,  5- NAPHTHYRI DI NE AZOLI DI NONES HAVI NG CDKI ANTI PROLI FERATI VE ACTI VI TY The
field of this invention relates to 1,5-Naphthyridine azolidi none

deri vati wee 2dwawsdenonstrates CDK1 antiproliferative aeCcirmpegsaniar e
useful as anti-cancer agents. Cyclin-dependent kinases (CDKs) are
serine-threonine protein kinases that play critical roles in regulating the
transitions between different phases of the cell-cycle, such as the

progr essi on if, s OMAPATEHKIO SINE AkoSipAYE Es NASiING tdBe1 gap 1 beii weenThvE agrsvard t he
onset of DNA replication for a new round of cell division) to S (the period
of active DNA synthesis), or the progression from & to M phase, in which
active mtosis and cell-division occurs. (See, e.g., the articles conpiled
in Science, 274:1643-1677 (1996); and Ann. Rev. Cell Dev. Biol., 13:261-291
( 1997)). CDK conpl exes are formed t hrough association of a regulatory
cyclin subunit (e.g.,, cyclin A, B 1, B2, D1, D2, D3 and E) and a catal ytic
kiynase subuni t ge. gTbe @éﬂpf,fh'mnﬂm&iﬁﬁem@mhmmw agglidipenghane

inplies, the QaKsatlieRitioh asmaRsarkel EDRERANGIOMCERE dchi@t 4r8 (BefyBRst in
order to phosphgrylate their target substrates, and different kinase/cyclin

pairs functi o {iGPEFALIES: progr essi on t hrough specific phases of the
cell-cycle. As seen above, these protein kinases are a class of proteins
(enzymes) that reguCatin-dependent Kinades¢CDK) are daifeith@bine Phdiein I8nases

23;2{? Ltlt de? egﬁ?ttqu]'?teyg& ﬁgpr%%rsyi#\ ?églu?eﬂin%fthg Rgﬁsl,itfiolncs t?erpwggn gi?flegesnt %Eagersoéﬁllwg
cell-cycle, such as the progression from a quiescent stage in Gy (the gap
between mitosis and the onset of DNA replication for a new round of cell division)
to S (the period of active DNA synthesis), or the progression from G, to M phase,
in which active mitosis and cell-division occurs. (See, e.g., the articles compiled

10 in Science, 274:1643-1677 (1996); and Ann. Rev. Cell Dev. Biol., 13:261-291
(1997)). CDK complexes are formed through association of a regulatory cyclin
subunit (e.g., cyclin A, B1, B2, D1, D2, D3 and E) and a catalytic kinase subunit
(e.g., CDK1, CDK2, CDK4, CDK5 and CDKS6). As the name implies, the CDKs
display an absolute dependence on the cyclin subunit in order to phosphorylate

15 their target substrates, and different kinase/cyclin‘ pairs function to regulate

progression through specific phases of the cell-cycle.

As seen above, these protein kinases are a class of proteins (enzymes)
that regulate a variety of cellular functions. This is accomplished by the
phosphorylation of specific amino acids on protein substrates resulting in

20 conformational alteration of the substrate protein. The conformational change
modulates the activity of the substrate or its ability to interact with other binding
partners. The enzyme activity of the protein kinase refers to the rate at which the
kinase adds phosphate groups to a substrate. It can be measured, for example,
by determining the amount of a substrate that is converted to a product as a

25 function of time. Phosphorylation of a substrate occurs at the active-site of a
protein kinase.



conformational alteration of the substrate protein. The conformational
change nodul ates the activity of the substrate or its ability to interact
wi t h ot hewohkwesdi4mas2part ners. The enzyne activity of thePpT@P00s/0ki7Tn@se
refers to the rate at which the kinase adds phosphate groups Xo a
substrate. It can be neasured, for exanple:~ by determni ng the amount of a
substrate that is convertﬁ%{ (Sggﬁ as a functi on Ot |

Phosphoryl ati on of BPC&HBS Sesut‘}@(ﬁ?r SElg asdagiR eFYVEtgp Oéc?)lot ein

ki nase. - _ Begisih, fFhiftord 6 CRE1 GQKbeS,%éd%s&&tlgreﬂf@r@tivemgtemsatﬁueseof cel |

di vi sion, inhj l%ItOI’S of S anti ro iferative agents. These

b
i nhi bitors cafNREoReAD ?%Fs%f\?é%béﬂ@ﬁgﬂﬁﬁ%%ﬁlﬁ SV&E ?W'grﬁlﬁPBWSglﬂg

suppressi ng dgergulatdEeblicsle srugleesiphogr essi on. I n accordance with this
invention, it has been di scovered that the conpound of the fornula: wherein

e L L e

is selected feompbymst oigha fortraueer al kyl , cycl oal kyl cont ai ni ng from 3to 6
carbon atons and R4 is hydrogen or |ower alkyl;

1\

wherein
Y is-S-or-NH-;
10 R; is selected from hydrogen, lower alkyl, cycloalkyl, lower alkoxy-

lower alkyl, -C(O)O-[CH2CH20]p-R4, -C(O)-Rs and Ra-(X)s-;
Rs is selected from hydrogen, lower alkyl, cycloalkyi containing from 3 to

R,

R

6 carbon atoms and ;

6

R4 is hydrogen or lower alkyl;

15 X is selected from lower alkylene, hydroxy-lower alkylene, cycloalkylene,
and mono- or di-halo lower alkylene;

R» is



X is selected fromlower alkylene, hydroxy-I|ower alkylene, cycl oal kyl ene,
and nono- or di-halo | ower alkylene;is selected froman aryl ring, a 4 to 6
menber ed Wetessnayastoal kyl ring containing from3 to 5 cacharesonsiand from
1 to 2 hetero atons selected fromthe group consisting of oxygen, nitrogen
and sul fur, and a 5 or 6 nenbered heteroargmatic ring containing from1l to
2 hetero atons selected fromthe group consisting of oxygen, sulfur and
nitrogen; R5 and R§ are\i ndependently selected fromthe group consisting of
hydr oxy, hydroxy-| owelf 3 yl, hydrogen, |ower alkyl, hal ogen,

perfluro-lower al ky\_and |°V‘Y’§rs§ﬁl:@§ydm gpiﬁylzﬁﬁgi nteger froml to 2; and p

Is an integer fromO to 6; or oxi des of conpdunds where R2 contains a
nitrogen in the heteroaromatic ring, sulfones where R contains a _sulfur in

the heterocycloal kyl ring or 3o Berhesed beteragyclogkylgiigrGortainipg &am 3

acceptabl e salts thereof, inkgBichridneataekiantition®l tE&PKsterdatdmesdiactey, CDK1
These inventive agents and pharnmaceuti cal conpositions containi I?@r such

égent s are useful in treatindrormiediURIFNSIEBY o PXYFesw Pifooes fAf &Y
associ ated wi th uncontrol | ed g unwant ed

a 5 or 6 membered heteroaromatic ring containing from 1 to
2 hetero atoms selected from the group consisting of
oxygen, sulfur and nitrogen;

Rs and Re are independently selected from the group consisting of
10 hydroxy, hydroxy-lower alkyl, hydrogen, lower alkyl,
halogen, perfluro-lower alky! and lower alkoxy;

n is aninteger from 1 1o 2; and
p isaninteger from O to 6; or

N-oxides of compounds where R, contains a nitrogen in the
15 heteroaromatic ring, sulfones where Rz contains a sulfur in the heterocycloalkyl
ring or heteroaromatic ring, or pharmaceutically acceptable salts thereof, inhibit
the activity of CDKs, particularly, CDK1. These inventive agents and
pharmaceutical compositions containing such agents are useful in ireating
various diseases or disorder states associated with uncontrolled or unwanted
20 cellular proliferation, such as cancer, autoimmune diseases, viral diseases,
fungal diseases, neurodegenerative disorders and cardiovascular diseases.

Inhibiting and/or modulating the activity of CDKs, particularly CDK1, makes these
compounds of formula | and compositions containing these compounds useful in
treating diseases mediated by kinase activity, particularly as anti-tumor agents in

25 treating cancers, more particularly for the treatment of solid tumors such as
breast cancer, lung cancer, colon cancer and prostate cancer.

As pointed out herein, the compounds of Formula | are potential anti-
proliferation agents and are useful for mediating and/or inhibiting the activity of



cellular proliferation, such as cancer, autoi nmune di seases, viral

di seases, fungal diseases, neurodegenerative disorders and cardi ovascul ar

di seases.wOnhidn4bosag and/ or nodul ating the activity of EDEKEP2@aniizeal arly
CDK1 , nakes these conpounds of formula |I and conpositions containing these
conpounds useful in treating di seases medi &t ed by ki nase activity,

particul arly nti-tupor ts in treating cancer re ticcularly
for the treat 3’8@“5’8[%%3 ‘f@ﬁgr@%‘e{é’wd% arﬂhg[&@tor 88%@3?@[%’8&@%0&, col on
cancer and pr eahédrooroiinteliseadss pssatiatel with uhesrgrolied bhebmarmabdcelds of For nul a
| are potential antjproliferation agents and are useful for nediating

and/ or i nhi bi tplr(ng ?h@n'acti vity of CDKs, particularly CDKL , thus providing
anti-tunor agents for treatnent of cancer or other diseases associated with
uncontrol | ed or abnAmuag toeptefgrrerd ¢cdrepeitndeof Farmulg | ateetherasmmoueds eldpounds
of Fornmul a l %l’?‘ﬂ&ﬁle conmpounds of the fornula: wherein Ri 1 is selected
from hydrogen, Tower al ky!, cycloal kyl, |ower al koxy-I|ower alkyl,
-C(OO[CH2CHRQ P-R4, -C(O-R3; and R, R4, Y and p are as above; or
pharmaceutically acceptable salts theHg_(H, and conpounds of the formula:
wherein 1

I-A
wherein
Ry' is selected from hydrogen, lower alkyl, cycloalkyl, lower
alkoxy-lower alkyl, -C(O)O-[CH>CH-0],-R4, -C(O)-Rs; and
10 Rs, R4, Y and p are as above; or

pharmaceutically acceptable salts thereof,

and compounds of the formuia:

wherein
15
R¢"is Rz - (X)n -; and

Rz, X, Y and n are as above;



R" is R - (X)n - ; and R2, X, Y and n are as above;or N oxides of
conpounds where R2 contains a nitrogen in the heteroaromatic ring, sulfones
where R2 wonb@iasosa sul fur in the hetero ring or heter oRCOFRRI05/0107M€), OF
pharmaceutically acceptable salts thereof. In conmpounds | and I-B, where
Ri, and Ri" contain an aryI noi ety, the ‘p?'eferred aryl noiety is

substituted phenyl. d herein he halpgen. i ncl udes all, four hal ogens
such as chlorine, %FBWPH%”%%@’?%&O%@M&S %Eg’ag?rﬁ nhe

speci ficati On,hetdﬂ@arbﬁ'falﬂt hgvmnfoaéskwhere RJ containg aisalfgoinithe belieontingreans a
nonoval ent st r%*e?ht or .br.anched-chain 59 rat ﬁ%[b drlto rbop gr oup

cont ai ni ng f r SFASIOFGMEUE FPgo rﬁgceuglﬁ% aapge I%@ S ?ﬁ‘?P n- propyl ,

i sopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, n- hexyl and
the |ike. The term lhoyorhmainky andré&nwhared?leaod IRai}veontalnkqn atyurbgteﬁ)t,lﬂamt whi ch

desi gnat es t

hydr ocar bon?rl ngng%& gﬁh nﬁ]eygsfgbtgﬁugegj cy@&oal %rg& ??e ﬁ’a{l@éegﬁgcludes
cycl opropyl, (av(td)tﬂthaaﬂqgenssycﬂl ehekiptine diuorine \,hrOrhmr@;mdjpdmpyl bei ng
especially preferred. The term "l ower al koxy" neans a straight-chain or

branched-chai n - O | gueko@|iihb sBé&HtPatuo Ol ER&h ] "IQ\%J Qk‘ﬁ‘ afdrgydrigont ai ni ng

from1l to 6 carbon atons, such as net h et hoxy r Opoxy, i sopropoxy,
n- but oxy, termmr@klynangamqq@mqq@galent stralght or branchedc ain saturated

hydrocarbon group containing from 1 to 6 carbon atoms, such as methyl, ethyl,
10 n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl and
the like.

The term "cycloalkyl" means a cyclo-lower alkyl substituent which
designates a monovalent unsubstituted 3- to 6-membered saturated hydrocarbon
ring. Among the preferred cycloalkyl substituents are cyclopropyl, cyclobutyl,

15 cyclohexyl, etc., with cyclopropyl being especially preferred.

The term "lower alkoxy" means a straight-chain or branched-chain
-O-lower alkyl group, formed from lower alkyl containing from 1 to 6 carbon
atoms, such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, tert-butoxy
and the like.

20 The term "aryl" means a monovalent, mono- or bicyclic unsubstituted
aromatic hydrocarbon ring, such as phenyl or naphthyl, with phenyl being
preferred.

The term 'iheterocycloalkyl" refers to a 4 to 6 membered monocyclic
saturated ring containing 3 to 5 carbon atoms and 1 or 2 hetero atoms selected
25 from the group consisting of oxygen, nitrogen or sulfur. Among the preferred
heterocyclic alkyl groups are included morpholinyl, thiopyranyt or tetrahydro

pyranyl.

The term "heteroaromatic ring" refers to a monovalent 5 or 6 membered
monocyclic heteroaromatic ring containing from 4 to 5 carbon atoms and from 1
30 1o 2 hetero atoms selected from the group consisting of oxygen, nitrogen or



The term"aryl" means a nonoval ent, nono- or bicyclic unsubstituted
aromati ¢ hydrocarbon ring, such as phenyl or naphthyl, w th phenyl being
pr ef er r edwOh@/ a5 " het erocycl oal kyl " refers to a 4 toPETmPaisnedi6
nonocyclic saturated ring containing 3 to ? carbon atons and 1 or 2 hetero
atons selected fromthe group consisting of oxygen, nitrogen or sulfur.

Anmong the preferred, het er | ] are .incl ‘ i nyl,
t hi opyr anyl orSE[flért' 3%"9 @ggéfghg??‘gﬁéa@é}%ﬁ%ﬁ’e graégﬁ"g\{ng%ﬁgﬁrgé% "refers to
a nonoval ent Bhioazdie,gntieyleturamymoxg.cl i ¢ heteroaromatic ring containing from

4 to 5 carbon atons and from1 to 2 hetero atons selected fromthe group

consi sting of oXxygeRs, Rkik ﬂ@@%ﬁéwh Hfoxyﬁmga}t_n preferred heteroaromatic

groups are included thiope I oazol e; pyri yl', furanyl, etc. The term

"“hydroxy" or "hydr oxgl " nmeans -OH. The term "hydroxyl -1 ower alkyl" nmeans a
| oner al kyl group, &Be ismi “‘Aedrogydemer slkyicmenrs 8 iaysrialky ewurpaedelings) v

nonosubsti t ut %‘Bové)xmﬂcﬂ‘ié@'u%ﬁ‘cuﬁﬁpb'r@fergﬂg rhéHoSUbtAYRE, B X l&R%/y ?Qﬁ:@' gnates a
di val ent saturated straight or branch chain hydrocarbon substifuent

containing from1 tg 6 carbon atops. , The term"cycl oal kyl ene” or "cyclo

| ower al kyl ene" des%ﬁ%ﬁr@s Oa‘{"eéfhﬂy?qeo%?'ga?tﬁ\%ﬁﬁ“yai%ﬁ? %F@Hts’”@\hghw is a

di val ent, unswpaddht dHa@thydbodaPbdh sBysERIeRHcorRahmgataE 1hy dreaesyrnoasmesl ng.  Anbng
the preferred cycl oal kyl ene substituents are

The term "cycloalkylene" or "cyclo lower alkylene" designates a cyclo
lower alkenyl substituent which is a divaient, unsubstituted, 3 to 6 membered,
10 saturated hydrocarbon ring. Among the preferred cycloalkylene substituents are
cyclopropenyl and cyclobutenyl.

The term "lower alkanoyloxy lower alkylene" designates a lower alkylene
substituent substituted, preferably monosubstituted, with a lower alkanoyloxy
group whereby “lower alkanoyloxy” means a group -C(O)O-lower alkyl and “lower

15 alkyl” is as defined above.

The term "lower alkoxy-lower alkylene” denotes a lower alkylene
substituent, as designated hereinbefore, substituted, preferably monosubstituted,
with a lower alkoxy group, where lower alkoxy is defined as above.

The term "hydroxy lower alkylene" designates a lower alkylene
20  substituent substituted, preferably monosubstituted, with a hydroxy group.

The term “lower alkoxy-lower alkyl” means a lower alkyl substituent as
defined above which is substituted, preferably monosubstitued, with a lower
alkoxy group, wherein the lower alkoxy group is as defined above.

The term "perfluoro-lower alky!" means any lower alkyl group wherein all
25 the hydrogens of the lower alkyl group are substituted or replaced by fluorine.
Among the preferred perfluoro-iower alkyl groups are trifluoromethyl,
pentafluoroethyl, heptafluoropropyl, with trifluoromethyl being especially
preferred.



cycl opropenyl and cycl obutenyl. The term "Il ower al kanoyl oxy | ower al kyl ene"
desi gnates a | ower al kyl ene substituent substituted, preferably
nonosubstwoub@d4ooset h a | ower al kanoyl oxy group wher eby PCirmresosaldkasnoy| oxy"
means a group -C(O Ol ower alkyl and "lower alkyl" is as defined above. The
term "l ower al koxy-I|ower al kyl ene" denotes7a Iomer alkylene substituent, as
desi gnat ed her ei nbe ore

stitut pr ef h a
| ower al koxy group, WhE® PB@\E‘P%&P %Cgeﬁag‘ S as eé%g({/één&%ht%q}al Hhh!
"hydroxy | OWeradaitibWsalT@or @m@aﬂtmaas teavestal thylbmmglmjleﬁectt\aeeﬂss and ,
substl tuted, preferably, nonosubs ed WI t erm
"1 over al koxyP F%Qﬁé{]esa?%p? 'COWB%%‘}S Oflf_l SaHiag! ’klyllﬁ IF{ eg}dq?é@%fa%;@mg@ﬁn@d above
which is SUbSTsutt&tilé@honms)eéef@lnlcyornmgambabldsu@cbrgammbr morgamb@elsoxy group,
wherein the | r al kox u S fin d.a
"per f | uor o- ?o%@’“%\? REIdn glq‘?g §pa§ C?”ﬂfgﬁo%ﬁ ?f"eg E’bm\-lf\-’?éarn; Aoids puhs
hydrogens of tardcaiwsic a@ld<hi/dr©bmmﬂc amel Bydleibdtcmo&ﬂ soifurroeepduacsetﬂamyc afOidJorl ne.
Anong the preferred perfluoro-l ower rou (o)
pent af | uor oet tﬂ?ﬂPsPWfE aéﬁlc# BT BRI, an\% g?lsetg ?rl“’gaé'a '{grﬁln{ %gc{snéén%éséeum ally
preferred. The tblaemnes Lﬂbﬂl‘bmﬂﬁuhﬂo;’&é hyld aoetphasillioncaddd' bxakﬁf &0id, suocinic
conventi onal | diti r base- ddltlo t i he
bi ol ogi cal ef fa&‘{'j 8%‘?1@@ @3 ?)‘fl%g%‘ft'ﬁa&d e ac%r%]gbtﬁ ip%f Séﬁb% tfhsre
11, 1V andoV aiitioarsalié QTdtRidz thoseerived from ammonium, potassium, sodium and,
quaternary ammonium hydroxides, such as for example, tetramethylammonium

hydroxide. The chemical modification of a pharmaceutical compound (i.e., drug)
into a salt is a technique well known to pharmaceutical chemists to obtain
improved physical and chemical stability, hygroscopicity, flowability and solubility

15 of compounds. See, e.g., H. Ansel et al., Pharmaceutical Dosage Forms and
Drug Delivery Systems (6th Ed. 1995) at pp. 196 and 1456-1457.

