PURINE PI3K INHIBITOR COMPOUNDS AND METHODS OF USE [0001]This non-provisional
application filed under 37 CFR 1.53(b), claims the benefit under 35 USC 119(e) of U.S. Provisional
Application S8 '%M&&MQS?,S% filed on 30 May 2008, which is incorporﬁelq%\é({(%flﬁﬁg&ge in entirety.
FIELD OF THE INVENTION [0002]The invention relates generally to compounds with anti-cancer
activity and more specifically to compounds which inhibit P13 kinase activity. The invention also
relates to methods of using the compounds for in vitro, in situ, and in vivo diagnosis or treatment of
mammalian cells, or associated pathological conditions. BACKGROUND OF THE INVENTION
[0003]Phosphatidylinositol (hereinafter abbreviated as "P1") is one of a number of phospholipids found
in cell membranes. In recent years it has become clear that PI plays an important role in intracellular
signal transduction. CalESigh&lihg WalBilsHbSpRoRIaRsE phodp hainokiiteShiaSheen implicated in a
variety of cellular processes, e.g., malignant transformation, growth factor signaling, inflammation, and
immunity (Rameh et al (1999)1. Biol Chem, 274:8347-8350). The enzyme responsible for generating
these phosphorylated signaling products, phosphatidylinositol 3-kinase (also referred to as P13 kinase,
Pl 3-1dnase or PI3K), was originally identified as an activity associated with viral oncoproteins and
growth factof¥téptor tyrgdiOkRTREEL A BHE ARG e dsH 33 SHE S ARG rm Yhand its
phosphorylated-getivativas actle 8ihydngybehtfiennosinlsine.(Banayetewetad 4188a).k rends Cell
Biol 2:358-69%] I[?O%ﬂgégo%%%oinositide ﬂ%agge&PIBKg re lipid kinases that phosphotylate lipids at
ue 0

the 3-hydroxy rest f'the |ﬁso]§ﬁ%lipﬁ%gc ﬁosp OINOSILOIS (Whitman et al (1988) Nature, 332:664).

The 3'-phosphorylated phospholipids (Pl 3spgeneratedbyRd’-kinases act as second messengers
recruiting kinases with lipid binding domains (including plekstrin homology (PH) regions), such as Akt
and phosphdifédjtide-depbnoenttkinadeiet ¢RI . (BodipgrodsAldcthtanthembransviyRBs causes the
translocation,f AlGLiexe RS RN RIAGAAERTNOMEL Nle. 0N RE WIRRDKL MAleD IS

cti

responsible for activating Ala Thé tumor- suppressor phosphatase, PTEN, dephosphorylates PIP3
and therefor® 4206 87 TGN rIOMSY 18T BB ATBrANFHE DraRAass STATEFERA DK L are
important in thentegigaticliz, of manyacelhiddoppoeessadtinatuding cell cycle regulation, proliferation,
survival, apoptosis and motility and are significant components of the molecular mechanisms of

diseases such as cancer, diabeteSatdARAUNSiRFahh ANOFEViEiRco et al (2002) Nature Rev.
Cancer 2:489; Phillips et gt (1998) Cancer 83:41). 100051PI3 kinase is a heterodimer consisting of
p85 and p118 Slibunits ( §%Pe tla%&@@ﬁ éggﬁ:@é}:f&i-a’g&ﬁv ﬁfféisa%tap ﬁ&é@’é)"ée‘ﬁ%%f -29). Four
distinct ClasshpPhdipathivedeanll demiffen:sdésigrated a8t 18Kbac(atplak)y thiébBtal8 tdelta), and y

(gamma), eagh sensigling efadistined L0 kA catalyticeauinibRNG 3 reciatay,RMbunit. More
specificallyh}gjree of the cat Ig/tﬁ: suburl%‘s i,e., p110 alp eta and p110 delta, each interact
n

. a, plio
with the san& PEHRESH) ot s PeREBPUGREPRE AR SRR REVESEES itk AR regulatory
subunit, p10t»Fienqwitter tsetiefotessipaliof catmohihese iR BiGsiry ikumeah aellg1ade) fissues are also

distinct. [000g}fie. gty Pidrkinnes isalorm in.canratindhg GlassdR iR (alpha) (US
5824492; US 5846824; US 627&%%2)?7_). QOther is%forms :stre im%catec!ml1 %ﬁ%ﬁ%%%%%&%gnd

immune-inflaifERS A LR R ERP P bR BLFih <558 tprRsdd ot Pgeimstel et al (2004)
Proceedingscofibe) Ame ridginAlssdaidfiehas bt Caticey Resdarehwifbstrdohdd3r@diny Hoth Annual Meeting,

arch 27-31y i, Flodile, LS Spmadis i BIeHIE R0 Faeisopea o Biologca

Chemistry (LP%nnE?}gEYV\\;é.@L Lane Dr(;:‘{cés)?!Iczilz%wer{/g%:ademu;Jii o Wéﬁﬁ%j)lnase/Akt/PTEN
pathway is aPRattserpieddgbribrtarter drdesl eidimirasitelsue Siepvagests be expected to
inhibit prolifeTatian (VRIS thEs@pression of apoptosis and surmount resistance to cytotoxic agents in
cancer cells. inase ighibi ) nr uchi et al.(2006) Jour. of the Nat. Cancer
Inst. 98(8):51@%@(6; us 7%@ 5%%%%%@@’3?&?5%@@G%E%%gﬁﬁgsggéé@gg%%%@gga . US 6770641;
US 66533204145 Saodssd; resserg3be mosiid o 1 5a58piver sobsHA6081 VWG 12086/046035; WO
2006/0460407afe, 2007604 28063 WA gROVERILLSHLOH MR 20040 1Y 25 0iald Srg QO4MERR 86 WO
2004/007491; wQ 004/006531(%; WO 2 03/03@%%@?. 2@0{%14}3901%}{@. 2(4){%3 035618; WO
2003/034997" US 3005158212 EP 14178 76; 1653846758 XEF17°5P 08175990; JP
08176070). GepinstHiEhbisgisidmelcs mMoudh erabeipstidliefrandmtkiessP IXRMESe inhibitory -

activity and ighibii dhe growth eisancereels.tW R 2006104608 4 X02087 224 10: M@h2007/127183;
WO 2007/129161; US 2008/0269

ringid O CONtac %’]f'LOh’PDKI, which is responsible for activating Akt. The tumor-
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US 2008/0242665. Certain pmine compounds have p110 delta binding, P13 kinase inhibitory activity
(WO 2009/053716). SUMMARY [0008]The disclosure relates generally to purine compounds of
Formula | Wi%&@ﬂﬁg?ﬁ%?r activity, and more specifically with P13 kinase modulating or inhibitory
activity. Certain hyperp’rol(l’ferative disorders are characterized by the mod iSRS ilnase
function, for example by mutations or overexpression of the proteins. Accordingly, the compounds of
the disclosure may be useful in the treatment of hyperproliferative disorders such as cancer. The

compounds gy, iRl iPReE LAY ENNEPRIIMAANC PRy REHsa L fRfUeatingfiuman cancer
patients. [0008a]In onée spect, there_is Frovided a compound having the structure: 0 R1_.< R2

and stereoisSRERT GA oS 188Merys b AtrAT s Sr g AN H G HRRM At Sibesaiatnt Fhereof,
wherein:  Ringsdldotechfesyrs bicBdin€ tlalol, mpdat{Qil poideadititlens)wC 2:Cat-heatsrocyclyl),

where alkyl, aliens, and skg%nﬁaﬁys&ﬂfﬂ%&pymﬂ% DRUCH W ORG;0LMOLG FTQuUpS
independently selected from F, Cl, Br, |, -CH3, -CH20H, -CN, -CF3, - CO2H, -COCH3, -CO2CH3,

_CONH?2, -CEREErCliPseies e iepmaye ey matiqhy vaussci i CRIBCB R BenEare)2eRs, -OH,
-OCHa3, -S(Oy2NH{BHI 1 BOHIpe«CBB2QCH3, and -S(0)2CH3; R2 is selected from C1-C12 alkyl,

reteroryon) e .%512'?1‘%%'3%%%’%%%é%%é“?%%féa%é%ﬁ%%%ﬁS%%%%%béf%ﬁe@%?-?é%'é??ér%,2?,3
-(C1- C12 afl@%)éﬁgﬁ]ﬂé?-@b@)%é eyt (WARSHEAKPr AfkEHy T ks afiéyrenél3 Kaksaeyclyl,
heterocyclyl saeylicanarbetesaanyl-an nptanpiy)sp bssitytediwith. aRe quinre grups independently
e
-S(0)2N(CH3) x-S0 S tadyHR DB HE:, AndrS ()PTHS; 18rdiR&kd I delocyaticihieteroatyl selected from:
CF3 -. N-A, NE %o &%MWbunﬁ, p&85; whereas p110 gamma interacts with a distinct regulatory
subunit, p101. The patterns of expression of each of these PI3Ks in human cells and tissues
are also distinct.
[0606] The main PI3-kinase isoform in cancer is the Class I PI3-kinase, pl10 ¢
(alpha) (US 5824492; US 5846824, US 6274327). Other isoforms are implicated in
cardiovascular and immune-inflammatory discase (Workman P (2004) Biochem Soc Trans
32:393-396; Patel ot al (2004) Proceedings of the American Association of Cancer Research
(Abstract L.B-247) 95th Annual Meeting, March 27-31, Oriando, Florida, USA; Ahmadi K
and Waterfield MD (2004) Encyclopedia of Biological Chemistry (Lennarz W J, Lane M D
cds) Elsevier/Academic Press).
{6007] The PI3 kinase/ Akt/PTEN pathway is an attractive target for cancer drug
development since such agents would be expected to inhibit proliferation, reverse the
repression of apoptosis and surmount resistance to cytotoxic agents in cancer cells, PI3
kinase inhibitors have been reported (Yaguchi et al (2006) Jour. of the Nat. Cancer Inst.
98(8):545-556, US 7173029; US 7037915, US 6608056; US 6608053; US 6838457; US
6770641, US 6653320; US 6403588; US 6703414; WO 97/15658; WO 2006/046031; WO
2006/046035; WO 2006/046040; WO 2007/042806; WO 20047/042810; WO 2004/017950;
US 2004/092561; WO 2004/007491; WO 2004/006916; WO 2003/037886; US 2003/145074;
WO 2003/035618; WO 2003/034997; US 2003/158212; EP 1417976; US 2004/053946; JP
2001247477, JP 08175990; JP 08176070). Certain thienopyrimidine compounds have p1 10
alpha binding, PI3 kinase inhibitory activity and inhibit the growth of cancer cells (WO
2006/046031; WO 2007/122410; WO 2007/127183; WO 2007/129161; US 2008/0269210:



where the wavy line indicates the site of attachment. .SSSH. F3CNNH2 [0008bl1In one aspect, there
is provided a pharmaceutical composition comprised of a compound as defined above and a
pharmaceutically acceptable carrier, glidant, diluent, or excipient. [0008c]In one aspect, there is
provided a process for making a pharmaceutical composition which comprises combining a compound
as defined above with a pharmaceutically acceptable carrier. f 0008d]In one aspect, there is provided
the use of a compound as defined above in the manufacture of a medicament for the prophylactic or
therapeutic tFoatPABRE O carEsisaiBRteammIRh 8xypatp Lorstingnef Proseat shivterynon-small cell
lung carcinogag N 866 Gloandeast cancer. [0009]The disclosure also relates to methods of using the
purine compounds of Formula | for in vitro, in situ, and in vivo diagnosis or treatment of mammalian
cells, organisms, or associated pattidgcsRtonditions. [0010]Formula | compounds include: R4 R2
[0011]and stereoisomers, geometric isomers, tautomers, or pharmaceutically acceptable salts thereof.

The various BIB&tituents B SRSORE 1A S & BerdliA BUTHE OHPRIEs PA ST AR 0B EN 3R
pharmaceutigakeompesition wem pitsing: Bypuitirg Tompo undaifhormuaibianrd apharmaceutically

oot ot RS L RO L SO A ore sl
function, for exarople by mutations or overexpression of the proteins, Accordingly, the
compounds of the disclosure may be useful in the treatment of hyperproliferative disorders
such ag cancer. The compounds may inhibit tumor growth in mammals and may be useful
for treating human cancer patients, |
[0008a] In one aspect, there is provided a compound having the structure:

]

Ne
<L,
SON

R2
and stereoisomers, geometric isomers, tautomers, or pharmaceutically acceptable

salts thereof, wherein:

'R is selected from H, C;—Cy; alkyl, and ~(C;~Cy, alkylene)~(Co—Cag
heterocyelyl), where alkyl, alkylene, and heterocyclyl are optionally subs_timtsd with one
or more groups independently selected from F, C}, Br, 1, ~CH;, ~CH,OH, —CN, ~CFs, —
CO.H, —-COCH;,, ~CO;CH;3, ~CONH,, ~CONHCHj;, ~CON(CHs)z, ~NG,, -NH,, -
NHCH;, ~-NHCOCH;, —=NHS(0).CH;, ~OH, ~OCHj;, —S(O).N(CHj3),, ~SCH;, —
CH,OCH; and —S(0).CHj;

R? is selected from C1—C» alkyl, Co~Cg alkenyl, C,-Cs alkynyl, —(C;~Cis
alkylene)—{Cs—Cyz carbocyelyl), ~(Ci~Cy alkylene)~Ca—Cap heterocyelyi), ~(Ci~Csa
| alkvlene)}~C(=0}~(Cs—Cyy heterocyciyl), —(C:—Ciz alkylene)—(Ce~Cap arvi), and —~(C;~



activity, comprising contacting a PI3 Idnase with an effective inhibitory amount of a compound of
Formula I, or a stereoisomer, geometric isomer, tautomer, or pharmaceutically acceptable salt thereof.
[0014]Also disclosed are methods of preventing or treating a hyperproliferative disease or disorder
modulated by PI3 kinases, comprising administering to a mammal in need of such treatment an
effective amount of a compound of Formula L or a stereocisomer, geometric isomer, tautomer, or
pharmaceutically acceptable salt thereof. Examples of such hyperproliferative disease or disorder
include, but are not limited to, cancer. [0015]Also disclosed are methods of preventing or treating a
hyperproliferatiyeytiseyder,-epirisiog-airinisiaring, iWiamanimalin Aeeref sutbdieaiment an
effective aneir 9t RicamipanndehGanmadp S isiaieniseme waBmetHgisenRitautomer, or
phafmaceUH%BM@EEQ?E%@&%H&B?PG@E ﬂpﬂe««@HE‘ comhingtiopwitirene ergnerec@gditignal
compounds_ﬁ@/@gsa _@@N@grg@my@ Q@@g;r(@% LOO*@AISQI |sclg§g§iH§ th@H@g@ﬁa compound of
this dlsclosugﬁﬁ aé@ilorbgﬁ% mg@dﬁam@@f or tgeﬁrea @%Pg%ﬁerg @Ha d({ﬁgase or
condition mo (tg %ﬁe QnL% aserBadnak %@i@ét HAISO disclo are kits comprlsmg a

compound of Formula I, or a stereoisomer, geometrlc isomer, tautomer, solvate, metabolite, or

pharmaceutically acceptable salt thereof, a container, and optionally a packagg insert or label

indicating a treatmegfit. [0Q18]Also distlosed are met ds of pre,ggnn r\nﬁl@ds of separating, and
there

methods of purif3ring pm unds of Foymu |. 1001 aspe provided a method of
making a Formula | co ﬁgmprisi ctlng a Fo all compou OéH

555 N OCH;
T ﬁ\f\)\ T

HO ~F OCH;

OCH;

god %’j:ro“ oAl

55; [r; SSS\Q\oéH SSS\@\ fﬁiNHC(O)CH
s 9 |
U N SSST\/[\NHC(O)NHCHg,SSS\[ j\

NHCH, NHCH,

5)\§Af|\ .

where the wavy line indicates the site of attachment.
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with a boronate compound comprising a C6-C20 aryl, C2-C20 heterocyclyl or C1- C20eroaryl,
whereby a Formula | compound is formed: R4 N and stereoisomers, geometric isomers, tautomers, or
pharmaceutically acceptable salts thereof, wherein: It' is selected from H, CI-Cu alkyl, C2-C8 alkenyl,
02-C8 alkynyl, 06-C20 aryl, - (C1-C12 alkylene)-(C3-012 carbocyclyl), -(01-012 alkylene)-(C2-020
heterocyclyl), - (C 1C12 alkylene)-C(=0)-(C2-C20 heterocyclyl), -(01-012 alkylene)-(C6-C20 aryl), and
-(C1-C12 al -(C1-C20 heteroaryl), where alkyl, alkenyl, allcynyl, allcylene, carbocyclyl,
vy L5 A b L R b R S e
selected fromEp@hdrs fef@piRbaseiadd phaivhaceRrBaly0RELptb® CiderQUGDH S| vemNI-12,
-CONHCH3, '&194}1{9'*3)2’ -NO2, -NH2, -NHCH3, - NHCOCH3, --NHS(0)2CH3, -OH, -OCH3,
'-S(O)ZN(CHS)SZ, -SCHS3, -CH20CH3, and - S(0)2CH3;  R2 is selected from 01-012 alkyl, 02-Cs
alkenyl, 02-08%RYny!, -(O1 TE2INSHEMRITR (CBCLEEaMOEsRS ) mEEnChadewd 4b2-020
heterocycly oAU HO) i ee0 RIS hmfisloe Gl 2RO 20 ary), and -(CI012
alkylene)-(Ci-020 heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl, heterocyclyl, aryl,
and heterodPEracepiohi R <RNRAZEFith one or more groups independently selected from F, Cl,
Br, I, -CH3, 60b8dPH, -ONu daf gspddd 2htre096:0hd d AREHS 0fa Odvipdund @Nafitdd ato N CH3)2,
-NO2, -N1H2, -NHCH3, -NHO00H3, -NH@%@OHS, -OH, -:OCH3, -S O%ZN%CHB&Z, -SCH3, -CH200H3,
and -S(0)2C T3 AR 8&“&%‘&%“6’- SRRk S RS P RETRFEE IER AN carbon-
linked C)-C2adwetéharythe geiuptaubicime e prtanatbyset stittechilitblldoecoramoregroups
independenaymedd{éom{ ClérBr, [, -CH3, -ON, -CF3, -CH20H, -002H, -CONH2, -CON(CH3)2,
-NO2, -NH2:": FINEB6RS0H. - OCHS, -SH, -NHC(=0)NHCH3, -NHC(=O)\THCH2CHS3, and
-S(0)20H3; (0084 is seleTiediftamurttRIORES; NRARE(TONRL: INRUGLGIAMYPNRIR-G13, - -
NR16(Ci-C Oall%alfeir}(e)gg)l?m alk%?n%g:&:%N%Rla -NR1(C1-012 alkylene)-(C3-012 carbocyclyl),
-NRI(C1-C12 alkYlene -f@ﬁ%iﬁ LEPO &R LRI IO (E BBk IBRER Rt Gstary ), and
-NR1(C1---Ctaikycnays(Giiopmhetegarydidivubmre alkyl, allcylene, carbocyclyl, heterocyclyl, aryl,
and heteroajygsaje optiorglhysubslitiiedavitiugae or more groups independently selected from F, Cl,
Br, I, -CH3, - CH20H, -ON, -CF3, -002H, -00CH3, -CONH2, -CONHCH3, -CON( H3)2, -NO2, - NH2,
-NBCH3, -NHO00H3, -NHS(0)ZCH3, -OH, -00E13, -S(0)2N(CH3)24 -SCH3, - CH20CH3, and
-S(0)2CH3; Rw,and R22ﬁ?re independently selected from H, C1-C32 alkyl, 02-Cs alkenyl, C2-C8

y

cl

alkynyl, 03-012 ca%aaoc 20 heterocyclyl, Ce-C20 aryl, and C1-C20 heteroaryl, where alkyl,
alkenyl, alkynyl, ca 3{

C heteggocyclyl, aryl, and heteroaryl
N N 2
/ |
R? 1
- [0011} ~and stereoisomers, geometric isomers, tautorners, or pharmaceutically

acceptabie salis thereof, The various substituents R R, R* R*are as defined hersin.

j0012] Also disclosed is a pharmaceutical composition

comprising a purine compound of Formula I and 2 pharmaceutically acceptable carrier. The |
pharmaceutical composition may further comprise one or more additional therapeutic agent,
[0013] Also disclosed are methods of inhibiting PI3 kinase |
activity, comprising contacting a PI3 kinase with an effective inhibitory amount of a
compound of Formulz 1, or 2 stercoisomer, geometric isomer, tautomer, or pharmaceutically.
acceptable salt thereof,

[6014) Also disclosed are methods of preventing or treating- a

hyperproliferative disease or disorder modulated by PT3 kinases, éomprising administering 1o
2 mamimal in need of such treatment an effsctive amount of & compound of Formuia L, ora
stereolsomer, geometric isomer, tautomer, or pharmaceutically acceptable salt thereof.

Examples of such hyperproliferative disease or disorder include, but are not limited to,
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are optionally substituted with one or more groups independently selected from F, CI, Br, |, -CH20H,
-CH2C6HS5, -CN, -CF3, -0021-1, -CONEL, -CONHCH3, -NO2, -N(CH3)2, - NHCOCH3, -NHS(0)2CH3,
-OH, -0CH3, -OCH2CH3, -S(0)2NH2, -SCH3, -S(0)CHS3, - CH20CH3, -CH, and -S(0)2CH3; or R1
andtogether with the nitrogen atom to which they are attached form a C2-C2 o heterocyclyl ring; and
R13 is selected from C1-C12 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C3-C12 carbocyclyl, C2-C20
heterocyclyl, C6-C20 aryl, and C1-C20 heteroaryl, where alkyl, alkenyl, alkynyl, carbocyclyl,
heterocyclyl*#i§At-and heteroaryl are optionally substituted with one or more groups independently
selected fronedisEl, Br, |atSokdREMHec Gdd AeBbl: ofhbvilafing, ofedilg CONH2, -CONFICH3, -NO2, -
-N(CH3)3, -NHCOCH3, - NHS QZCHB, -OH, -OCH3, -OCH2CH3, -$(0)2NH2, -SCH3,

-S(0)CH3,- TR S RO RIS GRS Te iR ATRareste) Tofithet S HE% ¥ ogen atom to
- which they aseditattreahfontrbConpaohefemnypdlyl ing sterevidtimthesprorisio thatayhen R1 is -(C1-C12
alkylene)-(Cgs2eh %P%@%Q&%Jﬁ%ﬁ%pﬁﬁ@éa@Qﬂl@QBl‘?aYé{HéC& I8 Mﬁ'éﬁ%ﬂhogn§%PSt'tuted-

[0019]Also disclosed are novel intermediates_useful for preparing Formula | compounds.
[0020]AdditiBIPAF AL GETREo S er e FEE BPTRIS e FOGRE™ERaIl be set forth in part in the
description t{t@t &llows, aue itispmeeiitl theaane appayemiderthase sldlled in the art upon examination
of the followm%%%)gciﬂlc%téogeor QE%XO akgg&ng% ety ttheﬂpract;:ce of the disclosure. The advantages of
the disclosuré may be reahized and attained by means of the et mErTaifes! askgisions, :
composition$OHHIHBHBIEE HEYHEt PR HBIABEBERIN the appended claims. BRIEF DESCRIPTION OF

THE DRAWbIES [0021] gy igsdisbowve ﬁtggmﬁ@dsmgmql&hﬁ%@aration of polyfunctionalized purines :
[0022]Figure-62 sh%vg an |€)gi;llternate method for the synthesis of polyfunctiﬁnalized purines. DETAILED

DESCRIPTICNOE EXEMPLARY EMBODIMENTS T86251REISERERAN oW be made in detail to
certain embotvmeastsiskitiaderiaioslickembles ottt harepliustiate deirkdbeiaccamipasying
structures angformulag. YMaile the invention will be described in conjunction with the enumerated

embodiments, it will be understood that they are not intended to limit the invention to those
embodim ent@g&% the Also disclosed are mefnods of preparing, methods of

separating, and methods of purifying compounds of Formuia L

{60182} In one aspect, there is provided a method of making a Formula I compound

comprising reacting a Formula II compound:

R
. 1—<Nf“‘
R
5/\‘ NACI

R? I

with a boronate compound comprising a Cs~Cyg aryl, C2~Cap heterocyclyl or Cp~

Cog heteroaryl,
whereby a Formuta I compound is formed:

Rfi
1—</NfN
R
?/‘! N//,l\F‘@

RrZ 1
and stereoisomers, geometric isomers, tautomers, or pharmaceutically acceptable

salts thereof, wherein: _
R is selected from H, Ci—C;» alkyl, Co—Cy alkenyl, Co—Cy alkynyl, Cs~Cag arvl, -



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 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 mare of the mcorporated literature, patents,
and similar frarériafdkaigassflom or CORIEERNS (RIS sfprEiBliRfcibamg R HOCIAYed to defined
terms, term(Gsafe, degerbed tethmigues;drethwiikel ihis- Epplicatbnoairdls ORRINIE @M S

100241The¢gﬂp@4@ky&slgsgdlhegﬁhbwafﬁﬁ‘glt}oxﬂlm‘élﬂmﬁd dikean anbyarichidiehain monovalent

ontionally S e e ey %ﬁ;
[ y substituted i i

embodiment ait %\ﬁéﬁpeng gnt?%ss%lﬁ%{%ge]?nhnftg’r}br%n gto#:g "8 dr one to sB& car Eiilatoms
(C)-C6). Ex&iblEs, of-5hGFlyrotisaNRelrde- NiGHe ndt i 3?@ Gnyride, <8HS eyl (Et,

-CH2CH3), IL%@WH@-NHIS{@O@@%, @ﬂe@%&sﬁrﬁp@%wﬁ%pﬁm@méﬁﬁﬂ -butyl (n-Bu,
n-butyl, -CHSGHZEE12CH3), 2-methyl-1-propyl (iBu, i-butyl, CHZCH(CH3)2) 2-butyl (s-Bu, s-butyl,

gg(zcc':'?g:mmﬁ?%@a%@%&r%&ﬁqﬁ% t@;-ﬂ % Cg(”-f@gwi

2-methyl-2- (ng ﬁ%éﬁf lg ePl_s %)%éf eé I 1-butyl

(CH2CH2C41RﬁFP§?ZP e&ﬁgzr@za]b?iﬁgim@ bﬁgxylafb’ and ~(Cy—

(- CHZCHZMZW%W%ﬁWWENWMHML iydoye, ca.rbocyclyl

(-CH(CH2CHIUEGHRGHZGHR, reereifyll ==naiivh 4116 eabidieed R @Hae B ndemeshyk 2-penty!

(CH(CH3)C %?;2%, 9«!@»&‘&9@@@ @‘?Féy' &f@f@ﬁ%ﬁ“@#‘@ﬁ%@ @ﬂeﬁ@@aoenw'
(Esk

(-C(CH3)(C i) E%}&%lt)c cjﬁ?ﬁ%’e like.

(-C(CH3)2CH(E reigy

100251The té?ﬁg@&;@é‘he‘“ﬁg Qe S‘ai edqw :GHsin divalent
hydrocarbon rad|ca‘{3afs@a}edmd\ﬁehne€@a€h®waltmmb(@1maﬁwﬁ?@m®ﬂdﬁw;&ﬂgﬂaﬁrbcmumal may be
optionally suhgtitsted independently with one or more substituents described below. In another
embodiment, an alkylene radical is one to eight carbon atoms or one to six carbon atoms
(C1-C6). ExBmleermppiesa-grolpairicirer inneabeHBT e Vg ARGHAYBAE EO1RE2-), ethylene
(-CH2CH2-)irpppytenty(sak2aHREGH2 Glabr thelite. BN 20894484 06R €T1:35 20080145603

[00261The tetrg yhpafgrsﬂqﬂnegmbran@a@bdmm_mgngvalent hydrocarbon radical of two to

eight carbo %'n ﬁ%ﬁl st q@ﬁ t@gtl%,dl 8 @ g@fpon -carbon, sp2 double
bond, wherein aL radic m ﬁ} t| (iﬁg%tum% adﬁiaavmg ‘cis" and
"trans" orientation dlséﬁlg %3 7 orie S’ EX are ‘not limited to,

ethylenyl orlﬁﬁyﬂ(@cﬁg@ﬁﬂ)ﬂﬁm CEBE(Gcip slardenme (e 217‘ Th‘é“%rr@'faﬁ@nylene refers to
linear or bram@y&d@hfmmmmbydwpafﬁﬂﬂﬁw&haﬂMm&)—é@iﬁ@mrEwnrawmé)(CZ -C8) with at
Least one Sllltm@ffn s_@tgr %nb}e,{@,cggpwmmpnm&gg@ ?QEﬁanh@E?—l@bEe&JK%MI hradical Imay
e optionally su ing r alternatively,
"E" and "Z" )évr?enete?#g P es m?élyii %@r@%&ﬁ&@ &ihé@ﬁi‘?‘ii t‘h%lﬁl?ene (-CH=CH-),
ally’ (- CHZCWb@Wt?da‘ﬁ’&htH%elfP{emmﬁﬁgﬁﬁse e fe “ﬁsffff% r@( gra&n 5d monovalent
hydrocarboMéﬁlmﬁse@@@bwgw@mr@msr@@%@& um¥8turation, i.e., a
* carbon-carbrmg. spNHIoE HonHObErRRN-INESIRYGHEadioH, magZBe oo S hsHRMEH, Examples
include, but@f_@@@tﬂlt’gﬁ@dé@agﬁﬁwl (-CECH), propynyl (propargyl -CH2C=CH), and the like.
10029]The term ene rs to dg I|ne E) vngelaeg G‘élt_lyz %?ftg) _(Ea%% f two to eight
ar

carbon atoms (C2-C8) WltFant eastone |teo {hSaturation |e on, sp triplé bond,

wherein the Gtk iFsRNbaF ey SEBYHERANG 2 ER2 57@@?%&1%&5%%6?%{e9290

ethynyleneprepyraridnelproghyabeayl, alkynyl, carbocyelyl, heterocyclyl, aryl, and heteroaryl

4a



and the like 100301The terms "carbocycle", "carbocyclyl", "carbocyclic ring" and "cycloalkyl" refer to a
monovalent non-aromatic, saturated or partially unsaturated ring having 3 to 12 carbon atoms (C3-C2)
as a monocyclic ring or 7 to 12 carbon atoms as a bicyclic ring. Bicyclic carbocycles having 7 to 12
atoms can be arranged, for example, as a bicyclo [4,5], [5,5], [5,6] or [6,6] 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 ?UCE}@%@Q?[&%S&M@S@HE &i&%{f_lﬁ[_%&f&ﬁﬁ&%&%@d@ﬁ%?@[Sc?eg]ﬁé’ﬁ%'?‘%zﬂtzﬁlﬁ‘lmp'es of
monocyclic car S r r cy yl,
-cyclopent-l-éﬁ?%tf&%%#g -%ﬁ%ﬁlu?g%go_@(@ g&%ﬁ%lﬁkﬁ%cﬁbﬁiﬁi%%"
1-cyc|ohex-§%@¢%ﬂ3ﬁ%§@@ ¥: Eﬁﬁah %re?@ﬁ@' %ﬁ@k@%@oﬁ%ﬁ%ﬁ:ﬁg% #cyclodecyl,
cycloundecyGByeddodEsy, antHB@ N WO 2009/146406PCT/US2009/045603 [0031]"Aryl" means
a monovalent aromatic hyslr ecarbanheadical tt 6:20earbomatows (O, Qe derived: By:-the removal of

one hydrogde@zggr%ghggmc@%,cgggon atom of a parentdaromatic ring ZystFm. Some aryl groups are
represented in the exemplary structures as "Ar:. Arylincludes hicyglic radicals, camprising an aromatic
ring fused to a satul%atéS ,cp%%ﬁgkloﬁr@"f?r‘étae%y}iné ,"'c%-’:gagrjg“r’rrft 2’%&%0%@%%%. pical aryl groups
include, but &F@Mtlithited ta baFOsIC B fved sdivbérd e Ganbsipasyib sthee@Bdnzenes,
naphthaleneglaertiisadieyre ipfenyt! yhdemsdpd s piyl, 2rdibytrongpathalpieally substituted
1,2,3,4-tetralyydronaghiliyh andihmdkesntatigrelns-areapiomallpsubstmtet: [0032& Arylene” means
a divalent ar%ﬁ“dﬂﬁ%@?ﬁ@@ﬁ@ %@1@@@@5?%@}9@@(&@3}22—%@@%,@ the removal of two
hydrogen at r wo _Carb om rent ar tic ring.Sy omg arylene groups are
representedwsg%p °§r%%é résf’é?g@gﬁ%@ggfﬁ%ua%%%&éﬁ@%%ﬁi@&ﬁ sing an
aromatic rin§'ftSadta8ns saflblateds: partially unsaturated ring, or aromatic carbocyclic ring. Typical
arylene groups inchud®? laud &8 ngtfimiteiitthe attivetsdérivad frhivhhibey encafphien/fone)s substituted
benzenes, naphthalenesathragene, biphenylene, indenylene, indanylene, 1,2- dihydronaphthalene,

124 etahycrongBhinl bl Anione rouns g aplonal sl 3gaThe s

changeably and refer to a

nd "heterocyclic ring" are used'in
saturated ora ﬁ%&%ﬁﬁ%ﬁ?ﬁ%ds(%?}?ﬁéwﬁﬁdﬁ?%sﬁ% double and/or triple bonds within the ring)
carbocyclic fgghopl of 3 tabenti2R-Ang AlMSIDWhichafJegskgne ring atom is a heteroatom selected

from nitrogen, oxygen, phosphorus and sulfur, the remaining ring atoms being C, where one or more

ring atoms i&ERBRAIRTEHBLERRBENE example, with oxo (=0), mercapto, or amino, etc. A heterocycle

may be a m#aeéjcle haviddiidbtal adirgtmembensyR fentreatiaialnnsandhiiiodshatematoms

selected from, N, 0y P 2060902 RiEKGENAYING/ b9, 10.pd ma?, ‘[ o.2:6a7aqp.atoms and 1 to 6
P s DERTr S HEpeL

heteroatoms selected from N, 0, P, and S), for example: a bic a[él ] system.
Heterocycle¥PeFeetriatyapbeohi defirstias mResticatvpt ipfcpe sornRsddrninarargey efitichemistry” (W.A.

Benjamin, Ngwi¥ark, 1968)vpasicy iy-GRajptars ha3, . 16alZeansiQilaihe Ghemisisyat Heterocyclic
grgt), in-particular

Compoundsi rig&1 f Mon r%Bhs“ ég%hn Wiley & So ew.York, 1950 to pres
Volumes 13,nf4, 18, 1&35?1(? xgg;nanc 3 Am. | R%ngﬁ.agdc?g%%(g a@f%?'g@mﬁt“f%dr%&c yl" also includes
radicals whet@ thdesrelgiete radicals are fused with a saturated, partially unsaturated ring, or aromatic
carbocyclic or heterocyclic ring %%Uk% s% rocyclic rings include, but are not limited to,
pyrrolidinyl, tetrahydrofuranyl, g’ r eﬁg ) &ﬁg@d%{ﬁi}@gﬁ%gﬁydropyranyl, dihydropyranyl,
tetrahyarothigpyfpny!, Pipgrdina{piRey clivd-maginaling.maiholinulihiammpholing dhioxanyl,
piperazinyl, homopiperazinyl, azetidinyf, oxetanyl, thietanyl, homopliperidinyl, oxepaPny , t?uepanyl,
oxazepinyl, ghazgpinyl, trgzeninybve py diehitmk Speigimte daksylo2iprrrayhatddoyranyl, dioxanyl,
1,3-dioxolan 1Im ysrazolinyl, dithianyl, dithiolanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl,
pyrazolidinyfimidazolinyl, imidazolidinyl, 3- azabicyco[3.1.0Thexanyl, 3-azabicyclo[4.1.0]heptanyl,
azabicyclo[2.2.2]hexanyl BktringohsarinalizinyH trbanzoldlimisagea(@hane-5-yl, and N-pyridyl
ureas. Spiro moieties are also included within the scope of this definition. Examples of a heterocyclic
group substife#2d with orfeBrenreneihxov(+0 maiidtiés:dre pyriidinieryhamnd df, hioxetdigmorpholinyl.
[0034]The termfieteraaid: iefaiziaamonevalsRbaramalic adical of g &z, Of gy membered rings,
u

and includes fused ring systems (at least one of which is aromatic) of 5 to aslg'o t 20 ring atoms,
containing oR&BFARAYE! RELHRSHSATE AaBPEtTerEl Semnmarteahs PeeFsasoRkyglie and sulfur.
Examples ofuhéisroad yhgnaepsane: pysiciny idineludiogriatexaniple, 2nbydrapyodinyl), imidazolyl,
imidazopyridinyl, pyrimidinyl (including, for example, 4-hydroxypyrimidinyl), pyrazolyl, triazolyl,
pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazglyl, oxadiazolyl, oxazolyl, isothiazolyl, pyrrolyl,
quinolinyl, isoquinolinyl, tetrahydroisoquinolinyl, indolyl, benzimidazolyl, benzofuranyl, cinnolinyl,
indazolyl indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl,
triazolyl, thiadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothiophenyl, benzothiazolyl,
benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, and furopyridinyl. Heteroaryl groups are
optionally substituted. [0035]The heterocycle or heteroaryl groups may be carbon (carbon-linked), or

nitrogen (nitrogen-linked) bonded where such is possible. By way of example and not limitation,
carbon bonded hetaracyvielee ar heteroarvie are bonded at nocition 2 2 A4 B ar A nf a nvridine nocitinn



pyrroline, 3-pyrroline, imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole, pyrazoline,
2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline, 1H-indazole, position 2 of a
isoindole, or '@Biggg}i}qgwgosition 4 of a morpholine, and position 9 of a caEQﬂ; ll-carboline.
[0037]The term "monocyclic heteroaryl" refers to a five- or six-membered, 'un'sg %s“t(l}%(}[éﬁ%r substituted,
monocyclic heteroaryl radical which contains 1, 2, 3 or 4 ring heteroatoms independently selected from
N, 0 and S. The monocyclic heteroaryl may be attached to the C-4 and C-6 positions of the pyrimidine

ring accordingd@Jnomulahabanytaihand carbon: inkedhatom Rf thaimnenagyelisheteroaryl R3 group.
Monocyclic heteroaryl radicals jnclude, but are pot limited.to: 2-pyridyl, 3-pyridyl, 4-pyridyl,
3-isoxazolyl Vi Elfé&%z%ﬁ;} f(%l-ﬁ{sgdo%%?y?}cﬁﬁ%d%pz%m ! 5 %‘%1?/ ) %—éﬁ%@éﬁ%f&-@?}%i%OIyl, 2-pyrrolyl,
3- pyrrolyl, 2Qnsakalpd, n-diviaroiyll Betiszizo lpkng-pyfiddving imatpyeislsziigd obepyivdaziny|, 2- pyrimidinyl,
5-pyrimidinyky6spNEiRigiale iR YaRINY by 8X Y A QYR brano Azl lndsriiianyhe 3-furanyl,
2-thienyl, 3-thienxl,.3-triazo}{%/l l-triaz?lélég-tetrazoI%(féétetrazol [, and 2-tetrazolyl. Monocyclic

heteroaryls /& BB LTSN TEY . 00381~ lsBE Rigy A ’@%—%ﬁlﬁ JracabsLy dhe Rt Fused bicyclic
C1-C20 hetehoarypt @omeinirntgeoneworaotdiitetaroatoms.inud pententiesslebtasfiom aitrogen,
oxygen, and gulfus; AitaL apvcRrhelRuamaliccharacel. aRthbavedwe.inas fused.jaggther, ie.

share a common, bond. Fused bicyclic heterocyclyl and heteroaryl radicals may be unsubstituted or
substituted, SATAHEEHE S 15 R ARREPEB8BER NS of the pyrimidine ring according to Formula | at
any carbon (carbon-linked) atom of the fused-Rigxehs SxéC20 heterocyclyl or fused bicyclic 01-C20
heteroaryl group R3 group. Fused bicyclic heterocyclyl and heteroaryl radicals include, but are not
limited to: 1Hsidazole, Itkingeleaindolinw-onexch rbreatin-Miethananre: ddrbenzefdlih 2,3]triazole,
1H-pyrazolo[3,4-b]pyridine, 1H-pyrazo 4- d]pytimidine, 1H-benzo[d]imidazole
bzl T B B LB ST R gt o 8 eyl
3H-imidazo[4:8iefpoyridiaepiphgiyrrotefy@ddidgypimicitie w7l purmendttspytazolo[dSdptimidine,
SH-pyrololSy2ralpyimicing £namina H ARG one. aunelng, sHiRzRine, ayingealine,
isoquinoline, isoquinolin1(2H)-one, 3,4-dihydroisoquinolin-1(2H)-one, 3 ,4-dihydroquinolin-2(1H)-one,
quinazolin2(AHEFREFHRBRANM- 261 HjreRe et G-HEPHIAtIRe A Y63 ad]Byisdidine, pyrido[3,2-
14yrazine, berzeidlifk,3]tinxdeypird 23i:dinydropgnzolall l-didipuine {ROBLIThexpips! “tree and
"treatment” refgr to both t ic.treatment and prop ' ventative measures, wherein the
object is to pgé%élﬁ?lgpgrd\?\/ﬁ(}owﬁy ?(q’eis‘ég%)m%% und e‘g?/r%db ﬁﬁ%&%é&%&%ﬁlﬁ%ﬁl %?J fg%ﬁj 1, such as the

developmenBsridpehd of-LaHEER Bot-puiihGsBy. efothid. it Berdficlamethakaire dinical results
include, but areneblimited tasallevigtion of smptemscdivinishnrent of extent of disease, stabilized

