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1. CROSS- REBBRENGE330 RELATED APPLI CATI ONS [ 0001] Thi s appkirasteien2isbai ms t he
benefit of U S. Provisional Application No. 61/301, 150, filed February 3,
2010, and clains the benefit of U S. Provisional Application No.

61/ 362,982, filed July 9, 2010, the entire contents of each of which are

i ncorporated herein by reference. 2.FIELD [ 0002] Provi ded herein are nethods
for treating and/or preventing a cancer or a tunmor syndrone in a patient,
conprising adm nistering an EffECtiV@gﬁl unt of a TOR kinase inhibitor to a
patient having cancer or a tunor syn , Characterized by a LKB1 and/or

AVPK ge tAN i . ﬁgpﬁgﬁny, qﬂfﬁtion
bet vveenﬂg%ﬁgrlﬁn%(?‘&ﬁgye@ﬁs]ﬁﬁgg %%4%%%%% e caus%%%%ﬁ%@gence of
di seases has been knGENSIATVIYEITOMNQREKENASE ENHIBIGORS pr ot ei n ki nases
have becone a very inportant group of drug targets. See Cohen, Nat. Rev.

Dr D sc., 1:309-315 i._nm D sc.
9( l{g) 956 970 (2310) . @ﬁfﬁﬁFmﬁ%b ﬁ%@kﬁmkm%@vﬁgbeeﬁcused
clinically in the treatnent of a w de variet¥ of .di seases,. such as cancer

and chPHilc i nf ITAmanpSestion damsdhe bonglf ofdy wyPeavisienab drahertionNske. See
o her ¢ _ ‘ > e ey
For  t 6159 g °ERRRY. o, 309020 rags the ERH o 7S OB BY Bt RBRicklBh Kot O ©

Exper ioi&6R 282 Philad delg s, 2010, tispentingesnt&es bf sachlef daidherrgincdpérat@Dgin by
[0004]é£e protein kinases belong to a |arge and diverse famly of enzynes
t hat dECH™Ze protein phosphorylation and play a critical role in cellular
signaling. Protein kinases nmay exert pegiftfyve or negative regul atory
effects, depending upon their target protein. Protein kinases are

[0002] Provided herein are methods for treating and/or preventing a cancer or a tumor
syndrome in a patient, comprising administering an effective amount of a TOR kinase inhibitor
to a patient having cancer or a tumor syndrome, characterized by a LKB1 and/or AMPK gene or

protein loss or mutation.

3. BACKGROUND

[0003] The connection between abnormal protein phosphorylation and the cause or
consequence of diseases has been known for over 20 years. Accordingly, protein kinases have
become a very important group of drug targets. See Cohen, Nat. Rev. Drug Disc., 1:309-315
(2002), Grimmiger et al. Nat. Rev. Drug Disc. 9(12):956-970 (2010). Various protein kinase
inhibitors have been used clinically in the treatment of a wide variety of diseases, such as cancer
and chronic inflammatory diseases, including diabetes and stroke. See Cohen, Eur. J. Biochem.,
268:5001-5010 (2001), Protein Kinase Inhibitors for the Treatment of Disease: The Promise and
the Problems, Handbook of Experimental Pharmacology, Springer Berlin Heidelberg, 167
(2005).

[0004] The protein kinases belong to a large and diverse family of enzymes that catalyze
protein phosphorylation and play a critical role in cellular signaling. Protein kinases may exert

positive or negative regulatory effects, depending upon their target protein. Protein kinases are
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WO 2011/ 097333PCT/ US2011/ 023524 involved in specific signaling pathways

whi ch regul ate cell functions such as, but not limted to, netabolism cel

cycl e progoessiom33cel | adhesi on, vascul ar function, apepras2ell/0235d4

angi ogenesis. Ml functions of cellular signaling have been associated with
many di seases, the nost characterized of which include cancer and di abetes.
The regqgul ati on of signal transduction by cytokines and the association of

si gnal. | ecul es r ot ognco r sup ressor genes.have been
vel | ﬁwé*ﬁpéaem?s% MEpA R Pat Y S0 égﬁaﬁe it ey T
condi trhé?%hsﬁngelg@}fcf&ﬁﬂog{e%oﬂ RUE la§hé§fonp(f%kﬁl'af‘fdﬁ'cﬂ@t§ ‘?ﬁ?@ptgﬁ§ aﬁ@%ﬂglo%enems.
denonstrated. See ‘e.g., dhar et al. Pharm 11):1345- 1353
(2000Malfiinctibns crﬁoetiullaomgnaalmg llahebcﬁnmswcnabmwrtbIn[aimEcdhsehRs,eh@ntwawe al so been
aSSOCI ted wt ere Iatlon of te| ki nases. Cell 101(7):
257 TSPt of e FerE ar ek e Debe e S a G Roneel Y e PG s

based cyihet Bed tHéeRidclatioffof El@ﬁalaﬂéle&l@scxkfﬁl{ protddmbgdnle¥nd Ab@Rkuppressor
(serine/threonine, tyrosine, sSysme hi stidine). For exanple tyrosi ne

ki nas@sngsrheve deen wele gecimanyado Simdanty, rtheswneﬂmst)etweqmcdia@éesgmdm ateflact or s
ang N IBAGRELRY al UL ARERS K ISR T IE e ol B8n L RSP 4 AT YoridFlpLe are

al so U peci ern Ses rarge yTI OSlI ne

seri nef. tﬁnaemnRase;l7(suy>m3zesslm80(|20m)d (-m@m dﬁeéudﬁs ARG B c()ﬁEl‘iShs @hded thereto

m t ogen-acti vated protein kinases NAPKS? [.0006] BecauseCProteln Ki nas

regul ag¥c Heabsap asysigedurth theegpadenaisro eﬁbleaéﬁeﬁ gP#rsteanoICied o1y 177-7 i
prollk ghion, cell differentiation, and cell survival, they are attractive
target's ng therapeutic intervention for various disease states. For
exanpl[@)0xel | - cﬁétemdnmdsembandmhlaudgd oge head roups badridaipop tiatidentitk bfithees pl ay

a pivotal e cellular cesses associ ated w us di sease
condi %%aeiﬁﬁagth%tﬁrg%g crinp e aRIng. 6Yr°é1§ﬁc‘¥§meuaﬁfithéﬁtﬁgrﬁgg ﬁoroﬁxgea es,

abnor f!ﬁ'osﬁ@ giA%NEaL& ﬁ@ébt&'ﬂ @ﬁﬁ;ﬁﬁ%{lﬁﬁéé‘(‘l@ﬁ( 3 HNELRLO gro%ﬁtﬁ' IR hay A&-S.
macul ar degeneration, diabetés, obesity pai n. [0007] Proteln klnases

have Wewptos tabsinakinases, uahgetl@ sr@klnaMamleatThamarmlseémaiepeclﬁFambmm et al.

Phar m, . Ther 2002 s been r osed that .t .invo nt of
o eikinr thadaretPhotR chaang it TR TR S gt 5)
genomiafd hERpERASBRRRL froled: KinascBOAAMRLs) I N chroni ¢ nyel ogenous | eukemi a), (2)

nmut ati ons | eading to constitutively active kinase activity, such as acute
myel od8MWis | eulbssiuscaneicigdanases isgklote rwaﬂypmmwglluleragm@@s,egdu@pgon of

ki nas en

20117 RIS BEHEs b s RGRE AT el kPR B RTRE SHERLESS B, 0©
RAS, (tHoratarie gutbdtition fof vigidiasiescaetstated. YFdvexaiple; @Xlpdyefsdontrol @l i n the case
of EGFR and (5). ectopic expression of growh factors that can contribute to
the deVS8HRst InarchaioitiBkHERES Y 3 ROREEYT astrlulsnuinessysrerssaeiied witBt al .
Phar m, [ u I G f

pr ot ol e s oo b s R B el B Wb bR, ot
inter angnogmeaimng derabcb etlated thetdie atarossilesosis, otaeilar Hegtasreﬂomntﬂabetasase

pat hways . hl%%{ %hts t he i mportance of devel opi ng pharmaceuti cal agents
capabl®@HY R4 PHY as protein kinase nodul ators, regulators or inhibitors

that heyer benef ipgh@ln 18adsky hdwt RBodM hitlaBhi& KiRASBStHRtreAthdnt BF &ankébRase
pat hways. "Accordi ngly, there remains a need Tor new ki nase nodul ators.

[ 0009]Ferheropr af. éﬁhnrmaﬁed WIROY (A0aR| it has bfatngmpoeed thapﬂmmorhx)emeaalt b called
FRAP R%FTI ? &%} iS a 2€ﬁ9-an&nﬁ %§'F Ser r&grﬁﬁeln ki nase, that
has b@é%emwew B% iskonBren REN YRR} MEPSENEiSH mﬁ?’c?f“éi SPREMATOR PI 3K/ Akt
pat hvayarfhgémeagW. @ BERCABL igchhit mpslognoli fe@k@fhiap fHaRligakicadiagh Younes
Expert Rev. Anticancer Ther. 6(1% 131- 140 (2006). exists within two
conpl EResitutiNEbRETvE kinaseT@ERy, Y6h A acHrOREelogenays rl@k@m@eartdogaﬁfé@atw%w

anal o u

apamaresrea e B lh%%ésdcﬁ%ﬁﬁcﬁ.v’ﬁ%@%oﬁgﬁ%&*E.s%é‘f;%ﬁ%% SRR
Several mrOR |nh|b|tors have been of-are bei ng evaluated in clinical trials
for the treatnment of cancer. Tensirolinmus was approved for use in rena

cell carcinoma in 2007 and everolinus was approved in 2009 for renal cel
carci noma patients that have progressed on vascul ar endot helial growh
factor receptor inhibitors. In addition, sirolinmus was approved in 1999 for
t he prophylaxis of renal transplant rejection. The interesting but limted
clinical success of these mIORCL inhibitory conpounds denonstrates the
useful ness of MMOR inhibitors in the treatnment of cancer and transpl ant
rejection, and the increased potential for conpounds with both mIORCL and
MTORC2 inhibitory activity. [0010] Somatic nutations affect key pathways in
| ung cancer. Accordingly,



identification of specific nutations associated with |ung cancer may | ead
to inproved therapeutic protocols. Recent studies have uncovered a | arge
nunber ofweanatdessgut ati ons of the LKBl gene that are presaskolin2iseng,
cervical, breast, intestinal, testicular, pancreatic and skin cancer WO
2011/ 097333PCT/ US2011/ 023524 (Distribution of somatic nmutations in STK1l,
Cat al ogue of Somatic Mutations in Cancer, Wellconme Trust Genone Canpus,

H nxt Canbrld e). [0011]Citation or_identification.of any erence in
Sect i QHIcHOBY. SHEf aﬁﬂ‘lL‘ieé%‘EV BANFALRBIAS <g)sd%$1§% f%%ff%assﬁctavd% S9GH t hat
the ! RLBIERGE ol fn MElcAle ATIGIO b)) BEBHRUpARRbA GALILAM fitiorHMARY

[0012] Provi ded herein are nmethods for treating or preventing a cancer, for
exanp Icentmrbnte te ithed devepmehtang mantchomewf tre rweplasttaphanatyper Faldo er@at i ng a

t unor ndr e Peut zJeghers Syndrone, conprising adm nistering
an ef WV@’”Zn%{J% 9%@*@ ki nase inhibitor to a patient having a cancer
or a t[peosy) syndroRRh&hdkiasbefHczReichyy & PrbiBih 19818 pathwh 9111@(1 ﬂhe'c@ﬁmgle‘i[t of
nutation, relative to that of a control patient or wild type 013] Furt her

provi deirekgionship an@mﬁfé@%M§m0@g and batyosy thﬁrvagmoes/ermtqlm gmasq,sainéémasqt or
exanpl thr\!vogs E@L%htg ?he i oﬂgnc%arf%e}feﬁg& (?3 gha(l:r%{a\éleu Cant% cap1 abiSoPL tlﬁI 9

scree anceror SEncs'or e or pro ern | oss
or nutpa(stbmnqﬂmb &ﬁdd\dl’atdr@ refdhtoff oranlgibitérs lat patd lesmteﬁ@al mﬂviﬂy b peuliapie

adm ni stering an effective anount of. a TOR kinase inhibitor to the pati ent
havi n&l@sw&m tipledtinase grthyaws iyceordinglyptherrarmaims agiced Ermepddaassr nut at i on.
[0014lnlf&fmﬁf provi ded herein are nethods for detecti ng LKB1 gene or
protein loss or nutation in a patient's ("test patient") cancer, for
exanpl[@0099n- s malThepedteinl nangdcﬁl’@Rr(mathmn eargetadirappancer), almafm)hed SRAQP,

or romeBR arMel B a5 BBy A e e EIecm b bt L s bogh KB o g 1

expr eF i mod @ HEEATIpRbBEs imem@wpqzmt§51%W§ 10t rd Wt Bl L6V L
ot herwi se identi fy| ng the presence of gene or protein [oss or nutation

(e.g. prdzi;femloe.cﬁec@ms end ¥voncsONgerdpueticagearT8NR(hnkl 1y15405(2©®6)num1T®BI e
I t | if t nb
| GRS EHE A SEPPP IR R b A MUSACE o b e BINGT N RBEBV A TS of 1o

deter %ﬂh@l}lcﬁﬁaﬁla‘lﬁgs RER @k Mnsi@iehus OFBATO MEuHind ORRES N ATEHrapinijti contr ol
measurenent froma patient's ("control patient") cancer which is not

char adessnsitiee] Botablyl kBamyeinds et aoF @R &itse gisbitor. FavelilmhORnhigitery haye

e SEPLRrlF Bl i O Rl PR Ry o o et R BRIRE P et ur e

i n theppiootd@raat irs@ngllcell cHﬁr&ﬂﬂaﬁhQ@G?BﬁP@E&Mﬁﬂ&l\&éWd in 2009 for renal
cell carcinoma patients that have progressed on vascular endothelial growth factor receptor
inhibitors. In addition, sirolimus was approved in 1999 for the prophylaxis of renal transplant
rejection. The interesting but limited clinical success of these mTORCI inhibitory compounds
demonstrates the usefulness of mTOR inhibitors in the treatment of cancer and transplant
rejection, and the increased potential for compounds with both mTORC1 and mTORC?2
inhibitory activity.
[0010] Somatic mutations affect key pathways in lung cancer. Accordingly,
identification of specific mutations associated with lung cancer may lead to improved therapeutic

protocols. Recent studies have uncovered a large number of somatic mutations of the LKB1

gene that are present in lung, cervical, breast, intestinal, testicular, pancreatic and skin cancer
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fromthe test patient, relative to that of the control patient or

w |l d-type, indicates the presence of LKB1 gene or protein |loss or nutation
in the t es02patd9eIsB8’ s cancer. [0015] Further provi ded hereirnsase/oesehods for
predicting the likelihood of a patient having a cancer, for exanple
non-smal |l cell lung carcinoma or cervical cancer, being responsive to TOR
ki nase i nhibitor therapy, conprising screening said patient's cancer for

t he presence. of a LKB1 gene or tein loss ar, nutatjon.relative to that of
a com(ﬁbﬁtr%awp&ﬁtsmaﬁﬂwmﬂ%@, S Sl o Ogﬁe@ém&*%%ﬂoem&a&% or

pr ot el Q% st RhRIHa S0 Takddeiag@sed |i kel ihood that TOR kinase
inhibitor therapy wll treat said cancer. [0016] Further provided herein are
met hod80¥lgr pr ediictipngr idestibgdion of asf fafgane ipiScetramal ofethis applicatioatis eoitto

havi ng _cancer, for exanple ngn-spall cell lu car ci noma_or .cervi cal
cancer® CRITE 2B Tt Hiegs {mee dorpipr el M sah Iy U™ pati ent ' s
cancer for the presence of LKBlggenesompmngtei n | oss or nutation rel ative
to that of a control patient or wild type, wherein the presence of LKB1
gene qo00x2]ot ei n Arod8edlicraivitadd methodfor Meatpdd sreprtventia@ancertcer, fopeadiptd hote of
therapeuiic fficacy of treatment with a TOR kinase inhibitor.

[ 001 7m@HcRE Mungr @S IRRIAR Aty Rl LRBCHETHETGENG B funpQresyhdiogcator GryRPIS PO e,

for  exanpl s el ke 1SRN Hio RN QTR GOORLLSL oI AN OR 1SN RAKSiRRY ior
t he presence of a LKB ge%e or protgeln oss or nutation relative to that of
a contpadéntpatingntcancer w h thingtpend@nc chdricterigtdby a§ Kl ght ec proven ovsont of a

TOR ki nase inhibitor to_.the tient having the LKB1 gene or protein |oss or
mut at i%%?‘“‘{lbégll@}‘ﬁl}i)tﬂﬁéf)fﬁf’%‘%}?ﬁé’ﬂtl%%?’vﬂdﬁ%@' met hods for detecting LKBl1 gene

or prqp@i3) | 0ss mkthBLEBYideMhéRintar® BlctiRAL fdr the@fhg BAbce&tin) aR@MERI0R t UNDS
syndronme, for exanple, Peutz-Jeghers Syndrone, conprising: obtalining a
bi ol ogxemplegwnimallfoch dungearcingma puedreigel; caneasenmmpingrsresningey patioht’s he | evel

of LKB1l nR Xpressi o e level of LKBl protein expressio det er mi ni ng
Che mathg ek PSR 8P ke KEhrofim b r B AP RETRN AP s Hle

pr esenagefor 96R1GYEY ardl RlnghiBtelias Sn effedtiiealiniodnt ¢fx DOR KiyasdiikiEbitoradMA or exon
DNA sequencing or SNP analysis or nultiple ligation probe anplification

( MLPAatientihgeing jafopneas gharagipmead tyghe LKE gonpanplotei dsheringtatipn | HC) |

i mmun resce . t . \ i.p); and
compant oo 0" TSt} irbudpl nAER' £ oo ek el T ¢sn3Sr flordth RELP

(" contnfiwhtiquaihiagatient’ M- topHtichiTe cdnéBl. fgrexempte nonadngdlincdlldasg earcifvinatboron (W | d
type); wherein a change in LKB1 r{g%&lA WO 2011/ 097333PCT/ US2011/ 023524

expr eSSV caneph cpmptiang HPIBE & iYlogicKpt oradhg eptpagientygaicyene

et N bl S4rld it Uf e ILIBL PRBUSHRN GUFIR, hE I6RFol b paldah sampl e
fromthe test patient, relative to that of 'the control patient or

wi | d- texpessiomdiccanasng the nptled@mpestafis ofkKBd Lifdlegene opptheevise 1dessfyorg thuit at i on

in the test tient. [0019] Further provjded herein are hods for

or ed QTG ECNT RepHGb R b BURILR Bt PRSI B oA OB BE %x anpl o
Peut z-ShaohRIisHHHEIAPR ligh8b M Brob SRPNEEMBNY ML thiiMasiey Y RIntRE 1dsh&rapy .,
conprising screening said patient for the presence of LKB1 gene or protein
| oss emmmnphisioghemigira(iHLe), tremupeftuongscence dHt) oo W ¢starn Shet to detgithisie igspof

wher ei k116 BHESERGE: 0Lk KB, 98NS, QliuPl OB D08 Se Rl LA LARPL el an

i ncredsed Vi gl PRE3E"S 1At "FOR K HESE | hi bt OF %uﬁer%py W TP ed ard

t umor papadr IR cer[MHIADis ot theict@ied ibdad KIBT gt difpeotoRitIbads rhaktidiy @didct i ng
therapeutic efficacy of treatnent of a patient having a tunor syndrone, for

exanplterPevibacinaghapse igydd? b R NAvckpressioroR K& npretein eriresisionr LKA ipRNS ng
; : . . >
ut . 1 3ACk B ReA € Mot oich Ve SRABIKS plofiit s06:0h (I BLRAT BRRIPY

presence of LKB1 gene or protein loss or nutation in the patient is
predictive of therapeutic efficacy of treatnment with a TOR ki nase

i nhibitor. [0021] Provided herein are nethods for treating or preventing a
cancer, for exanple non- -4-



small cell lung carcinoma or cervical cancer, or treating a tunor syndrone,
for exanpl e PeutzJeghers Syndronme, conprising admnistering an effective
amount ofwae 200R9k33Base i nhibitor to a patient having a ®amase010/02324 UNDr
syndronme characterized by AMPK gene or protein |oss or nutation, relative
to that of a control patient or wild type. [0022] Provi ded herein are

nmet hods for treating or preventing a cancer, for exanple non- snall cel

| ung carcinoma or cervical cancer, or treatin tunor syndrone, for
exanplEnPESHSSS @@%ﬁ‘é}t,sfelgyﬁa%tﬁ@t, Of&%wqt@ H@Ue&aﬂagwﬁ%m% Hyicates dhg ersgeChmount
of a Tﬁ&fg&éscﬁ p'r&@ﬂn%és% nhRatforAiath et ﬂlﬁ&ﬁt@caﬁcé‘r@”cer or a tumor syndrone
characterized by a reduced | evel of phospho- AMPK ( pAMPK) protein and/ or
AVPK 40015l ty r duahevmovided haeinofre sncttmds f@lpredhctirenthe bkeliood of ypetienitn one
enbodi.ment, the q?NPK iﬁ BANPK 17? 0023] Furt her .provi ded herein are

met hodd" 1§ P&k PhGXEPIpPRYEREH T B LAEdtomy %?rce’éilga#rﬁf“é“ﬁ T SENOTRIER |

| ung GETORIABscAhhibREMhERPy, CRMPRIing GORBAINS isAd patsR BNk Fortad pRRENCS oY
2011/ 097333PCT/ US2011/ 023524 cancer. for the presence of AMPK gene or

pr ot eiliKB bgencarr preteiatlpssror meytaftangglative thihat offa eenrehpatisht gavilerpe.orhaiping
type, .an dni. nj rin n fective a n f T. Ki 4 nhj bit to
e pdfERRL O BB R BEp SIS Pt e RTRH byt i S BTRC D B EROR] O
or mutkddas® thillifdd 2 &pyr willetkcap sy celedr.herein are nethods for treating or
preventing a cancer, for exanple non-snall cell |ung carcingma or cervical
canced001&npr i sifwgthecrresideshjeraingae meHiods frgredistinegdhcrrpautisediesy ofof a

reduc . I t i1y af | t of a
ont r o b R S o B B Lt
TOR kicamse, wittha BORokindse ihlbitpatomptisih@viraging adpaicnt bhasmeet for itlkgadedeyica
reduc%g vel of gANPKégéotein and/ or. ANPg %ﬁtivitg. [.n one . odi nent, the
pAVPK o & SPi PEOICIRdePs OF FUHATRErelgHYR fOdBY A @Ol aE R REESYPor

det ectyagiAlRHro&Ns O LIRBPLEAd o RERIPIosI B Rl B8 inth&@ pRfdnt §RAnRr (s t €St
patient") cancer, for exanple non-small cell lung carcinoma or cervical
cancemredadgmerdf ghangpeubbtlicacnef tecabmeaitogilcal ORdnpise iflnbimort he t est patient's
cancer; asuri ne or. e of the level of .AMPK nRNA expression, the
Cevel IBVT7AVPK prBrBFekigrLbSetiire HEmadi o g ibhe Rty PR S eAP IR ot he
AVPK gR0€-JcRer®B rﬂin@,ecdnqgnDli\xligs\cmﬁintghﬂe D%[Atﬂ:ﬁequleqire@@wom LRBMRhH o 0SS Or
mutation (e.g., by direct c or _exon . sequenci ng or SNP anal ysis or
mul t i preteinlgsstar srptpirangelagip Iq thateftd eatrohpaviant erovildisinei 4oyl adepiiststinder | oss,
or i ni St } 1 HO): 1 Iy C or . lot to
det er YA ShRSFBET sDK hAChnn b 34C MELRERERERE Lih 1 Bhe B BISAR IS o
measurog maitdtiont om a patient's ("control patient") cancer which is not

characterized by a ANPKigene or protein aor nutation (wld type); wherein a
changd 09481 avPK craXpyided hegin aag/methods fouidetestips EEE 1gsne anpietorigas or

struc : «fTet vl ats . r i r J L1 the

Bi ol ogy aori A AR IR Rt L ing N it MARR, B Bkt MBI, L0

pat i erttyndronwi, tainprprg: obrdniogt dsolddieal prmplerfoem dic tadvPKtigen@couripg obedn | 0ss

or nutation.in the t ient's cancer. [0 urther provided herein are
et ot SF tdeiedof T REN AR PeORI DoicvHAPRCRI BEUTR CARERI AVSRIE v ()
Ina Qﬁ’éh@ﬂh&iaﬁoﬁ stafRlorPRLILIEBY ';glené?é’rrtﬁﬁérwi§eQHerﬁ?f§‘iHE g ﬁ@ib‘n@é@f éen‘é%'r brdtéiﬂg

carcinoma of cervical cancer, conprising: obtaining a biological sanple
f r om tlére or esttatipat(egnibyslicaidBYA omeasuPNAgsegnencarg orcyeP afialydieod reylgipleof |

AMPK ' i.on, | | ..of AVPK herwi s.
ARl i N RV NN B R e e T TR e
I MuN@fHORiMeeeaterédcElce (IF), ¥EBicsicrh Blodto ddcréifh @0l Hfprbfeeh) Wd comparin

2011/ 097333PCT/ US2011/ 023524 anount of pAMPK protein or the anount o
phos plididynegsiigment willvproarolgpeasiementireras patient (esqutel patient’d mathpatzthesi t e) |

and/ or vel - P Vity - . - ki Sanders et
o B p s BN ettty OB (BRE AER B T T
control neasurenment froma patient“é'("control patient") cancer which is
not characterized by a reduced | evel of pAMPK protein and/or AWMPK activity
(wmld type); wherein a |ower |evel of pAMPK protein and/or AMPK activity in
the biological sanple fromthe test patient, relative to that of a contro
patient or wild type, indicates the presence of a reduced |evel of pAWPK
protein and/or AMPK activity in the test patient's cancer. [0027] Furt her
provi ded herein are nethods for predicting the |ikelihood of a patient



havi ng a cancer, for exanple non-small cell |ung carcinoma or cervical
cancer, being responsive to TOR ki nase inhibitor therapy, conprising
screeni ngveand/pagsBent ' s cancer for the presence of a AWPKUSena/0ess2pr ot ei n
| oss or mutation, relative to that of a control patient or wild type,
wherein the presence of AMPK gene or protein |oss or nmutation predicts an
i ncreased |i keI i hood that TOR ki nase inhibitor therapy will treat said

cancer. [0028]FE ];her rovi ded E%bii n e met ho g redi t| ng the

| i kel i*HBGSIYE PHOEHY CHAGISHY A §tEietEs, geisnethuletio gpfus) ung
car ci naiRr DK ¥chRrARE BY the %ﬁl%,@cil%%ﬁl@%’rdfﬁ tHeQest %léﬂt naggve fnki §ror

t herapy, conprising screening said patient's cancer for the presence of a
r educehk ¢amel pagfenpdivPRdtypet midrcates dicopresvPiKoBcKBVigeye oreprateivoss or mhtationf a
control }%a%t |tentﬂﬁr wild type, wherein the presence of a reduced |evel of
pAVPK 'HFGEI R8T or AMPK activity predicts an increased |ikelihood that

TOR Kijpgmg | nhi Fyk@Er $rbeded®Rerdinl dre hlcBRIds ﬁ'ﬁecﬁ@tﬁif\‘gethe 1ik& @3l bk tagEnt Pr ovi ded
herein are methods for predicting therapeutic efficacy of treatnment of a

pat i edeving i tnlgorzméécrme fiefrcxana @tmﬁghgmﬂynd@mq, beipa geseorsy nonkOBr
cervi %t%lmsg %h(fbe{o’rt Cr. pyf ﬁom rlsnl§ I g‘c%ée%u*g DL £ %{Eppressel 090 f ﬁﬁ%ﬁ? rg‘g'er'i]ego sai d

pati en cancer nce gene oOr proteln nutat|0n

rel at |p\f@teﬁ1c10§shﬁtmmnoa1 eiiys Qi thpedfl aﬁdﬁﬁltrﬁrpaﬂehdoﬁ\ylﬂ)@typ‘éb@h@blﬂ th&prepdnes efice of
AVPK gene or protein I 0oss in the patient's cancer is predictive of
t her apdti | genstaripeeielp logs qrrr@a%twélrﬁre@ms R ancreaRed [ikglheod it i) ptRokmase inhibitor

[0030]ﬂlfé,1151%h‘g{11 Qéaqgélgelqn@esrfpa“ ee nmet hods for predicting therapeutic

ef ficac treatment o nt havi ng cancer, for exanple non-snall
cel | I[(l(m;)]car ci antheioprocided heraln waneétods \ﬁnrtmechcﬁifg?thkﬂapaﬁe dffiduciiof or ,

conprisin eening, said patient's capncer for _the rese ce WO

2011/ é@?@%pegr ?&?‘G%egmefsyadrpgﬁu@éaxaﬂa%| erfZ gw%eleﬁnwglﬁa/ or
AVPK aedp ¥naYe ﬁlﬁlb%f \Bmi Hsﬁ?%&re@ﬁm%loﬁ@%ﬁ&h fhahd ﬁx%&eﬂ%é oYVLi@lt@éB@ or Wherein
the presence a reduced [evel of rotein and/or AMPK activity in the

pat i emrotsindassqemutstiqurishitive tcx/@atrif atctwtrabwtem:ore’f/lﬂd tyacywhdreinrteapneeance i t h a

TOR ki i nhi bi tor 0031 Furt.h ded h rei are
{ et I bECT s PasiE g S du oy g il 1 Plrt il oS ERGReuPti nona or
cervi Q@hm@mm,amRM@@@[m@rtumr syndr one, for exanpl e Peutz- qeghers
Syndrone, conprising adm nisteri ng an effective anmount of a TOR ki nase

)

i nhi bil0®H]and arrefifedhqrgia aaf?rmmhp for gigating orfpeeentge Aranachder ervawlanen-AVP

level g, .l Ug ?ﬁl%oclépén?ch-ga omaeﬁ‘\?if? %@ﬁu r tﬂeaﬁﬁ%gﬁﬁnécfe 38%%%1% o) egarH&%'P%ﬂ& havi ng

cancer or a I syndr one. rovi
phar mdeghetd Syﬁidr@ﬁmﬁiphmgadﬁﬁmptenﬁg g e Beeive hm@ﬁﬁtﬁbfﬁm)l(lkﬁlasemhﬁﬂ’itob td @r s
and one or nore agents that nodul ate AWMP | evel s, glucose uptake nmet abol i sm
or a Pefieddayigg @&ﬁ@%@r 8ha YRR hpregicrigedpy AMBIb RENSCRITIPISI l0gsQti pi ent

or diljlent Sk Ben Vi ded n e kits conprising one or nore
cont aidrI:lgr sF .L‘?%%]% tahga %@é?%:‘pna%lela?(ﬁ%db?’ﬁr or a pharmaceuti cal
conpog0229n t hereovfided agentsmbthods st ectiimgolfBicngege c@mceprfot eiamplossn-or
mut ati on

AMPK gene or pr.ot e| n |l oss or. nutation, ,or atient's
A TR e R S T A R A I e L WL

det ectJbg}ersLsS%r&ﬁ@ SoRforidf@htniliefsy 8f oML bABunUF GK GRREIHLIRE Y &1 n
| oss or nut ati1 on, or bot h In a patlent S cancer or in a patlent haV|ng a

t unor peyerdhevmeg a cancer or a tumor syndrome characterized by a reduced level of phospho-AMPK
(pPAMPK) protein and/or AMPK activity relative to that of a control patient or wild type. In one
embodiment, the pAMPK is pAMPK T172.

[0023] Further provided herein are methods for treating or preventing a cancer, for

example non-small cell lung carcinoma or cervical cancer, comprising screening a patient’s
-6 -



[ 0034] Further provided herein are kits conprising one or nore containers
filled wth a TOR ki nase inhibitor or a pharnmaceutical conposition thereof,
reagent s wonodewesssi ng a reduced | evel of pAMPK pr ot ei nprama’sost1Abi3ks
activity in a patient's cancer or in a patient having a tunor syndrone, and
i nstructions for detecting a reduced | evel of pAMPK protein and/or AVPK
activity in a patient's cancer or in a patient having a tunor syndrone.

[ 0035] I n saqme, enbodi nent he TOR ki nase inhibitor is a co und a
descr AR frRs ar.e%eggﬁ%ﬂ%& ﬁF%%@rﬁro@}?g]Séﬁ m%ﬂ%wl%@eamﬁ@ﬁf BERIbr e
fully (%JQMer{t%ff ‘%fﬂ%%ﬁe, bRd LRinded R LEFARECL ARbIR™F ANDEKATR! iRRibit¥HioGhe ar e
I ntended to exenplify non-limting enbodi nents. WO

2011/ (Ri383RGNE @S20&kT D@38 24zcd. I3RhERMIESERh AT 1Ot c@F oTHE RAMBINGS [ 0037] FI G
1A. Fi 1 lists,the LKB] nutation.status of non small cell |ung cancer
(NsoL &0 1 1§ TelneriSouioh hPle PR 3ud e e e AdBr el ka1 on,
t he prRs@prRAHohRafiltdeM @Undar@hGRA 6EcdMiRgiddah¥ &) cohprisiiedktechiiBh d;fa'ﬁ@ﬁted n (as
determ ned by Western i munoblotting as shown in Fig. 1B) and nean | C50

val uesagqey farghe picosich of mridviced lsreltsy PAAMPIS wretcin and/or AMBKisetiviss refasiyeite at e

| C50 determ nations). [0Q El By Figure 1B ].ustrates 5 Vst ern
bl ot i A DRIk Rl Fad Bup B Rl S RAERER IR Sises ™t Fom

Fi g. TIshibilhiao exeitichEilirgandantérchhackriadd bkBicdacat Ri¢l ofpAMPKR @soteiapor t ed as
LKB1 gene nmutants. [0039]FI G 2A. Figure 2A illustrates the correl ation of
sensi angof PMRK peiriRi dB 98¢ prkpdintest fais PANBR{ TRt (1 C50) with

BOLUCE OGBS AN KBt

t o TOmkativasia a patient’s (“test patient”) cancer, for example non-small cell lung carcinoma or
cervical cancer, comprising: obtaining a biological sample from the test patient’s cancer;
measuring one or more of the level of AMPK mRNA expression, the level of AMPK protein
expression, determining the methylation status of the AMPK gene, or otherwise identifying the
presence of gene or protein loss or mutation (e.g., by direct cDNA or exon DNA sequencing or
SNP analysis or multiple ligation probe amplification (MLPA) to identify copy number loss, or
immunohistochemistry (IHC), immunofluorescence (IF), or Western Blot to determine loss of
protein); and comparing said measurement with a control measurement from a patient’s (“control
patient”) cancer which is not characterized by a AMPK gene or protein or mutation (wild type);
wherein a change in AMPK mRNA expression, AMPK protein expression, AMPK mRNA
structure, AMPK gene methylation, and/or AMPK protein structure in the biological sample
from the test patient, relative to that of a control patient or wild type, indicates the presence of
AMPK gene or protein loss or mutation in the test patient’s cancer.
[0026] Further provided herein are methods for detecting a reduced level of pAMPK
protein and/or AMPK activity in a patient’s (“test patient”) cancer, for example non-small cell
lung carcinoma or cervical cancer, comprising: obtaining a biological sample from the test
patient’s cancer; measuring one or more of the level of, pAMPK protein expression, the level of
AMPK activity, or otherwise measuring the level of pAMPK protein (e.g.,

immunohistochemistry (IHC), immunofluorescence (IF), or Western Blot to determine the
-7-



i nhi bitor Conpound 1 treatnment (1C50) with the presence (positive) or
absence (negative) of LKBl protein as assessed by LI-COR Western

i mmunobl owoi2ng/092as3det ermi ned by the W1 coxon test (p= @COAR3)11/0p53O41] FI G
2C. Figure 2Cillustrates the application of the Fisher test and W] coxon
test to analyze the correlation between Conpound 1 sensitivity (defined as
G50 <5 M and the presence or absence of intact LKBl protein (as

determ ned b rn lnnu obIott| he resulti p-val ues .i ndi cate that
cel | [131pa8t %y Hfﬂﬂﬁk Rrﬁfte&b?” KETOPH A %%‘WPLP@%%’%%\QEK& \%eCEfg“ Woip8lnd 1.
[ 0042]e§!11§p1%%t tH%' 191%%1@)%!1&/5%% nakest AMAK &eRit)4s. geANﬂ*K ﬁﬁla&hé?,ﬁ‘dy" gegohospho-

AMVMPK T172 actin levels fromselected NSCLC cell Tines. The
LKB1 r&aod@fs at ctleﬁwlcéenar] e40c301r3t9e] 4t (80071 apAPRpIiI2saldnehsir@nad ptithf ogonHOA 37 .

0043] FI G 3B. ure 3B il l.ustr e result .of the application of the
W1 colepaaent kadeou's (ehe btV SASE M pResoBRBr RS g Rodeed
PAVPK/&6A bﬂItJAMPI@pﬂoEblﬁ %d/&rAN@Mv@y&é &Il typenesherbiKBlowbalcus of AMB{i ned as
ei ther negative or positive based stern i mmunobl otti ng. e y-axis is

Logi 10refingaNerANPKachty @ therh@lqgmad saraple cﬁﬁfvnb@m@énatmmelphm withatsxfat us
\6}\? ?Coﬁ%tr 11/1 1?[7% ggréel; 2cgca]t/ etr%g rese c'g‘l\o/%'élrgc? @ EvglsofopAvﬁﬁ A3 ERAL %/ 4si ng

value i‘s con ere

S|gn|bumaﬁhwaoﬁyﬁhﬁbmgﬂyn&nDE&AkbED DESCRIPTICN 6. 1DEFINITICNS [0044]An
"al kyl " Aggoup is a saturated, partially saturated, or_unsaturated straight

chai n [89Zr anchdyrthenpreyidpd Befﬁyloﬂ’f%é@ﬂ’&éﬁ foyayedig g Balikcliigod of e Rrte at ons,
t | to 4,
Br/p' C%ablégorc‘amel fof eﬁang% 98%§m9ﬂ cell [un %Qi%lrgoﬁ% fll JBAL A carldeP fﬂef;g r@srpgmﬁ%f 0

carbon at resenta ive groups i nclu
- et hylto TOR pinagayihhibitor thutapy,,commlgtsyﬂeemng sald-pla‘ﬂmyh camduir ff@ tha‘pu:satoed)f a

T SopertpR eche B pRGA bR or TG RE KSR Rt oL soeimpRpEA giviid e, whertin
2, 3- dignefaydnbuby A nand g@rﬁeor pré€in 15@%8&91!1&%&{ pt’é@l%%ta‘drlﬁér@éjse@'hl%é’ﬁho@ﬂ%bﬁs

i ncl ude,” but are not |n1ted to, vinyl, allyl CH( CH3 CH=C( CH3) 2,

qa@afcla@asei@b@@y therp@E)| trealGREHRDIS) =CH?, CCH CC(CHS) CC(CHZCHB)

Al |k
2 2O L A0 R R g AR GFeaead B ke ne al ky)
gr oupathag GrdaR@d, 08 ELinfhlahen-SAhll cE1P1RE casuldphd dritleBbeal chilRY, b¥BY; rBonsive

substituted with any substituent or substituents as those found in the

exemltaﬁp&bﬁwumblt@ﬁhe@mmnmﬁmg sgiceing sed priderdisreaness fowethe preseneglobgen
(chl or r&duckd fLQlel MP rotfe In a%rd?c}r Al@[bkya{ctlvﬁ'%/ ﬁéflﬁf%élt? H%It %? %f'XOQtfaol QB%{EE"OFV' ]
am no; 11& am ng: i ol;” thioether; 1mne; |n1de,

am di rald @parwldarm theap?ramnaeof aﬁfﬁdﬂéﬁd&ém oY b AMRKY bautdin ahd/phasahoaaivaty
phosphi ng; thlocarbonyl sul fonyl ; sul fone; sul fonam de; ketone; al dehyde;

est er :Prefigs an fnceapghiikelibeedribat RORkinape infibitps-therppowihiisd 2id spRgKkoxy ani ne:
N- oxi Ciﬁez gpydr az 'Fﬁll'?the\g%[rg(fﬁé% H8einWILRAARAS for}%&?@&% tﬁ%%@{l%fe?%?ﬁcy of

|soth|ocy nate; cyan I ocyanat e; oxygen
A al kytcptminn oﬁapmyhaw{l@@e&ﬁ]:ﬁlﬁor’ ‘exhinpleytich-gradiugellilsn@catinaig bt caiwah or

branched non-cyclic h rbon havi.ng from2 to 10 garbon i cal
T o e sy R Bt Fermraain e e ket s hrnar ok s B o o
bond. oRapeRORhab: MBI [l By Nah RIANG BAGRGEEL Y P%@bk%ﬁ'tﬁ)é ncl ude

-vinyl, -all -1-butenyl, -2-butenyl, -isobutyleny - 1- pent enyl,
- 2- pemthengih the-Besepehyf AM-P;L@g@@pIr prot@in lmnm - ptibnif ssgaper is predictive of

3- (%fler{aeﬁe%yi%_egﬁcg% gpt)fea’tme&’[ erﬁSIR klnase 11?11 gltgrl. , -3-hexenyl, -1-heptenyl,
[0030] Further provided herein are methods for predicting therapeutic efficacy of
treatment of a patient having cancer, for example non-small cell lung carcinoma or cervical

cancer, with a TOR kinase inhibitor, comprising screening said patient’s cancer for the presence
-8-



WO 2011/ 097333PCT/ US2011/ 023524 heptenyl, -3-heptenyl, -1-octenyl,
-2-octenyl, -3-octenyl and the |ike. The doubl e bond of an al kenyl group
can be urnwonpugatisd or conjugated to anot her unsaturat ed¢cgruseqL/o2ss2al kenyl
group can be unsubstituted or substituted. [0046] A "cycloal kyl™ group is a
saturated, partially saturated, or unsaturated cyclic alkyl group of from3
to 10 carbon atons having a single cyclic ring or nultiple condensed or

bri dg i ngs ich c e optionall bstituted wt n11 to 3. al kyl

o oupS! AT HAAE I Erth MBRTS o0y YRGS BY TS tt pES TR gesigipor s
wher e%’% vdﬂ@l tgf@ %he‘r“é???% h& 4 Fbﬁué&l”[@@eﬁ o%AMI‘IQ p{?o%lﬁ‘aﬁd/élé AQNEPK @&%ﬁz ihrom 3
to 5, , Such cycl oal kyl groups include, by way of “exanpl e,
si ngl eher patgnéls cancbus @sedscutyh od shecapehopeibiogdy, ofgyeatrotutwith, a TORlopasat yi |

cycl oh ﬁ cycl oheptyl, cyclooctyl, 1-nethylcyclopropyl,

2-net €h 9@1opentyl 2-met hyl cycl ooctyl, and the like, or nultiple or

bri dgggo31iing st rRgthel @6vidbe Rerdm a%élﬁféﬁﬂidy forandtih$6r prck@tinErandel gor of
unsaturared cycl oal kyl groups include cycl ohexenyl, cyclopentenyl

cycl oﬁé&ranlieém’rsmalﬂwte dimensarcingiam preireinyl canersxerdiaating 2 temenynadiomss £r A

cycl oal Ry i.tu S ut ed
cvol oqriyPtedieB BT BindoRE, R LA ERL e S ME LT URET PR T ve.

[ 0047]khinse aitytlitor ghdbip cifsctian amoan®Bdfidhe @ﬁhﬁ@@yganmhgrrﬁ@mnaé ANMPIBVRIst 0 14
carbon atons having a single ring (e.g., phenyl) or nultiple condensed

ri ngs usoge uptaled e%a,hohﬁrrl oaﬁtsmi%ﬂrysponw @@r@t@%@mn@m@r Op A UMY SyUHONEont ai n
6- 14 a

t he rﬁng ortloggﬂ%%wgﬁgﬁéég%%ﬂnhgg%¥P%§lg%a§¥) §Q¥%g?&gnﬁ%%8%8ngblphenyl
napht MOR &indsd indiblitokseandAme ar ylorgageu thatmduinlae BMP laveBdglacosenpulist i t ut ed.

The phrase "ar Ips al so, i ncl udes s containing fused r such
AP S R A ﬁ)&pﬁ%arﬂ% AT e fcgepaqﬁa'%}ﬁ{?r elpientor ifitie.
t et r ahygiygnapht frxlhhe@ﬁfévﬁdé@héﬂeﬁlea)re kit ORI in NGBS QRSE ¥ lcont@m@EiIle vith A1 Y
ring system having one to four heteroatons as ring atons in a hetero

ar omatliQR kimer whttenpr apleareiecuting cogpasitide thenfoft ivegcat-ols deteetingadr kB h geno s .

In sone e I ments ups .contain 5 to 6 r

of her ST PROT ovor grpiog o S Blnk, o SBEHERT S harethy g faRe Tohentia.

gr oupgancedof AP gathRet BHARL Lflndr Rhdi8Rc AXY B tructiohls ol dBEn B ILKIBIgRMe ok N

certain enbodi ments, the heteroaryl ring systemis nonocyclic or bicyclic.

Non- | iDEeteinrgsseor amsatenn, phoMRTe ot orayeteindpss grnytaiion, 61 befhoispasigetis epsicer

pyrrol yl triazolyl, tetrazolyl, oxazolyl,

P soxash %?Byt %u%g%‘%‘%?uﬂl&a%ﬁ&rﬁh‘e yridyl, pyridazinyl, pyrinmidinyl,
pyrazij®y34] thi opehyl probidsd héﬂem@@@ﬁnybomﬁﬂmﬁfgwde, orbﬁm@t)mmw ﬁl(edeWltha 12 -

WO 2011/097333PCT/U82011/023524 exanple i sobenzofuran-1, 3-di i m ne),

i ndol >I gglg{seh@g}bg,tpr % &P aé;pa?ﬁwtl@a WP@F@EW%&Q reagents for detecting a reduced

Ly TRl hE TN ol IUBACL M RS RSB of LRI

3H mtuiamos[ytﬂldﬁ)nhf] pyd uﬂ‘grhctmns Ichi—demcdag oretused ka:]vp)lyof pAyMPK pp(ytlemzamldthMHKI
triazol opyrid benzotri azol nzoxazol genzothlazolyl

benzo RO BATE T SORB P aVlflﬁPéwaéﬁYH RSy purinyl, xanthinyl,
adeni ny43s)guani nykemd einBdikdd¥ls, the QS HALd Au] ’1to¥ Rl RpdLAG W @é%khb’éd

qui noxal i nyl, and qui nazolinyl groups. [0049] A "heterocyclyl"” is an
aronaﬂmﬁm(also referred to as heteroaryl) or non- aronatlc cycIoaIkyI in
whi ch to fo of the ri rbon atons are in e repl aced with
ot dIE om f  he ety il b By MR ATRYBY Rl EMEa rent .
het er eepelbd He@Fiptigrban ddabifhees3whizh hee ﬁltdﬂgem@@ﬁ@hfy\ﬁtﬁf m&n@ dhods&lis.gr oups
have 3 to 5, 3 to 6, or 3 to 8 ring menbers. Heterocyclyls can also be
bonded to other groups at any ring atom (i.e., at any carbon atom or

het er oat om of the heterocyclic ring). A heterocyclylal kyl group can be
substituted or unsubstituted. Heterocyclyl groups enconpass unsaturated,
partially saturated and saturated r?ng systens, such as, for exanple,

i mdazolyl, imdazolinyl and im dazolidinyl groups. The phrase heterocyclyl
i ncl udes fused ring species, including those conprising fused aromatic and
non-aromati c groups, such as, for exanple, benzotriazolyl,

2, 3-di hydrobenzo[ 1, 4] di oxi nyl , and benzo[ 1, 3] di oxol yl. The phrase al so

i ncludes bridged polycyclic ring systens containing a heteroatom such as,
but not limted to, quinuclidyl. Representative exanples of a heterocyclyl
group include, but are not limted to, aziridinyl, azetidinyl, pyrrolidyl,
i mdazolidinyl, pyrazolidinyl, thiazolidinyl, tetrahydrothiophenyl,
tetrahydrofuranyl, dioxolyl, furanyl, thiophenyl, pyrrolyl, pyrrolinyl,
|n1dazolyl |n1dazoI|nyI pyrazolyl pyrazollnyl trlazonI tetrazolyl



WO 2011/ 097333PCT/ US2011/ 023524 i m dazopyridyl (azabenzi m dazolyl; for
exanpl e, 1H i m dazo[4, 5-b]pyridyl, or 1H i m dazol[4, 5-

b] pyri di rwd(28H)ovassgl ), triazol opyridyl, isoxazol opyri dylPCTaseonpb3s524
xant hi nyl, adeninyl, guaninyl, quinolinyl, isoquinolinyl, quinolizinyl,
qui noxal i nyl, qui nazolinyl, cinnolinyl, phthalazinyl, naphthyridinyl,
pteridinyl, thianaphthal enyl, dihydrobenzothiazinyl, dihydrobenzofuranyl,

?LPygLSLPS?LéLZFF;P {g?ﬁ%ﬁﬁgJﬁﬁé&éﬁ%ﬂ&gigfhﬁgéEtggghﬁﬁﬁbbenzotr|azonI
totr aNOOVB: v aad a6y Fhadieons Ebr ST SRY PSSy onampt col ung cancer

t et r aligCOQYicBIRlihky ba@ﬂ@upéporisarmemeq@htaseth%usgdﬂeuuﬁlﬁamhﬁtwpi@seﬁba/I groups
nmay be nono-substituted or substituted nore than once, such as, but not

| mi t éBositeVe) gy rbsgyee (@r:gempb%maﬁym&rl @migm (wheletermiped by Western 4° | 5., or

6-sub ' t those
|iste35%éﬁé§ﬁ“1%ﬁ§g¥§wgf %f%%%ggk gﬁ%ﬁgﬂgﬁf§}§§gﬁc§%ﬂ%¢’fﬁ% f ormul a:
-aIkykkﬁm@mﬁankyhsnmﬂ&ﬂefﬁmabMyHC@nﬁﬁﬁmﬁhnahgyl are defined above.
Substituted cycl oal kyl al kyl roug be substltgted at. the aIkyI t he

cycl odP38l, or BN BhEZHTKIB lhsHatehea ém%é?{%ﬁm lof ehayriag LKRI h@oﬁ’r‘ﬂbup
|
Repr e%&%ﬁ@a}c&afsg M&h@ﬁéf*ﬁé@ié%n Qﬁ%wémlpn 1%\6 o xtpﬁf}ﬁneﬂtoéonrhﬂle fa€ o

cycl opentyl nmet hyl’, cycl opentyl et , cycfo cycl ohexy ethyl and
cycl oﬂd@l proopy for lReprepoeed aiLKBlsg;ab@niutantwd cycl oal kyl al kyI gr oups may be

nono- titut bstitfuted nore than, once 0051 An rou
"o"e BT ot THhGEEA oF R A RS B oreian o wnath g G gR Rt o P
def i n@ﬁn@@&\@omﬁmﬂatl' t?é&rﬁgltilf@d)k\%“th Qz"p@HQ@LI@d Ree sRalontsui@dadlicttand kyl

the aryl, or t he al kyl he aryl porti'ons of the group.
Repreé@d@@@kﬂéﬂhﬁﬁﬂ&Qﬂwﬁroups i ncl ude but are not linmted to benzyl and

et g P o1 P SirB0es KRS AN GO RS HsRpyrt b SLah RV S HOR AR ¢ e
f or nuligtibitéd Roth dimﬁqrt%ﬁﬁ&Iﬁ'(ICsWﬁEtH& paésleﬁée @aﬁnb@tcﬁraes‘eyl@é WHegatie)def i ned
above. Substltuted heteroc¥c Ialk%%n gr oups be substituted at the

al kyl LI@B.bpw&% poespessyd by b mlm@ynot&wang,rﬁé deterainge e |the Walspxorons of
t he gr%ﬁj P%ﬁsentatlve het er ocyl yl al kyl groups include but are not
limte 0 4-e mor phol i nyl, 4-propyl norpholinyl, furan-2-yl nethyl,

f ur an{6041} rret h)FIG 0 Higues B ylhstreﬁehﬂie apph&tnroaWdretflatdpydsamdﬁlwﬂcbm tastl |
(tetrahydro-2H pyran-4-yl)ethyl, tetrahydr.ofur met h

tetrafy aliwéfrfffrtlé% corrg)ation; Bejiveen ‘?InP‘?’rH]éll sEnytipity rﬁlmed a1l 50 <5 \»\M) and the

2011/ PRy bhstae0 %#{n%?’i% 1 }}QQéﬁl @F d@@hﬂﬁi@c‘i‘b Wesielrﬁ'%hlﬂ bthlﬁhg);)

brom ne or iodine. [0054] A "hydroxy grou Is an al ky gro
descr irbrattirebpweluss bslidataithetdceli lires m@omrlntatotr EKBY ¢ratzin age mur_fssen@lﬁ@5ﬁa] An
"alko§y"]g;ogq is -0-(alkyl), wherein alkyl is defined above.
ompound 1.

[0042] FIG 3A. Figure 3A illustrates a LI-COR Western blot showing phospho- AMPK
T172, AMPK, LKBI, and actin levels from selected NSCLC cell lines. The LKB1 protein levels
are correlated to pAMPK T172 levels except for H1437.
[0043] FIG 3B. Figure 3B illustrates the result of the application of the Wilcoxon test to
analyze the correlation between LKBI1 status and pAMPK/actin ratio in forty-two NSCLC cell
lines. LKB1 status was defined as either negative or positive based on Western immunoblotting.

The y-axis is Logjo of pAMPK/actin ratio. The correlation between LKB1 protein status and
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[ 0056] An "al koxyal kyl " group is -(alkyl)-0-(alkyl), wherein alkyl is

defi ned above. [0057] An "am no" group is a radical of the formula: -NH2.

[ 0058] An wal2kylm@mizao” group is a radical of the fornmul apcTNiS2a@hloyis2or
-N(al kyl )2, wherein each alkyl is independently as defined above. [0059] A
"car boxy" group is aradical of the formula: -C(0)OH [0060]An

"am nocar bonyl " group is a radi cal of the fornmula: -C(0)N(102, C(0)NH(Ie)

wherein each le is epende stituted o .
unsubml\('}lﬁﬁ@dﬂar%gﬂ WasAPRISHd YIS W aegron leriap @P@Oﬁgﬁé@%@e By valje < 0.05 is
het er QeXGlidkd gsrggllgﬁ%t%lfrblgg@h herein. [0061] An "acylam no" group is a
radi cal of the fornmula: -NHC(O)(1le) or N(alkyl)C(0)( le), wherein each

al kyl and R# are |ndependently as defined above. [0062] An
al kyl sul f onyl am no" group, i

" I - NHS02( 1

N(al kyl ) S02(1le), wher ein Such ?E?ﬁiélﬂ%%ﬁé%ﬂh@meﬁ above. EogzssfrA
"urea" group is a radical of the% E I\E?‘g N yl) C(0) N(R14) 2,

N(al kyl ) C(0) NH(R14), -N(al kyl)C(0 ﬂ—i (? | e)2, -NHC(O)NH(le), or

NH( Ol whersg] 9 18aebrob iyl sef%ﬂlqte'a# p&figiy éh@?r%ﬂd&%ké’tu@a%ed%%i ednabove.
[ 0064] When the groups déscribed herei n with the exception of alkyl group,

ar e sai dranohdgendnsepelit hydroedbdn hineyg fram be® ]élmghqmamed typl‘cfﬂlyaﬁ[mndptp I80pl’ iate
substityent or substi nts. stra I es bstl uent s
*hose BT i FHE SRBHERERY Eomidh fab S oo RPEIRERE n, as
wel | %&ylﬁgfdﬁgﬁﬁlc(&ilé'-ﬁfeﬂlyll ool -RpRIFWIL, -Abuiyl, ugrp@)myl %&%Lhexg}y%ﬁpéthr@é&oxy,
al koxyal kyl ; am no; al kyl am no; car oxy nitro, cyano; thi ol ; thioether;
i mneb erbalkghsiilvds - 1S@BWHI -yee:bugylaniobutylatd ek b@nmntyla%memlmtyl
phosp on sphi_ne rbon f syl fone; quon
ket on %glé)ﬁgtg G- PR tthg%penta/r e dgr}eé]%(%gutgflando tﬂ%,elke E}éﬁ,nép e% of> nsat ?erg aﬂﬁyl
al kOX)g%ﬂp@chl@deameWﬁm IifitedNoOingle allﬁydxﬁiCHe(:Hbydnﬁ@(dH{s)ﬁy@(r(aign@Hz,

zi de; isocyanate; isothi ocigranat e; anate; thi ocyana

B O 20N Hik rOGAT6GHYTC oy POtk RatC (Gl ch Ry Heiordaf 1 or 1 used
or ”Ortﬁz%%%‘écﬂ%’j M—@Hﬁ—@CHﬂH%}'%&% GR¥s: An alkyl group can be substituted or

unsubstituted. Unless otherwise indicated, when the alkyl groups described herein are said to be
“substituted,” they may be substituted with any substituent or substituents as those found in the
exemplary compounds and embodiments disclosed herein, as well as halogen (chloro, iodo,
bromo, or fluoro); alkyl; hydroxyl; alkoxy; alkoxyalkyl; amino; alkylamino; carboxy; nitro;
cyano; thiol; thioether; imine; imide; amidine; guanidine; enamine; aminocarbonyl; acylamino;
phosphonato; phosphine; thiocarbonyl; sulfonyl; sulfone; sulfonamide; ketone; aldehyde; ester;
urea; urcthane; oxime; hydroxyl amine; alkoxyamine; aralkoxyamine; N-oxide; hydrazine;
hydrazide; hydrazone; azide; isocyanate; isothiocyanate; cyanate; thiocyanate; oxygen (=0);
B(OH)2, or O(alkyl)aminocarbony].

[0045] An “alkenyl” group is a straight chain or branched non-cyclic hydrocarbon having
from 2 to 10 carbon atoms, typically from 2 to 8 carbon atoms, and including at least one carbon-
carbon double bond. Representative straight chain and branched (C;-Cg)alkenyls include -vinyl,
-allyl, -1-butenyl, -2-butenyl, -isobutylenyl, -1-pentenyl, -2-pentenyl, -3-methyl-1-butenyl, -2-
methyl-2-butenyl, -2,3-dimethyl-2-butenyl, -1-hexenyl, -2-hexenyl, -3-hexenyl, -1-heptenyl, -2-
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- 15 - WD 2011/097333PCT/ US2011/ 023524 cycl obutyl, cycl opentyl, or

cycl ohexyl), or a heterocyclyl, which may be nonocyclic or fused or
non- f usedwpabyiowedssc (e.g., pyrrolidyl, piperidyl, piperaziusgdii/023524
nmor pholinyl, or thiazinyl); nonocyclic or fused or non-fused polycyclic
aryl or heteroaryl (e.g., phenyl, naphthyl, pyrrolyl, indolyl, furanyl,
t hi ophenyl inidazolyl oxazolyl isoxazolyl thiazolyl triazolyl,

tetrazol yl azol i ui_nolin ui nyl, acridi nyl,
pyr azﬁﬁyﬁenylpﬁ 5%% vi oc%wfjnf aFtﬁgpﬂ 3%%%%% ?@iﬁ L}Bs H%‘%lﬁP%L‘éf?ﬂH or
benz Ofaﬂdfeﬁg%’%rbuﬁ!ééﬂ Wtyncoﬁﬂlgét&{ bP¥ohjudiedeb %ﬁ&ﬁ%ﬁ’ﬁrﬁéﬁﬁrat@d‘g 51 AP I>’ !

al koxy used hereln the term "pharnaceutical Ty acceptable

salt(sydmxﬁmémsmﬁdmau$ahnSpbﬁﬁwméd from a pharmaceutically acceptable
non-toxi ¢ .acid or.base.including an in ani.c acid and base d an ani c
hora didsace” Rkt b ot e B Rt e R R A "o

t he TQRyp dFaedin BNE10ICHBOSE aloRs! H&dﬁl,g a%gl@&ﬁ:lﬂd%ng' dr@%ﬁlﬁ‘ﬁle'fc@nd&i%&i ditidpadt s
made from al umi num calcium |ithium magnesium potassium sodium and zinc

or or gagh @fhsféll a8 bmca@omalldrwb%utﬁé withy frpm ,t@é QI grcuph. ewmdlmmm
chl or gpr oycC 4 haS to S8l %enfgb%& QE LY hened &, thelgl & o?ng%t are

(N- et procai ne & "ThON-T BX1' T aC| s i'nclude

not | lcaibbﬁdtdr@s rahgarfﬁaﬂscto ansltoos, @anite 7asucls cﬁdll@d’hk}a%r@@@ﬁmcﬁudeabg waly ©f
anthranilic, benzenesul fonic, benzoic, canphorsulfaonic, citri
et hen&s#nplsnsingle rigepiructures sagh as cyrlopenyl. cgéph@vh exsiprenty) %&ﬂheéyl

gl ucury %bﬁqugéwgchyl i 1ﬁ10p?ar@{1hang{sngf Oh)}ﬂgﬁt9fézlcrﬁécth§lc?zélé8&ﬂ' Qﬁlifhe

| actic tric

pant otliltemranulppkeny Ibaldgetd mg phespbosuct as pdaypinyliand tlsaalhkec;Hxamplst@ar | c
succi ni c, sulfanj { sul furj rtaric acid, and p- tolueneﬁﬂlfon ci d.

Speci fll.n&a twared akioalkyl grguns W&Mﬁ@ya%%eﬂr eYalepentenyh SHToHFadicRH o RHRY P,

sul fur ﬁt’adﬁﬁﬂ H@s%aﬁ?eﬂ?ﬁ HﬂnBQQ bfheRC1 A %cl@f%ﬂ%lr&iﬁ) &h b%@%dtftﬁt@d 82htBbdthued.
i ncl ude hydrochloride’and fesyl ate salts. Qhers are well-known in the art,

see f (Srucmd:spmc;d Realgl groups irchaicntceay ptedangds, @md@h@xamemmateidhe lik¢vack

Publ i i East on, PA,, 1990 R The S t f
phar A 1ot - b3 LR PRNB PTG CESKSIl BT 0855 6 T A8 SRR “Gdey
her ei madi atsﬂ{gqe@ﬁng)(é?rﬁueﬁw) loP ehut@i1 € dondeh g dtreipi(e. 8], AhpHtiRH Sr aRBANS 1A TOR

ki nase inhibitor, or salt thereof, in the formof a crystal lattice that

cont aispEe Sphedsnqngs, gryl gechvan eeiltain 6 Whearbenseant igusiars frameeiol I qreven 6 tey10

o bt S fAPBSHoN SIWE o e b SR s iG06 T hg
used haplethyl &ﬂdh@ﬁlkfesﬁn ety groMpsan bagussatiget] ot umsubseituted. SDhevsiirese ‘aBans a TOR

kinase inhibitor, or a salt thereof, that further includes a stoichionetric
or norFeNs; alse Frbides eroxrn Gertaigmefuss iingst sush anisey aivgiclinhatistring

i nter tgﬁygﬁéhﬁg&&ﬁswn ?ﬁﬁﬁ“QPQh@ﬁﬁt Jhhe solvate is a hydrate.

[0068] erei’n an thermnse ‘ndi cated, the term "hydrate"
neans [804BDR Ki naﬁséhatafrbaﬂyl”tgoup sranargaing sybtemdef ingtdnatto faurthheroatorad asdesz a
stoi chionetric or non-st.oi chionetric. nDuntlg%EI &ﬁr bound b non coval ent

i nt er REATRYR ACqrRRrematic flﬁééjég]t%g VR i SLINSHR EIRPR B0 Ky R at ed,
the t gofk cRIBHMMSLs, AERRYArA of$dPs contain 5 to 6 ring atoms, and in others from 6 to 9 or

even 6 to 10 atoms in the ring portions of the groups. Suitable heteroatoms include oxygen,
sulfur and nitrogen. In certain embodiments, the heteroaryl ring system is monocyclic or
bicyclic. Non-limiting examples include but are not limited to, groups such as pyrrolyl,
pyrazolyl, imidazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl, pyrolyl, pyridyl,

pyridazinyl, pyrimidinyl, pyrazinyl, thiophenyl, benzothiophenyl, furanyl, benzofuranyl (for
-12-



ki nase inhibitor derivative that can hydrol yze, oxidize, or otherw se react
under biological conditions (in vitro or in vivo) to provide an active
conmpound,wpantivmmsar |l y a TOR ki nase inhibitor. Exanpl espafi/uyseadmoesse4
include, but are not Iimted to, derivatives and netabolites of a TOR

ki nase inhibitor that include biohydrolyzable noieties such as

bi ohydr ol yzabl e am des, bi ohydrol yzabl e esters, biohydrol yzabl e carbanmates,

bi ohydr ol yzabl e cagbon bi ohydrol yza ei des, and bi ohydrol able
IomspmituerX e i éﬁmtla?)nméiﬂ{yicﬁzweﬁtlgl e@m&s pastm@ %ﬂ
car boﬁtrofdf@@%]ﬁﬁﬁiyl)g Eﬂﬁﬁﬁyﬁb&ﬁrﬁﬁiak&%{fo@éﬁﬁﬁlplee%H%e%z@[fd]lhﬁéaz%ﬁflpoxy| ' C

aci d. "The carboxyl at'e esters are convéniently formed by esterifyi’ng any of
t he camhtawpyraiyh(fpdemmt |ae®epzmséml§drﬁlﬂ+meldmﬂécﬁﬂb]eynﬂ>ylam rlbigsmdazm[4 5-

typic red | | wn et h such a cri bed by
Ut g IR BTG SR SR T O 0o e eroial TR 1o, Abr aham
ed., 20RZthiiiagily], AdlaeRsysidy R idardPRihhca ll Bnadhygsdcntiyl, Bubsigar d ed.
1985 Har wood Ac%denlc PubI|§her;ﬁ@hf ¥ I%ﬂ usegghereyh%gnd gﬁ ess

ot her ivgwlinyld iseqwiaaling Hetrehsidrequénadingb |q9mﬁe¢1myérand§1véta@airm/& Beabs.y pure"

means stereoj soner o kin |nh | tant| |1y free
of ot h{mﬁét er e0|As Zhrreeerrgc%ﬁ‘ gl%mma ) ads ° rﬁ%e?reéx%as l/Ileatlémarys)t er eor%orrfl%lafl |y

pur e ccgatpeltmmnhaw:mgn@ﬂae“o@ﬂuﬂtaé rlﬁg aatreﬁn sdohis abeemab;%tiaﬁty @played wikaof the
opposi te enantioner of the conmpound. A stereonerically gure conmpound havi ng
two cHicteagatera Afogy hegroyp q?@s%te@fa@ﬁ and Y. fip seme pmBegigients; baterop wdnedQURSt t he
conpo i r r er than
about q@’gg%@y{oqmgi@%tmo %ﬁ%ﬁ%‘?@ﬁ%g@éﬁg Wﬁtgé‘ggo ggjt]ﬁ)dé z’ﬁg t?egglrgt han about
20% bymamehaght Hetbrooydigls cah else bk dondrdso ofhet hmupo amn;rnmg aeredt erattahgrahbout

gs %V\g?éﬁ I gptter%étog{]ﬁfetﬁt E{:tgl;%lé‘%? e (3]: Agge%ergg%ﬁglrﬁg@%rolgp lca?nst?e stutt])gtlt]tutae Oolflt 10%

2011/ QR4H3aREM. YRAGY ?@fl%ﬁgﬁbstéﬁ@orﬁ é&t@%th@ura&ae%&ﬁéuf AR RPAMM slm¥ecl¥ingei ght
of one stereoi soner o he compound and | ess than about 5% by wei ght of the
ot her sgstemgoushasfer eafampl@elmldapdﬂndnld@zollgywdemltlmhdlabbgmumW&lbyhme@ ght of

one s €0l S r . of e, conpound an t han about. 3% i ght of the
ot her MElEREPTBieuRs BRS B RGeS R o IRt ROTRARE st e r R v
chi r alar&ifatceIrsuBNSuchan, OE EXHMAS, YeALRARIGR, 2 Brmhyﬁr@ts@ko[gmmm@ﬁea@ or

di astereoners, and m xtures thereof All such isonmeric forms are included

wi t hi peazpdl, @m@lwﬂh@h@w@m%@udﬁér@dged PelEeYFdic Ay sy Xemp eenteinBeof The use
of st ?nr Fe?@&h%ﬁ‘éﬂ%’ ?ﬁrn%t (405 & ﬁ{ﬁ%f‘%ﬁ E}e’t&%ﬁgnde%%h&gng P2 hgt%{o\@?él&l as the

use o ur es orns’ e €én odr nen scl osed

her ei groupoihcledart ere ndt Kinitee fo, e@mﬂdmyglamglcﬁﬁmaﬂ)yrﬁcrhdynemtalzolatmgdnt sv of the
enantioners of a particular TOR kinase inhibitor may be used in nmethods and

conpodviazehding, %t?@élé@yhétt&hﬁdmﬂﬁee@nw Griehrdiefiyand. dexalwefrands | y

nt h r d ol ums or
Sh LR Dy SR, B A e Ty ey ol s
Racenmtwoazrltd)xﬂaﬂpll wbxm:*.yl(ﬁmdzelyl [thiherl sy, emleazdlplv\thYalh&olyl%ch)hazM&l,en, S.

H, et . al Tet 1 liel t t f
Car b IS ERE A NLCR AR Tigporgiisy (R dep s SoRpamp il eq of
Resol viipgy eI Sy ?dﬁgl)qetrh%rotﬁ%%%aﬂgl @Q&hﬁne ?(ﬁgx;‘l Eithiankd 'p?tanylz%ynd ni v.

Not re Damé Press, shoul'd "al so 'be nof ed the
TOR kipyasedinylh ppiidasmy|.qomzimd) tudenﬂ élhddrbpveeytedlbydrodlﬂanml >dllu,|srde0<iltkecvte'<hf

and ci;s and trans iso tu the | n r ai n errb rrents the
B s S S RO T R R N i VA
ot her iedme!, TEAYIZinyl, Rndtha0l Y125 zimidbdy §10b&nzofigardy] BokkdthRpRénylhe Ci s and

trans isoners. 00 2 ‘Tautoners” refers to isoneric forns of a conmpound
t hat é?ﬁezthwzelqh Pltzwadmm)wlt beregesrimtl tanzodrhéingl herzerathiind neengpthiggenyl.soneri ¢

oi 11 orEnto R BB baf 0?5@%@{@ RS CE R kA B 2 O o o

is in an organic or aqueous solut| - For exanple, in aqueous solution,
pyrazol es may exhibit the follow ng i someri c fornms, which are referred to
as tautoners of each other: HNN WO 2011/097333PCT/U82011/023524 [ 0073] As
readily understood by one skilled in the art, a wde variety of functional
groups and ot her stuctures nmay exhibit tautomerismand all tautomers of the
TOR ki nase inhibitors are within the scope of the present invention.



