COMBI NATI ONS OF PHOSPHO NOSI TI DE 3- KI NASE | NHI BI TOR COVPOUNDS AND
CHEMOTHERAPEUTI C AGENTS FOR THE TREATMENT OF HEMATOPO ETI C MALI GNANCI ES

[ 0001] CROBSIREBEMENCE TO RELATED APPLI CATI ONS [ 0002] Tircs/useeopee»os Ssi onal
application filed under 37 CFR 1.53(b), clains the benefit under 35 USC
119(e) of U.S. Provisional Application Serial No. 61/159,622 filed on 12
March 2009, which is incorporated by reference in entirety. [0003] FIELD OF
THE | NVENTI ON [ 0004] The invention relates generally to pharmaceuti cal

conbi nati ons of conpounds with activity agai nst hematopoi eti c nmalignancies
and whi ch include conpounds that inhibit PI3 kinase or nfTOR activity. The
invention also relates to nethods of using the conpounds for in vitro, in

Situ, an@OMBYNXTIGNS®OBHSSPHOMNGEITEDE 3 NwsPRVE RO aombPoanNpe! | s.
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Menory cells have a longer_life span and continue to express
menbr arf@b@uRgoe: in situ, and in vivo diagnosis or treatment of mammals and mammalian cells.

[0005] BACKGROUND OF THE INVENTION

[0006] Cancers which involve cells generated during hematopoiesis, a process by
which cellular elements of blood, such as leukocytes, lymphocytes, natural killer cells,
plasma cells, and myeloid cells such as neutrophils and monocytes are generated, are referred
to as hematopoietic malignancies. Lymphocytes which can be found in blood and lymphatic
tissue and are critical for immune response are categorized into two main classes of
lymphocytes: B lymphocytes (B cells) and T lymphocytes (T cells), which mediate humoral
and cellular immunity, respectively. B cells are lymphocytes that play a large role in the
humoral immune response (as opposed to the cell-mediated immune response, which is
governed by T cells). The principal functions of B cells are to make antibodies against
antigens, perform the role of Antigen Presenting Cells (APCs) and eventually develop into
memory B cells after activation by antigen interaction. B cells are an essential component of
the adaptive immune system. B cells mature within the bone marrow and leave the marrow
expressing an antigen-binding antibody on their cell surface. When a naive B cell first
encounters the antigen for which its membrane-bound antibody is specific, the cell begins to

divide rapidly and its progeny differentiate into memory B cells and effector cells called



anti body with the same specificity as the original parent cell. Plasma
cells do not produce nenbrane-bound anti body but instead produce the
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Crit. Rehich ase eriginpisipixanphogptey gt mt forppgolid tumors. There are many types of
lymphomas, and in turn, lymphomas are a part of the broad group of hematopoietic

malignancies called hematological neoplasms.

[0009] Acute Myeloid Leukemia (AML) comprises a heterogeneous group of
malignant clonal disorders of hematopoietic stem cells committed to the myeloid linage
development. There is a block in normal hematopoietic differentiation, often combined with
deregulation of proliferation and apoptosis. This leads to progressive insufficiency of the
normal hematopoiesis ensuing in anemia, neutropenia and thrombocytopenia. AML accounts
for about 80% of all adult leukemia, and its overall incidence has been stable or slowly
increasing over the past 15-20 years. The prognosis of AML remains poor, with an overall 5-
year survival rate of 15-30%, while patients with AML arising out of myelodysplastic
syndrome or who are aged above 60 years have an even worse prognosis with less than 10%
survival at 5 years (Smith M. et al (2004) Crit. Rev. Oncol. Hematol. 50:197-222). The
standard therapeutic approach for AML patients is high-dose chemotherapy, mainly
consisting of cytarabine (Ara-C) and an anthracycline antibiotic such as daunorubicin or
idarubicin. Usually, AML responds to initial chemotherapy, but disease relapse occurs in
most patients. While results of AML treatment have improved in younger patients who can

tolerate intensified treatment strategies, there have been limited changes in outcome among



standard therapeutic approach for AML patients is high-dose chenot herapy,
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survival and growth signals for lymphomas and is opposed by the activity of the phosphatase
PTEN. The PI3K pathway is dysregulated in aggressive forms of lymphoma (Abubaker
(2007) Leukemia 21:2368-2370). Eight percent of DLBCL (diffuse large B-cell lymphoma)
cancers have PI3CA (phosphatidylinositol-3 kinase catalytic subunit alpha) missense
mutations and 37% are PTEN negative by immunohistochemistry test.

[0012] Phosphatidylinositol is one of a number of phospholipids found in cell
membranes, and which participate in intracellular signal transduction. Cell signaling via 3'-
phosphorylated phosphoinositides has been implicated in a variety of cellular processes, ¢.g.,
malignant transformation, growth factor signaling, inflammation, and immunity (Rameh et al
(1999) J. Biol Chem. 274:8347-8350). The enzyme responsible for generating these
phosphorylated signaling products, phosphatidylinositol 3-kinase (also referred to as PI 3-
kinase or PI3K), was originally identified as an activity associated with viral oncoproteins
and growth factor receptor tyrosine kinases that phosphorylate phosphatidylinositol (PI) and
its phosphorylated derivatives at the 3'-hydroxyl of the inositol ring (Panayotou et al (1992)
Trends Cell Biol 2:358-60). Phosphoinositide 3-kinases (P13K) are lipid kinases that
phosphorylate lipids at the 3-hydroxyl residue of an inositol ring (Whitman et al (1988)



menbr anes, and which participate in intracellular signal transduction. Cel
signaling via 3' - phosphoryl ated phosphoi nositides has been inplicated in a
vari ety ovoceldws®ms processes, e.g., malignant transfor mariusa)109ee0s h
factor signaling, inflammation, and i munity (Raneh et al (1999) J . Biol

hosphaViist G476 B b A B BRSS! PBRBCRIEET By HeeTTecd By B SE s o
referred s&&na%nﬂe%ersl%baﬁﬁﬁ g XinaSts3Hkh 11?@901&[111@ b&Rhiny (1h€'l%8 fb,fﬁl&gtrﬁls an
acti vi ty associated with viral oncoprotel ns and I‘O\Nt recept or

t yr osi Menidlegs@s)) régenpirush ho Akt atdePled),smimaphmlmsmd@sdepoﬂlde@Pkma@ﬂU its

