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Pl 3K i nhi bitor conpounds sel ective for P110 delta, and nethods of use

[ 0001] Thewonuemiss4dm rel ates generally to compounds for ttcEareg/osi2zgor ders
medi ated by |ipid kinases such as inflammation, inmunol ogical, and cancer,
and nore specifically to conpounds whidh inhibit PI3 kinase activity. The
invention also relates to nethods of using the conpounds for in vitro, in
situ, adebd®odi vo di agnosis or treatnent of mammalian cells, or 5
associ at ed pat hol ogi cal conditions. [0002] BACKGROUND OF THE | NVENTI ON

[ 0003] Phosphatidylinositol (Pl), a phospholipid found in cell nenbranes,

pl ays an inportant role in intracellular signal transduction. Cel

signali ja 3 -phaosphor d .phosphoi nosi tides.h inplicated in a
var ot yPigydicniiofe HRAPIRLEIC RS ki G BRI et yEhasd
factor signaling, inflammation, and i ity (Ranmeh et al (1999) J. Biol
Chem 274:.8347-8350). The enzyne responsi ble for generating these
phosphoryl at ed si gnaling products, phosphatidylinositol 3-kinase (also
referr éﬂa/(lld; as PIThg-ikvontige raatePp@iyallywasompowyids 4o tycaiidg dispfdeesdmedjatge by
acti vi ty; aeaoct atad. Al MR | ARGARLALE] 0%, BRd.OLaNL A, f ctot. fegept or
tyrosin P hases {4t d%osp offpa e Bﬁospﬁa |d§FPno F%d?lf 5 and its
phosphebiipatueid vibeh dlbivRIS ladast Berivdty: Tho ilyeatiox Yiso olatthiey ine@sHd & ustrignte
(Panayotou et al (1992) Trends Cell Bio0l2:358-60). [0004] Phosphoi nositide
3- ki na$eBPPMIBKRYT urdlr e, ifisdu-1and &6 B0 dRgRophestieremontof eramipilipg cstls.tofie

3- hydr | . i g itol ring of phosphoinositols (Witman et al
(1988) %ﬁ%ﬁﬁ&%{%@%ﬁg%@%%?ﬁdﬂh@&? - phosphoryl at ed phosphol i pi ds (Pl P3s)

gener at y P13-Xki ngers recruiting kinases with
lipid gﬁﬂgﬁng do%é%@gﬁﬁiﬁiﬁédﬁﬁgfﬁf@€g¥$@§§ﬁonDIogy (PH) 20 regions), such
as Akt [ag03] phosplrabsyhaiildyldrsiernende phodphoiasie fdundRPKA]) meBibReHeRD 1D afkt t o
menbrane Pl P3s causes the translocation of Akt to the plasma nenbrane,

bri ngi AgPRYERntirgle dn Bdiseelbangignal meduction; Cellisignaling yigsy hesrherylated i vat i ng
Akt. T - S . . N ryla 3 and
t her ef ﬁgggb §S§§8§&§§%§§F@Qﬁgggﬁfgﬁg?dgﬁﬁﬂﬁPﬁﬁﬂﬁﬁéﬁpgb%g“#ﬁgggkg- ki nases
Akt 1andraRElimation, propah fandr sighaliig infgoinatio rg and fmimaniyy @Rednhabl cal @908k Bisl
p&@l'feration, apopt osi s and

'rr_gtc R %%ﬁé‘?%g%ﬁ)? iTilgyg%{ljzlygr%%gé@ﬁ & OF epnraatipg t@%‘%[pé?svn%bﬂgﬁ Sialgre
(2002) TRt ol R0 R Rhoy ) FATLES (R HaT L P11 A0S, S haed VAT
[ 0005] RiGhtikicdasen agivityhetoeratai with vicdrsiceprotegnscind 8o~ thrfactplitOcgabymists (Ot su
et al (k}nga%g's) thi%%%lﬁ&%%e%ﬂgﬁ)aa&(% 1%1%51 061)(PI) and its phosphorylated derivatives at the 3°-

15 hydroxyl of the inositol ring (Panayotou et al (1992) Trends Cell Biol 2:358-60).

[0004] Phosphoinositide 3-kinases (PI3K) are lipid kinases that phosphorylate lipids at
the 3-hydroxyl residue of the inositol ring of phosphoinositols (Whitman et al (1988) Nature,
332:664). The 3’-phosphorylated phospholipids (PIP3s) generated by PI3-kinases act as second
messengers recruiting kinases with lipid binding domains (including plekstrin homology (PH)

20 regions), such as Akt and phosphoinositide-dependent kinase-1 (PDK1). Binding of Akt to mem-
brane PIP3s causes the translocation of Akt to the plasma membrane, bringing Akt into contact
with PDK1, which is responsible for activating Akt. The tumor-suppressor phosphatase, PTEN,
dephosphorylates PIP3 and therefore acts as a negative regulator of Akt activation. The PI3-
kinases Akt and PDK1 are important in the regulation of many cellular processes including cell

25 cycle regulation, proliferation, survival, apoptosis and motility and are significant components of
the molecular mechanisms of discases such as cancer, diabetes and immune inflammation

(Vivanco et al (2002) Nature Rev. Cancer 2:489; Phillips et al (1998) Cancer 83:41).
[0005] PI3 kinase is a heterodimer consisting of p85 and p110 subunits (Otsu et al (1991)

SUBSTITUTE SHEET (RULE 26)
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Cell 70:419-29). Four distinct Cass | PlI3Ks have been identified,

desi gnat edlORDBKI3e9G al pha), 13 (beta), 6 (delta), and y @egamea)10/08Reh
consisting of a distinct 110 kDa catal ytic subunit and a regul atory
subunit. Mre specifically, three of t#e catalytic subunits, i.e., pll0
al pha, pl110 beta and pll10 delta, each interact with the sanme 5 regul atory

subuni Gellp3% 1-WEHERS cPdl X099 Tl 7004 19F 291 Boubididhingt Cliast Il GKs hegibaahor y
subunit, pl0l. The patterns of expression of each of these PI3Ks in_ human

Coll's ddenifipdslseisnipe PHIke (@be ﬁc{betal éd@@]@w@dﬂgm},t@ach %lﬁ@wm ts beon
ol uadhgns D SRR BT R FuySind . WIRFe BRARFIRL o' ocases:

si gnal icaglyeic suBstitscied. | sl 18nth HappoIQyiced mcgquMag@,,eaamﬂmsdtemi th8 bame
function/ RANKL 10 s&%nal ing (Deane J and Fruman D A (2004) Annu. Rev.
| nmuholregwgow, subynit; S%hers%lletgamma NSt WIER ALISUBE IPEWRAREY BNt IVO8,

180: 739,07 fZé%ﬁ Ng% éﬁln%tf e@éh of tﬁ’ésg(f’?? 1nEﬂu(PrRa.lﬁycell Pl ar? ltl;sg Yistindy, 185

Del etion o ta gene or selective iIntroduction o
cat al yt[demd]| y i nddkipie0 dultea]rsbfoﬁh hiek Bééndeipﬂiaateehhslﬁeloglcabﬁmbtyonsaalptedtte

ablation of B cell proliferati and si i npai r of si gnal i ng
t hr ougﬁm*iﬂuéléﬂli‘fia%am fliscages, f@@@?ﬂ%ﬁ%ﬁ&%ﬁa‘t‘@m o Pg}l@m 8fePHY
i nvent iR ¢iBlafhesr FERAREM b MBS HMMhGophdpe! rﬁ?ﬂ%@%’%clﬁ&ﬂﬂlnﬁlo%/f&ﬂﬁe

inhibitory activity and selective bindingto the pl10 delta iso form
rel Hti \sgnabng)(Mnﬂ@ametumnﬁlm(Zﬁ%hanms Gewr ImmEgr 0. 22:6636ukiass etall east

10 fol Iect |n bi ndl t p elta i ve to blndlng

o tne s TnuEH iR 29 FabosyRarRarne & fsbure e e

struct woes; 178@"59)ﬂ85: DeleHen Nf BleHI3K dBa pendNiRZc¥Bfive introdufiolRbf b chtaXAidiB,
inactive mutant of PI3K delta causes a nearly complete ablation of B cell proliferation and

signaling, and impairment of signaling through T cells as well.

15 [0007] SUMMARY OF THE INVENTION
[0008] The invention relates generally to Formula I compounds with P13 kinase
inhibitory activity and selective binding to the p110 delta isoform relative to binding to the p110
alpha isoform. Formula I compounds at least 10 fold selective in binding to the p110 delta

isoform relative to binding to the p110 alpha isoform.

20 [0009] Formula I compounds have the structures:
mor mor
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[0010] including stercoisomers, tautomers, or pharmaceutically acceptable salts thereof.

The various substituents are as defined herein.
[0011] Another aspect of the invention provides a pharmaceutical composition com-

25 prising a Formula I compound and a pharmaceutically acceptable carrier, glidant, diluent, or
excipient.
[0012] Another aspect of the invention provides the use of a Formula I compound in the
manufacture of a medicament for treating a disease or disorder selected from immune disorders,

cancer, cardiovascular disease, viral infection, inflammation, metabolism/endocrine function



lal b [0010]i ncl udi ng stereoi soners, tautomers, or pharmaceutically
acceptabl e salts thereof. The various substituents are as defined herein.

[ 0011] Anowbentoaspeet of the invention provides a phar na®@eliEPe@EI/06T2APOSI ti ON
com 25 prising a Fornmula | conpound and a pharnaceutically acceptable
carrier, glidant, diluent, or excipient3- [0012] Anot her aspect of the

i nvention provides the use of a Formula |I conpound in the manufacture of a
nmedi cam@dkddroind neredlbfigalalisir 68 3ad diedthiteDb e ps e ecitaido hfa B PIATKIASsC.

di sorders, cancer cardlovascular di sease, viral infection, inflanmmation,

met aboll P&k endocrihsanyegtien plse relyes onethadiefgnpethebomads bsimaornds for in
di sord n 1

i sof or ﬁqutgof q;lél%u %ﬁ%g'lsg% ngﬁﬁl%@%@e&%? ?glr? é}%h(racg lgiéééalﬂtfs (I)IB hetaf"lsg(gdlét usi ng
t he Fomathodgicat corplitiondssulcbras systannbrand lacal mflbmmagingl, mmunewoﬂaina@,m| S or

treat ment of mmal i an cells,. . ani sns, or . associ at ed pat hol ogi c
condl t i94158ses 8 S&E%%?@rﬁ@“&ﬁd nBHlﬁlsuPRfFISé‘Iﬂ’rﬁ’E%a‘BﬁTanI ﬁ@e?W%I%ﬁﬁ’r&‘F%ry 5

di seasgg.csHRR c@§t1§ lreuRRs isehsar ddmhfiis asthfﬁﬁ“s@‘é‘te%ﬁcpﬁﬁ)% &y%ma%ﬂ@@ﬁ%r@ﬁ"%pl ant
rejection, allergi'es, ulcerative colitis, Crohn's di sease, dermati

ast hnma Sysgi@mmnmltlpjpsréeresly,tm@mem@(syst@pl@gspbmss& @mmaﬁnomhmytmeelc
I I t hig..thr,onb t
o pur 2B TP AR B A ANCRE G ER C PRERRRY s

chroni guehsdaiyglsbase (@gbmr@bmsﬂs 208@ 58 deb&BDbint PeAEItRSicsectand for gener al
joint protective effects. 0014] Anot her aspect of the invention provides

a nEl hd®0H ¢ r eatAnedhcs a@nq@b@f ¢ grvediian provides 2 Wisthold afbichde: © 8lpase eedis-

adm ni ff.ec nd to
o ShE P BB BOBHMLS S EIRPL WY PIRAY s0TORTH Bel ooy
cancer cogpoahdeasiticar with s dassse oridisatder Bélegéd Hom mmridna raiﬁm;frdem ,Cancer,

met abol i snf endocrine function di sorders _and neur.ol ogi cal disorders, and
medi at éardigraspdargtiscascyairelanfestion nflasamatiog, pretabodsm/eRdoGrne Hurretios disgydartr t her
ComPr| S8 AR PEAAACAN AOHLALRER ANFTARGHL L6 RARSIPISRhECL e oMy
chenot herapeuti'c agent, an anti-in tory agent, an i rrrrunorm atory
ageht , namynf@rthat coopirse ﬁdmtrmten@am@ﬁntonﬁbuheﬂape&tci aggntcsatedied\faxnall ar di sease,
an agent for treating |iver ease, an antiviral %ﬁﬂ ent for .
treati ﬁéefBI’%‘Sla‘PE‘I HeeH Rt an antiy “bfégﬁ{lat?l@ragfﬂ? e 4t FRgVE aégfy ae%%a AACHGERPIt or
treati Mgty Qgéil@ffdr%e%ﬁﬁg/ cAUIRELRP diséfe] APAhARO LRSI ASRE Alsc AL Ehhéﬁltl-

i nvention provides a for treating a condition nediated by the pll0

del t a ivatef agem, of af$® f¢cr| tm@eg bto@dpinsosdem@ an agerrtsfor tndetingrdebotcs.cal apeppudot i on
conpri %‘F a. Formul a | and instructions for use. [0016] DETAI LED
DESCRI PTIaR¢ GF" EKW &fl PMENTS [0017] Reference will now be made in

detz) | [p@1gert ai mpiRedigmnNsStheinvehtod préeiats ORit ferexagplcesdifbn Watikedaye
illustrated in the acconpanying structures and formulas. Wile the

i nvent |ﬂ@€hpl/I|0I deltp gsofergref jé kinanc.conjpuiniegiadhsihermadsatieal gpmpatiden errmsdingent s,
it wl I Bciecro P%%gd taﬁﬁtmsttrt& Mor%rfgr{f'% intended to limt the invention to
e

t hose enb Inment’s contrary, invention is intended to cover all

al ternquoms, nodDETAR EDITSES @RIPTEON GRIENENPIWARYENBODEVEREEUded Wit hi n
the scope of the present invention as defined by the clainms. One skilled in

t he 30 [&0k7]wi | | M@rglmezxeillmmybmmadmhhsie&nkiortatta'nieaibsd'milmlitd arthomvegfinny al ent

ose desc ould be used in th racti .of the
D e o B AR Ty e SRRt St Gt PR o iR e
rret hodsn@aqom@ bé a&s%ng@@ﬁlrdoaﬁﬁcuérnwhh %eeéﬁ%lﬂieratt&ﬁ&m%kﬁm@ﬁts ”i%v"ﬂl 8¢ ubhdre-
i ncorporated iterat ure, patents and simlar materials differs from or

cont r adfasdghatithey aappot ivtendestto linwit thedinvaptibaito those embodiments. On the contrary,

the invention is intended to cover all alternatives, modifications, and equivalents which may be
included within the scope of the present invention as defined by the claims. One skilled in the
30 art will recognize many methods and materials similar or equivalent to those described herein,
which could be used in the practice of the present invention. The present invention is in no way
limited to the methods and materials described. In the event that one or more of the incorporated

literature, patents, and similar materials differs from or contradicts this application, including but



WO 2010/ 136491PCT/ EP2010/ 057244 -4- not limted to defined terns, term
usage, described techniques, or the like, this application controls.

[ 0018] DERVDI201008&910019] The term "al kyl " as used her ei n PCEEPREI010672a4
saturated |inear or branched-chain 5 nonoval ent hydrocarbon radi cal of one
to twel ve carbon atons (Cl1-Cl2), whereidn the al kyl radical may be
optionally substituted independently with one or nore substituents

descri hedlibatdw ddfincangiictere nhpd] dBbtibedadetmidiek, drabld Blad, this agiRatien ei ght
carbon atonms (Cl1-C8), or one to six carbon atons (Cl-C6). Exanples of alkyl
gr oups PAEPltde, but are not linited to, nethyl (Me, -CH3), ethyl (Et,

- CH2 pr op propyl, -CH2CH2CH3), 2-propyl (i-Pr, i-propyl,
- 1001313[4?%) 2), ?ﬁ%}g%ﬂ?ﬁ@m n- but yl, -CH2CH2CH2CH3), 2-nethyl - 1- propyl

(i - Bu, [0919u|t yl . ThewaGHEOHE) 23 ysed hbudiytefés {cBmsatsratwdtlyllear or(HrﬁIﬁhl&) EMACH3) |
2rreth| roItB but yl CH3) 3 nt n- pe
- CHZSCHy pz@%ﬁdroozrwgﬁﬁ%al%fépﬁ @m%ﬂ?@ﬁ?%@r@ﬁ g §‘y e%(:méﬁf( dkplors) 2)

S W L by A
CHoCH GelBHCHAGHB et dmbesyln amwaazdaﬁuz)%&mgm cadbdheitihs (C-C). orone to

(- CH(CH3) CH2CH2CH2CH3) , 3- hexyl (- CI—|ZCI—I3)C&%|ZCI—|ZCI—I3)) - met hyl - 2- pent yl
( - C( CH3y@FpoH2aRs{C &heEmplQ&qfeﬂfﬂt [SrQUPEIHY )@q(ammtdm@dap%methyl (Me,

e R (o BRI R SN BRI . oo

2, 3t md@fﬂ?g huﬁtﬁrl (&B@(&I&&Q%ﬂ@tﬁ)@ﬁmﬁﬁ)& et 1-hypko @yl LBy ) 1-t(uty120
CH( CH3) E/ 1l-octyl, and the like [0020] The term "al kyl ene"
as use@%&@r}&pﬁh)zéf?eblﬁy (& Bit, DUt CEH OH: el Clby), Brpnstiotrdcrepdi(hByi tbitishnt

hyd ; i h
ol ky1 o o R R R B et S R B o
m)gI e sltpbﬁttyl( (IH@CHZGH@E) Qhﬁdlﬁblel-b\mtyl( E(@H@)ﬁ@HﬁCHﬂb@@ndmmz, bupl @l kyl gne

i i t t 51 t
(G- cacH @i ge” S Panebyy HopBs He e B Ty okovhint tod tor
ot [y SR eI U Y| f8 (1 ARPRTCHICARAIENS 1R ) . and the

211 The  term™al k refers to Iinear or branched-chain
nnnoval(éEfﬂ(Gﬂﬂ@H@@.ﬁ‘lwﬂszMthd:xy@( GHE 6 He)(GhkCllaC Hom, Zatethy-GRa@B) wit h at

et o w B BhPC Rk Foih e S IO BBl R0 a6 RadsBilEn 1

WLh ORH@HNCHSCIE)| uaiisy | danGt b CRRYEHICERNS L Rethydepeh@rl cal s

havi ng "cis' ans orientati ons, ternativel Y,

ori ent ét@Wz@%%ﬁH(@s)t)né Btd!@ethﬁht? bakyd (ﬂﬁﬂﬂs)zﬁfﬂ(@szb 3 %dmté’rhzl-blwl (vi nyl

20%%@%%%%?92&% (ﬁ% 1%]S!I'Ihgeterm "al kenyl ene" refers to

| i near [0620pr ancheThetaah Maltiyéad entusby HeremaeRentor aghgated hedr\we btamclee;dg&ttam
carbon atons (C2-C38) with at |east one site of unsaturation, i.e

car bon-délds hyd@pész@l@)mﬁill‘@l Do, toitvelve carbem étoalSk(@nTy(Flz} adicean th?rﬂ«k}’é@le

|
o ot 2bdital SO it Bty R D DR ) SRR e s BeushBendh iR

i ncl Ud%elowtlnaahﬁth@pémbédﬂnbﬁﬂ af Qlk %h@%id@d?ﬂ’ €0 1 Cight BibANRofns @EREH Jor oat | V!
(- CH2CH=CH ), and the like. [00‘2/3]The term"al kynyl" refers to a linear or

br atfc hed simmadealagrmhs €y dCo)c dixpomples of alkylene groups include, but are not limited to,
methylene (-CH;-), ethylene (-CH,CH;-), propylene (-CH,CH,CH,-), and the like.
[0021] The term “alkenyl” refers to linear or branched-chain monovalent hydrocarbon
radical of two to eight carbon atoms (C,—Cs) with at least one site of unsaturation, i.c., a carbon-
carbon, sp” double bond, wherein the alkenyl radical may be optionally substituted
30 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=CH,), allyl (-CH,CH=CH,), and the like.



radical of two to eight carbon atons (C2-C8) with at | east one site of
unsaturation, i.e., a carbon-carbon, sp triple bond, wherein the al kynyl
radi cal ms 2b/Bpditonal |y substituted i ndependently 10 WCTIEPO#I6/06T24410T €
substituents described herein. Exanples include, but are not limted to,
ethynyl (-CCH), propynyl (propargyl, -&H2CCH), and the like. [0024] The term
"al kynyl ene" refers to a |inear or branched dival ent hydrocarbon radical of

t wo to[eexht car b @iraMBlkEGAerod )reforstth lidtarl @ dsdnchteclniin @ivelentingiaddaktaini on,
.e., a carbon-carbon, sp triple bond, wherein the al kynyl radical may be

opt i onatdigal offewerist @ighti Galopd M Qs)ewﬁlb@t lgast ppevpiteeaf lméatu@tlﬁly rw:l eﬂrf@rt(oncc ),
propynyl ne Q n 2 he |ke
'car bocycle ,.s(pp d8‘§@ ggn(& %exe,mq;_ﬂlecﬁb }Cg nd G optia dLlﬂ %E& Ia,l;ld Includes

rmnovalr@dibalmmlag iRt dnd, “tﬁﬁi’Wr&h%oﬁi opaném@thdeyy UASahdl t‘a’t 6ﬂeﬂ°tz!tt[lgls haVI ng 3
to 12 carbon atons Cl2) as a nDnocycllc ring or 7 to 12 carbon atons as

a bikydixamptasgclugs;, g‘}‘fcarfi: solclyniteskipe pthglengongey vinylenclGCHEGIS). @llil be arr anged,
e.g., [ [5,5], [5,6] or [6,6] 20 system and bicyclic
carbocsgﬁgggﬁggs déﬁ%ﬁlio ring atons can be arranged as a bicyclo [5,6] or
[ 6, 6] 3§m or B Rfrth G9IRGnAY $8TBo 8 Yinbard? bRineN&d Pbrovaicht ReRbadBon
blcyclo[2 2] octane and bicycl o[ 3. 2. 2] nonane. Exanples of nonocyclic

car boc y@dleesl off tred tcd@ghtbutboaraeonmﬁczHim witllatt logst ope bitsporfopydtyuratige|iehwtoptbon-

cyol oherPn: s i lRenacr gy hY kv Gr R o bRl ghgenty”

CyCi(Ph%ﬁ%&r&'morg%&Ylﬁieﬁﬁ%'&&ibed%}éfehp%ia\(ﬁ leCHEQAYRY hre oY AMRAEE €Y lethynyl
cycl oundecyl, cycl ododecyl, and the |ike. [0026]"Ary|" means a nonoval ent

aronatdeﬂyﬂ)pa&nhphpﬂ&dmgalCbhcsCED apdrtbohkat ons (C6- C20) derived by the
removal one hydro en“ n1frgn1 si ngl e carbon arent aronptic
ring s;}g&e“rln SOne“d%ﬁ\% dpdeng ée§ peaisieer hr?PCPﬁigwﬁeﬁbﬁs&ﬁ\}C%mwmﬁles
as " Ar'of 1 ¥ cil (Ua%%satcf%scg@ Ne mﬂmc@és% oFOTRY dirBtu Ao RI A dafodhl AhditiS ed
to a saturated, partial 0 unsat ur at ed ring, or aromatic carbocyclic

ring. Typiga boad yﬂzhegmm ﬂpsalkmyll vdéal ay baoetimeilyl iExatetds e ludeabutcat sotder i ved

from benzene , Substituted benzenes, napht hal ene nthracene
bi plnﬁen nmltqdﬁae%@ ¥qnﬁéeﬁnﬁ )» PEODYIYY] fqﬁlﬁéwaﬁ%{.gﬁkﬁ%n HaC= 209, atd fhe like.

1, 2, rahydr?QQQ y +h ”» 9 / 244
- 6- Arj?ﬁgﬁoups are o%%?é%gTﬁg gdbg?#?ﬁﬁéﬁ W@%%Qéﬂ! ?éy%mntﬁggﬁg%%rgﬁ%re
subst i tteie micod@strionedoinatice isatura 0@ Hattid iy lvase: at&elamg lvehig\iatoelrt caslsoomat i ¢

hydr ocar bon radi cal of 6-20Q carbon atonms_ (C6-C20) derived by the renoval of
two hydtUEelC3at ot # BIPRACYCHE riagobdrio At Gﬁr@%ﬁtoamﬁéra gvelic ring? Bicyclic

carbocycles having 7 to 12 atoms can be arranged, ¢.g., as a bicyclo [4,5], [5,5], [5,6] or [6,6]

20 system, and bicyclic carbocycles having 9 or 10 ring atoms can be arranged as a bicyclo [5,6] or
[6,6] system, or as bridged systems such as bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane and
bicyclo[3.2.2]nonane. Examples of monocyclic carbocycles include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, 1-cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-
enyl, cyclohexyl, 1-cyclohex-1-enyl, 1-cyclohex-2-enyl, 1-cyclohex-3-enyl, cyclohexadienyl,

25 cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl, cyclododecyl, and the like.
[0026] “Aryl” means a monovalent aromatic hydrocarbon radical of 6-20 carbon atoms
(C¢—Cy0) derived by the removal of one hydrogen atom from a single carbon atom of a parent
aromatic ring system. Some aryl groups are represented in the exemplary structures as “Ar”.
Aryl includes bicyclic radicals comprising an aromatic ring fused to a saturated, partially

30 unsaturated ring, or aromatic carbocyclic ring. Typical aryl groups include, but are not limited
to, radicals derived from benzene (phenyl), substituted benzenes, naphthalene, anthracene,

biphenyl, indenyl, indanyl, 1,2-dihydronaphthalene, 1,2,3,4-tetrahydronaphthyl, and the like.



5 aromatic ring system Sone arylene groups are represented in the

exenpl ary structures as "Ar". Arylene includes bicyclic radicals conprising
an aromatwo 20inmgefoused to a saturated, partially unsatuPar&P2010/0§7240r
aromatic carbocyclic ring. Typical arylene groups include, but are not
limted to, radicals derived frombenzéne (phenyl ene), substituted
benzenes, napht hal ene, ant hracene, bi phenyl ene, indenylene, indanylene,

1, 2- di byt goaphirbabaselly buBstButdd ini@pdrRithtiwith onaphinbyd substitderith eedetiked

Aryl ene groups are optionally substituted |ndependently W th one or nore
substlﬂﬁﬁﬁis descri bed bel ow. [0028] The terns "heterocycle", "heterocyclyl"
and cycli c« »
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“Heterocyclyl" also includes radicals where heterocycle radicals are fused
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optionally substituted independently with one or nore substi tuents
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may be carbon (carbon-linked), or nitrogen (nitrogen-Ilinked) bonded where
such is possible. By way of exanple and not |limtation, carbon 20 bonded
het erocycl es or heteroaryls are bonded at position 2, 3, 4, 5 or 6 of a
pyridine, position 3, 4, 5 or 6 of a pyridazine, position 2, 4, 5 or 6 of
a pyrimdine, position 2, 3, 5 or 6 of a pyrazine, p05|t|on 2, 3, 4, or 5



[ 0031] By way of exanple and not limtation, nitrogen bonded heterocycles or

hetero- aryls are bonded at position 1 of an aziridine, azetidine, pyrrole,

pyrrolidiwe2®/pBgsonol i ne, 3- pyrroline, imdazo |e, im e¢azmEPeaions]244

2-imdazoline, 3-imdazoline, pyrazo le, pyrazo line, 2- 30 pyrazoline,

3-pyrazoline, piperidine, piperazine, t/ldole, indoline, 1Hindazole,

position 2 of a isoindole, or isoindoline, position 4 of a norpholine, and
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isoindole, or isoindoline, position 4 of a morpholine, and position 9 of a carbazole, or p-
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5 [0036] "Specific defense systent refers to the conponent of the imune
systemthat reacts to the presence of specific antigens. Exanples of

i nfl anmmatworroroesedotti ng from a response of the specific teTErPI@IDyRUILM

i nclude the classical response to foreign antigens, autoi mune di seases,
and del ayed type hypersensitivity respéase nedi ated by T-cells. Chronic

i nflammatory di seases, the rejection of solid transplanted tissue and

or gans,[0632). , Ki dnigyteand tbarteanieticamnchd’ tcfarns pbthnh&apaunid ti@htaicht &Y Hos host
di sease (GvHD), are further exanples of inflanmmtory reactions of the
speci f iPBY@efiepisRICEspsat vimMIaeu s [iisecR HierAbiGed Fﬁs%é’é‘?‘ﬁpgorcﬁéi"é dewn £lgsseBhin as
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and magpugpkegeE3his ifveatiph, deneficialnt Idasnedtdliofival feailtsriscludld, butsre neabmiteditopar t

froma 15 reactjon of the nonspecific defense system.include infl anpmation
assob dlgHeqi YOS GHE! nagg %&Eﬂt&g}é%‘?e%{aﬁ%ﬂé@ﬁi(}*%t VAR RTINS
syndr ong d{RESe18F oW inBlof dRESRDrddbdion, SMBEIGSor FARRHh BT HRMiddbduiXte,
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i nf | ammd osnyisgoneinehrpartad ot wtgdymdicthet deteetiablgiot isdetectaih efTreamentilcamer vous
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cyt oki Mk EURed of B¥itfchtyinclL@OBRkC Akdagl WTNGe SbERESEor ASord&ad vglrRithoseef er s
to any group of disorders in which tissue injury is associated wth hunoral

or Eel Iprensdp eecithe sepbherar disordpreorsbeny 18 whigh the perditienes disordgassy beal | er gi ¢
di seaszj}ev%ﬁteﬁsed herein refers to any synptons, tissue danage, or |oss 25
of tissue tunction resulting fromallergy. "Arthritic di sease" as used

her ei n [0633r s t o EnypldhseaseagchataliyssiRbavaghent? adamyan difidanodi esnipdesli ons
of the joints attributable to a variety of etiologies. "Dermatitis" as used
her ei n of 8icgigsenbinypRtionithaf (Dreges or Pesvcyisdie pprdadyadisegse. cardidpy. or dipatdesr e
char ac i Lt i . [ { Dt ety of
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treatnment of disorders associated wth'inflammtory cell activation. WO
2010/ 136201 $ET R0 (G, 05m2 tsonkOextdnd 9ddprefanit Lz mop) oangercesilll infittatiominton"

refers to the induction t.i mul i ncludi byt not limted to,
et ok meSr R o BERS b RREY Skl Dot Raseh b ony dhultingt bl Gftsy
I eSPPNSEhibit,1E sPmediiehi, A grovthi Bh@oRUEal torsdmeicRehtighd e vk ofietic | imted to

cyt oki nes, oxygen radicals, enzynes, prostanoids, or vasoactive anines), or
cel | suymatoenseasprcadied with diic gragerorlol the pearidte druguntierrsvart srvdhandeskill

acnest oh onnf e EEs; Ml B0 <l nlPL Ao hOBRRTREL ERlcky R ARRS B of S

includin

MONOCY treSisuBBCd. @ PhagRSssing thy timle a6 Yisese pBdryssipna T Pe snd/gr dotsrhmociyig e (i . e.
pol ynor phonucl ear | eukocytes such as neutrophils, basophils, and
eosi nopfiPPeye rated&R)cel I's, dendritic cells, Langerhans cells, and

endﬁ hﬁbﬁﬁl cel | .S')Inﬂéri-um‘é‘iolrgr dg&jggp'pis%gﬁﬁquin%n % %%@ﬁ%h&?@m&ﬂa&, '8? art

that the activation of one or a conbi nation of the enotypes I n these
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di sorder. [0041 term " NSAl D' an _agrqnym f or

I ELL?S@% iy SYRWP Q%#L%M‘le%a@ﬁﬂi"bﬁ tlssuei fandtion*Thfla matory disorder"

also refers to a pathological state mediated by influx of leukocytes and/or neutrophil chemotaxis.
[0035] "Inflammation" as used herein refers to a localized, protective response elicited
30 by injury or destruction of tissues, which serves to destroy, dilute, or wall off (sequester) both the
injurious agent and the injured tissue. Inflammation is notably associated with influx of
leukocytes and/or neutrophil chemotaxis. Inflammation can result from infection with pathogenic

organisms and viruses and from noninfectious means such as trauma or reperfusion following



is a therapeutic agent with anal gesic, antipyretic (lowering an el evated
body tenperature and relieving pain w thout inpairing consciousness) and,

i n hi gherwoaswgi3émitt h anti-inflammatory 15 effects (redecirmpomfidszagmati on).
The term "non-steroidal™ is used to distinguish these drugs from steroids,
whi ch (anpbng a broad range of other efffects) have a simlar

ei cosanoi d-depressing, anti-inflamatory action. As anal gesics, NSAIDs are
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(TYKERBO G5K572016 (Haxo Snlth Kllne) | onaf arni b (5AJ\5ARTN1 SCH 66336,

o Y N~ N ANZALSN NN ~



WD 2010/ 136491PCT/ EP2010/ 057244 -12- Labs), gefitinib (I RESSAQ,
AstraZeneca), irinotecan (CAMPTOSARO CPT-11, Pfizer), tipifarnib

( ZARNESTRAOp10J6Hson & Johnson), ABRAXANETM ( Cr enophor PCTAEPR(10/057244

al bum n- engi neered nanoparticle formnulations of paclitaxel (American

Phar maceuti cal Partners, Schaunberg, -1, vandetanib (rlI NN, ZD6474,

ZACTI MAO, AstraZeneca), chlorannmbucil, 5 AGL478, AGL571 (SU 5271; Sugen),
tensi r g0o40ys ( TORIBEGInal¥etdl) activad@iyasicks toChamdGadn sl 4 nﬁﬁulugaﬁdmh@,m de
(TELCYTAO, Telik), thiotepa and cycl os hospham de ﬁCYT OXANQ, NEGCSARO)

al kyl ut F%riﬁlﬁlé%i tgueitodBeSh A iBCARPL aqt@rﬁm&qaillqsbﬁ npelifirpdenellalar reﬁﬁ@%?dﬁﬁes
such a nes and
ot hy| Sre e R AR R ARMRS ipe [ LEEAR T K ERRRE O SRV ARAIE

tri et hwhequmh pmptmoﬂm cde/asohﬁtwaf areinhy)| err@lh;mfp@msqphﬂsmmocﬂ ecwd increased

tri e, acetogeni s (e eci al |.l at aci n d bul | at aci none);
a cgpt%ﬁﬁs@. R AT G e evicd fe }lf BESTRAAHYY BhgTSearrh:

cal | ystyghdgion &@reé&l@é i HrﬁPalrrHﬂétﬂﬂl deli§ (iREIRaRL @3 Rot IGREAEL SR FRY RiF&! esin
synthetic anal ogs); cryptophyci'ns (particularly cryptophycin I and

crypt ophggaisnT @mpmwws,tl&ﬂymhwuf@&armmme(& (hel paymgrihheudsantihikorgeanmhogs,

KW 2189 h d 15
Spong, 2 APt kS At s e b PR SR SRt S L AR Shil Pt

chl or ophastRAIATCER). 18l BEYSIrbdIged b @efsand ﬂ&bledﬁﬁ@llid &t Bfah@@1aBGvation of one or
mechl or et ham ne oxi de hydrochl ori de, nel phal an, novenbi chin, phenesterine,

pr ebhhi mesmbiration obthsse plhngypesingbese oalls eaar @ntrifiute i9gbe fatiasiogypdipetyation, or

car rrust tine, lonustine, ninustine, and

rani rmus %E%agl%%?% %ﬂgatg%'iﬁggért he enedi yne antibiotics (e.qg.,

cal i chgeed1gi n, calheteaamMNSANDYanamedctonysator Chessicwidul antgeldmitofyAlrggvarghem
Intl. Ed. Engl (1994)  33: 183 186% dynem ci.n, dynem cin A,

bi sphodphBisEpsstic agrahwith apglaenic satiyrebn(leypratean s yptedRodydempegature and

neocar 4%%%{ a!n{‘ Hsﬁfrﬁﬁgﬁ’fn c@ﬂ&ﬂu@h@sﬁi&dcﬁf tﬂgﬁ’eﬁfd%e%' RitBAGRAYiMe AP oti ¢
chr onophor e aci no actinonycin ramycin, azaserine,

bl ety ciffiests (xr—:dua:mgl mﬂpmrnm,ﬂon}aﬂﬂimtemn"nonastermdaﬁys:used ta &irsnngmsihihleserdrugs from

i S B e ol P s i) s TS eosanoid-deprssing,
Cyanom&hﬂh@ﬂldrﬂxﬂm@%%ﬁéﬁ' i&h Brnalge RXVNQMIBQar@%QMéPinCﬂhE‘t tﬁ@;%r‘é%@ﬁ-)fﬁ%ﬁ&um cin),
epi rubi cin, esorublcin, idarubici h, nenorubicin, narcel | omycin, mtonycins

such aN Sﬂlﬂlsnydudﬁ ©pirmry a:lm@nefﬁml and napiioden. My §éﬂlawt¢mualbfl indigntpd iforghe

pepl o orfiro TV Ci guel a dor ubi ¢

P ent Sikthord SF i TRl hic POHRRAS s it AR et 2R ECb St NSARRMAE, .
ant2o rr%teﬁémllly fr@iSoafddGr A shploiatieXelic® ot oW QrcoHditiehd: ridmbatdid afthtilig aci d
anal ogs such as 30 denopterin, nethotrexate, pteropterin, trimetrexate,;

purine %Waalﬁgﬁlssmélﬁnmatwa&af%t% (cg- ankwiasigopudylive, psoﬁiatac‘rr@rphritﬁeRelter S
t hi ogu p n S gl bi 6-
azauri g?ﬁd}gmg a%lcrlrrl:t)enéoqlIt QS'SI% &l | %etﬂ& St%?aox uptdﬁl hga%agﬁ‘ezﬁlgil frglg?id
enoci t gloistoperafiveopeit, Irﬁhlldlm nﬁddfamnsdmo hn%m@aﬁmsetrﬂrt(ss@a mgirrgz),rmsémoleome
propi onate, epitiqstanol, mepitiostane WD 2010/ 136491PCT/ EP2010/ 057244
-13- t 8¢ éfrn&@fqme Mas{NSAIRsasbassnongelective whibiieg ofiths ﬁtiw&ycwpme&ﬁ@,
tridos

ol dopho T e ST i okl O SRR,
bestr atﬂwido;xy@ammmaﬂy&:es tiedfarmatiat & progfgimimsmand themboshc nen a(hchzioqu:o ne;
elfornlt i ne; ti ni tate; an.e h|| | uci d; aII'u
i trat G a%%;me o el Do BB iebise Y RagpphBienonak PR adins
may t ansb@nidAg ofes Hihds9 6l ARsscEdrQSHISAREN (i ﬂ@a@@bf&mﬁmﬁm&ldm o
nitraerine; peéntostatin; phenanet; pirarubicin; |osoxantrone; hyl 1'i ni c
aC| d znhlblﬁcny Ilrwmea;zled@mbmtmmﬂaimm@acm%@ﬁqﬁmy@a@&hamd@f@oml, @xcP (JHS

Eﬁ cts, Eugene, OR); razoxane; rhizoxin; sizofiran;

Spl gela SR t enuazonic acid; triaziquone; 2,2',2"-
trichl qoe42)i et hyl Bihd s fdah@éitatéia@e@eﬁdéseﬁme @hwom;gﬁart @Al ion Ve ifad@hidli N A,
roridin A and 10 angui di ne) uret han; vindesi ne; dacarbazi ne; mannonusti ne;
m t obr ékatilypically shaseqtennzed by porres i g rs |Aaetuna>rramrﬁbr18§§ @Be PrmpEe. C') ;
Cy el PRRARAN AR FRHI SRS caflorhAMARHEe pABRAAR QPULLAGT, TERBRLLEXAL e,
pl ati num ana ogs such "as ci sp atin ah carb Vi n as’t ‘oposi de
(VP-16); ifosfam de; mtoxantrone; vincri stl ne vi nor el bi ne ( NAVELBI NEO) ;
novantrone; teni posi de; edatrexate; daunomycin; am nopterin; capecitabine
(XELODAO, 15 Roche); ibandronate; CPT-11; topoisonerase inhibitor RFS 2000;
di fl uoronet hyl ornithine (DMFO); retinoids such as retinoic acid; and
phar ITB.CEUtI cal I y accept abI e sal ts aC| ds and der| vat| ves of any. of t he

______ ~NrN A1 A o T . o o o R 1]



FEMARAO (| etrozol e; Novartis), and ARI M DEXO (anastrozol e; AstraZeneca);
(ii1) anti-androgens such as flutam de, nilutam de, bical utam de,

| eupr ol i 0w 20ardi3g¥serel in; as well as troxacitabine (a PC3IARR@NOFRAE

nucl eosi de cytosine analog); (iv) protein kinase inhibitors such as MeEK

i nhi bitors (WD 2007/ 044515); (v) lipidlkinase inhibitors; (vi) antisense
ol i gonucl eoti des, 30 particularly those which inhibit expression of genes
i N si givkdstongh, patbiay:mdilegkchiabelnipho daaslighahciee! Moy giriidugdrakhmples 6f ich
PKC- al pha, Raf and H Ras, such as oblinmersen (GENASENSEO, Centa Inc.);
(vii) rrnsrynelids seusmeds gelbeansgiieas Spihcligh riusinays scif ganger), IRGCEOPVED) and

AN e R RN o ATy A Sl iy s e
X@;(\I Dﬁlg(r%%@dﬁ@rh@srdaheiﬂgr{w opib donpcaser df the bétﬁtiﬁh@;l;ﬁ,blfsggic?mldr lda?'c(gligﬁ\lﬁo
Geneht e%éﬁji? Oaﬁéﬂ%%ﬁ%%@géﬁfﬁgﬁg@g@%ﬁ@a @Efﬂ%lcgﬁﬁ)ﬁ%%reaé@i %§C%n%1g§gaﬁr% i ves of
any of LRE.RBANEr, 0Rardi?AAEEA BerichtdeHdfideRcdnlsr, ﬁﬁjait(fﬂlé,ib?&spéancer, colon

“chenot herapeutic agent"” are therapeutic antibodies such as al entuzunab
( Canpatchicer.restaldancaradn [¢raABRINNGD, ci@emestitia o pfcrive carcinonia, §EERBIYTEMG

I | T i b ( VECTI Bl XO, , it i Rl . TUXA )
Corent Shisi B, RSPt B TR et SRRl e W chspetic
t r ast Uz ntd IERCEETINYRa, RafGioma, ta9 Sicl U DERPa{dBRK @fincef0r i Xi @), and the

anti body drug conjugate, 10 gentuzumab ozogamicin (MYLOTARGO, Weth).
[ 00UWY7] i zed ndnekdragiherapgiticusetess ahemied epapeund wepbirticitehtmant of

_Chem)t Q%c%}, regéféfegs SR niksR %Q‘H&{] LA ﬁ*&ﬂ%n{ Qﬁer@eﬁﬁc 'a%e{ﬁ'tﬂn&ﬁﬁ% b?lft artehe
i nvention 1’nctude:” al ent uzurraqb, apol 1 zumabn, aseli zuma ) I zumab,

bapi neuwsulimkicd bewhkslazingapenthiaiaingaboides, Bpind &nsiise, plaaatkdbideabytoer t ansi ne,
cede |izumab, certolizumab pegol, cidfusituzumab, cidtuzumab, 15 .

dacl i z GPres/anEEOT 2UFRIPICSORPISOMFEES INBIYRTS 2ftkodIcs ephotosgRyiizers. and kinapsab,
fontol i &za%g 1 Ci i nigs=a) 1.l i B b,

| abet uzllﬁlﬁrrg%?rs'l i@ﬁ%%gn%g?utrmt ufg?rlra hFherrdgp I :dglurrabfi%rrg[tg |eglt}Hrrela{r ,Frétl)lltdgg\k}?gurrab,
nat K i zantidnal ohomuttheramga bE: xangllesvo fzhembtherapowid apenabnclod:. etlotnibrab,

ot uo ARk LR P i e BT T B ERT Sandt SR > 5
resli ZyBBroufa83 Y3 HasHERRCiL OXS Nd. 3Wmabs), géiﬂéiia%%'g@EMZRR@, PAYYBEPD-(30E90 1
| i zumab, sontuzumab, tacatuzumab tetraxetan, tadocizuneb, talizumab,

t ef i baZUARENo.t39d 2 1 G-20H9aBfizar b cablagio feib-dianpias tdichlenablatinuo i u £dybelBo. 15663-

cel nol i\n ucysi b vi zumab. u . and, vi sil i.zumab.

{0048 & " herabdi ELCRL R g A A PR Rl TR BRI SR  he. boay

of 2y 2DmpREk | PrescERNOM)) thaiziddbt (HERT ERF ING/RE R flet i) e enfdizo B nh O PIOsBGhy MBY

be identified using routine techniques known in the art and their

act i vi trew-debbpSrnrathzalsryrde tedPEnangch’ Adrien Jecagleoxemidse § AvelNei $F.02896h .
roduc r r J ' i an,: ch oy r I 5,

b dat 1 ATORAES LML Seg PR BB pTRY P L s BHARE N B

cl eava_@ayl)pmdloiﬂezv,w-&imeggflrle_thmnaﬁmf 'N(DISVAI?X@,?B}TQhIBlﬁBO/@AVAMEDQ@XZantilhed_

i nvention includes netabolites of compounds of the i nvention, including

comouﬁ@§°%‘b8&b€%W§CﬂN@e§§tlé%|P§?’r?ﬁdéWéY@ﬁ-ng a conpound of this

i nvent i ith a i i af fil Cl. - 5.0 Vi

met gﬁbo I [?6;4431 oduct N?Ege@ea 0 ?és[dg(% Aﬂf‘gﬁlﬁgra? éel}t{r% %E%tg %gcgﬁed\ei' ﬁga{ehlpilﬂml (lg ih}sé(e ItI\(I)®’r ef er

t o i nstSavcfl), bosezoush OVRECAYE@AV U BediunmPleomme swertl(SPad KBS, U t1Ré8.apeut i ¢

D00/ 1 ST bl TN ABPSAo e, Bagar ouiye (CERRYBLE: Mavfgin). XL-518
cont r ai(RRk GALibRAGS ERNEAQ WERI007 /0855 BINERR Y-8 (qxlma( wamitef, m@mtlﬁf@ﬁgut ic

products. [0050] The term “chiral" refers to nol ecul es whi ch have t
pr oper tBiobfarmanAsitgpéencca), SF-1126 (PI3K inhibitor, Semafore Pharmaceuticals), BEZ-235

30 (PI3K inhibitor, Novartis), XL-147 (PI3K inhibitor, Exelixis), PTK787/ZK 222584 (Novartis),

fulvestrant (FASLODEX®, AstraZeneca), leucovorin (folinic acid), rapamycin (sirolimus,
RAPAMUNE®, Wyeth), lapatinib (TYKERB®, GSK572016, Glaxo Smith Kline), lonafarnib
(SARASAR™, SCH 66336, Schering Plough), sorafenib (NEXAVAR®, BAY43-9006, Bayer



i nposability of the mrror inmage partner, while the term"achiral" refers

to nol ecul es which are 5 superinposable on their mrror inmge partner.

[ 0051] ThewDentv13649¢r eoi sonmers” refers to conmpounds whi cirCinareotioderris cal

chem cal constitution, but differ with regard to the arrangenent of the

atons or groups in space. [0052]"Di ast-é2eoner"” refers to a stereoi soner

wth two or nore centers of chirality and whose nol ecul es are not mrror

i mages Iabs)ppefitanilo{IRESS A, st ar.enstey, Srifavan dCAMIFEDS ARBY §iPqal 1, Plizanoper ti es,
meltin FOi nts, boiling points, spectral proPerti es, and reactivities.

e.g. .
M xt ur d@i1BmTl{ SRSy, inbpsanefsdp hnsenl it AKAGH: e sraenhor fishh {humied

Pr 0cedugRoté flaaflRERHARAAE R SoBR QRAMBEADP Ao QAFEHAERANt | Oner s”
refer to"two stereol somers of a conmpoun I ch are non-super- | nposabl e

m r r or Schageisrgfl)onendataaibheNN,1Z2D (485 ZA6 18 VR hesttaZaheddg fohfurgnmomeiland

convent j u rei enerally fol].ow ,  Ed., McGaw Hill

Di ct orﬁa(? {}F@f Zéﬂé?rf@ﬁ g%glé%%‘g?ll)g%’ HP/L@“%&Q&SE@E‘S; y%ﬁ@ﬁﬁ%“&w York; and
Eliel, (élax@gﬂﬁtw{lliﬁ@’, canfosfamide(TREOSM GBI VeIRf), tHloS@iand CPOARQMBEYhamidohn W I ey
& Sons, Inc., New York, 1994. The conpounds of the invéention may contain
asymret(€Yd X ANEI, NIOSER®Eradkyl anldortatesrsetloasebusifar, inprogiifffneanalmtiposulfan;

st er eoi solgieri o fhorﬁ)s. Ql]({? is i,ntended that all %o gtere@i %omari C fdorms of
the corpOUES SE BHETI0BA 2RI P Mz MM RS BBt "GP dgans hglgnignes an

di ast enRQRRLSeclafMARihMELS a AR thndhé, ARbE PRBEHelamVBlckhyddhefhospHb@midd)er eof

such as racemc mxtures, formpart of the present invention. Many organic
confburidethelgnethiophosppeiagndq gnddeiethy lqmelpmine acetogenine yeshasielly bidlagdsin andy ¢ o

rotate . = [ [ | i bi i .
ot ve IRBhARS: fhuRPREr Rl g T ny WAherq e ERHL RaRR LED-RBh, St
absol utC-266 andluditg &t hasrethint bazdtedieand Bizélbsitsynthsticcdhalogk); campiahlysihs The
prefixes d and 1 or §1+). and (-) are enployed to designate, the‘sign of

rot at | dPerBeulptamRPiIEhyn 2eéad crgrerhyginthed tevptu AuocapnyHn (nplugingthereani ng
that t e, GORPOUNEs RW-8Y&Y Q{daﬁ:]ﬁfévmﬁ; CROMABE: Bﬁﬁ%étﬁ?ﬂm%tsﬂcédﬂt ff, dis
dextrorotatory. For a given chenical” structuré, these stereol SoNers are

i deht i cpdngstat@pittdpah nidseydsaueh B3 chiloranbuadieshlohapaeinemhidrephosphapide; fi ¢
stereoi somer may..al.so be referred.to as .an 30 .enant.i r,..and a mxture of
SUch | SORERGE GRS AT DU S g PR BT DU OO B R o
enant i QERESAbicRin! FARELEGhd Bredfirfustiac A fSs it Ui c @ nultal RGRERbErcadlich Rs TRy
occur where there has been no stereosel ection or stereospecificity in a
cheni cabrmestio.i dhiprozotgrindesmustiing lonBtiRE oML $8%Y URCTEHERRB1I0Y, @B TDdLCS SUgh
ternms "racem § rrixttubr.et'f 3nd "ra%errat e" rlef er to an %8@3@1 zr m'xtur%# t wo
enant i §FEF COLBRR FULIOURS 8y CBICTSHPIL C A DITR, SPREE s FHESHRICH SPER brer -
or 70 ayAap®y CheinOTHil EAEERSIS(1094)533: L83 WG] dyneanidh,sdydbmebih AebRPho PRGEEES
which are interconvertible via a | ow energy barrier. For exanple, proton

t aut onskeh & qledrepat PR 8MpIL tas tedlsis dce eattiberbats) chirprapplec pivt whadeshver si ons
via m | : .- SHC enel .. M ne- 1.N .

! somer (oA GRainge B B Al S AR SRR s kL RS SAEB P urhramycin,

I eor ganiz#satinglamzaecatinbhecibonditign edag@inoansin, LA2bOpHiNe, ¢Hid@asmycinis,
"pharmaceuti cally acceptable salt” as used herein, refers tg pharma-. .

ceut | céicaptgﬂ%@ébtdamwa@gaﬁiﬁti%ﬂ@m ﬁoffl@%?n?-@x%-tl%ﬂe&ﬁm& BefRhelinrrdgrorpbigin,

I nvent i r ST O | d L LA -t o- syl fate,
ci t%t ec,%l}sloc et %@%&o%(loéﬁé g%bgcﬁn’czﬂP%I?@gg%ro gﬁ%@?ﬁ? gﬁx gbmrﬁl %ﬁrglgt) ’ee? Plsc ur f at e,
phosphasapban, iaplosphaterubismnimeatel loayen, motnatias sl dseyitabyein Gci d
citrate, taﬁé{gt e,.dol eate, tannate, .pant Olt henate, bitartrate, ascorbate,
succi nat¥PPHAICLa A FHHa LYY ACR O e BaF Y gruttiPdndte,

sacchargtBmyt Rl fﬂﬁbﬁbiéﬁ,%@?ﬁoﬁigrﬁ! HEBO8In, MBLRANEUBARRAL SinoTRSY Ze®icin;
et hanesul f onate, benzenesul fonate, p-toluenesul fonate, and panoate (i.e.,
1,1 - n@nﬁyn@ai@.ﬁ[tﬁswgh as methotrexate and 5-fluorouracil (5-FU); folic acid analogs such as

30 denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine, 6-
mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-
azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine;

androgens such as calusterone, dromostanolone propionate, epitiostanol, mepitiostane,



15 hydroxy- 3-naphthoate)) salts. A pharmaceutically acceptable salt may

i nvol ve the inclusion of another nol ecule such as an acetate ion, a

succi nat ewvpanloaBes her counter ion. The counter ion nmayPo@/FERRg1006TaNi C OF
inorganic noiety that stabilizes the charge on the parent conpound.
Furthernore, a pharmaceutically accept-dble salt may have nore than one
charged atomin its structure. Instances where nultiple charged atons are

part oftesidlectoma anmagithals shdhyasandagiialtitma, sabtancanldiame; fout beiglrepledstng er
ions. Hence, a pharnaceutlcallg acceptabl e salt can have one or more

char gedugh emfolimeirdd: asaelaionediephesiiimide slyspsidenpmmolqvulinis asishppiliiacibf t he
e LRl e b AR Bucif PRaAES ElBRAL AN RE LA AIGRE ARk 0BG | Y D

prepare y any suit ava| l'e Inthe art treat ment of
t he freﬁbhaﬁmnmmﬂ@hmmnlmmmgamnepmbﬂmm:smghwabgh&ﬂnnmhhmrmuhanmmaalmnnmn

hydr obrom. c acid, sulfurlc ECId 25 nitrjc acid,. net hanesul fonic acid,
phos%hé‘?liléa%’@de%ﬁﬂnSﬂ% § JuEB as BlaY{RnYiAC & W@%P@n%uﬂ“&og“@m’? BUOXHURYNE: aci d,

trifl U%cﬁﬁ&ﬁﬁﬂoq Iﬁﬁhé?menﬁéxﬁés@atﬁlc bﬂena%{é%iu%h%lé}ﬁ' lgsoﬁﬁ@gﬁe' Gdogﬁw'yﬁmlé w’r@rz c
acid, malonic acid, pyruvic acid, oxalic acid, glycolic aci salicy

aci d, atwm@dedytocaﬂxaane@gl}gawbamdmmmmcx GHSrN@fataéBmﬂugm Eugmﬁd an

alpha acid,. suc citric acid or tartaric aci d,
cueh- a DI FRE SrdG M o bl hPihBle i e banzol o
aci d ofrigfloretitidThmindCirhothesdab Q8pecialty U2 ®umhvasadirih |, #en@sW 4eni ¢ acid
or ethanesulfonic acid, or the like. [0058]If f he conpound of the invention

i s Hh a@g@dnmhewﬁbﬁlwg@ﬁ@naﬂhﬁ@bm@n%amuvog@@épsa@mbﬂméptnmﬁwxwé prepared by
any suif t%komﬁ? Qﬁ%m& %rablﬁos{%l% 6%'[ cof c;%hoe hfo %nﬁ&é %1%6“[ &3?1 é‘ﬂm%éh%ﬁ‘l@m ¢ or

organlg ase, rimary an al kal i

met al MW&&B%&L&@%@M&&MQ%S such7as ch‘spthltm)alnd eaidbpatikalinbiest@ar t h
nmet al ¥drOX|de or the like. Illustrative exanples of suitable salts

i ncl udstongyde 4YB- 1ﬁa>tlfq8fafmi%»dnwan6%eamrwrlétameto §1119é¢1b%@Nf\r GHBINERY: aci ds,
ch a tiar
su %ogérgfdng,ﬁtleﬁl?gsﬂé,%'dgﬂr&%aeé %%’ﬁ%@bnérgfﬂéﬁﬁﬁé?m %E%e%ﬂ?@ﬁé’ (XBEDhs L1 ary

am nes am nes ne and pi perazi ne,
andli ndaghe) basdiohsted€PTviddtdposmmsde ininbioa RESWH005diflodmssthydornitiignesi um

mangan ron, cop zi.nc, alunln m and I| i um 059] The, phrase

T har DSk Eting BREGL psibliasie aft S presticail bt Aot posi € on
nust DelAPARAL bPAR GETLEAL! y and/or toxicologically, with the other

i ngredients conpri'sing a fornul ation, and/or the mamual being treated

therevm[O(MS][0060]Alsbsmlmehtheede§m§10tn@f nhmb@amutloragcnt”awnﬁb elxa-of one or
nore sol vent 0 and a c nd of the inyention es of

ol vender iRy TRt CRy Bl OTBR Bt o' lih o Mk G RSl

| SORy OpadtlectRichafi®kon BRI dul MG ERMY lindediag &.g. at@ﬁfokifer@@ihaudlﬁgd

et hanol am ne. [0061] The terns "conpound of this invention," and "conpounds

of t he NPBYAREXH; tamoxifometiisiyralgntionce dmufm, lohydreryiangxifen, fridi e

ﬁg?gggE§§M%%eZ§g?Ph§§H%égﬁgb %Pg accep ab gﬁgéﬁﬁé andﬁgkggk%géag%ereof

[ 0062] mdRbAdrAtHat MH?QHNBSZ}% SiﬂﬁlatdWEDﬁﬁbﬂégulates estrogen production in the adrenal
glands, such as, ¢.g., 4(5)-imidazoles, aminoglutethimide, MEGASE® (megestrol acetate),

25 AROMASIN® (exemestane; Pfizer), formestanie, fadrozole, RIVISOR® (vorozole),
FEMARA® (letrozole; Novartis), and ARIMIDEX® (anastrozole; AstraZeneca); (iii) anti-
androgens such as flutamide, nilutamide, bicalutamide, leuprolide, and goserelin; as well as
troxacitabine (a 1,3-dioxolane nucleoside cytosine analog); (iv) protein kinase inhibitors such as
MEK inhibitors (WO 2007/044515); (v) lipid kinase inhibitors; (vi) antisense oligonucleotides,

30 particularly those which inhibit expression of genes in signaling pathways implicated in aberrant
cell proliferation, ¢.g., PKC-alpha, Raf and H-Ras, such as oblimersen (GENASENSE®, Genta
Inc.); (vii) ribozymes such as VEGF expression inhibitors (e.g., ANGIOZYME®) and HER2

expression inhibitors; (viii) vaccines such as gene therapy vaccines, ¢.g., ALLOVECTIN®,



[ 0063] Fornmul a I conpounds i ncl ude conpounds sel ected from Formulas la and
lb: nor X..... /ILNR-( 1 X2--- NR3 nor X2 R1-( | XINR3 lalb

[ 0064] i ncWodbrigi3649¢r eoi sonmer s, tautoners, or phar maceut iPCalEHPRo1a®sEPL abl e
salts thereof, 20 [0065]wherein (i) XI is Nand X2 is S, (ii) Xl is CR7 and
X2 is S (iii) Xl is Nand X2 is NR2, -(4v) Xl is CR7 and X2 is 0, or (v) X
Is CR7 and X2 is NR2; [0066]R is selected fromCl-Cl2 al kyl, C2-C8

al keny|LEUBZEC$IN®l<MmWAX¢B®§PR01IBUIﬂN® A1--Cldpeikdaitrane) inhEBtoGlaich as

b G - Cl12 IkI -0-(Q - C12 al kyl Cl2 het lyl
o ARy EEnSy o AR K i é@mm%geégiééés(wcb yrgrd 35

hétC ér g(:ky cl y@@@-%&%ﬂg %%Qﬁﬁ&ﬂiygcc%%% %](h%l AN ?g}l tg?e G?Qny of

het er oclycaboly - (C3 Cl12 carbocyclyl), -(Ci1-C12 alkylene) (C2 C20

het 1 Q | | (G -C12 al G - C20

h:te OjW@/ ) /%? Cfi‘ll%i l’éa@)(f P log B%%Wli)aag% g%%ef PRYIC) |

-(Gi - C]a%tl%(hé’sl s%@ﬁlls LR haB (@Lﬁlpz(tgp‘bga%lz%ml(AVAEK@N@&@GH@M&UHFE@&X&Q@ C20
het eroaryl)-(CIl-Cl2 WO 2010/ 136491PCT/ EP2010/ 057244 - 18- al )

al kyl eBRBITEBR, (Imzlo@a)opmamwne;bc(wgﬂQTle@lA@:@nmmymmbxl&m%m@,m C12
IR E A ETE o R R N
al( CkJ | gnEI)ERNdl;EEF(Tgl;@ ?\éhbl{t@lr) Gbditahdotd LRk x41CCLEZA), hal eioaYBbYY drug-couphit2

1y gemtuzumab ozogamicin (MYLOTARG®, Wyeth).