[0074] 1t should also be noted the TOR ki nase inhibitors can contain
unnatural proportions of atom c isotopes at one or nore of the atonms. For
exanpl e, wbeoowmpssands nmay be radi ol abel ed wi th radi oactcrasesiowegses, such
as for exanple tritium (3H), iodine-125 (1251), sulfur-35 (35S), or
carbon-14 (14C), or may be isotopically enriched, such as mﬁth deuterium
(2H) carbon-13 (13C), or nitrogen-15 (15N). As used her ein,

"isotqpo| o n isotopically enric oto cally
enri ch@fiaz Iaf@rYl faegbeélﬁlrefiuﬂlﬂafﬂr RYEERIC; E‘fi §¥15Y10?F Q?ﬂle% r5 t he
hat ur @g pyrRIA-OPID)- DARbIoBPrid, 1%5‘)?520 %%yl ﬁﬁﬁfy@maﬁﬁhﬂyy éﬁ@ﬁl‘tl?h‘ﬁgamﬂﬁy al so
refer o a compound contai ning at | east one atom’having an | sotopic
conpogjuiriobinyloisoguino e, qureolratyl,r qailnqxebmd piwngohpyls cinholmybf phthddzimtlom The

For " gD OB R b Bt sk BB AR Rl AR EEBvES "ar o

usef uldiRgirdihesIap eIk tfobagRIAt ckinye; tﬁtrahy‘%‘i@dlﬁ@dlyla%ﬂrahyﬂrbﬁﬂﬂﬁﬂylon t her apeuti c
agent S, research reag ents, e.g., bi ndi n? assay reagent S, and di agnostl C

agent éetraélygrobelilmmwav@lﬂ ﬁﬁgﬁhuérObg@%%ﬂZObd Iteﬁrfslty‘tiﬁmyeOlﬂ@b'rléIh ons of the TOR

ki nas nhi, bi t e ctlve not, are

i nten e&aht‘/dml%%éﬁ% @er(g t%%al\%dg%m%atzﬂ%ynd,w;’e[etr g}yd{ﬁ lazon(%%’dll Pﬁ%% % provi ded
her ei Retrdhd®QuBoBMAQgbUBNR Spreidititi®e emﬁsnartm/hdedcycsﬂtg@@qisqme& @bnd-he TOR
ki nase inhibitors, for exanple, the |sotoFoIogues are deuterlun1 car bon- 13,

or ni tHYEHed o %‘r‘?ﬁ‘i“@ﬁédaneﬂl% e Surhps. Bt ktdimifeddeayyriy ke meigrholiaylys ed
her ei | gvipatd ) t at ed
e O e A L e
or hahsﬂngehMedbmbher progression or worsening of those synptons

[ 0076] ventin u er.ein, nea th r t he ons

recur ﬂ%‘i@ or s Wcl?%ﬁﬂgvle ggun i 28a leal ngfetfﬁ Q@g C}S?loﬁhélow ghein
(e.g. ,allgﬁaﬁ@é%loa@ﬁyl%resd/&ﬁ%@ Abdee rS%%tlt[l@Q%}llgglﬁylraﬁiryﬂgro%?i ﬁﬁ& 'bg‘é‘ub?bﬁﬁiféﬁ at 1N
connecti'on wth an TOR ki nase i nhibitor neans an anobunt capabl e of

al | evitlag alkygl, then:ywlo@llkel or both thaalkyl angdriin graboadied poitwne df tluetgnmtpancer for

exanple non- sna carC| r ceryical cancer, or unor

oy nar RPN e fRL b 2SR RSB G i of S oBeBvd g ur ¢ her
progr e§slopEntPethvn rc§@16hé3@lrﬁ$th§zlh @?&ohex%ﬁethyl a\ﬁ@ @&bﬁé%@ﬁﬁ%@ﬂé@&ﬁa{ww%%
synptons, or preventing or prOV|d|ng % | axi s for cancer, for exanple
non- s wabstiteted Fydleatlylalkyceraupremay b Q:@uow stgtaisd o substitiied matsrthayercone, f or
exanp utz-J y 1 r anpl e
non-s ?$?cell ?%ﬂg ca @H&%ggar&h&ﬂé??%ﬁ%%%ﬂ%eﬁhéﬁa%ﬁww&%&ﬁ%J?%%@%&g? for
exanplage Reflied abegheSubdstBytedrapitieyl gihigpsehdyetas subetitar lzlﬂthe@lkyﬂ hﬁe Il@R deibotse
inhibitor, for exanFIe ina Eharnaceutlcal conpasi tion, be at a |evel

that Whe# kﬂ)@é‘ﬁéhes@'y PRItigRssertae eup o Reprop@itate gk, gr@&@uﬂcl@d%@e ARyt of a
bj t
conodmB R SEL AR L0% AELKE, OLuR RO PRI L o,

thoselm&myled |n the art, it is to be expected that the effective anpunt of
a TOR se inhjhitor d ed herein y .va depen on the severlty
o | ChdOVHAT Cat 1 oh kﬂfé?rﬂﬁychﬁ%‘%t/écgmﬂblé%ﬁ*g% o Bt n Ao Gsy B cct” s
used Rafelin alk@?ﬁﬂ&jﬁ‘etﬁfﬂcﬁwl@é deﬂn@ﬁ |aHSi\l’en %ub@t‘t’thteﬂ%retelréd%fy@ﬂkﬁ%ro% )

such as a cow, nonkey, 'horse, sheep g, chicken, tuarKey,” quail, Ccat, dog
nmouse,sub salttl,l.ted atbtbﬁ talka]r thgfuheﬂmacml}gl3 orj lmtloﬂne aémbenld tmmeteaoqml*yﬂmbrtlonmﬁﬂlet her

enbodi nent ed her.ei oth ca
o ot SRR T Ee PR i RS P REY Rt as B oG heBa GRSy GpariBelt
prese mclﬁopgmogpmﬂﬁyn fiHeA2e Geoth Al RSANSE] ncME|pyedin@31yil Yadthil, (t@&hldro0gUr S
in nature the reference agalnst which all others are conpared. As w |l

be underastbsbimsihybrtetrahydrpdi-pyrapeyathyl, temahydiefoeniEyemathylai | d type refers
toth f r protein or AMPK gene or protein, or
t he t%d¥ g?&?%€§? %ﬂﬁﬁé%dlgﬁg%d§?%§§ge|n AMPK gene or protein, pAWPK
protein, or AMPK activity, as it commonly occurs in nature. Simlarly,
a "control patient", as used hereln is a patient who possesses the wld
type characteristics (presence, sequence, level, activity) for LKBl1 and/or
AMPK. For exanple, as used herein "LKBl gene or protein nutation" refers
to, for exanple, a LKB1 gene nutation resulting in a decrease in LKB1L nRNA
expression, a decrease in LKBl protein production or a non-functional LKB1
protein, as conpared to wild type. As used herein "LKB1 gene or protein

| oss" refers to a reduced | evel of LKBl protein or the absence of LKBL
protein, as conpared to wild type |evels.



[ 0080] As used herein, "AWK activity" refers to the activity of
AMP- acti vated protein kinase. As understood by one skilled in the art, AWK
requi res wot2ouanrsa by phosphorylation to WO 2011/ 097328PTRLAISAOEE24 023524
exert its kinase activity. In the context of AWPK activity, it is
understood that AMPK activity and pANPK activity can be used
i nterchangeably. [0081] As used herein "reduced level” or "loss" neans a

i el.s observed. in wild type. In one

reduct inlevel relative to |
errbodi[b&}’t] the rediiledesnis u%e%ﬁl\f%% FONERSOE 9YYS | n some enbodi ments, the
reductpgdyi s 20% “I%Q%xy‘lﬁ( %&{@ 1s%%lkﬂ%f@up3cg%esc%ﬁ)éﬂQBO\JeOsQl?{%t(tﬁ@mlﬁlt(ﬁlel 0ss)

relative to wld type. In one enbodi nent, a "patient” or "subject" is
a hurrmmmﬂn@bﬁdroaylg@mpDNA corrprl ses a LKB1 and/ or an AMPK gene nut ati on,

reI ati o that, of .a CQntroI not her enbodi nent,
oL B o RS s R M Shatloatel I B a0 ne & LRoL and or
an AMpoapne mutgt FOkoxyaRly Bt i) iSO(amt},a; OO{)H@I)C%terreﬁi alRALiL @EFincArabvi-d.d type.

I n anot her enbodi nent, a "patient” ject” is a human whose cancer DNA
conpril80&1a LKBAmMine” &ﬁ@uﬁkwaémqeoﬁﬁh@ frimyte: aNHz a KRAS gene mut at i on,

r e' at I[M@SSt] ot hat Subjﬂéycl%%ﬂltor’ Cg)rm%ag a?ac#]ca? f ﬁ\felfgmtu}ig ]alkPI ;ﬂ_ﬁpl}(%l ;nggl genglt |

a "patrent" or uman aVI ng a cancer

cel | Ividfegeis aiahi dlloytas DideseRivitbads define€ibovehar act er i zed by LKB1 and/or AVPK
gene or roteln | oss or rmutat.ion, reI ative to that of a control patient or
wild ORI | n arfot%éboxg mSERHPrE A tadigal of theifarmpula GC(O ¥Mject” is a human

havi n ancer I r r cervi cal
cance? 6% ar act er| Zedﬁ%&%&”@[}gﬁ II,&R}%% %fedrll%ﬁ%?ﬁ%r g@@ﬁmﬁgss or mutation
and a KRAEJI@( eomﬂ(@DNH@, whieedalateackeRf 9 1ﬁd®@éncﬁhtlﬁa@0h5ﬁtﬂtuléd malnseblsttltmmdvm | d
type. 8 d| ment, a pat| e or is a human
whose ? BM&%%%WE@@’ cirakeh Dkaeary bt hRABROYS e Ohed b PEFEti ve to that
of a qeegrol patdLaly fa&uﬂw%&ﬂl\y%mwap&%@%ﬁmm OROJ(R or Patient” or
"subject” ‘i s a human’ whose contajns a LKB1 and/or an I\/PK gene

mut at |-N(a,1kyli¢(é1)( Re) wheteinatachillkyl euhRr ot ipkpewtentlpps difingdehpes. 1 n anot her
nbod tient” bj,ect h LKB1
anal oMV ek (EhaThraRaRY “Goumdss o THRSRTER PIEBIE) §6° Pt o

a CONLNAIkAFWOZRL), Rhertin &cﬁm% arldR'apetbRIcdembedi ment, a "patient™ or
"subject” 1s a human havi n Bl and/or AWMPK gene or B)rot £gin loss or

mut at i[80031r el at iAeured’ gHuR l&ﬁfadlcékﬁﬁth@fo@aﬁ tallo) UODN(R ype. |1 n anot her

enbodi n q@gilﬁc nFJI@fB/ nd/ or AMPK
gene oﬁ%%% @ﬁor?&?fék ‘N(a?#%?f%(f réﬁﬁ‘? @T\R# 2 (kjf%Q C h?l‘raol patient or
wi | d tWpECOANHRE) wherbia\dacigal@yt dnac” aSeyﬁhdé}ﬁHﬁﬂentf}OeIs c&»ﬁae@hlﬁbveeut z- Jeghers
Syndrone. I n anot her enbodinent, a " ient" or - -

2011/ 0886 3PCT/ Yebamthe gronms descsibeq herem Wsthéh%wﬁlcmaﬂf arlﬂgyl IEKBD» BiSERIEo AVPK
o o CEnPYHRARY, AR Bl b PR FREy SR ARG SRR PR BBl YE oy
Sy! ndr dHestrative cxuapipl & sbstitaeniegh eicse Symdrio the. ex[eﬁipﬂ#j' Eompamotdeend enbodi nent
a "pat Im‘si)odlments clilscH Aeﬁ%erenll Sas %ve ”%Qloggﬁ’ tch?oro 10 on ?orrno f01r fluoro); alkyl;
hydroxyl; alkoxy; alkoxyalkyl; amino; alkylamino; carboxy; nitro; cyano; thiol; thioether; imine;
imide; amidine; guanidine; enamine; aminocarbonyl; acylamino; phosphonato; phosphine;
thiocarbonyl; sulfonyl; sulfone; sulfonamide; ketone; aldehyde; ester; urea; urethane; oxime;
hydroxyl amine; alkoxyamine; aralkoxyamine; N-oxide; hydrazine; hydrazide; hydrazone; azide;
isocyanate; isothiocyanate; cyanate; thiocyanate; oxygen (=0); B(OH),, O(alkyl)aminocarbonyl;

cycloalkyl, which may be monocyclic or fused or non-fused polycyclic (e.g., cyclopropyl,
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exanpl e non-small cell lung carcinoma or cervical cancer, characterized by
a reduced | evel of pAMPK protein and/or AWPK activity, relative to that of
a controlwpavient3er wild type. In another enbodi ment, a&cCTtpsteientis2or
"subject” is a human having a cancer, for exanple non-small cell |ung
carci noma or cervical cancer, characterized by a reduced |evel of pAMPK
protein and/or AMPK activity and a KRAS gene nutation, relative to that of

a control patient or wild pe. I n sone enpodinents, the pAMPK i s pAMPK
T172. cye‘eh@ﬂ, S A O SR ailefebogtyg@ﬁtwhle} may b moEpeylis Oﬁlrﬁaﬁ_irah
havi ng o8 (AU LIRVEl o Ay rRANTIK $ll ﬂip@ﬂ%n?ll', 1861, oy kliXziny1§! ative to

t Al
that of a contro? patient” or MAngtype, and al so having a tunor syndrone,
for examplyclitautizsed®g hen<$ussy pdlyopdic drpl aretenearyldaigo dihmeylt naphthybatyimefstl, or

B S B SRS S AP P18 B A GE it 2 2

wher eipfrasaiyll JIuidBy 1, fusd iR isdqhibRky| SaoMdiR ey riAMyl SaRLiay Peytimidl@gher s
Syndrgﬁé. Pﬁlggﬁgﬂéﬁgbdingnts? the)bANPK i's gANP ???2. [%Ogg?ln ?%e

cont exbengmidegalybrbenzashiophenyplos baerelwaayl) ayéaxy; piaheylaxar bitaorrclploxsendi cal
cancer,_ or r.syndrone, for exanple Peutz-Jeghers Syndrome, inhibition
may bg€§§¥g§§%§ﬂ§§ydelayed appearance of primary or secondary tunors,

sl oweqo@sy el opmeiused hprcinyeicteh “sieennchatiyal iyt fablded(Sxsefdrsac auak ence of
primary or secondary tunors, slowed or decreased severity of secondary
ef f ectPEergfeddirye ddbamagcentagadly aeeapiblgramionicasi erdyse Bs|ugiesm ingigaRis acidnong

ot her Sind bisel 438 aﬁ)&%ﬁq@aci& QI{EPI!)a%E.e Shf@{?l@f)ﬁéﬁgceuiﬁ%al[f&c%@}getgﬂe Hogserh%ﬁﬁio!ﬂ $3fts
prevention or chenbprevention. In this context, t’he term "prevention

i ncl uaésheeT®Reiinape mhdritornmctude, amastnodlindied mo owtallyc et dext fioandemjnum,
carcino or.ﬁunnr al t oget her or preventing the onset of eg&gc inically

evi derrflcliydihigim, ERERHUM DO IHEhEOGHMARAHNG S S8 & n{Y$e, Al so

i nt en@@,ﬂl’h@qeﬁ%yl_@ﬂﬁ?%ﬁ%%ﬁfé, BMotoBiotafhf dHdllih, Qffethshol dHinBr SVBETIRIMIAL, _
transformation into malignant cells or to arrest or reverse the progression

of pr enallingmaiN-roethylglicamingl) pghprecaipel JustabIEhiog-toxic lacide s1cprdepbyt lascnatc
treatnen f those at risk.of.devel opi ng the cancer,..carcino or. tunor. -
22" o neiasas 2pti BsTEIR ST B o R ke NI E ROHE 008 7] The
C ONMPO WRAki ) lcamipHeduIfeHi € icitrid) @h@RREFoRlid, Yorh@E Sumatlc tarAs C%a%%uh’oﬂi@,sglu_conic,
inhibitors or "TORKi ." In a specific enbodinent, the T i do not include

r apampbioHIaKC. ekamiic Ehycalithogeblamipdysgeshloricnissibiands. hacdoaicivemebc
one. ortbae e S AR, BBl uiE e Bof P bR SRt Ry o
f ol | owirdydodioysatitdic( btparidRRuckidi’ sulfanilic, sulfuric, tartaric acid, and p-toluenesulfonic acid.
Specific non-toxic acids include hydrochloric, hydrobromic, phosphoric, sulfuric, and
methanesulfonic acids. Examples of specific salts thus include hydrochloride and mesylate salts.
Others are well-known in the art, see for example, Remington’s Pharmaceutical Sciences, 18"
eds., Mack Publishing, Easton PA (1990) or Remington: The Science and Practice of Pharmacy,
19" eds., Mack Publishing, Easton PA (1995).
[0066] As used herein and unless otherwise indicated, the term “clathrate” means a TOR
kinase inhibitor, or a salt thereof, in the form of a crystal lattice that contains spaces (e.g.,
channels) that have a guest molecule (e.g., a solvent or water) trapped within or a crystal lattice

wherein a TOR kinase inhibitor is a guest molecule.
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RIN11 QB Z (1) and pharmaceutically acceptable salts,
clathrates, solvates, stereoisoners, tautoners, and prodrugs thereof,

wher ei n: WO 2011/097333 X, Y and Z are at each occurrencepcmaspendessdy N or
CR3, wherein at least one of X, Yand Zis N and at |east one of X Y and Z
I's CR3; -A-B-Q taken together form -CHRAC(0) NH,

-C(0) CHRANH-, -C(O)NH, -CH2C(0)0-, -C(0)CH20-, -C(0)0- or C(O)NR3; L is a
direct d, NHor O ituted unsubs%kﬁyted

) . R is.H bst .,
G _8allf7]l substirtirabosin dsisst PIAGEBEC @5_10&%5» heigm b rarsa _
UNS DS el iR Ydroa saH RS AHNGOR Bhe iSRS d §tbicBONIBIEoORMoickiBRR I Ut €d or

unsubstituted cycl oal kyl or substituted or unsubstituted heterocyclylal kyl ;
R2 i s akjoustdyst soileneblowrd hynsmbetvakeut ttr@oleguallak fdrgess libsné ¢rab@atiment, the
unsubstit t.edhar J[ substituted or unsubstituted heteroaryl, substituted or
unsubsPivet'ed 897%‘ “al kyl, or substituted or unsubstituted

het er 9068 Y| al KYAs used herein and unlesiR3thicBivikt irdlitasdd] thett@eh aydunsUuRsddstaitOR
C _8al kyl, substituted or unsubstituted aryl, substituted or unsubstituted

het er darage inhdhitostqriasab dhaseofutheUivsthpt ineladescd/epishioriptric ennpatiteighiemetic

unsubst | t er clvlal kvl .. .- NHR: h.-N(R4)2; and - 23 - WO
2011/ Glglfggg(gd@ﬁq%’sl%’ﬁ% éﬁ%gfﬁvmem mtermé‘leg f:slgcezsit each occurrence
i ndepgogsat | y subsdsed Heeth 9id unlsblbsieiwivé edidatedStblckytim “modaL? Meteoh DTOR

unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubdgnasgtdipitoy deigegtivg that gan Bydsekyze. oz Pr DRSTNIES Topeitumdlr biological

het er QSM&iltiXﬁsadi}f ¥iro or in vivo) to provide an active compound, particularly a TOR kinase
inhibitor. Examples of prodrugs include, but are not limited to, derivatives and metabolites of a
TOR kinase inhibitor that include biohydrolyzable moicties such as biohydrolyzable amides,
biohydrolyzable esters, biohydrolyzable carbamates, biohydrolyzable carbonates,
biohydrolyzable ureides, and biohydrolyzable phosphate analogues. In certain embodiments,
prodrugs of compounds with carboxyl functional groups are the lower alkyl esters of the
carboxylic acid. The carboxylate esters are conveniently formed by esterifying any of the
carboxylic acid moieties present on the molecule. Prodrugs can typically be prepared using well-
known methods, such as those described by Burger’s Medicinal Chemistry and Drug Discovery
6" ed. (Donald J. Abraham ed., 2001, Wiley) and Design and Application of Prodrugs (H.
Bundgaard ed., 1985, Harwood Academic Publishers Gmfh).
[0070] As used herein and unless otherwise indicated, the term “sterecoisomer” or
“stereomerically pure” means one stereoisomer of a TOR kinase inhibitor that is substantially
free of other stereoisomers of that compound. For example, a stereomerically pure compound
having one chiral center will be substantially free of the opposite enantiomer of the compound.
A stereomerically pure compound having two chiral centers will be substantially free of other
diastereomers of the compound. A typical stereomerically pure compound comprises greater
than about 80% by weight of one stercoisomer of the compound and less than about 20% by
weight of other stercoisomers of the compound, greater than about 90% by weight of one

stereoisomer of the compound and less than about 10% by weight of the other stereoisomers of
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[0089] I n one enbodi nent, the TOR kinase inhibitors of fornmula (1) are those
wherein - A-B-Q taken together form-CH2C(0) NH . [0090]In anot her

enbodi nernwo 20h9TBR ki nase inhibitors of formula (1) arectrhssanksseei n
-A-B-Q taken together form- C(0)CH2NH . [0091]1n anot her enbodi nent, the
TOR ki nase inhibitors of fornula (1) are those wherein -A-B-Q taken
together form- C(0)NH. [0092] I n anot her emnbodi nent, the TOR ki nase

by 2 o S S b R B ™
fornu |t1§‘an( dbbus B bgrh@éght"g?@ﬁeedtﬂer s‘?ér&n%mér@%?ﬂletcgﬁl‘f)%ﬂ&f ot BfcMer tHah AbGHZL4

[ 0094] I n anot her “enbodi nent , kinase inhibitors of fornula (1) are
t hose hpdvemgntrof ope Be@lsbakenf ttho gemhemndf adriess tigrogbout 30983t cdlnet dtber

e B TSI BB KEPPRam Ro) Rt UBiR 48 Ha eRET cEHBOArTent . ¢ he

TOR Kigdagasiraddhdatds Oimdivadual famtibetslor ddMs@rddMRE S 20 &k iufes YhérSoCRYL such
isomeric forms are included within the embodiments disclosed herein, including mixtures
thereof. The use of stereomerically pure forms of such TOR kinase inhibitors, as well as the use
of mixtures of those forms are encompassed by the embodiments disclosed herein. For example,
mixtures comprising equal or unequal amountsv of the enantiomers of a particular TOR kinase
inhibitor may be used in methods and compositions disclosed herein. These isomers may be
asymmetrically synthesized or resolved using standard techniques such as chiral columns or
chiral resolving agents. See, e.g., Jacques, J., et al., Enantiomers, Racemates and Resolutions
(Wiley-Interscience, New York, 1981); Wilen, S. H., et al., Tetrahedron 33:2725 (1977); Eliel,
E. L., Stereochemistry of Carbon Compounds (McGraw-Hill, NY, 1962); and Wilen, S. H.,
Tables of Resolving Agents and Optical Resolutions p. 268 (E.L. Eliel, Ed., Univ. of Notre Dame
Press, Notre Dame, IN, 1972).
[0071] It should also be noted the TOR kinase inhibitors can include E and Z isomers, or
a mixture thereof, and cis and trans isomers or a mixture thereof. In certain embodiments, the
TOR kinase inhibitors are isolated as either the cis or trans isomer. In other embodiments, the
TOR kinase inhibitors are a mixture of the cis and trans isomers.
[0072] “Tautomers” refers to isomeric forms of a compound that are in equilibrium with
cach other. The concentrations of the isomeric forms will depend on the environment the
compound is found in and may be different depending upon, for example, whether the compound
is a solid or is in an organic or aqueous solution. For example, in aqueous solution, pyrazoles

may exhibit the following isomeric forms, which are referred to as tautomers of each other:
H
IN\ IN
HN, NG |
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[ 0097] I n anot her enbodi nent, the TOR kinase inhibitors of fornula (1) are
those wherein X and Z are Nand Y is CR3. [0098]In another enbodi nent, the
TOR ki naswoiznhi/dorizers of forrmula (1) are those wherein Xcarnu$2@iimes2N and Y
is CH [0099]1n another enbodi ment, the TOR ki nase inhibitors of fornula
(1) are those wherein X and Z are CH and Y is N [00100]In anot her

enbodi nent, the TOR kinase inhibitors of fornula (I) are those wherein Y
and Z[&g CH and X i

N. [00101] | mbodi he. TOR. k
i nhi bi of fd%srffﬁ@Y(%d%%ﬁ%)dﬂa{dgn@aSgﬁ‘éEéﬁ HeRTaAAIdE f@ttﬁf%lﬁﬁﬂ%la SN WO
2011/ %Jﬁ%ﬁgéh%’%t%%{e@%%?&h t@@t&@t%h{eﬂsﬁr&% he rtau%ﬂ%ag MRITOR REnalOR ki nase

I nhi bitors of formula are those wherein I's substituted aryl, such as
subst imhibkats preemyhin tl@mm@@i)wle@rﬁseMGnveemmdl rrent the TOR ki nase i nhibitors

RN R N R R R St

napht Byéportions of atomic isotopes at one or more of the atoms. For example, the compounds may be
radiolabeled with radioactive isotopes, such as for example tritium (H), iodine-125 (‘*1),
sulfur-35 (*°S), or carbon-14 (**C), or may be isotopically enriched, such as with deuterium (*H),
carbon-13 (**C), or nitrogen-15 (°N). As used herein, an “isotopologue” is an isotopically
enriched compound. The term “isotopically enriched” refers to an atom having an isotopic
composition other than the natural isotopic composition of that atom. “Isotopically enriched”
may also refer to a compound containing at least one atom having an isotopic composition other
than the natural isotopic composition of that atom. The term “isotopic composition” refers to the
amount of each isotope present for a given atom. Radiolabeled and isotopically encriched
compounds are useful as therapeutic agents, e.g., cancer and inflammation therapeutic agents,
research reagents, e.g., binding assay reagents, and diagnostic agents, ¢.g., in vivo imaging
agents. All isotopic variations of the TOR kinase inhibitors as described herein, whether
radioactive or not, are intended to be encompassed within the scope of the embodiments
provided herein. In some embodiments, there are provided isotopologues of the TOR kinase
inhibitors, for example, the isotopologues are deuterium, carbon-13, or nitrogen-15 enriched
TOR kinase inhibitors.
[0075] “Treating” as used herein, means an alleviation, in whole or in part, of symptoms
associated with a disorder or disease (e.g., cancer or a tumor syndrome), or slowing, or halting of
further progression or worsening of those symptoms.
[0076] “Preventing” as used herein, means the prevention of the onset, recurrence or
spread, in whole or in part, of the disease or disorder (e.g., cancer), or a symptom thereof.
[0077] The term “effective amount” in connection with an TOR kinase inhibitor means
an amount capable of alleviating, in whole or in part, symptoms associated with cancer, for
example non-small cell lung carcinoma or cervical cancer, or a tumor syndrome, for example

Peutz-Jeghers Syndrome, or slowing or halting further progression or worsening of those
-19-



[ 00104] I n anot her enbodi nent, the TOR ki nase inhibitors of formula (1) are
those wherein R is substituted or unsubstituted heteroaryl, such as

subst i t utwad 20r1/00mBabst i t ut ed qui noli ne, substituted or woTwssdiioedsed
pyridi ne, substituted or unsubstituted pyrimdine, substituted or
unsubstituted indole, or substituted or unsubstituted thiophene. [00105]In
anot her enbodi nent, the TOR kinase inhibitors of fornula (1) are those
wherein R is H [00106]1n anot her egbo i ment, %he TCﬁﬁkinase i nhi bi tors of
f or muISAMPIoMsa PEPEHIE RS BFQIHIERPrIPEY KPS (anedaoECxaapRyPD-SPH 16111418

anot hep SR BRALical CARel FRaHhNBSEHRMD S QEmPle BREAMoRek 'Syn@otetilase
wherein R2 is nmethyl or ethyl substituted with substituted O0r unsubstituted
aryl , ssbjbsttat rigk &t cancenfeubstilehedsiell eclbhnyg|carcsobst artcgtvaechl ozncgnsubst i t ut ed

cycl oal kyl r substitut or unsubstituted_heterocyclylal kyl . 08] I n
ot i sy o bl B g 1B PPy s T R

wher eiifhikdor, forfRAMyle iR b pRAMceitABédrhptsRbnMNk b8 UbS b ElLth@dyifirexbftiddhind i t ut ed
cycl oal kyl, or substituted or unsubstituted heterocyclylal kyl. [00109]1In

anot helesigadpstictdon sxample, Fort RiMagee/kepf dbutiect’sdody sictalit to ghopt HEmekged

wher ei.n b i _4al kyl i tuted. W subst i ed .ar. unsubgsti tut ed
evel oahelfent Shoy et pRRatet KR e b e PR L BOuRLRRL RS PUBREG 1
anot heppasixaditimetkilltd i hORtkit R ®eicRpddiid thhtsthe tffé@ivitah@ufd Jf ATORIKIRSE
wherein R2 is substituted or unsubstituted cycl oal kyl or substituted or
unsubdhibiigretisaiesed Pereiicmyy ¥mdependymiam ihe sevekity plethe siberdiordstng tigedTor

Ki nasgga+dhi bi t or oL .l as « ) i j St

unsub g[)l?’{BEt ed ary e?églﬁcﬁ%@s %L&s ts?[}'g)ﬁ% tBeg Qgge%g%ﬁgﬁl{%tdg ngﬂdlgelhtllcmdhfggb&r

not limited to, an animal such as a cow, monkey, horse, sheep, pig, chicken, turkey, quail, cat,

dog, mouse, rat, rabbit or guinea pig, in one embodiment a mammal, in another embodiment a
human.

[0079] As used herein “wild type” refers to the typical or most common form of

a characteristic (for example, gene sequence or presence, or protein sequence, presence, level or
activity), as it occurs in nature, and the reference against which all others are compared. As will
be understood by one skilled in the art, when used herein, wild type refers to the typical sequence
of LKB1 gene or protein or AMPK gene or protein, or the typical level of LKB1 gene or protein,
AMPK gene or protein, pAMPK protein, or AMPK activity, as it most commonly occurs in
nature. Similarly, a “control patient”, as used herein, is a patient who possesses the wild type
characteristics (presence, sequence, level, activity) for LKB1 and/or AMPK. For example, as
used herein “LKB1 gene or protein mutation” refers to, for example, a LKB1 gene mutation
resulting in a decrease in LKB1 mRNA expression, a decrease in LKB1 protein production or a
non-functional LKBI1 protein, as compared to wild type. As used herein “LKB1 gene or protein
loss” refers to a reduced level of LKB1 protein or the absence of LKBI protein, as compared to
wild type levels.

[0080] As used herein, “AMPK activity” refers to the activity of AMP-activated protein
kinase. Asunderstood by one skilled in the art, AMPK requires activation by phosphorylation to
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WO 2011/ 097333PCT/ US2011/ 023524 [00112] I n anot her enbodi nent, the TOR

ki nase inhibitors of fornula (1) are those wherein R2 is H [00113]In
anot her ewbadimmm33 the TOR ki nase inhibitors of fornmul actlys2@nm2ishose

wherein L is a direct bond. [00114]In anot her enbodi nent, the TOR ki nase
inhibitors of fornmula (1) are those wherein -A-B-Q taken together form
-C(O)NH, X and Z are Nand Yis CH R is substituted or unsubsti tuted

aryl or substituted or unsubstitut er oar. ir ond, and R2
i s~ sulsEET {iE kBgsorctiyHEu B e carisy %‘QER@FFW“Y Gélf Pﬁk{?rﬁtoa ]Belﬁﬁ%l‘fl% nt,

the TGRjkianase abt’f'\m}bdah(?)re%s&f 1nfté?EH5‘ﬂk@ab® ) are those wherei n -A-B-Q t aken
together form -(( , are and Yis CH R is substituted or

unsubd40081yt ed amyhmedhmsnardhmeékwbﬂ “kaﬁdn@zEwseémbsmumunehﬁmeeK)
unsubsti t ut.ed 00116 anof ot , S
o el e Ve, YR A PhAREATRLPE FoRERORAT0% 13tk b ST [HPET Gy
- C( 0) Nbe ethb@bBincAtR iR dwhidn Ys 280 G Rlooh, 0841 5t4, UO%ESOW 9emI#a Yt ut ed
aryl, and R2 is C _8al kyl substituted with one or more substituents

selecK@ﬂnMﬁ@dO%DK@%y@taﬁﬂﬁbypmydroxy, cycloalkyl or heterocyclylalkyl.

{hose WG n A0 BTG RpRNERb sgBRistl o PSR, b Rhthbeh Bnd ot QDY o v €

CH, Rlcomprissstst KBUkedopin AMRIbgémet Mh@doﬂ,rryﬂatw@f@dh%ﬂaE‘coﬁtﬂblsﬁaltlbhltt(ﬁ‘dViQf
unsubstituted cycloal kyl, or substituted or unsubstituted

het er 8¥8felly |aaq>qb911 emlrm@@] 1 nPAIBE 1961 WSS disremany oSt orager RAYECOIHMPDRt or 5
o f Rl RSB Ty & ok IS SE LR O X
R2 i s asothst ¢rhbddesierdl a gdticyt”. or “subject” is a human whose cancer DNA comprises a LKB1
and/or an AMPK gene mutation and a KRAS gene mutation, relative to that of a control patient
or wild type. In another embodiment, a “patient” or “subject” is a human having a cancer, for
example non-small cell lung carcinoma or cervical cancer, characterized by LKB1 and/or AMPK
gene or protein loss or mutation, relative to that of a control patient or wild type. In another
embodiment, a “patient” or “subject” is a human having a cancer, for example non-small cell
lung carcinoma or cervical cancer, characterized by LKB1 and/or AMPK gene or protein loss or
mutation and a KRAS gene mutation, relative to that of a control patient or wild type.
[0083] In another embodiment, a “patient” or “subject” is a human whose DNA
comprises a LKB1 and/or an AMPK gene mutation, relative to that of a control patient or wild
type. In another embodiment, a “patient” or “subject” is a human whose DNA contains a LKB1
and/or an AMPK gene mutation, relative to that of a control patient or wild type. In another
embodiment, a “patient” or “subject” is a human whose DNA comprises a LKB1 and/or an
AMPK gene mutation and a KRAS gene mutation, relative to that of a control patient or wild
type. In another embodiment, a “patient” or “subject” is a human having LKB1 and/or AMPK
gene or protein loss or mutation, relative to that of a control patient or wild type. In another
embodiment, a “patient” or “subject” is a human having LKB1 and/or AMPK gene or protein
loss or mutation, relative to that of a control patient or wild type, and also having a tumor

syndrome, for example Peutz-Jeghers Syndrome. In another embodiment, a “patient” or
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[00119] I n anot her enbodi nent, the TOR kinase inhibitors of formula (1) do
not include conpounds wherein X and Z are both Nand Yis CH -A-B-Q is
- C(0) NH ,wb 2061/@7338r ect bond, R is substituted or unsulpstriusadied2zey| or
substituted or unsubstituted heteroaryl, and R2 is Cl- 8al kyl substituted
W th substituted or unsubstituted aryl or substituted or unsubstituted
heteroaryl. [00120]1In another enbodi nent, the TOR ki nase inhibitors of

formula (1), do not inclu un erein X and Z are both S
CH, - A-S@J&t IS hl@%l)mqul%ﬁgg&a# T BRI p@terﬂowéﬁwﬁt} @%@f@ﬁf\
I ndanyle; Oy biiBRERMk v BAGE: Sfa WMAkbNpdTRY: S AP pENRALYinSHRS ML Mk hh - 26

- WD2011/097333PCT/ US2011/ 023524 one or nore substituents i1 ndependently
sel ecttedor syorrantee fgraappediesisidghes Sybdionteut ed or unsubstituted G _8al kyl

subst i d or ynsubstituted 8al kenyl , .subst,ituted or, unsubstitufed
oy RO © dR R R o PSR o RIVEy b SRR A iBg dapheer.for
unsubskhhple@@nietaBren Yedg/daddikyrha of &9HE] dafc@NeHalRterRB®BH L MBIRced 1R8I FOR

ki nase inhibitors of formula (1) do not include conpounds wherein X and Z
are boMRKaxefey 4ngd/oCAMPK agtigity, irelatiq 9)thgtof acontsolpatipnte wilddsipe. IR i s
phenyl hthyl. ar. bi.phenyl . .each of i ch .may be i pnal | ubstituted
o h neRBPUhEim G, & PG SRR KBt BBt il
consi stil ighgfardhordabkydrvicaltaner, chaiadeGizedbKy kedubéd RYEDS pANIPK pyotein
hydroxyC _4al kyl , .G _4al kyl oxyC _4al kyl, -CF3, C _12al koxy, ar¥l oxy,

ar yl ciahliog actiify a AS_gepRg utationoriptive coiRE Ry ¢ gnma oL iRy,

- SABR - : engl Pﬁg@ are i ndependently sel ected
from t#e&?é@%?@%gﬁlﬁ%g{%ﬁ@gggégﬁ TTZ%kyI , C3_6cycl oal kyl, aryl,
aryl Ci[0@f] kyl , Hetestbargnhbodiméres €Y @iy’ Gr “Gdljdey! is adumAnihaviaga-redured

6- menher ed clic heter tic ring havin romonpe,. two, three or
f our %%eﬁpﬁmypwmm#%%tawe@%%mEhﬁgt)ffﬁ %EOEB%?PE?W d6Pen, 0
and S,nfi BAL WAL GYEhbEsyRBIREO 261 BIbfe PdubLIdTRYrs BGn @R ONALhYhsuUbst i t ut ed
wi th one or norée substi'tuents each i ndependently”selected fromthe group

consi stibedinant,@ “pBHEKY bt “subjeatd, is amtduo@l leivelaifipAMPK airatgerandroy dyMRIK,

hydr oxyCi. 4al k i _4al kyl oxyCi 4al kyl i 12al kox arvl.oxy, aryl.

& 12y YR AS g il g Yoo ol prt) R pf R colfin

- NR, SQgidhuntafQ2si has 2 B8 syRtironR) ZMNRxRdhpl L] Bh &3 ShnfonRNdn Bomar e

i ndependently selected fromthe Ta}rﬁcz)up consi sting of hydrogen, Cl-4 alkyl,
I

C3_6cgatbedingpts, theRAMPK iy pPGMIRS , heteroaryl or heteroaryl G _6al kyl: or
Ais to 10 r | ' r thC [} t hree
o' T od?BH8L: er oar DAL Cafe PLEF far BB R G i ol AMANGr gy 20
may beasgt, @nahyr Spnldednmd, dbeskanipldPaine Jeghe® Syhdidmee nhshibish hiay®bsseerdh

i ndependent Iq}{ sel ected fromthe grqup consisting of C _6al kyl, am no,

am no®yuislaygd apnearasgent PWW&W?C%gi%W&WQIS’_ﬁiQWR‘%Fi?Ve@PEAFé‘F R{PHRYE O 4al Kyl |

G _ual ‘ S - < = - ,
Conr e B Heor A g Ko HR s Shposnlity ol M R e e g
Rk andeRtitypesdconbipe nifents biydiseke atrested tummortgnew thramd e grosssinsdfitagof atya ogen,
Cl-4 al kyl, 6 cycl oal kyl ,. |, aryLG .6a] kyl, heteroaryl or

et er G cn Tsgrtepte: Samitcipinfblih. Bl S be i PRSI Ss ubst ¢ ut ed or
unSUb%hbﬁlg%I%delﬁfoﬁl 119Thi SRR LHE RImODrdRHRBhdIHILiREE REQRHINL the Wkt of

2011/ 097333PCT/ US2011/ 023524 [00122] I n anot her enbodi ment, the TOR ki nase

i nhi bictiorcgllp £viflent waneer,(cajcizionaert tuinee kigeizstheo rppemdyingtthe ensst o aprdciinieally bot h
N and Z.js --A- B- S -C(O)NH, .L isS. irec nd, R js.substituted
or Uit s R et Gportt Bt Gk ATPeNeRtsdPaR Y and o
I's substdhptsed 8r thisnfdagiontiyitRGréRhiyh of LS EEhtiby ires nRlibydnt céinsdthst i t ut ed
propyl, or an acetam de. [00123]In another enbodi nent, the TOR ki nase

i nhi biatigptr geverssrtheiperasyiod of psmaligeant gellsctompdignant ogher Bhipinkludssl Y are both

| nhi bid o6 S iuPREEy o el Y are bo
o oot wtmEnfbe s drhRk Moy clodiih: o Qe el e SUOST T LUE €T

is an acet am de. -22-



[00124] I n anot her enbodi nent, the TOR kinase inhibitors of formula (1) do
not include conpounds wherein Xis Nand Y and Z are both CH -A-B-Q is

- C(0) NH ,wb 2061/@7338r ect bond, R is a PCT/US2011/023524

(2,5 -Bi-1H benzi m dazol e) - 5- carboxam de, and R2 is H [00125]In anot her
enbodi ment, the TOR kinase inhibitors of formula (1) do not include
conpounds wherein one of X and Zis CH and the other is N, Yis CH -A-B-Q

is -C(O)NH, L is a direct bond, i St ed pyridine, and R2 is H,
met hyl or substituted ethyl .8?001§%M§ER@&%M$WEM, the TOR ki nase

i nhi bi of farmula (1),do nqt include conpounds er ej .and Z are both
N 'and 08T Gy " TRFoRpbidas S itig S o SRR OB S E IR RS oy ' o )

or cyGhigpitdy br “BORKL.”I T dNpecifi@ @Adéliintend nBd MORKE BEL RAIde rifagnyt@Riki nase
inhibitors of fornmula (I) do not include conpounds wherein X and Z are both
N and rapangycgHinalogs grapplopy). Iocgyaurembogments, ¢pmpaysds proytdsd hereingrsabot i t ut ed
G _8al , Lfute substituted phenyl, substituted or

unsubs i%hﬁ%ﬁgﬁ}éﬁ%o@ %}ﬁé'}gg'substi tuted or unsubstituted

het er q6488]y! al kyh pnaasibbditrenilthe TOR k28k¢ mhibirhacluvdsbodpomids hatiag theOR

ki nase inhibitors of fornmula (1) do not include conpounds wherein R is a
subst if?lé‘?"é]é}gé‘?mﬂﬂ%aﬁisti t uted oxazolidi none. [00129]1n anot her enbodi ment,
the TOR ki nase inhibitors of forrmula (1) dgznot include one or nore of the
foll owi ng conpounds: 1, 7-di hydr o- 2- phenyl1- 8§H Purin-8-one, 1, 2-di hydro-3-
phenyl -6H-1 m dazo [4,5 -e] - 1,2,4-tyiazi6-one, 1,3

- di hydro-6-(4-pyridinyl)- 2H-RMﬁ < I)\]A pyridin-2-one , 6-( 1,3

- benzodi oxo01-5 -yl1)- 1,3 -dihydro-|| 1- -| 1 -phenylethyl] - 2H I m dazo
[4,5 - b]pyrazin-2-one, 3 - [2,3 ih)ﬂ;o 0-3 -(4-pyridinylnmethyl)- 1
Himdazo [4,5 -b] pyrazin-5 -yl] - e, 1- [2-(dinethylam no)ethyl]
-1,3 -dihydro-6-(3 ,4,5 -trimethoxyphenyl)-2H - 28 - WD

2011/ 097333PCT/ US2011/ 023524 )

and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,

tautomers, and prodrugs thereof, wherein:

X, Y and Z are at cach occurrence independently N or CR?, wherein at least one
of X, Y and Z is N and at least one of X, Y and Z is CRS;

-A-B-Q- taken together form —CHR*C(O)NH-, -C(O)CHR*NH-, -C(O)NH-,
-CH,C(0)0-, -C(0)CH,0-, -C(0)0- or C(O)NR;

L is a direct bond, NH or O;

R'is H, substituted or unsubstituted C,_salkyl, substituted or unsubstituted C,.
salkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted cycloalkyl or substituted or unsubstituted heterocyclylalkyl;

R? is H, substituted or unsubstituted Cisalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl;

R? is H, substituted or unsubstituted Cisalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocyclylalkyl, -NHR" or -N(R™),; and
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3
Q

1 dazo[ 4, 5- b] pyrazi n- 2- one,

N-[5-(1, 1-di net hyl et hyl ) - 2- net hoxyphenyl] - N 44- (1, 2, 3, 4-

t et rahydrwo220omomssi do[ 2, 3- b] pyrazi n-7-y1) - 1- napht hal enpirAise@aln23s24

N-[ 4- (2, 3-di hydr o- 2- oxo- 1Hi m dazo[ 4, 5- b] pyri di n-6-y1)-1- napht hal enyl | -N -[5
-(1, 1-di net hyl et hyl ) - 2- met hoxyphenyl ] - Ur ea,

1, 3-di hydr o- 5- phenyl1- 2H | m dazol[ 4, 5- b] pyr azi n- 2- one,

1, 3-di hydr o- 5- phgnoxy- 2H | mi dazo| 4, 5- b] pyridin-2-one, . .

1, 3- di hydr o- 1- Hwﬁ@%ﬁwen%[hﬁ?ﬁe&%ls&ﬁ%stﬁwéﬁ ynybstityicd Crealkylyi hydr o5
-(1

1H iy dR&ed or dusyidtitett hﬂjl,%%ﬁit{u%d or ubNuBYith el MeRrEURR, sbsfittited or
-di hydro-2-oxo- 1HiImdazo [4,5 -
b] pyr iudbubsBtuye) cy8loatkyhyot s@fstiE)tedQori wslibstivuted hetdrocyclylalkyl.

7, 8-di 0- 8- 0X0- 2- pheny.1-9 ipne-9- acet.jc id. 130]1n ope .
erboail I ¢ he 19eR RrRadmerh iRyl 0Bk i fule%s Srisbunb D hage Phgein -

fol I ovd-mgQf ek taethbAdorm -CH,C8))NH-. and pharnmaceutically acceptable
salts, clathrates, solvates, stereoisoners, tautoners, and prodrugs

t her ed9090her ei An another emnbidiraent, thed@R kiagsyinlyibityrsjod fogngyla (dRare those

R is H substd d or unsubsti 1. 8al kyl, substituted or
unsubsStIS é%%?_ﬁltt%aeflﬁo eyfe,%lflos%bé(i(ﬁ)ﬁﬁé or unsubstituted aryl, substituted
or ungodHli t ut edn hedtberaamibodimsiththt IMOR Ritha inbib& oI ifdrutuddl(1¢ vl thedcky! or

substituted or_unsubstituted heterocyclylal kyl; R2 is H,
subst itherdn -drB-théalsadogethes dorey -GN, " substituted or unsubstituted aryl,

subst gfn?(ﬁy d or QHgH&ﬁ&j etrfrﬁé)%ﬂn&ﬁ,t fhE TUR kina&:}ﬁﬁiﬁoh&éto‘?‘i‘o yﬁlg{liﬁéﬁh&%“t ed

cyclo , or substituted or uhsubstituted heterocyc
R3 i s vheranbAiB-Qutekan oogetires tidrst iGHHIEO)@._8al kyl , substituted or

unsubstijtuted aryl, ubstituted or substituted heteroaryl, substituted or
unsub M%Et ed c%%%{ﬁ%ﬁn}b@ua%@i @GF@EWWQ dprsy f@&lﬂﬁ%ﬁiﬁf&é Cyl al kyl ,
- NHRA fereiNCRA-D- 18R togcRr Torn @ ()& ,§97333PCT/ US2011/ 023524

[0094] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein -A-B-Q- taken together form -C(O)O-.

[0095] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein -A-B-Q- taken together form -C(O)NR’-.

[0096] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein Y is CR’.

[0097] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein X and Z are N and Y is CR”.

[0098] In another embodiment, the TOR kinase inhibitors of formula (I) are those

wherein X and Z are N and Y is CH.
[0099] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein X and Z are CH and Y is N.
[00100] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein Y and Z are CH and X is N.
[00101] In another embodiment, the TOR kinase inhibitors of formula (I) are those

wherein X and Y are CH and Z is N.
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R4 is at each occurrence independently substituted or unsubstituted

C _8al kyl, substituted or unsubstituted aryl, substituted or unsubstituted
het er oar yWo 28ubwt3issut ed or unsubstituted cycl oal kyl, or pewhstoitiwrisds or
unsubstituted heterocyclylal kyl. [00131] I n one enbodi nent, the TOR ki nase
inhibitors of formula (la) are those wherein R is substituted aryl, such
as substituted phenyl. [00132] 1 n anot her enbodi nent, the TOR ki nase

i nhi bi f f I I th erein Rl i bsti{uted
nsubdPFiH u ay oG bedTaiusth RO ATEN: OHCUBSA FUTaE PhEmyhos:
SUbStRMH%QHR@&n%&%%Q&B%hH ﬁghqggn%gﬁhmiﬁgg B3] I n anot her enbodi nent, the

t
TOR kinase inhibitors of’ formula (la) are %hose wherein R is substituted
or und0®HBi t ut edn heetberaantyddimenicthe ZORs kingsd inbibgdrsax fermsilbd) htcuhed

qui noli.ne,. substit ut or _unsubstituted. pyridi.n substituted or
nsubatitreie 8 hybriiifed ng TR oS5 ubb BT SR eRsFEp g or

subst igtipdtRele@br WREUARLE HaMAh$INi ophene. [00134] 1 n anot her enbodi ment, the
TOR ki nase inhibitors of formula (la) are those wherein Rl is H [00135]In

anot hdP0dbodi ndnenotheremtorinemabe T kipriconbibgersiod formda (1) ale these t hose
wher e'wrherRZin S isssl{ll%gttit:u ¢ to?%n%érst?ﬁ%%ﬁﬂeter&a?rﬁllgghl @sﬁ&?ﬁ&%o?@%ﬁ%@ﬁ@%&’ the TOR

ki nase 1hhi bitors o or nu are 06se erern or ethyl

subst iguitotide, Wubdtitetad 8t nlisubettued pyriginbsdubitithed oauydubstituk@tpytitigide,or
unsubstjtuted heteroaryl, substituted or unsubstituted cycloal kyl, or
subst istRtisgeder ynsbtiduied indele. Reswsbiiad afluapubptitutqdobiophency anot her

enbodifipisy t e TGRSt IR Rhal M A drRmli () BASFopher ein R2

. It .
is su ed or unsubstituted cycloal ky substituted or unsubstituted
het er odheediy Ralikil . [ 00138] I n anot her enbodi ment, the TOR ki nase inhibitors

of f Or[mflllﬂ%] (13) Igl ral?ot Qroesrnebodiment, the TOR kinase inhibitors of formula (I) are those
wherein R” is substituted C)_salkyl.
[00107] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein R” is methyl or ethyl substituted with substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or unsubstituted
heterocyclylalkyl.
[00108] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein R” is methyl or ethyl substituted with substituted or unsubstituted cycloalkyl, or
substituted or unsubstituted heterocyclylalkyl.
[00109] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein R? is C)_salkyl substituted with substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl.
[00110] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein R? is substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocyclylalkyl.
[00111] In another embodiment, the TOR kinase inhibitors of formula (I) are those

wherein R? is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl.
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wherein R2 is substituted or unsubstituted aryl, such as substituted or
unsubstituted phenyl. [00139] In another enbodi nent, the TOR ki nase

i nhi bi t orwoabiffoorszal a (1a) are those wherein R2 is H [ ®@0TAGpdéin/023504 her
enbodi nent, the TOR kinase inhibitors of fornmula (la) are those wherein Y
is CH WD 2011/097333PCT/ US2011/ 023524 [00141] I n anot her enbodi nent, the
TOR ki nase inhibitors of formula (la) are those wherein L is a direct bond.

[0014 not her enpodi t, th inase inhibitors of forpula (la) are
those%m#zi n RIN ?%&E%rm%ﬂv@&, P]ﬁsgﬁgﬁq ip &@S&fﬁm%ﬂﬂmreitgyse
unsubsiictdh @d Gy _8al kyl . [00143] I n anot her enbodi nent, the TOR ki nase
inhibitors of fornmula (la) are those wherein R is substituted or
unsub400k13{ ed ardyknethet dbddem@it, BalllOR kmasesinhibuoed i drinhilode awrtheser e

substi tuents .selected from al koxy, am no, hydroxy, cycloal kyl, or

het er 6’@%?19?“&? ﬁﬁr.e“ﬁi%fimq I n anot her enbodi ment, the TOR ki nase inhibitors

of f%rz[myha] (1a) 1RafothbiasehodaER! the ROR Ringstishibltbis@A feimuln @Y Betthdsdt ed aryl
and is substituted or unsubstituted cycl oal kK‘I , Or substjtuted or
€qn

unsubstheran et-Br&t-étkse yegophes ifeay -C(CONHASX lad Zrige Neandanisddilnnis substigutqp
ki nase i nhi.bitors, of rnmula (la (o) incl,ude col n whepein Y is CH
12 Gy RN S b STy B b PbufiRs B Bhc BB ER FRPREBENT HBR" &, 0s ¢ bt on

or unsubsitittdibeghshBititeaCykalk@nd R2 is C _8al kyl substituted with
substituted or unsubstituted aryl or substituted or unsubstituted

het er d8WSI [ ooTaepethcrowebadimei thedOR kinascriolbipispd ot ) eisrtlosencl ude
compoyiseif Q‘Xlﬁl@-tteﬁfen together form -C(O)NH-, X and Z are N and Y is CH, R' is substituted or

unsubstituted aryl, L is a direct bond, and R? is substituted or unsubstituted Csalkyl.

[00116] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein -A-B-Q- taken together form -C(O)NH-, X and Z are N and Y is CH, R' is substituted or
unsubstituted aryl, and R* is C,.salkyl substituted with one or more substituents selected from
alkoxy, amino, hydroxy, cycloalkyl, or heterocyclylalkyl.

[00117] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein -A-B-Q- taken together form -C(O)NH-, X and Z are N and Y is CH, R' is substituted or
unsubstituted aryl, and R* is substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl.

[00118] In another embodiment, the TOR kinase inhibitors of formula (I) are those
wherein -A-B-Q- taken together form -C(O)NH-, X and Z are N and Y is CH, R' is substituted
phenyl, L is a direct bond, and R? is substituted C;_salkyl.

[00119] In another embodiment, the TOR kinase inhibitors of formula (I) do not include
compounds wherein X and Z are both N and Y is CH, -A-B-Q- is -C(O)NH-, L is a direct bond,
R' is substituted or unsubstituted aryl or substituted or unsubstituted heteroaryl, and R* is C;.
salkyl substituted with substituted or unsubstituted aryl or substituted or unsubstituted heteroaryl.
[00120] In another embodiment, the TOR kinase inhibitors of formula (I) do not include
compounds wherein X and Z are both N and Y is CH, -A-B-Q- is -C(O)NH-, L is a direct bond,

R' is phenyl, naphthyl, indanyl or biphenyl, each of which may be optionally substituted with
-26 -



following fornmula (Ib): R2R RINL/ /............ - (I'b) and pharmaceutically
acceptabl e salts, clathrates, solvates, stereoisoners, tautoners, and
prodrugs wbenaaby3zsherein: L is a direct bond, NH or O; PCT/US2011/023524 Rl is
H, substituted or unsubstituted G _8al kyl, substituted or unsubstituted C2_
8al kenyl, substituted or unsubstituted aryl, substituted or unsubstituted
het er oaryl , substituted or unsubstituted cycl oal kyl or substituted or
unsubstituted heterocyclylal k 2011/ 097333PCT/ US2011/ 023524

R2 i s OBF O5[9&% bt Egnty M H@t&iﬁétly teﬁ g)mé%q KPP canphdingsypatiquted or
unsub%tlstugh&@e@@yﬁatkyt WRBLtirh vl BFLQubMNSHBEL LIt SA sttsttﬁﬁte@t)yhmsuwttﬁteutawted or

unsubstituted cycl oal’kyl, or substituted or unsubstituted
heteroubﬁﬁmbébkmmubﬁﬂw@dEYMﬂMbﬁeneuhmmuﬁtqtmmuhﬁmﬁaﬁhwﬁmas@yhhhdb|tors of

R TR K, N S R T

(1b) @bmpbiRB8vherein X and Z are both N and Y is CH, -A-B-Q- is -C(O)NH-, L is a direct bond,
R' is phenyl, naphthyl or biphenyl, each of which may be optionally substituted with one or more
substituents each independently selected from the group consisting of C;_salkyl, amino, aminoC;.
12alkyl, halogen, hydroxy, hydroxyCi.salkyl, C;.salkyloxyC;_salkyl, -CF3, C;.j2alkoxy, aryloxy,
arylCj.jzalkoxy, -CN, -OCF3, -CORg, -COORg, -CONRGR}, -NR,CORy, -SO2R,, -SO3R,; or -
SO,NRR;, wherein each R, and Ry, are independently selected from the group consisting of
hydrogen, C;_salkyl, Cs.scycloalkyl, aryl, arylC,.salkyl, heteroaryl or heteroarylC, salkyl; or A is
a 5- to 6-membered monocyclic heteroaromatic ring having from one, two, three or four
heteroatoms independently selected from the group consisting of N, O and S, that monocyclic
heteroaromatic ring may be optionally substituted with one or more substituents each
independently selected from the group consisting of C.salkyl, amino, aminoC;.j;alkyl, halogen,
hydroxy, hydroxyC,.salkyl, C;.salkyloxyC,_salkyl, C;.j;alkoxy, aryloxy, aryl C.jzalkoxy, -CN, -
CF3, -OCF3, -COR;, -COOR;, -CONR;R;, -NR;COR;, -NR;SO2R;, -SO;R;, -SO3R; or -SO,NRiR;,
wherein each R; and R; are independently selected from the group consisting of hydrogen, C,4
alkyl, Csecycloalkyl, aryl, arylC, salkyl, heteroaryl or heteroarylC, galkyl; or A is a 8- to 10
membered bicyclic heteroaromatic ring from one, two, three or four heteroatoms selected from
the group consisting of N, O and S, and may be optionally substituted with one, two or three
substituents each independently selected from the group consisting of C;_salkyl, amino, aminoC;.
12alkyl, halogen, hydroxy, hydroxyC, salkyl, C, salkyloxyC, salkyl, C, j,alkoxy, aryloxy, aryl C;
12alkoxy, -CN, -CF3, -OCF3, -CORy, -COORy, -CONRgR;, -NRCOR;, -NRxSO;R;, -SO2Ry, -
SO;R or -SO,NRkR;, wherein each Ry and R; are independently selected from the group
consisting of hydrogen, C,.4 alkyl, Cs cycloalkyl, aryl, arylC,salkyl, heteroaryl or heteroarylC;.
calkyl, and R?is C,salkyl substituted with substituted or unsubstituted aryl or substituted or

unsubstituted heteroaryl.
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wherein R is substituted or unsubstituted aryl, such as substituted or
unsubsti tuted phenyl or substituted or unsubstituted naphthyl. [00149]In
anot her ewbadimmm33 the TOR ki nase inhibitors of fornmul actiuspoianessehose
wherein R is substituted or unsubstituted heteroaryl, such as substituted
or unsubstituted quinoline, substituted or unsubstituted pyridine,
substituted or unsubstituted pyrimdine, substituted or unsubstituted

i ndol subs i tuted or. unsubs ed. t hi.ophene. [001 ano
enbodilAR2] t he Igepot ?rrf‘éﬂ%@ rﬁtﬂ%fﬁ*?%@‘ tlatedpﬁlgrtam(qf grgla 5H%§%t mﬁa@%. n R
is H c[){lﬁ%étdslvmaﬁwa{d eRogitAi®Nind £ hecAQR ksl (Pa%eCt@jNIl?' ttqg s dabcfRnaul a

(I'b) ar e those wherein R2 is substituted G I n anot her
embodiRtes substltmeed'rmnkmbsasmect phenpl aroubstiited or nmﬂubst(tmb)i hetewarylosel Rihisr ei n R2

th th d th t ut bstitut |,
subet PhiisdeFt rebitee piedh o Duitf Shid besPe it Rom et Hidke
cycl oghksasy or Iu Bﬁéthéﬂgrﬁébd%eﬂ%ntﬁé heR kﬁiﬁ&qnﬂ@ltﬁfs%f@ﬂnﬁﬂ@ Fmb nof i90&ES] 1 n

anot her enbodi nent, the TOR ki nase inhibitors of formula are those

wher eicamprounds vehesein X ande¥ atsr bath M ansk 4 t&@lédﬁcﬁc%w (P)NH-, Sub s direcitbosdor
bsji fe 0 t t
unsu % |1§ ?:uh%fj 1t e% ggg’ C 1%1‘[ aci apkt%r% ([r su%‘s%% tef nosugaltut%gtgteroniabsqdl I?ﬁ]tse

ki nase in of's ormu are these wherein
unsubstétamiced aryl, such as substltuted or unsubstituted phenyl [00155]
I n anot her enbodlnent the TOR kinase inhibitors of fornula are those

wher eil 0 j s HIn p@@t@@mwd&ﬁ@ﬁh@f: TEHbbiapsrephibitprsof f@w@ H&é@ nP REIBA¢ or s of
for w'c@m&abmds%ﬁerélﬁ%ﬁ NB&S @1 ddl, 48 b@th%[tl,e-CA-Bb@-ng -C(O)NH-, L is a direct bond,

R' is a (2,5-Bi-1H-benzimidazole)-5-carboxamide, and R? is H.

[00125] In another embodiment, the TOR kinase inhibitors of formula (I) do not include
compounds wherein one of X and Z is CH and the other is N, Y is CH, -A-B-Q- is -C(O)NH-, L
is a direct bond, R is unsubstituted pyridine, and R? is H, methyl or substituted ethyl.

[00126] In another embodiment, the TOR kinase inhibitors of formula (I) do not include
compounds wherein X and Z are both N and Y is CH, -A-B-Q- is -C(O)NH-, R'isH, Cisalkyl,
C,salkenyl, aryl or cycloalkyl, and L is NH.

[00127] In another embodiment, the TOR kinase inhibitors of formula (I) do not include
compounds wherein X and Z are both N and Y is CH, -A-B-Q- is -C(O)NR3 -, R%is H,
substituted or unsubstituted C;galkyl, substituted or unsubstituted phenyl, substituted or
unsubstituted cycloalkyl, or substituted or unsubstituted heterocyclylalkyl, and L is NH.

[00128] In another embodiment, the TOR kinase inhibitors of formula (I) do not include
compounds wherein R' is a substituted or unsubstituted oxazolidinone.

[00129] In another embodiment, the TOR kinase inhibitors of formula (I) do not include
one or more of the following compounds: 1,7-dihydro-2-phenyl-8H-Purin-8-one, 1,2-dihydro-3-
phenyl-6H-Imidazo[4,5-¢]-1,2,4-triazin-6-one, 1,3-dihydro-6-(4-pyridinyl)-2H-Imidazo[4,5-
b]pyridin-2-one, 6-(1,3-benzodioxol-5-yl)-1,3-dihydro-1-[(1S)-1-phenylethyl]- 2H-Imidazo[4,5-
b]pyrazin-2-one, 3-[2,3-dihydro-2-oxo0-3-(4-pyridinylmethyl)-1H-imidazo[4,5-b]pyrazin-5-yl]-

Benzamide, 1-[2-(dimethylamino)ethyl]-1,3-dihydro-6-(3,4,5-trimethoxyphenyl)-2H-
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WO 2011/ 097333PCT/ US2011/ 023524 [ 00157] I n anot her enbodi nent, the TOR

ki nase inhibitors of fornula (Ib) are those wherein R is substituted or
unsubst i twoediizmyizzand R2 i s unsubstituted G _8al kyl. [ ®@0TASpdéin/o23504 her
enbodi nent, the TOR kinase inhibitors of formula (Ib) are those wherein R
is substituted or unsubstituted aryl and R2 is G _8al kyl substituted with
one or nore substituents selected from al koxy, am no, hydroxy, cycloal kyl,

h : I | kyl . _[0O0 I 10t h di t, the T [
S TR RS 7ot Ay LTI A B P
unsubsd- 4yl Bk yyrAie _,B%gﬁﬁazwb%m-ﬁ.% haénﬁr.@tﬂ&s N-%tuﬁzeﬂdmyaﬂooﬁbka.!m-or
substitutéd or unsubstituted heterocyclylalkyl. [00160] 'n ohe enbodi ment,
t he TORideizo[dseblpytidin-6-gh)sl-naphthattaytWHS v dsdingttivighy e -rhethd:gwhegy 1 i-bireas| a

lc): ) _and ar t.i.cal ccept abl e | t. clat.hrat e al,va
St of edr koS PATLERERtN SR SAAGRERL P nE, Lordifiniah St Py B ALET
gpng, | lrﬁﬁn-@t)onte2 }[,3:[dih dro-1-m IL(?p{Tbl}[yﬁgplscgﬁiﬂgiofFﬂSQﬂ }Lﬁtﬁl‘ﬂ%sc{ﬂe% F,tBQfé:hydro-

a , substituted or unsubstitute al kenyl’, substituted or
UnSubst{ Hitradazaiyy)) stdstidaal barbiy s eiose - baiAr9apy H-nsdistf but ed or
and DIHAES- Y €S0 SLORBThU R SO IR PR sl R PR
subst iateticeidr unsubst i t ut ed aryl, substituted or unsubstituted heteroaryl,

substituted or unsubstijtuted cycloal kyl, or substituted or unsubstituted
het er d8Y1B3Y | al kyn ong pobediment Hiel @RibserEMbItorhicldropMpewWs harnBithcor s of

for mulggy ), rdkfud hpge wher ein

R2

/

RV//L N\\\ N
| =

Yg\\N/// N

H

(Ia)

and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,
tautomers, and prodrugs thereof, wherein:

L is a direct bond, NH or O;

Y is N or CR? ;

R' is H, substituted or unsubstituted C,_salkyl, substituted or unsubstituted C,.
salkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted cycloalkyl or substituted or unsubstituted heterocyclylalkyl;

R? is H, substituted or unsubstituted Cisalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl;

R? is H, substituted or unsubstituted Cisalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocyclylalkyl, -NHR* or -N(R™),; and
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Rl is substituted aryl, such as substituted phenyl. WO

2011/ 097333PCT/ US2011/ 023524 [00162] I n anot her enbodi nent, the TOR ki nase
i nhi bi t orwoabifoorssal a (I c) are those wherein R s substPrraiSea 1023524
unsubstituted aryl, such as substituted or unsubstituted phenyl or
substituted or unsubstituted naphthyl. [00163]1n another enbodi nent, the
TOR ki nase inhibitors of formula (lc) are those V\/nerei n R is substituted
or unsubstituted ;heteroar such as tituted or unsubsti

qui nol i ne, substd tlm‘tle)‘C]i"JPg‘iB‘ﬁ@HffsW?RFP erltfyyﬁﬁaitﬂ@d O NPT R e 6 1
unsubstpdiied oP¥isubitihile anu uls kil o uﬂsrubsmﬁfee%ue&da&ﬁdsdb@%te% el

substituted or unsubstitut’ed thi ophene. [00164] 1 n anot her embodi ment, the
TOR kiunagstitutdt cbwtoaﬂsfl afr stﬂmtlmﬂzdaOI(uns)lbsaurtlaedl hctsmcymElraéth R | s H. [00165] I n
anot h odi i.nhi bi or nul t hose
aher oioRITYS CiBons eRbedment W ROR 100 redifes ariofhill BubisahaditntRe ror

Ki nasglllym@tlm@gdsary[f sﬁdhraméh@sn@dtédp nglthose wherein R2 is rret hyl or et hyl
substituted with substituted or unsubstituted aryl, substituted or

unsubd 094321 ed hdg éﬁ@h@rwmbosiub@tta tha{T&R télrnamgkmbg@ismﬁ tf@rm&tyﬁab%tp M}qse or
subst | the&r eﬁi %@bi Iotlr lljl}lgu%s el%,: g¥ ygu s&ﬁlstlrutéc? o1 1§3n7sllbst1t g%e%\%er cin R2

enbodlneﬁ? nase | n Oof mu are 1
is Subﬁlbsﬁftlllté@drm{submﬁutb&halﬂulﬁﬁd cycl oaI kyl or substituted or unsubstituted

het er oc ¥I al k%l [ 00168] I n anot her enpbodi nent, the TOR ki nase inhibitors

of fol ( | c) gla@ot{lﬁc;g@oodlment the TOR kinase inhibitors of formula (Ia) are those
wherein R' is substituted or unsubstituted heteroaryl, such as substituted or unsubstituted
quinoline, substituted or unsubstituted pyridine, substituted or unsubstituted pyrimidine,
substituted or unsubstituted indole, or substituted or unsubstituted thiophene.
[00134] In another embodiment, the TOR kinase inhibitors of formula (Ia) are those
wherein R' is H.
[00135] In another embodiment, the TOR kinase inhibitors of formula (Ia) are those
wherein R” is substituted C)_salkyl.
[00136] In another embodiment, the TOR kinase inhibitors of formula (Ia) are those
wherein R” is methyl or ethyl substituted with substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or unsubstituted
heterocyclylalkyl.
[00137] In another embodiment, the TOR kinase inhibitors of formula (Ia) are those
wherein R? is substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocyclylalkyl.
[00138] In another embodiment, the TOR kinase inhibitors of formula (Ia) are those
wherein R? is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl.
[00139] In another embodiment, the TOR kinase inhibitors of formula (Ia) are those
wherein R* is H.
[00140] In another embodiment, the TOR kinase inhibitors of formula (Ia) are those

wherein Y 1s CH.
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wherein R2 is substituted or unsubstituted aryl, such as substituted or
unsubstituted phenyl. [00169] In another enbodi nent, the TOR ki nase

i nhi bi t orwoabiffoorssal a (1c) are those wherein R2 is H [ @0TAGBpén/023504 her
enbodi nent, the TOR kinase inhibitors of fornmula (Ic) are those wherein L
is a direct bond. [00171]In another enbodi ment, the TOR ki nase inhibitors
of fornmula (lc) are those wherein R is substituted or unsubstituted aryl

and is unsubstituted G 8al kyl . 0172] I.n. anot her. embodi ment,, the TOR
ci nas 04T b ¢ o a%t?th?roqr@%ﬂﬂgnmtct}leé{lpgi {}%l?emb\ﬁ&%iﬁ fwnqﬁ% 8l thBet ed or
unsubsifctdh ds atinkctpdgR2 is G _8al kyl substituted with one or nore

substituents selected from al koxy, am no, hydroxy, cycloal kyl, or
het er 48842y al kyh aneth@4embod@ei2Othe /TOYY BB3RCGTHhiUERG b fO2882da] H#OUKBE | n

anot her, enbagdi. ment . e TOR.kj.nase inhihjt.ors of .fornul Ic) are those
aher anthert Fo nupsiiedPe oS B R d Ry P O R RSk st ¢ ut od o
unsubgpetas) ed CYghAGhEYIMbIAMEHDEHE TOR RMaQ inkiBRERIfiférdt@sl(1a) are those
heterocycl yl al kyl . [00174] I n one embodi ngnt, the TOR kinase inhibitors

i ncl uddiceamBo inedstizied vy unsibstiigtadey g d fo rinlil-saliil @ybstituted with one or more
R2 Rll‘s{lbs/ti'tue'n’ts' s'ele'cted'ffo‘nll\l alkoxy, amino, hydroxy, cycloalkyl, or heterocyclylalkyl.

