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DERI VATI VES FI ELD The present Invention relates to purine conpounds that
may be useful as 5 kinase inhibitors. More particularly, the present
Invention relates to 2-(norpholin-4-yl), 6-(pyrimdin-5-yl) substituted
purine derivatives, nethods for their preparation, pharnaceuti cal
conpositions containing these conpounds and uses of these conpounds In the
treat ment of §g@&@£ﬂ,klnase rel ated di sorders/conditions. CKGROUND
The search f® AY2 Inhibitors has proven to be a fFE§FW@WwQ? ea for the
devel opment of useful pharmaceutically active substances. Kinases, which
are alternatively known as phosphotransferases, are enzynes that transfer
phosphate groups from hi gh energy donor nolecules (for exanple ATP) to
specific target 15 nDIecuIes called substrates) In a process

t ermed phosphoryl at i on. EXiHsity - - oL ATIVESases are the
protein kinases which act on and nodi fy t he actrvrty of specific proteins.
As a result of this activity these k| s are involved In a nunber of
cellular 20 processes such as in si ing and to prine the cell for

bi ocheni cal reacti ondhe presept ‘atsakop S 95‘(3911’9%{1‘*#0@9"1'43“ mgy ghugefi #y processes
have been i npl i K@dsemhibivrs, Mo@rphditlary, thedpresentinedntidfrelateio 2-ahorphoiindi)i ons and
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25pr ovi si on of Wa@és*hﬁhrtfmtmmtsfcmf‘emﬂﬁwmyd%t#orf@m@ﬂffd@?micerta| n signalling
processes to be controlled | eading to the control of certain mnedical

condi tions One fam I y of Ig r&gﬂﬁuﬁgsocr ated with undesirable
medi cal condr tions in the B’hOI nosf fi de 3-1dnase (PI3)
fam |y of klnases whi 'L’nseé?:@ f*?'d\r'atev'@*ab'r’ﬁ '}Es§ Voo el aFa Betey) ar event s

such as cel | midgrelenment, ofcusbil phamacéutically iadive SMGgemmasesawBrﬁbamatr on, cell
survival, si gnadupzhataaﬁdmiaerbhadaﬂouhmr@eelawé@mbrm frbrishet Piibsghatepr Ot €1 Ns.
This fam |y of KIBESRS MRS edef Bhd imBESD: IhCabAGH 3R 1o .cns@ﬁarch ai med
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support ed by 38heekmed grougs ofcirages @l the preini kpasea mtlich ados phdamedify hpect i on. 2
The phosphoi nosdcw.lplgvsgaclﬁbﬂagﬁs(Pl 3K) famly Is a group of enzynes that
gener ate phosphatl dylinositol 'second nessengers'. These |i pids are
subsequently Involved In a wde range of physiol ogical ocesses.
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yt ic a

of the pllOy cata the pl 1 regulatory subunit. There are al so

three dass Il PI3Ks (Clla, cap, and Clly) and one Cass Il PI3K (Vps34).
15The class | Pl 31<80nerfemilylotkitneestassonidied wiromdesimbietieadisal sendtipris dn theuni | y and
are key body are the phosphoinositide 3-kinase {PI3) family of kinases which are involved in a

30 wide range of cellular events such as cell migration, cell proliferation, oncogenic
transformation, cell survival, signal transduction and intracellular trafficking of protains.
This family of kinases has recently been the focus of much research aimed at
developing therapies for a range of indications such as proliferative diseases, for
example cancer, immune and inflammalory diseases, diseases supported by
35  excessive neovascularization and transplant rejection.



pl ayers of nmultiple Intracellular signalling networks that integrate a
variety of signals initiated by many gromh factors. The O ass | A enzynes
are activated by tyrosine 'chases (e.g. growth factor receptors), antigen
receptors, and cytokine receptors, whilst the Cass IB enzyne is activated
by 'G Protein Coupled Receptors' (GPCRs). 20 In response to activation,
the PI3Ks generate |lipid second nessengers, which bind to, and activate,
specific proteins in distinct signal transduction pathways. The signal
transduct i onwpashw@ys remai n active until phosphat aseCa8G3MA80379 n
particul ar the oncogene PTEN, dephosphorylate the PI3K |lipid second
nmessengers. 25The PI 3K signalling pathway Is crucial to many aspects of
cell growth and survival via Its regula?ion of widely divergent
physi ol ogi cal processes that include cell cycle progression,
differentiation, trahsehisBhdifdidet 3-ARSé FBIQTamilyds apgriposti ebzym@amist i t uti ve
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activated in brﬁgst“ %ﬁr&;rgﬁti c and ovari an cancers anong others. Al so,
the Ras famly éfs Which are Involved In P13K activation, are
frequently nmutated, e.9. In colorectal and pancreatic cancer. The second
mechani sm of 15P| 3K danhegadsaPizsmarb the bbay arstetsigedmenbetsiobthis family and AP ssor
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e B ML L e
bi ndi ng t o p110.onddgerte!PEER alebhosphatyliata the Pi3ligksesendMeFsLBA™ he producti on of
the |ipid second nessenger phosphatidylinositol-3,4,5-triphosphate (PlP3).
25 The PI3K signalling pathway Is crucial to many aspects of cell growth and
survival via ils regulation of widely divergent physiologlcal processes that include cell
cycle progression, differentiation, transcription, transtation and apoptosis. Constitutive
activation of the PI3K pathway has been impiicated in both the pathogenesis and
progression of a large variety of cancers and there is now a rapidly accumulating body
30 of evidence that demonstrates conclusively that PI3K signalling is frequently
deregufated in cancer. The deregulation of PI3K signalling is thought to occur in two
different ways. The first is an increase In PI3K signalling resuiting from activating
gene mutations, amplification and over expression of PI3Ks or upstream receptors
that activate PI3Ks. For example, the PI3Ka catalytic subunit is amplified and over
35  expressed in ovarian and carvical cancers. Simllarly, upstream receptor tyrosine

here is



20 Subsequently, PIP3 recruits other downstream nol ecules - particularly
t he serinethreoni ne kinases Akt and PDK1l-via binding to their

pl eckstrin-honol ogy (PH) donains. At the nmenbrane, Akt is partially
activated through phosphorylatton at threonlne 308 In its activation | oop
by PDK1. Additional phosphorylation at swne 473 in the C term nus of Akt
results inits full activation. Ald in turn regulates a w de range 25 of
target proteins, one of which is the mammalian target of Rapanycin
(commonly kn ). The levels of PIP3 in the c ictly
regul at ed angwgg@@?a | i pid phosphatases ad to rapidlgé#%%%gg&F%
particular interest is the phosphatase PTEN, which converts PIP3 back to
PI P2 and thus shuts off PI3K signalling.3 The PI3K-Aid signalling pathway
regul ates many nornmal cellular processes |Including cell 30pro|iferation
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t hat 30  proliferation, survival, growth, and motfility - processes that are critical for
tumorigenesis.

The role of the PI3K/Akt pathway in oncogenesis has also been extensively

investigated and mutafions or altered expression of most of the pathway's

35 componants have been widely implicated in many cancers. Gene amplification of
p110 occurs in some cases of human ovarian cancer, and amplification of Akt is found



i nks nttogenic stinuli and nutrient status to cell growth and division.
NMIOR was 35 di scovered during studies conducted to understand the
mechani sm of action of rapanycln. Upon entering cells, rapanycin binds to
its intracellular target FKBP12 5 and the conplex then binds to and
specifically Inhibits mMfOR mMIOR was, therefore, also naned FKBP- RAP
associ ated protein (FRAP), RAP FKBP12 target (RAFT1) and RAP target
(FtAPT1). Cells responsible for organ rejection stop growi ng due to

rapamycin's abil to inhibit the anabolic signals coordi nated by mrOR
Since 5 i nh‘iVBFclo?’% 1%t cell growth represents a vali SCTBFYBOURY, treating
cancer, designing new drugs that inhibit mfOR wll potentially have
therapeuti c val ue. I n humans, n§OR nedi ates anabolic signals from

2 sources nanely nutdents that pass into the cell and activated growth
factor receptors. It exists in at least two 10 distinct corrpl exes: a
rapanyci n- sensi ifrioY&iag.AReFlegNd qolop Gincy 1p addiign. Belvpting stiang impBS beRCL ),
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clinical trials prototype rapanycin an ree rapanycin derivatives,

CCl-779 (tensiroli rrus) RA0001
mTOR is a serinefthreonina kinase of 289 kDa and is a PI3K-like kinase that

links mitogenic stimuli and nufrient status to cell growth and division. mTOR was
35 discovered during studies conducted to understand the mechanism of action of
rapamycin. Upon entering cells, rapamycin binds to its intracellular target FKBP12



15 (everollnus) and AP23573. Rapamycin, also named sirotinus, is a
natural antibiotic produced by Streptomnmyoes hygnscopicus. It was devel oped
initially as an anti-fungal drug directed against Candicla ei bicans,

Crypt ococcus neof ormans, and Aspergillus fum gatus. Later, rapanycin was
devel oped as an i mmunosuppressi ve agent and those studies hel ped in
under st andi ng the nmechani sm of action of this agent. As an 20 anti-cancer
agent, rapamycln was shown to Inhibit the growth of several nurine and
human cancer w&elodoikds#eS i N a concentrati on- dependent ﬁﬁ%ﬁﬁom ahh in
tissue culture and xenograft nodels. In the sixty tunor ce § I nes
screened at the National Cancer Institute in the USA, general sensitivity
to the drug was seen at doses under 200¢ ngfm, nore evident In |eukem a,
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i ncl uded der mat ol ogi caI toxicitles and m | d nyel osuppression (mainly

t hr og‘oocyt elrri a) . The secd[e0fdiex, HPOR -chmplddyFmIBREHNY taparfy@Raigyr@ve, | S

anot her anal.ggu g&g}n Its

anti - neopl asifta| cgn?fg% ‘%ﬁ&a?ﬁ%q[&%@%&%\%ﬁqgg + wnﬁﬁé’%ﬁ?{ﬁpﬁbi%umn cancer
cell lines in vl zi'ﬂéilll WRYHLIE reguaen 8f theprey Py "IBFF AR Wangi ng from
5 to 1800nM p7eRertotyiatiialdt en $/13.afepetiat vithntae phoarhpiylation fof 3By IFRKE been shown
in these nodel ss47aiphdspieurylati b nabssar foe full Al @btglon @ REordiiddidatethdt N/ kg/ day

|0 el anoma, | UpiGhangdd kAP Sbal PR o6 &l Y Bunprabdll @ ehokmby L0 0L

denonstrated a n nt| r syngeni c
rat pancreas” ca&'E‘i‘ %B%J"WEWE’ER@ P‘ﬁtﬂ ﬂ&ﬁp&f’%ﬁ@fﬂf’w‘" '}hﬁtﬁs@gﬁedule
RA0001 has al soanisevptptie gifectsapfdheodimi TA is\Alspyong 9f the rinaih dewnstieaman vascul ar
endot hel i al cel kffieétblsMiGhe prasphafidytir@sitob B-kinddae(PI3ENXAKC iphtliwdye@ar theefobor Ft ADOO1
i ncludes hyper cmd.r@oﬁtoewoﬁrm@.aampﬁw bHoX¢HRY lodRiiat iBhet th bAUIHECYT Openi a
and t hronmbocyt ogls'gla} én a phase | Mal performed in patients wth advanced
cancer, RADOO1 B'f&?/‘ Ya good safety profile wwth mld to noderate 25
skin and muddus toxicity up to 30 ng weekly. Prelimnary efficacy results
showed an obj ect i veAs agqitions @athwaydnflo@tcede iyt mTDOR thanappedsTil be madtcdiadl UNg

car ci noma. é}aaﬁm.aw S wandnatmhesrtﬁpwﬁa RauBB& &R fir Peveheported in
clinical devel olp L R}ég)q%ofr [?Q. cont a| ni n@ %lorrpog(nd synt hesi zed
with the aid of® ?o‘?r%ﬂﬁ'ﬂ?ﬂe lr'l'};‘{’f’" UG IPTeaTn e e s found to
be stabl e in or¢gastndheso gecumyation of fesopragegaenstivedisnscaptionfagtors HEtyandf pHs and
in plasnma ang waele A aechuldiat & théde \factoisOyiadadndréasadi stidulams oh @Bcfgaown pot ent

I nhibi tion of dsn\ég;ﬁeﬁ.a &W&&P%&Ffﬁﬂakreueﬂﬁaﬁ g dMnfaltbrOa@Nthn@omignogr af t s

| npl anted into nu mce, alone or in combination wth cytotoxic or
targeted agents. In phase | Mats, AP23573 was adm ni stered intravenously
daily for 5 35days every 2 weeks. Dose-limti ng toxicity is severe grade 3
oral mucositis occuning during the first cycle. O her side effects seemto
be noderate, including mnor to



8 noderate episodes of nucositis, fatigue, nausea, rash, anaem a,

neut ropeni a, di arrhoea, hyperlipidem as and t hronbocyl openia. Prelimnary
anti-tunor activity |Is observed at all dose levels. 5There is thus a

pl et hora of studies that denonstrate that nTOR inhibitors can | nprove
cancer patient survival. However, rapanycin and its anal ogues have not
shown uni versal anti-tunor activity in early clinical trials. Response
rates vary anong cancer types froma |ow of |less than 10%in patients with
gl | obl astomﬁoﬁgﬂo?ﬂ%anced renal -cell cancer to a high of around 40%In
patients wt { cell lynmphoma. 10 Know edge of t HESRUBS™t PTEN and
Pl 3K/ Al ct/ mTOR-| i nked pat hways m ght help in the selection of tunor types
that will respond to niTOR inhi bitors. Fgrthernore, because many tunor
types still do not respond to single agent therapy with raparryci n
derivatives, it is. i ant to continue the search for factors predictive
of resistance of™¥® i5; §ffeqt (5 qyaReated b ths; actyplon oipTQR, WP HmuiEtes nt er est

wi || be nol ecul ésh ﬁhmte"dﬁtabiwtloy furton|anth isbareteimr@Riatidngl feraticacand.vthesy ,  t he
assunption bei ngchdvat euciipl ecul es will inhibit both mMfORCL and nmTORC2.
Such an inhibitor m ght be beneficial for treating tunors with el evated
A d phosphorylation and m ght down-regulate the growth, proliferation and
survival effdcts th8ianplee g"é’ﬁ&%‘?'ﬁ'ﬂ"@?j‘”ﬁl tubprows sciefesis; compEEgEne PIRAYAPORY i ct or i s
a cruci al acti vIs®randTSHE tfundiep dngelbertto ishitsit/m TGR-matatedelseraseansypphiing. dr ug m ght

20 pronot e apopisgtcds bfrthsUBQures s&bﬂmm@g shienidis 4hd Bk RSk dr AunAloRlyiclgpendent
regul at ory mechani en shown

to hav.
to be very ef f el F’\‘Pg‘%f ﬁa"B'faé\)'g'ﬁF |'°ﬁ§*‘ '8 %?ﬂselrg]@?g’@'t?q mTBgfa{‘é ‘foﬁaﬁ%%eant ation
t hrough an ef f eg/eduglan Tﬁﬁ?r?@%@"%%ﬁtﬁns’réss swdiprorYatating thadrractebTit i al for
treat ment oficauandi THCR Matafiohs dendrisPaidthe @bnnedibs SfatemsSVEGE  dnd adivataincer .
Through the rol gr@f pdiifwdydto bftye® as key conpenents of the down stream
signal I'ing pathways of angiogenic growh factors such as VEG:, FGrand PDGF
as 30 wel |l angi ogeni c cytokines and because of the role of MIOR In the
regul ati on of vascufafar.dowl oTQR linhipitergyhaye\besnftepted d clifisattats: theprgiotpeand niTOR
i nhi bitors al sorapaein p@ﬁembehaiapér@cmr@aiaucﬁssmm Genpeimugd mpoqaat hol ogi cal
neovascul arizat d"%"’“]—% lafd % hgn{ vB9 alsd fod, & a dallfds ory

condi ti ons such as r art rirtr's an ar 'neovascul ar di seases
e.g., age-relat @ﬁ’"ﬁﬂ@ﬁgﬁ?‘”‘lfg S RESePEHS: 'SA‘KﬂS)"“"“I"%%“u"M’V 35 38 BfrU9a/35di seases
(vein occl usi omm@m@mmccqnm ploigsas. meumehfeﬂnamsm Apergifusol i ferati ve
vascul ar di sor d@mfatus. OLater, rapaniyBiioBasifdlelbPed a8 AW GmindOdlpprebdind bjenEshdas protein

ki nases that  ar oy QfbaRfhed B AoRHIR] 1 bofaRfh Seselon oA aATDAUAS { Dt

target one or ese ki nases S ggl cal

I spl a
activity. ACCorFRYS, ag%ﬁ%@ﬁ%wﬂsﬁa‘fmé?@ Wﬁ'ﬂ?{g'gﬁ%/"g?"'ﬁ IS/ bi t or s have
t he potential thymer eanceteelflines inarconseritatingidepgniispt mamnpryeottcb psue pifwet hat 5
woul d be expectd#d xérdglammedediss e tihb sixty tmfuomdnqah&mﬁa@auﬁd KtibrapCeppeer ti es in

the treatment OfuRisQh 'uiaftfs%t béﬁ@rap'éeﬁa% %e&ﬁd?‘&%es ulwmuas and

i nfl ammatory di anises Jgse % n? g% E asg eSSI ve neovt{a | ari sation
and organ trans¥ JPore gYidept Ip fpkenye, ﬁ??o it "W‘r‘ﬁ%??“‘ ¥ rorR and

Pl 3K si nul t &heowl | yngegnedse oy fineet edn maditonovapdeydiioibipitsy the oncogenic

anti - prol i f er attavisformatioh | of HGibrO g8 icduesddby Bikhei BIIKIror 2kt lavd has stiowce t hese

compounds act %edg\shé tof gRYNNhRbitoR dnll SanfhnifSaéNE LidBOM PRt RYuse - A NUMTDer

of inhibitors of this type are now being investigated in a clinical
setting for theF"‘F’PPst time (e.g. BEZ235, XL765, GDC0941, PX866, SF1126).
15 SUMVARY The present Invention provides conpounds of fornmula (1):

30 Based on these pre-clinical results, clinical trials with rapamycin as an

anticancer drug were camried out and rapamycin analogues with more favourable
pharmaceutical properties were developed. CCI-779, a mare water-soluble ester
darivative of rapamycin was idenfified by investigators at Wyeth Ayerst as a non-
cytotoxic agent that delayed tumor cell proliferation. At several non-toxic doses, CCl-
35 779 demonstrated anti-tumor activity alone or in combination with cytotoxic agents Iin
a variety of human cancer models such as gliomas, rhabdomyosarcoma, primitive



Rl (R54 20Fornula (1) 10 wherein: Rl Is selected fromthe group
consisting of; H, halogen and optionally substituted Cl-Ce alkyl; 5R2 is
selected fromthe group consisting of H halogen, OH NO2, CN, NH2,
optionally substituted Cl-Cl2al kyl, optionally substituted C2-Cl2al kenyl,
optionally substituted C2-Cl2al kynyl, optionally substituted

Cr G 2heteroal kyl, optionally substituted C3-Cl2cydoal kyl, optionally
substituted Cr G 2cycl oal kenyl, optionally substituted

C2- 0, 2het er ooyolgaddexths opt i onal | y substituted CrG 2hetpgagdmlgRtkeny!, 10
optionally substituted CB-Clearyl, optionally substituted

Cl-Ci shateroaryl, optionally subst I tuted Cl1-Cual kyl oxy, optionally
substituted C2- C, 2al kenyl oxy, optionally7substituted CrCl2al kynyl oxy,
optionally substituted C2-Ci Oheteroal kyl oxy, optionally subst [ tut ed

C3- C12cycl oal kyl mamea&;amam@mdrys&ubat ' ﬁoﬁjﬂs%a CRgahC by ﬁ:

optionally substitut het e cy oa opt 1 ona st Ituted Cr
15 G ahet er ocydo&" ﬁgﬁ'ﬁf%""%‘ﬁf‘?"() ﬂgf’fl ‘é‘t"@ Ggé’ﬁi"%
optional | y subst#ctiviy @dd GHu@s| repriastic GGWWl@Ry,ASO\pWII raprniytiy, %T@Usibﬂc:teult ed

Cl- Cl2alky4am nohumaRtimoS@rd-nordGlNINGRE cebidinediateSGRNRAR InhBition Tk dRBrTENORS, COCH,

COOR8, CONRS Qﬁé;? and acyl
20R3, and R4R§re eagf]{?é{%e en en F“@’f@@%"m%ﬁﬁm’“ hmﬂRﬁcon5| sti ngyof
H F, d, Br, ff’fBHaCI ot six pheight P%"P%a"eefw%‘vwwh’b'fegibsc CH2OH,

NH2, NR$R9, N%G@&thﬂmnmmp R&® lings, setveeat vate bundie nehesmgpno.uqn
consi sting of OH,g M. PR nsitve? il ke %e#‘%p&#%ﬁ% orw-gx essed( P, P) 2,
NR8QOR9, and N : had lost & gﬁ%ie éasel ect ed
fromthe group c é[”r A st g, ?Jg'f’?"ér?&'?mt?ﬁ%% PPk S 2PRy | |
optionally s&‘bsttM%‘P%Gf @-7@MPMrﬁﬁmath}sbﬂldmﬁ?Wa@uD@tmxemtwd'eﬁlowal kynyl ,
optional | y subst(nhitty Bebmbécdemhat er oal kyl , optionally 30 substituted
C3- Cl2cycl oal kyl, optionall y substituted C3-Cl2cycl oal kenyl, optionally
substituted CrC 2 heter ocy %ﬂl S_t i onal I substituted G 2
het er ocycl oal kenyl , PbA ? a2 Bt Eﬂ"@’&f%ﬂ“',"g‘ﬁr‘i’ﬁlmﬁﬂyﬁbna[ ly
substitut ed Cl1- Ciatkan ke asminjstrated prally] 1its Japti-neopigsti aglivityt kae tbeancpvajuatadon f or
oxygen; 15 different human cancer cell lines in vitro and in xenograft models in vivo with 1Ce

ranging from 5 to 1800nM. p70S6K inhibition and anti-neoplastic effects have been

shown in these models, with an optimal effect being achieved with 2.5 mg/kg/day in

melanoma, fung, pancreas and colon carcinoma. Similarly, RADO01 demonstrated a

concentration-dependent anti-tumor activity in a syngenic rat pancreas carcinoma

20  model with an intermittent dosing schedule. RADC01 has also shown anti-angiogenic

activity and Inhibits human vascular endothelial cell {HUVEC) proliferation. The

toxicity reported for RADOO1 includes hypercholesterolemia, hypertriglyceridemia,

mild leukocytopenia and thrombocytopenia. In a phase 1 trial performed in patients

with advanced cancer, RADO01 displayed a good safaty profile with mild to moderate

25  skin and mucous toxicity up to 30 mg weekly. Preliminary efficacy results showed an
objective response in a patient with nen-small cell lung carcinoma.

AP23573 is the latest rapamycin analog to be reporied in clinical development,

It is a phosphorus-containing compound synthesized with the aid of computational

30 modelling studies. AP23573 was found to be stable in organic sclvents, aqueous
solutions at a variety of pHs and in plasma and whole blood, both in vifro and in vivo

and has shown potent inhibition of diverse human tumor csll lines ir vitro and as
xenografts implanted into nude mice, alone or in combination with cytotoxic or
targeted agents. In phase i trials, AP23573 was administered intravenously daily for 5

35  days every 2 waaks. Dose-limiting toxicity is severe grade 3 oral mucositls occurring
during the first cycle. Other side effects seem 1o be moderate, including minor to



each Pg" Is Independently a protecting group for nitrogen; 5each Ftz is

I ndependently selected fromthe group consisting of Cl-Cealkyl,

hydr oxyGi - Ceal | ryl, Cl1- C6al kyl oxyGi - Céal kyl , cyanoCr Coal kyl ,

am not r Ceal kyl, Crt6al kyl am noG - Coal kyl , and

di (G - Coal kyl ) am noCrCeal kyl; q I's an integer selected fromthe group
consisting of 0, 1. 2, 3, and 4; 10 Xis a group of formula (CRIQ2)",;
each R1 Is independently selected fromthe group consisting of: H and
optionally s | d Cl-Csalkyl; 15 mls an Integer_selected fromthe
group consi s#li&?fgdg}g&%, 1, 2, 3 and 4; or a phar maceut YCAFRYYYREpt abl e
salt, N-oxide, or prodrug thereof. 20As with any group of structurally
rel at ed conmpounds whi ch possess a partigular utility, certain enbodi nents
of variables of the conmpounds of the Formula (1), are particularly useful
in their end use a$ |ication. In various enbodinents g I's an

i nteger sel ect edfF 8 PIFEdeq D UTHCRWEs faligyen Gagea. pigshy angemiay redlropafiay 4. |
some enbodi nent diaghadea, hperlipidemianandahvbmblicyterenis. @reiisingly aririunson metivigndodi nent s q
IS 2. In sone egkfbdRAl&sblletels. 1. | N some enbodinents g Is O I n
sonme enbodi nents wherein q is other than 0 each RI may be selected from
the group consi sti n%ﬁof F, C, Br, methyl, trifluoronethyl, and ethyl. The
Rl 30 substi’tuent rB§esdugprEbR@@! Hydiasiiat gemogstratg thgl mEORBRbAosEAN of t he
nor phol i ne ri ngimnale icancer pacantrsdravat e Howder! epérhyein @ndiitcanalshdes phve Moy
substituents eaghwhlAverddPbi lurdEddivith & eh RGN FRRRAGSG RS daydimoh1e Ot her's
such that where there ar e agul t @%@ s&l@t | t,ulfgnt.{?l {lrrg\gn two of . the RI
substituents ma§P"EE WPEIPMSOH o T RPN ﬂ%mﬁi'?‘g%?'\cﬁe ring or
each subst it uentenfhgy! esscer dratigh of aroundtoPd arratisnts wilh iantle-cell Fmphoma, In sone
enbodi ment s 1§ | Bnclvledfdof tHaatalls oSRIESL dnll RBRIAKtSTARAGIRY palhvalys inlgat neip MOSi ti on of
t lhe mor phol | ne o RGiectidh b tulbOled Gt GAMBRIAHS Afor A2 Flddmoke Formul a
(1a) because many fumaor types still do not respond to single agent therapy with rapamycin

derivativas, it is important to continue the search for factors predictive of resistance or

sensitivity to mTOR inhibitors. Of particular Interest will be molecules that directly

15 inhibit mTOR kinase activity, the assumption being that such molecules will inhibit

both mTORC1 and mTORC2. Such an inhibitor might be beneficial for freating

tumors with elevated Akt phosphorylation and might down-regulate the growth,

proliferation and survival effects that are associated with Akt activation. If mTOR-

rictor is a crucial activator of Akt-dependent survival processes, such a drug might

20 promote apoptosis in tumor cells that have adapted to Aki-dependent regulatory
mechanisms,

In additon mTOR inhibitors have been shown to be very effective in

preventing organ rejection after transplantation through an effect on immune

25 responses, demonstrating a potential for treatment of autoimmune and inflammatory
diseases as well as cancer.

Through the role of Pi3 K jsoforms as key compsnents of the down stream

signaliing pathways of angiogenic growth factors such as VEGF, FGFand PDGF as

36 well angiogenic cytokines and because of the role- of mTOR in the regulation of

vascular endothelial growth factor (VEGF), PI3 K and mTOR inhibitors also have

potential to treat diseases supported by patholegical neavascularization. This occurs

during tumorigenesis, inflammatory conditions such as rheumatoid arthritis and ocular

neovascular diseases e.g., age-related macular degenerstion (AMD), retinal vascular

35 diseases (vein occluslon and diabetic retinopathy) and other possible proliferative
vascular disorders.



5 or a pharnmaceutically acceptable salt or prodrug thereof; wherein R
R2, R3, 124, Re, IR and X are as defined above. 10l n sone enbodi nents of
t he conpounds of the Invention q is 0. This provides conpounds of formula
(I'b). Formula (Ib) 150r a pharmaceutically acceptable salt or prodrug
thereof; wherein R, R2, R3, R4, R6 and X are as defined above. WO

2009/ 045175PCT/ SG2008/ 000379 13 In some enbodi nents R3 is sel ected
fromthe group consi sting of Il, OR3, and optionally substi tuted Cl-C6

al kyl . I n _some enmbodi ments R3 is OR3 where is optionally
substituted ¥PHPEHRy| . Exanpl es of R3 groups of thlgcrt’%%@ ?“Ef’c?? ude

met hoxy, trifluoro-nettoxy, ethoxy, isopropoxy, propoxy, and butoxy. In

sone enbodi nents R3 is nethoxy. g |n some enbodinents R3 is
optionally substituted G -Coal kyl. Exanples of R3 groups of this type
include nethyl, trifiuoro-methyl, ethyl, prop sopropyl, and 10 butyl.
In sone enbodi ment s WIPR &ndiREd haye been identified ag FPﬁ‘-‘*@%H%asé“rﬁBﬁG[Wﬁ't’@ B s

sel ected from t lhemigsr GfLikoRINS N6 tamibgurds thid targ@ bivoo ynoeerufithasetkingdes should sone
embodi ments R3 gy L‘}@&'%@B&fﬁm@ﬁbﬂ%m@ Sofbbuhds 115048 FiTOR afdicPlik Ne gr oup

consi sting of H,

o | nent s | S H.
I n some enbodi nﬂ\'ﬂbg"’%f’a“f‘ﬁﬁe eﬁmadﬁa@“‘%&'"@?@iﬁ'ﬂgﬁﬁ mpau%‘ﬁpﬁbunds of
formula (1), 5| apulirbd §ptcred R3haym dseRd. MVM)PWWCBU"C&' PfOPﬂﬂ"?P gofie
embodi nents of Erb&mbdawrﬁmumm FisdiersRBuch SasHeaabdl, Mdnune ahti infiammatgy Ovi des

conmpounds of for fgyasgs, (ias@ses su%orted by excessive neovascularisation and organ transplant
rejection.

0 Compounds that inhibit both mTOR and PI3K simultaneously may be expected
tfo provide powerful anti-proliferative, anti-angiogenic and antidumor activity since
these compounds act at multiple points in the PI3K/Akt/mTOR pathway. .A number of
inhibitors of this type are now being investigated in a clinical setling for the first time
(e.g. BEZ235, XL765, GDC09%41, PX866, SF1126).

15

SUMMARY
The present Invention provides compounds of formula (i):

X-..,_ R2

(R%)q
20 Farmula {f)



Formula (lc) WO 2009/045175PCT1S&0081000379 14 wherein R, R2, R6, and X
are as defined above. In sone enbodi nents of the conpounds
containing the group 129, R8 Is selected fromH and Cl-Ceal kyl. In sone
enbodi ments R8 is nmethyl. In some 5 enbodinments R8 is H. In sone
enbodi mrents of the conpounds containing the group fe, RO is selected from
H and Cl-Caal kyl. In sonme enbodinents RO is nethyl. In sone enbodi nents RO
is H 10 As stated previously Xis a group of fornmula (CR192),. In
sonme enbodi nents of the conpounds of forrmula (1), (la), (Ib) and (lc) mls
sel ected froMAME % Bup consisting of 0, 1, and 2. | nPCHEROBMIFAI nents m
Is 0 or 1. In sone enbodinments mis O In sone enbodinents mis 1. 15 In
sone enbodiments q = 0, R3Is H R4 is kjand mis 0. This provides
compounds of formula (I1): N R2 Fornula (11) 20 or a pharmaceutically
acceptabl e salt or prodrug thereof; wherein RI, R2, and Fe, are as defined
above. wherein:

R' is selected from the group consisting of. H, halogen and optionally

substituted C-Cs alkyl;

5 R? is selected from the group consisting of H, halogen, OH, NOz, CN, NH,,
optionally substituted C-Crzalkyl, optionally substiuted C:-Ciaalkenyl, optionally
substituted C,-Cizalkynyl, optionally substiuted Cx-Cihateroalkyl, optionally
subsfituted C,-Cicycloalkyl, optionally substituted Cs-Ciscycloalkenyl, optionally
substituted C-Cizheterocycloalkyl, optionally substituted C:-Cizheterocycloalkenyl,

10 optionally substiluted Cs-Cigaryl, optionally substituted Cy-Cisheteroaryl, optionally
substifuted C;-Cizalkyloxy, oplionally substituted C.,-C,.alkenyloxy, optionally
substituted C,Cyalkynyloxy, optionally substituted C,-Cisheteroalkyloxy, optionally
substiluted Cs-Ccycloalkyloxy, opfionally subsfituted  Cj3-Cyoycloalkenyloxy,
optionally  substituted C,-Cyzheterocycloalkyloxy, optionally substituted Cs-

15  Cyzheterocycloalkenyloxy, oplionally substituted Cg-Cisaryloxy, optionally substituted
C+-Cisheteroaryloxy, optionally substituted C-Crealkylamino, SR®, SO;H, SO,NR?R®,
SO,R?, SONR®R?, SOR®, COR®, COOH, COOR®, CONR®RY, NR®COR®, NR®*COOR’,
NRSO,R®, NRPCONR®R®, NR®R®, and acyl;

20 R®, and R* are each independently selected from the group consisting of H,
F, Cl, Br, OH, optionally substituted C:-Csalkyl, OR®, OCOR®, CH,OH, NH;, NR®R®,
NRCOR®, and NR*SO,R?,

R® is selected from the group consisting of H, OH, OR®, OP,°, OCOR?,
25 CHyOH, NHz, NR°R®, NR®PN, N(P™):, NR®COR?, and NR*SO.R”;

each R and R® is independently selected from the group consisting of H,
optionally substituted C,-Cyzalkyl, optionally substituted C,-Cszalkenyl, opfionally
substituted CxCyzalkynyl, optionally substituted CxrCiohsteroalkyl, optlionally

30 substituted Ca-Cicycloalkyl, optionally subsfituted C,-Cycycloalkenyl, optionally
substituted C,-C,; heterocycloalkyl, optionally substituted C,-Cy; heterocycloalkeny!,
optionally substituted Cg-Ciearyl, and optionalty substituted 01-C,shetéroary!; or

R® and R® when taken together with the atoms to which they are attached
35  form an oplionally substituted cyclic moiety,



15 In sonme enbodinents q = 0, R3is H R4 Is Hand mls 1. This

provi des conpounds of fornmula (Il1): 5 Formula (I11) or a
pharmaceutically acceptable salt or prodrug thereof; towherein R, R2,
Wand Fe are as defined above. In sone enbodi ments of the conpounds

of formula (1), (la), (Ib), (Ic) and (1l11) each RL Is H In sone
enbodi nents each Rl Is independently an optionally substituted Cl-C6al kyl .
In sone enbodiments one Rl Is Hand the other is CH3. In 15 some

enbodi nents gne Rl is H and the other Rl is H or opti I tituted C
Coal kyl . w'&zooslo 1%ome enbodi nents of the corrpoundsp(!c))l?g(}?ac{))?!%?g (),

(la), (Ib), (lc) and (I'll) mis 1, one Rl is Hand X is a group of the
formula: 20 16 In some enbodi ments of 44he Invention R3 and R4 are H, m
Is 1, gis 0 and one RI is H This provides conpounds of the formula (I1V):
ANRe Formula (IV) 5 éé a pharmaceutically acceptable salt or prodrug

t hereof, wherein R, BRisaRrmtesing aRupr B avges: defi ned above.

each P;" is independently a protecting group for nitrogen;

5 each R® is independently selected from the group consisting of Cy-Caalkyl,
halo-Cq-Cealkyl, hydroxyCi-Cealkyl, Ci-CealkyloxyG-Cealkyl, cyanoC,-Cealkyl,
aminoCy-Csalkyl, Ci-CealkylaminoC,-Cealkyl, and di(C,-Cealkyl)aminoCy-Cealkyl;

q is an integer selected from the group consisting of 0, 1, 2, 3, and 4;

10
X is a group of formuta (CR"%;)n;

each R™ Is independently selected from the group consisting of: H and
optionally substituted C:-Csalkyl;
15
m s an Integer selected from the group consisting of 0, 1, 2, 3 and 4;

or a pharmaceutically acceptable sait, N-oxide, or prodrug thereof.

20 As with any group of structurally related compounds which possess a
parficular utility, certain embodiments of variables of the compounds of the Formula
(1), are particularly useful in their end use application.

in various embodiments q is an integer selected from the group consisting of
25 0, 1,2 3 and 4. In some embodiments q is 4. In some embodiments g is 3. In some
embadiments q is 2. In some embodiments q is 1. In some embodiments q is 0.

In some embodiments wherein q is other than 0 each R* may be selected
from the group consisting of F, Cl, Br, methyl, triflucromethyl, and ethyl. The R*
30  substiiuent may be attached at the 2, 3, 5 or 6 position of the morpholine ring and in
circumstances whare there are multiple R* substituents each R™ substituent is located
independently of the others such that where there are multiple R* substituents then
two of the R® substituents may be located on the same carbon on the morpholine ring

or each substituent may be located on a differant carbon.
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toln sonme enbodi ments of the conpounds containing R and specifically
conpounds of formula (1), (la), (Ib), (lc), (I11l) and (1V) R is selected
fromthe group consisting of H CyCehal oal kyl, G -Cohydroxyal kyl and

Cl-Ceal kyl. In some enbodiments Rl Is selected fromthe group consisting
of nmethyl, ethyl, propyl, isopropyl, and butyl. In sonme enbodiments Rl Is
sel ected fromthe group consisting 150f H, nethyl and ethyl. I n

sonme enbodi ments of the conpounds of the invention and specifically the
compounds of formula (1), (la), (Ib), (lc), (1), (Il R Is

sel ected fromotzﬁoéwbsr"@up consisting of H Br, nethyl, %‘%Tﬁ’%?@s’éoés propyl,
propyl, 3,3-dinethyl-propyl, butyl, isobutyl, 20 3, 3-dinethyl-butyl,
2-ethyl -butyl, pentyl, and hexyl. In sose enbodinments Rl |Is selected from
the group consisting of H nethyl and ethyl. In sone enbodinents Rl is H.
In sonme enbodinents RI |Is nethyl. In sone embodiments Rl Is ethyl. In sone
embodi ments Rl |s Br.n soies sobrinients #78 dranddhe Boabeiea e 'We‘if}rf@‘? gti ng of H.
NH2 and NRG6R9 wipesiten af tiRBmaptalinfeding rhis psovidesicompindsiobiemwulalla). sone enbodi nent s
R Is NH2. In some enbodi ments of the cogpounds of the invention and
specifically the 5 conpounds of (1), (fja), (Ib), (lc), (Il), (Ill) and
(I'V) R2 is selected fromthe group constgting of H cyano, optionally
substituted Cl-Cual kyl, optionally sufpstitjuted CrCl2 al kenyl, optionally
substituted CrCuheteroal kyl, optional stituted C3-Cl2 cycl oal kyl,
optionally substituted O Cl2hetero®cl ofl kylR* optional |y substituted
Ce-Cie aryl, and optionally substituted]Cl-Cleheteroaryl. 10 In sone
enbodi ments R2 Is an optionally substy®u -018 aryl, In sone

enbodi nents of R2 the optionally{subsfitufjed =R%10 aryl is a group of the
formula: (RL3)p wherein pis ~Setected fromthe group
consisting of 0, 1, 2, 3, 4, 1l%and [5; \xeach Ri is independently

sel ected fromthe group consi sbing-of H, hal oghéﬁz, OH, N2, CM NH2,
optionally substituted Cl-Gi 2al kyl, Q tilogﬂl ly substituted CrC. 12 al kenyl,
optionally substituted C2-Cuallynyl, %B't’f' ally substituted crci

het emal kyl, 20 optionally substituted CrCucycloal kyl, optionally

substitut edCr Cu het erops prakmesbiltivdlly acogtabirsall drprodubteredfut ed

C2- Cl2het erocycl oal kenyl , optionally substitutedCOrCl8 aryl, optionally
substituted Cl1-GC she Iy [ I j Cl - Cual kyl oxy,
optionally substitut é@gr%@-%ﬁﬁ'ﬂﬁ'n@{}%fwxg%??%dggeidfa%'ubsti tuted

C2- Cl2al kynyl oxy, optionally substituted C2-Cwheteroal kyl oxy, optionally
substituted @3-C 2cydh sehek gimgiments obtieicomedupds o iiesipyentipneiis 0. This

C3- G acycloal kepphigss\tomihds@n@dnul (iBMbst i tut ed Cr Cl2het erocycl oal kyl ory
optionally substituted C2-Cl2heterocycl gal kenyl oxy, optionally substituted
C6- C16 aryloxy, optionally substituted {1- Cl8het eroaryl oxy, optionally
substituted Cl-Cu al kyl am no, 8R8, SMBHx 802NH2, SO2R, SONH2, SCR, (0128,
COOH, COOP?, CONRR9, NRCOR9, NRSCOORIY NRES02R9, NRBCONR5R9, 30 NR8R9, and
acyl ;

Formuia {Ib}
15 or a pharmaceutically acceptable sait or prodrug thereof,

wherein R, RZ, R?, R, R® and X are as defined above.



where R8 and RO are as defined above. 18 The phenyl group may be
unsubstituted or may be optionally substituted with one or nore suitable
substituent groups. If the phenyl group is substituted then there may be

1, 2, 3, 4 or 5 substituent groups. In some enbodinents pis 0, 1 or 2. In
sone enbodinents pis 1. In sone enbodinents pis 2. 5 In sone
enbodi nents of R2 the optionally substituted C6-C19 aryl Is a group of the
formula: 10wherein R13 is as defined above; s is an integer selected from
the group consisting of 0, 1, 2, 3 and 4; r is an Integer selected from

the group coMA2¥iopd7of 1, 2, and 3. 15 | n sonBCTAMWePEAts r is 1
and the optionally substituted Cs-Caaryl is a group of the fornmula: ;ssci
20wherein R13 and s are as defined abov In some enbodinments r is
2 and the optionally substituted Creis aryl is a group of the formula: 25
wherein 1213 and s are as defined above. 19 In sonme enbodi nents s

is selected fromthe lysoupenwdgiests Rhig sefbctd!, from theagrduppcongistingsesrr OBfrbodi nent s

a is 1. In sonme @RibmetaiiedibsiutediciClakyl N sone enbodi nents s is 2. S5Each R13
substituent nay be selected fromany suitable substituent In sone

enbodi nents each R13 |s independent| y selected fromthe group consisting
of H F, CH3, C|—|ZC|—|3,'"®EEPBP"‘EN 3 (here R\cip optiRpady Sl%ﬂé{'ﬂ%; NHSO2 CH3,
NHCH2CH3, ands CR3alkyl, Examples of R® groups of this type include methoxy, trifluoro-methoxy,

ethoxy, isopropoxy, propoxy, and butoxy. in some embodiments R® is methoxy.

In some embodiments R° is optionally substituted Cy-Cealiyl. Examples of
R® groups of this type include methyl, triflucro-methyl, ethyi, propyl, isopropyl, and
10 butyl. In some embodiments R? is methy!.

In some embodiments R® is selected from the group consisting of H,
methoxy and methyl. In some embodiments R? is H.

15 In some embodiments R* is selected from the group consisting of H, F, Cl,
Br, OH and NH;. In some embodiments R® is H.

