WD 2007/ 114926PCT/ US2007/ 008395 KI NASE ANTAGONI STS CROSS- REFERENCES
TO RELATED APPLI CATI ONS [0001] This application clains the benefit of
-U S Provi g nt Application No. 60/744, 269, fil I <
2006, and Uﬁ%(?ﬁ%lr”(l)@?%ﬁ?onal Pat ent Application No. 60/ 744,9%,8{0?/?0?:19%
April 4, 2006, both of which are incorporated herein by reference in.
their entirety for all purposes. STATEMENT AS TO RI GHTS TO | NVENTI ONS
MADE UNDER FEDERALLY SPONSORED RESEARCH AND DEVELOPNMENT [ 0002]
The present invention was supported by a grant fromthe National
Institutes of 10 Health (A144009). The Governnent has certain rights
to the invention. BACKGROUND @MEMM@QM@@ Phosphoi nosi ti de
3-lcinases (P13-Ks) catalyze the synthesis of the
phosphat i dyl i nosi t ol FBBQ%%EBE%E &%&Fyﬁfﬂ%ﬁﬁ}f’lﬁf\?,@ﬁﬁz, and
Pl (3,4,5) {i’ﬁodﬁ’l Fiis 4gpliehtibn @dindlthe beh38BIf UKNPARBIARPPABR] AfBlicaRdbd Nbar
5P

cont ext, se three lipids cantrol diverse 15 physi gl ogi ca

processes ﬁégﬁé?rﬁﬁéé\w& g’r%ﬂ%?h%nds‘{hsv}’wﬁlwa} Prbpi el igeRes R e/ 744,270,
chenot axi i14d Apdiish) 2006,8oth ofA0RIEN are Fhcorpiratell GereBiMhy Mefomgeih 8BS dfirety for all
ki nases with distinct substrate specificities, expression patterns,

and nodes PBFP°P€qul ati on (Katso et al., 2001). The class | P13-Ks (pli

Cct, pll Of 3, pllQ d 1 are activated by tyrosine |dnases or
S obein coupl o TealiiRl’ s 00 BIGHRS el BN RE R SN
Eownst ream ef f ﬁCt gﬁéﬂﬂhﬂﬂ%ﬂhﬁS@@Eﬁ(ﬁEE’ﬂ@l cmphﬂqmmmztﬂl@ﬁmwzalm |y

i nases, o fam GIPases. T cl ass and HL P13-Ks.play.a
oy r o bl e e R e e ARSI P & B AL Vadiemal IgpeBies 45
and PL{ 3, #HekEh (AHe0PHEQKS Guivernpicdt Basteltbinatnss thhied ineamionol cel |
grow h (mMIORC1) or nonitor genomc integrity (ATM ATR, DNA-PK, and
hSng-1). [0004] The i nport SRAEKTEROUNEEOR MTHABSVERTUDMEr Se

pat hophysi y Jhas .made. t he RP13-K mly the focus of _intense

i nt er est L@ngngﬁoghgﬁoswegfmﬁég‘g{s%m%‘Fsﬁ‘i'tg?mz EP This

i nterest phesphatétyliostcd (PIpyecohe nteesapirs BISI PEGY) PN EndPIEB, 0513 (B1P3)
frequent | y, nut at [ ri.mary tunor el t,al., 2004) and . ..

evi dence ﬁ{a altlﬁggl’ilg? 'plﬁosp?gfoa??@?ﬁf%é}a{#ay‘é?ﬁ?’ﬁhtﬁﬁﬁetwe8‘!1"451@11?01 diverse
si gnal$ ngphyssolagicd mmurkses invhcting adleghotvihiyetirviia]) ph fis-sttatipeant lcRym atatls
Neel , 199 for r .to devel snmal | l.ecul e P13-K

b bi t or Cate ey 2013 Tl BERKIRN 2o e R OB SR TR o e

di fseasga (p;kbﬁ'@;itiqsi@@)'68§iogmdtt¢rﬁm)ld mddbsc)bﬂﬁﬁgﬂjf_ﬁfﬁrp(l‘ial?ﬁt a%i 2@01). Theclass I
i nfection S cer t,. and. ot hers). .
Recent |y, Pﬁﬁggfﬁ E g& ’ é%@c{’f@e& fd é/%%?fﬁcﬁ‘ &%ﬁéﬁ‘?ﬁ@%%ﬁ?mwm

i nhi bi t or soupledt reegpore hy yeresathBIRS, bdih engpes tewmdtfsampatatorabuch a3 QR5;
Condl 4t fe .a005: Jackson..at. al ., 2005 Kni ght al ., 2004; |au
et al ?‘? zé%ﬁ‘;’ﬁgéa’ﬁﬁ“"eﬁ% %ﬂﬁ%‘?ﬁﬁéﬁmﬁfﬁo ta; %P%?W%?Wgr iy @ﬁ&?@%ﬁ and
pr ot ei n sBFPBeKs hlagarkeyeoledn seselldmdradfiigking theduphshssyaitieestl TR and

cl asses [ i rifical, roles.in.re t d .
prolifer g%ll(%’ﬁg;oz? %%I#I?aéra?%%{eﬁ%hnf?cs rat critdieel ﬁ%?ﬁ@#‘ﬁﬁi“ﬁﬁ"mm
t hese pr ogaiomi¢inteesisy (WEVe ATRe IP6A K, iaall h8mgdi)sr upt

dysfinmetional / pat hol ogi cal pathways at two distinct points. For
exanpl e, WP8#al Theimpmtrughof thesssinagmks inakeerseqeaipiphysiology kAOWAdE thePE3-K

di | ' Thi i | i th .

ol s ity e RRUCOMudRerle a8 80CE ctpsn o Srud B (AREE lmAXizy i

t he seri nioferést borliene fiprlat oy thekeqratdiscaVeR thal 9 Q0K ROBERAL Iﬁmt'ﬂ*lemlﬁ@ﬂy

t t of i ' t t Il wt h L
brob 1 er T RRAUER of &1 00t it ool Bt B Rl Roataoass Mmedl ma it of

t rans_clr3 | PRIB A sigBilengupt 4 mmprnlﬁzlhﬁactiﬁﬁé patdrsaypresot ((nkle A Led Nasl, i!i£|399).
contri but S u n | Se racesses,  especla

Car bue AR BE LRk By YRR R B B R R B e FRG Bl o e 1

t yr ositne irfmasetiomandidoikimasalisaR1a08] pPl GKands@OR)] thHdaBosiPAl 6)viral

infection (the PIKKs) and cancer (p110a, mTOR, and others). Recently, the first selective
1




the Mr521 and Mr52V nutations in pll08 on the binding of the
different classes of inhibitors. [0015] Figure 4. Structures of

addi tional Rl iiddsbi tors and inactive anal ogs. [0016]1,@,%5@,0583)3
| C50 values (i.tM for selected P13-K inhibitors against |ipid

I cinases. 5 [0017] Figure 6. Inhibition of protein kinases by P13-K
i nhibitors. Values represent %activity remaining in the presence of
101.tMinhibitor. Values are average of triplicate neasurenents. I C50

val ues are in parenthesis where appropriate (pM. %0018 Fi gure
sets fort FleTseiihesscazaneshag bash 1spate (Cemas et alj, 8095 ]Candy Pete 260%

forth thergeeienae, fosaxhiphes: 40.1206% 1he eNAS 2005 GabRP&Q , Eb@yre 9 sets
forth the sequence of a human pil Oct kinase. [0021] Figure 10 sets

forth the e (008 emeefty@siau m&lﬁm%&séﬁn%&@omi?ﬁéh&é ﬁe LM OF

THE | N\/E finitions Abbr evi ati ons use reln

have t hei msmv@ﬁw@ﬁarotmeﬁeh@lawmahrqlwnéwtw ang peplifsigtion efeatiylar

arts. 5[ 0QdRiiyV\88l-8 msbsiitd MANhhBIt QMRS pidn SREGL Bh@th@}ﬁo{eﬁﬁélrto disrupt
conventional chem cal fornulae, witten fromleft to right, they

equal | y ef¥disienalimiolypienl eahygys gdwe diskinctagis. |queqafeelp!wen@%wtbrough

resul t frgméind kihag r&é’éﬁtoﬁ {Uebihqo hé @lmeﬁhlgﬂh I.ltl Qe\»le?zilttypeg o cance Hg9-
is equivalent to -OCH2-. 20 [0024] The term'a itself or as

part of afgtaliEe pgﬂ’B‘éaﬂ’l IEYRIKES dopEmsieam profelissugh ﬁ%?fﬁ g@a%‘% Rigepling through the

strai ght {drine/thrdoiin@peia kirlke M@E@Rﬂ k@abwh s ﬂ%rm&.‘riﬁl'ah&x hyglk 8EAbRaYcin) is
sat ur at ed, nono-

radi c r conbi ngtion,.ther whi ch may

or pord/ung%"tvmtgtrg ?atﬁ(ffn]& ﬁ’c‘fe&'&ﬁ"hfaﬁ'ano%ﬁﬂfj Hﬂ#ﬁ%é’ﬁ% S¥rvivgdinrefei synthesis,
havi ng thmdmisﬁﬁprtmfn mgﬂupﬁoraﬁmsnamgmﬁzeﬁzs(l cat@aﬁ@oﬂmaﬂ&gqa&or to

to ten car bons%] ngQ es of satur atﬁ gxdr ocar radl cal S, | nclt%g1

but are ndt UBIIRFT EH°6 PPy slip BT Y, ﬂ’éﬁ%ﬁ’“ Aq ighigpion that blocks
l( S oplr Oﬁyl actmtb of p*oxelﬁ tirutiye kinhsodnd s me@mmmehd mslch@&ezsyimoxa protem
cyclo ex

C and isomers of, fo
exanpl e, c|’c3°*1enr‘i’t yﬁldse ﬁgﬁggﬁ(‘rﬁ% ﬁgi)% Ip"teﬂt“gg? ?/tgp efpRt figuaking ) Ahtwo or three
unsatifr at @ffemnkigielgr Dopblesr otyge hﬂm{blti@l ’ﬁmesmﬁll Mol uthatidy) frapainddrughotency,
triple b , satur groups 4 WO
2007/ 1148%%%&5%@%%8&%86%%5 m-‘g"r’i’(?}1 %%0 erg ' are not limted to, vinyl,

2- propenyl, iSO t en , 4- pent adi enyl ,
3-(1, 4- peﬂnto %@i et%‘f ?reseé}t \%9,{]031 tﬁﬂ'ﬁ’ %“ér% “) 1§-*§%WP§PIOV&HH3 2RV
hi gher hoviis o BIBkidasesmrrpnaists] P325hasd bed tressine lahi%)élaﬁf&gombﬁ PRESlke Aa
as part of aroLher s bstdﬁéggn a,?ﬁ HI val. en .5 radi cal derived
from an arfl’lg TS 31x asgy PR B H‘PTIBEC'! ngSe AESNBLICHR CH -

- CH2 -- CHCHZ- - CHZCECC 11 2C113 Typical ly,
an alkyl (or al kyI ene) gr%&qwa%m%%ﬁ 1)@éhlbon at ons,
with t hos[ﬁﬂ@ﬂ}ouﬁbhahbamnijscﬂ:@ered ﬂfaemusaucwnamnaa QFBrib@l melaraef ﬁ‘cftérﬁd in
the pres r_alk ar "l owe S a
shorter %ﬁglgjﬁ&\é‘ﬁ er or a %’ﬁ%ﬁcﬁ§3§°mﬁ@ﬂﬂ? Hﬁ%’la# A I

f ewer carﬂiéﬁlmqgm()ll@n{lwaﬁ:]mlﬁnaset erm"heteroallcyl," by itself or
in conbination with another term neans, unless ot herwi se stat ed, a

st ﬁgl e stlfe0htIineme bspeet hisdpresemi mvemtorqy&hdé‘s el meagg%mgbaﬂfsqut gré)ﬂilg-
Cco atl t Sik.stin a ne on atons and at

| eas f(z 9on %Stee??%g?’poéﬁcke l&‘#%%ia’f‘ ‘ctt*ﬁée ggf‘gﬁé) Kgléaﬁg NyPwketPindps p,

Si and Spyewudiopfemaline artegomis bog &I8-Kphesghiafty poclan inditlef pirodd ki dRyY

optionall eteroatom may 15 optionally
be quat era%lﬁl: g&(ﬂ% ﬁhgﬁfegt %?n%gt o q}'pﬁ&%ﬁﬁmgnﬁﬁﬂta@?ﬁﬁw 3|°°H’é’9%°q¥¢9aeeaa
at any i mleKirase plgiityironkabindies metety. CEHeKBIB Iﬁnmmfﬂﬁ;tﬁﬁodkleeo@m tion

at Wh: 22 ?llr?%?ﬁlolgjﬁli%é é‘l‘t Otrﬁl.%gg-l%{hé ?ISWIHQEI%Q%e %ﬁ%f B}tggwazcﬁopynnu dine
- CHZ CH? coppTMgs GOWJG-QPN(-K}%)?@ THBity peidEt Wanig nididty. Likewise, the PI3-

- CH2- CH2 Iﬁrgsghf%pob@%'hgﬂgg %rgglgﬁ%dinegnﬁ%his ) %'i_'%rie preseglt mvgntmn are
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[ 0031] Where a heteroal kyl, heterocycloalkyl, or heteroaryl includes
a specific nunber of 15 nmenbers (e.g. "3 to 7 nmenbered"”), the term
“nmenber” refigsLRLSbR @ carbon or heteroatom  [0032] Thg4/8E58h70%0s
as used hereln nmeans an oxygen that is double bonded to a carbon
atom [0033] Each of above terns (e.g., "alkyl," "heteroallcyl,
"cycl oal kyl, and "heterocycl oal kyl", "aryl," "heteroaryl" as well as
their divalent radical derivatives) are 20 neant to include both
substituted and unsubstituted fornms of the indicated radical.
Pr ef er r ed suhstisutéd parlepsiripridegermpyprds spniaidicoaP Bl waps it potket binding
[ 0034] Su?ﬁh%kuents for alkyl, heteroallcyl, cycloalkyl,
het erocycl o nonoval ent and di val ent derivative radicals

(i ncludin S

het er oal k??dedr%g Eiﬁ%er oat Een’;e/tF1 £’ﬁal‘n'%{tnyl nﬁ&y@f’ %iL"{ ﬁeelt%#%g%l{a%%qlﬁf/?ﬁ
cycl oal kefptmulagt), ¢Sirkébeloveycl oal kenyl ) can be one or rore of a
variety of groups selected from but not limted to: -OR, =0,

—NR' - NR' RQ10] SBh anethe aspent, the BreRbrRimRentiorORO0)IVY metBp0] dPddreasing the catalytic

R0 0) 01090 a8 fipah ks o UGG The mgli G EE S pjsper gpntciing

- NRSC2R' , sai@NInkihasdNGZh Matﬂmwnieaieasi@@nmglt bf o norEpsndiof the pitedch) J,nvennon
vvherein Fﬂi?@ 0 |n S 30.radi ca
R', R alr(ucf %?I%% eac%L re ﬁ%ﬁ?& bﬁ:ﬂd‘p A}lt oni r er %Omsnyggo eul'rli

substitut het er aI k sub titut
unsubst i t E@ gf cyc ﬁé sgé& SPIET é‘ir%‘i’d’tﬁg"%ﬁ ¢ fntfﬁjé’& of\figeting a condition
2007/ 1249 M@’d@gﬂmmﬁ nyhﬁmmﬂwwd tyﬂmh&ﬂﬁhﬂie&dctﬁﬁty, PI3 Kinase

unsubstit I wih 1:3 haI ens
cubst t ut eyt bR dorty B ¥ pPUORb b Mo Bt Thal e SREDS s rOR
aryl aLkyl agrwtyps a Sﬁé]e@sedemfeﬂunh treaimet | Thexyethal inulndesadoministdeiyl to the

attached 3 é&d?@ %éuﬂgﬁfy %Eechb@mﬁ&in%%f‘!&go&lﬁ&ﬁﬁg)gﬁ n‘%l e Iteriltent(i)c;( ‘f{’ a PI3-

radi cal . e Invention i an one
group, 5 Ke?asekﬁmﬂye’ﬂde@@mdmgmomsgrmme&mgomdebﬁnd@mny sel ect ed
as are each It, R', R' and IC'" groups when nore than one of these
group$di-s present Wien BRIBFIESCREBHON ORJERIDRAWREGSane nitrogen

o or 7 AR PO TMIBGR b F o b2 Sph st iV ierigpes

r| ng. For exa
not be i Prth’Téd‘{tlldubllorS pyrrol i di nyI and 4- mor phol i nyl . From t he above
di scussi on of substituents, one of skill in the 10 art wl|

under st aniP0iBht Figvge 2 élistnatealswcttureis sfmer@nn—sbbcﬁvm?mde irgribitges. AN Slhwsdfurgof

nal oal kyl 208 U8 08 sl e e Yo Ry F B rgpe .

3, - D) CAROTSEBentandll réperiell PE)-K HBIBBG] coStrysthipstrabarsh s bTa hdolpﬁsrﬁxﬁlp

descri bed I substi t r_ar
ana. het or SRSy i R ERE, BRUGCHETE ittty 3o Eh oF toliuiielpoive
vari ed anmaiiimlﬂ&t@ebemdetd fliom DS Strugw@spt modélabogmiti-taried PBNﬁlﬂi}nbltors

"SR, -h RR 124 -0QOR, -((0)12 1 - 02121,
C(O)NR%%%E(S%H) -NR'C(O)C(12)1 -NCR:'( )C(O)NR'R' N C(0) OW

- S(0) 2 Roll Ng%mwmes% A e st P s P B e ity poe,
f I uords Cl ACHetheaxeof PIRI3 b § 116%):1%?2% ambaez%f‘ﬁi@*%%idlﬁémgim

from zer %o%e tlf_-ﬁ(al nunber of open valences on aromatic ring
system 294pare szanamled%eabeépéml% REG28A deriedtya m-
sel ect ed gHeasnilecthe gEmity pabidt] drdtigid c@:ﬁp&ﬁﬂipﬁoﬁ ]El'(%}?% ﬁ'aiﬁ%{ the class I PI3-Ks.

substituted or unsubstifuted heteroal kyl, substi

unsubst i tErtEEELHREQ eI ICE)|values hetwicpm muting pod wHditwe foup BLPS inhibitors and

het : . hsti.t ut
N Ty e i e A bR R b R

30  inhibitors to wild-type, M7521, and M752V pl 108 (Right) Models suggesting the impact of
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[ 0048] The conpounds of the present invention nmay exist as salts. The
present invention 20 includes such salts. Exanples of applicable salt
forms includg, hyd9eR! orides, hydrobrom des, sulfates, perus2007/008395
met hanesul fonates, nitrates, maleates, acetates, citrates, &mutates,
tartrates (eg (+)-tartrates, (-)-tartrates or m xtures thereof
including racem c m xtures, succinates, benzoates and salts with

am no acids such as glutamc acid. These salts nmay be prepared by

met hods k@g\w &8 t‘a% ?(i |led in art. Al so included are base

addi tion S8NEdgn 2{SEEHP R Bl SPen thabinding of theriifimensslagegs of

or gani ¢ amhitdtor©Or magnesiumsalt, or a simlar salt. Wen conpounds
of the present invention contain relatively basic functionalities,

aci d addi fooesy salguge &asumu&bbﬂém%xﬁymwmﬁﬁewgga&é“&g@@&ét%,@logléOr m of

such conmpounds with a sufficient anount of t esired aci t her

neat or ifmogePUFigall £ IR dal l(;}{m E‘ﬁf&%h%-ﬁ mﬁl%(i:tgpséagg%g%ﬁ ?H%IQ (iidnases.

addition salts include those derive rominorganic a

hydr ochl ok 30: ): itric.. carboni .monohyd encar boni ¢,
phosp %2 ri [gb%r?o n gﬁ%ﬁ% genp E o‘glfo%@rr%’%%lﬁ%?ﬁﬁﬁg%g%%%ﬁg@ﬁ?}%i é;,% FREPSeRt %
rmnohlyflr OWENEY rdneaiining irhslxtbrnrgndhm ofc0 M@ﬂgﬁ@crrp E\%aliixgd ﬁ%ﬁ&ggé bRyribiikss
as we sal t rived organic,acids like 10

2007/ 1143@%%@%@%0g?gﬁﬁfé’é‘@%afﬁd‘g{’?’&?ﬂ‘ﬁ‘w}lﬁﬁPEI,’IOP%B&%W{ c, maleic,
mal oni c, ﬁﬁgﬁmﬁig SL%Ci nic, suberic, fumaric, lactic, nmandelic,
phthalic, 2 ehigetn £ B Torthghe gaapencsiof 8 hpman pi 10 kinasear t ar i c,

net hanesul fonic,. and the like. Al so included are salts of am no acids
such as dP§iHatBiguish sefrcforthias seanencs of p duwhn pt Ifyrkinaseci ds | i ke

gl ucuroni c or galactunoric acids and the like. Certain specific
conpd@ndd0830]t Weigsre sstsefotthitieveequémsa of @ htmimp biiohkinasi ¢ and aci di ¢
functionalities that allow the conpounds to be converted into either
base or d@921}adtigtiedo ssalfbsh tHeG4@hed Bea MaHAT §l10RUiBRe Of the
conpounds are preferably regenerated by contacting the salt with a

base or acid and i sol aDBEIMLES DESERIPEOMPOHRYH Pfr{,g enti onal
manner . ‘{he pyeﬁpt formof the conpound differs romﬁt’lggﬁy/ari ous salt

fonts in“tert nbfﬁ%}?i cal 10properties, such as solubility in polar

sol vents. [0050] Certain conpounds of the present invention can exist

in unsol @28l fAdhbrevisdonseistd kseindlavedbett cbHfeiBondl %aﬁﬂﬂgﬂﬁﬂﬁﬂ%@éh%&écal and
forngg 'gicggégngl%s the solvated forns are equivalent to unsolvate
forns and are enconpassed within the scope of the present invention.
Certain u f th esent inventign may exist in nmultiple
crystal | ?‘?\%Bgr qgﬁn%rgﬁﬁbgﬁguc%ﬁ'iog?s #F SR riaeir cepvenpipnal chemictlolormulas.e
equi val emtitfenironhiefius eight; drtyespiiat @dobiypadshiBe SHega eIy iHEMRAT %‘%g%@?’qs alf

i nt ended i & D he scope of the present invéntion. [
Certain g%?r%igﬁsh sé%%uél trﬁggtg?ﬁmfeﬁ?ﬁh’? o [l €8s sCHeOnisesguivelephiobon

atons (of®¢dal or chiral centers) or double bonds; the enantioners,
racemat es, di astereoners, tautoners, geonetric isoners,

st er&bi si92¢k i Ihé Grme alihat’ bytitgelber shafakFinothtr UL mRROLULE rwise
st ereoc bt . (R -.0r (S)c Qr s.(D.- or (L)- for am”'no_am S,
and i ndi"ﬁ'??%%}a %ia‘s%‘ﬁgge?‘%‘gr)%”éehﬁ@o%é?écg‘ad é\?%“ﬁi‘ﬁ cyHis hydepsarhom redigal, or
present §osvipaticriherffe whinipoaniskstulll sithetdd efaet od ;fb\lﬁﬁisktgfhtéﬁ)armﬁn include

i ncl ude &hosemhli . .in.art 1o 00 unstable to synthesize
and/ or i sol at e\.ﬁm'l‘{ enfo{aglscgjr%?w ﬁ%rltﬁ f‘%??{j?rsoq'eﬁé%’ﬁ? afogns drsizndied dbmsadhds

i n r acerf'®eraREC Epfeh cabbys)p fixemples wh satptet dgtidoyad6h ratte A Fhc1 @8 bk De not

or (o) - 57 pared using chiral 25 synthons or
chiral rlggge‘%t@s?’bg%ggé Ve u’selﬁr?g’ %%Wygf;fﬁOB%RP’ﬂi““ b (R, isphutyLishe

conpound¥tieSttabeey. frzploherdomtailncislaptopyimethpin Hom6log bR lsofRRAL Y fr Of
geonet I ickampihHy | ecified otherwise, it is intended
that the cp?}poungié@}’rﬁl%gg%b%?ﬁd’épgﬁ ’?@%‘8 7 3 IS HESS alkyl grgpsizpne

aving one or more double bonds or triple bonds. Examples of unsaturated alkyl groups
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paranmeter such as abatenent; rem ssion; dimnishing of synptons or
maki ng the injury, pathol ogy or condition nore tol erable to the
patient; he rate of degeneration or decline; -
final point %Ebggg{e}%eratl on | ess debilitating; inprovi ng a pa %éotr(])%h 3
physical or mental well-being. The treatnment or anelioration of
synptons can be based on 5 objective or subjective paraneters;
including the results of a physical exam nation, neuropsychiatric
exans, and/or a psychiatric evaluation. For exanple, the certain

net hods pinehelnfied atearce limitd g odsili2-byoptmdadrotyl aeiempdnyendb Cr haidiegyl),ed-

|nC| dence_of and qr..ca em s n_of [

ot eoti vEBEE 1S RRRaHBEHE <Rt r B SR PR pBung 130 (i ither
treat nenthorﬁalogsamsamem or reduction of a synptom or syrrptoms of a
di sease. An "effective anmount” may also be referred to as a

"t her apeu{nﬂaa] | Chetdracailgdenaltby fikelf ores pastdif @hother ' subftitacts yueho adomlent

synpt a tical ival én hi s. phrase)

et eat: i Ferivel Bt i R oy Benifed vt BRI RY SRS R Gacr-

el i m nat i aCHMAE+CECRY-PCIRCsTCHA., ~OHOPHCEECH,CHl, CH: YTH A C Typialkyyanaikyl (or

of a drug_ts. an amount  of hat en ad st ere

Subyect - CpieRDL AR Bt Reyeriith hdu gt prbBh g eRer Tk Bopb Blours hgyifk 10 or fower

pr event i ngarbén stemapeing phdferrahighe pkert GORGHGT. €A CR)weR addyxe:as‘&owmalkylene is
or r occurrenc ease

e, 's”’é’yt Sfostes S afkpflor f“a?igfgﬁrqi@%eﬁerglﬂx G R R f@éa% i
Saea®Y BB The B e Broalh s 39 Gete 3P TR o ot i, means, unless

ef f ect [ veotamusﬁ stamy, statde straigistoe bettchad cham, ﬂﬂ’cymié ayadm.rnbﬁ kddadal, @0 S

An "activj tr;{?mgwq,g%%e?é‘? s untta e one usce g %ﬂd{ig ?%quﬂ%%"é‘

amount of “&@n agoni s reQU|re e PLY
rel at ei veseti@tddrfeoratﬂsagroep o¢nS£Sheg aﬁOanoPu &tandls ﬁﬂdmhtmmhdnﬂragpnl ng

anmount , f ni st Lre
o dt s uptoop st M0 Bl mEhty bRdnify BRI e ond i el ESHl By
absente ofptidnellabe algmmmed F‘@@B@]:roA@nu{s)dﬂ, Naeit aldrs amhﬁl ma;nbaglamcsétt anpr

For mul o (1ot PoshitoPE ERloal Y Bl 8P E bESortl o Rak STBRMIR factod o
a Pl 3- Kithasenainddrsif the spolokue. Bxﬁdplngmpmdaznﬂt@wmhnduedeo aﬁﬁhglm—@t@ﬂs,

ot agont s o MECH, e N LR, R R X Sl ety (-G
For nul ae fiz- €5- Sé@)ché@x; rBEGHHOHGH), -Bi(CHn -5k GEﬁ%HQMﬁHst—éZPBﬂJEI@Mms)-
I n ong) asgagie-cidle.d 'aﬂef eply. W R 'ogﬁﬁg{]%éf%oat%hﬁ% be confl.ecutlve

ant agoni sts, The k| nase ant'agoni st s ‘may I nase a
pocket bis¥ghag fenvaywis, s@Hé'@%‘é'Oféiﬂ{lQ AhfSEiEH  )mn| Sipilathn the term

2007/ 114946RCTA ynggﬁgg' aﬂjﬁﬁ'g@f athth’ Elﬁ)gh gﬁt%ga!ng Bﬁ*&ﬂérﬂ L Qfical derived

antagoni st, or P13-Kinase affinity pocket pyrrol opyrimdine

ant agoni sE9meterpaliehyrs sramplifishp C& limited thé?}f-zi KSraHe CHF pud +GH,-S-

pocket bi@odi-agr |
cont i ng 2 BT Ko o 1oy ioat B .hﬁ‘@.yﬁg‘%%%é% SRR URHE or ot

P13- KPnas® 18§ fhat tepmive (et a‘Bﬂﬁﬂ?%@ Hylspsstioey ﬁieawemga adhrlalg@mr@ne, and

of the priesdRrd). iSHVIERith@NfoR R yEAR Shi hé&%@%@%ﬁkﬁggédpsﬁwsnéﬁmﬂw%
cont ai ni gg)éca P13- Ki n as%‘%\ fi n| ty ocket bi ndi ng ew se,

PH- Ki nase 5116 fPYR S50 lsﬁ?cﬁ‘??@ ?Jy&“r"é*rlswlﬁfﬂﬁﬂ&ilﬁef fé?ﬁtl’é%ﬂmi @tnsp !@ﬁmtten-

the presem ekzﬁﬂ;ﬁet the Forafula %@@Uﬁ‘%ﬁ@sd?w Bdth Qémjﬁn'déﬁtﬁ—l@@'ﬁé
contai nin nity pocket binding noiety 5 The

3-Kin a
P13- Ki na hf"% APeYP: P E éikyh)ﬁlﬁ’é%g% Hesddieein.dnejuds ithess greem thipdre pttached to
upon 300 ahmteamﬁnd&goﬁmahnol&aue fdoubd) sdetddoatorhOdtich & -(HRS bt@)’?&@ Nkt s

o otk R SR Sy Rhog B esidd Rl e bipuae praveeee

heteroalkyl groups, such as -NR'R’ or the like, it will be understood that the terms heteroalkyl

3



R 23, R 24, R25, R 26, R27, R28, R29, Teo, R3l, K32, and R 33 may
i ndependently be hydrogen, unsubstituted allcyl, or =substituted

het eroal | cy 7 R1 may be R3-substituted or unsubstj !,
b b i shogbly

R3-substitu or ‘unsubstituted 15cycloallcyl, or R3-subs
unsubstituted aryl. R 1 may al so be R3-substituted or unsubstituted

al kyl, or R3-substituted or =substituted cycloal kyl. hi sone

enbodi nents, RL is R3-substituted or =substituted C-C alkyl, or
R3-substituted or =substituted C3-C6 eycloal kyl. In other

enbodi menf’d -NRR} grepmt sestyadant o sptuntly ghelutive. i Ratherdthelsp@dfie hitptoalkyt groups

B.3- SubShidrbiRd QhdESREL ! » :
or unsubsti tutledtC?,-CG Z%rgﬁg’ﬁgg%kggﬁii 1 %ﬁé%%égkﬁﬁ?@g%%f#%hw

etc.). [oevapdingspeetfichetereatodEroms: i Pothedikst i t ut ed or
unsubstituted al kyl, R19-substituted or unsubstituted cycl oal kyl, or
R19- subst 14037k d T8¢ tarms(ingelealklE andiaterofi@loatipyl a by thapaseBies Or in combination

SUbSU T Ut Gk Qe REMISIebledlift bl Winerdi2d B3 8UISLL g&g@ﬁaf uliRybsld tut ed

cycloal kyl , or R 19-" substituted or unsu
enbodi nentlsterpadkyls, mepreivalyt Additienally, fadstesedysloetiyl, echetdriiatbm can occupy the

1219- subspbditided wHichine WBgtdcl il 8tk Oa] - #g&m
unsubst i tgt Ed a}%lk Icor unsut?gti tuatled cdy}glﬂgl:cﬁlﬁr{dg{)%%gr%&% 0 |nerP€%s,°f

R19 is u Wi Bytaeanedliggiteddp, flvnpys pyrlerxad dtojsioheydnyl, 3-
[0077] | negomdtRxeiyiQdicBastS1, alfPtHeSike4 ER MASEE Bfﬁe@&o%cxéa]kﬁrmclude, but are not
R4-sug§t|[iutte(gt Oﬁ]_g ?_Lébétﬁ:l tuted | het er_o_arﬁl. R2 may be

R4- subst i FEEUDhE {} > Rprayseen sy R ol Biretidenb tnipuidinyndypinetiginyl, 8- 4-
30subst i t mibgthobiyl Brentaphidlingl, estrapyaiogiradb.vi, Rdn fasiad Ui o ien-2-
unsubst i tf’&%g&]? t[}%msdi nyl,. 12. ,Afwsub_sti t,a(t ed or qnsubst?lf uttrealéydmﬂmm:2 v
t hi opheny!®; %’ Bt |"¥]t’,|¥é'BIPS’faZHW%l}E%‘P?IPH%‘ﬂdaIfWﬁHb‘F-, The termgyf'pycloalkylene”
2007/ 114926PGHB20TKPRAR IR Ub Bid divilad d@;ﬁvdﬂﬂ%&l@ﬁ&jcidﬂl@ﬂ ahdrdol yl,
R4-substi1§e% gd nls urfsrlébst{'.t Lft ed benzoxadi azolyl, R4- substituted or
=subst i t Ut B PEHZOd IR ve - subst i t ut ed or unsubst it ut ed

benzodi ox , R4-substituted,or ungubstituted thianaphthanyl,
R4- sﬁ%st i @Q#Jd glr""‘ ﬁfﬁgﬁi‘)}ﬁl?t?ﬁ é‘&f"&?‘%r Y HISseiyphion as prit.of apetbit wbaiuent,
unsubst i trutmd ualagartindrylise sRded; WiifiboiihellcBbring, brombe! bt BUBR atom, Addi_tion.?.lly,

5t et rahydronapht hal.enyl. R4-substituted or unsubstituted quinoliny
RA- subst | PUTCHD A TR ot BT P i FapphalReleh ssdmot hadaalion. For

=subst i t uixeckplpy thiederpy 11ald (AY4C,)aMyTS ishsdantisirR iRl bif 2uP8s litiugeh,

qui nazol i 4 < i.t,uted. or =substituted chronenonyl,

da- supst i TrEgmsIL 2k il SanEL 4B oot romromominstt dalise o

i . el Cdinvl . Ra- . - .

sonc e e PSRBT B, IR AR st s

benzof ur dwygtocalRdn subixsitiehtivhithean ba s sipglei inRE neliliyd rRpb GRZ AP ESY! 1 to 3

12. 4- S“bi-{ng%)%dl%gh or i‘HQ%%bStthtrgt .egd b;&z}ﬁlo d zolc%ll{elga or " . .