(i.e., not worsenj isease lowi f disease progressjon, iQration or
paliation of S (A eE A S e L HSIHEE AP b ) SReiher HHEied or
undetectablencfpgathent CHCAl S8 THESN prétongig! SunyiMal Hs( @t erBaiib 2rpboled survival if not
receiving tregﬁg‘gp@@@b@ﬁ@ﬂg}gg@mﬂgq@@g@ﬂ@gﬁ{@@gﬂ;@g@m@ﬁ@ c_o_ndition or disor_der as
well as those Eio[?h .e%% nhcil?’gn %IS rder or those in which the condition or disorder is to
be prevente&%rgﬁ’é F@ylﬁﬁ gg% e E%Pljrtl q SEINE AR B he RS A5t of a compound
of the presefit(iiertid thatH:), f entspr preveh{ e Parfid((ai 0lisea58 ). domdibdH-emditerder, (i)
attenuates, ameHarates cenetiminates ANeal-nore QmpRiemscel the padicular disqase, condition, or

disorder, or {Lcifi)g%revents or dela¥‘s the_onset of one or more s r&g}toms of the particular disease,
condition, ordi FST aE oL herdtimp e e BF&%H%?@?% Hedrdpatiig W'%ﬁ@@t]i&"é amount of
the drug may HedticE the nurhbertof tancéraodlibs fdduce the tumor size; inhibit (i.e., slow to some
extent and pygjespbly stop) cancercellipfilrglion,inig, RaHRRE LA AKIASIHRRI bk glow to some

extent and preferably stop) tumor metastasis; inhibit, to some extent, tumor growth; and/or relieve to
some extentbRiE vtk ererhptism sass se e s ateEn Ee - o tHEERHERE the drug may
prevent grovikyasne/aaisil exisiogptianoer selisuibmay-pegtastatic apdoneolntitegr cancer
therapy, efficacy.can be measured, for.example, by, assessing the time to.disease progression (TTP)
and/or deter%ﬁr%ﬁ%?ﬁg ?gs'zﬁg%g%glig Géz;mf %ﬂ]%ﬁﬁgeﬁeerrr%@g%a{%%&gﬁ ¢ h&%ﬁ?%?&ﬁogmgefer to or
describe the(physioleiealcondiiboiriemanitals thBrigneicamkrlsararteriziedlibiz.integulated cell
growth. A "tumamaeMPIisas,ae etmoresanaerats,eells, Bramnles ehsanaetinciuga,but are not
limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia or lymphoid malignancies. More
particular exarriples of such cancers include squamous cell cancer (e.g., epithelial squamous cell
cancer), lung cancer including small- cell lung cancer, non-small cell lung cancer ("NSCLC"),
adenocarcinoma of the lung and squamous carcinoma of the lung, cancer of the peritoneum,
hepatocellular cancer, gastric or stomach cancer including gastrointestinal cancer, pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer,
colon cancer, rectal cancer, colorectal cancer, endometrial or uterine carcinoma, salivary gland
carcinoma, kidney or renal cancer, prostate cancer, vulva' cancer, thyroid cancer, hepatic carcinoma,

anal carcinoma, penile carcinoma, as well as head and neck cancer. [0042]A "chemotherapeutic
anant" ic a chaeamical comnoiind 1iceafiil in the treatment of cancar renaardlace nf mechaniem of actinn



methylamelamines including altretamine, triethylenemelamine, triethylenephosphoramide,
triethylenethiophosphoramide and trimethylomelamine; acetogenins (especially bullatacin and
bullatacinon%&gmpg&gbecin (including the synthetic analog topotecan);ﬁy@%%},% 4%§}'I:ystatin;
CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogs); cryptophycins
(particularly cryptophycin | and cryptophycin 8); dolastatin; duocarmycin (including the synthetic
analogs, KW-2189 and CB1-TM1); eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen
mustards su@i9zsg chlorambugit chilemaphazing chio @ phasphamide nRstwnusing.digsiamide,
mechloretham&ne rrfltech{oregggm;tr)]e oxide QE?Chl%ridt , melphalan. novembichin, phenesterine,
predninaustiﬁaefctaro?os SMideE, UFAG niUstara” nittog6ureas such 4s dalmbisting chisfozotocin,
fotemustine, dohwstin®mipistibe, tlend, reririndstirlksrahtidiotits sushoat divdl e mbdimedantibiotics (e.g.,
calicheamicig, £aligheemicingammal; saligheanicnAmen’l AngaWtRe M- Igth &6. Engl. (1994)

33:183-186); dynemicin, dynemicin A; bisphosphonates, such as clodronate; an esperamicin; as well
as neocarzirSSHEERORR SO B APE BIAASTEh eI ERER) e d bt ehAlidphores),

aclacinomysims,@¢tnamyeinihauthyamycin, azaserinc, bleomycins, cactinomycin, carabicin,
carminomyci rzinophjlin, chrgmomycinjs, dactinomycin, daunagrybicin, detorubicin,.
erinzo.5- o Rorlouciobs o D A B ARt
2-pyrrolino-dedoalbftinodan digk oxypdoxorubidin) Cepintibitinse sorubicid vidauiiom, .marcellomycin,
mitomycins syghASBIFIYAINGe THEORRGRAIGAIPOgAIBTNE L LU NG RERIGMYCIN,

porfiromycin, puromycin, guelamycin, rodombicin, streptonigrin, streptozocin, tubercidin, ubenimex,
zinostatin, zGRIHMGHISTASHEEABING <& AR PREtRB U s P dematvelyrabil BIFD): folic acid
analogs suchrasaenepterimpiethatiexate aptecophard (iriateiaxais: purindsanalogs(suoh as
fludarabine, 6 ine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacytidine, %25@5%?£%%9ﬁ8 Jﬁggiggrabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine;
androgens sii¥3#s calustéedeien thisomubtameioiee Bropionbirncepitiostanatnpiegitestane, testolactone;
anti-adrenals.such as.arinaaiusiimidedintansytilastanenolic agidhyapienishss, such as frolinic
acid; aceglatone; aldophosphamide glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil,
bisantrene; ¢AHPAXAR SRR bERREEBIbna UL iatiEHE B fmRAMALE S acetate; an
epothilone; etegiytid rgallivrpuniraie; hydeagussanientiran)lonigaiizine; maytansinoids such as
maytansine ?de ans?r]&?%’gg. iég%%zﬂ{%e; mitoxantrone; mopidanmol; nitraerine; pentostatin;
phenamet; p ar ‘Bﬁ?in; ogoxantrone; podophyllinic acid; 2-ethylhydrazide; procarbazine; PSKt
polysaccharitfé2ddmplex {id 8NdialkahProdustsrsBagdnerr OR)ararakdnde rhindriratsizofiran;
spirogennaniyiy 1eRHRAZ RINGAGSHIIAZIgHORS: &, 203 tiehlQrattisthyiaming: dighothecenes (especially
T-2 toxin, verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine; mannomustine;
mitobronitol; BREMAS hFIHRSARS GRS e s kyas ﬁ%@?ﬁbﬁ“ﬁ%—@‘)ﬁ’%@o Br#ENRamide; thiotepa;
6-thioguaningiciaés,aaptephsingsire thaiiexatesalatinumpansiogsisush@seispattHane carboplatin;
vinblastine; efo tggi]cﬂ(e (VP-16); ifosfamide; mitoxantrone; vincristine; vinorelbine (NAVELBINEY);
novantrone, ?eniposmfé; edatrexate; daunomycin; aminopterin; capecitabine (XELODA(r), Roche);
ibandronate;[69341-11; topdistames ebivhibior RES2H00; ehthasrehsathy] aaslthiridopikiFO0); retinoids
such as retingie:asidlinansl- nbarnacestisalyaseeptablesalisuacidhandisesivaiyesabany of the
above. [0044 A}I)sojnclucgﬁg_i(% he definition of '.'chenaothgra gutic agent" are: ii) anti- hormonal agents
that act to re§RSRECER RBTHE R SR AHSH G RIS KU 28 Rt dtfoyeridaitEselective estrogen
receptor modiiatbirsc{giertynisy, imchgding | forteanaple; samexdcnr @(rohudings KBLMRDEXTt; tamoxifen
citrate), raloxi if = 3 ' @@I@{é&; | 18, onapristone,
and FAR ESEF%%QI’? %%%fﬁ%?éfﬁrg%ﬁ?g%%%gﬁ?ghibitors thﬁ%ﬁ%ﬁ?\lg\%r%z?%e aromatase,

which regulatZeest BN PrEulehbe 18P &vagre L Py RIeE! SIS S 82 Example, 4(5)-imidazoles,
aminoglutethimyde[ MBGASET Oltpagestrdlcatatate) bARGMASINOatexdixespanef Pfizer), fonnestanie,
fachozole, RIYISQRI Rezole)ERMARAGL (elipzels:Noyatys), and ARIMIPE R nastrozole:

AstraZeneca?; (iiq antl-androgi;:-ns such’as flutamide, nilutamide, bicalutamide, léuprolide, and
goserelin; as' W& ESHdxebitab g (AT 3-alkol£HE! MiElebstk SHOBRTE ahatl ity Pidtein kinase
inhibitors sudhcas V=R inhibitars (MR- 2000/ @44b15)dw) dipiddibhaselinhthiters!, (yblantisense
oligonucleotigﬁsrod% Fi%‘gik"i‘&l}{ﬁ@&ﬁec%?&%d pit expression of genes in signaling pathways implicated
in aberrant cell proliteration, for example, PKC-alpha, Raf and H-Ras, such as oblimersen
(GENASENSE(r), Genta Inc.); (vii) ribozymes such as VEGF expression inhibitors (e.g.,
ANGIOZYME(Q) and HER2 expression inhibitors; (viii) vaccines such as gene therapy vaccines, for
example, ALLOVECTIMS, LEUVECTINGI, and VAXIDt; PROLEUKIN(r) rIL-2; topoisomerase 1
inhibitors such as LURTOTECANg; ABARELIX(r) rmRH; (ix) anti-angiogenic agents such as
bevaciz-umab (AVASTINCt), Genentech); and pharmaceutically acceptable salts, acids and
derivatives of any of the above. [0045]Also included in the definition of "chemotherapeutic agent" are

therapeutic antibodies such as alemtuzumab (Campath), bevacizumab (AVASTIN'a Genentech);
raetrivimabh (ERRITLHIMY Imelaone): nanifiimiimabh (NVECTIRIXYAY Amaen) ritrivimah (RITHINANCAD



WO 2009/146406PCT/US2009/045603 [0051]"Diastereomer” refers to a stereocisomer with two or
more centers of chirality and whose molecules are not mirror images of one another. Diastereomers

have.dllfferew%@bgﬂf%gpertles, e.g. melting points, boiling points, spect];%l#f)ro ()%sr"ﬁ&gm%nd
reactivities. Mixtures o

lastereomers may separate under high resolution ana[ll>§ ical procedures such
as electrophoresis and chromatography. [0052]"Enantiomers" refer to two stereoisomers of a
compound which are non- superimposable mirror images of one another. [0053]Stereochemical
definitions angegonventions-usedhereingenesalydelawniiBeaRrkkeii&d oM eGEawsHill Dictionary of
Chemical Terms (1984) McGraw-Hill Book Company, New York; and Diet, E. and Wilen, S.,
"Stereochen iy SF oA G B AERovabHP Wik g8 Ghn IR REEY SRRDPIEAR FHe com pounds
of the inventionemayocehtaingasymmetnaoirehirahpenterprancdh @r efore@xistrinsdifarenis
steveoisomenig orilis hnlendRechatall SISeAIRRMELR I8l Mg nIRgHga of the invention,

including but not limited to, diastereomers, enantioniers and atropfsomers, as well as mixtures thereof
such as raceMfitahiMRrsE et PRt GPPRipradeRYSHYERGORY M’éﬁ?"ﬂr@@ﬂ% ESifo Ordeexist in
optically activet fiaiias] ioeraditely havedieabiliyde (plateliha pane obplanespalariagehlight. In
describing an optically,active . compound, th fixes D and |, or d S, are used to denote the
absolute con?flglgr ra%%a%%ﬁﬁ%ylﬁ%%%ﬂ e %‘%gﬁ?f ﬁ?gﬁ § %}eaﬂﬁt%g} ’lse)i.l %g’%’ﬁe ‘?)Ergéy anc I?%ﬁ() and (-) are
employed to dédlisrite thelgtristasteribrdbpidnsigetarized light by the compound, with (-) or 1

meaning tha{géaz pompoungyisieviacaiatonfvaampaundyprefischwithciHs) @pddsidaxtrorotatoly. For a
given chemical strycture, these stereoisomers are identical except that they are mirror images of one
another. A sﬁté)é?ﬁél@tégfé’ %%%egﬁo%%g Iéqglg‘@({aorfg ?r@yﬁ(@%sdé%nejﬁ%ﬁ%oeﬁrgﬁﬁ Wmlie of such
isomers is oftergalledatn Breamvtiomefermixtdres ArEQS0emirteranof éntintieengriars referred to as a
racemic MiXiyre- QA SACRMalG, MNGAFAY REGUIMIGIRAIRGIR AAR G SR RARIGEASEIRFiiQN Of

stereospecificity in a chemical reaction or process. The terms "racemic mixture” and "racemate" refer
to an equim PRI BRAVE BN ORRE &FRIaES CHROBIEN G BgticaPiRfit 10884 T he term
t‘tautomer" qtzfemqtomem ﬂorrﬁ:’x’zitediengMisaﬂsldhni*&lcﬁﬁamemmhdﬁfﬁeeﬁém)a@eﬂm&dich are _
interconvertiple \ia. & oM RASKOMRRHIRH FAHEXABRIS RIIRALIHIGRIR (RS0 known as prototropic

tautomers) include interconversions via migration of a proton, such as keto-enol and imine-enamine
isomerizatiof i FaRnbt it i AR rRart B e S 155 ré5v§aR ZaNoET S68IBT the bonding

electrons. [0885kliedphrase "pharmaceutically acceptable salt" as used herein, refers to

Pharmaceutifgibspecentaiie giaamieandiasaniaasalis o a.cPMACNAAL g venupn. Exemplary

salts include, but are not limited, to sulfate, Citrate, acetate, oxalate, Chloride, bromide, iodide, nitrate,
bisulfate, ph&¥piiatas e RroesRhteTbrmeniitd Tcratd bamspaiated rciliates tarite, oleate,
tannate, pantothenatds bitwoirais: ds60rbalen Sheaingtaimsieaies pentismatesfumaraie, gluconate,
glucuronate, saceliaraiey IRIMAGLANEARIE Al BMAlE TR eeulionale mesylate”.
ethanesulfonate, benzenesulionate, p-toluenesultonate, and pamoate (i.€., I., _
1'-methylend2BREpDofiFcshBun ApsHiTBANY SRS p RePhacBliekeIly atEssablesaitmay involve the
inclusion of apathenyroleculedsae:ampnr ac@iale iGN ) ansleHnALR 1Bl ather BauRigEON. The counter
ion may be any organic or inorganic moiety that stabilizes the charge on the parent compound
Furthermorefngyp %dfrzﬁ g%qgﬁé] ga%ﬁ;‘/ lg%ge? Btlggf}é’ éna{?tgr%]egy(%gov%cr%%?}el fﬁgﬁs Sﬂéeqcﬁa%éeetar %attgrrﬁ%in its

structure. Inseagrerksinmare PnbiapicSehardoerdeoinsyé vdf Dreecpharntrhtet tedily deveptable salt
can have mulfipleiseuaigbienss HrRbsa rRhargacemtisaliyracenpiaiesaiicashaye One or more

charged ato nd/ar one or magre counter ion. [0056]If the compound of the invention is a base, the
desired phaﬁgié)ﬁ 'c’g?l)sly 5%cmépt§§1ré) ?gle%aé@%écgrg%glrg%q ?/ﬁgh%e%l‘fftagégnrcﬁgfﬁoog Ezﬁf\){}%‘ﬁ%ﬁlble in the art,

for example, Heeemenshe ohnastree(Pade Beithaminorg Anit. d8ik) serchicak iy Gfoptdoricadid, hydrobromic
acid, sulfuricagig, itrig.agidmmethaprauliaric.acidpbhRsPAQHsRcid\and thsHikes an Wit ,an organic

acid, such as, acetic acid, trifl acetic acid, maleic acid, succinic acid, mandelic acid, fumaric acid,
malonic acid%cg%’rﬁ\?i](\:?@z‘fcid?déxﬁﬁc KR ?ng@/?%’dﬁé’ Erel i%kyﬁ&e%?d,@ﬁ%&%&é’i@é?aﬂﬁ?‘such as
glucuronic adigdhofigalaBearOiiie0asdid; 6. alpletetogrirbXyakieithcsuich radicitsivlarichetetentelric acid, an

amino acid, wﬁ&g%@%@@r&iaﬁ@%dg&wteﬁgpaiﬁ@giqn@am&@m@; @%%ﬁé@_fbﬁﬁ&eﬁ%cﬂp acid or cinnamic
acid, a sulfonic acid, such a -toluenf‘fﬁgE fonic acid or,ethanesulfonic acid, or the like, [0057]If the

compound of R HYEREBH 1§ HTRERC AR GRSIFEE TSI ATGS BT 2 depisd fe SXiFHDYe prepared
by any suitable method, for example, treatment of the free acid with an inorganic or organic base, such
as an amine (primary, secondary or tertiary), an alkali metal hydroxide or alkaline earth metal
hydroxide, or the like. lllustrative examples of suitable salts include, but are not limited to, organic salts
derived from amino acids, such as glycine and arginine, ammonia, primary, secondary, and tertiary
amines, and cyclic amines, such as piperidine, morpholine and piperazine, and inorganic salts derived
from sodium, calcium, potassium, magnesium, manganese, iron, copper, zinc, aluminum and lithium.
[0058]The phrase "pharmaceutically acceptable” indicates that the substance or



composition must be compatible chemically and/or toxicologically, with the other ingredients
comprising a formulation, and/or the mammal being treated therewith. WO

2009/146406@8%{% g&99/045603 [0059]A "solvate" refers to an associat;%]rﬂ{sg g?gg&pf one or
more solvent molecules and a compound of the invention. Examples of solvents that form solvates

include, but are not limited to, water, isopropanol, ethanol, methanol, DMSO, ethyl acetate, acetic acid,
and ethanolamine. The term "hydrate" refers to the complex where the solvent molecule is water.

100601The teranhyRrefesiNograLeraliarsiary sibstivendhaidenemmanhy aoplaygad to block or
example, an ST TSy SO e e e A i D ooko or
protects the tmaioxunigiorality innhpirsormippl actSuithlols tanyinthiprard chiergagroerginidclude acetyl,
trifluoroacetyly tAM@XNCRERENVLABE), Benayioxyeakenyl, (CRELand 9-fuesanyimatndanoxycarbonyl
(Fmoc). Simi#‘xéa,{i?'hﬁgfg;%ﬁ)r t%ﬁ?r’lgggri%é@relerslg)ﬁ gi s%bsiitégeﬂ% of%ﬂg%d%x grou% that blocks or
protects the RUGTSRRACTORATRY CSTRAIA SIBREEIIRG Rodpe R U SEAI BRI Sy A
"carboxyprotéibtifrygreny. téfarsticeays ulistindmrof thercaibbryl igrdep tinat. biodike otipybtects the

carboxy funcigplibsr COMMARtarhoxy=pERIRCcting, S.iReledgphenylsulirnyiative cyanoethyl,
2-(trirnethylsilypethyl, 2- trlmethglslIyl)etho%methyl, 2-(ptoluenesulfonyl)eth

Wl
2-(p-nitrophePyASUFEKY &Rz S TR RV IS O SBRTS Y e tAY £ ARPSBHHYF A P MRECHESPY general
description oflproteotingvgrioupis: anghdloé thiusiefiseel . ManBleerfe, IRrotegtiie gBrqups in Organic

Synthesis, John WleY: &SRS NEW %0rk-d:994:[R08H The et Mg, iGamPeuAsk of this invention,” and

"compounds of the present invention™ and "compounds of Formula I" include compounds of Formulas
land stereoisrBHﬁ‘@Pé?]tfé‘&Metric isomers, tautomers, solvates, metabolites, and pharmaceutically
acceptable sgis4nd prodiwgstheraabBURINEsGOMPRQUNDS{Q062] HitgdreSent-rorention provides

purine compeuife:AARAIMAGRHIALIBHRY AR %Qﬁ@%&fglg;gg@ﬁ RolsRlaly pseful in the

treatment of diseases, conditions and/or disorders modulate Inases. More specifically, the
present inveARSH FHOVHIES B FHIGIHES BF PHRRTAAY R ORO SOt AB Y6 BedT0/52009/045603
[0063]and stenegisamersngesaiic iBomels; tautamearg, oopharnacritigalhchaogpiable salts thereof,
v oSl S S SR A 7o
alkylene)-C(£590ie-ER0 HeErsEyENY)) -pT1ec1l R h ey re Bt 2omamly) dharl (eepsg 12
alkylene)-(CisGzRRet@reanyl) ondariialkytaadkenybatiommy ratenenpataocysiinhigterocyclyl, awl,
oS RL e s R s A s el fom .
-NO2, -NH2 iefigpd, PNt EaeHS ridnisioyRapd, sgplold omgdisioyenicd Hsigiazs g3, -CH20CH3,
and -S(0)2CHRkoiyl, thiadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothiophenyl,

benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, and furopyridinyl.

Hetercaryl groups are optionally substituted.

[0035] The heterocycle or heteroaryl groups may be carbon (carbon-hnked), or

nitrogen (nitrogen-linked) bonded where such is possible. By way of example and not

limitation, carbon bonded heterocycles or heteroaryls are bonded at position 2, 3,4, 5, or 6 of

& pyriding, position 3, 4, 5, or 6 of a pyridazine, position 2, 4, 5, or 6 of a pyrimidine, position

2,3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5 of a furan, tetrahyvdrofuran, thiofuran,

thiophene, pyrrole or tetrahydropyrrole, position 2, 4, or 5§ of an oxazole, imidazole or

thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or isothiazole, position 2 or 3 of an

aziridine, position 2, 3, or 4 of an azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or

position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline.

[8036] By way of example and not lmitation, nitrogen bonded heterocycles or

heteroaryls are bonded at position 1 of an aziridine, azetidine, pyvirole, pyrrolidine, 2-

8



[0065]R2 is selected from C1-C12 alkyl, C2-Cs alkenyl, C2-Cs alkynyl, -(C1-C12 alkylene)-(C3-C12
carbocyclyl), -(C1-C12 alkylene)-(C2-C20 heterocyclyl), -(C1-C12 alkylene)-C(=0)-(C2-C20
heterocyclyl), -(C1-C12 alkylene)-(C6-C20 aryl), and -(C1-C12 alkylene)-(Ci-C20 heteroaryl), where
alkyl, alken;%‘ gl%?/%?ﬁ‘l%{%ﬁ%lene, carbocyclyl, heterocyclyl, aryl, and heteroé%y %rgém((?)g?fbsr?gﬁy substituted
with one or more groups independently selected from F, ClI, Br, I, -CH3, -CH20H, -EN, -CF3, -CO2H,
-COCHa3, - CO2CH3, -CONH2, -CONHCH3, -CON(CH3)2, -NO2, -NH2, -NHCH3, -NHCOCHS3, -
NHS(0)2CH3yn@le -QGH31inS (RMGEHR R SRS, > GHARSHHS 1andmS(@N2GHi3:dR066]R3 is selected
from C6-C20 aryl, _carl;;on-linlled FV%Z-CZOIheterOp lyl and carbon-linked C1-C20 heteroaryl, each of
which arc op¥HAI S apRttatedvtRGHE B il ‘é%u%@?’r?&&lﬁew BRup LR e WEHOF: CI, Br, 1,
-CHS3, -CN, 1®F8rCH204in@R 24 jsoBONE]L 2osiGO M (T HB)ZpENOR, arNfiRidd M GH3, -NHCOCHS,
-OH, -OCH3, ;55 NHEGBINHCHS, -NHC(=0)NHCH2CH3, and -S(0)2CH3; 10067]R4 is selected
from -NRIR13, -NRI2C(=0)1210, -NRI(C1-C12 alky)NRIOR13, -NR10(C1-C12 alkylene)OR10,
-NRM(C1--CP%3lIcylenel 1187 dRePSCYRIRIRTeshY hIRSIh ) 4 E S BaRSBBIERSY . -NRm(C1-C12
alkylene)-(C2r@26ihete rocybiyily e RIBNCLGA Reatioglehe) @ 6wG20 anyBinand?; RO (@E-C12
alkylene)-(C:f:20 etsraamhniaalioh Al engcaraeriheieraricilian gnd heteroani are

optionally substituted with one or more groups independently selected from F, Cl, Br, 1, -CHS3,
-CH20H, -Cfackgddo fescot prtotres ieorithe RS MEBREH AP ING? FNpe IRHBH3, -NHCOCHS,
- NHS(0)2C kb eDida oIk e d SQ)R N BEB) 2 0eSilibR e GHRTE bBua rsio S{O)2C Ha:r[apas8]Rm, R13
%‘f%&qiﬁﬁﬁéﬁ 3 £ﬂ;&%§?§%ﬁ 2@%31&9#@ 'ax%'lx 8alkynyl, C3-C12

and R12 arerér%%g%efgqg&g_lgusf%% ‘ ¢ :

carbocyclyl, C2-C O%eterocyc C6-C20 aryl,an eteroaryl, where alkyl, alkenyl, allcynyl,
carbocyclyl, Ketaredlclyroaryrland Hutezokihy-aradaptivh aiRy gapstitdedaiinlontydeiote groups
independently:setactedifom FH4-Glabiyl, s-GikROH3 1oHE&GaH 4 - hlaARl 8 5-6024HnyC ONH2,
-CONHCHS3, -NO2, -N(CH3)2, = NHCOCH3, -NHS(0)2CH3, -OH, .- H3, - 2CH3, -S(0)2NH2,
SOHs SO R e g e R s e trogen
atom to whichigsel Infaranvachidersim thepiChomstistobyétpplihg e dd7biRE3d% setdcted from

C1-C12 alkyh feidrko8 RlkENMe el G8abkyny b Cphesdicanbaayedyl, C2-C20 heterocyclyl, C6-C20 aryl,
and C1-C20

heteroaryl, where alkyl,. alkenyl, alkynyl, carbqcyclyl, heterocyclyl, aryl, and, heteromyl are
optionally sUlEiTbted Wittt B TS DRI CHLBIER s b AP EHaPT CroOn,
-CH2C6H5, cuiitiinBEBne € @2id h«BOMbHR; HODDHIBHB;ING2 frid CitB)2n, MIHEO B3, -NHS(0)2CH3,
~OH, - OCH3, P GIRCHR: o2 NR i it der UDEIR W b2 D GHE3)R, dagk 25(0)2CHS;

[0071]or R1 and R13 together with the nitrogen atom to which they are attached form a C2-C20
heterocyclyl FHRJ$86? ?ﬁ%vﬁﬁsﬁqé’ iUl AT B RACIEroper] TR s RO Ry e B! REterocyclyl),
then le is notdntindalendhchclsdinshbstitutati(of sobsttstedhd PO YSitibxemplacyrémgrodiments of R1
IgHIZCHZCHB, and

include H, CL-G12 alky) lﬁi}b%ﬁ gglg’oﬂ_%?,\lldvaﬁ] InEN 'o?h!@%El%%b?cl_fc%';i&é”?x%te'r@gé So0H

-CH2CH(CH332, CiI-C12 alkyl substituted with one or more -OH"or F, such as -C
_CH2CH20HseCHRTI AT HR O eanel ] GIHEOH Zoa2 Husrid Ryelisr briovodihyhdbovapExemplary
embodiments, @fikliRisadnaluge rtignaliisubstiwed.pngtYhole, indolin-2-one, 1-(indolin-1-

vl)ethanone, 1H-benzo[d][1,2,3|triazole, 1H-pyrazolo[3,4-blpyridine, 1H-pyrazolo[3 4-

djpyrimidine, | H-benzo[djimidazole, | H-benzo[d]imidazol-2(3H)-one, I H-pyrazolo{3,4-

clpyridine, 1H-pyrrolo[2,3-clpyridine, 3H-imidazo[4,5-¢]pyridine, TH-pyrrolo[2,3-

d]pyrimidine, 7H-purine, 1H-pyrazoio{4,3-d]pyrimidine, SH-pyrroloi3,2-d]pyrimidine, 2-

amino- I H-purin-6(9H)-one, quinoline, quinazoline, quinoxaline, isoquinoline, isoquinolin-

1{2H}-one, 3 4-dihydroisoquinolin-1{2H}-one, 3,4-dihydroquinolin-2(1 H)-one, quinazolin-

2{1H)-one, quinoxalin-2({1H}-one, 1,8-naphthyridine, pyrido[3,4-d]pyrimidine, pyride[3,2-

bipyrazine, benzo[d][1,3]dioxole, and 2,3-dihydrobenzo{b][1,4]dioxine.

[8039] The terms "treat” and "treatment” refer to both therapeutic treatment and

prophylactic or preventative measures, wherein the object is to prevent or slow down {lessen)



[00751Exemplary embodiments of R2 also include -(C-C12 alkylene)-(C2-C20 heterocyclyl) such as
-CH2-(piperazin-l-y1) where piperazin-I-yl is optionally substituted such as

-CH2-(4-(me§él|_§|‘g4;%%¥£§iperazin-l-yl) [0076]Exemplary embodiments R%&g"éﬁ"g‘ﬁ% 2 alkyl such
as CH3, -CH - CH2CH3, -CH(CH3)2, -CH2CH2CH2CH3, and - { 3 , C3--C12
alkyl substituted with one or more -OH or F, such as -C(CH3)20H, -CH2CH20H, -CH2CH2CH20H,
and - CH2CH2COZ2H, and 2-morpholinoethyl. [0077]Exemplary embodiments of R2 also include

-(C1-C12 a'@%ﬁ@d@p%@lﬁ@@%&%ﬁ#&?ﬁ@rﬂéﬁm@i{%%‘&[&%@l@;%ﬂ%é%%@(é‘o%@@c{&lm'hy| is
optionally substituted such.as -CH,--(4-(i sulfanyl)piperazin-1-y1). -xemplary
embodimenﬁ%ﬂ’cﬁﬁée\i}v%tceﬁr;ésiﬁn tfglhsﬁo%%fﬁ/y%i%ssﬁ%itga? E%Fﬁ%ma}éﬁ%%% ¢%h aryl groups
include pheryhitsdphtHbiopeorarfthvapems, BiplesiyhemdEnyicnnohsdase, 2tdiflizdddhapithalene, and

1,2,3 4-tetrabygronan byl ueh Rs4eng Y LRSI AR 0BR QI M A it JP 9] Exemplary
embodiments include wherein R3 is a mono,%clic heteroaryl selected from pyridyl, isoxazolyl,

imidazolyl, pYRaZERA CpYF S ERINIENA bRy hether PRtal prora B, KOERAT SRR 50101, furanyl,
thienyl, thazelylstegiebtetrazobin 0080 :Exenyplaryerghedimvénts:incindeswihersjird®8 is a monocyclic

heteroaryl selgcied i@‘%prga«%ﬁl{é'&gé{ﬁéin.s CrINRLMNED 6FB. Attt R 8Ghose already with the
condition or disorder as well as those prone to have the condition or disorder or those in
which the condition or disorder is to be prevented.
[G048] The phrase "therapeutically effective amount” means an amount of a
compound of the present invention that (1} treats or prevents the particular disease, condition,
or disorder, (i1) attenuates, ameliorates, or eliminates one or more symptoms of the particular
disease, condition, or disorder, or (iii) prevents or delays the onset of one or more symptoms
of the particular disease, condition, or disorder described herein. In the case of cancer, the
therapeutically effective amount of the drug may reduce the number of cancer cells; reduce
the tumor size; inhibit (i.e., slow to some extent and preferably stop) cancer cell infiltration
into peripheral organs; inhibit (i.e., slow to some extent and preferably stop) tumor
metastasis; iithibit, to some extent, tumor growth; and/or relieve 10 some extent one or more
of the symptoms associated with the cancer. To the extent the drug may prevent growth
and/or kill existing cancer cells, it may be cytostatic and/or cytotoxic. For cancer therapy,
efficacy can be measured, for example, by assessing the time to disease progression (TTP)
and/or determining the response rate (RR},
0641 The terms "cancer” and "cancerous" refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell growth. A “tumor”
comprises one or more cancerous cells. Examples of cancer include, but are not limited to,
carcinoma, lymphoma, blastoma, sarcoma, and leukemia or lvmphoid malignancies. More
particular examples of such cancers include squamous cell cancer {e.g., epithelal squamous
cell cancer), lung cancer including small- cell lung cancer, non-small cell lung cancer
("NSCLC™), adenocarcinoma of the lung and squamous carcinoma of the lung, cancer of the
peritoneum, hepatocellular cancer, gastric or stomach cancer including gastrointestinal
cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, Hver cancer, bladder
cancer, hepatoma, breast cancer, colon cancer, rectal cancer, colorectal cancer, endometrial or
uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, prostate cancer, vulval

cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile carcinoma, as well as head
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[0081]where the wavy line indicates the site of attachment. [0082]Exemplary embodiments include
wherein R3 is a monocyclic heteroaryl selected from the structures: ) [00831 [00841 where the wavy

line indicateg{%eia%a&f‘lggtachment. Exemplary embodiments include Whg@%&%d&lﬁ%}%mcyclic
e r

heteroaryl selected from the structures: [0085]where the wavy line indicates the site or attachment.
[0086]Exemplary embodiments include wherein R3 is a C1-C20 heteroaryl substituted with one or
more groups selected from F, -CF3, -NH2, -NHCH3, -OH, -OCH3, - NHC(0)CHS3, -NHC(=0)NHCH3,
-NHC(=0)NHgH2eH3nc&02H, -CH20H, and -CH3. 100871Exemplary embodiments include wherein
R3is a carb%hag?ked, fugegqblc(}{ﬁllc C4-C20 hetero%&l%la?r C1-C2 hettﬁr,oat{el selected ffrom

emotherapeutic agent” 18a ¢ compound usetul m tregtment o
cancer, regardless of mechanism of action. Classes of chemotherapeutic agents include, but
are not limited to: alkylating agents, antimetabolites, spindle poison plant alkaloids,
cytotoxic/antitumor antibiotics, topoisemerase inhibitors, antibodies, photosensitizers, and
kinase inhibitors. Chemotherapeutic agents include compounds used in “targeted therapy”
and conventional chemotherapy. Examples of chemotherapeutic agents include: erlotinib
(TARCEVA®, Genentech/OSI Pharm.), docetaxel (TAXOTERE®, Sanofi-Aventis), 5-FU
{fluorouracil, 5-fluorouracil, CAS No. 51-21-8), gemcitabine (GEMZAR®, Lilly), PD-
0325901 (CAS No. 391210-10-9, Pfizer), cisplatin (cis-diamine, dichloroplatinum(Il), CAS
No. 15663-27-1), carboplatin (CAS No. 41575-94-4), paclitaxel {TAXOL®, Bristol-Myers
Squibb Oncology, Princeton, N.J.), trastuzumab (HERCEPTIN®, Genentech), temozolomide
(4-methyl-5-ox0- 2,3,4,6,8-pentazabicyclo [4.2.0] nona-2,7,9-triene- 9-carboxamide, CAS
No. 85622-93-1, TEMODAR®, TEMODAL®, Schering Plough), tamoxifen ((Z)-2-[4-(1,2-
diphenylbut-1-enyphenoxy]-N,N-dimethyl-ethanamine, NOLVADEX®, ISTUBAL®,
VALODEX®), and doxorubicin (ADRIAMY CIN®), Akti-1/2, HPPD, and rapamycin,
{0043] More examples of chemotherapeutic agents include: oxaliplatin
{(ELOXATIN®, Sanofi), bortezomib (VELCADE®, Millenmium Pharm.), sutent
(SUNITINIB®, SU11248, Pfizer), letrozole (FEMARA®, Novartis), imatinib mesylate
(GLEEVEC®, Novartis), XL-518 (MEK inhibitor, Exelixis, WO 2007/044515), ARRY-886
(MEK mnhibitor, AZD6244, Array BioPharma, Astra Zeneca), SF-1126 (PI3K inhibitor,
Semafore Pharmaceuticals), BEZ-235 (PI3K inhibitor, Novartis), XL-147 (PI3K inhibitor,
Exelixis), PTK787/ZK 222584 (Novartis), fulvestrant (FASLODEX®, AstraZeneca),
lencovorin (folinic acid), rapamycin (sirolimus, RAPAMUNE®, Wyeth), lapatinib
(TYKERB®, GSK572016, Glaxo Smith Kline), lonafarnib {SARASAR™, SCH 66336,
Schering Plough), sorafenib (NEXAVAR®, BAY43-90006, Bayer Labs), gefitinib
(IRESSA®, AstraZeneca), irinotecan (CAMPTOSAR®, CPT-11, Pfizer), tipifarnib
{ZARNESTRA™, Johnson & Johnson), ABRAXANE™ (Cremophor-free), albumin-
engineered nanoparticle formulations of paclitaxel (American Pharmaceutical Partners,
Schaumberg, I1), vandetanib {rINN, ZD6474, ZACTIMA®, AstraZeneca), chloranmbucil,
AG1478, AGI571 (SU 5271; Sugen), temsirolimus (TORISEL®, Wyeth), pazopanib
(GlaxoSmithKline), canfosfamide (TELCYTA®, Telik), thiotepa and cyclosphosphamide
(CYTOXAN®, NEOSAR®); alleyl sulfonates such as busulfan, improsulfan and piposulfan;

aziridines such as benzodopa, carboquone, meturedopa, and uredopa; ethylenimines and

11



[0088]where the wavy line indicates the site of attachment. [0089]Exemplary embodiments include
wherein R3 is selected from: R14 R14 [0090]where the wavy line indicates the site of attachment and

R14 is selec%f F é Br, I, -CH3, -CN, -CF3, -CH20H, -0021-1, C%%; % N(CH3)2, -NO2,
-NH2, - NFIC E%nﬂéég H3, -OH, -OCHS, -SH, -NHC(=0)NHCH3, and - )} 8& 9 31]Exemplary
embodiments include wherein R3 is a carbon-linked, fused bicyclic C4-C20 heterocyclyl or Ci-C20
heteroaryl selected from: 100921where the wavy line indicates the site of attachment.

10093 1Exemplanyianhedit amisdne AL MyRBEeiRt3 ks L inaaz lidmyle i Meadm Ay -
100041Exemplopt SMROUMERts nade Whelgh Kl NRARL) and ahere ARTHRLS form & C2:C20
heterocyclyl ring Gchad mo?p oWny?, A e{’hy} Iperazin- fl Af—%‘ene?ﬁf/%ﬁﬁ r‘wi Fﬂ'} t%ciﬁw-l-yl, or
4-(2-pyridyl) pipratiitadiyen 0B Exetmoiarjnehnbogimenté: sl adothe st éryowiGn;
2009/ 14640@%@}1@4&2@?(%%@%@ its adozelesin, carzelesin and bizelesin synthetic analogs);
cryptophycins (particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogs, KW-2189 and CB1-TM1}; eleutherobin; pancratistatin; a
sarcodictyin; spongistatin; nitrogen mustards such as chlorambucil, chlornaphazine,
chlorophosphamide, estramustine, ifosfamide, mechiorethaminé, mechiorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil
mustard; nitrosoureas such as carmustine, chiorozotocin, fotemusiine, lomustine, nimustine,
and ranimnustine; antibiotics such as the enediyne antibiotics (e.g., calicheamicin,
calicheamicin gammall, calicheamicin omegall (Angew Chem. Intl, Ed. Engl. {(1994)
33:183-186); dynemicin, dynemicin A; bisphosphonates, such as clodronate; an esperamicin;
as well as neocarzinostatin chromophore and related chromoprotein enediyne antibiotic
chromophores), aclacinomysins, actinomycin, anthramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, morpholino-doxorubicin,
cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin), epirubicin,
esorubicin, idarubicin, marcellomycin, mitomycins such as mitomycin C, mycophenolic acid,
nogalamycin, olivomycins, peplomycin, porfiromycin, puromycein, quelamycin, rodorubicin,
streptomgrin, streptezocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such
as methotrexate and 5-fluorcuracil (5-FU); folic acid analogs such as denopterin,
methotrexate, pteropterin, trimetrexate; purine analogs such as fludarabine, 6-
mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacytidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine,
floxuridine; androgens such as calusterone, dromostanolone propionate, epitiostanol,
mepitiostane, testolactone; anti-adrenals such as aminoglutethimide, mitotane, trilostane;
folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside;
aminclevulinic acid; eniluracil; amsacrine; bestrabucil; bisanirene; edairaxate; defofamine;
demecolcine; diaziquone; elfornithine; elliptinium acetate; an epothilone; etoglucid; gatlium
nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet;
pirarubicin; losoxantrone; podophyllinic acid; 2-ethylhydrazide; procarbazing; PSK®

polysaccharide complex (JHS Natural Products, Eugene, OR); razoxane; rhizoxin; sizofiran;

1z



[00971where the wavy line indicates the site of attachment, and wherein Rl is selected from Cr-C12
alkyl, C2-Cis alkenyl, C2-C8 alkynyl, C6-C20 aryl, -(C1-C12 alkylene)- (C3-C12 carbocyclyl),
-(C1-C12 aI%Q -(C2-C20 heterocyclyl), -(C1-C12 alkylene)- C(=0)-(C2- clyl), -(C1-C12
alkylene)-(C g%)]ggr%/ ?g%d -(C1-C12 alkylene)- (C1-C20 heteroaryl), Wh]é%r\ef @%ﬁ{;ga %é‘%l, allcynyl,
alkylene, carbocyclyl, heterocyclyl, aryl, and beteroaryl are optionally substituted with one or more
groups independently selected from F, Cl, Br, I, -CH3, -CH20H, -CN, -CF3, -CO2H, -COCHS3,
-CO2CH3, -GNz RN GRS nNOZ: - NidRioriHEkiRmN-EGH3endHS (0)2CH3,
-OH, - OCH3, -S%OQ&N%SH%}Z, -SCH3, -gﬂz CH3, %nd -S&O& -CH%B QO98(JThe_FormuIa | compounds
of the invent%ﬁjﬁ Iayyconttacin}“%gﬁlfﬁdr%ue Tic-or chiral CBh{ErS GRa ther&tore €8t in different
stereoisomedefdrmpie] migrintemdat thiib bibste tooisdmetie formesrohtizeczomipoantmofidhe invention,
including bU‘{%ﬁ'ﬁ‘“ﬁ%‘?&@pﬂi@ﬁ}ﬁﬁ%ﬁf&eﬁ%QHRJ@%E%@PQ@&%@%&MH&V%%%%@S mixtures thereof
such as racemi¢ mixtures, form part of the present inven%%l.,[ 099]In addition, the present invention

embraces alPGEBHTRR G5B SRTIFTA S SR PRYP U AL i EUMHUR Y EdMpound incorporates a
double bondifisffuse dnrioggthecisinanditransforinss asAvelLBsNAiXiLmes:tinereof;apeseinbraced within
the scope of dhg InyenEon Roth e RINAE PesIonalISPRars SRS RIXHE ShRasiienaipgomers are

also within the scope of the present mvention{%%%lOO]ln the structures shown herein, where the
stereochemidtry BPENPHAIICRRHTEY a0 JEetosyibienitmns { AHER Eeiasidiershps contemplated
and included-amthescidmpophdsakthiesliwantipabMiatrcasiér ent hatnisirgs isf apeoifiee by a solid wedge
or dashed ling representing a particular configuration, then that stereoisomer is so specified and
defined. [0101]The compounds of the present invention may exist in unsolvated as well as solvated
forms with phHthceuticaliedeciftd MdbesRaHtes ot fretitRstang tHeRke, and it is
intended thahth@dmiegtiarn teinbracecpatheso lirtied lanthssabvade dfanmss 1h0GR ke compounds of the
present invenfion, may, als @%‘%%é@-%ﬁ%fe%@ AUIR RIS '@f’mﬁﬂgﬂ %.L,';éé{ﬁeg Iz, ghe. embraced within
the scope of the Tavention. The term-tautomer" or "tautomeric form" refers to structural isomers of
different enefjTesifFRicrehdnRiptorveRiEls brcxifsh Eryyanrffee. feleiinsipfe, proton tautomers
(also Imown meiRketethepitiatiOmes kkcifde, IntercoRessignswie, migratiopsaicayproton, such as

keto-enol and. jmine:enamine isamerizations. valengs, iauiomers ndlude, tercopygrsions by
reorganization of some of the' ondlljhg electrons. %ﬁd&ﬁe prenszgm inventlon’_gf_so embraces
isotopically-|sisele@scsimseupudwtitidphegdrmng et nivrhieh Breiaanpticaltoitids®kscited herein, but
for the fact thating MR, ATNE e [eRRca hy-an AIPRDRAVIII @ ARRVEINagE ), mass number
different from the atomic mass ber ysu d.in nature. All isotopes of any particular
atom or elenr%%rﬁlfeﬁtsa%lﬁ’e%ﬁ?gz Zﬁ’é@%ﬁ%@%& S %%hl%%e’g %%gbgch %ﬁfee’%%abrgf}h%éiof the invention,
and their usesRBAGHpIAArissopes fdrdarrire: intbrporaddnosednpduaasdef sHatdmiéntion include
iso?peg of Wgﬁﬁﬁfﬁld&%*aﬁfgﬁﬁé@ré}gﬁg&%ég{ﬁﬁﬂ,v%ﬂ:?ﬁqglﬁé&aﬁﬂg%,]fW@?ﬂQ&aﬁ@lﬁU@@sﬁ@d iodine, such
as 2H, 3H, 11C, 13c, 14C, 13N, 15N, 5180, , 139 , 36a, 1 5l, Certain
sotopioally O RB NG SR TR At B R A S A 140 are
useful in confpoimd andfonkibbistsate timseen s shibutiolatidsaysrifntiateth¢8Htagididarbon-14 (4C)
isotopes are 4sefulfprieii-easa.alRIepaARIN Rt detestablimuithelisknstitytion with heavier
isotopes such as euterlurg}éi.e., HZH% \ﬁ%/ afford cert}ain the](rlzal@euti a vant%ge;s resu‘lrtgn%from greater
metabolic staBAMY fe dt CREER SEHa IR B el tiRa oI ERe 5@5‘1‘3& SGtirSEATES- i hence may be
preferred in shorrcaconistaNeEs: cRosition wehilifting (SetaPeeISUCTMISES &6] 1BRE &d@and '8F are

useful for pogiirANAMiSRIPRILMAURRYY JBETLAAIES IR BMINGSHDRH RIS EESRIQr occupancy.
Isotopically labeled comgﬁ\oun s of the present invention can generally be prepared by following

ds of th . Pr.
procedures draiot 1384 & GRS ALRE RS e FHed- Ariepis P iie ERAIRINESYRYRIn below, by
substituting anJkotcalydabéiad FeagentiREHa(hoanisatepically ighateddeagentcRPREBARATION OF

