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PROTEI N KI NASE | NHI Bl TORS BACKGROUND OF THE | NVENTION Priority of

| nvention L,OOOla}ﬂTh' s application clains priority to United States
Provi si onal¥ ¥8ti on- Nunber 60/ 818,762 that was fil| & o287
2006, which is hereby i ncor por at ed herel n by reference inits -
entirety. Field of the Invention [0002] This invention relates to
novel i nhi bi tor s (ghe it NGRS A kloleri388Red SbharrdiST and
rel ated ki nases), IFlar nmaceutical conpositions containing the

i nhibitors, and nethods for preparing these inhibitors. The
inhibitors are useful, forpa¥HPROUNIPOF IEE INCBATEON Of
hyperproliferative di seases, such as cancer and inflammuation, in
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on tyrosine, serine a reonl n ues 0 protel ns ranster of
the ter rmms ,76Dtharnmeds folad sp b dtly 2006 wiAdPis hﬁcbpmgbrpsnagda:bretrﬂaws&mnm onits

pat hways ese enzynmes nodul ate cell growth, differentiation and
pl‘0|lfngtf i.e., virtually all aspects of cell life in one way or
anot her QOemeB{{mactivity (Hardie, G and Hanks, S. (-1995) The
Protein Kinase Facts Book. | and Il, Academ c Press, San D ego, CA%
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(PTK) and serine- threonine kinases (ST The Protein Kinase B/ Al ct

enzynes °BrEK &C@Ylﬁuﬂiﬁéffwss@r pice Flaplsse Sni(H9SkiTha exfeipnisipasg, Bacts Book. I and 11,
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the signal transduction pathway (Hemmings, B.A. (]997¥SGIEHC 7 8; Hay N. ( ) Cancer

Cell 8:179-183). Akt is the human homologue of the protooncogene v-akt of the acutely

transforming retrovirus AKT8. Due to its high sequence homology to protein kinases A and C, Akt



[ 0008] The devel opnment of kinase inhibitors that target abnormally
regul at ed pathways and ultimately result in disease is of enornous

et hi cal and COhTTEI’CI al interest to the nedical and pharmaceutical
communi ty. YRRBMHIAd that inhibits (1) recruitment of BATEYS2G/07I56
cel |l menbrane, WD 2008/ 006032PCT/ US2087/072876 3 (2) activation by
PDK1 or PDK2, (3) substrate phosphorylation, or (4) one of the

downst r eaiiisd edlige Potéii Kiiabe B PKB) £id Relatad abhel @RACRNTIate ﬂgbn‘ils of Akt are

either as a stand-alone therapy or .in conjupnction with ot e
pr ocedurkBewn [Qpdy; weﬂyeéi%t ARG anpaikeh ﬂ”%mbpqxh@&taﬁd’ﬁefpﬁ Sprclegy ghs0% i,
2005/ 01@@@98@) Biok OSR6 AR 8ki. §4:5033; Nakavaal 'Ketb%@f B16&f€ﬁh05ﬂ$§yst Ra& Cofinun.
as AKT inhibitors. The conpounds are said to be useful in
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i nhi bit AKT proteln Kinases e conpoun e present ifivention
have ut iN- tenymas atkheseacp&lo‘(tlcclomgmmxd abeort tigslbwsersgianat tb@ﬁdmnmns It a¢idtion,

can be treated by, the inhil gen vgrﬁ @\KT @pogt{%hﬁmﬂﬁaﬁ:e ilqje]n-ggh%c by

present T nventi on i Nc Jaed c oun avi-ng enera For
111 1 CthInd(3 4B)l!a ARcis @hk&phdrylaed sacamiecs aymmmrreﬁﬁ, T30% andeTI054pr B forniR
| a, n 2, and R5 are as defined bel ow.

Aktl (PKBU.) Akt2 (PKBR) and Akt3 (PKBy), respectively, and at S473, S474 and S472 for
isoforms Aktl, Akt2 and Akt3, respectively. Such phosphorylation occurs by an as yet unknown
kinase (putatively named PDK2), although PDK! (Balendran, A., (1999) Curr. Biol. 9:393),
autophosphorylation (Toker, A. (2000) J. Biol. Chem. 275:8271) and integrin-linked kinase (ILK)
(Delcommenne, M. (1998) Proc. Natl. Acad. Sci. USA, , 95:11211) have been implicated in this
process. Akt activation requires its phosphorylation on residue Ser 473 in the C-terminal
hydrophobic motif (Brodbeck et al (1999) J. Biol. Chem. 274:9133-9136; Coffer et al (1991) Eur. J.
Biochem. 201:475-481; Alessi et al (1997) Curr. Biol. 7:261-269). Although monophosphorylation
of Akt activates the kinase, bis(phosphorylation) is required for maximal kinase activity.

[0006] Akt is believed to assert its effect on cancer by suppressing apoptosis and enhancing
both angiogenesis and proliferation (Toker et al (2006) Cancer Res. 66(8):3963-3966). Akt is
overexpressed in many forms of human cancer including, but not limited to, colon (Zinda et al
(2001) Clin. Cancer Res. 7:2475), ovarian (Cheng et al (1992) Proc. Natl. Acad. Sci. USA
89:9267), brain (Haas Kogan et al (1998) Curr. Biol. 8:1195), lung (Brognard et al (2001) Cancer
Res. 61:3986), pancreatic (Bellacosa et al (1995) Int. J. Cancer 64:280-285; Cheng et al (1996)
Proc. Natl. Acad. Sci. 93:3636-3641), prostate (Graff et al (2000) J. Biol. Chem. 275:24500) and
gastric carcinomas (Staal et al (1987) Proc. Natl. Acad. Sci. USA 84:5034-5037).

{0007] The PI3K/Akt/mammalian target of rapamycin (mTOR) pathway has been explored
for targeted small molecule inhibitor therapy (Georgakis, G. and Younes, A. (2006) Expert Rev.
Anticancer Ther. 6(1):131-140; Granville et al (2006) Clin. Cancer Res. 12(3):679-689). Inhibition
of PI3K/Akt signaling induces apoptosis and inhibits the growth of tumor cells that have elevated
Akt Jevels (Kim et al (2005) Current Opinion in Investig. Drugs 6(12):1250-1258; Luo et al (2005)
Molecular Cancer Ther. 4(6):977-986).

[0008] The development of kinase inhibitors that target abnormally regulated pathways and
ultimately result in disease is of enormous ethical and commercial interest to the medical and

pharmaceutical community. A compound that inhibits (1} recruitment of Akt to the cell membrane,



[ 0012] An additional aspect of the present invention includes
conpounds having the general Fornula la: and tautonmers, resolved
enantionmers, resolved diastereoners, solvates, netabolites, salts and
phar maceut WORWEM082 et abl e prodrugs thereof, wherein ACTES013872826H,
and R5 are as defined below [0013] Thg invention also provides
pharmaceutical conpositions conprising a conpound of Formula | or Ia,
or an enanhiafdn byS POKRIdE PR S%O.J.u'c);neate osPHORMIATRE SbHL g;:g%hé W FeCRIMnBiatn
salt or prodrug thereof. WD 2008/ 006032PCT/ 52007/0 876 4 [0014]In_
a furthdpreels pachkt edvdd e e aplvatilo aetinanesn agewy cllees 2 wrotapddlons tharapyt e
diSease%o%&mﬁﬁﬂ&ﬁﬂ%ﬁﬁpﬂgﬁ&&ﬁﬁ&xhﬂe? manmal nedi ated by AKT protein

| ci nases, conprising admnistering to said manmal one or nore
conmpound80@y For nlilngted States Patentokppdinatn dublicuien 200656113025, disvhisesbivler 18, a

of 6ot 1 vttty o Fempo G BRL3R s A trrlioby othe et i 1P BERH b he

medi at edreamitdi sfil9paprohiRtaticadisdacestsidhak eshcaccor di ng to the net hods of
this invention include, but_are not limted to, inflamuatory,
hyperproliferative, pardio¢3@@ﬁ%ﬁ¥(“%Uggagagﬁgﬁgpive, gynecol ogi cal
and der gy 09 Ca}l“hﬁ“iﬁ\ﬁeﬂﬁcﬁrs%rggqesdﬂo%glr&ﬂ{p%untisqgajﬁllﬂiﬂt ﬁKIIE;SerBtQﬁrkiﬁ’a%&‘?CThe

the present "invention provi a nethod of 1nhibitin producti on

of AKT prwpeinds kf thapesserit invgntinuntreaie utilithiias thecapaici asengs & rdisatsst and pgditigns
said ma I . - an enantioner, solvate,
met abol irﬁti%Fa%eq%%g%%58%‘1'@%%@%@%%{% lﬁréasgsgl t or prodrug thereof in
an anour{80HEf f ect | The prosennibidation jpcindescbmpounds havingAlelgaperal Birmulkiilnase.
[0016] In a further aspect, the present jnvention provides nethods of
inhibiting the activity of AKT protein &inases, conpri sing contacting
sai d kinase wth a conmpound of Fornulﬁ:N la. [0017] The inventive

conpounds nmay be used advantageously jn cpnbination with other known
t herapeutic agents. Accordingly, &hisa' ehkdi on al so provides

phar maceuti cal conpositions conprisyhg conpound of Forrmula | or la
or an.enantioner, solvate, netabol/A OfNphar maceutical |y acceptabl e
salt or prodrug thereof, in conbi r1gd th a second therapeutic
agent. [0018] This invention al so %hd&s conmpounds of Formula | or
la and enantioners, solvates, netabolites, and pharmaceutically
acceptabl e salts and prodrugs thereof ¥or use as nmedicanents in the
treat tenhy eéanmerpa,@tsﬁh&hé&hmﬁa&ﬁ d R‘ﬁﬂa, RO LdG0Sre ds AR ABIowW.
addi ti onal aspect of the invention Is the use of a compound of

Formul a [001@] |a, d&n siditendndspated,the plesatt envantom plides compounds having the
pharnaceuthé%lLXlag_eptable salt or prodrug thereof, for therapy. In
one enbSATHEAL" ﬂ?latherapy conprises the treatnment of an AKT protein
| ci nasenedi ated condition. [0020] This L@vention further provides kits
for the treatnment of an AKT protein ki e- nedi ated di sease or

di sorder, said kit conprising a conpqund gf Formula | or la, or an
enantioner, solvate, netabolite, or p tically acceptable salt
or prodrug thereof, a container, &d optionally a package insert or

| abel indicating a treatnment. The further conprise a second
conpound or formulation conprisin e d pharmaceuti cal agent
useful for treating said di seasegef “giesbrder. WO

2008/ 006032PCT1US20071072876 5 [0021] This invention further includes
net hods of preparing, nethods of separating, and

and tautomers, resolved enantiomers, resolved diastereomers, solvates, metabolites, salts and

pharmaceutically acceptable prodrugs thereof, wherein A, RY, R% R* and R® are as defined below.
[0013] The invention also provides pharmaceutical compositions comprising a compound
of Formula I or Ia, or an enantiomer, solvate, metabolite, or pharmaceutically acceptable salt or

prodrug thereof.



met hods of purifying of the compounds of this invention.

[ 0022] Addi ti onal advantages and novel features of this invention
shall be set forth in part in the description that follows, and in
part will WOBMRINRarent to those skilled in the art BSJAIS2007/072876
exam nation of the follow ng specifica#ion, or may be | earned by the
practice of the invention. The advantages of the invention may be
reali Zeq[)@ﬂﬁl at t apNe ik %&?,ﬁh@ﬁreéeﬁ?in%&ﬁ%ﬁ?f@/%@h'ﬂétlﬁ’ﬁ;of treating diseases or
conbi nat'i ons, conpositions, and nethods particularly pointed out in

t he appemdédl ednditivs inDEMANEEDMBHSERPPHEKINPORIT kFasen\PEMPrigng administering to
[0023] Ref grenGE Whd be AW BSpdRHLor Brlflh Rbk 1o 8 b Al THRELTRAMDIRS o
t he i nvention, exarrprl es o ichare iTlhustfated 1 n the acconpanyi ng
st r uct urphsmanehtitdlymetapeblealt beplbolmg ithevefitin am ambhit effectide sctrdaberprevent said

conj unctj.on W t he enuner at nbodi nents, it . w |l be understo

oo et AR e Pet R POr R R bt Bk bl IS b8 nibas of
enbodi MRk SnveRdiod HRlud€Mbut aFey nott IRRitddNise Rfla@fhatody, | Hybepabditkritive Cawdiovasdular,
alternatives, nodifications, and equiVval ents which. m:-% be incl uded

wi t hin meeodegspraatye. gyrecopeisalemid Jernanlipgiet dssasaettd gty t he cl ai ns.

One ski lhgsyi n the, arﬂnm:r'Aspéc@,%ggkgssnﬂweﬁﬁaﬂpmsaanﬂwm i idliBiting the

simlar "or equivalent to those described herein, which could be used
in the preduriaef KT protejirldeasestin p masmtal ovhichiemppises sdminisianipg fr salhmangmelp
no way |imfte h t hods an rials crj ol 1Lt

that oné oOf Emrlrlgr Eé_tog%’mﬁﬁag%i Rc gar’ p%r%I gggﬁ%ﬂngr’ a%O%%’ adrlleggoglhtr?i :Bérﬂ%%%faé?t?fg?llsy
di f f er s ateeptublersalt onprodohi thesedf i sn ap@int efitctiento inhibit petidngtion o am@K T protein
limted. to defined ternms, tem usage, described techniques, or the
like, tH™¥%pplication controls. DEFIN TIONS [0024] The term "al kyl "
as used [h@repi N 1 elied furthér BpeeB e pdseRt ihveR@aT providdimadiisdde df mhiblting the activity
nonoval ent drocarbon radical of one to twelve carbon aéoms, axne#ai n
the al kyf ARdopretain kingsespeompsising peitaciing saisskipase b aicpmpgied GERRPyaiof fa-
one or substi i . i {nafSTOWHRS other
i ncl udemﬁg are Irl;rcl)%%%%rrﬁnivtg ggﬁ[,%m%gtg ﬁb?wfeﬁ/e?a@%ﬁgésgjelp %;l(;}l%( Et, .

- CH2 CH3 Jknown pheoypsutic(agers. | Agropinglyy ithis in@piRiCRHBBRIRYOvides phaspgdeuiigal mmpositions

i -propyl, -CH ) -.b -Bu, n:buty - ) :
00 O E g Yor k0 % e 5, ARG HRE) mpge,
s- but y| ,pharcHe B3 1IgHRCHBIble Rzinet prplmug -theregfy in ¢dmiBution -atht g |sgcond therapeutic
-C(CH3) 3 2, 2-di met hyl propyl (CH2C(CH3)3), 1-pentyl (n-pentyl,

- CH2CH2 2CH3), 2-pentyl (-CH(CH3) CH2CH2CH3), 3-pentyl

(- CH( 8‘@@1&? 2), 2TABtiAvdntidn A1 Yrovides( b2 EH mu3-1ei My lan® <hasitigiers,
(- CH( ) CH(CH3) 2) , 3- net hyl - | - but yl (- CH2CH2CH( CH3) 2) , 2- net hyl -

“butyl (PeHBeHpeR i e phaERG Y REDIBl SR RS iRl for use as
(- CH( CHR) SRR O Baatried? 8X XK I pfdilifidabddin dfidrielddadtiSas) , 2- met hyl - 2-pen
tyl (-C(CH3)2CH2CH2CH3), 3-nethyl-2-pentyl (- CH(CH3) CH( CH3) CH2CH3),

4- et hy1[0819%ent y| An additional aspect of the invention is the use of a compound of Formula I or Ia,

- CH( CH3).CH2CH(.CH3) 2 - e .- 3- pent -

bentyl 08 200G SUBE TRy PO bR e tkor T
2. 3- di mahdmyy: 2botteybmbod HBHINE CieepyRpRprise3, iBe teatmeitydf-42- AKTyprotein kinase-
(-CH(CH3 %@%S..l-heptyl , I-octyl, and the like. [0025] The term

"al kyl ef®® Bi®herein refers to a linear or branched sat urated

di val entjodpoqr ocar s ikdiicfur@ér GAddskils Bt ¥e tRafean oRADAKT mheintkifase-
the allcylene radical may be optionally substituted inde?endently

wi th onénehatesishisase o disprdere s kibiensanrisnad crrPRInA of Erani Tens 1208 PR EREN ISR

are not (ot GldiabQlite, B PiArRRGu QI Yo EpBibleP S Y1 gﬂﬁmg thereof, a container, and

2-nmet hyl propyl ene, pentylene, and the'like. 100261The term "al kenyl "

as used dptieralln a pedkegsinsent ex Hbiehisdicating afreatment dlhetkits masbatensaprise a second

hydr ocar r adi . . | Pis

site of cﬁ%@%‘f"ﬁ?’é O?JSH?‘I]?H. %&Pﬂ,phgm%g?%}ogﬁq @% ﬁ%ﬁ?&%g@gﬁ%@%ﬂt%‘%g@%%er eial%e
or disorder.




[ 0029] The term " (C3-05-cycloallcyl)-(CH2)" includes cycl opropyl - CH2,
cycl opentyl - CH2, and cyel ohexyl -CH2. [0030] The term "hydroxy (Cl-Cs
al kyl )" includes an al kyl group of 1-8 carbons substituted with a
hydr oxy gr 3@0% M98y dr oxy can be substituted at any plBdEUBH70RES76
al kyl group. Exanples WD 2008/ 006032P&T/ US2007/072876 7 include, but
are not limted to, CH2OH, CH2CH2OH, CH2CH(OH) CH3, CH2CH2CH2OH, and

the |'ikqpod19031] " Ah¥linveforl itdleriREIGAL ERIRAS of pRRANLE hRINodPEORPArhteng, and
hydroca(r-:[bonqradi cal (;?v 6- 20 ca€r= bon at ons deroi \I;gég by the renoval ofg ,

one hydrodeads af Briftingef the epmpgreds oathisonpveatim of a parent aromatic ring
system i ncl ' ¢ radi Y td ool

PSS | 0L b AL RIS, My BT
car bocydh ithe descripgibe thec fodloivs, anidrig pafExalinpbame apparbntgo chnes skied indhs athuypon

are not limted t di.cal s derived from benzen napht ene, .. .
ant hr ac &R OB B FHiakt ey Y06HTIR) B9 Bt DRRAT G Moenton. The
1, 2, 3, 4-abedntaghy df cRapbddiosneay BAGealibal hidk Sttainddyy gieanspst i@ )indw@mentalities,
optionally substituted,i ndeQendent ly with one or nore su s(;i tuents
descr i b&OMREAATS, copppsiiqnyad metheds pastqularly pptafed ot mﬁléetaé’f’f‘d@e §pimsng

“heterocyclic ring aspgIadLReTHESCRIPITONGF THENENERRY! y and refer
to a saturated or parti al I_g unsaturated carbocyclic radical of 3 to 8
n

ring at dd3n whi Bafeemed wilk nowrbe mideginadetsih tosceriain embodismenimof the invention,
! ”depef‘iﬁﬁﬁélﬁsgﬁﬁK&?c‘he%eTiﬁﬁ’s%&{éhfﬂih%gfbcco%%ﬂﬁﬁ%@ﬂgctﬁw b forknl)s. While the

remaining r atons bei ng ere one -or re ring atonms nay
opt i onalitwensanbsilli teWesdbédid epgmateinn Mth whet dannereted embodimese iswillthg andasstood

describ | ow. The . radical. be a.carbon radi cal or t
o cal erien i obf Rub BRI fjefibcla Bhir SRAEMenR 0 4 EHhAR) e
" Het er odywehydd’ isalntmdédnal usles afladliefatieesWhrtdichitdher ady ejuévalcadi wlatls nauy ebe

fused w.th sat ur at ed, tially.unsaturated, or, aromatjc ... ..

car bocy PSRt B o0 P ke piésgt ineelion e S Rathe e PR Hillgdn the ar
i ncl ude,wil Héco?di@ @y héiiddsedd tteriRM sindilak 8 Etivalehtlorthdiy defibédatitydin, which
di hydrof uranyl, tetrahydrothienyl, tet r_ahyrdr opyranyl , . di hydr §P¥r_antyl ;
t et r ahy dPYE BF Bi59 imig Praciisend thecirerent imsAiTo | s STesemh IyRRIopbINnAgray limited to

thi oxanyle mpth&RrAd infhYdrialsHRERRER CTAHE BYent 1h326He! kb of B HcBfbtated literature
t hi etanyl, honopi peridinyl, oxepanyl, thiepanyl, oxazepinyl

di azepi @yd simiky apaigsialpydil exg_frgm 10 [cpiigadicts3thisy anpsatiay inchuﬁigg?/b[uhypg limited to

2H- pyra e r | z di Ldyd.

di t hi an@r‘*,"" 3#%’3?’2%%?’%5%@’5‘}/{Sﬁ@rﬁ%“ﬁ%&ﬁuf%%‘é% app YRR bR

di hydr otDEERIIONBhydr of ur anyl , pyrazol i di nyl i m dazol i nyl,im dazolidiny

|, 3- azapigyco[ 3. 1, 0] hexanyl,, 3-azabi cycl . 1. 0] he |, .

azabi cyiﬁdgﬁ g ZF 2] %%%(geﬁffl 2 L?Snﬂ%ﬁ%md‘ﬁir?{%%ﬁ?ianﬁm r%tg%q'n aﬁyorrib5§/q°hed'°ha'"

gr feas. Sﬁinbfmlfﬂm hﬁdrb@ﬁboarrﬁiliail Sﬁoﬁmlﬂgél@d cambirh?&ni, ehesdiothe alk?;] iabical may be
efinition. e heterocyc he Cattac .or N-atta ere

Such T & optnellh pur i kS Wil e BT SRR PP agBes of

pyrrol - htiyl g&hifiﬁfnﬁl@ﬂé}&ﬁﬁ alR nd@ YinfiRl 18- MM, tagheethyl (BUr-CHSCH;)Al-propyl

group derived fromim dazole may be im daz01-1-y1 Iél\l-attacheé,jm)%or
i m dazol(e-Beyn-propyla - EHeHaa$Hs). Bcaiopyle6-Tof i-popdy o@i]/l&@ gl duRs OaFer ariwt
ring car CRNBHA ©- Ll it b (ECH@SH] ©buB)i s-Bu, s-butyl
i soi ndol ?ﬁg&% 3-'d?§h?lrﬁ%{ﬁyg llérﬁ}é)g?%\?& '? ﬁ?@ﬁor%%g i ny‘fjb’ Tﬁjé@r’]gﬂserubcsyélltye’

groups heH& )L opt | dmeathy-2quepy i t (HBad i triiependetfiiap)wi 2R-dmethylpropyl

nore su i t i he r ehf3. tgrm., het Y

loed noreiCEaRke FaR' RERfl SRioHCRECHIE) ST A G cRicH,,

7- menbeBgentyl ng (TH(CHICHY)ges fumetlylrd-tgylsy s{(-©EH)AIH.CEast ochmeibfi-2-butyl

whi ch i i f. 5-10, at ont ai ni ne het ergat

i ndepenzg{(&g‘ﬁgﬁ%@{g@d fr o%ff’ﬁﬁ‘%b’é}ﬁf oxyg(gﬂ%aé%kgl@%ﬁ)gw. e27\?5“"&36}1'PJ;Q‘M

2008/ 00@@3IRCHFCHNISCRMAM 72876 HExamyl es of ({GH.CHEHHOH,GHeTIRS, i ncl udehexyl

but are gkl Pk Re " Ll | LRSS chIRRERY T St pany
(-C(CH3),CH.CH,CH3), 3-methyl-2-pentyl (-CH(CH3)CH(CH;)CH,CHs), 4-methyl-2-pentyl
(-CH(CH;)CH>CH(CHj3),), 3-methyl-3-pentyl (-C(CH3)(CH,CHs),), 2-methyl-3-pentyl



succession to define a substituent attached to a structure, the first
naned radical is considered to be W) 2008/ 006032PCT/ US2007/ 072876 9
termnal and the | ast naned radical is considered to be attached to

the struct WOSWE842stion. Thus, for exanple, an aryl al %AUSAYTCHS | s

attached to the structure in question by the al kyl group. AKT
| NHI BI TORS [0040] The inventive conmpounds of Fornmula | or la are

usef ul fqm@gcm)tn@@ﬂ T RI30diRkdyld-Daies (-Clt,) L ppngs ao;-dmmurm

or la my a be useful as inhibitors of tyrosine kinases as well as
serine dﬁaﬂﬁﬁkﬁﬁﬁﬁﬂe1Hﬁﬁ@%é§”ﬁhaa@éﬁﬂ¢®n to AKT. Such conpounds have

utility ge siher ap?’}i%e n; O Er?e" 1,00 A IHREASER sttQ%tlm‘éé}rbr %%Eﬂeg%ﬁmteﬁﬁnﬁaﬂﬁt

|nh|b|t|on f the |n KI nase S|gna I ng pat hway and tyrosine
and ser ihyérothb@omadios o onamawelee epbaratpad, herg . the{ Abyiarel radicpe map &k opticnally

[ ti i.ncl ud f the For

osol ved Ve e SRmPESaR pof on PG BB descubfl e, SRUTABLRF b bu
salts ange miﬂﬁmﬁta@ﬁuhlbm@lehe; eﬁgﬁ@@b@ylendp nmmgﬁoﬁmé,qmﬁwlem aﬁdatha hke

[ 0042] RI and 12" are ind ﬁen dently selected from Fl E

CrooH, df9261 cHro dhe o P alkpmylas) weed berein refars 4¢ éthf?a@bB%‘é‘ﬁ f@al%@%%ia@at

from H qafsearb@0ARcHof oo tVBlve arborpﬁtqgf Fith 3P Rast! orle Gite Bﬁhﬁbaﬁgﬁgﬁ rhe., a
[0045] A Ts [0046] G 1s phenyl optionally substituted with one to foour

RO gr ousrbon-carben, Gspivedebble cepnd, wherein the alkenyl radical may be optionally substituted

independently with one or more substituents described herein, and includes radicals having "cis"
and "trans" orientations, or alternatively, "E" and "Z" orientations. Examples include, but are not
limited to, ethylenyl or vinyl (-CH=CHy), aily] (-CH,CH=CH), 1-propenyl, 1-buten-1-yl, 1-buten-
2-yl, and the like. '
[0027] The term "alkynyl" as used herein refers to a linear or branched monovalent
hydrocarbon radical of two to twelve carbon atoms with at least oné site of unsaturation, i.e., a
carbon-carbon, sp triple bond, wherein the alkynyl radical may be optionally substituted
independently with one or more substituents described herein. Examples inciude, but are not
limited to, ethynyl (-C=CH) and propyny! (proparéyl, -CH,C=CH).

[0028] The terms "cycloalkyl," "carbocycle," "carbocyclyl" and "carbocyclic ring"” as used
herein are used interchangeably and refer to saturated or partially unsaturated cyclic hydrocarbon
radical having from three to twelve carbon atoms. The term "cycloalkyl" includes monocyclic and
polycyclic (e.g., bicyclic and tricyclic) cycloalkyl structures, wherein the polycyclic structures
optionally include a saturated or partially unsaturated cycloalkyl ring fused to a saturated, partially
unsaturated or aromatic cycloalkyl or heterocyclic ring. Examples of cycloalkyl groups include,
but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyciohexyl, cycloheptyl, and the like.
Bicyclic carbocycles include those having 7 to 12 ring atoms arranged, for example, as a bicyclo
[4,5], [5,5], [5,6] or [6,6] system, or as bridged systems such as bicyclo[2.2.1]heptane,
bicyclo{2.2.2Joctane, and bicyclo[3.2.2]nonane. The cycloalkyl may be optionally substituted
independently with one or more substituents described herein. |

[0029] The term "(C3-Cg-cycloalkyl)-(CH,)" includes cyclopropyl-CHa, cyclopentyl-CHa,
and cyclohexyl-CH,.

10030] The term "hydroxy (C-C alkyl)" includes an alkyl group of 1-8 carbons substituted
with a hydroxy group. The hydroxy can be substituted at any place on the alkyl group. Examples



nonocyclic or 9 nmenber bicyclic heteroaryl optionally substituted by
a hal ogen; [0047] R6 and R7 are independently H, (C3-0b

cycl oal kyl 8&)9 éC?, C6 cycloal kyl)- (CH2CH2), V-(CH2)0-1 wherein V
is a5-6 6032t eroaryl, W (CH2)1-2 wherein Wis pHay[2007{g3876
2008/006032PCT1U82007/072876 10 optionally substituted with F, d,

Br, I, Ow, CF3 or Me, C3-C6- cycl oal kyl , hydroxy-(C3-C6- cycl oal kyI)
1 uor o- (£3adBreved AR kel o, @ﬁ?k%ﬁ%ﬁh@%’s}{@%@ﬂwﬂ%m@ OH, and the
het erocycl e optionally substitutéd w t i cycl opr opyl mat%

C1-C3 alligl or C(=0)(Cl1l-C3 alkyl), or Cl-C6- alkyl optionally

oo, Co- Y | " RSB Frp s AR e Rl By it a8 20
tetr ahéd:laﬂbpy B |d¢r1~teﬁtb:y_alcf?/1fémﬁfral fo6iyd hydmglélpktohqlﬂ‘tyﬂ a singlecahyn atom of a parent
pi peri di rrolidi

and nyl,, 048] or ,R6, and R7 to ether. wi t
P D e oraisrnen Sy AR sk Rkt SoGr i 8F Stpade gyt g 2
ring optsh@pddd parfislRSinsitbed rwgtdir aez:mm@ rcaﬁ@éﬁlngém&modyadﬁm@mmpmry ary]

sel ected from OH, hal ogen, _0XxO0, CH2CF3, CH2CH2COH ) CH3,
( C3- C3) &rps inqiysio4batrase apldlimtiedaioe rqdwa{smsmf%ﬁormé’ep@nﬂ naaWBal%’ aﬁhra%le
toget her,iet ), ﬂlﬁ‘&neaﬁlgﬁﬂé 19 d‘M}HI‘BH e 23l RGO Hath& a8d ehe like. Aryl

nmenber ed heterocyc I C I’I n havi n one OI’ tV\D rng mtrogen at ons
[ 0051] RgrougnahaRte @m@nﬂlycsrlbst@tedonde[p@rﬁismjx with ongrpd MREE srusz@{enérdewbw hexin.

Ot C U | 0o iefm B ARSI DRI By GC RO By L g USCH e e
they ar eisal naedhenpehlly :m:areﬁerﬁio nmﬂnaredabr patislhoopahiatd rcanbgcyhhwradgaloofé tor8
D 908 MRk ] Q0T RSN Pl Sk B SRERASN LY. 1S niogen,
S( Cl - Co-calyde! and sﬁ:l‘ﬁlr %‘i%nﬁhﬂ@/ﬂmg £ok20 -bping Y, | wheNHane BiCRiore ring atoms may be
IC\IJ:LF(Z cl gﬁggaﬁ&lﬁgmte(é%degg@e%llyk@éﬁ gpekgql @grgég%lwg%gcgaddécﬂ?w ﬂ;'ez E’dical
C(0) NH( Gay®R aQ:LuI‘BMJJ Yadical¥ hEfefohNGhdieh: ahd &¥h )isterdYeleMnclld@NHeicRcdiSalkoxy.

i ndependently 0 1. [0056]In a further enbodi pent, the invention
i ncl udesHé@Fﬂﬁ‘h‘ﬁ]ﬂ sai@f inclydesEradiepls avheze hpterocycle radicals are fused with a saturated,

partially unsaturated, or aromatic carbocyclic or heterocyclic ring. Examples of heterocyclic rings
include, but are not limited to, pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl,
tetrahydropyranyl, dihydropyranyl, tetrahydrothiopyranyl, piperidino, morpholino, thiomorpholino,
thioxanyl, piperazinyl, homopiperazinyl, azetidinyl, oxetanyl, thietanyl, homopiperidinyl, oxepanyl,
thiepanyl, oxazepinyl, diazepinyl, thiazepinyl, 2-pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-
pyranyl, dioxanyl, 1,3-dioxclanyl, pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl,
dihydrothienyl, dihydrofuranyl, pyrazolidinylimidazolinyl, imidazolidinyl, 3-
azabicyco[3.1.0)hexanyl, 3-azabicyclo[4.1.0]heptanyl, azabicyclo[2.2.2]hexanyl, 3H-indolyl
quinolizinyl and N-pyridyl ureas. Spiro moieties are also included within the scope of this
definition. The heterocycle may be C-attached or N-attached where such is possible. For instance,
a group derived from pyrrole may be pyrrol-1-yl (N-attached) or pyrrol-3-yl (C-attached). Further,
a group derived from imidazole may be imidazol-1-yl (N-attached) or imidazol-3-yl (C-attached).
Examples of heterocyclic groups wherein 2 ring carbon atoms are substituted with oxo (=0)
moieties are isoindoline-1,3-dionyl and 1,1-dioxo-thiomorpholinyl. The heterocycle groups herein
are optionally substituted independently with one or more substituents described herein.

[0033] The term "heteroaryl” as used herein refers to a monovalent aromatic radical of a 5-,
6~, or 7-membered ring and includes fused ring systems (at least one of which is aromatic) of 5-10

atoms containing at Jeast one heteroatom independently selected from nitrogen, oxygen, and sulfur.



la and tautomers, resolved enantionmers, resolved di astereoners,

sol vates, netabolites, salts and pharmaceutically acceptabl e prodrugs
t hereof, wherein: WD 2008/ 006032PCT/ US2007/072876 11 [0057] Rl is H,
Me, Et, CFYOX¢¥%6? CoF, 100581R2 and R2a are H or F;P 07032876

H M, Et, or CF3; ReR7 (CROR')n (CI-18)m[0060]A is [0061]Gis

phenyl optionally substituted with one to four RO groups; [0062] R6
and R7 afgrihdependent oupCInGRaeC Y Gkt Oaek Yo - HntH) 1o, ( pidiyl, imidazolyl,
cycl oal kyl)- (CH2CH2), V-(Cl42)04 wherein Vis a 5-6 me ered

het er oariplidazypygidiagh pydmigdinet, oyrazalyli triageizl pyracipyli Ghegoly) Hobdhienylt isexazolyl,

A -(@g%oq&'_\%%ﬁ% ﬁ%ﬁ}%ﬁ?fy%%l,c%%&ﬁ’%é &%iﬁgi{p@éﬁl?%i'lg?’t{ggﬁimidazolyl,

opt i onal bepzafubsitl, tinta@bhylyiindezelple indolininyle phthelagisyli meddemsle tidanydelseinddyl,

fromOH, 0(Ci-Co6-al kyl),. 2,..NH( C1-Co- al kvl ), . N( Cl: C6-

al ky1)2,” ‘Bﬁ‘@ﬂ’i a‘fwt,ym%ﬂaz%% F@F‘i’l}lg{r ﬁ?ﬁﬁgﬁo@ég@ya@}ﬂ&ﬂ a{*ﬁfﬁga{l{% %Q"gzgogfr zany),
1 g ottt et g st
| ndependUrPFYAILE] é@ﬁ@dﬂ?l?tﬁﬁn%mlsmgwbﬁ%wit@ﬂ%dpe &goRe O&ﬂigtégﬁngtémd PHeteroary!
(CI - C3) adrksyps maly B0 64 oAb tihd&d Bl ﬁﬁ'(%&ﬁ%}@@ﬁﬂ)ﬁ orfc?e dubstithen® i sdriBedRdein.

R6 together with the atons to which tf are attached forma 5-6

menmber ed08El er ocy Byiveyrdf srpntae dndgnob Heitaifon ¢asban; hegdad hefesepaplesanghsteroaryls
[ 0066] R racH o M 7112 8 1 Sie: o L0068] o138
and R6 ?a cr)gg‘?ﬁg?at%iotgﬁa{ %é% ’ %{?féﬁ%g)?% lI%g‘%’ ‘%"E‘é‘?’ %??%%ﬁﬁa"?ﬁe"& l?or mlg{ SISt 6
menber e, hebef of palyrimidiney godidnn h@, Sner 6 of & \pgrazinegposition gdn, ar §nad;a furan,

[O??g?! © gtgqh%i/r:oﬁ:rzim?%?&Erg%%&lﬂ'}éng %lyr? &0 tetcr:z«illfygt%jan‘)lfrligc}fé, ’pos%%éncé h?é’r%l &ah %Xizble,

imidazole or thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or isothiazole, position 2 or 3 of
an aziridine, position 2, 3, or 4 of an azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or
position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline. Further examples of carbon bonded heterocycles
include 2-pyridyl, 3-pyridyl, 4-pyridyl, 5-pyridyl, 6-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 5-
pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl,
3-pyrazinyl, 5-pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-thiazolyl, or 5-thiazolyl.

[0035] By way of example and not limitation, nitrogen bonded heterocycles and
heteroaryls are bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-
pyrroline, imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole, pyrazoline, 2-
pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline, 1H-indazole, position 2 of an
isoindole, or isoindoline, position 4 of a morpholine, and position 9 of a carbazole, or -carboline.
Still more typically, nitrogen bonded heterocycles inciude 1-aziridyl, 1-azetedyl, 1-pyrrolyl, 1-
tmidazolyl, 1-pyrazolyl, and 1-piperidinyl.

[0036] The term "halogen" as used herein means fluoro, chloro, bromo or iodo.
[0037] The term "a" as used herein means one or more.
[0038] As used herein, the terms "compound of this invention," "compounds of the present

invention" and "compounds of Formula I or Ia" includes compounds of Formula I or Ia and
tautomers, resolved enantiomers, resolved diastereomers, racemic mixtures, solvates, metabolites,
salts (including pharmaceutically acceptable salts) and pharmaceutically acceptable prodrugs
thereof.

[0039] It is to be understood that in instances where two or more radicals are used in

succession to define a substituent attached to a structure, the first named radical is considered to be



CF3, OCF3, 5(Cl-C6-alkyl), CN, CH20-phenyl, NH2, NH (Cl-C6-al kyl),

N (Cl - C6- aIky1)2 pi peridine, pyrrolidine, CH2F, CHF2, OCH2F, OCHF2,
OH, SQ2(Cl-C6-al kyl), C(0)NH2, C(0)NH(CI-C6-alkyl), and

C(0) N( Ci - CHOL008/008032 and [0070]m n and p are i ndepende‘?rﬁllf[‘}ﬁz@P"'(S’i”si6
[0071] Referring to the G group of Formala | or la, exanples include
phenyl optionally substituted with one or nore R9 groups

| ndependgntihy ﬁ@{h%%s?ﬁianfmqugalgal isdonsi®ired tGMe aﬁ?&hl@y to th@Eth%ﬁre m\éﬂestmn Thus,
2008/ 006032PCT/ US20071072876 12 1 sopr opyl,

OCP3, SOkBexaople2@tarraliyloydita pragpshied t@heﬂmcawmcﬂm@dm hﬁeﬂw glkvlrmluvde

but are ppt d&@ i@ﬂst o, phenyl, 2-chlorophenyl, 3-chlorophenyl, 4-

chl or op r ophenyl , 3-f|uoropheny|, 4-f|uoropheny|,

2- br onopjoe40j! , 3- lThe mﬁﬂﬁﬁwbmpﬂmdbémﬂﬁmhﬁﬂ}dr Ia Brer‘ﬂséfﬂyﬂopi‘mhl’m)ting AKT protein

ot Iyl pheRSCS, e CaBPoRt oK 131 Fpty B Poweny o nbbids ghStsying Rioms o

2-t1i f | updIPER ke PARMkeonfBe Kidakds iﬂoidélifﬁ:'hhﬁé' BRENY Buch compounds have utlhty as
4-trifluoronethyl phenyl, 2-cyanophe g anophenyl anop enyI
2- met hdieefaweﬂw ent f?é@ﬁé%@?sp%éh%ﬂ bey WN&X%H@HWM of éteh%‘i { BRIy (Kinase
3- et hoxy, ath%vay%ﬁ&1§r¥(¥ﬂggﬁwgerlngﬂlwa}lﬂgﬁﬁgéélr% I.%)/bathwa S,

3- thlone I onet hyl phenyl - trif uoronethoxyphenyl
3-trifl d@ﬂﬂr}et hoxyhpgmngal, thednteniidn indndemetthpovpphefiild Forula I:

cycl opropyl phenyl, 3-cycl opropyl phenyl, 4 cycl opropyl phenyl

4-chl or o- 3-fl uorophenyl, 3,4- difluorop enyI 4- br ono- 3-f | uor ophenyl
3-f|uoro-4-nethy|pheny|, 3-fluoro-4- yphenyl 3-
fluoro-4-trifluoromethyl phenyl, 4- cygﬁé 34f Iuorophenyl

3, 4-di chl orophenyl, 2, 4- dlchloropheny glfluorophenyl,
2-ch|oro-4-f|uoropheny| 2-f 1 uor orY4- mﬁlnrop enyl, 3,5-dichl orophenyl.
3,5- difluorophenyl, 3- chloro 5-f1 (u )

3-chl oro-4-fl uorophenyl, 3-brono-4

henyI 3, 5-

di f1 uoro-4-chl orophenyl, 2, 3- d|qu Iorophenyl
2, 5-di fl uoro-4-chl orophenyl, - _u@No 4- bronDphenyI
2, 3-di fl uor o-4- bronophenyl I f1 uoro-4-bronophenyl and

4 ( OCH2Ph) - phenyl [0072] Further exanﬁles of the G group of Formul a
or la | en R9 ndepend e

ter t - but yﬁ ta m?‘r%l Isolved nﬁna&#mmer reson\éeld asstzremﬁgd olva9e|s, mitamg?ﬁesa@ 1ésn§1/trd

and 4- tthhﬁtﬁuétykﬂbemydptab[e(jﬁadﬂgaeﬁeed’oflvﬁgreﬁlﬂ t he G group of Forrml al,

opt 1 bnal PP Bibat | Furet oy HEPOERY TSHEITEE thibriinEE-CHy o BaTLCP>
and |ndqhg§@rgpgﬁonally substituted by hal ogens. Particul ar exanpl es

include, but are ngt limted to, the structures: 10074] Referring to
the Re dAM3R7 gr ongrubR Fegrindgpendentiyrselpgied frove H erfin

(C3- Co6- oal | cyb ¢l udes cycl opropyl - CH2,
cyclobut@%ﬁ%HZ c?b%oﬁent%% &££ and cycl ohexyl -CH2. [0075] Referring
to the R6 and R7 groups of ﬁégnguﬂ | or la, the term"V-(CH2)0-1"

i ncl udes, but is not Iinited(;gl the follow ng structures: WO

2008/006032PCT/U82007/072876( RQ11 r-' ss((r Cir N.- NerrH
cr5s crs / Nfriss HNSO\ HN n

{CH2)m
G/(CRE*Rb)F, o
RB
[0045) Ais o
[0046] G is phenyl optionally substituted with one to four R’ groups or a 5-6 membered

monocyclic or 9 member bicyclic heteroaryl optionally substituted by a halogen;
[0047] R® and R’ are independently H, (Cs-Cs cycloalkyl)-(CHz), (C5-Cs cycloalkyl)-
(CH,CHy), V—(CH;)O.I wherein V is a 5-6 membered heteroaryl, W-(CH,);., wherein W is phenyl



er [0076] Referring to the R6 and R7 groups of Formula I or a, the
term "hydroxy- (C3-C6- cycl oal kyl )" I ncludes, but is not limted to,
the following structures: finOH'44 [0077]Referr|ngtotheR6and
R7 groups WOH®A | or 1a, the phrase "Cl- C6-al kyl AT GReL7(0y2876
substituted with one or nore groups intependently selected from OH,
Ove, and CN' includes, but is not limted to, CH2OH, CH2CH2CH,

CH2 CH2 CHfobhal R GG Ghid, FGER G2 EHO or Q2 & @) (ylodlk, h§drBRME;-Co-
CH2CH2OME,  CHBCHDCHR OB, mzm(dvmc%b@g%zmzm(s%) A HiEMENCe
CH2C( OvisyelelByl, - fleppdls-Corpatration), CHEGHEHOERph @Vlzcﬁ(ﬁom@lrzred heterocycle

CH2CH2 I feehi -
R e
t er m " hetliel optiopally subfiénisd tithans o6 mmesndvenpe dndepnderslyrsylecthd fibm PH.raxm Ge-

RS P U PGSO MGSEL LTy,

phrase "IﬁﬁpmdyRaxdtmepipen’dnwlldmdtppleolmutyi ogen to which they are
attache ma 3- red heter clic ring nally_ s tltut
with ongm@‘?g]rmr e @F@u HR b % ‘Eé‘d“&%ﬁ‘ﬁ@—?"eﬁgﬁ%‘@éﬁ rmo?(

CF3, CHaf&sberddiR r@(g-t@ig'é:ﬂy sﬁ’d%ﬂtu(e@mﬁ;%n@ lok ﬁ])él‘ grblﬁﬁ linddgmdidly sblScted
not I|mtedtothe IIovmnIgI structures: X.rsi/
I\/E( ..... figrn OH, halogen, @pCENE 2CEs+ GHACH.OR) §mP)CHs. ta“N(Qlﬁ,)a,”ﬂl’t ht N

------- AN i--Z--_N-rTh F3Cs ,21/41.N ..""-----, F
4 biia )
\LNE 30, (09491 5R Ry ‘eﬁ; AN. % FOO WO

2008/ OOGI}BEH’CT / 1J Sﬁﬁbiﬁ/ﬂ) ZﬁcBRBanﬁéRﬁ together with the atoms to which they are attached form a

5-6 membered heterocyclic ring having one or two ring nitrogen atoms;

[0051] R® and R® are H or Me, or

[0052] R and R¢ together with the atom to which they are attached form a cyclopropyl
ring;

[0053) R®is H, Me, or OH,

[0054] or R and R® together with the atoms to which they are attached form a 5-6

membered heterocyelic ring having one or two ring nitrogen atoms;

[0055] each R’ is independently halogen, C;-Cg-alkyl, Cs-Ce-cycloalkyl, O-(C;-Cq-alkyl),
CFs, OCF;, S(C;-Ce-alkyl), CN, OCH;-phenyl, CH,O-phenyl, NH;, NO,, NH~(C;-C¢-alkyl), N-(C;~
Ces-alkyl), piperidine, pyrrolidine, CH,F, CHF,, OCH,F, OCHF;, OH, SO,(C,-Cs-alkyl), C(O)NHa,
C(O)NH(C,-Cs-alkyl), and C(O)N(C-Cs-alkyl); and

m, n and p are independently O or 1.

[0056] In a further embodiment, the invention includes compounds of the Formula fa:

|

L
N R®
Y

L

R2 RZa N
Ia

and tautomers, resolved enantiomers, resolved diastereomers, solvates, metabolites, salts and

pharmaceutically acceptable prodrugs thereof, wherein:



NJ CNtittiN[OO80]Referring to the R6 and R7 groups of Forrmula | or
la, the phrase "4-6 nenbered heterocycle optionally substituted with
F, OH, cyclopropylnmethyl, Cl1-C3 al kyl or Ce=0)(Cl-C3 al k I%S" I ncl udes
but is notwﬂzﬁf’g%@3?0 the fol l owing structures: OcOLNH N&’ 209397%%¢
.12(eN OH [0081]In one enmbodi ment ofl Formula | or la, R2 and R2a
are H In another enbodinment, R2 and Ra are F. [0082] 1 n anot her
enbodi meppsyf For muligy) MerE: @, (8r) & dAL,RNd R2a is F. [0083]In one
embodi ment of Formyla 1 or 1a, RS'is H '1n another enbodinment, RS is
met hyl , [9888lei n s& @ndB*ayd HiosFsoptional Iy in the (S) configuration.

[ 0084] I nnoagﬁt her iﬂfﬁ(}gl%ﬁ% q'?%lij S ethyl. [0085]1n one enbodi nent of
r I ’ VA

For mul a La, wWherein said nethyl is optionally in
the (R) configuration. In anm\herRErrbodi ment, Rl is H [0086]1n one
enbodi ment of Formula | or la,"Nais hydrogen. [0087] I n anot her
enbodi rent Rl and Ria are i nt%lglgclﬁg)dent |y selected from hydrogen,

n

(CHa)m
G/(CRaRb)p o
RB
[0060] Ais | e
[0061) G is phenyl optionally substituted with one to four R groﬁps;
[0062] "~ R® and R7 are independently H, (Cs-Cs cycloalkyl)-(CHy), (Cs-Cs cycloalkyl)-

(CH,CH3), V-(CH3)o.1 wherein V is a 5-6 membered heteroaryl, W-(CH,);.. wherein W is phenyl
optionally substituted with F, Cl or Me, C;-Cg-cycloalkyl, hydroxy-(Cs-Ce-cycloalkyl), fluoro-(Cs-
Ces-cycloalkyl), CH(CH;)CH(OH)phenyl, or C,-Cs-alkyl optionally substituted with one or more
groups independently selected from OH, O(C;-Cg-alkyl), CN, F, NH,, NH(C;-C¢-alkyl), N(C;-C¢-
alkyl)s, piperidinyl, and pyrrolidinyl,

[0063] or R® and R’ together with the nitrogen to which they are attached form a 4-6
membered heterocyclic ring optionally substituted with one or more groups independently selected

from OH, halogen, oxo, CF3, CH,CF3, and (C;-Cj)alkyl;

[0064] R*and R"are H,

[0065] or R® is H, and R® and R® together with the atoms to which they are attached form a
5-6 membered heterocyclic ring having one or two ring nitrogen atoms;

[0066] R® and R* are H or Me;

[0067] R® is H, Me, or OH,

[0068] or R* and R® together with the atoms to which they are attached form a 5-6

membered heterocyclic ring having one or two ring nitrogen atoms;

[0069] each R’ is independently halogen, C,—C&alkyl, C;-Cg-cycloalkyl, O-(C;-Ce-alkyl),
CF3, OCFs, S8(C,;-Cg-alkyl), CN, CH,O-phenyl, NH,, NH-(C;-Cg-alkyl), N-(C,-Cs-alkyl),
piperidine, pyrrolidine, CH,F, CHF,, OCH,F, OCHF,, OH, SO(C,-Cs-alkyl), C(O)NH,,
C(O)NH(C,;-Cs-alkyl), and C(OYN(C;-Cs-alkyl)s; and

[0070] m, n and p are independently 0 or 1.

[0071] " Referring to the G group of Formula I or Ia, examples include phenyl optionally
substituted with one or more R® groups independently selected from F, Cl, Br, CN, methyl, ethyl,



met hyl, ethyl, CH=CH2 (vinyl), and CH2OH. In particul ar enbodi nents,
RI is methyl and Ria is hydrogen, R is ethyl and Rla is hydrogen,
11." is CH=CH2 and Rl is hydrogen, R is CH2OH and Rl a i s hydrogen,
or R and ROR8¥PMfsthyl . [0088] I n one embodi ment of For?ﬁﬂf%%im@ 2876y
R is CI-120H In a further enmbodinent]2Rl is CH2ZOH in the (R
configuration. In a further enbodi rrent RI is CH2OH in the (9S)

conf i gur gégdr L, oH,PhMaYd R§clbbro Exempla
2008/ ooeosdz%/ 0Sk8077 0%8?6 1% [ 00 9] o b oa: mebﬁt b%fp)\é\;)ornul P
or |a, RembodingmisCiggludp.n byt famtnnbrl"@w@om nideeyl, RrehjesorbepytHz- qhqunhéwé R)4

configur .
confi gur%ﬁr ""“)%122 gﬁéfg@% Elgpl%glllr%glg}l %ﬁophéypﬁ%%ﬂh@n lhfb&)ﬁ)oi)henyl 4-
one e”bddpmm“’“enyjf 2'%*}13’1111195341 PmethglphdRlyl, |4smqhﬂyhenyll A- EEhyfpll,wr[ylhe?r ethylphenyl, 4-

enbodi mep | et h rat| 0] I I
onbodt meptEh 2SRty Sasobithy ERAY, dichtapeinen? 23R ARGk AR, 5
G i s phesiflhoromtihgpiadnlly 4Stﬁﬂ|.‘5drd)rh¢th3&§heﬂylt b—cﬁdﬁﬁp&hylﬂﬂc@r@pl&ﬂﬂs 4-cyanophenyl, 2

e, Rl S LSy il . b W8 Yo

2- chl or opiey enyl3 Cht-@ﬁ@lﬁ&ﬁﬁ%{ﬂenylll Chbﬂil&ﬂ&ﬁﬂyﬂenyl‘l f | yeion&eyhenyl, 2-
4- br onopheny -met h hen et hyl pheny 4- isopropyl phenyl,

4-trifl JBﬂWﬁWﬁﬁwﬂ Vafimmmﬁlwxyph&nﬂm ho@rﬁlﬁgwyme oxyphenyl,’  2-

4-eth ot h B g ]
- s SRR ki IO 4

4- br ono- fBﬂthfQRhP%hé'hWO %ﬂmrgmheoy143fi’erpm4-ph@m}yhenyl 3-ﬂu0r0-4-meth0xyphenyl 3-

o AR, SN IR AR s,

2, 4- di f | 2sbdiflebeplyenyl, 22-chibrordefiubrdrheroi, oﬁh’blngd-z} ciferbpheoylo- m—dhhloroobftwhyw
3, 5- dICh henyl , 9- . di ar gp chl or o- quor hen
cil or S FER ARy SoorptiRhrh SRRt s ERp Rty oot 8RR, 3.-

3-
di f | uor adilucehehophhenyl,,2, leﬂuﬁibﬂl-dmmﬁphén)d,hi Mﬁhbfbﬂ@/—bhlorophenyl, 3,5-diflucro-4-
2
2,

, 5-di fl.uoro-4- or.ophen 5-di 0-4- bro enyl ,

3§ 1 TORE o RER R bromoseatl -t Iyo P ORGNHBHAM 4OCH:Ph)-phenyl
4- (C LORod7heny| pufi9kbmpRs GBT thel @ &8RP F MRBhSla Got YaPhemid when R’ is
opti onal gelpsubstl tuted with one or three groups independentl|y

sel ect edndspeidently selecte@fromdpNO: apg terrpytyleExemplasy erpbesiments '@#B'éfd‘} ipdprhsnyl,
G is selggi f]lggagqé;\h I nyl, 2, 4-dichl orophenyl,

3, 4-di chl org%ﬁe% I, h&f@&?g‘-fl uorophenyl 3-chl oro-4- .

f 1 uor opH@HYA], 3-f R@fynm-g;to hjre(ﬁrgmup ijqrrrwllaf 8 ﬂmrpbphe‘t‘WG membered monocyclic or 9
2 ghtjlo:i l)r}ileinl?a? néfmﬁgtﬁefqaryq ﬁptlon'gl??/o *’y% n}e{t%c%/ ?y a ﬁa]cgo%n{[l)’ﬁm ’r’%lglir)phenes, pyridines and
4- cyanophdias| optmnﬂlyéhubstmutécﬂ hycHatngerish )Phpfnelanyéxamblaﬁ)ﬁﬁ]uﬂe] baeart aotriimited to, the
enbodi ments, G is phenyl optionally substl tuted with one or nore
groups |FFH‘§B fidently selected froml, , tert-butyl and

OCH2- phenyl . In partl cyl ar enbadi rrents is sel ect ed from

4-1 odophenyl, 4-nit heny ert- phe =
4- ( OCH2- pheny! ) ph&N 1Ln anofh nt G\ s N
2-fluorophenyl, 3- tr ororre yI phe&nyl , uoro 4-

trifluoronet hyI pheny 3-fluoro-4- P‘rl fl uorcﬁhet hoxyphenyl ,

3-fl uor rifluaqr msthylphegnyl or 4- trifluoronetho yl..

[0095] | 08" enpods e 10 dep b 8 brosasco  FOTRALY EiF %ﬁe f@ Y& seycloaliyt
het er oar(zhjpmkllme@éykmpﬁgiqs(t}q} b%ﬁﬂu@¥€ﬁ§%y@BpeHB'L@HE'%h@BﬁJRﬂlexﬂl@fﬁer tain

enbodi nent s, %@ e_a thiophene a pyridine, optionally .
subst i t [O&T] by haRegaing. topde tR cimdaR erobpl phrEpmslls hor Jaethe W "V-(CHa)o-1

2008/ Ooqgﬁﬁdogy“%%gﬁq %é%‘?z]% o m%&&?t%@s] n anot her enbodi nent, G may

be a 9 er bicy et’er oar onal |y

ﬁ\l\ e Q Q/L <\NIL£\, @A he She



substituted by a halogen. In certain enbodi nents, G nmay be an i ndol e,
optionally substituted by a hal ogen. Particul ar enbodi nents i ncl ude:
[0097] I n one enbodi nent, R6 and R7 are independently H (C3-C6

cycl oal | cyWP-@#§032 (Cr 06 cycl oal kyl ) - (CH2CH2) , V- ( CI—I?)QT’@SWW@F%W?] V
is a 5-6 nenbered heteroaryl, W(CH2) 112 wherein Wis phenyl
optionally substituted vvithF CI Br I, Owve, CF3 or M,

C6-cy | c ydr al
quoro{'g&%p IIcI)l O—@ﬁg\ -6 ne"r:rrt)e@/\;"
het er ocy¢ t i'owa fy S s ttu 0o W|th N O—I cy+6pr opyl Meehyi

Cl-C3 al k )( 1 | - C6- ptlonall
subst i t utdj vm i gr up |! depe de] tI (/r
oxo, O(CH -aI kyI) CN, F,s 2 NHOCSH- C6- al & N({:l C6" aly

t et rahydropyranyl, tetrahydrofuranyl, norpholi nyI xet anyl ,

pi peridi ny d pyrrol i di nyl. [0098] In a parti cuI ar enbodi nents, R6
or RY mag e H, (C3-C6-cycloal kyl)-CH2, heteroaryl-(CH2),

Cs- 06-cy®oal I cyl, hydroxy- (C3- C6-cycl oal kyl), CH( CHS) CH( OH) phenyl

5-6 nenb hetero cle optignal ly subst.i tut
(Cl4-al k@b? pti onéte%f g ipdhs RO vrp¥Ps S EORH éh{)P'éL’gr gg&qﬂedmxy -(Cy-Ce-
i ndependslok n%l?ﬂhﬁﬁfde@%uffs@ﬂﬂlﬂﬂted@éﬁ@hci@l@mn mgesE. [ 0099167 In

particul ar enbodi nents, R or R _may 10011 n anot her

enmbodi ment Qﬂ y be -aI 8%-\' onfl Ny sub I"t ed h
one or r‘rg'r CN or¥ n
parti cul od| nts, 986 may be nmet hyl , @I,hy |sopropyl

-C(0)H, CH2CH2OH, CH2-tBu (neo%ntyl) or CH2CF3. [00101]In anot her

enbodi e R6 or 1- i on tut e

ne or group I 6

o T 1Ee o B e e B 10 B stps 4T FPBDL Lt T B KR Cogeratio
0x0, CN @iokally! sﬂbsﬁﬁﬁﬁdh@ﬁh EFEDaGH b8 oupRﬁld@ﬁenE%usr&Me&tai ﬁbxﬁrtyflt OMe and CN"
i sobutyl, tert-butyl, 3-pentyl, &é 2, CH2CH2CH2COH

o O CHQM% beyzt:n% N e ST R T o B BoRE R, GHEH(OHCH,
[ 00102] | ey anmpERpsHRINCd! BB OHRER 15, Ricapnbe QZ]I-L@%@ME)" @HEG}Q@?L@MG

substi t ut ed vmt onhe or m)re gr ou i nde endentl sel ected from

t et rahyc@W@WDCHzt et FJHW(Q v e Mey(tHa)2, WOCH2CN,  CH,CH:CN,
2008/ 00
N CH;, CH CH d the lik
CH2(t et r@% 5 pyr a%’q]?) (t ét JhCIA(I:fr SR 313: ’8-(19\?:(0 e nyl ) . CH2( ox
et anyl), [00183( pi peRiettimng] tp th:erR(t}ﬂZI(lpygmu;jslocﬂmerﬂu)a I {)ﬂmﬂﬂt}elrtmnamdxoﬂments the
enmbodi nent R7 nal subs i tuted WI
oo or BT R Fe SR adnerybaet bupdhvt e et SREREE Pidoms
or N(C -ifffepaddéntly) s2lected fipmrn,iCEatldes. enbodi nents, R6 or R7 may be
CH2NH2, 2 NH2 PNH( CH3),, CHPN(CH3)2, or CH2N(CH3) (Ck o
100104] di nen't%g;fmieﬁﬂe APHR EFevRS oftweé]or&ﬁt%rﬁmﬁ %ea“g)R together
with the nitrogen to which they are attached form a 3-6 membered heterocyclic ring optionally
substituted with one or more groups independently selected from OH, halogen, oxo, CF;, CH,CF;,
CH,CH,0H, C(=0)CHj3, and (C,-C;)alkyl” includes but is not limited to the following structures:

MI:(OH PDEF Y@D »},LD"OH %D—F %D{ E:D""F
CH
“-%'J‘O EO %N\)NMe E/O\OH %'Q/ OL %U

SO NS

F O



[ 00107] In particular enbodinments, R6 or R7 may be

CH2- cycl opropyl. I n another R6 or R7 may be CH2-cyclobutyl. In
particul ar enbodi nents, R6 or R7 may be CH2-(pYrid-3-Y1l | n anot her
R6 or R7 n¥P W82 (pyrid-2-y1) or CH2- (pyrid-4-y1). HGTEEPET 06,
enbodi mrents, R6 or R7 may be cycl ohexyl4 |In another enbodi nent, R6
cyclopentyl. In particular enbodi nents, R6 or R7 may be one of the
structures 001 In anot enbo |rrent R6 oroiR7. may beg

CH2- phen J Q‘EL oT\R7 may )%7 |
4- hydroxé«:y ohex® I-yI 00110] I'n ar:LzL her e odi ment , may be

CH( CH3) CH( OH) phenyl . [00111] I n ot her enb”‘o nts, R6 i 7 toget her
with the nitrogen to which they are attached forma 3 6 nmenbered
heterocycll(c\ j,[te]g opti JJy substituted with one or nore groups
independen y Nselecte r"bm OH, hal ogen, oxo, CF3, CH2CF3, CH2CH2OH,
C(-=0) C1td) nd (C1-° allcyl. In particular enbodinents, NR6R7 is
sel ected fromthe structures: WD 2008/ 006032PCT1US20071072876 18 H
[00113] | #08@r t ai n RefHyout twetht 8 aRER] grobps afiitbriRbladrd IRGhe Dbretel”l‘élrﬁ wemhered

rimg- havieoas Shobif sl MEEr b ReProR e lFE e R o LEi 6

R7 is H alkyt)”anqharetbmﬂdmhmlfthbdltme}btlowiﬁgsmntrbs and Rb and Re toget her

with the atons to vvhlchthey are attachedform nber ed

het erocyclic ri rtg/ha@ rog n ?@01%:4 n ¢ ai n
enbodi nent s, the oms tlo, whi ch,t hey

attached form ered terobycl i ¢*fing having one or vvo ring
ni t rogen atom; cert'ain enbodinents, R7 is H In a particular
enbodi ment, Rs ahd R6 together vvrth the atons to which they are
attached form a rrenb ri ng one

nitrogen atom 5]I ce tain enbodr e Re an

i ndependent |y E or metfyl .~[00116] I n ¥ertain e ment §1, and Rd

together with the atomto which they are attached froma cy?ﬂopropyl

ring. [00117]In one enbodi ment of Formula | or la, mis 1, nis 0, p
is 0, sul¥f8ilhat AIn gne embodiment of Formula X or Ia, R? and R® are H. In another embodlment,

R? and R® are F.