[0047] Humanized monoclonal antibodies with therapeutic potential as chemothera-
peutic 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,

15 daclizumab, eculizumab, efalizumab, epratuzumab, erlizumab, felvizumab, fontolizumab,
gemtuzumab ozogamicin, inotuzumab ozogamicin, ipilimumab, labetuzumab, lintuzumab,
matuzumab, mepolizumab, motavizumab, motovizumab, natalizumab, nimotuzumab, nolo-
vizumab, numavizumab, ocrelizumab, omalizumab, palivizumab, pascolizumab, pecfusitu-
zumab, pectuzumab, pertuzumab, pexelizumab, ralivizumab, ranibizumab, reslivizumab,

20 reslizumab, resyvizumab, rovelizumab, ruplizumab, sibrotuzumab, siplizumab, sontuzumab,
tacatuzumab tetraxetan, tadocizumab, talizumab, tefibazumab, tocilizumab, toralizumab,
trastuzumab, tucotuzumab celmoleukin, tucusituzumab, umavizumab, urtoxazumab, and
visilizumab.

[0048] A “metabolite” is a product produced through metabolism in the body of a

25 specified compound or salt thereof. Metabolites of a compound may be identified using routine
techniques known in the art and their activities determined using tests such as those described
herein. Such products may result e.g. from the oxidation, reduction, hydrolysis, amidation,
deamidation, esterification, deesterification, enzymatic cleavage, and the like, of the
administered compound. Accordingly, the invention includes metabolites of compounds of the

30 invention, including compounds produced by a process comprising contacting a compound of
this invention with a mammal for a period of time sufficient to yield a metabolic product thereof.
[0049] The term “package insert” is used to refer to instructions customarily included in

commercial packages of therapeutic products, that contain information about the indications,



5 al kyl ene) - NHC( =0) - (C1- C20 heteroaryl), -(C -Cl2 al kyl ene)-(C2-C20

het erocycl y1l)-N(G -Cl12 al kyl )R2', -(C -Cl12 al kyl ene) - (C2-C20

het er ocycWoRpro(Bs49C12 al kyl ) - N(Cl-C1l2 al kyl )R2', and ( ECTEP2010/057244

al kyl ene) - N(C2- C20 heterocycl yl) R2', where al kyl, al kenyl, al kynyl,

al kyl ene, carbocyclyl, heterocyclyl, at§d, and heteroaryl are optionally
substituted with one or nore groups independently selected fromF, d, Br,

|, - CHRsagcCHRGRS, admiiGHRj0, corbidRiditatioBHAQHAG A ks cdHEHR2Ouse 6 GLB) 20CHS,
-CN, -CF3, -CO2H, -COCH3, -CO2CH3, -CONH2, CONHCH3, - CON(CH3) 2,
C(CH3 ﬂzmwc prqd@QtS NH2, - NHCH3, - N(CH3)2, - NHOOCH3, - NHS(0)2CH3,

- N( CH3)[63 CO\JH% 5@‘6%@@/0 ?(ﬁl(ﬂg e%%whlc(ﬂ h[avgfflle pr% of n§ﬁ%ﬁé}‘( CH3) 2,

- SCH3, - opropyl, I no

1, 1-di ompbskmbdpy Dﬁﬁleltmyrbr &g e[ (D06, Rhilamic twh whﬂal”nd&mmdmﬂbchyemhiehamd
fro Cl-C12 al % .C8. al kené , C2 C8 al kynyl, -(C1l-Cl12 al kyl ene)-(C3-C12
car bbcytPyposa @Pn O WYY AR DEST 20 heterocycl yl), (Cl-Cl12

al kyl engys1§( =0) - (’@et@%ﬁ“ﬂ@ﬁe@fs@ﬁ%f‘sl’ Yo brs to CEthpSdils M ﬁ’d?}%)lde(n%alg%gmﬁray 1),
and (Cl1-C12 al kyl ene) - (C1- C20 het eroaryl 53 where al kyl, al kenyl,

al ky nylcon&ﬁtmdnehet dl&ar‘bmh yagayd to thesmangeypehtydf thaatping oagd)umeuesp@aer yl are

option substl‘t t Wi th, ope or ou i nde enden se ect d
oe b hot | G 808 &R R PR B0
- CONHCKghose @@N(c@l‘é@)a?@ not MEor i 25 of a3 ther. Wﬁ%‘f&mﬂ%ﬁ(@@lﬁ@éﬁb

-OCH3, -S(0)2N(CH3)2, -SCH3, POCH3, and - S(0)2CH3; [0068] R3 {55 sel ected
fr ol pwpezt@msmt 23626 0@eTnEPboiios D8NP Apectrabpropeiv padh EdacioYitih Mixtates of

0Pt o) Ve SHRSS NSt L TGl RS LR DRREIIELLYciaRlgghEd, O

CHF2 ampm«o@aa)gra@yzm CHZOCHS - CH2CH2OH, - CH2C( CH3) 20H, - CH( CH3) OH,
CH(CHZCH3 OH, - CH3, - C(CH3)20H, - C(CH3)20CH3, - CH(CH3)F,
C( CH3)¥831 5 - @m@ws re&f@ﬂé@ﬂl@sez@lson@@ﬂ 4 comppgupd wl@h\f(remwez-,

S s P TR A LR i (gt

- N( 1CH3)| @36 2CHS3, St@reoel@fhlcalGEﬁlB],tloﬂmﬁﬂ&ﬁnHmHG@-&)ran gefsttally fHGH=8)MNHCHS,

‘15““5( %a%%@c%&%fﬁq@? Vo Te@@é%é‘%a@%mﬁoe& [eC e
delk; bk EGSL 8 Wllen g. G%t&%gclﬁhhéﬂﬁm f@ oAl O G W'ﬂg 0

(CI C12 al kyl’'ene)- (£2- C20 heterocyclyl), - al kyl ene) C(=0)
het er océ’ySblyﬂ Jne.-N&t Yo IQPkyTFh@eC)mIQC(deQﬁthamwe)ltlamdlay(C®1ta®12@ymmetrlc or

al kyl enﬁf cenﬁ:&, 8pc28{[ereerfgr%re¥}sz in cﬂﬁgrrerelt &lerlé&sbmerllck For%s It 1|s 1k1¥ Rﬁled tl?alt lE(J,Ml ene,

car bocy 8l ¢
20 stereoisomeric forms of the compounds of the invention, including but not limited to,

diastereomers, enantiomers and atropisomers, as well as mixtures thereof such as racemic
mixtures, form part of the present invention. Many organic compounds exist in optically active
forms, i.e., they have the ability to rotate the plane of plane-polarized light. In describing an
optically active compound, the prefixes D and L, or R and S, are used to denote the absolute

25 configuration of the molecule about its chiral center(s). The prefixes d and 1 or (+) and (-) are
employed to designate the sign of rotation of plane-polarized light by the compound, with (-) or
1 meaning that the compound is levorotatory. A compound prefixed with (+) or d is
dextrorotatory. For a given chemical structure, these stercoisomers are identical except that they
are mirror images of one another. A specific stereoisomer may also be referred to as an

30 enantiomer, and a mixture of such isomers is often called an enantiomeric mixture. A 50:50
mixture of enantiomers is referred to as a racemic mixture or a racemate, which may occur where

there has been no stereoselection or stereospecificity in a chemical reaction or process. The



15 cyclyl, aryl, and heteroaryl are optionally substituted with one or
nore groups independently selected fromF, d, Br, I, -CH3, -CH2OH -CN,

- CF3, -CW®H2010006498, - CO2CH3, - CONH2, CONHCH3, - CON( CHBYZ/EP2NOR5724NH2,

- NHCH3, -NHCOCH3, -NHS(0)2CH3, -OH, OCH3, -S(0)2N(CH3)2, -SCH3, -CH20CH3
and -S(0)2CH3; and [0072]nmor is a norph@ |ine group which is unsubstituted
or substituted with one or nore 20 groups selected fromF, d, Br, |, -CH3,

- CH2 CH3erms CrizehizChisk ture Ctg CHR Yy émate Cte@bidp 3n eqiahidQehBixturE6FRvo erabtiomé&fias3,
OHROH, - CHROGHS, - CHRGHRCH. - OHRO{ OH3) 20H,  CH( CHB) OH. - OH( CH2CH3) OH.

- OH2 CHEER9es-devoidp ieolaqlivit OHB) 20048, CH( GHB) F., - C( CHB) F2,

- %((C"'% F, - ’ﬁll'%%@) %Eﬁwhﬁﬁ%@ygg for é%_}?#%ﬁ)ﬁﬁ&ﬁ%&éfferem

- NHCH2 Ghi2Ghds WINHKHE G205 IMNGCCHY, nchOBHECH exdﬂﬂﬁ&ﬁﬂﬁﬂﬂi tautdiS60) 2CHS,
-N

- NI(-|g‘3 é;&ﬁ%@@n aq\m@ton@})m@ﬁ?@@) 1nc%)1@p[§:0nv§§19)1%§_@ @qgratlon oge Oyeiguch as

- S( 0) 2INely-crioPhit %Mh@é‘ﬁamm@ﬁmgﬂ@s Valddd gu%rﬁ%cld&Qﬁéléoﬂv&ﬁ@n@WGCt

conpounds of formula Ia or I'b show an 1C50 binding activity to
del t a aforgemzasionmpdseme phths boodwmg ctehttonst he bi ndi ng actuvu ty to pI 10 aI pha

For mul 40T and | b P 28 0ESGRGT T soP 0 Eo B8 20 Teman Tl o Jrmte ) |
Ri-( | c&icatly WE&prB[e organic $2inorgahle dé‘lt&f a compound of the invention. Exemplary salts

10 include, but are not limited, to sulfate, citrate, acetate, oxalate, chloride, bromide, iodide, nitrate,
bisulfate, phosphate, acid phosphate, isonicotinate, lactate, salicylate, acid citrate, tartrate, oleate,
tannate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, gluconate,
glucuronate, saccharate, formate, benzoate, glutamate, methanesulfonate “mesylate”,
ethanesulfonate, benzenesulfonate, p-toluenesulfonate, and pamoate (i.c., 1,1’-methylene-bis(2-

15 hydroxy-3-naphthoate)) salts. A pharmaceutically acceptable salt may involve the inclusion of
another molecule such as an acetate ion, a succinate ion or other counter ion. The counter ion
may be any organic or inorganic moiety that stabilizes the charge on the parent compound.
Furthermore, a pharmaceutically acceptable salt may have more than one charged atom in its
structure. Instances where multiple charged atoms are part of the pharmaceutically acceptable

20 salt can have multiple counter ions. Hence, a pharmaceutically acceptable salt can have one or
more charged atoms and/or one or more counter ion.

[0057] If the compound of the invention is a base, the desired pharmaceutically
acceptable salt may be prepared by any suitable method available in the art, e.g., treatment of the
free base with an inorganic acid, such as hydrochloric acid, hydrobromic acid, sulfuric acid,

25  nitric acid, methanesulfonic acid, phosphoric acid and the like, or with an organic acid, such as
acetic acid, trifluoroacetic 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

30 cinnamic acid, a sulfonic acid, such as p-toluenesulfonic acid or ethanesulfonic acid, or the like.
[0058] If the compound of the invention is an acid, the desired pharmaceutically
acceptable salt may be prepared by any suitable method, e.g., treatment of the free acid with an

inorganic or organic base, such as an amine (primary, secondary or tertiary), an alkali metal



XINR3 lalb [0075]including stereoisoners, tautoners, or pharmaceutically

acceptabl e salts thereof, [0076]wherein (i) XI is Nand X2 is S, (ii) Xl 1is

CR and XROi2810836491i i) XI is Nand X2 is NR2, (iv) X i ®CCRP2@m0a5%24is O,

or (v) Xl is CR and X2 is NR2; 5 [0077]R is selected fromC -Cl12 al kyl,

C2- C8 al kenyl, C2-C8 al kynyl, C6-C20 alYy4, (C -Cl12 al kyl ene)-(C3-Cl12

carbocyclyl), -(C-Cl2 al kylene)-0-(Cl-Cl12 al kyl ene)-(C3-C12 heterocyclyl),
-(C1- Cl@dﬁikacﬁ&ﬁéahﬁ@ar@ﬁeﬂﬁﬁhﬁi’r@ﬁﬁ@ lo¢lthe like( Qllntdativa bkathlﬁﬂﬁ()fsfu@blggﬂts

het er ocycl (C2-C20 heterocycly (G -C12 al kyl ene)-(C2-C2

het er ody&d w%%uf(a&n@llzn%%@ t@oe&gémy |S§1ts de(rmed Gom Hnig jagids) we@s gizeme and

het Cl- C20

et or odr e arpb il i RN A0 Sk amties W SFf€ )RR REN

h( tCl Cba)eaﬂdkyelomog)lhzoﬁﬁﬁa@@lpanayﬂéﬁ dé? Zlndhlgfnlabzklgsl @erlvec(() )fﬁdmﬁbﬂlcéua:) k:ﬁlc?mg) ( C: IC)20
et er oar - a enge) -.C(=0) - (. et erocyc
-(Ccr:C Yaéglk Byighes a’?gf"@fﬁ?g(}i@zl &PIRRﬂre%‘é‘} ﬁn{“@&r@fﬁd iﬁﬁ%n) RR', -(C yClg

al kyl en @ﬂsdlu( a - Cl?he;ﬁlﬁ)(s!e) ﬁ)ﬁ@rn%Qut'[Hﬁ 18 08&¥EbY Jindicdi SliniliBe substance or com-

al kyl ene)-NH (Ci - C12 al kyl ene) - Oheteroaryl), 15 - (G -C12

al kyl empeyiti{usi bmnmltllb;el Célnm)ca@@anm@tdxmmlwl yith the gtB-igyRdients

al kyl ene

CI Cl |k - NHC( = -Ci- | G -Cl12
ol oRghihe &l S EP e Mtmatse b e Bge R iR by,

al kyl engoeo) C2- C20A 64 104t0T yeFbry 10 arl Qso@it?orﬁéﬂ%h)p‘l&l(@ onebe nﬁirgyd&& mol@dmbs
-(C1- C12 al ky Ie{l\“g- g@w@& het erocycl y1) R2' , where al kyl, al ke

al k%ylaﬁdalckmp@ W|Exaﬁmle=§r 59 byt thag fgnm SOéY?deSHé@léﬂ@é?lquealpé

P! NSl B iSO ] MO R0 TBI®, AiBHRS I gRendantly. sel ected
- ON, @H&no}aﬁﬁi’d-l COCHS -CCRCH3, CONH2, - CONHCH3, - CON( CH3) 2,

- C( CHB) 2CONH2, - “NHCH3, - N( CH) 2, - NHOOCH3, - NHS(0) 2CH3,
- N( cH3)[8QadiR) 2coifrh2 temr»a( @@y@u@cﬁz jo )etefian.” atd coppounds of tézmsent in-

'1,5(19) 28e i e oot R R LD hap G 8P E S SRR My £ e

fr o ClauGii@em) dojbatesCre@Bo biick eyt Iphar@2ic Gt icallk weneptable( EBlts @iPprakdkigs éiedof( C3- C12

g?w?g ézdt( 0)(5@%(%&@3@@@%8%%@6 gﬁﬁé&l ene)(?CGCgO aryl) and

WO 201Q0de39491PCHERZATQ6APERAL 1nat1de cc(t@ougagse@éclféd ﬁ@tﬁ)l:‘o(“&hl'ag?apand Ib:
heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl

het erocyclyl, aryl, a rheteroaryl are opmomnal |y substituted wit h one or
nore groups inde ndetly selectedfr FlL d, Br, I, -CH3, -CH2OH, -CN,
-CF3, -CO2H, - SNOCOR2 CH3, - CON(CH3)2, -NO2, -NH2,
- NHCH3, - NH -S(0)2N(CH3) 2, -SCH3, -CH20CH3

| NH (O)ZCH3 R!

and - S(0) 2CH3; [O(? 9 Pspsel ected PX'OMNZ Ngs
Ia Ib
[0064] including sterecoisomers, tautomers, or pharmaceutically acceptable salts thereof,
20 [0065] wherein (i) X' is N and X* is S, (ii) X' is CR and X* is S, (iii) X' is N and X” is
NR?, (iv) X' is CR” and X* is O, or (v) X' is CR’ and X* is NR?;
[0066] R' is selected from C1—C), alkyl, C,—Cs alkenyl, C,—Cs alkynyl, Cs—Cayo aryl,

—(C1—Cy; alkylene)—(C3—Cy; carbocyclyl), |(C,—C;; alkylene)-O—(C,—C,; alkylene)—(Cs—Ci;
heterocyclyl), —(C,—Cy; alkylene)—O—(C,—C;; alkylene)-C(=0)-(Cs—C,; heterocyclyl),

25 —(C—Cy; alkylene)—(C,—Cy heterocyclyl), —(C1—Cy; alkylene)—(C,—Cy heterocyclyl)—(C,—Cyo
heterocyclyl), —(C1—Cy; alkylene)—(C,—Cyo heterocyclyl)—(Cs—Cy; carbocyclyl), «(C;—Ci»
alkylene)—(C,—Cy heterocyclyl)-C(=0)—(C,—C, heterocyclyl), —(C1—Cy; alkylene)—(C1—Cyo
heteroaryl), —(C,—Cy; alkylene)—(C,—Cyo heterocyclyl)—(C,—Cy; alkyl), (C—Ci,
alkylene)—(Cs—Cy aryl)—(C,—C;; alkyl), «(C;—C;; alkylene)—(C;—Cy heteroaryl)—(C1—Ci2



[ 0080] where the wavy line indicates the site of attachnent; [0081]each of
which are optionally substituted with one or nore groups independently 10
sel ect ed woemoA364, Br, |, -CH3, -CH2CH3, -CH2CH2CH3, PCHERRBPD57244( CH3) 3,
-CH20CH3, CHF2, -CN, -CF3, -CH20H, -CH20CH3, -CH2CH2OH, - CH2C(CH3) 20H,
-CH(CH3) OH, CH(CH2CH3) 0H, - CH2CH( OH) GH8, - C(CH3)20H, - C(CH3) 20CH3,

-CH( CH3)F -C(CH3)F2, CH(CH2CH3)F, -C(CH2CH3)2F, -CO2H, - CONH2,

=20 C:H3
- NHCH( g@ﬁ W@ NHCmiz:&z C,_Iﬁglg_l 5%%52 Cllﬁllgtgroc d\‘W lSCNHC}'zﬁlkytdﬂépt‘lﬁm =GR

- NHCOGBIH@&H@)NF@ 60 R@HY DR NCORBYS( UK 2IEHD-NEO,— Clﬂﬂkyl)@l-lgzo heQEPRCHE).

-5(0)2 S(0) 2CH8!“Crnp by sRft N1 4 o) SRAkEIe S 0)ongreraya)) Erpk(0) 205; | 0082] RY | s
2kt enty TS PRy RS LT BB N T 1)

- (G5 Chkyadrg ﬂmeﬁ*@@%&%&%&wﬁme@ﬁémﬂ%m) (@C%t@b&wﬂﬁ)’r@(d@nczo
aryl), and -(Cl-Cl2 al ky Ien(e()yﬂ_go C20 het eroar where al kyl, %kenyl ,
C

al kyny Ialkyé)ley Heie Cicakpoes) ahfesteapexsid ) — é/w plkyaN6C hét eplsab g

optlona y t W th one or ;e _groups,i ndependent | | ected from
G i&lﬁﬁ‘%‘%ﬂ:ﬁ@t&t@ hegsqeveeR. « whesp afk 1@%@3 &M‘cﬁ% Kneonre, 25

CG\I!'lCI_éépS(b&c %yc_l%l%r:l, atlg_lﬂgt&r:o&wgg%ogtl l&%) G_Bﬂ%tltu;&!d@ftﬁ)l)g&ismore%ups

2010/ 131&@&1&@111@@@6@1@«1 662K 4A1; B2, {@HBSJ]GHQCHgs Q(CHby) p haH 08, gL HMHCh 1 s

unsubstituted or substituted with one aor nore ro s sel ected fromF, O,

~(¢52): 0812 668H:) 0 Plofda; CE:erf BeH) 2C0 OB, - cHF2,

&( wmﬁﬁ%@mc%%%wm@ag —Ig«f%it 8@%@5&&

- %%C&(%@@Z%@C(C%@m) @CHQ%HQ%I N NHCH( CH3) 2,

- NHCHZ %MN(CNWMZMWC&@ZCHNWMmMMW@J,,MW 0) 2CHB,
-N(CHS)SO 2CH3, =0, -OH, -OCH3, -OCH2CH3, OCH(CH3)2, -SH, - NHC(=0)NHCH3,
- NHC( 1&9@%}@ -S(0) CH3, -S(0)CH2CH3, 10 -S(0)2CH3, -S(0)2NH2,

- ( p:') ZW - ( Q?F%N& Re3)e ind'e%\gﬁ@ &it8Bed from C,—Cy, alkyl, C,—Cs alkenyl, C,—Cs
alkynyl, —(C;—C;; alkylene)—(Cs—C;;, carbocyclyl), (C,—Ci; alkylene)—(C,—Cy heterocyclyl),
—(C1—Cy; alkylene)—C(=0)—(C,—Cy heterocyclyl), —(C1—C,; alkylene)—(Ce—Cyo aryl), and
—(C,—Cy; alkylene)—(C;—Cy heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl,
heterocyclyl, aryl, and heteroaryl are optionally substituted with one or more groups

20 independently selected from F, Cl, Br, I, -CH3s, -CH,OH, —CN, —CF3, -CO,H, —-COCHz,
—CO,CH;, -CONH,, -CONHCH3, -CON(CHs),, -NO,, —-NH,, -NHCH;, -NHCOCH3,
—-NHS(0),CH3, -OH, —OCH3, —S(0),N(CHs),, —-SCH3, -CH,OCH3, and —S(0),CHs;
[0068] R’ is selected from:

£ AL AL
;\(S\NH

25 [0069] where the wavy line indicates the site of attachment;



[0084] I n one aspect the present invention provides Fornmula | conpounds

where (i) XI is Nand X2 is S (thiazolopyrimdines): 0 CC) N

N / IWP3010/136491L Ni R1-1RLl - S---3 N RN NR3 [ 0085pemmpredn/0irR44 0086] R

is CG-Cl2 al kyl, C2-C8 al kenyl, C2-C8 al kynyl, C6-C20 aryl, -(Cl-Cl1l2

al kyl ene) - (C3-C12 carbocyclyl), -(C -C12 al kyl ene)-0-(C1-Cl12

al kyl ene) - (C3-C12 heterocyclyl), -(C -Cl2 al kyl ene)-(C2-C20 heterocyclyl),
- (Cl1- C1080A ky| enedaclf 6Pwhik ahedpioaale bubklitutdd2w 2 Ond @t ras @@y elpslindepefdant 112

al kyl ene) - (C2- C20 het eroc cli’/‘lg%- Cl2 car bocyCIFi(ﬁzkb IS[O Cl12

a: ty: :2 cteogp (Fnlg?érlocﬂgﬂr) HZ&‘(FEOTCH@QH@HLWQ YetG(GH:):, (GH00H20
Eﬁet )e/r oc%é? C](gé C Pdﬂ) @rﬁ/ ’) CHZ@&%%@E?@ é&@%ﬂé _y(FIjl(q%ioi_]Z

al kyl) 1—CH(@H2@1-I§)@111 1] gd ch@mgg(?%ry%@l %k?(éﬁ; ke ﬁa)r Jc?:ﬂgalsgz

al kyl ene) - -(C2-C20" heterocycl yl) yl éne) - NH

al kyd ené)H(N(lﬁﬂmFZ —ﬂ(@IyIL(IHQzF ~((GzH, emmmwmm)cmompgeoaﬂkym@mcmg
heteroc gﬂ‘k (G-C12 aI | ene)-NH (C1-C12 al k Iene Cl- C20 heteroaryl),

25 - (Ci yTRHEH sNFN DET N Rn e NHEG BGRAGH,) | - (G -C12

Z: m :QQHW%%%& A @bgﬁi)ﬁﬁ%ﬂ%ﬁ ;| ﬁ%@%ﬁagﬁ%@z&ﬁg, C12

| kyl t L 336481 7244
B e I DT R T e B T N RN VR

het er o@&ﬂ@(rmwﬂcwge A((KYIH;, aBBaY]CHal KY(OYICHaHR(DENH,, -€HODINIYCHy,| |,

heteroc;(été:llgZ ar and heteroaryl are optionally substituted with one or

N@H@%er@éﬁ (fiected fromF, O, Br, I, -CH3, - CH2CH3,

C(CHB) s7GH2 , 3, 1-CRH, ; - H3, ~CO2CH3,
e TS A i s s R R

- N( CH3
; NE 0433%1—% >S(0) 268, 5@(6@91,0_0(@1 ~Q M%@lgm ma%cycbé%im(cl C” CfpocHs,
- S( 0) Z@H@Jemyeﬂ(aﬁ)r)ﬁ(@‘rCzodntanclyrhb (@ﬁd?lzlalltylenh)eé@xr‘cm a:rpg) raaah —CyCi2 wher ei n

aI Ikyl s ﬁ%yl Cl12 all«l:é/géﬁlﬁ‘gz&f\;ﬁ} %f;(e?enalk(rj, alégg@ylaqllgyl}yi%ljyl%@z C@b@cwgtlel}eé%p-cl vy,
al ky% égl}? é%h 8 It y 1 l‘%% ofnt?% %%é&‘?ﬂlﬁ&?%%ﬁ %k br mogecgro%ndependently

selected from F, Cl, Br, I, -CH3s, -CH,OH, —CN, —CF;, —-CO,H, —-COCH3, -CO,CH3, -CONH,,
—CONHCH3;, —CON(CHs)2, -NO,, —-NH,, -NHCH3, -NHCOCH3, -NHS(0),CH3, —OH,
—OCH3, —S(0);N(CH3s),, —SCH3, -CH,OCH3 and —S(0O),CH3; and
[0072] mor is a morpholine group which is unsubstituted or substituted with one or more
20  groups selected from F, Cl, Br, I, -CH3, —CH,CH3, —-CH,CH,CH3, —CH(CH3),, —C(CH3)s,
—CH,OCH3, -CHF,, —-CN, —CF3, -CH,0OH, —CH,0CH3, —-CH,CH,0H, —CH,C(CH3),0H,
—CH(CH3)OH, -CH(CH,CH3)OH, -CH,CH(OH)CH3, —C(CH3),OH, —C(CH3),OCH3,
—CH(CHx»)F, —C(CHx3)F,, -CH(CH,CH3)F, —C(CH,CHs),F, —CO,H, -CONH,,
—CON(CH;CHasy;, -COCH3, -CON(CH3),, —NO,, -NH,, -NHCH3, -N(CH3),, -NHCH,CHj3,
25 —NHCH(CHs),, -NHCH,CH,OH, -NHCH,CH,0OCH;, -NHCOCH;, -NHCOCH,CHj3,
—NHCOCH,0H, —-NHS(0),CH3, -N(CH3)S(0),CHs, =0, -OH, —OCH3, -OCH,CH3,
—OCH(CH3),, -SH, -NHC(=0O)NHCH3, -NHC(=0)NHCH,CH3, —S(O)CH3, —=S(O)CH,CH3,
—S(0),CH3, —S(0)2NH;, —=S(0),NHCH3, —S(0),N(CH3),, —-CH,S(0),CHs.
[0073] In one aspect compounds of formula Ia or Ib show an IC50 binding activity to
30 pl10 delta of ten or more times lower than the binding activity to p110 alpha.
[0074] In one aspect Formula I compounds include compounds selected from Formulas

Ia and Ib:



al kyl ene)- (G -C20 heteroaryl), where al kyl, al kenyl, alkynyl, alkylene,
carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally substituted
wi th one wo 20twB6gmoups i ndependently selected fromF, @ECT/EBR010/057244H3,
-CH20H, -CN, -CF3, -CO2H, -COCH3, -CO2CH3, - CONHZ, CONHCHS3,
-CON(CH3) 2, -N®2, -NH2, -NHCH3, -NHCOGCEB, -NHS(0)2CH3, -OH, 15 - OCH3,
-S(0) 2N(CH3) 2, -SCH3, -CH20CH3 and -S(0)2CH3; and [0087]R3 is sel ected
from where the wamporl i ne indicates thggite of attachnent; each of
whi ch are optionally qubstituted with one]or nore groups independently 20
sel ected fromF, NI, -CH3, - 2CH2CH3, -CH(CH3)2, -C(CH3) 3,
-CH2ocH3,  @RiF2C 3, -CH2 - CH2CH2OH, - CH2C( CH3) 20H,
-CH(CH3) OH, CH( 3 CH2CH( ) 20H, - C( CH3) 20CH3,
-CH(CH3) F, - C(CH3)F2, CH(%HZCHB)F C(CHIZ\ICHS) F, -CO2H, -CONH2,

- CON( CH2CH3) 2, -COCH3, -CON(CH3) 2, -NO2, -NH2, -NHCHS, -N(CH3) 2, - NHCH2CHS3,
_ NHCH( CH3) 2, - NHCH2CHR2 OH, 25 ~ NHCH2CH2 OCH - NHOOCHB, - NHOOCH2CHS,

_NHCngé% - Sy £ RO, (oL L BB THERHIc D BSPUEPAA Dsrgot
- NH whie is N x! X is NG N Z NH
C( = ?bwzw %@ggﬁ ShONCHREHR) x* S OR2GHBX 15X, Qi3 N2 N-a310?2NHCHS,

S(0) 2N(CH3) 2 CHZS]( [ 0091] In anot her aspect the i nvent| on provides
a compovhid (isT X{ orGRil andi %’ ey 0$(‘€9r)éols CR’ and &%es NR't aut omer s,

[0052] WA Sel S8 ar i o rCan il ok @%ﬂ@a?ﬁs al%wé%ﬁﬁ i
ol kytondy 8 TGS LLEPRRE KT CTERSREND, P ter Friifor-(©ca

al kyl emeberd@B}y{)ZQ(meC@jﬂEyAeﬂe)L()CZ CQOCBete@)lc}@l}k){l—e@ﬁﬁﬂﬂEyl@@ (Cz—Czo
het erocycl y1) - (C2- C20 heterocycly (C1-C12 al kyl ene) - -
het er oétytfcrwylyi)egizeﬁz() h@?@@k‘g}rﬁlb y1(§3 1@ @lKY@llQ)—éCkﬁ/ze h@?ﬁo@my]@:ﬁ@s —Cn

ne o oat 1 Kt Cei TNTEheL S (G ekt By Cckdadiin )
R e LT e (o LR DR 0 B & RS R
-(C1- CZthyl) —(C1—Ci2 alkylene) (Cs—Cy aryl)—(C,— Clz alkyl), —(C—Ci; alkylene)—(C;—Cyo
heteroaryl)—(C;—C;; alkyl), —(C,—C; alkylene)—C(=0)—(C,—Cy heterocyclyl), «(C;—Ci;
alkylene)-NHR?*, (C,—C; alkylene)-N(C;—C1; alky)R*, —(C,—C}; alkylene)-N(C,—Ci,
alkyl)(C,—Cy heterocyclyl), —(C—C,; alkylene)-NH—(C;—C,; alkylene)—(C,—Cy heteroaryl),
15 —(C1—Cy; alkylene)-NH—(C,—C;; alkylene)—(C;—Cy heterocyclyl), —(C1—Ci2

alkylene)-NH—(C,—C,; alkylene)-NHC(=0)—(C,—Cy heteroaryl), —(C,—Ci; alkylene)—(C,—Cyo
heterocyclyl)-N(C,—Cy; alky)R?, <(C;—C); alkylene)—(C,—Cyo heterocyclyl)—(C1—Ci,
alkyl)-N(C,—C; alky)R*, and —(C;—C ), alkylene)—-N(C,—Cyo heterocyclyl)R*, where alkyl,

alkenyl, alkynyl, alkylene, carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally sub-

20 stituted with one or more groups independently selected from F, Cl, Br, I, -CH3, -CH,CH3,
—C(CHs);, -CH,0OH, —-CH,CH,0H, —C(CH3),0H, —CN, —CF3, -CO,H, -COCH3;, —CO,CHj,
—CONH,, -CONHCH3;, -CON(CH3),;, —C(CH3),CONH,, —-NO,, -NH,, -NHCH3, -N(CHx),,
—NHCOCH;, -NHS(0),CH3, -N(CH3)C(CH3),CONH,, —-N(CH3)CH,CH,S(0),CHs;, =0, —-OH,
—OCHs;, —S(0),N(CH3),, —-SCH3, -CH,OCH3, —S(0),CH3, cyclopropyl, morpholino, and 1,1-

25 dioxo-thiopyran-4-yl;

[0078] R” and R? are independently selected from C,—Cy; alkyl, C,—Cs alkenyl, C,—Cs
alkynyl, —(C;—C;; alkylene)—(Cs—C;;, carbocyclyl), (C,—Ci; alkylene)—(C,—Cy heterocyclyl),
—(C1—Cy; alkylene)—C(=0)—(C,—Cyo heterocyclyl), —(C1—C,; alkylene)—(Ce—Cyo aryl) and



al kyl ene) - NHRT, -(Cl1-C12 al kyl ene)-N(C1-C12 alkyl)R2', -(G -C12

al kyl ene) - N(C1- C12 al kyl ) (C2-C20 heterocyclyl), -(Cl-Cl2

al kyl ene)wllid0(00B64312 al kyl ene) - (C1- C20 heteroaryl), 15 PCUEPBLA/057244

al kyl ene) - NH- (C1- C12 al kyl ene) - (C1- C20 heterocyclyl), -(GC -Cl2

al kyl ene) - NH- (C1- C12 al kyl ene) - NHC( =0)-2{-C1- C20 heteroaryl), -(Cl-Cl2

al kyl ene) - (C2- C20 heterocyclyl)-N(C -Cl12 alkyl)R2', -(G -Cl12

al kyl engQr{(G2a anﬁ@f—@b’ﬁét&rbh Chwrh€rb2a [l Ktk drryN(a@itymGlL 21 di| dalfgo cycignd
-(C1- C?g al kyl Elezﬁe) - N( C2- C20 het?ﬂ%ﬂ ylugtR‘Z' , Irv}\’/h'l‘\ler eyng%k;l?’!l al kenyly,@
al kynylhetezodyglyb eyl anshhstergatylare optierallysybitipnted anthlone gnshorie gepar yl  ar e

PP e, e SL3HhECAD TR O TOSRRIS Ly 20 o

- ;- NT;;(IE@ H2 (XNEH f;g]\K y

- CHsgC ng N2, - NHEH%%N(%I)\Q% - NH%%I-%,C NH@%?%%

- N( GHB }-O(H38) ACDNHDH, —I(TH3 - SHAENAS0), 2863, =0H,00H; an@CBE)),€8:0) 2N( CH3) 2,
-SCH3, -CH2OCH3, -$( 0)%%{3 cycl opropyl, norpholino, and 1,1- 25

di oxo- A8y r an- R yuselegiediEom’ ro' is C1-c12 al kyl, C2-C8 al kenyl, C2-C8

al kynyl, -(Cl-C12 al kyl eng\- (C3-C12 ocyclyl), -(G-C12

al kyl engg - ( 0 hefero 1) Q- ( 2 al kyl ene) - C(=0) - (C2- C20

het er ocg sl (c | en 0 aryl) or -(G-C12

al kyl ene) -{ C1/ C20 hetenoafyl), whene kyl, al kenyl, al kynyl, al kyl ene,
car bocycl yI5 heterocyclyl, aryl, and teroaryl are optionally substituted
with one or nore groups independently 30 selected fromF, d, Br, I, -CHS,
-CH2OH, -CN, -CF35 -CO2H, -COCH3, -CO2CH3, -CONH2, CONHCH3, -CON(CH3) 2,
-NC2, -NH2, HH , - -NHS(0) 2CH3, -OH, OCH3, -S(0)2N(CH3) 2,

- SCH3, - 1 WD 2010/ 136491PCT/ EP2010/ 057244 - 25-

[ 0093] R3i s where the wavy line indicates the site of
attachnent; eh of whic e optionally substituted with one or nore
groups i ndependently 5 selected fromF, d, Br, I, -CH3, -CH2CH3,

- CH2CHI@®®)] - CH( GHBX@the-v@(vgHB)e3ndieEe2BCsBe of tdeRmentCN, - CF3, - CH2OH,

- CH2 [5;08 1] G CHZeac hof \%EIQCE(&I‘CGFOBI;UZO?I&W’I}’ éu%g.(it%'t_ég \91]&1 one or more groups independently

10 selected from F, Cl, Br, I, -CH3, —-CH,CH3, -CH,CH,CH3, -CH(CH3),, —C(CH3);, -CH,OCH3,
—CHF,, -CN, —CF3, -CH,0OH, —CH,0CH3, -CH,CH,0H, -CH,C(CH3),OH, —CH(CH3)OH,
—CH(CH,CH3)OH, -CH,CH(OH)CH3, —C(CH3),OH, —C(CH3),OCH3, —-CH(CH3)F, —C(CH3)F,,
—CH(CH,CHx»)F, —C(CH,CHs),F, -CO,H, -CONH,, —CON(CH,CH3y,, -COCH3, -CON(CHx),,
—NO,, —-NH,, -NHCH3, —-N(CHzs),, -NHCH,CH3, -NHCH(CH3),, -NHCH,CH,OH,

15 —NHCH,CH,OCH3s, -NHCOCH3, -NHCOCH,CH3z, -NHCOCH,OH, -NHS(0),CH3,
—N(CH3)S(0),CHs, =0, —-OH, —OCH3, -OCH,CH3, —OCH(CH3),, -SH, -NHC(=O)NHCH3,
—NHC(=0)NHCH,CH3, —S(O)CH3, —S(O)CH,CH3, —S(0),CH3, —=S(0),NH,, —S(0O),NHCHj3,
—S(0):N(CHs),, -CH,S(0),CHj3;

[0082] R’ is selected from H, C;—C5 alkyl, C,—Cs alkenyl, C,—Cs alkynyl, —(C;—C1,

20 alkylene)—(Cs—C;; carbocyclyl), —(C1—C,; alkylene)—(C,—Cyo heterocyclyl), «(C;—Ci»

alkylene)—C(=0)—(C,—Cy heterocyclyl), —(C1—C;; alkylene)—(Ce—Cy aryl), and «(C;—C;;

alkylene)—(C;—Cy heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl, hetero-
cyclyl, aryl, and heteroaryl are optionally substituted with one or more groups independently
selected from F, Cl, Br, I, -CHs, -CH,OH, —CN, —CF;, -CO,H, —-COCH3, -CO,CH3, -CONH,,

25 —CONHCH;, -CON(CHzs),, -NO,, -NH,, -NHCH;, -NHCOCH3, -NHS(0),CH3, —-OH,
—OCHs;, —S(0);N(CHs);, —SCH3, -CH,OCH3 and —S(0O),CHs; and



CH( CH2CH3) OH, - CH2CH( OH) CH3, - C(CH3) 20H, -C(CH3)20CH3, - CH(CH3)F,
-C(CH3)F2, CH(CH2CH3)F, -C(CH2CH3)2F, -CO2H, -CONH2, - CON(CH2CH3) 2,

- COCH3, -VCOM(OH33®1 - NO2, -NH2, -NHCH3, -N(CH3)2, - NHCHPCHEP201MI6CHGLCHI) 2,

- NHCH2CH2OH, 10 - NHCH2CH2OCH3, - NHCOCH3, - NHCOCH2CH3, - NHCOCH2COH,

-NHS(0) 2CH3, - N(CH3) S(0) 2CH3, =0, - (OH-22-0CH3, - OCH2CH3, - OCH(CH3)2, - SH,

- NHC( =0) NHCH3, - NHC(=0) NHCH2CH3, -S(0)CH3, -S(0)CH2CH3, -S(0)2CH3,

- S( 0) 2Nb083] - S( 0) 2MFIGKE  morphdlind N &y Rich 1M SOOI AEHS: st ufACHIT &y orirBord
nmor pho line group. 15 [0098]1n still another aspect the invention provides

a conpaeueupseelceted frarel .G Brd, s¢Esedithsitr sCHaH e r$ HEH: phat teldaut i cal | y

21 Ky ond O et et ar byl y oo HRP. (KL ReB st GO

het er ocyghH,)dG2- @ﬁ@ﬁ%ﬁb@@yﬁwzt%mﬁ h@(@ﬁ&%%(cmg@b@nal ly

substituted with one or nore - 01-3 nor is a

nor pihoHGH{C@h)mpC(QBIJEQO&Gl]IQ(IHMQ)E,&f;(ECHZCBI@)ZE;e@@ﬁﬁ +(E®NH§| on provides
Formul a ounds where ( and X2 is S (thienopyrimdines):
V0 2010CIATLRE EroOEbh0t0 ﬁCH%—NOz,[%i@oNﬁﬁPE@o (2Hand NHEHeGHaone s,

o sl e tlCBR REGH n EE ERE AR RS LR PG o aryt -
G-C (\]gg( elm £1-C12
al( kyl e%}%%%og) het er g?:%cl sfpmgbgfb%ﬁljg%g@k %%e@?%z CZOH efger ocycl y1),

-(C1- CH)@H[QC;H;Q;@esH(M((Z(%@)Né{(ﬁﬂgGW(S(%D)NHE%Wshe‘fs(é))ﬁﬂ)g,_chS(D))CHz(CHk Cl12
al kyl ene) - (C2- C20 het er ocycl C3-Cl12 carbocycl , -(G-C12

2 K o @%ozzéihczﬁqaéwé¢, HiHc s0puitimo KHSGbGHy ) (i - c12

et or o09H4T) (G @%%fga”}‘ié g %Véﬁ%l§0%¥4ggpene§1§?&§%a¢%wds e (L& 2

al kyl) Nar(cﬂt @J&(tmhwble}nemd(rﬁs) C20 heteroaryl)-(C -Cl2 alkyl), -(G-C12

al kyl ene) - C(=0) - (C2- heterocycl yl), -(G -Cl2 al kyl ene) - NHRT, -(Cl-Cl12

al kyl ene) - N(Gi - 012 at (G-C12 ene)-N(C - Cl2 al kyl) (C2-C20
Cl12

het er ocycl y1), - IkyI ene) NH- ( Ci|- C12| al kyl ene) - (Ci - C20 heteroaryl),

1 /NfN 1 S N i
R{S | N)\R?’ R_<\N | N)\R3
[0085] wherein

15 [0086] R'is C;—C); alkyl, C,—Cs alkenyl, C,—Cs alkynyl, Cs—Cyo aryl, —(C1—C12
alkylene)—(Cs;—C,; carbocyclyl), «(C;—C;, alkylene)—O—(C;—C;, alkylene)—(Cs—C;, hetero-
cyclyl), —(C1—Cy; alkylene)—(C,—Cy heterocyclyl), —(C1—Cy; alkylene)—(C,—Cy hetero-
cyclyl)—(C,—Cy heterocycelyl), —(C1—Ci; alkylene)—(C,—Cy heterocyclyl)—(Cs—Ci, carbocyclyl),
—(C1—Cy; alkylene)—(C,—Cy heterocyclyl)-C(=0)—(C,—Cyo heterocyclyl), «(C;—Ci;

20 alkylene)—(C;—Cy heteroaryl), —(C,—C;; alkylene)—(C,—Cy heterocyclyl)—(C,—C,; alkyl),
—(C1—Cy; alkylene)—~(Ce—Cy aryl)—(C,—C;; alkyl), «(C;—C;; alkylene)—(C;—Cyo
heteroaryl)—(C;—C;; alkyl), —(C,—C; alkylene)—C(=0)—(C,—Cy heterocyclyl), «(C;—Ci;
alkylene)-NHR?*, (C,—C; alkylene)-N(C;—C1; alky)R*, —(C,—C}; alkylene)-N(C,—Ci,
alkyl)(C,—Cy heterocyclyl), —(C—C,; alkylene)-NH—(C,—C,; alkylene)—(C,—Cy heteroaryl),

25 —(C—Cy; alkylene)-NH—(C,—C;; alkylene)—(C;—Cy heterocyclyl), —(C1—Ci2
alkylene)-NH—(C,—C,; alkylene)-NHC(=0)—(C,—Cy heteroaryl), —(C,—Ci; alkylene)—(C,—Cyo
heterocyclyl)-N(C,—Cy; alky)R?, <(C;—C); alkylene)—(C,—Cyo heterocyclyl)—(C1—Ci,



(G -C12 al kylene)-NH(C -C12 al kyl ene)-(C -C20 heterocyclyl), -(C-Cl2 15
al kyl ene)-NH (G -G 2 al kyl ene)-NHC(=0)-(C -C20 heteroaryl), -(Cl-C12
al kyl ene)woCRt0O349et er ocycl y1) - N( G - C12 al kyl ) R2', - ( CPCTEP2010/057244
al kyl ene) - (C2-C20 heterocyclyl)-(G -C12 al kyl)-N(G -C12 al kyl)R2', and
-(C1-C12 al kyl ene) - N(C2- C20 heterocycl-#3)R2', where al kyl, al kenyl,
al kynyl , al kyl ene, carbocyclyl, heterocyclyl, aryl, and heteroaryl are
opt i onaly o alkyHRE, ¥ 10T, 008 ByldRY-N@,00R et Nihgresgkyct ed
PRl éﬁv)w 1@15 Ik'y) ('El B a1 y (@:;2 R_mz%g@mﬂémzmzm I

C( 043)aﬂ@nlyl ausbmyl @kslene @@@Hcyclﬂo@qsrocy@mmand morezry! acomtiondly

"N o) Jetpued g 2&‘“@% sebR o) S R o Lot G Gl

-S(O)ZNQQU@ ,—C @&(ﬁ _eyclaopr o | i d1,1-
di oxo-t hi opy)rgan 4% wher el n ’R2 |s3%C1 CldzN IGEBT @%Hcé@gléglgnyélwzcmn

al gyl cor@%ggvﬁstfm KON, GK?(CIB)Cz%)PﬁfI’ﬁVNQ/zL NI (GiHCIR, N(CH,
a en el erocyc a ene
et o1 oo He SR CE N ) B SN By N AT S E 0, ~OF,

car ooy G —§§%N@€ﬁ%%%/ CHRGE Ry ' F5nnsh: Yhopf A ERY
and hetgd@ahidpyfHnes- ptv&}lféfgi’{llky@@ b ikl e 0L Blk@ﬁgﬁ, O TG MY, OUPS-C),
Op:s@Br, ', - CH3, -CH2OH, "1@8‘5?1 %3, - CORH

[ ndependent |y sel ectéed fromF
aﬂey@@ﬁﬂﬁ‘s @GNPdﬁcyclﬂD‘JlmnaR@ﬁ@W%Czo hDRro cy i, —(CONHGH,
d50)2 -S(0Q) 2N( CH3) 2 SCH3, -CH2QCH3, and

- 3(53 2@#1@1611&}1 (so[)o(é?zo@}oé@tqrgcygéﬂ)ec{‘é@ 17 16{1@0@34}32({45@@05] Wher@t he wavy
line in t f.\ at n 0 |
sLbstl T e

%a&%%romwg@ﬁll y bt Sl Rmth'oﬁé %}b@@ ro ndé;Qly- CHF2,
CN - 20OH CH20CH3 CH2CH20H, - CH2 CHS 20H,
CH( mz@e@t@m&or@mmy -l ~CLOMR) 20w, —Clg( )Iéncg:@cmaé@@%; ~CONH,,

658 Pl SR, AR e S s M T T o
15 mw§%@§%m’w3 gREERIFRA ) HOTOroTH - NHS(0) 2018,

- NHC( =Q)087CH3, - ddari2@H3, - S(0) CH3, -S(0) CH2CH3, - S(0)2CH3,
-S(0) 2NH2, - S(0) 2NHC|—|3 S(0) 2N( CH3) 2, -CH2S(0)2CH3; and [00107]R7 is
sel ected from H, kyl , - I kenyl, £2-§8 al kynyl, -(Cl-Cl12
al kyl ene) - (C3-C12 Qar | yl NN éy -(02 C20 het erocyclyl),
-(G-C12
NH
HN
sé \ 555 \(S\NH

[0088]

[0089] where the wavy line indicates the site of attachment;

[0090] cach of which are optionally substituted with one or more groups independently

20  selected from F, Cl, Br, I, ~CH3, ~CH,CH3, ~CH,CH,CHj3, ~CH(CHs),, —C(CHz)3, ~CH,OCHs,
—CHF,, —CN, —CF, -CH,0H, ~CH,0CH, ~CH,CH,OH, —~CH,C(CH:),0H, ~CH(CH:)OH,
—CH(CH,CH3)OH, ~CH,CH(OH)CH, ~C(CH:),0H, —C(CH3),0CH:, —CH(CH;3)F, ~C(CH:)F,,
—CH(CH,CH;)F, -C(CH,CH:),F, —CO,H, —CONH,, —CON(CH,CHj,, -COCH;, —CON(CHs),,
~NO,, -NH,, -NHCHj;, -N(CHs),, -NHCH,CH;, -NHCH(CH3),, -NHCH,CH,0H,

25 —-NHCH,CH,0CH;, -NHCOCH;, -NHCOCH,CH;3, -NHCOCH,OH, ~-NHS(0),CH;,
~N(CH:)S(0),CH3, =0, —OH, ~OCH3, ~OCH,CH3, ~OCH(CHs),, -SH, -NHC(=0)NHCH,



20 al kyl ene) - C(=0) - (C2- C20 heterocyclyl), -(Cl-Cl2 al kyl ene)-(C6-C20 aryl),
and -(Cl-Cl12 al kylene)-(G -C20 heteroaryl), where al kyl, al kenyl, alkynyl,
al kyl ene,woantyacsysltyl , heterocyclyl, aryl, and heter oar pCTaPeo10fps1200al | y
substituted with one or nore groups independently selected fromF, C, Br,
|, -CH3, -CH2OH, -CN, -CF3, -C2H, -CEZH3, -CO2CH3, - CONH2, CONHCH3,
-CON(CH3) 2, -NO2, -NH2, -NHCH3, -NHCOCH3, -NHS(0)2CH3, -0OH, 25 -OCH3,

- S(0) 2NNPHE)-) NHRHEH - CHRICHE, SICHSCO) 26, 190 1R bmHANGH DsNIacReCt t he

present invention provides a corrpound of formula I'b and
2010/ 13&@&%@2&1@1&5@7@% 28- stereoisomers, tautorrers or
pharma caIIy accep table 7?ﬁilts t her eof. 7 and X2 is S,

[00109] Hls sel é’&f“é%t TTBRTEISARCIIOR PrOVigss. ad?%%@?f?ﬁ“’@? ad4 ah ﬁ’ﬁﬁ;‘?r

C6- C20 i@yndrs, taftéineiGler pHakihR06dall Q@C 1&?&1‘{@@1@&6&?’%}1%61'11()@ rs@gnd X*is S,
al kyl ene) - 0- ( C1- C12 al kyl ene) - ( 5 heterocyc

al kyd el89920- ( C1- ®lds wlwftdeffn@)l-(tiéfiﬁh)aﬂémcﬁm affengl, &zy@t ylkynyl, @aczmrzfl

et or oCYe iy 2esnet it 5%%9%«911» e SetabrlHamef s dvlemy(cC:
et or ol 1Y %fya‘:?’%‘fl?ezﬁ&ﬁ%&ﬁ S M A I Cen. a0

het k o Bl QIkly&in ¥ B Lyl
e e

a: tyl eiveiboetsly ¢2g lela&fa’b}ﬂ@)—-(CﬁCzﬁ:mQtemc]@Am) CQ:)(/Q)I_(@l—ﬁzo heterocyclyl),
o ) enly et iRy et,gr%gﬁv@l Y@ ot ey iy B aiR - EFez0

“(etc.e”él%ﬁ’a?y oS R R NG S TIPS D ﬁ?OC“O(etc.e”é"i”zy”

al kyl emederddriylf-GLy G112 all@l)al—(@ﬂ—ehzee)lkﬂbﬁ()—ﬂl G))GlCzCZQo h@é@b@@plyw(cl ~(@ -C12
al kyl ene) - (C2- C20_.het erocycl y1) - I\liéjo Cl2 al kyl|)R2 -(Cl-C12
al ky| endlylqner-NiR" helCorGoypdiyaie) - MgC. e aémm) K cCicalkylgney N(€2:Ci2 and

SﬁyFé%&ayﬁ)&%@g&é@r:&cycl%@ FOSAAMAER 0T ERTOR Sa i o irea ey T N
UPEL) SHEE ORI (1, ANOURR - QP ROTNERRIAUN B RTEEO L TN Sk
- CO2H, a-h@ﬁlﬁdﬁ— qazca@ allk G NHOGENHOER o @éﬁ&(c@ua) 2—,(C1—(C(1£3h'13)1QﬁQ5JE422,—C74\|@,
-NH2, - NHCH3, - C&I:B - NHS( 0) 2CH3, @aél CH3) 2CONH2,

- N( 043)11%2@51213()0)\12@#@12 ﬂ:ﬂiyl)R leﬁa@kﬂ@(emj(m( )%tzsrocysmlae(ckﬁﬂzoms

S.( 0) ZCE%,I)C%E %L}B én Pa ]T%ﬁj(izdﬁ X0 th| ogégnwﬁleye dlkviher ein

al kyl e%ﬁéan& 11&&321 2RyRAE, Q@ﬁ%@&d&% hete&@%cl?l arﬂlawlh%?aar&l%%e Silgt%nally sub-
het erocycl yi) % 12 al kyl ene het er ocycl yl ) -Cl2
al k30 ersa‘pute(mttkmﬁb ar pbie, gromp&l(lmmj@tlalsklyttedl ét)m( E1CICBA Ihe€Hs, oaﬂ\}zl()Hg wher e

AL GBS e R B e R AR, e
Tt RN T W

[QEﬂS]*%?“?‘Q%Stﬁ?S??‘EE‘%S‘ 5010) 156491PCT EP3010) 0S75ad O e
—OCHs;, —S(0),N(CH3),, —-SCH3, -CH,OCH3, —S(0),CH3, cyclopropyl, morpholino, and 1,1-

25 dioxo-thiopyran-4-yl; wherein R is C,—C; alkyl, C,—Cs alkenyl, C,—Cs alkynyl, —(C1—C1,
alkylene)—(Cs;—C,; carbocyclyl), «(C;—C;; alkylene)—(C,—Cy heterocycelyl), (C—Ci»
alkylene)—C(=0)—(C,—Cyo heterocyclyl), —(C1—Cy; alkylene)—(Ce—Cy aryl) or (C;—Cy;
alkylene)—(C;—Cy heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl, hetero-
cyclyl, aryl, and heteroaryl are optionally substituted with one or more groups independently

30 selected fromF, Cl, Br, I, -CHs, —-CH,OH, —CN, —CF;, —CO,H, —-COCH;, —CO,CHz, —CONH,,
—CONHCH3;, -CON(CH3),, -NO,, —NH,, -NHCH;, -NHCOCH3, -NHS(0),CH3, —OH,

—OCH3, —S(O)zN(CH3)2, —SCH3, _CHZOCH3, and _S(O)ZCH3;



-29- [00111] [00112]where the wavy line indicates the site of attachnent;
[ 00113] each of which are optionally substituted with one or nore groups

i ndependewOl2910/13649¢l ected fromF, d, Br, |, -CH3, -CH2EH3/EP2GPALCH2LCH3,
-CH(CH3) 2, -C(CH3)3, -CH20CH3, 5 -CHF2, -CN, -CF3, -CH20H, -CH20CHS3,

- CH2CH2OH, - CH2C( CH3) 20H, - CH(CH3) OH, -2fH( CH2CH3) OH, - CH2CH( OH) CH3,
-C(CH3) 20H, -C(CH3)20CH3, -CH(CH3)F, -C(CH3)F2, CH(CH2CH3)F, -C(CH2CH3) 2F,
- CO2H, [0633NH2, - GONK GHe@kBi@m: - COCH3, - CON(CH3) 2, - N2, -NH2, - NHCHS,
-N(CH3) 2, - NHCH2CH3, - NHCH(CH3) 2, - NHCH2CH2COH, - NHCH2CH2OCH3, - NHCOCHS,

- NHCOCH2CH3, - NHCQCH2 0) 2CH3, =0, -OH, -OCH3,
- OCH2CH3, - OCH(CHs o NHCH2CH3, - S(0) CH3,
-S(0) CH2CH3, -S(0)2W (0) 2N (0) 2NHC S(0) 2N( CH3) 2,

-CH2S(0) 2CH3; and [O0GHA]IR7 is s cted fromHNHCL- C12 al kyl, C2-C8

al kenyl, C2-C8 al kynyl, -(Cl-Cl12 al kyl ene)-(C3-C12 carbocyclyl), -(G-Cl12
al kyl ene) - (C2- C20 heterocycl yl), -(G-Cl2 15 al kyl ene)-C(=0)-(C2-C20
heterocyclyl), -(Cl-Cl2,alkylene)-( 0 aryl), and -(Cl-C12

al kyl ene) - (G - C20 ter ar\ 1), erg aljgyl, alkenyl, alkynyl, alkylene,

car bocyclyl, heter teroaryl are optionally substituted
with one or nore grou ndependen selected fromF, d, Br, |, -CH3,

- CH20H,[0099N, - CF3, - CH3, - CONH2, CONHCH3,

d ite & SN , -OH 20 -OCH3,
- §( 0)2[§d )2, 5@%&@ &?@%ﬁ%’m lé%&-@%g‘)ezoc%}gé an%ﬁ[ 00115]nor is a

nor phol[00%] gr oup eacﬁlﬁ@ﬂ\&ﬁ]:]h aresdptiohal pnaibbténted spdcdnet drengot gseips iﬂd&patdeh‘dyl
provi des rrpou of formula |b and stereoi soners, tautoners,

iR Ry e efalc@bt ab@éb’sé?l‘tlla(j%he?:@@?m%ér&PHC%)ZP SOERT) A HeOGH:, 5,

ngE/Pgﬁgd}(Rlcst@ﬁéE cycl P b%'? < CHRGIHOR nfgﬁg(f@ ?gﬁ’cﬁH(CHQOH

| k | 2 2 372 P

%500 Cla@geth %ﬁﬁ%‘?ﬁw e D TP ane) it
het er ocydH(¢HCHEE, €20CHeC e y-€1Q:H, ~CONG:, CCONIGH:CEhe) (C@QMON(CHs)z,

e R SN TRt v/ B kel 48 %ﬁrﬂ(ﬁﬁ% N TRl

- N(@B) JneAtaB R, [ MHASERS, IRueelas e, TNRFOCH,0H, -NHS(0),CH;,
N(CH3)S(0),CHs, =0, —OH, ~OCH3, ~OCH,CH3, ~OCH(CHs),, -SH, -NHC(=O)NHCHs,
_NHC(=0)NHCH,CHs, —S(0)CHs, ~S(0)CH,CHs, —S(0),CHs, —S(0);NH,, ~S(0);NHCH;,
~S(0);N(CH:),, ~CH,S(0),CHj; and

[0097] mor is a morpholine group.

