-gompotmnd LLRLJ was-dissot

znesulfonyl chlaride was
was stirred ove rnight at OCg,water was added thereto, and then the

BX[
s sodiu

[65)-2-

amorp

)enzenﬁ

gg;eu with
m sulfate

#1051
sulfonate
ous. W(

UI
The

 [2-3]
) 200§

En the oﬁtﬁﬁ@l r3e3|due w:a
Btert- butoxycarbg)ﬁy?arnintaletr

thereto und

nsolubles werefiltered, the

(herein erred to as
B/081910P, T/JbQOO?/O?Sg

d in 50 mL of pyridine, and
ler an ice-cold condition. The

prganic layer was dried over
filtrate was concentrated

s purified by silica gel

50/50 - 0/100), to obtain

yl } phenyl)-2-hydroxyethy |
the compound [2-3]) as a
24 (4) 652 g of the

compourét[2:3]

dissolvin
tetrabuty
stirred o
extracted
brine ang
was cong

) 249
ammo
St
with e
dried
entrate

WasSthssa
of sodium
nium hydr

thyl aceta
bver anhy
d underr

atreorimpe

kred i
hydr¢
bgen

roform, a

h 44.4 mL of ,
pxide in 5.54)ng/of water w
sulfate was addeg thereto.

solution prepared by
as added, and 203 mg of
Ihe reaction mixture was

e. Th
Hrous
pduce

ClLLIIC WdLCI WAS QUUUU Llll
e 5obtained grganic layer w
sodium sujfatef The insolu
d pressuredsandthe resultir

preto, and the mixture was
as washed with saturated
bles were filtered, the filtrate
g residue was purified by

silica gel
100/0 - 7
tert-butyl
to as the:
dissolveq
mixture
resulting

jas stir

golumi
(18)-1
in 40

residug

H/25), to obtain 4.

“thromat

¢dtap
4. g (

(4-1(28)-0

L of etha
Fed for 3
b was puri

iran-

nol, 4
ays
ied b

ny (eluent: 50 gploroform
Df 5

P yI]prm}emyf)darbamate

0 ml. of ten ramine wd

50C \‘Fﬁ\m ton solutior
silica 8l column chromat

hexane/d
tert-buty!
[2-5] (he

| ((18)-1

thyl ag

einafte

A AL

0

ctate = i
r, referred

Z-

610 -
(tert-
to ag

D/100), 19,08 3.1gof
putylarni /hydroxyethy
the com unot.ﬁz -5))as a\v

hexane/ethyl acetate =

[2-4] (hereinafter, referred
)e compound [2-4] was

s added thereto, and the
was concentrated, and the
bgraphy (eluent:

llphenyl}ethyl)carbarnate
vhite 15solid. (6)

4.89 g of;
accordin
90to 91

was d

then 3.9

3 g of N

ﬂ%\L}-z
j to thg

athasans
CTUTOAYV

meth
SSO [

= Wi s |
EMJ.J.

D Lo atlosdilaia) Lo o uciinar ol
Z-UTTICUTY U MU L O™ Yy TTHTIITUITTT

disclosed in Integgational Publicat
rf a mixed solvéﬁ%‘rfﬁo mL of |,4-

bromosua

cinimide was a#ttled tinder an ice

arbonitrile (synthesized
on W02006/025567, page
Hioxane and 5 mL of water,

-cold condition, and the

mixture was stirred for 1 hour at room 20temperature. To the reaction solution was
added 2.7 g of 3-ethylpyridine-2-amine (syn#iiesized according to the method disclosed
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stirred for 3 hours. Thus produced solid was taken by filtration and dried under reduced

pressure to obtain 4.46 g of
4:(8- ethyllmd% i%}fﬁ a]pyr|d|n -3-y1)-2-(methylthio)pyrimidine-5-¢ W%%@@ 46]

(hereinafter, re erre to as the compound [2-6]) as a pale yellow so
of the compound [2-6] was dissolved in 150 mL of chloroform, and 1.95 g of m-
30chloroperbenzoic acid was added thereto under an ice-cold condition. The mixture
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25hydroxyethyl]phenyljethyftamino]-4-(8-ethylimidazo[1,2-a]pyridin-3-yl)pyrimidine-5-ca
rbo3] (hereinafter, referred to as the compound [3])

1-{4-1(1R)Z5 (e -RUtylamino)-1- hydroxyethygpbeny ethyftearb
referred to as the compound [3-1]) was obtained

as a white s

(1) 25gof tert butyft(1S)-
ate

herelnafter
rom ﬁ g of the

compound [2-1] and 24 g of AD-mix- P (available from Aldrich SOCorporatlon) according

to the methods of Example 2-(2) to (5).

(2) 1.17 g of hydrochloride salt of the

compound=p&Jswas obtained as a pale yellow foamy product from 1.5 g of the compound

[2-6] and

spectral data of the compgq

(d, 3= 6.8

1.56 g of the compdun
ul
d,

Hz, 1H x1/2), 9.Q4

d [3-1] according to the method of Bxample 2-(7). The
] are presented below. 351H-NMR
= 8.3Hz, 1H), 9.01 (d, 1= 8.3Hz, IHix1/2), 8.97-

(DMSO-d6) 3: 9.98

8.92(m, IH), 8.76 (s, IHXI/2] 8.76 (s, IHX1/2), 8.71 (s, tHx1/2), 7.49 (d, 3 = 6.3Hz,
2184t, 3 = 7.3Hz, 1Hx 1/2), 7.08(t, J = 7.3Hz, 1Hx1/2), 6.11

1Hx1/2),

7.44. 7.37(m;

(brs, | HX|L/2), 5.27 - 5.2

2.95 (m,
1Hx1/2),

50 - WO 2008/081910RC
| 53 - 1.49 (m, 31-1), 1.34- 1.

A7-5.10(m, IHx1/2), 4.89- 4.85 (m, 1H), 3.05 -
JPR007/075224 31-1+IHx1/2
&(rn, 311), 1.28 (s, 911x1/2

,2.91 - 2.80 (m,
, 125 (s, 91-1x 1/2).
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turned into a clear brown solution was further stirred for 30 minutes, and then 300 mL of
a saturated aqueous solution of sodium hydrogen carbonate was added thereto. The
organic laygs agihs aqueous layer were separated, and the aquepys,Jayet was
extracted with a mixed solvent of chloroform and methanol (mixing ratio: 9/1). The
resultant was combined with the previous organic layer, which was 20washed with
water and dried over anhydrous magnesium sulfate. The insolubles were filtered, the
filtrate was concentrétedlesinded(tetiided-plessireirandiidesesyltirgytetidasiwhs
purified by-sitinaigel-cp|eap-chromatograpliyeliuent[i¢loroioeméethylasetate = 100/0 -
30/70). Thersahsent was distilled off, then dissolved in a small amount of chloroform,
and hexane was added fheseto: lobe.salidifinshythere by abtaining @03 @grofoiom, and
448-(difluprpmethyiimidazolldeal pysidin g2 yilr2-(matay Woia ) pyEimidiags Srder an ice-
25carbonitfile.t4w2 heteinaftervieered: o asdhacampapng.ié4-2)) asadightbrown
solid. . @hel2:mgh Qh thedit e £omRUBLIHWaS ARained: 3saivhitefoamymproduct
from 20 %{3@@@&%&@9&@9&% 2lang2mg.efthe.compaund. Ll acerrding to the
method Ogci]%teawrpsg:lu%cen azd unqg é&%g };@ g%t%’lg) &Ehﬁ%!&iﬂl@?&dp gal%lsgﬁ%ﬂp E%S,;%Q¥ed below.

(7D3'\|/1| ]—-dan‘? 1/ ]i so%:’dltHa(m e’O% m26 575 ?? i 9 01? SOS(C;4 (s, |
z, X X S S,
Hx1/2), s%éé" 'P% %V %p”zﬁ’e“"}“ e; c ? t c?@“’g%’ ?}ﬂ ?ﬁ%m 1§'<1/2) 7.51
(t, J= 54.6Hz, | Hx1/%) h&) ? 741’1"%‘?0 g Bl f Ié-m 511+1qf1* 1/2), 7.12
(t, = 7.3HF PSP e B 6%?&(’ A Gy B elriyey PR m 5H), 1.54-
1.49 (m, 85 6O L ORI 1G4 é‘ﬁé‘lﬁfﬂ’/ﬁ?g% k! t?é"‘ ge%‘é’e& RfPLES WO
2008/681@‘1%‘@??3?%6??6‘*?5@@&“ pressure. o FERH g RSO P T‘%ﬁﬂl SRy rid .
in-2-y OBy EHHE Pyt EiAGEA B8 IHetH) IMmerSs ot 2l Sipyid in-3-y Opy
rimidine-B<edPHEHIETE IS PRET BT " HefeiBtd as e asipdGRE B s 889ng of
the compound [1-1] #§‘dissbivedt b1y sinafetrapioretr itk ctshda 5178 C.
Thereaftet! & 88 wnfbmpfad Dyekywil rafaral.(LBTEN Heskant ergohe tierifdea s erdedsthereto. After
the 12hourstirdhgdatlhiesSahve tEtheperetard]-108=plixof picol i e Mtervias ad8ed to the
resulting whifesuspensiofd afd theisuspensmo Fived Sty redteversiigmishyiledre ating
back to reamwtemperatire.ibC:munobivaterwasaddetdoitheiredetiommixtuirapyand the
mixture wasvextraetechwrith 2610, mi iodietlhydragptatedth eupiiaincdsonganiedayetavas
washed withisaturates darne and dried puaranhydreusnagne siimrsulfatendQdihen, the
insolghlesowgr enfilteredmndiihe fltiienasconoenvatach under seguced @sessure. The
resulting fgsiduewas.purifigshbysiicagelsalumershiemaioarapiv (elirnk colrless
hexane/ethy).acgtate = 100/0 - 30/70) to obtain 212 mg of
tert-butylalS)-1-{44hyglsoxyRwidinaQmeyARbe e G RARRIG S khic,
(hereinaftgr . keferred 19,A5 8 COMBOHREL ARa 1A% 3 ARE TR GHY REARNGE

(2) 24, Mg, 9 fetheerH &&9&}9%&%@ ma&btmggt@saﬂgﬁxgqénggmrgé ma.pf the .
1500mp0u f V}[ of's daumql)f]dgbgp:gaguonatg %8'@9 Pp as [ tra&ccp wq nglytloacgt]age n;}gc'): Qi%gllgf

Exampl e[ay-e

washed with saturaied brine and dried over anhydrous sodium sulfate. The insolubles were
filtered, the filirate was concentrated under reduced pressure, and the resulting residue was purified by
preparative thin-layer chromatography, to obtain 26.3 mg of tert-butyl {(15)-1-{4-(N,N-
35  dimethylglyeyl)phenyljethyl}carbamate [1-4] (hereinafter, referred to as the compound {I-4]) as a
colorless oily product.
{53 26.3 mg of the compound [1-4] was dissolved in 1.5 mL of methanol, 16.2 mg of
sodium boronhydride was added thereto, and the mixture was stirred for 30 minutes at room temperature.
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The spectral data of the compound [5] are presented below. (DMSO-d6)
8:9.95 (d, J = 6.811z, | Hx1/2), 8.94 (d, J = 7.1Hz, 1Hx1/2), 8.88 (d, 1 = 7.8Hz, Ifix1/2),
8.75 - 8.7Q, (g kbedib b HX1/2), 8.67 (s, 1Hx1/2), 8.56 - 8.55 (in, | M}, 8,42,.8.35 (m,
1H), 7.77 - 7.67 (m, 1H), 7.56 - 7.51 (m, | H), 7.42 - 7.25 (m, 5H), 7.21 715%m 1H),
7.11 (t,1 = 20 6.8Hz, | Hx1/2), 6.68- 6.61 (m, 1Hx1/2), 6.03 - 6.00 (m, | H), 5.66- 5.65
(m, 1H), 5.19 (quint,1 = 7.1F12, 11-1x1/2), 5.02 (quint,.]= 6.8Hz, 1Hx1/2), 2.58 (s,
311x1/2) 12152:§ioB kkfidR Yyad 2db0d (had a1l delbpys3bhidfRY, s0did Hraden 6Bk, Bkind /2)
mass: 4621dn-dys e:25EXAMRLE GSyniheBIsi@fh and methanol (mixing ratio: 9/1). The organic
2-[((19)- 1A dd=hyahr@ay2-Axmme thydpHaaridiBrd anhydrous sodium sulfate. The insolubles were
yOethyl]gheaybethyRamine kdctSrmethsdimicazatisd- alpyrdiBr3yw@pyrimidine-5-carboni
tril [6)s(hetginafigfiatpiapas i ARG CaMPRIIRG[613) (A3 Gfred to as the compound

ben Zy14'[{12_ﬂ54 Tm&uﬁﬁlwm&d €§ n@%ﬂé’éﬁhmﬂ Q@&QH«%&M@ Bm?’f‘ cation.
30yfipyrimidin-2-yllagy @QL@J@!D@QW&L% Nydveihy.pinanidineskhaaaxylats [6-1]
(here'”afE‘éJarJﬁf%'é}?an%cﬂ%éQS‘s&%ﬂ@%@&i@&ﬁ&mﬂ@%@%&@ﬁ%%&%‘GQY?JJ%W solid
from Boodnslf Ve Ihae m‘PQﬂB\%AP‘? 1[5!(}|JﬂL &W‘&Qx%e and 30 mL of water and then 8.04 g of N-

Lbepzyioxyaihomit aQJwemgmxekgn%ugmmg Yoty g%dnag%%q gieo he method
disclosed, M Speccaloh,of FUioRean Lalent '&aﬂm 507 A10.padss 108 to
109), an mlmm f the compc :[s § a cor n to the lﬁ xam 5(2) 21

mg of the ¢co r&'el‘;é’nf dlssolve noawr%tg(e o) \(/iéont G rfaﬁmn ot tet ral‘glﬁ'a(@]1 rofuran
and 3 mL’ 61? fﬁﬁ’ﬁxe hel 679 5“%“5? 581 AT S8 b ok H AREHIE RSiroxide was
added th&f&td Wﬁhﬁa{ﬁ%‘i’ﬂfﬂ Pécwgla” “’é"ﬁfﬁ%’&g‘fﬁi‘?"? Wies Tﬁfrféfb%ﬂ’t ‘Hﬁ‘ﬂ‘é"r‘ﬁtﬁ?@ LSy
hyd rlfgeﬁ“ﬁf?ﬁ@gﬁﬁé’?&“?ﬁé“&‘éﬂﬁ’gf RRAERESTE thrsuytrestitss Yhdmbsittatetas
concentr&teirehterfemieb d i eense WS 68 68T oToBTTrIP 20 7id7T5224
DiethyletHet ety Hatiedmyitre rakuitiid rélkisiiea’sn &%ﬁ"ﬁ%“b‘fﬁﬁf@@ﬂ”%li&ﬁkﬁsﬂtaken by
filtration tstbbeains@idng of
2-({(15)-144-(1- hydr@xgﬂznmp’emmtﬁﬁr@www@myqarhnﬁéqufe@nm@mwﬁ?dazo[l,
2- ayridin<Bay@pyrimidinic:5dcasbbitite (Bl (hereindfediiafenod tixas the
compoundg-{2}¢0 (BlkoaixXiute effomeuofthe st peoumnd{ts2band 00 pddiot a 37%
formaldelhyde-bealttion20@:pknohmethanes solutioniconkaining tharguahgingwehloride
and 4 mg:pt sadiudcyangirhydioheimtenvas addaddanddtne mixkiuresvwasi sty ed
overnight.at roee dempRiaiure..Jo-tha-teask atuaistttervas atl aleckwatenaiine
chloseformyand the. arganic:layer, wassepar ated-iaRdihe Aqueous:layasmi e obtained
organic laygr was-washed withiasaiviated agueWissalulipn:el sodivnahydegen .
carbonatg,and;satkratedbrng indhatardar.apd dried ovat ankydieus sodiumat fate.
The insolhles weks LOfliered.and the MbAlewascANsaRERIRGLUDARE edluged
preSSUre&%@éﬁ)(l‘%ﬁh%?n\é‘é@ﬁ;&gﬂgga@mﬂl SN VESIdueAnd sasHiing SQlid was
takep, by{g‘é&%ﬂgnﬁ 12.0PiaIn; ?sa%&?% &4 the ftlélghﬁ}&’!;‘&%uﬁg LGl 38 ARl 1&g
SpeCtral daa E) g"eg Cé)bm Q(Hn egly?alm e an t 3 grcvmus ér obtai ed oxxchzed form in i /n
11-1-N MT? roform jm? e so utfn 'was ster%l_t] or 3 lhours at ro))in temperature the reacﬂon so[_u]ﬁ)éﬁ 3_2 8 55
(S’ added a saturated aqueous solution of sodium hydrogen carbonate, and the solution was extracted with

chloroform. The resulting organic layer was washed with saturated brine, and then dried over anhydrous

35 sodivm sulfate. The insolubles were filiered, the filtrate was concentrated under reduced pressure, and
then purified by preparative thin-layer chromatography (developing solvent: chioroform/methanol = 20/1),
to obtain 14.5 mg of the title compound [1] as a yellow solid.
The spectral data of the compound [1] are presented below.
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151 Hx1/5), 8.41 (s, 111x4/5), 7.45 - 6.55 (rn, 6H),6.23 -6.20 (m, 111x4/5), 5.95 - 5.90
(m, tHxI /5), 5.40 - 4.70 (m, 211), 3.00- 2.70 (m, 4H), 2.58 (s, 311), 2.30 (s, 31-0, 2.10-
1.40 (m, 714),482,6¢,1 6.8Hz, 31-0 mass: 496 (M+)7. EXAMPLIET%}%%%%%SymheSB
of 4-(8-ethylimidazof | ,2-alpyridin-3-y0-2-WIS)-1-{4-fhydroxy(1-
methylpiperidin-4-yOmethyflphenyl}ethyDaminolpyrimidine-5-carbonitriles [7]
(hereinafter, referred to as the compound [7]) and [8] (hereinafter, referred to as the
compound [8]), (heréttinergontppiind4] 74 curte, the icornpowrd (8] arerdigsiesecmers
Please seexTablsA), (B9, aanixiure.ofQ d5amgsofsmagesiun &O0Hlspkksommethane,
and 20 mi, afiRbigahydrafuran, acelalyst amewniefigdine ywasmaaderkarid themixture
was stirregfar ahow,10 minutes uelil thedrewn eolers frepndogine disappears. Thereto,
20 ml; of a tetrahydrgfuran selyfion containing 5.9 g of 4-chloro-1-methylpiperidine was
added, and heated for 2.5 hours under reflux. Thus produced white suspension was
cooled to Q¢ ,and, 10 mL of a tetrahydrofuran solution containing 2 g of the compound

[39] was added ther to (f< eqﬁ!%lg = gkll(;,)l_:z %gn@ftqgmtgg pvernlght stlrrlng under
gradua"y Qg]en Zeghyg) o |- t%[pt lrl:l% ur?? ?ﬂ L%l Igﬁq C%r (BEL) %1
ammonlu cfif?rf' W de 3 h g} and exiract yl acetate. The obtained

organlc Iéyereefnwﬁlér%egse edswetﬁovfafer & d saturated brlne in that order, and dried over
anhydrous magnesititi SUiafe ThEINSoIBIRE We r]é RSP RS e borate
concentr&teHa M HEP YU ERY BraSehre I tRE e u‘T%r?@erehéf‘ ‘dcé’“wz?l%‘“’“ﬁ AifiE8"by silica
gel coluniti et atr Py (et et rota T Stk B L T 0/5 %’f;i’lﬁ)“’ 8% btain
2279 of t&ft »ﬁaﬂ(}f]&i S)tif rfactl%vtﬂ?o\%g}@ was extracted with ethy] acetate. The resulting organic
“methy|pipErTnatyOHitEhERy Ot dH B aitiats e ieteTiaftoltienstied to as
the comptieied {7 fgjie(2% tomsgtetdrrdikisre b thartiay &o rBEuHas 7 arerfs] Was
obtainedsftigraelicdgng bttt idirichf e letridodag of e CEmMvoting 1226k atedrding to
the methbey6d Bxafriplepleg)ty B3t 2] (OS10BLILOPCTISRI0BTIOT 522458) 700
mg of thevmixtlife of the compounds [7] and [8] was resolved using Chiralcel OD-H. The
optical resolution coqulttionsiane sis-fphowsiloblim midchiraleeh@bildd DaiceGhemical
Industriesolvtat.)f dimmetesof.2 nma lengihwefbodoarmmgselbient: Thereto, 4.34 g of the
hexane/ethaneldiethyamineds: 8641.54Q.bpdlow, fate: bbbl 88 Hirred for 24 hours at the

same temperature. 25 g of sodium sulfite was added to the reaction solution, which was stirred for 30

minutes at 0°C, and then extracted with chloroform. The resulting organic layer was dried over

25 anhjrdrous sodium sulfate. The insolubles were filtered, the filtrate was concentrated under reduced
pressure, and the resulting residue was purified by silica gel column chromatography {eluent:
chloroform/methanol = 100/0 - 90/10), to obtain 4.32 g of tert-butyl{{18)-1-{4-[(15)-1,2-
dihydroxyethyllphenyl}ethyicarbamate [2-2] (hereinafier, referred to as the compound [2-2]}) as a white
solid.

