Bl OMARKER ASSAYS FOR DETECTI NG OR MEASURI NG | NHI BI TI ON OF TOR KI NASE
ACTIVITY [00011This application clainms the benefit of U S. Provisional

Appl i cat iwo 2bi/016118369, 455, filed July 30, 2010, the entcrascantessuys of

whi ch are incorporated herein by reference. 1.FIELD 100021Provi ded herein
are nethods for detecting and/or measuring the inhibition of TOR ki nase
activity in a subject and uses associated therewi th. 2. BACKGROUND

100031The connecti on between abnotmal protein phosphorylation and the cause
or consequence of diseases has been known for over 20 years. Accordingly,
protein ki nases have becone a very inportant group of drug targets. See
Cohen, Nature Reviews Drug Discovery, 1:309-315 (2002). Various protein

ki nase inhibitors have been used clinically in the treatnment of a w de
variety of diseases, such as cancer and ?ﬁro'hg '
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(2001), Protein Kinase |nhibitofggg RN Acagyigyt of Disease: The Prom se
and t he Probl ens, Handbook of EXperrmentat Pnharmacol ogy, Springer Berlin

Hei del ber gnodf7 (2008)is afiRQAdaTliginky 1B eém:ﬁkbﬂ@s&@r@moaall@(jgﬁammdj verse
famly of enzynes that catal yze protein phosphorylation and play a critical
role in célf 9ﬁ§5sﬁ§ﬁdpbh§¥2é(bﬁ@iﬁﬁk¢ﬁ@§@§sﬁﬁVh@k@ﬁ%mﬁ@@?ﬁﬁ@%m%@nﬁ@gative
regulatorxegﬁéﬁgts, dependi ng upon their target protein. Protein kinases
are involved in specific signaling pathways which regulate cell functions
such as, but not limted to, netabolism cell cycle progression, cel
adhesi on, vascul ar function, apoptosi.s, ardldhgi ogenesis. Ml functions of
cel lul ar sig&ﬁling have been associated with nany di seases, the nost

char act er i [#8@2]of whiRyhvidad herdm asamedodaner détesbag asd/ompeasugge itz inbipityin of
signal transguellon R, GYLAKLDGS AN NS AaapRlALien of sidnal mol ecul es
W th protooncogenes and " tanor suppréssor genes havé been wel |l docunented.
Simlarly, the connection between diabetes and rel ated conditions, and
deregul ated | evel s of protein ki aasesBAEsGBédiNdDenonstrated. See e.g.,
Sridhar et al. Pharmaceutical Research, 17(11):1345-1353 (2000). Viral

i nfectiond089d t he cowrdionhentionbeiveteadbndreraépridinpbomherylwamndskoeivat ed
with the regulationfﬁf groieig kinaseﬁ. Paréoetal. Cell.l?l ézg: 177-787
(2000). [ COBETBPECA T SEradasPeRBRTdPLIHEA RIS AFedd gRo B BALE Upon
t he ident ifaye Béconiter Ay MApaGiA guptdiadiud AYtd. &e@€lohbs eVl RAILDMAEL,
tyrosine, lysine, and histidine). For exanple, tgrosine ki nases i ncl ude
receptor tiisgaerie LIG0RadE42¢RIKErious pepeindkiprse whinDitere hyesbesp dserbeiinieadls g or
tyrosi ne ki C -G Kinas 1
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m togen-activated protein kjnases (VMAPKs). [00061Becayse protei ;inases
regul ate A&yl akdr ’%FIIYI)F’QII’WFS/%VC’ edredriven iy e BV eRe wdihe

prol i fer atpoieflibndHobk 67 £RbRALR PHARFLGRIL. SHiNY Blriin ENcIBEG, fl1 ractive
targets for therapeutic intervention for various di sease states.” For
exanpl e, déPd3)cycle control and angi ogenesis, in which protein kinases play
a pivotal are | | ul ar processes, associated w th nunerous, di sease
condt ti ond08finae Bt BB RARES cog ERABae T er BT 05 o Juseaen e
abnor mal  angicRORNRESITyIaNch SiEsas esrilied 3186 Eélﬁﬂz_@tsggnaﬁﬁ%e?%ﬂl RIASsSnay
macul ar degeneration, diabetes, obesity, and pain. 100071Protein kinases
have becormertppsities Pyveegeayeeslaiay ctipes.tdependimntponftheiamegat protein. Protein

kinases are involved in specific signaling pathways which regulate cell functions such as,

but not limited to, metabolism, cell cycle progression, cell adhesion, vascular function,
apoptosis, and angiogenesis. Malfunctions of cellular signaling have been associated with
many diseases, the most characterized of which include cancer and diabetes. The regulation
of signal transduction by cytokines and the association ot signal molecules with
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Fabbro et al., Pharmacol ogy & Therapeutics 93:79-98 (2002). It has been
proposed that the invol venent of protein kinases in the devel opnent of
human nmalwonramgiies3nmay occur by: (1) genom c rearrangeneoTASEE194384BCR- ABL
in chronic nyel ogenous | eukem a), (2) nutations leading to constitutively
active kinase activity, such as acute nyel ogenous | eukem a and
gastrointestinal tunors, (3) deregul ation of kinase activity by activation
of oncogenes or |oss of tunor suppressor functions, such as in cancers with
oncogeni ¢ RAS, (4) deregul ation of kinase activity by over-expression, as
in the casgotfon&fgeReand (16)r eqgippgser E@xpy kssitean ofllgloownnttdchionbriyhde can
contribute to the develo nt and .mai.nt enance of .t he negpl asti.c phenotype.
Fabbr o et CAMNectsR BERAER Bl o SPH ey At GO TUL0ws 2R dBey IS0 55 o1 qhgrdicin

2012/ 0161 13R4sks W2 Bddd Q488AEatQ08BLI he salibgicdal iranrRbcetheali Rkédremey of

protei n kinase pathways and the conplexity of the relationship and

i nt er act i oh/(AhvhigSand 3HeeWBeryitahmiscdionpard he spedifond iekseskthenetd havaatse been

pat hways hi ghl.i ght s the i nmportance. of, devel opi eut i£al

capabl e of & %C[l?t%%w %1 tg? 1(r)etf=‘g¥%1 ﬁoﬂpﬁgrsoéel%l %Feast %é@gr"zl&ﬁ{lmr@'oﬁi 7n [ g?@@r S
that have [O8[fi ci al Pedih Kinayes@an bukitvigddeinki krasegrops baskd upbrethksiidwsiey of

pat hways. Accordi ng{lée/, there remains a need for new ki nase nodul at ors.
100091The (B¢ dmeahagid{bdahthortarsss hsraine Ahrepipgdy rosiney lypasaaddystidigs).chot s al so
called F n{%j; I : i s AMNAn ARG I Thy hhdéase,
t hat has Rﬁ%@n S ’z[)- ro% % gg-eggll)édg esrteﬁee&?é?{&gei tlll%a% H}ﬁg{) ’e? ns a?%%ﬁlé achhrd
MIOR/ Pl 3K/ didt noparke byt tyhatnerkéguutabad asahd srgrkonatsh faamty . prladré fire radsoi domal-

Geor gaki s and..Younes Expert Rev. Anticancer Ther. 1):131-140 006). nlIOR
D R R B A B b ol sk i EREoor BRI e o & TBs) 11 ve
to rapanycéiébe%@ﬂt Qﬂﬁse(ss{@ngﬁiﬁn(ﬁ ﬁNfgi%'gir%étméﬁedq{rot%MﬁﬁﬁiéemkPmm i's

| argely rapanycin-insensitive. Not , rapanycin is not a TOR kinase
i nhi bi t or.[0886ler al nFGRUMPrOLSIN bingsel aemiide aearbr cvanecdaiangrevesd, irmlwsting n

clinical trials.for the,tyeatnmen cancer. Tengiroli was .oved for
ase 11 errRedi esh SrotlHaRH R ah o rerf Il R Rt SR PR 000 Tor
renal cel | tagRfsCion QR@aaitic embs chii@t fofavgoRIDGhessads. oforeaatipleateleados hel i al
grow h factor receptor inhibitors. In addition, sirolinus was approved in
1999 for tHaURk yphyngisgeacst. ip whigh nretaindpnasss Plagjpgbtqteioleprece e neeeesivy but
limted cljnlg : . e iNRiLbLEar : tes
t he useful Aﬁggcg&lé? a}rﬁéﬁ I rrlﬁlIstﬁl Jtég%scoiwﬁ%% gl’tldrhérgétt}r%%%@ %?ﬁé(?;ﬁ%g]?&zr{ ﬁfmr?g%{so% ant
rej ecti on, disaded, hiendrmal aasewdnpid ant disdasésarlacainperatod sthatosdletosishmath@®RC1L and

MIrORC2 i nhi, bi torly activity. [.00101Due to the potential pharnmaceuti cal

appl i cat i oHfERIRIGh RIS ey #eRPUMinase activity, there is a need for
met hods f ofyoggt ect i neraRgkRhsd¥BASYbédthe di@adtRBkLLEL A8t (RE trdfdRekd STRERcers.
activity in vivo. 100111GC tation or identification of any reference in
Section 2 lobbthirsiapphingaviam & Sherapentiys B8: 100D [lsasdwempmipssidghattthat
the refer ence IS r ifor ta,rt .to theﬂgr esg}nt %ﬁ)gh cation. 3. SUMVARY ]
100121 Pr ovi e RERE PPy KiRsBroidhg Tt PhTER MLEPSS AR ESTHIMDI ¢ i on
of TOR ki n@sgedsiit Yedrdankéménts g eBUR-ABIPH cBiondt MBASEMoNg chRémagunt  of
phosphoryl ated 4EBP1 (also referred to herein as -p4EBPI in a biol ogical
sanpl e fronbteEPE lsydbijpe bt conpolutissdanplie Hnperchhsr aichisoeHicdayaidgenowy i or to
and after 1. Al Lo T i - LNk bitor .. i.d.subject. In
one ombodi ot EhS e yBen ), SR IRl Rl b R ST SRR B
met hods praxbgads bersss of @nrbepiryadr fuactiasesudhiak iid yancers foatt @sbfghi¢ RaS,
inhibition of TOR kinase in a _subject. 100131Further provided herein are
met hods f o) dees!aiien ﬁfd(laasa(gg%\_flpye Qyf&xpression, as n the case of EGFR and (5)

ectopic expression of growth factors that can contribute to the development and
maintenance of the neoplastic phenotype. Fabbro et al., Pharmacology & Therapeutics

93:79-98 (2002).



relationship for the adm nistration of a TOR kinase inhibitor to a subject,
wherein said subject is adm nistered varyi ng doses of said TOR ki nase

i nhi bi t orweandizter1ianount of TOR ki nase activity inhibitiPom/GSRo13AszR45Ub] ect
resulting fromeach dose of said TOR kinase inhibitor is determ ned using a
met hod provi ded herein. 100141Further provided herein are nethods for
determ ni ng whether a subject is sensitive to a TOR ki nase inhibitor,

conpri sing adm nistering said subject said TOR ki nase inhibitor and

determ ni ng whether or not TOR kinase activity is inhibited in said subject
using a mgbhes] pr ovidedlRedion.of (iROkEIELY bhebiopt bivkdgetihersiand aliee et hods
for determning the effective anpunt of a TOR kinase inhibitor for the
treat ment COMPhEHAGE e agpnship pREREEGIONRNNE;ABE PSS ABRG WrYs RENS R st er i ng
sai d subj gc ' : i; Ki | STDLIE B o t he
amoun; of RS 3ARR B bRNENT HR EeRa R U b BNER PR R
each dose mapatdabtlactioR akipnasie kimise biotlolatwrs iregnlatorsetr ugdbipere viad bavehleame figial

100161Furt her. provided herein are, hods for treatin r nagi ng _a

di sease as§B¥ibaPRs Iﬁﬁﬂ*ﬁﬁ!@sﬂrﬁ&g‘é&?%m&%ﬁ?{ﬁ%m& h%%?."ﬁﬁ“@ydggr&{g‘@d&é&&@%t ed
W th TOR Ki,PRSE kg Rbiishidg. adm ni stering to said patient an effective
amount of a TOR kinase inhibitor, wherein the effective anount of said TOR

i nhi bi t or [080%Yet er ni Hedrawimepnsediei AR mpmaviliiedatgst ef rapampan7 Mhichcis glsgi n
enbodi nment s j.ded h in are ¢ i-8d t. y
contacti ngcage%P @%W&gﬁ%\ﬁﬁﬁr‘%%ﬁ%ﬁﬂ% C?(gmg%%ﬁlar %’%ﬁ%@é&?{\}ﬁﬁstﬁe or

ex vivo. 19g+815ys bhest Be awstadtidappetdingineh&TOR/BIAN/Mkt pgh@BE (Har raglages
containers filled with reggents for detecting p4EBPl using flow cytonetry
1 er

and i nst r wstligsosthfood raeltfeetipng GeaiEplis and iMeyney bwetiamdeisrrcenyy
Code koo TET PP eER SRONTIR ISR, FIREOREN BrRes. whi

under st oo erence to the escription an

exanpl es, WRORIT lak gerisitivend egpatnyc exaaaioigs f snchantemsiotimng oeetzodiment s. 4. BRI EF
DESCRI PTI ON_ OF THE DRAW NGS 100201F G M Provi des hi st ogr@kegr esenting
cel | popul BIPSES isiargHy FaRryginciorsrsitven Aa'y: "HvE At B4 Y 9ashed

l'ined), SHﬁﬁ*bftb{% QleekhNH R amibidss hiraces of slelbingS@hiugicliiin elnicANHalCesmAeNd
1l treated ce]l s (dotted line). (A represents PC3 cells treated with 10 tM

Conpound lireafrByntPf osicge sl ehisgbbguanss ppppeskior usgneded sclhoroapmesn RPdhtwhol e

bl ood of normal heal t hy volun rs treated ex vivo w M l.
(C) Provi daé@%il%‘fso‘@'s rOrVS%Pb%@re?ttf’ﬁrgenﬁ?fa%?\%n&%/?aeusenFsﬂl&%%\]/a\/%]% re%%g%% g&g{] of a
| ung cancefas@ahd @@abthbhigakedtectvt Moembt MhiHXLAM IFapitiundsidolinild @it hbpovad
II'lustrates regrodum bility of p4EBPl assay with_respect to day.to

i . vth day
vari ati on ofl9p2EBprhe piophpladie pf epabiransplantsigisstingall bhiptgenivedut Bmysd clipisal
drawn from 3 L1 h P j ) I an
fl uor escen%’gcﬁggs }e}#seiyet r;ﬁ/?%éla‘ﬁﬁlbgoﬁg%zﬁg&%?lyg??@é%tﬁ? ( alifé};uh#%% b I ﬁkﬁ)sﬁtnr9 at es
i nhi bi ti onnhipitGapottalmeftGY chicew idesaraplaint fejrstiomtand ehehinsteagprigmential for

representing cell popul atigns of ynt ted cells (shaded), DVSO treated
cel |'s (dashspoupdeyit b@@é&%@?@1&“3&f§g¢§éﬁ‘gﬂ%ry@fg%‘§fyed cells (solid line),

and Cormpougpgy) treatgg &t poleA HREnhdcBRcal applications for inhibitors of TOR kinase
activity, there is a need for methods for detecting and/or measuring the inhibition of TOR
kinase activity in vivo.
[0011] Citation or identification of any reference in Section 2 of this application is

not to be construed as an admission that the reference is prior art to the present application.

3. SUMMARY

[0012] Provided herein are methods for detecting or measuring the inhibition of

TOR kinase activity in a subject, comprising measuring the amount of phosphorylated
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100221FI G 3. Illustrates the stability of p4EBP1 signal in fixed frozen
cells. Al whole blood sanples were treated with DVSO or Conpound 1 at 37 C
for 2 houwe 2arh1PBMCs were fixed and frozen w thout stalpCriusatiitomsshuffer.
(A) Provides histogranms of CDO1+ nonocytes fromfreshly prepared whol e

bl ood. (B) Provides a bar graph illustrating the stability of p4EBP1
signals in the CDO91+ nonoctye popul ation of frozen cells over a period of 1
nonth. (C) Provides a table summarizing the viability and nmean fl uorescence
intensity (MFl) of treated cells. 100231FIG 4. (A) Illustrates ex vivo

treat nent gfpmhalse rbleaed td Kemheabdhyp donokiowgidal Congletoeh daid aubjetthour s at
roomtenperature. Sanples were processed in triplicate. Co

t Ir Ieat ment SXHORER Rirgpherl blogd Siuﬁ]lf\]iebi”tindﬁ alp% %6¢rdb§§dratni%raﬁaﬂ/ggg 5’ reldﬁ éifm (B)
I y i . . : i
compound. 1B pHs SR Y el pot B B PR T BonaRL iR M

in triplicatemétor Phéhawthsdsaprordednhtemer atlive. to Sanplid#y wef@lowingcdssed in

triplicate. Compound 1 treat man%j showed significant inhibition (p<0.005) at

5 t M and Onbibgn qtdd P kimpaes B2 yupjeskt rates that p4EBPL is inhibited in

peri pheral m@iﬁod of MalHePPloSidedehid hRSnERMEBEMSAn Rt RRE-reshRRD] FI G 6.
IllTustrates that p4EBP1 1s inhibited in peripheral blood of patients. Each

| i ne repr esknbsship fatthentminb DN LEDOBESCRE RTHi D50 2BEREN MhoN sdid026] The

term"treating'. ag used herei.n npeans.an leviati.on,.in le or i t,
of synpt on%‘lbﬁg‘slé@ﬁﬁ’t"@ﬁeﬁgtvﬁryén%g%ﬁ 8’@?&‘%?b§i Rgdsd! ‘81’0%%“%8%5‘}“’%‘%‘ OEal I ng
of furtheryipi:eatens) i@ﬁib@momrs_gﬁrshaﬁaq%sam@rgs BofydEPh Q% of[sRRIPRkendser m
"effective anpbunt” 'in connection with an TOR ki nase inhi bitor neans an

anount capabhibgonis dgiermiredtising a meihohpioxidsd hiekgibart | synpt ons associ at ed
v h 2, O SgRER, o 5 SReh: Py B8 RLBAIAL B i D gt gngis o
i nhi bi t or, seh@tiveradrpOR liflasa ifibitoraeanipristiad adminjesingisoid, subjeyt daéd BORkihaeel
Subj et BOROHSIeTTEBBOVEEDD: Y TG BT e b M GRY s IS uni
those ski 11 | Mol PR epect ed thai the ef fect ve. amount  of
a TOR ki na@e15Inhi bi t Burthei poivokddcten eienmethgdsviar getdmpeingithgeibertivhemopnterfi t y
O e o e EB R e ot (2 hE Freah 0 S Por PRLLED ' Gty SUbS ect - as
comprising administering said subject varying doses of said TOR kinase inhibitor and
determining the amount of TOR kinase activity inhibition in said patient resulting from each
dose of said TOR kinase inhibitor using a method provided herein.
[0016] Further provided herein are methods for treating or managing a disease
associated with TOR kinase in a patient having a disease associated with TOR kinase,
comprising administering to said patient an effective amount of a TOR kinase inhibitor,
wherein the effective amount of said TOR inhibitor is determined using a method provided
herein.
[0017] In certain embodiments, the methods provided herein are carried out by way
ot contacting a biological sample from a patient with a TOR kinase inhibitor ex vivo.
[0018] Further provided herein are kits comprising one or more containers filled
with reagents for detecting p4EBP1 using flow cytometry and instructions for detecting

p4EBP1 using flow cytometry.



including, but not limted to, an animal such as a cow, nonkey, horse,
sheep, pig, chicken, turkey, quail, cat, dog, nouse, rat, rabbit or guinea
pi g, in owNe:erhudilaent a mammal, in another enbodi ment &ChArsanL1/okis4dne
enbodi ment, a -patient- or -subject” is a human having a di sease provided
herein, such as a disease associated with a TOR ki nase. 100291The term

"bi ol ogi cal sanple- as used herein includes bl ood sanples and tissue

sanpl es, such as tunor sanples. In one enbodi nent, the biological sanple is
a WD 2012/016113PCT/ US2011/ 045842 peri pheral bl ood sanple. In another
enbodi mentjodfg bi ol OPicGRtseaimb@liingntplcas baundaisianbinber fullytbydtfeemice d the

bi ol ogi cal sanple is platelet rich plasna. 103301The term"TOR ki nase

i nhi bi t or -depsled deeripiprind praandess VoEmsE Hended do exenaphiy nopdindtiig e) or a

bi ol ogi ¢ (é%éé protern) capabl e of |nh|b|t|on of TOR kinase activity
(i.e., in Vi £6"er i n vivo). I n one enbodi nent, the TOR kinase inhibitor is
a conpound di scl osed in WO 2008/ 023161 (see e. g page 5 line 5 to page
11, line 15), WD 2009/ @0775BRIEEDESCRIPTIONESFI H 5 Spage 26, |ine
8), WD 2009/007749 (see, e.g., page 9, line 21 to page 29, line 23), mp
2009/ 00775002Mee, e.KG 1pRywids hrst%armrqmesaag@ g3l papufpsiopy! unpggated cells

(seo, o g RgE 0psBiueaRRgEN iyl SpRARE o B E pilGs L o

e.g., pagqint§ dndm@nbuhe 1pagedlbils (dored A7), (mGﬁﬁﬂﬁﬁ@3ﬂﬂﬁﬁﬂéﬂ@ﬂﬁd@ﬂ@rM)page
11, line 11 to page 16, line 13%{ WO 2008/032033185ee f l'ine
3 to page 19 Carprang)l; (Riyropiday 3@83’9’15(@@@56%1“@(3 %ﬁg@oﬂﬁcytqsrff%n I”ilo 0 page

16 l'i ne 200 060 a e
w0 2003 a0 TeLeig guniEdiydhes RO 19 M Cludgb RS ridey,

2008/ 03203fsths@fhs r@p@smtlﬁgg@% i,méﬂd@?teél,@rohpwﬁ@@%lo%ﬂ oflai 6@z dahker pMent

2008/ 032077 (see, g., page 10, line 21 to page 15, line 22), WO

2008/Oszoammﬁéagrue9guh3@a@@CDm¥muﬂme 3 to page 16, line 5), WD 2008/ 032027

(see,

¢ or 1 pagdVfI%T: ne Bl £ kyals BRI APk R ORLIer R 30y

10, line 8, 4RipREEPBP innBoRicyteVOr a&&zm&zeaﬂry c{csee, (bkod. waspgen EOm 3 i ne 22
to page 13, line 2% WO 2007/080382 (see, e 9, line 20 to BF?e

32, line mlthmmwm d6engruiiwedaysk (@) théf@&ﬁ@leamf resgeneg injaRaly 1ar

17), WO 20 / 066099 ), WD
2007/ 06610% Phed i fe‘(eﬁgg%/ guBp s g‘? ”‘%&ﬁ‘aﬁé‘%, &’?‘?ﬁe%ep)r?h\g\% &

2007/ 060401411u§t8e&ﬁze h%t@ramﬁreprbselﬁengcélbpqqmj;&ioﬁs of imecalid)cellNBGh2a0B/DBBIEY ( see,

. 9., 4, | 1-25 20 90167 . €e.g. 3, .| 33t
L L e
page 127. ggggppnéé%QQ§;g(d%ﬂgdagg /052145 (see, e.qg. page 5, paragraph

[0015] to pag par agr aph [ 00821 WO 2010/ 006072 (see g. age 28,
line 1 to 982 34, |FH@3l )ruusv@ezml@wtmwags pdEBE] swngl in fp@gércrzenpel agﬁrlhph

0010] to t ttomo 044813

paraglaph Wg@igfoﬁﬁmpﬁ Sﬁ*f f%*%%wﬁﬁggagﬁ g?ggiﬁgﬁgcfsgggNH§amj page
3, par agr apvMQOLQL fiked hREFrBALCIARE stBGigatld) bu O ezomrbmemlto@m ofe g ,
page 2, line 10 to page 9, line 19), WD 2006/ 046031 (see,

2012/ 01611@D@rr wezommmeazrzeslzly nrenseecishele binede (1) Provides ﬁi’f’f gwjl 2@}69’#@?@557

N L s L

to page %dd' J78 mdnth. WO %O%QQ&WSL@E@;ZI% the, vigbalgre ahd n{elaﬁeluéretsmnpage 2
Irne 34) 2005/ 021519 (see, e.g., page 1, line 4 to page 4, line 17) or
Us 2007/11@pmenx§é80<éﬂgw€dpa§é 2. paragraph [0012] to page 22, paragraph
[ 0065]), f whi i4S , ety.
20051 (SRRRPL, o Bl (ATHRLRBLELE0, P L RAL GR DB FT ke o
nethodologwuhsemueungt&b@b&nsdmpamwmmpadnﬁbg&mnﬁeﬁhemmspmyyxmman@umhs
Mechani snms, and Structure, 4th ed. Startrnﬁgnaterials use%alxépr
a

preparing Gpwpwﬁdlstfeﬁtmﬁtr%ﬂwad éllemtbca%tﬁﬂh‘rbﬁt@é‘r(ﬁﬁ@ e Stid 2ee Grogt

conmer ci al ahl e

material s %?H %%Vﬁ)ggﬁgﬁg?ﬁg%ﬁgéﬁQ@H%%HL£§%% gnts&ggart¥g§¥a%lﬁ§%ﬁ8ds
for preparing TCR krnase inhibitors are- drsclosed in U S, Application No.
11/ 975,652, filed Cctober 18, 2007, U.S. Application No. 11/975,657, filed
Oct ober 18, 2007 and U.S. Application No. 12/605,791, tiled Cctober 26,
2009, each of which is incorporated by reference herein in its entirety. In
a specific enbodi nent, the TOR ki nase inhibitors do not include rapanycin
or rapamycin anal ogs (rapalogs). 5.2 METHODS OF USE 100311Wthout being
limted by theory, it is believed t hat because 4EBP1 (4E- binding protein
1 also referred to herern as p4EBP1 ) |s a drrect substrates of TOR

o —— e — » o o, S " A T~ N A v oA r=r~rwAaA \




cells (PBMCs) froma subject is neasured. In another enbodi nent, the anount
of p4EBPl1 in a tissue sanple froma subject is neasured. |In another
enbodi mrerwg 20teev1ermunt of p4EBP1 in a tunor sanpl e fromPaTAIsky1e0581%
measured. [00341Further provided herein are nethods for determning a
dose-response relationship for the adm nistration of a TOR ki nase i nhi bitor
to a subject, wherein said subject is adm nistered varyi ng doses of said
TOR ki nase inhibitor and the anbunt of TOR kinase activity inhibition in
said subject resulting fromeach dose of said TOR ki nase inhibitor is

det er mi neg,dsiacdcomidieds R @ylickad tdier Riuns at[r00@5dimperhtues. furoplededreher ei n
are nethods for determ ning whether a subject js sensitive to a qu ki?ase
i nhi bi tor,pfmm?ﬁilgtrriélca@mcrgwmoéfl‘ii hreatment shppysdr et 1 PR 450 TR Eb? ¢ or
and deternkﬂiqgoﬁgﬁhher or not TOR kinase activity is inhibited in said
subj ect uding" od provi ded herein. [0036] Further provided herein are
met hods f qpoxgt er m nifegs.t heseiteahi pa: D nkhibftedin PeRphkémbisieod afpaichior f or
the treatment or nmanagenment of a disease in a subject, conprising

admi ni st ertiaply lisarapresap eédPrliGiHr yi ng doses of said TOR ki nase inhibitor and
determ ni e ano f i VAP i iRt i I isent
resultingqgv%ﬂ1eachqgg§§ gﬂ&?%?%@@%gt |h%%é&¥Rﬁ?@?ﬁ%&bﬁg?ﬂgoiﬁﬁg?ﬁgg

provi ded hegRriife rdpp&3ifd Ayatibar provi ded herein are nethods for treating or
managi ng a di sease associated with TOR kinase in a patient having a di sease
associated wth TOR conpri si_ng aiﬂ%@&@iiiﬁﬁgéiﬁgigﬁg patient an effective
anount of a TOR kinase inhibrtor, ' tve anount of said TOR
inhibitor is deteimned using a nethod prquwi ein. [00381lln certain
enbodi nents, the nethods provided hgﬁeinLgﬁgg@ggﬁggd out by way of

contact ingofrd)! 0! 00! iRl e TRl fink* ARAM PRkl dfhiRvilEFn Sh AR ofiRiplid Of
ex vivo. For exanple, instead of admnistration of a TOR kinase inhibitor
to a subj eftsympehisadsogelvitbd dierdirnr danasconpldwiegnerdwiliiignyf fbikeranount  of
p4EBPl1 in a biol ogical sanple. . froma subject, contacting said biological
sanpl e wi tHOFETER ¥ FASE MR BRI ™YV vo, fol | owed by neasurement of the
amount of gERPL i N BRI EbGQENE BhoBRAMRA orfet@in WwRh dn COR Righderighibitor
Accordi ngl'y, provided herein are nmethods for detecting or neasurjng the

i nhi bi t i ormofns TORMoLNEERakle of vilewating, B WhYE 6FINCRIt. SYRPBISPEMHUCEYIT &ct |

conpri sing,.nmeasuri.ng,the anmount of p4k [ [ 1.Ql Qg € | e prior
o nd_ af throgottiettr,Os TR Bios R T B 3 Y AR T 306 1. 5
PCT/ US20 ?—lﬁ!y4 e 'Fﬂe@f&iiﬂagﬁohr_ﬂhiflﬂ’%elt ‘DOReAnasE Vnhibitcn.l fgm 3’;?1“““’“" aent, the
anount of p I S nmeasur.ed using w cytonetry. . .n certain
embodi mentRharmpcepEst coBRPOBLGE. My at 23@"3&/{}5‘{‘ “’I‘lig’gﬂ,m‘é%g\ﬁtdei‘ffél %{eﬁ%?r | ess,
about 10 Mx%h?l]eeﬁ&ut R : Enal%%kgﬂgpé?étgéé’,sqod Wht@o HHu MOl 18SSt 4 Piesdd €s

that a TOR ase inhi ctive reating a di'sease associated
with TOR kidigsesigttin whit osage éér tash aratiisbpmentprbydndiettthaemi As wilbbaemremt her

provided herein are kits conprising one or nore.containers.filled wth
reagent s ftﬁrtthétSE’é]Ffi iy ths Agigibds W??eﬁg‘p??tﬁw%éﬁ/@(g ﬁgﬁte?tﬁ/ve_aar%o gt 3 llg tRi %Hé\gef or
detecting HeRGTdALAA Het MRy NaREAdndihE o 1 RUBGYIUTER indichiorkbdig COMpr i se
one or nore containers filled with an anti-p4EBPl anti body. In certain

enbodi nenttscatddhe anti-p4EBP1 antibody is Al exa Fluor 647 nouse anti-p4EBP1
or an anti - BP1 ant, body conjugated to Al ex . : ain
@Bél r lgﬁ tagés H)é’l}l%ﬁltn aflgr %LH) ect” ds L%G(E hé{%fn 1ﬁ§1§de lﬁ%?rglﬁ{?

enobi dnment its p I cONpri Sé one or ki nase
i nhi bi t or sjhcRHER, B HohBEeeRINh dethdieid 8,a o ei@aEalipecbyherpf @p amidkeher ei n

or those known in the art. . . ) .
turkey, quail, cat, dog, mouse, rat, rabbit or guinea pig, in one embodiment a mammal, in
another embodiment a human. In one embodiment, a “patient” or “subject” is a human
having a disease provided herein. such as a disease associated with a TOR kinase.