15 [0098] In still another aspect the invention provides a compound of formula Ia and
stereoisomers, tautomers, or pharmaceutically acceptable salts thereof, wherein X' is N and X? is
S; R' is =(C1—C ), alkylene)—(C,—Cao heterocycelyl) or (C1—Ci; alkylene)—(C,—Cag
heterocyclyl)—(C,—Cyo heterocyclyl), where heterocyclyl is optionally substituted with one or
more —C(CH3),0H; R’ is 1H-indol-3-yl and mor is a morpholine group.

20 [0099] In one aspect the present invention provides Formula I compounds where (ii) X'

is CR” and X” is S (thienopyrimidines):



[00119] [00120]where the wavy line indicates the site of attachnent;

[ 00121] each of which are optionally substituted with one or nore groups

i ndependewol2g1¢Bbeet ed from F, -CH3, -CH20OCH3, -CN, andPCOHEP2d10/0f18422] R7
is Hor Cl-Cu alkyl; and [00123]nor is a norpholine group. [00124]1n one
aspect the present invention provides-Bormula | conpounds where (iii) X is
N and X2 is NR2 (purines): iii | [00125]R2 15 [00126] and st ereoi soners,
tautonmers, or pharmaceuticaldy acceptable saltg thereof, wherein Xl is N
and X2 is NR2; [00127] R |s Selected from G 012 al kyl, C2-C8 al kenyl,
C2- &8 al kynyl, C6-C20 ar (G -C12 al kyl en -Cl12 carbocyclyl),

-(G -C12 al kyl ene) - 0p¢C al kyl ene) - (C3-C1 eterocycl yl), -(Cl-C12

al kyl ene) - (C2- C20 heﬁ IyI), -(Cl-C12 al kyllene) - (C2- C20 20
heterocyclyl)-(CZ-gOr cIyI), - (G 27 aRNy| ene) - (C2- C20

het erocycl y1) - (CR |boc clyl), -R le al ky|l ene) - (C2- €20

het er ocycl y1) - C(=0) - ( (&=TR g8 ocyclyl), [\ngQ 136491PCT/ EP2010/ 057244
-31- (Cl1-C12 al kylene)-(C-C20 heteroar%() -(CL 2 al kyl ene) - (C2- C20

het er od0@1001) - (C - C12 al kyl), -(Cl-Cl2 alkyl ene)-(C6-C20 aryl)-(C -G 2

A e e 0
al kyl ervﬂjefd‘ﬂﬁo Cl2 al kyl)R2', -(Cl-C12 al kyl ene) - N(CI Cl2 5 al kyl) (C2-C20
(SR o LT T Sl SRR sy
2 oA endy L ( e o BOBE (G s SRS ML %%@%@ﬁ g %&&%@1‘5‘ St

al kyl eng HB20(the: &ih LGl -Hele? 2511]; ﬁék and
(C)ll Clzbe;(lgc%l enegmNC%rZ cgo é’hﬁ%?%: cl O@JR§W Hmfa_r@é al e ) ? 0 al kenyl

al ky nylheteabdyylyé)ﬁéCz—Qatr haerpcyalyl), %@t—eﬁ@@kk@l@pb) (@ryo handwh@yk)f(&ar(}lz are
P LR, L e B0 B O PR 5
-ON, - Q%éi—cl%ylene)%_—%zo h&%%, —(Cl—Clz alkylene)—(C,—Cy heterocyclyl)—(Cl—Clz

10 alkyl), «(C;—C;; alkylene)—(Cs—Cy aryl)—(C,—C;; alkyl), —(C1—C,; alkylene)—(C;—Cyo
heteroaryl)—(C;—C;; alkyl), —(C,—C; alkylene)—C(=0)—(C,—Cy heterocyclyl), «(C;—Ci;
alkylene)-NHR?*, (C,—C; alkylene)-N(C;—C1; alky)R*, —(C,—C}; alkylene)-N(C,—Ci,
alkyl)(C,—Cy heterocyclyl), —(C—C,; alkylene)-NH—(C;—C,; alkylene)—(C,—Cy heteroaryl),
—(C1—Cy; alkylene)-NH—(C;—C;; alkylene)—(C;—Cy heterocyclyl), «(C;—Ci»

15 alkylene)-NH—(C;—C,; alkylene)-NHC(=0)—(C,—C;¢ heteroaryl), -(C;—C;, alkylene)—(C,—Cyo
heterocyclyl)-N(C,—Cy; alky)R?, <(C;—C); alkylene)—(C,—Cyo heterocyclyl)—(C1—Ci,
alkyl)-N(C,—C; alky)R*, and —(C;—C ), alkylene)—-N(C,—Cyo heterocyclyl)R*, where alkyl,
alkenyl, alkynyl, alkylene, carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally sub-
stituted with one or more groups independently selected from F, CL, Br, I, -CH3;, —CH,CH3,

20 —C(CHj)s;, -CH,0H, —-CH,CH,0H, —C(CH3),0H, —CN, —CF3, —-CO;H, -COCH3, -CO,CHz,
—CONH,, -CONHCH3;, -CON(CH3),;, —C(CH3),CONH,, —-NO,, -NH,, -NHCH3, -N(CHx),,
—NHCOCH;, -NHS(0),CH3, -N(CH3)C(CH3),CONH,, —-N(CH3)CH,CH,S(0),CHs;, =0, —-OH,
—OCHs;, —S(0),N(CH3),, —-SCH3, -CH,OCH3, —S(0),CH3, cyclopropyl, morpholino, and 1,1-
dioxo-thiopyran-4-yl; wherein R* is C;—C); alkyl, C,—Cs alkenyl, C,—Cs alkynyl, —(C;—Ci,

25 alkylene)—(Cs;—C;; carbocyclyl), —(C1—C,; alkylene)—(C,—Cyo heterocyclyl), «(C;—Ci»
alkylene)—C(=0)—(C,—Cy heterocyclyl), —(C1—C,; alkylene)—(Ces—Cy aryl), or |(C;—Ci;
alkylene)—(C;—Cy heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl, hetero-



CONH2, - CONHCH3, -CON(CH3)2, -C(CH3)2CONH2, -NO2, -NH2, -NHCH3, -N(CH3) 2,

- NHCOCH3, - NHS(0)2CH3, - N(CH3) C(CH3) 2CONH2, - N(CH3) CH2CH2S(0) 2CH3, =0, - OH,
15 - OCH3,WO3(B)BMOCH3) 2, - SCH3, -CH20CH3, -S(0)2CH3, cyeCompopyplos7244

nor phol i no, and 1, 1- dioxo-thiopyran-4-yl; [00128] R2 and R2' are

i ndependent |y sel ected from Cl-Cl12 al k¥ C2-C8 al kenyl, C2-C8 al kynyl,
-(C1-C12 al kyl ene) - (C3-C12 carbocyclyl), -(Cl-C12 al kyl ene)-(C2-C20

het er ocyellyy lajyl, and@Gktdedatyledrk phesia)ly it utECRitedde behrdgiapyinfiepen(&ittyCl2

al kyl ene) - (Co- C20 arﬁl), and 20 -(C -Cl12 al kyl ene) yqg01-020 het er oar ,
wher e apkgted framdrylh Br.di kG Hy -CRuQH) €M, ~(dar b@@ylél OCHlet €r @y, yCONIy | |

o0 el R TEORRHI AN, SiS! LR, “%%E?d’é‘%qz Ot P

- CG:HB,_OCH %@?N ﬁgz\lH%,CH ( %23 - NH2, NHCH3
- & 30%5@@ S0y 2N )é - SCHB - CH20CH3, and
- S(@ 2([]}(131,03&1nd 2R’ [196):16&96}@&011113 selected from

2010/ 136491PCT/ EP2010/ 057244 32- [0Q130] where t e wavy line indicates the
site of attachmentg \ nally substituted with
one or nore groug3 a, Br, I, -CH3, -CH2CHS,
- CH2CH2CH3, - CH( )

F2, -CN, -CF3, -CHOH,
- CH2OCH3, - CH2CH2CH, NF5 - CH( CH2CHB) 0H,
- CH2CH( OH) CH3, - C(CH3) 20H, C(CHB)ZOCHB -CH(CH3) F, - C(CH3)F2,
CH(CH2CH3) F, - C(CH2CH3) 2F, - CO2H, - CONH2, - CON(CH2CH3) 2, -COCHS
-CON(CH3) 2, -NO2, - NH2N=AHCH3, - N( 2, -NHCH2CH3, - NHCH(CH3) 2,
- NHCH2CH2OH, - NHCHRCH2 - NH MHICOCH2CH3, - NHCOCH2OH, - NHS( 0) 2CH3,
-N(CH3) S(0) 2CH3, =9, - S CH3, -OCH(CH3)2, -SH, -NHC(=0)NHCHS,
10 - NHC( =0) NHCH2CH3, ) CH3, ( 2CH3, -S(0)2CH3, -S(0)2NH2,
-5(0)2 ] S(0) 2N( )2, -CH2S(0)2CH3. [00132] I n another aspect the
presentpafpsgnt i ORyIRFOME SRSy Aine HIROHAANOEitd O Mdb@ndA; and st er eoi soners,
tautoners, or pharmaceutically acceptable salts t hereof, wherein Xl is N

and X2 [P&L0GR2, 1%a¢lool 8B Rard aptiond lbotubstithied it orgia rmrlzgrqup@md@aetaienéﬁyl ,

2 U oa B e s L) TR SRS St b

| k C2 0 | CL I 0
T T

het erO%mC@I@H’CHﬂH‘(@W]% }C(CIHQzGHlQC@TP@:!%H) —(CRCERSF, —~C(CHy)F,,

heterocyclylF} - C20 heterocycl % 20 - Cl2 al k Iene - (Cl1-C20
het er oalGH ZCH@JF C@ HIZ(RISH)@EW)CQZ@Z fﬁéq er&@é&ﬁzﬁ}m(tﬁfo RV(GH:),
-(Cl-C1 | k I ene) - (Cl1- C20
het er oai\@) ﬁfﬁ %El%ﬁk%&ﬁ O)NF@ %k?géﬁ%l (&%W@%z%t erocyclyl),
- (G -CLy g B NHRECcoCHL - @ﬁc@dﬁzt@ﬂemﬁt@c%am}iswﬁcm (G-C12
al kyl ene - C12 al kyl ) (C2-C20 heterocyclyl),
al kiA ené;(CN;BS((O)ZCELZ é) k@HeH@ﬁHgC}OCEECH@,te(DGH(@H})Q, SH -NHC( O)NHCH,
—NHC(=0)NHCH,CH3;, —S(O)CHs;, —S(O)CH,CH3, —S(0),CH3, —S(0),NH,, —S(O),NHCHj,
—S(O)zN(CH3)2, _CHZS(O)ZCH3; and
[00107] R’ is selected from H, C;—C5 alkyl, C,—Cs alkenyl, C,—Cs alkynyl, —(C;—C1,
alkylene)—(Cs;—C,; carbocyclyl), «(C;—C;; alkylene)—(C,—Cy heterocycelyl), (C—Ci»

20 alkylene)-C(=0)—(C,—Cy heterocyclyl), «(C;—C;, alkylene)—(Cs—Cyo aryl), and —(C,—Cy;

alkylene)—(C;—Cy heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl, hetero-
cyclyl, aryl, and heteroaryl are optionally substituted with one or more groups independently
selected from F, Cl, Br, I, -CHs, -CH,OH, —CN, —CF;, -CO,H, —-COCH3, -CO,CH3, -CONH,,
—CONHCH3;, -CON(CH3),, -NO,, —NH,, -NHCH;, -NHCOCH3, -NHS(0),CH3, —OH,

25 —OCHj;, —=S(0),N(CHzs),, —SCH3, -CH,OCH3, and —S(0O),CHs.

[00108] In another aspect the present invention provides a compound of formula Ib and



-(G-C12 al kylene)-NH (Ci -C12 al kyl ene)- (G -C20 heterocyclyl), -(GC -Cl2
al kyl ene)-NH (G -C12 al kyl ene)-NHC(=0)-(C -C20 heteroaryl), -(C-Cl2
al kyl ene)woCRt0O349et er ocycl y1) - N( G - C12 al kyl ) R2', - ( CPCTEP2010/057244
al kyl ene) - (C2-C20 heterocyclyl)-(G -C12 al kyl)-N(G -C12 al kyl)R2', and
-(C -C12 al kyl ene)-N(C2-C20 heterocycl-¥3)R2', where al kyl, al kenyl,
al kynyl , al kyl ene, carbocyclyl, heterocyclyl, aryl, and heteroaryl are

opt i onatdrabisouiers, 3utsmbrsUsgshanhideutaglyakcdpalie gileuRgedMaagemdehisIOR 'wabiect ed
from F, c| Br, |, -CH3, -CH2CH3, C{CH3)3, -CH2OH, - CH2CH2OH, - C(CH3)20H,
CHS) 250 , CN -CF3, -CO2H, COCH3, -CO2CH3, -CONH2, - CONHCHS3,

S Oty R il B SR B PR 81

- N( CH3)-GrR2 @2 Hk9)eREHBC 0, carbbbycyDCHRC, C$££1k PROGEB)-&; ~C3dRylen

S(0) 2CH3, cycl opropyl, nmorpho l'ino, and 1, 1-di oxo-thiopyran-4-y1l; [00134] R2
and R2' he@r@yﬂ!@%@hd@nﬁ dlyylemd)eQt-€d Cnmikyd:ﬁnd):iQ(j&D)k(;ﬂz CGhe@Bogaickdnyl , C2-C8

o ?Lrﬁﬂﬁ@ & C@%@f@‘f—fey@?t@w ylecéicgéggﬁw%nsh é?zézeéﬁtet%ﬁclwrﬁcz—czo
o ky onre o ELABH G SRR R AN S TP et Gt ene

car bOC)aqiyyén,e)—k'(eg%zg(hyt%lrdeclle’—EtvO)ﬂ(\Oz—I&B ﬁét@@l’cydlylarqcr}p@bqn@ndn%)ﬁ(@b%bt ut ed

wi th one or nore groups iIndependently selected fromF

- CH2OH hetegnaryD), eré@; ~C oatkpilens IHOCHT. 20 heferocptgia(Ci-Cony ). W " oo CHS) 2,

s, et Gnaris(o) Sorsio Poult sy ralkdeice Corbe MREHN T 06 15 Puher e
R g i G L S T
F, O, aBfylenk)-N©H3C,,-aly2 /B3 (€ Cii2 CriR Goide)-NOE(-CHB )Ry ) (G ChidcerocyehA CH3,

CHF2, -CN, -CF3, -CH2OH, -CH20CH3, - CH2CH2OH, - CH2C(CHB) 20H, - CH('CHB) OH,
CH( CH2 cKB)t8H; a@q@@ﬁ@*@lﬁ(@hﬁcnaus(y@as) 36 H; C20 Opter@Y b K8 —C1CH( CH3) F,

D R BT B g TR RS e SRR
Z HHSHQ?SW"%%@ Wﬁ%ﬁ%@%‘@ﬁ%ﬁ%@%@%ﬁ
] g"(4 0) 2NH2, - S(_ égl?ﬁﬁ{d“_’? %ﬁfoﬁrgim&ég&% %L}gﬁcrﬂ@mm, -and
—(C—C1; alkylene)-N(C,—Cyp heterocyely)R”, where alkyl, alkenyl, alkynyl, alkylene,
carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with one or more groups
independently selected from F, Cl, Br, I, -CHs, -CH,CH3, —C(CH3);, -CH,OH, —CH,CH,0H,
20 —C(CH3),0H, —CN, —CF3, —CO;H, -COCH3, —CO,CH3, —CONH,, -CONHCH3, —CON(CH3),,
—C(CH3),CONH;, —NO,, —-NH;, -NHCH3, -N(CH3),, -NHCOCH3, -NHS(0),CHj3,
—N(CH3)C(CH3),CONH,, -N(CH3)CH,CH,S(0),CHs;, =0, -OH, ~OCH3, —S(0O),N(CH3s);,
—SCH3, —-CH,0OCH3, —S(0),CH3, cyclopropyl, morpholino, and 1,1-dioxo-thiopyran-4-yl;
wherein R* is C;—C); alkyl, C,—Cs alkenyl, C,—Cs alkynyl, —(C,—Cy; alkylene)—(C3—Ci2
25 carbocyclyl), —(C1—Cy; alkylene)—(C,—Cyo heterocyclyl), —(C1—Ci; alkylene)—C(=0)—(C,—Cyo
heterocyclyl), —(C1—Cy; alkylene)—(Cs—Cyo aryl), or —(C1—Ci; alkylene)—(C;—Cyo heteroaryl),
where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl, heterocyclyl, aryl, and heteroaryl are
optionally substituted with one or more groups independently selected from F, Cl, Br, I, -CH3,
—CH,0H, —CN, —CF3, -CO,H, —-COCH3;, -CO,CH3, -CONH,, -CONHCH3;, -CON(CHs),,
30 -NO;, -NH;, -NHCH3;, -NHCOCH3, -NHS(0),CH3, —-OH, ~OCH3, —S(0O),N(CHs),, —SCH3,
—CH,0OCH3;, and —S(0),CH3;
[00110] R’ is selected from:



25 [00138] nor is a norpholine group. [00139]1n still another aspect the
present invention provides a conpound of forrmula la WO

2010/ 136490RCIVIBRAD10/ 057244 - 34- and stereoi soners, taBRCOMPRELO/06T244
pharmaceutically acceptable salts thereof, wherein XI is N and X2 is NR2,
[00140] Rl is selected from-(Cl-Cl12 al-R¥H ene)- (C2-C20 heterocyclyl),
-(C1-C12 al kyl ene) - (C2-C20 heterocyclyl)-(C2-C20 heterocyclyl), where

het erocyclyl is option sub- 5 N ut ed. wi t p2Oe or nore groups
i ndependent |y sel gte m F, -ii%iEQZOF?f 20CH3, -N(CH3)2, and =0;

[00141]R2 is Cl-CGI> S whi chy pbstituted with one or nore
-OH;, [00142]R3 is sehected from 143] 10 4] where the wavy |ine
indicates the site of attachnment; [00145]each of which are optionally
substituted with one or nore groups independently selected fromF, -CH3,
-CH20CH3, and -CN; and [00146] nor is a norpholine group. [00147] Exenpl ar
Fornul a | conpounds.i nENuge fur 1 di nes where (iv) Xl is CR7 15 and

X2 is O: R7 [00}5' AEP| ary, NI conmpounds i ncl ude
pyrrol opyri m di nes” whi (v) Xl is and X2 is NRz2:

[00111] :

[00112] where the wavy line indicates the site of attachment;

[00113] cach of which are optionally substituted with one or more groups independently

selected from F, Cl, Br, I, -CHs, -CH,CH3, -CH,CH,CH3, —CH(CH3),, —C(CH3);, -CH,OCHy,
5 —CHF,, -CN, —CF;, -CH,0H, —CH,0CH;, —-CH,CH,0OH, —-CH,C(CH3),0H, -CH(CH3)OH,
—CH(CH,CH;)OH, —CH,CH(OH)CH3, —C(CH3),0H, —C(CH3),OCH;, —CH(CH:)F, —C(CH:)F>,
—CH(CH,CH»)F, -C(CH,CHzs),F, -CO,H, -CONH,, -CON(CH,CHsy,, -COCH3, —CON(CHz),,
-NO;, -NH,, -NHCH3, —-N(CH3),, -NHCH,CH3, -NHCH(CH3),, -NHCH,CH,OH,
-NHCH,CH,OCH3, -NHCOCH;, -NHCOCH,CH;, -NHCOCH,0OH, —-NHS(0O),CH3,

10 -N(CHs)S(0),CHs, =0, -OH, —-OCH3, -OCH,CH3, -OCH(CH3),, -SH, -NHC(=O)NHCH3,
—-NHC(=O)NHCH,CH3, —S(O)CH3, —S(O)CH,CH3, —S(0),CH3, —S(0),NH,, —S(0),NHCH3,
—S(0),N(CHs),, -CH,S(0),CH3; and
[00114] R’ is selected from H, C;—C5 alkyl, C,—Cs alkenyl, C,—Cs alkynyl, —(C;—C1,
alkylene)—(Cs;—C,; carbocyclyl), «(C;—C;; alkylene)—(C,—Cy heterocycelyl), (C—Ci»

15 alkylene)-C(=0)—(C,—Cy heterocyclyl), —(C1—Ci; alkylene)—(Cs—Cyg aryl), and —(C1—Cy2
alkylene)—(C;—Cy heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl, hetero-
cyclyl, aryl, and heteroaryl are optionally substituted with one or more groups independently
selected from F, Cl, Br, I, -CHs, -CH,OH, —CN, —CF;, -CO,H, —-COCH3, -CO,CH3, -CONH,,
—CONHCH3;, -CON(CH3),, -NO,, —NH,, -NHCH;, -NHCOCH3, -NHS(0),CH3, —OH,

20 —OCHj3, —=S(0),N(CHzs),, —SCH3, .CH,OCH3, and —S(0O),CHs; and
[00115] mor is a morpholine group.

[00116] In still another aspect the present invention provides a compound of formula Ib
and stercoisomers, tautomers, or pharmaceutically acceptable salts thereof, wherein X' is CR’
and X? is S,

25 [00117] R' is selected from —(C,—Cy; alkylene)~O—(C;—C); alkylene)—(Cs—C,

heterocyclyl), —(C1—Cy; alkylene)—O—(C,—C,; alkylene)—C(=0)-(Cs—C;; heterocyclyl),



[ 00149] Formul a | conpounds i ncl ude conpounds selected fromFornulas Ia'" and
Ib': 00 C)C) NNX...... /L NX2,) NRL-IR1-( I X2 NR3X1L NR3 la'lb'

[ 00150] amnwlOox20 Y BGI9sONMEr S, geometric i sonmers, tautomers, POT/Eph@omeeut i cally
acceptable 5 salts thereof, [00151]wherein (i) XI is Nand X2 is S, (ii) X
is CR7 and X2 is S, (iii) Xl is Nand-Xis NR2, (iv) Xl is CR7 and X2 is
0, or (v) Xl is CR7 and X2 is NR2; [00152]R is selected fromC -Cl2 al kyl,
C2-C8 alikemyh alk?lénéﬁ(@—lﬂﬁ@ﬁétero@gﬁ:lﬁg0—(@E—Y¢pz aﬂ&lezleﬁi(@yi@z@ﬁéwﬁ@cl@%z(cz—cm

car bocycl yl), G -Cl12 al kyl ene C20 heterocyclyl)

al kyl edneyerc(@QLyOZe((heCezr@b}ﬂ@ﬂ@i&zf@ﬂr@&@omtﬁ)ﬂﬁey@yhlj<yl);'éfh;1re @tky1 and

al kyl ene -Cl2 carboc

21 k1 enel{eaBIvESs oplp @c%‘ﬁffiﬁﬁed e QeSS grets Bkt S remy
al kyl eng®)oNG @%@F%% (Cl Cl12 al kyl ene) - (C2- C20

het er ocycl yléL Iky%/ -(G-C12 al kylene)-(C6-C20 aryl)-(C -Cl12
al kyd ) ,[00118] - C12 ﬁllk;dlmn@bfr@@ C20 heteroaryl)- (G -Cl2 alkyl), -(G-Cl2
al kyl ene) - C(=0) - (CZ CZO hetero- 1 5 gyclyl), - Cl2 al kyl ene) - NHR2,

-(G -C12 al kyl ene 2 al | ene) - N( C1- C12
al kyl') (C2- C20 het ), o0 (C1-C12
al kyl ene) - (C1- C20 h er aryl), -4 -NH (C1-C12

al kyl ene) - (C1- C20 he ocyclyl), y e)-NH (Cl-C12
al kyl ene) - NHC(=0) - (C1- C20 heteroaryl), -(GC -Cl2 al kyl ene)-(C2-C20
het erocycl y1)-N(G -Cl12 al kyl )R2, -(C1- C12 al kyl ene) - (C2- C20 hetero- 20

cyclyl)-(G -C12 al kyl ) gNeg1- C12 al ky , and -(C1-Cl12 al kyl ene) - N( C2- C20
het er ocycl y1) R2, re Al Ryl , g?& J laH-l kynyl , al kyl ene, carbocyclyl,
het erocycl yl, aryl et eroary ¥ WO 2010/ 136491PCT/ EP2010/ 057244
3% Loots) ;

[00120] where the wavy line indicates the site of attachment;

[00121] cach of which are optionally substituted with one or more groups independently

selected from F, —CHs, —-CH,OCH3;, —CN, and —OH;

10 [00122] R’ is H or C,—Cy; alkyl; and

[00123] mor is a morpholine group.

[00124] In one aspect the present invention provides Formula I compounds where (iii) X'

is N and X* is NR” (purines):

O O
N R\2 N
N \ N X
ST T
I,\l N R3 N N R3
[00125] R?
15 [00126] and stereoisomers, tautomers, or pharmaceutically acceptable salts thereof,
wherein X' is N and X* is NR?;
[00127] R' is selected from C1—C), alkyl, C,—Cs alkenyl, C,—Cs alkynyl, Cs—Cayo aryl,

—(C1—Cy; alkylene)—(C3—Cy; carbocyclyl), |(C,—C;; alkylene)-O—(C,—C,; alkylene)—(Cs—Ci;
heterocyclyl), —(C,—Ci; alkylene)—(C,—Cy heterocyclyl), —(C1—Ci; alkylene)—(C,—Cyo

20  heterocyclyl)—(C,—Cyo heterocyclyl), «(C,—C;, alkylene)—(C,—C,0 heterocyclyl)—(Cs—Ci»
carbocyclyl), —(C;—Ci; alkylene)—(C,—Cyo heterocyclyl)—C(=0)—(C,—Cy heterocyclyl),



optionally substituted with one or nore groups independently selected from
F, d, Br, I, -CH3, CHCH3, -CH2OH, -CH2CH2OH, -CN, -CF3, -CO2H, - COCH3,

- CO2CH3, wWQOOMNH213649CONHCH3, - CON( CH3) 2, - C(CH3) 2CONH2, - RCR/EP20NBID5724NHCH3,
-N(CH3) 2, - NHCOCH3, - NHS(0)2CH3, -N(CHB)C(CHB)ZCO\IHZ,

- N( CH3) CH2CH2S(0) 2CH3, =0, -OH, -0OCH3,-3b5 -S(0)2N(CH3) 2, -SCH3, -CH20CH3,
-S(0) 2CH3, cycl opropyl, and norpholino; [00153]R2 is selected fromC -C12

al kyl alkkrRAY)-(C alok C; 2nd L engetdr C\_C
car bocﬁcléi/ilz)az O%&Z]ng%elter?ewcg C_%lg%le?océ(%l Eb@e‘t 6%0@)2( 1—Ci2

al I(;yl em@yé)%@yc(lmkﬂzme)h&eemw)y(@ Crzl(?ﬂlﬂb‘lﬁiﬁcﬁquiyilémle)l@)(—gﬁl—@@ alr K|) .
:Inkyl- e erm@«@éﬁwa t_é(gzo ﬁ%‘?l&@f‘gréigo)a\'@ zaﬁﬁﬂ%@(@%aﬁ@y Geo )
oPt oY R L TR (TR ERIPS |RaenEghlyARel geled from

COlek m“(@kﬁét&ocym —(ONF2,y, aﬂi}'ﬁ@d% HNACQCHlk W@I’z@dawter@fbl) OcHs,

-S(O)2N(CHS 2, -SCH3, - OCHS, and - S(0) 2CHS; [00154JR3 is selected from
ykSS51 N(Ci—Crz aﬂﬂb(llegﬁ)SNBI’(lgl Ci2BlMybme 58 QGQG?O@YV%IDy Gin€er2i ndi cat es the

one o HaEeSRUIpC T haeHRtbEr Ny e bef s Pty (ChC ftvlepglsfny
e WOC&%% %@%ﬁé’%%’% H@‘H%%)(gﬁ cg*oﬂ'é?e &gg\@é@% ’ CHZC]—I

-CH2 m(amy)pmcl -G aﬁs))aé Hand-QCQ:GDzZlQ@ﬂ'ﬁ}e) me(zcego)lﬁtero@(cgﬂ&)zi:afhere alkyl,
CHGROB)F, - ( CH2CHB) 2,” - COCH3
- CON{ Cratiyenyl, alﬂq&myl althlzne,-cmhepmclyL Netenqucziyl awhemé@@rommwby substi-

N G Lty I SR s i %&%ﬁ%&%@rwﬁf— o) NHCH,
2 g( o;\I gmhw% CHS%% 2 GH25( 0) Wandﬁﬁq 260, ~CORHENE0,CH,
—CONH,;, -CONHCH3;, -CON(CHas), —C(CH3)2CONH2, —NO,, -NH,, -NHCH3, —N(CHs),,
—NHCOCH;, -NHS(0),CH3, -N(CH3)C(CH3),CONH,, —-N(CH3)CH,CH,S(0),CHs;, =0, —-OH,
15 —OCH;, —S(0),N(CHs),, —-SCH3, -CH,OCH3, —S(0),CH3, cyclopropyl, morpholino, and 1,1-
dioxo-thiopyran-4-yl;
[00128] R” and R? are independently selected from C,—Cy; alkyl, C,—Cs alkenyl, C,—Cs
alkynyl, —(C;—C;; alkylene)—(Cs—C;;, carbocyclyl), (C,—Ci; alkylene)—(C,—Cy heterocyclyl),
—(C1—Cy; alkylene)—C(=0)—(C,—Cy heterocyclyl), —(C1—C,; alkylene)—(Ce—Cyo aryl), and
20 —(C;—Cy; alkylene)—(C;—Cy heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl,
heterocyclyl, aryl, and heteroaryl are optionally substituted with one or more groups
independently selected from F, Cl, Br, I, -CHs, -CH,OH, —CN, —CF;, —CO,H, —-COCH3,
—CO,CH;, -CONH,, -CONHCH3, -CON(CHs),, -NO,, —-NH,, -NHCH;, -NHCOCH3,
—NHS(0),CH3, —OH, —OCH3, —S(0),N(CH3),, —-SCH3, -CH,OCH3, and —S(0),CH3; and
25 [00129] R’ is selected from:

£ AL AL
s il és\&m



WD 2010/ 136491PCT/ EP2010/ 057244 -37- [00157]R7 is selected fromH, G -Cl2
al kyl, C2-C8 al kenyl, C2-C8 al kynyl, -(Cl-Cl2 al kyl ene)-(C3-Cl12

car bocyclwb)2010/136i91C12 al kyl ene) - (C2- C20 het erocycl y1), PCTEP2@GLAS57244

al kyl ene) - C(=0) - (C2- C20 heterocyclyl), -(Cl-Cl2 al kyl ene)-(C6-C20 aryl),
and - (Cl-Cl12 al kylene)-(C -C20 heteroaB3l), where al kyl, al kenyl, al kynyl,
al kyl ene, carbocyclyl, hetero- 5 cyclyl, aryl, and heteroaryl are

opt i ongdén30$ubst iwwemewddy lﬁiéendléatéﬂ)ﬂhe stE @ﬂazt‘achﬂnéﬁpendent I y sel ected from

F, d, Br, I, - CONHz,
CONHCH300 L3 b CHse)th of N N@@h arwmlonamlﬁtlturqdﬂw oL Tp mmlsdepc@@nﬂyoms

S0 2N oy Ry B - IVARR, (OFLGFL e ey o
H H p pHK; =CN, —CF;, -CH,0H, -CH,0CH;, -CH,CH,0H, —CH,C(CH3),0H, ~CH(CH3)OH,

5 —CH(CH,CH3)OH, —CH,CH(OH)CH3, —C(CH3),OH, —C(CH3),OCH3, -CH(CH3)F, —C(CH3)F>,
—CH(CH,CHx»)F, —C(CH,CHs),F, -CO,H, -CONH,, —CON(CH,CH3y,, -COCH3, -CON(CHx),,
—NO,, —-NH,, -NHCH3, —-N(CHzs),, -NHCH,CH3, -NHCH(CH3),, -NHCH,CH,OH,
—NHCH,CH,OCH3, -NHCOCH;, -NHCOCH,CH3, -NHCOCH,OH, —NHS(0),CH3,
—N(CH3)S(0),CHs, =0, —-OH, —OCH3, -OCH,CH3, —OCH(CH3),, -SH, -NHC(=O)NHCH3,

10 -NHC(=O)NHCH,CH3, —S(O)CH3;, —S(O)CH,CH3, —S(0),CH3, —S(0O);NH,, —S(0),NHCH3,
—S(0),N(CHzs),, —-CH,S(0),CHs.

[00132] In another aspect the present invention provides a compound of formula Ia and
stereoisomers, tautomers, or pharmaceutically acceptable salts thereof, wherein X' is N and X? is
NR’,

15 [00133] R' is selected from C1—C), alkyl, C,—Cs alkenyl, C,—Cs alkynyl, Cs—Cayo aryl,
—(C1—Cy; alkylene)—(C3—Cy; carbocyclyl), |(C,—C;; alkylene)-O—(C,—C,; alkylene)—(Cs—Ci;
heterocyclyl), —(C,—Ci; alkylene)—(C,—Cy heterocyclyl), —(C1—Ci; alkylene)—(C,—Cyo
heterocyclyl)—(C,—C,0 heterocyclyl), —(C1—Ci; alkylene)—(C,—Cy heterocyclyl)—(Cs—Ci,
carbocyclyl), —(C;—Ci; alkylene)—(C,—Cyo heterocyclyl)—C(=0)—(C,—Cy heterocyclyl),

20 —(C—Cy; alkylene)—(C;—Cyo heteroaryl), —(C1—C;; alkylene)—(C,—Cyo heterocyclyl)—(C,—Cy2
alkyl), —(C,—Ci; alkylene)—(Cs—Cy aryl)—(C;—C;; alkyl), —(C,—C;; alkylene)—(C;—Cy hetero-
aryl)—(C,—C;; alkyl), —(C,—C; alkylene)—C(=0)—(C,—Cy heterocyclyl), «(C;—Ci»
alkylene)-NHR?*, (C,—C; alkylene)-N(C;—C1; alky)R*, —(C,—C}; alkylene)-N(C,—Ci,
alkyl)(C,—Cy heterocyclyl), —(C—C,; alkylene)-NH—(C;—C,; alkylene)—(C,—Cy heteroaryl),

25 —(C—Cy; alkylene)-NH—(C,—C;; alkylene)—(C;—Cy heterocyclyl), —(C1—Ci2
alkylene)-NH—(C,—C,; alkylene)-NHC(=0)—(C,—Cy heteroaryl), —(C,—Ci; alkylene)—(C,—Cyo
heterocyclyl)-N(C,—Cy; alky)R?, <(C;—C); alkylene)—(C,—Cyo heterocyclyl)—(C1—Ci,
alkyl)-N(C,—C; alky)R*, and —(C;—C ), alkylene)—-N(C,—Cyo heterocyclyl)R*, where alkyl,
alkenyl, alkynyl, alkylene, carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally sub-

30 stituted with one or more groups independently selected from F, Cl, Br, I, -CH3, -CH,CH3,
—C(CH3)3, -CH,OH, —CH,CH,0H, —C(CH3),0H, C(CH3),0CH3, —CN, —CF;, -CO;H,
—COCH;, —CO,CH3, —CONH,, -CONHCH3, CON(CH3),, -C(CH3),CONH;, -NO,, —NH,,



00, j /-NiNHNCil O [00159]where the wavy line indicates the site of

attachnment to the Fornmula | structure. [00160] Exenpl ary enbodi nents of R

al so i nclwoeotmegnoups: /-/- [----N,---N---N)----/) OCHEHD 1BI6E7244 HO
HO

- HO),------ N . ----.
-33-

—NHCH3, -N(CH3),, -NHCOCH3, -NHS(0),CH3, -N(CH3)C(CH3),CONHjy,
—N(CH;)CH,CH,S(0),CH3, =0, —OH, —OCHj3, —S(0),N(CHzs),, —-SCH3, -CH,OCH3,
—S(0),CH3s, cyclopropyl, morpholino, and 1,1-dioxo-thiopyran-4-yl;
[00134] R” and R? are independently selected from C,—Cy; alkyl, C,—Cs alkenyl, C,—Cs

5 alkynyl, -(C1—Cy; alkylene)—(Cs—C;; carbocyclyl), —(C1—Ci; alkylene)—(C,—Cy heterocyclyl),
—(C1—Cy; alkylene)—C(=0)—(C,—Cy heterocyclyl), —(C1—C,; alkylene)—(Ce—Cyo aryl), and
—(C,—Cy; alkylene)—(C;—Cy heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl,
heterocyclyl, aryl, and heteroaryl are optionally substituted with one or more groups
independently selected from F, Cl, Br, I, -CHs, -CH,OH, —CN, —CF;, —-CO,H, —-COCH3,

10 —-CO,CHs, -CONH,, -CONHCHj3, -CON(CHzs),, —NO,, -NH,, -NHCH3, -NHCOCHj,

—NHS(0),CHs, —OH, —OCH3, —S(0),N(CH3),, —-SCH3, —CH,OCH3, and —S(0),CHj3;
[00135] R’ is selected from:

£ AL AL
T ;\(S\NH

[00136] where the wavy line indicates the site of attachment;

15 100137] cach of which are optionally substituted with one or more groups independently
selected from F, Cl, Br, I, -CH3s, —-CH,CH3, -CH,CH,CH3, -CH(CH3),, —C(CH3);, -CH,OCHs,
—CHF,, -CN, —CFs, -CH,0OH, —CH,0CH3, -CH,CH,0H, -CH,C(CH3),OH, —CH(CH3)OH,
—CH(CH,CH3)OH, -CH,CH(OH)CH3, —C(CH3),OH, —C(CH3),OCH3, —-CH(CH3)F, —C(CH3)F,,
—CH(CH,CHx3)F, —C(CH,CHzs),F, -CO,H, -CONH,, -CON(CH,CH3y,, -COCH3, -CON(CHz),,

20 —NO,, -NH,, -NHCH3, —N(CH3),, -NHCH,CH3, -NHCH(CH3),, -NHCH,CH,OH,
—NHCH,CH,OCH3, -NHCOCH3, -NHCOCH,CH3, -NHCOCH,OH, —NHS(0),CH3,
—N(CHz3)S(0),CHs, =0, —-OH, —OCH3, -OCH,CH3, —OCH(CH3),, -SH, -NHC(=O)NHCH3,
—NHC(=0)NHCH,CH3, —S(O)CH3, —S(O)CH,CH3, —S(0),CH3s, —=S(0),NH,, —S(0O),NHCHj3,
—S(0):N(CHzs),, -CH,S(0),CHj3; and

25 [00138] mor is a morpholine group.

[00139] In still another aspect the present invention provides a compound of formula Ia



-41- HQ r-/--- cNcN) 01i(NN)1 pi HOO1\1 Ac3 HO Hr--i---- pipi N HOf-3Ff 3
N-N-NN Q(---S 0CCICC1 Ff-131 >N 0 H2ZN WD 2010/ 136491PCT/ EP2010/ 057244
-42-  1- -wW0'2010/136440 \ PCT/EP2010/057244

-34.

and stercoisomers, tautomers, or pharmaceutically acceptable salts thereof, wherein X' is N and
X?is NR?,
[00140] R' is selected from —(C,—C;; alkylene)—(C,—Cao heterocyclyl), <(C1—Cia
alkylene)—(C,—Cy heterocyclyl)—(C,—Cyo heterocyclyl), where heterocyclyl is optionally sub-

5  stituted with one or more groups independently selected from F, —C(CH3),OH, —C(CH3),OCH3,
—N(CHs),, and =0;
[00141] R?is C1—C1, alkyl, which is optionally substituted with one or more —OH;
[00142] R’ is selected from:

£ AL AL
s il és\&m

10 [00144] where the wavy line indicates the site of attachment;
[00145] cach of which are optionally substituted with one or more groups independently
selected from F, —CHs, —CH,OCH3;, and —CN; and
[00146] mor is a morpholine group.
[00147] Exemplary Formula I compounds include furanopyrimidines where (iv) X' is CR’

15 and X*is O:
- ] )

R1/ ON
OlN ‘Sr)\

[00148] Exemplary Formula I compounds include pyrrolopyrimidines where (v) X' is CR’
and X* is NR*:



ry------ NN ? HO13 HO 2 0 2 HO [00161]where the wavy line indicates
the attachnment to the Fornmula | structure. [00162]1n one enbodi nent the

i nvent i orwprow/ge®1conpounds of fornmula la or | b wherei RCREP2&EI05812¢€t ed
from Cl-Cl2 al kyl, C2-C8 al kenyl, C2-C8 al kynyl, C6-C20 aryl, -(G-Cu 5
al kyl ene) - (C3-C12 carbocyclyl), -(C -C3i% al kyl ene)-0-(C1-Cl12

al kyl ene) - (C3-C12 heterocyclyl), -(Cl-Cl2 al kyl ene)-(C2-C20 heterocyclyl),
-(Cl-C12 al kyl ene) - (C%)CZO het er ocycl y1) -©0C2- C20 het erocyclyl), -(C -Cl2
al kyl ene) - (C2- C20 heter yclyl) (CB Cl2[ carbocyclyl), -(C-C12

al kyl ene) - (C2- C20 hgtero ycI y1l)-C(=0)-( ;0 heterocyclyl), (G -Cl2

al kyl ene) - (Cl1- C20 he aryl), -(C Regl2 aNkyl ene)-(C2-C20

heterocyclyl) (5 ClZ 0 alkyl), -(CtL-C12]al kyl ene)-(C6-C20 aryl)-(Cl-C12
ML) -(CG-C12 alkyl), -(G-Cl12

(G {C12 al kyl en€) - NHRT, -(C1-C12
al kyl ene) - N( C1- C -(G - -N(C1-C12 al kyI ) (C2- C20

het er ocycl yl ), g i al Rﬁl ene) - N ( Cl1- kyl ene) - (Cl- C20 heteroaryl),
(G -C12 al kyl egﬁ NH (G -C12 al kyl é%e) (G - CZO het erocyclyl), -(GC-Cl2 15
al kyl ene) - NH- ( C 2 al kyl ene) - NHC(=0) - (C1- C20 heteroaryl), -(Cl-C12
al kyl ene)t+40F2- C2Foaataneeupbidds-iNltde &ekdpainly sddeed frot Porfdls Ia’ and Ib’:
al kyl ene) - (C2- C20 heterocyclyl)-(GC -Cl2 al kyl)-N(C -C12 al kyl)R2", and
-(Cl-C12 al kyl ene) - <C20 heter ocyclyz _ Where al kyl, al kenyl

cly

al kynyl , al kyl ene, ¢arbdcyclyl, heteroc I, aryl, and heteroaryl are
optionally substituted i th one or nore ps i ndependently sel ected from
F, d, Br, I, -CH3, -8HecH3, 20 -c(cH3) 3, N cHoOH, - CH2CH2OH, - C( CHB) 20H,
-CN, -CF3, -CO2H,t , - CORCH3, H2 .. - CONHCH3, - CON(CH3) 2,

C(CH3) ZCO\I:-:%I' - | -N - NH N WO
2010/ 136491PCT/ éo 0/ 057244 - 43F , J NHS( 0) 2CH3,
-N(CH3) C(CH3) 2 , NN( )CHZCHZS(O§ =OR3-0OH, OCH3, -S(0)2N(CH3)?2,
-SCH3, -CH2OCH3, - S( 0) 2CH3, cycl opropyl, morpholino, and 1,1-

di oxo-t hi opyr an- 4- Yd wherein R2' is CG-:CG12 al kyl, C2-C8 al kenyl, C2-C8
al kynyl, -(Cl1-C12 kyI ene) - (C3-Cl2 car Hbcycl yl), -(Cl-C12

al kyl er‘r&dl-sq)FZ ngng'gtteﬁero%g}ﬁ%@/ EOmetglglso(r};e?s tautomers, or pharmaceutically acceptable

5 salts thereof,

[00151] wherein (i) X' is N and X* is S, (ii) X' is CR and X* is S, (iii) X' is N and X” is
NR?, (iv) X' is CR” and X* is O, or (v) X' is CR’ and X* is NR?;
[00152] Rl is selected from Cl—C12 alkyl, Cz—Cg alkenyl, Cz—Cg alkynyl, C6—C20 aryl,

—(C1—Cy; alkylene)—(Cs—Cy, carbocyclyl), (C,—C;; alkylene)—(C,—Cy heterocyclyl), —(C1—Cy2

10  alkylene)—(C,—Cy heterocyclyl)—(C,—Cyo heterocyclyl), —(C1—Cy; alkylene)—(C,—Cyo
heterocyclyl)—(Cs—C;, carbocyclyl), —(C1—Cy; alkylene)—(C,—Cy heterocyclyl)-C(=0)—(Cr—Cyo
heterocyclyl), —(C1—Cy; alkylene)—(C;—Cy heteroaryl), —-(C;—C;; alkylene)—(C,—Cyo
heterocyclyl)—(C;—C;; alkyl), «(C,—C;; alkylene)—(Cs—Cyo aryl)—(C,—Cy; alkyl), —(C1—Cy2
alkylene)—(C;—Cy heteroaryl)—(C,—C;; alkyl), (C,—C;; alkylene)-C(=0)—(C,—C, hetero-

15 cyclyl), (C1—Cy; alkylene)-NHR?, —(C,—C}; alkylene)-N(C;—-C); alkyD)R%, —(C,—C1,
alkylene)—N(C;—C,; alkyl)(C,—Cy heterocyclyl), —(C1—Cy; alkylene)-NH—(C,—C,;
alkylene)—(C;—Cyg heteroaryl), —(C1—C,; alkylene)-NH—(C;—Ci; alkylene)—(C1—Cy hetero-
cyclyl), —(C1—Cy; alkylene)-NH—(C,—C;; alkylene)-NHC(=0)—(C,—Cy heteroaryl), —(C1—Ci2
alkylene)—(C,—Cao heterocyclyl)-N(C,—C; alkyl)R%, —(C,—C}; alkylene)—(C,—Ca hetero-

20  cyclyl)—(C1—Ci; alkyl)-N(C;—C15 alkyDR?, and —(C,1—C ), alkylene)-N(Cy—Cyo heterocycly)R?,
where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl, heterocyclyl, aryl, and heteroaryl are



5 al kyl ene) - C(=0) - (C2-C20 heterocyclyl), -(Cl-Cl2 al kyl ene)-(C6-C20 aryl),
and -(Cl-Cl12 al kyl ene)-(C1l-C20 heteroaryl), where al kyl, al kenyl, alkynyl,
al kyl ene,woantyacsysltyl , heterocyclyl, aryl, and heter oar pCTaPeo10fps1200al | y
substituted with one or nore groups indepen- dently selected fromF, O,
Br, I, -CH3, -CH2OH, -CN, -CF3, -CO2H,-36-COCH3, - COR2CH3, CONH2,

- CONHCH3, -CON(CH3)2, -NO2, -NH2, -NHCH3, -NHCOCH3, -NHS(0)2CH3, 10 -OH,

- OCH3, opB6MIBNLEHRNRA Wi or niIHR ERHiRs indBpkrd i) Rfdeod FAAEO8).IRY, Rnatther

errbodl ment the invention provides conpounds of fornula la or |b wherein | e
- ( G~(ELLHa) k§HePH) - CHQCHJQ(@Hhe(ENr oClc HrOHor-COCEL, EE@z@HIs@yICé}IﬁHQ(CZ C20

et e XA L R A e DN s T Bramt W &%@% > KRB
trom o1 r°““%§ﬁe§‘( e S i e e P

al kyd en@)(eiszﬁl)z ST Y EH,PIOH;, —S(@)zmg cg‘ﬂkgﬂ Ppphn&nb@imﬁﬁa
al kyl ene) - (C3- C12 heteroc cIyI - -Cl2 al ena{ 0-(C1-C12

ﬁl kyl ed LISQI =0) - RC3s Sletevkr | y@lzwﬂiyl C:(ﬁsa@myh feﬁé YL.CACC2012
hgt or od CI%}/I% (C3z(gz Cé’écgﬂlﬁ% Zﬂ&cl% %y%%%é% ze)gégﬁoﬁ‘%ly‘é’%-cm 020

b =t - 0
et er oeytgnty CC P ORI FaR A (G B MRUFLDSIC [ afp (676
al kyl emﬂ&ﬁd@(@?&ﬁﬁb&f&@ﬁ;lm)e 4L Qkeny] Mitynyl, aﬂ{ﬂkne%&b@é;&l@llet&eém( Co6- C20
aryl)-(CG -C12 al kyl), -C12 al kyI ene) Cl- C20 heteroaryl)-(G -C12

al ki) cycl(ykaarmazldd“lewwwleare tiqnally spbsopgedwith oge P& mprg groupsandepepdently

| kyl N 1= I Cl Ky,
Al Ky 32%%@ Rpmb S, PE]I )%%?aé%zcﬁg’?ecﬁo’f:% ?0% Yoofh, -codicnSteonn,,
al kyl en@om:rb 1-@OR( el I%%M@@idlﬁtelwmdm N}Q({ﬁz’@l{ _OH,
al kyl ene) - NI—I-(Cl Cl12 aI yl ene) - (C1- C20 heterocycIyI) -

al kyl en€)GHH-5@)81CHgb, IqﬂCﬁifbe}CNIzQC#E)andCS(@BGPhet er oar yI ), (O Cl12

al kyl ene) - - C20,;het 1)-N(G -C12 al kyl)R2", -(Cl-Cl12

al kyl eﬁ@lﬁ%g %H%% ?%?f%/l‘g‘?‘%]/‘l) (Ci-C12 al kyl)-N Cl-Ci2 al kyl)R2', and 30
-(Cl-C12 al kylLene) - N( C2- C28 heterocy 1) R2', where al kyl, al kenyl

al kynyl ,s al k e, rbo et g cI yl, aryl, and het eroaryl are

opt| ona SISS > i tu one - e~ groups i ndependent |y selected from

,/ - CH3, 0 2 CI—IZO—I - CH2CH2OH, WO
2010/ 13649 / EP2010/ 057244 44 )20H, -CN, -CF3, -CO2H, -COCH3,

- CRCH3, - CONH2, - CONHCHS, CO\I(CHB)Z C(CHB)ZCO\IHZ, -NC2, -NH2, - NHCH3,
-N(CH3) 2, - NHCOCHS, NHS(O)ZCHS - N( CH3) C( CH3) 2CONH2,

N(CH3)CHZCI—EIB Q 2CH3, -OCH3, -S(0)2N(CH3)2, SCH, -CH2OCHS3,
S(0)2 I ropy '&HI ino, and 1, 1-di oxo-thiopyran-4-yl; 5
Wherel Cl C1 C2-C8 al kenyl, C2-C8 al kynyl, -(Cl-C12
aI k § ene) - ( €12 car boc A1), -(Cl-Cl2 al kyl ene) - (C2- C20 heterocyclyl),
Cl2 al kyl ene) C2 C20 het erocyclyl), -(Cl-Cl2 al kyl ene)-(C6-C20

aryl) [80155¢ Cl theaw I&;ﬁlvea:ve')lu(e@]ldlcm@s IhetSé¢ oﬁmﬂlcylmen‘vhere al kyl, al kenyl

| k I I b d het

oot ondpa ety o e bR R R o S i %%%fﬁﬁﬂf&&ﬁ?lﬂffl"%péme&ﬁyf ‘ om
Fd, ) 3 2 2 |,_|2
O b S B o M e e oy P o Cege ™

- OCH3, {9&(10) QISINCI-BFZ —CGHEOH|, ~(CHROTH3; CH@GHzGHO}QHzB(C}ﬂi)ﬂ]I%}GH((&M)OHer
enmbodi nrent the inventi on’ﬁrow des co ormula la or | b wherein le

s 2kl cHUETREBMOCICEE @faﬁf&mg@@@q@(@ﬁm%r%@a GRS,

Eg: g:gﬁ(ﬁ%ﬂéﬁo ]i%llglfgfaﬁ ene(?ﬁ?)cg%cglglhet er f% lCS?E%) é@(&%%z

al kyl engyo CRHGZONRETR! oQyCH 1 ) NH@ZH A9, halrRTI9@d: WP]ZVLNHGIQZ@H@H
al kyl ene) - (C2- C20 heterocyclyl) (G - C12 “al kyl) ere al kyl and

het er OCMQHz(é{ﬂﬁ)@ﬂi |M®(}Hsuki§HCQﬁfb@Pw fNH@rﬁ&Id:rOHDfl‘éHﬁf(b)a@Hs
|ndependentl}/s(6 ecte f

MW Y5 @9,cH.. 6, LO”™0CH,, —~0CH,CH;, ~OCH(CH),, -SH, -NHC(=0)NHCH:,
25 —NHC(=0)NHCH,CH;, —S(0)CHs, —S(0)CH,CHs, —S(0),CHs, —S(0),NH,, —S(0),NHCH,

—S(0):N(CH3),, ~CH>S(0),CHs; and



CONH2, -N(CH3)2, and =0. 20 [00166] I n anot her enbodi nent the invention

provi des conpounds of fornula la or Ib wherein le is selected from Cl-Cl12

al kyl, CwQ2onlisetsyl , C2-C8 al kynyl, C6-C20 aryl, -(Cl- €L2/EP2010/057244

al kyl ene) - (C3-C12 carbocyclyl), -(Cl-Cl12 al kyl ene)-0-(C1-C12

al kyl ene) - (C3-C12 heterocyclyl), -(Cl1-812 al kyl ene)-(C2-C20 heterocyclyl),
- (C1-C12 al kyl ene) - (C2- C20 heterocycl yl)-(C2-C20 heterocyclyl), -(C-Cl2

al kyl engdtsGf2- C2Rhigkaeasy abinl - € C8 LdiRyIC ar-hocaikdngl,)G,—23 atkffyl; GE8—C),

al kyl ene) - (C2- C20 heterocyclyl)-C(=0) - (C2- C20 het erocyclyl -(G-C12

al kyl enéylqn€t-(C26C hetbpomiyl), )—(Cﬁ(ﬁiakEyEna)%Qi&e)l@t(émy@Qm (C1 —Cr

A ky ) (e} G0N (g Endickeetdly Eéfgfi‘b YOG Cxmrahig (O ez
21 k1 endy B e AR R R Bhed e%eﬁ%%%ﬁi’)%?%?%% BRI 2 a0

het e¥ owycllyy lajyl, andEktctdatyledri yheora)ly Nibstifite Civhank vt aoe) groGhs ﬁaébelnééxeryoar yl),

(G-C12 aIk Iene NH-(CI Cl2 al kyl ene)- (G -C20 heteroc cIyI()) G -Cl2
al kyl enelg c§“12B5|IkyC€me7 W ngN @E3C2@Ohlé{e¢9§igy,l € z-Qféa,- EPNH,,

| kyl 10/
ﬁetérﬁé‘?q %%F%&Oﬁ%ﬁ% NG RN GG R Kty -0,
hetero&ﬁdH;Ls %N?éﬁg)étlisdﬁg, btﬁzo@i% a8k K8(0fH,. and - (Cl-Cl12
al kyl ene) - N( C2- C20 het’er ocycl where a kyI al kenyl , al kynyl,

al kyl ed®)158hr boc yxeyp arhembodmyemswfk amghiide tangrdwts eroaryl are optionally
substituted with one or m)re groups i ndependently selected fromF, Cd, Br,

I, -CH3, -CH2CH35 5 -(( CHZCHZC]—I C(CHs) 20MH~ £( CH3) 20CH3,
-CN, -CF3, -Co2H, CO\IH2 - CH3j 2,

- C( CH3) 2CONH2, - - NH25 cg%é_ NHCOCHS -N (0) 20HS,

- N( CH3) C( CH3}, -N( 28(0)2 -S(0)2N(CH3)2,
-SCH3, -CH2 S(0) 2CH3, cycI opyl , rphol i rms and

- di oxo-t hi opyrcan 4-y1; wherein s Cl 2 al kyl ,/71® C2- 08 al kenyl, C2-C8
al kynyl, -(G -C12 al kyl ene) - (C3- 12 car bocyclyl), -(G-.Cl12

al kyl ene) (C2-C20 h/et—e ocyclylp~¢- (G - C kyl ene) & %O) -(C2-e2

het er ocycl yl ), al Nane -( yl), d -pCl-

al kyl ene) - (G - ter oar wher yI al kényl » al kynygl, yal kyl ene,

car bocycl yl, hetN cyclyl, and eroaryl option substituted

with one or gr oups /N ependem‘,_l,\y S mm F, Br, I, -CH3,
- CH2OH, CN 15- - COCHS3, \COZCHS C':&ICHS - CON( CH3) 2,
-NO2, -NH2, - -NHS(0) 2CH3, - OH, OCHB -S(0) 2N(CH3) 2,

_SOHB, - CHROOHB, and S(%)ZCHS [ 00167] I n anot her enbodi ment the invention
provi des conpounds of fornula la or Ib wherein le is selected from-(Cl-Cl12
al kyl ene) - (C2- C20 heterocyclyl), -(Cl-C12 20 al kyl ene) - (C2-C20

het er ocycl y1) - (C2- C20 heterocyclyl), where heterocyclyl is optionally



substituted with one or nore groups independently selected fromfF,

-C(CH3) 20H, C(CH3)20CH3, -N(CH3)2, and -0. [00168] 1 n one enbodi nent the

i nvent i orwprow/e®1conpounds of formula la or | b wherei RCREPR&10CIFEL2

al kyl, which is optionally substituted with one or nore -CH 25 [00169]In
one enbodi ment the invention provides -3®&nmpounds of formula la or | b wherein
R3 is 1Hindol-3-yl. [00170]In another enbodi nent the invention provides
conpounds of formula_.la or Ib wherein R3 iss selecte@d from
2010/136491PCT/E9261 / 057244 746+ [0017IT§[0017 re thifﬁﬁ li ne

nt; gﬁj}S]eac mhlch optionally
roups ependent |y sel ec\ed/fromF, -CH3,

- CH2OCH3, - CN, and - 174] I'n another __§ odi nent fhe invention

provi des co unds of rmula la or Ib whereig R3 is sgl\ected from [00175]

[00176] where the wavy |ine indicates the site of attachnent; [00177]each of
which are optionally substituted with onesor nore gr@ups indepengently 10

i ndi cates the atta
substituted w ne or

sel ected fromF, Y o enbodi wENP t he

i nvention prowides Conpoyh erein_%%’T Hor G -Cl12
al kyl . [0017 é one enb ' ' [ go I des conpoupids of fornul a
la or |Ib mher i i ich is unsubstiTuted or

substi t ut ed mnth one

2 HN

[00159] where the wavy line indicates the site of attachment to the Formula I structure.