30 (3) 4.32 g of the compound [2-2] was dissolved in 50 mL of pyridine, and 3.66 g of p-
toluenesulfonyl chioride was added thereto under an ice-cold condition. The reaction mixture was stirred
overnight at 0°C, water was added thereto, and then the mixture was extracted with ethyl acetate, and the
resujting organic layer was dried over anhydrous sodium suifate. The insolubles were filtered, the filtrate
was concentrated under reduced pressure, and then the obtained residue was purified by silica ggl column

35  chromatography {eluent: hexane/ethyl acetate = 50/50 - 0/1G0), to ebtain 6.52 g of (28)-2-(4-{(18)-1-
[(tert-butoxycarbonyl)aminelethyl} phenyl)-2-hydroxyethyl 4-methylbenzenesulfonate [2-3] (hereinafter,

referred to as the compound [2-3]) as a colorless amorphous.
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The obtained solution was concentrated under reduced pressure, and the residue was
dissolved in a small amount of chloroform lobe solidified with diethylether, thereby
obtaining %{;{Zzﬂ% gc9fs1Pthe title compound [7] (RI = 18.3 mlnutes) §"Mlpﬁ s lid and
230 mg of the title compound [8] (RT = 24.3 minutes) as a pale yellow soli

spectral data of the compound [7] and the compound [8] are presented below.
Compound [7] 1H-NMR (DMSO-d6) 8: 9.98 (d, J-- 6.3Hz, IHx2/5), 8.97 (d, J = 7.1Hz,
IFIx315), 8.90 (d, 15a)%.3H zf ddtdmBovtd [5311ab)¢iBoRBd (8 44 HN2659h 18 :B0s » tbix8A5), 7.42
(d, J = 6.}t dx Aogvife32 ¢ of BB uffihy Bbtite idh XBHD)of fud wad added Pimd 264 ngfodl5 (t, 1 =
7.1Hz, 1HX%248)y 1689k hiarbed@ sl 43/ Ea ot (bRt cilm didimzal dehed 1a)nifnckv - 5.05
(M, TH+ L3643 Qe ol tHebbio 3Rl Ghikre % biacilX R By P RBik ik = 7.6Hz,
2H X35), Rk A roReiR 1 M AR R) a2 D AR b bR 2o SuBENRLS), 2.02
(S, BHX3/B), T3 erk 2 L 2 X 2Bl BR A bz SN BB ki Qelhucl = 7.1HZ,
3HXx3/5), gvag %J 2{%@ éjsmca gﬂgm%ﬂ%gr{@j (&EGIJI ’50% g%%@r%'ﬂé&?/lﬁ&? g&%ﬁa{é“Qﬂ'O;(m 4H),

0.97 -0.94 (. Ix3/5).mass. 4 o (DMSO-d6)
6:9.48 ( AP e TS “g%%]; W’Q%Q }@eééms é’%l“(!’r{% ), 8.73 (s,

1Hx1/2) @aﬁeﬁﬁ g; 8.70s ” ‘tc S ). 7. 43 111z,
2511:11/2), 7.35- 7. % E‘if{; DR gﬁ' ‘}‘“ %‘ﬁ‘ M“’ﬂllfimf’t ; %6% d. 1= 8.0Hz,
| Hx1/2), ?“i@“t*f’eif’“ ‘ "’Fﬁ‘i’xaf 58! “"?ﬁ“‘ 5f/ﬁ) B SR G ‘°_“L“’ 7.1Hz,
1 Hx1/2), B BE o if "Tﬁ“?—ﬂﬁx‘f/ﬁ b%%d ‘%%a i ;"i %’H’iﬁg ek

2Hx1/2), Bae e r o1 PP - SRSy ey £ 5 B TR, <H%!1 3, 5‘%‘5"“%T°2 i
IHx1/2), ?@@’ﬁ‘hﬁﬂwﬁﬂﬁ)ﬁﬂ?*bﬁbeﬁm%Hfi?‘?fmiaf’f? rﬂfi”%"é“’(?f‘ﬁh?f%q!&%?ﬂ)"f B, 1=
7.1HZ, 31%42), 1.49 (d,1 = 7.11-1z, 31-1x1/2), 1.32 (t, J = 7.6Hz, 311x1/2), 1.28 30(l, 3
= 7.6Hz, 3Hx1/2), 1.@%-Si.gﬂ%w)-amwmB—i—%%@ﬁxm&ﬁ%@ﬂi&%whﬂﬂeé

EXAMPLES Snardht 0eSyhthidees ofveratetkiphieias S{22004i85AGdimB 31 DL[EE S)-1-
(4_[hyd ro;{iys(o]ue@@ a mixed solvent of 50 ml. of 1,4-dioxane and 5 mL of water, then 3.93 g of N-
isopropylpipesidinidi@metty lipkenyiethdeitinehd sk midines-tarb bnithites{9m
(heremaftenpaeferradiiorasitheobom poundd 3])anbeh0)y (dercinaitery refsrréddadas the
compound ik Prdrereothencampaun cfdt-antwheeonipoung: [0} akhdiastereemers.
Please sem:-kabigif) Mon 20084081 94 0P CilidRACHT AQF 522+ saturated aqueh)s E8Giemer of the
compoungddgiapsd-wasdissal veddnalbwnl-aiehlanofasrrthen hddnbiglasetiane and
728 mg of gesium.ttacatoxyborahydride. wesaddad: thereta aamthiR e uxiiineuas
stirred overaightal RQAG-Alahsiandingdecoal taitheraactionscldion wasadded a
saturated aguepiis,solution.of. sadinmysegen.camanate, And theselutipngvas
extracted with.chloraferm, fhe.obtained argapic ndaygnwasavashed.with water and
dried ovef, anfydrous MAANesitm s s .1 pgﬁy}m}y bigs were filtered, the filtrate was
Conce”trated U”der {%9“‘3?&!3@ Séuléé‘%z é}rl&jasté‘;s%o[\%y H'Elﬂni %‘91%?0%"%3&&1{ fied Hy silica

mgota mIXtU se c!?eaccgm thIl w Lda (? as ura d-gqugoﬂg Is.)cg}lﬂ{o?\ mm%oérogen usmg
ChlralceI'B_DL

carbenate, ‘and the solution was extracted with chloroform. The obtained organic layer was washed with
saturated brine, and then dried over anhydrous sodium sulfate. The insolubles were filtered and the
fittrate was concentrated under reduced pressure, to obtain an oxidized form of the compound [2-6]. Ina

35  separate flask, the compound {2-5] was dissolved in 20 mL of chloroform, and 10 mL of trifluoroacetic
acid was added thereto under an ice-cold condition. The reaction solution was stirred for 1 hour at room
temperature. The reaction solution was concentrated under reduced pressure, the resulting residue was
dissolved in 20 mL of ietrahydrofuran, and a solution prepared by mixing 25 mL of triethylamine and the
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The optical resolution conditions are as follows. 10column: Chiralcel OD-H (Daicel
Chemical Industries Ltd.), diameter of 20 mm, length of 250 mm, eluent;
hexane/etl%@gglolgqlgggglamlne 85/15/0.1; flow rate: 15 mL/min. Theuo:%tea,]}n%j solution
was concentrated under reduced pressure, and the residue was 1 giRdoNed in a
small amount of chloroforrn to be solidified with diethylether, thereby obtaining 175 mg
of the title compound [9] (RT = 17 minutes) as a pale yellow amorphous and 390 mg of
the title cempeungddhe] fRika21 Minuies ) asdbaray: sakdidhe spaettaldataseitie
compoung:[Hcane:the epmpornd §L0lare prase rtecibe lovu-Campaune @ 20'H-NMR
(DMSO-069:3:9:38 il caloo:Bs IAZ i1 HEodded) . 88abela Lt € Hitds U/ )bnB:80m 888 (M,
11-), 8.73uBudbl ¥l Bid-3/(, AEDSHIR) Bodf (Se X ba 8i 1 dS, shd mbX Lhdba b2 (d, 1=
6.8Hz 111xk/ak sfaidm e {0 in@dRidRR L brefs; 80 finfur Qal M tihel hefeadcz 7. 1HZ, |
Hx1/2), 6;%95&% il Hslfin M@)ua? bl Okl 3 Jcém,cﬂﬂlslg%%é Qefuint, 1=7.1Hz,

1Hx1/2), 50320 (M -Lboh 96n% i Sk {9 ok het BN élm]ﬁz% ]p%;e(maoUé&iJa/ 2), 3.02
(2q518 24}[8 gc'#%eco oun% 2 g.'hs S, engc;ﬂ 502 1}(e /2 Zszz n%i., a 1a|E|b+l|:|XI/2|;|X%/§;(d
J= 73Hz { °‘ 5 Bt’z?iw 2 €§ “; ‘]‘f’ m?ﬂi géé‘é"“”‘ﬂgzr‘ RI LS5t J = 7.6Hz,
3Hx1/2), ‘°f“’2 ’ﬁt “ réﬁ sz’fz ‘hg‘ 7.6 W”iﬁf‘g 0" DR (D B0 - 0.83
(m, 61-1) THags +‘15Q“°8‘m’ o] ORI fﬁiﬁﬁgﬁfﬁé‘) ?‘Q"Q’éje(rd

6.8Hz, 1#9(“&2@%5@‘6&(60” =n BP9 gi’ﬁ’&dffé‘}k’ B%T“‘ %tﬁé‘thﬁ‘”ﬁﬁ‘—’fj"dé”zﬁ"ig"%ﬁ?%ﬁ?l (s,
1Hx1/2), B'6F(E" ¥k1/2), 7.43 (d,1 = 7.8Hz, | Hx1/2), 7.35 - 7.33 (m, 2H+1Hx1/2),
7.25-7.20 (m, 2H), ?‘*fsptf"f‘dﬁ'e‘éﬁr‘z“’i%?ﬂ?}a@@?*(?e@%‘%’Hz IHx1/2), 5.26 - 5.22 (m,
1Hx172), 5.09 - 5.06 {AMEEBMTOY-504% @ bt 1y D210 ¢ A 553HE 1YL/ 3. 6944, .1=
7.311z, 28XE1®) B98N #2217 B, T LR b, VA 23674 1ith 3T HR 1122, 87(2.63 (m, |
H), 2.55 1D<0B. (N2 {BISCLYRYL L. DS - 738D, 6E)(Pi? GH: TL1B2 (12 701443 =3H¥k41/2), 1.50 (d,
1= 7.3HZBHR192Y, (2. 35, 7296 {1 3Ha) | H 3D, ft] 7. 6 HEHZBHX VR )-8 08 1) 3477 Bz,
3HxX1/2), (b, B8, 190328 (BHY), 0Bt 13HAIBM2).BHXE/2), GBS 3tk 2)— 616114 2684 1/2)
Masst 524 ¢NE1)30 (WEV 20084082910RCTKIPR007(075224 EXAMPLE 11

mass: 484 (M+1)". -

EXAMPLE 3

Synthesis of 2-f((18)-1- {4-[(1R)-2-(tert-buty lamino)-1-

25  hydroxyethyllphenyl}ethyl)amino]-4-(8-ethylimidazof 1,2-apyridin-3-y)pyrimidine-5-carbonitrile [3]
(hereinafter, referred to as the compound [3])

(1) 2.5 g of tert-buty}{(18)- 1-{4-[( 1 R)-2-(tert-butylamino)-1-
hydroxyethyllphenyl}ethyljcarbamate {3-1] (hereinafter, referred to as the compound [3-11) was obtained
as a white solid from 4.14 g of the compound {2-1] and 24 g of AD-mix-§ {available from Aldrich

30 Corporation} according to the methods of Example 2-(2) to (5).

(2) 1.17 g of hydrochioride salt of the compound [3] was obtained as a pale yellow foamy
product from 1.5 g of the compound [2-6] and 1.56 g of the compound {3-1] according to the method of
Exampte 2-(7).

The spectral data of the compound [3] are presented below.

35 "H-NMR (DMSO-dg) 6: 9.98 (4, J = 6.8Hz, 1Hx1/2), 9.04 (d, 1 =8.3Hz, 1H), 9.01 (&, ] =
8.3Hz, 1Hx1/2), 8.97 - 8.92 (m, 1H), 8.76 (s, 1Hx1/2), 8.76 (s, IHx1/2), 8.71 (s, 1Hx1/2), 749 (d, J=
6.3Hz, 1Hx1/2}, 7.44 - 7.37 (m, 5H), 7.21 {t, ] = 7.3Hz, 1Hx1/2), 7.08 (1, § = 7.3Hz, 1Hx1/2), 6.11 (brs,
1Hx1/2), 5.27 - 5.20 {m, 1Hx1/2), 5.17 - 5.10 (m, 1Hx1/2), 4.89 - 4.85 (m, 1H), 3.05 - 2.95 (m,
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Synthesis of
4-(6-bromo-8-ethylimidazoll,2-a]pyridin-3-yl)-2-[((15)-1-[4-[hydroxy(lisopropylpiperidin-4
-yI)methy%ﬁ A% %/I)amlno]pyrlmldlne -5-carbonitrile [11] (herg&n;\fte é{eif%rred 5to
as the compoun (1) To a solution prepared by dlssoTw
3-ethylpyridine-2-amine (synthesized according to the method dlsclosed in International
Publication W02006/025567 page 142) in a mixed solvent of 12 mL of 1,4-dioxane and
4 nil, of waten,568 mg- ekiNmbremaguseiniaide awas addsd@l B 1 and theumixture, was
stirred forgkHours at the same temperature. Water was added to the reaction
10solution, which was.exiacied-with ethyl acetate. The organic layer thus obtained was
washed with water and saturated brine in that order, and dried over anhydrous sodium
sulfatg. Thergafier, the insolubles were filtered and the filtrate was concentrated under

reduced pressure. TQ%&??E%P}%H 5§§|@L{%I¥y@%@wd ed. p&; §|I|ca gel column
Chromatq% rcP h% &erﬁy et yq ammo ~(¥1£grg;[nae¥}%i i %§ /Zﬁ)z Qﬁ%af;r}(l%?ém%}lge gf 5-

bromo-3- et (}{H - er}en c}il erelna eterred to as the compound [11-1]).
15(2)530 g - romo I - ethylthio)pyrimidine-
5-carbonitrile 111- 2 7e1r5(¥:' %r ‘Yr'i’?élr?a"ml dto gp d\{n 9#1}9 m) vaéas %btalned
from' 88“ar§nbtfﬂﬁ*feé hmma‘ ertf Ti Sl ?\‘mfié thl%W mﬁ”ﬁ E’)?a SEAEG
o R 3 o e Ll 0
REFERENCE D Riinase St 8r29 shidrtetidhydrofuran and 10 mL of
2-propanol, 750 mg 8t 3 6reRtdst! ?@W“Z@%"ﬁéﬁ*fﬁ&fhﬁfi%S?Wﬁ‘ﬁldéew&é“éﬁﬂed and
the mixtubEGveg strradeainer iy ReToor tatriprsfurndetiderPy aretjien ZtHesphere.

The thtalysiipae fifefetimiaygimratte, Al fe Hrrecnasresieaitatedidhter reduced
pressure Mecdiotad!: 3reyo fdetertyapfifsjtited Ao PR a ey (ipemdi-oL of a saturated
yOmethyijptrerspiieith pl rodiydrriaten 2@} ¢her edtrd fterie fBiredts aythie tomysound
[11-30. Theoempound. -8} swasutised e thmaulidbquent rdastidnhivithoutfurther -
purificatiermab{4)ided 4:@: oft feThdutH{{h e -<ba{duthytinaxpibisoprepid pipe nlih ws
yOmethytjphenyiliethyDenrkamatetlirbd haeseinaiter, wéieneditoas thewonpound
[11-4)) was ehtained frem-dudgpeistheaon poungd flil-3}andiik mkinf acelane
accordinguienthe methachoikxample, {3k Ghdd- mgof thadile: cerapound:[hd] was
obtained As.A¥ellow-ARARNeLHRRM, 12 BeRTibaeenpaBd.[bilitands3 mg of the
compoungilhi2l Beceifingdohermeihad.abExamale i-L (80T Re shaslal data of the
ComEQU%ﬁLuaﬂ{ﬁMﬁmﬁﬁ Q&L@‘é\é ‘10 as the compot&ﬁw\dﬁég@g@uﬁ s%l§9 (S 1H X5/6) 9.74
(s, 1Hx1/6), 8.93 (s, k CRH%Q (iR (SapbblX %%a;éﬁe(ﬁasll;l%é@m?ploﬁu@fr&t%ﬁl ) 7.41
-7.27 (M, pkD, £.76.4d, 3 58,0442 htdxal 9&% &n@l#&ho%w&é%eﬁ

1Hx1/6), 5.27 (quint, 1= 751 szogmecompgﬁng aHz, 1149, 3.10 (q, J 75Hz

H

2k, 298 272 (molffy 2 1 152 (0, B, L9 4, 305 , 3H), 1 8%,1.50 (M. 1H)
L3 1 350,25 00 20l 'l Feyiie ek %i 15 He 58 mess a0z, 604

M+
( 8.63 (s, 1Hx1/2), 7.86 (d, J = 7.3Hz, 1Hx1/2),1.78 {d,}=73Hz, 1H><1/2) 7.51 &, J = 54.6Hz, 1Hx1/2),

7.45 (¢, J = 54.1Hz, 1Hx1/2), 7.37 - 7.25 (m, SH+1Hx1/2), 7.12 (1, I = 7.3Hz, 1Hx1/2), 530 - 5.04 {m,
2H), 4.51 - 4.45 (m, 1H), 2.60 - 2.51 {m, 2H), 1.54 - 1.49 (m, 3H), 1.06 (s, 9Hx1/2}, 0.4 (s, SHx1/2).
mass: 506 (M+1)".
35
EXAMPLE 5
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WO 2008/081910PCTOP2007/075224 Synthesis of
4-(8-cyclopropylimidazo[1,2-a]pyridin-3-y1)-2-[((1 5)-1-{4-[hydroxy(l -

methylpiperidi ethyl]pheny 1) ethyDaminolpyrimidine-5-carbonitrile [12
(herelnaf’[:‘?I gkgfgé%én%o as the compound [l 2]) (1) 750 %“gz?)ﬂfm 3214
4-(8-cyclopropylimidazo[1,2-a]pyridin-3-y1)-2-(methylthio)pyrimidine-5- 5 carbonitrile
[12-1] (hereinafter, referred to as the compound [12-1]) was obtained as an orange
solid from 390 mg ofsgnayaleprapyipyridine-2-aynime (Synthasizad agoandig-te the
method disglasedinIntgyRaticnabiRulication Mo QGiO2556 f.page 14R2)-assanding to
the metheg,of Example | -(6). (2) 66 mg of the title compound [12] was
obtained as a yellow, saligh. 5o 100 Mgsof the.composn dol A2 o L-amelbAD.mg of the
compoungd L] accordingdo the.methed.of Bxample ;Ls&&)n)l\& HeSResal dai of the
Compoung)t[g's%]'r% %@W%ﬁﬂ@%gegﬁ QW L of p:co]ma]'d'&n a@@%%)regjgréﬁﬂ(ge’ .1=8.0Hz,
I H X1/3) s§=; 781'2135101'! a171<§ i‘.h rgus]é!]_gi)é%/w sgrr m@m%ﬁlt M%’é t: g%k §ro%!;|?é%/ %Mé‘lﬁ)

11- 1X2/3)W g Si’oznﬂgure A t extr t ’w1th2 m %’G%F 3) 6 87 (d’
J =8.0Hz, THx? S'

le OHz, IHX
75t 10 %ﬁ‘bdigf*c s Syl il e S0 %%“3‘5 HR0 o
211105 5y P e et zaffg” g i sf 31 mé“
31-1x2/3 6= PR %‘F‘ﬁ 5l %“‘“f%ﬁ‘r‘%%%fﬁ he g pgefilg asgaig 5 | 1.06
(d,.1 = 7. 51955 Py IG5y 4 i‘HhYﬁT"i PHdeE: Yﬁﬁ%“(n\l‘i’hinyl})’mﬁﬁﬁwﬂlﬁé}ls and
14 ZOSyﬁﬂﬁfé*g?%F‘zf‘*fsdéftFNh?ﬁ‘i’ala%[iPz‘l RSN R 9PHE5)- 1-(4-{hydroxy[(3R)- I-
methylpiperidin-3- yl]ﬁféﬁﬂﬂ}‘ﬁﬁ‘éﬁﬂﬁ)‘éﬂ?ﬁl’]ﬂ A6} PYARRTd ey PO it e
(herémafterrrefeiretis A8 e SrRpBahtd- fi%f)”&ﬁé“’ the method of Example 1-(7).
4-(8-ethylimidazo[1, 2 ajpyitl ety compgyed L EmyRhesd[i8s)-1-
methylpiperidin-3-yljEtRATHRedy SRy fat nintpyHimidi s 845idar bt it 7143 88 (6,
(hereinafier] sefetretABAS-the conipouride] B4]) ((hébd 2bheseofp Guhid-[123]8dAdstife
compoungeh| ] are- diste rebmers. Rlease)see 25T ahleHby 21 - 7.15 (m, (1) 11.8 §of
benzyl 3-K4:E. (1151 (e s uto X e aeh 6 ay ORMnO]BIPAS - 5.65 (m, 1H), 5.19 (quint, I =7.1Hz,
Ypheny! X ydroxydmethylpiparidine:tycarheeylate [1 3 ] (harsinafter s refercestto/as the
compoungkfi3-+H) was:spbtajned as a mixture of four isomers, from 15 g of benzyl(3R)-
3-formylpiperidine- | agarbexylate (synthesized according to the method disclosed in
International 30Publication W002/46157) and 16.6 g of the compound [I-1] according to
the methed QfdExample 5-(1). (2)6.81 g of

benzyl.3-[[4415)-1- %&éé@@@zﬁz(% ety imidazoll.2:alRwHsin-3- yOpyrimidin-2-y
llaminolefhynp n;x EWQ&%YM?.I@%LTIME&@H‘ﬁp}rﬁﬁ\@%x@&@%&&hﬁ[&maﬂer
referred Egeg% the e compoungd obtained fro 56 g of the compound [2-6]

and 11.8g of the co undf[]13 Jml gci E% ctgne;) g@trgghd IQJM%O?JM 7). 35(3) 5 ¢
am1r;_c§£ 2' xyet

of 4- £§ Iz |I1['I'IIC|,8. 0 fogl [rxey g&ltpg [;]I'(El figr
yOmethﬂ anyiietn r|r¥1 Sﬁ ‘1 s 0 t ined 1ro 6 8lg
of the comé%euﬁ q\; Xﬁwatso ﬁme “ﬂ%’oa 0ng m ié E‘cm %ﬁ’ﬁ d
compoung 134 hb%ngxgar%’?i’ RS %B’r%mrénwg m acc?OBd’ te“qjee column
chromatSU Sy ETBEAIGHIBH AT HAIAr 5. 036110 s 10810169, ane T o

the compound [1-6] according to the method of Example 5.

