WO 2009/132980PCT/EP2009/054638 PYRIMIDINYL PYRIDONE INHIBITORS OF JNK. This
invention t lly to the fields of medicinal chemistry and treatm nflammatary disorders.
More particu‘?a%?}%ﬁ%gfgnﬁzlention relates to pyrimidinyt pyridone inhibitors ow&r%é%%@ g<::1§nd
foimulations for inhibiting JNK and treating INK-mediated disorders, and the like. 5 INK The c-Jun
N-terminal kinases (INKs) are members of mitoger-activated protein kinase family along with p38 and
extracellular signal-regulated kinases (ERICs). Three distinct genes (inkl, jnic2 and jnlc3) encoding 10
splice variants have been identified. INKI and INK2 are expressed in a wide variety of tissues,
whereas JNIC3 is mainly expressed in neurons, and to a lesser extent in heart and testes. Members of
INK family are activated byPXREVORIMMYREXC R NAE KQRS & tdMi6r necrosis factor cc (TNF-a)
and interleukin-113 | f3). as well as environmental stresses. The activation of INKs is mediated by its
upstream kinases, MICK4 and MKK?7, via dual phosphorylation of Thr-183 and Tyr-185. It has been
shown that MICK4 and MKK7 can be activated by the diverse upstream kinases, including MEKK1 and
MEICK4, depending upon.the external stimull and celluiar context, The 19 speciicity o INK signaling
is achieved by formlng a -épeu Ic’signaling compr}ex containing mrﬁfﬁp e components of the kinase
cascade bynfissnmisrafthidrgecteiis e ghientiNiKinteeactiengiprotdinss iNKsihadaepesmishown to play
important rglag g, namaien .oall Hnslans, APRRIRRIBANY AeluAl surival Ry Phaspheryiatng
specific substrates, including transcription factors such as c-Jtin, the componént of activator protein-1
(API) famil§isart$B0eAd 2 1&s . well as non-transcription factors such as IRS-l and Bc1-2.
Over-agtivatign /NI, s elisyRd lo,RR AN RN AN LIRS LRANIS I B AU INAS Il ATRMALTY.

metabolic, neurological diseases as well as cancer. Rheumatoid arthritis (RA) is a systemic
autoimmuridgiseepecHirduie A ¢ BireriBlaicsignahirsatised dfmpec;d R s aduriod Bie joint
swelling angpaifnauses iudheZinirmmatonyRocasm:Mast BA-palienisultimataly.develop
debilitating joint damage and deformation. Several lines of compelling pharmacological and genetic
evidence B ARG RO I BRI SUGY S HaT A RCRYRY iFTBETHEE of the activated
JNK in the Ratbagenasis OERA: &Xiksts amarmaldaetivationcafidovasideiasiedsin oathbuman arthritic
SP 07.08.2008 WO 2009/132980PCT/EP2009/054638 joints from RA E{;\tients and rodent arthritic
joints HomMRITAAFIHBARE SYSHHITSUR A0SR NRFRIRACSTIIE REavAABR BIFLedavE MK inhibitors

blocked pmipflagimatesssytelaines.aneMMP rrodustianinoryRian; synaviesy Iesitmariphages and
lymphocytes. Important!%/, administration of the selective INK inhibitors in rats with adjuvant arthritis or

in 5 mice VitRRESHAGER- T SrinnigdurehRalopradeted itk ort deguldictofh B nificantly
reduced pancswelingbykinhikitvg gytoking: apnt eallapenase expressiennAsima imalelienic
inflammatory disease, of airways, characterized by the presence of a cellular inflammatory process and
by bromenFe Ta N e ALRa NG 1 S L AP A B L P EP A Thio disorder
has been shpevifidovhe ¥ikendhylimanyacklt 10l typ dsrinithe aWayscifcludindiglyonpiiocytes,
eosinophils, mast cells,,neutrophils and epithelial cells. SNICs have e ed as. promisi erapeutic
taraets for Sl S e D R AR Rk
inhibitors sigeificting pivlooke d RANTBEShorodhotiontinpastivereddnnedny ainvdysmaoth, detid! More
importantly, . inhihitar, , fi i ' . f eir abilities
0 15 red A I B M eration. and
IgE produdtitrichbee bpiservatiops sligydke rapoaattviestorNKsdicthd MiElgisamilanintation,
airway gemogehing. proeess GsaasiRiaHivith. AUPELHESROMSIVERES BT nersle, hloskads oK activity

is expected to be beneficial for the treatment of asthma. Type 2 diabetes is the most serious and
prevalent rifelaBRIRE Asadb BIRSFHETERSERABY T & AHTO N FERISt R BAMAIHE LIF€BRHStion impairment as

a result of ghranisoleny-iexaldntiasmation:aad abnormal lipid metabolism associated with oxidative

stress. It has been reported that JNK . . , _ )
Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by chronic

inflammation of the joints. In addition to the jomt swelling and pain caused by the
25 inflammatory process, most RA patients ultimately develop debiIitating joint damage and
deformation. Several lines of compeliing pharmacological and genetic evidence in cellular
and animal models strongly suggest the relevance and importance of the activated JNK in the
. pathogenesis of RA. First, abnormal activation of INK was detected in both human arthritic

S¥7/07.08.2008



activity is abnomially elevated in various diabetic target tissues under obese and diabetic conditions.

Activation\gbt?&)mgmthway by pro-inflammatory cytokines and oxidative siressemiegatively
regulates insulin signaling via phosphorylation of insulin receptor 25substrate-1 (IRS-1) at Ser307,

therefore contributes to insulin resistance and gluco?se tolerance. Compelling genetic evidence came
from elegant animal model studies using jnk' mice crossed with either genetic (ob/ob) obese mice or
dietary obgsemicen FospofdNKi@NEEDY) abitinoj INKCR famctivaknarikl2d f prietsediobese mice from

body gains, increased,stead aI f ; r | inlevels.
These stu 3%%%)61 j ?ﬁ%‘%ﬁ?ﬁ%ﬁ C?é%??t%a%%ﬁ%c%{fy (Tgl\?ﬁfi?nﬁ{%??grg }% %@%rgg%?ﬁegr@a c%@s#ty/type 2

diabetes. NegldtisgeeYRilfeptide aies e AbSANENERESs PRDPIDAZRIFSSEIPIDFESE Stroke are
CNS disegges chaIRCIRHzRM DY SYNARIC J088: e yraoal alepRYARE mﬂadﬂmsn% N RatBway leading

to c-Jun activation has been shown to play a causal role in apoptosis of isolated WO

2009/132980P CTHEPKERo/osReaBu R HHAERF b YETRC 16 dpsHS Br AsSTEORetbnal cell lines
upon indugtignml.aMpriatced simule BYeHAGHYMioN.AINKIas PhsrIMed 0 Hpreandarains from AD

patients or rodent brain sections derived from animal models of neurodegenerative diseases. For

example, iRNEFREEEE HHISPHOHIRRE R A e R EIMAY pTLHRHEHT BYARSHSITRE D patients. 5
Administragior pfiheninhikitonyaeptided@iR-bRaptide)pa-thepatarnhmodalooiAdd induced by
f3-amyloid peptide administration prevented the impanment of napti%é)éasticitg. In the aﬂimal models
of PD (MPEIPBI‘Fﬂgale ,aél%‘\?a(fg PRCEPHG-MRK lsé’ﬁﬁﬁﬁ%bs %%Qﬁﬁ%émv&%re S&Nved cohcomitantly with
the nawrongheekhdeatirfdenavitaligenavirgisieytef, BdkinohHiltonyspeptidengliPobipibpiide) into striatum

of mice attenuated b Pav' [ im ajrmen%(lp 10 inhibiting MPTP-mediated Jun and caspase
activation,?%@?gt%]rlecﬁ 8c mgsn!(é&tﬁ%%rgfr é%gfﬁmmﬁé?s%ﬁﬁeuﬁcr& e%% r%% |t|g e iiioe

Nt antia nigra. I addition. in the animal
model of isbhemimsproké diftducech bynglitamats bxoitshoxititani€s deficitms mgdMiGpbut not INK1 or

INIC.2, warg rsisiUosalna peth Glamat Ingeaioradonsiimedited salaipLRRARAl death.

These data suggest JNK3 was mainly respons or glutarhate excitotoxicity, an Important
component'i k. intidvkmrtiboertiessrueineyeanms T sl M eniecdeld Suderis ahdiONKS as

attracyiye t?é&%efeé;m_%img%&g%ﬁ:ﬁaﬁﬁﬁdﬁé%oﬁ'gq;t&dryg}san@%&e@lsﬁ%baﬁmcuqgen%é%kﬁql,ceIIular

growth, proliferation and migration along with de-regulated anglo%%?esis lead to the fomiation of
malignant &h&FE PrAuIURts JRaTaRSHIEEsR PRERVE RAFRgCES SIS N7 igsiftosis,
sustained Ji¥i.ActiyationicadinetaARLastvalioRbemircembh brandmplisaiatdo contrlute to the

cellular survival of specific cancer types such as glial tumors and BCL-ABL @r‘ansformed B
lymphobla8isCiidhaicase tyial RintBrsieiRs R e AR O E88R R most of the primary

brain tumor sanmiesdrarithedransiesmed Bdymphohiesiaa Blic-dBkivasasiomizdo aeivaimthe INK
Crug s AL B DTG OB T caheck TN St A TaEul AR lRemia)
patients hasheemChpisatythbkbdiadhe isustamb ddidaact vitye preBént imcthespofiMltisarfigles. Activation
?;sI,NK in 'ea%f‘é%%‘i{a IS et f{i eix'%‘aié‘%%l%é’ﬁ%é%’%ﬁ%ﬁi?‘%ﬁc ol gl pum ﬁe%%%'és%%ﬁ’d%'a%@@c_MRP !
ponsiblefor multidrug resistance. Also, genes with a survival benefit in response to oxidative stress
including gtotatttione - Siantiferabthét Ak peBe gl bamytoysineteyrnhasawereddsslepregulated by
the activared JNI paiwel, AGGAI A MEMATH RIYRRERUSRIEITIERIRG RARIRY of diseases
25 substrate-1 (IRS-1)at Ser’”  therefore contributes to insulin resistance and glucose tolerance.
Compelling genetic evidence came from elegant animal modei studies using jnk" mice
crossed with either genetic (0b/ob) obese mice or dietary obese mice. Loss of INKI(JNKI™),
but not INK2 functions (jnk2 ™), protected obese mice from body gains, increased steady-
state levels of blood glucose, and decreased plasma insulm levels. These studies
30 demonstrated the potential utility of INK mhibitor in the treatment of obesity/type 2 diabetes.
Neurodegenerative diseases, such as Alzheimer’s (AD), Parkinson’s (PD) and Stroke are
CNS diseases characterized by synaptic loss, neuronal atrophy and death. The JNK pathway

leading to c-Jun activation has been shown to play a cansal role in apoptosis of isolated



The role of cyclin-dependent kinases ("cdlcs") in the regulation of cellular proliferation is well

establisheg, Thgte, i extensive body of literature validating the use of 5‘5?0 WQ
20091132980PCT/EP2009/054638 -4- that inhibit targets in the Cdk4 , C(jkz z%% C kaathways as

anti-proliferative therapeutic agents. See, e.g., J. Lukas et al., Nature (1995) 79:573-82; J.R. Nevins,
Science (1992) 258:424-29; |.K. Lim et al., Mol Car‘éi“nogen (1998) 23:25-35; S.W. Tarn et al.,
Oncogener(18084) 12663 A dBrddrigoolhed ighe Aourdnd? by ibhef1a®n) iRFR: oung Celliddobf Physiol.) 5
L941-L949, 303 30 &h Al fhinnacl Bull (099 il Bul0bibilons qlueeliar prglferation act
as reverS|bIte cytostatic agents that are useful in the treatment of disease prgcesses Which feature
abnormal Getnlasarowidcrsushimsnoamerisieddiotacaniipgoliferaivd idissreeFotnauing, for example

inflammation (4. ARG PIRHALS IRRIDIAsid, ROYIRLATSROT BN B AP BB g0 floromatoss,

atherosclerosis, pu .ona?/ fibrosis, arthritis, 10 psoriasis, inflammatory bowel disease, transplantation

rejections iNFESHGHEIGAY &t IRFECHBHRTIGRE RGN &%éw%ﬁ@n&ﬁ?%%%l sV iBdEgdtein-Barr

virus), autQjiriiRe HispasedaBn Ry t0ich A thiitisa RRCHASISy] Bamﬁ;@m?bqwgiedisease),
r

neurodegenerativé disorders (including, without limitation, Alzheimer's disease), an

neurodegeRdrithvacdile a5&D VY Farkeasbntdcdided seomhyotbhiicndaharaelEs etinitis 15

pigmentosgy&RiRal d&?&ﬁﬁl%ﬁ?%@t&%&%@bé@li%gﬁﬂeﬁ@@ﬁﬂ%m ShR aspashJhenapplication
provides a compound of formula | including enantiomers, diastereomers, racemic mixtures and

pharmace iRRIP R I Eal B LT T HERID 56 R BPBIRhP RAVITH IRRE 8N Power alkyl,
lower faloalkyidaweiarkoxsdiebl PIKOHIRIRIS cslealkyivasterasysipatylanphesptionally

substituted wjth one or more .. each Rib'is.independentl lo, -OH, lower alkoxy, amino,
o ko SEB e R BT H 2 o P ST 1 PG A 3 A T S oy
heterocycloalkyit-andietardaiylkiopiianallydsbstituie INKE) loneor iNElece dbli 2 22arisrindepensently

-OH, halo, I%vr\}/?raaliléyé% [{gigo ] I%)Wéartca}%koxxi‘ r_nli?’szdbﬁfjé Ceizur R2b is c %% kyJE%ete ocycloalkyl, or
phenyl, opﬁona‘ilycsu %tu%e%%vﬁﬁ Bie ors’%ore %d; WY 62%"0%‘7‘1%’?3% T/ 5%%%054638

suggest JINK3 was mainly responsible for glutamate excitotoxicity, an important component

15 inischemic conditions. Taken together, data has emerged suggesting JNKSs as atfractive
target for multiple CNS diseases associated with neuronal cell death.
Uncontrolled celhular growth, proliferation and migration along with de-regulated
angiogenesis lead to the formation of malignant tumors. The JNK signal transduction
pathway may not act exclusively in apoptosis, sustained JNK activation leading to AP1

20 activation has recently been implicated to contribute to the cellular survival of specific cancer
types such as glial tumors and BCL-ABL transformed B lymphoblasts. In the case of glial
tumors, enhanced JNK/AP!T activity was seen in most of the primary brain tumor samples.
For the transformed B Iymphoblasts, BCL-ABL was shown to activate the INK pathway
which in turn up-regulated expression of anti-apoptotic bel-2 gene. Interestingly, the multi-

25 drug resistance and hyper-proliferation seen in treatment-refractory AML (acute myeloid
leukemia) patients has been causally linked to the sustained JNK activity present in these
AML samples. Activation of INK in leukemic cells resulied in induced expression of efflux
pumps such as mdrl and MRP1 responsible for multidrug resistance. Also, genes with a
survival benefit in response to oxidative stress including ghutathione-S-transferase w and y-

30 glutamyl cysteine synthase were also upregulated by the activated JNK pathway.
Accordingly, INK modulators are useful in treating a variety of diseases and/or conditions.
The role of cyclin-dependent kinases (“cdks™) in the regulation of cellular proliferation is

well established. There 1s an extensive body of literature validatmg the use of compounds



-5- each R2b is independently halo, -OH lower alkoxy, amino, lower alkyl or lower haloallcyl; R3 is

halo, amin&d%\(gh%% lower alkoxy, or lower baloallcyl; A is 0 or A'; 5A" s R esh @& N(RSD); RS
and R5' are Independently R5a or R5b; R5a is -H, halo, -OH, or A"; R5b is lower alkyl., A", or lower

heteroallcyl, optionally substituted with one or more e: 10R6a is -OH, halo, lower alkyl, lower haloalkyl,
lower allcoxy, or amino; A" is -NHC(=0)R7, -NHC(£6)0R7, -N(R9)S(=0)2R7, -S(=0)2R -C(=0)1(.8, or -
C(=0)0R7;{R7 iishibwenrgdkymotheyiciid k kI K5RE Isdéyadetipy cyekorlkyldolmetiatkipltaptatacy cloalkyl,
heterocycl | lower. alkyls, or | alkyl ich, may lona : | with halo,
-OH, Iower8 %&gékégé’néiﬁé,}{ olf%\?v%%%hy}lv%g%z?%g ér»%]v%rglk)}lqgr%% ?ng{lgs %th%sgio n another

em bodime?ﬁﬁﬂédaéﬁlibgtién%ﬂi%é@(& Eormpognd @Pﬁﬁr}ﬁéI&ﬁ-%bﬁaﬁ’in’_@f?élha‘fﬁlorﬁéfé’gdﬁfé:stereomers,
racemic mixguesqand phacmarerlcall Acceniablesalle thesephanersing i 5N Ay Rl 25Rh is H,
halo, lower alkyl, lower haloalkyl, lower alkoxy, -CN, or -OH: Rib is cyclalkyl, heterocycloalkyl, or

phenylf5 Op{-igf!l &Ilypﬁﬁbﬁiﬁdteﬁi‘%tﬁ Mf’m&‘efh‘iﬁ {1999) 44:541-44 Inhibitors of cellular

proliferation act as reversible cytostatic agents that are useful in the treatment of disease
processes which feature abnormal cellular growth, such as cancers and other cell proliferative
disorders including, for example inflammation (e.g. benign prostate hyperplasia, familial
adenomanosis, polyposis, neuro-fibromatosis, atherosclerosis, pulmonary fibrosis, arthritis,
10 psoriasis, inflammatory bowel disease, transplantation rejections infections), viral infections
(including, without limitation, herpesvirus, poxvirus, Epstein-Bair virus}, autoimmune
disease (e.g. lupus, rheumatoid arthritis, psoriasis, inflammatory bowel disease),
neurodegenerative disorders (including, without limitation, Alzheimer’s disease), and
neurodegenerative diseases (e.g. Parkinson’s disease, amyotrophic lateral sclerosis, retinitis
15 pigmentosa, spinal muscular atrophy, and cerebral degeneration).

In one aspect, the application provides a compound of formula I

NH,
(R, ]
A N ST S
A
N N N 8]
H ! .
R 1

inclading enantiomers, diastereomers, racemic mixtures and ph.amnaceutic&ﬂy acceptable
salts thereof, wherem:
20 R'sR®orR™;
R*is H, halo, acyl, lower alkyl, lower haloalkyl, lower alkoxy, -CN, or ~OH;
R is cycloalkyl, heterocyeloalkyl, or phenyl, optionally substituted with one or more
Rlb’;
each R' is independently halo, -OH, lower alkoxy, amino, lower alkyl or
25 lower haloalkyl;
R” is lower alkyl, lower heteroalkyl, lower alkoxy, cycloalkyl, phenyl, heterocycloalkyl, or
heteroaryl, optionally substituted with one or more R™;
each R* is independently —OH, halo, lower alkyl, amino, lower alkoxy, or sz;
R” is eycloalkyl, heterocycloalkyl, or phenyl, optionally substituted with one

30 or more R®



each Rindependently halo, -OH, lower alkoxy, amino, lower alkyl or lower haloalkyl; WO

2009/132%@%&];/5 %&109/054638 -6- R2 is lower alkyl, Lower heteroalIcy}l,clg)ﬁgéoﬁmggycloalIcyI,
phenyl, tie erocyC{oa yl, or heteroaryl, optionally substituted with one or more Rh; each R a is

“independently -OH, halo, lower alkyl, amino, lower alkoxy, or R2b; 2b K is cycloallcyl, heterocycloalkyl,
- or phenyl, optionally substituted with one or more R%ll'; each R218 is independently halo, -OH,
lower aLkoxy, amino, lower allegcbriSwerhidoalityit R hishaloHamino:, dbwey, atkyhooweeadkoty, or
lower haloalkyl; Ais 0 of, m%gifka? ¢ R§)(R5') or N(R5b); R5 and R5' are independently lea or R5b;
R58 is -H, hg!o, -OH, or A ; % Is'ldwer alkyl, A", or lower heteroallcyl, optionally substituted with
one or moi&’ RaxldsRBu¢s Lowar Witd.|bwer alkykiowerwrilbaligiiibwer alkoxy, or amino; A" is
-NHC(=0)Ry ;- NHEAF0)OR7, -NTHS(=0)2R7, -S(=0)2R2, -C(=0)R8, or C(----0)0R7; R7 is lower alkyl or
cycloalkyl; 20R8 is cy’cloagkyI,S,cycloallgé/l lower alkyl., heterocycloallcyl, heterocycloalkyl
5 ATIs CR' KR Jor N(R™);
R® and R arc independently R* or R™";
R* is —H, halo, -OH, or A™";
R™ is lower alkyl, A”, or lower heteroalkyl, optionally substituted

with one or more R%;

10 R® is —OH, halo, lower alkyl, lower haloalkyl, lower alkoxy,
Or amino;
A’ is -NHC(=OR", =NHC(E=0)OR', -N(R)S(=0):R’, -SE=0RR7, ~C(=0)R*, or -
C(=0OR’;

R’ is lower alkyl or cycloalkyl;

15 R* is cycloalkyl, eycloalkyl lower alkyl, heterocycloalkyl, heterocyeloalkyl
lower alkyl, or lower alkyl, cach of which may be optionally substituted. with
halo, -OH, lower alkoxy, amino, or lower alkyi;

R® is H or lower alkyl; and

mis §to 4.

20  In another embodiment, the application provides a compound of formula |

: NH,
(R%),, R
/J\ o '
N N N
H |,
R I

including enantiomers, diasterecomers, racemic mixtures and pharmaceutically acceptabie
salts thereof, wherein:
R'isR™orR™;
25 R'*is H, halo, lower alkyl, lower haloalkyl, lower alkoxy. -CN, or —OH;
R™ is eycloalkyl, heterocycloalkyl, or phenyl, optionally substituted with one or more
Rlb’;
each R'® is independently halo, -OH, lower alkoxy, amino, lower alkyl or

lower haloalkyl;



lower alkyl, or lower alkyl, each of which may be optionally substituted with halo, -OH, lower alkoxy,

amino, or {gyehRlkybegnd mis 0 to 4. 25 In certain embodiments, A is A" gierAdSied BR85S )- I

certain embodiments, R5 is R5" and R5' is H. In certain embodiments, R7 is cycloalkyl,
heterocycloalkyl, phenyl, phenylalkyl, cycloalkyl alkyl, lower alkyl, or lower heteroallcyl. In certain
embodiments, R5' is R58 and R5a is H. -7- In certain e bodime ts the compound is selected from the
group condistintyetr Nikyl, NN b terduHS 1010w KON Ocy thosBrrhi plemitl olttirensies sk gomipound is
racemic 5 GG 2 GYAIONGNY BN AL LRI, 8IS 8. hydroxy-eyelopentyl)-8H-pyrido
[2,3-d]pytimidin-7"-one. 10 In certain embodiments, R2 is cycloalkyl. .

each R is independently ~OH, halo, lower alkyl, amino, lower alkoxy, or R™;

R? is cycloalkyl, heterocycloalkyl, or phenyl, optionally substituted with one
5 or more R%™:
-each R™ is independently halo, -OH, lower alkoxy, amino, lower alkyl

or lower haloalkyl;

R’ is halo, amino, lower alkyl, lower alkoxy, or lower haloalkyl;

AisQorA’;
10 A’ is C(RNR™Y or N(R™);
R® and R’ arc independently R™ or R™;
R* is —H, halo, -OH, or A"
R® is lower alkyl, A”’, or lower heterocalkyl, optionally substituted
with one or more R®;

15 R* is ~OH, halo, lower alkyl. lower haloalkyl, lower alkoxy,
OT amino;

A’ is “NHC(=0)R’, ~NHC(=0)OR”, -NHS(=0),R’, -S(=0)LR’, ~C(=0)R", or —
C(=0)OR’;
R’ is lower alkyl or cycloalkyt;

20 R is cycloalkyl, cycloalkyl lower alkyl, heterocycloalkyl, heterocycloalkyi
lower alkyl, or lower alkyl, each of which may be optionally substituted with
halo, -OH, lower alkoxy, amino, or lower alky!; and

mis {to 4.

25 Tn certain embodiments, A is A” and A’ is C(R*YR”).
In certain embodiments, R® is R* and R™ is H.

In certain cmbodiments, R” is cycloalkyl, heterocycloalkyl, phenyl, phenylalkyl, cycloallcyl
alkyi, lower alkyl, or lower heteroalkyl.

In certain embodiments, R is R* and R™ is H.



In certain embodiments the cycloalkyl is cyclobutyl. In certain embodiments,mis I. -8- In certain
embodim % thyl In certain embodiments, R3 is methyl. In onef&p‘ﬁ% l31§ compound
is racemic am| 0-8-cyclobuty1l-6-methy1-2- ((IR/ 1S ,2 S/2R )-(2 -methyl-cyclohexy amlno) -8
H-pyrido[2,3 -d]pyrimidin-7 -one. 5 In one embodiment, the compound is racemic
5-amino-8-cyclobutyl-6-methy1-2- (OR/I -7-
S,2R2S)-2mmethyiscyrataieytamine x&hppynid of tdid+dfidysimidcingfeopectniame@mbodiment, the
compound is 5-amino- §Hcyclobuty1 -6-methyl-2-((IR,2R)-2-methylcyclohexylamino )-8 H-pyrid o [2
,3-cl]pyrimid in-7-one. | In one embodlment the compo dis 5- amlno -8-gyclobutyl-6-methyl-2-((
S,2S)-2 10 cyc e\x aﬁ1 no)-8H- ]pyrl diments, R5' is R58 and
R58 is -OH. I dimerits, the ¢ mpou is.selegted from |th9 royp consisting of:  NH,

OH 15 1In cert in embo |ment§NR iS'R % YA" A" i§ -NHC (4 -O)FW off -NHC(-0)0R7, and R7 is

lower aIkyI ertain e ipre ts t is selected f the p consisting of: WO
2009/1329 CT/EP200 "A

)3\)1)\“11 Ti /C\
@édéékﬁi
\o% )fflffi TT@
56 0boand
beelice@esdivee
éééééééa
@égé Qf<§ @é

In certain embodiments, the compound is racemic 5-amino-2-cyclohexylamino-8-

({1R/18,3R/3S)-3-hydroxy-cyclopentyl)-8H-pyrido[2.3-d]pyrimidin-7-one.

and

10 In certain embodiments, R? is cycloalkyl.
In certain embodiments, the cycloalkyl is cyclobutyl.

In certain embodiments, m is 1,



NH2NH2 N OHN:NNN a O HN  and NH, NW HNNN Ctlj HRy. 0 In one embodiment, the compound
IS racemiG g %ﬁﬁg %b—ajperidin-4-ylamino)-5-amino-8- 5 PCT/EP2009/054638
((1R/1S,3 ydroxy-cyclopenty1)-8H-pyrido[2,3-cl]pyrimidin-7-one. In certain embodiments,R5 is
R5a, R5a is A" A" is-C(-0)R8, and R8 is heterocyclgallcyl. In certain embodiments, the compound is
selected from the group consstmq

In certain embodiments, R 1s methy}

In certain embodiments, R” is methyl.

In one embodiment, the compound is racemic 5-amino-8-cyclobutyl-6-methyl-2-

((1R/18,2S/2R)-(2-methyi-cyclohexylamine)-8H-pyridof2 3-djpyrimidin-7-one.

5 In one embodiment, the compound is racemic 5-amino-8-cyclobutyl-6-methyl-2-

((1R/1S,2R/28)-2-methyl-cyclohexylamino)-8H-pyrido[2,3-dJpyrnmidin-7-one.

In one embodiment, the compound is 3-amino-§-cyclobutyl-6-methyl-2-((1R 2R}-2-methyl-
cyclohexylamino)-8H-pyrido{2,3-dpyrimidn-7-one.

In one embodiment, the compound is 5-amino-8-cyclobutyl-6-methyl-2-((15,25)-2-methyl-
10 cyclohexylamino)-8H-pyrido[2,3-dJpyrimidin-7-one

. . LA 5 .
In certain embodiments, R is R* and R™ is ~OH.

In certain embodiments, the compound is selected from the group consisting of:

/O\)l /Cfi )ffl)\“‘
é@@é elis)

aH and

O

15
Tn certain embodiments, R is R R*®is A”*, A is ~NHC(=0)R” or ~NHC(=0)OR’, and
R’ is lower alkyl.

In certain embodiments, the compound is selected from the group consisting of:



NH, HNNN ao 5 In certain embodiments, A is N(R5b), R is A", A" is -S(-0)2R7, and R7 is lower
alkyl In C%IQ gm%gments he compound is selected from the group Co?é‘ﬁﬁiﬁdﬂtyoﬂﬁsén certain
embodiments, the compound is selected from the group consisting of: In certain embodiments,
wherein A is 0. In certain embodiments, the compound is selected from the group consisting of: In
certain embodiments, A is A', A'is N(R8b) R5b is A9 A is -C(----0)R8 or -C(=0)01e and R7 and R8 are
lower alkyl. 10 In certa [ isti
2009/132980PC
-acetyl plperld nt4-

rtan ermbodiime

n
om the-group cc%sistm

mmmm
@éébé VO L

HN HN\[r ~ HN

O O O and

&}

In one embodiment, the compound 18 racemic 2-(1-acetyi-piperidin-4-ylamino)-5-amino-§-

5 ((1R/18,3R/38)-3-hydroxy-cyclopentyl)-8H-pyrido[2,3-d pyrimidin-7-one.
In certain embodiments, RY is R*® R™is A”’, A ismC(zO)jo and R® is heterocycioalkyl.

In certain embodiments, the compound is selected from the group consisting of:



NH, NO 5Fand In certain embodiments, Rlower heteroalkyl. In one embodiment, the compound is: NW

HNNNO I—Wd\g %R%g%spect the application provides a compound of forguaghl < 44pcluding
enantiomers, diastereomers, raccmic mixtures and phduilaceutically acceptable salts thereof, wherein:

R'is Rla or Rib; Ria is H, halo, lower alkyl, lower haloalkyl, lower alkoxy, -CN, or -OH; 15Rib is
cycloalkyl, heterocycloalkyl, or phenyl, optlonally sdlgstltuted with one or more Rib; WO

2009/132980PCT/EP l@09/054638
)l\ )\ )\

é @ééb

N7 TRy W
PE
o
HN N/X\N C

S In certain embodiments, A is N(R*™), R is A7, A" is -S(=0)1R’, and R’ is lower alky!.

In certain embodiments, the compound is selected from the group consisting of:
NH,

Ox

N

=
/

"z

)

U)'-MZ
m_....

O

QO
.

U)——Z

|
T~
and ©

S -.-"H.

O=
O
O

In certain embodiments, R™ is R® R is A7, A’ is -NHS(=0),R’, and R’ is lower alkyl.



-19g- each Rib' is independently halo, -OH, lower alkoxy, amino, lower alkyl or lower haloalkyl; R2
is lower al eroaIIcyI lower alkoxy, cycloalkyl, phenyl, heteroc roaryl,
optionally su (!I)J%{X%egbv&th one or more R2a; each R2a is mdependently %9%%¥b0 )Q/ggr%lkyl amino,
lower alkoxy, or R2h; R21) is cycloalkyl, heterocycloalkyl or phenyl, optionally substituted with one or
more each Ra' is independently halo OH lower élkoxy, amino, lower alkyl or lower haloallcyl; 10 R3
is H, halo, rsin@id@wb alisyhtiowe catioondr laketdiatoatiyl: grepreismdstinfnocertain embodiments,
the compound is selected from the group conS|st|ng of: In one aspgct, the application provides a

compound of formula Il NH, [ 0 15R1II mcl%ﬁing enantiomers, d| stereorners, raeemic mixtures and

pharmaceutically acceptable salts th rein: Rl |s : RT'is H, halo, lower alkyl, lower
haloalkyl, lower allcoxy, -CN, or -OH; 20 cloalicy], Kkyl, or phenyl, optionally
substituted with one or more Rly; "{ each Rjb' is mdep dently lo, -OH, lower Ikoxy, amino, lower
alkyl or lower laaloalkyl; - 14- (5
HT%J. M. O
s ﬁ\
C and ©

In ceriain embodiments, wherein A is O,

In certain embodiments, the compound is selected from the group consisting of:
o B
@ » 5]

In certain embodiments, A is A”, A" is N(R™)L. R is A”, A is =C(=0)R" or <C{(=0)OR’
and R’ and R® are lower alky!.

10 In certain embodiments, the compound is selected from the group consisti.ng of:

@@ @ @fj

N
o 0 and



Rs is lower alkyl, lower heteroallcyl, lower allcoxy, cycloalkyl, phenyl, heterocycloalkyl, or hetcroaryl,
optionallya@ﬁ}wﬁg%mth one or more Rsa; each R2a is independently -@Hthalqeszalkyl, amino,
lower alkoxy. or 2b K'is cycloalkyl, hcterocycloallcyl, or phenyl, optionally substituted with one or more
Rsif; each Rm is independently halo, -OH, lower alkoxy, amino, lower alkyl or lower haloalkyl: Rs is
halo, amino, lower alkyl, lower alkoxy, or lower haloalky and m is O to 3. In one embodiment, the

from the g ISt f: QT orur _ STy
5-Amino-2€gﬁﬁg§§§?§ﬁ%¥ r?(ﬁiC?ﬁﬁoﬁeﬁ%)rg%%X}é?é’;@ze%tﬂ‘iyéﬁﬁﬁ 0?12}?3-d]pyrimidin7-one;
[4-(5-Amino-8-cyclobutyl1-7-oxo-7,8-dihydro-pyrido[2,3-d]pyrimidin-2-ylamino)- cyclohexylFcarbaraic
acid methylEStERNSRpRHEEEY BB Ry £LEy ci8hExylamino-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclobuty1-2-cyclohexylamino-6-fluoro-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8ieyetepie atyied iy dtoxysoysiahé xykarnina) Bz piirdojdBedfsistimidin- 7-one;
5-Amino-8-cyc|oheXy1-2-(4-hydroxy-cyclomﬁzxylamino)-811-pyrido[2,@;Ed]pyrimidin-%one;
5-Amino-S-cyclohexy1-244-(morpholine-4-carbonyl)-cyclohexylaminp]-8H-pyrido[2,3-
dipyrimidin-7-one; 5-Amino-2-cyclo -8-(3-hydroxy-propyl)-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclobutyl-6-methyl-2 ' -1 =

. N N .y HN N N o)
-carbonyl)-cyclohexylamlno]-8l—|l'b rido|2,3-fl]pyrimidin-7-one;
5-Amino-8-cyclopentyl-6-methy1-244-(morpholine-4-caybonyl)-cy exylamino]-8Hpyrido[2,3-d]pyri
midin-7-one; 14a N44-(5-Ami @ yclopentyl-7-oxo-78-dibydrotpyriglo[2,3-d]pyrimidin-2-ylamino)-
cyclohexylPacetamide; £ NE and FTOF
5-Amino-2-cyclohexylamino-8-cyclopropylmethyl-8H-pyrido[2,3-d]pyrimidin-7-one;

In certain embodiments, R® is lower heteroalkyl.