[00160] Exemplary embodiments of R' also include the groups:



15 [00180] I n one enbodi nent the present invention provides a conmpound of
formula la or | b wherein R2 is Cl1-Cl12 alkyl optionally substituted with one
or nore gwoupwy/isndependently selected fromF, C, Br, | PCTEH3N10ASH2OH, - CN,
-CF3, -CO2H, -COCH3, -CO2CH3, -CONH2, CONHCH3, -CON(CH3)2, -NO2, -NH2,

- NHCH3, -NHCOCH3, -NHS(0)2CH3, -OH, -39- OCH3, -S(0)2N(CH3)2, -SCH3,
-CH2OCH3, and -S(0)2CH3. In another enbodi nent the 20 present invention
provi des a conpound of formula la or Ib mherel R2 is CH3 WO

2010/ 136491PCT/ EP20¢O’/§)57244 -47—4 00181] | rM_pn enbodi nmen he pr e;.eiét

i nvention proviZﬁSNﬁ conpoun formul a/la or | b wherei is

[00182] I n one eRbodi nent thé\ present inv i on prOV|d 5N conpﬂ?iﬂ

formula la or | gfNBherein R7 Nl C1-C12 y optlona substitlted with one

or nore groups ndependenﬂl 5 selected qr1F d, I, -cH3P CHZOH
-CN, -CF3, -CO2HFs COCH3, - CCNHCHS CCN(C}B)Z - NC2,
CNH2, - NHCH3, - NHOOCHS, - NHY(D) 20H3, - \/bCH:-: - S(0) 2N( CH3) 2, - SCH3,

-CH2OCH3, and -S(0)2CH3. [00183]In one embodi ment t he present invention

-di - net hyl pi peri dins4-am
di n- 6-m’§\g§\gmy| )-N, N-d
i - 15 met hyl pi peridin-4-a

provi des a compound of fornmula lLLa or |b sel ected fro g
N mi di n- 6- yl)%ﬁ_%yl) N, N
1- ((2- (i ndol i n/TNM) - 4- mof phal i not hi e o[§*2 d] pyri

met hyl pi peri - 4-am ne; N\

4-(1-((2-(1Hindol-3-y1)-9- nethy1-6 nDrphoI no- 9H¢n%|n 8-yl ) nmet hyl ) pi perid
i n-4- yI)nDrpholln

101- ((2- (1Hi ndol- 3-y1)- 4rmr/phéllnoth|e\rf_ 2-d]

',\pnn 6y|)(¢e_tﬁ£/|)-N,Nd|
1-((2- (1HindoPH-y1) -4 o||nothuowa3[32d]py'
N, N-di met hy1- 1- (2 2- neth -lkklndo Nyl) 4- Nﬂhollnot

—
o[ 3, 2-d] pyrim
H

din-6- yl)ne yI pi peri anlne
20(S)-2-(4-( |nd01 ) 7- met N4 (3- NyInDrphoI )t hi enof[ 3, 2-d]
pyri m di n- 6- yT nethyl) a2|n 1- y - -neth popanam dg;

VY\

.

T
@)




2- (149- (2- hydroxyet hyl )-2-(1Hindol- 3-y1) - 6- nor phol i no- 9H puri n- 8-yl ) net hyl
)- piperidin-4-yl)propan-2-ol;

4- (2- (1H-wWodol/36491) - 9- et hy1l- 8- 44- (t et rahydr o- 2H 1, 1- diPeX@EPRéIOOPRZEAN- 4- Y1)
pi perazin- 25 1-yl)methyl)-9H purin-6-yl) norpholine;

1- (149- et hyl-2- (5-fluoro-1Hindol- 1- y3#0-6- nor phol i no- 9H puri n-8-y1) net hyl ) p
i peridind-yl)pyrrolidin-2-one;

1-((2-(1Hindol-3-y1g-9- methyl-gi-m)rphollno 9H purin- 8- yl)matmg) N, N- di et
hyl pi peri di n-4-a §

304- (2- (1Hi ndptN -yl)-9

hyl 8- 44- ydr o- 2H pyr ah- 4-y1) pi per azi n- 1-
phol i ne; N

N, N- di nmet hy10 _1H i ndomN3: < 4- nor p i not hi eno[ 3, 2-d] pyrim
di n-6- yl) hyl ) pi peri di n/4-am ne; WO 2010/ 136491PgFERP2010/ 057244 - 48-
1-42-(5-fluoro-1Hindol- 3- yl)Cﬁ*nDrphollnothleno[S D d] pyri mdin-6-yl)nethy
| ) - N, Ndi et hyl pi peri di n-4-am ne;

2-(4-((2- (1FF|nd91;§-y1) 4- hollnothlen%[s 2-d] pyrim |é 6-yl ) met hyppi pe
razi n-1- y1)-2-met hyl propagam-de; N

52-(1-((2- (1K indol-3-yY)-9 nmethyl-6 rphollno 9H- pur
din-4- yl)pro ; {
9-((2-(1Hin -y1) - 4-gomphol i not hi 0[3 2- d]pyrlnldln 6-yl) net hyl ) - 1-oxa
-4,9- di azaspi‘rd[ 5. 5] unde®an- 3- one;
4-(5-(1Hindol-3-y1)-2-((3- nDrphollnéhzeﬁldln 1- yl)netHyI)thlazoIo[S 4-d] py
rimdin-7- 10 yl)norpholi ne;

1-((2-(7-fluoro-1Hin 13yr2__ m)rpholln%thleno[s ng]pyrlm in-6-yl)meth
yI) N, Ndi net hyl pi pgrTd n- 4- eg

1-42-(5-fluoro-2=tet hyl-1 dol-1-y nDrph ot hi en d]pyrlnldln 6
-yl)- nethyl)- |nethyr§_;%r|d|n- = <§£§

H i ndol yl)-4-nmofp oI|noth o[ 3, 2¢ rimdin-6-yl)net
plpeﬂ?fﬁg -amn

151-42- (5-fl uorp=
hyl )-N, N di %I

2-(2-(2-(1Hind® 3-y1) -4 -nDrphollnghleno[S ]pyr|n1d|n 6-yl ) propan- 2-yl
oxy)-1- (pyrrolldln | -yl ) &t hanone;

(3S,4R)-1-((2-(1H i ndol-3-yl)-9- nethyl-%—norphollno 9H—pur|n-§-yl)nethyl) 3

n- 8-yl ) met hyl ) pi peri

-fluoro- 20 N, N-di hyl pi pe r din-4 A28
(3R, 49)-1-((2-(1H i ndo aqyl) 9- ;?Lhyl- -nvrgﬁf>lno 9H N'n'

-quoroN,Nw%;zﬂT7lpip n-4-a
0]
NH, 5

QQ%QQS

N N - N
0 < —N
N Wd OH \

-yl)methyl)-3



2-(1-((2-(6-fluoro-1Hindol-3-yl)-9-nethyl-6-norpholino-9H purin-8-yl)nethy
| )- piperidin-4-yl)propan-2-ol;

254- ( 2- ( WoiznthBeBd1y 1) - 6- (2- (2- (pyrrolidin-1-yl) et hoxy) pcoEeae1@Oymis hi eno[ 3
, 2-d] - pyrimdin-4-yl)norpholine;

2- (442-(2- (et hoxynet hyl ) - 1H i ndol - 3- y4)~ 4- nor phol i not hi eno[ 3, 2-d] pyri m di n
-6- yl)nethyl)pi perazin-1-y1)-2-net hyl propanam de;

2-(142- (2- (et hoxynet hyl ) - 1H i ndob- 1-y1) - 9- pret hyl - 6- mopphol i no- 9H€pur|n 8-
30 yl)methyl) pi peri gi-ng4-yl ) pr6pas- 2- o|;,——§E 5

2- (149- met hy1- 2- g2Nnet hy1- 1A adol- 1- y4)- 6- nor ph mo IHRaYfi Dy 8-yl ) net hyl )
- piperidin-4-yX)prppan- LJ§[)201 [ 13p6491PCT/EP2Q10/ 057244 /4 49-
i -y1l)-4-np ol i not hi 3,2-d] pyrimdin-6-yl)ne

hyl prie@anam de;
4-(2-(1Hindol-3%yl)-8-44-(2-met hoxypr opan- Byl )
t hyl - 9Hpur i n- 6-yl ) nor phol i ne;

54-(8-((4-(2-nethox§pf’_an-2-y|)p" ridin- },yg)nethyL}SQ nmet hyl - 2- ( 2- et hyl

i peridin“1l-yl)nmethyl)-9-ne

-1Hindol- 1-y1)- urin-6-yl rphollne

1-(6-((4-(dimethy a no)piper‘!‘? ylkﬁg yl)- 4<i;?phollnoth|eno[3 2-d] pyr
imdin-2- yl)- 1H— ndol-5 -ol;

2- met hyl - 2- (4- 42N( 2- net hyl - i ndol- 3- ) 4-nDronI|noth|eno[3 2-d] pyri m di
n-6- 10 yl) net )plper I)prop m de;

2-(1-((5-(1HH@dO1- 3- y1 nDrphollnothlazoIo[S 4- dﬁpyrlnldln 2-yl)methyl)p
i peridin-4- yl)propan-2-ol;

3- (8- ((4-(2-hydroxypr,opan- 2- yl ) pi peri din-1- I)nethyl)§9 nmet hy -Eénnrpholino
-9Hpurin-2-y1)- 1H— ol e-2-c nitrile;

151- (8- ((4-(2- hyd oxypropanz/2-yl) pi peri i n- 1 295§§ihyl) 9- NhyI-G-nDrphoI

no-9H purin-2-yw1)-1Hind - 2-carboni\try | e. ]! n one odi nent the
present inventfOR providg process maki phar maget i cal
conposition i C conprié;:s conbi ni a/conpound ‘Qf- conpounti-of fornula |a
or |bwith a gﬂa ceuti NH/ accept carrier,/ glidant, ﬂizuent or

exci pient. 20 700X85] 1 n @not her enbo i medt the present inventiygy provides a
met hod of treating a _disease or disorder which nmethod conprises

adm nistering a ther peutical | ) ffectl nmount of a onpound formul a
la or Ibto a pa with a ase o or der di afed by theSpll0 delta
iso formof P nase wher Nn the dg;gase or dis er is Ni mmune

di sorder. In g@gf%er enbg&i?é%t t he sent inventyon provi a met hod of

treating a dos®ase or di der whi ehN N —N
\ IS X
O 5 7

N//é N//g
s e

HoN



25 net hod conprises adm nistering a therapeutically effective anount of a
conpound of fornula la or I|b to a patient wwth a di sease or disorder

medi at ed w9 2010a13p®10 delta i sof orm of PI3 ki nase wher ei RCTHP2010105T284

di sorder is systemic and local inflammtion, arthritis, inflamrmation
related to rheumatoid arthritis, imunré2suppression, organ transplant
rejection, allergies, ulcerative colitis, Crohn's di sease, dermatitis,
asthma, systemc %gpg; erythemat osus, §jogren's Syndrone, 30 nultiple
sclerosis, scleroderfa/ systenphc scl is, idj thic thr ocytopenic
purpura (1TP), i-neutrgﬁﬁ?g cytgplasm c anti bodies ( vasculitis,
chroni c obstrHO e pulgggpry di se (COP psori asi{s.\ WO

2010/ 136491PCTKEP2010/ 0 44 -50-»100186]In one embodi)Ent t he pr esent

i nvention praoviNes the-Nse of a_gonpound oN for nul M or Ibin the

manuf act ure ofXa rredi@;ent. LE???] I n ong enbedi-nent ¥ he present invention
provi des a conppgaad of ~for or Ibf use as di canent in treating
a di sease or HINsorder sel ected fron1|nnﬁﬁé di sorders, 5 cancer

cardi ovascul ar disease, viral infection, |nflannat|on met abol i sm endocri ne
function disorders and neurol ogi cal disorders, and medi at ed by the p110
delta i soform of PI3 kiknase. [0 8] The Formula | conpounds of the

i nvention may cont ai/n synnetrl chiral centers, and therefore exist in
di fferent stere0| ric for is intended that all stereoisoneric
forns of the conp ds of the nventlon including but not limted to,

di ast ereoners, nantlone Nand atropi soners, as well as m xtures thereof
such as racem tures part of the present invention. [00189]In
addition, the yre ent |nven n enbraces all geonetric and positional

i soners. For exanple, if ormul a | conpound i ncorporates a double bond or

a fused ring, the cis- and trans-fornms, as well as m xtures thereof, are

enbr acg0@0Mil] hi n tWierstopevefiint h&imamseth& htbarhniBeat to tASFéMeilsT stalcturposi ti onal
|soners and m xture of itional isomers are also within the scope. of the
pr esent09¢bnt i oA OpHE gefflmﬁmtth% INYCRRR RFO¥KICS PP UTEF 8f Prmittdp e ﬂh@fherem

St er eoqpatlalavy BbuRtY chAfkicel &6, bRl ARSIt sheciEl qd, (hen al

stereol soners are conte e conp e

i nvent |aﬂiylen\éyui‘C§—(Slt2©ﬁl¢J@6§'&ﬂ) si(C}L@@a ?&ﬁbf—@@Cb&C@a&@lehé)—‘(@&i@z or dashed

line representing a 20 particular con uration, then that stereoisoner is
so spedicfarenyclybd Géfﬁhedkﬂﬁ@ﬂﬂ@iT@héw&wwpﬁbﬁhs(@fChhdkph@§eﬁb—ﬁhventlon may

exi st in unso] ya s, wel | vat ed f t harna

accept élﬁieé()%{ﬂ) %@s@ aieeydih el 3t kbR - e PRI g Rt
|ntend rgee d forns.
[00192] nds o?kkﬁ%egggég% h?%%%ﬁ&?% §§§ g?sgge%?é¥g%§ﬂélfferent
t aut OﬁE—(Cp—(Z@alﬂq@YeﬁB), (@R ahdtedusi), f—(ﬂflﬁslﬁﬁmyleﬁ@‘&@edzome&&bwdﬁﬁ (6¢ape of
the invention. The term"tautomer"” or "tautonmeric fornl refers to

st r bt atkat, ré(élné?nsalbfle@ﬁ)f‘f%rgmaréheﬁ%r@sz alikyils hr(@r€1: plkeleson(erCebl e via a
| ow ener bactrier. . Fgr ex r.ot t r | so as

pr ot ot ?%%?%ar{?lé—lfpe T’r%]rzéfl%y'l)h f((r;;gge 13 ﬂ'%élF?: nGLa@% gﬁe C\Si? g%ﬁﬁoﬁ}lé{}lﬁ’\&qcﬁc% proton,
such a ”5@5Q ra i i ti rs
|nclud2/|ntercon%ergggng]ggq&ggyg |z§fqmﬁnﬁ@ SgﬁiCh ﬁgﬁgb bonggg
eIectr@ﬂgdxCpQ$QB&ameyﬁyBsan CﬁvﬂqmmmyQGHs@xeﬁnnmqﬂsxﬂaﬁheomdakhmﬁwabe|ed

Corrpoun_(ga OCfn Ellk?llene)—NH —(C1—Cy; alkylene)—(C;—Cyg heterocyclyl), «(C;—Ci»

15 alkylene)-NH—(C;—C,; alkylene)-NHC(=0)—(C,—C;¢ heteroaryl), -(C;—C;, alkylene)—(C,—Cyo
heterocyclyl)-N(C,—Cy; alky)R?, <(C;—C); alkylene)—(C,—Cyo heterocyclyl)—(C1—Ci,
alkyl)-N(C,—C; alky)R*, and —(C;—C ), alkylene)—-N(C,—Cyo heterocyclyl)R*, where alkyl,
alkenyl, alkynyl, alkylene, carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally sub-
stituted with one or more groups independently selected from F, CL, Br, I, -CH3;, —CH,CH3,

20 —C(CH3);, -CH,OH, -CH,CH,OH, —C(CHs),0H, —CN, —CF3, —CO,H, -COCH3, -CO,CH3,

—CONH,, -CONHCH3, ~CON(CHs),, —C(CH3),CONH,, —~NO,, ~NH,, -NHCH;, —-N(CH),,



present invention which are identical to those recited herein, but for the
fact that one or nore atons are replaced by an atom having an atom c mass
or mass rwokzero/wdsfdfierent fromthe atomc WO 2010/ 13649 PPURPERAOIDADS7244
-51- mass or mass nunber usually found in nature. Al isotopes of any

particular atomor el enent as specified3are contenplated within the scope
of the conmpounds of the invention, and their uses. Exenplary isotopes that

can be INKOOPEY, At 1RHS{ M, 0HEOMMTHS(CEH; HQWFHMﬁ@@)zaﬁtﬁcesogf
hydr ogen, car bon, ni trogen, oxygen, phosphorus f fluorine, chlorine

and i odiOf&H:, sGEG),HECE DS ST, i@%ocmﬂmmmlmmﬁum@gmn% angdsl- 3255
33P5 35s5 18F5 36CL5 1231 1251 Certain | i

of the d%@sﬁwwv sHE M “‘(ﬂgﬂg is ﬁ%@é[‘ﬂygltﬁgrgso‘@%g‘fl H%ﬁb;‘? el:r?‘éc Tbsef ul
0 comRuGAn6l ar, SusLid3 3@8%{ yEhELRUL oM asapys Thctlated (3K and

car bo i sot opes sefur I'T €ase O rati 6n and

det ext am;ildﬂe)LC(E@r)Ld@LCmm&sMyugﬂ) o(C Wt halkglawd)e(Cd-6xf APPsatiugl-as;,
deuterium (i. 2H) may afford certain therapeutic advantages resulting 10
from g@é@d@l@)w@u—a@mlhp@r@mblwhewal@l g&enyln@kﬁaé,eedkylmwwbomﬂﬁl life or
reduce 0sa nts and g ferred in sone.

i r cundehReati | FRGPPEBTS Bt VU P PrsRe R ideorsr ar e

usef ul fpily m&tém&nwsam icqﬁgogcmgbﬂ (BRT)-cst udt @3, Lecu@nioe,euhst rat e
recept or occupancy | Sot'opi cal |y | abel ed conpounds of the present invention

can gen€iQiNHy, 6ONHEPRy -€CONYCHOL,|-6VDH QLNHzoeNHiﬂ}hs —NI@QIdyu s NHS (Chg3é;,
di sclosed in the Schenes and/or in the @I es _herein bel ow, by

subkt i t@tH, ndD(?aIﬁ%l %@bﬁ(ggﬁk’y S%I’E@ZP ) Kon-i sot opi cally | abel ed

r eagent 194] Iﬁ}@& of
For mul Jtoqi&grrpouﬁ S as %hlrbob ors o@arﬁ%gl#zg‘lr%&ac@ ol asfr &%lﬁ%b%
bi ol ogivaglcia®' nw@cy}sz&rmﬁ@e@a@buosia%@lodwlym)&w(m4C151gm@twepmms rations
at 20 which each conpound inhibits the activity to a predefined extent and
t hen cchnt@mqynlgl)rﬂézgchﬁt@rgcycmlbwc@r¢ hetenongclplriepetienady debstiturehaithone s t he
oncent rat| @2’&#%{){3‘1 nhi bits 50% of the act| vity in a biochem cal assay,
tory concentration or "IC50". Determ nation of |C50

vaI P@S Gﬁiﬂ%ﬁ)e acqR R theheshddshad tH&W@rRIdn%@wdése&Wo%&‘ssoﬂ%HMlaWoﬁﬁ!)e art.
In general an | C50 can be determi ned by neasuring the activity of a given

enzyne wherdih &' py esenckiroh (-Candey.of,—25 abengle 0t+Gi aloyry | df—hearyh i Gi-Cor
under study. The experi nment al l(é obt ai ned val ues of enzyne activity then are
or

pl ott e&ﬂﬁ’&‘é"i@hépﬁ% cribRF ¥ Ibr(Eorfoe Ay P bty (Gs€a? alﬂl{ﬁ@n@oﬁ@m@? ation of the

hi bi 500

the. and SRl BEhS iR R R D SR R R PR Gar et B busi 3, "

ot her indj-tg t QIkylcAOPCENIC,RhétoRSydRN, J{@ def lan@qien%pr(gmo ﬁ@t@f&p&lymg: —Cyo
e

determnations of activity. For exanple, in Some settings it can
desit alhkeragclyd), e€tiabli félhylanege(%zrﬁm Itctdrocryycl}dbﬁeﬁ@m aarbmyclyl) e(C100, etc.

ot er EUSEEDbaUsi EHEBRT b2 509 MiRBITEhy (CorempReblC(1Cs0)
AU —idéécﬁéy@e%emet—gw ko 8 FEby yEpic e than e
2010/ 13849RCTCERZ) 1D/1PBC 244, afkat), —(C1—C), alkylene)—(C1—Cyo heteroaryl)—(C—Ci,
alkyl), —(C,—C}, alkylene)—C(=0)—(C,—Cy heterocyclyl), —(C1—Cy; alkylene)-NHR*, (C,—C1,
25 alkylene)-N(C,—C; alkyD)R?, «(C;—C)5 alkylene)-N(C;—C ), alkyl)(C2—Cyo heterocyclyl),
—(C1—Cy; alkylene)-NH—(C,—C;; alkylene)—(C;—Cy heteroaryl), «(C;—C;;
alkylene)-NH—(C,—C,; alkylene)—(C,—Cy heterocyclyl), —(C1—C,; alkylene)-NH—(C,—C,;
alkylene)-NHC(=0)—(C,—Cy heteroaryl), —(C,—Ci; alkylene)—(C,—Cy heterocyclyl)-N(C1—Ci2
alky)R?*, «(C;—C )3 alkylene)—(C,—Cyo heterocyclyl)—(C1—Cy; alkyl)-N(C,—Ci; alky)R*, and
30 —(C,—Cy; alkylene)-N(C,—Cy heterocyclyl)R?, where alkyl, alkenyl, alkynyl, alkylene,
carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with one or more groups

independently selected from F, Cl, Br, I, -CHs, -CH,CH3, —C(CH3);, -CH,OH, —CH,CH,0H,



PI3K fam |y nenbers. [00197] Determ nation of the activity of PI3 kinase
activity of Fornmula | conpounds is possible by a nunber of direct and

i ndi rect wotenvizer1nmet hods. Certain exenpl ary conmpounds Pdggpritoad72her ei n
were assayed for their ability to inhibit PI3K al pha, beta, gamm, and
delta 5 isoforns (Exanple 901). The ra#fe of | C50 values for inhibition of
Pl 3K delta was | ess than 1 nM (nanonolar) to about 10i uM (m cronol ar).

Cer t ai n-(ERENPOS, y-COQMTINAE0 8, dECHN vet,Con, hadNP,3KCABIHEH], llh]dN(UHg?’ 1 C50
val ues less than 10 nM The corrpounds are seiective for the p1106 (de ta

i sof or mC(whizs 6 ONHa —V0assNHa -EBCKE.nd¥€ Hpy eNHSTOE:, IS Q) L1, 3 ki nases

L e R N S

sel ecti or oy 0 ) e areg. al so
sel ect i §§HI orc%qlée g&gbﬁﬁ?é loc}ﬂalgﬁbﬁf@h?&grﬁl}g;m %?@%%ﬂgm %I}gss | b
Ki nase.whbfgn Ré|1§c114-@f2ta]d(y$)¢h|—b)8 ta&dnﬁycfmgraﬂk@ |, goroyattylead)-{(Oe-d npvention
for pl106 (delta) over the plloaé al pha) |sofyorm of PI3 kinase is at |east

10 f ol darbasydxidmdCifC¢iedlylenehéCrdtn b@te@fcyfdvhcl"(@m@alaﬂinﬁ@)Tﬂé(F@s(szEmarrpI e

act] vi BT EPOat iy et MOy er Gt Gl sOf tans ACYERORLL Gl b o
Formul Aier SARPE MR, LRy AR, LATBGCNIMcRerb SRR, Sndfidel®ig . uSef ul

man ‘cancer patients. For rul corfpouhds may be ‘tested for
in vi tmq)tlomdlly spbgitutee mathi cme oamarvgtcgapamdependvnt\l/;oseﬂaumirfrgn@v\ﬁh Bmhi+6iHsi on
accordl ng to the nmethods in WO 2006/ 046031; US 2008/ 0039459; US

2008} 00%67681. G 26d8/ 698756 OUB:20- 26384 05OM:; ~WBNOELOESRE Hakhi ch are
i ncor porat ed r n. t of uc
|rrrrun051ﬁ1\g(S elsf@zbnﬁ%lﬁfhgﬁgg?p@ Is\][h%a)?% % n&\?gﬁt |b§r?1{3 S&@Lﬁ% ﬁﬁrﬁg *usi ng
in Vi vodHortH-OoNw - @?5@{3 such as rodent nodels of induced arthritis and
therapeutic or prophylactic treatnment to assess disease score, T

cel | - ddp@k6dbnt adn rbastyr anelmponed ticTDAR)tionamovides eygabungged fh;tplelaéenslbu VI ty

Sgai hotTRR PG HhorCr 47 eRaEE PRI Syo R ERIDRaR ot feieed i on
AE. | Vet hodse | Qiicl [EaNe) % 49} o 1en%60 %Q{y 'cﬂ?ynéf%gyclggw(@w& 1995) may be

consi dered to eluci date he” nat ur ani sns O ‘erved

I MuN ok sre $4CeNCy hbRrddyciyl)y o( e€t, ﬂyﬁé@};((gaﬂzobete@@nyplyem{go by
wel |l -established in vitro or ex vivo functional assays for the assessnent

of i mmbsierewyrlydk etfaeCimiedenasEaySaoheicredispill$€1-81oplkyl cwhere 3tkyl and

DO B BRSSO e RS LB R RIS, o

cel l IlmHW@mgemd% ceII surface mar kers in response to B or T cell
si gnal i ng, nat ur al Il er (NK) cell activity, mast cell activity, mast cell

deg@tindf@k66bn, nderophegebsidayed yhowiventon mo‘hdesa@mmum}s ofafnttnmie lia polbhi |

onch of IERELEC el LFaR Gt B oy E PR Cr GIETI B 63 " b T Bt b
ef f ect g ﬁdgg 9-carbb¥BNPCYELG,, My 1RPOLYERS, geﬁ(&%g@)g%@%c peut rophl 's)

may be | he inVvitro and ex vivo assays can ied in both

precl i mlete&bcyaly@ e{@lnC@adlkﬁlelsd)Jr(r(g —dgl lfe@rbmt}hlpI—(Ci—l(SﬁMEﬁleﬁfb)d(@r—C@(ﬁhiatﬁbeI‘ al
bl ood (House RV and gactl ce of cytokine 5 assessnent

| nnunot%%’@o((bg?% l(ei@“QQS)CW\VIat“IG €11 9kyleno)z( ﬁ@@@h@t@rom@lyl)ﬁﬁﬁe@n§a6>pcyclyl)

1o B 1 e NP MIRROGREERS E%%r%}'y#@—@@gg@l gﬂ%geél L5, (£999) Met hods;
[ oozoolaﬁ@e@%@-i@%%%aeyg et ics, GeyAhe roeek, fat 1%,0& ah o s ol oyed

usi ng an aut oi mune mechani’'smto mmc human arthrltls rat and

nodel s —((E}ee(hphky&ﬁé))—(c&@zgjaxiyl)age.n{jlmila;zle,dr(@ﬁ%(hla Iatklyibné)i—](@\) —(@,5 hatom- of the
nost commnly used ani mal nodel s of human rheumatoid arthritis (RA). Joint

i nfl am@ﬁx}ﬁﬁl %@H‘bﬂ)de%l‘@psaﬂiﬁequ%@ Wl kaarsacrogxddhgl(G11lesenbl es

(e TR LA BT R ey . et
ef firagi c;ie“zg ﬁd%ro'c?cl §7 aﬁ&%cr )-PALENLE,, dlilyeries— V(@Edcgtlefér&xy@ot h

T-cells and anti bodi es - ophages are belie to 15 play an

i mpor t aH€;+@b emyhna)eml}h{(iim{:ﬁltz |aﬁﬁrﬂm1e)ia@&®o deteraegelgl) se@seCdevel oprrent Cl A
is induced by inmmunizi n%<an|rra s wth col Ia%en emyl sified in Conp
Fr eund' a&ykd]e \%T(qldgﬁ) ylgne)sNHC(=0)—(C1—Cy heteroaryl), «(C1—Ciz alkylene) (Cz—Czo



nost comonly induced in the DBA/1 nouse strain, but the disease can al so
be induced in Lews rats. Forrmula |I conpounds were tested in the Cl A test
(Exanpl e WO2)10/1360201] There i s good evi dence that B-cel PET(HPay10@5Key rol e
in the pathogenesis of auto- 20 i mune and/or inflanmmatory disease.
Pr ot ei n-based t herapeutics that depl et-é5B cells such as Rituxan are
ef fecti ve agai nst autoanti body-driven inflanmtory di seases such as

r heumath@icgo e M- N(C - Ramky BRE eLﬁchcglamﬂ&{é%)cﬁ@ﬁule{%edcywqw@rﬁi ). CD69 is

the early activation marker in |eukocytes including T cells, thynocytes, B
cel I's, aligDed(Cs;CmelyhBphinids;(Cand: edsilamopi(Ge- C%H@tdﬁm@%ﬁn’awhﬁmﬂﬂe}'lbl ood
to inhihit 25 the

3 h b
Sfigﬁc%%ﬁyloﬁﬁ&ﬁ S RhE et Be R e e TR D g bt T -
crossl ik Qgth%ﬁ'éfo@%ré gMNMupt fldepi@@atnt{ @ik cded Bdth iF; by 'ﬁnl L, [667264] The

T-cel |l Dependent Anti body Response (‘TDAR) is a predictive assay for inmune
funct i e1€(CEls):) -FOQHYDIAN-EHL @10 ) (E(rtﬁmmmmﬂ(cmjzm}ﬂgs —ON, eQifpowi@di,need to be

studi ed. The I%M Pl aque Form n Cell (PEC assa usin Sheep Red Bl ood
Cel I's (SiREQ) zﬁ@zaoC@Nﬁzge‘ﬁ NIPQC%:ur (Fak: i delily2GRNEpt ¥OamdNH2,

For aqutiGHa0d0t o FemaHGUSHTei S REPEER o R R EhPRCEMion The s *=°

Nat i on {I‘NUH Lu 992
FundamaJI\IA(\pEg};g)GI%)C:(};gz ?(()652 §&§Bébg§0)©@%tem%g) ity o y §€ﬁg ﬁ%zg/c%tlems)from

the factS(OhEH:| tyciaprapyhohopho inayead liyl ediext- thm@ragmﬁ 1@6A6H RCTK ER201L0MIOS,7 244
-54- involving several inportant conponents of an imrune response. A TDAR

is préhd@htﬂkewlfGh&ma@ﬁ@ytar(@hé?l: élkmﬁﬁ:)nécscgu eﬂr‘éﬁcyewpaﬁ ms: (1)

]
T her paPBAGRF AL o Bl Rye R @ TR o Lt fite (CE&onse,
as wel |alk'%f$eﬂe (C3at Y RIS Whd cmln@u eﬁ@yleﬁe?);(cs csl ﬂ&emm)c@h@fé@usyh%u&hw mat e

ef fect or cel?L and are responsible for antibody pfoducti on.
Cheni callypyl, aﬂkurtﬁ@d wintzneyelyl, ihategapyclyheryd oamddretareary! araptensdly ssbyginited vatht

;ggnges,én'e@ﬁ@gg@@%@%&mwﬁc dREoER Arnatshs e oot hhe 1
W gy- Licgs,Publgaher 80,089 Yeokn, Ncdd 3,—@@N(ﬁ{)12 ?z,Usm LYGHcER, S
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[00168] In one embodiment the invention provides compounds of formula Ia or Ib
wherein R? is C,—C);, alkyl, which is optionally substituted with one or more —OH.
25 [00169] In one embodiment the invention provides compounds of formula Ia or Ib
wherein R? is 1H-indol-3-yl.
[00170] In another embodiment the invention provides compounds of formula Ia or Ib

wherein R? is selected from:
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[00172] where the wavy line indicates the site of attachment;

2

[00173] cach of which are optionally substituted with one or more groups independently
selected from F, —CHs, —CH,OCH3, —CN, and —OH.
5 [00174] In another embodiment the invention provides compounds of formula Ia or Ib

wherein R? is selected from:

£ AL AL
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[00176] where the wavy line indicates the site of attachment;

[00177] cach of which are optionally substituted with one or more groups independently
10 selected from F, —CH3z, -CH,OCH; and —CN.

[00178] In one embodiment the invention provides compounds of formula Ia or Ib

wherein R’ is H or C,—C;, alkyl.

[00179] In one embodiment the invention provides compounds of formula Ia or Ib

wherein mor is a morpholine group which is unsubstituted or substituted with one or more —CH3.
15 100180] In one embodiment the present invention provides a compound of formula Ia or

Ib wherein R? is C;—C}, alkyl optionally substituted with one or more groups independently

selected from F, Cl, Br, I, -CHs, -CH,OH, —-CN, —CF3, -CO,H, —-COCH3, -CO,CHs, -CONH,,

—CONHCH3;, -CON(CH3),, -NO,, —NH,, -NHCH3, -NHCOCH3, -NHS(0),CH3, —OH,

—OCHs;, —S(0),N(CH3),, —-SCH3, -CH,OCH3, and —S(0),CH3;. In another embodiment the

20 present invention provides a compound of formula Ta or Ib wherein R is CHs.
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[00181] In one embodiment the present invention provides a compound of formula Ia or

10

15

20

25

30

Ib wherein R’ is H.
[00182] In one embodiment the present invention provides a compound of formula Ia or
Ib wherein R’ is C;—C}, alkyl optionally substituted with one or more groups independently
selected from F, Cl, Br, I, -CHs, -CH,OH, —CN, —CF;, -CO,H, —-COCH3, -CO,CH3, -CONH,,
—CONHCH3;, -CON(CH3),, -NO,, —NH,, -NHCH;, -NHCOCH3, -NHS(0),CH3, —OH,
—OCHs;, —S(0);N(CHs),, —SCH3, -CH,OCHj3 and —S(0O),CHs.
[00183] In one embodiment the present invention provides a compound of formula Ia or
Ib selected from:
1-((2-(1H-indol-3-yl)-4-morpholinothieno[ 3,2-d]pyrimidin-6-yl)methyl)-N,N-di-
methylpiperidin-4-amine;
1-((2-(indolin-1-yl)-4-morpholinothieno|3,2-d|pyrimidin-6-yl)methyl)-N,N-dimethyl-
piperidin-4-amine;
1-((2-(1H-indol-1-yl)-4-morpholinothieno[ 3,2-d]pyrimidin-6-yl)methyl)-N,N-di-
methylpiperidin-4-amine;
4-(1-((2-(1H-indol-3-yl)-9-methyl-6-morpholino-9H-purin-8-yl)methyl)piperidin-4-
yl)morpholine;
N,N-dimethyl-1-((2-(2-methyl-1H-indol-1-yl)-4-morpholinothieno[ 3,2-d]pyrimidin-6-
yl)methyl)piperidin-4-amine;
(S)-2-(4-((2-(1H-indol-3-yl)-7-methyl-4-(3-methylmorpholino)thieno[ 3,2-d]pyrimidin-6-
yl)methyl)piperazin-1-yl)-2-methylpropanamide;
2-(1-((9-(2-hydroxyethyl)-2-(1H-indol-3-yl)-6-morpholino-9H-purin-8-yl)methyl)-
piperidin-4-yl)propan-2-ol;
4-(2-(1H-indol-3-yl)-9-methyl-8-((4-(tetrahydro-2H-1,1-dioxo-thiopyran-4-yl)piperazin-
1-yl)methyl)-9H-purin-6-yl)morpholine;
1-(1-((9-ethyl-2-(5-fluoro-1H-indol-1-yl)-6-morpholino-9H-purin-8-yl)methyl)piperidin-
4-yl)pyrrolidin-2-one;
1-((2-(1H-indol-3-yl)-9-methyl-6-morpholino-9H-purin-8-yl)methyl)-N,N-dimethyl-
piperidin-4-amine;
4-(2-(1H-indol-3-yl)-9-methyl-8-((4-(tetrahydro-2H-pyran-4-yl)piperazin-1-yl)methyl)-
9H-purin-6-yl)morpholine;
N,N-dimethyl-1-((2-(5-methyl-1H-indol-3-yl)-4-morpholinothieno[3,2-d]pyrimidin-6-
yl)methyl)piperidin-4-amine;



C) 1-((2-(1Hindol-1-y1l)-4-norpholinothienof3, 2-

d] pyri mdi n-6-yl)nethyl)-N, N-di net hyl pi peri- din-4-amne N 104 0 ( ) N
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N, N-di net hy1-1-((2-(2-nethyl-1H i ndol-1-y1)-
4- mor phol i not-h2&Bd{udra1 Hlipydé1i3v/0H40mbrphd Jinothieno[ 3,2-d]pyrimidin-6-yl)methyl)-N,N-

dimethylpiperidin-4-amine;
2-(4-((2-(1H-indol-3-yl)-4-morpholinothieno[3,2-d]pyrimidin-6-yl)methyl)piperazin-1-
yl)-2-methylpropanamide;
5 2-(1-((2-(1H-indol-3-yl)-9-methyl-6-morpholino-9H-purin-8-yl)methyl)piperidin-4-
yl)propan-2-ol;
9-((2-(1H-indol-3-yl)-4-morpholinothieno[3,2-d]pyrimidin-6-yl)methyl)-1-oxa-4,9-
diazaspiro[5.5]undecan-3-one;
4-(5-(1H-indol-3-yl)-2-((3-morpholinoazetidin-1-yl)methyl)thiazolo[ 5,4-d]pyrimidin-7-
10 yDmorpholine;
1-((2-(7-fluoro-1H-indol-3-yl)-4-morpholinothieno[ 3,2-d]pyrimidin-6-yl)methyl)-N,N-
dimethylpiperidin-4-amine;
1-((2-(5-fluoro-2-methyl-1H-indol-1-yl)-4-morpholinothieno|3,2-d]pyrimidin-6-yl)-
methyl)-N,N-dimethylpiperidin-4-amine;
15 1-((2-(5-fluoro-1H-indol-1-yl)-4-morpholinothieno|3,2-d]pyrimidin-6-yl)methyl)-N,N-
dimethylpiperidin-4-amine;
2-(2-(2-(1H-indol-3-yl)-4-morpholinothieno[3,2-d]pyrimidin-6-yl)propan-2-yloxy)-1-
(pyrrolidin-1-yl)ethanone;
(35,4R)-1-((2-(1H-indol-3-yl)-9-methyl-6-morpholino-9H-purin-8-yl)methyl)-3-fluoro-
20  N,N-dimethylpiperidin-4-amine;
(3R,4S)-1-((2-(1H-indol-3-yl)-9-methyl-6-morpholino-9H-purin-8-yl)methyl)-3-fluoro-
N,N-dimethylpiperidin-4-amine;
2-(1-((2-(6-fluoro-1H-indol-3-yl)-9-methyl-6-morpholino-9H-purin-8-yl)methyl)-
piperidin-4-yl)propan-2-ol;
25 4-(2-(1H-indol-3-y1)-6-(2-(2-(pyrrolidin-1-yl)ethoxy)propan-2-yl)thieno[3,2-d]-
pyrimidin-4-yl)morpholine;
2-(4-((2-(2-(methoxymethyl)-1H-indol-3-yl)-4-morpholinothieno[ 3,2-d ]pyrimidin-6-
yl)methyl)piperazin-1-yl)-2-methylpropanamide;
2-(1-((2-(2-(methoxymethyl)-1H-indol- 1-yl)-9-methyl-6-morpholino-9H-purin-8-
30  yDmethyl)piperidin-4-yl)propan-2-ol;
2-(1-((9-methyl-2-(2-methyl-1H-indol-1-yl)-6-morpholino-9H-purin-8-yl)methyl)-
piperidin-4-yl)propan-2-ol;
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2-(4-((2-(2-cyano-1H-indol-3-yl)-4-morpholinothieno|[3,2-d]pyrimidin-6-yl)methyl)-
piperazin-1-yl)-2-methylpropanamide;
4-(2-(1H-indol-3-y1)-8-((4-(2-methoxypropan-2-yl)piperidin-1-yl)methyl)-9-methyl-9H-
purin-6-yl)morpholine;
5 4-(8-((4-(2-methoxypropan-2-yl)piperidin-1-yl)methyl)-9-methyl-2-(2-methyl-1H-indol-
1-yl)-9H-purin-6-yl)morpholine;
1-(6-((4-(dimethylamino)piperidin-1-yl)methyl)-4-morpholinothieno[3,2-d]pyrimidin-2-
yl)-1H-indol-5-ol;
2-methyl-2-(4-((2-(2-methyl-1H-indol-3-yl)-4-morpholinothieno[ 3,2-d ]pyrimidin-6-
10 yDmethyl)piperazin-1-yl)propanamide;
2-(1-((5-(1H-indol-3-yl)-7-morpholinothiazolo[5,4-d]pyrimidin-2-yl)methyl)piperidin-4-
yl)propan-2-ol;
3-(8-((4-(2-hydroxypropan-2-yl)piperidin-1-yl)methyl)-9-methyl-6-morpholino-9H-
purin-2-yl)-1H-indole-2-carbonitrile; and
15 1-(8-((4-(2-hydroxypropan-2-yl)piperidin-1-yl)methyl)-9-methyl-6-morpholino-9H-
purin-2-yl)-1H-indole-2-carbonitrile.
[00184] In one embodiment the present invention provides a process for making a
pharmaceutical composition which comprises combining a compound of compound of formula
Ia or Ib with a pharmaceutically acceptable carrier, glidant, diluent, or excipient.
20 [00185] In another embodiment the present invention provides a method of treating a
disease or disorder which method comprises administering a therapeutically effective amount of
a compound of formula Ia or Ib to a patient with a disease or disorder mediated by the p110 delta
isoform of PI3 kinase wherein the disease or disorder is an immune disorder. In another
embodiment the present invention provides a method of treating a disease or disorder which
25 method comprises administering a therapeutically effective amount of a compound of formula Ia
or Ib to a patient with a disease or disorder mediated by the p110 delta isoform of P13 kinase
wherein the immune disorder is systemic and local inflammation, arthritis, inflammation related
to rheumatoid arthritis, immune suppression, organ transplant rejection, allergies, ulcerative
colitis, Crohn’s discase, dermatitis, asthma, systemic lupus erythematosus, Sjégren’s Syndrome,
30 multiple sclerosis, scleroderma/systemic sclerosis, idiopathic thrombocytopenic purpura (ITP),
anti-neutrophil cytoplasmic antibodies (ANCA) vasculitis, chronic obstructive pulmonary

disease (COPD), psoriasis.
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[00186] In one embodiment the present invention provides the use of a compound of
formula Ia or Ib in the manufacture of a medicament.

[00187] In one embodiment the present invention provides a compound of formula Ia or
Ib for use as a medicament in treating a disease or disorder selected from immune disorders,

5 cancer, cardiovascular disease, viral infection, inflammation, metabolism/endocrine function
disorders and neurological disorders, and mediated by the p110 delta isoform of PI3 kinase.
[00188] The Formula I compounds of the invention may contain asymmetric or chiral
centers, and therefore exist in different stereoisomeric forms. It is intended that all stereoiso-
meric forms of the compounds of the invention, including but not limited to, diastereomers,

10 enantiomers and atropisomers, as well as mixtures thereof such as racemic mixtures, form part of
the present invention.
[00189] In addition, the present invention embraces all geometric and positional isomers.
For example, if a Formula I compound incorporates a double bond or a fused ring, the cis- and
trans-forms, as well as mixtures thereof, are embraced within the scope of the invention. Both

15 the single positional isomers and mixture of positional isomers are also within the scope of the
present invention.
[00190] 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

20 particular configuration, then that stereoisomer is so specified and defined.
[00191] The compounds of the present invention may exist in unsolvated as well as
solvated forms with pharmaceutically acceptable solvents such as water, ethanol, and the like,
and it is intended that the invention embrace both solvated and unsolvated forms.
[00192] The compounds of the present invention may also exist in different tautomeric

25 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

30 bonding electrons.
[00193] The present invention also embraces isotopically-labeled compounds of the
present invention which are identical to those recited herein, but for the fact that one or more

atoms are replaced by an atom having an atomic mass or mass number different from the atomic



NH 4-(2-(1Hindol-3-yl)-9-nethyl-8-((4-(tetrahydro -2H 1, 1-di o x0
-thiopyran-4-yl)p ip erazinl-yl)nethyl)-9H purin-6-yl)norp ho |ine 109
r \Nl t.,woeo(o/igedd1* 1-(149-ethyl-2-(5-fluoro-1Hindol- PCYEP2@0/06T2Mph0 | i no
-9H-purin-8-yl)nethyl)p ip eridin-4- yl)pyrrolidin-2-one 110 -N i 0 C) NN
NNH | P -51-
mass or mass number usually found in nature. All isotopes of any particular atom or clement as
specified are contemplated within the scope of the compounds of the invention, and their uses.
Exemplary isotopes that can be incorporated into compounds of the invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine, chlorine and iodine, such as
5 2 % Ve Be Mo BN BN B0 170, 180, 32p. 3p. 38 18F 36¢1 1] and 'Z1. Certain
isotopically-labeled compounds of the present invention (e.g., those labeled with *H and '*C) are
useful in compound and/or substrate tissue distribution assays. Tritiated ("H) and carbon-14
(**C) isotopes are useful for their ease of preparation and detectability. Further, substitution with
heavier isotopes such as deuterium (i.c., “H) may afford certain therapeutic advantages resulting
10 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
15 Examples herein below, by substituting an isotopically labeled reagent for a non-isotopically

labeled reagent.

[00194] BIOLOGICAL EVALUATION
[00195] The relative efficacies of Formula I compounds as inhibitors of an enzyme
activity (or other biological activity) can be established by determining the concentrations at

20  which each compound inhibits the activity to a predefined extent and then comparing the results.
Typically, the preferred determination is the concentration that inhibits 50% of the activity in a
biochemical assay, i.e., the 50% inhibitory concentration or "ICsy". Determination of ICso values
can be accomplished using conventional techniques known in the art. In general, an ICso can be
determined by measuring the activity of a given enzyme in the presence of a range of

25  concentrations of the inhibitor under study. The experimentally obtained values of enzyme
activity then are plotted against the inhibitor concentrations used. The concentration of the
inhibitor that shows 50% enzyme activity (as compared to the activity in the absence of any
inhibitor) is taken as the I1Cso value. Analogously, other inhibitory concentrations can be defined
through appropriate determinations of activity. For example, in some settings it can be desirable

30 to establish a 90% inhibitory concentration, i.e., ICq, etc.
[00196] Accordingly, a "selective PI3K delta inhibitor" can be understood to refer to a
compound that exhibits a 50% inhibitory concentration (ICso) with respect to PI3K delta that is at
least at least 10-fold lower than the IC50 value with respect to any or all of the other Class 1
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PI3K family members.

[00197] Determination of the activity of PI3 kinase activity of Formula I compounds is

possible by a number of direct and indirect detection methods. Certain exemplary compounds
described herein were assayed for their ability to inhibit PI3K alpha, beta, gamma, and delta

5 isoforms (Example 901). The range of IC50 values for inhibition of PI3K delta was less than 1
nM (nanomolar) to about 10 uM (micromolar). Certain exemplary compounds of the invention
had PI3K delta inhibitory ICsq values less than 10 nM. The compounds are selective for the
p1103 (delta) isoform, which is a class Ia PI3 kinase, over other class Ia PI3 kinases, and are thus
selective for the p110d isoform over both the p110a (alpha) isoform and the p110f (beta)

10 isoform. In particular, they are selective for p1106 (delta) over p110a (alpha). The compounds
are also selective for the p1103 isoform over p110y (gamma), which is a class Ib kinase. The
selectivity exhibited by Formula I compounds of the invention for p1100 (delta) over the p110a
(alpha) isoform of PI3 kinase is at least 10 fold, as exemplified by the ratios of biochemical 1Cs
values. (Example 901).

15 [00198] Certain Formula I compounds may have antiproliferative activity to treat hyper-
proliferative disorders such as cancer. The Formula I compounds may inhibit tumor growth in
mammals and may be useful for treating human cancer patients. Formula I compounds may be
tested for in vitro cell proliferation activity and in vivo tumor growth inhibition according to the
methods in WO 2006/046031; US 2008/0039459; US 2008/0076768; US 2008/0076758; WO

20 2008/070740; WO 2008/073785, which are incorporated by reference herein.

[00199] Evaluation of drug-induced immunosuppression by the compounds of the
invention may be performed using in vivo functional tests, such as rodent models of induced
arthritis and therapeutic or prophylactic treatment to assess disease score, T cell-dependent
antibody response (TDAR), and delayed-type hypersensitivity (DTH). Other in vivo systems

25 including murine models of host defense against infections or tumor resistance (Burleson GR,
Dean JH, and Munson AE. Methods in Immunotoxicology, Vol. 1. Wiley-Liss, New York, 1995)
may be considered to elucidate the nature or mechanisms of observed immunosuppression. The
in vivo test systems can be complemented by well-established i vitro or ex vivo functional
assays for the assessment of immune competence. These assays may comprise B or T cell

30 proliferation in response to mitogens or specific antigens, measurement of signaling through the
PI3K pathway in B or T cells or immortalized B or T cell lines, measurement of cell surface
markers in response to B or T cell signaling, natural killer (NK) cell activity, mast cell activity,

mast cell degranulation, macrophage phagocytosis or kill activity, and neutrophil oxidative burst
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and/or chemotaxis. In each of these tests determination of cytokine production by particular
effector cells (e.g., lymphocytes, NK, monocytes/macrophages, neutrophils) may be included.
The in vitro and ex vivo assays can be applied in both preclinical and clinical testing using
lymphoid tissues and/or peripheral blood (House RV. "Theory and practice of cytokine

5 assessment in immunotoxicology" (1999) Methods 19:17-27; Hubbard AK. "Effects of
xenobiotics on macrophage function: evaluation in vitro" (1999) Methods;19:8-16; Lebrec H, et
al (2001) Toxicology 158:25-29).
[00200] Collagen-Induced Arthritis (CIA) 6-week detailed study was employed using an
autoimmune mechanism to mimic human arthritis; rat and mouse models (Example 902).

10  Collagen-induced arthritis (CIA) is one of the most commonly used animal models of human
rheumatoid arthritis (RA). Joint inflammation, which develops in animals with CIA, strongly
resembles inflammation observed in patients with RA. Blocking tumor necrosis factor (TNF) is
an efficacious treatment of CIA, just as it is a highly efficacious therapy in treatment of RA
patients. CIA is mediated by both T-cells and antibodies (B-cells). Macrophages are believed to

15 play an important role in mediating tissue damage during disease development. CIA is induced
by immunizing animals with collagen emulsified in Complete Freund’s Adjuvant (CFA). It is
most commonly induced in the DBA/1 mouse strain, but the disease can also be induced in
Lewis rats. Formula I compounds were tested in the CIA test (Example 902).

[00201] There is good evidence that B-cells play a key role in the pathogenesis of auto-

20 immune and/or inflammatory disease. Protein-based therapeutics that deplete B cells such as
Rituxan are effective against autoantibody-driven inflammatory diseases such as rheumatoid
arthritis (Rastetter et al. (2004) Annu Rev Med 55:477). CD69 is the early activation marker in
leukocytes including T cells, thymocytes, B cells, NK cells, neutrophils, and eosinophils. The
CD69 human whole blood assay (Example 903) determines the ability of compounds to inhibit

25 the production of CD69 by B lymphocytes in human whole blood activated by crosslinking
surface IgM with goat F(ab”)2 anti-human IgM.

[00202] The T-cell Dependent Antibody Response (TDAR) is a predictive assay for
immune function testing when potential immunotoxic effects of compounds need to be studied.
The IgM-Plaque Forming Cell (PFC) assay, using Sheep Red Blood Cells (SRBC) as the

30 antigen, is currently a widely accepted and validated standard test. TDAR has proven to be a
highly predictable assay for adult exposure immunotoxicity detection in mice based on the US
National Toxicology Program (NTP) database (M.1. Luster et al (1992) Fundam. Appl. Toxicol.
18:200-210). The utility of this assay stems from the fact that it is a holistic measurement
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involving several important components of an immune response. A TDAR is dependent on
functions of the following cellular compartments: (1) antigen-presenting cells, such as
macrophages or dendritic cells; (2) T-helper cells, which are critical players in the genesis of the
response, as well as in isotype switching; and (3) B-cells, which are the ultimate effector cells

5 and are responsible for antibody production. Chemically-induced changes in any one
compartment can cause significant changes in the overall TDAR (M.P. Holsapple In: G.R.
Burleson, J.H. Dean and A.E. Munson, Editors, Modern Methods in Immunotoxicology, Volume
1, Wiley-Liss Publishers, New York, NY (1995), pp. 71-108). Usually, this assay is performed
either as an ELISA for measurement of soluble antibody (R.J. Smialowizc et al (2001) Toxicol.
10 Sci. 61:164-175) or as a plaque (or antibody) forming cell assay (L. Guo et al (2002) Toxicol.
Appl. Pharmacol. 181:219-227) to detect plasma cells secreting antigen specific antibodies. The
antigen of choice is either whole cells (e.g. sheep erythrocytes) or soluble protein antigens (T.
Miller et al (1998) Toxicol. Sci. 42:129-135).
[00203] Exemplary Formula I compounds No. 101-137 in Table 1, were made, charac-
15 terized, and tested for inhibition of PI3K delta and selectivity according to the methods of this

invention, and have the following structures and corresponding names (ChemDraw Ultra,

Version 9.0.1, CambridgeSoft Corp., Cambridge MA).