[00144] In another embodiment, the TOR kinase inhibitors of formula (Ia) are those
wherein R' is substituted or unsubstituted aryl and R* is substituted or unsubstituted cycloalkyl,
or substituted or unsubstituted heterocyclylalkyl.

[00145] In another embodiment, the TOR kinase inhibitors of formula (Ia) do not include
compounds wherein Y is CH, L is a direct bond, R! is substituted or unsubstituted aryl or
substituted or unsubstituted heteroaryl, and R” is C,salkyl substituted with substituted or
unsubstituted aryl or substituted or unsubstituted heteroaryl.

[00146] In one embodiment, the TOR kinase inhibitors include compounds having the

following formula (Ib):

(Ib)
and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,

tautomers, and prodrugs thereof, wherein:

L is a direct bond, NH or O;

R'is H, substituted or unsubstituted C,_salkyl, substituted or unsubstituted C,.
gsalkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or

unsubstituted cycloalkyl or substituted or unsubstituted heterocyclylalkyl; and
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0 (Id) and pharmaceutically acceptable salts, clathrates,

sol vates, stereoisoners, tautoners, and prodrugs thereof, wherein: L is a
di rect bowd,20NKH923330; R is H substitutedpror/usesulbsises ut ed

C _8al kyl, substituted or unsubstituted C2_ 8al kenyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted cycl oal kyl or substituted or unsubstituted heterocyclylal kyl;

d ,R2 H,. tituyted tituted G 8al kyl,
23bsti tuted or M%‘]s?wm‘@%ib ogrppubsEfied ?5@?@3@&3&@3sgflﬁf%llgft&ﬁteﬂ@_%f oaryl,
subst istpiRcle®br Mlnﬁg%z%%% g]a?f&agmu@améh or QhisubHRASIIIEBANIL, HRHARKI 4 ed

het erocycl yl al kyl . n one enbodi nent, ki nase 1 nhibitors of
f or nulvasybisthutak leterbosdylalkgkein R is substituted aryl, such as substituted

henyl 176] I.n anot her. e di . the TOR ki nase inhibitors of fornula
() 0eHhose URERERHORimeR: Qi EoR IRt TN s rme L asr b Shachias
subst iR'u$ agbsBfutddnE VD SidhtadtsgektiRienyhen@l. substituted or unsubstituted
naphthéﬁkm%00177]ln anot her enbodi nent, the TOR ki nase inhibitors of

f or mull ) ar énepgber epptwdanentRihe TOR kingsa inhibearsef fomulbeb) aratlase
het er aryl., psuch bstituyted or unsubstitut. i halin bstituted or
uns ot & YR R ST R R R R R TR B

subst istibdtigle @ br WHyabRREY vhgdhyindol e, or substituted or unsubstituted
t hi ophene. WD 2011/ 097333PCT/ US2011/ 023524 [00178] 1 n anot her enbodi nent,
the TOWOhase ilnRPYhergabagimensy the[TOR kigpseaphibitpanod foumere{lh) we thage,

wherein R' is substituted or unsubstituted heteroaryl, such as substituted or unsubstituted
quinoline, substituted or unsubstituted pyridine, substituted or unsubstituted pyrimidine,
substituted or unsubstituted indole, or substituted or unsubstituted thiophene.

[00150] In another embodiment, the TOR kinase inhibitors of formula (Ib) are those
wherein R' is H.

[00151] In another embodiment, the TOR kinase inhibitors of formula (Ib) are those
wherein R” is substituted C)_salkyl.

[00152] In another embodiment, the TOR kinase inhibitors of formula (Ib) are those
wherein R” is methyl or ethyl substituted with substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or unsubstituted
heterocyclylalkyl.

[00153] In another embodiment, the TOR kinase inhibitors of formula (Ib) are those
wherein R? is substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocyclylalkyl.

[00154] In another embodiment, the TOR kinase inhibitors of formula (Ib) are those
wherein R? is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl.
[00155] In another embodiment, the TOR kinase inhibitors of formula (Ib) are those
wherein R* is H.

[00156] In another embodiment, the TOR kinase inhibitors of formula (Ib) are those

wherein L is a direct bond.
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[00179] I n anot her enbodi nent, the TOR ki nase inhibitors of fornula (1d) are
those wherein R2 is substituted C _8al kyl. [00180] I n anot her enbodi nent,

t he TOR kwoasa/iomssbi tors of formula (1d) are those whereirrusRaiiossseet hyl or
et hyl substituted with substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted cycl oal kyl, or
substituted or unsubstituted heterocyclylal kyl. [00181]1n anot her

mbodi he TOR hi b ff | I h wh R2
e SulBERht od - 0F SORESTBERAAITEH: 2y RRgte P 0L TG (bl Ta Bt | 1 it od
heter %ié?élﬂ h{%é@dbstﬁh%%@%hid%sﬁtﬂ% ARG FERbstithR CTRI nase inhi bitors

1
of fornula (1d) are those mherelnhﬁg I's substituted or unsubstituted aryl,
such 480Kk8bst i t Uheudotber anmimdipserntt the &@)Hohmagd inhibjt0B 18 3rmiuta Ehpiriadirose

nbodi th I I I tk wh in R2
Co h TBRAR PR SR Ra g R ek el eI AR e Pr FBfinul &
(1d) %ﬁ@stﬁtﬁk‘ﬂ%ese%%ﬁ%d?n hlkb§y,%nﬂhd§ Qﬁ/ﬂr&?nsdycl({aw%}]ﬂefbr@dﬂl@lyﬂﬁkyle mbodi nent,

the TOR ki nase inhibitors of fornmula ([d) are those wherein

subst i[9 or Jdnguesben anhogdémentythe IR kmasosinbibgots ot |f<vrmvéfd(lb:) arg élnq&yl
[ 0018%V&$relg ﬁ@tls%%%st?tnpe(a or u §ub§t1t(1]1t| %nﬁ'l?af bsp Ellte%' Qr ungub eoc{ cgmlgal | d) are

t hose erein P supst nsubstl e al kyl
subst |otrgm§sdtmddsrmebs@lmutmah@e@umylandyent s sel ect ed from aI koxy, am no,
hydr ox c cl oal kyl, or heterocyclﬁjalk yl. .[.00187] 1 n anot her enbodi nent,
the T ase .Iﬁﬁnwmb@%m@m thsr H épl(apfa)n atﬂ@r%% ¢ prapeyls Rpving the
substi 9, tltuted aryl and R2 is substituted or unsubstituted
fl P6rodif y
cycl oa %ﬁg&ig : %gfltuted or unsubstituted heterocyclylal kyl.
R2
L N /
-~ N N
U >=O
/ N
H

(Io)

and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,
tautomers, and prodrugs thereof, wherein:

L is a direct bond, NH or O;

R' is H, substituted or unsubstituted C,_salkyl, substituted or unsubstituted C,.
gsalkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted cycloalkyl or substituted or unsubstituted heterocyclylalkyl; and

R? is H, substituted or unsubstituted Cisalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl.

[00161] In one embodiment, the TOR kinase inhibitors of formula (Ic) are those wherein

R' is substituted aryl, such as substituted phenyl.
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[00188] I n one enbodi nent, the TOR ki nase inhibitors include conpounds
having the following fornula (le): WD 2011/097333PCT/US2011/ 023524 R2 LNNO

R11 N[ Vi wbe)p11/097333 and pharmaceuti cal | y accept alpce/usadi®23524
clathrates, solvates, stereoisonmers, tautomers, and prodrugs thereof,
wherein: L is a direct bond, NH or O; Rl is H substituted or

unsubstituted G _8al kyl, substituted or unsubstituted C2_ 8al kenyl,

substi t ut or ynsubstituted aryl, bstituted. or substituted heteroaryl,
substI08kES or dnstter qfﬁ)%@&n@vcﬁhsé@%ﬁ%% lgﬁiggt?wstqlﬁ?@al@% Uhat et ut ed

het er Qaeediy RAL KM bstit®Rd or unsubstituted. arylR&uchSis KlibstiRSd bit Mfsﬁgstl%te&‘ﬂl%ﬁgﬁ bi tut ed

Ci_8al kyl, substituted or unsubstituted aryl, substituted or unsubstituted
het er cabsyityted abgtsubstiteldd oaphiimdubst i t ut ed cycl oal kyl, or substituted or

bsti d het | vl al kvl . 11 n .one. enbadi t . the TOR ki
o oibitedi of 1 3h ER ot DR RRR SR R (ol af oS ' Caen
as SUSHok&HREG SUbSiled o ARARRaaREHRYL, SdhadisTBMkutod BEuTORiGase

i nhi bitors of formula (le) are those ' ' o
quinoline, substituted or unsubstituted pyridine, substituted or unsubstituted pyrimidine,

substituted or unsubstituted indole, or substituted or unsubstituted thiophene.

[00164] In another embodiment, the TOR kinase inhibitors of formula (Ic) are those
wherein R' is H.

[00165] In another embodiment, the TOR kinase inhibitors of formula (Ic) are those
wherein R” is substituted C)_salkyl.

[00166] In another embodiment, the TOR kinase inhibitors of formula (Ic) are those
wherein R” is methyl or ethyl substituted with substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or unsubstituted
heterocyclylalkyl.

[00167] In another embodiment, the TOR kinase inhibitors of formula (Ic) are those
wherein R? is substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocyclylalkyl.

[00168] In another embodiment, the TOR kinase inhibitors of formula (Ic) are those
wherein R? is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl.
[00169] In another embodiment, the TOR kinase inhibitors of formula (Ic) are those
wherein R* is H.

[00170] In another embodiment, the TOR kinase inhibitors of formula (Ic) are those
wherein L is a direct bond.

[00171] In another embodiment, the TOR kinase inhibitors of formula (Ic) are those
wherein R' is substituted or unsubstituted aryl and R* is unsubstituted C,_galkyl.

[00172] In another embodiment, the TOR kinase inhibitors of formula (Ic) are those
wherein R' is substituted or unsubstituted aryl and R* is C)_salkyl substituted with one or more

substituents selected from alkoxy, amino, hydroxy, cycloalkyl, or heterocyclylalkyl.
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wherein R is substituted or unsubstituted aryl, such as substituted or
unsubstituted phenyl or substituted or unsubstituted naphthyl. [00191]In
anot her ewbadimmm33 the TOR ki nase inhibitors of fornml acthuspoianessehose
wherein R is substituted or unsubstituted heteroaryl, such as substituted
or unsubstituted quinoline, substituted or unsubstituted pyridine,
substituted or unsubstituted pyrimdine, substituted or unsubstituted

i ndol substituted or unsubs ed. t hi ophene. [001 | n anot her
embociMEFB] t he I epotRi ko ReTteS ?f{@gmtedpﬁﬁrtarsaf 9 %l Iehgs&%her ei n R
IS H JREIIRI s AORLRETr SRAMY TRAaryILAG R-p%sdﬂsﬂﬁt%%l dr%ﬂktl?dsﬁﬁﬁ&i Qeldafitymul a
(le) are those wherein R2 1s substT¥uted G _8al kyl

2011/ 09 3F3BROI wISARLUstiOR8ERAcio0Pdgldlkyh anot her enbodlnent t he TOR ki nase
i nhi bi of f rmul a are t wherei.n R2.is nmeth et.h

subst 108734 v « in St Enbodibeil Bic TR Gider Tl Berapy R Sembowthe@ngine
unsubqﬁm&w@g@mﬁﬁﬂgagpryl substituted or unsubstituted cycl oal kyl, or
substituted or unsubstit uted het er ocycl yl al kyl . [00195] I n anot her

enbodi nent, the TOR ki nase inhibitors of f oriful a (le) are those wherein R2
IS substituted or unsubstituted cycl oal kyl ¢r substituted or unsubstituted
het erocycl yl al kyl . [ 00196 l}YE1 aodiNyent, the TOR ki nase inhibitors
of formula (le) are those™wherei i S[subs\ituted or unsubstituted aryl,
such as substituted or unsubstit 97] 1 n anot her

enbodi nent, the TOR ki nase i nhi bi o/mula (le) are those wherein R2
is H [00198] I n anot her enbodi nent, N"he TO@ ki nase inhibitors of fornula
(le) are those

(Id)
and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,

tautomers, and prodrugs thereof, wherein:

L is a direct bond, NH or O;

R' is H, substituted or unsubstituted C,_salkyl, substituted or unsubstituted C,.
gsalkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted cycloalkyl or substituted or unsubstituted heterocyclylalkyl; and

R? is H, substituted or unsubstituted C,salkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl.

[00175] In one embodiment, the TOR kinase inhibitors of formula (Id) are those wherein
R' is substituted aryl, such as substituted phenyl.

[00176] In another embodiment, the TOR kinase inhibitors of formula (Id) are those
wherein R' is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl or
substituted or unsubstituted naphthyl.

[00177] In another embodiment, the TOR kinase inhibitors of formula (Id) are those
wherein R' is substituted or unsubstituted heteroaryl, such as substituted or unsubstituted
quinoline, substituted or unsubstituted pyridine, substituted or unsubstituted pyrimidine,

substituted or unsubstituted indole, or substituted or unsubstituted thiophene.
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wherein L is a direct bond. [00199]In another enbodi nent, the TOR ki nase
Inhibitors of formula (le) are those wherein R is substituted or
unsubst i twoediizmwyizzand R2 i s unsubstituted G _8al kyl. [ ®@02a8pdoin/o23504 her
enbodi nent, the TOR kinase inhibitors of fornmula (le) are those wherein R
I's substituted or unsubstituted aryl and R2 is G _8al kyl substituted with
one or nore substituents selected from al koxy, anino hydr oxy, cycl oal kyl

or het clyl 0020 enbo t he TOR ki nase
i bil 081 of ﬁ%}P Be (q&o y ﬁsﬁ@%@m RROT o SN (01 63 e
unsubsiictih ®d i@yl and R2 is substituted or unsubstituted cycloal kyl, or

substituted or unsubstituted heterocyclylal kyl. [00202] | n one enbodi nment,
t he TORK9hase ilmhidheramsbadmoénidibe dopbmasisinhidtdrsgf forenulo(Id pavictigpst or nmul a
(lf):vﬁ%ﬁgyb?kﬁ%%ﬁiN%d%h$$£3801ll097333PCT/U82011/023524
[00180] In another embodiment, the TOR kinase inhibitors of formula (Id) are those
wherein R” is methyl or ethyl substituted with substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or unsubstituted
heterocyclylalkyl.
[00181] In another embodiment, the TOR kinase inhibitors of formula (Id) are those
wherein R? is substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocyclylalkyl.
[00182] In another embodiment, the TOR kinase inhibitors of formula (Id) are those
wherein R? is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl.
[00183] In another embodiment, the Heteroaryl Compounds of formula (Id) are those
wherein R* is H.
[00184] In another embodiment, the TOR kinase inhibitors of formula (Id) are those
wherein L is a direct bond.
[00185] In another embodiment, the TOR kinase inhibitors of formula (Id) are those
wherein R' is substituted or unsubstituted aryl and R* is unsubstituted C,_salkyl.
[00186] In another embodiment, the TOR kinase inhibitors of formula (Id) are those
wherein R' is substituted or unsubstituted aryl and R* is C)_salkyl substituted with one or more
substituents selected from alkoxy, amino, hydroxy, cycloalkyl, or heterocyclylalkyl.
[00187] In another embodiment, the TOR kinase inhibitors of formula (Id) are those
wherein R' is substituted or unsubstituted aryl and R* is substituted or unsubstituted cycloalkyl,
or substituted or unsubstituted heterocyclylalkyl.
[00188] In one embodiment, the TOR kinase inhibitors include compounds having the

following formula (Ie):
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(It) and pharmaceutically acceptable salts, clathrates,

sol vates, stereoisoners, tautoners, and prodrugs thereof, wherein: L is a
di rect bowd,20NKH923330; R is H substitutedpror/usesulbsises ut ed

C _8al kyl, substituted or unsubstituted C2_ 8al kenyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted cycl oal kyl or substituted or unsubstituted heterocyclylal kyl;
and R2 is H, substituted or unsubstituted G _8al kyl,
substituted or unsubstituted aryl, substit{ted or unsubstituted heteroaryl,
substituted or unsubstituted cycloal kyl, of substituted or unsubstituted
het erocycl yl al kyl . [00203] | p-'ore € i FOR ki nase inhibitors of
formula (1f) are those whBlein i stituffed aryl, such as substituted
phenyl . [00204]1n anot her enbodi the TOR [ki nase inhibitors of formula
(If) are those wherein R is subsdj substituted aryl, such as
substituted or unsubstituted phenyl™Nr subsfituted or unsubstituted

napht hyl . [00205] I n anot her enbodi nent, t hE TOR kinase inhibitors of
formula (1f) are those wherein R is_substituted or unsubstituted

het eroaryl, such as substituted or $Hupst it ut ed qui nol i ne, substituted or
unsubstit uted pypf @h#eaceyfisatly aeacadblsrsalin slmkyaies.ob@tosyHeRPigemers,

subst i 0 ' ' le, or substituted or unsubstituted

t hi wﬁ%ﬁ@%oﬁ?@?%ﬁ%ﬁ?ﬁﬁ”@ B i ment. the TOR Kinase inhibitors of
formula (1f) ard ishasecwekleNH RO s H [ 00207] I n anot her enbodi nent, the

TOR ki nase inhibjtors of formula (I1f) are those wherein R2 is. substituted

G _8al kyl . [00208]4H: sththird @podhtibned & ST arONTHad Br PrMPBITERL vof

formu lg@ikéﬂ}ﬁ) suBbtRufch % Bnsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted cycloalkyl or substituted or unsubstituted heterocyclylalkyl; and

R? is H, substituted or unsubstituted Cisalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl.

[00189] In one embodiment, the TOR kinase inhibitors of formula (Ie) are those wherein
R' is substituted aryl, such as substituted phenyl.

[00190] In another embodiment, the TOR kinase inhibitors of formula (Ie) are those
wherein R' is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl or
substituted or unsubstituted naphthyl.

[00191] In another embodiment, the TOR kinase inhibitors of formula (Ie) are those
wherein R' is substituted or unsubstituted heteroaryl, such as substituted or unsubstituted
quinoline, substituted or unsubstituted pyridine, substituted or unsubstituted pyrimidine,
substituted or unsubstituted indole, or substituted or unsubstituted thiophene.

[00192] In another embodiment, the TOR kinase inhibitors of formula (Ie) are those
wherein R' is H.

[00193] In another embodiment, the TOR kinase inhibitors of formula (Ie) are those
wherein R” is substituted C)_salkyl.
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wherein R2 is nethyl or ethyl substituted with substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
cycl oal kywo 20r1/mmd33t i t ut ed or unsubstituted heterocycl ylralrkisko11/09¥324

2011/ 097333PCT/ US2011/ 023524 [ 00209] I n anot her enbodi nent, the TOR ki nase
inhibitors of formula (If) are those wherein R2 is substituted or
unsubstituted cycl oal kyl or substituted or unsubstituted heterocyclylal kyl .

[ 0021 not her enpodi t, th inase inhibitors of fornula (If) are
those?Mf‘gi o Ran PRk B ToHs e Hars A yermula ) 48 Bashst i t ut ed
or P”%HﬁﬁﬁhP@%ﬁﬂmﬁ??&%&hﬂshﬁggé%&w&ﬂsﬁ&Q&@E&oﬁﬁﬂﬂghﬁﬁﬁéagﬂﬂﬁbi@ﬁe&bpase
inhibitors of formiula (IT) are those wherein R2 is H [00212]1n anot her

e nbodiumsutistitutdreheTedbar], malss@itutechdtbuntsobsitged Eynloalkyd, ¢1 supstdnted ohossibwiitetedi n L

is a S%%FCt f?ng. [00213] I n anot her enbodi nent, the TOR ki nase inhibitors
of folffFeYEMakY e t hose wherein R is substituted or unsubstituted aryl

and R300®syNSubsh hbeth@bnBad@abiyihe TOIORKA iAhBROEIE FoRaodE @O thost he TOR

ki nase inhibitors of formula (I1f) are those wherein R is substituted or
unsubsthieran &J isayupbtityied orEnsUDsTUIGalyRIphlkgLiprstubstifnisd ofiupsubstietedr nor e

subst i, t uent | ected from al koxy, am no, hydroxy, cycloal kyl, or
heteré%%%‘??%%ﬁ@ﬁi [ 00215] I n anot her enbodi nent, the TOR ki nase inhibitors

of forowiswm] (| f) Iaaeothbrasebodiae® the ROR Binsstishibitbised fernulndupsat itiogeed aryl
and R2 is substituted or unsubstituted cycl oal ky or substituted or

I
unsubstherdR Bd insbaitgodar ynabryuted agggeshian supptitieherinabtitutedBhengR ki nase
I nhi b'[&@fﬁ] i ncl ygd gn&ﬁé@é?ﬁ%%ﬁn&ﬁﬂh@@dﬁ'ﬁinase inhibitors of formula (Ie) are those

wherein R* is H.

[00198] In another embodiment, the TOR kinase inhibitors of formula (I¢) are those
wherein L is a direct bond.

[00199] In another embodiment, the TOR kinase inhibitors of formula (I¢) are those
wherein R' is substituted or unsubstituted aryl and R* is unsubstituted C,_galkyl.

[00200] In another embodiment, the TOR kinase inhibitors of formula (I¢) are those
wherein R' is substituted or unsubstituted aryl and R* is C)_salkyl substituted with one or more
substituents selected from alkoxy, amino, hydroxy, cycloalkyl, or heterocyclylalkyl.

[00201] In another embodiment, the TOR kinase inhibitors of formula (I¢) are those
wherein R' is substituted or unsubstituted aryl and R* is substituted or unsubstituted cycloalkyl,

or substituted or unsubstituted heterocyclylalkyl.

[00202] In one embodiment, the TOR kinase inhibitors include compounds having the
following formula (If):
RZ
L N N
R | X
=
N N 0]
H
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followwng formula (Ig): RR i/LN R (1'g) and pharmaceutically
acceptabl e salts, clathrates, solvates, stereoisoners, tautoners, and
prodrugs wbenaa73zsherein: L is a direct bond, NH or O0; PCWDS2011/023524

2011/ 097333PCT/ US2011/ 023524 R is H substituted or
unsubstituted C _8al kyl, substituted or unsubstituted C2_ 8al kenyl,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted cycl oal kyl or substituted or unsubstituted

het er ocycl yl al kyl ; and substituted or, unsubstituted
G _8al kyl, substt phaaseutisally B%ertahkéalt&@whra@&tﬁ@twat%t%%re@tsoraﬁ@u bsti t ut ed

het er NEE tituted cycl oal kyl, or substituted or
unsubgéﬁgu%%d g%g%g%§gﬂ§%dl ngﬁ[00217]ln one enbodlnent the TOR ki nase

i nhi bitors of fdrisaldrett gyndaNel driixse wherein R i s substltuted aryl, such
as substituted q{he{sn YV—IJ, substituted or unsubstituted C;_galkyl, substituted or unsubstituted C,._
gsalkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted cycloalkyl or substituted or unsubstituted heterocyclylalkyl; and

R? is H, substituted or unsubstituted Cisalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl.
[00203] In one embodiment, the TOR kinase inhibitors of formula (If) are those wherein
R' is substituted aryl, such as substituted phenyl.
[00204] In another embodiment, the TOR kinase inhibitors of formula (If) are those
wherein R' is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl or
substituted or unsubstituted naphthyl.
[00205] In another embodiment, the TOR kinase inhibitors of formula (If) are those
wherein R' is substituted or unsubstituted heteroaryl, such as substituted or unsubstituted
quinoline, substituted or unsubstituted pyridine, substituted or unsubstituted pyrimidine,
substituted or unsubstituted indole, or substituted or unsubstituted thiophene.
[00206] In another embodiment, the TOR kinase inhibitors of formula (If) are those
wherein R' is H.
[00207] In another embodiment, the TOR kinase inhibitors of formula (If) are those
wherein R” is substituted C)_salkyl.
[00208] In another embodiment, the TOR kinase inhibitors of formula (If) are those
wherein R” is methyl or ethyl substituted with substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or unsubstituted

heterocyclylalkyl.
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[ 00218] I n anot her enbodi nent, the TOR ki nase inhibitors of fornula (1g) are
those wherein R is substituted or unsubstituted aryl, such as substituted
or unsubswotutied7phenyl or substituted or unsubstitut edproapistonylo23spH0219] 1 n
anot her enbodi nent, the TOR ki nase inhibitors of formula (Ig) are those
wherein R is substituted or unsubstituted heteroaryl, such as substituted
or unsubstituted quinoline, substituted or unsubstituted pyridine,

substi t ut or ynsubstituted rimdine, substitut or .unsubstituted

i ndol éw%f’ substlf 408 & earﬂ%qgﬁg%s@gﬁg}%@nﬁﬁ laéﬁ?&ﬂ@.o??@@%@rﬁraﬂmer _
_enbOd'vﬂ%%in RY Iﬁesuggﬁu{@d%%ﬁsdb@mu@dtdgle%a@yl I)Psru'%'t'itﬁteﬁ lo@ hnﬁib@tiﬁlféﬁs e wherein R
is H [00221] I n anot her enbodi nent,” the TOR ki nase inhibitors of formula
(1g) adceradyolytalkyHerein R2 is substituted C _8al kyl. [00222]1n anot her
enbodi t he . TOR ki nase [ nhibjt f farpula (| are, those wherein R2
Co oty * o7 ug el Bt |k Ble Sl Rrefi S abrgs Besar
subst ijH&@6 ROk w&%ﬂ&ﬁio& uh QbR @l ;ydch a8 YBSstidtéd SCurRGbytngbdshdntUt ed

cycl oal kyl, or substituted or unsubstituted heterocyclylal kyl. [00223]1n

anot hd0dtbodi ménenothereertodingriathe TR kiprsconkibgprsiod fermuda (IHgre thoee t hose
mhereiqw3§ %gisHbstituted or unsubstituted cycl oal kyl or substituted or
unsubst it ut ed %eterocyclylalkyl. [ 00224] I n anot her enbodi nent, the TOR
Ki nasq0021i bi t ons andthérasniBddanédtgthe IOR kinaseniib@oBiof f&Anils (ISIHIS tHokeit ed or

unsubstituted aryl, such as substituted or unsubstituted phenyl. WO
2011/ O9P538PCTAUS20DPNO23524
[00213] In another embodiment, the TOR kinase inhibitors of formula (If) are those

wherein R' is substituted or unsubstituted aryl and R* is unsubstituted C,_galkyl.

[00214] In another embodiment, the TOR kinase inhibitors of formula (If) are those
wherein R' is substituted or unsubstituted aryl and R* is C)_salkyl substituted with one or more
substituents selected from alkoxy, amino, hydroxy, cycloalkyl, or heterocyclylalkyl.

[00215] In another embodiment, the TOR kinase inhibitors of formula (If) are those
wherein R' is substituted or unsubstituted aryl and R* is substituted or unsubstituted cycloalkyl,

or substituted or unsubstituted heterocyclylalkyl.

[00216] In one embodiment, the TOR kinase inhibitors include compounds having the
following formula (Ig):
R2
L N /
R“// X N
| —0
D
(g

and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,
tautomers, and prodrugs thereof, wherein:

L is a direct bond, NH or O;
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[ 00225] I n anot her enbodi nent, the TOR ki nase inhibitors of fornula (1g) are
those wherein R2 is H [00226] I n another enbodi nent, the TOR ki nase

i nhi bi t orwoabifoorssal a (1 g) are those wherein L is a direct/usemd02§500227] I n
anot her enbodi nent, the TOR ki nase inhibitors of formula (Ig) are those
wherein R is substituted or unsubstituted aryl and R2 i s unsubstituted

C _8al kyl. [00228] I n anot her enbodi nent, the TOR ki nase inhibitors of
formula (I1g) ar ed or unsubstjtute ryl and

wh R ti
R2 is G _8al kyl PG PRI L AR Bt e e U e P
al kox)éalk@tf?l %bstﬂﬁ@ﬂ%ﬁns&k’t?th%lawl sub@trltutk‘ato?ruﬁﬁ}fﬁ{lﬁﬁlteﬂl I{%Yéroar%pga?s%dt&i &not her

enbodi nent’, TOR ki nase inhibitors of formula are those wherein R
is subm‘su‘ttstJtueedi mclqaﬂsfﬂ,ublsmb‘siuml@d oa{m;ai;u‘tmntdltdéthterowbéalkyluamﬂ or unsubstituted

cycl oal kyl, or t n ed. hete clyl al kyl ..

[50230] Repr esenthes Pes i prd R Isid G angE. Shiea e Pibiinsdam.

(S) - 1s(Bstivteld Ox¥ins3bstRutBY hbriAR/ Zsubddtufed R @nybstitddrtyeiRa Ry # op sisadft&rd - 2( 3H
) - one; '

1 ((temswsyw@lmtﬁrpwcésﬂalkyyl)net hyl )-6-(3, 4, 5-tri met hoxypheny1) - 1Hi ni dazo[
Byilal ! n2( ?IH%D Qr%"boc{m%{lg ﬁ%enla(gﬁt halke ity & forn]iulh((fl‘g) PNEON S - 1

H-|m azo razin-

1- (3 Iﬁtlbmbﬁﬂfbliyal}l- %&%Gﬁmm}tb@pﬂle}mnyl ) pheny1) - 1H-i mi dazo[ 4, 5- b] pyr azi n- 2
(3H) - one; 5 1 -(1 -phenylethyl)-6-(quino lin-5 -y1)- i mdazo [4,5
- b] pyr[g(glﬁ 2( 3H)In ap@her embodiment; the TOR klnase 1nh1b1t0rs of forrnula (Ig) are those

sr o E’M%E E}“.mQﬁﬂ%@tg@d%?ﬁﬁnﬁgﬂ%ﬁgﬁgﬁﬁwﬁgg@@@@&kesrt] it ﬁﬁeﬁ?i‘&[ 4,5-b]p

Hi i dalzoittdd br umpbynma nadtBH) - one;

(5)- 15 46@21@%? L;?ﬁg @Ihong lb%ent the JT)OR kl(nase n 1t0 S ojf formm?a Pl {XI‘D hhor?e/l) 1h-im

dazo[
(R) -1~ v&hjeréh\{ "iﬁ %éﬁ‘b%tﬂ?eh%‘l hﬁ&ﬁb@ﬂu?edM&)er@ar?lh@ﬁthasjshbé,tth@éP\ErﬁuﬁstQﬂltEé( razin-2(3H
)-one; (R)- -(1 -phenylethyl)-6-(quindo Iin-5 -y1)- 1 Himdazo [4,5

- b] py rqamohn@,(sgb@tl-tui:né or unsubstltuted pyridine, substituted or unsubstituted pyrimidine,

( S.) ) I%%_buYtgi r}{nsubsrmuteg 0 eagr szub\étl 1.)ute% o(r%lrjlsunboltljruted‘r’ th}/op%le L1 m dazo[ 4, 5-b] pyr

azi n- f

(R) - 14 goazzloydr OXyin 3ndBé ity 2hY TOFOkindsd iARIbitBrsf Ydohmuld ¥k Pad azatb 4, 5- b] pyr
azl n- - one
Whereln R'isH.

[00221] In another embodiment, the TOR kinase inhibitors of formula (Ig) are those
wherein R? is substituted C,salkyl.

[00222] In another embodiment, the TOR kinase inhibitors of formula (Ig) are those
wherein R” is methyl or ethyl substituted with substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or unsubstituted
heterocyclylalkyl.

[00223] In another embodiment, the TOR kinase inhibitors of formula (Ig) are those
wherein R? is substituted or unsubstituted cycloalkyl or substituted or unsubstituted
heterocyclylalkyl.

[00224] In another embodiment, the TOR kinase inhibitors of formula (Ig) are those

wherein R? is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl.
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WO 2011/ 097333PCT/ US2011/ 023524 (R)- 1 -(1 -hydroxy-3

- et hyl but an-2-y1)-6- (5 -isopropyl -2- net hoxyphenyl)-1H i m dazo [4,5 -

b] pyr azi wd(8H)0vasse; 1 -benzyl-6-(quinolin-5 -yl)- 1H i rrcadaseoiis2i524

-b] pyrazin-2(3H)-one; 1 -(4-nmethoxybenzyl)-6-(quinolin-5 -yl)- 1Him dazo
[4,5 -Db] pyrazin-2(3H)-one; (R)- 1 -(1 -phenylethyl)- 1Himdazo [4,5

- b] pyrazi n-2(3H)-one; (S)- -(1 -phenylethyl)- 1H-i m dazo [4 5

P2 SRR R R L

- i sopraRydis 22 nefthoxyphenyl) - 1H-i m dazo [4, 5 b] pyra2| n- 2(3H) one; 5
-(quinolin-5 -yl)- 1Himdazo [4,5 -b]pyrazin-2(3H -one; 1 -isobutyl-6-(5
- i sopr6@R26] 2- rretltnamytbdrteamydb)dimdl‘rﬁk thpi @ binhsk, iBhibBpyof é«zmnﬂez(lg)-are(blnrsp 1

-(2-h t.h S ,-isopropyl - 2-met hoxyphenyl) - 1H-i mi dazo [4,5
- b] py)r(’gke P@( r8ﬁeb(0 a5 | sopropyl - 2- met hoxypheny1) - 1

- (t et r@dmoefy o- ZHIﬂMﬁ&HeIAerﬂtﬂ&dlrﬁHrtlﬂﬁqukﬁléseﬁnm@lt@ﬁéro@%ﬁﬁﬂﬁmg) fQehostR) - 1 -(1
- phenyl et hyl ) - 6- (qui nol i n-5 y1§- 1Him dazo [ kjpyrl din-2(3H) - one;
(S)- whegain Rpiseywpbtéttiteg|oy ugsybgiiiutrg) dryl-and Ry 1y unsybstitntied oalkyl., 5

C] pyr[gﬁjl@! IZ((jIBH)I]i ?%(ﬁ?er emlgojdlmgnq Ry llﬁli]iém)ase 1nﬁlﬁ39[8rs o?lforrnu a (I%)’Lgre thoseI m dazo

wherein R' is substituted or unsubstltuted aryl and R” is C)_salkyl substituted with one or more
substituents selected from alkoxy, amino, hydroxy, cycloalkyl, or heterocyclylalkyl.

[00229] In another embodiment, the TOR kinase inhibitors of formula (Ig) are those
wherein R' is substituted or unsubstituted aryl and R* is substituted or unsubstituted cycloalkyl,
or substituted or unsubstituted heterocyclylalkyl.

[00230] Representative TOR kinase inhibitors of formula (I) include:
(S)-1-(1-hydroxy-3-methylbutan-2-yl)-6-phenyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-((tetrahydro-2H-pyran-4-yl)methyl)-6-(3,4,5-trimethoxyphenyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;

(R)-6-(naphthalen-1-yl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(3-methoxybenzyl)-6-(4-(methylsulfonyl)phenyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(S)-1-(1-phenylethyl)-6-(quinolin-5-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-hydroxyphenyl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-
one;

(S)-6-(naphthalen-1-yl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(S)-1-(1-hydroxy-3-methylbutan-2-yl)-6-(5-isopropyl-2-methoxyphenyl)-1H-imidazo[4,5-
b]pyrazin-2(3H)-one;
(R)-1-(1-hydroxy-3-methylbutan-2-yl)-6-phenyl-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(R)-1-(1-phenylethyl)-6-(quinolin-5-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(S)-1-(1-hydroxy-3-methylbutan-2-yl)-6-(quinolin-5-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(R)-1-(1-hydroxy-3-methylbutan-2-yl)-6-(quinolin-5-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
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(R-3 -(1 -phenylethyl)-5 -(quinolin-5 -y1)- 1Him dazo [4,5

-b] pyridin-2(3H)-one; (R)-6-(5 -isopropyl-2-nethoxyphenyl)- 1 -(3

- met hyl buwenoef7091333 1H-i mi dazo [4,5 -Db] pyrazi n-2(3H) - omeT/USS)HO21524

-i sopropyl - 2- met hoxyphenyl)- 1 -(tetrahydrofuran-3 -yl)- 1H—inidazo [4,5
- b] pyrazin-2(3H)- one; (S)-6-(5 -isopropyl-2- nethoxyphenyl) -(3
-nmet hyl butan-2-y1)- 1Himdazo [4,5 -Db]pyrazin-2(3H)- one;

- I tyl-6-(5 - h 1H
b} pyr B! Spdin shi R 350 Lo bP Y - kdias '{}%wiszﬁﬁmd%zom 5-
(tetm%&%Qﬁngﬁ§p7§ -y1) - 1H—|n1dazo [4,5 -Db] pyrazi n2(3H) - one;
- (cycl opr opyl met’hyl Y- 6- (5 -i sopropyl - 2- met hoxypheny1) - 1FL|n1dazo [4,5

- b] pyrla‘lﬂnlnym Bft@lnaineﬁ -yD- H;(Lﬂmdlimi_érﬁ?%f]bmzimf(wﬁrgﬁﬁ 2(3H) - .

-i sopr,opyl - e . - .dazo - n one;
oy oo Rt AT B Eahet T b S el R DR o Waso 1 4. 5

- b] pyr(aplqi%éﬁg}lempg 1H- nﬂfaazo[464ﬁpyﬂa§@pz(9ﬁ bn- met hoxyphenyl) 1

- neopent I mdazo razi n- 2( 3H) - one; -i sopropyl -6-(3

e bbbty AL m@w{s Tt St rone 2 3H) - omes 1

PR TR RTINS BRI B o (902
1H- i mld@t(bhb@yl% €5- tsbpmpymmxe&(&ly&)hm@ 1H{(f)dazd[4;5 BlphienoXBH)-bne;

-phenyl et hyI S(aw naol 1)- 1k im dazo [4,5 -b]pyrazin- 2(3H) one;
(S)- zmhpcﬁr Hl@ldw&% HFR263hef%o0l i n-5 -y1)- 1Hini dazo [4,5

ol lotingy o Ng e i e £

[ 4,5 -l1bRpyydaxiyrthz ()3 5-oopropyl-2-methoxyphenyl)-1H-imidazo[4,5 b]pyrazm 2(3H)-one;
6-(5-isopropyl-2-methoxyphenyl)-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
(R)-1-(1-phenylethyl)-6-(quinolin-5-yl)-1H-imidazo[4,5-c]pyridin-2(3H)-one;
(S)-1-(1-phenylethyl)-6-(quinolin-5-yl)-1H-imidazo[4,5-c]pyridin-2(3H)-one;
3-(1-phenylethyl)-5-(quinolin-5-yl)-1H-imidazo[4,5-b]pyridin-2(3H)-one;
(R)-3-(1-phenylethyl)-5-(quinolin-5-yl)-1H-imidazo[4,5-b]pyridin-2(3H)-one;
(R)-6-(5-isopropyl-2-methoxyphenyl)-1-(3-methylbutan-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-

ong;
(S)-6-(5-isopropyl-2-methoxyphenyl)-1-(tetrahydrofuran-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-
ong;
(S)-6-(5-isopropyl-2-methoxyphenyl)-1-(3-methylbutan-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-
ong;

I-cyclopentyl-6-(5-isopropyl-2-methoxyphenyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(R)-6-(5-isopropyl-2-methoxyphenyl)-1-(tetrahydrofuran-3-yl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
1-(cyclopropylmethyl)-6-(5-isopropyl-2-methoxyphenyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(cyclopentylmethyl)-6-(5-isopropyl-2-methoxyphenyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;

I-(cyclohexylmethyl)-6-(5-isopropyl-2-methoxyphenyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
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(S)- 1 -(1 -phenyl propyl)-6-(quinolin-5 -yl)- 1Himdazo [4,5
- b] pyrazin-2(3H)-one; (R - 1 -(1 -phenylpropyl)-6-(quinolin-5 -yl)-
1H i m dazwo[241159783Bpyr azi n- 2( 3H) - one; 645 -i sopropyl - 2- rerhuszyplessyd) - 1
-(tetrahydro-2|—|—pyran-3 -y1)- 1Hinmdazo [4,5 -b]pyrazin2(3H)-one; 1 -(3
- met hoxybenzyl) - 6-(quinolin-5 -yl)- 1H-| m dazo [ 4, 5 b] pyrazi n- 2( 3H) - one;
(R- 1 rrethyl 3 -(1 - phenyl ethyl) 5 -(quinolin-5 - 1Himdazo [4,5
-b razin-2 met hy Ieth ui nolin-5
y]lgj y -1SQRT %}2102 {ng‘ﬁlgxym}]eﬁy]r) @q?pgletgl_d%dﬁé&azgﬁl ; Bﬁ)yrazn}/ 523FB -on (eq
(cyc|101 IL Ty D L) 471-9@79
- b] pyra??ﬁr;%y ?rﬁjﬁ%g%%m@%% %HI;)'I'P( Hé(lijag?‘[opshg]g]ﬂﬁ)zet hyl ) 6- (qw nolin-5 -yl)-

1H i P]ldlaczp:ropyll -(2- b]]@‘;hpp(Mmy]Z{IHmldamH b-b]pylrazin- 2(3H)d ong;
-(4- - 1H 4.5.
) oy S RPBE o gthﬁlb 3&%‘53 DESwop i B iRtz o (4. 5

- b] py 3@t 0B - e -fl uorophenyl )ethyl)-6-(quinolin-5 -yl)-
1H i m dazo [ 4, 5 -b]lp ra2|n 2% -one; I& c{
et hRy pHryiiyay Pheosletlyd-rdfinolsn- 5yl 11 3pdanp el blppmz-23H)-one;

b t hox | | )= 6- (Qui 25 -yl
5] PR 830 08 b AL PN A XA B S )
-(tet rla(rlylﬁlfeﬁylzﬁl-ygy(f eqiméolmls -y))AHt-irridd a0, 5[—‘tﬂ|p§razﬂﬁ}3(3H§i-bhﬂ 2(3H) - one;

6(qU|noI|n5 tetrahydro-2H pyran-3 1Him dazo [4,5
- b] pyrlabangbydrgk (@H@Ohnx )(1P111§1d4‘§9[4£§ %ﬁ%@%ﬁ;’) ®Rexyl ) - 6- (qui nol i n-5

1
{(iréﬁﬁ%ﬁ%ﬁ@%@@l o(ﬁe §25 :fslﬁrlf% nf%s JO ;/pf’)r?ZH_JLIgIQHr% dazo [4,5
- b] py r(glﬂ fd 2&1311‘})1@?@?1)-6669@@?;& 37'104IH?HﬁdazOH,-i-bllpyréﬂin-aﬁﬂé)wﬂleet hyl) -
im , 5 - razin- - one; - - e :
phen)ﬁ'é ryma ?caeﬁﬁwm ¥ g tra%ﬁﬁ%éﬁ? [EVaORE gi',])slH'HP‘&W‘?[éi5rP]E¥f§ﬂ)“: one; -
2%3ngne phenyl et hyl )-6-(quinolin-5 -yl1)- 1Himdazo [4,5
b] pyr|d|n 2(3H)-one; 1 -isopropyl-6-(quinolin-5 -y1)- 1Hinidazo [4,5

- b] pyrla@rmetho8Henyi6- (ﬂlulnollné(ﬂﬂ:ﬂhcnwb[éln&b)mm $3BD¢aei nol i n-5 -y1) -
IHIm

L S s T AT STk PR i Fidiral i 208 [ 4, 5
- b] py (SFH@H@ZI%@@-(IO?&nyﬂethy(l)lS( Lﬁﬁélhﬁs-@flﬂlﬂhﬂlﬁﬁﬁmﬁ @]pgﬂlléinﬂﬂbﬂ'):oﬁe y1)-

1H i m dazo razin-2 one;

 omir Gy HoPar e Mol SR ) I LfanicvrolAiob paragin BB BORe: n- 2(3H) - one: 5

hyl 4,5
e e s O G e S b S L TR
[4,5 lb(]ll;x%ﬁﬂhi’drﬂpliéﬁﬁlbbth@lm@ (qﬁrn()Bn SiylMHQﬂh&afkysM 5-blpyrdzin- 2(81@)&)11&t hyl ) -
1H-| m dazo [4,5 pyrazin (2-fl uorophenyl) 1-(1
phenﬂl“’é’tcfﬁple?tyl ﬁ'f@qiﬂﬁpld%réd/ll h 5@%}2@%%&@@%% Fhrge: 1 - (1

- Phemyl qUh G aUnORLA B bl s 330 ?m,@lﬂ(&?}b@a&ﬁ 3H) - one; 1

(plper urnolin=5 -yl azo
- b] py rla@@-2¢tBofyphaeyl)cthyl f-6-(qipyhin-Giyh)- PHyim)dtzbid, 3-b By (pini-2GH)yrond; - y1) -

V1) ot e peiReR gy nais b P bRy P A g one: 1 - ((

1s,4 i . d 4,5
L ST ) T M s e |

1H- i mite@ronofia;sy)-B(pafrabydm-B1-pysah)phleyl- ytméaMﬁéélhbyr@nmﬁ(Hé) 0163 (3

- t | ) ph 1) - -(1.-ph thyl )-1H i d

b pyr T Bt o D R by A SRS BroBei 1 i dazo

[4,5 -1bj py4rdainyd2dxStl clemsiyl)-6-(quinolin-5-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(isoquinolin-5-yl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;

(R)-1-(1-phenylethyl)-6-(quinolin-5-yl)-1H-imidazo[4,5-b]pyridin-2(3H)-one;
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6- (3 - (di net hyl am no) phenyl)- 1 -(1 -phenylethyl)- 1Himdazo [4,5

-b] pyrazin-2(3H)-one; 1 -phenyl-6-(quinolin-5 -yl1l)- 1Himdazo [4,5

- b] pyraziwe208kpssae; 1 -(1 -phenyl ethyl)-6-(4-(trifl uoromaisbylijppdsenyl)- 1
Himdazo [4,5 -b] pyrazin-2(3H)-one; N-(3 -(2-0x0-3 -(1 -phenylethyl)-2,3
-di hydro- 1Him dazo [4,5 -b] pyr azin-5 - yl)phenyl)net hanesul f onam de;

6- (4- (et hyl sul f onyl )phenyl) -(1 -phenylethyl)-1Himdazo [4,5

-b in-2(3H) - : Jethyl)-5 - inalin-5 -yl | 5
. b o Ry SRy Gl S ywﬁf Stk F Ry T W oxy pheny 1y -
ﬂ: m dazlgo%ﬁ éi(qul?doqﬂl;%ﬂ)%?%&*&chm% tﬁp)%zmyﬂm)%ﬂ@enyl) 1 -isopropyl -

2011/ O%&E&h@ﬁbp@@mgm@]a%@mnohn 5 yl) 1H- 1rn1dazo[4 5 b]pyrazm 2(3H)-one;

o- ( a- Tar GO PP RS k) b Bl e B S s P Ry i Bkenes, s
yrazin- @(@Wdlncmﬁl)ethyl% -6- (AC[lumOhn -5-yl)-1H- 1rn1dazoﬁ ,5-b]pyrazin-2(3H)-one;

cycl ohexyl net roxyphen azo[ 4,5-b azi n-2(3H) -one
ey 5-methyl-1-((S)- 1 phenylethyl) %/ (qulngll?n 5- Y) ?H 1rn1dazo[4 5 b]pyrazm l(g}il) -one; (3H)-

5 R0 b e AR R LN ABHERY I 1At A-REOk Pl BUHNAl: 2300 - 9B
-be“?aﬂ‘e%?n%e%%>46 e D e - 2( 3H) - one:
g&%@e&lﬁm@mbﬂyérm%ﬁmpﬂ mldaﬁv[&aszblpxraaub%é%ﬁ?;n- 2(3H) - one;

3 CQuch ARG TRV ik 15121 i dRvefacs: Bt 1330k dn: D1 Py azi n-S-y1) ben

zam de;
4- ( 3- (1efiepiehebeshytiet-ydiol - ©xD- 1H-8ndiapy{dsSeb]pitarim WAHAB4Ae;5- b] pyr azi n- 5-yl ) ben
zoat e;

1- ( Oy dr@HsEginwhsyIg-oc gy inelipn-wy Hyimifezold rblsprari e 263 hyenes i n- 2( 3H) - one;
4- (3- (1Q>1c(lp9h§1>ﬁyi OBLRYH - @ustn3-vh-dHdE Qo4 b Eaze b leyr azi n- 5-y1) - Nm

et hyl benzam d

1- (Q/dl-(dF(@XSIdme?c A Ethy18-6¢ @uinlelioSexdyiEt-inyi g zobk Dy azk-2(dlaers) 4, 5- b] pyr azi n- 2
7 by ar ke APy ety g e - il Sy izl SRR CHY - one

3 (Q/@In@hexyl met hyl ) - 2- oxo- 2, 3-di hydro- 1Hi m dazo[ 4, 5- b] pyr azi n- 5-yl )benzon
trile

1 (cyéﬂ -Ghekgrarét(hyphyodethy B2 hdidyd®- YHymidaze |t elpy[a#ins5b] pyr azi n- 2( 3H) - one;
4-(3- éW&Wgﬂyon)am%d 0x0- 2, 3-di hydr o- 1Hi mi dazo[ 4, 5- b] pyrazi n-5-y1) - Ni
é@ége zam de, ©

sopro

1-(2- W@F(M@lmfohyﬁplﬁeﬁybyld(l%b@b&ﬂyyl)l1Hhhﬂdﬂzdmb]%y&zbi perhaing; 2( 3H) - one;
1- (Cycl ghexyl nmet % 1h91I (1Hin IHIm dazo£4 3- b] pyrazi n- 2( 3H) - one;
t

3- ( 3- (AycaBReRyn ghezayk?khyl)zlfé 1@?4?%5405 B IyraAABED 215! b] pyr azi n- 5- yI ) ben

zam de.
6 (4 (A Simethylaminaraheny -ty Clepheny syl e DIy i 200D8ME) oy v azi n- 2(3
H) - ond:-phenyl-6- (qulnohn 5 yl) 1H- 1rn1dazo[4 5 b]pyrazm 2(3H)-ong;

gZI(flf gz—lél;ﬁ%xégléﬁl%lg Zéﬂ' Etgiﬁﬁér%%eqyyl)%lh eyrl)I gfi 1m1da?£oe4n§3tb?p%llrgz-ir% IZ+ 3iFBi dazo[ 4, 5-b] pyr
4- (3~ (YR 2y LM By 1 thgh DRy drod] FINAY Rzdi3-BlpdRzal-4. 5- bl pyrazin-5-yl) ben

zonitrile
1- ((15'1)@h§ny4ﬁm¢3thm1@s¢51fwl@mm@exyl) 6- (4- hydr oxyphenyl) - 1Hi mi dazo[ 4, 5- b] pyr azi

TR

-le—‘_-bU'l"

-2(3

) @?Féﬁ@%&}@&%ﬁﬁ’g}wp%méfk)y% {aphenglathy))- iﬁlma&a& ot AT HSPEYI RS2 3H) - one;
4- ( 3- By cpHRASNIHyMES- (t%hﬂolﬁr oXaztofis, By aadit (M deZo( 4, 5- b] pyrazi n-5-y1) - N
et hyl benzam de; 11/ 33PCT U82011/ 023 24 1

(c,yc|lomsdyp%Ylnwl)yl)@(%hy@oﬁylme@xwﬁbmda@wIS)tﬁpnerﬁm)ZGH) PR mi dazo [4, 5
-b
(gglﬁe@d?%ﬂ@gliobr%%rl Elxlmlgaznﬁ%bl]pﬁﬁaézﬁn §3}PI—E| m dazo [4,5

- b] pyrazi n-2(3H) -one; 4-(3 - (QIcIo‘ | met hyl ) - 2- oxo- 2, 3 -di hydr o-
1H i m dazo [4,5 -Db] pyrazin-5 -yl )benzoic acid; 6-(4- Hydroxyphenyl) 1
-(2-nmet hoxyethyl)- 1Him dazo [4,5 -Db]pyrazin-2(3H)-one;
6- (4- Hydr oxyphenyl)- 1 -(3 -nethoxypropyl)- 1Himdazo [4,5
- b] pyrazi n-2(3H) - one; 6-(4-Hydroxyphenyl)-4-(3 -nmethoxybenzyl)-3
, 4-di hydropyrazino [2,3 -Db]pyrazin-2(1H)-one; 6-(4-Hydroxyphenyl)- 1
-(2-(tetrahydro-2H pyran-4-yl)ethyl)- 1Him dazo [4,5 -Db]pyrazin-2(3H)-
one;



6- (4- Hydr oxyphenyl)- 1 -phenethyl- 1Him dazo [4,5 -Db]pyrazin-2(3H)-one; 1
-((1r, 40-4-Hydroxycycl ohexyl ) - 6-(4- hydroxyphenyl)-1Him dazo [4,5

- b] pyr aziwe208kpssae; 6-(4-( 1H 1 ,2,4-Triazol-3 -yl) plremykpo11/023524

-(cycl ohexyl nethyl)- 1 Himdazo [4,5 -b]pyrazin-2(3H)- one; 1

- (Cycl ohexyl net hyl ) - 6- phenyl - 1H-im dazo [4,5 -b]pyrazin-2(3H)-one; 1

- (Cycl ohexyl net hyl) - 6- (1H pyrazol -5 -yl1)- 1Himdazo [4,5

-b 2(3 hexy! | 6- | -4-y1)- 1Hinid
4 B G S%m%-mgw%%e%%@ﬁﬁ RN "~ oxor soi hdol  nep o
-y1)- eli@: #&&!@%ﬁel{ﬁ) 5( al%zm b3ty DRRiny: ﬁ% 1m(da%$t4T5 By Azel-2 -

-yl ) phenyI) (cycl o nethy 1FL|n1dazo 4, b] pyrazin-2(3 e; 1
- (Cycloobexyl net hyl ) - 6- (2 ox0|ndoI|n 5 - - 1H—|n1dazo [4,5

1 asoReBhe By et E%Lﬁe%l%zm Sh ARG ohe Y1)

- (Cyclsofzeptyd hyp 8- (Qﬁn@fﬁb Y- UHLlﬁngazogéﬂ-i b pyetdin @pnk 4, 5
- b] pyr azi n- 2( 3H) - one; 6- yphenyl - (tetrahydro- 2H—pyran 4-y1) -
1H i midd@z@- Mathsxy@pylb—azqm- F% ydmvéaZCGOﬁ% -blpoiragiy piydrly ayethyl benzamide;

i per t h raz 3 one; 1
b B R e T AT Ryddeo s RYRHEAE SRR "SI i dazo 14,5
-b]pynazyao&ﬁﬁH%(40®emm@ph&@McMDhﬁxuhﬂﬁBHMb%mﬁmCQSHydﬁ@xypyr|d|n 3 -yl)-
1H—|n1dazo [ %
- (Cycl4oR }?bﬁ%aslmfﬁwl)c%oﬁ%@ o Wprlai Hmaiam[jié -blpyiagingry gbqraamide;

B I L

2011/ QQ@BEH@WIMSH@I)%W&yI) 1H-imidazo[4,5-b]pyrazin-2(3H)-one;
4-(3-(Cyclohexylmethyl)-2-ox0-2,3-dihydro-1H-imidazo[4,5-b]pyrazin-5-yl)-N-
methylbenzamide;
1-(Cyclohexylmethyl)-6-(4-(hydroxymethyl)phenyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(Cyclohexylmethyl)-6-(pyridin-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
3-(Cyclohexylmethyl)-2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyrazin-5-yl)benzonitrile;
1-(Cyclohexylmethyl)-6-(1H-indol-5-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
4-(3-(Cyclohexylmethyl)-2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyrazin-5-yl)-N-
isopropylbenzamide;
1-(2-Hydroxyethyl)-6-(4-hydroxyphenyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(Cyclohexylmethyl)-6-(1H-indol-6-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
3-(3-(Cyclohexylmethyl)-2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyrazin-5-yl)benzamide;
6-(4-(Aminomethyl)phenyl)-1-(cyclohexylmethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-Hydroxyphenyl)-1-((1-methylpiperidin-4-yl)methyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;;
4-(3-(Cyclohexylmethyl)-2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyrazin-5-yl)benzonitrile;
1-((1s,4s)-4-Hydroxycyclohexyl)-6-(4-hydroxyphenyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(Cyclohexylmethyl)-6-(pyridin-2-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
4-(3-(Cyclohexylmethyl)-2-ox0-2,3-dihydro-1H-imidazo[4,5-b]pyrazin-5-yl)-N-cthylbenzamide;
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2- (4- (3-(Cycl ohexyl met hyl ) - 2- oxo- 2, 3-di hydr o- 1Hi mi dazo[ 4, 5- b] pyrazi n-5-yl)
phenyl) acetic acid;

2- (4- ( 3- (Wpebobmx3gB et hyl ) - 2- oxo- 2, 3- di hydr o- 1H i mi dazopéThAsbiippesszs n- 5-yl )
phenyl ) acetam de;

1 (Q/cl ohexyl met hyl ) - 6- ( 2- oxoi ndol i n-6-y1)-1Hi m dazo[ 4, 5- b] pyrazi n-2(3H) -0

o SRR i B B Body o S e M SaRRL o S B pue Rz B v - %
N- Met Ryk- 4- (2- oxo-3- ((tetrahydro-2H pyran-4-yl) met hyl) - 2, 3-di hydro- 1Hi m da
zo [4,5- b]pyrazin-5 -yl)benzam de;

4-(2- dx«ﬁl}@lO(héﬁ’xdme&iW)d@ﬂ Bytipyy-armathylpherst Y Yimia3o i Hythyowi-2 (3t dazo| 4, 5- b]
razi
Y s e A R s one et Etm A migesold S v gy ame@fzaw@cﬁ oyt azi -2

( 1H) - @0@; Hydroxyphenyl)-1- (22 rnethoxyethyl% 1H- 1rn1dazo[4 5- b]é) razm 2(3H) -on
6-(4-(2- droxypropan %p enyl)-1-((tetr g/ ro g ran- 4y|)rrethy|) 1H

im da260(4f y&oxyheyylddr@-met %yﬁlj(p@l) 1H-imidazo[4, b]pyrazm 2/3H) -one;

S.ZI( ﬁ @%ydr% e}’p]t?enélfl) Ql((t}et L )Yy%regzy%ﬁ? Hy({lﬁlydrop%agnqg[tzryb])py%m Ifelgﬁlz %L4 5-b] pyr

6- (4- (64674-Hy&oﬂyﬁﬁehﬂmL(23(t©tﬂahpmerm1byﬁhn(ﬁ( {1gdth @Ay Biciniddtopy, 5 dpydaxh 2Ry ) - 1H
-imdazo [4, 5- b]pyrazin-2(3H)

6- (1HBEénzo[ d] i m dazol - 5-y1) - 1- (cycl ohexyl met hyl ) - 1H i m dazo[ 4, 5- b] pyr azi n-

2(3H) -« i in- -one:
4 (2- ox(ge%y rgxyplheeﬁ"lg\hyp(j}egetgﬂ lHrlgl}lda ORﬁ‘rS) e]rpﬁ/ralz %(351 )(ﬂnﬁydr 0-1Hi m dazo[ 4, 5-b
pyr a1 54r)-HHpkozaycidaexyl)-6- (4 hydroxyphenyl) lH 1rn1dazo[4 5-b]pyrazin-2(3H)-one;

T i Rthonc AR PETBL o 988,

4 (ohEF | m dazol - 1-yl') phenyl) - 1- (cycl ohexyl rret hyI ) 1H i m dazol 4, 5- b] pyr azi
(3H) - one;
4- (liﬂ@yﬁlolleﬂylfheﬂafi)a@-pﬁerwﬂ)lblhmnsiaﬂéﬂaﬁ(bﬂmﬁammfﬂwmmxycycl ohexyl ) -1H i mi da

1
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i
Cycl ohexyl met hyl')-6-(2 K dr oxyp%/rl di n- 4dy im dazo[:‘4 5- b] pyrazin-2(3
- ond-(Cyclohexylmethyl)-6-(1 0x01somd011n yl)-1H-imidazo[4,5-b]pyrazin-2(3H 3
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1-(Cyclohexylmethyl)-6-(6-methoxypyridin-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-Hydroxyphenyl)-1-(tetrahydro-2H-pyran-4-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-Hydroxyphenyl)-1-(piperidin-4-ylmethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(((1r,4r)-4-Aminocyclohexyl)methyl)-6-(4-hydroxyphenyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-

CD;ECD;HDCD

ong;
1-(Cyclohexylmethyl)-6-(6-hydroxypyridin-3-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(Cyclohexylmethyl)-6-(2-methoxypyridin-4-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
4-(3-((1r,4r)-4-Hydroxycyclohexyl)-2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyrazin-5-

yl)benzamide;
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(3H)-one; 6-(3 -(1H1 ,2,4-Triazol-3 -yl)phenyl)- 1
1 JoheRfImetny)-4-(FHoksth@dae yfh- B1-iRlRYs[aZ- Bipgfadtd-2(3PMBne; 1

1

40-'4- ( Hydr oxymet hyl ) cycl ohexyl ) - 6- (4- hydr oxyphen 1?- 1Him dazo [4,5

)-3-methyl benzoic

S, 4s) - 4- et hoxycycl ohexyl )-1Him dazo [4,5 -b] pyrazi n-2(3H)-one;

6- (4-

[4,5 1
-((tetrahydro-2H pyran-4-yl)nmethyl) -
- (((10)ero2D Y esRRYERohexy! ) met hyl ) - 6- (4- hydr oxyphenyl) - 1Hi ni dazo [4, 5

C1

N> Mt yE Z4- (22630 { @teihy Brot IH-plyeinbyly b mib ittty Dy, 3-2iéHydlo-Y M) imidazo[ 4, 5-

B R e S

S, 4s) yihbelydnody cycl ohexyl ) met hyl ) - 6- (4- hydr oxyphenyl)- 1H i m dazo [4,5

o] P T S LRt 4 S BNy i 5 G B SR gy oy SUE REazo (4, 5

[d]imi

- b] pyr@@@%ﬁ?&%xﬁ}ﬁ%ﬂhﬁe{%@?@ﬁ[}I(iﬁ(%et@hw’ro(ﬁ{-p MRLARDG RO B hikiazobhts- 1

,2,4-triazol-3 -Yyl

IHim

) et rahydr o-2H pyran-4: "yl ) net hyl’) -
bdeyzrazip-2(3H)-tjpyr azi n- 2( 3H) - one;

6-(1H-Indol-5-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(4H-1,2,4-Triazol-3-yl)phenyl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo [4,5-
b]pyrazin-2(3H)-one;
6-(1H-Benzo[d]imidazol-5-yl)-1-(cyclohexylmethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
4-(2-0x0-3-(2-(Tetrahydro-2H-pyran-4-yl)ethyl)-2,3-dihydro-1H-imidazo[4,5-b]pyrazin-5-
yl)benzamide;
6-(3-(2H-1,2,3-Triazol-4-yl)phenyl)-1-(cyclohexylmethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-
one;
6-(4-(1H-Imidazol-1-yl)phenyl)-1-(cyclohexylmethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(1H-1,2,4-Triazol-3-yl)phenyl)-1-((1r,4r)-4-hydroxycyclohexyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(4-(2H-tetrazol-5-yl)phenyl)-1-(cyclohexylmethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(Cyclohexylmethyl)-6-(2-hydroxypyridin-4-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(1H-1,2,4-Triazol-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-imidazo [4,5-

b]pyrazin-2(3H)-one;
-48 -

roxyphenyl)- 1 -((1r, 4r)-4-(nmethoxynet hyl)cycl ohexyl)- 1Him dazo

1Himdazo [4,5 -Db]pyrazi n2(3H)-one;

1 -(2-(tetrahydro-2H pyran-4-yl)ethyl)-

1



6- (4- Hydr oxyphenyl)- 1 -(3 -(2-oxopyrrolidin- 1 -yl)propyl)- 1Him dazo
[4,5 -b] pyrazin-2(3H)-one; 6-(4-Hydroxyphenyl)- 1 -(2-norpholinoethyl)-
1H i m dazwo[241159783Bpyr azi n- 2( 3H) - one hydrochl oride; 1 PCT/US2011/023524
(Cycl ohexyl net hyl ) - 6- (4- (oxazol -5 -yl )phenyl)-1Him dazo [4,5
-b] pyrazin-2(3H)-one; 6-(2-Methyl- 1H b enzo [d]im dazol-5 -y1)-1
((tetrahydro 2H pyran-4-yl) nmet hy I) 1Himdazo [4,5 - b]pyrazin-2(3H)-one

hydE (()f n 4z é%ﬁg@az?ql{_(zgx} nﬂlg/ﬁ (I;}zé [In%/etéw JIH %g%zoféhg-é) payzrgzlm %(SIX)l gIP heny1)-

-b]IOyr zL R { 3 T8I 14 1phényh)- 1-(cyclohexylmethyl)-1H-imidazo[4,5-b -2(3H
4s) 6?1( dr'oxymet hyl) ]yc{}ocl%y%%am;c%co exyme dyr)oxyplﬁlénafog 1 ylra}%l%a(zo)M 5

-b]pyroaz,l n2(3H) - one; 6-(3 -Methyl - 1H-pyrazo| 4-y1) -

6! ¢ P AR V¥ BL  rdblaid ?Pf‘/?ia%*/ﬁs&hﬁb%ﬁ S e s

- b] py n3@gyjrizig 084 y-one; 6- (2- Am no- 1H benzo [d]i m dazol -yl -1
-((tetrahydro-2H pyran-4-yl)nmeth 1H i m dazo ]pyra2|n 2(3H) - one
di hydr@c’ﬁlchlﬁK}déleﬂﬁﬂh)A@IrS“( zww&lélxi/aﬂdplamléi ylmhﬁnxlﬂfl&lmlﬂazp{ﬂ Pitdpyrzig-

-yI)pI} }1]2) ((tetrahydro-2H pyran-4- yl)nethyl)- 1Him dazo [4,5
- ]pyr lﬁe(’3l—|) one; 6-(4-(5 -lsopropyl- 1H1 ,2,4-triazol-3 -yl)phenyl)-
1 - ( ( t6e(f4t(ahyﬂj71@zo'il'} jbl))qﬂ&ﬁylé- lydc}rﬂfehémzllmethﬂdbﬂ 1M~ dﬂlzl@zo[m 55>]p§&]aﬂw2@3H)1012a( 3H) - one;

4-(2- 5% I% 1H i m daz 4, b] pyr azi n- yI)b enz
am de 6h(;4dﬁ'1 ﬂyr@;qltfeyl)me(lxl) l(-QcIclohexy rnethyl) lH 1rn1dazo 4,5 b]pyrazm 2(3H)-on
Z m43)e 64%1"(%5(’('%%@&%&8& Bz’@ffi‘é‘%{uf‘ﬁ’?l/)pﬂéﬁy‘l)rﬁ @z RhkAymerRl P %ﬁd&z@ﬂysl) b enz

S, 4s)-b4p§(rmnhno3ﬂ)¥mdiyyd)rmhdﬁmhexyl) 1Him dazo [4,5 -Db] pyrazin2(3H)-one; WO
2011/ 09

6 ( SHITSROPGFATS By -G i Bugromet( Ui afyevol B g ARgysheelyfy - 1
m daz B _tglgy)r@gel n- 2( 3H) - one;
1- (2- (2,2- Di net hyl t ét r ahydr o- 2H pyr an- 4-yl ) et hyl ) - 6- ( 4- hydr oxypheny1) - 1Hi m
i dazo [64(45Hy(hppyplanyh)-l A( BHr)-dmegthoxycyclohexyl)-1H- 1rn1dazo [4,5-b]pyrazin-2(3H)-one;
6-(4-Hydroxyphenyl)-1-((tetrahydrofuran-2-yl)methyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(3-(1H-1,2,4-Triazol-3-yl)phenyl)-1-(cyclohexylmethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-
one;
1-((1r,4r)-4-(Hydroxymethyl)cyclohexyl)-6-(4-hydroxyphenyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(4-Hydroxyphenyl)-1-((1s,4s)-4-methoxycyclohexyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-Hydroxyphenyl)-1-((1r,4r)-4-(methoxymethyl)cyclohexyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(1-Methyl-1H-pyrazol-4-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
1-(((1r,4r)-4-Hydroxycyclohexyl)methyl)-6-(4-hydroxyphenyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(4-Hydroxyphenyl)-1-((tetrahydrofuran-3-yl)methyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
1-(((1s,4s)-4-Hydroxycyclohexyl)methyl)-6-(4-hydroxyphenyl)-1H-imidazo[4,5-b]pyrazin-

2(3H)-one;
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6- (4- (1H Pyrazol -1-yl ) phenyl)-1-((tetrahydro-2H pyran-4-yl)nmet hyl)-1Hi m da
zo[ 4, 5- b] pyrazi n2( 3H) - one;

6- (4- (4HWo2pt/0br33azol - 3-yl ) phenyl) - 1- ( 2- nor phol i noet hylprTAlS201mi0eEE20[ 4, 5- b]
pyrazi n-2(3H)- one;

6- (4- (1H Benzo[ d] i m dazol - 2-yl ) phenyl) - 1- ((tetrahydro-2H pyran-4-yl ) net hyl)
-1Him dazo[4 5 b] pyrazi n- 2( 3H) - one;

ng)? 4(658__Ir FJOF il’Hl o{-}l) 3?]3—[]'@(%% éliyéié%-&g l)rnetf?ylg ?ﬂ:idrfﬁi E!,Z)OEEFg tt]) Ily)raz:lﬁ'l_-l- hmd
6- (4- Q?ﬁj—b;@gwmﬁ&yd?-ll—l—l 2, 4 triazol - 3 yl)phenyl) 1- ((tetrahydro-2H pyr
an- 4-y1) net hyl") 1H-|mdazo[45b] yrazi n-2( 3H) - one;

6- (4- (6164-05r(ﬂ\¢taph;¢1;®n5dﬂ)yrb}aéﬁ‘ly113 4lﬂﬁz(oﬂéf}rlhihmlbiﬂ%@a}hydm—Z,HyﬂY)fﬂEﬂhy| )-1Himd
4 - 2(3H) -one h hi ori d
22?5 @&}e@éﬁ%ﬁﬁﬁ% az§fi1f%-gﬁ3§§%‘ij’-§{3 Qﬂ%;ll Zeyl)rret hyl ) - 1Hi ni dazo[ 4, 5- b] pyr az

i n-2( =& oxyphenyl)-1-(3-(2-0x0 rrohdln l- Dpropyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-ong¢;

6- (4- (%5045 yphy }-,)H-(I n(l dazg -2-y1 g{yd)epn pl}s) 1-( tetr%hg ]rpg 2H pglra)n 4-y1) me
t hyl ) Sty drazathen )4 @ymerphalimqeti))- emlda20[4 5 b]pyrazm (3H)-one

6- (4- (th- LnRrids -.Iriazol -5-yl)phenyl)-1-(((1s, 4s)-4-nethoxycycl ohexyl) met hyl)