[0082] In another embodiment of Formula I or Ia, R? is H and R* is F.

[0083] In one embodiment of Formula I or Ia, R® is H. In another embodiment, R’ is
methyl, wherein said methyl is optionally in the (S) configuration.

[0084] In another embodiment R is ethyl,

[0085] In one cmhodiment of Formula I or la, R' is methyl, wherein said methyl is

optionally in the (R) configuration. In another embodiment, R is H.

[0086] In one embodiment of Formula I or Ia, R™ is hydrogen.

[0087] In another embodiment R! and R'™ are independently selected from hydrogen,
methyl, ethyl, CH=CH, (vinyl), and CH,OH. In particular embodiments, R' is methyl and R™ is
hydrogen, R' is ethyl and R is hydrogen, R' is CH=CH, and R'® is hydrogen, R' is CH,OH and
R'* is hydrogen, or R' and R'® are both methyl. | .
[0088] In one embodiment of Formula I or Ia, R' is CHOH. In a further embodiment, R!
is CH,OH in the (R) configuration. In a further embodiment, R is CH;OH in the (S) configuration.

In an additional embodiment, R'* may be H.



represented by the Formula 1: 1 wherein G R6, R7, R3, Re and Rd are
as defined herein. In certain enbodinents, R8 is Hor OH [00118]|n
certain enbodi nents, A has the conflguratlon R6 Rcl Re.N-R7

2008/ 00603%PHWH¥HF87/ 072876 19 [00119] In certain enbocl"%?é‘ﬂﬁz%f"’@f’zsf"he
A group having the Formula 1, Rc and Rt are H In other enbodinents,
le and Rd together with the atom to which they are attached forma

cycl opr OB | g th OR6L3Hok i RS b IE MBI RERICHRCH, N e £6uBthQUepbbdic AR
the Fornula 1 is Hor OH [00121]1n certain_enbodinents of the A

group hai¥i Flg~ ('EIﬁe i dhen(R)aconfigmetionnd IRz firiben prbgslimenin®| ys (GH=CH in the o
C3- C6-cy | ; ,piA (C3C60yc|oa|ky|)

CH( CH3) Cﬁ(‘(%%rl‘u?ﬁ ; ngdgft%%ﬁnbf’@ﬁ%ato%t ?‘%&g?m substituted wth one ar
mor e gr ok9p20}i ndepdmdmﬁntmgodsmdnmf%ﬂmﬁiadmr (I};l,R Givﬁhylarlnia @Nthet gmbodiment, R’ is
parti cul R ependent met hyl, ethyl,
|sopropy$ﬁylﬂggﬁﬂ$§?r%gtuglnf’" bﬁ‘taﬁlad‘zg E liﬂqi Sy%gih )2, CH2CH2OH,
CH2CH2CHaob1] CH( Oﬂ@r&@rﬁcﬂnm&k@ﬁf&@m,l oelil, %%onn%ﬁbﬂﬂrﬂ?&%h one

CH2CN, CH2-cycl opropyl, CHZ cycl obut 2-tBu, cycl openty
cycl ohex‘i}"lm""@:g@“%léﬁwnde l}/ﬂ) Br, M et{lw;spgfoglﬁl)l (Jng, OCF;, SMe,

CH2- ( pyr bike 4ny &H,0F. 4ERm mg%m 9#3% brtinci@te bk #Reh R e drophenyi,
[00122] I n ge[rltaliﬁ enbodi rgrents gf fg A l?%ue havi ngnet he Fo}?rm mp e%

or R7 nedeierophienylCo- 4dfikgioplspyl onéﬁbroynotht,u t&tlﬁfﬂhm Avlonet Bth}’lﬁhﬂﬂél F 4
or oxo 1 o . b | @
anot hergié(%g@%}p#éﬂ/t’, 4'%? oro%wgy b’egl %ﬂﬁnﬁe‘)égﬁ%ﬁz‘ ce]rq eﬂf@%fx%nyl ;
enbodi nethiomethylphérel, Ad- giﬂuumnhmkmenyihe4~5ynlom¢mlph¢nyﬂ264-dﬂow ﬂ@yonheﬂ)é, 3,4-
5-6 nmenb et er cl e nal.l ubs t t

R A bt S R e L L e T
i N, - fﬂlmrq-&&lfﬂ&}dmtm@hbnﬁuhayampﬂ;ﬂ@brmaﬁﬁ Gﬂ-mﬁﬁoré}ﬂ@nyjup 4kdishilorgpitetrd,

N G YEPRBPORRY, AR BTty Prvoled Cy B BN y - dehorspheny 5

NH( CH2- piflicilyphkay] NBUCEMEI- ﬂ&lﬁé&ﬁﬂ)ﬂenyl'\'@(&hﬂ@-ﬂ&wb&) haWiCHCbrempr4omysigpBenyl, 3,5-

NH( CH2CH NH( CH2CH2CH2OH) CHZCHZO NH{ CH2CH2CH20Me) , .

NH( CH2CN ﬁ]_‘?{M‘Z’hIOF\WBEtY‘ %&v@fﬂwm quRhP“Y oty el BfﬁP*&ale? >-difluoro-4-
NVe ( CH2- g6 b I-di bR (4Chg Lor BNELISOEHEREHVE) |
NMe ( CH2CH2 0 NEt z, NEt Pr, t(| Pr), NEt cycl opr opyI

NEt ( CH2- [@9%2]obut y Ity certaint qrbiediGrapEHF is pnyi @pt @bmuwlthm or three groups
2008/ Ooqgg’e%glgg{lt%%gt%é %%%7, %I, Br, OMe, CN, and Me. In particular embodiments, G is selected

from 4-chlorophenyl, 2,4-dichlorophenyl, 3,4-dichlorophenyl, 4-chloro-3-fluorophenyl, 3-chloro-4-
fluorophenyl, 3-fluoro-4-bromophenyl, 4-fluorophenyl, 3,4-difluorophenyl, 2,4-difluorophenyl 4-
bromophenyl, 4-chloro-2-fluorophenyl, 4-methoxyphenyl, 4-methylphenyl, 4-cyanophenyl, and 4-
trifluoromethylphenyl. _

[0093] In certain embodiments, G is phenyl optionally substituted with one or more groups
independently selected from 1, NO, tert-butyl and OCH,-phenyl. In particular embodiments, G 1s
selected from 4-iodophenyl, 4-nitrophenyl, 4-tert-butylphenyl and 4-(OCH,-phenyl)phenyl.

[0094) In another embodiment, G is 2-fluorophenyl, 3-trifluoromethylphenyl, 2-fluoro-4-
trifluoromethylphenyl, 3-fluoro-4-trifluoromethoxyphenyl, 3-fluoro-4-trifluoromethylphenyl or 4-
trifluoromethoxyphenyl.

[0095] In one embodiment, G may be a 5-6 membered monocyclic heteroaryl optionally
substituted by one or more halogens. In certain embodifnents, G may be a thiophene or a pyridine,

optionally substituted by halogens. Particular embodiments include:



20 [00125] I n ot her enbodi nents of the A group having the Fornula 1,
R6 and R7 together with the N to which they are attached forma 4-6
menbered heterocyclic ring having a ring nitrogen atom and optional ly
havi ng a s@@&ﬁ%"%?%é het er oat om sel ected form N and 0, RAHEFRPH/OIRIY
het erocyclic ring is optionally substit@éited with one or nore groups
i ndependently selected from OH, hal ogen, oxo, CH2CF3, and (Cl
-C3)al kyl . For exanple, in ggrtain egbodinengg, R6 agd | e toget her

| o N

with the Nto which the e at e i nyl,
pi peridinyl, azetidinyl, r phol

fo pyr
r Bigeriziyyl
said pyrrolidinyl, piperidinyl g/azetidigyl, norphotinyl and

ring, wherein
.

pi perazinyl rings are optionally substitfuted with one or nore groups

i ndepend y sel g¢t H _F pet hyl :
parti cul @pb&elnbodi ﬁrgnat gth% gﬁcéqﬁgcn&r gﬁrﬁa ESiaﬁg%ﬁ%eﬁ?ﬁ%ﬁﬁﬂT?‘Bﬁﬁé% Iogn?ngny
sel ect edsubstamed bea silpgrnt Ut estain emboliseBtdFGmiaylbe Bn-indolM, sptidnally substituted by a
F-------- I t N F3. 00126] Addi ti onal enbodi nents of the
A group ﬁ§$¥ﬁgﬁ¥hﬁmﬁ8wﬁﬂggﬂ¥§mﬁ%d‘nd R7 together with the nitrogen to
which they are attached forma 3-6 nmenbefed heterocyclic ring
optionally substituted.with one or nuFe{ groups independently sel ected
from OH, hal ogen, oxo, CF3, CHCF3, REAROH, C(=0) CH3, and
(G-C3)allcyl. In particul ar enbodi nej of the A group having the
Formula 1, NR6R7 is selected fromthe Stfuctures:

[0097] In one embodiment, R® and R’ are independently H, (Cs-Cs cycloalkyl)-(CHy), (Cs-
Cs cycloalkyl)-(CH>CH,), V-(CHa)o., wherein V is a 5-6 membered heteroaryl, W-(CH3)1.2 wherein
W is phenyl optionally substituted with F, CI, Br, I, OMe, CF; or Me, Cs;-Cg-cycloalkyl, hydroxy-
(C5-Cs-cycloalkyl), fluoro-(Cs-Cs-cycloalkyl), CH(CH;)YCH(OH)phenyl, 4-6 membered heterocycle
optionally substituted with F, OH, cyclopropylmethyl, C;-C; alkyl or C(=0)(C,-C; alkyl), or C;-C¢-

alkyl optionally substituted with one or more groups independently selected from OH, oxo, O(C;-
Ce¢-alkyl), CN, F, NH,, NH(C;-Cg-alkyl), N(C,-C¢-alkyl),, tetrahydropyranyl, tetrahydrofuranyl,
morpholinyl, oxetanyl, piperidinyi, and pyrrolidinyl.

[0098] In a particular embodiments, R® or R’ may be H, (Cs-Cs-cycloalkyl)-CHa,
heteroaryl-(CHs), Cs;-Cg-cycloalkyl, hydroxy-(Cs;-Cg-cycloalkyl), CH(CH3)CH(OH)phenyl, 5-6
membered heterocycle optionally substituted with C(=0)CH3, or {(Cy.¢)-alkyl optionally substituted
with one or more groups independently selected from OH, oxo, OMe, CN and F.

[0099] In particular embodiments, R® or R’ may be H.

[00100] In another embodiment, R6 or R7 may be C;-Cg-alkyl optionally substituted with
one or more groups independently selected from OH, oxo, CN or F. In particular embodiments, R®
orR’ may be methyl, ethyl, isopropyl, -C(=0)H, CH,CH,OH, CH»-tBu (neopentyl) or CH,CF;.
[00101] In another embodiment, R® or R’ may be C;-Cg-alkyl optionally substituted with
one or more groups independently selected from O(C,-Cs alkyl), OH, oxo, CN or F. In another
embodiment, R® or R’ may be propyl, isobutyl, tert-butyl, 3-pentyl, CH(iSOpl'Opyl)g,.
CH,CH,CIH,0H, CH(CH,CH,OH),, CH,CH,OMe, CH(CH>CH,OMe),, CH,CH.CH;OMe or
CH.CN. '

[00102] In another embodiment, R® or R” may be C;-Cs-alkyl optionally substituted with
one or more groups independently selected from tetrahydropyranyl, tetrahydrofuranyl, morpholinyl,

oxetanyl, piperidinyl, and pyrrolidinyl. In particular embodiments, R® or R’ may be



OH cN-k NC30 [00127]1n certain enbodi ments of the A group having the
Formula 1, R6 and Rs together with the atons to which they are
attached forma 5-6 nmenbered heterocyclic ring having one or two ring

ni trogen atvOfE%/ P33t her enbodi ments, R6 and R8 t oget hICTHSRH7{ORE76

atonms to which they are attached form pyrrolidinyl or piperidinyl
ring. [00128]1n particular enbodi nents, the A group is selected from

the fornglh ﬁ:trahy@}opyml)?008/@@@&%?&%%?907/ O3 Rh6rpRdlidyD0 129 LR oxetany!),
addi ti onal enbodi nent group I's selected fromthe structures:

WO 2008/ @H@B?P@Wﬁ)l%@éb@mql 24 [00131]In certain errbodl ment s,
compoundgoizy 1o T SRAN: ohBASALI RGP PR RIS oA Tl P o
enbodi nemt mofe Eonpsulndegendmtly asplea'Bd droin NH,i NHLC;-0s-Eyl], ors MVQ*"]@E{YIA i fn
represent ed DY L BS RN WA X7 s HeSCH,NH,, CH,CHNH, CH:NH(CH), CI—I;N(CH;)Z, or

CH,N(CH;3)(CH.CH).

[00104] In particular embodiments, R® or R’ may be CHa-cyclopropyl. In another

embodiment, R® or R’ may be CH,-cyclobutyl.

[00105} In particular embodiments, R® or R’ may be CHa(pyrid-3-yl). In another

embodiment, R® or R’ may be CHa-(pyrid-2-y1} or CHy-(pyrid-4-y1).

100106] In particular embodiments, R or R” may be cyclohexyl. In another embodiment, R®

or R” may be cyclopentyl.

[00107] In particular embodiments, R® or R” may be one of the structures:

Q

1

[00108] In another embodiment, R® or R’ may be CHz-phenyl.
[00109] In another embodiment, R® or R” may be 4-hydroxycyclohex-1-yl.
[00110] In another embodiment, R® or R” may be CH(CH3)CH(OH)phenyl.
y
[00111] In other embodiments, R® and R’ together with the nitrogen to which they are

attached form a 3-6 membered heterocyclic ring optionally substituted with one or more groups
independently selected from OH, halogen, oxo, CF;, CH,CFs;, CH;CH,OH, C(=0)CHs;, and (C;-
Cs)alkyl. In particular embodiments, NR°R” is selected from the structures:

o
. wtr ) .Cri F """L’D E'Dé %;“Q F%Oxo/ H
OZF HLD'”OH }L,LD—OH O/\/OH (\NJ I/\NJ\
2]

%N -:.,L-LN \) ':x.‘_'LN \) '

[00112] In another embodiment, NR°R” includes the structures:



0 RB "V 2 wherein G R6, R7, R8, Re and Rd are as defined herein. In
certain enbodi ments, A has the configuration: Re" R7 1?1" Rd 0 Re.
"*J. [00133]1n certain enbodi nents of the group A having the Formul a
2, R8is 200006039 0134] I n certai n enbodi nents of thelgﬂﬂﬁﬁmﬂmﬁﬁqug
the Formula 2, Re and Rd are nethyl. | # ot her enbodi nents, and
Rd are H. [00135]In certain enbodlnents of the group A haV|ng t he

Formul a 2, and R? |ndepe tIy thyl, prepylr
i sopropyl N |, c cl [00136]or "and
R7 toget er mﬁth orn1a pyr q‘P‘*v'ﬁyper‘r'e_ Somlr Fdi nyl

ring, [00 0 R8 together wt tbe ato [Q\mhlch ey are
attached florm a plngglgfnyl éﬁk rroQ@iLﬁ} N WEF3
2008/ ooe&@w 007/6%28 m&g cermw)enbom Wof the
group A having the For rul a R7 I's NH® NHEt , NFPr, .

NH(i Pr), NHCG | opr opyl met hyl ), NH(cycl obutyl methyl), NMe2, NWeEt,
NMVePr,  NVE( § NEt2, NEtPr, or NEt(iPr). [00139]In other
enbodlneﬁts NR6R7 is sel ected from the structures: , JtuN [00140] In
certain enbodlnents of the group A having the Formula 2, R6 and R7

are H | 90113] In certain embodiments, R® is H, and R® and R® together with the atoms to which
they are attached form a 5-6 membered heterocyclic ring having one or two ring nitrogen atoms. In
certain embodiments, R'isH. Ina particular embodiment, R*is H, and R® and R® together with the
atoms to which they are attached form a 5-6 membered heterocyclic ring having one ring nitrogen
atom.
[00114] In certain embodiments, R® and R together with the atoms to which they are
attached form a 5-6 membered heterocyclic ring having one or two ring nitrogen atoms. In certain
embodiments, R” is H. In a particular embodiment, R® and R® together with the atoms to which
they are attached form a 5-6 membered heterocyclic ring having one ring nitrogen atom.
[00115] In certain embodiments, R® and R¢ are independently H or methyl.
[00116} In certain embodiments, R® and R? together with the atom to which they are
attached from a cyclopropyl ring.
[00117] In one embodiment of Formula I or Ia, m is 1, n is 0, p is 0, such that A is

represented by the Formula 1:

RB
RY |
R%¢\ _N—R7
RB
O
G U
_ 1
wherein G, R®, R7, R®, R® and R? are as defined herein. In certain embodiments, R® is H or OH.
[00118] In certain embodiments, A has the configuration:
. ”
R |
R& N—R
RB
O
G

[Ya¥a T,



particul ar enbodi nents, Ais selected from [00141]In certain
enbodi nents, conpounds of the present invention are represented by
Formul a 2B: WD 2008/ 006032PCT/ US2007/ 072876 26 wherein G Re, Rd,
R6 and R7 WOSUDEi ned herein. [00142] 1 n anot her enbdfiTHERPO7¢f2870
Formula | or la, mis 1, nis O and p 1% 1, such that Ais
represented by the Fornula 3: R6, ,R7 Re Rd R8 3 wherein G R6, R7,

R8, le, fgp1191e andn BehAd &nl?eﬁluﬁln%fté éfqﬁle A8k &lphavih @ teSTokAIR 161{%{3'1{1‘&?6 H: In
A has the conflguratlon [00143] I n certain enbodi nents of the k%roup

A havi ngotherecirendimgnis, R m@l Rs tegeien 0vitha enaterm toamhick riheyd piseitaghegt form ea
group A E%EJ?%T% 3, Re and Rd are H. In other enbodinents, le and
Rd togeth he atomto which they are attachedforma

cycl opr 0[0912111| ng. In [cﬂ&imﬁ]boklmememﬁtbangmmbdndvm@he ﬁomfulatha g;rlbmpoﬂ of

Formul a and R7 ar.e i ndependent met h

" sopr opy VAT bocy i ceft RPEasy A e dytinG otk Jimbb R R are
certain jgadpegdesmnt s, HNROBY- cgfcydfwlml a Reter@aid-lGH,NHVEhy thEt(Cg-NHE’ycloalkyl)
NH(i Pr), NH Bu, NHCH2- cycl 0 ropm , or NH(CH2-cycl obut 1). [00147]1In
certain SHESHTRGSPheYY 8 edplkal Hptipnedy t H@Smbé%W&h 3°“°R6’ra‘i‘f8’eRﬁr°“Ps

are H ﬂd@@ﬁ&ehﬁy'gaéa@d‘rﬁeﬁ' @ﬁnbme Anll N, [ﬂ%ﬁ%iap eﬁibhﬁﬁmeﬁc@bﬁﬂlaﬁﬁ?%ﬂ Sire

of group A'of Fornmula 3, | e and R3 are H, together wth
t he at ongdependghily hH{ Hesthyir eethyl.t asohesgyls olrs¢huafl,5 tqrbbteylne?rb@rtzéd CH(isopropyl)»,

O S A S s i e
ar e at t SCHEHCHOMe, GHICN Cldy- ¢Yj¢]0pr0|py|lg CHpweydentdi ﬁﬂﬁtﬁ:uodymntyl,, CFC'JOhesyl
sel le(r;] ¢ ggél%l en)%m&%-(ms c} 3 -y}, RZJI—f %pynd i-?l),p%ht -I(]gzylill r—ylf’\njl)qudroxycycﬁohex-l ﬁ or
CH{CH;)CH(OH)phenyl.
[00122] In certain embodiments of the A group having the Formula 1, R® or R” may be C;-
Ce-alkyl optionally substituted with one or more F or oxo groups. In a particular embodiment, RS
orR’ may be CH,CF;. In another embodiment, R® or R” may be -C(=0)H.
[00123] In certain embodiments of the A group having the Formula 1, R® or R” may be a 5-6
membered heterocycle optionally substituted with C(=O)CHs. In particular embodiments, R® or R’

may be selected from the structures:

@]
H
Y N 0 0
B QY
""“I"" [
[00124] In particular embodiments of the A group having the Formula 1, NRR” is NH,,

NHMe, NHEt, NHPr, NHiPr, NHtBu, NH(CH,-tBu), NH(CHa-cyclopropyl), NH(CHz-cyclobutyl),
NH(cyclopentyl), NH(CH,-pyridyl), NH(cyclohexyl), NH(3-pentyl), NHCH(isopropyl)s,
NH(CH,CH,OH), NH(CH,CH,CH,OH), NH(CH.CH-OMe), NH(CH,CH;CH,0Me), NH(CH,CN),
NMe;, NMeEt, NMePr, NMe@iPr), NMe(CHs-cyclopropyl), NMe(CH;-cyclobutyl),
NMe(CH,CH>0H), NMe(CH.CH,CH,OH), NMe(CH.CH,OMe), NMe(CH,CH,CH,0Me), NEt;,
NEtPr, NEi(iPr), NEt(CH»-cyclopropyl), NEt{CH;-cyclobutyl), NE#(CH,CHOH),

NEt(CH,CH,CH,OH),
" o
HN .

, or



[00149] I n certain enbodi nents, conpounds of the present invention are
represented by Formula 3E: wherein G R6 and R7 are as defined
herein. [00150]In certain enbodinents of Formula | or la, mis 0, n
is 0 and pMOLMB00642 1 that A is represented by the For rRETAUS2007/072876
wherein G R6, R7, and R8 are as defingg herein. In certain

enbodi nents, A has the configuration: [00151]1n certain.enbodinents

of the g{m A havj, 3@, gﬁﬂﬁoﬁ%eﬁ%'r&%Ag% %ﬁavlﬁl]crti] &ﬁnfaﬂ' ﬁm@%gzﬁfafénh

R6 and i ndepende artircu enbodi nent s,
sel ect edthe rN)l-‘n wh]]cli:lthﬁ@t@l atmbﬂdﬂl—mm-lad ©® mepBered heterocychc ring having a ring mtrogen

2008/ 006%§1§P%/ ql7)/ azxri?n876 écga d glé]]?egéroatom sdllectecp I;florm Wn%dbm%r%in 's?éid

s selec
heterocyclic rmg is opllonally substltuted with one or more groups independently selected from

OH, halogen, oxo, CH>CF3, and (C;-Cs)alkyl. For example, in certain embodiments, R® and R’
together with the N to which they are attached form a pyrolidinyl, piperidinyl, aizetidinyl,
morpholinyl or piperizinyl ring, wherein said pyrrolidinyl, piperidinyl, azetidinyl, morpholinyl and
piperazinyl rings are optionally substituted with one or more groups independently selected from
OH, F methyl, CH,CF3, and oxo. In particular embodiments of the A group having the Formula 1,
NRPR’ is selected from the structures:

N '31;LN
SNSINSN SN S NeL
N N N ~N
s A S "?,_ OH -;,.L-LN %'OL '-e,,_LN
2N e %N F E;N\AO %L—LN\/& %LLN\) w,;_N\)
NH ﬁ:>50H f:>—0H
‘?;;_N\) "f"—'c.N b"‘v.N
[00126) Additional embodiments of the A group having the Formula 1, R® and R’ together

with the nitrogen to which they are attached form a 3-6 membered heterocyclic ring optionally
substituted with one or more groups independently selected from OH, halogen, oxo, CF3, CH;CF3,
CH,CH,0H, C(=0)CHj, and (C;-Cs)alkyl. In particular embodiments of the A group having the
Formula 1, NR®R’ is selected from the structures:
\7 > i J\
o~
(\N [/\Nk (\ N (\ J

N N

H 2N \) ‘.'-L;_N \) ‘},_;'N \) \:,_LLN \)

[00127] In certain embodiments of the A group having the Formula 1, _R6 and R® together
with the atoms to which they are attached form a 5-6 membered heterocyclic ring having one or
two ring nitrogen atoms. In other embodiments, R® and R® together with the atoms to which they
are attached form a pyrrolidinyl or piperidiny! ring.

[00128] In particular embodiments, the A group is selected from the formulas:



[ 00153] I n additional enbodinments, Ais selected fromthe structures:
[00154] I n certain enbodi nents, conpounds of the present invention are
represented by Fornmula 4B: NH2 O N.1R5 4B wherein G and R5 are as
defi ned heWé’izﬂ"S"‘{O@@iSS] The conpounds of this invention BEBHE9EsLH
one or nore asymetric centers; such conpounds can therefore be
produced as individual (R)- or (S)-stereoisonmers or as m xtures

t hereof . Unl ess~i_ndi cated ot herwkse, the description or namng o
particul ar conpo:nd in the specifiﬁation and cl ajyys is intended ?aﬁ:
i ncl ude both infividual enan§i orfers and di aster foners, and WO

2008/ 00603 07/ 07287 PRt ures, r r other 'r ©
t her eof . c dimgly, this ntton al so_.i udes al l sucp BNENs,
i ncl udi ng' di ast ereoneric i xtures, pure di astereoners and pure &ﬂFJ

enanti oners of conmpounds o is invention term "enanti
refers to two s?%ﬁé0|soners of @,conpound mhlch\éif NH
non- superi nposapl e mrror |nagés of one anot her he term

"di ast er eorp efers to g A1 opti cafy whi ch ar 0
mrror i @ of~one anotter eoner ve~di f f erent ic
properti &s, e.g., I tifG points boi |l i n§"poi nts, spectral®
properties, and égggtivities. 56] The conpounds of the prese:DLa
invention may al do exi st in difflerent tautonerlc ms, and all ch

forms are enbrag@d within the pe.of the inveffién. The term
"tautoner” _-,OOngric ";J‘l i soner o]

different ¢ A a | ow ene was
barri er. CFor exanple peot on t aut omers (CHl sB known as pr o€iot ropic

t aut omer s) |nclud terconversions via mgration of a proton, such
as ket o-enol and -enam ne i sonerizations. énce tauto '

i nclude intercon @rsions by reorggni zation of somg of the bondiyng

el ectrons. [00157]In the structiyres shown her ei where the

st ereochem any parti Piral at Bt speci fi A
all stereqg are conte t and inc &g the conp

t he invehti on. VMere sterédghémstry is gﬁ ified by a sdePd medge or
dashed | presenting a p ticular confl tlon t hen that
stereoisdﬂﬁiZﬁs SO speC|f|ed and defi ned. 8]The conpound
Formul a |

prodrugs and

a i ncl ude sol v pharnac t|c 1y acceptable
_ 20 (i ncl udi ceuti cal pt abl e
such conpo EEE.
\ » ‘%
HN HN HN HN
F F
E

Y Y /
NH, N

S O
Ioes m,@«ﬂf o
2
P

Br

NH»
cl '



[ 00159] The phrase "pharnmaceutically acceptable” indicates that the
substance or conposition is conpatible chem cally and/or
toxicologically wwth the other ingredients conprising a fornul ation,
and/ or theW 06032i ng treated therewith. [00160] A " sdIGFA{S@N070E8E s
to an association or conplex of one or2nore solvent nolecules and a
conpound of the invention. Exanples of solvents that form solvates

i ncl ude, are

ot hanol ERRE) ©o R badibdHal Gfbohenltheh prh GIPLARATRon 6f BARGkcs: |
term "hydrate" caqgalso be used tgQ Pefer to a cohE:ex wherein t

sol vent nol ecul eN.§ water. [001 1/ "prodrug” is conmpound t hat nAaYy

be converted un erophysioloo|c.l condltlons or Qy soIvonS|s to the
speci fi ed un@d or to .mia F such co Hgi d>¢Pr odr ugs a
conpoundsg, ei fYan amie~ae d"tesi due, R -or”pepth% n?ﬁ

two or nore (e.g., two, three or four) aﬁlno acid residues, is
coval ently joined.t hrough an anéz:f@r ester bond tF a free antn

hydr oxy or carbo I'd acid grou R conpound of e present
i ncl ude but not i the
b5 comonl Y ',f ted by ee
phosphose hhosphad v ni ne,

i nventi on. The ani no aC|d resi

20 natural | cyrPing a

letter s and al so i

phosphot§t05|ne 4- hyd¥oxyproline, hydraxyrsi ne, denDS|ne

i sodenosi ne, ¢ -carboxygluta e, hlppurlc ac’d
2008/006032PCT/1 007/ 072876 octahydr0|ndole ? carboxyllc -de,
stati ne, tetrahyd %ol i ne- 3- % c acid, : o
penicillam ¥fhin hlstldl rvatl i ne, be| Bl afl ne,
gamma- anpokeryr 't aci d, C|rtuII|ne honncystelne honoserihe,

met hyl - al ani ne, para-benzoyl phenylal ani nes phenyl gl yci ne, o
propar gyl gl yci ne, _§ar cosi ne, netHi oni ne one and QT/

tert-butyl glycing._£00162] Addit OHal types, Qf prodrugs ar SO
enconpassed. Fof I nstance; ear boxyl ghoup of a co d of
Formul a | P be derj as an_ag al kyl eshker.

anot her g e, ~eonpounds of this inve rising freey hydroxy
groups nay be derivatized as prodrugs %y converting the group
into a group such as, but not limted to, a phosphate , v

heni succi nat e, dlnethylanlnoacetate or el
phosphorylox hyI oxycar group, as _eutlined in Advanced Drug
Del i very ReV| 1996, 1{?15 Car bamatodrugs of hydroxy and
am no groups .re al so inclufled, as are caroonate prodrugs Sul fonate

esters and suf'hate esters hydroxy gr oup¥ Derlvatlzatlﬁn of
hydr oxy gr qQus @acylo ) e -pl and ( et hyl et : rein
t he acyl o-EﬂE py be a lvest er opl olaILy subst i h

groups i ficl udi ng, but‘hot Ilnlted to,CetRer, amine arfd carboxylic

acid functio pties, or where the payl group i an am no aci dj ester
as descri bed ve, are alsoqfﬂgéﬁﬁgssed. Pr ugs of this are
d.

descri bed in Chem , - 199 , 10. Mbre\specific exa es) i ncl ude

repl acenent of Y} he hydrogen.ﬁ. m of the algghol group wityi a group
such as (C @noyl , 1- (e ab kanoy!| , 1- m
ethyl-14 ) atkanoyl ethyl, (Cl @ pxycar bo t hyl ,
C6) al kox carbonylantﬁﬁ net hyl , succﬂnoy , (Cl- Co) a¥kanoyl ,

a-am no( Cl- 4) al kan arylacyl and a-am noacylpy or )\\
a-aninoacyl-a-aninog%yl

wher ¢ €ch a-am nogCy® group is N
i ndependent |y se(ﬁ" ed fromt aturally o ring L- antﬁ§;¢C|ds,
P(0) (OH) 2, -P(0)L8¢Cl-Co)al k I)2 or glycosygl (the rad|caV resul ting
fromthe renoval of a h roup-ggzzpﬁ\ﬁ%nlacet of a

car bohydr at [ JO163L ani'ties of ourfit's of F IamL or la can
al so be gefiwatizéd as am des, sulfonantdes or pheésphdnam des. All of




[00167]1f the inventive conpound is an acid, the desired salt may be
prepared by any suitable nmethod, for exanple, by treatnent of the
free acid wth an inorganic or organic base. WO

2008/ 00603¥PCHHNE3H07/ 072876 32 Exanpl es of suitabl e iBSHYFAMNO78% ¢t s
i nclude those forned with alkali and atkaline earth netals such as
l'ithium sodium potassium bariumand cal cium Exanples of suitable

organi ¢ base sal J 0

i ncl ude, forexanptélénnonluntsﬁbepkylannoniu nzylannoniuéig)
hydroxyethylanndnluntbls(2 h hﬁxyethyl)anrﬁgE?umphenylet benzyl am
ne, di benzy}s the like gdrts. O he cof
acidic noi gtie

L i enedi ani ne, A4
s amy i ncl fas exanp e salt with
procai ne/" qui ni ne and @ hyllgl ucosa

basi ¢ am no aci ds suc®”as gl yci ne, ®fni hrne hi sti di ne, _
phenyl gl ycin ysi ne and,gg gi ni ne. [00168:b: certai n enmbodimnents,

the salt is a I'pharmaceuti éayly acceptabl ¢ salt" which, unl
at ed, inc alts that r

ot her wi se i ndi I n the biol ofi cal

ef fecti veness o ree acidHor ba

pondi ng f
conpound a.&ii ot Bi0ONGgi cal Iy or otherfw se undesilt gl esw
[ 00169] The~sefipoliids of Formul a | of' af 3971 ncl u@E ofher salts of
such conmpounds whi ch are not necess phaxnaceutlcally accept abl e

salts, and which may be useful as i ternedlates for preparing and/or
purifying coggﬁinds of Formul a YAor la and/or for sep i ng
s

enanti oners onpounds of Férmula I on a. [00170] Thel present
i nvention al enbraces isot
i nvention whi
fact that o

t he present

offical | y- Iabeljd conpound§1

mass or m er d Ant“Trontphe .tontc mas g;-0 psSsS number
usual ly § in"hature. All isotopes of any particular atom or

el enent as spegified are contenpl at eg hin the ggop of t he
conmpounds of [thg inventi and thelr\E;:t Exenpl ar otopes t hat
can be incorpstrated into co ounds of hnventlon I e i sotopes

of hydrogen, rbon, n|tro§@ oxyged. us,cl uori ne,
chlorine and io ine, SA ! .0 3H, 3Cl, l4c, 1 15 150,
170, 180,F P 35s, , Hi, 1233~ ard 1251 Ceraid

i sot opi cal a ed compadilinds of the present invention (e.g., those
| abel ed With 3H and 140 are useful in conpound and/ or substrate
tissue di gtrjbution ass; Tritiated (i.e and carboyi<14 (i.e.

14C) iso péﬁ\are usef /\1the|r ease of p eparatlon anenNH
det ect abi | i -N-Eurt her, @'tutlon with hebWier S Qpch as

deuteriumg(i e. i 25D nqy ert @i ) -ut|c 3;2 pges
resultlngater nme i € stabi .y By AICHE in vivo
hal f-11if Ol ediced daqga requi r enp and hence may be preferred
in some circunst ces Positr emtti iipot opes such 150, 13N,
11C and F are ugef for pos n en155| on t onogr gphy ) studies
t o exam ne subst te receptor ccupancy .otople%LLyN abel ed
conpounds of thgNgresent inventi on can-gerera®ly be prebared by

fol |l ow ng cedures analQgaous 40 thos i sebosed i chenes

and/or in { Exdnpl es
|sotop|cally | abel ed reagent. WO

2008/006032PCT/U82007/072876 33 METABOLI TES OF COVPOUNDS OF FORMULA |
OR la [[00IBPL] Al s ddditiohal gmbbdients,ttheA goop & sal‘ecttdtfremrthnmctumst are the

in vivo netabolic products @f conpounds of For mul | a descri bed
herein. A "netabolite"” is p arnacologl IIy act product pr oduced
through netabolismin the of a spefi |ed co ou d or salt
t hereof . Such products nmay mesult, ¥ Qple the oxi dat i on,
S
o= ° Br \ g v

S NS Br
Br



3H) isotope of a conpound of the invention, admnistering it
parenterally in a detectable dose (e.g., greater than about 0.5

ng/ kg) to an ani mal such as rat, nouse, guinea pig, nonkey, or to a
human, al | BRI cient tine for metabolismto occurPQRYEPIEHI8G6
about 30 seconds to 30 hours) and isola4ding its conversion products
fromthe urine, blood or other biological sanples. These products are
easily i ed si . . bel ot el e

use of aﬁ)?}l%%di es Ig;cgg%)ligl:%g? 51&&#& ﬁoé]?pg]ﬁllgc{gogggﬂslé g%%e\%lt é‘lﬁ’%gt?"ltl’ng? E%)résgﬁed by
nmet abol i FenulaB2 net abolite structures are determned in conventiona
fashion, e.g., by M5, LU M or NMR analygis. In general, analysis of
netabolites is done in the sane way as nventi onal drug netabolism
studies well known to those skilled in g’ art. The netabolites, so

|l ong as they are not otherw se found i bvo, are useful in

di agnostic assays for therapeutic doSing of the compounds of the
invention. SYNTHESIS OF COMPOUNDS OF F LA I OR la [00173] Conpounds
of this invention may be synthesized by synthetic routes that include
processes anal ogous to those well krown™ n the chenmical arts,
particularly in light of the descripkd gont ai ned herein. The
starting materials are generally av blLe from comercial sources
such as Aldrich Chem cals (M| waukee, WN) or are readily prepared
usi ng met hods wel | known to those skil{gd in the an (e.g., prepared
by net hods generglly pescribed in Louis F. Fieser and Mary Fieser,
Reagent swhagein & BasndR Symasiiefinesd herein. 1- 19, Wley, N Y. (1967-1999 ed.),

il i b d qganj 1.2, f.l d. .
o St L SRR SRR B 0811y B s

For mul a. fepresented byrehe Hoemiila @par ed singly or as conpound |ibraries
conprising at least 2, for exanple 5 tg 1,000 conmpounds, or 10 to 100
conmpounds. Libraries of compounds of Beymila | or Ia nay be prepared
by a conbinatorial 'split and m x' apprpggh or by nultiple parallel
synt heses using either solution phase (6rggoli d phase chem stry, by
procedures known to those skilled i gttheg@rt. Thus according to a
further aspect of the invention therg i§ provided a conpound |ibrary
conprising at |east 2 conpounds of Forfifa | or la, or salts thereof.
WO 20081006032PCT/ US2007/ 072876 34 100%751For illustrative purposes,
Schenmes 1-5, and Schenps A-K show general nethods for preparing the
conpound¥hesgin theR pResBntR #ndeRt pisras definggohsreins Respripipcaphedimentsed. hagdhe
a nore dghfildgfbndescription of the individual reaction steps, see the
Exanpl es section bel ow. Those skilled in the art will appreciate that
ot her synthetic routes may be used toR¥ymfhesize the inventive
conmpounds. Al t hough specific starting erials and reagents are
depicted in the Schenes and di scussed w, other starting materials
and reagents can be easily substitube provi de a variety of
derivatives and/or reaction conditiogs>¥ln addition, nmany of the
conpounds prepared by the methods dB&cri*bed bel ow can be further

nmodi fied in light of this disclosure using conventional chemistry

vel | knoPI$3 t hodwesiein bgdimenisiodthy group d iyving thechoppula 3, s HopMe. -
Raney Nipoi34p N AMBRALPenidod@RnkRe the i ARavirf} Ry FRMURAPCRNInd R are methy.

In other embodiments, R® and R? are H.

[00135] In certain embodiments of the group A having the Formula 2, R® and R’ are
independently H, methyl, ethyl, propyl, isopropyl, cyclopropylmethyl, or cyclobutylmethyl,
[00136] or R® and R’ together with N form a pyrrolidinyl, piperidinyl, or azetidinyl ring,
[00137] or R® and R® together with the atoms to which they are attached form a piperidinyl

or pyrrolidinyl ring.



3. HO 1. HO 2. Acylation 3. HOI R =Re. N (CRel S\:) nCHOn,

(CRaRb) p-1.,,R8 WD 2008/ 006032PCT/ US2007/ 072876 35 [00176] Schenme 1
shows a nethod of preparing conpounds 9 and 11 of Fornmula | or la
wherein RI W&’rﬁﬁ"ﬂ@“ﬁ?e met hyl . According to Schene 1, i R(E/HRMNTHHBS
can be prepared by brom nating (+)-pul @jone Ito provide the di brom de
2, followed by treatnment of the dibromde 2 with a base such as

sodi um efgpazgide. GaaRehiy rbofimchBOrRlE e48p 3 Savingdih¥ @orhig KeNREST RINH,,
4. The pgdl mdine ring is constructed by reacting the ketoester 4

with thi NHEt hFsr MHER0e NBi(cyplapepgmethy s NR(rloidmetiy b a piMs: g Mkt

at 2- poswe@ﬁl\g\ge( aﬁey%RﬁE§&iﬁ?N@t(h}§_nat ed by reduction with the

cat al yst suc oritnation of the hydroxypyrimdine 6
provi des[40i39]4- cHhothepymbodintinmeNRR’Snddlected diomi thastaktutdae

chl oropyrimdine 7 wth piperazine provides the internedi ates 8 and
10. After deprotection of inrernediat 8 and 10, 4&acyl ation of the

pi perazi ne derivatives withdan appropfi-dted anigh cid foll owed by
second deprotection step provi'des conpounds 9 and 11, respectively.
R=Rt N. . 1001403119, &hmertaBHhbodiBents of the group A having the Formula 2, R® and R” are H. In
Schene 2 77] Sche illustrates a nethod for preparing conpound
18 of FoPrrrg%iarIelng?(ﬁ'l’lgﬁwgﬁelﬁé?lﬁ&ﬁﬁin% nmethyl, R2 and R2a are F, and R5
is H According tgHschene 2, :
according to the
am ne pr ot ectd
G eene and , - | eyl
sui t abl e“ani ne prot ectT

agent such as m , Oxone,
OC to room tenpefature) in an
chl or of or f N- B

cl - F

[00241] In certain embodiments, compounds of the present invention are represented by
Formula 2B:



WD 2008/ 006032PCT/ US2007/ 072876 36 then be acylated with an
appropriate anhydride, such as acetic anhydride, and heated to
furnish a mxture of esters 14. Ester hydrol ysis using an aqueous
base, suchW200840#33r LiOH affords the m xture of secd{dASFOEIEHAGI s
15, which can then be oxidi zed under sk@ndard conditions (see

Larock' s Conprehensive Organic Transformations for appropriate

exanpl eswRdreih 0 ROR IR @R B 28iGRBPh&GhO ketones) to give ketone 16.
Treatnent of 16 with a fluorinating reagent, such as DAST or

Deoxo- Fl [98142]i n arin apphasmbedimentif Femula Eoch, msis Davisdh andpl i ofueh hat A is
provides, ngen%grgg ﬁe'f%%ﬁlgg conpound 17. Renoval of the nitrogen
protecting group ronlconpound 17 under appropriate conditions (see
Protective Goups in Oganic Synthesisrly gaeene and Wits,

Wl eylnterscience, third edition, Chapt 7), affords the
correspondi ng deprotected ani ne (not gho c. Acylation of the

deprot ected pi perazi ne using a stam dﬂpling reagent (see, for
exanpl e, Principles of Peptide Synt M kl os Bodanszky), in the
presence or absence of a tertiary am se, and in a suitable
solvent (e.g. DV, DCM chloroform T F etc) with an appropriately
protected am no aC|d fol | owed by renDBaI of the protectlng gr oup,

af f Or ds m@s@oﬁq% é@NR; IlgrﬁlN NNIdF\% ﬁeR g.g(j%%gﬁéggﬂe}(l%ﬁ ftz}u,l embO(P mer%s ]A 1%3 tﬁe

configuration;

[00143] In certain embodiments of the group A having the Formula 3, R® is H.

[00144] In certain embodiments of the group A of Formula 3, R® and R are H. In other
embodiments, R° and R® together with the atom to which they are attached form a cyclopropyl ring.
[00145] In certain embodiments of the group A of Formula 3, R® and R’ are independently
H, 1;nethy1, ethyl, propyl, isopropyl, t-butyl, CH;-cyclopropyl, or CHz-cyclobutyl.

[00146] In certain embodiments, NR°R’ of Formula 3 is NH,, NHMe, NHEt, NHPr,
NH(iPr), NHtBu, NH(CH,-cyclopropyl), or NH(CHa-cyclobutyl). |

[00147} In certain embodiments of the group A having the Formula 3, R® and R” are H. In

particular embodiments, A is:

cl NH, cl NH,
o O
s s
[00148] In other embodiments of group A of Formula 3, R" and R? are H, and R® and R®
together with the atoms to which they are attached form a 5 to 6 membered heterocyclic ring
wherein one of the ring atoms is nitrogen. In certain embodiments, R® and R® together with the
atoms to which they are attached form a pyrrolidinyl ring. In certain embodiments, R'isH In

certain embodiments, R is H. In particular embodiments, A is selected from
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[00178] Schene 3 shows a nethod of preparing conpounds 70 and 71.
According to Schene 3, am nation of conpound 4 using an ammoni a

synt hon gl\?’QszOQ%’ﬁf%%md 4a. Pyrimdine formation using, PCAUSRY3HTASES
ammonium formate in the presence of foRfram de at 50C to 250C and/ or
at high pressure gives the bicyclic unit 6. Activation of conpound 6
using, for exanplg, POCI3 or SOGY2 gives the actmvated pyr|n1d|me 62.
Di spl acenment of 4 I

protecte i

63. xid
gives the D de 6% i ing
anhydr|d§) follomed by ﬁ%atlng (40C to 200C) causes reﬁ#rangenent to
gi ve conpound 65. Hydrolysis, using, for exanple LiOH or NaOH at OC
to 50C git0L®lt he dp et embodimgyty sompaunds if e Prssent itaesion arsygpFasented by
condi ti oM@t or pyridine-503 conplex at approprlate t enper at ures
gives the ketone 67. Asymmetric reduction using, for exanple, a
catalytic chiral catalyst in the presendé of hydrogen, the CBS

catal yst or a borohydride reducing agenrqlp the presence of a chiral
| igand gives rise to either the (R or!thB (5) stereochem stry at the

subst iz _

al cohol 68 or 69. Alternatively, a Pral reducing agent could be
used (eg. H2, Pd/C), allow ng the nethyl), group on the cycl opentane
unit to provide facial selectivity and &l stereoselect|V|ty If the

reduction gives a | ower diastereoselec the di astereoners could
be separated by, for exanple, chro fﬁphy, crystallization or
derivitization. Treatnment of conpou Qr 69 with a fluorinating
agent (e.g. DAST at -20C to 1000 g rdse to the fluorinated

anal ogues with inverted stereochenlstryfﬁo or 71 respectively.

Finally deprotection of the Boc-group,sgusing, for exanple, acid at 0C
to 50C, acylatlop u3|ng an appropriately functionalized amno acid
and fi navhekeim6t RomdIR’ 2ee4s definsfl heroim. ani ne of this ami no acid (e.qg.
renoval Sy Pr tectin Lou r.eductive anl ati,on o
acyl ati o@tnt i nt rg%ﬁeggglnn%vlﬁ%s RES °?E%"r‘i‘ﬂ§f %ro()e@ T snelstooa"fill? ?ISH% that’A is
conpoundspréenieddy #3 Fornil £008/ 006032PCT/ U62007/ 072876 38

[ 00179] Schene 4 shows a net hod of preparlng conmpound 78. According to
Schene 4, am nation of conpound 74 u hngian ammoni a synt hon gi ves
conmpound 75. Pyrimdine formation 3§|n éor exanpl e, ammoni um
formate in the presence of formam evégjﬁ 0 to 250C and/or at high
pressure gives the bicyclic unit 76. Atvation of conpound 76 usi ng,
for exanple, p003 or SOCl 2 gives the agtivated pyrimdine and

di spl acemmrdin Gf RY, R, 3ind R&wt Bgdeginedibreinl Th B&tam Ebodimktng, A has the configuration:
protected/substltuted pi peridine at OC to 150C gives the piperidine
77. Deprotection of the Bocgroup, u§$q Rfor exanple, acid at 0Cto
50C, acyl ation using an appropriately Junctionalized am no acid and
final functionalization of the ama@ge DS amino acid (e.g. renova
of any protecting group, alkylation, ctive am nation or acylation
to introduce neM/substituents) gives ris&to the final conpounds 78.

These a t hen subject to se atl n que 0.Qi ve.
the si ngﬁéﬁg ant i Jhifgin em °§’§§64§f%the @O@( q’ r#é’ﬂ"g E) 15(%—@? fhrtain
6CRaRb) p:n'ibodlme}nts RR® gnd R’V@e 3%@4&@&@313 msﬂpgaﬂl&ﬁg&modlments A is selected

IIZ



39 [00180] Schene 5 shows a nethod of preparing conpounds 84, 86 and
87, which include a | ate stage functionalization of RI. According to
Schene 5, am nation of conpound 79 using an amoni a synt hon gives
conpound 8WO Y4043 ne formation using, for exanple, dHAFIHMHH072876
formate in the presence of fornmam de a8 50C to 250C and/or at high
pressure gives the bicyclic unit 81. Activation of conpound 81 using,
for example ~POCl3 or SQCL2 gives the \ivatﬁqz pyri mael ancil_m/
) i1

‘ _gr'dp, u

protected/s
82. The olefin may~be | eft intact~or
using for exanple, ozone at -100C to -50C, foll owed By a reductive
wor k up Me}& NaB114) may gﬁifﬂ;/e t he Qxdroxymat hyl derivative 83.

Al t er nat 2}, r eduadditignalymborimesiseh isseletisd fgn theotruehieipl e, 111/ Pd/ C

at 0Cto; 950G at 1 atm g 50 atm givesgid seto the et hyk). derj vati ve
85. Subsegfienfj deitot ect i ft Boc-g uglifng, for 3
acid at O 20y | at Si apprepriatelyof upct al 78

I, functionalization of the amwe of this am now
acid (e.g. removal of any protecting group, alkylation, reductive

ami nat i of'~ ylafi on t dugg, néN i tugafs) gi veg rise to
the final ¢ n , 86 871 _These ) y
subj ect to separati techni fues tolgive the singke enan [ S

[ 00181] Accordi ngly, anot her ‘dspect of the invention provi des a hod
of prepaging conpounds of _Formula | or_l conprising:_ reacting a
conpound “h t e, or Ra wher |, NRta, R2 3, and R5
are as defi erkj po Wt MYR0 aci i he for _
(CR Rd), (CH2) G (CRaRb)pg OHwherein G R6, "7, g
Rd, m n and p are as defined herein. WO Y

2008/ 006032PCT/ US2007/ 072876 40 [00182] 1 n anot her aspect of the
invention p desNH, net hod of preparing conpounds of Fornula Ia,
conpri sing: 2Ct | RQ 20 conpound having the fornula wherein R, R2,
R2a, andf are as gg&fined herein, with an amno acid having the
formula (CRRd)n (OH2)",

[00153] In additional embodiments, A is selected from the structures:
NH NH
I Y, 0 W e < Y-
S 0 S O [ 3 0]
i N wp v
[00154] In certain embodiments, compounds of the present invention are represented by
Formula 4B:
NH,
G 0]
»
N~ RS
~N
I . )
4B

wherein G and R’ are as defined herein.

[00155] The compounds of this invention may possess one or more asymmetric centers;
such compounds can therefore be produced as individual (R)- or (S)-stereoisomers or as mixtures
thereof. Unless indicated otherwise, the description or naming of a particular compound in the

specification and claims is intended to include both individual enantiomers and diastereomers, and



, (ORaRb) p\ R8 OH wherein G R6, R7, R8, Ra, Rb, Re, m n and p are as
defined herein. [00183] The am no acids used in the synthesis of
conpounds of Fornmula | or la as illustrated in Schenmes 1-5 and in the
Exanpl es aP® B¥NWePZcomercial Iy available or may be prfay2e07/072876
according to the nethods disclosed her29n. For exanple, in certain
enbodi ments the am no acids used to prepare conpounds of Formula | or
l'a i ncl ugiextired) RRBM1cPr Ve RBscATHeROT. Q&‘dc%n%ﬁﬂthﬁbgnﬁdﬂﬁofﬂﬁdﬁﬂéladelé\ll such isomers,
y-phenyl gl yci ne_am no aci ds having the Formula 2A, P-phenyl al ani ne
am no ac}ﬂaé g diasigrepMeri CBRANIES PIIA JissiFEroeTSHae PRI cAptiomeE AT s compgunds of
havi ng tm?s iR, AT e rrfRBenafifoni2® reRls BGwliRlbRomEd 8a cBpdudvhich G-
OHR8 OHR8 OHR8 OH 1A2A3A4A [ 00184] Met hods of prepari ng am no aci ds of
For mul assupgrimposalyle mémenimages ooheanmthen- Khe teinD"diastereomer” refers to a pair of optical

2008/ OOGQ%g;Whv&ZQIQ?AOQ?n%%ZP uﬁgges of one another. Diastercomers have different physical

properties, e.g., melting points, boiling points, spectral properties, and reactivities.

[00156] The compounds of the present invention may also exist in different tautomeric
forms, and all such forms are embraced within the scope of the invention. The term "tautomer™ or
"tautomeric form" refers to structural isomers of different energies which are interconvertible via a
low energy barrier. For example, proton tautomers (also known as prototropic tautomers) include
interconversions via migration of a proton, such as keto-enol and imine-enamine isomerizations.
Valence tautomers include interconversions by reorganization of some of the bonding electrons.
[00157] In the structures shown herein, where the stereochemistry of any particular chiral
atom is not specified, then all stereoisomers are contemplated and included as the compounds of
the invention. Where stereochemistry is specified by a solid wedge or dashed line representing a
particular configuration, then that stereoisomer is so specified and defined.

[00158] The compounds of Formula I and Ia include solvates, pharmaceutically acceptable
prodrugs and salts (including pharmaceutically acceptable salts) of such compounds.

[00159] The phrase "pharmaceutically acceptable” indicates that the substance or
composition is compatible chemically and/or toxicologically with the other ingredients comprising
a formulation, and/or the mammal being treated therewith.

[00160] A "solvate" refers to an association or complex of one or more solvent molecules
and a compound of the invention. Examples of solvents that form solvates include, but are not
limited to, water, isopropanol, ethanol, methanol, DMSQ, ethyl acetate, acetic acid, and
ethanolamine. The term "hydrate" can also be used to refer to a complex wherein the solvent
molecule is water.

[00161] A "prodrug" is a compound that may be converted under physiological conditions
or by solvolysis to the specified compound or to a salt of such compound. Prodrugs include
compounds wherein an amino acid residue, or a polypeptide chain of two or more (e.g., two, three
or four) amino acid residues, is covalently joined through an amide or ester bond to a free amino,
hydroxy or carboxylic acid group of a compound of the present invention. The amino acid residues
include but are not limited to the 20 naturally occurring amino acids commonly designated by three
letter symbols and also includes phosphoserine, phosphothreonine, phosphotyrosine, 4-

hydroxyproline, hydroxylysine, demosine, isodemosine, gamma-carboxyglutamate, hippuric acid,



202122 1. Activation 2. Elimnation Schene A [00185] Schene A
illustrates a method of preparing optionally substituted

13- phenyl gl CI ne am no acids 25 and 26 of the Formula | A wherein

is H and 2008643 and are as defined herein, t is O RQTfU}SzO‘HWaZW
is Hor an arri ne protecting group. Accd8ding to Scheme A, the acid 20
is converted to an ester 21 wherein R is alkyl using standard

condi t i Op&atdfehdeR-1 etk RNt actd, t ReaBifle, 2R PRIINIehr@yaradog@hsline (3ecatboxMROHkid,
in the presence of a catalytic amount of an acid such as concentrated

112504 oPenicilanips. i pithigfe rmehyhisddinaor ohingg; bebt-alanince rgampags)ijobypric acid,
treat nen | -

e oLl SRR SIS, ooy B fse, B
t enper at propargyglycine, s@o@ineondtlBioGye suffese a}dpclmputvbb’emehm ce of ester is

determn t he ndi tions r.e redt reformt e

of the SPRMi o ARRPHERDS o BRbleF aretul gl A2 bivhts BitSe By
listed i lgrou;PbDi ﬁﬁﬁpom&l @‘Rbuﬂl‘ﬁlallgr B(’j@ﬁfbb @erﬁb&ﬂi&d&ﬁ lafs ambi)é oﬂil&glr&tcamds al}other
Wits, WIey-|nterscienc third, editiaon, a Intro tian o

t he hydr%@i)/‘ﬁlﬁ I‘ES}‘PP%“@% fhis H’r"’S‘%}P&e"O&PHﬁB&% g’is TR gEPé’Pi)E’FV &Frfk&"‘ﬂ&%’ed as
t r eat menproifubd by BorvBBih g el Ridfoxe | HRYiER d Srofh such QkNBk d6hNERdd 1onatph@s.phate

presence of base such as NaOEt at an appropriate tenperature . g.

-20C to ?S&‘@n*ﬁ?@ﬁﬁ@"&f%r@methﬂemmaﬁt% o pbﬁ?@hwle se;wasxﬁaﬂwyl group, as
conpoundqygignedn 4@bFdy bﬁ%%ﬁgerg rRQMBV.S( fodg; 19, q lgreéiﬁjbgrhﬁe pFo@ﬁﬁéL 8f Bydroxy and
hal i de) nmay be acconp treatnment "wth, for exanple

met hanesymipp@rpps eigl aéqq ideuded, nsh@e pribgwate prodiugs pelEwetcraises @dc,shlf%t@ esters of
NEt 3, DIpP U

tomper at ey Yol TRl AR ARRARELR) frob BRI incfit d GogBinbity ARRL
fromthi whq;woctlmchwbgroumn@t brean zdla;ﬂ estem@tmaﬂg s(llﬁﬁtﬁtetdomﬂ}og@)psoncludmg, but not
addi tion

. n,t h of. h e be required t
conpl et e]a’{"r‘ie ‘81 f "ng‘Pl“S g SarB?’iW‘ﬁ ae ?Eﬂ?ﬁB‘E?ﬁh V@)""H&X the a"ng‘O“P %n dhino
2008/ 006&?;&&2&%&5F hd 526Hbel QFR8 7@3 #1380 Sttompaieeda Prddviads @€this t@fel die deberibry iDE Med.

treat ed th Si.r am pe. (e.g., .€
sui t abl e v@ﬁg 5305 Moot cit exam@w%ﬁ*ﬂ? r%ﬂ%ﬂ?éﬁﬁ?ﬁ@ﬁ#@gw@m of the
-20C to ﬂafhbugaoufs Qvnﬂhe@@ro%b %u&m@s m@%Sj?lo:tyﬂ{eﬂi&ITEld((@I-@Qalkziho&bﬁy)étﬁﬁ]? -

wherein COﬁpOUH has an el ectron rich aromatic ring or electron

poor / bul R§Hrk- Kﬁrgs)élhilwloxwé@ﬂ ng (e.d%r§ @aléweﬂrbwykxg@athﬂd t ube) Mot
m crowayv, e f 0

(for _oxecof Sogus phafifie A Bohl, CrChRRRAAD, LembRREORRuRLR Wecy
st andar dandomdintrioaay$ dr - wnmvao@lba@mmmcm,dwlﬂﬁe vivk reeaminBgyl groep prindependenty

group. A t|v rotecting grou

appr opr i ai {GQ% ﬁ%g @y ?‘icg'?’é'gi’faﬁﬁnﬁ% eg@n@ﬁ@r B@ég)( Eéalé?ﬁl?n 7 & glycosyl
Synt hesi @he ba;dloa eS0RIn@ EbrVIhS renfivab bof | h@ir&:61 &6, of Ithier Hergigéetdl Olxm of a
Chapt er 7. ri:flcatlon of the ester 23 to formthe protected am no
acid 25 conpl i shed using conditions appropriate for the

ester ( 6[09163] aqueGhR Anhﬁ!-sl drRbmPBinaY be ﬁ&%ﬁrﬂ oM UaR AR Bk ideFvatiofd ReRaYds,
esters, acid for t-but esters? [00186] Al ternatively, the activat ed
ol ef i n 2wlipgamiges of ph%p apides All o6 theseangicties miaydncogomte erepstipaiding huynot
in a sui S F

o g. - R Pt alne R LaBboiac R ARBES Bt Blck  TRRUR AF e fepmed
S hovvn) byrthe mlacaselt whe hEdrogeo@tqmlmtﬂe 2dhink asouarvitl egrovpsuch lasR—carbomﬂi R@-
ring or 0 | ky, sec dar m ne eat,in g )
ina seaea o %Ube ocglrbr% To‘&%\l}é c d\s{t y® ﬁaba% ndg e(édé“glﬁ (Cl'é%aﬁﬁ ©

Saponi f i Cagyclalkgl of mzﬁ,sdre{-cdr&nm@. Anbilel a%nitvadd lod naﬁramymh@acyl-namral o-
acconpl i shed usi %Télcazon di.tions a%proprl ate for the es g{ g
aqueous AHERIYlorCREYRNOEsyhsredn YHy Hr Sydmatyber beasyly EEQW c¥harpia Yode(Car

for t-bug |al ﬁﬁrﬁfﬁ 1sQCFC})alkyl c%g)@?@]-Ce)alk?y@%mo(cl-&)alkyl or mono—N— or di-N,N-
Schene B 11 eparing optional g
Cé)alky ammoalkyl or -C(Ya)Y3 wherem Y2 is H or mcthyl and Y3 is mono-N- or di-N,N-(C;-

Cs)alkylamino, morpholino, piperidin-1-yl or pyrrolidin-1-yl.