[0029] The term “biological sample™ as used herein includes blood samples and
tissue samples, such as tumor samples. In one embodiment, the biological sample is a
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1004111 n one enbodi ment, the patient has a solid tunor cancer. |n another
enbodi nent, the patient has a blood cancer. In a particul ar enbodi nent, the
bl ood carwenoizibaakem a, such as chronic | eukem a, acuPETIUuSakieOHB42

eryt hrol eukem a, |ynphocytic | eukem a, nyeloid | eukem a or nyel ogenous

| eukem a. I n another enbodi nent, the patient has a bl ood cancer other than
| ynphobl astic | eukema (e.g., T-cell acute |ynphoblastic | eukema). 5.3

| LLUSTRATI VE TOR KI NASE | NHI Bl TORS 10042111 lustrative TOR ki nase inhibitors
i nclude, but are not limted to, conpounds having the follow ng formula

(1) R2 R3efBk4aiNNbd skinple. [n another embodiardt, }ﬂ’ft’dmnbgaat sangll¢ is pasoeptlabl e
salts, clathrates, solvates, stereoi Sgﬂulﬁgfqtqlt au and prodrugs

t her eof . whethej gmbodiment, the biologiggl segip E‘tré SnEf’nsubstl tuted C Ls
al kyl, tf&(ﬂOEUt ed o, Wbﬁéktkgﬁa%g it or §§Q§H'h@ét1r?gxegﬁs HasHRshl b e

cycl oaI kyl bstltute or unsubstituted heterocyclyl, or substltut ed or
unsubst i t yhrt hataiooyalbidlakiyb. g.. a protein) capable ¢¥inkhibitidn of TR Kingseeaftigity

unsubstituted Cl -8 al kyl ubstituted or titut ¢l oal k

subst it ut b€ o e Gbg’t‘i’“tq.}t i’&l Oﬁ"e?’@ﬁ%@%% Fhené(ggz‘t‘?atsﬁf@gm% b %%?ﬂ%é?untdut ed
het er OCYC'&QC@ASE&'ln w@@@g/@m@@ (8. ygsy@@ts ulutegdo@a@é kb"h,nteS) sMbstituted or
unsubsti tuted cycl oal kyl al kyl and R4 are each

i ndependeri’tOD9/OB|77$1L(bs€t, ngt piiedk 1luﬂ§l§<b§@get3¢ﬁ dige &, 1W 8 20RPO77EU58% ietdurt RAEE or

unsubstit it e i tut tit.ed or
ineubet 1 3t B ﬁge?f&?;?r @?e e R polpanPEy %%sggéﬁxgéufgé}é#ét“e’ g%)%s/% ﬁ’l’gl Kyl ,
sublst i ][ Et lequ OF QUSRI 74 1T seEl caf apdoplo, 1iseIBSd padet4adline 28NIUDIDDE/ OB AL 8 (see,

cycl oal kyl a

kyl, or R3 and R4, together with t atons to whi are
attached, doriaea 1éu%‘§t 13 gtrege 8 lm?sﬁl)s‘tvlq m%ﬁyéﬁ&%m Biees @Dé‘"tehth&f’ed or
unsubsti tut 036 Y&y 1 £ 1831t Réio
t oget her W g% ?’ﬁen% ?gm; t%()() 938'?017% SS?/ e ag[eﬁgcﬁ}e?% P?)gpra% a Slljbstl)t uted or
unsubst i t Woes/hedxy Gey el pag{: 0043 htogegt ab AirerHoMOr2e03 2088 (R ki nagse

Inhibitor [is .not, & Comound, AEPIT S60PFi D% BAMBLY hage 11, line 3 to page 16. line
6), WO 2008/032091 (see, e.g., page 11, line 11 to page 16, line 13). WO 2008/032036 (see.
¢.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 13, 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 3, paragraph
[0015] to page 81, paragraph [0082]), WO 2010/006072 (see, e.g., page 28, line | 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
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6- (4- hydr oxyphenyl) - 4- ( 3- net hoxybenzyl ) - 3, 4- di hydr opyr azi no[ 2, 3- bl pyrazi n-2
( I H)-one; WO 2012/ 016113PCT/ US2011/ 045842 6-(4-( 1

H-1, 2, 4- twoaatdo16t1y| ) phenyl) - 3- (cycl ohexyl met hyl ) - 3, 4- dirkydisopyoassino[ 2, 3-
b] pyrazin-2(1H)-one; or, NNH NN <0 (R -6-(4-(1H 1 ,2,4-triazol-5

-yl') phenyl1) -3 - (cycl ohexyl methyl)-3 , 4-di hydropyrazino [2,3 -

b] pyrazi n-2(1H)-one. 100441l n some enbodi ments of conmpounds of fornula (1),
Rl is substituted or unsubstituted aryl or substituted or unsubstituted
heteroaryl. In one enbodinment, R is phenyl, pyridyl, pyrimdyl,

benzi m dazofiyd 15 ikl lind MBanab Ybo3/a123yrEel 0k2 pdgd] pirkiddylpagd 2, line 27),
H-i m dazo[ 4, 5-b] pyrid [, 1Him dazo[ 4, 5- bi pyri.di n- 2&\?”_?28

3Him (rjrgzg’_[’@,@m&%%' ¢ €-Zorpagy i abes] %/IO, pag&hlinpi DoAY XY Zg/é%%%sﬁt(ﬁﬁeeﬁg"l n
sone enbodi nent,s | S b i e i t
i ndepenpler‘i’ta?eyp’s1 ffeeh Oenﬁg? ?21%@%’%13 gﬁﬁ%ﬁﬁﬁgﬁﬂ%ﬁg@ P ebIg;pi Fltgétg gg%ériqﬁl@ >
unsubst i t BugdvCLM@salky19 (stare. @xampllelinerétdylge 4, §ubsT) ardf BA0GH 112003 (see,

bstituted het Lyl (f | e, i i
T azol yl ot isys emirgbrp Mo GrPos or. ket ol o0 P R WhER et
cyano, hyg’é’(}éé‘%’lrﬁ%g h%r)%nloig 3}F)&gu € TORA Q¥ F?x’fl}fﬁpi%r} carPBo XiAE @ ¥ stdndat herl-

enbodi men Sstituted with one or nore substituents,
i ndependennbynseheetenefodaophecgr.aupaonsl sdvayedOrgabe Chemiséd: Beactions

unsubstituted C 1 8 alkyl, substit d Qr_.unsubst i t ut het er clyl (for
exanpl e, Mffg‘t‘"‘?‘?ﬁ‘?ﬁ%ﬁyﬁﬂgﬁbﬁﬁ F‘i"ukl (Se(% tﬁ?rg%lni/%r%al%%sleggé%, Iglrg%%r%‘éca)r/boﬁlyI ,
cyano, hydbLanyahdeVdr.fornfdta (@ dnd Megmetigesahérefae hudddmendeyendiatle yr ¢dn or a
substituted or unsubstituted Cl4 al k In yet other enbodjnents i

L | al kyl . 11 ] R is
1H pyr ol dlerapapddolyoaymmsrciplin zvmﬁa&ézmtwléls asiBs kepyn symngty ragiheds 4ngt ed
wi th one or nore bstituents . .
consi sti nd.e?ﬁen ugéﬁ}c éncf%gord%d%%%@??%ﬁ%%x(@%gﬁﬁeﬁ £rgnmdsubﬁleﬁg{nqgvﬁér ein
388255 I's Aﬁ}dﬁ@%ﬂlﬁﬁl | 1y9H,6?2r, fikedsodasbdrt18t 2aD7ot). SinspbisttidruNed! 1097%5.60 7% filed

n sone enbodi nent [
e, Shod rent s 8T ASAMRAUnES, 21/6h 258 Red bliob 26,3009, each of
which is incorporated by reference herein in its entirety. In a specific embodiment, the TOR

kinase inhibitors do not include rapamyecin or rapamycin analogs (rapalogs).

52  METHODS OF USE

[0031] Without being limited by theory, it is believed that because 4EBP1 (4E-
binding protein 1, also referred to herein as “p4EBP1”) is a direct substrates of TOR kinase
(i.e., TOR kinase catalyzes the phosphorylation of 4EBP1 to p4EBP1) the inhibition of TOR
kinase activity in vivo can be measured by determining a subject’s pAEBP1 levels (e.g.,
fevels in a biological sample from a subject) pre- and post-treatment with a TOR kinase
inhibitor.

[0032] Accordingly, provided herein are methods for detecting or measuring the
inhibition of TOR kinase activity in a subject, comprising measuring the amount of p4EBP1
in a biological sample from said subject prior to and after the administration of a TOR
kinase inhibitor. In one embodiment, the amount of p4EBP1 is measured using tlow
cytometry.

[0033] In one embodiment. the amount of p4EBP1 in whole blood trom a subject is

measured. In another embodiment, the amount of p4EBP1 in peripheral blood mononuclear
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WO 2012/ 016113PCT/ US2011/045842 1 -(CR2),OR N1l NN,p NR2 Rm-(CR2),OR
wherein Ris at each occurrence independently H, or a substituted or
unsubst i twoedi2@idi1al kyl (for exanple, nethyl); R is atPeadais2aganudsaence

i ndependently a substituted or unsubstituted Cl4 al kyl, hal ogen (for
exanple, fluorine). cyano, -OR or -NR2; mis 0-3; and nis 0-3. It wll be
understood by those skilled in the art that any of the subsitutuents R may
be attached to any suitable atomof any of the rings in the fused ring
systens. It will also be understood by those skilled in the art that the

connect i NGOt s RrorhdesbRoat ekahired N Hosias tinbgdiaiy, thé A8purtay pREBP L
attached to any of the atons in any of the rings in the fused ring systens.

1004611 n Soawissretipteiien acubisoni siaeredf [ another gmbpyiment, theaamewrey, OR
p4EBP1 in a tumor sample from a subject is measured.
[0034] Further provided herein are methods for determining a dose-response
relationship for the administration of a TOR kinase inhibitor to a subject, wherein said
subject is administered varying doses of said TOR kinase inhibitor and the amount of TOR
kinase activity inhibition in said subject resulting from each dose of said TOR kinase
inhibitor is determined using a method provided herein.
[0035] Further provided herein are methods for determining whether a subject is
sensitive to a TOR kinase inhibitor, comprising administering said subject said TOR kinase
inhibitor and determining whether or not TOR kinase activity is inhibited in said subject
using a method provided herein.
[0036] Further provided herein are methods for determining the effective amount of
a TOR kinase inhibitor for the treatment or management of a disease in a subject,
comprising administering said subject varying doses of said TOR kinase inhibitor and
determining the amount of TOR kinase activity inhibition in said patient resulting from each
dose of said TOR kinase inhibitor using a method provided herein.
[0037] Further provided herein are methods for treating or managing a disease
associated with TOR kinase in a patient having a disease associated with TOR, comprising
administering to said patient an effective amount of a TOR kinase inhibitor, wherein the
effective amount of said TOR inhibitor is determined using a method provided herein.
[0038] In certain embodiments, the methods provided herein are carried out by way
of contacting a biological sample from a patient with a TOR kinase inhibitor ex vivo. For
example, instead of administration of a TOR kinase inhibitor to a subject, methods provided
herein can comprise measuring the amount of p4EBP1 in a biological sample from a
subject, contacting said biological sample with a TOR kinase inhibitor ex vivo, followed by
measurement of the amount of p4EBP1 in said biological sample after said contacting.
Accordingly, provided herein are methods for detecting or measuring the inhibition ot TOR
kinase activity in a biological sample from a subject, comprising measuring the amount of

p4EBP1 in said biological sample prior to and after contacting said biological sample with a
-9.



,NRNRMN, (CR2Z)OR Nr: =\ R'm O - 13 - WO
2012/ 016113PCT/ US2011/ 045842 wherein Ris at each occurrence
i ndependew0l2y121618 a substituted or unsubstituted C -4Ppalfkyko11Bussus at
each occurrence independently a substituted or unsubstituted Cl4 al kyl,
hal ogen, cyano, -OR or -NR2; mis 0-3; and n is 0-3. 10047]In sone
enbodi ments of conmpounds of formula (1), 12.2 is H substituted or
unsubstituted C1_8 alkyl, substituted or unsubstituted cycloal kyl,
substituted or unsubstituted heterocyclyl, substituted or unsubstituted C 4
al kyl - het er@R Xflayd inhfidds bt tiwb eth @te amisudhatit theechoGhdo a4BHP1as yeaswed
substituted or_ unsubstituted C1,4 al kyl-cycl oal kyl. For exanple. R2 is H,
met hyl , etusie oy f)ﬁ@'ﬂﬂr,y' i sopropyl, n-butyl, sec-butyl, isobutyl,
tert-but yg?ﬁfﬂpent Y c%ﬁﬂﬂgﬂ}b\éhi’m&%ﬁ; LR J%tv)éiu’e FUEHRAPBYYIM o less, about 100
tetrahydroruranyl, tetrahydropyranyl, (Cl-4 alkyl)-phenyl, (Cl4
al kyl ) - cyaiNd e 6py,laboGtQD4u I deydsy-abpol bt ¢ less or about 0.10 uM or less indicates that a
TOR kinase inhibitor is effective for treating a disease associated with TOR kinase activity,
such as a disease provided herein.
[0040] Further provided herein are Kits comprising one or more containers filled
with reagents for detecting p4EBP1 using flow cytometry and instructions for detecting
p4EBPI using flow cytometry. In one embodiment, the kits comprise one or more
containers filled with an anti-p4EBP1 antibody. In certain embodiments, the anti-p4EBP1
antibody is Alexa Fluor 647 mouse anti-p4EBP1 or an anti-p4EBP1 antibody conjugated to
Alexa Fluor 488. In certain emobidments, kits provided herein further comprise one or
more TOR kinase inhibitors, such as those provided herein, incorporated by reference herein
or those known in the art.
[0041] In one embodiment, the patient has a solid tumor cancer. In another
embodiment, the patient has a blood cancer. In a particular embodiment, the blood cancer is
leukemia, such as chronic leukemia, acute leukemia, erythroleukemia, lymphocytic
leukemia, myeloid leukemia or myelogenous leukemia. In another embodiment, the patient
has a blood cancer other than lymphoblastic leukemia (e.g., T-cell acute lymphoblastic
leukemia).

5.3 ILLUSTRATIVE TOR KINASE INHIBITORS

[0042] Illustrative TOR kinase inhibitors include, but are not limited to, compounds

having the following formula (I):

RZ
R3
R N N R4
O
/
N N 0
H
(H
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(C1l-4 al kyl)-cyclopentyl, (Cl-4 alkyl)-cyclohexyl, (Cl14 alkyl)-pyrrolidyl,
(C14 al kyl)-piperidyl, (C -4 alkyl)-piperazinyl, (C 4 alkyl)-norpholinyl,
(C1_4 al kwbpetatisabydr of uranyl, or (Cl.4 al kyl) -t etrahy@copgse@nphissrach
optionally substituted. [0048]In other enbodinents, R2 is H Cl4 alkyl, (C
l4al kyl)(OR), R R" / \-0 kt N'/1r/1 Ozt-{-1l---) wherein R
is at each occurrence independently H, or a substituted or unsubstituted
Cl-4 alkyl (for exanple, nethyl); R is at each occurrence independently H,
-OR, cyano, or a substituted or unsubstituted Cl4 al kyl (for exanple,

nmethyl); and p is O-zd fHA8AQELtIcslgrRc e eitoelhtheindss solRes, Stekboilideral Kyl
(C 1-tal kyl)(OR), wherein Ris at each occurrence
mdependeri@‘ll"y”ﬁrS anrd prodiuss tharerfeWheiemunsubst i t ut ed Cl 2 alkyl; R is at

each occurrence inde pndent r..
unsubstituted G _2 k§§“b%%%‘%%7%gr%%nxﬁéggéfkﬁ?§8ﬁg%3F%8fu@Wﬁ%&PW@ﬁF@ of
conpounds Qfsd@fmdr anddbbuituRR 30RaRRE sQbstin@c@BHuiRdbitRARH Reterott B, the at ons
to which they are attached forma Substituted or unsubstituted

het er ocyc| spbstitFer oexambbétutddrhesosorycbidibdi nent s, the conpound of formula (1)

'S R? is H, substituted or unsubstituted C1.g alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocyclyl, substituted or unsubstituted
heterocyclylalkyl, substituted or unsubstituted aralkyl, or substituted or unsubstituted
cycloalkylalkyl; and

R? and R* are each independently H, substituted or unsubstituted C,.g 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 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 RY, together with the atoms to which they are

attached, form a substituted or unsubstituted heterocyclyl.

[0043] In certain embodiments, the TOR kinase inhibitor is not a compound

HO@\[ (©\O/
NN
‘ NIHLO

6-(4-hydroxyphenyl)-4-(3-methoxybenzyl)-3.4-dihydropyrazino|2,3-b]pyrazin-2(1H)-one;

depicted below, namely:

-1l -



NON, or wherein Ris at each occurrence independently H or a
substituted or unsubstituted Cl4 alkyl; R' is H OR or a substituted or
unsubst i twoedi2@iéd3al kyl ; and Rl is as defined herein. [PODAB2IN/0$IBAE
enbodi ments of conpounds of formula (1), R3 and R4 are both H [In others,
one of R3 and R4 is H and the other is other than H In still others, one
of R3 and R4 is Cl-4 alkyl (for exanple, nethyl) and the other is H 1In
still others, both of R3 and R4 are CI _4 alkyl (for exanple, nmethyl). WO
2012/ 016113PCT/ US2011/ 045842 [ 005211 n sone such enbodi nments descri bed
above, Rl |sng@5ﬂ1ﬁyh&d&@ﬂsqngﬂbﬁﬁWButgdomﬁyhnmbw}§u%émvm@p@dzmnﬁfﬁ
unsubstituted heteroaryl. For exa phenyl, pyridyl, pyrimdyl,
benzi mi dazol yl, indolyl, |ndazonP YTﬂJb IkéﬁﬁfQ 3- blpyrldyl
1H—inidazol4,5-131pyridy| 1H i mi dazo[ 4, 5-b] pyri di n- 2( 3H) - onyI,

3H-im daz8[-4, 5- bj pyridyl, or pyrazolyl, each optionally substituted. In
sone enbodi nents, R is phenyINsHQstltuted with one or nore substituents
i ndependent |y sel ect ed fromthe group consisting of substituted or
unsubstituted C 8 al kyl, substiftu gd pr unsybstituted heterocyclyl,

hal ogen, ami nocarbonyl, cyano, hydrax¥a N roxy. In others, R is
pyridyl substituted with one or nore s bstli t uent ndependent |y selected
fromthe group consisting of cyano, substitlited of unsubstituted Cl_8

al kyl , substituted or unsubstituted heterocyclyl, hydroxyal kyl, hal ogen,
am nocar bonydy.s-(4RH-andt-r¥281-5 h&iy)-BagkidRek gnie E,ﬂdﬁhibtdr(yp}lrbmmlfpé-
substltutedM%#SJﬁgﬁézgltuted CYDE aRE@I In otﬁergggﬁﬂ IS

1H pyrrol o[ 2, 3-b] pyri dyl or ben2|hﬁﬂ@%@m§{ Jo¥i onal |y substituted with one

or nore substituents independentl sel ect ed. fram the S |ng of
subst it ut 8044 unsubBseE F@Bo@ﬁpeﬂé %ICRWO“%d’f?Wla %ﬁ‘é? e‘? ﬁ&lﬁtl§ &t
I ndependen) rr%L sHEuteQir a (ﬁ'%gﬁgd thidd %fiuﬁubkmﬁféﬁ %Teie'%d%ltrgﬂd 1£dne dmBbditend ®OF311 n

certain e Iments, e COI’TpOUI’] s of formula have an Rl group set

forth her ephan}Anﬁyrﬁilyl R rigridyl phesetmitiazclyl, ndpbil.in a[zetyMﬂﬁygew wdidybnt s of
ds of . f.
goggﬁfgyfﬂgi i nR%?HvP%HP&hgi qgﬂaggséﬁﬁ? hééH605¥k%§fg%¢aOgﬁsethyl) 3,4

é ?'Afhydr ﬁ@)l\fﬁﬁf Q)[r%yéizgﬂyp%ﬁé}ib;?ho%ﬁﬂﬂg&ﬂﬁmd In some embodiments, R' is pheny!
met hyl-'6- triazo

-y ) 4- (( tsebsmxhty@lmthmepyrr@me byl e}?ﬁﬂ@ﬂ“ﬂﬁ“cl?%%lﬁ%w 16 Z{ consisting

[ 2, 3-b] pyrazin

6-

ne

(5-fl uor’d?® Hﬁ%ﬂg% %bf%iﬂTE%CﬁS?mydgIﬁ%?%ﬁ%I???ﬁ%éubﬂ??eéngTﬁ?ﬁnuwd

t hoxycyq{e@h@yﬂv) et bydn)pla shbelitted mwMzmtnmEiZm&omlwwwww( Mb’%@rféor
6-(5-tluoro-2-nmethyl-4-(1H1,2,4-triaz h Iyl |
net hoxycy@l@%@@ﬂ)@f@ﬁ%yﬂ“}mg&&b%yﬁfd P’Eﬁ)&‘ﬁ grﬂx%%lt(gl %0 TW a Wfogquy 5784
6- (6- ( 1+ ]lg%ho%(gt rhl) 8&1%1 erﬁb%(cil)rg}{{)' Rip ﬁrlﬁ}l) susdibuangr Afer@tnlﬂﬁ&é@%@lk&hﬁxw ) et

hy1) - f opyrazi no zin-2(1H) - one;
mdependently selected from the group c0n51stmg ot substituted or unsubstituted C,.g alkyl,

substituted or unsubstituted heterocyclyl (for example, substituted or unsubstituted
triazolyl), halogen, aminocarbonyl, cyano, hydroxyalkyl, -OR, and -NRo, wherein each R is
independently H, or a substituted or unsubstituted Cy.4 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.

[0045] [n some embodiments of compounds of formula (1), R'is

S12 -



WD 2012/ 016113PCT/ US2011/ 045842 645 -fluoro-2-nethy(-44 1 H 1
,2,4-triazol -3-yl)phenyl)-4-((trans-4-

hydr oxycywbahexybiiaet hyl ) - 3, 4- di hydr opyr azi no[ 2. 3- b] pyr 2irS2¢1104381) - one;
6-(6-( 1 H 1 ,2,4-triazol-3-yl)pyridin-3

-y1l)-4-((cis-4-nmethoxycycl ohexyl)nmethyl)-3 ,4- di hydropyrazino [2,3

-b] pyrazin-2( 1 H-one; 6-(6-( 1 H 1
,2,4-triazol-3-yl)pyridin-3-yl)-4-((trans-4- hydroxycyclohexyl)nethyl) 3, 4-

dlhydropyra2|no[2 3-b] pyrazin-2( 1 11)-one; 6-(6-( 1 H
,2,4-triazol-3-yl)pyridin-3-yl)-4-(cRs-4- hydroxygxclohexy -3, 4-

dihydropyrazin 233- bl pyrazi n-Z(3 ne, 6-08-¢"'1 H 1N

.2, 4-triazol - 3y ppfraidR 3 -y - }(@us 4-@ ygycl oh %QHQWS 4-
-ZR 1 14)- onéfgﬁﬂ ﬁluonqi met hyl 1

dlhydropyra2| 2,3 -b] pyra
14- 1 ,2,4-triaZol-3 - yI)phenyl 4 (trans 4-Tret Hoxycycl oh&xyl ) -3 ' 4-

dlhydropyra2|no [2,3 blpyraz b H-one; 6-(6-( 1 H 1RN-
,2,4-triazol - er -44£trans 4AME oxycycl ohe I\ 3 ,4-
dlhydropyra2|noL prra2| rE) - one; 6-(1 H 1 g
,2,4-triazol - erdln 3 - ) Rh(trans-éqﬁy :oxycycl oh )-3, 4-
dlhydropyra2|no -b] pyrazin-2( 1 Hy-one; 6- (%-fluoro- -methyl-44 1 H 1
,2,4-triazol -3-yl )phenyl) 4-((ci s-4- hydroxycyclohexypnethyl)-

,4-dihydropyrazin 2,3 - b]pyraﬁNﬂ\Z( 1 H)-ong., 6- (6 1 H1~=
.2,4-triazol -3-yl %y i di n- 3- ylé/Lj;WIS 4- net ox clohexyl) NR
( )

di hydr opyr azi no[ pyra2|n- one; 1 H 1

-yl)pyridin-3 yl ) '©2- met ho hyW) 3,4 \/y @pyra2|no i
bl pyrazin-2( 1 ne 6-(6-(~1 H1,2,.4- bmﬁ?zol 3-y1) pyri #i.n-3 | or
-yl)-4-isopropyl-3 , |hydropyra2|no [2 3 pyrazin- 2( 1 H)-one;

6- (5-fl uoro-2- nethgm 4 1 H 1

,2,4-triazol -3-yl) phepNR) - 4- (ci s- 4- hydr oxycycl ohexyl )-3 , 4- di hydropyrazi no
[2,3 -b] pyrazin-2( 1-Hg-one; 6-( 5-fluoro-2-nethyl-44 1 14- 1

,2,4-triazol -3-yl nny-4-(cis-4-nethoxycyc|ohexyl)-3,4-

di hydr opyr azi no[ 243- b] pyrazi n-2( 1 H)-one; 6-(5-fl uoro-2-nethyl - 44 I, 14- 1
.2,4-triazol -3-yl)phenyl) - 4-(2- et hoxyet hyl) -3, 4-

di hydropyrazi no[ 2, 3-Rhq¥inaZ isht 4chloctddrer@@Endependently H, or a substituted or

unsubstituted C,.; alkyl (for example, methyl); R” is at each occurrence independently a
substituted or unsubstituted C, alkyl, halogen (for example, fluorine), cyano, -OR, or
-NR,; 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.

[0046] In some embodiments of compounds of formula (1), R'is

N=\ Nj\NR
©/(CR2)nOR @/L\N,NR _N._-(CRy);0R /N]/L\N'
| T g
%, CoESY A NN
S Ne . NN G ¢
}LS-L\ l A }“51 l\\l/\R'm ‘ 3771 /\R'm ,or L/L'7'LL /\R'm.

Ry



WO 2012/ 016113PCT/ US2011/ 045842 6-(6-( 1 H 1

,2,4-triazol -3-yl)pyridin-3-yl)-4-(tetrahydro-2H pyran-4-yl)-3, 4-

di hydr opyweazorea12113- b] pyrazin-2( 1 H)-one; 6464 1 H 1 PCT/US2011/045842

,2,4-triazol -3-yl)pyridin-3-yl)-4-ethyl -3, 4-di hydropyrazino [2,3

-bl pyrazin-2( 1 H- one; 6-(5-fluoro-2-nethyl-44 1 H 1

,2,4-triazol-3-yl) phenyl)-4-(trans-4-hydroxycyclohexyl)-3, 4-

di hydr opyr azi no[ 2, 3-b] pyrazin-2( 1 H)-one; 6-(5-fluoro-2-nmethyl-44 1 H

1,2,4-triazol-3-yl)phenyl)-4-(tetrahydro-2H pyran-4-yl)-3, 4-

di hydr opyr azi no[ 2, 3-{epsih ®zis at 2(chbetlrr@ne indpéritehily oF, OfZSmifE:hhyd:d a4 1 H 1
,2,4-triazol - 3- yI) henyl) - 4-i soprapyl -3 , 4-di hydr opyr azi

b] pyr azi n-@éu@tlwecg@e: algyle Ry at GaqP5o9e P TBRCS- IQderPE{’ W&PUESWIP

2, 4-1ri az ub%”u\(lc?@ cﬂx )hgigeja ? %&g@f?ygzraﬁ'@ m[ngPS an@h@é’@@z' n-2( 1

H) one; 6- or 6-2 4-triazol-3

-yl) pheny]{bﬂ-ﬂq( tetr QH¥€I1'§19 e%o%&%&%%bﬁn&oﬁbhﬂ\ﬂﬁ @DYRza&lmQ,uBQm&ed or
- Npyrazi n-2 H) - one; 6-(3-fluoro-2-nethyl-4-( 2,4-triazol -

-y1) pheny ]Lylsudss(lmt@i 4. ﬂdkﬂomymlmbybsgtutm cmlq@yl@fldplpptggqeﬁ@r Pgs@stltuted
- bl 3-
12 4 o1 desrode Dy DRSS SR P o Ehutastyppsigud o

di hydr opyrnagimenfidd @M Qkpiyérzlz bRs@stitutdd) orameibstituted C alkyl cycloalkyl For
4- (2- met hoxyet hyl ) - 6- (4- met %264 1H1 ,2,4-triazal -3-y %/u&z 3, 4-
y

di hydr opyreazinplsi R & Hprthalzp (O-Aropyl. sARFOPEL pPulylases: blltyl lsobutyi fert-

d?hidﬁékif&'z R OB D S R e Baigld AT S0 BBl 6. oxo- 5
, 6, 7, 8-t et(CahylkyDphieagll (O [a2k3)-llgyopyi (rCua-aW%dy‘clmﬁyl pi col inanide; 3
_&Syfgg.ﬁ 2 Chehr ahyar O BT PY LA AR & Dy e Srlofly @y dr opyrazi nof 2. 3
(Cy.4 alkyl)-piperidyl, (C.4 alkyl)-piperazinyl, (C4 alkyl)-morpholmyl,
(C .4 alkyl)-tetrahydrofuranyl, or (C .4 alkyl)-tetrahydropyranyl, each optionally substituted.

[0048] In other embodiments, R? is H, C,. alkyl, (Ci4alkyl)(OR),

34"\@ E*’\O /ﬂ\/\/7

i %
iﬁ.'/\ ENKJO Eﬁ\(\/\r\\m

, or }'{HP\\/O\R

3

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 H,

-OR, cyano, or a substituted or unsubstituted C,_4 alkyl (for example, methyl); and p is 0-3.

[0049] In some such embodiments, RZisH, C 4 alkyl, (C,.4alkyl)}(OR),

- 14 -



yl) benzam de; 3 -(6-0x0-8-(2-(tetrahydro-2H pyran-4-yl

)ethyl)-5,6,7, 8-tetrahydropyrazi no[ 2, 3-b] pyrazi n-2- yl)benzonitrile; 5-(

8- (t r ans-WORBt¥ Y&y cl ohexy0- 6- oxo- 5, 6, 7, 8-t et r ahydr oPy P&EIUSBOI[1943§42

- Npyrazi n-2-yl1)-4- methyl picolinamde; 6-( 1

H i m dazo[ 4, 5-b] pyri di n-6-y1)-4-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3, 4-

di hydropyrazi no[ 2, 3-Npyrazin-2( 1 H-one; 6-( 1

14-i ndazol - 6-y1) - 4- (2-(tetrahydro- 2H pyran- 4-ypet hyl ) - 3, 4-di hydr opyr azi no[ 2
,3- Npyrazin-2( 1 H-one; 4-(( 1 R3

S) 3- et hoxycyclopentyl) 6- (2- meghyl- 6- (4H— i
,2,4-triazol -3-yppyridi n: o[y yraz /:?b]pyrazm 2( 1
14)-one; 4-(( 1 S, 3R - Smyclopent 6(2r’r€thyb6(4l—l— 1
,2,4-triazol -3-yl)pyridin-3-y1)-3,4- dihydropyrazino [2,3 -Npyrazin-2( 1
14)-one; 4-(( 1 R3 R - 3rrethoxyc<yc| nty 6-(2-nmethy -6-(4H 1

,2,4-triazol -3 -yppyridin-3 - opyrazi 2 3-b] pyrazin-2( 1
H -one; 4-(( 1 S, 3S)-3-netiio cy Iopentyll/ (2- B- (4H 1

, 2,4-triazol -3-yppyridin-3- yl) , 4- di hydropyrazi no[ 3 b] pyrazin-2( 1
14) - one; 4-ethyl-6-(2-nethyl - (4H- 1,2,4-triazol- -yI)pyridin-3-y1)-3
, 4-di hydropyrazino [2,3 - B WN== R:L 14)-one; 6-( 1 Hpyrrolo[2,3

-prrldl n-5 -yl)-4-(2- (tetrahydro\ZH»’ yran 4typetdyl ) -3 ,4- di hydropyrazi no
[2,3 - prra2|n 2( 1 H-one; 6-( 1 & &

I[+2| gd?l b] p%j’l. ZiZl4n( g( (\g_eéé_l)alh %éa.ct) e%cﬁ(o%%/{lggnc% 11¥£e%ter?c¥en%1y§{ ora subs\{ltutch Xr a.ZI no
H-i ndol-5- hssfh&t@d éﬁ _%vkwﬁ n@at?elakma&&&eéceyﬁe&ﬁwhém@, ﬁ-.@mwmpm gzino[ 2, 3-

b] pyr azi n-2 4= (((
- met hoxycyscubstpemly)r)xnstbhtyﬂu)edGEI(zZﬂkvéIWJp1640614H- 1,2, 4-triazol-

R TR R s e S f%za@mnﬁoéz“ a

1) pyri di g ghd-RMbetBerdvich hﬁédlf&ﬁwoazmm{ea ,aae AlRNERDIR-Hubstithded @A €E;
(3-fluoro-2-nethyl-4-(4H

4-tri aZpisulBiyyty h@ﬁtgmydmL (@r @mﬂplawmpmszzﬂlemwhwmpépf 3
di hydrofg%@gil % [2,3 -Npyrazin-2( 1 H)-one;

Rﬂﬁf tif Tif

R

If Yif

wherein R is at each occurrence independently H, or a substituted or unsubstituted

-y
1
-y
6-
, 2,
A-

k

C,.4 alkyl; R” is H, OR, or a substituted or unsubstituted C 4 alkyl; and R' is as defined

herein.