[00204] Table 1.
No. | Structure Name
101 o 1-((2-(1H-indol-3-yl)-4-morpholinothieno|[ 3,2-
[ Nj d]pyrimidin-6-yl)methyl)-N,N-dimethylpiperi-
SN din-4-amine
D
NH
— N\
102 7 0 1-((2-(indolin-1-yl)-4-morpholinothieno[3,2-d]-
O [ Nj pyrimidin-6-yl)methyl)-N,N-dimethylpiperidin-
N \_&N 4-amine
\ | N/)\ N




N NH 410 2-(4-((2-(1Hindol-3 -y1)-4-norpho |inothieno -
,2-d]l pyrimdin-6-yl)nmethyl)p ip erazin-1-yl)-2- nethyl prop anam de

-0 H2N woRab/Ba% C) N N N * NH
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103 | N/ 0 1-((2-(1H-indol-1-yl)-4-morpholinothieno|[ 3,2-
O [ Nj d]pyrimidin-6-yl)methyl)-N,N-dimethylpiperi-
N S | SN din-4-amine
\
N/)\ N
104 Oj 4-(1-((2-(1H-indol-3-yl)-9-methyl-6-morpho-
[ N lino-9H-purin-8-yl)methyl)piperidin-4-yl)mor-
NN pholine
e
N N™ >N
! I
Q N
<— N
o/
105 | N/ 0 N,N-dimethyl-1-((2-(2-methyl-1H-indol-1-yl)-
O [ Nj 4-morpholinothieno[3,2-d]pyrimidin-6-yl)-
N s | N methyl)piperidin-4-amine
\
NN
106 0 (S)-2-(4-((2-(1H-indol-3-yl)-7-methyl-4-(3-
(J
N7 methylmorpholino)thieno[3,2-d]pyrimidin-6-
ﬁ@%@ yl)methyl)piperazin-1-yl)-2-methylpropan-
N N/ :
1 amide
. (U ke
Ho:N
107 O 2-(1-((9-(2-hydroxyethyl)-2-(1H-indol-3-yl)-6-
[ Nj morpholino-9H-purin-8-yl)methyl)piperidin-4-
NN yl)propan-2-ol
50
N N™ N \
NH
HO
HO

iN N j




2-(1-((2-(1Hindol-3 -yl)-9-nethyl-6-norpho - lino -9H purin-8-yl)nmethyl)p
I p eridin-4-yl)- propan-2-ol 116 N * NH
9- ((2- (1PWOndwisasyl) - 4- nor phol i not hi eno [ 3, 2- d] pyri m e¢cnAaR2¢bpsehyl ) - 1-0
xa-4,9-diazasp iro - [5 .5] undecan-3-on6e oi
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108 % 4-(2-(1H-indol-3-yl)-9-methyl-8-((4-(tetra-
hydro-2H-1,1-dioxo-thiopyran-4-yl)piperazin-

N
/:N f N 1-yl)methyl)-9H-purin-6-yl)morpholine
N N N/
( DX \
NH

109 O 1-(1-((9-ethyl-2-(5-fluoro-1H-indol-1-yl)-6-
morpholino-9H-purin-8-yl)methyl)piperidin-4-

f yDpyrrolidin-2-one

1o | _ 7/ 0 1-((2-(1H-indol-3-yl)-9-methyl-6-morpholino-
O [ Nj 9H-purin-8-yl)methyl)-N,N-dimethylpiperidin-
4-amine
~
NP W
111 O 4-(2-(1H-indol-3-yl)-9-methyl-8-((4-(tetrah-

ydro-2H-pyran-4-yl)piperazin-1-yl)methyl)-9H-
purin-6-yl)morpholine

112 / 0 N,N-dimethyl-1-((2-(5-methyl-1H-indol-3-yl)-

—N
O [ Nj 4-morpholinothieno[3,2-d]pyrimidin-6-yl)meth-
N S N yl)piperidin-4-amine
P




cO N

* NH 4-(5 -(1Hindol-3 -y1)-2-43 -norpho lino
nmorp ho line (N

NH 117
azetidinl-yl)nmethyl)thiazolo [5 ,4-d]pyrimdin-7-yl)-
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3] _

()

NH

1-((2-(5-fluoro-1H-indol-3-yl)-4-morpholino-
thieno[3,2-d]pyrimidin-6-yl)methyl)-N,N-di-

methylpiperidin-4-amine

114

C

)

2-(4-((2-(1H-indol-3-yl)-4-morpholinothieno-
[3,2-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-2-

methylpropanamide

2-(1-((2-(1H-indol-3-yl)-9-methyl-6-morpho-

115 | HQ

0]

®
N\—q::(j/N
/ I ;

lino-9H-purin-8-yl)methyl)piperidin-4-yl)-

propan-2-ol

116

)

NH

N \ NW
Og’
gy—NH
(0]

9-((2-(1H-indol-3-yl)-4-morpholinothieno[3,2-
d]pyrimidin-6-yl)methyl)-1-oxa-4,9-diazaspiro-

[5.5]undecan-3-one

117

¢ )

O

O

®

4-(5-(1H-indol-3-yl)-2-((3-morpholinoazetidin-
1-y)methyl)thiazolo[5,4-d]pyrimidin-7-yl)-

morpholine




2-(7-fluoro-1Hindol-3-yl)-4-norpholino-thieno[3, 2-d] pyrimdin-6-yl)nmet
- N, NnwiO-2013g49pi peridin-4-anmine NH  -N° \ 119 - NPOTEPR010/057244

42- (5-fluoro-2-nethyl-1Hindol- 1-yl)-4-norpholinothi eno[ 3, 2-d] pyri m di n-6
ymet hyl)- N, N-di net hyl pi peridin-4-afdne N 120 -NO C)
42-(5-fluoro-1Hindol-1-y1)-4-norpholinothieno[ 3, 2-d] pyrimdin-6-yl)nethy
- N, Ny ditmgt hy! pi peri di quj am ne N NI-((2-(7-fluoro-1H-indol-3-yl)-4-morpholino-

N
S

thieno[3,2-d]pyrimidin-6-yl)methyl)-N,N-di-

/—Qr N methylpiperidin-4-amine
N \ P /E \

N H
—N, F
19| _/ o 1-((2-(5-fluoro-2-methyl-1H-indol-1-yl)-4-mor-
z \/ [Nj pholinothieno[3,2-d]pyrimidin-6-yl)methyl)-
N \S | >N . N,N-dimethylpiperidin-4-amine
N/)\ N
120 —N/ 0 1-((2-(5-fluoro-1H-indol-1-yl)-4-morpholino-
i \' [Nj thieno[3,2-d]pyrimidin-6-yl)ymethyl)-N,N-di-
N S | N . methylpiperidin-4-amine
\ SN
N° N
121 [Oj 2-(2-(2-(1H-indol-3-yl)-4-morpholinothieno-
N [3,2-d]pyrimidin-6-yl)propan-2-yloxy)-1-

m N (pyrrolidin-1-yl)ethanone
N\ P ,( ?
\
NH

o
122 O (3S,4R)-1-((2-(1H-indol-3-y1)-9-methyl-6-mor-
[Nj pholino-9H-purin-8-yl)methyl)-3-fluoro-N,N-
N f N dimethylpiperidin-4-amine
,_</
N NS\
SR
\__/ NH
—N F
\
123 0) (3R,4S)-1-((2-(1H-indol-3-yl)-9-methyl-6-mor-
[ Nj pholino-9H-purin-8-yl)methyl)-3-fluoro-N,N-
N dimethylpiperidin-4-amine
N
~T
N
r N
NH
—N F




121 N4),
2-(2-(2-(1H i ndol-3-yl)-4-norpholinothieno[3, 2-d] pyri mdin-6-yl)propan-2-yl
(wornoliddiom- | -yl ) et hanone 122 0 C)
(3S,4R)-1-((2-(1H i ndol-3-y1)-9-net hyl- 6- nor - phol i no- 9H puri n- 8-yl ) net hyl ) -
3-fluoro-N, N-di met hyl pi peridin-4-am ne59* 0 p NH\

oxy) - 1-

CN-

(3R 4S) - 1-(

CNHoO

2- (1H i ndol-3-yl)-9-net hyl-6-norpholino-9H purin-8-yl)nethyl)-3
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123 ro LN XLN /

-fluor(

D- IN24NG

i met hyl pi peiijji n- 4-am ne
N

N N
/_</ f\N F
N NN
/ |
NH

HO

2-(1-((2-(6-fluoro-1H-indol-3-yl)-9-methyl-6-
morpholino-9H-purin-8-yl)methyl)piperidin-4-
yl)propan-2-ol

125

()
HOD

ool

4-(2-(1H-indol-3-y1)-6-(2-(2-(pyrrolidin-1-yl)-
ethoxy)propan-2-yl)thieno[3,2-d]pyrimidin-4-
yl)morpholine

126 [Oj 2-(4-((2-(2-(methoxymethyl)-1H-indol-3-yl)-4-
N morpholinothieno[3,2-d]pyrimidin-6-yl)-
/_Q\Sf N methyl)piperazin-1-yl)-2-methylpropanamide
oS
o N _) NH
S |K O
H,N 7
127 o) 2-(1-((2-(2-(methoxymethyl)-1H-indol-1-yl)-9-
[ Nj methyl-6-morpholino-9H-purin-8-yl)methyl)-
N piperidin-4-yl)propan-2-ol
N
—~ L
N ,N NN
o)
HO 7
128 OH 2-(1-((9-methyl-2-(2-methyl-1H-indol-1-yl)-6-

morpholino-9H-purin-8-yl)methyl)piperidin-4-
yl)propan-2-ol




i N NH - NF \ WO 2010/ 136491PCT/ EP2010/ 057244 -59- 124 / HO 0 C) N NN
NH 2-(1-((2-(6-fluoro-1Hindol-3-yl)-9-nethyl-6-
nmor phol i rwo2btopissdom- 8-yl ) met hyl ) pi peri di n-4- yl ) propan- PCOIEP2®S/0£1944 N N
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129 [Oj 2-(4-((2-(2-cyano-1H-indol-3-yl)-4-morpho-
N linothieno[ 3,2-d]pyrimidin-6-yl)methyl)piper-

/_{f N azin-1-yl)-2-methylpropanamide

0) N Y
HZNH "

130 O/ 5 4-(2-(1H-indol-3-yl1)-8-((4-(2-methoxypropan-

[ j 2-yl)piperidin-1-yl)methyl)-9-methyl-9H-purin-
N 6-yl)morpholine
/N N W
NH

131 ONg 0 4-(8-((4-(2-methoxypropan-2-yl)piperidin-1-

[ j yl)methyl)-9-methyl-2-(2-methyl-1H-indol-1-

N N NN yl)-9H-purin-6-yl)morpholine
=L
/N N" N

132 / o 1-(6-((4-(dimethylamino)piperidin-1-yl)-
methyl)-4-morpholinothieno[3,2-d]pyrimidin-2-

oY
N\_m o | YD-1H-indol-5-ol
N N

133 | H2N 2-methyl-2-(4-((2-(2-methyl-1H-indol-3-yl)-4-
O
72= [ Oj morpholinothieno[3,2-d]pyrimidin-6-yl)-
<\l__> N methyl)piperazin-1-yl)propanamide
L




* NH 4-(2-(1Hindol-3-y1)-6-(2-(2-(pyrro lidin-1-yl)-
et hoxy) propan-2-yl)thieno [3 ,2-d] pyri mdin-4- yl)norpho |ine 126 0

ar lir

K Wbl 2810(18421 ( 2- (met ho xynet hyl ) - 1H i ndol- 3 -y1) - 2CTRPe@Ol067244
i nothieno [3 ,2-d] pyrimdin-6-yl)-
met hyl ) pi perazi n-1-yl)-2- et hyl pr opanafride

N- N1 H2N

N1

134 % 2-(1-((5-(1H-indol-3-yl)-7-morpholinothiazolo-
( Nj [5,4-d]pyrimidin-2-ylymethyl)piperidin-4-yl)-
/_(/N f\ N propan-2-ol
\ NH
HO
135 O 3-(8-((4-(2-hydroxypropan-2-yl)piperidin-1-yl)-
[ Nj methyl)-9-methyl-6-morpholino-9H-purin-2-
yl)-1H-indole-2-carbonitrile
HO
136 o 1-(8-((4-(2-hydroxypropan-2-yl)piperidin-1-yl)-
[ Nj methyl)-9-methyl-6-morpholino-9H-purin-2-
/N SN yl)-1H-indole-2-carbonitrile
b,
N// -
HO
137 o 2-methyl-2-(4-((4-morpholino-2-(1H-pyrrolo-
[ Nj [2,3-c]pyridin-3-yl)thieno[3,2-d]pyrimidin-6-
/_61& N _ yl)methyl)piperazin-1-yl)propanamide
NN IN’ N\ _/
- Ly,
N
HoN
[00205] ADMINISTRATION OF FORMULA I COMPOUNDS
[00206] The compounds of the invention may be administered by any route appropriate to

the condition to be treated. Suitable routes include oral, parenteral (including subcutaneous,

5 intramuscular, intravenous, intraarterial, intradermal, intrathecal and epidural), transdermal,

rectal, nasal, topical (including buccal and sublingual), vaginal, intraperitoneal, intrapulmonary
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and intranasal. For local immunosuppressive treatment, the compounds may be administered by
intralesional administration, including perfusing or otherwise contacting the graft with the
inhibitor before transplantation. It will be appreciated that the preferred route may vary with e.g.
the condition of the recipient. Where the compound is administered orally, it may be formulated
as a pill, capsule, tablet, etc. with a pharmaceutically acceptable carrier or excipient. Where the
compound is administered parenterally, it may be formulated with a pharmaceutically acceptable
parenteral vehicle and in a unit dosage injectable form, as detailed below.

[00207] A dose to treat human patients may range from about 10 mg to about 1000 mg of
Formula I compound. A typical dose may be about 100 mg to about 300 mg of the compound.
A dose may be administered once a day (QID), twice per day (BID), or more frequently,
depending on the pharmacokinetic and pharmacodynamic properties, including absorption,
distribution, metabolism, and excretion of the particular compound. When administered orally,
the pill, capsule, or tablet may be ingested daily or less frequently for a specified period of time.

The regimen may be repeated for a number of cycles of therapy.

[00208] METHODS OF TREATMENT WITH FORMULA I COMPOUNDS

[00209] Formula I compounds of the present invention are useful for treating a human or
animal patient suffering from a disease or disorder arising from abnormal cell growth, function
or behavior associated with PI3 kinase, in particular with the p1106 (delta) isoform of P13 kinase
such as an immune disorder, cardiovascular discase, viral infection, inflammation, a
metabolism/endocrine disorder or a neurological disorder, may thus be treated by a method
comprising the administration thereto of a compound of the present invention as defined above.
A human or animal patient suffering from cancer may also be treated by a method comprising
the administration thereto of a compound of the present invention as defined above. The
condition of the patient may thereby be improved or ameliorated.

[00210] Formula I compounds may be useful for in vitro, in situ, and in vivo diagnosis or
treatment of mammalian cells, organisms, or associated pathological conditions, such as
systemic and local inflammation, immune-inflammatory diseases such as rheumatoid arthritis,
immune suppression, organ transplant rejection, allergies, ulcerative colitis, Crohn’s disease,
dermatitis, asthma, systemic lupus erythematosus, Sjogren’s Syndrome, multiple sclerosis,
scleroderma/systemic sclerosis, idiopathic thrombocytopenic purpura (ITP), anti-neutrophil
cytoplasmic antibodies (ANCA) vasculitis, chronic obstructive pulmonary disease (COPD),
psoriasis, and for general joint protective effects.

[00211] Methods of the invention also include treating such diseases as arthritic diseases,
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such as rheumatoid arthritis, monoarticular arthritis, osteoarthritis, gouty arthritis, spondylitis;
Behcet disease; sepsis, septic shock, endotoxic shock, gram negative sepsis, gram positive sepsis,
and toxic shock syndrome; multiple organ injury syndrome secondary to septicemia, trauma, or
hemorrhage; ophthalmic disorders such as allergic conjunctivitis, vernal conjunctivitis, uveitis,
5 and thyroid-associated ophthalmopathy; cosinophilic granuloma; pulmonary or respiratory

disorders such as asthma, chronic bronchitis, allergic rhinitis, ARDS, chronic pulmonary
inflammatory disease (e.g., chronic obstructive pulmonary disease), silicosis, pulmonary
sarcoidosis, pleurisy, alveolitis, vasculitis, emphysema, pneumonia, bronchiectasis, and
pulmonary oxygen toxicity; reperfusion injury of the myocardium, brain, or extremities; fibrosis

10 such as cystic fibrosis; keloid formation or scar tissue formation; atherosclerosis; autoimmune
diseases, such as systemic lupus erythematosus (SLE), autoimmune thyroiditis, multiple
sclerosis, some forms of diabetes, and Reynaud's syndrome; and transplant rejection disorders
such as GVHD and allograft rejection; chronic glomerulonephritis; inflammatory bowel discases
such as chronic inflammatory bowel disease (CIBD), Crohn's disease, ulcerative colitis, and

15 necrotizing enterocolitis; inflammatory dermatoses such as contact dermatitis, atopic dermatitis,
psoriasis, or urticaria; fever and myalgias due to infection; central or peripheral nervous system
inflammatory disorders such as meningitis, encephalitis, and brain or spinal cord injury due to
minor trauma; Sjogren's syndrome; diseases involving leukocyte diapedesis; alcoholic hepatitis;
bacterial pneumonia; antigen-antibody complex mediated diseases; hypovolemic shock; Type |

20 diabetes mellitus; acute and delayed hypersensitivity; disease states due to leukocyte dyscrasia
and metastasis; thermal injury; granulocyte transfusion-associated syndromes; and cytokine-
induced toxicity.
[00212] The methods of the invention can have utility in treating subjects who are or can
be subject to reperfusion injury, i.e., injury resulting from situations in which a tissue or organ

25 experiences a period of ischemia followed by reperfusion. The term "ischemia” refers to
localized tissue anemia due to obstruction of the inflow of arterial blood. Transient ischemia
followed by reperfusion characteristically results in neutrophil activation and transmigration
through the endothelium of the blood vessels in the affected area. Accumulation of activated
neutrophils in turn results in generation of reactive oxygen metabolites, which damage

30 components of the involved tissue or organ. This phenomenon of "reperfusion injury” is
commonly associated with conditions such as vascular stroke (including global and focal
ischemia), hemorrhagic shock, myocardial ischemia or infarction, organ transplantation, and

cerebral vasospasm. To illustrate, reperfusion injury occurs at the termination of cardiac bypass
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procedures or during cardiac arrest when the heart, once prevented from receiving blood, begins
to reperfuse. It is expected that inhibition of PI3K delta activity may result in reduced amounts of

reperfusion injury in such situations.

[00213] PHARMACEUTICAL FORMULATIONS

[00214] In order to use a compound of this invention for the therapeutic treatment
(including prophylactic treatment) of mammals including humans, it is normally formulated in
accordance with standard pharmaceutical practice as a pharmaceutical composition. According
to this aspect of the invention there is provided a pharmaceutical composition comprising a
compound of this invention in association with a pharmaceutically acceptable diluent or carrier.
[00215] A typical formulation is prepared by mixing a compound of the present invention
and a carrier, diluent or excipient. Suitable carriers, diluents and excipients are well known to
those skilled in the art and include materials such as carbohydrates, waxes, water soluble and/or
swellable polymers, hydrophilic or hydrophobic materials, gelatin, oils, solvents, water and the
like. The particular carrier, diluent or excipient used will depend upon the means and purpose
for which the compound of the present invention is being applied. Solvents are generally
selected based on solvents recognized by persons skilled in the art as safe (GRAS) to be
administered to a mammal. In general, safe solvents are non-toxic aqueous solvents such as
water and other non-toxic solvents that are soluble or miscible in water. Suitable aqueous
solvents include water, ethanol, propylene glycol, polyethylene glycols (e.g., PEG 400, PEG
300), etc. and mixtures thereof. The formulations may also include one or more buffers,
stabilizing agents, surfactants, wetting agents, lubricating agents, emulsifiers, suspending agents,
preservatives, antioxidants, opaquing agents, glidants, processing aids, colorants, sweeteners,
perfuming agents, flavoring agents and other known additives to provide an elegant presentation
of the drug (i.e., a compound of the present invention or pharmaceutical composition thereof) or
aid in the manufacturing of the pharmaceutical product (i.e., medicament).

[00216] The formulations may be prepared using conventional dissolution and mixing
procedures. For example, the bulk drug substance (i.e., compound of the present invention or
stabilized form of the compound (e.g., complex with a cyclodextrin derivative or other known
complexation agent) is dissolved in a suitable solvent in the presence of one or more of the ex-
cipients described above. The compound of the present invention is typically formulated into
pharmaceutical dosage forms to provide an easily controllable dosage of the drug and to enable
patient compliance with the prescribed regimen.

[00217] The pharmaceutical composition (or formulation) for application may be

lino thieno [3 ,2-d]pyrimdin-6-yl)nmethyl)p ip
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Generally, an article for distribution includes a container having deposited therein the pharma-
ceutical formulation in an appropriate form. Suitable containers are well known to those skilled
in the art and include materials such as bottles (plastic and glass), sachets, ampoules, plastic
5 bags, metal cylinders, and the like. The container may also include a tamper-proof assemblage

to prevent indiscreet access to the contents of the package. In addition, the container has
deposited thereon a label that describes the contents of the container. The label may also include
appropriate warnings.
[00218] Pharmaceutical formulations of the compounds of the present invention may be

10 prepared for various routes and types of administration. For example, a compound of Formula |
having the desired degree of purity may optionally be mixed with pharmaceutically acceptable
diluents, carriers, excipients or stabilizers (Remington's Pharmaceutical Sciences (1980) 16th
edition, Osol, A. Ed.), in the form of a lyophilized formulation, milled powder, or an aqueous
solution. Formulation may be conducted by mixing at ambient temperature at the appropriate

15 pH, and at the desired degree of purity, with physiologically acceptable carriers, i.e., carriers that
are non-toxic to recipients at the dosages and concentrations employed. The pH of the
formulation depends mainly on the particular use and the concentration of compound, but may
range from about 3 to about 8. Formulation in an acetate buffer at pH 5 is a suitable
embodiment.

20 [00219] The compound ordinarily can be stored as a solid composition, a lyophilized
formulation or as an aqueous solution.
[00220] The pharmaceutical compositions of the invention will be formulated, dosed and
administered in a fashion, i.c., amounts, concentrations, schedules, course, vehicles and route of
administration, consistent with good medical practice. Factors for consideration in this context

25 include the particular disorder being treated, the particular mammal being treated, the clinical
condition of the individual patient, the cause of the disorder, the site of delivery of the agent, the
method of administration, the scheduling of administration, and other factors known to medical
practitioners. The "therapeutically effective amount" of the compound to be administered will be
governed by such considerations, and is the minimum amount necessary to prevent, ameliorate,

30 or treat the hyperproliferative disorder.
[00221] As a general proposition, the initial pharmaceutically effective amount of the
inhibitor administered parenterally per dose will be in the range of about 0.01-100 mg/kg,
namely about 0.1 to 20 mg/kg of patient body weight per day, with the typical initial range of
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compound used being 0.3 to 15 mg/kg/day.
[00222] Acceptable diluents, carriers, excipients and stabilizers are nontoxic to recipients
at the dosages and concentrations employed, and include buffers such as phosphate, citrate and
other organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as
5 octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium chloride,

benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl
paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight
(less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as

10 glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides and
other carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA;
sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium;
metal complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™,
PLURONICS™ or polyethylene glycol (PEG). The active pharmaceutical ingredients may also

15 be entrapped in microcapsules prepared, e.g., by coacervation techniques or by interfacial
polymerization, ¢.g., hydroxymethylcellulose or gelatin-microcapsules and poly-
(methylmethacylate) microcapsules, respectively, in colloidal drug delivery systems (e.g.,
liposomes, albumin microspheres, microemulsions, nano-particles and nanocapsules) or in
macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical Sciences 16th

20 edition, Osol, A. Ed. (1980).
[00223] Sustained-release preparations of compounds of Formula I may be prepared.
Suitable examples of sustained-release preparations include semipermeable matrices of solid
hydrophobic polymers containing a compound of Formula I, which matrices are in the form of
shaped articles, e.g., films, or microcapsules. Examples of sustained-release matrices include

25 polyesters, hydrogels (e.g., poly(2-hydroxyethyl-methacrylate), or poly(vinyl alcohol)),
polylactides, copolymers of L-glutamic acid and gamma-cthyl-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.

30 [00224] The formulations include those suitable for the administration routes detailed
herein. The formulations may conveniently be presented in unit dosage form and may be pre-
pared by any of the methods well known in the art of pharmacy. Techniques and formulations

generally are found in Remington's Pharmaceutical Sciences (Mack Publishing Co., Easton, PA).
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Such methods include the step of bringing into association the active ingredient with the carrier
which constitutes one or more accessory ingredients. In general the formulations are prepared by
uniformly and intimately bringing into association the active ingredient with liquid carriers or
finely divided solid carriers or both, and then, if necessary, shaping the product.

[00225] Formulations of a compound of Formula I suitable for oral administration may be
prepared as discrete units such as pills, capsules, cachets or tablets each containing a pre-
determined amount of a compound of Formula I. Compressed tablets may be prepared by com-
pressing in a suitable machine the active ingredient in a free-flowing form such as a powder or
granules, optionally mixed with a binder, lubricant, inert diluent, preservative, surface active or
dispersing agent. Molded tablets may be made by molding in a suitable machine a mixture of
the powdered active ingredient moistened with an inert liquid diluent. The tablets may
optionally be coated or scored and optionally are formulated so as to provide slow or controlled
release of the active ingredient therefrom. Tablets, troches, lozenges, aqueous or oil
suspensions, dispersible powders or granules, emulsions, hard or soft capsules, e.g., gelatin
capsules, syrups or elixirs may be prepared for oral use. Formulations of compounds of Formula
I intended for oral use may be prepared according to any method known to the art for the
manufacture of pharmaceutical compositions and such compositions may contain one or more
agents including sweetening agents, flavoring agents, coloring agents and preserving agents, in
order to provide a palatable preparation. Tablets containing the active ingredient in admixture
with non-toxic pharmaceutically acceptable excipient which are suitable for manufacture of
tablets are acceptable. These excipients may be, e.g., inert diluents, such as calcium or sodium
carbonate, lactose, calcium or sodium phosphate; granulating and disintegrating agents, such as
maize starch, or alginic acid; binding agents, such as starch, gelatin or acacia; and lubricating
agents, such as magnesium stearate, stearic acid or talc. Tablets may be uncoated or may be
coated by known techniques including microencapsulation to delay disintegration and adsorption
in the gastrointestinal tract and thereby provide a sustained action over a longer period. For
example, a time delay material such as glyceryl monostearate or glyceryl distearate alone or with
a wax may be employed.

[00226] For treatment of the eye or other external tissues, e.g., mouth and skin, the for-
mulations are preferably applied as a topical ointment or cream containing the active ingre-
dient(s) in an amount of, e.g., 0.075 to 20% w/w. When formulated in an ointment, the active
ingredients may be employed with either a paraffinic or a water-miscible ointment base. Alter-

natively, the active ingredients may be formulated in a cream with an oil-in-water cream base. If
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desired, the aqueous phase of the cream base may include a polyhydric alcohol, i.c., an alcohol
having two or more hydroxyl groups such as propylene glycol, butane 1,3-diol, mannitol,
sorbitol, glycerol and polyethylene glycol (including PEG 400) and mixtures thereof. The
topical formulations may desirably include a compound which enhances absorption or
penetration of the active ingredient through the skin or other affected areas. Examples of such
dermal penetration enhancers include dimethyl sulfoxide and related analogs. The oily phase of
the emulsions of this invention may be constituted from known ingredients in a known manner.
While the phase may comprise merely an emulsifier, it desirably comprises a mixture of at least
one emulsifier with a fat or an oil or with both a fat and an oil. Preferably, a hydrophilic
emulsifier is included together with a lipophilic emulsifier which acts as a stabilizer. It is also
preferred to include both an oil and a fat. Together, the emulsifier(s) with or without stabilizer(s)
make up the so-called emulsifying wax, and the wax together with the oil and fat make up the so-
called emulsifying ointment base which forms the oily dispersed phase of the cream
formulations. Emulsifiers and emulsion stabilizers suitable for use in the formulation of the
invention include Tween® 60, Span® 80, cetostearyl alcohol, benzyl alcohol, myristyl alcohol,
glyceryl mono-stearate and sodium lauryl sulfate.

[00227] Aqueous suspensions of Formula I compounds contain the active materials in
admixture with excipients suitable for the manufacture of aqueous suspensions. Such excipients
include a suspending agent, such as sodium carboxymethylcellulose, croscarmellose, povidone,
methylcellulose, hydroxypropyl methylcellulose, sodium alginate, polyvinylpyrrolidone, gum
tragacanth and gum acacia, and dispersing or wetting agents such as a naturally occurring
phosphatide (e.g., lecithin), a condensation product of an alkylene oxide with a fatty acid (e.g.,
polyoxyethylene stearate), a condensation product of ethylene oxide with a long chain aliphatic
alcohol (e.g., heptadecacthylencoxycetanol), a condensation product of ethylene oxide with a
partial ester derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan
monooleate). The aqueous suspension may also contain one or more preservatives such as ethyl
or n-propyl p-hydroxybenzoate, one or more coloring agents, one or more flavoring agents and
one or more sweetening agents, such as sucrose or saccharin.

[00228] The pharmaceutical compositions of compounds of Formula I 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

/



H7 137 c) N) / NH
2-met hyl- 2- (4- 44- nor phol i no-2- (1H pyrrol o[ 2, 3-c] pyridin-3-yl)thieno[3,2-d]p
yrim di n-vw8o 2910)13et9my| ) pi perazi n-1-y1) propanam de ci N NPCT/EP2010/057244

-69-

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 chloride solution. In addition, sterile fixed oils may conventionally
be employed as a solvent or suspending medium. For this purpose any bland fixed oil may be
5 employed including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid

may likewise be used in the preparation of injectables.
[00229] The amount of active ingredient that may be combined with the carrier material to
produce a single dosage form will vary depending upon the host treated and the particular mode
of administration. For example, a time-release formulation intended for oral administration to

10 humans may contain approximately 1 to 1000 mg of active material compounded with an
appropriate and convenient amount of carrier material which may vary from about 5 to about
95% of the total compositions (weight:weight). The pharmaceutical composition can be
prepared to provide easily measurable amounts for administration. For example, an aqueous
solution intended for intravenous infusion may contain from about 3 to 500 pg of the active

15 ingredient per milliliter of solution in order that infusion of a suitable volume at a rate of about
30 mL/hr can occur.
[00230] Formulations suitable for parenteral administration include aqueous and non-
aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and
solutes which render the formulation isotonic with the blood of the intended recipient; and

20 aqueous and non-aqueous sterile suspensions which may include suspending agents and
thickening agents.
[00231] Formulations suitable for topical administration to the eye also include eye drops
wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an
aqueous solvent for the active ingredient. The active ingredient is preferably present in such

25 formulations in a concentration of about 0.5 to 20% w/w, e.g. about 0.5 to 10% w/w, e.g. about
1.5% w/w.
[00232] Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usually sucrose and acacia or tragacanth;
pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or sucrose

30 and acacia; and mouthwashes comprising the active ingredient in a suitable liquid carrier.
[00233] Formulations for rectal administration may be presented as a suppository with a
suitable base comprising e.g. cocoa butter or a salicylate.

[00234] Formulations suitable for intrapulmonary or nasal administration have a particle
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di agnosh&ic® 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.
[00238] COMBINATION THERAPY
25  100239] The compounds of Formula I may be employed alone or in combination with
other therapeutic agents for the treatment of a disease or disorder described herein, such as
inflammation or a hyperproliferative disorder (e.g., cancer). In certain embodiments, a com-
pound of Formula I is combined in a pharmaceutical combination formulation, or dosing regi-
men as combination therapy, with a second therapeutic compound that has anti-inflammatory or
30 anti-hyperproliferative properties or that is useful for treating an inflammation, immune-response
disorder, or hyperproliferative disorder (e.g., cancer). The second therapeutic agent may be an
NSAID anti-inflammatory agent. The second therapeutic agent may be a chemotherapeutic

agent. The second compound of the pharmaceutical combination formulation or dosing regimen
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30 compound of Formula I contained therein; and optionally (b) a second container with a second

pharmaceutical formulation contained therein, wherein the second pharmaceutical formulation
comprises a second compound with anti-hyperproliferative activity. Alternatively, or

additionally, the kit may further comprise a third container comprising a pharmaceutically-



Such net hods include the step of bringing into association the active
ingredient with the carrier which constitutes one or nore accessory
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Pr e3(er 400256] a hydn opidih embddiments| pmrﬁneemmp&undmcbﬁfdnenhutadg(é(t lieN and 04 iaNR?)

|'i pophi | i (hlflel‘ i.ch aﬁtks as a stabilizer. It .is referr dto

i ncl udénaagtteﬁe% YOFPAung WE PRy BPRACIUEH I R Pf”il%fis( ?)anlﬁi‘ HIQR eWt hout

st abi | izey7) Sf)etreﬁéa@mypet% *1%(1%9*28@3 el @E‘r‘ﬁasétfaY{ZM6)"@i‘ganférEjettteﬁ‘38(Q@)x53:8@99'[ her

with the oil and fat make up the so-called enul sifyi oi nt ment” base whi ch
forns toA82:dThapgdi sldéPe®d. pledsehah. 4%130)&8@411218\66,rmgaﬁt|a @905 Emlositt Céew. and
enmul sion stabilizers suitable for use in the fornulation of the 15

i nvention include TweenO 60, Span(r) 80, cetostearyl alcohol, benzyl

al cohol, nyristyl alcohol, glyceryl nono-stearate and sodium | auryl

sul fate. [00227] Aqueous suspensions of Fornula | conpounds contain the
active materials in adnlxture mnth ex0|p|ents SU|tabIe for the nanufacture

D T T o o o




preparation may also be a sterile injectable solution or suspension in a
non-toxic parenterally WO 2010/ 136491PCT/ EP2010/ 057244 -69- acceptabl e

di l uent owo=eolwBnt9l such as a solution in 1, 3-butanedi olPCOEPROIOPEAT2RH as a

| yophi li zed powder. Anobng the acceptable vehicles and sol vents that may be
enpl oyed are water, Ringer's solution-ahd isotonic sodiumchloride
solution. In addition, sterile fixed oils may conventionally be enpl oyed as
a sol vgm740482s Lap&arnd (2005 e didnb. (Fhem. 71623- 6[36[15106& any(2obanslthosd 7a1869may be
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i ncl ude 'ozenges conprising the active ingredient 'in a flavored basis,

usual | yubisquag editings theeeof.a or tragacant h; pastllles conprising the active
sucrose 30
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skilled in the art. Thus according to a further aspect of the invention there is provided a
compound library comprising at least 2 compounds, or pharmaceutically acceptable salts thereof.
25  100259] A purine compound may be prepared by using 2,4,8-trichloropurine as a starting
material. The three chloro groups can be displaced by various substituents. More specifically,
the most reactive chloro group (i.c., chloro at position 4) is substituted with a morpholino group
to form morpholinopurine.
[00260] For illustrative purposes, Scheme 1 shows a general method for preparing
30 Formula I purine compounds, as well as key intermediates. For a more detailed description of
the individual reaction steps, see the General Procedures and Examples sections. Those skilled
in the art will appreciate that other synthetic routes may be used to synthesize the inventive

compounds. Although specific starting materials and reagents are depicted and discussed in the



-70- size e.g. inthe range of 0.1 to 500 mcrons (including particle sizes
in a range between 0.1 and 500 microns in increnments mcrons such as 0.5,

1, 30 m cwons10/B649mi crons, etc.), which is adm ni st er edPoy/EPapiogsi2ahal ati on
t hrough the nasal passage or by inhalation through the nmouth so as to reach
the al veol ar sacs. Suitable fornul ati o6 i ncl ude aqueous or oily sol utions
of the 5 active ingredient. Formulations suitable for aerosol or dry powder
adm ni KBdnatall BrocsdyteHendF epafled ofee aadingdndt&ridomaeRhgdnadanietcasgtissubsitutedy be
delivered with other therapeutic agents such as conpounds heretofore used
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an appropriate fraction thereof, t he active ingredient. 0237] The
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such t atorhdieygtaply. not adversely affect each other. Such conpounds are
sui t abl resent in conbination in ampunts that are effective for the
pur pos éx‘?fﬁ‘%nded Anogheg 2@5%%&9&?%% methody Hyghics treMmsnt @fia wuxtyrgavith wfs-
co i I oly I , vat e,
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can be acids in the case of a basic material, bases in the case of an acidic material, binding
reagents such as antibodies, binding proteins, selective chelators such as crown ethers,
30 liquid/liquid ion extraction reagents (LIX), or the like. Selection of appropriate methods of
separation depends on the nature of the materials involved, such as, boiling point and molecular
weight in distillation and sublimation, presence or absence of polar functional groups in

chromatography, stability of materials in acidic and basic media in multiphase extraction, and the



regi men. When adm ni stered sequentially, the conbination may be
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conbined with other therapeutic, hornonal or antibody agents such as those
descr i Bt esTh usigg omeqalllyegtwseoreéq}wg peentiilieldi g é’élllent’ Rerpipohsenistry of
radi ot t o t h teif@v t hus
Compr i S e G A e o B Gy B FU7e P

st eISem(ﬂmomatpgt alm3©31)9283 3020 vaaca:,rmnmlzaﬂumsmtfehlraircopipanmimefmhe matitionaradpt abl e

salt or ru r and. t he e of t. one. ot her .cancer treatnent
ot hod R A AT, RO B8 EHE mRBodo e i O e TAEER 01 G o eoper
pound( g1t ithr OkifH lcBmbo S ahll 8cRk-iRn Wc'ﬁ@ﬁeﬁl&ﬂ/s@aﬁhia)ﬁoﬁ%} b¥€r methods, (2)
chenot her apeuti c agent(s) and the rel"lative timngs of admnistration wll

be sel detmesdionof dras@reomrlac;hnevendsrveﬂdémaﬂ deraoiringmeaientyescppeation of gkf ect .

[ 00244] METABQOLI TES FORMULA | 0245 al lin t hin
O b N A e AT M e e Tt P S Lt DA
deszy i hre: hemeiched stetebisthed datéa ly@cr efsitdl todiGonsf 192@ thag %r&&ulbmmry,
reduction, hydrolysis, am dation, deam dation, esterification,

deest eriTalytigel Mathods erdwghqr@a@q legys, ag‘emga\ﬁdwaﬁ@r,l EdceMarsrel Pplgkesdie nNsweYerd
corrpougqj? ccor dingly, the invention includes nmetabolites of conpounds of
For nul i ncl udi ng conpounds produced by a process conprising contacting
a 10 cqmmﬂflmd of Urhiies miethodr{l ), diaststdolncaic FaiEIN Hedbrnaedir icactiodfoflehamio-
sufficient to yield a met abol i ¢ product thereof. [00246] Metabolite products
t ypi camsyicallepigehirpkbase %19 BY BSHE NG IRINE LPhetalse T EAN[S, ¢-methyld-phenyfy)

ot sot bl fiof SRR AL, LP e TR BB el "t as

rat, nduseionglity wiahps carbonieyid and sulfonic acid. The diastereomeric salts may be in-
duced to separate by fractional crystallization or ionic chromatography. For separation of the
optical isomers of amino compounds, addition of chiral carboxylic or sulfonic acids, such as
camphorsulfonic acid, tartaric acid, mandelic acid, or lactic acid can result in formation of the

30 diastercomeric salts.

[00268] Alternatively, by method (2), the substrate to be resolved is reacted with one
enantiomer of a chiral compound to form a diastereomeric pair (E. and Wilen, S. “Sterco-

chemistry of Organic Compounds”, John Wiley & Sons, Inc., 1994, p. 322). Diastercomeric



15 man, allowing sufficient time for metabolismto occur (typically about
30 seconds to 30 hours) and isolating its conversion products fromthe
urine, blwoaowvi3etdher bi ol ogi cal sanples. These product PCAEP2@8H512y4

i solated since they are | abeled (others are isolated by the use of

anti bodi es capabl e of binding epitopes78urviving in the netabolite). The
nmetabolite structures are determ ned in conventional fashion, e.g., by M,
LC M5 @bmidihdsiah B8 ifermel bygeaeing lasyramadrit Sospd Ondyf w e ¢ i@itibint fisallypud© cieiral n

t he sanme way as conventional drug netaboljsm studies well knovvn to those
skil edierlﬁattzrre rgpgentsTechs ragadhyl deriytiyge de dowedoby sshgratign phidy digsterespers

ot herw

dosi ng o8 "t RSl oLl e R S R RO OS T e Bind ARLGER R ke

[ 00248]11h\rt)1ea30netkemg dnadditerenduchbis & henthyl estén ong,, (meathyil chleraddroma inf thet ur e,
or "kit", 25 contai ni ng materials useful for the tr atment of the diseases

and i P6vsaRsesoidass or Masherssics q-aegiogyicteaiflupromstyl iafiaie, (Jacpl T &
conpri ¢ éh&ﬁ{té@ i(}%r.{l%gfrotﬁfae%ce’i‘m&‘m 311&)511 gz’ H%* 1R ' NRIR ectrum for

stereoi s rmaceut i acce e salt or prodrug
t her eofthe dilesenke df thaywb utrd pies merdngrantemearsloakd@lstcoson@ac k&gﬁe idiserdonans of
associated. with the container. The termoéag ﬁga%e |nsert is used to refer

to i nstFQRPPBREC CQTBRBIES 1,05 S5epigddng i ot padRayase-pless 0
t her apeytdrtatbr HowidhhetROMN BF BepaltiBh TRbIrGNs ARG nadphthyl-REL GRELRRTWO
usage, dosage, adm nistration, contraindications and/ or Warnings concerning
thel(hsé)6df51$h)c fB}t lhnethapéﬁr)t acaqgnm@m@ttsre oo abdngioownt @inrberssparatetl be, e. g.
bottl es r| n ter ck,“ t.c. The nt ai ner Y f d
From a omted R e R i BRG 1l Lt ERE A R PR vo
2010/ 136494, Frgar/ @Pa%%a/aaammewoﬂaomaﬁot@omma@gr Fanooy 51 313781378),
formul ati on thereof which is effective for treati ng the condition and may
have a Hriehed @ predied snptiomegecag. be disimgyishehbnecthedy uisd tadistingalvetheus
sol uti %ﬂlrg)l%go ul?g W;S\?Lt?y%}{ i cgrb%flgtpo%%r s@é s%ﬁﬁpeftl?otg%{o@am Qfeqfarr Iaﬁccf‘nrmsm.
i njection nee one active’ he conposition is a
conm)ur[domb] For mﬂE\IERAIIIEREfa@EATDVEMKa]gBURﬂESert i ndicates that 5 the
orrposrtr on is used for treating the condition of choice, such as cancer.
In addilP908] the Q@@@M@@&%%@W%ﬁ% ndi cate that the patient to
be treated is one having a disorder such as a hyperproliferative disorder,
neur odegener ati on, cardiag hypertrophy, pain, mgraine or a neurotraunatic
di sease or event. In one odi nent, the | abel or package inserts indicates
that the conposition c i sonpound of Fornmula | can be used to
treat a di sorderresulfi C bnormal cell grgmth. The | abel or
package insert y also indicdte at the conpositipn can be used to treat
ot her di sor ternativel y;Nor additi onal I grticlesof manufacture

may furgs e a second contai?fr co KEing a ically
accept abl e )ﬁuch as bacteri™static watern i ( BWFI),

phosphat e-byffered s @l i ne, Ri ritgesatalyssol ution and de';l<troe gol ution. It may
further ingdude oth materials desirable froRfa comrerciaH and user 15

st andpoi nt, i ncl ud?ﬁg ot her buffers, diluents, filtZ2rs, needles, and
syringes. [00249] The kit may further conprise directions for the

adnmi ni on of ound f Formul a | ond
S b © e NSRS it Mg B Ruse N arh B R ot e RIS S
conposithd %oﬁ%ﬁpéft% @gnﬁmﬁﬁérﬁﬁgr Bfla ofchioR6 pubiAe 21.208k euz%ei:gr[pe ceh@rﬂg%@dﬂt)hc al
formulation, the kit fay further conprise di rections he si mul t aneous,

secqiibntis wiefigito searhraafuscdigcystivihatesaayaleiosn foredtm@Cflc hstteroamd ag e @npbsition of

P bR TR0 R PR L Ricad Bt hes U R hnarhRBFERY BRn ot s

conpoungd @ﬁ/rrE ngmhaiutes (S} clhorasample! Bt faPbe eamsmleemh&t)@bt BS5khtivalegkerabl y

i ncl udes er of unit dosages. Such kits can include a card having the
dos ageé‘%rﬁ %Fﬂﬁ‘éﬁlefhi’l‘tlh*ez'é’foéfélfo@fantzhﬂi)‘rlﬂ rdelsdddangsdissohyeddn dipgralsntsich a
Kit is I ki" [ 5 I.ng
ndust G UL SRR mo B b En BARSE: Al Blal IO Reldiinfe REGHEA:
fords. ahfoudesrmde oﬁal@ﬂ'&ﬁ&n@aﬂia@&ﬁnﬁ&geﬁﬁ,@ucmm e.g. in the form of

nunber letters ot h r al endar_ i nsert,. designating
the daps(irRheRdrhosabipmientedidh @M& dm%ﬁ f1& ok fdoegic #dds or boronic

adm ni stered. [00251] According to one enbodi nent, a krt may conprise (a) a
first container wwth a 30 conpound of Fornula I cont ai ned therein; and

optionally (b) a second container with a second pharnmaceutical fornmnulation
cont ai ned therein, wherein the second pharmaceutical fornulation conprises
a second corrpound vvr t h antr - hyper pr oI | fer ati ve actr vity. AI ter natr veI y, or

- o, T ]



acceptabl e buffer, such as bacteriostatic water for injection (BWI),
phosphat e-buffered saline, R nger's solution and dextrose solution. It my
further iwolzate13e9mer materi als desirable froma comer eCAEPANY/ 06Res
standpoi nt, including other buffers, diluents, filters, needles, and
syringes. [00252] In certain other en®®di nents wherein the kit conprises a
conposition of Fornmula 5 1 and a second therapeutic agent, the kit may
conpri setets At akdkin flak of oy iadiaofgbdrbtic epaindiceted 0 IIRSilicheitivelyUe hit@geR

di vided bottle or a divided foil_ packet, however, the separate co 05|t|ons

may al 96 heduegtiayihisdeteraairls o4 asﬁl&?&lbécwhﬁaﬁt@m@d r%@drheaqrﬁf@ﬁtedw@uaé P.the

ki t comp 6ﬁ9§as@k B&%&duﬂﬂ %ceft&% v$a*§ c%torf%d\l,\ﬁljﬁ c‘aif Wi (5 %ﬁﬁﬁﬁt%@g %@‘H%ne”t S

The k|t orn1|s arti- cu van ageous e separat e conponents

are pr afjecal Ilewead"ﬂhemeamtmmd then hdatfeﬂ &0 ebvtut 140- diﬁ)&"aﬂgmldfenpmmu(r@lrga micoowhveand
ni stered. at dlfferen interv or when

| ,
'to ?':(ra Eﬁ%ﬁ% %fsu?'h@ fﬁﬁﬂlw%ﬁj PiRERHIHERES I8¢ f%é?)égﬁﬁ.nﬁaletﬁ%alfﬁ%coalé%twa by the

prescr ickingde PR la ry@chte[tQQ%%ﬁcltﬁgiE(P LEMbAF AFRMABrd: R n AN d & SHVRGHNDS
[ 00254] Conpounds o Formil a | e synthesized by synthetic rout esS that

i ncl udéthmésmlla@amdgouathrmytbmmfwéIolnslklwawm blymevcehse phhentilBRC. art s,

partic rby in ki ght of t 5@1 cripkion con hereln and. .t hose for
bt her Bt Res Koo crrsds B nR i BreRC o6 B Sl ATBeyEe TSy Loy
Edi t or godet2y i t ZKyA a4iebt{ReLsa lla&iu%%’dtﬂ?sts ¢80 used duri Q{Hérfﬁlzakl deugng@ Opmnal en
der Chem e, (9):1910-16, (1985 vetica Chimca Acta, 41:1 6

( 19HB) form gerapennds.dnclpding @ﬁ@n@larymtpzi)mqryzm 3Buzyki om@ing dwe pallsdiwami ch ar e
f
el | a g1l R R, Rl RGN M AL, i R P RO e,

W) or 2ar Qomeea:léﬂtyPct(H@p@d Edi(oylsatmlgstmdyaﬂslswid th& Bovki b@.lﬁlfﬁg$&cﬁkh| led in
the art (e.g enerally in Louis F. Fieser

g N ipdigs BACLERSE o pad TPdlr)%@d&&rﬂg@f@{?]ﬂghegql@Phi)% Pﬂ(@éc)/Wh3ey Ny,

1967- e b 4, Aufl.
fad Spr%ﬁngéﬁg\?eb’ﬂ])ﬁggr 52’ Cppdm ﬁ%@ﬁ)ﬁp}? rrent Z(’al ﬂ’dﬁ@ ﬁalﬁl e via the
Bei 15t ddp(doakiPhetalpt maﬂaa)/P(m@ugszﬂP(ﬁurﬂhbt ﬁlzﬁdﬁﬂ%Mz)mﬁtzBd[PM F-Ph): ],

rear | e B e T BHoC et RETRER e -G e ot

pyri m dhfsss RNEhEAMeI0! RPN PES), ahiPP Qﬁgé%m 'BPNAPIE @'@ 2069062452820;
US 6187777 US 3763156, US 3661908; US 347549, "US 5075305, US 3003/ 220365;

GB 13906(5}373168 1(&&1@1,_0.@@3&%64\51&0%1 §udetmephn cert ai n embodi ment s,
purine conpounds of Formula I (X is Nand X2 is NR2) may be readily
prepared using well-known procedures to prepare pyrines (Hammarstromet al
(2007) Tetrahedrion Lett. 48(16):2823-2827; Cerng et al (2006) Organic

Letters 8(2R) - 5392; Chang et al (2006N.4. . Chem
49(10) :R86¥ 28p7; vang et al (2805) J. 4
2010/ 136491 0/ 0572 7:474- 482 4élt\al (2005) J. Conb.

Chem 7:627{636;" Hocek et al (2004) Synthesi/s 17 2869- 2876; Hanmarstrom et
al (2003) R#Ztrahedron Lett. 44:8361-8363; Fkﬂrmarstrom et al (2002)
Tetrahedron Lett. 43:8071-8073; Booth et al (1987) J. Chem Soc, Perkin
Trans. 1: Organic apy Bi o-Organic Chem 7:152281526; Booth et al (1981) J.
Chem Soc., Chem cal Commrunications 5 15:788-789; Yoneda et al (1976) J.
Chem Soc., Perkin Trans. 1: Organic and Bi o-Oganic Chem 14:1547-1550;
Tay?br [@9273“ (197D)a 36- d@k@omm@lﬁ? I@W@ﬂ)at@%m%@ivpnt bychiag cthagol ipjaddadenn, M

D. The , IR d e
Chem st@é%%&ﬁ%toéréoc&lgﬁ %% éij *}%dw l&éhéﬁgl sg%%lrcégl?%%%%ﬂlmg (ﬁﬁ@ET@
Wl ey leqt € gBi emematlika?,lacemnumaﬂbe wedraaviershdnt Md pdBissmnsanborate Bay
(2006) . Bi oorg. Chem 14:3987-4006; cek, 10 M Eur
Chem . PA5S5E tts%/%ﬂm b seaction gyayes st %tsfg@mﬁﬂpwuae?g%@far atggt i@?@sﬁfs
US 2008/, 00582 %5 1aHS RABHPAAIART and¥RsA00 840 A3AIMetween DOM and brine. Ifthe

25 mixture is insoluble it may be sonicated and the solid product was collected by filtration. Drying

with magnesium sulfate and evaporation of the solvent gives N'-(2-chloro purin-6-yl)-amine

substituted intermediate 28, often as a crystalline solid, or by trituration. Substituents R' and R*

may be R' and R? as defined, or protected forms or precursors thereof.



[ 00257] Synthetic chem stry transformati ons and protecting group

nmet hodol ogi es (pro- tection and deprotection) useful in synthesizing
Formul a Iwoanpasmds and necessary reagents and inter nediPaTEP2@085kAOWN | N
the art and include, e.g., those described in R Larock, Com 15 prehensive
Organi c Transformations, VCH Publisher80{1989); T. W Geene and P. G. M
Wits, Protective Goups in Oganic Synthesis, 3rd Ed., John Wl ey and Sons
(1999) ;j0ea7d] L. Paspuetal Brocedure (ENcYNiapgsh alkgfatiragents for Organic

Synt hesis, John Wley and Sons (1995) and subsequent editions thereof.

[ 00258] Conpounds of Formula | may be prepared sjngly or as conpound
libraries com 20 prising at least 2, e.g. 5 t® 1,000 conpounds, or 10 to
100 conpounds. Lji brari esgaf yconmpounds of ﬁgrnu al may be prepared by a
conbi nat ori A~ Nt and m X' gpproach,.or muTNi pl e paral | el syntheses
usi ng Rt sblqy%?n phase or“solid phas enyi%ry, by procedures known
to those skiNTel% ™ ghe G8G0s Thus accor di toNa fefther aspect of the

i nvention there is provi®d a conpound libkrary conprising at |east 2
conmpounds, or phaegmceutical |y acceptabl e $alts3@hereof. 25 [00259] A
purine conpound may be prepared by using 2,4,8-trichloropurine as a
starting material. The three chl oro groups can be displaced by various
subst i tIl&M6E. MorfeHdmeiae interadiate s ht pp aee DM apd g eguigod Gpsiy. e. |
chloro it i [: e i | 0 o f

o pholFioelaSif ARy f e DR e it bl B TORARR! 10, 01 HPeliBn 136
genet alequistileod off an alkykpaidc R} -XurEaddudl ta tHe pagtionenicmpdihedssctias isvabhitasd key

i nt er medi_at es. r.a nore detailed description of fhe individual reaction
st eps %&i@e %Léﬁ%é_raa@ StFoskgl P%@pQﬁan,éx&ﬁﬂiye%evg@&E?laﬁs?'qerwagt@nsw%dﬁ in
the artohdibd BRRTELOWRLED WAkt ANBE oRURLENE & drRidl BRcrRBYnPEortsRthil Pro get
synt hesi ze the i1 nventive conpounds. "Al t hdugh specific starting matertal s
and r eageletSalbyletedepiiot 86 wandh idiuscludsetly imthe mextWexction or purified by reverse
2010/ 13649 ER2010/ 057244 + 76-_f=ner,al_ Precedyses d ,Exanpl es, .ot her
Starti RGO EnG anCoupi IR gty ENER A TS B Ry S0 ot 41PE 3 TPt A8y
varjet Yor pfecdRbisMBéeyes and/ or reaction conditions. In addition, many of the
exenpl ary conpounds prepared by the described methods can be further
modi fi 8027711 | ghtGangral Riocedire &) 3l Peprotastioronvent i onal chenistry wel |
known to those(fkilled inthe art. 5 [00361]In preparing conpounds of
Fornul as I, pg? ction of renote functwgn lity (e.g., primary or secondary

r :

N

am ne) of int di ates may be necessar The need for such protection wll
vary dependi ng ™n the nature of the remofe functionality and the conditions
n

e
of the preplrat® met had'sA Sui t abl eN protecting groups include
acetyl ,RtTKf | ogggﬁgtylf—rbutbxyB%Tﬁé

9-fl uor enyl et iyl e bxy@ﬁ%ﬁb | 10 (Hnncw. ke need for such protection is
readily énigpd by one skilled in thesart. For a general description of
protectirg oups and their use, see T. G eene, Protective Goups in
Organic Synthesis, John Wley & Sons, New York, 1991. [00262] METHODS OF

SEPARAT)EAYS| 0026 FdnBralipeNrricharpirehyrRiyd Rabstinded 91T Ma de kreaRIRAMNGSalytid MY
be advantageous to 15 Separate reacti on products from one anot her ‘and/ or

f r om stemounisgf paraetplughesulfrhie adddPTEA) pr vshletian efmethatv] gndpeaged webpeisSASE

ste iS,. rated and/ rified to th si,red de f ho eneity by
Ehelt e R RS rBRtn S THRY biohp bkl o R R MuRTR 5, B ARTBAOE o
mul ti phasgtoexd yalcC NS or TLYS tSubktitaaits RN ahd ®H @apbe Réakd Rf as@dfinedform xt ure,

distillation, sublimation, or chromatography. Chromatography can invol ve
any nu@ﬁ@?“@¢ﬁﬁﬁ@ﬁéﬂ§”ﬂ%@ﬁd@ﬁﬁ@? e.g.: reverse-phase and normal 20 phase;

! o e i ! , =l 20
chr ot Y P ReRLPRRAR £t ia TR ALY AR MNP AR OV at oo

novi ng bed (SMB) and piﬁgarative thin or thick |ayer r omat ogr aphy, as
s g

BOC), benzyl oxycarbonyl (CBz) and

wel | as techni ques df |1 scale thin layer and fljash|chromat ography.

[ 00264] Anot her cl as separation methods inypl vesNyeatnment of a mxture
with a re- 25 agent selected to bind to or re der otherw se separable a
desired prodegt, N ted st arNH(RY, mat er R&TN, r et ORNDYy product, or the
i ke. Such rea ts|in%lgde adsorbent’s or abs sych as activated

car bon, nol ecul ar NSj @MESTcii on ﬁ%?ﬁénge medi a, or Nh&N“1Rel Alternatively,
the reagents can @e acids in tH&Mase of a basiﬁénaterial, bases in the
case of an acidi® mat&%ial, binding reagents such as¥antibodies, binding
proteins, selective chelators such as crown ethers, 30 liquid/liquid ion
extraction reagents (LI X), or the |ike. Selection of appropriate nethods of
separation depends on the nature of the materials involved, such as,

boi ling point and nol ecul ar weight in distillation and sublimation,

o o Y N e T L T




WO 2010/ 136491PCT/ EP2010/ 057244 -77- |ike. [00265] D astereoneric m xtures
can be separated into their individual diastereoners on the basis of their
physi cal wbemocab4odi f f erences by net hods wel |l known to PhogP2&kiobi2ed in t he
art, such as by chromat ography and/or fractional crystallization.