In soma embodiments of the compounds and specifically the compounds of
formula (1), {la) and (Ib}, R* and R* are both H.
20 _
In some embodiments of the invention g = 0, R* is H and R* is H. This
provides compounds of formula (lc):

Formula {lc)

25
or a pharmaceutically acceptable salt or pradrug thereof;



toln sonme enbodinments RL IsSR3is H R4 Is H R6is NH2, Xis (CH2)31

wherein mis 0, and R2 is a group of the formula:
NH2 W -1*N

conmpounds of formula (V):
acceptabl e salt or prodng thereof;
20 In sone enbodi nents RI

Is (CH2)mwherein mls 1, and R2 is a group of the fornula:
(R13)p This provides conpounds of formula Na):

WO 2009/045175

15 Thi s provides
Formula (V) 20or a pharmaceutically
wherein R13 and p are as defined above.
Is H RBisH RAisH REis N-12, X
JAnt A 2., A#
NH2 NN

PCT/SG2008/000379

14

wherein R, R%, R®, and X are as defined above.

In some embodiments of the compounds containing the group R®, R® Is

salected from H and C,-Cealkyl.

5  embodiments R®is H.

In some embodiments R® is methyl. In some

In some embodiments of the compounds containing the group R®, R® is

selected from H and C.-Cgalkyl.

embodiments R® is H.
10

In some embodiments R® is methyl. In some

As stated previously X is a group of formula (CR")n. In some embodiments
of the compounds of formula (1), (la), (ib) and (lc} m is selected from the group
consisting of 0, 1, and 2. In some embodiments m is 0 or 1. In some embodiments m

is 0. In some embodiments mis 1.

15

In some embodiments g = 0, R® Is H, R* is H and m ig 0. This provides

compounds of formula (11}:

o

20

X

A

N

—

NZ N

I e

Formula (I}

or a phamnaceutically acceptable salt or prodrug thereof,

wherein R', R?, and R®, are as defined above.

25



Formul a (Va) or a pharnmaceutically acceptable salt or prodrug thereof;
wherein R13, R and p are as defined above. I n sone enbodi nents
of the compounds of fornula (1), (la), (Ib), (lc), (I1), (Il1) and (1V) R2
is selected fromthe group consisting of cyano, optionally substituted
Cl15C12al kyl, and optionally substituted C2-Cl2heteroal kyl . In
sone enbodi nents of the conpounds of formula (1), (la), (Ib), (lc), (I
(1) and (1V) R2 is selected fromthe group consisting of nmethyl, ethy
i sopropyl, propyl" 3.3-dinethyl-propyl, butyl, sec-butyl, isobutyl,

3, 3- di net hyl YBAYMSTB ot hyl -butyl, pants& 20hexyl, h&SFFO8MB Hetyl . 21
wherein R20, R21 and e are each independently selected fromthe group 5
consisting of H d, Br, F, OH N2, CN\s NH2, optionally substituted
Cl-Cnal kyl, optionally substituted CrCuheteroal kyl, optionally substituted
C3-Cl2cycl oal kyl . optionally substituted 02-Cl2het erocydoal kyl, optionally
substituted Cc-Cleary!, and optionally substituted Cl-C sheteroaryl; or
any two or nore of RXesomRembadimerteeq wileR® & dk & isttbamek hiésr 1. Witisrpravides car bon
atom to which t Baypodiee oBbdnaigidd forma cyclic noiety. 10 I n sone
enbodi nents each R20, R2I and R22 is independently selected fromthe group
consisting of H C, Br, F, OH N2, CN, NH2, nethyl, ethyl, propyl,

| sopropyl . butyl, pentyl, nethoxynethyl® 2-nethoxyethyl, 3-methoxypropyl,
2- et hoxyethyl, 3-ethoxypropyl, aninoquDyl, 2- am noet hyl , 3-am nopropyl,
4-am nobutyl, 15 5 ami nopentyl, nethw-anrtronet hyl, 2-nethyl ani noet hyl,
3-met hyl em nopropyl . 4- et hyl ani nobdf yl , [5- net hyl ami nopent yl ,

et hyl am nonet hyl , 2-et hyl am noet hyl , & hyl ami nopr opyl ,

4- et hyl am nobutyl, 5-ethyl am nopentyl, Mdinethylam nonethyl, 2-

di met hyl am neet hyl , 3-di met hyl am nopr 4 di net hyl am nobutyl, 5-

di nmet hyl am nopentyl, diethyl am nonet hyl, RA4i yh am noet hyl..

3-di et hyl am nopropyl, 20 4-diet a b | #/and 5-di et hyl am nopentyl .

In sone enbodiments R2 is othﬁ?Z%Ny sdbstiggéfd C3- Cl2cydoal kyl . I n sone

)
I,

enbodi nents R2 is selected fr the group c i@ting of cyclopropyl,
cycl obutyl, gydopentyl and cycl olexyl . I n s®ngeenbodi ments R2 is
cycl opropyl. 25 In sone enbodinentsHBZ i S gptionally substituted
C2- Cl2het erocycl oal kyl . | i° W nbodi nents R2 is selected from
t he group consisting of optionally substituted pyrrolidin-1-yl, optionally
substituted pyrroli dodrphahacouilyiacdeplably salQr sodamitietedt ed pyrrol i din-3-yl,
optionally substituted di oxol ane-2-yl, optionally substituted
di oxol ane-3-yl, optionally substityted tetrahydrofuran-2-yl, optionally
substituted1¥etrahydW@Fﬂ?%hBSBjT?&OB?F6W§WWfb‘ﬁbstituted pi ceridine-1-yl,
optionally substituted piperidine-2-yi, optionally substituted
pi peridi ne-3-yl, optin@bid brsboBitibritd éfthstcOrbipodhd3@f forehuld @), (Ia}, (Ib), {ic) and (Iil)

each R is H. In some embodiments each R' is independently an optionally

substituted C,-Cealkyl. in some embodiments one R is H and the other is CH,. In

15 some embodiments one R is H and the other R™ is H or optionally substituted C,-
Caalkyl. :

In some embodiments of the compounds of formula (1), (fa), {Ib), (ic) and {Ill}
mis 1, one R™ is H and X is a group of the formula:

wTE

20 H



22 4-yl, optionally substituted norpholine-2-yl, optionally substituted
nor phol i ne-3-yl, optionally substituted 1,4, di oxol ane-2-yl, optionally
substituted thionorpholine-2-yl, optionally substituted

t hi onor phol | ne-3-yl, optionally substituted thlonorpholine-4-yl,
optionally substituted piperazine-1-yl and optionally substituted

pi per azi ne- 2-yl . In sone enbodi nents the optionally substituted
Cr Cuhet erocycl oal kyl group is selected fromthe group consisting of: 10
wherein R23 is independently selected fromthe group consisting of H,
optional |y ses0tdfiesd Ci - G 2al kyl, optional |y substiRGERse0gRTI 2al kenyl ,
optionally substituted C2-Cl2al kynyl, optionally substituted
C27Cl2heteroaticyl, optionally substituted C3-Cl2cycl oal kyl, optionally
substituted CrCl2cycl oal kenyl, optionall'y 15 substituted

C2- G 2heterocycl oal kyl, optionally substituted C2-Cuheterocydoal kenyl ,
opti onal | y substin sertecanb@imensar jHe inverpion Bhenk IRY are Hbw s 1. gisdban@redthiet er oar yl ,
optional l'y substy typls@Rviids cohgathde)r @ brmupRivi:onal |y substituted

Cr Cnal kenyl oxy, optionally substituted C2-Col kynyl oxy, optionally
substituted C2-ClOheteroal kyl oxy, optioffally substituted

G&3- Cl2cycl oal kyl oxy, optionally substitu{ed C3-C 2cycl oal kenyt oxy, 20
optionally substituted CrC 2het erocycloa | oxy, optionally substituted
C2- C12 het er ocydoal kenyl oxy, optionally substituted Co-Ctharyl oxy,
optionally substituted Cl C sheteroaryl , optionally substituted

Cl - G- mal kyl am no, S02NR241225, SOR24, 8(02R24, SONR24R25, SORB, CORN, COCH,
COOR24, and CONR24R23; 25each R24 and,#7 'ﬁdependently selected fromthe

group consisting of H, optionally subftit t ey 1Ci 2al kyl , optionally
substituted C2-Col kenyl, option ed C2-Cl2al kynyl, optionally
substituted C2-C10heteroa||ry|{ag:¥ onaFIy sibstituted C3-Cl2cycl oal kyl,
optionally substituted CrCycycbgal Kenyl, opt} |y substituted C2-Cl2
het er ocydoal kyl , optionally substftuted C2RELR heterocycl oal kenYl .
30optionally substituted CrC eary', gggggggionally substituted

Cl- Cleheteroaryl. WD 2009/ 045175PCT/ / 000379 23 In sone
enbodi nents the optionally substituted C G 2heterocycl oal kyl group is

sel ected fromthe greuppeomeegitalingcedtableaaltior pAdrigtharecti N RN i s as defined
above.

wherein R', RZ R and R" are as defined above.

10 In some embodiments of the compounds containing R' and specifically
compounds of formuta (1), (1a), (Ib), (ic), () and (IV) R"? is selected from the group
consisting of H, Cy-Cghaloalkyl, C,-Cghydroxyalkyl and Ci-Cealkyl. I some
embodiments R'® Is selected from the group consisting of methyl, ethyl, propy!,
fsapropyl, and butyl. In some embodiments R' is selected from the group consisting

15 of H, methyi and ethyl.

in some embodiments of the compounds of the invention and specifically the

compounds of formula (1), (1), (Ib), (Ic), (1), (1) and (IV) R' is selected from the group

consisting of H, Br, mathyl, ethyi, isopropyl, propyl, 3,3-dimethyl-propyl, butyl, isobutyl,

20 3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl, and hexyl. In soms embodiments R' is

selacted from the group consisting of H, methyl and ethyl. In some embodiments R’

is H. In some embodiments R Is methyl. In some embodiments R' is ethyl. In some
embodiments R’ is Br. '

25 In some embodiments of the compounds of the invention and specifically the
compounds of formula (f), (1a), {Ib), (lc), (N}, {II1) and (IV) R? is selected from the group



In sone enbodi ments R23 is selected fromthe group consisting of H COR24,
and COOR24. toln sone enbodinents R24 is selected fromthe group
consisting of H optionally substituted Cf-Cl2al kyl, optionally
substituted CT-Cleary', and optionally substituted C4-C aheteroaryl. In
sonme enbodi ments R24 Is G -Cs alkyl. In some enbodinments R2 is an
optionally substituted C2-Cl heteroal kyl 15 group. In sone enbodi nents the
C2- C12 heteroal kyl group I's selected fromthe group consisting of

hydr oxyCl - Ceal kyl , am noCl- C6al kyl, ClC6al kyl am noCi - C6al kyl, and

di (G -G al | cwbrmmsogi - Coal i cyl . Exarrpl es of possi bl é'CWfé‘FlQ@@“%ﬁ R2 as
C2-C12 heteroal kyl Include hydroxynethyl, hydroxyethyl, hydroxypropyl,

hydr oxybutyl , hydroxypentyl, net hoxymatﬁyl , 2-nmet hoxyet hyl, 3- 20

nmet hoxypropyl, 2-ethoxyethyl, 3-ethoxypropyl, am nomethyl, 2-am noethyl,
3- am nopr opyI 4- am nobuty4, 5 anl nopentyl met hyl am nonet hyl ,

2- et hyl ami noet bubisting o tNHy laechNRFeH wispar R® Wr@ﬁhﬁdﬁﬂn%mfyl In ‘some

5- met hyl am nopegfsthimefith RYs AR). nonet hyl , 2- et hyl am noet hyl ,

3- et hyl am nopropyl, 4-ethyl am nobutyl, 5-ethylam nopentyl,

di et hyl am nonet hyI 2- di met hyl em noet hyI 3-di et hyl am no 4-

25di met hy| eni nobut yI n s9me preadimenta i thass@paeupds of iie iyénie ?fgﬁf%‘g%')"f

2-di et hyl ami @oeéohwbundsod(l)etlh)ytlmm[cr),omy @my bnd @)d?ag hq}dcmmﬁnmbllﬁt gfbupand

5-di et hyl am nOp%ﬂa%Og/of H, cyano, optfon%{;r%dbg\ltlﬁ%-fﬁm Lo s &bagutb@m wher ei n

R8 is as define 0 IE‘?%’B;IV (é)lll(fnam%ﬂt%ﬂ COOCH2 CH3

Cl - Cl2al kyl . Ex3 ¥e§P'<5°|""'Hr6‘?P ut
and the |ike. @dtoalkyl, optionally subsiéiyted ‘éa'ﬁnbelpmﬁlﬂéikyl refionally bpitdsddCefdrer ei n each

R8 and R is | ndgpaimdeptiohdly subkinedaar clsfeirdnite group consisting of H,
optionally Slldbstl tuted Cl- Col kyI optionally substituted C2-C 2al kenyl ,

optionally substituted CrCl2al nyI opt i onal | tute

C2- ClOhet er oal kyl , o&@@ﬁ&WP‘gﬂ"%‘%ﬁﬁ 5 3 Pl 5@%}8&51?%‘5# q" B Sptional Iy
substituted C3- &tmy!mbmabﬂfémybptlonﬁpjts@ﬂﬁﬂ%ﬁ@ub%'?le@@f fl‘,? ""“a

C | hat erocycl oal kyl, optionally subst {4t ed C2-Cl2heterocycl oal kerw ,
optionally substitutedCo-Ci oaryl, and pptionally substituted

Cl- G oheteroaryl, or R ¥ RO when taken together with the
atons to which they are attached to an optional Iy substituted cyclic
noi ety; in some enbodi nent s “weE R2 is CONRORO then Ra and R9
are each independently selected fromt h@ dvroup consisting of H C3-Cl12

cycl oal kyl and Cl CLIRdrdh p isFaramBef Seldfed Mem GaQptp oikisting oS0, tyR e, 4,ncl ude
CONHCH( CHB)2 Hcycl opropyl, and CONHphenyl . In sone

embodi ment s Whe? r@’ i s CONRSRO then R8 and RO when taken together with
the atons to which they are attached forma cyclic noiety. Exanples of R2
groups of this type kesmblRdendépendently selected from the group consisting of H, halogen,

OH, NO,, CN, NH,, optionally substituted Cy-Czalkyl, optionally substituted Cz-Cyz
alkenyl, optionally substituted C-Crealkynyl, optionally substituted C+C¢ heteroalkyl,
20  optionally substituled Cs-Ciocycloalkyl, optionally substitutedC.,-C,2 heterocycloalkyl,
optionally substituted C-Cizheterocycloalkenyl, optionally substitutedCs-C1a aryl
aptionally substituted Ci-Cysheteroaryl, optionally substituted C;-Cjzalkyloxy,
optionally substituted C;-Cyzalkenyloxy, optionally substituted C,-Cyzalkynyloxy,
optionally substituted C-Cqsheteroalkyloxy, optionally substituted Cs-Ciacycloalkyloxy,
25 optionally  substituted  C,-Cycycloalkenyloxy, optionally  substituted C»
Cyheterocycloalkyloxy, optionally substituted Cx-Cyzheterccycloalkenyloxy, optionally
substituted CgCye aryloxy, optionally substituted Ci-Cheteroaryloxy, optionally
substituted C;-Cy; alkylamino, SR®, SOsH, SO:NH;, SO,R®, SONH., SOR®, COR®,
COOH, COOR®, CONRPR®, NR°COR®, NR°COOR’, NR'SO-R’, NR’CONR'R’,

10 NR'R®, and acy;

where R® and R® are as defined above.



25 substituted CrG 2al kynyl, optionally substituted C2-Cl2heteroal kyl,
optionally substituted C3-C 2cydoal kyl, optionally substituted

C3- C42cycl oal kenyl , optionally substituted Cr Cl2heterocydoal kyl
optionally substitutedC2-Cl2 heterocycl oal kenyl, optionally substituted
Co- Craryl, optionally substituted Cl-Col heteroaryl, optionally 5
substituted t1-G 2al kyl oxy, optionally substituted C2-Col kenyl oxy,
optionally substituted CrC 2al kynyl oxy, optionally substituted

02- Cwhet er oaWkidR4s17sopt i onal | y substitut ed C3- Cl2cydiG&GRpS/@379
optionally substituted C3-Csycl oal kenyl oxy, optionally substituted
Crenhet erocycl oal kyl oxy, optionally sub§éituted Cr C13

het er ocycl oal kenyl oxy, optionally substituted CrCtoaryl oxy, optionally
substituted Cl- 10 Cusheteroaryl oxy, optionally substituted d-Cl2

al kyl am no, H, SO2NREHe phed{ gisdy maySeNRSibstiRded SOy, be GBRRaIly SBMdted@@OR27, and

CONR271228, (i poneor nelf&émuﬁﬁ s@ﬂ.‘qtlumﬁrogpcsi hfrﬂ?ﬂﬁﬂ _ksxzsu:fsﬁcml@maﬁhérs om |t he
group consisting o ... Qpjiaona substitute - yl., . optionally
Jubebi tured Con st e gr4 ordabathamispone ¥ st onpdalE R L8Ry
optional |y substpmeerehgdipentsaliehelnspomgribodimentoips 2-onal |y substituted
C3-Cl2cycl oalskyl , optionally substituted Crencycl oal kenyl, optionally

oy bevel aal eyt T IRKERAL Y Bl A Bt dablh Eobd &2

het er ocycl oal kenyl , "optional 'y substitute optitonally

substituted Cl- &e&m@Yler oaryl. 20In some enbodiments R2 is sel ected from
the group consisting of nethyl ~det , .*Qiopyl, propyl,

3, 3-di met hyl - propyl, cycl opropyt ~¢ycTrypenty 3- net hycycl opentyl,

cycl ohexyi, 4-nethyl cycl ohexyl, sec—b§P), isobutyl, 3, 3-

di met hyl -butyl, 2-ethyl-butyl, peny enyl, hexyl, heptyl, octyl,
cyano, nethoxynethyl, butoxynethyl Oxymet hy and
tetrahydrofuran-3-yl, 25 Many if not all of the variables discussed
above may be optionally sybstituted. lithe variable is optionally
substituted ®hen i n"eypiBReiff8de1REIASYeeach optional substttuent is

| ndependently selected fromthe group consisting of halogen, =0, =S, - CN,
N2, - CF3, - O0CF3, 3ldlnioolsliBiid romahd i bnistig b2, anc gl 0al keny!

hal oal kynyl , 30het eroal kyl', cycl oal kyl, cycl oal kenyl, heterocycl oal kyl,

het er ocycl oal kenyl, aryl, » :

het er oaryl , cycl oal k{isaD ielpger pelecad fep fegmun sty fet¥doar vl al kyl , aryl al | cy
|, 15

cycl oal kyl al kenyl , hgf8mheensoam@hts vis & bikaRydptichalylsdst@sd ke aar yl al kenyl ,
cycloalkyIheterqglkahﬁggﬁ;ocycloalIcylheteroalkyl,arylheteroalkyl,
heteroarylheter%a%ky , yd?éxy,hydroxyalkyl,alkyloxy,alkyloxyallcyl,

35al kyt oxycycl oal kyl , al kyl oxyhegler geycl eaiky! , al kyl oxyaryl , al kyl oxyhet er oa
ryl, al kyl oxycarbonyl, al kyl an¥nop ony |, “Jal kenyl oxy, al kynyl oxy,
cycl oal kyl oxy, 26 cycl oal kenyl o e erd@jﬁﬁﬁmkyloxy,

het er ocycl oal kenyl oxy, aryl oxy, pheaoXiN_BeNzyl oxy, heteroaryl oxy,

aryl al kyl oxy, .am no, al kyl am no, acyl am no, am noal kyl, aryl am no,

sut fonyl am no, sulfinylamno, suffonyl, alkylsulfonyl, arylsulfonyl,

ami nosul f ony®, suf f iwheéin R andys|ate Asfdeflingd abowa: y| suf fi nyl ,

am nosul fi nyl am noal kyl, -C(=0)0H, -

In some embodiments r is 2 and the optionally substituted Cy-Cearytis a

group of the formula:

RS
| l ——(R¥),

e a

25
wherein R' and s are as defined above.



5 C(=0)1r, -C(=0)0R"', C(=0)NRallb, C(=NOH)RI, C(=NRa)N azt, NR'Rb,
NR8C(=0) 12, NR80(=0)ORb, NRsC(=0) NfeR, NRaC(=NR') NRR, NRI SO2R1', - SRe,
S2NRaRb, -OR', 0C(.=0)NRaRb, OC(=0)Ra and acyl, wherein R, Rb, R and Fel
are each independently selected fromthe group 10 consisfing of H,

Cl- 012hal oal kyl, C2-Cl2al kenyl, C2-012al kYrlYl, Cl-Cl10 heteroal kyl,

C3- Cl2cydoal kyl , C3-Cl2cycl oal kenyl, Cil-Cl2heterocycl oal kyl, C1-012
het er ocycl oal kenyl, Cs-Cmaryl, CrCi sheteroaryl, and acyl, or any two or
nore of Rs, Ftb, R and Rd, when taken together with the atons to which
they are attwohedodsosm a heterocyclic ring system w ticTBcros/dasrs i ng at ons.
15 Alternatively, tw adjacent optional; substituents nmay, when taken
together with the atons to which they are attached, forma cyclic noiety
such as an optionally substituted C3-C1® cycl oal kyl noi ety or an
optionally substituted C2-Cl2 heterocycl oal kyl noiety. 20 In sone

enbodi ments each opt ijpaiMe erbhintssaiolobisd irf B FRGARAiIYINERbacaR. from t he

group consisting of: F_ O fou 5 = - kl\pg |,

het er oal kyl, hal osgr‘ﬁﬁf"?“é"i"’i?‘f}?ﬁ 1 'g?%/"?",s""‘&?%y%“a yl, 'n%éﬁ%%%bggh‘%?/kyl ,

het eroaryl, hydis@xy, hydroxyal kyl, al koxy, al kyl ami no, ami noal kyl ,

acyl am no, phenoxy, al koxyal kyl, benzyl oxy, 25al kyl sul fonyl, aryl sul fonyl,
am nosul fonyls, - (0) @Fcn REXAHitueriimaR Bl sBIENdd: from any suitablebuss@iBhte PO Nent s

each optional substituent is jndependentl e ted fromthe group
consi sting of: FOMeHmd ?ms:??,d' BS?‘%@E’P'}H’ s?‘#"?%ﬂﬁ'ﬁcﬂ”&éﬁ’"&' ,opet hyl ,
2,2, 2-tri f1 uor ot FyGHs ¢r:EHx 88 CNoPETry POl NGy MiH2pNIdERGHs, NHSO,CH,,

3, 3-di net hyl - pr apgH,cHowhy/tr;. 30 | sobutyl, 3, 3-di net hyl - butyl,

2-ethyl -butyl, panty!, 2-nethyl-pentyl, pent-4-enyl, hexyl, heptyl, octyl,

phenyl, NH2, -NO2, phenoxy, hydroxy, Xy, oot 1 fLuor o- et , ethoxy,
and met hyl enddi oxy. %M terthis ¥c’§|r$§/?b%c%&)t'%lbié ’Bﬁﬂxagw%d

phar maceut i cal | yhesein injecO, anstRi 5ol grque of tesfforgyleh  conpounds, and
pharmaceutically acceptable salts of »h met abolites. The

I nvention also relates to pharnmaceuticfl conpositions Including a
5conpound of the Invention with a phgfniggeutically acceptable carrier,

di l uent or exci pient. In a ff gr aspect the invention provides a
met hod of inhibiting a protein kinase~s&l ected fromthe group consisting
of a serineithreonlne protein kinase or @ o fragnent or a conpl ex thereof
or a functional equivalent thereof and a PI3 kinase or a fragnent or a
conpl ex thereof or aT&iyﬁr%ﬁeQ%poﬁﬂ%f%ﬂgfv):t hereof, the nmethod I ncl udi ng
exposing the protein Kihase or 'a rragnent or conplex thereof or a

functi onal €duival ent thereof and/or co-factor(s) thereof to an effective
anount of a conpound of the inventioniiH15

L)
Z#

l/\N)N; | "\>
~ 0
=7 NR,

Formula (V)

20 or a pharmaceutically acceptable salt or prodrug thereof;

wherein R™ and p are as defined above.



The conpounds di scl osed herein may act directly and solely on the kinase
nol ecul e or a conplex or fragnment thereof to Inhibit biological activity.
However, It is understood that the conpounds may al so act at | east
partially on co-factors that are involved In the phosphoryl ati on process.
Known ki nase co-factors include ionic 20species (such as zinc and
calcium, lipids (such as phosphatidyl serine), and diacyl gl ycerols.

In some enbodi ments the protein kinase is a serinelthreonlne protein

ki nase or a fragment or a conplex thereof or a functional equival ent
thereof. In ?@ﬁgmﬁﬁfﬁnbodinents the serineithreoni ne PrECEPHE or a
fragment or conplex thereof is an MIOR protein kinase or a fragnent
thereof, or a conplex thereof or a funckyonal equivalent thereof. In sone
enbodi ments the serine/threonlne protein kinase is mlfORCL or a fragnent or
conpl ex thereof or a functional equivalent thereof. 30ln sone enbodinents
the protein kinase i gnaom enbddimants Rfs B RriaifnBne H: e iz & EHedonpl ex
thereof or a fuRmbleR Aok 1, ARV Gadp offhefofia: | n sone enbodi nents the Pl 3
klnase or a fragnent thereof or a conplex thereof or a functional

equi val ent thereof, Is a class | PI3K dr a fragnent thereof or a conplex

thereof or a functional equivalent t f. WO
2009/ 045175PCT/ SG2008/ 000379 28 Iin one enbodi ment of the nethod
exposing the one or nore protein kinasg to the compound i ncl udes

admi ni stering the conpound to a mammml c8Bkai ning the one or nore protein
ki nase(s). 5In an even further aspect the invention provides the use of a
conpound of the invention to inhibit one or nore protein kinase(s)

sel ected from the gr dlits peowdesicompaypdsef foapuladyaine/ t hr eoni ne protein ki nase or
a fragnent or a conplex thereof or aHfunctional equivalent thereof and a
Pl 3 kinase or a fragnent or a conpl gx thereof or a functional equival ent

t hereof. 10 In some enbodj N the protein kinase is a
serinetthreonine protein kinase ofl a flragment or a conplex thereof or a
functional equivalent thereof. In enbodi nents the serine/threoni ne
protein lIciness or a fragnent or conplex thereof is an nifTOR protein klnase
or a fragment thereof, or a conple hergof or a functional 15 equival ent

thereof. In some enbodi nents the é?i e/ﬁ?reonine protein kinase is nlTORCL
or a fragment or conpl ex thergof aJun€tional equival ent thereof.
In sone enbodi nents the prqgtei | n&Se IS a PI.3 kinase or a fragnent

thereof or a conplex there@f orja functi eqw val,ent thereof. In sone
enbodi nents the PI3 20 ki na3e~0r a fragme \her‘ﬁﬁ Br a conpl ex ther eof
or a functional equivalent thereof, is a cla Pl 3K or a fragnent
thereof or a conplex thereof or a fugﬁ&&gﬂ@i equi val ent thereof. In an
even further aspect the invention prOV|Aes a method of treating or

or a phamaceutically acceptable salt or prodrug thereof,

10
wherein R', R'® and p are as defined above.

In some embodiments of the compounds of formula (1), (1a), (W), (te}, (), (IN)
and (IV) R? is selected from the group consisting of cyano, optionally substituted C,-
15  Cspalkyl, and optionally substituted Co-Cizheteroalkyl.

In some embodiments of the compounds of formula (1), (1a), (Ib), (Ic), (It), {11
and (IV) R?is selected from the group consisting of methyl, ethyl, isoprapyl, propy!, ,
3,3-dimethyl-propyl, butyl, sec-butyl, isobutyl, 3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl,

20  hexyl, heptyl, and octyl.

In some embodiments of the compounds of formula (1}, (fa), (Ib), (Ic), (). (1)
and (IV) R? is an optionally substituted methyl group of the formula:



25 preventing a condition in a mammal In which Inhibition of one or nore
protein kinase(s) selected fromthe group consisting of a serine/threonine
protein kl nase or a fragment or a conplex thereof or a functional
equi val ent thereof and a PI3 kinase or a fragnent or a conplex thereof or
a functional equivalent thereof, prevents. Inhibits or aneliorates a
pat hol ogy or a synptonol ogy of the condition, the nmethod including 30
adm nistration of a therapeutically effective anount of a conpound of the
invention. In sone enbodi nents the protein kinase |Is a serine/threonine
protein ki na¥We29p451%r agnent Or a conpl ex thereof or PATSGHEYGH,)
equi val ent thereof. In sone enbodi nents the serinetthreonine protein
kinase or a fragment or conplex thereof,is 35 an nTOR protein kinase or a
fragment thereof, or a conplex thereof or a functional WO
2009/ 045175PCT1SG20081000379 29 equi val ent thereof. In some enbodi nents
the sedne/threonine protein kinase is nifTORC1 or a fragnent or conpl ex
t hereof or a functional equivalent t of . In some enbodi nents the
protein kinase Is a PI3 klnase or a gnent thereof 5 or a conpl ex
thereof or a functional equival ent thef\€ofrR2 I n sone enbodi nents the PI3
ki nase or a fragnent thereof or a caqapl &% thereof or a functional
equi val ent thereof, is a class | PI3K or a fragnent thereof or a conplex
t hereof or a functional equivalent thereof. 10In sone enbodi nents the
condition is cancer. IwnesioR, BitaatR* ranteactt indepedenticselerted tam e gew f rom t he
group consi sgl ngong&ungl%m :a]gtgl £ SHING! CRURR,, dstofde bdBindd CAC,aldye

[ el of |

di sorders (i diopat rosl l yeyt ver,a {,al

t hr ombocyt §1em' agp‘l‘,'i*ﬁ"brﬁragsnpﬂffél gf’ g‘ileéﬁ’ﬁ'gﬁ’l %f%"%g%ug?%%ne%%ﬁg%gm chronic
nyel omonocyt i ¢ beliakelyrsebstitated CeChpiapisiopkd. priipnaly jubstiuied el w8\ 896 obl ast

| eukem a, 15 Hgglgkdipsubsitist AN@phéterday on'asy o sease of R, aiélaht_i R mpérona, acute
Lo ool | Suker 2y, JGloAGMaR R St ORI oy ) BB £ d ol RBGIET Dl Ty

cell |eukem a, f(apo S sarcong, nphoma and hyperproliferative
condi tions sfch as psoriasis and restencz)osi S ynaecol ogi ¢ cancer such as
breast carcinoma, ovani semecembodiments eqchRaIR" A BEris indepsidantly sgiseied ul va

cancer, endonmet kb khelhyddp chis@figdr HOQSBA B OM,E¥,] CNaINHE, methyl, @byl, povicer such as
col orect al I f:a[)f:' ngog)gn Rﬁ)l.y | i,n\étﬁgxyﬁ?me?‘mm@%hc %ﬁa%ﬂﬁropﬁat@c[ eatic .
cancer, ga cancef; “Uri nar ract c I _suc [ ate cancer,
ki dney agd r enaPthexyetesd 2-efieRLpY, aBF‘&%ﬁ@l"%@HW(?%EV?%W'E?WP gﬁé%"g?]‘)ge b penil e
cancer; ski nscaficaminmpentyh msihyrmiinemetr; 2mefiyiaminesiiyu B-methepmiaragyl bl ast onm,
neur obl ast ona,  AJHARNLNIR, 5-REAGAMBIIAE, diiymiroadtem Zkthandoethyl, 3-

redul | obl ast o, yenl gl QRS o ASARGY! SWytarmRostheiOBHERAIAGLAAR. head and

neck cancer such hary gg ﬁar_m fone, I4adr eaJnob% cl n%ma;
respiratory tradmetyppenetnyyci, Jdmety ﬂ“"EJQPBY'norm'* Treand” scLo)
nesot hel | oma;  eyieetiitauaments,didthyEminemethyh Ghfietuapineethyindsietivmiaweardt on

di seases suchy agdREyARRBIGIRRRSdstgaiopeiyel el et al neopl asm Squanous cel |
carcinoma and fibroid tunour. In other enbodi nents, conpounds of this

I nvention 30 can be used to treat, pge-cancer it yper pl asl a
Including famlial addh8ef 813“3"'5‘8’?‘%0%% %pfil'o?:a %ﬁﬁ@gegc%%g%a?%% i?'ol yps,
nyel oi d dyspl askaye embwtinentsi B] isdgelgsied sTom then 88ype LIFiENg 1) FEFCRY 2 wi t h

atypl a, cervi calydbyap) ciddpanty Watytkmbxyl. N scrembévpienta R* imaoippreryl. a, beni gn
prostate hyp%rpl asia, papillomas of the larynx, actinic and sol ar

keratosis, seborrheic keral os) fmeata®e i Shihal SARRYEEC eterocycioaliyt

In some embodiments R? is selected from the group consisting of

optionally substituted pytrolidin-1-yl, optionally substituted pyrrolidin-2-yl, optionaily

30  substituted pyrrolidin-3-yl, optionally substituted dioxolane-2-yl, optionally substituted
dioxolane-3-yl, optionally substituled tetrahydrofuran-2-yl, optionally - substifuted
tetrahydrofuran-3-yl, optionally substituted piperidine-1-yl, optionally substituted
piperidine-2-yl, optionally substiluted piperidine-3-yl, oplionally subsfituted piperidine-



30 I n sone enbodi nents the condition is an autoi nmune or

I nfl anmat ory di sease or a di sease supported by excessive
neovascul ari sati on. Di seases that have been attributed with sone degree of
aut oi nmune etiol ogy, or that involve pathol ogical inflamuatory and
neovascul ari zati on responses, include the follow ng: acute 5 di ssem nated
encephal onyelitis, Addison's disease, aganmagl obulinem a, agranul ocytosis,
allergic asthma, allergic encephal onyelitis, allergic rhinitis, alopecia
areata, alopecia senills, anerythropiasia, ankylosing spondylitis,

ant i phospholy,gbdeaBik body syndrome, aortitis syndrongcrad@esiibdss anem a,
atopic dermatitis, autoi nmune haenol ytic anem a, autoi nmune hepatltls

aut oi nmune oophorltls Bal e di sease, 10 Basedovi s di sease, Behcet's

di sease, bronchial asthma, Castlenman's Zyndrone, celiac di sease, Chagas

di sease, chronic inflannatory denyel i nating pol yneuropat hy, Churg- Strauss

syndr ore, - Co0ang 0k A Suesfifll SRImGE 257 oploRsl) BBl FREBHORCKI €

myocarditis, CR di'se cut aneous eosi nophili a,

cut aneous T- cel PPEPRAY Richafiuted; ¢ dioxqlane-2-vie optiopdliy substiyieq tagiopRotine- A

der mat onyosi ti soptibGdly aibsttutel thiemprimtice: 33, cpinelly shisstituted y;qmmmtw Hystrophia
epi thelialis cogjigmly subfifRaRpertSnetiefi Satopliohdly saRhémdlakinc2-flasci i ti s,

eosl nophllic gastroenterltls epi dernol ysi s bul | osa, Evans syndrome,

fl brosing al vealitis, gest ati onal . penphl goi d, gl onerul onephritis,
Goodpasture's syndr o sageaerabogisenty dhorrpinaly; supslitied GxCuhelevcygpaluhse

Gui |l ai n-Barre §yupds sereeted inlasthe godpaiossisthigeease, haenol ytic-uretic syndrone,
20 herpetic keratitis, lIchthyosis vulgaris, Idiopathic intersititial

pneunoni a, idiopathic thronmbocytopenic purpura, ipflammtory bowel
di seases, Kawasaki's ®i.sedSe, \keratitis, kerat njoRctivills,

Lanbert - Eat on syndr one, koder ma vul gdr i s+-¢++ehen gl anus, |ichen
sci erosus, Lyme di sease, Nnedr TWR di sease, ul ar_ydegener ati on,
megal obl astic anem a. Meniere' s di sease, Mooren' cemgzsMucha- Haber mann

25 disease, nultiple nyosins, multiple sclerosis, nyasthenia gravis,
necroti zl ng ®nterocolitis, neurorryel itis optics, ocular penphi

opsoci onus nyocl onus whereinl REnis  indepeirdently jgglectsdfrom the %%\’Pcf??“@ﬁ'ﬁl °frfgct ur nal
hencgl obi nuri a, optieraho BiR@RdLI ICH-EI-allBy Napricnaty, sudstiqedi GG alkpeyl, | aptiwaltyi ti s,
per ni ci ous anent gyl | e, aldnfl brfonalP YutkihRE L arzheaafaawmmmal@yndr one,
posterior uveltl s ri rraéy g “;!ﬂgr 20“3'%@“%%#%‘?"}’ 0 pré?ank hon

pseudonenbr anou§lb

Reiter's syndr omsﬁtqt@v@r%thble@cﬁbéiw LREgnglly spst @ngécy ?ﬂﬁ‘éﬂﬁ’mtl c fever,
rheumat oi d art htibriay sudstituteal CeSiasyl, optdnaityi dubstitute Sz Trhsersm) chptomely Sj ogren' s
syndr one, subac%&tmm@@ zgkwoqugmﬁﬂyt g@ﬁlttﬁaast@m‘ﬁkgnws (ﬁ{c,y,m?emat osus.

Takayasu's adorn’s arterjtis ndr o ype |

di abetes nel | i tﬂ‘?sm'ﬁ‘?dcgpcgiaﬁw&m@'of’?tf’"agy ETPP@Vt%ngﬁgH’ﬁ%m'y %ﬁ mgog?l unctivitis,
Vitillgo, Vogy-sstutesqiCoGarrsiealodymdrasfiasaliin SuiAlYies o CrEngyFloatamiat osi s. 31
I n an even faur t éptiénas pabsitutel € Ci-Opteftoc@ivalRyiony i detionali esubstituledc @araund of t he
I nvention in thﬁ‘e &mrk%!oﬂnoﬂimﬁy IRk fRMER a0y, dplicalyl sigtidegondi tion In

an anl rml in whi ! nh| I tl&ﬁo:}gﬁ)y s&sﬁuteJ %S!kﬁgm%oelébhﬁzweéﬁz‘ Sel ect ed

fromthe group t.ei n'kinase or a
fragnent or a c%f"e?@"ﬁw IR 0P°§ %FB?\%I a""eﬁ‘?ﬂ%&l ent thereof and a

Pl 3 kinase or a fragnent or a conplex thereof or a functional equival ent
thereof, preyents, iphilRtang RP iBRRDAMREMY Sfecd Rath HalgRUY cddkisting 8HHTPt onol ogy

of the condition. r ct.t t vi des the
use of a corrpou?f’('.l‘ 'Eﬁy ??Pgﬁ'ﬁ?{{;%h{: 'ﬁF otp“m h%gsﬁ’@%gu?zi céﬁ%’ %Em% abl e salt,
N- oxi de or pr odsubgfitutese raGhaalkyqyl; heptignalys tsiestitutedy; CrCeltsiorpaltal o PRI NI ch
I nhi bition of omstmnedrmg azqwuﬂkeu repfionalip se:bstijuted el abiceabakengmoptonallgr oup

anSI S]EI ng of fa sub St am%ﬁ‘dnmyl@umﬁ@d c{ﬁc@héwrag&mm&nypr ? conpl ex
t hereof or- a functi ent se or a fragnent
or a 15conpl®x PAY E*bﬁ“l’s&“ggb\"g oyl (L L 0"% dﬁ%@ﬁe@? (%her Q? prevents,

inhibits or ameliorates a pathol ogy or a synpt onol ogy of the condition

I n sone enbodi nents the protein kinase is a serinelthreonine protein

, kKinase or a fragnent or a conplex thereof or a functional equival ent
thereof.- In sone 20 enbodi ments the serine/threonine protein kinase or a
fragment or conplex thereof is an niTOR protein kinase or a fragment

t hereof, or a conplex thereof or a functional equivalent thereof. In sone
enbodi nents the serinetthreonine protein kinase is mfORCL or a fragnent or
conpl ex thereof or a functional equivalent thereof. 25In some enbodi nments
t he proteln klnase IS a PI 3 kinase or a fragnent thereof or a conpl ex

U PR of I < T L [ U PR of 1 e o i DR P - T r b - ™1 N




30 I n anot her aspect the present Invention provides a nethod of
prevention or treatnent of a proliferative condition in a subject, the

met hod i ncluding adm nistration of a therapeutically effective anount of a
conmpound of the invention. 32 I n anot her aspect the present

i nvention provides the use of a conpound of the invention in the
preparation of a nedicanment for treating a proliferative condition in a
subj ect. 5In sonme enbodi ments the condition Is cancer. In sone enbodi nents
the cancer {3 5. F@ﬁ%ed fromthe group consisting of kHamabb@gre cancer
such as nyeloproliferative disorders (idiopathic nyelofibrosis,

pol ycythem a vera, essential thronmbocythem a, chronic nyeloid | eukem a),
nyel oi d net apl asia, chronic nmyel onbnocy®ic | eukem a, acute |ynphocytic

| eukem a, acute erythroblastlc | eukema, in Hodgkin's and Non Hodgkin's

di sease, B-cell | yrrppogzgl S%gbg& ﬁerﬂs Gl Lptbﬂﬂf%maﬁutembgw&wwc

syndronee, plasma ce alry eukem a, kaposi's sarcong,

| ynphoma; gynaéE&P@@HE“%Hﬁ@@FQﬁHBﬁmﬁﬁ'ﬁPgast carci noma, ovarian cancer,
cervical cancer, vaginal and vulva cancer, endonetrial hyperplasia;
gastrointestinal tractygancer such as col orectal carcinoma, polyps, liver
cancer, gastric cancerd’\15__pancreati c cances bl adder cancer,
urinary tract cancer su as\ prostate cance and renal cancer
urinary bladder cancer, [uretiyal cand@¢ penlle canger; skin cancer such
as nel anoma; brain tunou ch #° glloblasto neun blastona,
astrocytoma, ependynoma, brain-stem gnomes, nedu obl 88 oma, neni gi onas,
astrocytomg, ol i godeng{egg,lﬁzqg%demqb@gd neck cancer such as
nasopharyngeal 20 carcinoma, laryngeal carcinoma; respiratory tract cancer
such as lung carcinoma (NSCLC and SCLC), nesothel | one; e di sease such as
retinobl ast ong; nusculhc;srhele@b@medﬁﬁ’a%%'eg‘%W%@eﬁuéﬁg'é?% H,

muscul oskel el etgdrgdoasd Squanous cel | carcinoma and fibroid tunour.
25These and ot her features of the present teachings are set forth herein.
DETAI LED DESCRI PTI ON . this ecificatio upher of terns
are used whilth are \Alél“]"mkr?ﬁ\kﬁ’f“"?eé‘tsa 3(5ﬁ 3?4?%% {':]?:I (ra"é’%é)gn' verthel ess for
t he purposes ofaptidnallyi dustituter LGriSaplkbf oRtienalis S'WPW‘B"b@B ey (feg) optionally As used
herein, the teréﬁbéuﬂ{%&@b@&ﬂahwta@d'inJmarasmdrmmsmma -Csgligho substituent or
that the onIy substituents are hydrogen. The term "optional ly
substituted" as used throughout the eCIflC tign t he group
may or may not be fur'f‘r’?'@'i“e%‘B‘?f"?“f‘ﬁt'ngSP °P'{?§§| S%S'Stgg%&; %}%r%&ya condensed
pol ycyclic systgesup, Immhemmmwnbﬁﬂmﬂw%éﬁSQ‘B‘B%‘t"PWlS'@rﬂ““Qr oups. In
certain enbodi r@mng R BARRC-CHRAL @HIMKYBEL-Catbple aminoCretakylr Bups

| ndependent|y 5 I q &ma§u§& ﬂgeﬂﬁmhabﬂgﬁame =0, -CN,
N2, -CF3, -oCFd" 3% 'l?sqc L'W@e"h%cgéﬁ E?ai i LG8, +<y enyl
hal oal kynyl , helta@%a?fk Vieartesia) Metproaliy, "|°'8%1 ’1" Bt ¢ ‘Sal kyl ,
heterocycloalkaﬂwhﬁmamylhﬂMﬂﬂ%@bdw?Pﬂmﬁvﬁlﬂﬁ‘%yﬁ Vk "”'°
het er ocycl 0g), ky,h@dl,dgwmp etadayatyil Sythogrydyl| byihorethgt oﬂiﬁrm}dewlke'hyl
het er ocycl oal kyl ai KenY ! 4 @inbbih ke Bbthogd R EmARfiatiBmsa YA mdtyBmacduy | het er oal ky
. 3-methylaminopropyl, 4-methylaminobutyl, 5- methylaminopentyt, ethylaminomethyl, 2-
ethylaminosthyl, 3-etl'§y13mlnopropyl. 4-ethylaminobutyl,  5-ethylaminopentyl,
dimsthylaminomethyl, 2-dimethylaminoethyl, 3-dimethylaminopropyt, 4-
25 dimethylaminobutyl, 5-dimethylaminopentyl, diethylaminomethyl, Zdiethyiamiqoethyl,
3-diethylaminopropyl, 4-diethylaminobutyl and 5-diethylaminopentyl.