PURINE FOW@?‘I&%%@%Q%P &d pharmaceutically acceptable salts, acids and derivatives of
any of the above.
[0045] Also included in the definition of "chemotherapeutic agent" are therapeutic
antibodies such as alemtuzumab (Campath), bevacizumab (AVASTIN®, Genentech);
cetuximab (ERBITUX®, Imclone); panitumumab (VECTIBIX®, Amgen), rituximab
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[0104]Purine compounds of Fonnula | may be synthesized by synthetic routes that include processes
analogous to those well-known in the chemical arts, particularly in light of the description contained
herein. The in ials are generally available from commercial soyr (ﬁéldrich
Chemicals (Mi W%’lﬁg?? ([I) or are readily prepared using methods well k%ﬁ@%ﬂ%%gg’s“ illed in the
art (e.g., prepared by methods generally described in Louis F. Fieser and Mary Fieser, Reagents for
Organic Synthesis, v. 1-23, Wiley, N.Y. (1967-2006 ed.), or Beilsteins Handbuch der organisehen

Chlemiz, 4, ?Wt@@«ﬁ@[ing&nﬁéaﬂggyg@%ﬂm,ieammwmgimf @1(@“@@@@@?&&1\/}% tlhe Beilstegl
online database). [0105 ' jodiments, compounds, of Formula | m e readjly prepare
g well KT S 18 BT AP By GBS0 AR Lot
48(16):28232@2cndenra Strah{R0g6)Orgaitio MEHE(STB(RE63IRS:HB92; Chang et al (2006) J. Med.
Chem. 49(1QyRRF1-286 FiYane &t abi2005) I EomR Ghem, 4 ¥hdukiyet al (2005) J. Comb.
Chem. 7:627-636, Hocek et al (2004) Synthesis, 17:2869-2876; Hammarstrom et al (2003)
TetrahedronPERCORIESETS98HS MEATRLPIRB N B AF (202 PrateaHEdPS T o 3°8693-8073; Booth et
al (1987) J. GhemzBod, Elmﬂlgiutﬁﬁbaas:liiu@tggﬂimamﬁ, Bipu@rgamidb Ohenizitntb21-1526; Booth et al
(1981) J. Chemy SaGrFReMISAE COMMINCAIoNGhR: 188TARY oneda Shah %15%3@ J. Chem. Soc.,
Perkin Trans. 1: Organic and Bio-Organic Chem. 14:1547-1550; Taylor et al (1971) J. Org. Chem.
36(21):3211 A5 47 EEREP; 5 MZUEE R RAZEI P e BTG, SHPethe AR IBIR WMEY & Sons, 1996,
Volume 54; Tétechemistyobizttete reoycinbmpoanitsy faditorsMieisshengen, Bitideyitdy, E. C., Wiley
Interscience st ddaAMME AL HCURAIEN W BUSIRORLR 2200 FORMed. Chem.
14:3987-4006; Hocek, M. (2003) Eur..1. Org. Chem. 245-254;US 7122665; US 6743919; US 5332744;
US 472864447504 B37BOYS 30 Si0SEYYE: BISN0EERI seAdZ D onek7emaED31); and other
heterocyclesyatitahnabedestitbaabipetiamprahay) phenHaissopsakiafie pisiiydhditors Katritzky and
Rees, Elsevier, 1997, e.g.-Volume 3:.Liebigs Annalen der Chemie, (9);:1910-16. (1985); Helvetica
Crimica At R R B A R e i
are expressI§iiFeBRBRAISH b Refe FoR BEYSYN IR B SHBMISTR tieth foerTamsbs @i pdtecting group
methodologiesikpretestianibng-dspraipalion) usafuhin.synthesizing pure@ampounds and necessary
reagents an?ui:%t?{u@fn% tes %ggukn%wlg inxé?t? art %Qe(;l intilude 1;‘or example, those described in R.
Larock, Compre%enswe ’Cgrganlcrq‘_lrdn_s}%rmal}lloﬁs, CH Sﬁ%ﬁs‘hers (1989); T. W. Greene and P. G .M.
Wuts, Protedfi##’Groupsin" OetghnidcSirithedisc Bradeed JuprelviieybahsmSo it prde9srand L. Paquette,

ed., Encyclopediaaic-Resgents-fan Qe cpnibesisdaimyViley and-oars{d89a)mand subsequent
editions therem;. 1QIQG1Corngoundsl9frFor@t al ntla.t.bedgtre arecfli singtlg oras cor gound libraries
comprising at Fe%gtfl%?ué"ﬁg(arr?a%'bmtoe fb(’B cﬁeﬁﬁ%ﬁnlg, or 10 16101 or%spﬁlﬁcnﬁg. ibraries of
compounds éfsFapeddierdim Bpdenpmdistradybysal chmibisanbriabm it exderox mpmiach or by multiple
parallel syntheses, usingRiher aelHioniphase als0bd phase chemistiyRydrasadues.known to those
skilled in the art. Thus according to, a further aspect of the invention there is provi ]ed a compound

i t‘?lg‘;ea‘%’ﬁs %”

rovid
library comprisi R P LR P b AR AR Cg'l?y"ggggﬁ?aig‘f@%eaql%cttﬁ‘%?ét@)?. 01071A purine
compound nraynbepiepitediyyngsingn 2 8gdehioropls pneas dbstartipgpsnetepskitthe three chloro
groups can he,displaced Ry NademRuRRikeN I M HesRacificaly ihermastieagtivechloro group
(i.e., chloro at position 4) is substitgtited ith a moipholino group to form morpholinopurine. [0108]For
illustrative pdfpa<eLS RGPS YR BF8how general methods for preparing Formula 1 purine
compounds, [@84Rlell as kéhdmeentisdiatesnieol’ & meaieoqlefai I@didmﬁpﬂ@ns_mmmhnﬁh}duhl rea(_:tion
steps, see the General Pracedues AL EXRPRIER SeGUPASH I RARE-SKIGH N the art will appreciate that

other synthetic routes may be used to synthesize the inventive compounds. Although specific starting
materials and'EaHeL s HoRete BT RIS SEY AIER g8 ARY o RAB ISP RIEa Y  and
Exe_lmp_les, oﬂaebﬁtwﬁmgzmateidqj@m.reagep_ts can be easily substituted to provide a variety of
derivatives apylgy reactiop,coneligiisy In-aAdilianpany.af s RXRERIARLEPTERGHNdS prepared by the

described methods can be further modified in light of this disclosure using conventional chemistry well
known to tho¥BeskIRsaRi e bilte MO0 IIARss a8 ERRIg EhIn PSR 8F B niehes © lstalaion of remote
functionality ¢engh $¢isapeyapeeskeRdaly: amine)iobiptermediates may be necessary. The need for such
protection wi gy dependina.an-tisnaiie ol e ol nstionali. andiihe.coniians of the
preparation methods. Suitable amino-protecting groups include acetyl, trifluoroacetyl, tbutoxycarbonyl
(BOC), benz$85§/&8rBobi (EH 7Y Shig 2 dofenymissyteheloky oAy E IR EtPa Re need for such
protection is readily determined by one skilled in thg art. For a general description of protecting groups
and their use, see T. W. Greene; Protective Groups in Organic Synthesis, John Wiley & Sons, New
York, 1991. 101101Figure 1 shows a general method for preparation of polyfunctionalized purines
starting with protection of the N-9 nitrogen of 2,6-dichloro-9H-purine as the tetrahydropyranyl group
(THP). Displacement of the more reactive chloro group with moipholine gives
4-(2-chloro-9-(tetrahydro-2H-pyran-2-y1)-9H-purin-6-yOmorpholine. The C-8 proton is removed with
strong base and reacted with various electrophiles (RI). After deprotection with mild acid, N-9 is
Aallevlatead of N-O with varioiie elactronhilace (R2Y <uiziilkt enorinlina at C-2 chloro by Cenaral Procediira A




purines. 2,6-Dichloro-9H-purine is protected at N-9 as THP and the more reactive chloro is displaced
by morpholine to give 4-(2-chloro-9-(tetrahydro-2H-pyran-2-y1)-9H-pur n-6- yOmorpholine. Suzuki
coupling with 5-(4 -tetramethy1-1,3,2-dioxaborolan-2- yOpyrimidin-2-amipe and palladium
catalysis giv}‘ekyg%%?é%adgﬁé%olino-9-(tetrahydro-2Hpyran-2-y1)-9H-purin-2-y56pr%y}r[1f$nzf) ?20 o hine.
Protection of the pyrimidine amine group as the bis-Boc amino and removal of THP under mild acid
hydrolysis allows allcylation of N-9 with various electrophiles (R2). Treatment with TFA removes the
Boc groups. (@isTHODS @f;,8&EARA TN OLIGUAhe-metneds of Rsapating e gempounds of this
invention, it may be adantﬂ?eous to separate regction %rg(iducts from one anothl%r? and/or from starting

Y
materials. TR GEATEFSISHTEE DFR AT YrBPPer $a1188 B ieh e L pUPSIE B4R 87+ Blirified to the
desired degneeoédhpromgesseitg. bycthegtedhniGudscommorpaatthiearteTiypioal jestichiiseparations
involve multiphase EtaalioRyHrsiZatan fram Ansal Vet Al st exslistillation, sublimation,
or chromatogaphy. Chromatography can involve any number of methods including, for example:
reverse-phaSEHRETSHHAPIKEEE a8 usion: ion exchange; high, medium and low pressure liquid
chromatograpf§zinethod sEaadiappalatis; tsmallsscale anatytitatosimulsitedinhevengibed (SMB) and
preparative gqjgkgﬁl %i‘@%ﬂﬁ-ﬂh@i@&t%@%lﬁ well as techniques of small scale thin layer and flash
chromatography. [

113]Another class of separation methods involves treatment of a mixture with a

reagent sele %%’]to bind RFEPTBABERIGIHENIRER W APIFIE L HESH IS Brosfiet inflediet Btarting
ma_terial, reaBﬁidmr,depmdﬂmv{dﬁmhegﬁkemﬁymmeﬂtﬁeimlum@dsﬂomﬁmtsiQ%bsorbents such as
activated ca@%w Iﬁ%'%ﬁl%?dsﬁf%ﬂ Eﬁfﬁ%ﬁ&ﬁ%d@@%éﬂ@%‘é@y @@F&%&%ﬁ%ﬁ!}%}ﬁ?@gems can be

acids in the case of a basic material, bases in the case of an acidic material, g reagents such as
antibodies, bitfinYirotentas dafedtive €O stharararaswincd e ey srRilRIMEUTaT8H extraction
reagents (LIXgy@mthe litehialestion efappropratasmethntsakasepyationdapandson the nature of
the materials,pyelethstich. a5, ballngpaint sad maleculiaravaioht n distilation, and syplmation.
presence or absence o pdfar finctiona groups in crﬁpoma%ograp Y, s%aﬁillpy of materials in acidic and
basic media it tpHEsEesiEe O EEchaniial oPOYTAT DA StElad iR asd sushibe separated
iknto their inhd iuhémll lﬂﬁ@%@@m&@@eﬁm@ %@@ﬁ vaﬁ]ﬁiiélﬂh\}{ﬁiﬁﬁ&%?ﬂ%@ﬁi&{ﬁﬂf%&@@% by methods well
nown to those. skjlled in the art, s s by,chromatogr and/or fractional cr ization.
Enantiomersoga}%al%'eagg‘ﬁ%r%?ésd ’b%i%%e \?‘éﬁ%‘éﬁﬁ%ﬂg gont?glr%e%{ﬁ%l%& ﬁgé% i eo'pag1 a?az\é?é?%llgmeric mixture
by reaction ViitHessnibipp rapnidice ibpticatyr aenver échepofiigy 8 gnddhiralandifasse seehias a chiral alcohol
prdedshelr; @é%igt@m@)ﬁﬂ%ﬁ@t%ﬁif@ﬂﬁgébﬁf@%ﬁ%[&ﬂm%@ﬂ? &ﬁ’ﬁ‘l’@éﬂﬁgsﬁe-ﬁielﬂ%ﬁ@yéing) the o
individual diastereojsomers to the correspqndin re enaptiomers. Also, some of the compounds o
the present Talon 8 BAraBRICHH i OToE AL SURD LSS R SLPCBALIBUIER s part of his
invention. ErbhtismevsGantialsoobé weparatéet By osarvbaddhikabHRLEY cdluymmOL151A single
stereoisome,&ged ¥HENAMWANE -SSRl fteg b it QisRmRr May ReQiaingd by resolution

of the racemic rry'xturel usg%glm thod such as formation of diastereomers using optically active
resolving ag8fit& TEfiét, BAMIWMER 8. E13- BT Mgt 8P By R COIMPETRAL 38K Wiley &
Sons, Inc., Nésw Bégeieri@04 2k ackmuflensCald. (A8T7E) I Gtirdsmatogis oftdB¢3)£288-302). Racemic
mixtures of chirak sopmpouings. ofhe: lveRlign sanheEsrReIaled.Addselated by aksLiable method,

including: (1) formation of ionic, diastereomeric salts with chiral compounds and separation by

fractional cry’sEARF&Hfor M LB HHUHERAS (B td¥hBRISA O FaTARIirE LA SR S EamRss LI Rith chiral

derivatizing rdagéntseaeparatipncefsthEhdiastertermers pardrconvesiambtethefguseustereoisomers, and

(3) separatiog, afthe skbstantially, pue:oLenr @8@5?&%@%@%@%?{&@5%{% under chiral conditions. See:
g

"Drug Stereochemistry, Analytical Methods and Pharmacology," Irvin . Wainer, Ed., Marcel Dekker,
Inc., New Yof#€74bo3). [0 URdEFIRBEhad (17  Hets BBt Sar s lGH 6 fompedhy reaction of
enantiomericcﬁﬂfyrgur@@igiealmashmhcambrqmmagquhwmpwm_adfaﬁemtmhmﬁq;r_&methyl-
f3-phenylethylaming (RARGIAMINGLAR i%d%&é%}ﬂl@ﬁﬁ@‘m%t&%&e?ﬂb%‘s’%qﬁli &é‘&lﬁ%é‘?‘d'c

functionality, such as carboxylic acid and sulfonic acid. The diastereomeric saltS may be induced to
separate by FaEHofahc Seat apIdPiBr Rt B T aPINs FOp SepratpesisBdptical isomers of
amino compiiacisyackiitiobyatchiunil-eash orybieossbifonigiagids;umeh as camphorsulfonic acid,
tartaric acid, elic acj lacti I result in fo ion.of the. diasteregmeric salts.
101171Alterr@t?\$ ly, by Cn%?%éﬁ% %}?ﬁ%gsag git?gﬁey %t%c etd!)g%%%@e g)ilsm?é%g{%&’\}\ﬁtﬁr%%ﬁe cnantiomer of a
chiral compdUREMETBYRTE arssestide meticpainprsaisdatiee ommEbectie MIsHBf Organic
Compounds"”, John Wiley & Sons, Inc., 1994, p. 32_%). Diastereomeric compounds can be formed by
reacting asymmetric compounds with enantiomerically pure chiral derivatizing reagents, such as
menthyl derivatives, followed by separation of the diastereomers and hydrolysis to yield the pure or
enriched enantiomer. A method of determining optical purity involves making chiral esters, such as a
menthyl ester, e.g., (-) menthyl chloroformate in the presence of base, or Mosher ester,
a-methoxy-a(trifluoromethyl)phenyl acetate (Jacob Ill. J..Org. Chem. (1982) 47:4165), of the racemic

mixture, and analyzing the IH NMR spectrum for the presence of the two atropisomeric enantiomers or
diactaranmere <tahle dAiactaranmeaerce of atronicomeric comnoniinde can he canarated and ienlated hy



possible by a number of direct and indirect detection methods. Certain exemplary compounds
described herein were assayed for their PI3K binding activity (Example 52) and in vitro activity against
tumor cells (%%%%%%. The range of PI3K binding activities was less than 1_n|\@&nanomolar) to
about 10 ttM (micromo arf. Certain exemplary compounds of the invention' fad P "B‘i?f&l”ng activity
IC50 values less than about 10 nM. Certain compounds of the invention had tumor cell-based activity
IC50 values less than about 100 nM. WO 2009/146406PCT/US2009/045603 [0119jThe cytotoxic or

cytostatic activity9ffeEmulRihexemplan,.campauRdayRsMeasYadbY-establishing a proliferating
mammalian tumar, cell line in a cell C%Lfgre medium, adding a Formula ]| compound, culturing the cells

for a period from SholT e nEIRE S SH N BhsRRt At By SBiCo iR B TR 8). Cell-based
in vitro assaysihemstegedric measureviabilitytoilenpeotiferatiens(:05eN, eytoiexiciti¢re50), and
induction of apoRipsis ﬁ%ﬁ@%@%&%i%H):u[%&%@,]&l@&&@a}@t%&%@ﬂ%%% iR Sxempary

compounds was measured by e cell proliferation assay, CellTiter-Glo(r) Cuminescent Cell Viability
Assay, comrTSrARFHOIabIRHHS ProtsgaTesth bursarsBHOwE (ExelHspravEy2tHgthomogeneous
assay methgshisitasied, ori thethetombisiany éxpressiphtol£0)esipterafdhaitarsacfihs 5583024; US

o674713; USSZ006TQraf IRSKTES R NTHYES S YRR el s ased,on quanttaton o

the ATP present, an indicator of metabolically active cells (Crouch et al (1¢ f]o._]rr%munol. Meth.
160:81-88; UL BBHE 7Y 9T BIER G ISG PREEIYOWHE Chh ARICtEEHF 96 IBpracvsiietsrmat, making it
amenable toteutoshitesd ﬂaégdhﬁi‘ymgihpqmmreemmgz(d-.lEﬁﬁﬁ&m@h@h&%&%ﬁ%ﬁgamer Drugs
6:396-404). TeHARLPAROS. A5RAY RIATHINE IYalvgs adding g, single feagent (Celliter-Glo()

Reagent) directly to cells cultured in serum-supplémented medium. was mg,eremoval of medium
and multiple ProEt fhearsp atams aguratehitarrreasysier derptabissrdigaadas salliieell in a 384-well
format in 10 soinudcismfter-addinghieageatians smixpg 0bhaLil ke bomegansous addmix-measure”
format reSU"fng)O%%lQ%?iS angmgetréreirg}ion of a luminescent signal proportional to the amount of ATP
present. The amount of ATPiS alrecﬂy proportional to the number of cells present in culture. The
CellTiter-GldHKEsay gefhéiratespotgiboi-Rraviniinmie sdese. shgrishinedathaveetbyithidy luciferase reaction,
which has a hliplilsganesallygseaiesdhaafiveibow sncoerensingon aelLiyRs: angpiedium used.
Viable cells %_%%tireefill?g}%{;ei(g} [seéggié/eik%rglinescence u{pits &RthjJ). T%g substrahe, Beetle Luciferin, is
oxidatively decarboxylatsd by recombinant irai ficifarads Wi EBRoriita At LSRVEHSion of ATP to
AMP and getrédatibiyist gsibing: arhi restanciadf dradfalifd phioniatesititbanédd tikasewahgent injectors

and providesflexibiity far-santinurusierhateh made.prosassing af Mmutinle plates Iihis cell
proliferation assay an.be LéSed with va{gious multiwell formats, e.g. 96 aor 384 well format. Data can be

recorded by TiHiROATEr St BL3'E ARtk PYTRISGIHG BRI A b RSASLE sHd Mapttds presented as

relative lighttymigs Rt 8yidrreckarathovenitined §0 222jTherantipralitdpatiiedeffgcisdfkadrmula |

exemplary CoBQUMAdS Wk NEASMISHRY e Q@h‘l&%ﬁ%@%ﬁéﬁﬁ%@m@& Arhdgaiast several
tumor cell lines, includ n%%%:% etroit 562, and MDAMB361.1. EC50 values were established for the
e

tested compGundésTHhe’y iRVitPBEET FSteh ) SR vt iR b il s Rt A6t 10 uM.
101231 CertathapBNEnprepértichanidre measured for certain exemplary compounds by assays

including: Cages7 Permea By Fample: b HARAIRGHE.CISAANSE, (Frample, 3B Ciochrome P4S0
Inhibition (Examplil 56), Cytochrome P450 Induction (Exarggrll]%%, Plasma Protein'Binding (Example

58), and hERERH }?ﬁé)it H&Pﬁ@&?@iﬁ%ﬁ&éﬁjﬁ%ﬁ@&@@ N iFRRACr s diRids No. 101-156
in Table 1, weréwithde ichgrsicterizeehiahehiestatkion RI3Ke aptivityyaceonding dowhrmethods of this
00,1, Cambrona o G L N aE Rl o L ARSI el gy Yersion

suitable salts include, but are not limited to, organic salts derived from amino acids, such as

glycine and arginine, ammonia, primary, secondary, and tertiary amines, and cyclic amines,

such as piperidine, morpholine and piperazine, and inorganic salts derived from sodium,

calcium, potassium, magnesium, manganese, iron, copper, zinc, aluminum and lithium.

[0058] The phrase "pharmaceutically acceptable" indicates that the substance or

composition nrust be compatible chemically and/or toxicologically, with the other ingredients

comprising a formulation, and/or the mammal being treated therewith.
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No. Structure Name 101) O N 2-(9-(2-hydroxyethyl)-2-(1H-indo1-4-y1)-
6-morpholino-9H-purin-8-y1)propan-2-ol NH

WO 2009/146406 PCT/US2009/045603

[0059] A "solvate" refers to an association or complex of one or more solvent
molecules and a compound of the invention. Examples of solvents that form solvates
include, but are not limited to, water, isopropanol, ethanol, methanol, DMSQ, ethyl acctate,
acetic acid, and ethanolamine. The term "hydrate” refers to the complex where the solvent
molecule is water,

[0860] The term "protecting group” refers to a substituent that is commonly employed
10 block or protect a particular functionality while other functional groups on the compound
undergo reaction. For example, an "amino-protecting group” is a substituent attached to an
amino group that blocks or protects the amino functionality in the compound. Suitable
amino-protecting groups include acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC),
benzyloxycarbonyl (CBZ) and 9-fluorenylmethylenoxycarbony! (Fmoc). Similarly, a
"hydroxy-protecting group” refers to a substituent of a hydroxy group that blocks or protects
the hydroxy functionality. Suitabie protecting groups include acetyl and silyl. A "carboxy-
protecting group” refers to a substituent of the carboxy group that blocks or protects the
carboxy functionality. Common carboxy-protecting groups include phenylsutfonylethyl,
cyanoethyl, 2-(trimethylsityDethyl, 2-{trimethylsilyliethoxymethyl, 2-(p-
toluenesulfonylethyl, 2-(p-nitrophenylsulfenyljethyl, 2-(diphenylphosphino)-ethyl, nitroethyl
and the like. For a general description of protecting groups and their use, see T. W, Greene,
Protective Groups in Organic Synthesis, John Wiley & Sons, New York, 1991.

[0661] The terms "compound of this invention," and "compounds of the present
invention" and "compounds of Formula 1" include compounds of Formulas I and
stereoisomers, geometric isomers, tautomers, solvates, metabolites, and pharmaceutically

acceptable salts and prodrugs thercof
PURINE COMPOUNDS

{0062} The present invention provides purine compounds, and pharmaceutical
formulations thereof, which are potentially useful in the treatment of diseases, conditions
and/or disorders modulated by PI3 kinases. More specifically, the present invention provides

compounds of Formula [

R4
N Y
R /ILN
-</N | N)\Rs

R? 1
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HOHO 102HOHOOC)N N --- NH2 2-(2-(2-amino-4-methylpyrimidin-5-y1)-
9-(2-hydroxyethyl)-6-momholino-9Hpurin-8-yl)propan-2-ol 103 0 ()

WO 2009/146400 PCT/US2609/045603

[0063] and stereoisomers, geometric isomers, tautomers, or pharmaceutically
acceptable salts thercof, wherein:

[0064] R} is selected from H, Cs—Cyz alkyl, C;—Cs alkenyl, Co—Cs alkynyl, Ce—Cag
aryl, ~(C~Ciy alkylene)-(Cs—Cyp carboeyelyh), —(C,—Cyy alkylene)—(C,—Cyp heterocyelyl), —
(C1—Cqa alkylene)-C(=0)~{Cs—Cay heterocyelyly, —(C1~Cis alkylene)—(Ce—Coo aryl), and —
(C1—~C1a alkylene)—(C;—~Cag heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl,
heterocvelyl, aryl, and heteroaryl are optionally substituted with one or more groups
independently selected from F, CI, Br, I, -CHj, —-CH,0H, -CN, —CF;, ~CO,H, -COCH;, -
CO,CHs, ~CONH,, ~-CONHCH3, -CON{CHa1), -NOy, =NH;, -NHCH;, -NHCOCH;, -
NHS(0),CH;, ~OH, —OCHj, —S{O)N(CHz), ~SCH;, ~CH,OCH;, and ~S{0),CHs;

[8065] R? is selected from C,~Cys alkyl, Co—Cy alkenyl, Cy~Cg alkynyl, ~(Cy~Cia
alkylene)}(Cs—Cy2 cartbocyelyl), —(Ci—Cy; alkylene)«(Cy—Cyg heterocyelyl), —(C—Cy,
alkylene}—C(=0)-(Ca—Cyp heterocyelyl), «(C—Cy alkylene)—(Ce—Cop aryly, and (Ci—Cyy
alkylene)—(Ci—Cap heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl,
heterocyelyl, aryl, and heteroaryl are optionally substituted with one or more groups
independently selected from F, Cl, Br, 1, ~CHs, ~CH;OH, ~CN, ~CF3, ~CO,H, ~COCHz3, —
CO,CHj, ~CONH,, —-CONHCH;, -CON(CH;),, -NO,, =NH,, -NHCH;, -NHCOCH;, -
NHS(O),CH;, —~OH, —OCH3, —S{O)%N(CHa),, ~SCH;, ~CH,OCH;, and —-S(0),CHs;

[0666] R® is selected from Cs—Cyo aryl, carbon-linked C;—Cyp heteracyelyl and
carbon-linked C;—Cyp heteroaryl, each of which are optionally substituted with one or more
groups independently selected from F, Cl, Br, I, ~CHj, -CN, ~CF3, ~CH,OH, ~CO,H, -
CONH,, —~CON(CH3)s, ~NO7, ~NH3, ~NHCH;, ~-NHCOCH;, —OH, ~OCH;, -SH, —
NHC(=0)NHCH3, -NHC(=0)NHCH,CH3, and —S(0)CH;;

[0067] R* is selecied from -NR'R"P, -NR"*C(=0)R', NR'(C;~C}; alky)NR''R",
~NR'%(C1~Cy; alkyleng)OR ', -NR'Y(C;~Cy; alkylene)C(=0NR 'R ", -NR'(C,-Cy,
alkylene)—(Cs~Cy, carbocyelyl), -=NR'%(C1—C;, alkylene)—(Cr—Cap heterocyelyl), -NR™¥(C -
Cy; alkylene)+Cs—Cyy aryl), and —NR'%(C,—Cy; alkylene)~(Ci—Cap heteroaryl), where alkyl,
alkylene, carbocyclyl, heterocyelyl, aryl, and heteroaryl are optionally substituted with one or
more groups independently sclected from F, CI, Br, I, ~CHj, ~CH,OH, -CN, —-CF3, —CO,H,
~COCH;, ~CONH,, ~CONHCH;, ~CON{CHz);, -NO, —NH,, -NHCH3, -NHCOCH;, —
NHS(0),CHs, ~OH, —OCHj, —S(O):N(CH3),, ~SCHas, ~CH,OCH;, and —S(0)2CHa;

[0068] R R'! and R'? are independently selected from H, C,~Cyy alkyl, Cp—Cs
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N N ...- NNH2 2-(2-(2-aminopyrimidin-5-yl)-9-butyl-6- morpholino-9H-purin-8-yl)propan-2-ol HO
104 0 C ) N 2-(2-(2-aminopyrimidin-5-y1)-6- morpholino-9-propy1-9H-purin-8- yl)propan-2-ol HO NNtN

WO 2009/146406 PCT/US2009/045603

alkenyl, C—Cy alkynyl, Cs~Cy; carbocyelyl, Co—~Cyp heterocyelyl, Cs—Cayp aryl, and Ci—Cyg
heteroaryl, where alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl are
optionally substitited with one or more groups independently selected from F, Cl, Br, I, —
CH,0H, ~CH,CsHs, -CN, -CF3, ~CO,H, ~CONH,, “CONHCHS3;, ~NO,, ~N{CHs),, ~
NHCOCHa;, ~NHS(0);CHs, —=OH, ~-OCHa, ~OCH,CH;, —S(0),NH,, ~SCH;, ~S8(O)CH;, -
CH,0CH3;, —CHj, and -S(0),CHj;

[00:69] or R’ and R" together with the nitrogen atom to which they are attached form
a Cp—Cao heterocyelyl ring and

[0076] R" is selected from C;—C alkyl, C,-Cs alkenyl, C,~Cs alkynyl, C3~Cyy
carbocyclyl, Co—-Cyo heterocyclyl, Ce—Cao aryl, and C1—Caq heteroaryl, where alkyl, alkenyl,
alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionaliy substituted with one or
more groups independently selected from F, Cl, Br, [, ~CH,OH, ~CH,CsH;s, —~CN, —CF;, ~
CO,H, ~CONH,, ~CONHCH3, ~NO;, ~N(CHzs),, ~NHCOCH;, -NHS(0)»CHa, —OH, -
OCHj;, ~OCH,;CHj3, =S({O)NHj, —SCH3, —S(0)YCH3, “OCH,CHy-N(CH3),, and ~S(0),CHs;
[8071) or R' and R"™ together with the nitrogen atom to which they are attached form
a Cp~Cae heterocyclyl ring; |

[6072] with the proviso that when R' is (C;—C; alkylene)—(Ca=Cho heterocyclyl),
then R* is not an indole which is unsubstituted or substituted.

[0073] Exemplary embodiments of R! include H, C1—C; alky! such as CHa, —
CH,CHj, ~CH;CHaCHs, —=CH(CHa)y, ~CH2CHCH,CHs, and ~CH;CH(CHjs)z, Ci1~Ci, alkyl
substituted with one or more —OH or F, such as —C(CH,);OH, --CH,CH,0H, -
CH.CH»CH,0H, and —~CH,;CH,CO,H, and 2-morpholincethyl.

[8074] Exemplary embodiments of R' also include optionally substituted phenyl.
[6075] Exemplary embodiments of R' also include «(Cy~Cy alkylene)~(Ca-Cao
heterocyclyl) such as ~CHy~(piperazin-1-yl) where piperazin-1-yl is optionally substituted
such as —CH;—(4-(methylsulfonylpiperazin-1-y1)

[0076] Exemplary embodiments R” include Ci—Cy, alkyl such as CHa, ~CH,CHa, —
CH,CH,CHs, ~CH(CHz), —CH,CH,CHCHs, and ~CH,CH{CH: ), C1~Cy alkyl substituted
with one or mére -0OH or F, such as —C(CH:»0OH, -CH,CH,0H, -CH,CH,CH,0H, and —
CH,CH>COnH, and 2-morpholinoethyl.

10677] Exemplary embodiments of R? also include ~(Cy-Cy; alkylene)—(Co-Caq

heterocyclyl) such as —~CHy~(piperazin-1-yl) where piperazin-1-yl is optionally substituted

19



<7NNH2 105 0 C) N N 3-(2-(2-aminopyrimidin-5-y1)-8-(2-
hydroxypropan-2-y1)-6-morpholino-9Hpurin-9-yl)propan-1-01 HONN (A, NNH2 OH 106 0 C) N

.)___?NHONN
WO 2009/146406 PCT/US2009/045603

such as ~CHy—(4-(methvisulfonyl)piperazin-1-vi).

[06078] Exemplary embodiments include wherein R’ is optionally substituted Ce—Cago
aryl. The Cg~Cy aryl groups include phenyl, naphthalene, anthracene, biphenyl, indenyl,
indanyl, 1,2-dibydronaphthalene, and 1,2,3,4-tetrahydronaphthyl, such as phenyl substituted
with one or more —OH.

(0079} Exemplary embodin{ents include wherein R* is a monocyclic heteroaryl
selected from pyridyl, isoxazolyl, imidazolyl, pyrazolyl, pyrroiyl, thiazolyl, pyridazinyl,
pyrimidinyl, pyrazinyl, oxazolyl, oxadiazolyl, furanyl, thienyl, triazolyl, and tetrazolyl.
[D080] Exemplary embodiments include wherein R? is a monoeyclic heteroaryl

selected from the structures:

f) \[ N Ry W:,>
R IRS YB O

[0081] where the wavy line mdicates the site of attachment,
[0082] Exemplary embodiments include wherein RYisa monocyclic heteroaryl

selected from the structures:
aeRa e Ra sRA®
Aol oA CRAGRA:

[0083] where the wavy line indicates the site of attachment,
[0084} Exemplary embodiments include wherein R” is a monocyclic heteroaryl

selected from the structures:
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A, SNNH2 HO 2-(2-(2-aminopyrimidin-5-y1)-9-(2- hydroxyethyl)-6-molpholino-9H-purin-8-
yl)propan-2-ol 107 z , orThz-y(z_p z z 1-(4-02-(2-aminopyrimidin-5-y1)-6- morpholino-9H-purin-9-
yOmethyppiperidin-1-yflethanone 108 N 0 C ) N N NH2 1-(34(2-(2-aminqpyrimidin-5 -y1)-6-
morpholino-9‘§ -pza(r}igr%%%‘-m)%methyl)pyrroli din-1 -yHethanone Pp&/Uszmbwms\éos)

OCHs
oL e ot
.
NH, # NH, N N/*OCH3

oL Aot

OCH;

L T e, A,

TR

N N

oL e o
e = e
N™ “NHCH, NJ\NHCH3 N/KNHC(O)NHCHL%
CFs
- P

N'?I\NH? NANHz N NH,  F4C N NH,
[0085] where the wavy line indicates the site of attachment.
[0086] Exemplary embodiments include wherein R’ is a C,~Cag heteroaryl substituted

with one or more groups selected from F, ~CFs, ~-NH;, ~NHCH;, ~OH, -OCHs3, —
NHC(OYCH3, -NHC(=0)NHCH;, -NHC(=0)NHCH,CHj;, -CO,H, ~CH,OH, —C(=0)NH,,
and ~CHa.

|0087] Exemplary embodiments include wherein RY is a carbon-linked, fused bicyclic

C4—Cyy heterocyelyl or Ci-Caq heteroaryl selected from



109 <1, 0 () N WOH N NNH2 (R)-3 -(242 -aminopyrimidin-5-y1)-6- morpholino-9H-purin-9-y1)-1-(3 -
hydroxypyrrolidin-1-yl)propan-1-one 110 C N 0 C ) N OH N NNH2 (S)-3 -(2-(2-aminopyrimidin-5 -y1)-6

- morphollno-“QfH mlj,lgr}ﬂ(%ﬁ (}’1) -1 -(3 - hydroxypyrrolidin-I-yOpropan-1-one | IPICT/U8200910456(}3

56} sf\& 56; ;\5@’
A S S

\%N

é‘\ﬁj“‘“ 95\53 sz g Séfg
s\(@w NH;S\@NH;‘ (g 3w

Sjs =N 555 =N 555 == 555 =N és - 555 =N
\ NH
\H | (N g\::r\m—: A NH ENH N
O Nid N oz NN lN/
$ 55 SN s s
W ‘ N \Wi/ ) Y\\\N | P\
N Ry i N 7 N # -
| NH NH NH NH
S\N, - — — ]

22



NOC)NHN\N./1, NNH2 1-(3-(2-(2-aminopyrimidin-5-y1)-6-
morpholino-9H-purin-9-yl)propanoyl)-Nmethylpiperidine-4-carboxamide 112 O() NN ..s.-z..-0O OD N

WO 2009/3464G6 PCTAIS2009/045603

ﬁ“’N j ﬁ%}“f (aw 3 \% & %
0GR

$ S N Ny
HN— ot ",
0 O

[0688] where the wavy line indicates the site of attachment,
[0089] Exemplary embodiments include wherein R’ is selected from:
355 fNHsss NHSSS fNH SSSIS/NH
I Ry
o
R‘M RM” R‘M N
: RM
=N =N
NH 555 NH
=N 2N
R‘14
R14
[6090] where the wavy line indicates the site of attachment and R' is selected from

F,Cl, Br, I, -CHs, ~CN, —-CF3, ~CH;O0H, —COyH, ~CONH,, ~CON(CH3);, -NO, ~NH;, —
NHCH;, -NHCOCH;, ~OH, —~OCHj, -SH, -NHC{(=0O)NHCHa, and —S(0),CHs.
foe91] Exemplary embodiments include wherein R® is a carbon-tinked, fused bicyclic

C4~Cop heterocyclyl or Ci~Cag heteroaryl selected from:
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NH2 3-(2-(2-aminopyrimidin-5-y1)-6- morpholino-9H-purin-9-y1)-1-(4- (methylsulfonyl)piperazin-
1-yl)propan-1-one 113N NThOC)NN ..... NH2 3-(2-(2-aminopyrimidin-5-y1)-6-

morpholino-9H(-}purin-9 -y1)-1 - morpholinopropanl -one 114 (0 C) NN QH N
WO 2009/136406 PCT/US2009/045603

N Nog N
ék; $ s &
A E j | ) ] |
N%) o) 07N 0“ N
N H H
S s s PN
% T ) T )
BN HN \ N FIN Na
O o G
N 7
‘I\N/ Na i
[0092] where the wavy line indicates the site of attachment,
[0093] Exemplary embodiments include wherein R® is 1H-indazol-4-yl or 1H-indol-
4-yl.
{0094] Exemplary embodiments include wherein R* is ~-NR'*R'* and where ~NR¥R"

form a Cy-Cy heterocyelyl ring such as morpholinyl, 4-methylpiperazin-1-vl, 4-
methylsulfonylpiperazin-1-yl, or 4-(Z-pyridyl)piperazin-1-yl

[0095] Exemplary embodiments include the structure:
@
N
N RS
N
R‘] 2
_<N PY 3
[N R
R?'
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... NH2 3-(2-(2-aminopyrimidin-5-y1)-6- morpholino-9H-purin-9-yl)propanoic acid 1150 () N N N
titNH2 ,0 ,*0 5-(9-(4-(methylsulfonylibenzy1)-6- morpholino-9H-purin-2-yOpyrimidin-2- amine 116 0 C)

NN WO 2009/146406 PCT/US2609/045603

[0096] wherein R is a monocyclic heteroaryl selected from:
OCHs

SSS N\ Y N
1CURA ST Sk 6 O
;Irjl 355\(;)!\]\ sé\ll\i/:TGCHs SSS\@)N\

X, T A TG,

SSS | r:l: g@‘oem Sé\©\ f\(;j\NHC(O)CHS
5 C1 s

O LSS S

NHCH;z NHCH

e‘)\ﬁ)\sfl\ F

[6097] where the wavy line indicates the site of attachment, and wherein R! is
selected from C;—-C), alkyl, C;—Cy alkenyl, C,—Cs alkynyl, Co~Cop aryl, —(C;—Cyp alkylene)-
(C3-C2 carbocyelyl), —(C-Cy, alkylene)—(Cy—Cap heterocyclyl), —(C1—Cr, alkylene)—
C(=0)(Ca—Cy heterocyclyl), —(Ci1—Cyp alkylene)—(Ce~Cop aryl), and —(Ci~Cy; alkylene)—
(Cy~Cyp heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyclyl, heterocyelyl, aryl,
and heteroaryl are optionally substituted with one or more groups independently selected
from F, Cl, Br, I, -CHj3, ~-CH,OH, -CN, -CF3, —-CO,H, -COCH;, ~CO,CHs, -CONH;, —
CONHCHj3, ~CON(CH3s)y, ~NOg, ~NHj, ~NHCH3;, -NHCOCH;, -NHS(0).CHj, -OH, -
OCH;, —S(0),N(CH3), —SCH3, -CH,OCH;, and —S{0),CHs.

[6698] The Formula I compounds of the invention may contain asymmetric or chiral
centers, and therefore exist in different stereoisomeric forms. It is intendad that all
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
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(' N .."1., *NNH2 0\ methyl 44(2-(2-aminopyrimidin-5-y1)-6- morpholino-9H-purin-9- yl)methyl)benzoate
117 0 () N NN -A NNH2 r-N") IC:rj 5-(6-morpholino-9-(2-morpholinoethyl)-

9H-purin-2-yhpyrimidin-g-.amine 118 0 PCT/US2009/045603

mixtures, form part of the present invention.

[0099] In addition, the present invention embraces all geometric and positional
isomers. For example, if a Formmla I compound incorporates a double bond or a fused ring,
the cis- and trans-forms, as well as mixtures thercof, are ermbraced within the scope of the
invention. Both the single positional isomers and mixture of positional isomers are also
within the scope of the present invention.

[01G0) In the structures shown herein, where the stercochemistry of any particular
chiral atom is not specified, then all stereoisomers are contemplated and included as the
compounds of the invention. Where stercochemistry is specified by a solid wedge or dashed
line representing a particular configuration, then that stercoisomer is so specified and defined.
[0101] 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.