R4- substitated or - unsubstrtutedEnER2ouh o bress so y8[The teree betgraary:

enbgdi !’TFIIG%I,('; tRAryl grdvps QQI bﬂi: gs{ lhh%cbnﬁi@bﬁ?i_n,on@i% Mﬁ%ﬁe&éﬂé&sﬁs ?ﬁ teacé-; separate

=subst i r di_n - i e unsubStitute

qui nol i n;ﬁﬂ % I&ZQ% s‘%%s%%#lgi %nrgshﬁei?fz%ti?‘frﬁ E)’ Pﬂ‘gé’z‘&gwlﬁ tha niftpger pad safyr

or uﬁéub@tc’imwedp@!iaﬁm okitjaed] mﬂahghj,trzgén Rén&s)lﬁ&ltéﬂtuiqﬁﬂy %{&at&%ézﬁ% A 4

unsubst i F&HH%E&E h;él . : | al ogen, -CN, - , or

may al sothl;l%e mpl'y “be “hal 35?%?3%%%8@1§F%€?%e IPﬂlcg‘élFtﬂéFPHg}éﬁﬁ%THPfh%t s,

\;szl is ha§;ﬁ;ﬁ@t%r3?t;9n-&num)g/ﬂxa&nmwﬁrjrlmn&hé%tdaqu (giciub)s ,indi‘&dez%%gylV\fmagﬁ{Hy],
are in AV @ L N0 = EUR o] gt \ Ay =- .4 is as 20 define

above in t_hg&gglgg]r i%l_ﬁngr;lh ﬁﬂﬁ(‘—;@é i 25 #?’Pém?}?ﬂ%mﬁ’w 2pimyidazglyl, 4~

subst i t uieidaelyl=gupsinyk dtaxdzdlpl droazalyl, Dphanybatixaubl soxzsMDILidkeg:,

het es@cygl;gad . gl r i ts. 11N i§5.a.,6.t0 7 nenbered

het er ocycl,loalld%/i%l’ zrl%éé?%_?l‘?ggg%%&e}?ggttﬁ%% ‘gwog'r@laz.osl}flha'sffjryﬁ’rﬁ'gﬁﬁlez“fhmnyl’ 3-

embodi nefiewyl 2resgidxLidspysidvlidap yridyb2-praihigyly Agatintiayie d-tenzdiadolyl, purinyl,

2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, 6-isoquinolyl, 2-quinoxalinyl, S-quinoxalinyl, 3-
6



oR2 (X). 15 In Fornmulae (I X) and (X), above, R2 is as defined above,
for exanple, in the description of Fornulae (1), (11), (V1l), and

(VIT) abovey dﬁgﬁﬁ]mkn sone enbodi nents, each substitut %1%5%{910083);
descri bed above for the conpounds of t he present invention

substituted with at | east one substituent group. Mre speci f| cally,

in sone enbodi nents, each substituted al kyl, substituted heteroalkyl,
substituted cy-cloal kyl, 20substituted heterocycloalkyl, substituted
aryl, substltut ed het er oar aryl (G -C6)al k and ) _ _
het er oar yR{ieslyegnd prapmolds é?%é@ @%v@etﬁl‘@a@b é@?ﬁﬂﬂ% fisgd s [tragtuies s which

one substattlb@abnegﬁ@g;ﬁcluhéh ANERT wRNBABIRARS s@stlhﬁﬁétfop&%h%a@dxﬂe rBfed aryl
t hese grou are stituted with at | east one size-limted

subst i t ueHtd RFEIORY! RS SisiFES AR pejecteq frpra dhg srgpr obpccspipblspubsiiisatsyleswibsd

ar e subst bdlole thekdois Ehryle@iaS nd iR tdrEWSlenS R kd HeMfivaId:e E"eﬂhcajxsgofa\bﬁ and
2007/ 492 PCT/ US2007/ 008395 [ 0086] In other enbodi nents of the

conpo DALY Pe, each substituted or unsubstituted alkyl is

a substlt@Ped o, unsubstituted Cl-C20 al kyl, each substituted or
unsubst i t P3H nEPRETERIY e term Jarylwhen ysed i cambipatismsyith efberferms (.20

menber ed &19loRt ol bibxo, Q@Qﬂkﬁl}l lﬂﬁﬂudeﬁbﬁﬁ 1 248 ﬁ%ﬁiaﬁl‘ﬁn%g S YEHRAlEWe, | S

a substit ted or _unsub ,ut ed ‘&}/ oal kyl , each substituted
or unsubs Su?‘@aefﬁbtaé‘?‘&ﬁv |léa}eﬂwo 1%01 edhipsetn lsﬁl%al whwhﬁseaétgmumred 4

to 8 menhemeskdetaantey Q}oﬁl@'(gy beﬁz@@%ﬂbne%ﬁ%ﬁﬁfyhﬂ%}ﬂ an@%ﬁé"hke) 1nclud1ng
substltut d orlgténsubstlt i's a substituted or unsubstituted

a - Cstal KPS AR Fraips & éucwnlﬁﬁ%*atsgs, i*megaflqﬁr@t%%amweqnsw@acedby, for
subst i t utexemote, msn@ﬁalatdﬂﬁ@ngpﬁaﬂoﬁwﬁaﬁileQ%h 2yaahky b.(1each
substltuted r un ubs gé_ﬁdc Kk |sa10 substltuted or
unsubst i tHPEEY %@ %‘%S &%ﬁﬁ 31’?t%‘ﬂbs‘f%]‘{wleoasd’rsedheremlsmeamm
unsubst i tawgdadipaa/ﬁmt}oet[mﬂlvgﬁhcbr&tﬁnﬁdrbhﬁlbgéﬂsed or unsubstituted 5 to
7 menbered heterocycle alkyl. [0088] |In another enbodi nment, the

conpou nds[(m.ﬁ] FoWnutean lﬁdte)roamgl, Heteroapdloflkylpby he@émirk}?nﬁ&@é) ifld S of
in Tallgl e bgersgl H#t ',ll' PIS%Q ngse ALfinity Pocket 15 089] The
term A&t £ii (PN € eI [ WSHRbRE T8 eﬁer%t@faé?a@qn@réle@éﬂﬁt@}
Wi t hin P, 013,“ J,, 10 and pl1108 corresponding to the lightly
shaded rn]er %’%ﬁ s r’%%d hesoin means apepcyep thep & darbledsamdad toa carbon

Pocket . " aFangures 2A 2C and 2D illustrate a conputer nodel of the
pllay crystal structure. In pl 10y, the surface of the P13-1C nase

af fi ni ty [pessjetEdch diabeid, teds (b%a,sﬁlldgg meertémaﬁayi A hﬁrcﬁah%’id chai g) of "
nunberin see I gure e

K833, D964, 187 19
surface oﬁét{g’??gy“gg?%}gp 558?%& a5 wyell £3 iy Gvabentiepical derivaives)iane
part 20by nidaet ®iideluddibath sﬁﬁstll(ﬁgcgand&lﬁbstlﬁﬁ&ﬁfonﬁﬂ of HESddibAdd Mdical. Preferred

nunberin ure7 e..c es di cavity within pl 10a is

bound,  at®d et“"ﬁ %%?Pt%%?}]}?ﬁgﬁﬁ%‘% M hdows Kks02  Do33. 1848 and

D810 (pl rin e Fiqure The correspondln cavity within

p11013 i‘%’éﬂ gg%l%é?mgfgﬁgqf ai“??/1 : 031@ DR alyldetmayiraly] KRO5Valesand

TR s ey S T R
inityy i s S I nas

affinity %g% aﬁ(ylcnfi #Tﬁ%ﬁﬁ@ Bglg’qyz'fcé(fﬂro@ld ]t'BEtﬁ%’I“é‘flﬁalﬁKl fydogliay} and

af fi Eﬁ t yh?embmioalkedgewasme dnber Ribde & &I%?Paéff @&ﬂskeﬁﬁﬁtéﬁ%n?%fghé&%ted

may be rgfenye i ni ocke he I nase

af fini ty%poésé c% n%ﬁﬁd‘g‘l ﬁ@’s%ﬁ k V\;'I’ﬁ{il &%8& PRSP B,

30 and t*‘w’ﬂw’ AN RCOCOMIR NETBGIR! | XiE NI g miaf cfbjdh 0

i nhi bitors ,BQ%agge@) S@% ’0#%%%9‘% PERE (B0 0N d s9%)2dn @

these ¢ oﬂtpub%'rra!mfrpmgaercemmﬂ dawhere el isahé /YA MusibeY\BScABs A6RE in such

b L 114 d | ed
e o ) BT ) R B S s o

unsubstituted heteroalkyl, substltuted or unsubstlmted cycloalkyl, substituted or unsubstituted
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X [0098] In Schenme | above, iodination of the pyrazolo- or
pyrrolo-pyrimdine is 25 acconplished using an appropriate iodination
reagent, do-succi nam de. El aboration of the J-

may be accoﬁqu I sﬁﬂéh& a hal ogen di spl acenent of a brom nat’[p%%&h%)s
substituent (e.g. a substituted or unsubstituted al kyl brom de).

Pal | adi um cat al yzed cross coupling between organoboronic acid and the
iodo halide (i.e. Suzuki coupling), is then used WO

2007/ 114926PCT/ US2007/ 008395 to el aborate the 3-position. Recent

catal yst Mdommlmm&mmﬁ@musmﬂmwteﬂra&ddegedfﬁ hubspbserd Witk 1SUbaldgens),

couplin at

ot tner s FBRER: SRR Valk 3 ds IRbakBEy SEARS oPbol BB, A used
or ganobor barely, o “deroh arcslpesa@plécylrmsaclb@ ta gereimaingemefethe moenubmthrough a

aci ds. Sog®.ReRdehdges mgﬁa%m ethd ﬂn@&ﬁﬁgl ,Haxde%hﬁ&e%&emu%@gmup,

as cog)llng partners Further 1 nformation regardi ng Suzuki UIE In
may bed f ofendxammple, aagaabihe R grokpsis independentinprieniipd Wathﬁ' E’d Agd R

1282- 1284 ' A
15000 190ES AR Bhon b ARNPOASA tso grolpe WBroleE TWLERE: and &4 are astpshed fo the

Mbl ander @En%ﬁltroaen a@l@ ﬂl@l‘lé@ﬁ be @mblm@zaﬂlsﬂlzgvetzmz)atonwo fomtafiyela-, 6-, or 7-

10[ 0099] fnBrnBBHRl KRG, F8PSEmpIS, TRRALES Bikani ta\fﬁdiﬁdeoaut%@\sb%ﬁtem% hods of
decr easi ng the cat al %{tl c activity of a PI3_Kinase 110a

ki nase) . 8o HiveqrakRing. h%mg?c 18 abpvehisrasion ubﬁefumts e 9Agdll in the
with an aﬁ“f \_\:Wll ﬁﬁﬁeﬁé@&fd&ﬁ& tRYteMADUXI Ol nibafitQ d@&uﬁshﬁclﬁﬂ@@%ﬁfbm atoms

i nventio i 4 a P13-Ki nas c?ffl ni }%pﬁocket bj n n&&?nté}ﬁom st_or

t he corrpo[EPSr'('i‘ &7 SRYPHOthsr ey 3e13’ PR 3 856 nf-HeCFyg and
capabl e odcytlieos eEIONUHS, he(OIR| YO(OFCHIOCH, tavid e lﬂceg)yf osine 15

| ci nase. In sone enbodi nents, the antagonist is a P13-Kinase affinity

pocket bi g3 sm&m@da ﬂméﬁbgﬂt@kme@éﬁ&am Ak ra@ibalfdsty il Baseial shbtihénts
pocket bi rimdine antagonists. [0100] In song

i ndin rrolo
enbodi menPEanY A BEIEaRTh FEPs CaSyabes et (i aln 6ervaEY e Ay artsd epdare
ant agmi s&m&ﬁum,&g%xﬁﬂ@hﬂd@& -pR, SrEendier -H@idg@ﬂ -simRSRﬁE OC(O)R'

nbod h 0 t 20| east

500 10° " RoMg TR SISt st ABAC o xBbis OB TG f ol o

| ;)mwe(r]I t haiNR’ MOD@EO—I&E&?@&I‘RM&%’R w;m&mﬂ%q{qﬁm 51(@;2%: Lsto;%lher

enpodl nmen al a_ls €ess

t han 100 E?‘RP p%ﬁﬁg’ %Mr@ nﬁgll‘??fé’%)fz fgm[r% 1-Go)gfkpxaep and

pM 0.1 pMor&(?ﬁ O\ ali, ﬂrfr.b d\ﬂmﬂbelﬂMngﬁaLﬁrc&Mzeﬁ tatmth ta5@urﬁMtrdE% @Mtvai@zlice%gn

m n.sone, enno a nis I TI 0] a

Pl i) o Habpid ki Nl b WHed - b 1 S ROCT St Sp BB nsn ey PrsBiemied

ki nase. |fiors bprogery schstiuted or trivebstidied iy, pikkOmtddsorainstiebisited héterolkL,

3.0, 4.0, 200,.299;

7000 1ol dPiiaed Brudppiitientioodion, Abfie Rnitsupiethapeicigaion ©

k| nase. |smbaitiied oemuﬁtttsmls;yltanésma@ﬁﬁmﬂfomm@baﬁnmﬁmtabmagamh at he
10 . 0,30 .pM

5 pM all f)t. hﬁ’%g“ gh&e%%gf%ﬁﬁég’g%% 4@6{6&%1{ Bl\f/l‘B ﬁ‘ﬁﬂl\éaﬁﬁffﬁﬁlg

pM 2§ pigrouns 1&m§mendv@y2®®emeﬁ1a49me1acm BS2 BONARE 3 X503 batRin rhove ivmone

embodi menfpnest st decreases, or is capable of decreasing,
t he cat al ytallc gx%%lﬁgl 389% a tyr05| ne k| nase. In sone enbodl ments, the

povr S0 PTG RO sEpRLRS Gy CALAE el 85 i

50 NnM 1@omnering m{/thc(foﬁmdw}-T-@I(@){NRRBleJWhétéinﬂT\Anddﬂ aﬂe ipdkpend&ae-NR-,

05 ne -BANERRS. sk iiEnod Ohn TR frog ENYAPERCE M BLOLELD L5 D50
AAA7 §984 pubstifientsyancasigeent aloms sbaryICAABRISTY] n@namtmﬂanmbp @épdided vl d

o o 1 s BBt SR By R ARt et P e BTRRb T o0

-NR-, -8~, -S(0)-, -S(0)2-, -S(0);NR'- or a smgle bond, and r is an integer of from 1 to 4
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WO 2007/ 114926PCT/ US2007/ 008395 pharmaceutically acceptable salts of

t he P13-Ki nase antagoni sts of the present invention described above.
101091 I n tR&s ARSHLbL and/ or diagnostic applications, thﬁ?ﬁ@ﬂ&ﬁ%ﬂﬂﬁs

of the invention can be fornulated for a variety of nodes o

adm ni stration, including systemc and topical or 5 localized

adm ni stration. Techni ques and fornul ations generally may be found in
Rem ngton: The Sci ence and Practice of Pharmacy (20th ed.)

Li ppincott, W]Ilianms & WIkins (2000). [0110] The conpounds accordi ng
to the i ndHGAT e dnele Rendsof theneBRe & fred MAY spéonalis de remarederidnpiable

in_the treahdeAltedbtivatltho bEFRSbstHASANGSadjdcom 4 i
ot e | peahd erdhiivaiy] ltivo 5 adidc ergg-of‘&yﬂ-gpgetéfg%%iﬁ%ay

n]‘g, fromltaq 50 ng . per day, and from5 to 40 ny

are exanpPBEORSY &8§§§%"§dt"ﬁg’tawn t5 & forna S(CRIF B8 GHRE ) ad rédaseges 4l d
10 to 30 e®: iR@dpetlasnily Heg@X 8EfroMAPRUE add k! isdERERR UPON &l rLofhe. of
admi ni gtrgé@an the formin which the compound is administered,”fhe
subj ect t > GRNR af RarubsEems My Radl givd ROf are peeterably dndependenslyselsated fom
and the phedrepereebstinfedanekisylitee@hikyioubdiiteadi: MdsitRYakéd ARloaliyl,

15[ 01111 PfLa . 11k

r.aceuticall, ceptable salts are generally we nown
to those 3t°%8 cﬁ%fruﬁs@f%tgqclf‘ﬁ rrevelpalkyl sybstiued prnsylaitateg apd andy
exanpl e bsdbstiotted éerntulistioned latqbatyt, benzenesul fonate, besyl ate,
benzoate, bicarbonate, bitartrate, brom de, calcium edetate,
car lnsyl at f{zQ{Ba]ar b’(sﬁﬁécﬁlileréiinl {h%tt@'m Qfé@ér@dt@rtn” Sld‘i‘rlﬁigt E?Jté?‘?atgﬁlt"% Ale8nt to include
esylate, furnarate u at.e, conat e, utanate, .
gl ycoffyl g}F?’ég@fﬁl(@itngfo%?gﬁrs@LfBﬁ @Y\‘g}oépqiwgﬁgﬂ siligen ($idr obr oni de, 20
hydr ochl ot oxyn hoat i odi de, isethionate, |actate,
| act obi On[ﬁﬂ@?} n%‘g{ag‘,‘g‘?‘?g‘%&g%‘}se AROER to RSP EToumseHElently bound to an
napsyl at ealkpleh¢ Hiler. TheB@im froOFPRNARA", whRIORNBAH e typically selected from.
phosphat eﬂddrghe%s?l%a{iet dpol‘%gfz%l ?g#%gﬁt e,b salicylate, stearate,
subacet at & SEECT AL & el MPRyost eSubgtifprted of gnsubptituieddietareatidy her
% har maceutubstifuted e aombitiotee I;@@lo?&yﬁ&ﬁbféﬁ%xﬁé@&fﬂﬂmﬁﬁ}%&{%& hﬁé%%?él@aﬂcyl,
em ngd on; ci.en n ractice o armagy ed.
Li ppi g%:ot?lfbl{;@feﬁioé%&g’g QWFﬁr RSuPIHBIES o S@géfﬁl@ﬂ hetssgardleeut i cal |y
accept ablﬁoigllttét.' nlgzl. de, for ,exa e, .acetate, benzoate, bromde,
carbonat e’ Titrat & S&F?F@B?FQPB’, e il i TBES PhErRupcIslestaddeom thel folewing
mesyl at e, mogfisy| at e, panoate (enbonate), phosphate, salicylate,
succinate, sulfate, or tartrate. [0112] Depending on the specific
condi t i on90kEi nEAY r-©a, eMH, 5155 -eNentis, IR, B@o,frmogeﬁ,%ﬁﬁ‘?gtﬁﬁt%x Lﬁcgt;' d
or solid Egn%s%%gggﬁg%r{s al?cd adm_ nj,st er ed s%stem ca.lé or loca .~ The
agents nay 3 {oProairely ingubstituted pyplealkyl, unsubstifated heteragysioalleybd-
| ow 128l easwulstitutedisyl, fndubetiutddthetdiosgl, akd | | ed in the art. Techni ques
for formulation and adm nistration may be found in Rem ngton: The

Sci ence 00T a)i ikydfheRGAIRTIC ¥yl 2t %&069)08:%%%5 1, ad Hd@l@r tljfLes

W | ki ns (SZI())SQQ'Zt 26, X\@ 2007/ 114926PCT1 US2007/ urta

may i ncl GO& Brat VB EE Faft ongyubstiuant slentedsismy . subl i ngual , rectal |

t ransder vagi nal , tran cosal , _nasal or intestinal

admi ni st @‘f%n%par”éﬂt '&ﬁgl'ﬁgﬁ# IO, 1R M¥Pn galomen, ansstifuied alkyl,

subcut anensshstitunéd e calkylausubsiteeh icpasau@,smyﬁhéﬁt@t%? h@tfefébh@%&]i&l,
ar, 1nfra

dire intrav ricular, intrayenous, intra-articul ,

- st e(ri'rrslal S sﬁ@éfﬁﬂv%@“ﬂﬁ?&i‘ﬁﬁéﬁﬁli @9 5intral esional ,

i ntracranj intraperitoneal, intranasal, or intraocular injections
or ot her T@&@s (85 g%y[’\;‘@'iefﬁa 1epsioatiys heigrasyeloalyl, and, agdmtgoafl, t he

i nvent i omsubsiputeewitbemehabond sandadhl @edgnaqueous sol utions, such as
in physiologically conpatible buffers such as Hank's sol ution,

Ri nger' s [@oaldyt i(@n, oRs, -piry SN, QgiC atsatp,Nercdhu S
transmucgsa tatg{n ?’igSt rati on, penetrants *10 cg?b%élg%ernf Eﬁ%bf%&?ﬂeauﬂg’r rier
to be pe Pﬂﬂ‘éﬁ ateg gte 1 ypspbitityted pyplealinginsehstited heteroaptisalkyle

30  unsubstituted aryl, unsubstituted heteroaryl, and

9



[0122] Ot her exanples of agents the inhibitors of this invention may
al so be conbined with include, without limtation, anti-inflammatory
agents suchyas, 99{1% osteroids, TNF bl ockers, IL-1 RA, aﬁ?ﬁﬁézﬁ@/%ﬁ%

cycl ophospham dO sul f asal azi ne; i nmunonodul atory an

I nunuNoOsuUppr essi ve agents such as cycl osporin, tacrolinmus, rapanycin,
nycophenol ate 5 nofetil, interferons, corticosteroids,

cycl ophopham de, azathioprine, and sul fasal azi ne; neurotrophic

factors such as acetyl cholinesterase inhibitors, MAO inhibitors, .
i nt er f er oW945kn{h)- cokviuhesarerbsyl. cprioghvinheserobyadenilienl saryls oF heteloaryl.bistituted

anti - Parl dng Qﬂeé‘& oftd %ﬁmeﬂﬂa%mcﬁadffﬂim b4 & AbENANGAT §HONAI CHIRT NB,SEASSen

such as beta ockers, ACE inhibitors, diurétics, nitrates, calciu
channel btmsskssitated abal, smwhsmteddgmaékﬂdmswmtﬁd@dq alieyl, wisgbsieted uch

as corti cRsLBER STyl LthsGhQIRSd X&@%@%nsdb@&tﬁ{eﬁ%&ﬂfaryla”d anti-viral

agents; agents for treat| ng bl-ood di sorders such as corti costeroids,

anti - '@Ukﬁﬁh aﬁegﬁﬁalrrﬁf@éh | ngm%ght’t gt Eeshmi’tggglu%biﬁ %‘5&{?1’ Osed herein

di abet es SUC as |1 nsulin 1IN ana ogues COSI dase
i nhi bi t or Beatsiagaa sriectedhfiomiaH s\ ersubeinemty é@ﬁ@bedﬁdve@m‘éuﬁs@ﬁuem group,”

treating hHEPé&QQ@ﬁ s@dsBReH &Jﬁgﬁﬂﬁﬁﬁemﬁ i8s S%H%agar%yﬁasﬂmed chgn ?

These addit]jonal agents may, be adm ni stered separately, art
nul ti pl e eASB&pRstifuted @@Fﬁﬂ‘?ﬁhw%h@f@q@@k&bﬁﬁﬁb&tmﬁﬂ owrtsebm gltg 20

these agepbsibERY h@l@rd&ﬂfytl &kh a;béhﬁgédeor%m&mtéar 1om1<3913ﬁ d088ihea oW th
present invention

t he |nh|b|tor In a _sing 05|t|on

[ 0C o0t onsabseiied G ConvelogBal, By fach Wheiir 97 BH et RetaroayIogiians
ar e i nt eng@gtitatediok bsibs@futedNBiod mahhpabEnaeReFdiSiRfL. t he invention.

| ndeed, various nodifications of the invention in addition to those

descri bed[obenel A “Dbirr SABKANREHD ANSN: s&&u%&nﬁ ?‘aﬁﬁ *haVidiheddih hheahdla %R@p
art fromthe fore90|n descrlpt|on Such cations are |nten e

to fall wiclasted f9na 2l 5 sypstitpraty %@?ﬁeﬂ@hovmréawmaﬂwem herpiy each

features @Bsm&d@mﬂﬂmmﬂtedcaikﬂ en duB¥iRiek QP uARBstitfted TTOC ARy VDR any
one o cfé‘g oth r ;qn ures of any other enbodi nent of the invention,

W t ho 1% 4110 tOF GRsu BeEmppre
%ﬁttlﬁe o b&‘ﬂf? ddetsrd bstifiise bedirted ot bered

1313-Ki nalﬁe@craﬂkﬁg@efth%hﬁstﬁﬁte& bﬁuﬁﬁ@ﬁ&!&&d bj?b\l&ﬂ&yl A Sessiukded @Q&Béﬁuﬁé@cs-

equal l'y %%@ net hods treatment and net hods. of

Cahibi 11 iy BORaSE A st SRRraR RooReHEIoE R BE TP ReGBTENEd oRi

appl i cat i wmsulsstieutek 8Pl efentferddnRtdr@y@loandyl.skil | in the art and are

her eby incorporated by reference herein in their entirety for all

pur poses, [0948t hefe wr@ﬂuaa§bﬂth§ E%bﬂth%hh?{n B¢ ekRPisahRd @ﬁe Beent Mvkhtion
es are_neant to illustrate

Exa esS 012?514 hefoII %{%an'g
cert&i’n RYB salisy Fpmp eﬁ% Rlgpple sHtfoRys inchideibyisochlogidssope of
'Itvgehl gveﬁ{yﬂmhromM& %ﬁﬂi&iﬁ&%ﬁﬂfdﬂ?&@@aﬁ&ﬁ@ﬁ%ﬂég %@iaté@e&%ﬁag fméiarates
t hods reagents and .sol ve sed were purchase
cormer ci afiy teaﬁ%ﬁnaﬁ Zﬁ‘%&?s @ﬁ%ﬂ{ﬁiﬁf or FEis RIS é‘F Ipglugiap SRR BRiHEtcs, |
Evgpor St |sum1nﬁtea§ btrveatzs aﬂ@.ﬁaii@ &hfh zﬁﬁnﬂ u&;dgﬁht;)ﬁ ak @Iﬁilﬁxc%‘éﬂip Oork®§ald 'ﬁ%frbe
reduce un ress
Chr onat 03; %’%ﬁe%?yﬁﬁg%n&oﬁﬁ Steﬁ‘ %Cél! I?‘:]?Cr 5D %séFhelt'QE sefts such
50: 5@50. ]:as sodilupspotatshen, wm rechineariensh, o»gaﬁubmxso of nagAekingh SalVy@$ a similar
carried r.,0omat o I\/ass tro ter CMS).. usi ng
MeCN- 0. 1 %oﬁﬁl‘eﬁl é‘é‘gg \?Sr} RS R Iings’i/t“’&&"g “"ﬂ é‘%éﬁ%‘ R@&Eﬁq i
Pr ocedur @letlm@ &@%]@aﬁjnnmhmm@d b@ﬁcomﬁeqn;g thz cnl:urfa’t FomOg fyeh bbb ourts aRinne

BA18
g} ani 210 %@re:'!iﬁz%ﬁec 568 (%e%?dlgc(l ‘§§ i B g]%rfn %Pﬁa‘{}@g‘eﬁéa fvept- (e of
overnig htacqmtaéte agid addifaon aﬂmwpk@rtbase Iéeamd Mmﬁmgmbﬁds Hechy 8t hdsic,

of dhgo h I I tered and rinsed th
cold dHZE@&\?\beﬁggggwtdgaﬁpg%? rh{’&glgﬁl% ié?f’ PR dr i edI i ?\ va\(l:muo

over ni ghtnanghydregenpBagdori ydrmlyaseh@t}c sﬂﬁmmo@w@mgdnzumia;d
hydriodic, or phosphorous acids and the like, as well as the salts derived organic acids like
10



and CH2C 2. Organi c phases were conbi ned, concentrated in vacua and
purified by RPHPLC (NECN: H20: 0. 1% TEA) to yield BA21 (2.5 ng, 14%
yield). ESI 5 Ink calcd 280.1, found 280.1. [0l !

of 3-(3-(benzy oxy fI uor ophenyl) - 1-i sopropyl - 1H pyrazo Té%e%%%ﬁ

d] pyri m di n-4-amne.. A solution of

(3-Ben2yloxy- 5-f luor ophenyl )boroni 0 acid (29 ng, 5.80 trunol) in EtOH
(3.3 nm.) was added to a solution of 3-iodo-1

-i sopropyl-1H pyrazol o[ 3, 4- d] pyri m di n-4-amni ne (20 , 0.07 mmol) in
DYLE (12 A¢SHCAOPPALS) wolqlg;mﬁgnaigcggalowﬁdpqlzgg, sugginic, suberic, fumaric, lactic,
2007/ 114926R6Hc AN, 09338 M fhoof i1 R uiki O niEn G B RS R ne

and the reaction was ﬁeate under an ar gon at nmospner e

over ni ght likag Alsp inclusded qge salty @f ﬁ@a@tqctﬂﬁ syghsasexgipale taad thel lelw gt Sg#ta pherganic
NaCl and %@mee 165 QGE gﬁgﬂa&ﬁﬁoﬁﬁcﬁds%ﬁmenﬁ&, cfewa&ﬁ@%ﬁk%gmg&ﬂ@%%e
and purified b BPLqI%lCI\IIIZOOl%TEA) to yield B ng,
60% vyi 2l deeSE*S}nW“PM n hpth basig|apd addig functiopelitipsdirg, a@owrtbqw}pounds to be
Synt hesi sc@tverted into either base or acid addmon salts
3-(4-am no-1-isopropyl-1H pyrazol o[ 3, 4-d} pyri m di n- 3-y0- 5-
f1 uor ophepfasf BABE heutfhl $ritd PR Qmp

-(3- (benzg{ﬁgx% -5- fﬁjoropheny 1)- nfsoglpl)?soag?/f’mfﬁf)bl az%e 0 a%%ed4byd Ontacmr]ﬁ gle
n- 4- ani neSY Gty bagg %&Cﬁ?&ﬁysqlﬁl%bwgw@om? the ceytyetion ﬁxaamgo Ahe
Pd on act paektderis af ih@'&oﬁliagmm—aﬁmsﬁ&ﬁlﬁﬁf%bﬂs ﬁﬁ%ﬂny\éﬂ defrath 5199
reactjon under, an J}H*[’ n.at nosphere. Reaction was flushe

gas ahtl | BioPeTiRtSpe %P@%%Y%Fsght at roomterrperature The
reaction s filtered throu h cellte and rinsed with MeOH to yield

BA22 (15 H§PYhobsERipsperpo S RrRAenf invetion can exisbgmsolvaisd fyzgs well as
EO 140] Syﬁﬁlm&i ﬁan?iﬁ Cxlncludmg hydrated f%msll_lf general, il:he sglvzted &xms are eqmvazlllent to

i sopro [ razo cQpyri m di n- 4-
am nep( B%%g)"? 'J(ﬁﬁ aée p%‘ﬁ HWI%&W@%@WHW% Gagtain
0.13 nr nod:c)mpdnndéoﬁhé)ﬂ:re&er(tiim?enﬂbﬂ m@axladmmﬁlﬁle%%@imﬁe mrp&dsmsl In
-isopropyl-11-1 ol 34d yrim di n4-am ne ( n;g 1) 1In
DVE (T2 tFEFel ﬁ&“( gslfo %’1 1g2lgntAon ke P588§ﬁat€§ml%}? bé&lem@ewn@t@n

M) were addedinaded ttebdﬁaﬁﬁlltﬁasdupsoh@@b%@eﬁt%%@oﬂnder an argon
at nosphere overnight. After cooling, the reaction was extracted vvlth

sat ur at edjobad aa%@&éﬁ%a@wm eééﬂﬁﬁ%tl‘&ﬁ(’g %@{F?&%mé%ﬁ LB%

in vacua(ag?urlfl r\{:é_R(:;;SZPPC O(I\/ECNHZ 0.1% to yledI

(13.1 nyg, CBBF 97 %‘PB’;‘C“-‘ F nfs; sheeneptipmers, Iﬁccmﬁaﬁaél%@momers

[0141] Symitomsiss g@metric isomers, stereoisometric fonns that may be deﬁncd in terms of absolute
am no-1-iso yrazaol o[ 3, 4 n- 3-

3- -d] pyr
5@%% Ot ﬁ%{’HS‘F“S?% )"°A](§£ omas SR)-6F (k) fildiyadﬁ"aseﬁﬁ’é AP pdNider danire are
acid (24 cmgomﬁhs&éﬁ within thmsdape bif (a3 pBeseﬁx)mMﬁoﬁdqfﬁ@l c&ﬁp@\uﬁf@ Lap{h!e S}Fesgﬁt
3|od01|soro 5 0 yrim di n-4-am ne
0. 07 mmol 51 %‘H_Wé? éfﬂlli‘é{r artdcévfgoq,mt)le Wﬂwsm& and/or
sat ur at edscrm CTBe fiksént mmaenmm is metaheth incldds EnprRaat RcHER e B3pEShIKPure
was. ot r 4 CpRER AR RRERRA SR & (B o G b Bt g o
conbiZded sysibomertobirtlontagants; acresolsediuging ¢dnivertidigl When the compounds

0,

(' S T ool i,
3- (4- ani rsgeclﬁeds@pmmplniﬂnpgndadmaom cdm@btmdsmﬁnldclemo'ih Elandl¥ gebnfetric

di hydr ot ki &ﬁlﬁép -2-yObenzarni de (BA30). A solution of
[3-((4,5- ydr ot hi azol -2- 33 WD 2007/ 114926PCT/ US2007/ 008395

Ccar ba h [.Lboroni c agi 08 in EtOH (3.3 nL
\>//vas a d dggdé%f) ael‘s}%lt% | (‘)t%ﬂoper G as us(e:cll%ere ref'ers t0 one 0% two or more sgn_lctlu-a] is)omers

3- i 088- 1 Whidhpxdntyri equitkitpyima 2and ehih4rdiepdity ¢vinetemed @i o8 o2 ridborn®td7
nunol ) g fNE (12 ). Pd(PPh3)4 (16 ng, 0.014 nrnol) and saturated
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1H pyrazol o[ 3, 4-d] pyrim din-4-amne (30 ng, 0.10 mml) in DME (12
m.). Pd(PPh3)4 (30 35 WD 2007/ 114926PCT/ US2007/ 008395 ng, 0.03 mmol)

and sat ur at gfh NeRE{B,(1. 9 L) were added and the reacti of-MeGoEAR4:9¢
to 80C under an argon atnosphere overnight. After cooling, the

reaction was extracted with saturated NaCl and CH2Cl2. Organi c phases
wer e conbi ned, concentrated in vacuo and purified by RP-11PLC
(MeCN: H20: 0. 1% TEA) to yield 8A40 (0.9 ng, 3% yield). 651-|\/|55(|\/H—|)

m z cal cd 0%%; nd 347.0. [01501 Synthesis of

€4S A 0B8] Luest B b o s SRAIad ) e Bishat oo soagunds of his invention

benzenesuhiagraist ﬂl&aﬁt&ﬁéﬂ& fordys 54l siich @;ﬂzt&ﬁerﬁﬁ!&ﬁﬁ@@ﬂﬂb tORAHIER b3MRAYAR fhe
0.11 mmol) in EtOH (3.3 L) was added to a

aci d pi nacol e?%ﬁ ‘i“g-
sol ution Bf°P3°f B§I™NeBpr opy1- 1H- pyrazol o[ 3, 4-d] pyri mi di n- 4- ani ne

(30 my, in DVE (12 nl). Pd(PPh3)4 (30 10 ny, 0.03 nmpl)
and sat ur @gﬁ%cfhf“@sﬁff?te fhetRclaeralspistid herrn pe adso pernfidssinglade alf

to 80G unstefeoamnaéagcrmmmtﬁfcan@%r h@Rtand éfcb%ﬁ%ds% edoh Bsymmetric
Cl2. Oganic hases

reaction vvaz e’f{%%@ With saturated NaCl and

were conbfRed; CBHOEh SIS FIr isgpngrs s Mk |aéén%’57’°F€Fﬁﬂﬂl-‘3@¢d1aS ereomeric
( MeCN: H2Orrfiktiifis SEMNe pra@eiyt @hipobidklaré Yiinle spoy itRlifentiBERT - M5 (MHH)
mz calcd 333.1, found 333.0. 15[0151] Synthesis of

2- (4- am npeoLS}) SU}ﬂIdﬁ@b’ﬂheMise%fﬁt@d Qab@rdb-ddpieiet initeth fle3iso mef:ant to include
0

yl )benzo[b(]thl 0 F‘k? EI‘S? arb I dgg%m (BA42). A solution
5- For ny| b&R%y ? CEEIGE PH‘-’”&ﬁ HILYE iwiqnieallyFnrighed gors. For
nol )10 n Etadidld, 30ﬁpatlﬂds)1awa§ tiegitednt Qnansed dibtfFoahe replacement ofa hydrogen

3-iodo-| razo 4-d mdn4-

mmol ) in ‘Bﬁfg&‘%“% LaeE{ 1%‘(‘?“%@ Jba g’Cﬁ'u‘?ibl - é?id %&Y‘%‘&‘ﬁﬂéﬁboﬂ are
Na2CO3 (1W@thl)eawpeoﬁhﬂmhadvamdn1 he 20 reaction was heated to 80C

under an argon at nosphere overnight. After cooling, the reaction was

ext ract ed0056lh Tkt comagcactdiNeGhe @fbdcx@ﬁﬂ@llﬁen Qag ﬁl&b %oﬂaﬁﬁﬁﬁla‘u‘}ﬁél%mpwtions of
comnbi nedoat%g or}t rated in vacu urifie RP- HPLC

