WO 2009/097446PCT/LIS2 09/032459 PYRAZOLOPYRIMIDINE PI3K INHIBITOR COMPOUNDS
AND METHODS OF USE [0001]This application claims priority to US Provisional Serial No.
61/024,813 fleder/804danuary 2008, the entire contents of which are incegfaraxewt/biz4eference.
[O001]FIELD OF THE INVENTION [0002]The invention relates generally to compounds with _
anti-cancer agfivit I cifi ' ich inhjhit i iV invention
also relates m%@%ﬁmwwg ﬁ%ﬁn@?ﬁé n@gg -g%?reatment
of mammalian cells, or associated pathological conditions. [0003]BACKGROUND OF THE -
INVENTI 004]Phagphatidylinosital (hereinafter abhreviated as 'Pl") is.0 r.of.
phOSphO|%%é ound inogre?lﬁ %ﬁ)g?{n%r}flgﬁe%éfﬁsr 1&18%1{}')/1%)3@8? f Tas Ogggfshcg Eglﬁgr' ﬁ%@gggﬁa?sggﬁ gmportant
role in intciiuay Soit tkansitactiornGelfl sibichlimg mimGioptied plioeftatectphosphoinositides has
been implicated in a variety .of cellular processes, e.g., malignant transformation, growth factor
signaling, IKfdinmatioF1ERE iIMURRARENAIEMNI (1999) J. Biol Chem, 274:8347-8350). The enzyme

responsible for generating these phosphorylated signaling products, phosphatid Iinos?:i;tlg 3-kinase
(also refelM83b as P 3heaisatnpriRss gensBHyERmae NIt H SR HELBCRREE Whh viral

oncoprotejps AR W\ Hiasiand caemQnirRIIERiRases thet Thesphentatelahriptetidylinositol (P1)
and its phospharylated derivatives at the 3'-hydroxyl of the.inosjtol ying (Panayotou et al.(1992) Trends
Cell Biol Z¥ERE0)! 15WESHS HOEHRBMOAE svfreﬂaériéwwméﬂfé?&%éﬂ%%&ﬁ%ﬁ%‘tﬁaﬁsﬁphory|ate
lipids at theagvhytsaoskike sichsenofaani ipakihigiinag ddbitaman et al (1988) Nature, 332:664). The 3-
phosphorylated phospholipids (PIP3s) generated by P13-kinases act as second messengers recruiting
Icinases WiB0EHid bindg CEGRMSNRCRIUTIGHIBREEMIEGMology (PH) regions), such as Ala and

Phosphom G e'dep%m-e% sk R AL ARIAMBIIANE BIR Aaslisss the

translocation of Ala to . rane, bringing Akt into contact with PDK1, which is -

responsibheephadipidsifryysién. cPHanemisssp Braserst pRESSHerabecarredleaEE3hB5pSRARLes PIP3
and thereﬁ%{go@&{ﬁ A ReAlMRIS0Y mh&i&asﬁv@mégmﬁgwmﬁsmmPDKl are

important inthe regulation of many cellular processes including cell cycle regulation, proliferation,
survival, apsRbeiRaEfes bankeam ety R RIGEERIE SR TRbe8uehiseRanisms of
diseases spebrameabralHabaiasanchiim Uneinfiamaiaten Mivanee ®aal{2002) 19a)E Rev.
Cancer 2:489; Phillips et al (1998) Cancer 83:41). [0006]The main P13-Icirtase i formin cancer is the
Class | P29t HHiH4 (gﬁpﬁ%é') BAPHAGPGE B Wf@%é‘ﬁfﬁﬁ'ﬁsﬁﬂgﬁsﬁgfonns are
implicatedsipragifdipwaietd pptanghaidwinesindlavkinato i ldisrdaectitork P3E{RO04 P Bisthem Soc
Tranc 32:393:396; Patel.et al (2004) Proceedings of.the American Associati earch
(Abstract CBE gt%ng 1%%13%%'}%/%(5)‘#1% ,ﬁg{féﬁ - ’vg?lla%n(fg?ﬁ%x_ln a%%?é%ﬁ%%ﬁgﬁg%vmerﬁeld
MD (2004)sErdyciopesicticd BiokmicalShpmiigtidd meaito MPT) behssipadwrg IRRANS8 MiC
Press). [0 h | i A jaed development

. Wit b ﬁ%%@%ﬁﬁé%ﬁ@gﬂﬁ%g&@%ﬁ%{@gﬂy@r@{&%éﬁ 815858818,

since such agents be expecte roliferation, reverse the repression of apoptosis and

surmount [8&8tance toRBambsitostisisd-Fneseic@ B arelipidikingsen s Rhiesphars gadiviisfbried

(Yaguchi %@k@ﬁl@@%ﬁéw%&@mﬁ Emt%?a@&é&%ﬁ@@ NRufd 330284 Fi037915; US
6608056; US 6608053; US 6838457; US 6770641; US 6653320; US 6403588; US 6703414; WO

97/15658: BARSPherstIs4 ehosPhnlnids CHIGAs 628 rHirE BOUB GBS 22K SSERPHASEBIEE O
2007/042818:u\52 RRAUOWTIBGD: US4 009256 MU RR0ARFAHWIdg2 QDAIDRERLE), With

2003/037886; US 2003/149074;. (§ 2003/035618; W %}34997' 2003/158212- EP 1417976;
US 2004/F539%4405P %%5493/\4' 5’6%%%%565?7\}6%%%% 5‘.“[‘6‘86’%]%% %fﬁ‘?ﬁ%ﬁ%%érrfﬁnlsdine
compoundsiisayehp thOstipitiohiotliig iPiReliase membrane, bringing Akt into contact with PDK1,

which is responsible for activating Akt. The tumor-suppressor phosphatase, FTEN,

dephosphoryiates PIP3 and therefore acts as a negative regulator of Akt activation. The PI3-
kinases Akt and PDK1 are important in the regulation of many cellular processes including cell
cycle regulation, proliferation, survival, apoptosis and motility and are significant components
of the molecular mechanisms of diseases such as cancer, diabetes and immune inflammation

- (Vivanco et al (2002) Nature Rev. Cancer 2:489; Phillips et al (1998) Cancer 83:41).
[G006] The main PI3-kinase isoform in cancer is the Class I PI3-kinase, p110 a (alpha)
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inhibitory activity and inhibit the growth of cancer cells (WO 2006/046031; WO 2007/122410; WO
2007/127183; WO 2007/129161; US Ser No. 11/951,189, "PHOSPHOINOSITIDE 3- KINASE
INHIBITOR COMPOUNDS AND METHODS OF USE", Castanedo etal, Filing Date December 5, 2007;
US Ser No. 11/951,203, "PHOSPHOINOSITIDE 3-KINASE INHIBITOR COMPOUNDS AK)
METHODS (iFS\3§H45RAJRst8 44831 Filhe2D4te TheOthep 0fyricco9]siplismaiRly cadiTyaseular and

CECo I S sy
wherein: RI i@#06rFai-ediatiod R S oriGhXaiop:Renstecr® fwsarch (Absrrgthda4h®Navy line
indicates the,Siic, AhALAGRMEALR9. 51 SBISEIAH F¥Pida, USA; Ahmadi K and Waterfield MD (2004)
| Encyclopedia of_ Biological Chemistry (Lennarz W I ,‘ Lane M D eds) Elsevier/Academic Press).
- [0687) The PI3 kinase/Akt/PTEN pathway is an atfractive target for cancer drog - —_
déveioi)ﬁléﬁt since such agents would be expecied 1o inhibit proliferation, reverse the reﬁression
 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 660_3053; US 6838457, US 6770641; US 6653320, US
6403588; US 6703414; WO 97/15638; WO 2006/046031; WO 2006/046035; WO 2006/046040;
- WO 2007/042806; WO 2007/042810; WO 2004/017950; US 2{}04/092561; WO 2004/007491;
WO 2004/006916, WO 2003/037886; US 2003/149074; WO 2003/035618; WO 2003/034997§ '
US 2003/158212; EP 1417976; US 2004/053946; IP 2001247477; JP 08175990; 1P 08176070).
0008} ' Cerfmn thienopyrimidine compounds have .pi 10 alpba binding, P13 kinase |
inhibitory activity and inhibit the growth of cancer cells (WO 2006/046031; WO 2007/ 12241 o
WO 2007/1271 83; WO 2007;/129161; US Ser No. 11/95 1,189, “PHOSPHOB\IOSI’IDE 3-
KINASE INHIBITOR COMPOUNDS AND METHODS OF USE™, Castanedo et al, Fﬂmg Date
December 5, 2007; US Ser No. 11/951,203, ‘fPHOSPHOII\IOSITII)E 3.KINASE INHIBITOR
COMPOUNDS AND METHODS OF USE”, Bayliss et al, Filing Date Dec 5, 2007).

o0es] SUMMARY OF THE DISCLOSURE

[6009a] In & first aspect, there is provided a compound selested from Formuia I

and stereoisomers, geometric isomers, tautomers, or pharmaceutically acceptable salts
thereof, whcrcin:
- R'is H or C~Cyp alkyl
R? is C-Cyp alkyl;
R® is selected from
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a) optionally substituted pyrimidin-5-yl; b) optionally substituted C6-C20 aryl; c) optionally substituted
phenyl, d) -ORI where RI is optionally substituted phenyl, optionally substituted pyridyl or optionally
substituted C]-C12 allcyl;  e) -0(Ci-C12 aRcer e) (C2-C28 h terocyclyl) 01-012

alkylene)-(C6-C2Garyl), ar -0(0 Yl) R13 where Rl is H,
01-012 alkyl, C2-C8 atkertyl, or C2-C ISy ptlonal uted ppeny, optionally
substituted indazol-6-yil oy '8pt|onal |II(CI- ’alk -y1)NRIR13,

-KR' (C1-C12 alky1)OR10, or - NRm(Cl-dﬁ alkyl)C(= O)NRI01113 and h) - NR1R13 where R1 and
R13 together with tfie nitrogen atem to hich thgy are ag‘tache,dfform morphgjmyl

4-methylpiperazin- 1-\)/L,A-;1Qethylsu erazin-Xyl, Qr 4-(2- p iperazinsl- 15 Rmis
selected from H, 01-012 alkyl, 02-Cs dlkepyl, 02-Cs ky [, 03-0 ocyclyl, 20 heterocyclyl,
C6-C20 aryl, and Cl- Cﬁﬁﬁéteroaryl where alkyl, alk IkynyI car ocycIyI hete ycIyI aryl, and
heteroaryl are optionally substltu dW|th one or ymore groups independently selected from F, Cl, Br, I,
-CH20H, -CH2C -C -C 2, -CONHCHI3, -NO2, -N( 2, -NHCOCH3,
-NHS(0)2CHS, -OH, - OCH2 S(O)21\ Hﬁ\ SCH3,-S ,-CH20CH3)<CH3, and
-S(0)2CH3; and R1 s elected f 1-C12 al 2-08 alkemy -08 alkynyl;gg 012

carbocyclyl, 02-020 heterglcyclyl C5-C20 aryl, and C1+C20 heteroaryl, where alkyl, allcenyl, allcynyl,
carbocyclyl, heterocyclyl, aryl, j-md heteroar are optiopally substi _gu”ted with ongor more groups

mdependently sel from H,e0 NOO2H, = 12,
-CONHCHS3, -NO2, ;%ﬁ?z NH 00 -12&@6%% OH,oOC _ O@HI2CH -S(6J2NH2,
-SCHS3,-S(0)CH3,-OCH 2-N(C and S( R1 and\'Fﬁétogethe'?Mh the nitrogen
atom to which they are attached form a C2-C20 heterocyclyl ring. [0009b]|n a second aspect there is
provided a pharm eutuﬁl comp |t|on comprised 8f a compoun |ned ahove

pharmaceutically &c car idam, dilueht ient \(ﬁé) a third a peEt thereis
provided a compound @s defined abo ef use in trea g,a\hyper ve disordet#™ mammal,

[0009d1In a fourth aspect, there is provided a process for making a pharmaceutical composition which

comprises combininrg a compound a defined abov ith a pharm eutically acc table carrier.
10009e1lln a fifth Iqre isp vrd]ed"tbﬁ use a\tﬁ ﬁun S\@e\d ab T/‘
OCH;

Fé Ns : 55S =N V2 fs
u T T,
555 . N\. OCHs;

T fs\fl e és\f\

HO ~F OCH3

OCH;

T e Ao, T,
BT

L T, T
N SNHCH, N/)\NHCHg, N)\NHC(O)NHCH3



manufacture of a medicament for the prophylactic or therapeutic treatment of cancer. [0009f1In a sixth
aspect, there is provided a compound as defined above for use in the prophylactic or therapeutic
treatment of cancer. 10009g]In a severithzaspect, there is provided an inevitro method for inhibiting or

modulating lipid kinas \activity, c ri contactiag.thedipid kinase wj ective inhibitory -
amount of a compo Pd defined abfpve.[0009h]In anjeighth aspect, there
as defined above fo +Q inhibiting N ulating lipfa~kd @gtivi%ir&

is prpvided a compound
000911In a ninth
aspect, there is provid‘éld a i tor treating a P13k-mediated conditidn, cc?mprising: a first '
pharmaceutical comprising a compound as defined above. 10009jin a tenth aspect, there is provided

u?s '@w und is form&
aceentable salts
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thereof, wherein: R1 is selected from H, C1-C12 alkyl, -C(=0)NRIR11, -NR120(=0)R1, -
NR120(=0)0R11, -NR12C(=0)NR1R11, and C1-C20 heteroaryl where C1-Cm heteroaryl is optionally
substituted with one or more groups independently select d from 01-012 IkyI C012 alkyl-NRIOR11,

' -NO2, - NR1R11,

-NECORlO ORl -
carbon-linked C2-C2

' _{ or more groups
independently selected fronN01- 012 alkyl, C6- 1 ~CH3, -ON, -0F3; -CH20H, -002H,
-CONH2, -CON(CH3)2, -NO2, - NH2, -NHCHS, NHOOOH3 OH 00113 -SH, -NHC(-0)NHCH3, and
-S(0)2CH3*, R4 is g_éiecte from -NRlzB%S -NR12C(= O)f_&lo -NRID(Ci- Clg.sallcyl)NRloR13
alky1)OR1,(t., C12 alkylC(=§)NR1R13, 1-012 dlkyreneNC3-C12 carbogyclyd), -Ne(C1-C12
alloylene)-(C2-C20 hetdrogy 1), -NR16( allcylene)-( :
" allcylene)-(C1-020 heteroary)y, -OR", -0(01-¢12 ;mlkylene)-(C3- 1 arbocyclyl) -g(o1
alkYlenc)-(C2-C20 heter6®iciyl), -0(01-012 ENeviene)-(C6- CZOE-aifle -0(01-C12 alkiffen€)-(C1-020
heteroary1), -(C1-C12 alkylene)NRIOR13,alkylene)- (03-012 carbocyclyl), -(01-012 alkylene)-(Ca-C20
heteroeyclyl), -(01-G12 alkylene)-(06+<C20 aryl) -(01-012 IkYIene) (01 -C2 heteroaryl) (02 -Cs
alkynylene)NRIGR ' 'E -
heterocyclyl) -(02- Cs aI

heteroeyelyl) -C(= O)NRIUIN; 01 012 alkyl\=g-Cs allcynyl, 03212 carbocyclyl, 22~0249 heterocyclyl
C6-C20 aryl, and 01-020 heteréaryl, where alkyl, alkylene, alkynyl, alkynylette, Eérbocyclyl
heterocyclyl, aryl, angheteroaryl are ogtionally substitutegt with one or mq& groups independently
selected from F, Cl, Br, , -CH2 . CH3, -CO ACONHCH3,
-CON(CH3)2, -NO2, -N CH3, -NH 3, OH, -OCH 2N(CH3)2,
-SCH3, -011200E13, and -3(0) [
Cr-C12 alkyl, 02-Cs alken\ﬂ ) aIkynyI 03-012 carbocyclyH 20 heterocyclyT\06-020 aryl, and
CI-C20 heteroaryl, where alkyl, lenyl alkynyl, carbocyclyl, heterocyclyl aryl and hé&teroaryl are
optionally substituted with RI or more grou )S. §
, -CONHGHI3, -

-OH, OOH3 001 33 S )2NH -
Rl'and R11 together - [
and R13 is sefeGied from 01-012 alkyl, $2-C8 alkenyl,
heterocyclyl, 06-020 aryl, and C1-020 heteR&ryl, where alkyl, alkenyl, alkynyl, carbocyclyl,

heterocyclyl, aryl, and heteroaryl are optionally substituted with one or more groups independently

- -N(OH3)2, -NHCO : :

-SCH3,-S(0)CH3, = 3 together with the nitrogen
atom to which they are ing. he disclosure relates
generally to pyrazolo[3,4- d]pyrlﬁ?élnes c&npound of Formula | with ahti-cancer activity, and more
specifically with PI3 ‘chase inhibitory activity. Certain hyperproliferative disorders are characterized by
the modulation of BI3 Itlrtase functlon or example by migtations or derexpr?ssmn of the proteins.

o ’Ko ﬁlo | m

IR e}
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disclosure may be useful in the treatment of hyperproliferative disorders such as cancer. The
compounds may inhibit tumor growth in mammals and may be useful for treating human cancer
patients. 100111The disclosure also relates to methods of using the pyrazolo[3,4-d]pyrimidines
compounds of Formula | for in vitro, in situ, and in vivo diagnosis or treatment of maminslian cells,
organisms, or assggiated pathological conditions 100121kermula | compounds inclyde: [0013]and
stereoisomers, g . g - 5
various substituents R ,@
provides a pharmaceutiCAl cohposition tegfphsing a pyrazolo[3 /
and a pharmaceutically a@d{able carrier Thel %6
or more additional therapeutic agent. [0015 Atiother aspect of the disclosure provides tethods of
inhibiting P13 kinase activity, comprising contacting a PI3 kinase with an effecfive inhibitory amount of
a compound of F : < ici s ’
acceptable salt the i 16]Another asfi f the disclosurg

yides methods|of p venting or-

treating a hyperproliferatpre~djsease or dis pdulated by nases, comrm inistering to
a mammal in need of syth treatment an effagtive gmount of a pouind of Formulg |, onja
stereoisomer, geometri er, tautomer, or pfiarmaceutically acggptable salt thereof” Examples of

such hyperproliferative dis€ase or disorder inclGde, but are not limiged to, cancer. 100171Another -

aspect of the disclosure provides methods of preventing or treating a hyperproLiferative disorder,

comprising administgring tg,a mammal i in need of such treatment an effective amount of a compound

er, tautomer, or pharmaceutically acceptable salt

n with ond_or pagre additional compounds having anti-hyperpmliferative

urther aspect of the resjrut disclosure provides a method of using a compound
ase or condition modulated by P13 kinase in a

mammal. 10019]Argladditional aspect-of the disclosure is the use of a compound of this disclosure

where the wavy line indicates the s_itc of attachment;
R’ is selected from:
a) optionally substituted pyrimidin-5-y1;
b} optionally substituted Ce—Caq aryl;
¢) optionally substituted phenyl, _
d) ~OR' where R is optionally substituted phenyl, optionally subsﬁ‘cuted pyndyl or
optionally substituted C;~C3 alkyi;
&) ~O(C1~Cy, alkylene)—(Co—Cao beterocyclyl), ~0(Ci—C, alicylene)~(Ce~Cap aryl), or
~O(C~Cy alkylene)—(C;~Cap heteroaryl); | |
f) -NRR" where R™ is H, C;~Crz alkyl, C;~C; alkenyl, or Co—Cy alkynyl and R is
optionally substituted phenyl, optionally substituted indazol-6-y! or optionally substituted
indazol-4-yi;



in the preparation of a medicament for the treatment or prevention of a disease or condition modulated
by PI3 Idnase in a mammal. [0020]Another aspect of the disclosure includes kits comprising a

compound of Formula l, @ reqis rgeomglrimisomer, faummer solvatewmetabolite, or
pharmaceuticallych ? aé(l%fs{gﬁ P‘ﬁﬁigggg(?{aO(](%:‘\or1ta|ner,eaéﬁg?f()9 t?"(‘)ﬁl(n)(;lﬁ)&/ﬁag ﬁa%ﬁ(\g%?e{;}ir@ér ot label
indicating M@g@'@e@}m@@gﬂ/ﬁnother aspect of the disclosure includes methods of preparing, methods

of separating, and methqgslp;[%uri ing compounds of Formula . 100221Another,a§ ect of the
¥

disclosure include8 Vel Thtefhgidte LHddful BEHREPIHG HORHTNEET AP BUNAE 168% §FAdditional
advantageg:andnqughigairesafithisdisciosuee-shall Re ackiar{inirarpieRsascrntion that

follows, and in;artlwill become apparent to those skilled in the art upon examination of the following
specificatidtd YH&}P@“@ZI@ahé@ by the practice of the disclosure. The advantages of the disclosure may

be realized and agjai f ghe Ans tali] HaHoNS-GOMROSHANS, - thods
particularly pointe% o%%%ln%)léwég%ap%?elﬁ’d% gé%%@%ﬂ%?%ﬁ%?ﬁ%% i%?N O% E)?éal\g}lgi@AR‘Y
EMBODIMENTS; [8925HRa i8r EeeCaviimowndd méte Tetdetaiytovdentamiahbbdinygrignfthe invention,
examples of which.are illustrated in the a anying structures and farmulas,.While the invention will
be describgarﬁo%crllfé’lewhcetl58%?%1@@2%%%2%%8@%6%%? u%% §§ % vs\%ﬁ%l%u?#dg%@gg that ?ﬁeey are not

intended togionipshedbpeitamtesdbond ErndklOE Bs. DAAHeGHNHET, THE inVvEN(idTFis ented to
cover all alternatives, modifications, and.equivalenis which may he included within the scope of the
present invgﬁ}%%ﬁ%ﬁ%'twgéléﬂ%@%ﬁ%‘&h&QF eﬁ%@@ _ ?zé%ﬁ? iods and
materials s@@ﬁg@gﬁg@@@@}p@@%%,dfgs(gjbgg!h@ﬁ{@@ﬁggh@qg!qmw:j@m%gactice of the

present invention. The present invention is in no way limited to the methods and materials described.

In the event thatRfiésaeiaese BbthCin@Epaaled fiteraitrerpatepts, W@L@g&%@&ﬂ%ﬁrs from -
cri

or contradicts this application includinibut not limited to defined terms, term. usage, described

techn'iqueg,z‘ég%h%qi?@?l’ﬁ@agpﬂgmiéﬁ’ SRtSts-foobsioerwl vioresliod? Al kalinmakyl" as used
herein ref@ﬁ%&?ﬁ@ﬁﬂ@éﬁﬁﬂ&?ﬂﬁ@@&%@f&ﬁ?ﬂ%@%B%ﬁﬁ hydracarbangadical of gne to twelve

carbon atoms (C1-Cii), wherein the a’lkyl radical may be optionally substituted independently with one
or more sgbsiteNererEmtheatiseledhvirimahiotleBahbddinent, abBikyadical isChe +€6ight-carbon

it o, 0T (G Erag et OG5 RO oG RRCHS),
2-propyli-@OBYICH;, -S(0)2NH,, —SCH;, —S(O)YCH3, ~OCH;CHy—N(CHa),, and ~S(0),CHa;
or R and R™ to gether with the nitrogen atom to which they are attached form a C~Cyg
heterocyclyl ring,
{0005 In a second aspect, there is provided a pharmaceutical composition comprised of a

compound as defined above and a pharmaceutically acceptable carrier, glidant, diluent, or cxcipient.

[0009¢) In a third aspect, there is provided a compound as defined above for use in treating a
hyperproliferative disorder in a mammal. '

[00694d] In & fourth aspect, there is provided éprocess for making a pharmaceutical composition

which comprises combining a compound as defined above with a pharmaceutically acceptable carrier.

[060G9¢] In a fifth aspect, there is provided the use of a compound as defined above in the

manufacture of a2 medicament for the prophylactic or therapeutic treatment of cancer.

[60091] In a sixth aspect, there is provided a compound as defined above for use in the prophylactic

or therapeutic treatment of cancer,
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CH(CH3)2), 1-butyl (n-B; n-butyl, -CH2CF120-12CE13), 2-methyl-l-propy! (i-Bu,- CH2C11(a13)i),
2-butyl (s-Bu, s-butyl, -CI-1(CH3)CH2C113), 2-methyl-2-propy! (t-Bu, t-butyl, - C(CH3)3), 1-pentyl
(n-pentyl, -CH2CH2CH2CH2C113), 2-pentyl (-CH(C1-13)CH2CHial3), pentyl (-CH(CH2C1-13)2),
2-methyl-2-butpl4i§-C(aI3)2CH2CH3 , 3-methyl-2-butyl (- WO 2009/097446PCT/US20091032459
cH(c:H::,)CH(Iﬂy $2), 3-mEtRASBURAPE: BOE I Derided ) viraaeipd fornfbiting or modulating tipid
CH2CH(CH3)4zkk2 Gt @)y, bl € Gt e M2 GirtPe  2CHB) a et 1rbibi (6 INAd 262 bi2G ko hdB)s
3-hexyl ECH&:EIZ%I;%%CHZCHZCHB)), 2-methyl-2-pentyl (- C(CH3)2CH2CH2CH3), 3-methyl-2-pentyl
(-CH(CH3)C {3 H )8 'CH3), 4-methyl-2-pentyl (- CH({CHOCH2CH(CH3)2), 3-methyl-3-pentyl
(-C(CH3)(CH2C1-102), 2-methyl-3-pentyl (- CH(CH20-13)CH(CI-13)2), 2,3-dimethy1-2-butyl
(-C(CH3)2CHG5i3)2), 3,3alinelbyh-2rRbtyhdr GHICHRC G nd HeRBedL OS5 hoARL TGl Ring or
[0028]The term "allcylene” as used herein refers to a saturated linear or branched-chain divalent

f
hydrocarbon FRYEATBE GRS KB RGSRA EathoR 5 (C1-C12), wherein the alkylene radical may be

optionally substituted independently with one or more substituents described below. In another

embodiment kylenetagdical | ' : 1-C on Ix carbon atoms |
L0, B B B R TR e
(-CH2CH2-) Ao hYameseetien comTEne ¢ ommans rReFos2 9P He term "alkenyl” refers to linearor

branched-chain monovalent hydrocarbon radical of two to eight carbon atoms (C2-C8) with at least

one site of u ation, i.e., a carbon-carbon, sp2.dquble bond, wherein the alkenyl radical may be
optionally su@%ied, anénlra;c?1 lﬁ%ﬁeaés %Igéﬁirse ﬁ:fvw‘{bdqgi%mgnaé.'frgﬁ P Ehidrd %,‘f Sg%ﬁ’ éﬁﬁcﬁa“t?\‘}éﬂv?“ﬁ"
and "Z" orierfeatidrss ExmpinlesameRige:; but are not limited to, ethylenyl or vinyl (-CH=CH?2), allyl
(-CH2CH=CH2), and the like. [0030]The term "alkenylene" refers to linear or branched-chain divalent
hydrocarbon radiggl of twirto eight carbon atoms (C2-C8) with at least one site of unsaturation, i.e., a
carbon-carbon, sp2 doubl¢ bond, wherein the alkenyl radical may be optionally substituted, and
includes radicals havirg“cis“pand "trans" orientations, or alternatively, "E" and "Z" orientations.

Examples includéy but dre 'nog limited to, ethylenylene or vinylene (-CH=CH-), allyl (- CH2CH=CH-),

and the like. 10031 e yl" refers to a linear or branched monovalent hydrocarbon radical
of two to eight carbdn atoms (C2-C8) with at least one site of unsaturation, i.e., a carbon-carbon, sp
triple bond, whereighe alkynyl radical may fe optionally substituted. Examples include, but are not
limited to, ethynyl propynyl (propargyl, -CH2CeCH), and the like. [0032]The term "allcynylene" refers to
a linear or branchath @ivareneisyRBRaERSHCPRRERIHE BFR0RCSI SEPRfo eSS iGth at least
one site of UNSALAIIaN . if.a g@gpaﬁ%{ggg,ﬁp triple bond, wherein the alkynyl radical may be
optionally. Examples include, but are not limited to, etI:%/nylene (-CeC-), propynylene (propargylene,
-CH2CeC-), and Wity %M?ﬁé@%‘@&rﬁd@?@é : "carbocyclyl", "carbocyclic ring" and
"cycloalkyl" refer V\40 200&4997446PCT/U82009/032459 to a monovalent non-aromatic, saturated or
partially unsaturat®d ring having 3 to 12 carbon atoms (C3-C12) as a monocyclic ring or 7 to 12 carbon
atoms as a bicyclic king. Bigyclic carbocycles having 7 to 12 atoms can be arranged, for example, as a
bicyclo [4,5], [5,5], {5,6]ior [Gﬂfg/stem, and bicyclic carbocycles having 9 or 10 ring atoms can be

arranged as a bicb‘slo_ 6] orJ6,6] system, or as bridged systems such as bicyclo[2.2.1]heptane,

bicyclo[2.2.2]octane'\bnd yclo[3g22]nonane. Examples of monocyclic carbocycles include, but are

not limited to, cyclo'égopyl, cyclobutyl, cyclopentyl, 1-cyclopent-l-enyl, 1-cyclopent-2-enyl,

1-cyclopent-3- enyF:cyclohexyl, 1-cyclohex-1Lenyl, 1-cyclohex-2-enyl, 1-cyclottex-3-enyl,

cyclohexadienyl, cycloheptyl, cyclo I I , I l.and the

ke, 0034 1Ay TR e B o ihon Aoy s e
thereof, wherein: ' . :

" R!is selected from H, C~Cy7 alkyl, ~C(=O)NR'R", -NRI*C(=0)R'°, -
NREC(=0)0R!, -NR*C(=0)NRR", and C;~C2 heteroaryl where C,—Cy heteroaryl is

2f



(C6-C20) derived by the removal of one hydrogen atom from a single carbon atom of a parent
aromatic ring system. Some aryl groups are represented in the exemplary structures as "Ar". Aryl
includes Bigysligiradigais-eempiisiog:an anmatiasingitgeddenl satisaterpartahOunsiyrated ring,
or aromatic carbocycli% rir}1g. Typical aryl groups include, but are not Iimi;[ed to, radicals derived from
benzene @heﬂiyjf};Haﬁéiﬁut@d—ﬂen&]@ﬁ]e@%apﬁmgkerfé'}’érﬁh@eg’ﬁel,v bipNerGEmadrytindany!,
1,2-dihydr, alene, 1.2 3,4<tefrahydr yi,- apdhthe i gKOoU [€ iqnially
substitute@&%%g@]" Iteﬁjfg%izhé'z%\r% g‘%iva?gﬁea@r}gméti%d?oc%@%agﬁé%%-z Bc?grgdn atoms
(C6-C20) deriveg: by ibe-remaxdl; of two hydrogen atom from a two carbon atoms of a parent aromatic

ring system. Some arylene groups are represented in the exemplary structures as "Ar". Arylene -
includes bicyclicRgﬁo?ﬁal@%%fp%ﬁmé%@fﬁét%?ﬁ@OfHE@aO@’aP ‘f?éfg E’B‘;FH%@ @h’é Hirated ring,

or aromalic, (oY GliAng Jyplial andens, proups elysien b ks npknitcn, rdisalaringved

C
from benzene ?p ehylene), substituted benZenes, naphthalene, anthracene, biphenylene, indenylene,

indanylengpdoaifydstiapatheitnes brsote ey drdrppidentlyasteetns fremAryténe gkatifsare
terehand s hrdi Shch etk ShT T o 2 DEany e b (B Nk S e more.
loast one 1 At et etom seltnted ot Mhoder e, PhoSPhoTyS asuitr. e -
remaining ring atBiris bBastrtramerdRonB or thgre FRGABMS T ﬁ%ﬁi’”&ﬁ? ittiteds for example,
D10 6 canbn R R o e D 0 10,

rinbg meim Efggd?gtg}@i ga%}]noﬁ([aé%rﬁ@ ah@lhmﬁh@ﬁeﬁbﬁlimem&g -ﬁ’ﬁﬁe[}@ﬁ:@z aﬁd'ls}lﬁok(ﬁx&n_plle:
a bicyclo [4,5], [5,5], ,or system. Heteraocycles are described. in Paguette, Leg-A.~'Principles
of Modernaétert oli€s" %15@5]@9%'9@42[%}9% /0 59“@%%@&%‘?%%5%&1, New
York, 1968), partict r|y&@qp&q%]}<§%§@3£(c}@gph%téﬂ®@ﬁ§,m@wlotﬁmﬁeﬁebis(cw@&wﬁﬂs, A

series of Monogfaphs" (John Wi ons, New York, 1950 to present), in particular Volumes 13, 14,

|16, 19, aneQE aiJalyierehdfi-Soch¢Eveny B2 £566 CrialkitammoNt Siso meludes AN Where

heterocycle radicals are fused with g-saturated, pastially u I ing~oraromatie.cart ic or
heterocyclﬁc,:ri"’l'h%%2 Q%ﬁc gzﬁcﬂ‘ hé@%ﬁ&f‘:ﬁ?‘ﬁ%&%. c%u:%,ﬂ gﬁﬁ%&mi ed gfzg%%%gﬁéﬁy?@%%
tetrahydrofusanyl(ojbydsofisaend; ety atitienyt] YotabydropliramylkmdifRI Ry rari.~Cs
tetrahydrothiopyranyl, piperidino, morphgling, thiom rphoino, thigxanyl Etl erazigﬁ}géﬁ 0 iperazirtyl,
azetidinyl,@Q@ﬁ%ﬂﬁfé&?@l?ﬁ%ﬁ@”dﬁ 2oxe ?’Fﬁ’gﬁ“éﬁfg?ﬁ el A egln’yl,fhiazepinyl,
2- pyrrolin lq’?iE? iny}: ingolinyk Wi’ mhgfdygﬁ dioxatiybr joxalanyl, pYkslEabnyiCe—
Jdithianyl, dithfo n%}ﬁg%rg%y%bﬁ%yg{mhienyl, diaﬁg réfut%dsnyl, éﬁ%l?g(inylimiéazolinyl, :
imidazondiayd,,&a\@ak)ie@e[@ﬁ}ﬁr]m@wm)sré@aﬁfcy@arM@meal%ﬂegE}aﬁEyﬁ%{g.2.2]hexany|,
311-indoly] guinolizinyl 1tb glimidazol-2(3H)-qre-; !¥I§H$ | irg-mejeties are
also includé#%ﬂ?ﬁfé#% Tg{)“pg of h%ldglnﬁéﬁ@écrﬁﬁlgyo a eﬁ%%%%%%?ﬁ%%ﬁﬁgﬁé% with one

or more OXRefeR)-Rbidlics- TR Pyliraiditnry,ahedrdargioxdiniatioip e[ G0 Theliemylene,
"heteroaryl" refers to_a monovalent aromatic radical of 5-, 6-, or 7- m ered rings, and includes
fused ring §3EIRRYS At RELTOEHE Bt W‘ﬁc??fi%ﬁ%mﬁ(g B §?3%Iba§l¥t?§%%d&#sg %%en?éiﬁ%ré one or
more hetergaiomsindeperieg iy salectRAONTNIBHR IRy GTH SDH SUING. -EXBYPESHf, Ry |

groups are pyridinyl (including, for example, 2- hydroxypyridinyl), imidazolyl, imirlazopyridiny.

pyrimidinylfﬁ@h@w%@%la@ﬂ@ﬁ@pﬁﬁ@ﬁdﬁﬁé@y %tﬁé&@%ﬁaﬁﬁé?&} Yyl

furyl, thienyl isox l,_thj die l, o i azghyl; olyl, quinolinyl, isoquinolinyl,
yoix X@ﬁrgg int§$@§§{l¥é6% wiagolyl, cxazebdrisalinzaid R

tetrahydroisoquinoli enzimi yl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl,

phthalazinyl, pyridR¥ingl: tead R} ascintipiydptetidichsciodrnyin Sk tiaCapliiatalylaalkemazdipt Ce

thiadiazolyl, furazanyl, benzofurazanyl, benzqthiophenyl nzothiazolyl NZOX i inyl,
quinoxalir?yﬂuﬁ&ﬁﬂti[éﬁ&jﬁfﬁlﬁaﬁ ¥ﬁT@¥J§ﬁH I%?fg[p i %}’g%ﬁ%g? ar%%%?o?ﬁ@g%g%&?%%ﬁhe
heterocycle,prineiaraary| Aroups camebrikarberinarkion inked)ddrenitragdrsaituierin kevboeded
where such is possible. By way of example and not limjtation,_c 3b%n Eo_ggﬁdé%te_[ocycles or
heteroaryls"él‘@@@ﬁ@é@&?ﬁé&‘?ﬁaﬁlﬁf@aﬁﬁd@@Beg?cé aﬁﬁ@:gf sftiory 3,45, O 6 of a pyridazine,
position 2, 45, OK8 ofgpyrmidine, ROSIteMG 3 -5 ONGIefa PyFIneNpOEiRN-NBCHOHS, of a furan,

tetrahydrofuran, thiofuran, thiophene, pyrrole or tetrahydropyrrole, position 2, 4, or 5 of an oxazole,
irnidazole oNTRE(ZS, PosHion, 304 T 5@@%%3\;@7@)@9&0@@%8&@%;“‘p%%%%ﬁ%of% an
aziridine, positjo Ec%i 4 of an WO 20091(197446PCT/1152009/032459 azetidine, position 2, 3, 4,
5,6, 7,o0r 835’|Ba% | "h:%i,%r position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline. 100391By way of example
and not limitation, nitrogen bonded heterocycles or heteroaryls are bonded at position 1 of an aziridine,
azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-pyrrolinggimirinzole, imidazolidine, 2-imidazoline,
3-imidazoline, pyrazole, pyrazoline, 2- pyrazoline, 3-pyrazoline, piperidthe, piperazine, indole, indoline,
1H-indazole, position 2 of a isoindole, or isoindoline, position 4 of a morpholine, and position 9 of a
carhaznle or icearhnline 10040\ The tarm "monocevelic heteraoarv!” refare to a fivve- or civememhbered



[0041]"Fused bicyclic C4-C20 heterocyclyl" and "Fused bicyclic CI-C20 heteroaryl" containing one or
more heteroatoms ipdependently selected from nitrogen, oxygen and sulfur, differ only by their

aromatic characeR assfavdcsrbamyiiiReaisysmeatone e hehonrsariatind, i Bicyelic

heteroc %1 r&%ﬁ teroaryl radicals may be attached to the C-4 and C-6 positions of the pyrimidine
ring accycggr f%% F%rmgla | at any carbon (carbon-linked) atom of the fused bicyclic C4-C20

heterocyclyl or RS fileptlition C2othetdkvard:gfouplRa vrdip Ok aBeu PicYsh€ hetetorydiyl, and
heteroaryl radicals include, hut are nat limjted to: 1H-indazale, 1H-indole, indolin-2-one

1-(indoli -1?%?@%?%’&??8%31‘4%@&%1@?{@%%& die; %‘ifrﬁéo%%ﬁfﬁ?%ﬁﬁﬁ%%ﬁ yayl,
1H-pyrazolel3.4-0ipmimidine) i HroenzalHimidazolerlbpirnanidlimidazel 2(3H b6 more
1H-pyrazolo[3,4-c|pyridine, 1H-pyrrolo[2,3-c]pyridine 3Himida7?#4 5-c}%yridine, :

7H-py oS ARIFRPRRARGY SRR RO B by Brolo[2 GEeiyrrhan e BH-by oo 2-@sfimidine,
2-amino- rn e, Jeinlige-guinazeliRenauinoxaling inolxie, I inQlin-1(2H)-one,
--3,4-dihy£<§§%ﬁin§%-lézm’- oﬁlﬁéu,"’&z@- ir%ﬂ'rbquinoIi%%H)%%%?g%bliﬁgbl?ggﬁb, _
quinoxalioLEHanes QRN pRB i i (pyrid oS M pHimith e py ate] 3, 20pbizine, |
benzo[d][1,3]dioxolg,and 2,3- dihydrobenzo[b][1,4]dioxine. WO 2009/097446PCT/US2009/032459
100421 The terms Reodbt e SHEL R FRGP K BERARES p SR Rt A AT PG Pt o
preventafjivg-rpeasiresgwherein the object is to prevent or slow down (lessen) an undesired

physiological change or disorder, such as the development or spread of cancer. For purposes of this
invention, bgxeédicial or ddbirdddtbmeatresultadndlydepbutast Aatjiymitedides altematibnfof symptoms,
diminishmeqt of extent of disease, stabilized (i.e., not worse in%{g e.of disease, delay.or slowing of
disease pro%?gﬂé;ﬁ)étrﬁ“géeaﬁé?%at%ﬁ%?%éﬂ’aﬁ%n %Pfﬁgﬁg'@ﬁgys %Wié@?ﬁ%t?ﬁ'h%ﬁ‘g? partial or
total), whetlierdet dytainpectiferridetdistalites ifeeatmentinanbslde mediipraiafdiiokituss \fahaisn,

compared t@ expected,survival if not receiving treatment. Thase in need of treatment include those
already with The €on |tF nor disorder as we a%?%gseg rﬁge%s h%?ec? e gtl)srlfﬁ‘ﬁleo?%l? 8%8%32#& those

in which thelisehslitiorrarhdissiddn isagnere 0Ehtae PloblsiTisalistidesesuphapisntricAly effective

amount” meg) %gmgkéy% be@t@&ﬂb@ &Qtﬂ%']ﬁ RIESS invention i1 E&@r revents the
particular disegg‘ge, condifion, or disord%!l:, (i) attenuates,pé{r%elﬁg%agt%ég,ts1 %}def\fjr%w%%ate oﬁ;]ugx%%rc%%%
symptoms dffi@Sarticular disease, condition, or disorder, or (iii) prevents or defays the onset of one
or more sympials of he PRLRKIBLAsRASE-AANTHON.& HRgHSL RO S ETRIR 1R e case of

cancer, the t erapeutical% effective.amount of the drug may reduce the n cancer cells;

reduce the GATRBPYRAS: Wed f Mg SomE axear iavdve dingnesly cbprE of mammaliEation into
peripheral ofgigd) Srgahisis(ie? asslRinta ame sxitentangqigierably stop) tumor metastasis; inhibit, to
some exter;@éti%for grow, ;&%ﬁd/gr relieve to.some extent one or more of the symptoms associated
with the carlcer-To the ekt&htthe HHy §e8Rt 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 (F 1P) and/or determining the response rate (RR). [0044]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
lymphoid malignancies. More particular examples 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, WO 2009/097446PCT/US2009/032459 hepatic carcinoma, anal carcinoma, penile carcinoma,
as well as head and neck cancer. [0045]A "chemotherapeutic agent" is a chemical compound useful in
the treatment of cancer, regardless of mechanism of action. Classes of chemotherapeutic agents
include, but are not limited to: alkylating agents, antirnetabolites, spindle poison plant alkaloids,
cytotoxiciantiturnor antibiotics, topoisomerase inhibitors, antibodies, photosensitizers, and kinase
inhibitors. Chemotherapeutic agents include compounds used in "targeted therapy" and conventional
chemotherapy. Examples of chemotherapeutic agents include: erlotinib (TARCEVA(r), Genentech/OSI
Pharrn.), docetaxel (TAXOILRE(r), Sanofi-Aventis), 5-FU (fluorouracil, 5-fluorouracil, CAS No.
51-21-8), gemcitabine (GEMZARY, Lilly), PD-0325901 (CAS No. 391210-10-9, Pfizer), cisplatin
(cis-diamine,dichloroplatinum(ll), CAS No. 1566327-1), caggoplatin (CAS No. 41575-94-4), paclitaxel
(TAXOL(r), Bristol-Myers Squibb Oncology, Princeton, N.J.), trastuzumab (HERCEPTIN(r),
Genentech), temozolomide (4-methyl5-oxo- 2,3,4,6,8-penta7abicyclo [4.3.0] nona-2,7,9-triene-
9-carboxamide, CAS No. 85622-93-1, TEMODAR(r), 1IEMODAL(r), Schering Plough), tamoxifen
((7\-244-(1 2-Adinhenvihiit-1- envviN\nhannyyvIi-N N-dimethvl-ethanaminea NOI \/ADEY(rN IQRTILIRAI (r)




WO 2009/097446PCT/1JS2009/032459 bullatacinone); a camptothecin (including the synthetic analog
topotecan); bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic
analogs); cryptophycins (particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogs KW-2189 and CBI-TM1); eleutherobin; pancratistatin; a sarcodictyin;
spongistatin; nitrogén mu Ards such as chlorambucil, chlomaphazine, chlorophosphamide,
estramustine, ifosfami echloretharnine, mechlorethamine oxide hydrochloride, melphalan,
novembichin, phen me, dnimustine, trofosfamide, uracil mustard; nitrosoureas such as
carmustine, chlorbl(oto n, fottmustine, lomustine, nimustine, and raninmustine; antibiotics such as the
&"Ilch%gn

enediyne antibioticsNE.g> (g _ icin, calicheamicin gammall, calicheamicin omegall (Angew
Chem. Intl. Ed. EngJ (1994) 33:183-186); dynemicin, dynemicin A; bisphosphonates, such as
clodronate; an espBfamicin; as well as neogarzinostatin chromophore and related chromoprotein

enediyne antibiotic chromophores), aclacinomysins, actinomycin, authramycin, az erine, omycins,
cactlnornymiéhrablcm%ﬁ‘ﬁfﬁ%‘ﬁ%ﬁ &P é’ﬁﬁﬁ cﬁ’%‘?ﬁ?&nfg% ?Hycmyaw ur;% icin,

. detorubicing,fis Mﬁmﬂm&ﬂwﬁhaﬁmﬁmﬁmtau:ﬂaﬁﬁyamemmphonno doxorubicin,
2-pyrrolinodoxorubicin and deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin,

mitomycin$®dth as mitdvsibim @’%V@éﬁﬁ’éﬁ%ﬂﬁ?@@i@"ﬁ@@éﬁé}ﬁ%ﬁ%ﬁ?}&ﬂ%ﬂﬁg‘oﬁeplomymn
porf|romycg@,@ﬁgﬁgf@@ﬁﬂ:ﬁ&{ﬁ)&@@y&d@ﬁb|wm;mmﬁtoﬁ@rm&rbmdmmmmY ubenimex,
. zinostatin, zo %géglen antl -m eqo#%%sg%uc cgls m]gtfcl}gg exate a@mﬂ? quorourgé:gt(g ofﬁf&réonc acid

ol O
analogs sﬁ? fin; Pteropterin, ?rlmé"trexa% purine analogs such as
fludarablnmﬁtefaiam%ﬂﬁ@agbmmmnne thioguanine; pyrintidine analogs such as ancitabine,
azacmdlne ggtfaundme cannofir, cytarabing os%%g)ox yyriding, doxiluriding, spagiakine, floxuridine;
c ropl

androgens such as calu sterone, dromostanolone onate, epitiostanol, mepitiostane, testolactone;
anti- adrenmhmmmdéﬁmmlwmﬁ@ﬁwmmmfmw&|n|c
acid, aceglaﬁn dophos th gqi%%lyg L?\%%&QCQMMW%QEMMCH;
bisantrene; ed axaté dérofami éﬁ1€COC a2|quone elforhithine; elliptinium acetate; an
epothllonet‘magiﬁud gallium nitrate; hydroxyurea lentinan; lonidainine; maytansinoids such as

maytansin ansamitocins; mitoguazane: {rQoe; gmggﬂmgngg fiResRentostatin;
phenametﬁp@%grhblcm Io%%%ﬁt?s ngg la&lcfo%?lcrﬁgrﬁ?gsa%d 2- I(i:r'lthylhydramde pr%farbazme PSKgr)

polysacchaeTopHieatiFHS IR g Wé@l@%d 8 BERIRE G

spirogermapiym, JeHRzAnNe ﬁ%@ﬂdﬁﬁ&@%%ﬁ%&v@ aiﬂ@b!@mtﬂeb%aﬁﬂmefmmhﬁgeﬂes (especially
T-2 toxin, verracurin A, roridin A and anguidine) han vmde e; dara @ e maninomustlne ‘
g%%’e‘.ﬁﬁ’é o?)az

mnobromtoﬁ‘?‘r‘ﬁfﬁ&&%‘b PSP ?Saécj’p ospﬁcamlde thlotepa

‘6-thioguanin@;myREe PR wgemﬁmﬁaxamsﬁmm&smlﬁum are not limited to, cancer. .
2009/097446PCT/US2009/032459 su I% glatln and carbo atl vmbtlastln egtgo oside (VP-16);
ifosfamide; Prqllt&antronem%ﬁﬁ'c‘?ﬁ%sﬂ’ﬁ%t SrefSine (N E(?Egﬁ EP hBVARIS

antrone; tenip S|de edatrexate;

daurtomycmypeegmﬂ&ﬂme:aﬂa:dmmﬁﬂﬂ@ﬂﬂn)sﬁmgw alnaamtmﬂ]mem@i?qf &wﬁ@p@@sﬁﬁeﬁase

inhibitor RFS,2000; difluorometh om|t ine(DMEQ): refin fineie.acidh andtamer, or
s§2ﬁ§} accep]tmb rp ﬁ%?en I%OSIE tg ea o i

pharmaceuﬁ e sa aC| s an vatives o any o ove. [00471Also included in
the definitiopheftiehericilip mpeium‘clag@hﬂ:\mf (Bleustioh rivonbirationith apa of BEiaisinhibit
houtione action on t%mgﬁ %iﬁq q$ ?qg 3_:?#?1&@?“'"6 estrogen receptor modulators
(SERMS), mcfnalng or example, tam xifen (including NOLVADEXC; tamoxifen citrate), raloxifene,
ciroloxifenej043i8ydroxytainexifensr tripxifen 6yckeenciiediesl bivilel#6U8¢ onaptistorfasmgd EARESTON(r)
(toremifine gitrate); (oM ataseHniBIars.hat nRipit m%&emslaaﬁ%@g@»zmﬁ@erﬂqu'ates
~estrogen production in the adrenal glands, such as, for example, 4(5)-imida/oles, aminoglutethimide,
MEGASE(r}’ﬁWé‘Eéstrol acetate), AROMASINC (exemestane; Pfizer), formestanie, fadrozole,
RIV1SORCifeaugzole), Fﬁ%ﬁiﬁ’oﬂ@ﬁ@%@d%fN@Hﬁ@l@m@ﬁﬁh‘éBé%%ﬂ&@ﬁ&%fﬁé@l@al&ﬁ%&azeneca)

(i) anti-androgens such as taml e, nilut mlgP(raq bicalutamide, leu roI| oserelln S wellas

troxacitabin&® ﬁmmﬁ aLIRD 5%8@)0?@535 i %nase HETAER, as MEK
inhibitors (WW?@MM&@I@&WHthItOfS (vi) antisense oligonucleotides, particularly
those which |nh|b|t expre sion of genes_jn Si nall thw A implicated in aberr n%gell oliferation,
for examplé BRE- -alpha, 8%}’an<§gglc gs{] s%%ogléﬁgb%?n%erss%e}; ASENSEL 11&genta g (vu) _
ribozymes sjci ammmmmmhMWMm@n%N@mmbﬂiﬂan@ Hmaéﬁmé :
s Ehkap eReton A ﬁ@@m@eﬁ&%ﬁm&gguvmﬂwr)
and VAXID é%%_ %ﬁlﬂ% FIQI?Z top0|somera el |nh|b itors stich as LURTOABARELIX(r) rrnRH; (ix)
anti- angiogémigragrints such as bevaciztunab (AVASTINC, Genentech); and pharmaceutically
acceptable salts, acids and derivatives of any of the abbve. 10048]Also included in the definition of -
"chemotherapeutic agent" are therapeutic antibodies such as alemtuzumab (Campath), bevacizumab
(AVASTINC, Genentech); cetuximab (ERBITUX , Imclone); panitumumab (VECTIBIX11, Amgen),

rituximab (RITUXAN(r), Genentech/Biogen Idec), pertuzumab (OMNITARGTm, 2C4, (lenentech),
tractiizirmah (HERCEPTINO GCenanteach) tocititrmomah (Revvar Corivial and the antibndys Adriia




superimposability of the mirror image partner, while the term "acl-dral" refers to molecules which are
superimposable on their mirror image partner. [0053]The term "stereoisomers" refers to compounds
which have identical chemical constitution, but differ with regard to the arrangement of the atoms or

groups in gpage. [0054) Diastereamer; rafers I3 A SIRMOISOMRE Withdwarer marsisenters of chirality

and whose molecules are not mirror images of one another. Diastereomers have different physical

propertiesiepagativeslndmuvheds pomEYpeg rerSsReEPhi 8PS, and reactivities. Mixtures of
diastereoygiprg may sepakals Hpdaronigh seselutionanriical preaseiiues wubh fas eipetraphoresis and
chromatography. 100551"Enantiomers" refer to two stereoisomers of a compound which are non-
superimp&sabidarhpespeagfes of one another. [0056]Stereochemical definitions and conventions used
herein geqgrally follow SdioRarkeankdes Mo fHithi cidiiadisdbGhesiliale Fer fosk( #084)
McGraw-Hill Book Company, 13 WO 2009/097446P T/U82009/032459 NggvSY Q&i@’{%@@"ﬁ and
Wilen, S.,paténrderAessmistiyrobes Bpllaw o aid J B GO RRPE EH s TAE.; New York, 1094. The
compoundg,qf s iBveRHQNR MasaeRAN s OmaRibal leeniet byahel phetsforé hrist in different
stereoisomeric forms. It is intended that all stereoisomeric forms, of tg% c&&gggﬂgg of the invention,

including B SRUTH THi 187 ARES A BB Rl SR AY SRS SR A @ At opisombrs. as well as mixtures thereof
such as ragemicaxtuEe Scdamh R ldherpmsan! idantithody/pmicigdn poburdot ritexist in
optically active forms, i.e., they have the ability to rotate the plane of plane-polarized light. In
describingaaﬁeB‘éﬂéc ctive compound, the prefixes D and L, or R and S, are used to denote the

absolute configuration _ i j w;ﬁ; Theypesivsesre 1or (+) and (-) are

employed &%g%ﬁignate%%%%w é%ﬁ%ﬁ% arlzec](“ %Fﬁt by the compgqgr%,, with,(-) or 1
meaning tijggle compRefukistoviliatoby medoin doutdprenirBPRRRINCD 358t Etory. Fora |
given cherpical stiuctyse, dheos SIGIROISAINR QIS aiceL cxcrat Al Ibgsase. PWDE ilages of one
‘another. ASEBEEIfit Stérecisomer may also be referfed to as an enantiomer, and, aﬁ'ggure of such

isomers isinftarioaiell bndesrittdrinerrminnetioe WS the ormerre brRalRME L BHetsired to as a
racemic miﬂy%g&&%%@&%& YRich-mav Reauhers hers kasmbecarip diaepaselretien or -

stereospeéllﬁc‘fy,ln a chemical reaction or process. The terms "racemic mixture" and "racemate” refer
to an equiwmiammiﬁmifeveﬂﬁm%Mﬁﬁé?ﬁéﬁé%ﬁéé}ééﬁﬁé‘%ﬁ%mgﬁ%%i@ 657 %t@%ﬁ% |
tautomer gf, UIQRELIE R eRfsiado stincatisomensial ditafmadnals elzinhicharekilled

rti

interconvertible via a low energy barrier. For example,, roton tautomers aé%%l%ﬁggg asprofotropic

tautomers)iirisRiee AHIEOSTEAR AR R TG AR PSP AT BT &L Cheg e kS e hot an imine-enamine
isome rizatigé}é;ﬂ})/@}gwed@alaé%& inchigriptREconversienatinveniganBatpreshsmmeabeie ionding
electrons. [0058)The phrase "pharmaceuytically acceptable salt:; as s ' pEN
pharmace&%ﬂﬂ?%@é@ﬂ%@&? r%&?%%? %écéﬁcsggf% c%r%hgocl?r% 0 t.%%gr:?iégit%ﬂ Eg(gmplary

salts includgcdybatediatHmiehatenss | faid sinitiiatemes et il fop shiormdrbiiterpifaechitate,

bisulfate, pho iﬁgaﬁt . acid phosphate Jsonicotinate lactate salieylate, '%uggr@;qhgqm@;tﬂﬁ,ipleate,
tannate, pdﬁfgf i%‘é‘,”&iﬁﬂ?%@%é%fbﬁ%@&%%%% aleate, gentisinate, fumarate, gluconate,
glucuronatepgietiraredeirbdsmate, benzoate, glutamate, methanesulfonate "mesylate”, :

ethanesulflggi benzegﬁ:séﬂ(@%éﬁ'igtoluenesuIfonate, and pamoate (i.e., - -
1,1'-methylené-bis(2-hydroxy-3-naphthoate)) salts. A pharmaceutically acceptable %gﬁ ay involve the
inclusion offe#Sther mol&beemultliad as need et reRToc s %?ﬁé%?ﬁ@i’%ﬁ“&ﬁ 5™ he counter
on ey be AneStaNs, SlNerIaUATIA 603 NRIASSISL ADRKAC ATTINS WRERL danafind.
Furthermore,"ap Srmaceutical y acceptable salt may have more than one charged atom_in jts -

structure. Instiatemybeoptinuiliy|subrarged intspeadgetlp EOWEr mgﬂb@’ﬂ%%%i 35809/032459
the pharmaggutically aceeptable salt can have multiple counies BRSaieR eRMsRIADICoLbiatly
acceptable &alt Can have one or more charged atoms and/or one or more counter ion. :
six carbon atoms (C1~Cg). Examples of alkyl groups include, but are not limited tp, methyl (Me, |
-Cﬁg), ethyi (Et, -CH,CHz), l-prbpyl (n-Pr, n-propyl, -CH,CH,CH3), 2-propyl (i—Pr, i-propyl, - |
CH(CHs),), 1-butyl (z-Bu, n-butyl, -CH,CH,CH>CHa), Z-mcthyl-l -propyl (i-Bu,‘ i-butyl, -
CHaCH(CHs}n), 2-butyl (s-Bu, s-butyl, -CH(CH3)CH,CH), 2-mefhyl-2-propyl (i-Bu, t-buyl, -
© C(CHs)s), 1-pentyl (n-pentyl, -CHCHCH,CH,CHs), 2-pentyl (-CH(CH;)CH>CH:CHa), 3-
pentyl (-CH(CH,CHs),), 2-methyl-2-butyl (<C(CH;)2CH,CH;), 3-methyl-2-butyl (- -
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[0059]If the compound of the invention is a base, the desired pharmaceutically acceptable salt may be

prepared by any suitable method available in the art, for example, treatment of the free base with an

inorganic acid, such as hgdrochloric acid, hydrobromic acid, sulfuric acid, né'tri cid mgghanesulfonic
P Téﬁ 32459

acid, phos h‘éfﬁ&%&?@%‘ the like, or with an organi ' ch as agetic acl _zﬂll'a]groacetic acid,
maleic ac@ﬁ&ggé?ﬁi@%?%éﬁﬁghé{éh @ﬁgﬁé@gﬁﬁﬁgﬂﬁ% f'c‘?a"ﬁb‘i?%% tglc d, oxalic acid, glycolic
acid, salicylic,ouid 18 raobsidyLiasid, (UthEs,dHeOm 0K A )02 galatiironic acid, an alpha hydroxy
acid, such itric.acid or tartaric acid, a jn | tic acid ar.glutamic acid, an
aromatic ﬁé&&ﬂ@%@%ﬁﬂ%ﬁ?ﬁg F?;E*@Ié%%& 3@%@3@(@@’ sfﬂ%ﬁ aﬁﬁ%ﬁ%ﬁgulfonic acid or
ethanesulteidH 3eiHAHEHRe3-HOARANE-tratgbGEIoEH: M HHE HYERERLS Annatis]-thpedidited

h [ It, b ital le, treat t of
th frce 2GR o B e BTt o tortary). an

alkali met&H{EHoR e GElkhlinc2chrtimetbyhRHyutsd k1660 Be it ka1 mh stradiestikdr et bf suitable
salts induéﬁ(@ﬂﬁﬂf&j@ﬂ%@’Iliﬂ%géﬂ’ ﬁ&g@lm degived from amino acids, such as glycine and-

arginine; ammonia, primary, secondary, and tertiary amines, and cyclic amines, such as piperidine,

morpholin®828] piperaihe tard merisaniasuned herrin sefeshicp e g op BraRds M Bgnesium,
manganesgy Ifan. {SARRGIHSH G HNBIND A6 LR dRQRHL he plorgpevirhanaroakiRally acceptable”

indicates that the substance or composition must be compatible chemically and/or toxi¢olqgically, with

the other irgiedlimatsheorntivraly srrsHvRE fedPandar T thans PEmoEs Y I ERRIHSAREWRA. 1006214
'solvate” rgifys QAR AsRPEIRIONALACMPIRY 1BAORRICN MR- S0 2hi faAsr demAT-aCyBpennd of the

invention. Examples of solvents that form solvates include, but are not limited to, water, isopropanol,
ethanol, netiasatboneos &hyCabetarenplesof dlkient RIGIPRINSIEAGTY B R IHsIdPate” refers to

the compleeiRER (a0l By IRISCE SRR fORAIITDAJEICRIORRNGARUP" refers 10 a
P

substituent that is commonly émployed to block or protect a particular functionality while reacting other

functional &%bs on thdlolmbialkensd: wiarigilings oxkianshsisroeihe roTmens ot nt
attached 10, ABYRRAOHBHNEL BYACIS ¥ gg@g%&h@aammmwmmmmqmp@ uagoBuitable
amino-protecting groups include acetyl, trif uoroacetél, t-butoxycarbonyl (%%%), b nazé{%zx f rbonyl
(CBZ) ancothribrnyirrkin b wheassbing ik myLiadisalima bs oRjomaiy- g&ﬁﬁg H}g rs to a

substituentQfaibygrawy groumihatalocspansatesta fenbiycsnxy Buratodalisiesaiable protecting
groups include acetyl and silyl. A "carboxy-protecting group” refer.