Ny T
)'\Xif

HO

In one embodiment, the compound is:

In one aspect, the application provides a compound of formula II

NH,
3 1
_ (R}, N R
)I\ =
N N N C
H | )
R I

10
inciuding enantiomers, diastereomers, racemic mixtures and pharmaceutically acceptable
salts thereof, wherein:
R'is R®or R™;
R is H, halo, lower alkyl, lower haloalkyl, lower aikoxy, -CN, or —OH;
15 R™ is eycloalkyl, heterocycloalkyl, or phenyl, opticnally substituted with one or more

I
R™;



5-Amino-8-cyclopenty1-244-(morpholine-4-carbonyl)-cyclohexylamino]-8H-pyrido [2,3-
5d]pyrimidinc 24ong 344 - (5-Amino-8-cyclohexyl-7-o0xo-7,8-dihydro-pyrid ofZ; B pyrémiditzs2-ylamino)-
cyclohexylpmethanesulfonamide; 5-Arnino-8-cyclobuty1-244-(4-hydroxy-piperidine- 1 -carbonyl)-cyclo
exylamino]-6-methyl8H-pyrido[2,3-d]pyrimidin-7-ong;_ ‘
105-Amino-6-(2-chloro-pheny,})-8-cyclobuty1-2-c cloheX){Iamir]o:8H-pyri,do[2,3-d‘]p¥rimidin-7- one,
5-Amino-2-cyclohexylaffifib:s-ciicioparty 28 -‘b%db% RSy Atkcih- AR, IRwer alkyl or
{445-Amino-8-((1Rs2Rp=3-hxdtoxy-cyclopentyl)-7-oxo-7,8-dihydro-pyrido[2,3-
d]pyrimidin-2- Iamina?llﬁy - ide;
15[4-(5-Ar%iﬁ<%ﬁ§W§§c 5 e@ﬁ%ﬁ%&; %%f‘r%15‘5’9‘%%3{%‘?3&?5%&?%%&& SSNSIay or
cyclohexyljcamamicoatidanetoykester GiknineSmeye] tyl-244-( 1 -hydroxy-1
-methyl-ethyl)-cyclohexylam nol-6-methy1- rido[2,3- rimidin-7-one; 2,
o Amio.2-ty IR A SR T B S o R S e oy, o R
205-Amino-8-cycloprop§i* 2 @«iyaiaiybeyoiohekyldming) Bidapy i 8 5 lpyrintidin #-cnens
1\144-(5-Amino-8-cycIogp&%y%-ﬁaethyl-?-oxo-?,8-dihydro-pyrido[2,3-d]pyrimidin-2-ylamino)-
cyclohexylFacetamide; T
N44-(5-Amino-8-cyclobuty1-6-sadti/i: Aisoreep@diinysiuloy riaB s dipykimidingno, lower alkyl
ylamino)-cyclohexylkN-mqm%-ergitggjg%ulfonamide;
255-Amino-S-cyclobuty1-244-(4-hydroxy-piperidine-1-carbony1)-cyclohexylamino]-6-
isoprd@/l-gﬁiﬁﬁid@@;%]@%iﬁﬂfﬁ’ﬁﬁ(ﬂn@w” alkoxy, or lower haloalkyl; and
5-Amino-2;gyclphexylamino-8-cyclopropy1-811-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclopropy1-2-(1-methanesulfonyl-piperidin-4-ylamino)-811-pyrido[2,3- d]pyrimidin-7-one;
30N-[4-(5-Amino-8-cyclohexyl-7-oxo-7,8-dihydro-pyridq[2,3-d]pyrimidin-2-ylamino)-
cyclohexyl@a%‘@?%%ﬁé? - B RR igf?}g#glﬁlgﬁé %ﬂ%ﬁ%ﬁ fRE£LY1amino)-8H-pyrido
[2,3- d]pyrimidin-7-one; nH, i, NH,
2-(1-Acetyl-piperi%i 4 jR0)-5-apATRg: peniyl-EFHWB-d]pyrimidin-?-one;
355-Amino-8-cyclpbutyl-24cyclohexXylamino-6-phenyl1-8Hrpyrido[2;3-d]pyrimidin-7-one;

3:/&“{ y ij(,\N pheny HN/;*\pyi\N[ Iy

In one aspect, the application provides a compound of formula 111

2 i
/
IR m g/‘\N/\\l

15 R 1

NH,

R
N o
inchiding epantiomers, diastereomers, racemic mixtures and pharmaceutically acceptable
salts thereof, wherein:
R'isR¥orR™;
R is H, halo, lower alkyl, lower bhaloalkyl, lower alkoxy, -CN, or ~QH;
20 R'" is cycloalkyl, heterocycloalkyl, or phenyl, optionally substituted with one or more
R]b’;
each R™ is independently halo, -OH, lower alkoxy, amino, lower alloyl or

lower haloalkyl,



5-Amino-8-cyclohexy1-2-cyclohexylamino-811-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclopentyl-2-(tetrahydro-pyran-4-ylamino)-8H-pyrido[2,3-d]pyrimidin-7-one;
e Y B g TSRS RN IR s IR PRI o
5-Amino’f&atbfomﬂz&py@hab}m}bsﬁmmdwh&(yt&mmm@‘ﬁllﬁfmdo[z,3-d]pyrimidin-7-ondeyrimidin-?-one;
5-Amino-2-cyclohexylamino;8-cyclopentyl-6-ethy 1-8H-pyridal2. 3-dlovrimidin-7-ongs-2-0
-Acetyl-piperidir?-dﬁ%(/ amﬁsrlgﬁggg}r%ﬁoquéj%I%-B-%yd?éixgy-réycl ' S
opentyl)-8Hpyrido[2, 3-Bipigrimitliniadoheterocycioalkyl, or phenyl, optionally substituted with one
5-Amino-8-cyc|obutyl-&%{-)%l-i!gydroxy-piperidine-1-carbony1)-cyclohexylamino]-7-0x0-7,8-
ciihydro-pyrido[2,3-d]pyrimiC |ne-6-cgr.bqnitrile; ]
[4-(5-Amino-8-cyclopropy1-7e6RoRY, BitlingdrsnsgndsDamdiflina e aflamyofnEperdAERy Al bamic
acid methyl ester; or lower haloalkyt;
105-Amino-8-cyclobuty1-2-(1-methanesulfonyl-piperidin-4-ylamino)-6-methyl-811-pyrido[2,3-
d]pyrimidin--brls; RBRYBNTRATIEE- A RIBHRKRD-6RBTHI I8 8 ihy dro-pyrido[2,3-d]pyrimidin-2-
ylamino)-gyglahgxylkacetamide; N- [445-Amino-8-(3-hydroxy-propy1)-7-oxo-7,8-dihydro-pyrido[2,3-d]p
midin-2-ylaminok 15cyclohexyll-acetamide;
{445-Amino-8-(3-hydroxy-propy1)-7-0x0-7,8-dihydro-pyrido[2,3-d]pyrimidin-2-ylamincdcyclohexy1}-car
bamic ac}a %tﬁmhgéoé\@gnp tgg Xm)npoun hdsthe ¥ru.cnﬂ¥.
5-Amino-2-cyclohexylamino-6-methyl-8-(R)-tetrahydrd furan-3-y1-814-pyrido[2,3- d]pyrimidin-7-one;
205-Amino-8-cyclopentyl1-2-phenylamino-8H-pyfi 38-d]pyrimidin-7-one;
5-Amino-8-cyclopropylmethy1-2-(tetrahydro-pyran-4-ylamino)-8H-pyri do[2,3-d]pyrimidin-7- one;
5-Amino-2-[4-(4-hydroxy-piperidine-l-carboﬁ&l)-@ycl exylamino]-6-methyl-8-(R)-
tetrahydro-furan-3-y1-8H-pyrido[2,3-d]pyrimitin-7-one;
5-Amino-2-(4-hydroxy-cyclohexylarnino)-8-methyl-8H-py¢ido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclobutyl-2-cyclohexylamino-6-isopropyl-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-ethyl-2-(tetrah dro- ran-4- lamino)-8H-pyrid -d]pyrimidin-7-one; £
o Amino BB R P TR Se R T SOALS SN AmaarRe 5
5-Amino-38-ayciobQtyisRbeyrlotiosdd thi k- drEditytrspyriddl 2yBad]gyiialidimmidin30carbonitrile;
c-Amino-2-(1-methanesulfonyl-piperidin-4-ylamino)-6-methyl-8-(R)-tetrahydro-furan-3-y1-
811-pyrido[2,3-d]pyrimidin-7-one; _ _ o :
5-Amino-&idyclspioy Tolearlys Yt yrid- Ry Ris: 3- 4y itidin-7-one;
5-Amino-2seysteputylaming-Seyalopiopymethyl-8H-pyrido[2,3-dIpyrimidin-7-one;
354-(5-Arino-8-cyclobuty L6 mettyA-f0: s B- s pyrisiela Aelpypimidin-2-ylamino)-
5- Amine-8-cyclobutyl-2-cvclohexylamino-6-fluoro-8H-pyrido[2,3-dJpyrimidin-7-one,
5-Amino-8-cyclopentyl-2-(4-hydroxy-cyclohexylamino)-8H-pyrido{2,3-dJpyrimidin-7-one;
5-Amino-8-cyclohexyl-2-{4-hydroxy-cyclohexylamino)-8H-pyrido[2,3-d Jpyrimidin-7-one;
5-Amino-8-cyclohexyl-2-[4-(morpholine-4-carbonyl)-cyclohexylamino]-8H-pyrido[2,3-
d]pyrimidin-7-one;
5-Amino-2-cyclohexylamino-8-(3-hydroxy-propyl)-8H-pyrido[2,3-dlpyrimidin-7-one;
5-Amino-8-cyclobutyl-6-methyl-2-[4-(pyrrolidine-1-carbonyl}-cyclohexylamino}-8H-
pyrido[2,3-dlpyrimidin-7-one;
5-Amino-8—cyclopen‘sy1~6~methy1-2-{4-(morpholine-4~carboziyl)~cyélohexyiamino]—SH-
pyrido|2,3-djpyrimidin-7-one;



piperidine-I-carboxylic acid ethyl ester;
5-Amino-8-cyclohexy1-2-(4,4-difluoro-cyclohexylamino)-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyc|obuty1-6-methy1-24(1R,28)-2-métﬁ9|-cyclohexylamino)-8H-pyrido[2,3-

dlpyrimiding 70084 146 29 AGetvi-piperidin: Yoyrido[2,3- imidin-2-ylamino)-
mééfggclb‘xgﬁgggﬁeﬁﬁlpgggr?ygaﬁc%@?p pgrllr%i?dﬂ? -ong; 2y )

0)-5-amino- openty1-6
5-Amino-geEselsptityacesmetyl-2-((i S,22)-2-methyl-cyclohexylamino)-811-pyrido[2,3-
d]pyrimidin-AR08, 2clohexylamino-8-cvclopropylmethyl-8H-pyrido]2,3-d]pyrimidin-7-one;
-Acetyl-piperidin-4-ylamino)-5-amino-8-cyclohexyl-SH- ri(@% 3-d]pyrimidin-7-one;
Mg Stk st e b G R
5-Amifho-28yeiohéxylamino-8-pheny1-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-2[d Qlasmaﬂlm@a@e@é&mfyJ&zsyﬁbeﬁaﬁgcwa.?g&%@;@m@ﬂﬁtﬂawr%%-d]pynmndm-?-one:
0

5-Amino-2-(4,4-difluoro-cyclohexylamino)-8-méthy1-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8eBeRBI TG ERREREMIIE-8H-Pyrido[2,3-d]pyrimidin-7-one;
5-Amirm-2s5(A-hpdrexytysiaoneXylanting)-S-phemyiin8itiepiod o[ Rc3etbhhyyimichn-4-ateg]yl-

6-Acetyl-5:amino-8-cyclobutyl-2-cyclohexylamino-8H-pyrido[2,3-d]pyrirnidin-7-one;
5-Amino-é&gé%%q%%ﬁ%ﬁ#ggy%%hA-ylamino)-8H-pyrido[2,3-d]pyrimidin-7-one; and

5-Aniifo-85efoibtocy 2-hi@ GriatiyiysHaHp e RberyBiRIcsH L PyrideR 3ddpyridirin- 7-one. In one
embodimeg,ge;the application provides a method of treating a INK-mediated disorder in a subject having
a INK-mediated disorder, said method comprising adminjstering to.a subject in need thereof a
therapeutical§PEferVE SRS RPST “ﬁ%ffﬂ?ﬁéyiggv crg?{rl%éhli%%i%gggﬁ fifembodiments of the
method of Ne@titgianihtikEfieRlzied -Hisbrdeyiepdiiidive diaté d dispddepisidbidracterized by cellular
proliferatiocrﬂép(},qaggg}gjy_ﬁm{qggL@g@g@%@lt%m@ of treating a JNK-mediated disorder, the

INK-mediat isorder’is arthritis. In cértain embodiments of the method of eating a INK-mediated

disorder, thé-Erihminei8-sreohstbiccaprtidiyicariifcembbarBifL o it Rethod of treating a
INK-mediaggel disanies-theidNkamediatededisord,r is asthma. In certain embodiments of the method of
treating a INK-medjated disorder, the JNKmediated disgrder.is diabetes. WO . . ...
2009/1329%6&&‘?/%75 6%’/8&22%@1% ngéﬁgﬁ%%ﬁn%ﬁgﬁﬁrﬁ %1?21% afﬁ%“r%?%t%“cf%%’ treting a
INK-mediapeddisordiérytmiiiKirreliated disorder is Alzheimer's disease. In certain embodiments of

the method of freating a MY ymediateddiserdsy:the il madiated disorder is Parkinson's disease. 5
In certain embodiments of the method of treating a TJNK-m(;%iated disag %er, the INK-mediated disorder
is iscRBmIc BRI i BRI B G OHTERE S e THAMB S oAy THsAR{eY Hisorder, the
INK-mediated4diseraaris-catiopmtyl-6-sthyl-7-oxo-7,8-dihydro-pyrido[2,3-dipyrimidin-2-ylamino}- '

cyclohexyl]-acetamide;
N-[4-{5-Amino-8-cyclobutyl-6-methyl-7-0x0-7,8-dihydro-pyrido{2,3-d]pyrimidin-2-
ylamino}-cyelohexyl] ~N—methy1—methanesu1fonamj de;

25 5-Amino-8-cyclobutyl-2-[4-(4-hydroxy-piperidine-1 -carbonyl}-cyclohexylamino]-6-
isopropyl-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-2-cyciohexylamino-§-cyclopropyi-8H-pyrido[2,3-djpyrimidin-7-one;
5-Amino-8-cyclopropyl-2-( I -methanesulfonyl-piperidin-4-ylamino)-8H-pyrido{2,3-
dpyrimidin-7-one;

30 N-[4-(5-Amino-8-cyclobexyl-7-0x0-7,8-dibydro-pyrido[2,3-djpyrimidin-2-ylamino)-
cyclohexyl]-acetamide;
5-Amino-8-cyclohexyl-2-(1 -methanesulfonyl—piperidin-4-ylarnino}-8H~pyrido [2,3-
dlpyrimidin-7-one;
2-(1-Acetyl-piperidin-4-ylamino)-5-amino-8-cyclopentyl-8H-pyrido[2,3-d|pyrimidin-7-one:

35  5-Amino-8-cyclobutyl-2-cyclohexylamino-6-phenyl-8H-pyrido[2,3-djpyrimidin-7-one;
5-Amino-8-cyclohexyl-2-cyclohexylamino-§H-pyrido{2,3-d]pyrimidin-7-one;
5-Amino-8-cyclopentyl-2-{tetrahydro-pyran-4-ylamino)}-8H-pyrido{ 2, 3-d]pyrimidin-7-one;
5-Amino-8-cyclobutyl-6-methyl-2-((} R,2R)-2-methyl-cyclobexylamino)-8H-pyrido[2,3-
dIpyrimidin-7-one;



In certain embodiments of the method for treating a INK-mediated disorder, wherein the 10
INK-mediated disorder is cancer, the cancer is b& ltl;l cancer. In certain embodiments of the method for
treating a MK-mediated disorder, wherein the MK-mediated disorder is cancer, the cancer is leukemia.

In one embodiment, the application provides a method, of treati INK-mediated disorder in a subject
i o IR R B g P S BT e M SR o0 it
Alzheimerégiseasie;/Rakinson's disease, ischemic stroke or cancer, said method comprising

administe L subjeet.i h e Ieal V. 1t of any of the above
d&ﬂﬂxﬁ% SUDIRELIR ARG wﬁagp&&%%%%@gﬁﬁggeﬁm oL

r
compounds. In on€ aspect, the application provi sition comprising the

) sa
compound?df FEhaRsFtHe-HBBUEEnbEaiRTehts E&éﬁ‘?l‘;é}&’ fiRky 8 SREBHE Blarmaceutically 20
acceptable gader; - exsipigator-gitient. All publications cited in this disclosure are Incorporated herein

by referencge,in.their entire s otherwise stated, the following.terms used in this Application,
including the %96#785%8{?1“%"5 Eﬁlﬁn?g a ep%ﬂ%néléﬁnltfc})aﬁ%a\l}eny E%%ewm?ﬁlﬁi%b{g{%cﬁﬁj that, as used
in the spedificatiopyaned Redippendedclirpeithie:singular forms "a", "an," and "the" include plural
referents l{%ﬁ%ﬁ%@@@}%ﬁg@w&é&lﬂtﬁ&mrﬂﬁa@ﬂi@&ﬁﬁw&lm%laﬁi%}'ﬁan" entity’ as used

herein refers to one or more of that entity; for example, a compound refers to one or more compounds
or at least B BB EIRTA &L BE T HE 8 Ims "a" (or "an"), "one or more”, and "at least one” can be
usediiptershangeabbyherein -2\ Gn20689/432980RCTE P20 0HA6 3818 -Nspysad M3this

specificatig1 l Wh%hg_é}@l&a transitional phrase or in the body of the claim, the terms "comprise(s)" and
"comprisin arc 10 be intérpreted as having an open-ended meaning. That is, the teinis are to be
interpreted\%%&w&miéeswmﬂ?%@ﬁ%%'ﬁﬁ%ﬁﬁggﬁ@é&%ﬁ%tédﬁgﬁ?@éﬁ". When used in the
context of apracessIRtRNMcceamRFrising” means that 5 the process includes at least the recited

steps, but may |pclude additional steps. en d.in the context of a compo or.composition, the
torm “comBh R R e OB o oS R OGS Bt PR e |GHSH femtures or

compdnentscbbtryiayp@smideiude additional features or components.  As used herein, unless

specifically{mgi%k%gog;t__ SIS DR WATE B issusechin theidf: nalusivglasen: a@ndlor” and not the

"exclusive" sense of "either/or". The tem, "independently" is used herein to indicate that a variable is
applied in &¥GREIHSEAEEIVRTHOTE TG ST 0 the presence or absence of a variable having that same
or a differengefipitioncwithiniihensametehipiundrdiyds-fnrascbpipdingHidoiellich R" appears twice
and is defig?d as.ailggﬁg%ndently carbon or nitrogen”, both R"s can be carbon, both R"s 15 can be
nitrogen, or bhe R can %é carbon and the other nitrogen. When any variable (e.g., m, n, R, R', R.2,
R2a, }2b, R3\Rde-REyfBanRE: -Mheay e Hbp Rl ,a%dm%@%gdﬁ% more than one time in any
moiety or fermha depigtipg Anddescripigseropeunds amplayenigrelaimedip:the:present invention,
its definition on each occurrence is independent of its definition at every other occurrence. Also,
combinatiof¥of substituents 20 and/or variables are permissible only if such compounds result in
stable compaumos-2-[4-(4-hydroxy-piperidine-1-carbonyl)-cyclohexylamino]-6-methyl-8-(R)-
tetrahydro-furan-3-yl-8H-pyrido[2,3-d]pyrimidin-7-one;

| 5-Amino-2-(4-hydroxy-cyclohexylamino)-8-methyl-8H-pyrido[2,3-d|pyrimidin-7-one;

2
wh

5-Amino-8-cyciobutyl-2-cyclohexylamino-6-isopropyl-8H-pyrido{2.3-djpyrimidin-7-one;
5-Amino-8-ethyi-2-(tetrahydro-pyran-4-ylanino )-8 H-pyrido[2,3-d]pyrimidin-7-one;

5-Amino~8—cyclohexyl-?.~{tetrahydro-p}?fan%-ylanﬁno}-éﬁH—pyrido{Z,B ~dlpyrimidin-7-one;
3-Amino-§-cyclobutyl-2-cyclohexylamine-7-oxo0-7,8-dihydro-pyrido[2,3-d}pyrimidine-6-

30  carbonitrile;
5-Amino-2-{1-methanesulfonyl-piperidin-4-ylamino)-6-methyl-8-(R)-tetrabydro-furan-3-yl-
8H-pyrido[2,3-djpyrimidin-7-one, .
5-Amino-§-cyclopropyl-2-(tetrahydro-pyran-4-ylamino)-8H-pyrido[ 2,3-d}pyrimidin-7-one;
5-Amino-2-cvclobutyiamino-§-cyclopropylmethyl-8H-pyrido[2.3-d[pyrimidin-7-one;

35  4-(5-Amino-8-cyclobutyl-6-methyl-7-ox0-7,8-dihydro-pyrido[2,3-djpyrimidin-2-ylamino}-
piperidine-1 -carboxylic acid ethyl ester;
5-Amino-8-cyclohexyl-2-(4,4-difluoro-cyclohexylamino)-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyvclobutyl-6-methyl-2-((1R,25)-2-methyl-cyciohexylamino)-8H-pyridol2,3-
dlpyrimidin-7-one; '



The symbols ™" at the end of a bond or™ drawn through a bond each refer to the point of attachment
of a functional group or other chemical moiety toithe rest of the molecule of which it is a part. Thus, for
example: MeC(=0)0OR4 wherein R4=ot +41 MeC(=0)0--<1 25 A bond drawn into ring system (as

opposed to_conpacteshat adistingtivertexhindicaiebfeatiheband sy heiatached to any of the
suitable ring atoms. WO 2009432980PCT/EP2009/054638 -17- the event or circumstance occurs and
instances MARVATEAT G88% not. For example, "optionally substituted” means that the optionally
substituted meimtySay shoyhgoratd a- hd oo orabsitystielany aThe ) fhtase dejptional bond" means
that the boWg[mﬂg not be present, and that the 5description includes single, double, or triple
bonds, if a stituent Is desi nated to be a "bond" or "absent"”, the atoms linked to the substituents
are then dﬁéét&%@hﬁ@é@d‘}%@@ﬁﬂ*ﬁaﬁ%ﬁﬁ" fervdebaialéi wTieEr ApYORIEEEY 1 the region of,
roughly, orsaxounds \Whrmihe demaialousigses SHoprjanaDdwithadautrerical range, it modifies
that range by extending the houndaries abqve an low: the numeyical values set forth. in general, the
10 term "a%ﬁf”ﬁg%ﬁgﬁlgﬁgﬁg ?ﬁa%aewlg%%%g%ﬁ%%}%g%%%g Sz?{rr“ffﬁ)’elow the stated value by a
variance of20%ncCeitdimcpmpouhderoitriedrieittotrmay iekalise thbtbmeds 3 Tautomeric

compound n.£xiskag two or more interconvertable species. Prototropic tautomers result from the

migration of & covalently bonded hydrogen atom between two_atoms, Tautomers enerally 15 exist in
equiIibriun?a%-%‘it%ﬁp‘féd%‘ﬁ%ﬁﬂ@y%ﬁ&f@ﬂﬂ?ﬁﬁﬁﬁ‘%&“@@ﬂ%@%ﬁé%@%i)"(? fe whose chemical

and physicalypropetiiesare codsistenirith Eimppdded2df-conpoidnds-ohhe position of the equilibrium is
dependent.on chemical features withi 2 Male Eor. le, i -aliphatic aldehydes and
ketones, SS&%%%%?%&%W%&?%%% %(%%Oéégé%%rﬁ% es_wr%g’; clirﬁllJ ﬁ%%%ﬁﬁ%’enol form -
predominafesc @i Potstapie ta REHReF S F e B kB ent PSR ICERASE (-0H)=CH-),
amide/imid%?gﬁo(g%agmm&&y@%-ﬁﬂﬁ%mﬁn@%mﬁdo?(mgﬁmhmo&gMﬁR)EN;])
tautomers. The latter two are icularly common in hetero eter ic rings. and the present
invention eﬁ'&?ﬂﬁ}é@ég%ﬁgfﬁ%ﬁﬂéﬁﬁﬂ%}%ﬁ% ik, ‘%%%Pﬁb%ﬂ%%.}% nll((gzl%{lq'% %"c’;rllénr?éhnc teims used

herein havé-the. meaning commonly understood by one of 25skill in the art to which the present
invention pertains, unless otherwise defined. Reference is made herein to various methodologies and
materials |FcwhembeiBethf BRI tREC AR SiddIRG Robrb e oS B enfdipiettitdgdreral
principles gfmbaraaselegwinehedrcadmen, and Gilman sofifei RhanhacolegioghBasishafct
Therapeutics, 101] Ed., McGraw HiIIIC%?éJ?nies Inc.,tN?W Yogl&}(}Z&O%). &rﬁ){ %%gple materials and/or
methods kIOWHRGS HREEE Bo38 S Hah et R R O tRE reaant venition. However,
preferred materials and

n certain embodiments of the method of treating 2 INK-mediated disorder, the JNK-

mediated disorder is characterized by cellular proliferation. -

In certamn embodiments of the method of treating a JNK-mediated disorder, the JNK-

mediated disorder is arthritis.

In certain embodiments of the method of treating a INK-mediated disorder, the arthritis 18

rheumatoid arthritis.

In certain embodiments of the method of freating a INK~mediated disorder, the INK-

mediated disorder is asthma,

In certain embodiments of the method of treating a INK-mediated disorder, the TNK-

mediated disorder is diabetes.



WO 2009/132980PCT/EP2009/053/438 -I 8- methods are described. Materials, reagents and the like
to which réferéi¢a 88imade in the following description and examples ar(OHEERAHIS46din
commercial sources, unless otherwise noted. The definitions described herein may be appended to
form chemically-relevant combinations, 5 such as.{keteroallcylaryl,” "haloalkylheteroaryl,"
"arylallcylheterocyclyl,” "allcylcarbonyl,” “allcoxyalkyt," the like. When the teun ~alkyl- is used as a
suffix foIIowiﬁEnaaﬁgo? 319 i@?}%}?tgg %ggpﬁigﬁlﬁaﬁ}:y ?ag}réghay roi?éei%ﬁfﬁ%lssci’sr |?ﬁ"eth m refer to an alkyl
group, as defifeet alxové;he kglsutrstituteet swith one to two substituents selected from the other
specifically-named group. Thus, for example, "phenylallcyl.” refers to an alkyl group having one to two
10 phenyl substituents angtausrincludes-Repndaplienyietyl. st bipheny. AR jallylaminoalkyl” is an
alkyl group having one to two allcylamino substituents. "Hydroxyalkyl" includes 2-hydroxyethyl,
2-hydroxyprepgicd dRgdes§REdRAND S fethApropyl, 2-hydroxybutyt, 2,3-dihydroxybutyl, -
- 2-(hydroxymethyl), 3-hydroxypropyl, and so forth. Accordingly, as used herein, the term "hydroxyalky!"
is used to gefineia swbsetlmeiiiciematiyl grinpsitlefinse belevatdhaderdar- (analiey refers to either
an unsubstituted a@é 08( an ar%lk I.gr%u . The term (hetero)aryl or (het)aryl refers to either an aryl or a
heteroary GrOt “THE T BEJFAS USEET herein denotes a group of fommla -C(-0)R wherein R is
hydrogen or Lower alkyl as defined herein. The term or "alkylcarbonyl" as used herein denotes a group
20 of formina gD RibadarsisRishal e Eiaefireing i Krms distel GB@ dseytheleis-to a group
-C(=0)R conigin. 6 carhan-atams. The term "arylcarbonyl” as used herein means a group of formula
~ C(=0)R wherein R is an aryl group; the term "benzoyl" as used herein an "arylcarbonyl!" group wherein
R is phenyl. The term "alkyl" as ysed herein denotes an unbranched or branched chain, saturated, 25
monovalert R§BRGEEFHROK! %I}Hlfgfl E5rEATHIRG %8"?6‘%%%%#%{‘6 9% GBI BREF TIEI" denotes a
straighg or hvanshetebaisdyeracarhen ksiduescontainingd:te 6 carbon atoms. "C1-10 alkyl" as used
herein refers to an alkyl composed of 1 to 10 carbons. Examples of alkyl groups include, but are not
limited to, 1nS.in , irpropyi -butyl, 1> | or pentyl,
sopenty | e e A RG0S E 5- when e
term "alkylM&umedistsdaisottiztllewieg Srfotheictafntstna phenylalkyl,” or "hydroxyalkyl," this is
intended to refer to an alkyl group, as defined above, being substituted with one to two substituents
selected fromybe:mbarspeaificaliydaames-greun. daus fonexaprlevkphenwiaiykoarnates the radical
R'R"-, wherein R' is a phenyl radical, and R"Js anb alkyﬁene radical as defined hpr infwith the
(nderstand AR dACHTREABS S 87b BRE Ay G BTkl Be SrPEHS hARRe radical.
Exampies ofzaeydalkyl-radieals divclarde Ptk aven ati beaite dhth e benayblphe ety ka3t phebylpropyl. The
terms "arylalkyl" .or 'c;argllk}{l" are {Lr%tegpregedfsiirrgé%g){bexﬁgo%%t R IS gntf;%ﬂ\;ra%%catllvjhe term
"(heearyla®JF O REEETAIRYT Hre interprte ed S|m|Iarfff“’excep?lﬁp‘fél optionally an-aryt or & heteroaryl
radical. 10 aBEherfeirmatalotengbasdised herein denotes a divalent saturated Linear hydrocarbon radical
of Ito 10 carbon atoms (e.g., (Cl-1,))or a branched saturated divalent hydrocarbon radical of 2 to 10
carbon atom%&g-&pe&'ﬂé%ﬁkﬁb&?%ﬁ&p%ﬁl_mmbeﬂwﬁﬁdﬂ@mm@%@pt in the case of
che

methylene, the open valences of an alkylene group are not attached to the same atom. Examples of
alkylene raffIERIQURERIGEY B A HoAMRTREI RS dHBIHY afB sk yTkRe! least one pharmaceutically

20 acceptable carrier, excipient or diluent.

All publications cited in this disclosure are incorporated herein by reference in their entirety.
Uniess otherwise stated, the following terms used in this Application, including the

specification and ciaims, have the definitions given below. It must be noted that, as used in

[P L 14

the specification and the appended claims, the smeular forms “2”, “an.” and “the” include
T Pr B :

REE L TY

plural referents unless the context clearly dictates otherwise. Thus, the phrase ““a” or “an”

o
th

entity” as used herein refers to one or more of that entity; for example, a compeound refers to
one or more compounds or at jeast one compound. As such, the terms “a” {or “an”}, “one or

more”, and “at least one™ can be used nterchangeably herein.



15 propylene, 2-methyl-propylene, 1,1-dimethyl-ethylene, butylene, 2-ethylbutylene. The term "alkoxy"
as used h%@%ﬁb?ﬁ??sﬁn -0-alkyl group, wherein alkyl is as defined abOV%éJIlﬁﬁ) J@gm y, ethoxy,
n-propyloxy, I-propyloxy, n-butyloxy, i-butyloxy, t-butyloxy, pentyloxy, hexyloxy, including their isomers.
"Lower alkoxy" as used herein denotes an alkoxy group with a "lower alkyl" group as previously
defined. "Ci-th alkoxy" as used herein 20 refers to" ﬁ”—O-aIkyI wherein alkyl is C1..10. The temi
"allcoxyalkyk' asdigethhereiifieféss tatibtheadicat R iovehpheireRris amedlkox p f ddicidias defined
herein, ang R Is an alkylene ralical o defined herein,with the understanding.hat i atasment
point of the gﬁ(“oxyarmjyf”m er Will Beron the aﬁﬁy ene radical. C1: alt«%(ya denotes a grogt’jp
wherein thétedkigl pertiomisasompeisgdrpfetei2s warponvatp ms e stlydives of baryamaatorss i the allcoxy
portion of g GGHR- ik, Ak REE el oM RIS 2 SRURWIGLSID e Al RRianJs comprised of

1-6 carbon atoms and the alkoxy group Is 1-3 carbons. Examples are methoxymethyl, methoxyethyl,
methoxXyprasyrrasdsexyshskinas irosetbeiice ey prepyrypgrepyieaadispyil siethoRiisutyscétioxybutyl,

propyloxylytyle Ruty iyt Uty ubuitomethexypeiyl ahioyReak 130 REaRVIXYRENtY!
including their isomers. WO 2009/1329 0PCT/EP2009/0546§8 -20- The term "alkylthio" or

"allcylsulfaffyPOPBREREIRS dr leslesRi IOty TRAE @S aimeyt R SeTHRIR S aBEVBSLAACAE S étnthio,

ethylthio, nypiaRYIEN R iR OBY RIS dIrkiatyIthio, hexylthio, including their isomers. ‘Lower alkylthio" as
used herein denotes an aLkylthio group with a "lower alkyl" group as previously defined. "C1-10

alkylthio” as used herein refers to an-S- 5 alkyl wherein alkyl is CI.10, "Phenylthio" is an "arylthio"
moiety whéreIFEHFISTPHEHGS TRRE TR BIRGICHBHIISTNGe T afidamSHymfifnoas used herein
refersitp a greuRriof fapmular-Ne(s0)Bawhereir R.isiadiyd acaryloespeetively and alkyl and aryl are as
defined herein.  The 'icons "alkylsulfinyl" and "arylsulfinyl" as used herein refers to a group of formula
- 10 S(=0)R wherein R is alkyl or aryl respectively and alkyl and aryl are as defined herein The terms
“alkylsulforiyl® SitF AMIREGRETRAY a8 JSEH HETEIGatEIe o B fot 5 8P ol S 282 R herein R is
alkyl or aryihrespeciively argdaaly aodaichaseashdeafined hereirhE hevermhthetaroalkylsulfonyr as
used herein.refers herein dengtes a group of formula -S(=0)2R wherein R is,"heteroalkyr as defined
it ] plRvoalkyl,

e
nerein. 16 PRGSOV FTIRG" SHEAH s Ry L oPRS T HAVETH RIS a group of
formula -NR'SE2)2R idfarelnsRiisiapeyliontdy ylarespectivebzeW isciydbgemn be Citdalkythd&id alkyl and
aryl are as defined herein. "Aryk: 1 5, &, Qvalent ic.aromatic hydrocarbon moiety consisting
of a m%no-c é)rr%trrlllgytgﬁg ’aor%@n{gtlIch%%%r.ﬂ) E‘é%%ldgr%%% 8%§§}bﬁé%éoé%%ally substituted as defined herein.
20 Examples of aryl moieties include, but are not limited to, optionally substituted phenyl, naphthyL,
phenanthryiikrosenytrindlerylg pental@ R &uRTyR S¥/diRhatyR Bigtie Ryl, RiethlIBAetighenyl,
aminodiphepyl, diphe 1yl di l,.di i pylider ' yl,
benzofu rar%ﬂ‘,g, er&%&%%?ﬁ#géﬁgg gg%%ﬁi%% ztg%agzt}ﬁ%%ﬁ&gz{%x%gﬂ%@ﬁ %%e%%%%%g dinyl,
benzopiperazimpphiissrezapgmaslicireyibeh zo tho (phisivn yivemsey Epn ddionjiohemytadtpgamesdiendiphenyl,
and the like, ipcliding Rartialy ydrogenaied dery@ivesdheerd, combinations of substiments

20 and/or variables are permissible only if such compounds result in stable compounds.