24 (prepared according to Schene A), whereint is 0-4 and R is
al kyl, using a standard oxidizing W) 2008/ 006032PCT1US20071072876 43
agent such as MCPBA at an approprl ate tenperature (roomtenperature

to reflux) V80 WeN2t he epoxide intermediate 28. | nter /B 7085 0y
be treated with an appropriate am ne, 8ypically at high tenperature

(e.g., 50-300C) and high pressure (e.g., in a sealed tube or a bonb)
to give jgageqm no F&%@@lﬁbna?%xﬁﬁplgsoof farfodﬁ S(ﬁﬁ?di‘ﬂ@sr ¥ed o6k 'lrﬁ)lcusa?(besz n of
(such as in the preparation of mpound % {g

hen deprot.ecti on’ of
eator usf”l’?d”tg@rﬁﬂlﬁt-‘d B bireieenadi ool 861 nuiMehots s Ermoiganya. 45, p. 300

Synt hesi 296 Qﬂltei?é R ?&jerv\éit SL(%E ic Iﬁ?ésgr]?)%;.ilf%zgf TLJJ??)JOQ c?'?qub sign and

Chapt er Ster, ogenat |
for a beﬁzgehpesmecdlteéﬂagﬁmgs“gwrd bar@mlaﬂdiHyBamﬂgaad,l @hameﬁi "stzg;ﬁ‘andsipplxatton
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Subst |t (GO 3P RO FHEY P Sl Tt duls2S7E (RE el Shen P el

le is rreﬁlbc)fb@rat%hérgmlﬁ rdf%edcs. an am ne protecting group t is 0 to 4,
and RO is as defined ﬁerel n. The ester 32, wherein Rn is alkyl, can

be treat B814lt h a Adiesutivady gt additionsily) cempoynd efifhe peitien may pppess atsufiisiently
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(e.g. i glr(oﬁf) us)ﬁh'lctie(?ltl{J g%ﬁi@y&&% ap b&ﬂ’f 11f B&Aap%ﬁg}gsb%@ﬂg&hing&i rg{cé @t any

el ectrophi | , tert br onbacetate an appro

t enper at eraenuq'@egof inorg8E @rmrganmasmopeméa nqrfe)n 4 calyi B:antpm o epits lingdyale dbse
ester t he t . of pyefelysle

appr opr | Saa te a%{}%ff ’tgf %}éti%n 0 com g)fhe apﬁesgrrl)t F} ngt clma i rengﬁgzéa? o orfgg'rgc S
(e.g., O& ¢mmogfah1u>b)aseprsmahl ﬂks 1@@@;1 bat B4 limAte@uto,t subfates apyranifeese bisuidtes,

Coeh ae et Beles e R ot SR Bt RS

foll O\I\ledp}bc)phbipﬁﬁl’es’,fefﬂlorﬂfest BRmi@3C ibdigs] Ab@4teH dbrapienadds] meadaoah§ o&z@fy}ates
(e.q. tBuO—% |onaIIy in the presence of a Lews acid Snd 2)
Y&fpe

g.
at hi ghef® EP%IFSe pebufyratey o capiiESs. JIEBORIES PRI 9@? erl@?‘ﬁnﬂﬁa

is an ar@ue@na@ésots@sérhteg ShMRs, FBarsBO! fGlets, abalOh-dibaRd th@xyﬂé-@}@d’n@ates
conmpound” 35 WD 2008/ 006032PCT/ US2007/ 072876 44 determ nes the am ne

pr ot ect i ¥§Zegicsup cllorgbenzeniey privsfindeanzeates, Boé‘mélfﬁbﬁ@}?ate@epr]éﬁdéé‘ﬂb%oa&s
the est %et%@ﬁ&z@gtesc %Hﬁﬁ&g %foﬂ&k@%&%&ﬁﬁﬂﬁﬂa@es, ?ﬂ%fab&ﬁ@s elgylprol%%ﬁal?es

Li OH when t protecting group Is a este ydroge ation
benzyl gg'le@ylbuty;g‘rgs )cigatqseslaqtq:q@, adyydroquj:mpwq:ﬁd gh@ollates, tartrates, methanesulfonates,

propanesulfonates, naphthalene-1-sulfonates, naphthalene~2-sﬁlfonates, and mandelates. Since a
single compound of the present invention may include more than one acidic or basic moiety, the
compounds of the present invention may include mono, di or tri-salts.in a single compound.
[00166] If the inventive compound is a base, the desired salt may be prepared by any
suitable method available in the art, for example, by treatment of the free base with an acidic
compound, for example an inorganic acid such as hydroch‘loric acid, hydrobromic acid, suifuric
.. acid, nitric acid, phosphoric acid and the like, or with an organic acid, such as acetic acid, maleic
acid, succinic acid, mandelic acid, fumaric acid, malonic acid, pyruvic acid, oxalic acid, glycolic
acid, salicylic acid, a pyranosidyl acid such as glucuronic acid or galacturonic acid, an alpha
hydroxy acid such as citric acid or tartaric acid, an amino acid such as aspartic acid or glutamic
acid, an aromatic acid such as benzoic acid or cinnamic acid, a sulfonic acid such as p-
toluenesulfonic acid or ethanesulfonic acid, or the like.
[00167) If the inventive compound is an acid, the desired salt may be prepared by any

suitable method, for example, by treatment of the free acid with an inorganic or organic base.



[ 00189] Alternatively in Scheme C, R8 nay be hydrogen. 39

(RO)tCC: 12110R9 40 Schene D [ 00190]
Schene D shows a nethod of preparing optionally substituted

ry- phenyl gVP0M@4#3ho acids 40 of Fornula 2A wherein | tEET/HRE07ARETRI
are as defined hereint is Oto 4, R6 B3 H and R7 is an am ne
protecting group such as Boc. The starting unsaturated ester 24,

pr epar edEraflestif BeitablR imeERaMERals inflade these F5rAdl Qbth Wikhi 2 SkiNaS bdriAtnisals such
ni tronet hane derivative (e.g. nitroethane) in the presence of a base

such as UMM, a0dMpEe PEfBFT U cbafibfpEIdatalrien  xgmples of syitsbioptganic base salts
tenper at yoplet O G} Ve ckAGiIOMohogRted addbGLyIRAmodilg, N bs&y%%emﬁi 2.
conpound 37 can be reduced using standard condltlons (e.q:

hydr ogenhydramyethgiammenism, et c. ) bis@-hydroapgiblemimeniant, enper abanylsthyengylamine,
roomte r |t 1

Cycli zoarparytiich b b o iRe o, | PR ot BLEL R AR e TeliBe for
for exanplaepid, tﬁmsasdﬂs(fetg'tedlyptht woqimy queine anp duncdh@glucasayinbeplus salts formed
acconmplis usi n 20 under. st andard, .co ternative.
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t enper at {08 8o g @ewrﬁemmvtw@éﬂse&n@waIsetgpw@adeh?ieﬁucelatﬁwﬁs pf the present

t-butyl B$dugion Which PR B¥se bRl WBE, Bl ﬂae%& APb& GGhéke MR are
as TFA or HCL at an appropriate t enper at ur e (e. Cto reflux)

pr ovi desreplesadduna atom haningan etowir masa pr mprg ek ber di er@@ frpo tifropterpic irapsef mass
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appropriate tenperature owed by treal ment
of the reatmiplated witlen rtedsape ofitltchcompoanpis raphd aiventmhcm‘rdoﬂhel( elseg4 Exemplary
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el evat ed eratures Ges corrpou
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compound 53 Snitt Lharbarth cBndlt ner{ aCht BEETE of BB gLkl
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useful for their ease of preparation and detectability. Further, substitution with heavier isotopes
such as deuterium (i.e., 2H) may afford certain therapeutic advantages resulting from greater
metabolic stability (e.g., increased in vivo half-life or reduced dosage requirements) and hence may
be preferred in some circumstances. Positron emitting isotopes such as 0, N, ''C and "*F are
useful for positron emission tomography (PET) studies to examine substrate receptor occupancy.
Isotopically labeled compounds of the present invention can generally be prepared by following
procedures analogous to those disclosed in the Schemes and/or in the Examples herein below, by

substituting an isotopically labeled reagent for a non-isctopically labeled reagent.



Base 1. Protection 2. Saponificationt,,.NHPg (R )t CO2H 50
Schene F [00193] Schenme F shows a nmet hod of preparing optionally
substituted 13- phenz/l al ani ne am no acids 48, 49 and 50 of Fornula 3A
wher ei n REWOSLME002i s an amine protecting group, t is BSHE20EHF Ro
is as defined herein. An appropriatel y3substituted al dehyde 45 can be
treated with a cyanoacetate of the formula CN-CH2CO2121" wherein R'

i s al kyl METABOLIBESDE COMNODRBSBIFHRMUNAITR PY esence of a suitable
base such as piperirdine at an appropriate tenperature (e.g., room

t enper at [0&7Ho r efAlsxiplling vgihinethe bropeinbthis inrvanténh astherin Wigo mRabelstriresticis of
t he ol ef t trid e ar nppund 0. BF 9) vi d

47 may b%cfrh ggrgds q:oﬁhuallnoralgn% %1 ed Lff-rem yg 06‘95% 3 r%ilp amyﬁoﬁ%@ﬁ a%gve
may be rpzddlmedro\ﬂmdch tixnyghagetaliolikm divthet tode bf & sfecilied commplivad oo g, thasath Sash
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listed in 'Reductions in Organic Chemstr é i cky
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Wits, Wle tEesmoe third edg n, c{)ter 1), for%F nglel(lslsa
Boc- gr ou%e%%ﬂ g 8ot ’H%ﬂ"&é‘“ Fpimgesued 23 56 MAUSERIRE RipdmonEFn QY e an.
the est edllogimpuiiiicint Gin® foh enetibbiten &Cbétur Gypiddlly WboBO30MRYorlde to 30 hours) and
accoMol i ;ﬂed ysi ng ap aqueous bases such as LI OH or KOH, or any

the al t eFHEBYE C?Iéf&&é%ﬁltpéquPtgtﬁ@al thruginceblapderatiss bioksisal samplse. eE'Ef%SﬁgfoductS
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2008/ 006032PCT/ US2007/ 07 76 47 -CrI - Reduct i on 1 52
binding epitopes surviving in the metabollte) The metabolite structures are determined in
conventional fashion, e.g., by MS, LC/MS or NMR analysis. In general, analysis of metabolites is
done in the same way as conventional drug metabolism studies well known to those skilled in the
art. The metabolites, so long as they are not otherwise found in vivo, are useful in diagnostic
assays for therapeutic dosing of the compounds of the invention.

SYNTHESIS OF COMPOUNDS OF FORMULA I OR Ia

[00173] Compounds of this invention may be synthesized by synthetic routes that include
processeé analogous to those well known in the chemical arts, particularly in light of the description
contained herein. The starting materials are generally available from commercial sources such as
Aldrich Chemicals (Milwaukee, WI) or are readily prepared using methods well known to those
skilled in the art (e.g., prepared by methods generally described in Louis F. Fieser and Mary Fieser,
Reagents for Organic Synthesis, v. 1-19, Wiley, N.Y. (1967-1999 ed.), or Beilsteins Handbuch der
organischen Chemie, 4, Aufl. ed. Springer-Verlag, Berlin, including supplements).

[00174] Compounds of Formula I or Ia may be prepared singly or as compound libraries
comprising at least 2, for example 5 to 1,000 compounds, or 10 to 100 compounds. Libraries of
compounds of Formula I or Ia may be prepared by a combinatorial 'split and mix' approach or by
multiple parallel syntheses using either solution phase or solid phase chemistry, by procedures
known to those skilled in the art. Thus according to a further aspect of the invention there is

provided a compound library comprising at least 2 compounds of Formula I or Ia, or salts thereof.



1. Activation 2. Base R 02C---NHPg (R9)t NHPg Deprotection NHPg
4 CO 2H 5453 Schenme G [00194] Schene G shows a net hod of preparing
optional |y substituted ct-phenylal anine am no acids 54 of Formula 4A
wher ei n REWOSLIR/O0RB2i s an amine protecting group, t is REWE207/04HE Ro
is as defined herein. An appropriatel y34ubstituted acid 51 may be
reduced to the benzyl alcohol 52 using for exanple L1A1H4 at a

t enper at jgpg75)angi %rilru@mtﬁegmp&s%m%ﬁ&{eens 510 ScREh&bA-KTREw E&@iﬁﬁiethods for
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2. Reprotection 3. C eavage of ester ,Pg 56 WO

2008/ 006032PCT/ US2007/ 072876 48 [00195] Schenme H shows a net hod of
preparing tional |y substituted y-phenylglycine amno acids 56 of

For mul a 2A \%’@‘?8&0@%6 and R8 together with the atoms tPGHTLRAHTORS
are attached forma spirocyclic heterogyclic ring, R7 is an am ne
protecting group, t is O to 4, and RO is as defined herein. According
to Schenmolhg)t Ne uRgahd| Jhad @ﬁlfe%d %ﬁ B B&omb6RISY Mhlih of FerlIARlY 1a
pr ot ect ed egC|ne derivative ) 8 }g |'ycine) and formal dehyde
under dryhagendk'tagnB’ ees. Igethylvvl ﬁhccmina td §ﬁheme hointeongdiate 3i eapdig) pragareginby
appropri é ( I

qencr ot BB 65 Bkl JoduovidAREHRIRR 5 Mk by kil of B diromide 2
condi t i owih @eéag. suclv hasdajuir ejexidd. i Omnolysis bf the patelgrateod gmeet;he dttoesyer 4. The

f ol | owed ddition of an,am ne. protectin r.0 suc a Bocs.arou
Lot o ol e bR R R B BB FE BrofonBE S
met hyl egtRROH. I8¢ ¢hefoapto Rrdupbattaypositidh F coftpdimd Saik eﬁﬁlﬂaﬂbdrt@f feduckion with the
provi des the N-protected amino acid 56. z-NR' [3+ 2%_‘ CgZR‘ '
1. Ani neS#alytt o atsatiansy NI Hhierinatien  oft dher inydropmyDmae %ﬁnﬁp&i 5 4
Schene Icm&%%ﬁilﬁﬁ@m%r%%n aoff@khaﬁoré’ﬂgnﬂﬁﬁﬂ@r’ﬁ QgthOEbérQﬂﬁ’é IbYovides the

substi tuted 1I3-phenyl al ani ne am no acids 61 and ormul a 3A :
wher ei n mnawtﬁ 8 ﬁlls’glsq idier denrofeqtion of intrmediatenBiant 19:eylatigneofihe pippragine

form a hc?etri%tﬂféé’q)\lnfhc af | B;lg'opr?zﬂgl RhindNhidForRed &y SR5dd achrbBtt®h Nst@ Brobides

is O to 4. The acli
compounds 9 and 11 respectively.
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Scheme 2
[00177] Scheme 2 illustrates a method for preparing compound 18 of Formula I or Ia

wherein R' is methyl, R? and R® are F, and R® is H. According to Scheme 2, oxidation of
compound 12 (prepared according to the method of Scheme 1) wherein Pg is an appropriate amine
protecting group (see Protective Groups in Organic Synthesis by Greene and Wuts, Wiley-
Interscience, third edition, Chapter 7, for suitable amine protecting groups) using an appropriate
oxidizing agent such as m-CPBA, Oxone, etc., at a suitable temperature (e.g., 0°C to room

temperature) in an appropriate solvent such as DCM or chloroform gives the N-oxide 13, which can



converted to an ester 58 using standard conditions such as treatnent
with an appropriate alcohol (e.g., MeOH) in the presence of either
catal ytic aci dgg 6‘}% concentrated H2SO4 or TMSCl) or a cougl i n? 8gent
(e.g. DCC/ MORYSO0E2 5| t ernatively by treatnment with an BV EpY0ases

el ectrophile (e . Mel, EtBr, BnBr) in3¢he presence of a suitable
base such as NEt 3/ DVAP' at appropri ate tenperatures (e.g., -20C to
100C) . Tihen BPREyDited Wil ar BirépiaRlanBedride, sush ﬁiﬁceﬂimﬂmgahdeyaﬁmmtem furnish a
2008/ 006032PCMJS2007/ 072876 49 conditions required to rglfc rn@h@ g
at the eMgbEF of giters it kihydrolysis ysing apagepyshuss: syph-apNgPELr Ly %sf e
in O ganyGaey ¥F I@@c%h& Riof1€§5ewRBR M en bY b8 zddNiRIES SihRIARL conliftiohd (see
edition, Chapter &c |l i zati on of conpound 58 to provide conmpound 59
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N( met hox ViR
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Al'ternativel y, the free am ne can be functionalized further (e

usi ng al preiptied iraino aciddfallaweddy asmavat ofdhe profectime graapi @f@rfbéﬁmp?qﬂé%)
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conpound 62<if NHaOAe <;§( A~ _Sehesen ] -~ F'
[00197] Ei thef e anti omer of hel b&t a- ani no dﬂ; may be prep P
using a procedufe such as tﬁat shown in Schane J. A 2- phenyl acetate
92 coupl ed wi fh an appropriat® chiral auxi liary (R¢) (for exarrple an

Evans' auxili gg(y or a Sultam) with the a,pproprl ate steggceochem sty to

generate the #esired ﬁivmstry at the -position of am no acid
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50 nmet hods known to cl eave the chosen auxiliary (eg. LiOH E1202 at
-50C to +50C for the Evans auxiliary) then |eads to the desired

N- pr ot ect ed -amno acid 94 with the desired stereochem stry at the

b- posi ti onW A%&%Wf“ahm ly, if R6 is also a protecting griéd %/%(84072876

2, 4-di met hoxybenzyl ), it may be renovedZ7in the presence of the
Boc-group (eg. hydrogenation or DDQ etc.) to give the Boc-amno acid
95, Wwhi clpoupgin r erRyahe of shbRe aBAGHET OF BrepRiHoteopRiidderot Sy PI.1 PREMding to
am ne, ich may be further functionalized by all cylation, acylation
or r educﬁ?l\?@Eérralﬁe@ﬁlwf(cempw@d 4 psingy ant agmppniz Hnthen gHepFATRUDY 4 Pysanidine
pyri m di i ° 0
Schene Kﬁ%gaoggsﬁ%t@ggﬁgi I on O;P ltngmc lﬁlFaztiEi mﬁ%(? Iglgeg?‘%f fgﬁ&"@aﬁg% ¢Rs0ec
oxazol i denddmet high pressure gyenthe bingcldtunitbg. benmemnf)qum ﬁylsmg,aﬂqdexam;’le

g?ylt ﬁ;' ggo %S?%ﬁ)\{*’ g vésthg tﬁrate eﬁr(fo n(e%t el)%egn)%m cﬁ%gl{sq‘? &ing rﬁ%&] t ngng

act
f or mat i osuithldg pro&,c&:d/sﬁbst‘rmteh)ﬁlmhdha BoYPLC 16 hbETIC givesp therpqieheme 68S emdemmf usirrg

am ne ba e at -20C 10 follo Jeat nent t he

T R R O Qe s R shis A B okl bl oRBBRER vl
chiral awylatmgawgemr(eg abl@ic RhIfdAge) e wel B AeRIE @ 0SE Ed’ZGDf’C)fdﬁ@seB Qiﬂl'rh‘ﬂgement to
created chiral center and the de. Treatnent of 97 with a Lewis acid

(eg. Ti CEYY corPquady 60 e nibeirelysis asips, fgr exampte L40H 1 AP AG0%n 0ar Fetivredhe
(e.g. HunidhoPshadRidafidt, hOUE br¥ahHE, $6&n Qf)ncﬁt{bn@WﬁQPBﬂ Arflng-S0; complex at
substituted inmniumion precursor 98 at |ow tenperature then gives

ri se to WHMAPHeLaEOGraturprsives thedetonepd, Asyauatricreilustign esing &ir examqils, a gatglytic

may al | h b bl :
il |y SRl St Sl H806 e e CRSYaubl o ARl AT EH R neepp e
to 300) myesres qflﬂSblretldﬂgaﬂdaldessﬂftedlthm'ltlcb (R@mthﬁmjx@&pthcn@stepaﬂkmgohol 68 or
((:On‘SOt.lndég Oilté:n%t%g L%n déal:urafifele rﬁ&aeg%t%t::cgng dth usFJT{) efﬁ@%)eﬂl‘%'@ tbe methyl
nec essargtoupre theeglclélmmascumhnt pb gireidd @RiaM sh]lectmyandeq)ﬁmiwsgem@ helf the
nat ur e of t he rermt functional ity and . the condi t|

T epar ad iR BB ovel etk s steerng: il s prabaly. frernal
acetyl, dhi"dnﬁdt(hgeipthﬁc e@ythlhzattron m&m&amw&za@;réddszo&ypamsw 2169 with a

butoxyca on (BOC nzyl ox carbon | _(CBz) .and
9-fl uoretfll‘V‘F &4 e@ﬂy%%/'oﬁy (Fifot 0 Crgengigtor e fuprunptedy salogpssonith

is readi 1hVerf§@ts@feBEH%ﬁﬂsn@WOQi}ell%Képk&tﬁ@ly' 'Fnliah? d@ﬁr{)tccthﬁroffihégﬁ éx@hp, using, for
descri ptl on of pr ot ecti nq groups an hei r use, see T. eene

Pr ot ect | ¥@mBlecafpkationC tx YAk %cyeym iRy @ apgTRHAteAy |ﬁévt1@a8mﬁlsamlmw1dmdkﬂnal
1991. f t

For pr epat o B CHerup p Rl @ celovdt Aoy A S R 0o
separ at eredustve #noinatipned eyiation rodintrasues mvombstrtmtsdgms tise emhs fingltcompounds 72
mat eri al he desired products of each step or series of steps is
separated and/or purified to the desired degree of honogeneity by the
techni ques common in the art. Typically such separ ations involve B°°

nul ti phase _exrir gct i orroer s:LaI i zat NaRAcdr 0 s®l vernt Aot Ol vent

m xture, dry a5 o, —Subt ) oen ef—eh haph roma pgr phy
can invol ve anygunber of s i ncl udi ng, , ex

rever se- phase and nor nal phase S|ze excl usi on; |on exc ange

medi um and | o%v pressure |iqa¢d chronat ography?snet hods &nd apparaqtyus
smal | scal e anal ytical; sinulated noving bed (SMB) and preparative
thin or thick |ayer chromat ography, as well as techni ques of small
scale thin |ayer and fl ashRﬁ;nv onmat ogr aphy.

2. Acylation

R% .R7
O t
3. Functionalisation N R= (v R‘Q“}n

Rianf . (CHz)m
2 I J | éCR‘Rb)p—FLa\;

N
78

Scheme 4



[ 00201] Anot her cl ass of separation nethods involves treatnent of a
reaction mxture with a reagent selected to bind to or render

ot herwi se separable a desired product, unreacted starting naterial
reaction bYOFHN®B2 or the Iike. Such reagents |ncludéng§8WH@ﬁ@§%or
absorbents such as activated carbon, n88 ecul ar sieves, ion exchange
media, or the like. Alternatively, the reagents can be acids in the
case of moPRRi C MalRLmAk sh&@sseeﬁleihed Tobgmﬁérﬁﬁ; Qfnpdimdend. diecorBh®fd Sdheme 4,
bi ndi ng reagénts such as anti bodi es i nding proteins, selective

chel at or @migefion of sorapaid 74 tipg &n aminguip eymhqqmvcps icompad 175 Pyramiding foreation

(L P AR A AP ORLTS 5  e

exanpl e, hipopressng gies tie Heydlioradietiu| Activasiingificompoulid 6 iubihgtfomampld, POCI; or
subl i mat] resenc absence of pol ar f t oups

chr omat o%ér)(glﬁ l‘ci"ypves i‘fea%%"?tf %/ Py ea}nfiaqq?llﬁcwgg E lc‘:‘ qea mg CL’]'P uSI § Sjfable
mul t i phageteend/subsitied pipanding fi@°C Itd{BSO"@gBJGSRielpipeddlhéﬂ‘l hBe}ﬁﬁttectiMl Iolfthe Boc-
apply techniques st likely tq_achi eyeéﬁge desired separ.at e
100203] A% dFEBBF PR AaHd 06 {0 SI°G A T LR
di ast er egiiRé ScidNandEhad FedcSoiiz4td81 JF RO Ymieadf fhﬂeﬂhl‘ﬁa'acﬁl (fefge r@RG/AB oD Yny
nmet hods well known to those skilled in the art, such

chr omat RJPASHRG Zavly ekylntione terusting ampptiemnen 4cylationoie. mtEﬁ%l?f-’t ?W%"%‘%‘Fﬁ) Biyes
separ at egkeRY tHeHMACEIfAndsNB. %@&tdngﬂgﬁe‘s naY tHdneSsubiBdQo Separation techniques to

di astereonmeric m xture by reaction with an appropriate optically
active c&Yde@nﬁllgleenﬂgtlom@hl ral auxiliary such as a chiral al cohol or

Mosher's acid chl orlge) %Bgratl ng the di astereoners and converting
(e.g., hydrolyzing) %he indirvfd d aster@’é‘i“%ﬁersgto Ehe 1. Activation

correspondi ng puye endlti omers. @ne of—the c B
present invention-may be WD 200 6032PCT/ US2007/ @' 52 o

atropi soners (e.g., substituted biat W%) and are consi dered as[ﬂ}t
of this inventiong Enantioners cagyal so be separated By use of

chiral HPLC columm. [00204] A single stereoisoner, e.g., an
enantioner, substantially free of its stereoi somer' may be obt ai ned by
resolution of the racemic m xture using a nethod such as formation of
di aster eOmer s usi ng opt| cally active resolving agents (Eliel,RE0and
Wlen, S. "Stereoc R stry of Organic Cﬁ?‘r‘pounds " John WI ey &lSons,

I nc., New York, 1££)4 Lochnul l er, C. I-[; . 1Ghperabogr . (197 5‘]
113(3):283-302)~, Rawenm c @iidetianr esy chiral xepBRLEnds of

i nventi on can be~sepgyatedand isol ate anry—stit abl e rret od

i ncl udi ng: (1) on of ionic, Eté\yecﬁqﬁﬂ#@"aﬁ?c’ﬂs Wi hi'f al
conpounds and separlatl on by fractl on urystal lization or o N°

met hods, (2) formatd on of diastereoner| corrpounds with chiral
derlvatl zi ng reagents, paration of t e di astereoners, and 384
convermbRe"c"BecP?’?e ure stegeghs@aers, and (3) separation of the
subst ant% F”f ure lor enricked stereoi soners directly under chiral
condi ti ofigY 8 saloy ug St er edgheni stry, Anal ytical Methods %

Phar macol ogy, " Ir@/ ng W Wainery Ed., gdrcel Dekker, Inc. \ﬁoYork
(1993). [00205] Und&r net hod (1), diast® eon ric salts can be Nar ned
by reaction of e Hjl omerically pures[g ral FHEEE S ych as br@cﬁne

qui ni ne, ephedrl st rychni ne, thyl - 13-2BH8hyI et hyl neN
(anphet am ne)\and the Iike wlth a I G LAKPRILEES bezg_ﬂg‘wi dic
functionality, nas carboxylic Ndnd sul fonic acid P

t

di astereoneric may be induced to separate by fractional N
crystallization or ionic chromatograp$fy. For separation of tgge
optical isonmers & am no conpounds, addition og chiral carboxylic or
sul foni c acids, such as canphorsul fonic acid, t‘mRt aric acid, mandelic
acid, or lactic acid can result in formatg=on m:hcptdj;e di astereoneric

(CHz)m

CR2RP
Ey

Scheme 5




WO 2008/ 006032PCT/ US2007/ 072876 54 hemangi oma, granul oma, xant hong,
osteitis deformans), neninges (meningi oma, nmeningi osarcona,
gliomatosis), brain (astrocytoma, nedul |l oblastoma, glionma

ependy momaV ORI MO e, [ pi neal one], gl i obl astoma mul ti f JiA/US2007/072876

ol i godendr ogl i oma, schwannona,. retinobzwstona congenital tunors),

spi nal cord neurofibrona nmeni ngi oma, glioma, sarcoma); (8)

Gynecol ofoggd): Ut &fcHsnd SR %.tlﬁétl?dd oF ?fe%?x' iy Bhpo&fs i1 X86(408 8Y, WiAh include a
carci nonma, pre-tunor cervical dyspla ovali es (ovarian carci None

[ serous bSPsfttfatd dwtaratizationef Riudicrading dy Stlwedent cmimtion nicompeund 3% peingen
carcino S h o I tginor.

dysger mn%%l)rﬁ%ﬂg %E’i‘““% gw% %?Aa %‘F ﬁ) N ul g’h? sq ua‘%d uﬁ@%%ﬂ ?:’ga?rl(? :leh;a#lgﬂ,%ﬁm
i nt r aepi fohedté &l the preseme icﬁfonadeidearajwt ne Gﬁﬂ°€fanhfbr)sranglo]rassun&@\amdmﬁoquciic

agi na (cl.e cel.l carci nonm ano cel | otryoid
o com TETRTy ARl PR OToEd Hoe TrarrBplaROr B AR dlfegetvated
(9) Herraﬁ;@inﬂah@andxhgmexﬁmtatshtsdedvmglgecmpausi@%ﬁarﬂaptoebmmb@ﬁmeapipb@dme

| ynphobl astic | eukenmi a, chronic ¥ oc tic | eukem

myel opr AiFEralPle gresehe aweridips 8 &N G, berﬂﬁ%l%é‘g@blﬁﬁ?t‘?’@hﬂ*‘i of the
syndr orreaieﬁrﬁqgigg fdi‘ esz‘»anqiié SRS at fl@i?’d'{%d%@t:n fo?loizvé!mh@féﬁuc{tﬁ@ Iwbﬂﬂﬁa"(%g NaBH,)
| ynphona] ; (10 advanced nel anonm, malignant mel anoma,

cel | car®iheiva thséw@rmwﬂtyéldprlr?arc|83\ormltermwyasredgct@ar%fotha Olerﬁei e%ng, for
dyspl ast QTR tQf Ly @ 0

(11) Adréexﬁrgp I%g a/rliag) cpg{]rgqur gdt:?gst orn]aqlﬁ{1 r¥§)5%Brtgl<r31§itm’ Fie%"s {hgt |ﬂ?@§frgé{éd§1?% 3.
br east aﬁ@mﬂcaﬁdﬁmomion(criﬂl)e Rooigonup, ysing) fofb:@lmpdravmd gt 0°(316)50°Haaqy$atigleilﬂing
Ieukenia 17 n i ncl.udi ef.r

ot st ¢ Tord sl ARG B iming i 365 BBt PR RAGH Blplpino
Cowden ohcsia(agereﬁrovdl h»éanm frotectidg glons, adiqmas,eedtmmmimhe br &dyhaden thmtroduce
hyperprolife tiv di sor.ders 00209] Co upds t hods of thi
et i tisierE SETEEG0 fis SAb T RAEBCett S L ole BTV b e be
r heumat odubjedytb bophiation tebifiiquedtbloikitid snglddpa@ibnersdi sease, angi of i broma,

ocul ar diéeases (e.g.,. retinal vascularisation, diapetic retingpathy,
age- r el 08 lmcul aﬁﬁc‘eré&éiareramtheérﬁsp%atithr igNsBMePERYIdeh @ BEtBod of preparig

mul tipl eco%ﬁb@dc@%fﬁomﬁf&ﬁ%‘ri&’coﬂﬁsﬂ%‘ mer's di sease, restenosis,
aut oi nmune di seases, allergy, asthma, endometriosis, atherosclerosis,
vein graft stenosF@wﬁmﬁ¢%mnnsmﬁwﬂmgdw¢Wunﬁet|c graft st enosi s,
prostate hyperplasia, chronic obstructiye pul nonary di sease,
psoriasis, inhibition of neurol ogi cal damage due to tissue repair,
scar tissue formation (and can aid in nd healing), multiple
sclerosis, inflammatory bowel disease, infections, particularly
bacterial, viral, retroviral or parasi fections (by increasing
apopt osi s), pul nobnary di sease, ne®pIrRdsn Paﬁﬁinson s di sease,

transpl ant rejection (as .an i Mmuno ;ssant), septic shock, etc.
th:E i nvention provides a

[ 00210] Accordi ngl y, anot her aspec

nmet hod of treating diseases or nedihc ditions in a nmamal
medi at ed by AKT protein kinases, ) |ng adm nistering to said
manmal one or nore conpounds of Ebr la |l or la or a pharmaceutically
accept abdlergmRt, ROt RS antR 1 hessatefinddherdsin, aihun tmdbofaeidthavigg the farment or
prevent said disorder. WO 2008/00603;PCT/U82007/072876 55 [00211] The
phrase "effective amount” means an a R'of conpound that, when

admi nistered to .a mammal in need of such treatnent, is sufficient to
(i) treat or prevent a particul ar di §&% CH condition or di sorder

nmedi ated by the activity of one or nore T, protein kinases t yrosi ne
ki nases, additional serine/threonine Kin séE and/ or dual specificity
kinases, (ii) attenuate, aneliorgd@Rob nate one or nore
synptons of the particul ar di sease, condmﬁion, or disorder, or (iii)
prevent or delay the onset of one or nore epnptons of the particular

wherein G, R, R, R®, R%, R”, R%, R®, m, n and p are as defined herein.



the preparation of a nedicament for therapy, such as for the
treatment or prevention of AKT protein kinase-nedi ated conditions.
COVBI NATI T PY.[00217] The conpounds of the present_jnvention can
be used i%’?&ﬁ@?ﬁgﬁon wi th one or nore additional drugP TR 7442876
descri bed bel ow. The dose of the secomndl drug can be appropriately

sel ected based on a clinically enployed dose. The proportion of the
conpoundpopisdjhe Prgafsther BYRNbT GP rARAIdNNRoREGH Rl cllbd Of ﬁx@ﬁhrtﬁglcompounds of
appropriately determ ned according to the admi nistration subject, the
adm ni stF(HmiiéﬂasrC@@P@S,mgihe target disease, the clinical condition, the
conmbi nati on, and ere the adm nistration
subject is a hunag%gaﬁlg%i%ﬁgjt%{éﬁdc}g,bﬂfgﬁgcsfg%cu%d drug may be used in an
anount of 0.01 to 100 parts by wei ght r part by weight of the
conmpound of the present invention. [002]18] The second conpound of the
phar maceutical conbination fornul atioff orydosing regi men preferably
has conpl enmentary activities to the cpnpound of this invention such
that they do not adversely affect jgach ot heérs Such drugs are suitably
present in conbination in anounts that hre effective for the purpose

i ntended. Accordingly, another asp 2t “fthe present invention

provi des a conposition conprising mpdiind of this invention in
conbination with a second drug, su asytescri bed herein. [00219] A
conpound of this invention and t#8 agditional pharnaceutically active
drug(s) may be administeged togfet her in a unitary pharnmaceuti cal
conposi t VegieinR .Fephir-aneé Ry arg aeidetinpdhereih it apragyineac mgthe fHrala s nay
occur sinultaneously or sequentiallygtn gy order. Such sequenti al
administration may be close in time or’rNenote in tine. The anounts of
t he conpound of this invention and t?ﬁlﬁ cond drug(s) and the
relative timngs of adm nistration w \gé selected in order to

achi eve the desired conbi ned t herapeuti c(@tfect. 100220] The

conbi nati on therapy may provide " dﬁuﬁs)?;%\?‘% prove "synergistic",
i.e., the effect achieved when t&e actfv JAgr edi ents used toget her
is greater than the sumof the effects tfat results from using the
conpounds separately. A synergistic effect®Hay be attai ned when the
active ippr&aiGeRt R”at’er®, RLR GO ]nOh Ml pdreds @fideibidini st ered or
delivered sinuitaneously i'n a conbined, unit dosage formulation; (2)
del i ver el#0E33] al t erThatdmire eeids msedainathe edynthesis ep sprap@nio pinfpardlpdsor ky as
(3) by PCT/ : : j: :

ol i ver ol RS RHECES R Mo LRG0, L, BATRafhaRhn SHITRE or W5 be
at t ai nedproveesd dcherding rtp shenuisthedsedisudesedh hertiar eltbr examiplk,i mesegein embodiments the

sequenti al .l .e.0.,.by different injections iLn.separate ri.nges. |
gener al . HY Peifl Bhed 45 Habirs ROTREP4L TORRUIGA RE A4 Iy 0g BaRen Rl Rno adas
active ipgmEdhePbrmivia ANy Dh&lyRIRMe SRAME Bilivthdving the Formei@2iAdIaphenylalanine
whereas in conbination therapy, effective dosages of two or nore
active i#ejpeatidshesingthe Faawhnggmﬁ gophenylpdanine pminogugizls igvang the Formula 4A.
“chenot herapeutic agent” is a chemical conpqund pseful in the
treatment of capcer, regar dR&sg7of mechani sm gfRacti on.

Chenot her apeut f¢c agents i ncl conmpounds used pa "targeted er apy”
and convent i gaBlfRchenot her apy<g:00222] gf chenot her apeyt®c
agents i nclRide lotinib (T A(r), Gen chi®Sl Pharm)
Bortezom b & DE(r), I I um Phar reL , sFul'vestrant (FA% :
AstraZeneca), ‘SHtent (SULR24&HPfizer), LetfFozehe (FEMARA(r), — OH

Novartis), Imatinib nesylate (G.EEVECC, vartis), PTK787/ZK 222584
(Novartis) ,1A0<al iplatin _%‘EI oxatinC, Sanoft), 5-FU (5-fluorouratil),
Leucovor romsdg?gpam@étﬁbdé Sf Fredatify minbARAM Methulas MALEA Rle shbRPAISchémes A-K.
(TYKERB(T), K572016, daXxo Smth Kline), Lonafam b (SCH 66336),
Sorafeni b (BAY43-9006, Bayer Labs), Irinotecan (CAMPTCSAR(r), Pfizer)



WD 2008/ 006032PCT1US2007/ 072876 59 inhibitors that inhibit the enzyne
aromat ase, which regul ates estrogen production in the adrenal gl ands,
such as, for exanple, 4(5)-imdazoles, am noglutethimde, NMEGASE(r)
(megest r ol WERI0E32 AROVASI N(r) (exenestane; Pfizer), FovVRee74msee
fadrozole, RIVISOR(r) (vorozole), FEMARA(r) (letrozole; Novartis),
and AMM DEXO (anastrozol e; AstraZeneca); (iii) anti-androgens such as
flutam de, nilutam de, bicalutamde, |euprolide, and goserelin,oms

wel | as troxacitabine (a 1,3- dioxol ane nucl eosi de cytosi ne_apnal og);
(iv) protghpCKFAas®H nhi bi t ogs Cogt d Hedrpaimethlation bigteg (VF9R

anti sense ol nucl eoti des, part¥Cul arly those whi ch i nhi b

expressi on of xgenes in signalingzpathways inplicated in abegrant cell
proliferation, such as, for exanple, PKC al pha, Ralf and H Ras; (vii)
ri bozymes such as VEGF expression inhibitors (e.g., ANG QzZYNEDESSRIRD,
HER2 expression inhibitors; (viii) vaccines such as gene thgrapy
vacci nes, for exanple, ALLOVECTI NG, UVECTI N r(} and VAXID(r);
PROLEUKI N(r) rlL-2; a topoisoneras % nhi t&iﬁéﬂ;ﬁ'a"ﬁ?&ch as LURT@TECANG,

ABARELI X(r) rnmRH, (ix) anti-ang &@Rage@-ys?vh as hews 23
(AVASTIN(r), Genentech); anélq(‘ ~phar maceuti gt <'§/3) accé'%)t‘ salts,
acids and derivatives of any of ,the above. [00224] Al so i ncjuded in

the definition of "chenotherapeutic agent"” are therapeutic antibodies
such as al entuzumab (Canpat h), bfvaci zumab (AVASTI N(r), Gelvemcsmdm)of

cet uxi mab (ERBI TUX(r), |ntlone); | panbriaetimab (VECTI BIX(r), | ARGaRY oo
rituxi mab (RLTUXAN(r), GCenentech¥Biogen |dec), pertuzunab
(OWI TARG(r), 2C4, Genentech), trastuzumab (HERCEPTI N(r), GenfEnt ech),
tosi tunomab (Bexxar, Corixia), andY®e antibody drug conjugateH
gent uzumab ozogam ci n ( MYLOTAE ~eajet h) . [ 00225] Hunapt COH
nonocl onal anti bodi es with®We&rapeutic potential as &he erapeutic
agents in conbination with the PI3K inhibitors of the invention
i ncl ude: al enmtuzumab, apoli zumaf® a%ﬁﬁ‘i’ b, atlizunmab,

b

Zu
bapi neuz bevacj zumah, bivatuzy t ansi ne, cantyzu )
mer t ansi ¥ e de | St sttt p M5HRA opBIGBINME OPHITLY tbstified P-phenylslycine
ci dt uzunghino daigd b2 WARDG of el Bt A Rh&Lih ZUNREL A8PRALAHAULTBRN are as defined
erlizumab, felvizuna ontol i zumab, gent uzumab ozogam cin

b 4 . .

i not uzunkei dybieids pist R ipHlor pupmipe prosseeigrapmbAcepidinate Spigie A, the acid 20 is
mat uzunmel,, JRe Q+ L7 B IRhaY iR WRR ugﬂ% ‘Bt‘éhaf’ayd TBhhdjtRal ?dc?a Z\ MR Bment with an
ni not uzumab, nol ovi zumab, nunavi zumab, ©cre |zunab, omal i zumab,

pal i vi zuspetepripia salehplz (am bVie@HL fiudhe pressmad of e catalytinvaiyounyeaft a agidisuch as
pexelizu kVéZU ni_bi I MbZ g i .
Peayvi o oooapenchl LG doul ARLBHE WIR B DEETAEZHTRBab ) by A4t with an
sont uz unaplproptiate aleczaphiid(etes Ml XEBa BnBr pid tei fresamis of b hhse Zugieds NEt;/DMAP at an

tefi bazumab, .tocilizumab, t 4 , L,rastuzu .tucot uzy .

col ot e PRt e reFTR Gty 205 bt Ui, TorpbRE TR e o r E R R ovin

E/\D 200]8/ tﬁ@ @OmARmE / rgﬂiﬂl@? i ﬁ&&&? ﬁ‘le%im53ng]5f A?\/E)Nltlﬁg'iwmﬁéhany appropriate

00226] The conpounds. of the jnvention nmay_ be adm nistere y.a

route apPFBpIct AieCTGUCRRPLRNETT] BnProfpeit Frouet B redif PEBReS: B keene and

i ncl ude Wu@l WiRAIREA@MRE, third ChiHEK, ThapkP S UTARRAPN dfMthd BYIISEHIcAN] group to

intravenous, intraarterial, intradermal, intrathecal and epidural),

t r ansderRfaide campeund Fasuy b gprfermed (ynEeament gvitu @8 a3ppEgpgate aldehyde (e.g.,

subl i NGURa1dehAEH) Ri¥he phelink2BEYabd ' bpFBIfHEY cABEtabuRl € BNBRAE «

It will be a:31pep ecl at ceg et hat Qﬁ% %?% eyflggiétggtg y vtgrg 3vi t_h( ?6!‘ °

exanpl e Tobw tagepetiine b Aaivatidnef theailqohereroup\ifi eerapauneé 22 émfou adeaving group (e.g.,

adm ni st er al it b o] ed. a, pi pskt e,

etc. with rgggﬁger’ n%oéggﬁt%’i ca FS} g}?&e%g%%émg%@?‘? e?yogféag(%’?p?vgh‘t .fo{/\haée%lra@he’

t he conpoethahesudphadyli chicside ire theaesemdecsfaeitess base soety adNESODIRHAGtoe B tithan

& phar Mgt e8RS ER 80! 0% S CBbe B oY chibs i flbtn 9P2AI5
isolated directly from this procedure, in other cases warming (30°C to 100°C) or additional base

(e.g. DBU in the case of halide) may be required to complete the elimination to provide compound



i nvention having the desired degree of purity may optionally be m xed
wi th pharmaceutically acceptable diluents, carriers, excipients or
stabilizers (Rem ngton's Pharmaceuti cal SCI ences (1980) 16th edition,
Csol, A EB’O)MOW‘WG"t%Fne formof a lyophilized fornul ati orFCTAURII7108$76
powder or an aqueous solution. Formul4tion may be conducted by

m xi ng at anbient tenperature at the appropriate pH, and at the
desired HeoRGoMadtidrnd b §h RS QB Balty pAREGRIAR € ¢ AhiTali) in a
i.e., carriers that are non-toxic to recipients at osages and
concent rsaititbnspheent sespead THFat apHpploptiste tampsratHra (e gawﬂ@f@p@rt@lf@l gengraig the

t he part ol

Fr o anchiinsSy W afsty REnERAE M b ARodiha 3 HROM Hecpiplf ol Borly gy o
a Ssui tabellmrenrrbmdn/lmﬂim prifbrgy imme;uhatlhgmsg nag-24ECpmepaedel wdichgr microwave
convent i di ss | ution Xin rocedures...For e I
oy oSt o b Feai o M Pse oF B FGE giees (vt Skrtld T POkl LY
form of debenglvngaomng K&,Q und&ommbad c‘Mldlhon'% 6 Yedvabeatipotind |23 iiiexeinviy mra
ot her known conpl exation agent) is dissolved i nq@é_ﬁw t abl e .sol vent i

the presEHELNSEBRe ASTRBYEPTERENg; S5PHPE may 50 230F} HHeM R APPIORTIYF SXamp es are

carrier 1]15%'1%1‘@1‘&6@5%%11&' iR Wﬁiyn\me'slls BeQRBAL AHAOWuls "WilBR B soRAde, third
purpose for which the conpoun% the present invention is bein

appl i ed.ed&ionyEhapser e?r eS@EWEPf’élOPnyil@l estar ¢d th deraythe profentadonpiao peid g ineeks

by per S f %@} redhil @stdr
Q%&?O efrsilltlaérd a ldg a Qﬁo %Pg?o}g grigr E\hon tog% Qﬁjeg%t?él%ﬁent sﬁsacﬁ

as vvat erh}'dweer@tlmafor hmylteetmscacgbﬂor/‘emt}sl esthidl. are soluble or miscible in

o yeol . WBIGE: ny F BHETAR AT SntPu bR L rt socBh BB RHE e,

m Xt ur esdiéthy4reiaé). in Acdiapleabllvent dudhiae THF at aaarpprc@hstz tmramre(etgs, 2076 to reflux)

stabilizers are nontoxic fo re i ent dosages and

S onobnt L8 SRS T AMIOREEEr PR (8 SR Dor b 6 Re SOSpDCyRgd 24 has an
citrate gdeoRtible hrofia8@ fhe oP6leéfon ROHHORY Shadidary disihel ieitthga® g9 3bi2a0°ECInch
and net hi oni ne; preservatives (such_as octadecyldlnethylgenz yl

anmoni urfeRA BIPPUE: miEsREe ChERSTNTIEN b6 rpanired. h SARCRITICBHETLPH 1R ICEFY (geform the
benzet h%lm&m@ﬁ]h)ds‘e ace&ﬁmhed @Hﬁ%mﬂflor{ggﬂﬁrﬁ{)rlaﬂ 20 BRlesteAlele laqueous LiOH
par abens such as neth or par aben echol ; resorcinol;

cycl ohe><fal'rm¢thyl35tplédwdm¢na‘fia'hfﬂ’f va@@r% acid foni-brsylesiersefic hei ght (I ess

t han about 10 residues) pol ypeptides; proteins, such as serum RE

al bumi n, gelatin, or immunoglobulins; hydrophi lic pol ymers such ag.

pol yvi nyI pyrrolijdone; angf@naci ds such gl yci npggngl ut am ne, Ho Pg
aspar agi ne, r;ﬁ arginine, Bir .noTosacciari des \ cozn-
di sacchar® nd of her car bohydﬁﬁgh sJi ncl ud| nge- Gloediose, ('??h n or

dextrins; chelating agents such as TA sugars such as sucrose
manni tol, trehal ose or sorbitol; sal#-form ng counter-ions such?2&s
sodi um netal conplexes (e.g., Zn- %ot ei n conpl exes); and/ or’lv

non-ionic surfactants such as TWEENTm RRINURONI CSTm or pol yet hyesiiEetion
glycol (PEGQ. The formul ati ons may pal2s@eriotectionde one or nore
stabilizing agents, surfactants, wetting agents, |ubricatingYagents,
emul sifiers, suspending agents, preserifatives, antioxidants, op&Yuing

agents, glidants, processing aids, cotbgants, sweeteners perf h‘r,;bg
agents, flavoring agents and ot he Hiown additives to pro@ﬁ

el egant presentation of WO -@!'@ US2007/ 0728 48), he C8fug
(i.e., a conpound of the present vention or pharnmaceutic

conposition thereon or aid in the mareaf acturing of the pharmacetitical
product (i.e., nedicament). The actigygenh@r maceutical ingredients may
al so be g@fsr—]?pped SEREnTE ﬁrsﬂwpﬁ%ﬁﬁo@&egﬁPﬁﬂvg Jp@i%nzﬁ%aéﬁgitﬁuted)$-phenylg[yc1ne

coacer vat| on techni ques or by int erfaC| a rization,
exanpl e,anfiyaacidspfanhi] edormuindd veheregeR His thlamﬂécalp‘b& @@asedﬂ?ﬁﬂed herein, tis 0

to 4, and R is as defined herein or an amine protecting group. Oxidation of the unsaturated ester

24 (prepared according to Scheme A), wherein t is 0-4 and R' is alkyl, using a standard oxidizing



vegetabl e oil (such as arachis oil, olive oil, sesane oil or coconut
oil) or in a mneral oil (such as liquid paraffin). The oily
suspensions may al so contain a thickening agent such as beeswax, hard
paraf fin oWOZ8tM6EE cohol . Sweet eni ng agents such as t HESES2RR7/083876
above, and flavoring agents may be addedl to provide a pal atabl e oral
preparation. These conpositions may be preserved by the addition of

an anti - geh@danh a5 MIPES aPSE BFpbfriaRClef perhHR2AHNPrSRRFEI® L reMANISE Fd@NHe
granul es sujtable for r%parat[on of an aqueous suspension by the

addi t i onemﬁldmmt@rneg@wef@ial nigreesiinie 2§ mak be frerted with g eprfpRIiate Aot thripally at
with a di. j i in

pr eser vt b SR [oh SiAdR A Mo SUSRETCL A ARERI (BRr 28GRl
agent s asminexrksolpll 29 bell. H§ a sdvosdanadmieatysere(stchan éctha heparatioddd compmad 30),

e ey

i nvent i oBGresmey ail Bt Viley-IhleRcibmvemidd @lition] Thaptat £ imag gl sediisg., LIEH for a
oi ly phase b vegetable oil, such as olive oil or arachis,oil,.
or & i @Ry e %ﬁe{ﬁl@awgﬁ@aﬁw bl RSB S19-q PE P RPRED o0 WS B AL she
any of theseatioRdr téRpdneny), plotetlictlofi8e Blufhe T8Y., B2 BbOErotX &l Boc anhydride)
nat ural I'y-occurri-ng guns such as gum acaci a or_ gum tragacanth, .
nat ur al | %}/"’H%‘?ﬁhﬁ’r‘ieﬁ@“‘ﬁﬂ%%ﬁfﬁ petRE Susingcthe afove ggnditipaglprovidecthe Rydsoxyladadegmino
or partigiggsters derived fromfatty aci ds and hexitol anhydrides

(for exanple sorbitan nonool eate) and condensati on products of the

said partial eskers with ethylene oxides HB%s pol yoxyet hyl ep GOH
sor bi tan nonaol dat e. The! &l 5 ons so codtsErieheet enj
f1avori nge r@o éS¥fVat i ve agent srefp0J42[8 ups and el iej yoRRE
formul ated wisth sweet eri g &gebt s su as glycerol, propyle gl ycol,
sorbitol, aspgrtame or sucrose, and mgy also contain a denulgent,

preservative, flavoring and/or coloring agent. [00243] Suppository
formul ati ons may be prepared by mi xing the active ingredient ;w th a

suitabl e non-irritating excipient that is solid at ordinary | CuMs
tenperatures but liquid at the rectal tenperature and will therefore
melt in the rectumto rel ease the drug. Suitable excipients include,

for exanple, cocoa butter and pol yethEhe gloygadcon For mul ajj olais?
u be pPresented asri es,

suitable for vaginal admnistratig 5
t anpons, creans, gels, pastesgyf-pans Bpray formul akrs), g cofitd ni ng
t such carriers as areknown in

in addition to the active ingredi
the art to be appropriate. [00244] Topical formulations, such as
creans, ointnents, gels and aqueot® or oily solutions or &uspensions,
may general ly be obtained by fornmul gbpdpgk @n active ingredient with a
conventional, topically acceptable, vehicle or diluent usin

convent i [BAH8] pr oc SdpmesCvabbwvs lanoethod af preparingt thipmﬂlz@])@wﬁb%’rnhﬁmﬂ@ydne
for transd Ll [ HRY, RE:l 6t 0 :

t ransdep%g% g@#snﬁg}% h%éﬁl?‘hégq%r e Q/\gl i H%ﬁ%hjvﬁl{ tot olé g]i 0 ﬁglp ﬁllter?glrl%/grow t
ski 'l i ris Dhedant R™ i34 d20d/HoR60 e ETt1 152 007k R2'8ig GIkEE can be treated with a base

00246] F | ati itable for int | :
L L @M P BB ol b Rherds B 1R BB R o AR g agion et by
E:) 80509 midditim_n of _éuh Blettdshihig (8r {ettthiey] Sib}h@ﬁodcgtatg) ﬁtiamg%pﬁ@_ﬁm Qﬁn}fkraéléra nelg, -
mcCr INn I ncrenments m,.crpns suc as . , m Ccrons
m crons ,7%3‘5 {0 3oom, {EIpagatiice) Q&Wﬁ%@?%ﬁa&ﬁ eSighi Y %wag%fﬁa A B PseRel
nasal pas&petdos3 gl :1&%?%}1&5\ abiB SO THEoMBOL & SQppopliste F&ﬂféﬂtdr@@:.g.,
e

al veol ar_sacs. Suitab ornul ati ons i nclude agueous or oi

. . y
sol ut i orfSC#e refly® ragitides sompryng dt-eAtCurtisgearngamcohel compeund| 34 usiae ferasxample,
or dry e LA 8 r 2 i o
ASMERT, ¢ Rh& drafildUasd R¥h S NEE, &) a&ﬁoﬁ?ﬁ?ﬁ%&?ﬁéﬁgﬁé 0°C to reflux),

conventional methods and nmay be d utirc
agent s dokdweddyduapsahdshhurdivefinfemedistedwithan Hechpl Gat HAnfiH)oeptionally in the

presence of a Lewis acid (e.g. SnCly) at higher temperature {(e.g., 40-200°C) provides compound 35

wherein Pg is an amine protecting group. The choice of alcohol used to prepare compound 35



66 one enbodi ment occurs in an anount between about 0.001 ng/ kg of
body wei ght to about 60 ng/ kg of body wei ght per day. In another
enbodi nent, adm nistration occurs in an anount between 0.5 ng/ kg of
body wei ghVOr28088¢032 40 ny/ kg of body wei ght per day. [IBETSGRE7/072876

i nstances, dosage |levels belowthe lowsr limt of the aforesaid range
may be nore than adequate, while in other cases still |arger doses
may be efplanRd mdahiiirocatsghip8Y. BAOHTHbvidds #% Bdclffihe). Diepotedfish of the
t hat such | arger doses are first drvidedinto several srall doses for
admi ni st éster gup pheampghodidS veing steaard condifians (her withE§¥hebenothe piotacting graup
of adm nj | | 1BS : ' | ume 5 of
Cormpr ehei i B s RAGE ok e B REBlciorpdule Y6,

Edi t ori ajoomsgr d) , BeagdayninRcksse A5 aayweihgdroges. speci fical |y

i ncorporated herein by reference. ARTICL 5 OF MANUFACTURE [ 00250 ln
anot her enbodi ment of the jnvention, an @rtjcle of manufacture, Bfgd
"kit", containing materiBREH®eful for I:s,treatFRmmtiorof t he di
descri bed aboye jls provi <o one_entlodiment ,”THe kit conpri desNd
cont ai nerg&aipr siGRa conpoundgef €1 NY's PARent i on. Sui t@RBLE
cont ai ners’i ude, for exanple, es, vials, syringes,
pack, etc. The container nmay be fornmed froma variety of materials
such as gl ass oer4plastic. The contai nersrmay hold a conpound of 38 hi s
invention or a fornulation thereof which is effective for treating
the condition and may have a sterile access port (for exanple,|the
contai ner may be an intravenous solution bag or a vial having pProtection
st opper pierceable by a hypoderm c injection needle). [00251] The kit
may further conprise a | abel or packageydgasert on or associate |%/yith
t he container. The term "package insert] ks used to refer to RY
instructions customarily included in rcial gy mges of

t herapeutic products, that contain_inflornmati oﬁ%ﬂg—rhe i ndy
usage, dosage, administration,g t¥@ai riéf-bat i ons and/ or
concerning the use of such ther i c products. In one e
the | abel or package inserts indicates that the conposition
conprising a conmpound of this inventi of®can be used to treat a 3°

di sorder nedi ated, for exanple, by? kinase. The | abel or package
insert may also indicate that the c %&el ion can be used to treat
other di@morggrs. [SeRsAR2DI thoGe rat ﬂbtﬂo@@b?ﬁﬁpm Sptiohil®y kibkistuad g-phanyilglhbdise
for the delivery of solid oral forns, of a conpound of .this inveation,
such as T3BP aqds 49rof Fappala A WheggliR' R o pd Byrags %ﬂrd&ﬁviﬁ hersi 11880 % Ruioptd
of unit g0Sa08Hine Mtik% brSuf@lh b G dife AtafRE Anddaiatbilesten 24, @8 Sccording
oriented in the order of "their intended use. An exanple of such a kit

is a "blPsihmpackm bereairdevithackistiniged nisemethane iarivaive i pAEIeEgragn the
| ndustry, r@ggﬁce?crf% &Ly L BRY thﬁ-g nsl&g@aga ﬂ%&g?ﬂ@ée’@%%bd: SR tootehpdRSRY

forms. If desired, a nenory al e pro , for exanple in the
form of givarbe hsmologatedegdduct 3. dhbeitrorgneupi af gempeundi3y lsambe reileqed aping standard

h ;. ) i th _ % . -
dosages SETURRT U EBN "y DEa sl SORBERS OSSN, 6 S0 b
[ 00253] Aocefidi)nand the anaidtmgrinemnelihiteresant be aydiizéd maygive olnplactem g mediate 38.
first t ai i,t h d of this_i ti t ai ned in;
and-(b) HoGEnal PeneRrhel R eRP WU anBOBRE e GETT R RGP R 2t e
cont ai negcérgisBddusing! B tndeh Qarfi@Ricddinbal NBRfativCpbtet iz Bubudt man be used,

conprises a second conpound useful for treating -a disorder nediated -
by AKT kinddeasy apyrpa%%ﬂ%% areglisted g ProtsRtaye Groups g Q{E%ﬂlﬁgw'}ealf ?‘Weéfeene

conpri sexnd Whis! @i/ @isélerce CART daftioR CRagtay. MeIG Sl kit dfl comPeeRPEARNM an
buffer, such as bacteriostatic water for injection (BWI), .
phos phat asueays basecichs ey Lipd oK QY e 2w apnypnyiatedampgratugdRer @ 1861 effests ring

It may fyetfers hOBbURGo QDR PRbETAR Sibdfskd FRleda A Fack OB,




agents for use in mamual s, they are al so useful whenever it is
required to control AKT protein kinases, tyrosine |cinases,

addi tional serine/threoni ne kinases, and/or dual speC|f|C|ty ki nases.
Thus, theyWa2808M868%| as phar macol ogi cal standards for REFES2HP7ORIST6
devel opment of new biological tests anédbin the search for new

phar macol ogi cal agents. [00259] The activity of the conpounds of this
i nvention may be assayed for AKT proteincdoimases, tyrosine kinas
addi ti onal serlqglthreonlne | dnases, and/or dual specificity m
invitro, in vivo, or i# aoell I|ne Rp vitro aﬁﬁayﬁmuncludeR ssays
t hat detﬁg___ bo it O _of The ki RvityTATTEr ?@§

assays ( 9% tate the ablﬁlty of " ¢tHe_#Jnhi bitor to bind
may be neasured either by radiolabelling the inhibitor prior to

bi ndi ng, isol#ing the inhibitor/kindse conplex and deterni ##ng the
amount of radi ol abel bound, or by running a conpetition experinent
where new inhibitors are incubated with known radi ol i gands. ﬁﬁ@@e and
other useful in vitro and cell culture assays are well known'to those
of skill in the art. [00260] Al t hough the invention has been descrlbed
and illustrated with a certain degree fF%articularity, it is
under st ood that the present dlsclong has bg@meﬂGe only Dbyps

exanpl e, and that numerous changes. i} _the conbination and arr3 gengnt
of parts can be resorted to by skPH ed in the ar(RQ)ut OaR
departing fromthe spirit and sc of the invention, as hefeinafter

claimed. Bl OLOG CAL EXAMPLES AKT-1 Ki nase Assay [00261] The activity

of the conpounds described in the ffesent invention may be #feternined
by the follow ng kinase assay, whicl #@fe spires the phosphoryl ation of
a fluorescentlyl abel ed peptide by faf engt h human reconbi nant

acti ve AKUIiA]by fISulmnBsEdmws[aoﬁahddzﬁtnahmglmphmllyaswmed ¢-iphd:riy§glycme amino

| abl P.Kkit 1 . bt
aval | a0l G Yot Kb PORRELIG 18R oA, RS Rl o, ot OB ALASY AL oM. o o

Sunnyv al ad IﬁA\s asTdefinkd herﬁﬁl ahé adt& 32Nwhereie Rnis IamgxPaxﬁaa@nmpaanBuftfaared with a
(5x). The | |l uted | x | MAP Reaction Buffer contain

pH 7. 2, %éﬂ ch as Oty B 2pPropEYs feaNpsrans €80 seogotﬁt“? glﬁ 3nign.
a fi nal ﬁnm@ru AbHON oin & dtO)at b nipeR reN'a% Remudee
is ' MAP Bi ndi ngr Buflf e? ]ﬂer}rthl:ll %&Pb%%yﬁaéﬁﬂl ttgRa(taa gt\pt% tuThe %n%dl ng

Sol ut i orfOi X8O 1ERREFEEreds %velthadvmalogef?«i &¥ferofl.| ﬁmmneﬁcﬁmlhgf the dhumt CFtﬁ"t gf
| x| VAP Bifad ﬂ?lgdrlw&e%ﬁnent le %QQ%QOA@%%%EFIJ HROOHEPA#48 & r@ﬁlate temperature
[ 00263] The fl uorescei n-1 abel ed AKT Substrate (Crosstide

sequenceegrPiC toarfhRy seraEGcompaand k. doCurtinoreaninggoens of P@“md‘é 421 psipg, for
| x | MAP I f 4. T 6
T L e s R e e e
used f ortoa@ﬂmmﬂowdl hbt trmhmancbffthnr repetep antemgediate with rapmpmipnﬁt@alcohol (e g

1 Xt Pac d P P 384 E. 5
AT 1 o< BHOR SRAGET il pier aFH LA st b RIS AL Ak omp RS e -
acti vat ezl)OV\’E)tﬂioxl?dEK cbmpmdndMQP Thic RAsiee af alfdHORBHdrhinep el xvine prloectigs@yup of

stock solutio nds t 10 mMi.n are ar ed. The st

01 ut | oS Hole o BROH PEDiS BB 1URPTGheipd bf B esero Fogou 45
times i Ninderfa@ard andiion3f(e.gQ MPOM Tk af mbfhyPbstedf hyldpedatib ft &/Benkflester, etc.)
dilution _series over the desired dosing range. Next, 2.1-AL aliquots
of the O%Yﬁﬁél?rﬂﬂ@“ﬁn DVSO are transferred to a Costar 3657 pl at e

cont ai ni i tion Buffer containing
1 mM DT'IIWIJ2 er t (I)trel?)lgté lﬁmgﬁegqe%%ﬁ&tWH(?%g?s are transferred to a
ProxyPl ateTm 384 F plate. [00267] The assay is initiated by the
addition of 2.5-AL aliquots of a solution containing 200 nM of
fluorescently-Iabel ed peptide substrate and 4 nM AKT-1. The plate is
centrifuged for 1 mnute at 1000 g and i ncubated for 60 m nute at



have an 1C50 of |less than 10 AM PREPARATI VE EXAMPLES [ 00269] I n or der
toillustrate the invention, the foll ow ng exanples are included.
However, it is to be understood that these exanples do not limt the
i nventi on WORHW6HEA| y neant to suggest a nethod of pr RAWERMY/07I9E6
invention. Persons skilled in the art #11 recogni ze that the

chem cal reactions described may be readily adapted to prepare a :
number of ot her eempourdscokthe inventign, and alternative nmethods
for prepar®y he conpounds—of t(ﬁ?)l%ti on are deened to be within
the scope of is invenffn. For exanple, °®Re synthesis of

non- exenpl i fi 8d conpounds accordi ng tost he i nvention may be
successfully performed by nodifications apparent to those skilled in
the art, e.g., by appropriately prote tR'cPQ interfering groups, by
utilizing other suitable reagents kno the art ot her than those
descri bed, and/ or gby maksui@uisnout i ne nodi f| cati ns, .0 reaction RS

condi ti ons ter Nat,l v gpislitier reagti ongs,di s ]pta,&aém"herel N or.knowlrg
in the aﬁ):ﬁ%/ﬁ e-eegﬁ-r—zeé—a : gappllcétﬁitﬂHMoL m")m
ot her conpo ofotihe i nvention. D ~2008-R06032PCT/ US2007/ 072876 F&H
[00270] I n the gxanpl es described bel ow,; unI ess ot herw se indicat qg

all tenperatures are set forth in degrees Cel sius. Reagents were

pur chased from cofmmercial suppliers su@h. rasctié® dri ch Chem cal Conpany,

Lancaster, TCl or Maybridge, and were us$edrogifcttbrout furt her
purification unless otherw se indicate Tetrahydrof uran (THF),

di chl oronmet hane (DCM, toluene, and di oxapg were purchased from
Aldrich in Sure seal bottles angsuéed a$ recei ved. [00271] The
reactions set forth bel ow were done“genéerajH y under a positive
pressure of nitrogen or argon or withS@ drying tube (unless otherw se
stated) in anhydrous solvents, and { é,;eltacti on flasks were typically
fitted with rubber septa for t he |ntro uction of substrates and
reagent sf00193]syr i SgemeGF asi;smalaenwh@i of/ prepatirigechtimnalfyosubltaeitd @epheulylalanine

L 00, DR A a3 e PSR wieif VA M s R by 190 o

dGmDNBO tsohmld R?)lfsSas (defpdrietsn.i AnRppRpridisly Bgbstidted amihinel 45 taarte t(e@teﬂ)@wth a
or resi dua en

O meiae af Fula T E B o B b T e St Bpeactte)in e

nul tipli 1§}b§eh&-°of§ k@tabRRSe! sQ6h astpiiRribimb htqw aPBropiadé ﬁmpaﬂatu@é’i@ garr@muﬁzﬁ@emﬁue
(singl et d (doublet), t (tripl et% érml tiplet) ErA_i(f)broadened

dd (doudPaeiiey teigiis| BE amsatpted a¥em#tet Reductien g étes?leﬁlca fhenpytrile groups of

COBSH tC?ntc%mp%ﬁrh(&b\ﬁ%adea&ﬁxp&ﬁﬂqﬁt;ﬁ% BehcEbihf1Rhdd 8 ) nundbéPomd 6.1 P xBmble,

)
2- (4- chitbe elshie may)be Zaduseshwis piasgenioinotn (14 4fifed lsf‘eteﬁ'}ciwasf ?MM&yHﬁ%kﬂ he

O STk Y gt e BEMSLARL ) SERE 0Es rpg wes

added (ReBEyDERwE 8Gane funthet Of ater@dtit mursing, agenthindy bumemasmm tthsa 115&@):1
d anhy. T t t
Ce- bat PERkEp R Can Coyr B s b oty T sfifohddetlih i

dr opw Selesived( the primary amine 47 can be monoalkylated or bisalkylated at this stage using standard

conditions (e.g., reductive amination using an appropriate aldehyde, Lewis acid and reducing agent)
to provide intermediates (not shown) en route to compounds 48 and 49. To prepare primary and
secondary amines, protection may be accomplished using any number of protecting groups (e.g.
‘Protective Groups in Organic Synthesis’ by Greene and Wuts, Wiley-Interscience, third edition,
Chapter 7), for example as a Boc-group using Boc anhydride at 0°C to room temperature.
Cleavage of the ester group to form the amino acid 48, 49 or 50 may be accomplished using an
aqueous bases such as LiIOH or KOH, or any of the alternative reagents listed in the aforementioned

‘Protecting Groups’ text (e.g., hydrogenation for a benzyl ester).