In some embodiments R? is COOR® wherein R® is as defined above. In
some embodiments R? is COOR? and R® is C(-Craalkyl. Examples of groups of this
30 type Include COOCH;, COOCH,CHs and the like.



10 heterocycl oal kyl het eroal kyl, aryl heteroal kyl, heteroaryl het eroal kyl,
hydr oxy, hydroxyal kyl, al kyl oxy, al kyl oxyal kyl, allryl oxycycloallcyl,
al kyl oxyhet erocycl oal kyl , al kyl oxyaryl, al kyl wyheteroaryl,

al kyl oxycar bonyl , al kyl am nocarbonyl, al kenykrxy, al kynyl oxy,
cycl oal kyl oxy, cycl oal kenyl oxy, heterocycl oal kyl oxy,

het er ocycl oal kenyl oxy, aryl oxy, phenoxy, benzyl oxy, heteroaryl oxy,
aryl al kyl oxy, 15 am no, al kyl am no, acyl am no, antnoalkyl, aryl am no,
sul fonyl am no, sul finylam no, sulfonyl, alkyisulfonyi Xisulfonyl,

ani nosul f onWO 208¥M$17y| | al kyl sul finyl, arylsulfinyl PeTAG2b 7Y

am nosul fi nytam noal kyl, -C(=0)0H, -C(=0)129, - O)OIr, C(=0) NRaRb,
C(=NOH) R, C(=N121NRbR, NRRb NRC( =0) Rb,,,NRI C(=0) 01e, NRC(=0) NRbR,

NRC( =NRb) NRRd, NFt 0S021e, - Sfe, SO2NRORb, -0OR., OC(=0)NRafi b, OC(=0)R and
20acyl, wherein R, 'Rb, R and Rd are each i nde eqdently selected
fromthe group consi st isere ewmbodiments]RCish SPNRIRE yheretoy each ot kedy R’

Cr G zal kynYl, %e@erﬂeﬁt Qe Kom theCRouplodhaistingdar! Hi yaptionaly- MENW}&I' kenyl,
00 Zhet er ooyl Gely T %{,na.gls%b&aeaee,egwngt Gt U G %as%@

Cl - C eheteroary 'i?

taken toget her qatiengliy Wébsat’@ﬁsctfbohﬁﬁp@hy't Relignally Subgt 't"'ﬁﬁh oY

het erocycli csri si@ioapst esustintdd 3 GrtRlonkeng, at eptienalyl n sybsttednbéeti nent s each
optional substi %Wﬁt}kctc%afk d%ﬁdﬁﬂlﬁ“tsbb‘suﬁeb ©6f-Eghefdfbcicloakenyi Copgareanyp

consi sting of: 3, al kyl, alkenyl,

al kynyl , hal oal W?‘““gﬂgfg‘aﬁrﬂéﬂ%pmqﬁ”aﬁswNE? l ’“r%te oA o] kyl, cycloal kyl
cycl oal kenyl het er ocycl oal kyl, heterocycl oaI kenYl, aryl, heteroaryl,
hydr oxy, hydr oxyal kyR? arl R@whex;akenahdeyieomxhahd(gwms talnhiylh thnya‘pyﬂa,med

al kyl oxyhet gf oag, an Mﬁgﬂ}g{,wed abisvidlyoxy, cycl oal kyl oxy,

cycl oal kenyl oxy, rocycl oal kyl oxy, heterocycloalkenyloxy aryl oxy,

het er oar yl oxy, aryI aI kyl, heteroarylal kyl, yl Am no,

al kyl ami no, acyl am nojn mrm@t‘-'dtfwms whe® 0@@%&15‘? %??43&2@'681‘@00379 34
aryl am no, sul fﬁmgnde@iyIsaw@uﬂoﬁlawdmupabwswld’l BNHHGzatyll Grakddyflaikyl| |

am noal kyl , - cxx;‘y £ thi MRdnRe (QjNHm(ctH )gul arly
sui t abl e optiona su%%ljpi tuent syl ?tfc ugmups ? s% CH3, ; CH2CH3, OH,

00113, CF3, WCFaONHgyglopragyipand GONHREY! In t he defl niti ons of a nunber
of substituents belom1|t is stated that "the group may be a term nal group
or a bridging group". |nlfaing eBodnithe Mled FE B CTINGPR® finen Rhatd R weenusienof the term
is intended to en e Rty Bxampled stker bet ween
10 two ot her porc’?lqh Wﬁﬁ? %‘ﬂ%é%ecu y%%a%ﬁoﬁgfwaher etylt |g a term nal

moi ety. Using tRearques ohthia tRpInclee: 5 oxanpl e, sone publications woul d use
the term "al2ayl ena' for a bridging group and hence In these ot her

publications there is di stinction between tl]e terms "alkyl" (term nal
group) and ' al kyfeneﬁl dging group). In t resent application no such

distinction is nade nos oups may be e| i dgi ng 15group or a
term nal group. o "AEO' neans an R- C(:07~ 0) roup}in which the R
group may be an al kyl, cY¢l oal kyl , heterocycloal yI aryI or heteroaryl
group as defined herein. s of acyl Includ h.and benzoyl. The
group may be a termnal group or a bridging 20 grou | f B e group is a
termnal group it |Is bonded to the remai nder of the nDIecuIe t hrough the
car bonyl carbon. "Acyl aml nce neans an R-C(=0)-NH group In which

the R group may be an al kyl, cycl oal kyl, heterocydoal Iryl, aryl or
het eroaryl group as defined herein. The 25 group may be a term nal group
or a bridging group. If thgugwoup is atermnal group it is bonded to the
remai nder of the nol ecule rough the nitrogen atom "Al kenyl " as
a group or part of a gr an aliphatic hydrocarbon group
contai ning at | east one carbon-carbon doubl e bond and which may be
strai ght

Wherein R® is independently selecled from the group consisting of H,
optionally substituted Ci-Cszalkyl, optionally substituted C,-Cizalkenyl, optionally



30 or branched preferably haying 2-12 carbon atons, nore preferably 2-10
carbon atons, nost preferably 2-6 carbon atons, in the normal chain. The
group may contain a plurality of double bonds In the nornmal chain and the
orientation about each is independently E or Z Exenplary al kenyl groups
i nclude, but are not |limted to, ethenyl, propenyl, butenyl, pentenyl,
hexenyl, heptenyl, octenyl and nonenyl. The 35 group nmay be a term nal
group or a bridging group. 35 "Al kenyl oxy refers to an al kenyl-0-
group in whiwb:zebkensl is as defined herein. Preferr RETHGROHPPIOKY gr oups
are Cl-C6 al kenyl oxy groups. The group may be a term nal group or a
bridging group. If the group Is a termpal group it is bonded to the
remai nder of the nolecule through the o%@gen atom 5 "Alkyl" as a
group or part of a group refers to a straight or branched aliphatic

hydr ocar bon gr Otspt;smpﬂaef B{-G:Mll-ynyh CitioGdlp altsiitited NBr@:hpteredley. alobipnally 01- C10

al kyl, nost pref %sﬁ:%x oulra;h eéﬁiomnﬁ%uw.ﬁﬁd rtgto%@;croﬁmymloﬂ&nm suitabl e
straoht and b ISR, e ol S v v n TS

n- propyl, 2-prof sm"tﬁd
The group may bepl&n!"érsnbsw gj?w'GuifY'oPP“a"f‘lBY ipeRgiityes r@d‘ﬁ‘ema'y' optionally

"Al k_yI fam' no 51' NgLusateed boLd),anmio; adpkigHay sostimted Ci-GLdikghyiory, noptiooally ess

speci fi ed. g“%}‘tl%%nbm nﬁﬁ?%li&a@' M&:ﬁmgaﬂoemmwexyw@mm@l kyl is as

defined herein. Lgfﬂ \ﬁl &Ja(l:l p I ch each

al kyl may be t h&vslkited 53‘0’6‘?3""&‘1'Wﬁ’reﬁ?“° Y Zybsitied ’C&%qa T Merein for
al kyl . The al ky loptignatin p substitybade f GCahttgrogycledlkylony. apmignallyg sergituted he=e oup may be
a term nal gr oupetfocydlodMehtaky, ItidHEIR Wibstitlthd ThE:saiokyl pptioRallpsibsmuted @t  group it

bonded to fh s t
20" A Ky’ arm ntcas g osteab (Bodied S, G SORETL RO, ) R0 o)

in which al kyl ﬁ?NBSR épﬁne%oﬁlepgpﬁ 99 saT , 'and the sum of X-FY =2.
The group nay be a termnal group or a bridging group. If the group is a
termnal group It iSeEQnﬂEshdtR?“ iEﬁ&edbﬂiiﬁﬁyerﬂ&e:Dﬁonit%grmlceM@dfhrough t he

bonyl carb Al { h al kyl
'S a0 et i ned_ naviErl SNGES oiRRlSonplf eiics & oqhigR E‘“‘f”éﬂi: Exanpl es
y

i ncl ude, but $ar ubsivted | GiGrealiyayh °ﬁ’f€ﬁ‘ibx§"b§'ﬁ'ﬂ°"etcﬁwerw gPHaT! be a
term nal group eubsttutied iC3Gitglogkyb ugptionald eytistitityd [Cie Grcyeledikend gnyorww
al kybxy-al kyl - giitied azcwh&aoaya&wl bptbray sidbtelteal dxl, h3RrobRioakdn@s are as

defined herein. The SU%L{FNJT%%_ laanﬁ%&gﬁﬂg!ﬂ.ua%u?eld%i-euraheﬁr&& dgi ng group.

lithe group is gt to the remai'nder of the

nol ecul e through the al kyl group. 36 group. lithe group is a term nal
group it is monded tdn sdve enbodimentielR® ipSelected frow thecarpup consistngcph metid, ar |
group. ethyl, isopropyl, propyl, 3,3-dimethyl-propyl, cyclopropyl, cyclopentyl, 3

methycyclopentyl, cyclohexyl, 4-methylcyclohexyl, butyl, sec-butyl, isobutyl, 3,3-
dimethyl-butyl, 2-ethyl-butyl, pentyl, pent-4-enyl, hexyl, heptyl, octyl, cyano,
methoxymethyl, butoxymethyl, t-butoxymethy and tetrahydrofuran-3-yl,
25
Many if not all of the variables discussed above may ba optionally substituted.
If the variable is optionally substituted then in some embodiments each optional
substituent is independently selected from the group consisting of halogen, =0, =8, -
CN, -NO;, -CF4, -OCF,, alkyl, alkeny!, alkynyl, haloalkyl, haloalkenyl, haloalkynyl,
30 heteroalkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocycloalkenyl, aryl,
heteroaryl, cycloalkylalkyl,  heterocycloalkylalkyl, hetercarylalkyl,  arylalkyl,
cycloalkylalkenyl, heterocycloalicylalkenyl, anytalkanyl, heteroarylalkenyi,
cycloalkylheteroalkyl, heteracycloalkylheteroalkyl, arylhateroalkyl,
heteroarytheteroalkyl, hydroxy, hydroxyalkyl, alkyloxy, alkyloxyalky!,
35 alkyloxycycloalkyl,  alkyloxyheterocycloalkyl,  alkyloxyaryl, alkyloxyheteroaryl,
alkyloxycarbonyt, alkylaminocarbonyl,  alkenyloxy, aikynyloxy, cycloalkyloxy,



"Al kyl oxycarbonyl" refers to an alkyl-O C(=0)- group In which alkyl is as
5 defined herein. The al kyl group Is preferably a Cl1-C8 al kyl group.
Exanpl es include, but are not limted to, nethoxycarbonyl and

et hoxycarbonyl. The group may be a term nal group or a bridging group. If
the group is a termnal group it is bonded to the remai nder of the

nol ecul e t hrough the carbonyl carbon. 10"Al kyl oxycycl oal kyl" refers to an
al kyroxy-cycl oal kyl - group In which the al kyi oxy and cycl oal kyl noieties
are as defined herein. The group nmay be a term nal group or a bridging
group. 1T thgogdépieysS @ termnal group it is bonded reoséheovamai nder of
the nol ecul e through the cycloal kyl group. 15"Al kyl oxyheteroaryl” refers
to an al kyl oxy-heteroaryl- group in which the al kyl oxy and het eroaryl

noi eties are as defined herein. The groip nmay be a terminal group or a
bridging group. If the group is a termnal group it is bonded to the

remai nder of the mjecul e aila'; Ik hele glydnwg[yo%my phenoxy_
ot e e AL TOL SRS R 2 o
The group nmay bearylamiher riutimjlaming u pulnylaminby | sitieng  glfdsuienyly |"=lf¥*r%"f‘§j‘ﬂ'oup is a

term nal group F(]hmbgﬁmﬂgrgﬁ%i tamyggmy[r@f@.tﬁﬂ,ﬂiamrﬁiumhmumk;ecuhe)am ough the
heterocycloalky

whi ch al kyl i%s SE0R Q?Pn%ior’)ﬂé‘;e. S Ehéu""f’ CRRM RS W O R
al kyl groﬁp Ex SRR, ARIGHOOR: IWF(-@N&!% %N QRPG@S‘?%"? ’il”?/mted to,

met hyl sul finyi soMhRER YIRS OCEHONAR®, BheOiR" aoacyiay be a tenfinal group or a
bridging group. If the group Is a termnal group It is bonded to the

remal nder of the nolecul e thro he sul f u
"Al kyl sul fonyl " ref eM8eP Rétﬁ2 A %9‘? k ) mmdepe%e%msa\%%ed e PROPR s as

defined abovm. Wmeistinb ko IH. dHEiwplkils CpPs é"la@?'%l(fr%al‘ﬂ‘y a3yl Exanpl es
i ncl ude, but nogetl,rbemyt ed;-¢ gydaikiay | Gud,Jogivgikengin 0C:dlhgterseytibatioly | G-Ckhe group
may be a term ng gg(@a%fy @cggw a,-@&eQFoQMpandldcﬁhﬁagmaar thére & R°ET M nal

group it is bon renal

d@d’fﬂe“ 5§e"at°qﬁh8h lhé’}e agtgr}sﬁo wtflchql?eg a% A oHgh, 4 he sul fur

atom 37 roup nmeans an
al i phatic hydronaerb@nlcgnmgemumihipﬁ?wa@"@ar bon- car bon tr| pl e bond and
whi ch may beysstrai ght or branched preferably having from 2-12 carbon

atoms, more pref erab'%(rﬁauéﬁﬁ’ fi fABor LR sﬁmﬁ@enﬁrnﬁafyeﬁfﬂma)(enang@lh@ﬂr bon at ons

th | ch { i it ed
to, e?hS‘n’;F"‘anSwEr'p@pWtowrm?ﬁgwé‘ér"’%ﬁ{f o L5p en Féhag’%‘ﬁ’"%'%ya bri dgi ng

gr oup. sidsitytey | ©oGi  evelbays Mejetyn ofa | 40y (pptiongly gﬁ'baﬂ‘ﬁe P ch al kynyl

I's as defined hggsbdcodiyihdity.€d al kynyl oxy groups are Cl-C8al kynyl oxy
groups. The group nay be | ea term nal group or a bridging group. lithe

group is a t€rmnal group 1 ks honded bo Lhc IR AUEhH, bSed! ecul e

t hrough the oxygen a éy group in
whi ch the al kyl frigmthegrdus caasistiie bi: el Bt . 'fh@o’gF‘EYbﬁ'k?Fé{‘y"eE?@a 't er mi nal
group or a bri dghipdkyQaiR, anft.lcydidakyigfetnzydalkg, heGtoeryinfiwdeky, ydmmyalidit | s bonded
to the remai nderalkof tdGiaiR), € GiinGany? T S44RInb,h @néhbilsy | all@kyamid.. benzyloxy,

25  alkylsulfonyl, aryisulfonyl, aminosulfonyl, -C{O)YOR", COOH, SH, and acyl.

In some embodiments each optional subsiituent is independently selected

from the group consistling of: F, Br, Cl, =Q, =8, -CN maethyl, triflucro-methyl, ethyl,

2,2 2-trifluoroethyl, isopropyl, propyl, 2-ethyl-propyl, 3,3-dimethyl-propyl, butyl,

30 Isobutyl, 3,3-dimethyi-butyl, 2-ethyl-butyl, pentyl, 2-methyl-pentyl, pent-4-enyl, hexy!,

heptyl, octyl, phenyl, NHz, -NO,, phenoxy, hydroxy, methoxy, trifluoro-methoxy,
ethoxy, and methylenedioxy.

in addition to compounds of Formula |, the embodiments disclosed are also
35  directed to phamaceutically accepiable safls, pharmaceutically acceptable N-oxides,



"Am nosul fonyr nmeans an NH2-S(=0)2- group. The group nmay be a term nal
group or a bridging group. If the group is a termnal group it is bonded
to the remai nder of the nol ecule through the sulfur atom 20
"Aryl" as a group or part of a group denotes (l) an optionally substituted
nonocyclic, or fused polycyclic, aromatic carbocycle (ring structure
having ring atons that are all carbon) preferably having from5 to 12
atons per ring. Exanples of aryl groups Include phenyl, naphthyl, and the
like;, (11) awmoepedstial |y substituted partially 25 satPGrEEHEFBISR/clic
aromatic carbocyclic nmoiety in which a phenyl and a C5.7 cycl oal kyl or
C5.7 cycl oal kenyl group are fused together to forma cyclic structure,
such as tetrahydronapht hyl, indenyl or Tndanyl. The group nay be a
termnal group or a bridging group. Typically an aryl group Is a C5-C15
aryl group. 30" Anatnadeltealyl dccapmble pradrugarapt -phirivecaytically gelye nefaoli@iith t he arvyl
and al kenyl ar e a4 Hfbduetand BhaPrhabeutiop Bizb R sats)of stk @eitlolitgs: oups i ncl ude
phenyl al lyi. The group may be a term nal group or a bridging group. If the
group Is a termnal group it is bonded to the renmai nder of the nol ecul e
through the al kenyl giheupyentiongalsar platgs Ky |Phaymarspical; sompeaiians, BAYING @ phenet hyl |
1- napht hal engnetehiiousNof iRe irvertbii ittt e pbarmbéeyiically Hoesplgble warmeragiverd oa t er mi nal
group or a bri dgj(%%n?roup. If the group is a termnal group it is bonded
to the remai nder "he nol ecul e through the al kyl group. 5
"Arylal kylorf refers to an aryl-al kyl-0- group in which the alkyl and aryl
are as defined her ei rin aTétbergspeshthadnyenten arovides gmexied gf ighipiing @ p&"tﬂ%/i dgi ng
group. If the gkRss defbctdd kdi ke Qrbkip Goneistg iof a bainddbreckdre pratein kimse endi nder of
the mol ecul e 1 hy O%I%gt érg%ocg%ér%%?e?eo%rg%nd%gai equivalent thereb¥ ikl 2PI3RAaselon& | udes bot h
|

nono- ar yl am Ho gﬁ -aryt no unl ess, specl.f . 0- l.am nmeans a
group of fornul &agmept ?QI“I—°?‘“?"?¥‘W%ﬂagﬁ‘wmggmﬁvg'le'ggﬂeﬂl\%ge W%ﬁ%‘i'ﬁ’mj@f -aryl am no
nMeans a group ofexgdosingntheaprotain yiinasaNor wifrapment ¢ [vompiax| thergsf 95 fupdiowdhne or
different and apgRRafindéf sialor I thirsvf fo@h effittvb amdlntof g cowpoundey be a
15t er m nal grou& Qr aqobridgi ng group. If the group is a termnal group it
i s bonded to the®ERA fider of the nol ecul e t hrough the nitrogen atom
"Aryl het er oalkyl " nmeans an aryl -heteroal kyl - group In which the aryl and
het er oal kyl npi eti es e eoamunie isciesdd havie may act Hisctyraad griahedp theckingst er i nal
gr ngdor a ﬁo br,,{ogg‘hﬂg aggﬂg&hmlfrag.idaﬁhamwpnmba bilogicar attivitg | H@mfha;p_iét is
onded to the renuni nder t he g Vdre gr oup.

f eéstogﬁ thg?@? %poﬂml; ﬁm%}’%lﬁo 4 {ltg%g?ﬁrtli;ﬂ@ of 63-BEGS

"Aryloxif referd roup e aryl is as defined
herei n. Pref er alyivvadnia thg 9’?"69!’5?"’4%@%'"?%‘-‘90 | K583P, oo-r%rflog wﬁ’?'%q%e'? 'ﬁ ly a

02-Cl oaryl oryo TEheiegrigath as zinc and calcium), lipids (such as phosphatidyiserine), and
diacylglycerols.

In some embodiments the protein kinase is a serine/threonine protein kinase

or a fragment or a complex thereof or a functional equivalent theraof. In some

25  ambodiments the serinefthreonine protein kinase or a fragment or complex thereof is

an mTOR protein kinase or a fragment thereof, or a complex thereof or a functional

equivalent thereof. In some embodiments the sorinefthreonine profein kinase is
mTORC1 or a fragment or complex thereof or a functional equivalent thereof.

0 - In some embodiments the protein kinase is a Pi3 kinase or a fragment thereof
or a complex thereof or a functional equivalent thereof. In some embodiments the P13
Kinase or a fragment thereof or a complex thereof or a functional equivalent thereof, Is
a class | PI3K or a fragment thereof or a complex thereof or a functicnal equivalent

thereof.
a5



25may be a termnal group or a bridging group. lithe group Is a term nal
group it is bonded to the renmai nder of the nolecule through the oxygen
atom "Arylaul fonyl" neans an aryl-S(=0)2- group in which the aryl group
is as defined herein. The group may be a termi nal group or a bridging
group. If the group is 30 a termnal group it is bonded to the renmainder
of the nol ecule through the sul fur atom A "bond" is a |inkage
bet ween atons in a conpound or nol ecule. The bond may be a single bond, a
doubl e bond,woreosredstspl € bond. 39 carbon atons per mrcmgcihssenEiary
nmonocyclic cycl oal kenyl rings include cycl opentenyl, cycl ohexenyl or

cycl oheptenyl . The cycl oal kenyl group may be substituted by one or nore
substituent groups. A cycloal kenyl grod typically is a C3- Cl12 al kenyl
group. The group may be a term nal group or a bridging group. 5

"Cychal kyr refers tof,52bMbRiRA SORO GbHolt Gxgking teecheOdr @b rpatgpol ycycl i c,
carbocycl e preferably containing. from C o Lingmasuch as
cycl opropyl, cyE'F‘B‘B(ﬁ)E/VI t,ge (?f/'g'?o(‘ﬂ%(giﬁ'f'fl .6? a??@ﬁ%ﬁ@x@% Qgﬂ%uﬁe Fi ke, aunI ess

ot her wi se speci ¢dntaihing the one @ MgEsEcteiingesi®! i ¢ systens such as cycl opropyl
and cycl ohexyl, bicyclic systens such as 10decal in, and pol ycyclic systens

such as adamgnt ane. A £y&k 0ahler oo QiR R ehsR biodes Yhei o 8 smipdkid af Kyl gr oup.

The group nay be a termnal group or a b in r

"Cycl oai kyl al kylhe devagiien Jo Sholt 98¢ oy morg E?{e["d‘g”ﬁé%ﬁqﬁeﬁag%f'%‘ﬁ "HEE doal ky!
and al kyl noi et copsisting of aering@fréonisel pritein sinepe oEsEagHPM PIA RERBEYXPB A%y al kyl
groups include {RaeraréqanasnpInbosiahya pI3 kividsk operigyentatapnplectgéadbraxy | net hyl
and cydoheptylnghgxhhxmngrg&ggg may be a termnal group or a bridging
group. If the group 1S a tern nal group it Is bonded to the remi nder of
t he nol ecul el% hrough the al kyl group. " "Cycl oal kyl al kenyr neans a
cydoal kyl - al kenyl - gircame pmbogliniesth the lpesteinykinassds &serinettyeeniig PRtelddiigse noi et i es
are as defined peg gidhentT5Ca SSniiR thERdsf Bea dunttRhidNiequlaledts thargnf.olin gonfer i dgi ng

. If th ) if . i nder of
gL oub.  tul o Degk lﬁfe@%%eéﬁbéﬂﬁ%%kmeg&agpklhése'Dfsa REREREr dofipblifersf BRI nder o

group. tycl oal het er oal kyr
nmeans a cydoal kg mHR aretsi egse @P&H?ﬁ“ﬁ“ﬁm%‘?fc‘ﬁ atwl?éh%??hgraﬁ 'ﬁ'ﬁmg‘nd
het er oal kyl BDI efuivaient akiezeotis Irdsdmenembotimends the spiine/thjeonin® PieR k@SSt er i nal

group or a bri dgir8gc 04 a4Rgmehf or EdHpled hHarBr o & fulctibriar equivbdnt tasreuip it i s bonded
to the remai nder of the nol ecul e through the heteroal kyl group.

"Cycl oal kyl oxy" refers to a cycl oal kyl-0- group. In which cygl oal kyl is as
d?{ i ned Y Y in some embodim%ms the protein k.inaseqs a PlI3 kinase or a agmerX &eregf y

or a complex thereof or a functional equivalent thereof. fn some embodiments the PI3
20 kinase or a fragment thereof or a complex thereof or a functional equivalent thereof, is
a class | PI3K or a fragment thereof or a complex thereof or a functional equivalent

thereof,

In an even further aspect the invention provides a method of treating or
25 preventing a condition in a mammal in which Inhibition of one or mare protein
kinase(s) selected from the group consisting of a serinefthreonine protein kinase or a
fragment or a complex thereof or a functional equivalent thereof and a PI3 kinase or a
fragment or a complex thereof or a functional equivalent thereof, prevents, inhibits or
amellorates a pathology or a symptomology of the condition, the method including

30 administration of a therapeutically effective amount of a compound of the invention.

In some embodiments the protein kinase s a serine/threonine protein kinase
or a fragment or a complex thereof or a functional equivalent thereof. In some
embodiments the serine/threonine protein kinase or a fragment or complex thereof Is

35 an mTOR protein kinase or a fragment thereof, or a complax thereof or a functional



30 herein. Preferably the cycloal kyl oxy is a Cl-Cecycl oal kyl oxy. Exanpl es
i nclude, but are not limted to, cydopropanoxy and cycl obut anoxy. The
group may be a termnal group or a bridging group. If the group is a
termnal group ft is bonded to the remai nder of the nolecule through the
oxygen atom 40 group nmay be a termnal group or a bridging group. If the
group is a termnal group it is bonded to the remai nder of the nolecule

t hrough the oxygen atom sHal oal kyl" refers to an al kyl group as defined
herein in which one or nore of 5 the hydrogen atons has_been rsplaced W th
a hal ogen atWer®Wepstied fromthe group consisting of HFEEPPEER™chl ori ne,
brom ne and i odi ne. A hal oal kyl group typically has the formul a
CnH(2"4.1.",) X", wherein each X is indegendently selected fromthe group
consisting of F, d, Br and |I. In groups of this type n Is typically from

1 to 10, nore preferabl y fromlto 6, nost referabl
typically 1 to @quivalentethgreakf dh sbme embopmepts 3t &‘I‘I’b’le%'é‘eoq""‘ﬂ’éf“B%ﬁel&l i ncl ude
fl uoromet hyl , difores g—rm,@ﬁwént&&dnﬁlﬁﬂtfﬁdmr@mtﬁmydl equivalent thereof” Hal oal keny| "
refers to an al kenyl group as defi ned herein in which one or nore of the
hydr ogen atons has been repl aced with tom i ly
sel ected fromthe gr"b??ﬂ‘%ﬁ'ﬁ@’%"f‘fsﬁ'& pé‘fte"l‘:k'"aﬁ B%th G AR qraﬂg@gﬁtwemtr

"Hal oal kynyl s refnedsomnbmhaaofatd(fynqldinabﬂqwuqbenh"sefﬁféf'I"ﬂ’é‘(‘j’qﬂ@?@‘%‘sl‘?ﬁ Rkhi ch one or

more of the hydg v msntmmeaorﬁmInaMﬂbrmmml dpiageherad!dsn
| ndependently se i;f A msm %u&&%agma&fafa finctiérlah eqBibaihnd | .

20 Hal ogen repréé’ F‘ﬁs uor| ne rom ne or iodine.

"Het eroal kyl " ré#femok to a stral ght- or branched-chai n al kyl group
preferably having from2 to 12 carbons, nore preferably 2 to 6 carbons In
the chain, |® which dmeomsrempgdiments the ﬁ‘é‘d@%ﬁr'ﬁﬁﬂp"ﬁt dheme dﬂﬂi/mgsom at ed
hydr ogen at orTs) caicér sa&hct% fron Chae egnuiie rdohajstinge pf Herealoldgip ean¢petsE®hoat oni ¢ gr oup

selected fromsS yQIc I:\Brde\@ .@aﬁc rhySlofRsC poytiiehaTVerd) @sgntalip

t f H Yopt |y , lchnisubst i t ut ed
((:Zgna;cly(r:]?ogl kthm"éPﬁ:EV?’g%ﬁIl '@ﬁbﬂwf#@te q"’c‘u’"c"c%gd%l%"’ "%%’agmt"f"}c‘) ihs e

substituted Cl - @vslblmnewtﬂm%ﬁmlaa@@ﬂm“awﬂﬁ@?'@ﬁ‘@a‘w I"@’"‘PH’E‘?"&@@‘“&PKW et her s,
secondary ang t%&gkmEYanaNﬁMIHoﬁmln'aestseaamﬁieﬂ lyraphdye, aculg flicelelgukegiiad t he | i ke.

Exanpl es of het %&8@@4 SQnitlons, | Pk AR hﬂé%@rxyﬁﬁy daf adukdthia, kaposi's

Cl - Ceal kyl oxyCl am no Oeal I al_kyl kyl, and
di (G - Coal I tyl )éﬁ"P‘H‘E?CI'W%%ﬂ'?(ﬁ" AYREP" If%auge m?/di gweﬁp%ggéoﬁgd p or a

bri dgi ng group. restenosis; gynaecologifeeanpes SUqRAS Gregst W’@P@Ps“???"&ﬁ“ﬁ Bal kyl-0-
group in which hgicad Qagitsl bnd SunaScadler,deriomediihl Ihgpemlasia; dasteintestianl Yact he

heteroal kyl oxy i.2.2 &gy e%%ﬁ&&&n%%@mpsm& B GasiBYank®, pandmatieTi Nal gr oup

or a bridgin roup rt of a
gr oup refgrsgtg"@ﬂ"a’uﬂ’é' blagder nRIm L&'“%Imc{ IL’Lg'hrggl ‘Im’gh E&E(Qg?'g aPﬁ 5 or 6

nmenber ed ar omat irenatdancgl umvlbhgd%w%f”’?m'éa'}?ﬂt @F'I?a?f‘ s“ﬁ's"a?’? Lt oms in
the aromatic ring mdidnbmd; Neaii ammuneeh asfglietstomanapugbiantamah estiegytamdr bon at ons.
Sui tabl e het er og EQI%I.,QCEHQ%HI lglidA@E.N meSlMERBmAN hesiglinidB U bstrobiioranpl es  of

het I I b t.h d I
penoxazol o, PoelMBLHETIBIE, M T <Pk o, A pgﬁg‘ﬁ* gf;éﬁ?ii&"phiﬁi i

furan, isoindol ilaynges! %mﬂo!eﬁ?'fétwﬁ’ﬁ@rﬁ%‘aﬁlﬁ'éas
pyr azol e, pyr i digtec), pydsarsiona; qygr distach mesh gy rtickblasterea; reusesiosskeletan | ndol e,
i soi ndol e, 1H ndazol e, Blhé MR indRuloska@slsli oplshe, Sqpntoalcar i ne,

napht hyri di ne, qui noxalin ci nnol.in n i ne,
acri di ne, phenaZ@wEome fd ﬁ@ldé"m"r 3 otherg mﬁﬂe gﬁ%b ! a‘glﬁg:;gmcﬁ{égg e,

| sooxazol e, Bur xaarke, uqﬁéﬁo‘%’&klpﬁb"a"‘?r °°'§’“'°’Ef‘r ‘“4 hypg PPl 5-,
or 8- quinolyl, adenomdtous pdlyposs)cobric adeoauataus belyng,mydloid dYEPIas'ﬂo?"dQT“’“I%dol yI and

2-, or 3-thi e“Y'dyﬁQa RetLENRIM rpediiial Swih Y BySR| bavical Gyspa€8, hvagial oar |
group. The grou 'mmgfthe"al 2optesh "Poral pret s Sibradhs, PAphiGHHs S SN Pacthe

and solar keratosis, seborrheic keratosis and keratogcanthoma.
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"Het eroaryi al kyr nmeans a heteroaryl -al kyl group in which the heteroaryl
and al kyl noieties are as defined herein. Preferred heteroaryl al kyl groups
contain a lower alkyl noiety. Exenplary heteroarylallryl groups include
pyrl dyl met hyl. The group nmay be a term nal group or a bridging group. If
the group is a termnal group it is bonded 20 to the remai nder of the

nol ecul e t hrough the al kyl group. "Het eroaryl al kenyl" neans a

het er oaryl - al kenyl - group In which the heteroaryl and al kenyl noieties are
as defined herein. The group may be a term nal group or a bridging group.
| f the groupve mom4sies minal group it is bonded to thePOUBY@AEINWIEr of the
nol ecul e t hrough the al kenyl group. "Het eroaryl het eroal kyl" neans a
het er oaryl - het er oal kyl - group i n which _the heteroaryl and heteroal kyi

noi eties are as defined herein. The gr3 p may be a term nal group or a
bridging group. If the group is a termnal group It |Is bonded to the
30remai nder of the reheeehedimbntothgtontitie idamtaebioamiukedr infanuoatory disease

" Het er oar yl oxy" reJ. &M@W&E&ﬁ@’ﬂeo&sa%&u& | Misevbdis Glat hdve berat emaryl |'s
as defi ned her e| n. ref er

t.eroaryl oxy eroaryl oxy.
The group may LRYiEptadepilly so0p0 'Bﬁﬁf ‘ﬁ““&mw %‘ ?q’fgorgfatq"vgv P%ﬁ%ﬁslroup is a
term nal group inflammgtoss atrb geMdsquigrizatine FespRRBSs driclu tf‘ehé"“ﬁ’ﬂl‘%cﬁﬂ t hr ough

t he oxygen agongisserfliated enoephatdﬁi,vaars)cyﬁ(ddrsms r sifeases tegemmsglbaineds, partially

unsat urat ed or Ll eh08 2 Lithd RIREHabfarhin Slerde Mg akigiol o ring

system cont ai n| atom sel ect ed Trom t

rqup
consi sting of rﬁ'?%g%‘ﬁe"‘%ﬁ?'?“ﬁ-r aneRrepledp e APkEesIng SPPTYR ¢ %{M’"’E’fegﬁ% es of
het erocycl i ¢ noingtodesyniroroe, acltitisispideme caplabtigandrya, stopiedeamaliis, aytegmweny|  and

Sheteroaryl . hgermolyti "drighi8) Aol hepad, duRhiufe bopharitheBsas degssd,oal ky

def
g(ra'?glroo?;cl ga{i’ E:%?dewﬂ&e%%yagh%gﬁt a&&h&g b%bﬁ't Eﬁ%?@?‘g@ﬁ oa?rgrgyﬂyl Agr oup.

The group may b@'a&ﬂw%ﬂasﬁéﬂ?ﬁ ’P"'&'"B?"PW
Het er ocycl oal kyChutgeSteuss syodrmesacmatutwuhmmyledl|°9m833|€@57't§¥'|'euk°f0€r pol ycyclic
ring containi ”gc&&ackigﬁ%mﬂﬁt@ ERERNaNeaE) BRhES Higkdsd, lcaiBnedist éoaigephiia, sul f ur,

f b ] Each
< proterapl y. T el ofhegn, LanA, Wil Al fa® ol S20" 1110

Exanpl es of 1&uidiakplice 'EWOPP@VerWW@f%a¥W?’W° sﬁﬁé’?ﬂ“{aue"ﬁf@“ﬁ"%c‘?"mﬁ%" pyrrolidyl,
t et r ahydr of ur yl eczdnekdug hyddmatitisi ofesirmphilic, fpsciilisn dydsinrophlip e rgastippnteritis,

tetrahydropyr S IdernlisgéipBJuLJan@vans’Ls;%ardhazia@aﬁbeaave&méPdsma&pmmgdd I4I
oXazepane, an o r is a
b %%? @E.? Wes s;ﬁcﬁéa&y Qrkinodl” GdRsel YihER! | Y
y

C2- C12 heteroc rm nal é;rroup or a

bri dgi ng gr oup.diseasphGiifesy ngerme a&'l‘"R?}? F@F@r E“ef“BMT""t'C syn
het er ocycl oab kyﬂefpaﬁd<yératmgrlampoamvwdnns; Hdieplathic Hetereititiglc prsmeriia, rididpatiind al kyl
noi eties are aspdfbddpSitaRChuiur:, EXRAMEOGAY bowel diseases, Kawasaki's disease,

het er ocycl oal kyra' A S ijyna{wg.g'ﬂa%&atoﬁts&mqf o L g

(2- tetrahydrot erm nal roup or a
bri dgi ng group. planes, t"H@“gP'%'aﬁSs Gy oo %%5“1 ol BT o ¢ ne
remai nder of t heega®blastici|aper@st Memaigh disbase, aMRty#nSgF'Gﬁnp Mucha-Habermann
25 disease, multiple myositis, multiple sclerosis, myasthenia gravis, necrotizing
enterocolitls, neuromyelitis optica, ocular pemphigus, opsoclonus myoclonus
syndrome, Ord's thyroiditis, paroxysmal noctumal hemoglobinuria, Parsonnage-
Turner syndrome, pemphigus, periodontitis, pemiclous anemia, pollen allergies,
polyglandular autoimmune syndrome, posterior uveitis, primary blliary cirrhosis,
30  proctitis, pseudomembranous colitis, psoriasis, pulmonary emphysema, pyoderma,
Reiter's syndrome, reversible obstructive alrway disease, rheumatic fever, theumatoid
arthritis, sarcoidosis, scleritis, Sezary’s syndroms, Sjogren's syndrome, subacute
bacterial endocarditis, systemic lupus erythematosus, Takayasu's arterilis, temporal
arteritis, Tolosa-Hunt syndrome, Type | diabetes mellitus, ulcerative colilis, urticaria,
35 vernal conjunctivitis, witiligo, Vogy-Koyanagi-Harada syndrome and Wegener's

granulomatosis.



Het er ocycl oal kyl al kenyl " refers to a heterocycl oal kyl -al kenyl - group in
whi ch the heterocycl oal kyl and al kenyl nvieties are as defined herein. The
group may be a termnal group or a bridging group. If the group is a
termnal group it is bonded to the 30 remai nder of the nolecul e through

t he al kenyl group. I|-letercoycloallryl heteroalle neans a
het erocycl oal kyl -heteroalityl- group in which the heterocycl oal kyl and
het er oal kyl noieties are as defined herein. The group may be a

termnal group or a bridging group. If the group is a termnal group it is
35bonded to @#aT5nder of the nol ecul e t hrough tfm?¢¥$%@8%?%§l group.
43 "Het erocycl oal kyl oxy" refers to a heterocycl oal kyl-0- group in
whi ch the heterocycloal kyl is as defined,herein. Preferably the

het er ocycl oal kyl cow i s a Cl- C8heterocycl oal kyl oxy. The group may be a
termnal group or a bridging group. If the group Is a termnal group It is
bonded to the renmai nder of the nolecule through the 5 oxygen atom

"Il eterocycl oal kenyl okan evenff@iher dspectthb @ventierchrelideslideany torfbourgiradthe i N whi ch
het er ocycl oal kerl%vlfantfﬁ in3he %@J&h&_ﬂ@rﬂ E?'{lﬁ‘cgmerf fo?frﬁ(f@bd B In an animal in

Het er ocycl oal kenyloxXy 'I's erocycl oal kenyl oxy. The groyp may be a
terminal group dfhich "%W?i‘g:lfﬁ'lj’°@P’Brﬁﬁ‘.'°“?"fk"i"%"‘?ﬁ@“&f"&%%é“’&” ‘fog?’%{'%‘gl group it
i s bonded to §he seamuthmahine pateint Kresaw] efgagmenttoha camplex theegolo p diendtional om
" Hydr O?Yalr]ky;] a%ﬁﬁ&a‘kn{tﬂer@dﬁaﬁ* é@{éb kiftHs© b flﬁgmdﬁéﬂa!wﬂp!&mn@éonorlamnmmh one or
nore of the hydrogen ato as r
hydr oxyal kyl gr &@"ﬂ%ﬂ{‘?}%mﬁ&ﬂ"?"ﬁ ﬁﬁé‘nstoﬁgmeﬁ’l%rg%%%a @%ﬁ%"%@?y d?\l n groups
of this type n iteaofdiiopal |y from1 to 101 nore preferably from1l to 6,
nost preferably 1 to 3. x is typically 1 to 6, nore preferably 1 to 3.
'r']nger albkyl 10as a V\ﬁ_rIﬂ‘ﬁpotﬁ’éggégﬁct%lp?égnﬁ%m%r%ﬁﬁgﬁieféfﬁ@omp%ﬂnd&ifi6phat ibc 20

ydrocarbon group which may be strai ght nche car bon
atons in the chdi%"epise 8’1}%@%@" %‘_’?p(t)a%& s?:[g\r bof)anesorspﬁogﬁ'bg%mgrféé ﬁ?l , ethyl,
propyi (n- pr opyitregiment sbmeagitidn)in whichahittjon afeng ge pere protels{3ase(s) sylecte
tertiary-but)l) fofhhee Gro@uUgnimiig biea serineithreomiicd proteio kipaseror @ flagimeyeng gr oup.
25" sul finyl™ ”Egpnﬁp;ﬁﬂnd%oﬁﬁraq el ivaleft idrdof dhala PR KRagl P4 Ragii b OH,

"

I kyl, | oal kyT, et kyl™ het .| def i ned
ner 61 The. o ol 8 A i sl s i B SRR "

group |s a ter nmpathblogyovagymplomelegylebiheieatditas t he r emmi nder of the nol ecul e
t hrough the sul fur atom 30"Sul finylam no" nmeans an R-S(=0)-NH group In

which the R group mayy, Ptﬁne Ahédethe (rt6h RAsK ¥laseMiEinfloRRYrb@dkitays . aryl or
het eroaryl group as defline ﬂerel

n. The 0 may. be termnal group or a
bri dgi ng group. o f ffaﬁ'é"bl”bﬁﬁ"mgexat_h?rg?frﬁr r?gfr “%‘5‘8'11%“}1‘."‘?9"? g'eﬁgf;ldlggo T% the
remai nder of 2a hemheriresnis|the sefinedhrepning Retei; KnaERAE A ragMsAY or oggplex thereaf s
2009/ 045175PCT/ SaftO8/fiiéldKiiaselér a fragment thereof, or a complex thereof or a functional
equivalent thereof. In some embodiments the serine/threcnine protein kfnage is

mTORC1 or a fragment or complex thereof or a functionat equivalent thereof.