(Panygebings Cul (463215 KL ey > AP PiShs ot o) R BRTREP AL 1 e

3- Ki naS[esls(] Pl 3K) BHeePIB ikitale FnilBS@npirivad atnsm phaifieret @nims@ab@lasglh@d
3- hydroxyl residue of an inositol ring (Witmn et al (1988)Nature,

332: Eazt)y strpgieird hemesysoing lag @@ldsﬁ@ggﬁcﬂlqsmsd@sq@mye@érhe g theb i
PI 3-
domai e 0 el By QAL RS RSB TR kha Qo s MR EL RS o) P

phos phoi10asli datatlg reckapetic et ak$ Mied egulbtorysvtamio Tak regule(tal@&abmﬂfst donheiRev.
Cancer 2:489; Philljips et al (1998) Cancer 83:41). [0013] The PI 3 kinase
fam |y Sohfemaiasang blpé sestyrasnediesidassahosrhiozylated by govthfacpy iegeptery véth aict ur al

ho mtggﬁogfrﬁrgmkg{ g e Mided ohEGg%Pg’gﬁ)Idﬁéé SfRer ﬁﬂuaﬂéﬁlgsql!‘k'lg RC£40RPBE fﬁg% 18d the

prod enzyme cata The class | nases are conposed of
2 subu m'ata$yticasuﬂzﬂlﬁt Wﬂlohqﬂlakghtoryiatsmbmhplﬂ sabsdragn @3sskdP 1B ket e ynveledmia t . The

regul at.ory subunl cqntai n SH2 donalns @P ngd to t. rosin esi dues
phospdeng“éthlgW E? Hiomgers dpwpdseny Y Qe ?r%éo‘ﬂ a4t vity

or oNCOgRNORILHIERL %hléh%%@é%}é thAHSRIrHD IR pﬁ’dh%}éy%%y ¥ad 3 itfpokt@ P 1 10

catal ytic subunit which osphorylates its |ipid substrate. Class | PI3
ki nas esthqaeeutlmﬁﬁﬂevteauqma&m@tbrlatmgtceld|pg¢1ébratlomhmﬂ@ﬁrcmogﬁn@&enCiass:leBsIStSr eam of
cytoklnes

Chat - cont PaP PR B R ohdR oT e PR PR el e f eots such

as nod lﬁh@&ph’aﬁdﬁﬂ{dm@mBlbﬂlﬁfogisha@@(mmn) t6 @E&iua@ gRAPRAISylibba oS- 3L pHoBKaitc an
phosphoryl at e phosp hatldYI|n03|toI phosphat i dyl i nosi t ol - 4- phosphat e,
and ph dB\éHaph%phqtmamseuo -3, 4énlnhq§nb%tawaﬂ@hpmhpgwltn@smlo%é driphosphate,

Bﬂg: Bﬂgt%%pgé/t:l\'zezg Sttag% H?%@%ﬁ%@@é&ﬁ%@eﬁf and C})hosphatldyhnosnol -4-phosphate. Class
phosphdtl RIgKk oasbile Iphas:p‘ﬂioﬁflatté PPphAaseh@IBkinasspefvimvie kynceClsabs Cldss PBKs
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PBKI Nas®ience 304:554). (US 5824492; US 5846824; US 6274327). Other isoforms may be
important in cancer and are also implicated in cardiovascular and immune-inflammatory
disease (Workman P (2004) Biochem Soc Trans 32:393-396; Patel et al (2004) Proc. Am.
Assoc. of Cancer Res. (Abstract LB-247) 95th Annual Meeting, March 27-31, Orlando,
Florida, USA; Ahmadi K and Waterfield MD (2004) “Phosphoinositide 3-Kinase: Function
and Mechanisms” Encyclopedia of Biological Chemistry (Lennarz W J, Lane M D eds)
Elsevier/Academic Press), Oncogenic mutations of p110 alpha have been found at a
significant frequency in colon, breast, brain, liver, ovarian, gastric, lung, and head and neck
solid tumors. PTEN abnormalities are found in glioblastoma, melanoma, prostate,
endometrial, ovarian, breast, lung, head and neck, hepatocellular, and thyroid cancers.
[0014] PI3 kinase is a heterodimer consisting of p85 and p110 subunits (Otsu et al
(1991) Cell 65:91-104; Hiles et al (1992) Cell 70:419-29). Four distinct Class I PI3Ks have
been identified, designated PI3K a (alpha),  (beta), o (delta), and ® (gamma), each



p i 10a as indicated by recurrent oncogenic nutations in p i 10a (Sanuel s
et al (2004) Science 304:554). (US 5824492; US 5846824; US 6274327). O her
i sof or s Weybw/ioa@srt ant in cancer and are al so i npli caPeu/tiSr010/026903

cardi ovascul ar and i nmmune-infl ammat ory di sease (Workman P (2004) Bi ochem

(S/CiﬁstTﬁ ?935513@‘;’3{%3 ﬁ?ﬁiﬁbapatﬂ@gf ﬁgl Eéﬁg@#a 1y S %ﬁﬁi&nﬁﬁree of Bt dEESUSA

Ahmadi depne s%ﬁﬁfsf i @l gl M%llﬂ?aoﬁfh)o bdth @RPHDIONRHh [ dadR inferibtnALinc KikAct i on and
Mechani snms™ Encycl opedi a of Bi ol ogi cal em stry (Lennarz WJ, Lane M D

eds) Elrsgulitery sibadiemds; Phewssy pl 10mogeninteraais with enkstoft ypeilatody aumma, have
been fo i i cant. freqguen in on, breas brain, |iver,

ovari ap 107, he PadfUh HOR oh aEHE N e PR R Rl SR eRf ety vl 1 €1 e
are founidinch Bldabbaht PIIK alphh B¥e 8nd BEIGSTUBEDCs, € ubliit act® Aot ire

br east, Iung, head and neck, hepat ocel | ul ar, and t yroid cancers. [0014] PB

ki nase R13 kinapetocthealasma mcorynrg hnige @fterpqs@oramwpsm domainbyif phosplorglgtedt  al