30 mnutes. The m xture was filtered and carefully added to NaOEt
(21% 412 nm, 1.11 mmol) in an ice-cooled bath. The m xture was
stirred at_roomtenperature overnight and then 1 L of 5% HCl1 and 300
nL of et heW%?séﬂoﬁ‘gged. The aqueous phase was extract et Gl YHOB{RE6 (2
x 300 nL). The conbi ned organi c phase #As washed with water, dried
and concentrated. The residue was added to a warned sol ution of '
sem car bazi de hydrochl g¢i (37.5 d NaOAc (3A5 g) in water (300
nL), and then boil i ol (300%% ad@kad—:t\d“ give a clear

sol ution. The mixture was ré&FPklixed for WO - OH
2008/ 006032PCT/ US2007/ 072876 71 2.5 hours and then stirred at room
tenperature overnight. The m xture was treated with 1 L of water and
300 nL of ether. The aqueous phase was extracted wi t-lActettiver (2 x 300
m.). The conbi ned organi ¢ phase was washed with t ergacdri ed and
concentrated. The residue was purified by vacuum istiiR,I Ica,t»i\gnpé 73-76
Cat 0.8 mmHg) to give (2R)-ethyl 2-nethyl-5-(pr pan-?g

yl i dene) cycl opent anecar boxyl ate (63 g, 64% . 11.1 WWMR (CDC13, 400

MHz) 5 4.13 (m 21@;;58 (d, J =16 Hz, 0.5H), 2,93 (m 0.5H)),
2.50-2.17 (m 2k}, 01798 MMiPalH), 1_PerrpwmsgtionH) i3 1M g LOS (m
611). [00274] St‘?f)" AR Ephyl 2-m @ L COR’ |
et hyl - 5- (propan- 2-yl i dene) cycl opent anecar boxyl ate (24 g, O. £22 ol )

in ethyl acetate (100 ) was cooled to -68 C with drys3

i ce/ i sopropanol. Ozoni zed oxygen (55¢h¢me3G1-1 of 02) was bubbl ed

t hr ough [0AE94 ol ut iSomenfeos So®'s romethod Th @repatdigg oionaiiyx substduted st-fhcugilene
with nitrogen.at.r t rature anti -t he col or di sappear.ed., The ..s
ot hyl  acBiEY £°iGad IR PENREF R it li AR A SR BNE 1 L it B
in 150 nk apdefnedhéreinadinApproptiatap buberithyed aeid SWaiag be reloed td thedendyl Atahol 52
powder were added.. Th olution was stjrred for 30 m nutes _and, f hen

PP 1T or ecoingH APl AT HL® (RS BRI SRPHETCRIRTe 5 (o ohrydhe acobol
NaHCOB. ghbidp SfsaPUIdPIIaGE baaSH RXId 8 Gl 184 inY ér&lpe(te%?hal(da, Hesy R, i) usikffor
organi ¢ phase was conbi ned, washed with water, dried and concentrated
to af f orgampley PBon)sChNER: ¢ig Bjsplacsmert) Jblstsavieasrpyx ying & prdtestyy slycme
969 . 1lachivAVR shdpsltay lﬁl—g@ M?ﬁne&%egémﬂiﬁﬂgac%@a in #he/predefloe of sironklbade 4iléh as
1H), 2.60 (m 1H), 2.50-2.10(m 3F), 1.42 (m 1i-1), 1.33 (m 30, .
1. 23 ( mLI34)nByLogrqadesitegamino Tecrintsphedisiopd wherainR s gkel a9f PeIry peotesiing

i our edd 1B A BRUENBrBSLERR B Bl W hleody Gt R ies

g, 147. Guvensl andiWuteydWidey-108Gcizhde). Theeamink protestingagroneky ke chafigad at fhis stage,

hour s. I lin t.he, sol vent, was r ved..an he. resi du

et al 1 PP bk ABP R Rer PR R R e S Bl e

wi t h DCNLiQH, hydrbgknaion. fol hdemayl vedif ctad st freappradiagenempdératuregsigd WEC wa seflux)

purified by silica chr onat ogr y, eluting wth Hexane/ et hyl

acetate F(r%%‘ie)s ﬂfeod%@‘f‘%z\&'?'ﬁ?e-“fggm’n a%ﬁ%% :

nmer capt o- 5- net hyl - 6, 7-di hydr o- 5H cycl opent a[ d] pyri m djpn-4-0ol (12 g,

5699. M5 (APCl+) [M+11] ,183. [00276] Step 4: To a syspensi on of

(R) - 2-mercapt o- 5- met.hyl 7- di hpdiid- 580:®ycl openta rimdin-4-ol

(12 g, 65.8 mMoiRsdgp di stPPIRed WakmiaehdB0 MY MaS addg%szaney Ni ckel

(15 g) and NH4OH (2 ). The mxture was reflu for 3 hours then

filtered, and the filtrate was concentrated to affor

(R) -5-net hyl -6, 7-di hyd'r 0- 5H cycl opent a[ d] pyri m di n- &% ol (9.89g, 999%.

MS (APCI+) [Mr11l] +151. [00277] Step 5: A nixture |of-Deprotection

(R)-5-nmet hyl -6, 7-di hydr o- 5H cycl opent a[ d] pyri m di nsjlge&bag@@&t@, 38. 62

mmol) in POCI3 (20 nmL) was refluxed for 5 m nuted. Excess POCL3 was

renoved under vacuum and the residue was dissolved i nFBCM (50 niL).

The m xture was then added to WD 20081006032PCT1UH2007/ 072876 72

saturated NaHCO3 (200 nlL). The aqueous phase 9\)/\6.' <€ ggzt'_pd w th DCM
R

56
Scheme H



[00279] Step 7: (R -tert-butyl

4- (5-nmet hyl- 6, 7-di hydr o- 5H-cycl opent a[ d] pyri m di n- 4-

yepi perazipe-l-carhoxylate was treated with HC (4Min )

in DCM (20&§I_2f08?°§?0%§ hours to provide P%T?U520077072876

(R -5-nmethyl-4-(piperazin-1-yl)-6, 7-di #dro- 5H cycl opent a[ d] pyri m di n
e di hydrochloride (0.55 g, 99% . MS (APCI +) [M+11l] +219. [00280] Step

8 Met hyloo29)4- chlsah&@mﬁmmravh@t d( aflng pitShalFTRhDstitvEd §i
a sol uti !)n in THE (2 m) to a sth:%rbrcikn&gbgsoill%tl onaof |-gr NHZﬁﬂ%ggg@Lne

7. 63 mmoiming geigs 56 of f@nml} 2ATwBergigalt t m@an@getbqrm%éhet asomss for Which gyrare
t t
enper at J.e, Qs qhﬁc&c%%%%%wa‘gve %ﬁ@g.l }’éﬁh Lg%p%cd txanandw@%s

renoved under redu pressure" to g eny1) - 3-
(i sopr op{bSI dghingreprio pAsevating 1ol Schvng APEE H)sa{umt&ﬁswr-l% 2&cheltreaRd with, aesmtably

rLSO(r:])Z 0 (15 r§@ct§@§l}'%\ggge§‘§rgtﬂie)e(g§a [Z)gl\/‘ggl ?)a%ﬁ ]tdlclgfrgle nggc?egﬁ) rc%cﬂ/{:c%s (l;r with

pi pette édditioavuehdicular siatea) yttanCappmptiatb tef el ({.4., rogin. teﬂibaanuﬂ:amtreﬂm) to

was allowed to stir r ni.ght toc | etion by LCIVB anal ysi s
of "t he WFRrAFocomARnE oy CO ROl SO et ot WTR, SR GOR s be. via
met hyl  Shydtczehationlt 10ohY & adtORYhAt:, %Q@r fORyeda¥i dd@itior of A amine protecting group such
chl or ophenyl ) propanocate as an oily resi due (LCNB (APCI +) [ M Boc+Hr

256. 1, RS Bocrgroun #yl clgavags ofdls ssiet wrdes gpndanl qoRditipis (egzhé) of a gafgyl ester,

vat er (4acy fakd t—bﬁ@]‘%st@paﬁuﬁt @@Ityﬁeﬂgﬂ PA&Fdes fRad sﬁtee&ealamkdo%*rd%o (1 07
g, 25.4 mmol) and all owed to stir for 4 hours to conpl etion }é
3 i et hyI

anal ysis. The soly Bbﬁon was dil uted V\AQ] aj er @t washed wi
et her (dq;@u&@’é&’ heEHERIS (RO TTON s tﬂgﬁﬂéﬂlwr@h.

sol ution un a pH of about 2 to out 3 and extract ed¥ Ft h Ceshyl
acetate several tines. The organics were combined, washeoggvmth brine,
separ at ed, d¥i ed over M504, filtefed, and concentrated in %ag
afford 3- (tert but oxycar bonyl (i sopropyl )am no)- WO

2008/ 006032PCT/ US2007/ 072876 73 2-(4-chl orophenyl ) propanoi c acid as a
colorless oil (1.04 g, 60%. LCMS (ARG +) [M Boc+Hr 242.0. 7N

[00281] Step 9: To a solution of A - Amine protection ®E S

(R) - 5- net hy1- 4- (pi perazi n- | §85- g, 7-di hy db @std bbavage ‘L CoR

cycl opent a[ d] pyri m di ne di hydro¢hl orite (30 ng, 0.1 m*rDI)6 in DCM (10
m.) and triethylamne (1 nL) were added 0
3-(tert-butoxycarbonyl asopr opypam no) - 2- (4- chl or ophenyl ) propanal c
acid (35 ng, 0.1 mml) and EIBTU (39 ng, 0.1 nmol). The m Xt UQicAdBSion
stirred at roomtenperature for 2 hours. The sol vent was r emeéedesmReion
the residue was purified by silica gel chromatography, elutling with
ethyl acetate to give tert-butyl , R’

2- (4-chl or ophenyl) - 3- (44(R) - 5- et hyl - 6, 7- di hydr o- 5Hcycl open
i di n-4-yl)piperazin-Il-yl)-3-oxopropyl Gsopropyl ) car bamat
44% . 1H NWVR (CDC13, 400 MHz) 5 8.44 (s, 1H), 7.30-7F2
3.90-3.18 (m 911), 3.18-2.70 (m 411), 2.28 (m 1H), 1.83 (m 111)
1.65 (m 111), 1.47 (s, 911), 1.12 (m 311), 0.98 (m 3Hyz 0.68 (m
311). Ms (APCI+) [M-H] +542. [00282]SshapellO: tert - Butyl

2- (4-chl enyl 44 5-net h I ydr.o- 5H . .
cy((:I open@@fbglj1 py%/l )rc‘ffl?ﬁ"% g@"ﬁsp? ﬁ‘éerﬂé%’l Hrelj’/aﬂ“gf-pa%?ﬁyosﬂ)‘ﬁtﬁt%Bfﬂlj’ﬁ'ﬂ/ﬂk}'w}e
bamat e v#find £RRI6R cinavez bf Hdrhuka 4l WI{bréih Rk é\ﬂﬁ{" tégeifler with tHeGMnsko witlch tHe9are
6 hours to praqvide 2-(4-chlorophen

(i sopr opreKe fEP- aﬁetewﬂ)c rslgnwr%/ |amés 7ara prdediner Isrpin gud tdn it da [ TE g iPAis
((j:Ag o +§/|c)[oHN\h_ePt%H gﬁne&&@s%&@%&nhm@ ra&uﬁﬁdﬂy HACH Rk AR Lt al Bppr&}Rikie: alddRol
(R) - 2- arfe-Be MeQH)- @Hb@p@myﬂyﬁ@n@&w awd ligE.-congeRirated fie$ Gy ar EMBCHi dya
glr gyglﬁocﬁxlfllngrbg&g% QTIBM&MIMP)” or aﬂéthnglg( %?'tl@alqhe}{ &[tﬁ) %Qp&oﬁﬂ% electrophile

(e.g. Mel, EtBr, BnBr) in the presence of a suitable base such as NEt/DMAP at appropriate

gprotec lUﬂt

temperatures (e.g., -20°C to 100°C). The appropriate choice of ester is determined by the



(S)-tert-butyl

3-nmet hyl- 44(R)-5-net hyl -6, 7-di hydr o- 5H-cycl opent a[ d] pyri m di n-4-yepi p
erazi ne-1- carboxylate (0.186 g, 19%. 11-1 NMR (CDCl3, 400 MHz)

68. 46 (s, \YQ:EZ?OS/O&G%G (m 111), 4.30-3.80 WO ' PCT/U52007/072876
2008/ 006032PCT/ US2007/ 072876 74 (m 3149, 3.47 (m 1H), 3.20 (m 1H),
3.20-2.80 (m 41-1), 2.22 (m IH, 1.70 (m 1H), 1.49 (s, 9H, 1.29
(m  3H), cohditibnd ﬁhu:?ela’)te rdf6ind AEGEid at InMERE of"i%@%ynthes:s such as described in ‘Protective
[00284] St ep2: (S)-tert-butyl 3-nmethyl-44(R) - hyl - 6, 7- di hydro-5

cycl openSequay pyPreaniaiSonthesyy’ ppiGyeana znd s, c\é{ﬂ%’dﬂgﬁrsale@cevvﬁsrdtqdwpeﬂhww
HCl (4M g 3(2‘%: ) pey) 0 :
(R) - 5- net gcy%% gl%{r)rﬂdhi/gi %I peraeglg(%nﬂigu gld %? r%ag R é&%édousmgmfdrd&a&pl e, N
di hydr o- @kﬂlﬁyﬁtmabﬂﬁpbﬁ[ndlp%«irmcmyhdymmﬂyxj)mmﬂahunmden (tig: pr@segee ODTFA. NEhis

E é;:) C!5 rre%a}lgi- %ﬂaﬂ i%é?re&éen? t%%n rzb Iesptg? g ilzglg?%ei Ohlé'} cf'mckf»e %feaved to provide compound 60
5H- cycl oqnelat ﬂ{ndlhﬂydonmldlsrmddamwhhm hxlydmgdﬁtuﬂrﬁﬁ -PyC te S04 omapty)othen stiddrd

dded, t th
(R 50 (GBS o It e Baetesti et ionp o in YBRHS Sy Tbesisa o Ceeons gt YA
g, 0. l4wimpInkerstishcd;Bilikd ddxdn"Ohaplr 34 Prow@kidn of e frd ahivé Bf Mafposiid 60 ®1th an

at roomtenperature for 1 hour. The sol vent was_ renoved and the

resi due WESAEYR Profesking,growt (egaBegd usins Foseolistehinythe aforpmertiongd dextoprl ps
acetate p&.- i, foﬁéwtvechﬁrtc}'éava e of thc estcr usin standard cond1t10ns 2P ropriate for the ester
(R) - 3- (4- chl or ophenyl) - 1 f ? 9

diyr o- 62 35ye biSSH ar yl oer fibOCeaBapROGH fo s h oHery cic fot O A

2-ylcarhb (69 ) ’

7 %37 TR oG o) MR e oM oo izl pitly e
(m 11 1)1,\smg ﬂ@y]m(mo r¢duptive Himingiod 2 o8 aglatiom cofdiionsy . lowed byl lehter cleavage to
3. 00-2. 70 . 2.28 (m, 111 70 (m 1H), 1.40 (s, 911),

1.30-0. 9%‘:“%&“%":3)1'“‘3%“’(1 “‘["k)irlfh 24514, [00286] St ep 4 tert-Butyl
(R)-3-(4-chl orophenyl) - 14( S) 3-mefhyl - 44R) - 5- rrEﬁBhyI 6,

di hydr o- 5H cycl opent a[ d] pyrim di nt4- y pi perazi nv.1-y1) 1 oXopr opan- 2-y

| carbamat e was trea th 1-1C1I"F4Mjin di ox neB°°2 ygrobs DCM (5 ni)
for 6 hours to p \L@%FO? am no- 3- (4- =
chl or opheny1) - 14 thyl-4-((R)- 5Ty 1- 6, 7-di hydr o- 5H-cycl opent

a[ d] pyri m di n-4- yI)p erazin-1-y1) propan-
ng, 99% . MS (APCl +) |—|] +414. Exanple 3 C efN,
(10- 2- am no- 3- (4-chl oro 3RY | uor opheny1) - 14( S) - 3fmet hy1l- 44(R)-5-m

ethyl -6, 7-di l wdro-5H o Neég ntaiehapyri md in ~M-y1 Thinerazin- |
-vl bropan -1-one di hydrdchl ori W‘UZB?] Step I1:
1,1, 3, 3- Tetramet@y) | doows ( 2°A'? %HE"(Ra)a._s\ E9Hwas added to a OC
solution of meth

2- (tert-but oxycarbonyl) - 2- (di net hoxyphosphogsyo acetate (5 00 g, 16.8
mml) in DCM (70 ni). The reaction mxture stirred at 0C for 30

m nutes, then a sol ut| on of 4-chl or(stﬁem({juorobenzal dehyde (2.67 g,
16.8 mmol) in DCM ( m.) was added by syringe. The reaction mxture
was sti rlP8&HPA or @"h?fr?ﬂ%@m&h%lf the) Bela-aRine@Eids Bay b AECPERDETNE LRracedpie fuch

conti nued vk sdwnNA Scheme J. A 2-phenylacetate 92 coupled with an appropriate chiral auxillary (R*)

-#ne di hydrochl ori de (58

(for example, an Evans’ auxiliary or a Sultam) with the appropriate stereochemistry to generate the
desired chemistry at the b-position of the amino acid may be treated with an imine or iminium ion
synthon (e.g. prepared in situ by the presence of a Lewis acid (eg. TiCly) and an appropriately
substituted alkoxymethanamine or N-(alkoxymethyl)amide/carbamate at -100°C to +50°C). The
asymmetric addition may require the presence of Lewis acids (eg. TiCls), amine bases (eg. Hunig’s
base) and lower temperatures (e.g. -100°C to 0°C) to generate the best levels of stereochemical
induction. If the de is lower than required, the separate diastereomers may be separated at this

stage by (for example) chromatography or crystallization. Cleavage of the chiral auxiliary, using



WO 2008/ 006032PCT/ US2007/ 072876 75 for 1 hour. 1120 was then added,
and the m xture was extracted with DCM The conbi ned extracts were
dried (NaZS?é filtered, and concentrated. The resulting solids were
recryst al | WOZ4'%W03? | PA to gi ve (2)-nethyl PCT/US2007/072876

2- (tert-butoxycarbonyl)-3-(4-chl oro-3-§0 uorophenyl )acrylate (3.76 g,
67.8%yield) as a white powder (2 crops). LCVS (APO) mz 328 [ M Hr.

[ 00288] StRhods krdobh- tM%IeQVeI the chosen aux111ary %e LiOH/H-0; at -50°C to +50°C for the Evans
2- (tert-butoxycarbonyl)-3-(4 | or o- Iguor ophenypacryl ate (200

ny)
and Rh- (wwm{)@mwﬁ&t{l@mﬁc@ﬁpmwd byampigy agi¢h 94 with W@dﬁﬁl@é@ﬁ@owrﬂﬁry at
degassed 6Qr
8" A gonat "Enea e PR Rl o B S o T B koA ) be
on the EregwasdnTi prestace of thepdc-gip(agl hsdmgemedonf aDNQ, douie swatthermmmo :
Egggg;ﬂ ({ i§ 35 hlcholfl 695?%1 vea?f(%{]{g/aia Q]gl)'(c;[ugrvveo%ldm},)el%\%dé therfnrl(r:n%%b ellmmg v%ncq'l may be
2-(tert- ﬁmmﬁxﬁmardn@lwﬂ ayi zﬂ@laﬁﬂm,( deytdiibo rod -réductiveo aia ity (eitheropdraat @ after
(1.52 g, 94 4%@& H;' as. a Fal e. yel low solid, which was used w t hout
further FRIPIRS Wit e RITmidiRepiperrion o289 St ep 3: Li 011- H20 (0. 6246
g, 14.88 mmol ) was. added to a solution of (R)-nethyl R
2-(tert-butoxycarbonyl am no) - 3- (4 chl oro- 3-fl uorophe/nydo) pr opanoat e
(1.646 g, 4.961 nmol) Adadenl FHE IQZE}_em,LC,d The réacti on $epsriifigation

was stirred W‘i‘ntem:er-atur &Wlf Was '
di | uted wib# sand washed wi th E? Ac F*N,’;Je’\%queo V&1 was t hen
acidified wwth solid KHSO4 and extracted w4l DCM The conbi ned

extracts were dgd ed (Na2SOH4), filtered, concentrat edgg and then
re-concentrated from DCM hexanes to. give

(R -2- (tertbugox%car bonyl am no) - 3- (4-chl oro- 3-f| uor ophenyl ) pr opanoi c
acid (1.31 glﬁ\;z;/oyl eld) as a white powder. LCVMS (APO) mz 316

[ 00290] St e ol utionof (R)-4-chloro-5-nethyl-6, 7-di hydro-5H

cycl opent a| d] pyr iimdi ne (0.5 g, 3.0 mol) in NWP (5 nL) were added
(S)-tert-butyl S-Whyl pi perazine-1 -carboxylate (0.59 g, 3 muol)
and diisopropylethylamne (0.52 nL). The m xture was heated to 100 C
for 6 hours. Th® m xture was cooled and diluted with ethyl acetate

(200 nL) and washed with water (6 x 100 nL). The organic phase was
dried and concentrated. The residueSeesneRirified by silica gel

h t l t hy| t 1) t i
(S ter  EERY " o itadiolard HERTIRIGH Ve G Sipeldbiont, 4, fusfapound 96
E d] p)]/-gi nﬁgybhiﬂﬂczcyh)gmgpﬁgﬁzlaﬂ&ii ?r@lldﬁgx l‘cﬁé@rc{s&ojg?@ e cdifigate PHINMR example,
CDC ; S, , .
3.47 (m tr?f]ﬂent g% thp) a@%wﬂ&%ﬂ)actlvgtl ggntg&g( ﬁ%c&{%r mlzedzﬁnhe' d%fgrrrﬂlorll_%eg%)}
(m 111) dlmlthﬂl?roﬁnﬁnoyﬁiﬂl%nd 112%16( }Sﬂzsegé‘é) of é‘ri drhint Mase34t1p0°dVl (P fhllowed by

[ MF11] +333. [ 00291] Ste (S)-tert-buty

3- et hyl trme(nRWﬂBihﬁﬂmwpmﬁe V}U@l deﬂ (‘XP-I%’(Y?%WG ﬁ@ﬁtsﬁfeﬂcmmlm)’ and choice of the
d ri i

Eﬂl Lgénemh%palﬁ%ﬂ%%)ﬂ%% tgr gtgtreg }(ﬂ%%g%v’ia&?%@éh c‘ﬂ‘]urahcéﬁlg} a(uil Me dd.

( R) - 5- netrhgthentaqf Iy -ithne Liwis priddeg i 1@4] atyd\)r tfnperathirh Yelg.o2&Hctpcll @i}ﬁ@htﬂa{ ah

V0 2008, B0 EbRLTH BT PSR R o Berar dpP et iR GY g oo
(R)-5- rrqirhylisoﬂ% 2) loR-terepdnathp itl]ﬂﬁf@\kis hisd toycb)rrpGurZi-Sd‘L h&ﬂrtﬁnperature Lewis acid &

(5? (r:ﬂ)f)c l Q%W[ﬁqr?eg#;}}ea%pg %(J: ml_ L[elngee ﬂ‘l(63§c 0 "the a%lémon adziuct nally

(R)-2- (tsapamﬁuatmymr B@1a \ehRdHidHe ) e. Eémﬂ;mﬁm&dimgp QERYTise b QRDMNRired
acid (44 ["rig 0.14 nmol) and HBTU 52 ng, 0.14 nmol). The m xture was

stirred %t 1r080mterrperature for 1 hour. The solvent was renoved and

the resigumopas puy P;ek)%glfgbéénﬁbﬁddg%f%ﬁmﬁ$i%m QGERRIN - of GhiHbtk Pehctbi dlities

ethyl acetate to af ert-b
(e.g.. primary or secondary amines, etc) of intermediates may be necessary. The need for such

protection will vary depending on the nature of the remote functionality and the conditions of the

preparation methods, Suitable amino-protecting groups (NH-Pg) include acetyl, trifiuoroacetyl, t-



t**--N1 1..)

2- (am nonet hyl ) - 3- (4-chl or o- 3-fl uor ophenv1l) - 14(S) - 3- net hyl - 44(R) - 5- ne
t hyl - 6, 7- d]

cycl opent ar pvrl n él n- 4-ynni perazi n-1-y1) propan- 1- one PCT/US2007/072876
di hydrochl ori de [00294] Step 1: 4-Chl otlo-3-fl uor obenzal dehyde (1.0 g,
6.3 mol ) was added to a solution of et hyI 2-cyanoacetate (0.71g, 6.3
mol )  aneht@iypebong] (BOC)Y boEdlonycartdndACBEph)d P-fludrehyheatkyléioxyrhboayl (Fmo@l
tenperature. The m xture was. he ed at 1 for 7.hours. Uo coolin
o T oom Lisniserdpuri BE=is dre WelsREBED Y it SHIRR 1o i e o Hogd
wi t h hexas&iption @F ﬁﬁ:td%hﬁ@’ brodps(#ld their use, see T. W. Greene, Protective Groups in Organic
chl oro- 3-fl uar ogphenyl) - -cyanoacryl at e (1.4 g, 88% LCMS (APCI +)

[ MeH] 4 233thesis, Je‘w‘yéf)s&éﬁn@ Ney g 4P?lon NaBH4 (15 ng, 0.39 mmol) in

Et OH (4 yruoms caamd el oy nto a m xture of the -ethyl
3-(4-chloro-3-fTuorophenyl)- 2-cyanoacrylate (200ng, 0.79 muol) in

Et OH (2 [9#0300dt r odmenyeofither syothetis. meﬂﬁadefork‘prerphmﬁ@mpoum ofif semylad apda; it may
guenche t Qngent ra vacu

i act o Ptk G RS EM Bl Pl By Bl Walsg kel i
2008100 6@312&3@6&1&@%%@%? 87 Eeriéy oﬂ‘ dteps s seberraamml@r@phﬁec(tﬁ |t1®2deswetdrdeW/pf

to give eth 4-chl or p- 3-fl uor aphen ano aoate
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in THF (&&acmg)l m&taﬂiz@wny fi@RN AU ls@w@d drnkslvent Slxuire oaxs@matMBbﬁblmﬁna’ragor
21 mol) in THF The et hyl 1(1:4 chIoroSquoroph 0- 2- le:
cyanoprocﬁ'éﬂ%?géa }i @h@"maf%@ﬁ%lc?n inyolyppeny pumpse qffaethods in 'éﬂ%‘?gu At Fgmpie:

into t hees@lenh@NarANtrSill fHagd sRY @k hGd: ionT BRhHS! higﬁ‘ MEBurhl WBD ¢ Pressure
with 0.1N HCl, concentrated in vacuo, di | ut ed vvlth H20, and extracted

wi th DONiquifi skramatearpphyTmethada austigpramajusi smald seale janalyicalii SMuIRGELCTRYings 336
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3- ami no- l&le(ﬂmbﬂﬂstnplumsatbgtaphyobenzyl ) propanoate was not purified but
gzgg Odl( ;_ gﬁdl %nlA%SrtI})l%oclz!lsg% ;hrgtfloe g #ﬁd(r%%ngvélv? cpafﬁ]ent %_%laéﬁtoh%xt&fe with a
fl uor ob&ezymfedmaﬂaatbalc(fb & @nde@ .oiherwigd YephrableGVidsired pto):iummnrsac'tedrsmitmg
?\éle(r)gl) gﬂéfi‘fﬁgﬂl %argn]n)é% E%P'i? lrvﬁst ci:rgl[n]egﬁ;t r@t:egﬁa!gcrﬁtsvl%glgge aaaggrbgnr}sr grn%gggen?éa sueh as
3- (t er t higtioaacaardaabladila @lves; iof edhhipe nedial bithe NiRE NANafivINaRGaigents can
Li 0H-H20 (0,26 6. 1 nmmol ) in 1420 (7 nL) was.  added to a SO|éltI on of
et hyl aé;l,dp 1%8@&%%fraol&§w%r%)ba§eﬁ @] ﬂt?fﬂaﬁer‘bf ag._ acidic matenal binding reagents

fluor Obesﬂély he %t%@i@@%rﬁilﬂgo{)éégvs dei2tiVe B elatdrd sudpF4sNRGWh @Wex% wid/Bq8d ion

stirred overnight. he mXture was concentrated in vacuo, acidifed to
a pH of oxtretion [agrtEIX). eiiflie bk& racted with DOM The DCM extracts were
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( R) - 5- mahdwyrial A (aS)dic2andetiakiy Injeid facin aultiphbseyekjradion - ahidtiyeltile. One skilled in the art

5H cycl opental d rim di di hydrochl ori d p ared according to
Exanpl e ‘g’ﬁ B‘?]%be]ﬁﬁ)‘}éq%?ﬁaloﬁﬂié t‘?r%“ le(je%g (Ii)g(pia'f"i't‘%bl\/l (5 nL) were added
triethyl@atosg (1 lf'jﬂ)stere%hkfl«t: ﬁﬁimr’@%a%ﬁ%%é}fapﬂéw h@rfhé?loi}ldmdual ‘diastereomers on the
2- (4-chl oro- -fl uorobenzyl ) propanoi c acid (46 nyg, 14 rrrml% and HBTU

(52 ny, W@sizaf Thwbpi)yswaiwéewsdtdﬁf@em%bssmth@fbdweé}tknp%ﬁﬁi thetekilisd inythe prgsuch
hour. The %Qlcﬁl%ﬂ'{;d'gf\é@agﬁtyr CHRNE Frafl { E&s{aﬁﬁﬁ'&'ﬂe B SntRi e e btayseghrgﬂeﬁ By

gel chromatogra I'ng wt acetate to afford tert
2-(4- converting the enantxomenc mixture mto a diastereomcnc mixture by reaction with an approprlate

chl oro-3; Bca"l'l(})'ragtpv%r&% poun ((Sé c::iura 1ary su lg F\s)s)a cénrgpalé}%ol-oq Mosﬂér@é&ﬁ%ﬁlfsﬁhéi
separating the diastereomers and converting (e.g., hydrolyzing) the individual diastereoisomers to

the corresponding pure enantiomers. Also, some of the compounds of the present invention may be



(R S)-2-(2, 4-di chl or oohenyl ) -3- (i sopropyl am no)-1-(44(R)-5-nethyl -6, 7
-di hydro-5H evel onentardl nyri m di n-4-yfl| pi perazi n-1-y1)pronan-1-one
di hydrochl ori de L00301]tH NVR (CD30D): 8.56 (1H, app. d, J3.1 Hz),
7.68-7.66 YPR008§06037 43.7. 41 (1H, r‘r) 7.32-7.30 (1H, mPCTAUS3eNTA72840
(12H, m, 3.23-3.09 (3H, m, 3.00-2.935%1H, n), 2.49-2.39 (1H m,
1.91-1.86 (1H, m, 1.39 (6H, d, J6. 6 Hz), 1.21-1.13 (3H, n') LCMVE:
476. 1. nantiomer:
(RS- 2 (ATeRl 8P dBRo AT PP ane o, FeReRsH 2 AT  SEei
-6, 7-di hwm@og»p{separated by use of a chiral HPLC column.
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79 Exanpiney be dBMiﬁed by resolutlon of the racemic mixture usmg a method such as formation of

S) - 2-(4-.chl oronhen 3- aar onvl am no 4 nmet
| R PR e, o apeats (L B fhgr Wi ) grgechemisty
di hydr Obeg@ﬁlbdﬁomﬁdﬁQ@?’lTéﬁneWlﬁyl\@t Bomls, nc,4New vmphewlmﬁ@hmreo(:i@ v

g, 199 mmol 0(Eara or mal dehég (6. 27 g, 209 mmol) wer

di ssol ve%@mﬁ% &%) A LIRSS (HB Racymismixtres gf %Fabﬁop’ri’o?\%%ﬂl(’ gryntipg can
9. 94 MOy sep JEEE@d m%mt@d wény%hmﬁeﬁqu %ﬁcwdufgt ) @amaﬁ&m%ﬁé WiRtefeBeric
hours to corrp etion by TLC analysis of the crudé. The reaction was
pour ed i s#ltd Withechitel dorecuads O paationshy fractéoral sverlizatinn onether aiethedy (2)
with theg 1 0 T

extract egﬁﬂ;ﬂlh %te%%%jgte %(? th K}?ﬁg%gﬁgg?ﬁg%%re \(4:%’ atlon o(I)f the
The or gadmsterpmmftrs, cand \naigremrtedhmpnrh sWaetomomt:w m'el (o neeratipn Iof Brei smbstantlally
separated, drie ere n ent r at ed,

afford t%uée 0}' lﬁ:aréchey 0 reN?so er's Jn‘e t1 eB C?’“g'r‘ﬁ’@ ?8%% dgge gf%r &eml

a | ar ge Andltiedl Mb‘hbﬁl’z&ld B)m:hﬁhcslbgy,'c&wgglw.awdmat Bt.e tMardel Beﬂ{eﬂ, Inc ., New York
hexanes: @5% acetate until the starting material/olefin were
collecte he plug was then eluted with 1:1 hexanes:ethyl acetate
until thpopesje desigded REREICH), Wamselcbhask Céﬁl”ﬁ)' &helv¥. fIhed by reaction of
concentrated pure fractions vyi el ded net hyl 2-(4-

chl or ophesaytiomesicailydpusk ghirad bases steh assbracios | ayirlires sphsidting, 3gydnige, @aughyl-p-
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m., 4(5? fmaiopalit,sectss] aatbiogylicvasl andslikdehid mcDCﬂwrrﬂasttarameeid sglisomdyybevinduged
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en st.i rre .
Vol ot 1igrsefaie BadlliRtal cBRSNEARE oF ot RitofrBlogl"} Pl herbifin of, e poe!
sol uti orn,somd ctmemaquemulsoupdxr t additionasf eﬂﬂrﬁlaeized;ymacer sulfdnid@Ehds, Thieh  as
conbi ned or ort ons were washed once re th IN HC1_.sol uti
SOt s Al Rtcld WP e REAnAahs 208 o Je = g ERuf T et the

or gani ¢ {igddrédpierida@gisdri ed over MgSO4, filtered, and concentrated in
vacuo to afford an orange oil. The residue was | oaded onto a |arge

fitted fIOPROS wit }zﬁlfanﬁtl\[@y Jv methpd &2 dhe aubgirate 4o b Tsobyed gs peacted with one
hexanes: &biWdmeR6£] alifal @Jngl%ﬁﬁld QQO#[#Q dﬁH:El%orq@éc' g'q'gpﬁrﬁd\k*ﬁén Y"S-Qr&chcmlstry

anal ysis. The concentrated pure actrons yie
2- ( 4- chl drgpranGempoupilslt oha Vikey o Bors| Inss 1904, p(320)- @gste@@%nc cphipgunds can
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solutionin
reagents, such as menthyl derivatives, followed by separation of the diastereomers and hydrolysis to

yield the pure or enriched enantiomer. A method of determining optical purity involves making
chiral esters, such as a menthyl ester, e.g., (-)menthyl chloroformate in the presence of base, or
Mosher ester, o-methoxy-o-~(trifluoromethyl)phenyl acetate (Jacob III. J. Org. Chem., (1982)
47:4165), of the racemic mixture, and analyzing the 'H NMR spectrum for the presence of the two
atropisomeric enantiomers or diasterecomers. Stable diastereomers of atropisomeric compounds can
be separated and isolated by normal- and reverse-phase chromatography followinig methods for

separation of atropisomeric naphthyl-isoquinolines (WO 96/15111). By method (3), a racemic



WO 2008/ 006032PCT/ US2007/ 072876 80 to a stirring solution of i-PrNH2
(217 uL, 2.54 mol) in THF (5.0 nL) at OC. The reaction was all owed

to stir at erature overnight to conpletion by | ysis
The Boc20 ?’982359/@9&2 54 nmmol) was added to the stirri ngdﬁzf%g&&'é%
pi pette. The reaction was allowed to s8ir overnight to conpletion by
LCVMS and TLC anal ysis of the m xture. The sol ution was concentrated

in vaCUOmbmlrabf ovcdemmtidnydrs can be separated by chromatography using 2 chiral stationary phase
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[ 00305] Soepdstdyks rbyl@r&mbgr WQmmaBbsmvd)( | SRRAAPY paifiddOdmantidnfers can be
chl or ophenyl ) propanoate (13 56‘9 74 mmo s dissolved in THF (1.0
L) and t{igiesanegiby merkonesed ﬂmgmsfgwer%ﬂlyn%cukwﬁwa’%ﬂa%w Ron atps,

m xture y@saddpioneslatdn aif bitcu@Y alchic, 10 conpletion by LCVB analysis
of the crude. The mxture was concentrated in vacuo to afford a wet

f oam h H{uh RihA FMVIEN TAWTTH, 6 OMPOIENIDS OF HFOORMVIah i ORJdagf f or d

pot assi u _
3-(tertb 0@(7 car b(;lﬂllll?/ F(zm%%lbl(risoopf tlile)%er:ﬁerr;]t 15|ve§t1?n can PI?F 8?38 6F' Bre Hlacrtlgs or ther%peutlc
as a Wwhidgents @bri igkalidgl 8isdasep, orldibdiers hfelivod (bARfbdn)ation or 2¢blatiof b BEI- fotein

[ 00306] St.ep4: Pot as LurrB ert-but ox carb nyl (i so

Chl or oIS BRORE RIS, Toonal Ge s Sapentieh § st e QBT SRt eH et s AT
nm) and groeitieshsaviieliael \¢adddiidns eHak 04n lﬁiﬁ‘tre(a%@ adcoiding BHliBic M¥Holls aft thisGVEntion
tenperature. The m xture was allowed.to stir for 3 hours to formthe

m xed ariA§ide Bt arensy limitebte, pigmmator hﬁpﬁtpzulkﬁ?fétIve4<@rd1°\ascu%@°m%?gfnw§'°

di 550! vegniddiobd, bRMRmkIofes] df’s@é%le@ﬂldtd%ordZﬁC in a separate flask. The
solution was treated with n-B nL of a 2.50M solution in

hexanes, [00H8] nmrol Jn anel mHOdmdt tS@ldsplnaﬂnﬂqyutlcmhGOMMtlonThefOprthfpéw@dleﬂt of
anhydri d o t Q dj L
anhy | g p3RlikER. WS AHIS0IRL R ALEL Boblioatals nHArArae; Srcoma
over ni gk(tangléﬁhwomx‘tbmsercm& rhp.bémjmakcvmi hprdaa:omd}j ntyxena, sfiabgdarhymat 8okoma,
amoni u %hl oarn!:1 eatsoolaué%& b t.hen artl tioned ween %Pru%di eteetliateadnsgmall
et hyl ac&af e tHe RGuedud %val%m'éc)}? FRE CH e ‘é‘famtolu?rﬁ » TAR TR

or gani CSceMﬁnﬁhffﬁWﬂiafeédlargImllpﬁ@aﬂd:a‘ﬂclmﬂﬁa)V\ﬂsétfm (btdnbhiwai) edarcindien bronchial
brine, arated, dried over filtered, and ncentr at e

heue, B, St JEnRTe SIS R P DG fog il odl lung,

chr omat agrapél (uak (ﬁm%bln@skﬁa@de%ﬁﬁuﬂ{éhuﬂﬁé@n&ﬂ EdrEIidmaA CRlkRckinba,

af ford the conpl etely separated di astereoners as viscous aqils:
tert-but ?pmyosarcoma, lymphoma), stomach (carcinoma, lymphoma, leiomyosarcoma), pancreas (ductal

(R) - 34( Qhesbehemémd,- 13s1ﬂ’iﬁ9195(?1@ag&{oﬂ1 géﬁ@no%g(ér%@ﬁm@ Rpbhra sA% P RORB

yl (i sopropyl) carbamate % based on 1/2 of aci'd racemate)
and tert(@ pgarm](og)a, j)ql(lg)oma, tgeqqmyn;l. tumors, Karposi's sarcoma, leiomyoma, hemangioma,

oxooxa
(30 14 ol ciiofblonts Sttofl, AERPRRIN Glert: ALRRE ol BAARARNNAEPAATRL,
401. 2 [N?laB@mma,[ ambpﬁh ef: Genibirikid® (rdB:8 kiipey 4(addocanhimaya ¥ iladd éemor

to a stl n n of THE (30, d ter [

t enper at[u Ihm%l ii B SIpPoRy. epen x%ﬁ&%r tFey ?egqua?"[%ls h r?‘l fgipoma,
per oxi d&ra(lﬁﬁtﬂlau Lce(ﬂf carc%ﬁiny\ltademhmhbml),i Broyvart: € (adeocBifdinonma) )saﬁ:mﬁla), testis
allowed to.stir at roomtg& erature for 10 m nutes. The reacti on was

cool ed tGFPHEOMY, KR0EE (5 onal, garcEomay, fprajocqraiona,  chgsiocarcinoma,  sarcoma,

2008/ 00 GRS Meal/ &32&9311‘1&3@817&0184, fibroadenoma, adenomatoid tumors, lipoma); (5) LlVer
((S)-4-benzyl-2-oxooxazolidin- 3- 3/1 -2-(4-chl orophenyl%‘FS oxoprapyl (is
opr opy| Yhepatpma niberatgesilgler (paronon m?B?l)‘“%rca’GH'éd hepaphipsiemyyj anglosarcorna,

addi ti ome{,awaﬁmalasa&n&ﬁé,utHe&angl&nJ HR6{ 1BokE:) o@¥6den® LRrcBhnR Ul SstddSdrddah),
The mixture was allowed to stit overnight to roomtenperature to

conpl et ifdresprgomovmalignany dipruphistiseytema dehondtsergomac thvong wasrcerss | malignant

OC then 1%&%%0'@&/&1&1*{1111' Mlﬂ\'?a%c%%),(rgulgglergﬂ'}elo%?i %dli%nanwg?angggl b P thHIIaQIﬁL«,

osteochronfroma  (osteocartilaginous exostoses), benign chondroma, chondroblastoma,

chondromyxofibroma, osteoid osteoma and giant cell tumors; (7) Nervous system: skull (osteoma,



(1H, n), 3.99-3.54 (11H, 1), 3.48-3.37 (2H, m), 3.19-3.09 (2H ),
239-2.92 (1H, n), 2.47-2.38 (1H rn), 1.91-1.86 (1H, m, 1.37 (6H d,
13.7 Hz), 1. 168§311 d, J6.3 Hz). LCMS: 442.2. Exanple 8

(R S)-2- (SWQZH‘? "P%?ophenyl) 3- (i sopropyl ani no) - 1- ( 44( RCTHISHNTATASIG, 7
-di hydro-5H cycl ooentardl pvri m di n-4-y41 pi perazi n-1-yfl oropan-1| -one
di hvdrochl oride [00311] 1H NVR (CD30D): 8.56 (11-1, app. d, J2.5 Hz),

7. 43- 7. 3ferkodrkiotha, ”)granﬂlo%& 7. }?ﬁg%%l r@steltﬂ GQEMs)gl%em es4 Ra,
(1H, r‘r) 4.00-3.57 m, 3.4 20- 3 r%
3. 00- 9@erelaglpsarﬁpma,2 ghgmw%@ (b1ain (mtrocmo% megy oplﬂatmma m}zhoma 3wep®1moma,.

O 155 Bphieln? aafal. el GE: Aot Rba b g
ydr o- 5H retiwbias@mﬂ efngddnpial fumiock), repihalyddrd nevrefitaans Mmgmaogmalsnma) (3)
dl thr OC r%&:éllg?&a_ll— uter3 12(Ln73%51f%"171\|f§c§10[)3)0 ﬁ%rle4(‘:§’§1°%ﬂ-g§°i?€rﬁ?’ }%%-tulmzdr%ervical
y 29 4 wsﬁmsaa; 1, ovries 3. (BaBar38 addihon®) , Rerdls 3. HBtal@Hdearthomd. 0Gnidds
(111, méyst%ﬁé%&a%éiggmé, 1u|;|1’clas 1ﬁed1éa?c§ﬁo}ﬁa?,sgranulosa-thecal cell tumors, Sertoli-Leydig cell
tumors, dysgerminoma, malignant teratoma), vulva (squamous cell carcinoma, intraepithelial
carcinoma, adenocarcinoma, fibrosarcoma, melanoma), vagina (clear'cell carcinoma, Squamous
cell carcinoma, botryoid sarcoma (embryonal thabdomyosarcoma), fallopian tubes (carcinoma); )]
Hematologic: blood (myeloid leukemia [acute and chronic], acute lymphoblastic leukemia, chronic
lymphocytic leukemia, myeloproliferative diseases, multiple myeloma, myelodysplastic syndrome),
Hodgkin's disease, non-Hodgkin's lymphoma [malignant [ymphoma]; (10) Skin: advanced
melanoma, malignant melanoma, basal cell carcinoma, squamous cell carcinoma, Karposi's
sarcoma, moles dysplastic nevi, lipoma, angioma, dermatofibroma, keloids, psoriasis; (11) Adrenal
glands: neuroblastoma; (12) Breast: metastatic breast; breast adenocarcinoma; (13) Colon; (14)
Oral cavity; (15) Hairy cell leukemia; (16) Head and neck; (17) and others including refractory
metastatic disease; Kaposi’s sarcoma; Bannayan-Zonana syndrome; and Cowden disease or
Lhermitte-Duclos disease, among other kinds of hyperproliferative disorders.
[00209] Compounds and methods of this invention can be also used to treat diseases and
conditions such as rheumatoid arthritis, osteoarthritis, Chron’s disease,‘angioﬁbroma, ocular
diseases (e.g., retinal vascularisation, diabetic retinopathy, age-related macular degeneration,
macular degeneratidn, etc.), mu]tiple' sclerosis, obesify, Alzheimer’s disease, restenosis,
autoimmune diseases, allergy, asthma, endometriosis, atherosclerosis, vein graft stenosis, peri-
anastomatic prothetic graft stenosis, prostate hyperplasia, chronic obstructive pulmonary disease,
psoriasis, inhibition of neurological damage due to tissue repair, scar tissue formation (and can aid
in wound healing), multiple sclerosis, inflammatory bowel disease, infections, particularly
bacterial, viral, retroviral or parasitic infections (by increasing apoptosis), pulmonary disease,
neoplasﬁ, Parkinson's disease, transplant rejection (as an immunosupressant), septic shock, etc.
[00210] Accordingly, another aspect of this invention provides a method of treating diseases
or medical conditions in a mammal mediated by AKT protein kinases, comprising administering to
said mammal one or more compounds of Formula I or Ia or a pharmaceutically acceptable salt or

_ prodrug thereof in an'amount effective to treat or prevent said disorder.