{0102] The compounds of the present invention may also exist in different tautomeric
forms, and all such forms are embraced within the scope of the invention. The term
“tautomer” or “tautomeric form” refers to structural isomers of different energies which are
interconvertible via a low energy barrier. For example, proton tautomers (also known as
prototropic tautomers) inclnde interconversions via migration of a proton, such as keto-enol
and imine-enamine isomerizations. Valence tautomers inchude interconversions by
reorganization of some of the bonding electrons,

[6103] 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 mass or mass number usually found in nature. All isotopes of any particular atom or
element 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 °H, *H, ''C, °C, *C, PN, "N, ¥0, "0, '*0, 7p, ¥p, ¥'s, "F, ¥, 7]
and "I Certain i.sotopically—iezbeled 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.¢., “H) may afford certain
therapeutic advantages resulting from greater metabolic stability (e.g., increased in vivo half-

life or reduced dosage requirements) and hence may be preferred in some circumstances.
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() NNAN41. N ..A., .NNH2 5-(9-(3-methoxybenzy1)-6-morpholino9H-purin-2-yepyrimidin-2-amine
1190 C) N ™ N <I N NNH2 methyl 34(2-(2-aminopyrimidin-5-y1)-6- momholino-9H-purin-9-

yemethyl)benzogte 120,0.C) PCT/US2009/045603

Positron emitting isotopes such as O, N, 'C and "*F are useful for positron emission
tomography (PET) studies to examine substrate receptor occupancy. Isotopically labeled
compounds of the present invention can generally be prepared by following procedures
analogous to those disclosed in the Schemes and/or in the Examples herein below, by

substituting an isotopically labeled reagent for a non-isotopically labeled reagent.
PREPARATION OF PURINE FORMULA I COMPOUNDS

[0104] Purine compounds of Formula I may be synthesized by synthetic routes that
include processes analogous to those well-known in the chemical arts, particularly in light of
the description contained herein. The starting materials are generally available from
commercial sources such as Aldrich Chemicals (Milwaukee, WT).or are readily prepared
using methods well known 1o those skilled in the art {e.g., prepared by methods generally
described in Louis F. Fieser and Mary Fieser, Reagents for Organic Synthesis, v. 1-23, Wiley,
NY. (1967-2006 ed.), or Beilsteins Handbuch der organischen Chemie, 4, Aufl, ed.
Springer-Verlag, Berlin, including supplements (also available via the Beilstein online
database).

[0105] In certain embodiments, compounds of Formula I may be readily prepared
using weli-known procedures to prepare purines (Hammarstrom et al (2007) Tetrahedron
Lett. 48(16):2823-2827; Cerna et al (2006} Organic Letters 8(23):5389-5392; Chang et al
(2006) J. Med. Chem. 49(10%:2861-2867; Yang et al (2005) J. Comb. Chem. 7:474-482; Liu
et al (2005) 1. Comb. Chem. 7:627-636; Hocek et al (2004) Synthesis 17:2869-2876;
Hammarstrom et al (2003) Tetrahedron Lett. 44:8361-8363; Hammarstrom et al (2002)
Tetrahedron Lett. 43:8071-8073; Booth et al (1987) J. Chem. Soc, Perkin Trans. 1: Organic
and Bio-Organic Chem. 7:1521-1526; Booth et al (1981} J. Chem. Soc., Chemical
Communications 15:788-789: Yoneda ctal (1976) J. Chem. Soc., Perkin Trans. 1: Organic
and Bio-Organic Chem. 14:1547-1550; Taylor et al (1971) J. Org. Chem. 36(21):3211-3217;
Lister, I. H.; Fenn, M. ID. The Purines, Supplementary 1, John Wiley & Soas, 1996, Volume
54; The Chemisty of Heterocyclic Compounds, Editors Weissberger, A.; Taylor E. C., Wiley
Interscience, 1971, Volume 24; Legraverend, M.; Grierson, D. S. (2006) Bioorg. Med. Chem,
14:3987-4006; Hocek, M. (2003) Eur. J. Org. Chem. 245-254;U8 7122665, US 6743919; US
5332744; US 4728644; US 3016378; US 2008/0058297; US 2003/0139427; WO
2008/043031); and other heterocycles, which are described in: Comprehensive Heterocyclic
Chemistry 1, Editors Katritzky and Rees, Elsevier, 1997, e.g. Volume 3; Liebigs Annalen der
Chemie, (9):1910-16, (1985); Helvetica Chimica Acta, 41:1052-60, (1958); Arzneimittel-
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Forschung, 40(12}:1328-31, (1990), each of which are expressly incorporated by reference.
Synthetic chemistry transformations and protecting group methodologies (protection and
deprotection) useful in synthesizing purine compounds and necessary reagents and
intermediates are known in the art and include, for example, those described in R. Larock,
Comprehensive Organic Transformations, VCH Publishers (1989); T. W. Greenc and P. G
M. Wuts, Protective Groups in Organic Synthesis, 3rd Ed., John Wiley and Sons (1999); and
L. Paquette, ed., Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons
(1995) and subsequent editions thereof.

[0106] Compounds of Formula I may be prepared singly or as compound libraries
comprising at least 2, for example 5 to 1,000 compounds, or 10 to 100 compounds. Libraries
of compounds of Formula I may be prepared by a combinatorial *split and mix’ approach or
by multiple parallel syntheses using either solution phase or solid phase chemistry, by
procedures known to those skilled in the art. Thus according to a further aspect of the
invention there is provided a compound library comprising at least 2 compounds, or
pharmaceutically acceptable salts thereof

j0147] 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 chioro group (i.e., chloro at position 4) is substituted with a
morpholino group to form morpholinopurine.

[6168] For illustrative purposes, Figures 1 and 2 show general methods for preparing
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 Figures, General Procedures, and Examples, other starting materials and
reagents can be easily substituted to provide a variety of derivatives and/or reaction
conditions. In addition, many of the exemplary compounds prepared by the described
methods can be farther modified in light of this disclosure using conventional chemistry well
known 10 those skilled in the art.

{0109] In preparing compounds of Formulas [, protection of remote functionality
(e.g., primary or secondary amine) of intermediates may be necessary. The need for such
protection will vary depending on the nature of the remote functionality and the conditions of
the preparation methods. Suitable amino-protecting groups include acetyl, trifluoroacetyl, t-

butoxycarbonyl (BOC), benzyloxycarbonyl (CBz) and 9-fluorenylmethyleneoxycarbonyl
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(Fmoc). The need for such protection is readily determined by one skilled in the art. Fora
general description of protecting groups and their use, see T. W. Greene, Protective Groups in
Organic Synthesis, John Wiley & Sons, New York, 1991.

[0110] Figure 1 shows a general method for preparation of polyfunctionalized purines
starting with protection of the N-9 nitrogen of 2,6-dichioro-9H-purine as the
tetrahydropyranyl group (THP). Displacement of the more reactive chioro group with
morpholine gives 4-(2-chloro-9-(tetrahydro-2H-pyran-2-y1)-9H-purin-6-ylymorpholine. The
C-8 proton is removed with strong base and reacted with various electrophiles (R1). After
deprotection with mild acid, N-9 is alkylated of N-9 with various electrophiles (R%). Suzuki
coupling at C-2 chloro by General Procedure A with various boronate reagents and palladium
catalysts gives Cg~Coq aryl, carbon-linked C;—Cap heterocyclyl and carbon-linked C;—Cyg
heteroaryl as R’

{0111} Figure 2 shows an alternate method for the synthesis of polyfunctionalized
purines. 2,6-Dichloro-9H-purine is protected at N-9 ag THP and the more reactive chloro is
displaced by moqnholine to give 4-(2-chloro-9-(tetrahydro-2H-pyran-2-y1)-9H-purin-6-
yDmorpholine. Suzuki coupling with 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDpyrimidin-2-amine and palladium catalysis gives 5-(6-morpholino-9-(tetrahydro-2H-
pyran-2-y1)-9H-purin-2-yl)pyrimidin-2-amine. Protection of the pyrimidine amine group as
the bis-Boc amino and removal of THP under mild acid hydrolysis allows alkylation of N-9

with various electrophiles (R%). Treatment with TFA removes the Boc SrOups.
METHODS OF SEPARATION

[0112] In the methods of preparing the compounds of this invention, it may be
advantageous to separate reaction products from one another and/or from starting materials.
The desired products of each step or series of steps is separated and/or purified 1o the desired
degree of homogeneity by the techniques common in the art. Typically such separations
involve multiphase extraction, crystallization from a solvent or solvent mixture, distillation,
sublimation, or chromatography. Chromatography can involve any number of methods
including, for example: reverse-phase and normal phase; size exclusion; ion exchange; high,
medium and low pressure liquid chromatography methods and apparatus; small scale
analytical, simulated moving bed (SMB) and preparative thin or thick layer chromatography,
as well as techniques of small scale thin layer and flash chromatography.

[0113] Another class of separation methods involves treatment of a mixture with a

reagent selected to bind to or render otherwise separable a desired product, unreacted starting
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material, reaction by product, or the like. Such reagents include adsorbents or absorbents
such as activated carbon, molecular sieves, ion exchange media, or the like. Alternatively,
the reagents 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, 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 i chromatography, stability of materials in acidic and basic media in multiphase
extraction, and the like.

j0114) Diastereomeric mixtures can be separated into their individual diastereomers
on the basis of their physical chemical differences by methods well known to those skilled in
the art, such as by chromatography and/or fractional crystallization. Enantiomers can be
separated by converting the enantiomeric mixture into a diastereomeric mixture by reaction
with an appropriate optically active compound (e.g., chiral auxiliary such as a chiral alcohol
or Mosher’s acid chloride), separating the diastereomers and converting {e.g., hydrolyzing)
the individual diastercoisomers to the corresponding pure enantiomers, Also, some of the
compounds of the present invention may be atropisomers (e.g., substituted biaryls) and are
considered as part of this invention. Enantiomers can also be separated by use of a chiral
HPLC column.

0115] A single stereoisomer, ¢.g., an enantiomer, substantially free of its
stereoisomer may be obtained by resolution of the racemic mixture using a method such as
formation of diastereomers using optically active resolving agents (Eliel, E. and Wilen, S.
“Stereochemisiry of Organic Compounds,” John Wiley & Sons, Inc., New York, 1994;
Lochmuller, C. H,, (1975} 1. Chromatogr., 113(3)%:283-302). Racemic mixtures of chiral
compounds of the invention can be separated and isolated by any suitable method, including:
(1) formation of ionic, diastereomeric salts with chiral compounds and separation by
fractional crystallization or other methods, (2) formation of diastercomeric compounds with
chiral derivatizing reagents, separation of the diastercomers, and conversion to the pure
stereoisomers, and (3) separation of the substantially pure or enriched stereoisomers directly
under chiral conditions. See: “Drug Sterecchemistry, Analytical Methods and
Pharmacology,” Irving W. Wainer, Ed., Marcel Dekker, Tnc., New York (1993).

[6116] Under method (1), diastereomeric salts can be formed by reaction of

enantiomerically pure chiral bases such as brucine, quinine, ephedrine, strychnine, a-methyl-
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B-phenylethylamine (amphetamine), and the like with asymmetric compounds bearing acidic
functionality, such as carboxylic acid and sulfonic acid. The diastereomeric salts may be
induced 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 diastereomeric salts,

{0117] 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.
“Stereochemistry of Organic Compounds”, John Wiley & Sons, Inc., 1994, p. 322).
Diastereomeric compounds can be formed by reacting asymmetric compounds with
enantiomerically pure chiral derivatizing reagents, such as menthyl derivatives, followed by
separation of the diastereomers and hydrolysis to yield the pure or enriched enantiomer. A
method of determining optical purity involves making chiral esters, such as a menthyl ester,
e.g., (-) menthyl chloroformate in the presence of base, or Mosher ester, a-methoxy-a-
(trifluoromethyl)phenyl acetate (Jacob IIL J. Org. Chem. (1982} 47:4163), of the racemic
mixture, and analyzing the 'H NMR spectrum for the presence of the two atropisomeric
enantiomers or diastereomers. Stable diastereomers of atropisomeric compounds can be
separated and isolated by normal- and reverse-phase chromatography following methods for
separation of atropisomeric naphthyl-isoquinolines (WO 96/15111). By method (3}, a
racemic mixture of two enantiomers can be separated by chromatography using a chiral
stationary phase (“Chiral Liquid Chromatography” (1989) W. J. Lough, Ed., Chapman and
Hall, New York; Okamoto, J. Chromatogr., (1990) 513:375-378). Enriched or purified
enantiomers can be distingnished by methods used to distinguish other chiral molecules with

asymmetric carbon atoms, such as optical rotation and circular dichroism.
BIOLOGICAL EVALUATION

j0118] Determination of the activity of P13 kinase activity of Formula I compound is
possible by a mamber of direct and indirect detection methods. Certain exemplary
compounds described herein were assayed for their PI3K binding activity (Example 52) and
in vitro activity against tumor cells (Example 53). The range of PI3K binding activities was
less than | nM (nanomolar) to about 10 uM (micromolar). Certain exemplary compounds of
the invention had PI3K binding activity ICsq values less than about 10 nM. Certain
compounds of the invention had tumor cell-based activity 1Cs values less than about 100

nM.
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[6119] The cytotoxic or cytostatic activity of Formula I exemplary compounds was
measured by: establishing a proliferating mammalian tumor cell line in a cell culture medium,
adding a Formula I compound, culturing the cells for a period from about 6 hours to about 5
days; and measuring cell viability (Example 53). Cell-based in vitro assays were used to
measure viability, i.e. proliferation (ICse), cytotoxicity (ECse), and induction of apoptosis
{caspasc activation).

[0120] The in vitro potency of Formula I exemplary compounds was measured by the
cell profiferation assay, CellTiter-Glo® Luminescent Cell Viability Assay, commercially
available from Promega Corp., Madison, WI (Example 53). This homogeneous assay method
is based on the recombinant expression of Coleoptera luciferase (US 5583024; US 5674713;
US 5700670) and determines the number of viable cells in culture based on quantitation of
the ATP present, an indicator of metabolically active cells (Crouch et al (1993) J, Immunol.
Meth. 160:81-88; US 6602677). The CellTiter-Glo® Assay was conducted in 96 or 384 well
format, making it amenablie to automated high-throughput screening (HTS) (Cree et al (1995)
AntiCancer Drugs 6:398-404). The homogeneous assay procedure involves adding the single
reagent (CellTiter-Glo® Reagent) directly to cells cultured in serum-supplemented mediwm.
Cell washing, removal of medium and multiple pipetting steps are not required. The system
detects as few as 15 cells/well in a 384-well format in 10 minutes after adding reagent and
mixing.

[0121] The homogeneous “add-mix-measure” fonmat results in cell lysis and
generation of a luminescent signal proportional to the amount of ATP present. The amount of
ATP is directly proportional to the number of cells present in culture. The CellTiter-Glo®
Assay generates a “glow-type” Iuminescent signal, produced by the luciferase reaction, which
has a half-life generally greater than five hours, depending on cell type and medium used.
Viable cells are reflected in relative luminescence units (RLU). The substrate, Beetle
Luciferin, is oxidatively decarboxylated by recombinant firefly luciferase with concomitant
conversion of ATP to AMP and generation of photons. The extended half-life eliminates the
need to use reagent injectors and provides flexibility for continuous or batch mode processing
of multiple plates. This cell prol-iferaﬁon assay an be used with various multiwell formats,
e.g. 96 or 384 well format. Data can be recorded by luminometer or CCD camera irhaging
device. The luminescence output is presented as relative light units (RLU), measured over
time,

[0122] The anti-proliferative effects of Formula T exemplary compounds were

measured by the CellTiter-Glo® Assay (Example 53) against several tumor cell lines,
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including PC3, Detroit 562, and MDAMB361.1. ECs values were established for the tested
compounds. The range of in vitro cell potency activities was about 100 nM to about 10 pM.
[0123] Certain ADME properties were measured for certain exemplary compounds
by assays including: Caco-2 Permeability (Example 54), Hepatocyte Clearance {Example 55),
Cytochrome P450 Inhibition (Example 56), Cytochrome P450 Induction (Example 37),
Plasma Protein Binding (Example 38), and hERG channel blockage (Example 59).

[0124] Exemplary Formula I compounds No. 101-136 in Table I, were made,
characterized, and tested for PI3K activity 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).

[0125] Table 1.
No. Structure Name
101 O 2-(9-(2-hydroxyethyl)-2-(1H-indol-4-y1)-
[ ) 6-morpholino-9H-purin-8-ylpropan-2-ol
N
%“«NfN MNH
HO § Nid
HO
102 0 2-(2-2-amino-4-methylpyrimidin-5-y1)-

9-(2-hydroxyethyl)-6-morpholino-9H-
purin-8-yl)propan-2-ol

)
¢ LA,

HO

103 ) 2-(2-(2-aminopyrimidin-5-y1)-9-butyl-6-

E j morpholino-9H-purin-8-ylpropan-2-ol
N
HO N7~ N
LA
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104 0 2-(2-(2-aminopyrimidin-5-yI})-6-
[ j morpholino-9-propyi-9H-purin-8-
N

ylpropan-2-o0l

o

NH,

105 O 3-(2-(2-aminopyrimidin-5-y1)-8-(2-
hydroxypropan-2-y1)-6-morpholino-9H-
purin-9-yl)propan-1-ol

106 O 2-(2-(2-aminopyrimidin-5-y1)-9-(2-
hydroxyethyl)-6-morpholino-9H-purin-8-
yl)propan-2-ol

HO
107 O 1-(4-((2-(2~aminopyrimidin-5-y]}-6-
[ j morpholino-9H-purin-9-

N yDmethyl)piperidin-1-yl)ethanone
N =
e
N N | =N

N’J\NH2
N
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108 o 1-(3-({(2-(2-aminopyrimidin-5-y1)-6~

morpholino-9H-purin-9-
yhmethyDpyrrolidin-1-yl)ethanone

®
N =
4 f
N >y
b*@
o

109 o

(R)-3-(2-(2-aminopyrimidin-3-y1)-6-
morpholing-9H-purin-89-yI)-1-(3-
hydroxypyrrolidin-1-yl)propan-1-one

)
<f
N Y
{ Ct,

110 o

(8)-3-(2-(2-aminopyrimidin-5-y1)-6-
morpholino-9H-purin-9-yi}-1-(3-
hydroxypyrrolidin-1-yD)propan-1-one

)
NN
<f’\©\

111 0 1-(3-(2-(2-aminopyrimidin-5-y1)-6-
morpholino-9H-purin-9-yDprepanoyl)-N-

methylpiperidine-4-carboxamide
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NH 1110 4-(2-(1H-indazol-4-y1)-9-(2- m ethoxyethyl)-8-44- (methylsulfonyl)piperazin-l-yOmethyl)-
9H-purin-6-yOmoipholine NN O\ 134vp"-N--)No)NNI01
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112 O 3-(2-(2-aminopyrimidin-3-y1)-6-
( j morpholino-9H-purin-9-y1)-1-(4-
N (methylsulfonyDpiperazin-1-ylpropan-1-

N \N oneg
<f1I/k,
N N | \i

\S?O
/7o
113 0 3-(2-(2-aminopyrimidin-5-v1}-6-
E j morpholino-9H-purin-9-y1)-1-
N morpholinopropan-1-one
N X
(1]
N N | N
: A
o
N’\
N
114 O 3-(2-(2-aminopyrimidin-5S-y1)-6-
[ j morpholine-9H-purin-9-yljpropanoic
N acid
N =
0
N™ N ‘ SN
i N¢I\Ng~12
O™ on
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N-(4-(9-methy1-8-((4- (methylsulfonyl)piperazin- 1 -yl)methyl)- 6-moTholino-9H-purin-2-
yl)phenyl)acetamide 135 (D-4\P c-NO N () N N /..-- NNH2 5-(9-methyl-8-((4- (methylsul

fonyepiperazwblig@ryfgﬂ%l)- 6-molpholino-9H-purin-2-y1)pyridin-2- amine _Ng 136

‘ . oor
PCE/US2609/045603

LIS

5-(9-(4-(methylsulfonylbenzyl)-6-
morpholino-9H-purin-2-yDpyrimidin-2-
aming

"
E\fkmi—f2
S-;-;O
/70
116 o methyl 4-((2-(2-aminopyrimidin-5-y)-6-
[ ] morpholino-9H-purin-O-
N yhmethylbenzoate
N X
¢ f
NN N
{ P
N NH,
O
O\
117 G 5-(6-morpholino-9-(2-morpholinoethyl)-
E j 9H-purin-2-yDpyrimidin-2-amine
N
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CO0) N N NN / NO 4-(2-(2-methoxypyrimidin-5-y1)-9-
methy1-8-44-(methylsulfonyOpiperazinl-yl)methyl)-9H-purin-6-yOmorpholine -) -N 137 vp Otr-Sl,
14--\i0 C) I\&Jg %’@i%ﬁ&?yl@M' (methylsulfonyl)piperazin- 1-yl)methyl)- P%—j(%/sridin-3-;yﬁ%g-9H-purin-6-

2009/64

118

E:)
N~ SN
<f*f*

—0

5-(9-(3-methoxyhenzyl)-6-morpholing-
9H-purin-2-yDpyrimidin-2-amine

119 0 methyl 3-((2-(2-aminopyrisnidin-5-y1)-6-
[ j morpholino-9H-purin-9-
N ymethyl)benzoate
N '*-.N
¢ IL,
N™ N | SN
Z NH,
O O_—-
120 O 3-(2-(2-aminopyrimidin-5-y1)-6-
[ j morpholino-9H-purin-9-yhpropan- I-ol
N
N \N
¢ IL’J\C
N N l =N
i N”kNH2
OH
121 0 2-(2-{2-aminopyrimidin-5-y1)-6-
E j morpholino-9H-purin-9-yhethanol
N
N “-N
¢ fk,
NN | N
S N/)\NHQ
HO
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(methylsulfonyl)piperazin-I-yHmethyl)- 9H-purin-6-yl)morpholine  Na N /Wil 139 <I
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122 O 1-(2-(2+(2-aminopyrimidin-5-y1)-6-
[ j morpholino-9H-purin-9-ylacetyl)-N-
N methylpiperidine-4-carboxamide
N '\N
.
N™ N i N
%O NéI\NH
N
~
N o
123 0 2-(2~(2-aminopyrimidin-5-y1)-6-
E j morpholine-9H-purin-9-y1}-1-(4-
N (methylsulfonyl)piperazin-1-yliethanone
N =
¢TI X
N™ N [ N
S;O NA\NHQ
.
N
-5\
o ©
124 0 2~(2-(2-aminopyrimidin-5-y1}-6-
[ j morpholino-9H-purin-9-y1)-1-
N morpholinoethanone
N =
T X
N N | N
S;O NANHZ
(N
J
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N Ryit (1:1Z HO 0 C) N OH 1110 4-(2-(2-(3-hydroxyphenyl)-6- morpholino-9H-purin-9-
ylacetyl)piperazin-2-one 1400 () NNLIiN N OyN HN
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125 o 2-(2-(2-aminopyrimidin-5-yI)-6-
[ j morpholino-9H-purin-9-yljacetic acid
N
N
ey
N7 NP I\N
kfo N¢I\NH2
HO
126 O methyl 2-(2-(2-aminopyrimidin-5-y)-6-
E ) morpholino-9H-purin-9-ylacetate
N
N =
.
N™ ™N I“N
S‘O N,)\ 2
N
127 o) 5-(9-methyl-6-morpholino-9H-purin-2-
[ j vhpyrmidin-2-amine
N
N =y
$1T
!N N | =N
N
128 O 5-(9-methyl-6-morpholino-9H-purin-2-
E j yhpyridin-2-amine
N
N =
¢TI
N N S
/ »
N” NH,
129 0 4-2-(1H-indazol-4-y1)-9-methyl-9H-
[ ] purin-6-ymorpholine
N
N =
CT )
P NH
N™ ™N
/
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ADMINISTRATION OF COMPOUNDS OF FORMULA T

[0126] 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, inframuscular, intravenous, intraarterial, intradermal, intrathecal and epidural),
transdermal, rectal, nasal, topical (including buccal and sublingual), vaginal, intrapcritoneal,
intrapulmonary 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 for example the condition of the recipient. Where the compound is
administered orally, it may be formulated as a pill, capsule, tablet, etc. with 2
pharmaceutically acceptable carrier or excipient. Where the compound is administered
parenterally, it may be formulated with a pharmaceutically acceptable parenteral vehicle and
in & unit dosage injectable form, as detailed below.

[0127] 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. In addition,
toxicity factors may influence the dosage and administration regimen. When administered

orally, the pill, capsule, or tablet may be ingested daily or less frequently for a specified
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period of time. The regimen may be repeated for a number of cycles of therapy.
METHODS OF TREATMENT WITH FORMULA 1 COMPOUNDS

|G1238] Compounds of the present invention are useful for treating hyperproliferative
diseases, conditions and/or disorders including, but not limited 1o, those characterized by over
expression of lipid kinases, e.g. PI3 kinase. Accordingly, another aspect of this invention
includes methods of treating or preventing diseases or conditions that can be treated or
prevented by inhibiting lipid kinases, including PI3. In one embodiment, the method
comprises administering to a mammal in need thereof a therapeutically effective amount of a
compound of Formula I, or a sterecisomer, geometric isomer, tautomer, or pharmaceutically
acceptable salt thereof. In one embodiment, a human patient is treated with a compound of
Formula I and a pharmaceutically acceptable carrier, adjuvant, or vehicle, wherein said
compound of Formula I is present in an amount to detectably inhibit PI3 kinase activity.
[0129] Cancers which can be treated according to the methods of this invention
include, but are not limited to, breast, ovary, cervix, prostate, testis, genitourinary tract,
esophagus, larynx, glioblastoma, neuroblastoma, stomach, skin, keratoacanthoma, lung,
epidermotid carcinoma, large cell carcinoma, non-small cell lung carcinoma (NSCLC), small
cell carcinoma, lung adenocarcinoma, bone, colon, adenoma, pancreas, adenocarcinoma,
thyroid, follicular carcinoma, undifferentiated carcinoma, papillary carcinoma, seminoma,
melanoma, sarcoma, bladder carcinoma, liver carcinoma and biliary passages, kidney
carcinoma, myeloid disorders, lymphoid disorders, hairy cells, buccal cavity and pharynx
(oral}, lip, tongue, mouth, pharynx, small intestine, colon-rectur, large intestine, rectum,
brain and central nervous system, Hodgkin's and leukemia.

[0130] Another aspect of this invention provides a compound of this invention for use
in the treatment of the diseases or conditions described herein in 2 mammal, for example, a
human, suffering from such disease or condition. Also provided is the use of & compound of
this invention in the preparation of & medicament for the treatment of the diseases and
conditions described herein in 2 warm-blooded animal, such ag a mammal, for example a

human, suffering from such disorder.
PHARMACEUTICAL FORMULATIONS

[0131] in order to use a compound of this invention for the therapeutic treatment
(inchuding prophylactic treatment) of mammals including humans, it is normally formulated

in accordance with standard pharmaceutical practice as a pharmaceutical composition.
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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.

[0132] A typical formulation is prepared by mixing a compound of the present
invention and a carrier, dituent 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 gencrally selected based on solvents recognized by persons skilled in
the art as safe (GRAS) to be administered to a mammal. Tn general, safe solvents are non-
toxic aqueous solvents such as water and other non-toxic solvents that are soluble or miscible
in water. Suiteble aqueous solvents include water, ethanol, propylene glveol, 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 agenis, flavoring agents and other known
additives 10 provide an elegant presentation of the drug (1.e., a compound of the present
invention or pharmaceutical composition thereof) or aid in the manufacturing of the
pharmaceutical product (i.e., medicament),

[0133] 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
excipients 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.

[0134] The pharmaceutical composition (or formulation) for application may be
packaged in a variety of ways depending upon the method used for administering the drug.
Generally, an article for distribution includes a container having deposited therein the
pharmaceutical 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 bags, metal cylinders, and the like. The container may also include a

tamper-proof assernblage to prevent indiscreet access to the contents of the package. In
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addition, the container has deposited thereon a label that describes the contents of the
container. The label may also include appropriate warnings.

[0135] Pharmaceutical formulations of the compounds of the present invention may
be prepared for various routes and tyvpes of administration. For example, a compound of
Formula I having the desired degree of purity may optionally be mixed with pharmaceutically
acceptable dituents, carriers, excipienis or stabilizers {Remington's Pharmaceutical Sciences
(1980) 16th edition, Osol, A. Ed.), in the form of a Iyophilized formulation, milled powder, or
an agueous solution, Formulation may be conducted by mixing at ambient temperature af the
appropriate 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 emploved. 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.

[0136] The compound ordinarily can be stored as a solid composition, a Iyophilized
formulation or as an aqueous solution.

i0137] The pharmaceutical compositions of the invention will be formulated, dosed
and administered in a fashion, i.e., amounts, concentrations, schedules, course, vehicles and
route of administration, consistent with good medical practice. Factors for consideration in
this context 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 methed 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 1o prevent, ameliorate, or treat the hyperproliferative disorder.

[0138] 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/ke of patient body weight per day, with the typical initial range of
compound used being 0.3 to 15 mg/kg/day.

[6139] 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 inchuding ascorbic acid and
methionine; preservatives (such as octadecyldimethylbenzyl ammonium chloride;
hexamethonium chloride; benzalkonium chioride, benzethonium chioride; phenol, butyl or

benzyl alcohol; alky] parabens such as methy! or propyl paraben; catechol; resorcinol;
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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 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 be entrapped in microcapsules prepared, for example, by coacervation techniques or by
interfacial polymerization, for example, hydroxymethylcetlulose or gelatin-microcapsules
and poly-(methylmethacylate) microcapsules, respectively, in colloidal drug delivery systems
(for example, liposomes, albumin microspheres, microemulsions, nano-particles and
nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington's
Pharmaceutical Sciences 16th edition, Osol, A. Ed. {1980).

[0140] 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
inchude polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or poly(vinyl
alcohol}), polylactides (US 3773919), copolymers of L-glutamic acid and gamma-ethyl-L-
glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid
copolymers such as the LUPRON DEPOT™ (injectable microspheres composed of lactic
acid-glycolic acid éopoiymer and leuprolide acetate) and poly-D-(-)-3-hydroxybutyric acid.
[6141] The formulations include those suitable for the administration routes detailed
herein. The formulations may conveniently be presented in unit dosage form and may be
prepared 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). 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.

[0142] Formulations of a compound of Formula I suitable for oral administration may
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be prepared as discrete units such as pills, capsules, cachets or tablets each containing a
predetermined amount of & compound of Formula I Compressed tablets may be prepared by
compressing 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, emmlsions, hard or soft capsules,
¢.g., gelatin capsules, syrups or elixirs may be prepared for oral use, Formulations of
compounds of Formula T 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, for
example, inert diluents, such as calcium or sodium carbonate, lactose, calcium or sodium
phosphate; granulating and disintegrating agents, such as matze starch, or alginic acid;
binding agents, such as starch, gelatin or acacia; and lubricating agents, such as magnesium
stearatg, stearic acid or tale, Tablets may be uncoated or may be coated by known techniques
inchuding 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.

[6143] For treatment of the eye or other external tissues, e.g., mouth and skin, the
formulations are preferably applied as a topical ointinent or cream containing the active
ingredient(s) in an amount of, for example, 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. Alternatively, the active ingredients may be formulated in a cream with an
oil-in-water cream base. If desired, the agueous phase of the cream base may include a
polyhydric alcohol, i.e., an alcohol having two or more hydroxyl groups such as propylene
glycol, butane 1,3-diol, mannitol, sorbitol, glycerol and polyethylene glyvcol (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
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affected areas. Examples of such dermal penetration enhancers include dimethy! sulfoxide
and related analogs. The oily phase of the emulsions of this invention may be constituted
from known ingredients in & 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. Tt 18 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.

[6144] Aqueocus suspensions of Formula 1 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 carboxymethyleellulose,
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., Iecithin), a condensation product of an alkylene
oxide with a fatty acid (e.g., polyoxyethylene stearate), a condensation product of ethylene
oxide with a Jong chain aliphatic alcohol (e.g., heptadecacthyleneoxycetanol), 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
colering agents, one or more flavoring agents and one or more sweetening agents, such as
sucrose or saccharin.

[0145] 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 acceptable diluent or solvent, such as a solution in 1,3-
butanediol or prepared as a Ivophilized 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

52



N

N1NIN

WO 2009/146406 PCT/US2009/045603

medium, For this purpose any bland fixed oil may be emploved including synthetic mono- or
digiycerides. In addition, fatty acids such as oleic acid may likewise be used in the
preparation of injectables,

[0146] The amount of active ingredient that may be combined with the carrier
material to produce a singie 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 humans may contain approximately ! to 1000 mg of active material
compounded with an appropriate and convenient amount of carrier material which may vary
from about 5 to about 93% of the total compositions (weight:weight). The pharmaceutical
composition can be prepared to provide easily measurable amounts for administration, For
example, an aqueous sotution intended for intravenous infusion may contain from about 3 to
500 ug of the active ingredient per milliliter of solution in order that infusion of a suitable
volume at a rate of about 30 mI/hr can occur.

[0147] Formulations suitable for parenteral administration include agqueous 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 intendad recipient; and
aqueous and non-aqueous sterile suspensions which may include suspending agents and
thickening agents.

[0148] Formulations suitable for topical administration to the eye also include eve
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 formulations in a concentration of about 0.5 to 20% w/w, for example about 0.5 to 10%
wiw, for example about 1.5% w/w.

[0149] Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usually sucrose and acacia or tragacanth;
pasiilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or
sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable liguid
carrier,

[0150] Formulations for rectal administration may be presented as a suppository with
a suitable base comprising for example cocoa butter or a salicylate.

[0151] Formulations suitable for intrapulmonary or nasal administration have a
particle size for example in the range of 9.1 to 500 microns (including particle sizes in a
range between 0.1 and 500 microns in increments microns such as 0.5, I, 30 microns, 35

microns, etc.), which is administered by rapid inhalation through the nasal passage or by
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inhalation through the mouth so as to reach the alveolar sacs. Suitable formulations include
aqueous or oily solutions of the active ingredient. Formulations suitable for aerosol or dry
powder administration may be prepared according to conventional methods and may be
delivered with other therapeutic agents such as compounds heretofore used in the treatment
or prophylaxis disorders as described below.

[0152] Formulations suitable for vaginal administration may be presented as
pessaries, tampons, creams, gels, pastes, foams or spray formulations containing in addition
10 the active ingredient such carriers as are known in the art to be appropriate.

[0153] The formulations may be packaged in unit-dese or multi-dose containers, for
example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized)
condition requiring only the addition of the sterile Hquid carrier, for example water, for
injection immediately prior to use. Extemporancous injection solutions and suspensions are
prepared from sterile powders, granules and tablets of the kind previously described.
Preferred unit dosage formulations are those containing a daily dose or unit daily sub-dose, as
herein above recited, or an appropriate fraction thereof, of the active ingredient.

[0154] The invention further provides veterinary compositions comprising at least
one active ingredient as above defined together with a veterinary carrier therefore.
Veterinary carriers are materials useful for the purpose of administering the composition and
may be solid, liguid 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.
COMBINATION THERAPY

[0155] 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 asa
hyperproliferative disorder {e.g., cancer). In certain embodiments, a compound of Formula I
is combined in a pharmaceutical combination formulation, or dosing regimen as combination
therapy, with 4 second compound that has anti-hyperproliferative properties or that is useful
for treating a hyperproliferative disorder (e.g., cancer). The second compound of the
pharmaceutical combination formulation or dosing regimen preferably has complementary
activities to the compound of Formula [ such that they do not adversely affect each other,
Such compounds are suitably present in combination in amounts that are effective for the
purpose intended. In one embodiment, a composition of this invention comprises a

compound of Formula I, or a stereoisomer, geometric isomer, tautomer, solvate, metabolite,
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or pharmaceutically acceptable salt or prodrug thereof, in combination with a
chemotherapeutic agent such as described herein,

[0156] The combination therapy may be administered as a simultaneous or sequential
regimen. When administered sequentially, the combination may be administered in two or
more administrations. The combined administration includes coadministration, using
separate formulations or a single pharmaceutical formulation, and consecutive administration
in either order, wherein preferably there is a time period while both (or all) active agents
simultaneously exert their biological activities,

[6157] Suitable dosages for any of the above coadministered agents are those
presently used and may be lowered due to the combined action (synergy) of the newly
identified agent and other chemotherapeutic agents or treatments.

[6158] The combination therapy may provide "synergy" and prove "synergistic”, i.¢.,
the effect achieved when the active ingredients used together is greater than the sum of the
effects that results from using the compounds separately. A synergistic effect may be
attained when the active ingredients are: (1) co-formulated and administered or delivered
simultanecusly in a combined, unit dosage formulation; (2) delivered by alternation or in
parallel as separate formulations; or (3) by some other regimen. When delivered in
alternation therapy, a synergistic effect may be attained when the compounds are
administered or delivered sequentially, e.g., by different injections in separate syringes,
separate pills or capsules, or separate infusions. In general, during akternation therapy, an
effective dosage of each active ingredient is administered sequentially, i.e., serially, whereas
in combination therapy, effective dosages of two or more active ingredients are administered
together.

[0159] In a particular embodiment of anti-cancer therapy, a compound of Formula I,
or a stereoisomer, geometric isomer, tautomer, solvate, metabolite, or pharmaceutically
acceptable salt or prodrug thereof, may be combined with other chemotherapeutic, hormonal
or antibody agents such as those described herein, as well as combined with surgical therapy
and radiotherapy. Combination therapies according to the present invention thus comprise
the administration of at Jeast one compound of Formula I, or a stereoisomer, geometric
isomer, tautomer, solvate, metabolite, or pharmaceutically acceptable salt or prodrug thercof,
and the use of at least one other cancer treatment method. The amounts of the compound(s)
of Formula I and the other pharmaceutically active chemotherapeutic agent(s) and the relative
timings of administration will be selected in order to achieve the desired combined

therapeutic effect.
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METABOLITES OF COMPOUNDS OF FORMULA 1

[0160] Also falling within the scope of this invention are the in vivo metabolic
products of Formula I described herein. Such products may result for example 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 Formula I, including compounds produced by a
process comprising contacting a compound of this invention with 2 mammal for a period of
time sufficient to vield a metabolic product thereof,

[0161] Metabolite products typically are identified by preparing a radiolabelled {e.g.,
¢ or *H) isotope of a compound of the invention, administering it parenterally in a
detectable dose (e.g., greater than about (.5 mg/kg) to an animal such as rat, mouse, guinea
pig, monkey, or to man, allowing sufficient time for metabolism to occur (fypically about 30
seconds to 30 hours) and isolating its conversion products from the urine, blood or other
biological samples. These products are easily isolated since they are labeled (others are
isolated by the use of antibodies capable of binding epitopes surviving in the metabolite).
The metabolite structures are determined in conventional fashion, e.g., by MS, LC/MS or
NMR analysis. In general, analysis of metabolites is done in the same way as conventional
drug metabolism studies well known to those skilled in the art. The metabolite products, so
long as they are not otherwise found in vivo, are useful in diagnostic assays for therapeutic

dosing of the compounds of the invention,
ARTICLES OF MANUFACTURE

[0162] In another embodiment of the invention, an article of manufacture, or "kit",
containing materials useful for the treatment of the diseases and disorders described above 1s
provided. In one embodiment, the kit comprises a container comprising a compound of
Formula I, or a sterecisomer, geometric isomer, tautomer, solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof. The kit may further comprise a label or
package insert on or associated with the container. The term "package insert" is used to refer
to instructions customarily included in commercial packages of therapeutic products, that
contain information about the indications, usage, dosage, administration, contraindications
and/or warnings concerning the use of such therapeutic products. Suitable containers include,
for example, bottles, vials, syringes, blister pack, etc. The container may be formed from a
variety of materials such as glass or plastic. The container may hold a compound of Formula

I or a formulation thereof which is effective for treating the condition and may have a sterile
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access port (for example, the container may be an intravenous solution bag or a vial having a
stopper pierceable by a hypodermic injection needle). At least one active agent in the
composition is a compound of Formula I. The label or package insert indicates that the
composition is used for treating the condition of choice, such as cancer. In addition, the label
or package insert may indicate that the patient to be treated is one having a disorder such as a
hyperproiiferative disorder, neurodegeneration, cardiac hypertrophy, pain, migraine or a
neurotraumatic disease or event. In one embodiment, the label or package inserts indicates
that the composition comprising a compound of Formula I can be used to treat a disorder
resulting from abnormat cell growth. The label or package insert may also indicate that the
composition can be used to treat other disorders. Alternatively, or additionally, the article of
manufacture may further comprise a second container comprising a pharmaceutically
acceptable buffer, such as bacteriostatic water for injection (BWFI}, phosphate-buffered
saline, Ringer's solution and dextrose solution. It may further include other materials
desirable from a commercial and user standpoint, including other buffers, diluents, filters,
needles, and syringes.

[0163} The kit may further comprise directions for the administration of the
compound of Formula T and, if present, the second pharmaceutical formulation. For example,
if the kit comprises a first composition comprising a compound of Formula I and a second
pharmaceutical formulation, the kit may further comprise directions for the simultaneous,
sequential or separate administration of the first and second pharmaceutical compositions to a
patient in need thereof.

[0164] In another embodiment, the kits are suitable for the delivery of solid oral
forms of a compound of Formula I, such as tablets or capsules. Such a kit preferably includes
a number of unit dosages. Such kits can include a card having the dosages oriented in the
order of their intended use. An example of such a kit is a "blister pack”. Blister packs are
well known in the packaging industry and are widely used for packaging pharmaceutical unit
dosage forms. If desired, a memory aid can be provided, for example in the form of numbers,
letters, or other markings or with a calendar insert, designating the days in the treatment
schedule in which the dosages can be administered.

[GE65] According 1o one embodiment, a kit may comprise (a) a first container with a
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
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pharmaceutically-acceptable buffer, such as bacteriostatic water for injection (BWEFI),
phosphate-buffered saline, Ringer's solution and dextrose solution, It may further include
other materials desirable from a commercial and user standpoint, including other buffers,
diluents, filters, needles, and syringes.

[0166] In certain other embodiments wherein the kit comprises a composition of
Formula 1 and a second therapeutic agent, the kit may comprise a container for containing the
separate compositions such as a divided bottle or a divided foil packet, however, the separate
compositions may also be contained within a single, undivided container. Typically, the kit
comprises directions for the administration of the separate components. The kit form is
particularly advantageous when the separate components are preferably administered in
different dosage forms (e.g,, oral and parenteral}, arc administered at different dosage
intervals, or when titration of the individual components of the combination is desired by the

prescribing physician.
GENERAL PREPARATIVE PROCEDURES

[¢167] General Procedure A Suzuki Coupling:

o Ue
|
hNH
RY O’Bé R¥
N 24 e e
1 nd? R A
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| N Ci 25 IN N { Y
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21 2
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catalyst 23
[0168) The Suzuki-type coupling reaction is useful to attach a monocyclic heteroaryl,

a fused bicyclic heterocycle, a fused bicyclic heteroaryl, or a phenyl at the 2-position of the

pyrimidine ring of a 2-chloro-purine 21. For example, 21 may be combined with 1.5
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equivalents of 4-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-yl)1H-indazole 24, and dissolved
in 3 equivalents of sodium carbonate as a 1 molar solution in water and an equal volume of
acetonitrile. A catalytic amount, or more, of a low valent palladium reagent, such as
bis(triphenylphosphine)jpaliadium(ll) dichloride, is added. A variety of boronic acids or
boronic esters can be used in place of the indazole boronic ester indicated. Also alternatively,
the nitrogen of the indazole may be protected, for example, N-THP protected compound 41,
In some cases potassium acetate was used in place of sodium carbonate to adjust the pH of
the aqueous layer. The reaction is then heated to about 140-150 *C under pressure in a
microwave reactor such as the Biotage Optimizer (Biotage, Inc.) for 10 to 30 minutes. The
contents are extracted with ethyl acetate, or another organic solvent. After evaporation of the
organic layer the Suzuki coupling products, 6,8,9-substituted 2-(1H-indazol-4-y1)-purine 22,
or 6,8,%-gubstituted 2-(5-pyrimidin-2-amine)-purine 23, may be purified on silica or by
reverse phase HPLC. Substituents RY,R*,RY may be R’ R%, R* as defined, or protected
forms or precursors thereof,

[0169] A variety of palladium catalysts can be used during the Suzuki coupling step
to form compounds, including exemplary embodiments 22 and 23. Suzuki coupling is a
palladium mediated cross coupling reaction of an arylhalide, such as 21, with a boronic acid
such as 24 or 25. Low valent, Pd(1l) and Pd(0) catalysts may be used in the Suzuki coupling
reaction, including PACI2(PPhs),, Pd(t-Bu)s, PACL, dppf CH2Cly, PA(PPhs)s, PA(OAC)/PPh,,
ChPdi(Pets)]n, PADIPHOS),, CLPABipy), [PACKPhPCH,PPh; Y, CLPA[P(o-tol)s]s,
Pda{dba)s/P(o-tol}s, Pdx(dba)/P(furyl)s, CL,PA[P(furyl)a]s, ChPd(PMePh,),, CloPd[P(4-F-
Ph)a]s, ClaPd[P(CeFe)s]a, CLPA[P(2-COOH-Ph)Ph),]s, Cl,PA{P(4-COOH-Pi)}Ph);),, and
encapsulated catalysts Pd EnCat™ 30, Pd EnCat™ TPP30, and PA(0T)EnCat™ BINAP3G (US
2004/0254006).