The symbols "*" at the end of a bond or " ===~ " drawn through a bond each refer to the
point of attachment of a functional group or other chemical moiety to the rest of the molecule

of which it is a part. Thus, for example:

MeC(=0)OR* wherein R* = »—< or <] =2> Mec=00—

25 A bond drawn into ring system (as opposed to connected at a distinct vertex) indicates that

the bond may be attached to any of the suitable ring atoms.

The term “optional” or “optionally” as used herein means that a subsequently described event

or circumstance may, but need not, occur, and that the description includes mstances where



"Cycloalkyl" means a monovalent saturated carbocyclic moiety consisting of mono- or bicyclic rings.
Cycloalkylvg r&&b%g%ﬂy be substituted with one or more substituents, whgrgip eaghsybstituent is
independently hydroxy, ailcyl, alkoxy, halo, haloalkyl, amino, WO 2009/132980PCT/EP2009/054638
-'1- monoalkylamino, or diallcylamino, unless otherwise specifically indicated. Examples of cycloalkyl
moieties include, but are not limited to, cyclopropyﬂzyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
and the likéyciretmding partiziynonsaturated deteatyes where of dociGyel dadkydsdioplte mean a moiety of
the formula -Ra-Rh, w 'is alleyt d | I , efi j e term
"heteroalkogj(é%l%%ahlj gé%%{é%ueﬁérﬁl%%%?r% - -(ﬁ)gtg?oa %%g%% %ﬁgrﬁqﬁﬁgﬁggﬁﬁ%g ddefined herein.
C1-10 hetdrshilgsryorgsugdtusatein refers to an-0-(heteroalkyl) wherein allcyl is C1_10.
Representative examples include, but are not limited to, 2- d imethylam inoethoxy and 3-sul

fonamido-%rs @iy e (eHP- HelRaalihapHsarheleiy elaB 0 an alkubdadiealas defined
W pl

herein wherein one, two or three hydrogen atoms have been replaced with a substiruent independently
selected fropretirsigronpledsiagiy Sfubie(ar INRaRonghdl 8 @S ewHe Aegaagss 9tBgeér from 0 to 2),
with the unglgsfanding that the RGNt gﬁ@é@@ﬂ@mﬁm&a%reﬁmwg%&%@&&@agh a carbon atom,

wherein le is hydrogen, acyl, alkyl, cycloalkyl, or cycloallcylalkyk Rh and Re 15 are independently of
each other hydrogen, acyl, alkyl, cycloalkyl, or cycloalkylalkyl; and when n is 0, Rd is hydrogen, alkyl,
cycloalkyli BRiFar aReriliy | usich FREN N e A GPPT REME ey Byicreaieyp icirusalleafkoidmino,

aCy|ami”0Wﬁéﬂ'EB@%Eiﬁ‘%H%ﬁpri%%%@éﬁ@@oﬁfi@a@ﬁlﬁ%vﬁﬂ?wﬂﬁn%&ﬁ%{g& e tes ehysifexyethyl,
3-hydroxypropyl, 2-hydroxy-1 - hydroxymethylethyl, 2,3-dihydroxypropyl, | -hydroxymethylethyl,

3-hydroxy Ut K tERey A B2 RO Anth BN S PR E FRnG LAY o8 BB PG R Lothe
methylsulfesdetindoarpinesuiasmethivd; 8 inesulonylethy kraninadwienylpropyked vaiue by
methylaminosulfonyl égyl, methylaminosulfonylethyl, methylaminosullonylpropyl, and the like. The
term "hetePo‘éﬁK}WS%/Grﬁg foaromatic" as used herein means a monocyclic or bicyclic 25 radical of 5 to
12 ring atoms having at least one aromatic ring containing four to eight atoms per ring, incorporating

one or morgsNai, ipheieroatonisy thademainingibin gaiamsibeingxashenicwihpoendedenstanding
that the attachment goint of the heteroaryl. radical wigrb?eon an aromatic ring, ﬁ\ W%Ié known to those

\ ¢ i S

skilled in tr?é“%’r‘,‘sht& Poré’r’;ﬂfﬁﬁﬁféf%w& T8 éegP(?ﬁ%%?ic c arté%?é? HERTREIFaltear %r% counter parts.
Thus, for theiputipases: obtheinvanticled 30 d diete poarybgrotgn needtomly. Naweosamezdegade of
aromaic chargeler, Cxamples,of, WO,2009(13980RCTIRE20S/051638 e Delereandmpistes
include monocyclic’aromatic heteroc cles aving 0 o0 ring atoms an

whose chemical and physical properties are consistent with a mixture of compounds. The

position of the equilibrium is dependent on chemical features within the molecule. For

example, in many aliphatic aldehydes and ketones, such as acetaldehyde, the keto form

predominates while; in phenols, the enol form predominates. Common prototropic tautomers

20 include keto/enol (-C(=0)-CH- S -C(-OH)=CH-), amide/imidic acid (-C(=0)-NH- = -C(-
OH)=N-) and amidine (-C(=NR)-NH- = -C(-NHR)=N-) tautomers. The latter two are
particularly common in heteroaryl and heterocyclic rings and the present invention

encompasses all tautomeric forms of the compounds.

Technical and scientific terms used herein have the meaning commonly understood by one of
25  skill in the art to which the present invention pertains, unless otherwise defined. Reference is
made herein to various methodologies and materials known to those of skill in the art.
Standard reference works setting forth the general principles of pharmacology include
Goodman and Gilman's The Pharmacological Basis of Therapeutics, 10" Ed., McGraw Hill
Companies Inc., New York (2001}, Any suitable materials and/or methods known to those of

30 skill can be utilized in carrying out the present invention, However, preferred materials and



to 3 heteroatorns include, but is not limited to, pyridinyL, pyrimidinyt, pyrazinyl, pyrrolyl, pyrazolyl,
imidazolylyaxaged,isaxazole, thiazole, isothiazole, triazoiine, thiadiazole apgd-0xasliasginggvhich can
optionally be substituted with one or more, preferably one or two 5 substituents selected from hydroxy,
cyano, alkyl, alkoxy, thio, lower haloalkoxy, aIkyIthlo halo, haloallcyl, alicylsulfinyl, allcylsulfonyl,
halogen, amino, alicylamino,diallcylainino, aminoall ?/T alkylaminoalkyl, and dialkylaminoalkyl, nitro,
alkoxycarb@ﬁmcaiﬁdlcafwrﬁwﬂ mm&mmﬁ@qﬂtwaﬂ(mcélﬁm@&izcargdwcbamylmatkyinahbonylam|no
and alcaghrylgmine. fxameles. oL IRXCIF RBIENES RS Rhals,nol iited g, quinolinyl, 10
isoquinolinyl, ben ryI enzot oph y] benzoxazolc, ben2|soxazo e, enzothlrl zoIe and
benmsoth@ﬂ%ﬂ@”@‘i’c@@ﬁ-‘é moieties can be optionally substituted on either rlng however the point of
attachment is on a ring containing a heteroatom. The term "heterocyclyl", "heterocycle", or

Theterocycife iy A yrettherilh aanen e unanpalenteRiMAsc sl radioal, canmiaing.of one or

more rings, preferably one to two 15 rings, of three to eight atoms per rihg, iIncorporating one or more

ring heterc@tehss (Babsefy&ry N, Ohglos @walwh%ﬁléﬁﬁﬁﬁmW%e intefeeremtly’ substituted

with one oF- Qs ke er aiNger weﬁtmét«ewﬁntﬁ@ﬁ*eﬁta@cmmdQM%%HQWgxa@faemw&f alkyl,
lower alkoxy, Lower aloalkoxy alkylthio, halo, haloallcyl, hydroxyalkyl, nitro, alkoxycarbonyl, amino,

a|ky|am.noaéadﬂkya%teﬂf%%kﬁéry@umyﬁwxaﬁ&bAm.%mmm shiaflammusaleheroM s dRBASTamino,

arylsulfonydasua Q)@@iﬂ@/flﬂﬂ@tﬁ@@ﬂrﬁ&ﬁ)dn afylan @@@ﬁtﬁ@ﬁw selkcarRaMIR NG, spederREIBNYlamino,
unless otherw |nd|cat ;fam les fhetero |cals include, but are not Limited to,

azetidinyl, %‘W idifyE h Q‘é“h ar yI | PBZRY, b‘%&ﬂﬁ&ﬁw%‘ﬁh RStATSORERT,
oxazoml|nyﬂhéh}aaabdmydmlspmaiz@hdlnyﬂuﬁmrbﬁﬁi}mmmwa@nyhcpmﬁmiwlAﬁtrahydropyranyl

25th|omorgh lidin d |m|da t|n I Preferrabl teroc "heterocycle”, or
heterocyclogw érlnl"ﬁs a?ﬁcjrp]ﬁ’ ?{lny )%Trolﬂjdlnaf/t1 Bré{rj"l r%’floogr/ut(grgﬁ yflLThe term
hydroxyall@ydascys&gﬂhmeﬁmﬂdsehdﬁw@watkﬂ @aﬂmﬁb&mhan@]nl (—X(hﬁfde:dcyvimtgnh bne to three

hydrogen K X mmon used
abbreviatlc?é%[ﬁﬁcl? %cf%} aceg/ﬁh%%{é% n%%éﬁ lﬁ%t)éf gﬁlﬁﬁllg @6 I§I )%bé/t p%é(%?s ?‘ﬁix

9- borablcy@ﬂkﬁ[soﬁm}hom@%ﬂwbﬁﬁ@smrﬁt@rttb@tostycéWQWf\’BEb)1@&%@*%6@1@)&@@‘@3@0%@ or
boc a@hydﬂﬁﬁe@%@agcw Epar-%éydéﬁﬁh Bt (Ceie EhemigaliEASUACIS SRagISl AT N HKMBRG (CASEN)
benzyloxycarbonyl ( or Z), carbonyl WO 2009/1 980 CT/EP2009/054638 azole (CD1), |
A4- d|azab|c}}&bé[9?2@%@%@@AB@@)tcméfhyrém)ﬁ@é@mﬁlaetﬂﬁwélr@@emmﬁyr@méﬁ&w@eneacetone
(dba), 1,5-diazahicyeidh3.0Jnon-5-ene (DBN), 1,8- diazabicyclo[5.4.0]undec-7-ene (DBU),
N,N'-dicyclohexylcarbodiimide (DCC), 1,2- dichloroethane (DCE), dichloromethane (DCM), diethyl
azodicarboxylate (DEAD), di-iso- 5 propylazodicarboxylate (DlAD) di-iso-butylaluminumhydride
(D1BAL orT[bPBtﬂeﬁlHycmlsﬁ Bﬁ&%@ﬁﬁ@?ﬂﬁﬁ%@ (BB INONIBIATSIRYD M othsHiRe ROMIYT 2R N-

dimethylarginepy#iding (RMAR:N:Nshimetyitonnamide kM by dimethyd suaxide d2MSRp
1,1r-bis- (dﬁ)henylpho hlno)ethanegéope) 1.1'-bis-(di henylphosphln@)ferrocene (dppf)
t

1-(3-dlithet 9@%& pyYR VBRI A ot foritle (RO ettt ieiso éwlgeatate
(EtOAC), eﬂn:a(ﬁQJ)EEtQhk)ﬂa{eﬁaﬂ:)@fraidrﬁUIrmim@rm tatheaylie acic ety iesier tRERQ)digikyl ether
(Et20), O- (Z azap gg |%}gjoe %1 -N, N,N' N -tetra eth Iur;;lﬁ!um hexaﬂuor hosl%date acetic acid
(HATU), acetic ac rox%’e%%ﬂyazcﬁ tr)lz?ﬁ’ haf)lué é‘ﬂa chromatography
(HPLC), |S&pﬂomm\A@{)u}htWhﬁmhékmﬂnw}dmIazane (LIHMDS). methanol (MeOH), melting point
(mp), MeS02- (mesyl or 15 Ms)" methyl (Me), acetonitrile (MeCN), m- chloroperbenzoic acid (MCPBA),
mass spe ms) { I eth MTBE) -bro C|n| S), N-carboxyanhydride
(NCA), N orogé%lccﬁlrg??’da\é t’hfé] morp oli ﬁlg%\g pyrs) dtfld%n(é (NMP),
pyrldli:’n:ummhtmmihmhmm(mmsymdlnmwhaidmgrbmdl@qd?ﬁiﬁ)atpfmnyll(@h)npmpydn(E!infSo -propyl
(i-Pr), pou I I m ire 2 rR

tent- butyld?r%%ﬁ%rlg%ylﬁgﬁ%gg I\r/%g%’:i&%%%plﬁ }érci)er%% gfﬁﬁgg ﬁé\ orr%(g Car-lg)}‘n atoms.
2,2,6,6-tetrainctiipioesdirns Ressiyl r(sffawrp@r) aﬁ&fﬂhﬁ@mmss@s@zto(marmrmlm (TEA),

L,1-his-2,2,0.8 %%W%ﬁﬁ?@@@?c 26 HIAREIEMERr alkyi groups include methyl, ethyl, propyl.
0-benzotriazol- N,N',W tetramethiluronlum ‘tetrafluoroborate (T é BTU), thiri layer chromatography

(TLC), tetraR§RAH di‘al?P@leé)“‘ﬁf BRIV eSS YTIvIS)S B ﬁéémfaﬁmC@aWﬁéhydrate



25 (TsOH or pTsOH), 4-Me-C6H4S02- or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA)"
Conventi% m@@ture including the prefixes normal (n), iso (1-), secppgpLasakcigrtiary (tent-)

and neo have their customary meaning when used with an alkyl moiety. (J. Rigaudy and D. P.
Klesncy, Nomenclature in Organic Chemistry, IUPAC 1979 Pergamon Press, Oxford.). 30"Heteroalkyl"
means an alkyl moiety as defined herein, includinglgbranched C4-C7 alkyl, wherein one, two or three
hydrogen atbmsthavsrbéelryEplaced withsaf§ulfstiveingindepentontysselcchenyirdiy thergroup

consising gt R, IR A0t SRS (KISIe IR W 2009 13RSBPRCTIERRA0540gS 2¢-an

integer from O T e understan atthe p ttachment of the heteroalkyl radical is

through a vafboncatoiwowhierainema seltyelt digen ot elRpEcifemdativgnas pepalgHaIYT: Rd and Re

are independenily of each.ather fivdraoen -aaxk alkyh. cyalaalicuhion prelRativilltybane-whan nis 0,
Rd is hydrogen, alkyl, cycloallcyl, or cycloallcylallcyl; 5 when n is 1, Rd is alkyl, cycloalkyl, or

cycloalkylaikgitcandadiseian dsiner dasmryitbdheryarcryrndje i RaIaf 2 rAY, PSS, mono
alkylamino,pidiaikylanaing, Renresaniative exrmplasinchiday bubaseynotimied:e 2 fidroxyethyl,
3-hydroxypropyl, 2- hydroxy-I-hydroxymethylethyt, 2,3-djhydroxypropyl, 1-hydroxymethylethyl, 3-
hydroxybuBjt %%namyamwuaﬂ?%%?a&me%ﬁ%spé’ﬂ;gﬁ?%r?ﬁ%m, $RHIROpIBpyl, 10
2-mﬁtfllylsulmb|(%etmfb ﬂ%ﬂ%@@ﬁdﬁgﬂ?{imﬁwbl@mf i Ichm;‘@fwlﬁhmamtrmuﬁ@nwmpyhncyi" ot
methylamingsulfo ethyl, methylaniinosulfonylethyl, methylaminosuffonylpropyl, and the like.
"Heteyroary?&?\%ag%mﬁ%%ﬁg%ﬁg%sl%%’fl?caﬁ%’ ﬁ])%)él/%% ofi?) (fgt %Wgagtab%sg %%gf%%é% eggiglgﬁlé aromatic

ring containing one, two, or three ring heteroatoms selected from N, 0, or S. the 15 remaining ring
atoms beinghE1epithrihe lundeisianding dhatdheattathaentpaintaf iheshateroanyboadicatavit be on an

aromatic ring. The heteroaryl rin optjonally substituted,as.defined herein. Exa of
heteroaryl }n% ilﬁ&égi]ﬁ%fﬁ%, %&‘f'a'rg?%f ?‘%ft% rfb?%%%é%%ﬁ?%%%ﬁ?%ﬁ% y:%lr%? g%% ?I,rab&:%(égz?o%elfisoxazolyl,

thiazolyl, isothiezalyin axadiazaty 1 thiddiazolyH Stz thienyh) ki ogkenyss fodaeatdpyraesr! pyridinyl,

134, lyi, 20 pyrimidyl, pyridazinyl. quinalinyl, isequinol| [ naapy
pyTO1S4, pyigal 20 YTIGN! YIGEE L UG L seauRlVL RS PRy,

benzothiophenyl, benzothiopyranyl, benzimidazolyl, benzoxazoly

benzothiadiazolyE bemnropyfatist)dneotyic isoindod, indaront; rnaiksly, maimpngdiRviainyl, purinyl,
qui“é‘%%'inﬁrgggi@aéﬂ@ﬁﬁ?fzpmyg&gﬂyh]@I&{;&% 1. carherolylarapinykadiazaping, acridinyl and the

like, includ artially rogenated derivatives 25 théreof. The terms "halo," "halogen,- and "halide"

are used interchangeably herein and refer to fluor, chloro, bromo, and iodo. "Haloallcyl" means alkyl as
defined hef@in terwhidkospe asrwedrecrsjdimests hasbebiyreptapenpainsding 1o e et Halvgen.

Exemplary ajoaliyix aduda G L s GHRGRRoR0 ARG oS RARHox  FbuaAthte ike. WO
2009/1329%0PCT/EP2%%9/054 38 E5251‘-”Q Fplopésy ot 9 |

pentyloxy, hexyioxy, including their isomers. "Lower alkoxy" as used herein denotes an

alkoxy group with a "lower alky!l" group as previously defined. "C;-10 alkoxy™ as used herein

20 refers to an-O-alkyl wherein alkyl is Cy.qq.

The term “alkoxyalkyl” as used herein refers to the radical R'R"-, wherein R' is an alkoxy
radical as defined herein, and R" is an alkylene radical as defined herein with the
understanding that the attachment point of the alkoxyalkyl moiety will be on the alkylene
radical. C,. alkoxyalkyl denotes a group wherein the alkyl portion is comprised of 1-6

25  carbon atoms exclusive of carbon atoms in the alkoxy portion of the group. Cr.s alkoxy-Cis
alkyl denotes a group wherein the alkyl portion is comprised of -6 carbon atoms and the
alkoxy group is 1-3 carbons. Examples are methoxymethyl, methoxyethyl, methoxypropyl,
ethoxymethyl, ethoxyethyl, ethoxypropyl, propyloxypropyl, methoxybutyl, ethoxybutyl,
propyloxybutyl, butyloxybutyl, -butyloxybutyl, methoxypentyl, ethoxypentyl,

30 propyloxypentyl including their isomers.



"Heterocyclyl" or "heterocycloalkyl" means a monovalent saturated moiety, consisting of one to two
rings, inc rati two, or three or four heteroatorns (chosen from nl!,g qu]&g,og ¥963:0" sulfur).
The hete%&‘/)c@qgﬁ%%&ﬁay be optionally substituted as defined herein. Examples OT% i
heterocyclytmoieties include, but are not limited to, optionally substituted 5 piperidinyl, piperazinyl,
homopiperazinyl, azepinyl, pyrrolidinyl, pyrazolidin";?l(,)“lmidazolinyI, imidazolidinyl, pyridinyl, pyridazinyl,
pyrimidinyITloxazolidiiy] tidoXaz Slitkinl  faoyPhelinyl dhiaZblhdiyy b isathielzotidirgkyg isimaclidinyl,

quinolinyt, isagquinglinyl, benzimidazolyt, thiadiazolylidinyl.. benzothiazolidinyl, benzoazolylidinyi,

dinyrofurs S et A HSTES e s TSR,

thiamorph@Hﬁytﬁpﬁd&ﬁl@ﬁ&@mrﬁafﬁwh@ﬂﬂwtﬁu%ﬁ@p@ﬁﬁy@mmwtwl?Ei@ﬁ%dt@i@@g@moﬁﬁm@ _

etranyaroayaaline, eliydiseanininylLard e e ARpral SRS ed eARR.a subsituent
independ

which is substituted-ir aently with“zero to three substituents selected from lower alkyl, halo, OH,
cyano, ambiey nitherdevidinaiikdxy cor Rafaibier syl amthieaviriegrotlisreneibia RIOUp. with the
meaning conventionally associated with it in synthetic organic chemistry, i.e., an atom or group

displaceabie updet sLStLERR{RAGHRR caNditens, Examnlesof leaying.aroues aclyds, puk are not

limited to, halogen, alkanc- or arylenesulfonyloxy, such as methanesulfonyloxy, ethanesulfonyloxy,
thiomethy|,fcﬁ@ﬂ%@d&&ﬁﬁ@ﬁ%Wf@@gﬁé&%@g@mﬁg@@@yrwﬁ%&m@%ﬁméw@i Iroptiondmsubstituted
20 benzyloyyeigopropyloxy, acyloxy, and the like. "Optional” or "optionally" means that the
subsequently described event or circumstance may but need not occur, and that the description
includes instances where the event or circumstance occurs and instances in which it does not.  "Ago
st" refers t3 RedBmpoaikalthEiBAhant ey e BBt opshBaTeR ds R so AdBRB QIS I Mssite .
"Antaggnisti-refer iR somnraund thakdiripishies okpieyentaihedrirnoianeibarcampound or
receptor site. WO 2009/132980PCT/EP2009/054638 -26- The term "drug candidate” refers to a
compound or preparation which is to be tested for possible effect in the treatment of a disease state in

an animal, Tgivamsseisy pidmsl’ sad dnilyebmibiaeussd i Raeim Bisstencidvmiarne term
"homologogs:@srusad Bereinsrafensoiua prafeinihal pedfenms sdstantaly deedk sameadungtion in

another subject species and shares substantial sequence. identity, to the extent that they ar
recognized TihE ARSI R e AT 1 e e RBIEn. STHEY g BRIV A IHE species
in which theyasnfRundhdbusfer exatripled hursan ERG, mouse ERG, and rat ERG are all considered
homologous to each other.  "Modulator" means a molecule that interacts with a target. The

interactions include, byt are 10 not limjted 1q, agonist, antagqnist, a (g the like, as defined herein,
Disedser SR T A S AHED Aty SR S I e ARt FCHARon. The
term "cell tibetnmefer RS @OloResbEinimR itadiketlmaryimaliactcells, B ishaliteaetdiie.isiaytell line that
exhibits sugI?é%rﬂEia}l%vF% %nﬁisa%ergsc&%%ae%tgrci%gs over time (e.g., with each doubling). A stable cell line
within the scopeg is ihvéntion provides a substantial 15 proportion of cells that are capable of
providing a seal resistance of greater than about 50 MOhm, a current amplitude of greater than about
200 pA, anthpyblidenns currentameplitydecthatnoseshydtorarydaynmory tiham apgrokinatedy, 20%rover one

are pharm T b1 acological
activityof theappisacitrgompouerdinsiudh. Saitsrinedn ety acidpicidialbn sdistiseAritbowth inorganic
acids SuChn%ﬁﬂ?ﬂ?ﬂ%?&[ﬁ%ﬂgﬂuomnyl, indenyl, pentalenyl, azulenvi, oxydiphenyl, biphenyl,

methylenediphenyl, aminodiphenyl, diphenylsulfidyl, diphenylsulfonyl,

diphenylisopropylidenyl, benzodioxanyl, benzofuranyl, benzodioxylyvl, benzopyranyl,

benzoxazinyl, benzoxazinonyl, benzopiperadinyl, benzopiperazinyl, benzopyrrolidinyl,

benzomorpholinyl, methylenedioxyphenyl, ethylenedioxyphenyi, and the like, including

o
o

partially hvdrogenated derivatives thereof.

“Cycloalkyl” means 2 monovalent saturated carbocyclic moiety consisting of mono- or
bicyclic rings. Cycloalkyl can optionally be substituted with one or more substituents,

wherein cach substituent is independently hydroxy, alkyl, atkoxy, halo, haloalkyl, amno,



hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with organic acids
such as a 802 'Hsgggzenesullonic acid, benzoic, camphorsulfonic acid ¢itfje 't%ﬂ&g%ggesulfonic
acid, fume%ﬁc ag%l, gtucoheptonic acid, &conic acid, glutamic acid, 25 glyc](;%'c a(l?(?, ydroxynaphtoic
acid, 2-hydroxyethanesulfonic acid, lactic acid, ma[)eic acid, mak acid, malonic acid, mandefic acid,
methanesulfonic acid, muconic acid, 2- naphthaleﬁééulfonic acid, propionic acid, salicylic acid,”
succinic acishntzaitarimacid gptdllenesitfonic iasiditaméthytecéiic Beithdadethelileeydesy 25 salts formed

when an acidic proton present in the parent compound either is 3 re(% ced.by a metal ion, e.g., an

. 3 v 1
kel met e e S b B B ooer0mas3s
-27- coordityaiebewithcanlobgeivic anditior Jainicnbhsen oo piabiassigetid Besesiivistgaediethanolarnine,
ethanolamine, N-methylglucamine, triethanolamine, tromethamine, and the like. Acceptable inorganic

bases incluge abuminum Pydeaxide. salcivnmbyerexide Rrotassinaytioxidecsedink carbonate and

sodium hydroxide. 5 It should be understood that all references to pharmaceutically acceptable salts
include’ soRkAhtHEdifib ASRASIREIBates) or crystal forms (polymorphs) as defined herein, of the same
acid addition salt. The preferred phaimaceutically acceptable salts are the salts formed from acetic
acid, hydrodhseiondbictesulishurit aaciskdhethamesutfonic Qdi; tenzdBiwl agidpp dephorictacidikidrtaric 10

acid, citric @%Qﬁi&%%péirp%?ﬁiiﬁ'%rgﬁlﬁ&wa%iﬂgec?ﬁéjré?ﬁatg_@&§%@n@—?ﬁ@é‘?@éﬁ%ﬁ%&?&h’ ent

additions forms that contain either stoichiometric or non stoichiometric amounts of solvent. Some
compoundglidve @ tenBentsseatatays avadanbldbdatiororsonss hinrelioules in the crystalline solid

state, thus(fgﬁg%f{%gagﬁg% fAhe selvetiswaterihg.solvate formed is a hydrate, when the solvent
is alcohol, the solvate formed is an 15 alcoholate. Hydrates are formed by the combination of one or

more molecules of water with one of the substances in which the water retajns its molecular state as
1120, St Lo BRGSO BT EF ot HOTE o 4o S HeRgtoe FRSHT AR anc
birds. "Mamwalsthmeapdrapnmiembanaf thenmmcadliaitlassiindiudindgadupendddiiteddedhumans;
non-human primates such as chimpanzee: 20 att and monkey. species; farm animals
such as ca%%l}rﬂlocr e%lfpsﬁ%nesﬁ)s,nélgaﬁ?@\%d @vﬁ‘g}g;’ 8%&?3%?\?@5%%30 R 55T %Tt?déqgégjeé" d cats;
laboratory aitimbisiinkindindgingdixtdicspmhtad zhtshmine patid: aiowalpigsading thélikegiThe term
"subject” dogs o dengie. A RariculRAdR er.Sex wl-h craR- it catty, effeative AUt means an
amount of gacggmﬁﬁljﬁﬁefet,lw er%JI %rﬁ%%st’eafeﬁfz%{%’a%gﬁe t for tr}éa{én%l%%%gase state, is

sufficieht tereffedirsudpntis atngesit fohahbydisgesaathielkThe veheakipb ot camoelfatave aandunt” will vary
depending,on.theicampauidadissasasials hsing freatedidhg Asnsiityorihediseass teated, the age

and relative health of the subject, the route and form of administration, the judgement of the attending
medical ordgterialgaprdeftiplreH BAt Y81 PRe RFPSARO- 206571130 UBOPRPAESSBOY54638 -28-

examples mclude, but are not limited to, 2-hvdroxyethyl, 3-hydroxypropyl, 2-hydroxy-1-
hydroxymethylethyl, 2,3-dihydroxypropyl, 1-hydroxymethylethyl, 3-hyvdroxvbutyl, 2,3-

20 dihydroxybutyl, 2-hydroxy-1-methylpropyl, 2-aminoethyl, 3-aminopropyl, 2-
methylsulfonylethyl, aminosuifonylmethyl, aminosulfonylethyl, aminosulfonylpropyl,
methylaminosulfonyhmethyl, methylaminosulfonylethyl, methylaminosulfonylpropyi, and the

like.

The term "heteroaryl” or "heteroaromatic” as used herein means a monocyclic or bicyclic

25  radical of 5 to 12 ring atoms having at least one aromatic ring containing four to eight atoms
per ring, incorporating one or more N, O, or S heteroatoms, the remaining ring atoms being
carbon, with the understanding that the attachment point of the heteroaryl radical will be on
an aromatic ring. As well known to those skilled in the art, heteroary! rings have less
aromatic character than their all-carbon counter parts, Thus, for the purposes of the invention,

30 aheteroaryl group need only have some degree of aromatic character. Exampies of



"Pharmacological effect" as used herein encompasses effects produced in the subject that achieve the
intended R%P@ﬁﬁ fgzgggqerapy. For example, a pharmacological effect wogledhg.aReiaaikesults in the
prevention, alleviation or reduction of urinary incontinence in a treated subject. 5 "Disease state"
means any disease, condition, symptom, or indicatign. "Treating" or "treatment” of a disease state
includes (i) preventing the disease state, i.e. causifig the clinical symptoms of the disease state not to
develop inte skt nthztimaydhele xposeydocor predicpasaet ioltidaisenseostaie s binrdoasidot yet
experience isplay sympt f the di . (b} Inhibiting: e, di I.e.1 arresting the
deveIome%?l%?#?h%g{ss%&@ftg% tl(;Srml?sltslc ﬁﬁggﬁ@ r p%lrlrgg E)iﬁ%%%g’\?gsﬁtﬁggé%g%?étate , e,

causing tepyperely). omjsierelaheneregrieesicalofthaztiedacises.orimeoenmichiadjnpioms. All patents
and publicgligniaSRNIlia DesRIn AR NG ARLERITeAR R SIFTRAGe JRL el Pial Rxamples of

representative compounds encompassed by the present invention and within the 15 scope of the
inventidn & pravriesciscEe fomeRioTIntEaThale brtlipple Sihdprepaaidinswalkh bfow are

provided tq gpable iheseskjledaniha sitamsiercirady. undssstand anddQReetisaibe present
invention. They should not be considered as limiting the scope of the invent}jﬁn,ﬁut ?er%ﬁ as being
A

illustrative ZAEAPEHRANE 8 b PR Jiiey MR BRIk HEETP AT *is based on
AUTONOMikW oé:bdh /2 Qi Beilsiabatnstiiuie campbieriz ety steo fomihe gaperation of IUPAC
systematic nomenclature. If there i%a d{lz}cre anc b§tweer? %_d%%%cted strycture %nd a name given
that struct§Feé THE BE AR striEiRE I 1B AE B e Hdre Weight Th Sadition. if et Steredehemistry
of a struictusecaim hoftbenab fusiiusinretidopbeinditatedxwithic focexsomple]d dlthortdashieddihes, the

structure o pofiof L e BGhirs I dale nRIDISIen A0 {3 sNRTRRINNG All staieaisgmers of I
The invention provideés compounds and compositions o

t treating inflammatorydisorders, and methods
of treating pisordésgarieciates dayal Nkg dineastargind eieatetials and the inteiluediates of the synthetic
reaction schemes can be isolated and purified if desired using conventional techniques, including but

not limited Q. filtyatigR. WO RI09328BORCTAEMRZOG8QerARS diglilAto R RhySiatzalion,
chromatography, and the like. Such materials can be characterized using conventional means,

including pRYSIRAIEYreErE b Up Sdret SRR BMe S8 el o the dORTRH) HRBG EaEEdN described

herein prefgrably Btgcandugtesundpsinel, ainespherg, @ladMaspheric peastsesat Roeaction
temperature range of from 5 about -78C to abgut 180C, and mast preferably and. conveniently at room
(or ambientBMpRrtafe ey RbSHITE PPHRRS P&Wi 8%@%&% 511% u}%% e

Sctfeplc S48 °5f the possible
synthetic rapies teading totiecompabrdis ohjecioidh & imvantionkyThecadiwalsiRisrRREVR3, R5, R6,

and 127 ar%\%gr%ﬁ}“iar;%?lg&%y A Aﬁ(%%{?,paﬁggf%dzo%ha (')’Y\f:ilgﬁ)aﬁ%l,sgyﬂ%%%ﬂcyl, nitro,
alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl, alkylaminosulfonyl,
20 arylaminosulfonyl, alkylsulfonylamino, arylsulfonylamino, alkylaminocarbonyl,
arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, unless otherwise indicated.
Examples of heterocyclic radicals include, but are not limited to, azetidinyl, pyrrolidinyl,
hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidmyl,
thiazolidinyl, isoxazolidinyl, morpholinyl, piperazinyl, piperidinyl, tetrahydropyranyl,

thiomorpholinyl, quinuclidinyl and imidazolinyl. Preferrably "heterocyciyl", "heterocycle”,

13
thn

or “heterocycloalkyl” is a morpholinyl, pyrrolidinyl, piperidinyl or tetrahydrofuranyl.

The term "hydroxyalkyl™ as used herein denotes an alkyl radical as herein defined wherem
one to three hydrogen atoms on different carbon atoms is/are replaced by hydroxyl groups. -
Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrynitrile (AIBN),

30 atmospheres {Atm), 9-borabicyclo[3.3.1]nonane (9-BBN or BBN), fert-butoxycarbonyl (Boc),
di-tert-butyl pyrocarbonate or boc anhydride (BOC,0), benzyi (Bn), butyl (Bu}, Chemical
Abstracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl



NH2 Step CN 'SNNO R4 Step A: Ac20, Pyridine, 80C; Step B: NaH, R2X, DMSO; Step C: LIHMDS,
THF; 15 2X DMSO, 50C; Step E: MeMgBr, Ac20, Toluen ﬁ%gﬁ A
4-amino-2- met% ?J?’%‘anyl -pyrimidine-5-carbonitrile can be acetylated by heatlnggygi, é’@i 0Cin
presence of acetic anhydride and pyridine. The acet | amide formed in this way can be alkylated in the
presence of a strong inorganic base such as sodi hydrlde and 20 an alkylating agent such as
methyl iodmaﬁﬁdazpma@m]vemcﬁa@d{bagmmm]@Std&sﬁmbﬂd:m)&mﬂﬁaﬁdﬁmmaﬁuaimﬂuonde
4-amino-2-, l#}( lfanyl r|m|d|ne 5- 5) nirile can firstl l? Ikylated i e manner as
described ﬁ}% ;} Egt”) eﬁnggﬁ%oél %@ ? y! %A’ re;l%t a3 E;v eOi] ﬁl%lerrﬁ%n[r}]%?s\%zaln%)romlde and acetic

anhydride m@m@p@mjcmm@%@maémmp@mbsm@ {eCamide of generic
fonnula | cap pYGUER BRI 2R coespaTEing Brming AL AR lovin frane in the

presence 0 a strong base such as |t ium ami rs Ivent SUch as THF as

shownin SEp ez EPp0Y2329861P0 TEP2000/6548R8B0dSCHPMRIEprEgB AL-H), di-
iso-propylethylamine (DIPEA), N N-dimethyl acetamide (DMA), 4-N,N-
dimethylamimopyridine (DMAP), N,N-dimethylformamide {DMF), dimethyl sulfoxide
(DMSO0), 1,1-bis-(diphenylphosphino)jethane (dppe), 1.1'-bis-(diphenviphosphino)ferrocene
(dppi), 1-(3-dimethylaminopropyl)-3-ethylcarbediimide hydrochloride (EDCT), ethyl (Et),

10 ethyl acetate (EtOAc), ethanol (EtOH), 2-ethoxy-2H-quinoline-1-~carboxylic acid ethyl ester
(EEDQ), diethyl ether (E;O), O-(7-azabenzotriazole-1-y1)-N, N./N'N -tetramethyluroniom
hexafluorophosphate acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole
(HOBT), high pressure liguid chromatography {(HPL.C), iso-propanol (IPA), lithium
hexamethyl disilazane (LiIHMDS), methano! (MeOH), melting point (mip), MeSO;- (mesyl or

15 Ms), , methyl (Me), acetonitrile (MeCN), m-chloroperbenzoic acid (MCPBA), mass spectrumn
(ms), methyl ~-butyl ether (MTBE), N-bromosuccinimide (NBS), N-carboxvanhydride
(NCA), N-chlorosuccinimide (NCS), N-methyvimorpholine (NMM), N-methyipvrrolidone
(NMP}, pyridinium chlorochromate (PCC), pyridinium dichromate (PDC), pheny! (Ph),
propyl (Pr), iso-propyl (i-Pr), pounds per square inch {psi), pyridine (pyr), room temperature

20 (it or RT), tert-butyldimethylsityl or ~BuMe,Si (TBDMS), triethylamine {TEA or Et;N),
2.2,6.6-tetramethylpiperidine {-oxyl (TEMPO), triflate or CFiSOq- (T1), trifluoroacetic acid
(TFA), 1,1 '-'biS-IZ_,2,6,6—tetramethyiheptane—2,6-di0ne (TMHD), O-benzotriazol-1-yl-

NN N' N'-tetramethyiuronium tetrafluoroborate (TBTU), thin layer chromatography (TLC),
tetrahydrofuran (THF), trimethylsilyl or MeaSi (TMS), p-toluenesuifonic acid monohydrate

25 (TsOH or pTsOH), 4-Me-CsHaSO0- or tosyl (Ts), N-urethane-N-carboxvanhydride (UNCA),.
Conventional nomenclature including the prefixes normal (n), iso (i-), secondary (sec-),
tertiary (tert-) and neo have their customary meaning when used with an alkyl moiety. (J.
Rigaudy and D. P. Klesney, Nomenclature in Organic Chemistry, IUPAC 1979 Pergamon
Press, Oxford.).