G ass 175eiks RRAdES Hden L orploahtec8RG L F8Y bl 05 Plep Ot bt
(del t a)(19a)d N, egam)),velamheoﬂs{nwz)mco@m 778908t 110 kDa catal ytic

subunit and a regul atory subunit. Three of the catalyti¢ subunits, i.e., p
i 10 allpPl p i 1kheddd AinaseiAlt/PTEY ragway is an atiraptiyetnrest fagicaneer ABlgs ane

regul atcfé(lé{loghﬁgﬁ't%ﬁc’e sH%gem%&ﬁé bPekp e%%dgg MRbit Qélft'ﬂaﬁ'(bté?‘hf‘éfahﬁn,at? dimtdsnct

regul atory subuni he patter ns of expression eac these PBKs
i N humasignadssl fk(snatnotna]l cHudmt aroyidti fet suretval dmd chambresfstanbeoRBiKcal gelis,to bet a,

and delta subt 85 subupit acts to Jocalize PB kina to the
o o Thiio B sl sRo P S PP int B TEaHIR heetoR RS ar vi ot ed

tyrosi Ji&st duass. (PR ESeRE idhibifs RRRIREK [RbR é?%g%@&eet‘ép 06% ])o H&)fftlfér get
pr ot m@(Rame%&Zt al 19915 CIJeISI 83: 8216%30e Vol ni a et@a )t o 92)

Oncogen¥at. (7?111?8911198)98(8[)(56.5:5]56?FH§ THE 0200 BISET0ARY | TN GS0RGEYS 6@085)53aUSr active

| v bi (0SCHTS o O T A HR0T DS FLbRE MERgRap R A ERG LobTafREET S e

provi dewoz00sL04604@ ! WenThos ianeee: S otm0e 408 10¢ 000461 1550, US reverse the
repreSS|on of apo tosis and surnmount intrinsic resistance of cancer cells

to cyt GROHI0925erN'S. 20BHORT40ds VO RAPHPOGHS: WY 0GHAN 8SELES LR34 dehi et al
(2088 ool g 15 oS8 Sl SiueponioL
2006/ 045032474NMD) IOOK /709961 3B08176070). Wortmannin analogs have PI3 kinase activity in
mammals (US 6703414; WO 97/15658).
[0016] Thienopyrimidine compounds of Formula I have p110 alpha binding, P13
kinase inhibitory activity, and inhibit the growth of cancer cells (US 2008/0207611; US
2008/0039459; US 2008/0076768; US 2008/0076758; US 2008/0242665; US 2008/0269210.
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[0017] An exemplary Formula I compound, GDC-0941 (CAS Reg. No. 957054-30-7,

Genentech Inc.), is a selective, orally bioavailable inhibitor of PI3K with promising

pharmacokinetic and pharmaceutical properties (Folkes et al (2008) Jour. of Med. Chem.



WD 2006/ 046040; WD 2007/ 042806; WO 2007/ 042810; WO 2004/ 017950; US

2004/ 092561; WD 2004/ 007491; WD 2004/ 006916; WD 2003/ 037886; US

2003/ 1490W0;20002@®83/ 035618; WO 2003/ 034997; US 2003/ 15821A1S2HP/016%4¥976; US
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solid tunor cell lines (US Ser. No. 12/208,227, Belvin et al "Conbi nations

O Phosgphpdnosi tlsiw@bjﬁwa@eTWﬁp &Qnpounds And Chenot her apeuti c
Agents c] Met hods OF Use", l ed 10 Sept 2008). [0018] SUMVARY OF THE
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invention may be useful in the treatment of hematopoietic malignancies. The compositions
may inhibit tumor growth in mammals and may be useful for treating human cancer patients.
[0020] In one aspect, the invention includes a method for the treatment of a
hematopoietic malignancy comprising administering a therapeutic combination as a
combined formulation or alternation to a mammal, wherein the therapeutic combination
comprises a therapeutically effective amount of a compound having Formula I, and a
therapeutically effective amount of a chemotherapeutic agent selected from dexamethasone,
thioTEPA, doxorubicin, vincristine, rituximab, cyclophosphamide, prednisone, melphalan,

lenalidomide, bortezomib, rapamycin, and cytarabine.
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[0021] The invention also relates to methods of using the therapeutic combinations



may inhibit tunor growth in mammals and may be useful for treating human
cancer patients. [0020] In one aspect, the invention includes a nethod for
t he treatwenviosfs@shenat opoi eti c mal i gnancy conpri si ng &CEWUSREALGING a

t herapeuti c conbi nati on as a conmbined fornmulation or alternation to a

mammal , . wherein_the therapeuti c conbi nation (€O ri ses thera eutically
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ef f ect i Mg AIRHMthQbgiRal RRIPAS AREIM ! the RABAD &@ﬁ@&ﬁﬁ@u&é@§1dexa”Ethasone

t hi oTEPA, doxorub|C|n vincristine, rituxi % cycl ophosphani de,

pr edni 460221 el phsih aspectl il indorticdeyrovides beenEwic qoa;batmylonmoramlmgﬂ&-éi-abl ne.

conti ndl NoRERE TG @Bt 3D Rty DUt af BRSPS UP AP EBF Hent of

manmmal iydindifhdlfe (UISTHOBDIB6 763 UBSHOSI02026] 1P &bIket el ¢20085 9a\di 61 MBs. I el at ed
to the hemat opoi etic nalignancies. 0022 An aspect of the invention

provi désharh & ifedb? & S e bhvtlpaknarsaceRpri¥ildgenentech, Inc.) and having Formula