35 {2} 21 mg of the compound {6-1] was dissolved in a mixed solvent of 3 mL of
tetrahydrofuran and 3 mL of methanol, then 20 mg of a carbon catalyst of 20% palladium hydroxide was
added thereto, and the mixture was stirred for 2 hours at room temperature under hydrogen atmosphere,
The catalyst was filtered through celite, and the filirate was concentrated under reduced pressure.
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WO 2008/081910PCT1JP20071075224 = 10010- 90/10), thereby obtaining 221 g of a
low polarity compound (compound that eluted first under the above condition) [13-3a]
(hereinaftey, Jeferred;to as the compound [13-3a]) and 1.88 g of le% ola7r|2t
compound (compound that eluted afterwards under the above con i§
(hereinafter, referred to as the compound [13-3b]) each as a mixture of two |somers.
Here, the compound [13-3a] is a Smixture of precursors of the compounds [13] and
[14], respeetiviely; anddthercompaunpdefa:3duns gombxtiuneiohpeeeltsansiaf sompounds
[15] and [46] describaddater respeciively-(4)bBohg eha mixmeafthaditieopompounds
[13] and [d4}was optaied-framiil g ofthacompesiac kL 3x=3ahaceoedipg to the
method of Example 6(R)s Fhg-DubduteMasraselvRbusing.Chialpack A48T he
optical respliioncenditions.pis.as follows. column: Shiralpack.AR.LRaicel Chemical
IndUStrle%)Jmtgr}xy%%%%ﬁéQ MEWM s@m@@&&%@ Qtlxlévgxgtem erature. To the
hexane/2:prapanQlidiginviaming 5,906/ Lndlaveiaie: 400, k) argpa %?&@%&Qggmed
solution was canGenira greggn%mg rIgdueed pressure, 20e tbs%lgteo% SR Lzeoled I 2
a

Smﬁ” anlmqsnt IeIe C{bl Q‘mgqnt%%tsod'd'f'ﬁg ith daﬁ}hdY ﬁ GEED g'n% h o%ln w%%Z fn:r?
f[)';t ?tht % onc.entrate m Q’li‘je ugg arsesg' W ngﬁ' & W“sfea?s Sz!t déa% (r; élie dea%rtr}n 0 €
ite Compoun sultm sohdrr\yarflsltj &S a azgn {0 ¢ 0 p r;
compouna § a e compoun ArESraLgntsd CEEEIA T3]

1H-NMR M’ -d6 8: 9. 98 (d J = 6.8Hz, 1Hx1/3), 8. 96 (d 1 6.8Hz, IH x2/3), 8.89 -
8.86 (m, 1H), 8.73 (5.1 B8, %f“iﬁ%?{i%“)’d%f ESTRRSPH7 41 -7.16 (m, SH+1HX1/3),
6.89 (t, 1= 7.1Hz, | HXHYH) DS & BBt /2H, 14360 A6 oiiff+ BhsB1S. 586, 3.02 -
2.93(n, 2/, B Gl ePn" a4y, Q"&‘L P28t T HR1Y3) 523172088 114x 2/3),
1.80 - 1.407(H; BB, 320 it "81) DB <5 3D 6 (v 444 Yo, o3 Ghihd i 31
tH-NMR (DMSO-doy8=9%@1in) 1Hx2/5), 8:98 - 8.60 (n, 3H+1Hx3/5), 7.60 - 6.85 (n,
6H), 5.18 - 5.05 (m, 2H), 4.30 - 4.20 (m, 114), 3.34 (s, 3H), 3.20 - 2.80 (m, 214), 2.70 -
2.50 (in, FRMVZLS 7 45 (M, 1014), 1.40- 1.20 (in, 314) 30mass: 496 (M+I)*.
EXAMPLES 15 andsiB8hesis of 4-(8-@'yﬁltﬁr@818,Z)ﬁipyﬁdiﬂJ-YD-Z-f(( 15)-1-{4-{hydroxy(1-
4-(8-ethyhimidiazofi; 2-ajpyridinedyd)y B iy ribidhd 1y ehowny| (S R) tlereinatter, referred to
methylpipefidiandna mpthy i herpledyiaea inetpy csnidine )y caranitiipohdfr and
(hereinafterorgtoried 4@ diastereomers. Please see Table 4)
{1) To a mixture of 975 myg of magnesium, 100 pL. of bromoethane, and 20 mL of
25  tetrahydrofiran, a catalyst amount of iodine was added, and the mixture was stirred for about 10 minutes
unti] the brown color from iodine disappears. Thereto, 20 mL of a tetrahydrofuran solution containing
5.9 g of 4-chloro-1-methylpiperidine was added, and heated for 2.5 hours under reflux. Thus produced
white suspension was cooled to 0°C, and 10 ml of a tetrahydrofuran solution containing 2 g of the
compound {39] was added thereto (See REFERENCE 1). After the overnight stirring under gradually
30  heating back to room temperature, a saturated aqueous solution of ammonium chioride was added thereio,
and extracied with ethyl acetate. The obtained organic layer was washed with water and saturated brine
in that order, and dried over anhydrous magnesium sulfate. The insolubles were filtered, the filtrate was
concentrated under reduced pressure, and the resulting residue was purified by silica gel column
chromatography {eluent: chloroform/methanol = 100/0 - 90/10), to obtain 2.27 g of tert-butyl((18}-1-{4~
35  [hydroxy(l-methylpiperidin-4-yDmethyllphenyl}ethyljcarbamate [7-1] (hereinafter, referred to as the
compound [7-11).
(2) 1.2 g of 2 mixture of the title compounds [7] and [8] was cbtained from 1.42 g of the ‘
compound {7-1] and 1 g of the compound [2-6] according to the method of Example 1-(7).
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35as the compound [15]) and
4-(8-ethylimidazo[1,2-a]pyridin-3-y1)-2-([(1S)-1-(4-thydroxy[(3S)-1-

methylpiperidi ethyl 1 phenyflethyllamino} pyrimid ine-5-carbon itrile [1
(herelnaﬂﬁgégfﬁﬂo as the compound [16]) (here, the compounc{J[Pfg TBh¢ the
compound [16] are diastereomers. Please see Table 5) WO
2008/081919PCT/JP2007/075224 921 mg of a mixture of the title compounds [15] and
[16] was obtained franw@ke Bag<aithe: enna peunadl3r ik kaccerding danthmimethod of
Example 6e(8). The mixture was resolved using Chiralcel OD-1-1. The optical resolution
conditions are as follgwsiacelume: Ghitalset QRnEIDaicel Chemical Industries Ltd.),
diameter of 20 mm, lengihRi 2S0mMMiRINERk-Rexane/hano B WIS R of

85/15/0.1;-flgw.rate: 20 mL/min. The obtained solution was concentrated under reduced

pressure, and the reé&%%é%%éaﬁa%%%%@'ﬁﬁgemg@/{%@‘?'| amount of chloroform to be
solidified with diethylgther, thereby obtaining 510 mg of the title compound [15] (RT =

16.8 minutes) as a pﬁle eHI]I‘B W S t?(!!‘adwgsncdnzeggate frEQ uctéﬁle compo ;%J \QRT =23.1
minutes) asa €)(/iellow é% h§£efctra imnﬁ om(gound
[16] are presgnteﬁsﬁm ° m oun ’;ﬁj& - “'—"Il\ll"l\/i S - éﬂliﬁg fg

6.8H7, 111975m8°8Y BT3RS Bo7 B E A %“€§ ), 8.73 (s,

| Hx2/5), 6%’ ’(g‘“ﬁ)ﬁxéﬁye‘?ﬁé" 4 15 (m, 511+ | H x2/5), 6 90 (t=7.1Hz, 1Hx3/5), 5.25
- 5.05 (M, 2H), 4.22 DAB0VE4 pfyherospad Bilpndsng epmesiad B grsepieddbeing. 2 50 (m,
11-1), 2. 15%’%&3’%1 1011), 1.39- 1.22 (m, 3H) mass: 496 (M+IIl. 20Compound [16]

' IH-NMR (DMSO-c I6)8R656 o Pt 3051 5.8 B phoBe-1371 1A k585 . 40% 6.80
(m, 61-1) 5720= B0 3k, ‘DL AYOASIE 2000, ) BBEH(ET 815 BUD 1.5 203,
21-1), 2. TO-2HADGR); BH),T£U0.2DI0{fh; 5 TaRiHSYSUOE (MF 1IHDEHBRAMPLES 17
and 18 (quint, J=7.1Hz, 1Hx2/5), 5.17 - 5.05 (m, 1H+1Hx3/5), 4.20 - 4.13 (m, 1H), 3.02 (q, J = 7.6Hz, 2Hx2/5),

2.96 (g, = 7.6Hz, 2Hx3/5), 2.74 - 2.63 (m, TH+1Hx2/3), 2.50 - 2.48 (m, 1Hx3/3), 2.06 (s, 3H=2/35), 2.02
(s, 3Hx3/5), 1.73 - 1.62 {m, ZH+1Hx2/5), 1.52 (d, J = 7.1Hz, 3Hx2/5), 1.49 (d, ] = 7.1 Mz, 3Hx3/5), 1.32
20 (i, J=T7.6Hz, 3Hx2/5), 1.28 {t, J = 7.6Hz, 3Hx3/5}, 1.22 - 1.04 (m, 4H), 0.97 - (.94 (m, [Hx3/5)
mass: 496 (M-+1)". : ,
Compound {8}
TH-NMR (DMSO-dg) 8: 9.98 (d, ] = 6.1Hz, 1Hx1/2), 8.97 (d, J = 7.1Hz, 1Hx1/2), 8.90 -
8.89 (m, 1H), 8.73 (s, 1Hx1/2), 8.73 (s, 1Hx1/2), 8.70 (s, 1Hx1/2), 8.60 (s, 1Hx1/2), 7.43 (d, } = 6.1Hz,
25 1Hx1/2),7.35-7.33 (m, 2H+1Hx1/2), 7.25 (d, J = 8.3Hz, 1Hx1/2), 7.22 (d, } = 8.0Hz, 1Hx1/2), 7.15 (. T -
= 7.1Hz, 1Hx1/2), 6.92 (1, ] = 7.1Hz, 1Hx1/2), 5.24 (quint, } = 7.1Hz, 1Hx1/2), 5.08 - 5.05 (m,
TH+1H=1/2}, 4.20 - 4.16 (m, 1H), 3.01 (g, J= 7.6Hz, 2Hx1/2), 2.96 (q, I = 7.6Hz, 2Hx1/2), 2.74 - 2.64
{m, 1H+1Hx1/2), 2.55 - 2.51 {m, 1Hx1/2), 2.06 (s, 3Hx1/2), 2.02 (5, 3Hx1/2), 1.72 - 1.53 (m,
2HA+THx1/2), 1.52 (d, J="7.1Hz, 3Hx1/2}, 1.49 (d, §=7.1Hz, 3Hx=1/2), 1.32 (1, } = T.6Hz, 3Hx=1/2), 1.28
30 (1, ]="7.6Hz 3H=x1/2), 1.22 - 1.11 (m, 4H), 1.03 - 1.00 (m, leIIZ)
mass: 496 (M-+1Y".

EXAMPLES 9 and 10 .
Synthesis of 4-(3-ethylimidazof1,2-ajpyridin.3-y1}2-[((1 5} 1- {4-[hydroxy(1-
35  isopropylpiperidin-4-ylymethyllphenyl}ethyDamino]pyrimidine-5-carbonitriles [9] (bereinafter, referred
to as the compound [91) and [10] (hereinafter, refermed to as the compound [ 10} (here, the compound [9}

and the compound [10] are diastereomers. Please see Table 5)
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Synthesis of 2-1[( | S)-1-(4-{hydroxy[(2S)-1-methylpyrrolidin-2- yethyl) pheny Bethy nam
ino}-4-(8-methy 1 imidaw][ | ,2-a]pyrid in-3-y Opyrimid ine-5-carbonitri les [171

(hereinafter, refer o0 as the compound [17]) and [18] (hereinafter, referred to as the
compoung\%?gj%&é@%ére, the compound [17] and the compound 1drare e
diastereomers. Please see Table 6) (1) 95 mg of benzyK2S)-2-[(4-1(1S)-
I-Rtertbutoxycarbonyltaminolethyl}phenyl)(hydroxy)methyl]pyrrolidine-1-carboxylate
[17-1] (hereinafter, refemschietas thepeampoinek fséoljanas abtameabronm46.4 mg of
benzyl(28»2dermylpmeaiichnrr- tncarbaxnlate (synthesized accardingriodhamethod
disclosedsiaRBiRar gt egteGhem: 12003 bk 3133164 35 ansk DOAmg ithesaompound
[I-1] according i the methodof FEXaramleoro) extacred with 49880 btained organic
benzy)(2$):2+4145(h 2 JellGrs vanerd «B- metlimigazall 2l PyH iy QRimLg in-2-y
llam 'T‘O)%DXRQLPQQQ%&(H%&Q& [R3Y MR LINLIPY-ErRL 1 iRgs LCRrPOXYIake bl iRl eor
(hereinaftgr, . WQ,2008/Q8110RG I QRAMAAL8ad. Biered 19, 95 Hie.LqmpounRd
[17-21) was, obtained.rom. 93 M g1 16 Co.noung [14;H.and 48 mg of the compound
[1-6] according to th(?h@%(ﬁt(pg%sg{jn%@@%gﬁl&gg.folﬁwjl 3) 10 mg of 2-([(15)- |
-(4-1hydroxy[(2S)-pyrrolidin-2- }% amino}-
Py s L e T T

e}

_ yrimidine-5-carbonitri ereinafter,
referred to as the 5compound 117-3 g_was obtained from 30 mg of the compound [l 7-2]
according to the mef6H SFERSIRRIE BT = #130114) 7 mg of the compound [17-3]
was dissolved in 1 miL"gF RSN, then 4 mg of 37% formaldehyde solution and 10
mg of sodium triacetBRyBBF6H U HeTE AERE A e et At R R tGFE S stirred for
2.5 hdurs'arrsbime eEiperatir e rotReealigichmtiieh e atady Aidutarata dqueous
10 solutidk Hiesermmen HydrbyEhmeaisoti areleari traerpitt e 17a sesttpadtie ermnenpd
chloroforrtf e dbmiredsorganietayer was washed with saturated brine and dried over
anhydrous sodium sthfarest¥ desaipfs cvtessnd/ Bitenfie rotpding fitfraterwasdoiteentrated
under reducedigri@ssure, and the resulting residue was purified by preparative thin-layer
chromatography (deVietogingrsshdernt 2 ehtarofeminigtvaneds<20/1)| Ho esolvesthe
compourek$ln]and.the, compoand {18k vehich arerciasteromersi Acearding tathe above
purificatian-lGgonsition (3 g Bf thetite Tomp orndi i, whialis axlaw qolarity 7.1Hz,
compoungi<angs2agielithesiite composneg.it 3l whichhs 1ahigh -pelaritygompound,
were obtainesl, bethas. & whitesselidi A hespectraidataotihecomposncfiiband
compounth{18kae piesentsd belovs & ampeynes[LiEs tH: NMR{(GH CA3) 6; %63 (d, J
=114x1/5); 8194451 HLIS) 189 st Hxe (@) -2087 §{d ) 756.33d g, hifXddBy, 857 (S,

1/5), 8.53 (s L) A 13=7-di%, (0 91). R -6hr . 68) (Mo 160 8 A BS540 (L l5k¥H/5),
5.88 - 5.80 (M, 'Uzi/5), 5,36,5525 (M, 1H+Iix1/5), 5.15 - 5.11 (m, | Hx4/5), 4.94 (s, 1H),

2.65 - 2.40 (m, 3H), 2.69 (s, | HX3/5), 2.64 (s, 2H+1H x2/5), 2.15 - 1.70(m, 614), 2.53 (s,

31'130 1.82- ploﬂ §4 (m‘Hm (Em?gb(% s5of tg%=06§-924?fm%589%%§ JLMI.J’[H; [Hx1/2), 8.91 -

8.88 (m, TH), 8.73 (s, 1H), 8.71 (s, 1Hx1/2), 8.60 (5, 1Hx1/2), 7.43 (d, ] = 7.8Hz, 1Hx1/2), 735 - 7.33 (m,
2H+1H»1/2), 7.25 - 7.20 {m, 2H), 7.15 (¢, J = 6.8Hz, 1Hx1/2}, 6.92 (1, ] = 6.8Hz, 1Hx1/2), 5.26 - 5.22 (m,
IHx1/2), 5.09 - 5.06 {m, 1Hx1/2), 5.04 - 5,00 {m, 1H), 4.21 - 4.16 (m, 1H), 3.02 (g, § = 7.3Hz, 2Hx1/2),
2.96 (g, 3 = 7.3Hz, 2Hx1/2), 2.74 - 2.71 (m, 1Hx1/2), 2.67 - 2.63 (m, 1H), 2.55 - 2.48 (m, 1Hx1/2), 1.98 -
35 1.65(m, 3H), 1.52(d, J = 7.1Hz, 3Hx1/2), 1.50 (d, ] = 7.3Hz, 3Hx1/2), 1.35 - 1.26 (m, 1H), 1.32 (¢, J =
7.6Hz, 3Hx1/2), 1.28 (t, J=7.6Hz, 3Hx1/2), 1.14 - 1.03 {m, 3H), 0.88 {d, J = 6.3Hz, 6Hx1/2), 0.85(d, }
= 6.6Hz, 6Hx1/2)
mass: 524 (M+1)".
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25Compound [18] '11-NMR (CDCI3) 5: 9.64 - 9.63 (m, 1Hx 1/5), 8.94 - 8.88
(m, | FH-11-1x4/5), 8.53 (s, 1Hx1/5), 8.52 (s, 1Hx4/5), 7.43- 7.16(m, 5H), 6.66 - 6.62
(m, 114), 6Q6.83.(, 1Hx4/5), 5.83 - 5.82 (m, 1Hx1/5), 5.18 - 31300} L XA/5), 4.55
- 4.54 (m, |1 H), 3.40- 3.20(m, | H), 2.69 (s, | H x3/5), 2.65(s, 21-1+1Hx2/5), 2.57 - 2.45
(in, 6H), 2.38 (s, 31-1), 1.96- 1.55 On, 4140, 1.63 (d, 3 = 7.2Hz, 31-1) 30mass: 468 (M+
EXAMPLES 19 and 20 Synthesis of 4-(8-ethylimidazo[ 1 ,2-a]py ridin-3-y0-2-{
[(15)-1-(4- (hy droxy[(2R)-1- m ethy | py rro 1 i dethy | } phenyDethy I]Jarn in o} pyrim id
ine-5-carlpanimias {19] (hereinafter, referred 35to as the compound [19]) and [20]
(hereinafter, referred:ianas the composias f200-(hergpthencompauodi [ andythe
compoung.b2iaredinsioreampis, PIense:sas hable S)armonirit [11{1)e30h Mg atdhe
compeoung [4id LreeREFERENCE 3) was dissolved in a mixed solvent of 6 mL of
tetrahydrofuran and & ml, QfRethanal +ihen 0086088 GABeRicIaNMA @hdl%a
palladium,; 60.; WO.2A08/081910RCHIRRAANATS e Abidiaxide was added.thereto,
and the mixure-Wag SErTe.1al 2.2 AQUESAL, QO JSRBLIAIME HRHSL DYHLOaSH,
atmosphetg ) IgGelaly ?t e f%eﬁgsdmtmaung'@e&g g Erg.ios f"sd@eayvg%egqncentrated