Enanti omers can be separated by 5 conv8iting the enantioneric mxture into
a diastereoneric mxture by reaction with an appropriate optically active
conmpouneoss] 9. , chuncallyasnbitituei33sisiSispasded ig bichmwlroraétﬁ@r&odvh@éuﬂmgﬁ@{ms acid
chlori dezﬁh@separ ating the diastereoners and conver hydr ol yzi ng)

n
t he i ndelEntedH @ﬂ%&b@eé&lg%\smd 1.6 coiwzaleps Pé%lb%mmer{angﬁg)é) R aAdsdadhs
AI
S0 eRFoRhnikiIfe, ST i0hohREcRbTITX o (XSS WA (RN (RLEIRPHRAT0S
| nvent inonuteEndhd reamtmmmmrread @(brabedszeﬂawabeahduye Uﬁganmflay,er ¢hdnicall, fiete@and
colu %OOZGGQA ai t er eoi soner. g an enantjoner, substantially
free ofcopsediraicd te, r DeRediie At GaPHIFPRATITHES B BOSREN| teReng or

M Xt ur ¢ Ysthd8asds {gq;uplggd%%]gglu% d‘hﬁ)&ﬂ@%gﬂ%ff di ast er eomer s using optically
active resolving agents (Eliel, E "Stereochem stry of

O gani d0@8tpoundehetrbRroclurey @rddng ouphueg , NeW York, 1994; Lochnmuller, C
H, (1975) J. 15 Chromatogr., 113(3):283- 302) Racemc m xtures of chiral

conmpounds of t i nvention can be separ and isolated by any suitable
met hod, including: (1) formation of ion di astereoneric salts with chiral
conpounds and aratip® by'fractional cmystallization or other nethods,

(2) formati Q di ast erﬂomerl c conpoynd \V\A th chiral derivatizing

reagent s ,egfa\ﬁ\i on of—thedi astgregneyfs Nand conversion to the pure

st er eoi so £3) csgpmyr ati on of ,férbigantl ally 20 pure or enriched
st ereoi so I re@t | y Dmrder chiral {: nditions. See: "Drug Stereochem stry,
Anal yti ca’P ddeS and Phar macol ogyn ing W Wainer, Ed., Mrcel Dekker,

Inc., New Y k (1993). [00267] Under hod (1), diastereoneric salts can be
for rred by acti g,g of enantio- nerped k% pur 6chi ral bases such as brucine,
qui ni ne, ephedrl strychni ne, a-nethy '13- phenyl - 25 et hyl am ne
(amphetam ne), and the like with asymretric conpounds bearing acidic

funct i d#e3821 y , sueh 6aSSSU@SEntbt§7}dy91aﬂ<Yé€@T®Xahlﬂlfm@I3|50Wh@reat:15 d.to Tﬁels treated with
di a ere. rre e |nduc N rate fracti

oyl TR B B B B P R b Ep b Db A orgs s ca
i somer qahoipham') NP KOERQLHSs 3agyof amyaﬁmﬁiel (R 'CrRY bandydn & ceds (suthfagiqg)

aci ds, such as canphorsul fonic acid, tartaric acid, nandelic acid, or
| act i c AP sArbPRale i dimstindiomaemists (BMPheAlanativabt etheb aaplias seeehts may

[ 00268}5{8"\&&%{1 nf"ﬁe' r\égét%n 1? ytlr?&,tlg?ﬁi 8&%%1&6 q e§HQ&E& g]t %h}l? eleﬁe W@%h‘c\ﬁ?ﬂed S

reacte one enant | omer I'ral conpoun orma di astereoneric
pair ( Eicaﬁhidilasth]ﬁi,onSTh'é Btgnedayeriediial, fijteetl sl gamicatr@odpoyiodshe adddtad, W | ey

& S 1994, 322) .. t
zoﬂ%r'i@ ﬁﬁéﬁf}“ e,mhls% ﬁz&ﬁlfg‘#gﬁa %%%Sgﬁ%g P?\i% 19eV¢1g MRty chY6 r Bustifusgts
asymretyl £, CORAYHEAR 'Winti [R* €0 ABEALITEF f)r%?écjteﬂ MR EG b Rordiglat i Zi ng

reagents, such as nenthyl derivatives, followed by separation of the

di ast e@@83l s andGdngat Biogsihee o Sylllel(buph@ pure or enriched enantioner. A
met hod of determ ang optical purity 0
)

®

R? Br—R® R?
R2’ N/ N RZ' N/ N
- x Pd tetrakis - x
v 1 ) — ¢ )N\
N /)\ Cu-TC or Cul N PN
/ N™ “SnBus 1,4-dioxane / N 'R
R2' R2.
37 38
[00284] To intermediate 37 in a microwave vial is added 1.2 equivalents of an aryl

20 bromide, 1 equivalent of copper (I) iodide or copper thiophene-carboxylate, and 1,4-dioxane as
solvent. The reaction mixture is degassed under nitrogen for 5 minutes prior to addition of 0.12

equivalents of tetrakis(triphenylphosphine)palladium(0). The reaction is heated in a CEM or



i nvol ves making chiral esters, such as a nenthyl ester, e.g., (-) nenthyl
chloroformate in the 5 presence of base, or Msher ester,

a- met hoxywea-20twi3é4omor onmet hyl ) phenyl acetate (Jacob |11 . POT/BR2@0/0€t2em
(1982) 47:4165), of the racem c mxture, and anal yzing the 1H NVMR spectrum
for the presence of the two atropi soneBZ<c enantioners or di astereoners.

St abl e di astereoners of atropisoneric conpounds can be separated and

i sol at Blofaye Akrowhve ANA03OVRIERs phBEECC MhokBidegeapbY nficlutopifitgradembiods f or
separation_of atropi someric_naphthyl-isoquino lines (W 10 96/15111). By
met hod Peagdic Ly pasesd térorﬁgktatﬁletaé@ Isplide @ﬁa%b@sefnmw@aﬁg%‘@ fore Ps gt ragl 1@9 via

h
Chr 3@?“%%%%%3‘*%? gflaft GPorhRopRhRE PRI pBRARGac 38, ST and R may
Ckanot de RF .an@iR’ asdt g, or (rd&ea) fBﬂn& aﬂﬁsecﬁﬁ’@)fs thEreof.ched or purified
be d t hod d to dist h oth
gﬂ?p I ?ﬁﬁt}z&ﬁ?gs ﬁﬁﬂﬂﬁ—gﬁﬁgﬁi‘—gﬁﬁl ¥ brocidure nggﬁﬁ’ 1°§t rﬁ‘g‘ﬁg%cg alssolp':]lgg:ils rgt a'?lron and
circul apoHefhr of Fherkd 1 [sQ&\%@%Q@!ﬁ%hﬂ%?@%ﬂaﬂﬁn ERESIFRHEEohall 02 Rldeg ner al

Procedure A C-2 Suzuki coupling 00271] The Suzuki-type coupling reaction
i s usefbaging withtpretckticrof th@lNk%nmogﬁmdﬁl é-dmimroﬁfhpummfeaszh@mnahycbnpxo‘ﬁnxlhe
pyrimdine ri ) 2-chl oro-purine 21. The Suzuki-t ouplin eaction
00 o el ot LBRPRILGErTE PSS GPRofie By bR S er | ¢

het er oahro-dt(tduhgydoRIEhiaarD- g\j 9}@@1@6@%@@1@)1@ NGheT-8§ PioddPls epbvaadl di nes
(i), thienopyrimdines (11i) uranggeyrl m dines (iv), and pyrrolop r| m di nes
(v)10 Fcyvltfestmglbese gl rﬁweda‘élth,@wmuﬁ ofiophilesBUr Aftes depyiotssape ith

(4,4,5, : 1 ssol ved
in3 ecl]\ﬁlgva% S %ﬁ%%ﬁ%ﬁ%@%%ﬁ% hglgs(a%l{{ éu%‘a% Ms}lgj glmzézl%{‘& % r and an
equal \G¥nurPafcedetOnith vatieus bbreat@teygdnts il miladini, catilystgiees @irban- ligwd

val ent pall adjum reagent such as bi s(triphenyl phosphi ne) pal | adi un(11)

di chl orifdpde andsindeigzgalogs @'SdRI ety of boronic acids or boronic WO

2010/ 1 @6‘%]7 CT/ ER2Q) 957244 -79- esters can be used in place of the

i ndazoI?[e ronl C%%&tg—él ndi cated. Also alternatively, a nitrogen of the
fused bicyclic heterocycle or a fused blcycllc het ryl may be protected,
e.g. as NNTHP. In song, cases potassiu 0[3 jt ate vvaseﬁjs d in place of sodium

carbonate to @djust the]pH of thé aque layer. Thereaction is then
heated to ti 140- undeft sure #in a m cy, 8 5 red&etior such as
{ m zer BI ot age ) firon1D to €Sy dieapeNt ent s

the Biota 4#1.11
wit h etla:ryfl: ac ate of anot her oréznic sol vent . A]JJt

are extracdte
evaporation of the organic (| ayer the Suzuki coupl #ng products 22 may be
purified on silica or by re se phase HPLC. Su ituents Ry, R2', R4' may
be Rl, R2, R4 as defined, or protected fornms or precursors thereof.
[00272] A variety of palladiumcatalysts can be used during the Suzuki
coupling stepgto 10 form conpounds, d;ncl udi ng exenpl ary embodinents 22.

Suzuki couplg 3 is a palladium rredl d cross coupl ing reactfion of a

het eroaryl h such as 21, wnth oronic a such as 24>ytow val ent,
Pd(11) andy cat ghysts may bey in thex uzukl coupl jngXr.eacti on,

i ncl udimg<P ( PPh3)y2—Pd(t - Buy€, [[PAC12 dpp 2, Pd{RPhB

Pd( OAc) / PPM3 NCQPd[(“IS%‘f'é\)] 2, Pd(ﬂ:):l ::%y BALRI py) N N Sl

[ PAC1( P 2PPh2)] 2, C12Pd[P(o top3] 2, 15 Pd2(dba) 3/ P(o- of

Pd2( dba)X P(furyl)3, ClZPd[P(furyl) 3]2, Cl2Pd(PMePh2) 2, ClZPd[P(4 F- Ph) 3] 25
Cl12Pd[ P(C6F6) 3] 2, Cl2Pd[ P(2- COOH Ph) (Ph) 2] 2, Cl12Pd[ P(4- COOH Ph) (Ph)2]2, and
encapsul ated catal ysts Pd EnCat TM 30, Pd EnCat TM TPP30, and Pd(11)EnCat TM
Bl NAP30 (US 2004/ 0254066) ,a._[ 00273] General Procedure B C-6 Nitrogen

Substitution Cl nor [ j
aryl baranig agid
ar aryl baranate
IR R fx
PAGIPPh., Ry
1M Ma SOLA0N - ((
15

[00288] EXAMPLES



2728 20 [00274]To a 2,6-dichloro purine internmediate 27 in a solvent such
as ethanol is added a norpholine or a norpholine anal og, and a

non- nucl ewphoioisedsase such as triethylamne (NEt3, 1.5 eqI/ER301ploy7244

Al ternatively, acetonitrile nay be used as the solvent and potassium
carbonate may be used as the base. The83eaction m xture is stirred at room
tenperature (RT) for about 1 hour or overnight, volatiles renoved in vacuo

and reg0689] part iTtlieQﬁaﬁlchﬂew&im D@dﬂ@@dj irbtht M&ambfes iy b2oeadiXtadbted $o pre-
insoluble it may he sonicated.and the solid product was collected by

filtratPRem mmﬂgﬁrﬁéomef Rl 3faphidrumidhe ﬂléfﬁlétloéhan%%lé?ﬁé?ﬁ%m@ﬁﬁ hogts 1 @we%mgent
ft
gi ves %&i §o%nn[§dﬁ 8 8ftIP&ér1h n%o}{%)e AR téHp%gt‘B{sIg[%?ligS(:edﬁ? g&%?mg%%é% OTten as

a crysta trituration may be R

and R2 casmplef tha egdr;th@sns qiihmne@cteathﬁed nmmpnsun[ds ecurdiog $ thhemeafion MADbe

201 136491P EP2010/ 057244 .- 80- 275 n l. Pr.ocedure C N-9 Nitrogen
atPeRTSy %?@qu %@fﬁ%ﬁ%ﬁw G%g §<ﬂbﬁ‘rddaélvﬁ i 8- 4 TYFPBME and 2

eqw v %frlafégﬁbﬂé@cﬁﬁé %ae@«&eeﬁmal&ﬁw up® b&%h&ﬁ@%ﬂ&@m@m@ ﬂeagentsﬁaﬁw&lﬁa%é on is
heated to 50 C whereupon 1 to equi val ents of an alkyl halide R2'-X are

added tagt dther th@atbweaitsmbctiuauei/orﬁyefnatl@ag:tqu@ne e drfatioy ddedppioTlconditionsC/ VB
and stiyred un |l etion,,typjically. several, hour The reacti n.nixture
0 ext et i penE BRe s AP Bt REVB I S ibsne s oS anReTg e e
and conggidabatthriRedieing GtHéd oPpalddy batiRdnriskibAe 30 which is used directl y
in the next reaction or purified by reverse phase HPLC. Substituents Rl',

R3' 1and00A0] nay bH MMR Recismecracens derbatiamddcnt dempsreurscse & Barnfﬂl Yoityr

31H [ Q@ﬁﬁr&]rﬁeﬁ% wl thtyaméﬂhﬁlsﬂa&ier ahwﬂﬂlopzyﬁgamblrexaaxms mw l@ténaiedm;f bﬂoddr eat ed
with catalﬁtlc anount s of Eara t ol uenesul fonic acid (PTSA) in a solution of

met handignahd THéledd Celoablstiddsodoubl dapdiar, tt:hfélpﬂeétct ARy HESPaRuEPiee)  group
Tic SN uent 4 R RANRC KR Cor R RN TGP RER L YRR Berkfl
forhs oo deteeciue soergionhenasdR ) and associated mass ions were performed using one of the
following methods. The spectrometers have an electrospray source operating in positive and
negative ion mode. Additional detection was achieved using a Sedex 85 evaporative light
scattering detector.
[00292] Method A: Experiments performed on a Waters Platform LC quadrupole mass
20  spectrometer linked to a Hewlett Packard HP1100 LC system, with diode array detector and a
100 position autosampler, using a Phenomenex Luna 3 um C;5(2) 30 x 4.6mm and a 2
mL/minute flow rate. The mobile phase consisted of formic acid 0.1% in water (solvent A) and
formic acid 0.1% in methanol (solvent B). The initial solvent system was 95% solvent A and 5%
solvent B for the first 0.5 minute followed by a gradient up to 5% solvent A and 95% solvent B
25 over the next 4 minutes. The final solvent system was held constant for a further 1 minute.
[00293] Method B: Experiments performed on a Waters Platform LC quadrupole mass
spectrometer linked to a Hewlett Packard HP1100 LC system, with diode array detector and a
100 position autosampler, using a using a Phenomenex Luna 3 um C;5(2) 30 x 4.6mm and a 2
mlL/minute flow rate The mobile phase consisted of formic acid 0.1% in water (solvent A) and
30 formic acid 0.1% in acetonitrile (solvent B). The initial solvent system was 95% solvent A and
5% solvent B for the first 0.50 minute followed by a gradient up to 5% solvent A and 95%
solvent B over the next 4 minutes. The final solvent system was held constant for a further 1

minute.



[ 00279] General Procedure E Displacenent of al kyl bromde with amnes: WO
2010/ 136491PCT/ EP2010/ 057244 -81- [00280] Cenerally, substituted 33 is
suspendedwOreodiishdoer omet hane wher eupon 3 equi - val ents eCTHPR19/0S72BaSE
(DIPEA) and 1.5 equivalents of an amne (NH(R2)2) are added to the reaction
m xture. The reaction is nonitored by-8C or LC-MS until conplete, usually
within 30 mnutes. The reaction mxture is extracted wth water and the

or gani GoOEMer is Méth@ﬂC Eklbdrmﬁeelck @ﬂﬂ)rﬁe@Oﬂ@W&téﬁtMthmadlfupBE&ﬁassI}B@tro-
internedi ate 34 can be taken as crude into subsequent reactions or_in sone

cases ncteupiked &ja Baters 1 apm ey eat Bihapigtery BoxBadeaarardstector gadady@cts
Am de %g@%l@%@& g‘glggé%Pcar G3 WV  h béggé) %ﬁ(ﬁ%ﬁ&l@and iz%ﬁ%ﬁn&@%&?] A

2,6,8 su oxXyl “puri‘ne

t r eat edatel Tie hobile &a@ﬂcd‘ﬂé’ﬂéd of forrmc acid 0.1% in water (solvent A) and formic acid 0.1%
(2-(7-aza-1H benzotri azol e- 1- 1, 3,3-tetranet hyl uronju

hexa¥ | WoFwHiReelsakvent, )aﬁh%%f&lj §0 l(vglarcswsta@ vgasety)yo §YIVEH Aa@n@i%wpk(ém(mmm 1)
d

(O TES R floARg ByEbraBln 630 4T SALPDCAE 95D CITER BV GIERIERIBES 1 1

sti rr edniuates.| Thedimal mleeIE.katthaa(hbldd:onftalﬁtthydl ctieal enimatth sat ur at ed

bi carb te solutio ani ied, filtered and concent rat ed
to yi ecfﬁ‘?%%%é acy%@fg%d ) EXE?Y%HW mrgqr%eioa@e atgN %Mh @Jaﬁmppfq BEFsSvPetiosyer se
phase HRLG ffked kEh FREQTYSS L6&y stomPRith bUgRteR 98k digchrFZ3 def@¥rhfd Rwasd R3
as defined, or protected forns or precursors thereof. [00283] Gener al

Pr oted 2760 @JtS‘seirhpler Gmn@hlPhgnomererIi&n{a 002845 3t é1omedbad &2 37 /nmnée flow

m crowave Vi al ded 1,2 equi val ent s of .an ar 1 | ent
of coppdf i’ %mP S%?OI%EF&&% Heig e el e 4R W&&@ﬁ%@m arﬂ%&maq wgﬁé@

sol venty, aé@ﬂ@mfrﬁ@ﬁ%ls%ﬁt ﬁ) XIth'é Eﬁtlhlsso%ﬁﬁs%%f%% WRdes0, L EERIR AN 99, R WENPBIES
prior to addition of 0.12 equival ents “of

t et r akithq first PlhremmpbisHobphidiey) patadzdt upr{cd0)% sdtventr&and PHY sobehieBbed thanext@EM

r . i
° minutes. The final solvent system was held constant for a further 1 minute.

15 [00296] Method E: Experiments performed on a Waters Micromass ZQ2000 quadrupole
mass spectrometer linked to a Hewlett Packard HP1100 LC system, with a DAD UV detector
and a CTC HTS PAL autosampler, using a Higgins Clipeus 5 um C18 100x3.0 mm column (at
40°C) and a 1 mL/minute flow rate. The mobile phase consisted of formic acid 0.1% in water
(solvent A) and formic acid 0.1% in methanol (solvent B). The initial solvent system was 85%

20 solvent A and 15% solvent B for the first 1 minute followed by a gradient up to 5% solvent A
and 95% solvent B over the next 12 minutes. The final solvent system was held constant for a
further 7 minutes.

[00297] Method F: Experiments performed on a Waters Micromass ZQ2000 quadrupole
mass spectrometer linked to a Hewlett Packard HP1100 LC system, with a DAD UV detector

25 and a CTC HTS PAL autosampler, using a Higgins Clipeus Smicron C;s 100x3.0mm column
and a 1 mL/minute flow rate. The mobile phase consisted of formic acid 0.1% in water (solvent
A) and formic acid 0.1% in acetonitrile (solvent B). The initial solvent system was 85% solvent
A and 15% solvent B for the first 1 minute followed by a gradient up to 5% solvent A and 95%
solvent B over the next 14 minutes. The final solvent system was held constant for a further 5

30 minutes.

[00298] Microwave experiments were carried out using a CEM Explorer, Smith Synthe-

sizer or a Biotage Initiator™, which uses a single-mode resonator and dynamic field tuning, both



WO 2010/ 136491PCT/ EP2010/ 057244 -82- Bi otage m crowave for 20-30 m nutes at
140C. The crude reaction mxture is filtered and periodically passed

t hrough awBi20toagesdlisol ute scx-2 basic spe cartridge bef ece/HreémgsTusified
via normal or reverse phase chronmatography to afford pure product 38.
Substituents R2' and R3' may be R2 and8R3 as defined, or protected forns or
precursors thereof. 5 [00285] General Procedure H N-9 al kyl ati on of purines

[ 00286]oSathedresite fperdiicidilggand sbntfet Tathbdaurad fiRPa4@RET @h be achieved and
pol yfuncti onal i zed purines be ins with protection of the N-9 nitrogen of

2, 6- d|éﬁ®%@659PWbﬁ}‘Héaﬁgef%@ %btrahydropyranyl group (THP). Di spl acenent

of t he r eact r (

ot or o BPBLE 7 2yt S SR B Ml s iR RO R i el Bert e argopor

pr ot on nitsogeenaumedphbe. wi t h strong base and reacted with various

elec After ection m |.d Cld, N-9 is al kyl ated of
%m?ﬁ&ﬁgflousigﬁg@L¥5 9”%@?391§ﬁghﬁﬂ18888? ng at G2 chloro by

GEneraI Procedure A with varlous borgnat e reagentsgand pal | adi um cat al ysts
gi ves carbon-linked indole and indol 0gs as . [00287] Schene 1 15

aryl baranic {d or arﬁhﬁgzranateN Cl2('PPha. 2N 2Na2CO 2/ ACN

[ 00288] EXAMPYES) WO 2 q&g/05721H——83?—?00289]The chem ca
reactions deswyi bBHzin the Exanpleanay e readily adapted to pre- pare a
number of othet PI3K inhibitors of the i nvention, and alternative nethods
for preparing fhe conpounds of this.,invention are deemed to be within the
scope of this invention. For exanple, the synthesis of non-exenplified
conmpounds accord%ﬁg to the invention nay be

T f
4 | POC|3
<N /g reflux )\

N
;N °

[00301] The cyano group of 5-amino-1-methyl-1H-imidazole-4-carbonitrile 1 is hydro-
lyzed with sulfuric acid to give 5-amino-1-methyl-1H-imidazole-4-carboxamide 2. Cyclization
with urea gives 9-methyl-1H-purine-2,6(3H,9H)-dione 3. Chlorination with phosphorus

10 pentachloride and phosphorusoxychloride gives 2,6-dichloro-9-methyl-9H-purine 4 (CAS
Registry 2382-10-7).
[00302] Example 2 5-Chloro-7-morpholin-4-yl-2-(3-morpholin-4-ylazetidin-1-yl-
methyl)thiazolo[5,4-d]pyrimidine

@)

N
~T
pN ST ONT al

(—N

),

15 100303] A solution of 5-chloro-7-morpholin-4-yl-thiazolo[5,4-d]pyrimidine-2-carbalde-
hyde (3.0 g, 10.54 mmol) and 4-azetidin-3-ylmorpholine (1.8 g, 12.66 mmol) in DCE (200 mL)
was stirred at ambient temperature for 2 h. Sodium triacetoxyborohydride (3.5 g, 16.5 mmol)
was added and the mixture stirred for 18 h, then loaded onto an Isolute® SCX-2 cartridge (50 g).
The cartridge was then washed with MeOH and the desired product was subsequently eluted



5 successfully perforned by nodifications apparent to those skilled in the
art, e.g., by appropriately protecting reactive functional groups, by
utilizi ngvotzhavi3edsitt abl e reagents known in the art ot hePCriEzpowisnes

descri bed, and/or by making routine nodifications of reaction conditions.

Al ternatively, other reactions disclos8@ herein or known in the art will be
recogni zed as having applicability for preparing other conpounds of the

i nvent iyging 210 NAORAEOH. NNReElﬁﬁtC\ilisaco\l‘leéted aﬁcwﬂdeﬁraaéd mnﬂakﬁf}trh%eéﬁaﬁaﬁt ure
using a Varian Unj ty | nova spectrometer wt i pl e resonance

5nm pr éBeduccRERUE I SKiffeply clapala&gﬁ%p@%%ul’k"ﬁ IBEM rM?%HH\QQ Otte 99:1t0 98:2 to

tet I d
Lot ameisiyylshiiitne FHEcd A0 ORI SHiabiB0R ¢ AUELERANOYSREA Gk~ bisg
quartemmﬂﬂl\zfﬂﬁﬂétlllrﬂ et [ 00291] Hi gh Pressure Liquid Chromatogr aphy - Mass

2oecti 0B s HOHETEE o Nerr YRR R Bk BIRG ¢ SS T AG- AU RBRED The

spect r qugiaes 5. dl;@gﬁm%? gllﬁggcragsjpéﬁy source operating in positive and
negative I on node i onal detection was achieved using a Sedex 85

evaporative |ight scattesing detector. [00292] Method A: Experinents
performed on a Waters Pl at]f orm LC quadrupol e mass 20 spectroneter |linked to
a Hewl ett Packard HP 1 LC system wth diode array detector and a 100
position aut osanpl er,. usjng a Phenonmenex Luna 3 ilm Cl8(2) 30 x 4.6nm and a
2 m./mnute flow ratg&YThe nobil e phase consisted of formc acid 0.1%in
wat er (sol vent an r#a.c acid 0.1%in nethanol (solvent B). The initial
sol vent systemywa§ 95% sol vent A and 5% solvent B for the first 0.5 mnute

foll owed by ao ient up to 5% solvent A and 95% sol vent B 25 over the
next 4 mnut€s. )The final solvent systemwas held constant for a further 1
m nute. [002 thod B: Experinents perforned on a Waters Platform LC

guadr upol e ndss spectroneter linked to a Hewl ett Packard HP 1100 LC system
wi th diode array detector and a 100 position autosanpler, using a using a
Phenong6@305Luna 3\ sd lmﬂ.@(&bro&%mtml&:chlmmm Hollihd- ym&nb[bﬂvdﬂ@trmﬁ[ﬁe

bi | d of I A
Form o (G4 ool 390 Edeont Srdivd-Ful Hhndeyt TRe 1 #8al FSariniGy ot em
vas1 S RRLHRAaOnad4 54208 96 Aimd) irpmlﬂﬁ@;ofrmt%asosté&dryt BiibRenf Rhdpaistcby a

gradi e up to 5% solvent A and 95% sol vent B over the next 4 m nutes.
final doi %Mursymnelnadﬁdsontreamlsobm@ SOX-2 oartladg‘el(ﬂt) g Tht caitnidgeewas widhed

e T

syst eMeutht WadcRbRH and Indh@sted & Faivo dﬂ{e%glﬁtranmghdae Was 9ﬁr$ﬁe%17&0ﬂash
aut osanpl er, using a Phenonenex Luna 3 il m C18(2) X 4. 6nmm and 2

L/ mi neheontdtestaphat (Si-PPRe Dfdi MéOblhweO woNs? ta XS)op af%rdﬁh@ tisle |0dnm0111% S

nd, ~f h nt B). The
|n|{esr s%t&snggér‘]{ﬁ)éy@ ,gkz %rﬂ@é’% tl%/Oéint % dgtggyﬁagﬂ t Lg\éfelor the first 0.5
m nut e [06306pved Bramply 4di @AM-UPMbEphola-sioylvetibhyRaanSbMisioho[et/Byever the
next 4 m nutes. The final solvent systemwas held constant for a further 1

i nute.mlfimg]l%ﬁ?r@&)eE?ZlIEkﬁ’é]ﬂﬁoﬁEWfagmﬁ@rfor med on a Waters ZMD quadr upol e
mass spectro- neter linked to a Waters 1525 LC system with a Waters 996
di ode array detector an Waters 10 2700 aut osanpl er, using a Phenonenex
Luna 3 ilmC18(2) 30 x E and a 2 nL/ninute flow rate. The nobile phase
consi sted of form c aci .1%in water (solvent A) and formc acid 0.1%in
acetonitrile (solvent B) The iditial solvent systemwas 95% sol vent A and
5% sol vent B for t .5[mnute followed by a gradient up to 5%
solvent A and sol r the next 4 minutes. The final solvent

syst em was heI stant '\*OEEHfurther 1 mnute.

O

[00307] A mixture of 2-[4-(2-chloro-4-morpholin-4-yl-thieno[ 3,2-d[pyrimidin-6-yl-
20  methyl)-piperazin-1-yl]isobutyramide (1.0 g, 2.3 mmol), hexabutylditin (1.4 mL, 2.7 mmol), and



15 [00296] Met hod E: Experinents perfornmed on a Waters M cromass ZQ2000
quadr upol e mass spectroneter linked to a Hew ett Packard HP 1100 LC system
wi th a DAROWdsseet or and a CTC HTS PAL aut osanpl er, u®CmEP01BI0§TRHNS
Clipeus 5 iIlmC18 100x3.0 mmcolum (at 40C) and a 1 nL/mnute flow rate.
The nobil e phase consisted of formc a87d 0.1%in water (solvent A) and
formc acid 0.1%in nethanol (solvent B). The initial solvent system was
85% 20 PelQlLVeiBu,®hagntIMEYH, $ 04 Iviept 0. Bnimd]) idhdiofdneg10 dllyiwigtdegdsodd adeteby a
gradient up to 5% solvent A and 95% sol vent B over the next 12 mnutes. The
final subigert taspiarenrviaEagiation eok»dt Qier Ihming The Feagen mixsyyasdiluted with

[ 00297] - i ) , t , ,
quadr upar o and ToadE B RO SaPaL R TREnaR, O i R e SRR B i e
Wi th a NDATH Wy det destrad p@BuanehsauSEGuiTls dRAkd asing 8 AdpiHerin MisDHgApprbibratc ns
Clipeus, 5mcron C18. 100x3,0nm colum and a 1 nl/mnute flow rate. The

mobi esfﬁﬁag%s WIRSPEPRAD 4pd FRRICHTEEE [uee 255 et el WpsBItRSHRd taylaghd f or i c
aci d 0-cﬂ1%md%%§r§§&ﬂ3'i-ﬁ>?d R10TP DAL o Bient 1 €00 1 0:5). ﬁﬂlkr%ﬁﬁéte sUShiGIWGS 85%
solvent A and 15% solvent B for the first 1 mnute followed by a gradient
up to Bemboledend cencandatosd o givt thertitleRompennd hewhigx foad(0f gUitte’s). IXIMST i nal

sol vent st s d.c t o asd ur r1®.30 m nutes.
[00298](W%}0£§/g?€;g§w%mlmr gbg‘a{r(r i %ﬂ 65?513 (us? g a CEM Explorer, Snmith
Synt he{0¢308¢" Or ExaRip fge 2LaL7LbPhdh-AM1L L AribS€BtAnstyIFhigzdIB- nat or
and dyrEam: c?fi el d tuning, boﬂtmr}([7 V\oﬂjzho_m/ %64Q1P | EP20 0?0576% -85- of

whi Eh giide-2-gppeshyvisphicrdziny L ahlisobeiytaneide Tenper at ures from 40- 250C can be
achi eved and pressures up to 20 bar can be reached. [00299] Unl ess ot herw se
stated, all reactions perfornmed under an inert, i.e. argon or

ni trogen, atnosphere. [ 30300] Exanpl e 12, 6-di chl oro-9-net hyl -9Hpurine 4 0
CNNH21 H2N NH2 1 [ 00301] The jcyano group of

5-am no- 1- net hy1- 1H inu ol e-4-carbonitrile 1 is hydro- lyzed with

sul furic acid to g i nop 1- et hyl- 1H-i m dazol e- 4- car boxam de 2.
Cyclization w tANre& gtwesng- net hyl - 1H puri ne- 2, 6(3H, 9H) - di one 3.

g
Chl ori nati on t h)phosphor
st
>3*NH2
o)

[00309] A mixture of 2-[4-(5-chloro-7-morpholin-4-yl-thiazolo[5,4-d[pyrimidin-2-yl-

methyl)-piperazin-1-yl]-isobutyramide (1.0 g, 2.2 mmol), hexabutylditin (1.4 mL, 2.7 mmol),
and PdCl,{P'Buy(Ph-p-NMe,)}, (161 mg, 0.2 mmol) in dioxane (10 mL) was degassed and then
15 subjected to microwave irradiation at 150°C for 30 min. The reaction mixture was diluted with
MeOH and loaded onto an Isolute® SCX-2 cartridge (25 g). The cartridge was then washed with
MeOH and the desired product was subsequently eluted using 2 M NH3 in MeOH. Appropriate
fractions were combined and concentrated to give a residue which was subjected to flash
chromatography (Si-PPC, MeOH:DCM, gradient 0:100 to 10:90). Appropriate fractions were
20 combined and concentrated to give the title compound as a yellow oil (1.1 g, 67 %)._LCMS
(Method C) Ry=4.83 min; [M + H]" 694.1 (*'°Sn) 696.1 (*'*Sn)
[00310] Example 6  2-[4-(2-Chloro-7-methyl-4-morpholin-4-yl-thieno[3,2-d]pyrimi-
din-6-ylmethyl)piperazin-1-yl]isobutyramide



10 pentachl ori de and phosphorusoxychl ori de gives
2,6-dichloro-9-nethyl -9H purine 4 (CAS Registry 2382-10-7). [00302] Exanpl e
25- Chl or ow®-20wisbpiti n- 4-y1- 2- ( 3- nor phol i n- 4-yl azet i di n- PCYIEP2010/057244

met hyl )t hi azol o[ 5,4-c/] pyrimdine 0 15 [00303] A solution of

5- chl or o- 7- nor phol i n-4-yl -t hi azol o[ 5, 488/ ] pyri m di ne- 2- car bal de- hyde (3.0
g, 10.54 mmol) and 4-azetidin-3-ylnorpholine (1.8 g, 12.66 nmol) in DCE
(200 nL) was stirred at 2zﬁient tenperature for 2 h. Sodi um

triacet oxyborohydride (8.5|g, 16.5 mml) was added and the m xture stirred
for 18 h, then | oaded o an Isolute0 SCX-2 cartridge (50 g). The
cartridge was then washed| with MeOH and the desired product was
subsequent |y el uted / 136491PCT/ EP2010/ 057244 -86- using 2 MNH3 in
MeOH. The el uent ed and concentrated in vacuo. The resultant
resi due was puyi fied py fWasﬁ'chronatography (Si-PPC, DCM MeOH 100:0 to
99:1 to 98:2 t gﬁ%Eﬂ to afford the title conmpound as a creamsolid (2.66
g, 61 %. L NN@thod C: RT = 2.68 mn, [MH 411.3 5 [00304] Exanpl e

39- (2- Chl or 04>~ épholin-4-y|-thieno[3,2-d]pyrinidin-6-y|nethyl)-
1-oxa-4,9-di% sprro[ 5. 5] undecan- 3-one coN) [00305] A sol ution of

6- br ononet hy122- chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne (500 ng,

1. 43 .. 1-oxa- 4, 9-di aza-.spi .5 - 3= 315 ny, 1. 85. d
To pot AL car HesR oRE 258 Bl SR SRR b s b *"
anbi entcatRMRBYERLUI0® 4 0r3648mBHuA BHCH mm))@g@&hd@am(g@amﬂzﬁpwl)%@b&@%de

cartridge (10 gé. The cartridge was washed with MeOH and the desired
pr oduct{04bEes b2 aupahttripediyledlapfognaig (26 miy-33 S8 mypolHandragstie agid (. 1QaeL,

col | ect C . i . T . esi;due rivfied b
Flash. ohiioRBeYoRashHrEs SERE T b e R b BRI 0 SMG ST3 BlbLT ™
t he ti tad@ecanriphe rduiag anitfarovtiriad Ok figtHeb 1P htbhe Bactidn. mixGlYS waMidaded ofp: RT
= 2.51 mn, [w% 438.1 [00306] Exangllée , ,
42- [ 4- Ca-IapdvisROYGh=2acaptridge. crashastiviph M Shapiofuted wib23VIN) YipOH/DCM.
m di n- G4l BEH! siBlPSESF lkatka XWilH HIROH theNE 8 title compound as a white solid (1.12

g, 74 %). LCMS (Method C): Ry = 2.88 min, [M+H]" 453

10 [00312] Example 7 2-[4-(7-Methyl-4-morpholin-4-yl-2-(tributylstannanyl)thieno[3,2-

d]pyrimidin-6-ylmethyl)piperazin-1-yl]isobutyramide
()
N

S—~Z N
= NN
waht L
X
H,N
[00313] A mixture of 2-[4-(2-chloro-7-methyl-4-morpholin-4-yl-thieno[3,2-d]pyrimidin-
6-ylmethyl)piperazin-1-yl]isobutyramide (194 mg, 0.43 mmol), hexabutylditin (373 mg, 0.64
15  mmol), PACL {P'Buy(Ph-p-NMe;)}, (30 mg, 10 mol %) in dioxane (2 mL) was purged with
nitrogen gas then heated at 150°C, for 20 min, in a microwave reactor. The reaction mixture was
loaded onto an Isolute® SCX-2 cartridge, washed with MeOH then eluted with 2M NHj3 in
MeOH. The resulting residue was purified by column chromatography (Si-PPC, MeOH:DCM,
gradient 0:100 to 05:95) to afford the title compound as a colorless oil (192 mg, 63 %)._ LCMS
20 (Method D): Ry 2.92 min, [M+H]" 705 (*'°Sn), 707 (*'*Sn)
[00314] Example 8  2-(1-((2-chloro-9-methyl-6-morpholino-9H-purin-8-yl)methyl)-



WO 2010/ 136491PCT/ EP2010/ 057244 -87- PdCl12 {PtBU2(Ph-p-Nwe2)} 2 (161 ny,
0.2 mol ) in dioxane (10 nL) was degassed and then subjected to m crowave
i rradi at iwo 2at0/B6OC for 30 mi n. The reaction m xture wa®CuiHpatie®swids h MeOH
and | oaded onto a Isolute0 SCX -2 cartridge (25 g). The cartridge was then
washed with MeOH and the desired produ8®- was subsequently eluted using 2 M
NH3 in MeOH. Appropriate 5 fractions were conbi ned and concentrated to give
a resi gueridii-¢y)paspasbplected to flash chromat ography (Si-PPC, MeOH DCM
gradient 0:100 to 10:90). Appropriate fractions were conbi ned and
concentrate ay ve t?']fo {tle conmpound as white foam (0.9 g, 56 %._LCMS
(Method C) RT .88 m n;jM + H ' 693.1 (116Sn) 695.1 (118Sn)

[ 00308] Exanpl N

52-[4-(7- Mor phald -4:fuributylstannanyl)thiazolo[5,4-c]pyri- 10
m di n- 2-yl met hyl ) \pig@erfazi - 1-yl ] i sobutyram de [00309] A m xture of
2-[4-(5-chl oro-7-nor Nyl - thiazol of 5, 4-d] pyri mi di n-2-yl -

met hyl ) - pi perazin-1-y1] -1 sobutyranide (1.0 g, 2.2 mmol), hexabutylditin

(1.4 =( mmol), Pd Bu,2 - p- NV 2 161 0.2 | ), AN
G ortand0QatsT O RotHEEO A RAR S R IR N ARt B BaorTR Q1o 1 o
at  150Gh fiRthad0l (30O mIhhe S0eashs adictipiolicBesvdBnidiakidt raénoMytiFatdME0L). amd | oaded

onto an Isolute0 SCX-2 cartridge (25 g). The cartri d%ﬁ was then washed with
MeOH arercting was stifrecifos S8 drias. Whgseupan sdife salid hasqrashed Tullyi it ofsalptigs The MeoH.

Fobri . . : e

o chvad! G FRGELAT SRR a R AR BEF SERTE PR AR MRl bR i Rl e,

0: 100 tvaculn 80Yct 4AQ prhdgro +9&1-purfin-aoi inmrshoiize e C2Ouaorabboratt (200 granrcentrated to
ive the tit]le c nd as a yellow, oil (1.1.g9, 67.9.. L hod.C) RT =

2 83 ml?éonmamrﬁf% were a%%%lfn%r;;_edc%d(ta%é@ﬁ)n%[seg%@éﬁﬁé%i@(m- HPirinb-

62-[ 4- (y%' R fn BRIDYdsotcmarRheldiba Y ,hio&lhbfeaq{y%c-%istM té#plete, about 30

di n- 6-yl'nethyl ) pi perazi n-1-yl ]isobutyram de WO

2010 13640ERCTHERDO L OliQ®TRAM wagBonceitdd8d ] dfpnars.s Blhbsequmt efspension of the

2-chl oro- 7- net hyl.- 4- nor pholj n-4-yl -t hieno [ 3 -Ci. i mdi ne-6-

o b G aBR g i TP SRR i A chlood R P - YnfirtoiRe (72 g as o

2- (pi pefiaei sBtid,-whith sv@bﬁltwearahaigrié&&ﬁhewac&nﬁ&m%hﬁ, trinethyl orthofornate
(3.67 nL, 33.58 nmol) and acetic acid (0.19 ni, 3.36 mmmol ). After

stirring at RT for sodiumtri acet oxyborohydride (1.10 g, 5.03 mml) was
added and the resulgiwn m xture stirred for a further 17 h. The reaction
m xture was | oaded 0 an Isolute0 SCX-2 cartridge, washed with MeOH t hen
eluted with 4 M N ijn MOH DCM The resultant residue was triturated with
MeOH to give }heiﬂ' eNconpound as a white solid (1.12 g, 74 %9 . LCMS
(Method O): A 2 S/ih'\n, [ MitH] 453 10 [00312] Exanpl e 72-
[ 4- (7- Met hyl 94- phdV'l i 6t4-y1-2-(tributyl stannanyl)thieno [3, 2-
clpyrimdin-6-ylhethyl)p ip erazin-1-yl] iso butyram de CO N

[00316] To stirred solution of 4-(2-chloro-9-methyl-9H-purin-6-yl)morpholine (10g) and

15 N,N,N',N'-tetramethylethylenediamine (9.0 mL) in tetrahydrofuran (200 mL) at -78°C was added
2.5 M of n-butyllithium in tetrahydrofuran (35 mL) . The solution was stirred at -40°C for 30
minutes, and then re-cooled to -78°C, whereupon DMF (8 mL) was added and the reaction
stirred for another hour. The reaction was quenched into cold 0.25N HCl solution via 10mL
serological pipet aliquots. Ice was added to keep quenching solution temperature below 5°C, to

20 avoid formation of by-product during workup. 2-chloro-9-methyl-6-morpholino-9H-purine-8-
carbaldehyde (11g) crashed out as a light yellow solid which was filtered, rinsed with water and
dried under vacuum.

[00317] A solution of 2-chloro-9-methyl-6-morpholino-9H-purine-8-carbaldehyde (17.2
g) in MeOH (800 mL) at 0°C was treated portion wise with sodium borohydride (5 g). The
25 reaction was warmed to RT and stirred 15 minutes. The reaction mixture was quenched with

saturated solution of sodium bicarbonate. The aqueous layer was extracted twice with ethyl



MSt N-/ O H2ZN [00313] A m xture of

2-[4-(2-chl oro-7-net hyl-4-norpholin-4-yl-thieno[3, 2-d] pyrim din-

6- yl met hywoppopersewin- 1-yl ] i sobutyram de (194 ny, 0.43 mrol)EP2d1esat2ut yl ditin
(373 ng, 0.64 15 mol ), PdC12{1313u2(Ph-p-Nve2)}2(30 ng, 10 nol % in

di oxane (2 nL) was purged w th nitrogefl0gas then heated at 150C, for 20
mn, in a mcrowave reactor. The reaction m xture was | oaded onto an

| sol ut eQetSHeXThe @ambincd @eganvwlaiias wetd driddekt nagiestinu bigthtbridcoabédldded m MeOH.
The resulting . residue was purified by columm chronatography (Si-PPC,

MeOH: DC#Uagioads1d ffudg 21@dorer-oxsthybp-meypheiner S twent§-y) st 6 1hd 243s &

col orl 55 %bh (192 ng, 63 9%9. LCMS 20 (Method D): RT 2.92 mn, [MH 705
(116Sn), % %118Sn) [ 00314] Exanpl e

82-(142-chl oro-9-ne - 6- nor phol i no-9H puri n-8-yl)nmethyl)- WO

2010/ 136491PCT/ EP20L0/ 057244 -89- pi peridi n-4-yl)propan-2-ol OHCO N
NNs...---"1:-. N NNCin7 [00315] To

4-(2-ch|oro-§y(teﬁra dr o- 2H pyran- 2-y1) - 9H puri n- 6-yl ) nor phol i ne (100 Q)

i n nmet hanol 004 abl 50C was added p-tol uenesul fonic acid nonohydrate (6
g). The 5 reacti éﬂrred for 30 mns, whereupon white solid has
crashed fully out/ of 'solUtion. The solid was filtered and coll ected through

Buch I, ith Me | and dried ,
BuchnerfHATe!: Tiosd, gt Methanal, apd dri ed, under, vaGUDLO Be 1o
| odomet naBg) (B mMar MR hRHESBAKEBDH )&]quq&bﬁ/flzﬁfg([4@g g%i)rart iong waQhiddqon of

4-(2-chl oro-9H purin-6- yl)norpholine i'n I 50C. The reaction was
noni t ombdsphprusgribnudd (111 mbhelopwese. BlwotghctBM i stirmed tfers] h wiherceppothetshied

| d dryness,, Sub ' h
encr, SHIFRGRGT U duat B oi0pE R RR O GHOUBIL Pl ARSI e
(72 9) 23&1&0V¢”1hfeﬂ1g§9Hi-ﬁ}ri %ﬂyghmﬁﬁ)lﬁlbkt% efla@N@hi §g3d. under vacuum

overniﬁht. [ 00316] To stirred sol ution of

4- (Y cHP®}I] 9- ne2hiPipcgidinytiyiiraapi2yodd P TR &) iwe r¢attrg)withndt (8-(bromomethyl)-2-
chloro-9-methyl-9H-purin-6-yl)morpholine (1.6 g) via General Procedure C to yield 2-(1-((2-
chloro-9-methyl-6-morpholino-9H-purin-8-yl)methyl)piperidin-4-yl)propan-2-ol (1.76 g) as a
white solid.

[00320] Example 9 1-((2-(1H-indol-3-yl)-4-morpholinothieno[3,2-d]pyrimidin-6-

15 yDmethyl)-N,N-dimethylpiperidin-4-amine 101
[00321] A microwave vessel was charged with [1-(2-chloro-4-morpholin-4-yl-thieno|[3,2-
d]pyrimidin-6-ylmethyl)-piperidin-4-yl]-dimethyl-amine (0.500 g, 1.26 mmol), 1-BOC-indole-3-
yl-boronic acid (363 mg, 1.39 mmol), 1 N sodium carbonate solution (3 mL), acetonitrile (9 mL)
and Pd(dppf)Cl, (103 mg. 0.126 mmol), then the mixture was degassed, sealed, and heated at

20 140 °C under microwave irradiation for 20 min. The reaction mixture was diluted with
dichloromethane (100 mL) and 1 N sodium carbonate solution (10 mL) then the phases were
separated. The organic phase was washed with saturated aqueous sodium bicarbonate solution
(15 mL) then dried (MgSO4) and concentrated in vacuo. Purification by chromatography (silica,
0to 15 % ofa 9.5:0.5 MeOH:NH,4OH solution in dichloromethane) followed by trituration with

25 hot ethanol afforded 101 (161 mg, 27 %) as a cream powder. MS m/e 477 [M+H]". "H NMR
(400 MHz, CHCL:-d) 6 ppm 1.53 - 1.68 (m, 2 H) 1.75 (br. s., 1 H) 1.83 (d, J/=11.6 Hz, 2 H) 2.05
-2.22 (m,3H)2.30(s, 6 H)3.04 (d, /=12.1 Hz, 2H) 3.81 (s, 2 H) 3.88 - 3.99 (m, 4 H) 4.01 -
413 (m, 4 H)7.21-7.32 (m, 2 H) 7.37 - 7.45 (m, 1 H) 8.14 (d, /=2.5 Hz, 1 H) 8.64 - 8.70 (m, 1
H) 8.76 (br. s., 1 H)

30 [00322] Example 10  1-((2-(indolin-1-yl)-4-morpholinothieno[3,2-d]pyrimidin-6-yl)-



15 NN, N ,N -tetranet hyl ethyl enediamne (9.0 nL) in tetrahydrofuran (200
m.) at -78C was added 2.5 Mof n-butyllithiumin tetrahydrofuran (35 niL) .
The sol utworrowasedti rred at -40C for 30 m nutes, and theaTmEP2@00bRd4t O
-78C, whereupon DVMF (8 nlL) was added and the reaction stirred for another
hour. The reaction was quenched into e¢Bld 0.25N HCLl solution via 10nmL
serol ogi cal pipet aliquots. Ice was added to keep quenchi ng sol ution

t enper afdihd)-beN almbiGy Ipieridth-auaiice 62 mati on of by-product during workup.
2- chl or 0- 9- net hyl - 6- nor phol i no- 9H- ne- 8- carbal dehyde (112) crashed out

as a ||a‘h’t l/el | ov BYHTP RV She Wets cgarg@%wga[lﬁﬁ&l@aowr{mpm@ -yiiHgenl 3 d
under

2- chl o U{ﬁ@%‘é&l&@ %ﬁj Fltd ﬁ]ggrdplﬁlre}hgl ¢ 11}:eaob2 %)dlenﬁog% ?01]77'%) P g) in
MeOH (8@1(lerrds1)llfcat1c Bd o1 pj,eatl EMP O3 MLYn The sessall wis sa)lddund bentmg,tdﬁ()&[é (5 9g).
The actj on was rredt and stirred 15 mntes reaction

m xt na%rsmatpéwaﬁéﬁ tiop @a%ﬁ@aeww%wwa% ﬁﬂa&%@ﬁé? The
aqueou rd@yitite Wasrigxtd a&d 1ﬁéﬁ'1§ech%ﬂl£}o By wﬁé@ 0 to 20 % of a 49:1

2010/ 136491PCT/ EP2010/ 057244 acet a %’ e combi ned organic |ayers were

dried oMe@HRdHd(HS lrmmuseuinfctmléomn@ﬂ@@ﬂ)cterfmnmhéue titie veropaindd 0¥P e, d8 6)uden

ol 1 o, OTePhy oMo S T AT ByARE S Lo ot g g fE0han s b 196 -FesTd €

2-chl orgpy 198 b¥ﬂr§0ﬁ9fph?b'da %@vnm @mlz)m%h%n%lﬂ)(é%gdgr)tu@o@{zrmxture
of di chl’or oet hane (600 "THF 400 mL) at 0C was adde hosphor us

t ri dr od)delZ @.1/58.98 dr.cold) 367 - BB (ned@tH)(ﬂQIMs]@tﬂHe,cB Hp6.84 (h.]vx?héﬁ é&lzpbn t he

l'id I d with wat |l ected and dried
fg L]I vé_Ba} ?% ?ggg%ﬁgbﬁ%)@ ‘Ié %ﬁ]lrﬁ% xfhy\i\n oOH gﬁrle;l 6C§I )ﬁ;rghoﬁnne e
(15.6 gdoxa|a V\'hll_jyx@mg@ jd. 11@2{(91@314&1121 ={1PUPBSipeb todhi¥ho[ROPRPrididh-6()-73 J)

was reacted with 4 br ononet hyl
chl or o-ngethyd)-AlN=dipe h’llpﬁ@llyﬂjaﬁ@fl% ine (1.6 g) via General Procedure Cto

yield o

thi or o 8V iy 1 & ST RIS 0 BT RHE RV H3s8isH A0C AP SN 2- o
(1.7 thyddse @. Wg)t\eass@lhbdﬂ ARGOB26h B a(pdtéoro-4- rnorphohn 4-yl- thlen0[3 2- d]pyrlrm
91-((2-(1Hindol-3-yl)-4-norp hollnothleniﬁ%Zd pyri m di n- 6-

yl ) net Kyn-9- mnﬂhal)mqawbﬂﬂé}dlmeﬁhﬂﬁm%@ 18) Mo 3ddgda Thecrreméla\“ﬂéw@ was

char ge@e#& h’lg&t%? Q@I%BF%PI ﬂ o] GdahLBB ff}d Ilut%ﬁ' QLa’ielzThe(‘ 80'l]5d0p66c6p1t%:['e Eveas

d] pyrim pl peri net hyl - am ne
nmol ), cmllmﬁbmﬂbﬂaaeﬁtheyllpubﬁed)hychla)mactbgraﬁ@ (mgpa 0.t820wol ) 491 N sodi um

3&328%@%@% itrnindie st asbaduon Baftiemanatibists 27360 c
AHEYRid rMS“i’\?/@MV‘? Mﬂgfﬁ 1R RO SISO T Poyas ;@ éhyéed

WI t dic fvoromat hane (100 I um car bonat
t hen t H® Iphase§9 war 2 Hydper-al. 1331I(m131H) @rlgam&thdSeSMS(nwaih)eﬁ7w 8189 gt 6|r at ed

Concont ok o RO VRS CoUritr £att B by aF el Bb7apky | (41 L HEG: | 8005116 o4 o

a 9.5:Q.19) M6, %W@IMJ %&ngghmrpmgt hane) followed by trituration
wi th 25 hot ethanol affor as a cream powder. M5 nmle

477 [M[W325H NNRHMMM& 4EH€113*(H)I 11@1@13ﬁyll953@th5ﬂ @@Om01®0+9ﬂ{'ﬁuf7158(ylb)r-- s.,
J=11. 05 -2.22 3 H 230 3.04 (d,
% rﬁ‘ghﬁg’ dé“éiyl)(‘%d 1?3 @4 - 3. 99(?]m 4H)H) 4. 01(-S 4. 1?)(m 4I(—I)
7 21 - To@R7 m 2 Sfap( ir- 43(71 ((2 %hl@% ()ffhetﬁyll'@ ndrpifb li08-9Hl pdritp 8 HTymethythpifor Rn--

8.70 (m 8.
( y)mgli*)phohne



30 [00322] Exanpl e 10
1-((2-(indolin-1-yl)-4-norpholinothieno[3,2-d]pyrimdin-6-yl)- WD

2010/ 136490RCIVBRAD10/ 057244 -91- net hyl ) - N, N- di et hyl pipp@rErdio/od72a4 ne 102
[ 00323] A mi crowave vessel was charged with

[ 1- (2- chl or o- 4- nor phol i n- 4-yl -t hi eno[ 392~

d] pyri mdi n-6-yl nmet hyl) - pi peridin-4-yl]-dinethyl-amne (0.2 g), indo line
(0.12 g), p- toluenesulf c acid (0.01 g), and DV (3 nmL). The vessel was
seal ed and heated at 15{ ;under m crowave irradiation for 4 h. The
reaction m xture was coo to RT and the solid precipitate was filtered
and purified by chromatog aphy (silica, 0 to 20 %of a 49:1 MeOH NHACH

m xture in dichloro ﬁ\Nto furnish the title conmpound (0.09 g, 38 % as
an off-white soli 79[I\/HrH] "; 1H NVR (300 MHz, DWVMSO-d6) 6 ppm
1.36 - 1.65 (m /2 85(dC'J1130Hz 2 H 2.06 (t, J=10.74 Hz, 2 H)
2.44 (br. s., 6 297(d J=11.30 Hz, 2 10 H) 3.12 (t, J=8.48 Hz, 3 H
3.67 - 3.93 (m 10 H 4.17 (t, J=8.67 Hz, 2 H 6.84 (t, J=7.35 Hz, 1 H
7.03 - 7.29 3H) 8.31 (d, J=7.91 Hz, 1 H). [00324] Exanple 11
1-((2-(1Hin 1-y1)-4-nor phol i not hi eno[ 3, 2-d] pyri m di n-6-y1) -

met hyl ) - N, N- rret hyl pi peri di n-4-am ne 103 [00325] A sol ution of indole

(0. 117 [@)328h DI\/F1(08a _«xdh)tlo\m de@albesmdract@ @) heiore imgthy - SHydin-6lg 1) (1o - g)
was added. After

[1- (2- RESID lﬁ‘gn%?ﬁ%? RO %nEhapsadded fppeinhe irareeyfine (A Y2 Beri di n-
4-y1] 95r1Q) fleasfriag;,

heat edq%t ?E%%D?%‘}?Qﬁ 76%%0?%5%0 l%}ﬂﬁ@&g vﬁa{ﬁ?ﬁrgﬁgﬂﬁ ?Elorv&aterr Theesf%:n?g

pr edi pivatteenyasirabrte etated ahy theci lhyeraweersepdreted plihe ﬁq@dubMymwmlaghedp\h&l

silic 0,.to 20 ure orone ne) to

fur ni SAMERETES Site BOW alifcrorg s gssx b EhE o Batyfth RARFErESTd Vs
477 [ M, SOs, fﬁﬂéréﬂ'\dﬁd(céﬁ&n%?ed @M@%@ r&iurép{%élthgﬂ Burlﬁeoﬁﬂy filgh 2 H 1. 55-
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t hyl ) pi peri di n-4-yl)norphol i ne 104 [00327] Step 1:

(1- ( PPrigHy- ﬂk@e@yh@pmdﬂné YRemdelingo- 91 puri n- 8-yl ) net hyl ) pi per| di n-

yl ) nmor phol i ne WD 2010/ é36491PCT/ EP2010/ 057244 -92- N--,N,
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[00330] To a degassed suspension of 4-(1-((2-chloro-9-methyl-6-morpholino-9H-purin-8-
yl)methyl)piperidin-4-yl)morpholine (249 mg, 0.571 mmol), 1-(phenylsulfonyl)-3-indoleboronic

15 acid (189 mg, 0.628 mmol), 2M Na,COs aqueous solution (0.571 mL, 1.0 mmol) in toluene (5
mL) and ethanol (2 mL) was added Pd(PPhs)4 (33 mg, 0.029 mmol). The suspension was then
stirred under nitrogen at 100 °C for 18 hours. The reaction mixture was then diluted with EtOAc
and water. The layers were separated. The aqueous layer was extracted three times with EtOAc.
The combined organic extracts were washed with water, dried over Na,SQy, filtered and

20 concentrated. The crude product was purified by flash chromatography (25% MeOH in DCM)
to give the title compound as a white solid (357 mg, 95.2%). LCMS: M+H" = 657.2.