(IHin hi eno[ 3, 2-d]
byr m ot i e bk %%é%gf%é%%%@%ra%@t%égﬁf%é%‘%%@ Fol kes et al
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doxor ubi ci n, vincristine, r|tUX|nab cycl ophospham de, prednisone,

mel phal an, Ienalidonide om b, rapanycin, and cytarabine. [0023] An
aspect of the invention prgglé;s t herapeutic conbi nations conprising (S)-

| -(4-((2-(2-am nopyri m din- ) - 7- met hyl - 4- mor phol i not hi enol[ 3, 2-d] pyri m di
n- 6- yl)methyl)pi perazin-I|-yl)-2-hydroxypropan-|-one (US 2008/ 0242665)
having Formula Ib and a apeuti gadNy effective anmount of a
chenot her apeuti c age | gict ed] fr om dexanet hasone, thi oTEPA, doxor ubi ci n,
vincri stine, ritidh9 M de, predni sone, nel phal an,

b, Cycl'8phoy
| enal i dom de, boktezobm b, rapany and cytarabine. [0024] Formul a I
conpounds incphgg all stereoi sonmer

, geonetric isoners, tautoners,

net abol i tes H har maceutically acceptable salts thereof Certain Formul a
| compounds ate potent inhibitors of PI3KKith drug-1ike physicocheni cal
and pharmacoki netic properties. Certain Fornula | conpounds exhibit
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yl)methyl)piperazin-1 -yl)-2-hydr0xypropan-l-one (US 2008/0242665) havmg Formula Ib
and a therapeutically effective amount of a chemotherapeutic agent selected from
dexamethasone, thiocTEPA, doxorubicin, vincristine, rituximab, cyclophosphamide,

prednisone, melphalan, lenalidomide, bortezomib, rapamycin, and cytarabine.
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[0024] Formula I compounds include all stereoisomers, geometric isomers, tautomers,
metabolites, and pharmaceutically acceptable salts thereof. Certain Formula I compounds are
potent inhibitors of PI3K with drug-like physicochemical and pharmacokinetic properties.

Certain Formula I compounds exhibit selectivity for class Ia PI3Ks over class Ib, in particular



[ 0025] Pharnmaceuti cal conpositions and therapeutic conbinations of the

i nvention conprise a chenotherapeutic agent sel ected from dexanet hasone,

t hi OTEPA WOaRmymBIO8i N, Vi ncristine, rituximb, cycl ophogphaseade/026903

predni sone, nel phal an, |enalidom de, bortezom b, rapanycin, and cytarabi ne.
[ 0026] Phar ufical, co sitions the inventio y fu er conprise a
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ef f ect i[0824nount Phefmacchtealgbmposicamspodnkkrapuitia combmetitesrafpeuinventagent . The
Formul a | conpound and the chenot her.apeuti c agent r o;fornul.ated for

i i SPPEEROR SRR R Bl o ol TR e EEre Mo PRI hey may
be adm\Hhé“ris_ﬁﬁ@,ditﬁﬂﬁﬁb?éﬁldphb%haﬂnﬁcﬁt pridhREnd, RIpIRNN, RhhldonsiaBsRetekd®l y) as

a therapeutic conbination. [0028] Another aspect of the invention provides

nmet hodgapAmydib#0f sytatbienat opoi eti ¢ mal i gnancy, conprising adninistering to
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pr esentphiafivgrtiiicillypicoptadscarieiet hod of using a pharmaceutical conposition
of the invention to treat a hematopqietic. mali nanc¥ di sease or condition
modul atl@® By PB KM aspechoh@fiIcntipppIsy]deameigs Of Bratingadisartonsictiche
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Anot her__aspect of the inveptiop includes. articles of nufacfure or kits
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sel ected from dexamet hasone, thi oTEPA, doxorubicin, vincristine, rituximnmab,
cycl opHSIPiCle, predni sone, nel phal an, |enal i doni de,

[0028] Another aspect of the invention provides methods of treating a hematopoietic

malignancy, comprising administering to a mammal in need of such treatment effective
amounts of the Formula I compound and a chemotherapeutic agent.

[0029] In a further aspect the present invention provides a method of using a
pharmaceutical composition of the invention to treat a hematopoietic malignancy disease or
condition modulated by PI3 kinase in a mammal.

[0030] An additional aspect of the invention is the use of a pharmaceutical
composition of the invention in the preparation of a medicament for the treatment of a
hematopoietic malignancy disease or condition modulated by PI3 kinase in a mammal.

[0031] Another aspect of the invention includes articles of manufacture or kits
comprising a Formula I compound, a chemotherapeutic agent, a container, and optionally a
package insert or label indicating a treatment for a hematopoietic malignancy.

[0032] Another aspect of the invention is a product comprising a Formula I
compound, and a chemotherapeutic agent selected from dexamethasone, thioTEPA,
doxorubicin, vincristine, rituximab, cyclophosphamide, prednisone, melphalan, lenalidomide,
bortezomib, rapamycin, and cytarabine; as a combined preparation for separate, simultaneous
or sequential use in the treatment of a hematopoietic malignancy.

[0033] Another aspect of the invention includes a method for determining compounds

to be used in combination for the treatment of cancer comprising: a) administering a



bortezom b, rapanycin, and cytarabine; as a conbi ned preparation for
separate, sinultaneous or sequential use in the treatnent of a

henmat opoiwoi201mmbiognancy. [ 0033] Anot her aspect of the iPavaskelon2d9e| udes a
nmet hod for determ ning conpounds to be used in conmbination for the
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measuring a synergistic or non-synergistic effect. [0034] Anot her aspect of

t he i nwetynergrsticor men-hpusgistic ¢fiwst.apeutical ly treating a mammal having a
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aspect, the invention, provides a nethod of. inhibitin rom h of a
non- HodgHil anB hqmyayshiowic lyBwppeicigrkeati-mytipieimglemea f% ilc [8oW8i nat i on
to a pakiiyy %ttﬂgaie?%u{_pg&hblﬂa%d MARRSBRe oMSfe%Qé’foHﬁ&ééﬁhﬁf i} fig | ynphorma
IS |nh|b|te I'n one aspect e invention provides a nethod of

|nh|b|kmﬁgﬂhhengheWMmthnacmnhﬂHmmghhmnsnf&ﬁ&hona conpr|5|ng adm ni stering

the th t nmbi nat i t. J h t
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cell (e.g., it is'not a T or TMEF , said cel

st r omal wiglet non-mdgm}lsmnﬂmrmes@mqbwgmwm YDFPAW]N@HPG@@S] Fl gure 1

o one rOBRTG PR CheRD GO R R B R R Gk B b s
col um)noaelibdikid Gglg@hofﬁ@%iﬁbﬁbﬁ% aéﬂﬁwﬁste h@aﬁe@ape@ﬁb bsmbBEEor forat ed in

vitrowith 5 0941 for 039] Figure 2 shows reduction of
phar mdmphgﬁ@ eell.ppyo Wlk@qegenﬁmp@(rﬂ/orﬁdd@@gp to the lymphoma, whereby growth of

the lymphoma is inhibited. In one embodiment, said cell is not a non-Hodgkin's lymphoma

cell (e.g., it is not a T or B cell) for example, said cell may be a stromal cell.