[0051] In some embodiments of compounds ot formula (1), 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 Ci4 alkyl (for example, methyl).
- 15 -



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

2- met hoxyet hyl )-3 , 4- di hydropyra2| no [2,3 -b]pyrazin-2( 1 H-one; 3,3
-di net hyIwo zommenhyl 6-(4H 1 PCT/US2011/045842
2,4-triazol-3-yl)pyridin-3-yl)-4-((tetrahydro-2H pyran-4-

1) met hyl ) - 3, 4-di hydr opyr azi no[ 2, 3-b] pyrazin-2( 1 H)y-one; - 19 - WD
012/ 016113PCT/ US2011/ 045842 6- (6-(2-hydroxypropan-2-yl)pyridin-3 -yl)-441
R, 3S) - 3- met hoxycycl opentyl) -3 , 4- dihydropyrazino [2,3 -b[pyrazin-2( 1
H) - one; 6-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-4-(( 1 S,3 R-3

- met hoxycy@ég@e nty1)ia3omé sudi &M&ﬁm@a&mbé@a&v@] RYFsagbaidéd br H) - one;
6- (6- (2- hydroxypropan-2-yl)pyridin-3 -y1)-4-((( S,395)-3

- et hoxy c yabdpemtsd %rmbphwb)stl@tedmr WW@F%%?@Q@M oFar Q"lﬁmﬁiﬁr R |‘§1P}E’(‘I

one; 6- a I
-Hznet hoxyc@&’ldgég?’fg @i’eyk{) %H%ZOI% :}155/1% gnopy Ea)z/llﬁng (ﬁé[zl%thé n 2( 1
H) - one; 1(f§rrﬁziam{dr5qaqppzﬁ@nam2myda)z@ms H]plyflam‘}@){-)@ﬂ;’kl S,39)-3
- met hoxycycl openty1l) - drop razi no ra gﬂ I;Ql
6- ( 6- (2- hydH awip:cdﬁérb]mw})lp@frn Eeai) eagh pp Onagl(ww{‘-'@t P§ b sohie ertbodifiens,
- met hoxycygl e;
A B sl
- et hoxycygrb(qp@nmghhgref fupkiituBed, of -unslitisyiolitad 1.ead kylosybati®tedbjrpysehstipte( 1

H) - one; 6(6(2h opan- 2- ridin-3 R

- et hoxyc Feé‘b‘é’ﬁ 5%{&}?&%‘?8 nigogarb %‘?3%:3% Qiqxﬁ%@%l @dﬁyﬁ?gz H%ESH)R dhe;
6-(3 -tlu dyl ituted with e substi tuents independently selected from the group
,2,4-tria 3/?‘ g s{;)uenyWl -%neozrnr]r%rt hox let 3p 4- di g ydr opyr azi no[g2 -

b] pyr azi n- c@@smm@ ofaryeno, Gubs;ltutradi uonxaﬁuhst(mil@ld 1, gzika{l,tsrlb%;i@t?d gt ‘}IPS}JBﬁéHS?E‘L) 4-(2
(tetrahy ro- 2H- a th I 0 n-2( 1
H-one. T AR ek St G ] 2PN agd Ok T?r\eréﬂ PYHA s
-((tetr ahM@’éﬁén@éﬁtl@m Qﬁ*'a%ubﬂti)tﬂ@ﬁ byhﬂsubéutuldﬁmlmalk{ytl: yI @pestRine- 1
,2' -pyrazino [2,3 - b]b yrazin]-3' (4 ne;
1H-pyrrolo[2,3 E)pyrxdyl or benzmndazolyl optionally substituted with one or more

substituents independently selected from the group consisting of substituted or unsubstituted

y
2

C)g alkyl, and -NR,, wherein R is independently H, or a substituted or unsubstituted

Cy.4 alkyl

[0053] In certain embodiments, the compounds of formula (I) have an R! group set
forth herein and an R? group set forth herein.

[0054] In some embodiments of compounds of formula (I), the compound is
6-(1H-pyrrolo[2,3-b]pyridin-3-yl)-4-(2-(tetrahydro-2H-pyran-4-yethyl)-3.4-
dihydropyrazino[2,3-bpyrazin-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(1 H)-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(1 H)-one;
6-(5-tluoro-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-yD)pyridin-3-y1)-4-((rrans-4-methoxycyclohexyl)methyl)-3.4-
dihydropyrazino[2,3-b|pyrazin-2(1H)-one;

- 16 -



-(2-nmethyl-4-(4H 1 ,2,4-triazol-3 -yl)phenyl)- 1
-((tetrahydro-2H pyran-4-yl)methyl)- | Hspiro[cycl obutane- 1
, 2' - pyr azwoap/@etaBpyr azi nj - 3' (4' H) - one; PCT/US2011/045842
4- (cycl opropyl met hyl) - 6- ( 6- ( 2- hydr oxypr opan-2-yl ) pyri di n-3-y1) -3, 4-di hydrop
yrazino[ 2, 3- b]pyrazin-2( 1 H-one; 7'-(2-nmethyl-4-(4H 1
,2,4-triazol -3-yl)phenyl)- 1 'H spiro[cycl opentane- 1 ,2'-pyrazino [2, 3-
b]pyrazin1-3'(4'FD-one; 7t-(2-methyl-4-(4H4 1 ,2,4-triazol-3-yl)phenyl)- 1
"Hspiro [cycl obutane- 1 ,2'-pyrazino [2,3 - b]pyrazin}-3' (4" H-one; W
2012/ 0161 33BGHI S0 PUEBAZ 173, 44&2@313@5!%411}(1}14%0&0%4-
1,2,4-triazol -3-yl)phenyl)- 1" ro[ cycl o opane- -pyrazino [2, 3-

bl pyr azi nbyQOQWMmNﬂ)mQWD@% 4“’0’4?@11”322‘0&2 il %}%:Fm@(”)ﬂ ?‘Eﬁnenyl) 4- (
(retr ahydfgg(%gf %4 ARy ) B 0P RRIAR idhekyn Rle pzkn- 2( 1

H) - one;

, 2, 4-tri agelyd k&@mﬁmyﬁjpﬂa@ﬁt&tﬂabmﬂrofuran 2-yOret hyl) - 3, 4-
dlhydropyra2|no pyr azi n:

H i ndazol 6 hzéﬁfle%‘ét3r}eﬁhR/‘6F€“‘éF¥lb§K§W”4 %/b)}dé?Wfloéewlm‘m}ﬂ ¥865r azi no

[2,3 - D] ngz i

4- ( 6- oxo-@*?? 6@3%&§ﬁy§%§ Hf8j¥é% 4 yI)eth 1)-5 ,6,7,8-tetrahydropyrazi no
[ 2. 3 - b] pyr@z(il B 22, 4ytripbdrie gnpytetin-4- 3(24+fezts+=ﬂobo¢e@mwlobexyl) -3,4~

-di met hy1- 6- (2- net 4-triazol -3 -yl)phenyl)-3, 4-
d|hydropy@gﬁdﬁﬁﬂT§“%i2§ﬂﬂﬁyﬁ?Pﬁxg?)fn - one;

4- et hyl - 3,3 ot b)ﬁlmﬁz&%* gl%ﬁvdmé }(lilh'lr((cls 42Lyérotx§/tﬁ1@ﬁex§l-)1y1bt)h9be3)4ll) 3, 4-
dlhydropyra2|no [ 2, Npyr a & one; 6-(2-nethyl-4-(4
1,2, 4-tri aizfqidr@)yrgﬂll)q;[ﬁérlgﬂmyra@nﬂz( HWG? opyrazino [2,3 -b]pyr a2| n-2( 1

3
T MR S B A s b a2l L 0
gyraZI n- ﬁ(déﬂydlrﬁzpy@mmoQR)blﬁyx(aﬁme(lHahyetr oxget hyppyridin-3 -y1)- 4b( ,
T 1 o ia{og 1 il Bk mppole- yporrspoprs - RO S ARG 3. - P pyr ez n-2(

, 2, 4-1 t 2H 4- vyl thyl)-3
2 hydr G e N Ly one YY)
6-
6-

2 h}éd(fé@@dypl‘[ aplamra2@1y3l)/L)p,ymrhnﬁyﬁMF(W@nMSLyyl!LC)X—YAYC(l@h&?&N@ =¥4et hoxy- cycl oh

I , 2,3 2( 1 H)-
Y 2 h %&?%’ §ﬁ5%a§§§g@nﬁgﬁﬁ§Pé§?fhpn g yl) - 40??tetrahydro 2H pyran-4

(
(
met hyl&cls ?ru&odz Jﬁm@mxmzr @ahaa;?owb} PHeAFl)A=Rbis-3- H) - one;
3- di met hy 2-meth

)
4-tri aZWHrcsiynglpit%mS)m)et@ )43 éhdHWMpwzalzq[ﬁé Ylpyrgzin-2(1H)-one;
6-(6-(1H-1.2,4-triazol-3-yl)pyridin-3-yl)-4-(cis-4-methoxycyclohexyl)-3,4-

6- (
exy
6- (
- y|
3,
, 2,
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;
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blpy razin-2( 1 H)-one; 3,3 -dinmethyl-6-(2-nmethyl-6-(4H 1

,2,4-triazol -3-yl)pyridin-3-yl)-4-( 2-(tetrahydro-2H pyran4-yl)ethyl

) - 3, 4- di hworoymeuwdno[ 2, 3 -b] pyrazin-2( 1 Hy-one; WO PCT/US2011/045842

2012/ 016113PCT/ US2011/ 045842

6- (6- (2- hydr oxypropan-2-y1)-2-net hyl pyri din-3-yl1)-4-((tetrahydro-2H pyran-4
-yQOret hyl ) - 3, 4-di hydropyrazi no[ 2, 3-b] pyrazin-2( 1 H)-one;

6- (6- (2- hydr oxypropan-2-y1l)-2-net hylpyridin-3

-yl)-4-(trans-4-nmet hoxycycl ohexyl)-3 ,4- di hydropyrazino [2,3 -Npyrazin-2(
1 H)-one; @ 'lﬁ (@4(&131201 3 l)p ridin-3-y1)- 4 (tetrahydro-2H-pyran-4-yl)-3.4-

- hydr oxyet hyI )pyr| i n- -y 4y l(ilt et rahydro- 2H pyran- 4-yl ) et hyl ) - 3, 4-

di hydropyrddzyldmym@%d@p;hafami((l >Ppeione; 3, 3-di met hyl- 6- (2- net hyl - 4- (4H

L2 ﬁy;;@a@ E’fh%%‘%ég“%{ﬂ n%l;(%}g @%Yl%l SE AR ol Bysbasta (1 1D-
6- (6- (2- hygleoxypropan-2-y1) pyri di n- 3 -y1)-3,3

- di met hy1- 4- (2-(tetrahyd

Y e e B! tm@w@gm«:@xn -ipps-dhgdroxycyclohexyl)-3.4-

6- (4-(2-h t th | ohexyl)-3 , 4-

di gydﬁopy@ %%%9@2%%9 rgg,?\n”»( 9{5 6m§ rgns - et hoxycycl ohexyl)

64( 4d(ﬁ gwsoﬂw&apra[e%@kw()Hkﬂem*lblazblﬁéstlb;ﬂnaylwmmx@roymméwl yhsthyl ) -3
| ropyrazin one;

4- (ci s- Z @é@%w&vgaﬁﬂéxvmmg%(g%’ﬁ‘gfﬂéﬂ 6-(4H 1

, 2, 4-triazg v -3 SR ARME [ 24-Bilylpy ol 2(
111) - one; 4 (%%ﬁ?p%ﬁéﬂ"g%ﬁéiHcly%Zlgtrﬁg{(byld% Wzgﬁet‘ﬂ?lm%: (4 lh‘y dpy Faiiofi2,

, 2, 4-tri azt@pyrazmQ()yIﬂ) -dnd- 3-y1) - 3, 4- di hy-dropyrazino[ 2, 3- b] pyra2| n-2( 1
14) - one;

o opn 2 AT GRS prsipr i b2 ey Uy gy g gzino(2.-
di hydropyr@gyraﬂnb%lﬁ) od; pyraZI n- 2( 1 H) one;
4- (2- met hoxyet hyl)

L2, 4-triazold @uqrp)zpm(wi A= (3Hy11; 43nazola>. HWBWlAa(E‘?tWByTh?'%I Paﬁaay‘# Wit 1
one; 9- 3 dyl)-6, ,
Ie_lbtrl hydroa(1116 @@nﬁ%ﬁ]@ﬁaﬁ%ﬁ%&%}%ﬁé[ 2, 3per: pzr?em n- I5I one
6- ( 2- met hyd-¢Bfl(dbk2-thethz]-4-(1 H- B2 @LtﬂBZQIB)]dyphedyMB(czs -4-methoxycyclohexyl)-3.4-
-yl)-4- ((tet rahydro-211- bﬁ/)r an- 2(){111))rret hyl) -

dihydropyrazino|2,3- -0ne;

yrazin-
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-oxo-8-(2-(tetrahydro~2H-pyran-4-y1)ethy1)-5,6,7,8-tetrahydr0pyrazino[2,3-b]pyrazin~2-
yhbenzamide;
3—(6-oxo—8-(2-(tetrahydro-2H«pyran—4—yl)ethyl)-S,6,7,8—tetrahydr0pyrazino[2,3-b]pyrazin-2—
yhbenzonitrile;
5-(8-(trans-4-methoxycyclohexyl)-6-0x0-5,6,78-tetrahydropyrazino[ 2,3-b]pyrazin-2-yl)-4-
methylpicolinamide;
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4-di hydropyrazino [2,3 -bl pyrazin-2( 1 H)-one;
8- (ci s-4-net hoxycycl ohexyl ) - 6- oxo-5, 6, 7, 8-t etrahydropyrazi no[ 2, 3-b] pyraz
2-y1l) -WO 288N ¢911Bi col i nonitrile; 6-(6-(4H 1 PCT/US2011/045842
,4-triazol-3-yl)pyridin-3-yl)-4-(2-(tetrahydro-2Fl-pyran-4-yl)ethyl)-3, 4-
hydr opyrazi no[ 2, 3-b] pyrazin-2( 1 H)-one; WD 2012/016113PCT/US2011/ 045842
-(4-(4H 1,2,4-triazol-3-yl)-2-nethyl phenyl)-3-(2-net hoxyacetyl)-6, 11
.4atri hydropi perazino [ 1 ,2-el pyrazino[2, 3-b] pyrazin-5-one; 9-(4-(4H1
,2,4-triazol -3-yl1)-2-nmethy | phenyl)-6, 1 1 ,4a-trihydropiperazino[ 1 ,2-
el pyr azi nqs[ﬁa fﬁmb;h aétmﬁ%cﬁﬂ@,yxaa(@ ((eﬂrldhycﬂm-zﬂ -pyran-4-yl)ethyl)-3.4-
,2,4-triazo - 2- met Iphen%?‘I - (2-met hoxyethyl)-6, 11
,Aatri hydrtidpidmya?zzilmﬂiFﬁ tpgppyr d2iiheng:2, 3 - b] pyrazin-5 -one;
4 (cycl op h ) i in-3
s 4%“{]1% ”%r%%&{p 6)r %ﬁu (g (F%]tagy&ro@'}( i‘aptanlzt yl%eitﬁ\ilt) I @&mgax%pyéakﬂ%{i gli
9- ( 6- (4H— bjgyrézibd( B pbnad- y1) - 2-met hy1- 3-pyridyl)-6,1 1

4 hyd hol i no [4, 3-
4~(1 1 ans. 4-0YRPOy CyBRETER PP CoP R b op R BT 3- ) - 3

, 4- di hyd 1
4 (CIIS Z Lﬁﬁyr%c%ﬁ%[%gyfganggﬂ{goﬁidrgygpgpan 2-yl)pyridin-3 ¥ 3 , 4-
-yD

di hydr opyrdadil $.8R]-2; rﬁethbi}pyp}@pemﬂz@}_@l—meﬁmbé -(4H-1,2 4-triazol-3-yDpyridin-3-

6-(6-(2-h 1) - 4- ((t et r ahydr of -3-yl thI-3
Tt yar BB 3 S kR Pty fone, o oA et uran Sy ety
4- (cyc 10pem(ym‘?\)@yl%)sm@xﬁ@c(o%eﬁwqr@@t%wm (3HY1.2 Pyt 1B B)pytilin-3-y1)-3.,4-

, 4- di hydr opyrazino |2, b] pyrazi n-2(1 H)-one;
6- (6- (2-h )@k«y}pﬁraﬂam{l@ lgdpyr@ymr%lﬁmnm) 4-neopent yl - 3, 4- di hydr opyr azi no[ 2,

3-N
o (b ( 5yl Ry BPaTAHE S BOPI -G-8 B Y R AR Bk o 2
H)2 Znte H)chllQﬂﬁopﬁaz’fﬂé (hy-b @y1(a2mﬁHﬂHy-|0ﬂé (4H 1

riazo

, 4-di hydr op Vhﬁlz%’/'ﬁ%r ﬂgf}{ﬁr(ﬁ%g%{“nttfg%& %@15 B pr) 30 iy dBYrAnd 25
6-(6-(2 hykﬂ?%ylgrﬁpﬁg8%4§/[2)ﬁgrl din-3-yl)-4- (p| peridin-4-y1)-3, 4-di hydroPyra

zi no[ 2, 3- razin-

6- ( 6- ( 2- hywi(ldk-ppirolons3- DIpsiriiny:Bvili-i B g hyalrg-2HEpen-ahy ety RH4Py r an- 3yl ) et h
1)-3,4- dj. 2( 1 8-(4-(4H 1

?/2? 4-tri az‘%@lg 38%‘3@2 '{’]ﬁy‘i%wle%W(ZoéQ’as 2R)H)2 ot hoxy(5 (1

0,3atrih A B NBo[2:R3 - WO
2013/ 5'1 6{% CT}irlﬁJiélz g%[{)/zﬁz é@]r%{cﬁ@bfﬂf)ﬁ@xﬂ -43y])eRny@)- Py LRy dRodyr@AR6|

8- (4- (4H 1hlpymzinrd(8ApPrg- y1) - 2- met hyl phenyl ) (2R, 3aR) - 2- net hoxy- 5, 10, 3atri hy

dr opyr azi 3- | L dj 1, 2~el byr azi

8- (4- (4H 1(’0@%11 ‘{CP}‘E\ E?-é?-ﬁffi}%dﬁé?ﬁfyﬁg’%%@ﬁ wg’z’ Avdopyrazindss 10,3 a-
b]pyrazin-2(1H)-one;
4-(((1R.3S)-3-methoxycyclopentyl)methyl)-6-(2-methyl-6-(4H-1,2 4-triazol-3-yl)pyridin-3-

3
5.
i

di
9

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-
y1)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1 H)-one;
6-(3-fluoro-2-methyl-4-(4H-1,2 4-triazol-3-yphenyl)-4-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(3-tluoro-2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-4-(2-methoxyethyl)-3,4-
dihydropyrazino[2.3-b]pyrazin-2(1 H)-one:
3.3-dimethyl-6-(4-methyl-6-(4H-1,2 4-triazol-3-yl)pyridin-3-yl)-4-((tetrahydro-2H-pyran-4-
yhmethyl)-3,4-dihydropyrazino[2.3-b]pyrazin-2(1H)-one;
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trihydropyrazino [2,3 -b]pyrro lidino [1,2-e]pyrazin-4-one,

8-(4-(4H 1, 2,4-triazol-3-yl)-2-net hylphenyl) (2S, 3aS) - 2- net hoxy-5, 10, 3

at ri hydr opgrarimef12, 3 - bl pyrrolidino [1, 2-e] pyrazi n-4- oR€T/US2011/045842

6- (6- (2- hydr oxypropan-2-y1) pyridi n-3-yl)-4-(3-met hoxypropyl) -3, 4-di hydr opyr
azino[ 2, 3- b] pyrazin-2(1H)-one; (S)-6-(6-(2-hydroxypropan-2-yl)pyridin-3
-yl)-4-((tetrahydrofuran-2-yl)nethyl)-3,4- dihydropyrazino [2,3

- b] pyrazi n-2(1H)-one; (R)-6-(6-(2-hydroxypropan-2-yl)pyridin-3
-yl)-4-((tetrahydrofuran-2-yl)nethyl)-3 ,4- dihydropyrazino [2,3

R lopedybyF itdi n- 3
Py 22 B GRS 2 s S (i R Serory s 23

- b] pyra2| ai R iddyraome(2.9-W(Ayrezibk2( | )-angr i azol - 3-y1) - 2- met hyl pheny1) - 3

- et hyl t.ri r zi.no razl Zi n-5-one;

9- (4- )(/4H- fééa]}yrdfﬂé‘i\é Pé@rﬂ%‘ﬁ‘ [yb'%’i(lg ﬁ%r ﬁl g %é,r P OPJ)@Y{ 3- e] pyr azi
SOE§ ?41% El}wé?(? '?%Z?g;z?%s:b ?yrizm_ZZ(}rll_a{% ﬁne hen 11, 4a-tri h 0 i.dj no[ 1
2-ei pyraz I@‘(@E(Z k@drmqypmpamzxyl%zym@ 3- ){)-4? -(((18, %) 3‘methoxycyclop ntyl)rP etRylr) 4{ ;

6-(6-(2-h 1)-4-(trans-4-nmet hoxycycl ohexyl) - 3, 4-
di gydﬁopyyﬁ?’%x%{)?%“ﬁfé %%‘%‘f?m} {’3%%(3) 6- §6 (2- hydroxyp)r(gp;n 2 -

- %: ) pyri d'ﬂgf(%wf_yb)dr(ﬂscy@ﬁdp&n@- yipshiabcy:035¢)-4 0fteR BR)-33mdthosly dyg thpemy aethyb-1.4- 3

- bl pyrazi n- -

6- (6- ( 2- h@dry@kwf%?plm{zé Bipyigginrdi H1-8061) - 4- (2- nor phol 1nOet hyl ) - 3, 4- di hydr op
i 1 )

e (5. haaiT AR 3 e 4 y1) -3, -

di hydr opy rd&:l@idmm{ﬁaz?ondﬂﬁyb]a)znanmﬂ( 1H)-oo¢te;

4- (cycl ohe o) -2
4( diyhydr c%%}r é‘zal?)ﬁ% )%yfrgp(a [;(rél%}ég{ xﬁ%ﬁ?ﬁ%—?é‘;ﬁ ?%yg)npéfhox C clg‘péﬁwli §4-

6-(6-(2-h i il -3

-y(l) g-((ﬁ}gﬁig -ré)rzg?ﬂg%yl}cq%@gﬁeg I mrsli:h yl)-3,4- dihydr opyr azi no

- bi pyr azi ro-@-(2iydryxypnepan-2- yl)pyrl n-3-yl)-4- (((IR BS) -3-methoxycyclopentylyme yl) 3.4-

6- (6- (2- hydro ro 1) -4- ((CIS 4- met hoxycycl ohexypnet hyl )
-3, 4- di h;fglP c%é‘fyéﬁlﬁo 2 Qlylg}lp% @%HXZ( 1 H)-one;

(R -6-(6- (@cdn&dh@fmrp@@ﬁm zyly;bgrpymseymw(em)z)zs - ftdbratyy bpeitbaetgl)-34) - 3

, 4- di hydropyrazino[ 2,3 -bl pyrazi n-2( H) - one;

(S)-6-(6- (ctzhmwm@m[éaawpw?w%i}wGPﬁ 3 -y1)-4-(tetrahydrofuran-3-yl)-3,4-
di hydropyr N 1)-3,4-dihydropyrazino|2,3-

6- (6- ( 2- hyég %ﬁ%r%?p g 5&39’1%?”’&”’3’?{? e D e e [2, 3
- b] pyr azi relpazib- Zﬁ)Hpnﬁaﬁ:,

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-yDmethyl)-1'H-
spiro[cyclobutane-1,2'"-pyrazino[2,3-bpyrazin]-3'(4'H)-one:
4-(cyclopropylmethyl)-6-( 6-(2-hydroxypropan-2-yl)pyridin-3-y1)-3.4-dihydropyrazino{2.3-
blpyrazin-2(1H)-one;
7'-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-1'H-spiro[cyclopentane-1 ,2'-pyrazino[2.3-
blpyrazin}-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-
blpyrazin]-3'(4'H)-one;
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(S)-6-(6-(2-hydroxypropan-2-yl)pyridin-3 -y1)-3

-nmet hyl-4-(2-(tetrahydro-2H pyran-4- yl)ethyl)-3 ,4-di hydropyrazino [2,3

- b] pyr aziwe20121016f13one; 94641 - hydr oxy-i sopropyl) - 3- pyr PGYABR2@,1/D45842

1, 4a-tri hydronor phol i no[ 4, 3- e] pyrazi no[ 2, 3- bl pyrazin-5 -one;

6- (6- (2- hydr oxypropan-2-yl)pyridin-3-yl)-4-((tetrahydro-2H pyran-4-yl)nethy
|)-3, 4- di hydropyrazino[2,3 -b]pyrazin-2( 1 H)-one; 64642

- hydr oxypr opan-2-yl ) pyriclin-3

-y1)-4-(2- nethoxyethyl) 3, 4-di hydropyrazino[2,3 - b]pyrazin-2( 1H)-one;

6- (2-amn etlyl-ah-th RaRZDI-3-y)phenyD)-1'H-s 1ro[cyclo ropante- 1.2"-pyrazino[2,3-
[dlim dazglr 1@ ( (3-(trifl uoroyrr%% hy ))benzgj/l) p di hydropyrazino [ 2,3

- b] pyr azi rb-]ﬁ.’}(raz‘[n]—i) étbhi)apne

6- (6-(2- hydr r - 2-.yl r"n-- - r thyl ) benzyl)-3
i “at hyaiBgrae e T R R A O b R S s
-yl)-2-nme p(t;tgmayz 1y 4ia=2(1 Hlpydg-.onor phol i no[ 4, 3-
e?/pi/ram n'fg{fl%)d %ﬂgﬁn ]éyrgne Z(6 bl%- IO-2 (ma'Eh | am %) 1 H benzo [d]
i m dazol - 65y®(44 1(1214(ﬂértlatzszwdﬂhvhzwlbﬁ}r<étﬁvadwu5a§t%y pmethyl3.4-

3,4-dih a 2, A 1 one; 8-(4-(4H 1 ,2,4-triazol-3
2yl)-2- Ime%/ %?%ﬂ %illlét[) B’}R%@é %{? ﬁédrogig/ram no [(2 3( bi pyrrol i di nlo[zl

, 2- €] pyr azg-niimaagsil-5- M@42(QJ(ﬂe/tﬁmﬁarwm@wausesmamﬂ%%@]hy@mpma(zma{z i
,2,4-triazol - 3- ylz) henyl) -ethyl -3 ,4-di hydropyrazino [2,3-b]pyrazin-2( 1
H)-0ne bJpvrazm ( H) one

6- (4- (4H o o o 3,
4- (dl Elydr %‘p razi n(g?étgg @jd%%g?‘?’ﬁ%hl (Kytl)eg GWM@I}%WE@H fr-yBjpTRiAD)

6- ( 6- ( 2- hydbexxgpridpan- 2-yl ) pyri di n- 3- yl) 4 (2-(tetrahydro-2H pyran-4-yl)eth
1)-3,4- dj

% %4 (4H fg‘g-xﬁle&’r"%/‘é%lyg[ ‘P‘Yﬁ’m%@ l('?féﬁtu'r{]olxé;ﬁét%ﬁ/zloi 3§ ‘E’hémﬁl/dr opyr azi no[
2, 3-b] pyr %;@%&Mz&cﬂ@ﬁ -b]p razm -2(1H)-one;

6-(4-(4H 1 triazol enyl&} 83- (trifluoromnet h}/l ) benzyl) - 3, 4-di hyd
ropyr azi nof- chgLB Bldoyethy|- ﬁ—.(m%yldln H-1,2,4-triazol-3-yl)phenyl)

T BTy ) (2, et oo 24 prran -
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-((tetrahydro-2H-pyran-4-
yl)methyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
(R)-6-(6-(1-hydroxyethyl)pyridin-3-y1)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3 A-
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-ZZH-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;
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6- (4- met hyl - 1H- benzo[ d] i m dazol - 6-y1)-4-(2-(tetrahydro-2H pyran-4-yl)ethyl)
-3, 4- di hydropyrazino[ 2, 3-b] pyrazin-2( 1 H)-one;

6- (4- ( 2- wonoxyqpsapan- 2- yl ) phenyl) - 4- (2- (t et r ahydr o- 2H pgTars2ei1phiser hyl ) - 3,
4- di hydropyrazino[ 2, 3-b] pyrazi n-2(1H)-one; 6-(4-( 1 H1

,2,4-triazol -5-yl)phenyl)-4-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3, 4-

di hydr opyr azi no[ 2, 3-b] pyrazi n-2(1H)-one; or a pharmaceutically acceptable
salt thereof 100551Further illustrative TOR kinase inhibitors include, but
are not limted to, conpounds having the following formula (11): R N (I1)

and phar mpGe | phRRD 6 SR 1pidic3at hn atesahysied-2Ht Bsan-shyemeohdprer s,
tautonerg,g?gx%hggﬂgg%{%gg&?hﬁof, l{%lhg)?éi‘n:aw o Rl is substituted

or unsubsBdtdibgtioirazigo@l kY Ipyragubstlibwned or unsubstituted aryl,

substi t ut or ,unsubstitute cloal . Substi ac ' ed
heterocycggpﬁﬁﬁwggﬁﬁgpppﬁ @gfg"ﬁﬁ@8§§¥P?u 23('ggéggggg?ﬁﬁgggé%?npﬁ’

R2 is H gubatdpl e[ DB-mnsuhsi tigt-eed:C 1_8 al kyl, substituted or

unsubsti t ut éd cyclankyI, substituted or uq; bstj.tuted hﬁ}g{gfyglyl,

subst i t ut E8)-@f6-Unbybexyathil wyridur wbey Q-(frEnegro-2Bepyean-¢ ud SEY O+

unsubsti tyted aral kyl, .Qh b fgt ed..or unsubstituted cycl oal kyl al kyt; and
R3 is H, gﬁwgu)ﬁﬁg?¥4%ggﬁm§%85% gggﬁg%uted Cl,8 alkyl. [0056]1n certain
enbodi mentg-ditteehy[BR 2kihaage4 (i 12, # oriadoé- 3pdiph@ayk4-(2-(tetrahydro-2H-pyran-4-

hydr o heny1l) - 1- ( 3- et hoxybe -3, 4-di hydr opyrazi no[ 2, 3-b razi n-2( 1H) -
o%e, éggidDé@gbé%%ﬂﬂWd“WV§%3¥£iﬁi%Em%m8%%@%Tﬂ@%¥s é; cgnpounhgyofz}ornﬁlg)
(1), R isesRat . QRRt-5 _daYhy P8-S &hhfdib-@8l-pyran-4-

6 GZ&E@?@%?‘@F{? p) %ﬂ%’@ﬁ%l’, Vit 29 ddhYihy 04 -( 34t ehih Pyran

unsubsti t ut r“‘exanpl'e, R is phenyl, pyridyl, pyrimdyl,
benzi m dazbkly))-AHdiwdrapyofzog2 B1yyradypt2(1iTheagol yl , i ndol yI ,

1H- i i dazo[ 4, 5-b] pyridyl . 1 i 4. 5.b] pyri di sanyl
a1 m dag Q-G Ry PP o RFP AT Ay AR BB ued. 1

some enbodipRil sy raAtlo[2 3-p@aYih-Fubpbhduted with one or nore substituents
i ndependent |’y sél ected fromthe group consisting of sub

tituted or
unsubst i t Wt@e2eydrexyardpan-2ylapheaXaripl(gansrimmaih %YC%%WBHF%E)G -
unsubstitut.ed hetero I r inpl.e, a substituted or unsubstituted
triazolyl C%‘?ydﬁw&% Oﬁg%mg%&%@czéfﬁgﬁ% hal ogen (for exanple, fluorine),
cyano, hydy@xyaiyoxaagtibkatys/(2-nathgt-he#HenbddiinadsyDitidin 3 pyr 3.8y
substituted with one or nore %393%5tuents i ndependently selected fromthe
group congliksdrepyraand a5 lPY@eEs (OH)-GR&ubstituted C _8 alkyl (for exanpl e,

oY) SR o e onm T a3
hydr oxyal kithydrbpragnedphelpyrazin-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)-6.11.4 a-trihydromorpholino(4,3-e]pyrazino[2,3-
b]pyrazin-5-one;
6-(2-methyl-6-(4H-1,2.4-triazol-3-yhpyridin-3-y1)-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-2 H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino|[2,3-b]pyrazin-2(1H)-one;
02



hydr oxypropyl), -OR and -NR2, wherein each Ris independently H, or a
substituted or unsubstituted Cl4 alkyl. In sone enbodi nents, Rl is |

H pyrrol oo, 28t2i1pmBi dyl or benzi m dazol yl, optionally swbSitiscutiedssatt h one
or nore substituents independently selected fromthe group consisting of
substituted or unsubstituted C1_8 alkyl, and -NR2, wherein Ris

i ndependently H, or a substituted or unsubstituted Cl4 al kyl. 100581l n sone
enbodi ments, R is NI(CR2),OR(CR2),OR N R2 wherein Ris
at each occurrence independently H, or a substituted or unsubstituted Cl-4

al kyl (forg. @X@ﬁlp 8,4-HREAV- )Ag-zE{neux%@Enﬁ%t{zqgéxwyaa@@mmmewndentIy a
substituted or unsubstituted Cl4 (for_exanple, nethyl), halogen (for
exanpl e, fttibpiro)ipereyiand, 7-emrazmo[2 Wpyrﬁxmsi ©3: and nis 0-3. It will be

nder st oo Ki II e t tuents R ma

ge at;5 ach dP%@EQﬁ sﬁialll%l él) ’6“31& n§/15 %61 1f%2[¥lp ?ﬁroyb@ &%}ﬁi ?3sgd r?ng g

syst ens. hgzsgousr?ygﬁbpﬁbaents of corrpounds of formul a (rr)y, R is WO
CT/ US2011