25 In some embodiments the protein kinase is a P13 kinase or a fragment thereof
or a complex thereof or a funclional equivalent thereof. In some embodiments the PI3
kinase or a fragment thereof or a complex thereof or a functional equivalent thereof, is
a class | PI3K or a fragment thereof or a complex thereof or a functional equivalent
thereof.

30
In another aspect the present invention provides a method of prevention or

treatment of a proliferative condition in a subject, the method including administration
of a therapeutically effective amount of a compound of the invention.



group may be a termnal group or a bridging group. If the group Is a
termnal group it is bonded to the remai nder of the nol ecule through the
sul fur atom "Sul fonyi am no" neans an R S(=0)2-NH group. The
group may be a Sterm nal group or a bridging group. If the group is a
termnal group it is bonded to the remai nder of the nolecule through the
nitrogen atom I1'l's understood that included in the famly of
conpounds of Formula (1) are Isoneric forns including diastereoi soners,
enanti oner s, whasbheapss, and geonetrical 10 isoners i nectiséoosmodsss’
configurational Isomer or a mxture of E and Z Isoners. It is also
understood that sone isonmeric fornms such as di astereorners, enantioners,
and geonetrical isoners can be separate## by physical and/or chenical

met hods and by those skilled in the art. 15Sone of the compounds of the

di scl osed embodi ment g, %&ﬁe?&%?&& m@%re&nﬂﬂ-be%n&atﬂ?crv@sy {ROURIcEa cimpoaat es, and/ or
m xtures of enantiomers an

ste
stereoi soners, MadueREPLE “ﬁrﬁ'ffp‘?ﬁ"i?f‘ﬂ aégad[cﬂ%ngéfmaﬁl?e p?o}rq{? N &g’%& e wi thin
t he scope of thesuhldoj ect matter described and clai med. 20Add| tionally,
Formula (I) is intended to cover, where applicable, solvated as well as

unsol vated forms of the C.{@gamgﬁs i Bt ST diBSliiisne Ompounds

havi ng the i ndi cat ed "StT U I'nc

ng P %‘E asvvell as the
non- hydr at ed f ofgnger @?FH@GQ@P%‘“?)WMWT%Q é"aé QI PR SUELPY s refers
to salts that reyeopolitshatveddisirdees(idiipathlo givelaibragist palvoxtiemiss verd gessential

above-ldentifi eg,HRBRMIRAS: AR |niyehid d Rukdiad) TRk GatdidsiaC eapiiabl e aci d

chleplt g& Zaamsd%& ﬂ?n?i?%h g%IFTIIgOaQ!rItg@LIéF%%i IJIIeﬁ\ tQQ FBB{ @HEhI&ﬁtla y

ornu be prepared
from an | nor banHedgkio's chne rNop r Hpdgkirts @F“Q%lBC“MW °"E‘xéﬁ15‘l & Pr@ﬁ’@h i nor gani c
30 acids are hyd@a@dg&mﬁd:synsmhés,lrplasma aaltl dpbrderp haii eell devkemla. Akapesiior i at e
organi ¢ adds rra ok %Mamaalcm&&hehcas bl bAakdmiahevaied careéromaLt i C,

&
het er ocyclic car g{éﬂ?%apﬁgw%"gﬁ%m §e§doqﬁ‘amar !agia tesfne@ P! es of

whi ch are form & WeniT, q g‘aconlc | acti c,
MaRC, tartaric, tradttoancer stchnasr olorectah Fasinomag paps. e ?aﬁ?ﬁ" 93¢ GRERI) £ oni c.
Addi ti onal | pf opaRaiehtRbaker, pRIEGHMEE earichrc arinky trad cepdrabiness swbtels csst. be f ound

gg' n Eemt ngton' %.Tg’eggkmﬁfﬁ o&abnnﬁbﬁme&ml%rﬁdmémmmr Bb!l i shi ng
., Easton, cas s. tha is

under st ood by t RS ¥k P JUP ?ﬁ"ﬁm‘f ?Féa'" ngsr %uclt" i?bﬁgtgmg\?rlghlg??/sédn%onpounds
agents and sal t sstsyomay | ependyrpnwi fbralystam aiprias zE]eF‘f"PFEﬂSUP‘ap&EQ'Wﬁ?aﬁhl c forms,

all of which ar asﬁoeﬁcﬁmdeﬁhoa@drbgﬂomtﬁb:am abdesck cemrer gfch teh @agpkasema@l | nvent i on
and specifieg for REEHAS ry AraGtOdERGAE! Bikkh (e Adng LtARRENGO € S

conversion (8 a (I %ﬁbg,(gfg{;u@a (I M3, BhRhp st e

usual |y by mnet af5iak uctlon or oxidation).
For exanpl e an elslatn divearss sechos O&%Wﬁﬂi’ﬁ'ﬂi‘sﬁ'f°s‘1°lﬁ|eﬁh?e$p'fﬁ"} SBHTPY ning a
hydr oxyl group gBilcakkRorfddnddibrbiti dmeurby hydrol ysis in vivo to the parent
nol ecul e. Suitable esters of conpounds of formula (1) containing a

hydr oxy!| grﬁéﬂponat esare foggtﬁ%%@' ef ofifh R%Eﬁi?e:a Li L8k forn heddil. at es,

tartrates Thasean p| onat es, succi nates,
fumarates, mal eates, nethylene-bis-8- hydroxynapht hoat es, gesti sates,

i set hi onates, di-p- toI uoy| tart rat es, nethanesul phonat es,
ETAILED DESCRIPTION

in this specification a number of terms are used which are well known to a
30 skilled addressee. Nevertheless for the purposes of clarity a number of terms will be

defined.

As used hereln, the term “unsubstituted” means that there is no substituent
or that the only substituents are hydrogen.
35



et hanesul phonat es, benzenesul phonat es, p-t ol uenesul phonat es,

cycl ohexyl sul phamat es and qui nates. As anot her exanple an ester prodrug of
a |Is conmpound of formula (1) containing a carboxy group nmay be convertible
by hydrolysis In vivo to the parent nol ecul e. (Exanples of ester prodrugs
are those described by F.J. Leinweber, Drug Metab. Res 18' 379, 1987).
Simlarly, an acyl prodrug of a conpound of forrmula (lI) containing an

am no group nay be convertible by hydrolysis in vivo to the parent

nol ecul e (Many exanpl es of prodrugs for these and other [22& [fﬁp’ tional
groups, i ncMei@4dThR nes, are described in Prodrugs: 8?\3 and
Rewards (Pads 1 and 2); Ed V. Stella, R Borchardt, M Hageman, R Ollyai
H Mag and J Tilley; Springer, 2007) The term "oxygen protecting group”
means a group that can prevent the 25 oxygen noiety reacting during
further derivatisation of the protected cﬁgﬁound and which can be readily
removed when desi r eThe tbrm "optienalintsbeituiadhas usprthpyaberd te PRAFIGFIUASTE r enovabl e
in the physiol qgiGal geb@hey BYmagkdibalfutiet sbaiied opliwetisses o Rrampl es of

oxygen protecti n,qﬂ% W%’f‘ g@%%ﬁmm& ﬁ,auséhsa&ma&@w&p)s et her s

(such as net hox§ B- net ho et hoxy @6 Pé,her (NEM

p- met hoxy 30bergesthin emprsimepts i) substiue o f"f’?ﬁﬂeﬁ%%/?ﬁ"f e‘f%(gr vaﬁ

Tet r ahydr opy§ anselefetPirym thagrder dopdistied df balene(, SO #5. eﬁN e nACEN Pl Y' (TI\/B)

tert- butyI di rres}“m‘% 54"4 Wk Q,],QQMS) halbikehy, | InGIOAMyEUNY Sitorpblky(, TlcyRBplkyl, The

term' nitrogen pro ‘ect'n t NeyRESRYARY, t he
35ni t rogen noi e "‘f"@ﬁﬂt?eﬂeé&ﬁ‘ﬁ?akﬁl ﬂ‘%@ &'@Q’é’%aﬁi’%’fﬂ ;aﬁmﬁ% pr ot ect ed

conpound and whietdrocgcioakidelvt eadi F‘?“”P@Wﬂ'%d whanel§dsi r e ‘embodi ment
the protecting m&&bpcloaﬂxﬁallke‘ﬁw.r ermpiiohye: | hetérbaeylghensi okwsigplsdneterelkyle by

natural net a[ﬁg G%Talkﬁxanmlﬁéermk SUi ketdrdaBhBlefosling en hpreyect i ng
groups that o ude f al ycyclo% |h§|k¥t R fer R ridaltlt,
trichl oroacetylh hV E?fﬁ“laWo&E‘ﬂ?’?i ¥p c 3oy oacetyl. uret hape- type

bl ocki ng gr oupsmwmsaimmw@wca&kﬁwwocﬂoi‘g'fs‘“m
4- phenyl benzyl oxusaskony! ,cydEau@iofyet hy| behatwdngseycar bompjdrocycloaliyloxy,
4- met hoxybenzyl o ca 40 falst zy,L, ¥ arhae,awoxy arylalkyloxy,
4- chl or obenzyl 09?3% %AO% or(% et

2- chl or obenzyl oW&%rﬁﬂ%‘ﬁ?‘W “?Y‘ niRg @R "8‘5"8%3”2 foxyc ' mlnf:\i sumnyla;mc:’
4- br onobenzy| oxyurenyh clkylbufors atyisuifentheamigesiliogh Sufiyh Akylsulfioy, aryisuifing
4-ni trobenzyl oxy,ﬁ,ﬁgsbﬁ@)éhmoé’fkyﬁ}Cﬂdsmbanzvbmtycaﬂm%)q(—o)ﬂlﬁﬁ’ﬁ §PeHHonyi
(150c), 2-(4- xeeyk‘&?hgﬁpro RE¥¥Car epiorel. IndicebR, etNRG(=0)NR'R’,

10yl oxycar bonyl henyi [ op ar DOV Ri=E OC(=OIR® and
2- phenyl pr op- 2_ g&%ﬂwg 3& %&W&" OB B}Sl OINRR®, OC(=O)R" an

tol uyfi-prome2- ydyoxycar bonyl , cycl opent any/ oxy- car bonyl ,
nethylcyclopentanyloxycarbonyl,cyclohexanyloxycarbonyl,1-
rrelt hylI cyﬂ 0he;<anyﬁxy g rsﬁ& ﬁ%:&x&h@?@@a&wmwwmé (frﬂup( 4-
t ol uyl sul f ono) - et hoxycar 0 "
15f i %/I pheny! pho%ﬁ?‘ﬁé vt o%f’d’é oﬁeclt‘ Q%#"i‘ﬁ'{ﬁo %’&%&anhggg%ﬂ@ﬁ%;y 2If°( "FMOC)
2- firimethylsi hytéiomkyhoRy@ieytientiy C3EQ’4°W°5'W arBGr#ee Gl ”
1-firimethylgil y,gtg;gg,huémem ap-ClsaryleQyCgnetemanyb andyacyl. or any two or more of R",
5- benzi soxal yl rr?dt}ﬁ A Ydken @%WW)(A Whichaley benrydchedI@m2s

y on

trichl oroet hox et hyn xycar bonyl ,
cycl opr opyl et hbﬁ@%ﬁvﬁ?d'ﬁws e’ﬂ"’“’(%‘@é%‘é c’prggbenzyl oxycar bonyl ,
i sobonyl oxycar bonyl , 1- plperldyloxycarbonlyl and the
In some embodiments each optional substituent Is independently selected

30  from the group consisting of: halogen, =0, =S, -CN, -NO;, -CFs, -OCF;, alkyl, alkenyi,
alkynyl, haloalkyl, haloalkenyl, haloalkynyl, hetercalky!, cycloalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkenyl, aryl, heteroaryl, hydroxy, hydroxyalkyl, alkyloxy,
alkyloxyalkyl, alkyloxyaryl, alkyloxyheteroaryl, alkenyloxy, alkynyloxy, cycloalkyloxy,
cycioalkenyloxy, heterocycloalkyloxy, heterocycloalkenyloxy, aryloxy, heteroaryloxy,

35  arylalkyl, heteroarylalkyl, arylalkyloxy, amino, alkylamino, acylamino, aminoalkyl,



20 i ke; benzoyl net hyl sul fono group, 2-nitrophenyisulfenyl,

di phenyl phosphl ne oxi de, and the like. The actual nitrogen protecting
group enployed is not critical so long as the derivatised nitrogen group
|s stable to the condition of subsequent reaction(s) and can be
selectively renoved as required w thout substantially disrupting the

remai nder of the nol ecule including any other nitrogen protecting
group(s). Further exanples of 25 these groups are found in: Geene, T. W
and Wits, P. G M, Protective Goups in Organic Synthesis, Second
edition; Wley-Interscience: 1991; Chapter 7; MOM 6cyhcadmsooddhe (ed.),
Protective ®WOGHIE4SIH Or ganic Chemi stry, Plenum Press, 1973; and Koci enski
P. J., Protecting G oups, Second Edition, Theine Medical Pub., 2000. 30The
term"therapeutically effective anount"” 3$r "effective amount” |Is an anount
sufficient to effect beneficial or desired clinical results. An effective
anount can be adnlnlster fective
amount | o typi oo ELAHECH PR Ry S dboy, fEOGR,

reverse, slow or-Sdeindgovt he progreSS|on of the disease state. 47

The term "functional equivalent' is intended to include variants of the

speci fic protein Kkl nggansPephfciafFsiftibiedpibnarisiitientsliiciudé F,|Cl, BE | CRgler st ood
t hat ki nases may_have |sq%gng§ é%(@§1ﬂﬁﬂ |l e the primary, secondary,
Ry Ol Qtey (i £ Ny

tertiary or qtiat@iH i'nase isoformis different* to
t he protoypl cal kinase, the nol ecule maintains 5 biological activity as a
prot ei n ki nase. | sof giHertsfinitiys dliintebel ofaovstiventetetonit| sedtated thad fieatrdudn Wit hin a

popul ation and ip %bBQQerHHLI%HUQHrSA Sl @ TR iAEide © Rt atthi @6,

deletion. additi truncatl on th|n t he
term "functi onal of &8 M) §iinterded *&P@W%@ﬁf@%ﬁ‘@”@ %Q%.Q%LH&?E
transcriptiono Maythéipotiesst e molbayldian welhaiehers s ipynal MRRhe s%’fhﬁr m; t hat

arise from transgg Riy g@ﬁﬂ 8tain@e, sohde puSlichtdnaivam dseamteth GtkylérieTRr has an
(sororminal 1S dGed Fai aha fhe i Rek }lﬁk&gblwmnsqm;aﬁm%hmnmw val ent's

| ncl ude ki nases %

I atl@‘@ dl{l%@ |o ?ﬁCh as
gl ycosyl ation. 1tsmspa fﬂﬁmﬁﬂ hd@doT TRER SR i nc
fol | ow ng: X- 127pglichiM nblsuch distion is made and most groups may be either a bridgmg

15 -group or a terminal group.

"Acyl" means an R-C(=O)- group in which the R group may be an afkyl,
cycloalkyl, heterocycloalkyi, aryl or heteroaryl group as defined hersin. Examples of
acyl include acetyl and benzoyl. The group may be a terminal group or a bridging

20 group. If the group is a terminal group it is bonded to the remainder of the molecule

through the carbonyl carban.

"Acylaming” means an R-C(<0)-NH- group in which the R group may be an

alkyl, cycloatkyl, heterocycloalkyl, aryl or heteroary! group as defined herein. The

25  group may be a terminal group ar a bridging group. If the group is & terminal group it
is bonded to the remainder of the molecule through the nitrogen atom.

*Alkenyl” as & group or part of a group denotes an aliphatic hydrocarbon
group containing at least cne carbon-carbon double bond and which may be straight
30 or branched preferably having 2-12 carbon atoms, more preferably 2-10 carbon
atoms, most preferably 2-6 carbon atoms, in ihe normal chain. The group may
contain a plurality of double bonds in the normal chain and the orientation about each
is independently E or Z. Exemplary alkeny! groups include, but are not limited to,
ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl and nonanyl. The

35  group may be a terminal group of a bridging group.



51 WO 2009/ 045175PCT/ SG20081000379 52 ,r12 NN tkrer NA N 7-- or a
phar maceutical ly acceptable salt or prodrug thereof. The conpounds of the
| nvention. have the ability to Inhibit the activity of 5 certain protein
ki nases. The ability to Inhibit kinase activity may be a result of the
conpounds of the invention acting directly and solely on the kinase

nol ecul e to inhibit biological activity. However, It |Is understood that

t he conpounds may al so act at |east partially on co-factors of the klnase
in question that are involved in the phosphorylation process. 10

The corrpoun%lla@)ﬁégfg%ve activity against PI3 protein peimsascsra fragnment
or a conplex or a functional equival ent thereof. The

conpounds may have activity against certain serinelthreoni ne kinases 15
such as mMTOR or a fragnment or conplex & functional equival ent thereof.
The Inhibition of the protein kinase nmay be carried out in any of a nunber

of well known ways in the art. For exanple |f .1nbibidion af dihg protein
kinase in vitro is dé@?ﬁ%ﬁﬁdﬂagﬁ%?%5r?g$%%gwéﬂt?m%€&%ﬂglcongoqu of the
i nventi on may thered dRederted aligenyloxy groups are C4-Cs allienyloxy groups. The group may

a terminal group or a bridging group. if the group Is a terminal group it is bonded to
the remainder of the molecule through the oxygen atom.

“Alky!" as a group or part of a group refers fo a straight or branched aliphatic
hydrocarbon group, preferably a Cy—C;; alkyl, more preferably a C-Cqo alkyl, most
preferably C1-Ce uniess otherwise noted. Examples of suitable straight and branched
C+-Ce alkyl substituents include methyl, ethyl, n-propyl, 2-prapyl, n-butyl, sec-butyi, t-

10 butyl, hexyl, and the like. The group may be a terminal group or a bridging group.

"Alkylamino® includes both mono-alkylamino and dialkylamino, unless
speéiﬁed. *Mono-alkylamino” means a Alkyl-NH- group, in which alkyl is as defined
herein. "Dialkylamino” means a {alkyl);N- group, in which each alkyl may be the same

Is  or differant and are each as defined herein for alkyl. The alkyl group is preferably a
C,-Cq alkyl group. The group may be a terminal group or a bridging group. If the
group is a terminal group it is bonded to the remainder of the molecule through the .
nitfrogen atom.

20 "Alkylaminocarbonyi® refers to a group of the formula (Alkyl){H)NC(=0)- in
which alkyl is as defined herein, x is 1 or 2, and the sum of X+Y =2, The group may
be a terminal group or a bridging group. If the group is a terminal group it is bonded
to the remainder of the molecule through the carbonyl carbon.

25 "Alkyloxy" refers to an alkyl-O- group in which alkyl is as defined herein.
Preferably the alkyloxy is a Cy-Cealkyloxy. Examples include, but are not limited 1o,
methoxy and ethoxy. The group may be a terminal group or a bridging group.

"Alkyloxyalky!" refers to an atkyloxy-alkyl- group in which the alkyloxy and alkyl
30  moleties are as defined herein. The group may be a terminal group or a bridging
group. If the group is a terminal group it is bonded to the remainder of the molacule

through the alkyl group.

"Alkyioxyaryl‘; refers to an alkyloxy-aryl- group [n which the alkyloxy and aryl
35  moieties are as defined herein. The group may be a terminal group or a bridging



20 solution containing the kinase. In circunstances where it |Is desired to
inhibit the activity of the klnase In a mammal the inhibition of the
ki nase typically involves admnistering the conpound to a mamal
cont ai ni ng the kinase. 53 Accordi ngly the compounds of the
invention may find a nultiple nunber of applications in which their
ability to inhibit protein kinases of the type nentioned above can be
utilised. For exanple the conpounds nay be used to inhibit
seri ne/ t hr eomiorreo9®43s150t ei N ki nases. The conpounds mayPEIsSRI@IISed i n
treating or preventing a condition in a "manmal in which inhibition of a
protein kinase and/or co-factor thereof prevents, Inhibits or aneliorates
a pat hol ogy or a synptonol cgy of the cof@ition. The conpounds discl osed
have the ability to be used in the treatnment of to proliferative
di sorders. An exanp! f wefgrodp'lh temMkiGRILE Rlis doRdddRE Femalhdier bthéMbideGh pat ed t hat
t he conmpounds wi | | nﬁﬁe he ability to treat both solid and liquid tunors.
In some enbodi mNPENREVENRers that nay be treated by conpounds of the
present Invention include solid tunors and henat ol ogi cal cancers. 15As
used herein, the ter makgagaaibnl"Sefars e @R lakll-G-SEQ)- igrobe mdetdtht akyeim@onpass t he
vast nunber of G hdah St oRlfie RARAGIRE I Al Biunt BB Hok&f] abnor mal
s. It Is anticlpated at th

growt h of cel antic e conpoun of the ] nvention
Wil be useful PH &% aimigy 1o ?‘W@%@Pf‘wﬁ%ﬂn B goum By 4’%1 ted to
bone cancers, bremnalarede @ridgingweous, If the rau is 8 terrejeal groupdids kandasitathe cancer s,
endocri ne cancenhgmdinaed olb MBlecABNRELGR Bb tarbonlt cdon. Car Ci noma, pancreatic
cancer, pituitary cancer, thyroid cancer, parathyroid cancer, thynus
cancer, gastrointestinal cancers, Liver cancer, extra hepatic bile duct
cancer, gast Moi nt est Nkigxyascioalion, safers o, AR pkvifaFYFodYa AP TR e the
genitourinary catkgoysnd gyioigoadiaen aabs defimudesin. Migegiouamay beelemdmwhcer s,

| eukem as, nyel QRBS or BB draih.C 3 thelighap GEA Jormihal JEbuS ANE B6rled loMiR@hoNBS, eye

cancers, skin cancer,s of{) 25 . 1] %r n@ﬁ adult soft tissue sarcomm
1 g I z 1
"Whgs sarcomm, U "?aﬁ‘g?rfﬂgvg [eécrtﬁé(t:héoﬁ@zé{g. 575 Exenpl ary cancers that may

be treated by conpounds of this invention include Hematol ogi c cancer such
as nyel oprol isf er at i vakytixgetcben’s réferslitopat dlkwoxBiteraayt | godup bin owics , the _
pol ycyt hem a VeLgyog anftidterdalyl hddied 00 Sy ddARd HareinC MReQjrduf miy Bd Plefhidacukem a) ,

nyel oi d nmetapl asta, chronic I nticytic.l yphocytic
| eukeni a, acut e%f"&f’ﬁ?%%kgtq%ésl gﬂiﬁ%ﬁ{oz'ijy 'ﬁ—%&eﬂﬁﬁ%@%ﬁfﬁhﬁ—%dﬁl n's
di sease, B-cel | ramapgeratiae melecyle dhropaiyiae hetergat @AYPa, nyel odyspl asti ¢
syndronmes, plasma cell disorder, hairy cell |eukem a, kaposrs sarconm,

| ynphoma andjhyper prglyjdeiobyéBane® Vafels! @Nen Ryldkylhdlerdt§ciddkp! gasd  and

rest enosi s; gynaecolo cancer s_br. C : i.an cancer,
cervical cancer ,‘"ﬁ%g'f’%Ig’ﬁ?’%ﬁﬁ@eﬁro\sf’g&ogﬁc"gﬁﬂ%}ﬁ%%sn@rﬁdg‘?g_ﬁ' ggéf( ,d' sia; 54
gast r oi nt est i nafmay p@aeTpigM geopp e A pidgias gayRyr IEEE APURIS A RBREUB ISy ps, | ver
cancer, gastri c beaat®ethe rgpmingsretihe moleale thegugh te hdterdpycirate orogmncer ; uri nary
tract cancer such as prostate cancer, kidney and renal cancer; urinary

bl adder cancer, ureth [ eni n : i h as

mel anong,; brgsi n tu_mu&%llssﬁlg'ﬁpg@ea%ﬁ ﬁ’o@*"}gg}(ﬂtﬂ'&;&g@ iﬂ?&'rcglgﬁggstc ggrrgéw‘%st rocyt ona,
ependynoma, br aheeigt dhe g 8RS PRl b CeA YA EMBh RIS ¢ oyt onm,
ol i godendr ogl i og®mypstvede, hut dotriimitH tog ewetbdsulfipyl et ethsisulfing o Piearopppedie scar ci noma,
| aryngeal car Ci kyphiRal gfofSd? abidghh Yrolig. AQhe GFAPGES tefiiaiyraap it lswodie€ BRI MONME

(NSCLC and SCLO,, es At Rehd QIR imENfind LitGaRf, Such as retinobl astoma,

nuscul o- skel et oft dl'seases suU st eosarcoma, nuscul oskeleletal to
neopl asm Sg¥fanous cel |l carcinoma and fibroid tunmour. Conpounds of this
| nvention nmay al so beéAkyseltbni'orefersdaan gkyeSEahcoup dowtisht dlalis apdefitadper pl asi a

i ncl udi ng fani | iggdve ARG UNIERET HRMRHROSESCaRPhOI ExaitiaaithRi)us netol yps,

nyel of d dyspl asi, g, GnAQlfdd nd MRRLARH A inLGRBTRY bl Bloni Gl Fa 8 W ¢
atypia, cervical Efﬂ ‘bﬁ"‘és‘i a, vagin Intraeplthelial neoplasia, benign
prostatic hyper piidglp group dpihe sB¢PHE 2 garming| grops i ?r’&’}d"‘él‘,’t"i‘erfﬁ'ga'ﬂf’ﬁhﬁﬂ“’sol ar

ker at osi s, ssbomoleaichduphtesdiusatand ker at oacant honma. ) It Is also
anticipated that the conpounds of the invention will be useful in treating
aut oi mune or inflanmmatory di seases or di seases supported by excessive
neovascul ari sati on. Di seases that have been attributed with sone degree of



20 autoi mmune etiology, or that involve pathol ogical inflammatory and
neovascul ari zati on responses, include, but are not limted to, the
foll owi ng: acute dissem nated encephal onyelitis. Addison's disease,
aganmagl obui | nem a, agranul ocytosis, allergic asthma, allergic

encephal onyelitis, allergic rhinitis, alopecia areata, alopecia senills,
aner yt hropl asi a, ankyl osing spondylitis, antiphospholipid antibody
syndronme, aortitis 25 syndrome, aplastic anem a, staple dermatitis,
aut oi nmune haenvol ytic anem a, autoi nmune hepatitis, autolnnune oophoritis,
Bal o dlseasew ﬂﬁﬁg?¥ls di sease, Behcet's disease, ﬁﬁhﬁ&méﬁ&hnﬁ

Castl eman's syndrone, celiac disease, Chagas dlsease ront c I'nflammatory
denyel i nati ng pol yneuropat hy, Churg-Strauss syndronme, Cogans syndrone,

com cal cornea, comcal |eukoma, Coxsackye 30 nmyocarditis, CREST disease,
Crohn' s di sease, cutaneous eosinophilia, cutaneous 1l-cell [|ynphoma,
dernatltls erythrema nultiforma, dermatonyositis, diabetic retlnopathy
Dressl er's syndrone, "Wl éf)ﬁlgéP“Er?F PHbPh 910U F83 @A QliPhatic iy

dermatitis, eosignoptintaintglagadon-taren triabsbbmmhmhiprcmgd:stsvmmr@rmtmé

epi dernol ysi s bylelnsg ’haﬁr\baf %ﬁr W@fb@ﬁ‘ﬂomg h‘#ﬁfe%’?dfé?é])ly@l-ﬂé‘éﬁbdntd&ns, e&st ational

hi d | |
perph 500, o1 o R 148 e dTIARER! 1o o
Hash' note' s di sewswt Hmit&é#talewfllfbﬂ’ﬂrww' sm‘#@a!’ e fRrind 9%’? a't’\‘fl s, 55

i cht hyosi s vul ga#dgg greGp.Oopat hic intersititial pneunonia, idi opat hi c
t hrombocyt openi ¢ purpura, Inflamatory bowel diseases, Kawasaki's disease,

keratilis, keratoconjunctlwtls Eat on s rone,. |le r ma
vulgaris, lichen pi andomypwcrEs E’cﬁ"gzﬁ ‘@19 9PUR, {0 %ﬁgég’%', s [8p ﬁgﬁ'?‘?l gA

di sease, nacul ahereie.gémbrratalquloxssammgar%fcaﬁtwﬁoxaﬂrewaT"WPé}ﬂéb% di sease,
Mooren' s ul cRr, aMusiRagkdap 8r SBHAGIng4repa dahe dgrolptid Ploninalgdcip litlisbondadltd i pl e

scl erosi s, Wasih@?en'm%d&ro?ﬂ%ﬁme& rg}sgh%g ghhgsocolitls, neuronyelitis

opti ca, ocul ar gus, op soc onus syndrome, Od's
thyroiditis, par oxysmal noct ur naI hermgl obi nuri a. ParsonnageTur ner

syndr one perrphi gus, "maincatigibmedns s NH iy drouron whiehibendikd aqup fslas defiagd er gi es, 10
pol yﬁl andul ar aHér?h”Wﬁo%YM&%mﬂﬁSﬁr&fd&@ﬁdep P Ko rgRdul ishd | i ar'y
cirrhosis, its nnnary
enphysens, p 7od °Pﬂﬁd'9‘§é‘é’qﬁ eg%sdq%{ ?omrféﬁlderqg{/dégr@? o Bstru |Q{;/H(§3i ai rway

di sease, rheumatic fever, rheumat oid arthritis, sarcol dosi s, scientist
Sezary's syndrone, S mngnlhsylbwdsmfﬁ!rsﬁmamweW%maabﬂ%ﬁﬁtﬂ’ﬂ)‘@hrdi tis,
system ¢ | upus gyl BEeBhdHY Sroup.2HEYE SHous is2 tedhihd: igfup it ¥ TRMBEI to ke

arteritis, Tol 092 |—| entoﬂﬁé/ LT Gro Bgstrcg@evet es nellitus, ulcerative

colitis, urticafl g ver na conjunctivitrs ng, Vogy- Koyanag| Har ada

syndrone and’“V\égener s granul omat osis. The conpounds of the invention may
al so be used the prepayaes amgrogh capdOof angrelipcdenatest (i) fap optiopatiy sybatiuted condi ti on
in an ani mal | nmakcpdic, biédRipbtycsic, Alonatiddattioic (lky RABtere GauhgEfeatens , | nhi bi t

or aneliorate t n‘eﬁ P@Llﬂ%b%ﬁypm%ra@rraﬂpdaméw a&%sﬁ:n&%ghﬁibm arylfhe

conmpounds of the a of a
medi cament for @Repstipcude phamy! t‘ﬁp*“B!f‘eﬂ? e, @ﬁ (Ufa"a?p 'gg@_eﬁ T"{a'fagﬁ"dl sor der .

25Adni ni st r atsi osatodtedbicypism@tiodattatyalicFasieiiiip whigh 8 phery! 49d admscyeleatkybe by any
of the accept edonpgdegcibdieny? Biots ale faséditshetbr @iforan sydichstragurgrsath & rect al ,

or by par ent er al,, Sl i i Ahde oP HlhyE TR ) 2R USemivl GG ar

i ntravenous and % %on can be bolus or via constant
or internittent XdgirgEPH.. W@@@WW&“”& Eh%"o W 8% ypi cal.ly included In a
phar maceutically acceptable carrier or diluent and 30 in an anount
sufficient tg deli ver-Ar&mkénhem&%E b Bit-akedyh @roapia whicicaé bryl eed diemfliae dose. | n
vari ous enbodi nengérstdn‘wn '?s%é?ﬁ aWa %%Mdé}ﬁeﬁﬁﬁﬁcﬁbﬁﬁhyﬂﬁx' c or

[i

more toxic to rapid erat| cerous, t urs, than to
normal cells. Ih‘*ﬁﬁ‘ﬂ@a‘ﬂﬁ%"‘b’é‘ ‘Eﬂﬂq ?“Bf 'fﬁ'ﬁgmf’%\/éwr@)ﬂﬁg?‘f’?@ E"”Rdrb

adni ni st er ed i ntetmgredsindeosf thealenuetbrovghitiepikedk@aPt he conpound bi oavai | abl e.
One skilled in the art of preparing fornulations can readily select the

proper form and node Rrylal(%)%p%gnsdatnr g{é"@p %HQQQQM,@QML&W%QE{@ aparticul ar

characteristi’cs of the’e Lon tq be treated, the
stage of the comelfefipgsthere. tféeff"feééfy@ﬁy'&ﬁdp%‘foﬂ'@'[’ a%&a@%'?wc%?@lmﬁ't ances. W
refer the reader to Renl ngtons Pharmaceutical Sciences, 19th edition, Mack
Publ i shing Co. (1995) for further |Information.




5 The conpounds of the present Invention can be adm ni stered al one
or in the formof a pharmaceutical conposition in conbination with a
pharmaceutically acceptable carrier, diluent or excipient The conpounds of
the Invention, while effective thenselves, are typically fornul ated and
adm nistered in the formof their to pharmaceutically acceptable salts as
these forns are typically nore stable, nore easily crystallised and have
i ncreased solubility. The conpounds are, however, typically used
in the formof pharmaceutical conpositions which are fornul ated dependi ng
on the desired node of admi nistration. 15 As such in_sone enbodi nents the
present i nvavgiognspriovi des a pharmaceutical conposi t POFRHEPUH ng a
conpound of Forrmula (I) and a pharnaceutically acceptabl e carder, diluent
or excipient. The compositions are preﬁsred In manners well known in the
art. 20The invention in other enbodi nents provides a phammteutical pack or
kit conprising one or nore containers filled with one or nore of the
I ngredients of JhgiPhakiRCamtuiis aberzpmmeietiyion é-nephthalremetiieatd of. I n such a
pack or kit can i foun it ?ﬁ%r[#%, %?.bg'gvénﬁigalﬁr&@brta sHagiapPoup! Iftiee agent
(s). The kits c¥h PRAEY € a Ccof ,85| Lon comprl sing @le&‘iétﬁrﬁﬁ i agent
ei ther as concesreypds ademingl groygy[t FPorspd hie f%ﬁdeégp RONposSI T %s), whi ch can
be diluted furtduergrpupli or to use or they can be provided at the
concentratiop of use, where the vials nmay include one or nore dosages.
Conveniently, in the kit si.ngl SANSS hWied aivibredseri |l e vial s
so that the physici %V'%'gﬁwéfﬁlfﬁr%gg? g@%@?gﬁsgﬁg{\? gﬁg?ﬁeé{%rip::t hrg vials wll
have the desi r edkfieasdcarsin. Jheioreupitaybe @ JAmMiga) 9GP %Qg’ﬁ g{ng)gfuu%so% ated with
such cont ai ner (g ) téalyfoup aisi bonded B0thewemainden ofrteet ragtgcule Srayghc e @997 st r uct i ons
for use, or a n%ljnce In the formprescribed by a governnental agency
regul ating the nmanufacture, use or sale of pharnaceuticals or biological
products, whiPch notice reflects apEr.ovaI by the agen of manluf acture, use
or sale for human adMmamied” ainfledes bagfy W"Q@WH@F‘PdF"g’eé‘g%’ﬂa%ntﬁ"SPﬁed. The
conponents can {Racdn Minsag@iro neartshegreumnd fdmovisratylit, dhwiith 4 ss®par at e

I

%’.I

formul ations. If lohtoS | Qo ofuRlLAraLN-QMmere lelud agompounds  of
the Invention nf ﬁ%rene%glm&!ﬁﬁneﬁog&é%%} [ ﬂér;:éﬂ%ﬁi fﬂélgtu%‘ﬁ lay Wi th the
ot her drug(s). Ef’“‘esam‘””d'ffqr??t%’ﬂc?i’“ﬁa%h 8" BeIng a{ﬁ e to he ?{ﬁeni stered in
combi nat i on 1si t termimedgroup are bedgiag diown. dhikg sfwﬂ?gé?""f“ﬁ'éf%'aﬁﬁ8ﬁ??§ ot t he
invention may Dgmdn&d of the MoldQ8 irdigh thonitrdgbreatapy. VWhen this |'s done the
conpounds are typically adm nistered In conmbination with each other. Thus
one or nore of the compounds_ of the invention i gagSt ered

ei t her sinul t aneousA¥ °é§°°5‘y"é<5'!?ﬂ’?snﬁrha'ﬁ‘fh§£§?1a Fi @%E @fmicg, th%ﬂﬁ g':'dlsy in order
to achi eve a deséteregkybndieties arem#eﬁmfdsfwwpgﬁ‘f gpypm &PP%E‘B% SRHRP'E t he

t herapeutic Rr obidgfg @lous e goOPIe anaming gaid t rbemed ttbshrempiader ¢ conbi ned

effect of the two drUuds, AhR\bESs dpproved therapeutic result
. ! kﬁél}o p:'l . - .
15Phar maceut i caf"ohégfrl?poslll# ons of this invention for parenteral injection

conpri se pharnmaceutically acceptable sterile a%e%gs or Qog% Ueous
sol utions, di spersi ofgloxy telepeiasfnci-Oo arowh | v&icd 5,9 Jemied NI i | e
powders for recpngddtlydhd doxy @ Siayiody ondrapreferabitd S-GEMpR:- JHE 98P

di spersi ons %SUSt agu, Qrernfal bR GX & BRGRG orlip. Stithé glabyeis agermbalgraapd ionaqueous
carriers, di uent , oTven i

S s _or vehl ¢ water, 20 ethanol,

pol yol s (such a?""{j’f’?@é'?"d?",‘é'ﬁ?r EVF@P?%"“’S?@%‘JBF@L%%@H hyl ene gl ycol, and the
like), and suitable m xtures thereof, vegetable oils (such as olive oil),
and | nj ectabl e or ganirgryRSfoRA" Sneatec n arg-S¢Qy loros Bawhich U PAOUP Uity can be
mai nt ai ned, for g fmifaPgrbipivfa Brathied greupsif thaigrbupass | eci t hi n,

. deﬁ?&rlr&r& . 11939&)&&“5*%63% if ; :
by the nai ntenance o t'he_ r ire b BrdulnERmR ah.
di spersi ons, 3°ané"W'"P’W@’”%'@%é‘ﬁﬂ?&g{a&#é&%@ a )

A "bond” is a linkage between atoms in a compound or molecule. The bond
may be a single bond, & double bond, or a triple bond.

"Cycloalkenyl” means a non-aromatic monocyclic or mutticyclic ring system
containing at least one carbon-carbon double bond and preferably having from 5-10

35



These conpositions may al so contain adjuvants such as preservati ve,
wetting agents, emul sifying agents, and di spersing agents. Prevention of
the action of mcro-organi sns nay be ensured by the Inclusion of various
anti bacterial and antifungal agents, for exanple, paraben, chlorobutanol,
phenol sorbic acid, and the 30 like. It may al so be desirable to include
i sotoni c agents such as sugars, sodiumchloride, and the |Iike. Prol onged
absorption of the Injectable pharmaceutical form nay be brought about by
the Inclusion of agents that delay absorption such as al um ni um

nmonost ear at eyghgoaRiat i n. 58 if desired, anccrsceomeseffective
di stribution, the conpounds can be incorporated into slow rel ease or
targeted delivery systens such as polynmer matrices, |iposones, and

m crospheres. 5The injectable fornul ati¥®ns can be sterilized, for exanple,

by filtration through a bacterial-retaining filter, or by incorporating

sterilizing agents in the fo of L b CRIER i hih@Nsctidpat can be

di ssol ved or di %@ngﬁm?npeét@g]l I eﬁmgﬁé# %?ﬁ%*chégrc St e??'l e | nj ecl;eabl e medi um

Just prior to uewlopaniemy pygohrzenoe FYsioRgPtanYr  SheaPYCRYMI LIP AT on | ncl ude

capsul es, tabl esubstityséd Hysne @amatkeuisstituent grogpsa mutveastkenytgrapg dRicdly sisfrdos age

forms, the actiye aﬁ&{}rb%!.g.dTﬂeﬁmUB MacheV thihinal grdup s brigytd groogr t

pharmaceutical | y accept abl e exci pient or carrier such as sodiumcitrate or

di cal cl um phdsphate and/or a) fillers or extenders such as starches,

| act ose, sucrose, gl (Rwsloakyl” fefermia & saturgted mopeayels ar fuzed pr Sy pﬁﬁ?’f €rs such as,

for exanpl e, 15carcRydROpralarammit doythicied frorh 3@ 9 carbayis mert ring., sugfedscayéiapropyl,

pol yvi nyl pyrr ol ;ﬁ;,j.g ,c?élb%m%ycloﬁé]‘@la%ﬁﬁh& urfieks SINGARSLspELTBd. IUsud@s gl ycer ol ,
g agents

d) disintegrati > such, as agar-agar | Gi otato or
t api oca st ar ch, managysi; Bystas guch & £y .pf?"@i%f“n’ ¢ #Ees'?' %ﬁyﬁgg%%?ngu@a?sgonat e, e)
sol ution r etiar dievginagrdmplgyeicevstems sysh pnademantane) A syl PR PRI B2 at or s

such as quat er ngJ¥,, ARgIEHipd Mhagddlp Giap B a teginalgbupiongbrgiegdraupsuch as, for
exanpl e, 20 cetyl alcohol and glycerol nonostearate, h) absorbents such as

kaolin and bentonite day, and i) |lubricants suc t [qum

stearate, magnesi um ecaigky’ m F&yﬁﬁﬁ@?ﬁkﬁly?r@"ﬁg" gﬁ%@{"' g’,”@%?"ﬁm | auryl

sul fate, and ni skyimestdsaerasdbfined hereime Exemplarydgponecygraltyaly! orpups indide ang pil | s,

t he dosage fgr WEBMm@MyI.CG}&ﬁMnﬁ&eme Eyelhaxgmettye ardscyciéhe@ginetayl. cBheposi t i ons

of a simlar type ma%/r la gﬂmg %Up&%y@iggi@gsgrgdp_l It 86 Srobip s & RbdinaRgrebphear d-fi | | ed
suc

gel atin capsulemlt'f'srlng exclLprents as | tose 3l m |k sugar as well as
hi gh nol ecul ar R&PEi9e WWWVI"E‘E&"‘@‘P?’@&% “ﬂﬁﬁ’a"’f‘%%““ﬁ'ﬁ' ke. The solid dosage
forms of tablets, dragees, capsules, pills, and granules can 30 be
prepared with coati RGgioRFAKSHIR etnsSdlebloslyl-sikvng grap owidchrigescyelertkylot her

coatings vel J, Knoifehid wbiifes BAE BBAEH iR b Ghothalito BGeriiil guihia ey

optionally cBnt & op I'ng agents and can.al s fRsi tion that
they rel ease thB""@&‘BP%”'i'K@?&‘BT“S?]?C%T'"%W?%&%@% 3?92%?’.95‘19 y, in a
certain part of mbleeid thoegbtheaténykaravet | optionally, In a del ayed manner.
Exanpl es of enbeddi ng conpositions which can be used | nclude polyneric 35

subst ances and wax es%clog@"%gggw%ﬁ;a@ RCH /AR ARRA 3G upSA which the  The

active conmpounds can N mcroencapsul f f r,opri ate,
with one or #or évigpiylgad aﬁ?seaé‘y'n%ﬂ?‘%ﬁ?d“e@%?“ﬁ?‘téﬁ s%%@kﬁgy age forns
for oral adni ni samiatligonp ¢radtidpiie okmriHheean '%%Fwa?muﬁégé‘ﬁ'f 1°Zheerml si ons,
sol utions, suspaisifatrer theysiespis thedagh @é hetervakyl grawp.addi tion to the active
conpounds, the liquid dosage forns may contain inert diluents commonly

used in the art such-as, for, exanple r

sol ubi |i zi ng agent s "SYRPALIRTY éq?ﬁ t&”?@%@/ﬂ&ggmﬁ{lﬁﬁﬂg G(I:%ﬁ%?é%?@nedr opy!

al cohol , ethyl GemiooiRatesblydherpydioalideas & CrEsyppglvioxy. (pBples e F‘)t benzoat e,
propyl ene gl ycolgre rbt @niasitoydyeiiropatoxe aid, cyclomutandry.| The group may be a terminal

group or a bridging group. If the group is a terminal group it is bonded to the
remalnder of the moteculs through the oxygen atom.

s "Cycloalkenyloxy" refers to a cycioalkenyl-O- group in which the cycloalkenyl is
as defined herein. Preferably the cycloalkenyloxy is a Ci-Cycycloalkenyloxy. The



10 formamide, oils (in particular, cottonseed, groundnut, corn, germ
olive, castor, and sesane oils), glycerol, tetrahydrofurfuryl alcohol,
pol yet hyl ene glycols and fatty acid esters of sorbitan, and m xtures

t her eof . Besides inert diluents, the oral conpositions can al so
i ncl ude adjuvants such 15as wetting agents, enul sifying and suspendi ng
agents, sweetening, flavoring, and perfum ng agents. Suspensi ons,

in addition to the active conmpounds, may contain suspendi ng agents as, for
exanpl e, ethoxyl ated isostearyl al cohols, polyoxyethylene sorbitol and
20sorbitan esters, mcrocrystalline cellul ose, aIuniniun1netaderoxide,
bentonite, agmoeayzy, and tragacanth, and m xtures FPEEFEHH/00037
Conpositions for rectal or vaginal administration are preferably
suppositories which can be prepared by m xi ng the conpounds of this
invention with suitable non- 25 irritating exciplents or carriers such as
C0008 butter, polyethylene glycol or a suppository wax which are solid at
room t enper at ur golpithaylbk @ tirdind grotweha triegraerap. Uik e growp i memadabgretpriiel t i n the

rectum or vagi nglo Gayt i Alihub ! F3RGelstuah isBog@mAUNI.  Dosage forms for

topi cal adm ni stratron of a conmpoun hi's invention 30 Include powders,
patches, sprays, ointnments and inhalants. The active conpound is m xed
under sterile condi tHabalkylwfers teanHiot arve @s defioed hepinde wRIth B PEm¥a P i er and

any needed p 15 eSRE Hitdg¥EstomsHab bunTeplddbd Withaplbbantan sakctehiravete graupr equi r ed.
The anount of conpgliiceadi st eteshiohd ol hebaiNardub Gbaiil vecduce or

35al l eviate the rapeutically effectlve amunt can be
readi |y determh@wﬂb‘}nHarnwﬁmt‘H}%ﬁ"hgﬂcﬂi’%@n'ﬁgﬁpg Pty SB-igeh o, &8 %r?u%
conventional t echgitgerF, 8nar dng 10khs gmugs nfthis §0e p E3Ricaly figMtlde Hedo¥nder

anal ogous CLLCUHE*&?‘F#&-"]{O%' ﬁl@&g}bﬁi«aaiyﬂ%ﬁ.hgismﬁugpmﬁ. im_ealpke;er&fyﬁect: ve .
anount a nunber’ of factors are t not limte
to, the spedfestds E’e‘fﬁlpf’?ﬁf’ﬁ'a'f’?"g' Igﬁﬁdgﬁuogog@%gh ug'g'#et%%'ddﬂ*g%%ti he specific
condition involved, the severity of the condition, the response of the
patient to treatnment ‘HalcaRenpirefdr<iol aaratkBnytgrogpoas efingdi hdrein itvdica@ne ¢'he node of

adri ni stration. nbDe Rl ARed Bt hisloodH BBy PRI @bm adeeniostier ed, t he
dose regi me sel ected, the use of .thlﬁl;FrCIr'@gj“ﬁati ons and ot her rel evant
1™be a1

ci rcunst ances. 3eiastedfrem the grovpRngl range from about 0.01 to 300

ng per Kkilogsam 10 of body wei ght per day. A nore preferred dosage wll be
in the range from 0. HsloaikHPO refsss Peh al@dyogmmms@ﬁﬁngbmjgimivgm ope?r day, nore
preferably from,,gmg,f hg,goggym%é hasl He@DleRied WitD Alogérebtem indpendettyy, even

. 0

nore preferably er Kil body wei ght per day. A
sui tabl e dose CWE%'%WFH%‘%P%%"Q?{Q%T rf’%dp'e sub- doses per day.