2000/097 AHESBYSREA JREYeriso oy SR80k LRRIRE e RaY be"dwéfS%%@%&&%%%@géﬁhe carboxy

f2ur(10_tionar:iglylﬁcg}qgmgglgnzcarﬁ_oxyﬁrot_?cftlin% groupsriln(l:ll;de phlenylsulf?nylelthyl, (I:yanoethyl,
-(trimethylsilyDethyl, 2- (thimethy]silyflethgxyrnethyl, 2-(p-toluenesulfonyl)et

3-(p-nitrpp‘f§§ﬁ sulfen &HYT, g%ﬁﬁﬁgﬁﬁ%ﬁﬁ?@éﬁﬁ%%%ﬁ%f Qnﬁéﬂf@ fi%%e.neral
escriptionaIUesing ¢iokipsaiad sUSB-Sgewith\At. IGkt ene siarofactivsiBtionpscina@aganic
Synthesis, John Wi£e¢/ 8Clﬁ ons, N wYog élli(Ql. [9%64 The tgrmsti"cowepso%rggtgtfegwigni@vn%ril '&@ and
"compound& BTt pRRBI RVENBTAac AR P RO IR O P Pincl i

Mot e-compounds of Formulas
land stereeiglisuie isvieptoiatrimistimess ptémetivess pseltatesyahpt 8B blitds ZAndighaimsceutically

acceptable_salts and r(%{jr thereof [Q ﬁliPYéﬁAZOLO 3.4-13, PYgg IDINE POUNDS
[0066]Thee%%%13%1 Sifven ?G%%Srag{clia%tglné’i}%%zo bf ,Xl-%]%iﬁleﬁm?aﬂgyélgl}ﬁ ogﬁ(%?la%ﬁ harmaceutical
formulationgtherecfiwhiel dreletentially useful in the treatment of diseases, conditions and/or

disorders mgdyfated by £I3 Knas P 2R Tl BoPESRN M SVIRR RIS SRBRRAT IS Of

of two to eight carbon atoms (C,—Cs) with at least one site of unsaturation, i.e., a carbon-carbon,
sp ﬁipie bond, wherein the alkyny! radical may be optionally substituted. Examples include, but
are not ﬁmitéd to, ethyny! (-C=CH), propynyl! (propargyl, -CH,C=CH), and the like.
[0632]) The term "alkynylene" refers to a linear or branched divalent hydrocarbon radical

~ of two to eight carbon atoms (C;~Cs) with at least one site of unsaturation, i.e., a carbon-carbon,
sp triple bond, wherein the alkynyl radical may be optionally. Examples include, but are not
limited to, ethynylene (-C=C-), propyﬁyiene (propargylene, -CH;C=C-), and the like.

[0033] The terms "carbocycle", "carbocyelyl", "carbocyclic ring" and "cycloalkyl” refer
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[0067]and stereocisomers, geometric isomers, tautomers, or pharmaceutically acceptable salts thereof,
wherein: 121 is selected from H, CI-Cu alkyl, -C(=0)NR10R11, -NRI2C(=0)R1, - NRI2C(=0)0R11,

_NRt2c(=0)NR low t, and C1-C20 heteroaryl where C1-C20 heteroaryl is optionally substituted with

one or more Y3&Y8 MdEendently selected from C1-C12 alkyl, C1-C12 afkGFNRIRLE24)-c12
alkyl-OR1 12 @enCEles fioFaomsic, satgped cpzutipipunsatureymRirite Nob2 cafrir11,

-N1-ICORL:{) bé%?&%bﬁ%ﬁ&u}%ﬂg ﬁﬁéq;g% Rz dfubrt dbohds ﬁwlﬁic%'clﬁ qif%.sgﬁ?@ﬁ_from

carbon-linked C2- eterocyclyl and carbon-linked CI-Cm heteroaryl, where carbon-linked C2-C20

heterocyckArhpyelssdsringlda ) amnesnhsaayrngedofiorrampiussiaterrith Sh E ol nidfd Yroups

independqgt @9&%&@1@%&%@%&%&%% 8 @'Yh Finddidis barHe Arrfadbd-fsfabicGdt?OH,
-CO2H, -CONHZ2, -CON(CH3)2, -NO2,"- NH2, -NHCHS3, -NHCOCH3, -OH, -OCH3, -SH

-NHC(=0) W+t Prd 6 gty st prdndecd sfsere saas bﬂw@ﬁ%@,-mﬂa@@@mﬁﬁ%@%{@f@éﬁz
D C ORI AIB(GLC b aTenaC3 ot corogyh, oo G alklene)(C2-C20
alkyl)C(=C - i-C u alkylene)-(C3-C u_carbocycly]), -Ne(ci-- alkylene)-(C2-
heterocycl?)ff,lQRfﬁ&%%?fﬁgé‘gﬁﬁﬁr ?(égzé'féfc ‘f‘%‘,“':hﬁ‘l}(}ei'é OMféﬁ i*lﬁ“%%%gfé%aryl),
O(CE-C12 Afone (e 20 Ay O slene G Lot hetaroanl, (CIC12 lyleneNel
- - alkylene)-(CG- aryl), - - ene)-(Clx eter -(Cl; cylene)Nele,
(OrC17 AR R R e R RGN oh e s TG cr
alkylene)-(@&4120 aryl),A{@1 @k2dkylene}(Gi-Ca0uetaydarydybefCadial atk§rifl e A NRIRAL3,
-(C2-C8 alkynyene)-(C3- carboeyclyl), (C2-C8 allcynylene)-(C2-C eteroc -(C2-C8
alynylond T OBy e e R e B MR AR i =
arylene)- (G020 hegsyiswlyl$on€ 6r@ 200apy| OB LR/ lo i) <G 2y Wetsrawyals/HAr".
-CCEONRIRY L Gdabs &%&ﬁ?@%ﬁﬂngﬁg &{E Ilef s Fehhaieroavelyly €6-C20 aryl,
alkyl, allcylene; alkynyl, alkyn

and C1-C20heteroaryl, where alk e, ) ene, carbocyclyl, ’heterocycl_yl, aryl, and
heteroary| unatspsieshang. sulssmaee cabewsEcoringoreygienl wlrﬁémehﬁ?géﬂ%fé@frbﬁf@ Cl, Br, |,
-CH3, -CHEQEceiNastived f6ePisdize 8,%9&!5{&&9&%@%@@@4}%%&@% -NHZ2,
-NTICH3, -NHCOCH3, -NHS(0)2CH3, - OH, ~OCH3, -S(0)2N(CH3)2, -SCH3, -CH20CH3, and
-S(0)2043biphenyly indenulhninderylal i deriehtiyieate ded Aorrirydsonanhyk ppdibediien kenyl,
C2-Cs alkyipyt, decinss bte Gyl ¥uis@nG) heterocyclyl, C6-C20 aryl, and CI-C20 heteroaryl, where
alkyl, alke kynyl, carbqcyclyl, heterqgyclyl, aryl, and heteroaryl are opti y substituted with one
or more g@ég indepené@ﬁﬁ?esé@éf@c? B"ﬁi‘if‘f Efl‘,”%?t,l?,(g‘ 6&?-’8@1%8@?%&1—,%9&@,@6021-1,
-CONH2, {CERHGHByeNB2Aha ¥R H-Nd Geddan athiinl MRS cadidn @ 3f a@EEHRZCH3,

-S(0)2NH2, -SCH3,-S(0)CH3,-CH20CH3, -CH3, and -S(0)2CH3; or R1 and Rn together with the
nitrogen afB AP RE ﬁt&i?la?e% SteEH 8?&%%&?—6@%?%&85&8&@?““1 &Iﬁ S éA‘erIécted

rng, a
from C,-C1viting ifCRES titketiylradR B8 atkyrisih G- Sdd et bingyftiydd €22 G20rtete paoyallyl, C6-C20
aryl, and CJ-C20 heteroaryl, where alkyl, alkenyl, alkynyl, carbocyclyl heteroavciyl, aryl, and heteroaryl
A L e R b R D S R
-CH2C6H3mEN, toOrgicalb @ty ed GO Binzea O aHIB e INOBstiN(@H8)2s npsHBPIEEIBNEN HS (0)2CHS3,
-OH, -OCH3: OCHICHS, 75(0) AMER 1S HR OIS 3 AR EHAANGE3)3, And -S(0)2CHS3;
[0068]or R1 and R12 together with thé nitrogen atom to which they are attached form a C2-C20
heterocyclitgdrevisbdomnd the Blre Poysroewoseas e piosdlis sehibtilembodiments include

wherein Rjpigss} or CH3p{P@RlEemeplany e MBREIMSRISINSHd MESEQUR RS Greldsed
interchangeably herein and refer to a saturated or a partially unsaturated (i.e., having one or
more double and/or triple bonds within the ring) carbocyclic radical of 3 to about 20 ring atoms
in which at least one ring atom is a heteroatom selected from nitrogen, oxygen, phosphorus and
sulfur, the remaining ring atoms being C, where one or more ring atoms is optionally |
substituted, for example, with oxo (=0), mercapto, or amino, etc. A heterocycle may be a
monocycle having 3 to 7 ring members (2 to 6 carbon atoms and 1 to 4 heteroatoms selected
from N, O,P,and S)ora bicjzcle having 7 to 10 ring members (4 to 9 carbon atoms and 1 to 6
heteroatoms selected from N, O, P, and 8), for example: a bicycelo [4,5], [5,5], [5,6], or [6,6]
system. Heterocycles are described in Paquette, Leo A.; "Principles of Modern Heterocyclic
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[0071]Exemplary embodiments include wherein R3 is a monocyclic heteroaryl selected from pyridyl,
isoxazolyl, imidazolyl, pyrazolyl, pyrrolyl, thiazolyl, pyridazinyl, pyrimidinyl, pyrazinyl, oxazolyl,
oxadiazolyl, furanyl, thienyl, triazolyl, and tetrazolyl. [0072]Exemplary embodiments include wherein
R3 is a fusedIERECHC20 heterocyclyl or C1-C20 heteroaryl selected FoHESiRfE 032459

2009/097 A46RETH) $POSORBRMER, Nioo W3ikhEr6sih pariswetilycCiatitassds hé. Sitd.ondibacihhsent.

[0074] EXe@h‘%‘xﬁ%@"ﬂ?ﬁ@%@@&’é@@'&;’rﬂéo‘ﬂ(ﬁ@sﬁ%&%?r%&%ﬁ%ﬁb%%ﬁﬂéﬁ (1o WAL/ 2lWha ke wavy line

indicates the site of attachmeént. [0076]Exemplary embodiments include wherein R3 is a fused bicyclic

C4-C20 hélereciti)Ite parmpoinemstisuigy Yelumesfokh: [BOP7nASE: e AR fivhditstes the site
of attachmengp) 82:5566. "Heterocyclyl" also includes radicals where heterocycle radicals are fused with

a saturated, partially unsaturated ring, or aromatic carbocyclic or heterocyclic ring. Examples of
heterocyclic rings include, but are not limited to, pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl,
tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl, tetrahydroﬂaioj)yranyl, piperidino,
morpholino, thiomorpholino, thioxanyl, piperazinyl, homopiperazinyl, azetidinyl, oxetanyl,
thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinyl, 2-
pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, I,3-dioxolanyl,
pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl, dihydrotﬁienyl, dihydrofuranyl,
pyrazolidinylimidazolinyl, imidazolidinyl, 3-azabicyco[3.1.0Thexanyl, 3-
azabicyclof4.1.0]heptanyl, azabicycio[2.2.2]hexany!, 3H-indolyl quinolizinyl 1H- _
benzo[d]imidazol-2(3H)}-one-5-yl, and N-pyridyl ureas. Spiro moieties are also included within
the scope of this definition. Examples of a heterocyclic group substituted with one or more oxo
(=0) moieties arc pyrimidinonyl and 1 .1-dioxo-thiomorpholinyl. .
[6037] ' The term "héteroaryl" refers to a monovalent aromatic radical of 3-, 6-, or 7-
membered rings, and includes fused ring systems (at least one of which is aromatic) of 5 1o
about 20 ring atoms, containing one or more heteroatoms independently selected from nitrogen,
oxygen, and sulfur. Examples of heteroaryl groups are pyridiny] (including, for example, 2-
hydroxypyridinyl), imidazolyl, imidazopyridinyl, pyrimidiny} (including, for example, 4~
hydroxypyrimidinyl), pyrazoiyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, 1soxazolyl,
thiazolyl, oxadiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoquinclinyi,
tetrahydroisoquinolinyl, indolyl, benzimidazolyl, benzofuranyl; cinnolinyl, indazolyl,
indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazoiyl,
triazolyl, thiadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl, benzothiophenyl, benzothiazolyl,
- benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, and furopyridinyl. Heteroaryl groups
are optionally substituted. _ |
[0038) 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 heterocycles or heteroaryls are bonded at position 2, 3, 4, 5, or 6 of a pyridine, position
3, 4, 5, or 6 of a pyridazine, position 2, 4, 5, or 6 of a pyrimidine, position 2, 3, 5, or 6 of a
pyrazine, position 2, 3, 4, or 5 of a furan, tetrahydrofuran, 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
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[0078]Exemplary embodiments include wherein R3 is 1H-indazol-4-y1 or 1H-indo1-4-yl.
[0079]Exemplary embodiments include wherein R3 is a monocyclic heteroaryl selected from the
structures: WO 2009/097446PCT/US2009/032459 [0080]where the wavy line indicates the site of
attachment. [BEBELEMMary embodiments include wherein R3 is a monoB§ERESREEIGHAY selected
from the stzgidings pesssofd)32vheieTthe dvalry dinadtidicatpssibiersite3pd AitdchimeBtofRA83]Exemplary
embodlmeng |ncl&1de wherein R3 is a monocyclic heteroaryl selected from the structures:
[0084]Where He v wavy line indicates the site of attachment. [0085]Exemplary embodiments include
wherein RBEI]CI-C20hewsrpafyixsuipstituté dot iimtagoos miorgey lwogsshisataddomrF, -CF3, -NH2,

e b RO G sDHERGH MU AHSODHRRO e

-CH20H, - C( 0)NHCHS, - C(= 0 H2, and
3-pyrroline, 1m1dazole 1m1daz<)hd1ne 2—1m1dazolme 3-imidazoline, pyrazole, pyrazoline, 2-

pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline, 1H-indazole, position 2 of a
isoindole, or isoindoline, position 4 of a morpholine, and positior 9 of a carbazole, or B-—
carboline. _

[6640] The term “monocyclic heteroaryl” refers to a five- or six-membered,
unsubstituted or substituted,-moncéyclic heteroary! radical which contains 1, 2, 3 or 4 ring
heteroatoms independently se}écted from N, O and 8. The monocyclic heteroaryl may be
attached to the C-4 and C-6 positions of the pyrimidine ring accnfding to Formula I at any
carbon (carbon-linked) atom of the monocyclic heteroaryl R® group. Monocyclic heteroaryl
radicals include, but are not limited to: 2-pyridyl, 3-pyridyl, 4-pyridyl, 3-isoxazolyl, 4-
isoxazolyl, 5-isoxazolyl, 2-imidazolyl, 4-imidazolyl, 3-pyrazolyl, 4-pyrazolyl, 2-pyrrolyl, 3-
pyrrolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 3-pyridazinyl, 4-pyridazinyl, 5-pyridazinyl, 2-
pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 2-oxazolyl, 4-oxazolyl, S-oxazolyl, 2-
furanyl, 3-furanyl, 2-thienyl, 3-thienyl, 3—tm'aZolyl, 1-triazolyl, 5-tetrazolyl, 1-tetrazolyl, and 2-
tetrazolyl. Monocyclic heteroaryls are optionally substituted.

[6041] *Fused bicyclic C4—Cayg heterocyclyl” and “Fused bicyclic C1—Cyq heteroaryl”
containing one or more heteroatoms independently selected from nitrogen, oxygen, and sulfur,
differ only by their aromatic character, and have two rings fused together, i.e. share a common
bond. Fused bicyclic heterocyclyl and heteroaryl radicals may be attached to the C-4 and C-6
positions of the pyrimidine ring according to Formula I at any carbon (carbon-linked) atom of
the fused bicyclic C4—Cayq heterocyelyl or fused bicyclic C1—Cyg heteroaryl group R® group.
Fused bicyclic heterocyclyl and heteroaryl radicals include, but are not limited to: 1H-indazole,
1H-indole, indolin~2-one, 1-(indolin-1-yDethanone, 1H-benzo[d]]1,2,3]triazole, 1H-
pyrazolo[3,4-b]pyridine, 1H-pyrazolo[3,4-d}pyrimidine, 1H-benzo[d]imidazole, 1H-
benzo[dlimidazol-2(3H)-one, 1H-pyrazolo[3,4-c]pyridine, 1H-pyrrolo[2,3-c]pyridine, 3H-
-imidazof4,5-c]pyridine, 7TH-pyrrolo[2,3-d}pyrimidine, 7H-purine, 1H-pyrazolo[4,3-
dlpyrimidine, 5H-pyrrolo{3,2~djpyrimidine, 2-amino- 1 H-purin-6(9H)-one, guinoline,
quinazoline, quinoxaline, isoquinoline, isoquinolin-1(2H)-one, 3,4-dihydroisoquinolin-1(2H)-
one, 3,4-dihydroquinolin-2(1H)-one, quinazoiin»Z(H—D—one, quinoxalin-2(1H)-one, 1,8-
naphthyridine, pyrido[3,4-d]pyrimidine, pyrido[3,2-blpyrazine, benzo[d][1,3]dioxole, and 2,3-
dihydrobenzo[b}[1,4]dioxine.



[0086]Exemplary embodiments include wherein R4 is optionally substituted pyrimidin- 5-yl, optionally
substituted C6-C20 aryl, or optionally substituted phenyl. [0087]Exemplary embodiments include
wherein R4 is -ORI where RI is optionally substituted phenyl. [0088]Exemplary embodiments include
wherein pherfyi38a8&Tittted with one or more groups independently seleBfet i3 EBER3, -S02CHS3,
-SO2NH2,[ #1235 02CHI bopre OHal 2o e Hefcragboltarsutin HetEGE MB -CF3, -OH,

-CH3, a”déf%h[ﬁ%ﬁ! %%g%%ﬁ?%&&%”%ﬂ&%&ﬂ%e@%gg% BisveaRh ubera i siaktionally

substituted pyridyl or optionally substituted C1-C17 alky 1Exemplary embodiments include
wherein RyTaesind Fosiplagiyié sbyoge praiineeterbely efihe-dreermentmirged-pEeesn 487), or
-0(C1-C12alkpeper-fi-fadmmhsierRarnlid00%kEarpiaa erbadiments tachidawhansin 84 is
-NRIOR13 where Rl is H, C1-C12 alkyl, C2-C8 alkenyl, or C2-C8 alkynyl; and RI3 is optionall
substitutedH&RAMAHRIBRIER: Sinwiisbarni9f sosa Ei’éﬁ?&a?‘%ﬁl?ﬂfg&?rﬁeﬁf’é WS Ein R s
-NRI(C1-CrAntab Bk 8r sNRhE b @ikdaabionblBR dn0anNRIf&Hok dPpalliaride AR BiteHsd 3.
[00931Exemplary embpd,imeng i cludei]\a{yfherein R4fif88-NR 01213 where RI arthIF\;l ogether, with the
C

nitrogen a Tmﬁ?éwstﬂ% o e H}ﬁl, Aee JOBRIEE % 9/032459

methylpiperazabsd-yiednpeibyls ol enplividerazimpaydd ao 4x2gpdistylpigdfarinrdegiiviiGO@eRmieatFormula |

Compoundfh%fséh}% Hf‘:\ég rc])tfi%%artrﬁ? 1%@{1%3% ﬂﬁ}é@gﬁ%&gg %ritﬁhci{g Icondition 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. |
[0043] . The phrase "therapeutically effective amount" means an amount of 2 compound
of the present invention that (i) treats or prevents the particular disease, condition, or disorder,
(ii) attenuates, ameliorates, or eliminates one or more symptoms of the particular discase, |
éondition, 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 1nto
peripheral organs; inhibit (i.e., slow to some extent and preferably stop) tumor metastasis;
inhibit, to some extent, tumor growth; and/or relieve to some extent one or more of the
symptoms -associaicd 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).
[0044] 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 lenkemia or lymphoid malignancies. More
particular examples 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,
hepatoceltular 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, vulval cancer, thyroid cancer,
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centers, and therefore exist in different stereoisomeric forms. It is intended 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 mixtures, form part of the present invention.
[0095]In addiEh24dHieéent invention embraces all geometric and positiBRAIGSHEIE245dr example, if
a Formulahepeiispetmtbmecrpdreassraniaisis b oarginoafiaeneliry, hers ard 2l 68088forms, as well as
mixtures thgjeef, are embiacacwithinthe seaneoh lipinvantism.Gahbe.single aesiianabisomers

and mixture of positional isomers are also within the scope of the present invention, [0096]In the

structures agnew T RS anechnaiste el astiemiSliss s Al p AP eHiFA SRS e S5 8ffied, then
all stereoispmgrhisieLanipmplaiedanddpeldedias s campavndsialiheayention. Where -

stereochemistry is specified by a solid wedge or dashed line're yresenting a particular configuration,

then that STERIBIESHEIEEH BEbistsE SngisRmpEE: [OBSTPTH BetRIS SR RS invention may

exist in ungRlyatachaswell Gssniriageitms st RanREepticalluaateptablenotenisysueid as water,
ethanol, and the ljke, and it?iéintend%? that the_ invention embrace both zolvatef[jfz} unsolvated
: c 0

h
forms. [00SSFFHEEBHhFRMAILT R QRIS AL ERTBANFRP AILE 38TRF AeS: She i omeric forms, and
all such fo(msROE embranedmsthiofieeany obdbaieMANINOTERE G rfaritditoresis o f-Faltomeric
form" referg,to structural jsomers of di nt rgjes which, are | %ﬁ&‘f tible ia,a | rgy
barrier. Fo él%?ﬁlf)a[céi,&l’pgrb 8%r?§1%%$h§éf§a gbﬁ(ﬁ?}v%rﬁa% IE)Ir%‘i%btlr%ep{;ca autogrr#ég?é)Efﬁg\éﬂagg i%é%%versions

via migrati®AS NqriRon] 00t aBfkety-aspihtin doimifismsnadithioiophinimaibn SARNN IS tadtomers
elude it - Anizton of ; )
Include in 2Z%Pg%%%%ﬁehzlﬁdi%r%”L_%Iﬁ%lb&ﬁ;fﬁ&&ﬁ&@?é@%ﬁkﬁiﬂ%%&%@@%ﬂh@ﬁ presen

invention a topically-labeled cémpoun present invention which are identical to

those recitetgerein Proesms FackinarenshdHRBAER DM@ aficnepribd dosgosnlamids Kavmsiyn atomic
mass or m@ﬁ&%%ﬁ{ﬂg@ﬁ%ﬂi@%lm.@m&mgmﬁ}ﬁs§J&W&@Xﬁ%&%%ﬁ@%ﬂa All

isotopes of any particular atom or element as s ecified are contemplated within the scope of the
compoundbBT R AR EnFEN AR i cae1e S oHI G RSOEe S fnae Cafl £ IRBSTEBPALY into

compoundsefiihedByenion iekEs isateRese! RYSIVaeE X& T URAIgE v AXYIPRXE0aRhorus,
sulfur, fluorine, chjorine and iodine sucr}}gitZH, 3H.11c, |3c, l4c, 13N, I5N, 150, 170, 180, 32F, 33F,

35s, I8F, SEEITPRIR WYEM% 'é&cwgbaéigﬂa&%w&%nds of the present invention (e.g.,
those labe[ed4gjth 3H antbid Gymipletsefchimotiaprinit agedar isclastrateafigtatin JRLABIATINGSays.

Tritiated ( d carbon-14 [097446PCT/US2009/0324 i seful for
their easesg%’ar@pg%‘%%ﬂ%lnJﬁ%@%ﬁ%ﬁlﬁ%ﬁ%y&%%gﬁgﬁ%m@ 2%30 ias
deuterium RifesrR Bitowoyea(foid ABridin Mosasis icaddiamisy beer6SLUERG S Yreatds)metabdlic
e ERNG [N R RAIS ] AORRIBPUIETIERIRL B e Aid 76 Pl eferred

in some circumstances. Positron emitting 1so such as 150, " aN, 11C and 18F are useful for
positron emisBmembyrageyeE BT dfdR i dnhihiies. Sepwfere Herapsutctshad23dtopically
labeled copppaeRgaidheiBrasant invertiop sR:geReAlBEMN e PaieTbfohoning puecadyses

analogous to those disclosed in fhe Schemes and/or in the Examples herein below, hy substituting an
isotopicallythissleamt B hPREX Ropsisierical e GalRis 501 BeIPRER RENHSN OF
FORMULARIAPAMBRERIDS/ 0] 08700 i8Rk BIDYGRIHIITES 6 00 pad ekt Kiiaen Wadfmdy be
synthesize thetic es that include processes analo thgse - in,the chemical
arts, partic&g#sﬁﬁg}ﬁ%%nﬁﬁ%é gri%ﬁl?ﬁl%ﬁfa ﬁ%ﬁ?ﬁ%ﬁéﬁ?ggﬁaﬁﬁé@%@%%%|y
available fictbsgorefitiesbi dIRERS 66, AsahZadldrithGhemiCAMMIDERARE ORT) O, Rfezeeadily prepared
using methods well sg skilled in.the art (e.q..arepargd by me neral cribed in
Louis F. F%gg?%}eﬁj( ary gg&gf%Ré%%%ﬁ%%?%%%n'é%@ﬁ‘fﬁ%ﬁ% 1@?, é&‘?%ﬁ%ia?%‘%gﬁzooa
ed.), or Beilngeingr¢tdandbpatice fonyaaisstiaf Bhitme] Gnercaadl8prisgaiisrdRatgn®sriin, including

Supp'emerﬁéh@ﬁm%&gai e alhs %ﬁilﬁ{%glﬂ%',%%ﬁﬁéﬁ%, [RALOZHR G RiB:RRRRIments,
compounds of Formdfa I'may be readily prepared’using )
AG1478, AG1571 (SU 5271; Sugen), temsirolimus (TORISEL®, Wyeth), pazopanib
(GlaxoSmithKline), canfosfamide (TELCYTA®, Telik), thiotepa and cyclosphosphamide
(CYTOXAN®, NEOSAR®); alkyl sulfonates such as busulfan, improsulfan and piposulfan;

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

methylamelamines including altretamine, triethylenemelamine, triethylenephosphoramide,

tricthylenethiophosphoramide and trimethylomelamine; acetogenins (especially bullatacin and
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well-known procedures to prepare pyrazolo[3,4-dlpyrimidines (Southwick et al (1975) J. of Heterocyclic
Chem. 12(6):1199-1205; Chem et al (2004) Bioorganic & Med. Chem. Letters 14(10):2519-2525; Wu
et al (2003) Organic Letters 5(20):3587-3590; Quintela et al (2003) Bioorganic & Med. Chem.
11(6):863-868 B4R ARG et al (2007) Tetrahedron Letters 48071:3057%@%@??@3?(9&“@% al (2006)
Synthetic DakiasinticeliorrsBpictbycnéacheiia: thekarsbaiqandey Bipergamichsy MEdinal Chemistry

14(6):204Q:804 75 K16 €1 684 200N PREAN QU AL OEMERIGI A £ NN IS Yhetic(RalBR 2 O-532;
Quintela et a (2001) European Journal of Medicinal Chemistry 36(4), pp321-332; US 4001230; US

4044130; U9 B9RI788 (MITiedaty aurtyshysinizamt uyppherrl 88 fosEanpdpraaysin 6. WO

2005/ 11719%1&@519 gthgrhetesanyrles. rbiohars-deseribed if: Gamerehsnsiverkigieracyclic Chemistry
I, Editors Katritzky and Rees, Elsevier, 1997, e.g. Volume 3; Liebigs Annalen der Chemie,

(9):1910- 187G S50 FERASRIEE HHKEREA B AT 55 e hpeS Ut ARRTRIES S chung,
f8(12)113361&1>pﬁ&9;%)n| {@Q,Je@@ﬁaeﬁa@ujmmaﬂﬁ&@rmdmdxﬁim&ﬂéﬁepmmeﬁ@mﬁwmcgmpognd
ibraries comprising.at least 2, for example 5 to 1,000 compoynds, or 10 t0.1Q0 compounds. Libraries
of compo AL REU PRI oo SPEATAE B SE S SHEISTE & T Rl or by 24 WO
2009/097 4465REE MIGAOQL 3¢ h Asoadhipkei pa reileteymboas dsterning &it hen suintiodphsse.andolid
phase chemistr yrocedures knpwn. to those skilled.in.the art. T rding. er aspect of
the menta R o S iy el clleB,RRTE, BehiRd e
pharmacegtioaisl hmﬁ@aﬂ@@alwﬁwﬁééﬂr{mmrM@sﬁétﬁ%btﬂﬁ@é}aﬁ$§3réﬁ®s 1-3 show
genera | MEORRIRr RIEARINOAL MIMIALCAMAO UG, A5 MENAR KB JIGURRHIR RS ERR More

detailed description of the individual reaction steps, see the Examples’section below. Those skilled in

the art wilsppresnatietingtoaroripsefadc votnd shivamopeotsie anes st HATORIFE Bompounds.
Although speeiiesRIHNGMARRR ARMSAYERAIS MG ARDIBIEhPINS SLERBRRANdMsRIased below,

other starting materials and reag_e.nts can be easily substituted to provide a variety of derivatives

and/or reat3BRICERHe AEZRNioFIIRTRPR SHRHE JASHISBEYIIS: SRIBAPU, HSLOMBIFBE described
below canduezéustbes-madiiiadine|ighisidhis disciosbitelisinganyanlisndbebamsisiy2sliisdian to

those skilled in-the art. 1001051In preparing compounds of Formulas L, protection of.remote
finictionali%@ﬁ%ﬁﬂlﬁ%&ﬁ%&%ﬁ?&gﬁ}@n&%ﬁ;&%t‘ésr?ﬁ%%f:é?eé Ay o H%%%‘ég%wcﬁe need for such

protection milbwatndepenaingiombin e giliftekenote dupdtionyality divd thyeicansitiony ahthe
preparation methods. Suitable aming-protecting groups include. acetyl, trifl acetyl, thutoxycarbonyl
(B, boR s A R A B e A Yo e Tl
protection ibauiadity detstatimadipione siittectihahiessnuckos mebriesatidesdripflonrefpedtecting groups

and their . T tecti 0 ' ' §%ﬁg hesismiehn Wil ons, New
York, 199%‘%2%%%}%%%2%%%%6%18%] gﬁér’n%}%?lgjﬁgv{v%@éﬁ S%neral%nethod f%?%rg%){rfziion of the

dihalo pyrazaiess sechps /fidrnbine) frameparutnewhiseiprngsthiospeinte RIYIHARE B2I8EY, starting

froman  guch as ancitabine, azacitidine, 6-azauridie, carmofur, cytarabine, dideoxyuridine,
doxiﬂun'din_e, enocitabine, floxuridine; androgens such as calusterone, dromostanolone
propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as aminoglutethimide,
mitotane, trilostane; folic acid replenisher such as ffolinic acid; aceglatone; aldophosphamide
glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate;
defofamine; demecoicine; diaziquone; elfornithine; elliptinium acetate; an epothilone; etoglucid,;
gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxanirone; mopidanmol; nitraerine; pentostatin; phenamet;
pirarubicin; losoxantrone; podophyllinic acid; 2-ethylhydrazide; procarbazine; PSK®
polysaccharide complex (JHS Natural Products, Eugene, OR); razoxane; thizoxin; sizofiran;
spirogermanium; tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethylamine; trichothecenes
(especially T-2 toxin, verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine;
mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C");

cyclophosphamide; thiotepa; 6-thioguanine; mercaptopurine; methotrexate; platinum analogs
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WO 2009/097446PCT/US2009/032459 ethoxylidene nitrile ester 51. Cyclization of 51a or 51b with an
alkyl hydrazine of formula R2ZNHNH2, such as methyl hydrazine, yields compounds 52. Treatment of
compounds 52 with urea at elevated temperatures yields compounds 53. Treatment of compounds 53
with a reageft BT “4tich as phosphoryl chloride yields compounds 54 REC/BECTN )-K
W>-Kor CNeINesEsgsinmpdvatpeain; viptlasdnegategpside (VP-16); ifosfamide; mitoxantrone;

vincristine; vinorelbine (NAVELBINE®); novantrone; teniposide; edatrexate; daunomycin;
aminopterin; capecitabine (XELODA®, Roche); ibandronate; CPT-11; topoisomerase inhibitor
RFS 2000; difluoromethylornithine (DMFO); retinoids such as retinoic acid; and
pharmaceutically acceptable salts, acids and derivatives of any of the above. _
[0047] . Also included in the definition of "chemotherapeutic agent” are: (i) anti-hormonal
agents that act to regulate or inhibit hormone action on tumors such as anti-estrogens and
selective estrogen receptor modulators (SERMs), including, for example, tamoxifen (including
NOLVADEX®; tamoxifen citrate), raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene,
keoxifene, LY117018, onapristone, and FARESTON® (toremifine citrate); (i) aromatase
inhibitors that inhibit the enzyme aromatase, which regulates estrogen production in the adrenal
glands, such as, for example, 4(5)-imidazoles, aminoglutethimide, MEGASE® (megestrol
acetate), AROMASIN® (exemestane; Pfizer), forméstanie, fadrozole, RIVISOR® (vorozole),
FEMARA® (letrozole; Novartis), and ARIMIDEX® (anastrozole; AstraZeneca); (iii) anti-
androgens such as flutamide, nilutamide, bicalutamide, leuprolide, and goserelin; as well as

- troxacitabine (a 1,3-dioxolane nucleoside cytosine analog); (iv) protein kinase inhibitors such as
MEK inhibitors (WO 2007/044515); (v) lipid kinase inhibitors; (vi) antisense oligonucleotides,
particularly those which inhibit expression of genes in signaling pathways implicated in aberrant
cell proliferation, for example, PK C-alpha, Raf and H-Ras, such as oblimersen
(GENASENSE®, Genta Inc.); (vii) ribozymes such as VEGF expression inhibitors (e.g.
ANGIOZYME®) and HER?2 expression inhibitors; (viii) vaccines such as gene therapy
vaccines, fof example, ALLOVECTIN®, LEUVECTIN®, and VAXID®; PROLEUKIN@ rilL-
2; topoisomerase 1 inhibitors such as LURTOTECAN®; ABARELIX® rmRH; (ix) anti-
angiogenic agents such as bevacizumab (AVASTIN®, Genentech); and pharmaceutically
acceptable salts, acids and derivatives of any of the above, |
[0048] Also included in the definition of "chemotherapeutic agent” are therapeutic
antibodies such as alemtuzumab (Campath), bevacizumab (AVASTIN®, Genentech); cetux_imab
(ERBITUX®, lmcloné); panitumumab (VECTIBIX®, Amgen), rituximab (RITUXAN®,
Genentech/Biogen Idec), pertuzumab (OMNITARG™, 2C4, Genentech), trastuzumab
(HERCEPTIN®, Genentech), tositumomab (Bexxar, Corixia), and the antibody drug conjugate,
gemtuzumab ozogamicin (MYLOTARG®, Wyeth).
[0049] Humanized monoclonal antibodies with therapeutic potential as
chemotherapeutic agents in combination with the PI3K inhibitors of the invention include:
alemtuzumab, apolizumab, aselizumab, atlizumab, bapineuzumab, bevacizumab, bivatuzumab

mertansine, cantuzumab mertansine, cedelizumab, certolizumab pegol, cidfusituzumab,
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1001071Scheme 2 [00108]Scheme 2 shows treatment of compounds 55a or 55b with an alkyl
hydrazine R2ZNHNH2, such as methyl hydrazine, yielding compounds 56. Hydrolysis of the nitrile
group, using either sulphuric acid or hydrogen peroxide and sodium hydroxide provides compounds
57. Treatmert BREGDGthds 57 with urea at elevated temperatures yields Egﬂ%pfﬁ%?{?)@@g. Treatment
of compomﬂi@@%@ﬁhthﬁ@lﬁé@g@ww@iﬂm&%Qfﬂ&iaslﬁho%ﬂmhb@ﬂg@%abaf?é‘%@ﬁﬁ@Hals, such as
phosphorqyspentachioude.Nislds CapRLRds 54 RRIPSISEheRE. iRRLAalSHbemad shows

treatment of a comgsound 52 with an acylating reagent to form an amide 58 and introduce the R3

substituentinErvebsmAtER At SIEP B s i et VarRRRD SOOIV Oreme by 08 A4 AEREET /U S 2009/032459
allows for gyglizatigniobialagenatien suthsARRdiARRSIINNAMES.S, fadihieiss, |
pyrazolo[3,4-d]pyrimidine 61. [001111METHODS OF SEPARATION [00112]In the methods of
preparing ﬂ?écegﬁﬁﬁan%’%?%%%wﬁﬁ?%%%%%?ﬁaﬁ%xﬁw o A P e tion products from
one anotg%%}Maﬁ,%éﬁ?ﬁmmﬁm{&bﬁ@aﬁ@akgﬂagf@m%ﬁmaqhisrt]ﬁmmrsﬁﬁﬂmlgﬁﬂ;eDS is
separated and/or purified (hereinafter separated) to the desired degree of, eneity by the
techniquegléhﬁﬁﬂg% TRE ?%T%?Eﬁﬁ’@“g%cﬁtg %%%%Cfﬁ%ﬁ/% tr%{ﬁﬁ%ﬁags%@i rgigt?dlh\r‘/l, crystallization
from a solvesiinmsadyerslixiate freistitkatiob, isudtimatidncamohndima togrsiphann@hromaoyraghy can
involve'anxrp%mber gfarpl t_ho S inclg.ding, for example: reverse-phase and normal phase; size

3

. [8):4: V4 £l ViSiitzum . .
exclusion; ion exgﬁlange; |gsﬁ'|, medium and low pressure liquid chromatography methods and

apparatusj#H8)l scale Ardabptidallitiirisrpeetinopiodused temB) mxtiprbpariatihe iy of tick layer
chromatoggg&me@&}ﬂggﬁﬁ ehn i&%%ﬁfmﬂéﬁ@d%ﬁai BJRYSELAPAIRED BRrAmA QAP Mine

[00113]Anoather class of separation methods involves treatment of a mixture with-a reagent selected to
bind to or fermitusHasdshsatpnd hasartvitirs delermined yotog er ug AsEna dsssibstn by

product, Oh&ﬁdikgu&%ﬂdﬁgﬁi&%@_ﬁwﬁﬁ %ﬂﬁ&eﬂbﬁ%%ﬁﬁfﬁﬁﬂ&&ﬁﬁﬁ&ﬁ Wﬁd,?afbon,
molecular sieves, ion exchange media, or the like. Alternatively, the reagents C%nﬁl%jg%%é%the case

of a basic ARAflEHAnN- YsamidieRecsssHicRIon AaeRieriisntion: SYAUKRYS & 55548 &0 1 es,
binding pretRinsisteiadivepeheiatae SdalyBs Gomalbarmcligiiciatisbines eXttasiponndagehis (LIX), or
the like. [00114]Selectjon of appropriate methads of separation depends on.the nature of.the materials
involved. #8‘(8@916’?8%}51%%%8 ﬁgrﬂﬁig\?&qura\ﬁé? ﬁ%siﬁogfgﬁ}?a'?f%ﬁ"g%é]‘ Sdotimation, | Sroelience or
absence oftfpoiavdutietiaithlgranpsdnfehageraidgifaphy seffibitity ofyiekieriatsairo e picdandisasif media
in multiph traction,.and the like. One skilled in the art will.a ' i fﬁéiﬁ&%ﬁ? achieve
the desireiﬁssg%)gration%ﬂ%ﬁgg gggéﬁgﬁclﬁﬁf( értgsr%%lf\ Bénﬁe%étr}_g{%] n%% t&gigr individual
diastereonsersnmcinbrbelsigesfof ibirrpipsicarefuntichidiffatin el isyetivatAboiy wéna@_ﬁmnﬁ@ those
skilled in the, aet, pch.asiwALramAARARERIAAS Tastional ssialization.Eraniomeiscan be
separated by converting the enarttiomeric mixture into a diastereomeric mixture by reaction with an
appropriatéepentiy redvetzompound (e.g., chiral auxiliary- such as a chiral alcohol or Mosher's acid

chloride), yapgpting thergliastereqnsrs.ane ¢oMEEina (SR werotgipabthe wdividual
diastereoisomers to the corresponding pure enantiomers. Also, some of,th%%com orndf of the present
R icFEATaL Pl

invention rAERFBRRAFBNILE AERE @ISR AREHBIANIS didT fiis invention.
Enantiomestizanuglserbenganatiien B seiebnbiepitie column.

[06033] The term "stereoisomers" refers to compounds which have identical chemical

constitution, but differ with regard to the arrangement of the atoms or groups in space.

[0054) "Diastereomer” refers to a stereoisomer with two or more centers of chirality and
whose molecules are not mirror images of one another. Diastereomers have different physical
properties, e.g. melting points, boiling points, spectral properties, and reactivities. Mixtures of
diastereomers may separate under high resolution analytical procedures such as electrophoresis
and chromatography. |

[6055] “Enantiomers" refer to two stereoisomers of a compound which are non-
superimposable mirror images of one another.

[0056] Stereochemical definitions and conventions used herein generally follow S. P.

Parker, Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book Company,
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WO 2009/097446PCPUS2009/032459 [00116]A single stereo isomer, e.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. "Stereoch&fi&f8 @ianic Compounds,” John Wiley & Sons, Inc., NX§ ¥ERI®IF24¥ ochmuller,
C. H., (19780 Yotkowddigh, B 2e@)V288, 802 S tRacdmivstxel Qatickinm pampo uirds oV s invention
can be segataied ppdigglaiebyqvny sHilaBlgMelios MeliiingoA o BRUaNfinhisdigstereomeric

salts with chiral compounds and separation by fractional crystallization or other methods, (2) formation

of diasteredvitfenarnsoa ibrsimms exivaingbiffosntisigreeisgmienc Sepuratiohisreadedibdi@leomers, and

coNVersioRdoMeRIdrR: FHRUSHE L AR S LERRARERAR e ihs R talYiRuER @, enriched
stereoisomers directly under chiral conditions. See: "Drug Ste{reochemistré, Analytical Methods and

Pharmacofifieraruiag-\inepiamers e aippisemssiierahaes e vo e3P BoRE9 TN der method
E,l)’ diastefeipoes épfsaﬁdqqaawﬁa‘gfaaa& hmﬁa@ﬂlong@ﬁ;eha@aﬁl'mhaﬁi@und%w}as@mrab@wg&sﬂémhasl y

rucine, quinine, ephedrine, strychnine, a-methyl-13- phenylethylamine (amphetamine), and the like
with asym?ﬂgﬁ’?cl o«ﬂﬁé’&ﬁa‘é %fﬁﬁ&a@&?&%rﬂﬁié}ﬁﬁt ﬂ?&ﬁ"%%l%%gka]ﬁ iéiéea%b ]ézl%f%nnic acid.
The diastespiealtyiacsakt s ongyined|nhiypaditesse padiie dnRisadthaad crydtaldzatietier aosuite
chromatography. For separation of the optical isomers of . amino ¢ ouwnds, addition of chiral -
carboxylic?b (S}rrﬁs%1 oaﬁll(():naom se, Iggc??‘éflg %%?n‘%ﬁso?lls}ﬁ Oé%?lé %IZ?&', tar%ﬁf@g{gsd?%ngr?fg%Sa%llgc,tf-c)rafaé’ctic acid
can result émfdeprestioneighetclibs dige offetitisnles plookdaivied ighhvisl ghbgompthiod. (Riththe Wubstrate
to be resol IS: ith R i hj ad] reomeric pair (E.
and Wilen,ysﬁgésﬁ%{é?gg%i%%stry 0 Orgg%?%ﬁ%%&g@%%éﬁg%%%%g)I%I\%at§994 p. 322).
DiastereofRFOtSaIEU RS Tary techsiried syursasifgBsyemaareBoipaRtialAYseh HtdiRerically
pure chirabAERYALZIRASEAAEIHS afHER AR JEUYRENES nlalANs DXk RERARINLRT the

diastereomers and hydrolysis to yield the pure or enriched enantiomer. A method of determining
optical purfRFRHRRFEL RGPy Rraf sl isomgr fismialied preaaitiansie KBy Misfoformate in

the presenagxirbasenkiMASIeE RERR RS hResmtHliRaeidipRenry baseiatadacab 1. J. Org.
Chem. (198 %{47:41 5), of the racemic_mixture, and anal,é?iél%the H NMR spectrum for the presence
of the two ST R RMRTETE I EHaBLEF SREr A lietit Bid SHEFRISH &FaBP A D RISE eric
compoundtieaerhe Sepanidesianet fanldtedcby ot malr anthrexdnssdaphdsarehsdmategnaphyetidlowing
methods fcgrése ar tiorhoffatrto‘pilsoqleric naphthyl-isoquinolines (WO 96/15111). By method (3), a
racemic mixture of o e?ﬁa{)r?tllo%g‘r:sl%lgﬁ be separated by chromatography using a chiral stationary
phase ("CH#€dTiquid Chlerratojraghyit(1 68 Snimtndkricoiogh,’ EderChapusasrandies, ofi dlferenk; 28
WO 2009/93&&%@%Eﬁ%?%%?e‘%fc%ﬁ%é%%l%g@% ehg%y B%RQFOKQQQQ%WZ&%Z@&@ﬂched or

purified enantiomers can be distinguished by methods Used to distinguish other chiral molecules with
asymmetri@sarsivarmpEoistionia duisaesis) sl BrrreryarsionicHrorigTfoen ebigrorosien. -
EVALUATION-{0QA0IRela Rl alame i dha Aeivin Of VIR AP asRRRIViIRRlR campanetiehtsymula lis

possible by a number of direct and indirect detection methods. Certain exemplary compounds
described Froréaitien s samsrfdheemdrgilpiamty activity (Example 83) and in vitro activity against
tumor cell§i@sgimple 84helfigRNpRRMLRESNbinding aeividiegwasdesshdrain, ratbs(@anomolar) to
about 10 lﬁ micromolar). Certqi?T exggg}ﬁlary compoungs of the invenaor% ad PI3K binding activity
IC50 valu RAIF A0 AR R A B B IRYE B (8 H 0L A AOR AT URhEF LYEBEL,d activity 1C50
values les&tlearplhf0saiid ifoDiliz 1 frhercyto tinited) wyaisiati ciaetyity ot orralde.| dskendplary _
compounds was, measured, by: estahlishing a proliferati ammalian ar ne.in [l culture
e, G O e R B R R R R R, B SAE out s
days; and m@h@_ﬂﬁ@gmtﬂaﬂmge(Exaﬂﬁpleasmthmebmmmd@%@mg@@%@megsur_e
viability, i.& prafiferaton e Wy exiaiexiiuERO kA0 ndustinn of RRopiRSisi{easRRse activation).