[0179] General Procedure B C-6 Nitrogen Substitution

Cl R10R13
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. N AN . N A

¥ _<N | N'?k(:i ) _<N | N)\m
/ /

RZ' RZ

27 28

[0171] To a 2,6-dichlore purine intermediate 27 in a solvent such as ethanol 1s added

a primary or secondary amine (R'’R*NH, 1.1 equiv.) and a non-nucleophilic base such as
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triethylamine (NEt;, 1.5 eq, 63 ul). Alternatively, acetonitrile may be used as the solvent and
potassium carbonate may be used as the base. The reaction mixture is stirred at room
temperature for about 1 hour or overnight, volatiles removed in vacuo and residue partitioned
between DCM and brine, If the 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'-{Z-chloro purin-6-vI)-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.

[0172] General Procedure C N-9 Nitrogen Alkylation
RY R*
R¥—X N
N = N
. N '

A A

NP Nge  CsCOg NN SR

H DMF Iy
| 29 2 30
[GE73] 9-H Purine intermediate 29 15 brought up into DMF and 2 equiv of cesium

carbonate 18 added to the reaction mixture, The reaction is heated to 50 °C whereupon 3
equivalents of an alkyl halide R -X are added to the reaction mixture. The reaction is
monitored by TLC or LC/MS and stirred until completion, typically several hours. The
reaction mixture i extracted with EtOAc and water, and the organic layer is dried, filtered
and concentrated to get crude 9-alkylated purine 30 which is used directly in the next reaction
or purified by reverse phase HPLC, Substituents R', R* and R* may be R', R* and R* as

defined, or protected forms or precursors thereof.

[0174] General Procedure 2 THP Deprotection
° @
) N
N PTSA N
, N N
R'—¢ f RZ—</ f\
N N//KRB. MeOH A N N/)\RF
o 3t 32
[0175] Generally, N-9-tetrahydropyrany! substituted 31 may be treated with catalytic

amounts of para-toluencsulfonic acid (PTSA) in a solution of methanol and heated to about

50 °C until the tetrahydropyran (THP) group is removed to afford compound 32. The

60



-

WO 2009/146406 PCT/US2009/045603

reaction may be monitored by LC-MS or TLC. Substituents R* and R* may be R' and R® as
defined, or protected forms or precursors thereof,

[0176] General Procedure E Boc Deprotection
O O

R _:;f /k N TFA_ R~ IL)\(\

Boc

NH,

33
[0177] Generally, Boc-substituted 33 is treated with TFA or 4N HCI to remove the t-
butoxycarbonyl group(s) and the reaction is monitored by LC-MS for completion, The crude
product is then concentrated and purified by reverse phése HPLC to yield product 34 as a
pure solid. Substituents RY and R* may be R'and R? as defined, or protected forms or
precursors thereof,
[0178] General Procedure F Amide Coupling

O O

R%O RT‘%
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[0179] A 2,68 substituted, 9-alkylcarboxyl purine 35, where nis I to 12, is treated
with 1.5 eq HATU {2-{7-aza-1F-bepzotriazole-1-vii 1,3, 3tetramethvhroniom
hexaffuorophosphate), an excess (such as 3 eq) of an alkylamine (HNR'R') and an excess
(such as 3 eq) of cesium carbonate in dimethylformamide (DMF). Alternatively, other
coupling reagents may be used. The reaction is stirred until complete and extracted in
ethylacetate with saturated bicarbonate solution. The organic layer is dried, filtered and
concentrated to yield the acylated, crude intermediate, which is purified via reverse phase
HPLC to yield product 36. Substituents R' and R* may be R! and R? as defined, or

protected forms or precursors thereof.

61



N ADMINISTRATION OF COMPOUNDS OF FORMULA |1 101261The compounds of the invention
may be administered by any route appropriate to the condition to be treated. Suitable routes include
oral, parente{%b% dwqu (subcutaneous, intramuscular, intravenous, intra}grt%rigll,ﬂ (i)gt{riag(%gmal,
intrathecal and epli ura’lg, transdermal, rectal, nasal, topical (including bucél é%azsu{)ﬁﬁbual), vaginal,
intraperitoneal, intrapulmonary 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 tragsplastation. It will be appreciated that the preferred
route may vary with for example the condition of the recipient. Where the compound is administered
orally, it mayj®dbrmulaté@tieabangill, reapsutaldablet] etchovithapbharmacewiiiblydageeptable carrier or
excipient. W Eﬁ;@&%ﬁm&%%éﬁﬂ?ﬂ‘iﬁk&%%‘?@o@ﬁg&fﬁ%@i‘&ﬁ, ey ReJormukiedyith a

pharmaceutically acceptable parenteral vehicle and in a unit dosage injectable form, as detailed below.
[01271A dos¥Hr TR AGATAIY Bt ety it HeHrab sub A big ter 4886t 685 mg of Formula |
com_po_und. Antypiaal. dﬁsexmyldgﬁx_abﬁﬂﬂﬁem(bmgm@mb@ﬁ.ﬁ&@%m@ﬁfdb&ﬁﬁwnﬂb A dose may be
administered,nce.a g@y&%@&%ﬁ%ﬁ&%%g@ Q)oa%g%%;% dosushibSensniig, of e

phammcokinctic and phiarmacodynamic properties, includi so_rptlon,oélstrl pution, metabolism, and
excretion of & PRARPIPRF RIS POUHTHN $aedTa Shnadiel sy raptohy wHbs At suawe dosage and
administratiogzegimenwiner admiristere taxaiycthedihzapsuleiatabietsnayibesngested daily or
less frequently for a specified period of time..The regimen may he repeated for a.number of cycles of
therapy ME T R A D T T R B B AT e ot the
present invehtigiturizadatleiona reatisny Hpp BYpropraigivddicersesde ohtitisnsmana/or disorders
including, buongt|limited tesihesagharasienzeddy.0arexpessigmefidinid kinaspssa e P13 kinase.
Accordingly, another aspect of this invention includes methads of treating or preventing diseases or
conditions 1ot G 0 Fe o Brebe iy A RHETING K RSE RISy BT e
embodimentSigieemiddrioi (dmisasearadnyidisteanie tdd mabartaldie. nad o trrevsshatatapeutically

effective amauiepha¢RMPRYALOHHRORIMY &l Qi SIBIERIRANR L IRRIMBILIL SR aktautomer, or
pharmaceuticalgl ?ﬁcce[atable salt thereof In.one embodiment, g uman pa ient is treated with a
FrGr &

compound o OIS [ & A N AT S YR R A Rt BP'G8hicle, wherein said
compound ofEommiglatdtispresdmtdion asobnnounatdchdeteciab i v Pivpkirigsbrad tiviity .

101291Cancgrswhish eanmRentreaiathAccaisingdodhemathods afithis inventian inGlude, but are not
limited to, brrgaes(t?ogﬁ%r‘y, cervix, prostate, testis, genltourlnarmct, esggqhagus, larynx, glioblastoma,

neuroblasto 8 éﬁ?‘sﬁl{?ﬁ?‘kg%‘fgg‘c%’ﬁ?ﬁﬁfﬂg&mw& BSRIEHHEIPRAIABRIAY e cell carcinoma,
non-small ceMemdacarembma (NSGE)) dmaticceliisargthorhand ungradehactifeiRara, bone, colon,
adenoma, PRAGFRGS (RIRAICAICNAR &M Qid- Iallisiancassinema, sadifierepiatgdicarcinoma,

papillary carcinoma, seminoma, melanoma, sarcoma, bladder carcinoma, liver carcinoma and biliary
passages, kilapfapc%f?aﬁéflﬁ?ﬁ%‘ﬂﬁS(‘.?EB?H%F?}WFHBWQ‘H?S%&@Iﬂﬁfﬂ?"&é?lél}edﬁ%é%ﬂcéavity and
pharynx (ormmﬂttardeimg&epmﬂoMem_pﬁlymlfgvﬁaiﬁm_mstimmdjdmfeﬁﬁumglﬂ@eviiat'_emﬁla&: rectum, b_rain
and central REROLS SYRIRR Hadalin & shiiaR:d PAARIARGIDG! AsRRELAL this invention provides

a compound of this invention for use in reatment of the diseases or conditions described herein in
a mammal, 6T BiEh i dauRIshes el P Ribm St sk ek Srea ot i &b ibvided is the use of

a compound(dithis invention in the preparation of a medicament for the treatment of the diseases and

conditions d(ﬁﬂg'ﬁ)ed her%ig ?ewar@:gjggﬂggogoﬁ@%lﬁﬁﬁg 88 94mammal, for example a human,

suffering from such disorder.
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PHARMACEUTICAL FORMULATIONS 101311In 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 compaosition.
According to‘{Yﬁ)szg\’ns%}e“c‘?ft ©¥ the invention there is provided a pharmaceutichgéﬁf)@gf%ﬁﬁﬂéomprising a
compound of this invention in association with a pharmaceutically acceptable diluent or carrier.
101321A typical formulation is prepared by mixing a compound of the present invention and a carrier,
diluent or excipient. Suitable carriers, diluents ang excipients are wgll known to those skilled in the art
and include materials sugh as carbohydrates, waxesymater solubll and/or swellable polymers,

hydrophilic or hydrophgbic materialgs@elatin, \solvents, watelf antf 'li;g like. The particular carrier,
diluent or excipient iH,depend upon the'mea nd purpose for which the compound of the

present invention is béing applied. Solvents are generally selected based on solvents recognized by
persons skilled in the art as safe (GRAS) to be agministered to a mammal. In general, safe solvents
are nontoxic 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 sgixtures thereof. he formulations may also include one or more
buffers, stabilizing &ge ts,ijgactamg,owetting a , Tubricating agents, emulsifiers, suspending
agents, preservativel; amnroxXlants, refpaquing ag ,rgﬁd@ts, processing aids, colorants, sweeteners,
perfuming agents, fIavorng agents and other knolvn additives to provide an elegant presentation of the
drug (i.e., a compound f the present invention or pha4rmaceutical composition thereof) or aid in the
manufacturirngigfthe phapnaggetical praducs feeanbadicamenth: (b3 The formugatians may be
prepared usiﬂg%cronveeptional dissolution and mixing procedures. For example, the bulk drug substance
(i.e., compound o?lfhe present invention or stabilized form of the compound (e.g., complex with a
cyclodextrin derivative or other known c&?glexation agent) is dissolved in a suitable solvent in the

presence of one or gnora of kikg excipignts described o\¢. The comypo ﬁd of the present invention is
armacex*li{%sage#or p‘mvide»a ily'%controllable dosage of the

typically formulated in |
drug and to enable patient compliantf with the prescfibed regimen. 9134]The pharmaceutical

composition (or formulation) for appligatiop may be péckaged in a ga?igy of ways depending upon the
method used for administering the drug. Generally, an article for distritjution includes a container
having deposited therein the pharmaceutical formulation in an apprapfiate form. Suitable containers
are well known to those skilled in the art and include materials such as bottkes (plastic and glass),

sachets, ampgilgs. plastic bagniespevingorsand I likes ThcauaeT Ak AlRginclude a

tamper-proof assemblage to prevent indiscreet access to the contents of the package. In addition, the
container haS tBpbEtsadirdRUrsmBer tiat IdeseqinEs AR Wb én - dratiis euhtdider2Pre-label may
also include sppropaaRorarhings.10dBslPhammease vtical Jormulatiensret tikieanpourds of the
present inve@ttlirgéhm Y, 2 r rig S.loutes an es of administration, For example, a
Compound o L S dcRAIERAGS Bl 7l a%asree%?vé‘a%%g‘r%; RS e P
pharmaceutitify @eéptabie didémacbalfie &), weapieads BiiZersRafiiitgtbh% Pharmaceutical
Sciences (1980) rkfith, gditiofn, \QeothAmEkeh)k Whihedeiranatadyephiized forrewatian, milled powder, or
an aqueous solution. Formulation may be. conducted by.mixin ient te rature at the
appropriate r\;ﬁs aé?f%dv g?.(tg goc?lélaéi#é]c\iv a 5@%08?%%?%%\1" loﬁﬁy%lol%g?cﬁ?yma caélglg%féa%grriers, ie.,
carriers that RepBHIORB 1y toaienopttiéMoshyddaerinbsé omtrationdasinplogedhsiitte pH of the
formulation depeséds Moy PR-HaaRadieuatLeezachthe concentration of compound, but may range
from about 3 out 8. Eormulation in an acetate buffer at.pH 5 s a suifable embodiment. [0136]The
compound o%@rﬁ%afily. can %35 o‘%aSB‘%%“‘ét ‘s"’gﬁg"ég%%i %r(ﬁ? %Bff/gﬁﬁllﬁ}lznglc? (@ %13%’3%’?)?%% an agueous
solution [013umgevphafiteectificaiesmpositiorsveflthétirrentiviinitl hé fohamaletédd 3 ddsed and

administerediia Jashifmh o 1AMAURLs GRNcentalionse sehedules, Caursge ¥ehiglesiandyroute of

administratign, .consi t wit dical practic acto onsideration_in this context include
the particuIar%dg%gﬁggﬂr%zt};%%@g,%e% %%a%‘t Iéit?1 ﬁgfhtn%"i{g%{rﬁg%régggﬁ %héxgﬁml Londition of the
individual patiéhts)tiet¢ alisedofthée s obd 8, NhERGHe oV dielivdr¢lof the dglent/Hidaathad of
administrationgthe ﬁghggy)l’iﬁg;@fg.grmigjsirﬁﬁgp&@m@gg@g,rlf@ggqrﬁ{lfgpgyn 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, or treat the
hyperproliferative disorder. 101381As a general prggposition, 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 compound used
being 0.3 to {7‘5 m /9 949%% [0139]Acceptable diluents, carriers, excimentspand stabilizers are nontoxic
to recipients atche osages and concentrations employed, and include buf%?@gfpgﬁ/%ﬁgﬁosphate,
citrate and other organic acids; antioxidants including ascorbic acid and methionine; preservatives
(such as octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium

chloride, bergesgpnium chiarideihenral byl orbana.alconalialiodnarabsns such asmethyl or

propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight
(less than b Ut TG0 Aty BARSE MRt Ll 42 b T B HFRA BRIt Bt
immunoglobtgimsritydr GpiTikc el Maeks wucvaspel vinytipymiclido pert simiabbacidsditChas glycine,
glutamine, asparagine, flisfidines RrginAG QLiHiNG MARgsacchrridesdisasrhandesapg other

carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such
as sucrose, ﬁ"?ﬁ?‘fﬁﬁgI?‘igéﬁﬁﬁa%g(spébrﬁffoﬁ?%ﬁﬁ’f—fﬁr?ﬁ?ﬁtj“&‘cﬁ‘dﬁé?%ﬂ%t’é\‘}dﬁ% 1&8bhEn; metal complexes
(e.g., Zn-propeéssmmebeesyamnd@ﬁ-mmzmm(3[36@(;@%3 suph as TWEENT-A, PLURONI_CSTM or
polvethylenagfyspl (PEG), Tuaaclive RRamaREUiealdnaiewers My alsg.hs apirapped in

microcapsules prepared, for example, by coaceivation techniques or by interfacial polymerization, for
example, hy BRRHEIHISANIBE 6 Fyeh I RS G AR bBR (HEBIPR HCYRE)
microcapsulesprespettivety) indoatigidatd i drdaliveny S ystarasiidpexanpladdipasemessialbumin
microspheres, micraemulsions, nano-particles and nanacapsules) or in, macroemulsions. Such
tochnaues b B e e R R TR . e (1980)
[01401 Sustairsdreelsasbopraliacitid axlobasivpd baticof Faantifannaydstprép¥rein Suitable
examples of gustaingrielease MRRALRLONS IR WHR samiRetmMeakle malrice s saligshysirophobic
polymers corll}ainin% a com ound o_fnglE)nglga [, which matrices are ié?“ he form of shaped articles, e.g.,
films, or microbAP&TT AR EEA R U U PSSR SRR R REY AL R Id&%@&h@%??%%rogels (for
example, poly(@-viydrossrshlerha thiaonptatbhot-Hohi(Vitsttatedhdl)), Jplitaetices(t3S13773919),
copolymers ofiLisglijtamig @it and@ammaseibsleiuiamate) nom:deqadable.ellylengvinyl acetate,
degradable lacti¢_acid-glycoli¢c acid copolymers such as the LUPRON DEPOTThi (injectable

microsphere¥ eSS Spidetr aBaugh SRR e to poigmEr MG (0P S fttea ) and
poly-D-(-)-3-hyidrd2ybsityti¢tadid. J0142 ¥HaesidimulatibOslink ek hoseé. Shitahlé, forsthEadministration
routes detailegl fagreiny,The feymulations Maysenveniently, berresented-ignit dgsage form and may

be prepared by any of the methods well known in the art of pharmacy. Techniques and formulations
generally aré ?gdﬁ()f(}rn713€5Fﬁ%ﬁj}’oﬁzgsggﬁhwgééﬁti%f@ﬁ@ﬁb?sl(?i\ﬁack Publishing Co., Easton, PA).
Such method@l #8¢lude thExgtemad bridgihd it assoaiation 1edactiberdgre dibniiiliatoé: carrier which
constitutes ope qf moye 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, ang thenjif negessary, shaglng the prouct.!l:}10142]FormuIations of a compound of
i ' ay, be _predareq asygiscrete units such as pills, capsules,

. 2
Formula | suitable for off
cachets or tablets each edetefmined amgéant-éf a compound of Formula L Compressed

tablets may be prepared by compressingyin a suitable maghige the active ingredient in a free-flowing
form such as a powder or granules, optionalﬁ/ 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

elixirs may be prepared fo:Gi&l use. Formgléﬂ'gns of compounds of Formula | intended for oral use
may be prepared according to gny method wn ta@4he art for the manufacture of pharmaceutical
compositions and such compositions may contain one or more agents including sweetening agents,

flavoring agqpiggroloringraganlsRnd Mreseivind-aasniandnosder 10 Provids snalatallg preparation.
[ve ingredient in admixture Wiéh non-toxic pharmaceutically acceptable

Tablets containing.the act n
excipiont whith TAFe Eer A b TLAD PPl A HOCS ST hoRL kARG s may be, for

example, inert diluents, such as calcium or sodium carbonate, lactose, calcium or sodium phosphate;
granulating and disintegrating agents, such as maiézée 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. 101431For treatment of the eye or other external

tissues, e.g., mouth and skin, the formulations are preferably applied as a topical ointment or cream
containina the activie inAareadieant(e) in an amoniint of for avamnpnle O O758 to 2004+ winy \When formiilated



medium. For this purpose any bland fixed oil may be employed including synthetic ono- or
diglycerides. In addition, fatty acids such as oleic acid may likewise be used in the preparation of
injectables. 1&,%)4% J}Q&ﬁt(mount of active ingredient that may be combineq) Wlinth tzr}]%gce}llj_rier material to
produce a single dosage form will vary depending upon the host treated ahd'the par[ﬂci’ﬁ%;r mode of
administration. For example, a time-release formulation intended for oral administration to humans
may contain approximately 1 to 1000 mg of active material compounded with an appropriate and
convenient anolBl RliGaMHIRmMalerialybigh BAYMa LT EGH Spie-AR SRk Qf the total
compositions_(wei ht:vv_elght)., Thﬁ%{)harmaceutical composition can be prepared to provide easily
measurable%{ %Rf?hgof%? drtifrstRaBR 2R eYatigté [aH aqueous solution intended for intravenous
infusion mayl@dtiain from atroute3d fa-50 1Y vidive la€tivE ingpediehhpel npdlilstBarofsolution in order
that infusion g, asitaple MeIUME-aL.AJ3% A 3R AR MR SARRREWE ﬂ;%%%&%&mw'aﬂons suitable
|

for parenteral administration include agueous and non- aqueous sterile injection solutions which may
contain anti-ORFIAPRLOTHIHIZYE Wt fed hrqued erbie ibicheraniera tRESEHILGHA Rotonic with the
blood of the intendédhdesipieptyaind BgeEans andson-aqueous sterile suspensions which may include

suspending NS and tﬂ'}%%m&g 9&&%&-&%&zﬁlﬁﬁﬂw'@!i;%ﬁg?!fﬁé@g%%?f Jopical @gmgistration to the

eye also include eye drops wherein the active ingredient’is dissolved or suspended In a suitable
carrier, espei‘fﬂﬁlﬁfl%‘} dyabELospivE el Hcivazigrabimite Pre3d dnedtifreamitireferably
present in sugidteimotieiansyin alocn celtratian aftahoiut s Foia @@ awdsvsdoinaxample about 0.5 to 10%
wiw, for exanipi aRok Ao i I RIS IMHIaLens SHitaRIe 101 loRisAadmInRatpn In the mouth
include lozenges comprising the active ingredient in a ayorec? basis, usually sucrose and acacia or
tragacanth; ﬂlé@%%f‘ﬁ’ﬁﬂ@i‘i‘fh“tﬁ%@&i Ingiedatst A wpldidftindesdlstredipa@iyélatin and glycerin, or
sucrose andteggatiaiangmnalthyashes comprsingghedastive ingredient in a suitable liquid carrier.

[0150]Formulatigns for rectal administration may be presented.as.a suppository with itable base
comprising ;ﬂ@ %_?j;mple ;%Ogolgégﬁ{ %fr?grm ta]ll%gﬁ%#égeeg {%ﬁiﬁ%&r%ﬂfﬁ&@%j a?éé or ?’rgprgagpulmonary or
nasal administratisrckaddiazpainiele sifecrobartri€is the Faifgeosid. biteBEMiciBesincluding
particle sZg%ﬁ@@@m@%@f&%pﬁlQ@g@@é@%ﬁ?@@ﬂ@i@iﬁ@}@%&fﬁi@ﬁﬁﬂ@&%ﬁ, 1,30 .
microns, icrons, etc.), which is.administere rapid inhalatjon thr the nasal passage or by
inhalation thr?glﬁé afﬁgnrﬁ%u%es%agg %eﬁe}gést?hdg a@%}o’%ﬁlgactsr.%%l}t%%'%%nﬁé i5n&nclude agueous
or oily solutionsfestthenadtvk theprediesepPonidhtibtsstftatkerfethakibSdlldipdriopdaeier administration
may be preparediageaiding 1q eogyentional methods and may be delivered with other therapeutic

agents such mpounds heretofore used in the treatment or prophylaxis disorders as described
below. [OlSZ{ﬁj?)? ulatio%%%éle fo]?#ae AP RSt %)ﬁéﬁﬁfé%@é@ﬂ?ﬁg 1Eﬂtls?’p?éssaries,
tampons, crelamshogeim-pabtés fvhrebedd $Reale formulations containing in addition to the active
ingredient such carriersjas are Imown in the art to be appropriate. [0153]The formulations may be
packaged in unit-do I multi-dose containers, for example sealed ampoules and vials, and may be
stored in a freeze-dﬁbgr@yophilized) condition requiring only the addition of the sterile liquid carrier, for
example water, for injéction immediately prior to use. Extemporaneous injection solutions and
suspensions are prejpargd Tem sterile powders, granules and tablets of the kind previously described.
Preferred unit dosage~6rm{ilations are those containing a daily dose or unit daily sub-dose, as herein
above recited, or an approgriate fraction thereof, of the active ingredient.

41
[0194] Step A: Preparation of 4-chloro-1H-indazole: To a 250 ml flask with stir bar
was added 2-methyl-3-chloroaniline (8.4 ml, 9.95 g, 70.6 mmol), potassium acetate (8.3 g,
&4.7 mmol) and chloroform (120 ml). This mixture was cooled to 0 °C with stirring. To the
cooled mixture was added acetic anhydride (20.0 ml, 212 mmol} drop wise over 2 minutes,
The reaction mixture was warmed to 25 °C and stirred for 1 hour. At this point, the reaction
was heated to 60 °C. Iscamy] nitrite (18.9 ml, 141 mmol} was added and the reaction was

stirred overnight at 60 °C. Once complete, water {75 ml) and THF (150 mi) were added and
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[0154]The invention further provides veterinary compositions comprising at least one active ingredient
as above defined together with a veterinary carrier therefore. Veterinary carriers are materials useful
for the purpo&%%fo&qmdgdﬁtenng the composmon and may be solid, Ilqwd ol %?@s%g(% {@gg&grmb WhICh
are otherwise inert or acceptable in the veterinary art and are compatible wi € active Ingredient.
These veterinary compositions may be administered parenterally, orally or by any other desired route.

COMBINATION THERAPY [0155]The compounds of Formula | may be employed alone or in
combination géth ptherihesanssticorgentiorthe Faatimemntohadiseass Lihdisardss described herein,

such as a hyperproliferative, disorder (e.qg,, cancer). In certain embodiments, a compqund of Formula |
is combined %%ﬁnag ﬁtagrrﬁjgé%lgggﬁo?%ﬁh%%ﬂ@nn%gWnﬁ?gﬂ%%? GREIREUFL it &N S Kb Bination therapy,
with a seconBteam {360 md, tHik this Binticteppei prodiferathvepbopdrtics owtthdiliSOsefd| for treating a
hyperprolifergijve-Aisoider 6.9« GaneannbRe SeeRdLOMPeWndet e Rharmacskical gombination

formulation or dosing regimen preferably has complementary activities to the compound of Formula |
such that theéy™ 4% @ By afdtt REbH 6thER Sk &b pbaAdE i shithBly/ srésent in
combination irtamougis that asite effiective foMseRIpaseiatezded-in one embodiment, a composition

of this inventj mpris 0 u f Formula |, or. a.steregisomer, tric ispmer, tautomer,
solvate, met£@{§h§£‘, or p%% rﬁac@elg %g%ga%i%ﬁ@gﬁé{égﬁ%hﬁ 5?8%55 1 aélfe%??iﬁrz}%glr%ﬁ?r?%tion with a
chemotherapétitit ‘adark sl mecdaicsd fveae HaradilefosBprom Eordpmmktch tsePaldy medy be
administeredyasinbimplianeousi Praequentiat rgimen, When aduinisieiediseruepntiatly, the
combination may e adminsicied if,hwa o moge adminisalions; Tne compined administration
includes coadmini tration, using separate or%uhétlons or a singlé p%armacoerutlcé)luf%rmulation, and
consecutive Ad#hiriistfatrstian Bither ohaer, gsardin of fthabin everent dutimeqodadodaeiivile both (or all)
agtive agegtm_mwt@m%w%en ((blﬁifn*ﬂi)(ﬂQ@ﬁﬁd&ﬁéig@@%ﬂ&%&&?ﬂﬁﬁb|§1129§§%§h5fé5 amk/) of Ejhe
above coa re ts.are those presen and may be lowered due to. ombine
action (synenr%%/ o@ﬂ@%ge%ﬁyﬁ?&g%ﬁ |%8’r%gécr§t“§ég[\g§%i" E3‘:1%ecr'?fci)qt net}“%%geh |c]ryaﬁﬁ%gﬁ?gutliir}1 ﬁiéﬁnents.
10158]The comisinedort thiekapvinaingi@Addesyre (g’ Ahd gmbadsiigy Biérgisad).i. Bhgthe effect

achieved whgi.the aslivedRaradients.useddaaatheris areatetthanthe.sum pfthe pffects that results
from using the compounds separately. . nergistic effect may be attained when the active ingredients
i et bt

are: (I) co-fortil&taE ARACd dhifikte e SRR ReliRRT AN S ABIF nit dosage
formulation; (2).deli¥étetbynalterpatioid olsinnpatallél SsBepapateifoindlaiidas0qn.(3xhy some other
regimen. Wiy sigliveserin. altarnalion nefppyod aypersisicsfieatnay e aualnsd Wign the

compounds are administered or delivered sequentially, e.g., by different injections in sggarate
syringes, separate pifld: drcapeuiddz W%%Bél(é}eiﬁ%és%%@z IEheaba; tHatihg2dfedatbirtherapy, an
effective dosage Bf. cachisativeRgredient MadTinistered gequantiaiwiie, erigly swhereas in
combination the fective, dosa of ctive ingredije inistered together.
[0159]In a peﬁﬁc{l%%%%’joéblr@%{%fga%f (l:a%%lgeig{ﬂ%%%/ggl Eegrlﬁgo%?ﬁf %{ﬁ%rr%rﬁ?@g] r??)néz%‘tereoisomer,
geometric isdrHer Habwhhéd, -SoR &te rbletiBofiteS or. ghlam%adeutictlb2adoe grabld &, dHprodrug

thereof, maybs eambpinedowith pthesshemethetrapgutic, hormonal or antibody agents such as those

described herein, as well as combined with surgical thergpy and radiotherapy. Combination therapies
according to 'i?:le&%resent isﬁti‘?e%c;irgﬁe aﬁaél%%?nffﬁé%etr %é%ﬂm|Fﬁ%’fr“igf%Hﬁé?‘égﬁeé)g{itﬁtﬁ%n&gﬁfbound of
Formula I, orl @ Stéieakunierlgébhbinéintér, Taatdiner Solvateh stietabwliteiddedrharmaceutically
accept?blef f@lw_pr@amg&hﬁz?gﬁy%dﬂg@_yftﬁﬁfaﬁ%ﬁ&@ég%p@z%ﬁ?&%@ﬁst@w?ﬁm rtf;]ethod- Tt_he
amounts 0 ompaund(s ormula land the other pharmaceutically active chemotherapeutic
agent(s) andp%gzﬁg?ﬁﬁ%éﬁ?érﬁ)n%é%flga iHl%%’Fal\%eﬁW%Oﬁg’%lg}cﬁg&’ir]r%?dl@fl?g’achieve the desired
combined thérdpeutidaefféibnrMETANBOEL FESNOFGONMROUNDS20 F1 EG R M UL7AnL[D 160JAIso falling
within the scape;of thisiNYERUCR ARG Ny meAhelic RIRAUGE R FRIBWE Lieserbed herein.

Such products may result for example from the oxidation, reduction, hydrolysis, amidation,

deamidation “EfS AL TR ARt Bt ed ROty Héa%?gd@,}aﬁaetﬂ’@arméﬁ BEH&EEministered
compound. Adgobdiftystheomeemiion x’mahqd.tes:n mgnakso!itm @b dompioundss @fxﬁ@ﬁhﬂéi@a inpluding
compounds Bfggdaﬁsg)t’mﬁg%mo%g{m%@%%@ﬁ%ﬂ%@ﬁpmm%w& ;awﬁ.ﬂnﬁiﬁ@ with a

mammal for a period of time sufficient to yield a metabolic product thereof.éOl 1]Metabolite products
typically are fﬂgﬂﬁﬁ‘@d Ny aeies st iaiale] ‘éf’?é’lﬁl?él%’éﬂéc? & 9% hed iodugs Mtopest &¥E8Mpound of the
invention, administering it parenterally in a detectable dose (e.g., greater than about 0.5 mg/kg) to an
animal such as rat, mouse, guinea pig, monkey, or.to man, allowing sufficient time for metabolism to
occur (typically about 30 seconds to 30 hours) and isolating its conversion products from the urine,
blood or other biological samples. These products are easily isolated since they are labeled (others
are isolated by the use of antibodies capable of binding epitopes surviving in the metabolite). The
metabolite structures are determined in conventional fashion, e.g., by MS, LC/MS or NMR analysis. In
general, analysis of metabolites is done in the same way as conventional drug metabolism studies well

known to those skilled in the art. The metabolite products, so long as they are not otherwise found in
vivva are r1icefiil in diaannctic aceave faor theranaritiec docina of the comnorinde nf the iINvventinn



ARTICLES OF MANUFACTURE 101621In another embodiment of the invention, an article of
manufacture, or "kit", containing materials useful for the treatment of the diseases and disorders
described abﬁg)ezia%ﬁ{? 4i(gb,ed. In one embodiment, th.e kit comprises a Con@&%s%};%%%ﬁlg a
compound of Formula'l, or a stereoisomer, geometric isomer, tautomer, solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof. The Icit may further comprise a label or package
insert on or associated with the container. The term "package insert" is used to refer to instructions

customarily inghddechincommaccial pagkages ohthataneutic ArRdpets, thargontain information about
the indications, usage, dosage, administration contraind%cations and/or warnings concerning the use

of such theré’b%ﬂﬂ&cﬁ}%ﬂlﬁagfogui%’b\w%‘éﬁ?gih@@ ieiak? for exahhipie; Gdfifed “MAE=s9ringes, blister
pack, etc. Thezaehiainerdnay-tetfarnteditiomn. al vadiety stmateralEsuch @s, glasstor piastic. The
container may;holda compoynd.of Eoryla,l ora-fomplation terpofvhicl is effective for treating the
condition and may have a’sterile access port (for example, the container may be an intravenous
solution bag %‘Ml‘ﬁé\(’ﬁ% %@tgﬁ?)%‘ff’pﬁﬁ%@able by a hypodermic injection needle). At least one

active agentjip e compasitianes a conpeundiof Fopmuhehyhhedahekarpatkagel jpgert indicates that

the compositjon &{gogaggrjp&)gr%?_gkn Jhe &pﬁgolg %Sﬁ choice, such as cancer. in addition, the label or
package insert may In icate that the patient

to be'treated is one having a disorder such as a
hypemroliferative disprder, neurodegeneration, cardiac hypertrophy, pain, migraine or a
neurotraumatic disegse gr event. In one embodiment, the label or package inserts indicates that the
composition comprising a compound of Formula | can be used to treat a disorder resulting from
abnormal cell growt bel or package insert may also indicate that the composition can be used
to treat other disord Mhatively, or additionally, the article of manufacture may further comprise a
second container comprising a pharmaceutically acceptable buffer, such as bacteriostatic water for
injection (BWFI), phosphaé}ffered saline, Ringer's solution and dextrose solution. It may further
include other materials desirable froman commercial and user standpoint, including other buffers,
diuents, filtegggpedies and sypinass: (16 3Te Jima huinarsamprise dliggliops or the

administration of the compound of Formula land, if present, the second pharmaceutical formulation.
For example?tifipetki’do slep i rse b APUSHISH b FeRef docontBo bt bt EdenIal| and a
second phargmaeaiitieakfGmsulation; thedditimayducthe ntomprbegisatoosciauthensinteitaneous,
sequential or,separate inistration of the first > naceutical compositions to a patient
in need thergkcl)%} %%IG%TH? %rr}\%)gtl %rr%rﬁ]gbgéaglr%fe%th%}(glt?a%\rgngu%g&%@%ﬁﬁ%na‘é E|’\7"(§‘1Py% g? _{s{gffd oral forms of
a compound®PE&old- I Reecie bR eapiEty vrieapWird SyShéhadkitiicieraliiinefugrssiet number of unit
dosages. Sughdits waninshidecreadde-Raning dhe dasager acientedvimthe amtescaf #aeir intended use.
An example of such a kit is a "blister pack’. Blister are well &@N in the packaging industry and
are widely us&lésé?#géqlﬁléc g&?ﬁ‘émpﬁéﬁrﬁg%ggﬁﬁiéﬁﬁﬁﬁr%g%%%cﬁﬁ%ﬁ% desmzl}?e\g?séa@gﬁg?%iea(?d can be
provided, foriexarpi€ mdhtmedriviothumbeis slereras drepremmdaEringsvah witk o KR Mdar insert,

designating thedaysdi-thadeatment:sehesdule To-whvichdhedesagrs sandheadninisigred.

[0165]According to one emhaodi t, @ kit may compri ) afirst coptainer with a c ound of
Formula | co‘rilct%ls"gl""r%eé?ic'l}?ﬁ)éar%el|¢;z %&%@%ﬁ(ﬁusa t;llﬁfbn) aﬁ%gé%eﬁfoégﬁ%ir{?e? V%%leénstgr@‘ At nf) e"clcﬁﬁéglc:eutical
formulation cosreisied e ddieredielairshhé wele SHoepibibrenateuticsdfo mirdluei 61 ddhmlisEera second

compound V\%ﬁafmiobm@%éf%@i_%ﬁ&?ﬂ%%rﬁ\&%aé&i\&?YC%@M%%DHSA%@%MH&Q%JUfthe_f _
comprise a third container comprising a pharmaceutically-accept uffer, suc teriostatic
water for injégﬂ?ﬁ?? 5?%%%@&?&?@-%@4’1& Qaﬁ%‘? %n&eé%gg?ﬁtéﬁoéﬁ %88%5(;% §8a|%tion. It may
-further includerotheritdse tidlstceibalitil.fedih a<omhBréidhend/uset Srbridpbintyiftlading other
buffers, dilugps; filters, needles, and syringes. 101661In certain other embodiments wherein the kit
comprises a composition of Formula | and a second therapeutic agent, the kit may comprise a
container for/&6hthining tRERBp AR ESYoLRIBIE LHen Bk i BEd Fothd B8 ilided foil packet,
however, thémﬁap@lea@@gmﬁqsﬂm_é my(a’fap}lmi@mmmmow(ﬂﬁﬁ g}siin@té)}h@@ﬁﬂdﬂbjmntainer.
Typically, the, kit comprise s AEEIASJArH¢ ALmIRIRIAUMALINE S RARIR CAMRPASILS, The kit form

is particularly advantageous when the separate components are preferaply administered in different
dosage formal(e-d. AdIRICANEIpre Atarasyogr s Hahi t@%ﬁ@?&ﬁ&eﬁ?@tﬁ%‘é@?ﬁ@?’%ﬁ& %Br when
titration of thevipdiaicdd ahdorvgeonentdebth8icdmbinatitnl is desirediayahe pndschibing physician.
GENERAL PREPARATIVE PROCEDURES 101671General Procedure A Suzuki Coupling:
[0168]The Suzuki-type coupling reaction is useful to attach a monocyclic heteroaryl,



a fused bicyclic heterocycle, a fused bicyclic heteroaryl, or a phenyl at the 2-position of the pyrimidine
ring of a 2-chloro-purine 21. For example, 21 may be combined with 1.5 equivalents of

4-(4,4,5,5-tek§a6r%%9>ﬁ6}0§,2-dioxaborolan-2-y1)1H-indazole 24, and dissq}ggqjgir%g%ﬁgk\gglents of
a

sodium carbonate as a 1 molar solution in water and an equal volume of acetonitrile. A catalytic
amount, or more, of a low valent palladium reagent, such as bis(triphenylphosphine)palladium(11)
dichloride, is added A variety of boronic acids or boronic esters can be used in place of the indazole

boronic esteyr mdigatasksAlaRAlereaivaly e miveas ohthertoragalsins Pripeatacted, for example,
N-THP protected compound 41 In s cases potassium acetate ) @g in place.of sodium
e I s MU AR Iopl e e oot

carbonate to'agjust the'p aqueous layer. The reaction is 10
under pressufesiframinicidiiade plisesto bryatselidifid BiofAle. Gprimizer (BistadeNMR 369 10 to 30

mhinutes. Thw?g@gge; E{@@gtﬁ%}@i@ eyt acetates, %ngmfg@rl@({g@@i%ﬁ%ﬁ_rgg%@er evaporation of
the organic layer t uzuki coupling, pr S, 6,8,9-substituted 2-(1H-indazol-4-y1)-purine 22, or
6,8,9-substitﬁ‘(éd%—?ﬁﬁﬁiﬁﬂﬁ%—%ﬁ%@@gﬁﬁne 23, may be purified on silica or by reverse phase
HPLC. SubslitntsR2', Rem@yHerR8ioR 2f Ribdis ldéfinedlor propdute df formaorl fréclarsbirs thereof

[0169]A varigiy 6 paliadiym.catalysts Gan.he MredduingdneRugikicowningsiendedorm
compounds, including exemplary embodiments 22 and 23. Sglzu,kl couplin B.;ﬁga%apa”%dlum mediated

cross coupling reattioH G R AP HERIB L AEHEE 51 Sath I B AT &S %895, Low valent,
PA(Il) and Pdf6) siskabysts it beouskt 6 thie. Sk aiipingoagtion dnchingiRdGIa(PPI13)2,

PACBU)S. FIGIZARRLCHEGIZ, RIBRERY, PAOACIEPAS, CRRHIRARINZ, RUDIEHOS)2.
C132Pd(BiPY), [PAC1(Ph2PCH2PPh2)]2, C|2ﬁd[P(o-t01)3g@Eaﬁ§dba)3 P(0-t01)3

Pd2(dba)/P (FARPLISMES B ER BTRUIA Y3300 v ol bRifEpsa (Arsnpsisdsparbiters)a)e,
CI2Pd[P(2-CO @Ry Ra)2IR vGIARMR{(deCODHPh)(Ph)ad t2eanthentapsiletaibcathtyists Pd

EnCaiT 30,56, Eneelin, PR30 AR AUVEACATILBINARA0. ()5, 200410254066). 01701 Conera

Procedure B C-6 Nitrogen Substitution CINR R1 _ ,6-dichloro purine intermediate
27 in a solvemE§ePradca s ibi 1s denssd s primelry Bikstohaciiaine (R1O13eseeiired 1 equiv.)
and a non-nyelemiphilie-base sush-as/ifiiethylamiom(diEf, x1560aq)) 63itp(aiterhadively, acetonitrile may
be used as the sglvent and potassium carbonate ma ed. 2 e regction mixture is
stirred at rooﬁdﬁ%‘gg}ﬁaﬁc@gr@sﬁ%u?l‘lu??io%%%}rcgsg?rﬁ%%%?%%ya%ﬁé%é?go B\l?g%(l%] %g(%qo’ and residue

partitioned bbtiaen DENS avul prreefiameshiciraiss hisdtubfeindaraly peasceatedidridhe solid
product was gollegtedpyfiltration: Dyymerwithomagmestm sulfate-and)eyapgratipn.efdae solvent
gives N'-(2-chlor iN-6-yl)-amin tituted intermegdiat Qften as a crystalline solid, or by
trituration. Su T?m%%tgﬁﬁgﬁglﬁg‘%gy ﬂﬁ%?lgﬁ%'g%@ Ined, or protected forms or precursors
thereof 101 71828&neral Friseétdvereraiog pitrdefion AlfciAativitropyranyl) indazole: A mixture of

4-amino-1H-indazole (250.0 g, 1.024 moles), 3,4-dihydro-2H-pyran (126.0 g, 1.5 moles) and
PPTS (2.57 g, 0.01 moles) in CH,Cl, (1250 ml) was heated to S0 °C for 2 h. The reaction was
cooled to room temperature and poured into water (625 ml), the layers were separated, and
aqueous layer was extracted with CH,Cl (250 ml). The combined organic layers were
washed with water (625 mi), dried (Na,;SO4) and concentrated. Crude residue was purified by
chromatography (silica gel, hexane, 5-10% ethy! acetate/hexane) to furnish 4-iodo-1- (2-
tetrahydropyranyl) indazole as an oil (807.0 g, 60%). 'H NMR (200 MHz, CDCI5) 3 8.5 (s,
1HD, 7.8 (m, 1H), 7.6 (d, 1H), 7,.25 {m, 1H), 5.7 (dd, 1H), 4.2-3.8 (dd, 1H), 2.2-2.0 (m, 4H)
2.0-1.8 (m, 4H). ESMS mv/z 329 (M+1).