20 "Halogen” represents chlorine, fluorine, bromine or fodine.

“Heteroalkyi” refers to a siraight- or branched-chain alkyl group preferably
having from 2 to 12 carbons, more preferably 2 to 6 carbons in the chain, in which one
or more of the carbon atoms (and any associated hydrogen atoms) are each

25  Independently replaced by a heteroatomic group selected from 8, O, P and NR' whare
R' is selected from the group consisting of H, optionally substituted C4-Cyzalkyl,
optionally substituted C;-Cy.cycloalkyl, optionally substituted Cq-Cygaryl, and optionally
substiiuted C4-Cysheteroaryl. Exemplary heteroalkyls include alkyl ethers, secondary
and tertiary alkyl amines, amides, alkyl sulfides, and the like. Examples of heteroalkyl

30 also include hydroxyCy-Cgalkyl, C,-CgalkyloxyC(-Csalkyl, aminoCy-Cealkyl, Ci-
CedlkylaminoCy-Cealkyl, and di(C1-Cealkyi}aminoC-Cealkyl. The group may be a
terminal group or a bridging group.

*Hetercalkyloxy" refers to an heteroaiky-O- group in which heteroalkyl is as
35 defined herein. Preferably the heteroalkyloxy is a CyCsheteroalkyloxy. The group

may be a terminal group or a bridging group.



15 SYNTHESI S OF COVPOUNDS OF THE | NVENTI ON The agents of the
various enbodi nents nay be prepared using the reaction routes and

synt hesi s schenes as descri bed bel ow, enpl oying the techni ques 20
available in the art using starting materials that are readily avail abl e.
The preparation of particular conpounds of the enbodinments is described in
detail In the follow ng exanples, but the artisan will recognize that the
chemi cal reactions described may be readily adapted to prepare a nunber of
ot her agents of the various enbodi nents. For exanple, the s pesi s of
non- exenpl i MO HPounds may be successful ly perforWerSGi%”%

nodi fi cations apparent to those skilled in the art, e.g. by appropriately
protecting interfering groups, by changing to other suitable reagents
known In the art, or by making routine nodifications of reaction
conditions. A li st of suitable protecting groups in organic synthesis can
be found in T.W G etetsroaryPeteederes pe effo@loprefe (uarpees SFAEY's, 3rd

Edi tion, John Vi &ngsmmbwgs or Bl henbart i awdlaye ring) heving meaot moms 30

di scl osed her ei;n Ortolr(ng snn lﬁon]ishl?th@'élum‘éﬁclrlng Qi fh@%ﬂﬂﬂ&e?@ﬂh@ﬁg@%ng
applicability it r°|3 er conpoun vari ou pdl ment s.

g
Reagent s usefulbef"érca@?h?'ﬁ’é%:l ??%Uegﬂ%ﬂ?fd'gci?f’ﬁj“"ﬂ%e"b% f'ed Sof pr epar ed
according tost emdainplegiest kietvany nintlide dhiophenes 1 bezelirphpnes Y RAMZHITPE SCHEVE A
wi de range of tyf SHsbib! Ub&Hokkdid, NQRniohizdls Pieapaihfgold, N raplsma[m-ghtforward

three step pr oc ure St@l’tl nsgmgor"gm nghg% neh! ﬂ&n{}&w{é n,g,-,m@

commercially a ﬁ e é_fpared from
purine itself uyran@;e W@fﬂﬂel%ﬂ%? EPY”’?JMPS ﬁﬂﬁ?ﬁ"}"cm”’l}?'? d‘ﬁ"""'l4 gindglen
representative ipdagsie duufe, Iqﬂlnalhé)vwmumls&: hahthaladne, naphthyridine, qumsahsmom initial

reaction of 2. Gaflhfh! EERHE! Bndivishe Andley | praaking oo, wmakdy hal | e

]
o T i 8 e A on

presence of a i iam&aQBia@é Sutht-a@ D deaineinhi- c%rﬁo?‘néﬂd@ ﬂdtzer‘?iatl vely, an

al cohol may be 3.@memi.echetirdalyl drivg idyrallyiachiCarmeteuaryigeup. IThe freupgnaydence of a

phosphi ne and %%@4@%%%@% psuch as di et hyl azodi car boxyl ate, so as
y

to effect aS| I'at 1 on aryl ation may al so be carried out at the
9 position & the dichloropurine. Copper catalysed couplings of this 20
type have been descr tHetsthabialkimeses & laterearyt-alkyl orpip '"r‘é’l'qhé??éﬁfeﬁ?g’y'l_"@f’ters 2003,
44, 3359- 3362.gHhGeaues a8 hs gohted aeteinnPrefatral newedryleloigbipa gontin owdrt h a

t abl | b . twRy3 (Col | ect
S i i B s ohanate s (0 £

di tion n then be
carried out at '@I%‘G‘Hﬂ'@bf’"f“@r?bﬁp'yf“ﬂ?gg ﬁq'h R aa(t} w‘@gh's\r}g'ﬁaﬁasuch as
DVA. DVF or zﬂ'HHptmmBrlg!lmwotﬂ\%md%‘ﬂl*@l'G'!W?%‘btbﬂ?‘fpt uted putt. In cases

"Heteroarylalkenyl” means a hetercaryl-alkenyl- group in which the
heteroaryl and alkenyl moieties are as defined herein. The group may be a terminal
group or a bridging group. [f the group is a terminal group it is bonded to the

25  remainder of the molecule through the alkenyl group.

"Heteroarylhetercalkyl” means a heteroaryl-heteroalkyl- group in which the
hetercaryl and hetercalkyi moietiss are as defined herein. The group may be a
terminal group or a bridging group. [f the group is a terminal group it is bonded to the

30 remainder of the molecule through the heferoalkyl group.

~Heteroaryloxy" refers to a heteroaryl-O- group in which the hetercaryl Is as
defined herein. Preferably the heteroaryloxy is a Cy-Cysheteroaryloxy. The group
may be a terminal group or a bridging group. if the group is a terminal group it is
35  bonded to the remainder of the molecule through the oxygen atom.



where a substituted norphollne group is being added the reaction has been
shown to be facilitated by the use of mcrowave irradiation. The Rl
substituent nay be varied either by using an 8-substituted dichloropurine
as starting material (Schenme 1) or can 5 be introduced later in the

synt hetic sequence (Schene 2). For exanple chem stry may be carried out on
the 8-position after conpletion of the sequence illustrated In schene 1
above. For exanple, the 8-position of 4 may be brom nated to give 5. The
brom de may then be displaced by, for exanple, an organonetallic agent,
such as an wo 2003k ozinc, toinstall RL as In B. 10pcpaasuimooas?l 2 R3 Re
1IN ...LN organonetallic reagent 1R3R4 R3R4 An S-BrrN NN rN N

N, ON) (1X-112 (R% 6 EXAMPLES In the exanpl es descri bed bel ow,

unl ess otherw se indicated, all tenpera#gres in the follow ng description
are in degrees Celsius and all parts and 15percentages are by wei ght,

unless indicated ot herH\é\fer%gyc!ic" refers to saturated, partially unsaturated or fully unsaturated
manocyclle, bicyclic or polyeyclic ring system containing at least one heteroatom
selected from the group consisting of nitrogen, sulfur and oxygen as a ring atom.
Examples of heterocyclic moieties include heterocycloatkyl, heterocycloalkenyl and
s hetaroaryl,

*Heterocycloalkenyl” refers to a heterocycloatkyl group as defined herein but
containing al least one double bond. A heterocycloalkenyl group typically is @ C-Crz
heferocycloalkenyl group. The group may be a terminal group or a bridging group.

10

"Heterocycloalkyl” refers to a saturated monocyclic, bicyclic, or polycyclic
ring containing at least one heteroatom selected from nitrogen, sulfur, oxygen,
preferably from 1 to 3 heteroatoms in at least one ring. Each ring is preferably from 3
to 10 membered, more preferably 4 to 7 membered. Examples of sultable

15  heterocycloalky! substituents include pyrmolidyl, tetrahydrofuryl, tetrahydrothiofuranyl,
piperidyl, piperazyl, tetrahydropyrany!, morphilino, 1,3-diazapane, 1,4-diazapane, 1,4-
oxazepanse, and 14d-oxathiapane. A heterocycioalkyl group typically is a Co-Ci2
heterocycloalky! group. The group may be a terminal group or a bridging group.

20 "Heterocycloalkylalkyl” refers to a heterocycloalkyl-alkyl- group in which the
hatemcyc!oélkyl and alkyl moleties are as defined herein. Exemplary
heterocycloalkylalkyl groups include (2-tetrahydrofuryl)methyl,

(2-tetrahydrothiofuranyl) methyl. The group may be a terminal group or a bridging
group. If the group is a terminal group it is bonded to the remainder of the molecule

25  through the alkyl group.

*Heterocycloalkylalkenyl" refers to a heterocycloalkyt-alkenyl- group in which
the heterocycloalky! and alkenyl moieties are as defined herein. The group may be a
terminal group or a bridging group. If the group is a terminal group it is bonded to the

30  remainder of the molecule through the alkenyl group.

*Heterocycioalkylheteroaikyl” means a heterocycloalkyl-hetaroalkyl- group in
which the heterocycloalkyl and heteroalky! moleties are as defined herein. The group
may be & terminal group or a bridging group. if the group is a terminal group it is

15 bonded to the remainder of the molecule through the heteroalkyl group.



63 Various starting materials and ot her reagents were purchased
fromcomercial suppliers, such as Aldrich Chem cal Conpany or Lancaster
Synthesis Ltd., and used wi thout further purification, unless otherw se

i ndi cated. 5 Tetrahydrofuran (THF) and N, N-di et hyl f or marni de (DWVF) were
purchased from Al drich in SureSeal bottles and used as received. Al
solvents were purified by using standard nethods in the art, unless

ot herwi se indicated. The reactions set forth bel ow were perfornmed under a
positive prewouw®/oei’s10 nitrogen, argon or with a dryrewgpceub@srat anbi ent
tenperature (unless otherw se stated), in anhydrous solvents, and the
reaction flasks are fitted with rubber septa for the introduction of
substrates and reagents via syringe. d 4%sware was oven-dried and/ or
heat-dried. Analytical thin-layer chromatography was performed on

gl ass- backed silica "ggtrobfickikyRiRd felemt ©Sa (hetefdbiiodikyC . grbupm) Whicnaeel ut ed
pith the appropgb@h8cb gﬁ%'acff 3 Heteh® Aol mmsteroa@faamszfﬁvwae assayed

by TLC and term e consu tion ﬂ terial.

2

a
The TLC pl ates WW%&Y‘?’%’M '?3‘9”%%1"";5?"?‘8?\9'8?5’ Widt g9 gt Kol dehyde
spray reagent othegrquh&sytbroimellgydu it i bmtomwer@MQimp'mleth@al, 20 Wt %
in 20 et hanoly) lg6haty@sS activated with heat, or by staining in an iodine
chanber . rk-ups were typically done by doubling the reaction
volume with the reaction solvent or extraction solvent and then washing

with the indicated dfeleseysoalisnidy ol lsi detmoripake)yCn BPuBin 1N ext r act i on
vol une (unl ess asthrecysiosieenyi ichs dafnadijerein2 FreRyrattjivt Heteoicyroalbergioxyds £Cselr i ed over

anhydrous sodi ug) ﬁ&lL.% @amha& mgtdub%@sdéx&m.na@%usu@qma@ftglg%pqi the

sol vents was ung‘er re 3 I'% hﬂgn(a m rof ar%{a gfvtg oree'%tloghr uq\ not ed as
sol vents rentfveli®rpupgaigmingamuptis Bpndrd o g 5 eI A, o

O g. Chem, 43, opoapatgn.078)] 30 was conduct ed using E Mer ck- gr ade flash
silica gel (47-61 mm and a silica gel:crude nmaterial ratio of about 20:1
to 50:1, unless ot hérydroxyalkyil weiecsdo anpiey wepprss dgfigeddierpindn wiionaer % pressure
i ndi cated or at ofti®hyRigerDatoBSkEs Been rabldddRWIBEOIH groupe rAchydrenaiky @duon a Br uker
| nstrument Ogigggakﬂg 48%%5:&{&121 (oﬁﬁQng%EﬁsN?\ﬁsﬁ;B@msr icdf o § &P ded

oper at i ng at re o ut il ons

(reported in pph§ MARPAGEH 61’?)Prﬁ'°§'spr?ﬁr8§¥£§’g‘réﬁ&§pﬁ'5ﬁi°a% 'd"%. 27 ppm
and 77.00 ppm QnefeG!DlBOEM(S 4 and 4.8 ppm and 49.3 ppm), or an 64 Internal
tetranet hyl sil ane standard (0.00 ppn) when appropriate. Other NWR sol vents

were used as needed. - Pal a?jg JTP'IJDEFI BLan'qu%Souf%Fw‘i‘sers%&‘%& eéj,a,lsﬂgﬁc foI | owi ng

abbrevi ati ons are use tr

nul tiplet, = ‘fﬂ’f"&%’fﬂ@rﬁﬂ‘” 'ﬁﬁ“ mg’ﬂ%‘iﬂ?’@'?t °b?m'ﬁgﬁ3§?'}§19§ o 8f’ar£’£'c?§°{fﬁl "ot of
triplets. Coupl thnghaimmmfsmbw torfesarhgns,Bah agpehyh ebﬂrﬂf@w (-ArOPRPR 2. MASS
spectra were obisairsg ot/Guityd (h-tluf, iBbusil brtertiany-ButyBSIThegroudRdy. beAl tbrmimal t i ng

poi nts are unco . f4.nal products had greater than 90% purity (by
HPLC at wavel ené’%ﬁ‘g&r%gn?@bbﬁrﬁ and 254 nm. The foll ow ng exanples are

intended to Illustrate the enbodi nents disclosed 10 and are not to be
construed as2sbei ng | i"pHlftnet means an REEOF@roupidihich thm Bloraup mpoka{els k8t her t han
t hose descri bedcyerhimy, hetsRgychaiyl rag ar iestbraasd groupt deelefined hawin.nJhelgrepr i bed

reaction schenme,gr naRRIARAIGRIE oV & biidain §dSp. K tnd Bslinhid § MRl SrolbPIR iSO .

bonded to the remainder of the maolecule through the sulfur atom.

30 'Sulﬁriyfamino" means an R-S{=0)-NH- group in which the R group may be
OH, alkyl, cycloalkyl, heteracycloalkyl; aryl or heteroaryt group as defined herein. The
group may be a terminal group or a bridging group. if the group is a terminal group it
is bonded to the remainder of the molecule through the nitrogen atom.

35 "Sulfonyl” means an R-S(=0)r group in which the R group may be OH,
alkyl, cycloalkyl, heterocycloatkyl; aryl or hetercaryl group as defined herein. The



Schene 3 depicts three variations on the three step procedure in which 15
different conditions are used in the first step so as to introduce diverse
substituents at the 9-position of the purine scaffold. In principle,
however, a skilled addressee could nodify the general reaction schene
shown I n schene one where the nitrogen noiety at the 9 position of the
purine may be reacted with a noiety containing a suitable | eaving group
(such as a halide) In a reaction whereby the nitrogen displaces the 20

| eaving group to f the conpound in which the nitrggeRcAlsdhi% 9 Position
I's then func P&W%Fgggh with the noiety. Suitable IeavingGgr%ups for use In

reactions of this type which can be displaced by nitrogen in such
reactions are known in the art and in ggneral the synthesis of npieties
containing |l eaving groups of this type for use in these types of reactions
are also well known to a skilled worker in th@ field %5 inal 4 As shown
In Scheme 3 t he 9rayP B@Y 28 Mgl orpup f & bridaiga pyep- X 1. 9R & WFN8gevR Ky ent i on

i nvol ve react i ons ahdedietheriembihder ofthemioleeulashtobghdieskiéy atem- ar yl al kyl hal i de
(such as benzyl halide) or a heteroaryl al kyl halide to Introduce an aryl

or heteroaryl substituted nethyl qrou é?t > O,uBOSHL 4y gl gohol (to
I ntroduce a di-substi #ﬂﬁ%a"wé’t #ff"%g?"oﬁg? dla_t t QB'Q osﬁhf)one)d O‘B an aryl or
het er oaryl boy ontroinal@ladp griacrifigingrasycikthe arour is,p tegpinaharpyp tisbapged {3189,
directly. Schengmahder ol thBebibduielthrbigh ihd eitrégethtodl W1 NA-XN A. , , CINCIN N
11---R
It s understood that included in the family of compounds of Formula (1) are
Isomeric forms including diasterecisomers, enantiomers, tautomers, and geometrical
10 Isomers In "E" or "2" configurational isomer or a mixture of E and Z isomers. It is also
understood that some isomeric forms such as diastereomers, enantiomers, and
geometrical isomers can be separated by physical andfor chemical methods and by

those skilled in the art.

15 Some of the compounds of the disclosed embodiments may exist as single
steracisomers, racemates, and/or mixtures of enantiomers and /or diastereomers. Al
such single sterecisomers, racemates and mixtures therecf, are intended to be within
the scope of the subject matter described and claimed.

20 Additionally, Formula (1) is intended to cover, where applicable, solvated as
well as unsolvated forms of the compounds. Thus, each formula includes compounds
having the indicated structure, including the hydrated as well as the non-hydrated

forms.

25 The term "pharmaceutically acceptable salts” refers to salis that retain the
desired biological activity of the above-identified compounds, and include
pharmaceutically acceptable acid addition saits and base addition salls. Suilable
phamaceutically acceptable acid addition salts of compounds of Formula () may be
prepared from an inorganic acid or from an organic acid. Examples of such inorganic

30  acids are hydrochloric, sulfuric, and phosphoric acid. Appropriate organic acids may
be selected from aliphatle, cycloaliphatic, aromatic, heterocyclic carboxylic and
sulfonic classes of organic acids, examples of which are formic, acetic, propionic,
succinic, glycolic, giuconle, lactic, malic, tartaric, ditric, fumaric, malsic, alkyl sulfonic,
arylsulfonic. Additional information on pharmaceutically acceptable salts can be found

35  in Remington's Pharmaceutical Sciences, 19th Edition, Mack Publishing Co., Easlon,
PA 1995. In the case of agents that are solids, it is understood by those skilted in the



5 Exanple 1 (Conpound 1) Synthesis of

2,6-Dichloro-9-(2,13-dl fl uoro-benryl)-9H pudne toTo a stirred solution of
2, 6-di chbropurine (5.3mmol) in 10m anhydrous DVMSO at roomtenperature was
added anhydr ous potassi um carbonate (6.34mmol) and 26-

di t | uor obenzyi brom de (6.34mmol ). The reaction m xture was nai ntai ned at
this tenperature for 20 hrs. The reaction can be nonitored using either
TLC or L MS. 66 The reaction mxture was poured in to a beaker
containing ice-cold water. The aqueous |ayer was aci gifl H 5-6.
Extracti on $OPRE*AFueous | ayer, using 3x75ml porti Olﬁisfﬂfrsg?ﬁg{o V1 acetate,
af forded the crude product. This was purified on the silica gel colum
(10-70% ethyl acetate in petroleumethgs, step-gradient), to give the 5
desired conpound in a yield of 61% Synthesis of

5-(2-chloro-(2, 6-dlfluoro-benzyl)-9Hputin-611] - pyri g di n-211am ne 10

A sol ution of 2t@ratiihe inveptivg-compaunds. agepls wrsaﬂ%‘e?]r’rfgg/tj"- °B‘L?FVF2‘ﬁ'i“e(°i. 59l ),

5- (4,4,5,5-t etgogmBbydank, 81 & Wich anditerded tnbewilhin drei saepe L8 PrASHT) and 1, 1' -

bi s(di phenyl ph I pal l adium (11) chloride, conplexed with
SRR b aa0Ge

di chl or onet han was taken up in a mxture of peroxide free

di oxane 15 (40nl) and added 2M aqueous sol ution of sodi um carbonate
(6AmDIl ). The react i "Bedmixmesnsa chagound &t WHervens CHNESIAN 1P A HPOIBFEn. Thi s
reaction m X Wagmbih @ Witk ialbloRdicA) Bystf, Giubily b inietabaic means (eacbydtydr8ss®. f or 3h. The

reapt lon was mopj %rrl grdox%Xlioki.C/%ﬁe)raﬁlﬁletan@stgip'?&lnﬂ%ﬁ& éﬂﬂﬁ&n@fuf fbrhﬂlas(l) arting
purine. 20The R i

sol vent s r enov&antgipe? hYdEHYl@ré’gp \?ﬁzg’ég??‘l ?"Mg" '5@@@&?&5%@%%&%%"@33 ;[ Eeet hyl
acetate and watngiteculd hSuitahieestire ofrmpaundsees fogayimiportgining hyim®! 88t=0ous | ayer
L1 o e s e st aconst v, cory
gﬁ gzmi 2gewer e p@ﬂat?fvé“rwe%?fr GF}E‘@@?T"é‘{‘e\geg'%%’??ggg%%yd%gﬁf@ &‘rggfr%v'ed under
vacuum t o gi ve gestigatesh| or deeffiongesdi f | (AsP{pIUBERTHIES - QHWF??‘-" onates,
yl I -pyrim di n- ZgnshaaGiptidfatés) 60% Y benkdhesulphonates, poluenesulphonates,
cyciohexylsulphamates and quinates. As another example an ester prodrug of a
15 compound of formuta (1) contalning a carboxy group may be converlible by hydrolysis
in vivo to the parent molecule. (Examples of ester prodrugs are those described by
F.J. Leinweber, Drug Metab. Res.,18:379, 1987). Similary, an acyl prodrug of a
compound of formula ()} containing an amino group may be convertible by hydrolysis
in vivo to the parent molecule (Many examples of prodrugs for these and other
20 functional groups, inciuding amines, are described in Prodrugs: Challenges and
Rewards {Parts 1 and 2); Ed V. Stella, R. Borchardt, M. Hageman, R.Oliyai, H. Maag

and J Tilley; Springer, 2007}

The ferm “oxygen protecting group” means a group that can prevent the

25  oxygen moiety reacling during further derivatisation of the protected compound and
which can be readily removed when desired. In one ambodiment the protscting group

is removable in the physiological state by natural metabolic processes. Examples of
oxygen protecting groups include acyl groups {such as acetyl), ethers (such as
methoxy methyl ether (MOM), B-methoxy ethoxy methyl ether (MEM), p-methoxy

10 benzyl ether (PMB), mathyithic methyl ather, Pivaloyt {Plv}, Tetrahydropyran (THP),
andsilyl ethers (such as Trimethylsilyi {TMS) .tert-buty! dimethyl silyl (TBDMS) and

triisopropyisilyl (TIPS).

The term “nitrogen protecting group™ means a group that can prevent the
35 nitrogen moiety reacting during further derivatisation of the protected compound and
which can be readily removed when desired. In one embodiment the protecting group



WO 2009/ 045175PCT/ SG2008/ 000379 67 Synt hesi s of
5-[2-chl oro- (2, 6-difluoro-benzyl)-2-norphol | n-4-yl -9H pudn-fl-yl]-
pydm dl n- 2-yl am ne 5 To a sol ution of
542-chl oro- (2, 6-di fiuoro-benzyl)-9H purin-6-ylFpyrimdl n-2- ylam ne
(1.12mmol ) in dinethyl acetamde (18 m ) was added norpholine (3.5mvl).
The reaction m x was heated on an oil bath maintained at 94C for 12h. The
reaction was nonitored for the absence of the
5- (2- chl or o- #®,280@#50Buor o- benzyi ) - OH puri n-611- to pyRGIEGAIs0037y| am ne, by
LC-MS. The crude material was directly | oaded onto a preparative HPLC
colum and purified by chromatography to get the title conpound in a yield
of 70% 1H NVR, DVBO 9.48(3,2H); 8.29(48H); 7.45(m2H); 7.31(s,2H);
7.14(t,1 H); 5.42(5,2H); 3.75(m4H); 3.67(m4H). nVz: 425.27 WM. 15
%gﬁgl 3 2h|( COqumﬁho&)sleSym& hysibisgicaf sifle BaatuRlhstdof flocsised | Biaﬁrpl&l‘bfﬁuri Re

ic orop rﬁ@é&\‘ [ n osphi ne
(7.95mmol) in 4 h %’%ous %m %aﬁ“&gr&%maﬂ% petlo ?Wgﬁ&{/\/&f@qﬁ W dr op-w se
di i sopr opl yazi dd\’ﬂ“ﬁﬁ‘r‘% Latighlqres Bromsacalvd pfopceivl e rB(}E’er a period
of 30 m nutes. THpe blockgtgr@ans sucuwmmmnmmd) diphenglbanzylamgadberyt ure for 24
hrs. The reacji %éﬂ@:b@&mbwrmyub#mah&yﬂaﬁzyb cé\ﬁnyl-mﬂmfoﬁ&ﬁﬁdx%rbﬁﬂyﬂ ure was

poured in to a a cont.ai ni t.er t he
aqueous | ayer, éslaﬁqu bo"%Bg%m %P rx}%fl \glchacé{"%?&xb m?r%r ded the
crude product. Tfrdc W@Ee'ﬁﬂ?’@ﬂt@w’:on the Q'PPP‘EQE'@ KB (10- 8b% et hyl
acetate in petr otoistanefidxetarbosy, admm-mtenalox;mm)d stayargbaneyidxarbdmb i + ed
conpound in a y|b§Jo fcdtbon gO%('tB%Xé'r)"t hesis Renlf lsopropoxycarbonyl 1,1-diphenyleth-1-

5-(9-sectut yl %Q)!cgr{)&yl 1.1 d%henyiprog-ndopcya nyl cH-phenyip%paz-y Ddecarbonyl, 2-(p-

toluyl)-prop-2-yloxycarbonyl, cyclopenianyloxy-carbonyl, 1-
methyicyclopentanyloxycarbonyl, cyclohexanyloxycarbonyl, 1-
methylcyclohexanyloxycarbonyl, 2-methylcyclohexanyloxycarbonyl, | 2-(4-
toluylsulfono)-ethoxycarbonyl, 2-{methylsulfona)ethoxycarbonyl, 2-

15 (triphenylphosphino)-ethoxycarbonyl,  fluorenyimethoxycarbonyl  ("FMOC"),  2-
(trimethylsityl)ethoxycarbonyl, allyloxycarbonyl, 1-(trimethylsilylmethyl}prop-1--
enyloxycarbonyl, 5-benzisoxalyimethoxycarbonyl, 4-acetoxybenzyloxycarbonyl, 2,2,2-
trichloroethoxycarbonyl, 2-ethynyl-2-propoxycarbonyl, cyclopropylimethoxycarbonyl, 4-
{decycloxy)banzyloxycarbonyl, isobomyloxycarbonyl, 1-piperidyloxycarbonlyi and the

20  like; benzoyimethylsulfono group, 2-nitrophenyisulfenyt, diphenylphosphine oxide, and
the like. The actual nitrogen protecting group employed is not critical so long as the
derivatised nitrogen group Is stable to the condifion of subsequent reaction(s} and can

' be selectively removed as required without substantially disrupting the remainder of
the molecule including any other nitrogen protecting group{s). Further examples of

25 these groups are found in: Greene, T. W. and Wuls, P. G. M., Protective Groups in
Organic Synthesis, Second edition; Wiley-Interscience: 1991; Chapter 7; McOmie, J.
F. W. (ed.), Protective Groups in Organic Chemistry, Plenum Press, 1973; and
Kocienski, P. J., Protecting Groups, Second Edition, Theime Medical Pub., 2000.

30 The term “therapeutically effective amount” or "effective amount” is an
amount sufficlent to effect beneficial or desired diinical resulis. An effective amount
can be administered in one or more administrations. An effective amount is typically
sufficient to palliate, ameliorate, stabilize, reverse, slow or delay the progression of the
disease state.

35



A sol ution of 9-sec-butyl-2,6-dichloro-9H purine(l1l.59muvol), 544,4,5, 5-

tetrenet hyl41l , 3, 21di oxabor ot an- 2-yl am ne(1. 59mmol )andl, 1' - 10

bi s(dl phenyl phosphi no) ferrocene palladium (11) chloride, conplexed with

di chl oronet hane (0. 15mmol) were taken up in a mxture of peroxide free

di oxane (40nl) and added 2M aqueous sol ution of sodi um carbonate
(6.4mmol ). The reaction m x was degassed and purged with nitrogen. This
reaction mx was then stirred on an oil bath maintained at 80C for 3h. The
reaction was nonitored by LG M5 for the 15di sappearance of the starting
purine. The reaction mxture was cooled to roomte d the

sol vent s r em@eUMsKT8Bler reduced pressure. The resi d:‘g@i\xgéid(%sgﬂogﬁ up i n ethyl

acetate and water. The organi c phase was separated and the aqueous | ayer

further extracted with 3x100 m portiops of ethyl acetate. The organics

were dried over sodiumsulfate and the 20 sol vents renoved under vacuumto
ive 5-(9-sec-butyl-2-chloro-9H purin-6-yl)- rimdin-2-vlanine in 60%

3i el d. (25 69 Syn%/hen.b&rm)ﬂunctional eq%ivalent" is in};nc)ied topIXcIude vacrilaan o%th\és&r&’ﬁ'p

5- (9- sec- but ylg%-egm&mpg&s@awm@m it mill B Lhdepsiped thitdinaeep gy NAKE ne 5 To

a solution of 5-(9-sec-putyl-2- 3 By Brauhtemary stiuntisrdiohe 2- y1 ami ne

o g1 Rl i i), Seiedy ey 1

(1.12mmol) in @ ani 18 m S e higind 3. Srmol ) .
The reaction migiemdinash ésafom isiffergpt tg;the ﬂé?w%&%%a?’ﬁreﬁgﬁ ﬁwg"ﬁc for 12h. The

reaction was; Nppilokigd edivily@s a proeindibssen isefomfs may @risgfrra normal allelic vanafmn

5- (9- seo- but yl-w%ﬁiﬁlal gigu%g( L Ridkobed ' mGatiéne suay derhrdihmacidlsObsBtuonageiele®; by LC MS.
The crude mat erfal \ESdirecty, | pade "hGdéa Rl ARl col um and
purified by chregdenodrepi) Lo Fe® The Titl e conpou ol Maafly Yngiegl Of 70%
111 NVR, DVB04Gequikich (ase Xaryts ggnepateds al fie. level ?f‘é",s&'&? 2" E’ém H;

3.8(m 4H); 3. 7QfpdHy)JaK2 et cOKR)have BoB(ms thadarise]frog)( {nssipt ;"'”U."?‘Q?‘t', 3H) . mx:
35545 NW 1510 Exa sgmngwn?’thgt%%)ﬂwg\ Rdidrm that is the result of exon-skipping. Other

functional equivalents Include kinases having altered post-transiational modification

such as glycosylation.

Specific compounds of the invention include the following:

15
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Synt hesis of 2,6-131chl oro-9-ndol y1-9/1-purlne 20 2,6-D chlonpurine
(1.3mmol ), mTolyl botanic acid (4.0muvl), anhydrous cupric acetate
(1.32nmmol ), 4A nol ecul ar sieves (19) 11, 10]-Phenanthroline (2.64nmol) In
25 m of anhydrous dichl oronethane were stirred at roomtenperature In a
round bottomed flask. The reaction m xture was stirred at roomtenperature
and nonitored by TLC, LC-MS. Reaction was conplete after 24h. The

nol ecul ar sieves and 25inorganic naterial were renoved by filtration

t hrough a cgli . The bed was WD 2009/ 045175PC 0379 70

t hor oughl y &ggﬁﬁﬁghﬁth met hanol . The conbi ned organi%@§§%@g§%ﬁ?ified by
flash chromatography to yield 50% of the desired conpound as a solid. nlz:
279.02 [ MHp-. Synthesis of 48

5-(2-chloro-9-fn-tolyl-9H purind4ll)-pyrimdln-21l-amne 5 NN N
2,6-Dichloro-9-mtolyl- 9t punne (0.182mml ), 544,4 5 5-tetremethyl-[1,3,21
di oxabor ol an- 2-yl am ne (ﬁL 82mmol ) and 1,1'-bis(dﬂph yl phosphi no)
ferrocene 10 pal |l adi um gt¥®) chloride, conpl exed w di chl or onet hane
(0.018mmol ) were taken yjn a m xture of peroxide jree dioxane (40nl) and
added 2M aqueous sol uti ol of sodi um car bonat e (O.q ). The reaction

m x was degassed and p Mmith nitrogen. Thi QN m x was then
stirred on an oil bath t 3t ned at 40C for 2h.) The rﬁagyion was

moni tored by LC MS(foN"thE disa rance of the startifig purine. |S The
reaction mxture megféooled tenperature and the solvents renoved
under reduced pressure. The residue was taken up in ethyl acetate and

wat er. The organi c phase separated and the aquq@#s | ayer further
oot 1
R

extracted with 3x100 m p “ons of ethyl acetate. e organics were dried
over sodium sul fate and t RE>nol vents renpved undeN Vélcuumto give

5-(2-chloro-9-mtol yl- 9H plurtn-6-yl) - Pyri m di n~_ yl -am ne. This crude
material was taken directly[to the next step without further purification.
NS DN
NN (NN
0\) O\) )\/
NHZ NH2
N/QN q/gN
P P
N“SR NN
I
(\N/l\n/ N> |/\N/I\N/ N
oS (D) o g
NH2 NH,
b oy
o —
N N
Jif: 7 r”\ W i ;
NN N N” N _
Y o) )
NH, NHz
N/gN N°ON
\0 l == 4
NS Y
)l\ < N N)\N/ N



Synt hesi s of 5-(2-norpholin-4-y1-9-mtol yl-9H purin4ll)-Pyrimdin-2114m ne
5 To a sol ution of

5-(2-chloro-9-mtolyl-9H purin-6-yl)-pyrimdin-2-yl-amne (0.182muvl nmol )
in dinethyl acetamde (4 m) was added norpholine (OAnmol). The reaction
m x was heated on an oil bath maintai ned at 94C for 12k The reacti on was
noni tored for the absence of the give

5-(2-chloro-9-mtolyl-9H purin-6-yl)- 10 pyrimdin-2-yl-amne, by LC Ms.
The crude nmawgsiomlossrmss directly | oaded onto a prepar apcvsszb®b@©0l uMm and
purified by chromatography to give the title conpound. ink: 389.2 [ MHr.
Exanpl e 4 (Conpound 33) 15

Synt hesi sof { 3{ 6- (2- Ami no- pyri mi di n-511) #3- nor Phol i n- 411- Puri n- 9141-
pyrroildin -1111-(5- et hyl 4hl ophen- 2-y1) - met hanone 0

20{ 346- ( 2- Am no- pyri m di n- 5yi,l) - 2- nor phol i n- 4-yl - PuRHn- 9111- pyrrol i di n- 14}
(5- nethyl-thlophen-2-y1)-gh;hanone was prepared fgép1the correspondi ng
Boo protect ed N° N NN
conpound( 346- ( 2- am no- pyrt+Ri#i n- 510- 2- nor Phol i n-
e-1- 72 carboxylic acid teft-butyl ester) using a
protocol. This Internedia §\in turn prepared i
procedure enpl oyed ia/khe ngsis of N
5-(9-sec- butyl- 2- nor ghol'f n- 1;;@1%%gurin-6-yl - inydighg7 am ne
(compound 2) starting~romthe/co rcially 'l abl e Boc protected
am noal cohol 3- 5hydroxy- pita ol i di ne- 1- carboxylic acﬂﬂ2tert-butyl ester.
To a solution of )a
5-(2-nnrpho|in-4-y1-9-py#$
(37 ng, 0.08 mmol) in
(15 ngy, 0.104 mmol, 1.3 %

urin-9-yi1FPyrroliclin
tandard deprotection
&>he sane three step

N N
o) di n-314- 9H- puri n-6-y1)§ pyl i mi di n-2- yl ani ne
s added 5-net hyl -t hl ophene- 2- car boxylic acid
IN .} eq), HOBt (14 ng,

0. 104 ) ~ S
NN~ N N
70 SRS
NH, HN"
L hd
N~ y
» )"1\ )

o)
r4
-4
Q/z\?z
z
o
z
rd
kz\?z

4]
O
NHZ NH2
'S 0
s o
NS "1 SN
JI\N” N> (\N*N/ N>



10 mmol, 1.3 eq) and diisopropylethylamne (32 IL, 0.184 mmol, 2.3 eq).

The m xture was stirred at 50C for 16 hrs. Then NaHCO3 was added and the

m xture extracted twice with ethyl acetate. The conbi ned organic | ayers

were further washed with brine before drying over Na2Sa4. The crude

product was purified by chromatography to afford the title conmpound as

yellow solid (14.4 ng). 1541-1 NVR, CDC13: 9.74(2 H, s), 7.80(1 H s),

7.39 (31-1, s), 877 (1H, d, J =3.3), 5.19 - 5.13 (11-1, m, 4.33 (1H, b

s),4.24 -4.19 (11-1, m, 4.09- 4.04 (1H, n), 4.00 (1H, b s), 3.87 - 3.79

(8H, in), 2. 90200958 (2H, n), 2.52 (3H, s). nmz: A9RGBl e 5

(Conmpound 40) 20 Synt hesis of

54843r onp- 9- sec- but y1- 2- nOnahol i n4-y1-9H puri n4-y1)-pyri m din- 2-ylam ne

To a solution of 5-(9-8ec4utyl-2-norPholi n-411-9H purin-6-yl)-pyrimdin-2-

25 ylam ne, (200ng, 0.57mmol) In 15m of chloroform was added sl owy NBS,

(120ny, 0.68mmvl) at a te pature of 51C. The react®NHen was continued for

2 hours at this tenperat After sinple work- up,Nﬂ$§ pr oduct

5- (8- Brono- 9-sec- but yl - hol 1n4-y1- 9H purin- 61¢) - pyri m di n- 2-yl am ne

was purified by flash col (solvent system 50% etfyl acetate in hexane)

to deliver the desired co ouq@ in ayield of 49@63 (¥0my). 73

Synt hesi s of - D

5- (9-see-Butyl- 8- net?y# oI|n 411- 9H—Purrnﬂérh i M dl n2-yi sm ne

NI -12 NNNN L, 5J To a tion of

5- (8- Brono-9-sec- buty <2-nor phol i n-4-yl- 9FLpur|n 6-y1l)

pyrimdin-2-ylem ne, (20ngyD.046nmol), Pd(dpp9Cl2, nfy 8%mol) In 3nl
Hde %230p

of anhydrous di oxane, was d slowmy dinethyl zin 1, 1.OMin
hept ane solution). The m fu e was heated to abouﬂ'GH“C unt|I in the
seal ed tube. MeOH was add o dropw se and sol ven re renoved in
vacua. Et0OAc was added to tlhe residue and the resulfing solution washed
with 1 MHC, water, bri then dried over Na he sol vent was
removed and the crude &ks subj ected tag | sz omat ography to
obtain 6-(9-sec- Buty neﬁhy 2- por phol i n- 4hgii FLBurl yl) -
pyri m dl n-2- ylanlne inawvlield of 47% ' NEOD 9.45(s, 2H);
4.55(m 1H); 153.87(m 4H); "$%280(s, 4H); 2.69(8, 3H); %kQUnlm 2.02(rn, 1H);
1.71(d,3H); 0.88(t3H) . nmzxp369.22 NM . W
é[‘) hi T N\
r"u)\ﬂ/ N
o
NH
NHz NH;
O C
e e
NS = N\
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The conpounds outlined in Table 1 were synthesized follow ng the
procedures outlined above or variations thereof typically by variation of
the starting 20materials used. 25 30 74 Table 1 Synthesised conpounds

Cnpd No Structure IH-NVR MB(Mel ) 1 NI H2  .1. N-"*. N [Lc) NN A (---NN
0,..... " -i 0 (DVBO-d6) 8 9.48(s, 2H); 8.290.1H): 7.45(m 2H); 7.3i(s,
oH): 7.14(1, 1H):; 5.42(s, 2H): 3.75(m 4H): 3.67(m 4F1). 425.27
WO 2009/045175 PCT/SG2008/000379
51
NH2
NN
! 2
NN
ALY
NN N




2 Ni1-12 ...-L. NN I NI CNNN (DVBO d6) 59.52(
: . s. 2H); 8.27(s, 1H);
I.Z_S(i, 2H) ; 4._5(m 2H); 3.8(m 4H); 3.70(m 41-1); 2.0(m 1(11); |1-|?9(m
I[_)Dl\/b .6(d, 3H); 0.79(1, 3H). 355.45 3 N, H2 --1?. |..-- N-"INCNNIt
Ell—i)'oédgz)(%gfl—)i)as’l gH); 8. 27(.s, 1H); 7.28(s, 211); 4.01(m 2H); 3.8(m
;3. 70(m 4l 1. (m 11-1); 0.54(m 211); 0.52(m 21-1). 353.40 4 N
WO 2009/045175 PCT/SG2008/000379
52
NH2 )N\Hz
i) )
P >z
N N
ji = N\> i ~ \>_—
NN (NN
0\) 0\) )\/
o}
NH2 NH;
N/I\\‘N N,/I*”
| P Z
N
NN Y L e
/II\N/ g\N N" N
J )~
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(VNN
o) /)=
or a pharmaceutically acceptable salt or prodrug thereof,

The compounds of the Invention_have the ability to Inhibit the activity of
certain protein kinases. The ability to inhibit kinase activity may be a result of the
compounds of the invention acting directly and solely on the kinase molecule to inhibit
biological activity. However, Itis understood that the compounds may also act at least
partially on co-factors of the kinase in question thal are involved In the

phosphorylation process.