[0037] BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Figure 1 shows reduction of pharmacodynamic (PD) markers measured by
flow cytometry with Formula Ia (GDC-0941) treated (right column) and untreated (left
column) cells, DoHH2, WSU-DLCL2, OPM2, and U266. Cells were treated in vitro with 5
uM GDC-0941 for 4 hrs.

[0039] Figure 2 shows reduction of pharmacodynamic (PD) markers p-AKT, p-S6RP,
p-Bad, and beta-actin in cells DoOHH2, WSU-DLCL2, OPM2, and U266 as measured by
SDS-polyacrylamide gel electrophoresis and western blotting in cell lines treated in vitro with
5 uM GDC-0941 for 4 hrs.

[0040] Figure 3 shows the effect of PI3K single agent inhibitor, Formula Ia (GDC-
0941), and in combinations with dexamethasone (Dex) and doxorubicin (Dox), on B-NHL
cell line DoHH2. In vitro cell survival and proliferation assays (Cell-Titer Glo, Promega)
measured viable cells over varying inhibitor concentrations (10~ to 10 Relative Units of the

previously (approximately) determined IC50, Formula la, dexamethasone, doxorubicin and



p- Bad, and beta-actin in cells DoHH2, WSU-DLCL2, OPM2, and U266 as neasured
by SDS-pol yacryl am de gel el ectrophoresis and western blotting in cell

i nes tresi0edio/wsooBtro with 5 mv GDC- 0941 for 4 hrs. [00¢TJUSBIgULE@08 shows
the effect of PBK single agent inhibitor, Fornula la (GDC 0941), and in

conbi nati gns wi t h. dexa hasone and oxoru on B-NHL cell
e, DoR Ry P EG TR f gn Tyt ahn S%@@W&t i %@gogéémecm Titer
G o, Pry mwﬁa) measpied sﬁb@r@'ﬂfé &Felciéfmﬁrm X%éﬂ%ﬂh[ﬂ?ﬂ_o?d &pﬁmmg%nfcm}l ons
(10 5 to 10 Relative Units of the previously {approxinately) erm ned

| C50, Hpmphdma tells fdunr patetnt 2UHE0-ASKoealll by iim viaredet sbivinel iandh prodiferfaonul a | a

the of roups o SBgRer SRS ST OO R MG RS NPkl Piney s Tot b P SraBnonm
cells fdoaa@nmhbmlONIrM@PNMJr@of:EcLIhﬁn@m (IGD@JOQILQ G@d 0564, %h&@lyzambz
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conbi na(DUBCIW' dehls &quj’altlbnt@ﬂHLMﬂ‘rAlOSB maey viibilftyses hesageedbg @l Vitbyephoma
(DLBCL) cells frompatient NH.640-A055. Cell viability was neasured by in
vitro cenivagpd pmferaﬁ%p aeys (Csllahifes Hlo@benes vepag QOT'F?IEWI@%@P) Yogber

varyin QIQF)ed'ftPfo?r#]hl‘arlé c{oﬁagm%é&rgnﬁg dk@@nﬁ{)ﬂatf&% o’f?’%ﬂigl]% 1 8nd §RAQEHBLCT N, and

t he conbi nat’i on of For’mu oxorubicin Flgure6sowsthe
ef fect [004}BK si rggecagbotvs thehaffeict MPIEKrsmglaageat (nGi@or B8y la la@@dCh

conbi nat | t h dexanet hasone, mul tiple.r eIo oP ells. by in vitro
Com oolaoD ahh e TR RS At pRar TS PER RO Py GelSbut oy abi e
cel I's Q¥BuMavaY hﬂ&pﬁ)ﬁ%&@t’fﬁﬂ %Ezi}@f(@elﬁﬁ@te@G‘ld@ﬂ&eMﬁ@(r%bl%fceEQ6{?@1”\@ 3111?g

dexanet hasone, and t5 e conbi nation of Formula |a and dexanet hasorie. [ 0044]

Fi gure cmgetm\ﬂsomﬂw(éOth piyladr) oﬁle%hadg@nw@sommhgl@ combostion o of 10
m ce V\fSlCi- %IF homa tunor xenografts dosed on day 0 with Vehicle
(0. S%M & 8’§a aémﬁ% Tween 80 in DI Water), 73 ng/kg Fornula |a

(GDC-094044] 5 ny/m relﬁsuxwm mé&ai@moadslubReheREyvaaLo @ 1ﬁfcollr_(ﬁfsr6ﬂ18 la 73
ng/ kg and rituxim Formula la 73 nmg/ kg and wer e dosed

once wimige W&Jampﬁé rmphma olmwf@n@gr@ﬁy&dqﬁa%oaﬁaﬂﬁwﬂo\’emcleé@}é%l4 whil e
For mul L@y Wefuges S A &n 88 in D1ivEEYS 7PN oHorBAVAAYGDC-0941), 5 me/ke

rituximab, CHOP, and the combinations of Formula Ia 73 mg/kg and rituximab 5 mg/kg,
Formula Ia 73 mg/kg and CHOP. Mice were dosed once with CHOP starting on day 0, and
rituximab on days 0, 7, and 14, while Formula Ia was dosed daily for 21 days by oral gavage.
CHOP regimen: cyclophosphamide (30 mg/kg, iv, qd x1), doxorubicin (2.475 mg/kg, iv, qd
x1), vincristine (0.375 mg/kg, iv, qd x1), prednisone (0.15 mg/kg, po, qd x5).
Cyclophosphamide, doxorubicin and vincristine were dosed once on day 0 and prednisone
was dosed on days 0, 1, 2, 3 and 4.