16202] Step E: Preparation of 1-(tetrahydro-2H-pyran-2-y1)-4-(4,4.5,5-tetramethy-
1,3,2-dioxaborolan-2-y1)-1H-indazole 41: A mixture of 4-iodo-1- (2-tetrahydropyranyl)
indazole (100 g, 0.304 moles), bispinacalotodiborane (96.4 g, (.381 moles), PdCl; (dppf)
(8.91 g, 0.012 moles) and potassium acetate (§5.97 g, 0.905 moles) in DMSO (500 ml) were

heated to 80 °C for 2-3 h. After completion, reaction was cooled to room temperature and
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1017319-H Purine intermediate 29 is brought up into DMF and 2 equiv of cesium carbonate is added
to the reaction mixture. The reaction is heated to 50 C whereupon 3 equivalents of an allcyl halide
R7:-X are a h ction mixture. The reaction is monitored by TL / %stirred until
completion, ty&%éﬁg}ggé@?al hours. The reaction mixture is extracted Withgé?gkéigl}r{@ %Qé er, and the
organic layer is dried, filtered and concentrated to get crude 9-allcylated purine 30 which is used
directly in the next reaction or purified by reverse phase HPLC. Substituents RP, 12.3" and R44 may
be 124, R3 ang-R4 2% gefined.eepratasted ﬁ%@&é@%@ﬁ@%l@%@ éh%}[%?ém&émﬁgiﬁiﬁé Pdrocedure tl)j
THP Deprotectiopn Co, PTSA MeOH 32 [0175]Gen Ya \N:9-tetrahydropyrany| substituted 31 may be
treated with CHEDEE RGOt DAL RIS (SR S LGPt anol and
heated to abewt BOHBdbyikthente tfaypdiegpanian((iTieiPdeh loupnis feltitastytocafiovlicsampound 32. The
reaction may, e MQnilAi&d RibkiMP @6.@%@6@}4@%@@%@%@'@8@@ maykeRyand 12.3 as

defined, or protected forms or precursors thereof. 2£01761General Procedure E Boc Def)rotection O NN
R1.-C | N 2 N TH), 7.25(m, TH), 5.7 (dd, 1H), 42-3.8 (dd, TH), 2.2-2.0 (m, 4H) 2.0-1.8 (m, 4H) T.4-

1.2 (s, 12H). ESMS m/z 329 (M+1)
0203] Example 6 4-methyl-5-(4, 4, 5, S-tetramethyl (1, 3, 2-dioxaborolan-2-y1})

pyrimidine-2-ylamine 42

= CHCl, P
N” NH, N" “NH,
[0204] To a solution of 4-methylpyrimidine-2-ylamine (8.0 g, 0.073 mol) in

chloroform (320 ml) was added N-bromosuccinimide (13.7 g, 0.077 mol). The reaction
mixture was stirred in the dark for 18 hrs. LC/MS indicated the reaction was completed. The
mixture was diluted with DCM, then washed with 1IN NaOH aq solation and brine, dried over
MgSO,, filtered and concentrated to yield 5-bromo-4-methylpyrimidine-2-ylamin (12 g,
Yield: 86%).

o 0O
B-E
Br

B 3
NANHz Pd (dppf)CI2 © | o 42
KOAg, dioxane ék
N" NH,
[0205] A mixture of 5-bromoe-4-methylpyrimidine-2-ylamine (5.0g, 26 mmol ),

potassium acetate (7.83g, 79.8 mmol), 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-y1)- 1,3,2-dioxaborolane (7.43 g, 29.2 mmol) in dioxane (140 mL) was stirred
for 20 min under nitrogen. 1, 1’-bis (diphenyiphosphino) ferrocene palladiam (1) chioride
dichloromethane adduct (1.08 g, 1.33 mmmol) was added to the reaction mixture. The reaction
mixture was heated to 115 °C for 18 h under nitrogen. Upon completion, the mixture was
cooled and EtQOAc was added. The resulting mixture was sonicated and filtered. Additional
EtOAc was used to wash the solid. The combined organic extracts were washed with water,
dried over MgSO,, filtered and concentrated. The crude was purified by chromatography
eluting with 20~100% EtOAc/hexane to yield 4.5 g of 42 (vield: 74%). 'H-NMR (DMSO,
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,Boc Boc [0177]Generally, Boc-substituted 33 is treated with TFA or 4N HCI to remove the t-
butoxycarbonyl group(s) and the reaction is monitored by LC-MS for completion. The crude product is
then c:oncen(%2 ez(aﬂ?ﬁg &)&rified by reverse phase HPLC to yield product 34 as agure solid.
Substituents RT an (2 may be R1 and R2 as defined, or protected formg%pgﬁ Wieb e hereof
101781General Procedure F Amide Coupling /0)0 R1QN,R11'...N H 1RT--I1Rt-C 11
---".-.N--.2---R3.Cs2C0O3 DMF 0 HO 35R"36 [0179]A 2,6,8 substituted, 9-alkylcarboxy! purine 35,
where n is 14g03is. seated With, k.Beq8:-KIATN2.35 (5, 3 H), 1.25 (5, 12 H), MS (BSD) m/e
(2-(7-aza-1F -hfg[lrﬁcé%azolc..Il-é/?-i\].3,3-teiramethyluronium hexaciuorophospliate), an excess (such as
3 eq) of an alkylami %ﬁl\*?ﬁ 1) and an excess (such as 3 eq) of cesium carbonate in
dimethylfonriéifide (DM ExafdpdeTativeih-Cthedoeuplipig-teabentsay) benusethlbhereaction is stirred
until complefe, and extracied in efhylacetate with saturated bicarbonate solution. The organic layer is
dried, filtered and concentrated to yield the acylated, crude intermediate, which is purified via reverse
phase HPLC to yield produc %}Substituents Rr and R3' may be R1 and R3 as defined, or protected
forms or precursors thereof EXAMPLES 101801The chemical reactions described in the Examples
may be readily adapted to pregare a number of other PI3K inhibitors of the invention, and alternative
@@?S
SYN

methods for preparin unds of this invention are deemed to be within the scope of this
invention. For examite, th Is of non-exemplified compounds according to the invention may
be successfully perforniéd by modifications apparent to those skilled in the art, e.g., by appropriately
protecting reactive%&ional groups, by utilizing other suitable reagents known in the art other than
those described, arfti/or by making routine modifications of reaction conditions. Alternatively, other
reactions didoRsed herelr(@rnows-i3-thyeérarymilbberebagmizedicdiehoMipgragplitatiity for preparing
other compoiids. of NG, INVeRURD: 4GB HBItheSXARPRIES HE s RRRINIDIGSS Otherwise

indicated all temperatures )
purified via reverse phase HPLC to give 21 mg of 101 as a white solid. MS (Q1) 423.2 (M)+

[0268] Example 8  2-(2-(2-amino-4-methylpyrimidin-5-y}-9«2-hydroxyethyl)-6-
morpholino-9H-purin-8-yhpropan-2-ol 102

{02069] 2-(2-Chloro-8-(2-hydroxypropan-2-yl}-6-morpholino-9H-purin-9-ylethyl
acetate (300 mg) was treated with 4-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhpyrimidin-2-amine via General Procedure A and was purified via reverse phase HPLC to
give 107 mg of 102 as a white solid. MS {Q1) 4152 (M)+

{0210] Example 9  2-(2-(2-aminopyrimidin-5-y1)-9-butyl-6-morpholino-9H-purin-
8-yDpropan-2-ol 103

)
Ve

[6211] 2-(2-Chloro-6-morpholino-9H-purin-8-yhpropan-2-ol 100 mg was treated
with bromobutane via General Procedure C to give crude intermediate 2-(9-butyl-2-chloro-6-
morpholino-9H-purin-8-ylpropan-2-ol which was treated with 2-aminopyrimidine-5-boronic
acid, pinacol ester via General Procedure A and was purified via reverse phase HPLC to give
55 mg of 103 as a white solid. MS (Q1)413.3 (M)+.

j0212] Example 10 2+2-(2-aminopyrimidin-5-y1)-6-morpholino-9-propyl-9H-
purin-8-yDpropan-2-ol 164
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are set forth in degrees Celsius. Reagents were purchased from commercial suppliers such as Sigma
Aldrich Chemical Company, Lancaster, TCI or Maybridge, and were used without further purification
unless otherwge l1’n9|cz(;1£§(d The reactions set forth below were done gene(%j%ﬂ%jg L Gossmve
pressure of nitrogen or argon or with a drying tube (unless otherwise stated) in an ous solvents,
and the reaction flasks were typically fitted with rubber septa for the introduction of substrates and
reagents via syringe. Glassware was oven dried and/or heat dried. Column chromatography was
conducted on a Biotage sys (Manufacturer: Dyax Corporation) having a silica gel column or on a
silica SEP PAK(r) cartridge@ters). 114 NMR spectra were obtained at 400 MHz in deuterated
CDC13, (16- DMSO, CH30ODyor d6-acetone solutions (reported in ppm), using chloroform as the
reference standard (7.2 ,ZZ@NWhen peak multiplicities are reported, the following abbreviations are
used: s (singlet), d I(Té@_% ,@u'@let), m (multiplet), br (broadened), dd (doublet of doublets), dt
(doublet of triplets) ling constants, when given, are reported in Hertz (Hz). [0182]Example
12,6-dichloro-9-methyl-9H-purine 4 [0183]Example

24-(4,4,5,5-teiramethyl-[3, @@dl@@@m@ﬁmiwﬁywm@@m&ﬂ zr@t{u@dﬁg; #2184}1 a solution of
3-bromo-2- meﬂ% i;mlllne (5, Oa%en a?F;n %ﬁrﬁe tgl%rg_/%[u K¢ g"g‘}l added potassium acetate (1.05

eq., 28.2 mmo Acetic an ydr| as added with concurrent
cooling in |céUW’ah@imW9é>Fﬁmﬂu?§W&§1tﬁé’H1§ﬂWéoPaﬁ oo ?@ﬁﬁ%ﬂj‘f@f@r%m?@él&ﬁer which time

a white ge|at$ﬂ%ﬂ&1§9i@df%mgl &&@r@w&&aﬂ@%@qﬁ@ﬁzﬂw@&nﬁ&@)mg@lg@géolIowed by
|so-amyl nltr%fp](d 2 eq’ﬁo m@gm% Zg%v oL g %@atgdr twga%heated under reflux for 18 h. The

reaction mixture wa 0 ool was par " chloroform (3X 100 mL) and
saturated aqgi¥@biis sodm&ﬂﬂ}&iﬂi@en %é?{ﬁbﬁ@@emtﬁmﬁ Theddrhbirediorganitdkfracts were

washed with ] @Q@W@gp@[%a@mo@lq@g (MgSO4). [0185]The crude product was evaporated
onto silica arL%P rified b){ %hrom{:\ée% ff/ elutin lth %% tQ 400 EtOAc-petrol to glve

1-(4-bromo-i I-1-y1)- StA%ARE %g Ty BrLRgeE @ﬁﬁ’aé A BB H-indazole B
(2.13 g, 40%YidsTBPME-oratngeddotichopropiM RIE(w@eMH’zp@m@lG) 2180 @HeddiFd1-(3H, t, J=7.8Hz),
7.50 (1H, d, 0 3) 7.25 (1H, t,
3752y .53 (i S S AT B S ik i o S S 06
2009/146406’1981%%2’68990%%@%"[6’1”3%%@@8!&& -BARe 1““@8&%%@ Eﬁ?%iugﬂﬁethanone A
(3.09 g, 12.%ndmed)puriME0ih (BErmlphaedidtided SN a6 uecd $3G1 A 30:mkylandvthédhixture was stired
at room tempekatue for 7 h. The MeOH was evaporated and the mixture partitioned between EtOAc (2
x 50mL) and water 50mL) The combined organic layers were washed with brine (50mL), separated
and dried (M{86h). The SE0Bk-Tas YGRS BIaTErAnE bR FetRiger Pretsifte to give
4-bromo-1HsindgizdienB12:36ng3-98846)pd 0181 | a solution of the 4-bromo-1H-indazole B (500 mg,
2.54 mmol) and bis(pinacg{ato)diboron (1.5 eq., 3.81 mmol) in DMSO (20 mL) was added potassium
acetate (3.0 eq., 7.61 minol,}747 mg; dried in drying pistol) and PdC12(dppf)2 (3 mol%, 0.076 mmaol,
62 mg). The mixture was gassed with argon and heated at 80 C for 40 h. The reaction mixture was
allowed to cool and pavtifigngd between water (50 mL) and ether (3 X 50mL). The combined organic
layers were washed \ﬁg rifle §50 mL), separated and dried (MgSO4). The crude material was purified
by chromatography e tlnd\IWItﬁ 30% to 40% EtOAc-petrol to give an inseparable 3:1 mixture of the
4-(4,4,5,5- tetramet)@m 3,21dioxaborolan-2-y1)- 1H-indazole 24 (369 mg, 60%) and indazole (60 mg,
20%), isolated as a Yeflow gum which solidified upon standing to furnish as an off-white solid. 1IFINMR
(400 MHz, df13MS0) 1. %(Mﬂicﬁbpir&@(@@m@ldwﬁﬁaﬂglﬂmﬁ&bw oA L5O, Ghd I8 AklZ), 7.67 (1H,

d"/=6.9Hz), ) 1H, s indazol 1H. 8, 7.18 (1H t, J=7 9Hz), 7.50 (1H, d,
01412 7 7 e g A AR Rl
34-(4,4,5,5- Wétﬂﬁﬁ?@’ﬁﬁ)ﬁﬁﬁleé E]@lé%dﬁﬁ@?&@?@%ﬂﬁﬂh%&&@@ﬂ T%m’@t@n mlxture was

then extracted with a saturated bicarbonate solution three times. The organic layer was dried,
filtered and concentrated to dryness. Crude 2,6-dichloro-9-(tetrahydro-2H-pyran-2-y1)-9H-
purine was brought up in MeOH upon which morpholine (3eq) was added. 4-(2-Chloro-9-
(tetrahydro-2H-pyran-2-y1)-9H-purin-6-ylymorpholine slowly precipitated out of solution

over the next 3 hours, then filtered, collected and dried to afford 4.26 g as a white solid.
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NO2 cNH2 D [0189]To a solution of 2-methyl-3-nitroaniline (2.27 g, 14.91 mmol) in acetic acid (60
mL) was added a solution of sodium nitrite (1.13 g, 1.1 eq.) in water (5 mL). After 2 h, the deep red

solution WaS‘BBLﬁl‘rﬁg é)?%gglce/ water and the resulting precipitate collectedr@g%ﬂg% 4g9%|eld

4-nitro-1H-indazo 8 g, 81%). [0190]A mixture of 4-nitro-1H-indazo 68 mmol),
palladium on charcoal (10%, cat.) and ethanol (30 mL) was stirred under a balloon of hydrogen for 4 h.
The reaction mixture was then filtered through celite, and the solvent removed in vacuo to yield
1H-indazol-4-ylamine D (631 mg, 100%). [0191]An agueous solution of sodium nitrite (337 mg, 4.89
mmol) in water (2 mL) was aéé:%b dropwise to a suspension of 1H-indazol-4-ylamine D (631 mg, 4.74
mmol) in 6M hydrochloric acidN7.2 mL) at below 0 C. After stirring for 30 minutes, sodium
tetrafluoroborate (724 im m&aﬂded to the reaction mixture. A viscous solution resulted, which was
filtered and washed i h Mater to yield 1H-indazole-4-diazonium tetrafluoroborate salt E (218
mg, 20%) as a deep red olid. I\{Olﬁé]Dry methanol (4 mL) was purged with argon for 5 minutes. To this
was added 1H- mdazolg}glazomum tetrafluoroborate salt (218 mg, 0.94 mmol), bis-pinacolato
diboron (239 mg, 1.0 et>-and [1,1'-bis(diphenylphosphino)fen-ocene]palladium OD chloride (20mg).

The reaction m'pgpre waa,‘@glrm@lf@gqtg@ﬂpdibe@;fyﬁ@g {yough.selisiepiesisiue was purified using
oo chromeen DRI (40 ang i A i pgecol 24 47
d|oxaboro|anh2myeﬂx1em?@azm|@941 IM@QW@ s itm“ed at -78 °C for 30 mins, after whlch

acetone (1.56 mL) was added and the reaction was stirred over 2 hours, slowly warming to 0

°C. The reaction mixture was then quenched with water and extracted with ethyl acetate.

The crude product 2-(2-chloro-6-morpholino-9-(tetrahydro-2H-pyran-2-y1)-9H-purin-3-

yl)propan-2-ol was concentrated and brought up in MeOH. The THP group was then

removed via General Procedure D. The reaction mixture was concentrated and the crude solid

was brought up in water, filtered and collected and dried overnight to give 2.23 gm of 2-{2-

chloro-6-morpholino-9H-purin-8-yl)propan-2-ol as a lght yellow solid.
o

N
>L<’NfL I
HO H \N)\Q

i6219) 100 mg of 2-(2-chloro-6-morpholino-9H-purin-8-yl)propan-2-o} was treated
with 2-bromoethyl acetate vig General Procedure C. Crude intermediate 2-(2-chloro-8-(2-
hydroxypropan-2-yl)-6-morpholino-9H-purin-9-ylhethyl acetate was treated with 2-
aminopyrimidine-S-boronic acid, pinacol ester via General Procedure A and was purified via
reverse phase HPLC to give 54 mg of 106 as a white solid. MS (Q1)401.2 (M)+.
[0220] Example 13 1-{4-((2-(Z-aminopyrimidin-5-y1)-6-morpholino-9H-purin-9-
yDmethylpiperidin-1-yl)ethanone 107

o}

N
N
¢ ff“
N \N | =

N



[01941Step A: Preparation of 4-chloro-1H-indazole: To a 250 ml flask with stir bar was added
2-methyl-3-chloroaniline (8.4 ml, 9.95 g, 70.6 mmol), potassium acetate (8.3 g, 84.7 mmol) and
chloroform ( . This mixture was cooled to 0 C with stirring. To the ixture was added
acetic anhyd%§e$§%?66fﬁlﬁ 212 mmol) drop wise over 2 minutes. The reac%%%lﬁn%ﬁﬁgr}éﬂvsvégg warmed to
25 C and stirred for 1 hour. At this point, the reaction was heated to 60 C. Isoamyl nitrite (18.9 ml, 141
mmol) was added and the reaction was stirred overnight at 60C. Once complete, water (75 ml) and
THF (150 mipware added and BRASASHRRYMASHIOIRHAS R Gk, (204 GpASihaymol) was added
and the reaction évaj irred at O C for 3 hours. Waj:er gZOO mg W@S.aﬂdded_ a}nd h%ﬁﬁ{oduct was
extracted witi"EITAL (3007 POGFRRES T Bigaint Tahea sy UBInGiHRE P Ritivgs o4 and
concentratediimaralctrocmiyie(dd gidoro-lkyirddZdfe(1i(07-gu208%H @y lEemarangensdlids-1H NMR (400
MHz, COCLI) B8R ibido-detr by Frhioh e Rble Hebb Il 953 R kel 7 (00, 9= 7 e 1
Hz 1H). LCMS (PSI pos) m/e 153 (M+1). [0195]Step B: Preparation of . o
4-chloro-1-(BPHTREr - 579 d5DraAce) 1) EPIRBA LIS B 1 Bk A rhepiitdPeifier was added
4-chloro-1H-rdeazdiel FPE-0ugint 49 motdipyridinisrai 4oluemestlifenatel (1.24 g, 4.92 mmol), CH2C12
(500 m) andih iy o2 RYGAAARRS Ml O 009 I SHVTIOEn 15 B amgated to 45 C

for 16 hours. Analysis of reaction mixture shows production of both isomers of product. Cooled
reaction to 2%75(2“}5‘%&'%d&%&ﬁ%fﬁeéﬁﬁﬁ??ﬁff‘%%}é@%% SeERPGoRH FRtRFI8ea ) and saturated
NaHCO3 (2% miR-Dnetthenokgarich-wWittivigSdiandedgdeenitaigdid diynésSsvPutified the crude
product by cisaglidngy I EIRGIRANEHA  dhL AL AdANG PICG (A1 SfRaas fitered
and the cake was washed with EtOAc/Hexanes (4:6, 2 L). The organics were concentrated in vacuo to
yield 4-chloré et ahg AFerpi B FaR e 19 iRk ieigiuified dagqossnpirscditofaity@ olid. Isomer 1:
Il NMR (4001 84Hzg OO0 GL3)8i8.40idd Ms (D Hz348)M}-50 (dd, J= 9 Hz, 1 Hz 1H), 7.29 (dd, J= 9 Hz, 8

Hz I H), 7.1 J=8Hz, 1Hz 1H) 5. _glgg{():]: 9 Hz .3 Hz 1H) 4 _OZép 1H)3,55 (m, 1H) 2.51 (m,
1H) 2.02 (mﬁ%]l.% (mﬁ?ﬁii%gwég pQS%mrﬁ}%pﬁiW?ﬁﬂ}l’f?)r}s’"onf‘ﬁ rrﬁf?]ﬁ‘-’f?ﬁﬂé“( 00 MHz,
CDC13) 8 8. dynathyapyriabdistyyiretpnens, 198 9 Hz, 1 Hz 1H), 7.20 (dd, J= 9 Hz, 8 Hz | H), 7.06 (dd, J=
8 Hz, 1 Hz 1H) 5.69 (dd, J= 9Kz, 3 Hz 1H) 4.15 (m, 1H) 3.80 (m, 1H) 2.22 (m, 2H) 2.05 (m, 1H) 1.75
(m, 3H). LCMS (ESI pos) m 7 (M+1). [0196]Step C: Preparation of

1-(tetrahydro-2H-pyran-Z-Y)(l)-N -(4,4,5,5-tetramethyl- 1,3,2-dioxaborolan-2-y1)-1H-indazole 41: To a
500 ml flask with stir bargvtagg ded 4- chloro-1-(tetrahydro-2H-pyran-2-y0-1H-indazole (10.0 g, 42.2
mmol), DMSO (176 ), \M@Ofﬁ )2 (6.2 g, 8.86 mmol), tricyclohexylphosphine (0.47 g, |1 69
mmol), bis(pinacol iboron (16:470;3.4 mmol) and potassium acetate (12.4 g, 0.127 mol). With

stirring, the mixture was heated 1o 130C for 16 hours. The reactign ooled to 25C and EtOAc (600
) s 2l wash eI AR (O e e ML ST e IR A NG04 and
concentratedinvaad ¢4 drynessseTtied oril eeprodpict-(vesnpmifleth by Si0bpluge@0lgl eluting with

10% EtOAc/Rgxangrs.( i) and30% ERAcHexanes Lhl)ithe filtrate was concentrated in vacuo to give
13.9 g (100%) of product 41 as a 20% (wt/vlﬁ) so%tﬁi{gg in ethyl acetate. 11-1 NMR shows the presence

of about 20 F5 (T BB RECHEB oY DT IR RA06 A2 CORESY BRY 9 1 ), 7.62 (dd, S =
14 Hz, 2 Hz G)oB8 (def; Gre) vhizh Séd bk 81RojeproBdtlan 7id@ed)abiB6e(dateI=® Hz, 3 Hz 1H)
4.05 (m, 1H R 2 )2 15 (g, 1H WL 25 60 318445, 12H). LCMS
(£51 pos) e s iy G b Gl R D S il S
51-(TetrahydfolPHpsPiR-2-y1)-4-(4,4,5,5-tetramethy1-1,3,2 dioxaborolan-2-y1)-1H-indazole 41 (Route
B) 41 [0198a%x&p A: Prégéassfieshaind-tirostdiidindagotendl mikipre el 24metimyid3-ainaianiline (200 g,
1.815 mO'eszszﬁﬁfgtj%&!-%%%%%&W&mssﬁ@a@%&&021%-%%&951&}\8?@#“ h'gﬁ&ﬂ@%&umﬂlﬁﬂtﬁw (906 g,

1.315 moles) in water (2 ) was slowly added over 30 min r the addition, the reaction temp.
was increaséf W35y BRdpaREcRe RctioriwisakatiERid i adip 4o il 1 ARBAHEioHRS¥bgress was
mon_itore_d by drhyT=amnd mﬁee_racﬁxmpleﬁimr@i&eéaﬁﬂomm@dmmbwmfﬂierﬁtk@mm'ﬂﬁiu&b/mﬁewashed with
acetic acid (086 mefCelis Aqd s ASHld HOde AGHIT (2SR UTLRLEAheIgn,BR € and water

(8000 ml) was added, coofed to C and stirred for 30 min. The sluarry was filt and washed

with water (185bbrsBP8eridelifoatidt Wax Qlisttthd¥Pheating at 70-80 C for 2 hours, then was taken
in 5% ethyl geoetaie/ll-hexanae k03 2000- mi)-sphitinnarichistiiredifa-thokfh dliai-ampigntdtemperature.
The suspensign was filtered and.was Bq ith 59 gyl acetate/n-hexane mixture (25:475 m1). The
product obta?rggj\aﬁaﬁgéj% 8 ylﬁl%idlig vaeqj rﬁ\gg%?bﬁe{gﬁ OC for 10-12 h to give 4-nitro-1Hindazole as a
brown solid (150 g, 70%): mp: 200-203 C; IH NMR (200 MHz, CDCI3) 8 13.4 (br, 1H), 8.6 (s, IH),
8.2-7.95 (dd, 2H), 7.4 (in, IH). ESMS m/z 164 (M4-1). Purity: 95% (HPLC) 101991Step B: Preparation
of 4-amino-1H-indazole: A mixture of 4-nitro-1H-



indazole (200 g, 1.22 moles) and 10% palladium on carbon (20.0 g,) in EtOH (3000 ml) was
hydrogenated at ambient temperature (reaction was exothermic and temperature increased to 50 C).

After compleg&p(p 29&6{@&%8& the catalyst was removed by filtration. The(i?éﬂ#/&% /gils?.gféorated under
0 ml) was a

vacuum at below and cooled to room temperature and n-hexane ed to the
residue and stirred for 30 min. Isolated solid was filtered and washed with n-hexane (200 m1). Product
was dried under vacuum at 70-80 C for 10-12 h to give 4-amino-1H-indazole as a brown solid (114 g,

I, 30 (e e B a0 Mo Prbrtation of
, 3.9 (M, . m -1). Purity:. 90-95% ) . t . Preparation o

oo G DA AR e AR B e B PSR, TCSTAMEY (100 T and
con. hydrocHigtioved iy B8l eptywaiscoolEdntyal BOEIFo Ehisgavs dilifiorg d8%edivimenithite (51.7 g, 0.75
moles) in Wagg ki bl ué -gggggrg{&gdgjsle@t@g)@d@ apput 30 -60 min. (during addition frothing

was observed). In another flask a mixture of potassium iqdide (311 g, 1,87 moles) in water (3000 ml)
was preparel#oom teBEIRIRHR aftl to thid ABBVECBHER ol SHRMR Kibar 5o Wot"was added in
about 30- 40vinin{rhelreaptioniwas! migpntpaneldaat 30T for 1 h and after completion of reaction, ethyl

acetate (S00ygaiypvas added anchihenragiondii AR aIeLoud Celiisa yers were

separated and the ag. layer was extracted with ethyl acetate (2 X OO_ml . The combined organic
layers were WASRERRRY £95 Wﬁ%@%&%ﬁf&?ﬁ@dkvgbé?w&shﬁ@'(?s@o‘f}ﬁ (FeRRTRll (REESEDH) and
concentratedolGruslebp Betudiprvas: fpurifie Gy rehPosoatog faphyi(silica gelf tiexanidclbiz0% ethyl

acetate/hex furnis [0do-1H-indazq| a solid (23.0 g, 25%). mp: 151 -177 C: 314
MR (200 N T & D T L b e 2o 710 19, SN e 245 1)
B

Purity: 95-9882(0PLC). 1 p Drlpieparatisrrsrmitee-1Gmne PR mdazole: A
mixture of 4-gpiogedditindazaleitdRtdng, 104 m0l@s)18,4-dihydro-214-pyran (126.0 g, 1.5 moles)
and PPTS ( , 0.01 moles) in CH2C12 (1250 ml) was heated to 50C for 2 h..The reaction was
cooled to roi(rﬁ“%[g\:}rnperatré]r?ei %g%%g‘é%?ﬁ%%&%%ﬁn é%yﬁ ,}ﬁnﬁg?egsmﬁg%eo %%Opg%}t)élg?and agueous

layer was exrabrsePanerc cHREIMEBrr1cThe igbMBisEH I pgEATC tAFarswastidovadhed with water (625
ml), dried (Na2Sa4progierncansatacty Guidrirsicie wasprietky che eraategraphynsilica gel,

hexane, 5-1Q% ethyl .ace exane) to furnish 4-iodo-1- (2- anyl) indazole as an oil
(807.0 g, 60 /Si ?ﬁl‘yﬁhﬁﬁ"@gé%"ﬁ% %E?&figﬂ“”é%?% S yéeifé?p%%@g% IH), 7,.25 (m, 1H), 5.7
(dd, 1H), 4.21928{dd, |H) E2apude0l in, %#(3)(2-0ningnyvimdd-SBSnMSairhd2o-ad-a1yinH202]Step E

, , 4.2HEx , 3 n, YIB! " [ ] tep E:
Preparation of &n(@trahysiongiicpan-2nyldpdn(ddnd Hrtetramethyl-
1,3,2-dioxab -2-y1)-1H-indazole 41: A mixture.of 4-iodo;1- (2-tetrahydropyranyl) indazole (100 g,
0.304 molesﬁ%gﬁinacalg% zdﬁgg%ﬁtél"t‘é%‘%f%% %%%Pé’é‘)f?ﬂa]éi@(%ﬂ?ﬁ% %Q?&{gﬁ é 2 moles) and
potassium alethreco(®5:972gid@:908emre R DMSO (BRI vaybrireredavi8 G9! 2-3 h. After
completion, igactiRR:WasIRRRIES, tBIORN REHRR AR RAM PWlRL LD QM) Was:RAdeds Reaction mass
was extracted into th¥l 1 cetate (3 x Zfo ml a§1d con%g@lgéq?%ﬁ%ixers were evaporated, dried
(Na2804) an¥ EEHEER (AR e FEE h POG T AL S ORii&s lLnin chromatography (silica gel,
hexane, 5-10923ihy| acefat@fipiexkhe G dbtamndtyaisidsedus orowpleili(3OBeguro% )y HH NMR

(CDC13) 8 %@&ﬁgpi M.ohER17.6 (d, 1H), 7.25 (in, 1H), 5.7 (dd, 1H), 4.2-3.8 (dd, 1H), 2.2-2.0 (m,
4H) 2.0-1.8 (m, 4H) 1.4- SMS m/z 329 (M+]) [0203]Example 64-methyl-5-(4, 4, 5,

5-tetramethyi%E%, z-d-ios?é%-f&s?bﬁ]z%%%ﬁwwﬁmfﬂwma}ﬂ%54 HEsreatieordigpsin-

9-yl)propanoic acid (50 mg) was reacted with morpholine via General Procedure F followed
by Boc deprotection via General Procedure E to give 24.9 mg 113 as white solid following
reverse phase purification. MS (Q1) 440.2 (M)+

[0236] Example 20 3-(2-(2-aminopyrimidin-5-y1}-6-morpholino-9H-purin-9-
yhpropanoic acid 114

[0237] 2-(2-(2-(Bis(tert-butoxycarbonyl Jamino)pyrimidin-5-yi)-6-morpholino-9H-
purin-2-y1 (400 mg) was reacted with methyl 3-bromopropionate via General Procedure C.
The product, 468 mg of crude methyl 3-(2-(2-(bis(tert-butoxycarbonylamino)pyrimidin-3-
yI-6-morpholino-9H-purin-9-ylypropanoate, was reacted with 3eq of lithium hydroxide in

T4



[0204]To a solution of 4-methylpyrimidine-2-ylamine (8.0 g, 0.073 mot) in chloroform (320 mL) was
added N-bromosuccinimide (13.7 g, 0.077 mol). The reaction mixture was stirred in the dark for 18 hrs.

LC/MS indic he r ion was completed. The mixture was diluted wit shed with 1N
NaOH aq so?&%gzéoagﬁlﬁﬁie, dried over MgSO4, filtered and concentrate t(cE} &eg%lbgms\%%

5-bromo-4-methylpyrimidine-2-ylamin (12 g, Yield: 86%). [0205]A mixture of
5-bromo-4-methylpyrimidine-2-ylamine (5.0g, 26 mmol ), potassium acetate (7.83g, 79.8 mmol),

4,4,5,5-tetlr)am%ﬁ*yﬁ/ﬁa&é&eﬁxﬁo@t@i@ﬁém&é@;i&%@@H@Qﬂé@l&ﬂo&cﬁ%@éﬁ&g@h@f@ﬁﬁ@lé}nﬁ (7-?1]3 g,)
29.2 mmol) in dioxane (140 mL) was stjrred for 20 min under nitrogen. 1, I'-bis (diphenylphosphino
ferrocene pa‘ﬁgg{&ﬁiu& c%?%%%%cﬁ?&’ﬂgrzﬁg%ﬁl NG .%]gﬁgs,o%g?rlglrﬁ:&)o\fégsp added to the
reaction mixtueeipiftedreactidnerriitlrelwas featé thtocld 53¢ for 1@ i2ditder nitrogen. Upon completion,

the mixture wag,Geolssh AR EIQHRMES addedm aﬁlsﬁﬁyléiq%mwsw@m&@w%@ andfiltered.

Additional EtQAc was used to wash the solid. The combined organic extracts were washed with water,

dried over MYSPS4" it RIEF SIS ERIPREE T LRidE WasHtmirets BY thrormdltabhy eluting with
20-100% EtOithexerieltowieltwSeaplafss puyfetdionddd) (MHINMR (BMSO, 400 MHz): 8 8.28 (s, 1H),

086 (b s, 2048135 (5 S5 (5,13 A MBLESR MY 230 ind 56902061 Example
72-(9-(2-hydroxyethyl)-2-(IH-indol4-y1)-6-morpZliolino-9H- purin-8-yOpropan-2-ol 101 coND

[0207]2-(2-CHIBYTHB-Ryhikydrbpan-2-y1)-6-morpholino-9H-purin-9-yfiethyl acetate (165 mg) was
treated with [A2iksiE-4-borani@diiiarGeanesebBongbaiuisofvano @urifido cdaaetelise-pHase HPLC to

give 21 mg 0L ' i o 0 T\ o 1071 enzene via
82-(2-(2-am%lfl(l)i].fgf-5m§7§tﬁ§%y %@mﬁgén%g%%@@%@%ﬁ%‘%ﬁ){%&gﬁl r{%g%ggglif%}g-)gwpurin-s- l)propan-2-ol

102 [0209]24¢orerrl driacadrrety Enast B BRcAispreiecioB ik Sime g Hprsitok Beihy 2acbBe (300 mg)
was treated with:dwhgiRyldFelibdibyetettamataylifiGia-dioxalQrokat-2 Mh)pyrimidin-2-amine via

General Prog%gwle A and was pyrfied é{'alrg_\/ 38 hh; 88 %iggﬂ%gg ive 107 mg (9_[)%9% asa Whitg solid.
MS (Q1) 415.2 (M)+ [OZId%E%a‘m‘p‘le 92-%5—(2-§rrn nOpyI’IFH’I |n-5-y13'-92)5futy -6-morp c§1|no-9H-pur|n-
9-yhmethylbenzoate 116
[6241] 2-(2-(2-(Bis(tert-butoxycarbonylJamino)pyrimidin-5-y1)-6-morpholino-9H-
purin-2-y1 (100 mg) was reacted with methyl 4-(bromomethyl)benzoate via General
Procedure C followed by Boc deprotection via General Procedure E to give 10.2 mg 116 as
white solid following reverse phase purification. MS (Q1) 447.2 (M)+
[0242] Example 23 5-(6-morpholino-9-(2-morpholincethyl)-9H-purin-2-
yDpyrimidin-2-amine 117
(0243} 2-(2-(2-(Bis(tert-butoxycarbonyllamino)pyrimidin-5-yl)-6-morpholino-9H-
purin-2-yl (100 mg) was reacted with 4-(2-bromoethylymorpholine via General Procedure C
followed by Boc deprotection via General Procedure E to give 15.9 mg 117 as white solid
following reverse phase purification. MS (Q1) 412.2 (M)+
{0244} Example 24 5-(9-(3-methoxybenzyl)-6-morpholino-9H-purin-2-
ylpyrimidin-2-amine 118
[0245] 2-(2-(2-(bis(tert-butoxycarbonyl)amino pyrimidin-5-y1)-6-morpholino-9H-
purin-2-y (75 mg) was reacted with 1-(bromomethyl)-3-methoxybenzene via General
Procedure C followed by Boc deprotection via General Procedure E to give 30.2 mg 118 as
white solid following reverse phase purification. MS (Q1) 419.2 (M)+
[0246] Example 25 methyl 3-((2-(2-aminopyrimidin-3-y1}-6-morpholino-9H-purin-
S-yImethylbenzoate 119
[8247] 2-(2-(2+(Bis{tert-butoxycarbonylyamino)pyrimidin-5-y1)-6-morpholino-9H-

purin-2-yl (75 mg) was reacted with methyl 3-(bromomethylbenzoate via General Procedure
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8-yl)propan-2-ol 103 (:) [0211]2-(2-Chloro-6-molpholino-9H-purin-8-yl)propan-2-ol 100 mg was treated
with bromobutane via General Procedure C to give crude intermediate 2-(9-butyl-2-chloro-6-
morpholino-%ép%wﬁa%gropan-zol which was treated with 2-aminopytimtizﬁzi[fE -5-boronic acid,

) - ; P 099/04560
pinacol ester via'General Procedure A and was purified via reverse phase & give 55 mg of 103

as a white solid. MS (Q1) 413.3 (M)+. 10212]Example 10
2-(2-(2-aminopyrimidin-5-y1)-6-momholino-9-propy1-9H- purin-8-yl)propan-2-ol 104 (:)
[0213]2-(2-Chigfiesb:na)pheliRpr i ina & yeriopabs4iRl 110Qi M) Wastieatedwithigdopropane via

General Procedure C to give crude intermediate 2-(2-chloro-6-

morpholino-gg' ?3%%%‘13%&%%% BHah-2181 Rhidh WwadtFeated with 2-aminopyrimidine5-boronic
acid, pinacoliést®r via GdixenalP?6cedhi?d AaamndhpyasiplinifiedviamepkoiecphfpertiPLC to give 34 mg of
104 as a Whi}tglﬁeélgr-m {81) 399.3 (M)+. [0214]Example 11

3-(2-(2-aming@nyrimidin-S-yl)-S 2-hydroxypropan-2-y1)-6- morpholino-9H-purin-9-y!?§ropan-l-ol 105

102151100 MY EEb-(2-chidio-E b BB HG IR BomA  RSREH-G A s TrBRSHY
TBDMS-protesied gt dmopropanchkyvial GendfabRrpcgoure € vEradendtiBrrosiliate i(Owed

(3'(te”‘bUty'%%ME}B{L%&W&@’&E&%ﬁ?ik%ﬁ’ﬁ%ﬁ‘%fg%'i@%%l‘é‘%r QQ'@BWQQBBB%I@\R%%MS treated with

2-aminopyrimidine-5-boronic acid, pinacol ester via General Procedure A and was purified via reverse
phase HPLCTEGRE"SS Ry dretes MY Rite'soM/MS (Q1) 415.2 (M)+. [0216]Example 12
3-(2-(2-aminfiagoimidin-5SBxiiaBid 2y draxypaapaip 2yl i 5 yiorpholipiedid-@agn-B-yl) propan-1-01 IL 06
[0217]2,6-Dig;nj§gr{8%|5i5|1e (3 gm) was brought up into 20 mL EtOAc, and 100 mg
f0251] 2-(2-(2-(Bis(tert-butoxycarbonyl)amino)pyrimidin-5-y1)-6-morpholino-9H-
purin-2-y1 (75 mg) was reacted with 2-bromoethyl acetate via General Procedure C followed
by Boc deprotection via General Procedure E to give 22 mg 121 as white solid following
reverse phase purification. MS (Q1)343.2 (M)+.
[02532] Example 28  1-(2-(2-(2-aminopyrimidin-5-yD-6-morpholino-9H-purin-9-
vhacety])-N-methyipiperidine-4-carboxamide 122
[0253] 2-{2-(2~(Tert-butoxycarbonylamino)pyrimidin-5-y1)-6-morpholino-9H-purin-
Y-yhacetic acid (35 mg) was reacted with N-methylpiperidine-4-carboxamide via General
Procedure F followed by Boc deprotection via General Procedure E and purified via reverse
phase HPLC to give 10.3 mg 122 as a white solid. MS (Q1)481.2 (M)+,
[6254] Example 29 2-(2-(2-aminopyrimidin-5-y1}-6-morpholino-9H-purin-9-y1}-1-
{(4-(methylsulfonyl)piperazin-1-yl)ethanone 123
{0255] 2-(2-(2~(tert-butoxycarbonylamino)pyrimidin-5-y1)-6-morpholino-9H-purin-9-
vhacetic acid (35 mg) was reacted with 1-{methylsulfonyl)piperazine via General Procedure
E followed by Boc deprotection via General Procedure D and purified via reverse phase
HPLC to give 9 mg 123 as 2 white solid. MS {Q1} 503.2 (M)+.
[0256] Example 30 2-(2-(2-aminopyrimidin-5-y1)-6-morpholino-9H-purin-9-y1)-1-
morpholinoethanone 124
[0257] 2-(2-(2-(Tert-butoxycarbonylamino)pyrimidin-5-y1)-6-morphelino-9H-purin-
9-yDacetic acid (35 mg) was reacted with morpholine via General Procedure F followed by
Boc deprotection via General Procedure E and purified via reverse phase HPLC to give 3.2
mg 124 as a white solid. MS (Q1)426.2 (M)+
[6258] Example 31  2-(2-(2-aminopyrimidin-5-y1)-6-morpholino-9H -purin-9-
yhacetic acid 125
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PTSA was added. Dihydropyran (3 mL) was slowly added to the heterogeneous mixture while being
heated until the reaction mixture was homogeneous. The reaction mixture was then extracted with a
saturated bi tion three times. The organic layer was dried, fi 1centrated to
dryness. CrtﬁéIP g%%%é%%:o@-(tetrahydro-zH-pyran-2-yl)-9Hpurine was gf‘gﬁ?é?ﬁ ugﬂlfr%%)%éOH upon
which moipholine (3eq) was added. 4-(2-Chloro-9-
(tetrahydro-2H-pyran-2-y1)-9H-purin-6-yl)motpholine slowly precipitated out of solution over the next 3
hours, then filtered, collectegoand dried to afford 4.26 g as a white solid. 0 C HON
[0218]4-(2-ChIoro-9-(tetrah@-2H-pyran-2-y1)-9H-purin-6-y|)morpho|ine (2.76 gin) was cooled in THF
to -78 C. A 2.5 M solution of i-BuLi in THF (1.5 eq) was added dropwise over 20 minutes. The
reaction was stirred at -7 30 mins, after which acetone (1.56 mL) was added and the reaction
was stirred over 2 hoursy ing to 0 C. The reaction mixture was then quenched with water
and extracted with & cetate. I hglcrude product
2-(2-chloro-6-morphalino-9-(tetrahydro{?H-pyran-2-y1)-9H-purin-8- yl)propan-2-ol was concentrated
and brought up in MeOH. The THP g was then removed via General Procedure D. The reaction
mixture was concentrated and the Urlim‘e solid was brought up in water, filtered and collected and dried
overnight to give 2.23 gm of 2-(2- chloro-6-morpholino-9H-purin-8-yl)propan-2-ol as a light yellow solid.
[0219]100 m%%ﬁglz-(Z-chIGFE)QB%ﬁ%fﬁﬁélfﬁ@@ﬁ%@ﬁﬁﬁ@wr}ﬁﬂﬁﬁ@??@l&i%&§ﬁ@’ét@ﬁ’%hﬂ’?obromoethyl
acetate via Ganeial-Propeeidre CUGIO0eleRe dibhe 2r (2-ehlamtSd®dxide in 1:1 THF /water
hydroxypropan:g-y1):&moraholine-gkiRurin-R ypethyl agetate was reated Wi 2on was
amlnopyrlmld(l)ne- -boronic a8.8, pihacol ester via eneral Procedure A and was pur\med via reverse
phase HPLC¢sEESaI NS 06asaARsiHlSOeluing itha prdiconreinit{eg 20EampiE 13
1-(442-(2-angimepydmid Rrery@t6 yrr phelinordtuukir-Syemethyhpinsidinyyfiethanone 107 WO
2009/146406POC é S2 _9/0.4§§_O§acet, acid (145 hich 40 ot Gener
1022112-(2-?&- TShiert LRB?(?/CJ onyBarﬁlrgo%piln féfiﬁ-‘é?)}o-a?}ﬁ&’rap%%ﬁh%ﬁ-i‘? pﬁﬁeﬁ?&-yl (400 mg)
was reacted ietrder-bergipiBed misnsetriy Diipeditetd war b dykad A as@evieeidtifodédure C to give
tert-butyl 44 {24bigfigit-butoxycarbonyDamino)pyrimidin-5-
e DTS AR RIE SR HOAIEE Y75, sbiected o Boc
5-(6-morahofint@tpip&tidin4-ylmethyl)-9H-purin-2-yOpyrimidin-2-amine (454 mg) as yellow solid.