The compounds may have aclivity against PI3 protein kinases or a fragment
or a complex or a functional equivalent thereof.

The compounds may have activity against certain serinefthreonine kinases
such as mTOR or a fragment or complex or functional equivalent thereof.

The inhibition of the protein kinase may be carried out in any of a number of
well known ways in the art. For example if inhibition of the protein kinase in vitro Is
desired an appropriate amount of the compound of the invention may be added to a
solution containing the kinase. In circumstances where it is desired to inhibit the
activity of the kinase in a mammal the inhibition of the kinase typically involves
administering the compound lo a mammat containing the kinase.
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Accordingly the compounds of the invention may find a multiple number of
applications in which their ability to inhibit protein kinases of the type meniioned above
can be utilised. For example the compounds may be used to inhibit serinefthreonine

s protein kinases. The compounds may also be used in treating or preventing a
candition in a'mammal in which inhibition of a protein kinase andfor co-factor thereof
pravents, inhibits or ameliorates a pathology or a symptomology of the condition.

The compounds disclosed have the ability to be used in the treatment of

10 profiferative disorders. An example of such a disorder is cancer. It is anticipated that

the compounds will have the ability to treat both solid and liquid tumors. In some

embodiments the cancers that may be treated by compounds of the present invention
inciude solid fjumors and hematological cancers.

15 As used herein, the term "cancer” is a general term intended to encompass
the vast number of conditions that are characterized by uncontrolled abnormal growlh
of cells. It is anticipated that the compounds of the invention will be useful in treating
various cancers including but not timited to bone cancers, brain and CNS tumours,
breast cancers, colorectal cancers, endocrine cancers including adrerocortical

20 carcinoma, pancreatic cancer, pituitary cancer, ihyrold cancer, parathyroid cancer,
thymus cancer, gastrointestinal cancers, Liver cancer, extra hepatic bile duct cancer,
gastrointestinal carcinold tumour, gall bladder cancer, genitourinary cancers,
gynaecological cancers, head and neck cancers, leukemias, myelomas,
hematofogical disorders, lung cancers, lymphomas, eye cancers, skin cancers, soft

25 tissue sarcomas, adult soft tissue sarcoma, Kaposi's sarcoma, urinary system

cancers.

Exemplary cancers ihat may be treated by compounds of this invention

include Hematologic cancer such as myeloproliferative disorders (idiopathic

30 myelofibrosis, polycythemia vera, gssential thrombocythemia, chronic myeloid
leukemia), myeloid metaplasia, chronic myelomonacytic leukemia, acute lymphocytic
leukemia, acute erythroblastic leukemia, Hodgkin's and Non Hodgkin's disease, B-cell
lymphoma, acute T-cell lseukemia, myelodysplastic syndromes, plasma cel! disorder,
hairy celi leukemia, kaposi's sarcoma, lymphoma and hyperproliferative conditions

35 such as psoriasis and restenosis; gynaecologic cancer such as breast carcinoma,
ovarian cancer, cervical cancer, vaginal and vulva cancer, endomstrial hyperplasia;
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gastrointestinal tract cancer such as colorectal carcinoma, polyps, liver cancer, gastric
cancer, pancreatic cancer, gall bladder cancer; urinary tract cancer such as prostate
cancer, kidney and renal cancer; urinary bladder cancer, urethral cancer, penile
cancer: skin cancer such as melanoma; brain tumour such as glioblastoma,
5  neuroblastoma, astrocyloma, ependynoma, brain-stem gliomas, medullcblastoma,
menigiomas, astrocytoma, oligodendroglioma; head and neck cancer such as
nasopharyngeal carcinoma, laryngeal carcinoma; respiratory tract cancer such as
lung carcinoma (NSCLC and SCLC), mesothelioma;, eye disease such as
retinoblastoma; musculo-skeleton diseases such as osteosarcoma, musculoskeleletal
10  neoplasm; Squamous cell carcinoma and fibrofd tumour. Compounds of this invention
may also be used lo treat pre-cancer conditions or hyperplasia including familial
adenomatous polyposis, colonic adenomatous polyps, myeloid dysplasia, endometrial
dysplasia, endometrial hyperplasia with atypia, cervical dysplasia, vaginal
intraepithelial neoplasia, benign prostatic hyperplasia, papillomas of the larynx, actinic
15 and solar keratosis, seborrheic keratosis and keratoacanthoma.

It Is also anticipated that the compounds of the invention will be useful in
treating autoimmune or Inflammatory diseases or diseases supported by excessive
neovascularisation. Diseases that have been atiributed with some degree of

20  autcimmune etiology, or that invoive pathological inflammatory and neovascularization
responses, include, but are not limited to, the following: acule disseminated
encephalomyelitis, Addison’s disease, agammaglobulinemia, agranulocytosis, allergic
asthma, allergic encephalomyelitis, allergic rhinitis, alopecia areata, alopscia senilis,
anerythroplasia, ankylosing spondylitis, antiphospholipid antibody syndrome, aortitis

25 syndrome, aplastic anemia, atoplc dermatitis, autoimmune haemolylic anemia,
autoimmune hepatitis, autolmmune oophorilis, Balo disease, Basedow's diseass,
Behcel's disease, bronchial asthma, Castleman’s syndrome, celiac disease, Chagas
disease, chronic Inflammatory demyelinating polyneuropathy, Churg-Strauss
syndrome, Cogans syndroms, comical comea, comical leukoma, Coxsackie

30  myocarditis, CREST disease, Crohn’s disease, cutaneous eosinophilia, cutaneous T-
cell lymphoma, dermalitis erythrema multiforme, dermatomyositis, diabelic
retinopathy, Dressler’s syndrome, dystrophia epithalialis comeae, eczematous
dermatitis, eosinophilic fasciitis, eosinaphilic gastroenteritis, epidermolysis buliosa,
Evans syndrome, fibrosing alveolitis, gestational pemphigoid, glomerulonephritis,

35 . Goodpasture’s syndrome, graft-versus-host disease, Graves’ diseass, Guillain-Barre
Syndroms, Hashimoto's disease, haemolytic-uretic syndrome, herpetic keralitis,
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ichthyosis vulgaris, idiopathic intersititial pneumonia, idiopathic thrombocytopenic
purpura, inflammatory bowel diseases, Kawasakl's disease, keratilis,
keratoconjunctivitis, Lambert-Eaton syndrome, leukoderma vuigaris, lichen planus,
lichen sclerosus, Lyme disease, lingar IgA disease, macular degeneration,

5 megaloblastic anemia, Meniere's disease, Mooren’s uicer, Mucha-Habermann
diseass, multiple myositis, muitiple sclerosis, myasthenia gravis, necrotizing
enterocolitls, neuromyelitis optica, ocular pemphigus, opsoclonus myoclonts
syndrome, Ord's thyroiditis, paroxysmal noctumnal hemoglobinuria, Parsonnage-
Tumer syndrome, pemphigus, pericdontitis, pernicious anemia, pollen allergies,

10 polyglandular autoimmune syndrome, posterior uveitis, primary biliary cirrhosis,
proctitls, pseudomembrancus colitls, psorlasis, pulmonary emphysema, pyoderma,
Relter's syndrome, reversible obsiructive alrway disease, rheumatic fever, rheumatoid
arthritls, sarcoldosis, scleritis, Sezary's syndrome, Sjogren’s syndrome, subacute
bacterial endocarditis, systemic lupus erythematosus, Takayasu’s arteritis, temporal

15 arteritis, Tolosa-Hunt syndrome, Type | diabates mellitus, ulcerative colitis, urticaria,
vernal conjunctivitis, vitligo, Vogy-Koyanagi-Harada syndrome and Wegener's
granulomatosis.

The compounds of the invention may also be used the preparation of a
20  medicament for treating a condition in an animal in which Inhibition of a protein kinase
can prevent, inhibit or ameliorate the pathology or symptomology of the condition.
The compounds of the invention may also be used in the preparation of a medicament
for the treatment or prevention of a kinase-related disorder.

25 Administration of compeunds within Formula ({) to humans can be by any of
the accepted modes for enteral administration such as oral or rectal, or by parenteral
administration such as subcutaneous, intramuscular, intravenous and intradermal
routes. Injection can be bolus or via constant or intermittent infusion, The active
compound is typically included in a pharmaceutically acceptable carrier or diluent and

30 in an amount sufficient to deliver to the patient a therapeutically effective dose. In
various embodiments the inhibitor compound may be selectively toxic or more foxic to
rapidly proliferating cells, e.g. cancerous tumours, than to normal cells.

In using the compounds of the invention they can be administered in any
35 form or mode which makes the compound bicavallable. One skilled in the art of
preparing formulations can readily select the proper form and mode of administration
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depending upon the particular characteristics of the compound selected, the condition
to be treated, the stage of the condition to be treated and other relevant
circumstances. We refer the reader to Remingtons Pharmaceutical Sciences, 19™
edition, Mack Publishing Co. (1995) for further information.

The compounds of the present invention can be administered alone or in the
form of & pharmaceutical composition in combination wilh a pharmaceutically
acceptable carrier, diluent or excipient. The compounds of the invention, while
effective themseives, are typically formulated and administered in the form of their

10 pharmaceutically acceptable salts as thesa forms are typically more stable, more
eaglly crystallised and have increased solubiiity.

The compounds are, however, typically used in the form of phamaceutical
compositions which are formulated depending on the desired mode of administration.
15 As such in some embodiments the present invention provides a pharmaceutical
composition including a compound of Formula (1) and & pharmaceutically acceptable
carrier, diluent or excipient. The compositions are prepared in manners well known in

the art.

20 The invention in other embodiments provides a phammaceutical pack or kit
comprising one or more containers filled with one or more of the ingredients of the
pharmaceutical compositions of the invention. In such a pack or kit can be found a

" container having a unit dosage of the agent (s). The kits can include a composition
comprising an effective agent either as concentrates (including Iyophlliized

25 compositions), which can be diluted further prior to use or thay can be provided at the
concentration of use, where the vials may include one or more dosages.
Conveniently, in the kits, single dosages can be provided in sterile vials so that the
physician can employ the vials directly, where the vials will have the desired amount
and concentration of agent(s). Associated with such container(s) can be various

30 written materials such as instructions for use, or a notice in the form prescribed by a
governmental agency regulating the manufacture, use or sale of pharmaceuticals or
biolagical products, which notice reflects approval by the agency of manufacture, use

or sale for human administration.

35 The compounds of the invention may be used or administered in
combination with one or more additional drug(s} for the freatment of the
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disorder/diseases mentioned. The componenis can be administered in the same
formulation or in separate formulations. If administered in separate formulations the
compounds of the invention may be administered sequentially or simultaneously with

the other drug(s).

In addilion to being able to be administered in combination with ane or more
additional drugs, the compounds of the invention may be used in a combination
therapy. When this is done the compounds are typically administered in combination
with each other. Thus one or more of the compounds of the invention may be

10 administered either simultaneously (as a combined preparation) or sequentially in
order to achieve a desired effect. This is espacially desirable where the therapeutic
profile of each compound is different such that the combined effect of the two drugs
provides an Improved therapeutic resuit.

15 Pharmaceutical compositions of this invention for parenteral injection
comprise pharmaceutically acceptable sterlle aqueous or nonaqueous solutions,
dispersions, suspensions or emulsions as well as sterile powders for reconstitution
into sterile injectable solutions or dispersions just prior to use. Examples of suitable
aqueous and nunaqueous carriers, diluents, solvents or vehicles Include water,

20 elhanol, polyols (such as glycerol, propylene gtycol, polyethylene glycol, and the like),
and sultable mixtures thereof, vegetable oils (such as olive oil}, and injectable organic
esters such as ethyl oleate. Proper fluidity can be maintalned, for example, by the
uso of coating materials such as lecithin, by the malntenance of the required particle
size in the case of dispersions, and by the use of surfactants.

25

These compositions may also contain adjuvants such as preservative,
wetting agents, emulsifying agents, and dispersing agents. Prevention of the action of
micro-organisms may be ensured by the inclusion of varlous antibacterlal and
antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the

30 like. It may also be desirable fo include isctonic agents such as sugars, sodium
chloride, and the like. Prolonged absorption of the injectable pharmaceutical form
may be brought about by the Inclusion of agents that delay absorption such as
aluminium menostearate and gelatin.
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if desired, and for more effactive distribution, the compounds can be
incorporated into slow release or targeted delivery systems such as polymer matrices,
lipogomes, and microspheres.

5 The injectable formulations can be sterilized, for example, by filtration
through a bacterial-retaining filter, or by incorporating steriiizing agents in the form of
sterile solid compositions that can be dissolved or dispersed in sterile waler or other
sterile injeciable medium just prior to use.

10 Salid dosage forms for oral administration incfude capsules, tablets, pills,
’ powders, and granules. In such solid dosage forms, the active compound is mixed
with at least one inert, pharmaceutically acceptable excipient or carrier such as
sodium citrate or dicalclum phosphate and/or a) fillers or extenders such as starches,
lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as, for example,
15 carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidone, sucrose, and acacla,
¢) humectants such as giycerol, d) disintegrating agents such as agar-agar, calclum
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium
carbonate, o) solution retarding agents such as paraffin, f) absorption accelerators
such as quaternary ammonium compounds, g) weiting agents such as, for example,
20  cetyl alcahol and glycerol monostearate, h) absorbents such as kaolin and bentonite
clay, and i) lubricants such as talc, calcium stearate, magnesium stearate, solid
polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In the case of
capsules, tablets and pills, the dosage form may also comprise buffering agents.

25 Solid compositions of a similar type may also be employed as fillers in soft
and hard-filed gelatin capsules using such excipients as lactose or milk sugar as well
as high molecular weight polyethylene glycols and the like.

The solid dosage forms of tablets, dragees, capsules, pills, and granules can

30  be prepared with coatings and shells such as enteric coatings and other coatings wel|
known in the pharmaceutical formulating art. They may optionally contain opacifying
agents and can also be of a composition that they release the active ingredient(s)

only, or prefarentially, in a certain part of the intestinal tract, optionally, in a delayed
manner. Examples of embedding compositions which can be used include polymeric

35  substances and waxes.
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The active compounds can also be in microencapsulated form, if
appropriate, with ane or more of the above-mentioned excipients.

Liquid dosage forms for oral administration include pharmaceutically

5 acceplable emulsions, solutions, suspensions, syrups and elixirs. In addition to the

active compounds, the liguid dosage forms may contain inert diluents commonly used

in the art such as, for example, water or other solvents, solubilizing agents and

emulsifiers such as ethyl alcoho, isopropyl alcahol, ethyl carbonate, ethyl acetate,

benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylens glyco!, dimethy!

10 formamide, oils (in particular, cottonseed, groundnut, com, germ, olive, castor, and

sesame olls), glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid
esters of sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such
15 as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and
perfuming agents.

Suspensions, in addition to the active compounds, may contain suspending

agents as, for example, ethoxylated isostearyl aicohols, polyoxyethylene sorbitol and

20  sorbitan esters, microcrystalline cellulose, aluminium metahydroxide, bentonite, agar-
agar, and tragacanth, and mixtures thereof.

Compositions for rectal or vaginal administration are preferably suppositories
which can be prepared by mixing the compounds of this invention with suitable non-
25 irritating exciplents or carriers such as cocoa butter, polyelhylene glycol or a
suppository wax which are solid at room temperature but liquid at body temperature
and therefore melt in the rectum or vaginal cavity and release the active compound.

Dosage forms for topical administration of a compound of this invention

30 Include powders, patches, sprays, cintments and inhalants. The active compound is

mixed under sterile conditions with a pharmaceutically acceptable carrier and any
needed preservativas, buffers, or propellants which may be required.

The amount of compound administered will preferably treat and reduce or
35 alleviate the condition. A therapeutically effective amount can be readily determined
by an attending diagnostician by the use of convantional techniques and by observing
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resulls obtained under analogous circumstances. In determining the therapeutically
effective amount a number of factors are to be considerad including but not limited to,
the species of animal, its size, age and general health, the spacific condition involved,
the severity of the condition, the response of the patient to freatment, the particular
compound administered, the mode of administration, the biocavailability of the
preparation administered, the dose regime selected, the use of other medications and
other refevant circumstances.

A preferred dosage will be a range from about 0.01 to 3069 mg per kilogram
of body weight per day. A more preferred dosage will be in the range from 0.1 to 100
mg per kilogram of body weight per day, more preferably from 0.2 to 80 mg per
kilogram of body weight per day, even more preferably 0.2 to 50 mg per kilogram of
body weight per day. A suitable dose can be administered in multiple sub-doses per

day.

SYNTHESIS OF COMPOUNDS OF THE INVENTION

The agents of the various embodiments may be prepared using the reaction
routes and synthesls schemes as described below, employing the techniques
available in the art using starting materials that are readily available. The praparation
of particular compounds of the embodiments is described in detail in the following
examples, but the artisan will recognize that the chemical reaciions described may be
readily adapted to prepare a number of other agents of the various embodiments. For
example, the synthesis of non-exemplified compounds may be successfully performed
by modifications apparent to those skilled in the art, e.g. by appropriately prolecting
interfering groups, by changing to other suitable reagents known in the art, or by
making routine modifications of reaction conditions. A list of suitable prolecting
groups in organic synthesis can be found in T.W. Greene's Protective Groups in
Organic Synthesis, 3™ Edition, John Wiley & Sans, 1991. Alternatively, other reactions
disclosed herein or known in the art will be recognized as having applicability for
preparing other compounds of the various embodiments.

Reagents useful for synthesizing compounds may be obtained or prepared
according to tachniques known in the art.

,)a

3.7(m
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GENERAL SYNTHETIC SCHEME

A wide range of trisubstittited purines can be prepared in a straightforward
three step procedure starting from 2,6-dichloropurine which is commercially available
from a number of sources or may be prepared from purine itself using, for example,
phosphoryichloride. The general representative procedure is shown in scheme 1.

Scheme 1
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As shown initial reaction of 2,6-dichloropurine or Its 8 derivative with an alkyl
halide results in alkylation predominately at the 9 position (Tetrahedron Letters 1995,
36, 11, 1945). A typical procedure uses an alkyl bromide in the presence of a suitable
base such as potassium carbonate. Altematively, an alcohol may be reacted with the
2,6-dichloropurine in the presence of a phosphine and an activating agent, such as
diethylazodicarboxylate, so as to effact a similar alkylation. N-arylation may also be
carried out at the 9 position of the dichioropurine. Copper catalysed couplings of this
type have been described by Gundersen et al. in Telrahedron Letters 2003, 44, 3359-
3362. Subsequent pailadium catalysed coupling of 2 with a suitable aryl boronlc acid
or ester then delivers intermediate 3 (Collect. Czech. Chem. Commun. 2002, 87, 325).
Addition of morpholine can then be carried out at elevated temperature, in a suitable
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solvent such as DMA, DMF or THF, to give the desired trisubstituted purine, In cases
where a substituted morpholine group is being added the reaction has been shown to
be facilitated by the use of microwave irradiation. The R’ substituent may be varied
gither by using an 8-substituted dichloropurine as starting matarial (Scheme 15 or can

5 be introdpced later in the synthetic sequence (Scheme 2). For example chemistry
may be carried out on the 8-position after completion of the sequence illustrated in
scheme 1 above. For example, the 8-position of 4 may be brominated to give 5. The
bromide may then be displaced by, for example, an organometallic agent, such as an
organozinc, to install R' as in 6.

10 Scheme 2
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EXAMPLES

In the examples described below, unless otherwise indicated, ali
temperatures in the following description are in degrees Celsius and all parts and

15  percentages are by weight, unless indicated otherwise.

2.

34

AN



2.10 (m 5
T

I(;l), 1.57 (m \>2H), 0.91 (m 3H). NNN. / sm C-.

WO 2009/045175 PCT/SG2008/000379

10

15

20

25

30

a5

63

Various starting materials and other reagents were purchased from
commercial suppllers, such as Aldrich Chemical Company or Lancaster Synthesis
Lid., and used without further purification, unless otherwise indicated.
Tetrahydrofuran (THF) and N,N-dimethylformamide (DMF) were purchased from
Aldrich In SureSeal bottles and used as received. All solvents were purified by using
standard methods in the art, uniess otherwise indicated.

The reactions set forth below were performed under a positive pressure of
nitrogen, argon or with a drying tube, at ambient temperature {unless otherwise
stated), in anhydrous solvents, and the reaction flasks are fitted with rubber septa for
the introduction of substrates and reagents via syringe. Glassware was oven-dried
andlor heat-dried. Analytical thin-layer chromatography was performed on glass-
backed silica gel 60 F 254 plates (E Merck (0.25 mm)) and eluted with the appropriate
salvent ratios {v/v}). The reactions were assayed by TLC and terminated as judged by
the consumption of starting material.

The TLC plates were visualized by UV absorption or with a p-anisaldehyde
spray reagent or a phosphomolybdic acid reagent {Aldrich Chemical, 20 wi% in
ethanol) which was activated with heat, or by staining in an iodine chamber.

Work-ups wers typically done by doubling the reaction volume with the
reaction solvent or extraction solvent and then washing with the indicated aqueous
solutions using 25% by volume of the extraction volume (unless otherwise indicated).
Product solutions were dried over anhydrous sodium sulfate prior to filtration, and
ovaporation of the solvents was under reduced pressure on a rotary evaporator and

noted as solvents removed in vacuo.

Fiash column chromatography [Still et al, J. Org. Chem., 43, 2923 (1978))
was conducted using E Merck-grade flash silica gel {47-61 mm) and a silica gei:crude
material ratio of about 20:1 to 50:1, unless otherwise stated. Hydrogenolysis was
done at the pressure Indicated or at ambient pressure.

'H NMR spectra were recorded on a Bruker instrument operating at 400
MHz, and ™°C-NMR specira was recorded operating at 100 MHz. NMR spectra were
obtained as CDCl, solutions {reported in ppm), using chioroform as the reference
standard (7.27 ppm and 77.00 ppm) or CDgOD (3.4 and 4.8 ppm and 49.3 ppm}, or an

-)

N
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internal tetramethyisilane standard (0.00 ppm) when appropriate. Other NMR
solvents were used as needed. When peak multiplicities are reported, the following
abbreviations are used: s = singlet, d = doublet, t = triplet, m = multiplet, br =
broadened, dd = doublet of doublets, dt = doublet of triplets. Coupling constants,
when given, are reported in Heriz. Mass spectra were obtained using LC/MS either in
ESI or APCI. All metling polints are uncorrected. Al final products had greater than
90% purity (by HPLC at wavelengths of 220 nm and 254 nm).

The following examples are intended to Hlustrate the embodiments disclosed
and are not fo be construed as being limitations thereto. Additional compounds, other
than those described below, may be prepared using the following described reaction
scheme or appropriate variations or modifications thereof.

Scheme 3 depicts three variations on the three step procedure in which
different conditions are used in the first step so as to introduce diverse substituents at
the 9-position of the purine scaffold. In principle, however, a skllled addressee could
modify the general reaction scheme shown in scheme one where the nitrogen moiety
at the 9 position of the purine may be reacted with a moiety containing a suitable
leaving group (such as a halide) in a reaction whereby the nitrogen displaces the
leaving group to form the compound in which the nitrogen at the 8 posiiion is then
functionalised with the motety. Suitable leaving groups for use in reactions of this type
which can be displaced by nitrogen in such reactions are known in the art and in
general the synthesis of moleties containing leaving groups of this type for use in
these types of reactions are also well known to a skilled worker in the fleld.

As shown in Scheme 3 the three simplest routes to the compounds of the
invention involve reaction of the dichloropurine with either an arylalkyl halide {such as
benzyl halide) or a heteroarylaikyl halide to introduce an aryl or heteroaryl substituted
methyl group at the 9 position, an alcohol (to Introduce a di-substituted methyl group
at the @ position) or an aryl ar heteroaryl boronic acid (to introduce an aryl or

heteroaryl group direclly.

2H) ;
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5 Example 1 (Compound 1)
Synthesis of 2,6-Dichloro-8-(2,6-difluoro-benzyl)-9H-purine
cl cl
N
N
Y - 0y .
cl N N ¢ >N N
H
F
10 To a stimed solutlon of 2,6-dichloropurine {5.3mmol) in 10mi anhydrous DMSC

at room temperature was added anhydrous potassium carbonate (8.34mmol) and 2,6-

difiuorobenzylbromide (6.34mmol).

The reaction mixture was maintained at this

temperature for 20 hrs. The reaction can be monlitored using either TLC or LG/MS.

8 9.56(s,
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The reaction mixture was poured in to a beaker confaining ice-cold water. The

aqueous layer was acidifled to pH 5-6. Extraction of the aqueous layer, using 3x75mi

portions of ethyl acetate, afforded the crude product. This was purified on the silica

gel column {10-70% ethyl acetate in petroleum ether, step-gradient), to give the
5 desired compound in a yield of 61%.

Synthesls of 5-[2-chloro{2,6-difluoro-benzyl)-9H-purin-6-yi]-pyrimidin-2-ylamine

Hz

o e

e &
—
CI)\N/ N R
NN
F c/kN/ NN
F

10
A solution of 2,6-dichlora-9-(2,6-diflucro-benzyl}-8H-purine (1.59mmol), 5-
(4,4,5,5-tetremethyi-[1,3,2]dioxaborolan-2-ylamine {1.59mmol) and 1,1-
bis(diphenylphosphino) ferrocene palladium (I} chloride, complexed with
dichloromethane {0.15mmol), was taken up in a mixiure of peroxide free dioxane
15 {40ml) and added 2M aqueous solution of sodium carbonate (6.4mmol). The reaction
mix was degassed and purged with nitrogen. This reaction mix was then stirred on an
oil bath maintained at 65°C for 3h, The reaction was monitored by LC/MS for the
disappearance of the starting purine.

20 The reaction mixture was cooled to room temperature and the solvents
removed under reduced pressure. The residue was taken up in ethyi acetate and
water. The organic phase was separated and the aqueous layer further extracted with
3x%100 mi portions of ethyl acetate. The combined ethyl acetate layers were washed
once with brine solution (25mi). The organics were dried over sodium sulfate and the

25  golvents removed under vacuum to give 5-[2-chloro-(2,6-difluoro-benzyl}-0H-purin-6-
yi]-pyrimidin-2-ylamine in 60% yield.
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Synthesis of 5{2-chloro-(2,6-difluoro-benzyl)-2-morpholin-4-yl-9H-purin-6-yl]-
pyrimidin-2-ylamine

NH; NH,
NSy S
p P
—
N N N
M A R PR
Cl N N (\N N/ N
0./
F F

To a solution of S§-[2-chloro-(2,6-difluoro-benzyl)-9H-purin-6-yi]-pyrimidin-2-

ylamine {1.12mmol) in dmethyl acetamids (18 ml) was added morpholine (3.5mmol}.

The reaction mix was heated on an oil bath maintained at 94°C for 12h. The reaction

was monitored for the absence of the 5-[2-chlora-(2,6-diflucro-benzyl)-8H-purin-6-yl]-

10 pyrimidin-2-ylamine, by LC-MS. The crude material was directly loaded onlo a

preparative HPLC column and purified by chromatography to get the title compound in

a yield of 70%. 'H NMR, DMSO: 9.48(5,2H); 8.29(s,1H), 7.45(m,2H), 7.31(s,2H);
7.44(t,1H); 5.42(s,2H}); 3.75(m,4H); 3.67(m,4H). m/z: 425.27 [MH]".

15 Example 2 (Compound 2)
Synthesis of 9-sec-butyl-2,6-dichloro-9H-purine

Cl I
N
S —
ClA NT N P )
H @ N 3\/
20 2.6—dich10r6pun‘ne {5.3mmol), 2-Butanol (9.01mmol), triphenylphosphine

(7.95mmol) in 40ml anhydrous tefrahydrofuran, to which was added drop-wise
diisoproplyazidodicarboxylate (7.95mmol) at room temperature over a period of 30
minutes. The reaction mixture was stimed at room temperature for 24 hrs. The
reaction |s monitored by TLC or LC/MS. The reaction mixture was poured in to a
25  beaker containing ice-cold water. Extraction of the aqueous layer, using 3x100ml
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portions of ethyl acetate, afforded the crude produc. This was purifled on the silica
gel column (10-80% ethy! acetate in petroleum ether, gradient elulion), to give the
desired compound in a yield of 50%.

Synthesis of 5-(9-sec—buty1-2-chIoro-SH-purIn-G-yl)-pyrimldin-z-ylamme

NH3

A

—Z
=z

A solution of 8-sec-butyl-2,6-dichloro-9H-purine(1.59mmol), 5-(4,4,5,5-
tetremethyl-[1,3,2]dioxaborolan-2-ylamine (1.59mmol) and 1,1-
10  bis(diphenylphosphino) ferocene palladium {I) chloride, complexed with
dichloromethane (0.15mmol) were taken up in a mixiure of peroxide free dioxane
(40ml) and added 2M aqueous solution of sodium carbonate (6.4mmol). The reaction
mix was degassed and purged with nitrogan. This reaction mix was then stirred on an
oil bath maintained at 80°C for 3h. The reaction was monitored by LC/MS for the
15 disappearance of the starting purine.
The reaction mixture was cooled to room temperature and the solvents removed
under reduced pressure. The residus was taken up in ethyl acetate and water, The
organic phase was separated and the agueous layer further extracted with 3x100 ml
portions of ethyl acetate. The organics were dried over sodium sulfate and the
20 solvents removed under vacuum to give 5-(9-sec-butyl-2-chloro-9H-purin-6-yl}-
pyrimidin-2-ylamine in 80% yield.

25

30



7 N (DMBO-d6) 8 9.52(s, 214 8.27(s, 111); 7.28(s, 21-1); 4.5(m

3.8(m 411);

3.70(m 4H); 2.0(m 1H); 1.9(m 111); 1.6(d, 3H);
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(DI\/!SO d6) 8 9.52(s, 2H); 8.27(s, 111); 7.28(s, 211); 4. 6(m 211); 3.8(m
4H); 3.70(m 4H); 2.0(m 111); 1.9(m 111); 1.6(d, 3H); 0.79(t,
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Synthesis of 5-(9-sec-butyl-2-morpholin-4-yl-9H-purln-s-yl)-pydmldin-z-ylamina

NH,
N’L\N )N:"'
P NN
NN — ¢
| D N
N /hlll\t >
e
e

To a solution of 5-(9-sec-butyl-2-chloro-9H-purin-6-yl}-pyrimidin-2-ylamine
(1.12mmol) in dimethyl acetamide (18 ml) was added morphaline (3.5mmoal). The
reaction mix was heated on an oil bath maintained at 94°C for 12h. The raaction was
monitored for the absence of the give 5-{3-sec-butyl-2-chloro-9H-purin-6-yl)-pyrimidin-
2-ylamine, by LC-MS. The crude material was directly loadad onto a preparative
HPLC column and purified by chromatography to get the title compound In a yield of
70%. 'H NMR, DMSO-d6: 9.52(s,2H); 8.27(s,1H); 7.28(s,2H); 4.5(m,2H); 3.8{m,4H);
3.70(m,4H); 2.0(m, 1H); 1.9(m, 1H); 1.6(d,3H); 0.78(t,3H). m/z; 355.45 [MH".

Example 3 (Compound 27)
Synthesls of 2,6-Dichloro-9-m-tolyl-9H-purine

¢
oS N\ . N™ ™= N\
mj‘\)hl:[ﬁ> ,A/:,j: )

2,6-Dichloropurine (1.3mmol), m-Tolyl boronic acid (4.0mmol), anhydrous cupric
acetate (1.32mmol), 4A molecular sleves (1g) [1,10}-Phenanthroline (2.64mmol) in 25
ml of anhydrous dichloromethane were stimed at room temperature in a round
bottomed flask. The reaction mixture was stired at room temperature and monitored
by TLC, LC-MS. Reaction was complete after 24h. The molecular sieves and
inorganic material were removed by filtration through a celite bed. The bed was

2H) ;
0. 798,
----

311).



t". NANL CNN N--NN (DVBO-d6) 8 9.56(s, 2H): 8.64(s, 1H): 7.73

. — . ’ ’ . ’ ’ . m
2H): 7.50(1, 11-1): 7.36(s,211);: 7.28(m1H): 3.78(m 411): 3.73(m ElH);
2.38(s,311). 389.14 28 ..-1--. NHI11, Ci 0,) k.,*') N2 --- NN N NH
(DMBO46) 6 9.46 (2 H, s): 8.25(1 H, s): 7.35 (2H, bra): 5.21 - 5.14 (1H,

(211, overl apping). (1H m; 0(111, m,; 2.46
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thoroughly washed with methanol. The combined organics were purified by flash
chromatography to yield 50% of the desired compound as a solid. mfz; 279.02 [MH]+.

Synthesis of 5-(2-chloro-s-m-toly!-sH-pur!n-G-yi)-pyrImidln-z-yI-amlne

NHa2

-

cl |
N"xyN ——

/Il\,\> NS

a” NN P

2 6-Dichloro-9-m-tolyl-8H-purine  (0.182mmol), 5-(4,4,5,5-tetromethyl-[1,3,2]
dioxaborolan-2-yiamine (0.162mmo)) and 1,1-bis(diphenylphosphino} ferrocene

10 palladium (1) chioride, complexed with dichioromethane (0.018mmol) were taken up
in a mixiure of peroxide free dioxane (40mi) and added 2M aqueous solution of
sodium carbonate (0.730mmol). The reaction mix was degassed and purged with
nitrogen. This reaction mix was then stirred on an oil bath malntalned at 40°C for 2h.
The reaction was monitored by LC/MS for the disappearance of the starting purine.

15 The reaction mixture was cooled to room temperature and the solvents removed
under reduced pressure. The residue was taken up in ethyl acetate and water. The
organic phase was separated and the aqueous layer further extracted with 3x100 ml
partions of ethyl acetate. The organics were dried over sodium sulfate and the
solvents removed under vacuum to give §-(2-chtoro-9-m-tolyl-9H-purin-6-yi)-pyrimidin-

20 2-yl-amine. This crude material was taken directly to the next step without further
purification.

25
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Synthesis of 5-{2-morpholin-4-yl-3-m-tolyl-9H-purin-6-yl)-pyrimidin-2-yl-amine

NH,
o b
| NTSN

l
—
NN
A \> N\\
o N N R

To a solution of 5-(2-chloro-9-m-tolyl-9H-purin-6-yi)-pyrimidin-2-yl-amine
(0.182mmalmmoel) in dimethyl acetamide (4 ml) was added morphotine (0.4mmcl).
The reaction mix was heated on an oil bath maintained at 94°C for 12h. The reaction
was monitored for the absence of the give 5-(2-chloro-9-m-tolyl-9H-purin-6-yl)-
10 pyrimidin-2-yl-amine, by LC-MS. The crude material was directly loaded onto a
preparative HPLC column and purified by chromatography to give the title compounid.

miz: 389.2 [MH]".

Example 4 (Compound 33)
15 Synthesis of {3{6-(2-Amino-pyrimidin-5-yl)-2-morpholin-4-yl-purin-8-yi]-
pyrrolidin -1-yi}-(5-methyl-thiophen-2-yl)-methanone

/IJ“\Hz
A SN
N P
! = HOOC’Q\
NN
N N\> - (N W N\>
I/\N/I\“/ N o @ s
o G Ne L)
NH

20 {3-16-(2-Amino-pyrimidin-5-yi}-2-morpholin-4-yl-purin-9-y-pyrrolidin-1-y}-5-
methyl-thiophen-2-yl}-methancne was prepared from the corresponding Boc protected
compound (3-[6-(2-amino-pyrimidin-5-yl)-2-morpholin-4-yl-purin-9-yil-pyrrolidine-1-



NN A, --n--- N,N ON> Oa Wr (DVSO d6) 8 9.54(s,2H); 8.32 (s, 1H):
7.34(bs, 2H): 7.16(m 4H): 4.82(m 1H): 3.78(m 4}-1): 3.43(%121H)F?’
3.21-3.0(m 6H). 429.19 31 NH2 .1. I1''*"" N.--- NN (<--“N,NN O, , ;
illa it (DVBO-d6) 8 9.52(s,2H): 8.21 (3,111); 7.33(bs,2H); 7.24(mAH):
5.36(m 1H): 3.78(m 4H): 3.63(m4H): 3.58-3.40 (m4H). 415.15 32 NH2
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carboxylic acid fert-butyl ester) using a standard deprotection protocol. This

intermediate was in tumn prepared using the same three step procedure employed in

the synthesis of 5-(9-seo-butyl-2-morpholin-4—yl—9H-pun‘n-&yl)—pyn‘midin-z-ylamlne

(compound 2} starting from the commercially available Boc protected aminoalcohol 3-
s hydroxy-pyrrolidine-1-carboxylic acid fert-butyl ester.

To a solution of 5~(2-morpholin-4-yl-9-pyrrolldin-3-y1-9H-purin-6-yl)-pyrimidin-2-
ylamine (37 mg, 0.08 mmol) in DMF was added 5-methyl-thiophene-2-carboxylic acid
{15 mg, 0.104 mmol, 1.3 eq), EDC (20 mg, 0.104 mmol, 1.3 eq), HOBt {14 mg, 0.104
10 mmol, 1.3 eq) and diisopropylethylamine (32 L, 0.184 mmol, 2.3 eq). The mixture
was stirred at 50°C for 16 hrs. Then NaHCO, was added and the mixture extracted
twice with ethyl acetate. The combined organic layers were further washed with brine
before drying over Na;S0,. The crude product was purified by chromatography to
afford the title compound as yellow solid {14.4 mg).
15 W NMR, CDCly: 8.74 (2 H, s), 7.80 (1 H, 8), 7.39 (3H, 5}, 6.77 (1H, d, J = 33),519-
5.13 (1H, m), 4.33 (1H, b 8),4.24 — 4.18 (1H, m), 4.09 - 4.04 (1H, m), 4.00 (1H, b s),
3.87 -3.79 (8H, m), 2.61 — 2.56 (2H, m), 2.52 (3H, 5). m/z: 492 [MH]".

Example 5 (Compound 40)
20 Synthesis of 5-(8-Bromo-9-sec-butyi-2-morpholin-4-yl-9H- punn-G-yl)-pyrimldm-
2-ylamine
N" N N™ N
l - ‘ -
-
NN NN
LD | DBr

To a solution of &(9-sac—Butyl-2-morpholin-4—yl—9H~purin-G-yI)—pyrimidin-z-
25  ylamine, (200mg, 0.57mmol) in 15ml of chloroform, was added slowly NBS, {120mg,
" 0.68mmol) at a temperature of 5C. The reaction was continued for 2 hours at this
temperature. After simple work-up, the product 5-(8-Bromo-9-sec-butyl-2-morpholin-
4—yt—9H-purln-6—yl)-pyrimidin-2—ylamine was purified by flash column {solvent system:
50% ethyl acetate in hexane) to deliver the desired compound.in a yield of 48%
30 (120mg).
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Synthesis of 5-{9-sec-Butyl-8-methyl-2-morpholin-4-yi-8H-purin-6-yl}-pyrimidin-

2-ylamine
Ha NH,
N™™N NJ‘}N
| & I =
N ™= N N ™= N
I kY Br ! A\
o - A N>—

S SN G I

To a solution of 5-(8-Bromo-9-sec-butyl-2-morphotin-4-yl-9H-purin-6-yl)-
pyrimidin-2-ylamine, (20mg, 0.046mmol), Pd(dppf)Cls, (3mg, 8%mmoil) in 3ml of
anhydrous dioxane, was added slowly dimethyl zinc (230pl, 1.0M in heptane solution).
The mixture was heated to about 65T until in the sealed tube. MeOH was added

10 dropwise and soivents were removed in vacuo. EtOAc was added to the residue and
the resulting solution washed with 1 M HCI, water, brine and then dried over Na;SO,.
The solvent was removed and the crude mixture was subjected to flash
chromatography to obtain 5-{9-sec-Butyl-8-methyl-2-morpholin-4-yl-9H-purin-6-yl}-
pyrimidin-2-ylamine 8mg in a yield of 47%. 'H NMR, MeOD: 9.45(s,2H); 4.55(m,1H);

15 3.87(m,4H); 3.80(s,4H); 2.68(s.3H); 2.43(m,1H); 2.02(m,1H), 1.71(d,3H); 0.B6(t,3H).
mfz: 369.22 [MHJ".

The compounds outlined in Table 1 were synthesized following the
procedures outlined above or variations thereof typically by variation of the starting

20 materials used.