[0045] Figure 8 shows the mean tumor volume change over 35 days in cohorts of 10
mice with DoHH-2 lymphoma tumor xenografts dosed on day 0 with: Vehicle (0.5%
methylcellulose : 0.2% Tween 80 in DI Water), 73 mg/kg Formula Ia (GDC-0941), 5 mg/kg
rituximab, CHOP, and the combinations of Formula Ia 73 mg/kg and rituximab 5 mg/kg, and
Formula la 73 mg/kg and CHOP. Mice were dosed with rituximab on day 0, 7 and 14 (qwk
x3) intravenously, CHOP starting on day 1, while Formula la was dosed daily for 21 days by
oral gavage. CHOP regimen: cyclophosphamide (30 mg/kg, iv, qd x1), doxorubicin (2.475
mg/kg, iv, qd x1), vincristine (0.375 mg/kg, iv, qd x1), prednisone (0.15 mg/kg, po, qd x5).

Cyclophosphamide, doxorubicin and vincristine were dosed once on day 0 and prednisone
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CHOP regi nen: cycl ophospham de (30 ng/kg, iv, qd xl), doxorubicin (2.475
mg/ kg, 1v, gd xl), vincristine (0.375 ng/kg, iv, qd xl), prednisone (0.15
ng/ kg, powoqdiox®5a08Cycl ophospham de, doxorubicin and vi rCTius2ém®2693 € dosed
once on day 0 and predni sone was dosed on days 0, 1, 2, 3 and 4. [0045]
Figure 8 %Egﬁfpthe ﬂn tu r vol ume change over 35 days in cohorts of 10
mce wYH Qd%§$§ for xenografts dosed on day O with: Vehicle
(0.5% g[ﬁ b4yl cel | utigge sth@%ﬁeM@ﬁﬂu&%r {I&uge WA R Iver 7B d i 1K901'fc9fsrﬂf| 19 1a
(GDC- 0941 5 ng/kg r|tUX|nab CHOP, and the conbinations of Fornmula la 73
my/ kg emtste wiithURo B lﬁnpdgjnk@tunmdemaﬁsl dosedory Bayngy Mktdy: dredhiadBHORR %M ce wer e

St ar i ngcleaS Rbr'E e DAl 8 Rl B S o

gavage. an@lﬂ@cdrﬂ@th oﬁvﬁﬂnqnmswlal k@ean(iitﬁ{og/ mmulMa nqnqug angloxor ubi ci n
(2.475 V|ncr|st|ne (0 qd xlg prednlsone

(0.15 rfr‘gpl@@gosfphamqﬂ@ %stlg/kaﬂ?gr@ywolgﬂﬁawaé an@é&w@mi@ﬂn% /kgi we Jane were

dosed
s TR RD R B8O S CILDRLFS HOS RS CRARNR froshpohea JsMENL
of 10 nvie wiré Hodad MHith CHOPhandyty sRdloptenplghsitie 6n dap GCtidiﬂnd)&kyn Gn \duy D,

Vehicl e (O, 5@6N@thy|ce||u|ose - 0. 2% Tween 80 .jn_ DI water) nqg@g
For mul &/ilggistiapen dewd,)and prrgnisogp daifhen %ﬁtﬂ harhisrorpul alﬂérWId&Sqdad P/ kg

and CH@H l.a la 75
ng/ kg anéiggkg?%ﬁlgﬁﬁ% Cﬁgﬁka’ﬁg e&%ﬁb a Ia ?g’%gwggﬁgﬁﬁ v ncr |ﬁe 0. 38
ng/ kg, ind)fFaxonlbécih .75 myg/degivand xpy, edwrristoree(0B.725mgig kg, qd\Alermémeombos ed
W th C§5P§ %ﬁay Oq@x clophosphanlde on day 0, doxorubicin on day O,

[

Vi ncr hnd predni sone daily on days 0-4, while Formula la
was dosggygai ly F@%xr@l@sﬁ’&yﬁh@)he‘aﬁ%m&%@&ﬁ ckdi QR 06 Qﬁrﬁcdh%ﬁ's@?'ﬂowas
cyclophosphanlde iv, qd xl), doxorubicin (2.4 ng/ kg, iv, qd

xl), vimisewathi BIAR O'r@?@nm}llmg}f x¢npgrafis dobyd ompdaschivithnd/ ebalel(@ Y%/ kg, po, qd

cohor t o eebEs Cr B Rty BB Rt Tt e et OB B R o' Wi ¢
Vehi cl ein( OhSnihiionCH Howh0mga 73 %%E/g dNEEROB0 Niite Blerdddsedl bnce @it gHIP
Formula la (GDC-0941), CHOP, and t conbi nati on of Formula la 73 ng/ kg and

CHOP. MaHEng\er day@suhilcdinrmulg krandipicle were dosed daily for 21 days by oral gavage.
CHOP regimen: cyclophosphamide (30 mg/kg, iv, qd x1), doxorubicin (2.475 mg/kg, iv, qd

x1), vincristine (0.375 mg/kg, iv, qd x1), prednisone (0.15 mg/kg, po, qd x5).
Cyclophosphamide, doxorubicin and vincristine were dosed once on day 0 and prednisone
was dosed on days 0, 1, 2, 3 and 4.

[0048] Figure 11 shows the mean tumor volume change over 25 days in cohorts of 10
mice with BJAB lymphoma tumor xenografts dosed on day 0 with: Vehicle (0.5%
Methylcellulose : 0.2% Tween 80 in DI Water), 75 mg/kg Formula Ia (GDC-0941), 5 mg/kg
rituximab, and the combination of Formula Ia 75 mg/kg and 5 mg/kg rituximab. Mice were
dosed with rituximab on days 0, 7, and 14, while Formula Ia and Vehicle were dosed daily
for 21 days (po, qd x21) by oral gavage.