The compounds of Formula | encompass two embodiments, i.e.,

20

wherein R4 is as above.



sui tabl e non-toxic organic or inorganic acids, or organic or inorganic
bases. Sanpl e acid-addition salts include those derived frominorganic

aci ds sucwoasodnsdrsechl ori c aci d, hydrobrom c acid, hydr @codipeooaoiarie

sul furic acid, sulfamc acid, phosphoric acid and nitric acid, and those
derived from organic acids such as ptoluéﬁ%éulfonic acid, salicylic acid,
met hanesul fonic acid, oxalic acid, succinic acid, citric acid, malic acid,

| actic acid, fumaric acid, and the |ike. Sanple baseaddition salts include
t hose derived from amoni um potassium sodi um and, quaternary anmoni um
hydr oxi des, such asThecorepaumisaf Foenulardd Bytampassitumemndirets. The

chem cal nodification of a pharnmaceutical conpound (i.e., drug) into a salt
is a technique well known to pharmaceytical chem sts to obtain inproved
physi cal and chenical stability, hygrose®picity, flowability and solubility
of conpounds. See, e.g., H Ansel ngt¢al., Pharnmaceuti cal Dosage Forns and
Drug Delivery Systens (6th Ed. 1995) \at pp. 196 and 1456- 1457. The
conmpounds of Formula | enconpa nbodi ments,y i|~ng., Wherein R is as
above; and wherein Rl is as above. The conpounds th;irnula | - C enconpass
two enbodi nents: wherein FVis as a erein R" is as above. The
conpounds of Fornula |I-D enconpass t nts, i.e. wherein R' is as
above; andwherein R " is as above.

I-C2

wherein R4” is as above.

The compounds of Formula I-D encompass two embodiments, i.e.

I-D1

wherein Ry’ is as above; and



In accordance with this invention, the conpounds of Fornmulas I-C, [-Cl and
| -C2 can be prepared froma conpound of the fornula: The conpound of

For mul a Wvo@oveset ed to t he conmpounds of Fornul as | - Cremirphoosocd7ueles t he
conmpounds of Formula 1-Cl1 and 1-C2 via-phe follow ng reaction schene 1,

wherein R is as defined above. |I-A |I-C schene 1The reaction of the
compound of Formula H-A with theHconpound of Fornula Hto produce the
conmpound of Formula I-C, is carri But in a high boiling organic solvent

such as benzene or tol uene at Nagh tenperature of from 100 Cto 2009C in a
cl osed system In this manner thili reaction is carried out under high
tenperatures and pressure. i action is specifically advantageous where
it is desired to prepare conpoufids of Formula |-C where the Rl group
contains halogens in either in A in the ring P. The conmpound of
Formula I H A can be directly forngd by readti ng rhodanine with R1-NH2 by

nmeans of the follow ng reaction sc¢he erein R is as defined above:
H - A schene 2 The conpounds of For , whi c|. D%cl udes the conpounds of
Formulas I-D1 and I-D2 is prepared fromthe conpound of formula VII

Utilizing the conpound of Fornmula VII as a starting material, the
wherein R{" is as above.

In accordance with this invention, the compounds of Formulas 1-C, 1-C1

and 1-C2 can be prepared from a compound of the formula:

1
N\ AN
l/ P

N 1.
The compound of Formula Il is converted to the compounds of Formulas I-C

which includes the compounds of Formula I-C1 and 1-C2 via the following

reaction scheme 1, wherein Ry is as defined above.

N R N._O
XN N
/ e — 3
L) s wT

I-C
i H-A

scheme 1



conpounds of Fornmula I-D are prepared by neans of the foll ow ng reaction

schene 3, wherein R is as above:VII VIII |-D schene 3 The conpound of
Formul a WO 20&/emet ed with the conpound of Forrmula VI taTEpPeensoini€ onmrpound
of Formula VIII by any conventional nethod of converting a primary amne to

a secondary am ne or am de by reaction of” 18n al kyl or cycloal kyl halide or

an acid halide with a pripary am ne.. The co und of FEor mul [

feacted wth ANEHBSGREIGRS EYPRAMES pf FoEmiS e HEn M Om GO M - o

by nmeans of t If@plﬁr@]meﬁﬂﬁbeg@hpmﬁmbbﬁ Edrmiute 1-0¢ isearned obeinet highdfoding atgamic i bed

in connection Wth t reaction of .a conpau of Formu H - A, ok O

formthe corrpé\évlr‘{amoﬁucg ngepe er tw%r}ee%gﬂgqrﬂaeref%re Ptﬁaﬁ‘ }\@6%}%?0@?6{1

ni t rogen at omin raf @Io@bgr?gmm.cbnﬁmb nhagner this whaationf ier caribtieouti tgler hibese

N- oxi des can he for roma tertiary ring nitraogen atom oxi dation. Any

convent i onal E@PR%"GHET’S 852??6’?' %SHbe'alrﬁ.'érrF?‘éqc& 'ﬁisthB'g%ﬂlyaq(%ﬁp{%egﬂs W?%;ﬁ fie can

?e ut i I)i zed. E&deﬁf@fﬁpr@ﬂg@(bdﬁﬂ?tﬂmjsa@fehwnﬁﬁa ket avbbteothepRy lyesupocantains d
MCPBA). In the conpound of FEornul.as, |,.l-A L- and | - D or R 1s

pref erabl y hy&?@@?ﬁ? M gHRe “&|“P<‘§/F*,‘a'8§%lrbth|eor\'/ﬁ§r P ?%%"d‘é‘%’i %{l'%}m“'aa“'A

cycl opropyl , - Caff$eHdREHRGigymBd Ky +€adfngOhodanine with Ry-NH, by means of the

following reaction scheme 2, wherein Ry is as defined above:

10

R

S R o RN LN o
-

X 7 — Y

S S
f-A
scheme 2
15 The compounds of Formula I-D, which includes the compounds of

Formulas I-D1 and I-D2 is prepared from the compound of formula Vil

//L\/N\« Vi

Utilizing the compound of Formula VIl as a starting material, the
compounds of Formula |-D are prepared by means of the following reaction
20 scheme 3, wherein Ry is as above:



wherein R3 and R4 are as above and p is preferably O In the conmpound of
Formulas I, I-B, 1-C2 and 1-D2, nis preferably 1. In this case, pV _is
pr ef er ablwoph@mnshoser a 4 to 6-nmenbered heteroaromati c riPag/EPROVSAILGTIOG from
1 to 2 heteroatons selected fromthe group_consisting of nitrogen, oxygen
or sulfur. In the conpounds of Formula |-Bl-which includes compounds of the
Formula 1-D2 and 1-C2 where R1" is R2 -(X) n, n can be 1 or 2. Were nis

0, a preferred cléss conpounys are those conmpounds where i s phenyl.
The preferred cl ass compundg where n is 0 anddR2 is phe e those
conpounds where R%@nd R6 ar g—eft heg Clpqirhﬁh%,dr ogen lgne of and Ris
hydr ogen and t heN er i@ 41 ogen, _L'ower al koxy IowerO yl or béeth RS

and R6 are hal o pr uoro | ower aykyl. On the ot and, anot her
preferred cl as§”ot™t hel\conpounds of Fornula I- thdse where R" is R2
-(X)n- and n is 1. Incfuded within this class @f conpofhds are those
compounds where X is.\gyclo lower alkylene preferably \&ycl opropyl ene. Wth
respect to this class of conmpound wherein nis 1 and li's cycl o | ower

al kyl ene, are included those conmpounds where (r) is phenyl and R5 and R6
are both hydrogen or one of R5 and R6 is hydrogen ﬁnd the other is |ower

1
/N -
—_—

N

N

fl
I-D
scheme 3
5 The compound of Formula VIl is reacted with the compound of Formula

VI to form the compound of Formula VIl by any conventional method of
converting a primary amine to a secondary amine or amide by reaction of an
alkyl or cycloélkyl halide or an acid halide with a primary amine. The compound
of Formula VIIl is reacted with a compound of Formula [l to form the compound
10 of Formula I-D by means of the Knoevenegel reaction in the manner hereto
before described in connection with the reaction of a compound of Formula III-A

and |l to form the compound of Formula |-C.

Where the ring ® is an N-oxide of a nitrogen atom in a nitrogen
containing ring which forms the ring ®, these N-oxides can be formed from a

15 tertiary ring nitrogen atom by oxidation. Any conventional method of oxidizing a
tertiary nitrogen atom to an N-oxide can be utilized. The preferred oxidizing
agent is metachloroperbenzoic acid (MCPBA).

In the compound of Formulas |, I-A, I-C1 and |-D1, R or R, is preferably
hydrogen, lower alkyl, cyclo lower-alkyl, especially cyclopropyl,



al kyl . Anot her class of the conpounds of Formula |I-B where R2 is phenyl are
t hose conpounds where R5 and R are hydrogen or hal ogen or perfluoro | ower
al kyl wi twoabodmest one of R5 and R bei ng hal ogen or pepCrmreasioovms al kyl .
In accordance wi th anot her enbodi ment of invention are those preferred
conmpounds of Formul a I-B V\/nere nis 1 and ®is Iower alkylene. Anong the
preferred enbo IS cI s of conpounds are the conpounds where R2
is - and the i- gﬁg'r@?r Qhtn Plelpict to this enmbodi ment ofthe invention,
the preferred gnbodi nents are t ose conpounds where R5 and R6 are both

hydr ogen, or and R6 are hydrogen or |ower al kyl, perfluoro |ower alkyl

or hal ogen Wi tyhedbinlRastd RN&rets A%%v@%d%stb%fe&bgmer than hydrogen.

Anot her cl ass of conpounds of Forrmula I-B where nis 1 and X is |ower

al kyl ene are those coppound ter tic rin ai ni ng

from1l to 2 hetero ﬁsco%oé’m@ EP&B%’??ﬁéa% g@f@n@m 'F’rﬁ)ée%fa%&(i}gkh,

ni trogen and sHisfdase, Anong the preferred conpounds of the class of

conmpounds where is_a hetroaromatic ring are those hetero aromatic rings

whi ch contain ro atom pref’erably sulfur. In this case, R5 and R6 is

preferably both d the ot her
b %@feﬁ’{iwpﬁerﬂfl 4%‘!1 rﬁ@w%@gehdbrf‘eté%glfo%i% 0!

hal ogen, perfluoro | maceut i cal Conpositions
according to tchmtalmmgrﬁpmhtmyetmatemﬁa;elewtﬂdjrm thengradplicongistingoofa conpound

of Formula I, rﬂi%@HH, Eﬁygae?ﬁ &%uﬁﬁlt.i ve

fn the compounds of Formula I-B, which includes compounds of the
Formula 1-D2 and 1-C2 where R¢" is Ro —(X)n, ncanbe 1 or2. Wherenis 0, a
10 preferred class of compounds are those compounds where ® is phenyl. The
preferred class of compounds where n is 0 and R is phenyl are those
compounds where Rs and Rg are either both hydrogen or one of Rs and Rg is
hydrogen and the other is halogen, lower alkoxy or lower alkyl or both Rs and Rg
are halo or perfluoro lower alkyl.

15 On the other hand, another preferred class of the compounds of Formula
I-B are those where R¢" is Rz -(X)s- and n is 1. Included within this class of
compounds are those compounds where X is cyclo lower alkylene preferably
cyclopropylene. With respect to this class of compound wherein nis 1 and Xis
cyclo lower alkylene, are included those compounds where ® is phenyl and Rs

20 and Rg are both hydrogen or one of Rs and R is hydrogen and the other is lower
alkyl.

Another class of the compounds of Formula |-B where R, is phenyl are
those compounds where Rs and Rg are hydrogen or halogen or perfluoro lower
alkyl with at least one of Rs and Rg being halogen or perfluoro lower alkyl. In

25 accordance with another embodiment of invention are those preferred
compounds of Formula |-B where n is 1 and X is lower alkylene. Among the
preferred embodiments of this class of compounds are the compounds where Rz

is . and the ' is phenyl. With respect to this embodiment of



I ngredi ent pharmaceutically acceptabl e prodrugs, pharnmaceutically active
net abol ites, and pharnaceutically acceptable salts of such conpounds and
nmet abol i twe.206uaseonpounds, prodrugs, multiners, saltspramEro®salboiétes are
sonetines referred to herein collectively as "active agents" or "agents."
In the case of agents that are solids, it!?s understood by those skilled in

th h he i ' d | ' i n.dif
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CDK1 . An "effective anmobunt” is intended to nmean that anmount of an agent
that significantly Amihéiclassofaonfpeuads ohFermidal-Bpvherentis 1 and X is lower

de-di fferenti at f ' . . [ vl ant
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compound, di séase’ con | ever |l e.g., weight)
of the subject host in need oftreatnent, but can neverthel ess be
routinely detin a manner known in the art according to the

parti ]cc:ul ar cirouwst andes retroamnmaticnipgtdre thuseahetendromatigrings Which thetain
speci fic agent, being.adm ni stere t r.out f_adpm ni st ' t he

condi ti on bei Hd-ne??r(g%t%ra’pré%ﬁ@tbf%%lﬂ@&bfﬁgtms Cﬁsgh@%?n%g% gp rf’fegétélggc.ﬁh" Treating"
I's 10 hydrogen or one of Rs and R can be hydrogen and the other halogen, perfluoro

lower alkyl or lower alkyl.

Pharmaceutical compositions according to the invention may,
alternatively or in addition to a compound of Formula |, comprise as an active
ingredient pharmaceutically acceptable prodrugs, pharmaceutically active

15 metabolites, and pharmaceutically acceptable salts of such compounds and
metabolites. Such compounds, prodrugs, multimers, salts and metabolites are
sometimes referred to herein collectively as "active agents” or "agents."

In the case of agents that are solids, it is understood by those skilled in
the art that the inventive compounds and salts may exist in different crystal or
20 polymorphic forms, all of which are intended to be within the scope of the present

invention and specified formulas.

Therapeutically effective amounts of the active agents of the invention
may be used to treat diseases mediated by modulation or regulation of the
protein kinases CDK1. An "effective amount" is intended to mean that amount of

25 an agent that significantly inhibits proliferation and/or prevents de-differentiation
of a eukaryotic cell, e.g., a mammalian, insect, plant or fungal cell, and is
effective for the indicated utility, e.g., specific therapeutic treatment.

The amount of a given agent that will correspond to such an amount will
vary depending upon factors such as the particular compound, disease condition
30 and its severity, the identity (e.g., weight) of the subject or host in need of



I ntended to nean at |east the mtigation of a disease condition in a

subj ect such as mammal (e.g., human), that is affected, at |least in part,
by the acwowebaew4ads2CDKL protei n ki nase includes: prevenPCmEPRIVS/OMI7I€aSeE
condition fromoccurring in a mammal, partjcularly when the manmmal is found
to be predisposed to having the di sease cotfdi tion but has not yet been
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The present invention is further directed to methods of modulating or
inhibiting protein kinase CDK1 activity, for example in mammalian tissue, by
administering the inventive agent. The activity of agents as anti-proliferatives is
easily measured by known methods, for example by using whole cell cultures in

15 an MTT assay. The activity of the inventive agents as modulators of CDK1
protein kinase activity may be measured by any of the methods available to
those skilled in the art, including in vivo and/or in vitro assays. Examples of
suitable assays for activity measurements include those described in
International Publication No. WO 99/21845; Parast et al., Biochemistry, 37,

20 16788-16801 (1998); Connell-Crowley and Harpes, Cell Cycle: Materials and
Methods, (Michele Pagano, ed. Springer, Berlin, Germany)(1995); International
Publication No. WO 97/34876; and International Publication No. WO 96/14843.
These properties may be assessed, for example, by using one or more of the
biological testing procedures set out in the examples below.

25 The active agents of the invention may be formulated into
pharmaceutical compositions as described below. Pharmaceutical compositions
of this invention comprise an effective modulating, regulating, or inhibiting
amount of a compound of Formula | and an inert, pharmaceutically acceptable
carrier or diluent. In one embodiment of the pharmaceutical compositions,

30 efficacious levels of the inventive agents are provided so as to provide
therapeutic benefits involving anti-proliferative ability. By "efficacious levels" is
meant levels in which proliferation is inhibited, or controlled. These compositions
are prepared in unit-dosage form appropriate for the mode of administration, e.g.,
parenteral or oral administration.



The active agents of the invention may be fornul ated i nto pharnaceuti cal
conpositions as descri bed bel ow. Pharnaceutical conpositions of this

i nvent i orwoanpvi4ses2an ef f ecti ve nodul ati ng, regul ati ng, por/EPadUSHIG7IAOg
amount of a compound of Fornula | and an ipert, pharmaceutically acceptable
carrier or diluent. In one enbodi ment of "the phar maceuti cal conpositions,
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carriers or dappeptistedodios desigpdtpreparati@nt i onal procedures. These procedures
may involve m xing, granulating and conpressing or dissolving the

i ngredi ents as appr ' : ' | : iqiRg eut i cal
carrier enployed m@?%éﬁ%ﬁ%ggﬁ%?g%ﬁ%é@?loﬁéﬁﬁ?&ﬁé&@%};gﬁg@gﬁﬁ solid
carriers are [Exetpisy obsalidoseiers arelacigpeessuorosea tRie, Jolaiit: AgRT. BRAU a,
magnesi um st e £, A i Fhe b i@uyd carriers
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carrier or idi lcagiers amysyirug pedputdilelivicdiavatar arndriae fid. edigulakitae carekfbwn i n
the art, such@gen may include time-delay or time-release material known in the art, such as
glyceryl monostearate or glyceryl distearate alone or with a wax, ethylcellulose,

hydroxypropyimethylcellulose, methyl methacrylate and the like.

A variety of pharmaceutical forms can be employed. Thus, if a solid
15 carrier is used, the preparation can be tableted, placed in a hard gelatin capsule
in powder or pellet form or in the form of a troche or lozenge. The amount of
solid carrier may vary. If a liquid carrier is used, the preparation will be in the
form of syrup, emuision, soft gelatin capsule, sterile injectable solution or
suspension in an ampoule or vial or hon-aqueous liquid suspension.