(1H ), 1.36 (614, d, 16.7 Hz), 1.20-1.14 (3H, n). LCVB: 426.2 WD
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fEyga025£Fg§g#§%@ﬁggFg%Lyr:n1fg SERZ-S n}ethy1-6 T4 perusaomonss

i perazin-1-y11-3-(pyrrolidin-I-vflpronan- I -one di hvdrochl ori de
[00313] Step 1: Methyl 2-(4-chlorophenyl)acrylate (500 ng, 2.54 mmol)
was di | ufe8diiin THFIT(poIi}am_) eﬁﬁtﬂvet a@atmt nidahd 30y hhednt dif eonfpdand u:hat when

2.80 nwol at 0C. After e crude L Jandi ated t hat the
reaction® sl?b“r?fﬂ? @P’é‘“’("L ‘53\?"@!“% A 1% ofent g (1) Ueak of Rrpveyt a papficular
sol uti ondm&se, tdofd@tiet] oM difordeR triidiated: fﬁle)acﬁﬂ%r é-ﬂ &ﬁ 612801 SRR T 'Woteih- Kases,

nmol ) , respectlvel y, and the reaction was allowed to stir overnight
to conpl B9 KiRpsesCadditional| sprdnedhreqnipe kinssey pad/gpdnahsneeifieitoliaases S\ abisprate,

wat er anghygioml, o@@fﬁhﬁ&t@ ond er;n@.gléﬁﬂyrgm%f fk ﬁbﬁ‘m\é‘@% nashedhagah NorWidohier, or

ethyl acetate, 'and the organics Wwe di scar ded he aqueous portlon
was t r eafisiprgranh Oreﬁqi@s‘@e QMCHQfLO@mrumre [$yiapo8e ofithe mﬁ@uhaéh@de,\mmtlon or

t hyl L
ety BCRLALE ool PEARE 0P T ARSI BOLY AT EANSE I Bl Rauco e
aci d- HCl mBhleCbf water cell; @dwhithecuinad sizd; {uhibitBi.cg)slowhd s¢rddElteny aﬁd\ﬁlrbferably stop)

gSgui‘perITr%aInge cal? m?%atlgl[n 0 c? %{I}%}%{ﬁ%’?\gag?%nlﬁbl%.’e” glb\%%g) scprTnTé) .J:)gten\{\g'nsd ﬁ"g{greaglyts%p)
( pi per aziufirol mythytadds; Tuhibit) yeckofre 2itefity Gintp @rtbsall; Ah@¥r ielidvditd) bme extent one or more

di hydroc ri de (20 . 0.6 1), 2- .
(4-chl or%flﬁ TP, %ggwgm"g't - qandAsn I B firfsieat the frye sy PrsveR) st ad/or kill
mol ), afgstig cAddBendn] # nid Me-cdro¥dtic Mdbr toxac.etmmamykuéf Iéfm-acy can be
hexaf | uor ophosphate (31,3 ng, 0.082 mmol) in CHZClZg[(];f ) at room
t enper at BFEWeHHEr P@gdle Phesserping thediments diserse peagrasaion 61 b3 pad/orflefegniseng the
wth Et on¥ASH i th saturated aqueous NaHCO3 and saturated
aqueous. NRICL. The organic |ayer was dried (MySO4) and concentrat ed.
The resi@2123)as pl]ihpfmdntbgf mcanfound of Bormiladfer {511t g)l] cemmpaidup edctbyn

g En4xf: ﬁ Ir %1;}081% eny (%gin?_{n(g%ﬁ?n %gtogs suéh as%heg]JSa}Tmu%r 9ompound disease condition and its

met hy 1- 6se¥erdy, e identiirH € y.c veipketin oA fha | ipgnimali iflinBeddofttpphgne rbar cat- devriheless be

rrolidi i hydrochl oride (6 179 as an
g?‘/f vm: trlé’“%’k?ﬁy%g) %ﬁgi%ﬁfg%ﬂgﬁ %%ﬁéom ;3 54( ( 1Eg s), /()7 4?- 7.40 (4H,
m, 6602683 (1H "Tf&itmg4 lg-ﬁrtéfadé)tBto(ﬁllgan"ét 168kt the - nﬁﬂyﬁi’%f G Zkdeas®)condition in a

300291(1H , 2.47-2.37 (1H, rg), 19-1. m, 1.90-1.84
(1H m, mg_mlggl juchgis (cll]]qmaﬁs)thatlls gffccie 4 8t I(:gqqm Ha)rt by ct:yf@aoflone or more AKT

protein kinases, tyrosine kinases, additional serine/threonine kinases, and/or dual specificity
kinases. The terms "treat" and "treatment" refer to both therapeutic treatment and prophylactic or
preventative measures, wherein the object is to prevent or slow down (lessen) an undesired
physiological change or disorder. For purposes of this invention, beneficial or desired clinical
results include, but are not limited to, alleviation of symptoms, diminishment of extent of disease,
stabilized (i.e., not worsening) state of disease, delay or slowing of disease progression,
amelioration or palliation of the disease state, and remission (whether partial or total), whether
detectable or undetectable. "Treatment" can also mean prolonging survival as compared to
expected survival if not receiving treatment. Those in need of treatment include those already with
the condition or disorder as well as those found to be predisposed to having the disease condition
but have not yet been diagnosed as having it; modulating and/or inhibiting the disease condition.
The tetms "“treating", "treat", or "treatment" embrace both preventative, i.e., prophylactic, and

palliative treatment.
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S) - 2- (4-chl orophenyl) 1- (44(R ) -5-net hyl -6, 7-di hydr o- 5H cycl opent ar dI
pyrim din-4-

Yi | pi per azVR-2®PP§O33_ (byri di n- 3- ylnet hylani no) pr opan- 1-¥§diS2007/072876
trlhydrochl oride [00316]11-1 NVR (CD3#D): 9.19 (1H, s), 8.96 (1H, d,
J 5.4 H), 8.91 (1H, d, J 8.6 Hz), 8.55 (1H, d, J3.0 Hz), 8.20-8.17
(IH m, I_{06214@ 7. 39\S(Lééﬂ hefdin, tHe B8N %Zﬁmﬁﬂ!"&f‘cr@)to a bafil-blodtdd anjmal 4halbas or is
4.12 (1 4.0-3,57 11Hr‘r) 39-3.34 (2H, m, 3.17-3.08 (lH,
n, 2. 99- agrg o( ,:ip\yelqp)ng apdigggse Qesg'gae(l i-xprelrhgnd 1ggclg<16_s,1blggs E‘ltl-]leFFf] to,lgugga pigs,
(Eigrmlte X 5? cis '?.'ét)s mlle hémSiE) and BRmSS, intiuhifrg huffk. 5- 6 Hz) . LCVE: 491. 2.
(R'S)-3- [&ﬂilﬁ(}) 2 (thcshh‘antnersaliol oviddsenmydindd of Evarhi@lp 15+ eefoh ye-i6 thp-tegptmpedt

r o- 5Hcyc - Merazin-1-yl | propan-I -one

di hydr occhl or 1 & {e"‘[]“g%‘\ii?’fgé%/é %%%Bﬁ Exanmple 13 HN WD

2008/ 006[0B2H6TT/ US2AHQA610623 d$pedDf ﬂ%ﬁ)vent:on is the use of a compound of Formula I or Ia in
2- (4-chl orophentyl - 2- hydroxy- 3- (i sopropyl a .

i nol- 1- (Ao pRpamst %%wf’éwmmtrf%ﬂﬁrasn S“&E&éf forefie dfeatgienippy prevention of AKT
i di n-4-vy, A{jrgﬂnwagghgdlgwygdngm@ﬂ@n | -one di hydrochl ori de [00318]Step
1. MCPB , %9 156 mmpl ) was added to a solution of nethyl

2- (4- chie ate (20 g, 102 mol) in CHClS(ZOO m_) The

m xture : 7‘1 ef | uﬁg c&ﬂ%tﬁac %r resém?ré\%lgt?o%{ aﬂri')e Q3 % WRPBhe or

t enper at diluted w oform ‘washe 10%
Na25203 rndle%ldlhmugﬂﬂichva& doscribEh belowg dhe dosphﬁﬁs seemd dmg@dn éﬂ @ppropriately

g?ﬂfggt L)a/‘fcﬁtgd g%hﬁ @Phyflgng_%g{\/(\%fs’?%(‘gl %)set E)’l%é:lcpg' %% nccr)-]Fr tﬁg%gnq&)ugﬁ) *&)‘ the present
2-(4- Chl]ﬁ#eaﬁbkemd Ihe xse¢ond elrizs Cﬁrﬁbmppfo@hetelymtdﬁyined accordmg to the administration

2-(4- chlooh 0xi rane2- car boxyl ate (2 g, .9.4 nml) and et hanol
(10 ) SO B v i rbsinciseat o1t < e Cotdion o o5 By, and
hi gh. pr esis 'f@tcb@nih caddd Gviidtexhe A iMBFatda ahIGECt iPa R@kan] @ idstanbe WeSsetondtdhgy
bonmb. After cooling, the solvent was remved, and the resj due was

di ssol vy b usgdn @b amaynt of %A1 tpER0 partshy)weighsgenpars by atgishoer tomsopippusgel the

added t Qi if¥exfis € The mixture was stirred at roomtenperature for

48 hours. The solvent was renoved, and the residue was dissolved in.
TI-1F (2002#8) . Li @he cawnd tampounduef thedphatmacouticakcaribinatioe formplation ot desing

was stir ) r
o 3 bR hSTRES R 008 M B STl g e
The s oI \A:tantot whverselg raﬁ?mdacha!ﬂtbrt Berhrdesgs dtaesmmﬂy predEneintcombingt@gdniimamounts that
5 Dort BUERR e NG WSt GRS Rt oS eR: Ry BT oAty B bzt inrtio
hydr oxy gireyided @i eongobidon b&Mis(ndRCGlotpoliid BOthisHhveatidn In cdribinaBion Gvithi ansecond
E)?O?é)Q] 3fr$£§@f?hes%e%%erem ng, 0.275 mmol) was added to a suspension

4- (pi perjggz19y | - yl)A @)ﬂ?p'ogmmffjfh%'l%nﬁb{& hapartaliebRy phatndidifeally active drug(s)
di hydrochl oride (20 ng, 1),

3-(tert rmnWMnﬁ@wgllteg@wprnbpym)tﬁmph@rmgeu@malcqqmeawmet?rysfyargew(&ﬂoww
r opanoi %dﬂl?dlgerétg% i{fg_yl_ tQ]NolﬁFy %R@lr)s’lmﬁ&% usly or sequentially in any order. Such

0- (1H Benzotri azo tetranet uronium
hexaf | u@p@phtwé p&nam@tréiﬁm rBayrhg, cicGe msﬁnemmbljaotﬁ in tip2 Clle a®uats of the pamposohef

t enper a | tin ir |
with Et0AZ, ol Ay b o eﬁfg‘eﬁé%ﬁ‘lse 8 8 Malon S o gBferea i
aqueous dlﬂrfblacthhetheﬂmad m:ﬁlﬁysﬂrthamuﬁiref&dt (My504) and concentr at ed.
Th fied by | tridge (5. d '

2 ik BT oAt Hestin bty iy OB YRTEL, it e e the
chl or ophgfayt kbhidved YbheR We-adritedift&Biems BRY Rypkethbr ié gebhﬁayﬂha@m'é Ishrfs Vb€ the R et adhet

rimdin-4- vyl i perazin-1-yl)-3-oxopropyl (1sopro )carbamate as  a
Ipy results ﬁor¥1 u)siFl)lg Ec)hf: compounds )s/ep)arately A gynelEgstlE: effect mag %e attained when the active

HERG!

ingredients are: (1) co-formulated and administered or delivered simuitaneously in a combined, unit

dosage formulation; (2) delivered by alternation or in parallel as separate formulations; or (3) by
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cycl opent a[ d] pyri m di n-4-yppi perazi n-1-y1) - 3- oxopr opyl (i sopropyl)carb

amate as t salt (28 ng). [00321] 11-1 NMR (

(111, app 2%3’@%% 7.56-7.49 (4H, m), 4.24-4.18 (1 Ei‘%“r‘is‘*%”%?’”’“
4.01-3. 38 1311rr)316307(1HrT)5298292(1H M), 2.46-2.36
(1H, m, 190184(1H m, 1.34 (6H, app d, .J4.7 Hz), 116(311
dd, Je. 65tamzloﬂ1& Bgineh. \’Iﬂ@ﬁeh%&m altEvcatiqnl therddy, @)syier it m@m HN)ned
((38 4R) 4d|ch rovh nv1 rrolidin-3 7 4- aR1- 5-

s o e i cstsRiaBar ot e it ey o et i
di hydroc bép@fatf-’dej’l’ﬂ@ﬁ ( (B RBert.- dllrr(ng dternation therapy, an effective dosage of ecach active

dlchloroo }li/pWI’OHdln 3-y1) (44R1- 5- net hy _
7- di hydr BSEaient, & Wﬁfﬁ'feélsﬁwpﬁlﬁ“éh he- =4senal}sr,|\weﬁ@ﬁ Ay iepmpingtion therapyn GHeetive

di thrOCH&s@éés@?twc{&Qn?&@loﬁ%@ﬁxgﬂedwﬂ:ﬁre(agmﬁuﬁéredt% &iermol ) “was added to
a solution of (E)-neth orophenyF) acrylate (2.6 g, 11.7

mol ) i nl@&Rk1]( 40 m&)"chém@erﬁmutwr@enﬁss ecbbmigal eonpGundrhesfil in the treatment of
benzyl e yid h

added dr %ﬁ\?\néé}e vﬁﬁ %J;é@rrrg%cllr} a%&l Pﬂgcttloﬁef}?&g&hérg e(t‘%trléeﬁg en%%ﬁc?u E’Ja}’a]m? g%d n
Af ter th&aadddthempyMcompﬂlmbqhembmmpy(ture was stirred at room

t enper at ver ni The ,solvent was _.renoved ng t [ esi

di ssol vewoﬁ?\ﬁet her H‘@lefr &t & ewtﬁﬁaﬁﬁl‘i{ig‘mﬁshemﬁf‘% Egm\}%é gﬂgﬁéﬁé@@
agi t at e, Gamsltedh/ORI e @hhypr aﬁkx&m@n (VELGﬁ@E@Thqmnemamt VihatnRY, € I B WStk Mt
collecte nd basified with 2N Na a pH of about 14, Theg wer e

t hen ext Eg ®:n AgiRZenecp) s%'t%o(SHLP‘*STW@ZE}?’g bftrezolshd ®q Yoxgrtis),

filter edIrﬁdi'i@thQ-H& el 3@%@5\@@@ rﬁ&'/a%k? VK 73Rk o § ) (‘(%%{Ws) Oxaliplatin
chr omat ogr aphy ute b% hexane/ et h acetate (4:1) to give
(3S, 4R) - %é@)ﬁt?p@ Sanofl), 5-FU (5- ﬂuorouracﬂ), eucovorin, Rapamycin (Slrohmus RAPAMUNE®),

1- benzyl

999 . %&?APB% W%ﬁ%@i > B3 m rﬁ@ %2@'{“@?&%’ 358k 66336),
1- Chl or o8erhfphibc &@Yﬁ-%t@ym&am I3t @ammGIAMRERS ARBle Pficey) sand Gefitinib
sol ution thy _ . .

1 bonzy 10E 0855, AR MRRIAGITE AG)TTH U, 2L e lioing aee sy 3 iceps

11. 5 nmodnd W'MN@Ocydo)splthp}ﬁfﬁJdeIMcym mlfbﬂa&smmh r &f busatfah, f @tprasulou and

Af t | th d t, 65C f . .
hour e ol YR s PR or bes e eTErer Bidetrorom Shflgipines

The I\/EOI—hndaﬁlct‘k@mmt&duneIhﬁc]Sdihg Chlv@smin€ - tHethyRhtRelarhie, Ciethyleadhoipheam@id,

with sat ur he aqueqQus portjon was separated and

extracte {eﬁetggé%\%ir(yf %Gnqn_t51methylomelam1ne acetogenins (especially bullatacin and
bullatacinone); a camptothecin (including the synthetic analog topotecan); bryostatin; callystatm,
CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogs); cryptophycins
(particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin (including the synthetic
analogs, KW-2189 and CB1-TM1); eleutherobin; pancratistatin; a sarcodictyin; spongistatin;
nitrogen mustards such as chlorambucil, chlornaphazine, chlorophosphamide, estramustine,
ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such as cérmustine,
chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine; antibiotics such as the
enediyne antibiotics (e.g., calicheamicin, especially calicheamicin gammall and calicheamicin
omegall (Angew Chem. Intl. Ed. Engl. (1994) 33:183-186); dynemicin, including dynemicin A;
bisphosphonates, such as clodronate; an esperamicin; as well as neocarzinostatin chromophore and
related chromoprotein enediyne antibiotic chromophores), aclacinomysins, actinomyciﬁ,
authramycin, azaserine, bleomycins, cactinomycin, carabicin, carminomycin, carzinophilin,

chromomycinis, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-0xo-L-norleucine,



WO 2008/ 006032PCT/ US2007/ 072876 87 The organi ¢ phase was conbi ned and
dried. The solvent was renoved to afford (3S, 4R)-net hyl 4-

(3, 4-dichl orophengl ‘)!pyrrol i di ne-3-carboxylate (3.1 g, 9803). &4.0\/5
(APCI +) [ MER2088/080082 - 2 25 nin.). [00324] Step 3: BodGRPHT{0ERS7
(3.0 g, 13.7 mol) was added to a sol ub8 on of (3S,4R)- net hyl

4- (3, 4-di chl orophenyl ) pyrrolidi ne-3-carboxylate (3.10 g, 11.3 muol)

in THFE (ABRIaMYCNE TE&oﬁﬂaid?ﬂ-)? MEphHdxortbigin/M epavidsorstolihé-E6koflbidi) O

t emperature overnight. The solvent was renpved and .the resjidue was .

subj ect PETIBPUMPrEtisin ad derxaparprubieinis irubiping eseathigiRt iAgFbigia e mategllomycin,
(8:1) topgbMeihsSsich R mhtdn@chi UWtopBedPht h¥ld lamycin, oli ‘ lomycin,
4-(3, 4- di chi gcrlophgnyl ) pyrr ol di %%-of?%- P car box alazﬂyg.m( E&%l%cgéﬁef omj'(cfn
[ M Boc+Hporfitfmygm, Reurorycly quelymycitherqd8@pitiv) - direptonigributsjreptgzogiay hipgpercidin,

119, o PR R BRI PO e LG RO 0% kol ol

stirred fiicacidmmilegspechaisuieaorfianin, Mmethoueate, pitopiexif, HEmetryxatea purird choglogscsuch

the m xturg., The solvent was renoved, .and t.he residue S subject.to
ot umm  cH SHEPRGH SRy SR e C T RERP A SRS PraBidt inhog S i Scidohe,
(3S, 4R) - dzaitigin,- BLHzauc)amR] bAMMOFud - cytarabine, dideoxyuridine, doxifluridine, enocitabine,
(3, 4-dichl oraophenyl ) pyrralidi ne-3-car bOXé| icacid (1.95.9). éCMS
(APCl +) ['S4Y8 @Mﬂd@sﬁsf}’cﬁs:cal@?ter?“f_f’rﬁf‘m[c@ B@S‘]@t‘%ﬁim’f?e’ B nesgegiifgiane,
0. 275 mMRhthla¥¥Bse; 36LaGkeLMDs Sich US RRMRDERRHhide Rhitdni® tdWskane; folic acid replenisher
4- (pi perazin-1-yl1)-6,7-di hydro-5H cycl opent af le)yrl mdine . ]
di hydr Ocmcbrapc@lwgoa%,acgglggge; rﬁ}ﬁpﬂ)yqsphamxde glycoside; aminolevulinic acid; eniluracil;
1- (tert - BHboee BERAMNER) bismirsne? siinG Lt TRRBRINE RULEQNdifL, BRzidudn! QRiihide;
acid (29.7 ng, 0.082 mmol), and ) o
0- ( 1H- Besllipiniyna 2edtatd;-ap19pofiilpheNenglucids galkimm mittate; dpdroxsiurea; lentinan; lonidainine;
hexaf | uo te 0,08 l). .in. { .
t enper at %gg&%%ﬁ@grsg%hu ?stl{nn)érg%inf U r8 ea%\s/\a}ar%%g%]f’rl{rglet%dgzgrn g;Z&ﬁ%){%)sm,tﬁﬂ F{og{agadn ol
wi t h Et Oitcgerinesieatbstaiin; ipheainet; girentbzin éaosaniatdCpRioadliia beid;ct-eblylhydrazide;

Concont BB P8, Hgsmer A Sao Situr] PR Py s rpoppe

el ut ed bphizaxif] Xikofirén; GhirGictAeniindichiexaie scid;6@iadiqiont 02,912V ari¢hi@otriethylamine;

tert-butyl. djchlorophenyl)-4-0, . - - o

-((R) - 5- ehafipeenss 7@3‘1%% ﬁz%ﬁqzley‘éqr@b@m Afafigiprd ARrmsRiging by elan, Yindesing:
- car bonydcdPyiked iadhdddrsilnes B1il8oM AL Qitdldctd; ﬁb&ﬁr&hﬁl;% cysRs! AAIGRINRIE S " Ara-
(34 ny, 88% . LCMS (APCI+) [M Boc+Hr 560,0; Ri: 3.59 nm_[00326] Step

5: A sol 4t svclephosrhamides (t PIEPa;f tagidss tcak-e S AL ® f(Packifapelp Jirjsiol-Myets Squibb
di chlor OQHE%M%) PAacBton, N.J.), ABRAXANE™ (Cremophor-free), albumin-engineered nanoparticle
-((R) -5-nethyl-6, 7-di ’hydro- 5H cycl opent a| 3] pyrim di n-4- % pi per azi ne-
4- car bofeyppstians | afdpaslitazel - Camdsionty | Rhameaatieny, Rartosy Hehehmodrg Hais)3and
m) was ?Hﬁé‘i‘ﬁkﬁ@ﬁdﬁxe@ ef;%aﬁé)-b 14 R e} %%g,”ﬁraﬂéegjhhﬁﬂr%m‘bu%ﬁi GERZAR®

The nixture was stirred at room tenperature overni e solvents
wer e r enfgemcitabine) dethgbaningi wercaptopurine; methotrexate; platinum analogs such as cisplatin

((3S,4R) - 4- (3.4-di.chl or enyppyrrolidin3d:-y1)(44(R)-5-nmethyl-6, 7-di hy.
it o- bt <5 Rty pFTRRGT SRR PRy RGN 3BT vhlh
di hydr ocRAVELBENIEZ® ((vinorelbine); novantrone; teniposide; edatrexate; daunomyein; aminopterin;
S s SRR B DL L Gk
SH- cycl ofigidrahethaynithingl MMAOY. RRINBRIE 3ddhis TetiOlRE 2 RINhath Ay dicABdcBdptMbe:

as a mxture of diastereoners (32 ng, 99% . [00327] IH NVMR ( CD30D) :
8. 58 ( 1H@ltg peidsandglerivagizesof py efjthe abow_ 7 55 (1H, ), 7.45-7.40 (1H,

s 007, (0 g Pt Tyt
((3S, 4R)agantg thatdt by wg@att ou whibg hemydne wytianaini taners Suoh ks eaitByrogensancselectye
7-di hyd r&fr?éé'n (%‘eYc(\é{)t%perqlto%];lglor%y r(gﬁ?{ﬂis)r,]- fln-cﬁlld?ng,i N&t aéyi:arxlﬁpl]é, y %%nn&Eer?ngﬁc?uding
NOLVADEX®; tamoxifen citrate), raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene,
keoxifene, LY117018, onapristone, and FARESTON® (toremifine citrate); (ii) aromatase



(1H, n), 4.20-3.57 (13H, m), 3.18-3.09 (1H, n), 3.00-2.92 (1H m,
2.81-2.75 (1H, n), 2.50-2.36 (1H, n), 1.91-1.81 (2H, m, 1.36 (3H

s), 1.34 (3H 24-1.15 (3H, m. LCVS: 460.1. Example 16

(R'S) - 4- an&ﬁ&p@d@ﬁﬂ%ahl oro- 3-fl uorophenyl) 4-meth_yl-1- (Pff([r}%wg’oﬁ@?%yl
-6, 7-di hydro- 5H

cycl onent al dl oYri m di n- 4-yf| pi perazi n- 1 yl i pent an- 1- one

i hy o o it har 052 Bl Uiz et GRRD N B strslen p?@cﬁaﬁoz, #5hd Advenal
r’r),734720 (2H, m, 4-50-4.45 (1H, m, 4.20-3.57

3 18-3.0 a%dfi_puclmas foy epgmple, g@)(@qaquﬁs argmgalutgthmd% i\pﬁ((iﬁfﬁli@gmsgystgolggetate)

(1H, m, Aﬂ{O%Aé{N&l(e&&k&stam Pf&erﬁﬁfoﬁéé's‘ta adiozd8, RRMBOR®: (v&vo%fe)lFEﬁIARA®
(3H, m. D 2008/ 00603 5P T8 504 072876 8 Exanpl e 17

NH2 ((:lggrqzole Novartls), and ARIMIDEX® (anastrozole; AstraZeneca); (iil) anti-androgens such as

4- am no- %Jﬁtdfel W@ Bg nl?‘éa%it?i'nﬁg t lm( roﬂd'e( Aa" tﬁ%(%eg i ‘Iish%gﬂ gs ZTOQAJ}XQEQ '(35 ll_|3—

cycl opent a Vri m Zin-"1- n-1-0
dl hydr Ocﬂlbmlaldeluclﬁmwﬂoﬁjﬁe ﬂnaklm ((vEﬁI&&ih) kindBe Whibfthis, (v )1p1d Kind&AnldBitord ki)

3 20! 3. ot pomeifts Bty e Shish ohli o Ripay o s sgpating

(1H, m, palhv%'s Imp@&ated lih al!i&r,anﬂceﬂ%rcﬂhf&&ldnﬁ kbch i, fod exdfhple, PRC(abitta, RJIf and H-

LCMB: 421%313:;]' '(visx r?b%rgeslssuc}g\lgg VEGF expression inhibitors (e.g., ANGIOZYME®) and HER2
expression inhibitors; (viii) vaccines such as gene therapy vaccines, for example, ALLOVECTIN®,
LEUVECTIN®, and VAXID®; PROLEUKIN® rIL-2; a topoisomerase 1 inhibitor such as
LURTOTECAN®; ABARELIX® rmRH; (ix) anti-angiogenic agents such as bevacizumab -
(AVASTIN®, Genentech); and (x) pharmaceutically acceptable salts, acids and derivatives of any
of the above,
[00224] Also included in the definition of "chemotherapeutic agent" are therapeutic
- antibodies such as alemtuzumab (Campath), bevacizumab (AVASTIN®, Genentech); cetuximab
(ERBITUX®, Imclone); panitumumab (VECTIBIX®, Amgen), rituximab (RITUXAN®,
Genentech/Biogen Idec), pertuzumab (OMNITARG®, 2C4, Genentech), trastuzumab
(HERCEPTIN®, Genentech), tositumomab (Bexxar, Corixia), and the antibody drug conjugate,
gemtuzumab ozogamicin (MYLOTARG®, Wyeth). ‘
[00225] Humanized monoclonal antibodies with therapeutic potential as chemotherapeutic
agents in combination with the PI3K inhibitors of the invention include: alemtuzumab, apolizumab,
aselizumab, atlizumab, bapineuzumab, bevacizumab, bivatuzumab mertansine, cantuzumab
mertansine, cedelizumab, certolizumab pegol, cidfusituzumab, cidtuzumab, daclizumab,
eculizumab, efalizumab, epratuzumab, erlizumab, felvizumab, fontolizumab, gemtuzumab.
ozogamicin, inotuzumab ozogamicin, ipilimumab, labetuzumab, lintuzumab, matuzumab,
mepolizumab, motavizumab, motovizumab, natalizumab, nimotuzumab, nolovizumab,
numavizumab, ocrelizumab, omalizumab, palivizumab, pascolizumab, pecfusituzumab,
pectuzumab, pertuzumab, pexelizumab, ralivizumab, ranibizumab, reslivizumab, reslizumab,
resyvizumab, rovelizumab, ruplizumab, sibrotuzumab, siplizumab, sontuzumab, tacatuzumab -
tefraxetan, tadocizumab, talizumab, tefibazumab, tocilizumab, toralizumab, trastuzumab,

tucotuzumab celmoleukin, tucusituzumab, umavizumab, urtoxazumab, and visilizumab.



ENN) Le)
(R S1-4-am no- 2- (4- bronopheny1l) - 1- (44(R)-5-net hyl - 6. 7-di hydr o- 5H- cycl
opent ardlpyrim din-4- yl)pinerazin-1-yl)butan-I-one dihydrochloride
[ 00331] 11-W0NMQ/OPMOD): 8.55 (1H, app d, J 3.5 Hz), 7.B3/yS2047/0¢7p876 J
8.3 and 3.6 Hz), 4.27-3.43'(14H, m, 3¢37-3.08 (1H, m, 3.00-2.81(3H,
n’),244230(2Hn’) 203197(1Hn’) 1.91-1.86 (1H, m,

G (

1. 20-1.1 . Exanple 19 H2N VO
2008/ 00603ZPC1 90 (R

SZ20 0
S) - 4- am [06226]( 4- mlﬁroombamyli))f fhe imietitjdrr rhay( Yed4ddm)iniStered tblg yaity Goute appropriate to

7-di hyd | tafdl pycini din-4: -1- tan-1-
G hydt ocHlE GETEST [OBS 5 ate o st ) v T e SrE s
(1.50g9, ihurbbudEuet, )intwa@lodg sRebNaf], iifralkimal, idrdfletaland esigabp draneiefial, rebiel,

solution was treated with KO Bu (85 ng, 0. 755 nnol ) .and allow?d to
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[00230] Pharmaceutical formulations of the compounds of the present invention may be

prepared for various routes and types of administration. For example, a compound of this
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2008/ 006032PCT1US20071072876 94 (12.9S)
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di hydr ochdledyGgsterhd (3¢ B akipM>lipdsthes, aldiRin HIG0HREES HRErbEMSTZIOhL! h@r?@&?iﬁ]es
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dinyrim ﬁl‘la?méccut\{da)'s%ﬁcﬁg'lﬁfhledﬁ@n %sélnﬂ hyd. 319809) RN ORAone"OREs small vesicle

di hydrochl oride 100347] LCME:
composed of various types of llpldS phosphohplds and/or surfactant which is useful for delivery of
a drug (such as a compound of Formula I or Ia and, optionally, an additional therapeutic agent) to a
mammal. The components of the liposome are commonly arranged in a bilayer formation, similar
to the lipid arrangement of biological membranes. |
[00232] Sustained-release preparations of compounds of this invention may be prepared.
Suitable examples of sustained-release preparations include semipermeable matrices of solid
hydrophobic polymers containing a compound of Formula I or Ia, which matrices are in the form
of shaped articles, e.g., films, or microcapsules. Examples of sustained-release matrices include
polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)),
“polylactides (U.S. Patent No. 3,773,919), copolymers of L-glutamic acid and gamma-ethyl-L-
glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers
such as the LUPRON DEPOT™ (injectable microspheres composed of lactic acid-glycolic acid
copolymer and leuprolide acetate) and poly~D~(—)-3;hydroxybutyric acid.
[00233] The pharmaceutical compositions of compounds of this invention may be in the
form of a sterile injectable preparation, such as a sterile injectable aqueous or oleaginous
suspension. This suspension may be formulated according to the known art using those suitable
dispersing or wetting agents and suspending agents which have been mentioned above. The sterile
injectable preparation may also be a sterile injectable solution or suspension in a non-toxic
parenterally acceptable diluent or solvent, such as a solution in 1,3-butanediol or prepared as a
lyophilized powder. Among the acceptable vehicles and solvents that may be employed are water,
Ringer's solution and isotonic sodium chioride solution. In addition, sterile fixed oils may
conventionally be employed as 2 solvent or suspending medium. For this purpose any bland fixed
oil may be employed including synthetic mono- or diglycerides. In addition, fatty acids such as
oleic acid may likewise be used in the preparation of injectables.
[00234] Formulations suitable for parenteral administration include aqueous and non-

aqueous sterile- injection solutions which may contain anti-oxidants, buffers, bacteriostats and
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(R S)-3-(isooropyl am no) - 2- (4- net hoxyohenyl) - 1- (44(12. 1- 5- net hyl - 6, 7-
di hydro-5H cycl opent ai dl pyri m di n-4-yl11pi perazin-1-yl)propan-1 -one
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di hydr ocelagipledes tdbRe348hiBhard A - s R4PAIMSE agBoud/\& oily suspensions, emulsions,
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(R S) - 3- fiereryfhle omdsrs 2or (sremulaso FopTe pry Pjxireh (o, (micab e (o) PXETHIE S HifEATS:

-5H Cycbﬁﬁféﬁsaﬁéﬂ BY Edgfgbﬁ' & ¥89!1c91§ ro@?;ds en%loﬁ?Pfo?’Q @finkeR by inhalation (for
di hydrochl ori de Kl 20) : H, d, J7°9 Hz),

7. 28- 7. 2¢appleqas mely dmdevl ;@@ydgxzq;q a hjmd 4erRgoly fggad(mmstgatlomby nnpuﬂbann Glgr
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J7. 2 Hz)[00234]9- 0. FiteBéiphdrmacedticallpa@eptittle Excipidizs) for 4 BMEL forhdilatn include, for
example, inert diluents such as lactose, sodium carbonate, calcium phosphate or calcium. carbonate,
granulating and disintegrating agents such as corn starch or algenic acid; binding agents such as
starch; lubricating agents such as magnesium stearate, stearic acid or tﬁlc; preservative agents such
as ethyl or propyl p-hydroxybenzoate, and anti-oxidants, such as ascorbic acid. Tablet formulations
may be uncoated or coated either to modify their disintegration and the subsequent absorption of
the active ingredient within the gastrointestinal tract, or to improve their stability and/or
appearance, in either case, using conventional coating agents and procedures well known in the art.
[00237] Compositions for oral use may be in the form of hard gelatin capsules in which the
active ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium
phosphate or kaolin, or as soft gelatin capsules in which the active ingredient is mixed with water
or an oil such as peanut oil, liquid par.aff'm, or olive oil.
[00238] Aqueous suspensions generally contain the active ingredient in finely powdered
form together with one or more suspending agents, such as sodium carboxymethylcellulose,
methylcellulose, hydroxypropylmethylcellulose, sodium alginate, polyvinyl-pyrrolidone, gum
tragacanth and gum acacia; dispersing or wetting agents such as lecithin or condensation products
of an alkylene oxide with fatty acids (for example polyoxethylene stearate), or condensation
products of ethylene oxide with long chain aliphatic alcohols, for example
heptadecacthyleneoxycetanol, or condensation products of ethylene oxide with partial esters
derived from fatty acids and a hexitol such as polyoxyethylene sorbitoel monooleate, or
condensation products of ethylene oxide with partial esters derived from fatty acids and hexitol
anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspensions may also
contain one or more preservatives (such as ethyl or propy! p-hydroxybenzoate, anti-oxidants (such
as ascorbic acid), coloring agents, flavoring agents, and/or sweetening agents (such as sucrose,

saccharine or aspartame).
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aci d (5.180344]63. 29%epicel| feymudasions, wkshtas crserns, @Inth aVG s¢laPT adpequyiopeibqfutions

242.0; Ry sus%)e&ld’ﬁ's,r]nay generally be obtained by formulating an active ingredient with a conventional,
. topically acceptable, vehicie or diluent using conventional procedures well known in the art.

{00245] Compositions for transdermal administration may be in the form of those

transdermal skin patches that are well known to those of ordinary skill in the art.
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it was dlluted with 2M Na2CO3 and extracted with The extracts
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flashed 291@ ﬁb%l@ﬁﬁs %zﬁcfeﬁﬁnts :hgg‘oﬂg-s&h Ls [BGV Edo Hléi‘@ﬂeQS tnﬂm@hé”e&: VDWE#h is
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sol i ds vistide oo digtributiony o linaludei & wontaingu byingu derositeat thgreinifienPharaaceutical
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vacuo to give
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53, 79% i B TR radnd e, I HRFAP iy R € o B e ofprevent
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[ 00359] LgBis, §rif R ARRERn33 HN

[00248] The invention further provides veterinary compositions comprising at least one

active ingredient as above defined together with a veterinary carrier therefore. Veterinary carriers
are materials useful for the purpose of administering the composition and may be solid, liquid or
gaseous materials which are otherwise inert or acceptable in the veterinary art and are compatible
with the active ingredient. These veterinary compositions may be administered parenterally, orally
or by any other desired route.

[00249] The amount of a compound of this invention that is combined with one or more
excipients to produce a single dosage form will necessarily vary depending upon the subject
treated, the severity of the disorder or condition, the rate of administration, the disposition of the
compound and the discretion of the prescribing physician. In one embodiment, a suitable amount

of a compound of this invention is administered to a mammal in need thereof. Administration in



(R ' S)-2-(4-bronorthenyl)-3-(isoprotw am no) - 1-(44R)-5-net hyl -6, 7-di hy
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(S)-3-am no-2-(4-chl oronhenyl)-1-(4-((R)-5-nmethvl-6 )

7- di hydr Be58 Sykady esighd gt g9%-i A8 @neiber-embodiment, administration occurs in an amount
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gel, which was partitioned between half-saturated NHACl sol ution and

et her. Th®s &8s 158 phish issaecifisptly msomerstsd hereimdyreiysdeso7/ 072876 100

extract edRONAES G ANGEAFGagE CS were conbi ned. The organic portion
was washed wi th water, then brine, separated, dried over Na2SO4,

filteredl®3 condermnetierdmpedimantuef thelintenivR sruprislet of mapufdeerer exl "kit",
near - pur >909 - - di net y, :

(4 81", “IGHINE abRil slifir e R P BEMERRIIELBRE IR W RRAICE TRLfe
puri fi ca¢miodim¢n@ OB Rit Sompri@s a container comprising a compound of this invention. Suitabie

(R -4-Be 1-3-(2-(4-.chl oroph acet ypoxazol .l din-2-aone (3. 00 9.1
ol ) veoniiel e R PR RO il BR RO Pacie R Ak Ppiafterma be
sol ut i onfoafiedlirdil 4 viricty éf materialslsuéh 89Ms}) ovplastiad FRelcdninel mag Abld aicompound of

followed,by. DIEA (1.66 , 9.55 . tqQ afford a dark rple

reacti onﬁhﬁsﬁp?“mérﬁ g‘??'@%‘“%‘i‘“ﬁ%ﬁ%f %%F“an'gr treroRe %r"f’g‘ﬁﬂ‘?‘%“d?}%—have a

di met hoxytkae gack4spokt X yimiplty th: CastHIAERaE S te3n AradenotPsoRtidHBA or%&a]f{ﬁﬁ'ﬂﬁiéja
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dropwi se as a .solution in DCM (10 nlL). The reaction was all owed
stir forSfarpeRpiprgeadle by hypedermig ppieqtinmpeedle)-oned to warmto -18Cin a

brine-i cpobsiih formgng Igﬂjfuathglﬂé;?%tp i?@&tldbgpor‘r’]%gk%l: QR dntdR AVRETS Wi ie

to OC over a 2.5 hour perio en quenc th the addition of

sat ur at eepnigiecl Thel temi GpackaseOinsert) .is Teed tfoargfer do vmstractivep gustarsatily dnsthdeddn
organic i \Q@% exle . Q i DM T in r.0.ani
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(ot o 1 o Pt (0 bt defbofiment) F 1] 25 [PatiedS Tl indiGhed heY fhe' BrnBfiSh
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DCM ( 10. 89232] and Inesriain qgwdiments, the kits Eritable dor)thedelivens p8selid oral forms of a

t enper at ound ¥ tlﬁ?ln%rit@ﬂ, RS il gld%aﬁguﬁég @E%? éslgllgiﬁgefglg?lg?mcf@l?dew ?Llllr)cl)bnel' of

and the reaction was allowed to stir r one t'o a reac
conpl et iwwt dngagkb.C Sapkl kitCoBr anvhidy i sard Tilmeng éwmcddsages weisntetl fnuthe cordeirtdf their

DCM and . wi,ce_w t.h at ur a, Na |ution. T or gani
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chromat Ocﬁgi?e%pyi n(nesrrllclr;f %%I 951' beellar%%i%gd,v}dog Qxa?rip}e ﬂlet)}(]gr}gr?ﬂ 8} Qlyrxlabe?s? ?étt%gs?)or tot er

markings or with a calendar insert, designating the days in the treatment schedule in which the

dosages can be administered.



WD 2008/ 006032PCT/ US2007/ 072876 101 I M Na2S03 (7 nmL) was added to the
m xture. The mi xture was stirred for 5 mnutes and then warned to
roomtenperature while being stirred for 20 m nutes. The reaction

m xt ure waWot2B8P0¢d3ansferred to a separatory funnel an®CRASAYIOWSTH
ether (3 X). The aqueous |ayer was acigified with KHSO4(s), and the
m xture was extracted with DCM (2 X) The conbi ned extracts were

dried ( fi t
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i sol at ed t

pr esaur et e Eoh o e e sRBRHE hllding SR BT Bl TRER Deedtes
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() o S8 USRI Nh R ARG B B PIOMBp B Ry o
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m xture §mqhy,égdeggierggdftp vvgt ertﬁnﬂH\ggz?egi W|Tthh et hter (2 X). TPe o
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wi t h DCMO025 t he I owitshinedhes embadimentwevherad ithsokif MamBEey 2 fanpoeitien of this
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The conblitriien ekihe diddugksompanengse! thegombiations fgsispdly theyprgsoribing physician.
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WD 2008/ 7 0
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g, 0.086HitAMp Hr frﬁatwméﬁerderlorz dﬁf_z)se rnw)@tqdeh:ct%dﬂww dP eetfia egrthomrr@at
at room { e laUicBordY, aﬂﬁﬂgﬁtlcﬁll&nnﬁbﬁfl&) ’th@-f(ft qﬁrtﬁ@t“c@rﬁ IliSrSS ‘ﬂ@§uct10ns for the

concentrated and drie gh vacuum |1 ne. he resul ]ta resi due was
simultaneous, sequentlal or separate administration of said first and second pharmaceutical

compositions to a patient in need thereof. . In certain embodiments, said first and second



cycl oDent al dl pyri m di n-4-y1) pi perazi n-1-yl) pronan-1 -one

di hydrochl oride [00369] LCMS: 456.2. WO 2008/ 006032PCT1US2007/ 072876
103 Exanple 36 EN) ar:|

(R S) - 2- (4¥ORNS0Bhenv]) - 34( 8)-3-fI uoropyrrol i di n-1 - vPLTASPO0ZET2RG6. 5-
met hy1- 6, 7-di hydro- 5H

cycl opent a[ d] pyri m di n- 4- yDpi ner azi n-| -yI | propand -one

di hvdroc récg&

(S)-244- % OF On}%{rﬁlﬁzg th%oﬁt;gm}ggl u%?gmﬁga"ﬁer% N othgr em]aqdhme ts, saécll_ljfhgt

ycl opent afldbaud phamlamﬂeal mmp:lomamammeonthmey ir»thesa(me ooyl am i n
??Q? ' ? g?? [OB%%Q}Cme a4 tl Y40 Qlcglgéociggs{]gfco}; 1;Ieop Ia are prnmarﬁ’y of vallue asqgerapcut:c

cycl openggahid ltgviisk fiil ﬂiaﬂmﬁisy el pRy A% neful “aaa;reb@fxw lisadequifed. 1O cntroB AKAL protein
mrol) in 20 nmL CHCL3 under nitrogen was added in sever al

soli d 775mas8s tyropippkinases, giditignal sergs/thraenine kimages, s dnelAPse i&f&i‘@aﬁ)‘a&s““s
stirred 40 gt QsRESs phiRh IR el AL ﬁmﬁnﬁlmerd%vel@}mnﬁ&ﬂnew%wgmtégm and

The reaction mxture was cool ed back 0 C and nore 77% nmax. nCPBA
(0.4 equm\ihe)Semlsfmd%dhamaq@@g!mbﬁgsnts The reaction mixture was war ned

to r oom ﬁﬁ%r at Uhe %cr:]t(iivigrtolf Qﬁcec%m%g %thlé mt}gn"l!iroﬁ ma@’fl}eearssaw ﬁap AﬁT protein

kinases, tyrosine kinases, additional serine/threonine kinases, and/or dual specificity kmases in
vitro, in vivo, or in a cell line. In vitro assays include assays that determine inhibition of the kinase
activity. Alternate in vitro assays quantitate the ability of the inhibitor to bind to kinases and may
be measured either by radiolabelling thé inhibitor prior to binding, isolating the inhibitor/kinase
complex and determining the amount of radiolabel bound, or by running a competition experiment
where new inhibitors are incubated with known radicligands. These and other useful in vitro and
cell culture assays are well known to those of skill in the art.

[00260] Although the invention has been described and illustrated with a certain degree of
particularity, it is understood that the present disclosure has been made only by way of example,
and that numerous changes in the combination and arrangement of parts can be resorted to by those

skilled in the art without departing from the spirit and scope of the invention, as hereinafter

claimed.
BIOLOGICAL EXAMPLES
AKT-1 Kinase Assay
[00261] The activity of the compounds described in the present invention may be

determined by the following kinase assay, which measures the phosphorylation of a fluorescently-
labeled peptide by full-length human recombinant active AKT-1 by fluorescent polarization using a
commercially available IMAP kit.

[00262] The assay materials are obtained from an IMAP AKT Assay Bulk Kit, product
#R8059, from Molecular Devices, Sunnyvale, CA. The kit materials include an IMAP Reaction
Buffer (5x). The diluted 1x IMAP Reaction Buffer contained 10 mM Tris-HCI, pH 7.2, 10 mM
MgCl, 0.1% BSA, 0.05% NaN;. DTT is routinely added to a final concentration of 1 mM
‘ifnmediately prior to use. Also included is IMAP Binding Buffer (5x), and IMAP Binding Reagent.
The Binding Solution is prepared as a 1:400 dilution of IMAP Binding Reagent into 1x IMAP
Binding Buffer.



was cooled to 0 C. A solution of Na2S203 (0.993 g, 6.28 mvol) in 6 nL
1120 was added slowy by addition funnel, and then a solution of
Na7CO3 (0.999 g, 9.42 mol) in 8 nL 1120 was added slowy by addition
funnel . TH¥O2eWEPEBN m xture was stirred 30 m nutes, tREABSRF/ATEE
with 3 x 100 nL CHC13. The conbi ned exdaacts were dried (Na2SO4),
filtered through Celite, and then concentrated in vacuo to give
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y1l- 1- oxi pr'perazi ne- -car ate as a
i mredi at GRPRVESFAGE. A&%&k&@&&b@@ﬁﬂ&&?ﬁﬁdﬁﬂﬁﬁfﬂmﬂ?ﬁeﬁﬁﬁ Buffer.
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90 C and stirred 2 hours. The reaction xture was then cooled to
r oom t enpefuag. ufhs assapplatedigeBackard draxaPlatehyd¥4 e was renoved in vacuo,

dth ti Ll .
atirrod WERAY; on e ARFL AT eégwg’a%cﬁﬁ‘%@ RQUh LY AR L o s
W th 2 xacfiGedditiKDK 1 addMAR&ineethi ned extracts were dried (Na2SO4),
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4- (7-acel y I@ex’f’@t f]b(]]; a u%tsdémug&ﬂnlgblﬁhds in DMSO are transfetred to a Costar 3657 plate
cycl openta yrimd %f razi ne- 1- car boxyl ate (1.16 g,

mol ) i rpom@mmg SmrL\nﬁéO éd@éd\ in| ixGNIA®D Reaetinp. Bufferzepnipiring lafﬁ‘d I%Tl?TLAﬁer
H20. The Q&tﬁ&ﬂﬁ%gﬂ WSt nsfeﬁgd bla PrORABlatAREE ALHE for 15

hour s, aPte the mxture was extracted with
3 x 75 rfﬂOEﬂQ)Ac ’Ifheassqmbnmmlecﬂ)yttheamdmomf 2.5l adidudtNaf280HYipn Eantaing2q0

(Bi of age ep pereR R pep e, SpMTe 5 ePeh g bt Pltd Bteiaes pr

20: 1 DC'%%@HtUQO(gIgVﬁld(R)ubhﬁd tfol0B0 Winute at ambient temperature. The reaction is then

4- 7hdro --rret iLh | opent a d i m.din-4-
21 e 1) PR Padts E@élt@s@fg @40%‘3}5'9@%%8 iphigg, < Erutlotd i bl 1S
di ast er %mbﬁms rAinteO M e BN enorMEGlidy) to Feing3n § MictorJ1420 Multilabel HTS

[00373] Step 3: To a -78 C solution of oxalyl chloride (0.203 nL, 2.33
mol ) i rp%teﬁﬁonﬁenﬁ@@sm@@ﬂéﬂ“@?‘@%@é]ab?tlg‘}fr| nge a sol ution of DVBO

0. 330 66 Tihgssr .
(2570 lbazdhy 02 TRk LohBhudar b Bies T PR QR ) S ¥y 8id Rt

met hy1- Glavemmmhfcbessﬁacil@hlﬂpent a[ d] pyri m di n- 4- yQpi per azi ne- 1- car boxy
| ate (0.556 g, 1.66 nmol) mW@ qasslovvly by syri nge.

The reaction m xture was stirred another our at -78 C, after which
neat TEA0(026909 nl]n dkd&lto iliosiryte W&Sn&ﬂﬂ@ﬁ the Thowisgedaimpies ateihclndedwiowever,

t hen al l.owed, to war O roomte atu stirred 3 tes, and

1420 wast amﬂmd‘fﬁ%@%&t%w SR s dongt ki g Ygniona @ferfnﬁ' nt 10 Heqes
conmbi nedn&xdd € rﬁctmrgahglmveﬂ;oﬁNer%&@ﬂa skifiddl thah€dst val ded@mige fHat ﬂieamlemmal
vacuo. The crude was purified on silica gel (Biotage 40M: the g ?the

was f | usheHows descrihed may3be readily adaptsd\foppropase 2t pHEHPC Péd’F}@ht"OIPBO“I‘

DCM ~ Et qe@enﬁ&] ghy Qte(ﬂg}wé ﬁé&b&étfw reparing the compounds of this invention are deemed to be
4-(5-nethyl-7- "0X0- 6, /- di hydr o-5 I—Ecyc | 'opent a[ d] pyri m di n-4-yDpi perazin

e- 1- car broshjn ficescors afitisginvention o Fpi exampleasheasspthesin of oarrexeumlifisbeymyounds

ey o
19 6 1.skilleiz ,in fHd)art, . gﬁﬂ)y(a)pro@hbtﬁly]prﬁécti@g Jintdrferig @rowps, W1ulizing other suitable

[ng)ﬁt? fl!)%c%e# Reac ? rthlilsg']1 H’I,gg tf?osg %és%bgil gx?&lércbyblgglgnllge )outme mBdifications of

reaction cond:tlons Altematlvely, other reactions disclosed herein or known in the art will be

recognized as having applicability for preparing other compounds of the invention.



but oxycar bonyKi sopr opyl ) am no) - 2- (4- chl or ophenyl ) propanoi ¢ acid
(0.016 g, 0.046 nmol ), and DL1EA (0.024 m, 0.14 mmol) in 1.7 nL DCM
was added HBTU (0.017 g, 0.046 mmol). The reaction m xture was
stirred 15WAGUBAH603T t er whi ch 2M Na2CO8 was added. The PETREBSEHSREY
extracted with DCM and the conbined egtracts were dried (Na2504),
filtered, and concentrated in vacuo. The crude was purified on silica
gel (Bi ofpagey)1295) IFPYhefe'xélﬁ%zJ &éé&@e@geixwtﬂle%?&ﬂfrwis%%dﬁate% alh té}]gt/}aﬁﬁes are set
then gradient to 1: to give tert-
(S) - 2- ( 4focth| ip deghesnyelyiu - ReegeRy -w?;e?purchased from commercial suppliers such as Aldrich
d|fluoro aylr o5 ¥

C en%:al rBlojmdjgﬂ'l (]:“jasrl S%S?edpy ¢ar ad]%%? %hd%ﬁrg JSMT%@ ’l)(}%% Qggﬁ%%n
Whl te f Oaﬂ‘h:ss Nﬂie(“ﬁmhc)idateﬂ ZTebdig dfd¥tirkis (TI-[PQ,OB&ﬂc]rﬁihethanE (D'CM)atohleild,lhlldﬂlonﬁe

tert-but S ph R) -7, 7-di.fl uoro-5-

ot hy - e i ek MR SE A pefid b heenisitivay perazin- 1y1)- 3
OXOopr opy[ed2FOPT OPYithkGrddAshRse? fékth BAiw dverd dohdldentmamy )unéidi! itk pressure of
di oxane was added 4M HC / di oxane (0.545 ni, 2718 ol Tﬂe reaction
M xt ur e WNEGEeBLqraFgos CAWithob Arvingriske Ginlsseothesiviss ghptedy in WY%PSCWI‘F’P‘SMH@ the
concentr 4 4hd
e " SRR RSB R A2 R R Ll o
et her. Thesyrelsell (ﬁiaﬁﬁgia@ovasmem\dﬂeé an@mil‘a@fshheby filtration through O. 2
gm nyl .On[Of()th ﬁﬁ\rﬂ\é&ls%gctrgl\éegé) Sadd &OVidan 1nstrumgr(£{ opeIIa!q ngedtQ% bﬂ-ﬁde-

dried in vac o to gi'v
(S)-2-(4NsiR Qj’eafﬂﬂmldbtalneﬁ%(@)eﬂ IR, | mOr @ &-DBOysolufipns- @édoytelt Or Brind),

ycl opent aj, L.h-4-vyl) pi peraz Y 0) pr opa

Y Shed ny R BgRs &b bR rreadns raved (CHEvs Yompt FBRIErS HghRb.0:
(APCl +) 40T pphd 8 IDWESD: 2. 40 bW Rs (h2RerdncSstaflard\@Vhen peak multiplicities are reported, .
2008/ 006032PCT/ uUs2007/ 072876 106 (s, 114), 7.32 (d, J= 8.4 H% 2.I9—pf
7.18 (d, thg o@ovg{mgzabblgwﬁtlo% arg 1(s6¢é{ s ismge "d 5(d@ulq].ﬁ) tlmlpleg gy (gukiplet), br
(in, 2H) roadeted nsﬂah’f)&when iven, are
(in, 2 gy )'Sd@{i{o[lble R S%blg’t%)]lgtl(glﬂ%ietdﬁr%?etsg céu(p&ngdéo .18 fdd

J= 6.4, WPWeldIZ“H@H(HZD 98 (d, J' 7.0 Hz, 3H). Exanple 38 1"--r" N
Nrcj (S)-2-(4-chloro-3- quororthenv;%Eé-&q45R

7S) - 7- hydr oxv- 5- net hy1- 6, 7- di hydr o-

cycl opent ardl ovri ni di n-4-y1M per azi n- 1-yI1- 3- (t et r ahydr o- 2H pyr an- 4-v
| am no) nonan-1| - one [00378] Step 1. ELMI pul egenate (130 g, 662
mmol) in Et0Ac (900 nlL) was cool ed . J8C using a dry

i ce-i sopropanol- bath. This m xture Jubj ected to ozonolysis until
the reaction turned purple in coFdr: Ié;tls poi nt, ozone generation
ceased, and the reaction was renoved f tdmer dry-ice bath. Oxygen
was bubbl ed through the reaction unti lhe reaction turned yell ow.

The reaction was concentrated under 43‘“ and the resulting residue
was di ssolved in glacial acetic acid (400 nL). The sol ution was

cool ed to 0C ang(Z@m%ﬁﬁen@ﬁ% oL L MRk Addat) BoLklAppe_over
30 minutes. The teac was_tnen dl omeu rO Sti or nours,” at

whi ch poi nt the avelapd & y\\giperfizi ' h :

to renov Zln : ace IaCI WwWas n tO a of
with aqu@%ﬁNaOd—éﬁ‘Fd- I\Bq—@g)& d’???’%d]gﬂcdwﬁe aﬁ'&%{ ﬁér(%(gul% §66%|3L2 0’s
The conh'?gnerj Qﬂﬂ&ﬂhgﬂaﬂﬁoiﬁ (x5 g}jaﬁ’d ﬁ]}‘hy&bh{letherl\@@@:)ﬁ]lé}lﬂ'(ﬂh&&ﬁﬁﬁjﬂtxfgﬂfu&dwas
to give met - 5- oxoc cl opent ar boxyl at e a. br gwn

i quid (Cfegddvlﬁlgsﬁr)eath F‘B’GQ’?‘@PE&%E OPTompphen- ‘%rﬁ“;c(ég fﬁopwwe over
3113. 9 MPhinuie STh Gl @klrel WasaiteRldUhi Qé}eﬁaﬁy ﬁcﬁ)cd&im(dmt (21%, 412 mL, 111 mmol in
2- met hyl - 5- oxocycl opent anecar boxyl ate ( %@'622

mol
(1.2L). aHee-eqokdibatnThe mixtire wansired natrrloera twper FOvEnigkiaag § Lhe)e ldn‘tférA’ HC
nitr Ogenanfd_%'b() 2. SR wefd 4dakd. Wk %tiue'ohs Se &%’@g%t@d Asth bmdg%g{ 6 rEfLL)Crhe

and HPLC. The reaction mxture wa centrate to renove
combined organic phase was washed with water, dried and concentrated. The residue was added to

a warmed solution of semicarbazide hydrochloride (37.5 g) and NaOAc (37.5 g) in water (300 mL),

and then boiling ethanol (300 mL) was added to give a clear solution. The mixture was refluxed for



to a OC sol ution of

(R) -5-net hyl -6, 7-di hydr o- 5H-cycl opent a[ d] pyri m di n-4-ol (152.2 g,

1013 mmol ) in DCE (1.2L). After addition was conplete, the reaction

m xt ure WaSORRMBHEHW32 0 room tenperature and then heat ed PCE/USEF7/Q32876
whil e being stirred at reflux for 70 nyhutes, after which the
reaction was conplete by HPLC. The reaction m xture was cooled to
room t enpenabirAd eAcktikbe P XRRSRmBAE YRFigH SRENSHnird whs aeataa R 1 L of

The reaction m xture was transfer to a separ at or f unnel
dri pped Wa\tt:balai B ks ofcsherailhé agueuephasel “@ate&tr@teédwmpmm(%él-’@@ ingle}. The

cool ed | gb gaplﬁ ﬁase%%%a%}be% Vﬁgl %t«l-:e r, i e(%lf 8%8 ehddd. ?Hef- Icégldﬁm?s &ungsd

reaction ure ure is stirred
m nut es b30 vemmr dlsnldxmoh e(t733-76e°$1 au@t& o1m (Hg) Ftﬁrgxﬁe [(2R )eathytl R-tnehplsT-Gropamg-

Separ ar o YRR R bl A Bt BRI MLV E AP d ity 3t @
were dripd 16Na2 S@H), 2.63 ?1?160“5-‘{@S 2309 1(7((91091‘—1? ,r12d86@h, 1HNE1.74 Gelelyas.23 (m 6H),

purified on silica gel 1 kg silica gel s urried in 9:1 hex: et hyl
acetate b O®ML fitted funnel, silica settled under vacuum topped

ool S o SRSt . b SRS i ot

bypr oduct.-£22engl) édl efhiyt axtetatet (186 n{lR) wag-cobled to-68 °C with dry 1cehsopropan01 Ozonized

ggt lebrg e dl (1}3Y7d 3(rﬂ|1 2?9;)/ ar%%ﬁgbq (g%dcbg l{erglglg; tjor fol fo %?1‘18%1'5% r%ac %ll?g(ltlﬁflb %s

pi per azi ﬂmhéd ©dth hiitxygentae rgad tﬁnjg:ratﬂrS Tuntiindie) colee rdisapptded. The athybhmttaitqmas

O e e HE ! kB e e R S P L b el e

refl ux unger TRed 8DGRA 2z boSiler wae a03ar Thdfllut{oh Ava3GLifréd for BOanih&aE ridoien
m xture s concentrat ed on_a rotavap. The resulti IQ% oi |

di ssol v ofl. Beg/Alugigskas Peyiraligedyh 23 Nagi! (1Nd2ged N qi*’t'gle\f\e?gge"&ﬁﬂhase was

concentr é&r@&ed Whe et'hé‘xs(g LoD Ghrlyr 'm’@'brgdnlic phfase Wid rcbrilblﬁéid sl Withava88) dried and
eluting first with 2:1 hexanes:ethyl acetate until product el ut i n

cl eanl y, conprafraigd e pierd (AR)iethyd 21m§hﬂdwmmpen%°arboxylate 20 g, 96%). *

Yk T RO R T

car boxyl @, dHQ4233C(n193Hﬂ42192ﬁ1y3}é)l d) as a beige povvder LC M5 ( APCI +)

nmmzal f " @m%%c;ed p 5Dy ]S 8 t% 558%'“?055?/‘.’ gﬁf)l(’B‘r‘“r%R) ét eég) 555?9' Hetny-S-

4- (5- Wet&m&yc%pzntmehmdmﬂaﬁfzo h DRe Al ycHng Yiiburk0012- ¢-19@PinpedTRiA diteholqago
boxyl at e g 1;5‘2%’ n CHCI 3 (310 nL)TB The reaction m xture
was stirf hwwﬂ @WH&% 28 c?l?fﬁ@lhlww%eo G- e mixterpes mlgred fmwm

stirringaf@coSfhgMhBYdI8sht vdﬂeﬁ%olvapé‘rﬁC{he%cﬁmLea&asa{eL@aﬁlde with 8dffcentrhiR@ HCI (12
reaction m xturé was cooled to mmol ) and

nCPBA (omb) ﬁé&um#éhﬂ’ﬂm%&démﬁda@u (ﬁe; 1t59|e11r eﬁmspgﬁntmamﬂ%’e @mdth? fesidue
was stir i I ).
00 and SeaEy o e fd SusBlRpng b REh 1B a G0 9 K (152
added drogwipeSmethyttai7 tdikydro ﬁiIOPemaEﬂd;iyumldmr%ﬂ (N C6B)- (M3 (AP IS
mml ) in,H20 (70 nm.) was added by addition funnel (mxture turns

honogeneous). The reaction m xture was stirred for 30 m nutes, and
t he m xt@oz76)as estdpact acned'[wi th Glpbmidn3 & 160-2Hnprcapths-mwalmdiclfedihydro-5H-

extracts r ried , filtere ,_a,d, ncentrated to give, the
N oxi de. YEEPY ?ﬁlﬂﬂ@& PEp s, 85 Fimgh i oeied] e UB0 TApDay sdes Ragey
816 mol Nickag1Refad Nmam@zd\mwm xﬂh&@m whseRflixel 3dr P hélrs Bén 811tsm>l and the

The reactl on mi xture was heated under nitrogen in a 90C sand bath and
stirred Fgrte 100 iontneed TiRe afferdc (Rohmathyk &/ 7-dibygre- Sébw@aerttﬁdlpwmdm-‘* -0l

tenper atgrge, o35 Mg@m@g@. 13nhydride was renoved by rotary

evaporation. Thé resulting was di ssolved in DCM whi ch was then
[00277] Step _5: A mlxture of (R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ol
(5.8 g, 38.62 mmol) in POCl; (20 mL) was refluxed for 5 minutes. Excess POCl; was removed

under vacuum and the residue was dissolved in DCM (50 mL). The mixture was then added to



yl ) pi perazi ne- 1-carboxyl ate and a few m xed fractions. Then
tert-butyl 44(5R 7S)-5-nmethyl-7-(4-

ni tr obenzoyl ox - di hydro-5H cycl opent a[ d] pyri m di n-4- erazin
e-1-car box%’ @‘ng el uted using 1:2 hexanes: et hyl ‘acet® &Téus)zé)q:@nsm
fractions with product were concentrat® by rotary evaporatl on to
give tert-butyl

4- (( 5Rd I$AhrdiedHANGDs 200 4ol THedgemephasx 2%13 ngtEieidd Igztﬁ ?;31\‘5}(&')((100 e} afddthe
rim |n-- i perazi ne te | e
Sé | ow % %IE%IC( S +\)'erﬁ?]£1 ti mntﬁﬂte_gl T%Hr M%@ﬁ&ﬁgwa gel

singl e dipShRERPNR! Jelutihpewltk agh{10AStatd 1B gﬁ@e(R)dlLﬁaﬁr@JSQﬁHil@ll-$ MNéFyRIro-5H-
concentrated by rotary evaporation to give tert-butyl 445R 7S)-5-

met hy1- 7cyel¢pwq[d]@m@w|(bk§gr@%a di Nt tclmla ép@w&@@t%ﬁlc@ oDi G- 14D

VoIV C ot 05 180 A T 2 coBabp Qm e Eefo0° 6 205", oo,

mrol ) wa@0278jed t Gtep 0G:sofTat i @an Qfoldnelit bfit y{R)-4- chloro-S-methyl—G 7-dihydro-5H-

44(5R, 7TR) - 5-nmet hy1l-7-(4-ni tr enzo 7-di h - -cycl open d
o T avraey b rkiotes (s e SASPEEN i NP (b i) Y %6 Mg ppeRRRa e &
THF: H20 A #0mio)). Tﬂ-é'\ﬁhud’tﬂa%k Stfftrdd af t e ecwaanagﬁtrmao@hﬁgmm tBRapenas diled
and stirred far hour. The THF was renoved rotary evaporatio

OnG Sat Uit et st O Aerirhed R RESEE () QB o kbs SratriA g Hesdbieg pnd

acetate. coI%trﬁt@&mjfh@Qé&]ﬁé”ﬁ%ﬁﬁﬁéﬂ%ﬁlﬂ@%@ﬁ&ﬂﬂl&&rﬁﬁ& Wiain@ dvitNedigPacetake to
X), dried (Na2SO4), tered

concent raffoedit o@?\)vfétf'éﬂwl b u143{5'M(@R@?FQ}I‘-WOI%PWEE‘I&HWHV‘ld“B‘WDHEPPF%P%I -

200, 0o v RPRF R4 8¢ L Rel M RKIR R A A SEIORIHR s (o 2. Y0540

tert - but, 7H),284 (m 2H) 2.30 (m, 1H), 1.67 (m, 1H), 149 (m, 9H), 1.18 (d, J = 6.8 Hz, 3H). MS

445R 78)(‘}%-&1 nmet hy1- 6, 7- di hydr o- 5Hcyc| opent a[ d] pyri m di n- 4-yl
AR