25
30

35



6.77 (1H, d);
4.09 -4.04 (1H,
2.52 (3H
6 12.83 (1H, bs,

1H NVR (CDCI3) 6 9.74 (2 H, s); 7.80(1 H a); 7.39(3K, s);
5.19 - 5.13 (1H, n); 4.33(1K, b a); 4.24 -4.19 (1H m;
in); 4.00 (1H b s); 3.87 - 3.79 (81-1, n); 2.61 -2.56 (2H, n);
s). MS(M+l ) 492.19 33 34 NH2 ..-1. 1 N (DVBO d6):
020 exchangeable proton); 9.51 (2H, s); 8.15 (1H, a); 7.25(2K, s,
exchangeabl e protons); 3.73-3.74 (4H, d); 3.69- 3.70 (4H, d).
NH2 .-1,.
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Table 1 Synthesised compounds
Cmpd | Structure 1H-NMR MS(M+1 |
No )
1 NH; (DMSO-d6) 5 9.48(s, 2H), | 42527
A 8.28(s,1H); 7.45(m, 2H);
N™ N 7.31(s, 2H); 7.14(t, 1H);
| 5.42(s, 2H); 3.75(m, 4H);
3.67(m, 4H).
NN
| \> E
(NN
o/
E
2 NH: (DMSO-d6) 5 8.52(s, 2H); | 355.45
A 8.27(s, 1H); 7.28(s, 2H);
NN 4,5(m, 2H); 3.8(m, 4H);
L 3.70(m, 4H); 2.0(m, 1H);
1.9(m, 1H); 1.8(d, 3H);
NS 0.79(t, 3HA).
Py
N” N
o /LN/
3 NH; (DMSO-d6) 3 9.52(s, 2H); | 353.40
o 8.27(s, 1H); 7.28(s, 2H);
N™SN 4,01(m, 2H); 3.8(m, 4H);
| 3.70(m, 4H), 1.3(m, 1H);
0.54{m, 2H); 0.52(m, 2H).
N7 SN
A
o\/J \‘<]
| 9.4(s, 1H); 7.9(s, 1H);
7 7.45-7.35(m, 5H); 5.4(s,
2H); 3.9(m, 4H); 3.8(m,
N RS N\> 4H).
(\N*N/ N
o/ \\©
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CNNNN (DVSO db):
(2H, S. 020 exchangeabl e proton) ;

6 9.51 (2H, s);
4.72-4.70 (1H, d) ;

8.27-8.25 (1H, d);
4.51- 4.46 (1H, m
3. 65-3. 63

(OMBO46) 5 9.53
3.77 (4H, m;
1. 65 (4H,

. 4.37-4.35 (1H, d) ; 3.96-3.95 (1H, d), 3.77-3.74 (1H, d) ;
(1H, d); 3.51- 3.48 (1H, t); 3.23-3.19 (1H n); 2.05-1.85(2K, m
1.54-1.52(3H, q) ; 1.22-1.20(3K. q) ; 0.78- 0.74 (3H, q),
(2 H s): 835(1 H s): 7.37(2H, b s): 4.37 -4.31 (1H, m;
3.72(4K, m; 2.31-2.21 (2H, m; 1.99 - 1.91 (1H, n); 1.78 -
1.57- 1.52 (2H, n); 1.07 (3H d, J= 7.1). 369.10 295.21 36 | ()Roy) NH2
-1 Lwo 2o0oas1rs PCT/SG2008/000379
Cmpd | Structure 1H-NMR I)WS(MM
No
5 NH2 (DMSO-d6) 3 8.54(s, 2 H); | 413.41
o 8.27(s, 1H); 7.28(s, 2H);
NN 4,6(m, 2H); 3.8(m, 4H),
| 3.70(m, 4H); 3.65(m, 2H);
_ 1.55(d, 3H); 0.9(s, 9H).
N~ SN
e
N"N 0
o) )~
6 N N (DMSO-d8) b 9.97(s, 2H); | 340.50
9.34(s, 1H); 8.50(s, tH);
/ 4.5(m, 1H); 3.9(m, 4H);
3.8(m, 4H); 2.0(m, 1H);
NN 1.9(m, 1H); 1.6(d, 3H);
(\ P N) 0.79(t, 3H).
N" N
0\/) /L%,/
7 NH {MeOD) 5 9.28 (s, 2H), | 367
o 8.08 (s, 1H), 5.03 (m, TH),
N" N 4.34 (m, 4H), 3.85 (m,
l 4H), 2.30 (m, 2H), 2.03
(m, 4H), 1.85 (m, 2H).
D
(\N)\N/
o/ @
8 NH (DMSO-d6) 6 8.74(s, 1H), | 385.46
8.4(s, 1H); 7.6(bs, 2H);
NN 4.5(m, 1H;; g.%s. :m;
3.8(m, 4H); 3.7(m, 4H);
S0 Y 2.0§m,1H);1.9(m,1H);
AN 1.6(d, 3H); 0.78(t, 3H).
(‘\ J\ - N\>
NN
0\/) /yﬁJ/




V "------ N 1IN , .. 83 Cmpd No Structure 1H NVR M5S(Mtl ) 37 NH2
---l-.. TiNNN."- .)1,, N.-r NG IL Mxture of D astereoners (2:1):
(DVBO-d6): 69.50 (2H, s), 9.50 (2H, s) ; 8.26 (1H, s), 8.28 (1H, s) :7.26
(2H, s), 7.26 (2H, s); 4.95- 4.92 (1H, m, 4.83-4.80 (1H m; 3.77 (4H,
s), 3.77 (4H, s); 3.71-3.69 (4H, t);

WO 2009/045175 PCT/SG2008/000379
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Cmpd | Structure TH-NMR MS(M+1
No )
9 NH; (DMSO-d6) 6 9.54(s, 2H); | 403.39
o 8.45(s, 1H); 7.42-7.22(m,
N N 5H); 5.8(m, 1H); 3.8(m,
= 4H); 3.7{m, 4H); 2.0(d,
3H).
N™ ™=
a g
NN N
o/ )@
10 ' NHz (DMS0-d6) & 9.53(s, 2H); | 367.46
Py 8.35(s, 1H); 7.28(s, 2H);
NN 3.86(m, 1H); 3.78(m, 4H);
L 3.72(m. 4H): 1.62(d, 3H);
1.5(m, TH); 0.7¢m, 1H);
N7 N 0.5(m, 2H); 0.4(m, 1H).
N
(\N N~ N
o) )
11 NH; (DMSO-d6) 3 8.73(s, 1H), | 397.41
A 8.5(s, 1H); 7.28(s, 2H);
N ~N 4.0(s, 3H); 3.86(m, 1H);
N ANF 3.78(m, 4H); 3.72(m, 4H);
0 1.62(d, 3H); 1.5((m, 1:));
N 0.7(m, 1H); 0.5(m, 2H);
NS 0.4(m, 1H).
M
((NTNTN
o\) )\q
12 ~ NH; (DMSO-ds) 5 9.53 (s, 371
o 2H), 8.26 (s, 1H), 4.81 (m,
N N 1H), 3.84 (m, 4H), 3.71

{m, 4H}, 3.82 (m, 2H),
3.23 (s, 3H), 1.50 (d, 3H).




3.71-3.69 (4H, t);

m, 2.30-2.13 (2H, m;

2.40- 2.35 (1H, m,
2.08-2.02 (3H, m,

2.40-2.35 (1H, m;
1.89- 1.88 (11-1, m),

2.30- 2. 13( 2K,
1.77-1.70

(2H, m; 1.55-1.53 (1H, n), 1.32-1.21 (1H, n); 1.10-1.08 (3H, d),
1.02 (3H, d). 381.20 38 KtH2 ---C. NN NI--- NNA, ,----- NN 411
(DVSO-d6) 8 9.53(8,2H); 8.55(s,1H); 8.20(s,2H); 7.9001, 2H);
7.40(t,1H); 3.77(m4H); 3.70(m4H). 375.15 39 N H2 .-Cc). N\
WO 2009/045175 PCT/SG2008/000379
Cmpd | Structure 1H-NMR MS(M+1
No )
13 ~NH; (DMSO-d6) 5 8.72(s, 1H); | 401.41
A 8.34(s, 1H); 7.66(bs, 2H)
NI N 4.8(m, 1H); 4.0(s, 3H);
~ = 3.9(m, 1H); 3.8-3.7(m,
0 8H); 3.6(m, 1H); 3.3(s.
NN 3H); 1.5(d, 3H).
(\ /”\ = N\>
NN
o) )~
14 NH2 (CDCl;) § 8.16(s, 1H); 369.31
7.84(s, 1H); 4.6(m, 1H);
'*1 =N 3.86(m, 8H); 2.88(s, 3H);
y 2.0(m, 2H); 1.65(d, 3H);
0.94(t, 3H).
N
D
NTNTTN
o) )~
15 NH2 (CDCly) 8 9.16(s, TH); 381.29
7.84(s, 1H); 3.86(m, 8H);
N N 2.88(s, 3H); 1.65(d, 3H);
p 1.4(m,2H); 0.84(m, TH);
0.6(m, 1H); 0.46(m, 2H);
N
(\ J\ I~ N\>
N7 N
o )~
16 ~ HH; (CDCly) 8 9.13(s, 1H); 385.3
Pe 7.99(s, 1H); 7.6(bs, 2H);
NI ~N 4.75(m, 1H); 3.9(m, 1H);
P 3.8-3.7(m, BH); 3.6(m,
1H); 3.4(s, 3H); 2.8(s,
N 3H); 1.6(d, 3H).
N" N O
O\) )\/

7.56(t, 2H);




NN (DVSO-d6) 8 9.52(s, 2H); 8.20(s, 1H); 7.29(s, 21-); 5.18(m 1H);
4.16(m 1H); 3.96(m 2H); 3.86(m 1H); 3.79(m 4H); 3.68(m 4H); 2.43(m
2H). 369.10 40 N11-12 --1-. ../ m..... Ni,-- (----NNN (MeOD) 8 9.45 (s,
2H), 4.55(m 11-), 3.87(m 4H), 3.80 (m 4H), 2.69 (s, 3H), 2.43 (m 1H),
2.02 (m 1H, 1.71 (d, 3H, 0.86 (t, 3H. 369.22 84 Cmptl No Structure
IHNWR MS5(M+l ) 41 N 2 (MeOD) 8 a44 (s, 2H),
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Cmpd | Structure 1H-NMR MS(M+1
No )
17 NH2 (CDCls) § 9.16(s, 1H); 417.31
A 7.84(s, TH), 7.4(m, 5H);
NN 5.9(m, 1H); 3.86(m, 8H);
= 2.88(s, 3H); 2.0(d, 3H).
NN
)]\ = \>
(\N N~ N
0 )\Q
18 NH2 (DMSO-d6) 59.52(s, 2H); | 369.24
'\‘1/&" 8.2(s, 1H); 7.3(s, 2H);
5.2(m, 1H); 4.2(m, 1H);
Z 4.1{m, 2H}; 3.9(m, 1H);
3.8(m, 4H); 3.7(m, 4H);
ﬂ SN 2.4(m, 2H).
O\) O
o)
19 NH, ™ (MeOD) 5 9.68 (s, 2H), | 462
A 8.27 (s, 1H), 4.85 (m, 1H),
NN 4.28 {m, 2H), 3.91 (m,
P 4H), 3.80 (m, 4H), 3.01
{m, 2H), 2.23 (m, 2H),
N7 N\> 2.10 (m, 2R), 1.51 (s, OH).
' s
N/LN N
0\) @
N
PO
20 HN™ (CDCly) 5 10.4{bs, 1H); 369.30
Y 9.9(s, 1H); 9.6(s, 1H);
NT N 7.9(s, 1H); 4.6{m, 1H);
L 3.9(m, 4H); 3.8(m, 4H);
3.3(d, 3H); 2.0{m, 2H);
"1 N N\) 1.6(d, 3H); 1.0(t, 3H).
|/\N)\N/ N
0\) )\/




4.64 (m 1H), 3.77 (m N N 411), 3.69 (m 414 2.89 (m 211),
(d, 611), 1.21 (t, 311). 369.21 N
WO 2009/045175 PCT/SG2008/000379
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Cmpd | Structure TH-NMR MS(M+1
No }
21 NH (MeOD) 5 946 (s, 2H), | 452
Py 8.07 (s, 1H), 4.74 (m, 2H),
'\1 N 4.01 {m, 1H), 3.77 (m,
= 4H), 3.68 (m, 4H), 2.75
(m, 1H), 2.34 {m, 2H),
N XN 2,10 (m, 5H), 1.57 (m,
P ) 2H), 0.91 (m, 3H).
(NTNTTN
o/
f~
o
22 NH; (DMSO-d6) 5 9.53(s, 2H); | 369.28
A 8.3(s, 1H); 7.33(bs, 2H);
P{ N 4.31(m, 1H); 3.77(m, 4H);
/ 3.72(m, 4H); 2.4(m, 1H);
1.5(d, 3H); 1.0(m, 3H);
N 0.7(m, 3H).
ALY
) e
¢ NTONTTN
o M~
23 NH2 (DMS0<6) 5 9.56(s, 2H); | 366.18
L 8.35(s. 1H); 7.40(bs, 2H);
ﬂ N 5.8141, 1H); 3.9(m, 4H);
= 3.8(m, 4H); 2.4{m, 2H);
0.9(t, 3H).
S
M
NN N
o\) /\\/
N//
24 “NH; (DMS0-d6) § 9.54(s, 2H); | 368.21
Py 8.28(s, 1H); 7.37(bs, 2H);
N™ =N 4.3(m, 1H); 3.8(m, 4H);
| 3,7(m, 4H); 2.0(m, 4H);
0.7(t, 6H).
O
M
NN
o\) 8\/

1.

61



CNN  g/)----- 42 NH2 (MeOD) 8 9.58 (s, 2H),
WO 2009/045175 PCT/SG2008/000379
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Cmpd | Structure TH-NMR MS(M+1
No )
25 NH2 (DMSO-d6) & 9.52(s, 2H), | 355.45
Py 8.27(s, 1H); 7.28(s, 2H);
N° N 4.5(m, 2H); 3.8(m, 4H);
& 3.70(m, 4H); 2.0(m, 1H);
1.9(m, 1H); 1.8(d, 3H);
N 0.79(t, 3H).
M
(NNTN
. O\.) . )\/
26 NH2 (DMSO-g6) 8 9.52(s, 2H); | 355.45
e 8.27(s, 1H); 7.28(s, 2H);
N N 4.5(m, 2H), 3.8(m, 4H);
~ 4.70(m, 4H); 2.0{m, 1H),
1.9¢{m, 1H}); 1.6(d, 3H);
N 0.79(t, 3H).
A0
s
CY VN
0\/I ‘.‘\\
27 NHz2 (DMS0-d6) 5 9.56(s, 2H); [ 389.14
A 8.64(s, 1H), 7.73(m, 2H);
"1 N 7.50(t, 1H); 7.36(s,2H);
y 7.28{m,1H); 3.78(m, 4H);
3.73(m, 4H); 2.38(s,3H).
NN
Y
((NTONTN
O\) @\
28 NH, (DMSO-d6)59.46 (2 H, |368.17
s);, 8.25 (1 H, s); 7.35 (2H,
N =N br s); 5.21 — 5.14 (1H, m);
y 3.73 - 3.60 (10H, m); 3.58
—3.50 (1H, m); 3.39 -
N 330 (1 H: m); 2.46 (2H,
/'ﬂ\ \> overlapping}.
NN
0\) G
NH




4.64 (m 1H), 3.87 (m "NN4H), 3.80 (m 4H), 2.46 1 ...--
2.00 (m 111), 1.71 (d, 3H), 0.82 (t, 3H). A N --Br
WO 2009/045175 PCT/SG2008/000379
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Cmpd | Structure 1tH-NMR MS(M+1
No )
29 NH2 (DMS0-d6) 5 9.54(s,2H); | 369.15
Py 8.18(s,1H); 3.66(s,2H);
"1 N 3.78(m.4H); 3.73(m,4H).
o
N XN
i P,
ﬁN)\N/ N
o/ \A(
30 NH2 (DMSO-d6) 3 9.54(s,2H);, |429.19
Py 8.32 {s.1H); 7.34(bs,2H);
N[ N 7.16(m,4H); 4.82(m,1H);
/ 3.78(m,4H); 3.43(m 4H);
3.24-3.0(m,BH).
N ™
N
(NTNTTN
o/ %
3 NF; (DMSO-d6) 8 9.52(s,2H), | 415.15
A 8.21 (s,1H); 7.33(bs,2H);
"1 N 7.24{m,4H); 5.35(m,1H);
P 3.768(m.4H); 3.63(m.4H),
3.56-3.40 (m,4H).
NN
| ),
(\N’I\N/ N
O\) %
32 in na 472.18
)
s
N
DR
(\NJ\N/ N
.
O
e

(m 1H),
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—Z

NFp

T

Mixture of Diastereomers
(2:1); (DMSO-d6): 5 9.50
(2H, s), 9.50 (2H, s) ; 8.26
(1H, s), 8.28 (1H, 8) ; 7.26
(2H, s), 7.26 (2H, s); 4.95-
4.92 {(1H, m), 4.83-4.80
(1H, m); 3.77 (4H, s), 3.77
(4H, s); 3.71-3.69 (4H, t),
3.71-3.69 (4H, t}; 2.40-
2.35 (1H, m), 2.40-2.35
{1H, m); 2.30-2.13 (2H,
m), 2.30-2.13 (2H, m);
2.08-2,02 (3H, m), 1.89-
1.88 (1H, m), 1.77-1.70
{2H, m); 1.55-1.53 (1H,
m), 1.32-1.21 (1H, m);
1.10-1.08 (3H, d), 1.04-
1.02 (3H, d).
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—z
z
=2

N

(DMSO-46) 5 8.53(s,2H);
8.55(s, 1H); 8.20(s,ZH);
7.90(d,2H); 7.56(t.2H);
7.40(t, 1H); 3.77(m,4H);
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139

(DMS0-d6) 6 8.52(s, 2H);
8.20(s, H); 7.29(s, 2H);
5.18(m, TH); 4.16(m, 1H);
3.96(m, 2H); 3.86(m, 1H);
3.79(m, 4H); 3.68(m, 4H);
2.43(m, 2H).
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{MeOD) b 9.45 (s, 2H),
455 (m, 1H), 3.87 (m,
4H), 3.80 (m, 4H), 2.69 (s,
aH), 2.43 (m, 1H), 2.02
(m, 1H), 1.71 (d, 3H), 0.86
(t, 3H).
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The pl ate
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Cmpd Structure 1H-NMR MS{M+1
No )
41 NH; {MeOD) § 9.44 (s, 2H),

A 4.64 (m, 1H), 3.77 (m,
4H), 3.69 (m, 4H), 2.89

=
=z

= (m. 2H), 1.61 (d, 6H), 1.21
(t, 3H). 369.21
N N: /
.
[NTNTN
o/ )~
42 NH, (MeOD) & 9.58 (s, 2H),
A 4.64 (m, TH), 3.87 (m,
NN 4H), 3.80 (m, 4H), 2.46

(m, 1H), 2.00 (m, 1H),
1.71(d, 3H), 0824, 3Hy. | .,

BIOLOGICAL TESTING

mTOR Assay
5 Truncated mTOR kinase and His-tagged 4eBP1 were produced in-house.

[Y°PJ-ATP was purchased from Amersham (GE Healthcare). Al chemicals, unless
otherwise stated, were from Sigma-Aldrich.

Phosphorylation assays were inifially performed in a final volume of 20yl in
10 - 384-well polypropylene plate {Greiner). Compounds were typically tested aver the
range from 100 yM fo 0.006 pM, in B step dilutions, In duplicate. 10 uliwell of 2X
Enzyme-Substrate solution {1.5 pg/mL mTOR, 40ug/mL 4eBP1 in 1X assay buffer: 10
mM Hepes pH 7.5, 50 mM NaCl and 10 mM MnCl;) were first added to the sample
plate centaining 1 pliwell of test compound in neat DMSO. The reaction was initiated
15 by adding 10 pL/wefl of 20 pM ATP solution (final assay cancentration 10 yM ATP and
0.4 pCliwell of ¥P]-ATP). After 1 hour incubation at room temperature, the reaction

was terminated with 40 yL/well of 20 mM EDTA/1 mM ATP solution,

50 ulL/well of the stopped reaction mix was then transferred to 384-well

20  MuitiScreenHTS-PH filler plate (Millipore) pre-added with 50 pl/well of 1 %
phosphoric acld. The plate was washed 4 times with 120 pl /well of 0.5 % phosphoric
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acid via vacuum filtration. Finally, 10 pl/well of Optiphase™ SuperMix liquid
scintillation cocktail {Perkin Eimer) was added. After minimum 1 hour of incubatfon,
counting was performed in a Wallac MicroBeta TriLux scintillation counter using
coincidence counting mode with crosstalk comaction. ICs is defined as the

s concentration of compound required for 50% inhibition of kinase enzymse activity. 1Cse
data are shown in Table 2 below.

PlIK Assay

Recombinant PI3K p110a/p85 was prepared in-house. Phosphatidylinasitol
(Pidins), phosphotidylserine (PtdSer) and all othter unspecified chemicals were
10  purchased from Sigma-Aldrich. [f**PJATP and Optiphase scintilant were cbtained
from Perkin Elmer.

Assays were performed in a final assay volume of 25 uL in 384-well
Maxisorp plates (Nunc). Compounds were tested at 8 concentrations in 3-fold serial
dilution, gensrally starting from 10 uM. Maxisorp plates were coated with 20 pL/well of
15 & 1:1 mixture of Pidins and PtdSer [0.1 mg/mL each dissolved in chloroform:ethano!
(3:7)] and left overnight in a fume hood at room temperature (RT) to dry.

The enzyme reaction was created by pipetting 5 pUiwell of compound (in
2.5% DMSO0), 10 pLiwell of enzyme (0.5 pgfmL pi110c + 1 pg/mlL p85), and 10
pLiwell of 5 uM ATP with 5 pClfimL [°P)ATP in assay buffer (final concentrations: 0.2
20 pg/ml p110o, 2 pM ATP, 0.05 pCifwell h”P]ATP in 1X assay buffer; 100 mM Tris-
HCI pH 7.0, 200 mM NaCl, 8 mM MgCl;). The reaction was incubated for 1 hour at RT
and terminated with 30 pL/well of 50 mM EDTA solulion. The plate was then washed
twice with TBS, dried, and added with 30 pL/well of scintillant before it was counted in
a MicroBela Trilux. !Cs is defined as the concentration of compound required for

25  50% inhibition of kinase enzyme activity. ICs data are shown in Table 2 below.

30
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Compound ICso ICss Compound ICsp ICsq
Number (mTOR) (P13Ka)’ Number {mTORY (Pi3Ka)
1 b +++ 22 ++4 +4++
2 ++d C b 23 +++ +++
3 +++ +++ 24 +++ +++
4 + +++ 25 +4+4+ ++4
5 ++ +++ 26 +++ +++
6 ++ +++ 27 +++ ++4
7 ++4 +++ 28 ++ na
8 +4+ +++ 29 +++ +++
g ++ ++4 30 ++4+ +4+
10 ++4+ +++ 31 +++ +++
11 ++ +4+ az +4+ +44
12 +++ +++ 33 +++ +++
13 ++ 4+ 34 ++ +i+
14 + +++ 35 +++ +++
15 + ¥ 36 +4+ +++
16 + +++ 37 +++ +++
17 + +++ 38 +++ +++
18 +++ ++4+
19 +4++ +++
20 ++4 +4+
21 +++ +Ht
"ttt <fuM
++ 1uM-5pM
+ »>BuM

na not available

Cell-based proliferation assay

The biclogical efficacy of the invention was demonstrated by the following
assay. Human cancer cell lines PC3 and DU145 (human prostate cancer cell lines),
were obtained from ATCC. They were cuitured in the media according to the ATCC
work instructions. PC3 and DU145 cells were seeded at 1,000 cells per well in 96-well
piates, respectively. The piates ware Incubated at 37°C, 5% CO, for 24 h. Cells
ware freated with compounds at various concentrations for 96 h. Cell proliferation

was then quantified using Celltiter?6 Aqueous One Solution Cell Proliferation Assay

from Promega {Madison Wisconsin). Dose response curves were plotted to

determine ICs; values for the compounds using XL-fit (ID Business Solution,
Emeryville, CA). ICs Is defined as the concentration of compound required for 50%

inhibition of cell proliferation. The compounds of this invantion inhibited cell

proliferation as shown in Table 3 below. The data indicated that the compounds of
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this invention are active in the inhibition of lumour cell growth. 1Cs data are shown in
‘Table 3 below.

Table 3- Cell-based prollfaration assay ICs, data

5
Compound PC3 DU145
No.

2 +++ NT
3 NT ++
10 +++ NT
18 +++ NT
19 +++ NT
21 +++ NT
22 e+ NT
23 +++ NT
25 +4+ NT
26 +++ NT
29 +++ NT

(35 e NT

37 + NT
42 o+ NT
NT = not tasted
ICsa<1pM 4+
1uM<ICgog5uM ++

10 szu>5|-lM +

in vivo antineaplastic (or ant/4umour) effect:
The etficacy of the compounds of the Invention can then be determined

15 using in vivo animal xenograft studies. The animal xenograft madel is one of the most

commonly used /n vivo cancer models.

in these studies, female athymic nude mice, 12-14 weeks of age would be

implanted subcutaneously in the flank with 5 x 10° cells of PC-3 human prostate

20 cancer cell line in 50% Matrige! (BD Biosciences). When the tumour reaches the size
100 mm®, the xenograft nude mice would be paired-maich into various treaiment
groups. The selected kinase inhibitors would be dissolved in appropriate vehicles and
administered to the xenograft nude mice intraperitoneally or orally daily for 28 days.
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The dosing volume will be 0.01 ml/g body waight. Tumour volume will be calculated
twice weekly post-injection using the formula: Volume (mm?®) = (w* x 1)/2, where w =
width and | = length in mm of a MV4-11tumour. Compounds of this invention that
have been tested show significant reduction in tumour volume relative fo controls
{reatad with vehicle only. The result will therefore indicate that compounds of this
invention are efficacious in treating a proliferative diseas_e such as cancer.

The details of specific embodiments described in this invention are not to be
construed as limitations. Various equivalents and modifications may be made without
departing from the essence and scope of fhis invention, and it is understood that such
equivalent embodiments are part of this invention.
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Cell -based proliferation assay toThe biol ogical efficacy of the Invention

was denonstrated by the followi ng assay. Human cancer cell |ines PC3 and
DU145 (human prostate cancer cell lines), were obtained from ATCC. They
were cultured In the media according to the ATCC work Instructions. PC3
and DU145 cells were seeded at 1,000 cells per well in 96-well plates,

respectively. The plates were Incubated at 37C, 5% CO2, for 24 h. Cells
15 were treated with conpounds at various concentratj h. Cell
proliferatiBR2M&e* Ren quantified using Celltiter96 k‘gﬂ%&ﬁ"@fﬂ%ﬁg Sol uti on
Cell Proliferation Assay from Pronega (Madi son Wsconsin). Dose response
curves were plotted to determne | CK, yglues for the conpounds using
XL-fit (ID Business Solution, Emeryville, CA). IC50 Is defined as the
concentration of conpound required for 50% 20i nhibition of cell
proliferation. Whatis damgdinds of this invention inhibited Cell
proliferation as shoygnipBuniabbmul (el ow. The data indicated that the
conpounds of

R6

(R%)

5 Formula (1)

wherein:

R' is selected from the group consisting of. H, halogen and optionally
10 substituted C,-Cgalkyl;

R? is selected from the group consisting of H, halogen, OH, NO;, CN, NH,
optionally substituted C;-Cizalkyl, optionally substituted C;-Ciealkenyl, optionally
substiluted C,-Cpalkynyl, optionally substituted C,-Cisheteroalkyl, oplionally

15 substituted Cs-Ciocycloalkyl, optionally substituted C3-Cizcycloalkeny!, oplionally
substituted C.-Cisheterocycioalkyl, optionally substituted C,-Cy;heterocycioalkenyl,
optionally substituted Ce-Cysaryl, optionally substituted C;-Cighetaroaryl, optionally
substituted C;-Cyealkyloxy, optionally substituted Co-Ciaalkenyloxy, oplionally
substituted CCraalkynyloxy, optionally substituted Cp-Cieheteroalkyloxy, optionally

20 substituted Cs-Crcycloalkyloxy, optionally substituted C5-Cyzcycloatkenyloxy,
oplionally substituted C-Ciheterocycloalkyloxy, optionally substituted C,-Cy;
heterocycloalkenyloxy, optionally substituted Cg-Cisaryloxy, optionally substituted -
C, hetercaryloxy, optionally substituted Cy-Cralkylamino, SR®, SOH, SONR'R?,



87 this invention are active in the inhibition of tumour cell growth. IC50
data are shown in Table 3 below Table 3- Cell-based proliferation assay
| Cso data 5 Conmpound No. PC3 0U145 2 +++ NT 3 NT ++ 10 +++ NT 18 +++ NT 19
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SO,R®, SONR®R?, SOR®, COR?, COOH, COOR®, CONR®R®, NR®COR®, NR°COOR’,
NRESO,R?, NR®*CONRPR®, NR°R?, and acyl;

R®, and R* are each independently selected from the group consisting of H,
F, Cl, Br, OH, optionally substituted C1-Cealkyl, OR®, OCOR®, CHOH, NH;, NR'R®,
NRPCOR®, and NR*SO.R;

R® is selected from the group consisting of H, OH, OR®, OP,°, OCOR’,
CH.OH, NH,, NR®R®, NR®P,¥, N(P;");, NRECOR?®, and NR*SO,R® or

R® and R® when taken together with the atoms to which they are attached
form an optionally substituted cyclic moiety,

each R? and R® Is independently selected from the group consisting of H,
optionally substituted 'Cg-CﬂalkyI. optionally substituted C,-Cisalkenyl, optionaily
substituted Cp-Cyaalkynyl, optionally substituted C,-Cyhetercalkyl, optionally
substituted C;-C..cycloalkyl, opiionally substituted C,-Cyzcycloalkenyl, optionally
substituted C»-Cy; heterocycloalkyl, optionally subslituted C,-C+ heterocycloalkenyl,
optionally substituted Cg-Csaryl, and optionally substituted C,-Cigheteroaryl;

P,° is a protecting group for oxygen;

each P, is independently a protecting group for nitrogen;

each R® Is independently selected from the group conslisting of C-Cealkyl,
halo-C,-Cralkyl,  hydroxyCi-Cealkyl, Cy-CaalkyloxyCy-Cealkyl, cyanoC;-Caalkyl,
aminoCy-Cgalkyl, Ci-CealkylaminoCy-Csalkyl, and di{C4-Cealkyl)aminoC,-Cealkyt;

q' is an Integer selected from the group consisting of 0, 1, 2, 3, and 4;

X is a group of formula (CR™2)m;

each R™ is independently selected from the group consisting of: H and
optionally substituted Cs-Csalkyl;

m is an integer selected from the group consisting of0,1,2 3and4;
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or a phamaceutically acceptable salt, N-oxide, or prodrug thereof.
2. A compound according to claim 1 wherein q is 0.

3 A compound according to claim 1 or 2 wherein R? is selected from the group
consisting of H, OR®, and optionally substituted C,-Cg alkyl, wherein R® is as defined

in claim 1.

10 4. A compound according to any one of claims 1 to 3 wherein R® is selected
from the group consisting of H, methoxy and methyl.

5. A compound according to any one of claims 1 to 4 wherein R? is H.
15 6. A compound according to any one of claims 1 to 5 wherein R* is H.
7. A compound according 1o any one of claims 1 fo 6 wherein m is selected

from the group consisting of 0, 1, and 2.

0 8. A compound according ta any one of claims 1 to 7 whereinmis O or 1.
Q. A compound according to any one of ctaims 1 fo 8 wherein m is 0.
10. A compound according to any cne of claims 1 to 8 wherein mis 1.
25
1. A compound according to claim 10 wherein one R* is H and X is a group of
the formula:

e

H

30 wherein R is as defined in claim 1.

12, A compound accerding to claim 1 wherein the compound is a compound of

the formula:



NT 37 +++ NT 42 +. ++ NT NI = not tested | CsoslpMt++ 11j MKl CE, 0150. 4++

101 C5¢c, >5p, M I n vivo antineoplastic (or anti-tunour) effect:

The efficacy of the conmpounds of the Invention can then be determ ned
15using in vivo ani mal xenograft studies. The ani mal xenograft nodel is
one of the nost commonly used in vivo cancer nodels. In these
studies, female athym c nude mce, 12-14 weeks of age would be inplanted
subcut aneously in the flank with 5 x 106 cells of PC-3 human prostate 20
cancer cell line in 50% Matrigel (BD Biosciences). Wen the tunour reaches
t he size 100v@@9045t1® xenograft nude mice woul d be paarsgzwsboodrsi nt o
various treatnment groups. The sel ected kinase inhibitors would be

di ssolved in appropriate vehicles and adm nistered to the xenograft nude
mce intraperitoneally or orally daily $br 28 days. 88 The dosing vol une
will be 0.01 mM/g body weight. Tunour volunme will be calculated tw ce
weekly post-injection using the fornula: Volunme (mB8) = (w2 x 1)12, where
w=wdth and | = length in nmof a M4-11tunour. Conpounds of this

i nvention that have been tested show si§nificant reduction In tunour
volume relative to controls 5treated w{h vehicle only. The result w |
therefore indicate that conpounds of i nvention are efficacious in
treating a proliferative di sease suc

RIO

wherein RY, R?, R® and R™ are as defined in claim 1.

13. A compound according to claim 11 or 12 wherein R' is selected from the
group consisting of H, C1-Cshaloalkyl, C,-Cshydroxyalky! and C4-Cealkyl.

14. A compound according to any one of claims 11 to 13 wherein R' is selected
10 from the group consisting of H, methyi, ethyl, propyl, isopropyl, and butyl.

16. A compound according to any one of claims 11 to 14 wherein RY s selected
from the group consisting of H, methyl and ethyi.

15 16. A compound according to any one of claims 1 fo 15 wherein R'is H.
17, A compound according to any one of claims 1 1o 16 wherein R® is selected
from the group consisting of NH, and NR°R® wherein R® and R® are as defined in
claim 1.

20
18. A compound according to any one of claims 1 to 17 wherein R® is NH,.
18. A compound according to any one of claims 1 {o 18 wherein R? is selscled

from the group consisting of H, cyano, optionally substituted C.-C,zalkyl, optionally



The details of specific enbodi nents described in this invention are not to
be construed as |limtations. Various equival ents and nodifications nay be
made without to departing fromthe essence and scope of this invention,
and it is understood that such equival ent enbodi nents are part of this
invention. 15 20 25 30 89 Wat is clainmed Is: 1. A conpound of formula

(1): wherein: Rl is selected fromthe group consisting of: H,
hal ogen and optionally 10substituted Cl-Ca al kyl ; R2 is selected
fromthe gr conS|st|ng of H halogen, OH NO2, CN, NH2 |onaly
substi t ut ed%@oﬂ’tﬁﬂéﬁ , optionally substituted C2- leﬁ]”ﬁ‘é%‘lw 3Bpt i onal |y

substituted CrCual kynyl optionally substituted C2-Cl2heteroal kyl,
optionally 15 substitut ed C3-Ci 2cycl oal kyl, optionally substitut ed

Cr Cucycl oal kenyl, optionally substituted C2-Caheterocycl oal kyl, optionally
substituted C2-Cl2heterocycl oal kenyl, optionally substituted Ce-C aaryl,
optional | y subsdubstiuedd OZC.@Reblet entiorally/ | substibitddo rtrCh-heteyerifyt i optoeatly

Cl- Cl2al kyl oxy,susﬁtuwartﬁidu!ycﬁumtdpndaau@ctuszuﬁwaldsel;wétaefcyuomt e
substituted C2- s%@lﬁ? Bé)%:f E:a‘glt’"ﬁ(ﬂ’é%b% t?&tp%mhét g - ClOhet er oal kyl oxy,
|

optionally 20 ] onaIIy substituted

C3- Cl2cydoal kenyl oxy, optionally substi tut ed CrCnhet erocycl oal kyl oxy,
optional |l y subsdoi t ut &dorpduidlitchdiigomn aking 0h vkereky R ap ogtipballp sadsfityteds ubst i t ut ed
Ce-Cisarylo)ry,sQR eHinal |y substituted Cr .Cl heteroaryloxy, optionally
substituted Cl-Gi 2a yl em no, SW SC3H, SO2NR8R6, 90 S02R8, SONRSR9,
SOR8, COR8, COOH, COOR8, CONR8R9, NR8COR9, NRB8COOR9, NR8S02R9, NRSCONR429,
NRBR9, and acyl21l. A compound aR@rdingrieiciéta 26 whereln thh optisoriyaubetitied Go-Cee| ect ed
fromthe group s0RSighlp &ithe@dmite: SF, G, Br, OH, optionally substituted
G-Calkyl, OR8, OCOR8, CH2OH, NHZ, NR8R9 NR8COR9, and NR8S02R9;

Re is sel ected fromthe group conS|st| g of H OH OR8, 0P90, OCORS,
CH20H, NH2, NRBR9, NR8132", N(1,9")2,»NRBCOR9, and NR8802le; or to

forman optionally substituted cycl g ety; each Re and RO Is

| ndependently selected fromthe gro 5isting of H 15 optionally
substituted Cl-012al kyl, optionall tuted C2-Cl2al kenyl, optionally
substituted C2-012al kynyl, optional '"gbstituted C2- ClOhet eroal kyl ,
optionally substituted C3-Cl2cycl oal kyl ,(RBptionally substituted

C3- Cl2cycl oal kenyl , "Qﬁ;ek}%n‘%ﬂ}"f?@%* ﬁ%éﬁﬁgfwgﬁmgé&ngghggmy%g kyl,

optionally substl tut ro optional l'y substituted
CrOomaryl, and &p¢Ponally substituted Cl -Cisheteroaryl;

15 each R" is independently sefected from the group consisting of H, halogen,
OH, NO,, CN, NH,, optionally substituted C:-C.alkyi, optionally substituted Cx-Cy»
atkenyl, optionally substituted C,-Ci.alkynyl, optionally substituted Cz-Cy heteroalkyl,
optionally substituled C,-Cy.cycloalky!, optionally substituted C,-Cizheterocycloalkyl,
optionally substituted Ca-Cizheterocycloalkenyl, optionally substituted Cg-Cisaryl,

20 opfionally substituted C,-Cigheteroaryl, optionally substituted C4-Craalkyloxy,
optionally substituted Cz-Cialkenyloxy, optionally subslituted C,-Cizalkynyloxy,
optionally substituted Cz-Cqcheteroalkyloxy, optionally substituted C,-CqzCycloalkyloxy,
optionally  substituted  Cs-Cucycloatkenyloxy, optionally  substituted  C,-
Czheterocycloalkyloxy, optionally substituted C5-Cizheterocycloalkenyloxy, optionally

25  substitluted C4C,s aryloxy, opfionally substituted C.-Cys heteroaryloxy, optionally
substituted Cy-Cyz alkylamino, SR®, SOsH, SO:NH,, SO;R?, SONH;, SOR®, COR’,
COOH, COOR®, CONR'R®, NR°COR®, NRPCOOR® NR®SO,R’, NR°CONR'R’,
NR®R®, and acyl;

30 where R? and R® are as defined in claim 1.



20 Pg is a protecting group for oxygen; each Po" is independently a
protecting group for nitrogen; 25each Fr |Is independently selected from

t he group consisting of Cl-C6al kyl,

hal o- C1- Ceal kyl , hydr oxyGi - C6al kyl , C1- Ceal kyl oxyCl - C8al kyl , cyanoC - Col kyl ,
am noG - Col kyl, Ci1-Ceal kyl am noCl - Coal kyl, and

di (01- C8al kyl ) am noCi - Coal kyl ; g is an Integer selected from
the group consisting of 0, 1, 2, 3, and 4; X Is a group of formula
(CR192) rn; wha000maspdCh R19 is independently sel ect eEijg(gmﬁk&gwgr oup
consi sting o?: and optionally substituted C1-Co al kyl; mls an integer
sel ected fromthe group consisting of 0, 1, 2, 3 and 4; 91 or a
pharmaceutically acceptable salt, N oxigge, or prodrug thereof. 2. A
conpound according to claim1 wherein gis O 5 3. A conpound according
toclaiml1l or 2 wherein R3 is sel ected from,the%e?roup cgnsisting of H -
ORB, and opti odl | y AeAFepyndgeaminglo daim a1 yprein Rip eaTeSeARBIP €O%s defined in
claiml. 10 4. Aossamgafiod, a@@ording to any one of clains 1 to 3 wherein R3
is selected fromthe group consisting of H nethoxy and nethyl. 5 A

conpound according to any gne of cl ai, |t o 4 wherein o ~ 15 6. A
cormpound accor ¢fng t%%é"%ﬁf—?’ ngg? Qﬁ"ﬁ?" Wb%eigth%‘g'ro g}"%s"@'%@ (11;1'.0“7. A
conpound accor divhigagwupefyhedamuldf clains 1 to 6 wherein mis selected from
the group consisting of 0, 1, and 2. 20 8. A conpound according to any one

of clains Ito 7 wherein mis Q?gr | .

wherein R™ is as defined in ¢laim 21;

10
s is an integer selected from the group consisting of 0, 1, 2, 3and 4;

r is an integer selected from the group consisting of 1, 2, and 3.
1S 24. A compound according to claim 23 wherein ris 1 or 2.

25. A compound according to any one of claim 21 to 24 wherein each R" Is
independently selected from the group conslsting of H, F, OCH,, CN, OCF,, CO;CH,,
NO;, NHz, NHCOCH,, NHSO,CHj, NHCH,CHj3, CHy, and CFa.

20
26. A compound according to claim 19 wherein R? Is selected from the group

consisting of cyano, optionally substituted C,-Cy2 alkyl, optionally substituted C5-C,
cycloalkyl, optionally substituted C;-Cs2 heterocycloalkyl, and optionally subsiituted
Ci-Coo heteroalkyl .

25
27. A compound according to claim 26 wherein R? is an optionally substituted

C+-C1 alkyl group of the formula:

N
A

RZO R21

30



9. A conpound according to any one of clains 1 to 8 wherein mis O

10. A conmpound according to any one of clains Ito 8 wherein mls |I. 25 itA
conmpound according to claim 10 wherein one R16 is Hand X Is a group of
the fornmula: 30wherein Rl is as defined in claiml. 92 wherein R, R2,

R6 and Rl are as defined in claim1. 5 13. A conpound according to claim
11 or 12 wherein R16 is selected fromthe group consisting of H,

Creshal oal kyl , CrCehydroxyal kyl and Cl-Ceal kyl. 14. A conpound accordi ng
to any one of clains 11 to 13 wherein F21 is selected 10fromthe group

consi sting yl, ethyl, propyl, isopropyl, apgdrbsdsoeonsrsld A
conpound acg{?rig%’gﬁogﬁ:’% any one of clains 11 to 14 wherein Rl is selected

fromthe group consisting of H nethyl and ethyl. 15 16. A conpound
according to any one of claims 1 to 15 gsherein Rl is H 17. A conpound
according to any one of clains Ito 16 wherein R6 is selected fromthe

group consisting of NH2 and,NRS6R6 erein 128 and le are as defined in
claim1l. 20 18. A coMpyeing 3(? an@’ef'ﬁc“dmpeﬁ?ﬁég%"f%&tf%f%ﬁ’ft"@"ﬁ? wher ei n

R6 is NH2. 93 consisting of H, Cl, Br, F, OH, NO; CN, NH;, opfionally substituted C,-Cizalkyl,
optionally substituted Cx-Cyheteroalkyl, optionally substituted Ca-Croycloalkyl,
optionally substituted CCyzheterocycloalkyl, optionally substituted Ca-Cisaryl, and

5 opticnally substituted C,-Cisheteroaryl; or any fwo or more of R*, R*' and R* when
taken together with the carbon atom to which they are attached form a cyclic molety.

28. A compound according to claim 27 whersin each R¥, R*' and R* is
independently selected from the group consisting of H, CI, Br, F, OH, NO, CN, NH;,
10 methyl, ethyl, propyl, isopropyl, butyl, pentyl, methoxymethyl, 2-methoxyethyl, 3-
mothoxypropyl, 2-ethoxyethyl, 3-ethoxypropyl, aminomethyl, 2-aminoethyl, 3-
aminopropyl, 4-aminobutyl, 5 aminopentyl, methylaminomethyl, 2-methylaminoethy!,
3-methylaminopropy!. 4-methylaminobutyl, 5-methylaminopentyl, ethylaminomethyf, 2-
ethylaminoethyl,  3-ethylaminopropyl,  4-ethylaminobutyl, 5-sthylaminopentyl,
15  dimethylaminomethyl, 2-dimethylaminoethyl, 3-dimethylaminopropyl, 4-
dimethylaminobutyl, 5-dimethylaminopentyl, diethylaminomethyl, 2-diethylaminoethyl,
3-diethylaminopropyl, 4-disthylaminobutyt and 5-diethyiaminopentyl.