“”dehr red%,#c Lﬁ %“rg 72 eg ylung resiqy e%r‘é"a%% issel EE% 1805 ?)ed thh water
tetra ydro uran b ne mt at orde ?Orn&aél ran¥ & SO ﬁta.lz%n ate éerea %8& oulbgn

trlacetoxfﬂoro Cﬁ‘l e Wetgg %idiﬂih?f@?m grﬁa uce mSIX ure 5vgasnes re[sl‘,‘;el(j:fv%s % hours at
room tem era urem'iloethe r%actlon SO (Sjua safura (% UEOU?SOTEU'[IOH of

sodium h dsf f °8£?f5’o°ﬁr§‘i”émﬁﬁa§h§6‘7mf“5rff "i‘\)‘vaé’f”’éf eé%%’fraa‘”'?:t ETW ﬁﬁs)amn%ma‘é’& 4616&TE of
chlorofor oﬂﬁ%"‘i‘ﬁ’é‘fﬁﬁlﬁ’fﬂz(?ﬁ&‘iﬁ 1A= 671y SRErtHe S GRmg s rlﬂ t layer was washed
with Saturated brine @rd°dtsed dt8ranfivtl e bR adira) pyfppigine-
insoluble$ At i Eied Manbrfse fiRrate KA Eﬁﬁ%ﬁfﬂéféhwﬁiﬂ@}“?‘éﬁ%@a ‘Eﬁfé&@ﬁreDo
obtain 2209pRyrei teH At s e THyareRYOR) - 1-
10methylpyrrolidin-Z¥tethitiprenaipA oyt arpbih ard Pt e eiiER8EFFEfEYEd to as
the compbumeieLE]yent of 30 mL of RjrdSdrfy oA titleotormpoon B ] 1O PEardr L iy of the
title eédmpoUrich{20luwerecaiamedidoti tis e 0ol oessdolidrfegm T8 ragrofitivaimder
compoungdib@s«lirand-cS Thgofth e Spodundi 2.6} actoeding:tethemethdcaf Example
| -(7). Acearcing<athe puifiCaiion-conditionsmpntionatdindimxample 1-(7), 15the
compounafik8}npas a-tpvypalasity conpeuntatetie eonapawachd 20]3wwasa high polarity
compoundmde spactahdatamftihe campeind:{Lo] ane campaund [20] are presented
beloyg. ComDOU nd [1—@]2.14 g of tert-buty {(1S)-1-{ 4-[hydroxy(1-iscpropylpiperidin-4-
yl)methyi]phenyliethyljcarbamate [11-4] (hereinafter, referred to as the compound [11-4]) was obtained
from 2.3 g of the compound [11-3] and 15 ml of acetone according to the method of Example 6-(3).
{5) 41 mg of the title compound [11] was obtained as a yellow ameorphous from 70 mg of
the compound [11-4] and 63 mg of the compound {11-2] according to the method of Example 1-(7).
30 The spectral data of the compound [11] are presented below.
'H-NMR (CDCls) 5: 6.89 (s, 1Hx5/6), 9.74 (s, 1Hx1/6), 8.93 (5, 1Hx5/6), 8.86 (s,
1Hx1/6), 8.55 (s, 1Hx1/6), 8.16 (s, 1Hx5/6), 7.4 - 7.27 (m, 5H), 6.76 (d, J = 8.0Hz, 1Hx5/6), 6.29 (4, I =
8.0Hz, 1Hx1/6), 5.35 (brs, 1Hx1/6), 5.27 (quint, ] = 7.5Hz, 1Hx5/6), 4.38 (d, J = 7.5Hz, 1H), 3.10 (g, ] =
7.5Hz, 2H), 2.98 - 2.72 (i, SH), 2.14 - 1.92 (m, 3H), 1.69(d, ] = 7.5Hz, 3H), 1.59 - 1.50 (m, 1H), 1.43 -
35 1.25 (m, 2H), 1.41 (1, J = 7.5Hz, 3H), 1.02 (d, ] = 7.5Hz, 6H)
mass: 602, 604 (M+1Y,

EXAMPLE 12
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'H-NMR (CDCI3) 5: 9.67 - 9.60 (m, | Hx1/5), 8.95 - 8.89 (m, H+1Hx4/5), 8.57 (s, |
Hx1/5), 8.52 (s, 1Hx4/5), 7.45 - 7.17 (m, 5H),670 -6.67 (m, | H), 6.03- 6.02(m, 1Hx4/5),
5.85-5.76,20 x1/5), 535 - 5.34 (m, IHx1/5), 5.16 - 5.13 (m 114x4/5), 4.88 -
4.87 (m, | ﬁ% é(%z?%é%os (m, 3)-0, 2.46(s, 3H),2.53 -2.24 (m, 3H), C‘l’f?"“?ﬂ"%}fz(‘ L 4H),
1.63 (d, =6.8Hz, 3H), 1.37 (t, | = 7.8Hz, 3H) mass: 482 (M+1)4. Compound [20] 'H-NMR
(CDCI3) 6:9.64 (d, J = 6.8Hz, IHx1/5), 8.94 (s, 1Hx1/5), 8.89 (s, 111x4/5), 25 8.80(d,
3= 6.8Hz, | Hx4/5), &k ot iHoelAbhpBisBriSaed Lalapdial)n-1-AR 1@ DG -(mna)y@. 70 - 6.66
(M, 1H), 6:Q4mB 8L ayhEbd Bl BByn BntSi{Rndixd{a)onudb 1Pl (e H¥k{a)o 5.16 -
5.11 (M, JxdBhothddng-33 (M, | H), 3.10- 3.04(m, 3H),2.74 -2.71 (M, 1H), 2.44 -2.17
(M, 2H), 2.26(S, LHx/5)o 267 A8 S5 HHR(Rbok 20,5 408, 4. Gl By (Fhicl: 6.8HZ,
3H), 15 37 Qbo%m}g é hématéénéhagagwe c%%pagd%?s'%w&(ﬁt&eéy m@l%@g"smd from

2- 1(08) ]3461 (?Ef)Z'a %yger!:) %lﬂ%mm}n gc nthesized accordmg to the method disclosed in International

hydroxye ?@ @g@lnogl: ﬁé;% {otge] l&yglgpg%q 1, -ajpyridin-3- yI]pyr|m|d|
ne-5- car onltrl # ereng% el omerre é Ozn?iﬁ
hydrochloride salt o th hite s From 101 mg

t| e cortn Was obtaine %1

of the coMpBURH [2- Tj:" B G cﬂfff?a ]Pamr 09‘533 cording 18 ?hé fhethod of
Exarfiple 2-(7). The & SREFAT At Ofﬂ}eﬁ?mp‘md POGRA I are gresented below 61- WO
2008/081910PCT/J 8&?/6%%@ 985 (d, 1= 8.0Hz, jﬁ Kio% 2( BHz,
1Hx1/2), S d S v BUAd: Bt 1078, 58 @ < P2 1 5&/@? .69 t(cEI B’%{@Hz
1Hx1/2), B (sSE] 4723 Blr st /) 1837"35 ”ﬁ—@lﬁff ®I6AE A RO 86 (d, =
8.0Hz, 1TThétizjH713 181, Guinty! 2 7497 PHR P 237 53230547447 GRS 245 (1,1 =
54,417, BEIIm/ 2RI 2357 206 (m IBHAG ERTIIPI2ABAEH5T 90195 TRRHI2) 715, 30-5.04
(M, 52H)] 8i%1, THy, A56(h ] 1 HH2 6620, 506(eh! 213z BH6a/2).0.88 073 82289, 1.00 (s,
9Hx1/2), 0.93 (s, IHNAAI08AESS: 506 (M+1)". [0243]

WaS 0 amecP a8 ell[JOW s

EXAMPLES 13 and 14

20 . Synthesis of 4-(8-ethylimidazo[1,2-a]pyridin-3-y1}-2-{[{18)-1 (4-fhydroxy[(3R)-1-
methylpiperidin-3-yllmethyl } pheny)ethyllamino } pyrimidine-5-carbonitrile [ 13] (hereinafter, referred to
as the compound [13)) and 4-(8-ethylimidazo]1.2-alpyridin-3-yI}-2-{J(1S)-1-(4- {hydroxy[{35}-1-
methyipiperiéiﬁ—B—yl}methyl}phenyl)ethyi}amino}pyrimidine-S—carbonitriie [14] (hereinafier, referred to
as the compound {14]) (here, the compound [13] and the compound [14] are diastereomers. Please see

25  Table 5)

(1} 11.8 g of benzyl13-[{(4-{(15)-1-[(ters-
butoxycarbonylaminclethy!} phenyihydroxy)methylpiperidine- 1-carboxylate [ 13-1] (hereinafier,
referred to as the compound [13-1]) was obtained as a mixture of four isomers, from 15 g of benzyl(3R)-
3-formylpiperidine- 1-carboxylate (synthesized according to the method disclosed in International

30 Publication WG02/46157) and 16.6 g of the compound {1-1] according to the method of Example 5-(1).

{2y 6.81 g of benzyl3-[{4-((18})-1-{[5-cyano-4-(8-ethylimidazo[1,2-alpyridin-3-
ybhpyrimidin-2-ylJamino}ethylphenyli(hydroxy ymethyllpiperidine- 1 -carboxylate [13-2] (hereinafter,
referred to as the compound [13-2]) was obtained from 7.56 g of the compound [2-6] and 11.8 g of the
compound [13-1] according to the method of Example 1-(7).

35 3)5¢ of 4-(R-ethylimidazo{1,2-alpyridin-3-yi)-2-{((18}-1-{4-[hydroxy(piperidin-3-
yhmethyllphenyl }ethyl)amino]pyrimidine-5-carbonitrile [13-3] was obtained from 6.81 g of the
compound {13-2] according to the method of Example 6-(2}. The obtained compound {13-3] whichis a
mixture of four isomers was purified by silica gel column chromatography (eluent: chloreform/methanol

-57.



EXAMPLE 22 Synthesis of 2-[((I S)-1-0-[(15)-2-fiert-butylamino)-1- |
Ohydroxyethyl]phenyl}ethyDaminol-4-(8-chloroimidazo[1,2- aIpyridin-3-yOpyrimidine-5-c
arbonitrile &2@“} relnafter referred to as the compound [22]) 1.2
hydrochloride Salt 01? he title compound [22] was obtained as a whitd 0 g”?r%% 2.23 ¢
of the compound [2-5] and 2 g of the compound [9-1] according to the method of
Example 2-(7). The spectral data of the compound [22] are presented below.
151H-NMR(RMSR306) sy 2206:(ad ) & B SH2x0, BHo ki) .06 {thedtmiGBirz, |
Hx1/2), 8QuAtkedamdnAlsIb) Inditasd o608 Dl dbhpdum SR adili- A 429 ni8u 7 8(S, |
Hx1/ 2)’ 8;)3!%1(9@01]1})%{11‘5 -(g&krl'émllé Tga}(gi{x%)ir a§eﬁ%r§§ur!djﬁfl ﬁ?l/aggve c%&t&%l%b]?hé&ﬁﬁ& 2Hz,
1Hx172), Lidedddshe m%n@a% ($ 85 onch L D5 MR F 3 i5orhetB ki bl %1/323 75}9 (t) =
7.2Hz, 'H&s&@éb&r@&r rhzcgrgl)%u;lé M%@% 18- %Qec@e agmhzéi)r 313 S fté sa m, In),

2.57 - 2. 51’ (n gil?r{r/)le'cursors ofjaéémgogrgis dg§c’r1ged éﬁy pgc%)é@s 209 Xl 2). mass: 490,

jgg (M |1) EXA mlx r oxype 1;? co j[gﬂs asoEta.med from 2.21 gof
(8-cyc ?I'Prog rg&ﬂ é I elg-e % rxtu e w’as resolved u

25d|meth¥ -2- met yli)p eny amrno pyrimidine- § Earbonitrile

[23] hereiha er referred to as the compound [231) and [24] (hereinafter, referred to as
the c¥mpound [24]) (R tHERSITIBURE"T 33T Bhdthe compound [2 %are
diastereomers. Plea¥&" 8B FEBE 6} Paicel Che‘(‘ﬁ’f*ﬁ“ﬁfgs%‘il}tf@ﬁ%?é’ﬁ% 83176 olving
500 mg oFi¥8Me-Pro-OH (commercially available from Chem-Impex International Inc.)
and 693 mg of benz§/IEHIBTEIE rAAtE S TOVHT6F £3428bdioxane and 5 mL of water, a 1
M aqueous sodium A%t sbfiion was added at room temperature so as to keep
pH 18, and the solufféretirrssuirin ws roemthperardreSor3eemin e sidPordie reaction
solution, &skh i@ yvasiaddetios alasitoradiestitifedytitdRyahd. threeimiktureafeimexfracted
with ethyihadétetepciivg! dtifdiretl Sorgaricdayer was wiashethiwihrSattiratedrbrm&iand
dried overanbydrous maghesiunsdid/fate. The insolubles were filtered, and the filtrate
was concentrated unelepsedusedpresspredd nbiain: SdPame [0fl 3B bresented below.
-[(benzylaxypeayonyl]-2-methyl-L-proline [23-1] (hereinafter, referred to as the
compound [23-11). 'g-nMr (DERDTR & seuiionabiaire Ry dissolving S40.mg fthe
compoungk§23-ik]in. A6 afAgt alydiofuian . ¥-33, mh of & horaresmetiwissyliide
complex {a;z Mitetsaindrodbiarnspiudon) svasiaddeds Wi o2 - 2.93 (m, 21), 265 - 250
2008/081Q19F &H/IPR00 11942224 -aL R0 femperaiuracandsine mixte,was heated

undeg reflux for 4 hoyys. ,hodhg,reaction solution, a saturated aqueous sodium
hydrogen.g 9195]@5? solution was added, and the mixture was extracted with ethyl

acetate. The o ARy A s M SRR MG AR over
anhycrous magnesium.sifae. e, el were isisd. A e, s, s,
concentra (runnl%g)r red(gue% (TEI'%SUI’E

30 mass: 496 (M+1)".

EXAMPLES 15and 16
Synthesis of 4-(8-ethylimidazof1 2—a}pyrrdm -3-y1)-2-{{(15)-1-(4-{hydroxy[(3R)-1~
methylpiperidin-3-yilmethyl} phenyhethyllamino } pyrimidine-3-carbonitrile [15] (hereinafter, referred to
35  as the compound [15)) and 4-(8-ethylimidazo[1,2-a]pyridin-3-y1)-2-{[(18)-1-(4- {hydroxy[(358)-1-
methylpiperidin-3-yvilmethyl} phenylethyl]amino } pyrimidine-5-carbonitrile [ 16] (hereinafter, referred 1o
as the compound [16]) (here, the compound [15] and the compound [16] are diastereomers. Please see
Table 5)
58 -



5 The obtained residue was purified by silica gel column chromatography (eluent:
hexane/ethyl acetate = 100/0 to 60/40) to obtain 498 mg of benzyl

(2S)-2-(hydroxyms ;;%o -2-methylpyrrolidine-l-carboxylate [23-2] (&3{ #@&Uﬂ zzeferred to
as the compound [23-21). (3) To a solution obtained b ssolvmg 377 mg of
the compound [23-2] and 147 mg of pyridine in 7.5 mL of chloroform, 673 mg of
Dess-Martin periodinane was added at room temperature, 10and the mixture was
heated under reflux for dghouti:te the:reactionad (tipad 8 Gak khtedaguedussedium
thiosulfatg.sotgtion wasadden; and thedmixtuieywas:pxiractacwith«ehleraiapm. The
obtained grganiedayer was washed with a saturated aqueous sodium hydrogen
carbonate solution apnd satiratedhingissequentiallys and dried over anhydrous sodium
sulfate. The inselublgg,werg:fillgrssnaps-thadilitatesasconcentatesyndattadiced
pressure,sphe obtained residue was purified by silica gel column 15chromatography

(eluent: hexane/ethyglg&egggee%g%pdg&lgg%g)c;B,gmqjn 346 mg of benzyl
(2S)-2-formy1- 2-methylpyryplidine-I-carboxylate [23- 3] (herelnafter referred to as the

compound [23-3]. ﬁyﬁb m‘gs[)rm% mng.of i eatgaor’&Eoﬁﬂ%f pres %nagd ]gres 911@ rofuran,

N N 19 1?5%0%% rarnet u% ?ql?(}m}"gm‘.tggegg RO etﬂe rr:gb 0 t%%tg
the tempera ure O 80(1 10N was 5 %

t 1“
(2.66 M ﬁéf%%?%un{j &y Was 8448 d‘t% aratae K tifing” RS %?sﬂacn%%nf’e%peirxature
for I hour'td obtAMTHE earitsreMiite suspension, 2.2 mL of a tetrahydrofuran solution
prepared by dissolvitj BE4higesf ‘fﬁé%%?ﬁ‘ﬁélfﬁﬁ"[% RIS g@d‘écl"ﬁ%‘%‘?‘éit'i*)"1 ahd the
mixture WaBPeHtédlat the same temperature for 1.5 hours. To the reaction mixture, a
satutdted aqueous afMHBRYICAHB LSO TSRS 2 dE ntrhB i mikidre. fits
extracted-Hith- ety Héetated THe Bhtainetf Grganicidyer WadwasHed Wit satifated
brine, and'éret e ahhiroudddimh?8¢ifaled); TTHdredhér ftheisottibe® werk
25filteredmaiith tie filgdie WHE cndéhtratél under reduced pressure to obtain benzyl
(25)-2-[(4-RI1S)-1- [(tensbgeaddytarbonyflamino]ethyl) phenyl)(hydroxy)methy 1]-2-m ethy
1 pyerol idanedkcaroxy late [23-4]. The compound [23-4] obtained was a mixture of two
isomers, which was thenpomifieddh y: sitican. gebeo]Lamn ekhsomziogrephyr.fe Lisratm,
hexane/etinyt acefaten-21:504) t0.sbQi60)) 6. whiain), 599 -meg of. aHpwrpolanty.eempeund
(compounckthatseiuted first under the above condition) [23-4a] (hereinafter, referred to
30as the compound {23-4ad)yand 117 mg of a high polarity compound (compound that
eluted afterwards under the above condition) [23-46] (hereinafter, referred to as the
compoung: [23:48%)- Hake, the compound [23-4a] is a precursor of a compound [23],

and the compound [g3a4Jalds & RieCurs0rQf B sampauRd Jedl described later. (5) 23.3
mg of the, rrg%%@@ﬂrmaqlm@@ lxﬁlﬁa@owmﬁﬁm Uq,gmmgcg%m@ﬁ@ammpound
[12 1] an 35e7na er. t:‘t? asp T BGBTCI) l’cjnl;lxq %ﬁ angl 1%9‘3! Ia%g' E‘Qferre tmggpe cgl%pggn%ﬁéMPLES

dI -(2).t ral da oun ar wn below. WO
200 b igfo ég’r ﬁg 7'?/% ap e°°“"’°"“d%fg N =H(s D[’E:lg’j 8%93'?(9)59 62 (m, IH 1/5),
11%

8.98 (d, 3 6.8 Hz, ”Siz {&/Lﬁfjsé S, 1li 4/5), 8. 5% 1 1/5% 8,52 (s,
11-1 4/5)"PEE DB ‘“"} }%3“ Hpvdgepmeiiipy H’ ft/é BT s),
5.38-5. z;g%ediﬂri?% Syt ¥ e SRPIS mf%?@‘%s‘fiffzri@§>i6°%r'§ ) 2.50-
2.45 (in, 2oty (i’g“?‘“ﬂfﬁdﬁ?f"*’é’lr—’%mf‘i@c‘(é’ ’i‘:‘ﬁedi“‘?ié’“lgé‘iegrﬁhi“ﬁﬁ"@a ya élf% 31-0,

1. 3131 Zenerﬁ)() mg of the compound [1-1] according to the method of Example 5-(1)
‘ (2) 68 mg of benzyi(25)-2-f[4-((18)-1-{{5-cyano-4-(8-methylimidazo{ 1,2-a)pyridin-3-
yDpyrimidin-2-yiJamino}ethyl}phenyl](hydroxydmethyllpyrrofidine- i-carboxylate [17-2] (hereinafier,

-5G.



5111),1.17-1.15 (m, 21-0, 0.92-0.86 (m, 514) mass: 508 (M+1)*. (6) 10.6 mg of
the title compound [24] was obtained as a white solid from 38 mg of the compound
[12-1] and@g fthe compound [23-4b] according to the m%;gpgﬁ]ogg/};XAMPLES
17, and 18 2 10The spectral data of the compound [24] are shown elow
'H-NMR (CDC13) 5 9.63-9.56 (in, 114 1/5), 8.97 (s, 1H 1/5), 8.90 (s, 1H 4/5), 8.74 (d, |
4-- 6.8 Hz, 1114/5), 8.58 (s, Ili 1/5),'8.53 (s, 1H 4/5), 7.44-7.28 (m, 41-1), 6.93-6.85 (m,
IH+1 H 1/8)w&.68s (6 Ganfrynli HI74i5Y 268406, 0&0(1hnt s BnE85 ¢ 5-8D(ddfiib pf B:40-5.28
(M, | H 1/appbud#:S1hdediinehd heddBhod ABxtapk HY7)3.15-3.10 (m, 110, 2.62-2.49 (in, 211),
2.28 (s, 31-0, 2.13-20%0 (89 oA 49153 178-hy50x (25 152b1in-2- By 1phiuB)drizi)Bird); -
1.38-1.25 {fmeckd dnhialad D2 Lad i iim -2 ks 0 QiQ4-0b80 (M (1) IReSHA S LMihd ) the

EXAM PL&%&&@M}?@MB@%‘M mg of the compound {17-2] according to the method of Exmuple
4-(8-cyclgpyppylimidazo[1,2-a]pyridin-3-y0-24(15)-1 -{4-[(R)-[(2R)-1,2-
20dimethylpyrrolidin.g-ylli(ydroxyometmirhemdiaiav) aminalnysimiding Sscaraapitrile
[25] (her%!:gl?a tierg i%!;ﬁ JQO%m?aﬁMM%%ipd%qlem added thereio, and the mixture

4- (8 CyC|O rqucf rg ?‘E égro J!p %Q;gelrnw:use y’ﬂ'a)thz rL(e(céc)n mn%tureKw%s)addedasamra‘ted agueous
[(ZRE met% mrro égénn% al¥ rgﬁé )methyliphen (getmgarpmo %rl%dlne 5 carb
onitri e[ agﬁerelna s I’ v%rrgatwate nneaGrJ overﬁ s%i i ? UPCH)ES

and the o :ﬁer&v e |astereomers Gase see 1a ?}1 i ‘}Q'é J

(ZR) 2 f Irate lﬁ% )%ené:gr} ag:nu gr I’ﬁl jid &ﬁsi rfbﬁnd the res was erg[# ted

1]-2- meth T%?faﬂ& ine °8‘§P€6§mf° a‘(t ‘SPTFW‘a"%“ ?Bfﬁfé‘a"f“?m“i“i %3} (o resolve
H-a-Me-F95PBEeSH Q‘Sb?ﬁ?ﬁ‘éf&i%ﬁﬁ‘}“&\[}ﬁ?l AR Arol e RT- (SR R4 IREFASHE ALITHES
accortinGP 8 e’ RethBHLbFEsAMIBIEE DS alty PG R Conpbuia [25-1]
obtained SAErS A PkttiERAT thie? ReGHeTmRarTY: 15 Ry et 125214 Féthinafter, referred to
as the compound (2Belsaerya e o3k sumriyé 2 51 ypmerdiihfercrafet Pdeito as the
compourf@28=tpjlwere obtained under the purification condition described in
EXAMPLES 23 and'BAYHR)(IPORENANREESS tHe 10w Potdity Baripot#ids(EdriPound that
eluted firsttiddersthie.abevs.6onditioh i3 & compoimt [25hajiianeh tehighipalarity
compound.¢cempoundstiratssiuied aftensasds A ndanthg-abpveseonditiol)-ssa €8mpound
[25-111].42)11 465 regaiderblowtys((HB)s1 2{eh-i RI{(BR)s 1L 2-dinethy sy prosligl isHR-
35yl](hydrexy)methyiphenyllethybeayamate [25-2] (hereinafter, referred to as the
compound [25-2]) wassoltaimed from 193 mg of the compound [25-1a] according to the
methods RfEAAMELES 19 and 20-(1). WO 2008/081910PCT/JP2007/075224
"H-NMR (CDCls) 8: 9.64 - 9.63 (m, 1Hx1/5), 8.94 - 8.88 (m, 11+ 1Hx4/5), 8.53 (s,
1Hx1/5), 8.52 (s, THx4/5), 7.43 - 7.16 {m, SH), 6.66 - 6.62 (m, 1), 6.04 - 6.02 (m, 1Hx4/5), 5.83 - 5.82
(m, 1Hx1/5), 5.18 - 5.13 (m, 1EHx4/5), 4.55 - 4.54 (m, TH), 3.40 - 3.20 (m, 1H), 2.69 (s, 1Hx3/5), 2.65 (5,
 2HHIHX2/5), 2.57 - 2.45 (m, 6H), 238 (s, 3H), 1.96 - 1.55 (m, 4H), 1.63 (d, J = 7.2Hz, 3H)
30 mass: 468 (M+1)".