[0049] Figure 12 shows the mean tumor volume change over 22 days in cohorts of 10
mice with NCI-H929 multiple myeloma xenografts dosed on day 0 with: Vehicle (po, qd
x21) (0.5% Methylcellulose : 0.2% Tween 80 in DI Water), and single agent therapies: 73
mg/kg Formula Ia GDC-0941, 1 mg/kg bortezomib, 25 mg/kg lenalidomide, and 10 mg/kg
dexamethasone. Formula 1a GDC-0941 was dosed daily for 21 days by oral gavage.
Bortezomib was dosed intravenously on days 0, 3, 7, 10, 14 and 17. Lenalidomide was dosed

daily for 21 days by intraperitoneal injection. Dexamethasone was dosed orally on days 0, 1,
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starting on day 0, while Fornmula la and Vehicle were dosed daily for 2 1

days by oral gavage. CHOP regi nen: cycl ophospham de (30 ng/kg, iv, qd xl),

doxor ubi cwo 20R/w3®sng/ kg, iv, qd xl), vincristine (0.37FCwg/skgo/oeesp3 qd xl),

predni sone (0.15 rrg/ kg, po, gd x5). Cycl ophospham de, doxorubicin and

VI ncrisgi nfyvgg i(?d once on day 0 and predni sone was dosed on days 0, 1,
3 ard34 04817 gure 11 shows the nean tunor vol unme change over 25
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0O with: Vehicle (0.5% Met hyl cel | ul ose : 2% Tween 80 in Water), 75
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F la . t X Mce. d t t b
on day <20 O et s Bas TP il W B v e e feP ol darigor 2 4
days (pomdth m@Dcmw((fﬂ qe&w}gesr&lgﬁlg%bm&cgnmwlzx ; h@gn@an tunor

vol ume change over 22 days in cohorts of 10 mce with N 1 - H929 mul tiple

ny el omdenedidomidss @ 5di§‘§&§n/8riia&l$a9ff@ dave pn/2viens effe dapponiyand3meko. 5%

Met hyl % I t
73 mot i el (B SGtBE? A bt Dt et SIS PO DA FORAR,
and 10 9GIIO-094 K iyt as bnend W@ﬁi@ﬂigﬁodr&z@@-(@@%/xﬂ@ﬁ)@@&ﬁfg/l@F(br)&mflaOIa 2 1
days by oral ?ava ge. Bortezom b was dosed mtravenou@gz on da s

10, 14 %IHQ 0PAT (peridis2domidie> madkederabidornid (p.£6/52/%): ays myke ppablérlﬁt oneal
i nj ect '(?Igf @F’fﬂﬁ@ qf%fmﬂm ﬁ@@&%&%ﬁé&ﬁeg@ days). %m'%m% 1a%mg 31 wis 9 and

10. [005 t mean t unor ume change over ays in
co hor t ddoséd dzﬁlynﬁocél daytstbymrhlt daghge. BaatcaomitOPM @osce idtravemoglyadit dayd0s&d/, on day

0 with: Vehic 1 5% Met hy| . 2% Tween 80 in DI
vat er) 105 hae BB Rt sstn gy Ear ki P Bt oRe qd xo1) ;
0.5 mllhﬁct@&{ 8@ habbito waxdodkd 1y o%%agyékgaﬂcﬁmhl donide (ip, 5 days on/2
days off/5 days on/2 days off/5 days on); and 3 ny/ kg dexanet hasone (po, 5

days orf@5days offigBe ddykoventhe nzean turoeriahems ohangopyverz2y dayp kycdbortsaf 40 | a

GDC- 0941. 1 / bor t ' [ 2 3):.,73 ngl/k

For il dvice M tuHE 0, s TSRS AERT T o iy 0 S Qi 050851 S )
and 73 ﬁmg@SdFMBm%r@elﬂlﬂo@@m%e(eﬁ(SO 1ﬂ®1>\ﬂé&r)aﬂﬂm§/k@!ﬂdﬁﬁuﬁﬂé&}[ﬂ@@989ne
(po, 5/2/ Formula la GDC-0941 was dosed daily for days ill)oral

gavage. (chﬂdt Ao Bekadoseswaib (it Palrdnehis) 9o mg/lé&g?galqiongde ap. qd X
10 mg/kg dexamethasone (po, 5 days on/2 days off/5 days on). Formula 1a GDC-0941 was

and

dosed daily for 21 days by oral gavage. Bortezomib was dosed intravenously on days 0, 3, 7,
10 and 14. Lenalidomide was dosed daily for 21 days by intraperitoneal injection.
Dexamethasone was dosed orally on days 0- 4 and 7-11.

[0052] Figure 15 shows the mean tumor volume change over 40 days in cohorts of 10
mice with multiple myeloma MM1.s cell xenografts dosed on day 0 with: Vehicle (po, qd
x21) (0.5% Methylcellulose : 0.2% Tween 80 in DI Water), single agent therapies: 75 mg/kg
Formula la GDC-0941 (po, qd x21), 0.5 mg/kg bortezomib (iv, 2x/wk x3), and 3 mg/kg
dexamethasone (po, 5/2/5); and combinations of: 75 mg/kg Formula Ia GDC-0941 (po, qd
x21) and 0.5 mg/kg bortezomib (iv, 2x/wk x3); and 75 mg/kg Formula la GDC-0941 (po, qd
x21) and 3 mg/kg dexamethasone (po, 5/2/5). Formula 1a GDC-0941 was dosed daily for 21
days by oral gavage. Bortezomib was dosed intravenously on days 0, 3, 7, 10, 14 and 17.
Dexamethasone was dosed orally on days 0- 4 and 7-11.