( MECN: H2 ° & 80 PEreeS) Ré’ntsfgafff’ﬁi}m& S9ghysommrppnds; 1 Fopsxanpls) the
f5 ez 4(;':‘él cco3g®uigs m@mbﬂraaﬁﬂauﬁled[vﬁﬁﬁ&]:h&)m%dl@&bﬁsO%wh as forlexar]x_l le mgmln CH),
5 5( 3. 22} 38?12}&1%% gm(ig&l np lyé{ h I%LISB?OPIC]‘PE%&EOQS olf rt]he co>1/np)ounds :)in thgpﬁa-sent
N- Boc- 3- fIDYfmj?lmn,BVllﬂhhm lraboautme Or Act| aheRhORGYsseRSAiein € kcBBe ofhd prd¥im! )

in EtOH (3vedsfl) Was added to a sol ution of
3-iodo-1- |sopropy1 1prrazo| o[ 3, 4- d] pyrl m di n-4-am ne (30 ny, 0.10

nunol ) | nL) 2Ph3 mmol ) and sat ur at ed
Na2CCB ( ?0%) a2 g‘éeH %Ih’ea Panfplls 662*53&@??@&%%0%6 sgts afpeiéye

an akfon cam@plseﬂ&ciomr;m;giﬁi witf tepdtiveDonfGic doid Jr%@ﬁﬁ' &pehling on the
oy moq Ptk RSN AR AL e B b e, Whas compounds
( MeCN: H2@f @GMS?EA)lvenﬁma cﬁﬁ&nfrelmwﬁyrabi‘dmﬁhttmmhﬁ&r Bas¥%88itfod 8a1B0Gn e

ield BA 21, und 321.0..36 WO
goow 1143%6%‘%‘3 US3 %%@ggé%["éi% ]%Vﬁﬁﬁ%&’%m with a sufficient amount of the
3] (benzo gé%ﬂn[ei 2535}3@17@@?@23}!113 Gstgdi_tz))lfﬂmelseqﬂvaﬂyExélhbl@b'bﬁﬁlﬁﬁrﬁ{a&xﬂrcaﬂy
4 i
Belrcgos[ cll 1 g]gomfgﬁ? azozhi 1 aLs @or onllé%&g% Ol jammpninm, qrgapisH
(3.3 1In Lﬁ‘mmﬁ’s ongdenesiugn salts of asimdlar efit. When compounds of the present invention
3-1 0do- lcdma AY 4- 4-
mrol ) i n DIVEQE-&%-I%#%%(%éﬁg%ﬁ??Oq‘LH%d@%gﬁagm cﬁ'ﬁ'g}’ gr&%lﬁ%’é’ﬁﬂ?’é‘f’%‘éﬂ the
Na2CO3 (Aeudrahiopmpfisachaererpundsiwith@ snfienic emomasbfltlﬁaaieeﬁed aci8 MEHEASIRN or in
22 tract 2@“‘““9&? B A s O R BOALR ach IRl 85 o St imctuce
°§%‘iF€\é’ﬁ$ CopHEorgnigaeids likn @ywpmbﬂadl}'ﬂly)bﬁﬁﬁﬂcﬁlﬁm carbonic,
( IVECN H&ﬁoﬂolﬁ%ﬂgﬁhca&&)lﬁb ndspRO44, mgg_hy%ggﬁéﬁl_gpimgc, dzgaarogenp%osp%onc,

sulfuric, monohydrogensulfuric, hydriodic, t})g phosphorous acids and the like, as well as the



(MrH) m'z calcd 312.1, found 312.0. 101611 Synthesis of

(3-(4-am noThi sopr opyl 1H pyrazol o[ 3, 4-d] pyri m di n- 3-

Ophenyl ) et {ang ASS) . A solution of 3-Acetyl phenylb i

23 ny, 0.14 mng)lﬁ 9|§n EtOH (3.3 nL) was added to a sol uﬁ%ﬁ?@ﬁbg%
3-io0do- 1-isopropyl-1H pyrazolo [3,4- d]pyrimdin-4-amne (40 ng, 0.13
mmol) in DME (12 m). Pd(PPh3)4 (30 ng, 0.03 mmmol) 10 and saturated
Na2C33 (1 9 nL) were added and the reaction was heated to 80C under

an argon atnosphere over t. After coolin the reaction was

ext ract edS%llStdhn‘S@tﬁﬁfatf@ﬂtWémOfémc @F@@P@c@g@mﬂ@etﬁﬁh@z@e@mmwwﬁc maleic,

conmbi ned, pERRGEHLIBIEL gldcﬁuc\/ %ﬁ&%caﬂgnd?fér labhE %a@ﬂelf?}ﬁhﬁ%ﬁ& benzeflesul omrgr',i g

5
1-
y
(

( MeCN: H2001%TF) fo yiel'd BASS ( ield
cal cd 296tolylsulionics citrig t@tm@5mmsu§9mg¢p@§| Also included are salts of amino

4- (4- am Ngkids duSRRE ﬁ'@lﬂate]iﬁ'dpc}ié a8 laRl 3a1d o@bf@éﬁicrﬂcﬁis Fik3 gﬂcﬁfmﬂ@&] galactunonc
(13ASS%_< A solutjon of 4- roxyphenyl oronic acid nmmol )

in Et OH (2%ids qpdjthe ke @iﬁ%éﬁf TRl Heracich Al so?hmace“tlcal Salts Joumal of

3-iodo- 1- Pﬁ&)@fa@&)ﬁ‘%&ﬁ.ﬁ‘i‘z%aﬁ’ﬁW[’@ 141931 méﬂmmsgéd?ﬁécé}ﬁﬁﬁﬁdé 8Pt Qreskntl 3
mmol) in DVE (12 ni).. Pd(PPh3)4 (30 and sat ur at ed

Na2C03 ( 11RO spafan %‘HE asig ARl %%%lc Fuskonaiiiontst Hisat e coPrBREIiAdEr

an argon asdvesaheiceieebiiePbeid Alidibn #tsc00l i ng, the reaction was
extracted with saturated NaCl and CH2Cl2. Organi c phases were

conbi I’IEd [(II]G&]C e 4d¥itsh folaN FGHR, @B r&bﬁt'iﬁ%ﬁﬂoﬁﬁrﬁ%eﬁ@ ounl\c}% which are in a

1% TFA) i el d BA56 . 32%Vield
gﬂz olf cdpfé’?ﬁlgf"“? oBW&flé?G fihe qogmppypd Sﬁfﬁ@?ﬂ’%@%’eﬁ? mpﬂ@swmswcﬁéhat readily

Ki nase Duaddetgdhihintcal Sha{n@iﬁﬂﬂdeﬁiﬁbﬁéﬁﬁ i8a} @bnditions to provide the compounds of the
1H-pyrazol o] 3A18 A sol ution of 8 25

i.n-4-am ne
of for man®'d éﬁ%}?&%‘%ﬂ#ﬂ%ﬂ onally. 811%%1?36’&1? Ry priedto the COBIPZB‘?“W the pgggent
heat ed t Omiz&ﬁﬁnweil&mgial otlbidétfenadal dicfRids af APSPNSS eavirdaaeht., %r\éﬁ&npie
cool ed and The resultlng solid wa

ToPt o ca "SR Rl YRV BT 0 SRR BEGReR ivesteh Vien placed in a

col | e} ediramnderdrl paich resoraoiravithveesuiiabld entyony/dralhdmBAl Ra&89, 100%
yield). ESI-M5 (MtH)+ m z cal cd 136.1, found 136.1. 30 [0165]

Synt hesi s[0059]3- Tmnﬁﬁ‘apwarow[awt Wil dytskdrirChieferdcd agﬂ%&%%m&m

o o o TR [Ss e Fof bttt kg oo e PO LG Bk 3801 or

mol ) in DV, ﬂﬁ&ﬁﬁ:})omwh@&bﬂﬂlﬁsﬁbﬁﬁﬁe@\&%m Akt dABABSY1 aRH/8F H9hst one aryl.
at nospher The rgsul ti ng solid was, fj]l te#ed and rinsed with cold

Et OH.  Pr odqet” Ra Eeiadior © SRTEEeAviR ghR sebstiyfrentdhngrgp maygpe refsougt to
yi el &0. ESI“RMubtifiridll¥ciltede 263iddy is/routdticsd, ﬁ:e[rﬁéa@@r]ls Sypatingsd Witk ht least

§’oi it on BE e éﬁ%&%ﬂﬁﬁ{%ﬁfﬂﬂ%aﬁ% eretim ne 25’” 7. 0077
RAIEE SR OC M DRV LA R o

added wi tdhemical/bordiyes Em&aiﬂoahbse/amlk&id i @, w&d&&r@lﬁ%eﬁé HRRRPeRA HeOr
Sol vent. was partially

2 hours. ved b tration.

Femved IEoeed oy e P Rotd PR of it RS Toaeospitonse rreto 2
ext r &6t edo tOmplytsyitEpdiipleOofymrintca harkity @6 @t dheBuhds WARHArAM
purifiedpsi o coI chromat o CH2C12

yi el di ng BAl 2 91 iﬁ;éﬂgﬁfé 39;‘;}? oy 0|ue ) Knopg o %‘gt’%ﬁ%@w %Bﬁ%‘f&“@éi‘l@y to be

f Ol(Jnd 304ngtablp M@E?]aﬂ@fmt Icesdlsoruf such as aqueous, neut:rsal and several known physiological
4- (4- Am [a In

benzenes E ??%ﬁg%o 2{3 4 ?’é”k‘i‘%’? % ? cll'agkr?’ZIl St i‘%érﬁ ?’5’}1 %%%@ém%remas&ebﬂf the
aci d pi nawdcuisstiep ring heRBoatom m)c@ﬁpruamn@’w)thmnabmsl of 3hémidh)) boamgaGd 4 to
to asgol

571 odo. 14T B SRLTin e shorchy qvgidjo rberenty AR 20 g, 0. 07
mml) in {%] ( ]I%e%r}ns ‘?1%&\!1:}? h’3(:)r4trg§tmerqp regrs to any 1nc{1c?1a gp guc?:g'stslfrli ?ﬁe%ammnt

or amelioration of an injury, pathology or cc;:;dition, including any objective or subjective




fl uorophenol (BA22). A solution of
- (3- (benzyl oxy) - 5-f | uor opheny1) - 1-i sopr opy1- 1Hpyr azol o[ 3, 4-d] pyri m di

n-4-amne (3R flyMeR4 mol) in MeOH (0.9 ml) was fl USheﬁ’c%ézﬁo%@ss%
argon. Pd on activated carbon (10 m) was carefully added Ile

keepi ng reaction under an argon atnosphere. Reaction was flushed with
H2 gas and | eft under H2 at nosphere overni ght at roomtenperature.
The reaction was filtered through celite and rinsed with MeOH to

yield BA22 (15 ng, /100%yield). ESI-M5 (MrH)+ rni z cal cd 288. 1, found
288. 1. [qu;reljnegymcﬁéag jabatggnent; rennssmn diminishing of symptoms or making the injury,

1-isopr Opﬁﬁﬁa&ogﬁoﬂccﬂﬂﬁ%hﬂmﬁbﬁmﬂém %ﬁ&‘ié&z AbRing id16H RYd b éﬁb?aﬂi‘on%'i_’

anm ne (BAFZI 2 A sql ution of Di met hoxy hen%‘:l boronic acid np
0.13 t nnofseliog; BelgRe f?ﬁ%ﬁﬁﬂ%@ﬂ&&%ﬁ@dﬁ%% ltﬁlpaﬂﬂa?fmmgapaﬂem
3-i odo-1-h apaxya;eaxbiwr-az;agorrﬁs festinpi dr 'Khﬁh%tl@l%ﬂ@rﬁﬁt@nﬁﬁan 43 QaZsed on

1 % Pd(PPh3)4 (.16 ng 014 rninol) and saturated
NaZCCIi% (1° ?ﬁ‘ﬁe R e tyg 2gT efF’Hé‘J}P‘é‘ Efl}edﬁs‘{l\?égfﬁgai’sé‘éa‘ cragmetiehder
an argon aém&@blﬁ&te:cwahml aglitor apkj@hiat6OS ahd@ion! REr &xQARHIE, e WRGIn methods
extracted with at urat ed g} and 30 CH2C 2., Organi C phases wer e

C

combi ned, p’c?B‘?‘?é PSP Y RE Rt SARFepbY facreegingyhapridengs of cancer and or
( MECN: 112@uRink%ehEAbnbcaticet.d BA23 (13.1 ng, 60%yield). 81-MS (MH) +
ink cal cd 314.0, found 314.1. WD 2007/ 114926PCT/ 182007/ 008395 [0177]

Sy nt hesi s[0B62} eBin-eBtytive amount™ is an amount sufficient to contribute to the treatment,

ﬁd; no- | -|tsopr %g%l 1H- ra20| F‘£{3 4-d] pyrimdin-3-yl)- .
5 ( behzy| BRYFU PR 9% fetion of FE‘BRE? P YPBIIY of anlisegpqt B nefective amount” may
5- Benzy| oalye be ROErddrtdak eEt}bﬁipeﬂm&llgi@Héct(v% Q81Hnt. "0 AB&etidoh b a Frtom or

(3.3 n) dtoasolton
3-i odo-1 i Qﬁ%’tgmsﬁ fﬁ.f?swa‘«z ‘3"%@*&]* By sAbERsA) weansi drerepding ofifie sevenisy or
@ |C)OB i ?1me(mzoﬁm¢ syﬂ;ﬁﬁd{(ﬂ?&;ﬁ@lﬁn@%mm&yﬁﬁatdﬁlﬂﬁ) Agfpﬁlopﬂg%dcd:ﬁ@ildd

- and the reaction to under
an argon at ﬁnﬁg%ﬁﬁ?lgeﬁogg?%u 1t 0 RPPRH O SW%VP?"H RtERe i subject, will
ex;irjalcfft Sdhawnem sendedprothNaGh «ffedt, @gZ(ﬁh‘ﬁ}snﬁﬁde tleIayﬁﬂl ga&e&nm F(&lreoccurrcnce)
conbi ne i Q urifie Sili col um
chr omat ogr ap%%@ r})g_ %%%%etg%ﬁggtho gjh% 8 F%Irﬁocé}ﬁﬁﬁnceﬁg’f gﬁi’éeisﬁlﬁ?ﬁ)ts
tn/z cal C@Tmli ,The dulhpropb9ladtic dfﬁi[@dﬂe@]noﬁ)ﬁtbhﬁﬂ]y&boﬁﬁ: by administration of one

2- (4-am ncfb ﬁﬁ%ﬂ%&rm Qﬂér%%x%géatmn(yfg%grlw@oqldgse% y["lhz.\s aproﬂiy?actmally

5.0l (BA244d)
(3- (4-f | (Réfestive FrRewE RYAYIheraiministeresiip POy mddd-adynimiziedtioms, An “activity

APy g el O L ) U e

The reactdcBH aleiveity thedibfenre oftbe homgonistd ey “ﬁncw:rrgﬁﬁuptmg

at nospher,g, € t n_vac nd

15 by’ Ro- HISLE RboRE E o 5 O 1 GRREE L B R PEL ARofile hefion of
mz cal cdnm?mlast%m&ma@@relan\[eogm]abs;mc héthiesnagonist.

(3-(4-am no-1-isopropyl-1H pyrazol o[ 3, 4-d] pyri m di n- 3-

y| ) pheny 199634 hatvoised hemixg the Tantagbuisi”@m “if compound of the present invention® refers

3. Et 0.

5P vt St 5Lt g 3 v
pyr azol o [Igngpe@f%yﬁy recketindingrbyrazqlopyriveiding aBgomists) ori aPIBNK madel?rimity)

Pd( PPh3) 40£1ddd BEdirg: %IJ Idﬁ’l@% CQIB ?tﬁd‘ {Nﬁﬁo%% o %"ﬁﬁmqﬁép FcTudas 91 ed

and the reaction was heat er an gon a
over ni ghCOMApEngds OEB"BWHQG (Q h%) ilsefh@mmbﬁhsv extracted with saturated
NaCl and_al 2C12. Organi c phases were conbi ned, concentrated in vacuo

and puri fl-ed Ejnre APRgygistsCN: H20: 0. 1% TFA) to yield BA26 (8.4 ng,
42% yield). ESI-M5 25 (MrH)+ mz calcd 283.1, found 284.2. [0180]

Synt B@si $00sH] In one aspect, the present invention provides novel kxnase q t
3-(4-am no-1 - 1. 1%ro%gl :Hl-lggrazol l3 4-d] pyr.i m din- alf) gﬁy §1 Ehekmase
antagonists may be a P ase affinity pocket binding antagomst (eg.a PIS—Kmase affinity

14



15 reaction was heated to 80C under an argon atnosphere overnight.
After cooling, the reaction was extracted wth saturated NaCl and
CH2C12. O gyt moPhasgs were conbined, concentrated in vagyOuanhHo0s3os
purified by RP-HPLC (MeCN:. H20: O, 196TEA) to yield BA42 (15 2 g, 45%
yield). ESI-M5 (MtH) + rn/z calcd 338.1, found 338.0. [0190] Synthesis
of

5- (4-am no- 1-i sopropyl- 1H pyrazol o[ 3, 4-d] pyri m di n-3-y1)-1H i ndol e-
20 3-carbal dehyde (13A43). A solution of

N- Boc- 3- fWWPJ@FmW@ﬁWW@@@PBBW%@WBé@FW afmithpocket bindingy) )

in Et OH (Rr1dPytinki@ie ke BshidtP ora &hun@df O6rmula (). The PI3~K1nase afﬁmty pocket
3-i0do- 1-isopropyl- 1Hpyrazol o[ 3,.4- yrimdin-4-am ne

mrol ) i n Gipgng gatagqnists P’EI‘PPPFPB‘?IZF ipvsE lﬂ@arecyowomﬁﬂcymawaﬂ%%!’% %ﬁr@ae Rtfnity
Na2CO8 ( po3kétibindies Srodyl etheaPd -Liesd £86itY Potkeasindieab sRz610pRaGidinder

an argon atnDsphere overnight. After CQO|IH%H t he reqﬁtlon was

ext r act e PNGECRISEHTERG RIESAnG VRSP 2, spbeilstet pYragepRaTimidins corepoimds

? 0 rrbC:\ln e g bcoﬁ%ﬁﬁgl b Pas-mhasa amyf Podied bﬁﬁ?igfm@i@tyb Lﬁﬂgwk#’kl@ lszS-Kmase affinity
Me H o T e TEA frompurjfication rolyzed t Boct
yi el d iy B o F PYFO R TRIgIRe AniAgonts of thermseserr ‘guan af?ﬁ“g’i‘j‘ tated
Synt hesi spyefolopyrimidine compounds containing a PI3-Kinase affinity pocket binding moiety.
3-(benzo[c][1, 2, 5] oxadi azol - 6-y1)-1-isopropyl-1H pyrazol of 3, 4-

d] pyri nmi diooé3t- aDh@BB(IB:ﬁéé’é affifit$ pbdket BIRJIAE moiety is a substituent which, upon
Benzo[ c] [ 1, 2, 5] oxadi azol e- 5- boroni c_acid (18 _30 ng, 0..11 mol

Et OH 3coma): aPLifited {OP 21400 gr P lolﬁ)ﬁécﬁnase fills space within the oorre)spondmg Pi3-

3-i odo- _1-K1£19§Ua@ﬂﬂ11y f. azl@bﬁk%n&osl&r&y;fsl ﬂi‘cd’lﬁ‘-ﬁn@%ff&:%%cﬂ& buQauégmmety
rnnol ) in, DVE ( ). Pd(PPh3)4 (30 ng@io 03 mol aturate

Na2COB P"@l?ﬁeﬁ awﬁ%% ongWats Belreplreviitin fis HA-RiasserEinivpackets oo A3 -Kigsse

i ? ?7/ 114&?@&@%1&@3@&3&1&? BNy m@anstoaﬂtc?egﬁﬁh ?Iﬁé@ﬁ:ﬂt bg%ra{eingy %g%!i ek from part
er coolin e jon ract.e safurate and

Coci. G RSy Bk RetrapionaEne PEE iR, iR poskr md

puri fised Ibe}thﬂl%-dﬂlab@nﬁhﬁj@\hhﬂﬁe& shibetitbhy fil18 sydce vlthBAthd PIRRinAdD afiidity) +

m z cal cd Zﬁg g q5§96 1. 5[0192] Synthesis of

2- (4- (4- AR afeﬁegcffﬁb Y"1H pyr azol o[ 3, 4- d] pyri ni di n- 3-

yl) pheny trile (B sql ution of,

(4- @anoﬁ@‘fﬁ{) %éﬁ?’lc)%’f’ﬁ %ﬂf%?redﬂ%afs afygeomstof thepTgent inﬁe‘ﬁf‘m—\‘ﬂé ghe3

m) was gogeddat o a sol ution of

3-io0do- 1-isopropyl-1Hpyrazol of 3, 4-d] pyri m di n-4-am ne (30 ny, 0.10
mol ) in DVE (12 m ). Pd(PPh3)4 (30 r¥, 0gH3 mmol) and saturated
Na2CO3 (1.9 m) were added and the rgactijon was heated to 80C 10

under an argon at nosphere overni gh coollng the reaction was
extracted with saturated NaCl and %UZ ganlc phases were

conbi ned, concentrated in vacuo and Eurlrﬁgd by RP-HPLC

(MeCN: 1120: 0. 1% TEA) to yield BA45. PSI-N& (MH) + nfz calcd 293.1, .
found 293.1. [0193] Synthesis of

2-(3204- dwFApaula i@o%rlaﬁyﬂm%w&gswp@sweq pywisHbsitied alkyl substituted or

yl ) pheny hﬂlﬁﬂﬁﬁﬂfﬁdtﬁdté@a]kﬁ%tltu&d%?hJHEdHéﬂtufgd C cloaik substxtuted or unsubs ted
(3- Cyanonet ghe )boronic acid €18 , 3 3.3

was added® 5%5 lo » SEpstiggted or unsubstituted aryl, or substltute or u:nsubstltuted heteroaryl

3-i odo- 1ﬂ-’-s@m@@ﬁ;sdtlshm@'&z&h@%&s&aﬁﬁmylmu@bﬂnéd%%ﬂ&bﬁéﬁté&eté?oalﬁyl

MEOIN: N DI 1 Y R IR M TN L

an aggon saistnsghenemsaveinitbdityl, AbltatitgeDdiudgubstiifed 1036HEN )@.@§-—~N— or

O ol B R O G e el
(MeCN: H2 ﬁnﬁbiﬁhxﬂ@atdrﬁhl&ﬁﬁ&ﬁsﬁﬁ@ or EfSubMBulNchd a2 s@kiale L83 mbubstituted
found 2 Q%Et%focgra glﬁlrl sryb Elpu%ed or unsubshtuted aryl, or substituted or unsubstituted heteroaryl.
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WO 2007/ 114926PCT/ US2007/ 008395 and saturated Na2C33 (1.9 m) were
added and the reaction was heated to 80C under an argon atnosphere

overni ght. ing, the reaction was extracted wt LN
NaCl and CH 1%57/@2%'3m c phases were conbi ned, concentrated m@é%gso

and purified by silica gel colum chromat ography [ MeOH CH2C12, 2:98]
to yield BA6O (42 ng, 22%yield). 5 ESI-M5 (MtH)+ rn/z cal cd 284,
found 284. [0203] Synt hesi s of

3-(4-fl h 1)-1- I -1H | o[ 3
d] |(oyr i mug ;ﬁ% Ox%i@eﬂggen)t 1x Igfq%gxirl,op Pituted (F))Iy &nasﬁl?su%ted alkyl, substituted or
4-f1 uor o- &mgmtemh@mahmrsaastﬁu@abduﬁs%stﬁﬁted QycIalkDubsti it ubifib3tituted

m) was a

3 oco: 1 PeseuTo Aol prp b ansuaymis amcprehstitwied er powbriputed begrosryL
mmol ¥ in El\&n(elﬁlﬁﬁﬂ)meﬂ?ﬁi&?%ﬁd R“(ﬁauﬂepena@m@ B3xdEeR] or @RebsHaks AlAd R
NaZCCB (1. 9??? ﬁﬁ?é& :ﬁj S( % rdeactl on was heated to 80C under

an argon SPWBES 16"‘\‘7“‘81"5l HRPOCRL P NSTPIRG, the reaction was
extracted at ur at e Cl12. Or nlc phases were

conbi ned,w\é\fg&nﬁe PR ‘?fﬁl%’ﬁ gggw ?lT’i‘"éd yingse ppiagqpist may hae the
chr omat ogfapminla: [ MeOFI T- CH2C12, 2:98] to yield BA62 (40 ng, 44%

yield). ESI-M5 (MrH) +cal cd 302, found 302. 15[0204] Synthesis of
5- (4-am no- 1-i sopropyl- 1H-pyrazo| of 3k d]gyrimdfii-3-yl)-2-

fl uor ophenol (BA62d). A solution of BA62
(3-(4-fluoro-3-nmethoxyphenyl)-1-is pr yI™1Hpyrazol o[ 3, 4-d] pyri m di n-
4-amne, 30 ng, 0.10 mmol) was dIS rn CH2C12 (5 m) and stirred
under an argon atnosphere. BBr3 (500uL 5 nol) was added slowy

with a syringe, while: stlrrlng The reactfon was stirred at room ().

t t 3 h t ed d fied

usi g, o | RS E sl o db o For i) f e 6 eiBied 2bove GeforkylayDeld certain
BAG2dLQ 23emippdimdsis, X & Y- ESI -M5 (MrH) + ink called 288.1, found

288. 1. [0205] Synthesis of

3- (2, 5- di F0D6&Ir Ohﬂsoﬂmtdmﬂ)oﬁhhanyafF&zﬂu%m)%kﬂﬂﬂ-W RY hRESL&], &7 4abstituted or

d rim 63
2] Eyon il S‘%‘#A‘éﬁs %%cpﬁkily S%Eﬁ“%?fg?ﬁ ‘Bis%‘i“&“%dahﬁ%aw RG-sybstifged 9 i n
Et OH ( 3. 3msibstinwied actthatiyl, R Bsubstitutdien uﬁéub@nﬂ;&d%ei%rocycloaﬂcid R2-substituted or

e oo A B AR PR b ATl i st s

m) vere @ﬂd%ﬂéﬂdﬂtﬁﬂ@rnmsmmmdM&rdaeﬁt ed to 80C under an argon
at nosphere overnight. After cooling, the reaction was extracted with

sat ur at ed00HD Rhis hald2&6i 2CNOFQRT)i- SRS asR W[ o coRY H@.ﬁ@lgHchml@J@ t@g{ed

[veon cronto CROBHR" cECPRk s S0, ”%"“r RRO0abh oppry +
n z cal cdng@BtittedakyldR $20b&ituted\Gr &mzétmate@a&a@m&sa@&%ﬁ&@iﬁﬁ&ﬁm{ 0206]

S h
&) (- am Raosizea cyelopliy) Ry of WS e lopl R g substinted o

di f| 86r oplﬁ@ﬁ)gtltu(m) or R'”-substituted or unsubstituted heteroaryl. Then symboln is an integer
3-(2,5- dlﬁfohy@ 4-met hoxypheny1l) - 1-i sopropyl- 1H pyrazol o[ 3, 4
d] pyri m di n-4- am ne (8A63) (20 nmg, 0.06 mmol ) was dissolved in CH2Cl12

2ml 3 | ow th
whi e ot R o K Beedth o TR R, Sk phrir e
over ni ghC@RET. BBRICEM)I-OREY -COMRIR AR IBO) e ds Nﬁ3gk3ﬂ°b§{'ﬁ'uﬁd or
'E WS\'C ;2 gré&ig%tgh%ﬁ'%p(glﬁj §8¥£5?81%A3{96r2§81%1 CH&‘Z‘??Q Syll —su%s‘llt-uted o(r
1-i s&pr ob‘}“l’bglt(l@d&y@%lkﬁnﬁf %@bby@h&dpﬁuﬁﬁbm&&&b&&&y&bdh@y 'R3‘f1hﬂisﬂﬂrtéi‘f‘8r

i ne ( BA6dy)sub nmet.h Iboo c acid (123 ny,
0. 58 nmo| )Sﬂl ﬁlt?%h bl %(lg §§Drﬁﬁ)h§?/\c/£éll aaﬁbe%ﬁ{ [ ¢ fmbol g represents an
3-i odo- 1“5“?6{)1&8’6‘591 pyrazol of 3, 4-d] pyri m di n4 amne (70 ng, 0.23
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yl ) phenypet hanone (BA81, BA81d & BA81dd). A solution of tert-butyl
2- met hoxy-4- 20

(4, 4,5, 5-t ety Bt NYdg 1, 3, 2- di oxabor ol an-2-yl ) phenyl car bagpatg6@Rtk:59 .
0.76 mml) in Et(SH (3.3 M) was added to a sol ution of

1-cycl opentyl- 3-i odo- 1H pyrazol o[ 3, 4-d] pyri m di n-4- am ne (BA80, 100
ng, 0.30 nmmol) in DME (12 ml). Pd(PPh3)4 (30 ng, 0.03 mmol) and
saturated Na2C33 (1.9 nm) were added and the reaction was heated to

80C under rgaen. pher.e,overni,aht,. _After_gool.i ng, e,reaction
was oxt r alEan W rRE R AR R B n B Em R B pRaL B s B
conbi ned, REYRELRET, RFB, mﬁ%@bg&%mﬂd RET drk irRdpatSently Bydrbgeh, @81 subRtitdfER or
' 50 50" EABPSER A aE CEmisiBiEg o B TG A OHSHh LB AL PRClome
rRIeD aﬁ }: :_o n( Rf’%ciubst&gwﬁ&i Oe/ﬁmmemT fea&edrcrdgcbgagcgp Ré-qéﬂlbmlé 1tedi ‘ﬁ’g‘?‘msfi@"?’mh or

- ; - Q. ie , was .di ssol ved in
CH2C1 (2#\% y S“Qﬁi’“ﬁgf’é“%%‘%@%t}’%ea *%ES’F‘?%?‘ a&ﬁ‘éﬂ’ owvné@%a%fy&lydmgen’
syringe, i#ibgen, stubstitngd alkyd unhedtetinel Masodkyll irdbatute@eyal1baRer at ur e
(005 b e PO R, ML B P L
2007/ 1149 / US2007/ 008395 51 €], SYR {oS.. af
3 (5 br onfotihe PR SRE RS o gt KO R BT R R Bk R R R R,

d] pyri mi dRff> B>'aRfnB*( BASRY”, R, &3], B2, ®F°, &, R*', R*, and R® are independently

L BB IR e SRR R

3- i odo- 1- wsubstitwyd hdtbtopyelaalbdlouBubstithiep yryil,rdr dhsubdt @pddretdr6ay R R 2 11672,

mmol ) in Kz 250 )27 B BRh 3o 1,613 03 nd, sat.ur.at ed
Na2CO3 (11259 ’D‘%ﬁ) KR R R Bra B foo e B e Fessenfoty Bt ahray
an ar gon éhsibsgigred alkply or nigyhstitutad heteraatiphi ng, the reaction was

extracted with saturated NaCl and CH2Cl 2. Organi ¢ phases were
conbi ned, [083#ic eRt may bd K’mubstitated andnspbstinited alldply RRRuBsHRAkEd or unsubstituted

e s TR PRl ORI R S ERLelRANEY

3- (4- ami nnspbstiseed alyll o1 RE-pybstimoddofriamdates}inyed ayciatkyB Iy $)mbembodiments, R

br omophe 3 : . ) )
3-(3-bro 28-&%%5%?}%?&/%%%%%?{%9 1 %’b‘&fé‘b‘%ﬁ{ ﬁ:s ﬁ&?s%fn‘%prbsntuted Cs-Cs
d] pyri mi diveloglkahi IneotifepAgodidneiinR) iy Rabsiiuted el vashbsitu@dAG1e, {ikylrb) R>-

and BBr3 [ . | owd it h a ringe ile

ot v ng. plifed of il Gl R nly o be B i PSR e O o

t hen 2Pondushiched eliy} (& 2v ifenwrahisopuiyl.feied usi ng by RP-HPLC 15

(MeCN: H20: 0. 1% TEA) to yield BA87 (10.7 ny, 31%yield). ESI-MS (MH)+
rai z cal dJAOT8. 1o ceftejumentediznants, RO 29 R -s8pstithted bsumsbbdtiznted Blkyy R *-substituted
5- (4- am R@vwdsd ol - rm.di n- 3- T 19
1H i ndol e- f;] ?:dg? %@%%‘%@g’%%%%? k%sgﬁlﬁ?cfi%rﬁ%g‘%b@b{éﬁq ﬂ%lxll‘%‘ may also be R -
5- (4, 4, 5,Sgbqt1§{tﬁ(a%mqy‘qatljglggl alkyl, R'>-substituted or unsubstituted cycloalkyl, or R'-

di oxabor Qisditdedy &) i AL 30,190 61, 1) in
ELOH (3.3 1] s B Byt o o Byl R TR Bl o

3- i 0dd- | MredstiiRd alol onk asubssitgedoniinsybstititet eycloafiitne (75 mg, 0. 25
mol ) in DVE (12 ,m ). Pd(PPh3)4 (30 ng, 0.03 mmmol) and saturated
Na2CC3 ( 10%76l R wiares bgaaewhstituted dlleyloe apsubstiuted sydiesikell Th@ofREnibddRkents,

oxtract gﬁ@%@%@%@&% "%f@%%&‘&@% JY%EB%%?@ hocos wora”
nbi 1 ' 2 i f - CN: H20
yiel h”SAé%":?Bf’%H%%ﬁ%%?"B oA A e s B el S e ruted

362. 0. [ bol2Opndy R magibs Rofsubstituted phenyl, R*-substituted or unsubstituted naphthyl, R*-

?B /(A\ ékg’?l n_ergﬁi_ﬁiéﬁ[&s&%ﬁﬂft%yﬁd&m%{%Qﬁt%&eﬁ’o?ﬁgiﬂtﬁ%@ddﬂy%}n%&%ﬂ B
" substituted or unsubstituted thiophenyl, R*-substituted or unsubstituted furanyl, R*.
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20 ESI-M5 (MtH)-1- m(z calcd 275.9, found 275.9 [02311 Ceneral

synt hetic schene for BA102, BA105-108, BA110, BA118, BAl 28-3A135,
BA137, BAL3QolAfy11BAE43, BA147, BA149- BA152, BA156, BALSp/usan07/008395
BA160- BA162. A sol ution of boronic acid (2.5 equivalents) 1 n EtOH
(1.65 m) was added to a solution of 3-

i odo-1-isopropyl-1H pyrazol o[ 3, 4-d] pyrimdin-4-amne (BAl 2, 1
equivalent) in DME (6 m). 25 Pd(PPh3)4 (15 ng, 0.15 nmol) and
saturated Na2CO3 (0.95 n1%@ re added and the reaction was heated to
90C undersuéﬁtltaﬁeé@ﬁuawﬁ%tﬁ ﬂedO@deRnﬁ@wtlmtwqrems@ebmtwenewedwéam iRon

was  ext r aghechuith bbb uidihbiiicabeNRdioRn, @%@mte@og ﬁﬂé&smﬁeﬁ%nm&anyl
conbi ned, gconcentrated in vacuo and purified

( MeCON: H2OROSWWPA)OIPBS‘WSEW%E@W@HMB%Mﬂ@ut‘ﬁ?%%@tsgb%ﬂ“éd anal yzed

by LC M5 1&%&&&%1 GEnRbatiute oF Badubstitash emz&gr RBALIAitutBAbL SnsuBAlndidd
BAl 22, BAl 24, BAL3 BA138, BAl141, and BAl44. A sq|utiqn of boronic

acid (2. seBgfidreneahihalpnyl nREF@ﬁtIME%@ uesybsiEgedpRalyb Ra-uBptied AT of

1-cycl Opmuﬂa@te&qﬁn&tﬁm T, 82 @liedtiutdd 6 instbstnded ﬁ% T, R“wasututea or
2007/ 114926PCT/ US2007/ 008 9Ei @ngog‘a%e&rogu' val ent

Pd( PPh3) 4*eyBstigyed guiper UBFORABISEShemagen )R *Psé‘m‘ed or
added anduﬂshssnmacbmalsmom,&veﬁbmu@a@r uﬁ@eﬁmtaﬁed&hgﬁﬂoﬁdmmme

e "hod sppls ogpah Rt beno i e AR B GSh S SRS o0
andOI pldx i fbegdomanﬁpﬂéleuﬁmﬂ&ef bhﬁbdubﬂﬂmgd aﬁ@&ﬂaék)o Ze%mymyld Rld%ﬁbslhﬁﬂed or

pro ucts 1 wer e na a et| C
schene fort %%?ﬁeglﬁf&ﬁﬁm %bs’tﬁiﬁér rﬁﬁ%}‘ ‘géenzﬂa‘é‘&ﬂ EYlon

2ol st on 878! iR Wﬁ'g@'?%i%@ﬁa%% o phap iy KA RS S rgbstituted
(BA109, Ipyemplhpyeitimgt, R isnbdbiviied 6r ahsubstPatePRINR) K, 15°- m,snﬂtékﬁ)rﬁihﬁlm:sﬁtuted

and satura adde nd.the I action 1
heated to éﬁ&l ll\ﬁ%%%g&mtegé% H”%ﬁbﬁ‘?geﬂ gggr‘f’ﬁkﬂ 'f‘"@?s“%ﬁo‘? Tng, the
r eactliSon umsbsanmmmm Rhmepbahalbeeh, Naﬂtl -GRTY, SHRRFR?, Rbany alspRASES be

wer e corr%n%g mtrated in vacuo and purified by RP-HPLC
(MeCN: 11 &"%1 ‘to yield desi red products. Products were

anal yzed C 02

6- (4- am nlg-?-]l s%??%%yfnﬂ&d ‘?}’;zgﬁ ﬁlﬁasih‘?ﬂbﬁ?ﬂam di n- 3-yOqui nol i n-2- 15
am ne (BA146).