EXAMPLES 19 and 20

Synthesis of 4-(8-ethylimidazo(1,2-alpyridin-3-yD)-2-{[(15)-1-(4-{hydroxy{(2R)-1-
methy]pyrrolidin-z-yl}meﬁlyl}phenyt)ethyl]amino} pyrimidine-5-carbonitriles [19] (hereinafier, referred

35 to asthe compound [19]) and {20] (hereinafier, referred to as the compound {201 (here, the compound

[19) and the compound [20] are diastereomers. Please see Table 6)

(1) 30¢ mg of the compound [41} (See REFERENCE 3) was dissolved in a mixed solvent
of 6 mL of tetrahydrofuran and 6 mL of methanol, then 100 mg of a carbon catalyst of 20% palladium
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(3)21.4 mg of the title compound [25] (hereinafter, referred to as the compound [25])
was obtained as a pale yellow solid from 45.6 mg of the compound [12-1] and 49 mg of
the compaypd,[ep:4laccording to the method of EXAMPLE 1-(7) . Thespestal data of
the compound [25] are shown below. 51H-NMIL (CDCI3) 3:9.63-9.55 (m 1H 1/5), 8.97
(s, IN 1/5), 8.89 (s, 1H 4/5), 8.73 (d, .1 = 6.8 Hz, 1H 4/5), 8.58 (s, 1111/5), 8.53 (s,
1114/5), 7.37-7.29 (m, 4H), 6.93-6.84 (m, | H+ | H 1/5), 6.68- 6.65 (m, 11-1 4/5),
6.02-6.0@ymyidehod Ho)s B8 4tbardintrmixbibt $#5Yin5d38 55 261w rdol @fBaBrd @109 (m, IN
4/5), 4.6 Tiydepbh irpshid);. 4134481yE 139 fiBadd #B:QF g Akl dye 2162 24 Bodiant2dd 1)de? . 17-2.11
(m, 214) ;204 §Sss3% L helreddiids B:lidgRwyR Hsolieb 2 (AyiJotseaByl@n3l s, 1373220 (M, 2H),
1.15-1.12:QRasklxk ):80-0850(03 - 10514 )igoass bHOG dMtvd(A)el herah saltteniure
configuratiQu:afithe: title.campaungdast wassetarm nrcby.theifolowing method. To 9.2
mg of the GRMBAUAGRRR 4 BHsOh &M BaUeaLS:PRLa s sim hydrexidesalition was
added a%%%&%mg&@ﬁ{@ ANdthe: mixtre-wasisired atihe same-iemperature for 2
hours. 1514 %Jé?%98&?%1&%}%%9%&&5&%%&%%%&rfﬁgxlé@% LSS GasTO the
obtained res'%‘ated un gergdggg pre:ssgg(:[id (%ggx EE](?H{EI ely}qé‘ll{ %UWE(%S?¥ Eﬁgréﬁtgﬁ chloroform The
obtajped 0@?'“0 aer esashesl Wil atulated s, ana egggg QURranfvdrous

sodlum su? e ins es were I ered, and e filtrate was concentrated under

reduced bre sure. The Obta%’i he it eec?glgglégngﬁ?% ﬁ{%‘rﬁ? othep &E:E;)oﬂgg‘;[t!!\r{(? [55}'9\;3!@ b‘{amed

chromatography to GHianRee”

- { 4-KIR .?g a](gi?ﬂ%fﬁolfdémom '!O3te El_oé ﬁle acla%pﬂgiid 11 and 65 mg of the compound [2-6] according
20pyr10|6’fff Deaf P ETERAO b1 - Qﬁﬁfﬁé[ﬁyﬂg‘ﬂ?yﬁf 1B4maTe" %”ﬂ:ﬂ S&ifEter Peferred to
as tHé cothERRPIE DBLATS "5y RSES (RIERGHBE SO FRRLISA PR aRE g SHRBASS the
compound [25-41, tAE sEBhitE CERiGuPaI6 AL BTt FOUATPTZE 4 "SIty the title
compourid@festinére determined. (5) 15.7 mg of the title compound [26] (hereinafter,
referred to as the cotPUBEEPAS tids DBt@EINEH 143 &9afeHditr 851 Frot@5.6 mg of
the compaung. BI2-4] Enti>E 325miy OftHEledTh potieh 28[23%-F31 Acbdrdihg to-the
Mett0ds(of EXAMPEES 263 126-(2) d (B)HTHE dpecti] dattdof the 6vinptiind [26]
are shownibel ey, 2.53 - 2.24 (m, 3H), 1.75 - 1.51 (m, 4H), 1.63 (d, J = 6.8Hz, 3H), 1.37 (t, ] = 7.8Hz, 3H)

mass: 482 (M+1Y.
Compound [20]

TH.NMR (CDCL) 8: 9.64 (d, J = 6.8Hz, 1Hx1/5), 8.94 (s, 1Hx1/5), 8.89 (s, 1Hx4/5),

25 8.80(d, ) =6.8Hz, |Hx4/5), 8.56 (s, 1Hx1/5), 8.52 (s, 1Hx4/5), 7.43 - 7.16 (m, 5H), 6.70 - 6.66 (m, 1H),

6.04 - 6.03 (m,1 Hx4/5), 5.85 - 5.78 (m, 1Hx1/5), 5.36 - 5.26 (m, 1Hx1/5), 5.16 - 5.1 {m, 1Hx4/5}, 4.34
~4.33 {m, 1H), 3.10 - 3.04 {m, 3H), 2.74 - 2.71 (m, 1H), 2.44 - 2.17 (m, 2H), 2.26 (5, 1Hx3/5), 2.17 (s,
2H+1Hx2/5), 1.90 - 1.68 (m, 4H), 1.64 (d, } =6.8Hz, 3H), 1.37 (t, J = 7.8Hz, 3H} .

mass: 482 (M+1Y

30
EXAMPLE 21
Synthesis of 2-[({15)-1-{4-[(18)-2-(tert-butylamino)-i-
hydroxyethyliphenyl Yethy Damino}-4-[8-(difluoromethylimidazo[ 1,2-ajpyridin-3-yl}pyrimidine-3-
carbonitrile [21} (héreinafter, referred to as the compound [217)
35 2% mg of hydrochloride salt of the title compound [21] was obtained as a white solid

from [01 mg of the compound [2-5] and 95 mg of the compound [4-2] according to the method of
Example 2-(7).
The spectral data of the compound [21] are presented below.
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11-1-NMR (CDCI3) 3:9.63-9.55 (in, IN 1/5), 8.97-8.90 (m, 11-1+11-1 4/5), 8.58 (s, | H
1/5), 8.53 (s, 114 4/5), 7.43-7.32 (m, 41-1), 6.93-6.85 (m, IH+1H 1/5), 6.66-6.62(m, | H
4/5), 6.04- ,§§ %I 1,4/5), 5.85-5.78 (m, 111 1/5), 5.38-528 (m, 111 1/5), 5.16-5.13 (in,
1114/5), 4 B0AEF R 1H), 4.43 (s, li-l), 303.15-3.07 (m, 1H), 2.65-5 48 ({8 5H), 2.27
(s, 3H), 2.09-2.05 (m, 1H), 1.85-1.50 (m, 2H), 1.62 (d, = 6.8 Hz, 3H), 1.36-1.26 (m, 2H),
1.16-1.14 (m, 111), 0.90-0.80 (m, 5H) mass: 508 (M+1)*. (6) The absolute configuration
of the title compound{refwiagsdeigeminedipy- thefoiowing methed skl .Gumg ofctert-butyl
((1S)-1-(4KIs 7aR)réa-metini:3-oxaietrabydrordk]1:8a/:), 8.77 s, 1Hx1/2), 8.74 (s, 1Hx1/2),
pyrrolo[L2-4l{l, 31axazak kryliehenyiletpoearhamate: [ 25:8bhereinalter aieferres to as
the compound,[25-61), was abiainedJigns.30:me,of the sompound;i25s1b] apcerding to
e methal o XA agih o) BY N s ety cl)

measurement of the SOMpOLAC the absolute configurations of the compound
[25-6] and the title ¢ Ig}% ound [56] were determined. - 65 - WO

2008/0819%% CT/g 71075224 " (1) A mixture of 18.9 g of

2,4-dichlofo ﬁuorogyrlmldlne %E:Iommermallg/ avallable from Fluorochem Co. Ltd), 42.9

g of n%ISTR‘éetho %% 2R BUSISENY et ieHe SSRGS b¥ the method as described in
). Am® C

%']PT@?}?&‘ ]6’}5 8@6‘?“8@8?"31’81%?6‘4‘6“8]3( SN
palladlurrﬁhfff)“aﬁﬁd%"gﬁjfﬂﬁsgf&‘@@fﬁ‘ﬁ%ﬁ@ was stirred at 80C for 3 hours. After cooling
the reaction mixture, 2B POHIEPBRREHET ShE 5 S BP o H B SeTeR ST -EN etk 408ed
thereto, Zd dREMATRIATEYAE sHrted GrerRrIitdat thstrrtepipBraie! of hemrsditibles
were filtered througH'€ aitea2ldrieiofives fempadirab exiresatddanith ethyl acetate. The
obtalied organic layErNVESRYESHeVIRPE Wittt Gt 88tisrated DARe dstetiEtially, and
dried overrahbytitddd. SodRiin Stitfatex: e sblutfléBawérd/ Tl Ted, End2he7filtkdte was
concentrated. Uivd &), bed (cEdk pre3stifdl, Thefizthersbtaimed resiue-Weis.pdttied by silica
gel columr-chyorriatogy aphy-(elkent? 18hexdneiethyl/acetate)= 100101t A0/80) to
obtain 14:0:@-0; ehtoro+daf(Z)n2z ethoxywngid -bs4flussopyrimicing, p2#:t), (hereinafter,
referred wiagthe compound [27-1]) as a yellow solid. ~ (2) 25.2 g of the
compound [27-1] wasdisaphsedin @ mixed solvent of 320 rnL of 1,4- dioxane and 32
mL of water. Then, 22.2 g of N-bromosuccinic acid imide was added under an ice-cold
conditiongang-the mixiyse was stirred at room temperature for 2 hours. To the reaction
solution, 16.0 g 200§ 2zamino-3-chigropyriding wag.addednand e nitiare yvas stirred
overnight Al LORMIRMPERANE. M SAMRIGLANIAOHS SO Dydragen sarhonale
solution s, e NGILI. AILIIEIT G aS. X AClGH c%mdrpzfﬁgeé%vem of
chloroform anddnggalt rh gm|X|ng2rcﬁltlod9/1,)e The gbtained Qr nic layer was dried over
anhydrous SOdlum t%e s p?o Sreopage S }Nelg% ILE%I’% ddf%n - N‘hgr g{?}commer{::al
concentrate underi d axfI sur m at ot aluge {eﬁmgo :nga e was zvl dded,

le from C
and the mlx%ure Wass mi u es e so was taken fﬂf%ratujn and

of water a1 a S SO droxi tmn was added at rodm temperaturé so
dried und&rTedticed Sredshse 10 S'bf’am 56“6% 8 ST P
as to keep pH 10, and the solution was stirred at room temperature for 30 minutes, To the reaction

solution, 5 M HC1 was added so as to adjust the pH to 2, and the mixture was extracted with ethyl acetate.
The obiained organic layer was washed with saturated brine, and dried over anhydrous magnesium sulfate.
The insolubles were filtered, and the filirate was concentrated under reduced pressure to obtain 842 mg of
35 1-[(benzyloxy)carbonyl}-2-methyl-L-proline [23-1] (hereinafter, referred to as the compound [23-1]).
(%) To a solution obtained by dissolving 840 mg of the compound [23-1]in 16 mL of
tetrahydrofuran, 4.31 mi of a barane-methyl sulfide complex (a 2 M tetrahydrofuran solution) was added
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3-(2-chloro-5-fluoroPyrimidin-4-yl)imidazo[1,2-a]pyridine [27-2] (hereinafter, referred to
as the compound [27-2]) as a yellow solid. (3) 15.8 g of the compound [2-5]
was dISSOW%q in,2Q,mL of chloroform, 45 mL of trifluoroacetic acid was added, thereto
under an ice-cold condition, and the mixture was stirred at room 30temperature for 1
hour. The reaction solution was concentrated under reduced pressure, and the
obtained residue was purified by silica gel column chromatography (eluent:
chloroformaftaethanpahe, 10010610 E0) B Olbtarre kO 1 ¢ ofifl S Yhd refdidp(BB)tdn, a
-aminoethyllpbegyl)s {ienbabdaminejethanc! |28} herensittes veferreddeoias the
compoungh(P£e3%) Bs asubite Salithyer was washed wid JaArmivtiiie of &i00g-eftrexeompound
[27-2], 3.0.a0kiheeompaundite/e3lakd-6: 35 af-sedimcarkenale; and.d frdaal-of
N-methy In2 Ryrrolidinang wastin sk Akl Afn taroR heursy Totheraacionsalion,
water wag,a6gdes.Anchihs Mixibe.wasextacied with,a mixedselvent ofaloreform and
ethyl acefafs, 5@&@&;%&&{&9%&%%@@% organic layer was washed with water,
and then dried over g yd;%&%@&%,sa £atﬁn %gqu&kﬁ SWELS Bleresh and the
fitrate wag gongerted ndshre uceogmss%mp A0TSR G 001075224
pressyre, he chiained res N %S Rurec é/tsugam el gelumn,chygmatooraphy
(eluent: cﬁforof%rm?me an 6 g ln
under reéhuce pressure cfj ‘tﬁ’e e ﬁg ng g 1550 ve(?

ssure, ) etate nd solidified to
obtain 3.75°G"8% {AL-itte ééﬁlr&guﬁc&mfﬂﬂo SN BT & S%d‘ %alnge sp eﬂ’ra af data of the
compourfaqt‘?‘f]a‘gr@igﬁ%‘ﬁ/ﬁ"%ﬂ%iﬁ"iSid‘ﬁ’f\ﬁﬁfaf Btﬁflf@)]%;@ Vs heredrlgi')dl tge 5 = 3.9
Hz, 11-1/°%2%d A3 B reeye 70287 (s e Pé“é%"jﬁ%ﬁ“"ﬁﬁ 5! B8 (4 7 5.9 Hz,
11-13 5.5 BUAREPDLlB H?‘a*r?{ﬁhyéﬁsﬁﬁa‘fdaf”&m G/iP)pobs IR R0 Hz,
3.7 Hz, 1y Bgrplitined-ctepyatiE-4 Hepizafiepplorgey ety compogofi3 3 -1), 1.07 (s, 914)
10mass: 483 (M+1). CERAN FHE co8raph il 68 me of N,N,N°. N -tetramethylethylene

(15)- 144 i¢n8i- vk Ps(Bed St gl zbyfdrofuatgla ielinediyq yTHe solution was kept at -78°C,
fluoropyrivitin-2S s nimbletFiylipheay N B mtny Ry cidperrybanfindictienot [28]
(hereinaftens tbreferdd tdasthiesndmpaund {28} E)sAnnikturef of-6OOrvigrafdtyeon
compoungkpzed hy83Simng Bf berfeibyloyelojightytamire! thereto, and the mixiure was stirred at - -

the same temperature for 1.5 hours. To the reaction mixture, a saturated agueous ammonium chioride

e SO tIOp W%S concentrated
igsuliate solution wasa

solution was added, and the mixture was extracted with ethyl acetate. The obtained organic layer was
washed with saturated brine, and dried over anhydrous sodium sulfate. Thereafier, the insolubles were
25 filtered, and the filtrate was concenirated under reduced pressure to obtain benzyl (28)-2-{(4-{(18)-1-
[(tert-butoxycarbonyljamino]ethyl} phenyl(hydroxy)methyl}-2-methyipyrrolidine-1-carboxylate [23-4].
The compound [23-4] obtained was a mixture of two isomers, which was then purified by silica gel
column chromatography (eluent: hexane/ethyl acetate = 100/0 o 40/60) to obtain 199 mg of a low
polarity compound {compound that eluted first under the above condition) [23-4a] (hereinafler, referred to
30 as the compound [23-42]) and 117 mg of a high polarity compound (compound that cluted afierwards
under the above condition) [23-4b] (hereinafter, referred to as the compound [23-4b]). Here, the
compound [23-4a] is a precursor of a compound {231, and the compound [23-4b} is a precursor of 2
compound [24] described later.
{5} 23.3 mg of the compound {23] was obiained as a white solid from 38 mg of the
35  compound [12-1] and 57.5 mg of the compound [23-4a] according to the methods of EXAMPLES 17,
and 18-(2) to (4).
The spectral data of the compound [23] are shown below.
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monohydrochloride (synthesized by the method as described in J. Med. Chem., 2006,
49, 3068), 613 mg of N,N-diisopropyl cthylamine, 5 mL of ethanol, and 5 mL of water
was heategd oygrnight,under reflux. The reaction solution was copgenfrated. To the
obtained residue, water was added, and the mixture was 20extracted with ethyl acetate.
The obtained organic layer was dried over anhydrous magnesium sulfate. The
insolubles were filtered, and the filtrate was concentrated under reduced pressure. The
obtained residue wasipuieddy stiveegelcoltinmm Shronatographyifaleent. 1H 1/5),
chloroforsymethangls=4Q001K, 95/%) te ohiai- 365Gk Mere-ARty| 1H+1H 1/5), 6.71-
[(LS)-1(4463 B)- Iuhysiroxys 27 [, - methylcyclopentyllaminole thyl nbeny pethyllcarbamate
[28-1) (hergipatiey referad s the eompoupdR 52831\ as-aswhitersolid- (29 @5.9 mg
of th%titlg}ggmpgm,@g)dpﬁ@gqafg%, referred to as the compound [28]) was obtained
as a pale yellow soligl frong, 4. g of the compound [27-2] and 150 mg of the compound
[26-1] according to t (e Iods. ALEXANRL BT 00 (4) The speclal ! he
compound [28L e ahoy\sasbefggms;gimw R BAERRL 4B (5 I = 39

Hz, 11-), 8 g m. 5H)726511)668(brs 1H), 5.54
(brs, 1H)*E.57 lq;n H), 458 (dd, | =3 ?f‘ﬁ 2, 1H), 2.88 (dd, = 3.9 Hz, 12.2
Hz, 15, 253(dd JE "95%? SR ?l(almes 4), 160@?87%@4_ , 3H),