NNNCOC ) 1 C? [00328] To a solution of

4- (8- (bronmonet hyl ) -2-chl or o- 9- net hyl- 9H puri n- 6-yl ) nor pho- |line (935 ng,
2.7 mol )WoreoDA®E430 nL) was added 4- norphol i no- pi peri diPe@/EP3@B/08T244 2. 97
mmol ) and DIEA (0.70 nL). The resulting m xture was stirred at RT for 18
hours. The mi xture 5 was then poured of3-o water and the |ayers were
separated. The aqueous | ayer was extracted with three tines wwth DCM The

conbi ngo03¥1gani ¢ el 3:aTh & svktien WAL Ed(MintihyMeingrphdlinoed (IoytenNaA B4 1)-1H-
filtered and caoncentrated. The crude product was then purified by flash
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purin- 8eqcil1))1mt1hwe) wap@micehtratet @nli)pmﬁpdlbbrlRPeHPLlSl-te give. 104-(162 mgN57 7%)..  NNN |
/ 30 ' f
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aqueous4P§oI&5(<bﬂPDOZS?1[t )21070(mrr&51))17ﬁ|(d@|H)ehé8(15, i) and et hanol (2 m)

was ad (PPh3) 4 3 The s stirred
under ﬂﬁ‘?}ppgen aMW%@ ! H’rmgq(%%é ﬁ?ﬁfé{ﬁ% %}%8?1 di | uted
with Ettﬂéﬁo[amddwlﬁ[dmmﬂ)dlauﬂ%ﬁpmmmaé aogd The aqueous | ayer was
extracted three tines with Et0 The conbi ned organl c extracts were washed
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2010/ 1354MIRaH- ﬁﬁ%ﬂi;@)( Pipéadif-4PP-dimethyl-amine (0.395 g) was added. The reaction vessel

was sealed and heated at 150°C. After 1 h the reaction mixture was cooled to RT and diluted

with water. The resulting precipitate was collected by filtration then purified by chromatography
15 (silica, 0 to 20 % of a 49:1 MeOH:NH4OH mixture in dichloromethane) to furnish the title
compound (0.059 g, 12 %) as a light brown solid. MS m/e 491 [M+H]"; '"H NMR (300 MHz,
DMSO-ds) & ppm 1.33 - 1.57 (m, 2 H) 1.74 (d, J/=12.43 Hz, 2 H) 2.08 (t, /=10.55 Hz, 3 H) 2.18
(s, 6 H)2.64 (s,3H)2.95(d, /~11.30 Hz, 2 H) 3.74 - 3.87 (m, 6 H) 3.89 - 4.04 (m, 4 H) 6.42 (s,
1 H) 6.98 -7.20 (m, 2 H)7.37 (s, 1 H) 7.43 - 7.56 (m, 1 H) 8.03 (d, /=7.54 Hz, 1 H)
20 [00334] Example 14 (S)-2-(4-((2-(1H-indol-3-yl)-7-methyl-4-(3-methylmorpholino)-
thieno[3,2-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-2-methylpropanamide 106
[00335] Following the procedures to prepare 104, (S)-2-(4-((2-chloro-7-methyl-4-(3-
methylmorpholino)thieno[3,2-d]pyrimidin-6-yl)methyl)piperazin-1-yl)-2-methylpropanamide
was converted to 106. LCMS: M+H" = 548.3. "H-NMR (400 MHz, DMSO-dg): & 11.50 (s, 1H),
25 8.62 (m, 1H), 8.17 (s, 1H), 7.45 (m, 1H), 7.13 (m, 2H), 7.05 (s, 1H), 6.94 (s, 1H), 4.77 (m, 1H),
4.45 (d, 1H), 4.05 (d, 1H), 3.73-3.88 (m, 4H), 3.58 (m, 1H), 3.45 (m, 1H), 2.38-2.63 (m, 11H),
1.34 (d, 3H), 1.08 (s, 6H)
[00336] Example 15 2-(1-((9-(2-hydroxyethyl)-2-(1H-indol-3-yl)-6-morpholino-9H-
purin-8-yl)methyl)piperidin-4-yl)propan-2-ol 107
30 [00337] Step 1: 2-chloro-6-morpholino-9-(tetrahydro-2H-pyran-2-yl)-9H-purine-8-
carbaldehyde



[00331] Step 3: To a solution of

4-(1-((9-nmet hyl- 6-norphol i no-2-(1-(phenyl sul fonyl)-1H

i ndol - 3- WP-20t/136491 n- 8- y1) met hyl ) pi peri di n-4-y1) nor phol PO&/EP3&EB/08TP44 0. 544
mmol) in ethanol (5 nL) was added a 1 M aqueous solution of NaOH (4 niL, 4
mml ). After 18 hours of stirring, the%-eaction nmxture was concentrated
and purified by RP-HPLC to give 104 (162 ny, 57.7%. 5 LCMs: M+rH = 517. 3.

1H NVR (400 Mz, d6): 6 11.46(s, 1H), 8.60(m 1H), 8.13(s, 1H), 7.43
(m 1H), 7.14 (m PH)) 4.16 (s, 4H), 3.84, (s, 3H), 3.76 (t, 4H), 3.71 (s,
2H), 3.54 (t, 4H), 5 (d, 2H), 2.43 (t, 4H), 2.07 (m 3H), 1.75 (d, 2H),

1.38 (m 2H) [00332] Exanple 13

N, N- di met hy 19 2Nret hyl- 1H i ndol- 1-y1) - 4- nor phol i no-

t hi eno[ 3, 2- d]pyrN Lﬂ\6-y1)nethyl)piperidin-4-anine 105 10 [00333]A
solution of B-meghylNndble (0.131 g) in DVF (8 nL) was cooled to OC then
sodi um hydri ded 06 g) added. After 15 mn

[ 1- (2- chl or o- & nof phol i n-4-yl -t hi eno[ 3, 2-d] -

pyri m di n-6-yl ngt hyl ) - pi peri di n-4-y1]-di nmet hyl -am ne (0.395 g) was added.
The redo033sn vesskl a ywhgichasi4e@-aistoeatiethydto-1845ran’E {Hr9H-pliribloeylyB@ct i on
m xture was cooled to RT and diluted with water. The resulting precigitate

was colphebred Kye.16.93 maeDon Tt Sguk) Faet 2eyMceRibiRE 0 griwWHyn hexanss (3.2l o
267% : : e Frec=b :
tite donmulIfR ds be TGyt Sut Dol ALOTEI ORI AR DA GIF.

1H NVR {13012, Mrizol DMBGhdi6)dddp filie tes@Bing mixBiFe (s sirrdd) at 179 C fat,2 oat2betdroHz, 2
2.0 t, J=10.55 Hz, 3 2.18 , 6 2. 64 , 3 2. 95 J=11. 30

ﬂ)z, 2 ﬁrfl(ng.p?&re-]d Sipvgly opfR 10%-%@ rel.xggg was FI@ED ctrpetad f@e%t}m!é? yih %P%d%% 98 -

7. 20 (Wompidd eltracds %%re washkd with3vater! dr&i 6v& sddifith sGH223 abd conhtradd Hine 1 H

20 [00334] Exanpl e 1
('S) - 2- (caude(rRodubHwian fordfigH yyl flashi-chatrimpderapl(BR26%4t YO Awingteptaneitp-give the title

t hi eno[ 3, 2-d rimdjn-6- ) yl).piperazi n-1-y1)-2-met hyl propanam de 106
[ 00335]Cléi?ﬁ‘lpPE&‘%zﬂpﬁgf %’r?go)ﬁ}r gg&%ﬁ%ﬁt ) 3§?§par e 104,

(S) 1®- ([do3302- chl &gy X-- ALY chibrd-8=morpholino-9-(tetrahydro-2H-pyran-2-yl)-9H-purin-8-

met hyl nor phol i no) t hi eno[ 3, 2-d] pyri m di n- 6-yl ) met'hyppi perazi n-1-y1l)-2-net hyl
pr opanahingshylpipesigdivénebres-21@6. LCVS: MrH = 548. 3. 1H NMVR (400 Mz,
DMSO-d6): 6 4d.50 (s, 1H), 25 8.62 (m 1H), 8.17 (s, 1lH), 7.45 (m 1H),

7.13 (m 2H), 5 (s, N 6.94 (s, 1H), 4.77 (m 1H), 4.45 (d, 1H), 4.05
(d, 1H), 3.73 (m 4H,J 3.58 (m 1H), 3.45 (m 1H), 2.38-2.63 (m 11H)
1.34 (d, 3H), [ 00336] Exanpl e 15

H i ndol- 3-y1) - 6- nor phol i no- 9H

-4-yl) propan-2-01107 30 [00337] Step 1:

2- chl or o- 6- nor phol i noNg-XN-€tgphydr o- 2H- pyr an- 2-y1) - 9H puri ne- 8-

car bal dehyde WO 20 136491PCT/ EP2010/ 057244 -94- CON) [00338]To a
solution of 4-(2-chforp-9-(tetrahydro-2H pyran-2-yl)-9H purin-6-yl)nor-
pholine (1.96 g, 6. ) in THF (75 nL) was a 2.5 M solution of n-BuLi
i n hexanes The reaction m xture was then

_ 53.2 n., 7.9 mol) aE-78C., : r > Lhe
stirred0®40] 7gc romigsrenfrotitero-omerhelive-O5(tyahydre- 2wy 2- W H-Aeincatided.
The r e%%!llbtaidrégydg (@45' g, ¥&936 ?ﬁlh&lS,%(@-ﬁipérZ@ylPpr%paﬁomlf() ?ngt,’ @f?@rrﬁmol) and

15 sodium triacetoxyborohydride (162 mg, 0.77 mmol) in 1,2-dichloroethane (10 mL) was stirred at
RT for 30 minutes. The reaction mixture was then diluted with saturated aqueous sodium
bicarbonate. The aqueous layer was then extracted with DCM. The combined organic extracts
were then washed with water, dried over sodium sulfate, filtered and concentrated. The crude
product was purified by flash chromatography (0-100% gradient EtOAc-heptane) to give the title

20 compound (328 mg, 98%). LCMS: M+H" = 480.2.

[00341] Step 3: 2-(2-chloro-8-((4-(2-hydroxypropan-2-yl)piperidin-1-yl)methyl)-6-
morpholino-9H-purin-9-yl)ethyl acetate



bei ng poured slowy onto ice. The m xture was then extracted three tines
with DCM The conbi ned extracts were washed with water, dried over sodium
sul fat e aw0 20misestr at ed. The crude product was purifi edCiEPR1ODFT244

chr omat ogr aphy (25% Et OAc in heptane) to give the title conpound (1.1 g,
529 . LCMB: M41 = 352.2. 10 [00339] St-8p 2:

2- (1-42-chl or o- 6- nor phol i no-9- (tetrahydro-2H pyran-2-yl)-9H puri n- 8-

yl)nethyl)plmerldln 4- Ap opan 2- ol [ 00340] A m xture of

2- chl or o- 6- oI|no trahydro-ZFprran-Z-yl)-9FLpurine-8-
carbaldehyde ( mol ), 2-(4-piperidyl)-2-propanol (110 ng, 0.77
nmol ) and 15 sédi n1tr|a etoxyborohydrlde (162 ng, 0.77 mmol) in

1, 2-di chl oroet h yas stirred at RT for 30 mnutes. The reaction
m xture was then i th saturated aqueous sodi um bi carbonate. The
aqueous | ayer was th ted with DCM The conbi ned organic extracts

were then washed w mater dried over sodiumsulfate, filtered and
concentrated. Thgfrude product was purified by flash chronat ography
(0-100% gr adi ent Et OAc- heptane) to give the title 20 conmpound (328 ny,
98%) . U@B2] M 41'To=a sbd@icd. of[20034 2, Bbep 63norpholino-9-(tetrahydro-2H-pyran-2-yl)-9H-

2-(2-chlorq-8-((4-(2-hydro an: 2-yl in-1-vyl th - 6-

ot phoPABSoH Bt R oCBer iy rraBar soLt e S SRy T EPSLAB o5 - 0.
[ 00342]21@@6@0031@&19%&%@{ (0.15 mL). The resulting mixture was stirred at 50°C for 18 hours. The
2-(1-((2-chl oro-6-norpholino-9-(tetrahydro-2H pyran-2-yl)-9H

pur in- seaﬁtlpmlﬁwe) wqo*émm doneentraied for gpan yelaoy pEeedhing, wag. t ahtrmlllg inj [PMF

et ar 10,0 afi bodtBR LS T ARG RIH S Ritiohhs W o R SRS, 1

concentdisptBbn 88 @iy e.2amiel)| PM¢ Paghe WiiseiRcwasoithn Straiketds fotdthDHditide) L)
and cooled to OC. To this cooled solution was then added sodi um hydri de

(60% diof perampgeihaigd apgjate £0.2 mifpll-§ Mk Avfta Ly kowiief stiniing ¥R hthorsastion was
fy |
m nut e%élﬁﬁeo%% WG, afgl & g&ésf ﬁ@rmﬁe i e%glgg?éed%gé ﬁﬁ]ﬁ? Gvﬁhézt%[ hJI‘hg mol ) .

Af ter urs of stirri I on was wat er. The
aquilbusombiticd feetra@s wiekeew sskitd azctthb,l’dr&a dvieN 8,304t Altétd Aad coeentifed oTilld ned

extracts mere washed th bri dried ove 2S .filtered. and
concentFueddo uﬁh@%?ﬁ%@%@ﬁ@éﬁ%&ﬂ tORTAPY éa’”a @{56%%@19%% (10%
MeOH i n, E@W%ufﬁl@hﬁfz%@’ teide veaProugd,(110 ng, 26%. LCVS: M 411= 481. 2.
[00343]St degassed suspensi on of

2-(2- Cﬂﬂﬂ%ﬁ] 8- ( ( Ht¢P4:hieda dogppred pagpelsion of 2-(2-chloro-8-((4-(2-hydroxypropan-2-
yl)piperidin-1-yl)methyl)-6-morpholino-9H-purin-9-yl)ethyl acetate (110 mg, 0.23 mmol), 1-

15  (phenylsulfonyl)-3-indoleboronic acid (83 mg, 0.27 mmol), 2 M Na,CO; aqueous solution (0.23
mL, 0.46 mmol) in toluene (3 mL) and ethanol (1 mL) was added Pd(PPhs)4 (10 mg, 0.009
mmol). The suspension was then stirred under nitrogen at 95°C for 18 hours. The reaction
mixture was then diluted with EtOAc and water. The layers were then separated. The aqueous
layer was extracted three times with EtOAc. The combined organic extracts were washed with

20  water, dried over Na,SQy, filtered and concentrated. The crude mixture was filtered through a
pad of silica gel (10% MeOH in DCM) and the filtrate was concentrated to give a yellow paste
which was then taken up in ethanol (10 mL). To the solution was added a 1 M aqueous solution
of NaOH (2 mL, 2 mmol). After 2 hours of stirring at 65°C, the reaction mixture was
concentrated and purified by RP-HPLC to give 107 (32 mg, 40%). LCMS: M+H" = 520.3. 'H-

25 NMR (400 MHz, DMSO-de): & 11.5 (s, 1H), 8.54 (m, 1H), 8.20 (s, 1H), 8.11 (d, 1H), 7.44 (m,
1H), 7.14 (m, 2H), 4.44 (t, 2H), 4.27 (s, br, 4H), 3.85 (t, 2H), 3.78 (m, 4H), 3.72 (s, 3H), 2.91 (m,
2H), 1.98 (m, 2H), 1.67 (m, 2H), 1.21 (m, 3H), 1.01 (s, 6H)

[00344] Example 16  (4-(2-(1H-indol-3-yl)-9-methyl-8-((4-(tetrahydro-2H-1,1-dioxo-



yl ) pi peridin-1-yl)methyl)-6-norpholino-9H purin-9-yl)ethyl acetate (110 ny,
0.23 mmol ), 1- 15 (phenyl sul fonyl)- 3-indol eboronic acid (83 ng, 0.27 mmol),
2 M Na2C®oaguese®isol ution (0.23 ni, 0.46 mml) in tol remEPCBOME)R4aNd
ethanol (1 nmL) was added Pd(PPh3)4 (10 ng, 0.009 nmol). The suspensi on was
then stirred under nitrogen at 95C for-948 hours. The reaction m xture was
then diluted with Et 0Ac and water. The |ayers were then separated. The

aqueoushlbpyieﬁ-w\ﬁ)p@fameqtﬁ)inéthylwfl purasoWhintorididliae 108he conbi ned organic
extracts were washed with 20 water, dried over Na2504, filtered
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20 4 00348] Ex le 18
1- ((2F%%i§?i %PéqW' (%%Pﬁgfyﬁ-{%y%hollnL Qifgusln 8-y1)-
me

4
8
1-
p
[

t hyl ) - N, N_dIWEthylplﬁf tfln 4-amine 110 / -NCO DNN N........... )i N\
% f L,
[00349] N,N-dlrnethylp1per1din—4-arnine (0.41 g) was reacted with 4-(8-(bromomethyl)-2-

25  chloro-9-methyl-9H-purin-6-yl)morpholine (1.0 g) via General Procedure C to yield 1-((2-
chloro-9-methyl-6-morpholino-9H-purin-8-yl)methyl)-N,N-dimethylpiperidin-4-amine (0.52 g)
as a white solid. This intermediate was reacted with 1-(phenylsulfonyl)-1H-indol-3-ylboronic
acid via General Procedure B to give intermediate N,N-dimethyl-1-((9-methyl-6-morpholino-2-
(1-(phenylsulfonyl)-1H-indol-3-yl)-9H-purin-8-yl)methyl)piperidin-4-amine. The intermediate

30 was suspended in MeOH (3 mL) whereupon 3N KOH (0.3 mL) was added and the reaction



NN CI / [00349] N, N-di net hyl pi peridin-4-amne (0.41 g) was reacted with

4- (8- (bronmonet hyl )-2- 25 chl oro-9-net hyl - 9H puri n-6-yl ) norpholine (1.0 Q)
via GenerwD 2Prooceure C to yield 1-((2- PCT/EP2010/057244

chl or o- 9- et hy1- 6- nor phol i no- 9H puri n- 8-yl ) net hyl ) - N, N- di net hyl pi peri di n- 4-
amine (0.52 g) as a white solid. This-Phternediate was reacted with

1- (phenyl sul fonyl) - 1H i ndol-3-yl boronic acid via General Procedure B to

gi ve i miigfuiedbaheatdd M-50POeEsyelerdt KRra®ith Yhe frotfifh@loup@vad removed. Reverse

R RO T T A
was addes 04 (e figactd @ Hy6, @19/363@4?ﬁquﬁpa%é9é?§ﬁ?%6 Tapfaxgur e

was heated a seve hours u r ot ect rou renoved.
Rever sédpitis8.8purl. 75 aatdtbn 3 gavs 2H)N2. 8ME,(2€ED) 2 475s SH)M\. llrl 1H4NMR3HA},OD7M—IZ
6 4 8.66 - 8.51 (m 1H), 8.13 (d, 1H), 7.48 - 7.36 (m
7@&’]“)7?@%(@%]@2%0 4.26 (s, 4I(—I), 3.H293 (d, 3I(—I), 3.H%33 - 3.75 (m 4I(—I),
370 2. IR : d,
g 5[363%111) H)%jzﬁg%lgegl?]'b E)?a(%pﬁjlgl 1&%@1 8.9 el 1-8 I (Rt el MydREDH-phyrdR4 1)
4 (2 (pnpqrmol-ﬂ)nyeﬂ}ym%muny&é 81)414>¥I(h0ét1¢ &hldr o- 2H- pyr an- 4- yl)

P Peeadbtsty Y ) MEoliuhiah Beduts b e B I tfeatitiator S psp by Reb A% ®
conver t@d chAvekied to L OVE:CNYEHVR 1 5.13.3. HH‘L'NWI’R (QG@Q/IIM"DM AP 1.4 sliH)W( S,

4010 3 %0 G 10§14 51 980243 oy 11 725 (emrbang 27 715 @%(@52%r3§161(23)74

N N di eryT 453(%53?531491%3%1*&&819%38%@ 2, 93 REqmhy 20
t hi eno[[60352¢l] pyri @p YN, Nedlhbéth)yﬂllllé(el (iihﬁtlﬂrl-aﬂl-mdolll-&l)[@ﬁﬁﬁiioﬁnm crowave

vessel was charged w di met h nmor phol i n-4-y1-2-tri -

but yl stﬂélﬁ?%{ﬁﬁl'd]?}ﬁl@ﬁbl[l'é ﬁ)raqtbxﬁnlmrmmr“m@ h{?) - pi peri di n- 4- y1] am ne (0 4
8

9, 17, e, iyl Sl ek, B 0 g 3 oo

terts bl]liuyyllstaﬁtaeyl thend[3, Zg-)i]pycmp@m% methythepip &idid-4eyl]-amhe (0.4 g) in dioxane (8

t et r aki hos hi ne e vessel was u ted and

back 1 TPk heirenrgon isnsedand fich Hkd it e TRERry MRS el o ianon

m cr OWﬁéth?Lln%l@Q ﬁcafr%%aﬁ a'&ld”tertm 120tef @ﬂ?} g)OE’oﬁEeHo‘dEc% (v Haphed to RT

then filteréd through HPL | ter. hefl trate was concentrated and the

r esi dugctotiistiiptedypbespbinci ﬁallledlquO 0%ed n:ﬁlna)gasaeé fxas €sadupied and back 2ifcdow ol a

49:1 MeOH NHAOH . m xture.in di or o The res ned S

it ssol g deeimn AR st oS aiis e SRR et PR 3L I OB A g o
Thea(m xtditien wastusd wWid &fblitto RIT Qe fitb@ltthdngh HPE(fiIee! Dt Hlteat Mab e6icefl by
filtration then dried to yield the title conpound (0.04 g, 11 % as 25 a

li ght yearqdsanddg regidug/sbigined #ais ppvieq by chromaiqerinh36slis-, 0 BRBOOEEH9E ppm

2.00 E;,e%ﬁ 1 “%)%émg'elm(ﬁ @;n ofBaficf Irng éékf(ﬁl% o}fﬁat%ed%fvassgi %sglveg 1ﬂnr§/dﬁ(€u sor.

dd J ?ﬁetf&ﬁl.ol énc54.0|ﬂ?.HCL iHlioXar@X(6 (nal,.) \ﬂﬁs&daed Hhe rlixtdre Wa84tirt&] at RTHvednighit (s,
0 ?@23 ririiite SoAEs g GORGFShS YR b SRR 4 04 g 11 %) as

2) g%lpsl?fow gﬂoﬁ\gggﬁ/ﬁgt ﬁ?}%ﬂ?ﬂ%?ﬁﬁw ﬁgoé\/ll-ll-h UI?MS-O8EZ6>2I8)pr?g% %9?) pi peri din

H)2 11-2.21 (m, 2 H) 2.45(s, 3H)272(s 8H)331 (br. s., 3H)3 86 - 3.95 (m, 4 H) 4.06 -

426 (m, 4 H) 4.32 (br. 5., 2 H) 7.07 (dd, J=8.29, 1.51 Hz, 1 H) 7.41 (d, /=8.29 Hz, 1 H) 7.84 (s,

1 H) 8.17 (s, 1 H) 8.76 (br. s., 1 H)

[00354] Example 21  2-(1-((2-(1H-indol-3-yl)-9-methyl-6-morpholino-9H-purin-8-

(
1
2-
y
[

I
00355]
- 4-

30  yDmethyl)piperidin-4-yl)propan-2-ol 115
[00355] 2-(1-((2-Chloro-9-methyl-6-morpholino-9H-purin-8-yl)methyl)piperidin-4-
yl)propan-2-ol was reacted with 1-(phenylsulfonyl)-1H-indol-3-ylboronic acid via General
Procedure B to give intermediate 2-(1-((9-methyl-6-morpholino-2-(1-(phenylsulfonyl)-1H-indol-



yl ) propan-2-ol was reacted with 1-(phenylsul fonyl)-1Hindol-3-yl boronic
acid via CGeneral Procedure B to give internedi ate

2- (1- ( (9-wotzhylt3649mor phol i no- 2- (1- (phenyl sul fony1) - 1H | RADEP20MD057244
2010/ 136491PCT/ EP2010/ 057244 - 98-

3-y1) - 9H puri n- 8- yOnet hyppi peri di n- 4- yBdr opan-2-ol . The internedi ate was
suspended in MeOH (3 nL) whereupon 3N KOH (0.3 nL) was added and the

react i GaylyOKLpuréh- mgnﬁagﬂ)pq)eﬁﬁnﬂl@l)mfpaﬁev@r ‘Bhe ﬂﬁmsdluﬁ&twds Stlk[&nﬂéd)fneCt i ng
group was_renoved. Reverse 112 ase urification gave 11 M5 (QLl) 490.3 (M +.

1H NVR Mo (Rl wrhorspypos 314 mippvas gddpr agdghe eﬁ?tlom)nxﬂae svay ogted atj 1) |

7 53 7. 5§5C ?(gl dseg%l l&o%rg\%tﬁ T@Jpé’éf@ftl Ii—i)ué V\%Z é%rﬁ?\@ﬂ%vérsggge&% ipm]lH%‘a[_éo% %6%( S
( d 2H)1,151 1\/]&(({2@t4903§|—01\/,[)+1 IBANIR, (4WHZQ®B\BS(])E§dﬂrHBQS 2H), 8.67-8.51 (m, 1H),

gmefh&ﬂ? AR R Sy e g %78%%%@6%@5&]3@40@95&é56

sol uti @aq.0fh D4{3- 3?6@ Qr Qﬂilm(rah@i{%n o7 il 2rhhi @Bl 32}% <P]2@>(Elt' gHg mzﬁcs

ylneth [Y-1-0xa-4, 9-di azaspirof 5 undecan- 3- one
1- (phend0356l f ony Mmlﬁﬂ ol9%d( Hrhminldl-Id)-@iIE@‘phglan@hlﬁllo [ﬁrﬁﬁdl]))yrlmdh@ﬁh 3) 4 (40

ng, 0.035 a 0,69 I) in a mxture of 1,4-dioxane
(6 ni) yiﬁ%?r@ Lroxf%ﬁ‘fzmggéuﬁ}ug%f% 3 0516 rowave irradiation at 140 C for
30 m n-[Oﬂ'.‘{BﬂFreaCtA@ a@ge&tsuruﬁoﬂm9@%@%4’4%@@%1@{1& - emBRI 3w ey@dih-eaded

onto an Isolute0 SCX-2 cartridge . The cartridge was then washed with

VeOH awérnthYDﬂeO@e%PTde@amM@é?umns%mee@é@mg 9.3 mmeb. Lréplsgy Bulfenyas: n
MeOH.
o [ 2- (FP FASHHGTE 1851 EOME 56 5 i1 PARSET AGhEC0 1085 Pk gnd ey (325 me

d] pyri ro.ab mﬁ{)mh mlhyiré oﬂ.} @xﬁoﬂm@{@lnﬂz) aﬁ@wace[rm ﬁilgmds@ahs)ecae@nﬁmasmaa«er ude
oi | . Agquequs Na % m.) was added to a sol ution of

9- [ 2- ( 1orprptadddp Grf?/rli%nm H"@@ 1ea3t19,13|_§m>gture was cooled to ambient temperature and
fror ph0|16 edo¥o dnl %@ﬂ%ﬁ@gS@Xcﬂ rldg%gi d%)GT}Qt ’\@Q(ehwajs tg?é?ﬁuﬁshgd did2aasehrkS- ol

undecan -one in di oxane and | e reaction m xture
wasl st ithe éddirad pmalbctamas subsooecrtyurletcl asin9Q NhNH3 ande®HeThe dne@ntasabBektéd

Th d i l.ved 0 h d | sol ut SCX- 2
Cartr GO CPBTCT fheve SrlEr | S REh K S BR  ERE g e
pr oducty\@in ARG SAHARY TN -Slat @-Qhéiﬁépﬁ&%[?S Mnlﬁor%eegha{ crddtEoit | ARBOuYRSOH

col l ectéd and concentrated to afford a sticky solid. The solid was purified
by fl agh2.eM.dhhindgmesstdd¢dSio-appiution®f OER(1 Nis0k¢ncadfongl-1 G-i9dolB-y-495: 5)

o & oSS B SR RS IR 10 R e b oni0s TGP P 16 as
a iy t &, 48lokehd (42nDPand4048 (4 WCVETheREactioR niRtuRd Was tividdlat 'ambicht mpeFdturlivey

(CDC13, 400 MHz 6869864(m 1H): 845 (s 1H: 815 (d 5 =27 H,
11 P0aingangthemponceptyated ingaucud. Hie resigucawas dissovgd ip H1e0H hen landed opis) &

H) ; 9 8
> & i g GO ytige o PuCheb g Sultiey 3ol Supfaldh gt iy
13. 8 HaprodicHyas dubdaqubntdy el(rfad u%lﬂg)2 MOQBS 8] Hxorp e 2Bient was collected and
LR s T A iy .0

2016( 13601 OETHEFRAI 09724 %1 QOPOIA. Qe BRSS SISO bR Lune 15,

| or o- 7- nor azet |
1 yI rretZIGyhl)/ItlEn;]ﬁzmbva{eB pdacg‘repyemtnf a0 nM(EQél‘Olm@ptoﬁhtﬁlb 900t §o,5:95) to afford 116 as

o, 0. dsiony (anaciBeba T08o%E 5 it BSHIs102 KR oprt A3} Guine

(8 nL) nand): wat @-8.64 (L) HYa$ .45 i1 ast gclst(@ mgwq%vleﬂj rrady 3 (AN A, $.3850C
for 30 mn. The reaction m xture was cool ed to ambi ent tenperatufe and
| oaded 7od (@, anH); SA U DHECKZ (5 ari), idifet 03 0mg) H)Th@4-3 80t(mi, ddgD); vt (sh2hl);

N n et YT B HY 22 e 208G S o AT PArEl (e L oTaag 2 M
5-(1- bQ{)ZQEr‘yeSludj’/f@ﬂ)QlHj_Hl ndol- 3-y1l)- 7 rmr phol i n-4-y1-2-(3-norpholin-4-
yl -azetidin-1-ylnmeth I) th| azol o[ 5, 4 B yrimdine as a crude oil. Agueous

NaoH (19035841 0 @xample 4-(5-(1 indol- 3 Zyl)=2~((3-morpholinoazetidin-1-yl)methyl)-
thiazolo[5,4-d]pyrimidin-7-yl)morpholine 117



10 nmL) was added to a solution

5-(1- benzenesul fonyl- 1H i ndol- 3-y1)-7-nor pholin-4-y1-2-(3-

nmor phol i rwo-2910/@gti di n-| -yl met hypt hi azol o[ 5, 4-d] pyri m @#CmEPRI0D57244li oxane
(6 mb) and IM5 (6 nL). The reaction m xture was stirred at anbient
tenperature for 1 h, then concentrated99n vacuo. The resultant residue was
di ssolved in MeOH then | oaded onto an Isolute0 SCX-2 cartridge (10 g). The

cartri qoesssps t h@ndmsieﬁdowtibh oB/BQlﬂloa@d hphelies i ryea- @L@d@@bllﬂvas»yl Abetidin-
subsequentlé]el uted using 2 MNH3 in MeOH. The eluent was collected and

concentlramsthyhigzoie]p - cé]pgltlm&@ﬁ &d0ineR, OyHemawD; & (m%?@ywlrfml)sa ipdplghozamc
e tur e ap g §77 it AT i 872 Andlafa (3,00 (11 PR PT00Y 2 v

( Met hod rixtur&Rdf +47didxanai(® mLl) Mhdi-l]wa‘ter@ﬂlla wasBlibjhiEd (@(&iﬁwavféﬂﬁad/ﬂah()n at6

? EDSS Sﬂ(gglé g z’é 1%1_2% ﬁegcfﬁsbsd mﬂi&tql?g ;v&(ats cogle&.gqlar‘éblﬁﬁt te@pq)a’curg a%%l'oegedllogltg_ﬁg 9 3( rgn 1
(t, J ‘Iso‘}utg®|'§?C3X‘h dﬂhﬂdg e (1D é}t The]cartrﬂi @ wak theh v@shecﬁwﬁﬁ Mé@H‘lﬁd theickled 2 H);

3.18-3.07 (m [00360] Exanpl e
1-((2- (p?ocfuchaﬁsmqunddﬁelateyl@smg ZnMrlﬁHe)in MeOhi. &rho[eﬁleﬂt‘dqtmqﬂuected and

T benz ShiehRiY babsr Bt BB ol 3B o R S Blinds o

1- benz gmgﬁaidﬁ@ MY%Améthi ) iRiags13 1, 4- Hﬂ@hﬁn&ﬂie @9a Bruds ofi SAGHEIuY Nammlzéls 20.67L)
e

was ad a solution of saturat sodi um bi carbonate (40 nL) and br oni ne

(0.1 mel) wasgdedgrist § SQi‘ﬂUCF@ﬁ (Jabenzenestlfprylng?-trdoRF-ylbf-meephkdinr&y1-24&- r eact i on
di |l
sat ur at SPGB PG R AR A GG | AR IR I M o e

sodi umnslu). fra¢ esacfiod m@rtené wandred acanbicattedperituee forddiy ctlienwaﬁc@l&taaadned as WO

2010/ 136491PCT/ EP2010/ 057244 -100- an off-white solid (1. %) 9
[ 00363]V%t4h The repyltant ﬁf:%qﬁ:rvéasd:}qssolved in MeOH then loaded onto an Isolute SCX

di met h)é% {éa%ﬁ(gy:gﬁ 'P(%O(Jai*t é? %gts fWa@ﬁgdy\Jﬂxﬁﬁ W){ﬂi the desired pﬁg%uct was ) oo

t hi eno[ i n- )-pi peridin-4-yl]-am ne
nmol) , sﬁbdeqummlly@d;utbd osiyd 2 34 thrm MeOH Liblicoelddt mmd@bbecteliﬁa&dmgnc@uréﬁsﬂ tomol )

Comel (4 gRiene e bl e (50, T e B, R UL EIE 4

back f Ilbb@%\ygmoafsgs; o lloWAG! Hﬁ@f?ﬁrhﬁ’c?h b hiHot K107 i kot 447 W b BanleXanes7
filtered through a plug of sol ka floc, and the filtrate was concentrat ed.

The resigl dé%b/aIsCMS (ﬂ\dlfrthd?céﬂ) With7 H@xaind Mind] 't 4852 pHINMRe@ DL 4085V Hz): 5

Chen cORBEREDRTE o aE TH ObTS Gt e St A o e Gae Ok e dpf 3B

et hanol2 iR 4h3 (t, A=1. AMIaqUEPUS.ODa 19913101 @I £ 0.7237 mLI)I) Ve g3 fthea 4asidedt ampd
the resulting mxture was stirred at reflux for 2 hours. The reaction

m xt ur 8-4eé coaddt Pdted- Bhd-0f (i dtht S0t 8h (et Y. The crude product was

i fi fl I
pur 1 9 || 25T GRRr 09rABly e SR MERNIEH:AT SO o
(300 Mrlzldln%[)aﬂﬁ])yil)NN.leﬂ.et(lﬁlplpkhﬁlm48rn31% 118, 1H), 8.19 (d, 1H), 7.32 é S,
1H), 15 7. 1H), 6. 96 3 81 6 2.93
2t|)|) 2. [%36(1% 6H)S,tepz1 ok b(ﬂlﬂzeneﬁlﬂfonzl-%gf (7211}}3 dglg, (ran) '[%0364] Exfatrrpl e
25 1-42-(5-fluoro-2-nethyl-1H i ndol- 1- yl) 4- m)rphollnothl enol 3, 2-
d] pyri m di n- 6-|yl)0_nsat @ N, N- di et hyl pi peri di n-4-am ne 119

0

!
N
/
25 Br
[00362] To a solution of 1-benzenesulfonyl-7-fluoro-1H-indole (1.00 g, 3.63 mmol) in
CCls (20 mL) was added a solution of saturated sodium bicarbonate (40 mL) and bromine (0.19
mL, 3.81 mmol) at RT. After stirring at RT for 16 hours, the reaction was diluted with DCM and
water. The organic extract was washed with saturated sodium bicarbonate, 10% aqueous sodium

30 thiosulfate, dried over sodium sulfate, filtered, and concentrated. The product was obtained as



[ 00365] A sol ution of 2-nethy-5-fluoroindole (0.164 g) in DVF (6 nlL) was
cooled to 0OC 20 then sodi um hydride (0.066 g) added. After 30 mn

[ 1- (2- chiwoceth/iephol i n-4-yl -t hi eno[ 3, 2- PCT/EP2010/057244

d] pyri m di n-6-yl met hyl ) - pi peri di n-4-y1] -di met hyl -am ne (0.395 g) was added.
The reaction vessel was seal ed and healt0®d at 150 C. After 3 h the reaction
m xture was cooled to RT and diluted with water and saturated aqueous

sodi umaga hifowhilessil @t22a) 95The resul ti ng residual oil vvas separated fromthe
aqueous | a er and then purifie chr omat ography (silica, 0 to 20 % of 25

a 49: 11 | NHAOSt9R %tk %mmw@mé ﬁillreﬁ*ftbhle&lr{émrpmlm driZstibutpdstammangs g, 109

?51?5¥%§i%19w§%ﬁ§]b%1g§6§3 AR ilicin-4 - MRS (390 B o UL g 1. 33

2. 95 ( dulf@ny3-Boimb-7-Bo®7! Kindobe {3 308 9. 4604111@41),(mppdr(]ﬁi)th16pl¢ﬂ?216(28c;arﬂoﬁ=ﬂat6 08

1 42 068 e ho ot b L o e Db gy hESSGRL BiBER © 20

m di n- Q) RS e%kﬁat% %@Ba‘%ﬁtﬂ%h mlﬂlea[ n%&d Nrifks @Q@ti&% higfirf QRS 8ifled $9htHek oy, Of

5-fluoroindole (0.148 g) in was cooled to OC then sodi um hydri de
(0. 06g)ﬁ1@mﬂedrough e@lugBl saika f[OL"; @IEL thh tﬁitraje dapoonhnirited 4Tk residiened 8jtaratyd-

e 1 oailh BatodRlideRaBTon 4Bhs nsek eeabo ok TR0 s SN QB ARy

heat ed tMISPh&elutdint Ghs theh cbMRnfr@E td SR Bh YHLW BRI GARtIEFaS AkETuRLd
diluted with water and saturated aqueous sodi um chloride solution. The

sol 14 stpasHBaalinad iV |ageeand Naghd salnidon (a5 mlbwapihcs sddadenddhapshyltingi | i ca,

o 955 g s St AFART P S T Tl S P MAR R il 7o
DVBO- d&yittowptieim "ﬂ.heB&ude Iiroﬂﬁct(vms pﬂrlﬁ&d by Yl-‘&sl( d}roﬁaﬂdﬁra@h@@sﬂﬁda 030p) 2.18 ( S 6

2 95
H) - (@H(Nﬁh'ahll)@ ) glﬂéM) tqgm)e 11865?n?ff0h111t61801151 (%ln%elg( la_?)%i L&MS i’

8 5 8.

2-(2- (%%].SH-I ny @]@4 nmor (%af)l érslcl)tzr%l((sencw?:838 d IH ' lc?lgﬁi %H) 7320, 10,
yl)pr Oﬁaﬂﬁ @n, yl[H)x@Pg Ln( phyty, 316 (<th AH)- 38) ehhetip ﬁé>31(ﬂ,12HD 2[16a869])T2.0a (déYassed
m Xt ur th 1-2- %é ((4-rorpholino-2-(tributylstannyl)-

t hi eno[B%QCddf%g (Y y1) net hyl ) pi perazi n-1-y1) propanam de (394 ny,

0.568 nmogie4 ) 4- l?zf 1e729‘ | qod&(@'(é-—'ﬂ(l@ﬂ)eﬂﬂ 1J‘1<Pmﬁ%|br l:?'gpéy'iﬂo%%lﬁ{h%o‘an&ﬂo i dine
(168 ng, 0.473 mo ) iodide (1 in THF m.)
was adcdiélﬁt’ri?di(i%?))me(m@) NQN dﬁnﬁﬁylmmh)im -4 hmllreeldé)tl on mxture was reacted in

the ni t C f Th t 15 th
1t or SOOYRY Guah Asuror e BB TR Prd T KR A RS LS iR ettt S o
and2(f i lther wdivnhhpdtate (6.066 gy aadeaf Ai’te'r l3gamﬁeg1 (ié%i\mlfhdrph@@w yl-fiiénofs, ot ant

was then concentrated to give a lEaste whi ch was taken up in ethanol

(2 ni) ddpaimidip- @Mﬁa@thﬂ)@meﬁﬂ)n 4A]1cizmeﬁw aine (R0 23 vlagaddnd. M@r@eweﬁnadded
d th T t
g USSR AR TR WPt L Aol 8 BRI Y s

20 was higldtedivith wateeind Maﬁlzbed aq@om&dﬁhehmméucmlmsmé wtsﬁdngvretstdualcbﬂ NH3 in
MeOH and concentrate The crude V\&S further purified by fl
chr o™ saREgte aaw@%&é«ewn e pugiftad s%rmr@gr%%@ﬁ% & 1§20~ 951,

LC'\@ I\ﬁfgl 1 Me@’iﬁg\@l (%)%N}ﬁe g %@h%ngt@%@%ﬁm@h 129 8(51'05?% A)%)b?a) as8: a%?o&d

259808 gglédlgs 1%8‘E>9(M+HZH)1H NMEI(300 MEEH)DMS04) 3. p@al ( ap - 8H)7,(ml 208 34 @H)
a
(3R 45y fﬂ%@&?é’ L B2kt 6 2yl 05 € aroHoAdH - RGTAR GLH) HER: 4.04 (m. 4

1) ot il da2ed | ucod) AoelRetiy B RRT 1 Y Toad @i APs b33l 0RR7LI Fol lowi ng the

procedures 't are 1 racemc cis uor o-
pl per i d00B6#] ami n@ml&lﬁ‘lvdlﬁ(t(éd&tﬂnoro 1H-indol-1-yl)-4-morpholinothieno[3,2-d]pyri-

yl )%ﬁt %’9‘ @prﬁg}%%h%}dﬂpﬁg{lﬁ?fgﬁgﬁeéfplgH‘?q%oglr: ﬁgri 'rll'hg enantioners of the

final t ; i 2.
1wﬁINRF[?§%bgT M_izwer@soqgt cﬁﬁcg)fag ﬁﬁ@r@ Mle%ﬁcﬂg%) o MR/IFl%gmL}—%codY&i tO(GDC4R§1 7 4

(m 1Hpodinmikydeidy (@Pg) addod Aﬁer mmlm[ﬂl)cz - B854 wmordifin-43ylAbichen3, 25&} 3.04
[ 310 3%?) 'YEQE%BT %%h@lj plperlc%n%l 321? d rHeth?l'_Qmme ((? g951' g)8was( emdeg H)Fhe reactlon Vésse][H)
2-(1-((2-(6-fluoro-1Hindol-3-yl)-9-nethyl-6-norpholino-9H



WD 2010/ 136491PCT/ EP2010/ 057244 -102-

purin-8-yl) et hyl) pi peridi n-4-yl)propan-2-01124 [00373] Step 1:

3-1i odo- 6-Wbhuoroizngel e | [ 00374] To a sol ution of 6-fl uoroirmeedie/f4dd g,
8.44 mml) in DW (20 nL) was added 5 potassi um hydroxide (0.521 g, 9.28
mmol) at 0 C. The resulting m xture wadlstirred at 0 C for 10 m nutes
before the addition of iodine (2.57 g, 10.1 mml). After stirring at RT

wi t h praisgeiledind icrmd 4t gbo °¢.on fit83 hahk factidemix@at twagRowas talR Tuhe dilwdet h
saturated sodi um bi carbonate. The agueous m xture was extracted three tines

with Etvaﬁbwat%@do@%atﬁéaqlef-iogamdeura)@hmé@ solfore Rstodid separpfcs man diltered; gl

f t t reat 10

B‘Jflr . Isggéngé/ﬂrﬁéh b or%d%%ﬁ%ﬁ%ﬂrﬁg ((g&”%gﬁ‘ ﬁ*f% 4@‘510%156?{ ﬁlﬁ"@ﬁ REQENGE was
g :c odod@chgdrumgmag@ctbcfumshaZﬂéﬁlzsng ?I:f)]as(éjmof@whﬁésdﬂ% l\r/ll[sgﬂfé[ﬂgg%gﬁjrz H

| uor 0- 3-i odo- sul fon ndo 02S 0 a
ool b N8 e DHSOHA:35inatol &1 1 1958 AdDI 6746 DGO So hagy i HDve
15 (10 % g i 1 ).
The. T edurHohe T ErL R AR Pl Gh A PR LSO 1000 i 10 111
ggdi‘tl ai) 0b- 7We(tmrzelrié;&B3(xnyllH):$llS{8r6(dﬁP?{) 37dn1t_ 2.9 mol). Aftertsti rri n? %EI'

or nut e a 0 0 wa 0 sti.rred a
for 30 9368 es %ﬁm@%@f o T etk S B oot ap Bﬁk ifigcp-
anmoni @%p&ﬂagrzl ﬁgxy)Thgn%q,qﬁggpg yObohhidR W3S extracted three tinmes with

Et OAc. e 20 conbi'ned ‘organi c éxtracts were washed with brine, dried over
sodlum[8e36%t e, flid aéa%sseérmdxmm@ﬁe?hnmdtyéd (44(hfbn®rpld>®npf26(dulmttyhmgnﬁ)rrl fied

o 11 uorBel? SaOP e BN Bu R e DO saa ) e oD dhia7 7] s ep
3 T0 anelAeasmRslo ML (phitt s obndh nmgyrmsmalc@ m)r@fopcts AE:E4E8 o o)

stannyl)-9H purin 8 1) et hy eridin-4 hol i ne
o 1T st (13dane. 9500 pinbrty AR (Fony 1y aasdde d@d( B 0,028 ool b

copper n %rgi m.)
was adgé%ftlé’ﬁ Fﬁ%h%)&aszrf%& &’8{%& %ﬁgrg(;v%@e F@M tdac ui)l oxﬂemlje')%%tloql 18%(\,’\‘,2“% P\Kéa%t ed
in the tmmﬁlmﬂ@d/&m@ghlp%@e@nﬁ%n&ﬁumeﬂutIths cmﬂb@rdc&@cmsmcr@ HIDOM andSiltered
concentrated and then_dissolved in DCMand filtered through a colum of

si | i ca thyengh ¢ gobmeH Sllwalgd\@S% M@Q%}WQM) Thgcliehwaniher ﬁ@%ﬂféﬁe@ B giva a

g'?lhlag\(ljvlyg@a%w B:h\,@é} | ox MI% ]Jigowp;@{ %/Iéaqueogg ﬁgé-!;& %%ﬁtzfgugbg)u 103-
) waNd(itsoladaedaathdn Bd@draelsluhet Tenglting xtixtues mmsteldralt ed fat 1 Réur. dIFhel hour
A N U R TR R N I o=
Wi 3y 2 WMshEdBw ith WMROHVROE, GRNDRINLT &heBrod e & dhdted Warh 2 MrASIn MeOH and
concentrated. The crude was further purified by flash chromatography using a Biotage KP-NH
column (5% MeOH in DCM) to give 121. LCMS: M+H" =539.2. 'H-NMR (400 MHz, DMSO-
de): 0 12.21 (s, 1H), 8.27 (d, 1H), 7.60 (s, 1H), 7.44 (s, 1H), 7.27 (m, 1H), 7.06 (m, 1H), 6.93 (m,
1H), 3.98 (t, 4H), 3.85 (s, 2H), 3.81 (t, 4H), 2.43-2.58 (m, 8H), 1.08 (s, 6H)
25 [00370] Example 28  (3R,4S5)-1-((2-(1H-indol-3-yl)-9-methyl-6-morpholino-9H-purin-8-
yl)methyl)-3-fluoro-N,N-dimethylpiperidin-4-amine 123
[00371] Following the procedures to prepare 104, racemic cis-3-fluoro-N,N-dimethyl-
piperidin-4-amine was converted to 1-((2-(1H-indol-3-yl)-9-methyl-6-morpholino-9H-purin-8-
yl)methyl)-3-fluoro-N,N-dimethylpiperidin-4-amine. The enantiomers of the final product were
30 separated by SFC to give 123. LCMS: M+H "= 493.2. "TH-NMR (400 MHz, DMSO-d): 5 11.5
(s, 1H), 8.61 (m, 1H), 8.13 (m, 1H), 7.42 (m, 1H), 7.14 (m, 2H), 4.27 (s, br, 4H), 3.85 (s, 3H),
3.79 (m, 6H), 3.04 (m, 1H), 2.91 (m, 1H), 2.05-2.29 (m, 5H), 1.59-1.84 (m, 2H), 1.17 (t, 1H)
[00372] Example 29 2-(1-((2-(6-fluoro-1H-indol-3-yl)-9-methyl-6-morpholino-9H-



5 purified by RP-HPLC to give 124 (12.2 ng, 18% . LCMS: M 41 = 508. 3.

1H NWR (400 MHz, DMsO-d6): 6 11.5 (s, 1H), 8.58 (m 1H), 8.12 (s, 1H), 7.21
(m 1H), wWo201sp491H), 4.26 (s, br, 4H), 4.02 (s, 1H), BCBEPe&I0/O03HY4 3.76
(m 4H), 3.69 (s, 2H), 2.8 (m 2H), 1.97 (m 2H), 1.66 (m 2H), 1.17 (m
3H), 1.02 (s, 6H) [00378] Exanple 30 -102-

2- (442-(2- (et hoxynet hyl ) - 1Hi ndol - 3-y1) - 4- nor phol i not hi - 10

eno[ 3, Zf)udh{xyylbrﬁbtﬂyl)p@erydmmylbmbpm pot &z n-1 -yl) - 2- et hyl propanami de 126

[ 00379] To. a degassed m xture _of

2- et hy 40303 4- ((@%;lr phisdpriotigereindplsut yi st anny1) -

t hi eno[ 3, 2-d] pyri m di n- 6-y1) nmet hyl ) pi per azi n-1-y1) propanam de (150 ng, 0.22
nmol), 3-bronp2- t hoxymet hyl ) - 1- (phenyl sul fony1)-1Hindole (82 ny, 0.22
nmol), coppem’gphene- 2- carboxylate (41 ng, 0.22 mol) in dioxane (2
m.) was adde PM3)4 (12 ng, 0.011 mmol ). 15 The reaction m xture was
reacted in tHe n‘icrowave at 140 C for 35 mn. The reaction mxture was
filter ough centr Th r d by
1 ash AL oor ARy B RS FA BT 4 FoR g RGBT BRHELOMEE, RICIGES

di ssol yweehssitmdiydxsaxid: «0552111@, 96218dmﬁbl)aﬂ0|°C( Ihate)suluﬁg haxMr@wueguﬁedsab lovCifon of

NaOH was then added. The res uItln% m xture was then stirred at 65 C for 15
hours. Prinpisabeiopnthriadditipe ofupdine 8é7|goéaé%ﬁDoAﬁeng)%%“éWlltémfﬁ@wgPE

SCX- 2 égpvg ct wa
t hen eﬁi‘ltj@te vvi tﬂ%ﬁﬂrﬁﬁ@e %%%&1 OH%%E%%\?F e%}mgﬁérzfsfo ?Eﬁ] Eﬁéjlgéﬁ ?lcj) gi veS
126 ( 12qdeauy midDrOWps ext@hBd thieEtimes WHBEIQACL FRNVRmbARA olk,g@;lc mﬁasd;ﬁ@re

11. 48 , . 1H), 25 ) .

phol i p&‘%éilﬁ{%ﬂih ﬁﬂge yrprhor syt piba ot ltgred pg capeentrated s 159 cpuge BB vV e
sol 4 | %ﬂrlﬁéd By €t m&%%rg'hlgh% (aoRlie Dt@]%ﬁggivé)}@oﬁiom%rdiﬁho% d1%dm)
was added sodi um hydri de 0% di spersi on ng, 0.38 mml) at 0 C. The
m xt ur sold6l.44 graSetVont OC for 10 minutes before the addition of

our i e A0t oy SR Bt MR By BRI 890, 0. 20 ol ). The

m xture was then heated in the nmcrowave at 180C for 15 m nutes. The
reaction m xture then diluted with water. The m xture was extracted
with three tinmes’w Et OAc. The conbi ned extracts were washed with water,
dried over Na2SOH; ered and concentrated. The crude product was then
WO 2010/ 1364BHPRST/ EP201/ 057244 -104- pur| fied by flash chromat ography
(0- 1000 adl ent Et OAc- heptane) foll owed g/ RP-HPLC to give 127 (29.2 ny,
199 . 6] MrF1 To saelest (070 pRtigoi03-Mde;6-vsoindgie (06 0g2, 192(ramoh in DMF

[ 00 2] | )
g @ PO o o S 0 B e i
pyr i m ahiRtube Wiy t‘heh huﬂrécphtﬁé’(ja%f B ndinytdy baﬁlfmhélydl(hﬁ@paff‘i&mnzd&smﬂﬁlyl chloride
I

00383] Fal | d f
5 br om]rs 3 Owa%rﬁg Ty A @%fﬁtlgrrenegrs %ﬁfjg(i)fow minutesethe geaghian #@s ¢ He weditor warivie.
LCMVS: .75 (d,
o 7%%1551? dsnrrréﬂ5dt ?(T fa%m&ﬁo%mactm&@a waéthéa ggu& pﬁlﬁq%%wé%te i 1(H) ,
6.93 (rmnrﬂd—ﬁ)lumlth@ﬂldé mThdb{)ueoBs Bixt(=, w@l—@xtra&s@&ﬁlrédfmlmdd—t)ath ZtQAc2T6d4 (m 8H),
0038
( féaff@?f ﬂ%{ sssmeﬁ% Waal}eﬂ wiith bringa dried 9ver spdjpmyfipigotiltered and

concentrated. The crude product was purified by flash chromatography (0-50% gradient EtOAc-

heptane) to give 6-fluoro-3-iodo-1-(phenylsulfonyl)-1H-indole (0.852 g, quant.).