1001221THRe in vitro potency of Formuia | exemplary compounds was measuréd by the cell
proliferationiaagputtenptecreesidaty T othnneseldpmatse popramiy iRaawy rskirRersiimpavaitible from
Promega %Qﬁﬂ)at%/'@.@i.,s@ﬁ"—Wét(@l&%@lﬁﬁﬁﬂ}'d}@?—mﬁi%h%)&'§a§§§§$’ﬂﬂﬁi§l@&ﬂﬁ&@§ed on the
recombinant expression of Coleoptera luciterase (US 5583024; US 5674713; US 5700670) and
determine 3P RO BRYR oS IattaReh Ao malsaristBheo PRAS A3 P BRed SRRl ndicator
of metabolically agliyecalis (cHoTth ebalitl Rhhdy boaynahiets: ihofifk-8801dS BaORaiR)ed he
CellTiter-G o(rc)}}Asse%%as conducted in (?GFor 84 well format, matkin it ame%%blg nfiléjt%%aeted
high-throug epu 7 efeenlr?gp?ﬁw ‘ee'6ta gg?r&nati BHCEF rﬁﬁsyé}%@@- ﬁ). he Komogeneous
assay proceogrthanvely eBaaghdintpth énsin glenrtage bfereks tdrefs ng)iReapery ditenthato watlsfcultured
in serum-supplemented medium. Cell washing, removal of medium and multiple pipetting steps are not
required. The system detects as few as 15 cells/welli a 384-well format in 10 minutes after adding
reagent and mixing. [00123]The homogeneous "add-mix-measure" format results in cell lysis and

generation



of a luminescent signal proportional to the amount of All' present. The amount of ATP is directly
proportional to the number of cells present in culture. The CellTiter-Glo(r) Assay generates a
"glow-type" luminescent signal, produced by the luciferase reaction, which has a half-life generally
greater than ¥f@ 18Uf&74€pending on cell type and medium used. Viable ZHT{RRF009/032459
2009/097 446 POTHIGRO08]D 3eerpObls| kalh randiizemuliipleropnisiinihdeasn e phrsausaline

substrate, Begtie tGilei s ey Bl S naaRIaRGRY SPsRORinRR: Besflelugiferase with

concomitant conversion of ATP to AMP and generation of photons. The extended half-life eliminates

the need tH08Y reagentfithe sesnpaind pf thadaxensaming ferecditinibed REBAKURAY processing of
multiple plates,diisseRERLOHGRINR AFFa% AL REISEEMItVATINS i wel e unatple.g. 96 or 384

well format. Data can be recorded by luminometer or CCD camera imaging devjce. The Iunﬁi;\escence

output is presERtRrAtrdea hasrgmil AR 4naRRANTS arid RGPt BYSRERIRITES AP TN itferative

effects of kgimdadiexamiplam GasmmeLRd fone . ingRsupBeryatie e HdtEkGte Wit ssaydmiample 84)

against several tumor cell lines, in¢luding PC3, Detrqit 562, and MDAMB361.1. EC5Q values were
establisheacfsarl%ﬁ EAEFEBM &ﬁagf.%ﬁ“élf‘faﬁ? %‘fﬁﬁ“{/ﬁ%dc%‘ffzf)‘&l%ﬁ% RS \?\%%’ a@%ﬁ‘fwloo nM to

about 1_0 Lﬁlﬁd{@ﬁhﬁ%@éﬁﬁ%ﬁj{ﬂ@ﬁ@tﬁ&&fwgggmﬁa&:&dfdny&braaid,ammaplaﬁ;lﬁ@niqhounds by

assays including: Caco-2 Permeability, (Examp epatocyte Clearance. (Ex .

Cytochrorr?g%f%é? h%%ﬁgﬁcgfé ay:i) g%?&%%%ﬁ?o%%&%%%%ﬁ%ﬁbﬁg fng%%%?Og%%“; Protein

Binding (Eacithpteaddhoanil i@ sispariz dxfivoiugletiEianspleadQy o100t 261t etk pidgnEdemula |

compounds o, 10489 inid ahle b els MR HhaaGIaHzar, A0 E et RIRK-ACkMEY Recording
this i ollo

to the methods o nvention, and have the ing structures and corresponding names
(ChemDrathelika, Version 9.0.1, CambridgeSoft Corp., Cambridge MA). [00127] Table 1. No.

Structure (MHHE  If the compound of the invention is an acid, the desired pharmaceutically

acceptable salt may be prepared by any suitable method, for .ex,ampie, 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 hydréxide, or the like. Illustrative examples of suitable |
salts include, but are not limited to, ofga:nic salts derived from amino acidé, 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, zine, aluminum and lithium.
[6061] | The phrase "pharmaceutically acceptable” indicates that the substance or
composition must be compatible chemically and/or toxicologically, with the other ingrediegts
cdmprising a formulation, and/or the mammal being treated therewith. |
[6062] 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, DMSO, ethyl acetate, acetic acid, and
cthanolamine. The term "hydrate" refers to the complex where the solvent molecule is water.
[0063] The term "protecting group” refers to a substituent that is commonly employed to
block or protect a particular functionality while reacting other functional groups on the
compound. For example, an "amino-protecting group” is a substituent attached fo an amino
group that blocks or protects the amino functionality in the compound. Suitable amino-
protecting groups include acetyl, triflucroacetyl, t-butoxycarbonyl (BOC), benzyloxycarbonyl
(CBZ) and 9-fluorenylmethylenoxycarbonyl (Fmoc). Similarly, a "hydroxy-protecting group”
refers to a substituent of a2 hydroxy group that blocks or protects the hydroxy functionality.

Suitable protecting groups include acetyl and silyl. A "carboxy-protecting group” refers to a
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101 HN N /40 N N ----Ni H N-(3-methoxypheny1)-1-methyl-6-(1 Hpyrazol-4-y1)-1H-pyrazolo[3,4-
cllpyrimidin-4-amine 102 N/ OMe OMe ...-N 'NH
4-(3,4-dirnethoxyphenoxy)-6-(1H-indazol4-y1)-1-methyl-IH-pyrazolo [3,4- d]pyrimidine WO
2009/0974468€ H1§42130/032459 103 PCT/US2009/032459
substituent of the carboxy group that blocks or protects the carboxy functionality. Common

carboxy-protecting groups include phenylsulfonylethyl, cyanoethyl, 2-(trimethylsilylethyl, 2-
(trimethylsilyethoxymethyl, 2-(p-toluenesulfonyllethyl, 2~(p-nitrophenylsulfenyl)ethyl, 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.

[0064] The terms "compound of this invention," and "compounds of the present
invention” and "compounds of Formula I" include compounds of Formulas I and stereoisomers,

geometric isomers, tautomers, solvates, metabolites, and pharmaceutically acceptable salts and

prodrugs thereof .
{0065] PYRAZOLO[3,4-D|PYRIMIDINE COMPOUNDS
{0666] The present invention provides pyrazolo[3,4-d]pyrimidine compounds, and

pharmaceutical formulations thereof, which are potentially useful in the treatment of disgases, '
conditions and/or disorders modulated by PI3 kinases. More specifically, the present invention

provides compounds of Formula I

R'l R4
R

74 N
N A

;] N R

R2

I
[0067] and stereoisomers, geometric isomers, tautomers, or pharmaceutically acceptable

salts thereof, wherein:

R is selected from H, C;—-Cy, alkyl, —-C(=O0)NRR!", -NRZC(=0)R", -
NR®C(=0)OR", ~NR"2C(=0)NR!R!!, and C,~Cyp heteroaryl where C;~Cy heteroaryl is
optionally substituted with one or more groups independently selected from C;-Cy, alkyl, Cy~
Cpp alkyl-NR'RY, C,—Cy; alkyl-OR", Ce~Cyp aryl, F, C, Br, I, ~CN, ~CF3, ~COH, —
C(=0)NR'R'!, -NO,, ~ NR'*R"!, ~NHCOR', ~OR°, —=$(0),NR*R"", and ~S(O):R'’;

R’is Ci—Cy alkyl;

R’ is selected ﬁom carbon-linked Co—Cyp heterocyclyl and carbon-linked C1—Cag
heteroaryl, where carbon-linked C,—Cjy heterocyclyl and carbon-linked C;—Cy heteroaryl are
optionally substituted with one or more groups independently selected from Cy—~C;; alkyl, Ce-
Cag aryl, F, CL, Br, L, ~CHj, ~CN, ~CF3, ~CH,OH, —CO,H, ~CONH;,, ~CON(CH;),, ~-NOy, - |
NH,, ~NHCH;, ~-NHCOCH;, —OH, ~OCHj, -SH, -NHC(=0)NHCH3, and —~S(0O),CHj;

R* is selected from -NR'*RY, -NR™2C(=0)R ', -NR'%(C}~C}, alkyDNR''R", ~
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N/ O.,NS,,0"'N. N 'NH 6-(1H-indazol-4-y1)-1-methy1-4-(4- (methylsulfonyl)phenoxy)-114-
pyrazolo[3,4-d]pyrimidine 104 N/ H N N N N 0 40 NH N-(3-(6-(1H-indazol-4-y1)-1-methyl-1Hpyrazolo

[3,4-d]pyrimidin-4- yOphenyl)methanesulfonamide
WO 2009/097446 PCT/US2009/032459

© NR'(Ci~Cyp alkyDOR™, -NR'(C;~Cyz alkyhC(=0)NR 'R ", -NR'(C1~C13 alkylene)~(C5-Cr2
carbocyclyl}, ~—NR’°(C;—CH.alkylene)—(Cz——ng heterocyclyl), —NRIO(ClmCu alkylene}—~(Ce—~Cao
- aryl), -NR'%(C,—C 2 alkylene)~(C;~Cap heteroaryl), ~OR'?, ~O(C;—C, alkylene)}-(Cs—Cia
carbocyclyl), '—O(Cl—Cu alkylene)—~(Cy~Cyp heterocyelyl), ~O(C1~Cy; alkylene)—(Ce~Cao aryl),
~O(Cy—Cy; alkylene)~(C;~Cao heteroaryl), ~(C1—~Cyp alkylene)NR'R ", —(C~Cy, alkylenc)-
(C3—Cy carbocyclyl), -—(Cl-;Cu alkylene)—(Cy~Ca heterocyelyl), ~(Ci—Crz alkylene)~(Ce~Cao
aryl), —(C;~Cyy alkylene)~(C,—Cap heteroaryl), ~(C2~Cy alkynylene)NR'RY, —(C,—Cy
alkynylene)—(C3—Cy; carbocyclyl), ~(Cy~Cy alkynylene)—(Cz~Cag heterocyclyl), ~(C2~Cs
alkynylene)—(C¢—Cag aryl), ~(Ca—Cyg alkynylene)-(C1~Cap heteroaryl), +(C;~Ci; alkylene)—~(Co-
Cao arylene}—(Cg——Cm heterocyelyl), —(Ce—Cao ary}-(C1~Crz alkylene)—(szCm |
heterocyclyl), <C(=0)NR'R"", C,—~Cy; alkyl, C2~C; alkynyl, C5~C;z carboeyelyl, Co~Cao
heterocyclyl, C4~Cayp aryl, and C;—Cyp heteroaryl, where alkyl, alkylene, alkynyl, alkynylene,
carbocyclyl, heterocyelyl, aryl, and heteroaryl are optionally substituted with one or more
roups independenﬂy selected from F, Cl. Br, I, -CH;, ~CH,0H, -CN, —CF3, ~CO;H, -COCHa,
~CONH,, ~CONHCHj;, ~CON(CHj;);, -NO,, -NH,, -NHCHj3, ”NHCOCH3, “NHS(O):CH};,
OH. ~OCH3;, ~S(0)2N(CH3),, —SCH3, —CH,OCH3, and -S(0)CHs;
R', R" and R™ are independently selected from H, C,~C alkyl, C;-Cy alkenyl, C;~Cy
alkynyl, C3—C1 carbocyelyl, Co—Cag heterocyclyl, Ce—Cog aryl, and Cy~Cyq heteroaryl, where
.alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally substituted
with one or more groups independently selected from F, Cl, Br, I, -CH-OH, —
CH#CGHS, -CN, -CF3, ~CO,H, ~CONH;, -CONHCHj3, ~NO», ~N(CHs)z, ~-NHCOCH;, -
NHS(O»LCH3, —-OH, -OCHj;, ~OCH,CHi, —S(0):NH,, —SCH;, ~S(0)CH;, ~CH,OCH;, ~-CH;,
and —S(0),CHj; | |
or R and R together with the nitrogen atom to which they are attached form a C2~Cao
heterocyclyl ring; and
R is selected from C;—C1» alkyl, C2~Cj alkenyl, Co~Cg alkynyl, C3—C, carbocyelyl,
C;—Cyg heterocyclyl, Ce—Cyp arvl, and C1—Cyq ileteroaryl, where alkyl, alkenyl, alkynyl,
carbocyelyl, heterocyelyl, aryl, and heteroaryl are optionally substituted with one or more
groups independently selected from F, Cl, Br, [, -CHOH, -CH,C¢Hs, —~CN, —CF3, -CO,H, -
CONH;, ~CONHCHj;, —NO,, -N(CHj3),, -NHCOCH;, -NHS(0),CH;, ~OH, —OCH3, ~
OCH,CH3, —S(0)NHa, —~SCH; —S(O)CH; —OCH,CH,~N(CHa),, and ~S(0)CHa;
[6068] or R¥ and R® together with the nitrogen atom to which they are attached form a
Co~Cy heterocyclyl ring,
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105 .N /N OMe a I'JH SP 6-(1 H-inda701-4-y1)-4-(3-
(methoxymethyl)pheny1)-1-methy1-1Hpyrazolo[3,4-d]pyrimidine 106 , N/ 101 N N N 'NH

3-(6-(1H-indazol-4-y1)-1-m ethyl-1Hpyrazolo[3,4-d]pyrimidin-4-yI benzonltrlle 107 :
(6 WO znugifﬂgwm y Py [ Iy YD) PCT/US2009/032459

[0069] Exemplary embodiments include wherem R!is H or CHs.
[6070] Exemplary embodiments include wherein R? is CHj.
{0071] Exemplary embodiments include wherein R? is a monoeyclic heteroaryl selected

from pyridyl, isoxazolyl, imidazolyl, pyrazolyl, pyrrolyl, thiazolyl, pyridazinyl, pyrimidinyl,
pyrazinyl, oxazolyl, oxadiazolyl, furanyl, thienyl, triazolyl, and tetrazolyl. _
{6072} - Exemplary embodiments include wherein R? is a fused bicyclic C4~Cap
heterocyclyl or C;~Cyq heteroaryl selected from

18



N /21100 N N... N NH 3-(6-(1H-ind
szol-4-y1)-1-methyl-1Hpyrazolo[3,4-d]pyrimidin-4-y1)-Nmethylbenzamide WO
2009/097446PCT/US2009/032459 108 N/ N OMe -N 'NH 6-(1 H-indazol-4-y1)-4-(3-methoxyphenyl)-
1-methy1-1HYRPA2EI834-d]pyrirnidine 109 PCT/US2009/032459 .

[ix]
. O
[0073] where the wavy line indicates the site of attachment.
[0674] Exemplary embodiments include wherein R? is selected from:
.. =N =N =N =N
éS I NH S;S NH ng 1 NH 555 | L NH
O ’ P
R13 : R13 R13 N
R'!S -
=N =N ' =N
\ \ N H
NH NiH
55T | Xy fs | N SSS i =
= _N =N
N R R
R‘i3
[6675] where the wavy line indicates the site of attachment.

[0676] Exemplary embodiments include wherein R® is a fused bicyclic C4~Cag

heterocyclyl or Cj—Cy heteroaryl selected from:
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N/ N .- Ho 'NH N-(3-(6-(1H-indazol-4-y1)-1-methy1-1Hpyrazolo[3,4-dipyrimidin-4-
yl)phenyl)acetamide 110 Co 6-(1 H-indazol-4-y1)-1-methyl-4-(4-

(methylstilfonyl)pheny1)-1H- pyrazolo[3 4- d]pyrimidine 111 #, ,' i7\,

WO 20(]9/097446 PCT/US2009/032459

S, SN, S s
SORRG® %
S S o iﬁ}l oy |

g e“ é‘N é'SN';
o L S N

o]
5 SR e

N s . P

L Ny
[6077] where the wavy line indicates the site of attachment.
[6078] Exemplary embodiments include wherein R? is 1H-indazol-4-yl or 1H-indol-4-y1.
[0079] Exemplary embodiments include wherein Rlisa monocyclic heteroaryl selected
from the structures: -
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6-(1H-inda701-4-y1)-4-(4-methoxypheny1)- 1-methyl-1H-pyrazolo[3,4-d]pyrimidine WO
2009/097446PCT/US2009/032459 112 /to 4-(3,4-dimethoxyphenyl)-6-(1H-indnol4-
y1)-1-methyl-1H-pyrazol o [3,4-d]pyrimidine 113 N/NIN N ONH

6-(1H- mdazo“@ %W%ﬁéihyl 4- (pyrldln -3- yloxy)-1H- pyrazolo[3 4- d]pyr|n*FT@'Ffé’5:1.211119"‘}5”24*9

E Re f; Rethet
RS \:) O T/>

T,> RPIRS » Dol

RS \C E\f’

10080} ~ where the wavy lme indicates the site of attachment.
[6081] Exemplary embodiments include wherein R? is a monocyclic heteroary! selected

from the structures:

T SN 3
gelaciaciavine
gela vl eRavias:

[6082] where the wavy line indicates the site of attachment.
[6083] Exemplary embodiments include wherein R® is a monccyclic heteroaryl selected

from the structures:
OCH,

SN .~
eU eI s ata o8
L ot

HO ~F N™ SocH,
ss’ Sé ng 555 OCH,
\1/ N\ \[ N TOH \(\} N f;\\ N
Ny NH, | N N\ASH NA\NH:;



‘N/ N NH 6-(1H-indazol-4-y1)-4-(3- methoxyphenoxy)-1 -methyl-1Hpyrazolo[3,4-d]pyrimidine 115 N /
HNOO 5-(4-(3
-methoxyphewylamlno) -1-methyl-1H-pyrazolo[3,4-d]pyrimidirt-6-y1)-1H-benzo /@Jlmdazol 2(3H)-one

O 2009/097446 BCT/ER2009/032459
P < ! r | /j\
N N™ ™SOCH, N N
P . P
N" “NHCH, | N/kNHCHa N)\NH_C(O)_NHCH3
555 f’ LN N
J\ LN,
H, FsC” N "NH,
[0084] where the wavy line indicates the site of attachment.
LIERY Exemplary embodiments include wherein R’ isa C;—Can heteroaryl substituted

ufiﬁh one or more grbups selected from F, —CF3, —=NH;, -NHCHj, -OH, ~OCHj;, ~C(O)CHj3, -
NHC(O)CHj3, -N(C(O)YCH3),, -NHC(O)NH;, ~CO-H, —CHO, —CH,OH, —C(=0O)NHCH;, ~
C(=0)NHy, and ~CHj.

[6086] . Exemplary erﬁbodiments include wherein R* is optionally substituted pyrimidin-
5-yl, optionally substituted Cg—Cyg aryl, or optionally substituted phenyl.

[6087] Exemplary embodiments include wherein R*is ~ORY where R is optionally -

substituted phenyl. _
[0088] Exempiary embodiments include wherein phenyl 1s substituted with one or more

groups independently selected from ~OCHj3;, ~S0,CHj3, -SO;NH;, -NHSO,CH;3, ~CH20CH;3, ~
CN, —C(=0)NHz, -C(=0)NHCHj3;, ~NHC(=0)CHj, ~CF3, —OH, —CH3, and ~CL

[0089] Exemplary embodiments include wherein R*is —OR'® where R" is optionally
subsﬁtuted'pyridyl_ or optionally substituted C;—C; alkyl.

[6690] Exemplary embodiments include wherein R* is ~O(C1~Cha alkylen¢)~(02~Cgo
heterocyelyl), ~O(C1~Cyz alkylene}y—(Ce—Cyo aryl), or —O{C4~C12 alkylene)-(C1~Cao
heteroaryl).

[0091] ‘Exemplary embodiﬁents include wherein R* is -NR''R"* where R'%is H, Ci~Cp»
alkyt, C;—Cy alkenyl, or Co~Cs alkynyl; and R™ is optionally substituted phenyl, indazol-6-yl or
indazol-4-yl. :

[6092] Exemplary embodiments include wherein R* is -NR!(C~Cy; alky)NR'’RP,
~NR'C—C 13 alkyD)OR ™, of -NR'%(C,—C}s alky)CEOINR R,

[6093] Exemplary embodiments include wherein R* is ~NR'R" where R" and R" -
together with the nitrogen atom to which they are attached form morpholinyl, 4-
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0 116 N/HN N 41) N N N-(3-methoxyphenyl)-1-methy1-6- (quino lin-5-y1 )-1H-pyrazol o [3,4-
d)pyrimidin-4-amine WO 2009/097446PCT/US2009/032459 117 %.."?

WO 2009/097446 PCT/OS2009/632459
methylpiperazin-1-yl, 4-methylsulfonylpiperazin-1-yl, or 4-(2-pyridyl)piperazin-1-yL

[0094] The Formula I compounds of the invention may contain asyminetric or chiral
centers, and therefore exist in different stereoisomeric forms. It is intended 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
mixtures, form part of the present invention. |
[0695] In addition, the present invention embraces all geometric and pésitional isomers.
For example, if a2 Formula I compound incorporates a double bond or a fused ring, the cis- and
 trans-forms, as well as mixtures thereof, are embraced within the scope of the invention. Both
the single positional is_omers and mixture of positional isomers are also within the scope of the
present invention. _
[0096] In the structures shown herein, where the stereochemistry of any particular chiral
atom is not specified, then all stereoisomers are contemplated and included as the compounds of
the invention, Where stereochemistry is specified by a solid wedgé or dashed line represehting a
particular configuration, then that stereoisomer is so specified and defined. _
[0097] The compounds of the present invention may exist in unsoltvated as well as
solva{ed-forms Wlth pharmaceutically acceptable solvents such as water, ethanol, and the like,
and it is intended that the invention embrace both solvated and unsolvated forms.
[0098] The compounds of the present invention may also exist in different tautomeric
forms, and all such forms are embraced within the scope of the invention. The term "tautomer"
or "tautomeric form" refers to structural isomers of different energies which are interconvertible
via a low energy barrier. For example, proton tautomers (also known as prototropic tautomers)
include interconversions via migration of a proton, such as keto-enol and imine-enamine
isomerizations. Valence tautomers include interconversions by reorganization of some of the
bonding electrons.
[06099] The present invention also embraces isotopically-labeled compounds of the
present invenﬁon 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 cdntemplated 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, chlo;ine and iodine, such as
213, e, B, e, BN BN, 150, V0, B0, %, 3%p, ¥, 1¥F, %°CL, 2 and "2’ Certain
isotopically-labeled compounds of the present invention {e.g., those labeled with H and MC) are

useful in compound and/or substrate tissue distribution assays. Tritiated (H) and carbon-14
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NFJ(N N/1 N-(3-methoxyphenyl)-1-methy1-6- (quinolin-3-y1)-1H-pyrazolo[3,4- dlpyrimidin-4-amine
118 N/HN N 0 IA NH2 6-(2-arninopyrimidin-5-y1)-N-(3- methoxypheny1)-1,3-dimethyl-11-1- pyrazolo
[3 ,4-d]pyrimidin-4-amine 119 N/HN O

WO 2609/097446 PCT/US2009/032459

(**C) isotopes are useful for their ease of preparation and detectability. Further, substitution
with heavier isotopes such as deuterium (i.c., *H) may afford certain therapeutic advantages
resulting from greater metabolic stability (e.g., increased in vivo half-life or reduced dosage
requirements) and hence mﬁy be préfefred in some circumstances. Positron emitting isotopes
such as 0, N, 1C 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.

[60100] PREPARATION OF FORMULA I COMPOUNDS

[60161] Pyrazolo[3,4-d]pyrimidines compounds of Formula I may be synthesized by
synthetic routes that include processes anatogous to those well-known in the chemical arts,
particularly in light of the description contained hereln The starting materials are generally
available from commercxal sources such as Aldncb Chemicals (Mllwaukee W1) or are readily
prepared using methods well known to those skilled in the art {e.g., prepared by methods
generally described in Louis F. Fieser and Mary Fieser, Reagents for Organic Synthesis, v. 1-23,
Wiley,.N.Y. (1967-2006 ed.), or Beilsteins Handbuch der organischen Chemie, 4, Aufl. ed.
Springer-Verlag, Berlin, including supplements (also available via the Beilstein online
database).

[066102] In certain embodiments, compounds of Formula I may be readily prepared using
well-known procedures to prepare pyrazolo[3,4-d]pyrimidines (Southwick et al (1975)J. of
Heterocyclic Chem. 12(6):1199-1205; Chem et al (2004) Bioorganic & Med. Chem. Letters
14(10):251 9-2525; Wu ct al (2003) Organic Letters 5(20):3587-3590; Quintela et al (2003}
Bioorganic & Med. Chem. 11(6):863-868; Braendvang et al (2007) Tetrahedron Letters

'48( 17):3057-3059; Katiyar et al (2006) Synthetic Communications 36(20):2963-2973; Holla et
al (2006) Bioorganic & Medicinal Chemistry- 14(6):2040-2047; Kim et al (2003) Furopean
Journal of Medicinal Chemistry 38 (5), pp525-532; Quintela et al (2001) European Journal of
Medicinal Chemistry 36-(4), pp321-332; US 4001230; US 4044130; US 6921763; US 6660744,
US 7217710; US 2006/0128729; US 2007/0155716; WO 2005/117909); and other heterocycles,
which are described in:. Comprehensive Heterocyclic Chemistry 11, 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-Forschung, 40(12):1328-31, (1990).

[60103] 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
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6-(benzol[d] [1,3] dioxo1-5-y1)-N-(3- m ethoxyphenyl)-1-m ethyl-1Hpyrazolo[3,4-d]pyrimidin-4-amine

120 N/HN N O N H N-(3 -methoxypheny1)-1-methy1-6-(3- methyl-1H-pyrazol-4-y1)-11-1-pyrazolo

[3,4- dlpyrimidin-4-amine 121 N/HN N O\ H

N-(3-methoxyﬂh%?ﬂ?ﬂ’?fﬂf‘-ﬁ'ethyl-6-(lH-pyrrolo[z,3-b]pgridin-5-y1 -1H-pyraZ 16 BT din-4-amine
asc 01 §

multiple paralle]l syntheses using either solution p olid 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. | |

(601041 For illustrative purposes, Schemes 1-3 show general methods for preparing
Formula I compounds, as well as key intermediates. For a more detailed description of the -
individual reaction steps, see the Examples section below. Those skilled in the art will
appreciate that other synthetic routes may be used to synthesize the inventive compounds.
'AIthough speéiﬁc starting materials and reagents are depicted in the Schemes and discussed
below, other starting materials and reagents can be easily substituted to provide a variety of
derivatives and/or reaction conditions. In addition, many of the compounds prepared by the
methods described below can be further modified in light of this disclosure using conventional
chemistry weil known to those skilled in the art.

' {00105] In preparing cbmpounds of Formulas I, 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
prep:—iration methods. Suitable amino-protecting groups include acetyl, trifluoroacetyl, t-
butoxycarbonyl (BOC), benzyloxycarbonyl (CBz) and 9-fluorenylmethyleneoxycarbonyl
(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.

R‘I
Rm
RS CN RO CON %
o~ e _— N\ !
COR™ COR'™ NN,
‘ R2
51a 5ib 52
R o) R Hal
7~ N
—— N\/ I /ﬁ e e N\)IJ;I\
NN N7 ONT THal
Rz R?
53 54
Scheme 1 _
[66106] Scheme 1 shows a general method for preparation of the dihalo pyrazolo[3,4-

d]pyrimidines intermediate 54 where Hal is independently F, Cl, Br, or I, starting from an
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WO 2009/097446PCT/US2009/032459 122 N/ H N NH 6-(1H-indazol-4-y1)-N-(3-methoxypheny1)- 1
-methy1-1H-pyrazo lo [3,4-d]pyrim idin-4- amine 123 N/HN N 400
N-(3-methoxyphenyl)-1-methy1-6-(pyridin4-y1)-1H-pyrazolo[3,4-d]pyrimidin-4- amine 124 N/RN N
WO 2009/097446 PCTIUR2009/032459
ethoxylidene nitrile ester 51. Cyclization of 51a or 51k with an alkyl hydrazine of formula
R*NHNH,, such as methy! hydrazine, yields compounds 52. Treatment of compounds 52 with
urea at elevated temperatures yields compounds 53. Treatment of compounds 53 with a reagent

PQOHals, such as phosphoryl chioride yields compounds 54.

=
CN
RS CN RO CN  R*NHNH, /
E >=< e N 1 —_—
i ©CON 9  Rri ©CN _ /N NH,
55 58 - R 56 -
R.1 Rt O =3 Hal
CONH
y 2 HNCONH, ) N Vel
N | — N A = N A
hY N N
/ 2 [ H A
R? _ R2 Rz
[00107] Scheme 2 | |
[00168] Scheme 2 shows treatment of compounds 55a or 55b with an alkyl hydrazine

R*NHNH-, such as methyl hydrazine, vielding compounds S6. Hydrolysis of the nitrile group,
using either sulphuric acid or hydrogen peroxide and sodium hydroxide provides compounds 57.
Treatment of compounds 57 with urea at elevated temperatures yields compounds 53.

Treatment of -compounds 53 with a reagent POHals, such as phosphory! chloride and a reagent
PHals, such as phosphorous pentachloride, yields compo'unds 54. '

4
R 002R1G COzﬁu} CONHz
N\/ I \

/N NH,
A | .
h b2 58 59
R O RO
2
NH / N
Emmmmame N‘}’IU\UK E— N\ l A
N">NT SR NN R
/
R? R?
&0 61
[00109] Scheme 3
[60110] Scheme 3 shows treatment of a compound 52 with an acylating reagent to form.

an amide 58 and introduce the R substituent. Conversion of the ester 58 to primary amide 59
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40 0 N-(3-methoxypheny1)-1-m ethy1-6-(pyri din3-y1)-1H-pyrazolo [3,4-d]pyrimidin-4- amine 125N /0
N O NH2 5-(4-(3-m ethoxyphenoxy)-1-methyl-1Hpyrazolo [3,44pyrimidin-6-yppyridin-2- amine 126 N/
HN 4111 0 NH2 6-(6-aminopyridin-3-y1)-N-(3- m
ethoxypheny MPXtAi#61 Hpyrazolo[3,4-d]pyrimidin-4-amine PCT/US2009/032459

allows for cyclization to 60. Halogenation at the 4 and 6 position gives 4, 6 dichloro

pyrazolo[3.4-d]pyrimidine 61.

[00111} METHODS OF SEPARATION
[60112} In the methods of preparing the compounds of this iri{fention, it may be
advantageous to separate reactionr products from one another and/or from starting materials. The
desired products of each step or series of steps is separated and/or purified (hereinafier
separated) to the desired dégree 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 techhiques of small scale thin layer and flash chromatography. '
[66113] 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 .
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. Altemnatively, the
reagents can be acids in the case of a basic materiaﬂ, bases in the case of an acidic material,
binding reagents such as antibodies, binding proteins, selective chelators such as crown ethers,
liguid/liquid ion extraction reagents (LIX), or the like. .
[00114] Selection of appropriate methods of separation depends on the nature of the
materials involved. For example, boiling point and molecular weight in distillation and
sublimation, presence or absence of polar functional groups in chromatography, stability of
materials in acidié and basic media in multiphase extraction, and the like. One skilled in the art
will apply techniques most likely to achieve the desired separafion.
[60115] 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
diastereoisomers 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.
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WO 2009/097446PCT/US2009/032459 127 Nil N/ HN N iL NH2 6-(2-aminopyrimidin-5-y1)-N-(3-

methoxypheny1)-1-methyl-1Hpyrazolo[3,4-d]pyrimidin-4-amine 128 N/HN N O\\ ... .0 S\

6-(1H-indazol-4-y1)-1-methyl-N-(3- (m ethyl sulfonyl)benzyl)-1H-pyrazolo [3,4- dipyrimidin-4-amine
WO 2009/097446 - PCT/US2009/032459

[66116] 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. "Stereochemistry

-+ of Organic Compounds,” John Wiley & Sons, Inc., New York, 1994; Lochmuller, C. H., (1975)
J. 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 diastereomeric compounds with chiral derivatizing reagents,
separation of the diastereomers, and conversion to the pure stereoisomeré, and (3) separation of
the substantially pure or enriched stereoisomers directly under chiral conditions. See: "Drug
Stereochemistry, Analytical Methods and Phanhacoiogy," Irving W. Wainer, Ed., Marcel
Dekker, Inc., New York (1993). _
[00117] | Under method (1), diastereqmeric salts can be formed by reaction of
enantiomerically pure chiral bases such as brucine, quinine, ephedrine, strychnine, a-methyl-p-
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 bhromatography. 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. . . _
[00118] Alternatively, by method (2), the sﬁbstrate to be resolved is reacted with one
enantiomer of a chiral compound fo 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 diastercomers 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.,
) mehthyl chloroformate in the presence of base, or Mosher ester, oi-methoxy-o-
(trifluoromethyl)phenyl acetate (Jacob IIL. J. Org. Chem. (1982) 47:4165), of the racemic
mixture, and analyzing the "H NMR spectrum for the presence of the two atropisomeric
enantiomers or 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 (WQ 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; '
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NH 10 129 HN N /N N 'NH 6-(1 H-inda zol-4-y1)-1-methyl-N-(pyridin3-ylmethyl)-1H-pyrazolo[3,4-d]

pyrimidin4-amine 130 N HN"---"---Ck N NH N./ 6-(I H-indazol-4-y1)-N-(2-methoxyethyl)-I-
methyI-IH-pyrazoIoL3,4-d]pyrimidin-4- amine
WO 2609/097446 _ PCT/US2009/632459

Okamoto, J. Chromatogr., (1990) 513:375-378). Enriched or purified enantiomers can be
distinguiéhed by methods used to distinguish other chiral molecules with asymmetric carbon

atoms, such as optical rotation and circular dichroism.

[86119] BIOLOGICAL EVALUATION
[0012(1] Determination of the activity of PI3 kinase activity of a2 compound of Formula I
is possible by a number of direct and indirect detection methods. Certain exgmpla_ry com_pounds
described herein were assayed for their PI3K binding activity (Example 83) and in vitro activity
against tumor cells (Example 84). The range of PI3K binding activities was less than 1 nM
(nanomolar) to about 10 pM (micromolar). Certain exemplary compounds of the invention had
PI3K binding activity ICsy values less than 10 nM. Certain compounds of the invention had
tumor cell-based activity ICso values less than 100 nM.
00121} The cytotoxic or cytostatic activity of Formula I exeinplary compounds was
measured by: establishing a proliferating mammalian tumor cell line in a cell culture medium,
adding a Formula I compound, culturihg the cells for a period from about 6 hours to about 5
days; and measuring cell viability (Example 84). Cell-based in vitro assays were used to
measure viability, i.e. profiferation (ICsq), cytotoxicity (ECso), and induction of apoptosis
(caspase activation). 7
{06122] The in vitro potency of Formula I exemplary compounds was measured by the
cell proliferation assay, CellTiter-Glo® Luminescent Cell Viability Assay, commercially
available from Promega Corp., Madison, W1 (Example 84). This homogeneous assay method is
based on the recombinant expression of Coleoptera tuciferase (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 amenable 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 medium.
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. |
[06123] The homogeneous "add-mix-measure" format 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 célls present in culture. The CellTiter-Glo® Assay
generates a "glow-type" luminescent sign.al, produced by the luciferase reaction, which has a
half-life generally greater than five hours, depending on cell type and medium used. Viable

29



131 N/1....--."... N.,... N NH N1-(6-(1H-indazol-4-y1)-1-methyl-IHpyrazolo [3,4-d]pyrimi
din-4-y1)-N1,N2,N2- trimethy lethane-1,2-di amine 132 NJ N/ FIN -N NH

N-(3,4-dimethoxypheny1)-6-(1H-indazol-4- y1)-1 -methyl-1H-pyrazolo [3
2009/0974468¢TRI82640/032459 133 N/

ARy

rimidind-amine WO
$2009/032459

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 proliferation assay an be used with various multiwell formats, e.g. 96-or 384

well format. Data can be recorded by luminometer or CCD camera imaging device. The

luminescence output is presented as relative light units (RLU), measured over time.

00124]

The anti-proliferative effects of Formula I exemplary compounds were measured

by the CellTiter-Glo® Assay (Example 84) against several tumor cell lines, including PC3,
Detroit 562, and MDAMRB361.1. ECs, values were established for the tested compounds. The

range of in vitro cell potency activities was about 100 nM to about 10 uM.

[00125]

Certain ADME properties were measured for certain exemplary compounds by

assays including: Caco-2 Permeability (Example 85), Hepatocyte Clearance (Example 86),
Cytochrome P450 Inhibition (Example 87), Cytochrome P450 Induction (Example 88), Plasma
Protein Binding (Example 89), and hERG channel blockage (Example 90}.

[00126]

Exemplary Formula I compounds No. 101-189 in Table 1, were made,

characterized, and tested for PI3K activity according to the methods of this invention, and have

the following structures and corresponding names (ChemDréw Ultra, Version 9.0.1,

CambridgeSoft Corp., Cambridge MA).

[06127) Table 1.
No. Structure | Name
101 N-(3-methoxyphenyl)-1-methyl-6-(1H-
P pyrazol-4-yl)-1H-pyrazolo[3,4- '
HN o d]pyrimidin-4-amine
7~ "N
N™ N | N
N/
H
102 OMe 4-(3,4-dimethoxyphenoxy)-6-(1H-indazol-
/@: 4-yl)-1-methyl-1H-pyrazolo[3,4-
0 OMe d]pyrimidine
7 N =N
N\rf: NH
)N
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0.."../1--."N N NH 6-(1H-indazol-4-y1)-1-methy1-4-(2- (pyridin-3-yl)ethoxy)-1H-pyrazolo[3,4-
d]pyrimidine 134 ' N 1 6-(I H-indazol-4-y1)-1-methy1-4-(pyridin-3- 1./* ylm ethoxy)-11-1-pyrazolo
[3,4-d]pyrim i dine 0

_ WO 2009/097446 | PCT/US2009/032459

6-(1H-indazol-4-y})-1-methyl-4-(4-
(methylsulfonyl)phenoxy)-1H-
pyrazolo[3,4-d]pyrimidine

103

104 ﬁ N-(3-{6~(1H-indazol-4-yl)-1-methyl-1H-
- pyrazolo[3.4-d]pyrimidin-4-
‘yl)phenyhmethanesulfonamide

105 6-(1H-indazol-4-y1)-4-(3-
(methoxymethyl)phenyl)-1-methyl-1H-

pyrazolof3,4-d]pyrimidine

106 N | 3-(6-(1H-indazol-4-yl)-1-methyl-1H-

pyrazolo{3,4-djpyrimidin-4-y])benzonitrile

3-(6-(1H-indazol-4-y1)-1-methyl-1H-
pyrazolo|[3,4-dlpyrimidin-4-y1)-N-
methylbenzamide

107 -
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NNH N ' / 135 % 6-(1H-indazol-4-y1)-1-methy1l-4-(4- 0=S

WO Z009/09744¢ PCT/US2009/032459
108 OMe 6-(1H-indazol-4-yl)-4-(3-methoxyphenyl)-
1-methyl-1H-pyrazolof3.4-d]pyrimidine
4 N =N
N, P NH
N™ N
-/
109 N-(3-(6-(1H-indazol-4-yl)-1-methyl-1H-

pyrazolo[3,4-d]pyrimidin-4- -
yl)phenylacetamide

110 0 6-(1H-indazol-4-yl)-1-methyl-4-(4-
257" (methylsulfonyl)phenyl)-1H-pyrazolo[3,4-
d}pyrimidine I
N
N
\N -
/
111 OMe 6-(1H-indazol-4-y1)-4-(4-methoxyphenyl)-
‘ ' 1-methyl-1H-pyrazolo[3,4-d]pyrimidine
N =N =N
\ P NH
N™ N
/




(methylsulfonyl)benzyloxy)-1Hpyrazolo[3,4-d]pyrimidne N NH O N / 1360,,,0

WO 2003/097446 PCT/US2009/032459 -

112 4~(3,4-dimethoxyphenyl)-6-(1H-indazol-4-
yl)-1-methyi-1H-pyrazolo[3,4-d]pyrimidine

113 = 6-(1H-indazol-4-y1)-1-methyl-4-(pyridin-3-
. !N yloxy)~1H-pyrazolo[3,4-d]pyrimidine

114 - 6-(1H-indazol-4-y1)4-(3-
‘methoxyphenoxy)-1-methyl-1H-
0 o~

pyrazolo[3,4-d]pyrimidine

115 5-{4-(3-methoxyphenylamino)-1-methyl-
1H-pyrazolo[3,4-d}pyrimidin-6-y1)-1H-
benzo[dlimidazol-2(3H)-one

116 N-(3-methoxyphenyl)-1-methyl-6-

(quinolin-5-y1)-1H-pyrazolo{3,4-
d]pyrimidin-4-amine
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6-0 H-indazol-4-y1)-1-m -methyl-4-(3- 0 S/ (methyl sulfonyl)pheny1)-1H-pyrazolo [3,4- d]pyrimidine

N NNNH /
WO 2009/097446 : PCT/US2009/032459
117 N-(3-methoxyphenyl)-1-methyl-6-
O__ P (quinolin-3-yl}-1H-pyrazolof3,4-
HN™ ™ 70 dlpyrimidin-4-amine
/ N
N.
N ™N v
T
N
118 6-(2-aminopyrimidin-5-y1)-N-(3-
- P methoxyphenyl)-1,3-dimethyl-1H-
HN o pyrazolof3,4-d]pyrimidin-4-amine
}N Né‘KFN
N/)\NHZ
119 6-(benzo{d][!,3]dioxol-5-yI)-N-(3~
methoxyphenyl)-1-methyl-1H-
HN g pyrazolo[3,4-d]pyrimidin-4-amine
/I~ TN
N, L o
N™ N
/ )
]
1200 ' N-(3-methoxyphenyl)-1-methyl-6-(3-
_ methyl-1H-pyrazol-4-yl)-1H-pyrazolo[3,4-
HN -0 d]pyrimidin-4-amine
7~ N
Nl _
N™ N 2
! | N
N
_ N
121 N-(3-methoxyphenyl)-1-methyl-6-(1H-
_ pyrrolof2.3-blpyridin-5-y1}-1H-
~ HN o pyrazolo[3,4-d]pyrimidin-4-amine .
/I~ "N '
[N N I R N\
ZN
NTOH
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WO 2009/097446PCT/US2009/032459 137 4-(6-(1H-indazol-4-y1)-1-methyl-1H- 2
pyrazolo[3,4-d]pyrimidin-4-y1)-N,N-dimethylbenzamide 138 4-(6-(1H-indazol-4-y1)-1-methyl-1H-

lo[3,4-d]pyrimidin-4-y1)-N,N-dimethylb If id
pyrazolol “J(?%{E}Q}!,g'ﬂ% yh) metylbenzenestiionamice PCT/US2609/032459

122 6-(1H-indazol-4-y1)-N-(3-methoxyphenyl)-
1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-
amine
-~
N
N ]|
N
/.
123 N-(3-methoxyphenyl)-1-methyl-6-(pyridin-
4-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-
' amine
7~ N
/N N ! =
=N
124 N-(3-methoxyphenyl)-1-methyl-6-(pyridin-
P 3-yl)-1H-pyrazolo[3,4-djpyrimidin-4-
HN™ o amine _
™~ TN
S
2R
N
125 5-(4-(3-methoxyphenoxy)-1-methyl-1H- -
' O P pyrazolo[3,4-d]pyrimidin-6-yl)pyridin-2-
O O . | amine .
7~ N
N
N N | s
/ P _
N” NH, |
126 6-(6-aminopyridin-3-yl)}-N-(3-
O methoxyphenyl)-1-methyl-1H-
HN od | pvrazolof3,4-djpyrimidin-4-amine
=N
Nl P
N N =
/ |
N TNH,
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139 0-- \ 4-(benzo[d][1,3]diox01-5-y1)-6-(1H- th O Wil indazol-4-y1)-1 -methyl-1H-pyrazolo [3,4-
dlpyrimidine N NH N

WO 2009/097446 PCT/US2009/032459
127 ' 6-(2-aminopyrimidin-5-y1}-N-(3-
P methoxyphenyl)-1-methyl-1H-
HN O pyrazolo3,4-d]pyrimidin-4-amine

/ N N
NA'NHZ
128 - 0,0 | 6-(1H-indazol-4-yl)-1-methyl-N-(3-
HN S\ (metbylg@fonyl)bgnzyl)-1H—pyrazolo[3,4—
dJpyrimidin-4-amine
| N g t N u....N\ '
NP NH
/
129 "HN N 6-(1 H-indazol-4—y1)-l-mcthyi-N—(pflfrifiip»
’ 3-ylmethyl)-1H-pyrazolo]3,4-d]pyrimidin-
¥ & 4-amine
N .
N AL
N™ °N NH
/
130 O 6-(1H-indazol-4-y1)-N-(2-methoxyethyl)-1-
. . methyl-1H-pyrazolo[3,4-d]pyrimidin-4-
amine

131 N1-(6~(1H-indazol-4-yI)-1-methyl-1H-
pyrazolo[3,4-d]pyrimidin-4-yl)-N1,N2 N2-
trimethylethane-1,2-diamine

132 N-(3,4-dimethoxyphenyl)-6-(1H-indazol-4-

yl)-1-methyi-1H-pyrazolo[3,4-d]pyrimidin-
4-amine
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/ 140 CI 4-(3,4-dichlorophenyl)-6-(11-1-inds zol-4-

N

WO 2009/097446 _ PCT/US2009/032459
133 AN 6-(1H-indazol-4-y1)-1-methyl-4-(2-
S IN (pyridin-3-yl)ethoxy)-1H-pyrazolo[3,4-
-0 djpyrimidine .
=
o
N
/ .
134 N 6-(1H-indazol-4-yl)-1-methyl-4-(pyridin-3- -
| / ylmethoxy)-1H-pyrazolo[3,4-d]pyrimidine
o
4 SN =N
N;Il\/ NH
- N
135 o 6-(1H-indazol-4-y1)-1-methyl-4-(4-
0=9 (methylsulfonyl)benzyloxy)-1H-
O pyrazolo{3,4-d]pyrimidine
136 Q.0 6-(1H-indazol-4-y1)-1-methyl-4-(3-
| (methylsulfonyl)phenyl)- 1 H-pyrazolo[3,4-
d]pyrimidine
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Cl y1)-1 -methyl-1H-pyrazolo [3,4-d]pyrimidine




NH NN / WO 2009/097446PCT/US2009/032459 141 N/HN 41 OM e -N NH 6-(1
H-indazol-4-y1)-N-(3-methoxyphenyl)- 1,3-dimethyl-11-1-pyrazolo[3,4-d]pyrimidin4-amine

WG 2009/097446 PCT/US2009/032459
137 4-(6-(1H-indazol-4-y})-1-methyl-1H-
-pyrazolo[3,4-d]pyrimidin-4-yl)-N,N-
dimethylbenzamide
=N
NH
138 o | 4-(6-(1H-indazol-4-yl)-1-methyl-1H-
NN pyrazolo[3,4-d]pyrimidin-4-yl)-N,N-
” dimethylbenzenesulfonamide
139 0\ | 4-{(benzo[d]{1,3]dioxol-5-y1)-6-(1H-
O indazol-4-y1)-1-methyl-1H-pyrazolo|3,4-
' d]pyrimidine
N\/
N
/
140 - Cl 4-(3,4-dichlorophenyl)-6-(1H-indazol-4-
cl y1)-1-methyl-1H-pyrazolo[3,4-d]pyrimidine
N
N
/
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142 ; H N 0 '-'() NH 0 6-(1H-indazol-4-y1)-1-m ethyl-N-(4- (methylsulfonyl)phenyl)-1H-pyrazol0 [3,4-
d]pyrimidin-4-amine 143 N, N / HN.---....."O N * NH 6-(1 H-indazol-4-y1)-1-methyl-N-(2- phe

noxyethyl)-1H-pyrazo lo [3,4- d]pyrimidin-4-amine 144 N /
WO 2009/097446 PCT/US2009/032459

141 6-(1H-indazol-4-y1)-N-(3-methoxyphenyl)-
| 1,3-dimethyl-1H-pyrazolo|3.4-d}pyrimidin-
HN OMe

. 4-amine .
4 Y =N . :
. NH
N - .