o}

%
df)ﬂ Ak

A~

[0261] 4-(2-Chloro-9-(tetrahydro-2H-pyran-2-y1)-9H-purin-6-yD)morpholine (4.05
gm) was reacted with 2-aminopyrimidine-5-boronic acid, pinacol ester via General Procedure
Ato give 4.75 g of 5-(6-morpholino-9-(tetrabydro-2H-pyran-2-y1)-9H-purin-2-ylpyrimidin-
2-amine which was refluxed in the presence of a catalytic amount of dimethylaminopyridine,
4 eq Boc-anbydride and 3 eq triethylamine in 60 mL of acetonitrile. Upon completion, the
reaction was cooled, concentrated to dryness and purified via normal phase chromatography
to yield 6.11 g of 2-(2-(2-(bis(tert-butoxycarbonyllaminoypyrimidin-5-yD-6-morpholino-9-
(tetrahydro-2H-pyran-2-yI)-9H-purin-2-yl as a light yellow solid.
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10222]5-(6-Morpholino-9-(piperidin-4-ylmethy0-9H-purin-2-yOpyrimidin-2-amine (75 mg was reacted
with excess acetic acid, 2 eq HOBT, 5 eq diisopropylethylamine and 2 eq

N-(3- dimeth;@é;\(gty_im[gpI RY; )-N'-ethylcarbodiimide hydrochloride in 1 mL of %‘{ ‘%? pletion, the
reaction was extracted with ethyl acetate and a saturated sodium blcarbonate solution. The organic
layer was concentrated and purified via reverse phase HPLC to give 18.9 mg 107 as a white solid. MS
(Q1) 438.3 (M)+ 102231Example 14 1-(342-(2-aminopyrimidin-5-y1)-6-morpholino-9H-purin-9-
yl)methyl)py[mk%@jn -1- yo@hﬁ@(ﬂﬁi@&&lﬁ@&(:arbonyl)ammo)pynmldm— 5-y1)-6- morphohno -9-

1022412-(2- E%{ls&%@\%ﬁ%g(%/(éar Daml%’l% %ns ?u e)cg Jmo %ggrl £ -9H fpﬁ Bn -2-y1 (400 mg)

was reacted tertBu m3fi)p oxyla e B ensa Brocgdure C to give
tert-butyl  selectively remove the THP protecting group and 3(}0 mg 2-(2-(2-(bis(tert-

342-(2- (blS(t%%on'éQP@tSﬁﬁ'jQﬂﬂiﬂ @HM@Q&@W%@1&@QEB&9 i@Qfl%s%!i@e@Mﬂﬁ@éﬁM)pyfm"dine -
carboxylate (496 m ich as subjected to_Boc de n via General Procedure D to yield 352
mg 5-(6-mor%11?6(f %/W‘% I?'IG% FRRSEHTD O 19 b ﬁ@’%& it ¥ %mine as yellow solid.
1022515-(6- mmmm@wmmim@mmwm@m&a yOpytimjeintReafin®¢75 mg) was reacted

with excess gealic Acita? RARORT (5 @ AisRIORUSIM AR N8 5-v1)-6-
N-(3-dimethyla n?moprogx\aﬁ/l) Ngetl% c(arﬁ édémlde%@ drochloride ?n mll_ of DMF. Upon completion, the

reaction wastSRELRy R?lé’fh%/ly petate Gharg %‘ﬁﬁﬁt@a’%‘w (B SR SBIRIMEAC The organic
layer was copmoéntratediahdapuvifiedpiiaa elPeS eopitasy WP LS to giveik0didng 08 B alwhite solid. MS
(Q1) 424.2 (M)t 102261Example 15 (R)-3-(2-(2-aminopyrimidin-5-y1)-6-morpholino-9H-purin-9- y1)-1
-(3-hydroxyp rroll din-1 -yl)propan-1 -one 109 WO 2009/146406PCT/US2009/045603
[0227]3-(2-(2%¢Ph- butoé@ﬁ%@aﬁlﬁ%ﬁw}%@m@%‘jn@ S HORRBIMBLSIBRIR-Sropanoic acid
(50 mg) wasiacted with (R)-pyrrolidin-3-ol via General Procedure F followed by Boc deprotection via
General Pro eE to ve tion. MS (Q1)
440.2 (M)+ [%Exam eyﬁgh? ?Orﬁ%%? %mgpgérﬁm %lg Qg-(r[jn%orpér?c% fﬁg%%%?-
y1)-1-(3-hydrERyERMS) 1}}1@:]_5 %ﬂ)ﬁ?miﬁ’l IBPRSOf eger via General Procedure A and purified via

[0229]3-(2- (EeérEﬁH;matemb@gwaﬂmm@hgwﬂndm&wﬁ%@mlmmmgﬂ-pw 9-yOpropanoic acid
(50 mg) wa éfﬁﬁ,ﬁted WI'[ %r%glldgn@ (58 e} OGI%QF aclJ%llow%:d{%g f%él)oy\{%n_g)én%gc ﬁ%protectlon via

General Procedure E to White s rev ase purlflcatlon MS (QI)
440.2 (M)+ [0266] 4-(2-Chioro- 9-methy1 SH-purin- 6-yl)m0rpholme (20 mg) was reacted with 5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDpyridin-2-amine via General Procedure A and

purified via reverse phase HPLC to give 9.3 mg of 128 as a white solid. MS (Q1)312.3

(M)+. _

[6267] Example 35  4-(2-(1H-indazol-4-y1)-9-methyl-9H-purin-6-yhmorpholine
129

[6268] 4-(2-Chloro-9-methyl-9H-purin-6-yhmorpholine (20 mg) was reacted with 4-

(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-y1)- 1H-indazole via General Procedure A and

purified via reverse phase HPLC to give 13.8 mg of 129 as a white solid. MS (Q1) 336.2
(M)+

[6269] Example 36 2-(2-{2-aminopyrimidin-5-y1)-9-methyl-6-morpholino-9H-
purin-8-ylipropan-2-of 130

on
N
; /N = {\]
HO !N \N/‘\Cl
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[0230]Example 17 1-(3-(2-(2-aminopyrimidin-5-y1)-6-morpholino-9H-purin-9-
yl)propanoyl)-N-merhylpiperidine-4-carboxamide 111
[0231]3-(2-(2-(Tert- carbonylamino)pyrimidin-5-y1)-6-motpholino-9H-purip-.9- anoic acid
(50 mg) Was%réél%:?tg%&gvgﬁxN-methylpiperidine-4-carboxamide via General ﬁ@%ﬁ’%@%ﬁoww by Boc
deprotection via General Procedure E to give 10.9 mg 111 as white solid following reverse phase
purification. MS (Q1) 495.3 (M) [0232]Example 18
?‘;((2'(2'??inﬁﬂyﬂ'?iqin'52){@)@1’16}@1@3@}?909%@Pg&ﬂn%%lﬁ%}ropan-2—01 (100 mg) was treated
-(methylsulfonyfipiperazin-l-yQpropan-1-one : o ‘
[023313.(o- - L EE ERTE O gan eS8 1 ASTBIS G e R Seyiiopanoic aci
(50 mg) wastreactbdinitit-rmethylspitomsy D pipehadineyvis@aneth LRroveduie ifolibwed by Boc
depr_otec_:tionb\g@]ﬁe&ﬁ%g’a@@@gw GiEdaMP A3 L4 Aninditeseligfollawingsgverse phase
purification. MS (%1) 517.2 (M)+ [0234]Example 19
3-(2-(2-amin8PSmiaR sty A 6L WS it oYBH Purin 12§ )3- morpholinopropan-l-one 113
[0235]3-(2-(24aéit-butoxgganpiylaniiid) pymmmdpy: sip )6 rhaipholte:@kppliin->8-phropanoic acid
(50 mg) wasgeagtsdwithpgypholine via General Procedure F followed by Boc deprotection via
General Procedure E to give 24.9 mg 113 as white solid following reverse phase purification. MS (Q1)
440.2 (M)+ [é%?é]Examp3@<2z81§9(2:%2va%—8wmalw.ﬂs%&%wﬁ%m%qﬁ%: 1L pUiRE ¥ propanoic
acid 114 [02&:21]2@@2»/(&@%@éﬁ-ﬁuﬁm@hﬁbﬁ@@@mﬁmm&ﬁmﬂr@mﬂm—mmm@Hdmaeﬂi-d-ﬁpurin-2-y1
(100 ma) was it WihmelihAbimeRIaRigRate A GaRaLal FiResdiers {15 pipgluct, 468 mg

of crude methyl 3-(2-(2-(bis(tert-butoxycarbonyBamino)pyrimidin-5-
yl)-6-morph§\‘m6-9H-purin-9-yl)propanoate, was reacted with 3eq of lithium hydroxide in 1:1
THE/Water goripn. Aftercomppletion-the IFHndaassemovaddundenyvabulin-aAdithae-sater solution
was acidified H) 1%H 2%151'19!23 concentrated HC1 solution. The product precipitated as a white solid and
was filtered to %eﬁ? 388 mg 3-(2-(2-(tert
butoxycarbonylamino)pyrimigifi=§-y1)-6-morpholino-9H-purin-9-yl)propanoic acid of which 88 mg was
subjected to Boc deprotectioq via General Procedure E to give 15.5 mg 114 as white solid following

reverse phase purification. MSN(Ql) 371.2 (M)+ [0238]Example 21
5-(9-(4-(methy|suIfowfﬁ-morpholino-9H-purin-2- yppyrimidin-2-amine 115
HO NS g
/
10274} 4-(2-Chloro-9-methyl-9H-purin-6-yDmorpholine (233 mg) was cooled in 5
mL of anhydrous THF {0 -78°C before adding 2 eq of 2 2.5 M solution of n-butyl lithium.
The reaction was stirred for 1 hour at ~78°C upon which 3 eq of acetone were added. The
reaction was subsequently warmed to 0°C after 30 minutes. The reaction was quenched with
water and extracted with ethyl acetate. The organic layer was concentrated to give crude 2-
(2-chloro-9-methyl-6-morpholing-9H-purin-8-vl)propan-2-ol (95 mg).
[0275] Crude 2-{2-chloro-9-methyl-6-morpholine-9H-purin-8-ylpropan-2-ol was
reacted with 4-(4,4,5,5-tetramethyl-1,3,2 -dicxaborolan-2-y)-1H-indazole via Procedure A
and purified via reverse phase HPLC to give 56.6 mg of 132 as & white solid. MS{Q1)394.3

(M)+

|6276] Example 39  4-(2-(1H-indazol-4-y1)-9-(2-methoxyethy])-8-((4-
(methylsuifonylpiperazin- 1 -ylmethyl)-9H-purin-6-ylmorpholine 133

[0277] 4-(2-chloro-8-((4-(methylsulfonyl)piperazin-1-yl)methyl}-9-(tetrahydro-2H-

pyran-2-yh)-9H-purin-6-yDmorpholine (250 mg) was treated with para-toluenesulfonic acid
via General Procedure D to give 4-(2-chloro-8-({(4-(methylsulfonylpiperazin-1-yDmethyl)-
OH-purin-6-ylymorpholine,
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[0239]2-(2-(2-(Bis(tert-butoxycarbonypamino)pyrimidin-5-y1)-6-morpholino-9H- purin-2-y1 (100 mg)
was reacted with 1-(chloromethy1)-4-(methylsulfonypbenzene via General Procedure C followed by

Boc deprotecti ' ral Procedure E to give 25.4 mg 115 as white sgi [ verse phase
purification. &@ r}%’%&@?‘% (M)+ [0240]Example 22 methyl SpUg [RloWing LR

442-(2-aminopyrimidin-5-y1)-6-morpholino-9H-purin- 9-yemethyObenzoate 116
[0241]2-(2-(2-(Bis(tert-butoxycarbonyeamino)pyrimidin-5-y0-6-morpholino-9H- purin-2-y1 (100 mg)
\évas reacted mmqmethylI4.(63&1361@1’@%@%@@15}%@%9@9&%%@Lﬁme&gilgr%ﬁp{ﬁ)ﬂp&ved by Boch

eprotection_yia Genera cedure E to give.10.2 mg 116 as white solid. following reverse phase
purification. ﬂ??@%ﬁ%ﬂg{%{ﬁ% [adéiaﬁ X\g%}]hp%b%n%e%ly%neth\;{f%e&er via eneray\ﬂlc%e ure é
546-morpholing - @hmbishdlidoethpysofybutit RryphyrriiinbRipanine iy pmethyl)-9H-
[0243]2-(2-(Z:(BistteriRmtnsycarnanyfiamine )Py inidinr 2la-Grmombelineddit, purin-2-y1 (100 mg)
was reacted with 4-_%-brot}rgoet?/n|f§éno]rﬁhol' e vi:il G_engral Pr‘oceduﬁe d? f{ollowga%% Boc deprotection
via General PISCRANEE 10 gl 828 mde 1 1°P L8 WITE S5iia PO SWi e BhaE hurification. MS
(Q1) 412.2 (My=J024MEXRpie! 221558 A 94(B: rmath oddEn2y - 8-Horpholino-9H-purin-2-

yhpyrimidin-Zgas8ine 118gyample 40 N-(4-(9-methyl-8-((d-(methylsulfonyl)piperazin-1 -yDmethyl)-
[0245]2-(2-(2-(bis(tert_-butoxycarBon?{flgamirlo)gyri_mid(ln-5-y1)-6-mor3r,1h% ino-9H- %urin-g-yl (75 mg) was
reacted with TSRO EHNY S rEtR8 B R 8RLYGik G eneral Procedure C followed by Boc
deprotection[0#8& eneral PibChthiure midghve B0 ahglklBrad)phitezrsolig iollolying feweaise phase

purification._ Mﬁ)%lﬁﬁ&%ﬁ) @%‘E@l@%@@%%ée@ﬁ%%hen boronic acid via General
34(2-(2-am|nopynm|d|n-5-§1)-6-mqrphollno-9H-pmln- 9-yemethyDbenzoate 119

[0247]2-(2-(FABREE et siypumm B imdintse - e maiphdtiadaoiitpritoN2 (75 mg) was

reacted with ¢@ethgh 3-(lremomethyl)benzoate via General Procedure
[0281] Example 41  5-(9-methyl-8-((4-(methylsulfonyl)piperazin-1-ylymethyl)-6-
morpholino-9H-purin-2-yDpyridin-2-amine 133
10282} 4-(2-Chioro-9-methyl-8-((4-(methyisuifonylipiperazin-1-ymethyh-9H-purin-
6-yDmorpholine (50 mg) was reacted with 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylypyridin-2-amine via General Procedure A and purified via reverse phase HPLC to give
29.1 mg 135 as a white solid. MS (Q1) 488.3 (M)+.
[0283] Example 42 4-(2-(2-methoxypyrimidin-5-y1)-0-methyl-8-((4-
(methylsulfonyDpiperazin-1-ylmethyl}-9H-purin-6-yhmorpheline 136
[0284] 4-(2-Chioro-9-methyl-8-((4-(methylsulfonyhpiperazin-1-y)methy1)-9H-purin-
6-yhmorpholine (50 mg) was reacted with 2-methoxypyrimidin-5-yiboronic acid via General
Procedure A and purified via reverse phase HPLC to give 5.5 mg 136 as a white solid. MS
(Q1)504.3 (M)+.
[0285] Exampie 43  4-(9-methyl-8-((4-(methylsutfonyDpiperazin-I-ylimethyl)-2-
(pyridin-3-yD-9H-purin-6-yDmorpholine 137
[0286] 4-(2-Chloro-9-methyl-8-({4-(methylsulfonylpiperazin-1-yDmethy!)-9H-purin-
6-yDmorpholine (50 mg) was reacted with pyridin-3-ylboronic acid via General Procedure A
and purified via reverse phase HPLC to give 33.4 mg 137 as a white sofid. MS (Q1)473.3

(M)t

[0287] Example 44  4-(2-(1H-indazoi-4-y))-0-methyl-8-((4~
(methylsulfonyi)piperazin-1-yhHmethyD)-9H-purin-6-ylimorpholine 138

[0288] 4-(2-Chloro-9H-purin-6-ylymorpholine (510 mg) was reacted with methyl

iodide via General Procedure C to give 4-(2-chloro-9-methyi-9H-purin-6-yDmorpholine. 4-

g0



C followed by Boc deprotection via General Procedure E to give 27.6 mg 119 as white solid following
reverse phase purification. MS (Q1) 447.2 (M)+ [0248]Example 26

3-(2-(2-amin ' 'g{n;g@ll)-&morpholino-9H-purin-9- yhpropan-l-ol 120 0S2009/045
[0249]2-(2-(2%25?& %utoxycarbonyl)amino)primidin-5-y1)-6-morpho|ino-% T—%uzrg(r}]%gf%o%ﬁ mg) was

reacted with 3-bromopropan-I-ol via General Procedure C followed by Boc deprotection via General
Procedure E to give 19.6 mg 120 as white solid following reverse phase purification. MS (Q1)357.2

(M)+ [0250] Exanple -2 met 262 in anyiimigh s (Goma RalineRid-Rurind- ypsthanrals121
[0251]2-(2-(2-(Bis(ter {% tQXyCi Tpon eaminQ)pyfimidin-5- 1_)§6- roholing-9H- purin-2-y1 (75 mg) was
reacted with 2- rtc())rf?ogté L%/?c%(?;éeaé 31%%168%%}:1%8@5)&#0%%& ré & (‘)}fpépvgte 1“8‘5/ rg?é%r%aecg?gtggﬁon via General
Procedure Estorefvier22hpugal 28 Ysuptritelsdiid falidWig reversidadhdse jserifisation. MS (Q1)343.2 (M)+.
[0252]EX‘)'J‘mQﬁ%s%ﬁu%ﬁ(%‘%}@é@%i@@@)éﬂ@iﬁt;bjriﬁﬁfﬁ‘égTm%&hgu%ﬁﬁaﬁéﬁé@ﬁto a cold 0.25 M
ypacetyl)-N-methylpiperidine-4-carpoxamide 1%?{ . .
10253]2-(2- (2R U IR SRS ARAEE Hs hsSHSsU 8 0Betic acid (35
mg) was reactett withNdastRylpiperidimthil-canomtaimide Nip@entalRiddedare F followed by Boc
deprotection via General Proceduge E and purified via reverse phase HPLC to give 10.3 mg 122 as a
white solid. MS (Q1) 481.2 (M)+] [0254]Example 29
2-(2-(2-aminopyrimidin-5-y1)-6-ma¥pholino-9H-purin-9-yl)-1- (4-(methylsulfonyl)piperazin-I-yl)ethanone
123 1025512-(2-(2-(tert-buto nylamino)pyrimidin-5-y1)-6-morpholino-9H-purin-9- yl)acetic acid
(35 mg) was reacted with A= Kl,ﬂulclfonyl)piperazine via General Procedure E followed by Boc
deprotection via Genefal Rrogedure D hnd purified via reverse phase 1-1PLC to give 9 mg 123 as a
white solid. MS (Q1) 5832 (M)+. [02561Example 30
2-(2-(2-aminopyrimid}?’#@-yl)-G-moipholino-9H-purin-9-y1)-1- morpholinoethanone 124
[0257]2-(2-(2-(ZTert-butoxgcarbonglamino)é)yrimidin-S-%%)-G:morpholino-9H-purin- )

[6289] -Chloro-9-methyl-6-morpholino-9H- purine-8-carbaldehyde was treated with

1.1 eq 1-(methylsulfonylpiperazine, 7 eq trimethylorthoformate, 1 eq of acetic acid in 2 mL

of dichloroethane for 6 hours upon which 1.1 eq of sodium triacetoxyborohydride was added

to the reaction mixture, The reaction mixture was extracted with dichloromethane and water

to give crude intermediate 4-(2-chioro-9-methyl-8-((4 (methylsulfonylpiperazin-1-

yDmethyl)-9H-purin-6-yDmorpholine which was then reacted with 1-(tetrahydro-2H-pyran-2-

y1)-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indazole via General Procedure A and

purified via reverse phase HPLC to give 41.8 mg 138 as a white solid. MS (Q1) 512.2 (M)+.

[6290] Example 45  4-(2-(2-(3-hydroxyphenyl}-6-morpholino-9H-purin-9-

yhacetyl)piperazin-2-one 139

{0291] Crude 2-(2-(3-hydroxyphenyl)-6-morpholino-9H-purin-9-ylyacetic acid (50

mg) was reacted with piperazin-2-one via General Procedure F and purified via reverse phase

HPLC to give 1.9 mg of 139 as a white solid. MS (Q1) 438.2 (M)+

[0292] Example 46 2-(2-(3-hydroxyphenyl)-6-morpholino-9H-purin-9-yl)-N-

methylacetamide 140

o

®
f}jfi

o}
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9-yOacetic acid (35 mg) was reacted with momholine via General Procedure F followed by Boc
deprotection via General Procedure E and purified via reverse phase HPLC to give 3.2 mg 124 as a

white solid. 4 (M)+ [0258]Example 31

2-(2-(2-amin|§&/%i%r)(n%i%- -gyl)-G-morphoIino-9H-purin-9- yhacetic acid 1251)%%@55?&%/3%?03
2-(2-(2-(bis(tert-butoxycarbonyl)amino)pyrimidin-5-y1)-6-morpholino- 9H-purin-9-yOacetate (240 mg)
was reacted with 3eq of lithium hydroxide in 1:1 THF/water solution. After completion, the THF was
c?]ncent(rjateqlgizgyfacuo ?jmct;gt{;e?ygaj@ﬁs@gg(ygywyﬁgmm%e@5(3@-&@*@&3&@@9{1@@%@@d HCI solution.
The product precipitated as.a fin ite soli s filtere ield 2-(2-(2-(tert
putoxycarb R Ey AR SRR oML T B YRS A0 (T4 ng), of which 40
mg was subjéstetitovGereraddProbd U recEenriutpbiified Liatrevarshyphdsk dRi@ridegiVe 19.5 mg 125

as a white 591')911%5 EMoRad a9 2R0IERMPlE 3% Ql?ll’(x I—hydroxyphenyi)—6—m0rpholino—
2-(2-(2-aming yrimidin-%}-&mo hoIino-9H-pqrin-,%—yotgceta,te 126 Col\_rl)1

[0261]4-(2-CHIgPS 8l E A5 2 R YRR S P B U e XIS (A SITRE U 65 YT Was reacted with
2-aminopyrimidine:iebororicaeithgpindlol eswvoied @eré liRscretity eohd oMbt d) B2 of
5-(6—morpho&\q9;9-(tetrahydro-2H-pyran-2-y1)-9H-purin-2-yOpyrimidin2-amine which was refluxed in
the presence of a catalytic amount of dimethylaminopyridinc, 4 eq Boc-anhydride and 3 eq

triethylamind ¥78b mL ofeRiRia#le SUPSH ESHPRATRY P réx MR hia s itid, datesNrated to

dryness andigarified via normal phase chromatography to yield 6.11 g of

2-(2-(2-(bis( gggptoxycal{jeg_@ﬁ%@gm_ ¥£1M&E%§¥Qﬁ§éq%rm§ Lg\l/xggj%écted with 4

(tetrahydro-ZH-pyran-2-y1)-9H-purin-2-y1 asa'lig CyeIIQW solid. o
2009/146408ptEnabdaurelingrie General Procedure Cto give 4-(2-chloro-9-(pyridin-4-ylmethyl)-

[0262]2-(2-(2HBisien-ptoxynathonyamino)pysimidini5a ) Grtanpholing:9s-etramethyl- |
(tetrahydro'%"ﬁ'E)éﬁéQit?é%JrQﬁ%ﬂa}%‘l(;é%' %%&%%Q)a"\t%%esrﬂ?&ég&t&@a%ﬁ%@fﬁﬁo&?ge%?sQ to selectively

remove the THP protecting gr g . 7
2-(2-(2-(bis(BrBUI Y 8OV Fanms M i s 1l6- Mo pROIIFESI9Yptrin-2-y 1 was reacted with
methyl 2-brojgmagetate vigfopneral Procedair:Chta-give-megndlino-9H-purin-2-yl)phenol 142
2-(2-(2-(bis(tertbutoxycarbonypamjno)pyrimidin-5-y1)-6-morpholino-9H-purin-9-ypacerate. The Boo
groups of crude methyl 2-(2-(2-(§ngrt-butoxycarbonyHamino)pyrimidin-5-y1)-6-
moipholino-9H-purin-9-yfiacetat mg) were removed via General Procedure E and the product
purified via reverse phase HRLC ive 39 mg 126 as a white solid. MS (Q1) 371.2 (M)+
[0263]Example 33 5-(9-metf{$&1-\-m rpholino-9H-purin-2-y1)pyrimidin-2-amine

N

[0297] 4-(2-Chloro-9H-purin-6-yDmorpholine {75 mg) was reacted with 1-
{bromomethyl-4-fluorobenzene via General Procedure C to give 4-(2-chloro-9-(4-
fluorcbenzy-9H-purin-6-yDmorpholine which was reacted with 150 mg tert-butyl-3-
{4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDphenyl carbonate via General Procedure A and
purified via reverse phase HPLC to give 50 mg of 142 ag a white solid. MS (Q1) 406.2 (M)+.
[6298] Example 49  3-(9-benzyl-G-morpholino-9H-purin-2-yDphenol 143

0

®
XL
o

10269] 4-(2-Chlorc-9H-purin-6-ylymorpholine {75 mg) was reacted with

(bromomethylbenzene via General Procedure C to give 4-(9-benzyl-2-chloro-9H-purin-6-

g2



127 10264!4-(2-Chloro-9-methyl-9H-purin-6-yl)morpholine (95 mg) was reacted with 2-
aminopyrimidine-5-boronic acid, pinacol ester via General Procedure A and purified via reverse phase

HPLC to giv 127 as a white solid. MS (Ql) 313.2 (M)+ [0265]
5-(9-methyl- -mmp%?]%mo 9H-purin-2-yflpyridin-2-amine 128 P o tascos

[0266]4-(2-Chloro-9-methyl-9H-purin-6-yOmorpholine (20 mg) was reacted with 5-
(4,4,5,5-tetramethy1-1,3,2-dioxaborolan-2-yl)pyridin-2-amine via General Procedure A and purified via

reverse pha%l’ﬁtf’ lﬁ% giy%%%m&a&@%&m@ﬂnuﬁ SENEL3NE(E X1 B eniM) 3[0267]Example 35

4-(2-(1H-ind zoI et ur|n 6 oline, 129
[0268]4-(2- nlipg%f purl )moénﬁelglneoﬁ@lfﬁﬁ‘)an nﬁ cc{é"ci’1 With - phase
(4,4,5,5-tetreﬁﬁéﬁhsﬂlgms92 blmxabbiélmﬁdyr@)smh&md&ﬁ@lé V8. @@rﬁbral Procedure A and purified via

reverse phaggshiffLC 1o givg, & 8Mxah 129 as A BN MRALR 33602 M) IRF§IMEXxample 36
2-(2-(2- amln?)pgtrjlfmldln 5-y1)-9- methyﬁgjgno&)ﬁif;ol?}#oh%ﬁH purln -8- yflproggn 2- (13%21330 0 WO

2009/146406PCT/US2009/0 gf [0270]2-(2-Chloro-6-morpholino-9H-purin-8-yl)propan-2-ol (100
mg) was treated with iodome via General Procedure C to give crude intermediate

2-(2-chloro-9-methyl.. 6-m rph lino-9H-purin-8-yl)propan-2-ol which was treated with
2-aininopyrimidine-5- borqmclﬁ:lg pinacol ester via General Procedure A and purified via reverse

phase HPLC to give 44 m a white solid. MS (Q1) 371.2 (M)+. 102711Example 37
2-(2-(6-aminopyridin-3-y4)y-9-methy1-6-morpho 0-9H-purin- 8-yl)propan-2-ol 131
[0272]2-(2-ChIoro-%}qaethyl-&morpholino-9H-purin-8-yl)propan-2-ol (95 mg) was

o}

[0361] 4-(2-Chioro-9H-purin-6-yhmorpholine (735 mg) was reacted with 2-
bromoethyl acetate via General Procedure C to give 2-(2-chiloro-6-morpholine-9H-purin-9-
vhiethyl acetate which was reacted with 150 mg tert-butyl-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyl carbonate via General Procedure A and purified via reverse phase

HPLC to give 59.4 mg of 144 as a white solid. MS (Q1) 342.2 (M)+

[6302] Example 51 3-{9-isobutyl-6-morpholino-9H-purin-2-ylhiphenol 145
0
Ny
€A
[0303] 4-{2-Chloro-9H-purin-6-yhmorpholine (75 mg) was reacted with 1-iodo-2-

methylpropane via General Procedure C. 4-(2-Chloro-9-isobutyl-3H-purin-6-yl)morphotine
was reacted with 150 mg tert-butyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl ypheny!
carbonate via General Procedure A and purified via reverse phase HPLC to give 62.6 mg of

145 as a white solid. MS (Q1)354.2 (M)+

[8304] Example 532  pl110o (alpha) PI3K Binding Assay
[G305] Binding Assays: Initial poiarizatioﬁ experiments were performed on an

Analyst HT 96-384 (Molecular Devices Corp, Sunnyvale, CA.). Samples for fluorescence
polarization affinity measurements were prepared by addition of 1.3 serial dilutions of p110
alpha PI3K (Upstate Cell Signaling Solutions, Charlottesville, VA) starting at a final
conecentration of 20ug/ml in polarization buffer (16 mM Tris pH 7.3, 50 mM NaCl, 4mM
MgCl, 0.05%Chaps, and | mM DTT) to 10mM PIP; (Echelon-Inc., Salt Lake City, UT.)
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reacted with 5-(4,4,5,5-tetramethy1-1,3,2-dioxaborolan-2-yppyridin-2-amine via Procedure A and
purified via reverse phase HPLC to give 89.3 mg of 131 as a white solid. MS (Q1) 370.3 (M)
[02731Examﬁ} E;sg €1 H indazol-4-y1)-9-methyl-6-morpholino-9H- purlnCS g{ ropan. -2-01132CD
[0274]4-(2-Chloro-9- yI -9H-purin-6-yl)morpholine (233 mg) was cooled'in’ 5 ML of & 0ﬁ'ydrous THF
to -78C before adding 2 eq of a 2.5 M solution of n-butyl lithium. The reaction was stirred for 1 hour at
-78C upon which 3 eq of acetone were added. The reaction was subsequently warmed to OC after 30

minutes. Th%ﬁ@?&%&mlg%ﬂ&%%@iﬁtb%%@eﬂgﬁxﬁﬁﬁt&t&%wg&ﬁaﬂbé}%@%The organic layer

was concentrated to give crud 0ro-9 eth 1- -morphollno -9H-purin-8- opan-2-ol (95
. (072 R FEEOREES SRR b SR Bt RO A BBt A emcted with

4-(4,4,5,5-tefrdnietnyditg, QQQmWaMMMﬁhﬂbmmMMVWﬂumaﬁ anbl pamdfied via reverse

phase HPLC. o giveal-£,1 moa%%lﬁéfﬁlw&%l% lid, M3 Q1) 324-3WQi 103 48 Lnample 39 4-(2-(1
H-indazol-4- ) -9-(2- methogyvggg (4- methylsulfonyepM:)erazm 1

-yOmethyl)- cﬁd?«ﬁ %D]yf}]ﬁ] skmElmcr Wellesley, MA.) Fluorescence polarization
[0277]4-(2-chidre-84(d plotethad sfiforiddpipegaistedn yenmetinmlpR-{tetrahiGrpv2hles were
pyran 2 y1) s ameraaing (Gatmananiieaieliaars-iolusacal e agid via Cenera

Procedure D to glve loro-844-(methylsulfonyl)piperazin-1-yOmethyl)- 9H-pufin- yl)morphollne
WO 2009/1 4@&%&%@@0%@0%@@@61‘11)&61’& also establishes the appropr;ate protcm
[0278]4-(2-chinrer84detmetiyis ulfiomylpipenagit:iby Qpeathyd)s SHipiatithiGry Omorpholine (215 mg) was

reacted Wlth moeth h I r i
4-(2- chloro-d taBr(%-)wethoxy}%a IEQ%MG%%%% S%Qf%én% t!g E%% %‘rfd fgﬁﬁ%%&%ﬁ% pG11 1)motpholine

(207 mg) WWW&@%QE%@W?WW{W&CS“SB{@% 111(,)3}% %&%P@W@%}B A¢¥sindazole via
General Procegitiignd amdemrtﬁaﬁlmadmem@&&@eﬂﬂﬂﬁ;@i@@mﬂﬁ& 619 shad A&"Ia(w&nte solid. MS

s T e T T

[0280]4-(2-Cliitsrot SOrdentps 8 1qen (R TSASHRGhY INgRdePa FiRte fommre Ry oo pditiam of GRP-1
and PIP3-TAMRA probe (Echelon-Inc., Salt Lake City, UT.) 100 nM and 5 nM final
concentrations respectively. Read with standard cut-off filters for the rhodamine flucrophore
(hex = 530 nm; Aem = 590 nm) in 384-well black low volume proxi plates (PerkinElmer,
Wellesley, MA.) Fluorescence polarization values were plotted as a function of the antagonist
concentration, and the ICsq values were obtained by fitting the data to a 4-parameter equation
in Assay Explorer software (MDL, San Ramon, CA.).
[0367] Alternatively, inhibition of PI3K was determined in a radiometric assay using
purified, recombinant enzyme and ATP at a concentration of 1uM. The Formula I compound
was serially diluted in 106% DMSO. The kinase reaction was incubated for 1 h at room
temperature, and the reaction was terminated by the addition of PBS. 1Csp values were

subsequently determined using sigmoidal dose-response curve fit (variable slope).

[€368] Example 53 In vitro cell proliferation assay
[0389] Efficacy of Formula I compounds were measured by a cell proliferation assay

emploving the following protocol (Promega Corp. Technical Bulletin TB288; Mendoza et al
(2002) Cancer Res. 62:5485-5488):

[0310] L. An aliquot of 100 ul of cell culture containing about 10* cells (PC3,
Detroit562, or MDAMB361.1) in medium was deposited in cach well of a 384-well, opaque-
walled plate.

[0311] 2. Control wells were prepared containing medium and without cells.
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6-yOmorpholine (50 mg) was reacted with 4-acetamidophenylboronic acid via General Procedure A
and purified via reverse phase HPLC to give 25.9 mg 134 as a white solid. MS (Q1) 529.3 (M)+.
[0281]E>_(am %ggj-](%-‘mfethy_l-.84(4-(methylsuIfonyl)piperazin-l-yOmeth;ﬂE@;US 2069/045603
morpholino-9H-purin-2-y1)pyridin-2-amine 135
[0282]4-(2-Chloro-9-methy1-84(4-(methylsulfonyl)piperazin-1-yOmethyl)-9H-pmin- 6-yOmorpholine
(50 mg) was reacted with 5-(4,4,5,5-tetramethy1-1,3,2-dioxaborolan-2- yOpyridin-2-amine via General
Procedure Aigndjpurifiedivia reyersgmphadeviiRkledoaite 4:dnndal 32191 White:ealid: MS (Q1)
488.3 (M)-k. 102831Example 42 4-(2-(2-methoxypyrimidin-5-y1)-9-methy1-8-((4-

(methylsulfoﬁi;l) "ﬁﬁserazin-I-yl)methyI)-9H-purin-6-y1)morpho|ine 136
[0284]4-(2-Cl0d-9-metky 1-8iKs fveth yWsulégnyipipdrazinn wiimethyljedkbpurimadlylfthorpholine (50
mg) was reagted,with 2-methoxypyrimidin-5-ylboronic acid via General Procedure A and purified via
reverse phase HPLC to give 5.5 mg 136 as a white solid. MS (Q1)504.3 (M)+. [0285]Example 43
4-(9-methy LI A. (methylsulidhypiipe SR T 4R AL epiiridinibs Xy L ptihAE fomorpholine
137 [0286]4+RGingrasSanie thyil v8Ad-ematfndsulfonyl) piperazin-l-yOmethyl)-9H-purin- 6-y1)morpholine
(50 mg) wasgeagted witty pyridip: 2 ylbpronic.asidyin GanrralRIoGeMIaIAaRd RUFfiRd via reverse
phase HPLC to give 33.4 mg 137 as a white solid. MS (Q1) 473.3 (M) [0287]Example 44
4-(2-(1H-ind8Zb Y8y 1)-9-methy1-8-((4-
(methylsulfopsa)piperazin1-yl)nietpide SHspuuiibabed 1) marpholpae i@ or 10 minutes to stabilize
[0288]4-(2-%!3%%%35- Hgi‘ps-%%l})_morpholine (510 mg) was reacted with methyl iodide via General
Procedure C to give 4-(2-chl ro-9-methyl-9H-purin-6-yOmoipholine. 4- )
(2-Ch|oro-9-iﬁé%%y|-9H-périn-sl-wﬁﬁéﬁ?ﬁ?er HES(100 Mg FRidsPesetdn #rnhs anRidf artgtYeus THE to
-78C before neagmgeqmera 2.5 M solution of n-butyl lithium. The reaction was stirred for 1 hour at
-78C upon whigch .3 eq of F were added. The reaction was subsequentl rmed.to O C after 30
minutes. Trﬁ@rlggg:tion Wé@%ﬂﬁéﬁ‘cﬁg&f %?owguégfg%%% tl%ﬁégﬁé%%%tﬁv%%q&{%ﬁ% the orange solid
was filtered, Beertddoandarattie pivenss ¢his e roaw sHtdrmidenatedlue was subsequently

2-chloro-9-meidul 6 1RQKRROHREn I - ItoRs Sr6aRBIERBY R 6 h before reading at 544nm

excitation, 590nm emission. ECso values were calculated using a sigmoidal dose response

curve fit.
[0319] Example 54 Caco-2 Permeability
16328} Caco-2 cells are seeded onto Millipore Multiscreen plates at 1 x 10° cells/em?,

and cultured for 20 days. Assessment of compound permeability is subsequently conducted.
The compounds are applied to the apical surface {A) of cell monolayers and compound
permeation into the basolateral (B) compartment was measured. This is performed in the
reverse direction (B-A) to investigate active transport. A permeability coefficient value, Papp,
for each compound, & measure of the rate of permeation of the compound across the
membrane, is calculated. Compounds are grouped into low (Pegp </= 1.0 % 10%m/s) or high
(Papp >/=1.0x 10%cm/s) absorption potential based on comparison with control compounds
with established human absorption.

[6321] For assessment of a compound's ability to undergo active efflux, the ratio of
basolateral (B) to apical (A) transport compared with A to B was determined. Values of B-

A/A-B >/= 1.0 indicate the occurrence of active cellular efflux,

[0322] Example 55  Hepatocyte Clearance
[6323] Suspensions of cryopreserved human hepatocyies are used. Incubations are

performed at compound concentration of 1mM or 3uM at a cell density of 0.5 x 10° viable

cells/mL. The final DMSO concentration in the incubation is about 0.25%. Control
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[0289]2-Chloro-9-methyl-6-morpholino-9H-purine-8-carbaldchyde was treated with 1.1 eq

1-(methylsulfonyl)piperazine, 7 eq trimethylorthoformate, 1 eq of acetic acid in 2 mL of dichloroethane

for 6 hours ugon \(v@i/({h éL eq of sodium triacetoxyborohydride was added to the reaction mixture. The
. . 2009/14630 o . PeTIUS09/045003

reaction mixture was extracted with dichloromethane and water to give crude intérmediate

4-(2-chloro-9-methyl-844 (methylsulfonyl)piperazin-I- yemethyl)-9H-purin-6-yemorpholine which was

then reacted with 1-(tetrahydro-2H-pyran-2-

y1)-4-(4,4,5, axtetranethy lid etrchaxabareladilor ddhindazelema Genssah Rrocedure A and purified

via reverse phase HPL toE. lve 41.%%0; 8asa Whit§ solid. MS (Ql) 512.2 (M)+, [0290]Example 45

4-(2-(2-(3-hy S IR E A5 SAER B e E’S&;}Bepi’b%ﬁ%é‘?ﬁ‘-ﬁ%ﬂg‘ﬂl‘"’é@’[%é@i](:rude
2-(2-(3-hydraky pheny 4)-B:imepholind-8Mppurirn®nyeaceticl acidd aBiedg) WeSHeaotednirth
p'peraz'_n'z'(?ﬁ‘t@rﬂéﬁs@ﬂ?&%%&T;?qu%i@ﬂg RUReehYIa (RNRISGIPPARRHIR Ul AV G O Mg of 139
as a white solid. MS (Q1) 438.2 (M) [0292]Example 46 )

2-(2-(3-hydr I B RYA B AP N GG G- PR ) RIEARS A SEetiisdendBy) wo
2009/146406RETia82008¢D 45608 1{0 263 pd-(2- Chleso-BH-Ou¥vfAGSy Broarphiolinel ffedngavas reacted

with methyl Z; bramaaceiaipyia N HeceAUIs &r¥eihl ;s @ashlosg:8 smaipfolino-9H-purin-9-
yOacetate was reacted with 150 mg tert-buty1-3-(4,4,5,5-tetramethyl-L3,2-dioxaborolan-2- yl)phenyl

carbonate vi81@%%%‘?5?66%@%%@6?5@??(@%@1W%H@Hﬁi{%fm%?ﬂﬁ&h%@ﬁﬁﬁh?in-9-y|)acetic
acid (50 mg)aivamieacted weitktamethyland fienitGenteal iiacedeserktiand puwidliediMeadiayerse phase

ot f ite solid. , , + . -1
e oot AR IS (e et i

[0295]4-(2-(:%%8-9H-puﬁqﬁé@gl&ﬁﬁbr&bﬁﬂﬂwﬁsl”rﬂg@ gar@éiﬁ'@acted with 4 (bromomethyl)pyridine via
General Progessste C to gisendia( Reoblosond: (pyyisincdeyhateifnihs e pu ity Qmmpimline which was
reacted with @Bé%k?}‘éé’é‘?g@ré‘b%?géﬁé—% i %‘PJ&@%&L

Ca’? 2’%&82(? Ooro(;age-n ;-Xoﬁﬁh?% uctarbonate via
General Procedure A‘and puri via reverse phase E’to give s mg on' 41 458 white solid. MS

(Q1) 389.2 (N,@OuM. Standard inhibitors (furafylline, sulfaphenazole, tranylcypromine, quinidine,
ketocoﬁazole) may be used as controls. Plates may be read using a BMG LabTechnologics

PolarStar in fluorescence mode.