29. A compound according to claim 19 wherein R? is selected from the group
20 consisting of methyl, ethyl, isopropyt, propyl, 3,3-dimethyl-propyl, cyclopropyl,
cyclopentyl, 3-methycyclopentyl, cyclohexyl, 4-methylcyclohexyl, butyl, sec-butyl,
isobutyl, 3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl, pent-4-enyl, hexyl, heptyl, octyl,
cyano, methoxymethyl, butoxymethyl, t-butoxymethyl, and tetrahydrofuran-3-vi, '

25  30. A compound according to any one of claims 1 to 30 wherein the optional
substituent is selected from the group consisting of: F, Br, Cl, =0, =5, -CN methyl,
trifluoro-methyl, ethyl, 2,2,2-triflucroethyl, isopropyl. propyl, 2-gthyl-propyl, 3,3-
dimethyl-propyl, butyl, isobutyl, 3,3-dimethyl-butyl, 2-ethyl-butyl, pentyl, 2-methyl-
pentyl, pent-d-enyl, hexyl, heptyl, octyl, phenyl, NH,, -NO; phenoxy, hydroxy,

30 methoxy, trifluoro-methoxy, ethoxy, and methylenedioxy.

31. A compound according to ctaim 1 selected from the group consisting of:



substituted C2-Coal kenyl, optionally substituted CrCl2heteroal kyl,
optionally substituted CrCncycl oal kyl, optionally substituted
Cr Cuhet erocydoal kyl, optionally substituted CrCory!, and optionally
substituted Cl-Ci aheteroaryl. 520. A conpound according to claim 19 wherein
R2 is an optionally substituted C8-C33 aryl. 21. A conmpound according to
claim 20 wherein the optionally substituted C8-C19 aryl is a group of the
formula: 10 AAr (R 3)p wherein p is an integer selected fromthe group
consisting of 0, 1, 2, 3, 4, and 5; 15each R13 is independently sel ected
fromthe grov@2eyHsi’sti ng of H, hal ogen, OH, NO2, CN POUHEZ2008@037Hnal |y
substituted C4-Cl2al kyl, optionally substituted C Cl2 al kenyl, optionally
substituted C2-Cl2al kynyl, optionally substituted C2- C12heteroalkyl
optionally substituted CrCycycloal kyl, ®ptionally substituted
C - Cl2heterocycl oal kyl , optionally substltuted C2- C32het er ocycl oal kenyl ,
optionally substituted CsnEpryl, 20 optionally subsHptuted
Cr C ahet eroaryl, optionaLﬂy substituted G -ClZaIkyLdg , optionally
substituted C2-Cl2al kenyfoxy, optionally substitutfed ¥2- Cl2al kynyi oxY,
optionally substituted et er oal kyl oxy, optiona substituted
C3-Cl2cycl oal kyl oxy, optio¢nally substituted C3-C42c CI%EBKenyloxy
a

optionally substituted eterocycloalkyloxy, |1y substituted
Cr C12het erocycl oal ke dN e tipnally 25 sub aryl oxy,
optionally substitu C1-"C1l3\ h oaryl oxy, 0Opt onaIIy stltuted Cl-Cu
al kyl am no, SR SCé%k/%OZNHZ SONH2, /}\yb

CONR8R9, NRS8COR9, NR8COOR8, N R8 NR8CCNR8R8 NR8R8 and soyI 94

22. A conpound according tmHLCl ai m 21 wherein p i §-5g| ected fromthe group
consisting of 0, 1, and 2,&_23 A conpound according to claim20 wherein
the optionally substitut d -Cl13 5aryl is a groupyof the fornula: wherein
R13 is as defined in clai 1, to
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s is an Integer selected fromthe group consisting of 0, 1, 2, 3 and 4;

r is an Integer selected fromthe group consisting of 1, 2, and 3. 1524. A
conmpound according to claim23 whereinr is 1 or 2. 25.A conpound
according to any one of claim21 to 24 wherein each R13 Is |Independently
selected fromthe group consisting of 1-1, F, OCH3, CN, OCF3, CO2CH3, NO2,
NH2, NHCOCH3, NHSOQ2CH3, NHCH2CH3, CH3, and CF3. 20 26. A conpound
according to claim19 wherein R2 is selected fromthe group consisting of
cyano, optionally substituted Cl-Cl2 al kyl, optionally substituted C3-Cl2
cycl oal kyl, §559gghgy substituted C2-CG 2 heterocycl ogldhoosaasiy optional |y
substituted -81 het eroal kyl. 25 27. A conpound according to claim 26
wherein R2 is an optionally substituted Cl-Cl2 al kyl group of the formul a:
95 wherein R20, IR2' and R22 ape each i ndependently sel ected from
the group consisting of H CI, Br, F. OH NO2, CN, NH2, optionally
substituted Cl-Cl2al kyl, qH}ionaIIy substituted C2- het er oal kyl ,
optional |y substituted Crenéycloal kyl, optionally sg\étituted

C2- Cuhet erocycl oal kyl , ogtT™anal |y substituted Ca- QiSaNyl, and 5Soptionally
substituted Cl-Cl3heterod&ry); or any two or nore o 0, R2' and Rn when
taken together with the carbon atomto which they arle attached forma
cyclic nmoiety. 28. Ac %taccording to cl ai mpg7 \rein each R22, R2
and R22 is Independentlyjisellected fromthe gr?gg chnglsting of H O, Br,

F, OH N2, CN, NHZfagj ma’hyN, ethyl, propyl {7 ophbpgi, butyl, pentyl,
nmet hoxynmet hyl , 2- ne0 yethyL)“ﬂgiE}thoxyprop9 2-eth yl,

3- et hoxypropyl, am nonethyl, 2-akm.#oethyl, 3- anin%PropyI, 4- am nobutyl, 5
ani nopentyl , methyl am nometifgl 2-nethy|aninoethy|,’@-nethylaninopropyl.

4- et hyl am nobut yl , 5-net@¥$ﬁninopentyl, ethylanindgﬁthyl, 2-

et hyl am noet hyl , 3-ethx|a propyl, 4-ethyl am noljut yl

5- et hyl am nopentyl, 15 °di hyt am nor net hyl , 2-di hyl am noet hyl ,

3-di et hyl am nopropyl, 4- di |

hyt am nobutyl, 5-d | am nopentyl ,
dl et hyl am nonet hyl, 2-di € hy| aii noet hyl, 3-dietg%ﬁ§nindpropyl,
4- di et hyl am nobut yl N3-giF ety am nopent yl . : ind according to
claim19 wherein R2 s sel ecte mthe gro QJZO cons} ng of methyl,

ethyl, isopropyl, propyl, iy, 3- di met hyl - propyl, cyclqggopyl, cycl opentyl,
3- et hycycl opent yl cyclo@gﬁyl, 4- et hyl cycl ohexyl, Jbutyl, sec-butyl,
| sobutyl, 3,3-cllinethyl-gUtW , 2-ethyl-butyl, pentNlITNpent-4-enyl, hexyl,

heptyl, octyl, cyano, ! ynet hyl , but oxynet hyl ~but oxynet hyl , and
t et r ahydr of uran- 3-yl , 30l A conmpound according to gny one of clains 1 to
30 wherein the optional N SN N> N N>
Y oy
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substituent is selected fromthe group consisting of: F, Br, d, =0, =5,
-CN nethyl, trifluoro-nmethyl, ethyl, 2,2,2-trifluoroethyl, isopropyl,
propyl, 2-ethyl-propyl, 3,3- dinethyl-propyl, butyl, Isobutyl,

3,3-di nethyl -butyl, 2-ethyl-butyl, pentyl, 2-nethylpentyl, pent-4-enyl,
hexyl, heptyl, only', phenyl, NH2, -NO2. phenoxy, hydroxy, onethoxy,
trifluoro-nethoxy, ethoxy, and nethyl enedi oxy. 31. A conpound according to
claim1l selected fromthe group consisting of: 96 X12 NN 1 NjL rN

NrN N NN A g--, Nz N
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or a pharmaceutically acceptable salt or prodrug thereof. 101 33. A

nmet hod of inhibiting a protein kinase selected fromthe group consisting
of a serinetthreonine protein kinase or a fragnment or a conplex thereof or
a functional equivalent thereof and a PI3 kinase or a fragnment or a
conpl ex thereof or a functional equivalent thereof, the nethod Including
exposi ng the protein kinase or a fragnent or 5conplex thereof or a
functional equival ent thereof and/or co-factor(s) thereof to an effective
anount of a conpound according to any one of clains 1 to 30. 34. A

nmet hod accorgl) Rgedsr7£! ai m 33 wherein the protein ki ngegskfodoosrs
serine/threonine protein kinase or a fragnent or a conplex thereof or a
functional toequivalent thereof. 35. A nmethod according to claim 34
wherein the serine/threonine protein kiggase or a fragnent or conpl ex
thereof is an mMIOR protein kinase or a fragnent thereof, or a conplex

t hereof or a, functional eq“hvalent t hereof. 15 36 01 nmet hod according to
claim34 or 35 wherein the}serinel/threonine proteinhkfnase is MORC1 or a
fragnent or conpl ex therad#wor a functional equivalfenn thereof. 20 37.A

met hod according to clai wherein the protein kknase is a Pl 3K ki nase
or a fragnent thereof or aJconplex thereof or a fundtional equival ent

t her eof . 38. A nethod Nding to claim37 wh } he PI 3 ki nase or a
fragment thereof or a i?ﬂpl X ¥Yhereof or a functiaphal, ééUivalent t her eof ,
is aclass | PI3K oq/a‘ rejmeft 25t hereof or ﬁ/E npNex %t hereof or a

functi onal equivaleoL/ﬂhereof 9. Use of a ound rding to any one
of clainmse 1 to 31 to inhibit g ofr nore protein kinas Hsel ected from

the group consisting of a sRgine/threoni ne protei nNWpnase or a fragnment or
a conpl ex thereof or a funigional equi val ent theredg 30and a PI 3 ki nase or

a fragnent or a conpl ex ﬁher of or a functional ui'yal ent thereof.
= P
N ’ N
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102 41. A use according to claim40 wherein the serine/threonine protein

ki nase or a fragnment or conplex thereof is an mlIOR protein kinase or a
fragnent thereof, or a conplex thereof or a functional equival ent thereof.
5 42. A use according to claim40 or 41 wherein the serine/threonine
protein kinase Is nTORCL or a fragnment or conplex thereof or a functional
equi val ent thereof.. 43. A use according to claim 39 wherein the
protein kinase is a PI3 kinase or a 10 fragnent thereof or a conpl ex

t hereof or a functional equivalent thereof. 44. A use according to claim
43 wherei n tHE51ZY nase or a fragment thereof or aPEHRGIEBLBHEreof or a
functional equivalent thereof, Is a class | PI3K or a fragnent thereof or
a conpl ex thereof or a functional equiq&;ent thereof. 15 45. A nethod of
treating or preventing a condition in a mamal In which Inhibition of one
or nore protein kinase(s) selected fromthe group consisting of a

serinel threoni ne protein kNHase or a fragnent or a | ex thereof or a
functional equivalent th and a PI3 Iciness ory, ﬁragnent or a conpl ex
t hereof or a functional ui val ent thereof, preyents, Inhibits or
anel i orates a pat hol ogy or synpt onol ogy of the cowdition, the nethod

i ncl udi ng adm ni stration a herapeutical ly effec\;v anount of a
conpound according to:an f clains Ito 31. ﬂ N A net hod
according to claim he protein kin fg serine/t hreoni ne
protein |ciness or \LgbgnentﬁéL/é conpl ex therepf or a ncti onal

equi val ent t hereof. 47. A fret hod accordi ng t0 cl ai wher ein the
serine/threonlne protein kinase or a fragnent or conpl e hereof is an
NTOR protein kinase or a fqggnent t hereof, or 30a conpl ex\ t hereof or a
functional equival ent theﬁ% f. 48. A nethod accord ﬁb to claim46 or 47
wherein the serine/threonie protein kinase is nT 3 or a fragnent or
conpl ex thereof or a functignal equival ent thereofl WD
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or a pharmaceutically acceptable sait or prodrug thereof.

32, A pharmaceutical compositian including a compound according to any one of
5 claims 1 to 31 and a pharmaceutically acceptable diluent, excipient or carrier.



49. A nethod according to claim45 wherein the protein kinase Is a PI3

ki nase or a fragnment thereof or a conplex thereof or a functional

equi val ent thereof. 50. A nethod according to claim49 wherein the PI3
ki nase or a fragnment thereof 5or a conplex thereof or a functional

equi val ent thereof, is a class | PI3K or a fragnent thereof or a conplex
thereof or a functional equivalent thereof. 51. A nethod according to any
one of clains 45 to 50 wherein the condition is cancer. 10 52. A net hod
accordi ng t ozl Wherein the cancer Is sel ected girR3chdiBosgy OUP

consi sting of Hematol ogi ¢ cancer such as nyeloproliferatlve disorders
(I'di opat hic myel ofi brosis, polycylhem a vera, essential thronbocythem a,
chronic nyeloid | eukem a), nyel oid nmetagi asfa, chronic nyel onbnocytic

| eukem a, acute 15 |yrnphocytlc | eukem a, acute erythroblastic | eukem a,

Hodgki n' s and Hodgkin' s .di.sease -cel | 0 cute TI-cell

| eukeni a, myel ’(;%{]]spl gg‘lehgd g@)’ﬂ‘&i’?‘%%E’i°‘e§|“£§??ase’<?é%w°mn@%?’§‘é’ ré"sﬁgqgr"’? cel |

| eukeni a, kapos# Sesingfthrecnirreprotely fipase vua fragpreabe & WEPlex WelrR! OF 2 &N#AN3 s br east
car ci noma, ovar éqiitaléiheRbt.and £ P8 kifase of Afdsent ov @ gonipiek thard ov alfuiaiomaincer
endonetrial hyp u&aiu@rﬁihgsgfgaﬁé@gﬁﬁﬁ%g@?f;@g@g&o@ﬁm&@oﬁymm@ao{:ol or ect al

carci noma, 20 Pol'yps i _ ncer, pancreatic cancer,
gal | bl addersca‘ﬁ’ﬂ‘@g’,‘ i'ﬁ%?&P&ﬁy‘“"ﬁP“&é&“E‘W&F‘e?afc?{‘d’aécﬁF‘g‘gﬁshTﬂe?fé‘hﬁ%r, ki dney
and renal cancesffective amaintyof b bargpded acawing ko any preet diclaitns t3er, penil e cancer;
skin cancer such as nel anoma; brain tunmour such as gliobl astona,

neur obl ast oma, gstrogytoma, ependyno aj.n- st j .
medul | obl astomsf,ﬁ' men g‘ln 'ﬁ@ds?%@w otgygag%,gé oﬂeﬁgdgr?d gllgelﬁ?%?ra'ﬁ? ff*leaad and neck
25 cancer suclperrpithrgening psatafhijease oo regmiroher a Patrex desol ¢ f UPdienth;
respiratory it r auivelenoesofsuch as | ung carci noma (NSCLC and SCLQO),

nmesot hel i oma; eye di sease such as retinobl astoma; mnuscul o-skel et on

di seases such as osteosarcomm, mnmuscul oskei el etal, opl asni . Squanous cel |
carci noma and f1%br oi "F@Pfg‘iﬁp‘.’rd'%"gﬁ'mﬁ%ﬁé\q‘?@d?ﬁ?ﬁ%&?ﬁfﬁg‘eP%legn&a%ene of
claims 45 to 50ratregnesntorcereplexdhectotis ammTQR profsindinasg ot & fraoswmdierachb A or

hyper pl asi a. 54 ddmpRi &reof BCidictlinBi@qlilenl taérest53 wherein the condition is
sel ect ed fr(?;n t he group consisting of famlial adenonmatous pol yposis,

col oni ¢ adenomat ous pol yps, 35nyel oi d_dyspl asi a, endonetr| al spl asi a,
endonetrial hyp¥rpl ag i'“éx'%f f9qordipg, g cigim %¥r\f£‘d’ﬁ\e’eﬁ>"éepﬁeﬁ'§e(q§?°"{?8§f° |
i ntraepit hel i alkinasmoijsl BEIRE! wenfrapmeplr arstompier thepepbepa Auptignal egyiyalent
2009/ 045175PCT/1§&8408/ 000379 104 papill onmas of the larynx, actinic and
sol ar keratosis, seborrheic keratosis and keratoacant hona.
20 37. A method according to claim 33 wherein the protein kinase is a Pi3K Kinase or
a fragment thereof or a complex thereof or & functional equivalent thereaf.

38. A method according to claim 37 wherein the PI3 kinase or a fragment thereof
or a complex thereof or a functional equivalent thereof, is a class | PI3K or a fragment
25  thereof or a complex thereof or a functional equivalent thereof,

39, Use of a compound according to any one of c!éims 1 to 31 to inhibit one or
more protein kinase(s) selecled from the group consisting of & serine/threonine
protein kinase or a fragment or a complex thereof or a functional equivalent thereof
30  and a PI3 kinase or a fragment or a complex thereof or a funclional equivalent thereof.

40. A use according to claim 39 wherein the protein kinase Is a serinefthreonine
protein kinase or a fragment or a complex thereof or a functional equivalent thereof.



55. A nethod according to any one of clains 45 to 50 wherein the condition
is 5 an autoi nmune or inflammuatory di sease or a di sease supported by
excessi ve neovascul arisation. 56. A nethod according to claim55 wherein
the condition is selected fromthe group consisting of the follow ng:
acut e di ssem nated encephal onyelitis, Addison's 10 di sease,
agammagl obul i nem a, agranul ocytosis, allergic asthma, allergic

encephal omyelitis, allergic rhinitis, alopecia areata, alopecia senilis,
aner yt hr opl asbagosadska|l osi ng spondylitis, anti phosphol pgi/stzemsmebody
syndronme, aortitis syndrone, aplastic anema, atopic dermatitis,
aut oi mune haenvol yti c anem a, autoi nmune hepatitis, autoi mmune oophoritis,
Bal o di sease, Basedow s di sease, Behcet!02 15 disease, bronchial asthma,
Castl eman's syndrone, celiac di sease, Chagas di sease, chronic inflamrmatory

denyel I nating pgj ynew&ea&emamg%"gzmmme SofiRgHh@Bfne p%&ﬁnﬁsesamdr orme,
com cal cornea, .conica di sease,

& ohns. i Seae TSSO BRI SoAh P IR PG KBS gt PFoR i dm
dermatitis eryt korenirx thedot or b dunptisnal devivaleotdhepaoti t i s, di abetic retinopat hy,
Dressler's 20 syndrome, dystrophla epithellalls corneae, eczematous

dermatitis, gosjpophi,j, ch:ﬁg’;, laa,m%swqp.m eInCthQSo?rﬁgﬁw%ﬁﬁer brbfel

epl der nol ysi $§ bu ‘ osa, Evans est at i onal
penphi goi d, gl oleasaIHATPRET t°f§ fra&ﬁ'&’dr?&s"?'ﬂi’[@‘ erg rPdraoW"”&L Vi1R®sus- host
di sease, Gravesthenbofsease Quil lai n-Barre Syndrone, Hashinoto' s di sease,
haenol ylic-uretic syndrome, herpetic keratitis, ichthyosis vulgaris,

i di opat hic 25 tersititi i i opat.hj.c thro ni c
purpura, infl am‘lf'gt of\*B8%R '”ﬂl%%%%le?@ W%?{g\'h} af%ﬁei" L"&ﬁs s H@Q %%‘a??tl s,
ker at oconj unt i Wmﬂgth%@hﬂéﬁﬁmmtt}ﬁﬁe%?ﬁdﬁma' eﬁ%ﬁkﬁd@f‘ﬁﬁ vul garl s, li chen
pl anus, lichen sclerosus, Lyne disease, |inear |gA disease, nacular

degeneration, nggal ab,kmr&iﬂ %tz MRRInHP Pig séaaasfﬁagmM%ssrosaul cer,

Mucha- Hab
rrygsf1 heni gr g? g\r/]?qg'pﬁ’ﬁgﬂeﬂ o ga{'@ﬁ'fﬂt "isei"egmnaeﬂgsﬁﬁfzqﬁ T raS'B%'\t cs ocul ar

penphi gus, opsotbbrmfasamexﬂ)ﬁﬁgfosywwimmU@lm@e@ﬁyr oiditis, par oxysmal
nocturnal hegogl obi nuria, Parsonnage- Turner syndrone, perrphi gus,

periodontitis, pernigi r%h?uda&qmaf?n\g &?%&v@ﬂm@' l&:ﬁ&t‘iaﬁ%rlapmﬁ{r%l%%ik@r

aut oi nmune syndrone osteri or clrrho
proctitis, pse u'ﬂﬂw IPROU MR, Profeingkinass(s) PP'S\%“?“S%"‘p'ﬂ? ppsisfisg, H%hy sema,
pyoder ma, Rei t eserige/tsnponiheqmalein kieaseres ialflagmerih ot @ ganplex dheggof Waglfucltrllsl@ase
rheumati c fever gquivhiéit iRBle6tiafld 2 Piatkinkdel o a frégRleftQ 8l Bsrphx the@bREGuSMERI V' S

syndr one, 3295 ec{,un@ Lt {ple%nfs ;}’r&%@@b.@&l&ﬁﬁlﬁh‘ésQ?S&&‘de%l a &g«%@&% o I's,

system c | upus nteritis.
Tol osa- Hunt syni#i? &H‘ﬁ"““l’y‘b% methge d'n‘fé"f’@% adanistrations of ﬁl‘E‘@?p& tegly BTl i s,
urticarla, ver nahoustehs compburddiatdogijnga any bnegqulalr\mgtyﬁll(oyanagl Har ada syndr one
and Wegener's granulomatosis. 5 57. Use of a conpound according to any

one of ‘claims ldo 3L |G Bl ARAALLAN 48" wikolPheC BHERL uladl f 1£ELI MO @

condition in an aninel one of nore proteln

ki nase(s) seéfecteatpthrpeyretrrrien kiaasp ot 8 fegregt pig® Wp§xé’€Fq°h%’iat‘ﬂ?‘%W| ne protein
ki nase or a fr aamiesdnt bereef. conpl ex thereof or a functional equival ent
thereof and a PI3 tokinase or a fragnent or a conplex thereof or a

functional equiyal enj | {,ggg Ec%LrF|,@ﬁ%\éﬁrﬂ%ﬂ&eﬂhﬁﬂe&%ﬂﬂ%nﬁggloieﬁ.ri&ta%fng ‘o

pat hol ogy or a Synptono accor
cl ai m 57 wherei aﬁ’ﬂ@"‘iﬂ%%?@f‘?\e’%“%@aﬁ' QTR greteinriapserRr B BPAMIE I5F8t 81 n ki nase

or a fragnment odcompenifabdxr 4 fomtieafeqoivalent theredt | onal equi val ent thereof. 15

48, A method according to claim 46 or 47 wherein the serine/threonine protein
kinase is mTORC! or a fragment or complex thereof or a functional equivalent
fhoreof.

35



59. A use according to claim58 wherein the serine/threonine protein

ki nase or a fragnment or conplex thereof is an mlIOR protein kinase or a
fragnent thereof, or a conplex thereof or a functional equival ent thereof.
20 60. A use according to claimb58 or 58 wherein the serine/threonine
protein kinase is nlTORCL or a fragnment or conplex thereof or a functional
equi val ent thereof. 61. A use according to claim58 wherein the protein
kinase is a PI3 klnase or a 25fragnment thereof or a conplex thereof or a
functional equivalent thereof. 62. A use according to claim®6l wherein

the PI3 kin ragnent thereof or a conplex the f.or a functional
equi val ent te,‘?g%@%?&-’%s a class | PI3K or a fragnent tlflcgr?sga?oslgqpng conpl ex

t hereof or a functional equivalent thereof. 30 63. A use according to any
one of clains 58 to 62 wherein the condiggi on is cancer. 64. A use

according to claim63 wherein the cancer is selected fromthe group
i ¢ cancer such as oproliferative disorders

35consi sting of %—ierr%{ ol o gg/el E , )

(i di opat hi ¢ nyef'%f i HYTBYE acoorming fa gam 45 whefgln e proteikinase isa I ingsB &y | heni a,
chroni ¢ nyel oi dfrag@ét thesedt ema camplextijesdodorh fureticagleauvatent tieheobni ¢ myel onmonocyl i ¢
| eukem a, acute lynphocytic | eukem a, acute erythroblastic | eukem a,

Hodgki n' s and a acut e |1
| eukem a, nyel ’(;%pysg?q%o?: agmﬂ'd ﬁ% dam 4§ erﬂ"ath#w edrPcfa?menhéf’rF@ cel |
| eukeni a, kaﬁos?"as"’@a’P’&'B?fa"f of Wﬁfﬁwqaﬁﬂerﬁww (% dtiass EPIBK prafrageei t i ons 5

such as psori astherecinda corptee thomof D! a ippcicatajupgentih@adicer such as breast
carci noma, ovarian cancer, cervical cancer, vaginal and vulva cancer,

endonetrial hypgrpl asi a;, gastrointesti n er such as col or ect al
carcinoma, pol ybs, | ?\f%#’““@éﬁ"eé‘lﬂg 1A £pg & °@5’F‘7‘c§r‘° gup‘grf?éq]'bé? PRl er, gal
bl adder cancer ;%4 nary tract cancer such as prostate cancer, Kki dney and
renal cancen¢ urinary bl adder cancer, urethral cancer, penile 10 cancer;

skin cancer sucfy as mm@%&ﬁg% B rén%@ﬁ&rq% ga&ke%%ﬁowa

neur obl ast onn, astrocytonma, € nome, al n-

medul | obl ast onef™4RefIgFeY, H oy £3515%. s‘ﬁi’lﬁoﬁ‘é‘?\‘?!’l’%(jf"f“@nﬂ‘s°%d and neck
cancer such as (diepdhit anyplfjecsis. pelycgiherdieraveral @ssgntige trombacytiem@n®ehroniespi r at ory
tract cancer sufyeloRiSieLidm@), weﬁhﬁﬁmlésms%&:@mfhlo%h&ac RBarlahabiom; eye

et eoear ool "o RO ML Bl AR LRSS %,
fibroid tunpur .disegs, B"ﬂ?"d@@“%%ﬁ“&ﬂr@“ PH‘”&W}/"‘W“B‘F*‘“& PYAPIREes Plag® 62 wher ei n
t he condition |cs!l disqes-hainoeet @okem@Gnkhpbsi's Baraimahiyipbbpa; ggnaacologic cancer
such as breast carcinoma, ovarian cancer, cervical cancer, vaginal and vulva cancer,
endomelrial hyperplasia; gastrointestinal tract cancer such as colorectal carcinoma,
20 pelyps, liver cancer, gastric cancer, pancreatic cancar, gall bladder cancer; urinary
tract cancer such as prostate cancer, kidney and renal cancer; urinary bladder cancer,
urethral cancer, penile cancer; skin cancer such as melanoma; brain tumour such as
glioblastoma, neuroblastoma, astrocytoma, ependynoma, brain-stem gliomas,
medulioblastoma, menigiomas, astrocytoma, oligodendroglioma; head and neck
25 cancer such as nasopharyngeal carcinoma, laryngeal carcinoma, respiratory tract
cancer such as fung carcinoma (NSCLC and SCLC), mesothelioma; eye disease such
as retinoblastoma; musculo-skeleton diseases such as  osteosarcoma,
musculoskeleletal neoplasm; Squamous ceil carcinoma and fibroid tumour.

3¢ 53, A methed according to any one of claims 45 to 50 wherein the condition is a
pre-cancer condition or hyperplasia.

54. A method according to claim 53 wherein the condition is selected from the .
group consisting of familial adenomatous polyposis, colonic adenomalous polyps,
35 myelold dysplasia, endometrial dysplasia, endometrial hyperplasia with atypia,
cervical dysplasia, vaginal intraepithelial neoplasia, benign prostatic hyperplasia,



20 66. A use according to claim®65 wherein the condition is selected from
the group consisting of famlial adenonmatous pol yposis, colonic
adenonat ous pol yps, mnyel oid dyspl asia, endonetrial dysplasla, endonetrial
hyperplasla with atypia, cervical dysplasia, vaginal intraepithelial

neopl asi a, benign prostatic hyperplasia, papilloms of 25the |arynx,
actinic and sol ar keratosis, seborrheic keratosis and kerat oacant homa.

67. A use according to any one of clains 57 to 62 wherein the condition Is
an aut oi mmune or Inflamuatory di sease or a di sease supported by excessive
neovascul adgath@iisya0 68. A use according to clai m éZrydremseiarst he
condition is selected fromthe group consisting of the foll ow ng: acute

di ssem nat ed encephal onyelitis, Addlson's di sease, agamragl obul i nem a,
agranul ocytosis, allergic asthma, allef@tc encephalonyelitis, allergic
rhinitis, alopecia areata, alopecia senilis, anerythroplasia, ankyl osing
35spondyl i tls, anp Bl 05 ROk & AL 0 D15 YT Creb A6 IibrafBei MASIT OMTE,
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di sease, Belied' s disease, bronchial asthma, Castlenman's syndrone, celiac
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dystrophi a epi tiel i al| nanGEL0GaR (0SB BB bt dﬁwﬁmbﬁ b SeecR@IAIMNE | | C
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herpetic kerati |l ‘éviﬂﬁ | cht h @Eognt%ws%ﬁﬂlds anlst%'df%%l s (W) A-Tg §Hdh¥nba|

pneunoni a, i di P IEI rgelrJ anmat Or?"
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Lanbert - Eat on Sigpetitis) nayfoirhraunk ocbpharitis, deltgailseeqe |Bagsideis (Wsgasas Behdetshen

sderosus, Lyjge ﬂa%a&&\d\th'a@ﬁﬁﬁ da%mdh§@ﬁ18@)mer@ﬁ‘dd|dﬁéasd&gﬁ§u§rd&basen 15
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di sease, nulti enla Vi s,
necroti zi ng entGogeBsyIdoms, WH@&'WH‘E}%P‘?”E' lewgma Coxsa 53
opsocl onus nmyoGiuekks, Tyuhas afistaseOcdarsodsh yesdiophiltai sqtarpamommmphwet ur nal

herogl obi nur i a,deﬁgaqi@o ,gg' U tRifornSeY m@mmyommhuewaaunupaw auesbist i S,
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igA disease, macular degeneration, megaloblastic anemia, Meniere's disease,
Mooren's ulcer, Mucha-Habermann disease, multiple myositis, multiple sclerosis,
30  myasthenia gravis, necrolizing enterocolitis, neuromyelitis optica, ocular pemphigus,
opsoclonus myoclonus  syndrome, Ord's thyroiditis, paroxysmal nocturnal
hemoglobinuria, Parsonnage-Turner syndrome, pemphigus, periodontitis, pernicious
anemia, pollen allergies, polyglandular autoimmune syndrome, posterior uvesitis,
primary biliary cirrhosis, proctitis, pseudomembranous colitis, psoriasis, pulmonary
35 emphysema, pyoderma, Reiter's syndrome, reversible obstructive airway disease,
rheumatic fever, rheumatoid arthritis, sarcoidosis, scleritis, Sezary's syndrome,



30 pharmaceutically acceptable salt, N-oxide or prodrug thereof in the
treatnent of a condition in which inhibition of one or nore protein

ki nase(s) selected fromthe group consisting of a serinelthreonine protein
ki nase or a fragment or a conplex thereof or a functional equival ent
thereof and a PI3 kinase or a fragnment or a conplex thereof or a
functional equival ent thereof, prevents, inhibits or aneliorates a

pat hol ogy or a 35 synptonol ogy of the condition 108 70. A nethod of
prevention or treatnent of a proliferative condition In a subject, the

met hod i ncl wein@npagsE ni stration of a therapeutical |l ypefd@edsiongreanount of a
conpound according to any one of clains 1 to 31 to the subject 5 71. A

met hod according to claim70 wherein the condition is cancer. 72. A

met hod according to claim71 wherein tk®¥ cancer is selected fromthe group
consi sting of Hematol ogi ¢ cancer such as nyeloproliferative disorders
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73. Use of g conpound according to any one of clains 1 to 31 in the

preparation of medi canent, for tregatin rol.iferatiy ditionin a
subj ect 74. A5€se gt‘fﬁ??ﬁ"l‘ft?g °o°.|aff‘i'§qa 97\9'}“@ %P%e{thm?ni?gp@tgﬁgﬁ%%ﬁgi s cancer.
30 75. A use Heamenirsemeiex theredf in apanTRiRairelein kingse op g feamentiteeradhoedt ed from
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| ynphora, acut gerkoicel | | eukem a, nyel odyspl astic syndrones, plasma cell
di sorder, 109 hairy cell |eukem a, kaposi's sarcoma, |ynphong;

gynaecol ogi ¢ cancer such as breast carcinonma, .ovarian cer. cervical
cancer, vagi naPlané ‘{?EF%'%E'%%@?"," saﬁgﬂ?ﬁgg\_pipéqm%’)‘}rbag? %Iaa@?g?ase or

gast r oi nt es®i nikgntentdearecterdcenplebareche adurispd equivplert fie€Pinona, pol yps, |iver
cancer, gastric cancer, pancreatic cancer, gall bladder cancer; urinary

tract cancer Sgsuch acf&ErB'ét%tc?ain%%féfeintﬂ@ﬁé‘ﬁﬂés@&@_f&&rﬁ@lth&é&i%ﬁé; urinary
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: nil :
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laryngeal car Cbé"oma’A &s@%%’?n%% Xm} Bﬁc& claims 58 to 62 wherein the condition is

cancer.

64. A use according to claim 63 wherein the cancer is selected from the group
35 consisting of Hematologic cancer such as myeloproliferative disorders (idiopathic
myelofibrosls, polycythemia vera, essential thrombocythemia, chronlc  myeloid



10 cancer such as lung carcinoma (NSCLC and SCLQC),

nmesot hel i oma; eye

di sease such as retinobl astoma; nuscul o-skel eton di seases such as

ost eosarcomm, nuscul oskel el et al

fibroid tunour.

31 or a 15pharnmaceutically acceptable salt,

neopl asm Squanous cel |l carci nona and

76. Use of a conpound according to any one of clains 1 to

the treatnment of a proliferative condition. 20 25 30
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leukemia), myeloid metaplasia, chronic myelomonocylic leukemia, acute lymphocytic
leukemia, acute erythroblastic leukemia, Hodgkin's and Non Hodgkin's disease, B-cell
lymphoma, acute T-cell leukemia, myelodysplastic syndromes, plasma cell disorder,
hairy cell leukemia, kaposl’s sarcoma, lymphoma and hyperproliferative conditions
such as psoriasis and restenosis; gynaecologic cancer such as breast carcinoma,
ovarian cancer, cervical cancer, vaginal and vulva cancer, endometrial hyperplasia;
gastrointesfinal tract cancer such as colorectal carcinoma, polyps, liver cancer, gastric
cancer, pancrealic cancer, gall bladder cancer; urinary tract cancer such as prostate
cancer, kidney and renal cancer; urinary bladder cancer, urethral cancer, peniie
cancer; skin cancer such as melanoma; brain fumour such as glioblastoma,
neuroblastoma, astrocyloma, ependynoma, brain-stem gliomas, medulicblastoma,
menigiomas, astrocytoma, oligodendroglioma; head and neck cancer such as
nasopharyngeal carcinoma, laryngeal carcinoma; respiratory fract cancer such as
lung carcinoma (NSCLC and SCLC), mesothelioma, eye disease such as
retinoblastoma; musculo-skeleton diseases such as osteosarcoma, musculoskeleletal
naoplasm; Squamous cell carcinoma and fibraid tumour.

85. A use according to any one of ciaims 57 to 62 wherein the condition is a pre-

cancer condition or hyperplasia.

66. A use according to claim 65 wherein the condition is selected from the group
consisting of familial adenomatous polyposis, colonic adenomatous polyps, myelold
dysplasia, endometrial dysplasia, endometrial hyperplasia with atypia, cervical
dysplasia, vaginal intraepithelial neoplasia, benign prostatic hyperplasia, papillomas of
the larynx, actinic and solar keratosis, seborrheic keratosis and keratoacanthoma.

a7. A use according to any one of claims 57 to 62 wherein the condition is an
autoimmune or Inflammatory disease or a disease supported by excessive

neovascularisation.

68. A use according to claim 67 wherein the condition is selected from the group
consisting of the following: acute disseminated encephalomyelitis, Addison’s disease,
agammaglobulinemia, agranulocytosis, allergic asthma, allergic encephalomyelitis,
allergic rhinitis, alopecia areata, alopecia senilis, anerylhroplasia, ankylosing
spondylitls, antiphospholipid antibody syndrome, aorlitis syndrome, aplastic anemia,
atopic dermatitls, autoimmune haemolytic anemia, autoimmune hepatitis, autoimmune

N- oxi de or prodrug thereof

in
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oophoritis, Balo disease, Basedow's disease, Behcet's disease, bronchial asthma,
Caslleman's syndrome, celiac disease, Chagas disease, chronic inflammatory
demyelinating polyneuropathy, Churg-Strauss syndrome, Cogans syndrome, cornical
cornea, cornical leukoma, Coxsackie myocarditis, CREST disease, Crohn's disease,
cutaneous eosinophilia, cutaneous T-celi lymphoma, dematitis erythrema multiforme,
dermatomyositis, diabetic retinopathy, Dressler's syndrome, dystrophia epithelialis .
corneae, eczemalous dermatitis, eosinophilic fasciitls, eosinophilic gastroenteritis,
epidermolysis bullosa, Evans syndrome, fibrosing alveclitis, gestational pemphigoid,
glomerulonephritis, Goodpasture’s syndrome, graft-versus-host disease, Graves’
disease; Guillain-Barre Syndrome, Hashimolo's disease, haemolytic-uretic syndrome,
herpetic keratitis, ichthyosis vulgaris, idiopathic intersititial pneumonia, idiopathic
thrombocytopenic purpura, inflammatory bowel diseases, Kawasaki's disease,
Kkeratitis, keratoconjunctivitis, Lambert-Eaton syndrome, leukoderma vulgaris, lichen
planus, lichen sclerosus, Lyme disease, linear IgA disease, macular degeneration,
megaloblastic anemia, Meniere’'s disease, Mooren's ulcer, Mucha-Habermann
disease, multiple myositis, multiple sclerosis, myasthenia gravis, necrotizing
enterocolitis, neuromyelitls optica, ocular pemphigus, opsoclanus myaclonus
syndrome, Ord's thyroiditis, paroxysmal nocturnal hemoglobinuria, Parsonnage-
Tumer syndrome, pemphigus, periodontitis, pernicious anemia, pollen allergies,
polyglandular autoimmune syndrome, posterior uveilis, primary billary cirrhosis,
proctitis, pseudomembranous colitis, psoriasis, pulmonary emphysema, pycderma,
Reiter's syndrome, reversible obstructive airway disease, rheumatic fever, rheumatoid
arthritis, sarcoidosis, scleritis, Sezary's syndrome, Sjegren’s syndrome, subacute
bacterial endocarditis, systemic lupus erythematosus, Takayasu's arteritis, temporal
arteritis, Tolosa-Hunt syndrome, Type | diabetes meliius, ulcerative colitis, urlicaria,
vernal conjunctivitis, vititigo, Vogy-Koyanagi-Harada syndrome and Wegener's

granufomatosis.

69, Use of a compound according to any one of claims 1to 3 or a
pharmaceutically acceptable salt, N-oxide or prodrug thereof in the treatment of a
condition in which inhibition of one or more protein kinase{s) selected from the group
consisting of a serinefthreonine protein kinase or a fragment or a complex thereof or a
functional equivalent thereof and a P13 kinase or a fragment or a complex thereof or a
functional equivalent thereof, prevents, inhibits ar ameliorates a pathology or a

symptomology of the condition
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70. A method of prevent!on or treatment of a proliferative condition in a subject,
the methed including administration of a therapeutically effective amount of a
compound according to any one of claims 1 to 31 to the subject

71. A method according to claim 70 wherein the condition is cancer.

72. A method according fo claim 71 wherein the cancer is selected from the
group consisting of Hematologic cancer such as myeloproliferative disorders
(idiopathic myslofibrosis, polycythemia vera, essential thrombocythemia, chronic
mye'old leukemia), myeloid metaplasia, chronic myefamonocytic leukemia, acute
lymphocytic leukemia, acute erythroblastic leukemia, Hodgkin's and Non Hodgkin's
disease, B-cell lymphoma, acute T-call leukemia, myelodysplastic syndromes, plasma
cell disorder, hairy cell leukemia, kaposi's sarcoma, lymphoma; gynaecologic cancer
such as breast carcinoma, ovarian cancer, cervical cancer, vaginal and vulva cancer,
endometrial hyperplasia; gastrointestinal tract cancer such as colorectal carcinoma,
polyps, liver cancer, gasiric cancer, pancreatic cancer, gall bladder cancer; urinary
tract cancer such as prostate cancer, kidney and renal cancer; Llrinary bladder cancer,
urethral cancer, penile cancer; skin cancer such as melanoma; brain tumour such as
glioblastoma, neuroblastoma, astrocytoma, ependynoma, brain-stem gliomas,
medulloblastoma, meniglomas, astrocytoma, oligodendreglioma; head and neck
cancer such as nasopharyngeal carcinoma, laryngéal carcinoma; respiratory tract
cancer such as lung carcinoma (NSCLC and SCLC), mesothelioma; eye disease such
as retinoblastoma; musculo-skeleton diseases such as  osteosarcoma,
musculoskelaletal neoplasm; Squamous ¢!l carcinoma and fibroid tumour.

73. Use of a compound according to any one of claims 1 to 31 in the preparation
of a medicament for treating a proliferative condition in a subject

74, A use according to claim 73 wherein the condition is cancer.

75. A use according {o claim 74 wherein the cancer is selected from the group
consisting of Hematologic cancer such as myeloproliferative disorders (idiopathic
myelofibrosis, polycythemia vera, esseniial thrombocythemia, chronic myelold
leukemia), myeloid metaplasia, chronic myelomonacytic leukemia, acute lymphocytic
leukemia, acute erythroblastic leukemia, Hodgkin's and Non Hodgkin's disease, B-caii
lymphoma, acute T-cell loukemia, myelodysplastic syndromes, plasma cell disorder,
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hairy cell leukemia, kaposi's sarcoma, lymphoma; gynaecolagic cancer such as breast
carcinoma, ovarian cancer, cervical cancer, vaginal and vulva cancer, endomeirial
hyperplasia; gastrointestinal tract cancer such as colorectal carcinoma, polyps, liver
cancer, gastric cancer, pancreatic cancer, gall bladder cancer; urinary tract cancer
such as prostate cancer, kidney and renal cancer; urinary bladder cancer, urethral
cancer, penile cancer; skin cancer such as melanoma; brain tumour such as
glioblastoma, neurcblastoma, astracytoma, ependynoma, brain-stem gliomas,
medulloblastoma, menigiomas, astrocytoma, oligodendroglioma; head and neck
cancer such as nasopharyngesl carcinoma, laryngeal carcinoma; respiratory tract
cancer such as lung carcinoma {NSCLC and SCLC), mesothelioma; eye disease such
as retinoblastoma; musculo-skeleton diseases such as osteosarcoma,
musculoskeleletal neoplasm; Squamous cell carcinoma and fibroid tumour.

76. Use of a compound according to any one of clams 1 fo 31 or a
pharmaceutically acceptable salt, N-oxide or prodrug thereof in the treatment of a

proliferative condition.