2012/ 01611 045842 rein R |z each occurrence
i ndependerft-(4y(4H-18r4- ﬁlaéQﬂb%ﬂ)t%ﬁ@@ymheﬂﬁéﬁd@tm?@?@éfﬂ@éh‘s L is at each

occurr en(a?g hn&sﬁ%g%%%t1¥2_g;p§y£z%dééﬁttﬁgyr8@§@§wst| tuted G 4 al kyI hal ogen,

cyano, 1006011 n somne enbodlnents of
conpounds OfcytRpentl@ndthy)-o-(RandtsylH-(EH X 4-tritzeld3 o pundinbsyDtdut-ed C3. 8

al kyl, substituted or_unsubstj FIS %cl oal kyl, substituted or

unsubst i t shsgirpptreradycryl Pyra%wbﬁtl Wied or unsubstituted Cl4

al kyl - het &r.aeNgl-yh. &}A%ltx&gtmemyl.gwmr)td it £ dr dhdpholarar.3- or

substituted unsu stltute Cl -4 alkyl - cycloal kyl.” For exanple, R2 is H,
met hyl , etdipyrazine[Brloplplyrazirsdpnopyl , n- butyl sec- butyl i sobut yl,

oD PRSP SRR 4RY N SRRT o BAS ORBA 00

al kyl) - cyg); hzm&!@?aﬂb@ iﬁ;‘én)z(qqulo(ﬁbutyl (C3,4 al kyI ) - cycI opentyl, (Cl4
al kyl') - cyclg‘ﬁfexyl | -4 rrolidyl, (C34 al I)3Ff eridyl, (CI-

al kyl ) - pi prbfcaszﬁﬁrydroxymoiawgi )Lﬁwérwwympaﬂ(?cwmm{% )Y}gf‘r ahydr of ur anyl ,

other empoil SN EEEIM B Saaryn ) Lomy, o T
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-((tetrahydroturan-3-yl)methyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4—(cyclopentylmethyl)—6-(6-(2-hydroxypropan-z-yl)pyridin-3-yl)-3,4-dihydropyrazino[2,3—
b]pyrazin-2(1H)-one;
6a(6-(2-hydroxypropan-Z-yl)pyridin-B-yl)—4-neopentyl-3,4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
6—(6-(2-hydr0xypropan-2—yl)pyridin—3-yl)~4-isobutyl-3,4-dihydropyrazin0[2,3-b]pyrazin—
2(1H)-one;
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-y1)-4-(piperidin-4-y1)-3.4-dihydropyrazinof2.3-
blpyrazin-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:
8-(4-(4H-1,2.4-triazol-3-yl)-2-methylphenyl)(3aS.2R)-2-methoxy-5,10,3a-
trihydropyrazino[2,3-b]pyrrolidino[ 1,2-e]pyrazin-4-one;
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r--/1 wherein Ris at each occurrence independently H or a
substituted or unsubstituted Cl1_4 alkyl (for exanple, nethyl); R is at
each occuwpenvaisndependently H, -OR, cyano, or a substi Paras2@n/ 045842
unsubstituted C1_4 al kyl (for exanmple, nethyl); and p is 0-3. [00621ln

ot her enbodi nents of conpounds of forrmula (I1), R2 is H Cl4 alkyl, (C

4al kyl ) (OR), R N wherein Ris at each occurrence

i ndependently H, or a substituted or unsubstituted C .2 alkyl; R is at
each occurrence independently H, -OR, cyano, or a substituted or

unsubst i t gt @%ﬁlr,?,z@ﬁhﬁdia \ﬂ&g-rﬁethﬂpﬁergl)(m@@ﬁﬂ-?fm&h&@l’SQOD@dl ments of
conpounds of formul a

06411 n sone such enbodi nents
descrl bedtrhiarde:myrazﬂlo[ﬂé bs]gmq?l!dlm[é@ Qipyf@ﬁlslcﬂﬁlﬁq tuted aryl, or substituted

unsubsti t ut ed ero Far i dyl, rimdyl,
ben2| m da%cﬂf‘%f}ﬁ 9 t q?c?/ 8 @e%y%ﬁ c]lg?s Ez%%dgzng‘{gﬁw ? rl\@%’fi y > d
1H-im daZ%@déo;Q&Mﬁd QBflﬁpvr@Mﬁled[h >-dlphyiarindepe:4, 5- b] pyri di n- 2( 3H) - onyl
3H i mi dazo] Eg or pyrazolyl, each o tional Isyms)llglbstl tuted. In
so(rjre errt(;o@{(rf’féﬁﬁs,’ Rttrlﬁ%ilﬁh}é‘h%m@bb@f‘if’%}ﬂl@%39@ ”Efr‘n‘fépxdrb ; ’té fugstl tuents
i ndependen [ of substituted or
unsuBstl tu?‘@@r@%’rg%(ﬁg ; g 8@%5“ t %pgx%@@négta%i‘?l tuted heterocyclyl,

am nocar benyl(2- Hyam@@mpaﬁ-yzayi@yrid}adﬁmk)yﬂ}(met}mxdptvpﬁk)o%(%fdlhyrflr@wwéﬁr@[z RLis
pyridyl substituted with one or nore substituents independently sel ected
fromthe GidtiprRdhdikstthg of C1.8 alkyl, substituted or unsubstituted

het er Ocyclégjncg l{?@@ ﬂ?&gé%en 1S @Wﬁ&fi&m 9Ma1ngtetﬂawdr@ﬁ1yeai “KyhmetigR-38nd - NR2,

wherein e a substituted or unsubstituted Cl4
al kyl . | n dsliyidrdpyoder3,3- tF}mynaslnELZ{IlHyprl@I o[ 2, 3-b] pyridyl or benzim dazolyl,

]9 Pglmo? ﬁlal éﬁi—%ﬁ%t(g%xytdreogymotpgn— - q)pyrridgl[-) -%/l)%J-P(?ett{:aﬁlyc%%hﬁaﬁ-a%ﬂl‘?&ﬁ%ﬁ?—%!4y sel ect ed
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(2-methyl-6-(4H-1,2.4-triazol-3-yhpyridin-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-
e]pyrazino{2,3-b]pyrazin-5-one;
9-(4-(4H-1,2 4-triazol-3-yl)phenyl)-6,11 Aa-trihydromorpholino{4,3-e]pyrazino|2.3-
b]pyrazin-5-one;
9-(4-(4H-1,2,4-triazol-3-yl)-2-methylphenyl)-6,11.4a-trihydropiperidino[ 1 ,2-e]pyrazino|2,3-
b]pyrazin-5-one;
6-(6—(2-hydroxypropan—2-yl)pyridin—3-yl)-4-(lrans-4-methoxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6—(6-(2-hydroxypr0pan-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-dihydr0pyrazino[2,3-
blpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-phenethyl-3 .4-dihydropyrazino[2,3-b]pyrazin-
2{1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(tetrahydro-2H-pyran-4-yl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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WO 2012/ 016113PCT/ US2011/ 045842 consi sting of substituted or unsubstituted
C8 al kyl, and -NR2, wherein Ris independently H, or a substituted or
unsubst i twbedi2@iéd3al kyl . 100651l n certai n enbodi nent s, PChaAScampaeisazis of
formula (11) have an RI group set forth herein and an R2 group set forth
herein. 100661l n sone enbodi nents of conpounds of forrmula (I11), the
conpound is 7-(5-fluoro-2-nethyl-44 1 H 1 ,2,4-triazol- 3 -yl)phenyl)- 1
-((trans-4- net hoxycycl ohexyl)nethyl)-3 ,4-di hydropyrazi no[ 2, 3

-b] pyrazin-2(1H) -one; 7464 1 H 1 ,2,4-triazol- 3 -yl)pyridin-3 -yl)-1

-(cis-4- | i
L T oot G Lo S s

- di hydr opylpazimel(RHBobd.pyr azi n- 2(1H) - one; 7- (5 fluoro-2-nmethyl-44 1H 1
,2,4-tri a

met hoxycyd %@M %@tpﬁ@%" %3&? Hﬁ‘\?&’r%‘bf}r(gﬁ”ﬁ ﬁt‘ﬁleg‘oﬁ‘ﬁrw(é}%exﬁn’?fm) one;

-ethyl -7- (cﬂ;h%r@;\zlyréﬂhﬂ)z ﬁbﬁbﬁi{d—gﬂlm}wl) 3, 4 di hydropyra2| no
[2 3-b] pyr azi n- one; (6-( 4-triazol - ¥ )pyridin-3-yl)-
-((cis-4 ffefaq)@y@ygjymr@w@x}fy9)md19-]3)y1344(c19 -4 methoxycyclohexy methyl)-3.4-

(;I ?{EIr 82%;@[%%{}8‘%{25; g[:z%{)@§ algf%é%togltgfeahydro 21-T-pyran-4-yl)ethyl)-3, 4-

di hydr opyr(&gmn(@ﬁ@ BrdbdpapE@an - Qlopyhdﬂ)aqu}szz (trhyldrofuran-3-yl)-3,4-
H pyrrol o[ 2, 3- b] pyr.idin-4-y1)- i{Z (tetrahydro- 2H-pyran4y|)ethy|) 3, 4-
di hydr opyrché){cifﬁll?}?a%m[@])pmpé{&qzﬁl %((1 -0+ one;  7-(6-(i H 1,2, 4-triazol-3

-yl)pyridig % (By(%)rgrﬂjmbx}yglid anI-¢ 45@%'{}%»\9@ @kt@ﬁ%‘rétﬁﬂn@% 334- 4-

di hydropyr | no[ azi n- H1 /2, 4-triazol -
-yl) pyri didihy@opyaino[2, }bxptyraansz@ﬂhmhﬁpxycyc I ohexyl ) met hyI )- 3 ,4-

oo L8y B g Hhs e

di hydr opyrgazineh&, 3- b] pyrazi n-2(1 H)-one; 745 -tluoro-2-nethyl-4-( 1
H 1,2, 4-triazol -3 -yl)phenyl)-1 -(cis-4- h{r roxycycl ohexyl) - 3, 4-
di hydr opyr(@26r6F2; }@drcmypmpanﬂnylmyrlﬂm-& Ybnemehyl g-- @etﬂhldmzzﬂfwrﬁﬂa‘kol - 3

) PO a1 - S v opy et no
-yl)- 1 - (@févet-hakyed-ipblop3)- Pphidiy H6.0 pyra-adhydepio PhoihgiBaglbyraZiof2, ) - one;
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;
9-(4-(4H-1,2,4-triazol-3-y1)-2-methylphenyl)-6,11 4a-trihydromorpholino{4,3-
e]pyrazino{2,3-b]pyrazin-5-one;
6-(4-methyl-2-(methylamino)- 1 H-benzo[d]imidazol-6-y1)-4-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3.4-dihydropyrazino|2,3-b]pyrazin-2(1H)-one;
8-(4-(4H-1.2 4-triazol-3-yl)-2-methylphenyl)-5,10,3a-trihydropyrazino[2,3-
b]pyrrolidino[1,2-¢|pyrazin-4-one;
225



7-(6-( 1H1 ,2,4-triazol-3-yl)pyridin-3 -yl1)-1

-et hyl- 3, 4-di hydr opyrazi no[ 2, 3- b] pyrazin-2( 1 H)-one;

7- (5-fl uovo-2Bt2matthgl -44 1H 1 , 2, 4-triazol - 3-yl ) phenyl) - PCTASLT1945842

hydr oxycycl ohexyl ) met hyl) - 3, 4- di hydropyrazino [2,3 -Db]pyrazin-2( 1 H)-one;
7-(5-fluoro-2-nmethyl-44 1 H 1,2,4-triazol-3-yl)phenyl)- 1

-(tetrahydro-2H pyran-4-yl)-3, 4- di hydropyrazi no[ 2, 3-b] pyrazin-2( 1 H)-one;
7-(1H i ndol-4-y1l)- 1 -(2-(tetrahydro-2H—pyran-4-yI )ethyl)-3

, 4-di hydropyrazino [2,3 - b]pyrazin-2(1H) -one; 7-(5-fluoro-2-nethyl-
11-1- 1 » @A (4829l %zd/ll?)- hsndd)=4-dihylCL ﬁfdﬁm&frébyrazmo[Z?s b]pyrazm-2(1H) one;
hydroxycycl ohexyl)merl gl4 d?‘p dro%yram no [2,3 pyrazin-2( 1 H)-one;

7-(6-(1 HO6¥4:(#H4l ﬂﬂrtalzml 33yiypbqnyk)rddi(mr@hy@ylP&pyran-4 yl)methyl)34-

4- hy.d I 4- di hyd 2,3
-E)]( ;Iy?azi 1?’%20‘%()‘3%%029%ﬁ{)%raflfl%}){l%n% 4- tlrl gzz)l()p)?:rslzl)BSrl[dl n-3 -yl)- 1
-(trans- 46%%%6@66%&3&&% YO5Brichn-3dil hy-d2-opyralazira G H- Ryran-4b]l pyinded #- 2( 1
H) -one; 7-(6-( 4tr|azo-3y)pyr|d|n3 -yl)- 1

-(trans- 4@%@@}'@ [3AexpYyzin- AT HYPRSdr opyr azi no[ 2, 3~ - b] pyr azi n-2( 1
H) - one; 16(@ (2' l_‘% 4]1r1’agol43' %lr){r)]ﬁe%xgl) @%ﬁyr’hemx étgﬂflg‘.’;?ﬂld%%%rgﬁér;azmoﬁ .3-b|pyrazin-

-i sopropy ydropy raz
7- (5-f1 uonotR)y-omt; hyl - 4- ( 1H1 ,2,4-triazol -3-yl)phenyl)- 1

a4 e kY L OS2 FL YR SRYE R IR §WWf Aloid.a-

1 (trans- A})@{.%ilg@(gypoﬁéahexyl) 3 ,4- di hydropyra2| no [2 -b] pyrazin-2( 1
H) - one; ['uor o- 2- net hyl - 4- ( 1 H1 ,2,4-triazol - phen

- (2- met ho>6y@t-rh1ytlhyl~3 -(44-1 wﬁy@nocbﬁyﬁmhﬁwz(?aw@rwpa@ﬂ ﬁ)’lzl(l &ylﬁgt%ﬂbré 4-
7-(5-fl t | -3-yl)ph -1
-i goprog;)lr l@'dﬁowr%’&‘?@ﬁytﬂgﬁaﬁ’&[a&gﬁloﬁ% Ipf/l?gm n- g() Ii)l(la)nyo%e 1

-ethyl - T‘ftllngfh?p'lﬁ -teRESMlinAdazbl-bkyl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
, 2, 4- trlazo henyl) - 3, 4-di hydropyrazino [2,3 - b]pyrazin- 2( 1 H)-one;
7- (2- hydr @W@Wﬂﬁ%mpﬁﬂﬂpyli@lm@él(Y[t)‘@El?’ahydro 2H pyran-4-yl)ethyl)-3

4 di hydr%p%r ézw_é_%y?%anbj %?‘%?3”.‘6%@%%@&62%Jpgrdf’s‘pm)%yb'ﬂ‘*(4 met hyl - 64

H1,2 pyr pyrazino [2,3
bJ pyrazi n-dfydtogfrating2,3-blpyrazin-2(1H)-one;

;Spl(goi et l_wlgxﬂqt_rﬁzi)ln%gggglitw%& )yfIB/2d (QRA A% IR 2 B3P 132 YD) - 4- et hy

bj( FZJYI(’ ;Sf rn %ﬂ{r&ﬁl&h&ﬂ@aj’%]ﬁy%&%eﬁ(hﬁb)oh@ ordr pHafMAHeaRYAN BZicBtdtle shit thereof.
[0055] Further illustrative TOR kinase inhibitors include, but are not limited to,

compounds having the following formula (II):

RZ
R N N o
/
N N R®
H
am

and pharmaceutically acceptable salts, clathrates, solvates, stereoisomers,

tautomers, and prodrugs thereof, wherein:
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7-(2-am nopyrimdin-5-yl)- 1
-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3, 4-di hydropyrazi no[ 2, 3- b] pyrazi n-2(
1 H)-one;wo-202/|@wmitdopyri din-4-yl)- 1-(2-(tetrahydro-2H pgramseippssthyl ) -3
, 4-di hydropyrazino [2,3 - b]pyrazin-2( 1 H)-one;
7-(6-(rethyl am no) pyridin-3 -yl)- 1
-(2-(tetrahydro-2H pyran-4-ypethyl) -3, 4- di hydropyrazi no[ 2,3 -b] pyrazin-2(
1 H-one; 7-(6-hydroxypyridin-3 -yl)- 1
BfZ-(tetrahydro-ZFprran 4-yl)ethyl)-3 ,4-di hydropyrazino [2, 3-

pyrazin-2( 1 . h

- (2-met hoxyet hyl ) - 3Q€is t%ﬂgé%%?ﬁggwﬁgﬁ?%ig th y§g¥%ﬁ§@ﬂor%§ﬁ5$gﬂ€qagd
7- (pyri di nuBstitydd eﬂ.unsubstltuted cycloalkyl, substituted or unsubstituted heterocyclyl, or

-(2- (tetrah %ﬁﬁpgﬁa§§w “HUV %emg>¥c%m3k% di hydr opyr azi no[ 2, 3- b] pyrazi n2(1

H) - one;

-(2-nethoxyethy|) 3, b :
H—indazol 6-yl)- 1-( Iﬁ%ﬁﬁu 8P %y?gﬁggﬁﬁlt A§¥% Q%ﬁ%gafgggﬂﬂgf%§¥g%?n 2(1
H) one; 7-ypwhikm, dirtstibryddr uribubs(tﬂutédi B&té@hydpbs&dﬂpyém&rsybs)tmhtb& 1)-3

dlhydropyra2|no 2,3- b ra2|n 2( (6-met hoxypyr.idin-3-yl)-
bI -(2-(t ethe&ﬁzfdﬁ blgd lpWé‘h( * Wﬁ?ﬁﬁ'&hs ltUﬁedﬁé;ragﬁbélif ﬁﬂwwﬁd{m ynsubstituted
pyrazin m met hoxyet hy pyrrol o
[ 2, 3- b]pyr?é“O g%ﬂgyl 4 di hydropyrazino [2,3 -b]pyrazin- 2(1 H)-one; 1
-ethyl-7-( 1 R? is H, or a substituted or unsubstituted C,

alkyl.
FprrroIo[Z 3- b]pyrldln 5-y1)-3, 4- dlhydropyra2|nof ,%-bipyrazin-Z( 1
H) - one; 6@56]y| (In beﬂthlhlad]@bﬂﬂmeﬁtsyﬂﬁe—mﬂkdlabydﬂﬂﬁw&BZIil(ﬂG’E(Zr
- bj pyrazin-2( 1 - ,, VO 2012/ 016113PCT/ US2011/ 045842 7- (pyridin-4-y1)-
- (2- (tethWdPWH— bﬁawﬂwxw%mﬁ% -drpyd wpdmifym{%éﬁwﬁ%g{éﬂsm pyrazi n-

2(1 H) - on nopyridin-3 -yl)- 1
-(2- (tetrZ%géro-fﬁﬁ%yran-4-yl)ethyl)-3,4-dihydrgpyrazino[Z,S-
0
N._N._O
‘ ~N
po

[0057] In some embodiments of compounds of formula (II), 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,

1 H-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 (for example, methyl), substituted
or unsubstituted heterocyclyl (for example, a substituted or unsubstituted triazolyl or
pyrazolyl), aminocarbonyl, halogen (for example, fluorine), cyano, hydroxyalkyl 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
(for example, methyl), substituted or unsubstituted heterocyclyl (for example, a substituted

or unsubstituted triazolyl), halogen, aminocarbonyl , cyano, hydroxyalkyl (for example,
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Npyrazin-2( 1H)-one; 1 -methyl-7-(2-nmethyl-6-(4H 1

,2,4-triazol -3-yl)pyridin-3-yl)-3, 4-di hydropyrazi no[ 2, 3- b]pyrazin-2( 1

H) - one; 2w02etydsasypr opan-2-y1l)-5 - (8- (trans-4- net hoxy®gelush@dphis4y - oxo- 5

,6,7,8- tetrahydropyrazi no{2,3 -b}pyrazin-2-yl)pyridine 1-oxide; 4-methyl-5

-(7-o0x0-8-((tetrahydro-2H pyran-4-yl)nethyl)-5,6, 7, 8-tetrahydropyrazi no

[2,3 - b]pyrazin-2-yl)picolinamde; 5 -(8-((cis-4-nethoxycyc

| ohexyl ) met hyl) - 7- oxo-5 , 6, 7, 8-t et rahydropyrazino [2,3 -b]pyrazin-2-

y1) - 4-met hyl pi col i nam de; 7-( 1 Hpyrazol-4-yl)- 1

[3 ]( 2-(tetr ai'}%dddf@p?d';}yp)yrm; dhdy-NRet WittrkinZach Rk yddpepienay Hyor § 2ulltituted or
pyrazin-2( 1 H)-one; - (trans-4-net hoxycyclohexyl)-7-(4-nmethyl-64 1H 1

L2, 4-tri azBuBstiteg Gy alijkml- énmxescmodavwﬁrf%wf%-znwmkqi%s,f‘sbﬁpm PAzin-2( 1

H) - one; 3- = (-3~ hyl: 8- : et F 23 G i Qiqbs

V) Oxolfeg?gé%al 2&5‘5?3? éé}%)tilo?iggfl E%b[s@zxtug:?d ﬁ]t%gbegéfx%?élsuﬁgt}t%ﬁté HidBsehdently selected

(2H) - y1 ) mefirévy plegroop consistiag of sulfsitutether uhsnipttigzd €,y alkghend -NR,, wherein R is

yl)nmet hyl).- 7- (4- e | -6- H 1 ,2.4-triazol-3 -yl)pyridin-3 -y1)- 3

,4-dihydrdﬁéﬂﬁ??ﬂﬁég¥§”ﬁﬁPb§%yfpHfE?meﬁygggéﬂEQQd(7-oxo-8-(2-(tetrahydro-2

H- pyr an- 4- 3@t hyl ) mBon.ehbBul@ériaR/ds opyr azi no [2, 3 - Npyrazi n-2-

y1l) benzam de;

R
~ R N ™ //O
“//\;——(CRz)nOR '/\//\,)' \Nj’L '/(\/;-—C\NR r\d :—(CRg)nOR
‘41’."‘1» , ‘11"\4, R'm ’ “"111"’ R 2 v‘—""b,,
R Ny O RN
T et T L
72X NN W R, G /X | Rim
"Hﬂ"’b R'm " VLL"“L Rm /\/
S
—=N
R \ RN\—'_\\N N:\NR N ‘NR
e (e U (¥
A ) A
RN—4
(7
Vel

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 (for example, methyl), halogen (for example, fluoro),
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.

[0059] In some embodiments of compounds of formula (II), R' is

.08 -



5 -( 8-( ( trans-4-nethoxycycl ohexyl)nethyl)-7-oxo- 5
,6,7,8-tetrahydropyrazino [2,3 -b]pyrazin- 2-yl)-4-nethyl picolinam de; 34(
7- (6-(2- wonroxypsapan- 2-yl ) pyri di n-3 PCT/US2011/045842
-y1) - 2- oxo- 3, 4-di hydr opyr azi no[ 2, 3-b] pyrazin- 1

(2H) -y1) met hyl) benzonitri le; 7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)- 1
-(( I R 3R -3-nethoxycycl opentyl)-3 ,4- di hydropyrazino [2.3 -b}pyrazin-2(
1 H)-one; 7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1l)- 1 -(( 15,3

R) - 3- met hoxycycl opentyl) - 3, 4- di hydr opyr azi no[ 2, 3- b] pyr azi n- 2( 1 FD one; -
34 - WD 2012/ 016113PCT/ US2011/ 045842~

7- (6-(2-hydroxyprop )pyridin-3-ydg- 1 -

S, 3S) - 3- et hox gﬂﬁﬁfﬁi) 3, & 'hyﬂropyr ﬁﬁ%%Bprriéijfl\Nl H) - one;
7-(6-(2-hydr pan- 2- yI)pyﬁ}QK\-B yl) - i%a

R, 3S) - 3- net hox cyclopentyl) =di hydropyrazino [2,3 - b} yrazhn 2( 1

H) -one; 7-( 1 Hindazol-6-yl)- 1 C? (tetrahydro-2H pyran-4- ypethyl) 3

, 4- di hydr opyrazino [2, 3- b]pyra2|n;2( 1 H)-one; R-(2-nethyl- (4H— 1
,2,4-triazol-3-yM i di n-3 -« (2 nDre Hoethyl) 3,
di hydr opyrazin ] pyr
- (trans- 4- hydf y ohexy?%a ’ﬁEBhyl F§“4 Pfﬁgz -3
-yppyridin-3 -yl)-3,4- dihydropyra2|no [ 2, 3 b]pyra2|n 2( 1H)-one; 1

- (ci s-4-hydroxycycl oRgx¥hR % di 2adiRdddVdefee(iffditpendently H, or a substltuted or
1,2,4-triazol-3-yl)pyridin-3-yl1)-3, 4- dlhydropyra2|no [2,3 -b]pyrazin-2( 1
H) - one; 7- Bupithyd Fox iy b Fans aieprl) poqurgnee @dem})ienttw a ubsiiedtsl i noet hyl ) - 3

4-di hydro
L vopr ooy TRABSIAGA 2, fu) BRUEREAMELOR INRES i 00 nd nisp3, ) 5
, 4-di hydr O[@ﬁéé’]z' no[ 2 %on@,] oﬂﬁhéhtg@-cd?ﬂq&lﬂgs o%‘o(m&la (1), R? is H, substltuted or

H-|n1dazo[4 b]pyr| 6-yl)- rahydro-2H pyran-4-yl)ethyl)-3 , 4-
di hydr opyrasuboii@e® C-, bh}kyk aubhsutiéd Qr llm)subsneuted cycloalkyl, substituted or unsubstltuted

( (cis- 4- ttehrgc}z}% gﬁ?tﬁ r%;E%Q/ut?st1t1.1te:(c12(3M al@ll he?ercgcych-l substituted or

,4-triaz
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,

(Cy 4 alkyl)-cyclopentyl, (C; 4 alkyl)-cyclohexyl, (C.y alkyl)-pyrrolidyl,

(C alkyl)-piperidyl, (C,.4 alkyl)-piperazinyl, (C;.4 alkyl)-morpholinyl,

(C,.4 alkyD-tetrahydrofuranyl, or (C,.s alkyl)-tetrahydropyranyl, each optionally substituted.

[0061]) In other embodiments, R%is H, Ci.qalkyl, (C,4alkyl)(OR),
R
K
St Gl e
(4/ EfT\N (//
T \/o Kjo Ls{ﬁ\\/NR

Eatia & A
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3 .4-di hydropyrazino[2,3 -b]pyrazin-2( 1 Hy-one; 1
-(trans-4- hydroxycycl ohexyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3 -y1)-3
, 4- di hyawopyrzzmsng|[ 2, 3-b] pyrazin-2( 1 H-one; 1 PCT/US2011/045842
-(ci s-4-hydroxycycl ohexyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3 -y1)-3 ,4-
di hydropyrazino [23 -Db]pyrazin-2( 1 H)-one;
4-(7-0xo0-8-(2-(tetrahydro-2H pyran-4-yl)ethyl)-5,6,7, 8-tetrahydropyrazi no[ 2
, 3-b] pyrazin-2- yl)benzam de; 7-( 1 Hindazol-5-y1)- 1
-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3, 4-di hydropyrazi no[ 2, 3- b] pyrazi n-2(
1( ;i) ( one, E fj 1 ]2-I]-I- pyhidreina{ %la)Beadﬁl] qll)yﬁﬁréﬁcla-iﬁiep&x)&enﬂly H, or a substituted or

t et rahydr o- yran yl) et 3,4- di hydropyrazi no[ 2 zin-2
1 H)-one; unygbspititeq &mltzﬁiéqf/q&sm ey PsAgu R 7 etzeaﬁ@gwﬁeeceg lzu?fiqunge iy (

, 2, 4- )
di hy d§ [):Ds‘f gizk} ﬁgéﬁf&z&yargug tﬂ;lx%g of bhyy %%sub%mu( eé,t,agtw (R %Fgﬁrﬂéﬂ'&%eé\yv),lan@p 403

S, 3R) - 3- gy @2§YCYC| %Qﬁﬁéﬁ%}xrbgdﬁ@en@éﬂﬁéh;@uﬁéﬂﬁit t@rmula(ll) R 1sH C, alkyl,
,2,4-triazol | ) pyridin-3-yl)-3,4- dihydropyrazino [2, Ipyra2|n 2( 1
FD one; 1 @kﬂDG@RQR) 3- met hoxycycl opent y1) - 7- ( 2- net hyl - 6 (4H1
,2,4-triazol -3-yl)pyridin- 3- yl) § 4- dlhydro yra2|no [ 2r 3 -b] pyrazin-2(1
H-one; | -(( 1 R3Y9)- cyelpper -7-( 2- -6-(4H 1
,2,4-triazol -3-yl)pyridit 1))(3 ilL di opyr ﬂ\nr%LT\ , 3-b] pyrazin-2( 1
H)-one; 14(1 S,3 S5)-3 -nethoxycyc1openty 4(2-nethy|-6=(4H— 1
,2,4-triazol -3-yl)pyridin-3-yl)-
dlhydropyra2|no[2 3- b]pyra2|n 11)%f¥uN’A 1H i ndg ‘3 yl) 1
in

-(2-(tetrahydro- 2H—pyran dro [2,3 -
| pyrazi n-2( 111) - one; gthy (2 met h NRR. trlazo
-yl)pyridin-3 - yl) 3, 4- dlhydropyrazino [2,3 - b]pyra2|n 2( 1H)- one 7-( 1

H i ndol-6-y1l)- -(2
-(tetrahydro- 2H—pyran 4- yI) )\S:J/dlhyd4§EXLg5|no[2 3 - blpyrazin-2( 1
H) - one; 7-(4-(2-hydroxypropan-2-yl nyl)

-(trans-4-nmet hoxycycl ohexyl )-3 , 4- di hydropyrazino [2, 3- b}pyra2|n 2( 1
H) -one; 7-(6-(2- hydr@hyamdpanﬁEagﬂmenmdmnmﬁmem%mﬂyllorasubﬁnuwdor

-(tetrahydr
H§ - one: y un%ug Izil-tl?tgcq ‘ 2 alkyll)R %s at%actggpé{xgrrer?gey mg Zplerr]igintfyg)ﬂ @EP%Q&ZO' grg 1
substituted or unsubstituted C.; alkyl; and p is 0-1.