142 P 6-(1H-indazol-4-yI)-L-methyl-N-(4-
S‘\O (methylsutfonyl)phenyl}-1H-pyrazolo[3.4-
/@’ djpyrimidin-4-amine
HN
7 =N =N
N‘/N\/\I)\IN/ NH
/
143 AN 6-(1H~indazol-4-y1)-1-methyl-N-(2-
phenoxyethyl)-1H-pyrazolo[3.4-
//\ILN d]pyrimidin-4-amine
N‘N l = *-I:l . _
/ N NH o

144 & 6-(1H-indazol-4-yl)-1-methyl-N-(2-
- (pyridin-3-yDethyl)- 1H-pyrazolo|3,4-
d]pyrimidin-4-amine

145 _ 6~(1H-indazol-4-y1)-1-methyl-4-(3-
| (trifluoromethyl)phenethoxy)-1H-
Q CF3 pyrazolof3,4-d]pyrimidine
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HN N ...-- %-..k N, NH 6-(1H-indazol-4-y1)-1 -methyl-N-(2- (pyridin-3-yflethyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-amine 145 N /O N 411 N-N NH CF3 0 H-inri a zol-4-y1)-1-methy1-4-(3-
6-(trifluoromethyl)phenethoxy)-1Hpyrazolo[3.4-d]pyrirnidine WO 2009/097446PCT/US20091032459

WO 2009/097446 PCT/US2009/032459
146 6-(1H-indazol-4-y1)-1-methyl-4-
phenethoxy-1H-pyrazolo[3,4-d]pyrimidine
0 .
3 ~N =N
/ N
147 o 1-ethyl-6-(1H-indazol-4-y1)-N-(3-
P methoxyphenyl)-1H-pyrazolo|3,4-
HN o d}pyrimidin-4-amine
' R
N
A
148 | 6-(1H-indazol-4-y1)-1-methyl-4-(4-
N ' methylpiperazin-1-yl}-1H-pyrazolof3,4-
[ ] djpyrimidine
N

149 | | 6-(1H-indazol-4-yl)-1-methyl-4-(4-
0=%=0 (methylsulfonylpiperazin-1-yl)-1H-
[Nj pyrazolo[3,4-d]pyrimidine
- N
7 SN =N
N‘N | e NH
;N
150 Osg20 4-(6-(1H-indazol-4-y1)-1-methyl-1H-
' pyrazolo[3 4-dlpyrimidin-4-yl}-S-
dioxothiomorpholine
Nf
N
/
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146 N / N NH 6-(1H-indazol-4-y1)-1-methy14- phenethoxy-1H-pyrazolo[3,4-d]pyrimidine 147 HN _-N
'‘NH 1-ethy1-6-(1H-indazol-4-y1)-N-(3- methoxyphenyl)-1H-pyrazolo[3,4- d]pyrimidin-4-amine 148 N/
| N N ONH 6-(1H-indazol-4-y1)-1-methyl-4-(4- methyl piperazin-1-y1)-1H-pyrazolo[3,4- cOpyrimidine
149 N / WO 2009/097446 PCT/US2009/032459

151 6-(1H-indazol-4-yl}-4-(2-methoxyethoxy)-
' 1-methyl-1H-pyrazolo[3,4-d]pyrimidine
g -
N[
N
-
152 | N 4~(benzyloxy)-6-(1H-indazol-4-y1)-1-
' methyl-1H-pyrazolo[3,4-d}pyrimidine
153 . oL | 6(1H-indazol-d-y1)-4-(3-
methoxybenzyloxy)-1-methyl-1H-
pyrazolo}3,4-djpyrimidine
0
7~ N =N
”{\r/ NH
A
/
154 o " 6-(1H-indazol-4-y1)-1-methyl-N-
(tetrahydro-2H-pyran-4-yI)-1H-
HN pyrazolo[3,4-djpyrimidin-4-amine
155 o 6-(1H-indazol-4-y1)-1-methyl-N-(2-
N \) morpholinoethyl)-1H-pyrazolo{3,4-
HNT N djpyrimidin-4-amine
7 =N =N
N A NH
;o
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0=S=101 N C) N NH 6-(1H-indazol-4-y1)-1-methy1-4-(4-
(methylsulfonyl)piperazin-1-y0-1Hpyrazolo[3,4-d]pyrimidine 150 N / N 'NH
4-(6-(1H-inda701-4-y1)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-y1)-S- dloxothlomorphohne

2009/097446W€ 7)7420186/032459 15 OzC) NH N PCT/US2009/032459
156 0 N-(benzo[d][1,3]dioxol-5-yI)-6-(1H-
> indazol-4-y1)-1-methyl-1H-pyrazolo[3,4-
| © d]pyrimidin-4-amine |
/ - LY
N, ‘ v NH

N™ °N

/

157 H N-(4-(6-(1H-indazol-4-y1)-1-methyl-1H-
pyrazolo[3,4-dJpyrimidin-4-
ylamino)phenyl)acetamide

158 o NN 6-(1H-indazol-4-y1)-1-methyl-4-(3-

| / (pyridin-3-yl)propoxy)-1H-pyrazolo[3.4-
"R d}pyrimidine
N | N =N
NTSNE _NH

159 3-(6-(1H-indazol-4-yl)-1-methyl-1H-
pyrazolo[3.4-d}pyrimidin-4-y})-N,N-
dimethylbenzamide

160 : N\ 6-(1H-indazol-4-yl)-1-methyl-N-(3-(4-

HN/\/\ N N methylpiperazin-1-ylpropyl)-1H-

: pyrazolo[3,4-d}pyrimidin-4-amine
N g 1 N =N
. NH
N s
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/ 6-(1H-inda zol-4-y1)-4-(2-methoxyethoxy)- 1-methyl-1H-pyrazolo[3,4-d]pyrimidine 152400 N /N
NH 4-(benzyloxy)-6-(1H-indazol-4-y1)-1- methyl-1H-pyrazolo[3,4-d]pyrimidine 153 NA N/ NH
6-(1H-indazol-4-y1)-443- methoxybenzyloxy) -1-methy1-1Hpyrazolo[3,4-dIpyrimidine 154 HN 2 N NH N

WO 2009/09744¢6 PCT/US2009/032459

161 | N-(4-(2-(dimethylamino)ethoxy)phenyl )-6-
(1H-indazol-4-y1)-1-methyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine

N,
N
/

162 6-(1H-indazol-4-y1)-1-methyl-N-(1-
methylpiperidin-4-y1)-1H-pyrazolo{3,4-
d}pyrimidin-4-amine

7 TN =N
N NH
NT N
/
163 o 1-(3-(6-(1H-indazol-4-yl)-1-methyl-1H-
' ' pyrazolo[3,4-d]pyrimidin-4-
HN/\/_\ 6 ylamino)propyl)pyrrolidin-2-one
N\/ \
N
/
164 [;-.N 4-(2-(1H-imidazol-1-yl)ethoxy)-6-(1H-
~N \/) indazol-4-y1)-1-methyl- IH—pyrazolo{B 4
0 : d]pyrimidine
7~ N =N
N P NH
N™ ™N
/
165 Ny 6-(1H-indazol-4-yl)-1-methyl-4-(pyridin-4-
| ylmethoxy)-1H-pyrazolo[3,4-d}pyrimidine
P _
o
Nl
N
/
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/ 6-(I H-indazol-4-y1)-1-methyl-N-(tetrahydro-2H-pyran-4-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine 155
co HNN) NrJujiyNH N / 6-(1H-indazol-4-y1)-1-m ethyl -N-(2- morpholinoethyl)-1H-pyrazolo [3,4-

d]pyrimidin-4§€{m@@9 MO, 2009/097446PCT/US2009/032459 156 HN N N f’@%%é@%%? [d][1,3] di
1 [N

0x01-5-y1}-6-(dHinrdazol-4-y1)-1-methyl-1H-pyrazolof3,4--dlpyrimidin-4-amine—L

T T ITNTNT

166 SN 6-(1H-~indazol-4-yI)-1-methyl-4-(3- -
J/\Q‘; (pyridin-4-yDpropoxy)-1H-pyrazolo[3,4
o d]pyrimidine : :
167 : o 1-(2-(6-(1H-indazol-4-y1)-1-methyl-1H-
- | b pyrazolo[3,4-d]pyrimidin-4-
o~ N vloxy)ethyl)pyrrolidin-2-one

168 o o 6-(1H-indazol-4-y1)-1-methyl-N-(3-
HN ~ N\; ' / (pyrrolidin-1-yl)propyl)-1H-pyrazolo[3,4-

dlpyrimidin-4-amine

N |
\N N/ NH
/
169 ~NT N1-(6-(1H-indazol-4-y1)-1-methyl-1H-
HN \ pyrazolof3,4-d]pyrimidin-4-y1)-N3,N3-
x o dimethylpropane-1,3-diamine
4 ‘ N =N .
N, P NH |
N™ N
/
170 o N/\\ 6-(1H-indazol-4-y1)-1-methyl-N-(3-
HN \\/_0 morpholinopropyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-amine
7~ TN =N
N NH
/
171 ' Z 6-(1H-indazol-4-yl)-1-methyl-4-(2-
~ | (pyridin-2-yDethoxy)-1H-pyrazolo[3,4-
0 N d]pyrimidine
2 ~N =N
;N
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NH N-(4-(6-(1H-indazol-4-y1)-1-methyl-1Hpyrazolo[3,4-dlpyrimidin-4- ylamino)phenypacetamide 158
ON/"N-N? NH WI 6-(1H-indazol-4-y1)-1-methyl-4-(3- (pyri din-3-yl)propoxy)-11-1-pyrazo lo [3,4-

d]pyrimidine Wz%&; NAH PCT/US2009/032459
3- (6 (1H intazot-4 _y% i |||cth_y= 1H'py'raZU=U[3,4'd |JyIIIIIIUIII 4= yJ.) NN uuneu'/ly?’r.z)enzaml(]e 160 1-11.?
N/ rTh N/N172 /\/\N/ﬁ N-(3- (1H—1m1dazol 1-yDpropyl)-6-(1H- '
HN \e=pN indazol-4-y1)-1-methyl-1H-pyrazolo[3,4-
' d]pyrimidin-4-amine
A _
7 N —=N
N
/ : _
173 . = 6-(1H-indazol-4-yl)-1-metiryl-4-(pyridin-2-
l _N ylmethoxy)-1H-pyrazolo[3,4-d]pyrimidine
O
2 =N =N
N\/j\)\l, NH
N™ N
/
174 N 6-(1H-indazol-4-y1)-1-methyl-4-(2-
| (pyridin-4-yl)ethoxy)-1H-pyrazolo[3,4-
0 N dlpyrimidine
4 SN =N
N\/\,f\, NH
N™ N
/-
175 2 6-(1H-indol-4-y1)-N-(3-methoxyphenyl)-1-
| methyl-1H-pyrazolo[3, 4-d]pynm1d1n-4-
o
HN o) amine
7 N =
/ N
176 0 1-(4-(6-(1H-indazol-4-y})-1-methy}-1H-

yloxy)piperidin-1-ylethanone

O e pyrazolo[3,4-d]pyrimidin-4-
Q
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6-0 H-indazol-4-y1)-1-m ethyl-N-(344-
methylpiperazin-1-yppropyl)-1Hpyrazolo[3,4-d]pyrimidin-4-amine -N NH WO

1 O e e imeinzotyty g bcsavnsassy
-methyl-1k 6- (1H—mdazoi~4-yi)-I-methyl-4-(4—((4~

Hpyrazolo|3, 4 d]pyrlnrmhsfl/amlne
N

methylpiperazin-1-yl)methyl)phenyl)-1H-
pyrazolo[3,4-d]pyrimidine

178

3-(6~(1H-indazol-4-yl)-1-methyl-1H-
pyrazolo[3,4-d]pyrimidin-4-ylamino)-1~
(piperazin-1-yl)propan-1-one

179

6-(1H-indazol-4-y1)-1-methyl-4-(2-(4-
(methylsuifonyl)piperazin-1-yl)ethoxy)-
1H-pyrazolo{3,4-d]pyrimidine

180

6-(1H-indazol-4-yl)-1-methyl-4-(3-({4-
(methylsulfonyl)piperazin-1- '
yhmethylphenyl)-1H-pyrazolo[3,4-
dlpyrimidine
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162 N/ N HN N a NH IP 6-(111-indazol-4-y1)-1-methyl-N-(1- methylpiperi din-4-y1)-1H-pyrazolo [3,4-

cllpyrimidin-4-amine 163 N / HNr---,---- O N-N NH 1 -(3-(6-(1H-inda
zol-4-y1)-1-methy1-1Hpyrazolo[3,4- d rimidin-4- ylamino)propyl)pyrrolidin-2-one 164 N / ".
N.)I Y1) WO 2009/09 4%6 [ ]py : P 4 Py PCT/US2009/032459
181 Op P | 6-(1H-indazol-4-yl)-1-methyl-4-(4-((4-
NS (methylsulfonyl)piperazin-1-
\) - yDmethylphenyl)- 1H~pyrazolo[3 4-
- d}pyrimidine

182 | _ 6~(1H-indazol-4-yl)-1-methyl-N-((1-
' methylpiperidin-4-yl)methyl)-1H-
pyrazolof3,4-djpyrimidin-4-amine

HN
/7 ~N =N
/
183 HN/\/\,S\/ - | 6-{1H-indazol-4-y1)}-1-methyl-N-(3- :
o o {methylsulfonyl)propyl)- IH-pyrazoio[B 4-
4 =N d]pyrimidin-4-amine _
N 1 o~ =N
e a
184 '/\NH 6-(1H-indazol-4-yl)-1-methyl-4-(2-
~UN (piperazin-1-yhethoxy)- IH-py‘razolo[S 4-
o _ d}pyrimidine
i -
N
N
/
185 NH 6-(1H-indazol-4-yl)-1-methyl-4-(piperidin-
4.yloxy)-1H-pyrazolo[3,4-d]pyrimidine
O
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...s», NNH 4-(2-(1H-imidazol-1 -yl)ethoxy)-6-(1Hindazol-4-y1)-1-methy1-1H-pyrazolo [3,4- d]pyrimidine
165 N, rAN NJJ / NH 6-(11-1-inda7014-y1)-1-methyl-4-(pyridirt-4- ylmethoxy)-1H-pyrazo10
[3,4-dIpyrimidine WO 2009/097446PCT/US20091032459 166 NfJNO N / --- N NH 6-(1H-inda
201-4-y1)-1-MEAWLYE 4 ¢pyriclin-4-yl)propoxy)-1H-pyrazo lo [3.4- d]pyriniGinE PEP 524359

186 HNS"N g 6-(1H-indazol-4-y1)-1-methy)-N-(3-
' § 0 (methylsulfinyl)propyl)-1H-pyrazolo[3,4-
N T N d}pyrimidin-4-amine
NP =N |
;N NH
187 ﬁ 6-( 1H~indazol~4-yl)-l -methyl-N~(piperidin-
4~ylmethyl}-1H-pyrazolo[3,4-d]pyrimidin-
4-amine
HN
N,
N
/
188 HN " g 6-(1H-indazol-4-y1)-1-methyl-N-(3-

(methylthio)propyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-amine

189 (\O 4-(2~(6-(1H-indazol-4-y1)-1-methyl-1H-
' N \) pyrazolo{3,4-d]pyrimidin-4-
o ' yioxy)ethyl)morpholine

[00128] ADMINISTRATION OF COMPOUNDS OF FORMULA I -
[66129] 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,
| intramuscular, infravenous, intra-arterial, intradermal, intrathecal and epidural), transdermal,

rectal, nasal, topical (including buccal and sublingual), vaginal, intraperitoneal, intrapulmonary

- and intranasal. For local immunosuppressive ireatment, 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 a pharmaceutically acceptable carrier or excipient.

Where the compound is administered parenterally, it may be formulated with a pharmaceutically
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/ 0siNH111P 1-(2-(6-(1H-indazol-4-y1)-1-methy1-11-1- pyrazolo[3,4-d]pyrimidin-4-

yloxy)ethyl)pyrrolidin-2-one 168 N / HN,r---....." N N C NH 6-U (1 (pyrrolielin-1-yl)propy1)-1H-pyrazolo
[3,4- d]pyrimidin-4-amine 169 N/ N
WO 2009/097446 : PCT/US2009/032459

‘acceptable parenteral vehicle and in a unit dosage injectable form, as detailed below.

[60130] 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 period of time. The

regimen may be repeated for a number of cycles of therapy.

[00131] METHODS OF TREATMENT WITH FORMULA 1 COMPOUNDS

[60132] Compounds of the present invention are useful for treaﬁng hyperproliferative
diseases, conditions and/or disorders including, but not limited to, those characterized by over
expressidn of lipid kinases, e.g. PI3 kinase. Accordingly, another aspect of this invention
includes methods of treating or preveﬁting 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 stereocisomer, 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, adiuvant, or vehicle, wherein said compound of Formula I
is presentl in an amount to detectably inhibit P13 kinase activity.

[06133] 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, epidermoid |
carcinoma, large cell carcinoma, non-small cell lung carcinoma (NSCLC), small cell carcinoma,
lung adenocarcinoma, bone, colon, adenoma, pandreas, adenocarcinoma, thyroid, follicular
carcinoma, undifferentiated carcinoma, papillary carcinoma, seminoma, melanoma, sarcoma,
bladder éarcinoma, liver carcinoma and biliary passages, kidney carcinoma, myeloid disorders,
Iymphdid disorders, hairy cells, buccal cavity and pharynx {oral), lip, tongue, mouth, pharynx,
small intestine, colon-rectum, large intestine, rectum, brain and central nervous system,
Hodgkin's and leukemia. .

[60134] Another aspect of this invention provides a compound of this invention for use in
the treatment of the diseases or conditions described herein in a mammal, for example, a human,
suffering from such disease or condition. Also provided is the use of a compound of this
invention in the preparation of a medicament for the treatment of the diseases and conditions

described herein in a warm-blooded animal, such as a mammal, for example a human, suffering
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HN------- r-'N N1-(6-(1H-ind a rol-4-y1)-1-methy1-1Hpyrazolo[3,4-d]pyrimidin-4-y1)-N3,N3-
dimethylpropane-1,3-diamine tNHhell 2770 N/FIN NN /1 Th"\--_ /' N NH 6-(1H-indazol-4-y1)-1-m

ethyl-N-(3- morpho li 1)-1H- - imidin-4-ami
y ( W(? zoce)w}(r)]ﬂaq/gig py1)-1H-pyrazol o [3,4- dipyrimidin-4-amine POENISI009/032459

from such disorder.
[06135] PHARMACEUTICAL FORMULATIONS
106136] In order to use a compound of this invention for the therapeutic treatment
(including prophylactic treatment) of mammals including humans, it is normally formulated in
accordance with standard pharmaceutical practice as a pharmaceutical composition. According
to this aspect of the invention there is provided a pharmaceutical composition comprising a

' compound of this invention in association with a pharmaceutically acceptable diluent or carrier.
{00137] A typical formulation is prepared by mixing a compound of the present invention
and a carrier, diluent or excipient. Suitable carriers, diluents and excipients are well khown to
those skilled in the art and include materials such as carbohydrates, waxes, water soluble and/or
swellable polymers, hydrophilic or hydrophobic matetials, gelatin, oils, solvents, water and the
like. The particular carrier, diluent or excipient used will depend upon the means and purpose
for which the compound of the present invention is being applied. Solvents are generally
selecied based on solvents recognized by persons skilled in the art as safe (GRAS) to be

. administered to a mammal. In general, safe solvents are non-toxic aqueous solvents such as
water and other non-toxic solvents that are soluble or miscible in water. Suitable aqueous
solvents include water, ethanol, propylene glycol, polyethylene glycols (e.g., PEG 400, PEG

-300), etc. and mixtures thereof. The formulations may also include one or more buffers,
stabilizing agents, surfactants, wetting agents, lubricating agents, emulsiﬁers., suspending agents,
preservatives, antioxidants, opaquing agents, glidants, processing aids, colorants, sweeteners,
perfuming agents, flavoring agents and other known additives to provide an elegant presentation
of the drug (i.e., a compound of the present invention or pharmaceutical composition thereof) or
aid in the manufacturing of the pharmaceutical product (i.e., medicament).
[00138] The formulations may be prepared using conventional dissclution and mixing
procedures. For ekample, 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 préscnce 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 dosagé of the drug and to enable
patient compliance with the prescribed regimen.
[06139] 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 apprdpriate form. Suitable containers are well known to those

skilled in the art and include materials such as bottles.(plastic and glass), sachets, ampoules,
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plastic bags, metal cylinders, and the like. The container may also include a tamper«proof
assemblage to prevent indiscreet access to the contents of the package. In addition, the container
has deposited thereon a label that describes the contents of the container. The label may also
nclude appropriate warnings.

[00140] Pharxﬂaceutical formulations of the compounds of the present invention may be
prepared for various routes and types of administration. For example, a compound of Formula I
having the desired degree of purity may optionally be mixed with pharmaceutically acceptable
diluents, carrier_é, excipients or stabilizers (Remington's Pharmaceutical Sciences (1980) 16th
edition, Osol, A. Ed.), in the form of a lyophilized formulation, milled powder, or an aqueous
solution. Formulation may be conducted by mixing at ambient temperature at the appropriate
pH, and at the desired degree of purity, with physiologically acceptable carriers, i.é., carriers that
are non-toxic to recipients at tﬁe dosages and concentrations employed. The pH of the
formulation depends mainly on the particular use and the concentration of compound, but may
range from about 3 to about 8. Formulation in an acetate buffer at pH 5 is a suitable |
embodiment.

[00141] The compound of this invention for use herein is preferably sterile. In particular,
formulations to be used for in vive administration must be sterile. Such stertlization is readily
accomplished by filtration through sterile filtration membranes.

[06142] The compound ordinaiily can be stored as a solid composition, a Iyophilized
formulation or as an aqueous solution. _ |

[60143] The pharmaceutical compositions of the invention will be formulated, dosed and
administered in a fashion, i.e., amounts, concentrations, schedules, course, vehicles and route Qf :
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
method of administration, the scheduling of administration, and other factors known to medical
practitioners. The "therapeutically effective amount" of the compound to be administered will
be governed by such considerations, and is the minimum amount necessary to prevent,
ameliorate, or treat the coagulation factor mediated disorder. Such amount is preferably below
the amount that is toxic to the host or renders the haost significantly more susceptible to bleeding.
[60144] As a general proposition, the initial pharmaceutically effective amount of the
inhibitor administered parenterally per dose will be in the range of about 0.01-100 mg/kg,
namely about 0.1 to 20 mg/kg of patient body weight per day, with the typical initial range of
compound used being 0.3 to 15 mg/kg/day.

[60145] Acceptable diluents, carriers, excipients and stabilizers are nontoxic to recipients
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at the dosages and concentrations employed, and include buffers such as phosphate, citrate and
other organic acids; antioxidants including ascorbic acid and methionine; preserva_tives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium
chloride, benzethonium chloride; phenol, butyl or benzy! alcohol; alky! parabens such as methyl
or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular
| weight (less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
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 pharmaceuﬁcal
ingredients may also be entrappéd in microcapsules prepared, for exa:ﬁpie, by coacervation
techniques or by interfacial polymerization, for example, hydroxymethylcellulose or gelatin-
microcapsules and poly-(methylmethacylate) microcapsules, respectively, in colloidal drug
delivéry systems {for example, liposomes, albumin microspheres, microemulsions, nano-
particles and nanocapsules) or in mdcroemulsions. Suc.‘ﬁ techniques are disclosed in
Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).
[00146] ~ Sustained-release preparations of compounds of Formula I may be prepared.
Suitable examples of sustained-release preparations include semipermeable matrices of solid
hydrophobic polymers containing a compound of Formula I, Which matrices are in the form of
shaped articles, e.g., films, or microcapsules. Examples of sustained-release matrices include.
polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or poly(vinyl alcohol)),
polylactides (U.S. Pateht No. 3,773,919), copolymers of L-glutamic acid and gamma-ethyl-L-
glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-gkycoiic acid
copolymers such as the LUPRON DEPOT™ (injectable microspheres composed of lactic acid-
glycolic acid copolymer and leuprolide acetate) and poly-D~(-)-3-hydroxybutyric acid.
[60147] 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,
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'shaping the product. -
[00148] Formulations of a compound of Formula | suitable for oral administration may be

prepared as discrete units such as pills, capsules, cachets or tablets each containing a
predetermined amount of a compound of Formula L.
[00149] 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. ' | _ |
[00150] Tablets, trocheé, lozenges, aqueous or oil suspensions, dispersible powders or
granules, emulsions, hard or soft capsules, e.g., gelatin capsules, syrups or elixirs may be
prepared for oral use. Formulations of compounds of Formula [ intendéd 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
maize starch, or alginic acid; binding agents, such as starch, gelatin or acacia; and lubricating
agents, such as magnesium stearate, stearic acid or talc. Tablets may be uncoated or may be
coated by known techniques including microencapsulation to delay disintegration and
adsorption in the gastrointestinal tract and thereby provide a sustained action over a longer
period. For example, a time delay material such as glyceryl monostearate or glyceryl distearate
alone or with a wax may be employed ‘
[08151] For treatment of the eye or other external tissues, e.g., mouth and skin, the
formulations are preferably applied as a topical ointment or cream containing the active
ingredient(s) in an amount of, for example, 0.075 to 20% w/w. When formulated 1n 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.
[66152] If desired, the agqueous 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,
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mannitol, sorbitol, glycerol a.nd polyethylene glycol (mcludmg PEG 400) and mixtures thereof.

The topical formulations may destrably include a compound which enhances absorptlon or
penetration of the active ingredient through the skin or other affected areas. Examples of such
dermal penetration enhancers include dimethyl sulfoxide and related analogs.
[60153] The oily phase of the emulsions of this invention may be constituted from known
ingredients in a known manner. While the phase may comprise merely an emulsifier, it
desirably comprises a mixture of at least one emulsifier with a fat or an oil or with both a fat and
an oil. Preferably, a hydrophilic emulsifier is included together with a lipophilic emulsifier
which acts as a stabilizer. It is also pi‘eférred 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 ma.ké 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, cetosteary_l alcohol,
beniyl alcohol, myristyl alcohel, glyceryl mono-stearate and sodium lauryl sulfate.
[00154] Aqueous suspensions of Formula I compounds contain the active materials in
admixture with excipients suitable for the manufacture of aqueous suspensions. Such excipients
include a suspending agen{, such as sodium carboxymethylcellulose, croscarmellose, povidone,
methylcellulose, hydroxypropyl methylcellulose, sodium alginate, polyvinylpyrrolidone, gum
tragacanth and gum acacia, and dispersing or wetting agents such as a naturally occurring
phosphatide (e.g., lecithin), a condensation product of an alkylene oxide with a fatty acid (e.g.,
- polyoxyethylene stearate), a condensation product of ethylene oxide with a long chain aliphatic
alcohol (e. g.; heptadecaethyleneoxycetanol), a condensation product of ethylene oxide with a
partial ester derived from a fatfy acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan
monooleate). The aqueous suspension may also contain one or more preservatives such as ethyl
or n~propyl p-hydroxybenzoate, one or more coloring agents, one or more flavoring agents and
one Or more sweetening agents, such as sucrose or saccharin. _
100155] 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 lvophilized |
powder. Among the acceptable vehicles and solvents that may be employed are wafer, Ringer's
solution and isotonic sodium chioride solution. In addition, sterile fixed oils may conventionally

be employed as a solvent or suspending medium. For this purpose any bland fixed oil may be
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may likewise be used in the preparation of injectables.

[100156] The amount of active ingredient that may be combined with the carrier material
to produce a single dosage form will vary depending upon the host treated and the particular
mode of administration. For example, a time-release formulation intended for oral
administration to humans may contain approximately 1 to 1600 mg of active material
compounded with an appropriate and convenient amount of carrier material which may vary .
from about 5 to about 95% of the total compositions (weight:weight). The pharmaceutical
composition can be prepared to provide éasily measurable amounts for administration. For
example, an aqueous solution 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 mL/hr can occ&. ' ‘

[00157] Formulations suitable for parenteral administration include aqueoﬁs and non-
aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and
solutes which render the formulation isotonic with the blood of the intended recipient; and
aqueous and non-aqueous sterile suspensions which may include suspending ageﬁts and
thickening agents. | | -

[00158] Formulations suitable for topical administration to the eye also include eye drops.
wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an
aqueous solvent for the aétive 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% w/w, for
example about 1.5% w/w. _
[00159] Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usually sucrose and acacia or tragacanth;
pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or
sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable Hiquid
catrier. _

[00160] Formulations for rectal administration may be presented as a suppository with a
suitable base comprising for example cocoa butter or a salicylate.

[00161] Formulations suitable for intrapulmonary or nasal administration have a particle
size for example in the range of (0.1 to 500 microns (including particle sizes in a range between
0.1 and 500 microns in increments microns such as 0.5, 1, 30 microns, 35 microns, etc.), which
is administered by rapid inhalation through the nasal passage or by 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

55



182 H N /..- N NH N 6-(1H-in dazol-4-y1)-1 -methyl-N-(O - methylpiperidin-4-yOmethyl)-111- pyrazolo

[3 ,4-d]pyrimidin4-amine 183 HN."---....... ---.€..-- Or'\NO N NN, /NH 6-(1H-indazol-4-y1)-1-methyl-N-(3-
(m ethylsulfonyl)propyl)-1H-pyrazolo [3,4- d]pyrimidin-4-amine 184 NrJrN N / NH 0,....,.......
N....) WO 2009/097446 PCT/US2009/032459

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. '

[00162] : Formulations suitable for vaginal adminisfration may be presented as pessaries,
tampons, creams, gels, pastés, foams or spray formulations containing in addition to the active N
ingredient such carriers as are known in the art to be appropriate. ' '

66163} The formulations may be packagcd in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and may be stored in a freeze-dried (Iyophilized) condition
requiring only the addition of the sterile liquid carrier, for example Water, for injection
immediately prior to use. Extemporaneous.injection solutions and suspensions are prepared
from sterile powders, granules and tablets of the kind previously described. Preferred unit
dosage formulations are those céntaim'ng a daily dose or unit-daily sub-dose, as herein above
recited, or an appropriate fraction thereof, of the active ingredient.

[00164] The invention further provides veterinary compositions comprising at least one
active ingredient as above defined together with a veterinary carrier therefore. Veterimary
carriers_afe materials useful for the purpose of administering the composition and may be solid,
liquid or gaseous materials which are otherwise inert or acceptable in the veterinary art and are
compatible with the active ingredient. These veterinary compositions may be administered

parenterally, orally or by any other desired route.

[00165]  COMBINATION THERAPY

[60166] The conipounds of Formula I may be employed alone or in combination with
other therapeutic agents for the treatment of a disease or disorder described herein, such as a
hyperproliferative disorder (e.g., cancer). In certain embodiments, a compound of Formula I is
combined in a pharmaceutical combination formulation, or dosing régimen as combination
therapy, with a 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 I 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 sterecisomer, geometric isomer, tautomer, solvate, metabolite, or
pharmaceutically acceptable salt or prodrug thereof, in combination with a chemotherapeutic
agent such as described herein.

68167} The combination therapy may be administered as a simultaneous or sequential
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regimen. When administered sequentially, the combination may be administerg:d 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.

[00168] 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.

[60169] The combination therapy may provide "synergy" and prove "synergistic”, i.e., 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 inay be attained Whén tﬁe
active ingredients are: (1) co-formulated and administered or delivered simultaneously in a
combined, unit dosage formulation; (2) delivered by alternation or in parallel as separate -
formulations; or {3) by some other re gimeﬁ. When delivered in alternat_ion 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 alternation therapy, an effective dosage of each active ingredient is administered
sequentially, i.¢., serially, whereas in combination therapy, effective dosages of two or more
active ingredients are administered together.

160170] In 4 particular embodiment of anti-cancer therapy, a compound of Formula I, or a
stereoisomer, geometric isomer, tautomef, 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 least one compound of Formula I, or a stereoisomer, geometric isom.er,
tautomer, solvate, metabolite, or pharmaceutically acceptable salt or prodrug thereof, 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.

[00171] METABOLITES OF COMPOUNDS OF FORMULA |

166172] Also falling within the scope of this invention are the in vive metabolic products
of Formula ] 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
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sufficient to yield a metabolic product thereof.

1066173} ~ Metabolite products typically are identified by preparing a radiolabelled (e.g., He

or *H) isotope of a compound 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 vivo,

are useful in diagnostic assays for therapeutic dosing of the compounds of the invention.

[00174] - ARTICLES OF MANUFACTURE

[00175] In another embodiment of the invention, an article of manufactare, or "kit",
containing materials useful for the ireatment of the diseases and disorders described above is
provided. In one embodiment, the kit comprises a éontainer comprising a compound of Formula
1, or a stereoisomer, 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 containef. 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 _andfor warnings
concerning the use of such therapeutic products. Suitable containers include, for example,
bottles, vials, syringes, blister i:;ack, etc. The container may be formed from a variety of
materials such as glass or plastic. The container may hold a compound of FormulaJora
formulation thereof which is effective for treating the condition and may have a sterile access
port (for Iexample, 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 hyperproliferative
disorder, neurodegeneration, cardiac hypertrophy, pain, migraine or a neurotraumatic disease or

event. In one embodiment, the label or package inserts indicates that the composition
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the condition to be treated. Suitable routes include ofal, parenteral (including subcutaneous,
intramuscular, intravenous, intra-arterial, intradermal, intrathecal and epidural), transdermal, rectal,
nasal, topical (including buccal and sublingual), vaginal, intraperitoneal, intrapulmonary and intranasal.
For local immiiiostpiredsive treatment, the compounds may be administ@&@duspaetrassional
administratienpizbhgdingrpeniudiofFormithel wische antd ating 4he djsaftlavitbs thienin hittabbeford
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tablet, etc twithothptdisondosutidaityativebp tatidditenaio thexaipin o Whnrtaeheconayporther is

administereg parenterally, it sz be. formulated with a RhatRRGRUtisAle Wler, suchas
2009/097446 Q%’/U%J;ZOOQ 533245% g%:cé%{t%%egsarenteral vgllfrl}fg?eg glg% ine_a ungi}t:’gggqgse injectable form,
as detailecrisstoins o F3otAfovsices eredt WEMarhpeherrdwikyerosibiad Bingmes spETREM® about 1000
mg of Fornuilad £ampRundy AtyRicaldosamaYyhE aeut-100.019 1R abath 300 Macf tha sgnpound. A
dose may be administered onceé a da% (QID), twice per day (BID), or more frequently, depending on

the pharm8&iéafnsitle mrudnanthectdfradilprbp Slifas, 1reflRRrmR4BEdREEdN, distribution, metabolism,
agd excretiggmogthe pa@ﬁi‘}l@f@%ﬁﬂ%&%déﬂﬁ@éﬁiﬁﬁﬁcﬁ@iﬁ%f fﬁ@%ﬁﬁﬁiﬁﬁﬁﬁﬁtﬂu@ﬂ&ﬁ mmg@sag% arlwd
administratiopn regimen. When admipistered orally, the pill, capsule, or et ma Ingested daily or
less frequéhtiPTEFE iﬁ@%ﬁ%@ﬁ@%@%ﬁ?ﬁﬁ%‘i W&HF@#M@&‘}%&@&W&%&&%@I& cycles of
therapy: [O3h3IMET ORGP EsTHREATPESOE Vd bR MUHATGO MA@ & fhadRakntnapounds
of the present invention gre useful for treating hyperproliferative diseases, conditi and/or. disorders
inclucing, SUPHGE TS 10 0 CRL ARETOE e By U8 St S Ao TS & 3B Kinase.
Accordinghdraimitivaticaspiibe dirshimdseeotid phaciadeginmbtvoge sfitiestirgpetipreinarstddghdisehses or

conditions n bet r prevented by inhibiting lipi ﬁ?esdéﬂ‘% i@f’sgﬁﬁ- I198ns of
embodime&ttl,ﬁthe metho %%%r%kbgrriéjgls% %ﬂ?ﬁééﬁ%&%ﬁ#ﬁ%@r@ﬁ{gﬁn need th reofatr?erapeut?coally

effective aprrsumned ebhopoulid oFbamiakisor saprlesisbivien Ideenfari dophedesaumgrbsr, or
pharmaceyficalyaeerRianiersall hareriuil 20a MR TE b, a MM RAIR bSO HRAIIHMIN a

compound of Formula | and a pharmaceutically acceptable carrier, adjuvant, or vehicle, wherein said

compound ¥Endidritia A8 prasel 9 Irhkdus erobHe Aty iRKBR PR IS s LRYR in the
[00133]Capsgisombintaeany bedtieaiedaseosding fadhamehadsetdaisinveniinadoehuge, but are not

limited to, Qreast, ovary, cervix, prostate, testis, genitour'ma‘%t act, %s%a?#j, larynx, glioblastoma,
neuroblastoYHA S HMFRANRN e PSBRE A IS B 4P i%‘i‘oo SRS 1P e8P EArcinoma,
non-small eakiiiipg cewtiharcs«MaGhdey, dasathesticheciagnia, thengadenoserainbmaynbamhaheolon,
adenoma, &)ancreas %degglcarcf‘in%ﬂa, thyroid, follicular carcinoma, undifferentiated carcinoma,

. osages can be a 11SICTEq. . . . -
papillary carcnﬁ)ma; seminoma, melanoma, sarcoma, bladder carcinoma, liver carcinoma and biliary
passages, [RF#8} carcinbradimgeoidecisdratinsedyrm bitoid disonddss (Medrfinsedentbinecatitagity and
Pharyn (Ol Bholn RGP e SRR RGN : Y EEHALJAARINSAlRE.Jegum, brain

and central nervous system, Hodgkin's and leukemia. 1001 nother aspect of this invention

provides arberisavidraf fars uhiontrontronedsbyre inerbersimtistsstone ehaupaewérad dorabaioRescribed
herein in & BARMAls (RESHAEBRISoHANRR I SUHIRERIE AR SHC R HIARASRIREEARAIOB, Also provided is

the use of a compound of this invention in the preparation of a medicament for the treatment of the

diseases A EERaoHYE 4EJBAL BYREr eRmRriseddPRdRRIaRE ARSI S OE PR AREHIREY for example
a human, sufigfinge Wile2 098108 HdRI6sTHLESZALP BB bl QB VEEIGpHisspithes-buffered saline,
[00135]PHARMACEUTICAL FORMULAT]ONS [00136]In order fo use a compoynd gf this invention for
the therap SIHE STHESH HLARIR Ol B BT T HE A R TR PO
normally faoniteiediamiceridancpoitithistintiasd psabmbae uditad s afilies asal phandayentical
compositi ording to this.aspect of the invention there is.provided a pharmagceutical composition
combriaing L oundd b TR o R AT o R CFOPs e A e iuent or
carrier. [0CE@ T Alaypicd bisvnudationisyieasmsdthy ritixiag @oprmyeuwntivingrd presdmningdhtion

separate compositions such as a divided bottle or a divided foil packet, however, the separate

compositions may aiso 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), are administered at different dosage intervals, or when
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and a carrier, diluent or excipient. Suitable carriers, diluents and excipients are well known to those
skilled in the art and include materials such as carbohydrates, waxes, water soluble and/or swellable
polymers, hydrophilic or hydrophobic materials, gelatin, oils, solvents, water and the like. The
particular carWér 2efii¢46r excipient used will depend upon the means antCpUFpeseFsMiPhich the
compounditftios pfédseindinidnaiioongdeiny cjthtednBolvents siesigehbyaty seleribiddplyesisn. solvents
recognized by persons skilled in the art as safe (GRAS) to be administered to a mammal. In general,

safe solvefigiatg hon-tQisRRUSOPR ISPAMR Rt SHChRasSEaieRany other non-toxic solvents that are
soluble or miscible in water. Suitable aqueous solvents include water, ethanol, propylene glycol,

polyethyle ols (e.g., PEG 400, PEG 300), efc. and mixtures thereof. The formulations may also
include on@?(’)%ﬁore bu#&%@@ﬁ%ﬁ?ﬁ%eﬁ*ﬁ%@a@%ﬁé, wetting agents, lubricating agents,
emulsifiers, suspending agents, preservatives, antioxidants, opaquing agents, glidants, processing
aids, colorants, sweeteners, pa(fdming agents, flavoring agents and other known additives to provide
an elegant presentation of t uy(i.e., g=empound of the present invention or pharmaceutical
composition thereof) or aid i e_r;r’Ban ringi of the pharmaceyfical product (i.e., medicament).
fising conveRlgnal di§solution and mixing procedures. For
ppound of the presentigvention orstabilized form of the

) m})l’éx with a cyclodextrin derpegtive ongthe Ikno YN co ‘p‘l’e)ﬁﬂ_sion agent) is

s?: ablgisolvent in the presenree-of one or myy s excHitels described above. The

; ql dosage forms to provide
an easily cqegrollable dosage of the drug and to enable fatient complianse“with the prescribed
regimen. [00139]The pRirmaceutical composition (or formulationf4or 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 containerhaving deposited therein the pharmaceutical formulation in.an
appropriate form. Syjtable cogzz@are well known tq those gidlled in the art and include materials
la,

such as bdtfes (plagtic and g , sgchet , ampoules, WO0Oj2009/097446PCT/US2009/032459
plastic bags, met linders, &nd®@he mﬁﬁé container

include a tamper-proof assemblage
to prevent idisc Fet agcess to the cont ts,é\( packdge. h ad/ ition, the container has deposited

thereon a labgj ' ibes the co%ent§oft eontain®. ThgTab also include appropriate
warnings. [00140]P armateutical formulatigns of the cor;:)ounds of the present invention may be
prepared de_"’i'/arious rogfes and types of administration."For exggple, aNcomrdaind of Formula | having
the desired degree of purity may optf%%ﬁf?'b% mixed with pharmaceutically acceptable diluents,
carriers, excipients or stabilizers (Remington's Pharmaceutical Sciences (1980) 16th edition, Osol, A.
Ed.), in theo@rszof a lyapkitzediforpe atipingiledipe wdrssdriaataghactsscictiohefcesantlation may

be conducted by.mixing at ambjent temperature at the appropriate pH, and at the desired degree of
s i R e L R L o
dosageds apﬁ@dhenirgicﬁm@chhiuyé&ﬁsh&pm[ﬁﬁﬂd@mfimidﬁaﬁdd (wpéphl@rméi}nly mmmlgia;t_icular
use and t t I in an
ﬁ%‘%&@gk{é’:ﬂ%@& &?ﬁ&’%’%ﬁé Iyen@?fi ég%%%ﬁ]ge‘tg?ﬁ%g’ggé‘ézz%’t fé&?bﬁ-wmlﬂ%ﬂﬁ@{-

acetate butfer a P IS a suitable em men IS Invention for use herein

is preferatifdatei@4impbdirsalaedforheqaiiomnte deadivn fertanaivase nnmlira08Hips RECSterile.
Such sterilizatian. s eadinacratuizhad, by Maiendhmmansisale BatnBemManEn00142] The

compound ordinarily can be stored as a solid composition, a Iﬁophillzed formulation or as an aqueous

solution. [GeAEEBTHEREPH R PRI BRIReis D idicatsls s pieforthupate i bsESnd
administergddod hashianedi@s @MBeINLed 60 PERRIRIRNRdRcPRMRNCaIEBtrdiedticle s aiad route of

administration, consistent with good medical practice. Factors for consideration. in this context include
the partic RN DR TR R OB SHAIE Y PP EbitG o, D K RESFE8 dition of the

individual paipbtiithéicansemt taeedisordeinthe e ofadelivd iy plitemdgeliinilvarmethod atljust
administration,the. scheduling,of administration, and ather factars k n edical practitioners. The
herapeu e B e R i b1 G I T T Sl e
consideratisrsy st isthemsiningthaliotgt AntesgaryBooprsydmt, dmdiioiad®, roimreat the coagulation
factor medigfed dlisprder., SUER,AMAHAL J5.B) f%@%ﬁ@g{%&ﬁﬁ RNt k| rgg;al&&m@_éﬂest or

renders the host significantly more susceptible t ng. [00144]As a gene roposition, the initial

pharmace gfsaly EfecheeSamblervalingepionisitorlatimiiterdeddatbHrédargp bérdodéwill be in the
range of aboutMid,2QfomatigiRamely BB 1iia0ralke i RRlE Ik Spdvimaiahy.per day, with the
typical initial rar%% of compound used being 0.3 to 15 mg/kg/%gé. [00145]Acceptable diluents, carriers,

excipients and stabilizers are nontoxic to recipients
60




WO 2009/097446PCT/US2009/032459 at the dosages and concentrations employed, and include
buffers such as phosphate, citrate and other organic acids; antioxidants including ascorbic acid and
methionine; preservatives (such as octadecyldimethylbenzyl anunonium chloride; hexamethonium
chloride; ben¥&liamatytiloride, benzethonium chloride; phenol, butyl or FEiAy2iesiiaksalkyl

paraben; %Hﬁﬁﬂﬁ&@?%@@%hﬁmﬁgﬁﬁ%gwa It%&gr Wﬁ&ﬁﬁh@h NI ﬁrmmﬁﬁfﬁmé{nd
m-cresol); lew. molecylar yweight,(less than about 10 residues) polypeptides; proteins, such as serum
albumin, delath, %‘P?#fﬁﬂr%ngb 4%@?%&&5%%%%%@??é’%gﬁeg‘gﬁg%ﬂﬁ%@rrolidone; amino acids
such as glytingsjglutaniesiseakagiractistidhe)) @9 ins, ardygakadivencaabehsuides, disaccharides
and other carbohydrates including glucase, manno r dextrins;.chelating a ch as EDTA,
sugars sughsfagslpg%g?'g%e?s q’é“n??ﬁ%%a%rle %ggormsgr@ﬁgf%ﬁlﬁfécr{ﬁ}sﬁtrﬁgogolﬁh %ﬁ%ﬁ?@lﬁi as sodium,;
metal comiplenesdfet(1 Z0) diobeinaonipiiexes) 1 Mclisodiomnicniosaleagants sﬁu_ticmquWEENTh,
PLURON'%?&%%%%Q{Sﬁ%&g@feﬁlé’? %o%%xﬁﬂﬁ REUYE PRA RipEe HEEF?&iHEQ&%@Q%‘P@M'SO be

entrapped in microcapsu epared, for example, by coacervation techniques or by interfacial
polymerizatioiiSdndiratesirdichybe asgetientiyiewatinlose Srajeiintdecrirthssuistgnand the
poly-(methylmeibacyjaieh i ARSREUIES pﬁsﬁ%ﬁq}p’ﬁ@mtﬁqﬁaé Apgiaalvery sysamsitiergxample,

Liposomes, albymin, mlcros%?ergs, microemulsions, nano-particles and nanocapsules) or in

macroemfisioRs: BustridenRiqBestares didteden makstth OPIEFHERE BRSPS ciences 16th
edition, Oggb184Fd. (196%%91,11?@5@@1{1@&@% BeaResaliens: dlcomppiuimiplaidwepwla | may

be prepared. Suitable examples of sustajined-release pregarago% s include serpili)germea le,matrices of

solid hydrdPAREREBSKAME L Bas SRR BB TR RS whtEhegPRE AF & PRlRd i, of
shaped artigléi®l grofi Psuihgieiotapsiipsariikalidelesaf sitliainitlsrbiease satyeals angiice

polyesters, hydrogels (fo mpl 2-hydroxyethyl-methacrylate), or pely(vinyl.alcohol)),
polylactid (@&ﬁ%&‘nﬁ&@%&?%‘l 8 gr@%%ﬁfglﬁjﬁ‘a?mc Acd gpéll 12;{ ﬁgémég?gfhyl-Lglutamate,
non-degraniehiéingid €t Rithy), Aeditale:)d @ds dpid CGidiicla AABRMICHE cBPdiymers such as the

LUPRON e : DU P | g
euprole ST L B e A e suitabie
for the adrhihishariftodeliesPdeidia Harpin, ThBUG dwarilibn S hPA(Fed ek ey B8 (FrEsBidd in unit
dosage forey, pih D b REEPARE-ORILA IS MeleasavaldOoHTR I A Al AlRIRR e

Techniques and formulations generally are found in'Remington’'s Pharmaceutical Sciences (Mack
Publishingee@lytsRédinGar" &) did Melisty<TRRRA M and BAILSBEHIN FIMARRD ASo2 Qi A28 tive
ingredient with the carrier which constitutes one or more accessory ingredients. hi general the
formulatiohgtdssipre parédeyatPifewmlyedhd intimately bringing into association the active ingredient
with liquid carriers or finely divided solid carriers or both, and then, if necessary, WO
2009/097446PCT/US2009/032459 shaping thﬁ%}roduct.r[gg@ﬂ%Formulations of a compound of
Formula | sgitable fogjoral administration may as discrete units such as pills, capsules,
cachets or tablets each containing a predetermin ]\pf a compound of Formula I.
[00149]Comp d taiplets may. be prepared bywCompressing in a suitable machine the active
ingredient iR freg-flowing form such as a powdeinpr Cpptionally mixed with a binder,
lubricant, inertdiluemy, preservative, surface activlé or dispersing agent. Molded tablets may be made
by moldingétg.é\ suitable machine a mixture of tR& powdered active ingredient moistened with an inert
liquid diluent. The tablejs may optionally be coated or gxgred and optionally are formulated so as to
provide slow or controlled release of the active ingredient therefrom [00150]Tablets, troches, lozenges,
aqueous or 0il suspensions, dispersible powders or granules, emulsions, hgrd or soft capsules, e.g.,
gelatin cap ] oyruupd BAARKILHIET BERFEISk b BRI HSTRREIA O (O SO bR
Formula | intended iddatalpisaamay heqiéparetipc oI RNNG, aryeqethoh&aown todkephitifor the

manufacture of pharmaceutjcal co sifigns and such.composjtions may.contain one or more agents

including s%ﬁg% gér}i]naj gbegﬁfiafﬁg\%ﬁr%%ggﬁ&?éd@i n%%é% ‘égfe?ﬁ cﬁ%‘é%l(ﬁrl\%nraa gbéanl%ss'?(?rias :).Erb(fer to

provide a palatabiepepasatincaibabistsogriainiabatbalbiive Hapr echiesinr madmixisistindahon-toxic

pharmace\isaly AceaRIAblc, sYSIR'ALIED A1 shi!3bls Rt manylacie.al @hists;ae acceptable
ay be, for u

These excipients example, inert diluents, such as calcium or sodium carbonate, lactose,
calcium orpesdtismeg ivsbptatDGrband duing. sl dhdisinagrasiimglgblats, mucheaomraise S, or alginic
acid; bindiggiRgeniR.PUGE amalais By SHIAHDL BEARIARATUNICRINAARRIN S UChRRMAgeSUM

stearate, steariCc acid or talc. Tablets may be uncoated or may be coated by known techniques
including riersareREsavradbr G ieraprsnteg-ainan dabiiaming i ﬁgﬁéimgﬂﬁ%ﬁ?&’&and
thereby provide a sustained action over a longer period. For example, a time delay material such as
glyceryl monostearate or glyceryl distearate alone oswith a wax may be employed. [00151]For
treatment of the eye or other external tissues, e.g., mouth and skin, the formulations are preferably
applied as a topical ointment 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
oithar a naraffinic or a water-micecihle nintment hace Altarnatinvielvy the activie inaradiente mav he




WO 20091(197446PCT/US2009/032459 mannitol, sorbitol, glycerol and polyethylene glycol (including
PEG 400) and mixtures thereof The topical formulations may desirably include a compound which
enhances absorption or penetration of the active ingredient through the skin or other affected areas.
Examples of‘é’@%@%“ﬁ%penetraﬂon enhancers include dimethyl sulfoxidd- 3P IAEd dhalogs.
1001531 THER Ay Hraselbpetolidnendi Aéseting ifverinas sy ret8nnatbs FommdRodh ingredients

in a knowgdmanner phile:e LaweRMpLssrmerely 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

hydrophilifﬂﬁfé Lsifier ii igrglya(flgg tcogethtEr with a lipophilic emulsifier which acts as a stabilizer. It is also
preferred to incltide bo i - 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 pintmeqt base which forms tha*ily di fsed phase of the cream formulations. Emulsifiers
and emulslofy stabfizers suitable for use in the forgqulation of the invention include Tween(r) 60,
Span(r) 80, eanyl alcohol, benzyl alcghol, fnyri tyl alcohol, glyceryl mono-stearate and sodium
lauryl sulfat®, 10015411 Aqueous suspensions: | compounds contain the active materials in
admixture with exdipientd suitable for the rgénufacture of aqueous suspensions. Such excipients
include a strsspending agent, such as sodiim carboxymethylcellulose, croscarmellose, povidone,
methylcellulose, hydsoxypropyl methylcellulose, sétlium alginate, polyvinylpyrrolidone, gum tragacanth
and gum acacia, and dispersing or wetting agents such as a naturally occurring phosphatide (e.g.,

e AT A RS A R Bigge soere)

SHC a0

heptadecaeliylelemoyastandnalconsddiSatibi pregiics) ahé tydemne lydddevdth. #Parttl ester derived

from a faity acid a”qnamr}%é}%‘f'o%”%dé‘dfvéeig d§ ..-"i%eh}fe'%ﬁ%ﬁ%%l@& monealsael,Jiie aqueous
ervatl Yyl O

. R%GHSIOP
suspension may also contain orie or Mmore pre vessuchas et r n-propyl p-hydroxybenzoate,

one or moiangstetingagenghtond Sremarentbadrint wgentsSahscarrndPtdfering esraating aténts, such

as sucrose, fRaRERIL AR BRITHE ARasRAs Uk ST RASLABR A SRRIMANRAS.Of FacaNdla | may be
in the form of a sterile mwctabﬁlgrgg;ggﬁ;gggh as g sterile injectablg aqueous or oleaginous

suspensiofib¥iiited st aeddraimgidete radRnaddiurg meseteiidole
dispersingrryeiting-asensiangsuspending agents which have been mentioned above. The sterile
injectable preparation may also be a sterile injectable solution or suspension in a non-toxic
parenteracll[}foei%%fptable eit|1lée ?5::%%"’% , such aga aglg(t)ior]i;}n %t%-_gﬂfgr%ediol or prepared as a
lyophilizea powder. Anmng-f#emceﬁ{ﬁge vehicl8S and Sorents 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 s yent or suspending meditRn,For thi purpose any bland fixed oil may be WO
2009/097456 CT/U%2009/032459 employed inclydin thetic mono- or diglycerides. In addition,
fatty acids su ic;acid may likewise be u infthe p%paration of injectables. [00156]The
amount of aiitive hgre ent tharmay B& combinet} i th%Lqrrier material to produce a single dosage
form will vary\;sl i n the host treated and the d‘é\rticugr mode of administration. For example,
a time-releasé formulation intended for oral adgg#nistration to humans may contain approximately 1 to
1000 mg oRActive erial compounded with an approg#ate and convenient amount of carrier material
which may vary from about 5 to about 95% of the total compositions (weight:weight). The
pharmaceutical composition can be prepared to provide easily measurable amounts for administration.
For exam{f$188]aqueotis-Surnion pieadedBiérdinyivddpsditmidinmay sshaisrviderateatd to 500

p.g of the acliya iparedientRermililier alsaluiion in-erder{oakinisian fl:e GUipRiFp)ume at a rate

of about 30 mL/hr can occur. 1001571Formulations suitable for parenteral administration include
aqueous aftrHenibustes fisrenherirkessbivamaladierinaiedrdhOmibriaddad, bhfrers,
bacteriostatg e seluiasiviishdendssthelermulaiondseianianuiinshabiocskefthainentded recipient;

and aqueous and non-aqueous sterile suspensions which may include suspending agents an
thickening Bt#ts 2ot gfechiitedipidutisbliswd wpieunt ﬁig?}aﬁ’&f%s"fﬁat%%fép &iktidde eye
drops whefigin 491 a6tiseotogradiens s slispelvadipe piopendad Bubsstitabl® CardeR” aspebially an
aqueous solg1 tfoatge %ctive ingregi?nt. The active ingredient is preferably present in such
formulatioRBIR a S CBRth X R B AR B 5P B A f6F example about 0.5 to 10% wiw, for
example about 1.5% w/w. [00159]Formulations suitable for topical administration in the mouth include
lozenges d8fd8iiking thEienaiakliosesuradt inaifiaverarliBasis, usually sucrose and acacia or
tragacanth; pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or
sucrose and acacia; and mouthwashes comprising %rée active ingredient in a suitable liquid carrier.