) pi per az t at e was prepared using a anal ogous et hod.
[ 00389] S cter tSﬁU_Wyl A4RRcrRutyl - hxsi&mhyr 6,7y i 51 B cyiopehiy[d]pgriftdin-4-

cycl opental d rimdin-4- i perazi ne carboxylate (1.1
R I AN AL IR |

The sol ufdugn WeS fbeat edmyisth L(piptradihQ -1i-6,7 kéhyBR -sABYclo dflykifidaet
at -20C for 1 houé The (rﬂgdact‘latgjﬁl}‘sfvvasp%r uencﬂj- Wi tyh ice gngg(g}ﬁte]rilﬁ”

war ned t@halmshlopde (W?%\@h%(l*?%)%ﬂr@%vas diluted with saturated
NH4Cl a ar at r edoyv b

chl ori dgﬁ?m %Me cgﬂgf%%ﬂ%?@%ngﬁ&a% - Fe%oover 1@?&&9%3 2
concent rsatutidn ﬁroTHF s Imlc)mb a sifning salifionefS-PONHo (60 an,r ’a@hmmOdjnn SHFA10 mL).
( Bi ot age,40S, ..l oad th hyl ene chl orj de thn

VoOn DevTErEIF T g5 T TR o1 e ep S et oo gt ek Ty s
and t he Timt esivelt was régovelr omdet ogﬂmmeﬁe@meStcozgn(eBmmmga -(4AfBlorophenyl)-3-

2008/ 006032PCT/ US2007/ 0728 ad, wit el.ut ed, with
2 hoxandrroRUem AR ROl o (ar byt sl P Kb o g Wik Wab e
gi vet er tdifulvi¥d HADSR, (T5MLY af lobRténferdtEe e Qo&m@mdﬁmﬁfﬂ%ﬂwb apeaidad o

rimdin-4- i perazi ne-1-carboxylate (0.725 19 LCVS ( ARPCI +
]rrfél 337.the piimipg %Rg vig pipetigifellowed by aycatalytlc amount of gMAP ({omg) The réactlon wz)as

[ 00390] ShipRidid &k Tové?Hn%b{t' 1B 4bmfledod) by LEMIQNE T@C%&@M&oﬁmz nﬁktbaéd rl% §$1lunon

cycl opent a[ d] pyri m di n-4-yDpl per aZi ne- 1- car boxyl ate (0.7 g,
mol ) vva\ga5d|cglyontrﬁé@ iim dicerx dneaffad nm)athath mbwwgbw(lswrwlhmmwéf

HCl in 3 e,

Gk fEL ﬁﬁ LAY 658 Rt:TH$3
reacti ogdh?n&§ g?jgﬂj Was & Iaos\/\%d01 orewa‘l r%’?en?1 terrpe ture’and min)
stirred Wigich ¥6s tce:hsselvedAmvTIHE €12¢r mc) md \aata ma?dnhbrﬁscbpacﬂtte@pluamms Beated

' weor VR ERETRGT B 208 a0 598 SR oSt i Y AET e BB RES

(about Zanklysid Mhe selotoradaedilikdopith $Qtet @ndiwashed lith digthyl rdtheg (dﬂ;cas:lled) The
containing ether, (80 nL }51 WnH(t:e solid S fltltbred u
aquieous portion was treated wit 1 solution until a pH of about 2 to a out 3 ahd extracted

with ethyl acetate several times. The organics were combined, washed with brine, separated, dried

over MgSOy, filtered, and concentrated in vacuo to afford 3-(tert-butoxycarbonyl(isopropyl)amino)-



112 cycl opent a[ d] pyri m di n-4-yDpi perazin-1 -yl)propan-1-one

di hydrochl oride (0.224 g, 0.442 mol, 89.7 %yield) as a pale yellow
powder. LC/MsS (APClI+) mlz 434 [M+H]. [00393] Step 16: NaBH( OAc) 3
(0.03764 gwoaimmpe3?mol ) was added to a slightly cl oudyCT/US2007/072876
sol utionof (S) - 3-am no-2-(4-chl oro-3-fl gprophenyl)-1-(44(5R, 7S)-7-hydr
oxy-5-nmet hyl-6, 7-

i hycr oc AP PG BROP RN GO R 4 TR m@?i@é o5k EEMER B B gery”
(0 1093 p42.0.1. 184 mmmol ), and DI\/A(O 06186 , 0.3551 mml ) in DCE (1
0.4 nL). After 1 hour another 3 equival ents of

d DI
di hygpozm §](']an 4B Snelantl olwipn; o é%}%«mqﬁlshﬁme)@%ﬂe Calrflyfiro-SH-
The reacg %emmmﬁlm@dwcﬁﬁﬂd@a@@w O tmméAHEN (1o ﬁnﬂ}'hﬂ(‘ﬁjrl@tﬂ%laﬁfne a

Na( OAc) 3BH was a the reaction mxture was stirred anot

hours.  SaluirveredddedHtert-atoxxsareny](isaprepylyenin)s2t drealopepbersipropenoésd agifl t(BS

(I::)(C):'r\l/l c e-rll-'? (raa ln{?ﬁfei) cr u%@ﬁ% sﬁ%@%gn%ﬁﬁggg é% ét{“é?g ete%ﬁﬂ}]at&gﬁer‘imm for2

DCM Me0 I-hdlmsacT ed sdmpwanﬁmavud ail& therrtmdde gk puhﬁed bglst]ice gédichrdmatogeaph® eliting

DCM IVEOH t Th t.h .
concent r at ed® tg)énc%)gct flBJCtlp Za§i"8u§‘ g’ 'glsls}flytgﬁhe 2‘5%%’?‘%%%‘%% 6, 7( dihydro-SH-
m.) . EXCQ&&p&M[Hﬁ&fIﬁIdﬁG#—yMﬁeraﬁﬂe@l) Mo@fbp?l@ﬂ@ﬁ@yl)ézﬁbﬁnﬁltd @5 ﬁ'lg, 41%& 'H
m xture was stirred for oncen

hi gh vactiYl (GRfds %éﬂ%ﬁusﬁ (&éﬁé 733956%91%&11)# %‘H‘ré@ (f%er?él)a %b‘f %F%érﬂb‘iﬂ)
filtratipng Exﬂrﬂﬂghsﬁ(n?olfgm B RN LAPE, Sl 19ihisi) boRGRISIDY 886 hesH).

rinsed with der nltrogen pressure, and dried in vacuo
to give MS (APCI+) [M+H] 542

(9) -2 (b o~ 3-ddworpherutiedr (M8 TSkl MAIRNE Tl d 5.
-y1)-3- (t}etwaﬂa{dlwmﬁ@meﬂwﬂ-ﬂﬂﬁ)m@bmpmpﬂm@fmbcaﬂbm oeds| createte with

(E\P?j’f N I,LTI?P (%?923 YL |2e§rg§03,§§{gr}ﬁ ﬁl AL 5or% WL Go ROMER" 2. d-FidBphenyt)-3-
2- (4- chl gsopbgiaytinb)- 1‘(‘('«RRB=IE¢1ZWMII‘I}@IO 5H—cyclopenta[d]pyr1m1d1n-4-y1)p1perazm-1—

1)~ 3. 2mrabet ane QUGB e NS (A BRIE) MOBBd st ep 1 A

solution of 2- (4 chl orophenyl ) aceti gxaapd2(20.0 g, 117 nmol) in dry
nmet hanol (235 nL) was treated vmth 5 drops of concentrated |12504

(cat.) at roomtenperature. The© restas stirred overnight to
conpl eti on and was concentrated i o about 40 nL. WO

2008/ 006032PCT/ US2007/ 072876 113 The congentrate was partiti oned
between an ether and half saturated Na sol ution. The agqueous
portion was back-extracted once with , 24¢id t he organics were
conbi ned. The organic portion was was Wi th water, then brine,
dried over MgS™, and concentrated i cdo. The material was placed

under hi gh vacuum for one hour to afford¥the pure nethyl 2-(4-

chl or opheny! ) goet-@higo-394-ahl p@b@snyﬂlﬂ(wy mkthélw«ﬁ)-g-mea&% 7-diHFRES H-
(CDC13, 400 MHz) 5730(d J_—8 ,_2H) 721( . J= 8.4 Hz, 211),
3.70 (s, 3H), 3.%8lope propgny l-onedibydrochlgrids

35.6 m, mol Wasa dto ol i 0o f ' I _
(o 35 m 02 Tolgvas; 2048 zoo"’sr?%@ ’?Thgfmﬂ%)ﬁr%*’dmfgé%%?@?%gﬁd’%@ T

for 30 mynkqp@%a[é]nmmidm Gb‘i)lgecBQ onmd'lB@n Mol(:htmldnwfe agdet y(S)-tert-butyl 3-
2- (4-chl
ad((jed t r%tﬁﬁ%%é"&{%%r% laQelgo 9%% syrl n e wﬁ”soﬁm Hgthf"%%‘%es |5r2 \rNgl )fg}}e

45 i nutesturdieat hdagxdtte B0 §C fdorédmnec Ebaexnd wadcollad 458 dilutdredith ettybacetate

added by a e re stirred for 1

Hse TR e S SR P R R breahe s et e 6 e e

room t enpedurt wiseurifiéd BY sibdal del tHiGmabgrashy] &lh@pakitbHBaME/Sthyltdetate 8C) foQtive
(S)-tert-butyl 3-mcthyl—4;((R)-5—methyI-6,7—dihydro-5H-cyclopenta[d]pyrimidin—4-yI)piperazine-1-
carboxylate (0.186 g, 19%). 'H NMR (CDCls, 400 MHz) & 8.46 (s, 1H), 4.66 (m, 1H), 4.30-3.80




conbi ned organics were washed with brine, dried over MgSM™, filtered,
and concentrated in vacuo. The residue was purified by on silica gel
(4:1 hexanes: Et0OAc) to afford the nethyl

3- (t er t but\¥RREWIOB®AY | ani no) - 2- (4- chl or ophenyl ) pr opanoatté TAS2WTBREE

yellow oil (11.7 g, 79% 11- INI\/R(CDC’yzB 400 MHz) 8 7.31 (d, J' 8.0
Hz,211)720(dJ 8.0 Hz, 486(brs 1H)388(m1|1)

508297188 @HZ }3475@? ?I)o#%(%“ nglP‘ng%O%Tko enér but oxyca bo%—?mar%lHr)]o 492(3(9411)’

chl or ophb&?/(n) rStH),riaWdat,éHI M‘S‘L(ﬁrﬁ@ﬂ)]{l\fﬁﬂl-l]nﬂﬁﬂ ) in dioxane (6 0 nm) was
omoer i ogsa i, e (SRR L st el AR ero-sh-
el bl T b o D T e
DoTr vl BRMAAD Mk HERI6Vioo Bt mreYde Wiotau et BB M= A
by droeh) i SHRY AP TARSR: (R ERRSRBIEIVE SOAPORIAPET:) MEH) 233,

[ MeHr . [ (90288 St efbtep: 3:Aloso b@umqmmfdﬁ)mm -4 ((S)-Z-methylplperazm -1-y1)-6,7-dihydro-
3-am no |,0
o) " L DGRARFEA? REROGINAE Y SN OIB BT m, R st
mrol ) at triethglamirer(h enlat (R)-€- (teﬁhlﬁdxymrblm&lamﬁnob-ﬁ+(#4chlbmpt1®99pmmnom a2 (41 mg,
nmol dde r and..t ction ti :
nour st oo LOMBIN T Bk G ARy’ s PRl R, Baro el for 1
acetate lg;md 'Ei1le|sblltvaﬂ| (;\Nﬁl'mecﬁ ﬁﬂdﬁld(:j %mug Was paifieo us smﬁa? gdl ohroi@®graphy, eluting
extracted, t and the . co ed. or |cs
X). The Wity§ ylca%tefmf? & or A - By > i ¢ 019??95‘86%5(@%‘3?8# : QB s -&leﬁ\y@? 7
MySOH4, fa1h§c@5-@ﬁ,cy@m&n€agﬂ]§ﬁmlalameﬂ)pﬁp%ramcuﬂ) 13651@pr5muﬂy;earm&tdourosbl ethg,
by chronmat og [agmg/ é(‘d) I ca el uted : 1 hexanes: et h5y acetate
Rf = 0. 1&@%){ re | L3 théO% )ﬁﬁtﬂfﬁﬁ, II-I), 7 ?.3 7. 01 (m, 4H), 5.40-5.15 (m, 1H), 4.85- 4.60
2- 4 chl e 2 r t 2

( @{CO E‘Xéh@(gﬁq 1&{%@4%%}) @ﬁn?ﬁ gggre@) m%%%{ QH)2880-590 (m,

93% as orless P
[ 00399] SZIé)pMﬂ\érm,l L&), b?ﬁ)(frrrréﬂhyl@{( AH)HI39:0Yen $H).- NS (APCI pIM+H] "514.

trifluor | a ro te 0.,795 T

wns. t 1 ooZRRl ¢ RERhA”( 5B (BT e T bl P sk e 7
r eacéi londlh\%ﬁo—_ale;@Mﬂ%nfa{ﬂ]%lnﬁdﬂ& ):1)'piﬁ'eﬁazh101 SIp-Nqalx SybrbEan - 2- ﬁ@ball‘rm rwa;t teged
was 1lute t et r e sultin r I Pl te was 1§ e A
filtratiBin dhd EMatedioxmter Milgh DGEE Ghin % %\3’°H{§JPSPT?‘63%?[%)67§%}“¥'H3 -(4-
pot assi URlato ggxénﬂpiqspph@ﬂwm (RS RetByl s, Lalhfdrslgm%ti%yénwmpgmampﬁnoat e

(299 ny, excess salts) _as a whit d é h m z 282.0
[ M+Hr . yl)pjperazm 1-yl)propan-1-one dlhydrochlorlde (58 mg, 99%). MS (APCI+) [M+H] "4

[ 00400] St ep7: The(R) - 5- net hyl-4- (pi pg&%ﬂﬂ@—jl y1l) -6, 7-di hydro- 5H
cycl opent a[ d] pyri m di ne di hydrochl ori (30 ng, 103 unol) and acid

(33.0 ng, 103 unol) were dissol ¢ speirded in DVF (1.0 nL) at room
tenperature. The m xture was tr Ft°DI EA (38 ulL, 216 unol) and
HBTU (43 ny, 113 unol), respectively. The.m xture was allowed to stir
overnight to conpletion by LCM5 anal ysj f e crude. The reaction
was partitioned between WO 2008/ 006092 1052007/ 072876 115 et hyl
acetate and water. The aqueous porti m@ﬁ extracted with ethyl

acetate (2 X), and the organics were cori ned. The organic portion
was washed
filtered, an : ue was.purl y
chromatography (syclopentaldlpyri i piperag ' et dilyydroshlerigg
0.17) t rd t pur coJorI ( 6 he ne
resi dueokl\gisgﬂl ssolry?e Hllhl ggnr%d ﬁanr’r% y r?%‘ﬁhne (9 enfolﬁelr6 %%E%Erwe%t é%edw-gt e
excess Hoution ofméthyl 2-(Tdiebut@stdrbonyl)- Hﬂﬁmﬁmy@spﬂon&)adcbta’mﬁi 00 g, 16.8 mmol) in

concent I’S&ﬁd(.]b rr]nL\sacl'!}Jne reaE:tE]oennmig{‘Eulree sdtlrrlila %te{)"({ t% 5% mmu? s, T e 2 Solation o IA’-lg-;’chioro 9.

fluorobenzaldehyde (2.67 g, 16.8 mmol) in DCM (10 mL) was added by syringe. The reaction

mixture was stirred for 10 minutes and then warmed to room temperature with continued stirring



hexane/ Et OAc. The desired tert-butyl

44(5R, 7R) - 7-f1 uor o- 5- net hyl- 6, 7- di hydr o- 5H

cycl opent a[ d] pyri m di n-4-yl) pi perazi ne-1-car boxyl ate (0. 6138 729
was recoveWeadiseMat y. tert- PCT/US2007/072876
But yl 44(5R, 7R) - 7- fl uor o- 5- net hy1- 6, 7- drhydr o- 5H cycl opent a[ d] pyri m di
n-4-yl) pi perazine-1- carboxylate (0.6138 g, 1.825 nmol) was di ssol ved
in di Oxafé‘?lﬁaéur%o%‘léﬂféﬂg &d, atnﬁ ﬂ%ﬁm t%ré@ésl&trﬁ’di'emn M. THd COXBR& extracts
(11.40 n, 4561 dd dr opwi se, then the reaction
m xt ur e wers deibd QVaeS04, cﬁlwmdmrtd@oawbtracd Tf@rrpﬁelitmgupledsvvrnﬂt ecysthllipgdriepnt BA

vas concBnPa GERERY 2 rt SR STl AR (e R o

(3 X). THieldy sxivetite poaderd? smpd)vEdMSr(AWED)—In(z&ZS [Mi].and added dropwi se

to arap stlrrlngfl |ng et her 0 . e it

solid wa’é’%gq]t er e@Prder E@l&ﬂf’tﬁﬂ b“l*ﬁ"@’?%h@%%a@%iﬂé‘g%%amﬂ’ eﬂﬁ&"ﬁ’é"ﬁe
and dri egoolﬂfé?andmmﬁmmhés@c@w@ﬁ(ca 4 mg) in 1:1 MeOH:EtOAc (3 mL; degassed 1
(5R, 7R) - 7-f | uor 0- 5--net hy1- 4- (pi perazi n-1

-yl) -6, Tha¥ wtarne}r%mymrdpém)am]%wlm inieaeh off hihmoneut Epfeayer™ seagtiopniubes-
solid (5B @hiod ﬁl%tureﬁgé&ﬁut(cﬁp %nd@évzor%%dgr 40 psi H, and stirred for 12 hours at room
[ 004021St ep2 5R oro-5-methyl-4-(piperazin- 1

-yl) -6, 7tcutp¢1yrdreonﬁal-9f theyrshation mtixthegd pyreithrndiombingd mndopopesnireted WeiyedREgmthyl

g, 1. 730 3& o
but oxycar ony?t?x 1]%§3 -lig'nl{l )ebr 4- c ro- ~3- ﬂui)roghe(nll)%rﬁ‘)%lnggh nyl% p9r4_5} pA]a r¥;<331(1 as a
aci d (0. fl2Rlgw sdhd?ﬁfﬁlchmak ysewa\mhmﬁcﬁnﬂhenpmﬁcanumn hepdtetme chl oride (15

o (o chERh oY isken £ RPLARY Gk s IR e vem et s Spon P R gt
at anbi entied-BiBLRfcAlbby@ankiA6)-3LEI- amss-ﬂugﬁhh&@l)b@ﬁdﬁa@te emmg amws1 frddol) in 1:1
desired product. The reaction was quenched wth 10% Na2CQO3, dil e\%@

wi th met TG Bel %ﬁfPB}w%ra‘%?&O%é‘ﬁﬁWﬁt"@él stiredeat EROTSMECTAYFS PhH 1S aﬁﬁf €h

W th metiayh et &h\vit! HAS aldPwathed RMUEIIR. COBRERLHs RYG3THs theh AYRITRA Weth Qolid
dried over Na2504 and concentrated in vacuo. The material was applied

to a 40niiS@npepétextiptiehivithdPCA. Tha sombigedlexiasts dira éae%f(N@@S@& Lﬁ"}ﬁmd
(Bi ot age, é)ﬂgeﬁ}ra@@d Gt ‘ﬂge ehcoﬁchtrgt@&(anﬁ{nﬁ OhenM/mERGeb®i 8 SPOt (RRS-(tert-

collected to give tert

(S)-2- (4131{1}@5’93 b emy®)-3- (64:111@81% ﬁﬁt)romlehyllmpgncﬁc acid (1.31 g, 83.10% yield) as a white
nmet hyl [d] pyri m di n-4-yDpi perazin-|-yl)-3-
oxopropyq Zvcycp“)oeég% mgﬁzg“@gr mate as a white solid (955 ng, 969%.
LC M5 ( ABG299] z SEeﬁl N:[ MIbll+4a [ ODAMBA St P 3(R)el-thidrotSythethyl-6,7-dihydro-5H-

S) - 2-(4-chl 3-(44(5 7R--f| -5-nethyl -6, 7-
((?II %ydrg % 08%‘&"1 nﬁ%{é%“&] @5”:‘:’,(,,1 ol) 3p; IS@{PO ? £ o 9‘% gﬂrZ:‘d (S)-tert-butyl 3-

oxopr Opydaétﬁmplbaaimykmmﬂta qms@agmt eun(dd) &5 dGsoplopGlRfhyRatile) (02SmL). The
di ssol ved i n di oxane . The solution was treated with HCL in

di oxane "("?.‘B“"‘?lﬁ’a’rﬂleateﬂio '7’@0 rﬁ’rﬁ?r 6 hoygs. Thsarixyre wep keqlgdeangediluted iwithsghyhpoetate

anbi ent CEIRES @&d%aﬁhéd%ﬂlﬂ%@at% &S00 ER'} YL *&Fﬁ’éﬁfé pBE’se%ME HﬁéH?dnH icBbentSedl e
reaction m xture was concentrated 1 n"vacuo, reé-dissolved in MeOH and

r e- conc ertiflusteas nuafiod by sihien geb ghramatogiaphyr elutineswith Hexpnp/athxkmriaedbolito give
N e

dr | ed unﬂarbdxylatquﬂﬂé bl @eRetH NMRY(GDEC];, 400 MHz) & 8.46 (s, 1H), 4.66 (m, 1H), 4.30-3.80

o5 met 11 S a%%&bb’%p?&ra"@[%i e iy A o

-yl)proplamam 3HN4. 1di(hy sMp e QPCEe (A% 33, 88% as a solid. LU
(APCl +, FLA rﬂz 472.2 1" 474.2 1[erHr WO 2008/ 006032PCT/ US2007/ 072876
117 Exari®P#1h1 NHM ( 4{BNEBLBEh e Ayaethyl-4(R)(Ssmethy-6,7-dihydro-5H-cyclopenta

' m3t hy1-@p ?rn%(ﬂy 141 Jgr Hagyel Qﬁ%gﬁﬁ;ﬂj{v@é’ fréa'i@d%l'fh ﬂd gﬁv[ REAiBLnR; 4 Hiy i DM

soaropvli amin o onan-1-one [00404] xture of
(20 mL) for 6 hours to provide (R)-S-methyl—4—((S)—2 methylplperazm 1-yD)-6,7-dihydro-5H-

cyclopenta[d]pyrimidine dihydrochloride (0.18 g, 99%). MS (APCI+) [M+H] "233.



(11.805 g) in THF (265 nL) was stirred at roomtenperature for 20
hours. Malonic acid nonoethyl ester magnesiumsalt (19.493 g) was
added. The m xture was stirred at roomtenperature for 24 hours. The
cont ent s \WPa0BEHMWENt r at ed. The residue was treated w PRTESI007/072876
Et OAc-ether (200 nmL) and 0.5 N HC1 (20f%s nL). The organi c phase was
separated and washed with 0.5 N HCl (2 X 200 nlL), saturated NaHCG3,

o o S UG A R T g i

was di ssif-gpdopenta(Bifyrifddite dih)/dmltlchrlcp @2 g i ldobewh dnd3CMf Grml) weiedwlded

15. 90 The ,m xt ur .
Strr oo eRPBRERRL filer G der o gy Eof ik BIRECH PGP it BiRic
co In cent r(au &g, ond ﬁfmc\l}azﬁidl}g?a"ﬂgml mgﬁﬁ@)mmdlgi Ir hE'fnﬁ}@mreDﬁM S(lﬁwtm?ﬁn @mgberature
silica g re added to the residue. Aft m XL n tes
was fil tfgf éfiwafr & IV S e o the et Wee RIS gt € %mgfapqm
concent raﬁ w1TH1@thﬁrdé§|tﬁtth@%ﬁ8Mr tdri-Bfy1IRY-B- (ikﬂ&ﬁ-ﬁhﬁ&@kﬁbﬂ)" B{{B)Q-'&xfbthyl 4-
give eth di azo 6 met - oxoheptanoate (8. Qf) 11-1 .
(CDClB %@05 gﬁtcs@dpperqa[d]pynmvdlrwwplpmw 21)8179@9833’&“( a1

HZ "6H) %T%%ail%ﬁ gk nﬁé%wihﬁy&% (oro 430 %l}-%ﬁ S%d)ﬂ,vaﬁn?%é g:sg gm,;aﬁ’y, 5.45-

sol uti ors.tf (e 1By, 4.90-416 (g 28, 408th301s IH);dW.@HtQﬂ"(oaﬂH),@(S’OB &) (mi, AHDEND (m,

6 i b} Sab e e adiin FpATE FanT AL i, SFAURLALRA Fud (RS

room t enfperit'a32e for 1 hour. 1IN HC1 (100 nL) was added. The organic

h ted. Th h d
) TV ne Ssowdol BN vlRe dre o BrabosEaT DA KD PR PR RS
and concrﬁahﬁast 1-@Rydrb R A- @51upe?.tambﬁrmain-m§plmirf 1-95-1éxbpropanaBRcarbamate

chromat ography to giv %/

2, 2- di nevapeasd mgﬂl(%éfh ig¥nseof BhXIREM (3 mLkfpr § hourskgroreidseRa-2-apgee-3-
?A:]Z)ZH)B ((%Q:g%)roif' ﬂaér(oﬂhegglaél rﬂS{%“l‘)leth)%-/-ls(%I?)zS héthyITs 7-%11@?2[1’0 ﬁ-l 03-1.99

2008/ 006982FaR| d]sz@@fﬂimzlaﬂﬁerazirel{ynmp)@}lso@p d@ydmchipudm &4 ong.ePhip). MS
2, 2-di eyLl opent anecar boxyl ate (3.426 g) and amoni um

acet at ﬁ“?’ﬁﬁf‘ﬁ?ﬁ.%ﬁaw (100 m.) was heated at 85C (bath) for 1
hour. The contents were concentr at eBxampled4r esi due was partitioned

bet ween water and DCM The orgapjc phase yas separated. The aqueous
solution was extracted with DCM @ CrTbI ned DCM sol uti-ons were
washed with water and dried (Na2sO#y. pn filtration and

concentration, solid ethyl N
2-am no- 5, 5-di nmet hyl cycl opent - 1- enecar, | st (2.933 g) was yiel ded.
The ethyl 2-am no5, 5-di net hyl cycl open).- lkenecar boxyl ate was m xed

wi th anmonium formate (5.054 g) and fma;Nn de (7 m.) and heated at
150C for 16 hours. The m xture was diluthd with water and extracted

wth 5:1 Mlﬁdﬂ&thvﬁhﬁ(ﬁ&ﬂﬁi‘bﬂﬁmo%hér@m13((;‘7‘)’35 Re@yLLAR]-DarkBoLp, 7aml/dro-5H-

concentrated to gl ve

5, 5- di net hyl 6, 7¥aippsnialdpgimidipe-winiparazing]-spropandi-oneditydroghloddes as a

T L
9) was difsthel ?fextnoaw:eitatae(ﬂ 3he, 651 rmaolo 2@l mc)rl_?wm(h?ﬂ@@lg 80 ) nntc)luen#h@ mL)
m Xture UI‘ S o I, \Wa (0]

5056 Kon 7 200 Rt SR ARed Sar Bhedy oot i} b RlBfled & B

(3.615 g)mm&uﬂ:d dedmxﬁin:e“m KdimtEI&raMSln haatoeshdains&D Gith dexddd th@ive ssthyll'aétl

contents onc t ed. V\a r
extract e(!il ?TPCB'@FF {)%Wa??a"féi f%%‘%é%&i%“%‘ﬁlm Pﬁa?@r fal was .
purifi edous 9[]: fl aS thrﬁpfﬂﬁItBﬂ'I@BhN(ltSQnQ'O\B? nirf815 intPOMI(4 mL) was cannulated into

4- (5, 5-di net
( a mixture of the ethyl 3-(4-chloro-3-fluorophenyl)-2-cyanoacrylate (200mg, 0.79 mmol) in EtOH (2

mL) at room temperature. After 5 minutes, the mixture was quenched with 0.1N HCI, concentrated

in vacuo, diluted with H,O, extracted with DCM, dried over MgSO,, concentrated and subject to



120 cycl opent a[ d] pyri m di n-4-yppi perazi ne- 1- car boxyl ate (855 ng, 20%
for 2 steps). 11-1 NWR (CDC13, 400 MHz) 8 (ppn) 8.47 (s, 11-1)
595586 .12-5.09 (, 1H), 4.92-4.87 (m 1H), m
3. 67- ‘&B]éﬁ‘gs%“ 3.51-3.39 (m 4 H), 2.94-2.76 (rﬂq"'%ﬁ"%%%""(

235227m 190182(m1H) 1747 (d,1.47 (s, 9H). M5 331.3
(NH) [ 00411] St ep 4: A solution of tert-butyl

4- ( 5- vi nfldsh6, chraghianeripby 5 k8i0y c withe TYGHY] myr give déthyl 3-(4-chloro-3-fluorophenyl)-2-
4- yDpi perazine 1-ca ) in DCM (2 nL) was
treated vﬁ’af’?f’r‘ﬁfﬂoa?‘b(owr%%@}é} @gm&#ﬁﬁt %nd then at room
t enper at [oog9dlor 2 Sigy_ B:s TFAh@.cant Eﬂhﬁnd{\ﬁfneﬂ@(ﬂl)ﬁﬂw abesoWIpMatidhilandtd into a
D1PEA (0.293 ni, r%} (é g@
but oxycai‘%wmf%&}%&{@% lijgmob i 4 hqédP]o)phy?‘Fy‘Ftﬂir%(ﬁéﬁBF?:3§1E‘P’ETP]E"I‘H%‘2“
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resi due at was stirred at roomterrperat ure overni g
After di Pwmlgm \mh@ K wmuelpchmwh&dléﬁmtwenqgmt«rchyle\fﬂcwaﬁﬂuted with H;0,
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cogbl ned&gcﬁggo%ﬂﬁl%ﬂlge% dcér}ﬁé‘ ed w t ‘\I'i\lgt% r| ed glﬁla%(gSHch §) and
After fi ¢itracted orth R}IM. cElm:EﬁMr ea:trawmwexfeldasdn M$@mlmmdaq;ﬂwowmr¢tcttmmm
gave Vi sgous oi | 3 (

and t1 cal i sk gL o SEh G P Wae o Bak Bt gy e Aoty

t enper at inrtiee foliswidg epir s.  The contents were concentrated and purified

th Il d chiral ch t
oni or opnB" o° (iGntiofylRpnas %ﬁc@@?asg'%lemlans sl Ryl Grehigier-
ogi nta[ diélgwueﬁr/igqypn?émabec@le réélzﬂnﬁ'mﬂ) nymmwm HO) Q8EstRed oh@nibiA PRl thixture
E S) - r2rg ( 4wgsrﬂ059qygp,t§¢]m§amp ol qkypcgua?qu)qu@g(w Mting DEM as eluent to give ethyl 3-(tert-
7-di hydr&télglrc&u&iyﬁﬂﬁﬁﬁ)-@zf@'cﬂwd {nﬂ%x’abej‘}na]g%ﬂa%a&er%}ﬂHlo M33 2360 mmol) in

sopropvl am’i no) propan-1-one sol uti on of t°ert- but yl
4- (5- vi nkiQ @7 7mél) hyyedr wlded-toya | solubion aff ojthyy r 3-(erétbwroxycarbonylamino)-2-(4-chloro-3-

4- - -
ool ot AERYREARRBBROE {ZhindB B0y by Bl Ay me
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L xt d. t t.

over 1 h DOV g P e R D U 2P0 AT g8 R g TREC Bl
partiti onad ﬂﬁdﬁrﬂﬂ&giaﬂh&/l Frid halding at 0 ateDIMBOCM s @b Utelvent.  ibhegias gadiies:-

| ayer S se e agueo | ayer was extragt it
20051000 IR ORBOIY LT Btk PPt G0 AT PlecLGMSaHIEEH) [
sol ut i ongogremE2di0k RE 2(MaAS04) . The crude was dissolved in MeOH (10

nm) and cool ed to 0C.NaBH4 (150 was added in portions. The

m xture WE298Lti rr Sepat Berapeltion oigRY-S-mend-4ERRrmahy Nagagd bt Gdilwdra-
10% HOACsH. %'c’l%ntaLl_lf];tglrlmlaﬂéj&lﬁyquc?lo%ﬁmgﬁ%&ﬁtag&rﬂﬁgwpEﬁatrﬁglé 9%5})5@%5&@%
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was ext ragtleld mnph iEDPOMC(S(reL)Xyere Tdvied (trmlb'ilamemb @ mefain3-((tesobuteyoarbonykamano)-

d d t

- (5 hya omeeryPT D APRpAR SR Mo SR B b MRTH (24ms, 414 el
zi ne- 1- cBreboixykatvas irf8d ag-poﬂﬁ&ﬁppeaqm'e(fm 1 LoThe selvent wadmo38&band thévedijlue
[ 0?4511?115\%2? 28}61'1}8@ ﬁ?}?)l%%lggpmrw%f?%g%] dlu%ineg ;[Nitlg)uwl acetate to afford tert-butyl 2-(4-
cycl ope rmm{rd]sﬁ;amﬁtﬁytﬁét(&&)@&pﬂrzra((Rpambﬂ@as Mwﬂﬁtﬂ{ (:)Z:lopgﬁﬁ[d]pj}nm‘iﬂ
(1.5 nL) was treated with TFA (O L) tes and_then
at room? é‘?&%“r’%‘hF'e‘él)f309X°Bf°HHEﬂf%amaT%@Oé’éﬂ1f7%ﬁi sH\WB (Qgﬁbef‘ﬁormhs ﬁ)@Mm

(2 m), {2 7&3?19 ?@7%68%(%72???‘% 04§ﬁ 3r1()t@f76430(m 1H), 4.10-3.70 (m, 1H),

but oxycar Bbonyl (i sopf opyl ) am Ro) - 2- or ophenyl Y propanoi ¢ aci d (‘80
my, 0. 23%40dR0 ym., 245Hd3-$BT80 (8RHhy? 2@)(@3@;&@ om, WED.d -Bd el 525-H20 (m, 6H).

resi due gk (ng‘CH}_ﬁﬁ#ﬂ*’S%'.re was stirred at roomtenperature overnight.

[00299] Step 6: tert-Butyl 2-(4-chloro-3-fluorobenzyl)-3-((S)-3-methyl-4-((R)-5-methyl-
6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)-3-oxopropylcarbamate was treated



[ 00414] Exanpl es 44-168 shown in Table 1 can al so be nmade according to
t he above described nethods: TABLE 1 Exanple Structure Nane LCVS 44
"tz o - 2-(4-chloropheny0-1-(44(R)-5- nethyl-6, 7-di hydr o- 5H

cycl opent aVARPAFOPER2I n- 4- yDpi per azi n-1-y1)-3-(2- PCT/US2007/072876
met hyl aziridin-1-yl)propan-1-one 440.278 WD
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with HCl (4M in dioxane, 2 mL}) in DCM (5 mL) for 6 hours to prowde 2-(aminomethyl})-3-(4-
chloro-B-ﬂuorophenyl)-l-((S)-3-methy1—4-((R)-5—mcthy1-6,7-dIhydro-5H-cyclopenta[d]pyr1mldm-
4-yl)piperazin-1-yl)propan-1-one dihydrochloride (50 mg, 99%). MS (APCI+) [M-+H] *446.

[00300] The following compounds were also prepared according to the above-described
methods.
Example 5
Cl NH
o

cl E ] 2 HC

R)-5-methyl-6.7-dihydro-5H-

cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)propan-1-one dihydrochloride
[00301] 'H NMR (CD;OD): 8.56 (1H, app. d, J 3.1 Hz), 7.68-7.66 (1H, m), 7.43-7.41 (1H,
m), 7.32-7.30 (1H, m), 4.30-3.44 (12H, m), 3.23-3.09 (3H, m), 3.00-2.93 (1H, m), 2.49-2.39 (1H,
. m), 1.91-1.86 (1H, m), 1.39 (6H, d, J 6.6 Hz), 1.21-1.13 (3H, m). LCMS: 476.1.

Example 6

-5-methyl-6,7-dihydro-5H-

cyclopenta[dIpyrimidin-4-yDpiperazin-1-vl)propan-1-one dihydrochloride
[00302] LCMS: 426.1




_ 2-(4-ehlorophenyl)-3-(3- hydroxyazetidin-1-y1)-1-(44(R)-5-

met hy1- 6, 7- di hydro-5H cycl opent a[ d] pyri m di n- 4-

yl ) pi perazin-1-yl)propan-|1-one 456.2 46 Y-- NHo Fac 1.1 xitsl )
41111., NBOP8EMIDY| anmi no) - 1- (4- ((R) -5- net hyl-6, 7- diPRYFdIBFP{I2876
cycl openta[ d] pyri m din-4- yl)piperazi mgl-yl)-2-(4-
(trifluoromethyl)phenyl)propan-1- one mz 476 [M41]+ 47 ''--- NH

Example 7

NH

cvclopenta[dlpyrimidin-4-vl)piperazin-1-yDpropan-1-one dihydrochloride

[00303] Step 1: Methyl 2-(4-chlorophenyl)acetate (36.7 g, 199 mmol} and
paraformaldehyde (6.27 g, 209 mmol) were dissolved/suspended in DMSO (400 mL) and treated
with NaOMe (537 mg, 9.94 m‘moI). The mixture was allowed to stir at room temperature for 2
hours to completion by TLC analysis of the crude. The reaction was poured into ice-cold water
(700 mL; white emulsion) and neuiralized with the addition of 1M HCI solution. The aqueous
portion was extracted with éthyl acetate (3 X), and the organics were combined. The organic
portion was washed with water twice, once with brine, separated, dried over MgSQ,, filtered, and
concentrated in vacuo to afford the crude product as a yellow oil. The residue was loaded onto 2
large fritted filtered with silica gel and eluted with 9:1 hexanes:ethyl acetate until the starting
material/oiefin weré collected. The plug was then eluted with 1:1 hexanes:ethyl acetate until the
pure desired product was eluted completely, The concentrated pure fractions yielded methyl 2-(4-
chlorophenyl)-3-hydroxypropanoate as a colorless oil (39.4 g, 92%).
[00304] Step 2: Methyl 2-(4-chlorophenyl)-3-hydroxypropanoate (39.4 g, 184 mmol) was
dissolved in DCM (500 mL) and treated with TEA (64.0 mL, 459 mmol). The solution was cooled
to 0°C and treated slowly with MsCI (15.6 mL, 202 mmol) and then stirred for 30 minutes to
completion by TLC analysis. .The solution was partitioned with 1N HCI solution, and the aqueous
. portion was extracted once with DCM. The combined organic portions were washed once more
with 1N HCI solution, separated, washed with diluted NaHCO; solution, and separated. The
orgaﬁic portion was dried over MgSO,, filtered, and concentrated in vacuo to afford an orange oil.
The residue was loaded onto a large fritted filter with a plug of silica gel and eluted with 9:1
hexanes:ethyl acetate affording the pure desired product by TLC analysis. The concentrated pure
fractions yielded the methyl 2-(4-chlorophenyl)acrylate as a coloriess oil (30.8 g, 85%). This
methyl 2-(4-chlorophenyl)acrylate (500 mg, 2.54 mmol) was added as a solution in THF (1.35 mL}



0SI NC'IN) W N 4-(3-(isopropyl am no)-1-(44(R)-5-
net hy1- 6, 7- di hydro-5H cycl openta[d] pyrimidin-4-
yQpi perazin-1-yl)-1-oxopropan-2- yl)benzonitrile mz 433 [ Mt1-11+ 48

Nl DAF Cl
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di fl uoroazetidin-1-3/1)-1-(44(R) -5- nejghyl-6, 7-di hydro- 5H
cycl opental d] pyri m di n-4- "yl)pi perazin-1-yl)propan-1-one 476.3 49

to a stirring solution of i-PrNH, (217 uL, 2.54 mmol) in THF (5.0 mL) at 0°C. The reaction was
allowed to stir at room temperature overnight to completion by LCMS analysis. The Boc20 (584
ul, 2.54 mmol) was added to the stirring amine via pipette. The' reaction was allowed to stir
overnight to completion by LCMS and TLC analysis of the mixture. The solution was concentrated |
in vacuo to afford methyl 3-(tert-butoxycarbonyl(isopropyl)amino)-2-(4-chloraphenyl)propanoate
as a colorless oil (854 mg, 94%). LC/MS (APCl+) m/z 256.1 fM-Boc]".

[00305] Step 3: Methyl 3-(teri-butoxycarbonyl(isopropyl)amino)-2-(4-
chlorophenyl)propanoate (133 g, 374 mmol) was dissolved in THF (1.0 L) and treated with
KOTMS (56.0 g, 392 mmol) at room temperature. The mixture was allowed to stir dvemight to
completion by LCMS analysis of the crude. The mixture was concentrated in vacuo to afford a2 wet
foam; which was allowed to dry under vacuum overnight to afford potassium 3-(tert-
butoxycarbonyl(isdpropy])amino)—Z-(4-chlorophenyl)propanoate as a white solid (148.7 g, 105%).
LC/MS (APCI+) m/z 242.1 [M-Boc-KT. |

[00306] Step 4. Potassium 3-(’Fert-butoxycarbonyl(isopropy])amino)-2-(4-
chlorophenyl)propanoate (77.2 g, 203 mmol) was dissolved in THF (515 mL) and treated with
pivaloyl chloride (26.3 mL, 213 mmol) at room temperature. The mixture was allowed to stir for 3
hours to form the mixed anhydride. (S)-4-Benzyloxazolidin-2-one (46.1 g, 260 mmol) was
dissolved in THF (600 mL) and cooled to -78°C in a separate flask. The solution was treated with
n-Buli (102 mL of a 2.50M solution in hexanes, 254 mmol) and allowed to stir for one hour. The
prepared anhydride solution was added to the stirring Li-oxazolidinone via cannula, and the
mixture was allowed to warm to room temperature overnight. The mixture was quenched with the
addition of saturated ammonium chloride solution, then partitioned between more water and ethyl
acetate. The agueous was extracted several times, and the organics were combined. The organic
was washed with water, then brine, separated, dried over MgSO,, filtered, and concentrated in
vacno. The residue was purified/separated (diastereomers) via chromatography (silica gel eluted
with 4:1 hexanes:ethyl acetate) to afford the completely separated diastereomers as viscous oils:
tert-butyl  (R)-3-((S)-4-benzyl-2-oxooxazolidin-3-yl)-2-(4-chlorophenyl)-3-oxopropyl(isopropyl)
carbamate (12.16 g, 24% based on 1/2 of acid racémate) and tert-butyl (S)-3-((S)-4-benzyl-2-
oxooxazolidin-3-yl)-2-(4-chlorophenyl)-3-oxopropyl(isopropyl)carbamate (39.14 g, 77% based on
1/2 of acid racemate). LC/MS (APCI+) m/z 401.2 [M-Boc]".

[00307] Step 5: LiOH-H,O (168 mg, 4.00 mmol) was added to a stirring solution of THF
(30 mL) and water (15 mL) at room temperature until dissolved. The mixture was treated with
hydrogen peroxide (658 ul. of a 35% wt. solution in water, 8.00 mmo}) and allowed to stir at room

temperature for 10 minutes. The reaction was cooled to 0°C in an ice bath, and tert-butyl (5)-3-



Lk IL\ 0 z a 2-(4-ehlorophenyl)-3-(4,4-

di fl uoropi peridin-1-y1)-1-(44(R)-5- nethyl-6, 7-di hydro-5H

cycl opent ] L din-4- yl)pi perazin-1-yl)propan-1-0
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5-met hy1l- 6, 7-di hydro-5H cycl openta Myrimi di n-4-

yl ) pi per(éidrbehzy2)qroapacidin-DaB-249@hRrdphenyl)-3-oxopropyl(isopropyl) carbamate (1.00 g, -

2.00 mmol) was added dropwise via addition funnel as a solution in THF (15 mL) over a 10 minute
period. The mixture was allowed to stir overnight to room temperature to completion by LCMS
analysis of the crude. The reaction was cooled to 0°C then treated with IM Na,SO; (9.00 mL)
solution via addition funnel over a 10 minute period. After the addition was complete, the mixture
was allowed to warm to room temperature for 10 minutes. The mixture was concentrated to
remove the THF, then diluted with water. The aqueous portion was washed twice with ethyl
acetate (discarded). The aqueous portion was partitioned with ethyl acetate, then treated dropwise
while stirring with 1M HCI until a pH of about 2 to about 3 was attained. The aqueous was
extracted twice with ethyl acetate, and the organics were combined. The organic portion was
washed with brine, separated, dried over MgSQ,, filtered, and concentrated in vacuo. The colorless
oil product was dried under high vacuum for one hour to afford (8)-3-(tert-
butoxycarbonyl(isopropyl)amino)-2-(4-chlorophenyl)propanoic acid as a viscous oil/foam (685 mg,
100%). LC/MS (APCI+) m/z 242.1 [M-Boc]".

[00308] Step 6: HBTU (0.469 g, 1.24 mmol) was added to a solution of (R)-5-methyl-4-
(piperazin-l-yl)—6,7-dihydro—5H—cjrc]openta[d]pyrimidine dihydrochloride (0.360 g, 1.24 mmol),
(8)-3-(tert-butoxycarbonyl(isopropyl)amino)-2-(4-chlorophenyl)propanoic acid (0.423 g, 1.24
mmol), and DIEA (0.646 ml, 3.71 mmol) in DCM (8 mL). The reaction mixture was stirred at
room temperature for 2 hours, after which 2M Na,CO; was added. The reaction mixture was
extractéd with DCM, and the combined extracts were dried (Na;SO,), filtered, and concentrated.
The crude was flashed on a Biotage 40S (ca. 175 mL 4:1 DCM:EA flushed to elute DIEA, then
gradient to 1:4 DCM:EA) to give tert-butyl (S)—2—(4-chlor0phenyl)—3-(4-((R)—5—methyl—6,7—dihydro-
5H-cycloj:enta[d]pyrimidin-4-yl)piperazin-l-yl)-3-oxopropyl(iSOpr0pyl)carbamate (0.679 g, 101%
yield) as a pale yellow syrup. LC/MS (APCI+) m/z 542.1 [M+H]"

100309} Step 7: 4M HCl/dioxane (7.83 ml, 31.3 mmol) was added to a slightly cloudy
“solution of tert-butyl (8)-2-(4-chlorophenyl)-3-(4-((R)-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)-3-oxopropyl(isopropyl)carbamate  (0.67¢ g, 1.25
mmol) in dioxane (8 mL). The reaction mixture was stirred overnight under nitrogen (16 hours).
The reaction mixture was concentrated to dryness and dried on a high vacuum line. The resulting
residue was dissolved in minimal MeOH, and the solution was added dropwise to 2 stirring solution
of ether, which caused a white precipitate to form. The resulting precipitate was isclated by
filtration through a medium frit funnel with nitrogen pressure, rinsed with ether, dried with nitrogen

pressure, dried in vacuo and then further in a 55°C high vacuum oven for 2 days to give (5)-2-(4-



C© rmzTh z zijz - 2-(4-ehlorophenyl)-1-(44(R)-5-

met hyl - 6, 7- di hydro-5H cycl openta[d] pyri m di n-4- .

yppi perazin-1-y1)-3- norpholinopropan-1-one 470.2 52 ISN O G ( ) xIN
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yl ) pi perazin-I-yl)propan-1-one 440.2 53 / N--- N

chlorophenyl)-3-(isopropylamino)- 1-(4-((R)-5-methyl-6,7-dihydro- SH—cycIOpenta[d]pyr1m1d1n-4-
yD)piperazin-1-yl)propan-1-one dihydrochloride (0.610 g, 94.6% yicld) as a white powder.
[00310] 'H NMR (CDs0D): 8.55 (1H, s), 7.47-7.38 (4H, m), 4.58-4.55 (1H, m), 4.24-4.11
(1H, m), 3.99-3.54 (11H, m), 3.48-3.37 (2H, m), 3.19-3.09 (2H, m), 2.99.2.92 (IH, m), 2.47-2.38

- (1H, m), 1.91-1.86 (1H, m), 1.37 (6H, d,.J 3.7 Hz), 1.16 (3H, d, J 6.3 Hz). LCMS: 442.2. |

Example 8

[00311] 'H NMR (CDsODj: 8.56 (1H, app. d, J 2.5 Hz), 7.43-7.31 (2ZH, m), 7.30-7.20 (1H,
m), 4.65-4.60 (1H, m), 4.22-4.08 (1H, m), 4.00-3.57 (11H, m), 3.46-3.40 (2H, m), 3.20-3.09 (2H,
m), 3.00-2.93 (1H, m), 2.49-2.36 (1H, m), 1.93-1.82 (1H, m), 1.37 (6H, d, J 6.5 Hz), 1.21-1.16 (3H,
m). LCMS: 444.2

Example 9

[00312] 'H NMR (CD;OD): 8.55 (1H, app. d, J 2.8 Hz), 7.43-7.40 (2H, m), 7.21-7.16 (2H,
m), 4.52-4.88 (1H, m), 4.29-3.53 (12H, m), 3.48-3.38 (2H, m), 3.19-3.08 (2H, m), 3.00-2.90 (1H,
m), 2.46-2.36 (1H, m), 1.93-1.83 (1H, m), 1.36 (6H, d, J 6.7 Hz), 1.20-1.14 (3H, m). LCMS: 426.2



IS ci( ) thi N 2-(4-ehlorophenyl)-3- (dinethylamino)-1-(4-((R-5- m

et hyl-6, 7-di hydro-5H cycl opent af rapyri mi di n-4-
yl ) pi perazi n-1-yl ) propan-1-one 428.2 54 2-(4-chl orophenyl)- 3-

(et hyl (met WPRAHIMNEP2 1- (44(R)-5- m et hyl-6, 7-di hydr o- 51RCT/US2007/072876

cycl opental[d] pyrimdin-4- yl)piperazingg-yl)propan-I|-one 442.2
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Example 10
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(R.S)-2-(4-chlorophenvl)-1-(4-{{R)-5-methyl-6.7-dihvdro-5H-cvclopenta[d]pyrimidin-4-

ylpiperazin-1-y1)-3-(pyrrolidin-1-ypropan-1-one dihvdrochloride

[00313] Step 1: Methyl 2—(4-chlordphenyl)acrylate (500 mg, 2.54 mmol) was diluted in
THF (6.0 mL) and treated with pyrrolidine (233 ul, 2.80 mmol) at 0°C. After 1 hour, the crude
LCMS indicated that the reaction was complete (LCMS (APCI+) [M+H]" 268.1; Rf: 2.13 min).
Tﬁe solution was treated with wéter (2.0 mL) and LiOH-H,O (320 mg, 7.63 mmol), respectively,

and the reaction was allowed to stir overnight to completion by LCMS analysis. The mixture was

partitioned between water and ethyl acetate. The aqueous portion was washed again with ethyl

acetate, and the organics were discarded. The aqueous portion was treated with excess 3N HCI

solution (3.82 mL) and washed with ethyl acetate. The separated aqueous portion was concentrated

in vacuo to afford 2-(4-chiorophenyl)-3-(pyrrolidin-1-yl)propanoic acid-HCI-3LiCl salt as a white

solid (1.15 g). MS (APCH) [M+H]" 254.1; Rf: 1.30 min.

[00314] DIPEA (44.4 mg, 0.343 mmol) was added to a suspension of (R)-5-methyl-4-
(piperazin-1-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine dihydrochloride (20 mg, 0.69 mmol), 2-
{(4-chlorophenyl)-3-(pyrrolidin-1-yD)propanocic acid (59.8 mg, 0.082 mmol), and O-(1H-
Benzotriazol-1-y])-N,N,N',N'-tetramethyluronium hexafluorophosphate (31.3 mg, 0.082 mmol) in

CH,Cl (5.0 mL) at room temperature. The resulting mixture was stirred for 5.days, diluted with

EtOAc, washed with saturated aqueous NaHCOs and saturated aqueous. NH4Cl. The organic layer

was dried (MgSO;) and concentrated. The residue was purified by a silica cartridge (5.0 g), and
eluted by a mixture of MeOH and CH,Cl, (3:97 to 5:95) to give 2-(4-chlorophenyl)-1-(4-((R)-5-
methyl-6,7-dihydro-5H-cyclopenta[d) pyrimidin-4-yl)piperazin-1-yl}-3-(pyrrolidin-1-yl)propan-1-

one dihydrochloride (6 mg, 17%) as an off-white solid.

[00315] '"H NMR (CD;0D): 8.54 (1H, s), 7.47-7.40 (4H, m), 4.66-4.63 (1H, m), 4.18-3.35
(13 H, m), 3.24-3.07 (2H, m), 3.00-2.91 (1H, m), 2.47-2.37 (1H, m), 2.19-1.97 (4H, m), 1.90-1.84

(1H, m), 1.39-1.36 (1H, m), 1.20-1.15 (3H, m). LCMS: 454.1.
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2- (4-chl orophenyl)-34(R)-3- fluoropyrrolidin-1-y1)-1-(44(R)-5-

nmet hy1- 6, 7- di hydro-5H cycl opent a[ d] pyri m di n- 4-

yl) pi peraz\vﬂ-zi-sippﬁoﬂ? opan-1-one 472.3 56 ..2 CI 400 ( ) PﬁTﬂ{s?%)iloﬁsl-l—ﬁ F
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di hydro-511- eyel openta[d] pyri m di n-4- yl)piperazin-1-yl)propan-1-one
[ MFH + 436 57 NH Example 11 '

Z
2. N

[00316] 'H NMR (CD;OD): 9.19 (1H, s), 8.96 (1H, d, J 5.4 Hz), 8.91 (1H, d, J 8.6 Hz),
8.55 (1H, d, J 3.0 Hz), 8.20-8.17 (1H, m), 7.46-7.39 (4H, m), 4.82-4.75 (1H, m), 4.61 (2H, s), 4.20-
4.12 (1H, m), 4.0-3.57 (11H, m), 3.39-3.34 (2H, m), 3.17-3.08 (1H, m), 2.99-2.90 (1H, m), 2.46-
2.36 (1H, m), 1.91-1.85 (111, m), 1.38 (1H, t, J 5.9 Hz), 1.17 (3H, app dd, J 15.7 and 5.6 Hz).
LCMS: 491.2.

Example 12
F

[00317] LCMS: 432.2.

Example 13

HN
OH

8]
N
cl E :I 2 HCl
N

(7
N



400 BrC ) AIN N Y2-(4-bronp-3-fluorophenyl) - 3-

(1 sopropyl am no)-1-(44(R) -5- nethyl-6, 7-di hydro- 5H

cycl opent Lm din-4- yl)piperazin-1-yl)propan-1-o0

506. 1 58 %ﬁk?@@h&?l 0 (S)-2-(4-ehl or ophenyl) - 1- ( 4- WeritBudobsrs
45R, 7R) - 7-f | uor o- 5- met hyl - 6, 7- di hydr 085H cycl opent a[ d] pyri mi di n- 4-
yfl pi perazin-1-y1)-3- (isopropyl am no)propan-1-one 460.3 59 0 /-\ z

zz |IL (R.S) 2-(4-chloropheny])-2-hydroxy-3-(isopropylamino)-1-(4-((R)-5-methyl-6.7-dihydro-SH-

Dniperazin-1-yDpropan-1-one dihydrochloride

[00318] Step 1: MCPBA (35 g, 77%, 156 mmol) was added to a solution of methy] 2-(4-
chlorophenyl}-acrylate (20 g, 102 mmol) in CHCl; (200 mL). The mixture was refluxed for 24

hours. The reaction was cooled to room temperature, diluted with chloroform (200 mL) and
washed with 10% NayS;03, 10% NaHCO; and water. The organic phase was dried and
concentrated. The residue was subject to column chromatography, eluted by hexane/ethyl acetate
(9:1) to give methyl 2-(4-chlorophenyl)oxirane-2-carboxylate. Methyl 2-(4-chlorophenyl)oxirane-
2-carboxylate (2 g, 9.4 mmol) and ethanol (10 mL) and isopropylamine (1 mL, 11.7 mmol) were
added to a2 50 mL high pressure bomb. The mixture was heated to 90°C for 12 hours in the bomb.
Afier cooling, the solvent was removed, and the residue was dissolved in DCM (20 mL) and TEA
(2 mL). (Boc)20 (4g, 23.0mmol) was added to the mixture. The mixture was stirred at rbom
temperature for 48 hours. The solvent was removed, and the residue was dissolved in THF (20
mL). LiOH (3M, 14ml) was added to the mixture. The mixture was stirred at room temperature
for 16 hours and refluxed for 2 hours. After cooling, the mixture was quenched with 2N HCI (21
mL). The solvent was removed, and the residue was subject to column chromatography, eluted by
hexane/ethyl acetate (1:1) to give 3-(tert-butoxycarbonyl(isopropyl)amino)-2-(4-chiorophenyl)-2-
hydroxypropanoic acid. LCMS (APCI+) [M-Boc+H]" 258.1; Rf: 3.66 min.

[00319] Step 2: DIPEA (35.5 mg, 0.275 mmol) was.added to a suspension of (R)-5-methyl-
4-(piperazin-1-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine dihydrochioride (20 mg, 0.69 mmol),
3-(tert-butoxycarbonyl(isopropyl)amino)-2-(4-chlorophenyl)-2-hydroxypropanoic acid (29.5 mg,
0.082 mmol), and O-(1H-Benzotriazol-1-yl)-N,N,N',N'-tetramethyiuronium hexafluorophosphate
(31.3 mg, 0.082 mmol) in CH,Cl, (5.0 mL) at room temperature. The resulting mixture was stirred
overnight, diluted with EtOAc, washed with saturated aqueous. NaHCO; and saturated agueous
NH4Cl. The organic layer was dried (MgSO;,) and concentrated. The residue was purified by a
silica cartridge (5.0 g) and eluted by a mixture of EtQAc and hexane (60:40) to give tert-butyl 2-(4-
chlorophenyl)-2-hydroxy-3-(4-((R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
yl)piperazin-1-yl)-3-oxopropyl(isopropyl)carbamate asra clear oil (27 mg, 70%). LCMS (APCHH)
[M-Boc+H]" 558.1; Rf: 4.41 min.

[00320] Step 3: A solution of tert-butyl 2-(4-chlorophenyl)-2-hydroxy-3-(4-((R)-5-methyl-
6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yDpiperazin-1-yl)-3-oxopropyl(isopropyl)carbamate (26
mg, 0.0466 mmol) in DCM (2.5 mL) was added a 4.0M HCI solution in dioxane (0.8 mL). The
mixture was stirred at room temperature overnight. The solvents were removed in vacuo to give

tert-buty! 2-(4-chlorophenyl)-2-hydroxy-3-(4-((R)-5-methyl-6,7-dihydro-5H-
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di hydro-5H cycl openta[d] pyri m din-4- yl)piperazin-1 -yl)-3-
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(4-((R) -5-nmethyl-6, 7-di hydro-5H eyel opent a[ d] pyri m di n- 4-

yppi perazi n-1-yl ) propan-1-one 492.2 61 NH2 NC isO
cyclopenta[dJpyrimidin-4-yl)piperazin-1-yl)-3-oxopropyl(isopropyl)carbamate as the di-HCI salt

(28 mg). |
[00321] 'H NMR (CD;OD): 8.53 (1H, app d, J 2.7 Hz), 7.56-7.49 (4H, m), 4.24-4.18 (1H,
m), 4.01-3.38 (13 H, m), 3.16-3.07 (1H, m), 2.98-2.92 (1, m), 2.46-2.36 (1H, m), 1.90-1.84 (1K,
m), 1.34 (6H, app d, 4.7 Hz), 1.16 (3H, dd, J 6.6 and 19.5 Hz). LCMS: 458.1.
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Dpiperazin-1-yl)methanone dihvdrochloride

[00322] Step 1: TFA (0.2 mL, 2.63 mmol) was added to a solution of (E)-methyl 3-(3,4-
dichlorophenyl)acrylate (2.6 g, 11.7 mmol) in DCM (40 mL). The mixture was cooled to 0°C.
Then benzylmethoxytrimethylsilanyl methylamine (6.0 mL, 23.5 mmol) was added dropwise while
maintaining the temperature between -5°C and 5°C. After the addition was complete, the mixture
was stirred at room temperature overnight. The solvent was removed, and the residue was
dissolved in ether and treated with 1N HCI. The mixture was shaken to agitate, and a three layer
solution formed. The lower two layers were collected and basified with 2N NaOH to a pH of about
14. They were then extracted with CHCI; (3 X 100 mL). The organic phase was dried, filtered and
concentrated. The residue was subject to column chromatography, eluted by hexane/ethyl acetate
(4:1) to give (3S,4R)-methyl 1-benzyl-4-(3,4-dichlorophenyl)pyrrolidine-3-carboxylate (4.2 g,
99%). (LCMS (APCI+) [M+H]" 364.2; Rt: 2.63 min).