[0063] In other embodiments of compounds of formula (II), R? is H.
[0064] 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, 1 H-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,_g 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
230 -



-((trans-4-nmet hoxycycl ohexypnet hyl )-7-(2-nethyl-64 1 H 1

2 4-triazol -3-yl)pyridin-3-yl)- 3 ,4-di hydropyrazino [2,3 -b]pyrazin-2(
1H) one; WoO@26t@etigdr oxypr opan- 2- yppyr| din-3 -yl)- 1 PCT/US2011/045842
-((cis-4-met hoxycycl ohexyl ) net hyl ) -3, 4- di hydropyrazino[2,3-b jpyrazin-2( 1
H) -one; 1 -(2-nethoxyethyl)-7-(4-nmethyl-2-(nmethylamno)- 1

H benzo[ dl i m dazol -6-y1)-3 ,4- di hydropyrazino[2,3 -b}pyrazin-2( 1 H)-one;
7-(7-nmet hyl - 2- oxo-2. 3-di hydro- 1 H benzo [d]im dazol -5-y1)- 1
-((tetrahydro-2H pyran-4- yl)methyl)-3, 4-di hydropyrazi no[ 2, 3-bl pyrazin-2( 1

H) -one 7- (cgnﬁﬁhhydf S&Bs(tﬁ\!ﬁ'éd ér unsubsntuted C) s alkyl, and -NR,, wherein R is mdependently
, 2, 4- trlazol-3-y ) phenyl) - hy roPyraZ|no[2 3- b]pyra2|n 2( 1 H)-one;

V\O 2012/ Olﬁblaﬁﬁﬁ'dtUSE@QﬂVIMBSHQtei C—l(t"al kybt hoxyet hyl )-7-(4-methyl-64 1 H -1
2 4-tri aﬁ&%ﬁeﬁ‘i -yl ) ?ﬁgﬂbo %rieze%_ the cogr{ph}/lgcﬁsoﬁyto%lg?ﬁi @av% px]lipwr@@ﬂ Q}'tz( 1

- one; zyl- 7

1 2, 4- tr|qg@ﬂhéfyg%ﬂm@qy%yo§gQﬁamﬂyﬂﬁamyra2|no[2 3-b] pyrazin- 2( 1H)-one;
7- (3 fluoro-4-(4H 1 ,2,4-triazo

- (2- met ho)§@adlyl ) - 3 Inswwmb@éw@ﬁ cypglpgun%ﬂ Wwa&lilﬁﬂé)( 1t cogppound is
7-(3-fluor -4-

(g (te?réﬁfﬁgﬁﬂgtiﬁ%ﬂgraingP ﬁﬁpﬁ%gygﬂﬁg¥ﬁ€&}§ﬁ§?%i?no[2 3-1Apyrazin-2( 1
H) - one; 7-rf@hdtyeociohSyiaidiyll»-234-dihydrapyrazide[Rr3-blpgtazB-Yihhany 1) - 1

{7 ans- 4. M bk 2y Tk T n s Ry s AT el 21
2 4- trla%?gﬂgj%h%gMﬂQ@I azy@Zjﬁ?%nedlhydropyra2|no [2,3-b]pyrazin-2( 1

- one, roxypropan-2-y1) pyridin-3
1 (trans- #-cigt- pm@ommmmﬁ - Mzﬁﬁnww@}émnm‘ip@e@lylb} fyrazin-2( 1
H) - one™; 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)methy])-3.4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-ethyl-7-(1H-pyrrolo[3,2-b]pyridin-5-y1)-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-methoxycyclohexylymethyl)-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-bjpyrazin-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-yhpyridin-3-yl)-1-(cis-4-hydroxycyclohexyl)-3,4-
dihydropyrazino{2,3-b]pyrazin-2(1 H)-one:
7-(5-tluoro-2-methyl-4-(1H-1,2,4-triazol-3-yl)phenyl)-1 -(c*i.S'-4~hydroxy'cyc10hexy1‘)-3,4-
dihydropyrazino{2,3-b]pyrazin-2(1H)-one;
7-(6-(1H-1.2 4-triazol-3-yl)pyridin-3-yl)-1-(tetrahydro-2H-pyran-4-yl)-3,4-
dihydropyrazino|2,3-b}pyrazin-2(1H)-one;
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7-(5 -fluoro-2-nmethyl-4-(4H 1,2,4-triazol-3 -yl)phenyl)- 1
-(2-(tetrahydro-2H pyran-4- yl)ethyl)-3 ,4-di hydropyrazino [2,3

- b] pyr aziwe20121016f13one; 7-(3-tluoro-2-nethyl-44 1H 1 , PCAAISRé1a00B43
-yl)phenyl)- 1 -(2-(tetrahydro-2H pyran-4-

ypet hyl ) - 3, 4-di hydr opyrazi no[ 2, 3-b] pyrazin-2( 1 H)-one; 1

-(2-met hoxyethyl )-7-(2-nmethyl-6-(4H 1 ,2,4-triazol-3-yl)pyridin-3-yl)-3,4-
di hydr opyrazi no[ 2,3 -b] pyrazin-2( 1 H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)- 1

-((trans- 4}(@@1@&%&&{@@@1‘3 yl)hgm;hysl Y533 - @=meth by iopy b aZdlmﬁl{rapﬁaﬁilWBaZI n- 2(
1 H)-one; (cycloﬁentylmet y1l)-7-(6-(2- hydroxypropan -yl )pylldin-3
y1l)-3 , 4- lﬂPYf?’e‘mc}’M &90¢io [2,3- b]pyrazin-2( 1 H)-one;

7 4( 3| é‘i d:] )C/)ngﬁ)? )ﬁ)ﬁ]gpég[}?%oly%%ggfp%;{b %% 1= &%1@3‘5 B%}ﬁ%&¥4 %réo:{g ,3-bjpyrazin-2(1H)-

1 hydr oxyeigyppyri di n- 3-y1) - -(2-(tetrahydro- ZFprran 4-yl)ethyl)-3, 4-
di hydr opyrazi no[ 2, 3-

- hydr oxyet hia- §]b?fpr2dinﬁh¥¥ \?1()ZIlLl 115 4(t§a%_(21& }ﬂé}h’g?g)fg)lzﬁiﬁ é))?‘r an-4-yl)ethyl)-3, 4-

di hydr opyr / US2011/ 045842
7I (g melto % @kwLﬁléh&ng{e?fyyz%% méﬂyﬂpﬁ?ﬁ%?[%m]%w@o%?ﬂ% lr%)gi:rll-ydr 0- 2H pyr an-

4-yl ) met hyl-)5-18ord- ammép{yHazaﬁetpaz@-mlmheazi)ﬁ - @ttty desn - pyzangd-31)-3.4-

ai hyar opyr AR 2 P R A Sehe  Tagag Y SIS

- hydr oxy propaigioy- m}b{{ mwreﬁaw&o-m ﬁylﬁﬁmﬁmﬁﬂmutmhgdm@ﬁuﬂ;ho@ A-
di hydr opyr azino[ 2, 3 pyrazin-2(114) -
7-(6-(2- hyldpbl)’(lgﬂpr?dﬂ)}dhﬂlzeayl ) pyri di n- 3- yl) 1- (3-(trifluoromethyl)benzyl)-3, 4-

G o T TR e
- met hoxy prigpydye Bc18hadiyhytaetopy 3. azdiairgRirdzino|DI3pylpaizin-2 ( Hipnene;
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-y)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-(frans-4-methoxycyclohexyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1 H)-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-y[)phenyl)- [ -(trans-4-hydroxycyclohexyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(5-fluore-2-methyl-4-( 1 H-1,2.4-triazol-3-yl)phenyl)-1 «(2-methoxyethyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1 H)-one;
7-(5-fluoro-2-methyl-4-(1H-1,2.4-triazol-3- yl)pheny )-1-isopropyl-3,4-dihydropyrazino|2,3-
b]pyrazin-2(1H)-one;
1-ethyl-7-(5-fluoro-2-methyl-4-(1H-1.2 4-triazol-3-yl)phenyl)-3.4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;
232



7-(4-methyl -6-(1H 1, 2,4-triazol-3-yl)pyridin-3-yl)-1-(2-(tetrahydro-2H pyra
n- 4-yeet hyl)- 3, 4-di hydropyrazi no[ 2, 3- bl pyrazi n-2(1H)-one; 7-(6-(2
- hydr oxypwopare/@eémB) pyri di n- 3-y1) - 1- ( 2- met hoxyet hyl ) - 3, 2Cuiusganogsaazi no
[2,3 - b jpyrazin-2(1H)-one; 74642 -hydroxypropan-2-yQpyridin-3 -yl)-1
-((tetrahydro-211-pyran-4-yl)methyl)-3 ,4- di hydropyrazi no
[ 2, 3-b] pyrazin-2(1 H)-one;
7-(4-nethy|-2-(nethy|anino)-lH—benzo[d]inidazol-6-y1)-1-((tetrahydro-ZFprr
an-4- yl)methyl)-3, 4-di hydropyrazi no[ 2, 3- b] pyrazi n-2(1H) - one;
7-(2-am ng:-4- bepzal | iy PWofn34- yom
T e e S e
7-(2- et h})l]pvﬁaz(uzﬂrﬁlélﬂ)qu&-t ri azoI 3-y1) pyridin- 3 y1) 1-(
_2 b]( ;5? ;glh ﬁdlrg(? pﬁyl- /! ar%eély¥6)(?hhyj7)~l tnazol% y% h})ﬁ%m- yrl)% I4-ncf?l'x)[d%(’);;)’yr:a_zino[2,3-
(R)-7-(6- @ 5 %ﬂﬁﬁgMﬂﬁ&ﬂan 2-yl)pyridin-3-yl)-3-nethyl-1-(2- (tetrahydro 2Hp
yran 4- ypethyl) di hydr opyr azi no[ 2, 3- bﬂgyra2|n 2(1H)-one; (. S? 7-(

6- ( 2- hydr (jx(}%psqmg;pylﬂ gxg—@,@ﬂ,giqﬁmgydropyrazmo b]pyrazin-2- ) 4. methylplco inamide;

i T A TR g
t
)

6- ( 2- hy@ﬁpxaﬂapnap@ﬁ%yl)pyrld|n 3 y1) 3. 3- dlnethyl 1-( 2- (tetrahydro 2
H- pyr an- 4-

2o nd-G-emybinendol 61 resor By e ?éﬁ%%r SsteyPdn. 4y

6- ( 2- hydreayipopypratin-2-yl)-) g ietiahyBeop1-pirag2-(lhath ylahytddibydbpypyrianl4-y| ) et h
yl

-3,4- di hydr.o zino[ 2, 3-b razin-2(1 one; 7-(2-nethyl-4-
y! rdb:]@%m%/% [ 1 py (1H) - ( y (

(

p

(

1

(

1,2, 4-t ﬂﬁényl) 1-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3, 4-
?ydr opyr; a(gst(%[ﬂ%» ﬁn&bﬂ%&@ﬁ 9-yz>c iLg:D (t@ﬁ@aydro -2H-pyran-4-yl)ethyl)-3,4-
(

h
y
1

4-(1H 1, 2, 4-tri azol

tetr ahmmxmwcwm pyr)i@mk%(lf)i -gnez-
éd”’pyrf‘ '”%g_gy é}l%y%aﬁél-%Zg{tét%81[192H-Jp-yganl-éi-yl)ethyl)ﬁ,4-dihydropyrazino[2,3—

hydr oxypropa -
H 2 4 t id}@Eein3( - i di n- 3-y1) -3, 4- di hydropyrazino[ 2, 3- b] pyrazi n- 2(

H)

1- (2 hydr Fxisreit! Rypyrazel 32y brheryh-le2creihexyethyly-3 #adibydrapyrpsipgle ab lyszip) - 3, 4-
dlhydropy:%f p@k% 3-b] pyrazi n-2(1H)-one; or a pharmaceutically acceptable
salt there XAMPLES 6.1 FLOW CYTOMVETRY ASSAY [00671Anti bodies

[ 00681 The T@lytidis- hghan(2-beadibgdrodid eyasedtyl)¢ihy)Prbs plydropEBRINO{ 2.3 :H@6)7inAl exa
Fl uor 647 Conjugate (Cell Signaling, cat# 5123); (ii) Muse Anti-human CD3
(FI TC)(BDZSI%JSEI?%nces cat # 555332): and (iii) Muse Anti-human CD91 ( PE)

(BD Bi oscien¢rfdasflaty 13394 Hthoxyethy)-3,4-dihydropyrazinof2.3-b]pyrazin-2(1H)-one:
7-(1H-indazol-6-yl)- 1-(2-methoxyethyl)-3 4-dihydropyrazino[2,3-b|pyrazin-2(1H)-one;

7-
7-
pethyl)-3 o[ 2,3 ipyrazin-2(1H)-one;
2012] 0161%@&‘%2% e25842

7-

di

7-

2-

di

7-(pyrimidin-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-
blpyrazin-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:
1-(2-methoxyethyl)-7-(1H-pyrrolo[2,3-b]pyridin-5-y1)-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;
{-ethyl-7-(1 H-indazol-4-y1)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1 H)-one;
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[ 00691Reagents [0070] The follow ng reagents were used: (i) Phospho-4EBP1
bl ocki ng peptide (100tig @ ng/nl), (Cell Signaling Technol ogy, cat#1052)
(store atwo2012016118i i ) Phospho4EBP1 bl ocki ng pepti de bufCEriS2eiontisuni ng of
20 nM pot assi um phosphate (pH 7.0), 50 mM NaCl, 0.1 InM EDTA, 1 ng/nl BSA
and 5% gl ycerol (store at -20 C); (iii) BD Stain Buffer (BSA), Cat# 554657,
BD Bi osci ences, contai ni ng Dul beccos Phosphate Buffered Saline (DPBS) pH
7.4, 0.2% (W v) bovine serum al bumn (BSA) and 0.09% sodi um azi de ( NaN3)
(store at 4 C; (iv) BD PhosFlow Lyse/fix buffer (5x), Cat # 558049, BD

Bi 0sci encesgyy gapui- %sneefb -GQLA B QM G QR ALY NEh g 0% - Hidk TRIpd i abdpyeaitife

di et hyl ene gryco Store at roomtefperature); (v) BD PhospFl ow Per m Buf f er
111, cat#26B80&€. BD Bi osci ences, a buffered solution containing 90%

met hanol ore at room:t ratu [ ki X),
cat # 338095 0 pr o gl ent B e b P & R SO
39- WO 2@ rQﬁ@@.ﬁl{’gﬁ&SZOll/ 045842 M crotest U-Bottom plates; cat#
353077, Falc viii) BD vacut ai ner tubes (heparin), é‘%ﬁ) 36787AZr
(plastic),l l@afthbfl G%Mhb(lgﬁ g kY 2 A-inarolcpBYh % ylglg 4 ‘iif‘h PRPPPRISFER ki nase
i nhi bi tor b@?ﬁ?ﬂ N pé(gé' nati onal Patent Publication No. WO 2010/ 062571,

publ i shed un EH 10, the contents of which are |ncor§)or ated herein by

ref er ence 2-q2- }t)lmwpemﬁam;}aw St@elerane-AgnethSectytlohexy 7-opades /-85- 43 and Tabl e
1); (x) normal healthy nt eer V\QO| e. bl ood lgbt ai ned from TSRl Nor nal
Bl ood Dond?tr@é?(ﬂp&@m@éz yéa@ YT 35T ent whol e bl ood obt ai ned

from Conver st 1 Biel.0aisce ek ARFALTT ﬁ%ﬂﬂnﬂ)rﬁéthym| &7 BlioadhydifR72IMmbe

bl ood was co cted rom healt hy donors/patients into vacutainer tubes
cont ai ni ng|podzingd-ygpeclimn(iBD, cat# 367874 (plastic), cat# 366480 (gl ass)).

Ca 1 th hl . t4ing.
[0073] Compothaearirieane e rep s b7 LGB RSP PR G BL V2,
in 100% Dlﬁgg&tmgﬁo%nﬁﬁMor 10 mM stock concentration, the 30 mM or 10 nmM

stock concentrations of Congound 1 were dil u g 2”[89‘/0 DMVBO t o ke 5 niV
0.5 nM and'- O&pmw«slt%w lc@n @rﬁhf/éﬂ-%iﬁébym&ﬁi Bt YOHPYBEOhe’s mM 0.5
mM and O. ]b] L5 Oﬁﬁé Qé:entratlons were made into nedia, with the flnal
concent r at 1’64 frpodnd 1 in nmedia being 50 )1IM 5 piMand 1 ‘) i M
respecti vel- yfmr{ad mtetmnﬁcymﬁx}daaﬁtmtarnethple@riHd»rh;?efi-a‘aazpb%yé)fpmlélna?dm )tdibn to

t he bl ood. [007411.8 néoo \Ah%(ﬁljr%good was transferred to a 50 nL coni cal
tube and tdiBwlepyrofingl2ooblpyHe! WAE 1 diluted in media for 2 hours in

the dark astglﬁ;_gg_r}},étﬁ%g@ esqrze4 trmsl Bly %Ml@@@?ﬂ%;ﬂ@-@,@fw@f&l&é@&aﬂﬁb[ﬁﬁs 5 11M

0.5 1J.M an pectively. e final DMSO concentration was be
0. 1% Eachblpymeainnigft)- whmedmh)éemmnttrllepl icate. [0075] Fi xi ng and

T kB SSRGS TR P g g
L o Do Db o e a2 07 C e et o
vol ume of bl bowo-Ri(Htepghydro-2H-pyran-4-yl)éthyl)-5.6,7.8- tetramropyrazmop H}yrazug 2-
yl)benzamide;
5-(8-((trans-4-methoxycyclohexylymethyl)-7-0x0-5 ,6.7.8-tetrahydropyrazino(2,3-b]pyrazin-
2-yh)-4-methylpicolinamide;
3-((7-(6-(2-hydroxypropan-2-y})pyridin-3 -yl)-2-0x0-3,4-dihydropyrazino{2,3-b]jpyrazin-
1(2H)-yDmethyl)benzonitrile;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((1R,3R)-3-methoxycyclopentyl)-3,4-
dihydropyrazino[2.3-b]pyrazin-2(1H)-one:
7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-1-((1S,3R)-3-methoxycyclopentyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
234 -



vol unes of |x Lyse/tix buffer (for the 2 nL of blood + Conpound 1, 40 nL of
| x Lyse/fix buffer was added) and m xed thoroughly by inverting the tube
several twEe812/01400781The Lyse/fix and bl ood m xture wa®Cirasedanessst n a 37
C water bath for 10 minutes. [00791Cells were pelleted by centrifugation at
800x g for 5 mnutes and supernatant was renoved by aspiration. [00801Cells
were suspended with 1.3 nL of cold PBS and transferred to 1.5 m eppendof f
tube. Cells were pelleted by centrifugation at 800x g for 5 m nutes and
supernatant was renoved by aspiration. 100811Cells were washed with 1 nL of

col d PBS, u@e@dr&g%;ﬁniﬁﬂ)ptyrmtﬁlgtﬁ}ﬂ%@ HIPefRaa N ycaRnfyepyed by

asplratlon can al so be frozen at -80 C directly at this step for
| at er usagbhydlrcbp}dwnq[éd -blogtarm- E(rthﬂOt‘lhe 1.8 m of blood can be split into 2

vials for ts of staini reatlo F C, frozen
Vubes it i-orr b e BB s S S B T
of cold PBSydeshirszidé[e, p@]lpy@'fzﬁhdz(bﬂ)@)aé‘;trl fugatl on at 800x g for 5 mnutes
and supernatant is rem)ved iration. \Mére susp ?ged and
per meabi | i zedl-indagaldi- h@'li(zn(i‘_ef@hywn%ﬁﬂ&ifap )q:thy 1@? 41659 '6’1’65514“50;‘

i ncubat ed 3 raggj‘p[[{)_g, .mnutes (The cell pellet should be well resuspended
w thout th p)f)rese of "chunks. It is inportant that cells are treated for
no nore t haee-30thyl- BL(HHSL 2@./ceﬁzccbr’-ﬂmﬂdiméwﬂﬂehbl-himdlmnetbyl)t% cells can

affect the overall phqgspho- eplt gnal s). 100831Cel ls were pelleted by
centrlfugatlb%irﬁo%)tra%% St bPgraze-4; and supernatant was renoved by

aspiration %%,%Mﬁy%h@xﬂ‘@?ﬁﬁ%e%ﬂm -dHTy 20f. trﬁ&@l'—ﬁ'y[)ﬁyn@&lﬁfﬁylg -3,4-

centrlfuged at 88 M nutes and supernatant was renmoved
aspirati omlhmm&aﬁm Qb?ebl]yoyvadm—l(llbiﬂrcan,d Dat a Col | ection (008610el s were

batch stain sur f rkers
wer e conpalt” F%T gh%a‘toﬁyﬁec eéglf)#& "9‘2?‘§r%?%ﬁ%ﬁ %Hﬁ iij %1:A£J% jc:*r%rrpatl bl e,
surface | 3J?F))tdr W ihé] 236 fpbRdih- :!IQH()J’oﬁet reating cells wt h Perm Buf fer H
shoul d be trie Becton Di cki nson recommends usi ng ”g 1 of each surface

anti body fbto-&/kydroxauonani2-Yhpwadipidor)-1- @W&@&Oeﬂﬁ diingremyarainole-3m

whol e bl O%ﬂpyrw%-ﬁ?hB-oH&' | et from above was
1-isopropyl-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3-y})-3,4-dihydropyrazino[2,3-
blpyrazin-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)methy!)-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;
1-(cis-4-hydroxycyclohexyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3,4-
dihydropyrazino|2,3-b]pyrazin-2(1 H)-one;
4-(7-0x0-8-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-5.6,7 8-tetrahydropyrazino{2,3-bjpyrazin-2-
yl)ybenzamide;
7-(1H-indazol-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3.4-dihydropyrazino[2.3-
blpyrazin-2(1H)-one:
7-(1H-pyrrolo[2,3-b]pyridin-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3.4-
dihydropyrazino[2.3-b]pyrazin-2(1 H)-one;
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resuspended in 30 1.1L of staining buffer (40 | AL of staining buffer is
used if only staining CD91 cells). 10 kiL of anti-CD3 and 10 ! AL of

anti - CD9iweere/Eadded to cells, mxed -41 - thoroughly &ou/useeculoaiserl at
roomtenperature for 30 mnutes in the dark (PC3 cells do not need to
surface staining). [0088] Wile waiting for the surface staining, 96 well
U-bottom pl ates wi th phospho-anti bodi es and bl ocki ng peptide or buffer were
prepared. p4EBPl1l staining solution, blocking peptide solution and contr ol
solution were al so prepared during the waiting period, as follows: p4EBPl

st ai ni ng quuhmﬁpk64@HﬂaInsn@ﬁ@BudibdﬁtbwD+laemﬁﬂﬁs)aﬁunmﬂEBﬁi)hﬁflbody,
bl ocki ng peptide sol uti n' 10 rts bl ocking peptide + 2 parts anti p4EBP1
ant i body; d&Wd‘FQRYﬁQZri'éﬂ[zéd? H?(‘"%‘ﬁ'z(iﬂ) ‘Bafts peptide buffer + 2 parrs staining

outler,” {90818 A2h hBLHBLAD T g bl aacommn i it ome

345 A NBOrépyeatind[2531AM rieal(1H)-0n&) . 1M treat |
1-((1R,3R)-3-methoxycyclopentyl)-7-(2-methyl-6-(4H-1 ,2,4-triazol-3-yhpyridin-3-y1)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-((1R,38)-3-methoxycyclopentyl)-7-(2-methyl-6-(4H-1 ,2.4-triazol-3-yDpyridin-3-y1)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-((18,38)-3-methoxycyclopentyl)-7-(2-methyl-6-(4H-1,2,4-triazol-3-yl)pyridin-3- y)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(1H-indol-5-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3 4-dihydropyrazino[2,3-
b]pyrazin-2(1H)-one;
{-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-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;
7-(4-(2-hydroxypropan-2-yl)phenyl)-1-(trans-4-methoxycyclohexyl)-3.4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(tetrahydro-2H-pyran-4-y1)-3.4-
dihydropyrazinof2,3-b}pyrazin-2(1H)-one;
1-((trans-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;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((cis-4-methoxycyclohexyl)methyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-(2-methoxyethyl)-7-(4-methyl-2-(methylamino)- 1 H-benzo|dJimidazol-6-y1)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(7-methyl-2-0x0-2.3-dihydro-1H-benzo[d |imidazol-5-yl)-1-((tetrahydro-2H-pyran-4-
yl)methyl)-3.4-dihydropyrazino([2,3-blpyrazin-2(1H)-one;
7-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-3,4-dihydropyrazino[ 2,3-b]pyrazin-2(1 H)-one;
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0.1),Mtreat 1 p4EBP1l staining DWVBO-treat 2 5|AMtreat 2 0.51AMtreat
0.1pMtreat 2 PC3 DMSO C DMSO-treat 3 51AMtreat 3 0.5)..tMtreat 3
0.11. 1M twean12p1Pa3- - 511M D DVMSO-treat 1 PCT/US2011/045842

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-
blpyrazin-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-yDpyridin-3-yl1)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-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-
yhethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1 H)-one;
1-(2-methoxyethyl)-7-(2-methyl-6-(4H-1.2,4-triazol-3-yl)pyridin-3-y1)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-y)pyridin-3-yl)-1-(( trans-4-methoxycyclohexyl)methyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-(cyclopentylmethyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3 -yl)-3.,4-dihydropyrazino(2,3-
blpyrazin-2(1H)-one;
7-(4-(2-hydroxypropan-2-yl)phenyl)-1-(2-methoxyethy!)-3 .4-dihydropyrazino{2,3-
blpyrazin-2(1H)-one;
(S)-7-(6-(1-hydroxyethyl)pyridin-3-yl)-1 -(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3.4-
dihydropyrazino[2.3-b]pyrazin-2(1H)-one;
(R)-7-(6-(1-hydroxyethyl)pyridin-3-yl)-1 -(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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DMSO-treat 2 DVMSO-treat 3 PC3 DVSO PC3--5p. M p4EBP1- peptide DMSO-treat |
DVBO-treat 2 DMSO-treat 3 PC3 DVSO PC3--5)1Mcontrol [0090)88 ) LL of

di l uted cebl2s1vmsBa3transferred to each well foll ow ng treTAlseMa/ogisat e

| ayout. The plate was gently shaken to m x staining buffer with cells.
100911The pl ate was shaken at 25 rpmin the dark at roomtenperature for 30
mnutes. Cells were pelleted in the plate by centrifugation at 880x g for 5
m nut es. The supernatant was renoved quickly by inverting the plate and
expelling the contents out. 100921The plate was shaken to | oosen the cell

pel I et i n7thenQByel 41184 -eia 088 y8)pwEdia- wWal Nedtevahird Q0-pyraoH-ghaethiyng
butl er per vveI |. " Cells were pelleted in the plate by centrifugati on at 880x
g for 5 nﬁnludlésdmm;@émﬁ%%rhip%ﬂ edifbvd: by quickly inverting the plate and

expel Iing 7C((3r}t7%ytd%x%g;opan-}yl)phenyl)—1—(2-(tetrahydro~2H -pyran-4-yliethyl)-3.4-
dihydropyrazino[2.3-b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-1 -(4-(trifluoromethyl)benzyl)-3,4-
dihydropyrazino{2,3-b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-y})-1-(3-(trifluoromethyl)benzyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-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-yD)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-y1)-1-(2-methoxyethyl)-3 ,4-dihydropyrazino{2.,3-
blpyrazin-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)- 1 H-benzo[d]imidazol-6-y1)-1-(( tetrahydro-2H-pyran-4-
ylmethyl)-3.4-dihydropyrazino|2.3-b]pyrazin-2(1H)-one:
7-(2-amino-4-methyl-1H-benzo[d]imidazol-6-yl)-1-( (tetrahydro-2H-pyran-4-yl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(2-methyl-6-(4H-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;
(R)-7-(6~(2-hydroxypropan-2-yl)pyridin-3-yl)-3-methyl-1 -(2-(tetrahydro-2H-pyran-4-
ylethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
(S)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3-methyl-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-y1)-3.3-dimethyl-1-(2-(tetrahydro-2H-pyran- -4-
yhethyl)-3.4-dihydropyrazino|2.3-b]pyrazin-2(1 H)-one:
7-(2-amino-4-methyl-1H-benzo[d]imidazol-6-yl)-1-(2~( tetrahydro-2H-pyran-4-yl)ethyl)-3.4-
dihydropyrazino[2.3-b|pyrazin-2(1H)-one;
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[ 0093] The pl ate was again shaken at 25 rpmin the dark at roomtenperature
for 30 mnutes. Cells were pelleted in the plate by centrifugation at 880x
g for 5 mvouredleiiBe supernatant was renoved qui ckly byPCmwsSeattiogssshe pl ate
and expelling the contents out. [0094fDuring the centrifugation, the 3x
Concentrate BD Stabilizing Fixative was diluted 1:3 with deionized water at
roomtenperature. - 42 - WD 2012/016113PCT/ US2011/ 045842 100951The pl ate
was shaken to | oosen the cell pellet. Cells were resuspended in 200 til of

| x BD Stabilizing Fixative. [0096] The plate was read on a FACS Cali bur fl ow
cytor net er; @QULIRRE YWdpan2- ﬁ%mlxﬁ 39,11)611 22 qeadeydroPHapean ubdjetpansat be read
ri ght away shoul'd bé covered i'n foil to protect fromlight and stored at 4
C. Pl at es diiholodpgrivénaldch pymehinn(PHBondur s. [0097]Eata anaIyS|s was be

carried o u5| Fl flom1 of I Star,
| nc. Nban/ 9kﬁﬁg$49%eﬁ% y% %vy (%é% drpe Ei %Q&H%Tgsgteln
phosphoryuﬂg&ﬁgwwﬁn gsagggﬂzmkg®ﬂ$bEESults are |IIustrated in FIGS. 1-4.
6.2 MIOR HT ET ASSAY [0001] The fol | owin

g i s an exgng$?g8 gn assay t hat
can be usdd“dHibedrtiane-3-RePhanoR i-hiterahgfip-Ad it ¢ YoF! conpound.

d d k d
Test CO”DQHQQ§I%T éﬂ§§$gh¥§gthxpﬁ§gh@n prepared as 10 mM stocks an

di | ut ed appropria he expefriments. Reagents are prepared as
foll ows: 10Q0RLIStyppdenTOR)uf2freethy -6 bld- it D4diikan-8-Himghidgl-yobrbf- TOR

fraction): 10 mM Tris 7.4,. NaCl, 0.1% Tween-20, 1 nmM DTT.
InV|trogeﬁJﬂﬁeﬂ”@%%W#%%gégﬁﬁfniggﬁgwh?ed in thig buffer to an assay
concentr atq S &g 0. 075 nmM ATP,
1ot M Mqlc?ghﬁ%%%eagﬁj '{%’f@t—hyll@@@{gl APRYEISI-5 Bb i LD

dihydropyrazino{2,3- b]pyrazm -2(1H)-one; or a pharmaceutically acceptable salt thereof.

6. EXAMPLES
6.1 FLOW CYTOMETRY ASSAY

[0067] Antibodies
[0068] The following antibodies were used: (i) Phospho-4EBP1 (T37/46), Alexa

Fluor 647 Conjugate (Cell Signaling, cat# 5123); (ii) Mouse Anti-human CD3 (FITC)(BD
Biosciences, cat# 555332); and (iii) Mouse Anti-human CD91 (PE) (BD Biosciences, cat#

550497).
[{0069] Reagents
10070) The following reagents were used: (i) Phospho-4EBP1 blocking peptide

(100ug @1 mg/ml), (Cell Signaling Technology, cat#1052) (store at -20 °C); (ii) Phospho-
4EBP1 blocking peptide buffer, containing of 20 mM potassium phosphate (pH 7.0), 50 mM
NaCl, 0.1 mM EDTA, 1 mg/ml BSA and 5% glycerol (store at -20 °C); (iii) BD Stain Buffer
(BSA), Cat# 554657, BD Biosciences, containing Dulbeccos Phosphate Buftered Saline
(DPBS) pH 7.4, 0.2% (w/v) bovine serum albumin (BSA) and 0.09% sodium azide (NaN;)
(store at 4 °C); (iv) BD PhosFlow Lyse/tix butter (5x), Cat# 558049, BD Biosciences, a
buffered solution containing <40% formaldehyde and <50% diethylene glycol (store at
room temperature); (v) BD PhospFlow Perm Butfer [l cat# 558050, BD Biosciences, a
buffered solution containing 90% methanol (store at room temperature); (vi) BD Stabilizing

Fixative (3x), cat# 338036, BD Biosciences (store at room temperature); (vii) 96 well
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pH 7.4, 50 nM P-GOP, 250 nM M crocystin LR, 0.25 nM EDTA, 5 nM DIT, and 3.5
tig/nmL GST-p70S6. 100041Det ection reagent solution: 50 mM HEPES, pH 7.4,

0. 01% Triworeo/a1603 0. 01% BSA, 0.1 mM EDTA, 12.7 ti g/ nLPCyarsa@dN458aer sham
(Cat #PA92002V), 9 ng/ nmL a- phospho p70S6 (Thr389) (Cell Signaling Muse
Monocl onal #9206L), 627 ng/nL a-nouse Lance Eu (Perkin El nmer Cat#AD0O077).
10099] To 20 tit of the Sinple nifor buffer is added 0.5 tiL of test conpound
in DMSO. To initiate the reaction 5 tit of ATP/ Substrate solution is added
to 20 'AL of the Sinple TOR buffer solution (control) and to the conpound
sol uti on pnrpaced-Bbave.pldbe cagSagoTs Fatcoppedi)dd D enciBfinen tnbesebepyinaddihg 5
'AL of a 60 mM EDTA solution; 10 tit. of det el?(j:f“on .éea ent J?ﬁ“ft' on L%.tt hen
added and 30A&7hipkastitle c3& S8PFWEdsEb (18) Fomgpung 113044pstlNg singse IMNOHEY or e
readi ng o rki.n- I bSi : 0 e s@dlish&l seleets, bANCE Eu
TRERET (eQ%?’%d;?i%‘!ﬁﬂ‘é‘Ebg%) ofEY PRORMMY MOR G 26| FaaTe M. 6.3 CLI NI CAL
STUDY [ 001ROddhentpat weinh apopubraviacnl hwasn bpmfeicsedlingheirentirghd s¢doieh, Sceliet 18

years ol d. 1001011Coppo 1w adm ni st ered, orall in an i upt ed
et dat | Sansduers Bab i sh Tn btk SOnBlRn Mt oG b AL B P
havi ng f astgd \auafaDB&Yd DFHRISEHROQ L2 GolM, $)A; dhQQL) Bddrae vhpat blest ovased

adm ni stered a single dose of Conpound 1 (Day -1), followed by a 24-hour

wash out pem é@neerchra BAgotiesr observati on and phar macoki netic sanpl e

collectio riod, iC s JAben fiol | owed on Day 1 by daily dosing for 28
days. [0038@?%3 f ol 6% %'Of'&ﬁoe OM’S were adm ni stered: Cohort 1----
7.5 ng; Cqberd] 2 = 1¥howblésheid codleatedrorpheaGhndonord/pdentgintd nicuiagder cohor t s

f bj ect [ Co d1li i 0% (.. e.
oubl | ng. HESoBeES 14 GR NPT AT 10 ORGP, SPHSTARER Pt Fafkbur se

grade 2 or, hi . ! ] rel at ed.
[001041Res{ t“ggglﬁ‘é‘t‘?ﬂ’lgé‘% g“é)t%%{%mf’ﬁlt“gﬁ %&2@5%3@?%%[1%% [05] The enbodi ment s

di scl osed [peT3i n ar eCamopound diletibhswerepréparsicsgelloys:t Gemppesi f ves disddidrent s

di sclosed in e l e ich are. intended as .illustrat.i f.a

aspect s of‘“tlﬂé@"g?]é‘@?)g‘g’éﬂ o‘BM@%ﬁ%m&LHO‘é ﬁo%ﬁ%%%ioﬁéﬁlte?btlﬁlgfmgroemﬂ il
functi onal ly.8AUEN¥A SMtodpRiInaNcoERassRd iRY 00RO ISEs®HaldisehIg M hndeed,
various nodifications of the enbodi nents di scl osed herein are in _addition

to those showMatwkdeswenirpéehsherd di Wowlilufioneeidhe S apyal émeMadihbad! sierk | ed
RLCR N I L R T R N
whi ch are peing 50 WM. 5 pM and 1 uM, respectively. Dilutions were kept at room temperature

before addition to the blood.

[0074] 1.8 mL of whole blood was transferred to a 50 mL conical tube and treated

with 200 pL of Compound 1 diluted in media for 2 hours in the dark at room temperature.

The tinal Compound 1 concentration was 5 pM, 0.5 uM and 0.1 pM, respectively. The

final DMSO concentration was be 0.1%. Each treatment was done in triplicate.