30 “Heteroalkyl” means an alkyl moiety as defined herein, including a branched C4-C- alkyl,
wherein one, two or three hydrogen atoms have been replaced with a substituent

independently selected from the group consisting of ~OR®, ~NR"R®, and —S(0),R® (where n is
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WA, EtOA C; or Nal-1, t-BUuOCOCH2COOEt D F, 0C, 2) TFA, Reflux; Step E: DIPEA, DBLI,
Heat In Step A, 4-chloro-2-methylsulfanyl-pyrimidine-5-carboxylic acid ethyl ester undergoes an 10
SNAr reaction with an appropriate primary.amine H2 in an apolar solvent such as DCM, to give
the correspondingafidind of gbNéthlﬂlioarmndéastlanAmig'mbatlthapcthtenﬂ;ﬁtmkdmiyze”dh@hﬁeroéﬂfﬁsponding

acid Il by haedatlrfgqna:1 ﬁl '[IC %%lr\ﬁenum&%% isl':f}QA_Il r%re& 4 he agg 1w(9,ter and a strong

inorganic base such as hé acid 11l can e conve ond g activated ester IV

by reactlnglwmb@&ﬁibyﬂndiowdrﬁaﬁfapm@@%m abeetichther Dmmrp t@é’ém’s@’éﬂa’@@@l&iﬁhg agent
such s Earl ap Aeaaiiechil Sifh & i fasliairdesianiil capbmsavien indiaisgesponding

malonate V by reactlon at’-/8C, in a polar aprotic solvent suchas tetrah drofuran witH the lithium

enolaté of ety %é%ia% @ﬁéﬁiéﬁh%w@ﬁﬂﬁlﬂ%@ﬁ%ﬂpﬁ?ﬁmlﬁ ilRistratsatlin Step D.

Alternatively, I\, G reaabuyith sgr:batyhethyl malapate st Ay iRmiRsenae M astrang base such as Nali
in a polar 2 solvent such as DMF, and the coupled product can then be hydrolgrrzed and

decarboxy REBEF 7 HEAGSgARREN R HSrdYs ARESF FBECH give RGPS Uy FRORIABHate v, by
heating in ﬂg@mseng@@&glﬁémﬁg@ygm@aﬁﬁ@mb@ D.lﬁlaﬂyﬁﬁﬁu@@létmm be converted in the
cortesponing & TNy 2 e NSRS SRR e IpYImIOF one ) s showedin Step E. 25
[0 2-methylsulfonylethyl, ammosuifonylmethyl, aminosulfonylethyl, aminosulfonylpropyl,
methylaminosulfonylmethyl, methylaminosulfony}ethyi, methylaminosulfonylpropyl, and the

like.

“Heteroaryl” means a monocyclic or bicyclic moiety of 5 to 12 ring atoms having af least one
aromatic ring containing one, two, or three ring heteroatoms selected from N, O, or S, the

15  remaining ring atoms being C, with the understanding that the attachment point of the
heteroaryl radical will be on an aromatic ring. The heteroaryl ring may be optionally
substituted as defined herein. Examples of heteroaryl moieties include, but are not limited to,
optionally substituted imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl,
thiadiazolyl, pyrazinyl, thienyl, thiophenyl, furanyl, pyranyl, pyridinyl, pyrrolyl, pyrazolyi,

20 pyrmidyl, pyridazinyl, quinolinyl, isoquinolinyl, benzofuryl, benzofuranyl, benzothiophenyl,
benzothiopyranyl, benzimidazolyl, benzoxazolyl, benzooxadiazolyl, benzothiazolyl,
benzothiadiazolyl, benzopyranyl, indolyl, isoindolyl, indazolyl, triazolyl, triazinyl,
quinoxalinyl, purinyl, quinazolinyl, quinolizinyi, naphthyridinyl, pteridinyl, carbazoiyl,
azepinyl, diazepinyl, acridinyl and the like, including partially hydrogenated derivatives

25 thereof.

The terms “halo,” “halogen,” and “halide” are used interchangeably herein and refer to fluore,

chloro, bromo, and iodo.

“Haioalkyl” means alky! as defined herein in which one or more hydrogen has been replaced
with same or different halogen. Exemplary haloalkyls include ~CH,Cl, —CH>CFa, -
30 CHyCCly, ~CF2CFs, —CF3, and the like.



WO 2009/132980PCT/EP2009/054638 -3)- NH N Step C Iv Step A: POBr3, DCE, 100C; Step B:
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5-hydroxy- -methy sulfany1-8H-pyrido[2,3-d]pyrimidin-7-one of formula can be brominated by heating
under microwave conditions at 100C with phosphorus oxybromide in an apolar solvent such as
dichloroethane. The bromide of formula Il can und"ezréjo an SN reaction by heating under microwave
conditions‘aiéieﬁumlylmdiﬂmtmiqeihmﬁcpblmﬁsaﬂwsmsmﬂdfas DiMfEasescribesisiSgey B. The
azide of folLin a lIl can then be re uced to.l [ n ilon with a
educing agin LA RO SRR ISR SRR PR M et
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palladium Rydroxide,on GaRQR N ARRIBRARAC HAVRTRUANRY ACLHR A%y SGHRME IV - 22e0
5 pipen'diﬁyl, piperazinyl, homopiperazinyl, azepmyl, pyrrolidinyl, pyrazolidinyl, imidazolinyl,

imidazolidinyl, pyridinyl, pyridazinyl, pyrimidinyl, oxazolidinyl, isoxazolidinyl, morpholinyl,
thiazolidinyl, isothiazolidinyl, quinuclidinyl, quinolinyl, isoquinolinyl, benzimidazolyl,
thiadiazolylidinyl, benzothiazolidinyl, benzoazolylidinyl, dihydrofuryl, tetrahydrofuryl,
dihydropyranyl, tetrahydropyranyl, thiamorpholinyl, thiamompholinylsulfoxide,

10 thiamorpholinylsulfone, dihydroquinolinyl, dihydroisoquinolinyl, tetrahydroquinolinyl,
tetrahydrisoquinolinyl, and the like.

“Optionally substituted” means 2 substituent which is substituted independently with zero to
three substituents selected from lower alkyl, halo, OH, cyano, amino, nitro, lower alkoxy, or

halo-lower alicyl,

15 “Leaving group” means a group with the meaning conventionally associated with 1t in
synthetic organic chemistry, 1.e., an atom or group displaceable under substitution reaction
conditions. Examples of leaving groups include, but are not limited to, halogen, alkane- or
arylenesulfonyloxy, such as methanesulfonyloxy, ethanesulfonyloxy, thiomethyl, benzene-
sulfonyloxy, tosyioxy, and thienyloxy, dihalophosphmoyloxy, optionally substituted

20 benzyloxy, isopropyloxy, acyloxy, and the like.

“Optional” or “optionally” means that the subsequently described event or circumstance may
but need not occur, and that the description includes instances where the event or

circumstance occurs and instances in which it does not.

“Agonist” refers to a compound that enhances the activity of another compound oz receptor

25 site.

“Antagonist” refers to a compound that diminishes or prevents the action of another

compound or receptor site.



NH2 N Step CHN R' IV R9 is PMB or H. Step A: 1) Tf20, TEA, DCM, - 78C; 2) NH(PIMB)2, 100C, MW;
Step B: 1) @ acetone/water or m-CPBA, CH2C12; 2) Bas RIR4, Tple i C: HC104,
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5-hydroxy-2-methylsulfany1-8H-pyrido[2,3-d]pyrimidin-7-one of formula | can react with
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by heating in THE, 10 with or without a base such as Et3N or DIPEA, as described in Step B. The
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differing primarily in the species in which they are found. Thus, for example, human ERG,

mouse ERG, and rat ERG are all considered homologous to each other.

“Modulator” means a molecule that interacts with a target. The interactions inchude, but are

10 not limited to, agonist, antagonist, and the like, as defined herein.
“Discase” and “Disease state” means any discase, condition, symptom, disorder or indication.

The term “cell line” refers to a clone of immortalized mammalian celis. A “stable” cell line is
a cell line that exhibits substantially consistent characteristics over time (e.g., with each
doubling}. A stable cell line within the scope of this invention provides a substantial

15 proportion of cells that are capable of providing a seal resistance of greater than about 50
MOhm, a current amplitude of greater than about 200 pA, and provide a current amplitude

that does not vary by more than approximately 20% over one hour under control conditions.

"Pharmaceutically acceptable salts” of a compound means salts that are pharmaceutically
acceptable, as defined herem, and that possess the desired pharmacological activity of the
20 parent compound. Such salts include:
(1) acid addition salts formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphortic acid, and the iike; or formed with
organic acids such as acetic acid, benzenesulfonic acid, benzoic, camphorsuifonic acid, citric

acid, ethanesulfonic acid, fumaric acid, glucoheptonic acid, gluconic acid, glutamic acid,

)
th

glycolic acid, hydroxynaphtoic acid, 2-hydroxyethanesulfonic acid, lactic acid, maleic acid,
malic acid, malonic acid, mandelic acid, methanesulfonic acid, muconic acid, 2-
naphthalenesulfonic acid, propionic acid, salicylic acid, succinic acid, tartaric acid, p-
toluenesuifonic acid, trimethylacetic acid, and the like; or

(2) salts formed when an acidic proton present in the parent compound either is

30  replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or
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coordinates with an organic or iﬁorganic base. Acceptable organic bases include
diethanolamine, ethanolamine, N-methylglucamine, tniethanolamine, tromethamine, and the
like. Acceptable inorganic bases include aluminum hydroxide, calcium hydroxide, potassium

hydroxide, sodium carbonate and sodium hydroxide.

1t should be understood that all references to pharmaceutically acceptable salts mclude
solvent addition forms (solvates) or crystal forms (polymorphs) as defined herein, of the

same actd addition salt.

The preferred pharmaceutically acceptable salts are the salts formed from acetic acid,
hydrochloric acid, sulphuric acid, methanesulfonic acid, maleic acid, phosphoric acid, tartaric

acid, citric acid, sodium, potassium, calcium, zinc, and magnesium.

"Solvates" means solvent additions forms that contain either stoichiometric or non
stoichiometric amounts of solvent. Some compounds have a tendency to trap a fixed molar
ratio of solvent molecules in the crystalline solid state, thus forming a solvate. If the solvent
is water the solvate formed is a hydrate, when the solvent is alcohol, the solvate formed is an
alcoholate. Hydrates are formed by the combination of one or more melecules of water with
one of the substances in which the water retains its molecular state as H»O, such combination

being able to form one or more hydrate.

“Subject” includes mammals and birds. “Mammals” means any member of the mammalia
class including, but not limited to, humans; non-human primates such as chimpanzees and
other apes and monkey species; farm animals such as cattle, horses, sheep, goats, and swine;
domestic animals such as rabbits, dogs, and cats; laboratory animals including rodents, such
as ratg, mice, and guinea pigs; and the like. The term “subject” does not denote a particular

age or sex.

"Therapeutically effective amount” means an amount of a compound that, when administered
to & subject for treating a disease state, is sufficient to effect such treatment for the disease
state. The "therapeutically effective amount" will vary depending on the compound, disease
state being treated, the severity or the disease treated, the age and relative health of the
subject, the route and form of administration, the judgement of the attending medical or

veterinary practitioner, and other factors.
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"Pharmacological effect” as used herein encompasses effects produced in the subject that
achieve the intended purpose of a therapy. For example, a pharmacological effect would be
one that results in the prevention, alleviation or reduction of urinary incontinence in a treated

subject.
5  "Diseasc state" means any disease, condition, symptom, or indication.

“Treating” or “treatment” of a disease state includes (i) preventing the disease state, 1.c.
causing the clinical symptoms of the disease state not to develop in a subject that may be
exposed 1o or predisposed to the disease state, but does not yet experience or display
symptoms of the disease state; (ii) inhibiting the disease state, i.e., arresting the development
10 ofthe disease state or its clinical symptoms; or (iii} relieving the disease state , i.e., causing

temporary or permanent regression of the disease state or its clinical symptoms.

All patents and publications identified herein are incorporated herein by reference in their

entirety,

Examples of representative compounds encompassed by the present invention and within the
15  scope of the invention are provided in the following Table. These examples and preparations

which follow are provided to enable those skilled in the art to more clearly understand and to

practice the present invention. They should not be considered as limiting the scope of the

invention, but merely as being illustrative and representative thereot,

in general, the nomenclature used in this Application is based on AUTONOMTM v.4.0, a

20 Beilstein Institute computerized system for the generation of TUPAC systematic
nomenclature. If there is a discrepancy between a depicted structure and a name given that
structure, the depicted structure is to be accorded more weight. In addition, if the
stercochemistry of a structure or a portion of a structure is not indicated with, for example,
bold or dashed lines, the structure or portion of the structure is to be interpreted as

25  encompassing all stereoisomers of it

The invention provides compounds and compositions for treating inflammatory
disorders, and methods of treating disorders mediated by JNK.
The starting materials and the intermediates of the synthetic reaction schemes can be isolated

and purified if desired using conventional techniques, including but not iimited to, filtration,
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distillation, crystallization, chromatography, and the like. Such materials can be
characterized using conventional means, mcluding physical constants and spectral data.
Unless specified to the contrary, the reaction described herein preferably are conducted under
inert atmosphere, at atmospheric pressure, at a reaction temperature range of from
about -78°C to about 180°C, and most preferably and conveniently at room {or ambient)
temperature, e.g., about 20°C.
In the following schemes are depicted some of the possible synthetic routes leading to the
compounds object of the invention. The radicals R', R”, R>, R*, R®, and R’ are as defined

above unless specified otherwise.

SCHEME 1
I
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2 i I RE
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N7 TR R
%ﬁ H.C. J%\ =
TS N f}i Q
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Step A: AcyO, Pyridine, 80°C;

Step B: NaH, R*X, DMSO;

Step C: LIHMDS, THF;

Step D: NaH, R*X, DMSQ, 50°C;

Step E: MeMgBr, Ac,0, Toluene, Refiux.

In Step A 4-amino-2-methylsulfanyl-pyrimidine-5-carbonitrile can be acetylated by heating
at about 80°C in presence of acetic anhydride and pyridine. The acetyl amide formed in this
way can be alkylated in the presence of 2 strong inorganic base such as sodium hydride and
an alkylating agent such as methyt iodide in a polar solvent such as DMSQ, as described in
Step B. Alternatively 4-amino-2-methylsulfanyl-pyrimidine-S-carbonitrile can firstly be
alkylated in the same manner as described in Step B and then can be acylated by treatment
with methyl magnesium bromide and acetic aphydride m a apolar aprotic soivent such as
toluene (Step D and Step E). The amide of generic formula I can cyclize to form the
corresponding 5-amino-8 H-pyrido[2.3-dJpyrimidin-7-one in the presence of a strong base

such as lithium bis(trimethylsilyl)amide in a polar solvent such as THF as shown m Step C.
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Step A: R*NH,, DCM;

Step B: NaOH, EtOH, Reflux;

Step C: Benzotriazole, EDCL DCM;

Step D: LDA, EtOAc, THF, -78°C; or 1} NaH, t-BuOCOCH,COOEt, DMF, 0°C, 2) TFA,
Reflux;

Step E: DIPEA, DBU, Heat

In Step A, 4-chloro-2-methylsulfanyl-pyrimidine-5-carboxylic acid ethyl ester undergoes an
SyAr reaction with an appropriate primary amine R*NH; in an apolar solvent such as DCM,
to give the corresponding aniline of general formula IT. Aniline IF can then be hydrolyzed to
the corresponding acid IE by heating in a polar protic selvent, such as EtOH at reflux, m
presence of water and a strong inorganic base such as NaOH. The acid LIl can be converted
to the corresponding activated ester I'V by reacting with benzotriazole in an apolar solvent
such as DCM in presence of a coupling agent such as EDCI, as described in Step C. The
activated ester IV can be converted to the corresponding malonate V by reaction, at -78°C, in
a polar aprotic solvent such as tetrahydrofuran, with the lithiom enolate of ethyl acetate
generated in sifu with lithium diisopropylamide as illustrated in Step D. Alternatively I'V can
react with fert-butyl ethyl malonate at 0°C in presence of a strong base such as NaH in a polar
soivent such as DMF, and the coupled product can then be hydrolyzed and decarboxylated by
heating at reflux in presence of TFA to give the malonate V. The malonate V, by heating in
the presence of 2 strong organic bases such as DIEPA and DBU, can be converted in the
corresponding 5-hydroxy-2-methylsulfanyl-8 H-pyrido[2,3-d]pyrimidin-7-one VI as showed
in Step E.

SCHEME 111
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Step A: POBr, DCE, 100°C;
Step B: NaNi, DMF, 90°C, MW,
Step C: PPhs, THF, 35°C or Hy, PA(OH),/C, AcOH.

5 In Step A, the 3-hydroxy-2-methylsulfanyl-8 H-pyrido[ 2. 3-dpyrimidin-7-one of formula I
can be brominated by heating under microwave conditions at 100°C with phosphorus oxy-
bromide in an apolar solvent such as dichloroethane. The bromide of formula EX can undergo
an Sy reaction by heating under microwave conditions at 90°C with sodium azide in a polar
solvent such as DME, as described in Step B. The azide of formula ITT can then be reduced to

10 the corresponding amine IV, Step C, by reaction with a reducig agent such as
triphenylphosphine at 35°C in a polar solvent such as THF in presence of aqueous HCL
Alternatively, the azide I can be reduced by hydrogenation using a catalyst such as

palladium hydroxide on carbon and a polar protic solvent such as acetic acid.

SCHEME IV
Step A S“ren B

15 ¥
R%is PMB or H.

Step A: 1) THO, TEA, DCM, - 78°C; 2) NH(PMB),, 100°C, MW
Step B: 1) OXONE™, acetone/water or m-CPBA, CH2CI12; 2) Base, R'R*Cy, heating;
Step C: HCIO4, DCML
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In Step A, the 3-hydroxy-2-methylsulfanyl-8 H-pyrido[2,3-d]pyrimidin-7-one of formula I
can react with trifluoromethanesulfonic anhydride, at -78°C, in an apolar solvent such as
DCM, in the presence of an organic base such as EtN, and the leaving group can then be
displaced by reaction with bis-(4-methoxybenzyl)-amine by heating at 100°C under

5  microwave conditions to give the amine of general formula I1. The thiomethyl moiety of

compound of generic formula IT can be oxidized by reaction with oxidizers such as
OXONE™ in a mixture of acetone and water or with 3-chloroperoxybenzoic acid in DCM to
give the corresponding sulfone or sulfoxide, or a mixture of the above. The leaving group
created in this way can then be displaced by a substituted cyclohexylamine by heating in THE,

10 with or without a base such as Et;N or DIPEA, as described in Step B. The amine of generic

formula III, when R’ is PMB, can then be deprotected as shown in Step C, by reaction with

perchioric acid in DCM.
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The compounds of thig invention are JNK modulators and as such are expected to be
effective in the treatment of a wide range of INK mediated disorders. Exemplary INK
mediated disorders include, but are not limited to, autoimmune disorders, inflammatory

5 disorders, metabolic disorders, neurological disease, and cancer. Accordingly, compounds of
the invention can be used to treat one or more of such disorders. In some embodiments,
compounds of the invention can be used to treat a INK mediated disorder such as rheumatoid
arthritis, asthma, type 1l diabetes, Alzheimer’s disease, Parkinson’s disease or stroke.
Administration and Pharmaceutical Compositions

10 The invention includes pharmaceutical compositions comprising at least one compound of

the present invention, or an individual isomer, racemic or non-racemic mixtare of isomers or
a pharmaccutically acceptable salt or solvate thereof, together with at least one
pharmaceutically acceptable carrier, and optionally other therapeutic and/or prophylactic

ingredients,

15 In general, the compounds of the invention will be administered in a therapeutically effective
amount by any of the accepted modes of administration for agents that serve similar utilities.
Suitable dosage ranges are typically 1-500 mg daily, preferably 1-100 mg daily, and most
preferably 1-30 mg daily, depending upon numerous factors such as the severity of the
disease to be treated, the age and relative health of the subject, the potency of the compound

20  used, the route and form of administration, the indication towards which the administration 18
directed, and the preferences and experience of the medical practitioner involved. One of
ordinary skill in the art of treating such diseases will be able, without undue experimentation
and in reliance upon personai knowledge and the disclosure of this Application, to ascertain a
therapeutically effective amount of the compounds of the present invention for a given

25  disease.



The compounds of this invention are JNIC modulators and as such are expected to be effective in the
treatment %9&{5@99 of INK mediated disorders, Exemplary ,INK megiategd#iz@rlgsdnclude, but
are not limited to, autoimmune disorders, inflammatory 5 disorders, metabolic disorders, neurological
disease, and cancer. Accordingly, compounds of the invention can be used to treat one or more of
such disorders. In some embodiments, compound?éf the invention can be used to treat a INK
mediated disorplensiscif &is ihexntiatoicaltthritisisistbrratyberthatabiatelsiofdzhieimes Bidistage,
Parkinson's, dieeasg ol aifoke: ddminisrralion and Sharmaseuisal Comnagiions ARBgvention
includes pharmaceutical compositionscomprising at least one compound of the present invention, or
an individuaidswiner pareeierid Onelofingdemiaunidareieitistmiads irratipreakrnbanitiedis geéeptable salt
or solvate [pereof Rgeihen Withahlsast oreRRAImAceuically AGEaRIARIE FRITEH,ARd optionally other
therapeutic and/or prophylactic ingredients. 15 In general, the compounds of the invention will be
adminiStersWuffiatiperafuticSiyce esteg ahdeunt AN 6f Bsacadtepteid kit W alisthistration for
agents tha&éﬁ%%&i lReMfltiehiSUHabIR dosage rendamane hipigalivl.amimesaily, preferably
1-100 mg daily, and most preferably 1-30 mg daily, depending upon numerous factors such as the

severity of thePBTRERAE T RE ROt S aierrdpsathe hEHRPRT haStb RO HEoBBkency of the

compoundg:2:used, dheisaute andofasmal adpinist atienhtheindicationiwands whighbihtons
administration is directed, and the preferences and experience of the medical racgitioner involved.
One of ordRARPLAPTASHe AR°IH T ﬁﬁ?@%ﬁ%%é%@%ﬁ?é@%ﬁ S 8&%&3% &xperimentation
and in teliapeepupanhdiersoratitenbinleddennthtbedisciostirgrofdhisrApplitationitte@scertain a
therapeutica| teffe Iivevamount of tqhe comc?qtégldas gf th%g{%%ggteir%(\}/r%qct’ipn ‘t%ro at%':i\{%n 25disease. WO
2009/132980PCT. ﬁbﬁﬁfb‘gﬂ%@?“@é? E%n?podnas of the invention méynﬁe administered as
phaiiaceutizatdoknetifatiorsaincludintylthesevsuitaiidifor oranfinciudingbhdoalznddsdibidibgual), rectal,

nasal, topi Imo inal, in: ing.intrar sntraarterial,. i ecal,

s beuane B e tion or 5
insuffiationsurhayptafistred MEdriepofedrmisthdomisvgereraipioedl kit osomasiehtdaily dosage
regimen wiligh canbie2disipd.accqrding o he.aegies piafflintion f4ampougdpacrmReynds of the

invention, together with one or more conventional adjuvants, can-iers, or diluents, may be placed into

the form ofthBIFFbREtHIRISHERHS SRS RS MR B BE RHE T 94 i BBt LoRPDsitions and unit

dosage forpamay:Reiicemprisrgefgorventional ingredients in conventional proportions, with or
without additional active compounds or principles, and the unit dosage forms may contain any suitable
effective avRHBHARE QEHBTHRANEATEOM MW heerdatr P4 Gb£agE ARge to be
employed. (hhephafvacedtical compesitens Mayrbarnployrdasbe: skokes tabietm pubtiled
capsules, semisolids, powders, sustained release formulations, or 15Liquids such as solutions,
suspe%%iorﬁgr,r%%ulsions, elixirs, or filled capsules for oral use; or in the form of suppositories for rectal
or vaginal atiminisiradiody, @fthe thectoion efssterléinjettallam sokitionsrferypdrenteahiser&Eamulations
containing &bqout ?One gl)ﬁ}g %f acgvgu'{pc%li%dine}n% or, more db&g&dly Oaﬂt%%ut% ,O.Q:lm %%about one hundred
(100) mq, pe“r‘at%% e{,mar'e acc%raIlTﬁ]ng Surtasie T presehtaﬁlve u "5osa“ge' 0 fors. The compounds of
the inventionmpaytsecformupatedsinHhwites o dty ofioradaeiminiseation dosagetdblaiThe
pharmaceyical gamRasiians.Anh SRSA0R OIS M. GomRY R B RAMRRHIEALEPTPaHRAS of the

present invention or pharmaceutically acceptable salts
25 solid or liquid. Solid form preparations include powders, tablets, pills, capsules, cachets,

suppositories, and dispersible granuies. A solid carrier may be one or more substances which
may also act as dituents, flavoring agents, solubilizers, lubricants, suspending agents, binders,
preservatives, tablet disintegrating agents, or an encapsulating material. In powders, the
carrier generaliy is a finely divided solid which is a mixture with the finely divided active

30  component. In tablets, the active component generally is mixed with the carrier having the
necessary binding capacity in suitable proportions and compacted in the shape and size
desired. The powders and tablets preferably contain from about one (1) to about seventy (70)

percent of the active compound. Suitable carriers include but are not imited to magnesmm



thereof as the active component. The pharmaceutically acceptable carriers may be either 25 solid or

liquid. Soligéolrégy) repgfations include powders, tablets, pills, capsules, caghieignauppasiories, and
dispersible granules. A solid carrier may be one or more substances which may also act as diluents,

flavoring agents, solubilizers, lubricants, suspendir;% agents, binders, preservatives, tablet
disintegrating agents, or an encapsulating material. 1n powders, the carrier generally is a finely divided
solid whichasbanatixtmrgvoithutheifimety: tilviced actieeo3 pesipotriiniTraple e iihe. AREAs Edmponent

generall i (e Wi ING GayHSL IRG e BaRRSEary BANa FaRAGIN LRk iahle AteRgytions and

IX
compactegllgh%i shape’and size desir: e powders and tablefs preferably contain from about one
(1) to aboliksevdstyetToinrereationt ihaiivd BoimgatnheamaBiueaRS HUYEEBIRAE ot limited
to magnesiy MQ,2099 1322808 GT/ER2000RARSE catusarb e toagnRestsmsiaaiate, talc,

sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, Soc,jiiﬁﬁm o
carboxymatHpleeNiiBest GTB6 i g W ed S5Ufe Y HRE this PRSI ShrJRHEEGR" is
intended te ipclude dhefarmuliationafdhe aetivacompaundwithienpipsuliatiog, matésiahgsscarrier,
providing a capsule in which the active compopent, 5 with or without carriers, is surrounded by a

carrier, whieh i8S AL BLIGHBR HItAPIE SO CEESnd lozenges are included. Tablets, powders,
capsules, pilisrGaghetsiapt lRzengesmaisiaias selicifoims shitablecdoraiataoheiinisteation. Other
fowls suitable for oral administration include liguid form preparations in f Ions,. Syrups,
elixirs, aquEbUS YiutionE o H‘é%u%qgﬁglbsesﬁ)s%@%,s or 56fid forn ep%%%%ﬁa%%?s%%?v%% %re !@[ﬁended to
be conyertetishartynbafire wde tmiiquid Kortlpregarations BEmiddonsmeayrbeopre garedsifisolutions,
for example, in aqueous propyisns dygol salifions pr.mAY sRaInEMMSIYIng RgERismior example,

m ¢ prepatc £ : -
such as Lecﬁ%ln, OfBitan monoo eate, or acacia. Aqueous solutions'can be prepared by dissolving the
active compementinvisfenandcatdify suitabie sulbrariesitiavesbsabliversicaltd thitReRing agents.

Aqueous SYsRenSIQns AR5 Riepatech D dishersngce Seeb didecacie amagnegt in water
aterial, suc

with viscous as natural or synthetic gums, resins, methylcellulose, sodium
carboxymethiablsliutbean sn Seowier Wbile WS RIS E R ER Rt A SIS SHIPPREBAT ZH8 include

solutiqrs, sspensiang;ARLEIWSIANS, aAnddmay.GeBiRiniBuRAdiiande thenastivecampaarnt,
colorants, tlavors, stabilizers, buffers, artificial and natural sweeteners, %}spersa[%ﬁ%%%keners, 20

solubilizing&gets 2t e TS ThE Bt dE IR e N5 S A A B S RG PB&renteral
administratign d&e- wky: iiectionsfenexaraplabokisiinjestingesitinualisdafasinopand may be
presented in unit dose form in ampoules, pre-filled Sf/rin £s, sm | volume infusion or in multi-dose
containers WHIFEHORIAM SPENSIAHBI FHE CORHBsIHORS HX 'tars LULH FSPMS As &ispensions,
solutions, 2has-emulsionssirbailyeradfisalsiehitles sforcexampiissotstionstinvlegeeous polyethylene
glycol, Examples. af oily or nonague us carriers, diluents, solvents or vehicles include propylene
glycol,z?)olfé‘fH%}i}ﬁ’é%%ﬁ? tf’v%‘bge?%%%%ils (e.g., olive oil), and injectable organic esters (e.g., ethyl
olcate), andimmayapotails fofthalatentiayents suthsas! presbrpg nivetindnenurifing 6+ Btispending,
stabilzing andor dispersing AOENIS. ASANYEN, HIE AR A0 MarAdiR DAk 08 R yder form.

: - n . : iU
obtained b)llnétcscepﬁé iZoTation of sterile-solid or by lyophilization from solution for constitution before use

with a suitahlesiehicle amgovdterites-Hliesoomifess, Wagdy volume mfusion or in multi-dose containers

with an added preservative. The compositions may take such forms as suspensions, solutions,

25 or emulsions in oily or aqueous vehicles, for example solutions in aqueous polyethylene
glycol. Examples of oily or nonaqueous carriers, diluents, solvents or vehicles include
propylene glycol, polyethylene glycol, vegetable oils (e.g., olive oil), and injectable organic
esters (e.g., ethyl oleate), and may contain formulatory agents such as preserving, wetting,
emulsifying or suspending, stabilizing and/or dispersing agents. Alternatively, the active

30 ingredient may be in powder form, obtained by aseptic isolation of sterile solid or by
Iyophilization from solution for constitution before use with a suitable vehicie, e.g., sterile,

pyrogen-free water,



WO 2009/132980PCT/EP2009/054638 -40- The compounds of the invention may be formulated for

topical ad%iaig%gﬂgggga the epidermis as ointments, creams or lotions, or pansdesmal patch.
Ointments and creams may, for example, be formulated with an aqueous or oily base with the addition

of suitable thickening ancUor gelling agents. Lotions may be formulated with an aqueous or oily base 5
and will in general also containing one or more erﬁﬁﬂs’ifying agents, stabilizing agents, dispersing
agents, suspenckingpag@nds tlthickenihg ageris, fomediorih pagernts! Ebrmnidatiomsisuitable for topical
administration Jn.{he.mauh ncluds lozenpes,comprising actlye, aqeniz In i IRvate pangusually
sucrose and acacia or ragacaﬁt(h; pastlﬁes comprising the active ingredient in an inert base such as
gelatin andmglyderiexenplicroséamdlsicacidthanc:dGovo vthwadhiss edimprisidditee attiviéaingredient in a

suitable Ny Ri1E e compoudR O R INVRRIAN M alae edoiTualsd. o adpitstration as

suppositories. A o uch as a mixture of fatty acid glycerides or cocoa butter is first
meltedSandnievititvecosrabd e atisdisierae HBpIO JEHEGTENE f6rERaTiipiEz Y 38Pffifg. The molten

homOgene&gﬁe@f’efgage{ﬁst,%@p%ﬁyfﬁgaiguﬂtche@l\éﬁa& f sizad npldsealiowasto eoahangdia 15solidify.
The compounds of thé invention may be formulated for vaginal administration. Pessaries, tampons,

creams, gaR ARk TRE 9B KA SUPEREHEOR IR Ao ECIRe SRV G ERRB KT &8tHSclrriers as
are knownjmihe-ati e anmroniiais. Ihe-sHkiest carapaindsJmaydeformuated ferinasal
administration. The solutions or 20 suspensions are lied directly to the nasal cavity by conventional
means, foﬁ%%?ﬁmﬁ?&%ﬂf%ﬁt}%ﬁﬁéﬁcbigqeﬁ‘g%ﬁnsaﬁl%t%f 8%%5%?8@4:?8%%% vided in a single or
multidgse taomhinatheslatientsisg afauctioppaialipipattesihisbradly ke ashigved by the patient
administering an appropri redetermined vol of t ution or.suspension. In the .case of a
Sy, s ey BTG BT By oA o A S e AL The
compounds. dfthediirentien, may bedformulatefitiory acrd goladninistaton bpaetcufarymelthé

e o AL el AL IR0 S o PR Y L R N YRR e
particle size for example of the order of five (5) MICrons oF less. Such a particle Size may be obtained
by means knowgeirthe mrktior sxaenpievsd mitrepizationt Thedasid inbredién toPkevded in a
press%izegoﬂaﬁ%'with a suitable propellant such as a chloro- 30 fluorocarbon (CFC), for example,
dichlorodiffuoromethane, trichlorofluoromethane, or dichlorotetrafluoroethane, or carbon dioxide or

other suitablis §gagirphHeds efdBe ivaytorivenisnifaEs eb Rt S Faetaitaten d$16¢ittin. The dose

of drug m%@@%@p&@@&@, %m@, Aﬁssr%a@!\@-s%} nativelyithensiivedngsadiontsmnayaiprovided in a
form of a dry WO 2009/132980PCT/EP2009/054638 -41- powder, for example a powder mix of the

compound#h SaBIeEETR Wade BheR RDasbER &ich, starch derivatives such as

hydroxypropydragtiyl esllipleseland pod/finpinyroliging PAR)inThepawdercatieswid:foiin a gel in the
nasal cavity. The powder composition ma bgﬁﬁg&/sente in unit dgse form forg,gxamg}le in capsules or

cartriddes BSPE YOG SFa R BhiStE PRk FREHYRE BOERPPRAY B RIS TR by Hheans of
an inhaler. Mithendesired: augwations cambepreparedbyitioeitetim codtifigs adapiddéofsustained or

controlled telease adminisration of the active inaredient, Eor sxarmple the compaunds gfhg presen
Invention can be 10 m?ﬂ“eﬁe in I’gII%SdeIIJ%& orsu cu?gneous rug live y devices.

appropriate, predetermined volume of the solation or suspension. In the case of a spray, this

may be achieved for example by means of a metering atomizing spray pump.