3-(2-chloroquitiolin-6-yl)-1-isopropy. 11%0I o[ 3, 4-d] pyri m di n-4-
am ne (BA130, 50 ng, 0.15 mmol), acet ¥4 mg, 3.0 mmol) and
K2CO3 (104 ng, 0.75 nunol) were c ned 4 heated to 200C under an
argon atnosphere for one hour. ReactiWfWAs cool ed, then extracted (TID).
with 1320 and CH2C12. Organl c phases were conbi ned, concentrated in

\(/gg ua andn Foridla ALYV’ RFF mﬁnﬁwwﬁl hﬁ&p&&%lyfen-{je%%%ebﬂh&%hwzs as
ca un

Synt hesi ?@g@%&b@%&' “thg'deﬁh%’. 1?]%%%% d%g?) lslai—ﬁ“%?éi? 98] 3, 4-

d] pyri m @hspbstitadi heter¢8plldgpbstituted or unsubstxmted heterocycloalkyl In some

£ Bk 0 A L MBI s Ve

n-Bud i (T2usy somyyembodimenisormgiids partal{ VoD ly nhiatwaied ddded- aadbébering,
reacti on was heat ed to 110C under an 25 argon atonosphere and | eft
stirri ng[QﬂB@l R maybﬁzeadttogqnomnshbntth&—ﬂMEEﬂt Makefle embyaiaieasaRY is

1 5y DR, bl S il

Synt hesi

4-(4-am ﬁoo- -1 ;s[?)%rnd%f/nfbiwcnmal%o?ad[% Tl‘fmd‘]lﬁyrl m di n-3-y1) - 2-
hydr oxybenzonitril e (BA1552).

4- (4-am no- 1-i sopropyl- 1H pyrazol o[ 3, 4-d] pyri m di n-3- 30
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30 TEA). ESI-M5 (MtH) mlz cal cd 257.1, found 257.3. WO

2007/ 114926PCT/ US2007/ 008395 [ 0247] Synt hesi s of

3-(3- ((223 dingdubes/paeRzy Loxy) phenyl) - 1H pyrazol of 3, 4- d] Pygd-ighoitsses
am ne

1l-tert- butyl 3- (3-(2, 6-di chl orobenzyl oxy) phenyl) - 1H pyr azol o 3, 4-

dl pyrimdin-4-amne (19.5 ng, 0.05 mmol) was dissolved in a solution
of formc acid (2 nL) and conc. HCL (0.2 nlL) and heated to reflux for
30 nm Reaction was concentrated in VaCL@_A5 and purified by RP-11:PLC
(MeCN: 1120: 0. 1% TEA). ESI-MS (MtH) * mi X | cd 386.1, found 386. 2.

[ 0248] Synt hesis of H

3-(2, 3-di net hyl phenyl pyrazol% ] ”
l-tert-butyl-3-(2, @ yRpheny1) - K razol 0[3 4-dNoyri m_ di n-4-am
ne (34 mg, 0.14 nunol) was di €391 ved |n% €¥16Fi on of Rormi &cid (2
m.) and conc. HCl .2 nL) 10 and heated to reflux for 30 nmm 20
React i on Wdonasise )s 6 eeard; (Y Dy Be issabserd. hralpgen; wsubsiitpdBy-€4 alkyl, or —OR
(MeCN: H207Q l;a%g-gg'%)ay Rt 'CNSJr(IM"' Hh s&hb cﬁ%nﬁglegéoﬂil ’haltjgé&pﬁ P60t In other

[ 0249] Synt hesi's of "2- (14 am no- 14 pyrazol o 3, 4-d] pyrm di n- 3- henol
(ZK133). epubodiments, the halogen is F. R™ may be hydrogen or unsubstituted C-C4 2

tert-butyl-2-(4-am no-1H pyrazolof 3, 4-d] pyrim din-3-yl)phenol (5 ny,
0.014 Wﬂps%smcﬁomfv@@m?ﬂt& RiGs étlwéwxmaph‘éwh@s'&@qud27-ml)doémd
conc. HClursRbeinibd irBHL, NSk F85dolt, drQsdiR iRled YutnotRGACT i ON was
concentrated in vacuo and purified by RP-HPLC ( MeCN; H20: 0. 1% TEA) .

ESI V5 (Mobibd) Mosord Gsbodbirts, 1l fheRfuds: [ 0250] Synt hesi s_of
3-o0-tolyl- 1H- pyrazol o[ 3, 4-d] pyrl m di n-4-amne (ZK134). 1-tertbutyl-3
-o-tolyl-1H pyrazol of 3, 4- dp r|20 di n- 4 am-ng_was_dissolved in a
solution of formc acid ¢Zd¥Rand conc. B8 and heated to
reflux for 30 mn. Recs Zggﬁ) J vagyo_and purified
by RP-FTPLC (MeCN: H20: 0. 1% FA) 1S |\/H—|)+ nl/2 cal 226. 1,

found 226, 3, [025%;{ Synt hesi

3- ( 3- ami NBPIEHYEY M@%‘Pd}s lﬂascﬂeép?q #hopnltds aeted that, iy agmydange with the
tert-tout ydesaq{tﬁnaﬂrmbwwaye’hbh kﬂﬁwpmhi?h&féeﬂ] (312 bfﬂq%&éaﬁﬁm r 3 1

di ssol ved |n a ion of f Cc ac and conc. HCl
and heat €8 3t(&5r P¥%3< IP&P‘“SG“‘%PH‘]

i)
ﬁmﬁgm wspRsEirht e lq eyl (c.g.
vacuo anob;pﬂgalkyladcbysﬁ%bﬂ%&tﬁma\l H20 0.1% TFA). ESI-MS (M+H) + | nk
calcd 227.1, found 227.3. [0252] Synthesis of

3- ( 3- (benpysqxyhpheRryEhbolihdits, R oo dmdhpyri m di n- 4- ani ne (ZK136).
1-tert-butyl-3-(3-(benzyl oxy)phenyl)-1H pyrazol o[ 3, 4-d] pyri m di n-4-am
ine (19 ng, 0.052 mmol )R 0_%olved in a sol utlon ofgdzormc acid (1

m.) and conc. HCl (0.1 B2%heat ed tQ or 30 mm
Reaction yiel ded a rMix ﬂéd <
3- (4-am no- 1Hpyrazol o[ 3, 4-d] pyri m di rﬁ phenol {11( 138)( React i on

i AR AR A S I o
(22/;-1%) ?gjxggugggﬂB@?(%gfxdm ﬁlixgieg OfZK138 ESI-M5 (M+tH) 4* m z cal cd
3- (4- am o8} Ny ksoihktepiboaibeing], 3adrdﬁbﬂitﬁtb@1gﬁiuﬁﬂésc§iﬁbﬂ ﬁb&.@@agﬂﬂe -cothpounds
1D, 0. 03P BB P B L B A WS GHeE PO B P spacificaly,
tril) andn emﬂt‘.cmﬂ'd)d'ﬂneﬁ@ &cﬁkl)bsﬁﬂﬁe&ﬂ&&l?dxhb@tufdﬂﬁiek@f@aﬂﬁesdB@ﬁﬁEédQS}cM@lﬁy]
Pt odigt s BT Ry i PR, BT PR T B M R s
gal( (1:d22:2))Tletbroai‘)(l(mdcaﬁrkdees{:xﬁl{ﬂﬁéh!)o‘:S@’fstsh’wMGWth Iat least oncei substitnent ou;z . In
10 ami ne1 @&%@B@%B&? %ﬁ?as 31%en Bil %lf%gef ggrzeosu !tltuted wL&y rt Ilergst onrf]: size-
, 4- 1 et r altiydred alpehit ek groud- Nt)emaﬂmblpyatwsﬂ anc[od all-of diey Eioiibl hi-sdbAhiEE

with at least one lower substituent group.
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10 and concentrated in vacua. This concentrate was then dissolved in
formam de (10 nL) and heated to 160-180C overni ght. The foll ow ng day

the reacti oRyd'Rs£Q8€d, poured into water, and the prec} b
product col lected by filtration. ESI-M5 (M+H)+ nth. cal C(fpﬂé%% Rossos

found 304.2. [0265] Synthesis of

1- et hyl- 3- (napht hal en-2-y1) - 1H pyrazol o[ 3, 4-d] pyri m di n-4-am ne 15

(ZK157) 3- (napht hal en-2-y1) - 1H pyrazol o[ 3, 4-d]pyri m di n-4-am ne (100
ng, 0.42 mmli]vvas di ssolved in DW (3 inL) and 1C2C03 (220 ng, 1.6

nunol ) antPU8fhy I poar erebqiaments pf thy camravwslsleggsibed am@deachwebst@aeql Pon

was heat edndiBstiilied a0M2 I GBbtitnieN 8P utROLiBtel €, KT, g, QQdH&%@sﬁtﬂfeg owat er
(30 nL) The Brem pitate _was collected by fi | tration. MS (MA-1-1

m z cal cd stituted hgterpadiq 152 subglitsted oF urgnbstatele taf20 mﬁ‘mbered heteroalkyl, each
1- cycl openinshnded drapbitiahesnt drlbhiiyl ikl Rpsiadek of Snstneltant OIE Healkyl, each

am ne ZKl%é%

3- ( napht hilfoshsed orpmgubstimird hetepeyieloalkylisa substitated on vasHbairuted dgo By

0. 42 ol mewdsreditetpdoyedalkgl. DMF (3 inL) and K2CO8 (220 ng, 1.6 nmol)
and cycl opentyl brom de (49.5 uL, 0.46 mml) were added. The reaction

vwas heat efhog9] 6QienAVioEIR] Gk sugshaﬁe&&%@@bstﬁt@amﬁqs QQ&Hsﬁ@htw&o wat er
(30 nL). The §reC| tat was col |l ected by | tration. 25 -

(P nPodenre Bt St e epsibed qroipgmbet i ougpadicgie a substiruted or
1-al | y1- Sufsabgititeales 8 2nenierdd-hdpro ARG 04cB. sdbstinpyd bf\‘h@hﬂstﬂm@m:j?ﬁoalkyl isa

(71(1 ). hthal H- | o[.3, 4-d] pyrim di n-4-ani ne (50
g, 001 PP SR REG L CroBigele st choh e sbenbrigiedy,
0.8 mTDI )hﬂiﬂdcy&ildw%lkyllls)dsﬂeh(u%e&unﬂlb@ﬁtutﬂﬁﬂ th Wﬁéﬁb@éﬂﬁ&ero@&oélﬁ?ﬁt I on
was heated to 60 C overnight, then cooled to RT and 30 poured into

wat er (30[00B3]. Ehanofifet einpodiaient, \ﬂ@écdixq:iduﬁﬁsi &hdufal (nf etk ® Bny & Mehe
(MtH) + n z_cal cg @%emea%?eupge@OZ WO 2007/ 1149 6PCT/ US 0071008395

[0268] sSyntTes!

2-(4-ar mr#g'e (%g%p&llaesgﬁ P(l)lc—;-{er%yr azol o[ 3,4-d]pyrimdin-1 -

| )aceta
%-%napht hal en-2-y1) - 1H pyrazol o[ 3, 4-d] pyri mdi n-4-am ne (50 ng, 0.21
nunol )5 wal§08%ls sGhe tedmi RITBRFasd affinkty poeket]” K2 G4Q hedelh) r8frs 9.8ty Hithin
and i odo ] (4 0. nol re ded. . The .reaction was
neat ed. o agoee b8t R iPanctp e FoRsboing 5 e By FoarEiFetambonase Fisures
(nfo m_l) dm;,esacp red izp| mzaxm “Wainétp Pbg}eett eohg%trﬁﬁ 2l B@IdrﬁrBD Bkt A a (cMiighsr

z calc nt hesi s

1- (cycl opt %&e?f%r& H{ﬁﬁ %tﬁla%ﬂ‘f eﬁ‘-"é é’&)‘heﬁ‘%ﬂfﬂﬁ"r%%@F@F%KAHaseafﬁthPockBt

d] pyri m ds bez&rdaai Rast (k6 DY the side chain of K833, D964, 1879, and D84I (pll{}y
3(n%hthalet£:2yl) J.I—l-ﬁD%Fazolo[34g]]h§yr|md|n4amne( 0.21
mol ) wa SV ST BEEE Fiagr be syripge of thpiCororsrmnding @vity in pl E?Btmbbl)ndaﬂrrdeast
10 cycl opf @Ry byt by L

® Vi Ecﬁaﬁﬁ'ﬁfﬂﬁﬁ%ﬁ 1828, %ﬁnﬂz%f;@ d&?ﬁlﬁ&@gnnﬁdsecghg!ga 7).

reacti on was heated to 60 C overni ght,
i nto wat erhe(cgrespopdingsavipr withivinldfe Iwmmdmulmt iachakty by tHetslicH:Idh@hhs of K802,

ESI - VS 70 f

ot sopent AT and i3t R p? 1 fomb Aot B 00 P LorRiRomiine Gy wiin

( ZK161)2 . ml@ﬁlmdiﬂuhéal %ﬂﬁgﬁt iy Ppet by ﬂhyrsﬁlmhmbaoﬁ(st}ﬂomgv%s%& Nerflt 3?3%1 {d0
Hl S | (0] e an ,

gg 8 (r%lsnd) 8‘1‘ 8%? @gmlrégg%%@aaﬂﬂé"é@?ﬁ@@ B peresyed Yhéerﬁ? ed to

60 C over t hen cool ed-to RT and poured into water (30 nL). The
pr eci pi t&&@\]vasﬂ'&ﬁ ?@?P@& aﬁ@‘“f?’i R@F@thf@ﬁm@sw bstetaveed torhezeiv a$ the p1105
332. 2, fopdy33e

3- (napht hal en- &ﬂ’rﬁz@ 14( E) 3- phen proplfirffye\%ocﬁtOflrii-I b RapPeeferied toderein

d] pyri ni @p theql nity pBIEY) The PI3-Kinase affinity pocket includes lysme 779, which,

ol ) sl SRely e g Bt Rl el M T Rt teg R Phrep

30 and the phenol oxygen of PI 103 (Flgure 2D), both of which are inhibitors 0f p1108. Based
20




20 collected by filtration. The precipitate was then dissolved in
CH2C12/ MeOH and passed through a silica plug. The product was then

| yophi | i zed wig fgi/pgseene to yield a brown solid (6.4 ng,pc 6@ W8s305
two steps). 51-Ms (MtH)+ mz cal cd 330.1, found 330.0. B. Structural
Studi es [0280] Crystal structures of pl 10y have been reported, al one
and in conmplex with ATP or 25 pan-specific inhibitors such as
LY294002 and wrt mannin (Wal ker et al., 2000; Wl ker et. al., 1999). To
expl ore how potent and sel ective inhibitors bind, the crystal )
st r uct ur een Besejoepugerimofiobing srsults, agay ¢lisntagorinictan desieacbbrrgd on Hhearlsiral

pl 1 Oy wer gdehebrbimedo ahd o714, 25 RilE@BALWL | ON: the qui nazoline
purine PIK-39, the i mdazopyridine PIK-90 and the phenylthiazole

P1K-93 ( F‘g@gﬁe ﬁ)s shAPh ﬁ?ﬁgu% R doBERE cggﬁ'afi{ ypisakimtd ‘Mﬁl&li!d% g,lgclaz@d

a conserved_ aryl norpho |n_e(§phar mac%phore model , structural nodels,
wer e genemgictd At as thowe indigurs 3nalCed hbhpeiptins @ntacigyio E880 and V882 in the

2007/ 154 9%%@4&%%@&%@ 955, BaLRd1sh %igéin%% i(;}S,t—ﬂﬁnaﬁe binding pocket moiety. B

pyridinyl furanop Pl 103, the nor i nochronone "P1K- 108, " and
t he mor phissériogyrehronb(aiR? 55986 bpminp paskenmoirtyd el the (3| dithjpfreroleyeisudine

i nhi bi tor ingless Yt he. 8 P g%?ﬁ%’&%din kS

t he key'a‘?i;/ nZEp’oI i net%]ﬁar nnc%g)ﬁ%c}'/%%lggﬁﬁg%ﬁ: E%I%&C?g 2. [%g%tz I
P1K- 39 i singreasesioquil @pinbridtionpdtereyt hat i nhibits pl1108 at m d- nanonol ar
concentrations, pl 10Oy and pl 10j3 at concentrations -100-fold

hi gher, aH@®%Zlhows dasribed aivosteya BlifaKimate binying phelret Rb3eti(is ambsiituesmiiech,
incluging . pl 10a. ..at conceptr.ati u ul FLgure 5)...T

b1 ochith caon el pig R hAL b 100 PTG S o il e it e
unusual bearchsprapdingdd 3rlcivesd Woding podkst. Ciforexymple] a BIF-Kitase affinity bo¢kbt binding

(Figure 2¢). Only 1 rcapt opuripe noi ety of P1K-39 kes .. .
Contact s TPIRH e HRER o Bror fhtteatiee B hine RLI0D AllRstrr withinye
syst em i.spriovaitesity doderndkéwiss zad 108 affuty ikt bendhameidtelsat uyQithdht

t he adening of the ATP, In this orientatiogn, it satisfies hydrogen
bonds to VAEMHHRORIGBRECHNE Wrow cgptactine mddaaRlls @age B8 tha et Wsyaifinity pocket.
recapi tul ating the hydrogen bonds made by N1 and N6 of adenine). 15

[ 028345 | nl08%H: r Bstomeenghatamens, 3bsPBrRingsa kipding peritet meisty miditigmllydetsracts

not acces§.gt. BEndiP RRAANRAGKS heill that REmS phit b 1R HIS- AL biRiind SO Gn2hme
lightly shaded area | abel ed as "Affinity Pocket"). Instead, the
aryl - i soqi§laHs! srRedFBF S fhgyinteppqtionds ahydpgen howmd, Y4y dep dVaaly interctiopfiopine
ATP bi ndi srghdpasisRht kdridde)ee dfBide bbnd) ¥ SyaBPh&He intdi8ctdnase

accomodat es the inhibitor by undergoing a confornational

rearrangefent pHaediink heBline Withen {HOPBMRinaWPA A PoQfy 20 INn
which it forns tﬁe cei ?’Egc of l'Ehe ATP bi ndi ngngocket,&:o a "down"

posi tjon i ch it .packs agai,ns j,soqui.nol i ne iety. The effect
bt S fbfic Fb BARRe PURIH o fsig SHER Pt B mOH Bl ece
2B), is twitltinead BI3 K ineseel fiinigipayibo bompmeckedelhgtivaanubb bre@adbiand, H query
bur i o5 - 15 AP EghareR e ind Pttt 4, e Cortppiil Sl adiaiiaig

Pl K- 39 t dmaghbfyH Opahepl By oahiputer infagas gbdivddinh Mol ed@BIRGkA structure of
within the acti site c ] 0284] Co-crystal structures of PIK-90

and Pl K- 3?“8‘8:?&!%%%“36& g’é‘gﬁé’- Jiep g}/% M%@“&F (Fraridcs Systeny may bg employed
Pl K- @3 bab ewekte i ifiege 08@rexhapR it prebdiReRdhRp gA?%&%fﬁEgﬂg@&lﬁl}(@294

Val 882 (Fi %%e 25_)%, an interaction conserved anong al nown P13-
e theg

i nhi bi t or%&® omputer inggp 9t pL1RY kingse, Hemvaddram the 18y 0 §BR-38end,

Pl K- 93 rr&kﬁ&;.aswm@ﬁt,f&mir.,mmzsb%th(z%@@t he backbone carbonyl of
Val 882 and a third between its sul phonam de noi ety and the side

chain of [Geus) 96Fhe dBhitfmBd rhdtieRNfe Rbidafl bR S Qo
panel ( cI[ogP_} = 1.669)H$§nd t hese %%éndgéﬂgg}fegﬁgkﬁbg#%?%%% S%él;(/’%lagﬂés and
conpensatt@ SF5EY kayduidrogendands brtwprmobe quesy Pladnase effiniggpockgbinding

30  antagonist and the p110y protein (e.g. V882 and M804). In some embodiments, energy
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concentration), buffer (25 raM HEPES, pH 7.4, 10 mM MyCl2), and

freshly sonicated 70 WD 2007/ 114926PCT/ US20071008395

phosphat i dyl, } (100 ng/nmL). Reactions were initiat
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[0102] Insome embodiments, the antagonist decreases, or is capable of decreasing, the
catalytic activity of a tyrosine kinase. In some embodiments, the IC50 of the antagonist
against the tyrésine kinase is less than 100 uM, 50 pM, 40 pM, 30 pM, 20 gM, 10 uM, 5
pM, 1 pM, 0.5 pM, 0.1 pM, 50 nM, 10 nM, 1 nM. 0.5 nM, 0.1 nM, 50 pM, 10 pM, or 1 pM.
Some tyrosine kinases include, for examl;le, DNA-dependent protein kinase DNA-dependent
protein kinase (pubmed protein accession number (PPAN) AAA79184), Abl tyrosine kinase
(CAA52387), Ber-Abl, hemopoictic cell kinase (PPAN CAT19695), Stc (PPAN CAA24495),
vascular endothelial growth factor receptor 2 (PPAN ABB82619), vascular endothelial
growth factor receptor-2 (FPAN ABB82619), epidermal growth factor receptor (PPAN
AG43241), EPH receptor B4 (PPAN EAL23820), stem cell factor receptor (PPAN
AAF22141), Tyrosine-protein kinase receptor TIE-2 (PPAN Q02858), fins-related tyrosine
kinase 3 (PPAN NP_004110), platelet-derived growth factor receptor alpha (PPAN
NP_990080), RET (PPAN CAA73131), and functional mutants thereof. In some
embodiments, the tyrosine kinase is Abl, Ber-Abl, EGFR, or Flt-3.

[0103] Insome embodiments, the antagonist decreases, or is capable of decreasing, the
catalytic activity of mTOR (PPAN AAT17167). In some embodiments, the IC50 of the
antagonist against mTOR is less than 100 pM, 50 uM, 40 EM, 30 uM, 20 pM, IO'pM, 5 pM,
1 pM, 0.5 uM, 0.1 uM, 50 nM, 10 oM, 1 oM. 0.5 oM, 0.1 nM, 50 pM, 10 pM, or 1 pM.

[0104] In some embodiments, the antagonist decreases, or is capable of decreasing, the
catalytic activity of mTOR and p110« at an IC50 of less than 100 UM, 50 pM, 40 pM, 30
KM, 20 uM, 10 uM, 5 pM, 1 pM, 0.5 M, 0.1 pM, 50 nM, 10 nM, 1 nM. 0.5 oM, 0.1 nM, 50
pM, 10 pM, or 1 pM. In other embodiments, the antagonist decreases, or is capable of
decreasing, the catalytic activity of a tyrosine kinase and Pl10c at an IC50 of less than 100
KM, 50 uM, 40 M, 30 uM, 20 pM, 10 pM, 5 M, 1 pM, 0.5 1M, 0.1 pM, 50 oM, 10 nM, 1
nM. 0.5 nM, 0.1 nM, 50 pM, 10 pM, or 1 pM. In other embodiments, the antagonist
decreases, or is capable of decreasing, the catalytic activity of a tyrosine kinase, mTOR, and
p110c at an IC50 of less than 100 uM, 50 pM, 40 pM, 30 KM, 20 pM, 10 pM, 5 M, 1 pM,
0.5 uM, 0.1 uM, 50 nM, 10 nM, 1 nM. 0.5 nM, 0.1 nM, 50 pPM, 10 pM, or 1 pM.

[0105] In another aspect, the present invention provides a method of treating a disease or
condition mediated by PI3 kinase activity, PI3 Kinase activity and Tyrosine Kinase Activity,
PI3 Kinase activity and mTOR Activity, or P13 Kinase activity, mTOR activity, and Tyrosine
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Kinase Activity in a subject in need of such treatment, The method includes administering to
the subject a therapeutically effective amount of an antagonist. The antagonjst is a P13~
Kinase affinity poéket binding antagonist or the compound of Formula (I). In some
embodiments the antagonist is a PI3-Kinase affinity pocket binding pyrazolopyrimidine

5  antagonists, or PI3-Kinase affinity pocket binding pyrrolopyrimidine antagonists.

[0106] The disease may also be a bone-resorption disorder, chronic myelogenous leukemia,
abnormal inflammation, autoimmune disease, thrombosis, or asthma. The disease may also
be a type of cancer or cancer metastasis, including, for example, leukemia, carcinomas and
sarcomas, such as cancer of the brain, breast, cervix, colon, head & neck, liver, kidney, hung,

10  non-small cell lung, melanoma, mesothelioma, ovary, sarcoma, stomach, uterus and
Medulloblastoma. Additional examples include, Hodgkin's Disease, Non-Hodgkin's
Lymphoma, multiple myeloma, neuroblastoma, ovarian cancer, rhabdomyosarcoma, primary
thromboeytosis, primary macroglobulinemia, primary brain twmeors, cancer, malignant
pancreatic insulanoma, malignant carcinoid, urinary bladder cancer, premalignant skin

15 lesions, testicular cancer, lymphomas, thyroid cancer, neuroblastoma, esophageal cancer,
genitourinary tract cancer, malignant hypercalcemia, endometrial cancer, adrenal cortical
cancer, neoplasms of the endocrine and exocrine pancreas, and prostate cancer. In some
embodiments, the disease is selected from disease is liver cancer, colon cancer, breast cancer,
melanoma, acute myelogenous leukemia, chronic myelogenous leukemia, or nonsmall-cell

20  lung cancer.

[0107] In another aspect, the present invention provides methods of disrupting the function
of a leukocyte or disrupting a function of an osteoclast. The method includes contacting the
lenkocyte or the osteoclast with a function disrupting amount of the antagonist. The
antagonist is 2 PI3-Kinase affinity pocket binding antagonist or the compound of Formula ().
25  Insome embodiments the antagonist is a PI3-Kinase affinity pocket binding
pyrazolopyrimidine antagonist, or P13-Kinase affinity pocket binding pyrrolopyrimidine

antagonist.

VIiI, Pharmaceuntical Formulations

[0108] In another aspect, the present invention provides a pharmaceutical composition
30  including an antagonist in admixture with a pharmaceutically acceptable excipient. One of

skill in the art will recognize that the pharmaceutical compositions include the
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pharmaceutically acceptable salts of the PI3-Kinase antagonists of the present invention

described above,

{0109] In therapeutic and/or diagnostic applications, the compounds of the invention can be
formulated for a variety of modes of administration, including systemic and topical or
localized administration. Techniques and formulations generally may be found in
Remington: The Science and Practice of Pharmacy (20" ed.) Lippincott, Williams & Wilkins
(2000).

[0110] The compounds according to the invention are effective over a wide dosage range.
For example, in the treatment of adult humans, dosages from 0.01 to 1000 mg, from 0.5 to
100 mg, from 1 to 50 mg per day, and from 5 to 40 mg per day are examples of dosages that
may be used. A most preferable dosage is 10 to 30 mg per day. The exact dosage will depend
upon the route of administration, the form in which the compound is administered, the subject
to be treated, the body weight of the subject to be treated, and the preference and experience

of the attending physician.

[0111] Pharmaceutically acceptable salts are generally well known to those of ordinary
skill in the art, and may include, by way of example but not limitation, acetate,
benzenesulfonate, besylate, benzoate, bicarbonate, bitartrate, bromiide, calcium edetate,
carnsylate, carbonate, citrate, edetate, edisylate, estolate, esylate, fumarate, gluceptate,
gluconate, glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, isethionate, lactate, lactobionate, malate, maleate,
mandelate, mesylate, mucate, napsylate, nitrate, pamoate (embonate), pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate, stearate, subacetate, succinate, sulfate,
tannate, tartrate, or teoclate. Other pharmaceutically acceptable salts may be found in, for
example, Remington: The Science and Practice of Pharmacy (20™ ed.) Lippincott, Williams
& Wilkins (2000). Preferred pharmaceutically acceptable salts include, for example, acetate,
benzoate, bromide, carbonate, citrate, gluconate, hydrobromide, hydrochloride, maleate,

mesylate, napsylate, pamoate (embonate), phosphate, salicylate, succinate, sulfate, or tarfrate.

[0112] Depending on the specific conditions being treated, such agents may be formulated
into liguid or solid dosage forms and administered systemically or locally. The agents may
be delivered, for example, in a timed- or sustained- low release form as is known to those
skilled in the art. .Techniques for formulation and administration may be found in Remington:
The Science and Practice of Pharmacy (2o‘h2eé1.) Lippincott, Williams & Wilkins (2000).
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Suitable routes may include oral, buccal, by inhalation spray, sublingual, rectal, transdemal,
vaginal, transmucosal, nasal or intestinal administration; parenteral delivery, including
intramuscular, subcutaneous, intramedullary injections, as well as intrathecal, direct
intraventricular, intravenous, intra-articullar, intra —sternal, intra-synovial, intra-hepatic,
intralesional, intracranial, intraperitoneal, intranasal, or intraccular injections or other modes

of delivery.

[0113] For injection, the agents of the invention may be formulated and diluted in aqueous
solutions, such as in physiologically compatible buffers such as Hank’s solution, Ringer's
solution, or physiological saline buffer. For such transmucosa'i administration, penetrants
appropriate to the barrier to be permeated are used in the formulation. Such penetrants are

generally known in the art.

[0114] Use of pharmaceutically acceptable inert carriers to formulate the compounds herein
disclosed for the practice of the invention into dosages suitable for systemic administration is
within the scope of the invention. With proper choice of carrier and suitable manufacturing
practice, the compositions of the present invention, in particular, those formulated as
solutions, may be administered parenterally, such as by intravenous injection. The
compounds can be formulated readily using pharmaceutically acceptable carriers well known
in the art into dosages suitable for oral administration. Such carriers enable the compounds
of the invention to be formulated as tablets, pills, capsules, liquids, gels, syrups, slurries,

suspensions and the like, for oral ingestion by a subject (e.g. patient) to be treated.

[0115] For nasal or inhalation delivery, the agents of the invention may also be formulated
by methods known to those of skill in the art, and may include, for example, but not limited
to, examples of solubilizing, diluting, or dispersing substances such as, saline, preservatives,

such as benzyl alcohol, absorption promoters, and fluorocarbons.

[0116] Pharmaceutical compositions suitable for use in the present invention include
compositions wherein the active ingredients are contained in an effective amount to achieve
its intended purpose. Determination of the effective amounts is well within the capability of

those skilled in the art, especially in light of the detailed disclosure provided herein.

[0117] In addition to the active ingredients, these pharmaceutical compositions may contain
suitable pharmaceutically acceptable carriers comprising excipients and auxiliaries which

facilitate processing of the active compounds into preparations which can be used
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pharmaceutically, The preparations formulated for oral administration may be in the form of

tablets, dragees, capsules, or solutions.

[0118] Pharmaceufical preparations for oral use can be obtained by combining the active
compounds with solid excipients, optionally grinding a resulting mixture, and processing the

5 mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee
cores. Suitable excipients are, in particular, fillers such as sugars, including lactose, sucrose,
mannitol, or sorbitol; cellulose preparations, for example, maize starch, wheat starch, rice
starch, potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-
cellulose, sodium carboxymethyl-cellulose (CMC), and/or polyvinylpyrrolidone (PVP:

10 povidone). If desired, disintegrating agents may be added, such as the cross- linked

polyvinylpyrrolidone, agar, or alginic acid or a salt thereof such as sodium alginate.

[0119] Dragee cores are provided with suitable coatings. For this purpose, concentrated
sugar solutions may be used, which may optionally contain gum arabic, talc,
polyvinylpyrrolidone, carbopol gel, polyethylene glycol (PEG), and/or titanium dioxide,

15 lacquer solutions, and suitable organic solvents or solvent mixtures. Dye-stuffs or pigments
may be added to the tablets or dragee coatings for identification or to characterize different

combinations of active compound doses.

[0120] Pharmaceutical preparations that can be used orally include push-fit capsules made
of gelatin, as well as soft, sealed capsules made of gelatin, and a plasticizer, such as glycerol

20  or sorbitol. The push-fit capsules can contain the active ingredients in admixture with filler
such as lactose, binders such as starches, and/or Iubricants such as talc or magnesimm stearate
and, optionally, stabilizers. In soft capsules, the active compounds may be dissolved or
suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene glycols
(PEGs). In addition, stabilizers may be added.

25 [0121] Depending upon the particular condition, or disease state, to be treated or prevented,
additional therapeutic agents, which are normally administered to treat or prevent that
condition, may be administered together with the inhibitors of this invention. For example,
chemotherapeutic agents or other anti-proliferative agents may be cornbined with the
inhibitors of this invention to treat proliferative diseases and cancer. Examples of known

30 chemotherapeutic agents include, but are not limited to, adriamycin, dexamethasone,
vineristine, cyclophosphamide, fluorouracil, topotecan, taxol, interferons, and platinum

derivatives.
28
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[0122] Other examples of agents the inhibitors of this invention may also be combined with
include, without limitation, anti-inflammatory agents such as corticosteroids, TNF blockers,
[1-1 RA, azathioprine, cyclophospharnide, and sulfasalazine; immunomodulatory and
immunosuppressive agents such as cyclosporin, tacrolimus, rapamycin, mycophenolate
mofetil, interferons, corticosteroids, cyclophophamide, azathioprine, and sulfasalazine;
neurotrophic factors such as acetylcholinesterase inhibitors, MAOQ inhibitors, interferons,
anti-convulsants, ion channel blockers, riluzole, and anti-Parkinsonian agents; agents for
treating cardiovascular disease such as beta-blockers, ACE inhibitors, diuretics, nitrates,
calcium channel blockers, and statins; agents for treating liver disease such as corticosteroids,
cholestyramine, interferons, and anti-viral agents; agents for treating blood disorders such as
corticosteroids, anti-leukemic agents, and growth factors; agents for treating diabetes such as
insulin, insulin analogues, alpha glucosidase inhibitors, biguanides, and insulin sensitizers;

and agents for treating itnmunodeficiency disorders such as gamma globulin.