Y



1001601Formulations for rectal administration may be presented as a suppository with a suitable base
comprising for example cocoa butter or a salicylate. [00161]Formulations suitable for intrapulmonary or
nasal administration have a particle size for example in the range of 0.1 to 500 microns (including
particle sizestP&14ffgé fetween 0.1 and 500 microns in increments micrdtd3eHPYEES’ 1, 30
microns, 35 microns, etc.), which is administet&d by rapid inhalation through the nasal passage or by
inhalation through the mouth so as to reach th& alvgelar sags. Suitable formulations include aqueous
or oily solutiogs of th fActive ingredient. Formuylatiohs suitable for aerosol or dry powder administration
ording to conventional methods and may

be delivered her tNerapeuﬁe-a@nts such asico boun s heretofore used in the treatment or
prophylaxis disgy Jfld scribed below. [00162]Fa pffonssuitable for vaginal administration may
be presented ag pessaries, tampons, creams, gelg,/pastes, foams or spray formulations containing in

addition to tiR# active ingredient such carriers as Bre knowr#n the art to be appropriate. [00163]The
formulations may be packaged in unit-dose or multi-dose containers, for example sealed ampoules
and vials, and may be stored in a freeze-dried (lyophilized) condjtion requiring only the additign of the
sterile iquINESAler, for i ARt AT EE R LB A RO £ e e b HEd

injection sligliarFScaMASTISPRBgIeNmalehieRay €' RO INElRsie Pewdedtisgramyletpiachiablets of the kind
previously ribed. Preferred unit do formulations aye containing a.daily dose or unit daily
Cub-close, (TR A AR L1 i B PR L B e s At
[00164] T hetimadmtidire fuitiete prd\isiescuet éristhmiacomp oditicasicoed risirtgpeditesdutione dbtve
ingredient a5 aboys defnechigesruith s xelernAYy e iR elsinapycarriers are
materials GSetul for the purpése of a ministering the cBmposr[ion and may be solid, liquid or gaseous
materials wiéchaiietothennielinertoene ghpsa HIELL toeeddagrmduyt 33 wharaRe gompatible with the

active ingrgdient. se inar sifjens.m ini lyy prally gr by any
other desiree% iﬂﬁ'{%hﬁ)o1§§%§ﬁéﬁi§¥%&%ﬁ%ﬁﬁi@%@%&%iﬁ%ﬁé&of Formula | may be
employed prieswesorsitherepibination with other therapeutic agents for the treatment of a disease or

disorder described herein, such as a hyperproliferative disorder (e.g., cancer). In certain embodiments,
a compounggedFiormulaEkisepmbed in a pharmaceutical combination formulation, or dosing regimen

as combingtjon therapy, with a second c,ompounqé at has_anti-hyperprgliferative properties or that is
useful for Iﬁg}ﬁég a hypjgiﬁf KRR tE Yy Héﬂ’@erg‘aﬂ? e§5’b%’r?65 5%‘??51%{ L%%laf%f{ttf?e
pharmaceytigakeambinetiofi dhenBlaloniobidasioliiie ginvar grefedabtytay comtbleinéntary activities to

the compound of Farmula | such that.they do not adversely affect. each other,. ¢ unds are
Suitably prE BRI S AN S T e T AT et St SRR
embodimefrr axeopiootitisyntifetiisof nemtiormpdifgtisesieosin poonding ©dbminteentionangiebeoisomer,

geometric éﬁQ&B&h%&%@ﬁa&%ﬂ#ﬂ%ﬂﬁ%ﬁ!?g&&?%%@E@Hﬂﬁ@ﬂ%ﬁ%‘%ﬁ?@é@ %It or prodrug

thereof, in combination with a chemotherapeuti¢ agent such as described hérein. [D0167]The
combinatiGRRIPEGIYREg iR iR REEENS RS shn UItHABS 9SheF SEHGeageppgmown in the art
2009/097 4482 GLA G045 FegiMe NV hen Rt nisiBrd seauiabodee@amehination may be

administered in two or more administrations, The combined administration includes coadministration,
using sepahdEENBHGHatbRE 67 SR GHE RS SRR AE KRS HHOR 3 ReotsSaerintd Zdiiigtration in
either ordemppubasBity Bseietphiniheigisarinapesiotsvhienbeth (or all) active agents simultaneously

exert their {8)'(?{891 cal ac?r\x/i I%SExamples described below, unless otherwise indicated all temperatures 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 otherwise indicaied. The reactions set forth below were done generally under
a positive pressure of nitrogen or argon or with a drying tube (unless otherwise stated) in
anhydrous 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 system (Manufacturer: Dyax Corporation)
having a silica gel column or on a silica SEP PAK® cartridge (Waters). 'H NMR spectra were

obtained at 400 MHz in deuterated CDCls, ds-DMSQ, CH:OD or dg-acetone solutions (reported
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1001681Suitable 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. [00169]The combination therapy may provide "synergy" and
prove "synerfi&?U%18@74#fie effect achieved when the active ingredients ugé?&)/ 8?ﬁ'8f‘%‘§%reater than
the sum ofitipereffestsgtbivrefuttsal tim winepcthstendap(Tifsppapar #tbéy pralymetgicetienatt may be
attained wagp e SERAIRAELIBLS 216 b asQTRIAg ARG AIBISIRURHION de RIBglieo.

simultaneously In"a combined, unit dosage formulation; (2) delivered by alternation or in parallel as

separate forfhiadened).oid Glasplsbpidwibletsieditdenbipypé rglatok rEqunlingsonimsidiby, a

synergisti%ﬁg&m&%@ﬁpg@gmn the compounds are administered or delivered sequentially,
e.g., by different injections in segarate syringes, separate pills or ca[%sules, or separate infusions. In

general, dif#td®iterna ladny, A srelate syl biaaeraiqldsHARSEEANE administered

sequentially, i.e., serially, whereas in combination therapy, effective dosages,of two or more active
ingredients are adminisigred toggthgi., 1001701Ir¥4 particular embodiment o Hgancer therapy, a
compound oFFgy ~or a stefteoisomer, g etric isomet;3a@4tomer, te, metabolite, or

pharmaceutically acgeptable sagt@errodr’ug {a] fismay be gpmbined V\'}iﬂpJ B chemotherapeutic,
hormonal or antibody; agents suefiuas those degcribed herein, as well as coinbined with surgical
therapy and radiotherapy. Combsngtion therapi%s according to the present invention thus comprise the
administration of at feast one compound of Forfhula I, or a stereocisomer, geometric isomer, tautomer,
solvate, metabolite, or pharmacetically acceptable salt or prodrug thereof, and the use of at least one
other cancer treagment method. Tjje amountsF;gi'the compound(sy'of Formula | and the other

pharmaceutieg e chegotfjeraeutic agp@tgg) and the imings of administration will be
selected in‘O‘rd'%gratr'ﬂ’éve thesesited comhingg thetapelk feek, [00171]METABOLITES OF
COMPOUNDS FORMUL/A | [0017

JAlso faHbag within the sccﬂ)e lthis invention are the in vivo
metabolic products of Formula ledescribed herein. Such product® may result for example from the

Ceavage, IS e, HHERARN S SR oA AL e OO GE WD

2009/097446/06d 40 S2RRAOBR&Ri neadlplite sTahchipahad witkarspedd thantiadingiwemipounds

produced rocess comprising contacting a compaund of this invent] ' ) r a period
of time suf%%ﬁ%rgttf)o%y?llséslllégarﬁrﬁgtg%)gi%ep\?%ucetgtﬁeeﬁ%%ﬁ‘gl%f)%ﬁ cecf%%ffl#é{%%%g%% %%@%?e
identified BShpepeipnegeal produkibetictll @y aadvosBid)vhthof zenoltppightites pyecihvanber -
administer}g&ﬁé,fg%qgﬁg@% in 2 getect gog%@/g., greater than about 0.5 mg/kg) to an animal

use, gui ' i '

such as rat, m nea pig, monkey, or to man, allowing sufficient time for metabolism to occur

(typically ai9839810 secohdrixeIB00RSeamnirmefinFrvesmle Armhoraated (3 thE arplkiblood or

other biologigal samplesid MSRIN 0KUaLT)alesaasi inelated sibradhpraradabpied (athersaare isolated
by the use of antibodies capable of binding epitopes_survivﬁ%ln the metoaboliteg. ,TI-@ énfge bolite
structures BPBTERR A8 RGO HedSPYSREIRXIES IR PAsIGedd) RIS, BEINRS BRI i eneral,

analysis of,metkelitasds Bane ik highsarme wemnsseprediionakdiligaiatabetismdstitisawelb known

to those skilled_in the art. The metabolite products, so long as, nagf.Qtherwise found in vivo, are
useful in dAYROARALLS %’t] ?%%?@géﬁﬁﬁﬁ?iﬁgcb%ﬁ%é%%g c%%rfglié’véntion.
[001741ARIDCIYES OF MANLIFAG TLUREIRAK FHBditiranbihethgliddgimentot-twebionentidr 34N article of
manufacture, or. Kit", confajning materials useful for the treatmen F angdglisorders
described 5’0%%% iéﬁmpﬁ%cl\’iic}tgg?a% one Secr%ﬁaélggi(r)r%ﬂgl eg% ‘8%‘%%1@5‘% %&ggh%z}%%?%%dm%%fing a
compoundegfFasmalatiooe thstengsisprmerdgébrusiv Mwﬁmﬁm%mv@@%é%gl Rk, or
pharmacey(isally acceRiablc Salbar RIRAEReIEb DS KAy HiRaLEMPYISE.B, ibabar@ackage

insert on or associated with the container. The term "package insert" is used to refer to instructions
customariljiitsesddad diiedinsinrciarpitkageetvi thErapagele presbetelinatidsmeits Hrfofh&tion about
the indicatig)malusage, dosage, administration, contraindications and/or warnings concerning the use
of such therapeutic products. Suitable containers include, for example, battles, vials, syri ges, blister
pack, etc: f@%@ntaineﬁﬁ&ﬁi‘ﬁ@ R RS RS e S R ATS SRR %Bdiﬁ*s%%%%@ﬁc.grhe
container naphalel P66 MR IBI0S, Forslutel)ara Fermed atirso tiefeotiwhith tsaeffectiss tovlréating the
condition apd may have a_.sterile.access, poyt (for exa the c iner.may be an.intra us
solution ba%obh?la%fg%%ﬁ% ﬁ%%agt%lﬁspoe?}’%jlslﬁc%ét%g ya%nlﬁ%’dgg%%gli%jIe}%‘%?bn%ﬁ%éﬁfg%n%ﬁggg{%one
active agentaniigrebrapesitiondscaacdmbbeprtapfoerhpladucT madditiret putkashediztht widitites that
the composition, i l$§i_ 3 ' itjo (?fn ice, Suc ol lition, the label or
package in%%?%p%%i%l& iég{e&ﬁ%@ﬁg@ﬁ%@gn fo @f r&%&%@%s%ﬁce %%%agig%i%’zggg such as a
hyperproliferative disorder, neurodegeneration, cardfdc hypertrophy, pain, migraine or a
neurotraumatic disease or event. In one embodiment, the label or package inserts indicates that the
composition WO 2009/097446PCT/US2009/032459




comprising a compound of Formula | can be used to treat a disorder resulting from abnormal 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 co&IR & Hfarmaceutically acceptable buffer, such as bacteRbStHEIWARATOr injection
(BWFI), pli¢fiHate-buffbhethativile, Rirgbrs sofrivimen deptivtodd-sperme-dreatbgssdiertsidnclude other
materials dERIENO PRI AhAOCCHRABCRON Ll L AR iigia aniSlters.

needles, and syringes. [00176]The kit may fUrther comprise directions for the administration of the
compounddlrefravsamight Tipreastion mizserng it ievautessiRipfEtn resksdiidle, if the kit
comp ris_esd%{}{ﬁt GREY PRSI 69 HPE i?_%@;}ﬂoﬂm QIﬂ:y%m}HPﬁ ,M%ﬁiﬁﬁ&ﬁi@d@mamﬂ@% utical
formulation, the kit maps/sfurther comprise directions ftor the simultaneous, sequential or separate
administra(t?éﬁ BE@ Hvst and second pharmaceutical compositions to a patient in need thereof

1001771Ingmether embadipients hakinisrsuirple.fmtholjaivended seldoratrfosfrismémytompound

of Formula I, sych as tablet apsules Such gg preée bly includes a humber of unit dasages.
St Kt dai HETHER B B LR M SRR 3 PRETP NS Sk G Ghn
example ofisueh a Kitish. "Hlisterapack in Blisiewapabksar eowslhkrionts ih. the gackadiegpiodystry and are
widely used.for packading phiarmaceutical nl dosade forme. WL desited. o memary.aiciqan be
provided, %ryexamp?e In the torm of numbers, SHEErS, OF other mar ings or with a calendar insert,
designatingthkinipysimthwiseatracnd steBARiBRhicFheroubing esgsair bey e s reyd
1001 781AgeardIng: 14 Q0F SRR @9?&Ea}éﬂgb@%&m@@ﬁ,@%@ﬂ%ﬁ&ﬁ%@f&ﬁﬁybﬂ Spgund of
Formula | contqun_edt erein; an opflona ly (b) a second container with a second pharmaceutical
formulatiodlesritaifed Héréi, dtterein the second pharmaceutical formulation comprises a second
compoundygsaAnti-nynsaroliferative aeiitgr Al BRHMEM- DrLaitioRI- s kihaax Suther
comprise a third container comprising a pharmaceutically-acceptable buffer, such as bacteriostatic
water f(_)r injection (BNVFhll)erBﬂ@? hgte-bu red g@@eaql?irjger' solution and d_extr_'o'se sc_)lution. It may
further include\pthef matetjals desir from a eIy Ci N standpoint, including other
buffers, diluentg;filters, Tigegles, ang swinges. [RREMP1In ertin other embodiments wherein the kit
comprisesﬂ@mpo ition of Formula Mand a'$ecoid therapelitic %{Bént, the kit may comprise a
container for containihg the separate éompositions such as a divided bottle or a divided foil packet,
L 24 . . . .. .
however, the seﬂgrate 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 ad\@ntageoua wheﬁ the sepaggjg compopent lare preferably administered in different

dosage forms-gdi’gNiBsal ands ), are@administ [fferent dosage intervals, or when WO
2009/097446PG8aE32009/% 59 figrationgf ghe indill cghaponents of the combination is desired
by the prescribing physician; OO&O]@ENERAL PREPARATIVE®PROCEDURES 1001811General
Procedure A Suzuki Coupling: 45[00182]The Suzuki-type cgaipling reaction is useful to attach a
monocyclic heteroaryl, a fused bicyclic heterocycle, a fused bicyclic heteroaryl, or a phenyl at the
6-position BIERAbyrimicir{d-Fthpsf-stevidrse-malgnanisse 2 AL dpyiidimmon Yaséedeheme 4). For

example, ZLmaywhe O MRRAIMHEINIRSQHVAISNIR ¢f equiv., 3.88 ml) in ethanol (50 ml) and the
4-(4,4,5,5-tetramethy1-1,3,2-digxaborolart-2-y1)1Hinda7ole 24, and dissolved.in 3 %uivalents of

sodium cafBRHIRBERE PrSIEFRERAIGHE hatkdraltd MhreeldPvBRIAW S PARERRI HE K tatalytic
amount, orFRsiEl WiR dhundlent pabd gy sagant- sachiasthis(IEphanynbasphioe)piatiadiam(ll)
dichloride, iiﬂfﬁgded' ﬁ]ivariegy %{ Fr?ro\r%g;) cids or boronic esters can be used in place of the indazole
boronic esté &f@'gl‘%l TATS da ePnaivels/the nitrogen of the indazole may be protected, for example,

N-TIP proté#izesiompounaitfurérvgSrmminask3-potatisiliiaretadovasadsedtiiiqladd. 08 godiuih
carbonate to adjusi the pH of the.aqueous layer.. The.r ion.is then.t anpuUtA49n450 C under
pressure ina r‘ﬁéc?&}v%%ee?é‘aé 2‘?lsoﬁlc%%gé@&&?&é%e@?ﬁn%gﬁ (’égi?)?gl e%%%%égfor 10 t%léo minutes.
The contentgieresexirdictedibiitrethyiracetiste(Deaidtme: werasticrabiuanetrnel @0apd iferrdf the

organic layer, the Ghizyki cQuRlng I ogiEhs o rateuPaitied B Hhipdaaplabil Jrecipitate
1Hpyrazolo[3,4-d]pyrimidine 22, or 1,3,4-substituted 5-(IH-pyrazolo[3,4-d]pyrimidin-6- WO

2(109/097 445red $1d Sried tygbraS oy meyHiddimethyini kb sarelay meibarrbt asif Sideotdy Faverse

phase HPLCoSupstituents 1211, R2', 124" may be RI, R2, R4 as defined, or protected foul's or

precursors thereof. . . ) | _ . .
[60266] . A mixture of 5-amino-1,3-dimethyl-1 H-pyrazolo-4-carboxylic acid amide 3a

(3.33 g, 21.61 mmol) and urea (6.5 g, 5 equiv.) was heated to 180 °C for 4h. The reaction was
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[00183]Boronic ester (or acid) (1.5 eq) 24 or 25, and a palladium catalyst such as
bis(triphenylphosphine)palladium(ll) chloride (0.05 eq) is added to a mixture of chloro intermediate (1
eq) 21 in acetonitrile and 1 M of sodium carbonate aqueous solution (equal volume as acetonitrile).
The reaction Wikt %7 #€ated to 150 C in a microwave for 15 min LC/MSHATEEEY {7 the reaction
is completeovlatdpisnaduibthtodhid wikthssylaedlitheopFeipig td Prod G mid Jiltdhearesmliipgrified by HPLC
to yield the,Rrogy %%%e%%ﬁie% A hodR N 15 MY Bedfinitas HoqRliat:of pigected

. 100 lladium cataly

forms or precursors thereo 184]A variety of pa ts can be used during the Suzuki
coupling stegshedioiith vatapouics, irciioietgdxemplrjremeanEhtsdpyamidn: dfrdiaedtibling is a
palladium mg@ig}‘ed cross coupling reaction of an arylhalide, such as 21, with a boronic acid such as
24 or 25. Low valent, Pd(Il) and Pd(0) catalysts may be used in the Suzuki coupling reaction, including
PdC12(PAA8IS7Pd(t-BlyBsphrosrepiitide (3, B Errny)s) W&f@%ﬁﬁ@wlgﬁl’z tFe13)12,
Pd(DIPHOf) 12 RABH Y [PeGHBRZRG e it 2, €léidatRic 10l )35 mehd(sihapBdskRoiad )3,
Pd2(dba)/P(furyl1)3, CI2P4P(furY0312, CI2Pd(PMePh2)2, C12 d[P(4-F5P%%§]2, Cl PlegC6E6)312,
C|2Pd[P(2‘-’é¥5%ﬂ1-§f’n§%9’Hﬁ]z?@lﬁgﬁfﬁ?ﬂ%@ﬂﬁﬁﬁgﬁﬁz@f wefants fstistes LSRR
EnCatTM 30ydhtbidrGedd tist P23 0ffanddr e i)é=a palssied INARSMA(d S:200AA54066).
1001851General Proce 00186170 a 4,6-dichloro pyrazolo[3,4-d]pyrimidine intermediate 27
i1 2 sonver AR B B IR0 RETIAAR 7 SEUBHA SR AR Tt BN T SER 107 and 2
non-nucledphitibybd $bmuernhd Idediytamidmd NE(880 D §363 psb)bdgesnhdvely, acetonitrile may be

used as th&@%ﬁfnt an Q@éﬁ&}giym Cé@ﬁ%ﬁfm%&ﬁm%%%%%ﬁ}?ﬁ@?ﬁmgw mixture is stirred

at room temperature fo hour’or overnight, v uo and residue partitioned
between DCM and bripe. If the mixture is ingdluble it may be sonicgted and the solid product was
collected by filggation# Dryn fip magnesigm sulp ,ﬁv evaporatidifef the solvent gives

N'-(6-chloro pyr 0[3,4 idin-4#y1)-amine stbstiterted itennediate 28, WO

21109/097 CT/YS2008/82459 a W@rys%ﬂ@ﬁ'e solidhgrbyNHiuration. Substituents R1' and
R2' may bé R1 and as defined, or prptected forms or precuzr?brs thereof 100187]General _
Procedure D 274§ [00188]4,6-Dichlorbpyrarolo[3, 4-d] pyrimidine ftermediate 27 is added to a
stirring cold (0 C) solution of an alcohol R100H (1,1 equiv.) and sodium hydride (e.g. 60% wt
suspension in mineral oil, 1.4 equiv,) in dry Tlif. The reaction migure is warmed to room temperature

overnight, and th% quenched with pvater Subsesgient DCM/bring extraction and purification by column
chromatograptigNgi® 6-chlo fa ml@[3,4-d]’|@}grimidin-4ﬁm'<%mbl substituted intermediate 30
Substituents RT:1a0fE R2' maﬁ’tﬂ&f{&d R2 agsigfined, Jh ec;éd forms or precursors thereof
[001891General Procedureﬁuzuﬁ co@pling at 4-ch|oro// cl

4b 5b
[00209] Ethox}methylidenemaiononitrile 1b (1.73 g, 14.17 mmol) was added
portionwise to a mixture of N-ethylhydrazine oxalate (1 equiv., 2.13 ml) and triethylamine (2.1
equiv., 4.17 ml) in ethanol (20 ml) and the reaction mixture was refluxed for 1 hour, cooled to
room temperature, precipitate filtered, washed with ethanol and dried to give S-amino-I-ethyl-
1H-pyrazole-4-carbonitrile 2b as white crystalline solid (1.02 g, 53%).
[00210] A mixture of 5-amino-1-ethyl-1H-pyrazolo 4-carbonitrile Zb (630 mg, 4,65
mmol}, 1M aqueous solution of sodium hydroxide (1.1 equiv., 5.12 ml) and approximately 30%
aqueous solution of hydrogen peroxide (5 equiv., 2.72 ml) were stirred in methanol (30 ml) at
room temperature for 3 hours. The volume of reaction mixture was reduced in vacuo, precipitate
filtered and dried to give 5-amino-1-ethyl-1H-pyrazolo-4-carboxylic acid amide 3b (639 g,
78%).
[06211] A mixture of 5-amino-1, 3-dimethyl-1 H-pyrazolo-4-carboxylic acid amide 3b
(782 mg, 5.07 mmol) and urea (1.53 g, 5 equiv.) was heated to 180 °C for 2h. The reaction was
cooled down, and the solid was dissolved in hot KOH aq (50%, ~200 mL). The resulting
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100190]4,6-Dichloro pyrazolo[3,4-d]pyrimidine intermediate 27 and an aryl boronic acid or pinacol
ester (1 eq) are suspended in acetonitrile, and sodium carbonate (3 eq, 80 mg) in solution with water.
Bis(triphenylphosphine)palladitun(ll) chloride (0.05 eq) is added. The reaction mixture is heated in
microwave atvedou897@ior about 5 min. Water is added to the mixture, afcitiezprgehpiated product
is filtered -amsttpter ikeciay 0w pvith ITivh Atdesalplbyid agiie | T Hegrdpylatedgirtatac pyradttefdddad] pyrimidine

product 31. Substituents R1 an ' may. 'and R2 as.defi or prptec 0rms,0 cursors
thereot (00O AETBa ol e B TRE /8 SO e oA S i
[00192]A I )6-substituted 1H-pyrazolop,4-dipyrimidine-3-carboxylic acid 32 is treated with 1.5 eq

HATU, 3 o g alky g,r%ghg%;g%g;ua@@gl SO0 SOROPYR MRS RN D-cthy1

dimethylformamrde (D approxima M cBhcentra e reaction Is stirred unitil complete
and extracledilipdechyiaceiatB whtHd] soriradae: Hicardionath <0 10%ent Phawrgamahaehesidried, filtered
and concegitaigg e Yigjdihe fivde inisrmediateisduieinedialeds puifisdoleeyrignaase
FIPLC to yield product 33 where Rl is - C(=0)NRIGRII. Substituents R2', R3', R4l may be R2, R3, R4
as definedowichleridetvasidiviliedrott spdessrdugssrpssson1 95 eosidneryas 8qwed 94)FRe chemical
reactions ggseieA HdTsdRx Fﬁ% PR bRibRa Y AGRR QR JR AR 3WmBedigiietbgr PI13K

alt

inhibitors of the invention, an erpative methods for preparing the compounds of this invention are
deemed toeg’é{]\ﬂifﬁ‘mﬁ%"‘éﬁéﬁéd&ﬁﬁ}glm%ﬁhéﬁ?@@%ﬁéﬁwﬁ@ﬁﬁ@@ynthegs of non-exemplified
compoundgegr3)rding BxthedRventicChaYPR-saaaessiihaefpImedHyy mbgifeatiofi4apparent to
those skill&?gin.the art, e.g., by appropriately protecting interfering groups, by utilizing other suitable
reagents W%dméﬁﬂg%gr than those described, and/or by making routine modifications of
reaction conditions. Aligmatively, other reactions disclosed herein or known in the art will be
recognized as having jcability for preparing other compounds of the invention. [00195]In the
Examples described ,less otherwise indicated all temperatures are set forth in degrees
Celsius. Reagents|were purchased from commercial suppliers such as Sigma Aldrich Chemical
Company, LANCHStEINTCI or Maybridge, and were used without further purification unless otherwise
indicated. cgﬁqs set forth below were done generally under a positive pressure of nitrogen or
argon or withya drﬁi’ng tie (unless otherwise stated) in anhydrous solvents, and the reaction flasks
were typically fitted with rubber septa for the introduction of substrates and reagents via syringe.
Glasswarejptaddjven driecdhaiidoreledtdpieds Gddadio alsrdmiatogh dfihgidiscdndedtddl Br a Biotage

system (Manufacturer: .Dyax Corparation) having,a silica olynan gr.on.a silic 2

cartridge (%%?%ﬂ&ﬂ?ﬁ%ﬁ%%%ﬁ% eerqg}o atllrjle ya%lﬂ %312 {geeﬂjé}?at%%ﬁé%@lég 365%%\&/'@8&0
CH30D orstigedos omsotupioage spo k6 thmmaogmmmw@w_@@@@eﬁ@m%ﬁm@m using
chloroformgs InQ Seiereaee %%995%%3?698{!&0%%1&&%%9 1@%&5?1£?H§§§@92&B?3I@J|0W'n9

abbreviations are used: s (singlet), d (doublet), t (triplet), m (mdltiple, br (broadened), dd (doublet of
doublets), dindsnisierbemBRE). Coupling constants, when given, are reported in Hertz (Hz).

- [60215] Example 5 4-(4,4.5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indazole 24

—route 1
. O}’ ‘ |
Br NH2 . N E‘é‘ {%\
O- — @N - (;[;"' - N
B, : Br B 3157\& i |
[00216] To a solution of 3-bromo-2-methyl aniline (5.0 g, 26.9 mmol) in chioroform

(50mL) was added potassium acetate (1.05 eq., 28.2 mmol, 2.77 g). Acetic anhydride (2.0eq.,
53.7 mmol, 5.07 mL) was added with concurrent cooling in ice-water. The mixture was then
stirred at room temperature for 10 minutes after which time a white gelatinous solid formed. 18-
Crown-6 (0.2 eq., 5.37 mmol, 1.42 g) was added followed by iso-amyl nitrite (2.2 eq., 59.1
mmol, 7.94 mL) and the mixture was heated under reflux for 18 h. The reaction mixture was
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[00196]Example 14,6-di chloro-lI-meth y1-1H-pyrazolo [3,4-al pyrimidine 0 HN-NH2 H2SO4
[00197]Ethoxymethylidenemalonitrile 1(26.5 g, 0.217 mol) was added portion wise to a mixture of
N-methylhydrazine (10g, 0.217 mol) in ethanol with a speed that the mixture was heated to boiling.
The mixture Was&H%Eftixed for Ib and cooled down to room temperaturBCTRiE8p8E it ed product
was filtereallangdiashel auithweshsundlidaed bldvhenbierbfamni (X et myil) bkt pyraatid aneamsonitrile 2
(13 g, 50%). 8JA mixture of 5-aping-1-methyl-1H-pyrazolo 4- [Lri 11.mol) in
conc. sulfl% g)liciE%%l 3@8 %’I{F%{%Olrlﬁfﬁ)&wﬂgs% %r&efgg%bﬁeﬁ%rﬁét%ﬁgg%ﬁg%grl%&rﬁ%w%?éh%g%epou red on
ice and thélfSsaltingepaintedendalibdsifleB80pH = 8 with 50% ammonia hydroxide aqueous solution in

the ice ba precipfat fi 3 ' t
803 PO REQANE VRS gﬁﬁﬁ%ﬁo\%@%&ﬁ%‘%&@lg}ﬂﬂ@d %@Kieomatogxaphy

5-amino-I-methyl-1H-pyrazolo-4-carboxylic aci %). 100T99]Alternatively, a mixture

of 5-aminciutime it 200k by A2 B Aemstritite (3 0o omp sodasiolywtiancas s Gdition of
sodium hygsoyige il laaghi i@ A Achicd 1% RAHSALBIO!YHQN MLV 998 BRERUAEID eauly., 14
ml) were stirred in methanol (30 m# at room temperature overnlgﬂt. The volume of reaction mixture
was reducddi® (?é’@d@%&éﬁgﬁa}@ RPEY Qﬂ&'ﬂi@%&@f‘\?@'%@ﬂi Bgl%ﬂwﬁﬁ%%m-qléarboxylic
acid amide)3648911, &7 %637 KRG 0M ARG Wi SvemRinCDane thyk THpY (AznH4)cadsoHicdacid amide
3 (13.5g, 0,0 1) and yrea ( , 0.4 [) w eated,to 180C for 2h. The reaction was cooled
down, and%%%%%%&/\%gs(g‘i’s%I@%%%ﬁﬁbtglfédgqszsg@é}a@?mbﬁ mL). The resulting mixture was
neutralized0fttt8hcetic Jeid. sbheigrefihitated-adodhisaslfiltgtpdirnowasiitdMgin Whtentd)yield
1-methyl-1,7-di 0-pyrazol -Apyrimiding-4, 6:-dione 4(13.5 4%). 64.
20051087 SR S P A e e i Uil room
5-amino-1@%&1%@?&26@&@@30%%@\@9&1@&@3&7@@@@ WWMPW@W@@OH% (1.2
equiv., 0-5@Bxﬁl(f5¥&%‘d€e?%5@9@%{\éac%&ﬂ§ﬂ{%‘$ r§¥1% gt The QRGO Wétsiigoled down,

precipitate filtered, washed with diethyl ether and dried to give

1-methyl- 1SRR§E EahIFiss SMES B-0i fhereaineet wag Tamopecd ity sxaprgatiamypder reduced pressure
to give 4-bromo-1H-indazole B (2.36 g, 93%).
[06219] ~ To a solution of the 4-bromo-1H-indazole B (500 mg, 2.54 mmol) and
bis(pinacolato)diboron (1.5 eq., 3.81 mmol} in DMSO {20 ml) was added potassium acetaie
(3.0 eq., 7.61 mmol, 747 mg; dried in drying pistol} and PACL{dppf), (3 mol%, 0.076 mm(_)i, 62
mg). The mixture was degassed with argon and heated at 80 °C for 40 h. The reaction mixture
was allowed to cool and partitioned between water (50 mL) and ether (3 X 50mL). The
combined brganic layers were washed with brine (50 mL), separated and dried (MgSOs). The
crude material was purified by chromatography eluting with 30% to 40% EtOAc-petrol to give
an inseparable 3:1 mixture of the 4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indazole
24 (369 mg, 60%) and indazole (60 mg, 20%), isolated as a yellow gum which solidified upon
standing to furnish as an off-white solid. 'H NMR (400 MHz, ds-DMSO) 1.41 (12H, s), 7.40

| (1H, dd, /=8.4Hz, 6.9Hz), 7.59 (1H, d, J/=8.4Hz), 7.67 (1H, d, J=6.9Hz), 10.00 (1H, br s), 8.45

(1H, s), and indazole: 7.40 (1H, 1), 7.18 {1H, t, J=7.9Hz), 7.50 (1H, d, J=9.1Hz), 7.77 (1H, d,
J=79Hz), 8.09 (1H, s); impurity at 1.25."
[00220] Example 6  4-(4.4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indazole 24

- route 2
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[00202]Phosphorus pentachloride (15 g, 0.072 mol) was added to a mixture of 1-methyl- 1,
7-dihydro-pyrazolo[3,4-d1 pyrimidine-4,6-dione 4 (6 g, 0.04 mol) in phosphorus oxychloride (10 ml,
0.12 mol). Tt{ve r%%%tli%%pixture was heated to reflux for 18 h. Excess of pp@ﬁ%g%&%%%ghloride was
distilled off under rec?ucea'pressure. The residue was poured on ice. The resulting mixiure was
extracted giw D M_(%). The combikied organic layens were washed with water, dried over MgSO4
and evaporat eld %,6-dj Nomethy1 Pz0l0[3,4- d]pyrimidine 5 (4.7 g, 64%).
[00203]Exampl |6-dichilor imethyl-1 ﬁ)[3,4-d]pyrimidine 5a la2a
[00204]2-(1-Ethoxy-ethylidene)-malononitrile la (10,9, 73.45 mmol) was added portionwise to a mixture
of N-methylhydrazine (1 equiv.,%S@nl) in ethano tB®mI) and the reaction mixture was refluxed for 1
hour, cooled to room temperature, precipitate filtered, washed with ethanol and dried to give
5-amino-1,3-dimethy1-1H-pyrazole-4-carbonitrile 2a as white crystalline solid (9.85 g, 68%). [00205]A
mixture of 5-amino-1,3-dimethyl1-1H-pyragolo 4-carbonitrile 2a (3.08 g, 22.63 mmol), 1M aqueous

solution of sodpfrytiroxide (1.1 3’5le) and approximately 30% aqgueous solution of hydrogen
peroxide (5 eqere stirred nol (30 ml) at room temperature for 3 hours. The volume of
reaction mixture fvas reduced in vacuo, precipitate filtered and dried to give 5-amino-1,
3-dimethyl-lH-pr%t&BdbA-carboxydjcBagid amide 3a (3.34 g, 95%). [00206]A mixture of
5-amino-1,3-dimethy1-4H-pyrazolo: rboxylic acid amide 3a (3.33 g, 21.61 mmol) and urea (6.5 g, 5
equiv.) was heated to.180C for 4h. Thé reaction was WO 2009/097446PCT/US2009/032459 cooled
down, ande,5pli wag sissalyes i hoh KR (30200, Therashiiy e e

neutralized with 2M hydrochloric acid. The precipitated Eroduct_ was filtered and washed wjth water to
yield 1,3-dirhetiaddedcarplirop wisasion aistsiidicant Le%)dmneer: 308 Bittoa2e fipAthhorus
pentachlotides R fdntva %991%1) Wasiaddeskio /X uERIghd Becipitate collected by ltration to

yield 4-nitro-1H-indazole C (1.98 g, 81%).

[60222] A mixture of 4-nitro-1H-indazole C (760 mg, 4.68 mmol), palladium on charcoal
(10%, cat.) and ethanol (30 mL) was stirred under ﬁ balloon of hydrogen for 4 h. The reaction
mixture was then filtered through celite, and the solvent renﬁoved in vacuo to yield 1H-indazol-
4-ylamine D (631 mg, 100%). | |

[00223] An aqueous solution of sodium nitrite (337 mg, 4.89 mmol) in water (2 mL) was

added dropwise to a suspension of 1H—indazel-4-ylamiﬁe D (631mg, 4.74mmol) in 6M
hydrochloric acid (7.2 mL) at below 0 °C. After stirring for 30 minutes, sodium tetrafiuoroborate
(724 mg) was added to the reaction mixture. A viscous solution resulted, which was filtered and
washed briefly with water to yield 1H-indazole-4-diazonium tetrafluoroborate salt E (218 mg,
2(%) as a deep red solid. o

[00224] Dry methanol (4 mL) was purged with argon for 5 minutes. To this was added
1H-indazole-4-diazonium tetrafluoroborate salt (218 mg, 0.94 mmol), bis-pinacolato diboron
(239 mg, 1.0 eq.)and [1,1 ’-bis(diphenyiphosphino)ferrocene}pailadium (I1) chloride (20mg).
The reaction mixture was stirred for 5 h and then filiered through celite. The residue was

purified using flash chromatography to yield 4-(4,4.5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-

1H-indazole 24 (117 mg).

[66225] Example 7  1«(Tetrahydro-2H-pyran-2-y1)-4-(4,4,5,5-tetramethyl-1,3.2-
dioxaborolan-2-yl)-1 H-indazole 41 (Route A) '
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dimethy1-1,7-dihydro-pyrazolo[3,4-d]pyrimidine-4, 6-dione 4a (1 g, 5.56 mmol) in phosphorus
oxychloride (20 ml). The reaction mixture was heated to reflux for 18h. Excess of phosphorus
oxychloride was distilled off under reduced pressure. The residue was poured on ice. Extraction into
DCM (3X) artipthifi¢atidh by column chromatography gave 4,6-dichloro-FEF/US2009/032459
dimethy1-1H-pyrazolo[3,4-d]pyrimidine 5a (680 mg, 63%) as a beige solid. [00208]Example
34,6-Dichlgfo-1-ethy1-1H-pyrazolo[3,4-d]pyrimidine 5b ON
EtNHNH2 @Qaq EtOHNaOH aq refluxNg,MeOH RT'1%1 2b3b -
-methylidenemalononitrile Ib (1.73 g, 14.17 rnmo ) was added portionwise to a mixture
zingyoxalate (1 equiv., 2.13 ml) and triethylamine (2.1 equiv., 4.17 ml) in ethanol (20 ml)
6h Mixture was refluxed for 1 hour, cooled to room temperature, precipitate filtered,
washed with etha{::;nd dried to give 5-amino- 1-ethyl1H-pyrazole-4-carbonitrile 2b as white

crystalline solid (4.02 g, 53%). [00210]A mixture of 5-amino-Il-ethyl-1H-pyrazolo 4-carbonitrile 2b (630
mg, 4.65 mmol), 1M aqueous™solution of sodium hydroxide (1.1 equiv., 5.12 ml) and approximately

30% aquepygzedlution ofpydrageppeiaxide-(hresivE-hd260d) Were2sirisdiniethaniohe30 ml) at
room temperature for 3 hours. The voJume of reacti jxture was reduced in vacug, pregipijate
filtered an‘&’aﬁﬁga%ggf% g?ﬁ?h o8t -?I-@@?ﬁéiﬁnﬁgﬁéﬁﬂ@a@&ag%ﬁeaﬁ%%ﬁigi@‘gg?.
[00211]A mixtilyerdf larofoeml( ] 3echie - hibqpys azel oetied b @icvabistianmigle 30T 820knd, 5.07
mmol) and urea (1.53 equiv.) was he to.1 for 2h, The reactio oled down, and the
solid was §€s0 ‘\J’/(év i %S?K%ﬁ"ézé‘\%%@a% ?é% %L? QFCIE]%HFS u i(r)'Png?fdJ e MRS _?Qe _

2009/097 446 RGTHIBSRBO%O 3245 A6 € warb stiseth &bz b drawith 2N\hisehiseHier iteertion Fae precipitated

product was fi a ' r1o yigl ; irred
1-ethyl-1,%%%gegﬁ?-%yggz%%?fg%%%&)%m?né?ﬁé@m81)4‘6%(5639%&&9?&gg)%lfgfgﬁgg)aﬁgﬁg?pentachIoride
(3.78 g, 3 eENhivd S Ydemecccmplaie whterdiHymi) mdifyHi 6150rabrs s addad aYsififiine-4, 6-dione

4b (1.09 greBABWROML AN BPROT USSP U IR (R whEGdeRCkiRN s Ron B anted do reflux

for 36 h. Excess of phosphorus oxychloride was distilled off under reduced pressure. T&z)(g%s{due was

poured onlice. fEsdrBewsn WieDERR mib)vas adsisdrodibn Bydsiunm erfertrdsgrapiy i
4,6-dichlongd sty Irrdbnpuraz alods drsilindinidine bled M npSes andbiiaceslitted in vacuo to

yield 4-chloro-1F-indazole 11.07 g (100%) as an orange solid. "H NMR (400 MHz, CDC13) )
8.18(d,J=1Hz, 1H),7.33 (d, /=8 Hz 1H), 7.31 (t, /=7 Hz, 1H), 7.17(dd, J=7Hz, 1 Hz
TH). LCMS (ESI pos) m/e 153 (M+1).

[00227] Step B: Preparation of 4-chloro- ! -(tetrahydro-2 H-pyran-2-yl}-1H-indazole: Toa
1 L flask with mechanical stirrer was added 4-chloro-1H-indazole (75.0 g, 0.492 mol},
pyridinium p-toluenesulfonate (1.24 g, 4.92 mmol), CH>Cl, (500 ml) and 3,4-dihydro-2 H-pyran
(98.6 ml, 1.08 mol). With stirring, this mixture was heated to 45 °C for 16 hours. Analysis of
reaction mixture shows production of both isomers of product. Cooled reaction to 25 °C and
added CH2Cl (200 ml). Washed the solution with water (300 ml) and saturated NaHCO; (250
ml). Dried the organics with MgSO, and concentrated to dryness. Purified the crude product by
dissolving in EtOAc/hexanes (4:6, 1 L) and adding $i0; (1.2 L). The mixture was filtered and
the cake was washed with EtOAc/Hexanes (4:6, 2 L). The organics were concentrated in vacuo
to vield 4-chloro-1-(tetrahydro-2 H-pyran-2-yl}-1H-indazole 110.2 g (95%) as an orange sohid.
Isomer 1: "H NMR (400 MHz, CDCls) 6 8.10 (d, J= 1 Hz, 1), 7.50 (dd, J= 9 Hz, 1 Hz 1H),
7.29 (dd, J=9 Hz, 8§ Hz 1H), 7.15 (dd, /= 8 Hz, 1 Hz 1H) 5.71 (dd, J=9 Hz, 3 Hz 1H) 4.02 (m,
1H) 3.55 (m, 1H) 2.51 (m, 1) 2.02 (m, 2H) 1.55 (m, 3H). LCMS (ESI pos) mfe 237 (M+1);
Isomer 2: 'H NMR (400 MHz, CDCl3) 3 8.25 (d. J= 1 Hz, 1H), 7.62 (dd, J=9 Hz, 1 Hz 1H),
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1002131Example 46-ChIoro-N-(3-methoxyphenyl)-l-methyl-lH-pyrazolo[3,4- cl]pyrimidin-4-amine 6
6 [00214]m-Anisidine (1.1 eq) was added to a solution of 4,6-dichloro-1-methyl-1H-

pyrazolo[3,4-d]pyrimidine 5 (1 eq.) and triethylamine (NEt3, 1.5 eq) in ethanol. The mixture was stirred
at room tempBatEHGAY hr and then ether was added. The solid was filtefedGHEHEER & filtrate
concentrafezbitddad e ik 16 1HoT NGB ire thbiy p ibniH)-1.48 €ddy T 19 Hzprdzdid)3t4S (m,

d]pyrimidinyd-amine 6 Examp)

54-(4,4,5,2@3@%@@%@%@2@%&%& lﬁ)lfélﬁnr}agli{ 'IeLEZMSr %%(Ié %Oseo%gla?ﬁ()wgéc)ilution of
3-bromo- 209228/ aniliriee(sd @}‘mﬁpmuﬂ)l"ritftttﬂb}’dn‘@rw(m?-\wﬁs‘@a(ddeﬁ%@ﬁﬁajgmlacetate (1.05
eq., 28.2 T,@l?ld%:%&hléﬁf%@?ﬂ?mé&%i%?? o 2300 MNP0 G hT pAsAJRREIL ceaquUrrent

cooling in iICe-water. The mixture was then stirred at room temperature for 10 minutes after which time

a white gelietiabydrecid rsrmety e ieiniirel (0020 452mmanc NS0 gy hadsbdea®iisked by

iso-amyl g6, (3. 863m . HiERRIGh A IhBRbAAR LIRS s, herieshunsendmivnlonslBeh. The
reaction r?%xtlf%e was WO?ZO?)%%ggﬂgghPC /bsg%ogl%nsmsg aﬁ?wed to cool, and was partitioned

between chidtEEIAN e92 nOBSHIDY aFrieiefltdt e Wit eBal sStithsHyBro JisTEaPIS TS ML). The
[combinedhm@e@iﬁbﬁwg@ﬁﬁswm y&aaﬂqdw%gmdamlt&momdlahdsﬁmf at@wfﬁﬂf)dﬂsdc(ﬂ&g%ﬁ?m)- )
002171The crude product was eyapor onto silica and purifi romatogr uting wit
20% to 40D B KR L i SR Grer T R AT A A ovange
solid, and ¥ebwomnaidneinddhele®id byt 4a¢quaiedinlSitrappe SR ACkINMgiHO0MHZz, CDC13)
2.80 (3H, 9), 7,41 (1F1 t 1=7.8H7),.7 1H-d, J=7.8H7),8.15 (1H, s = .B:'H
NMR (400 z?}é%@éﬁ)(%@ﬁg@ 2 ﬁ%ﬁ%ﬁ”’?&%ﬁ%’, ggi@%ﬁﬁ%f%‘gﬁﬁg ?1’@%&5@8.11 (I
H, s), 10.26d £3.D <0020 8nbduwststl utier20F et/ wiisbhainn imet] otetaipe-SHAMEehawstino g, 12.9
mmol) in MeQH (50 nil) was.added 6N,agueous, HG1..(30 mb ' I oom
temperatuPtg,e]s(g:Fg?3 r?fn %uf%zﬁg‘ﬁg@%%%%%%%oﬁélﬁéo%ix'%@gﬁggrﬁ%i%e ’e\i[@v%(zg?? é?(()jiit(%é X 50mL)
and water {B0riL62 (de combiiied bgiHic Tahetddwéreis Addewith. Brie(ddohit §, Bepaktaddihnd dried
(MgS04). lven a [ r d O@gNe i
bromo. L1y e b1 A0 g Aphys SHEPARARS G AR SR AT S0 2,05 (. 18D

1.75 (m, 3H) 1.34 (s, 12H). LCMS (ESI pos) m/e 245 (M+1). _

[06229] Example & 1n(Tetrahydro—2H—pyran—2—yl)~4~(4,4,5’,5-ietramethyl»1,3,2

dioxaborolan-2-yl}-1H-indazole 41 (Route B)

0.0

‘B
N -
3

[00230] Step A: Preparation of 4-nitro-1 H-indazole: A mixture of 2-methyl-3-nitro aniline
(200 g, 1.315 moles), acetic acid (8000 ml) was cooled to 15-20° C and a solution of sodium
nitrite (90.6 g, 1.315 moles) in water (200 ml) was slowly added over 30 min. After the addition,

the reaction temp. was increased to 25-30° C and the reaction was stirred at this temp for 2-3 h.
Reaction progress was monitored by TLC and after completion of reaction product was filtered
and residue was washed vﬁth acetic acid (1000 ml). Acetic acid was distilled under vacuum (550
mm of Hg) below 80 °C and water (8000 ml) was added, cooled to 25-30 °C and stirred for 30
min. The shury was filtered and washed with water (1000 ml). Crude product was dried under
heating at 70-80 °C for 2 hours, then was taken in 5% ethyl acetate/n-hexane (100:2000 ml)
solution and stirred for 1-1.5 h at ambient temperature. The suspension was filtered and washed

with 5% ethyl acetate/n-hexane mixture (25:475 ml). The product obtained was dried under
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1002191To a solution of the 4-bromo-1H-indazole B (500 mg, 2.54 mmol) and bis(pinacolato)diboron
(1.5 eq., 3.81 mmol) in DMSO (20 mL) was added potassium acetate (3M eq., 7.61 mmol, 747 mg;
dried in drying pistol) and PdC12(dPPO2 (3 mol%, 0.076 mmol, 62 mg). The mixture was degassed
with argon aNeEEAEE74480 C for 40 h. The reaction mixture was allowedReTcBH4MEEEERitioned
between watenfs@ belgvaftl ¥ier 18 X Shmolgive Henvombihdaajanic byews spdik(WdsactPtalih brine

(50 ML) SEBesgteseane dipiitasteialh eaeraIg el 1a5 RYTIeHHY ehirmas ARy luing

with 30% to 40% Et Ac-’petro to give an insepardble 3:1 mixture of the

4-(4,4,5,5 etram et P18 2] oRdibrobanitz:PH)a flikdA7ole 24 (369 mg, 60%) and indazole (60 mg,

20%), isolajeghep 2 vellgwaupruhisholitiss uponssiandig (o fusaist asanaihiimseld. M NUR
(400 MHz, d6-DMSO0) 1.4 (1%{3,((?, 7.40 (1H, dd, 1=8.4Hz, 6.9Hz), 7.59 (1H, d, 1=8.4Hz), 7.67 (1H, d,

1=6.9Hz), (20000 12 mples) and 3 Q%e-pabinditm acrasene:(F04%] ik HOHA3QU0mD ¥25 o). 7.50 (1H, d,

1-9.1H2), Kydfolbihtch dafmBldR) 1:Buperbhilte BNy RkdEEmIO B Glipeampleincreased to 50
64-(4,4,5,§-Tetramethy141,,3,2 dioxaborolan-2-y1 -1H-indaz%l%§e%1|- ro,utef WCiH
2009/0974%13“8‘?}’[98‘?68@}?53%}48@“[%291iﬁ%l%? BRITSR BT MR Rit SR RINET2YY g, 14.01

mmol) in asaficraeith i@ mbdunassatieled acaiusancobrddiursonittitetdrdtarg afdinde)aneEres (5 mL).
After 2 h, the deep red solution.was poured onto.jce/ water and the, resulting precipita llected by
fitration 1R SRR B e BB g OO AT R LA S A e C 60
mg, 4.68 mimoipp{ehinin Prodiraraadit0vndatpanthethZR80 B0 vdhdtigiae dragainer balloon of
hydrogen for 4 h. The reaction mi 2 iltered-thrgugp. itigr An Hﬁﬂfﬁ din
vacuo to yilzjfc}nﬂglz-?r%g%%f%@r%k@%@év%%n@é%%o %) pfgz)ﬁg‘;SlEAr?i aqueous solut%{r?%%éjé_wd%{g nitrite
(337 mg, 489LHM®N (s WAteT. (27H(dvatihddetidrbpvdide(m AbuEsaasiavzo3HidlidaZoNeylamine D
(631mg, 4g44dmen 'Q@J\/I hydrochloric acid (7.2 mL) at below O C. After stirring for 30 minutes, sodium
tetrafluoroborate (724 mg) was added to the reaction mixture. A viscous solution resulted, which was

filtered antPffaed briSfsptR weaetieon pEfdiateihdzpdeok o snitin b tramisrobdiadsif £ (218
mg, 20%) @9 8 gaep7ea selifinkPA22ALD HIMean HAIFHENINRS B0l Wit vargas kel f nimutes. To
this was added 1H-indazole-4-diazonium tetrafluorobgrate salt.(218 mg, 0.94 mmo]), his-pinacolato
diboron (216 1136 SE- SR EoLBTL R RC R RN SO HETR LGB APy GHATEE (2om).
The reactiaisenikiue @as siviesos(britanduiion ddeies flublighweslischled ydaidnsheafiglidfied using
oo R e A0 e 24 41
dioxaborokanyzsh)rd bhindahieaddvéRouted Ajaxdiu2000 8070k 6 PC A SABRDID SR8 G0-40 min.

The reaction was imaintained at 30 °C for | h and after completion of reaction, ethyl acetate (500

ml) was added and the reaction mixtuie was filtered through Celite. The layers were separated

and the ag. layer was extracted with ethyl acetate (2 XI 500 ml). The combined organic layers

were washed with 5% hypo solution (2 x 500 ml), brine (500 ml), dried (Na2304) and

concentrated. Crude product was purified by chromatography (silica gel, hexane, 15-20% ethyl

acetate/hexane) to furnish 4-iodo-1H-indazole as an orange solid (23.0 g, 25%}. mp: 151 - 177

C: '"HNMR (200 MHz, CDCl3) & 12.4 (br, 1H), 8.0 (s, 1H), 7.6 (dd, 2H), 7.1 (d, 1H). ESMS m/z

245 (M+1). Purity: 95-98% (HPLC). _ _

[00233] Step D: Preparation of 4-iodo-1- (2-tetrahydropyranyl) 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 mi) was heated to 56 °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 ml}, dried (Na,SO,) and concentrated. Crude residue was purified by

chromatography (silica gel, hexane, 5-10% ethyl acetate/hexane) to furnish 4-iodo-1- (2-

tetrahydropyranyl) indazole as an oil (807.0 g, 60%). 'H NMR (200 MHz, CDCly) & 8.5 (s, 1H),

72



ck. ,0 41 [00226]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, 84.7 mmol) and
chloroform (120 m1 ThIS mixture was cooled to 0C with stirring. To the cooled mixture was added
acetic anh it 212 mmol) drop wise over 2 minutes. The reach&l RRE%4E warmed to
S e KL H T B R e o,
rnmol) wagpdgedrpavdhe/zeaotippmas stirred overnight at 60C. Once complete, water (75 ml) and
THE (150 é%were added and the reaction was cooled to 0 C. LIOH (20.7 % %94 mm?agd a&gdded

§)

and the ref&tdflwas stiiafErrergion HS&@@WE{@F%W%@%&‘&
extracted ﬂiﬁhaﬁ%@x@@ﬂ)tmk{&ﬁl&fﬁkﬂf he aiganicobyasdoner earrabinieshdaied Vst MipSOaand

iz, Cca by b seglfasty (e G4 3 s P B AR AP e T

Hz 1H). L@:hd&i((ﬁ&lqms)ﬂd(e mm\g+¢pqﬂmasmém\m@mmmmfheated to 80 °C for 2-3 h.