25  The compounds of the invention may be formulated for acrosol admmistration, particularly to
the respiratory tract and including intranasal administration. The compound will generally
have a small particle size for example of the order of five (5) microns or less. Such a particle
size may be obtained by means known in the art, for example by micronization. The active
ingredient is provided in a pressurized pack with a suitable propellant such as & chloro-

30 fluorocarbon (CFC), for example, dichlorodifluoromethane, trichlorofluoromethane, or
dichlorotetrafluoroethane, or carbon dioxide or other suitable gas. The aerosol may
conveniently also contain a surfactant such as lecithin. The dose of drug may be controlled

by a metered vaive. Alternatively the active ingredients may be provided in a form ofa dry



10 These delivery systems are advantageous when sustained release of the compound is necessary

and When‘%}tiﬁ%ﬁg gliance with a treatment regimen is crucial. Compo%ﬂpﬁmggwal delivery

systems are frequently attached to an skin-adhesive solid support. The compound of interest can also
be combined with a penetration enhancer, e.g., Azone (1- dodecylazacycloheptan-2-one). Sustained
release delivery systems are inserted 15 subcutan'é‘bUst into the subdermal layer by surgery or
injection. Thevdubhdermahipiplaptsvéncapsaiate trenponmoaurcsintzblipiebediublesmenhrane, e.qg.,
silicone rubber, or a bjodegradable polymer, e.q., polylactic acid. Th armaceutical preparations are
preferably?ﬁc%)ﬁﬁ’ 8%§§gé§o?%%?qﬁ’asﬂ’ch ?%%[‘ndbtrggdgf’é%ﬁ?%%l? is Q’It%’e%%g‘)éé into unit doses containing
appropriateayeantitipsrofidie: ABNWIB. 20beagmpdeicrar They iinio o satse fothe cantlsrdtpadibeaged

prepafaﬂogogﬂ&P@&lﬁﬁ&‘%&%ﬁﬂ DO HIRCres Quaptiiss ‘?&Bﬁ%ﬁéﬁg&%’létﬁ%@ﬁﬁ@%@% lets,
ndp a I f

capsules, owders in vials or ampoules. Also, the unit dosage form can be a capsule, tablet,
cachet; or 9zehgecislfoobliseanaséstiempprobribtenwasH erdf hgdetmierdPparieaged #orm Other
suitable phapmaceutical carriers and their formulations are described in Remington: 25 The Science
and Practice of Pharmacy 1995, edited by E. W. Martin, Mack Publishing Company, 19th edition,
Easton, PeVhs)Ideiad rerubdnniris branreed it Forminansiaee SHEathE S EORPELAT of the

present in\c‘_%ls:ﬂg@me@ree@am&ﬁﬂamﬁ% of(sg”éi 5&9&@#@5&&&@@@@%&@% éfﬁ;?éﬁlﬁéi}dfﬁ%@f thisI
Invention will become apparent tg those skilled in the ajt upon examinagon the following examples
thereo, wiTERSH &G G0 B RICHTS RE LT O REERETA (NG WY Cevees

2009/182980RE T/ ER200H Q04638 ad2anfig2BuiAckiicsanhirdiide)cAcQifithAcetipaeid)isDBU
(1,8-Diazabicyclo[5.4.01undec-7-ene); DCE (1,2-Dichloroethane); DCM (Dichloromethanc/Methylene
chloride): SO o ohiB ‘%Pér%‘%)ﬁhé%)l;lﬁﬁ%ﬁ”(}i’l,"i\ffai“trﬁ“eet%%ﬁ? ‘n%’%n‘f‘d%é‘;ctﬁgg& TSt sulfoxicle):
EDCI (1-(3sbistetmdadninepyepyl):8sethyicartodiiridehhydrochibiide] h&E120:6iDiethytether); EtOH
(Ethanol/Ethyl alcohal); EtOAc (Ethyl acetate); HOBLt.(1- Hydr riazgle); LDA (Lithium
diisopro pyl%#%%gniﬁgﬁ%geg& rﬁl?rk\éhek;%lg(%ﬁlrtln%%fﬁ(/%ﬂ%{gr%?ggggéég@%?é%?é%%ﬁ%réﬁ%?ggbenzoic acid);
MeOH (MetldnaitiMetygl cicmhiol)- (. (M@ﬁéﬂ@é\f@bﬁsmﬁ#ﬂé‘(qm\ﬂéﬁt@mgap@/imﬁﬁﬁdone);_ PMB _
(4-Mefhoxy henzvld, R1, (Raam m@&m@eﬁg@’g@%ﬁ&%w%@mé&Faﬁ\sﬁmy@roacetlc

acid); Tf20 10 (rifluoromethanesulfonic anhydr (Tetrahydrofuran); TLC (Thin layer
chromatogfBEHY I EXRRERESUPHATS IRiHe Bhep BIbris Qe xHispRedHeHiYeh to enable those

skilled in the RE1QdA9ES,6leadly, understangiand;to practice the present invention. They should not be
considered as 15limiting the scope of the invention, but merely as being illustrative and representative

thereof Preldsr b1 YR th BEBBRIAMAHinBIEEIG ey W SRR HEi Ay - MetiinGRE-HYerochloride The
synthesis Gf¢A=aiindsaxeoRad rmomkalindyirmeathangpedpyeto ghlefidesvwamearird out according

to thedorocess shown in Scheme 1. . .
20 component. The unit dosage form can be a packaged preparation, the package containing

discrete quantities of preparation. such as packeted tablets, capsuies, and powders tn vials or

ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it

can be the appropriate number of any ofthese in packaged form.

Other suitable pharmaceutical carriers and their formulations are described in Remington.
25 The Science and Practice of Pharmacy 1995, edited by E. W. Martin, Mack Publishmg

Company, 19th edition, Easton, Pennsylvania. Representative pharmaceutical formulations

containing a compound of the present invention are described below.

Additional objects, advantages, and novel features of this invention: will become apparent to

those skilled in the art upon examination of the following examples thereof, which are not

30 infended to be limiting.

LIST OF ABBREVIATIONS



SCHEME 1 Step A: A mixture of 4-tert-butoxycarbonylamino-cyclohexanecarboxylic acid (10.0 g, 41

mmol), E%gb%% (}é ga-23 mmol) and HOBt (18.88 g, 123 mmol) in I-metyliZsyeaiidingne (150 mL)
was stirred at RT for 3 hours. Morpholine (10.75 mL, 123 mmol) 25 was then added, and the resulting

mixture was stirred at RT for 78 hours. The reaction was quenched by adding water and the resulting
mixture was extracted with EtOAc. The organic Iay“é‘rz\"/vas separated and washed twice with K2CO3
(sard aq) aﬂc&@r{&ﬂﬁﬁ(a&mﬁi@%ﬁ)a@aiﬁﬁv(ﬂhwﬁcawﬂﬂﬂ; BRHt(iatd01 2O (Fard Hahdmd/with)brine. The

organic |a)’§{3§/35t tlor e /132 PCT/E@Z%%%{Q m%g,%gcﬁetgvgr gnhydcrﬁggma dium

sulfate, filtered and vapora Fedu ced pressure. The crude residue was triturated with Et20

and f|Itere&tﬁ’@ﬁ@ﬂ@@%ﬂﬂ}@m@mh@}inef)i\/ﬁérbﬁﬁ%dl@m‘lmh]aﬁaﬁmm|@é{é$@fenfb@}1§7ﬁé’éter as a
white powders 316D, BEB@?‘% Mo a8t At poaed e a sHEpsRsiap of gdrochlondc) E,0O

[4-(rnorpholine-4-carbonyl)- 5 cyclohexyl]-carbami¢ acid ten-butyl ester (5. in Me01-1, and the
resultiny M&!Q‘%‘/Wa@@ﬁhe@féﬁﬂ(ﬁmg Fthyhealededbn FiiRiee Wég}’év&ﬁ%%d Bk reduced

pressure, theRilyesiciewas takenmyir in BiOAGANd §g df%id&ﬁlﬁ&%ﬁé)“u@wmgnlc%mq)l{fﬂe solid
formed was collected by filtration and dried under reduce essure to afford 5.2

(4-aminoeVRtTRERHMFOYPHBIFE L S-rdiakbhé! Hgﬂﬂf‘&emﬁaéoiw%ﬁ%d\éf‘é%%r{l‘é{‘?%%?ll(%%héﬂf
5-Amino- 88%@%‘@!/1 agmeﬂ%ymml ’ l)SHerdozﬂZeanﬂﬂpd wmﬁ\ﬂoﬁme ng(MDM%ﬁl@x?fbenzyI} )
5-amino-8-methy1-2-methylsulfa r 3 as carried.ou ng to the
process sl"%%rgpiﬂ%%ﬁé?ﬁg nﬁéﬁg ‘Egﬁ%é%m% (éy TORE @ﬂﬁi@j ﬁlfd
10 (rifluoromethanesulfonic  anhydnde), THF (Tetrahydmfuran), TLC (Thin laver
chromatography}.

EXAMPLES
The following preparations and examples are given to enabie those skilled in the art to more
clearly understand and to practice the present mvention. They should not be considered as

15 limiting the scope of the mvention, but merely as being iliustrative and representative thereof.

Preparation 1: Synthesis of (4-amino-cyclohexyl}-morpholin-4-yi-methanone hydrochloride
The synthesis of (4-amino-cyclohexyl)-morpholin-4-yl-methanone hydrochloride was catried

out according to the process shown in Scheme 1.

G ;\.\/’ i
5 Siep A 5 Siep B 5

20 NHBOC NHBOC
SCHEME 1
Step A: A mixture of 4-ter-butoxycarbonylamino-cyclohexanecarboxylic acid (10.0 g, 41
mmol), EDCI (23.64 g, 123 mmol) and HOBt (18.88 g, 123 mmol) in 1-methyl-2-
pyrrolidinone (150 mL) was stirred at RT for 3 hours. Morpholine (10.75 mL, 123 mmol)
25 was then added, and the resulting mixture was stirred at RT for 78 hours. The reaction was
quenched by adding water and the resulting mixture was extracted with EtOAc. The organic
layer was separated and washed twice with KoCOs (sat’d aq) and an HCI {(aq, 10%), again

with once with a saturated KoCOs (sat’d aq) and with brine. The organic layer was then dried



SAN NA 01-13 OH3 Nti2 Step C H,C, S NO 15CH3 SCHEME 2 Step A: To a suspension of
4-amino-Z@qMﬁgg%yl-pyrimidine-5-carbonitrile (5.45 g) in pyridine (664pk)vanapdeskAc20 (31
mL) at RT. The reaction mixture was stirred at 80C for 23 h, then was cooled to RT and evaporated
under reduced pressure. The residue was 20 dissolyed in DCM (150 mL) and washed with NaHCO3
(said aq) and brine. The organic layer was dried ov‘égr'MgSO4, filtered, and concentrated under
reduced pressurdyThecsudieresitive Viidispdrifidcapiiashl cldmasbgraiirgfrom Teod&0%
EtOAc/Hexane in 20 . [\ %.8ld) 0t 5 9 ¢ of 14- holine-4-carbonvl)-
N-(5-cyanc§?§1-r%%ﬁf1?ﬁ§} a{)ﬁﬁ/gld%@}%m%lé? %tglﬁ-aecé?a@%%eeaé agyoe‘ll[o nsl(o)lr%.ol\/llréezl%a% [?\}Ily82H30+1]/. 25
Step B: Toacholativi-efNa(Beaipah -2-prethgiser far WPy RiaiAca-y 1)-acetamide (562 mg, 2.70 mmol)
and methyd{gglie or mky 7 Aol anaydieus RMAQ0H drmiinasiaftiec NadbBoye wt.

mg, 3.

dispersion in mineral oil, 130 mg mmol) at OC. The reaction mixture was stirred at RT for 16 h
and was tmﬁlg@w&@hgpamw%mg@m(ﬁ .‘&'ﬁélf@éﬂﬂ% apgicshe resulting mixture was

2009/132980RE T/RM2ARHUOPAOAR. 1é44cBhdhrauNas XaBER eI th BEIPAAUx 10 fite). tiheigombined
organic layers were washed with brine (2x 100 mL), dried over MgSQ4, filtered,@géonc ntrated

under redugEdYsr 848 (KSR Bt Yo Bt R ES HURR S BY AAEH CRPSHStodriptRy tBHPE to > 33%
EtOAc/hexane i1k oyte atiatsh 43d aagd(dalenmeldyeaf pressure to afford 5.2 g of (4-amino-
N-(5-cyano-2-rnethylsulfanyl-pyrimidin-4-y1)-N- 5 methyl-acetamide as an off-white solid. MS = 223
(M-L11 St&ﬁc@hf’@é"é’f)?ﬁl??g%%ﬁﬂ%—}@g%%gg‘f%gfﬁfﬁaﬁgﬁyI-pyrimidin-4-y1)-N-methyI-aceta de (400
mg, 1180 mmol) in THF (18 mL) was added a solution of lithium bis(trimethylsilyl)amide (1.0 M in
hexane, 7.2 mL, 7.20 mmol) at RT. The reaction mixture was stirked at RT for, 1.h,then quenched with
water (100 rﬁiﬁ#%‘é’?e@éﬁﬁﬁtggﬁl&%}e %%‘é“@ﬁr%%a’ Iv‘v‘it mf%yll:‘gtlb{ {¢ %%gr%{l)id tﬁ‘é"?)rganic layer dried
over MgSat]diftéradimfiebconcentrated under reduced pressure. The crude residue was purified by

L oL AL S eOn D oo B it o

/ anyl-8H 3-d|pyrimidin-7-one as a'yellow solid.  Using the
above desctibied proeechudenaned tvepsgsrophareidtpingriaaterials the following 15 compounds were

prepared: - 5-Amino-8-ethyl-2-rnethylsulfany1-8H-pyrigo[2,3-d]p midini;j QnesMS = 237 [M-L1]
N 0 StepB

Ch
NT™~ Step A |
Hac‘S)g\/NINHﬁ H.Cog Py s gy '\HJ\CHa

CH,
N,
e e 0L
Hac‘s N/i\li 0
CH,

H CH,
SCHEME 2

Step A: To a suspension of 4-amino-2-methylsulfanyl-pyrimidine-5-carbonitrile (545 g} in

15

pyridine (66 mL)} was added Ac;O (31 mL) at RT. The reaction mixture was stirred at 80°C
for 23 h, then was cooled to RT and evaporated under reduced pressure, The residue was

20  dissolved in DCM (150 mL) and washed with NaHCO- (sat’d aq} and brine. The organic
Javer was dried over MgSQy, filtered, and concentrated under reduced pressure. The crude
residue was purified by flash chromatography (from 0 to > 50% EtOAc/Hexane in 20 min.}
to give 3.25 g (48% vield) of N-(5-cyano-2-methylsulfanyl-pyrimidin-4-yl)-acetamide as a
vellow solid. MS = 167 [M-C,H.O+17".

25 Step B: To asolution of N-(5-cyano-2-methylsulfanyl-pyrimidin-4-yl}-acetamide (562 mg,
2.70 mmol) and methyl jodide (1.7 mL., 27.0 mmol) in anhydrous DMSO (14 ml.) was added
NaH (60% wt. dispersion in mineral oil, 130 mg, 3.23 mmol) at 0°C. The reaction mixture

was stirred at RT for 16 h and was then quenched by adding water (50 mL). The resulting



- 5-Amino-8-cyclopropylmethy1-2-methylsulfany1-8H-p do[2,3-d]pyrimid 7-one; and 20- 5-A
no-8-benzy1-2- Ifany1-8H-pyrido[2,3-d]pyrimidin-7-one. Preparati : is, of
5-ino-8-c§ﬁgs2edr§tb?/%%ér§ylsulfanyl-8H-pyrido[2,34]- pyrimidin-7-one The%@ﬁt %@%@9
5-amino-8-cyclopentyl-2-nacthylsuffanyl-8H-pyrido[2,3-ipyrimid.n 0 e 75 was carried out according to
the process shown in Scheme 3 Step C H,C. -SNNO WO 2009/132980PCT/EP2009/054638 -45-
Step A: Phaspharusoxybiomidatildtd slp wasaade dTie: @ snikinge af8ntylopantyle Srashed
hydroxy-2-methy|sulfany1-8H-pyrido[2,3-d]pyrimidin-7-one (2.56 g, 9.23 mmol) in dichloroethane (13
) ot KT R b G Bt R CHOBIE i TSR0 A T et o to
RT. The reppdtingdnistimigsvas pasitionadiaeiveesmitoper@o0mh vand 3 NalHE D3 trataigh 200 rtil),
and the aqueaqus layer extracted with EtOAc (100 mL) The co bj ed. organic layers were washed with
NaHCO (Sat b STT00 TLT A WA R06 TP s VS A RGN 0 Scaporated
under reduneth yiressuneido give ALE81g @Yy teld)=df23 (M+1]"
5-bromo-8:gyclopentyl-2:methylsulfany1-8H-pyrido[2. 3-cilpyrimidin-7;one. IVES =340, 342 [Mi-HI. 10
Step B: Soﬁ%ﬁngggﬁé%a(sﬂ tlr%ng%{@B?r#rﬁ%%%wré\{s&gggg 4[11 a%rﬁ%(%(r%no }r)ﬁﬂ rlﬁ:'e%lyl a%%d%ﬂgc
5-br_om0-86696I0@m§029mglt}iw&mﬁﬁwmlwidid@mwmmﬁﬁiHMé)i(mﬁqu1-l7 mmol) in DMF
(17 inb) at(Fhpnddbey gaqlipn M ae heARtiR 900N 2 UFAWENG1sAGL fer A, The

resulting mixture was then cooled to Rl and quenched with water (70 mL). The solid that formed was

collected by Filfeatidh tepreeemeied retibicetiepfd 88urd, ) didsolvaBtRETHETHRAVES Bd86HHIEW Bhto silica gel.

This materatyas pyifisd. by fashehiomategrrphy frosn 1 iie245% BIIAGIHRaxansa.in 20 min) to
afford 0.720 g (57% yield) of 5-azido-8-cyclopentyl-2- methylsulfany1-8H-pyrido[2,3-d]pyrimidin-7-one

as a yellowastigd prosenspd Tmamde sty asiprahsiroSpHid et gL Fifol s added, at
RT, to a solgfionmaboanidan8iaye eRent-2rraaibyisditanyd &ipyrisialidcpyemidin-7-one (1.29 g,
4.27 mmol) in THE §43 mlgaand the reaction mixture was stirred at 35C for 2 h. An HC1 (1 M, 22 mL)
was then dHat SHEPIE PELEHB AR R HEateP &t A 98F P 1and then was stored at 4C
overnight. Tha ganuliing mixtordsasnedtializetiio a8tk NatiGOfsaitith &) falndwwas extracted
with Elt Ac (2x 2%)@:%) The compined organic layers were dried over MgSO4, filtered and evaporated
under edu%éapﬁ SUtE™ e Eftite residue was purified by flash chromatography (from 2 to >5%
MeOH1DCM in 26 minintesgiveyD Bohgi{vitbiyield iofibido[2.3-d]pyrimidin-7-one; MS = 237
arnino-8-cyc|op?§f¥}-2-metlaylsuIfanyl-8H-pyrido[2,3-d]pyrimidin-?-one as a yellow solid. MS =277
[WHS. 5-Amino- -cyélbhexyl-z-methylsuIfany1-8H-pyrido[2,3-cipyrimidin-7-one was prepared using
the above descriedpiocddeyelemdiiamnapptoprizd gty nfateriaide BB - Ipyrimidin-7-one;

and

20 - 5-Amino-8-benzyl-2-methylsulfanyi-8 H-pyrido[2.3-djpyrimidin-7-one.

Preparation 3: Synthesis of 5-Amino-8-cyclopentyl-2-methylsulfanyl-8 H-pyrido[2,3-d]-
pyrimidin-7-one
The synthesis of 5-amino-8-cyclopentyl-2-methylsul fanyl-8 H-pyrido[2,3-djpyrimidin-7-one

25  was carried out according to the process shown in Scheme 3.
OH Br e
SN N S S
N SR Siep A N Step B )!\
| — ; — HGC‘ N/ N o)
HGC\S,LN/ S0 HBC\SAN/J\N o s
ol o O
Ny TR

i
H,C. =
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SCHEME 3



WO 2009/132980PCT/EP2009/054638 -46- 000 N1LOH Step AFSteP B N Step CH CH SNNH
CH,IH.CHWO%;EI & Step. A.: Cllyclopentylam_ine (_12.7 mL, 129.3 mmopdmg‘qggggg%solution of
4-chloro-2- methylsultanyl-pyrimidine-5-carboxylic acid ethyl ester (10 g, 43.10 mmot) in DCM (250 5
mL) at RT and the resulting mixture was stirred for 3 days. The reaction mixture was washed 3 times
with water; the aqueous extracts were combined afid extracted twice with DCM. The combined organic
extracts w8tepdfie ®bvgrhNaR 8@/trfitteted| hhdnévapsralddiundenraducetBpredspratd-give 12.8 g of

4-cyclopenty| r@(inmq-_z- ethylsulfanyl-pyrimiding-5- lie acid-ethy r C i without
farther oo T e B e s gt hos
4-cycloperstjiam iﬁ@ﬂ%@ﬁﬁﬂfsﬁﬁérﬁ%@ﬂﬂﬂﬁiﬁ@%@émﬁdi@d&ﬁ"@tﬁw SR VEY 7IREC. &Fimol) in
FIOLL (L4l anddng feratipg IR AR hFled BhiaHt Db ath TRONERRIoMMIHe Was

cooled to Rl and HCI (1 M aqg) was added until pH 4 was reached. The white solid, which crashed out

of solufionNAEE Solfetiid hdy2ilrBlid renddbn SQURRES WXEs CEFIFETTARERAG R ePPdREby The

combined organic layers were washed with NaHCOs (sat’d ag, 3x 100 mL) and water (2x
100 mL), dried over MgSQs, filtered and evaporated under reduced pressure to give 1.58 ¢
(50% yield) of 5-bromo-8-cyclopentyl-2-methylsulfanyl-8 H-pyrido[2,3-d Jpyrimidin-7-one.
MS =340, 342 [M+H] .

10 Step B: Sodium azide (543 mg, 8.35 mmol) was added to a mixture of 5-bromo-§-cyclo-
pentyl-2-methylsulfanyl-8 H-pyrido{2,3-dpyrimidin-7-one (1.42 g, 4.17 mmol) in DMF (17
mL) at RT and the reaction mixture was heated to 90°C in a microwave reactor for 30 min.
The resulting mixture was then cooled to RT and quenched with water (70 mL). The solid
that formed was collected by filtration, dried under reduced pressure, dissolved m THF and

15 adsorbed onto silica gel. This material was purified by flash chromatography (from 10 to
>25% BtOAc/ hexanes in 20 min) to afford 0.720 ¢ (57% yield) of 5-azido-8-cyclopentyl-2-
methylsulfanyi-8 H-pyrido[2,3-d Jpyrimidin-7-one as a yellow solid. MS = 303 [M+H]".
Step C: Triphenylphosphine (1.68 g, 6.40 mmol) was added, at RT, to a solution of 5-azido-
&-cyclopentyl-2-methylsulfanyl-8 H-pyrido[2,3-djpyrimidin-7-one (1.29 g, 4.27 mmol) in

20 THF (43 mL) and the reaction mixture was stirred at 35°C for 2 h. An HCI(1 M, 22 mL) was
then added and the reaction mixfure was heated at reflux for 2 h and then was stored at 4°C
overnight. The resulting mixture was neutralized to pH & with NaHCOs (sat’d aq), and was
extracted with EtOAc (2x 200 mL). The combined organic layers were dried over MgSO,,
filtered and evaporated under reduced pressure. The crude residue was purified by flash

chromatography (from 2 to >5% MeOH/DCM in 20 min.) to give 0.89 g (75% yield) of 5-

2
L

amino-§-cyclopentyi-2-methylsulfanyi-8 H-pyrido[2.3-djpyrimidin-7-one as a yeliow solid.
MS =277 [M~+1T".
5-Amino-8-cyclohexyl-2-methyisuifanyl-8 H-pyrido[2,3-d Jpyrimidin-7-one was prepared
using the above described procedure and the appropriate starting materials,

30
Preparation 4: Synthesis of 8-Cyclopentyl-5-hydroxy-2-methylsulfanyl-8 H-pyrido[2 ,3-
dpyrimidin-7-one



15 under reduced pressure to afford 10.241 g (97% yield) of 4-cyclopentylamino-2-
methylsuI?,gyiiﬁgfjg&i?#@e-&carboxylie acid. Step C: EDCI (7.690 g, 40.26.p3neh@sdhenzotriazole
(4.796 g. 40.26 mmol) were added to a suspension of
4-cyc|opentylamino-2-methylsuIfanyl-pyrimidine-5-§$rboxylic acid (10.186 g, 40.26 mmol) in DCM (250
mL), at RT, and the reaction mixture was stirred for I'h. The 20 resulting mixture was washed 3 times
with water: the combifed aqueous extradits were extracted tyvice with DCM. The ined organic
layers were drie a2s04, fil a evgggraﬁh depwgtgpgcedv!ﬁ%mg iyg,a crude oil.
This material VSVJS&N ' Crgaitecq'vvrﬁh'la ety 1d themi as'feft to—stand overnight.
The white solig,which formed WaéHpoII%ﬁ by filtratien to iﬁ?.ags 8.(54%Njeld) of
benzotriazol-1-y1-(4- 25 cyclopentylLa -2-inethylsulfan rimidin-5-y1)xmethanonc. WO
2009/132980PCT/EP2009/054638 -47- The faltlowing compounds were prepared using the above
described procedﬂ?qjhdjne appropriateg materials: - b enzotri azo 1-1
-y1-(4-cyclohexylapaing-2 -ir{t;g;lyissﬁi'fiasngikE;)hjN il in-5-y1)-methanone -
benzotriazol-1éM1-(4-£:é:IopropylaminOég-meth Isucifanyl-pyrimidin-S-O- 5methanone. Step D: A solution
of lithium diisopropylamjde (1.8 M in toluene£26.6 inL) was added, dropwise, at -78C, to a solution of
EtOAC (2.33 mL, 23.92 mmol) in THF (100 mg%and the resulting mixture was stirred at -78C for | h. A
solution of benzotriazol-1-y1-(4- cyclopentylanfif@ZMBthylsulfanyt-pyrimidin-5-y1)-methanone (7.698
- 21.74 Mipgh 40 A9THELOR M Wav adceyia sannyia o eactim iUy R he resuling

mixture was nd at RT for 15 h. The reaction mixture was then treated with HO

(1 M aq) angthdsuifity Horigedinagcarhirptcacthetiaseiten g sttie asnsdtia s (36P 1 h, was
then diluted, with F{0AG: FPeQLUANISIBYELWAS SaPalaled and warhed-Adimeswithwatesithe aqueous

layers were combined and extracted 3 times with EtOAc and 3 times with 15 a mixture of isopropanol

and chlorofdifieEIvh THEBShIABEP BT GaRRCBMBROMmaIRCdiad BVEedI 82 Mt dMande

evaporated Ungigbdenraad prassurRethriciudereidar was Ryl firtcbylabohiamaiagraphy
(heptane/EtOAc, 100/0 to 80/20) to give 3.03 %(42% yiel

f 3-(4- L ,
cyclopentyPAFRTHE: 28 thifstisiyt-pyrimmeih: 19530326328%’%53‘%%?&'%{?%3%?%%}3 E:
Diisopropyiethykamisgdl ménandi DRt 2 pwefeaaidaded to 3-(4- 20
cyclopentylamino-2- Isulfany|-pyrimidin-5-3/0-3-oxo-prapionig acid ethyl ester (3.0 g, 9.29 mmol)
and thé re %ﬁzrﬁiéﬁﬁgi\g@aﬂeﬂe% "i‘?cf&s or?ﬁ.%el}%laggt%lr% [ ﬁﬁ?&‘{ﬁa%l neoﬁ%cfooled to RT and
acidified Wit{a:ﬂdﬂélu(ﬂmgﬂaq&mmmels Theboegltmgdntiiu mtwa(é_blmge@l WithrEtDAT Eﬁfi&é\_/\@éhed 3x_with
HCt (1 M agh The sombied Agueolsiavaispie exliapied wilh F0RGARE AeR A AL mixture

of isopropano? Ahd'chioroto e 25 combined organic extracts were dried over NalSO4, filtered and

evaporateduR@enddd(itét Yresswes tddtionti2 8 g (979soyidiey ofhe white solid, which crashed

8-cyclopentyl1-5-hydroxy-2- [ -81-fovri 3= imidin-7= L
o drony A iAo A0 HePU: and et dred e above
described précetureehprenerabisr emté%ﬁérkiag%"éﬂ@ﬁiié.Oﬁé-wpenwlammoé-

2009/ 1329%&19&1%{%9%@%&%@-5—carboxyiic acid.
Step C: EDCI(7.690 g, 40 26 mmol) and benzotriazole (4.796 g, 40.26 mmol) were added to
a suspension of 4-cyclopentylamine-2-methylsulfanyl-pyrimidine-5-carboxylic acid (10.186
g, 40.26 mmol) in DCM (250 mL}, at RT, and the reaction mixture was stirred for 1 h. The
20 resulting mixture was washed 3 times with water; the combined aqueous extracts were

extracted twice with DCM. The combined organic layers were dried over NapSOy, filtered
and evaporated under reduced pressure to give a crude oil. This material was triturated with
hot tert-butyl methyl ether and the mixture was left to stand overnight. The white soiid which

formed was collected by filtration to give 7.698 g (54% yield) of benzotriazol-1-yl-{4~

| ]
en

cyclopentylamine-2-methylsulfanyl-pyrimidin-S-yl)-methanone.



SCHEME 5 Step A: Sodium hydride (60% dispersion in mineral oil, 6.07 g, 151.60 mmol) was added

portionwis S Q'g gen atmosphere, at 0C, to a mixture of benzotriaz E%/Emﬁ 0/054638
cyclohexy&rﬁi?@- i—r%et ylsulfanyl-pyrimidin-5-y1)-methanonc (25.4 g, 68.% mmolg and tert-butyl ethyl

nialonate (14.36 mL, 75.83 mrnol) in anhydrous DMF (400 mL) and the resulting mixture was stirred at
RI for 15 h. The reaction mixture was poured into g*fixture of NaHSO4 (aq 10%, 1 L) and ice (200
inL) and théheviidseangfedynexindstedravitteatoA oy 20k} dEheribodinedwrganichextracts were
washed with vly/gtregt(CZ%% 1(1)0 %IE)[ dgilg,d over 10 Na2S04, filtered, and evaporated under reduced
pressure. The y%ﬁow“ozltirto’i‘)%mnec]1 was dissolved in DCM (30 mL) and trifluoroacteic acid (60 rnL) was
added. The reactidrempttinevas!Héatee dcraflunifior - he tilveedg uitiny mindine wisnoubiedamd the

solvent was evap_og%;%gtmg&r_ 1r_ﬁq Rg?&a{’?ﬁ{éﬁmgﬁfgﬁ%@ nﬁ/_ dded r#ﬂw pH 7 was

reached and the resulting mixture was"extracted with EtOAc (3x 10 The combined organic
extractd 15 were @@ BWer Na2S04, filtered and evaporated under reduced pressure. The crude

residue waggyiiied by, fiash chipmalesraRbyE0AChexens 1R 10:%/85) fa affere:20.9 g (90%
yield) of 3-(4-cyclohexylamino-2-methylsulfanyl-pyrimidin-5-y1)-3-oxo-propionic acid ethyl ester. Step
B: DBU (LUSBHD) Had Sdec-dRSEIBE! GHOSE MgorPamisedhracts i Rk Ao bms) 25 te

(4-cyclohexydaminenZmetiidsutiaay kpyrraidin-biy W-Hrxerprepianisasidiethyl@ster (21.5 g) and
D1PEA (85 mL), and the resulting mixture heated at 12§C fogrl h, then stirred at Rl overnight. The
volatiles wEYS'SVEPGAREY trithet REGHLEY PEBSfED alvd MRCHBRIGUE WAS Uiutdd WIEtORC and HCI (1

M aq)1 T heTsaiichresitue wad kollerteshbyifiksatiors dh o rghnicd ayel as-sapaataduand-dhe aqueous
layer was extracted ith EtOAc. T ined organic 25 extracts were dried ove 4, filtered
and evapo?g{é%&ﬁ%ﬂéﬁ%@bé&%@e&%ﬁ@o@fﬂ%e?é‘oﬁrir%lﬁi%gauso& i%aéx\g\‘i%?ew\i‘\iga% f6 %%%‘ﬁ%l(&l’g@%ﬁ(aq
10%), twictivaithanadtéenhexiabbEC(§x LOOqhik)ibpid 2 21k mixtirhezofihexaneaardiiztOA&R @ o1l 0B mL) to
give, after drying under red essure, 19.9 g.(99%.yi S(;JI))ao ) o L
8-cyc|ohex\gf%/%%%?g)%{ﬁi\%@%@%anyipéﬁlr?;/?ic?é’fé,5’-%]%4 rlr%al%ldn‘}]%io\?%bi\}\% 3oﬂt ubr%ﬁ%kr} purifications.
WO 2009/¥32980RGDER2009I0E9ER3 ombined and extracted 3 tig@s with EtOAc and 3 times with
8-Cyclapropy s a:ydr Y neinau ot B YHOPLR, SR IR: - 0REWRS RIERALG using the

above described procedure and the appropriate starting materials. Preparation 6: Synthesis of
N-(4-Amin&3yerereyl fikewhrinde niroi onder sefusct macsyithddis grde residue was purified
N-(4-aminquﬁm@mﬁxﬁf@&e&@mw&%@%ﬂ@?z@@%%@%ﬁ@ St 8esarding f9the, pragcess shown

in Scheme 6. SCHEME gStep A: To a cooled suspension of (4-amino-cyclohexyl)-carbamic acid
tert-butyl eSYSRPESYHEYIH-DEMIEOE HY) WaHdHed We3PEOMIMCT O HBWSHBYTEA (2.19 rtiL), and

the resultinggepirture;yasosieed Rl dor Bl Thel reclignsmixiureywasdhenwpartitioned between DCM
and water, and isopropyl amine was added to facilitate the separation. The. é)r%a?ic layer was washed
%l%ﬁl?gy frder

with ditite 8% AR oG B NBPEB 4 Titered Shg BUdpereSs! FEtFE&Rd Bressure.
The residue yasiitljraie chwith 29, thenselidawastd eollectedday: filttratioreanthd riegturdessreduced

pressure (0 afford k-2 §t4 2SN BRINASYCIRREY N SRS TYE AGRISHEHN S818%ke was

diluted with EtOAc and washed 3x with HCL (1 M aq). The combined aqueous layers were
extracted with EtOAc and then 3x with a 1:1 mixture of isopropanol and chloroform. The

25  combined organic extracts were dried over NaySQO, filtered and evaporated under reduced
pressure to afford 2.5 g (97% vield) of 8-cyclopentyl-5-hydroxy-2-methylsulfanyi-8 H-
pyrido[2,3-dJpyrimidin-7-one.
5-Hydroxy-2-methylsulfanyl-8-phenyl-8 H-pyrido[2 3-d[pyrimidin-7-one was prepared using
the above described procedure and the appropriate starting materials.