“1H Y 1anzco F 5- b] pyrazi n-2(3H) - one;

? H( 4- (%a@yblozmﬁylﬁfeu@zm (éﬁ(oéda)z(ﬂf&m)ﬁheniz})(lﬁ irhiddgb[45nEphaxincy(eHpbexy| ) met hyl ) -
i mda
6- ( 6- 1@M[e§1yltlfﬂrl? Q{Idllau@qZ))bényll)dl Klqrayxsimlzféw@ﬂlr‘hﬁk)@ﬁ%w@H%Wéiﬁm{“;ﬁr) met h

yl)-1 3H) - one;
6- (4- ?quﬁ %Q&ﬁqf’l az %%yhr%%enyl) -1-(2-(2-oxopyrrolidin-1-ypethyl)-1Him
dazo[ #- @(SMh@@mmth':}(lBﬂ-l)l Iohéstriazol- 3-yl)phenyl)-l-((tetrahydro-2H-pyran-4-yl)rnethyl)-

6- (4- h 1H1,2,4-tri | - 1) ph |)-1-((tetrahyd
0- (2H- é@%ﬂﬁzﬁh Tﬁ%g EIFLQ gﬁﬁ% dazo[4 5- b] L;/?ggl n- 2{3%4')0 gﬂg )- Si((-e {/\?) -
2011/ q9ﬁ(§s’3&? @@tﬁ%%{%ﬁ%ﬁoﬁeiﬂ wﬂ-'h%fﬁ()f?ﬂ%{})@])) lHllrmdazo[4 5 b]pyrazm-

-(pyrroli yl met'hyl Him azo[4 pyrazi n-2( 3H) -
hydr ok} ldr-omte;
6-(3-Methyl-1H-pyrazol-4-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;

6-(1H-Pyrazol-4-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-
one;
6-(2-Amino-1H-benzo[d]imidazol-5-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo[4,5-
b]pyrazin-2(3H)-one di hydrochloride;
6-(4-(5-(2-Hydroxypropan-2-yl)-1H-1,2,4-triazol-3-yl)phenyl)-1-((tetrahydro-2H-pyran-4-
yl)methyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(5-Isopropyl-1H-1,2,4-triazol-3-yl)phenyl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-
imidazo[4,5-b]pyrazin-2(3H)-one;
4-(2-Methoxy-1-(2-morpholinoethyl)-1H-imidazo[4,5-b]pyrazin-6-yl)benzamide hydrochloride;
4-(1-((1s,4s)-4-Hydroxycyclohexyl)-2-methoxy-1H-imidazo[4,5-b]pyrazin-6-yl) benzamide;
6-(4-Hydroxyphenyl)-1-((1s,4s)-4-(methoxymethyl)cyclohexyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
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6- (2- Ami nobenzi m dazol -5 -y1)- 1 -(cycl ohexyl nmethyl)-4-imdazolino [4,5

- b] pyrazi n-2-one di hydrochl ori de; 6-(2-(D nethylam no)- 1H benzo

[d] i mi dazwb-2B11/091333 1 - ((tetrahydro-2H pyran-4-y1l) net hplcrAusiHitoestazo [ 4, 5

- b] pyrazi n-2(3H)-one; 6-(4-Hydroxyphenyl)- 1 -(piperidin-3

-yl methyl)-1Him dazo [4,5 -Db] pyrazin-2(3H)-one; 6-(4-(4H 1 ,2,4-triazol-3
-yl )phenyl)- 1 -(2-(piperidin- 1 -yl)ethyl)- 1Himdazo [4,5

- b] pyrazi n: 2(.3H) - e hydrochl oride; 1 e

- ( c,yc|6oé%f}w1§ﬁ%ﬁ%ﬂm@n-@rﬁé}-wft% 5y frybmehiy - 1Himidazald s [ 4, 5

- b] pyr@;}irgz-ig(z@ﬁ ofle; 6-(3 -nmethyl-44 1H 1 ,2,4-triazol-3 -yl)phenyl)- 1

-((tetrdahydro-2H pyran-4-yl)methyl)- 1H imdazo [4,5 -Db]pyrazin-2(3H)-one;
1 - ( OfelZelBexDimethidtiahgdro2H-pyrmptdrphstby hrpHdriydoxyyphényid] Ih-imidagd[y5-

1H i m.dazo . - b] pyrazi n2(3H) -one; 6-(4-(5 -((nmethylam no)nmethyl)- 1H 1

, 2, 4- tbﬁil?yﬂ%{é@)w%eghenyl) - 1 -((tetrahydro-2H pyran-4- yl)methyl)-

IHIm P - Ln- ; :j%ﬂ@ Ok i -1
-(2-(te§rar}11y rro%oée]#%%lg%ﬁyg-la(a)%gﬂwﬁzl I m gazo [%flg - b]lgilzf%%ibn- (g?{—bﬂ_) one;

6- (4- @3Hheadyl - 1H 1 ,2,4-triazol-3 -yl)phenyl)- 1

e N AT S Ml ) ety s 250

- (2- (toaky ahydr o- 2H-pyran-4-yl)ethyl)-1Him dazo [4,5 - b]pyrazi n-2(3H)-one;

6-(4-(44H 1 ,2,4-triazol-3 -yl)phenyl)- 1 o

- (2- mérHy(lHbB AR idar ﬂmnzlmlr&%eaa&wr?-Z,Hﬁpyralbﬁml}%hﬁ)-i Hsimyidazet.S-

T g AUt T ezt a3k Toner L Trpreltnopropan#yh-
6-(4-(1H-Imidazol-2-yl)phenyl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo[4,5-
b]pyrazin-2(3H)-one hydrochloride;
6-(4-(5-(Hydroxymethyl)-1H-1,2,4-triazol-3-yl)phenyl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-
1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(1H-Imidazol-5-yl)phenyl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo[4,5-
b]pyrazin-2(3H)-one hydrochloride;
6-(4-Hydroxyphenyl)-1-((5-oxopyrrolidin-2-yl)methyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(4,5-Dimethyl-1H-imidazol-2-yl)phenyl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-
imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(1H-1,2,4-Triazol-5-yl)phenyl)-1-(((1s,4s)-4-methoxycyclohexyl)methyl)-1H-imidazo [4,5-
b]pyrazin-2(3H)-one;
6-(4-(1H-1,2,4-Triazol-5-yl)phenyl)-1-(((1r,4r)-4-methoxycyclohexyl)methyl)-1H-imidazo[4,5-
b]pyrazin-2(3H)-one;
6-(6-(1H-1,2,4-Triazol-3-yl)pyridin-3-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-
imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(1H-1,2,4-Triazol-3-yl)phenyl)-1-(2-(2-oxopyrrolidin-1-yl)ethyl)-1H-imidazo[4,5-
b]pyrazin-2(3H)-one;
6-(4-(5-((dimethylamino)methyl)-1H-1,2,4-triazol-3-yl)phenyl)-1-((tetrahydro-2H-pyran-4-

yl)methyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
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6-(4-(Pyrrolidin-2-yl)phenyl)- 1 -(2-(tetrahydro-2H pyran-4-yl)ethyl)-
1Himdazo [4,5 -Db]pyrazin2(3H)-one; WO 2011/097333PCT/ US2011/ 023524
6- (4- (5 -warmbnomwetsdyl )- 1H 1 ,2,4-triazol-3 -yl)phenylpPcTAUS2011/023524
-(2-(tetrahydro-2H pyran-4-yl)ethyl)- 1H m dazo [4,5 -b]pyrazin-2(3H)-one;
645 - (Hydroxynet hyl)thi ophen-2-y1)- 1

((tetrahydro 2H-pyran 4-yl)methyl )-1Him dazo [4,5 - Db]pyrazi n-2(3H)-one;

(1r, 40- yphen 2- 0X0- ydro- 1Him [4,5

" b] py e Iﬁydr e)%k% @M@Qﬁ%@@aﬂmﬁ ﬁfé-lm@% a5 1pyrazn- S0 -dnc

S, 4s) ;‘ydfo‘éhl(oﬂdwdr oxyphenyl) - 2- oxo- 2, 3 -di hydro-1Him dazo [4,5 -Db]pyrazin-
1 - yl)cycl ohexanecar boxam de; 6-(4- (5 -methyl- 1H 1 ,2,4-triazol-3

-yl ) plte@yAninobengigidazobhrgyDi h(xefc}mhb)ylmmhyl)m dalzlaqump[;l S-b]mfyatzalz 2redH) - one;

64445 gx rr.olidin-3 -yl)phenyl)- 1

-(2- (thzg Wﬁﬁ% 6% 2 pyran-4-yl ) et hyl )- 1H-i ni dazo [4,5 - b] pyrazi n- 2( 3H) - one:

6- (4- (R hfeﬂig[h‘rﬁno)ﬂl)l%ﬁib({&%nuﬂazol(?g()tle FcRRM $Hre- %prmﬁamyl?lnﬁéﬁby@t wl) -
one;

IH i m dazo yrazi n2 benzo [d]Im dazol -5 -y1)- 1
-(2- (tl@!dﬁéﬁ eﬁ*b]PZHZpyz(éH—)ﬂH?J )et hyl)- 1Himidazo [4,5 -b]pyrazi n2(3H)-one;

6-(3 t

(et X IR Bl PR LR S bt midaol 5 b Imyrasin23E0n% - 2( 319 - one
645 (62(4'434@'Ir DXMeﬁrlfaxdl)I iﬂﬂ)ﬂmﬁ?l) IZGZY(-biperlllnr-((yl)Eﬂl'YBhIsHiﬁrﬁrdatb[mﬁﬂﬂpyﬁzm@(ﬁﬁbhy| )
1H-i m dazo [45- b] pyr azi n- 2(3H)-one (Q/clohexylrrethy) 6- (pyrimdin-5

-yl) - onpihydoghlogd 4,5 -b] pyrazin-2(3H)- one 6- (6- Fl uoropyridin-3 -yl1l)- 1

LR TR R b S e R

[4,5 -oappyrazin2(3H)-one; 6-(4-(5 -nmethyl- 1H i m dazol -2-yl)phenyl)- 1

- ( tets (q;»h&/let yl- -(1 IR%EZ%Q—&?&Z%'I-)Z» [Tﬁ)tpmgrll}l)_- 1 -]((tHétrahydro-2H-pyran-4-yl)rnethyl)- 1H-

imidazo[4,5-b]pyrazin-2(3H)-one;
1-(Cyclohexylmethyl)-6-(2-(2-methoxyethylamino)pyrimidin-5-yl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(4-(5-((methylamino)methyl)-1H-1,2,4-triazol-3-yl)phenyl)-1-((tetrahydro-2H-pyran-4-
yl)methyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(5-Oxopyrrolidin-2-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-imidazo[4,5-
b]pyrazin-2(3H)-one;
6-(4-(5-methyl-1H-1,2,4-triazol-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-
imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(1H-imidazol-2-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-imidazo[4,5-
b]pyrazin-2(3H)-one;
6-(4-(4H-1,2,4-triazol-3-yl)phenyl)-1-(2-methyl-2-morpholinopropyl)-1H-imidazo[4,5-
b]pyrazin-2(3H)-one;
6-(4-(4H-1,2,4-Triazol-3-yl)phenyl)-1-(1-morpholinopropan-2-yl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(4-(Pyrrolidin-2-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-imidazo[4,5-b]pyrazin-

2(3H)-one;
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imdazo [4,5 -b] pyrazin-2(3H)-one; 6-(4-(5 -Methyl-1H 1 ,2,4-triazol-3
-yl )phenyl)- 1 -(2-(2-oxopyrrolidin- 1 -yl)ethyl)- 1Him dazo [4,5 -

b] pyr azi wd(28H)o9asse; WO 2011/ 097333PCT/ US2011/ 023524  PCT/US2011/023524

6- (6- (Met hyl am no)pyridin-3 -yl)- 1 -((tetrahydro-2H pyran-4-yl)nethyl)-
1Himdazo [4,5 - b]pyrazin-2(3H)-one; 6-(2-amnopyrimdin-5 -yl)- 1
-(cycl ohexyl net hyl )-1H i m dazo [4,5 -Db] pyrazin-2(3H)-one;

6& E ?1562% ARt O@@}éﬁbﬁéﬁrﬂﬁpﬁ% B]hen>119+1r%(aearfeyfrg;%i-pyran-ét-yl)ethyl)-1H-

b] pyrfﬁﬁ(ﬁzg[(él%l_[p%h‘%m- ~Ja¥droxyphenyl1)- 1 -(( 1 -nethyl piperidin-3
-yl) nmet hyl) i'mdazo [4,5 -b]pyrazin- 2(3H) one; 6-(2-nethyl-44 1H 1

, 2, 4- t6FG5a(ibdd¥®<yn}dﬂ)y@)’ﬂhnyllﬁ)n-2-Il) i(dictiabydrasdFtippragi-pymethy B-j1-jreiclgd[4.5- 1H

i m da%glw[ér razin-2(3H)-one; 1

-(cycl r‘?‘éﬂﬁ% »6- (6- (2- hydr oxypropan-2-yl)pyridin-3 -yl)- 1Him dazo
4,5 Ha@L(m oA hytliddz i1 -
[((tei(!rpﬂaﬁgd?% (Zﬁq%dﬁé}?ﬁ@n IF)Q%Pﬁy?/d ﬁbﬁfﬁlﬂdgﬂ% F%O%B-ﬁﬁtr)] p%rég)f%d%(m—l) one;

6- ( 1HhgEanEEarp @P}Eifmd@i;azol 6-y1)- 1 -(((1r,40-4-nmethoxycycl ohexyl)nethyl) -

1H
- di Imrent gsa%s(a 4IL—€6 (%1% S50 1? 2henl_ﬁij5 %ﬂ?/dr? i%lg%%lé} %g(]_ﬁyra 11}-_1- 1Hi mi dazo [4,5
- b] pyrya)zyﬂalﬁéscbihedaﬂﬁ)xa&c(eﬁ (2 hydr oxypr opan 2- yI )pyrl d| n-3 -yl)- 1

-((tetrahydro-2H- [4 b] pyr azi n-2( 3H) - one;
6- ( 6- (2 rédp@ﬁ@ylp}lgr}gﬁﬁm%o é;yrl]pap%dgl (%T}Qrpllohnoethyl) lH 1rn1dazo[4 5-b]pyrazin-
-(2-(t ﬁrl)'g dro-2H pyran-4-yl)ethyl)- 1H imdazo [4,5

-b] pyrazin-2(3H) - one
6-(4-(5-Oxopyrrolidin-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-imidazo[4,5-

b]pyrazin-2(3H)-one;
6-(4-(Pyrrolidin-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(1H-benzo[d]imidazol-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(3-(Hydroxymethyl)thiophen-2-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo[4,5-
b]pyrazin-2(3H)-one;
6-(5-(2-Hydroxyethyl)thiophen-2-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo[4,5-
b]pyrazin-2(3H)-one;
1-(Cyclohexylmethyl)-6-(pyrimidin-5-yl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(6-Fluoropyridin-3-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(6-Aminopyridin-3-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;

6-(4-(5-methyl-1H-imidazol-2-yl)phenyl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-
imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(5-Methyl-1H-1,2,4-triazol-3-yl)phenyl)-1-(2-(2-oxopyrrolidin-1-yl)ethyl)-1H-imidazo[4,5-

b]pyrazin-2(3H)-one;
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6-(4-(4H 1 ,2,4-triazol-3 -yl)phenyl)- 1 -(2-norpholino-2-oxoethyl)-
1Himdazo [4,5 -Db] pyrazin2(3H)-one; 6-(4-(4H 1 ,2,4-triazol-3

-yl ) phenyp-2811/00e388| ohexyl nmet hyl ) -3 , 4-di hydr opyrazi no [P2Ta/S2011/023524

-b] pyrazi n2(1H)-one; 6-(4-( 1H 1 ,2,4-triazol-3 -yl)phenyl)- 1
-(2-(tetrahydro-2H pyran-4-yl)ethyl)- 1Himdazo [4,5 -

b] pyridin-2(3H)-one; (R -6-(4-( 1H 1 ,2,4-triazol-3 -yl)phenyl)- 1 -(1

-phenyl ethyl)- 1Him dazq [ 4,5 -b]lpyrazin-2(3H) -one; (S)-6-(4-(1H 1

2, 4- t@&a&?tg‘ﬁaﬂv}obmgﬁv%ﬂ)'l‘((t%tiﬂj‘hyﬁ%%Tpé(fW%_%’DW%YM' ﬁé‘i’é‘l‘%a&?[g"ﬁ

- b] pyhaéiBsinh rone; WO 2011/ 097333PCT/ US2011/ 023524

(1r, 4(@ (6- (4- (2- hydr oxypr opan- 2-yl ) pheny1) - 2- oxo-2, 3 -di hydro- 1H i nmi dazo
[4,5 -b(2pamiagpyrimilin-Syl)y byoichihexgdmetant o bht-amidieo[465>-b Pyravbt-BpE)Hn¢1H 1

,2,4-Triazal -3 -yl )phen - - et rahydr.o- 2H pyr ans 4-yl hyl)) -

i da g n A P g S P R PR D B by ot

- (2- (tgpyr@hiN I THREhRYr an- 4-yl ) et hyl ) - 1Hi m dazo [4,5 - b] pyrazin-2(3H)-one;
6-(4-(5-(Amnonethyl)- 1H1 ,2,4-triazol -3 -yl)phen 1%}- 1

-(2-( Mr@WY@hmaﬂbW@nmﬂﬂlylpymm-ﬁ-yl)mthﬁlhéédn{lda,zgfl% phyraem-aC2D3IME: one;

6- (1HDb i | -5 vl -(2-6t h r2H -4- t hyl) -
Th i meassepa s B S mab sl prinal S ERUERP Ak AR g )
é(%clﬁ%emﬂ4mﬁb]py§agmﬂgeﬁﬁ(o%azo Eﬁl‘i - b] p_y(rjazi g-Zl(BH)iﬁnle; 1H i i d (45
- (4- roxyphenyl) - - - me i peridjn-2- e - i m dazo [4,
b1 by M FO RO GG RSO PIRPan G T Ry W gzl Sblpy etz - 3
-yl )p@gﬁ)l_g-e.l -((tetrahydro-2H pyran-4-yl)nethyl)- 1H imdazo [4,5

- B] pyr azi n-Ik(’SH) -one; 1

- ( Cycléofdethytireyimyihy 1)t §ire -2~ yiy-d r(Coetr piryaipa A H2p yyrhr)-pyst natithng] B 1 HyiiidazdH, 5-m dazo

L4, 5 iR ond - one
6-(1H-benzo[d]imidazol-6-yl)-1-(((1r,4r)-4-methoxycyclohexyl)methyl)-1H-imidazo[4,5-
b]pyrazin-2(3H)-one;
6-(4-(4,5-dimethyl-1H-imidazol-2-yl)phenyl)-1-(2-morpholinoethyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-
imidazo[4,5-b]pyrazin-2(3H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-
imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(4H-1,2,4-triazol-3-yl)phenyl)-1-(2-morpholino-2-oxoethyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(4-(4H-1,2,4-triazol-3-yl)phenyl)-3-(cyclohexylmethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
6-(4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-imidazo[4,5-
b]pyridin-2(3H)-one;
(R)-6-(4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
(S)-6-(4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
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6- (6- (2- Hydr oxypropan-2-yl)pyridin-3 -yl)- 1
-((tetrahydro-2H pyran-4-yl)nmethyl)- 1H imdazo [4,5 -Db]pyrazin-2(3H)-one;
6- ( 6- ( 2- Ryoroxypraspan- 2-yl )pyridin-3 -yl)- 1 PCT/US2011/023524
-(2-(tetrahydro-2H pyran-4-yl)ethyl)- 1H imdazo [4,5
- b] pyr azi n- 2(3H) one; 6-(4-(4H 1 ,2,4-Triazol-3 -yl)phenyl)- 1

- (2- nor phol i no- 2- oxoet hyl )- 1Him dazo [4,5 -Db]pyrazi n2(3H) one;

R) - 6- T I 1 -
(4) a oo <a§w§@x%io%%%} ﬁﬁl)é%iﬁ%ﬁﬁ% Ok S i) BTy derpbupb yrazin-1-
'g,qjcgglglllexgnedémoggﬁmél) -(1 -phenyl ethyl)- 1Himdazo [4,5
-B]pyra2|n 2(3H)- one; (9 - 6-(4-(4H— 1 ,2,4-Triazol-3 -yl)phenyl)- 1 -(1

- pheny-@tMygthyl-4+H Hri El,éZT:rle{zdl, 5yhphoyw k- (et@h 8éo-2Hbpgran-AA0)methyl)-1H-

2011/ 097 S2011/
(1r, 46%556%@((54%? &Q@p‘?ngpan 2-yl ) pheny1) - 2- oxo- 2, 3- di hydr o- 1Hi mi dazo

[4,5 Wit zol 2=y 1 YIhk e - QD §¥edia B edra PRy aiah dey et 1 H-imidazo[4,5-
6- (4-(5- l\gt hyl-1H 1, y)ﬁ4 t%l?;agolq 3- %pheng%ah e}(,)Z 1E[)S'?)eitrahydro[ZI-I- pyran-4-yl
) et hyl )]P}Iﬂﬁlmzﬁﬁiboqﬁﬂ 5 -b]pyrazin-2 (3H)-one , and pharnaceutically

e 6. 05 i SL AL L850 4 i PR Pl M S By

i ncl udgidzesEREIbRsrdzav2Be)iohe; fol | owing formula (11):
6-(1H-benzo[d]imidazol-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(2-Aminopyrimidin-5-yl)-1-(cyclohexylmethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-Hydroxyphenyl)-1-((1-methylpiperidin-2-yl)methyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-one
hydrochloride;
6-(3-Methyl-4-(1H-1,2,4-Triazol-3-yl)phenyl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-
imidazo[4,5-B]pyrazin-2(3H)-one;
1-(Cyclohexylmethyl)-6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
6-(6-(2-Hydroxypropan-2-yl)pyridin-3-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-1H-
imidazo[4,5-b]pyrazin-2(3H)-one;
6-(6-(2-Hydroxypropan-2-yl)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-
imidazo[4,5-b]pyrazin-2(3H)-one;
6-(4-(4H-1,2,4-Triazol-3-yl)phenyl)-1-(2-morpholino-2-oxoethyl)-1H-imidazo[4,5-b]pyrazin-
2(3H)-one;
(R)-6-(4-(4H-1,2,4-Triazol-3-yl)phenyl)-3-(cyclohexylmethyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
(R)-6-(4-(1H-1,2,4-Triazol-3-yl)phenyl)-1-(1-phenylethyl)-1H-imidazo[4,5-B]pyrazin-2(3H)-
one;
(S)-6-(4-(4H-1,2,4-Triazol-3-yl)phenyl)-1-(1-phenylethyl)-1H-imidazo[4,5-b]pyrazin-2(3H)-

one;
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/LNX R1L 11 NyB 1: 2NR3R4 (11) and pharmaceutical ly acceptable
salts, clathrates, solvates, stereoisoners, tautoners, and prodrugs

t her eof , Wwbenai/(97333 R is substituted or unswrbtisteutmess24

C _8al kyl, substituted or unsubstituted aryl, substituted or unsubstituted
het eroaryl, substituted or unsubstituted cycl oal kyl, or substituted or
unsubstituted heterocyclyl al kyl ; -X-A-B-Y- taken together form

-N(R2) O)NH  -N(R2) C(0) CH2NH-, -N(R2) C(O0).NH-, - C=N-, .or .

- m)(%z-‘i -(éﬂﬂ-<?@%awpé%&an§;ﬂgeheﬂw§ro ,-%-&hy%m-14%5%@%-@%@%@ ed
or unsestibidkafaPox8Rldeyhnd Substituted or unsubstituted aryl, substituted
or unsubstituted heteroaryl, substituted or unsubstituted cycl oal kyl, or

subst iGt@t@eMeothylrhHel 3 #ittiatod3 -1 frthenyloy) e Py(tedrlakydrp-2hdyRB-4ayloktiRd)-d He
i ndependent |y, or G kyl . WD 2011/ 097333PCT/ US2011/ 023524 [00232] I n
one e%b%?ﬂ%rﬁ'ﬁpyﬁémré%ioﬁﬁse inhibitors of formula (11) are those wherein
- X- AaBd YharhkenichRg 8sdptablea iy, <N leCHI S Nitbreoisomers, tautomers, and

prodrugs thereof.

[00231] In one embodiment, the TOR kinase inhibitors include compounds having the

following formula (II):

Y Y
N / . /B
o) NR3R*
(Im

and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,
tautomers, and prodrugs thereof, wherein:

R! is substituted or unsubstituted Cisalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl;

-X-A-B-Y- taken together form -N(R*)CH,C(O)NH-, -N(R*)C(O)CH,NH-,
-N(R*)C(O)NH-, -N(R*)C=N-, or -C(R*)=CHNH-;

L is a direct bond, NH or O;

R’ is substituted or unsubstituted C;_salkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl; and

R? and R are independently H or C;_salkyl.
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[ 00233] I n anot her enbodi nent, the TOR ki nase inhibitors of fornula (I11) are
t hose wherein -X-A-B-Y- taken together form-NR2)C(0) CH2ZNH-. [00234]1n
anot her ewbadimmm33 the TOR ki nase inhibitors of fornmul acgluspoianessehose
wherein -X-A-B-Y- taken together form-N(R2)C(0)NH. [00235]1In anot her
enbodi nent, the TOR kinase inhibitors of formula (I1) are those wherein
-X-A-B-Y- taken together form-N(R2)C=N-. [00236] I n anot her enbodi nent, the

TOR ki pase inhihitors of formyl ) are_ those wherein -X-A-B-Y- taken
t oget Hﬁ&ﬁbr m - ¢ RDS geﬁmwen%a%#maémhvmwr% EW@R{I? e HBOSPHRCKS R as e

i nhi bixt ar 8_pf k& WBbded folnh -RME)ENs@WIRrein L is a direct bond. [00238]In
anot her enbodi nent, the TOR kinase inhibitors of fornmula (Il) are those

wher ei[#02R3] i s subsnéthertaaboalimént, thadiORakingseshibitatsed foineny (1I) ro0@39] | n

anot her, enbaodi , . the TOR kinase pnhihitgors. of formula (11) are those
Mereiwpeﬁl??g'é%g ff%?w%rm&#magﬁﬁ@éroaryl, such as substituted
or ungods4) t ut edn RNGthéel dhbodsHBE! tht TIORdkPbscARRBRSEI of ¥ @eh1d (TS tHOKe
substituted or unsubstituted quinoline 00240] I n anot her enbodi nent, the

TOR kivhesan FXihHi-Yotaentogethentira NR)CEPANHhose wherein R is substituted
or un g@;ﬁ] t ut eqn gxgthgraelmktyoldiménl{f: ttf'le éﬁ)fﬂl%ggel i%Hi%ﬁgrs%If féjrrr]nsu"llg ai)l ¥ %h%%ie

cyclo
wherein -X-A-B-Y- taken together form -N(R*)C=N-.

[00236] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein -X-A-B-Y- taken together form -C(R*)=CHNH-.
[00237] In another embodiment, the TOR kinase inhibitors of formula (II) are those

wherein L is a direct bond.

[00238] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein R' is substituted aryl, such as substituted phenyl.

[00239] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein R' is substituted or unsubstituted heteroaryl, such as substituted or unsubstituted
pyridine, substituted or unsubstituted indole or substituted or unsubstituted quinoline.

[00240] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein R' is substituted or unsubstituted cycloalkyl, such as substituted or unsubstituted
cyclopentyl.

[00241] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein -X-A-B-Y- taken together form -N(R*)C(O)NH- and R' is substituted aryl, such as
phenyl.

[00242] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein -X-A-B-Y- taken together form -N(R*)C(O)NH- and R' is substituted or unsubstituted
heteroaryl, such as substituted or unsubstituted pyridine, substituted or unsubstituted indole or

substituted or unsubstituted quinoline.
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[ 00241] I n anot her enbodi nent, the TOR ki nase inhibitors of fornula (11) are
t hose wherein -X-A-B-Y- taken together form-N(R2)C(O)NH and R is

subst i t utwd 2arwyd973zsuch as phenyl. [00242] I n anot her enbedirmsedi/oeises TOR

ki nase inhibitors of formula (I1) are those wherein -X-A-B-Y- taken
together form-N(R2)C(O)NH and R is substituted or unsubstituted

het eroaryl, such as substituted or unsubstituted pyridine, substituted or

2011/ S pCT) (RS ommiesbmptiosadikSho: HBPEOR AR (L LHE R ki nase

i nhi biyir§n ok A 9 fubdeh ldobtiRE foriNRERY)MONEH DN andR Pis Budstith @k 6PutQeglitygy form
-N(R2)C(O)NH and R is substituted or unsubstituted cycloal kyl, such as

subst icydbeliylbsudiressbbititited edursybstoped cydlopdn®d244] | n anot her enbodi nent, the

TOR Ki i nhi bhitors of .faornula re t.hose wher.ei n i S substituted
G MR L oo T Beritaadl oty da mak RirfeeinEB TS BB Tt Re B8R 1l b
i nhi biviRsn RF ig‘@rbglﬁth@d(dllgﬁlk?r, gudnh@sepvierei n R2 is unsubstituted C _8al kyl,

such as unsubstituted methyl. [00246]In anot her enmbodi ment, the TOR ki nase
i nhi bil0&4S] of  dn puother(ambodipents the JORMsapss inhiRftoisf Seryany (1 ase those
unsubst,i t ut ed.aryl h -as bst it ut r S t.ituted phenyl. [00247]1n
anot hé"fhegéeﬁ%gd ilsrr%l}rgs%l PStlt%ﬁgd ‘f’aéﬁ l%ﬂh%sc %al alghlﬁélju%)lgttltgtjesla I%$E¥10r mula (Il) are those
wher ei[002d8] | s subahdthet @eborliniént, thy TORakinb& i@hibitats@Akiyrlul O(11adrk thoye

substituted phenyl . ) ) )
wherein R” is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl.
[00247] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein R? is substituted aryl, such as halo, haloalkyl or alkoxy substituted phenyl.
[00248] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein R? is substituted or unsubstituted cycloalkyl, such as substituted or unsubstituted
cyclohexyl or substituted or unsubstituted cycloheptyl.
[00249] In another embodiment, the TOR kinase inhibitors of formula (II) are those

wherein R? is substituted heterocyclylalkyl, such as substituted piperidine.

[00250] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein R* and R* are H.
[00251] In another embodiment, the TOR kinase inhibitors of formula (II) are those

wherein -X-A-B-Y- taken together form -N(R*)C(O)NH- and R” is unsubstituted aryl, such as
unsubstituted phenyl.

[00252] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein -X-A-B-Y- taken together form -N(R*)C(O)NH-, R' is substituted or unsubstituted
heteroaryl, such as substituted or unsubstituted pyridine, and R? is substituted or unsubstituted
aryl, such as substituted or unsubstituted phenyl.

[00253] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein -X-A-B-Y- taken together form -N(R*)C(O)NH-, R' is substituted or unsubstituted
heteroaryl, such as substituted or unsubstituted pyridine, R is substituted or unsubstituted aryl,

such as substituted or unsubstituted phenyl, and R* and R* are H.
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[ 00248] I n anot her enbodi nent, the TOR ki nase inhibitors of fornula (11) are
those wherein R2 is substituted or unsubstituted cycl oal kyl, such as

subst i t utwad 20r1/00msBabst i t ut ed cycl ohexyl or substituted ecTassubsiscut ed
cycl oheptyl. [00249] 1 n anot her enbodi nment, the TOR ki nase inhibitors of
formula (11) are those wherein R2 is substituted heterocyclylal kyl, such as
substituted piperidine. [00250]1 n anot her enbodi nent, the TOR ki nase

i nhi bi f f | I th [ in | R4 H [ 00251]1
anot hdDPESthodi maneno b REHaDE TR BIEIPE g ORI (1 RS ¢ hose
wher eiyherofn AxBr Byt alen iRt R NR%&%ML%W&@C@%&% [sSubkRRuBE bF LUt ed

aryl, such as unsubstituted pheny 2] I'n anot her enbodi nent,
ki nasempulistibitedoreserodryf, ouchusasubstitited peundubsteutet @ysidine, BE idsBbsvitutediboen

together .form-NR2 0) y S tituted, or subsui t uted heteroaryl,
sueh Ao PRSIt ot SrlbaThe PhE Fhd HER R alblETt red o
unsubgpeiss) ed amy bknotBéiCdmihsRstht TUreRin@de iHRBUBKIIfoHRMa gNaRY thosé 00253] I n
anot her enbodi ment, the TOR kinase inhibitors of fornula (11) are those

wher eivherom AXEA-B- Yt kem tagsthet fram NSRDICIQINE, &0y substitumid qramsulssitedarald or
unsubst it ut e et eroar .such su itute [, UNSu It d i di ne, R2
0 oo Rt S F G oR B B By BRy AL KB B SRR GG RYBLEN e F
phenylsuybsingteddr @nrdbitdutad ehédyl- 58 - WO 2011/ 097333PCT/ US2011/ 023524

[ 00254] I n anot her enbodi nent, the TOR kinase inhibitors of fornula (11) are

t hose [00256] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein -X-A-B-Y- taken together form -N(R*)C(O)NH-, R' is substituted or unsubstituted aryl,
such as substituted or unsubstituted phenyl, R? is substituted or unsubstituted aryl, such as
substituted or unsubstituted phenyl, and R* and R* are H.

[00257] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein -X-A-B-Y- taken together form -N(R*)C(O)NH-, L is a direct bond, R' is substituted or
unsubstituted aryl, such as substituted or unsubstituted phenyl, R* is substituted or unsubstituted
aryl, such as substituted or unsubstituted phenyl, and R? and R* are H.

[00258] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein -X-A-B-Y- taken together form -N(R*)C(O)NH-, R' is substituted or unsubstituted
heteroaryl, L is a direct bond and R? is substituted or unsubstituted C,salkyl or substituted or
unsubstituted cycloalkyl.

[00259] In another embodiment, the TOR kinase inhibitors of formula (II) are those
wherein -X-A-B-Y- taken together form -N(R*)C(O)NH-, R' is substituted or unsubstituted aryl,
L is a direct bond and R? is substituted or unsubstituted Cisalkyl or substituted or unsubstituted
cycloalkyl.

[00260] In another embodiment, the TOR kinase inhibitors of formula (II) do not include
8,9-dihydro-8-0x0-9-phenyl-2-(3-pyridinyl)-7H-purine-6-carboxamide, 8,9-dihydro-8-oxo0-9-
phenyl-2-(3-pyridinyl)-7H-purine-6-carboxamide, 8,9-dihydro-8-o0x0-9-phenyl-2-(3-pyridinyl)-
7H-purine-6-carboxamide, 2-(4-cyanophenyl)-8-0x0-9-phenyl-8,9-dihydro-7H-purine-6-

carboxamide, 2-(4-nitrophenyl)-8-0x0-9-phenyl-8,9-dihydro-7H-purine-6-carboxamide, 9-
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wherein -X-A-B-Y- taken together form-NR2)C(O)NH, L is a direct bond, R
is substituted or unsubstituted heteroaryl, such as substituted or

unsubst i twoedipyriddi ne, R2 is substituted or unsubstitutred/meyljo2zsech as
substituted or unsubstituted phenyl, and R3 and R4 are H [00255]1n anot her
enbodi nent, the TOR kinase inhibitors of formula (I1) are those wherein
-X-A-B-Y- t aken together form N(R2)C(0)NH— R is substituted or
unsubst u tlt or unsubstltut d phe R2 is
ubst PEBOLT e o §1dlh Her SRS b B P BRSOt o

?he”y|phe1|iﬁ§82é5§1hkrﬂroamlﬂﬂ%e %’@?&Hxﬁﬁﬁﬁe 91?3%623;[@?1 blase 6'd"$Hr$tha‘%}{1§e of formul a

) are those wherein -X-A-B-Y- takén together form-NR2)C(O)NH, R is
subst i%[2t3ebis [ﬁbenmslwlas)tmetthnl]wcabyﬂy I- %—urethyé:@HsHMQ-@-uarbdxalsmdur%b@Evl 2ut ed

h b t d t1t h tt
Cnsupdts Bk BERbres PRt ls, SRtk Fdbu Rt oRar b e
the T(ﬂ'?diﬂxﬂétﬁ?l)lzngﬂzﬂﬁdr@ﬁléth@t) d}%ﬁﬁh@achﬂb)onghﬁiet 0038y RG22 p Y- t aken

t oget her form - O)N is a direct bond is substituted or

unsub@tlylt)&ﬁeﬂuram carbgéeﬁmés, %Cﬂohydr@weél@ylb?- phﬁ@dt?ﬁ -pertiftcstrcphexamide ;B (3-s

bst d ti t ed
oheny iR Sr By L Bt S S Rl Bl R mase
i nhi b|91Hlf6 eril6 Eﬂfbﬂkdrﬁldé | 3-nediy®9 c}h@ﬁﬂﬁi@ﬂ@ﬂ-@mpuﬁﬁe@é Bar¥oxdndikie br L-pg@hI8rpf orm
(0]

-N(R2) ( is substitute r unsubstituted heteroaryl, L is a direct
bond Qrdbmlrﬁwsﬁu%%uﬂm édagoxamiigbst i t ut ed G _8al kyI or substituted or

unsub ed cygl 03 kyI 002 9] | t her. Qdi TOR ki nas
bt o PYF AR ARER LT RS n ERRRH TRy OF, R ARES o, 1

- N( RZkGﬁ@bﬁit&s,eremsz subsibstititidfuamosidsubst i tuted aryl, L is a direct bond
and R2 is substituted or unsubstituted G _8al kyl or substltut ed or

unsubd?9363 ed c>le peethgiambadgnesothe & %bmﬂ%erm@ﬂ?ﬁe@mému 3 B dpapt Krckdse

i nhi bi I

8, 9-di h&(rgr o-%— 0XO0- Rgﬁge# oS Rl%p&dn&g% q%d f}llr—ia-nourl ne- 6- car boxam de,

8, 9- du[mamq) 8- o>Imaﬁeth@mmoﬂirﬂer(t&hmejkmyﬂe)mlillbhtpmrdf fienGH< ahdoxaiidyde

8, 9-di ro- 8- ox ph (3-pyridinyl)- 7H purine-6-carboxam de,

2- ( 4- é?ﬁgpﬁ 069(' né‘“ﬁ‘ﬁg uc%%‘gﬁfi hydr o- 7H puri ne- 6- car boxani de,

2 (4 floﬁi@ghe”yjﬂl oﬁe erkBodmRRe me T@R%ng]!s@}iﬁiﬁlﬁfo?ﬁnglﬁ'ab REmBon Rk hawapde, 9- -
11/ 097333PCT/ US2011/ 023524

following formula (Ila):

) NR3R*

(ITa)
and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,

tautomers, and prodrugs thereof, wherein:
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benzyl- 2- (4- met hoxyphenyl) - 8- oxo- 8, 9- di hydr o- 7H puri ne- 6- car boxam de,

2- met hyl- 8- oxo-9- phenyl- 8, 9-di hydr o- 7H- puri ne- 6- car boxam de,

9- benzy1l-Wbk2purions32, 6- di car boxam de, PCT/US2011/023524

9-[2, 3-bi s[ (benzoyl oxy) net hyl ] cycl obut y1] - 2- net hyl - 9H Pur i ne- 6- car boxam de,
9- benzyl-2- nethyl-9H puri ne-6-car boxam de,

9- (2- hydr oxyet hyl ) - 2- et hyl - 9FLpurine 6 car boxam de, 9-(2-

hydr oxyet hyl ) - 2- (;t.ri f | uor onet hyl ar boxam de
o (2 hyar oxyet i ys BUEHiGEL o M Eel pulihen b g itted aryl

9- ( 2- RyLRx¥E BNAS)IB&IU&E@ Bé’ﬂero%&l,péﬁlb'stﬂﬁfeg of ﬁﬁ%@tﬁ}e@%ycl%a@t or substituted or

hydr oxypr opyl) - 2- met hyl - 9H pur’i ne- 6- car boxam de,
9- (3- hmddmnmmmw@m@wﬁmﬂakyfluoronethyl) O9H puri ne- 6- car boxam de,

B T botur anpes LRI W R I B Ty e AT 8 Arent . ¢ ne

TOR Kispgstutbmbi ﬂlsh@ﬂﬁut@ii héeFoa asublbtithted @r RRubsiiGtdds coaMpR YRGS sHhgdedm R2
is a substituted furanoside. 00262]In anot her enbodi nen the TOR ki nase

|nh|bﬂm@ﬂ§ﬁbmﬂ#%¥ﬁﬂ%@bdﬂkﬂ» not i ncl ude conpounds wherein R2 is a

substituted or Al 263] I n anot her enbodi nent, the
TOR ki nase |nh|g?t§$§go oﬁmn m%P 9568&%g'|nc|ude

(2' R) {@0263¢0xY- 2h ofié umb@dlalenﬁ;tﬁeer(bmklﬂug@ indiisitodest fola0Id Ghh) dic Bisc ambath ment ,
t he TCR Ki nase |nh|b|tors i ncl ude conp ounds having the follow ng fornula

accepdgs t%salt na&%ﬂ&ﬂ%ﬁkﬁﬁnmﬁQB¥Q%ﬁ§knﬁ&ﬁhﬁ@hﬁ&@ﬁ%&nuﬁﬁﬁhﬁ%ﬁhﬁoyﬁ”d

pr odr ereo
wherein R' is substituted or unsubstituted heteroaryl, such as substituted or unsubstituted

pyridine, substituted or unsubstituted indole or substituted or unsubstituted quinoline.
[00267] In another embodiment, the TOR kinase inhibitors of formula (Ila) are those
wherein R' is substituted or unsubstituted cycloalkyl, such as substituted or unsubstituted
cyclopentyl.

[00268] In another embodiment, the TOR kinase inhibitors of formula (Ila) are those
wherein R? is substituted C;_salkyl, such as ~CH,CgHs.

[00269] In another embodiment, the TOR kinase inhibitors of formula (Ila) are those
wherein R? is unsubstituted Cisalkyl, such as unsubstituted methyl.

[00270] In another embodiment, the TOR kinase inhibitors of formula (Ila) are those
wherein R? is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl.
[00271] In another embodiment, the TOR kinase inhibitors of formula (Ila) are those
wherein R? is substituted aryl, such as halo, haloalkyl or alkoxy substituted phenyl.

[00272] In another embodiment, the TOR kinase inhibitors of formula (Ila) are those
wherein R? is substituted or unsubstituted cycloalkyl, such as substituted or unsubstituted
cyclohexyl or substituted or unsubstituted cycloheptyl.

[00273] In another embodiment, the TOR kinase inhibitors of formula (Ila) are those

wherein R? is substituted heterocyclylalkyl, such as substituted piperidine.
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WO 2011/ 097333PCT/ US2011/ 023524 R is substituted or
unsubstituted G _8al kyl, substituted or unsubstituted aryl, substituted or
unsubst i twoediihmrmssoaryl , substituted or unsubstituted egztrmsa(hkmlzsszor
substituted or unsubstituted heterocyclylal kyl ; R2 is
substituted or unsubstituted C _8al kyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl substituted or unsubstituted

cyclo or substjtuted or ti tero C | ; and R3 and
R4 ar ihwﬂapend HPP?}L?JI %vb@m@gi%bf %@9@@5‘}1? g5 i%ﬁ&% H@ﬁ@re A% TOR
Ki nasgyHcphh RELAG R 9fc flormula (I1a) are those wherein R is substituted

aryl, substituted or unsubstituted heteroaryl, such as substituted phenyl.
[ 002 6 690275hnot hdn arsthadinmedimertthibe TOR kmamehlibrtmsb]f tfomsiloflld) clomet acludea)

?Lﬁsi g o St Ry S Db B SR R el SRR b e ot
or Ul @K A TRSH el e BaRAE 1D dﬂ@%&? biaoanehfier (EFhaghyIpn

Ki nase 1 nhibitors of fornula (IIa) are those wherein

subst iHH:1Pednao6- cmﬁbgﬂmtdpx%r(‘baya@yphml)k&pxo -Qudkind s’ Sdiydra-tlanrioe-6-
ns bs [ n 002 t he T nase
:Jnh:Jbl %bro Ps%rg ?A %ﬁF }lg%l) aroéo'? hl%) yag’grﬁ%drﬁgﬁogunsnﬁgés? ar%) Pfar%lng(ISal kyl ,

such @snzmz(@&h&hoiﬁ%ﬁﬁ} Brbx@f@wdﬂfydmﬁﬁbmei@caﬂiﬁ(am oiph2s elnietthyil9irt-or s
of formula ( are those wherein R2 is unsubstituted C _8al kyl, such as

uns ubspwma@éddlﬁ%rbﬂwmldfmﬁquhﬁl 81980 19epheabdardibrsro-7Hhpurierd-rithexgnide.
I nhi b'[&ﬁﬁ] of fqp %tﬁet(é@od%&lt} {A85®)R kinase inhibitors of formula (I1a) do not include

compounds wherein R? is a substituted furanoside.

[00277] In another embodiment, the TOR kinase inhibitors of formula (Ila) do not include
compounds wherein R? is a substituted or unsubstituted furanoside.

[00278] In another embodiment, the TOR kinase inhibitors of formula (Ila) do not include
(2'R)-2'-deoxy-2'-fluoro-2'-C-methyl nucleosides.

[00279] In one embodiment, the TOR kinase inhibitors include compounds having the

following formula (IIb):

T
N| P v :
0) NR°R*
(11b)

and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,

tautomers, and prodrugs thereof, wherein:

— XY — . 2 2
‘ is —C(R“)=CH-NH- or -N(R")-CH=N-;
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wherein R2 is substituted or unsubstituted aryl, such as substituted or
unsubstituted phenyl. [00271]1n another enbodi nent, the TOR ki nase

i nhi bi t orwoabifoorssal a (Ha) are those wherein R2 i s substctraisea1ae3sk4 such
as hal o, hal oal kyl or al koxy substituted phenyl. [00272]1n anot her

enbodi nent, the TOR kinase inhibitors of fornmula (Ha) are those wherein R2
is substituted or unsubstituted cycloal kyl, such as substituted or

unsubsti tuted cygl.ohexyl or substi.tut 0 nsubsti t ut ed cl oheptyl .
[00273] I n anot hé_lwﬁééﬁuﬁ@rﬂr,uﬂﬁ i Rkl WWF%BF%“SG&/?%‘FH&FYA’ (Ha) are
those ghef@kMoftnshiBst RS hidkiapd. NBLRNLRAYNE uibdkidled SHOBIKIE op WaRtitutdd £d

pi peridine. WO 2011/ 097333PCT/ US2011/ 023524 [00274]In anhot her enbodi nent,

t he TORsWishbasal hatdrpgiclydalkylof fornula (11a) are those wherein R3 and R4 are

g’o l[,lgg 2751:: Bdgn%ﬂ}se gubesggl?eddl orpau?lgﬁbs%ipu?edTaiahéyT,asﬁgst{tStga 18} En?sru stRIlteIi %Ir'yq}” a (I1a)

8, 9- dishydit@e@oOXRubstRited iderkrlyd; Rtitdicd o inditsfitutddgcRake!, BPx@Htiffed or
8, 9- di hydr o- 8- oxo0- 9- Egenyl-Z-(S-pyrldlny1)-7H—Pur|ne-6-carboxan1de,
8, 9- diunfuhsbtugeddheterocyshdallesl 20 3- pyri di nyl) - 7H Puri ne- 6- car boxami de,

2- (4- cyanopheny1)s- 8-,0%0- 9- nhenyl - - di -7H purine-6- carboxam de,
2-(4-nitropheny%%f%g§§§@§@§ﬂgﬁ§Fﬁgﬁgpgrﬂég%@i7FLpurine-6-carboxanide, 9-
benzy1062804- met haxyebabydiiet, 6cOFOR irdisOitthilsitorsbParhiie (Gb Lot biovsa Mhdesin

9- phenyl met hy1- 9Hpur i ne- 2, 6- di car boxam de, or

2- met Ay 1is gubsiigtast gshle pyah-ag sobsgitwsdPRYH pur i ne- 6- car boxani de. [00276] I n

T G e S A B A I L
embodiwhendin Rt fresibB@Rutcdoasesubstifubidtietsoat ], fworhmslsabstiteyd doumsabstitmed ude
pyridine, substituted or unsubstituted indole or substituted or unsubstituted quinoline.

[00282] In another embodiment, the TOR kinase inhibitors of formula (IIb) are those
wherein R' is substituted or unsubstituted cycloalkyl, such as substituted or unsubstituted
cyclopentyl.

[00283] In another embodiment, the TOR kinase inhibitors of formula (IIb) are those
wherein R? is substituted C;_salkyl, such as ~CH,CgHs.

[00284] In another embodiment, the TOR kinase inhibitors of formula (IIb) are those
wherein R? is unsubstituted Cisalkyl, such as unsubstituted methyl.

[00285] In another embodiment, the TOR kinase inhibitors of formula (IIb) are those
wherein R? is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl.
[00286] In another embodiment, the TOR kinase inhibitors of formula (IIb) are those
wherein R? is substituted aryl, such as halo, haloalkyl or alkoxy substituted phenyl.

[00287] In another embodiment, the TOR kinase inhibitors of formula (IIb) are those
wherein R? is substituted or unsubstituted cycloalkyl, such as substituted or unsubstituted
cyclohexyl or substituted or unsubstituted cycloheptyl.

[00288] In another embodiment, the TOR kinase inhibitors of formula (IIb) are those

wherein R? is substituted heterocyclylalkyl, such as substituted piperidine.
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conpounds wherein R2 is a substituted or unsubstituted furanoside.
[00278] I n anot her enbodi nent, the TOR ki nase inhibitors of fornmula (Ha) do
not i ncl wsle 202/iy332' - deoxy-2' -fl uoro-2' - C net hyl nucl eoeraas201108837Z9] 1 n one
enbodi nent, the TOR ki nase inhibitors include conpounds having the
following formula (I1b): RL1I N 5 N-........... ;" ONR3 R4 (lib) and
phar maceutically acceptable salts, clathrates, sol vates, stereoisoners,

tautonprs, and prodrugs thereof, rejn: -X,:SS y- is -C(R2)= NH or
RN BeraheneprsiBmsrinedatis krawabiyion of forula (10)gfe fese

subst ifyst 86 ROLpyRSYRSYI tuted C _8al kyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted

cycl 0d00390] or dubseth¢nangdomeninhadR knasednhibitersed yoinyila(lkylare those

R2 is substitute r unsubstituted C _8al kyl, substituted or unsubstituted

aryl, yaehshTI4Ted or UMsybstRbpredNpRLAA RATY{ubsStRItHIUGRE 295ubsaRKRST i t ut ed
cycl oal kyl, or substituted or unsubstituted heterocyclylal kyl; and

phenyl.

[00291] In another embodiment, the TOR kinase inhibitors of formula (IIb) are those
wherein_XAY_ is -N(R?)-CH=N- and R” is substituted aryl, such as substituted
phenyl.

[00292] In another embodiment, the TOR kinase inhibitors of formula (IIb) are those
wherein R' is substituted aryl, such as phenyl, and R is substituted aryl, such as substituted
phenyl.

[00293] In another embodiment, the TOR kinase inhibitors of formula (IIb) do not include

9-benzyl-9H-purine-2,6-dicarboxamide, 9-[2,3-bis[(benzoyloxy)methyl]cyclobutyl]-2-methyl-
9H-Purine-6-carboxamide, 9-benzyl-2-methyl-9H-purine-6-carboxamide, 9-(2-hydroxyethyl)-2-
methyl-9H-purine-6-carboxamide, 9-(2-hydroxyethyl)-2-(trifluoromethyl)-9H-purine-6-
carboxamide, 9-(2-hydroxyethyl)-2-(prop-1-enyl)-9H-purine-6-carboxamide, 9-(2-
hydroxyethyl)-2-phenyl-9H-purine-6-carboxamide, 9-(3-hydroxypropyl)-2-methyl-9H-purine-6-
carboxamide, 9-(3-hydroxypropyl)-2-(trifluoromethyl)-9H-purine-6-carboxamide,
9-phenylmethyl-9H-purine-2,6-dicarboxamide, 2-methyl-9-phenylmethyl-9H-purine-6-

carboxamide or 2-methyl-9-B-D-ribofuranosyl-9H-purine-6-carboxamide.

[00294] In another embodiment, the TOR kinase inhibitors of formula (IIb) do not include
. 7. . _XA Y— . 5

compounds wherein R is substituted cyclobutyl when ‘ is -N(R”)-CH=N-.

[00295] In another embodiment, the TOR kinase inhibitors of formula (IIb) do not include
. 7. . . —_ XA Y— . 2

compounds wherein R” is a substituted furanoside when ‘ is -N(R”)-CH=N-.

[00296] In another embodiment, the TOR kinase inhibitors of formula (IIb) do not include

X7y

compounds wherein R” is substituted pyrimidine when — ~ is -C(R*=CH-NH-.
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R3 and R4 are independently Hor C _8al kyl. [00280]1n one enbodi nent, the
TOR ki nase inhibitors of formula (11b) are those wherein R is substituted
aryl, suchoasiigebsssi t ut ed phenyl. [00281] I n anot her enbedirmsedi/obises TOR

ki nase inhibitors of formula (I1b) are those wherein R is substituted or
unsubstituted heteroaryl, such as substituted or unsubstituted pyridine,
substituted or unsubstituted indole or substituted or unsubstituted

qui nol i ne. [00282] | n. anot her enbodinent, the JOR ki nase inhibjtors of

for rruﬂé&(‘ﬂ b) 8RBT, e TR gt b B o6 Oraﬁé%ﬁﬂ%)idlm%aw?ude
cycl oal kyl, such as substituted or unsubngLgkeé>Q clopentyl. [00283]1n
anot hepmeniatsiwhentin REhesubORulddrasane mhichi t Or's of °f Or mid AN J-6H=aFe t hose

wher ei is sybstitute i 8al ch as. - CH2 . [0 4] 1 n_anot her

enbodiIAT8) ' ¢ ne Trar bt dmito G B R s BT Abat IRGHE n ro
| Unsupbids PitrGh I3l KibiinRUGCBBNIRSIC i RebruRiubhen [00285] | 0 anot her
enbodi nent, the TOR kinase inhibitors of fornul'a (I11b) are those wherein R2
i's subsb&fﬁf@ﬁ?a%—qna&@i}kgﬁﬁgd aryl, such as substituted or unsubstituted
phenyl . [00286]In ahot di ment, the TOR kinase inhibitors of fornula
(11b) (862991 hose 1wbas emBodeichs tRUDGRIiKindse thhatiyrs inslab caspb@lde hatiag @) kyl or
al koxy substi tuted ﬁhenyl. [00287] I n anot her enbodi nent, the TOR ki nase

i nhi bifeldevingforsanglie):(11b) are those

R2
R N N
T N
N ///
H 0
0 NR3R*

(IIc)
and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,

tautomers, and prodrugs thereof, wherein:

R' is substituted or unsubstituted C;_galkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl;

R’ is substituted or unsubstituted C;_galkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl; and

R’ and R* are independently H or C\_salkyl.

[00300] In one embodiment, the TOR kinase inhibitors of formula (Ilc) are those wherein

R' is substituted aryl, such as substituted phenyl.
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wherein R2 is substituted or unsubstituted cycl oal kyl, such as substituted
or unsubstituted cycl ohexyl or substituted or unsubstituted cycl oheptyl.
[ 00288] | rwanetimwridanbodi ment, the TOR ki nase i nhi bit or s pafi/USesimobzs24 |1 | b)
are those wherein R2 is substituted heterocyclylal kyl, such as substituted
pi peridine. W) 2011/097333PCT/ US2011/ 023524 [00289] I n anot her enbodi nent,
the TOR kinase inhibitors of formula (I1b) are those wherein R3 and R4 are

. qt he nbodi rrent eT se inhjbitors of f mJIa |1 b) are
thoseqp@}’ &Rz) Lepp: elit thJJ&% F@ﬁ%@é&%@ﬁs of %Hﬂ%@ Cs?&b%tthg%%t ed In
anot h%he?éﬁ?‘f{d hmmgmuﬁee%rﬁg%b%ﬁﬁ@ea%w&u&r S QlibdRiterbAudslbfkuie those is

-N(R2) - R2 I's substituted aryl; such as substituted In another
enbod |pry5dtn,e :tu}betlﬁlitﬁ ok iungubstitutridi ibddlo ps subbtitubxdrm luasybistitu}edaquendlinese  wher ei n

Supst IBHRY' © el aiossiind, B TOR kinducnhBie® e RS b n b o

of forMmekan Rl hdoéub%uf&qtor GG tA-Rerandt, %ﬁblpéérsiuﬁﬁrt@te@oﬂhﬁ@'bﬂi%ﬁ@m de,
9-[ 2, 3-bi s[ (benzoyl oxy) net hyl ] cycl obuty ] 2- met hy1-

9H Purcyelep@itylar boxani de, 9 benzyl- 2- net hyl - 9H puri ne- 6- car boxami de,

9-(2- eth

9- g 2- ng@{@iget h?;fl% %hf(‘t r| l%g%h%% ﬁlq'?kglﬁg lﬁﬁfgﬁgrsé)??car I chicr}iar et,hose
9- ( 2- Rytdran Re i wubytitdtcd AT QRHET, Siah gs- LY. ne 6 car boxam de, 9-(2-
hydr oxyet hyl ) - 2- hen 1- 9H puri ne- 6- car boxani

9-(3-H M¥ypr 059 yat errﬁé@mmm the rTl%k’@ﬁseclﬁhl@BQ@rﬁf deymula (Ilc) are those
9-(3 P f r r 6- car boxam de,
el

2- et f[Q(B(E] phenyh EMthg/rlen%dpmentntﬁe g:OR kinbexiahibéiersaf formula (Ilc) are those

erbodMAETN R ReoPERI LB AHIRBY s P 4 SHARAC P b HEH PRetel ude
[00306] In another embodiment, the TOR kinase inhibitors of formula (Ilc) are those
wherein R? is substituted aryl, such as halo, haloalkyl or alkoxy substituted phenyl.
[00307] In another embodiment, the TOR kinase inhibitors of formula (Ilc) are those
wherein R? is substituted or unsubstituted cycloalkyl, such as substituted or unsubstituted
cyclohexyl or substituted or unsubstituted cycloheptyl.
[00308] In another embodiment, the TOR kinase inhibitors of formula (Ilc) are those
wherein R? is substituted heterocyclylalkyl, such as substituted piperidine.
[00309] In another embodiment, the TOR kinase inhibitors of formula (Ilc) are those
wherein R* and R* are H.
[00310] In one embodiment, the TOR kinase inhibitors include compounds having the

following formula (IId):
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-X -- - - ' - Y- conpounds wherein R2 is substituted cyclobutyl when''is
-N(R2) - CH=N-. [00295] I n anot her enbodi nent, the TOR kinase inhibitors of
formul a (Wolp1ido73set include -X,-- - - "-. Y conpounds ROEruseon1B23ses a
substituted furanoside when- is -N(R2)-CH=N-. [00296] I n anot her enbodi nent,
the TOR kinase inhibitors of fornmula (l1th) do not include conmpounds wherein

R2 is substituted pyrimdine when -X ,-. s Y- is -C(R2)=CHNH. WO
2011/ 097333PCT/ US2011/ 023524 [ 00297] I n anot her enbodi ment, the TOR ki nase
inhibitors of formula (11b) do not includg§ -X ,- - Y- conpounds wherein R2

I's substituted oxetane when,is -N(R2)-CH=N-. [00298] I n anot her enbodi nent,
the TOR ki nase inhibitors oRlformuNa (I1 BN do nob i ncl ude conmpounds wherein
R2 is substituted cycl opentyl a ocycC entyl when ..

" F

Ir=z

0 NR3R?

I1d)
and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,

tautomers, and prodrugs thereof, wherein:

R' is substituted or unsubstituted C;_salkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl;

R’ is substituted or unsubstituted C;_salkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl; and

R’ and R* are independently H or C\_salkyl.

[00311] In one embodiment, the TOR kinase inhibitors of formula (IId) are those wherein
R' is substituted aryl, such as substituted phenyl.

[00312] In another embodiment, the TOR kinase inhibitors of formula (I1d) are those
wherein R' is substituted or unsubstituted heteroaryl, such as substituted or unsubstituted
pyridine, substituted or unsubstituted indole or substituted or unsubstituted quinoline.

[00313] In another embodiment, the TOR kinase inhibitors of formula (I1d) are those
wherein R' is substituted or unsubstituted cycloalkyl, such as substituted or unsubstituted
cyclopentyl.

[00314] In another embodiment, the TOR kinase inhibitors of formula (I1d) are those
wherein R? is substituted C;_salkyl, such as ~CH,CgHs.
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-S Y- is -N(R2)-CH=N-. [00299] I n one enbodi nent, the TOR ki nase inhibitors
I ncl ude conpounds having the followng fornula (Ilc): R 1 1 R.N% 1 NNO

H oNR3R4 Wbi2e)1/097333 and pharmaceuti cal | y accept abirarss@liins3s24
clathrates, solvates, stereoisonmers, tautomers, and prodrugs thereof,
wher ei n: Rl is substituted or unsubstituted C _8al kyl,

substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substi f ut or ynsubstituted cyclo Cﬁykq or. substituted or nsu?gtituted
het er d@é}‘éﬁ& al kyf another embodimat tﬁﬂ estinbiie o ?Oraﬂ%ﬂéfﬁi%& F
Ci _8alyfihoin RABSHsHbREQT, WNBHDSHh by tgdbatitled iUBt i tut ed or unsubsti tuted
het eroaryl, substituted or unsubstituted cycloal Kyl, or substituted or
unsubg400316{ ed hdn enatbgrodmticalirkgrit; thad@R kinase inhibitors of formula (IId) are those

wherein R? is substituted or unsubstituted aryl, such as substituted or unsubstituted phenyl.

[00317] In another embodiment, the TOR kinase inhibitors of formula (I1d) are those

wherein R? is substituted aryl, such as halo, haloalkyl or alkoxy substituted phenyl.

[00318] In another embodiment, the TOR kinase inhibitors of formula (I1d) are those

wherein R? is substituted or unsubstituted cycloalkyl, such as substituted or unsubstituted

cyclohexyl or substituted or unsubstituted cycloheptyl.

[00319] In another embodiment, the TOR kinase inhibitors of formula (I1d) are those

wherein R? is substituted heterocyclylalkyl, such as substituted piperidine.

[00320] In another embodiment, the TOR kinase inhibitors of formula (I1d) are those
wherein R* and R* are H.
[00321] Representative TOR kinase inhibitors of formula (I1) include:

9-benzyl-8-0x0-2-(pyridin-3-yl)-8,9-dihydro-7H-purine-6-carboxamide;
N-methyl-8-0x0-9-phenyl-2-(pyridin-3-yl)-8,9-dihydro-7H-purine-6-carboxamide;
8-0x0-9-phenyl-2-(pyridin-2-yl)-8,9-dihydro-7H-purine-6-carboxamide;
2-(2-chloropyridin-3-yl)-8-0x0-9-phenyl-8,9-dihydro-7H-purine-6-carboxamide;
2-(2-methoxypyridin-3-yl)-8-0x0-9-phenyl-8,9-dihydro-7H-purine-6-carboxamide;
N,N-dimethyl-8-0x0-9-phenyl-2-(pyridin-3-yl)-8,9-dihydro-7H-purine-6-carboxamide;
9-methyl-8-o0x0-2-(pyridin-3-yl)-8,9-dihydro-7H-purine-6-carboxamide;
2-(4-hydroxyphenyl)-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
2-(3-hydroxyphenyl)-8-0x0-9-0-tolyl-8,9-dihydro-7H-purine-6-carboxamide;
2-(1H-indol-4-yl)-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
2-(1H-indol-6-yl)-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
2-(3-hydroxyphenyl)-9-(4-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
2-(2-hydroxypyridin-4-yl)-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
9-(2-chlorophenyl)-2-(3-hydroxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;

9-(2-fluorophenyl)-2-(3-hydroxyphenyl)-8-ox0-8,9-dihydro-7H-purine-6-carboxamide;
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R3 and R4 are independently Hor C _8al kyl. [00300]1In one enbodi nent, the
TOR ki nase inhibitors of formula (l11c) are those wherein R is substituted
aryl, suchoasiigebsssi t ut ed phenyl. WO 2011/ 097333PCT/ USPQIAISOR3H23524

[ 00301] I n anot her enbodi ment, the TOR kinase inhibitors of forrmula (11c)
are those wherein R is substituted or unsubstituted heteroaryl, such as
substituted or unsubstituted pyridine, substituted or unsubstituted indole

o SIE L. B EA 8 ) L) L SPOZL R apot e b o
subst idé&kﬁﬁleﬁﬂ’yl-g-rb'%!d%Eﬂy&i:dhﬁﬂ-g%%%-iaﬁwﬂ%-VHSﬁiﬁiﬁe%ica%@éh{i&é;'t ed or

unsubstituted cycl opentyl. [ N anot her enbodi nent, the TOR ki nase
i nhi bi%@rmetbbxypdenyl)-8-qxotjquanadint hpb s, Mldrydioa7IRpuriscSutastaxemided C _8al kyl ,

o orREIe PP BB OSBRSS G T G BtPocr B kyl | such as
unsu bS)tdztmétﬁaxmfeﬂm?-s-&@C&B@ﬁlﬁiﬂu&@ﬁ{en@mﬁ%@}is,mﬁydrbhﬂ-gﬁﬁeké-n ase

i nhibitors of fornmula (11c) are those erein R2 i's substituted or
unsubserbogemiicaryl , such as substituted or unsubstituted phenyl. [00306]1n

anot hey »SHRAGL TR y1) 28-S AGH-A- 9D LRk S- Rhy drSARD Firkel d-CdrBLsiniufioS
2-(3-hydroxyphenyl)-8-0x0-9-(4-(trifluoromethyl)phenyl)-8,9-dihydro-7H-purine-6-
carboxamide;
9-benzyl-2-(3-hydroxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
2-(3-hydroxyphenyl)-8-0x0-9-(2-(trifluoromethoxy)phenyl)-8,9-dihydro-7H-purine-6-
carboxamide;
9-(2,4-dichlorophenyl)-2-(3-hydroxyphenyl)-8-ox0-8,9-dihydro-7H-purine-6-carboxamide;
9-(2-methoxyphenyl)-2-(3-nitrophenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
2-(3-cyanophenyl)-8-0x0-9-phenyl-8,9-dihydro-7H-purine-6-carboxamide;
9-(3-fluorophenyl)-2-(3-hydroxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
9-(2-methoxyphenyl)-8-oxo0-2-(2-(trifluoromethyl)phenyl)-8,9-dihydro-7H-purine-6-
carboxamide;
2-(5-fluoropyridin-3-yl)-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
2-(1-benzylpiperidin-4-yl)-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
benzyl 4-(6-carbamoyl-8-ox0-2-(pyridin-3-yl)-7H-purin-9(8H)-yl)piperidine- 1-carboxylate;
9-cyclohexyl-2-(3-hydroxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
9-(2-methoxyphenyl)-8-oxo-2-(3-(trifluoromethoxy)phenyl)-8,9-dihydro-7H-purine-6-
carboxamide;
9-phenyl-2-(pyridin-3-yl)-9H-purine-6-carboxamide;
6-0x0-8-phenyl-2-(pyridin-3-yl)-5,6,7,8-tetrahydropteridine-4-carboxamide;
6-o0x0-8-phenyl-2-(pyridin-4-yl)-5,6,7,8-tetrahydropteridine-4-carboxamide;
2-(3-aminophenyl)-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;

2-(3-hydroxyphenyl)-9-(2-methoxyphenyl)-9H-purine-6-carboxamide;
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wherein R2 is substituted aryl, such as hal o, hal oal kyl or al koxy
substituted phenyl. [00307] 1 n another enbodi nent, the TOR kinase inhibitors
of fornulwo@biwp7msBe those wherein R2 is substituted or pamasbeitiobiseed
cycl oal kyl, such as substituted or unsubstituted cycl ohexyl or substituted
or unsubstituted cycl oheptyl. [00308]1n another enbodi nent, the TOR ki nase
inhibitors of fornmula (l11c) are those wherein R2 is substituted

het | h tit 00309] 1 th
ebod HHR PP R R ersthp b o € b URD 1) R Bhose. wher ei n R3
and R4. t%ftﬁBdszl i@?ﬁ%%%%pﬁ&%lﬁ@'%g%@&%yd& her- ﬂ{%eké BABExantIfiE;bI tors include

conpounds havi ng t | owm'ng formula (I
2011/ (DQ—’(@-M@WYUE@Q&&?@Bﬁﬂtbxﬁﬁhﬂlyﬂimd7ﬂmaﬁi@¢rm 6-yl)]-N-methylcarbox-amide;

2-phenyl-5H-pyrrolo[3,2-d]pyrimidine-4-carboxamide;
[2-(3-Hydroxyphenyl)-9-(2-methoxyphenyl)-8-oxo(7-hydropurin-6-yl)]-N,N-dimethyl
carboxamide;
2-(3-Hydroxyphenylamino)-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
2-(4-Hydroxyphenylamino)-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
9-(trans-4-Hydroxycyclohexyl)-2-(3-hydroxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-
carboxamide;
9-(trans-4-Hydroxycyclohexyl)-8-ox0-2-(pyridin-3-yl)-8,9-dihydro-7H-purine-6-carboxamide;
9-(trans-4-Hydroxycyclohexyl)-2-(3-hydroxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-
carboxamide;
9-(trans-4-Hydroxycyclohexyl)-8-ox0-2-(pyridin-3-yl)-8,9-dihydro-7H-purine-6-carboxamide;
2-(3-Hydroxyphenylamino)-9-(2-methoxyphenyl)-9H-purine-6-carboxamide;
9-Isopropyl-2-(3-hydroxy-phenyl)-8-0x0-8,9-dihydo-7H-purine-6-carboxamide;

Methyl 4-(6-carbamoyl-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purin-2-yl) benzoate;
2-(2-Chloro-3-hydroxyphenyl)-9-(2-methoxyphenyl)-8-oxo0-7-hydropurine-6-carbox amide;
2-(3-Cyanophenyl)-9-(2-methoxyphenyl)-8-ox0-8,9-dihydro-7H-purine-6-carboxamide;
2-(2-Hydroxyphenylamino)-9-(2-methoxyphenyl)-8-o0x0-8,9-dihydro-7H-purine-6-carboxamide;
2-(3-Hydroxyphenyl)-9-(4-methoxy-2-methylphenyl)-8-0x0-8,9-dihydro-7H-purine-6-
carboxamide;
2-(3-Hydroxyphenyl)-8-0x0-9-(2-(trifluoromethyl)phenyl)-8,9-dihydro-7H-purine-6-
carboxamide;
2-(4-Cyano-phenyl)-9-(2-methoxy-phenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
4-[6-Carbamoyl-9-(2-methoxy-phenyl)-8-0x0-8,9-dihydro-7H-purin-2-yl]-benzoic acid;

Methyl 3-(6-carbamoyl-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purin-2-yl)benzoate;
3-(6-Carbamoyl-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purin-2-yl)benzoic acid;

2-(3-Hydroxyphenyl)-9-(2-isopropylphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
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(rid) and pharmaceutically acceptable salts, clathrates,

sol vates, stereoisoners, tautoners, and prodrugs thereof, wherein:

R is subwoi2zoutmd3sr unsubstituted C _8al kyl, substitut @edTars2unsedsed it ut ed
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
cycl oal kyl, or substituted or unsubstituted heterocyclylal kyl;

R2 is substituted or unsubstituted C _8al kyl, substituted or unsubstituted

l, i i d het |, ' bst i d
vl bWt ol S G oD GG BETPL D GUUMEIBr By BPYTANKy | and R3 and.
R4 ar e_indgBeneaphd 1)@@2%@?#}%&1)-5{-9%3&1)1& ROGHRFRA BB ox e, OR

ki nase inhibitors 5¥Ifornu are those erein Rl is substituted
aryl, 9s@ebthgphsnthsLi(3 Iy ddxpplenyl)-8-p:008 92]ihydraTdt-pretncetrbotioxamntls; t he TOR

Ki i_nhi.bi f f la (lld t wher ei i s .substituted
tneuboc P uPR R St Ml b Bl R OB T HSEBRO T RIREd pyr i di ne.
subst ixt@tesgbho ﬁ&@@t@tpﬁ@qﬁxp n€1)W-0231R St dihytir8 I HRpuriitSES bbbk Hinedt;

e

qui nol i ne. [0031g]ln anot her odi mrent, the TOR ki nase inhibitors of
f or mul%(2¢4-Pephlegpphaniibe(Gnkxkrex yphriyl)-§-oxa s hydropwinedrcarheimyde:t ut ed

cycl oal ky. UG, subst i tuted or, unsubstituted cyclopentyl. [00314]In
anot hgr&eﬂflw%((i)r f‘#er?ﬁ?l)?ﬁ@ ‘?%3&8%13%5@)3%%?& %ag%osxao def’or mula (I1d) are those

wher ei2n(1R2Indazs Lol ot @traeth&xyphah K y-8.0xs Ut Ry ddspur{dd-tdnbox anid;
2011/ 097333PCT/ US2011/ 023524 [ 00315] I n anot her enbodi nent, the TOR ki nase
i nhi bi9r@|5%D&hIQTBPhﬁHD’Q'z('(3|'h|$dr‘é’?3@h?%d 8-0x0-7-hydropurine-6-carboxamide;

2-[4-(Hydroxymethyl)phenyl]-9-(2-methoxyphenyl)-8-oxo-7-hydropurine-6-carbox-amide;
2-[3-(Hydroxymethyl)phenyl]-9-(2-methoxyphenyl)-8-oxo-7-hydropurine-6-carbox-amide;
9-(2-Methoxyphenyl)-8-oxo0-2-(pyridin-4-yl)-8,9-dihydro-7H-purine-6-carboxamide;
2-(4-Fluoro-3-hydroxyphenyl)-9-(2-methoxyphenyl)-8-oxo0-7-hydropurine-6-carbox-amide;
2-(2-Fluoro-3-hydroxyphenyl)-9-(2-methoxyphenyl)-8-oxo0-7-hydropurine-6-carbox-amide;
2-[4-(1-Hydroxy-isopropyl)phenyl]-9-(2-methoxyphenyl)-8-oxo-7-hydropurine-6-carboxamide;
2-[3-(1-Hydroxy-isopropyl)phenyl]-9-(2-methoxyphenyl)-8-oxo-7-hydropurine-6-carboxamide;
9-(2-Methoxyphenyl)-2-(2-nitrophenyl)-8-0x0-7-hydropurine-6-carboxamide;
9-(2-Methoxyphenyl)-2-(4-nitrophenyl)-8-oxo-7-hydropurine-6-carboxamide;
9-(2-Methoxyphenyl)-2-(2-nitrophenyl)-8-0x0-7-hydropurine-6-carboxamide;
9-(2,4-Difluorophenyl)-2-(3-hydroxyphenyl)-8-oxo-7-hydropurine-6-carboxamide;
9-(2-Methoxyphenyl)-2-{3-[(methylsulfonyl)amino]phenyl } -8-0x0-7-hydropurine-6-
carboxamide;
9-(4-Chloro-2-fluorophenyl)-2-(3-hydroxyphenyl)-8-oxo-7-hydropurine-6-carboxamide;
9-(2-Chlorophenyl)-8-oxo-2-(3-pyridyl)-7-hydropurine-6-carboxamide;
8-0x0-2-(3-pyridyl)-9-[2-(trifluoromethyl)phenyl]-7-hydropurine-6-carboxamide;
9-(3-Chloro-2-fluorophenyl)-2-(3-hydroxyphenyl)-8-oxo-7-hydropurine-6-carboxamide;
9-(2-Fluoro-3-trifluoromethylphenyl)-2-(3-hydroxyphenyl)-8-oxo-7-hydropurine-6-
carboxamide;

9-(2, 3, 4-Trifluorophenyl)-2-(3-hydroxyphenyl)-8-oxo-7-hydropurine-6-carboxamide;
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wherein R2 is unsubstituted G _8al kyl, such as unsubstituted nethyl.