20 To obtain a stable water-soluble dose form, a pharmaceutically
acceptable salt of an inventive agent can be dissolved in an aqueous solution of
an organic or inorganic acid. If a soluble salt form is not available, the agent may
be dissolved in a suitable cosolvent or combinations of cosolvents.

It will be appreciated that the actual dosages of the agents used in the
25 compositions of this invention will vary according to the particular complex being
used, the particular composition formulated, the mode of administration and the
particular site, host and disease being treated. Optimal dosages for a given set
of conditions can be ascertained by those skilled in the art using conventional
dosage determination tests in view of the experimental data for an agent.

30 The compositions of the invention may be manufactured in manners
generally known for preparing pharmaceutical compositions, e.g., using
conventional techniques such as mixing, dissolving, granulating, dragee-making,



gl yceryl nonostearate or glyceryl distearate alone or with a wax,
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carrier is used, the preparation can be tag)l eted, placed in a hard gelatin
capsule in powder or pellet formor in tie®form of a troche or | ozenge. The
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or conbi nati or‘@'%’fc g@%ﬁ‘?ﬁﬁﬁa‘%rm?’f’e@%?ﬁgbe appreci ated that the actual
dosages of the agents used in the conpositions of this invention will vary
according to the paFori@al admioisirptie thetergpeunsis cantie fpamelried rarditydiposi t i on
formul ated, t r&gnmﬁrﬁ%ﬁfe(%ﬁﬂr?@rﬁg Wah! ﬂQrn?é&%u&igﬁ[y%ﬁébt%tldlleﬁarﬁérg fnoWes and

di sease being trea dosages a grven set condi tions can be
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cComposi 1 ons. SRR Au sy bacifest KRk TR Sruie it abpatao
known for po eplae litey ftraaliagestion byla rediepolsils teepded.ePharmageitieal
preparations for oral use can be obtained using a solid excipient in admixture
with the active ingredient (agent), optionally grinding the resulting mixture, and
processing the mixture of granules after adding suitable auxiliaries, if desired, to

obtain tablets or dragee cores.

15 The invention is now further illustrated by the following examples, which
do not mean to limit the scope of the present invention. In said examples,
temperatures are given in degrees celsius (°C), unless explicitly otherwise

stated.



conventional techniques such as m xing, dissolving, granulating,

dr agee- nmaeki ng, | evi gati ng, enul sifying, encapsul ating, entrapping or

| yophi | i 2WogoodRiaerseaceut i cal conpositions may be fornul atedrPeevsai0716
conventi onal manner using one or nore phyT'oIogicaIIy acceptable carriers,
whi ch may be sel ected from excipients and gUiniaries that facilitate
processi ng of _t he @ctive conpounds into preparations which can be used
pharnaceuticaﬁﬁ?pgﬁgr oral adm nistration, the conpounds can be fornul ated

readily by conbining the conpounds w tgy B.g_,r?l qaceutical |y acceptable
carriers knowmn in the art. Such carri e the conpounds of the

invention to be fornul ated as tg.t“h@thﬂ [1m]hh§htmm@es capsul es, |iquids,
gels, syrups, slurries, suspensions and the |like, for oral ingestion by a

patient to be treated. Pharnmaceuticalk_prgparations for oral use can be
obtai ned using a solid excipient in adyi xtpgrexyith the active ingredient
(agent), optionally grinding the resul ti m xjure, and processing the

m xture of granules after adding suitable auniliaries, if desired, to
obtain tablets or dragee cores. The invention is now further illustrated by
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, 5] napht hyr i dihB&ted with oil bath at 150°C for 7 hrs. After cooling to room temperature, the
reaction mixture was poured into 200 mL water, and 100 mL AtOEt was added.
The mixture was cooled in ice bath and adjusted pH to 13 with 4.0 N NaOH to
10 give a suspension. The solid was collected by filtration, washed with AtOEt. The
filtrate was extracted with AtOEt (5x150 mL) and the combined organic layer was
washed with brine and dried over Na SO, to give a dark brown oil (5.3 g) which
was then purified by Biotage column, eluting with a gradient of 2% CH2Clz in
MeOH to give 2-methyl-[1,5]naphthyridine (2.5 g, 52.6%) as a brown solid, which
15 was used in the next step without further purification.

Example 2
[1, 5]Naphthyridine-2-carbaldehyde

1
N\ N
I -
To a solution of 2-methyl-1, 5-naphthyridine (216.0 mg, 1.5 mmol) in 1,
20 4-dioxane (5 mL) was added SeO; (183.0 mg, 1.65 mmol) and the reaction
mixture was refluxed for 0.5 hr, when the TLC showed no starting material left,
then cooled to room temperature and filtered through celite. The solvent was
removed under reduced pressure and the residue was purified by Biotage
column (AcOEt: nHex = 3:1) to give [1, 5]naphthyridine-2-carbaldehyde as a
25 white solid (142.3 mg, 60.0). LR-ES m/e 159 (MH").



The suspension of 5-am no-2-picoline (3.56 g, 33 mvol ), glycerol (12.14 g,
132 nmol ), and concentrate H2SO4 (34.9 g, 356 nmml) in water (20 mM ) was
heat ed wiwb 200d04bs2h at 1500C for 7 hrs. After cooling PoTmPoISHEITPEr at ur e,
the reaction m xture was poured into 200 pj _ water, and 100 nL At OEt was
added. The mi xture was cooled in ice bath“and adjusted pHto 13 with 4.0 N
NaCH to give a suspension. The solid gg &%éect ed by filtration, washed
with AtCEt. The filtrate was extracte t OEt (5x150 nL) and the

conbi ned orgapi_ VRS | ard 0 i iV Lo- gi ve
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wth a gradient of 2% CH Cl2 in M to give 2-nmethyl-[1 ,5] napht hyridine
(2.5 g, 52.6% as a brown solid, which was used,in the next step w thout
further purification. Exanmple 2 [1 , 5] ph!dmégi ne- 2- car bal dehyde To a
solution of 2-methyl-1, 5-naphthyridine .0 , 1.5 mmol) in 1,

4-di oxane (5 nL) was added Se® ( 1839/ ng,\\1l.65 mmol) and the reaction

m xture was refluxed for 0.5 hr, when the TCC showed no starting materi al

| eft, then cooled to roomtenpera®ur d filtered through celite. The

sol vent was renoved under reduced pre lsure and the residue was purified by
Bi ot age columm (AcOEt: nHex = 3:1) to W™ AN

5] napht hyri di ne- 2- car bal dehyde as a vvhitle sglid | 142.3 ng, 60.0). LR-ES
me 159 (MH) . Exanple 3 NN

5 To a suspension of N-boc-pseudothiohydantoin (43.3 mg, 0.2 mmol),
and 1, 5-naphthyridine-6-carboxaldehyde (34.8 mg, 0.22 mmol) in toluene in a
microwave tube was added benzoic acid and piperidine. The reaction mixture
was heated to give a light yellow solution and then heated to 120 °C with
microwave for 10 min. The reaction mixture was then cooled to r.t. and diluted

10 with toluene. The solid was collected by filtration and washed with toluene,
acetone and ether to give (5-[1,5]Naphthyridin-2-ylmethylene-4-oxo-4,5-dihydro-
thiazol-2-yl)-carbamic acid tert-butyl ester as a light yellow solid: 48.6 mg
(68.1%), HR-ES (+) m/e calcd for Ci7H16N4OsS (M+H) ™ 357.1016, found
357.1015.

15 Example 4
2-Amino-5-[1,5]naphthyridin-2-ylmethylene-thiazol-4-one

A suspension of (5-[1,5]Naphthyridin-2-ylmethylene-4-oxo-4,5-dihydro-
thiazol-2-yl)-carbamic acid tert-butyl ester (20.0 mg, 0.056 mmol) in xylenes (1
20 mL) in a microwave tube was heated to give a light yellow solution and then
heated to 170 °C with microwave for 1 hr. The reaction mixture was then cooled
to r.t. and diluted with toluene. The solid was collected by filtration and washed



(S-Ji M Napht hyri di n*-yl nmet hyl ene”- oxo™*-di hydr o-t hi azol *-yO-carbam ¢ acid
tert-butyl ester To a suspension of N boc-pseudothi ohydantoin (43.3 ng, 0.2
mrol ), arwo2pocb4nEpht hyri di ne- b- car boxal dehyde (34.8 ngpPC®/EP200810047)16 i N
toluene in a mcrowave tube was added benz§)| c acid and piperidine. The
reaction m xture was heated to give a Ilg yel | ow sol ution and then heated

to rt. and amiabONE el b adie 08 A AT S L P IER S E at  on - and
washed with t gimsthgenateaand-arcdsed hght yelovg ol 65 g (39.2%), AR-ES (+) mle

, 5] Napht hyri d I - 2-yl)-carbamc acid
tert but yl Palpgé%é;Eme#ngvﬁso?%g oﬁ%‘gé%%u%s 199, HR-ES (+) nie
cal cd for Cl7H16N4CBS (MtH) + 357.1016, found 357.1015. Exanple 4
2- Ami no- 5-[ 1, 5] napht hyri di n- 2-yl net hy@ﬁﬂﬂ.ﬁ.@azol 4-one A suspension of
(5-[1 , 5] Napht hyri di n-2-yl met hyl ene- 4- oxo- 4, 5- di hydr ot hi azol -
2-yl ) - car bani 5 51quthvmm-ylm%f@vlepzc2@n@en\d %!PRfﬁ'BVbam'm)(W'%‘s (1
m.) in a nmicrowave tube was heated to g |ight yellow solution and then
heated to 170 OC with mcrowave for 1 hr. The reaction m xture was then
cooled tor.t. and diluted with toluene. The £goki d was col | ected by
filtration and washedw th tol uene, acetone and.ge her to give 2-Am no-5-[1

, 5] napht hyri di n-2- yl net hyl ene-t hi azol‘éNQQ? as a light yellow solid: 5.6
rrg (39.2%, HR-ES (+) nle

To a suspension of 2-(trans)-phenylcyclopylamino-thiazol-4-one (38.0

mg, 0.16 mmol), and 1,5-naphthyridine-6-carboxaldehyde (31.6 mg, 0.20 mmol)

10 intoluene (1 mL) in a microwave tube were added benzoic acid (2.0 mg, 0.02
mmol) and piperidine (1.7 uM, 0.02 mmol). The reaction mixture was heated to
150°C with microwave for 0.5 hr. The reaction mixture was then cooled to r.t. and
diluted with toluene. The solid was collected by filtration and the solid was
washed with toluene, CH,Cl, and ether to give 5-[1,5]naphthyridin-2-

15 ylmethylene-2-(2-phenyl-cyclopropylamino)-thiazo-l-4-one as a brown solid: 21.6
mg (36.2%). HR-ES (+) m/e calcd for Co1H1sN,OS (M+H)*" 373.1118, found
373.1117.



calcd for G 2H8NACS (MtH) + 256. 0419, found 256.0422. Exanple 5 S- i
dJNapht hyri di n*-yl net hyl ene”-t a- phenyl - cycl opr opyl am noJ-thi azo-1- 4-one To
a suspensworo@fo4@05¢t r ans) - phenyl cycl opyl am no-t hi azol - 4pomEPe@B8/007ng, 0. 16
mmol ), and 1,5-naphthyridine-6-carboxa|de2§de (31.6 ng, 0.20 Mol ) in
toluene ( 1 nL) in a mcrowave tube were ddded benzoic acid (2.0 ng, 0.02
nmmol ) and piperidine ( 1.7 uM 0.02 reaction m xture was heated
to 1500C with mcrowave for 0.5 hr. qﬂgéﬁggégfon m xture was then cooled to
r.t. and dil ut eglay C iThe =594 ! L{Hi i and
the sol i d vas. vaSenRPH EYRmReF sTsfgH R Rl Firheiriterd-riéztiohe

5-[1, 5] napht hyri di n- 2-

yl met hyl ene- 2- ( 2- phenyl - cycl opr opyl am no) -t hi \/ -4-one as a brown solid:
2 1.6 ng (36.2% . HR-ES (+) me calcd foryC2 6NACS (M+H) + 373.1 118,
found 373.1 117. Exanple 6 N

2- (2-Chl or o- benzyl am no) - 5-[ 1, 5] napht
suspensi on of 2-(2-ch|oro-benzy|aq% -tdi azol -4-one (77.0 nmg, 0.32 nmol),
and 1, 5- napht hyri di ne- 6- car boxal dehydey[(63.2 ng, 0.40 mml) in toluene ( 1
m _) in a mcrowave tube were added bepzoig_acid (2.0 ng, 0.02 mol) and
piperidine ( 1 .7 uM 0.02 mmol ). The regct xture was heated to 150 0OC
with mcrowave for 10 mn. and then cool The solid was filtered

I di n-2-yinet hyl ene-t hi azol -one To a

To a suspension of 2-(2-chloro-benzylamino)-thiazol-4-one (77.0 mg,

5 0.32 mmol), and 1,5-naphthyridine-6-carboxaldehyde (63.2 mg, 0.40 mmol) in
toluene (1 mL) in a microwave tube were added benzoic acid (2.0 mg, 0.02
mmol) and piperidine (1.7 uM, 0.02 mmol). The reaction mixture was heated to
150 °C with microwave for 10 min. and then cooled to r.t. The solid was filtered
‘off, washed with toluene to give a brown solid, which was dissolved in 1 mL hot

10 DMF and diluted with water. The precipitates were collected and washed with
water, acetone and ether, dried to give 2-(2-chloro-benzylamino)-5-[1,5]
naphthyridin-2-ylmethylene-thiazol-4-one as a light brown solid (45.6 mg,
37.4%). HR-ES (+) m/e calcd for CygH13CIN,OS (M+H) * 381.0572, found
381.0572.



of f, washed with toluene to give a brown solid, which was dissolved in 1 nL
hot DMF and diluted with water. The precipitates were coll ected and washed
wi th wat ewp 2aae4ese and ether, dried to give 2- ( 2- chl or ech@mr2gosANG7TN®) - 5- [ 1
, 5] napht hyri di n-2-yl met hyl ene-t hi azol - as a light brown solid (45.6
ng, 37.4% . HR-ES (+) me calcd for C19H1 IN4CS (MtH) + 381.0572, found
381 .0572. Exanple 7

2- [(3 Met hyl -t hi ophen- 2-yl net hyl ) - amﬁ'o'?-mgl—e[% 5] napht hyri di n- 2-

yl met hyl ene-t hi az T, N
AT AR AR = E ﬂ"??ﬁﬁgg‘%ﬂ%%mo] S Sinaphtpyrigin-

mmol ), and 1, 5-napht hyri di ne- 6- rbo al dehyde (31 .6 ng, 0.20 mmol) in
toluene ( 1 m.) in a mcrowave tube were add benzoi ¢ aci d (2.0 ng, 0.02
mmol ) and piperidine ( 1 .7 uM 0.02 mol). hedr eaction mixture was heat ed
to 130 OC with mcrowave for 10 mn. TheWweagtiHHn m xture was then cool ed
tor.t. and diluted with tol uene. The soMNwas col | ect ed by filtration and
the solid was washed with tol uene, -_ggnd ether to give

2-[ (3- Met hyl -t hi ophen-2- yl et hy[ b= -5-[1
,5]naphthyridin-2-y|nethylene-thiazol-ﬂ-one as a
ng, 43.9%. HR-ES (+) nmle calcd for G
367.0683. Exanple 8

2- (3- Chl or o-4-fl uoro-benzyl am no)-5-[1,5

| i ght brown solid (25.7
(M+tH) + 367.0682, found

¢ i di n-2-yl nmet hyl enet hi azol -

5 To a suspension of 2-[(3-methyl-thiophen-2-yimethyl)-amino]-thiazol-4-
one (36.2 mg, 0.16 mmol), and 1,5-naphthyridine-6-carboxaldehyde (31.6 mg,
0.20 mmol) in toluene (1 mL) in a microwave tube were added benzoic acid (2.0
mg, 0.02 mmol) and piperidine (1.7 uM, 0.02 mmol). The reaction mixture was
heated to 130 °C with microwave for 10 min. The reaction mixture was then

10 cooled to r.t. and diluted with toluene. The soiid was collected by filtration and the
solid was washed with toluene, MeOH and ether to give 2-[(3-Methyl-thiophen-2-
yimethyl)-amino]-5-[1,5]naphthyridin-2-yimethylene-thiazol-4-one as a light brown
solid (25.7 mg, 43.9%). HR-ES (+) m/e calcd for C1gH14N4OS, (M+H) *
367.0682, found 367.0683.

15 Example 8

2-(3-Chloro-4-fluoro-benzylamino)-5-[1,5]naphthyridin-2-ylmethylene-
thiazol-4-one

Cl

To a suspension of 2-(3-chloro-4-fluoro-benzylamino)-thiazol-4-one (41.4
20 mg, 0.16 mmol), and 1,5-naphthyridine-6-carboxaldehyde (31.6 mg, 0.20 mmol)



4-one To a suspension of 2-(3-chloro-4-fluoro-benzyl am no)-thiazol - 4-one
(41 .4 ng, 0.16 nmmol ), and 1, 5-napht hyri di ne-6-car boxal dehyde (31 .6 ng,

0. 20 nmmolworoacal4msee (1 nl ) in a mcrowave tube were aduakmsnroie aci d
(2.0 ng, 0.02 nmol) and piperidine (1 .7 uM 0.02 mol). The reaction

m xture was heated to 130 OCwth mcrovva\gg for 10 mn. The reaction

m xture was t was
col | ected by |tIIa gl on ﬁ%ém"é{”h (f{%dne t%’%uéé&dteg bﬁ@%ﬂgr&%@ e’?ﬁmg ¢99g| ve a
brown solid: Bﬂmﬂ) agd piperiding 49.7 uvhiCcdR mawl)diTes odactidnimmixQré&was hedtet OV and
diluted with 8h ../ : ey oSfd1 water,
acetone and et er(,5 V‘é&hﬁﬁpﬁﬂg&’ﬁ%@ﬁ‘f’h% ?e&&lon%u%ﬁﬁe%ggﬁ‘%i Ogeflﬁy\{no%} 5-11

, 5] napht hyr i diand gilytedetitntbleare.t Fieasoiitd whsmodeeted ay [fiitrghion lamdwasbedi mwith( 18. 6

g, 29.2% . g%@eegﬁecﬁﬁ%n%kh%‘?té 8o & brott SHHEMESrig\ i o), #RdnOké7. Tound

399. 0477.
5-[ 1, 5] Napht hyiissdived in §.5mrel. hot BME-@d[c( lutedopitrewaizy yTheepregipltatesimeod -

(112501 one To uatananel o s LD ARG 2B, il o el pligal o one

mmol) in tol uﬁn@ro(be:nzprliarrpind Wwo-|, ﬁnm@mm EUbBereee-atddBd 4bm!zm$ e ligiti d (2. 0
ng, 0.02 nmol I i Xt ure
was heat ed to})&%{jﬁ@d&?? ?r%%\% mgﬁé%lr%@of éﬁtq‘gdér ﬂ% and

di luted w th ©89.0478.foling399.0477.