[0123] These additional agents may be administered separately, as part of a multiple dosage
regimen, from the composition. Alternatively, these agents may be part of a single dosage

form, mixed together with the inhibitor in a single composition.

[0124] The present invention is not to be limited in scope by the exemplified embodiments,
which are intended as illustrations of single aspects of the invention. In&eed, various
modifications of the invention in addition to those described herein will become apparent to
those having skill in the art from the foregoing description. Such modifications are intended
to fall within the scope of the invention. Moreover, any one or more features of any
embodiment of the invention may be combined with any one or more other features of any
other embodiment of the invention, without departing from the scope of the invention. For
example, the PI3-Kinase antagonists of the present invention described above are equally
applicable to the methods of treatment and methods of inhibiting kinases described herein.
References cited throughout this application are examples of the level of skill in the art and
are hereby incorporated by reference herein in their entirety for all purposes, whether

previously specifically incorporated or not.

VIIE, Examples

[0125] The following examples are meant to illustrate certain embodiments of the

invention, and not to limit the scope of the invention.
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[0126] General Methods. All chemicals, reagents and solvents used were purchased
commercially and used as received. dH2O refers to deioinized water. Evaporation of
solvents was carried out on a rotary evaporator under reduced pressure. Compounds were
purified by High Pressure Liquid Chromatography (HPLC) eluting with dH20-MeCN-
trifluroacetic acid, 50:50:0.1, unless otherwise indicated. Analysis of products was carried
out on a Liquid Chromatography Mass Spectrometer (LCMS) using MeCN-0.1% formic acid
(varying ratios) as cluent.

A, Selected Reaction Procedures.

[0127} Synthesis of 1H-pyrazolo[3,4-d]pyrimidin-4-amine (BA18). A solution of 250 mL
of formamide and 3-amino-4-pyrazolecarbonitrile (25 g, 0.231 mol) was heated to 180°C
overnight under an argon atmosphere. Reaction was cooled and 400 mL of dH,O were
added. The resulting solid was filtered and rinsed with cold dH.O. White solid precipitate
was collected and dried in vacuo overnight to yield BA18 (39g, 100% yield). ESI-MS
(M-+H)" m/z caled 136.1, found 136.1.

{0128} Synthesis of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (BA.19). A solution of
3H-pyrazolo[3,4-dlpyrimidin-4-amine (10g, 0.074 mol) and n-iodo-succinamide (25 g, 0.111
mol) in DMF (80 mL) was heated to 80°C ovemight under an argon atmosphere. The
resulting solid was filtered and rinsed with cold EtOH. Product was dried in vacuo overnight
to yield BA19 (24g, 100% yield). ESI-MS (M-+H)" m/z caled 262.0, found 262.0

[0129] Synthesis of 3-iodo-1-isopropyi-1H-pyrazolo{3,4-d]pyrimidin-4-amine (BA12). A
solution of 3-iodo-1H-pyrazolof3,4-d]pyrimidin-4-amine (2 g, 0.0077 mol) and K,CO; (4.2g,
0.031 mol) in DMF (50 mL) was brought to 80°C under an argon atmosphere.
Isopropylbromide (1.0g, 0.0084 mol) was added with a syringe. Reaction was refluxed under
argon atmosphere for 2 hours. Solid K,CO3 was removed by filiration. Solvent was partially
removed in vacuo, Sodium citrate (50 mL) was added and reaction was extracted with
EtOAc. Organic phases concentrated iz vacuo and purified using silica gel column
chromatography [MeOH—CH,Cl, 5:95] yielding BA12 (1.68 g, 72% yield). ESI-MS
(M+H)" m/z caled 304.0, found 304.1.

[0.130] General Suzuki coupling. Preparation of final products (see Table 1 for final

product names and structures).
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{0131] 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (40 mg, 0.13 mmol, 1
equivalent) was dissolved in DME (12 ml). Boronic acid (1.1 equivalent) was dissolved in
EtOH (3.3 ml) and added to reaction mixture. Pd(PPh3)4 (30 mg, 0.026 mmol, 0.2
equivalents) and saturated Na2CO3 (1.9 ml) were added to the reaction mixture and heated to
80°C under argon and refluxed for 8 hours. After cooling, the reaction was exfracted with
saturated NaCl and CH2Cl2. Organic phases were combined and solvent was removed.
Resulting solid (or oil) was dissoived in dH20—MeCN—trifluroacetic acid, 50:50:0.1 and
purified by HPLC. Purified product {(varying yields) was confirmed by LCMS.

[0132] Synthesis of 4-(4-Amino-1-isopropyl-1H-pyrazolo[ 3,4-d]pyrimidin-3-yl)-
benzenesulfonamide (BA14). A solution of benzenesulfonamide-4-boronic acid pinacol ester
(23 mg, 0.08 mmol) in EtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (20 mg, 0.07 mmol) in DME {12 mL). Pd(PPhi)s (16 mg,
0.014 mmol) and saturated Na,COj3 (1.9 mL) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. Afier cooling, the reaction was extracted with
saturated NaCl and CH;Cl;. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA14 (2.2 mg, 10% yield). ESI-MS
(M-+H)* m/z caled 333.1, found 333.1.

[0133] Synthesis of 1-isopropyl-3-(3-methoxy-4-methylphenyl}-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA15). A solution of 2 methoxy-4-(4,4,5,5-tetramnethyl-1,3-2-
dioxaborelan-2-y1) phenol (19 mg, 0.08 mmol) in EtOH (3.3 mL) was added to a solution of
3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]Jpyrimidin-4-amine (20 mg, 0.07 mmol) in DME (12
mL). Pd(PPhs)4 (16 mg, 0.014 mmol) and saturated Na;CO; (1.9 mL) were added and the
reaction was heated to 80°C under an argon atmosphere overnight. After cooling, the
reaction was extracted with saturated NaCl and CH,Cl,. Organic phases were combined,
concentrated in vacuo and purified by RP-HPLC (MeCN:H,0:0.1% TFA) to yield BA15 (4.3
mg, 20% yield). ESI-MS (M-+H)" m/z caled 300.1, found 300.2.

[0134] Synthesis of 6-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)naphthalen-
2-ol (BA17). A solution of 6-hydroxynaphthalen-2~yl-2-boronic acid (15 mg, 0.08 mmol) in
EtOH (3.3 mL) was added to a solution of 3-jodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-
4-amine (20 mg, 0.07 mmol) in DME (12 mL). Pd(PPhs)s (16 mg, 0.014 mmol) and
saturated Na,CO;3 (1.9 mL) were added and the reaction was heated to 80°C under an argon
atmosphere overnight. After cooling, the reaction was extracted with saturated NaCl and
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CHCl;. Organic phases were combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H;0:0.1% TFA) to yield BA15 (4.8 mg, 23% yield). ESI-MS (M+H)" m/z caled
320.1, found 320.1.

[0135] Synthesis of tert-butyl 4-(4-amino-1-isopropyl-1H-pyrazolo[3,4-dlpyrimidin-3-yl)-
2-methoxyphenylcarbamate (BA20). A solution of 4 4-N-Boc-amino-3-methoxy-
benzeneboronic acid (48 mg, 0.18 mmol) in EtOH (3.3 ml.) was added to a solution of 3~
iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (50 mg, 0.18 mmol) in DME (12
mL). Pd(PPh;)s (40 mg, 0.03 mmol) and saturated Na,CO; (1.9 mL) were added and the
reaction was heated to 80°C under an argon atmosphere overnight. After cooling, the
reaction was extracted with saturated NaCl and CH,Cl,. Organic phases were combined,
concentrated in vacuo and purified by RP-HPLC (MeCN:H,0:0.1% TFA) to yield BA20.
ESI-MS (M+H)" m/z caled 399.2, found 399.1,

[0136] Synthesis of 3-(4-amino-3-methoxyphenyl)- 1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA20d). A solution of tert-butyl 4-(4-amino-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)-2-methoxyphenylcarbamate (BA20) (20 mg, 0.05 mmol) in
CH,Clz, TFA, S(CHz)2, H20 (45:45:5:5) (1mL) was stirred at room témperature for 15
minutes. NaHCOs (2 mL) was added till reaction was alkaline. Reaction was extracted with
H>0 and CH;Cl;. Organic phases were combined, concentrated i vacuo and purified by RP-
HPLC (MeCN:H>0:0.1% TFA) to yield BA20d.

[0137] Synthesis of 5-(-4-amino—1—isopropy1-lH-pyrazolo[3,4~d]pyrimidin-3-yl)pyn'dine—2-
carbonitrile (BA21). A solution of 2-cyanopyridine 5-boronic acid pinocol ester (18 mg, 0.08
mmol) in EtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-
dlpyrimidin-4-amine (20 mg, 0.07 mmol) in DME (12 mL). Pd(PPhs)4 (16 mg, 0.014 mmol)
and saturated NayCOj3 (1.9 mL) were added and the reaction was heated to 8G°C under an
argon atmosphere overnight. After coolin 8, the reaction was extracted with saturated NaCl
and CH,Cl,. Organic phases were combined, concentrated in vacuo and purified by RP-
HPLC (MeCN:H20:0.1% TFA) to yield BA21 (2.5 mg, 14% yield). ESI-MS (M+H)" m/
calcd 280.1, found 280.1.

[0138] Synthesis of 3-(3-(benzyloxy)-s-ﬂuorophenyl)—l-isopropyl-1H—pyrazolo[3,4—
d]pyrimidin-4-amine.. A solution of (3-Benzyloxy-5-fluorophenyl)boronic acid (29 mg, 5.80
mmol) in EtOH (3.3 ml.) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (20 mg, 0.07 mmol) in3]2)N£E (12 mL). Pd(PPhs)s (16 mg, 0.014 mmol)
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and saturated NayCOs (1.9 mL) were added and the reaction was heated to 80°C under an

argon atmosphere overnight, After cooling, the reaction was exiracted with saturated NaCl

and CH,Cl;. Organic phases were combined, concentrated in vacuo and purified by RP-

HPLC (MeCN:Hz0:0.1% TFA) to yield BA22 (15.6 mg, 60% yield). ESI-MS (M) m/z
5  caled 378.1, found 378.0.

[0139] Synthesis of 3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-5-
fluorophenol (BA22). A solution of —(3—(benzyloxy)—5»lﬂuorophenyl)—1~isopropy1—IH—
pyrazolo{3,4-d]pyrimidin-4-amine (15 mg, 0.04 mmol) in MeOH (0.9 mL) was flushed with
argon. Pd on activated carbon (10 mL) was carefully added while keeping reaction under an

10  argon atmosphere. Reaction was flushed with H; gas and left under H; atmosphere overnight
at room temperature. The reaction was filtered through celite and rinsed with MeOH to yield
BA22 (15 mg, 100% yield). ESI-MS (M-+H)" m/z caled 288.1, found 288.1.

[0140] Synthesis of 1-isopropyl-3-(3,4-dimethoxyphenyl)-1H-pyrazolo|3,4-d]pyrimidin-4-
amine (BA23). A solution of 3,4-Dimethoxyphenylboronic acid (24 mg, 0.13 mmol) in

15 EtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo][3,4-d]pyrimidin-
4-amine (20 mg, 0.07 mmol) in DME (12 mL). Pd(PPh;3)s (16 mg, 0.014 mmol) and
saturated Na;CO;3 (1.9 mL) were added and the reaction was heated to 80°C under an argon
atmosphere overnight. Afier cooling, the reaction was extracted with saturated NaCl and
CH,Cl. Organic phases were combined, concentrated in vacuo and purified by RP-HPLC

20 (MeCN:H,0:0.1% TFA) to yield BA23 (13.1 mg, 60% yield). ESI-MS (M-+H)" m/z caled
314.0, found 314.1,

[0141] Synthesis of (3-(4-amino-1-isopropyl-1H-pyrazolo{3,4-d]pyrimidin-3-
yhphenyl)methanol (BA26). A solution of (3-Hydroxymethylphenyl)boronic acid (24 mg,
0.13 fnmoi) in EtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-

25  pyrazolo[3,4-d]pyrimidin-4-amine (20 mg, 0.07 mmol) in DME (12 mL). Pd(PPhs) (16mg,
0.014 mmol) and saturated Na;COs (1.9 mL) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH,Cl,. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA26 (8.4 mg, 42% vield). ESI-MS

30 (M+H)" m/z caled 283.1, found 284.2.

[0142] Synthesis of 3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-N-(4,5-
dihydrothiazol-2-yD)benzamide (BA30). A solntion of [3-((4,5-dihydrothiazol-2-
' 33
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yDcarbamoyl)phenyl]boronic acid (19 mg, 0.08 mmol) in EtOH (3.3 mL) was addedto a
solution of 3-iodo-1-isopropyl-1H-pyrazolof3,4-d]pyrimidin-4-amine (20 mg, 0.07 mmol) in
DME (12 mL). Pd(PPhs)4 (16 mg, 0.014 mmol) and saturated Na,CO; (1.9 mL)} were added
and the reaction was heated to 80°C under an argon atmosphere overnight. After cooling, the
reaction was extracted with saturated NaCl and CH,Cl;. Organic phases were combined,
concenirated /n vacuo and purified by RP-HPLC (MeCN:H;0:0.1% TFA) to yield BA30
(17.8 mg, 67% yield).

[0143] Synthesis of 1-(4-(4-amino-1-isopropyl-1H-pyrazoclo[3,4-d]pyrimidin-3-
yl)phenyl)ethanone (BA31). A solution of 4-Acetylphenylboronic acid (12,7 mg, 0.08 mmbl)
in EtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolof3,4-
dJpyrimidin-4-amine (20 mg, 0.07 mmol) in DME (12 mL), Pd(PPhs); (16 mg, 0.014 mimnol)
and saturated NaxCOj3 (1.9 mL) were added and the reaction was heated to 80°C under an
argon atmosphere overnight. After cooling, the reaction was extracted with saturated NaCl
and CHzClL. Organic phases were combined, concentrated in vacuo and purified by RP-
HPLC (MeCN:H;(:0.1% TFA) to yield BA31 (12.9 mg, 62% yield).

[0144] Synthesis of (3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
yDphenyl)methanol (BA32). A solution of (4-Aminocarbonyl-3-chlorophenyl)boronic acid
(16 mg, 0.08 mmol) in EtOH (3.3 mL) was addéd to a solution of 3-iodo-1-isopropyl-1H-~
pyrazolo[3,4-d]pyrimidin-4-amine (20 mg, 0.07 mmol) in DME (12 mL). Pd(PPhs)s (16 mg,
0.014 mmol) and saturated NapCO; (1.9 mL) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2Clo. Organic phases were combined, concentrated iz vacuo and
purified by RP-HPLC (MeCN:H;0:0.1% TFA) to yield BA32 (9.7 mg, 42% yield). ESI-MS
M-+ m/z caled 331.1, found 331.1.

[0145] Synthesis of 3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-3-
methylthiophene-2-carbaldehyde (BA34). A solution of S-Formyl-3-methylthiophene-2-
boronic acid (26 mg, 0.14 mmol) in EtOH (3.3 mL) was added to a solution of 3-iodo-1-
isopropyl—lH~pyra:zolo[3,4—d}pyrimidin-4-amine (40 mg, 0.13 mmol) in DME (12 mL),
Pd(PPhs)4 (16 mg, 0.014 mmol) and saturated Na,COs (1.9 mL) were added and the reaction
was heated to 80°C under an argon atmosphere overnight. After cooling, the reaction was

extracted with saturated NaCl and CH;Cl,. Organic phases were combined, concentrated in
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vacuo and purified by RP-HPLC (MeCN:H,0:0.1% TFA) to yield BA34 (14.7 mg, 38%
yield). ESI-MS (M+H)" m/z caled 302.1, found 302.0.

[0146] Synthesis of 5-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)furan-3-
carbaldehyde (EASS). A solution of 4-Formylfiran-2-boronic acid (20 mg, 0.14 mmol) in
BtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-
4-amine (40 mg, 0.13 mmol) in DME (12 mL}. Pd(PPhs). (16 mg, 0.014 mmol) and
saturated Na,CO; (1.9 mL) were added and the reaction was heated to 80°C under an argon
atmosphere overnight. After cooling, the reaction was extracted with saturated NaCl and
CH,Cl,. Organic phases were combined, cqncentrated in vacuo and purified by RP-HPLC
(MeCN:H,0:0.1% TFA) to yvield BA35 (13.5 mg, 39% yield). ESI-MS (M-+H)" m/z caled
272.1, found 272.1.

[0147] Synthesis of N-[3-(4-Amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-
phenyl}-methanesulfonamide (BA38). A solution of 3-Methanesulfonylaminophernylboronic
acid (32 mg, 0.15 mmol) in FtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-
1H-pyrazolo[3,4-d]pyrimidin-4-amine (40 mg, 0.13 mmol) in DME (12 mL). Pd(PPhs); (16
mg, 0.014 mmol) and saturated Na,CO; (1.9 mL) were added and the reaction was heated to
80°C under an argon atmosphere overnight. Afier cooling, the reaction was extracted with
saturated NaCl and CH,Cl,. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H;0:0.1% TFA) fo yield BA38 (24.3 mg, 54% yield). ESI-MS
(M+H)" m/z caled 347.1, found 347.0.

[0148] Synthesis of 3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-dJpyrimidin-3-yl)benzonitrile
(BA39). A solution of 3-Cyanophenylboronic acid (23 mg, 0.15 mmol) in EtOH (3.3 mL}
was added to a solution of 3-todo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (40 mg,
0.13 mmol) in DME (12 mL). Pd(PPhs)s (30 mg, 0.03 mmol) and saturated NaxCO; (1.9 mL)
were added and the reaction was heated to 80°C under an argon atmosphere overnight. After
cooling, the reaction was extracted with saturated NaCl and CH;Cl;. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC (MeCIN:H20:0.1% TFA) to yield
BA39 (14.9 mg, 41% yield). ESI-MS (M) m/z caled 279.1, found 279.0.

[0149] Synthesis of N-[4-(4-Amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-
phenyl]-methanesulfonamide (BA40). A solution of 4-Methanesulfonylaminophenylboronic
acid (24 mg, 0.11 mmol) in EtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-
1H-pyrazolo{3,4-d]pyrimidin-4-amine (30 n:;:%, 0.10 mmol) in DME (12 mL). Pd(PPhs)s (30
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mg, 0.03 mmol) and saturated Na;CO;3 (1.9 mL) were added and the reaction was heated to
80°C under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH,Cl;. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H0:0.1% TFA) to yield BA40 (0.9 mg, 3% yield). ESI-MS
(M+H)" m/z caled 347.1, found 347.0.

[0150] Synthesis of 3-(4-Amino-1-isopropyl-1H-pyrazolo|3,4-d]pyrimidin-3-yl)-
benzenesulfonamide (BA41). A solution of Benzenesulfonamide-3-boromnic acid pinacol
ester (31 mg, 0.11 munol) in BtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-
1H-pyrazolo[3,4-d]Jpyrimidin-4-amine (30 mg, 0.10 mmol) in DME (12 mL). Pd(PPhz)4 (30
mg, 0.03 mmol) and saturated NayCO; (1.9 mL) were added and the reaction was heated to
80°C under an argon atinosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH,Cl;. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H>0:0.1% TFA) to yield BA41 (9.2 mg, 28% yield). ESI-MS
M+H)" m/z caled 333.1, found 333.0.

[0151) Synthesis of 2-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
yDbenzo[b]thiophene-5-carbaldehyde (BA42). A solution of 5-Formylbenzofbjthiophene-2-
boronic acid pinacol ester (31 mg, 0.11 mmol) in EtOFH (3.3 mL) was added to a solation of
3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10 mmol} in DME (12
mL). Pd(PPh3)s (30 mg, (.03 mmol) and saturated Na»CO3 (1.9 mL) were added and the
reaction was heated to 80°C under an argon atmosphere overnight. After cooling, the
reaction was extracted with saturated NaCl and CH,Cl. Organic phases were combined,
concentrated in vacuo and purified by RP-HPLC (MeCN:H>0:0.1% TFA) to yield BA42
(15.2 mg, 45% yield). ESI-MS (M+H)" m/z calcd 338.1, found 338.0.

[0152] Synthesis of 5-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-1H-indole- .
3-carbaldehyde (BA43). A solution of N-Boc-3-formyl-3-indoleboronic acid pinacol ester
(40 mg, 0,11 mmol) in EtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10 mmol) in DME (12 mL). Pd{PPhs), (30 mg,
0.03 mmol) and saturated Na,CO; (1.9 mL) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. Afler cooling, the reaction was extracted with
saturated NaCl and CH,Cl,. Organic phases were combined, concentrated in vacuo and
puwrified by RP-HPLC (MeCN:Hz0:0.1% TFA). The TFA from purification hydrolyzed the
Boc to yield BA43. ESI-MS (M+H)" m/z caled 321.1, found 321.0.
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[0153] Synthesis of 3-(benzo[c][1,2,5]oxadiazol-6-yl)-1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA44). A solution of Benzo[c][1,2,5]oxadiazole-5-boronic acid (18
mg, 0.11 mmol) in EtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10 mmo!) in DME (12 mL). Pd(PPhs)s (30 mg,
0.03 mmol) and saturated Na;CQj3 (1.9 mlL) were added and the reaction was heated fo 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH,Cl;. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H;0:0.1% TFA) to yield BA44. ESI-MS (M+H)" m/z caled
296.1, found 296.1. ‘

{0154] Synthesis of 2-(4-(4-amino-1-isopropyl-1H-pyrazolof3.4-d]pyrimidin-3-
yDphenyDacetonifrile (BA45). A solution of (4-Cyanomethylphenyl)boronic acid (18 mg,
0.11 mmo}) in EtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10 mmol) in DME (12 mL). Pd(PPhs)s (30 mg,
0.03 mmol) and saturated Na,COs (1.9 mL) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was exfracted with
saturated NaCl and CH,Cl,. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H,0:0.1% TFA) to yield BA45. ESI-MS (M+H)" m/z caled
293.1, found 293.1.

[0155] Synthesis of 2-(3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
yDphenylacetonitrile (BA46). A solution of (3-Cyanomethylphenyl)boromnic acid (18 mg,
0.11 mmol) in EtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10 mmol) in DME (12 mL). Pd(PPh;)s (30 mg,
0.03 mmol} and safurated Na,COj (1.9 mL) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH;Cl;. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H,0:0.1% TFA) to yield BA45. ESI-MS (M+H)" m/z caled
293.1, found 293.1.

[0156] Synthesis of 1-isopropyl-3-(4-methoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-

amine (BA48). A solution of (4-Methoxyphenylboronic acid (17 mg, 0.11 mmol) in FtOH

(3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-

amine (30 mg, 0.10 mmol) in DME (12 mL). Pd(PPhs)s (30 mg, 0.03 mmol) and saturated

Naz;COs (1.9 mL) were added and the reaction was heated to 80°C under an argon atmosphere
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overnight. After cooling, the reaction was extracted with saturated NaCl and CHCl;.
Organic phases were combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H;0:0.1% TFA) to yield BA48 (4.5mg, 16% yield). ESI-MS (M+E)* m/z caled
284.1, found 284.1.

[0157] Synthesis of 1-isopropyl-3-(3-methoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-
amine (BA49). A solution of 3-Methoxyphenylboronic acid (17 mg, 0.11 mmol) in EtOH
(3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo{3,4-d]pyrimidin-4-
amine (30 mg, 0.10 munol) in DME {12 mL). Pd(PPhs), (30 mg, 0.03 mmol) and saturated
NazCO; (1.9 mL) were added and the reaction was heated to 80°C under an argon atmosphere
overnight. After cooling, the reaction was exiracted with saturated NaCl and CH,Cl.
Organic phases were combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H20:0.1% TFA) to yield BA49. ESI-MS (M+H)* m/z caled 284.1, found 284.0.

[0158] Syuthesis of 1-isopropyl-3-(pyridin-3-yl)~1H-pyrazolo[3,4-d]pyrimidin-4-amine
{BA52), A solution of 3-Pyridinylboronic acid (15 mg, 0.14 mmol) in EtOH (3.3 mL}) was
added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (40 mg, 0.13
mmol) in DME (12 mL). Pd(PPhs)s (15 mg, 0.015 mmol) and saturated Na;COs (1.9 ml)
were added and the reaction was heated to 80°C under an argon atmosphere overnight. After
cooling, the reaction was extracted with saturated NaCl and CH2Cl,. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC (MeCN:H,O) to yield BAS2.
ESI-MS (M+H)" m/z caled 255.1, found 255.0.

[0159] Synthesis of 1-isopropyl-3-(pyrimidin-5-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(BAS53). A solution of 5-Pyrimidinylboronic acid (15 mg, 0.14 mmol) in EtOH (3.3 mL)
was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (40 mg,
0.13 mmeol) in DME (12 mL}. Pd(PPh3)4 (15 mg, 0.015 mmol) and saturated Nap,CO; (1.9
mL) were added and the reaction was heated to 80°C under an argon atmosphere overnight.
Afier cooling, the reaction was extracted with saturated NaCl and CH;Cl;. Organic phases
were combined, concentrated in vacuo and purified by RP-HPL.C (MeCN:H;0) to yield
BAS53, ESI-MS (M-+H)" m/z caled 256.1, found 256.1.

[0160] Synthesis of 3-(2,3-dihydrobenzo[bi[1,4]dioxin-6-y1)-1-isopropyl-1H-pyrazolo[3,4-
d)pyrimidin-4-amine (BAS4). A solution of 2,3-dihydro-1,4-benzodioxin-6-ylboronic acid
(26 mg, 0.14 mmol) in BtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (40 mg, 2813 mmol) in DME (12 mL). Pd(PPhs)s (30 mg,
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0.03 mmol) and saturated NazCOs (1.9 mL) were added and the reaction was heated to 80°C
under an argon atinosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH,Cl;, Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H;0:0.1% TFA) to yield BAS4 (6 mg, 15% yield). ESI-MS

5  (M+H)" m/z caled 312.1, found 312.0.

[0161] Synthesis of 1-(3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d)pyrimidin-3-
yl)phenylethanone (BAS5). A solution of 3-Acetylphenylboronic acid (23 mg, 0.14 mmol)
in EtOH (3.3 mL) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-
djpyrimidin-4-amine (40 mg, 0.13 mmol) in DME (12 mL}. Pd(PPhs)4 (30 mg, 0.03 mmol)

10  and saturated Nap,CO3 (1.9 mL) were added and the reaction was heated to 80°C under an
argon atmosphere overnight. After cooling, the reaction was extracted with saturated NaCl
and CH,Cl,. Organic phases were combined, concentrated in vacuo and purified by RP-
HPLC (MeCN:H;0:0.1% TFA) to yield BASS (7 mg, 18% yield). ESI-MS (M-+H)" m/z caled
296.1, found 296.1.

15 [0162] Synthesis of 4-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)phenol
(BA56). A solution of 4-Hydroxyphenylboronic acid (30 mg, 0.14 mmol) in EtOH (3.3 mL)
was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (40 mg,
0.13 mmol) in DME (12 mL). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated Na,CO; (1.9 mL)
were added and the reaction was heated to 80°C under an argon atmosphere overnight. Afier

20  cooling, the reaction was extracted with saturated NaCl and CH,Cl,. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC (MeCN:H;0:0.1% TFA) to yield
BAS56 (12 mg, 32% yield). ESI-MS (M-+H)" m/z caled 270.1, found 270.1.

[0163] Synthesis of PI3-K/Tyrosine Kinase Dual Inhibitors

[0164] Synthesis of 1H-pyrazolo[3,4-d]pyrimidin-4-amine (BA18). A solution of 250 ml

25  of formamide and 3-amino-4-pyrazolecarbonitrile (25 g, 0.231 mol) was heated to 180°C
overnight under an argon atmosphere., Reaction was cooled and 400 ml of dH20 were added.
The resulting solid was filtered and rinsed with cold dH2Q. White solid precipitate was
collected and dried in vacuo overnight to yield BA18 (39g, 100% yield). ESE-MS (M+H)+
m/z caled 136.1, found 136.1.

30 [0165] Synthesis of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (BA19). A solution of
3H-pyrazolo[3,4-dJpyrimidin-4-amine (10g, 0.074 mol) and n-iodo-succinamide (25 g, 0.111

3%



BA64 MeO de,1). Me ./\ x."----Ove BA161 Nier r NM5A65 -t, A Owv Ow
BA162 isb WD 2007/ 114926PCM]SZOO7/ 008395 Cpd 111 R2 Cpd R1 R2 ZK305

Ny OVe ill ‘Qgtw%%gg >, - - Il NH ZK306 A, OVEL i3 Aidses

Ni srr.

10

15

20

25

30

0 BAG6 -ie N "C C]\/I

mol) in DMF (80ml) was heated to 80°C overnight under an argon atmosphere. The resulting
solid was filtered and rinsed with cold EtOH. Product was dried in vacuo overnight to yield
BA19 (24g, 100% yield). ESI-MS (M-+H)+ m/z caled 262.0, found 262.0

[0166] Synthesis of 3-iodo—1-isopropyl—lH—pyrazolo[B,4-d]pyrimidin~4~amine (BA12). A
solution of 3-iodo-1H-pyrazolo[3,4-djpyrimidin-4-amine (2 g, 0.0077 mol) and K2CO3
(4.2g, 0.031 mol) in DMF (50 ml) was brought to 80°C under an argon atomosphere.
Isopropylbromide {1.0g, 0.0084 mol) was added with a syringe. Reaction was refluxed under
argon atmosphere for 2 hours. Solid K2CO3 was removed by filtration. Solvent was
partially removed in vacuo. Sodium citrate (50 ml) was added and reaction was extracted
with EtOAc. Organic phases concentrated in vacuo and purified using silica gel column
chromatography [MeOH-—CH2CI2, 5:95] yielding BA12 (1.68 g, 72% yield), ESI-MS
(M~+H)+ m/z caled 304.0, found 304.1.

[0167] Synthesis of 4-(4-Amino-I-isopropyl-1H-pyrazolof3,4-d]pyrimidin-3-yl)-
benzenesulfonamide (BA14). A solution of benzenesulfonamide-4-boronic acid pinacol ester
(23 mg, 0.08 mmol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-~
pyrazolo[3,4-d]pyrimidin-4-amine (20 mg, 0.0;/' rmmol} in DME (12 ml). Pd(PPh3)4 (16 mg,
0.014 mmeol) and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2CI2. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA) to vield BAl4 (2.2 mg, 10% ﬁeld). ESI-MS
(M+H)+ m/z caled 333.1, found 333.1.

[0168] Synthesis of 1-isopropyl-3-(3-methoxy-4-methylphenyl)-1H-pyrazolof3,4-
dlpyrimidin-4-amine (BA15). A solution of 2 methoxy-4-{4,4,5,5-tetramethyl-1,3-2-
dioxaborolan-2-yl) phenol (19 mg, 0.08 mmol) in EtOH (3.3 ml) was added to a solution of
3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (20 mg, 0.07 mmol) in DME (12
ml)., PA(PPh3)4 (16 mg, 0.014 mmol) and saturated Na2CO3 (1.9 ml) were added and the
reaction was heated fo 80°C under an argon atmosphere overnight. After cooling, the
reaction was extracted with saturated NaCl and CH2CI2. Organic phases were combined,
concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA15 (4.3
mg, 20% yield). ESI-MS (M+H)+ m/z caled 300.1, found 300.2.

[0169] Synthesis of 6-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)naphthalen-
2-0l {BA17). A solution of 6-hydroxynaphthalen-2-yI-2-boronic acid (15 mg, 0.08 mmol) in
40
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EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3 S-dlpyrimidin-
4-amine (20 mg, 0.07 mmol) in DME (12 ml). Pd(PPh3)4 (16 mg, 0.014 mmol) and
saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C under an argon
atmosphere overnight. After cooling, the reaction was extracted with saturated NaCl and
CH2CI2. Organic phases were combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H20:0.1% TFA) to yield BA15 (4.8 mg, 23% yield). ESI-MS (M+H)+ m/z calcd
320.1, found 320.1.

[0170] Synthesis of tert-butyl 4-(4-amino-1-isopropyl-1H-pyrazolo[ 3,4-d)pyrimidin-3-yi)-
2-methoxyphenylcarbamate (BA20). A solution of 4 4-N-Boc-amino-3-methoxy-
benzeneboronic acid (48 mg, 0.18 mmol) in EtOH (3.3 ml) was added to a solution of 3-
iodo-1-isopropyl-1F-pyrazolo[3,4-d]pyrimidin-4-amine (50 mg, 0.18 mmol) in DME (12
ml). PA(PPh3)4 (40 mg, 0.03 mmol) and saturated Na2CO3 (1.9 ml) were added and the
reaction was heated to 80°C under an argon atmosphere overnight. After cooling, the
reaction was extracted with saturated NaCl and CH2C12. Organic phases were combined,
concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA20.
ESI-MS (M+H)+ mv/z caled 399.2, found 399.1.

[0171] Synthesis of 3-(4-amino-3-methoxyphenyl)-1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA20d). A solution of teri-butyl 4-(4-amino-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)-2-methoxyphenylcarbamate (BA20) (20 mg, 0.05 mmol) in
CH2CIl2, TFA, S(CH2)2, H20 (45:45:5:5) (1ml) was stirred at room temperature for 15
minutes. NaHCO3 (2 ml) was added till reaction was alkaline. Reaction was exirated with
H20 and CH2C12, Organic phases were combined, concentrated in vacuo and purified by
RP-HPLC MeCN:H20:0.1% TFA) to vield BA20d.

[0172]) Synthesis of 2-amino-5-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
ylphenol (BA20dd). BA20 (tert-butyl 4-(4-amino-1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)-2-methoxyphenylcarbamate, 7 mg, 0.018 mmol) was dissolved in CH2CI2
(2.5 ml} and stirred under an argon atmosphere at room temperature. BBr3 (0.500 ml) was
added slowly with a syringe. The reaction mixture was stirred overnight, under argon at

room temperature. BBr3 was removed in vacuo and the remaining solid was purified by RP-
HPLC (MeCN:H20:0.1% TFA) to vield BA20dd.

[0173] Synthesis of 5-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)pyridine-2-
carbonitrile (BA21). A solution of 2-cyanopyridine 5-boronic acid pinocol ester (18 mg,
41
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0.08 mamol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (20 mg, 0.07 mmol) in DME (12 ml). Pd(PPh3)4 (16 mg,
0.014 mmeol) and saturated Na2CO3 (1.9 m}) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2CI2. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA21 (2.5 mg, 14% yield). ESI-MS
(M-+H)+ m/z caled 280.1, found 280.1.

[0174] Synthesis of 3-(3-(benzyloxy)-5-fluorophenyl)-1-isopropyl-1H-pyrazolo[3,4-
dlpyrimidin-4-amine. A solution of (3-Benzyloxy-5-fluorophenyl)boronic acid (29 mg, 5.80
mmol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3;4-
d]pyrimidin-4-amine (20 mg, 0.07 mmol) in DME (12 ml). Pd(PPh3)4 (16 mg, 0.014 mmol)
and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C under an
argon atmosphere overnight. After cooling, the reaction was extracted with saturated NaCl
and CH2C]2. Organic phases were combined, concentrated in vacuo and purified by RP-
HPLC (MeCN:H2Q:0.1% TFA) to vield BA22 (15.6 mg, 60% yield), ESI-MS (M+H)+ m/z
caled 378.1, found 378.0,

[0175] Synthesis of 3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-5-
fiuorophenol (BA22). A solution of -(3~(benzyloxy);S-ﬂuorophenyl)-l-isopropyl—l H-
pyrazolo[3,4-d]pyrimidin-4-amine (15 mg, 0.04 mmol) in MeOH (0.9 ml) was flushed with
argon. Pd on activated carbon (10 ml) was carefully added while keeping reaction under an
argon atmosphere. Reaction was flushed with H2 gas and left under H2 atmosphere overnight
at room temperature. The reaction was filtered through celite and rinsed with MeOH to yield
BA22 (15 mg, 100% yield). ESI-MS (M+H)+ m/z caled 288.1, found 288.1.