1.47-1.39 (m, 2 “293”1?%% g 'k(
EXAM F>L?5g by ! %)%%515 6P CT/50 4, 6956 35 @ Hthes! S)b? o
(1S)-2-(t& T iiiinoy £ A2 B R P LT %’8&51‘%5&%% 130> TS 1
a]pyridin ﬁés)yﬁ?‘ésnl@tﬁﬁp§/m’ﬁ‘i‘d} 1Z-hafitorethyptrefyifatha 61‘125] {HE&reihEiter,
referted f6'hb THe Eofidutid (G 1 aImE: g o m 260, 054035 (m
3-(2-chloro-5-methy ity 0-8-cyclopropylimidazo[ | ,2-a]pyridine 5[29-1]
(hereinafter, referred to as the compound [29-1]) was obtained from 139 mg of
2,4-dichleraB8Ruethyipyfimidine (commercially available from Aldrich Corporation) and
502 mg of 3- cyclopropitpyridittey2amrimiGymtietirad-by HiddethudBsl@@sctibed on
p. 142 ofdntesnatiara-Pultlication-ot Weon2006)02b56indreordibgitddfis] thetheds. of
EXAMPLiE:27 B rane2)o(@) 20y shthe:tiecompaund-{20}-therainitar:(®ferred to
as the comppounchizglvhowas ehtainedasapkije seliddromm Sadng efrthergormspound
[27-3] an@edhaaangief-the.campasngd [29-(diraceasdiRguiothamethoagdoalEXAMPLE
27'(4)- diastereomers. Please see Table 12)
25 (1) Benzyl (2R)-2-[(4-{(18)-1-[(tert-
butoxycarbonylaminclethyl }phenyl)(hydroxymethyl}-2-methylpyrrolidine-1-carboxylate [25-1] was
obtained from 1 g of H-o-Me-D-Pro-OH (commercially available from Chem-Impex International Inc.)
according to the methods of EXAMPLES 23 and 24-(1) to {4). The compound [25-1] obtained was a
mixture of two isomers, and 195 mg of [25-1a] (hereinafier, referred to as the compound {25-1a]) and 134
30 mgof [25-1b] (hereinafier, referred to as the compound [25-1b]) were obtained under the purification
condition described in EXAMPLES 23 and 24-(4). In EXAMPLES, the low polarity compound
(co:ﬁpﬂund that eluted first under the above condition) is 2 compound {25-1a), and the high-polarity
compound (compound that eluted afterwards under the above condition) is 2 compound [25-1b].
{2) 140 mg of tert-buty! ((18)-1-{4-[(R)-{(2R}-1,2-dimethylpyrrolidin-2-
35  yli(bydroxy)methyllphenyl}ethylcarbamate [25-2] (bereinafter, referred to as the compound [25-2]) was
obtained from 193 mg of the compound [25-1a] according to the methods of EXAMPLES 19 and 20-(1).
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The spectral data of the compound [29] are shown below. 'H- :
8.77 (brs, IH), 8.21 (s, 110, 8.06 (s, | H), 7.38 (s, 41-1), 6.77 (d, J= 6.8 I-ITIZMZTl(-?)D%IgZSI
(brs, 1H). 5,38, (8o 5.9 Hz, 1H), 5.11 (quint,.! = 7.0 Hz, II-fl, 480:eeh 1820 Hz,
g.d53.76l-l82|,_|11é)1, %8191(gd1 Ilz 11.7 Hz, 3.4 Hz, IH), 2.64-2.56 (m, 2H), 2.35 (s 3H)’ 1.56
, = 6.8 Hz, 31-0, 1.15-1. m, 211), 1. - ’ S (\
EMAMPLE 30 205ynihosis of( ), 1.08 (s, 911), 0.92-0.82 (m, 2H) mass: 485 (M+
(IS)-2-(tert-butylam BIo)-4 HEof (rsite copp B RIS BFBRY i aeféTf Je compound (23
a]pyridin=asy@aBeflercropyHirditiossm ahiife fﬁﬂﬂﬁﬁ%ﬁ%é‘fﬁﬁnﬁé? f@%‘]ff e atter
referred to-asdheieonposhe SO MFBI47Y of |
3-(2-qhIoro-5-fluoropgerimid:immyﬂ')@ceymaﬁﬂéﬁ)ﬂﬁf’ﬁﬁ’é’iﬁﬁ“ﬁ?-a]p ridine [30-1]
(herejnafter, referredamna&ctbem@mpwmn[@m1@**&3%%%?%&%6&*&%58 of- 1=
2,4-dichlggeron2biioropyrinidines (sommiartiail avaiBb i Troth ®Itdrde et €o. Ltd.)
and 9.2lﬁgsqgl;,gmqygj@m@myk&ynidm-?saﬁmen(swmésﬁéé%?,ﬂ#@ﬁiéﬁ%ﬁ”&g"d%crib.ed
on p. 142,5f the aternatianalLublication of W22006702556 7) teebidify- e
methods,of EXAMRLER A-()@nd d @}z, 31, 1.32-1.1@%673.my-0A e titletcShiidand [30]
(her%nafgg{, referred to as the compound [30]) was obtained as an orange solid from
1.17hg of the compoynd {2 7z3kand 1.1 g of the compound [30-1] 30 according to the
|r1|j|et|\I 'acg{ ofC EXAMPII_ 20-Qolbespesialiatantihseampound:{30iare shown below.
7a0( ﬂ%%%t o920 QIS oo thsh T B b2z e BolSdebshim Bk, | H),

p qi _g,gvu‘gwas ?_%5 ;24?0§6m§enhlp%i’at1ﬁrl_el)an§ ‘tﬁegm(mrre]vta‘.g stﬁré‘&tegesaliﬁtangemﬁc If‘Hg hB186
fﬂﬂ'ﬁ% o i i e T it bl Lok SRl b zadddtlz,
D) 7 o G 8 Hiz, LL1), 1159, 35(dh 17618 4 3140 Jid 3dikide= 8.8 HZ,

), 1LOBIS-OM) DB, 21) mass: 460 (VLI FXAMEL E ik WG s
2008/08 1GOPEFIISIOG 7522 -, Synthesis.of (1S)-2-(tertzhugylam
S N i BN e iy
rifluoro VA o] s g S A i) ethvl b henyi: ¢
[31] ehere!bnaf@g;?%féi?@aﬂtd"ﬁ?tﬁﬂ‘é‘}éﬁ?ﬁ%%%ée[é}i%égbm e RE Bt lanc

[25-41). By NOE (Nucleus Overhauser Effect) measureément of the compound {254}, the absolute
configurations of the compound [25-4] and the title compound [25] were determined.
(53 15.7 mg of the title compound [26} (hereinafier, referred 1o as the compound {26}
was obiained as a pale yeflow solid from 45.6 mg of the compound -[.1 2-1] and 132 mg of the compound
25  [25-1b] according to the methods of EXAMPLES 25 and 26-(2) and (3).
The spectral data of the compound [26] are shown below.
PH-NMR (CDCls) 8: 9.63-9.55 (m, 1H 1/5), $.97-8.90 (m, 1H+1H 4/5), 8.58 (s, 1H 1/5),
.53 (s, TH 4/5), 7.43-7.32 (m, 4H), 6.93-6.85 (m, 1H+1H 1/5), 6.66-6.62 (m, 1H 4/5), 6.04-6.03 (m, TH
4/5), 5.85-5.78 {m, 1H 1/5), 5.38-5.28 (m, 1H 1/5), 5.16-3.13 (m, 1H 4/5), 4.80-4.67 {m, [H), 4.43 (s, 1H),
30 3.15-3.07 (m, 1H), 2.63-2.49 (m, ZH), 2.27 (5, 3H), 2.09-2.05 (m, 1H), 1.85-1.50 (m, 2H), 1 62(d, J=6.8
Hz, 3H), 1.36-1.26 (m, 2H), 1.16-1.14 (m, TH), ©.90-0.80 (m, 5H)
mass: 508 (M+1)".
{6) The absolute configuration of the tile compound [26] was determined by the
following method. 11.6 mg of tert-butyl ({1 S)-1-{4-[(1S,7aR)-‘Ia.—methyl-S—exotetrahydro-1H-

35 pyrrofo[i,Z—c}[l,3}0xazo£—l—yl]phcnyl}ethyi)carbamate [25-6] {bereinafter, referred to as the compound

[25-6]) was obtained from 30 mg of the compound [25-1b] according to the methods of EXAMPLES 65

and 66-(4). By NOE (Nucleus Overhauser Effect) measurement of the compound [25»6], the absolute
conﬁgurzitions of the compound [25-6] and the title compound [26] were determined.
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(1) 143 mg of 342-chloro-5-fluoropyrimidin-4-y1)-8-(trifluor imi idi
[31-1]_(hereinafter, referred to as the compou)r/1d) [31(-1]) vsac;rgiig)i/r?érglgiﬁ[llfg lrFr)l)g/gng;ne
2,4~ dichlgrosaelk.yqropyrim idine (commercially available fromeeltigrsetemCo. Ltd)
and 1_04 mg of 3- trifluoromethylpyridine-2-amine (synthesized by the method aé
described on p.81 of the International Publication of WO 2006/025567) according to the
method_s of EXAMPLE 27-(') and (2). (2) 30.6 mg of the title compound [3
[] (hereinafter, referred to as the compound [31]) 10was obtained as a pale yellow solid
from 45.6 mg of theEgsmidud [27-3] and 47 mg of the com ound [31-1 accorgllng to
the method of EXAMRhEs27(@- Wé"@ﬁ%‘éfﬁ&ﬁﬂ"&i‘d%ﬁ%(ﬁﬁ Bket lﬁ}} Yo Shown
below. yiy-5-fluoropyrimidin- 2~y11mn01dﬂ¥WF¥‘l@@€? @33 @gesasﬁ 9. ?@T%%E"j‘ §°ﬁ“7”(’&d J=39
Hz, RIX &36 (d, J = 3.9 Hz, 1H), 7.64 (d,) =7.3 Hz, IF!), 7.43-7.37 (m, 4H),6.85-6.73 (m,
11-1), 5.55-5.53 (m(;111&)435&9@@@m-f(zmdaitmo@éﬁ@mww%?(ﬁ?mrm‘aﬁy8"7’*@’& %% 0 Hz,
3.7 Hz, 1H),: 2453 (9073125 Orkiz - S8 ZribypdiBhy(dhyicre@@ibigzed P11 PHP(E OH)
mass. SJdZsc(-ML'E%)J EXAMPLE 321205 ymthesisof QRl)k(rdbﬂuﬁphenylphosphine} palladium
S)-1- 1[4.((§ Q'%ERHE‘H??&QL%% Adpyrielin:Soylip-5-Hbusropyr vt the reaction mixture, 113
rze%/l]ﬁ}rr; cb’lq D pheryliRRY: h2dimathy iy olidin-24ytienethanct {82] (herenafter,
e Eg g%rtn@eeraf;urem&%%@guﬁznese@@fmggeigtr@tﬁleneamwms[a@}e@mewmr
e compou S e ?mQPV%Q L[R2 L NAShes widbtainedsasayetawaeatidifron 8442 mg of
EXAMPLOI‘:M &i 30.g,of the compand (24 2] @saceetdingtethaimethods of
M ?ﬁ 8 eo%aups%gﬂmﬁmm GRMROLNE] 32)aEcShgndelow.
1H), 15 421&7 = 11}% é 76 f{) Og't&l )14% ggfﬁciyhl%ro- (Q)legthéu)’ﬂgg'é (d,.1=3.9 Hz,
ZS‘?;?Z g} e dasth C(ﬂh O%qu]f!_')s 34)"3!@"‘(%“&1 -0, 3.11-3.07

(m. 1 H), Q“%?E??‘Zt% 7y "'ﬁ‘ﬁ‘g 9
Hz, 3H), 1.25-1.21 (Fﬁ’zﬁﬁgﬁ%’% %"6& gﬁéﬁﬁsﬁé%é%géefﬁifg@%&%d o

Synthes@‘ﬁﬁ’“[ﬂﬂ‘(jf%)“&"([ﬁa’@ EPﬁ'browﬁ |dazo aipd 21mdln -3-y, D)-5-fluQropyrimigin-2-

condition, and the mixture was stirred at room temp rature ours
. 20 of 2-amino-3-chioropyridine was added, and the mixture was stirred overnight at room temperature. A
saturated agueous sodium hydrogen carbonate sofuticn was added thereto, and the mixture was extracted
with a mixed solvent of chioroform and methanol (mixing ratio: 9/1). The obtained organic layer was
dried over aphydrous sodium sulfate. The insoiubles were filtered, and the filtrate was concentrated
under reduced pressure. To the obtzined residue, hexane was added, and the mixture was stirred for 30
25  minutes. The solid was taken by filtration, and dried under reduced pressure to obtain 20.0 g of 8-chloro-
(2—chlom—5-ﬂuoropyrimidin-4—yl)imidazo[l 2-alpyridine [27-2] (hereinafier, referred to as the
compound [27-2]) as a yellow soltd.
(3) 15.8 g of the compound £2-5] was dissolved in 50 mL of chloroform, 45 mL of
wifluoroacetic acid was added thereto under an ice-cold condition, and the mixture was stirred at oo
30  temperature for I hour. The reaction solution was concentrated under reduced pressure, and the obtained
residue was purified by sitica gel column chromatography (eluent: chloroform/methanol = 104/0 to
90/10) to obtain 10.7 g of (15)-1- ~{4-[(18)-1~ ammoethyl]phenyl}-2-(tert»butylam1no)ethanoi 127-3}
{hereinafter, referred to as the compound [27-31) as a white solid. :
(4} A mixture of 3.00 g of the compound {27-21,301 ¢ of the compound {27-3], 1.12 g
35  of sodium carbonate, and 10 mL of N-methyl-2-pyrrolidinone was stirred at 170°C for 2 hours. To the
reaction solution, water was added, and the mixture was extracied with a mixed solvent of chioroform and
ethyt acetate {mixing ratio: 1/ 10). The obtained organic layer was washed with water, and then dried over
anhydrous sodium sulfate. The insolubles were filtered, and the filtrate was concentrated under reduced
- 66 -



35yllamino}ethyl)phenyl][(2S)-1,2-dimethylpyrrolidin-2-yllmethanol [33] (hereinafter,

referred to as the compound [33]) WO 20081081910PCTOP2007/075224

(1) 1.69 9,9f seeobutyl((15)-1-{ 4-[[(2S)-1,2-d imethy Ipyrrolid in-2eyrz007/475224

[](hydroxy)methyl]phenyl lethyl)carbarnate [33-1] (hereinafter, referred to as the
compound [33-1]) was obtained from 2.55 g of the compound [23-4a] according to the

methods of EXAMPLES 19 and 20-0). (2) h}o § of( he title compound
[33] (hereiafteThrefitsdet s e tHREBhH SR E é‘i‘Tj"%\c/vé’én 0 from of the

compouniofgB=tinethreiol 812%hig Bfh & SPPELT [’27"“‘2]"5’86%?5%““ UL etshogs of
EXAMP Lk 27 <@y arrd {45 Fhes e@éwawéﬁlﬁfﬁﬂ@i@eﬁfﬁﬁ&ﬁﬁdfﬁ%ﬁﬁéf’ém SWh below.
(CDC13)6:0 y489s38.(m, 1EO, 8.42 (d, J = 3.4 Hz, 111), 8.24 (d, J =3.9 Hz, 1H),
7.42-7.28 (M, 51-), 6ud SLud@afmef ﬁﬁlger@@@dsﬂge(?ﬁ}“ﬁ?@)’m 37 (s, 11-1), 3.12-3.07 (m,
11-1), 2.51-2.47(m, 'H0MH) DO {33143, HSHH (&0, 3HY,IHBSE: ¥4 (¢l 1U)=189 (d,.1.
=6.8 Hz, Bb-070:8 556 &8, mp.Ssi0495 =49 7iZ M, ;wﬁmmmeﬁee@%ﬁ%% &yhthesis of
144-((1S)ql-IA=Brshioroimidamelk, 2:a] pyyicin@:y0-Bflterdpirnidint@ @ 5yitaitino}
ethyl)phepyl]-2-(dimethylamino)-2-methylpropan- 1 -ol [34] (hereinafter, referred to as
the gpmpound [34]) and 33l(hereinafter, referred to as the compound [35]) (here, the
compound [34] and the compound [35] are diastereomers. Please see Table 14)
(D51go ;91 t%yésulfoxide was dissolved in 70 triL of dichloromethane, and the

t

temperature of the ?%J:Q&W?s‘i kept At 148G hhemid8a mbkighandighloromethane
solution in Wh'%j?;. [ ~yI angm ﬁglyg}mngff;p{g&gﬁg@@@g@{ﬁ@,g@ﬁ@ﬁd@gﬁﬂ@eﬁm@ The

mixture WaS § irre ﬂnatt e sa temperature for 30 minutes, and thereafter 120 mL of a
£
dichlBronfaiRane soTu?lopn n.in E;Ey 180&% mm%wgg@ﬁtgyj IpR):ZsneiyRrepan-l-ol is

dissolved was addedtH&FEto |x as stirred at the sanesteimpengdurador 20
minutes, Tﬁ*?hé‘i‘i?‘fhfﬂ‘e%@’lgt?ﬁ?ﬁeed a{lgna eréiﬁf?theﬂmggt&% as.&lingd at the

same terdperatirEr By 50 NG L e arné’élctlon mlxtureewsas Warmed 0,590, s
temperatiiferechier T EA RS Wit WithfSTomethane. The ol obtained organic layer was

wasHed withesasAtRFATERTCRtU SRR P RipRe 12ver s dried over anfiydrots MEE

The insolubles were filtered, and the filtrate was concentrated under reduced pressure. The obtained

residue was purified by silica gel column chromatography {elient: chloroform/methancl = 100/0 to 95/5)

to obtain 365 mg of tert-butyl {(18)-1-(4-{(1 S)-1-hydroxy-2-[{1-
melhy1cyclopenty§)amino]ethyl}pheny])ethyl]carbama‘te {28-1] (hereinafter, referred to as the compound

25  [28-1]) as a white sofid.
(2) 25.9 mg of the title compound [28] (hereinafter, referred o as the compound [28])

was obtained as 2 pale yellow solid from 45 mg of the compound [27-2] and 150 mg of the compound
[28-1] according to the methods of EXAMPLE 27-(3) and (4).
The spectral data of the compound [28] are shown below.
30 'H-NMR (CDCls) 8: 9.21 (br, 1H), 8.41 (d, } =3.9 Hz, 1H), 8.23 (d, J= 3.4 Hz, IH),
7.42-7.37 (m, 5H), 7.26 (s, 1H), 6.68 (brs, 1H), 5.54 {brs, 1H), 5.07-4.99 (m, 1H), 4.58 (dd, } =3.9 Hz,
9.3 Hz, 1H), 2.88 (dd, J = 3.9 Hz, 12.2 Hz, 1H), 2.53 (dd, } = 9.3 Hz, 12.2 Hz, 1H)}, 1.63-1.52 (m, 6H),
1.60 (d, } = 6.8 Hz, 3H), 1.47-1.39 (m, 2H), 1.30-1.27 (m, 1H), 1.12 (s, 3H)}
mass: 508, 511 (M1
35
EXAMPLE 29

-7 -



hydrogen carbonate solution and saturated brine, sequentially, and dried over
anhydrous magnesium sulfate. Then, the insolubles were filtered, and the filtrate was
concentratgd yipdgr sgduced pressure. The obtained residue was.pypified py.distillation
under reduced pressure to obtain 11.1 g of 2- (dimethylamino)-2-methylpropanal [34-1]
(hereinafter, referred to as the compound [34-1]). 30(2) 12.8 g of tert-butyl (O
S)-1-(4[2-(dimethylamino)-1-hydroxy-2- methylpropyllphenyl}ethyl)carbamate [34-2]
(hereinafter, referredstehas the Tommpeuntfdd-21¥-WES bitaiveddomi@ficd. of the
compoungsft:tlnand-i-hengrafihie-compaoirdiideiiiaccorgingioitie:metho ds:ofi
EXAMPLES:234arngh 24-(4). (3) 2.31 g of a mixture of the title compounds
[34] and [35] was ohtainehfranyB:24:@sef-35thansamparng f3dopliameka 1 34 gyadithe
compounes[2 frgliRECORARG (0:1he MGIheds O EXAMBREESR B3} and.fdioro-s-

(4) 70.2 marof a:mivie-otihe,compaunds (34 anghlaelh wasdsanasated on Chiralcel
AD- H. \%90&9%!,%9;QE&ME&Q&W%%&%Q&@@&frprem@keeagratlon are as
fOllOWS. b ticarion ar MBI OSSURICEL AR ;Le(QQﬂB@J%?EﬁRAH,EW ufagtured by DA10EL
CHEMICAL INDUOSl}rd)I!E §rhg -I;Qe)ritlg mm;%ﬁ%f [9&]5\1 reimna érarn%n!%qg Qf c%%gurg r[99§|uent

HEX?EIE/Z zgrggan asaw Xopc[ggrr]ﬁeﬁ 72 5e<,9m]1'poml1:(l ﬁ/’y:{ t% 2:1'_?fm oéme compound [29- lThe
obtained solutlon Was '%O‘ﬂ% er reduced pressure {6 obtain 22.5 mg of the

title compoun&g[fﬁ @ mj nu &S %t of %he tltle compound [35] (RT =
at the compoun are
22.3 minutes). The g AN RORULES (PEJ own below, 10'H-NMR
FATe O T b el A s
72170@%%1%6%%?%‘% RAGTTXS b 88 (sl e Jzéﬂ e 5y 4 °580(s,3121), 1.58
d, 12 7.07HE S pO {4h 6781 B 31 MR 1 %ﬁf‘l%ﬁﬁrg’s 335 %é‘é) 4G4 Se”é‘p’ tral
data of tHe' thHFbEHY [355-4F8 SAbthit Hefdl. 15'H-NMR ((CD3OD) 6:8.38 (s, 111), 8.29
(s, 1H), 7.75 (d, | = POHE @H))'7.51-7.43 (m, 51-1), 7.19-7.04 (m, 1H), 5.10-5.01 (m,
1H), 4.96 (s, 1H), 2.94 (s, 314), 2.80 (s, 3H), 1.58 (d, .1= 7.0 Hz, 311), 1.17 (s, 3H),
1.12 (s, ZHBMPIESS: 483, 485 (M-11)t
20 : Synihesis of (18)-2-(tert-butylamino}-1-{4-((15)-1-{[4-(8-cyclopropylimidazo[l,2-
a]pyridin—3-y1)-5-ﬂuoropyrimidin—2-yl]amir10}ethyl)phenyl]ethanol [30] (hereinafter, referred to as the
compound [30])
(1) 13.4 g of 3-(2-chloro-3-fluoropyrimidin-4-y1)-8-cyclopropylimidazo[ 1,2-ajpyridine
[30-1] (hereinafier, referred 0 as the compound [30-1]) was obtained from 11.5 g of 2,4-dichloro-5-
25  fluoropyrimidine (commercialiy available from Fluorochem Co. Ltd.) and 9.21 g of 3-
cyclopropylpyridine-2-amine (synthesized by the method as described on p. 142 of the [nternational
Publication of WO 2006/025567) according to the methods of EXAMPLE 27-(1) and (2).
(2) 673 mg of the title compound [30] (hereinafter, referred to as the compound [307) was
obtained as an orange solid from 1.17 g of the compound {27-3] and 1.1 g of the compound [30-1}
30  according fo the method of EXAMPLE 27-(4).
The spectral data of the compound [30] are shown below.
TH-NMR (CDCL) 8: 9.20 (brs, 1H), 841 (d, I= 3.9 Hz, 1H), £.19(d, 1 =3.9 Hz, 1H),
7.39 (q, 4H), 6.83 (4, ] = 6.8 Hz, 1H), 6.69 (m, 1H), 5.44 (d, ] = 5.9 Hz, 1H), 5.06 (guint, J = 7.3 Hz, 1H),
4.57(dd, } = 8.8 He, 3.4 Hz, 1H), 2.85 (dd, 12.0 Hz, 3.7 Hz, 1H), 2.62 (dd, J = [ 1.7 Hz, 8.8 Hz, tH), 1.59
35  (d,J=6.8Hz 3H), 1.13(d, } = 8.8 Hz, ZH), 1.06 (s, SH), 0.87 (m, 2H)
mass: 489 (M-+1)".