[ 00316] I n anot her enbodi nent, the TOR ki nase inhibitors of fornmula (11d)
are t hosewoherioms®2 i s substituted or unsubstituted arypcr/usoah/oass24
substituted or unsubstituted phenyl. [00317]1n another enbodiment, the TOR
ki nase inhibitors of fornmula (11d) are those wherein R2 is substituted
aryl, such as halo hal oal kyl or al koxy substituted phenyl. [00318]1In

anot h od| e TCR e |nh| ors fornu (11d) are those
wner e L BRGoleitetaltd O Cmanpem B ki et ARG ubAngd- subst it ut ed
or un%%ggg&hﬂked cycl ohexyl or substltuted or unsubstituted cycl oheptyl.
[00319] I n anot her enbodi ment, the TOR kinase inhibitors of formula (11d)
are t rie[SJe(Anhefdfenmo)@zenﬁ] §t(bsnathm¢yeuert}é)t &oecyeh}sdlrtahkiylbﬁ-@mmaaédcsubst ituted

i erl not.her men T Ki e i itors, of
Do PR SRR a R MR RTR e o L Fer e e B P Tor
ki nase- G2ﬂltlbﬂfo§<%lﬁan91f) St&{dmjg%a(zd)ll-é)-yl NGy dePurine-6- carboxarmde
9- benzyl- 8- oxo- r|d|n- yl) 9- di hydr o- 7H puri ne- 6- car boxani de;

N—netﬁW?Jﬂf6W6w@pr-&WB%Q(WVMOH$ﬁL§ﬁv@ymgﬂgeéﬂﬁ#@%@mmﬁvpurlne 6- car boxami d
; d b d
2 2B PR B A R B AR ¢ bowam o

2-[3-(Difluoromethyl)phenyl]-9-(2- rnethoxyphenyl) 8 -0x0-7-hydropurine-6-carbox-amide;

2 (2- nEthOXﬁ pyri di n-3-y1)- 8- 0xo- 9- E 1- 8, 9-di hydr o- 7H pur.i ne- 6- car boxanmi d
e: -[5-(Difludromethyl)-2- uorophenyl] 9-( rnethoxyphenyl) 8-0x0-7-hydropurine-6-

N, N-dlgg%QMi - 0X0- 9- pheny1- 2- (pyri di n-3-y1) -8, 9-di hydr o- 7H puri ne- 6- car box
I-8-oxo-2-(pyridin-3-y1)-8,9-dihydro-?k#purine-6-carboxanide;

2 (4- ﬁy@}bhgnbEﬂymﬁwﬁﬂ@Qﬂﬁ@(h@mypm@my&hdﬁgoxo%&%@mgmhyﬂipuﬁhbéurine-6-carbo
xam de;
2-(3- ﬁ?ﬁpé%@ﬁﬁenyl) 8- 0x0-9-0-tol yl1-8, 9-di hydr o- 7H puri ne- 6- car boxam de;

- (1H2L66dﬂ}d16xyp%d% 62118 bROXY NG o OpRnIt H, SVt Brol FHRHEnA: 6- car boxa

2 (1Hcmﬂ©@mnﬁby1) 9- ( 2- met hoxypheny1l) - 8- oxo- 8, 9- di hydr o- 7H pur i ne- 6- car boxa
m de;

2- ( 3- wydFERyRkHyazsl- b2l gy BRBATAY 8 e0x85to2 8 hg It A PBn G- BERTABLY: car bo

xam de;Benzimidazol-6-yl-8-0x0-9-[2- (trlﬂuoromethyl)]r)]henylj -7-hydropurine-6-carboxamide;
2- (2-hydroxypyridi n-4-y1)-9-(2-nmet hox 8- oxo- 8, 9- di hydr o- 7H purine- 6
- car b@x@n¥ljeropyridin-3-yl)-8-0x0-9-(2- (trlﬂuorornethyl)phenyl) 8,9- dlhydro -7TH-purine-6-

9-(2- %Q%%&gﬂﬂgnyl) 2- ( 3- hydr oxypheny1) - 8- oxo- 8, 9-di hydr o- 7H puri ne- 6- car box
9m( c2]I fttan oA qp Nt 012 -9 @~ Iagdhb Ryphie i EN8 10x088, 0¢0hy8lr &7 Hi-fhi h- D-y lalhi pelr dyovh6xyd ar box
am de; cafbagl%te-; WO 2011/ 097333PCT/ US2011/ 023524

(R)-9-(2-Methoxyphenyl)-8-ox0-2-(pyrrolidin-3-ylamino)-8,9-dihydro-7H-purine-6-

carboxamide;

(S)-9-(2-Methoxyphenyl)-8-oxo-2-(pyrrolidin-3-ylamino)-8,9-dihydro-7H-purine-6-

carboxamide;

(cis)-4-(6-Carbamoyl-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purin-2-ylamino) cyclohexyl

carbamate;

2-(trans-4-Hydroxycyclohexylamino)-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-

carboxamide;
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9- (2, 6-difluorophenyl)-2-(3-hydroxyphenyl)-8-o0xo- 8, 9-di hydr o- 7H- puri ne-6-ca
r boxam de;

9- cycl ohepoywdt1@9ess- 2- (pyri di n- 3-y1) - 8, 9- di hydr o- 7H pur iPoeAB2@anbksszanm de;

9- (2- met hoxypheny1l) - 8- oxo- 2- (qui nol i n-5-y1) -8, 9-di hydr o- 7H- pur i ne- 6- car boxa
m de;

2-cycl opentyl-9-(2-net hoxyphenyl) - 8- oxo- 8, 9-di hydr o- 7H puri ne- 6- car boxam de

9- ( 2- et riokgpmerginy 3-BDSke (& riflueransh g byl f phdhydip- BIovdafdr o- 7H pur |

ne- 6- Gapkanaal de;

9- ( 2- net hoxypheny1) - 2- ( 6- net hoxypyri di n- 3-y1) - 8- oxo- 8, 9- di hydr o- 7H puri ne- 6

- car b@x@m-4etydroxycyclohexylamino)-9-(2-methoxyphenyl)-8-0x0-8,9- dlhydro -7H-purine-6-

2-(3- hﬁg)rox giﬁ‘enyl) 8- 0x0-9-(4-(trifluoronethyl)phenyl)-8, 9-di hydro-7H puri

ne- 6-

9- ben2y =11 3mide b DX PRI ph &1y2XAmS)-9=(dLriyREG:Sph 810RE-8-gk BRxAM de;

2-(3- hy(gr(gxyphenyl) élgoxgwjp(Z}?tr?lf?uo(ronet h%;yggﬁ)élnyl) gl hydr o- 7H pur

i ne- 6putine-Horepxaaide _

r9 bgia%% l%%rgxy yrldn}/ %)y_l) 8% @y@r(?rﬁl%qgr?lgtﬁglf)&e%§8 889 %1hydr&/ %%u?ilﬁié-%g” ne- 6-ca

9 (2 rasefblagxmmlagnyl) 2-(3- nltrophenyl) 8 oxo 8 9 di hydr o- 7H puri ne- 6- car boxa
3- cyanopheny 1%;88 0X0- 9- pheny ro- 7H puri ne- 6- car boxani de;

9 (3 f(RQr r@pHethgyrhedy W@r%@ﬁw@ﬁwﬂ ybﬂ%b@dﬂl@l@)&p919@%@1%&?%@ 6- car box
d

gm( 2er$%1{bﬁé§<r§/ndhenyl) 8- 0x0-2-(2-(trifluoronethyl)phenyl)-8, 9-di hydro 7H puri

ne- 6- (8pPHDMethabe/phenyl)-8-0xo-2-(pyrrolidin-2-ylmethylamino)-8,9-dihydro-7H-purine-6-

2-(5-flyoro %/r i di n-3-y1)-9-(2-nmet hoxyphenyl)-8-o0xo-8, 9-di hydro- 7H puri ne- 6-

car bofﬁ‘ﬁﬁo

g f; ; r %g%(gn Hgle QQLTHIAZ'BT 4=plbhey1{-8- (PRI ARRYBRETNLS 08008 dfo R Hb IV Box ARty | ne-

4- (6- éa(r2bfelwby&y®hﬁdmu@19|f(>2rmdhnx§®h?ﬂs)l) Ftaxpth9-dibgd8H Hyiuyipedetartixamide ;car box
| at 9 . .. .

5- cycleReMshos sk dr asey sty yommsitnds ! g-banrgldbmidnee b Drb 285 dan de,

9- (2- @hﬁ@qudgm@d& 0x0-2-(3-(trifluoromet hoxy)phenyl) -8, 9-di hydro- 7H pur

i ne- 6- car boxam de; phenyl - 2- (gyrl di n- 3-y1)-9H puri ne- 6- car boxam de;

6- ox0283pHERL 42T1(1wi ﬁdil)phgnx}}?( -t phesivl kfrpue-dtydFontirine-oacashaxemydari de:

6- 0Xx0 (PVi 7 ter ar boxam de;
2-(3- %quﬁeﬁé )8)(% 59 oxy%]{)l ?cf)g dﬁ@dl;@l?gdé}&ﬁ g)r&% Bﬁﬁ?cne 6- car boxa
m de; 22(4((3%1:1/drmlymeeyyl)pheny(ljz94(E¢ﬂmomp;hb@5ny$)oxeﬂ }i)ytfrblﬁlﬁ'ﬂﬁ Gedrboxpaiiiele; - 69
- WD 2011/097333PCT/ US2011/ 023524

9- Cy ¢ Poeldtly 1.2 2-Traelrdnd e pmd h§ 15 1 wresnyl mheoyin®rirer & 2-Ahydie-7 Rerwsine fr box ani de
9 ter tcar Oxarimdf- ( 3- hydr oxy- phenyl) - 8- oxo- 8, 9- di hydo- 7H puri ne- 6- car boxam de;
[ 2- (3 %@dMeﬁrppjnﬁwgﬂ)) 29212 etivpl- hid>bye i dith) daBe lob-g1) 78-bywtB Opdihy dvo & p)jraNbnet hy|
car box- am de;. 2- phenyl - 5H pyrrol o[ 3, 2-d] pyrl m di ne- 4- car boxam de;

[2-(3° F&) F‘?ﬁ‘%&gﬁhenyl) 9- (2- met hoxypheny1l) - 8- oxo( 7- hydropurin-6-y1)]-N, N-di me
thyl 30@KAR:GBicthyl)phenyl -9-(2-methoxyphenyl)-8-oxo0-8,9-dihydro-7H- -6-

2-(3- I%yad(’jr oxyph}gﬁ%/el an‘)lpn(e)l)l}i arm(nzo) rre(t hn(;iyopﬁygme/nl%) 0()3(>O<o 8, 19 dllrohydrp(l)lm%?—l- puri ne- 6-
car boxarboganide;

2 RS AT 1825 S RHBI SR B Ry ol Grifbgpur  ne- 6-
9- (t r aBpfodarhiidr oxycycl ohexyl) - 2- (3- hydr oxypheny1l) - 8- oxo- 8, 9-di hydr o- 7H puri
ne- 6- car boxam de;

9-(tr &n@ gty RGOy F-6hbxgioxyshenx =820 Piddiira Tyl yurgieeh-garhge A - pur i ne-
6-
o (o1 2R G mhom) S oxe0-2 PR D SRUAPIT RS E B AR o- 71 pur

ne- 6- car boxam de;

9- (trans-4- Hydroxycycl ohexyl ) - 8- oxo- 2- (pyri di n- 3-y1) -8, 9-di hydr o- 7H puri ne-
6- car boxam de;

2- ( 3- Hydr oxyphenyl am no) - 9- ( 2- met hoxyphenyl) - 9H puri ne- 6- car boxam de;

9- | sopropyl - 2- (3- hydr oxy- phenyl) - 8- oxo- 8, 9- di hydo- 7H puri ne- 6- car boxani de;
Met hyl 4-(6-car banoyl- 9- ( 2- met hoxyphenyl) - 8- oxo- 8, 9-di hydro- 7H puri n-2-y1)
benzoat e;

2- (2- Chl or o- 3- hydr oxypheny1) - 9- ( 2- net hoxypheny1l) - 8- oxo- 7- hydr opuri ne-6-carb
ox am de;

2- ( 3- Cyanophenyl) - 9- ( 2- net hoxypheny1l) - 8- oxo- 8, 9- di hydr o- 7H puri ne- 6- car boxa
m de;
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Met hyl

3 (6-carbanoyl- 9- (2- met hoxyphenyl) - 8- oxo- 8, 9-di hydr o- 7H puri n- 2-yl ) benzoat e
WO 2011/097333 PCT/US2011/023524

3- (6- Car banoy1- 9- ( 2- net hoxypheny1) - 8- oxo- 8, 9- di hydr o- 7H-puri n- 2-yl ) benzoi c

aci d;

2-(3- Hydr oxyphenyl) - 9- (2-i sopr opyl phenyl) - 8- oxo- 8 9-di hydr o- 7H puri ne- 6- car

boxami _de; 0 97333PCT/ US20 023

(1H2rﬁala§6mzoéd]w§30 @P%(é%)@ édﬂpﬁﬂ@ﬂgﬁl RS rfi}kw%dﬁ RWIR:-Car boxani de;
2 (4- gglrbg%rm@ephenyl) - (2- met hoxypheny1l) - 8 oxo 8, 9-di hydr o- 7H puri ne- 6- car
boxam de;

9 ( 2 Et—Criﬁ pldemm} ¥ y12-9¢3-thsthoxpphpind 1§ Dxo B, D thy8rB7diphyide-6-cakbgqramidee- 6- car boxa
9 (2 % Bridydrgrapmidingd yDo8-px0 Ry dr Ginanams Ly ey =32 A At (HiwEng-% ar boxani d

carboxamide;
2 (3- Car banoyl phen 1) - 9- (2- met hoxypheny1l) - 8- oxo- 8, 9- di hydr o- 7H puri ne- 6- car
box ardét-Imidazo[4,5 b]pyrldln 6-y1)-9-(2- rnethoxyphenyl) 8-0xo0- 8 9 dihydro-7H-purine-6-

9-(2, 6- 1;:qg'yg:(arlll%reophenyl) 2- ( 3- hydr oxypheny1l) - 8- oxo- 7- hydr opuri ne- 6- car boxam d
e, 2- (cﬁ dmoxyphenyl) 9- ( 2- met hoxyphenyl ) puri ne- 6- car boxam de;

2- ( 1H2k@da eoimidazol 1= 2yihenyipohoxygpremy glendt)8xoxol8 Dydinﬁﬁuﬂmpmﬁrec;@r boxani de;
9-(2, 3- % chl %r ophenyl) - 2- ( 3- hydr oxypheny1) - 8- oxo- 7- hydr opuri ne- 6- car boxam d
carooxamide,

4- grzadéyawﬁ%maﬁ?w Hadd ArdihBoXYRReNY ) arf-72X Parfid AL BBLhiAg; 6- car bo
3- (2Hiytelr1 bix nmid b ol 2) yd hpdhie st )-99 2 (iReprep iphopph ehydg-8 8- dikyakr@-7hly purdeué-i ne- 6- car bo

[
am
[
am de;
(
e;

€,
2-

X-

2-

X-

9-(2- %Ebﬁéﬁ’éiﬁenyl) 8- 0x0- 2- (pyri di n-4-y1) -8, 9-di hydr o- 7H puri ne- 6- car boxam
id 2-(1H- Benzo[d]lrmdazol 1-y1)-9-(2-methoxyphenyl)-8-0x0-8,9- d1h dro- 7H purlne -6-

2- (4- Fl uor o- 3- hydr oxypheny1) - 9- ( 2- riet hoxyphenyi) - 8 oxo 7-hydr opuri ne-6-carb
oX- amicdédoxamide;

(Z)X( gm la(g?f Prm:()iazhoxfﬁI 5%}5&}5‘&9 y61321) 8 (§ leorf)%prgl Ig(l}le%yﬁ W 1}20 §9ch( hydro I%X'fldpulr ne- é ne-6-carb
2-[ 4- (Carbegthéy i sopropyl ) phenyl] - 9-(2-nmet hoxyphenyl) - 8- oxo- 7- hydr opuri ne- 6
- car boxam de

2-[ 3- (91(2I-¥§@IW©RWPE1@U@‘%QW L AERgyrTelal2 32b jvetitioxy ph &3 dihy droo#d-ppring-ér opur i ne- 6
- car box

9- (2 ¥ I[%hoxyﬁiﬁényl) 2- (2-ni trophenyl) - 8- oxo- 7- hydr opur i ne- 6- car boxam de;

9- ( 2- Ketlrokyidhasy, 1) bRyl dindo-{15-8 pixe iy 0)- (B flaxométyy)phapily-8 neatib-del7biopainede;

9- (2- Met hoxyphenyl) - 2- (2- ni trophenyl) - 8- oxo- 7- hydr opur i ne- 6- car boxam de;

9- (2, H-59aBYYvheny 1) - 2- (3- hydr oxypheny1l) - 8- oxo- 7- hydr opur i ne- 6- car boxani d

e, 2-(2- i, -
9-(2- Nb(tzhogt;lgﬁ}é%henyl)zz ?S(nfe Irlyelthh%/) ISI_lIJ| “ZOH] naltlr%a%loc%]sp%% l}i - 961}( d$0 gglldr opurine
- 6- cqxutme(-émad&);xamlde

9- (4- 2- h d 1 7- hyd 6- b

vai de B BEo bR ReR) P BTk SO St e B ar boxan de.
8- OXO*)Z(dy%ro‘Pl}éJE}'leﬁéﬂHy'l)E’z (2 dibkfpreayOmes-ovs ) RNy T s heIepsbé-nsriGe car boxan
9 (3 Oh(2or-Bitgedid-lbringére byl 2-23-hgdrhyyhhoryipiBerpid.9-glilgxloe-7Hryudimefur i ne- 6- car bo

xam de; m
9-(2- IEM’(?F% ]éietl’lﬂ uor onet hyl pheny1) - 2- ( 3- hydr oxypheny1) - 8- oxo- 7- hydr opuri n

e- 6- QanbE¥avk en@lj—(‘)ziso‘tﬁl,tyl 8-oxo- 8 9-dihydro-7H- purlne -6-carboxamide;
4-Trifl uorophe&él 2- ( 3- hydr ox 8- 0ox0- 7- hydr opuri ne- 6- car boxam de; -

71 - Niyapgdy vm@m@@ﬁ%@mmmﬂ) 8-0x0-8,9-dihydro-7H-purine-6-

2- (1H— ]£9k|n1dazol 6-y1l)-9-(2- met hoxyphenyl) - 8- oxo- 8, 9-di hydro- 7H purin
e- 6- car oxanlﬁ

2-[ 3- (Acetylanlno)phenyl] 9- (2- nerﬁ%&yphenyl) 8- 0x0- 7- hydr opuri ne- 6- car boxa
m de;

2- ( 3- hydr oxypheny1l) - 8- ( 2- net hoxyphenyl) - 6- oxo-5, 6, 7, 8-t et rahydropteri di ne-4
- car box- am de;

9- (2- Met hoxyphenyl) - 8- oxo- 2- pyrazol - 4-y1- 7- hydr opuri ne- 6- car boxam de;

9- (2- Met hoxypheny1l) - 8- oxo- 2- pyr azol - 3-y1- 7- hydr opur i ne- 6- car boxam de;

9- (4- Am nocycl ohexyl ) - 2- ( 3- hydr oxypheny1l) - 8- oxo- 7- hydr opur i ne- 6- car boxam de

2- [ 3-(Di fluoronet hyl ) phenyl] -9-(2- met hoxyphenyl) - 8- oxo- 7- hydr opuri ne-6-carb
ox- am de;
2- [5 (D| fI uor orret hyI) 2-f 1 uorophenyl] - 9- (2- met hoxyphenyl) - 8- oxo- 7- hydr opur i



(R)-9-(2- Met hoxyphenyl) - 8- oxo- 2- (pyrrolidin-3-ylam no) -8, 9-di hydro- 7H purin
e- 6- carboxam de;
(S)-9-(2-Wbt2hoxoppdseny 1) - 8- oxo- 2- (pyrrol i di n- 3-yl am no) - 8CARRMyWR3F24 H- pur i n
e- 6- carboxam de;
(cis)-4-(6-Carbanoyl-9-(2-met hoxyphenyl) - 8- oxo- 8, 9-di hydro- 7H purin-2-yl am
no) cyclohexyl car bamat e;

B i T

2- (4- ChlRkomMel di n-3-y1)-8-0x0-9-(2-(trifluoronethyl)phenyl)-8, 9-di hydro-7H
- puri ne- 6- carboxanide;

2- ( ci $-@-Hydoayheyel)-Ghesoyd-aind.i$) tedalfzhonsphthalephleply-8) 9-8ihgstio- Bi-pudindrgdr o- 7H-p
urine-6- carboxam de;

2- (4- (PP HGazol - 1 yI ) met hyl ) phenyl ani no) - 9- ( 2- met hoxypheny1) - 8- oxo- 8, 9- d

i hydr o-@Hpwr-i, QQ‘%@Z@[ nyl b §48)-9-c clohex 1-8-0x0-8,9-dihydro-7H-purine-6- carboxarmde
2-(4- Fwdrox pyri di n- 3 - 8-'0xo0- gkrlfluoronethyl)phenyl) 8, dlhydro 7
H pur i2n8-1dy r@gypj@nglm9 -1ndol 4-yl)- 8 oxo 9-dihydro-7H-purine-6-carboxamide;

(R)-9- 9(~ Glye SoxyRhes ﬁéﬂenﬂ)%& l%y(grg glllylllfi-gpox%-S%-Iaﬁltym(oﬁﬁlpu??ne-%’- 9-di hydro- 7H

- puri nex carboxam

(S) - QCQ&@Mthﬁxyphenyl) 8- 0x0- 2- (pyrrolidin-2-yl met hyl am no) - 8, 9- di hydro- 7H
- purine-6- carboxam d

2- (4- (91@-&11@045'1F¥GF®2‘BP116§¥W% Ehexrfayxrhep)-feradigteaier YHewsRe-67- hydr opuri ne
- 6- car.h

2-(2- Fyg%oxygghylanlno) 9- (2- net hoxypheny1l) - 8- oxo- 8, 9- dlhydro 7H purine-6-c
ar box & ddohexyl-2-(1H-imidazo[4,5-b]pyridin-6-yl)-8-0x0-8,9-dihydro-7H- purlne -6-carboxamide;

g (gzd:ggé}g[rq (er Hffﬂiépg‘l‘é% Oxg? é@&é}ﬁ(db% .lZH puy?glgge tl)hglb)dlhylj-lro %EIZI? e-én dazol-6-y1)-

2- (3- (Mdokardidé: Tri azol - 3-yl) pheny1) - 9- (2- net hoxypheny1) - 8- oxo- 7- hydr opuri ne
- 6- car boxam de:

9 (B|QH@H@Yéﬁxmﬂmnﬁg@avhyﬂﬂQwahén%Ei@SWmbeBmg%dDHy%ﬂdaﬂﬂwﬁﬂﬂnmmsﬁﬁcarboxa

2 (4 ffﬁpimﬁuﬁ Tri azol - 3-yl ) pheny1) - 9- (2- f | uor opheny1) - 8- oxo- 7- hydr opur i ne-

6- car @Oﬁ% cq jentylphenyl)-2-(3- h drox hen 1)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
2-(4-(1 i 1%?azgp ( yp Y) 2- |sopry yIphé%yl - 8- 0x0- 8, 9-di hydro

- 7|_|_ p G3n@y@oxmbﬂ)§m>@3g (plperldln 4 yl) Sg dihydro- 7 -purine-6- carboxarmde

9-(2- I\éb car @Oxé%geﬁlgﬁﬁ'why&&%%n&ﬁg gl Xmgj@-aﬁlydﬁo-yl:—ll)pu%ng-)gg 8, 9-di hydro

é7Fész&ﬁkamyﬁEthyl)phenylanlno) 9- (2- net hoxypheny1l) - 8- oxo- 8, 9-di hydro-7Hp
urine- §( Hct?gngo[d]lmlgiazol 6-y1)-9-cyclohexyl-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
2-Benzimidazol-6-yl-9-(trans-4-methoxycyclohexyl)-8-oxo-7-hydropurine-6-carboxamide;
2-(4-(Aminomethyl)phenyl)-9-(2-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
2-(3-Hydroxyphenyl)-9-(cis-4-(methoxymethyl)cyclohexyl)-8-0x0-8,9-dihydro-7H-purine-6-
carboxamide;
9-(trans-4-Aminocyclohexyl)-2-(3-hydroxyphenyl)-8-0x0-8,9-dihydro-7H-purine-6-
carboxamide;
2-(3-Hydroxyphenyl)-9-(2-isobutylphenyl)-8-0x0-8,9-dihydro-7H-purine-6-carboxamide;
(R)-2-(3-Hydroxyphenyl)-8-ox0-9-(tetrahydrofuran-3-yl)-8,9-dihydro-7H-purine-6-

carboxamide;
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2- (2- (Hydr oxynet hyl ) phenyl am no) - 9- ( 2- met hoxypheny1) - 8- oxo- 8, 9-di hydro-7H-p
urine-6- carboxam de;

9- (2-t ertwBubylghssayl) - 2- ( 3- hydr oxyphenyl) - 8- oxo- 8, 9- di Irgurus2itvopased4 ne- 6- ca
r boxam de;

2- ( 3- Hydr oxypheny1) - 8- oxo- 9- ( 2- phenoxypheny1l) - 8, 9- di hydr o- 7H puri ne- 6- car bo
xam de; -73 - WD 2011/ 097333PCT/ US2011/ 023524

|2n(ellg- (g%g'ig%g'éilrﬁ’ﬁ@ eZI?yll)-?-oxg' &) (9 e’n(a%y dro ur£11(1) 1??3”3’ ﬁ'ydro 7%pur1neg6 %Ia!lr ogarn(ljldz H-pur
2- ( 1H‘2| (39@&Rino Mhiedhdd)pRery 2= 9183 -BRMRDSIN ) -Bo 03 8,981 By b Y AP Rinets BMbbREnide.car bo

xam de

2-(2- HY@F(dHy‘h%ermBSwd)phsmd)e@—(g-ls(omdnyﬂplfehwmt&94d)lpfmlem7@pl&n9-6d| hydr o- 7

I—I-purln]g)0 rboxam de; 2-(1H 1 m dazo [4,5

- b] py ﬁargl 1) - 9- ( 2- net hoxypheny1) - 8- oxo- 8, 9- di hydr o- 7H- pur i ne- 6-

car box: -1, 2:4(Pridzol b=(cid-4-meth lohexyl)-8-ox0-8,9-dihydro-7H- -

-yl )ph:(rrf;((li) 9- 32 |38pﬁp{/ﬁhglﬂ%%y-l(§l rg;c(ooxycyc Odlepilyy)drooxgl—l- pulr |yn1re0 6- “purine

car boxXagftlepxami

9. ( 2- Oyl PR BRGIAI-R31)3: (NI ROHRASEY s 9405880 NS Sr gt ne- 6-ca

2 (4 (cattokamitiaz ol - 2- yI)phenyl) 9 (2 |sopropyl phenyl) 8- ox0- 8, 9-di hydro-7Hp
i ne- 6- car boxam _d

- yl) g- (13t Wﬁ%ﬁ&éﬁéwﬂm@ 36%8 (815'49m8¥hﬁ§91ﬂfr3’6101’1ﬁ¥556h37%§ $2-dihydpuHravgec-

2- u""'%rﬁ&é &1

- b] pyridin-6- 3 9- (2-i sopropyl phenyl) - 8- oxo- 8, 9-di hydr o- 7H puri ne- 6-

car boﬂa(mldﬁdroﬁyﬁh%ﬂw@p@(hw} pHErhbky ety el §Hkkdy 3R-6:al-8,9fd2h Rire T Hpyuriri-63- 5

-yl di hydr o- 7H puri ne- 6- carboxam de; 2-(1HI1m dazo [4,5

- b] pyr‘?@oﬁarﬁl‘%iﬁn -0x0-9-(2-(trifluoronethyl)phenyl)-8, 9-di hydro- 7H puri ne6

- car bex@nj Iphenyl)-2-(4-(5-methyl-4H-1,2,4-triazol-3-yl)phenyl)-8-0x0-8,9-dihydro-7H-

0 (2. ML he SRS (e 2y ey WSl O o 3 -5, 0.

i hydr puiikporoariexgmede boxan de; _

)2( agllgkghggﬁir&gg%/\%t#éﬁ%’% %@F)sagg/ %hl?rg% so?va ¢ ster’emsoI hl%dtlélgtoﬁ_e'} Ung ne- 6-car bo

- hydr gxyRtgdeoB- 0x0- 8, 9- di hydr o- 7H-puri ne- 6- car boxami de;

[00322] In one embodiment, the TOR kinase inhibitors include compounds having the
following formula (III):
R2
R3
R N N R
[
=
N N O
H
1D

and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,

tautomers, and prodrugs thereof, wherein:
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9-(2,3 -Di hydro- 1Hinden- 1 -y1)-2-(3
- hydr oxyphenyl) - 8- oxo- 8, 9-di hydr o- 7H puri ne- 6- car boxam de;
2- ( 3- HydrweyephemyiBs- 9- i sobut y1- 8- oxo- 8, 9- di hydr o- 7H pur iPogAB2@ankszzan de;
9- (trans-4- Met hoxycycl ohexyl ) -2-(3 -hydroxyphenyl) - 8- oxo-8
, 9-di hydro- 7H puri ne- 6- carboxam de; WO 2011/ 097333PCT/ US2011/ 023524
9- (ci s-4- Met hoxycycl ohexyl ) - 2- (3 - hydr oxyphenyl) - 8- oxo- 8
, 9-di hydr o- 7H pur,i.ne- 6-. car boxam xypheny1) - on
6,7,8-tetr ahydﬁ%ﬁ%m R “11{15 }ltugedz ‘éwﬁl% i %{ Surivaes t“é%ir%lxam de;
4- (ubdirutdq o?ut‘fkuﬁé’tltﬁ’t%&’k c’ioalkyl substltuted or unsubstituted heterocyclyl, or substituted
) phenyl) - 9- cycl ohexyl \é 0XO0- ydro 7H puri ne- 6- carboxam de;
3 Hydnmbytpﬁumd)lm)er@y(cmlkﬁdol 4- y1) - 0X0- 8, 9-di hydr o- 7H puri ne- 6- car boxa
2

FI uor o- 3- mét Hiokly prshitutgd g WBUW?HKWQWWHUQUWWCS VosHIstipdd- 7H puri n

2- %%lgfgﬂé?g%&%%uted 01rhuen rsllf/ S)tl-uﬁg(% %e-t%r>98¥ 0% bgtr%ty Bd ! unsubsgtuée di hydro-7H purin
Gatchavyalyidieyl, ﬁﬂoﬁym{edhﬁxlyélfo@ﬁtﬁlﬂdd-drﬁﬂ(ﬂaéﬂs@éuﬁted or unsubstituted
yri d| n 6-y1) - 8- oxo- 8, 9-di hydr o- 7H puri ne- 6- car boxam de;
HV gpatkyly ﬁ%’ ry1) - 8- 0xo- 9- (t et rahydr o- 2H pyran-4-y1) -8, 9-di hydro- 7H purin
e-6- carboxam d d h
- (3- Fydr oxy pherly 219& ' axsh fndeaerdsauio S eipys S sy geh 1y #57%- di nyar o-

7H purshRRtéed 6RGRAYANIEE aryl, substituted or unsubstituted cycloalkyl, substituted or
9- (2-Cycl opent yl phenyl) - 2-( 3- hydr oxypheny1l) - 8- oxo- 8, 9- di hydr o- 7H-puri ne-6-c
ar box ambubstituted heterocyclyl, substituted or unsubstituted heterocyclylalkyl substituted or

2 ( 3 '%subs%( b cfe arXIBIl subsﬁ?uted &p Ilel%sltl 1'1th cycxola)lkyqallgy hf(d nn IZ , (Pge‘[h'ep %v_it%_ car box

9 g 2 Eﬂlwgbms% whichaxepieaitdohed; foin bydbsixytpdienyiblibSitese cfilSalkyliydr - 7H purin
e- car boxam d

2- (1H-SB@%12‘5F@IPI‘#ﬁsélh%ﬁ‘llt@@h?@jo-cgdﬂrcl ohexy1- 8- oxo- 8, 9- di hydr o- 7H- pur i ne- 6- car
boxam de;

2-Benzi m dazol - 6% %1 28d prg af R snd R tRseihey withhsyrpis to whishthex AF sfierhethe- 6- car

boxamifges a substituted or unsubstituted heteroc%cl yl,
2- (4- (Am nonet hyl ) pheny1l) - 9- oxypheny1) - 8- oxo- 8, 9- di hydr o- 7H- puri ne- 6
- car boxam de; wherein in certain ernbodlrnents the TOR kinase inhibitors do not include the

2-(3- Hydroxy(@henyl) 9-(cis-4-(net hoxyrret hyl ) cycl ohexyl ) - 8- oxo- 8, 9-di hydro-7
H pur i“ABPGUN dlepissedrhchsy, ngm(e{yr ans- 4- Am nocycl ohexyl ) - 2- (3

- hydr oxypheny1l) - 8- oxo- 8 , 9-di hydro- 7H puri ii 6- car boxam de;

2-
2"

(
yl
(
m de
9(
e- 6-
9-(
e- 6-
-b] p
2-(3

2- ( 3- Hydr oxypheny1) - 9- ( 7 sobut yl phenyl) - §- oXo- 8, 9- di hydr o- 7H puri ne-6-carb
oxam de; (R)-2-(3 -Hydroxyphg 8- 0x0-9 etgahydrofuran-3 -y1)-8

, 9-di hydr o- 7H puri ne- 6- N. N
RN
H

6-(4-hydroxyphenyl)-4-(3-methoxybenzyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

N~NH

-
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car boxam de; WD 2011/ 097333PCT/ US2011/ 023524
(S)-2-(3-Hydroxyphenyl) - 8-o0x0-9-(tetrahydrofuran-3-yl)-8, 9-di hydro-7H purin
e- 6- car bowerz the97333 PCT/US2011/023524

2- (3- (Am nonet hyl ) phenyl) - 9- ( 2- net hoxypheny1) - 8- oxo- 8, 9-di hydr o- 7H puri ne- 6
- car boxam de;

2-(4-(1H 1, 2, 3-Triazol -5-yl ) phenyl)-9-(2-isopropyl phenyl) - 8- oxo- 8, 9-di hydro

- 7H puri ne- 6- r boxani de; . . :

2! (aF (GBS PR Siponphengraslobepdmetubrist ARG EVErBHOR PP eresie: 8, o- o
i hydr o- 7H- puri ne6- car boxam de; 2(1H)-one;

2- (1H Benzo[ d] i ni dazol - 6-y1) - 9- (ci s- 4-'met hoxycycl ohexyl ) - 8- oxo- 8, 9- di hydr o-
7H- purgirne- 6- car boxami de;

2- (1H I m dazo[ 4, 5- b] pyri di n-6-y1)-9-(cis-4-nmet hoxycycl ohexyl ) -8-0x0-8, 9-di h
ydr o- 7H pur i ne6- car boxam de; N~NH
2-(3-Fwdroxyphenyl)-9-41r,4rx/ :
o- 7TH puri ne- 6- carboxam de; and H

9- (2-1sopropyl phenyl)-2-(4-(5-net 7\ f, ,  azol - 3-yl ) phenyl) - 8- oxo- 8,
9- di hydr o- 7Hpur i ne- 6- car boxam de, an LRAC cally acceptable salts,
clathrates, solvates, stereoisoners, tautioners, and prodrugs thereof

[00322] I n_one enbodi nent, the TOR kinase inhibitors include conpounds
havi ng t HR)HOdBH@W hg 4 eierltaylrhenyh)-3rEyapexpimpihyl)-3,4-dihydropyrazino[2,3-

blpyrazin-2(1H)-one.

t hoxynet hyl ) cycl ohexyl ) - 8- oxo- 8, 9- di hydr

[00323] In some embodiments of compounds of formula (I11), R is substituted or
unsubstituted aryl or substituted or unsubstituted heteroaryl. In one embodiment, R' is phenyl,
pyridyl, pyrimidyl, benzimidazolyl, indolyl, indazolyl, 1H-pyrrolo[2,3-b]pyridyl, 1H-
imidazo[4,5-b]pyridyl, 1H-imidazo[4,5-b]pyridin-2(3H)-onyl, 3H-imidazo[4,5-b]pyridyl, or
pyrazolyl, cach optionally substituted. In some embodiments, R' is phenyl substituted with one
or more substituents independently selected from the group consisting of substituted or
unsubstituted C;_g alkyl (for example, methyl), substituted or unsubstituted heterocyclyl (for
example, substituted or unsubstituted triazolyl or pyrazolyl), halogen (for example, fluorine),
aminocarbonyl, cyano, hydroxyalkyl (for example, hydroxypropyl), and hydroxy. In other
embodiments, R is pyridyl substituted with one or more substituents independently selected
from the group consisting of substituted or unsubstituted C, g alkyl, substituted or unsubstituted
heterocyclyl (for example, substituted or unsubstituted triazolyl), halogen, aminocarbonyl,
cyano, hydroxyalkyl, -OR, and -NR,, wherein each R is independently H, or a substituted or
unsubstituted Cy4 alkyl. In yet other embodiments, R' is 1H-pyrrolo[2,3-b]pyridyl or
benzimidazolyl, each optionally substituted with one or more substituents independently selected
from the group consisting of substituted or unsubstituted C,_g alkyl, and -NR,, wherein each R is

independently H, or a substituted or unsubstituted C,_4 alkyl.
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NNO H (I11) and pharmaceutically acceptable salts, clathrates,
sol vates, stereoisoners, tautoners, and prodrugs thereof, wherein:

R is subsoi2zoutmd3sr unsubstituted Cl_8 al kyl, substi tutred/useolunsisbst it ut ed
aryl, substituted or unsubstituted cycloal kyl, substituted or unsubstituted
het erocycl yl, or substituted or unsubstituted heterocyclylal kyl;

R2 is H substituted or unsubstituted C18 al kyl, substituted or

unsub btpghed c cIoaIkg%aqsubstltuted 0 sub éhﬁ ed heterocyclyl,

subst i RSYUBSF BNt sPoRgEt | Ributed or
unsubstituted aral kyl, or substltyted or unsubstltuted cycl oal kyl al kyl ;
R3 and R4 each i ndepen substi te@ or un ituted C1_8

al kyl, subbti t—u(t(?—alﬁ2)gORmsu Nﬂ%aryl | ub@tl tuted pr EURS} AR ted
cycloalk | /- Zubst it ut ed RE# ut ed erpﬁyclyl stltuted or
unsubsti t uted heterocycl yl’ substltﬁteﬂamr unsub ituted aral kyl,
substituted or unsubstltuted cycloalkylalkyl or R3 and R4, together mnth
the atonms to t hey amﬁ‘%ﬁ hed, fo substltut I%r\unsubstltuted
cycloalkyIN6$§s tj t ut ed @r ubstitut Y terocyclyl R2
and one of F3yan ﬁq t oget Har, Wb the to whi ch t RY e attached
forma su |tm%§ or unstbstRtut ed hetéhque1 "wher ein in

certain enbodlnents 't he TOR ki nase’ |nh|b|tors do notunmplude t He conpounds
depi ct ed bel ow, nanely

?1&? Q%Sroxwﬁffigl) 4- (13- nﬁRNG%ybenzyl) BIQ,gL;ydropyraZ|n\\ hﬁib]pyrazin-z
| r ')—' NC—(' [ PR
\/ m = m _ m Vi
“%C_ o’ %%i ’ “%: ’ M, , or

wherein R is at each occurrence independently H, or a substituted or unsubstituted
C,4 alkyl (for example, methyl); R’ is at each occurrence independently a substituted or
unsubstituted C;4 alkyl, halogen (for example, fluorine), cyano, -OR, or -NRy; m is 0-3; and n is
0-3. It will be understood by those skilled in the art that any of the subsitutuents R’ may be
attached to any suitable atom of any of the rings in the fused ring systems. It will also be
understood by those skilled in the art that the connecting bond of R' (designated by the bisecting

wavy line) may be attached to any of the atoms in any of the rings in the fused ring systems.
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WO 2011/ 097333PCT/ US2011/ 023524 6-(4-( 1 H 1 52,4-triazol-5 -yl)phenyl)-3
- (cycl ohexyl net hyl ) -3 54-di hydropyrazino [2,3 -b]pyrazin- 2(1H)-one; O,
(R) - 6- (4-WOL0t4#0913352, 4-tri azol -5 -yl ) phenyl) -3 - (cycl ohexylusedihypblys28

54-di hydropyrazino [2,3 - b]pyrazin-2(1H)-one. [00323]In sonme enbodi nents
of conpounds of formula (I11), R is substituted or unsubstituted aryl or
substituted or unsubstitut ed heteroaryl In one enbodi nent, R is phenyl,

d md |y d 1N
T :oyry{*’QﬁZ%{“ A ﬂff 5?/‘?‘1?8 Odlmq?lrzﬁomglalmwo t# 5@;&1'}@%/31719 R
1H i m dazo[ 4, 5-b] pyri di n- 2( 3H) - ol(];d\ 3H—| m dazol[ 4, 5- b] pyri dylN=9r
pyrazolyl, each &g%@g@ﬁ l'y substjtuged. In sorre enbodj mengs, NR phenyl

substltuted sNtuent e@ﬂy 5e|ctéhfromthe
thxih or unsu Kt ted Ci1- 8 {\ (for exanple,
|

group con g of substi
met hyl ), § ituted or un tuted he cycly) (fo xagpl e,
substituted or unsubstituted trimazolyl or pyrazolyl), halogeﬁ’(for exanpl e,

fluorine), am nocarbonyl, cyanth hydroxyal kyl R(for exanpl e, hydroxypropyl),

and hydroxy. gn her enbogd s, R Nyl substit W th one or
nore substi tﬂer] ndep }A,)Gel ect d msihe group is i ng of
substitute stit 'NER’?}I kyfiLfH1 st tRJﬁqeq API-ALIRS |R'Ht ed

het erocycl/ (for exénhple, substl tutéd or unsubstituted triazolyl),

o endent s et is S AR oo R perthasntTh eﬁaeﬂlbéﬁdaqwfw yf3ED R

ot her @&nhagi;nent st cdch ob&;rﬂéﬂc@ﬁfd&@érﬂ[eﬁtlﬁa BlRMfukcydr 1@kutkaRzedT daa each
optionally substituted with one or nore substituents i ndependent y sel ect ed

f r om thaloggR.cp® oRE: o iNRp: BT isPubsn nujs @ti; or unsubst it ut ed Cl 8 aI kyl, and

-NR2, wherein each R is independently ituted o bstit ut ed
c1 4 A3l \wolpeqme 8@1’?‘3@@@/%89@1?% @@éﬂiﬁ riséb.%bsg% Trent s of

conmpoyRdssAfutddr MRy 1{ ddbktitutdF or ufistBshiRiedd c%f@fggﬁ%rﬂ QBbstituted or unsubstituted

heterocyclyl, substituted or unsubstituted C;_4 alkyl-heterocyclyl, substituted or unsubstituted C;.
4 alkyl-aryl, or substituted or unsubstituted C,_4 alkyl-cycloalkyl. For example, R* is H, methyl,
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, isopentyl,
cyclopentyl, cyclohexyl, tetrahydrofuranyl, tetrahydropyranyl, (C;.4 alkyl)-phenyl, (C,.4 alkyl)-
cyclopropyl, (C,4 alkyl)-cyclobutyl, (C,.4 alkyl)-cyclopentyl, (C,_4 alkyl)-cyclohexyl, (C;_4
alkyl)-pyrrolidyl, (C;.4 alkyl)-piperidyl, (C;.4 alkyl)-piperazinyl, (C;.4 alkyl)-morpholinyl,

(C1.4 alkyl)-tetrahydrofuranyl, or (C;.4 alkyl)-tetrahydropyranyl, each optionally substituted.
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WO 2011/097333 PCT/US2011/023524
[00327] In other embodiments, R? is H, C ;4 alkyl, (Ci4alkyl)(OR),
R' RI R
. K A > A
) T e

R R R
N NS A
4P \/?) Kj) | %ﬁb\f/?\m’

\; — R

\ Y or j‘{{"]b\/O\R

wherein R is at each occurrence independently H, or a substituted or unsubstituted
Ci4 alkyl (for example, methyl); R’ is at each occurrence independently H, -OR, cyano, or a

substituted or unsubstituted C;4 alkyl (for example, methyl); and p is 0-3.

[00328] In some such embodiments, R* is H, C)_4 alkyl, (C_4alkyl)(OR),
R R R
: - > A
St Gl e

R R R
N HeNT %
’Hp\\/?), Kj) | ’i‘fdb\fjr\m,

\e; = _R

wherein R is at each occurrence independently H, or a substituted or unsubstituted

2

Ci; alkyl; R is at each occurrence independently H, -OR, cyano, or a substituted or

unsubstituted C;_, alkyl; and p is 0-1.
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N, L(NR ftm wherein Ris at each occurrence independently H,
or a substituted or unsubstituted Cl4 al kyl (for exanple, nethyl); R is at
each occuwoeno9rssdependent|y a substituted or unsubsti ratras263i/ogs3sat kyl ,
hal ogen (for exanple, fluorine), cyano, -OR or -NR2; mis 0-3; and nis
0-3. It will be understood by those skilled in the art that any of the
subsitutuents R nmay be attached to any suitable atom of any of the rings

iﬂetg 953?3@? ['h@gé@ﬁﬁe T %Y %B%L%P?tm?ﬁ?@@@gg rSt %@115) 35%3 #‘ '592 )"

l'ine) H’Fﬁb{gé?ﬁer%ﬁﬁtﬁ@%rﬁﬁo%ﬂ Pihel B LA fhftn a@b{bs@iftut&h@r ﬁﬂsﬁ@é“mﬁt@dt he fUSEd
ring systens. WD 2011/097333PCT/ US2011/ 023524 [00325] I n sone enbodi nents

of corpEwnyslybf Féroaxamipse, {1l doin)e, enpodimentf, CR2yorapoudd. ook (HINR ( CR2) nOR
R" O

R"
1 X K/ R _N
R_N._N R _N_ _N A
X ® ¢
~ ~ N N O
N~ "N” S0 |, N~ °N” 0 H
H H
NR (\N 0]
R1 N N R/I N N
J N
TX X
N“N"S0 ,or N N
H H

wherein R is at each occurrence independently H, or a substituted or unsubstituted C; 4

2

alkyl; R” is H, OR, or a substituted or unsubstituted C;_4 alkyl; and R is as defined herein.
[00330] In some embodiments of compounds of formula (I11), R* and R are both H. In
others, one of R? and R* is H and the other is other than H. In still others, one of R*and R*is C,.
4 alkyl (for example, methyl) and the other is H. In still others, both of R® and R” are C,_4 alkyl
(for example, methyl).

[00331] In some such embodiments described above, R' is substituted or unsubstituted
aryl, or substituted or unsubstituted heteroaryl. For example, R' is phenyl, pyridyl, pyrimidyl,
benzimidazolyl, indolyl, indazolyl, 1H-pyrrolo[2,3-b]pyridyl, 1H-imidazo[4,5-b]pyridyl, 1H-
imidazo[4,5-b]pyridin-2(3H)-onyl, 3H-imidazo[4,5-b]pyridyl, or pyrazolyl, each optionally
substituted. In some embodiments, R' is phenyl substituted with one or more substituents
independently selected from the group consisting of substituted or unsubstituted C; s alkyl,
substituted or unsubstituted heterocyclyl, halogen, aminocarbonyl, cyano, hydroxyalkyl and
hydroxy. In others, R' is pyridyl substituted with one or more substituents independently
selected from the group consisting of cyano, substituted or unsubstituted C;s alkyl, substituted or

unsubstituted heterocyclyl, hydroxyalkyl, halogen, aminocarbonyl, -OR, and -NR;, wherein each
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Rm wherein Ris at each occurrence independently H or a
substituted or unsubstituted Cl4 alkyl; R is at each occurrence

i ndependew0l2g112092388st i t ut ed or unsubstituted Cl_4 al kyl pchaisogenz3seyano,
-OR, or -NR2; mis 0-3; and nis 0-3. [00326]In sonme enbodi nents of
conpounds of formula (111), R2 is H, substituted or unsubstituted Cl_8
al kyl, substituted or unsubstituted cycloal kyl, substituted or

unsubsti tuted heterocyclyl,. substituted or uns tituted Gl4
al kyl Thit'e e@&@fg Y o pathtinietoomsuheeet G it oM. RS aryl, or
subst ltHJféfﬁoyllg[Z k) Bﬁﬂ:@iﬁ&l‘ 5rlﬂeﬁﬁnﬁ‘&a§|zofyl kéﬁtloﬁé’lBJ Qabiited V\lf_iﬁf oﬂ@iﬁ‘%t@ s?&ltdeﬁts

nmet hyl , propyl, isopropyl butyl, sec-butyl, isobuty
tert- bndepbndmtlpedbgtbd frpmﬁbe gtopb, conglsihrgrmorsubslututc@' of mtsakgtituted Cys alkyl, and -

oyol optbpyrerr i Erg R ATt an G R ombtng v — (L4
al kyl )06352) ohexyh cer@eﬁ—ﬂ-eﬁb@dhﬁiéhis helco bd]yds,of(f&lmﬂa ghiﬂ/lhs)e@i ]]ngﬂodly ket (C1_4

al kyl ) - plgera2|nyl (CL_4 aIkyI5 nor phol i nyl ,
al ky| Yortle hergined an i aagin sch forfhdierdnal kyl ) - tetrahydropyranyl each

p A I e e T

) Z. - ticb#den@ation of 10 uM inhibits mTOR, DNA-PK, or PI3K or a combination thereof, by at least
about 50%. Compounds of formula (IIT) may be shown to be inhibitors of the kinases above in
any suitable assay system.
[00334] Representative TOR kinase inhibitors of formula (I1T) include:
6-(1H-pyrrolo[2,3-b]pyridin-3-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-((tetrahydro-2H-pyran-4-yl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-((trans-4-methoxycyclohexyl)methyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-((cis-4-methoxycyclohexyl)methyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-((trans-4-methoxycyclohexyl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-((¢rans-4-hydroxycyclohexyl)methyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-((cis-4-methoxycyclohexyl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-((¢rans-4-hydroxycyclohexyl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-(cis-4-hydroxycyclohexyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one;
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RRR kiipoo k-hip- NR R , or ktisr5"------ 0----.R wherein R
Is at each occurrence independently H or a substituted or unsubstituted
Cl_4 al kywo(@bhorosesanpl e, nethyl); R is at each occurremrce/useadepessdent|y H,
-OR, cyano, or a substituted or unsubstituted G _4 al kyl (for exanple,
methyl); and p is 0-3. [00328] 1 n sone such enbodinents, R2 is H Cl_4

al kyl, (Gdalkyl)(OR), RRR -\--Hric/i ,)L- f 12 i(:/ O, RRR _n ktiP-N-/

KELO, 1 s (1881 24P OB 13-y 1) pyridin-3-y1)-4-((cis-4-hydroxyeyclohexylymethyl)-3 4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-(trans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-(¢trans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-(trans-4-hydroxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-((cis-4-hydroxycyclohexyl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-(cis-4-methoxycyclohexyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
6-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
6-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-isopropyl-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-
one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-(cis-4-hydroxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-(cis-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-(2-methoxyethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-(tetrahydro-2H-pyran-4-yl)-3,4-dihydropyrazino[ 2,3-
b]pyrazin-2(1H)-one;
6-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-ethyl-3,4-dihydropyrazino[ 2,3-b]pyrazin-2(1H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-(trans-4-hydroxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-(tetrahydro-2H-pyran-4-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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R , or wherein Ris at each occurrence independently H or a
substituted or unsubstituted Cl1_2 alkyl; R is at each occurrence

i ndependew0l29111497330R, cyano, or a substituted or unsubstrraisea 1613524 al kyl ;
and pis 0-1. W) 2011/097333PCT/ US2011/ 023524 [00329] I n sone ot her

enbodi nents of conpounds of formula (111), R2 and one of R3 and R4 together
with the atons to which they are attached forma substituted or

msubel I o0 et £ POYEL Yl (For PR, 1] S, ORI TG b 0PN
b]pyrazin-2(1H)-one;
4-ethyl-6-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
6-(3-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-(tetrahydro-2H-pyran-4-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(3-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-(cis-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(3-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-4-(trans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4-(2-methoxyethyl)-6-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
6-(3-(1H-1,2,4-triazol-5-yl)phenyl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
5-(8-(2-methoxyethyl)-6-0x0-5,6,7,8-tetrahydropyrazino[ 2,3-b]pyrazin-2-yl)-4-
methylpicolinamide;
3-(6-0x0-8-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-5,6,7,8-tetrahydropyrazino[ 2,3-b]pyrazin-2-
yl)benzamide;
3-(6-0x0-8-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-5,6,7,8-tetrahydropyrazino[ 2,3-b]pyrazin-2-
yl)benzonitrile;
5-(8~(trans-4-methoxycyclohexyl)-6-ox0-5,6,7,8-tetrahydropyrazino[2,3-b]pyrazin-2-yl)-4-
methylpicolinamide;
6-(1H-imidazo[4,5-b]pyridin-6-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(1H-indazol-6-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[ 2,3-b]pyrazin-
2(1H)-one;
4-((1R,3S)-3-methoxycyclopentyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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4-((1S,3R)-3-methoxycyclopentyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4-((1R,3R)-3-methoxycyclopentyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4-((1S,35)-3-methoxycyclopentyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4-ethyl-6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;

6-(1H-pyrrolo[2,3-b]pyridin-5-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(1H-indol-6-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
6-(1H-indol-5-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
4-(((1R,35)-3-methoxycyclopentyl)methyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4-(((1S,3R)-3-methoxycyclopentyl)methyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(3-fluoro-2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(3-fluoro-2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-4-(2-methoxyethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
3,3-dimethyl-6-(4-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-((tetrahydro-2H-pyran-4-
yl)methyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-((1R,3S)-3-methoxycyclopentyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-((1S,3R)-3-methoxycyclopentyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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N R' rN O IRLfN , orNN wherein Ris at each occurrence

i ndependently H, or a substituted or unsubstituted Cl-4 alkyl; R' is H OR
or a subswotwotied7ss unsubstituted C 1_4 al kyl; and R i ecagsdefiionssds her ei n.
[ 00330] I n sone enbodi nents of compounds of fornula (111), R3 and R4 are
both H In others, one of R3 and R4 is H and the other is other than H 1In
still others, one of R3 and R4 is Cl1 4 alkyl (for exanple, rrethyl) and t he

ot her n still ers, R4 are Cl4 al k r exanpl e,
et hylé](% JF d@ﬁmypwpée%év Hbﬁﬁ@aé? ﬁ%ﬁaéghgér&ﬂ?%@ayg 1)%@ hﬁﬂi subst i t ut ed
or unqiﬁg@%ﬁy%%[@@yg]pyggmﬁm i-bhuted or unsubstituted het er oar yl . For
exanpl e henyl™,” pyri pyrimdyl, benzim dazolyl, indolyl,

i ndaz6HHQ2- M@Wraﬂao{myla}ybﬂdpyéwdi)ﬂ (IRBRietagbpxycscloppyyDuythy])-3.4-
IH m b n- 2. 3H i m dazo[ 4, 5-b ridyl, or razol yl ,
ealch %&%EWFT@A@%BSQ i’¥rﬁ%g§qﬂﬁ g%rre emlaodi rrén%s R ] P)s/ :oh)ényl sug)s/ti tZut gd
Wit @0@-OUhyBRSS AR Y i B@‘ﬂﬁﬁ@@lge}%hymétﬁbﬁﬁdy@B EkiQmaLhe group

consi stl ng of substituted or unsubstituted C18 al Kyl , substituted or
unsubéiﬂhytdmré'éam[éﬁdﬂyﬂla?m ;2(hd)-eeksn, ami nocar bonyl , cyano hydr oxyal kyl and

hydr o hers tid d.w.th re substituents
i ndepﬁ e2 y%tr é’lpe e(% ¥1$pc}p%%lhe>§g)r%3@§j SI S ethoxy%?fc(? Pﬁ'c? gﬂéubstl tuted or
unsubsdﬁh}xdmlgxﬂaz@icgzaLHquaZlﬁLﬂ@H) bhid;ed or unsubstl t ut ed het er ocycl yl ,

hydr oxyal kyl , hal ogen, am nocar bon erein each WO

2011/ 9PI3PEIPUERDE 07 TR - Mb%éﬁzfénmtpowcyapp@tglmmmAed or
unsub%aa;d%dﬁga[z%%ﬁﬁdgg%lafm bﬁsgﬁ LS, is 1Hpyrrol o[ 2, 3-b] pyridyl or

benzim tltuted with one or nbre substituents

i ndep@n(@e(mhw@@pmed ilbp}mdhhé YOF00(01 8RS Bhéthaxyaf clopdsslimethei-30+-

unsubsti t ut ed - NR2, wherein Ris independently H or a
subst |dﬂlu‘[dé%PY6?}ZH&ﬁfgﬁ§§P)}/f@%}flz>3?@ anﬂal kyl .
6-(3-fluoro-4-(4H-1,2,4-triazol-3-yl)phenyl)-4-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one;
6-(3-fluoro-4-(4H-1,2,4-triazol-3-yl)phenyl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

7'-(2-methyl-4-(4H-1,2 4-triazol-3-yl)phenyl)-1'-((tetrahydro-2H-pyran-4-yl)methyl)-1'H-
spiro[cyclopentane-1,2'-pyrazino[2,3-b]pyrazin]-3'(4'H)-one;

7'-(2-methyl-4-(4H-1,2 4-triazol-3-yl)phenyl)-1'-((tetrahydro-2H-pyran-4-yl)methyl)-1'H-
spiro[cyclobutane-1,2'-pyrazino[2,3-b]pyrazin]-3'(4'H)-one;
4-(cyclopropylmethyl)-6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;

7'-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-1'H-spiro[ cyclopentane-1,2'-pyrazino[2,3-
b]pyrazin]-3'(4'H)-one;

7'-(2-methyl-4-(4H-1,2 4-triazol-3-yl)phenyl)-1'H-spiro[ cyclobutane-1,2'-pyrazino[2,3-
b]pyrazin]-3'(4'H)-one;

7'-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-1'H-spiro[ cyclopropane-1,2'-pyrazino[ 2,3-
b]pyrazin]-3'(4'H)-one;
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[00332]In certain enbodi nents, the conpounds of formula (111) have an R

group set forth herein and an R2 group set forth herein. [00333]In sone

enbodi nenwe 20f1/maesspounds of forrmula (111), the conmpoundpatr/is2@onesspd rati on

of 10 ul VI inhibits mlfOR, DNA-PK, or PI3K or a conbination thereof, by at

| east about 50% Conpounds of fornula (111) may be shown to be inhibitors

of the ki nases above in any suitable assay system [00334] Representative
1] ude

TOR Ki t I

o ( LBy Pr Bl S Bl P ety ey b B an- 4- y1 ) et hyl ) - 3, 4
- di hygh Ry 1

6-(11-)&% I%ﬁ%%@p%ﬁiﬁ%gg Oééy:_g p)cl)ll:]?dl n-3-yl)-4-((tetrahydro-2H pyran-
g- {13) ][f’lé) Py )(213 142 4d1n¢a£>ﬂ6 %ﬁ%phalzylzé{(@@:Baltme,fulaln;ZH?lﬁmtlf)ﬂ)fjnfl(e( p ot h

- uor o met -4- triazo en t rans- 4- net hoxyc
cl ohexi %ﬁ%qyﬁ%lﬁo[gé'lb@%ﬁgﬂﬁ}a&béglf)g% no[ 2, 3- b{pyrpam% 2(1H) - one; 645 ey
-f U0r606121' b 5= -4 kbketrdh Adrb IIHRE Plan 3 l)ethyl) 3,4-dihydropyrazino[2,3-b]pyrazin-

pheny1) - 4- ((ci s-4-net hoxycycl ohexyl 3
di2h @Ip%yram no[2 3- b] pyra2| n-2( 1H) - one
(él OXé) é?]§2d t(e)%y ydro no[ Ellygi/ﬁlgﬁ) - 61)“,?(84 Egérgﬂy opyra211q8‘:[5|30bx]¥ %ln%exyl ) et
il b eﬂi@nﬂdaet hy1 4- (1H-1 2,4-tri azoI 3-vyl )phenyl) 4- ((trans-4-hydroxycy

f
) 4- di h 2(1H)
?){Iﬁr@ethomthlh%érdlgw o Opgrgffz ik -(AH- JAJ«‘E) {f&tﬁ%i grYH(ehwk)y%frcl ohexyl ) net hy

ﬁm@&&}%ﬁ%l az&?ﬁ%%n?%( Exfﬁél’iﬁl g 3(1)1H)4 ??frans 4- hydr oxycycl ohexyl ) net
3-

éthyleﬁ hyddnethylr&12- nmﬂ@,l@—(lé}]py P dztrinzA{3L)plangl)-3,4-dihydropyrazino[2,3-
gél’l azol - 3-yl) pyridin-3-yl)-4-(cis-4- hydroxycycl ohexyl)-3, 4-d
r%’?ﬁ )-Qf1c; °b] pyrazi n-2(1H)-one; WD 2011/ 097333PCT/ US2011/ 023524
(6-Gbnethyl- 24(4IHIM 844708 31| phB1i- g'4fﬁlﬁydrop ra21n0[2 3 b]pyrazm 2(1H)-ong;
-yl)-4-((cis- 4 hydr oxycycl ohexyl ) ret hyl ) 4y hydr opyr azi no [) , 3
-b] py r3a?zdm6214ylﬂ-l)2rmn‘éyl -644H-1,2 éanmzozsmé)ﬂyyﬂdtw(yﬂ)ﬂ ((letrahydrOtZH-azmh-%
)t;i Lghi)ﬁ@yi)ﬁ%Fgglﬁ%(ﬁggyrgg}l&aﬁy%%a%lefdfl)) ,4- di hydropyrazino [2,3
(R)-6-(6-(1 hydroxyethyl)pyr1d1n-3-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-

-yl)
3,

6- ( 6-
hyl) -
6- ( 5-
cl ohe
6- ( 6-
1) -3,
-(6-
yl) -
6-
i hydr
6-

I
I
4-
(
I
(
0
(
6- (
hyl
6- (
y
6- (

dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
3,3-dimethyl-6-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-4-((tetrahydro-2H-pyran-4-
yl)methyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)-4-methylpyridin-3-yl)-4-(trans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)-4-methylpyridin-3-yl)-4-((tetrahydro-2H-pyran-4-yl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
3,3-dimethyl-6-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
3,3-dimethyl-6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-(2-(tetrahydro-2H-pyran-4-
yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)-2-methylpyridin-3-yl)-4-((tetrahydro-2H-pyran-4-yl)methyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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6-(6-( 1H 1 ,2,4-triazol-3 -yl)pyridin-3

-yl)-4-(trans-4-nmet hoxycycl ohexyl )-3 ,4- di hydropyrazino [2,3 -b]pyrazin-2(
1H) - one; WO(2611(091343 1 , 2, 4-triazol-3 -yl)pyridin-3 PCT/US2011/023524
-y1l)-4-(trans-4-hydroxycycl ohexyl)-3 ,4- di hydropyrazino [2,3 -Db]pyrazin-2(
1H)-one; 645 -fluoro-2-nethyl-4-(1H 1 ,2,4-triazol-3

-yl') phenyl)-4-((cis-4- hydroxycyclohexyl)nethyl) 3 ,4- dihydropyrazino [2,3
- b] pyr 2(, 1H) - one; i azol i

L TR P M A B e MR AR TP AT AR W

1H -0 7 3 -yl ridin-3
I;)1) %yg%n%y?%zgﬁétgg EI]F rigi: ZZEH?H% ropy?/a)z:o%oI [|2 3 -Db] pyrazi n2(1H) - one;

( 6- ((SIE6+(6 11 hzdwxwhﬁlmr}d&%wl))wi{tdtrahﬁm Pl pyan-dopletpy)is,3-
in-2( 1H)-one; 645 -fluoro-2-nethyl-4-(1H

, 4-di b
1,2, &%’%ﬂ%l qg’ﬁf@%@ﬁi}]lzwafzﬁ’s 4- hydr oxycycl ohexyl )-3 , 4-

di yd@O}len@e&hﬁ% QZm&hybhqyﬂalzz ﬂ'tﬁézol—@)ylf?h y1§145(2 =(feltrd d}oéﬂrﬁirﬂaMM- 4-(1H 1
,2,4-triazol - yl)p yl)-4 SCIS 4- et hoxycycl ohexyl
di hy drdsthyRz3. ﬁdﬂ[ﬁr@yra@}rmﬁéiq pyragin2Gi Hbaes: 645 -f1 uor o- 2 n'et hyI 44 1H 1

248l B ARG e 2 ORI o 3 ) BN OBV ARAIR 2 3

-yl) - 4- 4&@9&@@@2@;0?2-8-@}@@@1425/11&)&@,4 di hydropyrazino [2,3 - b] pyrazi n- 2(

1 6-(6-( 1H t | i di 3 -4-ethyl-3
H) Oréy@ ( a%ympp[ag 23y13r6116}3§1:9~?1§?rﬂn§r6 rw%%ﬁédog@?ﬂli ﬂ%débs@?%y)éﬁiwwm (1H

1 2 { ) ) phenyl) - 4- (trans-4- hydr oxycycl ohexyl )-3 , 4-
di hyd?) f%%é? {)ﬁ)[%lyelié -b] pyrazin-2( 1H)-one; 645 -fluoro-2-nmethyl-44 1H 1