30
Preparation 5: Synthesis of 8-Cyclohexyl-5-hydroxy-2-methylsulfanyi-8 H-pyrido[2 ,3-
dlpyrimidin-7-one



Step B: HD (2.0 M in MeOH, 200 mL) was added to a suspension of

(4-acetylagi (;8 l)-carbamic acid ten-butyl ester (14.3 g) in MeOH @ 0P pba.aRd g resulting
mixture ngl([}s%ﬁ‘r}@ agfgéxllfor 18 h. A second aliquot of HCI (2.0 M in Me01-1, 100 nft...) was 20 then

added and the resulting mixture was stirred at Rl overnight. The reaction mixture was then
concentrated under reduced pressure and the residiie was triturated with Et20. The very hygroscopic
solid was collected by filtration after freatment with tpluene, was then dried &at 50C under reduced
pressure to afford 12.46 g, --cycl tainide hydr ficke.
N-(4-Amino-cyclohexyl)-SmJét e§on!@uf1ﬂ1ide,|1{yN (N:thoriéle waspr ing the above

procedure (in Step A mq;DaF}esN?onyl chloridjeawas sed) and using the apprqpriate starting materials.
WO 2009/132980PCT/EP2009/054638 -50- Prepdratibn 7: Synthesis of

(4-amino-cyclohexyl)-carbamic acid methyl ester hydrochlorid salt SCHEME 7 5 Methyl
chloroformate (0.468 mL, 6.06 mmol) was addggdsopwige, over a period of 20 min, under argon
atmosphere, at 0C, to a mixture of (4-amino-cyclohexyl)-carbamic acid ten-butyl est\f/arég. g, 4.67
mmol) andgﬁﬁi’iéthéc(‘é}%?@?ﬂﬂ%.@ %ﬂ\%ﬂﬂﬁﬁﬁ%%ﬂﬁ{@)%hé%%%?ﬁﬁ?%“?ﬁ&%b%a‘ '%%rred at RT
for 24 h. Thexractien msdtrenvastheneyaperatettundentedueed pressuieand vider (300 mL) was

soced o the SIS Face The SRR Iiute 4o vos et simes M SAp GO ). e
and twice with-buatbetilbtainadrist Wverl Na2 SOdnfiltene dranydroon E8vii a#éé omidendatuced pressure.
The remaininguulie s0lld was mxed it KOG M 0. Me0H 200, Wk) A0 05,8 54ig fixure was
. eaction mixture was ‘thén evaporated under reduced pressure to give 1.1 g
of 15 (4-amifisatifibHex\ijéatbansiciacid Mé iyl iestétheydreckiorilid s altirRrieparatidh(@ASEhthesis of
S-ino-8-cycjgpropy1;2methyleuany1-8H pyrdolR. 2, AIRYgmifing1:9ne M SNMLGHLH
10 NaySQ,, filtered, and evaporated under reduced pressure. The yellow oil obtained was
dissolved in DCM (30 mL) and trifluoroacteic acid (60 mL)} was added. The reaction mixture
was heated at reflux for 1 h, The resulting mixture was cooled and the solvent was evaporated
under reduced pressure. NaHCOs (sat’d aq) was added until pH 7 was reached and the
resulting mixture was extracted with EtOAc (3% 100 mL). The combined organic extracts
15 were dried over Na,SQy, filtered and evaporated under reduced pressure. The crude residue
was purified by flash chromatography (EtOAc/hexane 10/90 to 15/85) to afford 20.9 g (90%
yield) of 3-(4-cyclohexylamino-2-methylsulfanyl-pyrimidin-5-yl}-3-oxo-propionic acid ethy!
estér.
Step B: DBU (11.05 mL) was added dropwise, under argon atmosphere, to a mixture of 3-
20 (4-cvciohexylamino-2-methylsulfanyl-pyrimidin-5-yl}-3-oxo-propionic acid ethyl ester (21.5
g) and DIPEA (85 mL), and the resulting mixture heated at 125°C for 1 h, then stirred at RT
| overnight, The volatiles were evaporated under reduced pressure, and the residue was diluted
with EtOAc and HCI (1 M aq). The solid residue was collected by filtration, the organic layer

was separated, and the aqueous layer was extracted 3> with EtOAc. The combined organic

extracts were dried over Na;SQs, filtered and evaporated under reduced pressure. The

o)
L

combined solids were washed 3x with NaHSOy (aq 10%), twice with water, hexane (8x 100
mL}, and 2 2:1 mixture of hexane and EtOAc (4x 100 mL) to give, after drying under
reduced pressure, 19.9 g (99% vyield) of 8-cyclohexyl-5-hydroxy-2-methylsulfanyl-8 /-
pyridof2,3-djpyrimidin-7-one without further purifications.



Palladium hydroxide on carbon (10% wt., 150 mg) was added to a solution of 5-azido-8-
cycloprop%m%@g%wIanyt-8H-pyrido[2,3-d]pyrimidin-?-one (1.5 9) in gigcial-aaRlieacis (80 mL) and
the resulting mixture was stirred under 112 (balloon pressure) for 2 h. A mixture of DCM and MeOH
(80/20, 100 mL) was added and the resulting mixture was filtered over a 25 CELITETm pad and the
filter cake was washed with a mixture of DCM and Me0H (80/20, 500 mL). The filtrate was
concentratéd lyntigropdutaddroassinadih givdiinyl ¢k F-aminof33-WiG2000/1 3288 CRETHER2009/054638
-51- cyclopropyl-2-methylsultany1-8H-pyrido[2.3- imnidin-7- en solid without further
purificatiorlllss.l% ga%@%xﬁ\%ﬂ? |ré!, ;?roclg@é%?g%%cg ygrﬁgejtlséilg%%ﬁ% R
5-Amino-8-cyclobutyl-2-methylsulfany1-81/-pyrido[2.3- 5 d]pyrimidin-7-one SCHEME 9 Step A:
Sodium hyglri % su sion inyineral:oil, ¥ t@,a solution of
4-amino-%%%ﬁﬁ%?ﬁygr?rﬁ%éﬁg ((;fjgngl%%[% %H %ﬁ%ﬁ%ﬁé@%gﬁ%@?&?ﬁ% gar? d the resulting
mixturé wakhstiredisrir SO/YriramytoBEipirarhidecds hydy OB s asahe it and the
reaction m%g&ggyg&qﬂgrﬁg@gs@%w f&hdhedesulting mixture was then cooled to RI, quenched
with water (200 mL) and extracted with EtOAc (2x 400 mL) The comtg)ined organic extracts were
washed with brine (200 mL), dried over Mg504, filtéred and evaporatied under reduced pressure. The
crude residue was purified by flash 15 chromatagraphy, (EtOAc/hexene8/100 to 30/70 in 10 min) to
afford 354 mg (16% yield) of 4-cyclobutylamino-2-methylsulfanyl-pylimidine-5-carbonitrile as a white
solid. MS = 221 Step B: A soldtion|of Si&thy| psium-BEBid M,in Et20, 0.58 mL, 1.75 rmol)
was added, at RT, to a solutiomgf4-cyclobutylagyno-2-methylsuifa l-pyrimidine-5-carbonitrile 20 (350
mg, 1.59 mmol) in toluene (32 niky@nd the resufting mixture was siifred for 30 min. Ac70 (3.0 mL, 31.8
mmol) was then added and the reaction mixture was heated at reflux for 5 days. The reaction mixture
was then cooled to RI, quenched with water (18GHEVERE extracted with EtOAc (2x 100 mL). The

combined giganjc 1%“5%Hie;‘&%ﬁ%g@Hﬁ@@&?g¢%ﬂ§964c§iﬁﬁi&%ﬁﬁl@!a@%ﬁ%@&@@rblf}dﬁ{ti?@t&qd pressure.
The crude residue was purified by flash 2 chromatog&aphy (EtOAc/hexane, 0/100 to 30/70 in 10 min)

to affdfdl 267 B B69E YHarh) oras 3ededaie 2 (et Ffntdin: 4y D) RES IOy l-acetamide

as a yellow.sglighe mixture was stirred at RT for 3 h. The reaction mixture was then partitioned

between DCM and water, and isopropyl amine was added to facilitate the separation. The
organic layer was washed with dilute aqueous NaHCOs, dried over Na,SO,, filtered and
evaporated under reduced pressure. The residue was triturated with EO, the solid was

15  collected by filtration and dried under reduced pressure to afford 14.3 g of (4-acetylamino-
cvelohexyl)-carbamic acid teri-butyl ester.
Step B: HC1(2.0 M in MeOH, 200 mL) was added to a suspension of (4-acetylamino-
cyclohexyl)-carbamic acid eri-butyl ester (14.3 g) in MeOH {100 mL) and the resulting
mixture was stirred at RT for 18 h. A second aliquot of HCI (2.0 M in MeOH, 100 mL) was

20 then added and the resulting mixture was stirred at RT overnight. The reaction mixture was
then concentrated under reduced pressure and the residue was triturated with Et;O. The very
hygroscopic solid was collected by filtration after treatment with toluene, was then dried at
50°C under reduced pressure to afford 12.46 g of N-(4-amino-cyclohexyl)-acetamide
hydrochloride.

25 N-(4-Amino-cyclohexyl}-methanesulfonamide hydrochloride was prepared following the
above procedure (in Step A methanesufonyl chloride was used) and using the appropriate

starting materials.



Step C: A solution of lithium bis(trimethylsilyl)amide (1.0 M in THE, 0.78 mL, 0.781 minot) was added,
atRI, to a ' -(5-cyano-2-methylsulfany-Il-pyrimidin-4-yb-N- WO

2009/1325%%&%%@&%& )09/054638 -52- cyclobutyl-acetamide (205 mg, 0.7PE§31T /nlg}r')r%g )S’/i(ﬁ"‘lﬁlisF (7.8 mL)
and the resulting mixture was stirred for 1 h. The reaction mixture was then quenched with water (10
nal) and extracted with EtOAc (2x 20 nalL). The conibined organic extracts were dried over MgSO4,
filtered andesppatiaded ubdaheseducéd-pressunel divadiudebrasic ae dvastpyrifiea bydilagiioride
chromatogqraﬁ)hy (MeOH/DCM, 1/99 to 5/95 in 10 inM) to afford 98 mg (48% yield) as a white solid. MS
= 263 [M+H]t. Preparation 10: Synthesis of 5-Amino-843-(tert-butyl-dimethyl-silanyloxy)-propy11-2-
methylsulfany1-8H-pyrido[2,3-d]pyrimidin-7-one 0 HON SNNCH NH, N ONNS 10()THEWS SCHEME
10 Sodium hydride (60% suspension in myineral oil, 468, was added portionwise, at RT, under

argon atmosphere, to a solution of N-(5-dyano-2-methylkulfagyl-pyrimidin-4-y1)- acetamide (2.03 g,
9.75 mmol ) in anhydrous DMSO (20 i @ d the res @ mixtg&e was
li.lHBOC I\EEHZ
SCHEME 7

Lh

Methyl chloroformate (0.468 mlL., 6.06 mmol) was added dropwise, over a period of 20 min,
under argon atmosphere, at 0°C, to a mixture of (4-amino-cyclohexyl)-carbamic acid ferz-
butyl ester (1.0 g, 4.67 mmoly and pyridine (0.479 mL, 6.06 mmol) in THF (6 mL) and the
resulting mixture was stirred at RT for 24 h. The reaction mixture was then evaporated under
reduced pressure and water (300 mL) was added to the solid residue. The resulting mixture
10 was extracted 3 times with EtOAc (100 mL), the combined organics were washed 3 times
with water (100 mL), twice with NaHSO, (aq 1%, 150 mL) and twice with water {150 mL),
dried over Na»SQy, filtered and concentrated under reduced pressure. The remaining white
solid was mixed with HC1 (2.0 M in MeOH, 200 mL) and the resulting mixture was stirred at
RT for 5 h. The reaction mixtare was then evaporated under reduced pressure to give 1.1 g of

15 {(4-amino-cyclohexyl)-carbamic acid methyl ester hydrochloride salt.

Preparation 8: Synthesis of 5-Amino-8-cyclopropyl-2-methylsulfanyl-8 H-pyrido[2.3-
dlpynmidin-7-one

M NH,
N7
e o

? N NN o) s} N
CH, A CHy A

20 SCHEME 8

Palladium hydroxide on carbon (10% wt., 150 mg) was added to a solution of 5-azido-8-

>
N [

cyclopropyl-2-methylsulfanyl-8 H-pyrido[2,3-d]pyrimidin-7-one (1.5 g} in glacial acetic acid

(80 mL) and the resulting mixture was stirred under H, (balloon pressure) for 2 h. A mixture

of DCM and MeOH (80/20, 100 mL) was added and the resulting mixture was filtered over a
25  CELITE™ pad and the filter cake was washed with a mixtare of DCM and MeOH (80/20,

500 mL). The filtrate was concentrated under reduced pressure to give 1.7 g S-amino-§-



15 stirred at RT for 40 mm. (3-Bromopropoxypert-butylciimethylsilane (3.39 nth, 14.63 mmol) was then
added drogwy eriod of 2 min at RT and the reaction mixture was, sti h.Jhe resulting
mixture wg@r?gﬁgéggﬁ%g at 85C for 2 h: a second portion of NaH (60% suzggﬁg%?fﬁé%rﬁ%ﬁgral oil, 78
mg) was then added and was followed after 30 min by (3- bromopropoxy)-tert-butyldimethylsilane
(0.45 inL). The resulting mixture was heated at 2078%C for 1 h, cooled and guenched with water. The
resulting mixtirervyas-extrabiédifity EROAD (o BO3rdh)rinéddombined ergamctdiderstivere washed with
water, drie{#g%verr Mgﬁ{%‘&mﬁ!}%ﬁdﬁf gvaporated under reduced pressure. The crude residue was
purified by ash dhronia ography to affo mg (22% vyield) of 5-amino-843-(tert-butyl-dimethyl-
silanyloxy)-propyl]-2-methylsulfanyl-8H-pyrido[2,3-d]pyrimidin-7-one and 600 mg of 25 uncyclized
N43-(tert- A) j : ?R ropvli-N«(5- S\ﬂﬁ"@-w ” éﬁf | DY EMidin-4-y0-acetamide
which wasb(t:gjg vertscc}iﬂi)g'tﬁ tigégggr%%c%g%{glg%% a)l;me tmgl?ﬁ{ ilﬁ‘gl bi ttréi(%r? yIills()iAEyr?amide as
described ifPrEpalaton® Step C. WO 2009/132980PCT/EP20091054638 -53- Preparation 11:
Synthesis of 5-Amino-8-(trans-3-hydroxy-cyclopentyl)sg-methylstillanyl-_.cx
8H-pyrido[2,3-d]pyrimidin-7- !e\g N4 7ks. "5 CN22 -, 2 226, GN Step AStep BN - e-
FiaC"+ Et0 "s SNH2H2E*55 97 Et N NHSt e“hagbme Step D B12¢" -5NKNHenantRemet Step E

OHOTBDMS NH2NH2 NH,
Step C NS w
- HSC"SJ\N’ NSO
SCHEME 9

Step A: Sodium hydride (60% suspension in mineral oil, 480 mg, 12.0 mmol) was added to a
solution of 4-amino-2-(methylthio)pyrimidine {1.66 g, 10.0 mmol) in DMSO (20 mL}at RT,

10 and the resuiting mixture was stirred for 30 min. Cyclobutylbromide (1.9 mL., 20.0 mmol)
was then added and the reaction mixture was stirred at 50°C for 64 h. The resulting mixture
was then cooled to RT, quenched with water (200 mL.) and extracted with EtOAc (2x 400
mL.). The combined organic extracts were washed with brine (200 mL), dried over MgSO,,
filtered and evaporated under reduced pressure. The crude residue was purified by flash

15 chromatography (EtOAc/hexane, 0/100 to 30/70 in 10 min) to afford 354 myg (16% yield) of
4-cyclobutylamino-2-methylsulfanyl-pyrimidine-5-carbonitrile as a white solid. MS = 221
[M-+H] .
Step B: A solution of methyl magnesium bromide (3.0 M in Et;O, .58 mL., 1.75 mmoi) was
added, at RT, to a solution of 4-cyclobutylamino-2-methylsulfanyl-pyrimidine-5-carbonitrile

20 (3530 mg, 1.59 mmol) in toluene (32 mL) and the resulting mixture was stisred for 30 min.
Ac;O (3.6 mi, 31.8 mmol) was then added and the reaction mixture was heated at reflux for
5 days. The reaction mixture was then cooled to RT, quenched with water (100 mL) and
extracted with EtOAc (2x 100 mL). The combined organic extracts were dried over MgSOs,
filtered and evaporated under reduced pressure. The crude residue was purified by flash

25  chromatography (EtOAc/hexane, 0/100 to 30/70 in 10 min) to afford 207 mg (50% yield) of
N-(5-cyano-2-methyisulfanyl-pyrimidin-4-yl}-N-cyclobutyl-acetamide as a yellow solid.
Step C: A solution of lithium bis(trimethylsilyDamide (1.0 M in THF, 0.78 mi., 0.781 mmol)
was added, at RT, to a solution of N~(5-cyano-2-methylsulfanyi-pyrimidin-4-yi)}-N-



N N Step F + enantiomerH2C"+ enantiomer NNO OTBDMSOH SCHEME 11 5 Step A:
2-Methyl-2:1hi9psgudydrea sulfate (17 g) was added to a solution of KOHy(Sg#Rahea$4 80 rnL)
previously cooled to OC and the resulting white mixture was stirred for 1 h at RT. The reaction mixture
was filtered; the filtrate was maintained at 0C and (Z)-2-cyano3-ethoxy-acrylic acid ethyl ester (33 g)
was added as a crushed powder. The bright yellow Suspension was stirred at RT for 2 h. The solid
was collecteddyufilratioanzsidd (RAShed With 1Oned)dMBEE (T (25l Dby st HEZONIEOQ $NEYSThe bright
vellow solidyas adsd 16,20 aguaqus SRR AL SORMAYRIRL0 R M A0 k) aad he resulting

mixture was heated a min. The solid was removed by filtration and the filtrate was acidified
by addition~athHEGD 48 K3 adf. he Tdsuitmyinskresviasxaeiwetets draddter Meahe fHecpréensitate

which formey pve{%%ea%t?ﬁ%%%ﬁf%k%ﬂr@ Afford afterdrving o ayacy Hé}t‘g%\’ﬁ B8 Matography

g4-hydroxy-2-methylsultany Ine-5-carbonitrilc as a white solid. B: A mixture of
4-hydroxy-QeetHpsiah PR 9 diflind Greae mitiors! 38 pedyt atyishdsphoriste xpEricoYide (15 mL) was
heated at rgflux.;uader argon atmosphere, for 3 h. The reaction mixture was cooled and then
evaporated under reduced pressure. Hexane was added to the residue and the mixture was heated at
reflux, the resulting mixture was decanted and 20 the same procedure was repeated for 4 times. The
combined pypgipRRt1aYSinweane evaperied i affordhd B gi@kthyl-silanyloxy)-propyl}-2-
4-chloro-2-methylsulfanyt-pyrimidine-5-carbonitrile as a white powder. WO

2009/132 986 FEBYOT B4 S8"-5 4 I EPTER0 84 nal, 6.04 namol) was added to a solution of
rrans-3-amino-cyclopentanol (1.83 g) in anhydrous THE (10 mL), undétargon atmosphere.
4-Chloro-2-methylsulfanylpyrimi m%-S-earbonitrile (1.13 g, 6.04 mm hen added in two portions
and the resulting mixture gﬂ:as /stilrre , at RThfundgr/ar(gQ[gwgtmogphe , fo Qﬂ\TQ@Qmwd layer was 5

H,C

decanted and THE was a egummy residue. The extraction pfoceduré was repeated and the
combined extracts were evaporated under reduced pressure. The crudeyesidue was absorbed onto
silica gel and purified by flash chromatography (EtOAc/hexane) to give 1. E%l;ds

trans- 0(3-hydroxy-cyc|openty| amino)-2 -meth ylsulfanyl-pyrimid in e-5-carbonitrile. Step D: To a
mixture of rrans-4-(3-hydroxy-cyclopentylamingd-Biaddthylsulfanyl- 10 pyrimidine-5-carbonitrile (500

, 2.0 L. | - ml. ! here~midazole (680
mg mfgg&%%%%gogéy%&%&%m%@@ 9603k Bl Wdeh AR ARARNE RyiMmidazole |

mg, 10.0 mmo tert ‘ oride (750 mg, 5.0 mmol) and the resulting mixture
was stirreduati® FrismediosPhereectiopHibtupid WA scHyehe Haetwit I CIEagR 4y 20 mL) and was

extracted with EIORAG A3 2091k), 106 cAMBIRAAIIB0ISAAYRS Sweis VSRRt Water (@410 mL), 15

dried over NaZSO4,C(ﬁItered and evaporated under reduced pressure. The crude residue was purified
by fladii chibrratebRap Ry (Rcwimd AERTARODIBY Y R/ By dhgeshyisilane (3.39 mL, 14.63 mmol)
4-[trans-3-((eu sty hgimetvhsiianwexy hexslopenbramninol-2:metwsutanyeysinidinaregarbonitrile
as a white ?cgllzdh. The resulting mixture was then heated at 85°C for 2 h; a second portion of NaH (60%
suspension in mineral oil, 78 mg) was then added and was followed after 30 min by (3~
bromopropoxy)-tert-butyldimethylsilane (0.45 mL). The resulting mixture was heated at
20  85°C for 1 h, cooled and quenched with water. The resulting mixture was extracted with
EtOAc (3x 50 mL); the combined organic layers were washed with water, dried over MgSQs,
filtered and evaporated under reduced pressure. The crude residue was purified by flash
chromatography to afford 800 mg {22% yield) of 5-amino-8-[3-(fert-butyl-dimethyl-
silanyloxy)-propyl]-2-methylsuifanyl -8 H-pyrido[2,3-djpyrimidin-7-one and 600 mg of
25 uncyclized N-[3-(tert-butyl-dimethyl-silanyloxy)-propyl-N-(5-cyano-2-methylsulfanyl-
pyrimidin-4-yl)-acetamide which was converted in the title compound by treatment with

lithjum bis(trimethylsilyl)amide as described in Preparation 2 Step C.



Step E: Sodium hydride (60% suspension in mineral oil, 303 mg, 7.59 mmol) was added in 20 one
portion, qusrz ﬁgﬂ% Eposphere, to a mixture of PCT/EP2009/054638
4-[trans-3-(tert-butyl-dimethylsilanyloxy)-cyclopentylamino]-2-methylsulfanyt-pyrimidine-5-carbonitrile
(658 mg, 1.81 mmol) in anhydrous DMF (10 mL) and the resulting mixture was stirred at RT for 30
mm. Anhydrous Ac20 (2.56 mL, 27.1 mmol) was added dropwise, over a period of 35 mm, and the
reaction mbtemeraaenstitret)fonaadific il Qo - Tierésuling-nykrentydseuetichedia/ with
NI-l4Cl(S%§P an, d%f,rg_%par}d ((agf(trazcted with EtOAc (3x 20 ml_) The combined organic layers were
X1 ﬁu

washed with Waler 1’11 fied over Na2S04, filtered and evaporated under reduced pressure.

The crude residue Wa;ﬁisolved in MeQt, (15 mL),Nﬁ%ra&im hydra, ?VSggle, 18 08 mmol)
was added dropwisc:e ngs‘élﬁ@ﬁixtme*waﬁ\hgé&\e t 85C_irT’a.~;;asucrﬂi4/ reactof for 50 mm. The
solvent was evaporated under redu¢ett pressure and Watér' 30 was adfied o th@ residue. The resulting
mixture was extracted wi ¢ (3x 20 mL) The combi torganic layers were washed with water
(3x 10 mL), dried 9&;7%2504, filtered ang, gvgporgtgd nder redtucgd;@,ressure. The crude residue
was purified by flash™ 009/132980PCT/EP2060/054638 -55° chromatography (DCM/MeOH) to
afford 800 mg of ‘

5-amino-8-krans-3-(tert-buty ethylsilanyloxy)-cyclope -2-methylsulfanyl-8H-pyrido[2,3-d]pyrimi
din-7-one. Step F: A solution of fetrabutylammonium fluoride (&wdvin THE, 0.576 mL) was added

dropwise, at RI, under argon aifhosphere, to a mixture of 5-amin“8-[trans-3-(tert-butyl- 5
dimethyl-silanyloxy)-cyc -2-methylsulfany1-81-1- 8-d]pyrimidin-7-one (200 mg, 0.443
nuriol) in anhydroug: THE (5L) and the sesultif mixiure Was.stirrad ovesnight. A second aliquot of

solution of tetrabutyla&mdﬁiug fluSride (1 M in THE, 0.6 mL) wa§ théh added and the reaction mixture

was stirred for 2 h. A third ali of solution of tetrabutylammowmium fluoride (1 M in THE, 1.8 mL) was
then added and the reaction lure 10 was stirred for 2 h. A fourth) aliquot of solution of
tctrabutylammonium fluoride (1 MPRPFHE, 1.3 inL) was then added &hd the reaction mixture was
stirred overnight. The reaction was quenched watppeiery@0 niL) followed by NH4C1(sat'd aq). The
resulting mixture was extracted with EtOAc (I0x 20 mL) and the combined organic extracts were dried

over Na2S8#8P et Hhy-evilinstadrumasr feiudd Eprassifdedine srlnboreridu@ivEsE dfified by 15
preparative,fdc1 (@M PS40} doldive Q6-mpii82%6uyialg ol -amine: Sr{yamsed-for 1 h

hydroxy-cyclopenty1)-2-methylsulfanyl-8H-pyrido[2,3-d]pyrimidin-7-one. Preparati 2: Synthesis of
o i 5yl BT 13 Bl D U B e oM K B 1 oo
SCHEME ZR2:-Hodiumiidridel (6D9besuspehgiondnadidndral oinBRahgo 2:@5. Mimbk)ighasaAdded in one

portion, under argon atmos hgr
(o3l <

l, 4 ixture of 4-cyclopentylarnino-2- . .
methylsulf&H‘;q}i)-py}ﬂlﬁi\éf?ﬁes- -car%?%allir% (Z?b rﬁgg,olil% %Fﬁgﬁﬁﬁggﬁhy %ﬁglbﬁ(li:‘(fgl?ndff% and the
resulting mixtdrelyCes Stirreil fol_3@naiftat(RI Argpitnibaghydribe (@R 4 mlad2ed5aamol) was added

reaction mAFE S0 ey A ST A e B S b i (a0
mL) and wassértidotéd rtimesasithdStBAT(20vedlh)y Titeadombidebledyrantoextractdinkby washed twice
with water g%gig&lﬁ)opﬁ%? (%Vﬁralgﬁ%%géfsulting mixture was allowed to stand for | h and the
precipitate which formed was coliected by filtration to afford after drymg in & vacuum oven
15 11 g of 4-hydroxy-2-methylsulfanyl-pyrimidine-5-carbonitrile as a white solid.
Step B: A mixture of 4-hydroxy-2-methylsulfanyl-pyrimidine-5-carbonitrile (2.76 g) and
phosphorus oxychloride (15 mL) was heated at reflux, under argon atmosphere, for 3 k. The
reaction mixture was cooled and then evaporated under reduced pressure. Hexane was added
to the residue and the mixture was heated at reflux, the resulting mixture was decanted and
20 the same procedure was repeated for 4 times. The combined supernatant layers were

evaporated to afford 1.13 g of 4-chloro-2-methyisulfanyi-pyrimidine-3-carbonitrile as a white

powder.



30 filtered and evaporated under reduced pressure. The crude residue was purified by flash WO

2009/132%8@&}/559%909/054638 -56- chromatography (DCM/McOli, 95/p9-19:8iGe%L9s50 of 5-an
no-8-cyclopentyl-6-methyl-2- methylsulfanyl-8H-pyrido[2,3-d]pyrimidin-7-one.  Preparation 13:
Synthesis of trans-5-Amino-8-cyclopentyl-2-(4-hydroxy-cyclohexylamino)- 5
8H-pyrido[2,3-d]pyrimidin-7-one  NH2 Step C A NOH SCHEME 13 Step A: TEA (1.13 mL, 8.12
mmot) wa$egdeditb a @dktioh, ¢f Beyelopevity dd8eHydrosghition of rrans-3-amino-cyclopentanol

methylsulf -8H-pyrido[2,3- I i1 in-7- . . nmol) 4 M ; er 10 nitrogen
atmospher@){l}fé ‘r%%ﬁ?ﬁr%o ﬁ)ﬁ%%a%’ lfle?é} t%oé- %n%gﬁﬁﬁbﬁﬁgﬁﬁegﬁm%%ﬁﬁydride (1.093

mL, 6.50 rppmotidies addeantndertathicn nitkiraoh awtemstived ay8eofeenhain detution of
b'S-(4-metp&ﬁvﬁagg%;e@af@wg@%&éd‘laq,Rlﬁ-aéa@migani@ﬂi@%ﬁ&?ﬁtﬁ@%(%%@ﬂ@ﬁ@@@@d at-78 C,

the resulting mixture was stirred at Rl for 1 h and was then heated at 100 C in‘a microwave reactor for
4 h. The relsetoRd s ibitive was Sikite dha BIDTNCaRY W ABR A HABS WRFIWA RS THEHElieous

layers werg aambineand sxtractad:3 Hmgs i REMlhe-epmbingd Troaniaextmasiswiere dried

over Na2S04, filtered and evaporated under reduced pressure to give a crude brown oil. This material
was purificP By A< EhTSisEsURAP MY TS En EASROAE I Be %8%9%3“%8/ BRAELB AY(16Y8 yield) of
5-Mis-(4-mgthaxy-henzyliaminelofayaopentyl-aoaehulsuianyt:8hid 20 pyidelRidnd]pyrimidin-7-one
%neotlhixlzi|?§?§I§Lrg;bf§ri’gagg%‘%ﬁ%%%@fﬁéﬁ&%ﬁ%%%@%}Qs‘t%ﬁpﬁ’ﬁhﬂ%%ETM (0.759g. 1.23
mmol} vapadaetiat Riatbonisole (B0 ahdH-folsa(dol) in anhydrous DMF (15 mL) was added, at RT,
STl S R oA R A ore 510 mo
2009/132980P I TERFDS/0B6B8( 750 mg, 5.0 mmol) and the resuiting mixture was stirred at RT
for 64 h. The reaction mixture was quenched with NH4Cl (sat’d aq, 20 mL) and was extracted
with EtOAc (3x 20 mL). The combined organic layers were washed with water (2x 10 mL),
15 dried over Na;SQy, filtered and evaporated under reduced pressure. The crude residue was
purified by flash chromatography (hexane/EtOAc, 95/5) to give 660 mg of 4-[trans-3-(tert-
butyl-dimethyl-sitanyloxy)-cyclopentyiamino]-2-methylsulfanyl-pyrimidine-5-carbonitrile as
a white solid.
Step E: Sodium hydride (60% suspension in mineral 0il, 303 mg, 7.59 mmol) was added in
20 one portion, under argon atmbsphere, 10 a mixture of 4-[trans-3-(tert-butyl-dimethyl-
silanyloxy)-cyclopentylamino}-2-methylsulfanyl-pyrimidie-5-carbonitrile (658 myg, 1.81
mmol) in anhydrous DMF (10 mL) and the resulting mixture was stirred at RT for 30 min.
Anhydrous Ac,O (2.56 mL, 27.1 mmol) was added dropwise, over a period of 35 min, and
the reaction mixture was stirred for additional 10 mir. The resulting mixture was quenched
25  with NH4CI (sat’d aq, 50 mL), and extracted with EtOAc (3x 20 mL). The combined organic
layers were washed with water (2x 10 mL), dried over Na;SOs, filtered and evaporated under
reduced pressure. The crude residue was dissolved in MeOH (15 mL), and hydrazine hydrate
{0.877 ml., 18.08 mmol) was added dropwise. The resulting mixture was heated at 85°C m a
microwave reactor for 50 min. The solvent was evaporated under reduced pressure and water
30 was added to the residue. The resulting mixture was extracted with EtOAc (3x 20 mL). The

combined organic layers were washed with water (3x 10 mL), dried over Na;SOy, filtered

and evaporated under reduced pressure. The crude residue was purified by flash



-57- mixture was stirred at RT for 1 h. The reaction mixture was then diluted with EtOAc and washed 3
times Withwgtﬁfﬂgﬂg%gé)mbined aqueous layers were extracted twice withpetDags.and,onge with a 1/1
mixture of chlorofolin and isopropanot. The combined organic extracts were dried over Na2S04,
filtered and evaporated under reduced pressure to give a 72/28 5 mixture of
51bis-(4-methoxy-benzyl)-amino]-8-cyclopenty1l-2=methanesulfinyl-8Hpyrido[2,3-d]pyrimidin-7-one
and 5-[bis-{dronethrgraple (12¢)\ At 8cyflogeidy k- of 5-amino-8§-[trans-3-{tert-butyl-dimethyl-

th lfonyl-8H-pyridol2.3r imidinyZ: solytion,of this mi (0.49 t) i
anyaroue D T R et Ry o
trans-amindeyclohesahob a3 engy ¢ dgsummivindhg tde ¢badinmgHibd@uréwals) strseddad10 60 C for 18
h. The feaﬁP&W@Pf%ﬁﬂ%ﬁ&Qﬂﬂé&Mﬁ%é’é&%@Q@& anduashed 3itimes with wajer. g g combined

aqueous layers were extracted twice with EtOAC and once with a mixture of chloroform and
isoproéané%.ﬂ?fl’i@’é@Hﬁ@ﬁi@ﬁb’b@ﬁﬂfﬁ@WMM%E@WW@FM@&ﬁm@%769%@%‘?% under
reduced prg §9r&s31h&@1€-medﬁﬁ§£%§smqgriﬂgﬁaw flrshemapaRaIRPRY:teaive LA pe: of
5-[bis-(4-inethoxy-benzyl)-amino]-8-cyclopentyl-2- 15 ) o
(4-hydroxyécwaﬁ%ﬁyf&m-ﬁéﬁ&éﬂ@ﬁﬁ}%ﬁﬁ}@%ﬁ?ﬁ%ﬁ%ﬂgﬁg%ﬁéa@Eéiﬁh%?i@%éna%ﬁa% L) was
slowly addgghiad Bl 10 sRtbiomBfure was stirred for 2 h. A third aliguot of solution of
5-[bis-(4-methoxyhenzyl)-aminol-8-cyclopentyl-2-(4-hydroxy-cyclohexylamino)-8H-pyrido[2,3-d]pyrimi
ain-7. one (EE A TSRO MO ) AR BT QR WA R R B for 30
mm. Tloe reastioinredikitupchwasdhen digiedolidhDiCM nddbatiG@dh(aatd hg)ridas Sowly B0 added.
The organic layer was washed 4 times with NaHQ03 (sat'd aq). The combined agueous layers were
extraciad 3 hiBe i DOV R B CHa o TSR 8o AT h i Sombined
organic extrastshaérattriedooved Sia2 ®0dyvhilteretiuid euddomtcthamcedtreguosdipressure. The crude
residue was purified arative,FLC (DCM(MeOH 90/10) to afford 31.9 mg of .
tran5-5-amﬁﬁ%?glf%@&ggegr{@%%@(%h%P%)L(g/?gyc o%%%(r%aﬂr}r?%8;g%c8€ifl%§ﬁd\gﬁ%d%%ﬁ?}rﬁidin-7-one as a
yellow solithahb®) 5 Bdetdivehdi}; Wil =24 6r5k248d0€d bisingrthd ibove desalilzedaprooddureyand the
appropgiate startin rals, | m r Y TIPS
o B A e o L A W@ PIEPRAES ot -amin-S-1rans-
no]-8-pherMdBHBOpGIitoNRy B-atpiathvidinimpne Mg e 448 -#4p fvimidim7-one.
trans-5-Amino-2-(4-hydroxy-cyclohexylamino)-8-pheny1-8H-pyrido[2,3- d]pyrimidin-7-one; MS =
352.14 [M+Hr WO 2009/132980PCT1EP20091054638 -58- - ‘
trans-5-Andiergrajies deh i udasis forpHBineiacsaansAY T ccpsibrbxyRs i L BRyHdo[2, 3-d]pyrimidi
n-7-one (y%moﬁg,@dgam(ﬂﬂb[gﬂgl-ll; MP = 292.5-295.3 C; and -
5-Amino-7-cyclohexylamino-8-pheny1-8H-pyrido[2,3-d]pyrit .6. 7-Qne; MS =- 5336.15 [M+HI.
Preparation 14: Synthesis of N o,
5-Amino-2-(4,4-dif|uoro-cyclohexyIanjfo‘ﬁB\’-methyl%HpyrB’g[Z -dfpyrimidin-7-one NH2 N 1-13H