EXAMPLE 31
_68 -



20 EXAMPLES 36 and 37 Synthesis of
[44(1S)-1-([4-(8-chloroimidazo[1,2-alpyridin-3-y1)-5-fluoropysimidin-2-
yllaminotethyliphepyll{1-isopropylazetidin-3-y1) methanol [36] (hgisinafter 7{&{ rred to
as the compound [36]) and [37] (hereinafter, referred to as the compound 37]) (here,
the compound [36] and the compound [37] are diastereomers. Please see Table 15)
25(1) 9.94 g of tert-butyl[(1S)-1-(4-f 1-(diphenylmethyl)azetidin-3-
yllcarbonyllphenylietbyteds ba i€ {@6:1 kfivere ialits); irgfefired-4d8as the compound
[36-1]) wasmbtaingdifroanlbennbiydrylazetidine Bxeachoxyliecatichaccortingtetthe
methods efcXAMRBELEr-{(k) arg (2). (2) 9.94 g of the compound [36-1] was
dissolved in 100 mL @ftetrabydroturars and.2Rminafvmethanebnmi@dmg.afisodium
borohydrigg.wasaddedsheretealieomiampanatiie, and dhe.oiduie:3Qwas stirred at
th? samedt&m@rﬁwg@ﬁgrdaécmé;J}odm@,r@ﬁ,qmmswt_@; WSS M@%@ﬂﬁed, and the
mixture %&MW%&IB-MQQW%J Q%QQE@U&%Q&QJ&@J&'&'@%’I@I;\? W@f&éﬂﬁi@&a@wr
anhydrous magnesyim A, thenxhedrsolhlss-werefiterada.apy the filtrate was
concentrated under ppglied psaULS L ig gﬁ@g@%qﬂg%%ge%@dvx%&e%@%s!,ppg gilica gel
Sl heraneleulagetale, £ 10010 1o, J0/{0L10 Golpin 632

column CQ%O%}}Q?L%% I (i 0
mg of tert- 1((15)-1-{41[1- y Oazetidi n-3-
35y|](hydﬁ3o§g]; ﬁ%‘é H];g}iﬁp]th%iﬁejfd&x |t i&:g;&%qé‘j 3 [ a@-s X h%ré%i\gafter, referred to as the
compound [36-2]). ‘H;;ZR( D %5-'955- 2?5) i ut%/ @130k 10 5264139 '
SEI-(4-[hydrox gl-jsobrop}/(fazé idine ”-g/fj”m}gtﬁ'y Shenytethy it amad 363
(hereinafté? Peterrdtitd" s e tomigonfd Zs’-%lg%; 3obtaied ot *9.7dy bPthe
compountf {362 ratborditl-tb- & metrdts oPERAMBILE4 153y Hhd 4147152 ¥o
2008108191 0B ETIP2007/075224 (4) 135 mg of a mixture of the title
compounds [36] and"iS7]\@& bbtained from 720 mg of the compound [36-3] and 200
mg of the compound [27-2] accordifig to the methods of EXAMPLE 27- (3) and (4).
(5) 130 nkgrBfitRe3ixture of he compounds [36] and [37] was separated on Chiralcel 5
AD-FR Conditions fo¥veptical Sepraf@ion Bré-ddtolvees]l.2-alpyridinGoliiner-@hiradeel AD-H
(Chiralcet-ARsg irranttactidtee! Bylibyhte@HENHGhol ND BSHRI ST adiameter
of 20 mmpagdnlgegth of 250 nun Eluent: Hexane/ethanol/diethylarnine = 70/30/1
10Flow rate: 12 mL/minng of the titickhepalhtainpe:sohatormasiconeentrated under reduced
pressureda:abiainydtume:ofkihedile.companich{ 36]4(RE 3 L Axpibuiasy andi63 mg of
the tile comparRth{ 3R TrEx208 mingies) (A he spectral data of the compound [36]
are shown below. 15HsNMIRIAEE el BO) (Rrsnddd)e1 §v22-8.16 (M, 21-1), 7.43-7.38
(M, 41-1), 7.32 (d, Ik ddBeilhd) o 172 68, ), BHQ, (0150 W) 119, 284(Rr$- 1501 4185 (brs,
1H), 4.89, (d.7h7 Q. 841z 7d-50b 3 38)(Ho)rod , InhZs 264c0n8; 1 9r3.H2Musd BY» 3.8%:3-04 (M,
IH), 2.681060,6M0, 311 08392 - 2R (M L L3885 (A2 487 MItHs 1 21 (m, 11, 0.86 s,

30 3H)

mass: 493, 497 (M+15",

EXAMPLE 33

' Synthesis of [4-((18)-1-{[4-(8-chloroimidazo[1,2-alpyridin-3-vi)-5-fluoropyrimidin-2-
35  yllamino}ethylphenyll[(25)-1,2-dimethylpymolidin-2-yijmethanol [33] (hereinafier, referred to as the

compound [33])

- 69 -



The spectral data of the compound [37] are shown below. 2011-1-NMR (CDCI3) 6: 8.99
(br, 11-1), 8.29 (brs, IH), 8.18-8.17 (m, 1H), 7.41-7.37 (m, 41-0, 7.32(d, | =6.8 Hz, 111),
7.27 (S, 1HoB:57a8/1-0, 5.61 (br, 11-0, 4.99-4.95 (m, | H), 4.87,(d, J.= 6,3 Hz, | H),
3.21 (d, I= 6.3 Hz, 2H), 3.14-3.10(m, 1H), 3.05-3.02 (M, 1H), 2.66-2.62 (M. 1H), 2.27
(quint, J = 6.3 Hz, | H), 1.58 (d, J = 6.8 Hz, 31-1), 0.89 (d, .1= 5.9 Hz, 6H) mass: 495,
497 (M+04. 25 EXAMPLE 38 Synthesis of (I S)-2-(tert-buty lam
iN0)-144-[(1S)-1-([448} (ditlpicronvettiyIFin- (0L, 2dimethylpyrrolidin-2-
a]pyridin-31ydd-Ssftuarppyimidim2:ytanino) ettwilphenrste thane (38 herainafter,
referred terasdhe:e0mREERC:{38])n3 Q{-)a LEOMRAG ©fhe methods of EXAMPLES 19 and 20-(1).
3-(2-chloro-5-fluoropyyimidia 4 x4 idazakl 2:adeyreia- &reathosidehyded88:1]
(hereinaftey Jefiesied.t90as the-compaund [38d was.phtaingsfiomHaSme, of i 4-
dichloro-SslihQtapyrimigine;(epmipgrcially available from Fluorochem Co. Ltd) and 415
mg of 2- aminonicotigaldehyde (conmascialisfyaiaklafigm Aldrich Corporation)
according to the methogls, ohEeXAMBLE24:(1:hand )-;%@@i AR 1= 3517 1m)
3-(2-chioug5 Bygrapy iRy didnSslyiamatmymiazolt, o7 RTINS 1952
(heraiparih, ISR e Wy cAMAOHIG Pigl) Yiep,optaiad o, 180 mg of the
compoun f38-1 accordi %%%%gggne hod ‘of EXAMPLE 4-(2). WO _
2908/081910PCT/J %0@% 47" (3) 1 2.9 mg of the title compound [38]
(hereinafter kefersrgg to as the compound [381) was obtained from 33.5 mg of the
compoun PRGSO mg_of the compound [38-2] according3to the method of
EXAMPLE 27-(4). TREEHBat A ¢33 of! H%‘“E%SP%B&%ZHH’I?E;?& SHEWIT BB BH-NMR
(CDCL3) g iag Py Uy, G nt i "Ry wrs§e8 25 B e 4r8)° 7.87- 7.93 (m,
11-1 I/5+19reys) Plesd PEE ot 48y i sUbTea it Balabirg Wsserpraray rstt, J =
55.1 Hz, Lmyg 878 7osEaom e Farsyes 8 s!51 (m, 1H 4/5), 5.06-5.00 (m, 1H 4/5),
4.67-4.57 (M, 1H 4/39 e sf8irshvsgisydgaoligoed im0 plafdisyorrggepcgritn, | H 1/5),
2.90-2. 84e(verdnist Ay sQuBO-PagiEr(m ;73 1Thet, 6P LBB(FHHS PR BNt SUGEGO (WD 14 1/5),
1.0920. 06 4B}l Dfiddsist 498s(V4 1t REFERE NG EifnSyrthosid e same.
tert-butyl bkt 4oformiyipheny@etiiv icansariaic 88 <Bgeafithe: cornipoind $121] was
dissolveddmdi@Qnmk)oftetyahydrotu radsanei ceOl@edtbereto. The mixiure was stirred at the
same temperature for 20 minutes, 107 g of triethylamine was added thereto, and the mixture was stirred at
the same temperature for 40 minutes. The reaction mixture was warmed to room temperature, and then
25  diluted with dichloromethane. The obtained organic layer was washed with a saturated aqueous sodium
hydrogen carbonate solution and saturated brine, sequentially, and dried over anhydrous magnesium
sulfate. Then, the Insolubles were filtered, and the filtrate was concentrated under reduced pressure. The
obtained residue was purified by distillation under reduced pressuse to obrain 11.1 g of 2-
(dimethylamino)-2-methylpropanal {34-1] (hereinafter, referred to as the compound [34-1]).
30 (2) 12.8 g of tert-butyl ({(18)-1-{4-[2-(dimethylamino)-1-hydroxy-2-
methylpropyi]phenyl}ethyl)carbamate [34-2] (hereinafter, referved to as the compound [34-2]) was '
obtained from 24.1 g of the compound {1-1] and 11.1 g of the compound {34-1] according to the methods
of EXAMPLES 23 and 24-(4). '
(3} 2.31 g of a mixture of the title compounds [34] and [35] was obtained from 6.24 g of
35  the compound [34-2] and 2.34 g of the compound [27-2] according to the methods of EXAMPLES 27-(3)
and (4).
(4} 70.2 mg of a mixture of the compounds {34] and [35] was separated on Chiralcel AD-
H.
-0 -



1578C. Thereafter, 31.2 InL of n-butyllithium (1.6 M hexane solution) was added
thereto, and the mixture was stirred for 1 hour at the same temperature. 774 ML of
N,N-dimetipdformamide was added to the produced white suspepsiop,ihich.was
stirred for 5 hours while gradually heating back to room temperature. To the reaction
mixture was added a saturated aqueous solution of ammonium chloride, and the
mixture was extracted with ethyl acetate. The obtained organic layer was washed with
saturated brine 20ar@diied ovetiahdsdtousamdghesium sulfate. The insolubles were
filtered, the filtrate waswsconuénitratedruntelfedutodpressurs, lardaher@gigiting residue
was purifiedusymsitica gel aehde pfechramatogeaphys¢eldent. hexane/ethyl acetate = 100/0
- 50/50), to obtain 5khdngeftettdhibytivdis)ytdd. fosmytphenyDethylicarbarnate [39] as a
pale yellow amorphagus: 25 REEERENCE 2 Synthesis of '
benzy144(4-{(1S)-1-f{iephutoxysarhanyamineleihyQrhsnubbydiaxy)methyiiperidin
e-l-carboxylate J40 ;34 v = 11 28 hmg Sf the.cambaladh[4Zl (SeaRELRENEE 4) was
dissolved in a mixed solvent of 10 mL of tetrahydrofuran and | mL of methanol, then 22
mg of sodium boronhyd| anygg&@gggg,m%%g L2 30the, mixture was stirred overnight
at ropin temperature,, 1_@E[,\e LWAS, A0 Qt%hgzgg ?ﬂP‘}]é?&U}@%M‘ ﬁl}}"é‘?@ %acted
with ethyl C%@% Tha%ne 5}9& praRRIE v et a5, Washedait waler andssalurated

brine |nt over an drous magnesium su fate. The insolublés were
filtered, the T|Itra é és Ce¢ ncen atﬁd under reduced pressure, and the resulting residue
was purified by silica’ gel “Coltim romato ra hy eluent hexane/ethyl acetate = 100/0

- 30/70), to obtain 25 é 13 BRALD iﬁf’zi“g ovn below.

35ktért- butoxycarbo ﬁﬂ%l%@\ rWeSt f dialHd- IS&grﬁdﬂ?ylate
[40]. REPERERCE & S)miesi &F %9[‘( 3(1)52) T(t&M Btitbkyddiony
Bamino]ethy! E1%ﬁ"élfli/l‘ﬂny?ﬁbxy)methylIpyrrolldlne I —carboxy late [41] 337
mg of mass: 483, 485 (M+1)"

benzyl(2R)-2-[(4-1(1S)-1-Ktertbutoxycarbonyl)aminojethyl}phenyl)(hydroxy)methyl]pyrro
lidingo Tca¥buRRates f4d JAvas obtained from 5 1.06 g of

benzyl1(2R)-2-forrnyipyhesticlifiet 1S caf Bakytatreisymihe sizediatchrdingdorthegimiethod
disclosed Bivehghhed Chenny2008-11) S1B313%6 tyrainded. 2 Argdof thiecompoand
[1-1] accerding (o thedngthodeoidxamplengeON [RE R ENGIDd B8yntite sis@hnd
benzyl4{i4ridSpd-Hhest-briexycarkany Daminolethyl) benzoyl)piperidi ne- 1- carboxy
late p42] 1.26)9.9f ¢ of tert-butyl{(15)-1-(4-{{1-{diphenylmethyl)azetidin-3-
benzy14+ttd:SkkelitentshriexyeafaonybamiaolathdlbanzayRipipeidinp-kcathexylate
[42] was ghiaingdfigm2dae- g-abhenzyld-Nrmetboxyhwosthylearbamaylpiperidine-1-
carboxy late and 2.13, g2 116 COMPAMS 1Al AssIinad.the methesaf Fxample
2'0)' 15 IQQ%Q&%@EQ@QH&Mmm borohydride was added thereto at room temperature, and the mixture

30  was stirred at the same temperature for 2.5 hours. To the reaction mixture, water was added, and the
mixture was extracted with chloreform. The obtained organic layer was dried over anhydrous magnesium
suifate. Then, the insolubles were filtered, and the filtrate was concenirated under reduced pressure, The
obtained residue was purified by silica gel column chromatography (eluent: hexane/ethyl acetate = 100/0
to 30/70) to obtain 632 mg of teri-buty{(18)-1-{4-{[ I-{diphenyl methyDazetidin-3-

35 yllhydroxy)methyliphenyl}ethyDearbamate [36-2] (hereinafier, referred to as the compound [36-2]).

(3} 6.26 g of tert-buty? ({15)-1-{4-[hydroxy(1-isopropylazetidine 3-yi}
methyl|phenyl}ethyi)carbamate [36-3] (hereinafier, referred to as the compound [36-31) was obtained
from 9.79 g of the compound [36-2] according to the methods of EXAMPLE 11-(3) and (4).
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The compound of the present invention has an excellent inhibitory effect against PLKI
and cell proliferation, and thus it is expected to serve as a useful antitumor agent in the
field of medligings,¥¥@ 2008/081910PCT/IP2007/075224 CLAIM A camnol g of
Formula [Il:  OH or a pharmaceutically acceptable sailor ester thereof Whereln 5RI
and R2, which may be the same or different, are each a hydrogen atom; a halogen
atom; a lower alkyl group having one to two carbon atoms, which may be substituted
with one to three fludfiné atrrnisa delopropybgrolip; ehd bR Saned R igang
hydrogencétenmpshil Ihe atiiep one of REpand (R4 1s:ca)ise lowenalkid roupBubstituted
with NR,Rbmlvere R. and Rb, which may be the same 10 or different, are each a
hydrogen atom, a lowersalkybgioupua enzyhgiou;gkma eyclealisy:giou phawng three
to six carhpniatoms, wherein the cycloalkyl group may be substituted with one or more
substituents, which BayRe;basameandifferantnsglected from the following 1) to 3): 1)
a lower alkyl group; 2)ig.sUlstitient setarird [N smuRstive Grausitzrcand 153) a
lower alkylgreugsubstiiutad-with-006 Qrnase syhstitients selected from <Substituent
Group 13>; and the gyglaalkyl graupmay,include,apunsaturated bond; b) a 4-
to 6-membered allpi}%prgﬁet}err%xglc group selected from an azetidinyl group, a
pyrroldliny! group, 2 RIPSAAY, GENR: BRCLAPIPEIRAIMJIONRL: o cbei 36 me S4B IOWET

alkyl groyp s! substit \MI -mgggbereg | hatic h c grou Oselected
from an an- tlalﬁyfngﬁgﬂp, a @F‘r"é‘if‘ Fﬁsyfngroﬁn a 1665r‘i‘c’l“ﬁy‘f ﬁ%ﬁ and a plpg azinyl

group, d) a 5- or 6- membered aromatic heterocycllc group selected from a

pyrrolyl group, an mlaeafoﬁ da%ﬁﬂhw’)? o GrSUs & pyridyl grou yraziny|
Q/ %’) égo(br m),szz% 16 (m, 2H), ¥ '}ISSg(m 415)) 39@ T 7¥

groub and a yr|m|d Eg
Hz, 1 ),727(3 1 60(!);"5 m) 5.58 (brs, 1H), 4.95 (brs, 1H), 4.89 (d, ] = 6.8 Hz, 1H), 3.22(d, ] =

5.9 Hz, 24}, 3.15-3.12 (m, 1H)}, 3.05-3. 04 (m, 1H), 2.68-2.65 (m 1H}, 2.30-2.25 (m, 1H)
mass: 495, 497 (M+1)".
The spectral data of the compound [37] are shown below. ‘

20 TH-NMR (CDCL) 8: 8.99 (br, 1H), 8.29 (brs, 1H), 8.18-8.17 (m, 1H), 7.41-7.37 (i, 4H),
7.32(d, } = 6.8 Hz, 1H), 7.27 (s, 1H), 6.57 (br, 1H), 5.61 (br, 1H), 4.99-4.95 (m, 1H), 4.87 (4, } = 6.3 Hz,
1H), 3.21 (4, 7 = 6.3 Hz, 2H), 3.14-3.10 (mn, 1H), 3.05-3.02 (m, 1H), 2.66-2.62 (m, 1H), 2.27 (guint, J =
6.3 Hz, TH), 1.58 (d, 1= 6.8 Hz, 3H}, 0.89 (d, J = 5.9 Hz, 6H)

mass: 495, 497 (M+1)",

25
EXAMPLE 38
Synthesis of (18)-2-(tert-butylamino}- 1-{4-[(1S)- t-({4-[8-(difluoromethyDimidazo[1,2-
alpyridin-3-yli]-5-fluoropyrimidin-2-y!}amino)ethyl]phenyl } ethanol [38] (herginafter, referred to as the
compound [38])
30 (1) 180 mg of 3-(Z-chloro-5-fluoropyrimidin-4-y}}imidazo{1,2-a]pyridin-8-

carboaldehyde [38-1] (hereinafter, referred to as the compound [38-11) was obtained from 568 mg of 2,4-
dichloro-5-fluoropyrimidine (commercially available from Fluorochem Co. Lid) and 415 mg of 2-
aminonicotinaldehyde (commercially available from Aldrich Corporation)} according to the methods of
EXAMPLE 27-(1) and (2).

33 (2) 97 mg of 3-(2-chloro-5-fluoropyrimidin-4-y1)-8-(difluoromethyl)imidazo[1,2-
aJpyridine [38-2] (hereinafter, referred to as the compound [38-2]) was obtained from 18{5 mg of the
compound [38-1] according to the method of EXAMPLE 4-(2).
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e) a lower alkyl group substituted with a 5- or 6-membered aromatic heterocyclic group
selected from a pyrrolyl group, an imidazolyl group, a pyrazolyl group, a pyridyl group, a
pyrazinyl 2R, giauR..and a pyrimidinyl group, wherein the aliphatig-hgierpayelic group
and aromatic heterocyclic group each independently may be substituted with one or
more substituents, which may be the same or different, selected from the following 1) to
4): 1) a lower alkyl group; 2) a substituent selected from the <Substituent Group 13>;
WO 2008/081910PCI/2P2e0718 7822hpound [38] (herei@¥ier. lolarar aliyherowpstiBStituted
with one emsmciestubstitients setectedd U] thé3« BabSttuent & G831 Reodanth the

4) a cyclosdteylgrmuphaving)3 to 6 carbon atoms, which may be substituted with one or
more substituents selecied-frauia dhe: shphsiitent Geeup:ipe; SR5 is a hydrogen atom, a
cyang group, a halogenrratQomnons RdoswaE, alkyd growp-and<H ebstituentiGioyp.g> IS
defined agdbglow 15SUDBLIURRY GraLRRA), 230060 SLar: /& Ny HEOX ¥ QIQLHEs A 1mitro
group, a GyARe;GrauR, AAMIBRGIoMNASRERaR-OIAUR), aB,amigRsulianylgroup, an
imino groyp,; A 1Ryvesalleyisuony| i adawesalicyispianyarmina Qs aup,, alpwer

alkoxy group, 4 lQwer aikoxycareanyl 9reuRe g.lwek 1 0alkoxycarbonylamino group, a
lower alkanoyl group, a. I@ggwqucanoyloxy group, a lower allcylthio group, a carboxyl

group, and a benzy | group. 2. The compound according to Claim | or a
pharmac%yé@][y ceptable salt or ester thereof, wherein R5 is a hydrogen atom, a
cyano group, a ha en ato 0 e compound
according to Claim EbﬂFeséES 0{1{;’“ ga}[é@ |c§){lﬁgm Pgmfj l)ﬁﬁhé lscgﬁam?tee[s%i] 15thereof wherein
R, is a lower alkyl %ro% avm D e e A om?s iR gsolEg e d with |
to 3 fluoriffe-atSiia s ty i‘&}p?fo'bWéf Pgﬁ‘ﬁﬁoﬁr%héﬁﬁrgﬁﬁ%"ﬁ%w a&%&% FPieaHEEGen
atom, s sired o R SRR P RS ARt Bl B it iy
acceptabf ¥t B e Ster o b \WISTET the PRSUBLh Rt GIstHs 1948 B°Ralogen atom,
a hydrox{Igeets; An BETAErRTHUE B el AHRASH R ot AT A oV fRrkaxy
group. 20%:. "PHgconsyEcatvi eardiTyg o Tl ainng siearip Mermidcetaeaily aeeepbarie salt
or ester therset ovwhehedrromerofR3utrd Ry iscltfry cheofderdtdativhitesteecettier one of

R3 and R#disreduced pressure, and the resuliing residue was purified by silica gel column chromatography |
(eluent: hexane/ethyi acetate = 100/0 - 50/50), to obtain 514 mg of tert-butylf(15)-1-(4-
formylphenylethyl]carbamate [39] as a paile yellow amorphous.