1 chloro TR BOHSeoh MR ks SRR R AR WAL ISR SIRLatBe 2 0
Inaaz

4-chloro- a , pyridinium p- oluenesulfonat 24 g, 4.92 mmol), CH2C12
(500 ml) aﬁmmmwmaz Hxaaqtada 1(98 &hyl ateBBertioy) 200ithl sand sgmibiirerhitasreolais1edesd to 45C
for 16 hougs, Aalysig:of %%&Jﬁ?ﬁﬁ‘éc?r@fiﬁ%‘g}ﬂd%{’%a RRMEsSOtRradyct. Cooled
reaction to 25 C and add 12 (200 m1). Washed the solution with water (300 ml) and saturated

NaHCO3 @%@Rﬁ@ﬁﬁﬂ?@d%@%@‘aﬁ?@ﬁﬂﬁmgs@wlaﬁfdt%ﬁt?éﬁ%tmﬁ% IS SEPHR crude

product by,gigapbdngnin EQLAMexanss1$Hs 3 L) @Hﬁi a@daﬁg 19192.6%& M)Thgmtqmvgas filtered
and the cake was washed with EtOAc/l lexanes (4:6 ). The or anics w ﬁ%ﬁ% érgz%aﬁg in vacuo to

yield 4-chiib- !L”(le‘fr%%ﬁédzW&@&%iﬁh%&a&él@’&f@bl 4( 39 & Isomer

1:NMR (4Q@@tMbiz, CDC13) 58.10 (d, J= 1 Hz, IH), 7.50 (dd, J= 9 Hz, 1 Hz 1H), 7.29 (dd, J= 9 Hz, 8 Hz

2.02 (m, ZEEE (v, SEsmbei Xty R i ey SRR b0 Bz, COCLS)

58.25 (d. Fyrhddin] 14X pi6aridih-d=@ikz1DHz 114), WO 2009/097446PCT/U82009/032459 7.20 (dd,

J=9Hz 8 ), 7.06.(dd, J= 1 d z.3H K 1) 3.80.(m, 1H)
2.22 (m, Ziﬂ%}ﬁj (m, 1?—%%%’%%%% l_ge(g%?%ostﬂr% Iipﬁ dﬁgfjoji[% tglgl l-éi):%?gparation
of 1-(tetraleyaino 1Raétod naithpyz0l¢444ereriemaihothadolic g @ dinedbenaiddProgeduid-findddsien1: To a

500 ml flaghe ity %Hfd%ﬁ%%@ﬂ%%@aét%ﬂ%&r&wé?ﬂgwﬁgﬁ%ﬁ a&iﬁrﬁﬁr&&? whEldRf a0 9, 42.2
mmol), DMSO (176 m| PAC12(PPI13)2 (6.2 mmol), tricyclohexylphosphine (0.47 g, 1.69

mmol), bisPEEDIAS BT (EE 1 40 @ﬁ%ﬁhﬁ&ﬁé@sﬁuﬁﬁc&m (1‘5232{397631@7%00 With
stirring, they prixjure was Neated 10 A3A¢C Ffor7ke Roursy Theg: @@th\'ﬁ@iﬁ%@t@ﬂ 832%HENd EtOAC (600
ml) was added and washed with water (82 X 250 m1) The organics were dried with MgSO4 and
concentratdfh \Mgu%ﬁrw%és Fetérude product was purified by Si02 plug (120 g), eluting with
10% EtOAgdEENeS (IIB@JB_Q% E@(Sdtdaﬁam@m@hbﬂo'ﬂqestndmtmmslgom)ehmmmmeacuo to give
13.9 g (100% ? 41 a % (wt/wt) solution in ethyl acetate. IHNMR shows the presence of
about 20 f%’%%ﬁﬂkggb %ﬂcﬁ’ oron.NMR (400 MHz, CDC13) 5 8.37 (s, IH), 7.62 (dd, J = 14 Hz,
2 Hz 1H), [eZBs#ld, J= Ebi‘z:ral Hm@dw);e?mir(dj&eﬂerasﬂﬂmeit&mi@@ EB2(AYR £33 1H) 4.05

1H) 3. L&GMS (ESI
i R G e e ARG ot s A
dioxaboro E%Qlﬂﬂs)n&éid%ﬂﬂ)(lﬁ&téﬁ) 2. 10. P@di@@hzétel]zﬁl\ MikipHation of 4-nitro-1H-indazole: A
f |-
mixture o Thﬂy 8- n@s&ﬁ%mnq (289 B dnd 1R mRash-AReHG. ag{g L(RE0R1 &Vﬁ?ﬁ%@d}QﬂS 20 C

and a solution of sodium nitfit€ (90.6 g, 1.315 moles) in water (200 ml) was sl added over 30 min.
After the aBdR7SHOERE ?é%ﬁﬁ’@?ﬁt@?ﬂﬁ?’was increased to 25-30 C and the reaction was stirred at this

ﬁmp :;or 536243}961“'0'@@!&@@1@%6&@%@3@%@&5@6@{&@&9@@ ek FomBleiMRADRBWRE pgoduct was
litered an

residue was washed with acetic acid (1000 m1). Acetic aci vacuum
(550 mm G FIo) bARI I O P LR XD LH tlad THEEE Sobi0a 0 b i St fon 30 min.
'7I'(r)1e88h(1:rrfy wﬁsdatereﬁ](aﬁdwa?mwmwam(mmt mnﬁi(gm)productz E/)VC?OS dried lljrlder hegtlr;g aé
- 0 rs was, taken etate/n-hexan ution and stirre
I R " e A R A R

for 1-1.5 h*atam |entt en5|on was ered and wa % ethyl
acetate/n-ldégpameidmduyS Rt etibheTiéprodded Obtained was dried under 71

[060242] General Procedure E and General Procedure A gave 184. NMR (DMSO-d6):
3.11 (3H, ), 4.25 (3H, s), 7.54 (1H, d), 7.61 (1H, t), 7.67 (1H, 1), 7.81 (1H, d), 8.20 (1H, d), 8.35
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WO 2009/097446PCT/US2009/032459 vacuum at below 80C for 10-12 h to give 4-nitro-1H-indazole
as a brown solid (150 g, 70%): mp: 200-203 C; IFINNfR (200 MHz, CDC13) 5 13.4 (br, 1H), 8.6 (s,
1H), 8.2-7.95 (dd, 2H), 7.4 (m, 1H). ESMS m/z 164 (M+1). Purity: 95% (HPLC) [00231]Step B:
Preparation oY 4-#fiR&-4-indazole: A mixture of 4-nitro-IH-indazole (200R;FILP26A56/245%Nnd 10%
palladium G caxifetV (A010dy, Bi7EIGH 3000 MBvexs) yidrodériatetPat>ahididnl tdhpdibttre (reaction
was exothgypie ?;gi/g mperature increased to 50 C). After completion of reaction, the catalyst was
removed by filtration_ The solvent was evaporated under vacuum at below 80C and cooled to room
temperatuldaA¥ n-hexizamplod m§wdEadacd-tbhetrSsimasbarmraivdirhspgd- nmetsdibksd solid
was filteregl apdiwasheghwithim:epmne (200 m1). Product was dried under vacuum at 70-80 C for
10-12 h to give 4-aminolH-indazole as a brown solid (114 g, 70%), m. p.: 136-143 C. IHNMR (200
MHz, CDd&%%“éhz (or, A%u573 Breseduyss Brand A g EWﬁEégise(ég g9vs, 1:1;‘% MMBUCIRERIS 2 134
(M+1). Purisy, 90-05%¢1HRLQ)O023 A5 tes0C. Arenaration of dHodn; BH4andeze)es Al ixtue of

cooled 1o SOUCHGE ) Ul PGS (54 0 6 TH A WS U s ace

drop wise @0aRELC in about 30 -60 min. (during addition frothing was observed). In another flask a

mixture of ium iogdide (311 g, 1. les) in water (3000 ml).was pre t room.temperature
and to this[%%%\éz cooleg%%ﬁ%#ém égf?g%ﬁn W@ﬁgﬁédﬁggmﬁggﬁ? %(5%% %ﬁ%@%ggon was
maintainedl#ie3@o@ifile A#b6and after completion of reaction; ethyl acetate (500 ml) was added and the
reaction myj was fil it Gending r,\Mas
extracted”mz&e%%yl ace@.:létﬁ\egL 2 X%%%l%ﬁ)ﬁ %%%%Ar%;? n%g/g gg&%%?a{%?@@ere wagﬂg?\y/’vs?tﬁ\%@% hypo

solution (AX56D A Oihenb30 M) Hadbd Mld2E08) 7370 Ebneb it éHicoudé bibduddindESurified by

chromatographyi{silisaogr « nexaneq 3p-30Pa, .h)d@&@. Jaie/ Nexage49. furnisipgyiodo-1H-indazole as an
orange solid %’%%O’g,g%%).(mﬁ:%&l - 157 (’::?fll NMR (200 MHz,_CDCl(Cl%) 5 12.4 (br, 1H), 8.0 (s, 1H),

7.6 (dd, 213947 (4, 1HE 189/ DAS(Nirindasoldyyldd -gwshiHpl o abd3 s Syt iBsbaration of
4-iodo-1- (ytatrakicnepyranidk ngazole: A mixture of 4- amino-1H-indazole (250.0 g,-1.024 moles),
3,4-dihydro-21-1-pyran (126.Q g, 1.5 moles) and PPTS (2.57 g, 0.01 mgoles) in C (1250 ml) was
eated 0 OG5 . SRR O QLR AP AKEE L M@éﬁﬁ@ezsmo,
the Iayelrs BEelpeBr el sprHBaquaohs, Ig_mr(mpitmw\mfi GH 3P (A50)n8193 THE s})m%ined
organic laye e,washed. wi c Jasidue
was purifi?eédg gﬂ%g%g%gg@%\;l(?)ji\gﬁglg% Sie@x%7nqé&%§gﬁ? (?ﬂ?g}l?%fi%?ate é%%?%’%ﬁ@ @-iodo-l-
(2- tetrahyti@itiany!) iditaiole l4s af-OHB0ED4-6054) (A NMRRODMHastRYDCH) 5 8.5 (s, 1H),
WO 2009/%91_;%%%{5@%%@{9%9 7.8 (in, 1H), 7.6 (d, 1H), 7,25 (m, 1H), 5.7 (dd, 1H), 4.2-3.8
D356 (4 2.0-1.8 (

(ad, IH), 2.2 .8 (n, 4H). ESMS m/z 329 (M+1). [00234]Step E: Preparation of
1-(tetrahydR92501 pyran-QepamplPacedns. foanthtemrral Prozduieapore HIE MMR (HIRH76R041: A
mixture of éﬂg@g-&gﬁ%ﬁﬁtr@byw@ma@ el (300, 9204 malgs) ohispiaasalargdianrane (96.4

g, 0.012 moles) andéaotassium acetate (85.97.g, 0.905 moles) in
I

g, 0.381 moles), PdChZééd p? 8.91 g, t
DMSO (508Hnpviefe tgﬁ b6 H o 203 (b oMipIYIBH, 3e22lidRlEIs NG oom

temperature@nd wedes) (1500 ml) was added. Reaction mass was extracted into ethyl acetate (3 x 200
ml) and comhined organic layers were evaporated, drie 2S04 concenirated. Crude product
was purifiﬁ%&g lumn Mraﬁ@@?@ﬁd@ﬁ%&ggg%%@& Qﬁg@é@%ﬁﬁt%ékane) to obtain 41
as viscousdhomidihFQ10cheiOYayetinilitMBI(CDCI3) 5 8.5 (s, 1H), 7.8 (n, 1H), 7.6 (d, 1H), 7.25 (m,

19 o lth £ 8 GV SR IR AL g S

pyrazolo[ (AL [pyAiBI{BFA-|nTiA8 Q0L 5), 7.60-7.64 (2H, m), 7.70 (1H, d), 7.80 (1H, d), 8.15 (1H, d),
[0023616-Mg1q e prpybi eI i BeUint Y 3ga1Bk et SUPWIRAIE-:31DR iy reacted

with pyrazole-4-boronic acid pinacol ester using General Procedure A. Addition of water and CH2C12

to the read®853bllowedEBgradiaitatiop-aitindranbi-ylbbar ot 4nfnoctotretayy Brbyny)3H: cH3),

4.07 (s, 3HsfablAb 8 Rl (HsntiuiAs g = 2.4, 8.37), 7.13 (d, H, ArH, J 7.85), 7.29 (m, H, ArH), 7.37
(t,1-1, ArH, J = 8.13), 7.43 (s, FL, ArH), 8.37 (s, 2H, 2 x ArH). MS: (ES1+) MH+ = 322.2

(00237 xR0 4. (SHETAABIRGS TR 54, eneToh eEEsieary SV MR DMSO): 3.3

(3H, s), 4.26 (3H, s), 7.60 (1H, 1), 7.81 (1H, d), 8.23 (2H. d), 8.58 (1H, d), 8.70 (211, d), 8.78
(1H, s), 9.10 (1H, 5). MS: MH+ 405.29 (3%), MH+AcN 446,19 (70%)
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pyrazolo[3,4-d]pyrimidine 102 [00238]General Procedure D and General Procedure A gave 102. NMR
(CDC13): 3.89 (3H, s), 4.01 (3H, S), 4.26 (3H, S), 6.93-6.96 (2H, M), 7.03 (1H, d), 7.49 (1H, t), 7.63
(1H, d), 7.82 (1H, s), 8.37 (11-1, d), 8.82 (1H, s), 10.09 (1H, br). MS: MH+ 403 [00239]Example 11
6-(1H-indazo¥ 2 y4%%Hdehy 1-4-(4-(methylsulfonyl)phenoxy)-1H- pyrazold{SULaRs)Pikdrdife 103
[00240]Gdft82a6Procedizammpladd GérdFiimiansddar8-A-Gamethorynhrmel i dwsthylsiss (3H, s), 4.20
(3H, 9), 76@1‘%@3’4@%&% 7117 (2H, d), 8.04 (11-1, s), 8.17 (2H, d), 8.20 (1H, d), 8.41 (1H, s),
13.20 (1H, br). MS: MH+421.17(85%) [00241]Example 12 N-(3-(6-(1H-indazo1-4- li-l-methyl
-1H-pyrazdi84364- d]pymﬁﬁfmm%??@lﬁf@%ﬁiﬁéﬁﬁeﬁ&%é Pré&dure E and

General Progegiuiiesd @ay8)104 s YIRADMIEY;, 3,53 (i, 5) s4@5163H) 9 41 (L, 587 7.61 (LH, 1),
7.67 (1H, 1), 7.81 (1H, d), 8.20 (%% 1%%.’,8'35 WG 2009/097446PCT/US2009/032459 (1H, s), 8.57 (114,

d), 8.67 (1HHse’30 (@H; & Yb bBr) M X811 337-88 (&) ME+ 420.17(45%) [00243]Example
13 6-(1H-ifups 7y 1)-4-(Bx{aneihey meltyeahpaudkheaiyd- 10yiadoto] 3400 pyithidinE-105
[00244]GeneraHD cedure E, ndfgneral Procedure A gave 105. NMR (CDC13): 3.52 (311, s), 4.32
(3H, s), 4.88 ?@f‘?gb}@. mmiding 142m), 8.31 (1H, d), 8.35 (111, s), 8.41 (111, s), 8.69 OK d), 9.30
(1H, s), 10@E$8]4, br) OdSraVIPtecaddrPB {20Windtl Privie@ideddl 224 {1R0%6)ROCIASEHGRIple 14

-G S A R TSR ATy ¥ PR HU8 498 0, 700

(1H, 5), 8.30 (1H, s), 8.55 (1H, d), 9.20 (1H,'s), 10.10 (1H, br). MS: MH+ 387.23 (60%)

[06:259] Exampie 21 6-(1Hw.indazo] -4-yl}-1-methyl-4-(pyridin-3-yloxy)-1H-
“pyrazolo[3,4-d]pyrimidine 113 -
[060260] General Procedure D and General Procedure A gave 113. NMR (CDCI3): 4.29

(3H, 5), 7.44-7.47 (1H; m), 7.51-7.54 (1H, m), 7.57 (1H. d), 7.62 (1H, d), 8.16 (11, s), 8.25 (1H,
d), 8.67-8.70 (2H, m), 8.76 (1H, s), 10.15 (1H, br). MS: MH+ 344.23 (15%)

[60261] Example 22 6-(1H-indazol-4-y1)-4-(3 —methoxypi;enoxy)vi—methyHH-
pyrazolo[3,4-d}pyrimidine 114 ' '

[00262] A mixture of 3-methoxyphenol (70 pL) and NaH (37 mg) in dry THF (3 mL)
under N, was stirred for 30 min. 4,6-Dichloro-1-methyl-1H-pyrazolof3,4-d]pyrimidine § was
added. After 18 hr, the reaction mixfure was cooled, diluted with water, extracted with EtOAc,
dried (Na;SOy), filtered and concentrated in vacuo then purified by flash chromatography to give
a 2:1 mixture of 6-chloro-4-(3-methoxy-phenoxy)-1-methyl-1H-pyrazolo[3,4-d]pyrimidine and
3-methoxyphenol. '
[00263] 6-Chloro-4-(3-methoxy-phenoxy)-1-methyl-1H-pyrazolo[3,4-d[pyrimidine was
reacted with indazole boronic acid pinacol ester in General Procedure A. Addition of water gave
- a solid which was purified by preparative HPLC to give 114. NMR: (CDCI3): 3.81 (s, 3H,
CH3), 4.18 (s, 3H, CH3), 7.02-7.04 (m, 2H, 2 x ArH), 7.09 (m, H, ArH), 7.44-7.52 (m, 2H. 2 x
ArH), 7.70 (d, H, ArH..] = 9Hz), 8.16 (s, H, ArH), 8.22 (d, H, ArH, J = 6.9Hz), 8.34 (s, H, ArH),
13.17 (sbr, H, NH). MS: (ESI+) MH+ = 373.24
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[00246]General Procedure E and General Procedure A gave 106. NMR (CDCI3): 4.35 (311, s), 7.63
(1H, m), 7.73 (111, d), 7.81 (1H, t), 7.93 (HI, d), 8.40 (1H, s), 8.61 (IR dd), 8.68- 8.70 (2H, m), 9.26
(1H, s), 10.20 (1H, br). MS: (1411+ MeCN) 393.18 (100%) [00247]Example 15

3-(6-(1H-inda¥ 6124994y #4methy1-1H-pyrazolo[3,4-cl]pyrimidin-4- y1)-N-m&GHBERZRAIGRF0 7
[00248]Geifie2a4 Proce dixeniplarith G Sngré}-Rrabexypkedyanmdoiz i (Epaisieleiid(3H, d), 4.33

(3H, s), 6.30 (1H. br). 7. ) 7.70-7 76234 1T (1H, d), 8.43 (111, s), 8.51 (1H, d), 8.68
(1H. d). 8%%%T’ﬁi‘%)@%ﬁlzl(%éé‘%bﬁﬁgdﬁ%?‘mn?\sﬁ?% 384.22 (100%) [00249]Example 16
6-(1H-indd@6LeY1)-4-(6-FhithoRythormphyximhetititretbyldbpracpyti B8]General

P d raceauye /871 ( : : ), 7.19
Procecreds gl Cenal BORRAE NI ANRACHCL IR0 s e

11, d), 7.94-7.96 (2H, m), 8.41 (111, s). 8,69 111,%9.31.(1&
s), 10.10 (Grnera Prasedwie A3Bmrifirationn Wik NRided %.M@o@@ﬁ@@%ﬁ@éﬁ&ﬂ& [cy
N-(3-(6-(1dsinslaz ohdayi) Abimetbyl H-pyyr azedai3sda Hipyengidin sy hpnenyl) aeeggmide 109

[00252]Genera1 Procedure E and General Procedure A gave 109. R (CDC13):.2.30 S), 4.32
(311, 5), 7738/ (4H-AY 7608 BAZCELNY; F AT, %g@édﬁﬁll“*%’\%ﬁ%%jﬁ{’ g)f%?&é%’:s); 8.59
(1H, s), 8.68 63441 A:19) 300 (A s, AGHO (L8R, METMINGS SEBIL) MHO% BRIIZE3] Example 18
1002501 BFEbrocedErERkEk A4 o AT EISERAIFE N LA, (A (ERISR): 336 (3H. &) 4.26
(3H, s), 7.69rikblof}, 4B byihidin)- 83245 d), 8.58 (111, d), 8.70 (211, d), 8.78 (111, 5),'9.10 (1H, s).
1002551 x EE0 6 ORI e RN T e e L Eypa R, L ine
111 [00256]@mresatrwith duuiBolinebGonie atidroiradaracrebBipsetvie ANRiGptorsynsigea

vielded 116. NMR: (CDCI3): 3.80(s,CH3), 4.13(s,CH3), 6.88(dd, H, ArH, 1 =2.3,8.3), 7.07(d,

H, ArH, J = 6.18), 7.22(s, H, NH),7.35(t, H, ArHL, J = 8.1), 7.44-7.51(m,3H,3 x ArH), 7.85 (L H,

ArH, T=8.4), 8.25(d, H, _ArH, T=8.4),8.29(dd, H, ArH, J=1.1,8.3), 8.98 (dd, H,AH, =

1.7,4.1),9.26(d, H, ArH, ] = 8.6). MS: (ESI+) MH+ = 383.21

[00268] Example 25 N-(3-methoxyphenyl)-1-methyl-6-(quinolin-3-yl)-1H-

pyrazolo{3,4-djpyrimidin-4-amine 117 |

[00269] 6-Ch10m~N-(3-methoxypheny})-l—methyi-1H-pyrazolo{S,4-d]pyrimidin~4-amine

6 was reacted with quinoline-3-boronic acid using General Procedure A. Purification on silica

yielded 117. NMR: (CDCI3): 3.90 (s, 3H, CH3), 4.17 (s, 3H, CH3), 6.90 (dd, H, AtH, J = 2.4,

8.32), 7.20 (d, H, ArH, J=7.92), 7.35 (d, 1], AtH, I = 11.36), 7.41 (t, H, ArH, J = 8.11), 7.51 (s,

H, NH), 7.62 (t, H, ArH, J = 7.51), 7.79 (t, H, ArH, ] = 6.970, 8.00 (4, H, ArH, J = 8.12), 8.20

(d, H, AtH, ] =8.43),9.30 (d, H, ArH, T = 1.8), 10.07 (d, H, ArHL J =72.09). MS: (ESI+) MH+ =

383.23 o
[00270] Example 26 6—(2-&minopyrimidin—5-yl}-N-(?;-methoxyphenyl)-l ,3-dimethyl-
1H—pyrazolo[3,4-&}p§/rimidin-_4-amine 118

N ci

[66271] (6-Chloro-1,3-dimethyl-1H-pyrazolo[3,4-d]pyrimidin-4-y1)-(3-methoxy-phenyl)-

amine was reacted with 2-amino-pyrimidine boronic acid pinacol ester using General Procedure
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(3H, s), 4.30 (3H, s), 7.18 (2H, d), 7.61 (1H, t), 7.69 (1H, d), 8.40 (1H, s), 8.41 (2H, d), 8.67 (1H, d),
9.30 (1H, s), 10.15 (IH, br). MS: MH+ 357.22 (85%) [00257] [00258] Example
204-(3,4-dimethoxyphenyl)-6-(1H-indazol-4-y1)-1-methyl-1H- General Procedure A gave 112. NMR
(CDC13): 3.98039r8/#81é48,4-d]pyrimidine 112 General Procedure E and @H/Sy20W8BI8H, <), 4.21

(3H, s), 7.0di{diked1 8. SIMRHCTYCI3GR(143H), 57, 3B CIBEIY), 4.96 (A ds)s 5. BIDH1b1), )78 GHI(1H, d),
920 (1H, 3, 398 (b PR MMl 33 1122795100830 )0 38 (ot ). Ms: M+ 363,22 25%)
[00272] Example 27 6-(benzo[d][l,3]dioXoi-S-yl)-N-(B-methoxyphenyl)v1~methy1~1H-
pyrazolo[3,4-d]|pyrimidin-4-amine 119
| [00273] 6-Chloro-N-(3-methoxyphenyl)-1-methyl- 1H-pyrazolo{3 A-d}pyrimidin-4-amine
6 was reacted with 3,4-methylenedioxyphenylboronic acid pinacol ester using General
Procedure A. Purification on silica vielded 119. NMR: (CDCI13): 3.88(s, 3H, CH3), 4.10(s, 3H,
CH3), 6.07(s, 2H, CH2), 6.86(dd, H, ArH, ] = 1.81, 8.3), 6.93(d, H, ArH, J =8.2), 7.13(m, 2H, 2
x ArH), 7.33(s, H, NH), 7.38(t, H, ArH, ] = 8.11), 7.47(s, H, ArH), 8.06(d, H, ArH, J = 1.54), |
8.17(dd, H, ArH, J = 1.63, 8.21). MS: (ESk) MH+=376.18 |
[66274] Example 28  N-(3-methoxyphenyl)-1-methyl-6-(3-methyi-1H-pyrazol-4-yl)-
1H-pyrazolof3,4-d]pyrimidin-4-amine 120
[60275] 6-Chloro-N-(3_-methoxyphenyl)-I-methy_l—1I_—I-pyrazolo{3_,4-d}pyrimidin—4-amine
6 was reacted with 3-methylpyrazole-4-boronic acid pinacol ester using General Procedure A.
Purification on silica yielded 120. NMR: (CDCI3): 2.80 (s, 3H, CH3), 3.87 (s, 3H, CH3), 4.06
(s, 3H, CH3), 6.86 (dd, H, ArH, J =1.7,8.29), 7.14 (dd, H, ArH, J = 1.2, 7.89), 7.25 (s, H, ArH),
7.36 (t, H, ArH, I = 8.11), 7.44 (s,H, ArH), 8.32 (s, H, ArH). MS: (ESI+) MH+=336.24
[06276] | Example 29 N-(3-methoxyphenyl)-1-methyl-6-(1H-pyrrolo{2,3-b]pyridin-5-
yi)-1H-pyrazolo[3,4-d]pyrimidin-4-amine 121
[06277) 6-Chloro-N-(3-methoxyphenyl)-1-methyl- 1H-pyrazolo[3,4-djpyrimidin-4-amine
6 was reacted with 7-azaindole-5-boronic acid pinacol ester using General Procedure A. |
Purification on silica yielded 121. NMR: (CDC13): .3.91 (s, 3H, CHB), 4.15 (s, 3H, CH3), 6.66
(m, H, ArH), 6.89 (m, H, AtH), 7.17 (m, H, AtH), 7.24 (s, H, ArH), 7.38-7.42 (m, 3H, 3 x ArH),
7.51 (s, H, ArH), 9.04 (sbr, H, NH), 9.13 (m, H, ArH), 9.56 (m, H, ArH). MS: (ESI+) MH+ =
372.25 '
[606278] Example 30 6~(1H—indazol—4—y1)-N—(3-1§1ethoxyphenyl)-1-methyl-1H-
pyrazolo[3,4-d]Jpyrimidin-4-amine 122
166279} 6-Chloro-N-(3-methoxyphenyl)-1-methyl-1H-pyrazolof3 ,4-d]pyrimidin-4-amine
6 was reacted with indazole boronic acid pinacol ester using General Procedure A. Purification
on silica yielded 122, NMR: (CDCI3): 3.88 (s, 3H, CH3), 4.19 (s, 3H, CH3), 6.88-6.91 (m, H,
ArH), 7.16-7.18 (m, H, ArH), 7.31 (sbr, H, NH), 7.40 (t. H, ArH, J = 8.1Hz), 7.50 (s, H, ArH),
7.55 (t. H, ArH, ] = 4Hz), 7.65 (d, H, ArH, J = 8.3Hz), 8.45 (d, H, ArH, J = 7.49Hz), 9.17 (s, H,
ArHj 10.2 (sbr, H, NH). MS: (ESI+) MH+=372.25
[60280] Example 31  N-(3-methoxyphenyl)-1-methyl-6-(pyridin-4-yl}-1H-pyrazolo[3,4-
d]pyrimidin-4-amine 123
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Example 216-(1H-indazol-4-y1)-1-methy1-4-(pyridin-3-yloxy)-1H- pyrazolo[3,4-d]pyrimidine 113

[00260]General Procedure D and General Procedure A gave 113. NMR (CDC13): 4.29 (31-1, s),

7.44-7.47 (1H, m), 7.51-7.54 (IH, m), 7.57 (1H, d), 7.62 (1H, d), 8.16 (1H, s), 8.25 (111, d), 8.67-8.70

(2H, m), 8.76X@PLUSNTer45 (1H, br). MS: MB+ 344.23 (15%) [00261]ExarfpleUPa069/632459

6-(1H-ind486281) 1)-4-(6-thitheRiiherta)ybheothhiintsthybyidmiia @) dydimdmisizidranios [00262]A

mixture of RCIIRPORRY AR MR MELINALY JUHE GddBl pRREANEATas stired for 30
hloro-1-methy - |p§})

min. 4,6-Dic -1H-pyrazolop,4 rimidine 5 was added. After 18 hr, the reaction mixture

was cooleBudficatanvie siliegenckirt 43 INMIR: XS 3 N8P ((RaFS G413 Tiltetd dsadd- oAb Atfited in

vacuo theg gyipifieqt by, flash aMatagraphy iqgie A1 MU a0, 1 =8.1HZ), 7.49 (sbr,
6-chloro-4- enoxy -1-methy1-1H-pyrazolo%glég]ggnmldme and 3-methoxyphenol.

3-methoxy- )
[00263]6- =FS%&@@-EE&%&%W%M&@H&M%% A2 AFnidneWas d with
indazole boronicacidpinasakesigr in General Procedure A. Addition of water gave a solid which was
purified by preparative HPLC to give 114. NMR: (CDC13): 3.81 (s, 3H, CH3),.4.18 (s, 3H, CH3),
7.02-7.04 kﬁ‘f? L 2x Arﬂ#%bégn, ﬁ:@“ﬁ%@?ﬂ?ﬁﬁﬁ%ﬂﬁ?ﬁ&ﬂgﬂﬂwﬁgw , ,th—li_’,ﬁ‘j&%l%z),
8.16 (s, HdfyitimBiR4(@mihe Ald, J = 6.9Hz), 8.34 (s, H, ArH), 13.17 (sbr, H, NH). MS: (ESI+) MI-I+ =
373.24 W 1097446PCT/US2009/032459 64]EX le 23 o .
5-(a-(3-mANBEbheny GG T e o B B I A G- St
z0l-2(3H)-6niochi Bxample 4, was reacted with pyridine-3-boronic acid using General Procedure A.
[00265]6-Ghlaro-N-(3-metho -lomgihyd=1H- O[3+ rimidin- ina 6 @S reacted
with 2. 00 D e Y e Gl Eronire A
Purificatiof- B ilidh dididet 15160, iR HE BN 6G) 18, 84%D, TR 40ars 2813y, s7(dd Mkl =

2.1,8.28), Ga¢ @l At H1 I 519 276358 At wliT 8)vd (i, AAT W3- 8B4 MBS 24
8.06(S,H,NH3, 8.18(dd,HArH, J = 1.4,8.32, 8.25 (s,H,) e
[06284] Exampie 33  5-(4-(3-methoxyphenoxy)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-

6-yD)pyridin-2-amine 125

[00285] 6-Chloro-4-(3-methoxy-phenoxy)-1-methyl-1H-pyrazolo[3,4-d]pyrimidine (80
mg) was coupled to 2-aminopyridine-5-boronic acid pinacol ester via General Procedure A. The
product was purified by reverse phase HPLC to vield 47.3 mg of 125. MS (Q1) 349.2 (M)"
[00286] Example 34  6-(6-aminopyridin-3-yl)-N-(3-methoxyphenyl)-1-methyl-1H-
pyrazolo[3,4-d|pyrimidin-4-amine 126

[06287] 6-Chloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidine-4-yl)-(3-methoxy-phenyl}-
amine (80 mg) was coupled to 2-aminopyridine-3-boronic acid pinacol estér via General
Procedure A and purified by reverse phase HPLC to vield 45 mg of 126. MS (Q1) 348.2 M)
[6€288] Example 35  6-(2-aminopyrimidin-5-y1)-N-(3-methoxyphenyl)-1-methyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine 127
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10.03(s,H,ArH), 10.81(s, H,ArH), 10.86(s, H, ArH). MS: (ESI+) MH+ = 388.21 [00266]Example 24
N-(3-methoxypheny1)-1-methy1-6-(quinolin-5-y1)-1H- pyrazolo[3,4-d]pyrUnidin-4-amine 116
[00267]6-Chloro-N-(3-methoxypheny1)-1-methy1-1H-pyrazolo[3,4-cl]pyrimidin-4-amine 6 was reacted
with 5-quinoliWEW3MRTH6id using General Procedure A. Purification on sfl€a/{fEXE@324%. NMR:
(CDC13): 3.80(s,CH3)#13(s,CH3), 6.88(dd, H, ArH, J = 2.3,8.3), 7.07(d, H, ArH, J = 6.18), 7.22(s, H,
8.1), 7.44-7.51(m,3H,3 x ArH), 7.85 (t, H, ArH, .1= 8.4), 8.25(d, H, ArH, J =
1.1,8.3), 8.98 (dd, H, ArH, J = 1.7,4.1),9.26(d, H, ArH, J = 8.6). MS: (ESI+)
MH+ = 383.21 100268 ample 25 N-(3-methoxyphenyl)-1-methyl-6-(quinolin-3-y0-1H-
idin-4-amine 117
%—methoxyphenyl) 1-methy1-1H-pyrazolo[3,4-d]pyrimidin-4-amine 6 was reacted
with quinolie-3-borgnic acid using General Procedure A. Purification on silica yielded 117. NIVIR:
(CDC13): 3. k> ,,@%\@HS) 4.17 (s, 311, CH3), 6.90 (dd, H, ArH, J = 2.4, 8.32), 7.20 (d, H, ArH, J =
7.92), 735(d H, ArH, J = 11.36), 7.41 (t, H, ArH, J -= 8.11), 7.51 (S, H, NH), 7.62 (t, H, ArH, J = 7.51),
7.79 (t, H,ihabkel = 6. 9@@5}&%@@&@1@%&%&3&%&&&%4& @-4h8:3BHehyt); ArH, J =
1.8), 10.07 (d, H, ArH, J = 2.09). MS: (ESI+) MH+ = 383.23 0270 Exam Ie 26
6-(2-aminGBYRTRAMEN TGO SAPRERyE L RSy ISP iR STl 4-amine

118 Cl [OQ&B&MMO%&W%MWE@ZM&M@WMWﬂﬁ Gy etia MBHay1)-
amine Waz%gé %/g L.with 2-amino-pyrimidine boronic acid pinacol ester using General Procedure WO

2009/097 2009/032459 A to give 118. NMR (CDC13): 2.74 (3H, s), 3.90 (3H, s), 4.04 (31-1,
s), 5.28 (zwpm]e 76( ThardpIe5369 (GH)] BrindaBs-gHl) d nve By AN 3)(Tedsy [auifosy D iiHs). MS:

MT-1+ 363.22 0272.1 EZEﬁaHE’b %

6- (benzo[(ﬁﬂaé{f !))(01 Wlﬁ 3-met oxyphenyl) 1- methyl 1Hpyrazolo[3,4-d]pyrimidin-4-amine 119
10027316{m31b N -(3-Rrathionyyfiietmatfitisvéonybeneyigreipe vl 4-Gidipatam ghyinbs was reacted
with 3,4- -g %Q@Bw&i RIBARAUERIY Q%@ﬁﬂ%ﬂ%&ﬁ?ﬁﬂ?ﬁﬁ%ﬁ%ﬂon on
silica yielded 19 NMR: {CDC13): 3:88(s, 3H, CH3), 4.10(s, 311, CH3), 6.07(s, 2H, CH2), 6.86(dd, H,
ArH, J = 18pysmgflie-43h(3mathancsul Bry-benzihamimes x ArH), 7.33(s, H, NI-1), 7.38(t, H, ArH, J =
8. 11) 7.47(s, H, rH), 8.06(d, H, ArH, J = 1.54), 8.17(dd, H, ArH,1 = 1.63, 821) MS: (ESI+) MH+ =
376.18 [002721‘}5 le 28 N-(3-methoxypheny1)-1-methy1-6-(3-methyl-1H-pyrazol-4-y1)-

HN

2

N\N o

/ N Cl

[00292] (6-Chloro-1-methyl-1H-pyrazolo{ 3,4-d]pyrimidin-4-y1)}-(3 ~methanesulfonyl-
‘benzyl}-amine was reacted with indazole boronic acid pinacol ester in General Procedure A.
Purification on silica vielded 128. NMR (CDCl;) 3.03 (s, 3H, CH3), 4.20 (s, 3H, CH3), 5.13 (4,

- H A= 5.951—12), 5.84 (sbr, H, NH), 7.51-7.65 (m, 3H, 3 x ArH), 7.79 (d, H, ArH, T =

- 7.72Hz), 7.91 (4, H, ArH, ] = 7.77Hz), 7.93 (s, H, ArH), 8.09 (s, H, ArH), 839(d, H, ArH,J=

7.28Hz), 9.04 (s, H, ArH), 10.13 (sbr, H, NH). MS: (ESI+) MH+ = 434.10
[00293] Example 37  6-(1H-indazol-4-yl)-1-methyl-N-(pyridin-3-ylmethyl)-1H-
pyrazolof3,4-dlpyrimidin-4-amine 129
[60294] Reacn_on of 3-aminomethylpyridine with 4,6-dichloro-1-methyl-1H-pyrazolo[3,4-
d]pyrimidine 5 by General Procedure B gave (6-ch10r0-1-methy1~1H—pyrazolo[3,4-d}pyrimidinu
4-yh-pyridin-3-ylmethyl-amine.
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1H-pyrazolo[3,4-d]pyrimidin-4-amine 120
[0027516-Chloro-N-(3-methoxyphenyl)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine 6 was reacted
with 3-methylpyrazole-4-boronic acid pinacol ester using General Procedure A. Purification on silica
yielded 120. NRIRMPOTIENB): 2.80 (s, 3H, CH3), 3.87 (s, 3H, CH3), 4.06 (sPSHUEME 8488 (dd, H, ArH,
J=1.7,8.29),7.1 wH, ArH, J = 1.2, 7.89), 7.25 (s, H, AsH), 7.36 (t, H, ArH, J = 8.11), 7.44 (s,H,
ArH), 8.32 (s, H, .MS: (ESI+) MJ1+ = 336.24 1002761Example 29
N-(3-methoxyphenyi)-1-methy1-6-(1H-pyrrolo[2,3-blpyridin-5-
y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine 121 ‘ '
10027716-Chlor8N-(3-methoxypheny1)-1-methy1-1H-pyrazolo[3,4-d]pyrimidin-4-amine 6 was reacted
with 7-azainglqle; ﬁronic acid pinacol ester using General Procedure A. Purification on silica yielded
121. NMRN(CDE13)p'3.91 (s, 3H, CH3), 4.15 (s, 3H, CH3), 6.66 (m, H, ArH), 6.89 (in, H, ArH), 7.17
(m, H, ArH),N~ T MofArH), 7.38-7.42 (m, 3H, 3 x Arll), 7.51 (s, H, ArH), 9.04 (sbr, H, NH), 9.13 (m,
H, ArH), 9.56 (m, H, ArH). MS: (ESI+) M-1+ -- 372.25 1002781Example 30

6-(1H-ind 1)-N-@asihe PPN G- Apagel RYHBILIB-AhACHPBalrdge
10027916%%%X-N-(3§neth0x Eﬁgr%%-@{%methylﬂgl—’lﬁpﬁrazolo%if}?g rimidin-z_]1 ming 6 was reacted
with indaz&@ﬁ%ﬂ*aﬁﬂc%drﬁﬂﬁéb%@@ﬁ asihgiencRbesicp o SEapTd Rropsihit AidBHeEr Selded 122.
NMR ( (gms@yﬁzg&(msam@mg%@o%ﬁ BQ!'@J)Iﬁ,-&B}ﬁ(&;LZ(m,(gﬂ%lhk)s.%.mﬁzz.ﬂ.&(mbﬂ;i, (AJH),
7.31 (sbr, H,NH),.7.40 (t. H, ArH, J = 8.1Hz), 7.50 (s, -1),.7.55 (t rH,J =4 65 (d, H,
At 9 = BT T o R eassn s bad @ S R A T BB R Sl Vi -
372.25 [0Q2 80 ¥arTte32),N-82-maihaxyDhea9 1t HinveiHy 1 -6 ARy HAIN 845y Tjn] Hs urkdz 816[3: d]pyrim

d n-4-ami 2 0Q9/Q9./44 / ) -
[00281]6- I%‘rrgl-}\lvé((gﬁwsé b%f/%?ielny%-ffg%%%%ﬁ%y%%%Pg,ljfd]p?i;jr?h’llf(ljin-4-amine 6 was reacted
with pyridif286pronic Beighplad8ol 6t isiagoGéndrai-tocetioxzethyPulificethiphlbh silica yielded

123. NMR: )1.389.(S, 3H,,GH3 (s, 3H, CH3), 6.89- 6.92 (m, H, ArH), 7.16 (m, H, ArH),
725 (5, A Bt i ot

TA1 (EH, ArH, J , 7.49 (sbr, H, NH), 8.39 (dd, 2H, 2 x ArH, J = 1.5Hz,
4.5Hz), 8.400287] 2H, 2 Reagtipiof Zsetboxysiylanis: Witk h§-dishlozosbanshybd bspyraeaitiohd-32
N-(3-meth W@ﬁb@é@?ﬁék@’@@%ﬁiﬂ%‘%ﬁ&' -RE0IGR iy U PLEET A s R A kiin-
[00283]6-Chloro-N-(3-methoxypheny1)-1-methy1-1H-pyrazolo[3,4-d]pyrimidin-4-amine 6, from
Example A3 aathoernsthspyAtife-3-boronic acid using General Procedure A. Purification on silica
yielded 124. NMR: (GDCH8): 3.88 (s, 3H, CH3), 4.13 (s, 3H, CH3), 6.88- 6.90 (m, H, ArH), 7.16 (m,
-1, ArH), 7.30 (™M, ArFl), 7:38-7.46 (m, 2H, 2 x ArH), 7.50 (sbr, H, NH), 8.72 (in, H, ArH), 8.79-8.82
(m, H, ArH) wWis ArH). MS: (ESI+) MH+ = 333.24

[60298] (6-Chloro-1-methyl-1H-pyrazolo[3,4-d}pyrimidin-4-y1}~(2-methoxy-ethyl)-amine
was reacted with indazole boronic acid pinacol ester in General Procedure A. Puriﬁcation on
silica yielded 130. NMR: (CDCI3): 3.48 (s, 3H, CH3), 3.77 (t, H, ArH, J = 5.13Hz), 4.04 (m,
2H, CH2), 4.18 (s, 3H, CH3), 5.80 (sbr, H, NH), 7.53 (1, H, ArH, J = 7.29Hz), 7.63 (d, H; ArH, T
= 8.20H7), 7.95 (s, H, ArH), .8.43 (d, H, ArH, I =7.24Hz), 9.17 (s, H, ArH), 10.2 (sbr, H, NH).
MS: (ESI+) MH+ = 324.14 .

[00299] Example 39  N1-(6-(1H-indazol-4-y1)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-

4-y1)-N1,N2,N2-trimethylethane-1,2-diamine 131 _
166300] Reaction of N.N,N’-trimethylethylene diamine with 4,6-dichloro-1-methyl-1H-

pyrazolo[3,4-d]pyrimidine 5 by General Procedure B gave N-(6-chloro-1-methyl-1H-
pyrazolof3,4-d]pyrimidin-4-y])-N,N',N'-trimethyl-ethane-1,2-diamine.
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[00284]Example 33 5-(4-(3-methoxyphenoxy)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-
6-yppyridin-2-amine 125 CI [00285]6-C hloro-4-(3-methoxy-phenoxy)-1-m ethyl-1H-pyrazolo [3,4-d]
pyrimidine (80 mg) was coupled to 2-aminopyridine-5-boronic acid pinacol ester via General
Procedure AMhEH8Y It was purified by reverse phase HPLC to yield 47 S8 PB4 NS (Q1)
349.2 (Mf [0@286]Example 34 6-(6-aminopyridin-3-y1)-N-(3-methoxyphenyl)-1-methy1-11-1-
pyrazolo[34-tpyrimidin-4-amine 126
[00287]6-Chlor¢-1-methy1-1H-pyrazolo[3,4-dIpyrimidine-4-y1)-(3-methoxy-phenyl)- amine (80 mg)
was coupled to -ﬂlﬁinopyridine-S-boronic acid pinacol ester via General Procedure A and purified by
reverse phase HPI.C to yield 45 mg of 126. MS (Q1) 348.2 (Mr. [00288]Example 35

6-(2-amin |dirii]yl)-N-(3-methoxyphenyl)-l-methyl-lH- pyrazolo[3,4-d]pyrimidin-4-amine 127
CI [00289]6* 3 hyl-1H-pyrazolo[3,4-dipyrimidine-4-y1)-(3-methoxyphenyl)- amine (80 mg)
was coupled to 2-aminopyrimidine-5-boronic acid pinacol ester via General Procedure A. The product

was purifie reverse phase HPL C to yield 8.9 mg of 127, MS (Q1) 349.2 (M)-, [Q0290]Example 36
6-(1H-indi§%$§11-k/1)-l- éﬁ%ﬂhﬁf&-(m‘é [ %RBWQ{%%L?JEW 32%%@3@% pjrl%ﬁlla%lhrﬁjg-amine 128
[00291 1R eiation Qf Bafnietwisutiamd)bahiythmohebaithid Aidiphlard-dsmath(iathél Procedure
pyrazolo[3,4-dipyrimidine 5.by Gener r e{6:chlorg-lsm - r 4
oy S RSB R ARk e 2 (e oL Uy R e

= 7.17Hz), 3.54 (s, 3H, CH3), 4.08 (m, 2H, CH2), 4.17 (s, 3H, CH3), 7.52 (., H, AtH, J =

7.77THz), 7.60 (4, H, ArH, J = 8.27Hz), 8.01 (s, H, Arl]), 8.42 (4, H, ArH, J=7.23Hz), 9.19 (s,

H, ArI), 10.35 (sbr, H, NH), MS: (EST+) MH+ = 351.18

[00302]  Example 40 N-(3,4-dimethoxyphenyl}-6-(1H-indazol-4-y1)-1-methyl-1H-

- pyrazolo|3,4-d]pyrimidin-4-amine 132
[60303] Reaction of 4-aminoveratrole with 4,6-dichloro-1-methyl-1H-pyrazolo[3,4-
d]pyrimidine 5 by General Procedure B gave (6-chloro-1 -—methyl-1H—pyrazolo[3,4~d]pyrimjdin-
: -4—y1)»(3,4—dimethoxy—pbenyi)-amine.

O/i

JiT
N

‘S
/N N TCl

[00304] (6-Chloro-1-methyl-1 H-pyrazolo[3,4-d|pyrimidin-4-yl)-(3,4-dimethoxy-phenyl)}-
amine was reacted with indazole boronic acid pinacol ester in General Procedure A. Addition of
water gave a solid which was purified By preparative HPLC to give 132. NMR: (CDCI3): 3.81
(s, 31, CH3), 3.89 (s, H, ArH), 4.07 (s, 3H, CH3), 6.88 (d, H, ArH, ] = 8.52Hz), 7.00 (dd, H,
AtH, I = 2.41Hz, 8.46Hz), 7.15-7.18 (m, 2H, 2 x ArH), 7.43-7.47 (m, H, ArH), 7.54-7.56 (m, H,
ArH), 8.33 (d, H, ArH, J = 7.26Hz), 9.08 (s, H, ArH), 10.1 (sbr, H, NH). MS: (ESI+) MH+=

402.14

[003035] Example 41  6-(1H-indazol-4-yl)-1-methyl-4-(2-(pyridin-3-yl)ethoxy)-1H-
pyrazolo{3.4-d]pyrimidine 133 .

[66306] General Procedure D and General Procedure A gave 133. NMR (CDCI3): 3.30

(2H, 1), 4.23 (3H. 5), 4.99 (2H, t), 7.26-7.31 (1H, m), 7.56 (1H, 1), 7.66-7.72 (ZH, m}, 8.05 (1H,
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0 OS 0 CI [00292](6-Chloro-1-methy1-1H-pyrazolo[3,4-d]pyrimidin4-y1)-(3-methanesulfonyl-
benzyl)-amine was reacted with indazole boronic acid pinacol ester in General Procedure A.
Purification on silica yielded 128. NMR (CDC13) 3.03 (s, 3H, C1-13), 4.20 (s, 3H, CH3), 5.13 (d, H,
ArH, J = 5.95M2 R0898476r, H, NH), 7.51-7.65 (in, 3H, 3 x ArH), 7.79 (d, HEGRYFS2802/8829%7), 7.91 (d,

H, ArH, J §)78%21){,?1.)98.63,(Ii‘HPd}jB.@QQHSs)L'BASFﬂD%QSI(blZO-(,lPIrPdr)J M3:28H2)32.04 (s, H, ArH),
10.13 (sb 3 °|\5 ). MS: (ESI+) MH+ = 434.10 [00293]Example 37
6-(1H- mdé%o?lf 2y1)-1- methyl N-(pyridin-3-ylmethyl)-1H- pyrazolo[3,4-d]pyrimidin-4-amine 129

1002941Re634®N of 3- Qméﬁhylﬁy(ﬂéﬁnmhzﬁ—@ﬁk)dlcmmmnlhymmwﬂw d]pyrimidine
Shy General Pre

ro
(6-chloro- P?ga%ﬂ Cﬁfﬁl iﬁsrazoﬁﬁri?, 2 -dipyrimidin4-y1)-pyridin-3-ylmethyl-amine. WO 2009/097446 N. N
PCMISZOW2459 General Procedure D and General Procedure A gave 134. NMR (DMSO): 4. 17

10029516- oty 34098y Hrayraaglold fleysivnidined y b pytichy et amiseivies reacted

with indazole boronlc acid pinacol ester in ener Procedure A. Purification on sil |ca ed 129.
NMR (CDE&43Y kh gk @fP{lé:IH@) 88041, 9P SHPHI = $ B3I Is0e0 MBr MHN%S% 5%24 (m, H,

ArH), 7. 42[(70§@9 fm, H, é&'a'aa 2B (d 6H1 AAd bR -2.9BH 2 fndB 4G 4 b sk oy dPEtRly 16:83- (S, H,
ArH), 8.33 (d, H, ArH J 7Hz[)b®51 (m, H, ArH), 8.67 (m, H, ArH), 9.05 (s, H, ArH), 10.05 (sbr H,

NH). MS: -dlpyrimi %ﬁExample 38
6-(1H-ind G@il-ﬂfyl) N@mmwmlbﬂamﬂaﬁbﬂmm«ambmgm]pyﬂrma\'vtw(@mmm@s

[00297]Reagtion ghe: @ﬁthﬁ’X%' gUAMInG With 4 & dichlong L ey HHTINRNIE &, 8.12
(1H, s), 8.45 (1H, d), 9.12 (1H, s), 10.20 (1H, br). MS: MH+ 435.08 (100%)
[06311] Example 44  6~(1H-indazol-4-y1)-1-methyl-4-(3-(methylsulfonyl)phenyl)-1H-
pyrazolo|3.4-d}pyrimidine 136 |
[00312] General Procedure E and General Procedure A gave 136. NMR (CDC13): 3.21
(3H, 5), 4.35 (3H, s), 7.63 (1H, ), 7.73 (1H, d), 7.91 (iH, t), 8.22 (1H, d), 8.43 (1H, s), 8.67-8.71
(2H, m), 8.96 (1H, 5), 9.26 (1H, s), 10.20 (1H, br). MS: MH+ 404,17 (5%), MH+ACcN 446.10

- (100%) |
[6G313] Example 45  4-(6-(1H-indazol-4-y1)-1-methyl-1H-pyrazolo|3,4-d}pyrimidin-4-
y1)-N,N-dimethylbenzamide 137
[006314) General Procedure E and General Procedure A gave 137. NMR (CDCI3): 3.10

(3H, br), 3.21 (3H, br), 4.33 (3H, 5), 7.62 (1H, 1), 7.71 (2H, d), 8.40 (1H, 5), 8.42 (2H, d), 8.68
(1H, d), 9.29 (11, 5), 10.20 (1H, br). MS: MH+ 398.18 (5%), MH+AcN 439,19 (100%)

[00315] Example 46  4-(6-(1H-indazol-4-yl)-1-methyl- 1H~pyraz010[3 4—d]pyr1m1dm~4-
y1)-N,N-dimethylbenzenesulfonamide 138
j00316] - General Procedure E and General Procedure A gave 138. NMR (CDCI3): 2.85

(6H, s), 4.35 (3H, 5), 7.63 (1H, 1), 7.73 (1H, d), 8.08 (2H, d), 8.41 (1H, s), 8.54 (2H, d), 8.69
(1H, d), 9.28 (1H, 5), 10.20 (1H, br). MS: MH+ 434.18 (5%), MH+AcN 475.11 (100%)

[06317] Example 47  4-~(benzo[d][1,3]dioxol-5-y1)-6-(1 H-indazol-4-yl)-1-methyl-1H-
pyrazolo[3,4-d}pyrimidine 139
[00318] General Procedure E and General Procedure A gave 139. NMR (CDCI13): 4.30

(3H, s), 6.14 (2H, 5), 7.08 (1H, d), 7.60 (1H, ©), 7.69 (1H, d), 7.92 (1H, s}, 7.95 (1H, d), 8.37
(1H, s), 8.66 (11, d), 9.28 (1H, ), 10.20 (1H, br). MS: MH+ 371.26 (30%)

[66319] Example 48  4-(3,4-dichlorophenyl)-6-(1H-indazol-4-y1)-1-methyl-1H-
pyrazolo[3,4-d]pyrimidine 140
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d]pyrimidine 5 by General Procedure B gave (6-chloro-1
-methy1-1H-pyrazolo[3,4-dipyrimidin4-y1)-(2-methoxy-ethyl)-amine HN NCI
[00298](6-Chloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-y1)-(2-methoxy-ethyl)-amine was reacted
with inda7ole¥sbreffie%ddd pinacol ester in General Procedure A. Purificat®ft 8 Hifitasyiéided 130.
NMR: (COGIEIN]3.48 (GiekaCP3)euitr/H bod Girichal PrdsdBinz)y da0d (48, 20MRIPAA3184383 3H, CH3),

5.80 (sbr, NH .H, =429 ' d, H, Aril, 8 . £59 8.43 (d, H,
a5 2 A SR N A B AT el A ek e B A, e S0
N1-(6-(LHYiA8 (17D )419 20 ety 1M IV wdio 364L H3 PRl

4-y1)-NL i me leibaper. 2o SLIOSRORRIBIAN AL ielyiayiene diamine

yI-TH- pyrazolo[3,4-d]pyrimidine 5 by General Procedure B gave
N-(6-chloreyfasdehyf-dinyyirasnofsamaiitmidin-4-y1)-N,N',N-trimethyl-ethane-1,2-diamine. WO
2009/097446PCT/1JS2009/032459 CI ' _
[00301]N-(6-chloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-y1)-N,M,N-trimethyl- ethane-1,2-diamine
was reacted with ind&zole boronic acid pinacol ester in General Procedure A. Purification on silica
yielded 131. NMR:
4.08 (m, 2H, C X7 (s, 3H, CI-13), 7.52 (t, H, ArH, J = 7.77Hz), 7.60 (d, H, ArH, J = 8.27Hz), 8.01
(s, H, ArH), 84 , ArH, J = 7.23Hz), 9.19 (s, H, ArH), 10.35 (sbr, H, NH). MS: (ESI+) ME+ =
351.18 [0 ‘62] xanpple 40 N-(3,4-dimethoxyphenyl)-6-(1H-indazol -y1)-1-methy1-111- '
pyrazolo[3,4Nd]p ﬁirg]TdmA-amine 132 [00303]Reaction of 4-aminoveratrole with

4,6-dichIoroll-me_thyl-lH-pyrazoIo[3,4- d]pyrimidine 5 by General Procedure B gave

(6-chloro-Jegwatiyy|-1H-pgazaleb3 14 dipyemidini b3 3 inaeieiaidhaniametde g phenyl)-
amine was reacted with indazole boronic acid pinacol ester using General Procedure A to give
141. NMR (CDCI3): 2.78 (3H, 5), 3.89 (3H, s), 4.14 (3H. 5), 6.79 (1H, dd), 7.02 (1H, br. 5),
7.25 (1H, m), 7.37 (1H, 1), 7.54 (1H, 1), 7.63-7.68 (2H, m), 8.45 (1H, d), 9.10 (1H, s), 10.11 (1H,
br). MS: MH+ 386.20 (100%) '
[60323} Example 50  6-(1H-indazol-4-y1)-1-methyl-N-(4-(methylsulfonyl)phenyl)- 1 H-
pyrazolo[3,4-d]pyrimidin-4-amine 142

8]
\\S -~
YO UYh
(9] N
H .
[00324] To 4-(methylsulfonyl)aniline (500 mg, 2.93 mmol) in anhydrous DCM (5 ml)

was added di-tert-butyldicarbonate (1.2 equiv., 768 mg) and DMAP (cat.). The reaction mixture
was stirred at room temperature overnight. DCM/brine extraction and column chromatography

gave (4-methanesulfonyl-phenyl)carbamic acid tert-butyl ester as a white solid (280 mg).