, 2, 4- tr4a2elydBoxyytgpphe@nyl phedy}-Hel( r-abytnatiRidy pyd atrexdhmidhy B-3,4-

d ! hy dr O}P;y ;Sapzylrall’]z?ng[g,’}ab]p Jagm 2?ﬂl§| -on 2 ( 1H)-one; - 84 -
4-(cis-4-methoxycyclohexyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4-(trans-4-methoxycyclohexyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(4-(2-hydroxypropan-2-yl)phenyl)-4-((tetrahydro-2H-pyran-4-yl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4-(2-methoxyethyl)-6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
9-(6-(4H-1,2 4-triazol-3-yl)-3-pyridyl)-6,11,4a-trihydromorpholino[4,3-¢]pyrazino[2,3-
b]pyrazin-5-one;
6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-((tetrahydro-2H-pyran-4-yl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
5-(8-(cis-4-methoxycyclohexyl)-6-0x0-5,6,7,8-tetrahydropyrazino[2,3-b]pyrazin-2-yl)-6-
methylpicolinonitrile;
6-(6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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WD 2011/ 097333PCT/ US2011/ 023524 645 -fluoro-2-nethyl-44 1H 1
,2,4-triazol -3 -yl)phenyl)-4-isopropyl -3 ,4-di hydropyrazino [2,3 -
b]pyrazinw@@oﬂMbmnne; 4-ethyl -6-(5 -fluoro-2-nethyl -44 PeEH/UB2012/043524 1 azol -
-yl)phenyl) -3 , 4-di hydropyrazino [2,3 - b]pyrazin-2( 1H)-one; 6-(3
-fluoro-2-nethyl-44 1H 1 ,2,4-triazol-3

-yl ) phenyl) - 4- (tetrahydro ZFprran 4-y1)-3 ,4- di hydropyrazino [2,3

Dl DY Pl IO ol 3L e 2B Il 4 (A o g4t azol -3

b]pyr thwl-4-(1H 1 ,2,4-triazol-3
-yl) tﬁgyﬂoﬁga%ﬁ%OBn$zm2g%§g§§g$@$g%g§%(?%3 4- dlhydropyra2|no [2,3

- b] py r9a(21r(ﬁH2( 2 BHyiagol63-yB-2(Betingtphonyte 6 AV 14p-t6hy dtopiptiayino B4 - tlpyragino[2,3-
iazol -3 -yl)pyridin-3 -y1)-3 ,4-di hydropyrazino [2,3 - b]pyrazin-2(
1H) oﬁ?@pyr%z’(‘é O 1H 1,2, 4-triazol -5

-yl)p y@&fFQ@ZH&E&KI?Dwﬂh&m§E%EMﬂFB(étM#ﬂ&%@&bb<$114a di hydr opyr azi no
[2,3 -Db]pyrazin-2( 1H) 8-( -nethoxyethyl)-6 0X0-5
6 7, & %%@mpgrdmpw?aﬂpmzm[m {i)ypgaiedianc2- y1) - 4- net hyl pi col i nami de; 3

(6 Onor Bl Ro L TARAS 21k P 4t o ML e .5 6L eyl opyr azi no

(6 ox@m@h@gn&ﬁ@qnahxﬁw@uaﬁxmﬁyam:4 yI)ethyI) 5,6, 7, 8-tetrahydropyrazi no

& razin enzonitri

(8 (t9r néH41 %ﬂr%@e{rﬁﬁ)ﬂh@ﬁt}% 3@yﬁsibl)*§ 1164a7tnéy@r@ﬁwm¢g¢élpeﬁyﬁfa]ﬂ/¥f’én{0t2 3
- b] pyn; Qm 5y 4- et hyl pi coli nam de; 6-(1Himdazo [4,5

-b]pyr I n- %ﬁ *4- (2-(tetrahydro-2H pyran-4-yl)ethyl)-3 ,4-

di hy drde@ymazi-malrg:3cgclohdxyr@es-(R-BYdrat)propu;2-yl)pyridin-3-yl)-3,4-

go(%g- %Higéy%%ﬁ%éaﬁﬁ%%-.%ﬁ&ﬁigﬁgro-ZH-pyran-4-yl)ethyl)-3,4-dihydropyrazi
4-(cis-4-hydroxycyclohexyl)-6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-((tetrahydrofuran-3-yl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4-(cyclopentylmethyl)-6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-neopentyl-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-isobutyl-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-
ong;
3-methyl-6-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(piperidin-4-yl)-3,4-dihydropyrazino[ 2,3-b]pyrazin-
2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(2-(tetrahydro-2H-pyran-3-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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4-(( 1R 3 S)-3-nethoxycycl opentyl)-6-(2-nmethyl-6-(4H 1 ,2,4-triazol-3
-yl)pyridin-3 -y1)-3 ,4- di hydropyrazino [2,3 -b]pyrazin-2( 1H) -one; WO
2011/ 097386RCT/09823611/ 023524 4-((1 S ,3R) -3 PCT/US2011/023524

- met hoxycycl opentyl)-6-(2-nmethyl -6-(4H 1,2,4-triazol-3 -yl)pyridin-3
-y1)-3 ,4- di hydropyrazino [2,3 -b]pyrazin-2(1H)-one; 4-((1R 3R)-3

- met hoxycycl opentyl)-6-(2-nethyl-6-(4H 1, 2,4-triazol-3 -yl)pyridin-3 -y1)-3

et hORICEr bR ari gy 55 2PN e GHhAR P i@ié—i’rﬂ%ﬁﬁnya%u@myl) 3

, 4- i (g;ayr{oglzgréﬁxp}[rgml@4 (g]egyr azin-2(1H -one; 4-ethyl-6-(2-nethyl-6-(4H
1 2,4-tr’i azol Ypyrid 1)-3 , 4-di hydropyrazino [ 2, 3

- b] py Ra@H @RI Lem-tmaeql 36yl() izkmwmbb@ll(zm aRb}]metrthdxyniSO 3a-trihydropyrazino[2,3-

-yl)-4-(2-(tetrahy pyran-4-yl)ethyl)-3 ,4- dihydropyrazino [2,3
- b] pyi&é (hglﬂLfg- razm4c¥

6- ( 1|'|‘8L(f3rd(Qi=I' ﬁ2)lllt}raﬂol(SZ%IQ12%%???5?%%%%3%}1@ rdetdyes, 0y Ba-tdhy dropyrazino[2,3-

|Hiﬁdropyra2| no
6- (1 PdreplidBio) .9 §(YQ117(114eQI¥€ahydro 2H pyran-4-yl)ethyl)-3

et hasyer et o Satier iy ARG eS  E et Tt i Bl ropyingt a1 i - 5
-y1) - @pyrfb-lﬂhﬂwﬂQ%@p’}fraﬂhﬂ%de?_ 3 -b] pyra2| n-2(1H)-one; 4-(((1 S, 3R) 3

- et hoxycycl 2- et hyl - 6- ( 2 4- | | di n-3
) kSRt et 53051 e oo el gbpands

- f1 uony dil4H 1,2, 4-triazol -

-yl )phil??g%méf@ﬂ}) ?t ét r ahydr o- 2H pyr an- 4 yl)ethyl)- 3 ,4-di hydropyrazino

[ 2, 3 B} Wﬁ@h&d@@i}bﬂbpmé—yl)pyndln 3-yl)-4-((tetrahydrofuran-2- yl)rnethyl) 3.4-

6- (3-f) uoro- [E%Ib]pyr 4k 2](1]_21) 4-triazol - 3-yl) phenyl) - 4- (2- met hoxyet hyl ) -3

2
;1 dlhydropyrazmo -one;
(R)-6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-((tetrahydrofuran-2-yl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
9-(4-(4H-1,2,4-triazol-3-yl)-2-methylphenyl)-3-methyl-6,11,4a-trihydropiperazino[ 1,2-
¢]pyrazino[2,3-b]pyrazin-5-one;
9-(4-(4H-1,2,4-triazol-3-yl)phenyl)-6,11,4a-trihydromorpholino[4,3-¢]pyrazino[2,3-b]pyrazin-5-
one;

9-(4-(4H-1,2,4-triazol-3-yl)-2-methylphenyl)-6,11,4a-trihydropiperidino[ 1,2-¢]pyrazino[2,3-
b]pyrazin-5-one;

6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(trans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(cis-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(2-morpholinoethyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
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di hydropyrazino [2,3 -b] pyrazin-2(1H)-one; 3 ,3

-di net hyl-6- (4-nmethyl-6-(4H1,2,4-triazol-3 -yl)pyridin-3

-y1) - 4- ((Wetnalpds3e- 2H- pyr an- 4- yl)met hyl ) -3 , 4-di hydr opgrasceo/op28

- b] pyrazi n-2(1H) - one; 6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-((1R 3
S) - 3- met hoxycycl opentyl1)-3 , 4- di hydropyrazino [2,3 -b]pyrazin-2(1H)-one;
6- (6-(2- hydroxypropan 2 yI)pyrldln 3 -yl)-4-((1

Sb]3 E&éﬁ@ fgf(@i)ﬁlzwyd ah y)éldcrﬂwya‘?a%ﬁl?ygﬁrf é 31)0551‘}6?@9&%@137134% 4(1°S,3

S) - 3- @EIQP&%pyCIopentyl)nethyl) , 4- di hydropyrazino [2,3

-b] pyrazi n-2(1H) - one;

6- ( 6- ((2(OARehryuixaxypopan-22ylyiy)yioyr-3-gil rd-Beetral) ydde-L HEIRuB Ry B3 Aet hoxycycl opent yl ) m

et hyl 4- di.h ra2| b razin-2(1 one,

o (5 s oA Sy Dy i 3] pil) (1S3

S) - 3- &/ X 1

6)(6 mﬂk gggox 9§§2ﬁy Mgabggiygfn 3-yl 33%??%gﬁ§%§(hm%ethoiggigﬁoE%nggi) 3
di W@i[Z 3 -Db] pyrazin-2(1H)-one;

6 6 2 -~2-1y| L diN5 1
B T S S
b]pymagmnngﬁﬁmmﬂgeaﬂpﬁa@ﬁ;KZHbydgoxypropan 2-yl)pyridin-3 y1) 4-4(1

S, 3R) - 3- net hoxycycl opent hyl)-3 ,4- di hydropyrazjno [2
- b] pyﬁa@r@ @élwpmn yl¥pyr1d1n 3yl 4 ((cis-4-methoxycyclohexyl)methyl)- 3 4-

6- (3-f4; 0(83 ‘11az(1|‘Ur];§% @nga%'zﬁm? o§e yl ) phenyl) - 4- (2- met hoxyet hyl )-3

, 4- di hydr raz azi’'n-2( 1H) - one;
6- ( 3- f(RMGHO~(3-HydtdxypDpdn-Lryil pitiing3-y1)) b el rofuad- 3§ pBréadifigidiop Rkiny P20 4- |

)ethyl 3, H% dropyra2|no [2,3 -Db] pyrazin-2(1H)-one;
bﬁ@ﬁﬁ?&zﬁ u®p%i 2 4-triazol - 3-y1) phenyl) - 1' ((tetrahydro 2H pyran-4-y1

th n - 1R¢dr 71
e mplen g i tedr B

) met hyllpyrdzim@pilsorecycl obut ane- 1, 2' - pyrazi no [ 2, 3 -b] pyrazin]-3' (4' H)-one;

o ARG S A BRSPS o
1, 2, 41%5|azol 3 - yI)phenyl) |"Hspiro [cyclopentane 1,2 -pyrazino [2,3 -

b]pyra2|n &, - one, -(2-nmethyl -4-(4H1, 2, 4- trlazol 3
-yl ) phEh§1§-(2- Hir:t)gsypr@p%%ﬂ)@mtilarﬁeyli 32ﬂwt@ykéiZﬁ@trﬁlw@o -2H-pyran-4-yl)ethyl)-

o B Syt PSR 4 1.2 817 agol

b] pyr @zjien(1-13/d¢eKyHsomopy1)- 3\@@1‘1291]}%/ ﬂ%@ﬁﬂﬁ%ﬂdﬁﬁﬁﬂlﬁfo@@%%ranno [2,3-
b]pyrazin-5-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-((tetrahydro-2H-pyran-4-yl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
6-(2-amino-7-methyl-1H-benzo[d]imidazol-5-yl)-4-(3-(trifluoromethyl)benzyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(3-(trifluoromethyl)benzyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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(R -6-(4-(4H1,2,4-triazol -3-yl)phenyl)-4-((tetrahydrofuran-2-yl)nethyl)-3,
4- di hydropyrazi no[ 2, 3- b] pyrazi n-2( 1H) - one;

(S)-6-(4-woHel/@7383t ri azol - 3-yl ) phenyl) - 4- ((t et rahydr of ecanss2ewgio}sses hyl ) - 3,
4- di hydropyrazino[ 2, 3-b] pyrazi n- 2( 1H) - one;

6- (1H i ndazol - 5-y1) - 4- (2- (t et rahydro- 2H pyran-4-yl)ethyl) -3, 4-di hydr opyr azi
no[ 2, 3- b] pyrazi n2( 1H) - one;

o b O L3 s e SO a X S i oo mmotiol Sy cna 4. 221 ML 2
4-(2- mphexystdnd ) - 3, 3-di et hyl- 6 (2- et hyl- 4- (41,2, 4-triazol -3-y1) phenyl

) -3, 4- di hydropyrazi no[ 2, 3- b] pyr azi n- 2( 1H) - one;
4- et h)6|-(43m3th¢] Prémhthylagai(@)- Héblayzo] dlithitlezdl -y B4 @2 @etoihy Groy 2N plemyt yh&h¥bdi hyd

Eso(p)zlrr{%l H@‘&g zf?é”fﬁz% Hylr"i”é]}g? @ne 9 pheny1) - 3, 4- di hydr opyr azi no[ 2, 3- b] pyra

zin-2(@ '49131324tr1azol 3-yl)-2-methylphenyl)-5,10,3a-trihydropyrazino[2,3-b]pyrrolidino[1,2-
3, 3- dlﬂ yl- 6- (2-nmeth z% 6- 4|3_'|_p ZY)4 trlazo}-, -I;/y pyr[l di n-pg-yl) 4- ((tetrahy

dr o- 2Klpyazamddney| ) net hyl ) - 3 4- d| hydr opyr azi no[ 2, 3 b] pyrazi n-2( 1H) - one;

(R) - o o obr Y A RRYE I 0 SV M Gl SN bR YIRBac- Y1) ot !
3, 3- d|6n(e,t-(hyﬂ=} 64(t21—amx33y1)plfbn§/¥}1ﬁr ((te&alfiydrmzalzgﬂrraﬁ#ly}bl)rﬁétﬁyly B)4-4- ((t etrahydro-2H
-pyran yl)met hyl) - 3, 4- di hydr opyrazi no[ 2, 3- b] pyrazi n- 2(1H) - one;

6- (6- @ Yé@?y%[éédﬂpﬁ—agﬂﬂ)z(i Hyrgbdiy| pyri di n- 3-y1) - 4- (trans- 4- met hoxycycl ohe

)éyl( 23 (%2(6&? B@P&%ﬁé‘ﬂ&{f%d% mﬁ %St@fr%{ 'EB 2Hr1l%:rzf} ?( t)ee%htyaehyg_r 0- 2H pyran-4

-yl)rmihﬁndlrc)pyﬁazﬂno[ﬂﬁlfbaplmmmeho{wZ 3-b] pyrazi n-2(1H) - one; _
ﬁb?édgﬁn@}gﬁg %3h%|i%henyl)j-(]2-r%eém)tquelthﬁ)olj» 4- dlgyarogﬁg%%g[2 3 b]pglllrarz]}/ dropyr azi
3, 3- dlgﬁtl bﬁi!eG (2 rrethyl 6-(4H 1, 2,4-triazol-3-yl)pyridin-3-yl)-4-(2-(tetra
hydr o yran-4- yl)ethyl)-3, 4-di hydr opyrazi no[ 2, 3-b] pyrazi n-2( 1H) - one;

(6- (62(4I=(y*ai b2ylpur@pzlrﬁrﬂ)lyl@ylzAﬁ@t(lmyﬂwomdthwl)Bem)) H4{d{tydtareazarag2,.2H- pyr an- 4
yl)n%g%%%% %ﬁ' -, di hydr opyrazi no[ 2, 3- b] pyrazi n-2(1H)-one; - 88 - WO

011/ P 1/ 023524

- (8- (622bunekhoxy. mqn@mz i37b)-3 -PY D i(@tBhyitry DH-fyrbh 4 Iyreghoxycycl ohe
xyl) - ?iQCQ - d|9h razrllno é(%ﬂ Ilﬂ%ﬂpyér(az(l n- Zy’l"d.r 1-g%ne %?glﬁéﬁ%a (1
-hydr&k@b@tW%@}q{Zérb}Pﬂﬂ@m) dHy-ongt et r ahydr o- 2H pyran 4-yl)ethyl)-3 ,4-

T T IRRERY O Pl PR 0B g ot Sran-a-yiyethy1)-3.4-
-yl )p@ﬁ{mﬁpﬂaﬁ&[QB%]pﬁhmdrniﬂﬁom@/r an- 4 yl)ethyl)-3 ,4-di gydrgpyrit)m go ;
ridin-3 -y

2,3 - razi n- 2( 1H) - one; 2-h drox ropan
Ed| mat6hg)§‘p 411y6120>1yp£qnaa1¥yﬂ?181621L|5ﬁ¢fze(ﬁptr§hwh)>y Pﬁg)ffl)an %Ylgﬁzlﬂ 'ﬁ)f'dr opyrazino [2,3
-b r
6- ]( éply oxypdl%pa 1raZlI‘[1 2(}1H%1 13 - 4- (trans-4-net hoxycycl ohexyl ) -3
, 4-di tﬁy(dF(deyI LAZAHniaz¢l 2, ﬁl)phdn}zpylr @z(tetra:h@dfb-H)I—pgm;—4-yl)ethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one,

6
2
6

and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers, tautomers, and

prodrugs thereof.
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6- (4- (2- hydr oxypr opan- 2-yl ) phenyl) - 4- ((trans-4- net hoxycycl ohexyl ) nmet hyl)-3
, 4- di hydropyrazino [2,3 -b]pyrazin-2( 1 H-one; 4-(cis-4-nmethoxycyc

| ohexyl ) -wo(Btwmwrisgl- 6- (4H 1 ,2,4-triazol-3 -yl)pyridi Rc3/oSgdiioR3s5241-

di hydropyrazino [2,3 -b]pyrazin-2( 1 H)-one;

4- (trans-4-net hoxycycl ohexyl )-6-(2-nmethyl-6-(4H 1 ,2,4-triazol-3
-yl)pyridin-3 -yl) 3 , 4- di hydropyrazino [2,3 -b]pyrazin-2( 1 H)-one;

6 4( 4d| ﬁ?;{}%ﬁ;;?é nRBe %@X n%ﬁ nany. '%(i))%ig(a e ra{%g{nglu%y- cgl%{)gl?nds h%{%g?ﬁehy' )-3
4- (2- q‘gﬁ% @@,Mlga@g(z rrethyl 6-(4H 1 ,2,4-triazol-3 -yl)pyridin-3 -y1)-3
, 4-di hydr opyrazino | - b] pyrazin-2( 1 FD-one; 9-(6-(4H 1 ,2,4-triazol-3
-y1) 3 -pyridyl)-6, 11 ,4 a-trihydronorp
b] pyrazi n-5 -one; 6-(2- nethyl 6-(4H 1
,2,4-triazol - 3- yI)pyr|d|n 3RY1) -4-Q
dlhydropyra2|no [ 2,3 -b]pyrazi , -(8 -(cis-4-nethoxycyc
| ohexyl ) - 6-0x0-5 , 6,7, 8-tetrahyfdropyrdgzino [2,3 -b]pyrazin-2-yl)-6-
nethylplcollnonltrlle 6-(6-(4 1 4-tria oI 3 -yl)pyridin-3
-y1l)-4-(2-(tetrahydro-2H pyran-4-y| d} sdi hydropyrazino [2, 3
-b] pyrazin-2( 1 H-one; WD 2011/097333P /USZOf /023524 9-(4-(4H 1
,2,4-triazol -3 -yl)-2-nethyl phenyl) (2- net hoxyacetyl)-6, 11 ,4 a-
trihydropip erazino [1 , 2- e]pyrazinéﬁfb 3 -b]pyrazin-5 -one; 9-(4-(4H 1
,2,4-triazol - %EFE , i p [1
, 2- €] pyrazi no [2}%})h p%?ggﬁggg%ﬁ%ﬁgSaﬁ§01ﬁ?a&g ?KQ&Q &Q§§§§%Pg3
-y1) 2autenbrg| phlegnydrpg8the(cdf metidnaryet hyl )-6, 11 ,4 a- trihydropip erazino [1
2-e]lpyrazino [2,3 -b]pyrazin-5 -one;
4- (cycl opent yl mi' Hy bybsstuteal qrampytistiBiqdiEis alkylpsubstitufedasiungubstjtusharyldi n- 3

-yl1)- subsl%ltuted or unsubstituted cycloalkyl, substituted or unsubstituted heterocyclyl, or substituted

lino [4,3 -e]pyrazino [2,3 -

or unsubstituted heterocyclylalkyl;

R’ is H, substituted or unsubstituted C,_g alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted
heterocyclylalkyl, substituted or unsubstituted aralkyl, or substituted or unsubstituted
cycloalkylalkyl;

R? is H, or a substituted or unsubstituted C; s alkyl,

wherein in certain embodiments, the TOR kinase inhibitors do not include 7-(4-
hydroxyphenyl)-1-(3-methoxybenzyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one, depicted

below:

HO
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di hydropyrazino [2,3 -b]pyrazin-2( 1 H-one; 9-(6-(4H 1 ,2,4-triazol-3
-yl)-2-methyl -3 -pyridyl)-6, 11 ,4 a-tri hydronorpho |ino [4,3 -e]pyrazino
[2,3 - b]wonrawmimsss- one; PCT/US2011/023524

4- (trans-4-hydroxycycl ohexyl ) -6-(6-(2-hydroxypropan-2-yl)pyridin-3 -y1)-3
, 4- di hydropyrazino [2,3 -b]pyrazin-2( 1 H)-one;

4-(ci s-4-hydroxycycl ohexyl)-6-(6-(2-hydroxypropan-2-yl)pyridin-3 -y1)-3

4- di .
6- (6| ?éﬂ{&%ﬁryéii B{f g?ilﬁﬁ el@bwhy%g) : %hglgouq;é)owﬁowﬁae@?/at%d@é%*ﬁl&ﬁe%or

-yl) n‘%ﬁlwsﬁlf@ed é]’%rl (qlsﬂﬁgftﬁ’t@é( B@ﬁﬁsﬂgst[tgt’eé heRlAY1aF6Pedmple, R 195}?@n , pyridyl,
4- (cycl opentyl ne - (2- hydr oxypropan-2-yl ) pyridin-3 -yl)y-f

, 4- di Ipydimogmltr mmd@@b’& lH{p]ypy)iQiZﬁH}]Qerl(ﬂyl Hndamobyl, indolyl, 1H-imidazo[4,5-

o S L A S PSR R o

-y1) - %}ot@@ﬂ!;'[s%stﬁute& tH Sonelr @Ry dabme, ) 25 ?hetﬁﬂl RysBRitdt with dnédr @BR: 3
-neth nmet hyl -4-(4H 1 2,4-tri azo

-yl)p H@h%ﬁlil}enn& l(lée;(enéwlmyk@p@d Sranptheanoup Spnyisting o subgltuwd@ir nyﬂab@tptyteéz i no

2,3
L5y - 10 AR oBe ity e i B RSEMNEH REREEN IRV HONER, o,
6- ( 6- (sﬁbsiﬁ)t‘ﬁé@&ym{sﬁbﬁﬂutad Yzl bﬂpﬁaﬁolyly la)mlﬁoc(aZbc(ﬂyﬁthraaigyﬂ (ﬁar 2&&@1& an-3

-yl)ethyl)-3 ,4- dihydrop ra2|no [2,3 pyra 2( 1 H)- WO
2011/ dbPBoPeynEsPGaGian snd gyctrgxx 4]q_0tl}_er ernbodlrnents R"is pyrldyl substituted

R RN RS B oy o
unsubstituted C; g alkyl (for example, methyl), substituted or unsubstituted heterocyclyl (for
example, a substituted or unsubstituted triazolyl), halogen, aminocarbonyl , cyano, hydroxyalkyl
(for example, hydroxypropyl), -OR, and -NR,, wherein each R is independently H, or a
substituted or unsubstituted C,4 alkyl. In some embodiments, R' is 1H-pyrrolo[2,3-b]pyridyl or
benzimidazolyl, optionally substituted with one or more substituents independently selected from
the group consisting of substituted or unsubstituted C, g alkyl, and -NR,, wherein R is

independently H, or a substituted or unsubstituted C,_4 alkyl.
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8-(4-(4H 1 ,2,4-triazol-3-yl)-2-nethyl phenyl) (2R 3 aR)-2-nmethoxy-5, 1 0,3

a-trihydropyrazino [2,3 - b]lpyrro lidino [1 ,2-e]pyrazin-4-one; 8-(4-(4H 1

, 2, 4-tri awol208+/0913332- met hyl phenyl ) (2S, 3 aR) - 2- met hoxy- 5PCTAISB)13/023524

-trihydropyrazino [2,3 - b]lpyrro lidino [1 ,2-e]pyrazin-4-one; 8-(4-(4H 1

,2,4-triazol -3-y1)-2-net hyl phenyl ) (2S,3 aS)-2-nethoxy-5, 1 0,3

a-trihydropyrazino [2,3 - b]lpyrro lidino [1 ,2-¢e]pyrazin-4-one;

6- (6 - r oxy an-2-yl )pyridin-3-y1)-4-(3-net hoxypropyl)-3

4- |&§@£%gyrazﬁﬂélP?e@‘x¢eB?rg In-2( 1 H)-one;

6- (6- (2- hydr oxypropan-2-yl ) pyri di n-3-y1)-4-((tetrahydrofuran-2-yl)nethy
dlhﬁgijpyra2|no [2 b] Ny azi n 1CH) - oney

6- d

"

4-

(6 dpokyfRr)ePRn- ol :)Tp&xr%l n- 3@04 ((tet Ea (CRYF@R- 2- y| ) met hy
4- dthg opyr azi no [2§§/Rb yrazi ?% I1NR,- on “(2-nmethyl-6-(4H+ 1
riazol -yl) pyridin- -4-(2- ( ahydro 2 pyran-4¢yl)ethyl)-3
hydropyra2|n [2,3 b gn-2(1 FD one; 9-(4-4
) - 2- et hy =3 - met y 11 4aN hydropiper ino [1 ,2-

) -
2
4 1 ,2,4-triazol-3
-yl IZ,Q
e] pyrazino | L3-—b§p azin- R.9- (4 , 2, 4-tyiaxal,- 3
-yl X
- b]
4
4

) pheny1) - M- tri Fipd H@mnrﬁho I -e]py ml 2,3
pyrazin-5 - & 9-¢4-(4H 1 ,2,4- tr| r@ -yl) - nethylphenyl) 6, 11
a- trlhydroplp eridino [1,2- e]pyra2|no [2 3 - b]pyra2|n 5 -one;

6- ( 2- hydr ox gpan- 2- yl)gq |n 3-yl)- trans 4- met hgxNcycl ohexyl ) -3
di hydr opyr [2,3 -b]p r in-2( 1 NR
6- (2- hydro pan 2-yl) gyrir n 3 le— &ls 4-net h ;bleohexyI)-3 , 4-

ydr opyr azi np -b]pyr

6- (

6- (

di h

6- (6-(2- hydroxg'ropan 2-yl r|d|n 3 - -4 (2- nnrpho“huno et,forl ) -3
ra

1

1

di hydr opy i no 3 - b]pyrazin-2( 1*H-one; WO
1/ 097333PCT/ 1/023524 6- (6- (2- hydr oxypropan-2-yl)pyridin-3
) - 4- phenet hy NR di hydr opyrazi no [ 2,3 -b] pyrazin-

SR
)

wherein R is at each occurrence independently H, or a substituted or unsubstituted

, 4-
20
-y

Ci.4 alkyl (for example, methyl); R’ is at each occurrence independently a substituted or
unsubstituted C, 4 alkyl (for example, methyl), halogen (for example, fluoro), cyano, -OR, or -
NRy; mis 0-3; and n is 0-3. It will be understood by those skilled in the art that any of the
subsitutuents R’ may be attached to any suitable atom of any of the rings in the fused ring
Systems.

[00338] In some embodiments of compounds of formula (IV), R' is

N=\

N=\

NR

(CR,),OR @/L\N-NR _N._(CR,),OR /Nj/\\N'
g | L

) sk \R, YGRS \R.m |
}%L\Jv\\/)\ N R or 7%,
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2( 1 H-one; 6-(6-(2-hydroxypropan-2-yl)pyridin-3

-yl)-4-(tetrahydro-2H pyran-4-y1)-3 ,4- di hydropyrazino [2,3 -b]pyrazin-2(
1 H) - one;wo-2(tywbzsBexyl met hyl ) - 6- (6- ( 2- hydr oxypr opan- 2- pCrmgeeidionss34 - y1) - 3
, 4-di hydropyrazino [2,3 - b]pyrazin-2( 1 H)-one;

6- (6- (2- hydr oxypropan-2-yl)pyridin-3

-yl)-4-((trans-4-net hoxycycl ohexyl ) met hyl )-3 , 4- di hydropyra2| no [2,3

-b] pyrazin-2( 1 - (6-(2-h propan- 2- ridin-3

-y1)-4-((cis-4- eﬁ%&% ?ﬁ?eml)%@f myd)ep%ldeaﬂy ngﬁﬁ Whshiuies; qrgmpubstituted

- b] pyr(?}%'a[ky%(R ) &H%ccdr&c@n{d@pén%e }dé QUBSRIPRESY u%sﬁ(t;s}lﬂbféd @i Jaliyl,

-yl)-4- (tetrahydrofuran- -yl) 4-di‘hydr opyrazi no [ 2, pyrazin-2( 1

H) onél,aIO(gS)-OGalﬁcﬁ @BdIyNR@;dylm@-ﬁaannw()ﬁyrl di n-3 y1) 4- (tetrahydrofuran 3
-yl)- di hydropyrazino [2,3 - Db]pyrazin-2( 1 H%V-onze

6- (6- ([Q03r$>9c‘l1r oxy BR spran cmbgdimeptsi aficamgounds)of forgrn (VIR mfhusw@ﬂagwrazu no

(2,5 BRI by oS0 oA PR R RIS RLE S

[2, 3 Hbicpyoyali, rsuBs(tltﬂtecﬂ-I))r mmbstﬁuteﬂ 6314. alkyt-hytdrooxslyl, smtlﬁp@d ()ﬂﬁlsutﬁswtutetyC]
-6,11 ,4 a-trihydyonor pyrazino [2 b] pyrazi n-5

6- ( 6- (42‘11?51’)];’&1;3’6)@76?‘1 5111]‘[6(% oppl}sblpq;t}tﬂmﬁ C34 a]ky -cycloalkyl. For exarnple R“1s H, rnethy
-yl t 2,3
0 AR AT AP S SN g
é y(l)2 Zbyclﬁpﬂsylhoywmehyl )eﬁagydkoﬂlrmm rt_etpg&gz&izoqyméfyz (G )1 1 allh}zgmaajln(-(zg alkyt) - one;
- am no enz i azol -5 - - 4-
e rugpBReh Ry dkr s St i s SR et o Dipiahesin e 1
H) - ong)iyfy- ﬁﬁfc(l%ryhxé{ paqlépl? g&%@r g@%}ﬁé{kﬂ%fb‘e%ﬂtﬁé)(ﬁ éﬁ@gl) ~morpholinyl,

-(trifluoronethyl dropyrazi no razi n-2( 1
H) - ond€i.4 alkyl)-tetrahydrofuranyl or (Cl 4 alkyl)-tetrahydropyranyl each optlona ly substituted.

[00340] In other embodiments, R? is H, C ;4 alkyl, (Ci4alkyl)(OR),
R' RI R
5 2N > <
KL% | L%_/HVO | B ﬁh_ g |
R
(\/ ‘L{["]FN/\/W /

SN \/o O Hb\\/NR

~ = _R'
m or :L{HB\/O\R

wherein R is at each occurrence independently H, or a substituted or unsubstituted

2

Ci4 alkyl (for example, methyl); R’ is at each occurrence independently H, -OR, cyano,or a

substituted or unsubstituted C; 4 alkyl (for example, methyl); and p is 0-3.
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WO 2011/ 097333PCT/ US2011/ 023524 9-(4-(4H 1 ,2,4-triazol -3
-yl) - 2- et hyl phenyl)-6, 11 ,4 a-trihydronorpho lino [4,3 -e]pyrazino [2,3 -
b] pyr azi rwb-20ne197333 PCT/US2011/023524
6- (4- net hyl - 2- (met hyl am no) - 1H benzo[ d] i m dazol - 6-y1)-4-(2-(tetrahydro-2Hp
yr an-4-ypet hyl)- 3, 4-di hydr opyr azi no[ 2, 3-b] pyrazi n-2(1H) - one;

8-(4-(4H 1, 2,4-triazol -3-yl)-2-net hyl phenyl)-5, 10, 3a-tri hydropyrazi no[ 2, 3-b

]pyrrﬁh@fi?o[l 5?Pﬁ%gg&gzé}ﬁygﬁggﬁmau@tﬂWﬁor@uha AVinRiris By Caz ka2, 3- b] pyr az

i n-2(

6- (4- %Uha@lgg)% triazol - 3- yl) phenyl) - 4- ((tetrahydro 2I—|-Eyran-4-yl)rrethyl)-3
4- di hydropyrazi no[ 2, 3- b] pyrrzi n-2(.1H)

6- ( 6- (2- hydr oxyprop yri dig (2 g}erelj\h@dro 2H pyran-4-yl)eth
yl)-3,4- dihydropyra i no - b] pyr azi - on

6-(4-(4H 1,2, 4-triazol -3-yl) phenyl) - 4-
2, 3- b] pyr azi n2(1H) one;

6-(4-(4H 1,2, 4-tri azol - 3rryA),§%en§n;[)e,I§1 (3/Rtrifluorg H1y|)benzy1) 3, 4- di hyd

ropyr azi no[2,3- b] py?ﬁz\z H)
6- (2- et hyl - 4- (4H—13& Wi a@pol -3-yl) 1) A%N@hydro 2H pyr an- 4-yl

)ethyl)-3,4- di hydropyra2| no[ 2; 3- b] pyra2| n-2(1H) - on
6- (4- met hyl - 1H benzo[d]lmdazol 6-y1)-4-(2-(tetrahydro-2H pyran-4-yl)ethyl)

- n’et hoxyet hyl ) - 3} 4- di hydr opyr azi no[

-3, 4- di hydropyr azi no R2(1H) - one;
6-(4-(2- hydroxypropan yI)p hy -4-(2-( trahbdro 2H pyran-4-yl)ethyl)-3,
4- di hydropyrazino[ 2, 3-b] pyr azi 2(,1<b40-ézﬁ| : d6-R-( 1 H 1

,2,4-triazol -5 -yl)phenyl)-4-(2-(tetrahydro-2H pyran-4- yI)ethyI) 3 ,4-

di hydr opyr azi nofheaeib Ro¥ laBZdcA vééukdnc® RRiep@AdnIRNAT HBL QIbkiiedd of AGaRAkAN e
salts, clathrates, solvates, stereoisoners, tautoners, and prodrugs thereof

VO 2011008033 ACT wshovayrrres dcpodsah] Hn-@Reyenpadiamshititutedier TOR ki nase
L nhi bi, L olRik R ¢Sk AMRRUP RS- Pavi ng the
[00342] In other embodiments of compounds of formula (IV), R* is H.
[00343] In some such embodiments described herein, R' is substituted or unsubstituted
aryl, or substituted or unsubstituted heteroaryl. For example, R' is phenyl, pyridyl, pyrimidyl,
benzimidazolyl, 1H-pyrrolo[2,3-b]pyridyl, indazolyl, indolyl, 1H-imidazo[4,5-b]pyridine,
pyridyl, 1H-imidazo[4,5-b]pyridin-2(3H)-onyl, 3H-imidazo[4,5-b]pyridyl, or pyrazolyl, each
optionally substituted. In some embodiments, R' is phenyl substituted with one or more
substituents independently selected from the group consisting of substituted or unsubstituted
Ci.s alkyl, substituted or unsubstituted heterocyclyl, aminocarbonyl, halogen, cyano,
hydroxyalkyl and hydroxy. In others, R is pyridyl substituted with one or more substituents
independently selected from the group consisting of C,.g alkyl, substituted or unsubstituted
heterocyclyl, halogen, aminocarbonyl, cyano, hydroxyalkyl, -OR, and -NR;, wherein each R is
independently H, or a substituted or unsubstituted C, 4 alkyl. In still others, R'is
1H-pyrrolo[2,3-b]pyridyl or benzimidazolyl, optionally substituted with one or more substituents
independently selected from the group consisting of substituted or unsubstituted C; s alkyl, and -

NR;, wherein R is independently H, or a substituted or unsubstituted C,;_4 alkyl.
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following formula (IV): R2 1 RINNO 1 NNR3 H (IV) and
pharmaceutical ly acceptable salts, clathrates, sol vates, stereoisoners,

t aut omer swoand/r3sdr ugs t hereof, wherein: Ripcirasssubseistut ed or
unsubstituted Cl1_8 al kyl, substituted or unsubstituted aryl, substituted or
unsubstituted cycl oal kyl, substituted or unsubstituted heterocyclyl, or
substituted or unsubstituted heterocyclylal kyl; R2 is H

substifuted or ynsubstituted C18 al kyl, substitute r unsupstituted
cycl oa{{“ﬁw, sub ’PP?réﬁl%amgP&H}%‘tfb@Fi%é‘@@ﬂn‘ﬁéffé?%%E’VB hayq sk gRPBdClor
unsubstidt HEeH gﬁgtagrggfg@/ge@k&w herSHbstituted or unsubstituted aral kyl, or
substituted or unsubstituted cycloal kylalkyl; R3 is H or a substituted or

unsub400348i ed C18 sahk yinpodiments of compowdsrodiferniute d&ttheé norepdodiatrent s, t he
TOR ki i nhi bi d t | -(4- ..

ot e Gt HEIRRIS balchE IS T K sorsusprabipstisnaherent by #dsh- 2( 10 -
one, depicsoesl O8hANinds WOraLk 97333 REThSZRLIS ARAFEA drORBERMD BN

enbodi ments of conpounds of formula (1V), R is substituted or
any suitable assay system.

[00346] Representative TOR kinase inhibitors of formula (IV) include:
7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)- 1-((trans-4-methoxycyclohexyl)methyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(cis-4-methoxycyclohexyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
7-(1H-pyrrolo[2,3-b]pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-((cis-4-methoxycyclohexyl)methyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-ethyl-7-(1H-pyrrolo[3,2-b]pyridin-5-yl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-((cis-4-methoxycyclohexyl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(1H-benzo[d]imidazol-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
7-(1H-pyrrolo[2,3-b]pyridin-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-((¢trans-4-methoxycyclohexyl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-((¢trans-4-hydroxycyclohexyl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(cis-4-hydroxycyclohexyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
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unsubstituted aryl or substituted or unsubstituted heteroaryl. For exanple,
R is phenyl, pyridyl, pyrimdyl, benzimdazolyl, 1H pyrrolo[2, 3-b]pyridyl,
i ndazol ylwoi2otaleyiz3 1Hi m dazo[ 4, 5- b] pyri dyl, PCT/US2011/023524

1H i m dazo[ 4, 5- b] pyri di n-2(3H)-onyl, 3H i m dazo[ 4, 5-b] pyridyl, or
pyrazolyl, each optionally substituted. In sone enbodinents, R is phenyl
substituted with one or nore substituents i ndependent |y sel ected fromthe
group c t| t ut ed 8 al k for exarrpl e,

met hy|7y(%nfi%gt%ﬂ%afg¥higfﬁﬁ%}"{s@?@f Sodaiat )eﬂéelysé'rlw W&?fcle
subst 'dwd%by%zmm@b(%*&ﬁheﬁmg -bAgol yl or pyrazolyl), am nocar bonyl

hal ogen “(f or exanpl e | uorine cdyano, hydroxyal kyl and hydr oxy. In ot her
enbodi7rténil §1-1,R4-trigzqlyd- yldyyrlchmﬁsﬂ) ﬂmtesrdhwro-lﬂbmam# B 4-dhpdopirasne(S,3-

i ndepg)jdent I é ]é%l ect ed fromthe group consisting of substituted or

uns ub SRR “l kyl (for exanple, methyl), substituted or

unsubst el kel 2k 51K ghWridid 8ty | PXAIRA S0 GedyhSt Mduiyafbp?fazﬁi%%y@f’d]lbﬁrhﬁlﬁﬂ

triazol ogen am nocar bonyl , cyano, ydroxya Kk for exanpl e,
hydr 0%y érl -OR, and -NR2, wherein each Ris |ndependently H or a

T pyriiG F‘zi”%f‘ R M LR M P RIS DEBL B S Xuei n one

or WDWS(SSﬂlllitﬁt)JZtmeﬂhSrBM(HdﬂpEmdﬁiﬁol-&! -8 phesyt pd- ({dipmhph@xg&ywmlegﬁmbmpl)w.of
substituted or _unsubstituted G al kyl, and -NR2, wherein Ris
i ndepéiiErnyagino[ds-tlryapati(1i-e é@leoor unsubstituted CL_4 alkyl. WO

200 1 TG ARRIHH PAAZA il ALIAoh B AR HIROMY fﬁﬁ‘fg Frand2. dye1?)§ 4.1 (CR2), OR

NN Ri each occurrence I n endently H,
or a slitbsirotywdzeb|23-hjpwabiatd(1dy-ene;C1l_4 al kyl (for exanple, nmethyl); R is

at ea currence. i y a substituted qr unsubsti i. 4 al kyl
(for ?@%ﬁm@ Bipek i %h(ﬁya%n%—@ -3 $1dﬂaﬁsapyraem%gtbﬁmaﬂg - NR2;
mis Orfn-gnd nis 0-3. It will be understood by those skilled in the art
t hat any of the subsitutuents R nmay be attached to any suitabl e atom of

any of7-{ShiduarpIgmcthpl-446 BHf I édriazohd-)pbeeyhs 1 -({100838hydroxsmvelobetybiatieri)-s  of

conpo Lﬁr,]ég ﬁlh%ro‘io%%'ofz g-lb}Qy’razlﬁllQ-t ﬁi)-én%';:\)z) » R
7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-((cis-4-hydroxycyclohexyl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(trans-4-hydroxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(¢rans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-isopropyl-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-
one;
7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)- 1 -(trans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(trans-4-hydroxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(5-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(2-methoxyethyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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N.NRNRMN----- \' N(CR2),OR1)\--X Rn WO

2011/ 097333PCT/ US2011/ 023524 wherein Ris at each occurrence
i ndependewol2911497338 a substituted or unsubstituted Cl_4praltkgsko11/823526 at
each occurrence independently a substituted or unsubstituted G _4 al kyl,
hal ogen, cyano, -OR or -NR2; mis 0-3; and nis 0-3. [00339]In sone
enbodi nents of conpounds of formula (1V), R2 is H, substituted or

unsubstj tuted Cl I : bstituted or unsubstituted. cycloalky

subst i rﬁfiwrﬁ-ﬁ-mﬁgﬁ@é{ffljfldvi%twpﬁaf ),Péﬁwl2-1§m§?HY§-§t4é§1h& roawéalﬁgt%%-ut ed
Cl_4 qﬂﬁﬂgﬁﬂgkﬁqp&%plyl, substituted or unsubstituted G _ 4 alkyl-aryl, or
substituted or unsubstituted Cl_4 al kyl-cycl oal kyl. For exanple, R2 is H,

met hy |1;-cteylkiH(3-finenor bpythy|-#s(d P bRy triazel Buy yphensld S, dihy dropy siotnal 3/3-,
tert-butyl, n-pentyl, isopentyl, cyclopentyl, cyclohexyl,
tetraﬁ’;@?}ﬁlﬁ%& '?I}let’etrahydr opyranyl, (Cl_4 alkyl)-phenyl, (Cl_4 alkyl)-

cyclo idind-kpyl F@ TH- A yBbikylh3; £ Y 1 1 4
o Ky R T D PR e a
al kyl )Mmir%ﬁélﬂ%wl}e;(m_4 al kyl ) - nor phol i nyl, (Cl_4

opt | otz o RIEEI PSR ¢ Bo At R S AR PR A8 s a1y

(G _4ad|fyhlin-ORH)-one;
5-(8-isopropyl-7-0x0-5,6,7,8-tetrahydropyrazino[ 2,3-b]pyrazin-2-yl)-4-methylpicolinamide;
7-(1H-indazol-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[ 2,3-b]pyrazin-
2(1H)-one;
7-(2-aminopyrimidin-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[ 2,3-
b]pyrazin-2(1H)-one;
7-(2-aminopyridin-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
7-(6-(methylamino)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-hydroxypyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
7-(4-(1H-pyrazol-3-yl)phenyl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-
one;
7-(pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
7-(1H-indazol-4-yl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(1H-indazol-6-yl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(pyrimidin-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
7-(6-methoxypyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one;
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R , or kflp,ClR, wherein R is at each occurrence
I ndependently H, or a substituted or unsubstituted Cl1_4 al kyl (for exanple,
met hyl ) ; WO 2081/@t338ach occurrence independently H, -OR PCYAIS0010/023524
substituted or unsubstituted Cl1_4 alkyl (for exanple, nmethyl); and p is
0-3. WD 2011/097333PCT/ US2011/ 023524 [00341] I n ot her enbodi ments of
conpounds of formula (1V), RR is H G _4 alkyl, (G 4alkyl)(OR), ,R knp- N
)2L1- 41)-(-2|-\lnF\1)eth0xleethyl)-7-( 1H-pyrrolo[2,3-b]pyridin-5-yl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
1-ethyl-7-(1H-pyrrolo[2,3-b]pyridin-5-y1)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-ethyl-7-(1H-indazol-4-yl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(pyridin-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
7-(6-aminopyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
I-methyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
2-(2-hydroxypropan-2-yl)-5-(8-(trans-4-methoxycyclohexyl)-7-ox0-5,6,7,8-
tetrahydropyrazino[2,3-b]pyrazin-2-yl)pyridine 1-oxide;
4-methyl-5-(7-ox0-8-((tetrahydro-2H-pyran-4-yl)methyl)-5,6,7,8-tetrahydropyrazino[2,3-
b]pyrazin-2-yl)picolinamide;
5-(8-((cis-4-methoxycyclohexyl)methyl)-7-0x0-5,6,7,8-tetrahydropyrazino[2,3-b]pyrazin-2-yl)-
4-methylpicolinamide;
7-(1H-pyrazol-4-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
1-(trans-4-methoxycyclohexyl)-7-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
3-((7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-2-ox0-3,4-dihydropyrazino[2,3-b]pyrazin-
1(2H)-yD)methyl)benzonitrile;
1-((trans-4-methoxycyclohexyl)methyl)-7-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
3-(7-0x0-8-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-5,6,7,8-tetrahydropyrazino[ 2,3-b]pyrazin-2-
yl)benzamide;
5-(8~((trans-4-methoxycyclohexyl)methyl)-7-0x0-5,6,7,8-tetrahydropyrazino[2,3-b]pyrazin-2-
yl)-4-methylpicolinamide;
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, or wherein Ris at each occurrence independently H or a
substituted or unsubstituted Cl1_2 alkyl; R is at each occurrence

i ndependewol291119733®R, cyano, or a substituted or unsubstciraisea 1013524 al kyl ;
and p is 0-1. [00342]In other enbodi nents of conpounds of forrmula (I1V), R3
is H [00343]In sone such enbodi nents described herein, R is substituted
or unsubstituted aryl, or substituted or unsubstituted heteroaryl. For
exanpl_e ' henyl , pyridyl.,. pyrimdyl, benzim dazolyl, .

1H pyPréY 'E%Q%Y‘E‘Pby&%%',%ybﬁﬂ%%r3;}’1,55:“9?‘(%?’§1d}hYﬂF9HYﬁ?Zd‘5’iéPZR]BYTBTlﬁy]f(?]é?'ne,
pyri d)ﬁzll)’mehﬂz‘ljb%%tﬁﬁé}, 5-b] pyridin-2(3H)-onyl, 3Himdazo[4, 5-b]pyridyl, or
pyrazolyl, “‘each optionally substituted. In sone enbodinents, R is phenyl

subst i@t @ehydraxtypopen €y imreis dtydk 1 { UBMR)-I-nedpamndehicptyded.det ed fromt he

group consistin ubst.it or unsubstituted Cl_8 al kyl, substituted or
unsubgf%ﬁ%ﬂ?pé'(ﬁazﬁg}[géb@lﬁrlaw:ﬂ(ilﬁgﬂ%%ar bonyl, hal ogen, cyano, hydroxyal kyl and
hy dr 0Xy6.-(2thy @k heopall2-§15pyRii-dyl)- SR STIR)LE BPHoky ¢y cRipen@n)-3mr e substi tuent s
i ndepen(de(lnt I}? se e(?t ed %‘,?I‘)oyrﬁﬁwt hewg)r% cé{rzsi sti nggldf)%c Q%?_tg[)al kyl, substituted
or ungiiibsirenyuazeep[BStdpwesiatd(itD)-na¢:ogen, ami nocarbonyl, cyano, hydroxyal kyl ,

-OR, R2. wher ei ch. R LS ntly H S ituted or
unsub?’?' t @ﬂl o r?ﬁ'_p p§fl%9ﬁ?pylnﬁi g 'iyll*P'g@Egsrggj%'ﬁt%lopéycfﬁoﬁgg?wgﬁ{?, 3-b] pyri dyl
or benithydrstazedind[2,3cilbyraziald(yHpuhgt i tuted with one or nore substituents

i ndependently selected fromthe gr 01(18 consi sting of substituted or

h
uns ubgtiot@tagreyperanidyyl)pyaden-3 WrbYel-pethorycyickpspehdbft |y H, or a

gglﬁ; 3@%3%)@58?@%%@%“%8@%25 ml &:e;tgisn- enbV\?di ments, the conpounds
of f or7ailHaindh2d)-chdy-é -(an(tdRlahgdro«2p-petanfdoyhdth i p B di-dihpdrdpanziR] 2gy-bipgrezet- fort h

her ei %3%00345] In sonme enbodi ments of compounds of fornula (1V), the
conpo h®9% concentration of 10 ulVI inhibits nTOR DNA-PK, PI3K, or a

conbi Wa(fzi-rﬁ&h&fléf(mfl,i?&f-tﬁ%zol-@%ﬁ%gyﬁ@ﬂ%-yﬁﬂ%&&@%@ﬁﬁ@éhﬁ?%f40r mila (1V) may be

shown to be inhibitors of the kinases above in any suitable assay system

[ 0034 4liRaprresemal SidpT@Rnk(hd$end;nhi bi tors of formula (1V) include: 745
-f 1l uor,o-

y1 ) pHeR A e s QoD Rk el srdgt 3 erngat poybpyridin 33,0

3, 4- didii RY 4240 [ PO HpBabhP) 1 B¥bhAc; 2( 1H) - one;
1-(cis-4-hydroxycyclohexyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(2-morpholinoethyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
1-isopropyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
7-(1H-imidazo[4,5-b]pyridin-6-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-((cis-4-methoxycyclohexyl)methyl)-7-(2-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-(trans-4-hydroxycyclohexyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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6-(1H1,2,4-triazol -3-yl)pyridin-3-yl)-1-(cis-4-nethoxycycl ohexyl)-3, 4-d
dropyrazi no[ 2, 3- b] pyrazi n-2(1H)-one;

1H pyrwol20{12923B] pyri di n- 3-y1) - 1- (2- (t et r ahydr o- 2H pycarssdeylorsehyl ) - 3, 4
i hydropyrazi no[ 2, 3-b] pyrazi n- 2( 1H) - one;
5-fluoro-2-nmethyl-4-(1H1,2,4-triazol -3-yl)phenyl)-1-((cis-4-nmethoxycycl
ohexyl ) met hyl ) - 3, 4-di hydr opyr azi no[ 2, 3- b] pyrazi n- 2( 1H) - one;

Y e S SR RIS AR A D RE e R R R b
7-(6- (b}ﬁrgzigdz.@rﬁf_g,&z;ol -3-yl)pyridin-3-yl1)-1-((cis-4-nmethoxycycl ohexyl ) net hy
|) -3, 4-"°di hydropyrazi no[ 2, 3-b] pyrazi n-2(1H) - one;

7- ( 1H4p@rzof 81 3-tedapie-2Hyyrart4{yDe (ybt ¥, afMyidictaltdroyyrazine2 3 Jeytayin}2-3, 4- di hy
dr opyr azi no% 3- b] pyrazin-2(1H)-one;

7-( 1#%?’?%? S, 3-b] pyri di n- 4-y1) - 1- (2- (t et r ahydr o- 2H pyran-4-yl ) et hyl ) - 3, 4

- di hydnepydazd] 5of19.1 32 Rldemh pdib I ot -4001§sthy1)-3,4-dihydro ino[2,3-b in-
wﬂ-ﬁ 1,2, 4-t (r)%& Z_Zgl RS- yl ?(gyri d?%ﬂ_%ﬂ% 1}Z % (t ran}é- 41?};:;%1ﬁ%[><ycy]g?,f)aﬁlenxyl ) met

7-( 6-%
hyl ) - 2()-eiidaydr opyr azi no[ 2, 3- b] pyr azi n- 2( 1H) - one;
7
h

-(6- (-1 2.4-triazol.-3-yl J din-3-y1)~1-((t 4 | ohexyl t
- S s et 3B B g gD R cxyevel ehexy e
7- ( 6- (ditydtoRrakind[2 320pyr3zivt X PMY-bak;n- 3- y1) - 1- (ci s- 4- hydr oxycycl ohexyl ) - 3, 4-d

i hydr o7pér azino[ 2, 3- b%lpyr azin-2(1H)-one; WD 2011/097333PCI/ US2011/ 023524
745 - fridonethsl-prbtyl 2 A-tiiagql-3 y)pyriding 3-y B loftetgahygror Slanyyany4-yh)-3.4-

-(cis-#- I ) - - di hydr opyr azin 2,3 -b in-2

1y - o R Rt o Y P i Ly

- (t et rlalfySI3R)-2Hh@ahoamydoydity!3-7-(2-réthyld-6Hyr zd-ninzb R3 3 ypy Hllinyd-gbii3m-2
1H)-one; 7-(6-( , 2,4-trjazol -3 -yl ridin-3 -yl)- 1

- |(_1)2 nﬁW@i@é’F?&?ﬁ%%'bﬁﬁyrﬁ?lﬁﬁ}]Iab'élil%izi noy[ )2% Ibi pyr aziyn)2( 1H) -one; 7-(6-( 1H
12 aedri e L i ) 3 i ' aring 12,3
b pyr sl NOBO BRI D oty R B e e,

-yl ) phignydtgpyrazing(2 Sitdpvirannel(bRy-one| ohexyl ) met hyl ) -3 , 4- di hydr opyr azi no

015 oreu P33 Sl RS b 6 T2 Mg e gl 275

: l(D]ZP)(/{dgﬂdg%@g?Zo- %ﬁ;;@?}gEZlgnﬁggtgﬁ%I 4: )?:1) 4 éi hydr oplyr azino [2,3

- b] pyrlai RIS Bymashresycalepentilindr -t hiAH-d. 24 pracql-3 7 myidin gz 33-

-Y1) PRgaTdpyrdzind S BTRPSadmMB fripsN&Y ¢! ohexyl) methyl) -
7-(1H-indol-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
1-ethyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
7-(1H-indol-6-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;

7
[

7-
7-

(
y
(
d
(

7-(4-(2-hydroxypropan-2-yl)phenyl)-1-(trans-4-methoxycyclohexyl)-3,4-dihydropyrazino[ 2,3-
b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(tetrahydro-2H-pyran-4-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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3 ,4-di hydropyrazino [2,3 -b] pyrazin-2( 1H)-one; 7-(6-( 1H 1

,2,4-triazol -3 -yl)pyridin-3 -yl)- 1 -((cis-4-hydroxycycl ohexyl)nethyl)-3

, 4- di hydwopyrizmisse [ 2,3 -b] pyrazin-2( 1H)-one; 7-(6-( PHEI/K2012/0435241 azol -

-yl)pyridin-3 -yl)- 1 -(trans-4-hydroxycycl ohexyl)-3 ,4- dihydropyrazino

[2,3 -b] pyrazin-2( 1H)-one; 7-(6-( 1H 1 ,2,4-triazol-3 -yl)pyridin-3 -yl)-

- (trans- 4- net hoxycycl ohexyl)-3 , 4- di hydropyrazino [2,3 -b]pyrazin- 2(

1FD o e 2,4-triazo yr'd' - -j] SO

V%y‘?-gﬁ%ymcl@exmwmﬁ %taneﬁuﬁ AE‘ 5&5“ %q]féo}dio Sﬂ&p {4 4= (m

1 2 4itJdrSA R ziror2 ¥y mib1akond:t rans- 4- met hoxycycl ohexyl ) -3 , 4-
dlhydréaérﬂé?ﬁ% [ X ]P%§ yég2|%0%( 1H)-one; 745 -fl uoro-2- nethyl 4-(1H 1

d2h4dﬂHmdzdbdﬁnQ@hﬁphéhymyﬁuﬂn3ﬁd}h§%ﬁﬂ4hyﬁngﬁggyfrahﬁmygy933ﬁ4[ T

I hy razi no r - one; -Tluoro-2-nethyl -

2, 4-F a?i%ﬂyr%zm‘{[%)“’ﬁﬂ%‘%% ﬁiﬁ?@é ‘met hoxyet hyl )-3 , 4- di hydr opyrazino [2, 3
- b] Py ra@iietkbd 1217 4-met O -¢methylamino)-1H-benzo[d 1rn1da ol-6-yl)-3,4-

7-(5-f ?%oro ZX}Jr{deﬁ%yp X 914 }t,l’l aZ()) | - 3- yZ)E)]enylz) }ll)sopropyl 3, 4-di hyd

ropyr aizhmma@m[%,ﬁﬁgzpwzm %Qﬂwn@ne
1-et h)? 72mét%y{%-%96% 32 dlﬂE (Ei l_élﬂ%ergzol_ia] 1dazolt5r I:)lzlod(te’tgrapf (?rg Bﬁqﬁ/};‘r)ani 4-di hydr opy

razi no I azi
7-(2- fy}')@[eftliwpyﬂLdihf&répy&fiy)lnd[z(ﬁb]@pﬁtzfnaimHI)Qn&,H— pyran-4-yl)ethyl)-3, 4-di hydro

pyraz I7n(% rnethyl 4- (llg 1,2 4-tr1a220$ l_gl)l)phenyl) 3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-(2-methoxyethyl)-7-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
1-benzyl-7-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
7-(3-fluoro-4-(4H-1,2,4-triazol-3-yl)phenyl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
7-(3-fluoro-4-(4H-1,2,4-triazol-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(3-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(2-methoxyethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-(trans-4-methoxycyclohexyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(trans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(5-fluoro-2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(3-fluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-(2-methoxyethyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3-

b]pyrazin-2(1H)-one;
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1-isopropyl-7-(4-methyl-6-(1H1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-di hydrop
yrazino [2,3- b]pyrazin-2(1H)-one;

5- (8- 1 sopwopyili/0673380- 5, 6, 7, 8-t et r ahydr opyr azi no[ 2, 3- b] pycaaisee12Ayisp4+ 4- met hy
| pi col i nam de;

7-(1H i ndazol -4-y1)-1-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3, 4-di hydr opyr azi
no[ 2, 3- b] pyrazi n2( 1H) - one;

F7)V§ §z| n(%é}/rﬁlror%%h%ag%y 324 @(ﬂ - -é’ s1-( rglyi(sjr‘lomezt 0>E3¥cry ohexy )ln)leeclg3t1¥|3)4-3 4-di hydro

7- (2- 2y az%dp% Bﬂﬂr;)ra%m(z%ll(l sﬁé ahydro 2H pyran-4-yl)ethyl) -3, 4-di hydr opy
razi no [2, b] pyraz 2

7-(6- (1H(@b’ﬁyb@imlmﬂp’9’)f H% (12 BYM?YQOP@PZ{YBPYHME& ~ph-2H4- iy dnoprraginp B by | ) - 3, 4-
di hydr, razi fl{l b] pyrazi n-2( 1H) - one;
7- (6- ﬂ?@ &@ )d?l??s y1) - 1- (2- (tetrahydr o- 2H pyran-4-yl ) et hyl ) - 3, 4- di hydr o
pyr azi (Dzh yiroxh 3 |) ﬂ)@{eﬁ -1028nethoxyethyl)-3,4- dlhydr%pyrazm d[2 ,3-b]pyrazin-

y

7-(4- 1 pyrazol enyl) - 1- (2- nethoxyethyl) di hydr opyr azi no
[ 2, 3- B Pyrend:n- 2(1H)one

7-(pyr %gbg %&Wyétﬁ%l Byt R BN P12 e RS Arah 8- AW kaidayds 41 hydr opyrazi nof

2, 3-b]

I- ( 1H-dnﬁydiad;gzlraz4nd{1)3 -Wprziner ngyxpes;hyl ) - 3, 4- di hydr opyr azi no[ 2, 3- b] pyr azi n- 2(
- one,

7-H% 1RS¢ -hgcdipryethyPpyridinRody &t Ryiesraby diodbhpwredyresiAbp 2: 3- b] pyr azi n- 2(

1H) - ong; .
7-(pyri r?{dmpﬁ’r%zmog = b]f\érafl'?ezt(%%%y%er’o- 2H pyran-4-yl ) et hyl) -3, 4-di hydropyrazin
o[ 2, 3-72pyicthzi-6:24HAH) 2, diteazol-3-yl)pyridin-3-yl)-1-((tetrahydro-2H- pyran-4-yl)rnethyl)-3,4-

Z)y§ SZIrret I}f@ﬁ/y@gf l%ﬂcﬂ%,g-tﬁé%ﬁ%lﬁ( ;_é tet r ?hggrlo_ ZHV\%yr an-4-yl)ethyl)-3, 4-di hydro
2011/ 99@4333K g@é%& zgaﬁﬁ%ﬂyl}q(é (rf@ltah?efﬂsezm YdanZ-{ 3t 13r40| 0 [2,3

pyr|d|n 1y-3,4 razi no 3-b] pyrazi n2(1
1 et hyilhﬂk((mfaqmw{&éﬁdpﬂaamb'«blgl) puk;n- 5-y1) - 3, 4- di hydr opyr azi no[ 2, 3-b] pyrazin

126t e WaseRsP 2y 3 g EByp B by b azin- 211 -one;

7 ( pyrdhl@d@o;ﬁ/r%lﬂc[i 3(RpiraghRNMlbRe; 2H pyran- 4-yl) et hyl ) - 3, 4- di hydr opyr azi no|

7 o dritriggyanomlaag 25y ol ki riduorsydibcazgl§dt hyl ) - 3, 4- di hydr opy

rlafrza?ﬁhw iﬂ&%{%%/ ]ﬁy%gﬂ_&pgy%ﬁ riazol -3-yl)pyridin-3-yl)-3, 4-di hydropyra

zi no[ Z- @-@}W@@pﬂﬁ(aﬁlﬂ)ylgp‘}&dln 3-yl)-1-(3-methoxypropyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
7-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(4-methyl-2-(methylamino)-1H-benzo[d]imidazol-6-yl)-1-((tetrahydro-2H-pyran-4-yl)methyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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2- (2- hydr oxypr opan-2-y1)-5-(8-(trans-4-nmet hoxycycl ohexyl)-7-o0xo0-5, 6, 7, 8-

t et rahydr opyrazi no[ 2, 3- b] pyrazi n-2-yl ) pyri di ne 1-oxide;

4- et hyl -wo(2@t1c00e338- ( (t et r ahydr o- 2H pyr an- 4-yl ) net hyl ) - BCéUS2@1veiseahydr opy
razino [2,3- b]pyrazin-2-yl)picolinam de;

5- (8- ((cis-4-nmethoxycycl ohexyl ) nmet hyl ) - 7- oxo-5, 6, 7, 8-t et rahydr opyr azi no

[ 2, 3-b] pyrazi n-2-yl)- 4-nethyl pi col i nam de; . .
R e el AL B R AR o By S gt opyr a2
1- (tr ¥sydof RIS sxOHY ohé- et hyl-6-(1H 1, 2, 4-triazol -3-yl) pyridin-
3-y1)- %?5’4-0ﬂ(§?h31/dr o’p?;tﬁggliano[ é 3-Y8] pyr azi n- 2( 1H) - one;

34( 7- (722rmetthy 6-64 K412, 4-t29201-8 ryil wyoldm33-y 1)) Ip(2-(tetrahy 8roy AN -pRramxdy Bethy Bi3dd-dr opyr a

il ??E %&%9?‘15)%%?@2%@8 TS%B?@;’%"P Sle)nzgm(zr irr:ate;hyl- 6-(1H 1,2, 4-triazol -3-yl)

ri di(Ry-3-8X2- fopyELD #ainoy B, N q2i(td 20NByran-4- -
gy( 7- (gx 2)_38@5:&'()2z -k‘?dgxygﬂk%r ogg)l?l-yps rnagr}-[y %?f?%ieh?%yﬁ) -(gb,t GQ%dT% t e?}r'rglkll; d};%eg;/};lzazi no
1O

[52(3 it 5 y%zeltnﬁ[%x cﬂmﬁmﬁgf(llm-onte; | ).a.7 - 7y 8- r ahydr razi no
72081 905 G LIS 21 B G £ YRR
2011/ QU 3ibgMopl 128 1213 BAB3BZAn-2(1H)-one;

347- (6- (2-hydroxypropan-2-yl )pyridin-3-yl)-2-o0xo0-3, 4-di Plydr opyrazing [2,3
- b] pyr7a r@:@@wprggay@lmrﬁ%gﬂ%}),@quqn@t,hyl-1-(2-(tetrahydr0-2 -pyran-4-yl)ethyl)-

7-(6- Fadihns3-y1)-1- ((1R 3R) -3-neth I tyl)-3
L S R AR S L s Y Tones o e noxyeyelopenty )

7;1( 66_(72(-2%@1&1' O#Ym?thphmPZI%gylk%[rﬂiﬁﬁdﬁZ_ﬂl-%?i%ﬂétét(rdlﬁdﬁRXHaﬁymm-Mx)ﬂﬁlwLb@e ntyl)-3
, 4- di hydr opyr azi , 3 - azi n- - one;

7-(6- @QM%ngﬁpfaW)%gﬁgaPﬁ 3-y1)-1-((1S, 3S) - 3- net hoxycycl openty1) -3
, 4- di j ) pyRidRYE B7)- ) PH- 4- 3.4-

AT S R RS A Al G R - e AL 3
, 4~ didiydrenyyszam[A3-41pyr3zinB(byl)-amé:n- 2( 1H) - one; _ _
I (At aeglr e (2 L8 SRR T R A DL sty Sty dr opyr 2z
7- ( 2- rgmit épﬁazﬁﬁd{ﬁ,&%pﬁahﬁiﬁnﬂ-oﬁaw )pyridin-3-yl)-1-(2-norpholinoethyl)-3,
4- di hydropyrazino [2,3 -Db]pyrazin-2(1H)-one;

1- (1 1 dnd-Ghadoges|cH-Bhehoplh 7 octimby pr2lbnymeedey ety DAz ol - 3

-yl) pygddin- 3, ~ - di /razino [2,3 -b]pyrazin-2(1H)-one;

1-(ci gi%@d?%@ﬁ%%’éﬂé% )ﬂwiggér/fet hyl-6-(4H 1,2, 4-triazol -3 -yl )pyridin-3
. y (123 Eié(,lﬂhyéiﬂ@mwpaﬁsﬂr-ﬁ%ﬂf(?irhé&hsaléé-blfgytzité;%niaz(a(z-aw)pgﬁeiln_-s-yl).tsr,]4-l) \ 4 di

- (6- (2- hydr oxypropan- 2-y. ridin-3-y1)-1-(2-norpholinoethyl)-3, 4-di hydrop
yrazi fdhdgopyraziggfy r@ﬁ]’rﬁz@(ﬁﬁ}l)ﬁ% and

1-(2-hydroxyethyl)-7-(2-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-dihydropyrazino[ 2,3-

“met hoxycycl opentyl) -

b]pyrazin-2(1H)-one,
and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers, tautomers, and

prodrugs thereof.
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1-isopropyl-7-(2-methyl-6-(4H1,2,4-triazol-3 -yl)pyridin-3 -y1)-3

, 4-di hydropyrazino [2,3 - b]pyrazin-2(1H)-one; 7-(1Himdazo [4,5

- b] pyri diwe@ewlopsis3( 2- (t et rahydr o- 2H pyran- 4-yl ) et hyl ) - BCTAFS2011/023524
di hydropyrazino [ 2,3 -b]pyrazin-2(1H)-one;

1- ((cis-4-nmet hoxycycl ohexyl ) nmethyl)-7-(2-nmethyl-6-(1H 1, 2,4-triazol -3
-yl)pyridin-3 -y1)-3 , 4- dihydropyrazino [2,3 -b]pyrazin-2(1H)-one;

1-(tr hydr gx c rox pr opan- 2-yl ridin- 3

1 4( %ﬁ%‘ﬁbpir a pég 8@(? “%P{a;}]ﬁa'é&ﬁ g(aﬁ :r 1S eP &qj@pou%d%b@%r/mg the foﬁowmg

2011/Q§g§§§PCT/U82011/023524

1- (ci s-4-hydroxycycl ohexyl)-7-(6-(2-hydroxypropan- 2- yI)pgridin-3-y1)-3,4-di

hydr opyrazi no [ 2, 3- b] pyrazi n-2(1H)-one;

4- (7-o0xo0-8-(2-(tetrahydro-2H pyran-4- yI)ethymg-S,G,Zkf-t t r ahydr opyr azi no

[ 2, 3-b] pyrazi n-2- yl)benzam de; 1:;
0

OH

2Hpyran-4-yl ) et hyl ) -3, 4-di hydr opyr azi
o}

( te},r ahydr o- 2H-pyran-4-yl )ethyl)-3, 4
di hydr opyr azi no[ 2, 3- b] pyrazi n-2(1H) { one;
(2-methyl -6-(4H1, 2, 4-triazol -3-yl ) pyridi n- 3- yl) 1- (tetrahydro-2H pyran-4
y1) -3, 4- di hydropy azino[2 34 p I
(
(
(
(

7- (1H i ndazol -5-y1)-1-(2-(tetrahyd
o[ 2, 3-b] pyrazi n2( 1H) - one;
1H pyrrol o[ 2, 3-b] pyri di n-5-y1)-

n
7-
7-
1-

|'S, 3R) - 3- net ho ycyclopent thyI- (4i—|— 1,2, 4-triazol -3-y1)pyrid

(
in-3-yl1)-3,4- di hydeop
1- ((1R, 3R) - 3- net hoxyc g - 7- (2N et h H 1, 2,4-triazol-3-yl)pyrid
in-3-y1)-3,4- dihydrolp no[ 2, 3- b] pyr azi - one,
1- ((1R, 3S) - 3- net heyytyslgpent y1) - 7- (2- met hy 4H 1,2, 4-triazol -3-yl)pyrid
3-

in-3-yl1)-3,4- dij z €.
s IR, oA IR AR rposomer e

i n-3- yﬁpKBHQ;ﬂmﬁhﬁdropyra2|no[2 3- b] pyrazi n-2(1H) - one;

[ 2,( 3- 6 ‘g{j‘&im nzglzl P])le éﬂ@éélﬁfeﬁta rtl}'edf(?Riﬁa@%/ {n%%ltor¥sl Q gotnqgollgnd%aémg Iﬂflp/ f% r aZ| no

formula:

e

ora pharrnaceutlcally acceptable salt, clathrate, solvate, stereoisomer, tautomer,

or prodrug thereof.