[0326] Example 57 Cytochrome P45¢ Induction
[0327] Freshly isolated human hepatocytes from a single donor may be culiured for

about 48 h prior to addition of Formula I compound at three concentrations and incubated for
72 h. Probe substrates for CYP3A4 and CYPIAZ2 are added for 30 minutes and 1 h before
the end of the mcubation. At 72 h, cells and media are removed and the extent of metabolism
of each probe substrate quantified by LC-MS/MS. The experiment is controlled by using
inducers of the individual P450s incubated at one concentration in triplicate,

[6328] Example 58 Plasma Protein Binding

[0329] Solutions of Formula I compound (Sum, 0.5% final DMSQ concentration) are
prepared in buffer and 10% plasma (v/v in buffer). A 96 well HT dialysis plate is assembled
so that each well is divided in two by a semi-permeable cellulose membrane. The buffer
solution is added to one side of the membrane and the plasma solution to the other side;
incubations are then conducted at 37°C over 2 h in triplicate. The cells are subsequently
emptied, and the solutions for each batch of compounds are combined into two groups
(plasnaa;free and plasma-contatning) then analyzed by LC-MSMS using two sets of
calibration standards for plasma-free (6 points) and plasma-containing solutions {7 points).
The fraction unbound value for the compound is calculated.

[0330) Examiple 59 hERG channel blockage
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(0296)Example 48 3-(9-(4-fluorobenzyl)-6-morpholino-91-1-purin-2-yl)phenol 142 cN)
1029714-(2-Chloro-9H-purin-6-yOmorpholine (75 mg) was reacted with 1-

(bromometh;g{) r zene via General Procedure C to give 4-(2- chI é

fluorobenzyl 8I3|( ;})éu?lriﬁ(g bj;/l)morphollne which was reacted with 150 mg ter(?T)?U 2]“?39/04%03
(4,4,5,5-tetramethy1-1,3,2-dioxaborolan-2-yflphenyl carbonate via General Procedure A and purified
via reverse phase HPLC to give 50 mg of 142 as a white solid. MS (Q1) 406.2 (M)+. 10298]Example

;-1(9)239'5(991"1139(2 Qﬂj-bl‘@}'morph@gﬁﬁu% Mﬂﬂtﬁﬂfﬁ&%@w@ﬁl&%& Bty tto énod%ﬁate rubidium cfﬂuxb
0 olin was r cted wj pbenzene via
General Proggﬁlul[r%%qu ‘\’ﬁ ik eehf zeﬁmf%%%dj Qg%—? p i nn%?ﬁ%% %ﬁﬁr%fi was reacted with

150 mg tert- bl@t?éld@k(%{%,iﬁvmwnp@wm m@liRmdioxabooRICR 1yt ey PcarbbnhtesvialGeneral

Procedure A%ﬁ%ra%ﬁmva@fa%%ﬁ Se TP LG L0 HNHR i M 2 Raghlitgsolid. MS (Q1)
388.2 (M)+ [0300 1Exam$tle 50 3-(9 %@%gdro ethy? GBrﬁé%r holllnotgHLquu%’r%%Zal dhenol 144 0

[0301]4-(2-CHiGHA1 S ?ﬁgé"iﬂ?rﬂ% HEtng 784G %%@FEB%Q%WFW R \ﬁligcgtate via
General Proeedune t@niggive. Zi{Restibgriedimbagholino: 9Hpurtrwokypetvk abetatmpolich was reacted

with 150 mgltear&awwea%h(%h S RAAMAIN b I SRAPRIARRR R NEY | FahANAIGIa Ceneral
Procedure A and purified via reverse phase HPLC to glve 59. 4?:%9 of 144 as a white solid. MS (Q1)

342.2 (M)+ [B4E3 Sesutainiie Bghdkal; é&ﬂﬁmd%e%&ﬁ? v ehilns in aliipsheraraud o C

concentrations, Cell plates are then incubated at room temperature for a further 10 minutes.
80uL of supernatant from cach well 15 then transferred to equivalent wells of a 96-well plate
and analyzed via atomic emission spectroscopy. The compound is screened as 10pt duplicate

ICsg curves, n=2, from a top concentration of 100 pM.

[0332] The foregoing description is considered as illustrative only of the principles of
the invention. Further, since numerous modifications and changes will be readily apparent to
those skilled in the art, it is not desired to himit the invention to the exact construction and
process 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.

na

[{6333] The words "comprise,” "comprising,” "include,” "inchiding," and "includes”
when used in this specification and in the following claims are intended to specify the
presence of 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.
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f.N1 NCL [0303]4-(2-Chloro-9H-purin-6-yOmorpholine (75 mg) was reacted with 1-iodo-2-
methylpropane via General Procedure C. 4-(2-Chloro-9-isobuty1-91-1-purin-6-yl)morpholine was
reacted with 150 mg tert-buty1-3-(4,4,5,5-tetramethy1-1,3,2-dioxaborolan-2-yl)phenyl carbonate via
General Procedure A and purified via reverse phase HPLC to give 62.6 mg of 145 as a white solid. MS
(Q1) 354.2 (M)+ [0304]Example 52 pl 100, (alpha) PI3K Binding Assay [03051Binding Assays: Initial
polarization experiments were performed on an Analyst HT 96-384 (Molecular Devices Corp,
Sunnyvale Aai%)is%?'in 9! §Sfor fluorescence polarization affinity measurements were prepared by
addition of 1:3 serial dilutions of p110 alpha PI3K (Upstate Cell Signaling Solutions, Charlottesville,
VA) starting at a fipal cochd}Hﬁgm%g%ggg{gmtgpégrization buffer (10 mM Tris pH 7.5, 50 mM
NaCl, 4mM MgCI2, 0.05%Chaps, and 1 mM DTT) to 10mM PIP2 (Echelon-Inc., Salt Lake City, UT.)
final concentration. After an J ation time of 30 minutes at room temperature, the reactions were
stopped by the addition of C%P-l and P3-TAMRA probe (Echelon-Inc., Salt Lake City, UT.) 100 nM
and 5 nM final concentration pectively. Read with standard cut-off filters for the rhodamine
fluorophore (?ex = 530 nm; i.cém = 590 mn) in 384-well black low volume Proxiplates (PerkinElmer,
Wellesley, MA.) Fluorest karization values were plotted as a function of the protein
concentration, andR{ C5§) values were obtained by fitting the data to a 4-parameter equation using
KaleidaGraph software (Synengy soffware, Reading, PA). This experiment also establishes the
appropriate protein congéentration to use in subsequent competition experiments with inhibitors.
103061Inhibitor IC50 values were determined by addition of the 0.04 mg/mL p110 alpha PI3K (final
concentration) coaaigrewibniR, (v finakeancenttaian) dopNalisceniainingctapserial dilutions of
the antagonists in a final concentration of 25mM ATP (Cell Signaling Technology, Inc., Danvers, MA)
in the polarf’?i{ﬁé?ﬁ?ﬂ é?.hﬁ{ﬁgf" an incubation time of 30 minutes at room temperature, the reactions
were stopped by theiagldiinn afaRP- 20, REBTAMRA(Orobs, Heltelen-(as-Salt Lake City, UT.) 100
nM and 5 nM final concentrations respectively. Read with standard cut-off filters for the rhodamine
ﬂuorophorghﬁleé%x ARSI %?géflﬁ?ﬁa %%&?Wémieﬁ%ma%@ﬁéﬁﬁﬁ&%ﬁaﬁ@(@@kmE|mer,
Wellesley, MAnbfyesascritiepdpdiatiadioa sl gomVwe ©l meited-asl g fanelivn, ofdive -argagonist
concentration, and the IC50 values were obtained by fitting the data to a 4-parameter equation in
Assay ExploSoT e B0t RGROAECA S B YG ATE By HAPBROABRPT3K was
determinedNmamadiapetteassax Hsis etifiedecompinany enzymeand AFR,at a concentration of
luM. The Formula | compound was serially diluted in 100% DMSO. The Icinase reaction was incubated
for 1 h at rdefr@rhperstm¥ Qefdile reaction was terminated by the addition of PBS. .1.C50 values
were subsequentlknigtgégg@{%gdﬁjdﬁ;r@l 5&98‘51&83,' g%ggggﬁggq%zg@@@éyﬁﬂ?@!géhope).

[0308]Example 53 In vitro cell proliferation assay 9]Efficacy of Formula | compounds were
measured Bjkaleet)ielifenaterPassdyl smifloying e fnnig-protodet @@y géCdim Technical
Bulletin TB288; Men zget.al (200g) Cancer Res @2@4%%4@5)_ 310]L.Analiguot.of 100 ul of cell
culture contal .1%6 B%?Jt 1)02 Cel SZ%PCB, I%%t%%&,lor MDAMB 6{% inZJmaéy P&ﬁvass@aeposited in
each well of a 384-well, opaque-walled plate. [0311]2.Control wells were prepared containing medium
and without cells.
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[0312]3.The compound was added to the experimental wells and incubated for 3-5 days. 1031314.The
plates were equilibrated to room temperature for approximately 30 minutes. [0314]5.A volume of
CellTiter-Glo Reagent equal to the volume of cell culture medium present in each well was added.
[0315]6.The contents were mixed for 2 minutes on an orbital shaker to induce cell lysis. [0316)7.The
plate was incubated at room temperature for 10 minutes to stabilize the luminescence signal.
[03171S.Luminescence was recorded and reported in graphs as RLU = relative luminescence units.
[0318]Alternatively cells were seeded at optimal density in a 96 well plate and incubated for 4 days in

the preseng, o 1@@@&@ pountl B ﬁ'%@l\ém%ﬂﬁaﬁﬁuﬁﬂ é&”}%:—%ééa%gf‘ed'”m and
cells were 'H&ép& BE?&S% Ng. C}ﬁ%ﬁ ) ?[)%: %’f@(m Ognj% mission E values were

Iculated bili
caated i eawgrﬁ e

é(g d cultured for
20 days. Assg ﬁ% é ou éh@a dﬁ 2 fz:g;%\ tnds are
applied to the'a fermadionint B%%olateral (B)
compartment was measure%f’ 1S |sef)eerof‘r?’m S ‘fﬁ e7Y8Verse direction (B-A) to investigate active

transport. A permeability coefficient value, Papp, for each compound, a me, geure of the rate of
permeation of the E(}:g’npo&,md across fhe membrane, i calculated C our%ds are grouped into low

(Pecp<=1.0x10 onhigh (Papp9="1\ x 106 based on comparison
with control compound established human absorpt 321]For a e ent of a compound's
ability to undergo active effluxNﬂi?e ratio of basd¥dteral (B) to aplcal (A) tran ort @tipared with A to B
was determined. Values of BA/A-B 9z 1.0 indicate th 5§occurrence of a t|ve cellular efflux.

[0322]Example 55 .ljihiﬁyte Cleaﬁﬁ\cﬁr\ OCH; \(\
o N /l\ Nv

OCH,

ges ’Wz:z”’“ o, G,
SSS INj fTNj\()CHS Sé\@ éj\@lNHC(O)CHa
S"S = YSS =N 555 =N N
\(Nl \(\/* \“\/I‘\l\//kNHC(O)NHCHg SSS\[ Nj\

NHCH; N~ “NHGCH,

OCH3

555 ! XN SSS SSS I R S'SS i R
P
N/)\NH2 /K NTSNH, R N

where the wavy line indicates the site of attachment.

2. The compound of claim 1 wherein R’ is selected from CHj, —

CH,CHs;, ~CH>CH>CH;, —CH(CHjs),, ~CH>CH>CH>CHj, ~CH,CH(CHs),,
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[0323)Suspensions of cryopreserved human hepatocytes are used, Incubations are performed at
compound concentration of 1mM or 3uM at a cell density of 0.5 x 106 viable cells/mL The final DMSO
concentration in the incubation is about 0.25%. Control incubations are also performed in the absence
of cells to reveal any non-enzymatic degradation. Duplicate samples (501iL) are removed from the
incubation mixture at 0, 5, 10, 20, 40 and 60 minutes (control sample at 60 minutes only) and added to
MeOH - containing internal standard (100uL) - to terminate the reaction. Tolbutamide,
7-hydroxycoumariw@}ggg@s;ggg@}%}qbﬂwqﬁg&g&gﬁol compounds. Samples are centrifuged
and the supernatants at éach time point pooled for analysis by LC-MSMS. From a plot of In peak area
ratio (parent compeufidzpdar srbsiitire@mish semedardisedk area) against time, intrinsic clearance (CL)
is calculated as follgws ~CLjlit (l/min/millian cells) = k, where k is the elimination rate constant,
obtained from the g@di_g%tl_a gig)((}lé%e né?ﬁtrea ?ér?%%‘t:t)g\éy)ggainst time; V is a volume term derived from
the incubation volufd.afydps expréssedasabiids oellsy] 034 Rampleib6«0 wathdine P450
Inhibition [%%%51@%9{“%%1{ ?ﬁ?:i?z@?a%?nq?m y be screened against CYP450 targets (1A2, 2C9, 2C19,
2D6, 3A4) at bout 10’ concentrations i uplicate, with a top concentration of about 100uM. Standard

inhibitors (ffirafylline, sulféighenegoled tednidoydreminen Gdinidinestké theonaHale) HayHhe-used as
controls. Plates er ing Techn i Star in flugrescence mode.
[03261Exar%&§%d§?a%? o_c@aflg@3 ﬂ%ﬁﬁ%? r%é%%&t?ﬂ_hdh @@a’?{b%ﬁ s from a
single donow mtaynberculityed for@bayt 48 1 1dpkpH(0-a0ditieretammula Heorpipetiathat-thyee
concentrations and incubated for 72 h. Probe substrates for CYP3A4 and CYP _|A2 are added for 30

minutes and 1P BEIGTAE &h G SPHORaHE BBt eA: #8 n (i Gt sriadiat iy Barnstaedralnd the extent
of metabolistn of each probe substrate quantified by LC-MS/MS. The experiment is controlled by using
inducers of the individual P450s incubated at one concentration in triplicate. [0328]Example 58 Plasma
Protein Binding 103291 SOt66R® Stebphfittt LSmipdehiiv®um, 0.5% final DMSO concentration) are
prepared in buffer and 10% plasma (v/v in buffer). A 96 well HT dialysis plate is assembled so that
each well is divided in two by a semi-permeable cellulose membrane. The buffer solution is added to
one side of the membrane -and the plasma solution to the other side; incubations are then conducted
at 37C over 2 h in triplicate. The cells are subsequently emptied, and the solutions for each batch of
compounds are combined into two groups (plasma-free and plasma-containing) then analyzed by
LC-MSMS using two sets of calibration standards for plasma-free (6 points) and plasma-containing
solutions (7 points). The fraction unbound value for the compound is calculated. [03301Example 59
hERG channel blockage WO 2009/146406PCT/US20091045603 [0331]Formula | compounds are
evaluated for ability to modulate rubidium efflux from HEK-294 cells stably expressing hERG
potassium channels using established flux methodology. Cells are prepared in medium containing
RbC1, plated into 96-well plates and grown overnight to form monolayers. The efflux experiment is
initiated by aspirating the media arid washing each well with 3 x 100pL of pre-incubation buffer
(containing low [K-]) at room temperature. Following the final aspiration, 50 ttl., of working stock (2x)
compound is added to each well and incubated at room temperature for 10 minutes. 50uL of
stimulation buffer (containing high [K+]) is then added to each well giving the final test compound
concentrations. Cell plates are then incubated at room temperature for a further 10 minutes. 804 of
supernatant from each well is then transferred to equivalent wells of a 96-well plate and analyzed via
atomic emission spectroscopy. The compound is screened as IOpt duplicate IC50 curves, n=2, from a
top concentration of 100 MM. [0332]The foregoing description is considered as illustrative only of the
principles of the invention. Further, since numerous modifications and changes will be readily apparent
to those skilled in the art, it is not desired to limit the invention to the exact construction and process
shown as described above. Accordingly, all suitable modifications and equivalents may be considered
to fall within the scope of the invention as defined by the claims that follow.
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[0333]The words "comprise,” "comprising,” "include,” "including,” and "includes” when used in this
specification and in the following claims are intended to specify the presence of stated features,
integers, components.steps, but they do not preclude the presence or addition of one or more other
features, integers, components, steps, or groups thereof. What is claimed is: 1.A compound having
the structure: 0 R2 and stereoisomers, geometric isomers, tautomers, or pharmaceutically
acceptable salts thereof, wherein: R1 is selected from H, C1-Ci2 alkyl, and -(C1-C12
alkylene)-(C2-C20 heterocyclyl), where alkyl, alkylene, and heterocyclyl are optionally substituted with

one or more groups ingepeRAeALY SeIgsIeehiEemsEy16:b. BrulyafekRmtig Qdrpkdno@ER, - CO2H,

-COCHS3, C%H%Cg% §§§3@2® -CONHCH3, -CON(CH3)2, -NO2, -NH2, - NHCH3 -NHCOCHS,
-NHS(0)2 é(O)ZN(CH?gKZ -SCH3, - CH20CH3, and S(%)ZCHB R2 is selected

from C1-Ct2 allcyl2 6l aRERIRS T ARy (e Ph oy re"?ﬂay’lt’é%f Yprermotiyl), -(C1-C12

allcylene)-(C2-C2@ié&teraayenn)rqaincit 2l ikyeneh ot e -romc 26! awrotydiphopge 2-06 12
allcylene)-(C6-C2G-d2y}-anthe{Giimii2 HHHENE) H oAt date gl mdrghel alkydHafketyl, alkynyl,
alkylene, C@Lg}%ygﬁéhneg@rocyclyl aryl, and heteroaryl are optionally substituted with one or more

r in n I 2H H
?C%JgéHsdep%ﬂeH%t e oaﬁ%%?ﬁ%qmé%l\l é’ﬁé%‘iz gﬁ“%ﬁ%ﬁ&ﬁﬁ%&‘ﬁ%%%o 8C|\|?4%((%20H3
_OH, -OCH%. P%%T%(@Hs)z -SCH3, -CH20CH3, and -S(0)2CH3; and R3 is a monocyclic heteroaryl
selected from:  CE4-(656x mmsmginitiRDNHRNTR POHamRiN D methyDpiperidin-

1-ylethanone;
1-(3-((2-(2-aminopyrimidin-5-y1)-6-morpholino-9H-purin-9-
vhmethyl)pyrrolidin-1-yl)ethanone;
(R)-3-(2-(2-aminopyrimidin-5-yl)-6-morpholino-9H-purin-9-yl)-1-(3-
hydroxypyrrolidin-1-yljpropan-1-one;
(8)-3-(2-(2-aminopyrimidin- 5-yl)-6-morpholino-9H-purin-9-y1)-1-(3-
hydroxypyrrolidin-1-yljpropan-1-one;
1-(3~(2-(2-aminopyrimidin-5-yl}-6-morpholino-9H-purin-9-yl)propanoyi)-N-
methylpiperidine-4-carboxamide;
3-(2-(2-aminopyrimidin-5-yl}-6-morpholino-9H-purin-9-yl)-1-(4-
(methylsulfonyl)piperazin-1-vl)propan-1-one;:
3-(2~(2-aminopyrimidin-5-yl}-6-morpholino-9H- punn-9 yi)-1-
morpholinopropan-1-one;
3-(2-(2-aminopyrimidin-5-yl)-6-morpholino-9H-purin-9-yl)propanoic acid;
5-(9-(4-(methylsulfonyl)benzyl)-6-morpholino-9H-purin-2-yl)pyrimidin-2-amine;
methyl 4-((2-(2-aminopyrimidin-5-yl}-6-morpholino-9H-purin-9-
vhmethyl)benzoate;
5-(6-morpholino-9-(2-morpholinoethyl}-9H-purin-2-yl)pyrimidin-2-amine;
5-(9-(3-methoxybenzyl)-6-morpholino-9H-purin-2-yl)pyrimidin-2-amine;
methyl 3-((2-(2-aminopyrimidin-5-yl}-6-morpholino-9H-purin-9-
vhimethyDbenzoate;
3-(2-(2~aminopyrimidin-5-y1}-6-morpholino-9H-purin-9-yljpropan-1-ol;
2-(2~(2-aminopyrimidin-5-yl)-6-morpholino-9H-purin-9-yl)ethanol;
[-(2-(2-(2-aminopyrimidin-5-yl)-6-morpholino-9H-purin-9-yl)acetyl}-N-
methylpiperidine-4-carboxamide;
2+(2-(2-aminopyrimidin-5-y1)-6-morpholino-9H-purin-9-yI)-1-(4-

(methylsulfonyl)piperazin-1-yl)ethanone;
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where the wavy line indicates the site of attachment. 2.The compound of claim 1 wherein R' is selected
from CH3, - CH2CH3, -CH2CH2CH3, -CH(CH3)2, -CH2CH2CH2CH3, -CH2CH(CH3)2, C(CH3)20H,
-CH2CH20H, -CH2CH2CH20H, CI-Cu alkyl substituted with one or more -F, (C1-C12
alkylene)-(C2-C20 heterocyclyl), CH2-(piperazin-1-y1) where piperazin-I-yl is optionally substituted
and -CH2- (4-(methylsulfonyl)piperazin-1 -y1). 3. The compound of claim 1 wherein R2 is selected
from CH3, -CH2CHS3, - CH2CH2CH3, -CH(CH3)2, -CH2CH2CH2CH3, -CH2CH(CH3)2, C1-C12 alkyl
substituted with orfe(@+(Prarendpyr{GLHG-I2ydlkHmne) @ R«CAD-hetarbeyi¢lyl), -CH2-(piperazin-1-y1)
where piperazinel-y:1 i tionally substituted, and -CF12-(4-(methylsulfonyl)piperazin-1- YD. 4,
The compolﬁr%%?}é%ac}%gfnggrécted from: 2-(2-(2-amino-4-methylpyrimidin-5-
y1)-9-(2-hydroxye&vB-G-rminshoting iS5 plrit-B8uwikrdipariP-phrin-9-yhacetic acid;
2-(2-(2-aminopyigicib423-9- QB NAOD; SN0 B IRINAS O cctae
2-(2-(2-aminopyri%g{ifr}|¥§?y?)- ?n%%gﬁjgiﬁgtg%?o%%l%gﬁgﬁfng%p opan%z?fgﬁcetate’
3-(2-(2-aminopyrimiéfntsRy )-8 purpaleey Prbpuriee y I m e rclia@ios-purin- 9-yl)propan-I-ol;
2-(2-(2-aminopy s 0t 8- pYd sRoinl Eriooimpatap: Siauin 8- yhpropan-2.of
1-(44(2-(2-aminopyrimidin-5-y1)-6-morpholino-9H-purin-9-yOmethyppiperidin- 1-yl)ethanone;
1-(34(2-(2-aminop%d%@wwﬁhéw%%m- ronerhiin WSl prRedERONe;
(R)-3-(2-(2@minopyrimidin-5-y1)-6-morpholino-9H-purin-9-y1)-1-(3-

hydroxypyrrolidin-1- ppropa_n-l-one_; . .
E—Y -(6-amnopytidin-3-yl)-9-methyl-6-morpholino-9H-purin-8-ylpropan-2-ol;

5-(9-methyl-8-({(4-(methylsulfonyl)piperazin-1-yl)methyl)-6-morpholino-9H-
purin-2-yl)pyridin-2-amine;

4-(2-(2-methoxypyrimidin-5-y1)-9-methyl-8-((4-(methylsulfonyl)piperazin-1-
yhmethyl)-9H-purin-6-ylymorpholine;

4~(9-methyl-8-((4-(methylsulfonyl)piperazin-1-ylmethyl)-2-(pyridin-3-y1)-9H-
purin-6-ylmorpholine; | |

5-(8-{(4-(dimethylamino)piperidin- 1 -yl)methyl)-9-ethyl-6-morpholino-9H-purin-
2-yDpyrimidin-2-amine;

5-(8-({4-(azetidin- 1 -yl)piperidin-1 -yl methyl)-9-ethyl-6-morpholino-9H-purin-2-
yDpyrimidin-2-amine;

5-(8-((4-(azetidin-1-yl)piperidin-1-yl)methyl)-9-ethyl-6-morpholino-9H-purin-2-
yh-4-methylpyrimidin-2-aming;
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(S)-3-(2-(2-aminopyrimidin-5-y1)-6-morpholino-9H-purin-9-y1)-1-(3- hydroxypyrrolidin-1-yl)prop
an-1-one ;
1-(3-(2-(2-aminopyrimidin-5-y1)-6-morpholino-9H-purin-9-yl)propanoye-Nmethylpiperidine-4-carboxami
de; 3-(2-(2-aminopyrimidin-5-y1)-6-morpholino-9H-purin-9-y1)-1-(4-
(methylsulfonyl)piperazin-1-y1)propan-1-one;
3-(2-(2-aninopyrimidin-5-y1)-6-morpholino-9H-purin-9-y1)-1- morpholinopropan-l-one;
3-(2-(2-aminopyrimigina-y 1 )RemMAEPRCHNA H A= 9 YD REGRAB G AMEIin0-9H-purin-8-
5-(9-(4-(methylsulfonyl)benzy1)-6- morphollno -9H-purin-2-yppyrimidin-2-amine; methyl
44(2-(2-amBpsiTRiaiRes g s o RS IFBrORARAIRKSY- yOmethyebenzoate; 5

-(6-morpholino-9- (?-@@(M@Hﬂaﬁmaﬁﬁz%pwﬂm&mnmew@m -2-aRyNe- R BAalino-9H-purin-

-methoxybenzyl hQIln rin-2-yppyrimidin-2-amine; methyl
34(2-(2-amiiSpy |mi%1ﬁ'1§ r%ﬂ%’ﬁno 9H-purin-9- yl)methypbenzoate;

3-(2-(2- am|nopynrﬁu;l%n(ﬁwb)ﬁpmﬁmhblmwhbfpwmﬂ%ﬁybpmmmnmwﬂ purin-2-yl)-4-

2-(2-(2- amlnoa}/ m|d| ag )36 morphollno -9H-purin-9-ypethanol;

1-(2-(2-(2-amin B 6 -morpholino-9H-purin-9-ypacety1)-N-

methylpiperidine- 45e(ébeﬂhW@:rRh@Qi(thlﬂﬁthﬁﬂkdﬁaé&;@mhm@hbﬁwﬁn%-purin-9-y1)-1-(4-
(methylsulf r%H bnégh-;&ethanone 2-(2-(2-aminopyr

midin-5- yl) no -9H-purin-9-y1)-1- morpholinoethanone;

2-(2-(2- amlnopyrlrﬁtﬁ‘—?heﬁlyiti arpiphitido GHnptrheiongmpeedis-dcid)medtilyt 9 H-purin-2-y1)-

2-(2-(2- amlgqg&ﬂg}fﬁmﬁ-&ﬁ)ﬁamﬂ@holmo -9H-purin-9-yl)acetate;
5-(9-methyl-6-morpholino-9H-purin- -yl) yrimidin-2-amine;

5-(9-methyl-6- mo.ér@nﬁ&éﬁ menpholipery Hdmporabaliropiperidin-1-y))methyl)-OH-purin-2-
2-(2-(2- amlpgpwlﬂﬂ@@-ﬁ%,}ig«methyl -6-morpholino-9H-purin-8-yl)propan-2- ol;

2-(2-(6-aminopyridin-3-y1)-9-methyl-6-morpholino-9H- purln 8-yOpropan-2-0
5-(9-methy1-84(4- m% é&r@ﬁy}?p‘b@%&ﬁfvw@mahﬁ/rvpe9nf?8%61m@1§iﬁrhmﬁﬁi@wp%mdm 2-amine;

4-(2-(2-methigxemyinpigindmct)-IrRetyir-addiimethivisliaagd) pigerazin-I-
N-(1-((2-(2-aminopyrimidin-5-yl)-9-ethyl-6-morpholino-9H-purin-8-
ylmethyl)piperidin-4-yl)-N-methylmethanesulfonamide.

5. A pharmaceutical composition comprised of a compound of claim | and a

pharmaceutically acceptable carrier, glidant, diluent, or excipient.

6. The pharmaceutical composition according to claim 5, further comprising
an additional therapeutic agent selected from a chemotherapeutic agent, an anti-
inflammatory agent, an immunomodulatory agent, a neurotropic factor, an agent for
treating cardiovascular disease, an agent for treating liver disease, an anti-viral agent, an

agent for treating blood
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yOmethyl)-9H-purin-6-y1)morpholine;
4-(9-methyl-8-((4-(methylsulfonyl)piperazin-1-yl)methyl)-2-(pyridin-3-y1)-9H- purin-6-yl)morpholine;
5-(8((4-(dimethylamino)piperidin-1-yOmethyl)-9- ethy1-6-morpholino-9H-purin- 2-yOpyrimidin-2-amine;
5-(84(4-(azetidin-I-yppiperidin-l-y1l)methyl)-9-ethyl-6-morpholino-9H-purin-2- yppyrimidin-2-amine;
5-(8-((4-(azetidin-I-yl)piperidin-1-y1)methyl)-9-ethyl-6-morpholino-9H-purin-2-
y1)-4-methylpyrimidin-2-amine;
2-(44(2-(2-amino-4-methylpyrimidin-5-y1)-9-ethyl-6-morpholino-9H-punn-8-
yOmethyppiperazin-I-y1)-2-methylpropanamide; 5-(8((4-(dimethylamino)piperidin-1
-yOmethy!)disendsys- eoragtphBlirecainpdidhetop] yul ancargip feintientie amineodeige®y1,4'-bipiperidin-1
Lylmethy!)-gisstidgkss-morpholino-9H-purin-2-y1)-4- methylpyrimidin-2-amine;
5-(8-(1,4'-bipiperidin-I'-ylmethyl)-9-ethyl-6-morpholino-9H-purin-2- yOpyrimidin-2-amine;
5-(9-ethy1-6-morpholinoS4(4-morphalinamnesidina ¥ ma YRR VRN Pymprises
4-methylpyrimidin-2-amine; _ _ _ _

5-(9-ethy 1-ECFABYERS Frisu8aT40sh 8 FSHih bpiie AdiRrimpe sHEHH)- ot sgpiae 22y rimidin-2-amine;
N-(14(2-(2-amino-g-methylpyiiaidincanydondeibyd-BrnareRelin o AP Wiacture of a
yOmethyppiperidin-4-y1)-N-methylmethanesulfonamide; and

N-(142-(2-dRSHEH AR ENEB P TSTE & eRSBIiA A SHiRtg-cancer selected from the
yl)methyl)pigetisisindsixirdometiyho cihaaesuHenamidsl lung 2aARBRANRSEWITRLEOBIPASItIoN
comprised of a compound of claim 1 and a pharmaceutically acceptable carrier, glidant, diluent, or
excipient. ““6“The pharmaceutical composition according to claim 5, further comprising an additional
therapeutic agent selected from a chemotherapeutic agent, an anti-inflammatory agent, an
immunomodulatory agent, a neurotropic factor, an agent for treating cardiovascular disease, an agent
for treating liver disease, an anti-viral agent, an agent for treating blood disorders, an agent for
treating diabetes, and an agent for treating immunodeficiency disorders. 7. A process for making a
pharmaceutical composition which comprises combining a compound of claim 1 with a
pharmaceutically acceptable carrier.
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8. The use of a compound according to claim 1 in the manufacture of a medicament for the
prophylactic or therapeutic treatment of a cancer selected from the group consisting of prostate
cancer, non-small cell lung carcinoma (NSCLC) and breast cancer. 9.A method of making a Formula |
compound comprising reacting a Formula Il compound: R4 CI I with a boronate compound
comprising a C6-C20 aryl, C2-C20 heterocyclyl or C1- C20 heteroaryl, whereby a Formula |
compound is formed: R4 and stereoisomers, geometric isomers, tautomers, or pharmaceutically
acceptable salts tRereof Avinetledd: of mRinjsadedovtdd frompouBd-GrRualieihC2x@8mikenyl, C2-C8
alkynyl, C65G20 anyk % Ghd-alkylene)-(C3-C12 carbocyclyl), -(C1-C12 alkylene)-(C2-C20
heterocyclyl), - (C1- C12 aI ylene)-C(=0)-(C2-C20 heterocyclyl), -(C1-C12 alkylene)-(C6-C20 aryl), and
-(C1-C12 alkylene)-(Ci-C20 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, -CH20H, -CN, -CF3, -CO2H, - COCH3, -CO2CH3, -CONHZ2,
-CONHCH3, -CON(CH3)2, -NO2, -NH2, -NHCH3, - NHCOCH3, -NHS(0)2CH3, -OH, -OCH3,
-S(0)2N(CH3)2, -SCH3, -CH20CH3, and - S(0)2CH3; R2 is selected from C1-C12 alkyl, C2-C8
alkenyl, C2-C8 alkynyl, -(C1-C12 alkylene)-(C3-C12 carbocyclyl), -(C1-C12 alkylene)-(C2-C20
heterocyclyl), -(C1-C12 alkylene)-C(=0)-(C2-C20 heterocyclyl), -(C1-C 12 alkylene)-(C6-C20 aryl), and
-(C1- C12 alkylene)-(Ci-C20 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, -CH20H, -CN, -CF3, -CO2H, -COCHS3, -CO2CH3, -CONH2,
-CONHCHS3, -CON(CH3)2, -NO2, -NH2, -NHCH3, -NHCOCHS3, -NHS(0)2CH:3, -OH, -OCH3,
-S(0)2N(CH3)2, -SCH3, -CH20CH3, and -S(0)2CH3; R3 is selected from C6-C20 aryl, carbon-linked
C2-C20 heterocyclyl and carbon-
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linked C1-C20 heteroaryl, each of which are optionally substituted with one or more groups
independently selected from F, Cl, Br, I, -CH3, -CN, -CF3, -CH20H, -CO2H, -CONH2, -CON(CH3)2,
-NO2, -NH2, -NHCH3, -NHCOCHS3, -OH, - OCH3, -SH, -NHC(=0)NHCH3, -NHC(=0)NHCH2CH3, and
-S(0)2CHS3; R4 is selected from -NR1R13, -NR12C(=0)R1, -NR10(CI-C12 alkyl)NR10R13, -
NR1(Ci-C 12 allcylene)OR10, _NRio(c i_c12 alkylene)C(=0)NR1R13, -NR10(C1-C12 alkylene)-(C3-Ci2
carbocyclyl), -NR1(C1-C 12 alkylene)-(C2-C20 heterocyclyl), - NRIO(CI-C12 alkylene)-(C6-C20 aryl),
and -NR111(Ci-C12 alkylene)®€i-C20 heteroaryl); where alkyl, alkylene, carbocyclyl, heterocyclyl,
aryl, and heteroaryl are optionally substituted with one or more groups independently selected from F,
Cl, Br, I, -CH3, - CHZO%? , 3, -CO2H, -COCHa3, -CONH2, -CONHCH3, -CON(CH3)2, -NO2, -
NH2, -NHCH3, -N H3 |-NH (0)2CH3, -OH, -OCH3, -S(0)2N(CH3)2, -SCH3, - CH20CH3, and
-S(0)2CH3; R1, R11 &nd R&2 aregndependently selected from H, CI-Cu alkyl, C2-C8 alkenyl,
C2-C8 alkynyl, C3-C12 carbocyclyl, C2-C20 heterocyclyl, C6-C20 aryl, and C1-C20 heteroaryl, where
alkyl, alkenyl, alkynyl, cgrbocyclyl, heterocyclyl, arylland heteroaryl are optionally substituted with one

or more groups inde%legjgl%n
b

tly selected from F, Cl, Br, J, -CH20H, -C 6H5, -CN, -CE3, -CO2H,
-CONH2, -CONHCHS, %‘?Xfﬁf&ﬁ%?ﬁ?fﬁﬂﬁ?%% g@‘%‘(@f%&ﬁ%‘%@%‘?@@éﬁ 1 BEkincHs,
-S(0)2NH2, CadEsromId)CH3, - CH20CH3, -CH3, and -S(0)2CH3:;  or R1 and R11 together with the
nitrogen atom to whilehethey Brenatebberdnpimylasd2@ab heterocyclyl ring; and  R13 is selected
from C1-C12 alkyl, C2-C8 alkd&fyl, C2-C8 alkynyl, C3-C12 carbocyclyl, C2-C20 heterocyclyl, C6-C20

aryl, and CI-Ca) heteroaryl, where alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl
are optionally substi;@ ith ohsl or more groups independently selected from F, CI, Br, I, -CI20H,
-CH2C61-15, -CN, *CFS, - 2H_{CONH2, -CONHCH3, -NO2, -N(CH3)2, -NHCOCH3, - NHS(0)2CHS3,
-OH, -OCH3, -OCH2CH3, -S(®y2NHR2-SCH3, -S(0)CH3,-OCH2CH2- N(CH3)2, and -S(0)2CH3; or
R1 and R13 together with the nitrogen atom to WhiC{‘I they are attached form a C2-C20 heterocyclyl
ring; with the proviso that when R1 is -(C1-C 12 alkylene)-(C2-C20 heterocyclyl), then R3 is not an

indole which is un<$UB STRTRMEOGICES IESPRIEHC isomers, tautomers, or pharmaceutically acceptable
salts thereof, wherein:

. R’ is selected from H, C,—C;y; alkyl, Co~Cy alkenyl, Co—Cg alkynyl, C4—Chp aryl, —
(C1—Cy2 alkylene)—(C3—~Cy» carbocyclyl), —(C1~Ciy alkylene)—(C2o—Cayg heterocyelyl), —
(C1—Cy2 alkylene)-C(=0)—(Cy—Cxg heterocyclyl), «(C1—~Cy; alkylene)—(Ce~Cag aryl), and
—(C1—Cyz alkylene)—(C;—Cyp heteroaryl), where alkyl, alkenyl, alkynyl, alkylene,
carbocycelyl, heterocycelyl, aryl, and heteroaryl are optionally substituted with one or more
groups independently selected from F, Cl, Br, I, -CHj, ~-CH,0H, —-CN, —CF;, —C0O,H, —
COCH;, —CO,CHj;, —CONH;, -CONHCH;, —CON(CH3;),, -NO;, -NH;, -NHCH,;, —
NHCOCH;, -NHS(0),CHj;, -OH, ~OCHj;, ~S(0):N(CHjs),, —-SCHj, ~CH>OCHj; and —
S(0).CHs;

R” is selected from C1—Cyz alkyl, Co—Cy alkenyl, C,—Cy alkynyl, —(C—Ci2
alkylene)—(Cs—Cy; carbocycelyl), —(C1—Cz alkylene)-<Cy—Cyo heterocycelyl), ~(Ci—Ciz
alkylene)—C{(=0)—~C,—Cyg heterocyelyl), «(C1~Ciy alkylene)—(Cs—Cyo aryl), and «(C;—
Ci2 alkylene)—(C;—Cqp heteroaryl), where alkyl, alkenyl, alkynyl, alkylene, carbocyelyl,
heterocyclyl, aryl, and heteroaryl are optionally substituted with one or more groups
independently selected from F, Cl, Br, I, -CH;, -CH>OH, -CN, —CFs;, <CO,H, -COCHj,
~CQ0,CH;, -CONH,, ~CONHCH;, -CON(CH3), ~NO,, -NH;, -NHCH;, -NHCOCH,,
~NHS(0);CHj;, —OH, —~OCHj, —S(0),N(CHs),, —SCHj3, ~CH,0OCH;, and —S{0),CHj;

R® is selected from Cg—Cag aryl, carbon-linked Co—Cag heterocyclyl and carbon-
linked
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C1—Cy heteroaryl, each of which are optionally substituted with one or more groups
independently selected from F, Cl, Br, I, -CHs, —CN, —CF3;, ~CH,OH, —CO,H, ~CONH,,
—CON(CHs3),, -NO,, -NH,, -NHCHj;, -NHCOCH;, —OH, ~
OCH;, -SH, -NHC(=0)NHCH;, -NHC(=0)NHCH,CHj, and ~S(0),CHs;
 R*is selected from -NR'RP, -NR2C(=0)R, -NR'(C,—C) alky)NRMR®, -

NR(C;—Cy; alkylene)OR ', -NR'(C1~C alkylene)C(=0)NR'R™, -NR(C1-C12
alkylene)~(C3~Ci; carbocyelyl), -NR'%(C;—~C; alkylene)—(Co—Cag heterocyelyl), -
NRY(C,~C; alkylene)—(Ce—Cay aryl), and -NR'°(C,—C alkylene)—(C1—Cag heteroaryl),
where alkyl, alkylene, carbocyclyl, heterocyelyl, aryl, and heteroaryl are optionally
substituted with one or more groups independently selected from F, Cl, Br, I, ~CHas, —
CH,0H, —-CN, —CF;, ~CO;H, ~COCHj;, -CONHz, -CONHCHj;, -CON(CHj)z, ~-NO2, —
NH,, -NHCH,;, -NHCOCH;, -NHS(0),CHjs, ~OH, —OCHj, —S{0)>N(CHjs),, —SCH3, ~
CH,OCH; and —S(0),CHs; '

R R'" and R' are independently selected from H, C;~C, alkyl, C;~Cs alkenyl,
C,—Cg alkynyl, C3—Ci; carbocyclyl, C3~Cy heterocycelyl, Cs—~Cap aryl, and C;—Cx
heteroaryl, where alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl
are optionally substituted with one or more groups independently selected from F, CI, Br,
1, ~CH,OH, —CH,C¢Hs, -CN, -CF;, ~CO;H, ~CONH,, -CONHCHj, ~NO3, -N(CH3)z, ~
NHCOCH;, ~NHS(0),CH3, —OH, -OCH;, ~OCH,CHj3, -S(O);NH, —SCH3, -S(0)CH;, —
CHQOCH}, MCH3, and —S(O)zCHg;

or R' and R together with the nitrogen atom to which they are attached form a
Co~Coyg heterocyclyl ring; and

RY is selected from C;—Cys alkyl, C~Cyg alkenyl, C;—Cs alkynyl, C3~Cia
carbocyclyl, Co—Cap heterocycelyl, Cs—Cayp aryl, and C1—Cyo heteroaryl, where alkyl,
alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally substituted

- with one or more groups iﬁdependentiy selected from F, Cl, Br, I, -CH,OH, —-CH,C¢Hs,

—CN, ~CF3, ~CO;H, ~CONH,, -CONHCH;, ~NQO,, ~N(CH3);, -NHCOCHj3, —
NHS(0),CH;, ~OH, ~OCHj3, ~OCH,CH3, —5(0),NH», —SCH;, —S(O)CH;, ~OCHCH>~
N(CHs),, and -S(0),CHs; '

or RY and R*® together with the nitrogen atom to which they are attached form a
C2—Cyg heterocyclyl ring;

with the proviso that when R is —(C;-C}; alkylene)—(Co—Cyg heterocyclyl), then
R? is not an indole which is unsubstituted or substituted.
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