25  REFERENCE2
Synthesis of benzyl4-{(4-{(18)-1-[(tert-
butoxyearbonyllaminolethy} phenylhydroxy)methyi]piperidine-1-carboxylate [40]
267 mg of the compound [42] (See REFRENCE 4) was dissolved in a mixed solvent of 10
mL of tetrahydrofuran and | mL of methanol, then 22 mg of sodium boronhydride was added thereto, and
30  the mixture was stirred overnight at room temperature. Water was added to the reaction solution, which
was extracted with ethyl acetate. The obtained organic layer was washed with water and saturated brine
in that order, and dried over anhydrous magnesium sulfate. The insolubles were filtered, the filtrate was
concentrated under reduced pressure, and the resulting residue was purified by silica gel column
chromatography (eluent: hexane/ethyl acetate = 100/0 - 30/70), to obtain 256 mg of benzyl4-[(4-{{18)-1-
35 [(tert-butoxycarbonylaminolethyl} phenyhydroxy)methyl}piperidine- 1-carboxylate [40].

REFERENCE 3
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a) a lower alkyl group substituted with NR,Rb, where R. and 124, which may be the
same or different, are each a hydrogen atom, a lower alkyl group, or a cycloalkyl group

having fiveslg sis®esarbon atoms, wherein the cycloallcyl group gpayhesubstituted
with one or more substituents, which may be the same or different, selected from the

following 1) to 3): 1) a lower alkyl group; 2) a substituent selected from
<Substituent Group 0.>; and 3) a lower alkyl group substituted with one
or more substituentSséiestddchaiEr304SUibhStititrnt Group P>; or b) a 4- or

6-membernecyadiphatiehatertoyeib(grioupseigihtecifiom anvaaétidmyl group, a
pyrrolidinyl group ard7anpigesieliga)gruup; syherein the aliphatic heterocyclic group may
be substituted-aeih pheqimnpie-sibstitkentGy Whichimaybe-the-samesendiferont,
selected freypdhefallewing)itoR)iuhea-loweyalkyhgeamup 36 dhasuhstituansalected
from the gSubstilehGIuR 13> 80643 and 1.14 g iAW Pk Y L @EQUR Sub stitited with
one or mgfg.sustityents selected from the <Substituent Group p>. WO
3008/081910PCT/JP2007/075224 6. The compound according to Claim | or a
pharmacgytigaly-geceptable salt or ester thereof, wherein: Rl is a lower alkyl
groug having ' or % SALROD &a@m@q{w'p[atg;@axogsa%%ﬁimawmm@,ggmmme atoms;

a cyclopro Py ora halogen atom; . 5R2 is'a hydrogen atom;

and R4 is a y ro ei rone fR R4i|bsan |ncp Iower alkyl
group (ngrglnatg ﬁ? Fnb(k ?m % yﬁ d]fy up. 1%\}; ?to3carbon

Cbeined '“§§p£ of S{ mstho ﬁB
atom(s)) whc IS sf.’ﬂa af Ri nzﬂ |ue3 f/’wtha near of rpanc'fﬁed alkyl

groug haSTRG It 8" ¢arbeR af ()““a BIDETAI YIS WhitR TR & Bstituted with a
linear or branched aIkyI group having 1 to 5 10carbon atom(s); a pyrrolidinyl group
which is Ri&tBtReled Rith a linear or branched alkyl group having Ito 5 carbon atom(s);
an azetidinyl group WS N- LAl SERGTER T BIResr SrraeRed ar&i"grddp having |
to 5 carb® BHGFASYIER aPe eidat ey T Gt SUE R AVIAt IVErsHeea b A b thgeditierein the
piperidinyl group, the pyrrolidinyl group, and the azetidinyl group each independently
may be further substituted with a linear or branched alkyl group having Ito 3 carbon
atom(s), and the cycloalkyl group 15may be substituted with a linear or branched alkyl
group having.' to 3 carbon atom(s) optionally having a hydroxy group; and

7.



R5 is a cyano group, a halogen atom, or a methyl group. 7. The compound
according to Claim 6 or a pharmaceutically acceptable salt or 'ester thereof, wherein:
20R., is a methyl group, an ethyl group, a difluoromethyl group, a trifluoromethyl group,
a cycloprop‘ﬁ‘/’f}d?%%ﬁf Ea chlorine atom; R2 is a hydrogen atom; F¢THF2007815&6f R3
and R4 is a hydrogen atom, while the other one of R3 and R4 is a linear or branched
alkyl group havinggdig, 3carpgrgatom(s) which is substituted with a dimethylamino
group, an 25isopropylamino group, 1,1-dimethylpropylamino group, or t-butylamino
group; a piperidinyl g[pgpomggm dsellzspbstituted with a linear or branched alkyl group
having Ito 5 carbor, atom(s); a pyrrolidinyl group which is N-substituted with a linear or
branched alkyl grogia-haying to 5 carbon atom(s); an azotidinyl group which is
N-substituted or branched alkyl group having | to 5 carbon atom(s); or a
cyclopentyl groyp ch may be substituted with a methyl group or a hydroxymethyl
group, Wh%rein lhe 30piperidinyl@roup, the pyrrolidinyl group, and the azetidinyl group
each indepé ‘!;o" % may be further substituted with a linear or branched alkyl group
having Ito 3 carh oSk
group. " 8. Hhe chmppumd according to Claim 1 which is: (@)2-[((I 8)-1-
(4-[2-(tert-buty lamino)- | -hydrox

35alpyridin-3-yOpyrimidine-5-caggonitrile; (b)4(8-ethy | im idazo[l,2-a pyridin-3-yl)-2-RO
S(21-[hydor@xpatlzisQRIBRY.ERLNEEE dNadhr thereof wherein:

yomeEhW|pheny”eth)(l|§{m§1(¥)]a9&r lﬁ%‘@ﬂ?ﬁ‘e‘éﬁﬁ%ﬂa@@ﬂ&ﬁﬂ%ﬂe éﬂ@ hydrogen atom; a halogen

2008/ O819¢!ﬂQ,Ei) gJQMZéQ:Z%%&%)&&%MQL%QQMWW gtﬂvstituted with one to three
2-a[pyridin: 3y 1):2- (1) 1sk44hdroxy(1-methylpiperidin-4-
yl)methyllphenyliethy Damin oY mding R:6aRRUY IS oo ofr, andryis:
(d)4-(8-ethylimidazo{l, Z:afpydin. 3y 1):2: (18 14 Thydroxy(T-methylpiperidin:3-
yom?jhyﬂ Qﬁergé/ltletp aEhaarEIQroog g.%(r)g'ilcéxl O\evc;rs élﬁqrbcgln,lgrpeenﬁyi olp, or a gycloalicyl proup havi ..
5(e)2 ((1t 2 - A?L - tert-bﬂ% mino)- {h Er% e )yblp be,h}dcjzétfgl}/ﬁamﬁoﬁf-{-@-éﬁlormm|
dazo[L,2- ApSridine 35 BBy rimic irﬁegéz‘f:‘éar'é’oﬁrﬁr 7Y 0 SDSKICIEE Wil one or more substituents,
(1)24((1S) 194713 6 86 B ST ST I et hYiE thyparnino)-4-[8-
(difluoromethypimidazZdf12Eiiyit:3-ylipyrimidine-5-carbonitrile,  (g) ‘
4-(8-cyclopropylimidaZG T2 U a5yl SR =22 WHS) T4 79 - dimethylpyrrolidin-2-
10yl)thydroxy)methylIpHesTmatyEsar s ianTer S iseiftpfaciccted fom

<Substituent Group 8>; and the cycloalkyl group may include an unsaturated bond;

).

b) a 4- to 6-membered aliphatic heterocyclic group selected from an azetidinyl group, a
pyrrofidinyl group, a piperidiny! group, and a piperazinyl group;
) a lower alkyl] group substituted with a 4- to é-membered aliphatic heterocyclic group
20 selected from an azetidiny] group, a pyrrolidinyi group, a piperidiny! group, and a piperazinyl group,
d) a 5- or 6~-membered aromatic heterocyclic group selected from a pyrrolyl group, an
imidazolyl group, a pyrazolyl group, a pyridyl group, a pyrazinyl group, and a pyrimidinyl group; or
‘ e) a lower alkyl group substituted with 4 5- or 6-membered aromatic heterocyclic group
selected from a pyrrolyl group, an imidazoly] group, a pyrazolyl group, a pyridyl group, a pyrazinyl
25 group, and a pyrimidiny] group, wherein the aliphatic heterocyclic group and aromatic heterocyclic group
each independently may be substituted with one or more substituents, which may be the same or different,
selected from the following 1) to 4):
1) a lower alkyl group;
2) a substituent selected from the <Substituent Group 8>,

~T75.



(h

(1S)-2-(tert-butylamino)-144-((1S)-1-114-(8-chloroimidazo[1,2-a]pyridin-3-y1)-5-fluoropy

r idin-2- yI]arnlno eth I)phenyljethanol () (1S)-1-[4-((18)- 1 - {

[4-(8-chloroffRitf% 8§ ﬁ -a]pyridin-3-y0-5-fluoropyrimidin-2- yliamif&JF2007/075224
ethyl)pheny11-2- [(1 methylcyclopenty Damino]ethanoli 15(j)

(1S)-2-(tert-butylamino)-1-[4-((1S)-1-{[4-(8-cyclopropylimidazo[1,2-a]pyridin-3-y1)-5-

methylpyrimidin-2- yllagﬁ‘m&l@ﬁ&]ﬂ) Q&W&@mm o more substituents selected from the

(1S)-2- (tegggg%mmg; lndﬁ-((IS) 1 114-(8-cyclopropylimidazop ,2-ajpyridin-3-y1)-5-

quoropyrlmldln -2- yl]a”& Q &Q :% QQ arbon aQn)s which may be substituted with one or
(1S)-2- (teﬁot%% ‘agl |no ec e%'f]'om 15)-3-({5- 0@%48 (trlfluorome¥hy0|mldazo[l 2-aJpyridin
-3- 20ylipyrirni

n-2- amnino eth Il hen et an
[4-((1S)-1-([4-(8- chlor0|ml(§azoff% B¢ i u%r%’ i@%ﬁuéﬁ%@ﬁ %","ﬁ‘"ﬂkﬂ group; and

yflamlno}eth gighen G dime # rroﬁ“3 in-Z-yOmethanol;
144-((1S) 12 *8F%’|“8r%nﬁi‘88%8ﬂ"§ 3?59?"&%"??1’)’”6 Htidrd ﬂﬁﬁ‘ﬂ‘ﬁwaﬁa?lﬁrﬁﬁﬁlethyl)p
h enyl] - f.d egzi:?;r %‘Wﬁgwﬁgﬁqﬁﬁi’?& érhlxiu%q glﬁgirél lower alkylsuifonyl group, a lower

[4-((1S)-I ﬁﬂ‘ﬁ%ﬁ?&?&?ﬁ?&%ﬁ&[‘iﬂ?ﬂ%ﬂﬁm’ﬁn@w ?S(x%‘afi’jﬁvrﬁﬁliam‘%wamuno}ethyl)phe
nylJ (llﬁl SOMW&%%WP gwam éhﬁ[}ykﬁr% a lower alkkanoyioxy group, 2 lower afkylthio group,
(1S)-2-(tettgtyl &itviney 1 e @3Y#1 - ({448-(difluoromethyl)imidazo[1,2-a[pyridin-3-y11-5
- fluoropyrimidin-2-y #) dhitvapethd Mstérsftéiran of 2onarphairaicedtidddipiacegptable salt
or ester ttierab+8QD RAsplamzarcauticalwo apo sSitidnccaimpAsingthrogether with a
pharmaceutically acéepiadsiercareraingitydt 2ot lsdstensicimpeunt atcording to
Claimsl ashasmiaetiveniRgyegientikyl group hadfl, 14 Plabdninbilitorhto mpisingitegether with a
pharmaceditinatiy.aceepighleraaraetrdiduent sileask gnengosppawnd of Claim 1 as an
active ingredient. 4. The compbindcaififUnTMiRYR ALEEMPHSING togeth e vithen
pharmaceuticaliy-aceapiablecartier35 o divental JeashanaLamparngal Claim | as
an active Jpgradiento.B ¥R22%anSshlishixt SEQUENCE LISTING <110> Banyu

phargaceutical Co.,sLtd. stz NQVERL SMUNQPXRIRINGRERIATIVES A5 PLK1
INHIBITQRS,130.BY0220YS

one of R; and R, is a hydrogen atom, while the other one of R3 and Ry is:
-2} a lower alkyl group substituted with NRR,, where R, and Ry, which may be the same
or different, are each a hydrogen atom, a lower alkyl group, or a cycloalky! group having five to six
25  carbon atoms, wherein the cycloalky! group may be substituted with one or more substituents, which may
be the same or different, selected from the following 1) to 3):
1) a lower alkyl group;
2) a substituent selected from <Substituent Group B>; and
1) a lower alkyl group substituted with one or more substituents sefected from
3¢ <Substituent Group B>; or
b) a 4- or 6-membered aliphatic heterocyclic group selected from an azetidinyl group, &
pyrrofidiny! group and a piperidiny] group, wherein the aliphatic heterocyclic group may be substituted
with one or more substituents, which may be the same or different, selected from the foliowing 1) 1o 3):
1} a lower alky! group;
35 2) a substituent selected from the <Substituent Group >; and
3) a lower alkyl group substituted with one or more substituents selected from the
<Substituent Group >
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&, The compound according to Claim 1 or a pharmacentically acceptable salt or ester

thereof, wherein:

B is a lower alkyl group having 1 or 2 carbon atom(s), which may be substituted with 1
to 3 fluorine atoms; & syclopropyl group; or a halogen atom;

R; is a hydrogen atom;

one of Rs and R, is a hydrogen atom, while the other one of Ry and Ry is an amino lower
alkyl group (wherein said lower alky! is a linear or branched alkyl group having I 1o 3 carbon atom(s))
which is N-substituted or N,N-di-substituted with a linear or branched alkyl group having 1 to 5 carbon
atom(s); a piperidiny! group which is N-substiiuied with a linear or branched alkyl group having 1 to 5
carbon atom{s); 2 pyrrolidinyl group which is M-substituted with a linear or branched aikyl group having
I to 5 carbon atom(s); an azetidinyl group which is N-substituted with 2 linear or branched alkyl group
having 1 to 5 carbon atom{s); or a cycloalkyl group having five to six carbon atomns, wherein the
piperidiny! proup, the pyrrolidiny] group, and the azetidiny! group each independently may be further
substituted with a linear or branched alkyl group having 1 to 3 carbon atom(s), and the cycloalky] group
may be substituted with a linear or branched alky! group having 1 10 3 carben atom(s} optionally having &
hydroxy group; and

R; is a cyano group, a halogen atom, or a methyl group.

7. The compound according to Claim 6 or a pharmaceutically acceptable salt or ester
thereof, wherein:

R, is a methyl group, an ethyl group, 2 difluoromethyl group, a wrifluoromethyl group, a
eyclopropyl group, or a chlorine atom;

R, is a hydrogen atom;

one of R; and R, is a hydrogen atom, while the other one of R; and R, is a linear or
branched alky! group having 1 10 3 carbon atom(s) which is substituted with a dimethylamine group, an
isopropylamino group, 1,1-dimethylpropylamine group, or t-butylamino group; 2 piperidinyt group which
is N-substituted with a linear or branched alkyl group having 1 to 5 carbon atom(s), a pyrrofidiny] group
which is N-substituted with a linear or branched afkyl group having 1 fo 5 carbon atom(s); an azetidinyi
group which is N-substituted with a linear or branched alkyl group having | to 5 carbon atom(s); or a
cyclopentyl group which may be substituted with a methyl group or a hydroxymethyl group, wherein the
piperidiny! group, the pyrrolidiny] group, and the azetidinyl group each independently may be further
substituted with a linear or branched alky] group having 1 to 3 carbon atom{s); and

Rs is a cyano group, a fluorine atom, or a methyl group.

8. The compound according, to Claim 1 which is:
(a8)2-[((18)-1-{4-]2-(tert-butylamino}- 1 -hydroxyethylphenyl}ethyamino}-4-(8-ethylimidazof 1,2-
alpyridin-3-yDpyrimidine-5-carbonitrile;

(b)4-(8-ethylimidazof1,2-a]pyridin-3-y1)-2-[({18)-1- {4-[§1ydroxy(f 1-isopropylpiperidin-4-
yDmethyljphenyl tethyDamino]pyrimidine-5-carbonitrile;
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(c)4-{8-cyclopropylimidazo § 2-alpyridin-3-y}-2-[{{15)-1- {4-[hydroxy(1 -methylpiperidin-4-
yhmethyllphenyl}ethy!aminolpyrimidine-3-carbonitrile;
(d¥4-(8-ethylimidaro] ], 2-aJoyridin-3-y1}-2-[((1 5} 1-{ 4-[hydroxy(] -methylpiperidin-3~
viimethyliphenyl}ethyDamino]pyrimidine-5-carbonitrile;
(&2-{{{(18)-1-{4-{2-Ctert-butylamino}- 1-hydroxyethy pheny ! ethyDamino-4-(B-chloroimidazo] 1,2«
ajpyridin-3-yl)pyrimidine-5-carbonitrile; :
(DZQ[((l S)-1-{4-[2-(tert-butylamino)- -hydroxyethyllphenyl }ethy Damino}-4-[ 8-
(difluoromethylimidazo[ 1, 2-ajpyridin-3-yi)pyrimidine-5-carbonitrile,
(g) 4-(B-cyclopropylimidazol 1,2-a]pyridin-3-y[)-2-[((1 8)-1-{4-[{1,2-dimethy [pyrrolidin-2-
yhhydrosy ymethyilphenyl}ethyDaminolpyrimidine-5-carbonitrile;
(B} (18- 2-(tert-butylamino)-1-[4-((18}-1-{[4-(8-chloroimidazo] 1, 2-a)pyridin-3-y)-5-fluoropyrimidin-2-
yHamino}ethyl)phenyljethano;
{1} (18)-1-{4~((18)-1-{{4-(8-chloroimidazo] I . 2-ajpyridin-3-y}-5-flucropyrimidin-2-
yilamino} ethyDphenyl]-2-{(1-methylcyclopentyDamino]ethanol;
() (18)-2-(tert-butylamino)-1-{4-((18)-1-{[4-(8-cyclopropylimidazo[1,2-a]pyridin-3-y1)-5-
methylpyrimidin-2-yilamino}ethyljphenyllethanol;
{k) (18)-2-(tert-butylamino)- 1-[4-((18)-1- {{4~(8~cyc¥opropyhm1dazﬁ[I ,2-a]pyridin-3-y1}-3-
flucropyrimidin-2-ylJamino}ethyDphenyliethanol;
(3} (i 8)-2-(tert-butylamino}- I - {4-[(18)- I-({ 5-fluoro-4-[8-(trifluoromethylYimidazof 1,2-alpyridin-3-
yipyrimidin-2-y} }amino)ethy!lphenyi)} ethanol;
fm) [4-((18)-1-{f4-(8-chloroimidazof I,2-alpyridin-3-yD-5-fluoropyrimidin-2-
yilamino}ethyl)phenyi}(1,2-dimethylpyrrolidin-2-yl)methanol;
(n} 1-[4-{(18)-1-{[4-(S-chloroimidazo]],2-alpyridin-3-y1}-5-fluoropyrimidin-2-yijamine }ethy )phenyi]-2-
{dimethylamino}-2-methylpropan-1-ol;
{0) [4-((15)-1-{[4-(8-chloroimidazof 1 ,2-a]pyridin-3-y}}-5-fluoropyrimidin-2-yiJamino }ethyi)pheny1](1-
isopropylazetidin-3-ymethanoi; or
(p) (18)-2-(tert-butylamino)-1-{4-[(1 5)-1-({4-[8-(difluoromethy imidazo{ | 2-a]pyridin-3-y11-5-
fluoropyrimidin-2-yl }amino)ethylIphenyl }ethanol,
orf a pharmaceutically acceptable salt or ester thereof.

9. A pharmaceutical composition comprising, together with a pharmaceutically
acceptable carrier or diluent, at least one compound according to Claim 1 as an active ingredient.

10. A PLK] inhibitor comprising, together with a pharmaceutically acceptable carrier or
diluent, at least one compound of Claim ! as an active ingredient.

1i. An antitumor agent comprising, together with a pharmaceutically acceptable carrier

or diluent, at least one compound of Claim 1 as an active ingredient.
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