Example 9

5-[1,5]Naphthyridin-2-yimethylene-2-[(thiophen-2-ylmethyl)-amino]-

thiazolone

15 To a suspension of 2-[(thiophen-2-ylmethyl)-amino]-thiazol-4-one (34.0
mg, 0.16 mmol), and 1,5-naphthyridine-8-carboxaldehyde (31.6 mg, 0.2 mmol) in
toluene (1 mL) in a microwave tube were added benzoic acid (2.0 mg, 0.02
mmol) and piperidine (1.7 uM, 0.02 mmol). The reaction mixture was heated to
120 °C with microwave for 5 min, then cooled to r.t. and diluted with toluene. The

20 solid was collected by filtration and washed with toluene, MeOH and ether to give
5-[1,5]naphthyridin-2-yimethylene-2-[(thiophen-2-ylmethyl)-amino]-thiazol-4-one
as a light brown solid (19.7 mg, 34.9%). HR-ES (+) m/e calcd for C17H12N4OS»
(M+H) * 853.0526, found 353.0526.



solid was collected by filtration and washed with toluene, MeOH and et her
to give 5-[1

, 5] napht hyoi2déam4@esy| met hyl ene- 2- [ (t hi ophen- 2-yl et hyl ) - aoiTmErpecshi@Ezel - 4- one
as a light brown solid (19.7 ng, 34.9%9. HRES (+) nme calcd for G
7HL2NACS2 (M+H) + 353.0526, found 353.0528. Exanpl e 10

2-[2-(3- Fl uoro-phenyl ) - et hyl am no] - 5-J 1 123 ht hyri di n- 2- yl met hyl enet hi azol
- 4-one To a suspension of 2-[2-(3-f |il‘§ng‘l—§h§- nyl ) - et hyl am no] -t hi azol - 4- one

(38.1 ng, 0.16 gnpll -, and - 13 L.di e , 0.2
mml ) in tol uengrlr? (3[ FH{%_’g thne%ﬁ?n&@wyﬁ'h%_?ﬁ%’gg"\%@ﬁgﬁg@?ggﬁ?g?ge naeg [ (rjrg (2.0
ng, 0.02 nmmol) and piperidine ( 1.7 W 02 mmol ). The reaction m xture
was heated to 130 OC with m crowave for 10 mn,
diluted with toluene. The solid was colll ecre
tol uene, MeCOH and ether to give 2- [,@_—_@-‘ penyl ) - et hyl am no] -5-[1
, 5] napht hyri di n- 2-yl met hyl ene-t hi azol -\ 4-one as § brown solid (22.3 ng,
36.9%9. HR-ES (+) nie calcd for i SFNACS (MHH) + 379.1024, found
379.1024. Exanple 11 |

2-[ (5- Met hyl - pyrazi n-2-yl net hyl ) - am
i azol - 4-one To a suspension of

2-[ (5-met hyl - pyrazi n-2-yl net hyl ) - am no] %61 -4-one (35.6 ng, 0.1 6
mol ), and 1, 5- napht hyri di ne- 6- car boxal dehyde (31 .6 ny, 0.2

5 To a suspension of 2-[2-(3-fluoro-phenyl)-ethylamino]-thiazol-4-one (38.1
mg, 0.16 mmol), and 1,5-naphthyridine-6-carboxaldehyde (31.6 mg, 0.2 mmol) in

then cooled to r.t. and
iltration and washed with

-

napht hyri di n- 2-yl net hyl enet h

toluene (1 mL) in a microwave tube were added benzoic acid (2.0 mg, 0.02
mmol) and piperidine (1.7 uM, 0.02 mmol). The reaction mixture was heated to
130 °C with microwave for 10 min., then cooled to r.t. and diluted with foluene.

10 The solid was collected by filtration and washed with toluene, MeOH and ether to
give 2-[2-(3-fluoro-phenyl)-ethylamino]-5-{1 ,5]naphthyridin-2-yimethylene-thiazol-
4-one as a brown solid (22.3 mg, 36.9%). HR-ES (+) m/e calcd for CooH15FNsOS
(M+H) * 379.1024, found 379.1024.

Example 11

15 2-[(5-Methyl-pyrazin-2-y|methyl)-amino]-5-[1,5]naphthyridin-2-ylmethylene-
thiazol-4-one

vel
N:( \/EN

To a suspension of 2-[(5-methyl-pyrazin-2-ylmethyl)-amino]-thiazol-4-one
(35.6 mg, 0.16 mmol), and 1,5-naphthyridine-6-carboxaldehyde (31l6 mg, 0.2
20 mmol) in toluene (1 mL) in a microwave tube were added benzoic acid (2.0 mg,
0.02 mmol) and piperidine (1.7 uM, 0.02 mmol). The reaction mixture was heated
to 130 °C with microwave for 10 min., then cooled to r.t. and diluted with toluene.



mmol) in toluene ( 1 m_) in a mcrowave tube were added benzoic acid (2.0
ng, 0.02 nmmol) and piperidine ( 1 .7 uM 0.02 mmol). The reaction m xture
was heat ewl0t2006180058C wi th m crowave for 10 min., then ceora®24s/on07ie and
diluted with toluene. The solid was coIIecEgd by filtration and washed with
t ol uene, MeOH and ether to give

2- L(5-methyl -$e 8. ésx&rél‘afég%)lfgﬁ@omndﬁg&%mglmﬁg xé'mb@madcaﬁéml eneth

i azol - 4-one as a romm SO cd for
8H14N6CS ( MrHjive H@}n@@%pyﬁammnay@&gh bm:no@ém@nr@pm‘@yndm -2-ylmethylene-

2-(2-Chloro-6 I net hi azol -
4-one To a su@%gﬁooﬁgﬁz%bﬁynrﬁld?ﬂ%n@é %Egﬁgy sggn%rr%/b?tgﬁpgéﬁl 4-one
(40.8 ng, 0. 16:amNgOS BvieH)’ IBRHAY FounddE6Rel02¢c ar boxal dehyde (31 .6 ng, 0.2
mml) in toluene ( 1 m_) in a mcrowave tube were added benzoic acid (2.0
mg, 0.02 mgol) and piperidine ( 1 .7 uM 0.02 nmmol ). The reaction m xture
was heated to 130 OC with mi crowave for 15 mn., then cooled to r.t. and
diluted with toluene. The solid was cgéﬁ(é&féby filtration and washed with
t ol uene, MeOH and -ether to give 2-(2- net hyl - benzyl am no)-5-[1

) ERES () nedeieBe Fore bRt LS ARGy Relripte ™ %7
395. 0728. Exanpl e 13
2- (2-Chl oro-4-fluoro-benzyl am no) - 5-[ 1, 5] napht hyri di n- 2-yl net hyl enet hi azol -

4-one

H

N
N_—_<
S

10

To a suspension of 2-(2-chloro-6-methyl-benzylamino)-thiazol-4-one

(40.8 mg, 0.16 mmol), and 1,5-naphthyridine-6-carboxaldehyde (31.6 mg, 0.2
mmol) in toluene (1 mL) in a microwave tube were added benzoic acid (2.0 mg,

15 0.02 mmol) and piperidine (1.7 uM, 0.02 mmol). The reaction mixture was heated
to 130 °C with microwave for 15 min., then cooled to r.t. and diluted with foluene.
The solid was collected by filtration and washed with toluene, MeOH and ether to
give 2-(2-chloro-6-methyl-benzylamino)-5-[1,5]naphthyridin-2-ylmethylene-
thiazol-4-one as a brown solid (32.9 mg, 52.1 %). HR-ES (+) m/e calcd for

20 CooH1sCINJOS (M+H) * 395.0728, found 395.0728.



To a suspension of 2-(2-chloro-4-fluoro-benzyl am no)-thiazol-4-one (41 .4
nmg, 0.16 nmol ), and 1, 5-napht hyri di ne-6-car boxal dehyde (31 .6 ng, 0.2 mol)
in tol uerwoods/aos2 in a m crowave tube were added benzect/Exeeéd/of@i® ny,
0.02 mmml ) and piperidine ( 1.7 uM 0.02 ygol). The reaction m xture was
heated to 130 OC with m crowave for 15 mn., then cooled to r.t. and
diluted with toluene. The solid was coIIected by filtration and washed with
t ol uene, MeOH and ether to give 2-(2-chloro-4-fluoro-benzylam no)-5-[1

, 5] napht hyri di n- 2-yl met hyl ene-t hi azol -_4-one as a brown solid (30.5 nyg,
47.8 % . HRES (+) me calcd for cioHEXemmeds (vH) + 399. 0477, found

399. 0476. Exanpl e nzyl am. no

Al napht hyr i di n- azg‘ér‘rgllﬂgﬂ éﬁ oro%&in% ‘é}c’ﬁ"a%t'&wéd'ﬂ Vimethyleds- o

2- am no- 4- oxo- 4, 5- di hydr o- i ni dazol e- 1rH PekONe ¢ acid benzyl ester * (46.62
ng, 0.20 mmol), 2-chl orobenzyl brom de (41 . 0 g, Q20 mmol ) and K2CO3 (41
.4 nyg, 0.30 nmmol) in acetonitrile ( 1.5 m_) was” heated to refl ux under
argon for 3 hrs. Cooled to r.t. and the reac m xture was partitioned
bet ween Et QAc and water. The organic | ayegf gr'i ed over Na2SO4 and
concentrated to give N

2- (2-chl or o- benzyl am no) - 4- et hyl ene -di hydr & m dazol e- 1-carboxylic
acid benzyl ester as an oil (63.0
2- am no- 4- oxo- 4, 5- di hydro-i m dazol e- 1-fgar boxyl ic acid benzyl ester was

pr epar ed accordl ng to the nmethod descr \-H Kwon et al. J. Med. Chem

To a suspension of 2-(2-chloro-4-fluoro-benzylamino)-thiazol-4-one (41.4
mg, 0.16 mmol), and 1,5-naphthyridine-6-carboxaldehyde (31.6 mg, 0.2 mmol) in
toluene (1 mL) in a microwave tube were added benzoic acid (2.0 mg, 0.02
mmol) and piperidine (1.7 uM, 0.02 mmol). The reaction mixture was heated to

10 130 °Q with microwave for 15 min., then cooled to r.t. and diluted with toluene.
The solid was collected by filtration and washed with toluene, MeOH and ether to
give 2-(2-chloro-4-fluoro-benzylamino)-5-[1,5]naphthyridin-2-yimethylene-thiazol-
4-one as a brown solid (30.5 mg, 47.8 %). HR-ES (+) m/e calcd for
C1gH12FCIN,OS (M+H) * 399.0477, found 399.0476.



1991, 34, 1845-1849. To a m xture of

2- (2-chl or o- benzyl am no) - 4- met hyl ene- 4, 5- di hydr oi m dazol e- 1-carboxylic

aci d benayb 2esta005£62. 0 ng, 0.17 mmol ), 1,5- napht hyri dipneaR2e@anboial dehyde
(31 .6 ng, 0.2 mol) and iPrOH (5.0 M ) jn a 25-nL round bottom fl ask was
added piperidine (0.05 m ) and the suspension was then heated under

refluxing for 3.5 hrs to give a _suspﬁg': Ba ‘Ehe reaction m xture was

concentrated to g| ve a brown solid shed with MeOH and et her.

Thesolidwas __ o]
o[ 1, 5] - napht Eor ooy rh'%Z‘Sﬁﬁl"*g’ﬁh %ﬁ%ﬁﬁtﬂ?ﬂeﬁ?éﬁd‘ehg‘i“"; b oun
solid, (10.1 ng, 163% HR-ES (+) ecalc for 9H14CI N 505 (M+H) +
364. 0960, found 364.0959. Exanpl e 15

(5-11, 5] Napht hyri di n- 2- yl net hyl ene- 4- oxo-hydr 0o- 1H-i m da2ol - 2-yl)
-carbam c acid tert-butyl ester A suspensi ol=gf

2-am no- 4- oxo- 4, 5-di hydr o-i m dazol e- 1- cas-baxyl }, id benzyl ester (46.6
ng, 0.20 nmol), BoC20 (52.3 ng, 0.24 ) and EI\/AP (2.5 ng, 0.02 mml )in
acetonitrile ( 1 .5 nm) was heated refl ux under argon for 1 hr. Cool ed
tor.t., the reaction mixture was Tondgntrated and the residue was
partitioned between Et OAc and water. e ol {C |layer was dried over
Na2SO4 and concentrated to give
2-tert-but oxycarbonyl am no- 4- oxo-4, 5-di h
benzyl ester as an oil (55.0 ng, 82.6 %.

5 A suspension of 2-amino-4-oxo-4,5-dihydro-imidazole-1-carboxylic acid

azole- 1 -carboxylic acid

benzyl ester* (46.62 mg, 0.20 mmol), 2-chlorobenzylbromide (41.0 mg, 0.20
mmol) and KoCO3 (41.4 mg, 0.30 mmol) in acetonitrile (1.5 mL) was heated to
reflux under argon for 3 hrs. Cooled to r.t. and the reaction mixture was
partitioned between EtOAc and water. The organic layer was dried over Na;SO4
10 and concentrated to give 2-(2-chloro-benzylamino)-4-methylene-4,5-dihydro-
imidazole-1-carboxylic acid benzyl ester as an oil (63.0 mg, 88.2%).

2-amino-4-oxo-4,5-dihydro-imidazole-1-carboxylic acid benzyl ester was
prepared according o the method described by C-H Kwon et al. J. Med. Chem.
1991, 34, 1845-1849.

15 To a mixture of 2-(2-chloro-benzylamino)-4-methylene-4,5-dihydro-
imidazole-1-carboxylic acid benzyl ester (62.0 mg, 0.17 mmol), 1,5-
naphthyridine-6-carboxaldehyde (31.6 mg, 0.2 mmol) and iPrOH (5.0 mL) in a
25-mL round bottom flask was added piperidine (0.05 mL) and the suspension
was then heated under refluxing for 3.5 hrs to give a suspension. The reaction

20 mixiure was concentrated to give a brown solid which was washed with MeOH
and ether. The solid was collected by filtration to give 2-(2-chloro-benzylamino)-
5-[1,5]-naphthyridin-2-ylmethylene-1,5-dihydro-imidazol-4-one as a brown solid,
(10.1 mg, 16.3 %). HR-ES (+) m/e calcd for C1gH14CINsOS (M+H) * 364.0960,
found 364.0959.



To a m xture of 2-tert-butoxycarbonyl am no- 4-oxo- 4, 5-di hydro-i m dazol e-
1-carboxylic acid benzyl ester (53.3 ng, 0.16 mmol ), 1, 5-naphthyridi ne-6-
car boxal debyde/ods2. 6 mg, 0.2 mml) and i PrOH (5. Oml) i mca/e?2e05i010706ind
bottom fl ask was added pi peridine (0.05 ng; and the suspension was then
heat ed under refluxing for 3 hrs to give & suspension. The reaction m xture

was cooled to r.t. and the solid was g0 t by filtration to give
(5-[1, 5] - napht hyri di n- _EX_LIJHEFe £

2-yl met hyl ene- 4,0 ' O I+ A a5 gi ARG ' - but yl
ester as a yell gﬁﬁ?gﬁagh%ﬁﬁ ?g:g%%fggﬁ %Eﬁjﬁﬁéi g's% rﬁ?g’" ggﬁ#”#%ﬂ%

7H 7N5O3 (M+rH) + 340. 1404, foun .12 . Exanmple 1

N- (5-[ 1, 5] Napht hyri di n- 2-yl met hyl ene- 4- oxo- 4, 5-di hydr o- 1H i m da2ol - 2-yl ) -
acetam de To a suspensi on of 2-anino-4-oxo-4#§$§ihydro-inidazole-l
-carboxylic acid benzyl ester (46.6 ng,

nmol ) and DMAP (2.5 ng, 0.02 mmol)in
(24.5 ng, 0.24 mmol ), and the react|
under argon for 1 hr. Cooled to r.t, t
and the residue was partitioned betwee
was dried over Na2SO and concentrated tojgiv
2- acetyl am no- 4- oxo- 4, 5-di hydro-i m dazol
as an oil (54.0 ng, 98.2 % . To a m xture of

2- acet yl am y10- 4- 0x0p 4uSpeisintii @-amiindaz ek ®4 b-dikair&midalz6le-1-carboxylic acid
benzyl ester (46.6 mg, 0.20 mmol), Boc,O (52.3 mg, 0.24 mmol) and DMAP (2.5
mg, 0.02 mmol)in acetonitrile (1.5 mL) was heated to reflux under argon for 1 hr.

; ), Et3N (26.0 ng, 0.26

Cl20(4 nmL) was added dropw se Ac20

ixture was then heated to refl ux

|e reaction m xture was concentr at ed
d water. The organic | ayer

boxylic acid benzyl ester

Cooled to r.t., the reaction mixture was concentrated and the residue was

partitioned between EtOAc and water. The organic layer was dried over NaxSO4
10 and concentrated to give 2-tert-butoxycarbonylamino-4-oxo-4,5-dihydro-

imidazole-1-carboxylic acid benzyl ester as an oil (55.0 mg, 82.6 %).

To a mixture of 2-tert-butoxycarbonylamino-4-oxo-4,5-dihydro-imidazole-
1-carboxylic acid benzyl ester (53.3 mg, 0.16 mmol), 1,5-naphthyridine-6-
carboxaldehyde (31.6 mg, 0.2 mmol) and iPrOH (5.0mL) in a 25-mL round

15 bottom flask was added piperidine (0.05 mL) and the suspension was then
heated under refluxing for 3 hrs to give a suspension. The reaction mixiure was
cooled to r.t. and the solid was coliected by filtration to give (5-[1,5]-naphthyridin-
2-yimethylene-4-oxo-4,5-dihydro-1H-imidazol-2-yl)-carbamic acid tert-butyl ester
as a yellow solid, 29.8 mg (54.9 %). HR-ES (+) m/e calcd for C47H17NsO3 (M+H) *

20 340.1404, found 340.1404.



acid benzyl ester (47.1 ng, 0.17 mmol), 1,5-naphthyridi ne-6-carboxal dehyde
(31 .6 ng, 0.2 mol) and i PrOH (5.0m.) in a 25-nmL round bottom fl ask was
added pi peoi2deen=o(s@. 05 nl) and the suspension was then lreatepdoosodens
refluxing for 3 hrs to give a suspension. The reaction m xture was cool ed
tor.t. and the solid was coll ected by fi13%ation to give N-(5-[1

, 5] - napht hyri di n- 2- yl net hyl ene- 4-
oxo-4, 5-di hydr o- 1H i m dazol - 2-yl ) - acetm a yellow solid, 15.3 ng (31

8 9. HR-ES ( e ;
282. 0985, Exarrplﬂe(% W@&%%ﬁec\é E%:%M&h(ssdﬁarg?ﬁqm'&%dz yh)-

, 5] napht hyri di n- 2-yl met hyl ene- 4- oxo- 4 ydro H i m dazol -2-yl)-am de A
suspen5| on of 2-am no-4-o0xo-4,5-di hydro-i m dazol e-1-carboxylic acid benzyl
ester (100.0 ng, 0.43 mmol ), cycl opropane onyl chloride (45.0 ng, 0.43
mol ) and Hunig's base (83.0 ng, 0.64 ) Wn acetonitrile (4 m _) was
heated to reflux under argon for 0.5 . NCooled to r.t, the reaction
m xture was concentrated and the reSid was partitioned between Et OAc and
water. The organic |ayer was dried over nd concentrated and the
residue was triturated with AcCEt to giv K usp nsion. The solid was
filtered to give 2- 7
(cycl opropanecar bonyl - am no) - 4- oxo- 4, 5- di hydro i m dazoi e-1-carboxylic acid
benzyl ester as an 6 o
2- (cycl opr o;lé)anecar b?r? éus#eﬂ\% 9 - ’anﬁ og é%hy%%"ﬁ%md@ {’Z%Ié)i C@ébrqt))(ghc
aci d benzyl esaoid anz@Qeﬁen@G a)maso Qﬁmhmpl JEBN (26.0 mg, 0.26 mmol) and DMAP

(2.5 mg, 0.02 mmol)in CH2Cl> (4 mL) was added dropwise Ac.O (24.5 mg, 0.24
mmol), and the reaction mixture was then heated to reflux under argon for 1 hr.