10075) Fixing and Permeabilization

[0076] While waiting for blood treatments to finish, 5x BD Lyse/Fix Buffer (cat#
558049) was diluted with distilled (or deionized) water. The 1x Lyse/Fix buttfer was pre-
warmed in a 37 °C water bath for 5-10 minutes before use.

[0077] Cells were lysed/fixed immediately by mixing 1 volume of blood with 20
volumes of 1x Lyse/tix bufter (for the 2 mL of blood + Compound 1, 40 mL of 1x Lyse/fix

buffer was added) and mixed thoroughly by inverting the tube several times.
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incorporated herein by reference in their entirety. CLAIMS Wiat is clained
i Ss: 1. A nmethod for detecting or neasuring the inhibition of TOR

ki nase acwoOwhtyisn3a subj ect, conprising the use of fl oRCENISONMEIONIBLL O
measure the anount of phosphorylated 4EBP1 in a biological sanple fromsaid
subject prior to and after the admnistration of a TOR ki nase i nhibitor.

2. A nethod for determ ning a dose-response relationship for the

adm nistration of a TOR kinase inhibitor to a subject, wherein said subject
is adm nistered varyi ng doses of said TOR ki nase inhibitor and the anount
of TOR Ki ggm]act i vithe LRI dddWloddmb@ind vwidbh@®htcl 88 WBY POgvdteamrieash odose
of said TOR kinase inhibitor is determ ned by the use of flow cytonetry to
nmeasur e t hemamsunt of phosphoryl ated 4EBP1 in a biological sanple fromsaid
subj ect prji to an ter e m.ni.skrati o i i

nht bi tor . 108791 3%%{%‘%?%8%??@%‘?%8 NS %E‘Sn“g%?gi‘ %34?9%&%:&6%@%? ernatant
sensitive &g @mbQRI ky ags@tbmhi bi tor, conprising adm nistering said subject
said TOR ki nase inhibitor and determ ning whether_or not TOR kinase is

i nhi bit ed PA8Yai d sub§lBeriragupgndadevits b SaRL pf sold st iFpstegreRiasard! ¢ he
anount of I I i I Sal subj ect
prior to a%ggrzi@?@ﬁlx%ﬁﬁe&g ;E:F% %@e ;%{?}?%&g@uggt?cg%}é%@ﬁ?r@sgeﬁlﬁnﬁl bitor.

4. A net hadptontadel ey mhmived by hepiefibect i ve anount of a TOR ki nase i nhibitor

for the tr nt or nagenent of. a disease in.a pati onprisin

admi ni st _er[lgﬁéﬁ'ssai d p%egﬁe‘ﬁ e\‘/‘ﬁ‘?%_dn‘ﬁltlﬂéé’é[:?g‘fﬁggg&’ %@%Sﬁé&%%ﬁiﬁ“&”ﬁ%ﬁaﬂnd
det er m ni NGt AGEAMRM erRlved BRINASE. (@6l ¥ir Msd Brbienl 0080 T §RédyRatiient
resulting fromeach dose of said TOR kinase inhibitor by the use of flow
cytonmetry dtep fvefderrusageh & dasvedhiceldf frpmdbphdmyl efttdepmBE spht iath? siabgoe al
sanpl e from sai d.subject ipr t nd_after .gach adm ni i iqd TOR
i nase i itk forinng hESho ). Boredts BA%Eh§ LTI AURLL RS 4 Gkl
associ at edyptb 1dd 2ROk ras@spendal wiglh i @ilt oheld RBSaCdiseapellassbe tathethgusidh
TOR ki nase, conprising admnistering to said - 45 - WO

2012/ 0161 18B86G* B0 MimUessds syRETPAIAL ig Feraeed oy RIrHiBunt of a TOR ki nase

i nhi bi tor, reint i j i nhi b i 1 ned
usi ng the [r('?eﬁ?ﬁod of Q@gﬁ%}&g@ﬁép\éﬁdéﬂ%ﬂg& nﬁ@aﬁ@%&ﬁ%ﬁh@@g@%&?%h@?@ %grslumri ng
t he i nhi bi ¢k ax 16 cécNORuld inastertegiodn ivé tor liSmiautes oTlegdetiglellsashobiel Heroet a

TR LIS I o g RN S
cont acti ngn§al tﬁarpi@Jnggjt&abvéla@ﬂqlrﬁey\égérﬂleabiﬁ%dﬁi JTARECA 18 RAPALQS 1R¥oWND.
7. A kit conprising one or nore containers filled with reagents for

det ect i ng pwEBRtepimipagighhlow cyt onetry and instructions for detecting p4EBP1
using flo onetry .. The t.hod . of im.J, -wherein the
ki nase i n\fll\fioﬁﬁlor s h a(gel{shxéerf: BF%F%\&( f%ﬁ?ﬂ%ﬁﬁtl%ﬂt(‘égax g for 5 A& dhd supe%ggnt

was removed by aspiration.

[0084] Cells were washed with 1 mL of staining buffer. centrifuged at 880x g for S
minutes and supernatant was removed by aspiration.

|0085] Antibody Addition and Data Collection

{0086] Cells were batch stained with surface antibodies, making sure that surface

markers were compatible with Perm Buffer I system (if antibody is not compatible, surtace
labeling with antibody betore treating cells with Perm Bufter 11 should be tried. Becton
Dickinson recommends using 20 ul of each surface antibody tor every 100 ul reaction).
[0087] For PBMC cells from 1.8 mL whole blood, the cell pellet from above was
resuspended in 30 pL of staining bufter (40 ul of staining buffer is used if only staining

CD9I cells). 10 uL of anti-CD3 and 10 ul. of anti-CD91 were added to cells, mixed
-41 -
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st er eoi soner,

het er ocycl
R2 is H,

yl,

e

/ US2011/ 045842

t aut oner,

substituted or
unsubstituted cycl oal kyl
substituted or unsubstituted heterocyclylal kyl,

unsubsti t yhgdu
WD 2012/ 016113

or

unsubstituted G _8 al kyl,

R4 (1) or a pharmaceutically acceptable salt,
prodrug thereof,
substi t utwo 20r27aapabst i tuted C . g al kyl,
substituted or unsubstituted cycl oal kyl,

wher ei n:
substituted or pomaisbetliosissed aryl ,
substituted or

cl at hrat e,

i ndependentcty turggbsigininged or unsubstituted O .g al kyl,

unsubsti t
unsubsti t

gy

aryl,
heterocyc

\%HH walt}ilxt

SO PR LS YL SRl

sol vat e,

R is

unsubsti t ut ed
or substituted or unsubstituted heterocyclylal kyl;

substituted or
substituted or unsubstituted heterocyclyl,
substituted or

hKY IncuBdte$ MBSbint tinpekafiie EU?SUbﬁﬁmfe!slhEdle(Hﬁﬂd @alzkaeliabkybe and
R3 and R4 are each

substituted or

hatesWAgf i tuted or
terocycl yl al kyl ,

subst i t ut ghoghotirsibbsits Imtt leldclan@bkgttd,e s bhffer weiteqderaredl rmummu dtaihied

cycl oal kyl al kyl ,

unsubst i t
t oget her

i nhi bi tor

6- (1H pyrr
di hydr opyrigas 0[2
, 2, 4- triaéﬁ?gg

or R3

a

nd

e atons to

3- y (
o ?]r ],Iﬁa {)ﬁszt%lﬂmé f)@)!'&tl_oﬁ NQockin

Stamm%

tetr

Yiufn: @U%ax%?

e attached

ahy.c

oget her with the atons
attached, sPBriRnebleckiag P%Hﬁ’tdédo’éfloﬁ ﬁ%ﬁ%”c"ioﬂ SRIBHOR YETCRTARIEPBF

V%Laﬁﬁ %]ﬁérﬁfdogé’ﬁalllﬁgv’s . pAERPI

to

ich they are
wQé%ﬁE&??uted or

erfide BareNnd 2 Rdrts anti-

orm a substituted or
unsubstitq&@ﬁﬂhememmbybkykugﬁmﬁhé:ﬂﬁmhmdlopanﬂbbnhﬁgpwhek@thpNMHnmCR ki nase

RIFEIPS 28t Bpcy AP ol §alpion: L0 Rar s PR F AR A BRELSH - 3, -
rtfgl'e%é{uggﬁl g%l:(zr?r'o(l hutidn were

nethylywaaﬂmdbhmm;mpyeaﬁknmﬁgpﬁamﬁﬁpywa2|n 2(114) one;

% %5 f | uvor-e-—2+ret-hyH—44—1H-1+ Hazot—3—y)-phepyt)—A—{{iransy 4-
nethoxycy¢Lgh$xyﬁgﬁeihyl 3 AZd-hyﬂrnQV.aan£+2—31£+png :n52(1Hi SR
A | DMSO-treat | _pM-treat | O.SHKG—treat I 1 0. 1uM-treat’] BPI
B | DMSO-treat 2 | SuM-treat2 | 0.5uM-treat 2 | 0.1pM-treat 2_| PC3 DMSO ‘;fa?mng
C | DMSO-treat 3 | SuM-treat 3 0.5uM-treat 3 | 0.1puM-treat 3 | PC3--5nM
p4EBPI-
D | DMSO-treat | | DMSO-treat 2 | DMSO-treat 3 | PC3 DMSO PC3--5uM peptide
E ] DMSO-treat | | DMSO-treat 2 | DMSO-treat 3 | PC3 DMSO PC3--5uM control
[0090) 88 uL of diluted cells were transterred to each well following the above plate

layout. The plate was gently shaken to mix staining buffer with cells.
[0091] The plate was shaken at 25 rpm in the dark at room temperature for 30
minutes. Cells were pelleted in the plate by centritugation at 880x g for 5 minutes. The
supernatant was removed quickly by inverting the plate and expelling the contents out.
10092] The plate was shaken to loosen the cell pellet in the 96-well plate. Cells were
washed with 200 ul of staining butter per well. Cells were pelleted in the plate by
centrifugation at 880x g for 5 minutes. Supernatant was removed by quickly inverting the
plate and expelling contents out.

[0093] The plate was again shaken at 25 rpm in the dark at room temperature for 30
minutes. Cells were pelleted in the plate by centrifugation at 880x g for 5 minutes. The
supernatant was removed quickly by inverting the plate and expelling the contents out.
[0094] During the centrifugation, the 3x Concentrate BD Stabilizing Fixative was

diluted 1:3 with deionized water at room temperature.
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5-fluoro-2-nethyl-44 1H 1,2,4-triazol-3 -yl)phenyl)-4-((cis-4-
hoxycycl ohexyl ) net hyl )-3 , 4-di hydropyrazino[ 2,3 -b] pyrazin-2( 1 H)-one;
6- ( 1 W0 2012/A6U3trj azol -3 -yl)pyridin-3 PCT/US2011/045842
) 4- ((trans-4-met hoxycycl ohexyl ) net hyl )- 3. 4-di hydropyrazino [2,3
-b]pyra2|n 2(1 H)-one; 6-(5-fluoro-2-nethyl-44 1 H 1,2,4-triazol-3
by oycl ohexyl ) methyl) -3, 4-d

ydr oxycycl ohexyl ) net - 3, 4-di hydropyrazino[ 2, 3-b razin- 2 - ;
6464 1 H 1,2, dtriazol 3 yEropy [ Tpy (1 F-one:
-yl) pyridi mg%‘yl) A1 Plie dabBhdrex Y& obanax yél) ﬁﬁtdﬂy@:l—ls?wére resuspended in 200
dlhydropyra2|no[2 3-b[ pyrazin-2( 1 H)-one, 6-(6-( 1 H1

.2, 4- tr|az¢b£$xﬁ%bymbdun@gﬁxymﬁ 4- ((!'rans-4-hydroxycycl ohexyl ) net hyl ) -

3 4- di hydr azi no ra

, 2, 4- trlaﬂg&%é yl)ﬁbF éﬁﬁhég )OmfﬁAéSk%ﬂﬁ§ﬁ@%§§8§8F%ﬁ%§y%f%§§3§396
di hydr opy nadf ;51%3@&31?19] pre@Z}hafﬂc%{noleea@ Iﬂ%ht B BsHould be covered in foil to protect

11, 2,4-triazol - yI)pyrldln é s-4- h dr gxycycl ohexyl ) net hyl ) - 3, 4-
g. ?35/d][ 2pyrfaml hé@tzarfllg—sb]ryi/@taﬂz@} E%itei SH)ul R readney fz@% 8% 13PCT/ US2011/ 045842

uor nmet hy

nethoxycyéﬁg%gx l) - %Déﬂgﬁﬁig%ﬁggb?%%ﬁ%gg?w§§%JM#%Ryggyﬁégﬂn%&iéﬂﬁ%ﬁ?
1 H 1, 2,4bfihvhicadzonr Brey BrpycdMead/ meyibh-thofdscans idtemetyhod pescehonbiyion @ | 4-
dlhydropyra2|no [2,3 - b}pyra2|n 2( 1 H-one; 6-(6-( 1 H

1, 2, 4- tr|a%@ﬁﬂgﬂVﬂ@VFﬂélwlgﬂs?ﬁ?“ﬂ ‘(trans- 4- hydr oxycycl ohexyl ) - 3

dlhydropyragé o[ 2, 3-RIAN¢ Azl Mastarcl ikF1Q9es-4. 6- (5-fluoro-2-nethyl-44 1
H 1,2, 4- Jrlég - 3- yl%;ﬁenylyu éIS 4- hy droxg yclohexyl)nethyl) y

, 4- dlhydropyra2|no [2, 3- b]pyrazﬁ@-Z(mﬂ@ﬁlﬁﬁéF (BSRAY H
,2,4-triazol-3-yl)pyridin-3-yl)-4-(cis-4- nethOxycycIOhexyI)-S 4-
di hydr opyr[agério [ 2, 3Flix] tollowiigns 21@ edanif)le ohay aBay Baf dan- e used tozde:temmmaﬁ@l -

-yl ridin-3
ybpy mTOR 1¥d]{)b1tory actlrvrx%[f Q? gz( fost coymgound %est compounds are dissolved in DMSO and

prepared as 10 mM stocks and diluted appropriately for the experiments. Reagents are

prepared as follows:

0002} “Simple TOR bufter” (used to dilute high glycerol TOR fraction): 10 mM
Tris pH 7.4, 100 mM NaCl, 0.1% Tween-20, 1 mM DTT. Invitrogen mTOR
(cat#PR8683A) is diluted in this buffer to an assay concentration of 0.200 pg/mL.
[0003] ATP/Substrate solution: 0.075 mM ATP, 12.5 mM MnCl, 50 mM Hepes,
pH 7.4, 50 mM p-GOP, 250 nM Microcystin LR, 0.25 mM EDTA, 5 mM DTT, and

3.5 ug/mL GST-p708S6.

[0004] Detection reagent solution: 50 mM HEPES, pH 7.4, 0.01% Triton X-100,
0.01% BSA. 0.1 mM EDTA., 12.7 ug/mL Cy5-aGST Amersham (Cat#PA92002V),

9 ng/mL a~phospho p70S6 (Thr389) (Cell Signaling Mouse Monoclonal #9206L),

627 ng/mL a~mouse Lance Eu (Perkin Elmer Cat#ADO077).

0099] To 20 pL of the Simple mTor buffer is added 0.5 uL of test compound in
DMSO. To initiate the reaction 5 pL of ATP/Substrate solution is added to 20 pL of the
Simple TOR butfer solution (control) and to the compound solution prepared above. The
assay is stopped after 60 minutes by adding 5 uL of a 60 mM EDTA solution: 10 uL of

detection reagent solution is then added and the mixture is allowed to sit for at least 2 hours
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di hydropyrazino [2,3 -b] pyrazin-2( 1 H-one; 6-(6-( 1 H 1
,2,4-triazol -3-yl)pyridin-3-yl)-4-isoproPyl-3 ,4-di hydropyrazino [2,3 -
b] pyr azi woQatdymiene; 6-(5-fluoro-2-methyl-4-( 1 H1 PCT/US2011/045842
,2,4-triazol -3-yl)phenyl)-4-(cis-4-hydroxycycl Ohexyl)- 3 ,4-di hydropyrazi no
[2,3 -blpyrazin-2( 1 H)-one; 6-(5-fluoro-2-nmethyl-4-( 1H 1 ,2,4-triazol-3
-yl ) phenyl) - 4-(ci s-4-nmet hoxycycl ohexyl)- 3 , 4-di hydropyrazi no[ 2, 3
]pyrazin-2( 1 H-one; 6-(5-fluoro-2-nethyl-4-( 1 H 1,2,4-triazol-
| ) phenyl) - 4- (2- met hoxyet hyl ) -3, 4- di hydropyrazino[ 2.3 -b]pyrazin-2( 1

-b

-y

H) - one; 64840 khealingorfta PEkaZRIm Bﬂv)s%hr MGlrBpidte Reader set to detect LANCE Eu TR-
-y1l)-4-(tetrahydro-2H pyran-4-yl1)-3, 4- dlhydrgg%{a2|no [2,3 -b]pyrazin-2( 1

H) - one;  6-KRET (dxcihtion @ 330 nnj adoimissign ;tp59r5{

-yl)-4-ethyl- 3, 4-di hydropyrazi no [ ne one;

ﬁyg?o;;g%o 2- met Ih§ll 4- El é hI-I- 1 2g3 tri azlc_)il)c@“ Piﬂh[enyl) 4- (1trans-4-
Xy ra2|no Zin , ,

6- (5-f1u orlgbizmﬁst hyl T ;iatlfntl_go_fu%@y) f%?gfls% r&gny i womgr( overH?g Qencl?s old.

) pheny1) - 4901et)r ahyctr&n&kdnﬂw Rk zﬂsln)ﬁﬂﬁ)ster&l rally, thhQﬂMﬁaﬁlp‘Md once-daily
[ 2, 3-b] pyrazi n-2( ;%yone 6- (5-fluoro-2-nethyl-44 11-
.2, 4-tri azshedls| Hash q)vamtqk%mkbswar@namah Hyﬁonaas%@ﬂ%dﬁ%e%ovemlght

-b] pyr azi i 2fiod Kb BAR),

[00102] Each patient was administered a single dose of Compound 1 (Day -1),
followed by a 24-hour wash out period and a 48-hour observation and pharmacokinetic
sample collection period, which was then followed on Day | by daily dosing for 28 days.
[00103] The following initial doses were administered: Cohort 1 = 7.5 mg; Cohort 2
= 15 mg; Cohort 3 = 30 mg; Cohort 4 = 45 mg. Initial cohorts of one subject were given
Compound 1 in dose increments of 100% (i.e., doubling the dose level each time) until the
first instance of first-course grade 2 or higher toxicity suspected to be Compound 1 related.
[00104] Results are illustrated in FIGS. 5 and 6.

[00105] The embodiments disclosed herein are not to be limited in scope by the
specific embodiments disclosed in the examples which are intended as illustrations of a few
aspects of the disclosed embodiments and any embodiments that are functionally equivalent
are encompassed by the present disclosure. Indeed, various modifications of the
embodiments disclosed herein are in addition to those shown and described herein will
become apparent to those skilled in the art and are intended to fall within the scope of the
appended claims.

[00106] A number of references have been cited, the disclosures of which are

incorporated herein by reference in their entirety.
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WO 2012/ 016113PCT/ US2011/ 045842 4-ethyl -6-( 5-fluoro-2-nethyl-44 1 H |
,2,4-triazol -3 -yl)phenyl)-3 ,4- dihydropyrazino [2,3 -b]pyrazin-2 (

H) - one; o6wQ20tddiemaBo- 2-nmet hyl -4-( | H1,2,4-triazol-3 PCT/US2011/045842

-yl) phenyl)-4-(tetrahydro-2H pyran-4-y1)- 3 ,4-di hydropyrazino[ 2, 3

-bj pyrazin-2(1H )-one; 6-(3 -fluoro-2-nmethyl-4-( I H 1 ,2,4-triazol-3

-yl ) phenyl) - 4-(ci s-4-nmet hoxycycl ohexyl)- 3

, 4- di hydr opyr azi no[ 2, 3- b] pyrazi n-2(1H) - one; 6-(3 -tluoro-2-nethyl-4-(
| H1,2,4-triazol-3 -yl)phenyl)-4-(trans-4- nethoxycycl ohexyl)-3

, 4-di hydr opyr azi no[ 2, 3-bl pyrazi n-2( | di)apas;

4- (2- met hoxyet hyl )-6-(4-nmethyl-6-(1 H1 ,2,4-triazol-3 -yl)pyridin-3 -yl1)-3
, 4- di hydrwpyriagiameed i2; 3 - b] pyrazin-2(1H)-one; 6-(3 -(1H1 ,2,4-triazol-5
-yl ) phenyl)-4-(2 -(tetrahydro-21-1-pyran-4-yl)ethyl)-3 ,4- dihydropyrazino
[2,3 -Db]pyrazin-2(1H)-one; 5-(8-(2-nethoxyethyl)-6-0x0-5

! ?’6.7 AP E an 5(/? lot Pé@ﬁ%@?@%b%{ %{&Y{;%%Q@'g&é}ﬁib%ﬁ Y rBRAGhAAT AR i3
161718_tetr ] - y ] = - 1 ; ~

L (6- oxo- 8-3(8%?%%?% ??‘éh@é?%%ﬁ% §/)rt gé%ﬁ%ég@h?%%ag%%%ﬂ@unt%t phosphorylated

, 6, 7, 8-t et4BBRIdnamislagicalofatpBe froin]spidrsabjent Pigr@bend aftérith¢ hdgministration of a

5-(8-(trans-4-metho 1 - 6- - - [
-bipygaziﬁUDngEBGhé%ﬁXS-Ohexyl) 6- oxo-5,6, 7, 8-tetrahydropyrazino[2,3

2. A method for determining a dose-response relationship for the administration
of a TOR kinase inhibitor to a subject, wherein said subject is administered varying doses of
said TOR kinase inhibitor and the amount of TOR kinase activity inhibition in said subject
resulting from each dose of said TOR kinase inhibitor is determined by the use of flow
cytometry to measure the amount of phosphorylated 4EBP1 in a biological sample from said

subject prior to and after each administration of said TOR kinase inhibitor.

3. A method for determining whether a subject is sensitive to a TOR kinase
inhibitor, comprising administering said subject said TOR kinase inhibitor and determining
whether or not TOR kinase is inhibited in said subjecting by the use of tlow cytometry to
measure the amount of phosphorylated 4EBP1 in a biological sample from said subject prior

to and after the administration of said TOR kinase inhibitor.

4. A method for determining the effective amount of a TOR kinase inhibitor for
the treatment or management of a disease in a patient, comprising administering said patient
varying doses of said TOR kinase inhibitor and determining the amount of TOR kinase
activity inhibition in said patient resulting from each dose of said TOR kinase inhibitor by
the use of flow cytometry to measure the amount of phosphorylated 4EBP1 in a biological

sample from said subject prior to and after each administration of said TOR kinase inhibitor.

5. A method for treating or managing a disease associated with TOR kinase in a

patient having a disease associated with TOR kinase, comprising administering to said
- 45 .



-y1) - 4- et hyl pi col i nam de;
6- (1H i m dazo[ 4, 5- b] pyri di n-6-y1)-4-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3
, 4- di hyawepgr#4srid [ 2,3 -b]pyrazin-2( 1 Hy-one; 6-( 1 PCT/US2011/045842
H i ndazol-6-y1)-4-(2-(tetrahydro-21-1-pyran-4-yl)ethyl)-3
, 4-di hydropyrazino [2,3 - b]pyrazin-2(1H-one; 4-(( 1 R3 95)-3
- met hoxycycl opentyl)-6-(2-nethyl-6-(4H 1 ,2,4-triazol-3 -yl)pyridin-3 -
y1l) -3 , 4-di hydropyrazi no[ 2, 3-b] pyrazin-2(1H)-one; 44( | S.3 R -3
-gstgonCépLogentyl)-5-(Fénethy1-6-(4H-1 ,2,4-triazol -3 -yl)pyridin-3 -
y1l)-3 , 4-di hydropyrazi no[ 2, 3- razin-2(. 1. H-qne; 4-((.1. .R3 R-3. .
- rr;et hoxyc;d,l?@Flé‘Efé‘ﬁ‘teﬁff‘-‘%ﬁ‘- %@%PE%BM%W@%?‘@b}tQ’ t%eé?%ﬁ‘-e(f(‘f-eﬁi‘yépw‘?%lﬂﬁ’ f guid
yl1l)-3 , 4-dj i - itAs R dai) 40ne; - 49 - WO
otz 016115007 TRSGTE M OGRS R pH et Rokr dultd s
S,38)-3-nethoxycyclqkentxéz;G-(z-nethyI-6-(4H— 1 ... . i .
,H)z, 4-tri 220' h 3|—@ppyr aiathaat foy dyteging ofimspgyiens /s snnbition of BOR Figsiecgyity in
-one; 4-et. - 6- (2- nethyl - 2. A=t 1 & F i Ps3re -
- 0t hyar oy SRS Oy AL colprisnf A AERAT HOMEYS | ehBashre o) -2
H pyr r ol o[ @a@mbb pytidsphdry BtedYERR I i2-shidetiolabirdr anRite Pyoran-add yiiyetonydc)ingsaid -

di hydropyrazino[2,3 -b razin-2( 1. 14)- ;
Y by biologiclrill sample lv?tx a TOR kin(ase in ﬁ?ito(r) D% bivo.

7. A kit comprising one or more containers filled with reagents for detecting

p4EBP1 using tlow cytometry and instructions for detecting p4EBP1 using flow cytometry.

3. The method of claim 1, wherein the TOR kinase inhibitors has the formula
(D:
RZ
R3
R N N R*
B
/
N N 0]
H
(D

or a pharmaceutically acceptable salt, clathrate, solvate, stereocisomer,
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; and
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6-( 1 Hindol-6-yl)-4-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3

, 4-di hydropyrazino [2,3 - b]pyrazin-2( 1 H-one; 6-( 1 Hindol-5

-y1) - 4- (WOtetvmEbmdr o- 2H pyran-4-y1) et hyl) -3 , 4-di hydr opgraseee/ofssiB -

bl pyrazin-2( 1 H)-one; 4-((( 1 R3 95-3

- met hoxycycl opentyl ) met hyl ) - 6- (2-met hy1l-6- (4H 1 ,2,4-triazol - 3-
yl)pyridin-3 -y1)-3 ,4-di hydropyrazino[ 2.3 -b] pyrazin-2( 1 H)-one;

4-((( 1 S,3R)-3-nethoxycycl opentyl)methyl)-6-(2-methyl-6-(414- 1
,2,4-triazol-3- yl)pyridin-3 -yl1)-3 ,4-di hydropyrazino [2,3 -Npyrazin-2( 1
14) - one; 6-(3-f1 uor @ 2; 0% Rydeh (fddpeddently H, substituted or unsubstituted C, 4 alkyl,
,2,4-triazol -3-yl)phenyl)-4-(2-(tetrahydro-2H pyran-4- yl)ethyl)-3

, 4- di hydr ophstiagedor fr@nBstitifpgprvdzuhstitited OH}m%lﬂ?ét;ltu@d(CSClPFEgﬁL SUBRIEEhYT - 4- (4H

1,2, 4-triazql-3-yl)ph -4-(2-math t - - di '

"ol pyr azi s g RS e o RS e AL IR P RUEARLARG, 2

, 2, 4-tri az@har3eidodRthikdl, Buttiiidd dr (rstigdinaby sydeadkitylkah oARY hidrRl hygethe, 4- di h

ydropyrazi no[ 2, 3-b] pyrazi n-2( 1 14)-one, ) .

6- ( 6- ( 2- hydtoty prooisan vehighthey prediticipd. {orpLysybptityited of uggubstituted cycloalkyl or

- met hoxycycl| opent yl) - - d .azi 2,3 -b in- - ;

Mo (2 i SRR Skt ShReepRYL DI 1G 1 T Pl pyrazinal 4 By -one:

, 3R) - 3- et hoxycycl Qpentyd hndofr’® HdWUrQRWHAHiMAhL adnR]lipWhaeH theRfrel H) - one;

- (6-(2-hydroxypropan-2-yl)pyridin-3-yl1)-4-((( 1 S, 3S)-3-

met hoxy cy catteged: forhmetuhstithted od udiuvydiusgyhetezoais|yr, 3- b] pyrazin-2( 1 H)-one;

- (6-(2-hydroxypropan-2-yl)pyridin-3-y1l)-4-((( 1 R 3 R -3- nethoxycyc

oFentypnethyI)-S , 4- di hydropyrazino [2,3 -pr{razin-Z( 1 H)-one;
3
(
p

6- ( 2- hydr oxypr opdihe2ngthdpyt ¢lainn8.3vlyetyin4lag TOR kinase inhibitor is:

, 3S) - 3- et hoxyc opent -3, 4-,. di hyd i - I - ;

1393 eyl shent i it Y PR IPL BRI AR 1 o

opentyl )xiRudfopydhdiysio opypadlol( 2HSobdpyr azi n-2( 1 H) - one;
6-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-((tetrahydro-2H-pyran-4-

6
S
6
6
6
S
6
I
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-((zrans-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-((trans-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-y1)-4-((trans-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:
6-(6-(1H-1,2.4-triazol-3-yl)pyridin-3-yl)-4-((cis-4-hydroxycyclohexyl)methyl)-3,4-

dihydropyrazino|2,3-b]pyrazin-2(1H)-one;
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6- (6- (2- hydr oxypropan-2-yppyridin-3-yl1l)-4-4( 1 R 3S)-3 - nmethoxycyc

| opentyl)nethyl)-3 ,4-di hydropyrazino [2,3 -b]pyrazin-2( 1 H)-one;

6- (6- ( 2- wonoxyqpsapan- 2-yl ) pyridin-3-yl)-4-4( 1 S, 3R)- 3PCT/US2011/045842
met hoxycycl opentyl ) nethyl )-3 , 4-di hydropyrazino [2,3 -b]pyrazin-2( 1

H) - one; 6-(3-fluoro-4-(4H 1
,2,4-triazol -3-yl)phenyl)-4-(2-nmet hoxyet hyl) -3, 4- di hydropyrazino[ 2, 3
-bl pyrazin-2( 1 H)-one; 6-(3 -fluoro-4-(4H 1 ,2,4-triazol -

-yl') phenyl) - 4- ( 2- (t et rahydr o- 2H pyr an- 4-ypet hyl )- 3 , 4-di hydr opyrazi no[ 2, 3

-b] pyrazin-2( §. B‘Dﬁd%?@-z methylﬂm(@mmﬂ 341 Yphbhyl L4- (trans-4-
,2,4-triazol - 3- yI)p enyl) - tetrah dr o- 2H-Szyran 4- yl)methyl)- 1

H-Spl ro hwmxapxeml’a:ﬁel) -314- thYSWﬁZH@% -bAprpgipy B2 81 37 (4' H) - one;

2- nmet hyl .