[00323] Step 2: 1-Chloroethyl chloroformate (1.5 mL, 13.9 mmol) was added to a solution
of (385,4R)-methyl 1-benzyl-4-(3,4-dichlorophenyl)pyrrolidine-3-carboxylate (4.20 g, 11.5 mmol) in
DCE (50 mL) at 0°C. The mixture was refluxed for 1 hour. After cooling, the solvent was
removed under vacuum at 65°C for | hour. MeOH (50 mL) was added to the residue and refluxed
for 1 hour. The MeOH was removed. The solid was re-dissolved in CHCI; and treated with
saturated Na,CO;. The aqueous portion was separated and extracted with CHCl; (2 X 30 mL).
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The organic phase was combined and dried. The solvent was removed to afford (35,4R}-methyl 4-
(3.4-dichlorophenyl)pyrrolidine-3-carboxylate (3.1 g, 98%). (LCMS (APCI+) [M+H]" 274.1; Rt:
225 min).
[00324} Step 3: Boc anhydride (3.0 g, 13.7 mmol) was added to a soluﬁon of (35,4R)-
methyl 4-(3,4-dichlorophenyl)pyrrolidine-3-carboxylate (3.10 g, 11.3 mmol) in THF (100 mL) and
TEA (4 mL) was added. The mix was stirred at room temperature overnight. The solvent was
removed and the residue was subject to column chromatography, eluted by hexane/ethyl acetate
(8:1) to give (35,4R)-1-tert-butyl 3-methyl 4-(3,4-dichlorophenyl)pyrrolidine-1,3-dicarboxylate
(LCMS (APCI+) [M-Boc+HH]™ 274.1; Rt: 4.17 min.). The‘(38,4R)-l-tert-butyl 3-methyl 4-(3,4-
dichlorophenyl)pyrrolidine-1,3-dicarboxylate was re-dissolved in MeOH (50 mL), and LiOH (3M,
10 mL) was added. The mixture was stirred at room temperature for 6 hours. 2N HCI (15 mL) was
 added to the mixture. The solvent was removed, and the residue was subject to column
chromatography, eluted by DCM/MeOH (40:'1—10:1) to give (3S,4R)-1-(tert-butoxycarbonyl)-4-
(3,4-dichlorophenyl)pyrrolidine-3;carboxylic acid (1.95 g). LCMS (APCH) [M-Boc+H]" 260.1;
Rt: 3.67 min.
[060325] Step 4: DIPEA'(35.5 mg, 0.275 mmol) was added to a suspension of (R)-5-methyl-
4-(piperazin-1-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine dihydrochloride (20 mg, 0.06% mmol),
1-(tert-butoxycarbonyl)-4-(3,4-dichlorophenyl)pyrrolidine-3-carboxylic acid (29.7 mg, 0.082
mmol), and O-(1H-Benzotriazol-1-y1)-N,N,N',N'-tetramethyluronium hexafluorophosphate (31.3
mg, 0.082 mmol) in CH;Cl; (5 mL) at room temperature. The resulting mixture was stirred for 2
hours, diluted with EtOAc, washed with saturated aqueous NaHCO; and saturated aqueous NH,CIL
The organic layer was dried (MgSO,) and concentrated. The residue was purified by a silica
cartridge (5.0 g), eluted by a mixture of EtOAc and hexanes (60:40) to give the tert-butyl 3-(3,4-
dichlorophenyl)~4-(1-((R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-4-
carbonyl)pyrrolidine-1-carboxylate as a mixture of diastereomers (34 mg, 88%). LCMS (APCI+)
[M-Boc+H]" 560.0; Rt: 3.59 min.
[00326] Step 5: A solution of the mixture of diastereomers of tert-butyl 3-(3,4-
dichlorophenyl)-4-(1-((R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-4-
carbonyl)pyrrolidine-1-carboxylate (34 mg, 0.061 mmol) in DCM (3.1 mL} was added to a 4.0M
HCI solution in dioxane (1.1 mL, 4.25 mmol). The mixture was stirred at room temperature
overnight. The solvents were removed in vacuo to give ((3S,4R)-4-(3,4-dichlorophenyl)pyrrolidin-
3-yD(4-((R)-5-methyi-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)methanone
dihydrochloride and ((3R.4S)-4-(3,4-dichlorophenyl)pyrrolidin-3-y1)(4-((R)-5-methyl-6,7-dihydro-
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5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)methanone  dihydrochloride as a mixture of
diastercomers (32 mg, 99%). '
[00327] '"H NMR (CD;OD): 8.58 (1H, s), 7.70-7.63 (1H, m), 7.59-7.55 (1H, m), 7.45-7.40

(18, m), 4.25-3.40 (18H, m), 3.19-3.10 (1H, m), 3.00-2.93 (1H, m), 2.46-2.4]1 (1H, m), 1.93-1.87

(1H, m), 1.21-1.15 (3H, m). LCMS: 460.2.

Ekample 15

2-fluorophenyl -5-methyl-6,7-dihydro-5H-cyclopenta[d

yDpiperazin-1-yl)methanone dihydrochloride
[00328] 'H NMR (CD;OD): 8.56 (1H, s), 7.53-7.45 (1H, m), 7.34-7.20 (2H, m), 4-50-4.45
(1H, m), 4.20-3,57 (13H, m), 3.18-3.09 (1H, m), 3.00-2.92 (1H, m), 2.81-2.75 (1H, m), 2.50-2.36
(1H, m), 1.91-1.81 (2H, m), 1.36 (3H, s), 1.34 (3H, s), 1.24-1.15 (3H, m). LCMS: 460.1.

Example 16
NH,
F. o
Cl N
[ j 2 HClI

(R.8)-4-amino-2-(4-chloro-3-fluorophenyl)-4-methyl-1-(4-((R)-5-methvl-6,7-dihydro-5H-

iperazin-1-yl)pentan-1-one dihydrochloride
[00329] 'H NMR (CD;OD): 8.56 (1H, s), 7.53-7.45 (1H, m), 7.34-7.20 (2H, m), 4-50-4.45
(1H, m), 4.20-3.57 (13H, m), 3.18-3.09 (1H, m), 3.00-2.92 (1H, m), 2.81-2.75 (1H, m), 2.50-2.36
(1H, m), 1.91-1.81 (2H, m), 1.36 (3H, s), 1.34 (3H, s), 1.24-1.15 (3H, m). LCMS: 460.1.
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{R.8S) 4-amino-2-(4-fluoropheny[}-4-methyl-1-(4-((R)-5-methyl-6,7-dihydro-5H-

cyclopentaldlpyrimidin-4-yl)piperazin-1-ylpentan-1-one dihydrochloride
[00330] 'H NMR (CD;OD): 8.55 (1H, s), 7.457.38 (2H, m), 7.17-7.05 (2H, m), 4-40-4.33
(1H, m), 4.27-3.25 (13H, m), 3.20-3.06 (1H, m), 3.00-2.92 (1H, m), 2.81-2.72 (1H, m), 2.47-2.37
(14, m), 1.95-1.78 (2H, m), 1.42-1.29 (6H, m), 1.24-1.10 (3H, m). LCMS: 426.1.

Example 18
NH,

O
N
Br ( j 2 HCI
N
| N _
(R.S)-4-amino-2-(4-bromophenyl)-1-(4-((R)-5-methyl-6.7-dihvdro-5H-cyclopentafd]pyvrimidin-4-

Dpiperazin-1-yl)butan-1-one dihvdrochloride
[00331] 'H NMR (CD;0D): 8.55 (1H, app d, J 3.5 Hz), 7.55 (2H, dd, J 8.3 and 3.6 Hz),
4.27-3.43 (14H, m), 3.17-3.08 (1H, m), 3.00-2.81 (3H, m), 2.44-2.30 (2H, m), 2.03-1.97 (1H, m),
1.91-1.86 (1H, m), 1.20-1.14 (3H, m). LCMS: 460.1. '
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et hyl 6, 7-di hydro- 5H cycl opent a[ d) pyr9(m i di n-4-
yQpi perazin-1-y1)-3-(4- (trifluoronethyl)phenyl)propan-1- one 448.2

68 Cl

NH is2 -4-amino-2-(4-chlorophenyl)-2-methyl-1-(4-((R)-5-methyl-6,7-dihydro-5H-

cyclopentald]pyrimidin-4-vhpiperazin-1-vl)butan-1-one dihydrochloride
[00332] Step 1: Methyl 2-(4-chlorophenyl)propanoate (1.50 g, 7.55 mmol) was dissolved in
THF (14 mL) and cooled to 0°C. The solution was treated with KOtBu (85 mg, 0.755 mmol) and
allowed to stir for 15 minutes. The solution was cooled to -78°C and then treated with the acrylate
(1.22 mL, 831 mmol). The mixture was allowed to stir ovcmight to room temperature to
completion by TLC analysis. The mixture was then quenched with saturated NH,Cl. The THF was
removed in vacuo to afford a yellow oil. The residue was partitioned between ethyl acetate and
water. The aqueous was extracted with ethyl acetate, and the organics were combined. The
organic portion was washed with water, then brine, separated, dried over MgSO,, filtered, and
concentrated in vacuo to afford the crude material as a yellow oil. The material was purified by
chromatography (silica gel eluted with 90:10 hexanes:ethyl acetate, Rf = 0.35) to afford 5-tert-butyl
1-methyl 2-(4-chlorophenyl)-2-methylpentanedioate as a colorless oil (1.69 g, 69%). This 5-tert-
butyl 1-methyl 2-(4-chlorophenyl)-2-methylpentanedioate (1.69 g, 5.717 mmol) was dissolved in
TFA (15.9 mL; 207 mmol) at room temperature and allowed to stir for 2 hours to completion by
LCMS {(neg) analysis. The solution was concentrated in vacuo to afford 4-(4-chlorophenyl)-5-
methoxy-4-methyl-5-oxopentanoic acid as a colorless oil (1.42 g, 100%).
[00333] Step 2: 4-(4-Chlorophenyl)-5-methoxy-4-methyl-5-oxopentanoic acid (1.42 g, 5.25
mmol) was dissolved in toluene (17.5 mL) at 0°C and treated with NEt; (1.46 mL, 10.5 mmol) and
"DPPA (1.19 mL, 5.51 mmol), respectively. The reaction was removed from the ice bath and
allowed to warm slowly to room temperature for 3 hours (no starting material remained by TLC).
The solution was concentrated carefully (<30°C) in vacuo, and the residue was partitioned between
ethyl acetate and 1% wt/wt citric acid solution. The aqueous portion was extracted once and the
organics were combined. The organic portion was washed with brine, separated, dried over
MgSQq, filtered, and concentrated in vacuo. The residue was re-dissolved in tert-BuOH (17.5 mL),
treated with SnCl (262 uL of a 1.0M solution in DCM, 262 umol), and heated to 80°C for 5 hours
(nitrogen release subsided). The reaction was complete by TLC analysis an& was concentrated in
vacuo to afford an oil. The oil was partitioned between ethyl acetate and diluted NaHCO; solution.
The aqueous portion was extracted several times, and the organics were combined. The organic
was washed with 0.5M HCI solution, -then brine, separated, dried over MgSO,, filtered, and
concentrated in vacuo to afford a brown oil. The residue was purified by chromatography (silica
gel eluted with 4:1 hexanes:ethyl acetate, Rf = 0.25) to afford the pure methyl 4-(tert-
butoxycarbonylamino)-2-(4-chlorophenyl)-2-methylbutanoate as a colorless oif (790 mg, 44%).
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[00334] = Step  3: Methyl 4—(tert-Butoxycarbonylamino)-Z—(4—chlorophenyl)-z-
methylbutanoate (720 mg, 2.11 mmol} was dissolved in THF (4.2 mL) and water (1.8 mL). The
mixture was treated with LiOH-H,O (265 mg, 6.32 mmol) and allowed to stir overnight to
completion by LCMS analysis. The mixture was diluted with water and washed twice with diethyl _
ether (discarded). The agueous was treated with 3M HCI solution until a pH of about 2 to about 3
(white ppt) and extracted with ethyl acetate several times. The combined organic portions were
washed with water, then brine, separated, dried over MgSQ,, filtered, and concentrated in vacuo to
afford 4-(tert-butoxycarbonylamino)-2-(4-chiorophenyl)-2-methylbutanoic acid as a colorless oil
(684 mg, 99%). LCMS (APCI+) [M+H]"326.0; Rt: 2.26 min. | '
[00335] Step 4: DIPEA (35.5 mg, 0.275 mmol) was added to a suspension of (R)-5-methyl-
4-(piperazin-1-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine dihydrochloride (20 mg, 0.69 mmol),
4-(tert-butoxycarbonylamino)-2-(4-chlorOphen_yl)-Z-methylbutanoic acid (27.0 mg, 0.082 mmol),
and O-(IH—Beniotriazol-l-yI)-N,N,N',N'-tetramethylurohium hexafluorophosphate (31.3 mg, 0.082
mmol) in CHoCly (5.0 mL) at room temperature. The resulting mixture was stirred dvemight,
diluted with EtOAc, washed with saturated aqueous NaHCO; and saturated aqueous NH4Cl. The
organic layer was dried (MgSO,) and concentrated. The residue was purified by a silica cartridge
(5.0 g), eluted by a mixture of EtOAc and hexahe (60:40) to give tert-butyl 3-(4-chiorophenyl)-3-
methyl-4-(4-((R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)-4-
oxobutylcarbamate as a clear oil (27 mg, 74%). LCMS (APCI+) [M-+H]" 528.1; Rt: 3.38 min.
[00336] Step 5: A solution of tert-butyl 3-(4-chlorophenyl)-3-methyl-4-(4-((R)-5-methyl-
6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)-4-oxobutylcarbamate (26 mg, 0.049
mmol} in DCM (2.5 mL) was added a 4.0M HCI solution in dioxane (0.8 mL). The mixture was
stirred at room temperature overnight. The solvents were removed in vacuo to give (R.S)-4-amino-
2-(4-chlorophenyl)-2-methyl-1-(4-((R)-5-methyl-6,7-dihydro-5H-cyclopenta[d
Dpiperazin-1-yhbutan-1-one dihvdrochloride (18.4 mg, 70%.) LCMS: (APCIH+) [M+H]" 428.1;
Rt: 2.22 min.
[00337] LCMS: 428.1
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-5-methyl-6.7-dihydro-5H-

cvclopentafd lgy_rimidin-4~yl )piperazin-1-yl)methanone dihydrochloride
[00338] Step 1: TFA (0.34 mL, 441 mmol) was added to a solution of N-

{methoxymethyl)(phenyl)-N-((trimethylsilyl)methyl)methanamine (3.9 g, 19.8 mmol) in DCM (40

. mL). The mixture was cooled to 0°C. Benzylmethoxytriniethylsilanyl methyiamine (10.5 mL, 41
mmol) was added dropwise at 0°C. The mixture was stirred at room temperature for 2 hdurs. The
solvent was removed, and the fesidue was dissolved in ether and treated with IN HC}. The mixture
was shaken, and the aqueous layer was separated and basified with 2N NaOH to a pH of 14. It was
then extracted with CHCl; (3 X 100 mL). The organic phase was dried and concentrated. The
residue was subject to column chromatography, eluted by hexane/EtOAc (10:1) to give methyl 1-
benzyl-3-(4-chlorophenyl)pyrrolidine-3-carboxylate (LCMS (APCI+) [M-Boc+H]" 330.2; Rt: 2.46
min).

[00339] Sip__Z ~ 1-Chleroethylformate (1.0 mL, 9.27 mmol) was added to a solution of
methyl 1-benzyl-3-(4-chlorophenyl)pyrrolidine-3-carboxylate (3.05 g, 9.25 mmol) in toluene (40
mL) at 0°C. The mixture was refluxed for 10 hours. Afier cooling, the solvent was removed under
vacuum. The residue was treated with MeOH (20 mL) and refluxed for 1 hour. The solvent was
removed, and the residue was dissolved in ethyl acetate (200 mL) and washed with IN NaOH (50
mL) and then water. The organic phase was dried and concentrated. The residue was subject to
column chromatography, eluted by EtQAc-DCM/MeOH (10:1). The resulting methyl 3-(4-
chlorophenyl)pyrrolidine-3-carboxylate (LCMS (APCI+) [M-Boc+H]™ 240.1; Rt: 2.06 min) was
dissolved in DCM (20 mL) and TEA (1 mL), and then treated with Boc anhydride (1 g, 4.58
mmol). After stirring for 2 hours, the solvent was femoved, and the !-tert-butyl 3-methyl 3-(4-
chlorophenyl)pyrrolidine-1,3-dicarboxylate (LCMS (APCI+) [M-Boc+H]" 240.1; Rt: 3.78 min) was
dissolved in THF (50 mL). LiOH (3M, 6 mL) was added to the mixture. The mixture was stirred
at room temperature overnight and then quenched with 2N HCI (9 mL). The solvent was removed,
and the residue was subject to column chromatography, eluted by hexanes/EtOAc(4:1)-
DCM/MeOH (20:1) to give 1-(tert-butoxycarbonyl)-3-(4-chlorophenyl)pyrrolidine-3-carboxylic
acid. LCMS (APCH+) [M-Boc+H]" 224.1; Rt: 2.90 min.

[00340] Step 3: DIPEA (35.5 mg, 0.275 mmol) was added to a suspension of (R)-5-methyl-
4-(piperazin-1-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine dihydrochloride (20 mg, 0.69 mmol),
1-(tert-butoxycarbonyl)-3-(4-chlorophenyl)pyrrolidine-3-carboxylic acid (26.9 mg, 0.082 mmol),
and O-(1H-Benzotriazol-1-y[}-N,N,N',N'-tetramethyluronium hexafluorophosphate (31.3 mg, 0.082
mmol) in CHCl, (5.0 mL) at room temperature. The resulting mixture was stirred overnight,

diluted with EtOAc, washed with saturated aqueous NaHCO; and saturated aqueous NH;Cl. The
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(R) - 2- am no- 3- (4-chl orophenyl) - 1- (44(BR 7R)-7-fl uoro-5-nethyl -6, 7-
organic layer was dried (MgS80,) and concentrated. 'The residue was purified by a silica cartridge
(5.0 g), eluted by a mixture of MeOH and CH,Cl; (1.5:98.5) to give tert-butyl 3-(4-chlorophenyl)-
3-(1-((R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-4-
carbdnyl)pyrrolidine—l-carboxylate as a clear oil 25 mg, 69%). LCMS (APCHH) [M-Boc+H]
526.1; Rt: 3.49.
[00341] Step 4: A solution of tert-butyl 3-(4-chlorophenyl)-3-(1-((R)-5-methyl-6,7-dihydro-
5H-cyclopenta[d]pyrimidin-4-yl)piperazine-4-carbonyl)pyrrolidine-1-carboxylate (25 mg, 0.048
mmol) in DCM (2.5 mL) was added to a 4.0M HCI solution in dioxane (0.8 mL). The mixture was

+

stirred at room temperature overnight. The solvents were removed in vacuo to give (3-(4-
chlorophenyl)pyrrolidin—3-y])(4-t(R)-5-methyl-6,7-dihydro-SH-cyclopcnta[d]pyrimidin-4-
yl)piperazin~I—y_I)rnethanone dihydrochloride (24 mg, 100%). LCMS (APCI+) [M+H]" 426.2; Rt:
2.00. _

[00342] '"H NMR (CD;OD): 8.54 (1H, s), 7.51-4.49 (2H, m), 7.41 (2H, d, J 7.2 Hz), 4.26
(1H, d, J 11.0 Hz), 4.10-3.37 (12 H), 3.16-3.08 (2H, m), 2.98-2.85 (2H, m), 2.71-2.64 (1H, m),
2.45-2.36 (1H, m), 1.87 (1H, t, J 10.4 Hz), 1.16 (3H, app dd, J 12.5 and 7.0 Hz). LCMS: 426.2

Example 21

[00343] LCMS: 456.2
Example 22

HOU
cl E j 2 Hel



di hydro-5H cycl opent a[d] pyri m di n-4- yl)pi perazin-I|-yl)propan-I|-one
418.2 74 ..2 02N 40 EN) N a> (R)-2-am no-1-(4-((R)-5-nethyl -

6, 7- di hydr o- 5H cycl opent a[ d] pyri m di n- 4-

yepi per azi WOL0PP6032 (4. nijt r ophenyl ) pr opan- 1- one 411. 2 PEF/UHBN7ATEF¢ N
) Al an N (R)-2-am no-3-(3,4- difluorophenyl)-1-(4-((R)-5-

-5-methyl-6.7-dihydro-5H-

iperidin-1-y1)-1-(4-
cyclopentald]pyrimidin-4-yl)piperazin-1-yl)propan-1-one dihvdrochloride

[00344] LCMS: 4842

Example 23
HG,

<:L |
c [:] 2 HCI.

N
| . J
(R.S) 2-(4-chlorophenvl}-3-((8)-3-hydroxypyrrolidin-1-v1}-1-(4-((R)-5-methv!-6,7-dihydro-5H-
cyclopenta[dIpvrimidi Dpiperazin-1-yl}propan-1-one dihydrochloride
[00345] LCMS: 4702
Example 24
HQ

G T

(R.8) 2-(4-chloropheny]}-3-((R)-3-hydroxypyrrolidin-1-y}-1-(4~((R}-5-methv]-6.7-dihydro-5H-

cyclopentald]pyrimidin-4-vl)piperazin-1-yl)propan-1-one dihydrochloride
[00346] LCMS: 470.2
Example 25
H
N
O

N
Y
N

>N
IN,)



nmet hyl1- 6, 7- di hydro-5H cycl opent a[ d] pyri m di n- 4-
yl )pi perazi n-1-yl) propan-1-one 402.2 76 ON.2 O N C ) , kN# - 41 | ti
) N(R-2- 3,4- difluorophenyl)-14(8)-3-net hyI
((R)-5- met‘ﬁg‘z%ém&oé% hydr o- 5H cycl opent a[ d] pyri m di n- 4P%T[U82007/072876
yl ) pi perazin-1-yl)propan-1-one 416.2 79 Br 1 10NH O C) 1IN ain N

imidin-4-

Dpiperazin-1-yl)-3-(methylamino)propan-1-one dihydrochloride
[00347] LCMS: 398.2

Example 26

HN

[:j 2 He

-5-methvl-6,7-dihydro-SH-

cvelopenta[d]pyrimidin-4-ylipiperazin-1-yl)propan-1-one dih drochloride

[00348] '"H NMR (D:0): 8.30 (1H, app d, J 9.3 Hz), 7.20-7.16 (2H, m), 6.94-6.91 (2H, m),
428-423 (1H, m), 4.16-4.08 (1H, m), 3.99-3.83 (2H, m), 3.78-3.70 (4H, m), 3.60-3.30 (7H, m),
3.25-2.89 (3H, m), 2.84-2.74 (1H, m), 2.28-2.16 (1H, m), 1.72 (1H, t, J 10.8 Hz), 1.21-1.18 (6K,
m), 0.99-0.91 (3H, two d, J 7.1 and 6.7 Hz). LCMS: 4382

Example 27
H.N
Cl
N
cl E j 2 HCI
N .
SN
l N P

3.4-dichlorophenvl)-1-(4-((R)-5-methyl-6.7-dihydro-5H-cyclopenta[d

4-yDpiperazin-1-yDpropan-1-one dihvdrochloride

[00349] LCMS: 434.2

Example 28

N

HN

/@J\fo
E N

ENj 2 HCt

=N
IN,)



(R) - 2- am no- 3- (4- bronmophenyl)-1- (4-((R)-5-methyl-6, 7-di hydro-514-
cycl openta[ d] pyri m din-4- yOpi perazin-1-yl)propan-1-one 444. 1 WO
2008/ 006032PCT/ US2007/ 072876 128 78 Br .NH2 o N () eal

(R) - 2- ani O3MEAWEHophenyl)-1- ((S)-3-nethyl-4-((R)- QCWFWWD@SW
di hydro-5H cycl openta[ d] pyri m di n-4- g4 ) pi perazin-I|-yl)propan-I|-one
458.2 79 110NH 0 C) 1IN

-5-methvi-6,7-dihydro-5H-

cyclopenta[d]pyrimidin-4-yDpiperazin-1-yl)propan-1-one dihydrochloride
[00350] 'H NMR (D,0): 8.31 (1H, app d, J 7.9 Hz), 7.28-7.24 (2H, m), 7.11-7.06 (2H, m),
4.37-4.33 (1H, m), 4.15-4.08 (1H, m), 3.99-3.37 (5H, m), 3.31-3.22 (1H, m), 3.10-2.92 (4H, m),
2.85-2.75 (1H, m), 2.28-2.17 (1H, m), 1.76-1.70 (14, m), 1.15 (3H, t, J 7.2 Hz), 0.99-0.93 (3H, two
d,./6.9 and 6.5 Hz). LCMS: 412.2.

Example 29

HN

Ci E j 2 HCl

[00351] LCMS: 428.2.

Example 30
NH,

N
Cl E ] 2 HCl
N

Y
IN,)

R)-5-methyl-6,7-dihydro-SH-

[00352] Step 1: 1,8-Diazabicyclo]5.4.0Jundec-7-ene (33.68 ml, 225.2 mmol) was added to a
solution of methyl 2-(4-chlorophenyl)acrylate (36.9 g, 187.7 mmol) and 2-nitropropane (20.23 ml,
225.2 mmol) in CH;CN (500 mL) at 0°C under nitrogen. The reaction mixture was warmed to
room temperature and stirred overnight. The solution was concentrated in vacuo and subjected to
column chromatography (20% EtOAc/hexanes) to give methyl 2-(4-chlorophenyl)-4-methyl-4-
nitropentanoate (52.9 g, 98.66% yield) as a colorless oil. Concentrated HCI (10 mL) was added
dropwise over 2 minutes to a suspension of methyl 2-(4-chlorophenyl)-4-methyl-4-nitropentanoate

(10 g, 35.0 mmol) and zinc (6.41 mL, 700 mmol) in EtOH (250 mL) at 40°C. The mixture was



W i

N (R)-2-am no- 3-(2-fl uorophenyl)- 1-

(44(R) - 5-net hyl- 6, 7-di hydro- 5F1- cycl opent a[ d] pyri m di n- 4-

yl ) pi perazi n-1-y9propan-1-one 384.2 80 (11)NH2 O N ( ) ea N

(R) - 2- am nWO20¢8060320r ophenyl) - 1- ((S) - 3- net hyl - 4- (( R) -PSTHS2H7{0728767 -
di hydro-5H cycl openta[d] pyri m di n-4- g¥) pi perazin-1-yl) propan- 1-one
398.2 81 02NNH2 io0 N C)- elb6 ' -

stirred at 40°C overnight. LCMS shows the desired product and reduced (but non-cyclized)

product. The temperature was increased to 50°C for 8 hours.” There was no change by LCMS, so

“the reaction mixture was diluted with-EtOAc (200 mL) and filtered. The filtrate was concentrated

in vacuo, taken up into EtOA¢/EtOH (500 mL, 9:1), washed with bicarbonate solution, dried over
Na;S0, and concentrated in vacuo. The crude prodﬁct contained 2-3 compounds, however, the 3-
(4-chlorophenyl)-3,5-dimethylpyrrolidin-2-one (6.7 g, 85.6% yield) was the major one, which was
used as-is in the next step. LCMS (APCI") [M-Boc+H]' 224.1; Rt: 2.90 min.

[00353] Step 2: Lithium bis(trimethylsilyl)amide (36 ml., 36 mmol) was added to a stirred
solution of 3-(4-chlorophenyl)-5,5-dimethylpyrrolidin-2-one (6.7 g, 30 mmol) in THF (200 mL) at -
78°C under nitrogen. The solution was stirred at -78°C for 30 minutes, and then a solution of di-
tert-butyl dicarbonate (7.6 mL, 33 mmol) in THF (30 mL) was added in a single portion. The
solutioﬁ was warmed to room temperature and allowed to stir overnight. The reaction was poured
into 0.5M HCI solution and extracted with. ethyl acetate twice. The combined organic portions
were washed with water, separated, dried over MgSQy, filtered, and concentrated in vacuo to afford
the near-pure product (excess Boc20) as a coloriess oil. Column chromatography (20%
EtOAc/hexanes) to give pure tert-butyl 4-(4-chlorophenyl)-2,2-dimethyl-5-oxopyrrolidine-1-
carboxylate. LCMS (APCI+) [M-Boc+H]+ 224.1; Rt: 3.68 min.

[00354] Step 3: Lithium hydroxide hydrate (6.44 ml, 232 mmol) was added to a stirred
solution of tert-butyl 4-(4-chlorophenyl)-2,2-dimethyl-5-oxopyrrolidine-1-carboxylate (7.5 g, 23.2
mmof) in THF/MeOH/H,0 (30 mL/30 mL/30 mL} at room temperature. The mixture was stirred at

. room temperature overnight and concentrated in vacuo. The residue was taken up into water (200

mL), washed with EtOAc (100 mL), acidified with concentrated HCI and extracted into EtOAc @
X 200 mL). The product was dried over Na;SO4 and concentrated in vacuo. Residual HCI was
removed by evaporating from toluene to give 4-(tert-butoxycarbonylamino)-2-(4-chlorophenyl)-4-
methylpentanoic acid (5.0 g, 63.2% yield) as a white solid. LCMS (APCI") [M-Boc+H]* 242.0; Rt:
2.8 min.

[00355] Step 4: HBTU (0.033 g, 0.086 mmol) was added to a solution of (R}-5-methyl-4-
(piperazin-1-yl}-6,7-dihydro-5H-cyclopenta[d]pyrimidine dihydrochloride (0.025 g, 0.086 mmol),
4-(tert-butoxycarbonylamino)-2-(4-chlorophenyl)-4-methylpentanoic acid (0.029 g, 0.086 mmol),
and DIEA (0.045 mL, 0.26 mmol) in DCM (1.2 mL). The reaction was shaken overnight (16
hours), after which it was diluted with 2M Na;CO; and extracted with DCM. The extracts were

- dried (Na;SOy), filtered, and concentrated. The crude was flashed on Biotage 128 (ca. 100 mL 3:1

DCM:EA flushed to elute DIEA, then 1:3 DCM:EA eluted prod) to give (R)-tert-butyl 4-(4-
chlorophenyl)-2-methyl-5-(4-(5-methyl-6, 7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-



N (R)-2-am no-14(S)-3-net hyl -4- ((R)-5-nethyl -6, 7-di hydro-5H
cycl openta[d] pyrimdin-4- .yl)piperazin-1-yl)-3-(4-

ni t r opheny, r -1-one 425.2 82 ONH2 0 C) xIN N
(R -2-am n\g/)o%ofsﬁj%%he ) - 5- met hyl - - 6, 7- di hydr o- 5H PCT/US2007/072876

cycl opent a[ d] pyri m di n-4- yl)piperazin98-yl)-3-p-tolyl propan- 1-one
380.3 83 ONH2 0 ©) &t: N (R -2-am no-3-(4-tert-
but yl pheglt)oxbpdrdehtRyichbaidtd§0.044 g, 95% yield) as a residue. LCMS (APCI®) [M+H]" 542.2;

Rt: 2.94 min.
[00356} Step 5: 4M HCl/dioxane (0.609 ml, 2.43 mmol) was added to a solution of (R)—tert—
. butyl 4-(4-chlorophenyl)-2-methyl-5-(4-(5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
Iyl)piperazin—l-yl)-5-0x0pentan-2-ylcarbamate (0.044 g, 0.0812 mmol) in dioxane (1 mL). The
reaction mixture was stirred at room temperature for 2 days, after which it was concentrated to
dryness. The resuliing residue dissolved in minimal MeOH, and the product was triturated by the
addition of ether. The solids were isolated by filtration through quantitative membrane filter paper
with nitrogen pressure, rinsed with ether, and dried in vacuo to give (R)-4-amino-2-(4-
chlorophenyl)-4-methyl-1-(4-(5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-
yl)pentan-1-one dihydrochioride (0.035 g, 83.7% yield) as a white powder. LC/MS (APCI+) m/z
442 [M+H]+. 1:1 mixture of diasteredmers.
[00357] | "H NMR (D;0): 8.31 (1H, app d, J 9.1 Hz), 7.31-7.18 (4H, m), 4.12-3.36 (10H, m),
3.23-3.16 (1H, m), 3.02-2.92 (1H, m), 2.85-2.78 (1H, m), 2.52 (1H, dd, J 14.9 and 8.6 Hz), 2.27-
2.20 (1H, m), 1.88-1.83 (1H, m), 1.73 (1H, t, J 10.5 Hz), 1.23 (3H, s), 1.16 (3H, s), 1.05 (1H, t,J
7.1 Hz), 0.99-0.93 (3H, two d, J 7.1 and 7.1 Hz). LCMS: 4422, |

Example 31
OH

HN

N

o
N

‘ l:j 2 HCl
N

)

=

(R._S)-2-(4-chloropheny-3-(2-hydroxvethylamino)-1-(4-({R)-5-methyl-6.7-dihydro-5H-

cyclopentafd]pvrimidin-4-yDpiperazin- 1-vl)propan-1-one dihvdrochloride

[00358] LCMS: 444.2

Example 32

D;JY
cl 2 HCI

-

(A
; N



6, 7- di hydro-5H cyel opent a[ d] pyri m di n- 4-

yl ) pi perazin-I-yl)propan-I-one 422.3 WO

2008/ 006032PCT/ 1182007/ 072876 129 84 SINH2 0 F3C ( ) IN 1M N

(R) - 2- am NnYOR0ERA6URY - 5- net hyl- 6, 7-di hydr o- 5H PCT/US2007/072876
eyel opent a[ d] pyri m di.n-4- yl)pi perazi n9%-y1)-3-(3- :
(trifluoronethyl)phenyl)propan-1- one 434.2 85 isNH, 0 C)

Dpiperazin-1-y1)-3-(néopentylamino)propan-1-one dihvdrochloride

[00359] LCMS: 470.2
Exampie 33

HN

O

N
Br [ j 2 HCl
N

[00360] '"H NMR (D,0): 8.31 (1H, app d, J 10.4 Hz), 7.52-7.49 (2H, m), 7.16-7.14 (2H, m),
4.31-4.27 (1H, m), 4.10-4.06 (1H, m), 4.00-3.07 (12H, m), 3.02-2.93 (1H, m), 2.85-2.78 (1H, m),
2.25-2.19 (1H, m), 1.73 (IH, t, J 10.1 Hz), 1.21-1.15 (6H, m), 0.99-0.93 (3H, two d, J 6.5 and 6.9
Hz). LCMS: 486.2.

Example 34
H,N

cl [N] 2 Hel

imidin-4-

Dpiperazin-1-yDpropan-1-one dihydrochloride

[00361] Step 1: tert-Butyl 2,4-dimethoxybenzylcarbamate (3.96 g, 14.8 mmol)} was
dissolved in THF (74 mL) and cooled to -78°C. Butyl lithium (7.44 mL, 16.3 mmol) was added
dropwise to the solution over a five minute period to afford a pale-yellow solution. The solution
was allowed to stir for 15 minutes before chloro(methoxy)methane (1.35 mL, 17.8 mmol) was
added dropwise (neat). The reaction was stirred at -78° for 10 minutes and allowed to warm slowly
to ambient temperature overnight. The reaction was concentrated in vacuo to afford a yellow gel,

which was partitioned between half-saturated NH,Cl solution and ether. The aqueous portion was



N (R)-2-am no- 3-(4-fluorophenyl)-1_(44(R)-5-nethyl-6, 7-di hydro-5H
cycl opental[d] pyri mdin-4- yl)piperazin-1-yl)propan-1-one 384.2 86 Xx

>-z 2z 2z b = 2-(4-chl orophenyl)-1-(44(8)-5-
ethy1-6,7agpﬁ9§%%§%i-l- cycl opent a[ d] pyri m di n- 4- PCTIUS2007/072876

yl ) pi perazin-1-y1)-3- (isopropylam no) pan- 1-one 456.3 87 0 rTh Z-
z 115 -2z9-z 0 x * ti (S)-3-(1-acetyl piperidin-4-
yl am no) eRsracted ohdeparaithe orgdniesiwdréleombined. The organic portion was washed with water, then

brine, separated, dried over Na,SQ,, filtered, and concentrated in vacuo. 'H NMR supports the
desired near-pure ‘(>90%) tert-butyl 2,4-dimethoxybenzyl(methoxymethyl)carbamate (4.81 g, 104%
yield) as a pale-yellow oil which was used without purification.

[00362] Step 2: (R)-4-Benzyl-3-(2-(4-chlorophenyl)acetyl)oxazolidin-2-one (3.00 g, 9.10
mmol) was dissolved in DCM (91 mL) and cooled to -78°C. A 1M toluene solution of TiCls (11.4
ml., 11.4 mmol) was added to the solution followed by DIEA (1.66 mL, 9.55 mmol) to afford a
dark purple reaction. This was stirred for 15 minutes, and then tert-butyl 24-
dimethoxybenzyl(methoxymethyl)carbamate (3.40 g, 10.9 mmol) was added dropwise as a solution
in DCM (10 mL). The reaction was allowed to stir for 15 minutes at -78°C, and then allowed to
warm to -18°C in a brine-ice bath for one hour. This reaction was allowed to warm slowly to 0°C
over a 2.5 hour period and then quenched with the addition of saturated NH4Cl solution (100 mL).
The layers were separated, and the organic portion was extracted once with DCM. The combined
organic portions were dried over MgSOy, filtered, and concentrated in vacuo to afford a yellow oil.
The residue was purified by chromatography (silica gel eluted with 4:1 hexanes:ethyl acetate) to
afford the pure material as a colorless oil, tert-butyl (8)-3-((R)-4-benzyl-2-oxooxazolidin-3-y1)-2-
(4-chlorophenyl)-3-oxopropyl(2,4-dimethoxybenzyl)carbamate (4.07 g, 73.5% yield). - tert-Butyi
(S)-3-((R)-4-benzyl-2-oxooxazoiidin-3-y1)-2~(4-chlorophenyl)-3-oxopropyl(2,4-
dimethoxybenzyl)carbamate (680 mg, 1.12 mmol) was dissolved in DCM (10.6 mL) and water
(560 uL; 19:1 DCM:water) at ambient temperature. The solution was treated with DDQ (380 mg,
1.67 mmol), and the reaction was allowed to stir for one day to afford reaction completion by TLC
and LCMS analysis. The reaction was diluted with DCM and washed twice with half saturated
NaHCOj3 solution. The organic portion was dried over MgSQ,, filtered, and concentrated in vacuo
to afford a yellow-orange oil. The residue was purified by chromatography (silica gel eluted with
9:1 hexanes:ethyl acetate) to afford a mixture of the aldehyde by-product and tert-butyl (S)-3-(R)-
4-benzyl-2-oxooxazolidin-3-yl)-2-(4-chlorophenyl)-3-oxopropylcarbamate - (not separable) as a
pale-yellow oil (729 mg combined mass). LC/MS (APCI+) m/z 359.1 [M-BOC+H]". |
[00363] Step 3: 35% H,O, (0.240 mL, 2.91 mmol) was added to a solution of LiOH-H,O
(0.0978 g, 2.33 mmol) in 2:1 THF:},O (33 mL). The reaction mixture was stirred at room
temperature for 35 minutes and then cooled to 0°C. A solution containing a mixture of tert-bufyl
{8)-3-((R)-4-benzyl-2-oxooxazolidin-3-yl)-2-(4-chlorophenyl)-3-oxopropylcarbamate  (0.535 g,
1.17 mmol) and 2,4-dimethoxybenzaldehyde (0.194 g, 1.17 mmol) in THF (7 mL) was added
dropwise by addition funnel. The reaction mixture was placed in an ice bath to slowly warm the

reaction mixture and it was stirred overnight. The reaction mixture was then cooled to 0°C, and



(5R, 7R) - 7-fl uoro-5-net hy1l- 6, 7- di hydro-5H cycl openta[d] pyri m di n-4-
| ) pi perazin-1-yl)propan-1-one 543.2 / 545.2 88 0 z zliz pi ?)-z =

", U e3 (S)-2-(4-chlorophenyl)-1-(4- ((5R 7R)-7-fluoro-5-nethyl-6, 7-
di hydr o- 5HWO2HREI8WeNt a[ d] pyri m di n- 4- PCT/US2007/072876
yepi perazi n-1-yl)-3-(piperidin-4- ylanibho) propan-1-one 501.3 / 503. 2
WO 2008/ 006032PCT/ US2007/ 072876 130 89 z-\\ z

IM Na,;80; (7 mL) was added to the mixture. The mixture was stirred for 5 minutes and then
warmed to room temperature while being stirred for 20 minutes. The reaction mixture was then
transferred to a separatory funnel and washed with ether (3 X). The aqueous layer was acidified
with KHSOy(s), and the mixture was extracted with DCM (2 X). The combined extracts were dried
(NaySQ,), filtered, and concentrated to give (S)-3-(tert—butoxycarbony]amino)-2-(4-
chlorophenyl)propanoic acid (0.329 g, 94.2% yield) as a white residue. LC/MS (APCIH) m/z 200
[M-BOC+HT'.

[00364] Step 4: 4M HCl/dioxane (5.49 mL, 22.0 mmol) was added to a solution of (§)-3-
(tert-butoxycarbonylamino)-2-(4-chlorophenyl)propanoic acid (0.329 g 1.10 mmol) in 2:1
dioxane:DCM (10 mL). The reaction mixture was stitred at room temperature overnight (16
hours), after which it was concentrated to 1/3 volume. The resulting cloudy mixture was diluted
with ether, and the mixture was concentrated again to 1/3 volume. The mixture was diluted again
with ether (20 mL), and the solids were isolated by- filtration through a medium frit funnel with
nitrogen pressure. The solids were rinsed with ether (5 X 10mL), dried under nitrogen preésure,
and dried in vacuo to give (S)-3-amino-2-(4-chlorophenyl)propanoic acid hydrochloride (0.199 g,

- 76.8% yield) as a white powder. HPLC >99 area% pure. LC/MS (APCI+) m/z 200.

[00365] Step 5: Boc20 (0.368 g, 1.69 mmol) was added to a solution of (S)-3-amino-2-(4-
chlorophenyl)propanoic acid hydrochloride (0.199 g, 0.843 mmol) and tetramethylammonium
hydroxide pentahydrate (0.382 g, 2.11 mmol) in 10:1 MeCN:H,O (7.7 mL). The reaction mixture
was stirred overnight at room temperature (12 hours), after which the MeCN was removed on a
rotary evaporator. The mixture was diluted with water and washed with ether (2 X). The aqueous
layer was acidified with KHSO4(s). The mixture was extracted with DCM, and the combined
extracts were dried (Na;SO,), filtered, and conc;,entrated to give (S)-3-(tert-butoxycarbonylamino)-
2-(4-chiorophenyl)propanoic acid (0.229 g, 90.6% yield) as a foam. HPLC >99 area% pure.
LC/MS (APCI+) m/z 200 [M-BOC+H]".

[00366] ~ Step 6: HBTU (0.033 g, 0.086 mmol) was addéd to a solution of (R)-5-methyl-4-
(piperazin—l-yl)-—6,7—dihydrﬁ-SH-cyclopcnta[d]pyrirnidine dihydrochloride (0.025 g, 0.086 mmol),
(S)-3-(tert-butoxycarbonylamino)-2-(4-chlorophenyl)propanoic acid (0.026 g, 0.086 mmolj, and
DIEA (0.045 mL, 0.26 mmol)- in DCM (1.2 mL). The reaction mixture was stirred at room
temperature for 90 minutes. 2M Na,CQ; was added, and the mixture was extracted with DCM.
The combined extracts were dried (Na,SOy;), filtered, and concentrated. The crude was flashed on
Biotage 12S (ca. 100 mL; 4:1 DCM:EA flushed to elute DIEA, then 1:9 DCM:EA eluted product)
to give tert-butyl (S)-2-(4;ch]orophenyl)-3-(4-((R)-S—methyl-ﬁ,’f—dihydro-SH-



- 4(--E *u_ E3 (S)-2-(4-chl orophenyl)- 3-

(cycl opropyl net hyl am no) - 1- (4- ((5R, 78)-7-fluoro-5-nethyl-6, 7-

di hydro-5 | ta[d] pyri mdin-4- yl)piperazin-1-yl =Jl.one
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yellow residue. LC/MS (APCI+) m/z 500.1 [M+H]"; Rf: 2.68. ,
[00367] Step 7: 4M HCl/dioxane (0.860 ml, 3.44 mmol) was added to a solution of tert-

butyl (S)-2-(4-chlorophenyl)-3-(4-((R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-

yl)piperazin-1-yl)-3-oxopropylcarbamate (0.043 g, 0.0860 mmol) in dioxane (1.2 mL). The
reaction mixture was stirred at room temperature overnight (16 hours), after which it was
concentrated and dried on high vacuum line. The resulting residue was dissolved in minimal
MeOH, and the product was triturated by the addition of ether. The resuiting solids were isolated
by filtration through Varian quantitative membrane filter paper with nitrogen pressure, rinsed with
ether, dried with nitrogen pressure, and further dried in vacuo to give (S)-3-amino-2-(4-
chlorophenyl)-1-(4-((R)-5-methyl-6,7-dihydro-SH-cyclopenta[d]pyrimidin-4-yl)piperazin-1-
yl)propan-1-one dihydrochloride (0.032 g, 78.7% yield) as a white powder. LC/MS (APCI+) m/z
400 [M-+H]+. ' |
[00368] 'H NMR (D,0): 8.30 (1H, s), 7.37 (2H, d, J 8.3 Hz), 7.23 (2H, d, J 8.5 Hz), 4.30
(1H, t, J 6.2 Hz), 4.12-4.05 (1H, m), 3.90-3.60 (3H, m), 3.55-3.23 (9H, m), 3.02-2.93 (1H, m),
2.86-2.79 (1H, m), 2.28-2.18 (1H, m), 1.73 (1H, t, J 10.7 Hz), 0.94 (3H, d, J 6.5 Hz). LCMS:
400.2.
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S)-2-(4-chiorophenyl)-3-(isopropyl(methylamino)-1-(4-((R)-5-methyl-6.7-dihydro-5H-

iperazin-1-y)propan-1-one dihydrochloride

[00369] LCMS: 456.2.
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(R.8)-2-( 4-ch10rouhenvh-3-( (S)-3-fluoropyrrolidin-1-yD-1-(4-((R)-5-methyl-6,7-dihydro-5H-

cyclopenta[d]pyrimidin-4-vDpiperazin-1-yl)propan-1-one dihydrochloride

[00370]  LCMS:472.2.
Example 37
he
HN
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[00371] Step I: To a 0°C solution of (R)-tert-butyl 4-(5-methyl-6,7-dihydro-5H-
cyclc)penta[d]pyrimidin-4-yl)piperazine-1—cafboxylate (1.0 g, 3.14 mmol) in 20 mL CHCl; under
nitrogen was added in several portions solid 77% max. mCPBA (1.27 g, 5.65 mmol). The reaction
mixture was stirred 10 minutes, warmed to room temperature, and stirred 1 hour. The reaction
mixture was cooled back to 0 °C, and more 77% max. mCPBA (0.4 equiv.) was added in portions.
The reaction mixture was warmed to room temperature and stirred another 15 hours, after which it
was cooled to 0 °C. A solution of Na,$,0; (0.993 g, 6.28 mmol) in 6 mL H,O was added slowly by
addition funnel, and then a solution of Na;CO; (0.999 g, 9.42 mmol)} in 8 mL H,O was added
slowly by addition funnel. The reaction mixture was stirred 30 minutes, then extracted with 3 x
100 mL CHCl;. The combined extracts were dried (NaySO,), filtered through Celite, and then
concentrated in vacuo to give (R)-tert-butyl 4-(5-methyl-6,7-dihydro-5SH-cyclopenta[d]pyrimidin-4-

yl-1-oxide)piperazine-1-carboxylate as a brown foam, which was used immediately without
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(S)-2-(4-chlorophenyl)-1-(44(S)-5- (hymgoxynethyl)-6,7-di hydro-514

cycl openta[d] pyri mdin-4-1 yl)piperazin- -yl)-3- (isopropylam

I N0) Pr oPRfkifkalRE 4582 (RRtert-butyl  4-(5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl-1-
oxide)piperazine-1-carboxylate was dissolved in acetic anhydride (5.92 mL, 62.8 mmol), and the
solution was heated to 90 °C and stirred 2 hours. The reaction mixture was then cooled to room
temperature, the excess acetic anﬁydride was removed in vacuo, and the resulting oil was dissolved
in DCM and poured slowly into a stirred solution of ice saturated Na,COs. The mixture was
extracted with 2 x 100 mL DCM, and the combined extracts were dried (Na>SOy), filtered, and
concentrated in  vacuo to give (R)-tert-butyl 4-(7-acetoxy-S-methyl-6,7-dihydro-SH-
cyclopenta[d]jpyrimidin-4-yl)piperazine-1-carboxylate (1.11 g, 93.9% yield) as a brown foam. MS
(APCI+) m/z 377 [M+H]", which was used in the next step without purification.
[00372] Step 2: To a solution of (R)-tert-butyl 4-(7-acetoxy-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (1.16 g, 3.08 mmol) in 12 mL THF was
added 3M LiOH (2.57 mL, 7.70 mmol)} and 3 mL H,O. The reaction mixture was stirred at room
temperature for 15 hours, after which H,O was added, and the mixture was extracted with 3 x 75
mL EtOAc. The combined extracts were dried (Na;SOy,), filtered, and concentrated i vacuo. The
crude was purified on silica gel (Biotage 40S) first with 1:1 to 1:6 DCM:EtOAC gradient, followed
by 20:1 DCM:MeOH to give (R)-tert-butyl 4-(7-hydroxy-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (0.556 g, 54.0% yield) as a 1:1 mixture of
diastereomers as a brown foam. MS (APCI+) m/z 335 [M+H]".
[00373] Step 3: To a -78 °C solution of oxalyl chloride (0.203 mL, 2.33 mmol) in 10 mL
DCM was added dropwise by syringe a solution of DMSO (0.330 mL, 4.66 mmol) in 3 mL DCM.
The reaction mixture was stirred 35 minutes, then a solution of (R)-tert-butyl 4-(7-hydroxy-5-
methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate  (0.556 g, 1.66
mmol) in 5 mL DCM was added slowly by syringe. The reaction mixture was stirred another 1
hour at -78 °C, after which neat TEA (1.09 mL, 7.81 mmol) was added. The reaction mixture was
then allowed to warm to room temperature, stirred 30 minutes, and H,O was added. The mixture
was extracted with 3 x 75 mL DCM, and the combined extracts were dried (Na,SO,), filtered, and
concentrated in vacuo. The crude was purified on silica gel (Biotage 40M): the column was
flushed with about 300 mL 4:1 DCM:EtOAc, then gradient to 1:4 DCM: EtOAc to give (R)-tert-
butyl 4-(5-methyl-7-ox0-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate
(0.440 g, 79.6% yield) as a brown foam. MS (APCI+) m/z 333 [M+H]". 'H NMR (CDCl,, 400
MHz) 6 8.73 (s, 1H), 3.93-3.82 (m, 2H), 3.74-3.48 (m, 7H), 2.96 (dd, J = 19.6, 7.3 Hz, 1H), 2.34
(dd, J=19.6, 1.5 Hz, 1H), 1.50 (s, 9H), 1.32 (d, /= 6.8 Hz, 3H).
[00374] Step 4: (Reaction run in a 20-mL plastic boitle): To a solution of (R)-tert-butyl 4-(5-
methyl-7-0x0-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-y1)piperazine-1-carboxylate  (0.250 g,



4- - V-,

(S)-2-(4-chl orophenyl)-1-(4- 05R, 7S)-7-fluoro-5-nethyl-6,7-

di hydro-5H cycl opent a[ d] pyri mi di n-4-

yl ) pi perazi n-1-y1)-3-(tetrahydro- 2H pyran-4-yl am no) propan-1-one
5012 96 61WO0 2008§00693% 4. chl or ophenyl) - 1- (4- ((5R 7R) - 7- f IPF&3fF2H 71572876

et hyl-6, 7- di hydro-5H cycl openta [d] ppasi mi di n-4- yl) pi perazin-

1 yl) 3-(tetrahydro- 2H pyran-4-ylam no)propan-1-one 5022 97 z z z o

0.752 mmol) in 5 mL DCM was added DAST (0.795 mL, 6.02 mmol). The reaction mixture was
capped and stirred at room temperature for 45 hours, after which it poured into ice saturated
NaHCQ:s. The mixture was extracted with 2 x 40.mL DCM, and the combined extracts were dried
(Na»SQy), filtered, and concentrated in vacuo. The crude was purified on silica gel (Biotage 408)
eluting with 6:1 to 3:1 hexanes:EtOAc to give (R)-tert-butyl 4-(7,7-difluoro-5-methyl-6,7-dihydro-
5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (0.092 g, 34.5% yield) as a yellow oil.
MS (APCHH) m/z 355 [M+H]".

[00375] Step 5: To a solution of (R)-tert-butyl 4-(7,7-difluoro-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (0.092 g, 0.260 mmol) in 2 mL dioxane was
added 4M HCl/dioxane (2.27 ml, 9.09 mmol). The reaction mixture was stirred at room
temperature 16 hours, after which it was concentrated to dryness and dried in vacuo to give (R)-7,7-
difluoro-5-methyl-4-(piperazin-1 —yl)-6,7-dihydr0-5H—cyclopenta[d] pyrimidine dihydrochloride
(0.079 g, 93.0% yield) as a pale yellow powder. MS (APCIH) m/z 255 [M+H]".

[00376] Step 6: To a solution of (R)-7,7-difluoro-5-methyl-4-(piperazin-1-yl}-6,7-dihydro-
5H-cyclopenta[d]pyrimidine  dihydrochloride  (0.015 g, = 0.046 mmol), (8)-3-(tert-
butoxycarbonyl(isopropyl)amino)-2-(4-chlorophenyl)propanoic acid (0.016 g, 0.046 mmol), and
DIEA (0.024 ml, 0.14 mmol) in 1.7 mL DCM was added HBTU (0.017 g, 0.046 mmol). The
reaction mixture was stirred 15 hours, after which 2M Na,CO; was added. The mixture was
extracted with DCM, and the combined extracts were dried (Na,SOy), filtered, and concentrated in
vacuo. The crude was purified on silica gel (Biotage 128) by first ﬂushin;g with about 120 mL 5:1
DCM:EA, then gradient to 1:1 DCM:EA to give tert-butyl (S)-2-(4-chlorophenyl)-3-(4-((R)-7,7~
difluoro-5-methyl-6,7-dihydro-5H-cyclopenta[d]-pyrimidin-4-yDpiperazin-1-yl)-3-
oxopropyl(isopropyl)carbamate (0.018 g, 68% yield) as a white foam. MS (APCI}+ m/z 578
[M+H]".

[00377] Step 7: To a solution of tert-butyl (S)-2-(4-chlorophenyl)-3-(4-((R)-7,7-difluoro-5-
methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)-3-
oxopropyl(isopropyl)carbamate (0.018 g, 0.0311 mmol) in 0.8 mL dioxane was added 4M
HCl/dioxane (0.545 mL, 2.18 mmol). The reaction mixture was stirred at room temperature for
16h, after which it was concentrated to dryness. The resulting solids were dissolved in minimal
MeOH, and the product was triturated by the addition of ether. The resuiting solids were isolated
by filtration through 0.2 um nylon filter paper with nitrogen pressure, rinsed with ether, and dried
in vacuo to give (8)-2~(4-chlorophenyl)-1-(4-((R}-7,7-difluoro-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-y])piperazin-1-yl)-3-(isopropylamino)propan-1-one dihydrochloride
(0.011 g, 64.1% yield) as a white powder. MS (APCI+) m/z 478 [M+H]". 'H NMR (D20) & 8.28
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460. 0 99(<12M), 7i32Qd, W + 8.8iHz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 4.28 (dd, J = 8.5. 5.0 Hz, 1H), 3.94-3.79

(m, 2H), 3.58-3.28 (m, 8H), 3.19 (dd, J = 12.8, 4.8 Hz, 1H), 3.12-3.02 (m, 1H), 2.76-2.56 (m, 1H),
2.20-2.04 (m, 1H), 1.18 (dd, J= 6.4, 4.1 Hz, 6H), 0.98 (d, J= 7.0 Hz, 3H). |
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[00378] Step 1: Ethyl pulegenate (130 g, 662 mmol) in EtOAc (900 mlL) was cooled to -
78°C using a dry ice-isopropanol bath. This mixture was subjected to ozonolysis until the reaction
turned purple in color. At this point, ozone generation ceased, and the reaction was removed from
the dry-ice bath. Oxygen was bubbled through the reaction until the reaction turned yellow. The
reaction was concentrated under vacuum, and the resulting residue was dissolved in glacial acetic
acid (400 mL). The solution was cooled to 0°C and Zn dust (65 g, 993 mmol) was added
portionwise over 30 minutes. The reaction was then allowed to stir for 2 hours, at which point the
reaction mixture was filtered through a pad of celite to remove the zinc dust. The acetic acid was
neutralized to a pH of 7 with aqueous NaOH and NaHCO; and extracted with ether (3 X 800 mL).
The combined organics were dried with brine, MgSO, and concentrated to give (2R)-ethyl 2-
methyl-5- oxocycIopentanecarboxylate as a brown liquid (107 g, 95%).

[00379] Step 2: Ammonium acetate (240.03 g, 3113.9 mmol) was added to a solution of
(R)-ethyl 2-methyl-5-oxocyclopentanecarboxylate (106.0 g, 622.78 mmol) in MeOH (1.2L). The
reaction mixture was stirred at room temperature under nitrogen for 20 hours, after which it was
complete as judged by TLC and HPLC. The reaction mixture was concentrated to remove MeOH.
The resulting residue was dissolved in DCM, washed twice with H,O, once with brine, dried
(Na;S0,), filtered, and éoncentrated to give (R)-ethyl 2-amino-5-methylcyclopent-1-enecarboxylate
(102 g, 97% yield) as an orange oil. LC/MS (APCI+) m/z 170 [M+H]+.

[00380] Step  3: A solution containing (R)-ethyl 2-amino-5-methylcyclopent-1-
enecarboxylate (161.61 g, 955.024 mmol) and ammonium formate (90.3298 g, 1432.54 mmol) in
formamide (303.456 mL, 7640.19 mmol) was heated to an internal temperature of 150°C and
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stopped coming over, the remaining oil in the still pot was dissoived in DCM and washed with
brine (3 X 200 mL). The combined aqueous portions were extracted with DCM (1 X). The
combined organic extracts were dried (Na;SO,), filtered, and concentrated. The resulting brown oil
wasldi_ssolved in minimal DCM, and this solution was added using a separatory funnel to a stirred
solution of ether (ca. 5 volumes of ether vs. DCM solution). This caused some brown precipitate to
form. This brown precipitate was removed by filtration through a medium frit funnel, which was
rinsed with ether and disposed. The filtrate was concentrated. The trituration from ether repeated
two more times and then dried on high vacuum line to give (R)-5-methyl-6,7-dihydro-5H-

cyclopenta[d}pyrimidin-4-ol (93.225 g, 65.00% yield) as a brown-yellow pasty solid. LC/MS

(APCI-) m/z 149.2.
[00381] Step 4: Neat POCl; (463.9 mL, 5067 mmol) was added slowly by addition funnel

to a 0°C solution of (R)-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-ol (152.2 g, 1013
mmol) in DCE (1.2L). After addition was complete, the reaction mixture was warmed to room
temperature and then heated to reflux while being stirred at reflux for 70 minutes, after which the
reaction was complete by HPLC. The reaction mixture was cooled to room temperature, and the
€XCEess POC];I was quenched in 4 portions. The reaction mixture was transferred to a separatory
funnel and dripped into a beaker containing ice and saturated NaHCO; solution cooled in an ice
bath. Once the addition of each portion of the reaction mixture was complete, the quenched
mixture is stirred for 30 minutes to ensure complete destruction of POCl3 prio.r to transferring it to a
separatory funnel. The mixture was transferred to a separatory funnel and extracted with DCM (2
X). The combined extracts were dried (Na,SO,), filtered, and concentrated. The crude was
purified on silica gel (1 kg silica gel slurried in 9:1 hex:ethyl acetate onto a 3L fritted funnel, silica
settled under vacuum, topped with sand). The crude was loaded with a DCM/hexane mixture, and
compound was eluted using 1L sidearm flasks with vacuum. High Rf byproducts eluted first, then
(R)-4-chloro-5- methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidine (1044 g, 61.09% yield) as a
brown oil. Triethylamine (93.0 mL, 534 mmol) and tert-butyl piperazine-1-carboxylate (34.8 g,
187 mmol) were added to a solution of (R)-4-chloro-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidine (30.0 g, 178 mmol) in n-BuOH (250 mL). The reaction mixture was
heated to reflux under nitrogen and stirred overnight (17 hours). The reaction mixture was
concentrated on a rotavap. The resulting oil was dissolved in DCM, washed with H;O, dried
(Na;S0,), filtered, and concentrated. The resulting brown oil was purified on silica gel eluting first

with 2:1 hexanes:ethyl acetate until product eluting cleanly, then gradient 1:1 to 1:5 DCM:ethyl
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acetate to give (R)-tertbutyl 4-(5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-

carboxylate (42.0 g, 74.1% yield) as a beige powder. LC/MS (APCI+) m/z 319.1 [M+H]".

[00382] Step 5: Solid 77% max. MCPBA (23.9 g, 107 mmol) was added portionwise to a
0°C solution of (R)-tert-butyl 4-(5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-
l-carboxylaté (20.0 g, 62.8 mmol) in CHCl; (310 mL). The reaction mixture was stirred for 5
minutes and then warmed to room temperature while stirring for 90 minutes. HPLC looked similar
after 7.5 hour. The reaction mixture was cooled to 0°C. NaHCO; (13.2 g, 157 mmol) and m-
CPBA (0.5 equivalents) were added to the reaction mixture, and it was stirred overnight (14 hours).
The reaction mixtﬁre was cooled to 0°C, and a solution of Na;S,0; (29.8 g, 188 mmol) in H,O (50
mL) was added dropwise by addition funnel. A solution of Na;COs (24.6 g, 232 mmol) in H,O (70
mL) was added by addition funnel (mixture turns homogeneous). The reaction mixture was stirred
for 30 minutes, and the mixture was extracted with CHCI3 (3 X 150 mL). The combined extracts
were dried (NapSOy), filtered, and concentrated to give the N-oxide. LC/MS (APCI+) m/z 335.1
M+H]". ’ '

[00383] Step 6: Ac20 (77.0 mL, 816 mmol) was added to the N-oxide from Step 5 (21.0 g,
62.8 mmol). The reaction mixture was heated under nitrogen in a 90°C sand bath and stirred for
100 minutes. The reaction mixture was cooled to room temperature, and excess acetic anhydride
was removed by rotary evaporation. The resulting oil was dissolved in DCM, which was then
poured carefully into ice saturated Na;COs;. The mixture was extracted with DCM, and the
combined extracts were dried (Na;SQO,), filtered, and concentrated to give (SR)-tert-butyl 4-(7-
acetoxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (23.6 g,
100%) as a brown foam. LC/MS (APCI+) m/z 377.1 [M+H]".