Cooled to r.t., the reaction mixture was concentrated and the residue was

10 partitioned between EtOAc and water. The organic layer was dried over Na,SO,
and concentrated to give 2-acetylamino-4-oxo-4,5-dihydro-imidazole-1-carboxylic
acid benzyl ester as an oil (54.0 mg, 98.2 %).

To a mixture of 2-acetylamino-4-oxo-4,5-dihydro-imidazole-1-carboxylic
acid benzyl ester (47.1 mg, 0.17 mmol), 1,5-naphthyridine-6-carboxaldehyde
15 (31.6 mg, 0.2 mmol) and iPrOH (5.0mL) in a 25-mL round bottom flask was
added piperidine (0.05 mL) and the suspension was then heated under refluxing
for 3 hrs to give a suspension. The reaction mixture was cooled to r.t. and the
solid was collected by filtration to give N-(5-[1,5]-naphthyridin-2-yimethylene-4-
oxo-4,5-dihydro-1H-imidazol-2-yl)-acetamide as a yellow solid, 15.3 mg (31.8 %).
20 HR-ES (+) m/e calcd for C14H41NsO2 (M+H) * 282.0986, found 282.0985.



napht hyri di ne- 6- car boxal dehyde (47.4 ng, 0.30 nmmol) and i PrOH (5.0nl) in a
25-mL round bottom fl ask was added piperidine (0.05 ml ) and the suspension
was t hen weavad4mwsder refluxing for 3.5 hrs to give a sesparP005/0107ihe
reaction m xture was cooled to r.t. and thg solid was col |l ected by
filtration, washed with MeOHland ether to “gi ve cycl opropanecarboxylic acid

(5-[1 ,5] naphthyrldln 2- i
yl rrethyl ene- 4 oxo 4, 5- di hydr o- 1I—I-|mda'2'0“nng‘%) am de as a |light brown

solid, 32.6 el‘bf&ec’a‘f%oﬁﬁlé Hbid 5195 haphtheFidfd-2 843tk iEnd-Moxb-4,5-

307. 1069, f OU” 066. Exangy; ﬁy&&HH -imidazol-2-yl)-amide
2-(2-Chl oro-4-fl uoro benzyl am no) - 5-[ 1, 5] napht hyri di n- 2-yl net hyl ene- 1, 5-

di hydr o-i m dazol - 4-one A suspensi on of

2- am no- 4- oxo- 4, 5- di hydro-i m dazol e- 1- car box c acid benzyl ester (93.2
ng, 0.40 mmol), 2-chloro-4-fluoro-benzyl vogi de (89.2 ng, 0.40 mmol ) and
K2CO3 (83.01 ng, 0.60 nmol) in acetonin ey 10 mM _) was heated to reflux
under argon for 1 hr. Cooled to r. t nthe reaction m xture was
partitioned between Et OAc and wat er® organic layer was dried over
Na2SO4 and concentrated to give a resi was triturated with Et OAc
and filtered to give
2- (2-chl or o-4-fl uoro-benzyl am no) - 4- oxo- dro-im dazole-1 -
carboxylic acid benzyl ester as a white soI id (73.0 ng, 48.7%. To a

mxture of 2-(2-chlgr %Isé%ésétm&%gﬁqm%Q%Q%dm%qm‘bf%gf@ fdrelgiciaze! e- 1

-carboxylic acid benzy
benzyl ester (100.0 mg, 0 43 mmol) cyclopropanecarbonylchIorlde (45.0 mg,
0.43 mmol) and Hunig's base (83.0 mg, 0.64 mmol) in acetonitrile (4 mL) was

heated to reflux under argon for 0.5 hr. Cooled to r.t., the reaction mixture was

concentrated and the residue was partitioned between EtOAc and water. The

10 organic layer was dried over Na,SO, and concentrated and the residue was
triturated with AcOEt to give a suspension. The solid was filtered to give 2-
(cyclopropanecarbonyl-amino)-4-oxo-4,5-dihydro-imidazole-1-carboxylic acid
benzyl ester as an oil (113.0 mg, 87.6 %).

To a mixture of 2-(cyclopropanecarbonyl-amino)-4-oxo-4,5-dihydro-

15 imidazole-1-carboxylic acid benzyl ester (109.6 mg, 0.36 mmol), 1,5-
naphthyridine-6-carboxaldehyde (47.4 mg, 0.30 mmol) and iPrOH (5.0mL) in a
25-mL round bottom flask was added piperidine (0.05 mL) and the suspension
was then heated under refluxing for 3.5 hrs to give a suspension. The reaction
mixture was cooled to r.t. and the solid was collected by filtration, washed with

20 MeOH, and ether to give cyclopropanecarboxylic acid (5-[1,5]naphthyridin-2-
ylmethylene—4-oxo-4,5-dihydfo-1 H-imidazol-2-yi)-amide as a light brown solid,
32.6 mg (35.4 %). HR-ES (+) m/e calcd for C4gH13NsO» (M) ™ 307.1069, found
307.1066.



napht hyri di ne- 6- car boxal dehyde (28.7 ng, 0.18 nmmol) and iPrOH (5.0nl) in a
25-mL round bottom fl ask was added piperidine (0.05 ml ) and the suspension
was t hen weavad4mwsder refluxing for 4 hrs to give a suspemgireews/oTiTes
reaction mxture was cooled to r.t. and the solid was coll ected by
filtration, washed with MeOH, and et her ﬁp‘gi ve

2- (2-chl oro- 4-fl uoro-benzyl am no) - 5- 5 na, ht hyri di n-2- yl net hyl ene-1
, 5-di hydr o-i m dazol - 4-one as alight lid, 30.6 ng (43.0 %9. HRES

(+) me calcd H1 53 le 19
5-11, 5] Napht hyé'?%cﬁo% fﬁ&,ﬁ&S g’g’g’) ngﬁg%ﬂ?w}ﬁ zbg\gﬁ}%ﬁ‘gr@n“%@p 5-
di hydro-i m dazol -4-one A suspenS|

2- am no- 4- oxo- 4, 5-di hydro-i m dazol e- 1- car boxyl ic aci d benzyl ester (93.2
ng, 0.40 mmol), 2-trifluoronethyl-benzyl bropd (95.6 ng, 0.40 mmol ) and
K2CO3 (83.01 ng, 0.60 nmmol) in acetonitril m.) was heated to refl ux
under argon for 1 hr. Cooled to r.t. andythefeaction mxture was
partitioned between Et OAc and water. TheNe¥gariyc |ayer was dried over Na
SO4 and concentrated to give a residue ich was triturated with Et CAc and
filtered to give 0
4- 0x0-2-(2-trifluoronethyl -benzyl am nojj-
carboxylic acid benzyl ester as a whitég
m xture of 4-oxo0-2~(2-trifluoromnethyl - 0) -4, 5-di hydroi m dazole- 1
-carboxylic acid benzyl ester (70.4 ng, O~ Dl ), 1,5-

napht hyri di ne- 6- car boxal dehyde (28.7 ng, 0 18 nmol ) and iPrOH (5.0nl) in a

5 A suspension of 2-amino-4-oxo-4,5-dihydro-imidazole-1-carboxylic acid

N
4,5- dlhydro i m dazole-1 -
Ny 5.0rrg, 48.1% . To a

benzyl ester (93.2 mg, 0.40 mmol), 2-chloro-4-fluoro-benzylbromide (89.2 mg,
0.40 mmol) and K,COs; (83.01 mg, 0.60 mmol) in acetonitrile (10 mL) was heated
to reflux under argon for 1 hr. Cooled to r.t. and the reaction mixture was
partitioned between EtOAc and water. The organic layer was dried over Na>SO4

10 . and concentrated to give a residue which was triturated with EtOAc and filtered
to give 2-(2-chloro-4-fluoro-benzylamino)-4-oxo-4,5-dihydro-imidazole-1-

carboxylic acid benzyl ester as a white solid (73.0 mg, 48.7%).

To a mixture of 2-(2-chloro-4-fluoro-benzylamino)-4-oxo-4,5-dihydro-

imidazole-1-carboxylic acid benzyl ester (70.1 mg, 0.19 mmol), 1,5~

15 naphthyridine-6-carboxaldehyde (28.7 mg, 0.18 mmol) and iPrOH (5.0mL) ina
25-mL round bottom flask was added piperidine (0.05 mL) and the suspension
was then heated under refluxing for 4 hrs to give a suspension. The reaction
mixture was cooled to r.t. and the solid was collected by filiration, washed with
MeOH, and ether to give 2-(2-chloro-4-fluoro-benzylamino)-5-[1,5]naphthyridin-2-

20 ylmethylene-1,5-dihydro-imidazol-4-one as a light yellow solid, 30.6 mg (43.0 %).
HR-ES (+) m/e calcd for C19H13FCINsO (M+H) * 382.0866, found 382.0866.



25-nL round bottom fl ask was added piperidine (0.05 nL) and the suspension
was then heated under refluxing for 4 hrs to give a suspension. The
reacti on woxvewmoosas cooled to r.t. and the solid was ceCirarrad/ obyie
filtration, washed with MeOH and ether. The solid was then re-crystallized
from AcOEt - MeCH to give 5- [ -31-
1, 5] napht hyri di n-2-yl net hyl ene-2-(2-tLifl upr t hy- benzyl am no) -1
, 5-di hydr oi m dazol - 4-one as a |ight g%ﬂpggﬁg£§stalline material ( 11.6 ny,
0, _
ALy ES 51 sl iiehy filtil Byt BVt RS ifttidtortetiyRodrARami R ATs-
2-(2,4-Bis-tr|fluoronethyl benzylalr11¥drc')"nydflioI ﬁg%hthyrldln 2-yl met hyl ene-
1, 5-di hydro-i m dazol - 4-one A suspensi on of
2- am no- 4- oxo- 4, 5-di hydro-i m dazol e-1-carb
ng, 0.40 mmol), 2,4-bis-trifluoronethyl-
and K2CO3 (83.01 ng, 0.60 mml) in acet omi
reflux under argon for 1 hr. Cooled t
partitioned between Et OAc and water
Na2SO4 and concentrated to give a Pesiyfue which was triturated with Et QAc
and filtered to give 2-(2,
4-bi s-trifluoronethyl-benzyl am no) - 4- oxo} 4, ydro-i m dazol e- 1-
carboxylic acid benzyl ester as a white 6.0 ng, 52.4%. To a
m xture of 2-(2,4-bis-trifluoronethyl- benzylanlno) 4- 0X0-4, 5-

di hydro-i m dazol e- 1 be -

napht hyri di Sﬁe 6- car b%@%é@“a& zazgjeﬂobf%hge@%ﬁfm-ﬂrﬁ%a%lggl cé)rbgﬂgnmé@ﬂd) in a
benzyl ester (93.2 mg, 0. 40 mmol), 2-tr|ﬂuoromethyl benzylbromlde (95.6 mg,
0.40 mmol) and KoCOj (83.01 mg, 0.60 mmol) in acetonitrile (10 mL) was heated
to reflux under argon for 1 hr. Cooled to r.t. and the reaction mixture was

{c acid benzyl ester (93.2

pr om de (126.6 ng, 0.40 mmol)
K10 m ) was heated to

the reaction m xture was

partitioned between EtOAc and water. The organic layer was dried over NaxSO4

10 and concentrated to give a residue which was triturated with EtOAc and filtered
to give 4-oxo-2-(2-trifluoromethyl-benzylamino)-4,5-dihydro-imidazole-1-
carboxylic acid benzyl ester as a white solid (75.0 mg, 48.1%).

To a mixture of 4-oxo-2-(2-trifluoromethyl-benzylamino)-4,5-dihydro-
imidazole-1-carboxylic acid benzy! ester (70.4 mg, 0.18 mmol), 1,5-

15 naphthyridine-6-carboxaldehyde (28.7 mg, 0.18 mmol) and iPrOH (5.0mL) in a
25-mL round bottom flask was added piperidine (0.05 mL) and the suspension
was then heated under refluxing for 4 hrs to give a suspension. The reaction
mixture was cooled to r.t. and the solid was collected by filtration, washed with
MeOH and ether. The solid was then re-crystallized from AcOEt-MeOH to give 5-

20 [1,5]naphthyridin-2-yimethylene-2-(2-trifluoromethy-benzylamino)-1,5-dihydro-
imidazol-4-one as a light yellow crystalline material (11.6 mg, 16.2%). HR-ES (+)
m/e calcd for CaoH14FaNsQ (M+H) * 398.1223, found 398.1222.



25-nL round bottom fl ask was added piperidine (0.05 m _) and the suspension
was then heated under refluxing for 4.5 hrs to give a suspension. The

reacti on woxvewmoosas cooled to r.t. and the solid was ceCirarrad/ obyie
filtration, washed with MeOH, ether and drjed in vacuum at 1000C for 3 h to
give 2-(2,4-bistrifluoronethyl- benzyl ani A )-5-[1

, 5] napht hyri di n- 2-yl net hyl ene-1 , 5-di Eggﬁg %&azol 4-one as a |ight yellow
solid (21.6 ng, 23.2%. HR-ES (+) nle r C2IH 3F6N50 (MtH) +

?gat 1092j n; Sﬁt yh?&ﬂgﬁ,&aﬂﬁhﬁl ge.qz rP(ﬁHj‘ké'[1t5f]h9m%@rﬁdnrﬁ§%%mw&1élc'd

0x0- 4, 5-di hydr o- 1H i m dazol - 2- yI)’ Am'sduaszp?(laﬁs?n(?n of

2- am no- 4- oxo- 4, 5- di hydro-i m dazol e- 1 -car bo>g/l ic acid benzyl ester (93.2
ng, 0.40 nmol), S nethylthi ophene”-carboxyl chP(ide (64.0 ng, 0.40 mmol)
and K2CO3 (83.01 ng, 0.60 mml) in acetonit e £10 M ) was heated to
reflux under argon for 1 hr. Cooled to r.t e reaction m xture was

partitioned between Et OAc and water. Theyor ic layer was dried over

colum (Bi otage 40S), eluted with 50
2-[ (3-met hyl -t hi ophene- 2- carbonyl )4
-carboxylic acid benzyl ester as a Whl e solid (45.0 ny, 31.7 %. To a
m xture of 2-[(3-nethyl-thiophene-2-ca i NO] - 4- 0xo- 4, 5-

di hydro-im dazol e-1 -carboxylic acid be tyl L pr (42.0 ngy, 0.12 mmol),
1, 5- N

1 NO] - 4- oxo- 4, 5-di hydro-im dazol e-1

5 A suspension of 2-amino-4-oxo-4,5-dihydro-imidazole-1-carboxylic acid
benzyl ester (93.2 mg, 0.40 mmol), 2,4-bis-trifluoromethyi-benzylbromide (126.6
mg, 0.40 mmol) and KoCOj3 (83.01 mg, 0.60 mmol) in acetonitrile (10 mL) was
heated to reflux under argon for 1 hr. Cooled tfo r.t. and the reaction mixture was
partitioned between EtOAc and water. The organic layer was dried over Na,SO,

10 and concentrated to give a residue which was triturated with EtOAc and filtered
to give 2-(2, 4-bis-trifluoromethyl-benzylamino)-4-oxo-4,5-dihydro-imidazole-1-
carboxylic acid benzyl ester as a white solid (96.0 mg, 52.4%).

To a mixture of 2-(2,4-bis-trifluoromethyl-benzylamino)-4-oxo-4,5-

dihydro-imidazole-1-carboxylic acid benzyl ester (94.5 mg, 0.20 mmol), 1,5~

15 naphthyridine-6-carboxaldehyde (31.7 mg, 0.20 mmol) and iPrOH (5.0mL) in a
25-mL round bottom flask was added piperidine (0.05 mL) and the suspension
was then heated under refluxing for 4.5 hrs to give a suspension. The reaction
mixture was cooled to r.t. and the solid was collected by filtration, washed with
MeOH, ether and dried in vacuum at 100°C for 8 h to give 2-(2,4-bis-

20 trifluoromethyl-benzylamino)-5-[1,5)naphthyridin-2-yimethylene-1,5-dihydro-
imidazol-4-one as a light yellow solid (21.6 mg, 23.2%). HR-ES (+) m/e calcd for
Co1H13FsNsO (M+H) ™ 466.1097, found 466.1098.



napht hyri di ne- 6- car boxal dehyde (18.6 ng, 0.12 nmmol) and i PrOH (5.0nl) in a
25-mL round bottom fl ask was added piperidine (0.05 nL) and the suspension
was t hen weavad4mwsder refluxing for 4 hrs to give a suspemgireews/oTiTes
reaction mxture was cooled to r.t. and the solid was coll ected by
filtration, washed with MeOH, and et her f63'gi ve

S- et hyl -t hi ophene”-car boxylic acid (é- 29

, 5} _naﬁht hylr: di n- 2-yl net hyl ene- 4- oxo-4,—@59ﬂ]$yﬂ'ro- 1 Himdazol -2-yl)-am de as
a light yellow '_. 9, 9 . i s ga) bhaoa.
SHLRE S (m%ﬁ%@gﬁléégér;@'g_ca?%? i ?ﬁg‘%gzs i ﬁfﬂ%:%i Lnidthylehe-4

2- (2- Met hyl - benzyl am no) -5-{‘ ?tg'?na h ﬂyrl I'n-2- mt y'l ene- 1, 5-di hydroi m da
zol - 4-one; conpound with trifluoro-acetic ag{d A suspension of

2- am no- 4- oxo- 4, 5- di hydro-i m dazol e- 1-car TNc acid benzyl ester (93.2

mg, 0.40 nmol), al pha-brono-o-xylene (74402 0.40 nmml ) and K2C3B (
166.0 ng, 1.20 nmol) in acetonitrile (10Nm{ ) was heated to refl ux under
argon for 1 hr. Cool to r.t., the readti{on i xture was partitioned between
Et OAc and water. The organic |ayer .was ¢Nied over Na2SO4 and concentrat ed
to give an oil which was purified By pleparative TLC, eluted with 50 %
nHex/ Et OAc to give N
2- (2- et hyl - benzyl ami no) - 4- oxo- 4, 5- di hydi|o- zol e-1-carboxylic acid
benzyl ester as a white solid (58.0 ny, 4 . To a m xture of

2- (2- et hyl - benzyl am no) - 4- oxo- 4, 5-di hydr o-i m dazol e-1- carboxylic acid
benzyl ester (55.0 AQusfindnBrRlamind-4coxtanBtdivydrélifriagole-1-carboxylic acid

benzy! ester (93.2 mg, 0.40 mmol), 3-methylthiophene-2-carboxylchloride (64.0

mg, 0.40 mmol) and K,COj3 (83.01 mg, 0.60 mmol) in acetonitrile (10 mL) was
heated to reflux under argon for 1 hr. Cooled to r.t., the reaction mixture was
partitioned between EtOAc and water. The organic layer was dried over NaSO4

10 and concentrated to give a solid (112 mg) which was purified by column (Biotage
40S), eluted with 50 % nHex/EtOAc to give 2-[(3-methyl-thiophene-2-carbonyl)-
aminoj-4-oxo-4,5-dihydro-imidazole-1-carboxylic acid benzyl ester as a white
solid (45.0 mg, 31.7 %).