[00325] To (4-methanesulfonyl-phenyl)carbamic acid tert-butyl ester (280 mg) in dry
THF (3 mi) was added sodium hydride (60% wt suspension in mineral oil, 1.4 equiv., 33.3 mg)
at 0°C. After the effervescence ceased, added 4, 6-dichloro-1-methyl-1H-pyrazolo [3, 4-d]
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CI [00304](6-Chloro-1-methyl- | H-pyrazolo [3,4-d]pyrimidin-4-y1)-(3,4-dimethoxy-pheny1)- amine was
reacted with imis7ole boronic acid pinacol ester in General Procedure A. Addition of water gave a solid
which was purified by preparative HPLC to give 132. NMR: (CDC13): 3.81 (s, 311, CH3), 3.89 (s, H,
ArH), 4.07 (sW3HICHB)46.88 (d, H, ArH, J = 8.52Hz), 7.00 (dd, H, ArH, J BCTA$p99/8326¥7), 7.15-7.18
(m, 211, 2;33(1#:1&&);1&54(3 mmg)(am,dlﬂmérehk)t;ﬂnliﬁiﬂlﬁam dHoned Yo8va81(dp lth v timp'ﬁlﬂﬁlﬁz) 9.08 (s,
6- (lH mdazo )fﬁmf %pyr 31.%%2‘1 élhl)gpl-? yrazo ﬁﬁp%?jz]%ﬁnmldme 133
[00306]Gé&aﬁﬂeﬂ%ﬁmﬁm@m«h@l@eﬁmwd@mmms wWigRwepersy mﬁme:éwoty 4.23
(S1L, 9)4.09 (3K, o 267 S14H e LT84 IL . B 12 (21l 8 (1

2009/097446PCT(US2009/032459 s), 8.47 (1H, d), 8.547(11-1, d), 8.6 ElH s), 9.18 (1H s) 10.20
(1H, br). mwwn&wmwmm&m&w 774 (1H, d), 8.01 (2H, dJ, 8.28 (2H, d),

6-(1H-indazed-rf 11 sR ety 4y Wﬁ@'t’i@ éfé) @th@(wrlb%)hm%@iot%ﬂmmmm 134
[00308]General Procedure D and General Procedure A gave 134, NMR (DMS(Q 4.17 (3H, s), 5.89

(2H, 5), 7.193288 (11, Byapms 311, (Hirndasql-tylx bamethyl-dy-@-pbeppryvBAB11H, d), 8.60 (1H,
d), 8.85 (1@;@018[@&@55,@)}14&3%&@];430 MS: MH+ 358.11 (65%) 1003091 Example 43

6-(1H-ind 1) 1 eth Obe loxy)- 1H- 0l3,4-d 135

[00310] G 1@3 ‘yProce ?ﬁé@?@%ﬁﬁ% ﬁ?e c}f&};ﬂ fg % (}E%S’]’P%ﬁg] @rf s), 4.26

(3H, s), 5.8 (Bhidihe ADY G‘Idﬂeﬁz)l 716@:4htd Biyave 16-(Rldrah) -B18ByRH gy 8242 [3.4-d]pyrimidin-
4-y1)-(2-phenoxy-ethyl}-amine.

[00328] | (6-Chloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-y1)-(2-phenoxy-ethyl)-amine
was reacted with indazole boronic acid pinacol ester in General Procedure A. Purification by
preparative HPLC vielded 143. NMR (CDCls) 4.19 (s, 3H, CH3), 4.27 (m, 2H, CH2), 4.36 (m,
2H, CH3), 5.83 (sbr, H, NH), 7.00 (m, 3H, 3 x ArH), 7.32 (m, 2H, 2 x ArH), 7.55 (m, H, ArH),
7.64 (m, H, ArH), 7.96 (s, H, ArH), 8.45 (d, H, ArH, J = 7.23Hz0, 9.18 (s, H, ArH), 10.16 (sbr,
H, NH). MS: (ESI+) MH+=386.19

{00329] Example 52 6-(1H-indazol-4-y1)-1-methyl-N-(2-(pyridin-3-yhethyl)-1H-
pyrazolo|3,4-d]pyrimidin-4-amine 144
[06330) Reaction of 3-(2-aminoethyl)pyridine with 4,6-dichloro-1-methyl-1H-

pyrazolo[3,4-d]pyrimidine 5 by General Procedure B gave (6~chloro-1-methyl-1H-pyrazolo[3,4-
d|pyrimidin-4-y[}-(2-pyridin-3-yi-ethyl)-amine.

=
=N

.q
NN M

/ Cl
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(1H, s), 8.45 (1H, d), 9.12 (1H, s), 10.20 (1H, br). MS: MH+ 435.08 (100%) [00311] Example
446-(11-1-indazol-4-y1)-1-methy1-4-(3-(methylsulfonyl)phenyl)-1H- pyrazolo[3,4-cl]pyrimidine 136
[00312]General Procedure E and General Procedure A gave 136. NMR (CDC13): 3.21 (3H, s), 4.35
(3H, s), 7.63 VRUP/PAIS(1H, d), 7.91 (1H, ), 8.22 (1H, d), 8.43 (1H, s), 6TV, 8.96 (11-1,
s), 9.26 (1[M0331110.20 (G+EHbvyoNISicthEi+ 1 iorytazeb 3 Hdnvimidinab b @ropidincdodidielample 45
4-(6-(1H-indazod -4l ) Langihwlal Jsi BYAZQIQlR SHIDy i Gonbiahphbcimalyl hegzamida 137
[00314]General Procedure E and General Procedure A gave 137. NMR (CDC13): 3.10 (3H, br), 3.21
(3H, br), d3IrGEatye B CIrcded It IMRHCBG0) A 931t £H3.Or 7 dpHesd (™S 29 (1H, 9),

10.20 (11_63{*2‘;,)4!&999(115'\/&%&?%),153.&5(’@; Mt AEbo430 AH9ALP0%0)40 04 L] Exammle #n, 2H, 2 |
4-(6-(1H-indazol-4-y1)-1-metbyl1-1H-pyrazolo 3,4-(%§é(r|mld|n-4- ylléN N-dim éhégi?n elz%gsulfonamlde
138 [003 16 ENetdtirpoledd £ 5GBTS b7 Hres A g (- &ﬂﬁ&-? 35‘ 85 (6H, 5),
4.35 (3H, s, 15 Gsba i M1y VS (IaE19) N198(2H 3, 8.41 (1H, s), 8.54 (2H, d), 8.69 (1H, d), 9.28 (1H,
s), 10.20 (1H, br). MS: MH+ 434,18 (5%), M]-1+AcN.475.11(100%).JQQ317]EX: le 47
4-(benzo[ ,éﬁioxolﬁé’i@i}@—@wi &5% L %ﬂ?ﬁy 'E}W-%IS{][-A'@'&HRWr ethyphiricthoxy)-

1H-pyrazolo[3,4-d]pyrimidine 145 ' B

[66333] General Procedure 1D and General Procedure A gave 145. NMR (CDCI3): 3.35

(2H, 1), 4.23 (3H, 8), 5.00 (2H, t), 7.45-7.50 (1H, m), 7.54-7.59 (3H, m), 7.67-7.70 (2H, m), 8.04

(1H, 5), 8.47 (1H, d), 9.18 (1H, s), 10.15 (1H, br). MS: MH+ 439.12 (35%), MH+AcN 480.19

(100%) |
[00334) Example 54 6-(1H-indazol-4-yl}-1 -methyl-4-phenethoxy-1H=pyrazolo[3,4-
dlpyrimidine 146

[60335] General Procedure D and General Procedure A gave 146. NMR (CDC13): 3.30
(2H, 1), 4.23 (3H, 5), 4.98 (2H, 1), 7.27-7.31 (1H, m), 7.35-7.40 (4H, m), 7.55 (11, 1), 7.67 (1H,
d), 8.06 (1H, s), 8.49 (1H, d), 9.19 (1H, ), 10..10 {1H, br). MS: M% 371.13 (50%), MH+ACN
412,12 (100%) |
[60336] Example 55 1-éthyl-é-(}H-indaz01—4—yl)—N-(BnmethoxyphenyI)-1H*
pyrazolo[3,4-d]pyrimidin-4-amine 147 |

o~

e

[(0337] 4,6-Dichiloro-1-ethyl-1 H-pyrazolo[3,4-d] pyrimidine Sb was reacted with m-
anisidine using General Procedure B to give (6-chloro-1-ethyl-1H-pyrazolo[3.4-d]pyrimidin-4-
y1)-(3-methoxy-phenyl)-amine, which was reacted with indazole boronic acid pinacol ester using
General Procedure A to give 147. NMR (CDCI3): 1.62 (3H, 1), 3.88 (3H, s), 4.62 (2H, q), 6.89
(1H, dd), 7.17 (1H, d), 7.32 (1H, 5), 7.40 (1H, 1), 7.51 (1H, ), 7.55 (1H, 1), 7.64 (1H, d). 8.45
(1H, d), 9.16 (1H, s), 10.20 (1H, br). MS: MH+ 386.19 (100%)

[00338] Example 56  6~(1H-indazol-4-y1)-1-methyl-4-(4-methylpiperazin-1-yl)-1H-
pyrazolo[3.,4-d]pyrimidine 148 '
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pyrazolo[3,4-d]pyrimidine 139 [00318] General Procedure E and General Procedure A gave 139. NMR
(CDC13): 4.30 (3H, s), 6.14 (2H, s), 7.08 (1H, d), 7.60 (11-1, 1), 7.69 (1H, d), 7.92 (1H, s), 7.95 (11-1,
d), 8.37 (1H, s), 8.66 (1H, d), 9.28 (1H, s), 10.20 (1H, br). MS: ME+ 371.26(30%) [00319] Example
484-(3,4-diciicpting4366-(1H-indazol-4-y1)-1-methyl-1H-  pyrazolo[3,4E4]p¥satidinE440 WO
2009/097 44&3EP U S 2 (0A0R24FN[@aR0Geneiat Ridcédude Hoand -Getiglal Ruygoezhlog3A-gave 140.

367 (1n, APBRTHE By et sl RIS kﬁ%ﬁﬁeﬁﬂzﬂ fm’etéﬁ’ pisidAnC R 019

1H-pyrazolo [3.,4-d]pyrimidine.
(N)
N
A A

/ N Ci

[60340] 6-Chloro-1-methyl-4-(4-methyl-piperazin-1-yl)-1H-pyrazolo[3,4-d]pyrimidine
was reacted with indazole boronic acid pinacol ester using General Procedure A. Puriﬁcation on
silica yielded 148. NMR (CDCI3): 2.41 (3H; 5), 2.60-2.66 (4H. m), 4.15-4.19 (7H, m), 7.50-7.53
(1H, m), 7.61 (1H, d), 8.00 (1H, s), 8.41 (1H, d), 9.13 (1H, s). MS: (ESI+) MH+ =349

[00341] Example 57 6~ (1H~mdazol 4-y1)-1-methyl-4-(4- (methyisulfonyl)pzperazm—-l-
yi)- IH»pyrazolo[S A-d]pyrimidine 149

100342] Reaction of 1-methanesulfonyl-piperazine with 4,6-dichloro-1-methyl-1H-
pyrazolo[3,4-d]pyrimidine 5 by General Procedure B gave 6-chiore-4-(4-methanesulfonyl-
piperazin-1-yl)-1-methyl-1 H—pyrézolo[?: J4-d]pyrimidine.

|
0=5=0
()
N
7~ "N

N A I
/

NT O

[00343] 6-Chloro-4-(4-methanesulfonyl-piperazin-1-y1)-1-methyl-1H-pyrazolo{3,4-
d]pyrimidine was reacted with indazole boronic acid pinacol ester using General Procedure A.
Purification on silica vielded 149. NMR: (DMSO) 2.98 (3H, s}, 3.35-3.40 (4H, m), 4.11 (3H, s),
4.18-4.22 (4 H, m), 7.48-7.51 (1H,m), 7.70 (1H, d), 8.30 (1H, d), 8.42 (1H, s), 8.95 (1H, s).
13.20 (1H, s). MS: (ESI+) MH+ =413

{66344} Example 58  4-(6-(1H-indazol-4-yl)-1-methyl-1H-pyrazolo[3,4-d}pyrimidin-4-
y1)-S-dioxothiomorpholine 150 -
[60345) " Reaction of thiomorpholine-1,1-dioxide with 4,6-dichloro-1-methyl-1H-

pyrazolo[3,4-d}pyrimidine 5 by General Procedure B gave 6-chloro-4-(1,1-dioxo-thiomorpholin-
4-y1)-1-methyl-1H-pyrazolo[3,4-d}pyrimidine.

g¢



[00321]Example 49 6-(1H-indazol-4-y1)-N-(3-methoxypheny1)-1,3-dimethyl-1H-
pyrazolo[3,4-d]pyrimiclin-4-amine 141 0-v
[00322](6-Chloro-1,3-dimethy1-1H-pyrazolo[3,4-d]pyrimidin-4-y1)-(3-methoxyphenyl)- amine was
reacted with WE22BEGEtONIc acid pinacol ester using General Procedure A T§AMBITASRIMR -
(CDC13): 2. 78(()3191 s), 3.89 (3H, s), 4.14 (3H, s), 6.79 (1H, dd), 7.02 (1H, br. s), 7.25 (1H, m), 7.37
(AH, 1), 7.54 (1 7.63-7.68 (2H, m), 8.45 (1H, d), 9.10 (1H, s), 10.11 (IB, br). MS: MH+ 386.20
(100%) [OOSZSEExjane 50 6-(1H-indazol-4-y1)-1-methyl-N-(4-(methylsulfonyl)pheny1)-1H-
pyrazolo[3,4-d]py#imidin-4-amine 142 0 O ttjt" N [00324]To 4-(methylsulfonypaniline (500 mg, 2 93
mmol) in anj d DCM (5 ml) was added di-tert-butyldicarbonate (1.2 equiv., 768 mg) and DMAP
(cat.). Theneagtionjmixture was stirred at room temperature overnight. DCM/brine extraction and
column chrd¥iatagra y gave (4-methanesulfonyl-phenyl)carbamic acid tert-butyl ester as a white
solid (280.mg). 0 0 N/LO 'INCI [00325]To (4-methanesulfonyl-phenyl)carbamic acid tert-butyl ester
(280 mg) eas46T HF (3avthivassaddbdisaditiivhyesiddi609h Wirsethgb hBiqryimeohifral oil, 1.4 equiv.,

33.3 M) g 0C AlleL e SRR SSANAA SRRoR.Adet 4: Pl Gl Riudkt o'z 13, 4!
Purification on silica yielded 150. NMR: (DMSO) 3.45-3.50 (4H, m), 4.11 (3H, s), 4.45-4.50 (4 _
H, m), 7.48-7.51 (1H,m), 7.70 (1H, d), 8.30 (1H, d), 8.38 (1H, 5), 8.95 (1H, s). 13.20 (1H, s)..
MS: (EST+) MH+ = 425

[00347} Example 59  6-(1H-indazol-4-y1)-4-(2-methoxyethoxy)-1-methyl-1H-
pyrazolo[3,4-d]pyrimidine 151 _
[60348] General Procedure D and General Procedure A gave 151. NMR (CDCI3): 3.52

(3H, 5}, 3.94 (2H, t), 423 (3H, s), 4.94 (2H, 1), 7.56 (1H, t), 7.67 (1H, d), 8.12 (1H, s5), 8.49 (1H,

d), 9.18 (1H, s), 10.15 (1H, br). MS: MH+ 325.12 (20%), 366.15 (100%)

[060349] Example 60 4-(benzyloxy)-6-(1H-indazol-4-yl)-1-methyl-1H-pyrazolo[3,4-

d]pyrimidine 152

{00350} General Procedure D and General Procedure A gave 152. NMR (CDCi3): 4.24

(3H, s), 5.84 (2H, 5), 7.38-7.47 (3H, m), 7.56-7.60 (3H, m), 7.68 (1H, d), 8.09 (1H, s), 8.52 (1H,

d),9.18 (1H, 5), 10.15 (1H, br). MS: MH+ 357.12 (35%), MHE+ AcN 398.15 (100%)

[60351] Exampie 61 6-(1H-indazol-4-yl)-4—(3-methoxjfbenzyloxy)n1~methy1-lH-

pyrazolo{3,4-d]pyrimidine 153

[66352] General Procedure ID and General Procedure A gave 153. NMR (CDCI3): 3.84
(3H,5), 4.24 (3H, s}, 5.81 (2H, 5), 6.93 (1H, dd), 7.15-7.19 (2H, m), 7.36 (1H, t), 7.57 (11, 1),

7.67 (1H, d), 8.10 (1H, s), 8.52 (1H, d), 9.19 (1H, s), 10.15 (1H, br). MS: MH+ 387.14 (100%)

[06353] Example 62  6-(1H-indazol-4-y1)-1-methyl-N-(tetrahydro-2H-pyran-4-yl)-1H-
pyrazolo{3,4-d]pyrimidin-4-amine 154
[60354] Reaction of 4-aminotetrahydropyran with 4,6-dichloro-1-methyl-1H-

pyrazolo[3,4-d]pyrimidine 5 was converied by General Procedure B to (6-chloro-1-methyl-1H-
pyrazolo|3,4-d|pyrimidin-4-y1)-(tetrahydropyran-4-yl)-amine.
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WO 2009/097446PCT1US20091032459 pyrimidine 5 (113mg) and the reaction mixture was allowed to
warm up to room temperature overnight. DCM/ brine extraction gave crude
(6-chloro-lI-methy1-1H-pyrazolo[3,4-d]pyrimidin4-y1)-(4-methanesulfonyl-phenyl)carbamic acid
tert-butyl estd¥ O reacted with indazole boronic acid pinacol esteP§iTEGEHEYABP¥Scedure A to
give 142 as a beige sofih§118 mg). NMR (d6-DMSO0): 3.24 (3H, s), 4.15 (3H, s), 7.56 (1H, t), 7.74 (1H,
d), 8.01 (2H, d), 8.24 (2H, d), 8.32 (1H, d), 8.41 (1H, s), 8.99 (1H, s), 10.54 (1H, br), 13.25 (1H, br).
MS: MH+ 420.13H#00 Example 51 6-0OH-indazol-4-y1)-1-methyl-N-(2-phenoxyethyl)-1H-
pyrazolo[3,4-d p/' idin-4-amine 143 1003271Reaction of 2-phenoxyethylamine with
4,6-dichlong?1-fieth r‘i-lH-pyrazoIoI:’>,4- clipyrimidine 5 by General Procedure B gave

(6-chloro-I-n %—ﬁkhpyrazolo[BA-d]pyrimidin4-y1)-(2-phenoxy-ethyl)-amine.
100328](6-Chloro-1-methy1-1H-pyrazolo[3,4-d]pyrimidin-4-y1)-(2-phenoxy-ethyl)-amine was reacted

with inda nic acid piRAcCo } A RPurificati i PLC
Vielded 140 R (oL G R R Gl i B o, 1
NH), 7.00 mingrras aaied)witlsindnaozrromningrill missqhastkr, infieperabRroeedures-Huriioetian H, ArH),
8.45 (d, Hof\eHicd Tiefdé3mZ8, I9MB (E1ith AIRY0108bq, (S0 Homith)e M (53 ) MHirp 38619
[00329]Example 5y216- 1H-indazol-4-y1)-1-meth I-N-(%Z-(p ridin-3-ypethyl)-1H- -

pyrazolo[3 LBy AL e 1440 P03 Ratidr o P B S TR AGE M Bl SR B
4,6-g:chIogﬁﬂ)mbxmmﬂrﬁwq{@&wﬂm%m,i@im@,by%mbﬂri%@gt}@ﬁ}@)@@m{) (d, H,
6-chloroThme -1H-pyr. 4- rimidin-4-y1)-(2-pyridin-3-yl-ethyl)-amipne. WO
(20091097&{1'% %é@ﬁ%ﬁ%g gqﬂﬁf'méz Do S NP NS D 29005

[00331](6- 00456} 1 -methwdnbld-68/ rasatifBiddapiwinglplin ey R -[Muidinpiblifieethyl)-1Bnine was
reacted with ind gl Aﬁx&ronic cid pinac I5 ster in General Procedure A. Purification by preparative
HPLC yie@%faffﬁ |§ @E‘é "%.‘B%e( "B, CH2, J = 7.06Hz), 4.01 (m, 2H, CH2), 4.09 (s, 3H, CH3),
5.4 (sbr, HO885Y]7.20 (Reddtidar el 47 26ntmoeedhyedrhehomwigHt, 6 diohibty- 7-84thyHHHArH), 8.35 (d, H,

A )= T A A SO A s AL PRE D MSH (ST A M 37115
a

[00332]Example azol-4-y1)-1-methy1-4 romethyl)phenethoxy)-
1H-pyrazamsfazelapyriftisiieidnstoDI331cmheial-Prioctbivheapianid General Procedure A gave 145.
NMR (CDC13): 3.35 (2BY), 4.23 (3H, s), 5.00 (2H, 1), 7.45-7.50 (I H, in), 7.54-7.59 (3H, m), 7.67-7.70
(2H, m), 8.04 (1H, s), .AjﬁH, d), 9.18 (1H, s), 10.15 (1H, hr). MS: MH+ 439.12(35%), MH+AcN
480.19 (100%) J/N

HN
L
\/N Y )\01
[60358] {6-Chloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-y1)-(2-morpholin-4-yl-

ethyl)-amine was reacted with indazole boronic acid pinacol ester in General Procedure A.
Purification on silica yielded 155. NMR (CDCl;) 2.50 (m, 4H, 2 x CH2), 2.70 (t, 2H, CH2, ] =
5.95Hz), 3.71 (m, 4H, 2 x CH2), 3.80 (m, 2H, CH2), 4.08 (s, 3H, CH3), 3.05 (sbr, H, NH), 7.44
(t, H, ArH, ] = 7.32Hz), 7.54 (d, H, ArH, ] = XXHz), 7.87 (s, H, ArH), 8.35 (m, H, ArH}), 9.08
(s, H, NH). MS: (ESI+) MH+ =379.17

[06359] Example 64 N-{benzo[d}[1,3]dioxol-5-y1}-6-(1H-indazol-4-yl)-1-methyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine 156
[00360] Reaction of 3.4-(methylenedioxy)aniline with 4,6-dichloro-1-methyl-1H-

pyrazolo[3,4-d]pyrimidine 5 was converted by General Procedure B to benzo[1,3]dioxol-5-yl-
{6-chloro-1-methyl-1H-pyrazolo!3,4-d]pyrimidin-4-yl}-amine.
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[00334]Example 54 6-(1H-indazol-4-y1)-1-methyl-4-phenethoxy-1H-pyrazolo[3,4- d]pyrimidine 146
[00335JGeneral Procedure D and General Procedure A gave 146. NMR (CDC13): 3.30 (2H, t), 4.23
(3H, s), 4.98 (2H, t), 7.27-7.31 (IH, m), 7.35-7.40 (4H, m), 7.55 (1H, t), 7.67 (1H, d), 8.06 (1H, s), 8.49
(1H, d), 9.19VIH08)/ID4D0 (1H, br). MS: MI-I+ 371.13 (50%), MI-1+AcN 4ACTIBIGEFEY5e
[00336]Example 55 1-&ttt1-6-(1H-indazol-4-y1)-N-(3-methoxyphenyl)-1H-

pyrimidine 5b was reacte
(6-chloro-I-ethy1pdH-pyrazolo[3,4-d]pyrimidin-4- y1)-(3-methoxy-pheny1)-amine, which was reacted
with incia7ole boronic acid pinacol ester using General Procedure A to give 147. NMR (CDC13): 1.62
(3H, 1), 3.%&!«4.62 (2H, q), 6.89 (1H, dd), 7.17 (1H, d), 7.32 (11-1, s), 7.40 (1H, t), 7.51 (1H, s),
7.55 (11-1,4) -84 d), 8.45 (1H, d), 9.16 (IH, s), 10.20 (1H, in). MS: ME+ 386.19(100%)
[00338]Example 56 6-(I H-indazol-4-y1)-1-methy1-4-(4-methylpiperazin-1-y1)-1H-

N ey RIS itk e e P P Ao B el procedure
B gave 6-einfmeowhsmetttyd Wit indethid-pipemazicid-yibpcalledtapynaGenord ProcsifipyrimibitdaiqngiN

water gave a solid which was purified by preparative HPLC and trituration to give 156, NMR:

(CDC13): 3.52 (s, 3H, CH3), 4.17 (5, 3H, CH3), 6.10 (s, 2H, CH2), 6.92 (d, H, ArH, J = 8.16Hz),

7.00 (4, H, ArH, J = 8.16Hz), 7.10 (s, H, ArH), 7.16 (sbr, H, NH), 7.23 (s, H, ArH), 7.55 (t, H,

AtH, J=8.17Hz), 7.64 (d. H, ArH, J = 8.31Hz0, 8.41 (d, H, ArH, ] =7.26Hz), 9.16 (s, H, AtH),

10.20 (sbr, H, NH). MS: (ESI+) MH+ = 386.04

[00362] Example 65 N-(4-(6-(1H-indazol-4-y1)-1-methyl-1H-pyrazolo{3,4-
d}pyrimidin-4-ylamino)phenyl)acetamide 157
[00363] Reaction of 4-aminoacetanilide with 4,6-dichloro-1-methyl-1H-pyrazolo[3.4-

- dlpyrimidine 5 was converted by General Procedure B to N-[4-(6-chloro-1-methyl-1H-
pyrazo}o[3,4—d]pyrimidjn-4-y1amino)—phenyi}-acetamide‘

OY
jop

N
N%\N |
\N \ k

/ N Cl

[00364] N-[4-(6-chloro-1-methyl-1H-pyrazolo[3,4-d}pyrimidin-4-ylamino)-phenyl}-
acetamide was reacted with indazole boronic acid pinacol ester in General Procedure A.
Purification on silica and trituration vielded 157. NMR: (CDCI13): 2.08 (s, 3H, CH3), 4.17 (s,
3H, CH3), 7.51 (t, H, AtH, ] = 7.77Hz), 7.69 (m, 3H, 3 x ArH), 7.78 (i, 2H, 2 x ArH), 8.28 (d,
H, ArH, J = 7.26Hz), 8.17 (sbr, H, NH), 8.93 (s, H, ArH), 9.98 (s, H, ArH), 10.07 (s, H, ArH),
13.18 (s, H, ArH). MS: (ESI+) MH+=399.13

[00365] Example 66  6-(1B-indazol-4-yl)-1-methyl-4-(3-(pyridin-3-yl)propoxy)-1H-
pyrazolio[3,4-d]pyrimidine 158 _
[06366] General Procedure D and General Procedure A gave 158. NMR (CDCI3): 2.23

(ZH, quintet), 2.84 (2H, t), 4.14 (3H, s), 4.72 (2H, 1), 7.14-7.26 (1H, m), 7.45 (1H, 1), 7.51 (1H,
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N, NCI [00340]6-Chloro-I-methy1-4-(4-methyl-pipera7in-I-y1)-1H-pyrazolo[3,4-cl]pyrimidine was
reacted with indazole boronic acid pinacol ester using General Procedure A. Purification on silica
yielded 148. NMR (CDC13): 2.41 (3H, s), 2.60-2.66 (4H, m), 4.15-4.19 (7H, m), 7.50-7.53 (1H, m),
7.61 (1H, d), 8DV HIEN68.41 (1H, d), 9.13 (1H, s). MS: (ES1+) MH+ = 3260034 #ble 57
6-(1H-ind&20l-88y(1}1]1 dinBHiy/ UL A B8 thilsii i 8/ i ETabing #8y(1 H1 8, Byrar bib[9,4 @ RhIidine 149
[00342]Reactipn. of A3m yl-piperazine with 4,6-dichloro-1-methyl-1H-
pyrazolo[%%ﬁ%%ﬁn%%ﬁgﬁﬁgﬁl ral Procedure B gave 6-chloro-4-(4-methanesulfonylpiperazin-1
-y1)-1-metBgB6TH-pyrakabmpB: 6] Pythriidinedazg4ayal wiethyINErpyrazolo[3,4-d]pyrimidin-4-
[00343]6-9@ng_ﬂz%ém@mﬁgw-piperazin- | -y1)-1 -methyl-1H-pyrazolo[3,4- ol]pyrimidine was
reacted with indazole boronic acid pinacol ester usinﬁ General Procedure A. Purification on silica

yielded 1490368IR: (DMBoyrd Beppsiire F andsisnere| Brpcadyrg A gesplsy, FYRADBEN 3f 7.48-7.51
(1H,m), 7(%@1,(%1?,, 2849, 6144 BA21151 9118-8574b173)4 IR A[15140R MIBE S BN+ = 413

1003441Example 58 4-(6-(1H-indazgl-4-y1)-1-methy1-1H-pyrazalo[3,4-d]pyrimidin-4-
y2)-S-clod RO S e 136 0SS e AoN B A IS HBRE-L 1-diode wih
4,6-dichlofes3egiethy1-Ektmieca® |03 410 ipsaioliding) 5 byeGenBrd Rranetiylsifgzvel -
go%hgl%gﬁ’ﬁéé’éjﬁﬁ -Eg%%ggg%aﬁ%lgﬁgﬁg%ﬁ%Jljﬁboyrazolo[3,4-d]pyr|m|d|ne. WO
(66370} 4,6-Dichloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidine § was converted by -
General Procedure B and General Procedure A to give 168 | '
[06371] Example 69 N-(4-(2-(dimethylamino)ethoxy)phenyl)-6-(1H-indazol-4-yl)-1-
methyl-1H-pyrazolo|3,4-d]pyrimidin-4-amine 161
[00372] ~ 4,6-Dichloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidine 5 was converted by
General Procedure B and General Procedure A to give 161.
[60373] Example 70  6-(1H-indazol-4-y1)-1-methyl-N-(1-methylpiperidin-4-y1)-1H-
pyra.zo}o[3,4-d]pyﬁmidin-4-mine 162 '
[60374] 4,6-Dichloro-1-methyl-1H-pyrazolo{3,4-d]pyrimidine 5 was converted by
General Procedure B and General Procedure A to give 162.
- [00375] Example 71  1-(3-(6-(1H-indazol-4-yl)-1-methyl-1H-pyrazolo{3,4-d]pyrimidin-
4-ylamino)propyl)pyrrolidin-2-one 163 -
[00376] 4,6—Dichloro-1-methyl-lH—pyrazolo{3,4~d]pyr'1midine 5 was converted by

General Procedure B and General Procedure A to give 163.

[60377] Example 72 4-(2-(1H-imidazol-1-yDethoxy)-6-(1H-indazol-4-yl)-1-methyl-
1H-pyrazolo[3,4-d]pyrimidine 164

[00378] 4,6-Dichloro-1-methyl-1H-pyrazolo[ 3,4-d]pyrimidine 5 was converted by
General Procedure B and General Procedure A to give 164.

[60379] Example 73 6-(1H-indazol-4-y1)-1-methyl-4-(pyridin-4-ylmethoxy)-1H-
pyrazolo[3.4-d]pyrimidine 165

06380] 4 6-Dichloro-1-methyl-1H-pyrazolo[3,4-d}pyrimidine 5 was converted by
General Procedure B and General Procedure A to give 163.

[60381} Example 74  6-(1H-indazol-4-yI)-1-methyl-4-(3-(pyridin-4-yl)propoxy)-1H-
pyrazolo[3,4-d]pyrimidine 166 ' ,
[00382] 4,6-Dichloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidine § was converted by

General Procedure B and General Procedure A to give 166.
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00 N / NCI [00346]6-Chloro-4-(1,1-dioxo-thiomorpholin-4-y1)-1-methyl-1H-pyrazolo [3,4- cl]pyrimidine
was reacted with indazole boronic acid pinacol ester using General Procedure A. Purification on silica
yielded 150. NMR: (DMSO) 3.45-3.50 (4H, m), 4.11 (3H, s), 4.45-4.50(4 H, m), 7.48-7.51 (1H,m), 7.70
(1H, d), 8.30WRHIeHIF8E (1H, s), 8.95 (1H, s). 13.20 (11-1, s). MS: (ESI-HUHRI2eeYGA459
[00347]EX0a038B] 59 6- (Em_tﬂ' az6l- 4&y@-@{2maﬂmwembxy)ﬂbthyéﬂﬁﬂpﬁmqb9{&édh[&’ﬂn®ﬁmﬂimidine
151 1003 JI ﬁ al Pro ahr%? General Procedure A gave 151. NMR (CDC13): 3.52 (3H, s),
d), 9.18 3.9%4' (3 ng % 2H, 1), 7.56 (1H, 1), 7.67 (1H, d), 8.12 (1H, s), 10.15 (1H, br).
MS: MH+[82%84P (20%), @&%r@lmmm—lsﬁ:y&mq[ﬁbi fooBaeidiEx&rmpicconverted by

604-(benzyloxr %%'a&&?gézﬁid“@é%&%rﬂ%@é&h?ék%@%@'?&% 4- djpyrimidine 152

{00385] ample 76  6-(1H-indazol-4-y1)-1-methyl-N-(3-(pyrrolidin-1 -yi)propyl) 1H-
pyrazolo[3,4~d]pyr1m1dm—4-amme 168

166386] 4,6-Dichloro-1-methyl-1H-pyrazolo[3,4-d]Jpyrimidine 5 was converted by
General Procedure B and General Procedure A to give 168.

[00387] =  Example 77 Ni—(é*(il{-léndazo}-tt-yl)-1-methy}-1H—p3frazo}0[3,4-d}pyrimidin-
4-y1}-N3,N3-dimethylpropane-1,3-diamine 169

[00388}] 4,6-Dichloro-1-methyl-1H-pyrazolo[3, 4-d]pynm1dme 5 was converted by
General Procedure B and General Procedure A to give 169.

[00389] Example 78  6-(1H-indazol-4-y1)-1-methyl-N-(3-morpholinopropyl)-1H-
pyrazolo[3,4-d]pyrimidin-4-amine 170 -

[00390] 4,6-Dichloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidine 5 was converted by
General Procedure B and General Procedure A to give 170.

[06391) Example 79  6-(1H-indazol-4-yl)-1-methyl-4-(2-(pyridin-2-yljethoxy)-1H-
pyrazolo[3,4-d]lpyrimidine 171

{00392] 4,6-Dichloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidine 5 was converted by
General Procedure D and General Procedure A to give 171.

[60393] Example 8¢ N-(3-(1H-imidazol-1-yl)propyl)-6-(1H-indazol-4-yl)- l-methyl—
1H-pyrazolo|3,4-d}pyrimidin-4-amine 172

[06394] 4,6-Dichloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidine 5 was converted by
General Procedure B and General Procedure A to give 172.

[00395] Example 81  6-(1H-indazol-4-yl)-1-methyl-4-(pyridin-2-ylmethoxy)-1H-
pyrazolo[3,4-d]pyrimidine 173

[60396] 4,6-Dichloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidine 5 was converted by
General Procedure B and General Procedure A fo give 173.

[066397] Example 82  6-(1H-indazol-4-y1}-1-methyl-4-(2-(pyridin-4-yl)ethoxy)-1H-
pyrazolo{3,4-d]pyrimidine 174 ‘

[06398] 4,6-Dichloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidine 5 was converted by
General Procedure D and General Procedure A to give 174.

[60399] Example 83 pl110a (alpha) PI3K Binding Assay

[00400] Binding Assays: Initial polarization experiments were performed on an Analyst

HT 96-384 (Molecular Devices Corp, Sunnyvale, CA.). Samples for fluorescence polarization
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[00350]General Procedure D and General Procedure A gave 152. NMR (CDC13): 4.24 (3H, s), 5.84
(2H, s), 7.38-7.47 (3H, m), 7.56-7.60 (3H, m), 7.68 (1H, d), 8.09 (11-1, s), 8.52 (1H, d), 9.18 (1H, s),
10.15 (1H, br). MS: MH+ 357.12(35%), MH+ AcN 398.15 (100%) [00351]Example 61

6-(1H-inda7 ot 8-30R/8%34methoxybenzyloxy)-1-methyl-IH- pyrazolo[3,4-d]ByArkiaiee/ 3459
[00352]G exfifinitly ProtsdunerD awc: Geperal Proddiioreod igaveripbdilntian (£pidd sipim 838H, ), 4.24
3H, s), 5. 7 15 1), : -1, d), 8.10
(3H, ) @%p%ée élﬂlgs_%% %ﬁr{%ﬁl&; Chadolelsbilly) JA%%&&@M Bfa Lol ddnf it b1, d)

(1H, s), 8. H, d), 15 (1H, br). MS: MI-1+ 387.14 (100‘@ 003??%]] Example 62
6-(1H-ind 2pogmly iy polavisatiganettar AHY vt Teismiahs 45y FhZbmeys! %Libyp' difhensmine 154

[00354]Reagtioy f A@piA qmwzo@éi%ﬁ’-ifﬁcﬂ’§aﬁiﬁﬁi&f@i¥w@fi‘l)’ﬂﬂcﬂﬂﬁéﬁﬁﬁ&4ﬂmrimidine 5
was converted b% General Procedure B to -

(6-chloro- HpR Byra b RS SUnERRAtHReR BB RRAtE G alby dFapYRaR HEFITIORRRHLY o

2009/097 446 4 SRPOPIASIPLTAMRA probe (Echelon-Ine., Salt Lake City, UT.) 100 nM and 5
[00355](6-Chlgro-1-methyl-1H-pyrazolo 3,4-d]pyri_midin-4-yé)-%e dro:pyran-4-y1). amine was
reacted with 8L SIBcERiaHRUSSEPRTHX DT d3¢ad its shudaf prakat i éﬁﬂﬁcﬁ’ﬁ R%ilica yielded
154. NMRAGRIGASR): 1401 50 fim; At EBR) 1i2nP e 2847v(aN BEtLAHR2 ) cBubie- Bok3plaCH2), 4.11-4.14
(m, 2H, CHY), 4.18(s H3), 4 . H, CH), 5.32.(shr, H, NH), 7.55.(t. H, An-}. J = 7.76Hz), 7.63
@ . A Pt Wt S Attt b e D 0
NH). MS: (ESitguditHborcabatibg, Ha03b6 EExavajuies 63 re obtained by fitting the data to a 4-parameter
6-(1H-indazol-4-yQ-1- f1N=(2- j - - rimidin-4-ami
100357 R e e B e O Ccfefiifale>
pyrazolo[k#adjipdstitnersonagicpieieinednsyrGetien &0 Pobeslire@gpt competition experiments
(6-chloro-1-meivisbpyrazolo[3,4-d]pyrimidin-4-y1)-(2-morpholin-4-yl-ethyl)-amine. co HN

1060401] Inhibitor ICsy values were determined by addition of the 0.04 mg/mL p110 alpha
PI3K (final concentration) combined with PIP; (10mM final concentration) to wells containing
1:3 serial dilutions of the antagonists in a final concentration of 25mM ATP (Cell Signaling
Technology, Inc., Danvers, MA) in the polarization buffer. After an incubation time of 30
minutes at room temperature, the reactions were stopped by the addition of GRP-1 and PIP3-
TAMRA probe (Echelon-Inc., Salt Lake City, UT.) 100 oM and 5 nM final concem"_rations
respectively. Read with standard cut-off filters for the rhodamine fluorophore (Aex = 530 nm;

~ hem = 590 nm) in 384-well black low volume proxi plates (PerkinElmer, Wellesley, MA.)
Fluorescence polarization values were plotted as a function of the antagonist conceniration, and
the ICsy values Were obtained by fitting the data to a 4-parameter equation in Assay Explorer
software (MD1., San Ramon, CA.). |
[00402] 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 100% DMSO. The kinase reaction was incubated for 1 h at room
temperature, and the reaction was terminated by the addition of PBS. ICsq values were

subsequeriﬂy determined using sigmoidal dose-response curve {it (variable slope).

[06403] Example 84 In viiro cell proliferation assay
[604064] Efficacy of Formula I compounds were measured by a cell proliferation assay

employing the following protocol (Promega Corp. Technical Bulletin TB288; Mendoza et al
{2002) Cancer Res. 62:5485-5488):
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[00358](6-Chloro-1-methyl- | H-pyrazolo [3,4-d]pyrimidin-4-y0-(2-morpholin-4-yl- ethyl)-amine was
reacted with indazole boronic acid pinacol ester in General Procedure A. Purification on silica yielded
155. NMR (CDC13) 2.50 (m, 4H, 2 x CH2), 2.70 (t, 2H, CH2, .1= 5.95Hz), 3.71 (m, 4H, 2 x CH2), 3.80
(m, 2H, CH2}Y9.B8Y89731#, CH3), 3.05 (sbr, I, NH), 7.44 (t, H, ArH, J = 7.3ZHASPEHF4M, ArH, J =
XXHz), 7.$[ﬁ)(tﬂ,5]]-l ArH)l, 8. 35@(1ma1idud%rcbf)1(ﬂ)@8c(ﬁcéﬁ dﬂlﬂ)rd\dﬁiité&ﬁgh‘hdhiﬂ@? 39%: 1F(BN359]Example
64 N-(benzg
156 [0036
pyrazolo[awllﬂqbptmldme 5 Was converted by General Procedure B to benzo[l 3]diox01-5-y1-

(6-chloro-l
1003641

[9ane

Io’no jﬂﬁ yI T d11:)nx§/‘)‘a8ﬁ‘9}’?? %ﬁ%ﬂgﬁé Oroeliyr?z%&f[mﬂ ])ppquml in-4-amine

[-IH-p azol Id r|m| P(;,T/U ZG%% /03245%d1%|n n
hloro- -met pyrazo e[§ ipafpyrlm arnlnofp eny acetamlde was

reacted W@M{H’ézole b&ronléfhcld)plmmbi W@G&i&ﬁ@@ﬁbﬁa@wmbwﬁﬁpmdlmm@hf@ﬂ&é and
ed 157. NMR: (CDC13): 2.08 (s, 3H, CH3), 4.17 (s, 3H, CH3), 7.51 (t, H, ArH,1 =
7.77Hz), 7.69 (m,
8.93 (s, HIWIQ 98 (4: H, ATM)M@WG(@: wumh@teﬂgqm@ WA?’E%W@T@ES[IQ’)IWY =499.13
[00365]Examples66 6-(1H-inda701-4-y1)-1-methyl-4-(3-(pyridin-3-yl)propoxy)-1H-

%A%rlmldme 158 [00366]Genera| Procedure D and General Procedure A gave 158. NMR

_ trituration

pyrazolo[3
(CDCls)

3H, 3 X ArH), 7.78 (m, 2H, 2 x ArH), 8.28 (d, H, ArH, J = 7.26Hz), 8.17 (sbr, H, NH),

H, quititet), 2. Balyme of Calilztesila Ropepntoqyatyoihe votwpe ot pelhfubuig (11 1),

7.51 (1H, MQR0PRQITAABRICTAIS2008432459 d), 7.58 (IH, d), 7.97 (111, s), 8.35 (111, d), 8.40

(1H, d), 8.
3-(6-(1H-i

s

lysis.

(00411]

12607 9 1020 i b e S

7. The plate was incubated at room temperature for 10 minutes to stabilize

the luminescence signal.

[00412)

§.  Luminescence was recorded and reported in graphs as RLU = relative

luminescence units.

[00413]

Alternativcljr, cells were seeded at optimal density in a 96 _we!i'plate and

incubated for 4 days in the presence of test compound. Alamar Blue™ was subsequently added

to the assay medium, and cells were incubated for 6 h before reading at 544nm excitation,

590nm emission. ECsq values were calculated using a sigmoidal dose response curve fit.

[00414]
[60415]

Example 85 Caco-2 Permeability.

Caco-2 cells are seeded onto Millipore Multiscreen plates at 1 x 10° cells/cm?,

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

mto the

basolateral (B) compartment was measured. This is performed in the reverse direction

(B-A) to investigate active transport. A permeability coefficient value, Py, for each compound,

a measure of the rate of permeation of the compound across the membrane, is calculated.

Compounds are grouped into low (Papp, </=1.0x 10%cm/s) or high (Pagp >/=1.0% 10%m/s)

absorption potential based on comparison with control compounds with established buman

absorption.

[00416]

For assessment of a compound's ability fo 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.

[00417]

0 indicate the occurrence of active cellular efflux.

Example 8¢ Hepatocyte Clearance
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y1)-N,N-dimethylbenzamide 159 [00368]General Procedure E and General Procedure A gave 159.
NMR (CDC13): 3.14 (311, br), 3.22 (3H, br), 4.33 (3H, s), 7.61 (111, t), 7.69-7.74 (3H, m), 8.40-8.45
(311, m), 8.68 (1H, d), 9.27 (1H, s), 10.20 (111, br). MS: M1-1+ 398.16 (100%). [00369]Example 68
6-(1H-indazot® yy'1/4#iEdbyl-N-(3-(4-methylpiperazin-I- yppropyl)-1H-pyraZ8id{8i408tsyattdin-4-amine
160 [0037Pig468DichlorSukpemsiby-af tpyyraceiol] Maipy i Gavas woAvEtebigS aiteral
Procedure B and General Progedure A to give,160. 889 of 0.5 x 10° viabl

Lo (e B B SO R T o P A BEIRERSRY of 0.5 10" viable
methyl-114dePsrakol8 Ansi] @Mﬁﬁwnm%ﬁﬁﬁnge the incubation is about 0.25%. Control incubations .
10057214, &:DighloseA R BAzelalag-dputaiiine fes Sameied Rufsn saliRicedure B

and General Procedure A to give 161. [00373]Example .
6-(1H-inda7eples (0pImatnmeysdrfrem yhsipuubation ke 8Pz 3 3% 49 896 fldHe S mine 162

[00374]4,6:RighicsadpReibilakiRy G0l 4Ry imdios S waseany pieddydaanaraldiogedure B
and General Procedure A to give 162. [00375]Example 71

1-(3-(6-(L 1 ezt yeacHRa T hyleRide oo oS ARt A A SRETRS BV R SAARE 2-0ne 163
[00376]4, Gdichletpabonatiy| skl azolelttughiyiipidinsubewatsenvesdrtink GeineraoRibfbedure B

and General Eroced r @ [ 163.{%%03%7]& mple 72 L

4-(2-(1H-iffi E}ﬂ_@’_&é éggg_\grm?l LaLh Bﬁ%&i?%aﬂgll(_pamnt compound peak area / internal
standard peak area) against time, intrinsic clearance (CLiy) is calculated as follows: CLine
(ul/min/million cells) = V x k, where & is the elimination rate constant, obtained from the _
gradient of In concentration plotted against time; V is a volume term derived from the incubation

volume and is expressed as ulL 106 cells™.

[60419] Example 87 Cytochrome P450 Inhibition
(60420} Formula I compounds may be screened against CYP450 targets (1A2, 2C9,

2C19, 2D6, 3A4) at about 10 concentrations in duplicate, with a top concentration of about
100uM. Standard inhibitors (furafyiline, sulfaphenazole, tranylcypromine, quinidine,
ketoconazole) may be used as controls. Plates may be read using a BMG LabTechnologies

PolarStar in fluorescence mode,

[60421) Example 88 Cytochrome P450 Induction
[00422] Freshly isolated human hepatocytes from a single donor may be cultured for

about 48 h prior to addition of Formula I compound at three concentrations and incubated for 72
h. Probe substrates for CYP3A4 and CYP1A2 are added for 30 minutes and 1 h before the end
of the incubation. At 72 h, cells and medié 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.

[00423] Example 89 Plasma Protein Binding
[060424] Solutions of Formula I compound (Sum, 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 2 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 (plasma-free and plasma-

containing) then analysed by LC-MSMS using two sets of calibration standards for plasma-free
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1H-pyrazolo[3,4-d]pyrirnidine 164 [00378]4,6-Dichloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidine 5 was
converted by General Procedure B and General Procedure A to give 164. [00379]Example 73
6-(1H-indazol-4-y1)-1-methyl-4-(pyridin-4-ylmethoxy)-1H- pyrazolo[3,4-d]pyrimidine 165
[00380]4,6-DYERISIE N EhyI-1H-pyrazolo[3,4-d]pyrimidine 5 was convertd- B && A4 ocedure B
and GeneflrRigspad®lasmagioetdeny SODBSLIE X awiple)7Hhe fraction unbound value for the

6-(1H-ind%%p%%@i}mgmg&-(&(pyridin-4-y1)propo_xy)-1H- pyrazolo[3,4-d]pyrimidine 166
[00382]4,6-Dichloro-lI-methyl-1H-pyrazolo[3,4-d]pyrimidine 5 was converted by General Procedure B
and Genef8f€i3kcedurcizamniail 1 6BERG O/ biyrkasP C TLUS2009/032459 [00383]Example 75

1-(2-(6-(1+[hmagoI-4-ytbﬁmst%gbhmg%%o&ﬂfaiWfimméﬁmaﬁtwamﬁmﬁ 167

10038414,6-Dichloro-|-methyl-1H-pyrazolo[3,4-d]pyrimidine 5 was convened bﬁ General Procedure B

and GenelFRrdbatie Sb GuRrora e HER GHnEiRaT Bt sl using esablished flux methodology.