L (Tetr anydr o Bor By a4t R N PRFRAR S ofebonoieyglohexsh-3.4
le (2 p?/raam}@lrc{p%{%mom pwjpﬁaﬂh-@}jlﬂﬂohb one; g .

cycl opro ne r ox i di
i hytr opyt et né-(2 B byt S - songe-(rain-d BN Pt a1
,2,4-tria cycl opentane- 1, 2' - razino[ 2,3
-bI pyra|2| %%yﬁ?pﬁ%_zé&)g?@yb]ﬁ)yrain-ﬂ?lﬁpbﬁ@ [hgl -4p 4H 1,2,4-tri gélol ZI3 [
-yl ) phenyl) - 1 6-(5-Bypiro-Gfayiblybit drle2 4 4rigzp1-3-ylphenyl)-4- (cis-4-

2, 3- bl 1-3 40 1
YA adbien g grenyapn - et aEEh R g oA ds
razi no[ 2, 3-b] p)ér(? 1;11]_1 3. 4 tAzdN3-ONyridin-3-yl)-4 ) s Bk ﬁlét-hbxﬁdjcﬂohexyl) 3.4-
,2,4-triazot-3-yl)phenyl)-4-((tetrahydrofuran-2-yOrethyl)-3, 4-

di hydr opy rdéinidnapyfr&i® QE}MyYIazunn?—(?H)-ﬂ?H% one; (S)-6-(4-(4H1

dlzhsdf’ I)Ip;l?glm nﬁlg[ﬁzag‘]eg?a/?‘ 890 M e@P%ﬂﬁ&%ﬁ E;a(ﬂ xget}{&é’%%ﬂ}}')l 3 33. 4-

H i ndazol - fr }apﬂaz(,gg 0 B3e] @ﬁyﬁtzjiﬂwﬂﬁw an- 4- yl) et hyl) -3, 4-di hydr opyrazi no
[2 3 - bipyrazin-2(

4- ( 6- ox0- 8- ( 2- (@@Hﬂéhi/gbr‘bmzwlp%rifQHY%“?‘B@(W]ﬁT‘?Q%OI?Yé',37‘%'§1-htyg'forp§fﬁ?m%%yr azi no
[2 3- Db] PYh a8zl (y}g%&? nzarni de; WO 2012/ 016113PCT/ US2011/ 045842
4-(2- metho>]§/)yeﬂ% di met hy1- 6- ( 2- met hyl - 4- (4H 1
, 2, 4-tri azol - 3-645-ph@ny2lneBrysi4- (aitha,ﬁapyzoaﬁ-ﬁmf@nsw}(pyrLbfhyqlfogxcyxz1qhyxsdhe

gl ﬁ;gygpiri%%;kgeﬁy}émb fﬁgﬁ@é‘% %( I%ﬁp‘} one “triazol-S-ybhphenyl)-s 4

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-(rrans-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;

6-(5-fluoro-2-methyl-4-( 1H-1.2,4-triazol-3-yl)phenyl)-4-isopropyl-3,4-
dihydropyrazino[2.,3-b]pyrazin-2(1H)-one:
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6-(2-methyl -4-(4H 1.2,4-triazol-3-yl)phenyl)-3, 4-di hydropyrazino [2,3
- bl pyrazin- 2( 1 H)-one; 3,3 -dinethyl-6-(2-nethyl-6-(4H 1

, 2, 4-tri awol2eR/gi1ppyri di n- 3 PCT/US2011/045842
-yl)-4-((tetrahydro-2Hpyran-4-yl) et hyl)-3, 4-di hydropyrazi no[ 2, 3- Npyrazi n-2
(1H) - one; (R-6-(64 1
- hydr oxyet hyppyri di n-3-y1)-4-(2-(tetrahydro-2H pyran 4-ypet hyl) - 3, 4-
di hydr opyr azi no[ 2, 3- b] pyrazi n-2(1H) - one;

, 3-di met hyl-6-(2-nethyl-4-(4H 1 ,2,4-triazol- 3

-yl ) pheny1) - 4—Qdéﬁ%ﬂ@hﬂﬁﬁ@mZth@M&aa4jMLDﬂanhxbﬂ.Bynﬁﬁﬂyh¥xW0pyraZIn0[2 3

I
- b[ pyrazi n-2( 1H) - one;

6- (6- (2- hyidtydxqqyrazpmﬁiZZ =hipyrazinrdét Hyppsir i di n- 3-y1) - 4- (tr ans- 4- net hoxycycl ohe
1)- 3 ,4-dih opyr.azi no -
)éy()z hydr oxylpry énﬁ)‘}é/) ? Zthkél"ﬁlﬁ‘é‘;? %{ 952023%(1%h%yl?He{éﬁettl}ag%drgrﬁ;{ %l\il- py4r alr)l 4-

ylj) m?% Ey: )3643@51%1%?%@!?@@3@@\1&!&1&2(ﬁ{%@iepyr azin-2( 1H)-one;
-di me rne -4-

2, 4111 azol- 36yqsymwirpetgyu4mwd¥ opyraekPrd|pieny) ﬂywr‘*a%eﬁlowflqkoe%m-e;

, 3-di net

2.4-tri a%‘ﬂd%‘yéﬁ%fg‘?r&?’é Zﬁ&?é},—%}z% 12 )(ct’ ef rahydr o2H pyran-4-yl)ethyl)-3, 4-di
ydr opyr azi no[ &-3-fhlqpy2amtthyR§- (].HH)?. d+igazol-3- yl)phenyl) -4-(trans-4-

) AR Sl B 1o

3. 4-di hydr opyy @zi, Rz I)pyridin-3-y1)-3,4-

(6-(2- hydroxyp opgt:’i}[)%yéhl B){ﬁgﬁétﬁlg@ﬁ%ﬂ%% yl)OIZy()tp?l:'sllnlél 4yr)ret hoxycycl ohe
yl)- 3, sliltidegmhrapye| a3 moyla2in2(1 K3opgir azi n-2( 1 H) - one; (S)-6-(6-( 1
hydr oxyet hy| idin-3-yl)-4- t et 4-
i%ydr)(%yraé/i Z\(F)%y 3'28%{1 gf%ﬁ}%ﬁ% yg%h%yh)%géjQgtr%dpyﬁg%géﬂy%%wi 31@

thyl)-3 2(
ehyér Z)xypr op ars-8- @1my{b;§]lf£§y{) -4- 03‘}‘?1§ é’ é%étletr;ahydropyrazmort% 3 b]pyrazm—2(-yl() 4-

di nmet hy1l- 4- t et dro-2H Pyran4-yl )et hyl
3, 4-di hﬁ?toﬁﬁ%ggfln&? 3-bipyrazin-2( 1 H-one; - 52 - WO
1

012/ 016113PCT/ :{J@,Z@ﬁelgi@%&&ahydro -2H-pyran-4-yl)ethyl)-5,6,7 8-tetrahydropyrazino(2,3-
(4-(2-hydr oxypr opan Iéj)fphenyl) 4- (trans-4-nmet hoxycycl ohexyl) -3, 4-

i hydr opyrdpya&p2- in-2( 1 H)-one;

(

4-(2- hydr oxyp{@mg %2 Nl RRERY-DH-fyrhh L aRshy-TBihgxaeu sdopesyino | ) - 3, 4
b]pyrazin-2-yl)benzonitrile;
5—(8—(trans-4-methoxycyclohexyl)~6-oxo-5,6,7,8-tetrahydr0pyrazino[2,3-b]pyrazin-

3
h
6-
) -
6-
X
d
)2 met hyl - %WpylazgoQ3t5}p§1;zl@in-ﬁ-1ﬂl))3ﬁaenyl) 44 2- (tetrahydro 2prran 4-y1
2
) -
2
6-
di
6-

2-yD)-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-( 1 H-indazol-6-y1)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3.4-dihydropyrazino(2.3-
blpyrazin-2(1H)-one;

4-((1R,38)-3-methoxycyclopentyl)-6-(2-methyl-6-(4H-1.2.4-triazol-3-yl)pyridin-3-
y1)-3 4-dihydropyrazino[2,3-b[pyrazin-2(1H)-one;

4-((18,3R)-3-methoxycyclopentyl)-6-(2-methyl-6-(4H-1.2.4-triazol-3-yl)pyridin-3-
y1)-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-
y1)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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di hydr opyr azi no[ 2, 3-b] pyrazin-2( 1 H)-one;

4-(ci s-4-nmet hoxycycl ohexyl )-6-(2-nmethyl -6-(4H 1

, 2, 4-tri awol2e/oubd1pyri di n- 3-y1) - 3, 4- PCT/US2011/045842

di hydr opyr azi no[ 2, 3- b] pyrazi n-2(111) - one;

4- (trans-4-nmet hoxycycl ohexyl )-6-(2-nmethyl -6-(411- 1 ,2,4-triazol-3
-yl)pyridin-3 -yl)- 3 ,4-di hydropyrazino[ 2,3 -b]pyrazin-2( 1 H)-one;

64442 - hydroxypropan-2-yl)phenyl)-4-((tetrahydro-2H pyran-4-yOnethyl) -3, 4-
di hydr opyrazi no[ 2, 3 - Dbl pyrazi n- 2( 1H) - one;

4- (2~ et hoxyet . s (niFloydychlehtdt)- 6 RadutyticaEl-1 3.4-iaqiys-y Upyrichn-3-
-y1)-3,4- dihydropyrazino [2,3 -b]pyrazin-2( 1 H-one; 9-(6-(4H 1
2, 4-t ri agbi3Bdipyyiropy pmyzitiofis3ybleyrazin-2(WA):-e94: hy dr onor phol i no [ 4, 3- el pyrazi no

i2,3-b]pyrazi -5 -ang; Bri(i25 meL:hyk =61 sl oV. 4-di ino[2,3-
,2,4-triazol - SQfI%)yﬂ&rﬁdrln ﬁt@l'é)g%-lﬁ’??{lge%érl g ;}épﬁgfdlznl%é g;l/)r%iﬁl-d}f}ydﬁ%yrrraeztl?lcil[l )-3

, 4- di hydr gpykagd-na H)2ond; - Npyrazin-2(" 1 H) - one; 5
-(8-(cis-4-nethoxycycl ohexyl)-6-0x0-5 , 6,7, 8-tetrahydropyrazinQ[2, 3

- bl pyr azi n- 2- ﬁﬂlmmlq»{%%b éﬂlii'ﬁlo%vg'r"i-ﬁeze(;te"ahy fo”g}?(%fa("?l‘{iﬁgimyf%‘f""

, 2, 4-triazql -3- th Qa3 a5i ). b (tetrahydro- 2H pyran-4-yl)ethyl)-3, 4-
di hydr opyéglflflﬁogp%gﬁ%’gybggjﬁﬁ%{%Hiﬂ I@Dge-’one; ) .

9- (4- (4H 1, 2, 46t Haimab By 2¢toteatydtp BB my1in-8-yDRthyBt hndjlndeny19zim[ 3,3

1, 4atri hydropi perazino [ 1 ,2-e]pyrazino[2,3 -b]pyrazin-5 -one;

9- (4- (4H bipyrazine2¢ HDzon5 - 3- y1) - 2- met hyl phenyl)-6,1 1 , 4a-trihydropi perazi no

[ 1 ,2- el pyraziff.indoBs+blayr-asidindrePE; pyran-4-yl Rthy#h={ Hdihylirordsna{ dz ol - 3
-y1) - 2- et hyl pflée(g?llls -% - ?9 ng{ﬁoxé;gt hyl )-pg, 11 , 4atri hydropiperazino [ 1
, 2- e] pyr adijpyoafi@- 28 Hpdmeyr azi n- 5- one;

S PO AR AR NG Rnb ihetnd) 81t ipafale Sarh DRKAGRD S
, 2, 4- t ti az@)yyAdinB-yB-3metity dropyRitriofly 1 )p]Srazid-2( Ud)-tme; hydr omor phol i no [ 4. 3
& ({1 ans- 4 hydrck ey ahoheRS Bl ep e RO ORARTI Y gt BTHOSy 1) - 3, -
AR S R T
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-bpyrazin-2(1 H)-one;
6-(3-fluoro-2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-4-( 2-methoxyethyl)-3.4-
dihydropyrazino[2,3-bjpyrazin-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,3 R)-3-methoxycyclopentyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-y!)pyridin-3-y1)-4-(((15.35)-3-
methoxycyclopentyl)methy!)-3.4-dihydropyrazino [2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(((1R,3R)-3-
methoxycyclopentyl)methyl)-3,4-dihydropyrazino{2.3 -b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-((1S,3 S)-3-methoxycyclopentyl)-3,4-
dihydropyrazino|2.3-b]pyrazin-2(1H)-one;
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di hydr opyr azi no[ 2, 3-b] pyrazin-2( 1 H)-one;

6- (6- (2- hydr oxypropan-2-yl)pyridin-3-yl)-4-((tetrahydrofuran-3-yl)nmethyl)-3
4- di hydrwpyoezailnnoB2, 3- b] pyr azi n-2(114) - one; PCT/US2011/045842

4- (cyclopentylmet hyl) - 6- (6- (2- hydroxypropall-2-3/1)pyridin-3 -yl)-3, 4-

di hydr opyr azi no[ 2, 3-b] pyrazin-2( 1 H)-one;

6- (6- (2- hydr oxypropan-2-yl ) pyridin-3-yl)-4-neopentyl-3, 4-di hydropyrazi no[ 2,
3- b] pyrazin-2(1H)-one;

6- (6- (2- hydr oxypropan-2-yl ) pyridin-3-yl)-4-isobutyl-3, 4-di hydropyrazino[ 2,3

- b] pyrazi n- 2( 1d6-@NRydroxypropan-2-yl)pyridin-3-y)-4-((1R.3R)-3-methoxycyclopentyl)-3.4-
3-net hyl- 6-( 2- ﬂh@g )21_(4y|_}|>_1p2 4-yt)1r)¥azol y)yl(phem)/i) 4- (2y te?ra ydro-2Hp
yran- 4- ylc)lb}fdiyib))ra@ml@cﬁ hWF@HyE(dH)w@FQ 3- b] pyrazi n- 2( 1H) - one;

@ ﬁ,gdfgpwg;?ﬁofgé)@fﬁ{%%%é(%m%gpéy%&% %I RLPAR ). 4-y1) - 3, 4-

I6)(63(£2l g?/rﬁstg?%ﬁ@r@ggfkﬁg?gﬂe%h@wﬂ mdgrzyla:]@p%}azﬁxc([z,3(mpymhmm> -3ht:pyr an- 3- ypet hy
8- (4-(4H 1,2, 4- ftp ?/6 é?zb}idrsxmypazx%ét)wﬁﬁ%@ﬁ(@% FH¥2- net hoxy-5, 1 0, 3a-

tri hydropy

8- I(4y(4rf 1@&%{%8@ W%%hdj ‘ﬂgﬁkﬁ%‘i‘%’ﬁe Zp‘ﬁ[?é tq%”%%?%(m IRB%y-5, 1 0.3 a-

'é I‘I( Qy((jz (ﬁﬁnl/ram n@t;{:«zﬂaelb}@wnolz zizdnazo[1Iy2)ﬁhérmg?§i’sm§e4hl%mgz;hyl)t3h4- 5 103
ri azo en a met hox a-

trihydrop ‘g&qrﬁﬁ[réméolj— Blji’%//’f%m ?ﬂ%‘é{g’ipz e{pyr azi n- 4- one; y

8-(4-(4H 1,2, 4-4. P -AEOH: ﬁcmmzt H%zbui-ghﬁﬂééﬂylﬂ&@@@&hﬁmm@%xn 2.3 18-

trlhydropyra2|no 2,3-b] pyrrolidino[1 razi n-4-on

6- (6-(2- hyﬁ#dﬂmrwmlﬂﬂ[i}'B)lﬁwna@mnﬂBHyme4 ( 3- met hoxyPropy1) -3 , 4-

((jIS)hygr ?gyE gZIhSS% g%%b%;ﬁ@@12)2{))}#25?%19%9@1)4 " tf}t&h AR '%Hiﬁ arna?\ 2-yl) met hy
Lt e sl .

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-blpyrazin-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;

(R)-6-(4-(4H-1,2 4-triazol-3-yl)phenyl)-4-((tetrahydrofuran-2-y[)methyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1 H)-one;

(S)-6-(4-(4H-1.2.4-triazol-3-yl)phenyl)-4-((tetrahydroturan-2-yl)methyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

6-(1H-indazol-5-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one:

4-(6-0%0-8-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-5,6.7.8-tetrahydropyrazino| 2,3-
b]pyrazin-2-yl)benzamide;
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6- (6- (2- hydr oxypropan-2-yl1) pyridi n-3-y1l)-4-((tetrahydrofuran-2-yl)nethy
, 4- di hydropyrazi no[ 2, 3-11pyrazin-2( 1 H)-one; 6- (2- et hyl - 6- (4H
, 4-trwezol2z@et1pl ) pyri di n- 3-y1) - 4- (2- (t et rahydr o- 2H pgras26i4/0yByet hyl ) - 3
i hydropyrazino [2,3 -Npyrazin-2( 1 H-one; 9-(4-(4H1
-triazol -3-y1)-2-net hyl phenyl)-3 -nethyl-6, 1 1 ,4a-
ydr opi perazi no[| ,2-e]pyrazino [2,3 -b]pyrazin- 5-one; 9-(4- (4H
,4-triazol-3-yl)phenyl)-6,1 1
tri hydr onor phol i no[ 4, 3- e] pyr azi no[ 2, 3- b] pyrazi n-5-one; 9- (4- (4H
4-triazol ﬁcyékthaxvmmymh@meﬂ)ﬂ& (ZJiﬂleth§rB4-t(41th21#0pm4md}BHd}ghle{lyl]_—3 42-
a

’1,2
el
6-?% (2- hyﬂhm&@p&@@@ﬁ2é‘ﬁpy§?¥kdﬁﬁU@ney1) 4- (trans- 4- met hoxycycl ohexyl ) - 3

} zino [2,3 -hipyrazin-5-0
A7 Dydrapyr agl, R@ 3yt Qh@yﬁg% flg 451(4@-1 ONirigzol-3-ylphenyl)-3.4-
d

6- (6- (2- hydr oxypropa yppyr i Ci s-4- net oxycyclohexyl) 3 ,4-
di hy ropyrcaﬁydﬂ@\{rzzlﬁo[zm}lphoyazmnz(zH)an) one;
o ggdggp;yg;%y {gr%gmﬁﬁgpmd' i ﬁ)glg}%@nyl 2RI RRLLNOSL YA by et
6- (6- (2- hyq [ Q¥XypL.opan- 2- yI)pyr|d|n 3 - yl) 4- phenethyl 3
, 4-di hydropyrazino[2,3 - b]pyrazin-2( 1 H-
6- (6- ( 2- hydr oxym@paahzl-@fpbmeﬂmw (3Hy!L§z 44m(amlt3rahym%néwlbg}r(étﬁtramgdm 2B: 4-
d|hydropyraz 3-.b[.pyr.azi n; 2 1 ) )
4- (cycl ohd®yih ‘["ﬁi}?e)thyép%/é ‘fii Oéivr Zm %‘?V?Zlq 7% iGrh-3 - -y1)-3 , 4-
di hydr opyr azi nqr)2-@- (lmyﬂ%@éth%)%ﬁmd-mﬁ)-yk)ﬂaﬁ (tetrahydro -2H-pyran-d-yl)ethyl)-3.4-
6- (6- (2- hydroxypropan-2-yl)pyridin-3-yl)-4-((trans-4-nmethoxycycl ohexyl)neth
yl)- 3,4- dilh)w@mpymaczh%ﬁo my@zm PYFRANR-2( 1 H) - one;
-(
3

L G e

;‘6 (6- (2#9MQ&QWMQTQﬂﬂﬂﬁaﬂMkimmﬂﬂd”ﬂpﬁamyillﬂ)@nﬁtrahydrofuran 3 -y1)-3
S oDy e ML BB 002 08 b Sy e -
G oy RS kg ah A 1omne: VO
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-
blpyrazin-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:
6-(6-(2-hydroxypropan-2-yl)-2-methylpyridin-3-yl)-4-(trans-4-methoxycyclohexyl)-
3.4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
(S)-6-(6-(1-hydroxyethyl)pyridin-3-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-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)-4-(2-(tetrahydro-2H-
pyran-4-ylethyl)-3.4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one:
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3,3-dimethyl-4-(2-(tetrahydro-2H-pyran-
4-yhethyl)-3.4-dihydropyrazino|2,3-b]pyrazin-2(1H)-one;
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6- (6- (2- hydr oxypropan-2-yl)pyridin-3-yl)-4-phenyt-3 , 4-di hydropyrazino [2,3
- bl pyrazin-2( 1 H)-one;

(S) - 6- (6-WO-2hpdnenygpr opan- 2-yl ) pyri di n- 3-y1) - 3- met hy 1- 4PC2A(Se@iL0a3syr o- 2H p
yran4-yl)ethyl)-3. 4-di hydropyrazi no[ 2, 3-b] pyrazin-2( 1 H-one; 9-[6-( 1

- hydr oxy-i sopropyl)-3 -pyridyll-6, 11 ,4a-tri hydronorpholino[4,3 -

el pyrazi no[ 2, 3- bl pyrazi n- 5-one; 6- (6- (2- hydr oxypropan-2-yl)pyridin-3
-yl)-4-((tetrahydro-2H pyran-4-yl)nethyl)- 3 ,4-di hydropyrazino[ 2,3

-b] pyrazin-2( 1 H)-one; 6-(6-(2-hydroxypropan-2-yl)pyridin-3

_y1)-4-(2-meth i by st ja-4-Reth 3¢ 1 H) - one;
1 (2t e ot gy b 1 -
- (trifl uorddmelroppiryziesi 2p1h lpgrazip=2(§Hirpae0pyr azi no [ 2,3 -b]pyrazin-2( 1

H) - one; - (674(12- r - 2= Wl 4.
Cy1)-45(3-(trifilo é‘%@%%%%‘ﬁﬁ%@“)@.y’rﬁbg?g‘ﬁfgﬂr‘%" SNeopgy me i - 2(
1 H)-one; @hfdlofybirind[23-Wipyrazamzll H3-ony;1) - 2- met hyl pheny1) -6, 11

’Gfl?x o KS[ oo Ezﬁ&%@%@yﬁéﬁ% %%m%a6?%6:(%{9{5,%gtlrigioﬁ—-f}r/.'l%yridin-3-yl)-3,4-
imd | -6 = A- (2 t -4-yl hyl)-3 ,4-dih i

i m dazo (ﬁ%}%?r%p@éégﬁé%%%]ﬁg%g{éloz(gﬁ?_ﬁhgnl yl ) et hyl) 4- di hydr opyrazi no

[2,3 -b] pyr (
, 2, 4-tri azol - 3-4lyeR-drekthpk phetohtxyls6-(2-10¢tBal-6-(4 i o, dipyazak-B ndparidin-3-y))

V1) pheny 1y g ke SRR S 2. 5 - b] byr azi ne 2(1 H - one;
L 2 st Ll et s !

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-y1)-3-pyridyl)-6,1 1 4a-trihydromorpholino[4,3-
e|pyrazino[2,3-b|pyrazin-5-one;

6-(2-methyl-6-(4H-1,2.4-triazol-3-y)pyridin-3-yl)-4-((tetrahydro-2H-pyran-4-
ylymethyl)-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-
y1)-6-methylpicolinonitrile;

6-(6-(4H-1,2,4-triazol-3-yl)pyridin-3-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazinof2,3-bjpyrazin-2(1H)-one;

9-(4-(4H-1.2,4-triazol-3-yl)-2-methylphenyl)-3-(2-methoxyacetyl)-6.11,4a-
trihydropiperazino[ 1,2-¢]pyrazino[2,3-b]pyrazin-5-one;

9-(4-(4H-1,2 4-triazol-3-yl)-2-methylphenyl)-6,11 4a-trihydropiperazino( [ ,2-
¢]pyrazino[2,3-b]pyrazin-5-one;

9-(4-(4H-1,2,4-triazol-3-y1)-2-methylphenyl)-3-(2-methoxyethyl)-6,11.4a-
trihydropiperazino(1.2-e]pyrazino[2,3-b]pyrazin-5-one;

4-(cyclopentylmethyl)-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)-2-methyl-3-pyridyl)-6,1 1.4a-trihydromorpholino[4.3-
e]pyrazino|2,3-b]pyrazin-5-one;
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6- ( 6-(2-hydroxypropan-2-yl)pyridin-3

-yl)-4-(2-(tetrahydro-2H pyran-4-yl)ethyl)- 3 ,4-di hydropyrazi no

[ 2, 3- b] pywazbr/@¢113 H) - one; 6-(4-(4H 1 PCT/US2011/045842

, 2. 4-triazol -3-yl)phenyl)-4-(2-net hoxyet hyl ) - 3, 4- di hydr opyr azi no[ 2, 3-

b] pyrazin-2( 1 Hy-one; 6-(4-(4H 1 ,2,4-triazol-3-yl)phenyl)-44
3-(tritluoronethyl)benzyl)-3,4- dihydropyrazino[2,3 -bipyrazin-2( 1 H)-one;
- 56 - WD 2012/016113 PCT/ US2011/ 045842

642- met hyl - 4(4H- 1, 2, 4-tri azol - 3-yl ) phenyl) - 442- (t et r ahydr o- 2H pyran- 4-yl ) et

hyl)- 3, 4-di hydrapyt.aa aﬂﬁﬁc%l&ld&yr)aszw¢22&ylﬁéﬁy‘pmﬁm-2-yl)pyricﬁﬂfﬁ-}’fﬁﬂh'y -1
H benzo[ d] i m dazol - 6- yf) -442- (tetrahydro-2H pyran-4-yl)ethyl)-3, 4-

di hydr opy déwiirply2yz810b3.pyrlewiasin2( hid)-osie;
R
A
accept gb | e IO>s/ al H-(OHerhser OXJ_YB%/OPI%'ZMQQWEQ)‘%? ‘Yﬁ’%g%ti%hgm&‘r@' 'thﬂggf%}kﬁ'n ase
| nhi bi t or %ih@%?opglpf?zirto?ﬁ ,%]Byrggin& NQ)-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)-one;
3-methyl-6-(2-methyl-4-(4H-1 2.4-triazol-3-yl)phenyl)-4-(2-(tetrahydro-2H-pyran-4-
ylethyl)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-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 -yhethyl)-
3.4-dihydropyrazinof2,3-b]pyrazin-2(1H)-one;
8-(4-(4H-1,2.4-triazol-3-yl)-2-methylphenyl)(3aS.2R)-2-methoxy-5,10,3a-
trihydropyrazino|2,3-b]pyrrolidino[ 1,2-e]pyrazin-4-one;
8-(4-(4H-1,2.4-triazol-3-yl)-2-methylphenyl)( 2R,3aR)-2-methoxy-5,10,3a-
trihydropyrazino[2,3-b]pyrrolidino[ 1.2-e]pyrazin-4-one;
8-(4-(4H-1,2,4-triazol-3-y1)-2-methylphenyl)(28.3aR)-2-methoxy-5.1 0,3a-
trihydropyrazino[2,3-b]pyrrolidino[1.2-e]pyrazin-4-one;
8-(4-(4H-1.2,4-triazol-3-y1)-2-methylphenyl)(2S,3aS)-2-methoxy-5.10.3a-
trihydropyrazino[2,3-b]pyrrolidino[1.2-¢]pyrazin-4-one:
6-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-4-(3-methoxypropyl)-3.4-
dihydropyrazino[2.3-b]pyrazin-2(1H)-one;
(S)-6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-((tetrahydrofuran-2-yl)methyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one:
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(rn) or a pharmaceutically acceptable salt, clathrate,

sol vate, stereoisoner, tautonmer, or prodrug thereof, wherein:

Rl is subwoizbiraeiier unsubstituted C 8 al kyl, substitutea/useonosishst 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 CI-8 al kyl. substituted or
unsubstituted cycl oal kyl, substituted or unsubstituted heterocyclyl,
substituted or unsubstituted heterocyclylal kyl, substituted or

unsubstituted arakkylo-RercxyBRIphat i (tdttithedrotyrah-Qadl kiwdtay kpl4- and
R3is H or a gug 5|éuggdro?punsub§§??ﬁtédm%§b${alky? 11. The net hod of

cl ai m 10, dwnek@nmmeézﬁdﬂpwﬂwaéﬁlHhﬁﬂ%ltor is:
2012/ 016113PCT/ U 201t Pi é—?%% 2, ? (t aon'B()i}py!nldg‘[—ﬁg? ﬁgﬁ-k%{l{a %rc}b'H ran-4-

,2,4-triazol- 3- y 7B rans ypnet hyl ) -3

421 2' Pyer«W)?éf Z)Lzlm-dﬁliyd%pybAszd[aMp%z& - 1) Hpoee; 7- (6 (1 H1
rrazo

th | 1)-3 ,4-
dlhydropyrazmd)y é&%l18‘b?¥%9k%¥563Ewﬁwﬁ3ﬁ§ﬁ$3‘gé yé ?Qexzkéyrrolo

b hyl
?hierggiaH%noﬁB&%%gP@:Zngﬁkgyﬁghxﬂﬁﬂathpy&ﬁnugrgpgtn%t%yl-44 1 H 1

, 2, 4-triazol - 3 -ga-Mphéayitiriazdl-3-§ D phawh-6. hbﬂ:lrrmd}btdy@h@mé&lym ftaiprpzigo[2.3-
4- di hydr opyr azi no 2 3-b[pyrazin-2( 1 H-one; 1 -ethyl-7-( 1 Hpyrrolo [3
,2-b]pyridﬂH$B@9f% , 4-di hydropyrazino [2,3-b] pyrazin-2( 1 H)- one; 7-(6-(

1 H 1,2 4-tri@zelqB: pl4-eurbdignd-me hbnyl)-6,11,4a-trihydropiperidino[1,2-
-((cis- 4- nethoxy%ﬁéloh%xy )nethg))-S %%ha|h§&ropyra2|no 2,3 -b] pyrazin-2(

1H) - one; Tlpyrazikb[Benblpyuimb-vagol - 4-y1)- 1
_ E)]Z p)(/f’ :tZIr ﬁhg((jr 1 -@;_ Zp%éc? oxyprgé)a%t-fyﬁgyrg’dm% y194Q)99;19 9%§H6ﬂ%y£lghf§<yl) 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-y1)-4-(2-morpholinoethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-phenethyl-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4~(tetrahydro-2H-pyran-4-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4-(cyclohexylmethyl)-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-((frans-4-methoxycyclohexyl)methyl)-
3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
6-(6-(2-hydroxypropan-2-yhpyridin-3-y1)-4-((cis-4-methoxycyclohexyl)methyl)-3.,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
(R)-6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(tetrahydrofuran-3-yl)-3.4-
dihydropyrazino[2.3-bjpyrazin-2(1H)-one;
(S)-6-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-4-(tetrahydrofuran-3-yl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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7-(1Hpyrrolo[ 2,3 -b]pyridin-4-y1)- 1

-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3 ,4- dihydropyrazino [2,3

- b] pyr aziwoe20121016d130ne; 7-(6-( 1H 1,2,4-triazol-3-yl) ppCirdisee13/04381) - 1
-((trans-4-nmet hoxycycl ohexyl ) met hyl ) - 3, 4-di hydr opyrazi no[ 2, 3 - bl pyrazi n-2(
1 H-one;, 7-(6-(1 H1,2,4-triazol-3-yl)pyridin-3 -yl)-

- ((trans-4-hydroxycycl ohexyl ) et hyl)- 3 , 4-di hydropyrazino [2,3

-b] pyrazin-2( 1 H-one; 7-(6-( 1H 1,2,4-triazol-3-yl )pyridin-3-yl)- 1
-(ci s-4-hydroxycycl ohexyl)-3, 4- di hydropyrazino [2,3 -b]pyrazin-2( 1

H) - one; 7- (5-f lsugr@-1g«r® wapaf} 2(yléoy|r+d1rﬂ-3-,vl’),—4l~phd$riy&i-304 -diBy3iopyphiioyL)- |
-(cis-4- hydroxycyc | ohex i hydropyrazino [2,3-b[pyrazin-2( 1H)-one;
7- (6- ( 1HbIpyraziz-2t iH)aonst - 3- yI)pyrl din-3 -y1)- 1

- (tetrahydro- ZFWX ig?%ﬁki g?n_g_)}%)?ﬁ&yr | d?ﬁl?’nﬂe{h% 3. 3! RlePyh &&b 1R pyrhn-

H) - one; 746-
- (2- et homyﬁyaﬂwl)33,d4hycﬂbmdm@[;zczaz]mmz[@2(3mlomyr azin- 2( 1 H)-one;

7-(6-( 1H1 ,2,4-triazol di

-ethyl- 3, 4- dl hydlédéﬁygiqwdﬁgprgpﬂ}/al I Iyﬁ?( ij\a‘}a-gﬁgdromorpholmo[ét 3-

7(5f|uor 24tr|azol 3-yl) phenyl ci s-4-
hydroxycyc?pﬁexy [?}élb]éyl‘a%l 3510]21éLd| hydr opyr azi no [2?2 - bypglrazi ng(Z(I 1 H)-one;
7- (5-f 1l uor o- 2- lﬁe(tGIC()ZLhyMox]yIplrcﬂpan?Z, ﬂ)mmdazébdmyqtgtmdy&; -pyran-4-yl)methyl)-

- oner Sty Ry 2 Y T anyar o- 21 pyran 4+ ypet hyl ) -3
4-di hydropyr 376' @422 3o BHPYad - PR il 10185 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-y1)-4-(3-(trifluoromethyl)benzyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
9-(4-(4H-1.2,4-triazol-3-yl)-2-methylphenyl)-6,11.4a-trihydromorpholinof4.3-
e]pyrazino[2,3-b]pyrazin-5-one;
6-(4-methyl-2-(methylamino)-1H-benzo[d)imidazol-6-yl)-4-(2-(tetrahydro-2H-
pyran-4-yl)ethyl)-3,4-dihydropyrazino[2.3-b]pyrazin-2(1H)-one:
8-(4-(4H-1,2,4-triazol-3-yl)-2-methylphenyl)-3.10,3a-trihydropyrazino|2,3-
b)pyrrolidino[1.2-e]pyrazin-4-one;
6-(4-(4H-1,2,4-triazol-3-yl)phenyl)-4-ethyl-3.4-dihydropyrazino[2,3-b]pyrazin-
2(1H)-one;
6-(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)pyridin-3-yl)-4-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-
3.4-dihydropyrazino(2,3-b]pyrazin-2(1H)-one;
6-(4-(4H-1.2.4-triazol-3-yl)phenyl)-4-(2-methoxyethyl)-3,4-dihydropyrazino(2,3-
blpyrazin-2(1H)-one;
6-(4-(4H-1.2 4-triazol-3-yl)phenyl)-4-(3-(trifluoromethyl)benzyl)-3,4-
dihydropyrazino|2,3-blpyrazin-2(1H)-one:
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7-(5-fluoro-2-nmethyl-44 1 H 1 ,2,4-triazol-3-yl)phenyl)- 1-((trans-4-
hydr oxycycl ohexyl ) net hyl ) - 3, 4- di hydr opyr azi no[ 2, 3- b] pyrazi n-2( 1 H)-one;

7-(6-( 1 We2012/@¢ustriazol -3-yppyridin-3-yl)- 1 PCT/US2011/045842

-((cis-4-hydroxycycl ohexyl ) net hyl ) -3, 4- di hydropyrazino [2,3-b]pyrazin-2( 1

H) - one; 7-(6-( 1 H 1,2,4-triazol-3-yl)pyridin-3 -y1)- 1

-(trans-4-hydroxycycl ohexyl ) -3, 4- di hydropyrazino [2,3 -b]pyrazin-2( 1

H) - one; 7-(6-( 1 H 1 ,2,4-triazol-3-yl)pyridin-3 -yl1)- 1

-(trans-4-nmet hoxycycl ohexyl)-3 ,4- di hydropyrazino [2,3 -b]pyrazin-2( 1

H) one; & ((26méth%l A 4d-, 244n&zrdlazmphany4b ngyr(taﬂnanyd}o M-pyran-d-gigahapy| -
4- di hydr opyr azi no[ 2,

lﬁﬁra2|n 2( 1 H)-one;
7- Eﬁ fl uor3f34 ﬁmbrémytazm yrazin A0 tH-eksl - 3-yl ) phenyl)- 1 - (trans-4-
met hoxycycl ohe
745 -11luoro-2 Iﬁg hyﬁl)? %%@BX{Q@@OP fg_l a)i%l%z %tlépmfﬂ%eﬁ'@%ﬁ ‘sr%n-ﬁ')y'l ﬂ?{?ﬂ%ﬁ-
hydroxycyciuglmowram&[mm yxdmp;ynazma[z 3- b] pyr azi n- 2(1H) one;
7-(5-fluoro-2-nethyl-44 1H 4-tri azol - 8 I%

- (2- met hoxyet hy-{: lwdr%maaﬁyrlé&li%”[“zﬂe, ‘H}/%’)?B'é’z% (“141356)9‘3Pi333’4’
7-( 5- fl ﬁanggﬁgﬁéiﬂb?y&aﬁ*ﬂngﬂﬂetr'az°1 -yl)phenyl)- 1
-|sopropy1 rop azino [2,3 -Npyrazin-2( 1 H)-one;

_ethyl -7-(5-f Lﬂa(rc:eem—nrétmmazdms j_’l)b‘h@h}’!)&" @(tpﬁr@twdro-zﬂymwhémwﬂhy?) 344-

di hydr opyr 2-

-(2-(tetr a{-ﬁﬁ)ﬁg%éyiﬁ‘ %/[?a? ]rﬂ?’iz?ilz?“e (I(W%)Ot’% 42 ﬁéﬁaﬁ?%:e}%ﬁga?lrgga:éﬁ%{i @%‘ﬁﬁ%ﬁjgm n- 2(
1 H-one; 1 -isopropyl-7-(4-nmethyl-6-( 1H

,2,4-triazol -3-yppyridin-3-yl)-3, 4- dlhydropyra2|no[ 2,3 -Npyrazin-2( 1

H) -one; WO 2012/ 016AL3IRGROHWSRAOiM D4584@inShd TOR-Ris@prigyilors haxte formula
,6,7,8-Fetrahydropyra2|no [2,3 -bl pyrazin-2-yl)-4- rnethyl picolinam de;
7-(1 Hindédaol -4-y1)- -(2-(tetrahydro-214- Eyran 4-yl)ethyl)-3

, 4- di hydr opyrazi no [ 2, 3 -
R N N o)
8
/
N N R3
H

(I

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; and

R? is H. or a substituted or unsubstituted C, g alkyl.