To a mixture of 2-[(3-methyl-thiophene-2-carbonyl)-amino]-4-oxo-4,5-~

15 dihydro-imidazole-1-carboxylic acid benzyl ester (42.0 mg, 0.12 mmol), 1,5~
naphthyridine-6-carboxaldehyde (18.6 mg, 0.12 mmol) and iPrOH (5.0mL) in a
25-mL round bottom flask was added piperidine (0.05 mL) and the suspension
was then heated under refluxing for 4 hrs to give a suspension. The reaction
mixture was cooled to r.t. and the solid was collected by filiration, washed with

20 MeOH, and ether to give 3-methyl-thiophene-2-carboxylic acid (5-
[1,5]naphthyridin-2-yImethylene-4-o0xo0-4,5-dihydro-1H-imidazol-2-yl)-amide as a
light yellow solid (13.3 mg, 30.5 %). HR-ES (+) m/e calcd for C1gH13Ns02S (M+H)
* 364.0863, found 364.0862.



car boxal dehyde (28.5 ng, 0.18 mml) and iPrOH (5.0m) in a 25-nL round
bottom fl ask was added piperidine (0.05 nL) and the suspensi on was then
heat ed umwleroseaisbaszi ng for 10 hrs to give a suspensi on. PChEPR@aA®O1(706

m xture was cooled to r.t. and concentrateﬁ? to dry. The residue was then
purified by RPHPLC to give 2-(2-rrethy|-bé?‘| ylam no)-5-[1

, 5] napht hyri di n- 2-yl net hyl ene-1 , 5- dj hy r é i dazol - 4-one; conpound with
trifluoro-acetic acid as a |ight orarr%%—ﬁg&—ﬂé-(w.s ng, 20.9 %9. HR-ES (+)
m e calcd for +

2- (4- Met hyl - be%(gﬁ%ﬁ%&?ﬁ%ﬁ%ﬁ@@ﬁgﬁ%ﬁﬁgﬁﬁﬁb‘3‘."@‘3%r oi mi da
zol - 4-one; conpound wth %I’I? uotr o-acetic acid suspensi on of

2- am no- 4- oxo- 4, 5-di hydro-i m dazol e-1 -carhoxylic acid benzyl ester (93.2
ng, 0.40 mmol), al pha-brono-p-xylene (7rrg, 0.40 mmol ) and K2CO3 (83.01
ng, 0.60 mml) in acetonitrile (8 nL) was—heated to reflux under argon for
2 hrs. Cool tor.t., the reaction m x§ as partioti oned between Et QAc and
wat er. The organic |ayer was dried-=gver MZSW concentrated to give an
oil (140.0 ng) which was purified/byypreparatgve C1leluted with 50 %
nHex/ Et OAc to gi ve 2-(4-nethyl-®en y! ani no) - 4- oxo- £ 5- di hydr o-i mi dazol e- 1-
carboxylic acid benzyl ester as a whitg_sokid (57.0 ng, 42.3 %9. To a

m xture of 2-(4-nmethyl-benzyl am no) -4 -di hydro-i m dazol e- 1-
carboxylic acid benzyl ester (55.0 mmol ), 1, 5- napht hyri di ne- 6-

5 A suspension of 2-amino-4-oxo-4,5-dihydro-imidazole-1-carboxylic acid
benzyl ester (93.2 mg, 0.40 mmol), alpha-bromo-o-xylene (74.02 mg, 0.40 mmol)
and KoCOj3 (166.0 mg, 1.20 mmol) in acetonitrile (10 mL) was heated to reflux
under argon for 1 hr. Cool to r.t., the reaction mixture was partitioned between
EtOAc and water. The organic layer was dried over Na,SO,4 and concentrated to

10 give an oil which was purified by preparative TLC, eluted with 50 % nHex/EtOAc
to give 2-(2-methyl-benzylamino)-4-oxo-4,5-dihydro-imidazole-1-carboxylic acid
benzyl ester as a white solid (58.0 mg, 42.9 %).

To a mixture of 2-(2-methyl-benzylamino)-4-oxo-4,5-dihydro-imidazole-1-
carboxylic acid benzyl ester (55.0 mg, 0.16 mmol), 1,5-naphthyridine-6-

15 carboxaldehyde (28.5 mg, 0.18 mmol) and iPrOH (5.0mL) in a 25-mL round
bottom flask was added piperidine (0.05 mL) and the suspension was then
heated under refluxing for 10 hrs to give a suspension. The reaction mixture was
cooled to r.t. and concentrated to dry. The residue was then purified by RP-
HPLC to give 2-(2-methyl-benzylamino)-5-[1,5]naphthyridin-2-yimethylene-1,5-

20 dihydro-imidazol-4-one; compound with trifluoro-acetic acid as a light orange
solid (15.3 mg, 20.9 %). HR-ES (+) m/e calcd for CaoH17NsO (M+H) * 344.1506,
found 344.15086.



car boxal dehyde (28.5 ng, 0.18 mml) and iPrOH (5.0m) in a 25-nL round
bottom fl ask was added piperidine (0.05 nL) and the suspensi on was then
heat ed umwteroseaisbaszi ng for 6 hrs to give a suspensi on. Phe/EPe@SHI@Me M Xt ur e
was cooled to r.t. and concentrated to dry. The residue was then purified
by RPHPLC to give 2-(4-nethyl-benzyl ani noyp25-]1

, 5] napht hyri di n- 2-yl net hyl ene-1 |, 5- d'Ethr -1 m dazol - 4-one; conpound with
trifluoro-acetic acid as a |ight oran«g—é—@@&lén( 11.0nmy, 15.0 %9. HRES

(+) me calcd fgn y‘_ 3 £ gL 505 e 24
St R e o e
di hydro-i m dazol - 4- one, 8ABoung i TRPPHIF O-aceti c aci suspensi on of
2- am no- 4- oxo- 4, 5-di hydro-i m dazole-1 -carb lic acid benzyl ester (93.2
ng, 0.40 mmol), 2, 4-dimethyl benzyl brom d 9.64 ng, 0.40 mmol) and K2CO3
(83.01 ng, 0.60 nmol) in acetonitrile ( ) was heated to reflux under
argon for 45 mn. Partition between Et OA d water to give a suspension.
Filter off the solid to give 2-(2, 4-gisethyl-penzy am no) - 4- oxo- 4, 5-

di hydro-i m dazol e-1 -carboxylic ae=benzyl %?L_%%S. 0 ng). The filtrate
was separated, dried to give an_oil i ch wasgpuri 66d by preparative TLC,
eluted with 50 % nHex/Et OAc to Qi ve[60.0 ng of 2- (2

4- di net hyl - benzyl am no) - 4- oxo- 4, 5- di hywdr o~ 1 dazol e-1 -carboxylic acid
benzyl ester as a white solid (total Jyi 5.0 ng, 67.7 %.

S oo

< -

5 A suspension of 2-amino-4-oxo-4,5-dihydro-imidazole-1-carboxylic acid
benzy! ester (93.2 mg, 0.40 mmol), alpha-bromo-p-xylene (74.02 mg, 0.40 mmol)
and Ko,CO; (83.01 mg, 0.60 mmol) in acetonitrile (8 mL) was heated to reflux
under argon for 2 hrs. Cool to r.t., the reaction mixture was partitioned between
EtOAc and water. The organic layer was dried over Na,SO,4 and concentrated to

10 give an oil (140.0 mg) which was purified by preparative TLC, eluted with 50 %
nHex/EtOAc to give 2-(4-methyl-benzylamino)-4-oxo-4,5-dihydro-imidazole-1-
carboxylic acid benzy! ester as a white solid (57.0 mg, 42.3 %).

To a mixture of 2-(4-methyl-benzylamino)-4-oxo-4,5-dihydro-imidazole-1-
carboxylic acid benzyl ester (565.0 mg, 0.16 mmol), 1,5-naphthyridine-6-

15 carboxaldehyde (28.5 mg, 0.18 mmol) and iPrOH (5.0mL) in a 25-mL round
bottom flask was added piperidine (0.05 mL) and the suspension was then
heated under refluxing for 6 hrs to give a suspension. The reaction mixture was
cooled to r.t. and concentrated to dry. The residue was then purified by RP-
HPLC to give 2-(4-methyl-benzylamino)-5-[1,5]naphthyridin-2-yimethylene-1,5-

20 dihydro-imidazol-4-one; compound with trifluoro-acetic acid as a light orange
solid (11.0 mg, 15.0 %). HR-ES (+) m/e calcd for CaoH17NsO (M+H) * 344.15086,
found 344.1505. .

25



To a m xture of 2-(2, 4-dinethyl-benzyl am no)-4-o0xo-4, 5-di hydroi m dazole- 1
-carboxylic acid benzyl ester (56.0 ng, 0.16 mmol), 1, 5-

napht hyr iwonesd4emeboxal dehyde (28.5 ng, 0.18 nmol) andPCcPmeRIOSHIONE.) in a
25-nL round bottom fl ask was added piperidine (0.05 nL) and the suspension
was then heated under refluxing for 6 hrs3o give a suspension. The
reaction mxture was cooled to r.t. and concgntrated to dry. The residue
was then purified by RP-HPLC to give g’@m—‘ﬁ-ﬁi met hyl - benzyl ami no)-5-[ 1

, 5] napht hyri di n- 27, yl et hy! ene- 1. 5- di hydr o- | m =4 , oppd with
trifluoro-aceti c22' %%ﬁ%ﬁﬁwf yff?'&r?é’%'[gbﬁ%@%gigb' 0 ; 'ggééﬁg%%'ﬁ% ES (+)
me calcd for 2 1HE TN PR PORRPUNC, Buoroazetiescid ) o 25

2- (4- Met hoxyl - benzyl am no) - 5-[ 1, 5] napht hyri di n- 2- yl net hyl ene- 1, 5-di hydroi m
dazoi - 4-one A suspension of
2- am no- 4- oxo- 4, 5- di hydro-i m dazol e- 1-ca lic acid benzyl ester (93.2
ng, 0.40 nmol ), 4-nethoxybenzyichloride §&6/24 ng, 0.40 mmol) and Hunig's
base (77.40 ng, 0.60 mml) in acetonifide (6 gl ) gvas heated to refl ux
under argon for 13 hrs. Cool to r.N=( the re \on//m xture was partitioned
bet ween Et CAc and water. The or icp\ ayer wag~dried over Na2SO4 and
concentrated to give an oil whi s purified by pPepar ative TLC, eluted
with 50 % nHex/ Et OAc to give N X

2- (2- met hoxyl - benzyl ani no) - 4- oxo- 4, 5-@i hy{dr 0] i mi dazol e- 1-carboxylic acid
benzyl ester as a white solid (60.0

5 A suspension of 2-amino-4-oxo-4,5-dihydro-imidazoie-1-carboxylic acid
benzyl ester (93.2 mg, 0.40 mmol), 2,4-dimethylbenzylbromide (79.64 mg, 0.40
mmol) and K>COj3 (83.01 mg, 0.60 mmol) in acetonitrile (8 mL) was heated to
reflux under argon for 45 min. Partition between EtOAc and water to give a
suspension. Filter off the solid to give 2-(2, 4-dimethyl-benzylamino)-4-oxo-4,5-

10 dihydro-imidazole-1-carboxylic acid benzyl ester (35.0 mg). The filtrate was
separated, dried to give an oil which was purified by preparative TLC, eluted with
50 % nHex/EtOAc to give 60.0 mg of 2-(2, 4-dimethyl-benzylamino)-4-oxo-4,5-
dihydro-imidazole-1-carboxylic acid benzyi ester as a white solid (total yield: 95.0
mg, 67.7 %).

15 To a mixture of 2-(2, 4-dimethyl-benzylamino)-4-oxo-4,5-dihydro-
imidazole-1-carboxylic acid benzyl ester (56.0 mg, 0.16 mmol), 1,5-
naphthyridine-6-carboxaldehyde (28.5 mg, 0.18 mmol) and iPrOH (5.0mL) in a
25-mL round bottom flask was added piperidine (0.05 mL) and the suspension
was then heated under refluxing for 6 hrs to give a suspension. The reaction

20 mixture was cooled to r.t. and concentrated to dry. The residue was then purified
by RP-HPLC to give 2-(2, 4-dimethyl-benzylamino)-5-[1,5]naphthyridin-2-
yimethylene-1,5-dihydro-imidazol-4-one; compound with trifluoro-acetic acid as a
light orange solid (14.3 mg, 19.0 %). HR-ES (+) m/e calcd for Co1HgNsO (M+H) *
358.1663, found 358.1663. |



To a m xture of 2-(2-nethoxyl-benzyl am no) - 4-oxo-4, 5-di hydr oi m dazol e-
1-carboxylic acid benzyl ester (55.0 ng, 0.16 mmol), 1, 5-

napht hyr iwonesd4emeboxal dehyde (28.5 ng, 0.18 nmol) andPCcPmeRIOSHIONE.) in a
25-nL round bottom fl ask was added piperidine (0.05 nL) and the suspension
was then heated under refluxing for 6 hrs3o gi ve a suspension. The
reaction mxture was cooled to r.t. apd_concentrated to dry. The residue
was then purified by RP-HPLC to give El(%@eﬂ?bzﬂoxyl -benzyl am no)-5-[1

, 5] napht hyr i dignq2e . ¥l § - 5« di olom dazali- 44 A G QT Wwith
trifluoro- acetzln@%\gg%é{@‘s Bé}‘ﬁ'gﬁ% oc}rssag!% ggﬁtﬂd):tgﬁ‘éc\hrgn‘étqﬂgge %%ﬁ&ﬁ %’S (+)
me calcd for CCOHL7TNSQ2( MH H) + 360. g?, 4ound 360. 1456 (M) . Exanpl e 26
2- (4- Met hoxyl - 3- net hyl - benzyl am no) - 5-[ 1, 5] naplgt-hyri di n- 2- yl net hyl ene-

1, 5-di hydro-i m dazol - 4-one A suspension of
2- am no- 4- oxo- 4, 5-di hydro-i m dazol e-1 -car @ ic acid benzyl ester (93.2
ng, 0.40 nmol ), 4-nethoxy- 3-nethyl benzyl chl)es¥de (68.3 ng, 0.40 mmol) and
K2CO3 (83.01 ng, 0.60 nmol) in acetonitmn+€ (6 mM _) was heated to reflux
under argon for 3 hrs. Cooled to r.tN;(the reaction m xture was partitioned
bet ween Et OAc and water. The organie | ayer was dried over Na SO4 and
concentrated to give a sem-solid reS||due 163 ng) which was purified by
preparative TLC, eluted with 5 % MeOHn to give 2-(2-nethoxyl-4-

met hyl - benzyl am no) - 4- oxo- 4, 5-di hydro-i i -1 -carboxylic acid benzyl
ester N

5 A suspension of 2-amino-4-oxo-4,5-dihydro-imidazole-1-carboxylic acid
benzyl ester (93.2 mg, 0.40 mmol), 4-methoxybenzyichioride (56.24 mg, 0.40
mmol) and Hunig's base (77.40 mg, 0.60 mmol) in acetonitrile (6 mL) was heated
to reflux under argon for 13 hrs. Cool to r.t., the reaction mixture was partitioned
between EtOAc and water. The organic layer was dried over Na,SO4 and

10 concentrated to give an oil which was purified by preparative TLC, eluted with 50
% nHex/EtOAc to give 2-(2-methoxyl-benzylamino)-4-oxo-4,5-dihydro-imidazole-
1-carboxylic acid benzyl ester as a white solid (60.0 mg, 42.5 %).

To a mixture of 2-(2-methoxyl-benzylamino)-4-oxo-4,5-dihydro-
imidazole-1-carboxylic acid benzyl ester (55.0 mg, 0.16 mmol), 1,5-

15 naphthyridine-6-carboxaldehyde (28.5 mg, 0.18 mmol) and iPrOH (5.0mL) ina
25-mL round bottom flask was added piperidine (0.05 mL) and the suspension
was then heated under refiuxing for 6 hrs to give a suspension. The reaction
mixture was cooled to r.t. and concentrated to dry. The residue was then purified
by RP-HPLC to give 2-(2-methoxyl-benzylamino)-5-[1,5]naphthyridin-2-

20 ylmethylene-1,5-dihydro-imidazol-4-one; compound with trifluoro-acetic acid as a
light orange solid (8.0 mg, 14.3 %). HR-ES (+) m/e calcd for CooH17NsO2(M+H) *
360.1455, found 360.1456 (MH").



as a white solid (60.0 ng, 4 1.0 %9. To a m xture of

2- (2- met hoxyl - 4- net hyl - benzyl am no) - 4- oxo- 4, 5- di hydroi m dazole- 1

- car boxylwo 2a@i/doimenzyl ester (73.5 ng, 0.20 nmol), 1, 5PCT/EP2005/010716

napht hyri di ne- 6- car boxal dehyde (47.5 ng, 0.30 nmol) and iPrOH (5.0nl) in a
25-nL round bottom fl ask was added pi perl‘éﬁ'ne (0.05 nL) and the suspension

was then heated under refluxing for 6§hrs ééegl ve a suspension. The
reaction m xture was cooled to r.t. trated to dry. The residue

was then purifi RP- HP| Qi B e o )
2- (2- met hoxyl - 2?(%“?%"9 P§ Kggb%téﬂjﬁ%%ﬁ&?w%o) 15&5@'&%‘}"&?# g_yl%emaytl ';ﬁ ene-1
, 5-di hydr o-i m dazol - 4-one; conpolin rPI’I uoro-acetic acid as a |ight
orange solid (20.4 ng, 27.3 %9. HR-ES (+) me galcd for C20H 7N5Q2 (MHH) +
360. 1455, found 360. 1456. Exanpl e 27 The ph ngcol ogi cal properties of the
conmpounds of this invention nmay be confir @ a nunber of pharmacol ogi cal
assays. The exenplified pharmacol ogi cal asgsays which foll ow have been
carried out with the conpounds accordi ng—~+0 the invention and their salts.
The conmpounds of the invention exhi bys¢d CDK1/ Cyclin B activity with Ki
values of less than 5.0 MM This ﬂ ngfrates that all of these conpounds
were active to inhibit CDKLl/ Cyclin B. ITO determ ne inhibition of CDK1l
activity, either FlashPlate(tnm) (NEN ANad Sci ence Products) assay or
HTRF assay was performed. Both types of|kinasejassays were carried out

usi ng reconbi nant human CDK1/Cyclin B c X&

5 A suspension of 2-amino-4-oxo-4,5-dihydro-imidazole-1-carboxylic acid
benzyl ester (93.2 mg, 0.40 mmol), 4-methoxy-3-methylbenzylchloride (68.3 mg,
0.40 mmol) and K-CO3 (83.01 mg, 0.60 mmol) in acetonitrile (6 mL) was heated
to reflux under argon for 3 hrs. Cooled to r.t., the reaction mixture was partitioned
between EtOAc and water. The organic layer was dried over Na,SO,4 and

10 concentrated to give a semi-solid residue 163 mg) which was purified by
preparative TLC, eluted with 5 % MeOH in CHzCl, to give 2-(2-methoxyl-4~
methyl-benzylamino)-4-oxo-4,5-dihydro-imidazole-1-carboxylic acid benzyl ester
as a white solid (60.0 mg, 41.0 %).