[00384] Step 7: LiOH-H20 (6.577 g, 156.7 mmol) was added to a 0°C solution of (5R)-tert-
butyl 4-(7-acetoxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate
(23.6 g, 62.69 mmol) in 2:1 THF:H,0 (320 mL). The reaction mixture was stirred 10 minutes and
then warmed to room temperature. LC/MS looked same at 3 and 4.5 hours. The reaction mixture
was cooled to 0°C, and saturated NH;Cl was added. The reaction mixture was stirred for 5
minutes, and most of the THF was removed by rotary evaporation. The mixture was extracted with
EtOAc (3 X 250 mL), and the combined extracts were dried (Na;SOy), filtered, and concentrated.
The crude was flashed on Biotage 65M: 4:1 DCM:ethyl acetate, then gradient to 1:1 to 1:4
DCM:ethyl acetate. Once product eluting, then ethyl acetate flushed through column, then 30:1
DCM:MeOH cluted rest of product (8.83 g), mixed fractions re-flashed with Biotage 40M using
same conditions to give another 2.99 g which give a combined yield of (5R)-tert-butyl 4-(7-
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hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta[d}pyrimidin-4-yl)piperazine-1-carboxylate (11.82 g,
56.38% yield) as a brown foam. LC/MS (APCI+) m/z 335.1 [M+H]".

[00385] Step 8: A solution of DMSO (5.45 mL, 76.8 mmol) in DCM (50 m) was added
dropwise by addition funnel to a -78°C solution of oxalyl chloride (3.35 mL, 338.4 rﬁmol) in DCM
(150 mL). The reaction mixture was stirred for 35 minutes. A solution of (5R)-tert-butyl 4-(7-
hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (9.17 g,
27.4 mmol) in DCM (80 mL) was added slowly by addition funnel. The reaction mixture was
stirred for another 1 hour at -78°C, after which neat NEt; (18.0 m‘L,' 129 mmol) was added. The
reaction mixture was then allowed to warm to room temperature, stirred 30 minutes, and then H,O
was added. The mixture was extracted with DCM (3 X 200 mL), and the combined extracts were
dried (Na;SO,), filtered, and concentrated in vacuo. The crude was purified on silica gel (Biotage
65M): the column was flushed with ca. 800 mL 4:1 DCM:EtOAc, then gradient to 1:1 DCM:ethy!
acetate until product ehiting, then 1:4 DCM:EtOAc eluted product to give (R)-tert-butyl 4-(5-
methyl-7-0x0-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine- 1-carboxylate (7.5 g, 82.3%
yield) as a brown foam. The foam was concentrated (3 X) from DCM/hexanes, which gave a ver};
light brown foam. HPLC >95% area. LC/MS (APCI+) m/z 333 [M+H]".

[00386] Step 9: Triethylamine (4.33 mL, 31.1 mmol) (degassed with nitrogen 30 minutes
prior to use) and formic acid (1.36 mL, 36.1 mmol) (degassed with nitrogen 30 minutes prior to
use) were added to a solution of (R)-tert-butyl 4-(5-methyl-7-0x0-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (9.75 g, 29.3 mmol) in DCM (210 mL;
degassed with nitrogen 30 minutes prior to use). The reaction mixture was stirred for 5 minutes,
and then a Ru catalyst (0.0933 g, 0.147 mmol) was added. The reaction was stirred under positive
nitrogen pressure overnight (18 hours). The reaction mixture was concentrated to dryness and dried
on a high vacuum. 'H NMR of the crude looked like 85% diastercoselectivity. The crude was
flashed on Biotage 65M (loaded 1:1 DCM:ethyl acetate 500 mL flushed, then 1:4 DCM:ethyl
acetate until product (2nd spot), then gradient to neat ethyl acetate, then 25:1 DCM:MeOH eluted
rest of product. The fractions were combined and concentrated on a rotary evaporator. The residue
was concentrated again from DCM/hexanes to give a mixture of tert-butyl 4-((5R,7R)-7-hydroxy-5-
methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (major) and tert-
butyl  4-((5R,7S)-7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta]d]pyrimidin-4-yl)piperazine-1-
carboxylate (minor) (9.35 g, 95.3% yield) as a beige foam. LC/MS (APCI+) m/z 335 [M+H]". H
NMR (CDCI3) shows 88% diastereoselectivity by integration of carbinol methine.

[00387] Step 10: 4-Nitrobenzoyl chloride (4.27 g, 23.0 mmol) was added to a 0°C solution
of tert-butyl 4-((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
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(110 mL). The reaction mixture was stirred at room temperature overnight, afier which saturated
NaHCO, wés added. The mixture was stirred for 10 minutes and then extracted with DCM. The
combined extracts were dried (Na;SO,), filtered, and concentrated. The crude was flashed on
- Biotage 65M (3:1 hexanes:ethyl acetate loaded crude, then 2:1 hexanes:ethyl acetate eluted tert-
butyl 4-((5R,7R)-5-methyl-7-(4-nitrobenzoyioxy)-6,7—dihydro—SH-cyclopenta[d]pyrimidin—4—
yl)piperazine-1-carboxylate and a few mixed fractions. Then tert-butyl 4-((5R,78)-5-methyl-7-(4~
nitrobenzoyloxy)-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate was eluted
using 1:2 hexanes:ethyl acetate. The fractions with product were concentrated by rotary
evaporation to give tert-butyl 4-((5R,7R)-5-methyl-7-(4-nitrobenzoyloxy)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (8.55 g, 84.5% yield) as a yellow foam.
LC/MS (APCI+) m/z 484 [M+H]+. 'H NMR (CDCl;) shows single diastereomer). The fractions
with other diastereomers were concentrated by rotary evaporation to give tert-buty! 4-((5R,78)-5-
methyl-7-(4-nitrobenzoyloxy)-6,7-dihydro-5H-cyclopenta[dpyrimidin-4-yl)piperazine-1-
carboxylate (0.356 g, 3.52% yield) as a brown foam.. LC/MS (APCI+) m/z 484 [M+H]".
[00388] Step 11: LiOH-H-0 (0.499 g, 11.9 mmol) was added to a 0°C solution of tert-butyl
4-((5R,7R)-5-methyl-7-(4-nitrobenzoyloxy)-6,7-dihydro-SH-cyclopenta[d]pyrimidin-4-
yl)piperazine-1-carboxylate (2.30 g, 4.76 mmol) in 2:1 THF:ﬂgO (40 mL). The reaction mixture
was warmed to room temperature and stirred for 1 hour. The THF was removed by rotary
gvaporation, and saturated NaHCOQ; was added. The mixture was extracted with ethyl acetate. The
combined extracts were washed with saturated NaHCO; (1 X), dried (Na»SOy), filtered, and
concentrated to give tert-butyl 4-((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-SH-
cycloﬁenta[d]pyrimidin—4-y1)piperazine-l-carboxylate (1.59 g, 100.0% yield) as a yellow foam.
LC/MS (APCI+) m/z 335 [M+H]+. The tert-butyl 4-((5R,7S)-7-hydroxy-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate was prepared using a analogous method.
[00389] Step 12: tert-Butyl 4-((5R,7R)-7-hydroxy-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (1.190 g, 3.558 mmol) was dissolved in
methylene chloride (55 mL) and cooled to -20°C. The solution was treated with DAST (1.410 mL,
10.68 mmol) and stirred at -20°C for 1 hour. The reaction was quenched with ice and then warmed
to ambient temperature. The mixture was diluted with saturatcd. NH4Cl and separated. The
aqueous phase was extracted with methylene chloride (2 X), and the combined organics were dried
over Na,S0y and concentrated to a dark oil. This oil was chromatographed on SiO, (Biotage 408,
load with methylene chloride) then eluted with 2.5% MeOH/DCM then 3.5% MeOH/DCM. The

mixed fractions were concentrated, and the material was re-chromatographed on SiO; (Biotage
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give tert-butyl - 4-((5R,7S)-7-fluoro-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
yl)piperazine-1-carboxylate (0.725 g, 61%). LCMS (APCHH) m/z 337.0 [M+H]"; Rf 3.13 min.
[00390] Step 13: tert-Butyl 4-((5R,7S)-7-fluoro-5-methyl-6,7-dihydro-5H-
cyclopenta[d}pyrimidin-4-yl)piperazine-1-carboxylate (0.725 g, 2.155 mmol) was dissolved in
dioxane (5 mL) and cooled to 0°C. A solution of HCl in dioxane (13.47 mL, 53.88 mmol; 4M) was
added dropwise. The reaction mixture was allowed to warm to ambient temperature and stirred for
16 hours. A white precipitate had formed after about 8 hours. The reaction mixture was
concentrated in vacuo, re-suspended in MeOH, and re-concentrated (3 X). The residue was
dissolved in MeOH (about 2 to 3 mL) and added dropwise to a rapidly stirring flask containing
ether (80 mL). The white solid was filtered under a blanket of nitrogen gas and dried under
nitrogeh gas 1o give (5R,78)-7-fluoro-5-methyl-4-(piperazin-1-yi)-6,7-dihydro-SH-
cyclopenta[d]pyrimidine dihydrochloride a white solid (555 mg, 83%). LCMS (ESH) m/z 237.2
[M+H]";Rf: 1.70 min.

[00391] Step 14: HBTU (0.153 g, 0.404 mmol) was added to a solution of (5R,75)-7-
fluoro-5-methyl-4-(piperazin-1-yl)-6,7-dihydro-5H-cyclopenta[d]pyrimidine dihydrochloride

(0.125 g, 0.404 mmol), (8)-3-(tert-butoxycarbonylamine)-2-(4-chloro-3-fluorophenyl)propanoic
acid (0.128 g, 0.404 mmol), and DIEA (0.225 mL, 1.29 mmol) in DCM (6 mL). The reaction
mixture was stirred at room temperature for 1.5 hours, afier which 2M Na,COs; was added. The
mixture was extracted with DCM, and the combined extracts were dried (Nay80y), filtered, and
concentrated. The crude was purified on silica gel (Biotage 40S, 200 mL 5:1 DCM:EA flushed to
elute DIEA, then gradient to 1:4 DCM:EA eluted product) to give tert-butyl tert-butyl (8)-2-(4-
chioro-3-fluorophenyl)-3-(4-((5R,78)-7-fluoro-5-methyl-6,7-dihydro-5H-cyclopentajd]pyrimidin-4-
yl)piperazin-1-yl)-3-oxopropylcarbamate (0.210 g, 0.392 mmol, 96.9 % yield) as a white waxy
residue. LC/MS (APCI+) m/z 536 [M+H]"

[00392] Step 15: 4M HCl/dioxane (2.46 ml, 9.85 mmol) was added to a solution of tert-
butyl (8)-2-(4-chloro-3-fluorophenyl)-3-(4-((5R,7S)-7-hydroxy-5-methyl-6,7-dihydro-5H-

cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)-3-oxopropylcarbamate (0.263 g, 0.492 mmol) in

~dioxane (3 mL) and DCM (2 mL). The reaction mixture was stirred at room temperature for 13

hours and then concentrated to dryness. The residue was dissolved in minimal MeOH, and the
solution was added dropwise to vigorously stirring ether (40 mL), which caused a fine precipitate to
form, The solids were isolated by filtration through a medium frit funnel with nitrogen pressure,
rinsed with ether, dried under nitrogen pressure, and dried further in vacuo to give (S)-3-amino-2-

(4-chloro-3-fluorophenyl)-1-(4-((5R,78)-7-hydroxy-5-methyl-6,7-dihydro-5H-
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cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)propan-1-one dihydrochloride (0.224 g, 0.442 mmol,
89.7 % yield) as a pale yellow powder. LC/MS (APCI+) m/z 434 [M+H]".
[00393] Step 16: NaBH(OAc)3 (0.03764 g, 0.1776 mmol) was added to a slightly cloudy
solution of  (8)-3-amino-2-(4-chloro-3-fluorophenyl)-1-(4-((5R,78)-7-hydroxy-5-methyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidiﬁ-4—yl)piperazin—l-yI)propan-l-one dihydrochloride (0.060 g,
0.1184 mmol), dihydro-2H-pyran-4(3H)-one (0.1093 mL, 1.184 mmol), and DIEA (0.06186 mL,
0.3551 mmol) in DCE {1 mL) and DMF (0.4 mL). After 1 hour, another 3 equivalents of dihydro-
2H-pyran-4(3H)-one and 2 equivalents NaBH(OAc); were added. The reaction mixture was stirred
overnight. Another 1 equivalent of Na(OAc)3BH was added, and the reaction mixture was stirred
another 3 hours. Saturated NaHCO; was added, and the mixture was extracted with DCM. The
combined extracts were dried (N2,SOy), filtered, and concentrated. The crude was flashed on silica
(Biotage 12M, 20:1 DCM:MeOH loaded compound and .150 mL flushed to elute DIEA; then 9:1
DCM:MeOH eluted product). The fractions with product were concentrated, and the residue was
dissolved in 1:1 DCM:ether (1.5 mL). Excess 2M HCl/ether was added, which caused
precipitation. The mixture was stirred for 5 minutes, then concentrated and dried on a high vacuum
line. The solids were suspended in ether and isolated by filtration through a 20 pm nylon filter disc
with nitrogen pressure, rinsed with ether, dried under nitrogen pressure, and dried in vacuo to give
(S)-2-(4-chioro-3-fluorophenyl)-1-(4-((5R,7S)-7-hydroxy-5-methy}-6,7-dihydro-5H-
cyclopenta{d]pyrimidin-4-yl)piperazin-1-yl)-3-(tetrahydro-2H-pyran-4-ylamino)propan-1-one
dihydrochloride (0.035 g, 0.05923 mmol, 50.03 % yield) as a white powder. LC/MS (APCI)" m/z
518.

Example 39
FsC

timidin-4-ypiperazin-1-

D-3-(2.2.2-trifluoroethylamino)propan-1-one
[00394] Step 1: A solution of 2-(4-chlorophenyl)acetic acid (20.0 g, 117 mmol) in dry
methanol (235 mL) was treated with 5 drops of concentrated H,804 (cat.) at room temperature.

The mixture was stirred overnight to completion and was concentrated in vacuo to about 40 mL.
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The concentrate was partitioned between an ether and half saturated NaHCO; solution. The -
aqueous portion was back-extracted once with ether, and the organics were combined. The organic

portion was washed with water, then brine, dried over MgSO,, and concentrated in vacuo. The

material was placed under high vacuum for one hour to afford the pure methyl 2-(4- |
chIorophényl)acetate as a pale yellow oil (19.8 g, 92%). 'H NMR (CDCls, 400 MHz)  7.30 (d, J =

8.4 Hz, 2H), 7.21 (d, /= 8.4 Hz, 2H), 3.70 (s, 3H), 3.60 (2, 2H).

[00395] Step 2: n-BuLi (1.60M in hexanes, 35.6 mL, 56.9 mmol) was added to a 0°C

solution of diisopropylamine (8.35 mL, 59.6 inrnol) in THF (200 mL). The mixture was stirred at

0°C for 30 minutes and then cooled to —78°C. A solution of methyl 2-(4-chlorophenyl)acetate

(10.0 g, 54.2 mmol) in THF (10 mL) was added to the —78°C LDA solution by syringe, which was

then stirred for 45 minutes. Neat tert-butyl bromoacetate (9.60 ml., 65.0 mmol} was added by
syringe,_ and the reaction was stirred for 15 minutes at -78°C. The bath was removed, and the
reaction was allowed to warm to room temperature. Afier stirring an additional 5 hours, the
reaction mixture was quenched with saturated NH4Cl solution, and the solvent(s) were removed in
vacuo. The oily mixture was extracted with ethyl acetate, and the organics were combined. The
organic portion was dried over MgSQ,, filtered, and concentrated in vacuo. The crude oil was
purified on silica gel (95:5 hexanes:EtOAc) to afford the 4-tert-butyl 1-methyl 2-(4-
chlorophenyl)succinate as a pale yellow oil (14.3 g, 88%). 'H NMR (CDCls, 400 MHz) § 7.29 (d, J
= 7.2 Hz, 2H), 7.22 (d, J = 7.2 Hz, 2H), 4.00 (dd, J = 9.6, 5.6 Hz, 1H), 3.67 (s, 3H), 3.07 (dd, /=
16.4, 9.6 Hz, 1H), 2.58 (dd, J= 16.8, 6.0 Hz, 1H), 1.40 (m, 3H). |

[00396] Step 3: A solution of 4-tert-butyl 1-methyl 2-(4-chlorophenyl)succinate (14.3 g,
47.7 mmol) in DCM (75 mL) was treated with neat TFA (75 mL) at room temperature. The
mixture was stirred for five hours to completion, after which the reaction mixture was concentrated
and dried in vacuo overnight to afford a white solid. The solid was suspended in toluene (160 mL),
cooled to 0°C, and treated successively with diphenylphosphoryl azide (11.2 mL, 52.1 mmol) and
triethylamine (13.2 mL, 94.7 mmol). The reaction mixture (homogeneous) was allowed to warm to
room temperature and stirred for four hours to completion. The solution was quenched with 1%
citric acid solution and extracted with EtOAc (3 X). The combined organics were washed with
brine, dried over Na,;SOy, filtered, and concentrated in vacuo to give a light brown oil. The crude
azide was dissolved in tert-butanol (160 mL), treated with neat SnCly (1.0M solution, 2.37 mL, 2.37
mmol), and carefully heated to 90°C with evolution of nitrogen. The mixture was stirred at 90°C
for 2.5 hours and cooled to room temperature. The solution was quenched with saturated NaHCO;

solution and then concentrated. The oily mixture was extracted with EtQOAc (3 X), and the
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combined organics were washed with brine, dried over MgSO,, filtered, and concentrated in vacuo.
The residue was purified by on silica gel (4:1 hexanes:EtOAc) to afford the methyl 3-(tert-
butoxycarbonylamino)-2-(4-chlorophenyl)propanoate as a pale yellow oil (11.7 g, 79%). "H NMR
(CDCls, 400 MHz) & 7.31 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 4.86 (br s, 1H), 3.88 (m,
1H), 3.69 (s, 3H), 3.58 (m, 1H), 3.49 (m, 11), 1.42 (s, 9H).

[00397] Step _ 4: A ‘solution of methyl 3-(tert-butoxycarbonylamino)-2-(4-
chlorophenyl)propanoate (451 mg, 1.44 mmol) in dioxane (6.0 mL) was treated with 4M HCl in
dioxane (about 6.0 mL, 23.0 mmol) at room temperature. The mixture was stirred for 18 hours to
completion, afier which the reaction mixture was diluted with ether to afford a precipitate. The
shurry was filtered under nitrogen to afford a white solid, which was washed with ether. The solid
was dried under vacuum to afford the methyl 3-amino-2-(4-chlorophenyl)propanoate hydrochloride
as a white solid (321 mg, 89%). LCMS (APCI+) m/z 214.0 [M+H]+.

[00398] Step 5: A solution of methyl 3-amino-2-(4-chlorophenyl)propancate hydrochloride
(215 mg, 0.86 mmol) in 1:1 THF:DMF (3.0 mL) was treated with DIEA (389 uL, 2.23 mmol) at
room temperature. Trifluoroethyl triflate (299 mg, 1.29 mmol) was added to the mixture, and the
reaction was stirred for 20 hours to completion. The mixture was partitioned between ethyl acetate
and diluted NaHCO; solution. The aqueous portion was extracted twice, and the combined
organics were washed with water (3 X). The organic portion was washed with brine, separated,
dried -over MgSQ,, filtered, and concentrated in vacuo. The residue was purified by
chromatography (silica gel cluted with 4:1 hexanes:ethyl acetate, Rf = 0.18) to afford the pure
methyl 2-(4-chlorophenyl)-3-(2,2,2—triﬂuoroethylamino)j)ropanoate (235 mg, 93%) as a colorless
oil. LCMS (APCI+) m/z 296.0 [M+H]".

[00399] Step  6: A  solution of methyl = 2-(4-chlorophenyl)-3-(2,2,2-
trifluoroethylamino)propanoate (235 mg, 0.795 mmol) in THF (3.0 mL) was treated with KOTMS
(153 mg, 1.19 mmol) at room temperature. The reaction was allowed to stir 18 hours to
completion, and the mixture was diluted with ether. The resulting precipitate was isolated by -
filtration and placed under high vacuum for two hours to afford the potassium 2-(4-chlorophenyl)-
3-(2,2,2-trifluoroethylamino)propanoate (299 mg, 118%, excess salts) as a white solid. LCMS
(APCI+) m/z 282.0 [M+H]".

[004060] Step 7: The (R)-5-methyl-4-(piperazin-1-yl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidine dihydrochloride (30 mg, 103 umol) and acid (33.0 mg, 103 umol) were
dissolved/suspended in DMF (1.0 mL) at room temperature. The mixture was treated with DIEA
(38 uL, 216 umol) and HBTU (43 mg, 113 umol), respectively. The mixture was allowed to stir
overnight to completion by LCMS analysis of the crude. The reaction was partitioned between
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ethyl acetate and water. The aqueous portion was extracted with ethyl acetate (2 X), and the
organics were combined. The organic portion was washed with water (3 X), then brine, separated,
dried over MgSO,, filtered, and concentrated in vacuo. The residue was purified by
chromatography (silica gel eluted with 4% MeOH in ethyl acetate, Rf = 0.17) to afford the pure
amide as a colorless oil (28 mg, 56%). The residue was dissolved in a minimal amount of ether and -
treated with excess HCl in ether. The resulting suspension of salt was concentrated in vacuo, then
dried under reduced pressure overnight to give 2-(4-chlorophenyl)-1-(4-((R)-5-methyl-6,7-dihydro-
5H-cyclopenta{d]pyrimidin-4-yl)piperazin-1-yl)-3-(2,2,2-trifluoroethylamino)propan-1-one
dihydrochloride (28 mg, 56%) as a white powder. LCMS (APCI+) m/z 482.3 [M+H]"; Rf: 3.19
min.

Example 40

HN

-7-fluoro-5-methy]-6.7-dihydro-

5H-cyclopenta[dipyrimidin-4-yl)piperazin-1-yl)propan-1-one
{00401] Step 1: tert-Butyl 4-((5R,7S)-7-hydroxy-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (0.843 g, 2.521 mmol) was dissolved in
methylene chioride (40 mL) and cooled to -20°C. The solution was treated with DAST (0.9992
mL, 7.562 mmol) and stirred at -20°C for 100 minutes. After 3 hours, the reaction was quenched
with ice and then warmed to ambient temperature. The mixture was separated. The aqueous phase
(pH of about 1) was extracted with methylene chloride (2 X), and the combined organics were
washed with 6% NaHCOs (2 X), dried over Na,SOy, and concentrated to a dark oil (0.91 g). This
- material was chromatographed on SiO, (Biotage 40S, load with cluant) and eluted with 2:1
hexane/EtOAc. The desired tert-butyl  4-((5R,7R)-7-fluoro-5-methyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (0.6138 g, 72%) was recovered cleanly. tert-
Butyl 4-((5R,7R)-7-fluoro-5-methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-
carboxylate (0.6138 g, 1.825 mmol) was dissolved in dioxane (5 mL) and cooled to 0°C. A
solution of HCI in dioxane (11.40 mL, 45.61 mmol; 4M) was added dropwise, and then the reaction

mixture was allowed to warm to ambient temperature while stirring for 60 hours. The reaction
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was dissolved in MeOH (3.7 mL) and added dropwise to a rapidly stirring flask containing ether
(100 mL). The white solid was filtered under a blanket of nitrogen gas, washed with ether and
dried under nitrogen gas to give .(SR,7R)-7-ﬂuoro-5-_rﬁethyl-4-(piperazin-]—yl)—6,7~dihydro-5H—
cyclopentafd]pyrimidine dihydrochloride as a white solid (539 mg, 96%). LC/MS (APCE™ m/z
237.2. |
[00402] Step  2: (5R,7R)-7-Fluoro-5-methyl-4-(piperazin-1-yl)-6,7-dihydro-5H-
cylepenta{d]pyrimidine dihydrochloride  (0.535 g, 1,730 mmol) and (S)-3-(tert-
butoxycarbonyl(cyclopropylmethylamino)-2-(4-chlorophenyl)propanoic acid (0.6122 g, 1.730
mmol) were combined in methylene chloride (15 mL) and treated with diisopropylethylamine
(0.9041 ml, 5.191 mmol). HBTU (0.6579 g, 1.730 mmol) was then added. The reaction was
stirred at émbicnt temperature for 16 hours. ESI MS looked excellent for desired product. The
reaction was quenched with 10% Na,CQ;, diluted with methylene chloride and separated. The
aqueous portion was washed with methylene chloride (2 X), and the combined organic layers were
dried over Na,SOs-and concentrated in vacuo. The material was applied to a 40mm samplet and
air-dried. This was placed on top of a column (Biotage 40S) and eluted with 3:2 hexane/EtOAc.
The major spot was collected to give tert-butyl (S)-2-(4-chlorophenyl)-3-(4-((5R,7R)-7-fluoro-5-
methyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-y1)-3-
oxopropyl(cyclopropylmethyl)carbamate as a white solid (955 mg, 96%). LC/MS (APCI+) m/z
571.9 [M+H]
[60403] Step 3: tert-butyl (S)-2-(4-chlorophenyl)-3-(4-((5R,7R)-7-fluoro-5-methyl-6,7-
dihydro-5H-cyclopenta{d]pyrimidin-4-yl)piperazin-1-y1)-3-
oxopropyl(cyclopropylmethyl)carbamate (0;955 g, 1.669 mmol) was dissolved in dioxane (20 mL).
The solution was treated with HCl in dioxane (10.43 mL, 41,73 mmol; 4M), and the mixture was
stirred at ambient temperature for 16 hours. HPLC showed no SM remaining, so the reaction
mixture was concentrated in vacuo, re-dissolved in MeOH and re-concentrated (3 X}. The residue
was re-dissolved in MeOH (about 4.5 mL + 2 mL wash) and added dropwise to stirred ether (about
190 mL). The suspension was stirred for 30 minutes then filtered and dried under nitrogen blanket
to give (S)-2-(4-chlorophenyl)-3-(cyclopropylmethylamino)-1-(4-((5R,7R)-7-fluoro-5-methyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)propan-1-one dihydrochloride (797 mg,
88%) as a solid. LC/MS (APCI+, FIA) m/z 472.2 / 474.2 [M+H]"
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[00404] Step_1: A mixture of 4-methylvalertic acid (7.688 g) and carbonyldiimizadole
(11.805 g) in THF (265 mL) was stirred at room temperature for 20 hours. Malonic acid monoethyl
ester magnesium salt (19.493 g) was added. The mixture was stirred at room temperature for 24
hours. The contents were concenirated. The residue was treated with 2:1 EtOAc-ether (200 mL)
and 0.5 N HCI (200 mL). The organic phase was separated and washed with 0.5 N HCI (2 X 200
mL), saturated NaHCO3, and dried (Na;SOy4). Afier filtration, the solvents were evaporated under
vacuum. The residue, ethyl 6-methyl-3-oxoheptanoate (15.02 g) was dissolved in THF.(ZOO ml.)
with p-acetamidobenzenesulfonyl azide (15.90 g) and cooled to 0°C. DBU (9.90 mL) was added.
The mixture was stirred at room temperature for 16 hours. The contents were concentrated under
vacuum (bath <35°C). 1:1 EtOAc-DCM (300 mL) and silica gel (25 g) were added to the residue.
After mixing, the solid was filtered off and washed with 1:1 EtOAc-DCM. The filtrate was
concentrated. The crude was purified with flash chromatography to give ethyl 2-diazo-6-methyl-3-
oxoheptanoate (8.30 g). 'H NMR (CDCl,, 400 MHz) & (ppm): 4.30 (g, J = 7.2 Hz, 2H), 2.87-2.83
{m, 2H), 1.62-1.49 (m, 3H), 1.33 (t, J = 7.2 Hz, 3H), 0.91 (d, J = 6.5 Hz, 6H).

[00405] Step 2: Rhodium acetate (170 mg) was added to a solution of ethyl 2-diazo-6-
methyl-3-oxoheptanoate (0.5 g) in DCM (80 mL). A solution of ethyl 2-diazo-6-methyl-3-
oxoheptanoate (7.652 g) in DCM (50 mL) was added in portions. The mixture was stirred at room
temperature for 1 hour. IN HCI (100 mL) was added. The organic phase was separated. The
aqueous phase was extracted with DCM (100 mL). The combined DCM solutions were dried
(Na,8Q4). After filtration and concentration, the crude material was purified with flash
chromatography to give ethyl 2,2-dimethyl-5-oxocyclopentanecarboxylate (7.54 g). '"H NMR
(CDCl;, 400 MHz) 8 (ppm): 4.25-4.09 (m, 2H), 2.52-2.37 (m, 2H), 2.03-1.99 (m,2H), 1.80-1.67 (m,
1H), 1.33-1.26 (m, SH). '
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{00406} Step 3: A mixture of ethyl 2,2-dimethyl-5-oxocyclopentanecarboxylate (3.426 g)

and ammonium acetate (14.33 g) in EtOH (100 mL) was heated at 85°C (bath) for 1 hour. The
contents were concentrated. The residue was partitioned between water and DCM. The organic
phase was separated. The aqueous solution was extracted with DCM. The combined DCM
solutions were washed with water and dried (Na;SO4). Upon filtration and concentration, solid
ethyl 2-amino-5,5-dimethylcyclopent-1-enecarboxylate (2.933 g) was yiclded. The ethyl 2-amin0-
5,5-dimethylcyclopent-1-enecarboxylate was mixed with ammonium formate (5.054 g) and
formamide (7 mL) and heated at 150°C for 16 hours. The mixture was diluted with water and
extracted with 5:1 DCM—IPA. The combined extracts were dried (Na;SO,4) and concentrated to
give 5,5-dimethyl-6,7-dihydro-3H-cyclopenta[d]pyrimidin-4(5H)-one as a viscous oil (1.185 g).
5,5-Dimethyl-6,7-dihydro-3H-cyclopenta[d)pyrimidin-4(5H)-one (1.063 g) was dissolved in
acetonitrile (20 mL) with POCl; (1.78 mL). The mixture was heated at 80°C for.10 hours. The
mixture was cooled to 0°C. 50% KOH (15.3 mL) was added dropwisc. t-Butyl piperazine-1-
carboxylate (3.615 g} was added. The mixture was heated at 80°C for 24 hours. The contents were
concentrated. Water was added. The mixture was extracted with DCM (2 X) and dried (NaZSO,;);
The crude material was purified with flash chromatography to give tert-butyl 4-(5,5-dimethyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (1.021 g). 'H NMR (CDCl;,
400 MHz) & (ppm): 8.57 (s, 1H), 3.56-3.54 (m, 4H), 3.37-3.34 (m, 4H), 2.90 (t, ] = 7.3 Hz, 2H),
1.89 (t, J = 7.3 Hz), 3H)1.48 (s, 9H), 1.40 (s, 6H)}. MS: 333.2 (M+1).

[00407] Step 4. A solution of tert-butyl 4-(5,5-dimethyl-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (56 mg} in DCM (1 mL) was treated with
TFA. (0.25 mL) at 0°C for 10 minutes and then at room temperature for 2 hours. The contents were
concentrated. DCM (2 mL), DIPEA (0.139 mL), and HBTU (76 mg) were added to the residue at
0°C. The mixture was stirred at room temperature overnight. After dilution with DCM, water was
added. The DCM layer was separated, and the aqueous layer was extracted with DCM (2 X). The
combined DCM solutions were washed with saturated NaHCOj3 solution and dried (Na;SO,). After
filtration and concentration, the residue was dissolved in DCM (1 mL) and treated with TFA (0.25
mL) at 0°C for 10 minutes and then at room temperature for 2 hours. The contents were
concentrated and purified with HPLC to give (S)-2-(4-chlorophenyl)-1-(4-(5,5-dimethyl-6,7-
dihydro-5H-cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)-3-(isopropylamino)propan-1-one as the
TFA salt (82 mg, 71%). MS: 456.3 (M+1).
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[00408] Step 1: The preparation of ethyl 2-oxo-5-vinylcyclopentanecarboxylate was
described in Nugent, W. A.; Hobbs, Jr, F. W., J. Org. Chem, 1986, 51, 3376-3378.

[00409] Step 2: Ethyl 2-oxo-5-vinylcyclopentanecarboxylate (0.48 g, 2.79 mmol) was
mixed with ammonium acetate (2.15 g, 27.9 mmol) in MeOH (10 mL). The mixture was heated o
50°C for 2 hours. The contents were concentrated. The residue was partitioned between DCM and
water. The DCM layer was separated, and the aqueous layer was extracted with DCM. The
combined DCM solutions were dried (Na2SOy4). The crude was purified with flash chromatography .
to give ethyl 2-amino-5-vinylcyclopent-1-enecarboxylate (0.19 g, 41% for 2 steps). 'H NMR
{CDCl;, 400 MHz) 8 (ppm): 5.59-5.58 (m, 1H), 5.05-4.88 (m, 2H), 3.68 (s, 3H), 3.52-3.46 (m, 1H),
2.66-2.56 m, 1H), 2.38-2.30 (m, 1H), 2.13-2.03 (m, 1H), 1.70-1.62 (m, 1H), 1.61 (br s, 2H). MS:
168.0 (M+1).

[00410] Step 3: Ethyl 2-amino-5-vinylcyclopent-1-enecarboxylate (2.132 g, 12.75 mmol)
was mixed with ammonjum formate (4.02 g, 63.75 mmol) and formamide (5.56 mL, 127.5 mmol)
and heated at 140°C for 16 hours. The mixture was diluted with water (50 mL) and 20% IPA-DCM
(100 mL). Solids were filtered off (Celite). The organic layer was separated. The aqueous layer
was extracted with 20% IPA-DCM (3 X 50 mL). The combined organic solutions were washed
with brine (20 mL) and dried (N2,SO,). After filtration and concentration, toluene (10 mL) was
added to the crude (1.543 g), mixed, and evaporated. The resulting 5-vinyl-6,7-dihydro-3H-
cyclopenta[d]pyrimidin-4(5H)-one was mixed with acetonitrile (30 mL) and POCI; (2.62 mL, 28.54
mmol) and heated at 80°C for 20 hours. The mixture was cooled to 0°C. 50% KOH (11.25 mL,
142.7 mmol) was added dropwise. t-Butyl piperazine-1-carboxylate (5.31 g, 28.53 mmol) was
added. The mixture was heated at 80°C for 24 hours. The contents were concentrated. Water was
added. The mixture was extracted with DCM (2 X) and dried (Na;SOs). The crude material was
purified with flash chromatography to give tert-butyl 4-(5-vinyl-6,7-dihydro-5H-



S)-3-amino-2-(3,4- di ehlorophenyl)-1-(4-((5R 7R)-7-
| uor o- 5-met hy1- 6, 7-di hydro-5H cycl openta[d] pyrimidin-4- 121 Z-\\

(S)
flu
2.2 - - yl)ni ip-1-yl -1-one 452.2 INO z - 4/1i-
(S)-3- amyi%'_zgoj%@@hf d ?c%ﬁg?ggﬂenﬁ? C1.(445R, 78)- 7 eahdsaodibratre
flu

oro-5-methyl1-6, 7-d i hydro-5H cycl o@@nta[d] pyrim din-4- 122
cyclopenfa[d]pyrimidin-4—y])piperazine-1-carboxylate (855 mg, 20% for 2 steps). 'H NMR
(CDCl;, 400 MHZ) & (ppm): 8.47 (s, 1H), 5.95-5.86 (m, 1H), 5.12-5.09 (,. 1H), 4.92-4.87 (m, 1H),
3.98-3.93 (m, 1H), 3.67-3.60 (m, 4H), 3.51-3.39 (m, 4 H), 2.94-2.76 (m, 2H), 2.35-2.27 (m, 1H), |
1.90-1.82 (m, 1H), 1.47 (d,1.47 (s, 9H). MS: 331.3 (M+1). |
[00411] Step 4: A solution of tert-butyl 4-(5-vinyl.-6,7-dihydro-SH-cyclopenta[d]pyﬁmidin-
4-y1)piperazine-1-carboxylate (117 mg, 0.354 mmol) in DCM (2 mL) was treated with TFA (0.5
mL) at 0°C for 15 minutes and then at roofn temperature for 2 hours. The contents were
concentrated. PCM (2 mL), DIPEA (0293 mlL, 1 77 mmol), (8)-3-(tert-
butoxycarbonyl(isopropyl)amino)-2-(4-chlorophenyl)propanoic acid (145 mg, 0.425 mmol), and
HBTU (161 mg, 0.425 mmol) were added to the residue at 0°C. The mixture was stirred at room
temperature overnight. After dilution with DCM, water was added. The DCM layer was separated,
and the aqueous layer was extracted with DCM (2 X). The combined DCM solutions were washed
with water and dried (Na,SO,). Afier filtration and concentration, flash chromatography
purification gave viscous oil (139 mg). The material was dissolved in DCM (1 mL) and treated
with TFA (0.25 mL) at 0°C for 15 minutes then at room temperature for 2 hours. The contents
were concentrated and purified with HPLC and chiral chromatography to give (8)-2-(4-
chlorophenyl)-3-(isopropylamino)-1-(4-((S)-5-vinyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-4-
yl)piperazin-1-yl)propan-1-one as the TFA salt (14 mg, 6%). MS: 454.2 (M+1).
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[00412] Step 1: A solution of tert-butyl 4-(5-vinyl-6,7-dihydro-5H-cyclopenta[d]pyrimidin-
4—y1)piperazine-l-carboXylate (566 mg, 1.73 mmol) in DCM (20 mL) was cooled to -78°C. A
stream of ozone was bubbled for 15 minutes. Oxygen was bubbled, followed by nitrogen at -78°C.
Ethyl methyl sulfide (2 mL) was added. The mixture was allowed to warm up to room temperature
over 1 hour. The contents were concentrated. The residue was partitioned between DCM and half

saturated NaCl solution. The organic layer was sepafated. The aqueous layer was extracted with
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DCM (2 X). The combined organic solutions were dried (Na;SO;). The crude was dissolved in
MeOH (10 mL) and cooled to 0°C. NaBH, (150 mg) was added in portions. The mixture was
stirred at 0°C for 2 hours. The reaction was quenched with 10% HOAc (5 mL). The mixture was
concentrated and partitioned between water and EtOAc. The organic layer was separated. The
aqueous layer \'rs;ras extracted with EtOAc (2 X). The combined organic solutions were dried
(NaxSOy). Flash chromatography pave tért—buty] 4-(5-(hydroxymethyl)-6,7—dihydfo-5H—
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (73 mg, 13%, approx. 70% purity). MS:
335.2 (M+I).

[00413] Step 2: A solution of compound tert-butyl 4-(5-(hydroxymethyl)-6,7-dihydro-5H-
cyclopenta[d]pyrimidin-4-yl)piperazine-1-carboxylate (71 mg) in DCM (1.5 mL) was treated with
TFA (0.5 mL) at 0°C for 15 minutes and then at room temperature for 3 hours. The contents were
concentrated. DCM (2 mlL), DIPEA (0210 mL, 127 mmol), (8)-3-(tert-
butoxycarbonyl(isopropyl)amino}-2-(4-chlorophenyl)propanoic acid (80 rmg,' 0.234 mmol), and
HBTU (89 mg, 0.234 mmol) were added to the residue at 0°C. The mixture was stirred at room
temperature overnight. After dilution with DCM, water was added. The DCM layer was separated,
and the aqueous layer was extracted with DCM (2 X). The combined DCM solutions were dried
(Na;SO;). After filtration and concentration, flash chromatography purification gave a viscous oil
(86 mg). The material was dissolved in DCM (1.5 mL) and treated with TFA (0.5 mL) at 0°C for
15 minutes and then at room temperature for 2 hours. The contents were concentrated and purified
with HPLC and chiral chromatography to give (S)-2-(4-chlorophenyl)-1-(4-((R)-3-
(hydroxymethyl)-6,7-dihydro-SH-cyclopenta[d]pyrimidin-4-yl)piperazin-1-yl)-3-
(isopropylamino)propan-1-one as its TFA salt (4 mg, 3%). MS: 4582 (M+1).

[00414] Examples 44-168 shown in_Table 1 can_also be made according to the above
described methods:
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N dihydro-5H-
cyclopentaldJpyrimidin-4-
e o yD)piperazin-1-yl)-3-(tetrahydro-
167 s [Nj 2H-pyran-4-ylamino)propan-1i-one 554.2
Br
N
[
< N




\ Br(N) Nfr4l NF (S)-2-(5-brom ot hi ophen-2-y1)-1-(4-
((5R 75)-7-fluoro-5-methyl-6,7- d ihydro -5H cyclopenta[d]pyrim
I di n-4- ylyglp@fdasn- 1- y1) - 3- (i sopropyl am no) propan- kcraikgoihdsis

166 Y NH o BrN
((5R, 7R)-7-fl uoro-5-m et hyl-6, 7- di hy

di n- 4-

1IN 41 C

N (S)-2-(5-br%)é(;mth i ophen-2-yl1)-1-(4-
&7%D- 5H- cycl openta [d] pyrim

168

(8)-2-(5-bromothiophen-2-yl)-3-
(cyclopropylmethylamino)-1-(4-
((5R,78)-7-fluoro-5-methyl-6,7-
dihydro-5H-
cyclopentald]pyrimidin-4-
yl)piperazin-1-yl)propan-I-one

516.2/518.1

[00415]

The foregoing description is considered as illustrative only of the principles of the '

invention. Further, since numerous modifications and changes will be readily apparent to those

skilled in the art, it is not desired to limit the invention to the exact construction and process shown

as described above. Accordingly, all suitable modifications and equiva]ents may be considered to

fall within the scope of the invention as defined by the claims that follow.

[00416]

The words "comprise," "comprising,”" "include,” "including,” and "includes" when .

used in this specification and in the following claims are intended to specify the presence of stated

more other features, integers, components, steps, or groups.

* features, integers, components, or steps, but they do not preclude the presence or addition of one or




Api perazi n-1-yl1)-3- (isopropylam no)propan-1l-one 510.1 167 1 0z \ _.t
42 ...i- , W..- 8 (S)-2-(5-bronot hi ophen-2-y1)-1-(4-

((5R, 7R) - 7-fl uor o- 5- net hyl1- 6, 7- di hydro-5H cycl opental[d] pyrimi

di n-4- yl)piperazin-1-yl)-3-(tetrahydro-

211- pyran-4-yl am no) propan-| - one 554. 2;47WO

2008/ 006032PCT/ US2007/ 072876 146 168 \ Br

What is claimed is:
I. A compound of the Formula:

A
N

ol

R1 R1a
l \N
/)

R? R?% N
and enantiomers and salts thereof, wherein:
. R' and R' are independently selected from H, Me, Et, CH=CH,, CH-OH. CF;, CHF- or
CH-F;
R* and R* are independently selected from H or F;
R*is H, Me, Bt, or CFx,
R RY

\N/

I
(CRR%,
(CH2)m
o (CR®RY), o ,

RB
Alis woeree wherein

. G is phenyl optionally substituted with one to four R® groups or a 5-6 membered monocyclic
or 9 member bicyclic heteroaryl optionally substituted by a halogen;

R and R’ are independently H, (C5-Cq cyeloalkyl}-(CHa), (C3-C, cycloalkyl}-(CH2CHa), V-

(CH3)n.; wherein V is a 5-6 membered heteroaryl, W-(CH1);.» wherein W is phenyl optionally

substituted with F, CL. Be, . OMe, CF; ar Me, Ca-Ce-cyeloalkyl, hydroxy-(Cy-Cy-cycloalkyl), fluoro-

{C3-Co-eycloalkyl). CH(CH;)CH(OH)phenyl, 4-6 membered heterocycle optionally substituted with

F. OH. cyclopropylmethyl, Ci-C; alkyl or C(=O)}(C,-C; alkyl), or C,~Ci-alkyl optionally substituted

with one or more groups independently selected from OH, oxo, O(C,-Ce-atkyl), CN, F, NIa, NH(C,-

Comalkyl). N(C-Ce-alkyl)a, tetrahydropyranyl, tetrahydrofuranyl. morpholinyl, oxetanyl, piperidinyl,

and pyrrolidinyl,



A-... 12 NH(N) Ntb NF (S)-2-(5-bronothi ophen-2-y1)- 3-
(aycl opropyl met hyl ami no) - 1- (4- ((5R, 7S)-7-fl uoro-5-nmethyl -6, 7-
di hydro-514- cycl openta[d] pyrim din-4- yl)piperazin-I-yl)propan- 1
-one 516.2 / 518.1 [00415] The foregoing description is considered as
illustrative only of the principles ofjsghe invention. Further, since
nunmer ous nodi fications and changes will be readily apparent to t hose
skilled in the art |t is not desired to limt the invention to the
exact construet Romldahdtopertlmasﬂa tthwipgeado dbik thepad atoched forAce dodnemgHered
all suit Y t I
Wi t hin tﬁg es CyrI‘HE’ rIE# %?lﬁ]dnglﬂﬁsu@ﬂ%tﬁwg%% n?IOé ° )6 y&tuﬂ&%ﬁéﬂﬁ‘sﬁ@#f frI)ﬁdH
foI | ow. 1@@@@6«}\’%@3@5‘1@1&; @bﬁﬁﬁ@%&(ﬁO)(ﬁhrqnd KSiFHOgpIkyL" i ncl ude, "

"i ncl udi ng, angd. }iuggl des" when used in this specification and in
the follow ng ¢ alms are intended to specify the presence of stated
features, integets,il.oomBSnehRS fogeherstitipbs atomt td wWhiyh they et atpehed arden 5-6

Lgremgrngﬁﬁl%%l%er%& hqugéa&fupﬁéﬁlfawgpgrff?tv{hﬁrﬁnt% n%oget aal‘(ltnﬁ_g:ju:’ gs 1|- Rt ggﬁ{)zund
of the Fornmul & cuR:R maH or Me or
Re and Rd together with the atom to which they are attached form a eyclopropyl ring;
RY is H, Me. or OH,
or R and R® together with the atoms to which they are attached form a 5-6 membered
. heterocyclic ring having one or two ring nitrogen atoms;
each R” is independently halogen, C\-Cpralkyl, Cs-Cycycloalkyl, O~(C,-Ce-alkyl}, CFs;,
OCF;, S(C,-Cy-alkyl), CN. OCHa-phenyl, CHaO-pheny!, NHa, NO2, NH-(C-Cg-alkyl}), N-{C-Ce-
alkyl}a, piperidine, pyrrolidine, CHaF, CHF,, OCH F, OCHF., OH, SOy(C,-Cs-alkyl), C{O)NH,,
C{O)NH(C,-Cp-alkyl). and C{OIN(C-Cq-alky1})s: and

m, n and p are independently 0 or 1.

}\J

The compound of Claim 1, wherein R* and R* are H or R* and R*" are F.

3. The compound of Claim 1, wherein R? is H and R* is F.
4. The compound as claimed in any one of Claims 1 to 3, wherein R’ is H or methyl.
5. The compound as claimed in any one of Claims 1 to 4, wherein R! and R'* are independently

selected from H. methyl, ethyl, CH=CHi. and CH-OH.

6. The compound as claimed in any one of Claims | to 5, wherein G is 4-chlorophenyl. 2,4-
dichlorophenyl. 3.4-dichlorophenyt, 4-chloro-3-fluorophenyl, 3-chloro-4-fluorophenyl. 3-fluoro-4-
bromophenyl, 4-flucrophenyl, 3.4-diflucrophenyl, 2.4-difluoropheny] 4-bromophenyl, 4-chlore-2-
Muorophenyl, 4-methoxyphenyl, 4-methylphenyl, 4-cyanophenyl, 4-trifluoromethylphenyl, 2-
tluorphenyl, 3-trifluoromethylphenyl, 2-fluoro-4-triflucromethylphenyl, 3-tluoro-4-
trifluoromethoxyphenyl, 3-fluoro-4-trifluoromethylphenyl, 4-trifluoromethoxyphenyl, 4-iodophenyl,

4-nitrophenyl, or 4-tert-butylphenyl, or wherein G is selected from the structures:



and enantioners and salts thereof, wherein: R and R a are

i ndependently selected from1-1, M, Et, CH=CH2, CH2OH, Ch, CHF2 or
Cl12F;, R2 and R2" are independently selected from1-1 or F.; Rs is H,
Me, Et, or CF3., ReR7 (CRARd)n 2 \(c HmRe -"Aiv- , wherein

G is phenyl optionally substituted w tfggone to four RO groups or a
5-6 nenbered nonocyclic or 9 nenber bicyclic heteroaryl optionally
substituted by a hal ogen: R and R? are i ndependently H,

(C3-C6 cycl oal kyl ) (CHZ) oaI | )5 (CH2C 29, V-(Cl112)0.1
wherein Vis a 5- het or CHZ) Wherein Wis
phenyl optionally substl §e SF CL NCF3 or Me,

C3- C6-cycl oal kyt, hydroxy-(Cr Orm:rycl oal kgi)

fluoro(C3-C(,-c!.cloal kyl). CH(CLl-13) CH(C]—I) phenyl , 4-6" nenbered

het erocycl e optionally substituted with F. OH, cycl opropyl nethyl,

G -C3 al kyl or; Co-

substi tut%d Wlphcnmr{)g&ld'ag%la%elé)(n :)na ofd otgéa :B }] eSlr%fberelsél\I[s sée?c%éf]frlpgm OH,
axe, 0(Cl-Co-al kyt), CN, F, NHZ\rNH(C-- (.'o- é}TKyI) MC - Co- akky1) 2,

t et r ahydr opyr anyiny t et rahydrof NH
pi peridinyl, rroiid inph
with the ni gef,t o which

wnyl . norphol imyl oxetanyl
148 le and RZ_t §§ei heg
ey Are attacf ma 3-6 er ¢
het er ocycdi c*ri ng opti onal substi t ut ed h one or nowE oups

|ndependently s ted from O, hal ogen, oxo. 3, CHZCFB
§)CHB and (C - C3)al kyl; R nd 121) are |-

e and le t gether vmthtla’e Hatons to whic Nf"hey are attac é‘ﬂform
6 menbe rocyc havi ng F ring nj
atoms RC, Rd“are H g Re and, ogether wit at'omto

whi ch they are att hed forma cyclopropyl ring; R8 is H,

or RB and It tog er with the~atons to V\hlchy—z&%are attac form
a 5-6 nenbered erocyclic risg having one g ring nitro

at ons; depepdently ha oCl - Cr al kyl
C3- CB- cycl | o- (c1- - af kyk) . CF3, s(B - cs-al kyl]), JONE,
OCH2- phen‘i}l 0- 120-phen¥l, "NH2, NO2, NH( C6- al kyl ), (C1- C6-
al ky1) 2, pi per|d| e, lpyrrolidine, CH2r, CHF2 OCHZF OCHF2, OH,
S02( CI - Co-al kyl ) Y)NH2, C(0)N1-1(Cl-C4,-al Kyf). and C(O)MC

-C4-al kyl ), an”*i n, n and p arelindependent| y™ or 1. The ound
ofCIaimI. on R2 and H or r®'97 areF/(%
conmpound of i4a . wherei Ms H and R i

P cl " ci i Me

HOQ HO

HOG Q d

® o o o




4. The compound as clainmed in any one of Clains 1 to 3, wherein R5 is
Hor nmethyl. 5. The conpound as clained in any one of Clains | to 4,
wherein RI and 121" are independently selected fromH nethyl, ethyl,
CH=CH, and CH2OH. 6. The conpound as clained in any one of Cains I
to 5, wherein Gis 4-chlorophenyl. 2,4t50clichl orophenyl.

3, 4-di chl orophenyt, 4-chl oro-3-fluorophenyl, 3-chloro-4-fluorophenyl.
3-fluoro-4- bronophenyl, 4-11uorophenyl, 3,4-difluorophenyl,

2, 4-di fl uorophenyl 4-brornopheny -chl oro-2- Fl uorophenyl .
4-i net hoxyphenyl , 4-nethyl pheny - cyanophenyl ,
4-trifluoronethyl phenyl, 2- fluorgheny I.3-trill uoronethyl

trifluoronet hoxypttayl, 3-fl uoro- mﬂlfluoronethyl phepyt,

phenyl , 2-fl uoro-4-trifl uoronmet wdphgnyl, 3-fl uoro- 4- H <;:>_

4-trifl uog gheny | i odophenyl, 4-nitrophen 0
4-tert-buty or wherei i Sfsel ected fro uct ures:
149 7. The s fpotifd as cl gj inTany one of (4 1 t0 5, wherein
A is selected from, NHNHNHNH 11. The c ound of C|a|n11

havi ng the Fornul A R2 R2a an Sntloners an salts thereo

wherein: R is , or CH2F; N'and Rl are H
R5 is FT, 2 fD CF3 /&O /@/g
i ™ i i

F

8@%
%Q
3 Yl O
2

e}

Cl

30
3‘
(o]
3O



R6R7 (cRclid)" (CE12)mR8 Ais, wherein G is phenyl optionally
substituted with one to four RO groups: 155 Wand le are
i ndependently H, (C3-C6 cycloal kyl)-(CH2). (C3-C6

cycl oal kyl ) -(CH2CH2), V(CH2)0.1 wherein Vis a 5-6 nenbered
heteroaryl, W(CH2)1.2 wherein Wis phpenyl optionally substituted
with F. C or Me. C3-C6-cycloal kyl, Sydroxy-(C3-C6-cycl oalkyl)
fluoro-(C3-C6- cycloal kyl'), CH(CH3) CH(OH) phenyl, or Cl - Co-alky

optionally substitut Wi t h on Hhore grou Phdependent I y/[\el ected
from OH. O(CI-Co(a-L H2, NH(Cl - | kyl).

N( Cl- C6-al kyl ) 2 T’éperl d i ny N and pyrrol ,i"l I nyl | e and
127 together wt e nitrogdn owhlchth re attach&d\' rma46
menber ed het ggrodycld c ri pt onaIIy trfated w nor e

gr oups |ndeen 'y sgreefed Trom | 0§%n, ONO 3, CI -IZCF3,
and (C - G3ratkyl and Te are H, or R" is li. ande nd 125together
with the atons tq ich they are pttached form a5-6 menbe

het erocyclic ri n@w ng one o ring ni en atons \){;,‘G'Sd Rd are
H or M, R8isH’ or OH, or le an}‘etogether t he
atons to whiel they are attach forma 5- nber ed t o clic
ring havi ng Qf, two ring hitrogen atong; ea

i ndependesit | ¥ hal ogen, yl, 8l oal kyit, o

0- (C1- C6- al kyI) CF3, S(TX - Co- , MZN. CH20- phenyl, NH2.
NI-‘-(Ci-Ch-a kyl ), N-(Ci-05-alkyl) , plperldlne 13) rrolidine.

| CHF2, PDF. OCHF2, 'y S02(Cl - C6- 1), C(O)NI-h.>Y~
C(0) NH(Cl - C6- dNkyl ), and &0 d - C6-al k ; and rn, n gAdHp are
i ndependent |y Ofor .. 12 onhound as defiined in & ai > Jdaim1ll

and named i Yy Brie o EX&npl es 110 168 13. A conf Bs clai med
in any ong”of”Cl aims Ito 12. 14. as clafm#d i n any one of
Claims 1 to 12 for uselnthetreF AKT protein

ki nase- nedi ategd condi tions. 15, conpound as clained in any one of
Clains | to J2 ds a AKT prot e},ﬂqi nase- nedi at ed condi%T'von treating
agent. 156 NH HaN

HN HN
CID/L(O ¢ o F:@lfo
O A wny e
o Cl cl Cl
HO HO
Q BN o,

HN :
° BRI
F 0
YV, T4
F © s cl cl -
wUAT
CI



16. The use of a compound as clained in any one of Clains 1 to 12 in
t he manufacture of a nedicanment for the treatnent of AKT protein

ki nase-nedi ated conditions. 17. '| he use of a conpound as cl ai ned
in any one of Clains | to 12 in the preparation of a conpound in
ready-to-use drug formfor treatnment ofs52AKT protein kinase-nediated
conditions. IS The use of a conpound as clainmed in any one of O ains
1 to 12 in a package together with instructions for its use in the
treatnent/ij AKT protetDLkinase-nediated con?bﬁions.

N/\j N NH

K,N NH o
J@”\f

4
:

F
F 0 Wy
)
Br

NH NH
(9] g
Br bl
Fata's v v
Q LN
o NH
wns ~
V& A
ats’s Br
8. The compound as claimed in any one of Claims I to 5, wherein A is selected from:
NH, ,,Ié? NH,
/©/¢0 /©/EYO /©¢O
. NiH, NH; NH,

N N
O cl o)
vy
ol C -
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NH, NH; NH,
F 0 F 0 o)

A AR NS

cl cl Cl
HN
0 F 0

LYY g

Br cl cl

Z

T
g

ZT

NH, NH;
O O
Cl Br
9. The compound as claimed in any one of Claims | to 5, wherein A is selected from:
F
cl NH, cl NH,
O O
e v
§
3
cl el
of
H
F N\
h‘ O
C)

10. The compound as claimed in any one of Claims 1 to 5. wherein A is selected from:
NH;
¢ o)
~WA
[=
NH, NH:
0 O
E
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N FiC | cl /
c NHe 2 NH, O NH; mﬁ
0
0 0
oy e ~y p
Cl F
Ny o NH, NHz
o NH, 0 0
o b Y e F Y
b i
NH, '
ON
'“'"' Y rc © °
) bl v
N 7 NH
4 Hz | NH, g— | 2
s o L S 0
e N R o~y

1. The compound of Claim 1, having the Formula:

0
L
R N R®
SN

L
r? “gza N
and enantiomers and salts thereof, wherein:
R' is H. Me, Et, CF;, CHF; or CH.F;
R? and R* are H or F:
R™ is H. Me. Et. or CFy;
R R’

6\
N/

|
(CRRY),
{CHa)m
" (CR*R"), 0

RB
Als e wherein

G is phenyl optionally substituted with one to four R’ groups:
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R® and R’ are independently H, (C3-Cq cycloatky!)-(CHa), (C3-Ce cycloalkyl)-(CHsCHa), V-
{CHa)y wherein V is a 5-6 membered heteroaryl, W-(CHa),» wherein W is phenyl optionally
substituted with F, Cl or Me. C;-Ce-cycloalkyl, Bydroxy-{(C3z-Ce-cycloalkyl). fluoro-(Ci-Ce»
cycloalkyl}, CH{CH3)CH(OH)phenyl, or C;-Ce-alky! optionally substituted with cne or more groups
indcpendently selected from OH. O(C,-Cg-alkyl), CN, F, NHa, NH{C-Cs-alkyl). N(C;-C,-alkyl)a.
piperidinyl. and pytrrolidinyl.

or R” and R’ together with the nitrogen to which they are attached form a 4-6 membered
heteracyclic ring optionally substituted with one or more groups independently selected from OH,
halogen., ono. CFy, CHaCF;, and (C,-C;)alkyl;

R*and R" are H.

or R* is H, and R" and R® together with the atoms to which they are attached form a 5-6
membered heterocyclic ring having one or two ring nitrogen atoms:

R and RY are H or Me;

R" is H. Me. or OH.

or R* and R® together with the atoms to which they are attached form a 5-6 membered
heterocyelic ring having one or two ring nitrogen atoms;

cach R” is independently halogen, C,-Cy-alkyl, C;-Cg-cycloalkyl, O-(C-Ce-alkyl), CF;,
OCFy. S(C)-Ce-alkyl). CN. CHaO-phenyl, NHi. NH-(C,-Cy-alkyl), N-(C;-Ce-alkyl)s, piperidine.
pyrrolidine, CHaF. CHFa, OCH2F, OCHF», OH, SOC)-Ce-atkyl), C(O)NHa. C(OINH(C |-Cg-alkyl),
and COMN(C-Cy-alky1)2: and

m, n and p are independently 0 or 1.
12, A compound as detined in Claim 1 or Claim |1 and named in any one of Examples | to 168.
3. A compound as claimed in any one of Claims 1 10 12.

I+, A compound as claimed in any one of Claims 1 to 12 for use in the treatment of AKT protein

kinase-mediated conditions.

IS5, A compound as claimed in any one of Claims | to 12 as a AKT protein kinase-mediated

condition treating agent.
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16. The use of a compound as claimed in any one of Claims | to 12 in the manufacture of a

medicament for the treatment of AKT protein kinase-mediated conditions.

I7.  ‘The use of a compound as claimed in any one of Claims t to 12 in the preparation of a

compound in ready-to-use drug form for treatment of AKT protein kinase-mediated conditions.

18. The use of a compound as claimed in any one of Claims 1 to 12 in a4 package together with

instructions for its use in the treatment of AKT protein kinase-mediated conditions.