- 108 -



1-ethyl-7-(2-nmethyl-6-(4H 1, 2,4-triazol -3-yl)pyridin-3-yl)-3, 4-di hydropyraz
i no[ 2, 3-b] pyrazi n2( 1H) - one;

7- (1H i nowb-2611yaby333- ( 2- (t et rahydr o- 2H- pyr an- 4-yl ) et hyl ) P@rArsdethypelsepyr azi no
[ 2, 3-b] pyrazi n2(1H) - one;

7- (4-(2- hydroxypropan-2-yl)phenyl)-1-(trans-4-net hoxycycl ohexyl) -3, 4-di hydr
opyrazino [2, 3- b]pyrazin-2(1FD one;

gi ggd&é@&g; ?)r%ﬁé 888'%1?1%94/' lg%tﬁ% dii(ﬂb&%g 1n%1t3|}‘%9itisr aa (tl oun?i hav1>1/1£g ahe follgg'vzngs 4
2011/ Q§4333PCT/ US2011/ 023524

1- ((trans 4- nethoxycyclohexyl)nethyl) 7-(2-nmethyl-6-(1H 1, 2,4-triazol -3

-yl )pyridin-3 -y1)-3 ,4- di hydropy o [2,3 -b]pyrazin- 2(1FD one;
7-(6-(2-hydroxypropan-2-y|)pyridin 3 y1)) - 1- ((ci s- 4- met hoxycycl ohexyl ) net hyl
)-3,4- dihydropyrazino [2,3 -b]pyr 2(1H) - one;

yl am no) - 1H benzo

o [2,3 -b]pyrazin-2(1H)-one;

m dazol -5

(2- met hoxyet hyl)-7-(4-net hyl- 2- (ne
d] i m dazol -6-y1l) -3, 4- di hydropyr azi

(7-met hyl - 2- oxo- 2, 3-di hydro- 1H \\
yl)-1-((tetrahydro-2H pyran-4- yl)net -8 , 4-di hydropyrazino [2,3
- b] pyrazi n-2(1H)-one; 7- P ‘

y 25430 A 4 triazol -3
-yl ) phenyl) - 3, 4- di hydr ofyr ¢ [2,3 b]p a2|n 2(1FD one;
1- (2- net hoxyet hyl )-7-(4 I@ (1H 1, 2, azol -3 -yl)pyridin-3 -y1)-3
, 4- di hydropyrazino [2,3 & b]p¥razin- 2(1FD-one,

1 benzyl-7-(2-methyl-4-(4H 1, 2,4-triazol -8 -y¥)phenyl)-3 , 4-di hydropyrazi no

[2,3 -b]pyrazi n2(1H) - one; N

7-(3-f|uoro-4-(4FL1,2,4-triazol-3-y|)phenyl)Xi;ggiizzpoxyethyI)-3,4-dihydro
(

1-
[
7-

pyrazino [2,3 - b]pyrazin-2(1H)-one;
7-(3-fluoro-4-(4H 1, 2,4-triazol -3-yl)phenyl)-1 t rahydr o- 2H pyr an- 4-yl

)ethyl)-3,4- di %Yd@ﬂ@&ﬁa@élhﬁlﬁll& deckptad] dnaltad hifrad€, :hbi)va&n@’teremsomer tautomer,
7-(3-fluoro-2-nethyl-4-(1H1, 2, 4- trlazol 3- yI)phenyl) 1-(2- nethoxyethyl) 3,

4- di 19y @reskyg Beronb [ 2, 3 - b] pyrazi n- 2(1H) - one;

A e L TR T L T Ea e R

formula:

===N

(o] \N N/
JO
\_/

or a pharmaceutically acceptable salt, clathrate, solvate, stereoisomer, tautomer,

or prodrug thereof.
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7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl1l)-1-(trans-4-nmethoxycycl ohexyl)-3, 4-
di hydropyrazino [2,3 -b]pyrazin-2(1H)-one; 745

-fl uor o- 2wombtiyde73s3(4H 1, 2, 4-tri azol -3 PCT/US2011/023524

-yl) phenyl)-1-(2-(tetrahydro-2H pyran-4-yl)ethyl)- 3 ,4-di hydropyrazi no
[2,3 -b]pyrazin-2(1H)-one; 7-(3 -fluoro-2-nethyl-4-(1H1,2,4-triazol-3
-yI)phenyl) 1-(2-(tetrahydro-2H pyran-4-yl)ethyl)- 3 ,4-di hydropyrazi no
[2,3 - azin-2

1- #ﬁiyet hylt %mezelpg ﬁa&eﬂkj fhegL QB jsinpse inhibifor aszao?or@pow)hﬁwgalil%fﬁowyf) 3

4 d|q8g&99yra2|no [2,3 - b]pyrazin-2(1H)-one; - 105 -
0

2011/ 097333PCT/ US2011/ 023524

7- (6-(2-hydroxypropan-2-yl)pyridin-3-y (trans-4-nethoxycyc|ohexyl)neth

yl)-3,4- dihydropyrazino [2,3 -b]pyrazijn H) - one;

1- (cycl opentyl net hyl )-7-(6-(2- hydroxypr -2-yl)pyridin-3

-yl) -3, 4-di hydropyrazino [2,3 - b]pyra2|n 2(1H) - one;

7- (4- (2- hydr oxypropan-2-yl ) phenyl)-1-(2- et hyl ) -3, 4-di hydr opyr azi no

[2,3 -Db]pyrazi n2(1H)-one; \ Y

(S)-7-(6-(1-hydroxyethyl)pyridin-3 L tétrahydro-ZFprran-4-yI)ethyl

)-3,4- dihydropyrazino [2,3 ¢§b]p e;

(R -7 (6-(1-hydroxyethyIler di n /,)-1-(2 (t ahydr o- 2H pyr an- 4-yl ) et hyl

)-3,4- dihydropyrazino [2 - by pyr&zi n- 2( 1H) -(©One;

7-(2-nmethyl-6-(4H 1, 2, 4-triazol -3-yl) pyri di n- 8- -1-((tetrahydro-2H pyran-

4-yl)met hyl ) -3, 4- di hydropyrazino [2,3 -b]pyrazin-2(1H)-one;

7- (4- (2- hydroxypropan-2-yl ) phenyl)-1-(2-(tetrahygtos; 2H pyran-4-yl)ethyl)-3,

4- di hydropyrazino [2,3 -b]pyrazin-2(1H)-one; & \

7-(6-(2- hydr oxypy ggg%cxaaoqng S dakiad SORLIUERTRIE KRRSUD) - 3. ¢

dlhydropyra2|no 25 - one;

7- ( 6- E2phodiugothgobpan- 2-yl ) pyridin-3-y1)-1-(3-(trifluoronethyl)benzyl)- 3, 4-
[00352] In one embodiment, the TOR kinase inhibitor is a compound having the following
formula:

N
/// N\_—NH,
N
N \\ //
\\~
N HN
HO

\\\\“\‘ &
R N
O

or a pharmaceutically acceptable salt, clathrate, solvate, stereoisomer, tautomer,

or prodrug thereof.
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di hydropyrazino [ 2,3 -b]pyrazin-2(1H)-one;

7- (6-(2- hydroxypropan-2-yl)pyridin-3-y1)-1-(3-net hoxypropyl) - 3, 4-di hydr opyr
azi no [ 2,80-20by3s3azi n-2( 1H) - one; 7-(4-nethyl -6-(1H 1, 2pdTtust@aob3534
-yl)pyridin-3 -yl1l)-1-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3 ,4-

di hydropyrazino [ 2,3 -b]pyrazin-2(1H)-one;

7- (6-(2- hydroxypropan-2-yl)pyridin-3-yl)-1-(2-nethoxyet hyl)-3, 4-di hydr opyra
zino [2,3 - b]pyrazin-2( - one; . e . .

7- (6- (lé‘lwar oxyép aﬁaﬁméefil)ﬁgeﬁ'y ﬂ}edTQRﬁ%ﬂﬁ inhibifor & 4 cOpRAGd Davigy thfolloying et ny
1) -3, 4orelifpydr opyrazino [ 2,3 -b] pyrazin-2(1H)-one;

7- (4- et hyl - 2- (et hyl am no) - 1H benzo

[d]inmi dazol -6-y1)-1-((tetrak

, 4-di hydropyrazino [2,3 -b]p
2011/ 097333PCT/ US2011/ 023524
7-(2-am no- 4-net hyl - 1H benzo[ d 1 dazol - 6-yl1)-1-((tetrahydro-2H pyran-4-yl)
met hyl ) - 3, 4- di hydropyrazi no[ 2, B- b] pyrazi n- 2( 1H) - one;

7-(2-met hyl -6-(4H1 4-tr¥@zolM8-yl ) pyridin-3-yl)-1-(2-(tetrahydro-2H pyra
n-4-yl)ethyl)-3, 4- rop?r azi no[ 2, 3-b] pyrazi n-2(1H) - one;
an- 2- yl
Al (0]

gy«an-4-yl)methyl)- 3
-2(1H)-one; - 106 - WO

(R)-7-(6-(2-hydroxypropgn- )pyridin-3-yl1)-3-nethyl-1-(2-(tetrahydro-2Hp
yran-4-yl)ethyl)- [@zi no[ 2, 3-b] pyr ' H) - one;
(S)-7-(6-(2-hydroxypropan-z-itéiyridin-3-y1)-3-

1-1-(2-(tetrahydro-2Hp
yran-4-yl)ethyl)- 3, 4-di hydropysazi ng[ 2, 3 ,
7- (6-(2- hydroxypropan-2-yl) pyfFidit Ny1-b(2- (tetrahydro-2Hp
yran-4-yl)ethyl)- 3,4-di hydropyraz ] pyrazi n-2(1H) - one;

7- (2- am no- 4- net hyl - 1H benzo[ d] i m dazg¥- 6-y1y- 1- (2- (t et rahydro- 2H pyran-4-y

1) et hyl ) -3, 4- di i - i e: .

72?6-{2?hydroxy%&gg%%@%%gﬁ?%ggﬁglRE%?%%gg??%gg%F%¥§%h? nggngQT%%?efyl)eth

o oL 2 Sl e D e (L etr ahydr o- 2k pyr an- 4-y!
-(2- -4- .2, 4-triazal - 3- enyl).-1-(2-(te ro- -4-

) et hy H&@‘/‘}l di HS}BP%EH)P% FWBT’ 2‘163‘3(8%&%?3&% P%BZ‘EONW 69{%1?011“3 h%"mg the fOﬂ)Olwmg Y

formula:

or a pharmaceutically acceptable salt, clathrate, solvate, stereoisomer, tautomer,
or prodrug thereof.
[00355] In one embodiment, the TOR kinase inhibitor is a compound disclosed in WO
2008/023161 (see, e.g., page 5, line 5 to page 11, line 15), WO 2009/007751 (see, e.g., page 9,
line 8 to page 26, line 8), WO 2009/007749 (see, e.g., page 9, line 21 to page 29, line 23), WO
2009/007750 (see, e.g., page 9, line 21 to page 32, line 22), WO 2009/007748 (see, e.g., page 9,
line 6 to page 42, line 28), WO 2008/032028 (see, e.g., page 11, line 13 to page 21, line 13), WO

- 111 -



7-(4-(1H 1, 2,4-triazol -5-yl ) phenyl)-1-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3
, 4- di hydropyr azi no[ 2, 3-b] pyrazi n-2(1H) - one;

1- (1- hydrwoypriopass32- y1) - 7- (2- net hyl- 6- (1H- 1, 2, 4- t ri azolP€3Agsk)1ppeisds n- 3-y1)
- 3, 4- di hydropyrazino[ 2, 3-b] pyrazi n-2(1H) - one; and

1- (2- hydr oxyet hyl )- 7-(2-methyl-6-(1H 1, 2,4-triazol -3-yl)pyridin-3-yl)-3,4-d
I hydropyrazi no[ 2, 3- b] pyrazi n-2(1H)-one, and pharmaceutically acceptable

| t t | vates.. S, d th f
%107 200t b 1@%9%3@%3%?%@%%?@@3 I8l a AtsTos R o it oo ToR
i nasq 11 i Pf foQfagh 36 2ikOMONULARYINGSS (2o 0L | GMlend, ik 14 fige A 6HMOS, O

or a pharnmceutically acceptable salt, clat €, solvate, stereoi somer,
t aut orEo, 20@8/%2@&9r(uge,telz,erp@gé 11.00848]tb magﬁné6 énnbdd) W&ZOOBM2WSk¢, rRES.E

I nhibiLor | Sind 353 RN N3V]ings ! B0 L8088 (& ! N 1ine 1116 page 16,
line 13), WO 2008/032036 (see, e.g., page 11, line 13 to page 21, line 13), WO 2008/032077
(see, e.g., page 10, line 21 to page 15, line 22), WO 2008/032064 (see, e.g., page 11, line 3 to
page 16, line 5), WO 2008/032027 (see, e.g., page 10, line 21 to page 15, line 22),

WO 2007/135398 (see, e.g., page 11, line 28 to page 16, line 6), WO 2007/129052 (see, e.g.,
page 10, line 8 to page 13, line 5), WO 2007/129044 (see, e.g., page 10, line 22 to page 13, line
20), WO 2007/080382 (see, e.g., page 9, line 20 to page 32, line 32), WO 2007/066102 (see, e.g.,
page 9, line 22 to page 14, line 17), WO 2007/066099 (see, e.g., page 9, line 22 to page 14, line
14), WO 2007/066103 (see, e.g., page 9, line 22 to page 14, line 16), WO 2007/060404 (see, e.g.,
5, line 4 to page 7, line 25), WO 2006/090169 (see, e.g., page 4, lines 1-25), WO 2006/090167
(see, e.g., page 3, line 33 to page 6, line 23), WO 2008/115974 (see, e.g., page 4, paragraph
[0012] to page 127, paragraph [0257]), WO 2009/052145 (see, e.g., page 5, paragraph [0015] to
page 81, paragraph [0082]), WO 2010/006072 (see, e.g., page 28, line 1 to page 34, line 1),

WO 2007/044698 (see, e.g., page 3, paragraph [0010] to the bottom of page 7),

WO 2007/044813 (see, e.g., page 3, paragraph [0010] to the middle of page 7),

WO 2007/044729 (see, e.g., page 3, paragraph [0010] to the bottom of page 10),

WO 2007/129161 (see, e.g., page 2, line 10 to page 9, line 19), WO 2006/046031 (see, e.g., page
2, line 15 to page 4, line 12), WO 2003/072557 (see, e.g., page 1, line 4 to page 2, line 27), WO
2004/048365 (see, e.g., page 1, line 4 to page 4, line 17), WO 2004/078754 (see, e.g., page 1,
line 4 to page 2, line 21), WO 2004/096797 (see, e.g., page 1, line 4 to page 2, line 34), WO
2005/021519 (see, e.g., page 1, line 4 to page 4, line 17) or US 2007/112005 (see, e.g., page 2,
paragraph [0012] to page 22, paragraph [0065]), cach of which is incorporated by reference

herein in its entirety.
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ON H or a pharmaceutically acceptable salt, clathrate,

sol vate, stereoisoner, tautonmer, or prodrug thereof. - 108 - WO
2011/ 0973806RCT/09823611/ 023524 [00349] I n one enbodi nent, trhe/UFOR1kLR3ITaEE
inhibitor is a conmpound having the followng fornmula: o or

pharmaceutically acceptable salt, clathrate, solvate, stereoisoner,
tautoner, or prodrug thereof. [00350]1n one enbodi nent, the TOR ki nase

'nhibitor is a compound hayiag,d 0se NI PoREAS: nfuisiTors

[00356] The TOR kinase inhibitors can be obtained via standard, well-known synthetic
methodology, see e.g., March, J. Advanced Organic Chemistry; Reactions Mechanisms, and
Structure, 4th ed., 1992. Starting materials useful for preparing compounds of formula (IIT) and
intermediates therefore, are commercially available or can be prepared from commercially
available materials using known synthetic methods and reagents.

[00357] Particular methods for preparing compounds of formula (I) are disclosed in U.S.
Application No. 11/975,652, filed October 18, 2007, incorporated by reference herein in its
entirety. Particular methods for preparing compounds of formula (I1) are disclosed in U.S.
Application No. 11/975,657, filed October 18, 2007, incorporated by reference herein in its
entirety. Particular methods for preparing compounds of formula (III) and (IV) are disclosed in
U.S. Application No. 12/605,791, filed October 26, 2009, incorporated by reference herein in its
entirety.

6.4  METHODS OF USE

[00358] Without being limited by theory, it is believed that LKB1 plays an important role
in the nutrient sensing arm of the mTOR pathway. In particular, it is believed that LKB1 is a
negative regulator of the mTOR pathway under stress conditions, such as hypoxia and low
glucose. LKB1 suppresses mTOR activity via its downsteam kinase, AMP-activated protein
kinase (AMPK). In response to energy stress, LKB1 phosphorylates the AMPK catalytic subunit
at T172 and this phosphorylation is essential for activation of AMPK. Activated AMPK
phosphorylates TSC2 and raptor, and suppresses mTOR activity [Shackelford DB and Shaw JS,
Nat. Rev Cancer 9:563 (2009)]. Therefore, phosphorylation or activity of AMPK can be used as
a marker for LKBI status. In basal conditions, it is believed that loss of LKB1 and/or AMPK
can result in activation of the mTOR pathway. In cancer cells, under stress conditions, it is
believed that the LKB1/AMPK pathway may actually play a protective role by causing cells to
slow down their proliferation and thus evade apoptosis induced by the stress condition.
However, it is believed that in LKB1 mutant cancer cells (e.g., cells harboring a LKB1 gene

mutation resulting in a decrease in LKB1 mRNA expression, a decrease in LKB1 protein
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or a pharmaceutically acceptable salt, clathrate, solvate, stereoisoner,
tautoner, or prodrug thereof. - 109 - WD 2011/097333PCT/ US2011/ 023524

[ 00351] | rworzetiamissdi ment, the TOR ki nase inhibitor is apcorgseund23isavi ng t he
foll owi ng formul a: or a pharmaceutically acceptable salt,
clathrate, solvate, stereoisoner, tautoner, or prodrug thereof. [00352]1n
one enbodi nent, the TOR kinase inhibitor is a conpound having the follow ng

For Ml ot o b TR T ety acceptabl e salt; clatinale, sghyate
the cancer cells continue to proliferate and undergo metabolic catastrophe. Accordingly, without
being limited by theory, it is believed that TOR kinase inhibitors by their effects on cell
metabolism cause a stress response in cancer cells and in LKB1 mutant cancer cells, and in the
absence of a negative signal to slow the growth of the cells, result in cell death.

[00359] Provided herein are methods for treating or preventing cancer, for example non-
small cell lung carcinoma or cervical cancer, or treating a tumor syndrome, for example Peutz-
Jeghers Syndrome, comprising administering an effective amount of a TOR kinase inhibitor to a
patient having cancer, for example non-small cell lung carcinoma or cervical cancer, or a tumor
syndrome, for example Peutz-Jeghers Syndrome, characterized by loss of LKB1 and/or AMPK
gene or protein loss or mutation, relative to that of a control patient or wild type.

[00360] Provided herein are methods for treating or preventing a cancer, for example non-
small cell lung carcinoma or cervical cancer, or treating a tumor syndrome, for example Peutz-
Jeghers Syndrome, comprising administering an effective amount of a TOR kinase inhibitor to a

2

patient having a cancer or a tumor syndrome characterized by a reduced level of phiospho-AMPK

v

3y yor AMPK activity, relative to that of a control patient or wild type. In one
embodiment, the pAMPK is pAMPK T172.

[00361] Further provided herein are methods for treating or preventing cancer, for
example non-small cell lung carcinoma or cervical cancer, comprising screening a patient’s
cancer for the presence of LKB1 and/or AMPK gene or protein loss or mutation, relative to that
of a control patient or wild type, and administering an effective amount of a TOR kinase
inhibitor to the patient having cancer, for example non-small cell lung carcinoma or cervical
cancer, characterized by the LKB1 and/or AMPK gene or protein loss or mutation.

[00362] Further provided herein are methods for treating or preventing cancer, for
example non-small cell lung carcinoma or cervical cancer, comprising screening a patient’s
cancer for the presence of a reduced level of pAMPK protein or AMPK activity relative to that
of a control patient or wild type, and administering an effective amount of a TOR kinase

inhibitor to the patient having cancer, for example non-small cell lung carcinoma or cervical
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0110- -110- WD 2011/097333PCT/US2011/023524 [00353]1 n one enbodi nent, the
TOR ki nase inhibitor is a conmpound having the follow ng fornul a:

or a pharweceutiscsBl y acceptable salt, clathrate, solvarel/Ust@nmesssoner,
tautomer, or prodrug thereof. [00354]In one enbodi nent, the TOR ki nase
inhibitor is a conmpound having the followng fornmula: N or a

phar maceutically acceptable salt, clathrate, solvate, stereoisoner,

t aut oner, r odr ug t her eof OO 5 one enbo the TOR ki nase

| nhi bicgEsericha C@&ﬁ?fg%%lr%ug?ﬂ lseele pz\%@wgm@é%éﬁﬁ@gm elnPne page 5,
line 3niRdRAGE, tﬁéLpAMP”I&s MP¥O 2009/ 007751 (see, e.g., page 9, line 8 to
page 26, |ine '8), WO 200 /007749 (see, e.qg., page 9, line 21 to page 29,

l i ne 2{@)3,63‘]/\0 20(5@1&@&7}160@@@ bqemeﬂrgmetlmdgéargietdctingLKBltgmnpagpromtl ldskne 22),
WO 2009/,007748

2008/ 33028 aatned BTl St R oo B 5oy
cervical cancer, comprising: obtaining a biological sample from the test patient’s cancer;
measuring one or more of the level of LKB1 mRNA expression, the level of LKB1 protein
expression, determining the methylation status of the LKB1 gene or otherwise identifying the
presence of LKB1 gene or protein loss or mutation (e.g., by cDNA or direct cDNA or exon DNA
sequencing or SNP analysis or multiple ligation probe amplification (MLPA) to identify copy
number loss or immunohistochemistry (IHC), immunofluorescence (IF), or Western Blot to
determine loss of protein); and comparing said measurement with a control measurement from a
patient’s (“control patient”) cancer which is not characterized by a LKB1 gene or protein loss or
mutation (wild type); wherein a change in LKB1 mRNA expression, LKB1 protein expression,
LKB1 mRNA structure, LKB1 gene methylation status and/or LKB1 protein structure in the
biological sample from the test patient, relative to that of a control patient or wild-type, indicates
the presence of LKB1 gene or protein loss or mutation in the test patient’s cancer.

[00364] Further provided herein are methods for detecting AMPK gene or protein loss or
mutation in a patient’s (“test patient”) cancer, for example non-small cell lung carcinoma or
cervical cancer, comprising: obtaining a biological sample from the test patient’s cancer;
measuring one or more of the level of AMPK mRNA expression, the level of AMPK protein
expression, determining the methylation status of the AMPK gene or otherwise identifying the
presence of AMPK gene or protein loss or mutation (e.g., by cDNA or direct cDNA or exon
DNA sequencing or SNP analysis or multiple ligation probe amplification (MLPA) to identify
copy number loss or immunohistochemistry (IHC), immunofluorescence (IF), or Western Blot to
determine loss of protein); and comparing said measurement with a control measurement from a
patient’s (“control patient”) cancer which is not characterized by a AMPK gene or protein loss or
mutation (wild type); wherein a change in AMPK mRNA expression, AMPK protein expression,
AMPK mRNA structure, AMPK gene methylation status and/or AMPK protein structure in the
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- 111 - WD 2011/ 097333PCT/ US2011/ 023524 2008/ 032086 (see, e.g., page 10

line 21 to page 15, line 22), WD 2008/ 032072 (see, e.g., page 11, line 11

to page MO 20iwmw78B3), WO 2008/ 032033 (see, e.d., page 1PCThisp@1823504 page

16, line 5), WD 2008/032089 (see, e.g., page 11, line 11 to page 16, line

13), WD 2008/032060 (see, e.g., page 11, line 3 to page page 16, line 6),

WO 2008/ 032091 (see, e.g., page 11, line 11 to page 16, line 13), WO

2008/ 36 (see .9., page .11, line 1 page 21, line 13), WO

2008/ gvéee?al(sgeele éofg the t63{ qatiqny; refatiyg to 4§ apeoglér fgatlennr %Wé%xpevedwates

2008/ Q3208knkcs @?LK@lgﬁene BA tel-ﬁ-losﬁ bNSuitibe 1mg%s%§atleln't Q@aky. VWO 2008/ 032027

(see e.g., page i ne to page 15, line 22), WD 2007/ 135398 (see,
[W] 11 |Funbe2Bovideg hgemlﬁcp nicthods &r, dewlﬁga?ddm&t)léiel(qf PAMBKg. , page

10 Ilne i ne 07/ 29044 line 22
Lo pagioiss sniioRatB: i Geietiatans oLeuene ) giceh dyeigtings g e bisihage
32, | iie $inoMPor8VIcHIRaAER, dor@Risis: gbtanﬁ@@bﬁ)loéléam§aﬁﬁe¥@@%@esl4 l'ine
17) WD 2007/ 066099 (see, e.g., page 9, line 22 to page 14, line 14% WO

2007/ PBBAT’S ceBess; Measyring pager Word afiike 2yelad, pal@Kimrotain eprasion, tholevel of
2007/0 Line i WO 2006/ 090169 (see,
e.g. ggggﬁllV ﬁ%?ﬂ%“ﬁﬁghl 5@3% %§%fggvisg%4”033&%egﬁage 3, line 33 to
page GmnlunBRistd3hemiD; 2008, b el os&eence (IF), oWe&erh, Blptfoaidtariind 8012] to

age 127, paragraph [0257]), WO 2009/ 052145 (see, ge 5, paragraph
Fogls]antoeng@‘q@%é %mawag@ré R o osmom( éd\’ﬁﬁg(aéé@emféc %jtespﬁlagg 28

00301 PP RS ESCT172 HEE arddior HOIAREG ARARORIRT o peATPK RAAS ddsaRBAOT PN

par ag rShpdherE 00A0Biothert. . e4()31 HQLESqQO(ijgana)cpmml?gMYd ﬂlédsﬁ;?eﬁneﬁrﬁ &dth EEC@II‘DI page
3, para 10] ta the bott n1of e 10 WO 2007/ 1291 see

pagg gne A ﬁ"élel} ]a;%a%n 3 Cponge’ pjent Pt 6‘21%?6%& Bt eﬁée% a 5%51@6%

line i&.@r @Qﬁﬁ’lépro'télﬁ' Endlgd AMMR %%Q%ﬁé@pé SBoreift -adowePROA of paAVIPE 4 tO
page 2, line 27), WD 2004/ 048365 (seé, e.d., page 1, line 4 to page 4, line

17), \p@tzmmﬂm BMBK (aseefy . the blolbmy@l $amplp fienthe desp ag@nz relafivetozhat, of” ")
2004/ 0967 2005/ 021519
(see. camgol patigar iidtyhe ucssng offerteiR a aifo B o ek RatP ettt yrales

e.g., ANIOE. a%tmg@ﬁﬁmé aRhpdtRAL e Lardcer. PAGRC %&bo@ﬁﬁs’ﬁﬂ&ﬁ@ﬁAfvﬁ%ﬁ]ﬁAMﬁﬁcﬂ 7of which
reference herein in its entiret WO

I281I1/n 88(;/3\%53 gtc% Lliszt@qr:mrg@:dedz herelnyrwmpﬂwsfmmmwmg\a}ee hmthpMSE PRIt Bl TORS
[0035 ]tg}%at %ﬁ&gﬂa&ﬁ%ycahpé}l 1%'r %Qa{rﬁplﬁ/ggn tgl%ag %Eli c}[%gq:a}/c f @tnc%?\;lé]l c%ée% K novvn

synt hetic ‘ne nce ganlc ems

React ibeing rdpoheane BﬂEORamhsSﬁﬁhulﬁtdﬂ figsrapht, Bo@Prisind: AB2ainibl artﬁcblagcaﬂ&helpieal s
useful_ for preparing conpounds of fornulaé%lll) and |nterned|ates .

t her effimath eat?Sé péwé (CERNGET I )CAYHNY QP & BPred thaleve o RNsheHBestiNei al | y

B R L R i s E’f’%?n %?ﬂ}s FHTER ey

di scl estedwisn 1dd:n5fy1ng the presence of LKB1 gene or protein loss or mutation (e.g., by direct
cDNA or exon DNA sequencing or SNP analysis or multiple ligation probe amplification
(MLPA) to identify copy number loss or immunohistochemistry (IHC), immunofluorescence
(IF), or Western Blot to determine loss of protein); and comparing said measurement with a
control measurement from a patient’s (“control patient) cancer which is not characterized by a
LKBI gene or protein loss or mutation; wherein a change in LKB1 mRNA expression, LKB1
protein expression, LKB1 mRNA structure, LKB1 gene methylation status and/or LKB1 protein

structure in the biological sample from the test patient, relative to that of a control patient or
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Application No. 11/975,652, filed Cctober 18, 2007, incorporated by
reference herein in its entirety. Particular nethods for preparing
conpoundswof2ofievmsBa (1) are disclosed in U S. Applicarconshio/oisip7s, 657,
filed Cctober 18, 2007, incorporated by reference herein in its entirety.
Particul ar nethods for preparing conpounds of formula (I11) and (1V) are
disclosed in U S. Application No. 12/605,791, filed October 26, 2009,

i ncorpaor ated by reference inini entirety,. 6.4 METHODS OF USE
_[oossg‘jl{ﬁ?tyn%&ﬁrgﬁi}@? 8 1@@%8?@5@9@%@&%@& finpes THUPie Berspna E‘K‘Efaé ays an
| PO eier 1B} Exclpld - Qb b QNS ] fath:A0: Weficdl Banc CR pat hway. I

particular, it is believed that Bl is a negative regulator of the mlfOR
pat hwd(036Ttier sthuether onidid hemm, ars uchthods fanywedictangathd likadhogh wt @ paticrit KB1
suppresses MICR activity via its downsteam kinase, .AMP-activated protein

ci o & SRR S Haiselof sastlf G SRR Sk | HRES LGS SR anpr
cat al Weing r84pouEIvE tAt OR Kidasa chibitr ShdhiBs I@B@bﬁéiﬁ%ﬁ Daihifg @3E105icAl samPle
activation of AWPK. Activated AVPK phosphoryl ates TSC2 and raptor, and
suppr d¥setherfORaEE S\wrReer | ISprsakied ooy o mEyca thediueh of § MREmMRIRACxpERIEIER, 9: 563
(2009){ . . Ther.ef .phosphoryl ation or. ti Vi f AVPK gan sed as a
rar ke iSO R BR8P ntip kildieln G of Y ARRORES 7
LKB1 airatse AMRKHaagthegsedehcd ¢f ANIPKV@ink 0 pateih ess B Otapidh iway by directancer

cells, under stress conditions, it is believed that the LKBL.AMPK pat hway
may acDRM} PyexndINA ssAvansing of SNEutnalysis o analtiplg ligationsprobe amplifiersion t hei r

it T ey ‘ tion.
Fovey DDA QU8 R RO AR M i RRSOER
har bor(If)goraWk&h Blete dudralincdnss efqubttiniganidreompdeng ead enchsureBilt wilkNA
expression, a decreafe in LKBl @‘rot ein -

. 3 - s )
2011/ GOVERIRREFNOBSHY PP AIHHEt HQIE’EQIBFH“%%JM&WE%%W nghdaractasized Pt ei n) |

in the,aks @D@FK%fené Bﬁptﬂ%ﬂﬁfdsé/ &r HLANSH; Wikr&H Rhabien CANPRIMRRIA é{p‘i&@ffoh,n_ue to
proliferate and undergo netabolic catastrophe. Accordingly, w thout being

| i m t fdMBIK rirhisor gxpréssion SANEK eReA stracturFORMAK gste methy lotiom asd/GryAMPE r
effects on cel|l netabolism caus stress response.in cer cells and in
CKer WY SR TOSHECT e peloeiiah SHRe Pl R SShEERER M et e G eBOE) om
the groewWild-©pe, phali@shh crdaSsdililkclihBod Blat TORARase [HABRG1RERY} WHadibkgidn are
met hods for treating or preventing cancer, for exanple non- small cell 1ung
car ci ereer.opr exanyile apn-smplt eell lugg caicewmanyy carviearsanceyndr omre, for exanpl e
Peut z s Sy Y] ] ni ring. feagti J of a
TOR IR o BB Frs ERhhRRe AR, gt ARSNGB ATRIR P) Cei
| ung gaesipatem” diavagy oaheal fot araeple non-small ¢aid fungyoachimuiig off @FvieN a8dee,
Peut z- Jeghers Syndrone, .characteri zed by | oss of LKB1 and/or. AMPK ?ene or
pr ot eiPRINBISYPoBFVarin BPRdrinase éthabifayghargpyt hampating dtring i bilegissitsamplon | d
type. dHPRAALEYONIHLaner Shtffifl PR ASrelPind 166ALF PAMEK RISYATULhRGh,
cancer, for exanple non- small ¢ ung carcl noma or cervical cancer, or
t r eat ithhgleacltaf ovIPEyartvioyrer ofherwisx anpsueinBehd kddgierisM By pdstome e.gconpr i si ng
adm ni.steriﬁjg a effem#ée. anou of a TOR ki e i nhi bj 'é(%r to a, patient
havi ngmACaREFhgRISEY rng%m%wseﬂgﬁ Vet sﬁew;r)g_ U BYel  of
phovhqnfh s {AOMAK! 2lki bR iR At SIKpREHHH Tadon 6LARIAKY 8 dpecifiBfesOfora
control patient or wild type. In one enbodinent, the pAVWPK is pAMPK T172.
[ 0036 Fk&Euplehae thepklgisded andpeihn levcbodMitkdactivaly (¢.geAMBkgkorsquseayentd ng
CancerS’anIie(%g et al. Biochem.J. 403:139-148 (2007)); and comparing said measurement with a control

measurement from a patient’s (“‘control patient”) cancer which is not characterized by a reduced

level of pAMPK protein and/or AMPK activity (wild type); wherein a lower level of pAMPK

protein and/or AMPK activity in the biological sample from the test patient, relative to that of a
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exanpl e non-small cell lung carcinoma or cervical cancer, conprising
screening a patient's cancer for the presence of LKBl1 and/or AMPK gene or
protei n Iwex0nwoomssati on, relative to that of a control ppattseent /oess2ui | d
type, and adm nistering an effective anmount of a TOR kinase inhibitor to

t he patient having cancer, for exanple non-small cell |ung carcinoma or
cervical cancer, characterized by the LKB1 and/ or AMPK gene or protein | oss

or nmutation. [00362] Furt her rovided her ei . ds for tre or
pr evePNEY nag é%rWl]fdotVPeeﬁé% %a%wreéw\e lﬁke@@P ﬁaﬁbgﬁv%%ﬁmbw f‘éﬁ cal
cancerwm%apgaa@mgers %&@%@g Iﬁn%{a'lledéll 1&@@&@5@ Bf cdrPRalBSENES o 2

reduced | evel of pAWMPK protein or ivity relative to that of a
cont r@hlbpdtm@mth@pAMHIﬁlstgﬁdﬂPKaTthZadm nistering an effective amount of a

TOR Ki i nhi r to th atlent avi c cer, . for exanpl e nan-smnal
cont IOBELLr o dukBerhSpdrd hEE S pelf ol W ar S e oS ba R RSy B 055524
cancergeamita 84 Batich€Ha g Sanc dsiestam EléQioande’MKu Odr&hbmebr AYRIapct i vity.
I n one enbodi ment, the pAMPK is pAMPK T172. [00363] Further provided herein
are msemsasvitior TOR b@@&enghlbl@l cg‘enreSl@g sslfe@m@g saifd pederdrs agnecfoigthe presence

pati emf L?(él d?or Fe cng )or}g telg gss 09 u‘taa%%{lrp reFatlvg ﬁlnp fl a o%ltrol l{le%t or
car ci noma or-cervi-cal Canc nprising obtalnlng 4 bi% og|c%ﬁ

from twigl dyps twhpadih et prése@l@fﬂ@ﬁd’ald DKBS unhdmg AQEK @end®r IﬁoQ:in loB€or Iﬁmaholo fn L KB1
MRNA expression, the |evel of LKB1 Proteln expression, determning the

met hy Iﬂ%ﬁ PRISIES anger isprodigiverBihemiatiopticpneriifeatmsm avith  YPRRE presence
of LKBL.ggse or protein loss or mutation (e.g., by cDNA or direct cDNA or
exon sequenci ng or SNP anal ysis or nultiple | i gation probe

anpl i 03] on ( MuRAr frovidde hénefnyare ﬁmyhddﬂ drgredicss therapemicredficasy o€hem stry
(I'HC), i nmunofl uores enceg&HF tern Bl ot to determ ne | oss of

pr ot eitfFFMeRHg %B?&%IF RS rﬁonvﬁnml oglldena FBrnRA QLFENERY from a
pati enfn&r(WRPRTOR kiR& ifibitdr, E@rﬁ%ﬁ&n@’%bﬁ‘c@nhé sBApabOATAGh& f86He BYesénckKBL
gene or protein loss or nutation mhereln a change in LKB1 nmRNA
expr ess ageduckKBYelofgtA8VIRKenrpicasanidan, AMRBlacthNA relativictouth#, of lakBitrolgragent

nmet hyl at i. st atus .and/ or LKBL. pr | o sanpl e
Fr o ohe B, SRR et i Fudte Tore 5l ARPIORofigs aler %W% d-type,
| ndi cab@dity) RRhPpRRANS Sarther h@dl&%%f@lﬁerﬂie@h@bfﬁda@}s&t@éatrﬁbﬁtahﬂpaﬂTOR the test
patient's cancer. [00364] Further provided herein are nethods for detectlng

AMPK é@ﬁ@eﬁmﬂpkmté1@quﬁﬁpd@nmﬁu@@mf@%PKnsaAbHﬁi@h?2s ("t est patlent ")
cancef g% exa%%egﬂov@ kérel%eér% nle'd{b% B E 00 gﬁt ors t‘%‘,ﬁé{ﬂo og%%ﬁé
conpr|S|ng obtai'ning a brologica sanp e from en ncer;

Neas urkcg-Jepkerd Symdroe O(fonﬁﬂ’iglﬂges&ﬂenﬂlfg t%ﬁiﬁeﬁﬂ%ﬂ&)@é@&@et ofg LKBa 1lagyet of
AMPK proteln expression, determning the nethylation status of the AWK
gene oM BKr&empgérOit% ISP PYMHELIOR e IistEdn that of 2 aprel gatient oF widdrRs: A oss or

mut at 'aﬁﬂm(lg’te gdaluéaﬂlrouﬁit' Jrecf ﬁ%s?{nfh?%%? tANe ﬁﬁ ‘ﬁ%‘n@% Of K SNP

anal ysi's or Ifgation pro e anpl 1 ation to identity copy
nunbemn&bs&Aﬂﬂ(gmmumqmbsmﬁbhemnﬁmmym(IHC) |nnunofluorescence (IF), or

West er t to erm SS. Of t and co arl n Sal nmeasur enent
wren a0l o) © rahl Ehiet ReSiptize Beffodh e Rt § EMRAY syAfhoRim iy ARt

Whi Ch i, 0Rbh GO8Y AGHAE Mr@%ﬁ/lﬁc%ﬁggﬁ@ﬁa%ﬁt i alespanchost @fedmgdqgm o (wi 1d
type); wheréin a change in expr essi on, K protein expression,

ANVPK mRMPKtmm@mmné/orAw@RKg@ﬁ@tmﬂhweamtbﬁt of pavuolgati¢mor Ay pe, enei n

1 ons G S FEe huplfl 8 TORMEE tpfnF artan i Aoy, Sare. ©

| ndi catvs of PEMPIEHIONGE af/ ol KBIPKOLAR/ Q! 1ROAE &hBodiMSst, e pANIBKII9PAMPK he test
patient's cancer. [00365] Further provided herein are nethods for detecting

a reddddd. | evel of pAWPK
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protein and/or AMPK activity in a patient's ("test patient") cancer, for
exanpl e non-small cell |ung carcinoma or cervical cancer, conprising:

obt ai ni ngwe 2biwadveggdcal sanple fromthe test patient's caoTars201m®23e4i Ng one
or nore of the level of, pAMPK protein expression, the |level of AWK
activity, or otherw se neasuring the | evel of pAWK protein (e.g.,

i munohi st ochem stry (IFKD innunofluorescence (I'F), or Western Blot to

deter he a 0 rotein or .the anou of phos ation of
AVPK m@alc.f rﬁ%ﬁ?%&ﬂ%ﬁi aliigr mncthods fs dpiepong @1 84 Ay tql%&w el of
AVPK  aGfthiydd i a((jﬁtlgnt_( gsaﬁbﬂaf@avﬁ%sﬁbﬁm&%%(ﬁ@ﬁgeﬂ‘& e?e{mp"lk pRtRRRRmSJ.

403: 139- 148 conmpari ng sal d neasuremrent with a control
measu rSefnémnet pmrplasmgtqbemlhg a(bidogitalohmphtfranmthe)teg patert; mhasohng snqot

h teri zed b I | of d/ AMPK act
O 1 o g g B FREFERNAT Buson B oveRo e B LR dh e Aot y 1 n
the bitgd ﬁh@th‘}ﬁlltloﬁ @ﬁﬁis%fftHeOIUKBlﬂ%eﬁ@&totﬁéﬁv‘l@"iﬂentff hg'&héﬁﬁeie‘ﬁcé bfagen@for ?rd%élﬁt rol
patient or wl Még , indicates the presence of a reduced |evel pAMPK

pr ot eil@ss i dnugition Ao tdingpt GPNA Otf ﬁéOIt BAA qmvﬁmg @r Si\élhémlysm oF IpRldiple

€ nbOdlélng? cgﬂ ptto:Bg 8191 catlogﬁgﬁpﬁg tPI en’tl 0366 Fu r (r glglgttorc]ﬁerﬁlst)ry are

met hod$ atlen Iren havi ng
cancer(IH@pﬁmﬁmaBMcﬁes&eﬁbeS(m)L br W%kﬂerﬂ Blwtcf:@ert@nﬁmsmf pretemi)paid db@i}ﬁﬁhg bei ng
responsjve to TOR ki pase inhibitor therapy, npri si ng:  obtaining

bi ol ogridancasurepicat with mepgolmacasursacneiiem ! I@&ﬁ%tér comﬁ@bg%tﬁnﬁa %W@ubthe nore of
the | t | & IfRIEXPT essi on,

det er ?ﬁ\{ﬁ# ngénewe?%n}%tt asﬁf %%ﬁ%t?d at sﬂdotpﬁe)h %Kgl ¢ e@é‘gﬂﬂg? ervvi ée

i dent ickyiesgon, A B pmmmexp:réssldﬁB]LK@nﬁRNlA pretet, rLKBB gerrmaothylatiowsta(us. g , by

O a7 DB 0 S R R B . AR
| MTUNQBHSSIGKRAGHT 53 tidi- @b@@ldlcatme%éswemmﬁ Rk préGin St R B Atint ©

determ ne l'oss of profein); and conparing sald neasurenent with a contro
meas umseidght tehir aticat. ;faqan@&ﬂs of b(dio,gwﬁtlrsmhpbamcarde b)ut @Ianmehnwhd th tisgienot

character ene or rote|n 0SS, or t|on erein a change
L ket egth s B B R Tt S xS RN YRBTORURIET  uct ur e, LKB1
gene B3l at i onFysthat pfswaeaih&reln@@ﬂneﬂfoqb @drrhe%cﬁﬂ% AMIEK igBnd bteprbica] PN &2l
sanple fromthe test patient, relative to that of a control patient or -

116 - mlmlcmn@/mmc{éipwauwﬁ)lhm@Qqusymhwpefor pxasapletReutmldgherseased

i kel i h for
excanpl S aHes e SR tab A tb S shpleRhy Mo BBl S HEEINER: ey
pr ovi Gheste bétiel mveabEAnvﬁtIQQﬂBI\IAcmpmﬁ@h chd RycltdfANPKerotbimaskpedssianpat i ent
("test Fatlent ') having cancer, for exanple non-small cell |ung carC|nona

or cerdgicemningihe arcthyjaiongtataseithe AMPK geronr atheradse idemifpingdhe pisesngp ot
conpr t er,;
o uehE B pBRbRIol BomBe b L0 O F TR S AR TIA sElenBE o PR ERBRCL
AMPK mrmlﬂzmme ﬁgmce]s;ﬂobmample{ﬁcaltmn Mg A he 1dweti fyydoaly inombst labyy or of t he AVPK

L N T N e M T N
mul ti phiein: %H'c@ﬂlp@ﬁ@éjﬁl@méhéufrérﬁéﬁt vath { MaRA) rlcBsurdlg &t itforn & PRV BRSOl 0SS

or i mmunohi stochem stty (IHC), immunofluorescence (I F), or Western Blot to
det er mnient?)osishait tlmfblts/lé’ilﬁrmgene@m grateinpession glusmod (weldgypearehgreini at thaageiont r ol

Tha TP Rynk A s8R onr R ik okt biyesshat P i RRSSRGHL VPR 18t i 1 -

changendthy MGt RN BXDA RPH prdtcit\WRICtRE o BlecbiG¥PtaSamPr, fradyiiie @iWAtient,
structure, ANPK(gene met hyl ati on and/ or AMPK protein structure in the

bi ol ogFleaye dhgsiod afcoielisacntes tvilshtyperindicstes teipyescas afHEYPKfecac oot
patient or wild-type, predicts an increased |ikelihood that TOR ki nase
inhibitor therapy will treat said cancer, for exanple non-small cell |ung
carcinoma or cervical cancer. [OOBéé?Further provi ded herein are nethods
for predicting the |ikelihood of a patient ("test patient”) having cancer,
for exanple non-small cell lung carcinoma or cervical cancer, being
responsive to TOR ki nase inhibitor therapy, conprising: obtaining a

bi ol ogi cal sanple fromthe test patient's cancer; neasuring one or nore of
the | evel of pAWPK protein expression, the |evel of AMPK activity, or

ot herwi se neasuring the |level of pAWK protein (e.g., imunohistochemstry
(IHC), immunofluorescence (IF), or Western Blot to determ ne the anount of
pAMPK protein, or the amount of phosphorylation of AMPK at specific sites,
for exanple at the T172 site), and/or the level of AMPK activity (e.g. AWK
klnase assay, see Sanders et aI Biochen1J 403 139 148 (2007)) ~and

o o oy o o " o



[ 00369] Furt her provided herein are nethods for predicting therapeutic
efficacy of treatnent of a patient having cancer, for exanple non-snal

cell lungvoantimessa or cervical cancer, with a TOR ki nageTiuskothiobsses
conprising: screening said patient's cancer for the presence of LKBl1 and/or
AVPK gene or protein loss or nutation, relative to that of a contro

patient or wild type, wherein the presence of said LKBl1 and/or AMPK gene or

protein loss or nutation i.n the patient's cancer is. predictive of .
t her apeHtor St ondB A 61 PereRt BSHED i oh biglogst] m%!g%l_m[mp Biti5F fot limited
[ 0037Q3 RS INGIMOVIoHR S 6L, Ghf?, BEGsORENOISmpIRY, LRECHLSELDBr hiARI ARSI C

efficacy of treatnent of a patient having cancer, for exanple non-snal
cel | I[00%75tar ci romtheroprovided heraln arancéods fertdeteatilORrédunad ke velrmfipiMBIK

conpri si.ng: r j ai d. patient's cancer, for. th resence of a reduced
over e eandier ABb et Ahainr P BetRORRC) hiid RuBrsS iRy Sx e o
pat i emeutichhdrd SY¥REme IR Risthg: BBtaMi @S £ PR @al Sahslc FOBAHUGS desk pMRInt;0f PAMPK
protein and/or AMPK activity in the patient's cancer is predictive of
t her apesasirengedc ot aegre of therlevel ab PAMPK prefemarpidissiandh¢ lenplnftAYIPK| astigie
enbodi t. the pAVPK i s VPK : 71] Furt her. prpovi ded ein are
et o ok b B oh R S et L BB RS B RO ek orre,
conpr iignfi@ofAGéreeRh & (1F ) or Pedsteen Bldt & détbenipé eRenerRmobf mA MRBIrosivdbothe AVPK
gene or protein loss or nmutation , relative to that of a control patient or
wild eypent efphospharrpiereel A PAnatepeatic piks. Bsupprlspt theTldR2 Riteadd/ OHRE bi t or
to th i e e r7 B in
mut at 100 Of SO EET AR SRR o N AR08 Pl B EhD, RTINS | o
syndr @2@17)¥, and exapging felmzasisgivar s/itByadntoakemcasargpdns from seateetis ((gontha
patient .for the presence of r ed | evel, of K.protein and/ or AWPK
acti viPPE}?nt_r)erglfqlkt/é r?cﬁw?%veloqafpaﬁgﬁﬁt%@%@(%ﬁ%l\%@lz%?w tidodahe erein-

1 Ty [e¥eldf p in Kact 't il e S
adm ni,gHEE! 1101 pRIMEE hiotEinafRR I MK &cT il thasBIdaiial IRk o fhP&spat i ent

havi ng the reduced | evel of pAMPK protein and/or AMPK activity. In one
enbodipatentt, retatiere oAMURKO T ascopavPpatiaer. wild typs, indicwies the presence of a reduced level

et oot AGERBPYEAETGRT AR HYBCE s lte o oHE Smay Rt T PR o '

pat i eHANIPRAMI7TNY ExafPlE8 bf BxNshi @MBamp1ed ineXAbBliarc Rttt EEstc MAFIEONE,
conprising: obtaining a biological sanple fromthe test patient; neasuring

one omloags ealiyp, haie diseassitisgic sRRBICsnRNAlsIPaBYitemOr apPl¢sevel of LKBL protein
expr esgg det i NI ] t

ot her WO gent b R BHLCERTEN b Achiids 1 el i BipliBda 3PVl o,

(e. g. habingditimot syaldNAnG forexxampINAu$L i1 PR 86 19yg d@incShifing Aasbyisie: orTORII t i pl e

| igation probe anplification (M.PA) to . identify copy nunber |oss, or

i rundHIaSE BEHIAT $harapye PRIYTISIGpRIFRMILSICRASALET themreseaee olelsKBI Angipht t o
deterrmy I . LAY : i i A i r ol
roacur ek 2P o proR iR, B my R SATRAE s St LB PR AT e ity

pr ot eitic prosmcopf hiiBatandfer AMPK geyper) proteireloss or muhamgedics dnkiBdreadeNA

expressi on, LKB tein, ression, LKBL nRRNA structure, LKBl gene
ety ke Hespcdhi AR vy PR Tsr9b ey (e i (TS HARE i of ogi oal  sampl e
from t[b@’ﬁfSt PE BB proliab@hérkR dr@nlchiffds ®r RO @L LiIRAIHOBALSF Apattédtd- t ype,

i ndi cates the presence of LKB1 gene or protein |oss or nutation in said the
test pavingnttumpxsymdrase, dér dxiagipbgPadd-Jeghos|Sosdions, bdeg besporsie trdfOR i i t ed

to, tissue. | es, bl ood, .saliva, .hairt i sease tissue s l.es, buccal
srear SRR ikl SSMpea Sy oy Runitiniaid psTFRE B piSiFe SPERUERHIRLTFE

det ectyANgPRIWrKcBiRME/RANIPRLRIiVity, 0818t @ tohdt @M @Bnirdl ptiB@tor §Ald t§pd, 8&erein
patient") having a tunor syndrone, for exanple, Peutz-Jeghers Syndrone,
conpr itkg prgsen@%@g@ ridecdaleniloif ogMRAIK pseteiplaadfor Ml actietst predicisantincrpgsadur i ng
one or nore of the |level of AMPK nRNA expression, the |level of AMPK protein
expression, determning the nethylation status of the AMPK gene or

ot herwi se identifying the presence139'gene or protein |loss or nutation
(e.g., by direct cDNA or exon DNA sequencing or SNP analysis or nultiple

| igation probe anplification (MPA) to identify copy nunber |oss, or

i munohi st ochem stry (I HC), i mmnofluorescence (IF), or Western Blot to
determ ne | oss of protein); and conparing said neasurenent with a contro
measurenent froma patient ("control patient”) w thout the AMPK gene or
protein loss or nutation (wld type); wherein a change in AMPK nRNA
expressi on, AMPK protein expression, AVWPK nRNA structure, AMPK gene

nmet hyl ati on status and/or AMPK protein structure in the biological sanple
fromthe test patient, relative to that of a control patient or wld-type,

i ndi cates the presence of AMPK gene or protein - 119 -



WO 2011/ 097333PCT/ US2011/ 023524 | oss or nutation in the test patient.
Exanpl es of biol ogical sanples include but are not limted to, tissue
sanpl es, Wbaot/0938Bi va, hair, disease tissue sanples, becrals:enmm®a3s34 Or
tunmor sanples. [00375] Further provided herein are nethods for detecting a
reduced | evel of pAMPK protein and/or AMPK activity in a patient ("test
patient") having a tunor syndrone for exanple, Peutz-Jeghers Syndrone,

conpri a bi i.cal Ie fromthe test patient; measuring
one orliﬁ@?%)ddg ttwﬁlg\?é? mﬁaqbltogwym t'ESS imn&rév omehdn pRel of AVPK
acti V|eh%0d9ﬁen@ttﬁ@?mﬁq< wpkng the | evel of pAWPK protein (e.g.,

i mrunohi st ochem's I HC), 1 mrunof | uorescence (I F), or Western Blot to

det er fP®% 8 he arﬁmher mbvwmemrant eicthods farme@mgmempemhﬁmyplfati on of
AMPK  at iC Si for exanple at.the T r the. Ievel of
Ak et gt Bagint Ripne RSV RLBaG: fb Sorad deble bt SVmhonin

403: 13DR #B1a62B8ibltbr, c@ﬂ@n@ﬁg@&rebﬁlﬁ §ﬁu Pali@R T REBRECrd LA LRI RIAMPK
measur enent from a patlent S con% patient") w thout a reduced |evel of

pAVPK gpnet)reprﬁtean@ﬁwr mWPKOIaé@han ip ttl% dfg Opmféel)patlmte}fevlld p¢.oviercin el of
PAVPK ersglll or} ]ﬁﬁgf @g&ﬁ?éen\élotr n tloss o} ta?tg)ln i It d1531 Ltels fplrre ltVQeOf test

patient; atl ve a CO pati en or w cat es the

pr esemﬁ@ap):funa effﬁdblﬁsﬂtrémeﬂlt woith mﬂm&lﬁmhﬁmlt@nd/ or AI\/PK actl Vi ty in the
test patient. In one enbodi nent, the pAMPK is pAWPK T172, Exanples of
bi ol odP¥3791 sanptagthripyided B@rﬁmaarem?&todﬁ iﬁ?ﬁﬁf%fhctﬁ% theragaytie efigasy €, bl ood,

fggg¥ fzﬁﬁ% 8? BrOV|§‘ﬁhiereln éeggfﬁygga%%gﬁﬁggdﬂg@mgggaﬁ ?ﬁtflhood of

a pat iR kinavd ingibitot, womprisippderommeng fad peanpdrehEpresencd efh esdncSydelarte,
bei ng r nsi ve nase. i nhi bi tor therapy, ri sing scre sai d
pat | oA p{?f@m&ﬂ@@é%{\éﬁ A T aﬁ‘tHYeotP ag@%féold%aﬂ oY SN HB%& Feng

mut at ig@hpref @b ¥ fedufed RA o2H AMBER PSS aRBlot ANIPRactilibydintHPRaticHhRr €i n the
presence of LKB1 and/or AMPK gene or protein [oss or riutation predicts an

i ncr easaticthiclod Ithdnanedtic hdtcadiON tkdatrase witthi BORdrinashentapyorwilh bn¢ embedigan

t unor n . 7). Eurther provided herein are nmethods for predicting
the Iit %@gﬁﬁﬁg 6%8g§%§#ﬂgnt havi ng a tunor syndrone, for exanple

Peut z{J@xgogr s SyetheMRovided Reeinesd AREH0IS férarchiy ki RaséntinBbiick abr t her apy,
conprising screening said patient for the presence of a reduced | evel of

pAVPK cpamplsinenaiulloell Anpicaganomi pycervealalanw, QIGTaRHAL 2 M Bt fQiat i ent

or mnl Le of ein
and/ or M@eu{%@gﬁé};ﬁ' 5 &E‘(ﬁl ‘3’[ & %l aeag%léﬁ%? %§ % e;ﬁ\é&b@ U6t PO
2011/ (a33 RGBSR A4 L3352 4niol1kiedﬂ dne @d niohatigchGRhki medidatt ANIPildvels, t her apy

will treat said tunpr syndrone. |In one enbodi nent, the pAWMPK is pANPK T172.
[ 0037 40Pt WK MS(ADRLHM 96 R STRSSAPWORER RAdEiFRfrhay g FRRE T EXHEIRIPBRR- ¢

ef f1 cagyQbn it r%f/ér? ﬁﬁmz?f)r Qél'c% @Y Dhofts Rhfdg&ﬁo%“b{ﬂ‘é!{aﬁ%‘?e PRS- Ji‘gﬁ@ﬁp' €

Peut z- Jegher s rome, mn klnase I rising screening
sai d pyhdente. f or t he presence of LKB1 and/ or AMPK gene or proteln | oss or

mut at i elative to that a control patient or wild t |n t he
Mot (T Rt R G A R A S
pati enioR RirRSERhHioY 6t @g hdrRBEaReMdotpBbitibh BfYed?f rehf @R BB AL eV I@BT%
ki nase inhibitor. [00379] Further provided herein are met hods for predlctlng
t her ape prateinddssior amyat@fn, or AMPK gene or protein loss or mutation, or both, in a patient’s

cancer or in a patient having a tumor syndrome, and instructions for detecting LKB1 gene or

protein loss or mutation, or AMPK gene or protein loss or mutation, or both, in a patient’s cancer

or in a patient having a tumor syndrome. In one embodiment, the kit further comprises
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treatment of a patient having a tunor syndrone, for exanple Peutz-Jeghers
Syndronme, with a TOR ki nase inhibitor, conprising screening said patient
for the pveenuw7s38 a reduced | evel of pAWMPK protein angcorusthRid2zmesi vity,
relative to that of a control patient or wild type, wherein the presence of
a reduced | evel of pAMPK protein and/or AWPK activity in the patient is
predictive of therapeutic efficacy of treatnent wth a TOR ki nase

i nhi bi.tor. ne enbodlne the pAVEK is K T172. 00380 Furt he

pr OVi d’é%ﬂmﬁ%?léﬁ i RT ABRRTHSdS @Brknﬁsg &Wm@r g & BRaEGEYteg! tﬂa%%ﬂ Onfté?re%gi‘ﬁrrpl e
non- sBlatietgh hed dRGrep@r Ci NOMa or cervi cal cancer or treating a tunor
syndromne, for exanple Peutz-Jeghers Syndrone, conprising adm nistering an
ef f ect[08382hnountFucheaprdGrRedk heramerre kit oimpisimnohcan nedrt eontanersditdnwitiod o ne
or ents. t nodul ate AMP | evel s. Iuc K met abol | r

ot r ood QR LRBSiohtor SpS br Einie Al egPamiied NeFSR s B 1R B el Pung
car ci NeRRoPPANBIKY hioddin GRIGEAMPH a@ivityIRE padflTsQaRser bPIn LYARE Baving a

Peut z- Jeghers Syndrome. [00381] Furt her prOV|ded herein are kits conpr|5|ng

one ortumel fé/ndmm%mér@trmttqné dongetasting trmut@f:dﬂ@y@l af A NSPK grrotein aad/or AMPK
phar MRCEv % a%%)n X a!ntcéroorllr an iﬂ}%{lt ’havﬁz“‘lgl 9%hor %dro%?et. el(ﬁtolng gmle(%tme%? e OF

pr ot ei'n mutat’ on, genesor” pro ern 1oss or nutation, or

bot h, Mﬂfuﬁhaaton@me@n@tameﬁs o atifidstpaid €TORNAMASIInIAbIGHGRa SititaicetBeal and
instructions for detecting LKB1 %hene or protein loss or nutation, or AWPK
gene &PMpPHtien Herws & %)Pattﬁﬁfﬁtlie@ﬁ @tofhoth, in a patient's cancer or in a

patie i ng i it r

pat ety 19, bHCRLSHINGETR: 8 B0 ATRREA IEDS R i st

adm nilKBt mRNA cliRsiim@se, rehbivbdio wild-oypea  phaotiee embodialent dreplolS Bl igome
thereof to a ﬁatlen i.n need thigﬁﬁf' 0382 Furt her rOV|de herein are
Kits COHPIISIHESSIRAISAN AGRANEE ShEEEHIPR N $TUSHTGAG & IAHER IUMHEZEP D bi t or
or a pRamERGRMWdimeht, FRTROST bLeRMmitEEEH] losd RAUEBNE & dbakadeh KB NBrofkif educed
| evel of pAMPK protein and/6r AMPK activity In a patient's cancer or in a
pat i emrodvativmty.@, telatoe teyidippe, Iambtharstbedinanshé bKBdecae niutgioa or éehsced

pat oAt HR0 fo et UrbRd e B i G el RS et e Flebher |

CoNpr ins@stidrRTbhidMipl AABint Ve affdtdns bEhicNKR DPRA Kdqnas® ih RHidH the hu@berdof
pharmaceutical conposition thereof to a patient in need thereof. [00383]In

one emBediineliared, chsgokRd agénertipnaision mutasioss (feandshyt mytaioawcansase i n
LKBl d t
A AL T LT

( e g. ,wlﬁéﬂ atisviedividedidtel tHeyaddes dfmraﬁmabllma(ronepb@@lai toRnbthet pridekBlogene

mutation or. loss results in a decrease in LKBl protein production (e.g

r el at iPVEMGNGH dofhRs @y imidneGH HeepssRpeR (rHtine Y REINgefed Pﬁftfatdint?ﬁoor

| oss 1y H)BE)Saddrho%s anEatlols LMiRteiR% %Sbﬂ‘e&BPng 'éraﬁm(l dis éh%hgéd %% &

wi | d- Types of gene mutations contenpl ate |nc erruta 1ons of the
LKB1 DNAnsdqmemmﬁmgmwﬂmmhzdpenmmnber of bases is altered categori zed as

i nser r del.etion atio ( meshift .mutations and nmut ati ons of
the iOORHE: cndfged SrBbaen’ M R AR Seronu et bolons 2ol ictbertn

nut at i QNPK pﬂahﬂ{brﬁﬁﬁoxﬁ@@&éthﬁs%ﬂtowl&ty?&be I 'aﬁétﬁ@rsen%odﬁrh@rﬁsthk 'Lml gQRe purine
to anot her purine, or one pyrimdine to another pyrimdine) and

t r ansveutstione 10ss rpsnlis mea decraaspym AMIRK méQSpdmryéatwrat il d?.ne. g oclatiyaupiwié) and
nonsense tat ons encaodi n is changed to a
st op é%Qf% rt?u%erreg’%’mﬁ eﬁ‘&q}il%thFﬁgﬁécﬁa%eé‘ﬁ IBW lofsdﬁ%&]l‘t i dSHEYS B 8% nent ,

the LK8LI Fgwmt&ém Qg qrelah@@ﬁo WRE bliep ]nﬂm@tlﬂﬁ‘@ﬂh@@&ﬁlehﬂ tHANBKB 1 gene
phosphory relative to wild type). In anot her enbodlnent t he

ation (e
LKB1 @@ﬁ@tlmrdwsaﬁ&gts in pdecreass im AMPIg a@ttl‘dté’ g dgBascicANBR (pEoSise §@ wililon at
T172. nﬁf relative to wild type). In another enbodi nent, the the LKB1
gene gtion or loss results in a decrease in the |evel pANPK protein
(e.g. relative to wild type). In anéther enbodi ment, the LKB1 gene nutation
or loss results in a decrease in AMPK activity (i.e. kinase activity) (e.g.
relative to wld type). - 122 -



WO 2011/ 097333PCT/ US2011/ 023524 [ 00385] I n one enbodi nent, the AWPK gene
mutation or loss results in a decrease in AMPK nRNA expression (e.g.,

rel ati ve wo 2ei1/d733gpe) . |1 n anot her enbodi nent, the AVPKpgeErus2emaiseon or

|l oss results in a change in AMPK nRNA structure (e.g., relative to

wi |l d-type). In another enbodi ment, the AMPK gene nutation or loss results
in a decrease in AI\/PK protei n production (e.g., relative to wild-type). In
anot h odi nt AI\/PK ation or | 0ss res ts i.n a change in
AVPK SMSSF EBP%P%‘ @m@nt %%enﬁanww ?ryﬁwe&#%%g dggregene

nut at 'AQQPK%RN%”BJp%s@Qn'(Q %‘ %'éi@tl\fé% %&ﬂcﬂ@ﬁepflntaﬁ@th@t'\@dﬁodalﬂﬁeﬁeﬁe@[hqﬂd g&nwh' ch
t he nunber of bases is ered, categorized as insertion or deletion

nut at inoutstiqrf erdomsghsults ima t:b&mg@ s Wﬂﬁ tRNAatiuons @fg. trhletibNA whétypehalige one

b t d ti ch bdi vi ded
"hto ehafer BRtahge B 2nabk Ghs Muflontirn e Hu i ofnas B ur rAERE pbighe | ©°
pyr i mMpdddiRtib® (2 Ofchive RY Wildit@hd)€In @itAhdrlcAbOURE S ARS AMPRYEANButaboR or

pyrimdine, or a pyrimdine to a purine) and nonsense nutations, wherein a

codon lesseewitsin aphaaee pANRI proseis iavee (6. aelgm‘(ﬂotowabtype) Hispes eSgdnei ng i n
truncat g ?tl M %t St:eﬂllli)la[té)({) %glqie rnu?aﬁlo‘ﬁg'op the mgk@ﬁ}—\ sequen%%: ﬁnavr&]zﬁ h ’thef RUmBb exa%rpl €

non- SI’TBH ceI car cl noma Oor cervical cancer unor syn I’OI’TE

for exasmlicalReed, z;até@@h&ﬂ:«‘as Byodioanse deletish huSatidng efedrhgshift mutdbigciddy from
LKB1 and/or AMPK gene or protein loss or nutation, relative to that of a

cont r dutpqns@h theddNe that chopge oedsBIIQ #OSHE. GHIRFOHEFAHH MISPHIES MUBHI08Rd/ or

AMPK

pat 1 ey B Pt P A o b o B R R oA ene or

pr ot eipyriidiae ar anutﬁeaq)ynmld)ye)cnlntianamwgslmst(a cphnge twed p}&anmiire br opyrsaidinepat | ent
or said patient's cancer,.and analy gg{} sai d. sampl e ex I n certain

enbodidRRHNE) AdHONaGNSE PpAL &ﬁany%qr%m a§0 aB;PHER‘BiCléé% a32¢dt0 SEPNA or

exon %§mqgﬁlﬁ}%m%@t@@ ¥3dig or mul ti pI e ligation probe anplification
(MPA) (e.g., identify copy nunber |oss) or inmunohistochenm stry (1HQ),

i M ndﬂ(l?t&ﬁn] escere eet(talﬁ)ambodlmbem thersaBieotfo( exagple n@n -swtlécet himg IC@@snoma or

protein n certa enbod nts,. the e 0.a orrre

P o rrvisel SR o TSR AT fer g e Kbt g BRI ERT ot T on
probe iadiRlctlf ifoat LRB1 (aNHBP\)AMEK%Zﬂe bioproféanioks o BeRMom ¥eReve loaBst)ofAlcontrol
i mrunohi stochem stry (1 HC) or stern Blot (e.g., to deternine |oss of

pr ot emslentlomalﬁldmm enbodi nent, a patl ent or a patient's cancer is

oo SN s el SRR G RER TR LR Gy iRt el o

pPAMPK "prot'ei n an Vi al nin |o ogical” sanple from
sai d padtatgsil. or said patient's cancer, and anal yzi ng sai d sanple ex vivo.
In certain enbodi nents, the ex vivo anal sis is perforned b

i mrundP9388bc henils PR cmpesiment, mpatiest 1of 8 Paldens 1§ canqer B seresnediy {é%l B (e. g

. SRS D S ORI, e BITRERGE 21
ki naseaidgmtiynt(secageert mddatbrzimgrseidt damplleeamhvcofln/&ibﬁmn&mhommqn)s, the ex vivo
analysis is performed by LKB1 gene direct cDNA or exon DNA sequencing, SNP analysis or
multiple ligation probe amplification (MLPA) (e.g., to identify copy number loss) or
immunohistochemistry (IHC), immunofluorescence (IF), or Western Blot (e.g., to determine loss
of protein). In certain embodiments, the ex vivo analysis is performed by AMPK gene direct
cDNA or exon DNA sequencing, SNP analysis or multiple ligation probe amplification (MLPA)
(e.g., to identify copy number loss) or immunohistochemistry (IHC) or Western Blot (e.g., to

determine loss of protein). In another embodiment, a patient or a patient’s cancer is screened for
-123 -



[ 00389] A TOR ki nase inhibitor can be conbined with other pharmacol ogically
active conpounds ("second active agents") in nmethods and conpositions
descri bedwbenevme733Bt i s believed that certain conbi nati eas/usayiieessks i n t he
treatment of particular types of diseases or disorders, and conditions and
synptons associated with such di seases or disorders. A TOR ki nase i nhibitor
can also work to alleviate adverse effects associated with certain second

active a ent A versa. [ 0039 e or e.second active in edlents
or agértduced dJevgho f&w% ol fﬂé/ %n tw&xﬁwh%ﬂ%a wlegical sgmpl]

Secon@aﬁﬁ;awﬁ RIBALIHGAT BBcdr agna%nm&ﬁg%ﬁssaﬁ@@xmw ah&kAsh eﬁ{boaﬁﬁ?énlts
nol ecul es (e.g., synthetic 1 norgani ¢, organonetalli or organic

mol ecthes) vzvc[ &10135@15] iEparfpingsl hyflnmumhckt(wbemma(&é(al srnmmobﬂutwsmme @reonot
limt t t d t MP. | AVP
ol ncosenfr A0 ittty O darPuph el B Eubrn Bne il gl FEhR one

secon@faNPN &t §193%[Hc dites, 308X MGRST17 {tehNe b@fﬁb&NIPIKBHhasetaB@ys(@‘goﬁd active
agent is nmetformn. In one enbodi ment, the second active agent

phenf eersrmineithe kenotfAMBRstiviont , the second active agent is pemstrexed
(e 9. 40M9®MAO) A {1"8%‘?l<1n%se 1%1th§rtcraﬁtble rn%mea W-I;%Qotﬁerp acopo a{llgracta nd one or

nore second active agents to a pa |en can occur simu ane

sequerbimpblydslyscebid £ive agéntsh) fui ektiots ialiéed@spmftioaddesetibtd Bérei@an It ithe
suitability of a particular route of adm nistration enployed for a

parti &ﬁll%wedéwuoeléalagembmﬁﬂpms BapAHK Brihe Heataen| dfagtifaltr tme§ of flisggscgor
whet hefiohder$ alld g&cﬂ@@ rhhatsgﬁgg)n%ra%%dcyat& i gﬁchd(ﬁgeﬁg&%'d%r&gé Of figr entering
an ease

t he bl ood st’rea elng treated referr route of

adm niksnasainhdritof oan alsd @arlktormmelatdmivbnsb offe¢ts agoahted Rm?hf e@rtamctsecandt @sivof

adm ni strati 8n for the second active agents or ingredients of the |nvent| on
are kAgHHS12IVHSSE™3f ordinary skill in the art. See, e.g., Physicians'

Desk Wﬁ gnce b2 o6 Qedon@taltiRingredRAR)or ap etﬂtg@an be WY in the methods and
2011/ 097333PCT/ US2011/ 023524 [00393] I n one errbo iment, a second active

agent cogpasitiomd desentleed hierdin.abenvod sttyvemgesty b@mbahegﬁmbgecmlnﬁ(mcwomn@ Wi ce

daily |n 1an %ﬁ [}t of ft om about. 1 to abot 1000 %rﬁ fifon%’ bout 5 to about
500 mgm P RAHFAEBUE-Sr Y RBo L BATE 8 K00 g OB e iF ooh AT Mt S hbout 200 ny.