To a mixture of 2-(2-methoxyl-4-methyl-benzylamino)-4-oxo-4,5-dihydro-

15 imidazole-1-carboxylic acid benzyl ester (73.5 mg, 0.20 mmol), 1,5-
naphthyridine-6-carboxaldehyde (47.5 mg, 0.30 mmol) and iPrOH (5.0mL) in a
25-mL round bottom flask was added piperidine (0.05 mL) and the suspension
was then heated under refiuxing for 6 hrs o give a suspension. The reaction
mixture was cooled fo r.t. and concentrated to dry. The residue was then purified

20 by RP-HPLC to give 2-(2-methoxyl-4-methyl-benzylamino)-5-[1,5]naphthyridin-2-
yimethylene-1,5-dihydro-imidazol-4-one; compound with trifluoro-acetic acid as a
light orange solid (20.4 mg, 27.3 %). HR-ES (+) m/e calcd for CooH17NsO2 (M+H)*
360.1455, found 360.1456.



GST-cyclinB (GST-cycB) and CDK1 cDNA cl ones in baculovirus vectors were
provided by Dr. W Harper at the Bayl or Coll ege of Medicine, Houston, TX
Pr ot ei ns woreocae@szpr essed in Hi gh Five(tm insect cell ecampaeiwospl ex
was purified on glutathione Sepharose resin (Pharmacia, Piscataway, NJ) as
previously described (Harper, J. W et al-3%ell 1993, 75, 805-816). A
6x- Hi stidine tagged truncated form of retinoblastoma (Rb) protein (am no
acid 386-928) was used as the subst r atE@Mle 2he DK/ Cyclin B assay (the

expression plasmd s provided.by Dr. Veronica Sullivan, .Departnment of

Vbl ecul ar Vi T ol ogy, | FoRRETHRSGIHIE PEBRTTES. o Wi GoTPRuLioh 80 i FYentsh Ty

Ki ngdon) . The belzopfiohed by & susmbeabiipledmagbidyical ssbhgs. Phospdmapijfiedt | on by CDK1
(see Herwig a

nd Strauss Fur. J. Biochem Vol. 246 997) ..op. 581-601 and
Lhe r of or encednerbaspiadiet arsays witk® falhealp ol orhe bR e Sampoas” nder
t he contr ol 5 ofacaordifgiG the thventidreanat hiebiselts.i hhaﬁoﬁm&mdﬂs af dhe insémtmgn. Cells
were |ysed by sonicati ngd. purificati S carri 0, I.ndi ng
Voates ar phnbned ey Caiopilyd St u8igs Ghless Harebedl THER 1%
i m dazol e. Thelenmesistraiea shdtlairof teseadngeuadalvets astivewsd iriibinCDE MGy By
decreasing pH buffers to pH 6.0, and eluted with 500 mM i m dazol e. El uted

D O o Yt BB PR S EER Al S L g Mo
protei n concer8dericeMrodadis)peshedr HIME sisay adsderforfhEL. BbibrtypdicorKirasbPl at e
Ki nase assay ags(sséy\/’sve Jvére%a?ﬁeh é&tu%?ngvﬁagmgﬁgﬁ’ceﬁjun%r% BDK1/CycIin B complex.
GST-cyclinB (GST-cycB) and CDK1 cDNA clones in baculovirus vectors were
provided by Dr. W. Harper at the Baylor College of Medicine, Houston, TX.
Proteins were co-expressed in High Five™ insect cells and the compiex was
purified on glutathione Sepharose resin (Pharmacia, Piscataway, NJ) as
15 previously described (Harper, J. W. et al. Cell 19983, 75, 805-816). A 6x-Histidine
tagged truncated form of retinoblastoma (Rb) protein (amino acid 386-928) was
used as the substrate for the CDK1/Cyclin B assay (the expression plasmid was
provided by Dr. Veronica Sullivan, Department of Molecular Virology, Roche
Research Centre, Welwyn Garden City, United Kingdom). The Rb protein is a
20 natural substrate for phosphorylation by CDK1 (see Herwig and Strauss Eur. J.
Biochem. Vol. 246 (1997) pp. 581-601 and the references cited therein). The
expression of the 62Kd protein was under the control of an IPTG inducible
promoter in an M15 E. coli strain. Cells were lysed by sonication and purification
was carried out by binding lysates at pH 8.0 to a Ni-chelated agarose column
25 pretreated with 1 mM imidazole. The resin was then washed several times with
incrementally decreasing pH buffers to pH 6.0, and eluted with 500 mM
imidazole. Eluted protein was dialysed against 20 mM HEPES pH 7.5, 30%
glycerol, 200 mM NaCl, and 1 mM DTT. Purified Rb fusion protein stocks were
quantitated for protein concentration, aliquoted, and stored at -70°C.

30 For the FlashPlate kinase assay, 96-well FlashPlates were coated with
Rb protein at 10 pg/ml, using 100 ul per well. Plates were incubated at 4°C
overnight or at room temperature for 3 hours on a shaker. To control for
nonspecific phosphorylation, one row of wells was coated with 100 pl/well



Ro protein at 10 nmg/m, using 100 m per well. Plates were incubated at 4C
overnight or at roomtenperature for 3 hours on a shaker. To control for
nonspeci fwo 2pévaapdser yl ati on, one row of wells was coat e@CEREPR00EOD716

m /wel |l coating buffer (20 nM HEPES, 0.2 M NaCl). Plates were then washed
twice with wash buffer (0.01% Tween 20 in4Bhosphat e-buffered saline).

Conmpounds to be_test ‘1e o] ' r dded to the wells DX
final concent Fg?tfr@nt?‘ﬁ%ég?c(i W%ggaggeai%nd@t'\%aa%f%%siW&ﬁ%’? gagrae(ﬂ E%l%eﬁ%%l% 40
m reaction mwash2affeMOHERPESwWe20 201ih Mhédphatdbiifsed Takes). DompdbutiOiohe 1 v
ATP, 4 nM 33PATP d,a sufficjent anpu f e t LV ts that
were at | east tefégq @Ped;t 8%'89%”5%8%‘?8 .eQIE;f &ee%a&%%qg;xifﬁég%o %Sgt?%[& "t oom
tﬁrrpera':1 ur e omReactdrakwerefinitiatdd byiimpicelate Rbditiers o0 pl neastivedmixd@b miines wit h
t he wash buff | ed nd count on the T t iatillati counter
( Packar d In%t?[ﬁﬁa?@d“'\” %&he@-goﬁg@ﬁenﬁq’?mﬁmﬂé@ﬁﬁ i mﬁi'@% ?go'n of Rb
phosphoryl at i amp) Wb @ sufficieht BRASHE 6F sHzyfdeoighil diuntPiaphvefddt iGet HBifbl, Was
determ ned according to the foll ow n ormula: 100 x 1 - test coppound -
nonspeci fic t 8PAYe bagkgrpt iFigtes Weee dcubalep at QIR IRTEPCTARI R PY atsg‘ag%e%éver age
counts per mt BytrRinGfest *F?até@%r%@éﬁééﬁb/@ﬁtim%@@;ﬁﬁWW&éﬁBuﬂf@rf Qé%%d,gtnﬁhed
average counts per nmnute when no, C clin ., etc.. was ,an
"total " refer SOHRHCHRE tﬁ%EP%%“'EG'GW%@%IOHW%{%MF%B“E@Hbgaﬂg)%?rsadded.
The 1 C50 vad UGrbe lilTe THRNSRESM AikHiorodt RIS BhosyhEPATEh, Whith i§ adhsasirdyf 50%

t he protein-kinase induced incorporation of
P the inhibition of CDK activity, was determined according to the following formula:

100 X 1 - test compound - honspecific
total - nonspecific

where "test compound" refers to the average counts per minute of the

15 test duplicates, "nonspecific" refers to the average counts per minute when no
CDK1/Cyclin B, etc., was added, and "total” refers to the average counts per
minute when no compound was added. The ICso value is the concentration of
test compound that reduces by 50% the protein-kinase induced incorporation of
the radiolabel under the test conditions described. The value of the inhibitor

20 constant Ki is calculated by the following: Ki = IC50/(1 + [S}/Km), where [S] is the
ATP concentration and Km is Michaelis constant.

The Homogeneous Time Resolved Fluorescence (HTRF) kinase assay
was carried out in 96-well polypropylene plates (BD Biosciences, Bedford, MA).
Test compounds were first dissolved in DMSO, and then diluted in kinase assay

25 buffer 1 (256 mM HEPES, pH7.0, 8 mM MgCl,, 1.5 mM DTT, and 162 uM ATP)
with DMSO concentration at 156%. The CDK1/Cyclin B enzyme was diluted in
kinase assay buffer 2 (256 mM HEPES, pH 7.0, 8 mM MgCl,, 0.003% Tween 20,
0.045 % BSA, 1.5 mM DTT, and 0.675 uM Rb protein). To initiate the kinase
reaction, 20 pL of compound solution was mixed with 40 uL of CDK1/Cyclin B

30 solution in assay plates with final concentraﬁbn of CDK1/Cyclin B and Rb at 0.1
ug/mL and 0.225 uM, respectively, and incubated at 372C for 30 min. 15 pL of
anti-phospho-Rb (Ser 780) antibody (Cell Signaling Technology, Beverly, MA,)
was added with a 1:7692 dilution of the antibody. Incubation was continued at



t he radi ol abel under the test conditions described. The val ue of the

i nhibitor constant Ki is calculated by the following: Ki = 1C50/(1 +

[ S]/ Km, wiben&/(48]52i s t he ATP concentrati on and Kmis Mpchapkes/oconet ant .
The Honobgeneous Ti me Resol ved Fl uorescence (HTRF) ki nase assay was carried
out in 96-well polypropyl ene plates (BD Bi*bsci ences, Bedford, MA). Test

conpounds wer g-§ .Ssolved .i ) - a iluted,i Lnase, assay
buffer 1 (25 %%@Eé%%ﬁﬁﬁ%é%g@Q%O?Qﬁ%‘%ﬁéramém?b?@gm&‘rp) with
DVSO cgn](c:fent r &eridgmElater, \F¢tleslde MAEDH@NtHHia a&i%@wmg‘)uomé?cduolsmelgghm klo ngg/
assay buffer : 0 n : 0
BSA, 1.5 nM ﬂ@ﬁ%@?@ﬂ%@&ﬁ?@% e?’h'?"?? Lo ?‘%‘g’e oiagvel¥act i on,
20 m _ of conpwuhdtigowvas cominved atBr¥Efonanhbthd040rninf ADBKHoBypbdtion dBtisol ut i on
o/ . and 0 258 Rio BEHE e FoRTGn TR HetiaraaTer ket safnebbReR. 15
of anti - phospholy&lyrdrBasiaté8 QTomirg Inestpolad, IComiagalvnand Ry £gy, Beverly,
MA, ) was addeg with a g7692 d|{ut ion of t&e antihb dx. | ncubat i on was
conti nued at 37EePERNpRAGTeades A} exCitglon way« N&REL&@OI@ 5209 ¢pisFien
anti-rabbit | g@véletgthMf 6BsBEmmt.mer, Wellesley, MA) and anti-Hi s antibody
conjugated to SureLight- Allophucocyanin (20 nM PerkinEl nmer, Wl esley,

MA) were added to t | 3. C ion.was cant.i nued .at, .37 C for, anot her
40)rri n. At the corrpljlaiglta‘l{@r? S@P“’Er{bee%y&g’glﬂﬁrﬁﬁ@g' thfy%?pl'ﬁgél%??'ﬁﬂoqﬂ% re was
transferreth t thef subjdet aattenef thisihearkiop cangesyfraen ebpltdl. @6t (Kao abogt 5.000

I 'ncor por at ed, pﬁpréué}qic JXYA fo"?'%gmreee%(%moprllesaare as follows:

Example Ki (uM)
4 4.6729

8 0.2791

12 0.0317

16 1.1764

20 0.7350




fluorescent plate reader at excitation wavel ength of 340 nm and eni ssion
wavel ength of 665/615 nm Ki values show ng CDK1/ Cyclin B activity that
appl i ed twocompawsds of the subject matter of this invercir@po0angese from
about 0.001 nMto about 5.000 mM Specific_data for sone exanples are as
follows: Clainms: 1. A conpound of the formfa | wherein Yis -S or -N+; RL
is selected frpm hydrogen, |ower al kyl, cycloal kyl, |ower al koxyl ower

al kyl, -C(O 2CH2Q P-R4, -C(O-R3 and R2-(X)n-; R3 is selected from
hydr ogen, |ower al kyl, cycloal kyl containing from3 to 6 carbon atons and
R4 is hydrogeh or | ovecorapdyid ofithé toreeladct ed from | ower al kyl ene,

hydr oxy- 1 ower al kyl ene, cycl oal kyl ene, and nono- or di-halo | ower alkylene;
R2 is is selected froman aryl ring, ay4 to 6 menbered heterocycl oal kyl
ring containing from3 to 5 carbon atoNs-Rind from1l to 2 hetero atons

sel ectedfrom the group consisting Nt_:éxygen, nitrogen and sul fur, and

wherein
5 Y is-S-or-NH-;
R4 is selected from hydrogen, lower alkyl, cycloalkyl, lower alkoxy-
lower alkyl, -C(O)O-[CH2CH20]p-Rs, -C(0)-Rs and Ra~(X)n-;
Rz is selected from hydrogen, lower alkyl, cycloalkyl containing from 3 to
RS

Re

6 carbon atoms and
10 R4 is hydrogen or lower alkyl;

X is selected from lower alkylene, hydroxy-lower alkylene, cycloalkylene,
and mono- or di-halo lower alkylene;

Rg is

15 : is selected from an aryl ring,

a 4 to 6 membered heterocycloalkyl ring containing from 3
to 5 carbon atoms and from 1 {o 2 hetero atoms selected



a 5 or 6 nmenbered heteroaromatic ring containing froml to 2 hetero atons
sel ected fromthe group consisting of oxygen, sulfur and nitrogen; R and R
are i ndepeoderwdsgossel ected fromthe group consisting of PaydPeo0g,010716

hydr oxy-1 ower al kyl, hydrogen, |ower al kyl, hal ogen, perfluro-I|ower alkyl
and | ower al koxy; n is an integer from 1t 6 2, and pis an integer fromO

to 6; or N oxides of conpoungds ere R2 cont.ain nitr.

het ercoaromatic ring, sul fonegOWﬁE?Qrw c&p@ﬁ{si{?g]gégxygﬁpfruﬁg %rﬁ%&mﬁ"

het erocycl oal kyl ring or hetengaronatic ring, or pharmaceutically
acceptabl e salts thereof. 2. The conpound of claim1l wherein said conpound

Al Koxy- 1 over al kyl - &0 O [ Bt Ob B netp iAo oE LA OR 1 10 D2
as defined in claim1l; or phahetereatoroabélgctad dropt tiblgrosmeaensistingroéof . 3. The

conmpound of claim 2 wherein [ I The corrpound of claim?2
wherein Y i% -S-. 5. The corr§{( K § Rjgleagant?dqmﬂérel n i s hydrogen.

Rs and Rs are independently selected from the group consisting of
hydroxy, hydroxy-lower alkyl, hydrogen, lower alkyl,
halogen, perfluro-lower alkyl and lower alkoxy;

n is aninteger from 1 to 2; and
10 p isaninteger from O to 6; or

N-oxides of compounds where R contains a nitrogen in the heteroaromatic ring,
sulfones where R, contains a sulfur in the heterocycloalkyl ring or heteroaromatic

ring, or
pharmaceutically acceptable salts thereof.

15 2. The compound of claim 1 wherein said compound has the formula:

I-A

wherein
R+’ is hydrogen, lower alkyl, cycloalkyl, lower alkoxy-lower alkyl,
-C(0)0O-[CH2CH20]p-R4, -C(0O)-Rs; and
20 Rs, R4, Y and p are as defined in claim 1; or

pharmaceutically acceptable salts thereof.



6. The conpound of claim5 wherein said conpound is 2-amno-5-[1

, 5] napht hyri di n- 2-yl net hyl ene-t hi azol -4-one. 7. The conpound of claim®6

wher ei n sw0d0deln40058 - C(O) O [ CH2CH2Q p- R4, and p and R4 ace/rx00d@iomed in
claim1. 8. The conmpound of claim®6, wherein pis 0. 9. The conmpound of

cl aim 8 wherein said corrpound is (5-[1 -4~

, 5] napht hyri djn- 2y| | ene- dlh.dl’ thiazol -2-yl)- carbamc
acid tert-butyi ester'. el mpﬂlﬂgé@gﬁlﬁgﬁﬁd"hﬁ'e' 125y ﬁ?%h?/w re Yis -NH. 11.

compound of claim10, wherein RI' is -C(O-R 3, and R3 is as defined in
claim1. 12. 7Zhe corrpmmnq:fowda)ifn’ra]tﬂZwbimeiei\ﬁiSsSr.d compound is N-(5-[1
, 5] napht hyri di n- 2-yl net hyl ene- 4- oxo- 4, 5-di hydro-1 H i m dazol -

2-yl)-acetam ge 13. #hed WH%?C@@%&L&ENR W ﬁé nsai d conpound is

cycl opropanecar boxylic ac yridin met hyl ene- 4- oxo-
4, 5-di hydro- 1Hi rni dazol - )-amd
8. The compound of clalm 5 wherein said compound is

5 2-amino-5-[1,5]naphthyridin-2-yimethylene-thiazol-4-one.
7. The compound of claim 6 wherein said
R4' is -C(O)O-[CH.CH20]p-R4, and
p and R4 are as defined in claim 1.
8. The compound of claim 6, wherein p is 0.
10 9. The compound of claim 8 wherein said compound is

(5-[1,5]naphthyridin-2-ylmethylene-4-oxo-4,5-dihydro-thiazol-2-yl)-
carbamic acid tert-butyl ester.