[0176] Synthesis of 1-isopropyl-3-(3,4-dimethoxyphenyl)-1H-pyrazolo[3,4-dJpyrimidin-4-
amine (BA23). A solution of 3,4-Dimethoxyphenylboronic acid (24 mg, 0.13 mmol) in
EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-
4-amine (20 mg, 0.07 mmol) in DME (12 ml). Pd(PPh3)4 (16 mg, 0.014 mmol) and
saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C under an argon
atmosphere overnight. After cooling, the reaction was extracted with saturated NaCl and
CH2ZCI2. Organic phases were combined, concenirated in vacuo and purified by RP-HPLC
(MeCN:H2O:0.1% TFA) to yield BA23 (13.1 mg, 60% yield). ESI-MS (M+H)+ mv/z caled
314.0, found 314.1.
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[01'77] Synthesis of tert-butyl 2-(4-amino-1-isopropyl-1H-pyrazoelo[3,4-d]pyrimidin-3-yl)-
5-(benzyloxy)-1H-indole-1-carboxylate (BA24). A solution of 5-Benzyloxy-1-BOC-indole-
2-boronic acid (303mg, 0.83 mmol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-
isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (100 mg, 0.33 mmol) in DME (12 ml).
Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated Na2CO3 (1.9 ml) were added and the reaction
was heated to 80°C under an argon atmosphere overnight. After cooling, the reaction was
extracted with saturated NaCl and CH2CI2. Organic phases were combined, concenirated in
vacuo and purified by silica gel column chromatography [EtOAc—hexanes, 5:95] to yield
BA24. ESI-MS (M+H)+ m/z caled 499.2, found 499.2.

[0178] Synthesis of 2-(4-amino-1-isopropyl- 1H-pyrazolo[3,4-d]pyrimidin-3-yl)-1H-indol-
5-01 (BA24dd). BA24 (3-(4-fluoro-3-methoxyphenyl)-1-isopropyl-1H-pyrazolo[3,4-
d}pyrimidin-4-amine, 30 mg; 0.10 mmol) was dissolved in a solution of formic acid (4.5 ml,
10 equivalents) and HCI (0.45 ml, 1 equivalent). The reaction was heated and stirred for one
hour under an argon atmosphere. The reaction was then concentrated in vacuo and purified
by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA24dd. ESI-MS (M+H)+ m/z caled 309.1,
found 309.1. '

[01°79] Synthesis of (3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
yDphenyDmethanol (BA26). A solution of (3-Hydroxymethylphenyl)boronic acid (24 mg,
0.13 mmol) in EtOH (3.3 mi) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (20 mg, 0.07 mmol) in DME (12 ml). Pd(PPh3)4 (16mg,
0.014 momol) and satorated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2CI2. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA26 (8.4 mg, 42% yield). ESI-MS
(M+H)+ m/z caled 283.1, found 284.2,

[0180] Synthesis of 3-(4-amino-1-isopropyl-1H-pyrazolof3,4-d}pyrimidin-3-y1)-N-(4,5-
dihydrothiazol-2-yljbenzamide (BA30). A solution of [3-((4,5-dihydrothiazol-2-
yDearbamoyl)phenyl]boronic acid (19 mg, 0.08 mmol) in EtOH (3.3 ml) was added to a
solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (20 mg, 0.07 mmol) in
DME (12 ml). Pd(PPh3)4 (16 mg, 0.014 mmol) and saturated Na2CO3 (1.9 ml) were added
and the reaction was heated to 80°C under an argon atmosphere overnight. After cooling, the
reaction was extracted with saturated NaCl and CH2CI2. Organic phases were combined,
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concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA30
(17.8 mg, 67% yield).

[0181] Synthesis of 1-(4-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
yDphenyl)ethanone (BA3 1). A solution of 4-Acetylphenylboronic acid (12.7 mg, 0.08 mmol)
in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-
dlpyrimidin-4-amine (20 mg, 0.07 mmol) in DME (12 mi). Pd(PPh3)4 (16 mg, 0.014 mmol)
and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C under an
argon atmosphere overnight. Afler cooling, the reaction was extracted with saturated NaCl
and CH2CI2. Organic phases were combined, concentrated in vacuo and purified by RP-
HPLC (MeCN:H20:0.1% TFA) to yield BA31 (12.9 mg, 62% yield).

[0182] Synthesis of (3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
yDphenyl)methanol (BA32). A solution of (4-Aminocarbonyl-3-chlorophenyl)boronic acid
(16 mg, 0.08 mmol}) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (20 mg, 0.07 mmol} in DME (12 ml). Pd(PPh3)4 (16 mg,
0.014 mmol) and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was exiracted with
saturated NaCl and CH2C]12. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA32 (9.7 mg, 42% vield). ESI-MS
(M-+H)+ m/z caled 331.1, found 331.1.

[0183] Synthesis of 5-(4-amino-1-isopropyl-1H-pyrazoio[3,4-dlpyrimidin-3-yl)-3-
methylthiophene-2-carbaldehyde (BA34). A solution of 5-Formyl-3-methylthiophene-2-
boronic acid (26 mg, 0.14 mmol) in EtOH (3.3 ml) was added to a solution of 3-jodo-1-
isopropyl—lvayrazoio[3,4~d]pyrimidin~4~amine (40 mg, 0.13 mmol) in DME (12 ml).
Pd(PPh3)4 (16 mg, 0.014 mmol) and saturated Na2CO3 (1.9 ml) were added and the reaction
was heated to 80°C under an argon atmosphere overnight. After cooling, the reaction was
extracted with saturated NaCl and CH2CI2. Organic phases were combined, concentrated in
vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA34 (14.7 mg, 38%
yield). ESI-MS (M+H)+ m/z calcd 302.1, found 302.0.

{0184] Synthesis of 5-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)furan-3-
carbaldehyde (BA35). A solution of 4-Formylfuran-2-boronic acid (20 mg, 0.14 mmol} in
EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-
4-amine (40 mg, 0.13 mmol) in DME (12 m‘i)4 Pd(PPh3)4 (16 mg, 0.014 mmol) and
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saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C under an argon
atmosphere overnight. Afier cooling, the reaction was extracted with saturated NaCl and
CH2CI2. Organic phases were combined, concenfrated in vacuo and purified by RP-HPLC
(MeCN:F20:0.1% TFA) to yield BA35 (13.5 mg, 39% yield). ESI-MS (M+H)+ m/z caled
272.1, found 272.1.

[0185] Synthesis of N-[3-(4-Amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-
phenyl}-methanesulfonamide (BA38). A solution of 3-Methanesulfonylaminophenylboronic
acid (32 mg, 0.15 mmol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-
1H-pyrazolo[3,4-d]pyrimidin-4-amine (40 mg, 0.13 mmol) in DME (12 ml). Pd(PPh3)4 (16
mg, 0.014 mmol} and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to
80°C under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2CI12. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0. 1% TFA) to yield BA3E (24.3 mg, 54% yield). ESI-MS
{(M+H)+ m/z calcd 347.1, found 347. 0.

[0186] Synthesis of 3-(4-amino-1-isopropyl-1H-pyrazolo{3,4-djpyrimidin-3-yl)benzonitrile
{BA39). A solution of 3-Cyanophenylboronic acid (23 mg, 0.15 mumol) in EtOH (3.3 ml)

was added to a solution of 3-10do-1-isopropyl-1H~pyrazolo[3,4-d]pyrimidin-4-amine (40 mg,
0.13 mmol) in DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated Na2CO3 (1.9 ml)
were added and the reaction was heated to 80°C under an argon atmosphere overnight. After
cooling, the reaction was extracted with saturated NaCl and CH2CI2. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield
BA39 (14.9 mg, 41% yield). ESI-MS (M-+H)+ m/z caled 279.1, found 279.0.

[0187] Synthesis of N-[4-(4-Amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-
phenyl]-methanesulfonamide (BA40). A solution of 4-Methanesulfonylaminophenylboronic
acid (24 mg, 0.11 mmol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-
1H-pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0,10 mmol) in DME (12 ml). Pd(PPh3)4 (30
mg, 0.03 mmol) and saturated Na2CQO3 (1.9 ml) were added and the reaction was heated to
80°C under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2CI2. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA40 (0.9 mg, 3% yield). ESI-MS
(M+H)+ m/z caled 347.1, found 347.0.

45



+ + + +++ 5A149 ++ ++ ++ ++ + KS284 +++ ++ +++ ++ +++ BA32 ++ ++ +++
+++ BA60 ++ ++ +++ ++ +++ BAS5 ++ ++ +++ ++ ++ ZK318 ++ + ++ ++ ++

BASS ++

10

15

20

25

30

tHyotbdifots (1<320 ++ ++ +++ +++ ++ BA34 PCT/US2007/008395

[0188] Synthesis of 3-(4-Amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-
benzenesulfonamide (BA41). A sc;lution of Benzenesulfonamide-3-boronic acid pinacol
ester (31 mg, 0.11 mmol) in BtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-
1H-pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10 mmol) in DME (12 ml). Pd(PPh3)4 (30
mg, 0.03 mmol) and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to
80°C under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2Cl12. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA41 (9.2 mg, 28% yield). ESI-MS
{M-+H)+ m/z calcd 333.1, found 333.0.

[0189] Synthesis c;f 2-(4-amino-1-isopropyl-1H-pyrazolo[3.4-d]pyrimidin-3-
yDbenzo[b]thiophene-5-carbaldehyde (BA42). A solution of 5-Formylbenzo[b}thiophene-2-
boronic acid pinacol ester (31 mg, 0.11 mmol) in EtOH (3.3 ml) was added to a solution of
3-iodcla-1 -isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10 mmol} in DME (12
ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated Na2CO3 (1.9 ml) were added and the
reaction was heated to 80°C under an argon atmosphere overnight. Afier cooling, the
reaction was extracted with saturated NaCl and CH2CI12. Organic phases were combined,
concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA42
(15.2 mg, 45% vield). ESI-MS (M+H)+ m/z caled 338.1, found 338.0.

[0190] Synthesis of 5-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-1H-indole-
3-~carbaldehyde (BA43). A solution of N-Boc-3-formyl-5-indoleboronic acid pinacol ester
(40 mg, 0.11 mmol) in EtCH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]lpyrimidin-4-amine (30 mg, 0.10 mmol) in DME (12 ml). Pd(PPh3)4 (30 mg,
0.03 mmol) and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2CI2. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA). The TFA. from purification hydrolyzed the
Boc to yield BA43. ESI-MS (M+H)+ m/z caled 321.1, found 321.0.

[0191] Synthesis of 3~(benzo[c][1,2,5]oxadiazol-6-yl)-1-isopropyl-1H-pyrazolo[3,4-

d]pyrimidin-4-amine (BA44). A solution of Benzo[c]{1,2,5]oxadiazole-5-boronic acid (18

mg, 0.11 mmol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-

pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10 mmol) in DME (12 ml). Pd(PPh3)4 (30 mg,

0.03 mmol) and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C
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under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2C)2. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA44. ESI-MS (M+H)+ n/z caled
296.1, found 296.1.

[0192] Synthesis of 2-(4-(4~amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)phenyl)acetonitrile (BA45). A solution of (4-Cyanomethylphenyl)boronic acid (18 mg,
0.11 mmol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.10 mmol) in DME (12 ml). Pd(PPh3)4 (30 mg,
0.03 mmol) and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2CI12, Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA45, ESI-MS (M+H)+ m/z caled
293.1, found 293.1.

[0193] Synthesis of 2-(3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)phenyl)acetonitrile (BA46). A solution of (3-Cyanomethylphenyl)boronic acid (18 mg,
0.11 mmol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolof3,4-d]pyrimidin-4-amine (30 mg, 0.10 mmol) in DME (12 ml). Pd(PPh3)4 (30 mg,
0.03 mmol) and saturated Na2CQO3 (1.9 ml) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2CI2. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCIN:H20:0.1% TFA) to yield BA435, ESI-MS (M+H)+ m/z caled
293.1, found 293.1.

[0194] Synthesis of l-isopropyl-3-(4-methoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-
amine (BA48). A solution of (4-Methoxyphenylboronic acid (17 mg, 0.11 mmol) in EtOH
(3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-
amine (30 mg, 0.10 mmol) in DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated
Na2CO0O3 (1.9 ml) were added and the reaction was heated fo 80°C under an argon atmosphere
overnight. After cooling, the reaction was extracted with saturated NaCl and CH2CI2.
Organic phases were combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H20:0.1% TFA) to yield BA48 (4.5mg, 16% yield). ESI-MS (M+H)+ m/z calcd
284.1, found 284.1.
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[0195] Synthesis of 1-isopropyl—S-(3-methqupheny1)-lH-pyrazolo[3,4—d]pyrimidin—4-
amine (BA49). A solution of 3-Methoxyphenylboronic acid (17 mg, 0.11 mmol) in EtOH
(3.3 mi) was added to a solution of 3-jodo-1-isopropyl-1H-pyrazolo{3,4-dJpyrimidin-4-
amine (30 mg, 0.10 mmol) in DME (12 m1). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated
Na2C03 (1.9 ml) were added and the reaction was heated to 80°C under an argon atrnosphere
overnight. Afier coolfng, the reaction was extracted with saturated NaCl and CH2Cl2.
Organic phases were combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H20:0.1% TFA) to yield BA49. ESI-MS (M+H)+ m/z caled 284.1, found 284.0.

[0196] Synthesis of 1-isopropyl-3-(pyridin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(BAS52). A solution of 3-Pyridinylboronic acid (15 mg, 0.14 mmol) in EtOH (3.3 ml) was
added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (40 mg, 0.13
mmol) in DME (12 ml). P4(PPh3)4 (15 mg, 0.015 mmol) and saturated Na2CO3 (1.9 ml)
were added and the reaction was heated to 80°C under an argon atmosphere overnight. After
cooling, the reaction was extracied with saturated NaCl and CH2CI2. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC (MeCN:H2O) to yield BAS52.
ESI-MS (M+H)+ m/z caled 255.1, found 255.0.

[0197] Synthesis of 1-isopropyl-3-(pyrimidin-5-yi)-1H-pyrazolo[3,4-d}pyrimidin-4-amine
(BAS3). A solution of 5-Pyrimidinylboronic acid (15 mg, 0.14 mmol) in EtOH (3.3 ml) was
added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo]3,4-d]pyrimidin-4-amine (40 mg, 0.13
mmol) in DME (12 mi). Pd(PPh3)4 (15 mg, 0.015 mmol} and saturated Na2CO3 (1.9 ml)
were added and the reaction was heated to 80°C under an argon atmosphere overnight. After
cooling, the reaction was extracted with saturated NaCl and CH2C12, Organic phases were
combined, concenirated in vacuo and purified by RP-HPLC (MeCIN:H20) to yield BAS3.
ESI-MS (M+H)+ m/z caled 256.1, found 256.1.

[0198] Synthesis of 3-(2,3-dihydrobenzolb][ 1,4]dioxin-6-yl}-1-isopropyl-1H-pyrazolof3,4-
d]pyrimidin-4-amine (BAS54). A solution of 2,3-dihydro-1,4-benzodioxin-6-ylboronic acid
(26 mg, 0.14 mmol) in EtOH (3.3 ml) was added to a solution of 3-icdo-1-isopropyl-1H-
pyrazolo[3,4-dJpyrimidin-4-amine (40 mg, 0.13 mmol) in DME (12 ml). Pd(PPh3)4 (30 mg,
0.03 mmel) and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. Afler cooling, the reaction was extracted with

saturated NaCl and CH2CI12. Organic phases were combined, concentrated in vacuo and
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purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA54 (6 mg, 15% yield). ESI-MS
(M-+H)+ m/z caled 312.1, found 312.0.

[0199] Synthesis of 1-(3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
yDphenyl)ethanone (BASS5). A solution of 3-Acetylphenylboronic acid (23 mg, 0.14 mmol)
in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolof3,4-
dJpyrimidin-4-amine (40 mg, 0.13 mmol) in DME (12 m1). Pd{(PPh3)4 (30 mg, 0.03 mmol)
and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C under an
argon atmosphere overnight. After cooling, the reaction was extracted with saturated NaCi
and CH2CI2. Organic phases were combined, concentrated in vacuo and purified by RFP-
HPLC (MeCN:H20:0.1% TFA) to yield BA5S5 (7 mg, 18% yield). ESI-MS (M+H)+ m/z
calcd 296.1, found 296.1.

[0200] Synthesis of 4-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)phenol
(BA56). A solution of 4-Hydroxyphenylboronic acid (30 mg, 0.14 mmol) in EtOH (3.3 ml)
was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (40 mg,
0.13 mmol) in DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmo!l) and saturated Na2CO3 (1.9 ml)
were added and the reaction was heated to 80°C under an argon atmosphere overnight. After
cooling, the reaction was extracted with saturated NaCl and CH2CI2. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield
BAS6 (12 mg, 32% yield). ESI-MS (M+H)+ m/z caled 270.1, found 270.1.

[0201] Synthesis of 4-(4-amino-1-isopropyl-1H-pyrazolo[ 3,4-dJpyrimidin-3-yl)-2-
fluorophenol (BAS9). A solution of 3-fluoro-4-hydroxyphenylboronic acid (103 mg, 0.66
mmol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-
dJpyrimidin-4-amine (100 mg, 0.33 mmol) in DME (12 mi). Pd(PPh3)4 (30 mg, 0.03 mmol)
and saturated Na2CO3 (1.9 mi) were added and the reaction was heated to 80°C under an
argon atmosphere overnight. After cooling, the reaction was extracted with saturated NaCl
and CH2CI2. Organic phases were combined, concentrated in vacuo and purified by RP
using silica gel column chromatography [MeOH—CH2CI2, 2:98] to yield BA59 (26 mg,
27% yield). ESI-MS (M-+H)+ m/z calcd 288, found 288.

[0202] Synthesis of 4-(4-amino-1-isopropyl-1H-pyrazolo[ 3,4-d}pyrimidin-3-y1)-3-
methylphenol (BAG0). A solution of 4-hydroxy-2-methylphenylboronic acid (110 mg, 0.66
mmol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4~
dJpyrimidin-4-amine (100 mg, 0.33 mmol) 1;19 DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmol)
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and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C under an
argon atmosphere overnight. After cooling, the reaction was exiracted with saturated NaCl
and CH2C12. Organic phases were combined, concentrated in vacuo and purified by silica
gel column chromatography [MeOH—CH2CI2, 2:98] to yield BAGO (42 mg, 22% yield).
ESI-MS (M+H)+ m/z caled 284, found 284,

[0203] Synthesis of 3-(4-fluoro-3-methoxyphenyl)-1-isopropyl-1H-pyrazolo[3,4-
dlpyrimidin-4-amine (BA62). A solution of 4-fluoro-3-methoxyphenylboronic acid (61 mg,
0.36 mmol) in BtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.30 mumol) in DME (12 ml). Pd(PPh3)4 (30 mg,
0.03 mmol) and saturated Na2CO3 (1.9 mi) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. Afier cooling, the reaction was extracted with
saturated NaCl and CH2CI2. Organic phases were combined, concentrated in vacuo and
purified by silica gel column chromatography [MeOH-—CH2CI2, 2:98] fo yield BA62 (40
mg, 44% yield). ESI—MS (M~+H)+ m/z caled 302, found 302.

[0204] Synthesis of 5-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-2-
fluorophenol (BA62d). A solution of BA62 (3-(4-fluoro-3-methoxyphenyl)-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine, 30 mg, 0.10 mumol) was dissolved in CH2CIZ (5 ml) and
stirred under an argon atmosphere. BB13 (500uL, 0.5 mol) was added slowly with a
syringe, while stirring. The reaction was stirred at room temperature for 3 hours then
concentrated in vacuo and purified using silica gel column chromatography [MeOH—
CH2CI12, 2:98] to vield BA62d (23 mg, 44% yield). ESI-MS (M+H)+ nv/z caled 288.1, found
288.1.

[0205) Synthesis of 3-(2,5-difluoro-4-methoxyphenyl)-1-isopropyl-1H-pyrazolo{3,4-
d]pyrimidin-4-amine (BA63). A solution of 2,5-difluoro-4-methoxyphenylboronic acid (84
mg, 0.45 mmol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (54 mg, 0.18 mmol) in DME (12 ml). Pd(FPh3)4 (30 mg,
0,03 mmeol) and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2CI2. Organic phases were combined, concentrated in vacno and
purified by silica gel column chromatography [MeOH-—CH2CI2, 2:98] to yield BA63 (50
mg, 17% vield). ESI-MS (M~+H)+ m/z caled 320.1, found 320.0.

50



71<102 + + .+ +++ T71<471 +++ +++ +++ +++ ++ 71( 157 +++ +++ 71<461
+++ ++ +++ ++ ++ 71<159 ++ ++ ++ ++ +++ 71<413 ++ +++ +++ ++4 +++

71<166 ++ Ao ddhoifuodstt ZK3T +H+ 4+ 44+ 44+ 44+ 1<863 +pipudrotifibsses

10

15

20

25

30

[0206] Synthesis of 4-(4~amino-1-isopropyl-1H-pyrazolo[3,4-dlpyrimidin-3-yl)-2,5-
difluorophenol (BA93). 3-(2,5-difluoro-4-methoxyphenyl)-1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA63) (20 mg, 0.06 mmol) was dissolved in CH2CI2 (2ml) and BBr3
(0.630 mL, 0.63 mmol) was added slowlyl with a syringe, while stiring. The reaction was
stirred at room temperature for overnight then concentrated in vacuo and purified using by
RP-HPLC (MeCN:H20:0.1% TFA) to vield BA93 (6.7 mg, 35% yield). ESE-MS (M+H)+
m/z caled 306.1, found 306.0.

[0207] Synthesis of 1-isopropyl-3-(3,4,5-trimethoxyphenyl)-1 H-pyrazolof3,4-d]pyrimidin-
4-amine (BA64). A solution of 3,4,5-trimethoxyphenylboronic acid (123 mg, 0.58 mmol} in
EtOH (3.3 mi) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-
4-amine (70 mg, 0.23 mmol) in DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated
Na2CO03 (1.9 ml) were added and the reaction was heated to 80°C under an argon atmosphere
overnight. After cooling, the reaction was extracted with saturated NaCl and CH2CI2.
Organic phases were combined, concentrated in vacuo and purified by silica gel column
chromatography [MeOH—CH2CI2, 2:98] to yield BA64 (70 mg, 89% yield). ESI-MS
(M+H)+ m/z caled 344.1, found 344.0.

[0208] Synthesis of 1-isopropyl-3-(2,3-dimethoxyphenyl)-1H-pyrazolo{3,4-d]pyrimidin-4-~
amine (BA65). A solution 2,3-dimethoxyphenylboronic acid (105 mg, 0.58 mmol) in EiOH
(3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-
amine (70 mg, 0.23 mmol) in DME (12 ml). Pd(PPh3)}4 (30 mg, 0.03 mmol) and saturated
Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C under an argon atmosphere
overnight. After cooling, the reaction was extracted with saturated NaCl and CH2CI2.
Organic phases were combined, concentrated in vacuo and purified by silica gel column
chromatography [MeOH—CH2C12, 2:98] to yield BA65 (63 mg, 88% yield). ESI-MS
(M+H)+ m/z caled 314.1, found 314.1.

[0209] Synthesis of 1-isopropyl-3-(2,4-dimethoxypyrimidin-5-y1)-1H-pyrazolo[3,4-
dlpyrimidin-4-amine (BAG6). A solution 2 4-dimethoxypyrimidin-5-yl-5-boronic acid (106
mg, 0.58 mmol) in EtOH (3.3 ml) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (70 mg, 0.23 mmol) in DME (12 ml). Pd(PPh3)4 (30 mg,
0.03 mmol) and saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2CI2. Organic phases were combined, concentrated in vacuo and
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purified by silica gel column chromatography [MeOH—CH2CI2, 2:98] to yield BA66. ESI-
MS (M-+H)+ ni/z caled 316.1, found 316.0. '

[0210] Synthesis of 1-cyclopentyl-3-(3-fluoro-5-methoxyphenyl)-1H-pyrazolo[3,4-
d}pyrimidin-4-amine (BA79). 3-fluoro-5-methoxybenzoic acid (5 g, 0.029 mol) was stirred
in CH2CI2 (50ml) at 0°C under an argon atmosphere. DMF (9 drops, catalytic) was added,
followed by oxalyl chloride (12.7 ml, 0.147 mol). Reaction was warmed to room temperature
then stirred under argon for one hour. Reaction was concentrated in vacuo to yield 3-fluoro-

5-methoxybenzoyl chloride (BAG67).

[0211] A solution of malononitrile (2.87 g, 0.044 mol) in dry THF (50 ml) was stirred at
0°C under an argon atmosphere. NaH in paraffin oil (4.64 g, 0.116 mol) was added piece-
wise to solution. 3-fluoro-5-methoxybenzoyl chloride (BA67, 0.029 mol) was dissolved in
50 ml dry THF and added slowly to reaction. Reaction was warmed to room temperature and
stirred under argon for 24 hours. 1N HCI (200 ml) was slowly added, then reaction mixture
was extracted with EtOAe¢. Organic phases were combined, dried with magnesium sulfate,
then concentrated in vacuo to yield 2-{(3-flnoro-5-

methoxyphenyl)(methoxy)methylene)matononitrile (BA69).

[0212] 2-((3-fluore-5-methoxyphenyl)(methoxy)methylene)malononitrile (BA69, 0.029
mol) stirred in EtOH (20ml) at room temperature under an argon atmosphere. Hydrazine (1.4
ml, 29 mmol) was added and reaction was left stirring for 90 minutes. Reaction mixture was
concentrated in vacuo and dried on vacuum pump overnight to yield intermediate 5-amino-3-
(3-fluoro-5-methoxyphenyl)-1H-pyrazole-4-carbonitrile (BA73). Formamide (20ml) was
added and reaction was heated to 180°C under an argon atmosphere overnight. Reaction was
cooled and dH20 was added (40mi) forcing a white precipitate out of solution. Precipitate
was collected and washed with dH20. Solid was dried and purified by silica gel column
chromatography [MeOH-—CH2CI2, 10:90] to yield 3-(3-fluorc-5-methoxyphenyl)-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (BA75).

[0213}. 3-(3-fluoro-5-methoxyphenyl)- 1 H-pyrazolo[3,4-d]pyrimidin-4-amine (BA75, 100
mg, 0.386 mmol) was dissolved in DMF (10 mI). K2CQ3 (250 mg, 1.54 mmol) was added
and reaction was stirred at room temperature nnder an argon atmosphere. Iodocyclopentane
(0.134 ml, 1.16 mumol) was added with a syringe and reaction was stirred for 2 hours. Solid

K2C03 was removed by filtration. Solvent was partially removed in vacuo. Sodium citrate
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(50 ml) was added and reaction was extracted with EtOAc. Organic phases concentrated in
vacuo and purified using by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA79,

[0214] Synthesis of 1-cyclopentyl-3-(3-fluoro-5-methoxyphenyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA79d). 1-cyclopentyl-3-(3-fluoro-5-methoxyphenyl)-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (BA79, 0.386 mmol) was dissolved ih CH2CI2 (2 ml).
BB13 (4 mL, 4 mol) was added slowly with a syringe, while stirring. The reaction was stirred
at room temperature for 2 hours then concentrated in vacuo and purified using by RP-HPLC
(MeCN:H20:0.1% TFA) to yield BA79 (69 mg, 57% yield).

[0215] Synthesis of 1-cyclopentyl-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (BA80).
A solution of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (400 mg, 1.53 mmol) and
K2CO03 (1 g, 6 mmol) in DMF (5 ml) was stirred at room temperature under an argon
atomosphere, Iodocyclopentane (1.0g, 0.0084 mol) was added with a syringe. Reaction was
refluxed under argon atmosphere for 2 hours. Solid K2CO3 was removed by filtration.
Solvent was partially removed in vacno. Sodium citrate (50 ml) was added and reaction was
extracted with EtOAc. Organic phases concentrated in vacuo and purified using silica gel
colurnn chromatography [MeOH—CH2CI2, 5:95] yielding BABO (300 mg, 60% yield). ESI-
MS (M+H)+ m/z caled 330.0, found 330.0.

[0216] Synthesis of 1-(3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d}pyrimidin-3-
yl)phenyl)ethanone (BA81, BA81d & BAS81dd). A solution of tert-butyl 2-methoxy-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenylcarbamate (200 mg, 0.76 mmol) in EtOH
(3.3 ml) was added to a solution of 1-cyclopentyl-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-
amine (BA80, 100 mg, 0.30 mmol) in DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and
saturated Na2CO3 (1.9 ml) were added and the reaction was heated to 80°C under an argon
atmosphere overnight. After cooling, the reaction was extracted with saturated NaCl and
CH2CI12. Organic phases were combined, concentrated in vacno and purified using silica gel
column chromatography [MeOH—CH2CI2, 5:95] yielding BA81. BABI1 was dissolved in
50:50 CH2CI2:TFA and stirred for one hour at room temperature. The reaction mixtare was
concentrated in vacuo and purified using by RP-HPLC (MeCN:H20:0.1% TFA) to yield
BAS81d. BAS1d was dissolved in CH2CI2 (2mnl) and BBr3 (4 mL, 4 mol) was added slowly
with a syringe, while stirring. The reaction was stirred at room temperature for 2 hours then
concentrated in vacuo and purified using by RP-HPLC (MeCN:H20:0.1% TFA) to yield
BAS8ldd.
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[0217] Synthesis of 3-(3-bromo~5 -methoxyphenyl)-1-isopropyl-1H-pyrazolo[3,4-
dlpyrimidin-4-amine (BA85). A solution of 2-(3-bromo-5-methoxyphenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (137 mg, 0.43 mmol) in EtOH (3.3 ml) was added to a
solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (65 mg, 0.216 mmol) in
DME (12 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated Na2CO3 (1.9 ml) were added
and the reaction was heated to 80°C under an argon atmosphere overnight. After cooling, the
reaction was extracted with saturated NaCl and CH2CI2. Organic phases were combined,
concentrated in vacuo and purified by RP-FIPLC (MeCN:H20:0.1% TFA) to yield BA85
(28mg, 36% yield). ESI-MS (M-+H)+ m/z caled 362.1, found 362.0.

[0218] Synthesis of 3-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-5-
bromophenol (BA87). 3-(3-bromo-5-methoxyphenyl)-1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA8S5, 0.1 mmol) was dissolved in CH2CI2 (1 ml) and BBr3 (1 mL, 1
mol) was added slowly with a syringe, while stirring. The reaction was stirred at room
temperature for 35 minutes then concentrated in vacuo and purified using by RP-HPLC
(MeCN:H20:0.1% TFA) to yield BAB7 (10.7 mg, 31% yield). ESI-MS (M+H)+ m/z caled
348.0, found 348.0. '

[0219] Synthesis of tert-butyl 5-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-
1H-indole-1-carboxylate (BA8BG). A solution of tert-butyl 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-y1}-1H-indole-1-carboxylate (212 mg, 0.61 mmol) in EtOH (3.3 ml) was
added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (75 mg, 0.25
mmol) in DME (12 ml}. Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated Na2CO3 (1.9 m])
were added and the reaction was heated to 80°C under an argon atmosphere overnight. After
cooling, the reaction was extracted with saturated NaCl and CH2CI2. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC (MeCN:H2O) to yield BAS6 (9.3
mg, 9% yield). ESI-MS (M+H)+ mv/z caled 362.1, found 362.0.

[0220] Synthesis of 3-(1H-indcl-5-yl)-1-isopropyl-1H-pyrazolo{3,4-d]pyrimidin-4-amine
(BA89). Tert-butyl 5-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-y1)-1H-indole-1-
carboxylate (BA86, 9 mg, 0.022 mmol) was dissolved in 50:50 CH2CI2:TFA and stirred for
one hour at room temperature. The reaction mixture was concentrated in vacuo and purified
using by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA89 (4.8 mg, 75% vyield). ESI-MS
(M-+H)+ m/z caled 293.1, found 293.0.
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[0221] Synthesis of tert-butyl 5-(4-amino-1-cyclopentyl-1H-pyrazolo[ 3,4-d]pyrimidin-3-
y1)-1H-indole-1-carboxylate (BA88). A solution of teri-butyl 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-y1)-1H-indole-1-carboxylate (130 mg, 0.38 mmol) in EtOH (3.3 ml) was
added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo{3,4-d]pyrimidin-4-amine (50 mg, .15
mumo!) in DME (12 mi). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated Na2CO3 (1.9 ml)
were added and the reaction was heated to 80°C under an argon atmosphere overnight. After
cooling, the reaction was extracted with saturated NaCl and CH2C]2. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC (MeCN:H20) to yield BASS.
ESI-MS (M+H)+ m/z caled 419.2, found 419.1.

[0222] Synthesis of 3-(1H-indol-5-yl)-1-isopropyl-1H-pyrazolo[3,4-d]Jpyrimidin-4-amine
(BA94). Tert-butyl 5-(4-amino-1-cyclopentyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-1H-indole-
1-carboxylate (BA8S8) was dissolved in 50:50 CH2CI2:TFA and stirted for one hour at room
temperature. The reaction mixture was concentrated in vacuo and purified using by RP-
HPLC MeCN:H20:0.1% TFA) to yield BA89 (6.3 mg). ESI-MS (M+H)+ m/z caled 319.1,
found 319.2.

[0223] Synthesis of l-cyclopentyl-3-(3,4-dimethoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-
4-amine (BA90). A solution of 3,4-dimethoxyphenylboronic acid (41 mg, 0.23 mmol) in
EtOH (1.65ml) was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-
4-amine (30 mg, 0.09 munol) in DME (6 ml), Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated
Na2C03 (0.95 ml) were added and the reaction was heated to 80°C under an argon
atmosphere overnight. After cooling, the reaction was exiracted with saturated NaCl and
CH2CI2. Organic phases were combined, concentrated in vacuo and purified by RP-HPLC
(MeCN:H20) to .yicld BA90 (8.4 mg, 28% yield). ESI-MS (M+H)+ m/z caled 340.2, found
340.1.

[0224] Synthesis of 3-(1H-indol-4-yl)-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(BA91). A solution of 1H-indol-4-yl-4-boronic acid (40 mg, 0.25 mmol) in EtOH (1.65 ml)
was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (30 mg,
0.1 mmol) in DME (6 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated Na2CO3 (0.95 ml)
were added and the reaction was heated to 80°C under an argon atmosphere overnight. Afier
cooling, the reaction was extracted with saturated NaCl and CH2CI12. Organic phases were
combined, concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield
BA91 (14.6 mg, 50% yield). ESI-MS (M+H)+ m/z caled 293.1, found 293.1.
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[0225] Synthesis of 1-cyclopentyl-3-(1 H«indol-'4-y1)- 1H-pyrazolo[3,4-d]pyrimidin-4-amine
(BA92). A solution of 1H-indol-4-yl-4-boronic acid (30 mg, 0.19 mmol) in EtOH (1.65 ml)
was added to a solution of 3-iodo-1-isopropyl-1H-pyrazolo[3,4-dJpyrimidin-4-amine (25 mg,
0.076 mmol) in DME (6 ml). Pd(PPh3)4 (30 mg, 0.03 mmol) and saturated Na2CO3 (0.95
ml) were added and the reaction was heated to 80°C under an argon atmosphere overnight.
After cooling, the reaction was extracted with saturated NaCl and CH2CI2. Organic phases
were combined, concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to
yield BA92 (23 mg, 95% yield). EST-MS (M-+H)+ m/z caled 319.2, found 319.1.