[00377] Step 3: To a degassed mixture of 4-(1-((9-methyl-6-morpholino-2-(tributyl-

stannyl)-9H-purin-8-yl)methyl)piperidin-4-yl)morpholine (200 mg, 0.3 mmol), 6-fluoro-3-iodo-
25  1-(phenylsulfonyl)-1H-indole (75 mg, 0.187 mmol), copper(I) thiophene-2-carboxylate (36 mg,

0.19 mmol) in 1,4-dioxane (3 mL) was added Pd(PPhsz)4 (11 mg, 0.0093 mmol). The reaction

mixture was heated in the microwave at 140 °C for 30 minutes. The reaction mixture was

concentrated and then dissolved in DCM and filtered through a column of silica gel (10% MeOH

in DCM). The elutant was then concentrated to give a yellow paste which was taken up in



t hi eno[ 3, 2-d] pyri m di n-2-y1)-1Hindol-5-01132 [ 00385] A sol uti on of

5-benzyl oxylindole (0.245 g) in DVF (5 nL) was cooled to O C 15 then sodi um
hydri de (WOQ6y)y13edded. After 30 min PCT/EP2010/057244

[ 1- (2-chl or 0- 4- nor phol i n-4-yl -t hi eno| 3, 2-

d] pyri m di n- 6-yl net hyl ) - pi peri di n-4-y4]03di net hyl - am ne (0.395 g) was added.
The reaction vessel was seal ed and heated at 150C. After 1 h the reaction

mi xt ur ethaasl @anl pshdt 1Q4-Bioxane(1dihuy. ed 1wWiltdquyitselaGil dolgadni(1a0 ) g elans
sodium chl oride solution. The solid separated was filtered and then
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2-met hyl- H@éz nmet hy 1H-|nd01 3-y1) - 4-nor phol i not hi eno- 30
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argon. To this m xture was 2010/ 136491PCT/ EP2010/ 057244 - 105-
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resi due obt ai ned 'was di ssol ved i n anhydrous methanol and 4.0
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Assay Ce@n. é‘iﬁah&% b@t 6tD), é (W@G@S@P@I(Bléfﬁnzyrmtl c activity

p h os ph 3@0@% in ogrﬁ—‘o%hﬁs tha(g% Z? g:m%{g?%ﬁgﬁ gl mfi ?lo%nys) u%g]tthgtl e IH?YS

phosph@&mﬂw DHQsIrinclL4l) ethyhpipptidined- @mbﬂagan Dsilng7a fl uorescence pol ar| zation
di spl acerrent assaly The decrease in 20 fluorescence polarizatjon_ of
rdo

f1 uor ed8®1 p| P3 fodution qfegadngtheryastiig)- { -ipdadp (Hcwa. ¢-3>mmplppaME; @dl ng
prot ei 'Fﬁﬂrcﬂ? séé@&%%cﬁﬁm dﬂie?‘ﬁ(]) E&Lé&ﬁﬁ! P AgUEss 5()“@5'r ﬁ%l’)‘ﬁ%’r@ﬂﬁg in

384- r oxi pl at es resence-of 1 Tr| s (p
NaCl, 4tirdd MyCC2for $0mghyteebaddre t%addwlthcsf 21(1) (M1 11829- (IEdWQno@hohnm QHe es)

di O] oHHE SR G DO A DIFRE - Ha 20382, DAToRe Bt Pesitid by ¢ he
addi ti @Raef ifthc RYEHwaRd HOBIPE T8y 1§9191u'?&¥ "ﬂhe%aje@éﬁ/nﬁ%?e Wésoth@ﬁﬁfﬁﬁe@%vltlﬁy or

40 ng/ L pl1106/p85a (Upstate G oup, | i pore; Dundee, UK), and
water. The mixture was extracted with three tlrnes with EtOAc. The cornbmed extracts were

washed with water, dried over Na,SQy, filtered and concentrated. The crude product was then



10 uM PI P2 (Echel on Bi osciences) to the wells. The reactions were stopped
at tinepoints that yielded a fixed change in fluorescence polarization
consi st erwowntou3b4vti al rate conditions (typically 30 nPoutEP3()10/08%244 he
addition of 12.5 mM EDTA, 100 nM GRP-1 detector, and 30 5 nM

t et ranet hyl r hodam ne- | abel ed Pl P3 ( TAMRA- Pl P3; Echel on Bi osciences). After
60 m nutes of incubation at RT to allow equilibration of |abeled and

unl abelpReifitd BB flainetirogatoizh@hp &0- @.O(b%|grﬁﬁﬁlt B0 petdpant)ablleeepbnRPIPOE té he
fl uorescence en ssions from each §023p vq]ere measured at _an excitation

wavel erggitenl 231(283ammhdand L&MEnidEl FERGR (410 Mol RM2idnly Sl 8 (o

?ﬁéﬁéﬁ@ég?‘?ﬂéﬁ%ﬁ%é?é?tSEﬁﬁé BN R IER Cl il b e D A eI T
The assay, 3.81 capai) ®7Dimdaesmg 201)12.20 Qd, |2IH\)(1 Pb®3ps Didyate7 (hyeH)Csol a) ues

were_obtained by fitting the dose-dependent inhibition data to a
4- pa@ran?’tlﬁ)e]r 026udH) on usi ng Assay Explorer software (ML, San Ranon, CA.). 5

00301 ot | e 00" L3S B SRR SR TIBIM AT
The Forpytihadih- &plpqneuhmdjprpa]?z?erﬁygtz meﬂhnylpmdélﬁf[ﬁﬁ?delggt%: (II))IVBO Thgrm ngsed o
tho addDeIE of  beloneste pmcibgen S ézgﬂ%l et el PR HBBRR Ry
S gnol g@olg%§c6ﬁ§99@§>elf9uF%§ LV arsdsghl 9@5%??4881}@%1%0@ a’d 25*398 §%‘ X ng.

pr ot oc was used to estab I C50 val ues
[ 00BR2]IRHcRAD(daibt), PUS KD, dHDO7 .44 O, OHmﬂ 40 OhHH), beRdt, 1&ha7. dél(ﬂnalfﬂ)a)@ %e(rn

i fi di t f mbi t PI3K
Pt or odthet 4 CEctbl edascahsr 801G B 2 B1.50 (Eat i (E0sHBlni ¢ and a pas
regul at @6384?Ubun'ﬁxaﬁl & @(prle@ﬁ@ (&iﬁieﬂ%l&n%o)iﬁ;e%ﬁ ng% YBMmd#lholino-

bacul OVI rus expressi on system then“purified for use in
bi ocherthiced[3 2sdlaysmidimd-flpUH-i@lessol 132 3 ki nases are cloned into

Rodak bR o SRion & 3 585sh IReie BB BE fe Rrdrmanafd 9 el o
( Chent ferSodfim hydtideB0 @bg) £daea AGEP Y Mir {12{ 2l HSH=AinorgfdlinS4- §Mt%€én@?ﬂ- usi ng

standard reconbi nant DNA techni ques into the BanHl-Xbal site of the insect

cel | e>dﬂ»pﬁgslld@mvérmtbyl)mmr@iba%ymtbm(emyi -eminedQ rﬁ&ﬁ@gms addegli tTherredstiong, M. ),
suc h t ha I YVSS geaPe'ataﬁld atf:% Iltr %BEC tl I?]%EEHII'Gf?Ct argrn(?x urte%asv §fe8 rtO R&Oa%ﬁgll] p 1 10

C
alpha: used escribed above,

FLAGT Mlﬁ@@@ﬂtW@ﬁt&t | @furp)tka,@q@dopkl aoc(lMﬁlchlmlrﬁe @Muﬁbn (TROH)idGeparnice sms
24(3):427-77) was 25 subcloned in BanHl-H ndl 1| sites of pFastbac HIb (Life
Tec hnol B@r@s%ndéh@wwrﬁ@fi hyw@r%%ﬁ@a%x(smaf@ om0 Y afis Pk MaOH - NELOSF mt%fe

BI 0 (pr 13@33%?@%@&%&3 Ibgt?legre\s/\@éé)é%g P | ed ?chr]nwﬁeetﬂh ol @%‘)ﬁ:@eﬁ#ﬁ%hr eady
spl een nodiivhel (2@ BY. yP4l B4 it e barb&ia( 1074l 40anSak asf aded Cithermixnge hvas tiissed and
manuf a%&galélrpﬁll;ged 1¥h01t13%(1:’8éenugrllcp cgontcilqge %%{r Zl h}ecﬂrog gﬁfogh overnight. The reaction
mixture was filtered through solka floc. The filtrate was concentrated and purified by
chromatography (silica, 0 to 20 % of a 49:1 MeOH:NH40OH mixture in dichloromethane) to
25 furnish 132 (0.012g, 15 %) as a white solid. MS m/e 493 [M+H]"; "H NMR (300 MHz, DMSO-
ds) d ppm 1.7 - 1.8 (m, 2 H), 2.0-2.1 (d, 2 H), 2.3 (m, 3 H), 2.7 (s, 6 H), 2.95 (d, 2 H), 3.2 (m, 2
H), 3.89 - 4.04 (m, 10H), 6.5 (d, 1 H), 6.75 (d, 1H), 6.95 (d, 1 H), 7.2 (br. s, 1 H), 7.4 (s, 1 H),
8.2 (d,1H), 8.5 (d, 1H).
[00386] Example 34  2-methyl-2-(4-((2-(2-methyl-1H-indol-3-yl)-4-morpholinothieno-
30 [3,2-d]pyrimidin-6-yl)methyl)piperazin-1-yl)propanamide 133
[00387] A microwave vessel was charged with 2-[4-(4-morpholin-4-yl-2-tributyl-
stannanyl-thieno[3,2-d]pyrimidin-6-yl methyl)-piperazin-1-yl]-isobutyramide(0.50 g) in dioxane
(10 mL). The vessel was evacuated and back filled with argon. To this mixture was added 3-



30 [00396] The pl110 delta binding |1C50 values and delta/al pha selectivity of
sel ected conpounds from Table 1 include: WO 2010/136491PCT/ EP2010/ 057244
-107- Compount)/186491p110 delta I C50 (micronolar) | C50 plPOTaipPpéia/os7244£50 pll0
delta 101 0.0049 101 102 0.0208 34 103 0.0104 54 104 0.0477 105 113 0.102
13 116 0. 055 -105-

bromo-2-methyl-indole-1-carboxylic acid tert-butyl ester (0.30 g), copper thiocarboxylate (0.07
g) and tetrakistriphenylphosphine palladium(0.084 g). The vessel was evacuated and back filled
with argon again, then the mixture was irradiated with microwaves at 150°C for 40 min. The
reaction mixture was cooled to RT then filtered through HPLC filter. The filtrate was
5 concentrated and the residue obtained was purified by chromatography (silica, 0 to 10 % of a

49:1 MeOH:NH40OH mixture in dichloromethane). The residue obtained was dissolved in
anhydrous methanol and 4.0 N HCl in dioxane (20 mL) was added. The mixture was stirred at
RT for 6 h followed by heating at 50°C for 2 h. The reaction mixture was concentrated and the
residue obtained was diluted with water and neutralized with saturated aqueous sodium

10 carbonate solution. The precipitated solid was collected by filtration and the residue obtained
was purified by chromatography (silica, 0 to 10 % of a 49:1 MeOH:NH40OH mixture in
dichloromethane) to furnish 133 (0.057g, 15 %) as a white solid. MS m/e 534 [M+H]". '"H NMR
(300 MHz, DMSO-dg) 6 ppm 1.1 (s, 6 H), 2.6 (app. t, 4 H), 2.85 (s, 3H), 3.8 (m, 6 H), 3.91 (m,
4H), 6.6-6.7(br. s,. 2H), 7.07 (m, 2 H), 7.31 (m, 2 H), 8.5 (m, 1 H), 11.0 (s, 1 H).

15 [00388] Example 901 PI3K Isoform Inhibition Assay (p110 alpha, beta, gamma, delta: o,
B, v, 6)
[00389] PI3K enzymatic activity was assayed by measuring the amount of product

phosphatidylinositol 3,4,5-phosphate (PIP3) formed from substrate 4,5 phosphatidylinositol 4,5-
phosphate (PIP2) using a fluorescence polarization displacement assay. The decrease in

20 fluorescence polarization of a fluorescent PIP; probe is measured as it is displaced from a
PIP;-binding protein GRP-1detector by PI3K-catalyzed product. Assays were conducted in 384-
well black Proxiplates in the presence of 10 mM Tris (pH 7.5), 50 mM NaCl, 4 mM MgCl,, 5%
glycerol, 25 uM ATP, 10 uM PIP; (Echelon Biosciences), 0.05% 3-[(3-cholamidopropyl)
dimethylammonio]-1-propanesulfonate, 1 mM dithiothreitol, and 2% DMSQO. The kinase

25 reactions were initiated by the addition of 40 ng/mL p110a/p85a, 300 ng/mL p110B/p85a.,
40 ng/mL p110y, or 40 ng/mL p1105/p85a. (Upstate Group, Millipore; Dundee, UK), and
10 uM PIP; (Echelon Biosciences) to the wells. The reactions were stopped at timepoints that
yielded a fixed change in fluorescence polarization consistent with initial rate conditions
(typically 30 minutes), by the addition of 12.5 mM EDTA, 100 nM GRP-1 detector, and

30 5 nM tetramethylrhodamine-labeled PIP; (TAMRA—-PIP;; Echelon Biosciences). After
60 minutes of incubation at RT to allow equilibration of labeled and unlabeled PIP3 binding, the
parallel and perpendicular components of the fluorescence emissions from each sample were

measured at an excitation wavelength of 530 nm and an emission wavelength of 590 nm using an
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Envision fluorescent plate reader with a rhodamine filter (PerkinElmer Life and Analytical
Sciences; Wellesley, MA). The assay is capable of detecting 0.1-2.0 uM PIP; product. The ICsg
values were obtained by fitting the dose-dependent inhibition data to a 4-parameter equation
using Assay Explorer software (MDL, San Ramon, CA.).

[00390] Alternatively, inhibition of PI3K was determined in a radiometric assay using
purified, recombinant enzyme and ATP at a concentration of luM. The Formula I compound
was serially diluted in 100% DMSO. The kinase reaction was incubated for 1 h at RT, and the
reaction was terminated by the addition of PBS. ICs, values were subsequently determined using

sigmoidal dose-response curve fit (variable slope).

[00391] The same protocol was used to establish ICsy values for p110a (alpha) PI3K
binding.
[00392] Recombinant PI3K p110 isoforms alpha, beta, and delta may be prepared and

purified according to US 2008/0275067 from recombinant PI3K heterodimeric complexes
consisting of a p110 catalytic subunit and a p85 regulatory subunit overexpressed using the
BAC-TO-BAC.RTM. HT baculovirus expression system (GIBCO/BRL), and then purified for
use in biochemical assays. The four Class I PI 3-kinases are cloned into baculovirus vectors as
follows:

[00393] p110 delta: A FLAG™-tagged (Eastman Kodak Co., US 4703004; US 4782137,
US 4851341) version of human p110.delta (Chantry et al., J. Biol. Chem. (1997) 272:19236-41)
is subcloned using standard recombinant DNA techniques into the BamH1-Xbal site of the
insect cell expression vector pFastbac HTb (Life Technologies, Gaithersburg, Md.), such that the
clone is in frame with the His tag of the vector.

[00394] p110 alpha: Similar to the method used for p110 delta , described above, a
FLAG™-tagged version of p110 alpha (Volinia et al (1994) Genomics, 24(3):427-77) was
subcloned in BamH1-HindIII sites of pFastbac HTb (Life Technologies) such that the clone was
in frame with the His tag of the vector.

[00395] p110 beta: A p110 beta (see Hu et al. (1993) Mol. Cell. Biol., 13:7677-88) clone
was amplified from the human MARATHON™ Ready spleen cDNA library (Clontech, Palo
Alto Calif.) according to the manufacturer's protocol using the specified primers.

[00396] The p110 delta binding IC50 values and delta/alpha selectivity of selected

compounds from Table 1 include:



136 0.020 265 [00397] Exanpl e 902 Col |l agen Induced Arthritis Efficacy Test

[ 00398] The efficacy of Formula | conpound inhibitors of PI3K delta to

i nhi bit twe 2ori3e491ti on and/ or progression of coll agen poaEPedoast2hsitis
was tested in mce. DBAI/J male mce 5 (Jackson Labs; 5-6 weeks of age) are
acclimatized for one week and are thenl(i7/njected intradermally at the base
of the tail with 0.1 ml of an enul sion of Bovine Type Il Collagen (100 ny)
and an| egepbuN®Nene dfy1CoapkeIE RhacOER [A] UY 050 f PRONBhaVICSDRCL @HEIM
tuberculosis) Threeweeks later, mce are injected intra-dermally at {he
base of the tlll with 0.1 m o0.084%enul si on of Bovine Typ&l |1 Col | agen| (100
ng) angan eqy t—votune—of im,wbli' gte Freunds—10—Adj uvant34f or—boost-—Bosi ng
generally star?s as goon as ani ‘maps di splay s$igns ofjoint i nfl anmmati on| or
clinical scong3zl-2. [[00399] All og108¢ are eval llated 2-3 timgs a week for
arthritis using a nmagroscopic scoring systemfor each paw At the end of
the experi med®4clini dal scores0d¥d7obtai ned {o eval uate 1% intensity |of
edema im—the-four—paws—A scot S 0—to 4 t+srassigned—togach—paw—Animal s
are 15|scor edllg when [no inflanmar%zry signs (swelling and l?edness) are
observéd in anmy of the small jappss (1 ntraphal angeal, netgcar pophal angeal ,
nmet at ar sophal angeal ) lor large joints (wist/¢carpus, ankle/tarsus). Anijals
are scored 1lWhen verly slight 08080i ght inflammati on wasl®bserved WO

2010/ 136491PCTLEP2010/ 057244 -%““-6(;\/'\55 H-rgand/or i‘cdi’i%%: of —paw-or—one
digit), 2 rmgé?ate edena (swellma in two or|nore joint), 3 severe
edema(gross geellTing|[of the payoyssh nore than two joi nt i nvol ved), and 4
when very severe edema(severe arthritis of the entire paw and digits) |is
present. Theldfthritijc i ndex fdt6Each nouse is eval uat edl69 addi ng the| four
scor es rof th“2: Aav-gual—paws,—gi \éi Ag—a—fraxtm-score—of 5—16—PHasmra—and
serum sanpl e; ?ire taken at 1 h(gtpl’o orbital bleed) post dose and 24 hrs
(cardi ac punqbwre) past dose. Spyp es are stored at -20Cgntil analysijs. At
termnation, the hind paws are transected at |the distal tibia, just
proximal to tlBR tarsdl joint. OH®3#eft and right hind pa®8 are placed jn
t he hi stoeltoegy cassettresi+ndividual}y andfixed+n—10% formatin—Thesepaws
are sent to ﬁ?’gtol ogy dept foruq"lg?j[ her process. 10 [0040(%] Mat eri al s: Bovi ne
Type | I colTgggn, 1 munization ggape, 2 nmg/m (5 m/vial)ggn 0.05 Macgtic
acid (solution), storle at -20 C,_ from Chondreéx, LILC Seattle, WA Adjuvant

conplete H37 Ra, 6 x 10 m/ box, contains 1 ng/m Mcobacterium

t uberc i.s. For_ use.inaninmal i nal pgi cal _studies, for |aboratory use,
store DOSYT 7 i " Rl GV SRR 1,Ca‘i\>1f?ﬁgan 48232- 7058 USA.
Adj uvanpo3esgonpl atie cHchciRas Férmxuld P cothpoudd@XnhibRérs b$ @1IKNddiR t8RAKTBE the induc-

i munol ogi cal studies, for |aboratory use, store at +4 C, fromDifco

Labor attionjasd/or pogadsipEes aplagen 0BlucRig thitis| veas Bestesbinagis ey DBad40mplaunise bl ood
is tain from heal t ol unt eer Wi he foll ing.restrictions: 1
noert ARSI BBy oH I AR By lch ot 18 LU Gl b RN (RIS
conpounidenaliysatald base bethchyil wiRiOpLmE b Lireerhiilbion VABGY Ak MBhHe TUOSIgeh {T00sagd) um

hepari n.
P and an equal volume of Complete Freunds Adjuvant (200mg Mycobacterium tuberculosis).

Three weeks later, mice are injected intra-dermally at the base of the tail with 0.1 ml of an
emulsion of Bovine Type II Collagen (100 mg) and an equal volume of Incomplete Freunds

10 Adjuvant for boost. Dosing generally starts as soon as animals display signs of joint
inflammation or clinical score 1-2.
[00399] All mice are evaluated 2-3 times a week for arthritis using a macroscopic scoring
system for each paw. At the end of the experiment clinical scores are obtained to evaluate the
intensity of edema in the four paws. A score of 0 to 4 is assigned to cach paw. Animals are

15  scored 0 when no inflammatory signs (swelling and redness) are observed in any of the small
joints (intraphalangeal, metacarpophalangeal, metatarsophalangeal) or large joints (wrist/carpus,

ankle/tarsus). Animals are scored 1 when very slight to slight inflammation was observed



20 [00403] Cynonol gus nonkey bl ood is obtained courtesy of the LAT group
from nonkeys not previously exposed to, or after a washout period from
chem cal wonrgiesddi ti onal cyno bl ood draws nay be col lpettEPdoidosizag t he
course of pharnmacokinetic or toxicology studies. Blood (25-30ms for nave
monkeys or 3-4m s from nonkeys on studid8s requiring repeated draws) is
col l ected by veni puncture into Vacutainer tubes wth sodium heparin. 25

[ 00404](Sodilhg amBookdies 6Tipaw br gy dSn@ierak® 0dent (sRQ0MNG4n twio BBRofe20H)), are
diluted by three-fold serial dilutions in 10% DMSO in PBS for a nine point
dose- r Ssi55¢18 €demp(@eoss apeliing gfite ngp Witls erghap Sreicdyapehed) end dadien; §ry
duplic - . g f 1:10%: |

cont ro?ggeﬁ%jg%%}%gg}r%%l %@%\%PF%%%%&%%@I %ég%ﬁ%g&ﬂ;%%(% ?%1&3%&%84%(1 gg to
each wehduse Afdveluatddtiyrgdingehpfoatr seorey & tha cudbaded paws, 3ivity a HeaxGORN stOOY

hum di f 0O m . G F )2 i - I 10 f 00nm ml
sol it i ﬁﬁ; %gﬂéaéfa&é S?HTHQ?%T%?%@ aéaéa%an %@PB%Q{K%%H 9?@@@&%&@%‘1 Wi
vel I's) pthéhrdypsittBs@RAmbRe aRl @628 afl® et RaHPA8Ris AF t@MiRddh IthORRl AR shRUrS.

At the end of the 20 hour incubation, sanples are incubated wth florescent
| abel edraasuciddodittesdiftaltilg jwit poremal tatthgRGal ot COR; left@ddoighnhidd pyws bigcl ude

i nduced,control ,. WD 2010/ 136491P EP 0/,05 -1Q9- .ynst ai ned an

o1 ngt o PLERT e pistels et BiPaHAbrinabge ap ot RS SNCEs Sige
Sanpl esidsiBe} BEN fdymadeirbéesEhar m ngen Lyse according to the manufacturer's
instructions. Sanples are then transferred to a 96 well plate suitable to

be tun [80400he ANVDIGerigle| BoviyesT e 1bgodgen BmnayIizabign grscs2 mech! Gemnl/pab an

Quost | S L R e PR b G L AP E A Var e

iral 'y anal'yze anal ysi s*software

(Fl ow FomplelhH3T G206 kA rhigbdx, wonfadisndsag/ingd Medobagdriaa thtfvecudavis €t uaiinon
whi ch decreases by 50%the percent positive of CD69 cells that are al so
CD20 paddindlyemupplegicat gudipy farmpbarpigry ey epks Tdf CafremrPifen Lahorataricsaf t er

subtrag?étfa,ﬂ, Micﬁiga;ﬂ 0852988 fs B A’Eﬁ;kéntflﬁéorﬁﬂl&e'}?sﬁlli%,m HempankIround), The

| C50 val ues are ated by ActivityBase using Xl fit version 3, equation
20115 1Gn{mM0405uhbleglc@bgudiad, feslabdratwey eet sdrecorgdGnitemfDifen Tatlvrgoricd. n t he

%)ngwq&i@A B?ESMM%“%E%B%A@E@ | C50 (micronolar) 101 0.0173
[00402] Human blood is obtained from healthy volunteers, with the following restrictions:
1 week drug-free, non-smokers. Blood (approximately 20mls to test 8 compounds) is collected
by venipuncture into Vacutainer tubes with sodium heparin.

20 [00403] Cynomolgus monkey blood is obtained courtesy of the LAT group from monkeys
not previously exposed to, or after a washout period from, chemical dosing. Additional cyno
blood draws may be collected during the course of pharmacokinetic or toxicology studies. Blood
(25-30mls for naive monkeys or 3-4mls from monkeys on studies requiring repeated draws) is
collected by venipuncture into Vacutainer tubes with sodium heparin.

25  [00404] Solutions of Formula I compounds at 1000 or 2000uM in PBS (20x), are diluted
by three-fold serial dilutions in 10% DMSO in PBS for a nine point dose-response curve. An
aliquot of 5.5l of each compound is added in duplicate to a 2ml 96-well plate; 5.5ul of 10%
DMSO in PBS is added as control and no-stimulus wells. Human whole blood — HWB (100pul)
is added to each well. After mixing the plates are incubated at 37 °C, 5% CO,, 100% humidity

30 for 30 minutes. Goat F(ab”)2 anti-human IgM (10ul of a 500pg/ml solution, 50ug/ml final) is
added to each well (except the no-stimulus wells) with mixing and the plates are incubated for an
additional 20 hours. At the end of the 20 hour incubation, samples are incubated with florescent

labeled antibodies for 30 minutes, at 37°C, 5% CO,, 100% humidity. Include induced control,



0.95 122 0.188 127 0.891 136 4.6 [00406] The foregoing description is
considered as illustrative only of the principles of the invention.

Furt her, worow/mever ous nodi fications and changes w || IpeTmEPadioloy72appar ent
to 15 those skilled in the art, it is not desired to limt the invention to
t he exact construction and process sheM®-as descri bed above. Accordingly,
all suitable nodifications and equival ents may be considered to fall within

the sc Qﬂﬂﬁa@f&d taﬁdamhgﬂ\t%fhﬁﬂmr asmptabatiwchdpsthiigs ehdinitial tbRdgcfsoltingw.Sah0407] The
words "conpri t.hconp &dj “include,” "including," and "includes" when
used i ¢ theR lﬁs@twthul’élaltm@aera 5§ #CCPFHNg (9l the faRBeeIuE rsinsFUstipRy. evraities e

Speci f Xh&g‘?angfe‘ﬁ%ﬁ@&ﬁ 983» Qqhe% hiefid t%az}e%l‘?%g dllllenAﬁ@Q%Swel‘f 93%’?&1‘?8{1‘%1% BE' steps,

but the 0 not preclu resence or tion of one or nore ofher
featur e&a,hbumfﬁ@e l’l’ﬁlphlﬂ@ rrﬂamequedsanelﬁ‘ﬂ%m]Fluglremepse @repivaluedere obtained

2010 #glglllllgl EQFS)‘[Z_ N%éﬁ?r%z %ﬁults_azll:el gntlally anag‘;ed l}y FAC%O nglg)llsj{s] Cgo $var|;O(HmW ?o)l aor

The IC50 for test compounds is defined as the concentration which decreases by 50% the percent
positive of CD69 cells that are also CD20 positive stimulated by anti-IgM (average of 8 control
wells, after subtraction of the average of 8 wells for the no-stimulus background). The IC50
values are calculated by ActivityBase using Xlfit version 3, equation 201.

10 [00405] The IC50 values of selected compounds from Table 1 in the CD69 Whole Blood

Assay include:

Compound No. | IC50 (micromolar)

101 0.0173
102 1.7

104 0.623
117 0.084
119 0.95

122 0.188
127 0.891
136 4.6

[00406] 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
15 those skilled in the art, it is not desired to limit the invention to the exact construction and pro-

cess shown as described above. Accordingly, all suitable modifications and equivalents may be

considered to fall within the scope of the invention as defined by the claims that follow.

[00407] 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
20 stated features, integers, components, or steps, but they do not preclude the presence or addition

of one or more other features, integers, components, steps, or groups thereof.



X2---NR3 nor X2...,/LNR1-( I XINR3 lalb and stereoisoners, tautonmers, or

phar maceutically acceptable salts thereof, wherein 5 (i) Xl is Nand X2 is

S, GO Xl we2R/13e49dl X2 is S, (iii) Xl is N and X2 i s NRPCT(EP2)10572u¢ CR

and X2 is 0, or (v) X is CR and X2 is NR2; R is selected from

Cl- G 2al kyl , C2-C8al kenyl, C2-CBal kynyll0-C6- C20aryl, -(Cl-G 2al kyl -

ene) - (C3- Cl2car bocycl y1),

- (G - CQainky! ene) - 0- (C1- Cl2al kyl ene) - (C3- G 2heterocycl y1),

- Cl2al kyl ene) - 0- (C1- C12al kyl ene) - C(=0) - ( C3- C12het erocycl y1),

10- (G - Cl2al kyl ene) - (C2-C20 heterocyclyl), -(G-C12 al kyl ene) - (C2-C20

het er ody & %noyvéoml%}wﬁl y1),

(G -Cl2al kyl ene) - (C2- C2ohet erocycl y1) - (C3- G 2car bocycl y1),

(G - Cl2al kyl ene) pfg2- C20het er ocycl y1)54:( =0) - (C2- C2ohet er ocycl y1),

- (G -C12al kyl ene)- (G - C2ohet eroaryl)
I

- (G - Cl2al ky{lepel({2- C2ohet er o ~( G - Cl2al kyl ),
15-(Gi - kyl|ene) - ( CB- CZORF-)QQ\-( i - Clj2al kyl ),
-(G -Cl2al k v/JQ ohet er 0%y 1 i - Cl2al kyl ),

@]
- (G - C12al ky ene}'-qzla - (C2- C2ohet er Beycl R1), - (G - Cl2al kyl ene) - NHRT,
-(G -Cl2al kyl ene)-N(Gi -Cl2al kyl )R2', -(Gi -Cl2al kyl ene) - N( G - C12al kyl ) -
(C2- C2ohet er ocydhyl), Ib
-(G -Cl2al kyl ene) -NH (G - C12al kyl ene) - (G - C2ohet eroaryl),
(G - C12al ket @nehmeMtdutd mé&ed 25 ﬂr@da@aﬁdaﬁya%tmeem@mm@wherem

20- (G -Cl2al kyl ene) - NH (G - C12al kyl ene) - NHC(=0) - (Ci - C20het eroaryl),
(01 128 DU 3 SCEDRE sk Buyof 9y (@) XA eyl KB NI (o) ' 3o R and

(Gi - Cl2al k zené)’-{é G20hst er ocyelyd).- (G - Cl2al kyl ) - N(Gi - Cl2al kyl )R2', and
(G - Cual kyi‘ene}>? @)g‘gﬁgt g?‘g%ygslﬁﬁz YR2', where alkyl, alkenyl, alkynyl,

al kyl ene,  gagdheedctoth €, hetekor Y5l glalkeak IC,—andkyast, @69@Oyﬂyl,a§elxmtzalgﬂal ly
substituted with one or nore 25groups I ndependently selected fromF, d,

Br, |, - CHeno)-(H2CHBarboCy i) IC:-Grilorenc)chz G2 OhpalkyGrneHay 26F heterocyelyD,
- CH) 20Clj%c1:C%k§1%§10;(%?ggizal_kyiene)—’C(;g)c-)%(' ;3—C12heterocyclyl),
10 —(C1—Ciralkylene)—(C,—Cyo heterocyclyl), —(C1—Ci; alkylene)—(C,—Cyo

heterocyclyl)—(C,—Cyoheterocyclyl),
—(C1—Cialkylene)—(C,—Cyoheterocyclyl)—(Cs—C,carbocyclyl),
—(C1—Cyalkylene)—(C,—Cyoheterocyclyl)—C(=0)—(C,—Cyoheterocyclyl), «(C;—Cralkyl-
ene)—(C;—Cyoheteroaryl), —(C1—Ciralkylene)—(C,—Cyoheterocyclyl)—(C,—Ciralkyl),

15 —(C1—Ciralkylene)—(Cs—Cyoaryl)—(C;—Ciralkyl), —(C1—Ciralkylene)—(C1—Cyohetero-
aryl)—(C,—Cjaalkyl), —(C1—Ciqalkylene)—-C(=0)—(C,—Cyoheterocyclyl), —(C—Ciralkyl-
ene)-NHR?, (C;—Czalkylene)-N(C,—Cizalky)R*, —(C1—Calkylene)-N(C;—C zalkyl)-
(C,—Cyoheterocyclyl), «(C,—Ciralkylene)-NH—(C,—Ci,alkylene)—(C1—Cyoheteroaryl),
—(C1—Cyralkylene)-NH—(C;—Cralkylene)—(C;—Cyoheterocyclyl),

20 —(C1—Ciralkylene)-NH—(C;—Cralkylene)-NHC(=0)—(C;—Cyoheteroaryl),

—(C1—C palkylene)—(Cr—Caoheterocyclyl)-N(C;—C 2alky)R?

—(C1—C palkylene)—(Co—Caoheterocyclyl)—(Ci—C aalkyl)-N(C;—Ciralkyl)R?*, and
—(C1—Crpalkylene)-N(C,—Cyoheterocyclyl)R* , where alkyl, alkenyl, alkynyl, alkylene,
carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with one or more

25 groups independently selected from F, Cl, Br, I, -CH3, -CH,CH3, —C(CH3)3;, -CH,OH,
—CH,CH,0H, —C(CHs),0H, —C(CH3),OCH3, -CN, —CF3, -CO,H, —COCH3, -CO,CH3,



WD 2010/ 136491PCT/ EP2010/ 057244 - 1 1 1 - CONH2, -CONHCH3, - CON(CH3) 2,

- C(CH3) 2CONH2, - N2, -NH2, -NHCH3, -N(CH3)2, -NHCOCH3, -NHS(0)2CH3,

- N( CH3) C(wBbiRyaahed2, - N( CH3) CH2CH2S(0) 2CH3, -0, -CH, - OBHZ/EP2B0032M( CH3) 2,
-SCH3, -CH2OCH3, S(0)2CH3, cycl opropyl, norpho lino, and

1, 1- di oxo-t hi opyran-4-y1; 5 R2 and R2-lldre i ndependently sel ected from
Cl-C12 al kyl, C2-C8 al kenyl, C2-C8 al kynyl, 12 al kyl ene)-(C3-Cl12

carbocycl yl; )GONI(IP c@b?H@HKyi@(DNICI(IQ; - CReHseNggy cNg,) ~NH(,CINIGL 5,
al kyl ene) - C( 0)-(02 C20 heterocyclyl), (Cl C12 al kyl ene)-(CG C20 aryl),

alng I (CNCHZ)ZEA‘NHCQ@% 6NHS(C@O)2GHzt eNCféﬂgbCICsz\@@bIPgl kyl, al kenyl,
S TRARRRA 5 LS T R A RTINS I TS et N
oo, - SRRy S g Ao s g ST i Ry 0 o) o, o,

- OCH3, R*Sp8RZN;EileBendeiiGriselectéHR6¥aHS - Candkyl SCOIRGHENny RE -6 sleledt ed from

where the wavy |ine indicates the site of attachnent; each of which are

opt i onal | y -$Gbsti alisylete i € Conearbocyriyle—6F 0 Gpsalkyldepedehitd lwt@@}@bﬂ)ed from

Chea, - ON, BF 1 S| Cl b PPl Ccrbo s SOHC 40w ery b on
‘ ?&%*f?fL. R T s BB s s Momd aegy o

- COCHS, 6&5’&)32 hetéd&yclyll\ﬂﬂ&l aﬂﬁxllhl%lﬂgaryll‘dfﬁdﬂ)oaally NHICHR Gy ith dRGH(GbiR) 2,
- NHCH2CH2OH, - NHCHRCHROGHS NHCOGHRCHB, - NHOORHROR, - NES(0) 20HS,
- N( BH3) s( 0epems independeply Sclmq!afml?@ &y Bl CHocres 2CN SICPF%

S0 antos YT L SRR T egid o
2010/ 13649 1REN¢ GEROINMASKRIEH:, L-Jr2;—OCH;, —S(0),N(CHs),, _SCH3, _CH,OCH:, and
—S(0).CHz3;

is selected from:

RYFYIN-
SO ;\(S\NH

where the wavy line indicates the site of attachment;

cach of which are optionally substituted with one or more groups independently selected
from F, Cl, Br, I, -CH3, -CH,CH3, —-CH,CH,CH3, —CH(CH3),, —C(CHs)3;, -CH,OCHj,
—CHF,, —CN, —CF;, -CH,0H, -CH,0OCH3, -CH,CH,0H, —CH,C(CHs),0H,

20 —CH(CH3)OH, -CH(CH,CH3)OH, -CH,CH(OH)CH3, —C(CH3),0H, —C(CH3),OCHys,
—CH(CHx»)F, —C(CHx3)F,, -CH(CH,CH3)F, —C(CH,CHs),F, —CO,H, -CONH,,
—CON(CH;CHsy,, -COCH3, CON(CH3),, -NO;, -NH;, -NHCH3, —N(CH3),,
—-NHCH,CH3;, -NHCH(CHs),, -NHCH,CH,0OH, -NHCH,CH,0OCH;, -NHCOCHj,
-NHCOCH,CH;, -NHCOCH,0OH, -NHS(0),CH3, —-N(CH3)S(0),CHs, =0, -OH, ~OCHj,

25 —OCH;CH3, “OCH(CHz3),, -SH, -NHC(=0O)NHCH3, -NHC(=O)NHCH,CH3;, —S(O)CHz,
—S(0O)CH,CH3, —S(0),CHs, —S(0),NH,, —S(0),NHCH3, —S(0O),N(CH3),, ~CH,S(0),CH3;



R7 is selected fromH, G -Cl2 al kyl, C2-C8 al kenyl, C2-C8 al kynyl, -(Cl-Cl12
al kyl ene) - (C3-C12 carbocyclyl), -(C-Cl12 al kyl ene)-(C2-C20 heterocyclyl),

- (G - C12 wbkyloersedo1 C(=0) - (C2- C20 heterocyclyl), - (Cl-ClPcCaldpgéiens)244{ C6- C20
aryl) and -(Cl1-Cl12 al kyl ene)- (G -C20 heteroaryl), where al kyl, al kenyl,

al kynyl, al kyl ene, carbocyclyl, heteretl25cyclyl, aryl, and heteroaryl are
optionally substituted with one or nore groups i ndependent ly selected from

F, d, @Br, i selecgd:fromg"wlz a(ﬁl\jsl Czcgé,alkeﬁ@zﬁg - CONHz2,
CO\lHCH3 -CON(CH3) 2, -NO2, -NH2, -NHCH3, 0 2CH3 - OH,

- OCH3, - S( @IKIMOCHET2-C12 S@beqyclxct)%z(f:iﬂlamlétyk@)ﬂ@ﬁeao heaaocyniyl) i4Ca-Gror pho

105 gé?zﬁaﬁ%iﬁ#c‘f%ﬁ? T Cpmelsnlherpons - RGeS by O
CH3) 3,

- G n) SR S G BB R A R e ot

- O( GH3) 20Ckigelyl, G, caﬂa)tﬁteroa@ﬁ%))mmaﬂm@kims)v&h Oﬂébﬁﬂafa-@r))ﬁﬁs _ CCPH,
- CONH2, ( CH2CHB) 2 CH3) 2. CNH2, - NHCH3
“N(CHB) 2, 1@6&?@2@4@616@) QBr N@@Cﬁ%’@ﬂ pPa ] ~G@icders,

At %ﬁaﬁ%"*ﬁ%%@b%% éﬁéﬁﬁk@%%@w

S(0) C|'|ZCH3’—N‘}§( &@hﬁSmﬁL@C&MZEO BNHC8%1,; SCR)GNHCER] 28((BSHRS(;Ahd CH3.
2. The conpoun g))of claim1 wherel(n 2g2 b‘%_{ i's Nf;%nd x2|s% (ii) X is
CR  andnot? is sm8yphpiling prodp WIECINSadebXE’Itut@ MRBbst(tutvgl wxih dns oCRiorageup? is 0,

by o Slegc%frﬁm‘i@xczl bh il G PRl (.=
C?E:logj)llg )altl kyle zdrﬁ @20 het er ocyc H)CléHad%?Hl@ig@%? Pﬁg%iﬂ?%‘é@%%bﬁ i
e e oo g s o {eoc,

Eet er ocgcl éﬂgﬂ EH;F), —C(CHORR g@ﬂé@%‘bb@fﬁ@%@ﬂs)&&@é@l&@% IOk IC:20

o &2 al Ié@j %s éé@? §5ﬁif%@»}i§¢ NN Rens) (G - c20

het 1
38h§t g?(r)é/y% yl O 012 (acﬂy ene) - RﬁFﬂﬁ(%QH%E@ﬁf(&éﬁé’%@c 8H3’C:12

al kyl) R2’ —I\(HEOCE[ZCHL kyNIe0eICHNOH, - SIS @l)icﬂsl G@CH@@((DECHEQ@ CHQH) ~OCH;,
-(G-Cl2 WO 2010/ 136491PCT/ EP2010/ 057244 - - al kyl ene)-NH (Cl1-Cl12
al kyl ene) - (OCIEEH:hePeHEGHY)) -SH, (@m@)ﬂﬂﬁﬁeﬁgﬁcﬁp NGCH10H;, —S(0)CH;,

21 k1 ene) - NS NI BT TY srs i SRIMELSEIREDENEF R0

heterocyclyl)-N(G -C12 alkyl)R2", -(G -Cl2 al kyl ene) - (C2- C20
het er ooy thy ¢dmp&dmiSd2claim 1 wherein

20 () X'isNand X*is S, (ii) X' is CR” and X* is S, (iii) X' is N and X* is NR?, (iv) X' is CR” and
X?is O, or (v) X' is CR” and X” is NR?%;

R' s selected from C,—Cy; alkyl, C,—Cs alkenyl, C,—Cs alkynyl, Cs—Cyo aryl, —(C;—Ci,
alkylene)—(Cs;—C,; carbocyclyl), «(C;—C;; alkylene)—O—(C;—C;; alkylene)—(C;—Ci;
heterocyclyl), —(C,—Ci; alkylene)—(C,—Cy heterocyclyl), —(C1—Ci; alkylene)—(C,—Cyo

25 heterocyclyl)—(C,—C,0 heterocyclyl), —(C1—Ci; alkylene)—(C,—Cy heterocyclyl)—(Cs—Ci,
carbocyclyl), —(C;—Ci; alkylene)—(C,—C,o heterocyclyl)—C(=0)—(C,—Cy heterocyclyl),
—(C1—Cy; alkylene)—(C;—Cy heteroaryl), —(C,—C; alkylene)—(C,—Cyo hetero-
cyclyl)—(C—C;; alkyl), «(C;—C;; alkylene)—(Cs—Cyo aryl)—(C1—Cy; alkyl), (C—Cy;
alkylene)—(C;—Cy heteroaryl)—(C,—Ci; alkyl), —(C,—Ci; alkylene)-C(=0)—(C,—Cyo

30 heterocyclyl), —(C1—C1; alkylene)-NHR*, —(C,—C}; alkylene)-N(C;—C; alky)R*,
—(C1—Cy; alkylene)-N(C;—C;; alkyl)(C,—Cy heterocyclyl), —(C1—Ci2



5al kyl )-N(C1-C12 al kyl )R2', and -(Cl-Cl12 al kyl ene) - N( C2- C20

het erocycl y1) R2', where al kyl, al kenyl, al kynyl, al kyl ene, carbocyclyl,

het er ocycWwol2p10zm3¢491 and het eroaryl are optionally substiPCuiEPdomiosT240ne or
nore groups independently selected fromF, d, Br, I, CH3, -CH2CHS,
-C(CH3) 3, -CH2OH, -CH2CH2OH, -C(CH3)20H3--CN, -CF3, -C2H, COCH3,
-CO2CH3, -CONH2, -CONHCH3, -CON(CH3)2, -C(CH3)2CONH2, -NO2, 10-NH2, - NHCH3,

- N( CH3 2 a (N“S( aﬂ@l@n 124 —E\@'ﬁa 12
(o§2 0343 , g 5 ;- i Q) -S(ofz(ﬂm(f(%gh%%g@cw% m@% g%)t)zzcm

cycl opr opyIaky&ﬁmppﬁﬁﬁ(?znb?temwcl&l),l (@i o o-ayil oyey e - @Qy@;z R2 and R are

a1 Ky ene) - 1y NGOV BTy I%%Zre?' 8 T ol ee (650 het or obyel y1)
;Fkilf)eng)ug@gwé’g@? and&@r&ﬁ? ?%%?éﬁée‘ié )(&_(%g e% 13% C12v\,her e

al kyd , al kamyl), N@Ck—)@]y hmygkkyérﬁnqcle@lrzI@ﬂ@&f@lele(daeCﬁnﬁc‘ey@dyylyl)Rér yvlhereand
heteroaryl are optionally substituted with one or nore groups independently
sel ect ed f e, rlkeayl, agynyl alkylcpg, carborpdy, hetmcyclm:aryl,-@%:!ﬁem

™ NHS( 0) 2 %all@!’@é&wﬁ@é%&@ yggz f@%aent%%ﬁi ﬁd}@% ooH3: R3

i s sel ect eddH;0ACH,CMhe®@CHIR, YVeMYOH] PEHLOEiTEaL -as(AHg,GHL-of -@tit acoment ;
each of which are optional lé substituted with one or rmrecgroups
i ndependenHC@CsPéi eE Qe H25f¢ , “CPNHEH:, FCONCEBL)., R 3, COH2 CRIQH3,

e 5y s ST,
{aSiot ARIANT I LBt SRt S,

CON( CH2 CH3)-8(0%,CACHSclopesP\W, @b Ro linolNeRd 1,1 Ntilxo-thidfgHm-4-yIN( CH3) 2, - NHCH2CH3,
- NHCH( CH3) 2, .- NHCH2CH2OH, - NHCH2CH2 OCH3, - NHOOCHS, 5~ NHCOCH2CH3,
- NHCOCRZ @id R Nrisfsependently pgleis) Gpo) Qeﬁsz, alleg), Ca-Gid, alkenghi,—Cs alkyiodHz CH3,

R 2o Sy B R R S R TSyt o 20vo
15 —(C1—Cy; alkylene)—C(=0)—(C,—Cyo heterocyclyl), —(C1—C,; alkylene)—(Ce—Cyo aryl) and
—(C1—Cy; alkylene)—(C;—Cy heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbo-
cyclyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with one or more groups
independently selected from F, Cl, Br, I, -CHs, -CH,OH, —CN, —CF;, —CO,H, —-COCH3,
—CO,CH;, -CONH,, -CONHCH3, -CON(CHs),, -NO,, —-NH,, -NHCH;, -NHCOCH3,
20 —-NHS(0),CH3, —OH, —OCH3, —S(0),N(CHs),, —-SCH3, -CH,OCH3; and —S(0),CH3;

R® s selected from:

£ AL AL
;\(S\NH

where the wavy line indicates the site of attachment;

cach of which are optionally substituted with one or more groups independently selected
25 from F, Cl, Br, I, -CH3, -CH,CH3, —CH,CH,CHj3;, —CH(CH3),, —C(CH3)3;, -CH,OCH3,

—CHF,, -CN, —CF3, -CH,OH, —CH,OCH3, -CH,CH,0OH, —CH,C(CH3),0H,



R7 is selected fromH, G -Cl2 al kyl, C2-C8 al kenyl, C2-C8 al kynyl, -(Cl-Cl12
al kyl ene) - (C3-C12 carbocyclyl), -(C-Cl2 al kyl ene)-(C2-C20 heterocyclyl),

- (G - C12 wOoabilwizere) - C(=0) - (C2- C20 heterocyclyl), -(Cl-@CZ/EP2010/057244

al kyl ene) - (C6-C20 aryl), and -(Cl-Cl2 al kylene)-(C -C20 heteroaryl), where
al kyl, al kenyl, al kynyl, alkylene, carbdeyclyl, heterocyclyl, aryl, and
heteroaryl are optionally substituted with one or nore groups independently

sel ected froRrEH;OH, BTH(CH,C H, =—CH2CH(OH ,—C8H,),0RHC (€ H;,
OB, - COND, -0 CONHOHE. 2(:5%?@ @HgNéz%H3 @E-Nﬁ%ﬁ -(%3

15dNHS( 0) 2EK3}(CHO, ~COCHIIF2- %(I@QCZN@HE zC(CS@GH;)tzF G@@IEH&CA}MI:IQ,?( ?) gcmt )
one or mor 6 CoPUsBECbrec P rar R’ W0: PR B 8T o GroGrs,
LS 2 NG, AR, - Sy o Ry e GRS, - SRS,

- CHACH( OH) CNBICOCHAHR). 2041COCIELR) 2&@1‘3&@@%%@@)&@@%@*&) F2OH, —OCH.,
- CH(CH2CH3) F, - C( CH2CHB) 2F, - CONHZ, COCHS3,

- CON( CHB) 2, -OGHE Hz, NOEH(CRbGHSH, -NH@%BWNHCH%%(SEQFO)WQH@@%) -8(0)CH,,
e R 2B e e %‘3‘@&%@@@% HSIGRCHE T
(oo 5 TSR S R AR B £ %@%ﬁa%ﬁ%ﬁe(ﬁéﬁﬁéﬁnﬁs‘s

of claim 1aﬂdyléﬁe)ﬁ(CH@lﬁmh@o&}&lyﬂhe(@i—lCl%hll(y&n&—é‘@}iCX@?hétSroSyclﬁb 4(€6,~-,& - C12
al kéene) (C2-C20 heterocyclyl) or -ﬁCl Cl2 al kylene)-(C2-C2

het Ht ocycl y@lww@)ﬂéﬁe@md}y&r@ﬂyﬁy )«mﬁ(FleQn:tebYl@@@)cGQﬁI—CuosarmtEindnéChClz

bstituted H- 1
or phol | e SIUB) (50 G "R eaﬂ}?&x@ R ST Ty S S
sel ect ed frcgml,r iyl a@@l%e?elré@fgl%m SR Ad kB8 of FarGhauhet erocycl yl),
-(G-C12 al ene) - 0- 20107 136491PCT/ EP2010/ 057244 -1 15-
al kyl ene) - @(d:amnc(emys}ﬂélctbrbfremdﬁﬁl B, ), —~CHO-CELOHE HON, i) {C2-1G2aCOCHs,

het ly Cl2 al kyl -( C2- C20 het |yl C2-C20
het or ol ywc))dzCF’éqc@szT@ RS- %@wghﬁrﬁbgﬁycﬂérﬁvé@s,cﬁifa@f;ﬁg

gr oupsa: Eélemdrzﬁf sel éc tec}%]£ ?g@t%@%ﬁ ys%ﬁ%‘%éﬁ \%%hs@ec e ect ed

from nhor idgbeHolige vevdy Whisteisiuagitsatues drivabsitiited @fithaink a¢ hﬁiiiélgl;oupﬁCh of
which are optionally substituted with one or nore groups independently

sel ect ed f selastrd frogH3 CL, BrAOHH;, “(@hCHandCHeH LG, 6 HACHE).c1C€ith:)al kyl ; and

L2 TR S iGS L, T LA S NP R LS

al kyl ene) - (G2xE20) bt acatlothohiC2cROneHeacy ekl othecechetereeycl vl

is optionally substl tuted wth oné or nore groups | ndependent|y sel écted

from F, - C-CHELER)E, ~COCBEE),200MHEH ARG X2 CHaGH,: 5B, —F,H,s-(CINEL2 al kyl ,
which is optionally substituted with one or nore -O4 R3 is selected from
—CON(CH,CH3y,, -COCHj3, —CON(CH3),, -NO,, -NH,, —NHCH3, —N(CHa),,

—NHCH,CH3;, -NHCH(CH3),, -NHCH,CH,0OH, -NHCH,CH,OCH3, -NHCOCH3,
—NHCOCH,CH;, -NHCOCH,0OH, -NHS(0),CH3, —N(CH3)S(0),CH3, =0, —OH, —OCHys,
_OCHZCH3, —OCH(CH3)2, -SH, -NHC(:O)NHCH3, _NHC(:O)NHCHZCH3, —S(O)CH3,

25 —S(0)CH,CHs, —S(0),CHs, —S(0);NH,, —S(0),NHCH;, —S(0),N(CHs),, —CH,S(0),CHs.

3. The compounds of claim 1 or 2 of formula Ia wherein X' is N and X* is S; R' is «(C,—C1,
alkylene)—(C,—Cy heterocyclyl) or —(C,—Cy; alkylene)—(C,—Cy heterocyclyl)—(C,—Cyo
heterocyclyl), where heterocyclyl is optionally substituted with one or more —C(CH;),OH; R® is
1H-indol-3-yl and mor is a morpholine group;

30 orof formula Ib wherein X' is CR” and X? is S, R' is selected from —(C;—C)»
alkylene)—-O—(C,—C,; alkylene)—(Cs;—C,; heterocyclyl), —(C1—C,; alkylene)—O—(C,—C;»



where the wavy line indicates the site of 15 attachnent; each of which are
optionally substituted with one or nore groups independently selected from
F, -CH3, waHRoaBs@9tand -CN; and nmor is a norphol i ne gr oRpT/EPRI0/057244

2010/ 136491PCT/ EP2010/ 057244 -1 16- 4. The conpounds of any one of clains
1 to 3 of fornula la or | b wherein R1-il$--(Ci -Cl12 al kyl ene) - (C2- C20

het erocycl yl) or -(Cl-Cl2 al kyl ene)-(C2-C20 heterocycl yl)-(C2-C20

het er ogyglane)-C+ogKe BERENGLIY]), HE 001, ey—(EYbskihtttk g cMi) h(@ne pr

or e -C(M%—B ) ok o i@t-z S k@llentez o oY e kyléetﬁ’eM) Sy

het er o@ikyllqﬂe) (Caf@lo h@tEOCSCIal)kgﬂzeﬂa)) h@@@f@@@ﬂ‘l%(@l@b eltlwbeneb@z)—(b@ C12

2?}(5 {g e %%%b’@z&ﬁhgﬂé? %k l ene@(@éﬁ C%e%@?yzi rOC aﬁy %U@étl‘[é&é with one or
Ve e%a Fgf&gr e OBtI ona %éc?s{g%ﬁ&&lt}%% aI W(IC)H %%%akkﬁlsel%%d from:

het er ocyc stit Wit h or nofe grou
i ndependently sel ected from -CONH2, -N(CH3) 2, and =0; or is -(Cl Cl2

al kyl ene) - (C2=20 het er oyl ), 2 al kyl ene) - (C2-C20 10
het er ocycl y k ‘, Cé) he
subst i tUbag ™ on® “om” My

gcyc re heterocyclyl is optionally
gr ependently selected fromF,
- C( CH3) 20H)\—=/AC( CH3) 20CH -N(CH3) 2, =0. 5. The conpounds of any one of

claims 1 to 4 wherein R2 is Cl-Cl12 al kyl, which is optionally substituted
with one or nore -OH. 6. The compounds of any one of clains 1 to 5 wherein

R3 is selected from where the wavy line indicates the site of
attachmeng; ENCR\ of j ch rNﬁptlonaIIy substituted with one or nore
groups i tly eched fromF, -CH3, -CH2OCH3, -CN, and - COH 7.
The conpoun f any on cIa| nm 1 to 6 wherein R7 is Hor Cl-Cl12 al kyl.

8. The conp s of any OW& of clains 1 to 7 wherein nor is a norpholine
group which is 20 unsubstituted or substituted with one or nore -CH3. WO
2010/ 1361 thcTaEping dudisrasahe sifggfattachment; each of which are optionally substituted

with one or more groups independently selected from F, -CHi, ~CH,OCH3, —CN, and —OH; R’

is H or C,—C;; alkyl; and mor is a morpholine group;

or of formula Ia wherein X' is N and X” is NR?, R’ is selected from —(C,—Cy; alkylene)—(C,—Cao
10 heterocyclyl), —(C;—Ci; alkylene)—(C,—Cyo heterocyclyl)—(C,—Cyo heterocyclyl), where

heterocyclyl is optionally substituted with one or more groups independently selected from F,

—C(CH;),0H, —C(CH3),0CH3, -N(CHs),, and =0; R? is C;—C); alkyl, which is optionally

substituted with one or more —OH; R® is selected from:

£ AL AL
;\(S\NH

15 attachment; each of which are optionally substituted with one or more groups independently

where the wavy line indicates the site of

selected from F, -CH3, -CH,OCH3, and —CN; and mor is a morpholine group.



10. A pharmaceutical conposition conprised of a conmpound of any one of
clains 1 to 9, and a pharnmaceutically acceptable carrier, glidant, diluent,
or exci piwot2010/18d491The pharmaceuti cal conposition accor @CmErPe@ooszim 10,
further conprising a second therapeutic agent. 5 12. A process for naking a
phar maceuti cal conposition which conpril$es conbi ning a conmpound of any one
of claims 1 to 9 with a pharmaceutically acceptable carrier, glidant,

di | uent4, TEE cOXFdUNIEBE any dnz: ofAIMRE NAEl 3 frinRadd ianG 1B whcEaRé 1@1(0#@9 der
whi ch net hod conprises adm nistering a therapeutically effective anount of

a_conpalkydenoj—(EnyCohetcafeyelyBiors(Qi-t(a. akylong—{fat-Cenbetaoryele)diCseGme 10 or

dlsord sel ected, fr n1|nnu di sorders, cancer., cardi ovas ease,

viral ?eé%ymﬁ? wheie MR B is ‘?Pélf’&g@f TRt R FURET ﬁﬁkﬁl@k@?ﬁer s and
I t f P13

E?ﬁéie%gﬁscib e %@%o@}p@uﬁ%ﬂ P PN HEGER™ e

manuf acau@n@epioqom@hcaamfe)i(q&(l)r(egmle BeRradlyS9BS Y Q-CHiasigner)—(gstest ed

fromimmune di sorders, cancer, cardi ovascul ar di sease, 15 viral infection,

i nfl amirrater@ycly&betéfbamzsaﬂnelmmcﬁ(izn@zofh@tﬁr@¢>@h/1)ﬂi(§nﬁeh@temmclmlém(élm@ucal
di sorder,s ted b h 0 f PI3 nase. A kit
for ot el e Rt b o i et AL Fer b iAot nase.

conpri fg i c Si agd of
any” ondl DR vy %@%ﬂ@%%ﬁ*%@???ﬁ%%ﬁ?%ﬁnUEW% Ok omiound
of any oei¥e—(0f @lzaummenb)i(az A detersgclah, a(Qredi calggate)—-(L7-Chhe conpound of
any one of clains to 9 for use as a nedicament in treating a disease or

di sbt d@pt%@yébﬂkmmmatmmy%vglmrfdéfrtgrocmlcle pptigutiyisehsiswed ewthdnns ehse,

viral infection, ol e orders and
ol SHTESogT iR et e g€ FEOHE TH el Fe By s 20
ki nase. 25 18. The invention as herei nbefore descri bed.

5. The compounds of any one of claims 1 to 4 wherein R* is C;—C; alkyl, which is optionally

substituted with one or more —OH.

6. The compounds of any one of claims 1 to 5 wherein R is selected from:

£ AL AL
s il és\&m

where the wavy line indicates the site of attachment; each of which are optionally substituted

with one or more groups independently selected from F, -CH3;, -CH,OCH3, —CN, and —OH.
7. The compounds of any one of claims 1 to 6 wherein R” is H or C;—C; alkyl.

8. The compounds of any one of claims 1 to 7 wherein mor is a morpholine group which is

20 unsubstituted or substituted with one or more —CHs.

9. The compounds of any one of claims 1 to 8 which show an IC50 binding activity to p110 delta

of ten or more times lower than the binding activity to p110 alpha.
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10. A pharmaceutical composition comprised of a compound of any one of claims 1 to 9, and a

pharmaceutically acceptable carrier, glidant, diluent, or excipient.

11. The pharmaceutical composition according to claim 10, further comprising a second

therapeutic agent.

12. A process for making a pharmaceutical composition which comprises combining a com-
pound of any one of claims 1 to 9 with a pharmaceutically acceptable carrier, glidant, diluent, or

excipient.

13. A method of treating a disease or disorder which method comprises administering a thera-
peutically effective amount of a compound of any one of claims 1 to 9 to a patient with a disease
or disorder sclected from immune disorders, cancer, cardiovascular disease, viral infection,
inflammation, metabolism/endocrine function disorders and neurological disorders, and

mediated by the p110 delta isoform of PI3 kinase.

14. Use of a compound of any one of claims 1 to 9 in the manufacture of a medicament for
treating a disease or disorder selected from immune disorders, cancer, cardiovascular disease,
viral infection, inflammation, metabolism/endocrine function disorders and neurological

disorders, and mediated by the p110 delta isoform of PI3 kinase.

15. A kit for treating a condition mediated by the p110 delta isoform of PI3 kinase, comprising:
a) a first pharmaceutical composition comprising a compound of any one of claims 1 to 9; and b)

instructions for use.
16. The compound of any one of claims 1 to 9 for use as a medicament.

17. The compound of any one of claims 1 to 9 for use as a medicament in treating a disease or
disorder selected from immune disorders, cancer, cardiovascular disease, viral infection,
inflammation, metabolism/endocrine function disorders and neurological disorders, and

mediated by the p110 delta isoform of PI3 kinase.

18. The invention as hereinbefore described.