1t The method of claim 10, wherein the TOR kinase inhibitor is:
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b] pyrazin-2( 1 H)-one; 7-(2-amnopyrimdin-5 -yl1)-1 -( 2

- (tetrahydro- 2H pyran-4-ypethyl)-3 , 4- di hydropyrazi no[ 2,3 -b] pyrazin-2(1
H) - one; WO2emmiiaopyri di n-4-yl1)- 1 -(2-(tetrahydro-2H ppcarssdonypesshyl )-3
, 4- di hydropyrazino [2,3 -b]pyrazin-2 (1 H)-one;

7-(6- (et hyl am no) pyridin-3 -yl)-1 -(2-(tetrahydro-2H pyran-4-yl)ethyl)-3
, 4- di hydropyrazino [2,3 -Npyrazin-2( 1 H)-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-nethoxyethyl)-3
, 4- di hydr opyr azi@ogfte-3-metly PYi 811N, 2{daddl-30/1Rihedy 3 py#Fivdhi-4- 3 -y1) -1

- (2-(tetrahydro-2H pyran-4-yl %ft hélézz- 3 ,4-di h3ydropy,razi no[2,3 -

b|4 pé_rﬁzid n-nathaxykyelomxy Dmethyl)- b4 dibedromvrazigal.3-RIpy (2t Kosopst hyl ) - 3

, 4- di hydr opyr azj nol.2, 3,-0 azl N-2€s: 1 Hi519N8:4_ L= J 6ryl)-1 -(2
et hoxyet hyl ) -'3 ,(Eif:*d?ﬁ;ﬁ‘ﬁf@%‘%}?@ﬁ%ﬁfd)‘?‘&@%f%,’?éz.g‘ﬁ@%’(‘y%bm%ﬂg?@ry )t
7- (pyri m diifydBopyydaind2 3(Rp{raginr AgHoge;211- pyr an- 4-yl ) et hyl ) - 3

Rrs A M R IUNE AR R 9E e 5 Bl Ao S
di-hydr opyr fg DGk 2z BLW A%inlz 2 (i3 bhe.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-y1)-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-y1)-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-y1)-1-(cis-4-hydroxycyclohexyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

7-(5-fluoro-2-methyl-4-( 1 H-1.2 4-triazol-3-yl)phenyl)- [-(cis-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-(tetrahydro-2H-pyran-4-yl)-3,4-
dihydropyrazino[2.3-blpyrazin-2(1H)-one;

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(2-methoxyethyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1 H)-one;

7-(6-(1H-1.2.4-triazol-3-yl)pyridin-3-yl)-1-ethyl-3.4-dihydropyrazino|2,3-b]pyrazin-
2(1H)-one;
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-(2-nmet hoxyethyl)- 7 -(1 Hpyrrolo[2,3 -b]pyridin-5 -y1)-
, 4-di hydropyrazino [2,3 - b]pyrazin-2( 1 H-one; 1 -ethyl-

3
7

-( 1 Hpyrrolo

[ 2,3 -bi pyoi2dizni6113yl) - 3 , 4-di hydropyrazino [ 2,3 -Db[ pyr agirres2u1043d42 one; 1
-ethyl-7-(1 Hindazol -4-y1)-3 ,4-di hydropyrazino [2,3 -b Jpyrazin-2( 1

H) - one; 7-(pyridin-4-y1)-1-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3

, 4-di hydropyrazino [2,3 - b]pyrazin-2(1 H-one; 7 -(6-amnopyridin-3 -yl)-1
-(2 -(tetrahydro-2H pyran-4-yl)ethyl)-3 di hydropyrazino [2,3 - b}pyrazin-2(
1 H)-one; 1-nmet hyl-7-(2-nethyl -6-(4H 1, 2,4-triazol -3-yl)pyridin-3

-y1)-3,4- di hyctt@pxy\icaabnm[et&yamlnyrazitﬁazzxi Blylipheoyie;l ((015-4-

2- (2- hydr oxypropan-2-yl) - éw} trans-4- nmet hoxycycl ohex
By by o

t et r ahydr ooz ¢ysdoleay3me Hilydponyraznl 7 ditHeyrezigs

-0X0-5,6,7,8 -
‘met hy1-5

- (7- oxo0- 8- ((tety ghy%g 92}#%{‘1%[ @’hﬁ p/i);r{ﬁamlﬁyx?ph@nyl)ﬁ (de@h{ GoYAIPp¥hary o

[2,3 -Db[pyrazin-

- (8- ((C|s1%4ﬂﬁ@hmmwcyck@héxyﬂmmnnﬁwnH}ﬂmwxo 5,6,7, 8- tetrahydropyra2|no [2,3

(et ?éﬁihPozzﬁlémﬁoh%ln?tiﬁ%@%‘drﬁza g DI

1'

RN O e S

H) - one; Aﬁ r@y&ﬂ@xycyclohexyl) 7- (4 nethyl 6- (1FL1 2 4- trlazol 3
-yI)pyrldlA 1 - 3, 4-di hydropyrazino | razin-2 1 H) - one;
3-47- (2- et hyI -7665(ﬂtk$rﬂz 2mathy-ie2 b L, 34ynmf3rxii>mwsyl 1y pargx- 3, 4-

1. (Lt r ane OB Ry PBREEH TS Fetryr s R et MR A L ety azor -5

y1) pyridin-3 -yljs-QH-$20i-hudsionynpEidal32yl$ 1 =(ipyadtdxy2fdbhexohicthyl)-3,4-

dihydropyrazino|2,3-b]pyrazin-2(1H)-one;

7-(6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-1-(frans-4-hydroxycyclohexyl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

7-(6-(1H-1,2,4-triazol-3-y)pyridin-3-yl)- 1 -(trans-4-methoxycyclohexyl)-3.4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

7-(6-(1H-1,2,4-triazol-3-yD)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-(1rans-4-

methoxycyclohexyh)-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;

7-(5-fluoro-2-methyl-4-(1H-1,2 4-triazol-3-y[)phenyl)-1-isopropyl-3.4-

dihydropyrazino|2,3-b]pyrazin-2(1 H)-one;

1-ethyl-7-(5-fluoro-2-methy!l-4-(1H-1.2 4-triazol-3-yl)phenyl)-3.4-

dihydropyrazino(2,3-b]pyrazin-2(1H)-one;

7-(2-hydroxypyridin-4-y1)-1-(2-(tetrahydro-2H-pyran-4-yhethyl)-3 4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

|-isopropyl-7-(4-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3,4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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3-(7-0x0-8-(2-(tetrahy dro-2H pyran-4-ypethyl)-5 ,6,7, 8-tetrahydropyrazino
[2,3 - b]pyrazin-2-yl)benzam de; 5 -( 8-((trans-4-nethoxycyc

| ohexyl ) 'woOly12)01§t16x0-5 , 6, 7, 8-t et rahydropyrazi no [ 2, 3 PCT/US2011/045842

Npyr azi n- 2-y1) - 4- met hyl pi col i nam de; 34( 74642 -hydroxypropan- 2
-yl)pyridin-3 -yl)-2 -oxo0-3, 4-di hydropyrazino [2 , 3- b] pyrazin-1(

2H) -yl ) met hyl ) benzonitri |e; 74642 -hydroxypropan-2 -yppyridin-3 -yl)-1
-((1 R 3R -3 -nethoxycycl opentyl)-3 ,4- dihydropyrazino [2,3

- h] pyrazi n-2(1H) - one; 74642 -hydroxypropan-2 -yl)pyridin-3-yl)-1 -((1 S.3

R)-3 -met hOXyC}SCdBQE)@;%[)Z{ﬂl)’/‘-@x&5ﬁ.ﬁ@-ﬁ&@h?&%bﬁéki@@m}-B]pybdzﬁxy-lzayzj-m- 2 (111) - one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((1S, 39)-3-net hoxycycl opentyl)-3
, 4- di hydmogshyylpizphwf®dg- b] pyr azi n- 2( 1H) - one;

7-(6-(2-hyd - 25 Yl v ; - .

S 3- et hoxyoy o OLRREIE) sV Ry Bl e R T8 S VB el

7- (1H i ndagpraBinl)H)lode2- (t et r ahydr o- 2H pyr an- 4-ypet hyl ) - 3, 4- di hydr opyrazi n
o[ 2, 3- b] pyrazin-2(1H)-one; . ' _ DH- A-vDethyl)-3d- .

7- (2- met hyl - 6- (4R-anmopyripidiy iyl 31y e a2B-pyso-t- e 3ol i noet hy! ) - 3,

lll ( '(tjlr Q%Sr M@@ﬁ%@%m%ﬁ%@@}%ﬁ;i 6-(4H 1, 2,4-triazol -3-yppyridin-3
-y1)- 3, 4-di hydﬁ@p&nﬁzbn@diﬁﬁ;ﬁ)—lH}Zfigqtlahj/droz(}ﬂ_-p{y:aoﬁ%yl)ethyl‘)—3,4- o
V-3 A aer e TR ooy L oer o PN
(71.‘ (6- (2-hydr PXVP{GQWI?ﬁaMﬁr)oMﬂ_&%-B:ﬁ):iXi}mhﬁ%@@bﬁbﬁﬂ%ﬂ)dﬂ)&l)—&&r 4-
i hydropyrazino [2,3 -Npyrazin-2(1H)-one;
1- i sopr opydikyRir¢Rammediy B-Blpyepzin-2A 1 P)-gneyr i azol - 3-yl ) pyridin-3 -y1)-3 , 4-
di-hydropyr azi nO7-£6%h}?’dr6>?§]p[})/¥ird%%§-QT)Z&Mtét??&?ﬁroQH-pyran-4-yl)ethyl)-3,4—
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(4-(1H-pyrazol-3-ylpheny!)-1-(2-methoxyethyl)-3,4-dihydropyrazino[2.3-
blpyrazin-2(1H)-one;
7-(pyridin-3-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino(2,3-
blpyrazin-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-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3 .4-dihydropyrazinof2,3-
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:
1-(2-methoxyethyl)-7-(1 H-pyrrolo[2,3-b]pyridin-5-yl)-3,4-dihydropyrazino[2,3-
blpyrazin-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;
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7-(1H i m dazo[ 4, 5-11pyridin-6-y1)-1-(2

-(tetrahydro-2H pyran-4-yl)ethyl)-3,4- dihydropyrazino [2,3 -Npyrazin-2(1
H) - one; WO 2012/016113 PCT/US2011/045842

1- ((cis-4-nmet hoxycycl ohexyl ) nethyl )-7-(2-nmethyl-6-(1H 1, 2, 4-triazol -3-y1) py
ridin3-yl)-3 ,4-di hydropyrazino [2,3-b] pyrazin-2(1H)-one;

1- (trans-4- hydroxycycl ohexyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3 -yl)-3

, 4- di hydropyrazi no[ 2,3 -bl pyrazi n-2(1H) - one;

1- (ci s-4- hydroxycycl ohexyl ) - 746- ( 2- hydr oxypr opan- 2-y1) pyri di n- 3-y1) - 3, 4-

di hydr opyr azi nof @, 3dil LY NAZi Net&ealrP M8 pyran-4-ylethyl)-3 4-dihydropyrazino[2,3-
4- (7-oxo- 8- (2- ('t(t%a)?r ahyd%g- 2%—!— cptyr a%- 4- ypegtyhyl ) -y5, 6,y7, 8-t etyr ar%ydr opyrazi no[ 2,
3- b] pyr adilpyrazipL) éherari de;

L4~ ai hyor opyr azr o paen L FLPHRSAH UL AL Shi 3.

,7- (1H pyr rm)%@y@ajpﬂcqizmab@a@myﬂ) Hiof2- (tetr a,hydr 0- 2H- pyr an- 4-ypet hyl ) - 3, 4-
di hydr opyr azi no[ 2, 3- Ngyr azi n- géllﬂ -one; . WD 2012/016113PCT/ US2011/ 045842

7- (2- met hyl - 6- (l4methyl-722methylgy 6iH-3.2. 475393 DRy Adip) yD P4

-(tetrahydgQ- . - P i.Aydropyrazino [2,3-b razin-2( 1

H§- one; Y%k%(d?@%ﬂ%%%ﬁrgﬁé&ggﬁggg%t yll)[)}/?- flz me'E hyl - 6]- FZH— le (

, 2, 4-tri azol - 3-2{2} pydroxchipneBm-3 §0)-53( 8- éradisHydethpyyaziohex | 27 3xbip§.7 8zi n- 2( 1
-one; 1 - R 3R)-3.-net ho opentyl)-7-(2-methyl-6-(4H 1

!_DZ, 4-tri ai@&éh?éﬂpﬁﬁwglﬂ’f%g’%ﬁpVi%(‘géyﬁBP-}%idWé%W?ézi no [)2/, 3 - f)] pyrazin-2( 1
-one; 1 - . ) - 3-BINO AL @-(4H |

!_?2, 4-tri azol( ( 3%@5@#?&@%6 %@g@@ﬂﬁdrggﬁggﬁhﬁggﬁwgﬁgé7b[ g)yr azin-2( 1

H) - one; 1 tetfghydrc®yB@)nof2.fetlprongioyley loperitnpmidez- ( 2- met hyl - 6- (4H 1

? tZ)] g;ﬁ ;IZ Iaf] ? |2 E i’_ -{%@é{v—iﬂringfhgiyé%?oh:e)’xylfllﬁgil%yg[&poy § ,g,%iglfzé{rgh);’dropyrazino [2,3-
blpyrazin-2-yl)-4-methylpicolinamide;
7-(1H-pyrazol-4-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-dihydropyrazino[2,3-
blpyrazin-2(1H)-one;
1-(trans-4-methoxycyclohexyl)-7-(4-methyl-6-(1H-1,2 4-triazol-3-y!)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)-2-0x0-3,4-
dihydropyrazino[2,3-b]pyrazin-1(2H)-yl)methyl)benzonitrile;
1-((trans-4-methoxycyclohexyl)methyl)-7-(4-methyl-6-(1H-1,2,4-triazol-3~
yhpyridin-3-y1)-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-((frans-4-methoxycyclohexyl)methyl)-7-0x0-5,6,7,8-tetrahydropyrazino(2,3-
b]pyrazin-2-yl)-4-methylpicolinamide;
3-((7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-2-0x0-3,4-dihydropyrazino[2,3-
blpyrazin-1(2H)-yl)methyl)benzonitrile;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-1-((1R,3R)-3-methoxycyclopentyl)-3.4-
dihydropyrazino[2,3-bpyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((1S.3R)-3-methoxycyclopentyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
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7-(1Hindol - 5-yl)- 1

-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3, 4-di hydropyrazino [2,3 -

b] pyrazi woQatymiene; 1 -ethyl-7-(2-methyl-6-(4H 1, 2, 4-t PCAASRO13/045842
-yl)pyridin-3-yl)-3 ,4-di hydropyrazino [2,3- b]pyrazin-2( 1 Hy-one; 7-( 1
Hindol-6-yl)-1

-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3, 4-di hydr opyrazi no[ 2, 3-

b] pyrazi n-2(1H)-one; 7-(4-(2 -hydroxypropan-2-yl)phenyl)- 1

-(trans-4-nmet hoxycycl ohexyl)-3 , 4- di hydropyrazi no[ 2, 3-b] pyrazin-2( 1

H) - one; 7-(6-( 27-tyc- bx@pxmapmﬂ.-yﬂ)pp?dihdkyi}ﬁ-(X(HS,.-’)S)13—methoxycyclopentyl)-3.4-

-(tetrahyd dro razino [2,3 -blpyrazin-2( 1
H) - one; ‘gy(%(’@f’%%mgpj} ﬁ%%’%%%@éﬂ exyloglmat hyl)[7 (2- ma%yl 6( 1I(-I- 1
, 2,4-triazol - 3- 7‘y<t )Mdr@k{rbr@pwi)m yAmﬂlzhyl@lnqpmags @Qﬁ&h&(ﬁ&&%ﬁ&ﬁylﬁlﬂ( 1
H) one; né;6 (2- hydr oxypropan- 2 qy yl) -
((ci s-4- h%ﬁywahoﬁe'écblp)’mtmgfl 3>ne4 d| hydropyra2| no [2,3 -b]pyrazin-2(

1 - h H b
[di_ll) moggzol 6 y1} {%t CPXgldé I)fg}clil) % %téazhlnﬁo [a!% ngf?{"o"ﬁg?gg f‘g)(i hﬁi pyraezrllnzo?z 3-
7-(7- et hyg ?ra@bﬁ%(ZH&nde hydr o- 1 H benzo[ d] i m dazol -5-y1)- 1

t et rahydr o- 2H a-yi yl)-3 4-di hyd t ,
156) Sone: 7 (2. ek s{H kel sy P phayagre s imocuny P47 126

2012/ 0161 19 UBRA o aah A el 1) -oner 1O

1-(trans-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;
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-y1)-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;
1-(cis-4-hydroxycyclohexyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
4-(7-ox0-8-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-5,6,7,8-tetrahydropyrazino(2,3-
b]pyrazin-2-yl)benzamide;
7-(1H-indazol-5-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-5-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino[2,3-blpyrazin-2(1 H)-one;
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-(2-nmet hoxyethyl)-7-(4-nmethyl-6-( 1 11- 1
, 2A-triazol -3-yl)pyridin-3-yl1l)-3,4- dihydropyrazino [2,3 -b]pyrazin-2( 1
H) - one; WwoO20120160a8nzyl-7- (2-net hyl -4-(4H | |, 2, 4-tri azeCTAsgphisay 1) - 3
, 4-di hydropyrazino [2,3- b]pyrazin-2( 1 H)-one; 7-(3 -fluoro-4-(4H 1
,2,4-triazol -3 -yl)phenyl)- 1 -(2-nmethoxyethyl)-3 ,4- dihydropyrazino [2,3
-b] pyrazin-2( 1 14)-one; 7-(3-fluoro-4-(4H 1 ,2,4-triazol-3 -yl )phenyl)-
-(2-(tetrahydro-2H pyran-4-ypethyl)- 3 ,4-di hydropyrazi no[ 2, 3
-b] pyrazin-2( 1 Hy-one; 7-(3-fluoro-2-nethyl-44 1 H1

, 2, 4-triazol - 37yb )RARAYELI4H-1,2-4-Bid¥BL- Bgxypetitinl I-y3; 1¢etrahydro-2H-pyran-4-y1)-
dlhydropyra2|no[2 3-b]p ra2|n 2( 1 -one; 1

-(trans- 43mlhm¢yny@zloh Srb)pymzv‘z" e 6- (4H 1
2, 4-triazol - y( {,SO‘?@XQ | Do ﬁ/%clo]%n y?bg!%&ﬂﬂr@(ﬁiwq i@t&zopkﬁ pealm=2( 1

H) one; 7-(6- (é ypropa In-3 - -1 -(trans met hoxycyc
| ohexyl ) yB- 3411&@*(1 fa&MﬁZW)@yrbﬂﬁQ(“ﬁ] pys:azin-2( 1 H)-one; 745

-fl uoro-2-net hy 24tr|azo

-(2-(tetr ahydr 6k, ?f? éﬁn%howyépﬂwyl 3- (2Ar¥at§1EC§r?%%))r%%~t%zo -y)pyridin-3-
-b razi 2-methyl-4-( I H 1

2] E)1yt ri aggl %%“@@06’8{%“0[2 3P p%aﬁlﬁtzéﬁr{aﬁ{fgr o- fér an- El yl )ethyl)-3

, 4- di hydr opyr aZ2i(oR,p2)- 3—md:bﬂ1q9§y|ca<zlppﬁ112§(l)~1 (Bbm@jhgl~6 -(4H-1,2 44riazol-3-yl)pyridin-3-

2- met hoxyet hy. 2- et 4-triazol - 3-yl ridin-3
-§/1) 3. 4- r%ydg‘%yﬂwpgli%‘m[g%é’h’%f% %S;Wmo% 114) - one: ypy 74642
éhid&?ﬁiﬁi obyr sl Aot D s el 7%1.“2?? pIRetutyol ShEpYRIITERIYL)
- (cycl opentyl, mmym)pyvazqmgz hiyma@;ay%ﬁﬂdbanez yl ) pyri di n 3 -yl1)-3,4-

(;I_ ?Z?E g?%;g?g;‘&b('[l%{ﬁ 8!129§( );i Lfﬁgt%}%/drg 2%;5% ﬁg)l()}c;téltyh) ? 4- dxhydropyraz1no[2 3-
e S G R SIS ST
di Kydr oi;yr azi ngyeftlzylgj (%F%WY&ér(ﬂHz’( 2% tmzq?—%)gl pyn n- -y 5' 4- dll){yc?roperziklo[%,B’-
b|pyrazin-2(1H)-one;
7-(1H-indol-6-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3 4-dihydropyrazino|2,3-
b]pyrazin-2(1H)-one;
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;
1-((trans-4-methoxycyclohexyl)methyl)-7-(2-methyl-6-(1H-1 .2.4-triazol-3-
yhpyridin-3-yl)-3,4-dihydropyrazino|2,3-b]pyrazin-2(1 H)-one;
7-(6-(2-hydroxypropan-2-y)pyridin-3-yl)- 1-((cis-4-methoxycyclohexyl)methyl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
1-(2-methoxyethyl)-7-(4-methyl-2-(methylamino)-1 H-benzo[d]imidazol-6-yl)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(7-methyl-2-0x0-2,3-dihydro-1H-benzo[d]imidazol-5-y})-1-( (tetrahydro-2H-
pyran-4—yl)methyl)-—3,4—dihydropyrazino[2,3-b]pyrazina2( 1H)-one:
7-(2-methyl-4-(4H-1,2,4-triazol-3-yl)phenyl)-3.4-dihydropyrazino[ 2.3-b]pyrazin-
2(1H)-one;
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(R-7-(64 1 -hydroxyethyl )pyridin-3-y1)- |

-(2-(tetrahydro-2H pyran-4-yl)ethyl)-3, 4- di hydropyra2| no[ 2. 3- bl pyrazi n- 2(

1 H)-one;wo220405016113PCT/ US2011/ 045842 7- ( 2- meCIUS2@1/(043842 1
,2.4-triazol-3-yl)pyridin-3 -yl)- 1 -((tetrahydro-2H pyran-4-

yl ) met hyl ) - 3, 4-di hydropyrazino [2,3 -bipyrazin-2( 1 H)-one; 74442

- hydr oxypropan-2 -yl)phenyl)- 1 -(2-(tetrahydro-21-1-pyran-4-yl)ethyl)-3,4-

di hydr opyr azi no[ 2, 3-bl pyrazin-2( 1 H)-one;

7-(6-(2-hydroxypropan-2-yl)pyridin-3 -yl1)-1 -(4- (tri | I uor omet hyl ) benzyl) -3
, 4- di hydr opyr azazqgétaoﬁyeﬂkg][pyr(azmahﬂ(é U HH) 20hejazol-3-yl)pyridin-3-yl)-3,4-

7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)- 1

- (3- (trltldﬂhyldmm’ s eaZnyrazgnA(L)-RYer opyr azi no [2,3 - 1Apyrazin-2( 1
H) - one; B-42¢ 3-
- (3- et hoxypr opy %ngél(‘? @Ag%‘ix%%g 43? SZ|4n ﬂ%éhglp}s/t%l)pyr g) n-ﬂﬂhydilol—;i))yraZIno[2
7- (4- met hyd|pasid-2H-H ko 4-t ri azol 3 yI )pyr| din-3 -y1)- 1

2-(tetrahyd 2H: h
b pyr ezt no3( TGy hGte- ATt bS S E SR) m& L e SR
- (2- met hoxy dl%kla/ wrazindf2, 3%]? dr@PY AFRe [ 2,3 - bl pyrazin-2( 1 H)-one;
7- (6- (2- hydrioxypr opan- 2-yl ) pyri di n-3

- ((tetrahydr o- ZH3piuan-4c41-) det- hyilzg»l- -B}I)Pglﬁltﬁ)hlfﬁ% -BpyategrangHfrran-4-yhethyl)-

-b razin- | - 2- (et hyl am no 1 H benzo[d
i m]g)altzol ‘%)hyd%bpyfaﬂ“é’{% %T?Q/@rr%z‘ %”g)gr aé{rm yOEnet hy?/) 3, 4- 21. hydr opyr a2|[ n]o
[2,3 -b] pyrazi W(Zs(flddﬂb-zome;hymuﬂ 172 4 2riawd] 130y dphray I H2-rhethoxyethyl)-3,4-
H benzo[ d] i m dazol 1) (tet rahydro 2H pyr an- 4-
yOret hyl ) c@hwr@mﬁwmiéﬁr@)z’yrﬁé{n22(éﬂmﬁw azi n- 2( 1H) - one;
2- et hyl - 6- (4 , . -
((2 (tetrghydr(() gﬂ%fréﬁéﬁk{}w?ﬁﬁﬁ jébﬁ}%h gg%g);}%azlhrﬁ%mlfgl)pf,rp;slrnaBZlylr% 2( 1
H) - one; 34d1f(yE&)op?ra(zﬁm{23hﬂpbrramy@(d@hm@ yl)pyridin-3 -y1)-3 -nethyl- 1

-(2- (tetrahydro 2H-p ran4- ypet hy (ii p%/ 22| n ’é’% %’8 ﬁy%im n-2( 1
H) (37 ol aLhyhron ronegidiy p H arrs T dfoyty ‘i’
(Zo?fetr r&)};g—%lgé@@nb ?ﬂraﬂr)ﬁtlmjo)xe?’ , 4- d| hydropyra2| noJ[ 2

- b] pyr azi n -(2- hydroxypropan 2-yl) pelrl di n- -3,3
- di met hyl - - (X ﬂmﬂoa%yldﬁod-g{-ﬂélﬁy} Af=triazol-3-yl)phenyl)-1-(2 (tetrahydro ZH pyran-4-

el B RS a2 1 H-one
-(2-(tet rahydror-@slﬂﬂw{)ammféthymt@et{hyt)z Bazdt=3dV Iptdaop-@zitnchdd- Hipy raazd-n- 2(
1 F)-one; yhethyl)-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;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-((trans-4-methoxycyclohexyl)methyl)-
3,4-dihydropyrazino|2,3-b]pyrazin-2(1H)-one;
1-(cyclopentylmethyl)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-y1)-3,4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(4-(2-hydroxypropan-2-yl)phenyl)-1-(2-methoxyethyl)-3.4-dihydropyrazino(2,3-
b]pyrazin-2(1H)-one;
(S)-7-(6-(1-hydroxyethyl)pyridin-3-y1)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3.4-
dihydropyrazino(2,3-b]pyrazin-2(1H)-one:
(R)-7-(6-(1-hydroxyethyl)pyridin-3-yl)-1-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-3,4-
dihydropyrazino|2,3-b)pyrazin-2(1H)-one;
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- 65 - WD 2012/016113PCT/ US2011/ 045842
7- (6-(2-hydroxypropan-2-yl)pyridin-3-y1l)- 1
-(2-(tet rabypdroon@Bpyr an- 4-yl ) et hyl ) - 3, 4-di hydr opyr azi mofais3eibjopisaazi n- 2(
1 H-one;, 7-(2-methyl-4-( 1 H1,62,4-triazol-3 -yl)phenyl)- 1 -(24
tetrahydro-2H pyran-4-y()ethyl)- 3 ,4-di hydropyrazino [2,3 -b]pyrazin-2( 1
H-one; 7-(4-( 1 H1 ,2,4-triazol-5-yl)phenyl)- |
-(2-(tet rahydro- 2H pyran-4-yl)ethyl)-3, 4- di hydropyrazi no [ 2, 3-b] pyrazi n- 2(
1 H)-one; -( 1 -hydroxypropan-2-yl1)-7-(2-nethyl-6-( 1 H 1
, 2, 4-tri azol 37%2) R {108- m@m&&%m@a )Ipyddmpypazu AetfBRy@o-1]-pymazi-n- 2( 1
H) one; - (2- hydr oxyet hyl ) hyl - (‘ H
1,2,4-tri abm_rthyl)y} )*pkylh}immﬂg?-lw)?ﬁsb]nyrazm 2(1H)-one;
di hydr opyr azi nf 3, 3Rl BRIpA: ALHIANG:1 Ol AraR PO IREGYlhCRY hitn g et ADI &
dihydropyrazino{2.3-b]pyrazin-2(1H)-one;
7-(6-(2-hydroxypropan-2-yl)pyridin-3-yh)-1-(4-(trifluoromethyl)benzyl)-3.4-
dihydropyrazino[2,3-blpyrazin-2(1H)-one;
7-(6~(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(3-(trifluoromethyl)benzyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one:
7-(6-(2-hydroxypropan-2-yl)pyridin-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-
yhethyl)-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-y!)methyl)-
3.4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
7-(4-methyl-2-(methylamino)-1H-benzo[d]imidazol-6-y})-1-((tetrahydro-2H-pyran-
4-yhHmethy!)-3,4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one:
7-(2-amino-4-methyl-1H-benzo[d]imidazol-6-yl)-1-((tetrahydro-2H-pyran-4-
yl)methyl)-3,4-dihydropyrazino{2,3-b]pyrazin-2(1H)-one;
7-(2-methyl-6-(4H-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:
(R)-7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-3-methyl-[-(2-(tetrahydro-2H-pyran-
4-yl)ethyl)-3.4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;
(8)-7-(6-(2-hydroxypropan-2-yhpyridin-3-yl)-3-methyl-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-y1)-3,3-dimethyl-1-(2-(tetrahydro-2H-pyran-
4-ylethyl)-3.4-dihydropyrazino[2,3-b|pyrazin-2(1H)-one:
7-(2-amino-4-methyl-1H-benzo[d]imidazol-6-yl)-1-(2-(tetrahydro-2H-pyran-4-
yhethyl)-3,4-dihydropyrazinof2,3-b}pyrazin-2{ 1 H)-one:
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7-(6-(2-hydroxypropan-2-yl)pyridin-3-yl)-1-(2-(tetrahydro-2 H-pyran-4-yl)ethyl)-
3.4-dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

7-(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;

7-(4-(1H-1.2.4-triazol-5-yl)phenyl)-1-(2-(tetrahydro-2H-pyran-4-ybethyl)-3.4-
dihydropyrazino[2,3-b]pyrazin-2(1H)-one;

1-(1-hydroxypropan-2-yl)-7-(2-methyl-6-(1H-1 .2,4-triazol-3-yl)pyridin-3-yl1)-3.4-
dihydropyrazino[2.3-b]pyrazin-2(1H)-one;

1-(2-hydroxyethyl)-7-(2-methyl-6-(1H-1,2,4-triazol-3-yl)pyridin-3-yl)-3.4-

dihydropyrazino[2,3-b]pyrazin-2(1H)-one; or a pharmaceutically acceptable salt thereof.
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