The speg3diic ampxapRls of o et Aehls 1@REBEt ¢ hbt 1%@&116 aidntshpatspeci fi c
agent used, the type of disease being treated or nana the severi ty and

st age me dudite AMER Icvalk de.ghan AMBR AetgjorbiglucoFomtrken agféahoaﬁn@ir B GHCHAESPARE-
opt i Ojﬁﬂur ?xﬂb&dl&%ﬁ‘! t gkq\gn% a%%%'g ent %rf géagggh,?cx 3 63*3‘8% g@%{)@ﬁmﬁf’ il s%cc?ffcf lent.

[ 0039 provi erern rea

pr eventiingagadyis msefoohin) Nd@si I’eﬁﬁo&lfrﬂeﬁaﬁ,ttﬁe aseataqaive dgwittidipledritarii.i I:mal
t her apy | ncl uding, but not |imted to, surgery, chenotherapy, radiation

t her apyothrbsmeRsimenty hes5ondisicBY prgcakls Pemeh sy (g8 AlMiPd®her apy. TOR ki nase
i nhi b 66’59% and %&?ﬁhsﬂ?ﬁbﬁ’ &t dh”f‘ékelgha%@ birshi i} aﬁ& oﬁ@' Bt AbR: s%ES—‘rﬁ éc?iv@ aP&! BN
prlor tO urlng, or after the occurrence of adverse effect 500|ated
Wi t h aqnvemtdao nadurtsireulsqpyousty & d@b[l&éﬁ‘td]éﬁﬁbljﬂtl@ﬁdanﬁ@ﬁ(ﬁra'ﬁt@lﬁem

administration. The suitability of a particular route of administration employed for a particular

active agent will depend on the active agent itself (e.g., whether it can be administered orally

without decomposing prior to entering the blood stream) and the disease being treated. A

preferred route of administration for a TOR kinase inhibitor is oral. Preferred routes of

administration for the second active agents or ingredients of the invention are known to those of

ordinary skill in the art. See, e.g., Physicians’ Desk Reference, 1755-1760 (56th ed., 2002).
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ROUTES OF ADM NI STRATI ON [ 00395] Provi ded herein are conpositions conprising
an effective anount of a TOR ki nase inhibitor and conpositions conprising
an ef f ectwoeoanmmss of a TOR ki nase inhibitor and a pharocaasodailo2adsky
acceptabl e carrier or vehicle. In sone enbodi nents, the pharmaceuti cal
conposition described herein are suitable for oral, parenteral, nucosal,
transdernmal or topical adm nistration. [00396] The TOR ki nase inhibitors can

be adnjnjstered to a ent orally or parenterall t he conyenti onal

form %‘%ﬁ"i}par atPBH%elggﬁﬂleg% aé%“;?éléla@éw %ﬁee?’éég‘fﬁ%‘l}gté@g IECRWLY @ anul es,
powdery b L RRhESy ald b or IWRBARIY A ol bEEbCbout FHSRRBIS I IMSMANFLRYT UPS.
Suitable fornmulations can be prepared by methods conmonly enpl oyed using

convenbowrfato aboutgfd)lﬂlmg drom abouyd Aite alzad 360 wees pr Gombnbast iﬂ"toabcutrm@nng(e g.,
sucrose, sta | t ol i tol tose | ucose :

cal o e Rt el TRt i ehori{ b b Gy o 9SPSGH slab TR e f ab e

et hylog @isle&ﬁecb%ﬁlg tf'b\é%rd%m‘hﬁ’éd aRl s|eué1ﬁ§ %nd Paky of ARk MAE hd HRARL(s) of a

pol yvin yrrolidone, gelatin, gum arabic, polyethyl enegl ycol , sucrose or
st ar cHjOR Elndii@slinhtbétgf anchany(aptignal adeiionsl actise bespisraonpyrenslyladmiristered to the

hydr Oﬁ?ﬁgpyl starch, |ow substituted hydroxypropyl cellul ose, sodium- 125 -
WO 20 7333PCT/ U82011/ 023524 bi carbonate, cal ci um phosphate or cal ci um
ci trat[@)394q | ubrhuethet proeidgd herdigie sicthuds beasdatiag, tkdaghg aﬁnblyldé@aﬁmgi licic
acid, talc or sodium]auryl sulfate), a flavoring ((91 ,..Citric acid,

ment harversg gicyndesizrd cffestigesasiisewth C%Vﬁfl%%@rl vmnyén édlgg %aphlhmﬁ@h@@at e,
sodi U%gcf;g'cﬂérﬁ herErF% %&Q@é@ﬁ%@ﬁggrh&&BﬂM't@frﬁﬁg%@lo 19a1 8‘5 J dger (e g.

citric itrate or etlc aci agent (eg,
met hylimedunothosgy. ﬁ@&/}ﬂnagel mhny)rtomlamd lodree aﬂrveahgmﬂmnmmsm baacahm)steradd] spersing

agent drox cellu a d| uent@é nd
base \»észer?@n@ 056{?1“& %/%‘FFBCGp %P%‘teﬁﬁ% Bheciiop %tﬁ‘g}’véthé’o@‘f%{%@ The
effectthéfgp}am)unt of the TOR ki nase |nh| bitor in the pharnmaceuti cal
conposition may be at a level that will exercise the desired effect; for

exanpl e, about 0.005 ngbkg RFIARMACEEAHCS LHGAYIRASTGHINS ANMBout 10 ng/ kg of
a patient's body wei ght in ROUTESd3g®NMBYISHRATIONAI and parenteral

adm nigggoRi i on. QIS icH eaf'é; finfsitfond CBnftiL1AS & bARURL LRILA §16 ORI Ni st er ed

toapatlent is rather w e an e patient t e | udgnent
of a Hhesls¢ mhoatoe apd amnpchsiim]srcompnmggraeleﬁfbgtlstehmomﬂ(a THeRekinashiiiiibitorsandan be

adm ni stered one.to four .times in a dose,of abu 0., 005 of a
pat | PGy Gt ISHBTE o THgl dnopms RRPHRRRs sy TR 1 a
pat i erRbmpBYtiod H@scﬁtaéalﬁer@m@@ﬁuﬁmé 8o, QRRNteYalVialtRdl, %ﬁ’é%l@ﬁhzﬂ%r @(ﬂ)lééﬂ'e age,
body wei ght and nedi cal condition of t he patient and the type of

adm niadmizstrasion. | n one enbodi rrent the dose is about 0.01 ng/kg of a

patie ody | 0 about atl ent ady, wei ght out

b2 o5 Ma0fdefor M5l kel Gt 09 i BRY 1S g lep Sy E n T8 by
wei ghtin t@%ﬁbetﬁ’mﬂ;al@ﬁkgf plfegéraﬁaﬁd aﬂih & cop¥esy\Rii @bdap Evﬂeﬁmuéts %reﬁﬁlldﬁg/ kg of a
patient's body wei ght or about 0.25 ng/kg of a patlent Sq%ieﬁ% ht to
about pewslewrpre@es@)pl & SYRPOSHATICS IHRRIPIHSUHIPNSIONhahy TEsH O] rmah Ofose i s

en . k bitor
i nicay g Bbare by 3R SRR ombidFef TR Lo Ren SNl S SERGRRRL L Ve
corrporaédnttwei htachfasramﬁxe@lecmn (dug echcaoyd, dtdreh, modtingto korditod, hicaise atlu@se, [ 00398] | n

anot her _enbodi men provi ded herein are hods for the_ treatnent or
pr everstilgasofala Cafcg%eh%@pﬂ%rﬁga%l@wb gﬁ‘f)r?gblfl#é éamCﬁhhgl?%eat. on of about

0. 375 o dla 1 Ske ARRMEx 1R }?J?WB ‘ol Sliddhe, Jaiay
about 3. fg u/dgy to gboutﬂ% ng/e ay, %}qgg 07 5 rré36 gﬁgb(l)ut 5%@6{ my/ day
or abagutn aﬂrsbmgjodlmthylmegb@ut s@ctosaprcitarclof a disih@RrkbnaEse starbln bitor to a

pati enar‘blogyr?lgﬁglctepu 0S¢, Lydroxypropylstaly\g lzogvlslu/b(s)t?tz‘% %ng/xy&%%%l%eﬁ)lﬁggezgodlum
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[ 00399] I n anot her enbodi nent, provided herein are methods for the treatnent
or prevention of a disase or disorder conprising the adm nistration of
about 1 mybday/meszabout 1200 ng/ day, about 10 ny/day t opralbasto1ids3240y/ day,
about 100 ny/day to about 1200 ng/ day, about 400 ngy/day to about 1200

ng/ day, about 600 ng/day to about 1200 ng/day, about 400 ny/day to about
800 ng/day or about 600 ng/day to about 800 ny/day of a TOR ki nase

inhibitor to a patient in need thereof In a particular enbodi ment
met ho&CaR Rt SECI U} W%%W%@nﬁﬁ@t@dﬁ%@r@%miﬁ LoMagnesiyn Sﬁ?@liaaeailfgh%oo

g/ daynevqr8Q0siR8E 98y, Qfc & sdERKLN_S ﬁllfa[ﬂé')' PHE&Hrmtgodg@ntF@tg' @ittic bbidngestnbiher eof

[00400] I'n anot her enbodi nent, provided herein are-unit “dosage fornul ations
t hat qbygprd @@riu@emmieab@mes@vmea(a@ mﬂmunbemz@@terrqulmbdmﬂulﬂteng and 200 ny,

bout d about ,14 ut 125 | t .1000 t 250
and. BB TRERR, PO BB SoU G S e BT SLOGOTM SIS OF e Y "
i nhi b'shﬁfendlﬁlggéé}ﬂt](&g ﬁleﬂﬂﬂée'llﬁlﬂs@rpomgﬂ'pﬁfﬁrﬁhcloﬂé OVi1G@thuRL§t@irtcRlae Un' t

dosage orrulati on conprisi ng about or 400 ng of a TOR ki nase
i nhi bidispersifeorasoeigh fé{dmxwempﬁmmln@hlﬂoseb reliugetdeige meitar). ane bave waxdesage

5. <Ot et ARl R g? olfBungishe ot MR egbs P RSy pa ™

ng, 336hibior ibO parmaGAtica) ,coﬂ@@sﬂff@l mﬁﬁ Bc aga 1VOI0BatmillaixcddRAhdgespbda TOR
ki nase _i nhi_bi tor. [00403}OA TOR ki pase. i nhj bitor, can be adm nj stered once,
twi ce cfiepts & expple. drounB 085 Mmerksolnpatisnt’s bedsousishttorbritdsBL/KERE Bi t or can

De AL ARLGHR0 Ok o RNl CARYER R Cuarl iy B enDOd] ment . ahen

admnlstere nase 1 nhi adm ni stered vmthamaal and
wat er .[00397anot héfheeirm@dﬁ an‘é@R, kitdse inHiRtdetonigsaininiichid tora pasientiis pehiceddeln
wat er or. juic

j yi ce or. qr e juice). and_adm nis orally
as a SAUpURENGHEN trerpaélﬁa&p be bulBaniaSade affﬁa#e@a%ﬂ PRt IR oSy fﬁﬂﬁrﬁﬂ‘
Ki nas gidR0idRitiR)s tah %%ﬂhl%k%d%e't@ f@urftfﬁ%ts%cha @b Qosd HOBB O d)‘(% fﬁgﬁgkdf Rase

i nhibitor can also be adm nistered intradermally, intranuscul arly,
i nt r apenéttorwdy M;elgmecv dmuaﬂl@ owgkgyof 4 paticatebadyswyighisin bqatiamtebuishgabove

1L SR SPRABER) SRR el TLAESRUAE  DEAYRTL
ears, paf&e .an&NRSypO6f sohifistrdieh. MR GAC embagimdit, 3hd @dsk datiowt 0 Of tnd/Rg b - 127
) patient’s body weight to about 5 mg/kg of a patient’s body weight, about 0.05 mg/kg of a
patient’s body weight to about 1 mg/kg of a patient’s body weight, about 0.1 mg/kg of a patient’s
body weight to about 0.75 mg/kg of a patient’s body weight or about 0.25 mg/kg of a patient’s
body weight to about 0.5 mg/kg of a patient’s body weight. In one embodiment, one dose is
given per day. In any given case, the amount of the TOR kinase inhibitor administered will
depend on such factors as the solubility of the active component, the formulation used and the
route of administration.
[00398] In another embodiment, provided herein are methods for the treatment or
prevention of a disase or disorder comprising the administration of about 0.375 mg/day to about
750 mg/day, about 0.75 mg/day to about 375 mg/day, about 3.75 mg/day to about 75 mg/day,
about 7.5 mg/day to about 55 mg/day or about 18 mg/day to about 37 mg/day of a TOR kinase

inhibitor to a patient in need thereof.
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WO 2011/ 097333PCT/ US2011/ 023524 di scretion of the health-care practitioner,
and can depend in-part upon the site of the nedical condition. [00406]In
one enbodwvoenii/ops3evi ded herein are capsul es cont ai ni ngPaTISRHionES£

i nhi bitor without an additional carrier, excipient or vehicle. [00407]1n
anot her enbodi ment, provided herein are conpositions conprising an
effective anobunt of a TOR kinase i nhi bitor and a pharmaceutically

accept carrier o vehi c|. wherei n. a pharmaceuti.ca accept abl e
carri é&?:{?s]vehi a1 anether M RIRVIERE heetre nmthﬁéﬁqrtlﬂ%ﬁe%{w%rure t her eof

In a funthEon @ﬂ@&ﬁgés%? HisoRIcP¥bARSki fh%' a'anﬁi’h@traﬁm 2bditANHe ANR 4D B2 6N
ef fective anount of TOR ki nase 1 nhibitor, and a pharnaceutically
acceptnaditiey, ebouti HY rng/rday ehiliug ,12(mmigma,9, ablouhtﬁﬂefng/@eyl tesattolnad 2(Yod glday ,e1baivP

Ievels ose t abol i tre di ment ,
o canBau FRGR BB EIn aBeabe DO sl Beb RS 15?@6&83@%%?3@%8&? Yons
can beo hbout Igeo by dByQr abair! (00 g/84eNaBLE S(mhhgfaéy oCAPOR! 188asc $RHibikdraAb S,
parenteral solutions, troches, suppositories and suspensions and the |ike.

c:orrposwatlerﬁrmsn@eairthﬁ@f dnrnagieadprembediment.thamgthody digelesed herein cemntismthent
fractiqgn.of ni t C n bl.et or
capeuramiRt el B 10, 0 BT PRI v G PRSI S P Lo e

are pﬁ@ﬁaﬁaﬁmﬁbpn1mater sol ubl e salts such as the hydrochloride salt. In
general , all of the conp05|t|ons are prepared accordlng to known nethods in
phar md®M00i cal dpenethergmbadipeni wevidas hﬁfémpe}r@ﬁalﬁ desagy fopuldipna thrbr ki nase
i nhi bi t anount
of 1t nGo Pt bl B PMAP Bl GREJPLR! (00 e MO R1En4000 P2 IR SBERNEL *T0

ar e nabouiti 1400 ek, Iaboutllﬁé nig poevabetiethOuhs tahowte 0sng indgbosit H0Ghmef orraboyt

di fferent Kkinds, ered.c ose, eC|aIIy crystalline and
nicroé@9§%ﬁ?¥Vﬁ@u€§ﬁgdp%§%a%Qﬁéﬁpgwéﬁ@' s fructose, nmannitol and sucrose,

grai n [hd4ms s anqn§| Bl cAar %Hl'bQJh%leBPWléed ﬂe@&f}g&hﬁﬁ‘tbdcﬁﬁge foRflugoRr epared by

dlrect conpression, by wet granulation, or by dry granulation. Their

f or mulcamiposisg aber! 1109 mget(Ponavéa d0RJeiness, inbibitoler s, | ubri cants and

di si nt ors ags well the T i cal |Iue ts | cIu e, for

exanplGHGLT o, 3R alffher SbasfrtinOrides bemt i At o2 RO g R Lo
phosphaf@riss 1 @% batifg, 3 MO DRMIC1 St 30 AICHO &S, SO BB ﬁ{y 90 nfle 16Mmehgh O¥Wier ed

sugar. Powdered cellul ose derivatives are al so useful . 1n one embodi nent,

the pheg rdag ilZame dapow 250mei 280 met HXemg, W9 mEyp60aag. 70AmS 7 5Bimmer s ar e

subst S r d sugars such as | actose, fructose,

gl Leod 00 e %ﬁqoﬁ?‘k‘%&aﬁ%§%sg%n§g’?1/ 097333PCT/ US2011/ 023524 Natural and
synt hg00403guns ax OR| lsifasednhibitoranh beiadglinisterrg oacqewie, thta@l foak @Smore times
nethylcellulose pol yvi nyl pyrrolidine and the |ike. Polyethylene glycol,
ethylé@}Yquse and waxes can al so serve as blnders [ 00410] A | ubri cant

m ght cess

punchd TSt POkl Blor AR B B Aol P BP b IR BB RO, 1

sl i ppeny eﬁﬂ)bdidsenaswhealadmlmagmdsmlm aer)R:kjnai;amhﬁ)utearsaﬂeunlstbﬂdrmdl anical and

hydr oge nated eget abl e oils. Tab i si ntegrat.ors are, substances that
swel | Wb &RTShett B cpbadingns o aBRsn e T oh dRe N WP Eelr‘ﬁey

i ncl udgy R &S BeSansd RYS) aﬁ@édf%f&%&@d o2l 10§ s@PENGOHTS In MfterRABoLTARN | Y,
corn and potato st arches, thyl cel l ul ose, agar, bentonite, wood cell ul ose,

powdevggnrdmimistcred porihe a T@R kimasceinbibangyes adggnipsredan gifmited ssge.d, guar gum

LT e RPN B LA BB RS, 1550, 2 el

seal anftrar@isc\liaf] 1htrhp“enft&{ Tﬂq;ewu@dxﬁsﬁsmqn@%ﬁb@w ,Qub@R@ineyudenimasalyut i on
properties of t e tab e conpositions can also be fornul ated as

chewalspitugaby, @tbémglﬂe&w é}t@ﬁﬁp@rallb,ynty%\iawgglaﬁwgmdm‘wﬂgu@wab\s mggesdlbebyi n t he
f or mul.

11?ﬁalaq{6’n, or topically to the ears, nose, eyes, or skin. The mode of administration is left to the
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[00411]When it is desired to adm nister a TOR kinase inhibitor as a
suppository, typical bases can be used. Cocoa butter is a traditional
supposi t owg 20mgm733shi ch can be nodified by addition of waras2daio/oemse its
melting point slightly. Water-m sci ble suppository bases conpri sing,
particul arly, polyethylene glycols of various nol ecul ar weights are in w de
use. [00412] The effect of the TOR ki nase inhibitor can be del ayed or

prol on er formulatjion. For ex le, a slowy soluble pellet of
the T CF&UH&@E eﬁwﬁlﬁwaﬁe PEaghitigacTp %néﬁggl}@nrwpﬁaﬁ% #ﬁhﬁ‘am? ptlet or

capsulgndiibnas a slowrel ease i npl antabl e device. The technique al so
i ncl udes making pellets of several different dissolution rates and filling
capsul[@8404i t h alm'om embodimenty prqyeddddicsein T@papsdesoontapsg h FOR kimasge coat ed

th a filmthe | ut di ct abl d of t E
the. paP iR BE A uhe R uPRake ¥ BHEE acti no, by i seotving o

suspenge4u) t he T%dﬁh&ae%@oddﬂﬁérﬁlé] vided h@ﬂelnYar@Eoﬁﬁbﬁlt%rfslc@ﬂlp&ﬁgf@g%h%ﬁfe&tﬁk%t
allowit to dls&grse slowmy in the serum - 129

2011/ 9PRERHEETT ORZy1ase oiRE Ry and ExhnpraEsitically Bcc@p@@mm@mwdmels wherein
7.1 1BI (1)1?1 a@eﬁta call a%?eﬁ)%a%b[leo Qalll’r]i %hlgﬁlé%aﬁ?ilrlé) és gﬁl e>ichpelgn|t£ e%Wo gmlxw?%l tory

exarrpl an ass can e use rmne I nase 1n

acti Vltlﬁe)te@ff Iﬁatfmﬁerceﬁfm@immm pF&RH¢d Meeia agd sEoskibnk borMEhamd cfiseipar ed as
10 mM stocks_ and di |l uted ag}Qroprlately faor the experinments. Reagents were

pr epar@®@ugsofiil PBdnase pouinr: ajdrpharmagubieql Weaceem%@%earflér o Yo, ARg A0S
ool S A AL B s O IANSCT BT 2, 2
buf f eront embndiassa thecamamisitiontis G)phﬁfnaﬁelﬁﬁ)@] d¢dngasition] 00415] ATP/ Substrat e
sol ut i[8614'08?' 075 T[HVIcérIlgoségnsSca eIYIrl] ]'ezforrISl%f wets,%ﬁesvbabqe'_l tagle?s’, capsules,
solutions, parenteral solutions, troches, suppositories and suspensions and the like.
Compositions can be formulated to contain a daily dose, or a convenient fraction of a daily dose,
in a dosage unit, which may be a single tablet or capsule or convenient volume of a liquid. In
one embodiment, the solutions are prepared from water-soluble salts, such as the hydrochloride
salt. In general, all of the compositions are prepared according to known methods in
pharmaceutical chemistry. Capsules can be prepared by mixing a TOR kinase inhibitor with a
suitable carrier or diluent and filling the proper amount of the mixture in capsules. The usual
carriers and diluents include, but are not limited to, inert powdered substances such as starch of
many different kinds, powdered cellulose, especially crystalline and microcrystalline cellulose,
sugars such as fructose, mannitol and sucrose, grain flours and similar edible powders.
[00409] Tablets can be prepared by direct compression, by wet granulation, or by dry
granulation. Their formulations usually incorporate diluents, binders, lubricants and
disintegrators as well as the compound. Typical diluents include, for example, various types of
starch, lactose, mannitol, kaolin, calcium phosphate or sulfate, inorganic salts such as sodium
chloride and powdered sugar. Powdered cellulose derivatives are also useful. In one

embodiment, the pharmaceutical composition is lactose-free. Typical tablet binders are

substances such as starch, gelatin and sugars such as lactose, fructose, glucose and the like.
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50 mM 13-G0P, 250 nM M crocystin LR 0.25 mM EDTA, 5 mM DTT, and 3.5

i Lig/m GSTp7056. [00416] Detection reagent solution: 50 mM HEPES, pH 7.4,

0. 01% Triworod/a@33 0. 01% BSA, 0.1 mM EDTA, 12.7 i Li g/ mecops2a@8I3sAner sham
(Cat #PA92002V), 9 ng/ nmL a- phospho p7056 (Thr389) (Cell Signaling Muse
Monocl onal #92064 627 ng/ nL a-nouse Lance Eu (Perkin El nmer Cat#AD0O077).
[00417]To 20 iut of the Sinple TCR buffer is added 0.5 iut of test conpound

n ) initiate the reaction i ut of ATP/ Subst.rat e sol t|o was added

20 ?‘i%ﬁ ra %ndt%thstlﬁgws @?m%i includineEcasiv @i@lyats%a ety ‘fq#lél?%ewpound
50' ut 'g)% cﬁﬁln?eba%‘%he ilhe P@@%ﬁﬁ&léﬂ@%lﬁ"o%ﬁﬁz@ceﬁﬁfo@é a&pwgiég Ry a@ggéﬂ{lg 5 iut
of a 60 TA sol ution; 10 iut of détection reagent sol ution was then

added aalbdldbtse m xture was allowed to sit for at | east 2 hours before

di P k El ner. M d t to.det ANCE E
Tre PRI ¢ ack B TEBERT St ou e D S raga s Ty OGS PERG
wer e tRséRd fiodh sRRinEGR thiTRe FRETUBSS&AY caNst Ms& fromnRdct gliﬁ»sesoﬁag hsVﬂaIcy

therein, with certain conpounds having an | C50 bel ow 10 Min the assay,
with me@@mw@dﬁdlsllwastpwgteaﬁe4@5@%@1@@@@&9@#‘1@&6@ vogBaapdndabsb nM ot hers

havi nglbs%ﬁﬁﬁrg?o?%ar% Sthees %%‘9 vae&__)% é’t%‘gdotgé)gﬁléﬁu%r tgl%%% Rﬁ&) reilj’524 h%nd 250 nM

and 5 ers” avi ng Pet ween ers havi ng

an | CaOmpetnkeThey 1M1aditdst5,rﬁhéél, claO 431D 1608 Hﬁn@ﬁﬁ@gumm%mmy,
performed using the procedures supplied in the Pro DNA- PK assay k|t
(cat aleBg pgtawwebles Ay ERBless, r%éar ntRRfEce Wé?§éﬁelihi=16$ﬁ m\w‘é@%nit

I e T

Ot her sximapiencandre Us€h s well avsddliv® [dryl. stil f2EeT dbléta sadbassaydswith sugar as a
flavor and sealant, or with film-forming protecting agents to modify the dissolution properties of
the tablet. The compositions can also be formulated as chewable tablets, for example, by using
substances such as mannitol in the formulation.
[00411] When it is desired to administer a TOR kinase inhibitor as a suppository, typical
bases can be used. Cocoa butter is a traditional suppository base, which can be modified by
addition of waxes to raise its melting point slightly. Water-miscible suppository bases
comprising, particularly, polyethylene glycols of various molecular weights are in wide use.
[00412] The effect of the TOR kinase inhibitor can be delayed or prolonged by proper
formulation. For example, a slowly soluble pellet of the TOR kinase inhibitor can be prepared
and incorporated in a tablet or capsule, or as a slow-release implantable device. The technique
also includes making pellets of several different dissolution rates and filling capsules with a
mixture of the pellets. Tablets or capsules can be coated with a film that resists dissolution for a
predictable period of time. Even the parenteral preparations can be made long-acting, by
dissolving or suspending the TOR kinase inhibitor in oily or emulsified vehicles that allow it to

disperse slowly in the serum.
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[00421] Materials and Methods. Cell lines and cell culture: Human | ung
cancer cell lines were purchased from Aneri can Type Culture Col |l ection
(ATCC) amstormaimmaissed in RPM 1640 plus 10% bovi ne cal f pegruspo1i6eSp4 or

speci al culture nmedi umreconmended by ATCC. The non-small cell |ung cancer
cells (NSCLC cancer panel) include the following cell |ines NCl-H460,

NCI - H838, NCI -H1792, NCI-H520, NCl -H1993, NCI-H1944, NCl -H1975, NCI-H1395,
A549, NCI -H2122, NCI-H1703, NC - H129%§ I}l\?@@ﬂ, NCI - H358, SK-LU 1,
NCl - HL734, NCI - H1693, NCI-H226,TNCI- @; 2 H2030, NCI - H1755,

Cal u-6, Cal u-1, 5W1573, NCI-H2009, - , P | - H2110, NC -H727,

NCI - H1568, Cal u-3, NC - H2228,%QINCI B{i@tﬁ)ﬁé% g41&2—1[1@/@)317FE%‘N:CI - H1650, NCI -H1437,
NCI - H650, NCI - H1838, ; NCI - K A\ R and NCI - H596. Additional cell I|ines
that TOR ki nase in%i']bli\lt or sﬁé‘%%en%%?tasé;gggd agai nst include HT-3, HeLaSF, Hel a
S3, SHM41B)a, STOGR WERFHREBASshy. FhdFellowitg4s i ¢xabeplSkfi an d9safcthatdah Be

ME- 180, OMC-1. 5W56, and TC.YI K [00422] Cel| viability assay. A

r epr edBFt Rrd{REmER Rifﬁ)é%l@nﬁ%?ﬁplyﬁt%frx CUEERPITE PP E@B&liwr? fligsolved

f ol | o B 1SHAGE gregﬁl%h 28953 sfdekch ad dRltkd 5@3@%@ $GSHREEx perinRgtst he Cel |
Titer-A@ o Lumnescent Cell Viability fromPromega. The assay Is a
honogRregantswtivquemicdst foetlowsii ng t he nunber of viable cells in culture

based antitatiaon he adenqgsi triphgsph TP rese an
i cATBHLE ec Ssoite adi ief {600 da iut DeRaT RS b BetlaBL i B 2elre

i nvol viep 180diMINd €0 $vDk &t BRAGHM HFE! InNit&FenGQrRaAGRNIOR EhAyait |y to
cells cultured in serum suppl enented nedium Cells were plated into a

96- wel(PatfPRI683A) mendpghigel én (hookutfar toan ajsay cousebieatiod3g 9200412/ ménsi ti es t hat

2011 QRGHsEec BY B8R s R oG HaT B eF Mgt RS B et B e
f ol | owWREMARGOTE 28D ANNIiStoLyktin QIS (VT @VPEBIA!, 8Gn KO 23andB3 SMYbSAIOCIST-

Compound 1 was first diluted in 100% DVSO and then diluted 1:50 into growh
medi a.p7fB&t, Conpound 1 was added to the appropriate well at a dilution of

1:10 (oo By t icrolit . L) < of id 1 dt
50 L, WA ¢ o SR R eh 7 mRErs, B PSP R GHERL wes
1: 500 Bgrhiochmwi ircied 12 71 i oAl OMSEGHINsRBEshahi(BHPRho00EH), p ngash wel I . Al'l

concentrations were performed 1n triplicate. The cells were incubated with
Conpouwnrghdsphn pFOSECCPhrag9)I el Signalifg dopse Mampelona #920aly), bAE og/atli enmpese od,
100 L, of I Titer-d o r was added to each well for 2 mnutes with
shaki rlrﬁn%ggﬁ]%ﬁﬂflﬂjﬁmleﬁ@ﬁtﬁm%br 10 minutes (no shaking) at room
terrp(ejr&@ﬁm? to st i, 38theRBmPicINER buffBeis aHBEIES GENMTRMRSMPHARIUAL EMSOD. t he
VICTOR X2 nmul til abel plate reader. The percent growth inhibition was

cal culTatiediatssthegrachen DVEQIOM/ Pubstiatssyobriovg veas addabiodd) WL gt baiSimple TR sane
pl at e. e average values fromtriplicat.es were plott to obtain | Cgo

et ue fEr M ESESD SFiouh Pt B SRURE G R hOLS Sl S SR Beloniiing

| Cso iaftepéd hiin WRsddTRE S luLrBMmisr mROBD TWotitiout 16 LE&T datcétidtprcagmit esluli@gi Sti C
Model or Signoi dal Dose- Response Model to calculate the 1Cso val ues. All

| Cso veasdlean asided prepiemaiyiuge wanaliaperddg sitffpiorhledst hapurs hefost repdingeniandependent
exper ipgIRa} 0L XS Fr - : S
were pr ep{é?é%%@%r@ %o%ﬁ%%%%&gﬁ%‘egﬁcfg%égni as sgﬁlbﬁ% fF ;Iilr?% qgg&ha?rlgk/y{%lfi S
(pH 7.0 andl@fissiombi 495M20Inm)l nmol /L EDTA, 1 mmol /L EGTA, 1 mmol /L NaF, 20
mrol / L _Na4P207, 2 mol/L Na3Q04, 0.1% SDS, 0.5% S%%i um deox(}/ég}ol ate, 1%
Trit on08d1Bbo, 19y weredrediibal RRIGTRrdt ehaway am wriedpund ediave pivipes

cont aigd, By éﬁhge@aﬁne&% lsw@ciﬁ%faﬁ@@oib%w @@Hgg%ﬁhe’%%%;wtwiﬁﬁ%ﬁ(er) gel s and

transferred to nitrocellul ose nbrane. The rane was I ncubated with
ant i - ckBpoamtsihoeuhyg apACQFIEwW el dnd Bi.¢idalM ngd T8¢ hivb lodgys) havwey ani Ighs batveeh C. The
menbr ane was washed three tines with PBS + 0. 1% Tween before incubation

Wi th anti-rabbit secondary antibody for 1 hour at room tenperature. The
menbr ane was washed three times with PBS + 0. 1% Tween before scanni ng on
the LI-COR Odyssey(r) scanner at 7080 nm and 800 nm wavel engt hs.

[00424] Statistical Analysis. The correlation between | Cso val ues across
different nutation status were assessed using either WIcoxon test, where
the nunber of groups equals to 2, or Kruskal-Wallis test, where the nunber
of groups is bigger than 2. P value < 0.05 is considered as significant
correlation. WD 2011/ 097333PCT/ US2011/ 023524




[ 00425] Phospho AMPK T172 protein expression analysis. The whole | ysates
were prepared in radio-inmunoprecipitation assay buffer [10 nmol /L Tris (pH
7.4), 100worni/de73¥aCl, 1 mmol /L EDTA, 1 mmol /L EGTA, 1 muwluskoiabss220

mrol / L Na4P207, 2 mmol /L Na3C04, 0.1% SDS, 0.5% sodi um deoxychol ate, 1%
Triton X-100, 10% gl ycerol] containing protease inhibitors. Cell |ysates
containing 50 g of prot ei n were fracti onated on 4-12% NuPAGE(r) gels and

transferr Ioemerrb The i ncybated. with
anti - ﬁﬁéégﬁa%%ﬂ'é 9@ avingap IC W%ﬂepéggggim@ V@f, anﬁaaﬂ%%@ww
ant i - AVPK,alaha Igﬁzazlgqo Il Signali ng Technol ogy, Danvers, MA) and anti
| 3-actin (#1978, Sigma-Aldrich, St.Louis, MD) overnight at 4 C. The

menbr 40@419%s wa AR assvt iDMEA-RE advafBEcre porforncivearn the porcedime sippticdn

wi th anti-yabbit c dar roomtenperature. The
meribr dhdeviiamie REA- PR it fhlsat iV ). YA g s e R B fimg on

t he Llprgggggacgby&g (da)#\ssgqm er at 700 nm and 800 nm wavel engths. The | evels
of pAWMPK K and actl n were quantitated using LI-COR Qdyssey(r)

sof t wdP@420The r axclastedfT %&K/Pkavvmzarvsxm&t@ﬂutﬁ hw/,\mpil@a@plom 10! B plis iagsdy t o
e L COXOM SERUTORKE BliBE L Y] BoighOPERPRE B8yl 1R RA 0050 & 3t on

bet ween phospho ressi eV el n expression
| evel status was assgssed Ggll%gedlgsg%gxon test LKB1 protein expression
| evel status was defined as Pos" based on Western Blot results. p
val ue [6@®420p i s d\dermlsraarﬂ M@tlmdgm(]‘elldmm ambcre:ﬂedu&hreohlunﬁn]lu@@mogrc&ﬂt nodel s

| GBS GRS ARy A & N R ORBALE Cl o R & HTMGel

resenlsgo bﬂﬁ 1098 ich csﬁias%ﬁ;rﬁ?l@csﬂ&%e&&l c%lture%éd?um@@&ﬁ@rﬁerﬁ%&b Widg: 134- 141
(2011); de Plater et al, Br. Cancer 103(8): 1192-1200 2018 Tunor s

from ﬂihnglonesn@élrcebémngewncemcgbs%%cw@plagapwl)unclud@/theafoléo\wharc hémbi@& for

the oybie SEGHERNRTrsrarn P Preck ARG RIS SR M BoTs, Npud bl oo

t echnlA@M@SNquﬁizlzngCFHﬁoer@f Hi DS eNClan6£T, NUTILHBE S, SRAEUS], NE-HIpsen, two
t hat express Wldaﬁd e LKB1 and two that express nutant LKB1, to confirm

that ©¥el-HKEN. NlaRe26 NedrHm MGISHEN39, N6 KisAst eluveCels- lT6RKI S7ARNGIt | on

conpar r mpo nd -
13gp - %@%??%%ﬁgt@ﬁi &Qﬁ?%%@gﬂ@ [ s'lilgs@céjggﬁlnﬁlt}gpelgg gzegﬁogr af;J
gpdel g{mnj Neﬂ-HllsanNXEI' H&g&%mﬁﬂaﬂmﬂhﬁﬁﬂ H)diiﬁpN(HSilg’S@{Ng)I?{mDﬁ N(Jhglzeance(rj
L
enbodlmeatﬁeﬁmm @i‘{(?'lﬁa &Hifla r!%ﬁp BRoUL fided ey ﬁCQQ%kPBDch*&Q ShRgcific

enbodi nent s di sélosed’in the ‘exanpl es” which are ’intended as I'l'lustrations
of a MNEIREpEdME1o03WThe, alidsliI-0d8d enbodi nents and any enbodi nents that are

f t I Lyal, b t di.scl | ndeed,
vart obRBH ol BHEPl e R BT RaRTLS S B BBea B CaPEOH GaaRtf on
to thes&l SNAWLIRAGNEERERdnbies Re 'G%ll\%éﬂlh@%rﬂ@se%&ads thé echihoeeGeki | | ed
inthe art and are intended to fall within the scope of the appended

cl ai md.unfioguag]klinviabidity GpmrRypeeencBee Franseisbdomogeray, mathed of eetdrodnings  of
whi ch R I?uﬁlg]e%%lf Qlla%?et c%ﬂs I{]neéu?%ure l?eyseé 8}:1 (ei{la?nr‘gﬁaﬁlolnnoftt@eeall engsrfltlel trlpthsphate (ATP)
present, an indicator of metabolically active cells. The homogenous assay procedure involves
adding the single reagent (CellTiter-Glo Reagent) directly to cells cultured in serum-
supplemented medium. Cells were plated into a 96-well flat bottom plate (Costar Catalog

Number 33595) at densities that were previously optimized for each cell line. The cells were
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- 134 - WD 2011/ 097333PCT/ US2011/ 023524 CLAI M5 What is clained is:

1. Anmethod for treating non-small cell lung carcinom, cervical cancer or
Peut zJeghwo=ofiymdssene, conprising adm ni stering an effeeCrus2anoesse4 of a
TOR ki nase inhibitor to a patient having non-small cell |ung carcinom,
cervical cancer or Peutz-Jeghers Syndronme characterized by a LKBl1 gene or
protein loss or nutation, relative to wild type. 2. A nethod for
treating non-small cel]l n a C|no or. cervical capcer, conprising

scr eeﬁil%@afagﬁa?mé&w 1@%4#@4623 C ot loaying ?Y’FH@PB?‘EQ‘@ﬁE’@n%WGEI@iPa@%e or
Pr ot elfhoh 036 it Bk ACloRbou ! %;ds\festtd@lw@dhﬂ 1HYRDMICLRAIRLDHRKES | 30 13D

ef fective anount of T kinase inhibitor to the patient having non-smnal
ceIIIgmmmmmwmanﬁna:6om@emuibahswﬁhﬁeoﬂmW@pH@MewnmeUmmythBnogéﬂé(oe,
protein | oss.or tation. .. 3. A netho t|n t he I.ikelihood
b 2 s PaRe SRS diped Conontind AR REHRERPOEa R e bl ng
respo Rf&éll\) eThe fih&RikitiBRSEChbRABbM Plval NSDBPYhicE YERIdS ﬂﬂgﬂ BM@@ RbAGn&RIish
patient's carcinoma or cancer for the presence of LKBl gene or protein |oss
or nut0§0|2(%1 in ¢agh atally Al @nmmtaatlopp EVGYWT:‘éfOélinﬁd thisippeaie.ehbecdls waaincgbated or
protein.leoss or bELS A as d, | i.kel i hood t i nase

i nhi blv¥lth 8?%@?11118 aﬁto)f’ tr ijséc';l%ocf ma ]f gean G :l?atlonal?enoﬁb Cﬁo{éer vi cal

cancerCellTiter-Glo feagdht ek la@@bdft@ lead eém cdrl mmtuhse rvaﬂeihfak@gehﬂ ifigdRy iubitegat ment
of a patlent havi ng non-smal | cell Iun%?carC|nona or cervical cancer with a

TOR kifprakbminrgsyne shakingg #hrqos) igpstatee fe sabitias thesipnpk nthedupicscoanservasr
Cancefnaé gﬁre& B ¢ ergef 6&?1‘19 fmﬁilﬁﬁtjoeg@%fr&{dﬁgr"?ltiee%ecén(P%?ovﬂﬁ iHbi@bh Qs relative

to w | erein the presen or “protern loss or nutation
is pr ed]cutatedelsﬁfg thélmmubhtcoleés‘pbﬁams 1@’0% creélagmwﬂt invhé¢ fange ﬁIEﬁ Khanaseage

i nhi bit g Peut z- Jegher ndr

conpr iveﬁlﬁ@ fr§€‘r"é‘§HFaﬁ@S \éierﬁ@ﬁqtt@ {0 pbip q%‘?éﬁ&’é ® tW@r@BEE‘&bﬁem&%Bp? dbein

| 0SS @bl 8ddBr ddt&infthin gch On Wl 16t &%%de@ﬂﬁnber%@ whicMtilizes a 4 Parameter

2011/ 097333PCT/ US2011/ 02 adnlnlsterlng an effective anount of a TOR

ki nasd-ogriic biladst ot Bighteedap BoseResivavé MydPentcalcikghtbe $CHwabicomdlldbaradtosr i zed
by LKB1 r protein_.oss or nutation. 6. A nethod for predicting
the |7 ﬂ% Bt SRt oM SHSU MR PRI 0GRS S mTRe. bei ng r sponsi ve
to TORo fse | KB pPételn&IpRBNKionCATANsisS TR whe [0y S ipebpartdiig pddid-or t he
presence of LKB1l gene or protein |loss or nutation, relative to wld type,

wher ellmmlmepreﬁlestetmeaseay budBr [ Hemenadil hriotpdl h4).d9¢ nenolr‘ﬁaNaﬂ drmpekli ct s an
I h d
et eagsfiyl{ KRk ORATAN S kPSP kI B0 L DBEARY W1t heal spel

Peut z- Jeghter pre erapeuti

ef fi cacy,ebditmaRbRrREHol#0, 1& PatonexH] 002M0 glyicerst[Zcodegtieg Srofuse indititovd. t¢b11a TOR
ki nase inhibitor, conprising screening said patient for.the presence of

LKB1 dw@sepntammge?%ug 8ERrogain Wﬁfeaﬁrwﬁna%%f‘r% Ny-RAGE" gglsend fpastered  he
presenggiQfcel rggrﬂﬁra?e. @ﬁ&ﬁl%hl%ra!ng%é%%C%a%@{hnm ?Q%nt?l%drd‘ﬁ#%so,

therapeutlc efficacy of ‘treatnment wt Ki nase |n
Cell Signaling Technology) overnight at 4 °C. The membrane was washed three times with

PBS + 0.1% Tween before incubation with anti-rabbit secondary antibody for 1 hour at room
temperature. The membrane was washed three times with PBS + 0.1% Tween before scanning
on the LI-COR Odyssey® scanner at 700 nm and 800 nm wavelengths.

[00424] Statistical Analysis. The correlation between ICs, values across different
mutation status were assessed using either Wilcoxon test, where the number of groups equals to
2, or Kruskal-Wallis test, where the number of groups is bigger than 2. P value < 0.05 is

considered as significant correlation.
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8. A nmethod for treating non-small cell lung carcinoma or cervical cancer
or PeutzJeghers Syndrone, conprising adm nistering an effective anount of a
TOR ki naswoiznhi/dorizer and an effective amount of one or mwomASagentys24 hat
nodul ate AMP | evel s, glucose uptake, netabolismor a stress response to a
pati ent having non-small cell lung carcinoma, cervical cancer or
Peut z- Jeghers Syndr one. 9. A pharmaceutical conposition conprising a
TOR ki i nhi ki tor an nor e agents, t hat npdul at | evel s,

ol ucodBVBH ake, R’rbeﬁalb(bf\;&éﬁﬁgl}ﬁé gW@gsﬂ%PE%smH@e?lyaﬁﬁée B_ﬁ%@ﬁ“@@aﬂ% 'y
acceptaafodiaihdiSimnRNEhREBRAHEH asgd&ﬁlﬁfktr 110 mmol/L % (pft K4, 169 BRASIAL NG One

or nore containers filled with a T ki nase 1 nhibitor or a pharnmaceuti cal
conpoNaGlohmnaAebPTA; éageoltls EGIIA, denmot/L ipH, RBinmgelleNesP.fr, dtratinnl/L oss  or

nmut at i,on,. A of,, pratein | oss, or atian, .Qr t relatjve to wild
Cype, NnCehElh e o anedbt Poriilat Pentionaonaf 10% el Mblabed anc

| NSt T YasHEARSNHiBlord eUER sats bERLnGRN ©F of MELADW HARLASRRTSA 041/ 023524

protein | oss _or nutation, AMPK gene or protein |oss or nutation, or both,

in a purPARE wckamddransicrion tanigaeslbrscesmlitagne Therpembsangpepincubated with11 A

met hod f.or 1 reaf ; Id. 1 un [ Cino cerw,gal ¢ [

ot 2 JETEPPETAMPE TP BT, Rt SPRRE D R AT e ANGEK e o
TOR Kia@ss, ColnisinkRiig 'T@clﬁoﬁ)%z,' BittveRa Wi AgarddQmtiPradtn @978, ISiitea-Addridhnoma,
cervical cancer or Peutz-Jeghers Syndrome characterized by a AVPK gene or
pr ot eiSt-LiovissMé}) avarnaglitehs °¢ elThe megmbranowrdsdvashgrbthree times wite PBA n@d rod f or
{reat g QO RIRLL L& wilt i GR6F L OGRS I 61 1GANG Shom FABLLRINY
screening a patient s carcinone oF cancer for -the presence o gene or
pr ot eiThengsbrafie Wid whihea threetimkeh WethtPBIM- 0d %% TR@en BEfdreasdmhing be fHeTd-@OR
effective agount of a TOR kinase inhibitor to the patient hﬁ¥%2ﬁgnon-swaH

cel | 1Qygsyarermenst 9P newind € nre avieelengthar Bee kvl ebipdYINAND Pgrand

prot ei Bl Q35 ﬁ{anﬁﬂ{eﬁtds&%-u-ﬁjﬁm ocil;ﬂséf'eiy@%oﬂ%&‘? @rﬁe%tic%F@AMPl@@ﬁi“@s. Lidee! 1 hood
of a patient having non-smal cel’l 1'ung car¢i nona or cervical cancer being
Ir esporsAVEPK/actinPRak iapplseel to 'Wildnixbo statibdradmyalyseonpri si ng screeni ng said

ti ) i ( th f AMWP tei I
e " LR SR 0B SRR R SRR RIS 5
prot eijgq %L%l@&t@ﬁﬂ &?re@ﬁ@ﬁ' &EBstals Was heased u&ihg Vil daQed idshak BiGRokdihase

inhibitor therapy will treat said non-snall cell Tung carcinoma or cervical
cancerexpression levdldtats wet dedohefl @s “IWegdhrc Piosigbashe pm Méastare Béftfresuidts.yp ohlue

treat of a .patient. havi non-.smal |l cell |ung carcinoma or cervical
cancege@xb? ¥ cnsiepsef A sighr ﬁcﬁﬁ%ﬂfr?@?ﬂ,on'corrpri sing screening said patient's

carcinoma or cancer, for tgg f AMPK gene or protein | oss or
mut ation, relative 7t'lo'g)vx,il etngglgi,%t%vxﬁcgerlsce)i n the presence of AMPK gene or

pr ot ei[@0429$s or Thuicaiskm@plck Sropt @ithariyipadcfbidpsas apeptopagaeddfincacy of treat nent
with a TOR ki nase i nhi bitor. 15. A nethod for treating Peutz-Jeghers
Syndr SFEIUNEERTARIOBTIYEY 28EPER I HErta %a%m@h@%#t%%mamgeeﬂe@wmww&ene or

pr ot iy l095 e ég%tﬁfl Oy Cﬁh.a(%in%glfkgs. \N]ngl@(—@@% 1(ﬂﬂq?;'de:lf”y‘[ef et NBr. J.

2011/ 097333PCT/ 011/ 023524 adm ni steri an effective amount of a TOR

ki nase&drnnbr Hi3(®r 11 ¥-1209 @at0)erifunmay fnog [Reg tzrcdepdiensbiSysnck mopagakedriaciver i zed
by AMPK gene or protein | oss or nutati 16. . A nethod for predicting
the | FRETTHSG7G K (BarPAonHAVA TP et L by sgtorg i B @iy 16liibhsi ve
to TORKERERioh kIR frefeid imﬁ@sexam?famranalyagd B¢ MRRRIM 8108 R&lcAnigads, BIE, §or the
presence of AMPK gene or protein foss or ‘nutation, relative to wild type,
wher eilR. Fher gfitbesevarccoininpPriogeln ararhopemted that exmesrvitdityae LEMB Imnddivet s an
et e bl o ekl STRAFRR 11081 RASK RS ARYYL Indhd S8LiRRS

Peut z-
TORK inhibition compared to the wild type. A compound as described herein (e.g. Compound
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17. A method for predicting therapeutic efficacy of treatnent of a patient
havi ng Peut z- Jeghers Syndrone with a TOR ki nase inhibitor, conprising
screeni ngveand/passBent for the presence of AVMPK gene or ppmaisesin/obsses or
mutation, relative to wild type, wherein the presence of AMPK gene or
protein loss or nutation is predictive of therapeutic efficacy of treatnent
with a TOR ki nase inhibitor. 18. A nethod for treating non-smal | cel

| ung c rcino cervical _can zJeghers ndro \ risin
adm ni ﬂsetP%tﬁgH Instheserieaggialfén Fivgd T Sre ey S AR BN or Oléexﬁg‘c%lleent
havi ng,ONmsibpse&! |Coh%9n@saﬁtﬁblﬁeﬁrﬁ@reﬁl%ﬁmlar@ C8td & sHoRMingred&@her s

Syndrone characterized by a reduced | evel of pAMPK protein, AWK activity,
or bOWhUWnemaEHMEHﬂmmmkhthyppﬁmsnmumIEKBlA met hod for treating non-snal

car oi WORESET ConirnPhaEint Pt ARER & WLl Bul Efreh WalbeR B ci

AVPK' agfbodinhdhits @ikc18Rlhn tHedxa@mipled wichMrb GhtbRE as ANMtraGEHs I ALBK IafSbcAbf
effective ambunt of a TOR kinase inhibitor to the patient having non-small

cel | Ithm@lseiaﬁeéueﬁmnmnttwrwarnb@ém@ﬁs dabgradenstionaly ¢pivglongdigced | evel of
pAMPK pr o v net icting
Phe | iBar st SRS oS M YonuBl B8, variou meiiqeo T B e PRRERS,

cervi giadclozad ﬁ&embﬁe I0adde im0 $hose sh@wﬁr Gl #dsoidsel Hiondih b\hﬂ becdriedpRyent to

conpri sing, - - WD 2011/097333PCT/ US2011/ 023524 screenlng sai d

pat i ertbos§ stslélﬁéﬂrh@ﬁﬁﬂcﬁmd@%@éern fdfo el avigvtheseepet the pragndetrligvel of pAMPK
prot ei K a t r

P esellui2dt™S Tk hihbohordeRaL ik EhBrl A Mo Mkt PBr W HISTR AchBiored

pr edi dkesimby rafeceasiedhdir deiréthood t hat TOR ki nase inhibitor therapy wll

treat said non-small cell lung carcinoma or cervical cancer. 21. A
nmet hod for predicting therapeutic efficacy of treatnent of a patient having
non-small cell lung carcinoma or cervical cancer with a TOR ki nase

i nhi bitor, conprising screening said patient's carcinoma or cancer for the
presence of a reduced | evel of pAMPK protein, AMPK activity, or both,
relative to wild type, wherein the presence of a reduced | evel of pAMPK
protein, AWK activity, or both, is predictive of therapeutic efficacy of
treatment with a TOR ki nase inhibitor. 22. A nethod for treating
Peut z- Jeghers Syndrone, conprising screening a patient for the presence of
a reduced |l evel of pAMPK protein, AWK activity, or both, relative to wld
type, and adm nistering an effective anmount of a TOR ki nase inhibitor to

t he patient having Peutz-Jeghers Syndrone characterized by a reduced | evel
of pAMPK protein, AMPK activity, or both. 23. A nmethod for predicting
the likelihood of a patient having Peutz-Jeghers Syndronme being responsive
to TOR ki nase inhibitor therapy, conprising screening said patient for the
presence of a reduced | evel of pAMPK protein, AWMPK activity, or both,
relative to wild type, wherein the presence of a reduced | evel of pAMPK
protein, AWK activity, or both, predicts an increased |ikelihood that TOR
ki nase inhibitor therapy will treat said Peutz-Jeghers Syndrone. 24.
A nmethod for predicting therapeutic efficacy of treatnment of a patient
havi ng Peut z- Jeghers Syndronme with a TOR ki nase inhibitor, conprising
screening said patient for the presence of a reduced |evel of pAWK
protein, AMPK activity, or both, relative to wild type, - 139 - WO

2011/ 097333PCT/ US2011/ 023524 wherein the presence of a reduced |evel of
pPAMPK protein, AWPK activity, or both, is predictive of therapeutic
efficacy of treatnent with a TOR ki nase inhibitor.
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25. A kit conmprising one or nore containers filled with a TOR ki nase

i nhi bitor or a pharnmaceutical conposition thereof, reagents for detecting a
reduced Iwoeb11ov7334VPK protein, AWPK activity, or both, pcelmskenm23ses wi | d
type, in a patient's cancer or in a patient having a tunor syndrone and

i nstructions for detecting a reduced | evel of pAMPK protein and/or AWMPK
activity in a patient's cancer or in a patient havi ng a tunor syndrone.

26. The nethod of any one of clains_l1- r 11-24, the pharnaceuti cal
conposition of claim9 or the kit d?<éHV:one of clainms 10 or 25, wherein
the T ﬁln se inhibitor is a conpound having the fornmula (1): RR L WWAI1
ZQ B ( adtcgm$WdPnaceutlcally acceptable salt, clathrate, solvate,

st ereoi sonmer, tautoner, or prodrug thereof, wherein: X, Y and Z

are at eac occurre endent | CRB wherein.a ast of X, Y

and Z is N and :ﬁ “teg’étgt Orotﬁi‘ea%&g nQn-5 ‘%P/Hr‘fﬁﬁ%“tgscatﬁ%"ma Comvich cancersorf eﬁ? t aken

toget U@éhe?@%?ﬂd‘r&h@‘l:@ﬁ@h’éﬁg1adnﬁ{1%mectlv%ﬁlbhﬂﬂ'of a ﬂbﬁ@i&)@@tﬁhl‘m& Q) £H20-
-C(0) ; di rect bond, NH or

subst mmrédta@mg masshwetlicelldwng @rcigandyeervieal baciet atRegtzoleghers @hrgdnomt ed’ 2
8a|ken¥mh<%Hg Btu%ﬁgl enu8§qp tﬁﬁgted a&xoﬁl,ﬁf tut g} unsubstituted
F* St ¢ OF CURStDS 5t B & 16 i%?/ BT St

heteroary ituted or
unsubstltuted het er ocycl yl al kyl ; - 140 -

2. A method for treating non-small cell lung carcinoma or cervical cancer,
comprising screening a patient’s carcinoma or cancer for the presence of LKB1 gene or protein
loss or mutation, relative to wild type, and administering an effective amount of a TOR kinase
inhibitor to the patient having non-small cell lung carcinoma or cervical cancer characterized by

LKBI gene or protein loss or mutation.

3. A method for predicting the likelihood of a patient having non-small cell lung
carcinoma or cervical cancer being responsive to TOR kinase inhibitor therapy, comprising
screening said patient’s carcinoma or cancer for the presence of LKB1 gene or protein loss or
mutation, relative to wild type, wherein the presence of LKB1 gene or protein loss or mutation
predicts an increased likelihood that TOR kinase inhibitor therapy will treat said non-small cell

lung carcinoma or cervical cancer.

4. A method for predicting therapeutic efficacy of treatment of a patient having non-
small cell lung carcinoma or cervical cancer with a TOR kinase inhibitor, comprising screening
said patient’s carcinoma or cancer for the presence of LKB1 gene or protein loss or mutation,
relative to wild type, wherein the presence of LKB1 gene or protein loss or mutation is predictive

of therapeutic efficacy of treatment with a TOR kinase inhibitor.

5. A method for treating Peutz-Jeghers Syndrome, comprising screening a patient

for the presence of LKB1 gene or protein loss or mutation, relative to wild type, and
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WO 2011/ 097333PCT/ US2011/ 023524 R2 is H, substituted or
unsubstituted G _8al kyl, substituted or unsubstituted aryl, substituted or
unsubst i twoediimrmssoaryl , substituted or unsubstituted egriusadidpbis2or
substituted or unsubstituted heterocyclylal kyl ; R3is H,
substituted or unsubstituted C _8al kyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substitut ed or unsubstituted

O R g o bR QL unsubist LUt ed, heter ocye 8 i ke REN G Jofhers
subst igHtRethhathareSd bi Biked %gne_%@wém 1@99@%&%@ or unsubsti tut ed aryl,

substituted or unsubstituted heteroaryl, substituted or unsubstituted
cycl oal kyl, or substituted or unsubst i t ut ed het er ocycl yl al kyl . 27. The

met hod of gny O%mse{hfoa yﬂg%%ﬁﬁ 8 111{&11?0% fpaggar l#eh&ajegﬁﬁ%gosi tion of

claim9 or the kit o clalns elnth ki nase
i nhi biSyadrong @irgrpmmscre haViORgkihise ifilobited ther(apy )cnnipNsﬁgx;cﬂe&mhg BaiONR3R4 (11)

or a pharmaceutic cceptable salt, clath sol v er eol. Soner,
Pt o O BRE s i i AERERY Prajali gt mtion. lattve I8yt HISKTE (oo o
UnSUbi)trésEh'éeP{q THB BadeYdr pr&biabistdttn@flaiin pogRShitHEREd ﬁké’ﬁhoo@tﬁh‘%mwt ed or

unsubsti tuted heteroaryl substituted or unsubstituted cycl oal kyl, or
subst ikingse thhdriton teudnst willtred stié Pevtedyeioyd Surkiyome. CX-AB-Y-
taken together form-N(R2) CH2C(0) NH-, -N(R2)C(0) CH2ZNH, -N(R2) C(0) NH,
-N(R2) C=N-, or -C(R2)=CHNH;

7. A method for predicting therapeutic efficacy of treatment of a patient having

Peutz-Jeghers Syndrome with a TOR kinase inhibitor, comprising screening said patient for the
presence of LKB1 gene or protein loss or mutation, relative to wild type, wherein the presence of
LKBI gene or protein loss or mutation is predictive of therapeutic efficacy of treatment with a

TOR kinase inhibitor.

8. A method for treating non-small cell lung carcinoma or cervical cancer or Peutz-
Jeghers Syndrome, comprising administering an effective amount of a TOR kinase inhibitor and
an effective amount of one or more agents that modulate AMP levels, glucose uptake,
metabolism or a stress response to a patient having non-small cell lung carcinoma, cervical

cancer or Peutz-Jeghers Syndrome.

9. A pharmaceutical composition comprising a TOR kinase inhibitor and one or
more agents that modulate AMP levels, glucose uptake, metabolism or a stress response, and a

pharmaceutically acceptable carrier, excipient or diluent.

10. A kit comprising one or more containers filled with a TOR kinase inhibitor or a
pharmaceutical composition thereof, reagents for detecting LKB1 gene or protein loss or
mutation, AMPK gene or protein loss or mutation, or both, relative to wild type, in a patient’s

cancer or in a patient having a tumor syndrome and instructions for detecting LKB1 gene or
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Lis adirect bond, NHor 0; - 141 - WO 2011/097333PCT/ US2011/ 023524

R2 is substituted or unsubstituted C _sal kyl, substituted or unsubstituted
aryl, subsoi20utmd3er unsubstituted heteroaryl, substitutred/useommsisbstit uted
cycl oal kyl, or substituted or unsubstituted heterocyclylal kyl; and R3 and
R4 are independently H or C _sal kyl. 28. The nethod of any one of clains 1-8
or 11-24, the pharnmaceutical conposition of claim9 or the kit of any one

of clainms 10 or 25, vm?l\%l% the TOR kifase i nhi.bi torb i s.a conpound having
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Jeghers Syndrome, comprising administering an effective amount of a TOR kinase inhibitor to a
patient having non-small cell lung carcinoma, cervical cancer or Peutz-Jeghers Syndrome

characterized by a AMPK gene or protein loss or mutation, relative to wild type.

12. A method for treating non-small cell lung carcinoma or cervical cancer,
comprising screening a patient’s carcinoma or cancer for the presence of AMPK gene or protein
loss or mutation, relative to wild type, and administering an effective amount of a TOR kinase
inhibitor to the patient having non-small cell lung carcinoma or cervical cancer characterized by

AMPK gene or protein loss or mutation.

13. A method for predicting the likelihood of a patient having non-small cell lung
carcinoma or cervical cancer being responsive to TOR kinase inhibitor therapy, comprising
screening said patient’s carcinoma or cancer for the presence of AMPK gene or protein loss or
mutation, relative to wild type, wherein the presence of AMPK gene or protein loss or mutation
predicts an increased likelihood that TOR kinase inhibitor therapy will treat said non-small cell

lung carcinoma or cervical cancer.

14. A method for predicting therapeutic efficacy of treatment of a patient having non-
small cell lung carcinoma or cervical cancer with a TOR kinase inhibitor, comprising screening
said patient’s carcinoma or cancer for the presence of AMPK gene or protein loss or mutation,
relative to wild type, wherein the presence of AMPK gene or protein loss or mutation is

predictive of therapeutic efficacy of treatment with a TOR kinase inhibitor.

15. A method for treating Peutz-Jeghers Syndrome, comprising screening a patient

for the presence of AMPK gene or protein loss or mutation, relative to wild type, and
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of AMPK gene or protein loss or mutation is predictive of therapeutlc efﬁcacy of treatment with

a TOR kinase inhibitor.

18. A method for treating non-small cell lung carcinoma, cervical cancer or Peutz-
Jeghers Syndrome, comprising administering an effective amount of a TOR kinase inhibitor to a
patient having non-small cell lung carcinoma, cervical cancer or Peutz-Jeghers Syndrome

characterized by a reduced level of pAMPK protein, AMPK activity, or both, relative to wild
type.

19. A method for treating non-small cell lung carcinoma or cervical cancer,
comprising screening a patient’s carcinoma or cancer for the presence of a reduced level of
pAMPK protein, AMPK activity, or both, relative to wild type, and administering an effective
amount of a TOR kinase inhibitor to the patient having non-small cell lung carcinoma or cervical

cancer characterized by a reduced level of pAMPK protein, AMPK activity, or both.

20. A method for predicting the likelihood of a patient having non-small cell lung

carcinoma or cervical cancer being responsive to TOR kinase inhibitor therapy, comprising
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screening said patient’s carcinoma or cancer for the presence of a reduced level of pAMPK
protein, AMPK activity, or both, relative to wild type, wherein the presence of a reduced level of
pAMPK protein, AMPK activity, or both, predicts an increased likelihood that TOR kinase

inhibitor therapy will treat said non-small cell lung carcinoma or cervical cancer.

21. A method for predicting therapeutic efficacy of treatment of a patient having non-
small cell lung carcinoma or cervical cancer with a TOR kinase inhibitor, comprising screening
said patient’s carcinoma or cancer for the presence of a reduced level of pAMPK protein, AMPK
activity, or both, relative to wild type, wherein the presence of a reduced level of pAMPK
protein, AMPK activity, or both, is predictive of therapeutic efficacy of treatment with a TOR

kinase inhibitor.

22. A method for treating Peutz-Jeghers Syndrome, comprising screening a patient
for the presence of a reduced level of pAMPK protein, AMPK activity, or both, relative to wild
type, and administering an effective amount of a TOR kinase inhibitor to the patient having
Peutz-Jeghers Syndrome characterized by a reduced level of pAMPK protein, AMPK activity, or
both.

23. A method for predicting the likelihood of a patient having Peutz-Jeghers
Syndrome being responsive to TOR kinase inhibitor therapy, comprising screening said patient
for the presence of a reduced level of pAMPK protein, AMPK activity, or both, relative to wild
type, wherein the presence of a reduced level of pAMPK protein, AMPK activity, or both,
predicts an increased likelihood that TOR kinase inhibitor therapy will treat said Peutz-Jeghers

Syndrome.

24. A method for predicting therapeutic efficacy of treatment of a patient having
Peutz-Jeghers Syndrome with a TOR kinase inhibitor, comprising screening said patient for the

presence of a reduced level of pAMPK protein, AMPK activity, or both, relative to wild type,
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wherein the presence of a reduced level of pAMPK protein, AMPK activity, or both, is

predictive of therapeutic efficacy of treatment with a TOR kinase inhibitor.

25. A kit comprising one or more containers filled with a TOR kinase inhibitor or a
pharmaceutical composition thereof, reagents for detecting a reduced level of pAMPK protein,
AMPK activity, or both, relative to wild type, in a patient’s cancer or in a patient having a tumor
syndrome and instructions for detecting a reduced level of pAMPK protein and/or AMPK

activity in a patient’s cancer or in a patient having a tumor syndrome.
Yy Yy

26.  The method of any one of claims 1-8 or 11-24, the pharmaceutical composition of
claim 9 or the kit of any one of claims 10 or 25, wherein the TOR kinase inhibitor is a compound

having the formula (I):
RZ

|
R1/L\(XIN\T
Y\Z/ Q/B

(D

or a pharmaceutically acceptable salt, clathrate, solvate, stercoisomer, tautomer,
or prodrug thereof, wherein:

X, Y and Z are at cach occurrence independently N or CR?, wherein at least one
of X, Y and Z is N and at least one of X, Y and Z is CR?;

-A-B-Q- taken together form —CHR*C(O)NH-, -C(O)CHR*NH-, -C(O)NH-,
-CH,C(0)0-, -C(0)CH,0-, -C(0)0- or C(O)NR;

L is a direct bond, NH or O;

R'is H, substituted or unsubstituted C,_salkyl, substituted or unsubstituted C,.
salkenyl, substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or

unsubstituted cycloalkyl or substituted or unsubstituted heterocyclylalkyl;

- 140 -



WO 2011/097333 PCT/US2011/023524

R? is H, substituted or unsubstituted Cisalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl;

R? is H, substituted or unsubstituted Cisalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocyclylalkyl, -NHR* or -N(R™),; and

R* is at each occurrence independently substituted or unsubstituted C,_salkyl,
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or

unsubstituted cycloalkyl, or substituted or unsubstituted heterocyclylalkyl.

27.  The method of any one of claims 1-8 or 11-24, the pharmaceutical composition of
claim 9 or the kit of any one of claims 10 or 25, wherein the TOR kinase inhibitor is a compound

having the formula (II):

0 NRR*
1Y)

or a pharmaceutically acceptable salt, clathrate, solvate, stereoisomer, tautomer,
or prodrug thereof, wherein:

R' is substituted or unsubstituted C;_salkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl;

-X-A-B-Y- taken together form -N(R*)CH,C(O)NH-, -N(R*)C(O)CH,NH-,
-N(R*)C(O)NH-, -N(R*)C=N-, or -C(R*)=CHNH-;

L is a direct bond, NH or O;
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R’ is substituted or unsubstituted C;_galkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl, or substituted or
unsubstituted heterocyclylalkyl; and

R’ and R* are independently H or C\_salkyl.

28.  The method of any one of claims 1-8 or 11-24, the pharmaceutical composition of

claim 9 or the kit of any one of claims 10 or 25, wherein the TOR kinase inhibitor is a compound

having the formula (III):
R2
R3
R N N R4
[
=
N N o
H
(I17)

or a pharmaceutically acceptable salt, clathrate, solvate, stereoisomer, tautomer,

or prodrug thereof, wherein:

R' is substituted or unsubstituted C,_g alkyl, substituted or unsubstituted aryl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocyclyl, or substituted

or unsubstituted heterocyclylalkyl;

R’ is H, substituted or unsubstituted C,_g alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted
heterocyclylalkyl, substituted or unsubstituted aralkyl, or substituted or unsubstituted
cycloalkylalkyl;

R’ and R* are each independently H, substituted or unsubstituted C, alkyl,
substituted or unsubstituted aryl, substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heterocyclyl, substituted or unsubstituted heterocyclylalkyl, substituted or
unsubstituted aralkyl, substituted or unsubstituted cycloalkylalkyl, or R* and R*, together with

-142 -



WO 2011/097333 PCT/US2011/023524

the atoms to which they are attached, form a substituted or unsubstituted cycloalkyl or

substituted or unsubstituted heterocyclyl;

or R” and one of R’ and R*, together with the atoms to which they are attached,

form a substituted or unsubstituted heterocyclyl.

29.  The method of any one of claims 1-8 or 11-24, the pharmaceutical composition of

claim 9 or the kit of any one of claims 10 or 25, wherein the TOR kinase inhibitor is a compound

having the formula (IV):
R2
R? N r\|1 0
B
=
N N R3
H
(Iv)

or a pharmaceutically acceptable salt, clathrate, solvate, stereoisomer, tautomer,

or prodrug thereof, wherein:

R' is substituted or unsubstituted C,_g alkyl, substituted or unsubstituted aryl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted heterocyclyl, or substituted

or unsubstituted heterocyclylalkyl;

R’ is H, substituted or unsubstituted C,.s alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted
heterocyclylalkyl, substituted or unsubstituted aralkyl, or substituted or unsubstituted
cycloalkylalkyl;

R’ is H, or a substituted or unsubstituted C,_s alkyl.
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