H-indazol-deyi} Jr- prepiddNn(Srd@yinod igiRidny© RISTl hidibt: RYcBENRIS Aol vt geinwd auainight 68

038, G are oy er Tt FR B ek Ao 6, 2 S e e ¥ind washing each
well with 3 x 100uL of pre-incubation buffer (containing low .[K“L]) at room temperature.
Following the final aspiration, 50 uL of working stock (2x} compound is added to each well and
incubated at room temperature for 10 minutes. 50l 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. 80pL of supernatant from each
well is then transferred to equivalent wells of a 96-well plate and analysed via atomic emission
spectroscopy. The compound is screened as 10pt duplicate ICs; curves, n=2, from a top
concentration of 100 uM.
[60427] The foregoing description_ is considered as illustrative only of the principles of
the invention. Further, .since NWMErous mddiﬁcations 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.
00428} ‘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, 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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General Procedure B and General Procedure A to give 168. [00387]Example 77 N1-(6-(1H-ind
zol-4-y1)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin- 4-y1)-N3,N3-dimethylpropane-1,3-diamine 169
[0038814,6-Dichloro-lI-methyl1-1H-pyrazolo[3,4-d]pyrimidine 5 was converted by General Procedure B
and General Praggdurelfidegive 169. [00389]Example 78 6-0 H-indazol-4-y1)-1
-methyl-N-(3-morpholinopropy1)-1H- pyrazolo[3,4-d]pyrimidin-4-amine 170
[00390]4,6-Dichloro-1-methyl-1H-pyrazolo[3,4-d]pyrimidine 5 was converted by General Procedure B
and General Procedure A to give 170. [00391]Example 79 6-(1H-indazol-4-y1)-1-methy1-4-(2-(pyrid
n-2-ypethoxy)-1H- pyrazolo[3.4- rimidi 7 .
[00392]4,6-Dicjkilloro-l-%e(:;{"hrggi)C.’)LIII-I‘I%c])gg/ér/léegcc)eio%e?ﬁ1 S%r%%}he 5 was converted by General Procedure D
and General Prggedure R4o give 171. [00393]Example 80 N-(3-(1H-imida 7 01- |
-yl)propy1)-6-(1Hyindazol-4-y1)-1-methyl- IH-pyrazolo[3,4-d]pyrimidin-4-amine 172
[00394]4,6-Dichlg }Ql-lH-pyrazoIo[3,4-c|]pyrimidine 5 was converted by General Procedure B
tojgive 172. [00395]Example 81 6-0

éjt-ﬁgfp;/ri in-2-ylmethoxy)-1H- pyrazolo[3,4-d]pyrinaidine 173
[00396]4,6-Dichlo"o-1-m hy1-TH-pyrazolo[3,4-d]pyrimidine 5 was converted by

R? I

and stereoisomers, geometric isomers, tautomers, or pharmaceutically acceptable salts
thereof, wherein:

R'is H or C,—C; alkyl

R’is C1—Cy; alkyl;

R? is selected from
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General Procedure B and General Procedure A to give 173. [00397]Example 82
6-(1H-indazol-4-y1)-1-methyl-4-(2-(pyridin-4-ypethoxy)-1H- pyrazolo[3,4-el]pyrimidine 174
[00398]4,6-Dichloro-1-methy1-1H-pyrazolo[3,4-cllpyrimidine 5 was converted by General Procedure D
and General Pragk durqu to gw@f 74.[00399 mplﬁ 83 a (alpha) gding Assay
[00400]Binding Agsﬁi/nmm polart%b%experim S were pﬁm&?n aﬁ&@%ﬁwT 96-384
(Molecular Devices diQrp; unnyval /7). Sampl luoresc polarizatigr WO

2009/097446PCT/1JS2009/032459 affinity measurements were prepared by addition of 1:3 serial
dilutions of p110 @lpha PI3K (Ugé’tate Gell Signdling S,QIutlonsY Charlottesvif#e, VA) starting at a final

concentration of 20 in polarl uffer ( Tris pH rnM N S¢mM MgCI2,
n lﬁgke/

0.05%Chaps, and 1 M}:ﬁl’l) to IOr 2 (Echelon-pc., Salt ity, UT.) |n concentration.
After an incubation time of 30 minutes & room tem erature, the reactions were sidpped by the
addition of GRPe%,and PIP3- TQMRA probe ( helon Inc., S ake City, UT, ) 100 nM and 5 nM final
concentrations r ctivgly. Rea tan ff fllter the rhoda rophore (kex = 530
nm; kern =590 nm) i 38 -well bla ho vqume lates (Pe KinEymer, WeI esle MA.)
Fluorescence polarizatiq{f values V\R% lotted as unctlon of titNprdtein concé\’#&'ﬁon and the EC50
values were obtained by fitting the data to a 4-paranféter equation using KaleidaGraph software
(Synergy softwarss' Reading, FA). This eg;ferlment alsd establishg: the appraprjate proteln
concentration to u bsequ mpeti peri ith in (s. 100 lﬂohlbltor IC50
values were determ@ additiQ ¢ ofthe 0 O m mLH:J@bha P, fﬁ‘t‘bl Cor}@enulﬁ'ﬂon) combined
with PIIP2 (10mM fina ncentratlon to WeIIs containing 1.3 serial dllutlons of the arNagonlsts ina
final concentratlon of 25mM ATP (CeII Signaling Technology, Inc., Danvers MA) in the polarization

buffer. After an ig¢ubagipn time nutes at gdom mperat e,;reactl réstopped by the
addition of GR 1 afd P‘l 3- TAM Apr be (Echel -I% Sal L e Ci UT)NQ:OV nd 5 riM final
concentrations resp y. Read andard cut- térs for thé‘ amlnefuo ore (kex = 530

nm; kem = 590 nm) in 384-well black low volume proxi plates (PerkinElmer, Wellesley, MA.)
Fluorescence polérization values wWere plotted as unct@n oft antagonist ¢ cent\latlon and the
IC50 values were obtai by fitti g ba toa \a(n on'ibi As plordr software
(MDL, San Ramon, é\g;J100402]Altenna ly, inhibiti PI3K iitérmlned | iometric
assay using purified, recombinant enzyme and ATP at a'toncentration of luM. The Formula |
compound was serially diluted in 100% DMSO. The kinase reaction was incubated.for 1 h at room
temperature, angisf e r@action was minated by the a |t|on of PRS, 1C3Q values were subsequently
determined using si rnoEl | dose-réspojse ¢urve fit ( pe) “10040 Exa?hple 84 In vitro cell
proliferation assay 1 | cacy of E;vﬁa I compou re measure | proliferation

assay employing the following protocol (Prome Corp Technical Bulletin TB288; Ménddza et al
(2002) Cancer Rggs 62 5485- 5488) WO 2009/097446PCT/US2009/032

N \(\w T 3 T

X, o Ao, M,

C 5’5\0\% ’Tb\ L

NHC(O)NHCH;
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[00405]1.An aliquot of 100 ill of cell culture containing about 104 cells (PC3, Detroit562, or
MDAMB361.1) in medium was deposited in each well of a 384-well, opaque-walled plate.
[00406]2.Control wells were prepared cep}aining medium and without cells. [00407]3.The compound
was added to thesexpgrimental wells anfl incubated for 3-5 days. [00408%.The plates were
equilibrated to rg) Reraturesfo imately. ingtes. [00409Jb.Ayoltee of CellTiter-Glo
Reagent equal to th vcﬂ){rnwe of cell culturg medium prgsentin each well wds added. [00410]6.The
contents were mixed T8F 2 TajALites on aN orbited,shaker tdNnduedigell IS, [00411]RFhe plate was
incubated at room temperature for 10 minutes to stabilize the luminescence signal.
[00412]8.Luminescence was recorded and reported in graphs as RLU = relative luminescence units.
[00413]Alternatively, cells wesie seed [ n af/96 ﬁll plate and/inc for 4 days in
seqteptly added teiegssay medium, and
cells were incubated %qr &-h before readi 544nm excit 590nm emisg C50 values were
calculated using a sigmoidal dose response curve fit. [004141EXxample 85 Caco=2 Permeability
[00415]Caco-2 cells are §_ﬁeded onto Millipore Multiscreen plates at 1 x 105 cells/cm2, and cultured for

20 days. Assessment Q Eomﬁ)ound 10 ita/éis subseque onducted. Thenzempounds are
applied to the ap?:': sUigce (A) ogE‘JO solders ang’co upiipermeagion igto the-basolateral (B)
compartment was m IS pf ed in therevdtse direction (B-A) stigate active
transport. A permeabilify coefficient valte®Papp, for each¥sedbund, a meastitest the rate of

permeation of the compound across the membrane, is calculated. Compounds are grouped into low
(Papp <= 1.0 x 106cm/s) opthigh (Papp >1= ]NO x 106cm/s) absorption potential baged on comparison

with control com)jp_pun Wit i_eistabslgx;.heol"lf?hf /mgn absorrgtion.HNE \> 555 HN

==N N

| |
— l N/ I N/
s S s

N
SSS =N = NH T
NH NH 1 S AL
~ |
N N/

NH
;o
NN
5 l i
/
NH
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[00416]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/AB >/= 1.0 indicate the
occurrence of active cellular efflux. [OO417]ExampIe 86 Hepatocyte Cleagance WO
2009/097446P(}IHU82009/032459 1P
used. Incubatlons ang pe formed at co O 4t a cell density of 0.5

) degradation.
¥) and 60 minutes

area) agalnst time, intrinsic glearance (CLint) is ol ws: CEInt (ul/min/
k, where k is the ellmln!a!t\'on rate constant,"8btained from thetg‘ldadtent of In concéthiration plotted
against time; V is a volume term derived from the incubation volume and is expressed as uL 106
cells-4. 1004191§x'ample 87 Cytochsome P450 Inhibitign [00420]Formula Scompounds may be
screened against CY X2 3 [ i
with a top concentrati
tranylcypromine, quinidine, k¢toconazole ayNt}e used as cofitrolgqPlates may
LabTechnologies PolarStr i fluorescencerrde. [00421]Example 88 Cytochrgate 450 Induction
[00422]Freshly isolated human hepatocytes from a single donor may be cultured for about 48 h prior to
addition of Formulasl_compound att ee concentratio and mcubatedjé‘) \Probe substrates for
CYP3A4 and CYP1A2 the end of t P incfibation. At 72 h,
cells and media are rem 0 uantified by
LC-MS/MS. The experi nt| Ebntrolled b usmg inducers o thelndlwdual P4%0s qElubated at one
concentration in triplicate. [0 3]Examp|e8 lasma ProtéitiNBinding [00424]Soltions of Formula |
compound (Sum, 0.5% final DMSO concentration) are prepared in buffer and 10% plasma (v/v in
buffer). A 96 well HT diajysis plate is asserashkd so that each:a II is divided in two

the plasma solution t§ bther side; i lons ar
cells are subseque epptied, and the~sgietions for each.patch otgompou gs~greetombined into two
groups (plasmaffree and plasma-containin then analysed by L(BMSMS%SIFIQ two sets of calibration
standards for plasma-free WO 2009/097 PCT/U82009/032459 (6 points) and plasma-containing
solutions (7 points). The fractlon unbound value for the compound is ca\IIcuIated [004251Example 90

hFRG channel bssgc\kag& Sssﬁ/ 555
~N

s S ~y S Ny S

T, UL \@Q\O L
NN S S

Oy T B S
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. 1004261Formula 1 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 hi medium containing RbC1, plated into 96-well plates and grown overnight to form
monolayers. The efflux experiment is initiated by aspirating the media and washing each well with 3 x
10(hiL of pre-intl:_:J%k?ation buffer (co?;ining low [K+]) at roam temperature. Follédwing the final

aspiration, 50 a orkiQg stock campound is addéd
temperature for 10 m. 504 of stim

giving the final test com@oung concentratie
further 10 minutes. 8044,., of supernatant |

duplicate IC50 curves, n=2, from a top_concentration of 100 p.M. 1004271The foregoing description is
0 rther, sin ous modifications

9 limi§ the invention to
' odifications

and equivalents may 11% \jthin the scope of 4 ntion as defiged by the claims

that follow. 1004281The wotds "comprise,” "cyfprising,” "includeyf“including,” and "#ludes” when
used in this specification and in the following elaims are intended & specify the presence of stated
features, integers, components, or steps, but they do not preclude the presence or addition of one or
more other featuress integgrs, compsnents, steps, or groups thereof What is claimed is: 1.A
compound selected frofn Fomula E ~Bnd stereoisomers, geometric isomers, tautomers, or
pharmaceutically ac salts thereQf, elr\]ein: R1 is H or Ci-Ci2 alkyl R2 is CI-Cu alkyl; 123 is

selected from &1
|\N/ N{‘*)

and
where the wavy line indicates the site of attachment;

RY is selected from:
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and where the wavy line indicates the site of attachment; R4 is selected from: a) optionally
substituted pyrimidin-5-y1; b) optionally substituted C6-C20 aryl; c) optionally substituted phenyl, d)

-OR1 where R1 is o ionﬂ sybstituted phenyl, gptionally substituted pyridyl or optionally substituted
CI-Cu alkyl; % )Q%%&T} %?%ﬁ%?éﬁ%ﬂ%@%?@g ﬁ%iterocyclyl), -0(C1-C12 alkylene)-(C6-C20 aryl), or
-0(C1-C12 alkylenepficdalGZénbataredyl:-Coy aryNR1R13 where R1 is H, CI-C12 alkyl, C2-C8 alkenyl,

or C2-C8 alkynyl and R13 is optionally substituted phenyl, optionally substituted indazol-6-y1 or
optionally substRUf Y oTasHuted piFnMR10(C1-C12 alkyl)NeR13, -NR10(C1-C12 alky1)OR10, or

NRI(CI-Ci2 k) CORNRIOBES, Anshiondt Naginless iR ANckBia agelbssuiiediaigogen atom

to which they are attached form morpholinyl, 4-methylpiperazin-1-yl, 4-methylsulfonylpiperazin-1-yl, or
4-(2- pyriciisipeyaEpsitped Cirmiglkalected from H, C1-C12 alkyl, C2-C8 alkenyl, C2-C8 alkynyl,
C3-C12 carbocyclyl2-G20 |, G6- ryl,and_Cl-em hetgroaryl, where-alkyl alkenyl,
alkynyl, carbocyglyl, %erogy%&?%%%d%@é}%%ﬁ%g% ﬂdp%ﬁ%ﬂﬁﬂ@g{ﬁ%%& It egﬁ(é If%%?e
groups ind2gandentik geleotad frain ke@lodyl); -CH20H, -CH2C6H5, -CN, -CF3, -0021-1, - CONH2,

-CONHCHS3, -NQ2, -N(6H3)2, -NHGO -NHS(Q)2CHS3, -OH, -OCH3, - QCH2CH3, -S(Q)2NH2,
-SCH3,-S(0)CF§,-‘6?$2§J;H2§%}?&§3, &%im@aﬁ@fﬁaﬁa‘% aﬁﬁé’%yils Ceteetty Homiied qzéﬁql,
C2-C8 aligaiula OGP sGkatisdybherdACdpticanne eyt (2GR Nateroryehiio Ry Sudkyuand CI-Cm

heteroargéd%rg ag;kyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally
substitutes "6Re or more groups independently selected from F, CI, Br, I, -CH20H, -CH2C6HS5,

-CN, -CF3, -COZH, NROMHZ; ;GRMHIAHSR INORRINIGHS) 2, iHORCH3 . it Q) 2CH3, -OH,
-OCHS3, - OCH2CH3 Iﬁﬁ)gNHz, -SCH3,-S(0)CH3,-OCH2CH2-N(CH3)2, and -S(0)2CH3;  or R
h

and RI3 %@?%f@?ﬁ nit®den atom to which they are attached form a C2-C20 heterocyclyl ring.
2. The compourngl ohgtah' L el BRI @5 fehidr 3idhhRCampaundoh elaimitiheysin R2 is CH3.

4. The compound of claim 1 wherein R3 is a monocyclic heteroaryl selected from pyridyl, isoxazolyl,

hnidazol§ttasheszByn pyarehplisatonstilatrerasn: byfintaneiypidemipiestazilyl -oxatibtdlyl,
furanyl, thienh Bigzahth-ang.tetrazolyl.
R'%s selected from H, C;—Cyy alkyl, C;—Cy alkenyl, C,—Cy alkynyl, C3—Cy» carboceyelyl,
C2—Cy heterocyclyl, C—Cy aryl, and C;~Cyq heteroaryl, where alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with one or more
groups independently selected from F, Cl, Br, I, -CH,OH, —CH,CsHs, -CN, -CF1, —COyH, —
CONH,, -CONHCH;, ~NO;,, ~N(CHj);, ~-NHCOCH3;, -NHS(0),CH3, —OH, -OCHj,, —
OCH>CH3, —S8(0),NH,, -SCHj3 —S(O)CH; —CH,OCH;, ~CH,, and —S(0),CHj; and
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5. The compound of claim | wherein R3 is 1H-indazol-4-yl. 6. The compound of claim 5 wherein R2 is
CH3. 7.The compound of claim 1 wherein R3 is 1H-indo1-4-yl. 8. The compound of claim 1 wherein

R4 is -ORI whegesRR! is phenyl sybstituted with.one g, mare groups independently selected.from
_OCH3, -S02CH3, -5t %ﬁ&%@é Lﬁs%‘éé%g’ %qub 37 E@@W’?é&bﬁﬁfﬁ@ﬁ%‘g&
-NHC(=@)&td3, ke c¥dh], -(GH3, and, -Gid € A-Contpauwost i selected iyl keadraliyednsisting of:
N-(3-methaxyphenyl)-1-methy1-6-(1H-pyrazol-4-y1)-1H-pyrazolo[3,4-d]|pyrim din-4- amine;
-5, T DS P B v S Py S D AMGIFRore
6-0H-indazab4 indgpkrnetiay «t tétémathylsulfonghphemaxOi H-oyazgio[3dNdlpypmidine 1, -
N-(3-(6-(1H-indazol-4-y1)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4- yl)phenyOmethanesulfonamide;
o (1 G iy GO et DN mer A Oty NS ) ebdbio (o et encine.
* (& (AHdedmrar ) opehvia marepiof dslarmmidnolbensen e &
-(6-(1H-indazzol-43-’yl(?- le?%1 etﬁ’yl—lH-Byrag(é%a[%ﬂ-d]pyﬁmi in-4-y1 -f\’lmethyléye)rzlzarrsﬁde;
6-(1H-indazol- 4y R)-4a(@-R1 ctbestypheithOht- migtisdsl biayrazelof$, ddprmtidivied form a C,—Cag
N-(3-(6- 1elz|élingac%oi-14- 1)-1 -methyl-1H-pyrazolo[3 ,4-d]pyrimidin-4- yl)phenyl)aeetamide;
6-(1H-in azo?—l—yf -1-methyl-4-(4-(methylsulfonyl)pheny1)-1H-pyrazolo [3,4- d]pyrimidine; 6-0
H-indazol-4-y1)24-(4-ridshoompheny Df-tlamethydiEtqy Rz ol {34 @Hhyrimidine;
4-(3,4-d|metho>§yphen¥11&-(éé 1;'5'61'1@1%%%04}'5‘1'1}% -%h@r%gg)ﬁ-dIi-|s-@ﬁ§zolo[3,4-d]pyr|m|d|ne;
4, The compound of claim 1 wherein R? is a monocyclic heteroaryl selected from
pyridyl, isoxazolyl, imidazolyl, pyrazolyl, pyrrolyl, thiazolyl, pyridazinyl, pyrimidinyl,
pyrazinyl, oxazolyl, oxadiazolyl, furanyl, thienyl, triazolyl, and tetrazolyl.
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H-indazol-4-y1)-1-methyl-4-(pyridin-3-yloxy)-1H-pyrazolo[3,4-d]pyrimidine; 6-0
H-indazol-4-y1)-4-(3-methoxyphenoxy)-1-methyl-1H-pyrazolo[3,4-d]pyrimidine; 5-(4-(3
-methoxyphenylaminojg ety A PUAZR WA IRV RN bl 4y benzo
[d]imidazol-2(3H)-one;
N-(3-methoxyplaganyl)-gﬁg%igl—&qﬁiQB@&@-&%—%B—@@Z@@{S,4-d]pyrimidin-4- amine; amine;
N-(3-methoxyphenyl)-1-methy1-6-(quinolin-3-y1)-1H-pyrazolo|3,4-d]pyrimidin-4-
6-(2-aminopyrimidin-5-y1)-N-(3-methoxypheny1)-1,3-dimethyl-1H-pyrazolo [3,4- d]pyrimidin-4-amine;
6-(benzo [d] [1,3 ]di ox01-5-y1)-N-(3 -methoxyphenyl)-1 -m ethyl-1H-pyrazolo [3,4-
d]pyrimidin-4-amine; N-(3-methoxyphenyl)-1 -methyl-6-(3-methyl- 1H-pyrazol-4-y1)-1H-pyrazol o [3,4-
d]pyrimidin-4-amine; N-(3 -methoxypheny0-1-methy1-6-(1H-pyrrolo[2,3-b]pyridin-5-y0-1H-pyrazolo
[3,4- d]pyrimidin-4-amine;
6-(1H-indazol-4-y1)-N-(3-methoxypheny1)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4- amine;
N-(3-methoxypheny0-1-methyl-6-(pyridin-4-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine;
N-(3-methoxyphenyl)-1-methy1-6-(pyridin-3-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine;
5-(4-(3-methoxyphenoxy)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-6-yOpyridin-2-amine;
6-(6-aminopyridin-3-y1)-N-(3-methoxypheny1l)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine;
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6-( 2-aminopyrimi din-5-y1)-N-(3 -methoxypheny1)-1-methy1-1H-pyrazolo [3,4- cl]pidin 4-amine;
6-(1H-indazol-4-y1)-1-methyl-N-(3-(methylsul fonyl)b enzy1)-1H-pyrazolo [3,4- d]pyrimidin-4-amine;
6-(1 H-indazol-4-y1)-1L~methyl-N-(pyridin=3- )= 1H- A- rimidin-4- amine; amine;
6-21H-indazol-j-'yyl))-&{%%%%E%%%g@%-m%%ﬁ%ﬁ%%%@ﬁbﬂ%idin-4-
N1-(6-(1H-indaz8l-4-yTheenmapiopbd of-gyiazblofgptid Ry immidiR-4whyN R N5 HRenyl substituted
trimethylethane-1,2-diamine; . N-(3,4-djmetho eny1)-6-
i O bR T 3 T LA Ar G O2CHs, ~SONT, -
H-indazali4gyd)cimethyl@e( 2 pydin-8isthaxy)-d H@yrazolel3.Aelowoding -t H-DHazol-4-y1)- |
-methyl-4-(pyridin-3-ylmethoxy)-1H-pyrazolo[3,4-d]pyrimidine; 6-(i
H-indazéHa-919-1{hethyl-4-(4-(methylsulfonyl)b enzyl oxy)-1H-p yrazolo [3,4- d]pyrimidine;
6-(1H-ind_azol-zh_yl)-1@@3%%&31-@Igwl%m(ﬁ;ggﬁ@%gfm%g;plo [3,4- d]pyrimidin e;
4-(6-(1H-indazol-4-y1)-1 -methyl-1 H-pyraz,olo[3,4-d]pyrimidin-4-y1)-N,N- dimethylbenzam i de;
4-(6-(1H-indazoW43yhethanetinghsi H pyralzphd]3 Hefpyahwilidind-y BBty herderdsufonamide;
4-(benzayglidl,31dioxo1-5-y1)-6-(1H-indazol-4-y1)-1-methyl-1H-pyrazolo[3,4-
4-(3,4-dimethoxyphenoxy)-6-(1H-indazol-4-yl)-1-methyl-1H-pyrazolo[3,4-
dlpyrimidine;
6-(1H-indazol-4-y1)-1-methyl-4-(4-(methylsulfonyl)phenoxy}- 1H-pyrazolo[3,4-
d]pyrimidine;
N-(3-(6-(1H-indazol-4-yl)-1-methyl-1H-pyrazolo[3,4-d}pyrimidin-4-
yl)phenyl)methanesulfonamide;
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d]pyrimidine; 4-(3,4-dichloropheny1)-6-(1H-indazol-4-y1)-1-methyl-IH-pyrazolo[3,4-d]pyrimidine;
6-(1H-indazol-4-y1)-N-(3-m ethoxyphen y1)-1,3 -dimethyl-1H-pyrazolo [3,4-dIpyrimidin- 4-amine;
6-(1H-indazol-4-y1)-1 ethyl-N-(4-(methylsulfonyl)phenyl) 1H-pyrazolo [3,4- dipyrimidin-4-amine;
6-(1H-indazol-4-y1)-1-methyl-N-(2-phenoxyethyl)-1H-pyrazolo[3,4-d]pyrimidin-4- amine; amine;
6-(1H-indazol-4é6y(l HlimdethiA4NAR4GY+idintiB>y ety bhtpynat etaidd-dibyrim b ln{s:4-

6-(1H- m% zol 4- :Q 1-methy1-4-(3-(trifluoromethyl)phenethoxy)-1H-pyrazolo[3,4- dipyrimidine; 6-0
H-indaz rﬁethyl -4-phenethoxy-1H-pyrazolo [3 ,4-d]pyrimidine;

1-ethy1-6- (1H |ﬁdéz(dl%ﬂ-&y@dtﬂ—(@-yh}ethmmy&me]ﬂij}'ﬂ&ﬂemaﬂetﬂ@mﬁd}byrmy@b&dzcwﬁume; 6-0

g (I:rL]I(j|alznc<)jlaiczllld)r y@q “m eﬁ‘%éig-%?%lpnp%afl -%Y/%‘plp %r?ln 3 i d}lp_,_y ”[]3? 4- d]pyrimidine;

4-(6-(1H=ietadbbaEyh)de:methy1-1H- pyrazolo[3 4-d]pkb -4-y1)- S dloxothlomorphollne 6-0
H-indazol-4- yl)él ;M tho Ye

4-(benzyloxy)-6- ( v Ig)(; 1- mrer{ﬁt i 1H o?g% 3#&% Id rgllpyrimidine;

H-indazol-4- yl)M{@{metthymnkﬂlg&y)l-mmhmﬂﬁﬂﬂqpyow[dd{-ﬁ,]@djpydmiéme
6-(1H- |ndﬁ gl -4- }%éejf m%thyl N-(tetrahydro-2 H-pyran-4-y1)-1H-pyrazolo [3,4- d]pyrimidin-4-amine;

6-(1H-indazol-4-y1)-1-methyl-4-(4-(methylsulfonyl)phenyl)-1 H-pyrazolo[3,4-
d]pyrimidine;

6-(1H-indazol-4-y1)-4-{4-methoxyphenyl)-1-methyl-1H-pyrazolo| 3,4-d]pyrimidine;

4-(3,4-dimethoxyphenyl)-6-(1H-indazol-4-y1)-1-methyl-1H-pyrazolo{3,4-d]pyrimidine;

6-(1H-indazol-4-yl}-1-methyl-4-(pyridin-3-yloxy)-1H-pyrazolo[ 3,4-d]pyrimidine;

6-(1H-indazol-4-y1}-4-(3-methoxyphenoxy)-1-methyl-1H-pyrazolo[3,4-d|pyrimidine;

5-(4-(3-methoxyphenylamino)-1-methyl-1H-pyrazolo[ 3,4-d Jpyrimidin-6-y1)- 1 H-
benzo[d]imidazol-2{(3H}-one;

N-(3-methoxyphenyl}-1-methyl-6-(quinolin-5-yl}- 1 H-pyrazolo{3,4-dipyrimidin-4-
amine;

N-(3-methoxyphenyl)-1-methyl-6-(quinolin-3-yi)-1 H-pyrazolo{ 3.4-d jpyrimidin-4-
amine;

6-(2-aminopyrimidin-5-y1)-N-(3-methoxyphenyl)-1,3-dimethyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine;

6-(benzo[d][1,31dioxol-5-y1)-N-(3-methoxyphenyl)-1-methyl-1H-pyrazolo[3.4-
dipyrimidin-4-amine;

N-(3-methoxyphenyl)-1-methyl-6-(3-methyl-1H-pyrazol-4-yl)-1H-pyrazolo[3,4-
dipyrimidin-4-amine;

N-(3-methoxyphenyl)-1-methyl-6-(1H-pyrrolo{2,3-blpyridin-5-yl)}-1H-pyrazolo[3,4-
d]pyrindin-4-amine;

6-(1H-indazol-4-y1)-N-(3-methoxyphenyl)-1-methyl-1 H-pyrazolo[ 3,4-d]pyrimidin-4-
amine;

N-(3-methoxyphenyl}-1-methyl-6-(pyridin-4-yl}- 1H-pyrazolo[ 3,4-d}pyrimidin-4-amine;

N-(3-methoxyphenyl)-1-methyl-6-(pyridin-3-yl)-1 H-pyrazolo[3,4-djpyrimidin-4-amine;

5-(4-(3-methoxyphenoxy)-1-methyl-1H-pyrazolo[ 3,4-d|pyrimidin-6-yl)pyridin-2-amine;
6-(6-aminopyridin-3-y1)-N-(3-methoxyphenyl)-1-methyl-1H-pyrazolo[3,4-dlpyrimidin-4-amine;
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6-(1H-indazol-4-y1)-1 -methyl-N-(2-m orpholinoethyl)-1H-pyrazolo [3,4-d]pyrimidin-4- amine;
N-(benzo[d][1,3]diox01- 5 yl) -6-(i H-indazol-4-y1)-1- methyl 1H- pyrazolo [3,4- d]pyrimidin-4-amine;

N-(4-(6-(1H-indazg|- 4 gn 1 zoIo 3 4 d m %)]‘phen tamide; 6-0
H-indazol-4- yl)gl ‘e pﬁ? é:;jd% propoxy (5% %yj ﬁﬁaﬁ%ﬁg

3-(6- (1Hé|]]@&ﬂﬂie14haydi)}ﬂamwthyl 1H- pyrazolo[3 4- d]pyrlmldln -4- y1) -N,Ndimethylbenzaini de; 6-0
H-indazol-4-y1)-1-met 4 met p, midin-4-amine;
N-(4-(2- (dlmeth%/l rrln#n ? %g eny l)yé' I—‘r?nifézogl% %)n% ert‘ﬁ}/' fﬁ@ézgkgﬁ -d]pyrimidin-4-a
mine; };ﬁfﬁﬂﬂdﬂdamhyﬂaql) -1- methyl -N-(1- methylplperldln -4-y1)-1H-pyrazolo

[3,4- d]pyrlmldlng

yIarnmo)propypp;ﬁ roh&m ﬁoo %@Pﬁ? OI 4azo éﬁ"%@ Pﬁ'g’%%%?oﬂs 4dﬂl% n&l%& a
y)- 6_(_1Hanmdxazol -4-y1)-1- methyl 1H-pyrazolo [3,4- d]pyrlmldlne 6-(1H-indazol-4-y1)-1-methyl 4
o (1 ndazol 500 T NE T st RS s FSraTars AL mmigin
1-(2-(6-(bstheindazol-4- yl) 1 methyl 1H -pyrazolo[3,4- d]pyrlmldln -4- yloxy)ethyppyrrolidin-2- -one;
e G T R P e e
ethylpropametiyBethiamihe;- Mmhimdazol -4-y1)-1-methyl-N-(3-m orpholinopropyl)-1H-pyrazolo [3
,4-d]pyrimidi n-4N?(|§1mﬁimethoxypheny1)~6~(1 H-indazol-4-yl)-1-methyl-1H-pyrazolo|3,4-d|pyrimidin-
4-amine;
6-(1H-indazol-4-yl)- -methyl-4-(2-(pyridin-3-yl}ethoxy)-1 H-pyrazolo{3,4-d)pyrimidine;
6-(1H-indazol-4-y1)-1-methyl-4-(pyridin-3-ylmethoxy)-1H-pyrazolo[3,4-d Jpyrimidine;
6-(1H-indazol-4-y1)-1-methyl-4-(4-(methylsulfonyl)benzyloxy)-1 H-pyrazolo[ 3 ,4-
d]pyrimidine;
| 6-(1H-indazol-4-y1)-1-methyl-4-(3-(methylsulfonyl)phenyl)- 1 H-pyrazolo[ 3,4-
dlpyrimidine;
4-(6-(1H-indazol-4-yl)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-y1)-N,N-
dimethylbenzamide;
4-(6-(1H-indazol-4-yl)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-y1)-N,N-
dimethylbenzenesulfonamide;
4-(benzold][1,3]dioxol-5-y1}-6-(1 H-indazol-4-yl}-1-methyl-1 H-pyrazolo]3,4-
d]pyrimidine;
4-(3,4-dichlorophenyl)-6-(1 H-indazol-4-yl)-1-methyl-1 H-pyrazolo[3,4-d]pyrimidine;
6-(1H-indazol-4-y1)-N-(3-methoxyphenyl}-1,3-dimethyl-1 H-pyrazolo[ 3,4-d|pyrimidin-
4-amine;
6-(1H-indazol-4-yl1}-1-methyl-N-(4-(methylsulfonyl)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-amine;
6-(1H-indazol-4-yl}-1-methyl-N-(2-phenoxyethyl)-1 H-pyrazolo[3,4-djpyrimidin-4-
amine;
6-(1H-indazol-4-yl}-1-methyl-N-(2-(pyridin-3-yl)ethyl)-1H-pyrazolo[3,4-d]Jpyrimidin-4-
amine;
6-(1H-indazol-4-yl)-1-methyl-4-(3-(trifluoromethyl)phenethoxy)- 1 H-pyrazolo] 3,4-
d]pyrimidine;
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6-(1H-indazol-4-y1)-1-methy1-4-(2-(pyridin-2-yl)ethoxy)-1H-pyrazolo[3,4-d]pyrim dme; N -3
-(1H-imidazol-1 -yl )propy1)-6-(1 H-indazol-4-y1)-1 -m ethyl-1H-pyrazol o [3,4- d]pyrimidin-4-amine;
6-0 H-indazol-4-y1);1 -methyl:4-(pyridin-2:ylmethoxy)-1H-pyrazol 4-d]pyrimidine; 6-0
H-indazoI-4-y1)-é:/i£‘g)n%t]ﬁr§jﬂf2¥é_-¥d3¥i" me-tﬂy;l/bj'éﬁ?lg)%%- ﬁgygég%%{%ﬁﬁ e

6-(1H-indo1-4-yl kM3 ({36nEthordgahbdysll)-Mitethythbklypleazdla[3:4sapyioTi dind b vaimiia -4-
1-(4-(6-(1H-indazol-4-y1)-1-methy1-1H-pyrazolo[3,4-d]pyrimidin-4-yloxy)piperidin-1- yl)ethanone;
6-(1H-in%ﬁ%ﬁﬂ-yl)-1-methy1-4-(4-((4-methylpiperazin-I-yOmethyI)phenyl)-lHpyrazolo[3,4-d]pyrimidin
e; 346-(I H-indag¢F8-yidakeinrétlyI-Thbihytar¢ioBothslpipdnidinidyy)aid)] {pipereziiz; 4 -yl)propan-1 -one;

6-0 H-in(?ﬁzoli-4-ﬁ§#é,l-methyl
4-(2-(4-(MBthylsuttonyl)piperazin-1-yl)ethoxy)-1Hpyrazolo[3,4-d]pyrimidine;  6-0
H-indazol-4-y1)étthhietiddzel-@y({(4} (metinylisu foryeh perafinyl)pybsraetn ¥3pheRydyrakolo[3,4-
H-pyraz nTTJ%‘%F?-(1:{:]3?]#/6&midine; 6-(1H-indazol-4-y1)-1-methyl-

4-(44(4- i/lfsu ohyepiperazin-1-yOmethyl)phenyl)- 1H-pyrazolo[3,4-d]pyrimidine;

6-(1H-indazol-44y®-Iihetbyt N4y né tmadipk ditlip da0mietdydthpytardle3%- d]pyrimidin-4-amine;
6'(1H'in§1aozx0|£§{éllk 1-hn(1)ﬁttyl - N-(3-(_methy_|su Ifonyl)propy1)-1H-pyrazolo [3 ,4- d] _py_ri r_nid.in-4-am ine;
6-(1H-indazol-4- If)-l?-me yl 4 (2 (piperazin-l-yl)ethoxy)-1H-pyrazolo [3 ,4- d]pyrimidine;
6-(1H-indazol-4éy()HEintettnyH-44(plperidietibylexdy) GbHpyredolo [3] 4 stimolniRiind]pyrimidine;
B
6-(1H-indazol-4éy{)HinvetoyaNy{B443 etieylimoYeropy k)t Hapyhakdld B A midipydmaidiine ; and
6-(1H-indazol-4-yl)-1-methyl-N-(tetrahydro-2H-pyran-4-y1)-1H-pyrazolo[3,4-
d]pyrimidin-4-amine;
6-(1H-indazol-4-yl)-1-methyl-N-(2-morpholinoethyl)-1H-pyrazolo[3,4-d|pyrimidin-4-
amine;
N-(benzo[d]{1,3]dioxol-5-y1)-6-(1 H-indazol-4-yl}-1-methyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine;
N-(4-(6-(1H-indazol-4-yl)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-
ylamino)phenyl)acetamide;
6-(1H-indazol-4-yl)-1-methyl-4-(3-(pyridin-3-yl)propoxy)- 1 H-pyrazolo]3,4-
d]pyrimidine;
3-(6-(1H-indazol-4-yl)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-y1)-N,N-
dimethylbenzamide;
6-(1H-indazol-4-yl)-1-methyl-N-(3-(4-methylpiperazin-1-yl)propyl)-1H-pyrazolo[3,4-
dlpyrimidin-4-amine;
N-(4-(2-(dimethylamino)ethoxy)phenyl)-6-(1 H-indazol-4-yl)- 1-methyl-1H-
pyrazolo[3,4-dIpyrimidin-4-amine; .
6-(1H-indazol-4-yl)-1-methyl-N-(1-methylpiperidin-4-y!)-1H-pyrazolo[3,4-d]pyrimidin-
d.amine;
1-(3-(6-(1H-indazol-4-yl)-1-methyl-1H-pyrazolof3,4-dlpyrimidin-4-
ylamino)propyl)pyrrolidin-2-one;
4-(2-(1H-imidazol-1-yl)ethoxy)-6-(1 H-indazol-4-y1)-1-methyl-1 H-pyrazolo[ 3,4-
dipyrimidine;
6-(1H-indazol-4-yl)-1-methyl-4-(pyridin-4-ylmethoxy)-1 H-pyrazolo[3,4-d Jpyrimidine;
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44246-( 1 H-indazol-4-y1)-1-methyl- 1 H-pyrazolo [3,4-d]pyrimidin-4- yl oxy) ethyl )ymorpholine. 10.
A pharmaceutical composition comprised of a compound of claim 1 or claim 9 and a pharmaceutically

acceptable carrier, glidant, diluent, or excipient. 11, The pharmaceufical composition according to
claim 10, furthe?egomﬁrrﬁé%na anygddiﬁ%)enaYthegégﬁlﬂclgge?{t)ggfgg?g ?rorﬁgaé’?e?i%t erapeutic agent,
an anti-idfigymmadors; agent, an immunomodulatory agent, a neurotropic factor, an agent for treating

cardiovascular qgg?g%?gli%ﬂi%gfz%ﬁ IQ’E?,’%??‘%'&‘{;“‘?L‘%%%%%& § Qp&j@%{gﬁl}gﬁg% an agent for treating

blood disorders, nt for treating diabetes, a fort ng Immunodeficiency disorders.
12. A compoyathphplaneiidior2etaim 9 for use in treating a hyperproliferative disorder in a mammal.

13. The compo%r)ﬂﬁf_i%@al%llg_%gﬁ§%&ﬁ&ﬁﬁ@g{g}%{i@éﬁé@ggﬁgﬁ{%ﬁﬁ;%fr_ér?]%%g% Jein the cancer is

breast, ovary, cervix, prostate, testis, genitourina stoma,
neurobla$mmayidiormechinskin, keratoacanthoma, lung, epidermoid carcinoma, large cell carcinoma,

non-small cell | AFCHAC I9CHS), g@l‘ff‘,”L carcinoma, | >ROCAIGIN one, colon,
adenoma, pancﬁr@e%@gigr?gg?%}lnom?t@rm ,?gﬁiﬁgfgr%ca cfﬁo%%%@#‘ereq&?g circinoma,
papillary@aindmeapsemifohanmelanoma, sarcoma, bladder carcinoma, liver carcinoma and biliary
passages, kidney sayGinoMa. PG Salis, Myelold, SISRIARIS,YIRNAma, haif pellss RupsalArdLy.
naso-pharyngeal,(pﬁfa&/nx, ﬁp, %r);lgue, m%ut ,dsma %tésﬁ?@,@ﬁon-r tumo, ?ar;fee%]%ggltﬁe, rectum,
brain andme@stral nervous system, Hodgkin's or leukemia. 14. A process for making a

pharmaceutical compasition Whish comprises somBIRIRG 3 sempaunA ehelam & onclaimSwith.a
phamiaceuticalIffgccept(;%gi%1 cgmer. ?g ige se O;F a%'gmpg)g#d acéﬂgﬁ%ﬁﬁclaﬁ%or claim 9 in
the manufacturéNef3a hitdivaiareht fob tremiohil&kidor ehdrapeliecthadthiemyoizedeidet- 16. A
compou Ing | im 1 or claim 9 for use in the prophylactic or therapeutic treatment of
cancer. r&ﬁip%%?gg%k?%\%?%@ﬁethod for inhibiting or modulating lipid Idnase activity, comprising
contacting the lipitt dinadezalith dir bffestive4ntpipitdny- amowthot vl ddhmoend dfcdladipirioridiaim 9.

18. The method.of ¢laimy 1.7 wherein.the lipid lsinasg i, PL#Ssthox 91 q§ meihod ofglal herein
the PI3K is p110 Qpha su 0unzlit].§ F 20. Aw?:omt%gﬁg% of cldi 1%)?92Ia§n for us% in |dn§ i |t|nglor’
modulating lipidGdhHsméeltidity iiNal freethealyphenyl)- Thectiorpbup arsdordihg lpyeluimied-wherein the
lipid kinage:is.P13K. 22. The compound of claim 21, wherein the PI3K is p110 alpha subunit. 23. A
kit for treating a P13K-mediated condition, comprising: a first pharmaceutical composition comprising a

compound of clait#-1 ot ldfaindozol-4-94- lanmttnb tibbiatede] A Fdmyuimidéorhpdundripengiisihg
reacting ﬂ)%ﬁ{éﬂ%ae;" compound: I
6-(1H-indazol-4-yl)-1-methyl-4-(4-((4-methylpiperazin-1-ylymethyl)phenyl)-1H-
pyrazolo[3,4-d]pyrimidine;
3-(6-(1H-indazol-4-y1)-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-ylamino)-1-(piperazin-
1-yl)propan-1-one;
6-(1H-indazol-4-y1)-1-methyl-4-(2-(4-(methylsulfonyl)piperazin-1-yhethoxy)-1H-
pyrazolo[3,4-dJpyrimidine;
6-(1H-indazol-4-y1)-1-methyl-4-(3-((4-(methylsulfonyl)piperazin- 1 -yl )methyl)phenyl)-
IH-pyrazolo[3,4-d]pyrimidine;
6-(1H-indazol-4-y1)-1-methyl-4-(4-((4-(methylsulfonyl)piperazin- 1 -yl)methyl)phenyl)-
[H-pyrazolo[3,4-d]pyrunidine;
-6-(1H-indazol-4-yl)-1-methyl-N-{(1-methylpiperidin-4-ylymethyl)-1H-pyrazolo[ 3,4-
d]pyrimidin-4-amine;
6-(1H-indazol-4-yl)-1-methyl-N-(3-(methylsulfonyDpropyl)-1H-pyrazolo[3,4-
dJpyrimidin-4-amine;
6-(1H-indazol-4-y1)-1-methyl-4-(2-(piperazin-1-yl)ethoxy)-1H-pyrazolo|[ 3,4-
d]pyrimidine;
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with a boronate compound comprising a monocyclic heteroaryl, a fused bicyclic heterocycle, or a fused
bicyclic heteroaryl, whereby a Formula | compound is formed: R1R4  and stereoisomers, geometric

isomers, tauto ‘ ugi c salts ther wherein: is selected from H,
C1Cr . O T SR O e o R BE . K o
Ci-C20 heteroafy( lrhénrdagi-¢30) HeteethalyNi< 3 eptishalbp Suhdhitoed witH-omeworlaidre groups

indepen cle CI-C[2 alkyl, C,-C,2 alkyl-NR1R11, CI-C12 alkyl-0121, C6-C20 aryl, F, Cl,
Br, |, -C%%@%&%Eg%FO)NRIRM, -NO2, - NRIR11, -NHCOR1, -0R1, -S(0)2NR1R11, and
-S(0)2R1; R2 it Btinalixdl-4-yIR3-iv etbid ctetbirsmdoarbotnintkigd- O2-026zhbiEr degiyamdin-4-
carbon-li ﬁ%,Cl-CZO heteroaryl, where carbon-linked C2-C20 heterocyclyl and carbon-linked C1-C20
heteroaryl are’optionally substituted with one or more groups independently selected from C1-C,2
alkyl, C6- C20 dryll HEiglaBi; 4; yEH3n M- NeE3(mEHZIMHD rBD b LGOI CAN(IBHBIRIING 2, -
NH2, -NHCH3, -NHCOCHS3, -OH, -OCHS3, -SH, -NHC(=0)NHCH3, and -S(0)2CHS; R4 is selected
from -NR1R13, -NRI2C(=-0)R1, -NR1(C1-C12 alkyl)NR1R13, - NR1(CI-C12 alky1)OR1, -NR1(C1-C12
alkyl)C(=0)NR1R(B{eNR160CG 0L 2-alkyleneh(C3ICp2reeobddyblylpyuRdd@1-C12 alkylene)-(C2-C20
heterocy, Ié(#)%)%\dmgg% Sialkylene)-(C6-C20 aryl), -NR1(Ci-C12 alkylene)-(Ci-C20 heteroaryl), -OR1,
-0(Ci-C12 alkylerie)-(C3-C12 carbocyclyl), -0(C1-C12 alkylene)-(C2-C20 heterocyclyl), -0(C,-C12
alkylene)-(C6-G30 aryl (UGG AbRENIGH CROhRIEI R R e 2 AlIENEINGIRIS,
-(CI-C12 alkylene)- (C3-ClI 2 carbocyclyl), -(C1-C12 alkylene)-(C2-C20 heterocyclyl), -(C1-C12
alkylene}it s mbaorasayiqaly ecreransetielifC e idmh dilitentny, (GRS alkynylene)NR1R13,
-(C2-05 alkynylene)-(C3-C12 carbocyclyl), -(C2-C8 alkynylene)-(C2-C20 heterocyclyl), -(C2-C8
alkynylene)-(C6-£20 arhp phespias feReTitonesrreie busim (G1 feriennapunisines: c20
arylene):{{2it:% teigmRave ¥hent Gaderd B -LChkifdB AURIRRCILER - S AeiRfRYEMBry agent
-C(=0)NR11211, C1-C12 alkyl, C2-C8 alkynyl, C3-C12 carbocyclyl, C2-C20 heterocyclyl,%G-CZf) aryl,
and C1-E28HRSRIBRILAINEY S BRI 2 RYISHRPISIGHOT, ARGBGIEHY, Eartog sanfionatsrbuydsrasyl, and
heteroary}, @ &HB@ﬂ%ﬁ)ﬁ%mﬁﬁlﬂﬁéa%m@&%%ﬂﬁ%%&&?Hﬁﬁéeﬂﬁfb%@fiﬁﬂﬂ srlsgteddram R Cl. B |,
-CH3, -CH20H, -CN, -CF3, -CO2H, -COCH3, -CONH2, -CONHCH3, -CON(CH3)2, -NO2, -NH2,
-NHCH3REsorsasneniabet enban gsent Brirsting bynpedasiase disordgOCH3, and
-S(0)2CH3>  1R1, RakaRdduad erelindepspdantoselaciechiamibls ¢l 1518 alkenyl,
C2-C8 alkynyl, C3-C12 carbocyclyl, C2-C20 heterocyclyl, C6-C20 ar;%, and CI-C20 heteroaryl, where
alkyl, alkERGTAgIRY R ERBYCyclyl, heterocyclyl, aryl, and heteroaryl are optionally substituted with one
or more groupsiindeperngeidiyRReetad-fiam 12, wHeRin kiR 260btoti HACO hiRor&elis Eider, COZH,
-CONH2, -CONHCH3, -NO2, -N(CH3)2, -NHCOCHS3, - NHS(0)2CHS3, -OH, -OCH3, -OCH2CHS3,
-S(0)2NIReIge (s SaL6TE 1 FIRa R pYERic I IS PEIRLS (756 EPB I OuTigF Ragh FIRABRBth RNk the
nitrogen @@&MMQL@MQ@M@@@H@@E&M@JBkﬁ,%rﬁa&:&%ﬁmym%ieﬁid%ﬁqoid bdhimselected
from C1-C12 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, C3-C12 carbocyclyl, C2-C20 heterocyclyl, C6-C20
aryl, and &3 HETERORA PR ARsH, Hike AiTCamgiNCirbbey Rt el faeagmarhingnd
heteroaryiigtecartinnally suhsidsiad Yithoane piIvRER it RdeRaRdeRty setsstedffom F, Cl, Br, |,
-CH20H, -CH2C6F13, -CN, -CF3, -CO2H, - CONH2, -CONHCH3, -NO2, -N(CH3)2, -NHCOCHS3,
-NHS(0)SEHRORS NG EHRniasE peipma sy i IS BE ASEIEI IO BIe RS- RIEHMY2, and
-S(0)2Chlgider cofcRbRAdRERaathes Withuieiregeralem oy whichthey pieaiached fosm a

C2-C20 heterocyclyl ring. ) . .
disorders, lymphoma, hairy cells, buccal cavity, naso-pharyngeal, pharynx, lip, tongue, mouth,

small intestine, colon-rectum, large intestine, rectum, brain and central nervous system,
Hodgkin’s or leukemia.

14. A process for making a pharmaceutical composition which comprises combining
a compound of claim 1 or claim 9 with a pharmaceutically acceptable carrier.

15. The use of a compound according to claim 1 or claim 9 in the manufacture of a

medicament for the prophylactic or therapeutic treatment of cancer.
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16. A compound according to claim 1 or claim 9 for use in the prophviactic or
therapeutic freatment of cancer. |
17. Anin vitro method for inhibiting or modulating lipid kinase activity, comprising
contacting the lipid kinase with an effective inhiBitory amount of a compound of claim I or
claim9.
© 18,  Themethod of claim 17 wherein the lipid kinase is PI3K.
19, Themethod of claim 18 wherein the PI3K is p110 alpha subunit.
20, A compmmd of clazm 1 or claim 9 for usein mhlbmno or modulating hpzd kinase
actmty ina mammal
21. The compound accordmg to claim 20 wherein the hpxd lanase is PI3K.
22. "The compound of claim 21, wherein the PI3K is p110 alpha subunit.
23.  Akit for treating 2 PI3K-mediated condition, comprising:
a first pharmaceutical composition comprising a compound of claim 1 or ciaﬁm 9.
24'. A method of making a Formula I coni‘i:xound comprsing reacting a Formula IT

compound:

with & bqronaie-ct)mpound compnising a monocyclic heteroaryl, a fused bicyclic
heterocycle, or a fused bicyclic heteroaryl, -~

whereby a Formula I compound is formed:

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

thereof, wherein: 7 .
R! is selected from H, C;—Cys alkyl, ~<C(=0)NR'’RY, -NR¥*C(=0)RY, -
NRPC(=0)ORY, ~NR¥C(=0)NRR", and C;—Cy; heteroaryl where C;~Cyy heteroaryl is
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optionally substituted with one or more groups independently selected from C;—C;; alkyl, C;—
Cs alkyl-NR'R', C;—Cy5 alkyl-OR", C4~Cag aryl, F, Cl, Br, I, -CN, —-CF3, —-CO»H, —
C(=0)NR'*R", -NO,, - NR*R", -NHCOR'’, ~OR"?, ~S(O),NR*R"", and ~S(O),R"*;

R? is C,—Cy» alkyl;

R® is selected from carbon-linked Co~Cao heterocyclyl and carbon-linked C;—Cyq
heteroaryl, where carbon-linked C,—Cyp heterocyelyl and carbon-linked C;—Cs heteroaryl are
optionally substituted with one or more groups independently selected from C,—C;; alkyl, Ce—
Cag aryl, F, Cl, Br, I, -CHj, —-CN, —CF3, -CH;0H, —CO,H, —CONH,, -CON(CHj3)2, —NO», —
NH,, -NHCHj3;, -NHCOCH;3;, —OH, —OCHa;, -SH, -NHC(=0O)NHCH3;, and —S(0O),CHj;

R? is selected from ~NR!'R", -NREC(=0R!, -NR'Y(C1~C1, alkyh)NR 'R Y, —
NR'"(C,—Cy5 alkyDORY, -NR'(C—C 5 alkyDCE=O)NRRY, -NR'%(C,—Cy; alkylene)—(Ca—Cio
carbocyclyl), -wNRw(CrClg alkylene)—(Cp—Cyg heterocyclyl), —NRIO(C}—C]Z alkylene)—(Cs—Cag
aryl), —NRIO(Cl—ng alkylene)—(C1—Cy heteroaryl), —OR*‘O, —-0O(C,—Cz alkylene)—(C3—Cia
carbocyclyl), —O(C|—Cy; alkylene)—(Cy,—Cyyp heterocyelyl), —O{C,—C; alkvlene)—~(Ce—Cyy aryl),
—O{(C—Cy; alkylene)—(C1—Cag beteroaryl), —(C1—Ci, alkylene)NR'RY, —(C,—Cy; alkylene)—
(Ca—Cyp carbocyclyl), —{C1~Cyy alkylene){Cqy~Cyg heterocyclyl), —(C~C), alkylene)—(Cg~Cag
aryl), —(C—C1, alkylene)—(Ci—Cayg heteroaryl), —(Cs—Cs alkynylene)NR'R?, —(C,—Cs
alkynylene)—(Cs;—Cy carbocyclyl), —(C—Cy alkynylene)—(Co—Cag heterocyelyl), —(Co—Cs
alkynylene)—(C¢—Cag aryl), ~(Co—Cs alkynylene)—(C—Cyp heteroaryl), —(C;—C;2 alkylene)—(Ce~—
Cyo arylene)—(Cyo—Cayp heterocyelyl), —(Cs—Cap aryl)-(C1—Cy2 alkylene)—(Co—Cag
heterocyclyl), —C(EO)NRIOR“, C1—Cyp alkyl, C,—Cyg alkynyl, C3—-Cz carboeycelyl, Co—Cap
heterocyclyl, Ce~Cyp aryl, and C;~Cyp heteroaryl, where alkyl, alkylene, alkynyl, alkynylene,
carboceyelyl, heterocyelyl, aryl, and heteroaryl are optionally substituted with one or more
groups independently selected from F, CI, Br, [, -CH;, -CH>OH, —CN, —CF,, —-CO;H, ~COCHys,
—CONHz, ~-CONHCHj3;, -CON(CH3)s, -NO», —-NH,, -NHCHj3, -NHCOCH;, -NHS(0),CH3, —
OH, ~OCHj3, —S(O,N(CHj3),, ~SCH3, —-CH,OCHj;3, and ~S{O),CHjs;

Rw, R and R'? are independently selected from H, C;—C;ys alkyl, Co—Cy alkenyl, Co—Cy
alkynyl, C;—Cyz carbocyclyl, C;—Cyg heterocyclyl, Ce—Cap aryl, and C1—Csyp 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,0H, —

CH,C¢Hs, -CN, -CF3, —-CO,H, -CONH,, -CONHCH3;, —-NO,, -N(CH3)2, -NHCOCH;, —
NHS(0),CH;, —OH, -OCHj;, —OCH,CHjs, —S(O);:NH,, ~SCH; -S(O)CH;3 —~CH,OCHj3, —CHs,
and —S(0),CH3;
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or R and R together with the nitrogen atom to which they are attached form a Co—Cag
heterocyclyl ring; and

R is selected from C1—Cy2 alkyl, C—Cy alkenyl, Co—Cg alkynyl, C3—Cyp carbocyelyl,
C2—Cy heterocyclyl, Ce—Cop aryl, and C,—Cyg heteroaryl, where alkyl, alkenyl, alkynyl,
carbocyclyl, heterocyelyl, aryl, and heteroaryl are optionally substituted with one or more
groups independently selected from F, Cl, Br, I, ~CH,OH, —CH»C¢Hs, —CN, —CF;, —CO,H, —
CONH;, -CONHCH;3, —NO3, -N(CHjs),, ~-NHCOCH;, -NHS(O),CH;, ~OH, -OCH;, —
OCH,CH3, —S{0O);NH,, —SCHj;, —-S(0O)CH;3;, —OCH;CH>—N(CHj3),, and —S{(0),CHjs;

or R and R to gether with the nitrogen atom to which they are attached form a C,—Coy

heterocyelyl ring.
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