H.C N/ H.C N/’ N

g N T g

O O

SCHEME 12

o

Sodium hydride (60% suspension in mineral oil, 82 mg, 2.05 mmol} was added in one
portion, under argon atmosphere, at RT, to a mixture of 4-cyclopentylamino-2-
methylsulfanyl-pyrimidine-5-carbonitrile (400 mg, 1.91 mmol) in anhydrous DMF {15 mL)})
25  and the resulting mixture was stirred for 30 min, at RT. Propionic anhydride (4.264 mlL., 2.05
mmol) was added dropwise, over a period of 40 min, and the resulting mixture was stirred for
additional 10 min. The reaction mixture was quenched by addition of a satyrated agueous
solution of ammonium chloride (30 mL) and was extracted 3 times with EtOAc (20 mL). The
combined organic extracts were washed twice with water (20 mL), dried over Na;SOq,

30 filtered and evaporated under reduced pressure. The crude residue was purified by flash



OH, NH2 N N NN 0 CH, 10SCHEME 14 To a solution of

5-amino-8‘-m3e% 4% hylsulfanyl-8H-pyrido[2,3-d]pyrimidin-7-one (163 @,’@T/ﬁ;ﬁﬁgm@%) in DCM
(200 mL) was ago(e 3-chloroperoxybenzoic acid (77% max., 164 mg, 0.733 mmol) at Rl 'and the
resulting mixture was stirred for 1 h. The reaction mixture was then evaporated under reduced
pressure and the residue was dissolved in anhydré‘-lféf 15 climethyl sufoxide (7.3 mL). To a portion of
this solutioth{dnBantippas BAAEHEER, (2513 mlzi: 20 hmyal), Telowed oy dopeadiffliorosytidtiexylamine

hydrochlorid“eé %%g] % mm é)g RT. The reaction mixture was stirred at 80 C for 4.5 h and was
then quencI:Ir]szt %I wa eg;. The %e %%tlﬁgpm%h&r}g v?/ggee'xtracted twice with EtOAc (20 mL). The

combined organic layers were washed with brine, dried over MgSO4, filtered and evaporated under
reduced pp e esi vas,putrified hrom I > 10% of
IeOH DN A S 1 S B ) bt i o e QAR R AR}
5-amind-244:A:diflabré-e\rionEdilahfii®)-8-methyl8H-pyrido[2,3-d]pyrimidin-7-one as a yellow solid.
MS = 310 [Mt H]r Using the above described procedure and the appropriate starting materials, the
following compounds were prepared: 25-
trans-5-Amino-2-(4-hydroxy-cyclohexylamp)-8-methy1-8H-pyrido[2,3=#]pyrimidin-7-one (yellow
solid); MS =290 [M+Hr; o 5-Amino-2-c¥}fﬁ§ exylamino-8-ethy1-8H-py¥idof&;3-c]pyrimidin-7-one
(brown solid); MS = 28 FIL;:MP =14 Y7150 @ Mo gun NN
5-Amino-8-cyclopentyt- hydro-pywan-d-yiar ino)-8H-pm@&momidin-7-one (off-white
solid); MS = 330 [M+11] M 120.0-124.0 2009/132980PCT/EP2009/054638 -59- -
5-Amino-2-cyclohexylaming= -cyclopentyl-SH@&do[Z,3-d]p'd -

MP =125.0-130.0C; e i

Chige

e (yellow solid); MS = 328 [M+H]II;

SCHEME 13 _
Step A: TEA (1.13 mL, 8.12 mmol) was added to a solution of 8-cyclopentyl-5-hydroxy-2-
methyisulfanyl-8 H-pyrido[2,3-d [pyrimidin-7-one (1.5 g, 5.41 mmol) in DCM (20 mL}, under
10  nitrogen atmosphere. The resulting mixture was cooled to -78 °C and
trifluoromethanesulfonic anhydride (1.093 ml., 6.50 mxmol) was added, the reaction mixture
was then stirred at -78 °C for | h. A solution of bis-(4-methoxy-benzyl}-amine (4.14 ¢, 16.24
mmol) in dichioroethane (20 mL) was added at -78 °C, the resulting mixture was stirred at

RT for | h and was then heated at 100 °C in a microwave reactor for 4 h. The reaction

—
A

mixture was dituted with DCM and washed 3 times with water. The aqueous layers were
combined and extracted 3 times with DCM. The combined organic exfracts were dried over
NapSQy, filtered and evaporated under reduced pressure to give a crude brown oil. This
material was purified by flash chromatography (heptane/EtOQAc, 100/0 to 80/20) to give 510
mg (18% vyield) of 5-{bis-(4-methoxy-benzyl}-amino}-8-cyclopentyl-2 -methylsulfanyl-8 /-
20 pyrido[2,3-dJpyrimidin-7-one and 1.01 g of triflucro-methanesuifonic acid 8-cyclopentyl-2-
methylsulfanyl-7-0x0-7,8-dihydro-pyrido[2,3-dlpyrimidin-5-yl ester.

Step B: OXONE™ (0.759 g, 1.23 mmol) was added at RT to a solution of 5-[bis-(4-
methoxy-benzyl}-amino]-8-cyclopentyl-2-methylsulfanyl-8 H-pyrido{2,3-dJpyrimidin-7-one

(510 mg, 0.988 mrol) in a mixture of acetone (6.6 mL) and water (1.6 mL) and the resulting



- trans-5-Amino-8- cyclohexyl -2-(4-hydroxy-cyclohexylamino)-8H-pyrido[2,3- d]pyrimidin-7-one (light
brown powgden), ¥es 8 [M+H]+; MP = 292.0-294.0 C; 5- POT/EP2009/054638
trans-5-Amino-8- cycfo exy1l-244-(morpholine-4-carbonyl)-cyclohexylamino]-8H-
pyridop,3-d]pyrimidin-7 -one (yellow powder); MS =455 [M+H]; MP = 185.0- 203.0 C; -
5-Amino-8-cyclohexyl1-2-cyclohexyla ino-8H-pyridbﬁ',?;-d]pyrimidin-?-one (off-white powder); MS = 342
[M+Ht; MPrsx2di8. 5:244i:9eC pRT for 1 h. The reaction mixture was then diluted with EtOAc and

trans-N-[4-(5- ﬁ:ﬁ'g -8axelohexyd -£1x0 %b%n%t?é&ﬁgﬂogﬂl%g’\%egi@%%%@ Wice with EtOAc

ylamino)- cygfo exy acetamide (lig tye ow soli 9 [M+H] ; trans-5-Amino-8-cyclohexyl1-2-(i

-methaneﬁnfbmd@p‘rpé”ndMMIyPémﬁ@)CSHWﬁ@@[QI@-t&WWh ?%ﬁé%ﬁ@?ﬁ%@(ﬁ@ﬁ%éﬁﬁéﬁ MS = 421

[M+H]+; ME 7,259 0%@41\@&%015ﬁﬁ&9§ (S ATBINRBeYEI AR frox:d £-gibydrexpyrido[2,3-d]pyr
midin-2- ylarnlno)giyclohex -carbamlc acid methyl ester (brown powder); MS = 415 [M+HT ; MP =

193.9- i98m1@11f5 Hbsé%?ﬁﬁl@éXﬁ@%ﬁéﬂﬁ}%'@ﬁWlﬂP%‘y%ﬁ%?%ﬁSWﬁﬂ' 25-d]pyr nidin7-one

(light yeIIo imaftt IMnE ks MBis (Jiﬁgé?hé%&@zy@pammo} &-cyclopentyi-2-
2-(1-Acetyl plperldln- -ylamino)-5-amino-8-cyclohexy1-8H-pyrid é lpyrimidin-7-one (brown waxy

solid); MS BSBETRIHRY 5 SATMNI8 ey IREAPT 9504 -408if o LY EIh NS FREY8 L Syrido[2, 3-
d]py”mm'ﬂnﬁ@[}@rﬂéﬂh?&ﬁﬂ@WHBWﬁm) M$ zd3€8, iYIRHITMER (8.240:0:24482Ghmol) followed

cis-N44-(5-Amino-8-cyclopentyl-7 7 8-di o[2 1idin-2-

ylamino)- c%lgﬁgiﬁr’;{& gﬁiﬂ% ﬁ&é%?%&éx %el—%% PEIERIE wasstired at
5-Aminp- SWMOWMMy&aﬁaﬁemahydempme@ymmmwt)a&fmwmm{mﬂmpymmmm‘wﬂhone
(off-white solid +H l: 135.0-137.4 s

5-Amino- 8%eﬁ)[z Jﬂf (C:% 0 exy m?ﬁlg %ﬁraﬁﬁo[%xga B?/%F |ﬁi1'}hor$gl(ﬁxc§}f?w%ﬁ%c§8vsig]ié); MS = 350
[M+H]H; Mﬁlﬁ%hﬂsﬁmm and isopropanol. The combined organic extracts were dried over

o-Amino- SER?/? %@,m&%gw@c@ PR v niedHHxIdol S dloninidin: o R0 efloyte sold):

MS = 352 45.6-246.8 C; WO 2009 980PCT/EP2009/054638
flash chromatography to give 103 mg of 5-[bis-(4-methoxy-benzyl}-aminol-8-cyclopentyl-2-

[5 (4-hvdroxy-cyclohexylamino)}-8 H-pyrido[2,3 - Jpyrimidin-7-one.
Step C: Perchloric acid (0.1 mL) was slowly added at RT to a solution of 5-[bis-(4-methoxy-

benzyl)-amino]-8-cyclopentyi-2-(4-hydroxy-cyclohexylamino)-8 H-pyrido[2,3-d[pyrimidin-7
one (51 mg, 0.087 mmol) in DCM (0.9 mL) and the resulting mixture was stirred at RT for
20 min. The reaction mixture was then diluted with DCM and NaHCO: (sat’d ag) was slowly
20 added. The organic layer was washed 4 times with NaHCO; (sat’d aq). The combined
aqueous layers were extracted 3 times with DCM and once with a mixture of chloroform and
isopropanol. The combined organic extracts were dried over Na;SOy, filtered and evaporated
under reduced pressure. The crude residue was purified by preparative TLC (DCM/MeOH
90/10) to afford 31.9 mg of trans-5-amino-8-cyclopentyl-2-(4-hydroxy-cyclohexylamino)-
25 8H-pyrido[2,3-d]pyrimidin-7-one as a yellow solid. MS =344 [M+H]"; MP = 246.5-248.0
°C.
Using the above described procedure and the appropriate starting materials, the following
compounds were prepared:
- trans-5-Amino-2-[4-(morpholine-4-carbonyl)-cyclohexylamino]-8-phenylt-8 H-
30 pyridof2,3-djpyrimidin-7-one; MS = 449.14 [M+H]";
- trans-5-Amino-2-{(4-hydroxy-cyclohexylamino}-8-phenyl-8 H-pyrido{2,3-
dlpyrimidin-7-one; MS = 352,14 [M+HT ;



- 5-Amino-2-cyclottexylamino-8-cyclopropylrnethyt-8H-pyrido[2,3-d]p one (off-white solid); MS = 314
[MH-Hr ; N3 obdAddekd>- 0 C; - PCT/EP2009/054638
5-Amino-2-cyclobutylamino-8-cyclopropylmethy1-8H-pyrido[2,3-d]pyrimid -7- one (off-white solid); MS
= 286 [M+H] : MP = 236.1-239.1 C; 5- 58
trans-5-Amino—8-cyc|opropy1-2-(4-hydroxy-cyclohé%(jlamino)-SH-pyrido[Z,3- d]pyrimidin-7-one (light
yellow powder); M8 angE54mindiPexc)gB183258[F-aarpholine-4-carbonyl)-cyclohexylamino]-8 H-
5-Amino-7-cyclo 08+ epyls f[ofe] P2iF rigjdling-aine (kght psewn sold); MS =
200 M- M~ LB 18 g%%];%ﬁ}{ﬁ_ia{?{@%%ﬁ« doiis3 WRyEmginyd-aie (hoht Bsowns
[4-(5-Amino-8-cy°c%r§¥t§by1-7-oxo-7,8-dihydro-pyrido[2,3-d]pyrimidin-2-ylamino)-
10cyclohexylkcarbamig, kit ety estanfaftaubite poyrdakiMe 3 37 IMEIMP 7md5vi9-259.0 C; -
5-Amino-8-cyclopropy1-2-(tetrahydro-pyran-4-ylamino)-8H-pyrido[2,3- d]pyrimidin-7-one (off-white
powdef); MS = 3@%%3;&;{&@@ 264.4-266.8 C; -
5-Amino-8-cyclopropyl-2-(1-methanesulfonyl-piperidin-4-ylamino)-8H-pyrido[2,3- 15d]pyrimidin-7-one
(light brown solid); MS = 378 [M];. MP = 224.5-226.0 it; - .
5-Amino-s?c';?aamﬂ%&%yg%%%%rﬁ%?é‘w:gﬁ%géf&%%ﬁ%;?ﬁﬁn‘Péi.%’%ﬂﬁ%lf&sﬁz%ﬁ%?g%%ﬁa); MS = 313
[M]; MP = }2Q4bPA Bcdtjpyhi(@iiAnine: 8-cyclobuty1-7-oxo-7,8-dihydro-pyrido[2,3-d]pyrimidin-2-ylamino)-
cyclohexylkcarbamic acid methyl ester (%Lf-white solid): MS = 387 [M];MP = 20154.3-156.0 C; -

(4-15-Amino-843-(tert-butyl-dimethyl-silanyloxy)-propy %]-7- xo-7[\,j -\gi &ropyrido[Z,S-d]pyrimidin-2-y|a
minol-cyclohexyl)-carbamic acid ﬁ%{er; e L@\ Py
2-(1-Acetyl-piperidin-4-ylamiHJGf-5-a fh 18-(trans-3-hydroxy-cytlopenty1)8Hpyrido[2,3-d]pyrimidin-7-0
ne (yellow powder); MS = 387 [Milli; MP &1192.0- 25194.0 C; - N-  “™
{445-Amino-8-(trans-3-hydroxy-cyclopentyl)-?s- quigydro-pyrido[z,s-
d]pyrirlrﬂdin-z-ylaminokcyclohexylL -acetamide gﬁow powder); MS = 401 [M+H1-; MP = 210.0-211.5
C: - 5-Amifie-2-cycliehexifamine-8-freths-3-nydholypdyeididhtyd)®E-pydinofz8diBotjpyritfidin-7-one
(yellow powd(? 7%'5&1%3)‘%1{’\%?1\'5 %E)) 5&%@%&%’#&%&3%h'ioroperoxybenzoic acid {(77% max., 164

5-Amino-81]8§c opentyl-6-methyl1-24 rpholine-4-carbony1)-cyclohexylamino]-
8H-pyrido[2;8-8]py3imidin) 21dHE glig Hreystolipomee M Stuss! fir-+H]. Tpreaqig@gurdsro C;

was then evaporated under reduced pressure and the residue was dissolved in anhydrous

15 dimethyl sufoxide (7.3 mL). To a portion of this solution (1.8 mL) was added TEA (0.13 mL,,

0.90 mmol), followed by 4 4-difluorocyclohexylamine hydrochloride (62 mg, 0.36 mmol) at
RT. The reaction mixture was stirred at 80 °C for 4.5 h and was then quenched with water.
The resulting mixture was extracted twice with EtOAc (20 mL}. The combined organic layers
were washed with brine, dried over MgSOy, filtered and evaporated under reduced pressure.
20  The crude residue was purified by flash chromatography (from 0 to > 10% of MeOH/DCM
10 min.) to give 27 mg (49% yiekd) of 5-amino-2-(4 4-difluoro-cyclohexylamino}-8-methyl-
8 H-pyrido[2,3-d]pyrimidin-7-one as a yellow solid. MS = 310 [M+H]".
Using the above described procedure and the appropriate starting materials, the following
compounds were prepared:
25 - trans-5-Amino-2-{(4-hydroxy-cyclohexylamino)-8-methyl-8 H-pyrido[2,3-
dipyrimidin-7-one (yellow solid); MS = 290 [M+H]";
- 5-Amino-2-cyclohexylamino-§-ethyl-8 H-pyrido[2,3-d jpyrimidin-7-one (brown
solid); MS = 288 [M~+H]["; MP = 147.7-150.1 °C;
- 5-Amino-8-cyclopentyl-2-(tetrahydro-pyran-4-ylamino )-8 H-pyrido[2,3-
30 dpyrimidin-7-one (off-white solid); MS = 330 [M+H]"; MP = 120.0-124.0 °C;



WO 2009/132980PCT/EP2009/054638 -61- -

N44-(5-Arglaosshsysienenty1-6-methy1-7-oxo-7.8-dihydro-pyrido[2,3-d]pygipdipZyéamipg) -cyclohexyll
-acetamide E ellow powder); MS = 399 [M-FH]'; MP = 296.2- 298.2 C; and - 2-(1 -Acetyl-p

iperidin-4-ylamino)-5-amino-8 -cyc lopenty1-6-meth yl-8H-pyri do [2,3- 5cilpyrimidin-7-one (light brown
powder); MS = 385 [M+Hr ; MP = 281.0-283.0 C. Preparation 15: Synthesis of
5-Amino-2-cyclohedyflarming-8yGdiperduyipropy 1) epipyiidd{ 213-afoRimidiyicode NH2N ONNS_CH3

OTBDMSQH,10SCF 15 o, af_ } o

5-amino-8%§}f€8¥tﬁ%g(§f- meté%/(%-m%’xg]fprgggi -E’%%tr%lsulfanleSHpyrido[Z,3-d]pyrimiclin-7-one
(150 mg, 0.395 mrtehs-DONIB YY) ohes dddet B depiorepd pbRy bR -A& P F7r9d hiax., 106 mg,
0.474 mmoh ot REnsen ardom: imesphereAngie fesyltingmixire wastined for 40 min. The

reaction mixtire was then evaporated 15 under reduceﬁ%ﬁressure and the residue was dissolved in
anhydrdus dimethyr&ufoxidBit S e 1RIOhe ot HA AR RS 226 Ren g AGoFREC I added at
RT and the resultipgduixteugwas:siisred @e80:0of0mbodarT hesreastiommixtuneiwas fsen quenched

with water (70 ro% and an aqueous saturated solution of ammonium chloride (30 inL). The resulting
mixture was extratted With EtOAc; the organic extracts were washed twice with water (50 20 mL), dried
over MgSO04, filtergdsang @vapaiatesuidesdensoaanressweyhodnes refidua dissobred #i-THF, was

added a solution of tetrabutylammon luoride (|.M i 0.59 rriL) at RT and the resulting mixture
© é%mrﬁéﬁv@%cﬁe%} TR

was stirred overnghic PRE ed by-iltration, washed with hexane and purified by
prepatative TLC (DEWME@H 5 9041i0) 1&-givieldtyhg-oko-7,8 -dihydro-pyrido[2,3-d|pyrimidin-2-

e o/ NG S REPHL  ANEi G one o avellow
14-[5-Amino-8-(3-hyare:dypropyB)-GorbsTy8-titlyeledpydsidien3i dippridiidih-2agtamintticyclohexyl
I-carbamic acid methyl @ster W 2A0/ 12 MR GHER F00310PA438 £3- [REHEMEHE
250.0-254.0 °C,
15 - trans-[4-(3-Amino-8-cyclohexyl-7-0x0-7 8-dihydro-pyrido[2,3-d|pyrimidin-2-
ylamino)-cyclohexyl}-carbamic acid methyl ester (brown powder); MS = 415 [M+H]";
MP = 193.9-198.0 °C;
- 5-Amino-8-cyclohexyl-2-(tetrahydro-pyran-4-ylamino)-8 H-pyrido[2,3-dJpyrimidin-
7-one {light yellow powder); MS = 344 [M+H]"; MP = 160.0-164.0 °C;
20 - 2-(1-Acetyl-piperidin-4-ylamino}- 5-amino-8-cyciohexyl-8 H-pyridof2 3~
dipyrimidin-7-one (brown waxy solid); MS =385 [M-+H] ;
- 5-Amino-8-cyclohexyl-2<(4,4-difluoro-cyclohexylamino -8 H-pyrido[2,3-
djpyrimidin-7-one (light yellow powder}; MS = 378 [M+H]"; MP = 240.0-244.1 °C;
- cis-N-[4-(5-Amino-8-cyclopentyl-7-oxo-7,8-dihydro-pyrido[2,3-djpyrimidin-2-
ylamino)-cyclohexyl}-acetamide (off-white solid), MS = 385 [M+H]; MP = 172.6-
176.6 °C,
- 5-Amino-8-cyclopropylmethyl-2-(tetrahydro-pyran-4-ylamino}-8 H-pyrido{2,3-
d]pyrimidin-7-one (off-white solid); MS = 316 [M+H]'; MP = 135.0-137 4 °C;

]
L

- 5-Amino-8-benzyl-2-cyclohexylamino-8 H-pyrido[2.3-d|pyrimidin-7-one (off-white
30 solid); MS = 350 [M+H]'; MP = 221.9-223.8 °C;

- 5-Amino-&-benzyl-2-(tetrahydro-pyran-4-ylamino)-8 H-pyrido{2,3-djpyrimidin-7-

one {off-white solid); MS = 352 [M+H]": MP = 245.6-246.8 °C;



(4- {5-Am no-8 43-(tert-buty I-dimethyl-s lan ylo xy)-propy1]-7-oxo-7 ,8 -d ihydro-pyri do [2,3-

a]pyrimidig;2-ylasninRgsyclohexyl)-carbamic acid methyl ester (prepared ag-gesstiggskigss Example 2)
(0.280 mmol) was dissolved in a mixture of glacial acetic acid, THE and water (3/1/1, 25 mL) and the

resulting mixture was stirred at RT overnight. The reaction mixture was concentrated under reduced
pressure and the crude residue was purified by pr'e@érative TLC (MeQH/DCM, 15/85) to give 11 mg of
{445-amino-8-(3-hyehoxppiopydipiegienti8-8-cyclopropylmethyl-8 H-pyrido[2 3-d Jpyrimidin-7-

dihydro-pyrido|[2, gn? j%qgg-%lydgmokeygiﬂezﬁh}-qg{pam%qp@gngt@l ester as a 10 yellow
powder. MS = 391 [M+HT; MP = 190.0-191

N-1445-Amino-8=(3-Hylifsxy-pr6 SPHiesiaoecmisrirpiyrds b Scnidsltimdryiapiissiicy clohexyli

-acetamide (ye"%@gmt%a@emed z@rggttte&awecdem@ed precedure and the appropriate
starting materials, M 375 [M+Ply : MP > 30 reparation 17: Synthesis of

5-amind-6-cyano- 8%%16%@33@%@’&%91%9“@@148@&@%%8@[@ SIARIRDY N2 N H2C2,2
SNNO SCHEME g atamin:7lend MbHteIRlv powder); MS = 315 [M]; MP = 256.3-258.7 °C;

5-amino-8-cyclobuty1-2-methylsulfanyl-8H-pyrido idin7- 4 46 mol) in DCM
(120 mL) at 0C vv'ag AU N ORGSR RIEY Wé%g‘%’ o&?’l@’ﬂ%ﬂt%“s o%?é ;nhm After
stirring for 30 mirbtﬂiﬁ]B@M)VMS evapgtat@d\&meertreduaed)ﬁcessure and the residue treated with 100
mL water and 100 sar d, a he cr. roduct W r ted into 0 x.100 nth)
The combined org ayeir%o\"/vér %P.%Gau?ﬁ%y%é%ﬁ%ﬁf SO0 "))ga% Water (2x ‘éé mtllj)and
evapdiated WO @m@e@sa@ﬁm&mmmgm (68-winderredooeltipresstiteb:dWk 1.3 g of
5-amino-6- brom - = I%) t)@ -2-methylsulfany1-8Hpyrido[2,3-d]pyrimidin-7-one as a brown solid.
Step B: To a solu |on of 5-amirio-6-bromo-8-cyclobuty1-2-methylsulfany1-8H-pyrido[2,3-
d]pyrimidin-7-one (5@myn@-35yeierotin O Stenahiae nyzan dasleehsup per(Dveiahide (56mg, 5 0.63

mmo). The resulig, ifer WaS NARIEH 21 220601 AR TEASIOS (2R EINcAfter cooling, the

reaction mixture was treated with a mixture of NaHCO3 (sat'd, aqj and EtOAc. The mixture was filtered

and the collected-soitrisnSrx@aniaty Nidors bemssu iy rreaiiipdur oS {ayedelaced with

EtOAc and then comby Rﬁgtﬁr%ﬁtc(()??tﬁr&@@ﬂ QYaporated Wgﬂw]ewedv@teﬁsgse@ The crude residue
was purified by pr8§arat|ve TLC 1 CM/MeOQH, 93/7) tog}lve 29 mg

5-amino-6-cyano-8cy BBy R B oo RBRisRae é@?ﬁ%hﬂﬁfﬁh’?’wg&%%i@f&repamﬂon
18: Synthesis of §n@sBtycoluty 32 I[MHMBLﬂf@MJLﬁ pitenyl-8Hpyriclo[2,3-d]pyrimidin-7-one

- [4~(5- Amino-8-cyclobutyl-7-0x0-7,8-dihydro-pyridof2 3—d]pyﬁmidin~2~ylamino)~
cyclohexyl]-carbamic acid methyl ester (off-white solid); MS = 387 [M]; MP =

20 154.3-156.0 °C;
- (4-{5-Amino-8-{3-(rert-butyi-dimethyl-silanyloxy)-propyl]-7-ox0-7 8 -dihydro-
pyrido[2,3-d]pyrimidin-2-ylamino} -cyclohexyl}-carbamic acid methyl ester;
- 2-(1-Acetyl-piperidin-4-ylamino}-5-amino-8-(trans-3-hydroxy-cyclopentyl)-8 H-
pyrido[2,3-d]pyrimidin-7-one (yellow powder); MS = 387 [M-+H]"; MP = 192.0-

25 194.0 °C,
- N-{4-[5-Amino-8-{frans-3-hydroxy-cyclopentyl}-7-oxo-7,8-dihydro-pyrido[2,3-
djpyrimidin-2 -ylamino}-cyclohexyl} -acetamide (yellow powder); MS = 401 [M+HT;
MP =210.0-211.5°C;
- 5-Amino-2-cvclohexylamino-§-(frans-3-hydroxy-cyclopentyl )-8 H-pyrido[2,3-

30 d]pyrimidin-7-one (yellow powder); MS = 344 [M+F]"; MP = 169.5-170.0 °C;
- 5-Amino-8-cyclopentyl-6-methyi-2 -{4-(morpholine-4-carbonyl}-cyclohexylamino}-
8 H-pyrido[2 3-dijpyrimidin-7-one (light vellow powder); MS = 455 [M-+-HT"; MP =
186.8-188.0 °C;



SCHEME 18 Step A: To a mixture of 5-amino-6-bromo-8-cyclobutyl-2-methylsulfanyl-8H-pyrido[2,3-

d]pyrimidigy &-ong,{2%%9. 0.15 mmol), phenylboronic acid (28 mg, 0.22 mmehxRR9/054638
tetrakis(triphenylphosphine)palladium(0) (17mg, 0.015 mmol) in 0.6 mL toluene and 0.6 mL EtOH was

added cesium carbonate (0.17g, 0.52 mmol) The r fulting mixture was heated at 100C in a microwave
reactor for 30 min. The reaction mixture was cooled, NaHCO3 (sat'd aq) added and the mixture

extracted with EtOAE[(36 28mno- THescterabiviettoeganic tagers Svlibe diedhved dAtA-diaterinto mL) and
evaporated U“deﬁéﬁl%&ggﬁg%%ﬁﬁ%1jf&%ﬁmﬂ@ gRisRiduGAes Py ifieddppreparpiive Td¢>.

(Hexanes:EtOAc, t ord 40 mg of 5-ami o-
8-cyclobuty1-2-m&thylsulféif) 1-6-pheny1-8H-pyrido[2,3-d]pyrimidin-7-one as a solid. Biological Assays

Example 1: .INK Assay ot @@@5@@9@&%@%@9&%& Q9PSAGRB AL INK A MY WaS measured
by phosphorylation of GST-ATF2 (19-96) with [7- P] ATP. The enzyme reaction was congucted at Km
concentrations off X¥PTaF R ARSI ST 46 LM ThlbefEr Eaitattinty 25 M HEPES,

pH 7.5, 2 mM dithiothreitoL. 150 mM NacCl, 20 mM MgC12, 0.001% Tween0 20, 01% BSA and 10%

DMSO. Human JNIC2a2 5 assay contains 1nM en e, 1 MM AéT , 8 MM ATP with JuCi [::(-33P1
ATP. Humar eIRKEHE ke 8 r“h%rflé‘rgﬂ“élﬁ' r??’é%%W%‘F%‘bo 'Q%YWWfﬁ@’g‘gHyzml ATP

Human JNiKgi fuipstate Bibteth-#14501M) assay contains 2 nM enzyme, 1 L.LM ATF2, 4 LAM ATP
with 1 pCi [7-3313] ATP. The enzyme assay was carried out in the prgsence or absence of several

compound concentrations. INK and compound were pre-incubated f £0 min., 10 followed by initiation
of the enzymatic reaction by addingf ATP and the_substrthr\re ction mixture was incubated at
30C for 30 min. At the end ofdficubationstie reaction was ermindted’by transferring 25 pi of the
reaction mixture to 150 pl of 10%-glutathionc Sepharose0 slurry (Arnersham # 274574-01) containing
135 mM EDTA. The reaction product was captured on the affinity resin, washed on a filtration

plate (Millipore, 15 MABVNOB50) Wi%BpDNSSphate buffered saline for six times to remove free
radiorigcleonde. The incorporation of 33P intoSCEH2YWMaS uantified on a microplate scintillation

counter (P Fopeouniy, Gemoaund iten eeIanaK.on NG MeaaUIRAIC RO alue

generated from ten concentration ition carves fitted into'the "3-paraimeter model: % inhibition =

Maximum/¢tide C5edbwhibidnstPe) ( Fétapéré SHralyeBdioR (NEIB sk Mesedéid2b parameter

estimation, Representatiye resuits a5 shown i Table M belewi takle Mi-Repsaseniaiive-Lompound
1050's for JINK1 and JNIC2 . .
and the resulting mixture was stirred for 40 min. The reaction mixture was then evaporated

15  under reduced pressure and the residue was dissolved in anhydrous dimethyl sufoxide (ca. 9
mL). Cyclohexylamine (0.226 mL., 1.975 mmol) was then added at RT and the resuitmg
mixture was stirred at 80 °C for 1.5 h. The reaction mixture was then quenched with water
(70 mL) and an aqueous saturated solution of ammonium chloride (30 mL). The resulting
mixture was extracted with EtOAc; the organic extracts were washed twice with water (50

20 mL), dried over MgSQy, filtered and evaporated under reduced pressure, To the residue,
dissolved in THF, was added a solution of tetrabutylammonium fluoride (! M m THFE, 0.59
mb} at RT and the resulting mixture was stirred overnight. The solid formed was collected by
filtration, washed with hexane and purified by preparative TLC (DCM/MeOH, 90/10) to give
30 mg of 5-amino-2-cyclohexylamino-8-(3-hydroxy-propyl)-8 H-pyrido{2 3-dlpyrimidin-7-

25 one as a yellow powder. MS = 318 [M+H]'; MP = 131.0-132.5 °C..