[0226] Synthesis of 3-(2,3-dihydrobenzofuran-5-yl)-1-isopropyl-1H-pyrazolof 3,4~
d)pyrimidin-4-amine (BA95). A solution of 2,3-dihydro-1-benzofuran-5-ylboronic acid (3§
mg, 0.23 mmol) in BtOH (1.65 ml) was added to a solution of 3-iodo-1-isopropyl-1X-
pyrazolof3,4-dJpyrimidin-4-amine (30 mg, 0.1 mmol) in DME (6 ml). Pd(PPh3)4 (30 mg,
0.03 mmol) and saturated Na2CO3 (0.95 ml) were added and the reaction was heated fo 80°C
under an argon atmosphere overnight, After cooling, the reaction was extracted with
saturated NaCl and CH2CI2. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA95 (15.7 mg, 55% yiéld). ESI-
MS (M+H)+ mv/z caled 296.1, found 296.1.

[6227] Synthesis of 3-(benzofuran-5-yl)-1-isopropyl-1H-pyrazolof3,4-djpyrimidin-4-amine
(BA96). A solution of 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-benzofuran {56 mg,
0.23 mmol) in EtOH (1.65 ml) was added to a solution of 3-iodo-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (30 mg, 0.1 mmel) in DME (6 m1). Pd(PPh3)4 (30 mg,
0.03 mmol) and saturated Na2CO3 (0.95 ml) were added and the reaction was heated to 80°C
under an argon atmosphere overnight. After cooling, the reaction was extracted with
saturated NaCl and CH2CI12. Organic phases were combined, concentrated in vacuo and
purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA96 (19 mg, 72% yield). ESI-MS
(M-+H)+ m/z calcd 296.1, found 296.1.

[0228] Syathesis of 5-(4-amino-1-cyclopentyl-1H-pyrazolo| 3,4-d]pyrimidin-3-y1)-2-
ethoxyphenol (BA98). 1-cyclopentyl-3-(4-ethoxy-3-methoxyphenyl)-1H-pyrazolo[3,4~
djpyrimidin-4-amine (ZK359, 25 mg, 0,071 mmol) was dissolved in CH2CI2 (5 ml) and
stirred at -10°C under an argon atmosphere. After 30 minutes, reaction was brought to 0°C

and stirred for 2.5 hours. Reaction was stirred for additional 4 hours at room temperature,
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then concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield
BA98 (3 mg, 13 % yield). ESI-MS (M+H)+ m/z calcd 340.1, found 340.1.

[0229] Synthesis of 2-(4-(4-amino-1~isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-2-
methoxyphenylamino)propan-1-ol (BA99). 3-(4-amino-3-methoxyphenyl)-1-isopropyl-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (BA20d) (30 mg, 0.10 mmol) was dissolved in DMF
(0.400 ml). K2CO3 (55 mg, 0.4 mmol) was added and reaction was stirred at 70°C. 3-bromo-
1-propanol (0.050 ml, 0.6 mmol) was added and reaction was stirred overnight. Solid
K2CO3 was removed by filtration. Solvent was partially removed in vacuo. Sodium citrate
(50 ml) was added and reaction was extracted with saturated NaCl and CH2CI2. Organic
phases concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield
BA99 (8.4 mg, 24 % yield). ESI-MS (M+H)+ m/z caled 357.2, found 357.1.

[0230] Synthesis of 3-iodo-1-methyl-1H-pyrazolo[3,4-djpyrimidin-d-amine (BA109). A.
solution of 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine (2 g, 7.69 mmol} and K2CO3 (4.25
g, 30.8 mmol) in DMF (5 ml) was stirred at room temperature under an argon atomosphere.
Iodomethane (1.17 ml, 7.69 mmol) was added with a syringe. Reaction was stirred under an
argon atmosphere at room temperature for 2 hours. Solid K2CO3 was removed by filiration.
Solvent was partially removed in vacuo. Sodium citrate (50 mi) was added and reaction was
extracted with EtOAc. Organic phases concentrated in vacuo and purified using silica gel
column chromatography [MeOH—CH2CI2, 5:95] yielding BA109 (212 mg, 10% yield).
ESI-MS (M+H)+ m/z caled 275.9, found 275.9

[0231] General synthetic scheme for BA102, BA105-108, BA110, BA113, BA128-BA135,
BA137, BA139-140, BA143, BA147, BA149-BA152, BA156, BA158, BA160-BA162. A
solution of boronic acid (2.5 equivalents) in EtCH (1.65 ml) was added to a solution of 3-
iodo-1-isopropyl-1H-pyrazolof3,4-d}pyrimidin-4-amine (BA12, 1 equivalent) in DME (6 ml).
PA(PPhL3)4 (15 mg, 0.15 mmol) and saturated Na2CO3 (0.95 ml) were added and the reaction
was heated to 90°C under an argon atmosphere overnight. After cooling, the reaction was
exiracted with saturated NaCl and CH2CI2. Organic phases were combined, concentrated in
vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield desired products.

Products were analyzed by LC-MS.

[0232] General synthetic scheme for BA112, BA115, BA121, BA122, BA124, BA136,
BA138. BAl41, and BA144. A solution of boronic acid (2.5 equivalents) in EtOH (1.65 ml)
was added to a solution of 1-cyclopentyl-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine

57



++ ++ BA63 ++ +++ +++ BA147 ++ ++ ++ ++ ++ BA93 +++ ++ +++ +++ +++
BA148 , ++ ++ ++ ++ +++ 8A49 ++ + ++ ++ ++ BA143 ++ ++ ++ ++ +++ BA1S

+++ ++ -+ A+ S+ BA144 +++ ++ +++ +++ +++ ZK321 +++ +Hetitdeom

10

15

20

25

30

WO 2007/1149 008393

(BASO0, 1 equivalent) in DME (6 ml). PA(PPh3)4 (15 mg, 0.15 mumol) and saturated Na2CO3
(0.95 ml) were added and the reaction was heated to 90°C under an argon atmosphere '
overnight. After cooling, the reaction was extracted with saturated NaCl and CH2CI2.
Organic i:ahases were combined, concentrated in vacuo and purified by RP-HPL.C

(MeCN:H20:0.1% TFA) to yield desired products. Products were analyzed by LC-MS.

[0233] General synthetic scheme for BA111, BA114, BA116, BA117, BA119, and BA120.
A solution of boronic acid (2.5 equivalents) in EtOH (1.65 ml) was added to a solution of 3-
iodo-1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (BA109, 1 equivalent) in DME (6 ml).
PA(PPh3)4 (15 mg, 0.15 mmol) and saturated Na2CO3 (0.95 ml) were added and the reaction
was heated to 90°C under an argon atmosphere overnight. After cooling, the reaction was
extracted with saturated NaCl and CH2C12. Organic phases were combined, concentrated in
vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield desired products.
Products were analyzed by LC-MS.

[0234] Synthesis of 6-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)quinolin-2-
amine (BA146). 3-(2-chloroquinolin-6-yl)-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-4-
amine (BA130, 50 mg, 0.15 mmol), acetamide (174 mg, 3.0 mmol) and K2CO3 (104 mg,
0.75 mmol) were combined and heated to 200°C under an argon atmosphere for one hour.
Reaction was cooled, then extracted with H20 and CH2C]2. Organic phases were combined,
concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA146
(22 mg, 46 % yield). BESI-MS (M+H)+ m/z caled 320.2, found 320.4,

[0235] Synthesis of 3-(3-amino-1H-indazol-6-yl)-1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA154). 4-(4-amino-1-isopropyl-1H-pyrazolof3,4-d]pyrimidin-3-yl)-
2-fluorcbenzonitrile (BA150, 20 mg, 0.07 mmol) was dissolved in n-BuOH (2 ml),
Hydrazine monchydrate (0.400 ml) was added and ihe reaction was heated to 110°C under an
argon atomosphere and left stirring over night. Reaction mixture was concentrated in vacuo
and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA154 (15 mg, 70 % yield).
ESI-MS (M~+H)+ m/z caled 309.2, found 309.4.

[0236] Synthesis of 4-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-2-

hydroxybenzonitrile (BA155_2). 4-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)—2-ﬂuorobenzoﬂitri13 {BA150, 25 mg, 0.1 mmol) was dissolved in DMF (1 ml). t-BuOK
(24 mg, 0.21 mmol) was added and the reaction was stirred at room temperature overnight.

Reaction was then heated to 150°C for 24 hours. The reaction was then concentrated in
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vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA155_2 (21 mg, 89 %
yvield). ESI-MS (M+H)+ m/z caled 295.1, found 295.4.

[0237) Synthesis of 3-(3-aminobenzo[d]isoxazol-5-yl)-1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA157_2) & 5-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d[pyrimidin-3-
yb)-2-hydroxybenzonitrile (BA157_3). 5-(4-amino-1-isopropyl-1H-pyrazolof3,4-
dJpyrimidin-3-y1)-2-fluorobenzonitrile (BA151, 20 mg, 0.07 mumol) was dissolved in DMF (1
ml). t-BuOK (24 mg, 0.21 mmol) was added and the reaction was stirred at room
ternperature overnight. Reaction was then heated to 150°C for 24 hours. The reaction was
then concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield

BA1 57_2 (7 mg), BSI-MS (M+H)+ m/z caled 295.1, found 295.4 and BA157_3 (8 mg), ESI-
MS (M+H)+ m/z caled 310.1, found 310.4.

j0238] Synthesis of 3-(3-amino-1H-indazol-6-yl)-1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (BA159). 4-(4-amino-1-isopropyl-1H-pyrazolo[3,4-d]pyrimidin-3-yl)-
2,6-difluorobenzaldehyde (BA149, 20 mg, 0.063 mmol) was dissolved in n-BuOH (1 ml).
Hydrazine monohydrate (0.400 mI) was added and the reaction was heated to 100°C under an
argon atomosphere and. left stirring for 2.5 hours. Reaction mixture was concentrated in
vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA) to yield BA159 (15 mg, 77 %
yield). ESI-MS (M+H)+ m/z caled 312.1, found 312.4.

[0239] Synthesis of 4-chloro~7-methyl-5-(naphthalen-2-yl)-7H-pyrrolof2,3-d]pyrimidine
(ZK102). A solution of 4-chloro-5-iodo-7-methyl-7H-pyrrolo[2,3-d]pyrimidine (19 mg,
0.065 mmol), naphthalen-2-yl-2-boronic acid (12.2 mg, 0.071 mmol), Na;CO; (68.9 mg, 0.65
mmol) and PdCL(dppf) (26.5 mg, 0.00325 mmol) in THF {3 mL) was heated to reflux
overnight under an argon atmosphere. Reaction was concentrated iz vacuo and purified by
RP-HPLC (MeCN:H;0:0.1% TFA) to yield ZK102 (5 mg, 26% vield). ESI-MS (M-+H)" m/z
caled 294.1, found 294.3.

[0240] Synthesis of 4-chloro-7-methyl-5-(3-biphenyl)-7H-pyrrolo[2,3-d]pyrimidine
(ZK103). A solution of 4-chloro-5-iodo-7-methyl-7H-pyrrolo[2,3-d]pyrimidine (10 mg,
0.034 mmol), 3-biphenyl-boronic acid (7.4 mg, 0.038 mmol}, Na;CO; (36.1 mg, 0.34 mmol)
and PAClL(dppfD) (1.4 mg, 0.0017 mumol) in THF (10 mL) was heated to reflux overnight
under an argon atmosphere. Reaction was concentrated in vacuo and purified by RP-HPLC
(MeCN:H;0:0.1% TFA) to yield ZK103 (3 mg, 28% yield). ESI-MS (M-+H)" m/z caled

320.1, found 320.G.
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[0241] Synthesis of 3-(4-tert-butylphenyi)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK125).
1-tert-butyl-3-(4-tert-butylphenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine was dissolved ina
solution of formic acid (1 mL) and conc. HC1 (0.1 mL) and heated to reflux for 2 hours.
Reaction was concentrated in vacuo and purified by RP-HPLC (MeCN:H;0:0.1% TFA) to

vield ZK 125 (quant.). ESI-MS M+H)" m/z calcd 268.2, found 268.4.

[0242] Synthesis of 3-(3-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK126).
1-tert-butyl-3-(3-phenoxyphenyl)-1 H-pyrazolo[3,4-d]pyrimidin-4-amine (50 mg, 0.16 mmol)
was dissolved in a solution of formic acid (5§ mL) and conc. HC1 (0.1 mL) and heated to
reflux for 2.5 hours. Reaction was concentrated in vacuo and purified by RP-HPLC
(MeCN:H;0:0.1% TFA). ESI-MS (M+H)" m/z caled 304.1, found 304.3.

[0243] Synthesis of 3-m-tolyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZXK127). 1-feri-
butyl-3-m-tolyl-1H-pyrazolof3,4-d}pyrimidin-4-amine (23 mg, 0.1 mumol) was dissolved in a
sofution of formic acid (1 mL) and conc. HCI (0.3 mL) and heated to reflux for 2.5 hours.
Reaction was concentrated in vacuo and purified by RP-HPLC (MeCN:H;0:0.1% TFA).
ESI-MS (M-+H)" m/z caled 226.1, found 226.3.

[0244] Synthesis of 3-(3-nitrophenyl)- 1H-pyrazolo] 3,4-d}pyrimidin-4-amine (ZK128). 1-
tert-butyl-3-(3-nitrophenyl)- 1 H-pyrazolo[3,4-d]pyrimidin-4-amine (23 mg, 0.055 nimol) was
dissolved in a solution of formic acid {5 mL) and conc. HCI (0.1 mL) and heated to reflux for
2 hours. Reaction was concentrated in vacuo and purified by RP-HPLC (MeCN:H,0:0.1%
TFA). ESI-MS (M+H)" m/z caled 257.1, found 257.3.

[0245] Synthesis of 3-(benzo[d][1,3]dioxol-6-yl)-1H-pyrazolo[3,4-d Jpyrimidin-4~amine
(ZK129). 1-tert-butyl-3-(benzo[d][1,3]dioxol-6-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(21 mg, 0.082 mmol) was dissolved in. a solution of formic acid (1 mL) and conc. HC1 (0.2
mL) and heated to reﬂ{lx for 2 hours. Reaction was concentrated in vacuo and purified by
RP-HPLC (MeCN:H,0:0.1% TFA)., ESI-MS (M+H)" m/z caled 256.1, found 256.3.

[0246] Synthesis of 3-(4-nitrophenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK130). 1-
tert—butyl-S-(4-nih'opﬁeny1)m1H—pyrazolo[3,4-d]pyrimidin-4-amine (21 mg, 0.082 ramol) was
dissolved in a solution of formic acid (2 mL}) and conc. HC1 (0.2 mL.)) and heated to reflux for
30 min. Reaction was concentrated in vacuo and purified by RP-HPLC (MeCN:H,0:0.1%
TFA). ESI-MS (M-+H)" m/z caled 257.1, found 257.3.
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[0247] Synthesis of 3-(3-(2,6-dichlorobenzyloxy)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-
amine (ZK131). 1-tert-butyl-3-(3-(2,6-dichlorobenzyloxy)phenyl)-1H-pyrazolo[3,4-
d]pyrimidin~-4-amine (19.5 mg, 0.05 mmol) was dissolved in a solution of formic acid (2 mL)
and conc. HCI1 (0.2 mL) and heated to reflux for 30 min. Reaction was concentrated in vacuo
and purified by RP-HPLC (MeCN:H20:0.1% TFA). ESI-MS (M=+H)" m/z caled 386.1, found
386.2.

[0248] Synthesis of 3-(2,3-dimethylphenyl)-1H-pyrazolof3,4-d]pyrimidin-4-arnine
(ZK132). l-fert-butyl-3-(2,3-dimethylphenyl)-1H-pyrazolo[3,4-d}pyrimidin-4-amine (34
mg, 0.14 mmol) was dissolved in a solution of formic acid (2 mL) and conc. HCI (0.2 mL)
and heated to reflux for 30 min. Reaction was concentrated in vacuo aud purified by RP-
HPLC (MeCN:H,0:0.1% TFA). ESI-MS (M-+H)" m/z caled 240.1, found 240.4.

[0249] Synthesis of 2-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)phenol (ZK133). 1-
tert-butyl-2-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yDphenol (§ mg, 0.014 mmol) was
dissolved in a solution of formic acid (2 mL) and conc. HCI (0.2 mL) and heated to reflux for
30 min. Reaction was concentrated in vacuo and purified by RP-HPLC (MeCN:H;0:0.1%
TFA). BSI-MS (M-+H)" m/z caled 228.1, found 228.3.

[0250] Synthesis of 3-o-tolyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK134). 1-fert-
butyl-3-o-tolyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine was dissolved in a salution of formic
acid (Z mL) and conc. HC1 (0.2 mL) and heated to reflux for 30 min. Reaction was
concentrated in vaecno and purified by RP-HPLC (MeCN:H20:0.1% TFA). ESI-MS (M-+HH)"
m/z caled 226.1, found 226.3.

[0251] Synthesis of 3-(3-aminophenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK135). 1-
tert-butyl-3-(3-aminophenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine was dissolvedina
solution of formic acid (2 mL) and conc. HC1 (0.2 mL) and heated to reflux for 30 min.
Reaction was concentrated in vacuo and purified by RP-HPLC (MeCN:H20:0.1% TFA).
ESI-MS (M+H)" m/z caled 227.1, found 227.3.

[0252] Synthesis of 3-(3-(benzyloxy)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(ZK136). 1-tert-butyl-3-(3-(benzyloxy)phenyl)-1H-pyrazolo[3 4-dlpyrimidin-4-amine (19
mg, 0.052 mmol) was dissolved in a solution of formic acid (I mL) and cone. HCI (0.1 mL)
and heated to reflux for 30 min. Reaction yielded a mixture of ZK136 and 3-(4-amino-1H-
pyrazolo[3,4-djpyrimidin-3-yphenol (ZK138). Reaction was concentrated in vacuo and the
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products purified by RP-HPLC (MeCN:H;0:0.1% TFA). ZK136: ESI-MS M) m/z
caled 318.1, found 318.3. ZK138: ESI-MS (M+H)+ m/z caled 228.1, found 228.3.

[0253] Synthesis of 3-(4-aminophenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK137). 1-
tert-butyl-3~(4-aminophenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (9 mg, 0.032 mmol) was
dissolved in a solution of formic acid (1 mL) and conc. HCI (0.2 mL) and heated to reflux.
The reaction was allowed to proceed 30 min., then concentrated in vacuo and the products
puriﬁéd by RP-HPLC (MeCN:H,0:0.1% TFA). BSI-MS (M+H)" m/z caled 227.1, found
227.3. .

[0254] Synthesis of 3-(1,2,3,4-tetrahydronaphthalen-2-yl)- 1H-pyrazolo[3,4-d]pyrimidin-4-
amine (ZK139). 1-tert-butyl-3-(1,2,3,4-tetrahydronaphthalen-2-yl)- 1H-pyrazolo] 3,4~
dlpyrimidin-4-amine (9 mg, 0.029 mmol) was dissclved in a solution of formic acid (1 mL)
and cone. HCI (0.1 mL) and heated to reflux. The reaction was allowed to proceed 30 min.,
then concentrated in vacuo and the products purified by RP-HPLC (MeCN:H;0:0.1% TFA).
ESI-MS (M-I-H) m/z caled 266.1, found 266.4.

[0255] Synthesis of 5-iodo-7-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (ZX140). 4-
chloro-5-iodo-7-methyl-7H-pyrrolo[2,3-d]pyrimidine (90 mg, 0.31 mmol) was taken up in
7N NHa/MeOH and heated in a sealed tube at 110° C overnight. Reaction was concentrated

in vacuo to give a brown/off-white solid.

[0256] Synthesis of 3-p-tolyl-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK141). l-teri-
butyl-3-p-tolyl-1H-pyrazolof3,4-d]pyrimidin-4-amine was dissolved in a solution of formic
acid (1 mL) and cone. HC1{0.1 mL) and heated to reflux. The reaction was allowed to
proceed 30 min., then concentrated in vacuo and the products purified by RP-HPLC
(MeCN:H,0:0.1% TFA). ESI-MS (M+H)" m/z caled 226.1, found 226.3.

[0257] Synthesis of 3-(4-biphenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK142). 1-fert-
butyl-3-(4-biphenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (22 mg, 0.066 mmol) was
diséo]ved in a solution of formic acid (1 mL) and conc. HCI (0.1 mL) and heated to reflux.
The reaction was allowed to proceed 30 min., then concentrated in vacuo and the products
purified by RP-HPLC (MeCN:H20:0.1% TFA). ESI-MS (M+H)" m/z caled 288.1, found
288.3.

[0258] Synthesis of 3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (ZK143).

1-tert-butyl-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-d4-amine {19 mg, 54.1 mmol)
62



+++ +++

BA119 ++ ++ +++ ++ +++ ZK359 +++ +++ +++ +++ +++ BAL07 ++

++ +++ ++ +++ ZK362 +++ +++ +++ +++ ++ BAl 24 ++ ++ +++ ++ +++ 8A64 +

+ o+ o+ BAIGL 4 b+ + 4+ BAGS 4+ ++ + 4+ BALG2 ++ ++

10

15

20

25

30

PCTTUS2007/008395

was dissolved in a solution of formic acid (1 mL) and conc. HC1 (0.1 mL) and heated to
reflux. The reaction was allowed to proceed 30 min., then concentrated in vacuo and the
products purified by RP-HPLC (MeCN:H;0:0.1% TFA). ESI-MS QV+HD)" m/z caled 304.1,
found 304.3.

[0259] Synthesis of 1-benzyl-3-(naphthalen-2-yl)-1H-pyrazolo[ 3,4-d]pyrimidin-4-amine
(ZXK147). 3-(naphthalen-2-yl)-1H-pyrazolo[3 ,4—d]pyrimidin—4—amine (110 mg, 0.42 mmol)
was dissolved in DMF (2 miL) and K2CO; (220 mg, 1.6 mmol) and benzyl bromide (71.8 mg,
0.42 mmol) were added. The reaction was heated to 60° C overnight, then cooled to RT and
poured into water (30 mL). The precipitate was collected by filtration and then purified
further by silica gel chromatography (5% MeOH/CH,Cl,) to yield a white solid.

[0260] SynthesisofS ~{4-(benzyloxy)phenyl)-7-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (ZX150). A solution of 5-iodo-7-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (5 mg,
0.018 mmol), 4-(benzyloxy)phenylboronic acid (21 mg, 0.091 mmol), K3PO, (19.3 mg, 0.091
mmol) and Pd(PPhs), (12.5 mg, 0.011 mmol) in DMF (3 mL) was heated to 60° C under an -
argon atmosphere. Reaction was concentrated in vacuo and purified by RP-HPLC
(MeCN:H,0:0.1% TFA). ESI-MS (M+H)" m/z caled 331.1, found 331.3.

[0261] Synthesis of 5-(3-biphenyl)-7-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine
(ZK151). A solution of 5-iodo-7-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (5 mg, 0.018
mmol), 3-biphenylboronic acid (18 mg, 0.091 mmeol), KsPO4 (19.3 mg, 0.091 mmol) and
PA(PPhs)s (12.5 mg, 0.011 mmol) in DMF (3 mL) was heated to 60° C under an argon
atmosphere. Reaction was concentrated in vacuo and purified by RP-HPLC
(MeCN:H,0:0.1% TFA). ESI-MS (M+H)" m/z caled 301.1, found 301.3.

[0262] Synthesis of S-(benzo[b]thiophen-2-yI)-7-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-
amine (ZK152). A solution of 5-iodo-7-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-amine (5 mg,
0.018 mmol), benzo[b]thiophen-2-yl-2-boronic acid (16 mg, 0.091 mmol), K;PO4 (19.3 mg,
0.091 mmol) and PA(PPh;)s (12.5 mg, 0.011 mmo!) in DMF (3 mL}) was heated to 60° C
under an argon atmosphere, Reaction was concentrated in vacro and purified by RP-HPLC
(MeCN:H,0:0.1% TFA). ESI-MS (M-+H)" m/z caled 281.1, found 281.3.

[0263] Synthesis of 3-(naphthalen-2-yl)-1-phenethyl-1H-pyrazolo{3,4-d]pyrimidin-4-amine

(ZK155). 2-(methoxy(naphthalen-6-yl)methyleneymalononitrile (100 mg, 0.43 mmol) and
phenethylhydrazine hydrogen chloride (58.5 mg, 0.43 mmol) were dissolved in EtOH (3 mL)
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and TEA (60 uL, 0.43 mmol) and heat to reflux for one hour. The product was extracted
with diethylether and concentrated in vacuo. This concentrate was then dissolved in
formamide (10 mL) and heated to 160-180° C overnight. The following day the reaction was
cooled, poured into water, and the precipitated product collected by filtration. ESI-MS
V)" m/z caled 366.2, found 366.2.

[0264] Synthesis of 1-isopropyl-3-(naphthalen-2-yl)-1H-pyrazolo[ 3,4-dJpyrimidin-4-amine
(ZK156). 2-(methoxy(naphthalen-6-yl)methylene)malononitrile (100 mg, 0.43 mmol) and
isopropylhydrazine hydrogen chloride (47.3 mg, 0.43 mmol) were dissolved in EtOH (3 mL)
and TEA (1 eq.) and heat to reflux for one hour. The product was extracted with diethylether
and concentrated in vacuo. This concentrate was then dissolved in formamide (10 mL) and
heated to 160-180° C overnight. The following day the reaction was cooled, poured into
water, and the precipitated product collected by filtration, ESI-MS (M-+H)" m/z caled 304.2,
found 304.2.

[0265) Synthesis of 1-ethyl-3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(ZK157). 3-(naphthalen-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (100 mg, 0.42 mmol)
was dissolved in DMF (3 mL) and K;COs (220 mg, 1.6 mmol) and ethyl iodide (37 pL, 0.46
mumnol) were added. The reaction was heated to 60° C overnight, then cooled to RT and
poured into water (30 mL). The precipitate was collected by filtration. ESI-MS (M-+H)" m/z
caled 290.1, found 250.2.

[0266] Synthesis of 1-cyclopentyl-3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-
amine (ZK158). 3-(naphthalen-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine {100 mg, 0.42
mmol) was dissolved in DMF (3 mL) and K,CQOs (220 mg, 1.6 mmol) and cyclopentyl
bromide (49,5 puL, 0.46 mmol) were added. The reaction was heated to 60° C overnight, then
cooled to RT and poured into water (30 mL}. The precipitate was collected by filtration.
ESI-MS (M+H)" m/z caled 330.2, found 330.2.

[0267] Synthesis of 1-allyl-3-(naphthalen-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(ZK159). 3-(naphthalen-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (50 mg, 0.21 mmocl)
was dissolved in DMF (1.5 mL) and X,CO; (110 mg, 0.8 mmol) and allyl iodide (23 1L, 0.25
mmol) were added. The reaction was heated to 60° C overnight, then cooled to RT and
poured into water (30 mL). The precipitate was collected by filtration. ESI-MS (M+H)" m/z
caled 302.1, found 302.2.
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[0268] Synthesis of 2-(4-amino-3-(naphthalen-2-yl)-1 H-pyrazolo{3,4-d]pyrimidin-1-
yl)acetamide (ZK162). 3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (50 mg,
0.21 mmol) was dissolved in DMF (1.5 mL) and K,COs (110 mg, 0.8 mmol) and
iodoacetamide (46 mg, 0.25 mmol) were added. The reaction was heated to 60° C overnight,
then cooled to RT and poured into water (30 mL). The precipitate was collected by filtration.
ESI-MS (M+H)" m/z caled 319.1, found 319.2.

[0269] Synthesis of 1-(cyclopropylmethyl)-3~(naphthalen-2-yl)-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (ZK163). 3-(naphthalen-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(50 mg, 0.21 mmol) was dissolved in DMF (1.5 mL) and K3CO3 (110 mg, 0.8 mmol) and
cyclopropyl methyl bromide (22 pL, 0.25 mmol) were added. The reaction was heated to 60°
C overnight, then cooled to RT and poured into water (30 mL). The precipitate was collected
by filtration. ESI-MS (M+H)" m/z caled 316.2, found 316.2.

[0270] Synthesis of 1-isopentyl-3-(naphthalen-2-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(ZXK161). 3-(naphthalen-2-yl)-1H-pyrazolof3,4-d]pyrimidin-4-amine (50 mg, 0.21 mmol)
was dissolved in DMF (1.5 mL) and K,CO5 (110 mg, 0.8 mmol) and isobutyl bromide were
added. The reaction was heated to 60° C overnight, then cooled-to RT and poured into water
(30 mL). The precipitate was collected by filtration. ESI-MS (M+H)" m/z caled 332.2, found
332.3.

[0271] Synthesis of 3-(naphthalen-2-y1)-1-((E)-3-phenylprop-1-enyl)-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (ZK167). 3-(naphthalen-2-y1)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(50 mg, 0.21 mmol) was dissolved in DMF (1.5 mL) and K>COj; (110 mg, 0.8 mmol) and 1-
((B)-3-bromoprop-1-enyl)benzene were added. The reaction was heated to 60° C overnight,
then cooled to RT and poured into water (30 mL). The precipitate was collected by filtration,
ESI-MS (M+H)" m/z caled 378.2, found 378.2.

[0272] Synthesis of 3-(naphthalen-2-y1)-1-(prop-2-ynyl)-1H-pyrazolo[ 3,4-d]pyrimidin-4-
amine (ZK168). 3-(naphthalen-2-yI)-1H-pyrazolo[3,4-d]pyrimidin-4-amine (50 mg, 0.21
mmol) was dissolved in DMF (1.5 mL) and K,CO; (110 mg, 0.8 mmol}) and
propargylbromide were added. The reaction was heated to 60° C overnight, then cooled to
RT and poured into water (30 ml). The precipitate was collected by filtration. ESI-MS
M) mi/z caled 300.1, found 360.2

65



++ ++ BA8ldd +++ ++ +++ +++ + BA156 ++ ++ . ++ ++ +++ BA8ld +++ ++
+++ +++ +++ 8A95 ++ ++ +++ +++ +++ ZK137 ++ + ++ ++ +++ ZK129 ++ ++

oA e ARl t ot T BASA 4+ 4 At A4 ZKI30cy daforioosses

10

15

20

25

30

[0273] Synthesis of 3-ethoxy-4-methoxybenzoyl chloride (ZK299). 3-ethoxy-4-
methoxybenzoic acid (5 g, 25.5 mmol) was added to a solution of CH;Cl; (40 mL) and
benzene (20 mL) in a flame-dried 150 mL round bottom flask. Anhydrous DMF (9 drops)
was added and the solution was cooled on ice. Oxaly! chloride (11 mL, 128 mmol) was
added dropwise, and the reaction was then allowed to warm to RT. The reaction was stirred
at RT for 90 minutes, then concentrated in vacuo yield an off-white solid. The solid was
placed on a high-vacuum line for 2 hours, and then taken onto the next step without further

characterization.

[0274] Synthesis of 2-({3-ethoxy-4-methoxyphenyl)(hydroxy)methylene)malononitrile
(ZX301). NaH (2.2 g, 56 mmol, 60% dispersion in paraffin oil) was added to a sclution of
malononitrile (1.85 g, 28 mmol) in THF (30 mL) on ice. 3-ethoxy-4-methoxybenzoyl
chloride (25.5 mmol) was dissolved in THEF (50 mL) and added the first solution dropwise by
syringe at 0° C. The ice was then removed and the reaction was allowed to proceed at RT for
60 min. 1N HCI (100 mL) was added and the solution was extracted three times with EtOAc.
The organic phase was dried with MgSQy, filtered, and concentrated in vacuo to give an

orange solid that was taken onto the next step without further characterization.

[0275] Synthesis of 2-((3-ethoxy-4-methoxyphenyl)(methoxy)methylene)malononitrile
(ZXK302). 2-{(3-ethoxy-4-methoxyphenyl)(hydroxy)methylene)malononitrile (25.5 mmol)
and sodium bicarbonate (17 g, 204 mmol) were combined in a solution of 1,4-dioxane (48
mL) and water (8 mL). Dimethylsulphate (17 mL, 178 mmol)} was slowly added and the
reaction was heated to 80-90° C for 2 hours. The reaction was cooled to RT, water was
added, and the aqueous phase extracted three times with EtOAc (200 mL). The organic
phases were combined, dried with MgSOy, and filtered fo give ared oil. The oil was purified
by silica gel chromatography (10% EtOAc/Hexanes, Ry~ 0.1) to give a white solid (3.59 g,
54.5% vield over three steps). BESI-MS (M+H)" m/z caled 259.1, found 259.0.

[0276] Synthesis of 5-amino-3-(3-ethoxy-4-methoxyphenyl)-1-isopropyl-1H-pyrazole-4-
carbonitrile (ZK303). 2-((3-ethoxy-d-methoxyphenyl)(methoxy)methylene)malononitrile
(200 mg, 0.78 mmol), isopropylhydrazine hydrogen chloride {86 mg, 0.78 mmol), and
triethylamine (0.10 mL, 0.78 mmol) were combined in ethanol (5 mL) and heated to reflux
for 90 minutes. The reaction was then cooled to RT, water was added and the aqueous phase
was extracted three times with EtOAc. The organic phase was concentrated and carried onto
the next step without further characterization. ESI-MS (M+H)" m/ caled 301.1, found 301.0
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[0277] Synthesis of 3-(3-ethoxy-4-methoxyphenyl)-1-isopropyl-1H-pyrazolo[3,4-
d]pyrimidin-4-amine (ZXK305). 5-amino-3-(3-ethoxy-4-methoxyphenyl)-1-isopropyl-1H-
pyrazole-4-carbonitrile was dissolved in formamide (20 mL) and heated to 180° C overnight.
The next day the reaction was cooled to RT, water was added, and the precipitate was
collected by filtration, The precipitate was then dissolved in CH;Clo/MeOH and passed
through a silica plug. The product was then lyophilized from benzene to yield an off-white
solid (48 mg, 19% over iwo steps). ESI-MS (M-+H)" m/z caled 328.2, found 328.0.

[0278] Synthesis of 5-amino-3-(3-ethoxy-4-methoxyphenyl)-1-(2-hydroxyethyl)-1H-
pyrazole-4-carbonitrile (ZK304). 2-((3-ethoxy-4-
methoxyphenyl)(methoxy)methylene)malononitrile (200 mg, 0.78 mmol), 2-
hydroxyethylhydrazine (0.056 mL, 0.78 minol), and triethylamine (0.10 mL, 0.78 mmol)
were combined in ethanol (5 mL) and heated to reflux for 90 minutes. The reaction was then
cooled to RT, water was added and the aqueous phase was extracted three times with EtOAc,
CH;;CIZ; and CHCls. The organic phase was concentrated and carried onto the next step
without farther characterization. ESI-MS (M+H)" m/z calcd 303.1, found 303.0.

[0279] 2-(4-amino-3-(3-ethoxy-4-methoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)ethanol (ZK306) . 5-amino-3-(3-ethoxy-4-methoxyphenyl)-1-(2-hydroxyethyl)-1H-
pyrazole-4-carbonitrile was dissolved in formarnide (20 ml.) and heated to 180° C overnight.
The next day the reaction was cooled to RT, water was added, and the precipitate was
collected by filtration. The precipitate was then dissolved in CHCl/MeOH and passed
through a silica plug. The product was then lyophilized from benzene to yield a brown solid
(6.4 mg, 2.5% over two steps). ESI-MS (M+H)" m/z caled 330.1, found 330.0.

B. Structural Studies

[0280] Crystal structures of p110y have been reported, alone and in comaplex with ATP or
pan-specific inhibitors such as LY294002 and wortmannin (Walker et al., 2000; Walker et
al., 1999). To explore how potent and selective inhibitors bind, the crystal structures of PI3-
K inhibitors from three chemotypes bound to human pl10y were determined at 2.5-2.6 A
resolution: the quinazoline purine PIK-39, the imidazopyridine PIK-90 and the
phenylihiazole PIK-93 (Figure 2).

[0281] Based on these co-crystal structures and a conserved arylmorpholine

pharmacophore model, structural models were generated for three additional chemotypes
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bound to p110y: the pyridinylfuranopyrimidine PI-103, the morpholinochromone PIK-108,
and the morpholinopyranone KU-55933 (Figure 2). Model-building for these inhibitors was
guided by the observation that each compound contains the key arylmorpholine
pharmacophore found in L'Y294002.