10. The compound of claim 3 where Y is -NH-.
11. The compound of claim 10, wherein
15 R+'is —C(0)-Rs, and

Rs is as defined in claim 1.
12. The compound of claim 11, wherein said compound is

N-(5-[1,5]naphthyridin-2-yimethylene-4-oxo-4,5-dihydro-1H-imidazol-
2-yl)-acetamide.

20 13. The compound of claim 11, wherein said compound is
cyclopropanecarboxylic acid (5-[1,5]naphthyridin-2-yimethylene-4-oxo-
4,5-dihydro-1H-imidazol-2-yl)-amide.

14. The compound of claim 11 wherein

The



14. The conpound of claim 11 whereinis a heteroaromatic ring containing
froml to 2 hetero atons selected fromthe group consisting of oxygen,

ni t rogen wodoeul4base, and Rs and R are as defined in cl aiPerTEP2d05/0107he
conpound of claim 14, where the heteroaromatic ring contains 1 heteroatom
16. The conpound of claim 15 wherein the Heteroatomis sulfur. 17. The
conpound of claim 16, wherein R and R6 are hydrogen or |ower alkyl. 18. The
conpound of claim 17 wheref®3aid conpound is

3- et hyl -t hi ophene- 2- car Fexy acid (5-[1

, 5] napht hyri di n- 2-yl riefikyl e oxopandt, 5- di hydr o- 1H-i m dazol - 2-yl ) - am de.
19. The conpound of claim 10, wherein RL 1lis -C(OO[CH 2CH20 p-R4, and R4

and p are as defined ia<claim11l. 20. The conpound of claim 19 wherein p is
0. 2 1. The conpound i_m 20 wherein said conpound is (d-ti

dJnapht hyri di n*-yl net hy ene4ﬁ®h©’f’er06«f@mﬁw_ﬁ@9 PWTEWMEQIP"‘;W@@&@@@W@SaCi d
tert-butyl ester. 22.colfe£RERAHEGRD dohistitdoMbigeh hitdhch SRAMBAMEAGARS the

formul a | -Bwherein

Q A

Rs and Rg are as defined in claim 1.

5 15 The compound of claim 14, where the heteroaromatic ring contains 1
heteroatom.
16. The compound of claim 15 wherein the heteroatom is sulfur.
17. The compound of claim 16, wherein

Rs and Rg are hydrogen or lower alkyl.
10 18. The compound of claim 17 wherein said compound is

3-methyl-thiophene-2-carboxylic acid (5-[1,5]naphthyridin-2-ylmethylene-4-oxo-
4,5-dihydro-1H-imidazol-2-yl)-amide.

19. The compound of claim 10, wherein

R1' is -C(O)O-[CHQCHQO]p'R4, and

15 R4 and p are as defined in claim 1.
20. The compound of claim 19 wherein p is 0.
21. The compound of claim 20 wherein said compound is

(6-[1,5]naphthyridin-2-ylmethylene-4-oxo-4,5-dihydro-1H-imidazol-2-yl)-carbamic
acid tert-butyl ester.

20 22. The compound of claim 1 wherein said compound has the formula I-B



R" is R - (XYn - ; and R2, X, Y and n are as defined in claim1l; or

N- oxi des of conpounds where R2 contains a nitrogen in the heteroaronmatic
ring, sulwones/asece R2 contains a sulfur in the heteroPCImP2@s/010716

het eroaromatic ring, or pharmaceutically acceptable salts thereof. 23. The
compound of claim 22, wherein aryl is phéﬁ?1. 24. The conpound of claim 23,
wherein Yis -S and nis 1. 25. The conpound of claim 24, wherein X is
cycl oal kyl ene. 26. The conpound of @iem 25, wherein said cycloal kylene is
cycl opropyl ene. 27. The conpou clhim 26, wherein _ js phenyl, and Rs
and R are as defined in claim}l.” 28. The conpound of claim 27, wherein R5
and R6 are hydrogen. 29. The and of claim 28, wherein said conpound
is5-[1
, 5] napht hyri di n- 2-yl et hyl ene- 2-
30. The conpound of claim 24, wher

cycldbropylanino)-thiazo-l-4-one.
| ower al kylene. 3 1. The

wherein
Ri"is Rz~ (X)n-; and

Rs, X, Y and n are as defined in claim 1; or

5 N-oxides of compounds where R contains a nitrogen in the heteroaromatic ring,
sulfones where R» contains a sulfur in the hetero ring or heteroaromatic ring, or

pharmaceutically acceptable saits thereof.

23. The compound of claim 22, wherein ary! is phenyl.

24. The compound of claim 23, wherein Y is -S-and nis 1.
10 25. The compound of claim 24, wherein X is cycloalkylene.

26. The compound of claim 25, wherein said cycloalkylene is

cyclopropylene.

27. The compound of claim 26, wherein

R

Gy
Rs is y
15 @ is phenyl, and

Rs and Rg are as defined in claim 1.
28. The compound of claim 27, wherein Rs and R are hydrogen.

29. The compound of claim 28, wherein said compound is



R is hydrogen or lower alkyl, and R is hal ogen. 33. The conpound of claim
32, wherein said conpound is 2-(2-chloro-6-nethyl-ben2ylam no)-5-[1

, 5] napht hyoi2déan4@e5¢| met hyl ene-t hi azol -4- one. 34. The ceaparaesoio7¢d ai m 32,
wherein said conpound is 2-[2-(3-fluoro-phenyl)-ethylamno]-5-[1

, 5] napht hyri di n- 2-yl net hyl ene-t hi azol - 4- -6he. 35. The conpound of claim 32,

5] napht hyr | aPRBITPREbAgT T ands b et Iabe ey Rl 5 1

wherein R5 and R6 are halo. 37. The conpound of claim 36, wherein said
conpound i s2- 38- chl orthededmpound-df ety 124nivheleircX[islower alkylene.
, 5] napht hyri di n- 2-yl met hyl ene-t hi azol -4- one. 38. The conpound of claim 36,

wherein said gonpoundry b Aineids Q- %of WHersy benzyl ami no) -5-[ 1
, 5] napht hyri d?’?f— 2-yl d&ﬁ%‘f’“ n‘%"—nt m azo 432 one. 39. The conpound of claim 30,

wherein is a heteroaromatic ring containing from1 to 2 heteroatons

sel ected fromthe group c of oxygen, nitrogen and sul fur, and
RG
RQ is

?

5 @ is phenyl, and

Rs and Re are as defined in claim 1.
32. The compound of claim 31, wherein
Rs is hydrogen or lower alkyl, and
Re is halogen.
10 38 The compound of claim 32, wherein said compound is

2-(2-chloro-6-methyl-benzylamino)-5-{1,5]naphthyridin-2-yimethylene-thiazol-4-
one.

34. The compound of claim 32, wherein said compound is

2-[2-(3-fluoro-phenyl)-ethylamino]-5-{1,5]naphthyridin-2-yimethylene-thiazol-4-

15 one.
35. The compound of claim 32, wherein said compound is
2-(2-chloro-benzylamino)-5-[1,5]naphthyridin-2-yimethylene-thiazol-one.
36. The compound of claim 31, wherein
Rs and Rg are halo.

20 37. The compound of claim 36, wherein said compound is



R5 and R are as defined in claim1. 40. The conpound of claim 39, wherein
said heteroaromatic ring contains 1 heteroatom 4 1. The conpound of claim
40, wher ewo 28@/0dodset eroatom i s sul fur. 42. The conpoundPofi/ErPRa@smieyid,
wherein R5 and R6 are hydrogen or |ower alkyl. 43. The conpound of claim
42, wherein said conpound is 5-[1 48~

44, The compotrd SIOrBrAI s ah BP RO L BB 1 et edofge! N
2-[ (3- et hyl - bheophen- 2-yl nmet hyl ) - am no] - 5-[ 1, 5] napht hyri di n- 2- yl net hyl enet
hi azol - 4-one. 45. The conpound of claim 39, wherein said heteroaronatic
ring contains,gitrog a , y Lhe conpound of

cl ai m 45, vvhetsgi nRd an ég?ﬁﬁoeﬁﬁyotép(;%érﬁ?%yvﬂ?%eﬁ{egﬁgﬁgmpé%dﬁg The conpound of
claim46, wherein said conpound is

2-[ (5- net hyl - By(ReehiatoA-fuare-brpzyjarainphbil1 Siraphthyridin-2-yimethylene-thiazol-4-

, 9] napht hyr. dioﬁl- 2-yl met hyl enet hi azol - 4-one. 48. The conpound of claim 23,
wherein Y is - I?f- 49. The conpound of claim 48, wherein n is 1. 50. The

conmpound of claim49, wherein X is |ower alkylene.
39. The compound of claim 30, wherein

R

-
Rg is

@ is a heteroaromatic ring containing from 1 to 2 heteroatoms

selected from the group consisting of oxygen, nitrogen and sulfur, and
10 Rs and Rg are as defined in claim 1.

40. The compound of claim 39, wherein said heteroaromatic ring contains

1 heteroatom.

41, The compound of claim 40, wherein said heteroatom is sulfur.
42, The compound of claim 41, wherein

15 Rs and Rg are hydrogen or lower alkyl.
43. The compound of claim 42, wherein said compound is

5-[1,5]naphthyridin-2-yimethylene-2-[(thiophen-2-yimethyl)-amino]-thiazolone.
44, The compound of claim 42, wherein said compound is

2-[(3-methyl-thiophen-2-ylmethyl)-amino]-5-[1,5]naphthyridin-2-yimethylene-
20 thiazol-4-one.

45, The compound of claim 39, wherein said heteroaromatic ring contains
nitrogen atoms as the only heteroatom.

46. The compound of claim 45, wherein



5 1. The conpound of claim50, wherein is phenyl, and R and R are as
defined in claiml. 52. The conpound of claim5 1, wherein R5 and R6 are
hydr ogen wo 2b@vwaoosal kyl . 53. The conpound of cl aim52, RoEmPREVzHRI7A6
compound i s 2-(2-nethyl-benzylam no)-5-[1 , 5] napht hyr| di n-2-yl net hyl ene-1
, 5-di hydr oi m dazol - 4-one. 54. The corrpouﬁ?i of claimb52, wherein said
conpound is 2-(4-nethyl-benz 5]n phthyrldln 2-yl met hyl ene- 1
, 5- di hydr oi m dazol - -%%&ﬁ%%qeq{pﬁ ie&%g?]}%%{% ?cl aim52, wherein said
compound is 2-(2, 4-dinethyl-benzylamno)-5-[1 , 5]
napht hyri di n- 27yl met hjHestampouns-ad iclayrd #6i whelirosaid ¢ompeurbis The conpound of
claim5 1, wherein R5 is hydrogen or |ower alkyl, and R6 is hal ogen or
perfluoro-1lo T conpound
WQ Qﬂgj ?r%zm %th yl enéémgloﬁg ?‘Iﬁﬁhﬁ\?nd\“ﬁ%gﬁeﬂgﬁ é;Hyefjam no) -1

is 5-[1, 5]nag‘ﬁ¥ 2-yl
, 5-di hydr oi m Z) 4Qﬂeone 58. The conpound of claimb56, wherein said
conpound i's

5 48. The compound of claim 23, wherein Y is -NH-.
49. The compound of claim 48, wherein nis 1.
50. The compound of claim 49, wherein X is lower alkylene.
51. The compound of claim 50, wherein

R

G2
Rg is s
10 ®- is phenyl, and

Rs and Rs are as defined in claim 1.
52, The compound of claim 51, wherein
Rs and Rg are hydrogen or lower alkyl.
53. The compound of claim 52, wherein said compound is

15 2-(2-methyl-benzylamino)-5-[1,5]naphthyridin-2-ylmethylene-1,5-dihydro-
imidazol-4-one.

54. The compound of claim 52, wherein said compound is

2-(4-methyl-benzylamino)-5-[1,5]naphthyridin-2-ylmethylene-1,5-dihydro-
imidazol-4-one.

20 b5. The compound of claim 52, wherein said compound is

2-(2, 4-dimethyl-benzylamino)-5-[1, 5] naphthyridin-2-ylmethylene-1,5-dihydro-
imidazol-4-one.



2- (2-chl oro-benzyl am no)-5-[1 , 5] napht hyri di n- 2-yl net hyl ene-1

, 5-di hydr oi m dazol - 4-one. 59. The conpound of claim5 1, wherein R5 and R6
are hal og&o 2006/q@eosk| uor o-1 ower al kyl. 60. The conpound eCTmPadosiod&16 wherein
sai d compound is 2-(2-chloro-4-fluoro-benzylamno)-5-[1

, 5] napht hyri di n- 2-yl net hyl ene-1 , 5-di hydr e{m dazol - 4-one. 6 1. The

corrpound of cLaimb5 wher ei n i S en or lower alkyl and R6 is
| ower al koxy.g§2 Th r‘@cﬁ?ﬂw&dﬁfc%‘f'ﬁg % SMwherei n sai d conpound is

2- (4- et hoxyl - benzyl am no)-5-[1 , 5] napht hyri di n- 2-yl met hyl ene- 1
, 5-di hydr oi mi dazo! - Rsisbyd®gen howssaikyuaddof claim 6 1, wherein said
conpound is

2- (4- met hoxyi - 3- met hy IQﬁH%Eﬁ%BQﬁmérd%W‘é}Qlﬁﬂht hyridin-2-yl met hyl ene-1 , 5-
di hydr o-i m dazol - 4- one. A process for the manufacture of the corrpounds

of formula | accordin oclalml wherein Y is -S- erejn a) a conpound
of formula Ii5fs reacﬂ@ocqrmpqqmé %Pl@é"éﬁ@ewa?reé[‘ %%%8@\98“6&% ormula M-A
wherein Ri has the neaning given in claiml, to give the respective
5  5-[1,5]naphthyridin-2-yimethylene-2-(2-trifluoromethyl-benzylamino)-1,5-dihydro-
imidazol-4-one.
58. The compound of claim 56, wherein said compound is

2-(2-chloro-benzylamino)-5-[1,5]naphthyridin-2-ylmethylene-1,5-dihydro-
imidazol-4-one.

10 59, The compound of claim 51, wherein
Rs and R are halogen or perfluoro-lower alkyl.
60. The compound of claim 59, wherein said compound is

2-(2-chloro-4-fluoro-benzylamino)-5-[1,5]naphthyridin-2-ylmethylene-1,5-dihydro-

imidazol-4-one.
15 61. The compound of claim 51, wherein
Rs is hydrogen or lower alkyl and Rg is lower alkoxy.
62. The compound of claim 61, wherein said compound is

2-(4-methoxyl-benzylamino)-5-[1,5]naphthyridin-2-ylmethylene-1,5-dihydro-
imidazol-4-one.

20 83. The compound of claim 61, wherein said compound is

2-(4-methoxyl-3-methyl-benzylamino)-5-[ 1,5]naphthyridin-2-ylmethylene-1,5-
dihydro-imidazol-4-one.

64. A process for the manufacture of the compounds of formula |

according to claim 1, wherein Y is -S-,



conpound of forrmula | according to claiml1, and b) said conpound of fornula
| according to claiml is isolated fromthe reaction mxture and, if

desi red, wonn@d400520 a pharnaceutically accept abl e sal t pcoEP2005pI@Te€ss f or
t he manufacture of the compounds of formula |I according to claim1, wherein
Yis -NH, wherein a) a conpound of formiPa VIl VI1 is reacted in the
presence of R1-C or RrBr,.wherein R has the neaning given in claiml, to
gi ve a compound of f oVARIPIR Wi 1 | b) said conmpound of forrmula VIII is further
reacted with a compound of fornmula Il to give the respective conpound of
formula | accordi ng ta) atanpound dfent)a Bai d conpound of formula | according
toclaiml is isolated fromthe reaction m xture and, if desired, turned
into a pharmaceutically acceptablesalt. 66. A conpound of formula I
according to claim1l for the treatnqent of cancer, in particular breast
cancer, |lung cancer, colon cancer & cancer. 67. A pharmaceuti cal
conposition conprising at |east one cgnpoynd o

is reacted in the presence of a compound of formula 1ll-A

/R1
HN

s
).__/

5 O A,

wherein R4 has the meaning given in claim 1, to give the respective

compound of formula | according to claim 1, and

b) said compound of formula | according to claim 1 is isolated from the
reaction mixture and, if desired, turned into a pharmaceutically acceptable salt.

10 65. A process for the manufacture of the compounds of formula |

according to claim 1, wherein Y is -NH-,
wherein

a) a compound of formula VIl

NH,

P
A

O VII

15 is reacted in the presence of



formul a laccording to claim1l together with pharmaceutically acceptable

adj uvants. 68. The pharnmaceutical conposition according to claim67 for the
t r eat mrentwof2o@andeese, in particul ar breast cancer, |ung eam@Peosood7e6 cancer
and prostate cancer.69. The use of a corrp%gnd of formula laccording to
claim1 in the manufacture of nedicaments-for the treatment of cancer, in
particul ar breast cancer, |ung cancer, _Cﬁ%lr%_ ancer and prostate cancer.
70. A conpound of forrmula | accordi n@*to cldi 1 whenever prepared by a
process according to clains 64 and 65. 71. The novel conpounds, processes,
conmposi tions and useswierbitRnhasiheyneaningegiven hedaimet.dp @ivsed eprapound of

formuia Vi
N
A0
N7 N—
S
O Vill, and
5 b) said compound of formula VIill is further reacted with a compound of
formula Il
1
| N\ AN
P =

to give the respective compound of formula | according to claim 1, and

c) said compound of formula I according to claim 1 is isolated from the
10 reaction mixture and, if desired, turned into a pharmaceutically acceptable salt.

66. A compound of formula [ according to claim 1 for the freatment of
cancer, in particular breast cancer, lung cancer, colon cancer and prostate

cancer.

67. A phafmaceutical composition comprising at least one compound of
15 formula | according to claim 1 together with pharmaceutically acceptable
adjuvants.

68. The pharmaceutical composition according to claim 87 for the
treatment of cancer, in particular breast cancer, lung cancer, colon cancer and
prostate cancer.
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-53-

69. The use of a compound of formula | according to claim 1 in the
manufacture of medicaments for the treatment of cancer, in particular breast

cancer, Iung cancer, colon cancer and prostate cancer.

70. A compound of formula | according to claim 1 whenever prepared by a
5 process according to claims 64 and 65.

71. The novel compounds, processes, compositions and uses

substantially as described herein before.