Preparation 16: Synthesis of {4-[5-Amino-8-(3-hydroxy-propyi}-7-oxo-7,8-dihydro-

pyrido[2,3-d]pyrimidin-2-ylamino]-cyclohexyl} -carbamic acid methyl ester



Compound JNK1 (p.N1) JNK2 (.1M) 1-1 0.0111 0.0258 1-3 0.0179 0.0403 1-5 0,0205 0.0439 1-7
0.0316 0.Q38%¢ks3:§:6844 0.0377 While the present invention has been desgiipasithsssference to
the specific embodiments thereof, it should be understood by those skilled in the art that various
changes may be made 25 and equivalents may be substituted without departing from the true spirit
and scope of the invention. In addition, many modiﬁcations may be made to adapt a particular
situation, NH, i

i P
HN)\N/ N“=o HN)\N N\o
CH. :i: kL(:aTBDMs CH,y i OH
O\R/NH OTNH
O (@]

SCHEME 16

(4-{5-Amino-8§-[3-(tert-butyl-dimethyl-silanyloxy)-propyl]-7-ox0-7 8-dihydro-pyrido[2,3-
d)pyrimidin-2-ylamino} -cyclohexyl)-carbamic acid methyl ester (prepared as described in
5  Example 2) (0.280 mmol) was dissolved in a mixture of glacial acetic acid, THF and water
(3/1/1, 25 mL.) and the resulting mixture was stirred at RT overnight. The reaction mixture
was concentrated under reduced pressure and the crude residuc was purified by preparative
TLC (MeOH/DCM, 15/85) to give 11 mg of {4-[5-amino-8-(3-hydroxy-propyl)-7-0x0-7 8-
dihydro-pyrido[2,3-dlpyrimidin-2-ylamino]-cyclohexyl} -carbamic acid methyl ester as &
10 vellow powder. MS = 391 [M+H]"; MP = 190.0-191.0 °C.
N-{4-[5-Amino-8-(3-hydroxy-propyl}-7-oxo-7,8-dihydro-pyridoi2,3-dJpyrimidin-2-
ylamino}-cyclohexyl} -acetamide (yellow powder) was prepared using the above described
procedure and the appropriate starting materials, MS = 375 [M+H]"; MP > 300 "C.
Preparation 17: Synthesis of 5-amino-6-cyano-8-cyclobutyl-2-methylsulfanyi-8H-
15 pyrido[2,3-d]pyrimidin-7-one
N, N, NH

ps
Br =
N NTOSYTS e 0
)E\ Step A HO /H\ P Step B E
Hacxs N/ N 6] — s N/\N @] 7 HL /l\ =

i 3 N N 6}

& & &

_ SCHEME 17
Step A: To a mixture of 5-amino-8-cyclobutyl-2-methyisulfanyl-8H-pyrido[2,3-djpyrinudin-
7-one (1.3 g, 4.46 mmol) in DCM (120 mL) at 0°C was added N-bromosuccinimide (0.87 g,
20 4.9 mmol) in S portions over 5 min. After stirring for 30 min, the DCM was evaporated
under reduced pressure and the residue treated with 100 mL water and 100 mi NaHCO3
(sat’d, aq). The crude product was extracted into EtOAc (2x 100 mL). The combined

organic layers were washed with NaHCO3 (4x 60 mL) and water (2x 50 mL) and evaporated



-65- material, composition of matter, process, process step or steps, to the objective spirit and scope

of the presgit Jpyeptiag, All such modifications are intended to be within the-$gapgfihgsslaims
appended hereto. - 66 - Claims A compound of formula 1 NH, A< (R3)rnR 0 | 2 including

enantiomers, diastereomers, racemic mixtures and éﬁharmaceutically acceptable salts 5thereof,
wherein: Ri is RI' or Rib; RI'is H, halo, acyl, lower alkyl, lower haloalkyl, lower alkoxy, -CN, or -OH; Rib
is cycloalkyhdeetexbryd palikyraopienyl} gpticnatyrsubtitmsetveirhi obedrZmorth I0ekoty Riblis
independ%&zﬁ_—%&ﬁ%\(ﬁ_%g yafz[‘ﬂalﬂr%%‘é’ﬁ&alkyl or lower haloalkyl; R2 is lower alkyl, lower

0 Y, eny

heteroallcyl; lower alk cycloallcyl, p , heterocycloalkyl, or heteroaryl, optionally substituted

with one 0SB Rk; serbhiRpofSiaapeRdertRo-OF distbwercandau Hriro; fowerdlicoky, or R2b;
djpyrimidin-7-one (50mg, 0.153 mmol} in 0.5 mL NMP was added copper() cyanide (56mg,
5 0.63 mmol). The resulting mixture was heated at 220°C in a microwave reactor for 20 min.

After cooling, the reaction mixture was treated with a mixture of NaHCO3 (sat’d, aq) and
EtOAc. The mixture was filtered and the collected solid then mixed with NH4OH (15%, aq).
The aqueous mixture was extracted with EtOAc and then combined organic layers and
evaporated under reduced pressure. The crude residue was purified by preparative TLC

10 (DCM/MeOH, 93/7) to give 29 mg of S-amino-6-cyano-8-cyclobutyl-2-methylsulfanyl-§H-
pyrido[2,3-d]pyrimidin-7-one as a solid.

Preparation 18: Synthesis of 5-anuno-8-cyclobutyl-2-methylsulfanyl-6-phenyl-8H-
pyrido[2,3-d]pyrimidin-7-one
15

NH,

MNH,
Br
N7 R R
m Step A N| SR
HSC\S N/ O MO, /L <

N

SCHEME 18
Step A: To a mixture of S-amino-6-bromoe-8-cyclobutyl-2-methylisulfanyl-8H-pyrido[2,3-

dipyrimidin-7-one (50mg, 0.15 mmol), phenylboronic acid (28 mg, 0.22 mmol),

20  tetrakis(friphenylphosphine)palladiony(0) (17me, 0.015 mmol) in 0.6 mL toluene and 0.6 mL
EtOH was added cesium carbonate (0.17g, 0.52 munol). The resulting mixture was heated at
100°C in a microwave reactor for 30 min. The reaction mixture was cooled, NaHCO?3 (sat’d
aq) added and the mixture extracted with EtOAc (3x 20 mL). The combined organic layers
were washed with water (2x 10 mL) and evaporated under reduced pressure. The crude

25 residue was purified by preparative TLC (Hexanes:EtOAc, 2:1) to afford 40 mg of 5-amino-
8-cyclobutyl-2-methylsulfanyl-6-phenyl-8H-pyrido[2,3-d Jpyrimidin-7-one as a solid.

Biclogical Assavs
Example I: JNK Assay in vitro



15-2b is cycloalkyl, heterocycloalkyl, or phenyl, optionally substituted with one or more

eagh R21)5is Rdspsndently halo, -OH, lower alkoxy, amino, lower alkyl op{oyyephalanliyss R3 is halo,
amino, lower alkyl, lower alkoxy, or lower haloalkyl; 20A is 0 or A"; A" is C(R5)(R5") or R5 and R5' are

independently 12.5" or R61"; R5" is -H, halo, -OH, or A"; R5b is lower alkyl, A", or lower
heteroalkyl, optionally substituted 25with one or more R6'; R6a is -OH, halo, Iowgr alkyl, lower
haloallcyl, IDWercaikioxyaomamminey b§ phospharylstiHE GHIRETERHE CO)oRY [yNRASE0ER7,

c?/gg;@r 6] ge?%%%éf?ﬁ%;graggﬁ%% %},%@r(!%%%é%%#%g%g? glll%/(% %?e I%ﬁéﬁ%ﬁ ,?ggf f?g?/ \|/;/hich may
be optionailylsubstitd@dithuffocer@ingdémaM X} Bfinb, bF 1dwer! alipiorzivh lo0I8Wer alkyl;
and mis 0,10 4. 20\ SOMRHNILIIXIPHA L ® 20, 0.1% BSA and 10% DMSO. Human INK2a2
5 assay contains 1nM enzyme, 1 uM ATF2, 8 uM ATP with 1uCi [y-"’P] ATP. Human
INK 1ol agsay contains 2 nM enzyme, 1uM ATF2, 6 pM ATP with 1 uCi [v-"P] ATP.
Human JNK3 (Upstate Biotech #14-501 M) assay contains 2 nM enzyme, 1 uM ATF2, 4 upM
ATP with 1 puCi [y—”P] ATP. The enzyme assay was carried out in the presence or absence of
several compound concentrations. JNK and compound were pre-incubated for 10 min.,
10 followed by initiation of the enzymatic reaction by adding ATP and the substrate. The
reaction mixture was incubated at 30°C for 30 min. At the end of incubation, the reaction was
terminated by transferring 25 pl of the reaction mixture to 150 pi of 10% glutathione
Sepharose® slurry (Amersham # 27-4574-01) containing 135 mM EDTA. The reaction
product was captured on the affinity resin, and washed on a filtration plate (Millipore,
15  MABVNOBS30) with phosphate buffered saline for six times to remove free radionucleotide.
The incorporation of *p into ATF?2 was quantified on a microplate scintillation counter
(Packard Topcount). Compound inhibition potency on JNK was measured by ICs value
generated from ten concentration inhibition curves fitted into the 3-parameter model: %
inhibition = Maximum/(1+ (ICs¢/[Inhibitor])"**). Data were analyzed on Microsoft Excel for
20 parameter estimation. Representative results are shown in Table Y below:

Table Y: Representative Compound 1Cse’s for JNK1 and JNK2

Compound JNK1 (M) INKZ (uM)
-1 0.0111 0.0258
I-3 0.0179 0.0403
-5 0.0205 0.0439
1-7 0.0316 0.0397
-9 0.0344 0.0377

While the present invention has been described with reference to the specific embodiments
thereof, it should be understood by those skilled in the art that various changes may be made
25 and equivalents may be substituted without departing from the true spirit and scope of the

invention. In addition, many modifications may be made to adapt a particular situation,



NH, (R3 NNNO I 2 10 including enantiomers, diastereomers, racemic mixtures and pharmaceutically
acceptablggadtadhgsegf, wherein: R' is Rh or le; Rh is H, halo, lower alkylptopyessaaarliass lower
alkoxy, -CN, or -OH; 15R1 b is cycloalkyl, heterocycloalkyl, or phenyl, optionally substituted with one
or more Rib.; each RI™ is independently halo, -OH_,6Ig>_vver alkoxy, amino, lower alkyl or lower haloalkyl;
R2 is lower alkyl, lower heteroallcyl, lower alkoxy, cycloalkyl, phenyl, heterocycloalkyl, or 20heteroaryl,
optionally subsitutettwithittrecsnpitre RocceadiRESSHRdEpEdetiicOpicHE® SPHWeRElkyl, amino,
lower a'kog&,y(}ﬁ%fo@ﬁ% Bhsent ind A8y Cloalodn hstaracrsalleyinerabeny b optianath suhstivated with
one or more R2b"; each R2If is independently halo, -OH, lower alkoxy, amino, lower
25alkyl or‘!ﬁ%@ﬁ%@ﬁﬂ@?‘l@@@‘ﬁwo, amino, lower alkyl, lower alkoxy, or lower haloallcyl; and m is

0-5.



- 68 - 3.A compound of formula Ill - 69 - NH, R NNNO 1 2 including enantiomers, diastereomers,
racemic mixtures and pharmaceutically acceptab'lg6s'alts thereof, wherein: R1 is R1' or Rib; 5Rth is H,
halo, lower alkyl, lower haloallcyl, lower alkoxy, -CN, or -OH; Rib is cycloalkyl, heterocycloalkyl, or
phenyl, optionally substituted with one or more ; each R Is independently halo, -OH, lower alkoxy,
amino, lower alkyl or lower haloalkyl; 10123 is Igwg?salkyl, lower heteroalkyl, lower alkoxy, cycloalkyl,
phenyl, hetgrocyc}g%%ygbgﬁﬂgt%gﬂpgioptionally substituted with one or more R2a; each R2' is

independently -OH, halo, lower alkyl, amino, lower alko>r5 , or R21"; - 2b K is cycloalkyl,
heterocycloalkyl, or phenyl, optionally subs(g'eyted with oné or more R2v; 15each R21" is independently
halo, -OH, lower alkoxy, amino, lower, " X R
P
N N N O
H ,
R 1

including enantiomers, diastercomers, racemic mixtures and pharmaceutically acceptable salts
5  thereof, wherein;
R'is R or R'®;
R' is H, halo, acyl, lower alkyl, lower haloalkyl, lower alkoxy, ~CN, or ~OH;
R'® is cycloalkyl, heterocycioalkyl, or phenyl, optionally substituted with one or more
Rib’;
10 each R' is independently halo, -OH, lower alkoxy, amino, lower alkyl or
lower haloalkyl;
R? is lower alkyl, lower heteroalkyl, iower.alkoxy, cycloalkyl, phenyl, heterocycloalkyl, or
heteroaryl, optionally substituted with one or more R*;
each R* is independently —OH, halo, lower alkyl, amino, lower alkoxy, or R
15 R™ is cycloalkyl, heterocycloalkyl, or phenyl, optionally substituted with one
Or more R%!;
each R™ is independently halo, -OH, lower alkoxy, amino, lower
alkyl or lower haloalkyi;
R is halo, amino, lower alkyl, lower alkoxy, or lower haloalkyl;
20 AisQor A
A’ is CRR®) or N(R™):;
R’ and R® are independently R* or R*”;
R* is ~H, halo, -OH, or A™"; |
R is lower alkyl, A”*, or lower heteroalkyl, optionally substituted
25 with one or more Rﬁa;
R® is —~OH, halo, lower alkyl, lower haloalkyl, lower alkoxy,

or amino;



alkyl or lower haloalkyl; R3 is halo, amino, lower alkyl, lower alkoxy, or lower haloalkyl; and mis O to 3.
204.A compound selected from the group consistigg of:
5-Amino-2-cyclohexylamino-8-((1R,3R)-3-hydroxy-cyclopentyl1)-8H-pyrido[2,3-d]pyrimidin7-one;
[4-(5-Amino-8-cyclobuty1-7-0x0-7,8-dihydro-pyrido[2, 3-d]pyrimidin-2-ylami o cyclohexylkcarbamic acid |
methyl ester; 255$m%ﬁ§$?&d%btyfg%§9%¥ex# i %#%yﬁ%‘oﬁé?éidlpgﬁﬂ?&n??%ne;
5-Amino-8-cyelnbufy1-2-cyclohexylamino-6-fluoro-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclopentyl- -(4-51 dr%}é-%clohiax Iaf:nino)-8H-pyrido[2,3-d]pyrimidin-?-one,
5-Amino-8-cyclohexy1-2- 4%%%xy-%ycllg%(é§§/¥é};ﬁino)-8H- yrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyc|ohexy1-2ﬁ4lﬁ(ﬁif§iﬁﬁl§1’|lﬂ@ﬂ%ﬂolﬂ?ﬁc@k?&?@%ﬁ@ﬁ?ﬁ%%ﬁ%ﬁ%mﬂ
30d]pysimidin-7-0ngyer alkyl, or lower alkyl, cach of which may be optionally substituted with halo, -
5-Amino-2-cyclohexylamino-8-(3-hydroxy-pro -8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclobﬁgi@%gpﬁ?&fgﬂfp%rgmgé%ﬁ
-carbony1)-cyclohexylanfho]EBpigyridofkd:dipyrimidin-7-one;
5-Amino-8-gyclopenty1-6-methyl1-244-(morpholine-4-carbony1)-cyclohexylam no]-81-1-
35pyrido[2,3-d]pyrimidin-7-one; - 69a - N44-(5-Amino-S-cyclopentyl-7-oxo-7,8-dihydro-pyr
clo[2,3-dIpyrimidif 2SR 5L &gty Thaeetamide;
5-Amino-2-cyclohexylamino-8-cyclopropylmethy1-8H-pytido[2,3-dIpyrimidin-7-one;
5-Amino-8-cyclopenty1-244-(morpholine~4&arh lohexylamino]-8H-pyrido [2,3-
5d]pyrimidin-7-one; N44-(5-Amino-8- exg(?-o 0-7,8-dihydro-pyrido[2,3-dIpyrimidin-2-ylamino)-
cyclohexyli-methanesulfonamide; NN S g
5-Ami o-8-cyc|obuty1-244-(4-hydroxy-piperiéﬁne-l-carlﬁenyo-(ﬁ/clohexyla
nol-6-merhyl8H-pyrido[2,3-d]pyrimidin-7-one;
105-AminoigiRivhloropheny.1di8ieyetobstydcoudy ibtieseylaidipkr@rcoyridd2asdligprmliin-7- one;

thereof, wherein;

R'isR®or R™;

R'* is H, halo, lower alkyl, lower haloalkyl, lower alkoxy, -CN, or ~OH;

15 R® is eycloalkyl, heterocycloalkyl, or phenyl, optionally substituted with one or more
R
each R' is independently halo, -OH, lower alkoxy, amino, lower alkyl or
lower haloalkyl;
R? is lower alkyl, lower heteroalkyl, lower alkoxy, cycloalkyl, phenyl, heterocycloalkyl, or
20  heteroaryl, optionally substituted with one or more R™;
cach R* is independently —OH, halo, lower alkyl, amino, lower alkoxy, or R®:
R* is cycloalkyl, heterocycloalkyl, or phenyl, optionally substituted with one
or more R*
cach R™ is independently halo, -OH, lower alkoxy, aming, lower
25 alky! or lower haioalkyl;
R? is halo, amino, lower alkyl, lower alkoxy, or lower haloalkyl; and

m is 0-5.



5-Amino-2-cyclohexylamino-8-cyclopenty1-8H-pyrido[2,3-d]pyrimidin-7-one; N-
{445-Amino-8-((1R,3R)-3-hydroxy-eyeIoperityl)-?‘-&)%d—?,8-dihydro-pyrido[2,3-
d]pyrimidin-2-ylamino]-cyclohexyll -acetamide;
15[4-(5-Amino-8-cyclohexyl-7-0x0-7,8-dihydro-pyrido[2,3-d]pyrimidin-2-ylamino)- cyclohexylkcarbamic
acid methyf ester;%gﬂrﬁﬂ%l-‘é%m}iﬁt{}{-244-( I
-hydroxy-I-methyl-ethyl)-eyelohexylamino]-6-methy1-8Hpyrido[2,3-d]pyrimidin-7-one;
5-Amino-2-cyclohexylamino-8-ethy1-8H-pyrido [2,3-d]pyrimidin-7-one;
205-Amino-8-cyclopropy1-2-(4-hydroxy-cyclohexylamino)-8H-pyrido[2,3-d]pyrimidin-7-one;
N-[4-(5-Amino-8-eyelopentyl-6-ethyl-7-oxo-7,8-dihydro-pyrido[2,3-d]pyrimidin-2-ylamino)-
cyclohexylkacetamide; N44-(5-Amino-8-cyclobuty1-6-methy1-7-oxo-7,8-dihydro-pyr
do[2,3-d]pyrimidin-2- ylamino)-cyclohexyll-N-methyl-methanesulfonamide;
255-Amino-8-cyclobutyl1-244-(4-hydroxy-piperidine- | -carbonyl)-cyclohexylamino]-6-
isopropy1-8H-pyrido[2,3-d]pyrimidin-7-one; 5-Amino-2-cyclohexylamino-8-cyclopropyl-8H-pyrido[2,3
-d]pyrimidin-7-one; 5-Amino-8-cyclopropyl-2-( 1 -methanesulfonyl-piperidin-4-ylamino)-814-pyrido[2,3-
d]pyrimidin-7 -one; 30N44-(5-Amino-8-cyclohexyl-7-oxo-7,8-dihydro-pyr do[2,3-d]py midin-2-yla no)-
cyclohexylkacetamide; 5-Amino-8-cyclohexy1-2-(j -methanesulfonyl-piperidin-4-yla no)-811-pyrido
[2,3- d]pyrimidin-7-one; 2-(I
-Acetyl-piperidin-4-ylamino)-5-amino-8-cyclopenty1-8H-pyrido[2,3-d]pyrimidin-7-one;
355-Amino-8-cyclobuty1-2-cyclohexylamino-6-pheny1-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclohexy1-2-cyclohexylamino-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclopentyl-2-(tetrahydro-pyran-4-ylamino)-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclobuty1-6-methyl-2-((IR,2R)-2-methyl-cyclohexylamino)-8H-pyrido [2,3-
d]pyrimidin-7-one; - 69h - 5-Amino-6-bromo-8-cyclobuty1-2-cyclohexylai 0-8H-pyri do [2,3-d]pyri d
n-7-on d]pyrimidin-7-one; '
5-Amino-2-cyclohexylamino-8-cyclopentyl1-6-ethy1-8H-pyrido[2,3-d]pyrimidin-7-one;
-Acetyl-piperidin-4-ylamino)-5-amino-8-((1 R,3R)-3-hydroxy-cyclopentyl1)-8H-



5pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclobuty1-244-(4-hydroxy-piperidine-Jgarbony1)-cyclohexylamino]-7-oxo-7,8-
dihydro-pyrido[2,3-d]pyrimidine-6-carbonitrile;
[4-(5-Amino-8-cyclopropy1-7-oxo-7,8-dihydro-pyrido[2,3-l\g|_]pyr din-2-ylamino)- cyclohexyll-carbamic
acid methyl ester; 105-Amino-8-cyclobuty1-2-(| =
-methanesulfonyl-piperidin-4-ylamino)-6-methy1 ' 73- d]pyrimidin-7-one;
N44-(5-Amino-8-cyclopenty1-6-meth¥-7, tdihydro-pyrido[2,3-d]pyri idin-2-
ylamino)-cyclohexylkacetamide; " N N N o
N-{445-Amino-8-(3-hydroxy-propyl)-7-0x0-7,8-dihydro-p)Jﬁdo[Z,Cﬁp]pyd'n-z-ylamino]-
15cyclohexyll-acetamide; 1445-Amino-8-(3-hydroxy-propy1)-7-oxo-7,8-dihydro-pyrido[2,3-d]py
midin-2-y|aﬁﬂﬂﬂ%ﬁﬁ’é@ﬂ@&%f%ﬁ‘ﬁﬁo&ﬁﬁﬁ?@w&?@?ﬁes and pharmaceutically acceptable salts
5-Amino-2-gyelehemgamino-6-methy1-8-(R)-tetrahydro-furan-3-y1-8H-pyrido[2,3- d]pyrimidin-7-one;
205-Aminoig-lcyfglao(g)I tyl-2-phenylamino-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cycﬁopropy methy1-2-(tetrahydro-pyran-4-ylamino)-8H-pyrido[2,3-d]pyrimidin-7- one;
5-Amirfo-244-(4-hidrey- pieriiise alkdatbosnidiealerbHexsl afine!-6 MhethyE: (R)-
tetrahydro-furan-3eyi:8K:RUNIL0[ReB18RYIIAMINoF 1HREY1, optionally substituted with one or more
255-Amino-2-(4-hydroxy-cyclohexylamino)-8-methy1-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclobuty1-2-cyclohexylamino-6-isopropyl-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-ethy1-2-(tetragagtl - pisrawegeyltiminGrBHPridof?, Skdlpy dmidinifwenaliy! or
5-Amino-8-®&gpgh%<éﬁlq—,g-(tetrahydro-pyran-4-ylamino)-8H-pyrido[2,3-d]pyrimidin-?-one;
5-Amino-8-cyclobutyl1-2-cyclohexylamino-7-oxo-7,8-dihydro-pyrido [2,3-d]pyrimidine-6- 30earbonitrile;
5-Ami@o-z-{<i-lﬁ4efvf5ﬁ3%|faw-%ﬁﬁ&?&m&ﬂ%w&rﬁ&}j@éwé'ﬂlml@%mﬁ%&h@ﬁ%ﬂ%@yi-
8H-pyrido[23eaytimiclinallyansstituted with one or more R
5-Amino-S-cyclopro -(tetrahydro-pyran-d-ylamino)-8H-pyrido[2.3-d]pyrimidin-¢-one;
o-Amino.2.cyclonn i BB e R B e R R
354-(5-Amino-8-cyclobutT 6 syrderikyl7berenyelasisyt ks Jpiab paompy iRt edyi e
piperidine-l-carboxylig-acigethyl ester; '
5-Amijno-8-cyclohexy1-2-(4,4-difluprozcyclohexylaminp)-8H-pyridol[2, -%}&yrimidi -7-0ne;
o Amio8-cyclobuty-6-methy TS Er SO S LRy SRR SURERs [
d]pyrimidin-7-one alk9¢ lower haloalkyl:

R? is halo, amino, lower alkyl, lower alkoxy, or lower haloalkyl; and

mis 0 to 3.

20 4. A compound selected from the group consisting of:
3-Amino-2-cyclohexylamino-8-({1R,3R)-3-hvdroxy-cyclopentyl)-8H-pyrido[2,3-dlpyrimidin-
7-one;

[4-(5-Amino-8-cyclobutyl-7-ox0-7.8-dihydro-pyrido]2,3-d Jpyrimidin-2-ylamino)-
cyclohexyl]-carbamic acid methyl ester;

25  3-Amino-8-cyclobutyl-2-cyclohexylamino-§H-pyrido[2,3-dpyrimidin-7-one;
5-Amino-§-cyclobutyl-2-cyclohexylamino-6-fluoro-8H-pyridof2,3-d]pyrimidin-7-one;
5-Amino-8-cyclopentyl-2-(4-hydroxy-cyclohexylamino-8H-pyrido{ 2,3-djpyrimadin-7-one;
5-Amino-8-cyclohexyl-2-(4-hydroxy-cyclohexylamino}-8H-pyrido[ 2,3-d]pyrimidin-7-one;
5-Amino-8-cyclohexyl-2-{4-(morpholine-4-carbonyl)-cyclohexylamino]-8H-pyrido[2,3-

30  dlpyrimidin-7-one;
5-Amino-2-cyclohexylamino-8-(3-hydroxy-propyl)}-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclobutyl-6-methyl-2-[4-(pyrrolidine-1-carbonyl)-cyclohexylamino]-8H-
pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclopentyl-6-methyl-2-[4-(morpholine-4-carbonyl}-cyclohexylamino] -8 H-

35 pyrido[2,3-d}pyrimidin-7-one;



2-0 -Acetyl-piperidin-4-ylamino)-5-amino-8-cyc|open%l—6-methy1-8H-pyrido [2,3- d]pyrimidin-7-one;
5-Amino-8-cyclobuty1-6-methyl-2-((1S,2S)-2-methyl¢fclohexylam no)-8H-pyrido[2,3-
d]pyrimidin-7-one; 52-(1
-Acetyl-piperidin-4-ylamino)-5-amino-8-cyclohexy1-8H-pyrido[2,3-d]pyrimidin-7-one;

5-Amino-8 Xy erebiuty: n—%z%féﬂ%@tf}ﬁb?f&wa%%ﬁéh%‘ﬁ?a?ﬁt%f%z%-ﬂ]’awﬁmaﬁﬁ:ﬂ%}ﬁ@?)'
5-Amino-2-gytibbedjtamuntdd:-pheny1-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-244;(morpholing-4- 1)- IRQ]-8- I-8H-pyridal2 3- d]pyrimidin-7-one;
105-Amino% - 4?%9%:;%8?%%@%%?%?%%}%%% %%ﬁ%ﬂlﬁgﬁﬁ%%)% .-d}]?gﬁr%iﬁ%%-one;
5-Amino-8fbéﬁ%w:&r@v&qaﬁé%y?awr%@mhpbwdﬁfz@wwﬁﬂﬁaﬁ% g -SH-pyrido[2,3-
5-Amiro-2{f-hydiaxyrayelohexylamino)-8-pheny1-8H-pyrido[2,3-d]pyrimidin-7-one;
6-Acetyl-5-aminQ-8-cyclqbuty1-2-cyclohexylaminp-8H-pyridq[2, 3-d]pyrimidin-7-one;
5-Amino-8-%?éfz§ff§-? 8‘[réqr¥)¥l s %ﬁéﬁﬁﬁﬂ%ﬁﬁo 08?—*%%%%3[@@“& pléﬁlnrh}la’i%f]}lpé)r)lé; and
155-Aminociscb#rﬂuﬂhty@.f&giﬂ(@}@f@mé@hyl-phenylamino)-6-methy1-8H-pyrido[2,3-d]pyrimidin- 7-one. 5.A
pharmaceuigal cermR9sition,somplisingths sompamnd.ef siaim dyadmiednithatiaast one

pharmaceutically acceptable carrier, excipient or diluent.
SH-pyrido[2,3-d]pyrimidin-7-one;

10 5-Amino-6-(2-chloro-phenyl}-8-cyclobutyi-2-cyclohexylamino-8H-pyrido{2,3-d}pyrimidin-7-
one;
5-Amino-2-cyclohexylamino-8-cyclopentyl-§H-pyrido[2,3-d]pyrimidin-7-one;
N-{4-[5-Amino-8-((1R,3R}-3~-hvdroxy-cyclopentyl)-7-oxo-7,8-dihydro-pyrido[2,3-
dpyrimidin-2-ylamino]-cyclohexyl} -acetamide; |

15 [4-(5-Amino-8-cyclohexyl-7-0x0-7,8-dihydro-pyrido[2,3-d]pyrimidin-2-ylamino)-
cyclohexyl]-carbamic acid methyl ester;
5-Amino-8-cyclobutyl-2-[4-(1 -hydroxy-1-methyl-ethyl}-cyclohexylamino}-6-methyl-8H-
pyrido{2.3-d]pyrimidin-7-one;
5-Amino-2-cyclohexylamino-8-ethyl-8H-pyrido[2,3-d]pyrimidin-7-one;

20  5-Amino-8-cyclopropyl-2-(4-hydroxy-cyclohexylamino)}-8H-pyridof2,3-dipyrimidin-7-one;
N-{4-(5-Amino-§-cyclopentyl-6-ethyl-7-0x0-7,8-dihydro-pyrido{2,3-d]pyrimidin-2-ylamino)-
cyclohexylj-acetamide;
N-[4-(5-Amino-8-cyciobutyl-6-methyl-7-ox0-7,8-dihydro-pyrido[2,3-d]pyrimidin-2-
ylamino}-cyclohexyl]-N-methyl-methanesulforamide;

25  5-Amino-8-cyclobutyl-2-{4-(4-hydroxy-piperidine-1-carbonyl)-cyclehexylamino]-6-
isopropyl-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-2-cyclohexylamino-8-cyclopropyl-8H-pyridoi2, 3-djpyrimidin-7-one;
5-Amino-8-cyclopropyl-2-( 1 -methanesulfonyl-piperidin-4-ylamino)-8H-pyrido[2,3-
dJpyrimidin-7-one;

30 N-[4-(5-Amino-8-cyclohexyl-7-0x0-7,8-dihydro-pyrido[2,3-d]pyrimidin-2-ylamino)-
cyclohexyl]-acetamide;
5-Amino-8-cyclohexyl-2-(1-methanesul fonyl-piperidin-4-ylamino}-8H-pyrido[2,3-
dlpyrimidin-7-one;
2-(1-Acetyl-piperidin-4-ylamino)-5-amino-8-cyclopentyl -8 H-pyrido[2,3-d]pyrimidin-7-one;

35 5-Amino-8-cyclobutyl-2-cyclohexylamino-6-phenyl-8H-pyridof2,3-djpyrimidin-7-one;
5-Amino-8-cyclohexyl-2-cyclohexylamino-8H-pyrido[2,3-dipyrimidin-7-one;
5-Amino-8-cyclopentyl-2-(tetrahydro-pyran-4-ylamino)-8H-pyrido[2,3-d}jpyrimidin-7-one;
5-Amino-8-cyclobutyl-6-methyl-2-((1R,2R)-2-methyl-cyclohexylamino)-8H-pyrido[2,3-
dipyrimidin-7-one;
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5-Amino-6-bromo-8-cyclobutyl-2-cyclohexylamino-8H-pyrido[2,3-d]pyrimidin-7-on
d]pyrimidin-7-one; _
5-Amino-2-cyclohexylamino-8-cyclopentyl-6-ethyl-8H-pyrido{ 2,3-djpyrimidin-7-one;
2-(1-Acetyl-piperidin-4-ylamino)-3-amino-8~((1R,3R)-3-hydroxy-cyclopentyl)-8H-
pyrido]2,3-d]pyrimidin-7-one;

5-Amino-8-cyclobutyl-2-{4-(4-hydroxy-piperidine-1-carbonyl}-cyclohexylamino]-7-0x0-7,8
dihydro-pyrido{2,3-d]pyrimidine-6-carbonitrile;
[4-(5-Amino-8-cyclopropyl-7-ox0-7,8-dihydro-pyrido[2,3-d]pyrimidin-2-ylamino)-
cyclohexyl]-carbamic acid methy! ester;
5-Amino-8-cyclobutyl-2-(1-methanesulfonyl-piperidin-4-ylamino)-6-methyl-8H-pyrido{ 2,3~
dlpyrimidin-7-one;
N-[4-(5-Amino-8-cyclopentyl-6-methyl-7-0x0-7,8-dihydro-pyrido]2,3-d]pyrimidin-2-
ylamino)-cyclohexyl] —écetamide; .
N-{4-{5-Amino-8-(3-hydroxy-propyi)-7-oxo-7,8-dihrydro-pyrido[2,3-d]pyrimidin-2-ylamino]-
cyclohexyl }-acetamide;
{4-[5-Amino-8-(3-hydroxy-propyl)-7-0x0-7,8-dihydro-pyrido[2,3-d]pyrimidin-2-ylamino]-
cyclohexyl}-carbamic acid methyl ester;
3-Amino-2-cyclohexylamino-6-methyl-8-(R)-tetrahydro-furan-3-yl-8H-pyrido[ 2,3-
djpyrimidin-7-one;

5-Amino-8-cyclopentyl-2-phenylamino-8H-pyrido]2,3-d]pyrimidin-7-one;
5-Amino-8-cyclopropylmethyl-2-(tetrahydro-pyran-4-ylamino)-8H-pyrido[2,3-d]pyrimidin-7-
one;

5-Amino-2-[4-(4-hydroxy-piperidine-1-carbonyl)-cyclohexylamino]-6-methyl-8-(R)-
tetrahydro-furan-3-yl-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-2-{4-hydroxy-cyclohexylamino)-8-methyl-8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclobutyl-2-cyclohexylamino-6-isopropyi-8H-pyrido[2,3-d|pyrimidin-7-one;
5-Amine-8-ethyl-2-(tetrahydro-pyran-4-ylamino)-8H-pyridof 2, 3-d]pyrimidin-7-one;
5—Amino-8-cyc§0hexyl—2-(tetrahydr0—pyran—4—ylamino)—8H—pyrido{B,3;d}pyrimidin—7-one;
5-Amino-8-cyclobutyl-2-cyclohexylamino-7-ox0-7,8-dihydro-pyrido[2,3-d]pyrimidine-6-
carbonitrile;
5-Amine-2-(1-methanesulfonyl-piperidin-4-ylamino)-6-methyl-8-(R)-tetrahydro-faran-3-yl-
8H-pyrido[2,3-d]pyrimidin-7-one;
5-Amino-8-cyclopropyl-2-(tetrahydro-pyran-4-vlamino}-8H-pyrido[ 2, 3-djpyrimidin-7-one;
5-Amino-2-cyclobutylamino-8-cyclopropylmethyl-8H-pyrido[2,3-d]pyrimidin-7-one;
4-(5-Amino-8-cyclobutyl-6-methyl-7-ox0-7,8-dihydro-pyrido{2,3-d]pyrimidin-2-ylamino -
piperidine~1 -carboxylic acid ethy! ester;
5-Amino-§-cyclohexyl-2-(4,4-difluoro-cyclohexylamino)-8H-pyrido[ 2,3-d]pyrimdin-7-one;
5-Amino-8-cyclobutyl-6-methyl-2-({(1R,28)-2-methyl-cyclohexylamino)-8 H-pyrido[2,3-

d]pyrimidin-7-one;
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2-(1-Acetyl-piperidin-4-ylamino)-3-amino-8-cyclopentyl-6-methyl-8H-pyrido[2,3-
dJpyrimidin-7-one;
5-Amino-8-cyclobutyl-6-methyl-2-((1S,28)-2-methyl-cyclohexylamino)-8H-pyrido[2,3-
d}pyrimidin-7-one;
2-(1-Acetyl-piperidin-4-ylamino)}-5-amino-8-cyclohexyl-8H-pyrido[2,3-d]pyrimidin-7-one;
3-Amino-§-cyclobutyl-6-methyl-2-o-tolylamino-8H-pyridof2,3-d]pyrimidin-7-one;
5-Amino-2-¢cyclohexylamino-8-phenyl-8H-pyridof{2,3-d|pyrimidin-7-one;
5-Amino—2—{4-(morpholin.e~4~ca.rb0ny1)~cyclohexylamino]-8~phenyi-8H»pyrido[2,3—
d]pyrimidin-7-one;
5-Amino-2-(4,4-diflucro-cyclohexylamino)-8-methyl-8H-pyrido[2,3-d]pyrimidin-7-one;
3-Amino-8-benzyl-2-cyclohexylamino-8H-pyrido]2,3-d]pyrimidin-7-one;
5-Amino-2-(4-hydroxy-cyclohexylamino)-8-phenyl-8H-pyrido!2,3~-d]pyrimidin-7-one;
6-Acetyl-5-amino-8-cyclobutyl-2-cyclohexylamino-8H-pyrido[2,3-djpyrimidin-7-one;
5-Amino-8-benzvl-2-(tetrahydro-pyran-4-ylamino)-8H-pyrido[2,3-d]pyrimidin-7-one; and
5-Amino-8-cyclobutyl-2+(2,6-dimethyl-phenylamine)-6-methyi-8H-pyrido[ 2,3-d]pyrimidin-
7-one.

5. A pharmaceutical composition comprising the compound of claim 4, admixed with at

least one pharmaceutically acceptable carrier, excipient or diluent.