5 [0282] - PIK-39 is an isoquinoline purine that inhibits p1105 at mid-nanomolar
concentrations, p110y and p110B at concentrations ~100-fold higher, and shows no activity
against any other P13-K. family member, including p110a, at concentrations up to 100 pM
(Figure 5). The biochemical selectivity of this compound is achieved through an unusual
binding mode revealed in its co-crystal structure with p110y (Figure 2C). Only the

10  mercapiopurine moiety of PIK-39 makes contacts within the interior of the ATP binding
pocket, and this ring system is rotated ~110° and twisted ~35° out of the plane relative to the
adenine of the ATP. In this orientation, it satisfies hydrogen bonds to the backbone amides of
Val 882 and Glu 880 (thereby recapitulating the hydrogen bonds made by N1 and N6 of

adenine).

15 [0283] In contrast to other PI3-K inhibitor structures, PIK-39 does not access the deeper
pocket in the active site interior (Figure 2C, lightly shaded area labeled as “Affinity Pocket™).
Instead, the aryl-isoquinoline moiety of PIK-39 extends out to the entrance of the ATP
binding pocket (Figure 2B). In this region, the kinase accommodates the inhibitor by
undergoing a conformational rearrangement in which Met 804 shifts from an “up” position,

20  inwhich it forms the ceiling of the ATP binding pocket, to a “down” position which it packs
against the isoquinoline moiety. The effect of this movement, which is unique to the PIK~3%
structure (Figure 2B), is to create a novel hydrophobic pocket between Met 804 and Trp 812
at the entrance to the ATP binding site. This induced-fit pocket buries ~180 A2 of solvent
accessible inhibitor surface area, enabling PIK~39 to achieve nanomolar affinity despite

25  limited contacts within the active site core.

[0284] Co-crystal structures of PIK-90 and PIK-93 compounds bound to p110y were
determined. PIK-90 and PIK-93 both make a hydrogen bond to the backbone amide nitrogen
of Val 882 (Figure 2D), an interaction conserved among all known PI3-K inhibitors (Walker
et al., 2000). In addition to this hydrogen bond, PIK-93 makes a second hydrogen bond to

30 the backbone carbonyl of Val 882 and a third between its sulphonamide moiety and the side
chain of Asp 964. PIK-93 is one of the most polar inhibitors in our panel (clogP = 1.69) and

these extended polar interactions may compensate for its limited hydrophobic surface area.
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[0285] PIK-90 binds in a mode similar to PIK-93, although this larger compound makes
more extensive hydrophobic interactions, burying 327 A? of solvent accessible surface area.
To achieve this, PTK-90 projects its pyridine ring into a deeper cavity that is partially
accessed by PIK-93 but not occupied by ATP (Figure 2D, lightly shaded circle). In this

5  region, the pyridine ring of PIK-90 is poised to make a hydrogen bond to Lys 833, and we
find that replacement of this pyridine nitrogen with carbon results in a 100-fold loss in
affinity (PTK-95, Figure 4). PI-103, a third multi-targeted PI3K inhibitor, projects a phenol
into the same pocket based on an arylmorpholine pharmacophore model (Figure 2D).

[0286] Two structural features distinguish these potent, multi-targeted inhibitors from the

10  more selective compounds in our panel. First, these compounds adopt a flat conformation in
the ATP binding pocket, whereas highly selective inhibitors project out of the plane occupied
by ATP (Figure 2). Second, the most potent inhibitors project into a deeper binding pocket
that is not accessed by ATP (Figure 2A). Much of the surface of this affinity pocket is
contributed by the side-chain of Ile 879.

15 [0287] The mercaptopurine in the PIK-39 structure was replaced with adenine to yield a
model of IC87114 (Figure 3A). This substitution provided the adenine of IC87114 in the
correct orientation to make the same hydrogen bonds as the mercaptopurine of PIK-39, even

though these two ring systems are rotated by 110° with respect to each other.

[0288] Unlike other inhibitor chemotypes, PIK-39 does not exploit the P13-kinase affinity

20 pocket (Figure 2C). The pyrazolopyrimidine analog of IC87114 (PIK-293) as well as a novel
analog containing an m-phenol (PTK-294, Figure 3A) were then tested for inhibition of the
class I PI3-Ks. PIK-294 was up to 60-fold more potent than PIK-293 (Figure 3A}.

[0289] The structure of PIK-39 bound to p110y reveals a conformational rearrangement of
Met 804 that creates an induced pocket, and we have hypothesized that this conformational

25  rearrangement underlies the selectivity of PIK-39 for p1108. A prediction of this model is.
that mutation of Met 804 should perturb the binding of p1103-selective inhibitors (which
access the induced pocket), but not affect other classes of inhibitors (which do not access this
pocket). Modeling suggests that mutation of Met 804 to a B-branched amino acid (such as
valine or isoleucine) should restrict the pocket formed by rearrangement of that residue

30  (Figure 3B, right). Therefore, we mutated the corresponding residue in p1108 (Met 752) to

valine or isoleucine, expressed and purified these kinases, and tested them for sensitivity to

69



+++ ++ +++ ++ ++ BA22 +++ +++ +++ ++ +++  +++ +++ BA79d +++ +++ +++
++ +++ +++ +++ BA85 ++ +++ +++ ++ ++ ++ ++ BAST +++ +++ +++ +++ +++

+H A0 - 35502, dhdd ot bt bt b+ b+ B<AB9 HH+ tht Higeddhb o

ZK487

10

15

20

25

30

PI3-K inhibitors (Figure 3B). We find that M7521 and M752V p1108 are resistant to the
p1108-selective inhibitors PIK-39 and IC87114, but retain sensitivity to the pl 10c/multi-
targeted inhibitors PIK-90, PIK-93, and PI-103. This chemotype-specific resistance supports
the unique role of Met 752 in gating an inducible selectivity pocket.

[0290] Antagonist modeling was performed using the PyMOL Molecular Graphics Sysfem.
All p110y crystal structures (PDB codes in parentheses), including the Apo (1EBY), ATP
(1E8X), Wortmannin (LE7U), LY294002 (1E7V), Quercetin (1E§W), Myricetin (1E90), and
Staurosporine (1E8Z), PIK-90, PIK-93, and PIK-39 bound forms were structurally aligned
using PyMOL’s align function. Models for the inhibitors PIK-108, KU-55933, and P}-103
were built on top of the 1.Y294002 arylmorpholine scaffold (1E7V) using PyMOL’s fragment
building function. A model for the inhibitor IC87114 was similarly built on top of the PIK-
39 aryl-isoquinoline scaffold.

[0291] The model for PI-103 was built into the protein structure of p110y bound to PIK-90,
because the PIK-90 structure contains the enlarged affinity pocket that is necessary to
accommodate PIK-103’s phenolic moiety (the PIK-90 p110y structure otherwise does not
exhibit any conformational differences in the arymorpholine-binding region in comparison to
the LY294002-bound pl10y structure). The models for PIK-108, KUU-55933, and IC87114
were built into the protein structure of p110y bound to PIK-39 because these inhibitors
possess bulky groups that project out of the adenine plane and are likely to exploit the unique
“Met 804 down” induced-fit pocket. In all inhibitor models, the choice of protein structure
and inhibitor binding mode is based on extensive biochemical SAR. as well as inhibitor
geometry. The protein structures and inhibitor models have not been minimized to optimize
binding energy, but care was taken to prevent any gross steric clashes and to satisfy key

hydrogen bonds.

C. p110c/p85c, p110B/p85c, p1108/p85a:, and pl1Qy Assay

[0282] The class I PI3-Ks were either purchased (p110a/p85¢a, p110B/p85a, p1108/p85a
from Upstate, and p110y from Sigma) or expressed as previously described (Knight et al.,
2004). IC50 values were measured using either a standard TLC assay for lipid kinase activity
(degcribed below) or a high-throughput membrane capture assay, Kinase reactions were
performed by preparing a reaction mixture containing kinase, inhibitor (2% DMSO final

concentration), buffer (25 mM HEPES, pH 7.4, 10 mM MgCl2), and freshly sonicated
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phosphatidylinositol (100 pg/ml). Reactions were initiated by the addition of ATP containing
10 uCi of y-32P-ATP to a final concentration 10 or 100 M, as indicated in Figure 5, and
allowed to proceed for 5 minutes at room iemperature. For TLC analysis, reactions were then
terminated by the addition of 105 pl 1IN HC1 followed by 160 pl CHCI3:MeOH (1:1). The
biphasic mixture was vortexed, briefly centrifuged, and the organic phase transferred to a
new fube using a gel loading pipette tip precoated with CHCls. This extract was spotted on
TLC plates and developed for 3 — 4 hours in a 65:35 solution of n-propanol: 1M acetic acid.
The TLC plates were then dried, exposed to a phosphorimager screen {Storm, Au'n'ersham),
and quantitated. For each compound, kinase activity was measured at 10 — 12 inhibitor
concentrations representing two-fold dilutions from the highest concentration tested
(typically, 200 pM). For compounds showing significant activity, IC50 determinations were
repeated two to four times, and the reported value is the average of these independent

measurements.
[0293] Results are set forth below in Table 2.

D. Abl Assay

[0294] Inhibitors (final concentration: 10 uM) were assayed in triplicate against
recombinant full-length Abl or Abl (T3151) (Upstate) in an assay containing 25 mM HEPES,
pH 7.4, 10 mM MgCl2, 200 pM ATP (2.5 pCi of y-32P-ATP), and 0.5 mg/mL. BSA. The
optimized Abl peptide substrate EATYAAPFAKKK was used as phosphoacceptof (200 puM) .
Reactions were terminated by spotting onto phosphocellulose sheets, which were washed
with 0.5% phosphoric acid (approximately 6 times, 5-10 minutes each). Sheets were dried
and the transferred radioactivity quantitated by phosphorimaging.

[0295] Results are set forth below in Table 3.

E. Hck Assay

[0296] Hck: Inhibitors (final concentration: 10 uM) were assayed in triplicate against
recornbinant full-length Hck in an assay containing 25 mM HEPES, pH 7.4, 10 mM MgCl2,
200 uM ATP (2.5 uCi of y-32P-ATP), and 0.5 mg/mL BSA. The optimized Src family
kinase peptide substrate ETY GEFKKK was used as phosphoacceptor (200 uM) . Reactions

were terminated by spotting onto phosphocellulose sheets, which were washed with 0.5%
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phosphoric acid (approximately 6 times, 5-10 minutes each). Sheets were dried and the

transferred radioactivity quantitated by phosphorimaging.
[0297] Results are set forth below in Table 3.

F. Inulsin Receptor (IR) Assay

[0298] Inhibitors (final concentration: 10 pM) were assayed in triplicate against
recombinant insulin receptor kinase domain (Upstate) in an assay containing 25 mM HEPES,
pH 7.4, 10 mM MgCl2, 10 mM MnCl2, 200 pM ATP (2.5 pCi of ¥-32P-ATP), and 0.5
mg/mL BSA. Poly E-Y (Sigma; 2 mg/mL) was used as a substrate. Reactions were
terminated by spotting onto nitrocellulose, which was washed with 1M NaCl/1% phosphoric
acid (approximately 6 times, 5-10 minutes each). Sheets were dried and the transferred

radioactivity quantitated by phosphorimaging.
[0299] Resulis are set forth below in Table 4.

G. Sre Assay

[0300] Src, Src (T338I): Inhibitors (ﬁnal concentration: 10 pM) were assayeﬁ in triplicate
against recombinant full-length Sre or Src (T338I) in an assay containing 25 mM HEPES, pH
7.4, 10 mM MgCI2, 200 pM ATP (2.5 uCi of y-32P-ATP), and 0.5 mg/mL BSA. The
optimized Src family kinase peptide substrate EIY GEFKKK was used as phosphoacceptor
(200 uM) . Reactions were terminated by spotting onto phosphocellulose sheets, which were
washed with 0.5% phosphoric acid (approximately 6 times, 5-10 minutes each). Sheets were

dried and the transferred radicactivity quantitated by phosphorimaging.
[0301] Results are set forth below in Table 3.

H. DNA-PK (DNAK) Assay

[0302] DNA-PK was purchased from Promega and assayed using the DNA-PK. Assay

System (Promega) according to the manufacturer’s instructions.

[0303] Results are shownin Table 2.
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L mTOR Assay

Inhibitors (final concentrations 50 pM -0.003 uM) were tested against recombinant mTOR
(Invitrogen) in an assay containing 50 mM HEPES, pH 7.5, 1lmM EGTA, 10 mM MgCl12, 2.5
mM, 0.01% Tween, 10 pM ATP (2.5 pCi of 4-32P-ATP), and 3 ug/mL BSA. Rat
recombinant PELAS-1/4EBP1 (Calbiochem; 2 mg/mL) was used as a substrate. Reactions
were terminated by spotting onto nitrocellulose, which was washed with 1M NaCl1%
phosphoric acid (approximz;tely 6 times, 5-10 minutes each). Sheets were dried and the
transferred radicactivity quantitated by phosphorimaging.

[0304] Results are set forth in Table 4 below.

J. Vascular endothelial growth receptor

[0305] Vascular endothelial growth receptor 2(KDR): Inhibitors (final concentrations 50
1M -0.003 M) were tested against recombinant KDR receptor kinase domain (Invitrogen) in
an assay containing 25 mM HEPES, pH 7.4, 10 mM MgCl2, 0.1% BME, 10 pM ATP (2.5
nCi of p-32P-ATP), and 3 pg/mL BSA. Poly E-Y (Sigma; 2 mg/mL) was used asa
substrate. Reactions were terminated by spoiting onto nitrocellulose, which was washed with
1M NaCl/1% phospheoric acid (approximately 6 times, 5-10 minutes cach). Sheets were dried
and the transferred radioactivity quantitated by phosphorimaging.

[6306] Results are set forth in Table 3 below.

K. Ephrin receptor B4 (EphB4) Assay

{0307] Inhibitors (final concenirations 50 pM -0.003 pM) were tested against recombinant
Ephrin receptor B4 kinase domain (Invitrogen) in an assay containing 25 mM HEPES, pH
7.4, 10 mM MgCl12, 0.1% BME, 10 pM ATP (2.5 pCi of p-32P-ATP), and 3 pg/ml BSA.
Poly E-Y (Sigma; 2 mg/mL) was used as a substrate. Reactions were terminated by spotting
onto nitrocellulose, which was washed with 1M NaCl/1% phosphoﬁc acid (approximately 6
times, 5-10 minutes each). Sheets were dried and the transferred radioactivity quantitated by

phosphorimaging.

{0308] Results are set forth in Table 3 below.
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L. Epidermal growth factor receptor (EGFR) Assay

Inhibitors (final concentrations 50 pM -0.003 pM) were tested against recombinant EGF
receptor kinase domain (Invitrogen) in an assay containing 25 mM HEPES, pH 7.4, 10 mM
MgCi2, 0.1% BME, 10 pM ATP (2.5 pCi of pu-32P-ATP), and 3 ug/mL BSA. PolyE-Y
(Sigma; 2 mg/mL) was used as a substrate. Reactions were terminated by spotiing onto
nitrocelhilose, which was washed with 1M NaCl/1% phosphoric acid (approximately 6 times,
5-10 minutes each). Sheets were dried and the transferred radioactivity quantitated by

phosphorimaging.
[0309] Results are set forth in Table 3 below.

M. KIT Assay

[0310] Inhibitors (final concentrations 50 pM -0.003 pM) were tested against recombinant
KIT kinase domain (Invitrogen) in an assay containing 25 mM HEPES, pH 7.4, 10 mM
MgCl2, LmM DTT, 10mM MnCl12, 106 pM ATP (2.5 pCi of p-32P-ATP), and 3 ng/mL BSA.
Poly B-Y (Sigma; 2 mg/mL) was used as a substrate. Reactions were terminated by spotting
onto nitrocellulose, which was washed with 1M NaCl/1% phosphoric acid (approximately 6
times, 5-10 minutes each). Sheets were dried and the transferred radioactivity quantitated by

phosphorimaging.
[0311] Results are set forth in Table 4 below.

N. RET Assay

[0312] Inhibitors (final concentrations '50 uM -0.003 M) were tested against recombinant
RET kinase domain (Invitrogen) in an assay containing 25 mM HEPES, pH 7.4, 10 mM
MgCi2, 2.5mM DTT,10 pM ATP (2.5 pCi of p-32P-ATP), and 3 pg/mL BSA. The
optimized Abl peptide substrate EATYAAPFAKKK was used as phosphoacceptor (200 pM) .
Reactions were terminated by spotting onto phosphocellulose sheets, which were washed
with 0.5% phosphoric acid (approximately 6 times, 5-10 minutes each). Sheets were dried
and the transferred radioactivity quantitated by phosphorimaging.

[0313] Resulis are set forth in Table 4 below.
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0. Platelet derived growth factor receptor (PDGFR) Assay

[0314] Inhibitors (final concentrations 50 pM -0.003 uM) were tested against recombinant
PDG receptor kinase domain (Invitrogen) in an assay containing 25 mM HEPES, pH 7.4, 10
mM MgCl2, 2.5mM DTT,10 uM ATP (2.5 pCi of p-32P-ATP), and 3 pg/ml BSA. The
optimized Abl peptide substrate EATY AAPFAKKK was used as phosphoacceptor (200 M) .
Reactions were terminated by spotting onto phosphoceliulose sheets, which were washed
with 0.5% phosphoric acid (approximately 6 times, 5-10 minutes each). Sheets were dried
and the transferred radioactivity quantitated by phosphorimaging.

[0315] Results are set forth in Table 4 below.

P, ¥MS-related tyrosine Kinase 3 (FL'T-3) Assay

[0316] Inhibitors (final concentrations 50 pM -0.003 M) were tested against recombinant
FLT-3 kinase domain (Invitrogen) in an assay containing 25 mM HEPES, pH 7.4, 10 mM
MgCl2, 2.5mM DTT,10 pM ATP (2.5 uCi of u-32P-ATP), and 3 pug/mL BSA. The
optimized Abl peptide substrate EATYAAPFAKKK was used as phosphoacceptor (200 uM) .
Reactions were terminated by spotting onto phosphocellulose sheets, which were washed
with 0.5% phosphoric acid (approximately 6 times, 5-10 minutes each). Sheets were dried
and the transferred radioactivity quantitated by phosphorimaging.

Results are set Torth in Table 4 below.

Q. TEK receptor tyrosine kinase (TTE2) Assay

[0317] Inhibitors (final concentrations 50 pM -0.003 uM) were tested against recombinant
TIE2 kinase domain (Invitrogen) in an assay containing 25 mM HEPES, pH 7.4, 10 mM
MgCl12, 2mM DTT, 10mM MnCl2, 10 pM ATP (2.5 uCi of u-32P-ATP), and 3 pg/ml BSA.
Poly E-Y (Sigma; 2 mg/mL) was used as a substrate. Reactions were terminated by spotting
onto nitrocellulose, which was washed with 1M NaCl/1% phosphoric acid (approximately 6
times, 5-10 minutes each). Sheets were dried and the transferred radioactivity quantitated by

phosphorimaging.

Results are set forth in Table 4 below.
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R. Results

{0318] In Table 1, the compounds have the formula:

R36 RZ
N
NN
R' (D.

R! and R? are as defined in Table 1. X is =N- except where indicated. RS is -NH; except

5  where indicated.
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ZK377 b ++ | +++ + et + +
ZK399 b | bbb | b + + + +4
ZK401 bt | b | ek + + + +
BAG2 deopd | b | e + + ot o
ZK358 Fobt | At | b ++ +++ +++ et
ZK4562 ek | bbb | bt ++ ot ++ -t
ZK456 Aokt | bt | b + e + ++
ZKA83 bt | bl | e o bt e ++
ZK371 dbd |k | b bt +++ +++ FH+
ZK409 Fobt | b ] b ok +++ ++ +++
ZKA28 b | bbb | bkt ++ bt 4 Fb
ZK430 bt | b | b ++ e 4 +4+4
ZK387 b | dEE | R -+ R +p S
ZK389 Fb | ek | ++ b [ng +++
ZK369 T | + o e +
ZK385 At | bk | o + 4 + ++
ZK354 e | b | bbb + +4 + i
BATSS 21 | 4+ | ++4 ++ ++ +4 ++
BA157 2| 4+ | ++| ++ i+ s ++ ey
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+++ +++ +++ +++ BA94 +++ +++ +++ +++ +++ +++ +++ BAL35 +++ +++ +++ ++
+-F1- +++ + 6A136 +++ +++ +++ +4- +++ ++ BAL37 +++ +++ +++ +++ +++

++ ++
EALS7 §A13%V0+5'f)-67/f—1-53-26+++ +++ +++ +++ ++ BAL60 +++ +++ +rgetitsabiaidibs

Cpd Abl | Hok | Sre | Sre (T/) | VEGFR | EGFR | EphB4
BASS it | bt | bt ++ 4+ ++ ++
BAG3 ++ | Hd | b ++ ++ ot +4
BA93 4 | A | e +4 e et
BA4S 4t | At | hE ++ + oo P na
BA15 e et + b+ ++
ZK321 e | bk | b 4+ s + ++
ZK337 bt | bt | F + ++
ZiK347 dtd | kbt | P ++ b b +4 ++
ZK325 o | bt | ++ o 4 et
ZKK349 L e P s + b ++4 +++
ZK423 o B e R M 4+ +++ 4t
ZK411 +4 b | + +4 ++ ++
ZKA07 4 | bt | + ot ++ +
BASS bk | bt | e s P ot +F
1. bt + ++ + + + +
BAZ23 Sob e | b 4 + +4 b
ZKA85 Ak |+ | et + + ++ 4+
ZK495 i+ | | ++ + Fo 4
ZKA96 + ++ | 4t ++ + i +4
ZK494 Ao | obepele | A +4 +F ++ ++
BAQQ P P P ++ 4 ++ -+
ZK341 ++ I ++ + r + -+ +
ZK343 et | b | b + ++ +¥ ++
ZIK361 ++ b ++ + + 4 +
2K359 Aokt | bt | b ++ ++ ++ | ++F
ZK362 ek | b | b + + ++ +
BAG4 td | b | ++ + - 4
BABS 4 | bt | b ++ b eepe
ZK305 ++ A+ [+ ++ + + ++
ZK306 + ! | ++ ++ + +
BAGES ++ b | + + ++
BA48 +4 | it | 4 A B ++
BA20dd bt | ot | b ++ ++ ++ ++
BAZ04 Fi | oAb | R ++ Iy Fo ++
BAZD | | +4+ ++ . +
BASS ot | b | bR 4 o+ i ++
BAS1dd bt | bbb | A A T4+ -+ +4+
BA81d ot | bbb | Ak o e s At
" BAZSE s ++ [+t ++ + + +
BAA46 ot ++ +4 4+ e + -+
BA4S F | b | bR ++ o ++ +
BA30 + + 4 ++ o - +
BA150 ++ ++ | A+ + ++ + +t
BA151 ++ ++ | 4k + + 4+ +-
BAZ1 ++ ++ | + + + -+
BAS2 ++ | A+ | AE + + + +
BAS3 ++ ok | e + + + +
BA31 il T sl + + ++ +
BA152 b | b | + s +F ++
BA149 | | ++ 4 o+ +
BA32 b b | b + + + -
BASH +4 Yok ++ + + + b
BA35 e |+ ++ ++ b o
BA34 44 4 [+ 4+ ++ +4 ++
BA38 o A ok Fo + + +
BA4D + ++ | A+ -+ = ++ +
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+++ +++ ++ + +4- ++ BA154 +++ +++ +++ +4- ++ ++ ++ BAL10 +++ +++ +++
++ +++ ++ ++ BA11l5 +++ +++ 4-F-1- +++ +++ +++ BA159 +++ +++ +++ +4

M QM g7 fidod- 1--F +4+ ++ ++ ++ 4+ BALO7 +4++ 4 Syfigsadat etssds

Cpd Abl | Hek | Src [ Src (T/T) | VEGFR | EGFR | EphB4
BA41 ++ ++ b +t 44+ + ++
BA14 ot 4| A+ i + + ++
BA1Z A | bk | +F 4 et +
BA3D it ++ | 4+ +o ++ defb o
KS208 o | bt | P IR ++ +4+ ++
BA116 4t |+t | 4 4o s
BA1T I o 4 +++ Aot R
BA134 ol Py b +4 + + ++
BA105 o | e [ 4ot b 5 o
BA122 F+d | b | b ++ 4 +++ it
BA111 + + 4 ++ 4 ++ ++
BA102 i+ | A | ++ +++ -+ ey
BA112 ot | Ak | s et +F ++ ++
BA118 4 e + o 4 + ++
BA130 ek |k ++ fefe +4+ + ++
BA132 b | b |+ + ++ 3 ++
BA139 ++ |+ 4+ + ++ ++ +
BA158 ddd |+ | At ¥+ ++ ++ ++
BA140 S o o e + + -+
BA141 + ]+ + + + ++ +
BA146 o+ | + ++ o A
BA142 4+ | A+ | HHE + ++ ++ Ak
BA145 + | ++ ++ + + + 4
BA147 ++ Ll A + +4 + o
BA148 4| ] + + ++ +
BA143 ] ++ -+ ++ ++
BA144 + |+ | e + e + ++
BA129 ++ + | At + + +4 4
BA131 o e 11 + b + e
BA133 ++ | o+ | + + ++ fop
BA120 b | e | ++ +4 E Febe
BA108 b | o | b +++ g i+ o+
BA121 ek [ bk [ e +4 e Heoke e dd
BASS F4+ | it | b i+ ferefe +dt ++
BAO4 P T 4+ 44 gt b
BA135 4+t | b | T ++ +4+ Feit +
BA136 et | bt | b ++ Jrwrars +4
BA137 spoeperfe | ok | bt b okt ++ ++
BA138 b | Ak |k bk b +4ok 4
BA160 et | bl | e 4 ++ +F ++
BA1ST 3 bt | b | b ++ + + ++
BA154 et |t | ++ ++ 4 ++
BA110 Bt e ol T e s T e ++ ded 4 +d
BA115 b | bk | b o+ +++ ++

BA158 bt | bt | A b oo ++ 4
BA118 4 | et | o 4 ++ 4
BA1O7 b | 4k | b ot Fd e b
BA124 b | A | +tt +++ oot e
BA161 ++ + | ++ + + ++ +
BA162 Ll R = I + -+ ++ ++
BA24dd ek X3 - LT o 4o L
BA43 ++ | +4 ++ ++ + -t
BAO1 ++ dofe | et esfe 4 ++ +4
BA92 +4+ [ A+ | +4 ++ ++ ++
BASS e | b | e oo R e
BABS g | bbb | bk 4+ ++ +++ +++
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BAl 24 +++ +++ +++ +++ +++ +++ +++ BAL61l ++ + ++ + + ++ + BAL62 ++
+4 + + ++ ++ BA24dd ++ ++ ++ ++ ++ ++ ++ BA43 ++ +++ ++ ++ ++ ++

+- 1 -

++ BAO1 ++ ity atshit _ -
1 +twhhotfiiasht ++ t+ +-1- BA92 ++ +++ +++ ++ ++  perys2007/008395

Cpd Abl | Hek | Src | Sre {TI) | VEGFR | EGFR | EphB4

BASE R i T - et 4+ b

BASY g | b bt ++ ++ +4+ +++

BA44 +4 ek b ++ + e+ +

BA156 At | A | ++ -+ b o

BAS5 -+ | +++ e + + -+ ++

BAD4 ok ++ ) et ++ ++t ++ ++

BA42 + + | ++ et + ++

8111248 | v+ | +++ | kbt +++ i+ ++ +

BAY43-

o008 dd | b | bdE 44 bt + o+

Dasatinib + + +++

[ressa o | o | At +4 +4- ++

PIK103 + + + + + -+ +

PIKS0 + + + + + + +

PIK284 + + o + + + +

Table 4

Cpd cKIT Tied FLT3 | PDGFR RET IR mTOR
ZK3568 Fobf ++ det-H oot et £ L3 At
ZK4ABT +++ ++4 At 4 -4 + bt
ZK349 bt Fobede +4+ e o *t 4+t
ZK494 o+ 4 s et b + ek
BA102 Rk +4+4 +- eop ++H + Hbr
BA121 bbb 4+ bt +++ +4 oot
K584 e -+ e b 4 s s
SU11248 it ++ 4+ o] e -+ +
BAY43-8006 e T4+ + e ot b +
Dasatinib +++ ++ 4+ +i4 ++ + +
Iressa + ek b b +4- + +

In Tables 2-4 above, a +++ indicates an IC50 of less than 1 pM; a -+ indicates an ¥C50 of

from 1 pM to 50 pM; and a + indicates and IC50 of more than 50 pM.
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++ +1- BABB +++ +++ +++ +++ +++ +++ +++ BASS +++ +++ +++ +++ +++ +++
+++ WD 2007/ 114926PCT/ US2007/ 008395 Cpd Abl Hck Src Src (TM VEGFR

EGFR EphB4 Fhd 4+ e+ -+ BAQT 4+ 4+ &+
R oty it T b e pusaBTisshs
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78-87. \What is clainmed is: 1. A conpound having the formula: R36 (I)
wherein X is =N-; Rl is hydrogen, R3Lsubstituted or unsubstituted
unsubstituted cycl oal kyl, unsubstituted heterocycl oal kyl, or
R3-substituted heteroaryl; R2 is R4-substituted heteroaryl; R3 is

hal ogen, CN, -0R5, -S(0),R6' -NR7R8, C(0)R9, -NR1-C(0)R11,

-NR12- C(0) OR13, 0) WRﬁl\ﬂel g7, Ws-substituted or

unsubsti t ut ed alky 19V$ I -
R19-substituted or EE gﬁﬁﬁ%@%gﬁﬁﬁhpﬁggk iHﬁI éﬁid%QUb
unsubst it ut ed heterosyﬁu Wﬂﬁgﬂﬁgﬂlgﬁééﬁ3ﬁp3 b?pﬁfp§é8ﬂ§¥bl
or V-substituted Orc SOy ltumﬂlﬁmit@lteérhbtenm émll«ryl; sumsubsti-
integer fromO to 2; or -NR22R23;
R5, p6 p7p9pl | p12 %ﬁﬁiﬁ%yg?@?&hmﬁiﬁégtﬂ%éﬂgﬁgl a/a b5a 3 tc.
5 and R17 are |nde ‘“ﬁBS substituted or
unsubstituted al kyl, I%c@%ggéuﬂdtcﬁtbmhmmuli&reimﬂ%’dmet er oal kyl ,

m substituted cycl oal kyl substituted or unsubstituted

het er ocycl oal kyl , R35-substituted or unsubstituted aryl, or
R35-substituted or unsubstituted heteroaryl; R20, R22 and 23 R 8h§
hydrogen; R19 and R35 are independently hydrogen, hal ogen,
unsubstituted al kyl, unsubstituted hetero unsubsti t ut ed

cycl oal kyl , unsubstltuted het er ocycl oal kyl , supstituted aryl, or
unsubstituted heteroaryl; and 7 anw! ? dr ogen. 2. The
conmpound of claim1, wher ei n i wherenn W.# W, WB, and W are

i ndependently =CH, =N-; and ri i Mily or fully
unsaturated 6- or 7-nenbered rifg. V%' e conpound of claim1,
wherein R5, R6, R2, Rs, R9, RD); R11/¥R12, R13, R14, R15, R16, and

| e-7 are independently hydrogen, unsubstituted al kyl, unsubstituted
het er oal kyl , unsubstituted cycl oal kyl, unsubstituted heterocyclo

al kyl, unsubstituted aryl, or unsubstituted heteroaryl. 4. The
conpound of cIain1LVhﬁﬁ§ﬂein R ' is R3-substituted or unsubstituted

L Vherein RL is Rbabatt tutbe ofn stst%ﬁ R e e,
conpound of claim1, :mﬁgfékﬁyﬁt: s—Ransubstituted or unsubstituted
Cl-4 al kyl . 7. The c ound . ofq.cl.a

unsubsti tﬁt ed C3- Cé”ﬁpa{ﬁggélcpwwyor&‘%.%’ Wﬁgﬁ@gﬁ%{ﬂ]ﬁaoeﬁ)ﬁ %ﬁtﬁe%éd
wherein R ' is isoprapyg. 9. The conpound of claim1, mhereln R3 is
Rl - 9-sub stituted nsubsti t subst.ist

t meubst :Jt ut ei:l gycl 0§II§P Cu@}lpﬂéul ul&ﬁ%’é@h?ﬂ%ﬂﬂéd W?leﬁajéhgs yIR
10. ghf fogpgunﬁlb¥ R *diiz RigrRiH R3S R R1and St Braunﬂbpﬂndenﬂy
unsubstituted a u .
11. The corrpoundl%%‘dra%rer]ﬁ im%wﬁ EE«E‘%&FR%&&% rlﬁ&’ﬁﬁtﬁ%t?’[’#%?@ ﬁ& I%?M%ﬂ
unsubsti t ut ed cydnﬁﬂﬂkyﬁlﬁedlgyckﬁﬂkb bponHd ﬂﬂﬂﬁﬁﬁlﬂﬁlef aﬂﬂﬂ
122-9 is unsubst iy h%&.ﬂf&tﬁﬁté&aﬁ#%r Qﬁswwﬁﬁbdth@@go Iopentyl

13. The compound o

arm 1 drein le is RA-substituted pyridinyl,
R4- sub stituted pﬁuﬁhduompomdwﬁekalmﬂewhwam nysR -substituted
R4-substituted f s t
benzoxadi azol yl , R4-su %tltu?giﬂ%ggfggpggngFku$§fgu st|¥%¥%ﬁﬁyl

benzodi oxanyl , R4- ﬁb?hetanﬂnpoMﬂamﬁpl&hahWh@&m@ 1$ Riesabstituted

pyrrolopyridinyl dazonI R4- substi tut ed

qui nol i nyl R4-sdgﬁin§H$§% qU|nox |nyI R4- substituted

Eyri dopyr azi Iny: R4s. ‘Fhbtortp ba@dcmfd obint U.nglhd:]i‘elﬁéfiguﬂ)ﬁswubﬁdhged

enzoi soxazo y ridiny R4- substitute

benzof uranyl, <%§g§€€§$¢%ﬂ%§8:bg;i%ﬁﬁf%phenyl 14. The conpound

of claim 1, wher ei 7 RTHes cRnpohatli bitedimndgl whereid R' As methyl or
unsubstituted C,-C, branched alkyl.
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8. The compound of claim 1, wherein R* is isopropyl.

9. The compound of claim 1, wherein R? is R '®-substituted
or unsubstituted alkyl, R'-substituted or unsubstituted
cycloalkyl, or R*®-substituted or unsubstituted aryl.

10. The compound of claim 1, wherein R® is R**-substi-

tuted or unsubstituted alkyl, or R'*-substituted or unsubsti-
tuted cycloalkyl.

11. The compound of claim 1, wherein R*® is unsubstituted
alkyl or unsubstituted cycloalkyl.

12. The compound of claim 1, wherein R*? is unsubstituted
C,-C, alkyl or unsubstituted cyclopentyl.

13. The compound of claim 1, wherein R? is R*-substituted
pyridinyl, R*substituted pyrimidinyl, R*-substituted
thiophenyl, R*-substituted faranyl, R*-substituted indolyl,
R*-substituted benzoxadiazolyl, R*-substituted benzodiox-
olyl, R*-substituted benzodioxanyl, R*-substituted thianaph-
thanyl, R*-substituted pyrrolopyridinyl, R*-substituted inda-
zolyl, R*-substituted quinolinyl, R*-substituted quinoxalinyl,
R*-substituted pyridopyrazinyl, R*-substituted quinazoli-
nonyl, R*-substituted benzoisoxazolyl, R*-substituted imida-
zopyridinyl, R*-substituted benzofuranyl, or R*-substituted
benzothiophenyl.

14. The compound of claim 1, wherein R? is R*-substituted
indolyl.

15. A pharmaceutical composition comprising the com-
pound of claim 1 and a pharmaceutically acceptable excipi-
ent.

16. The compound of claim 1 wherein R? is 5-hydroxy
indol-2-yl and R* is isopropyl.
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