[0053] Figure 16 shows the mean tumor volume change over 33 days in cohorts of 10
mice with multiple myeloma H929 cell xenografts dosed on day 0 with: Vehicle (po, qd x21)
(0.5% Methylcellulose : 0.2% Tween 80 in DI Water) single agent therapies: 75 mg/kg
Formula Ia GDC-0941 (po, qd x21), 0.5 mg/kg bortezomib (iv, 2x/wk x3), 25 mg/kg
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10, 14 and 17. Lenalidom de was dosed on days 0-4, 7-1 1 and 14-18 by

intraperitoneal injection. Dexanethasone was dosed orally on days 0- 4 and
7-1 1. [ 09B62p10Fiose8e 14 shows the nean tunor vol une chamrge/use@n/02600%lays in
cohorts of 10 mice with nmultiple nyel oma MM .s cell xenografts dosed on day

0 with: V A 2 % | 1 ul .. 0.2% T 80 DI
vat er ) e BaSR H e haat My 2/ i RTBBTESO b (1 v,
2X1 WK %73, rﬁé/k %‘énﬁgﬂaﬁgdlﬁl@bdlﬁ@@ gextiy pdnd@ds ffl%;k)g bo?t@E’orfh‘B (E@b%ﬂvl@%aﬁ?t hasone
(po, 5 days on/2 days off/5 days on). Formula 'a GDC- 0941 was dosed dally

for 2 Indkg§obyuleﬂaﬁtg?a0%le(p08qﬁ K%Jz)@ndBS\m@k@I@elddqnmﬂc émeﬁ@tﬁél@) enddays O,

Dt npdne RERaditi 1 ORG-HO 68, SRRI418T R ke Yt st YT 5B D-Bemwta 4 and

7-1 1. 120052l09%i ks Rloddl & Vkﬁrllh@a drilWaDig Rk eptRv e 2B8®iRde¥itd0 days in
cohorts of 10 mice with multip s cell xenografts dosed on day

0 wi t h:dewaimptbpsone paicral weg 4956@60151%/%@%@@@%@9@ dos@l intpRpesyy 80 i n DI
Wt t d x21),
0-5 i eSb o PSR HBhiRionfs T el O o e A o 5 51 %

and cornbirgatitcaiesl i@fcctidid D@ldﬁ@t@bﬁmwas d@e@ﬁll@%ﬁa@pa 4 ged x21) and 0.5
ng/ kg bortezomb (lv 2x/wk x3); and 75 Formul a | a GDC- 0941 &)@ qd
ose

x21) arl803ny/ kg wgﬁ%@mﬁh@ N&4B turs?rzvoeb}me F‘éarnr%EPéieI]%@ @m@lm@wgﬂm
dai |y frﬁfge%vﬂ:l’l MﬁZ%ﬂ{ﬁaﬁﬁl@g& &%Q%Pdé{xﬁégﬂ@ é((ﬁé’ﬂ?“ous' y 0“

days O 7, 10, 14 a Dexa asone was ‘do ora y on days 0- 4
and 7- ]M&thy[cell)lﬂaie R]@%ﬂéwe:bﬁ S@hn\m Whter)ne ary/kgumpamyah Gipeqek arkge7 ometkg33 days

day 0 iortyea o5 pipo. g Sebn 1B e KBTI BarParised (5o.Gta0 hasn 80 1 n
DI Wat %%/ké'FBﬂh@la@SﬁjH qHQQ[ﬁI@'n@g"/kg F‘érn'{(ﬂé M(ﬂﬁoﬁm&@ hid %19;%&%569% qd
x21), hg/ kg bortezom b (iv my/ kgl enal i dom de (i p,

5/ 2/ 5/ 2ngkg rapathy8innty, quzkcte&)aamltﬁetsgfhe F(Opnulaaat @/Df(; -094in@ocads? hatidhs of : 75

9 07 amR R kerS i, O kot e P B T P RS AR G e
(1 p, S/(B4D/a3d4 Fdim@ndb G rdT8ck ok dwill Efoﬂ Al b?%éll daPse. é)éﬂn dinard 3 ny/ kg

dexamnet hasone (po, 5/2/5). Formula was dosed y for 2 1 days
by or aldoged/agevenesdpondazn0.corpd héd vvlth dexanet hasone vhere it was dosed

for 14 [ﬁé‘?’ﬁ Bor tp“fé{}@h@ sHEs t‘ﬂgﬁ?eQn WhEAYSTIRY %ﬂléﬁgg Qver 21 days in cohorts of 10
mice with WSU-DLCL2 lymphoma tumor xenografts dosed on day 0 with Vehicle (0.5%
Methylcellulose : 0.2% Tween 80 in DI Water), 6 mg/kg rapamycin (ip, qwk x 3), 60 mg/kg
Formula Ia GDC-0941 (po, qd x21), 1 mg/kg Formula Ib (po, qd x21); and combinations of:
6 mg/kg rapamycin (ip, qwk x 3) and 60 mg/kg Formula Ia GDC-0941 (po, qd x18); and 6
mg/kg rapamycin (ip, qwk x 3) and 1 mg/kg Formula Ib (po, qd x18).

[0056] DEFINITIONS

[0057] The words "comprise,” "comprising,” "include,

including," and "includes"
when used in this specification and claims are intended to specify the presence of stated
features, integers, components, or steps, but they do not preclude the presence or addition of
one or more other features, integers, components, steps, or groups thereof.

[0058] The terms "treat" and "treatment” refer to both therapeutic treatment and
prophylactic or preventative measures, wherein the object is to prevent or slow down (lessen)
an undesired physiological change or disorder, such as the growth, development or spread of
cancer. Those in need of treatment include those already with the disorder as well as those
prone to have the disorder or those in whom the disorder is to be prevented. For purposes of

this invention, beneficial or desired clinical results include, but are not limited to, alleviation
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days 0, 3, 7, 10, 14 and 17. Lenalidom de was dosed on days 0-4, 7-1 1 and
14-18 by intraperitoneal injection. Dexanethasone was dosed orally on days
0- 4 and wWo2ow/10p@®854] Figure 17 shows the nean tunor veCums2charges over 33
days in cohorts of 10 m ce mﬁth DoHH2 Iynphona t unor xenografts dosed on

day 0 with: VEhl % 5% F | ul ose Zngmeen 80.|? ter) 6
mg/ kg rdSERPOTH mnl gwsns@ %RY SR 5 oheperBaie tipls d x21)
100 ny/dsgrako 'ﬂ@i‘d&l @r Ll@v%f(lﬁfelse(lﬁﬁgregsqoﬁ( %Hehol?atlén BBHKatif (m{h@dlls@asé po, qd
x21), 4 ng/ kg Fornul a | d x21); and nmbi nati ons of: 6 ng/kg

r apany citate, (@ang rerqulon (@ethfrrdnavtﬂl nyfokal), Forether detb@tal@)@r Ogdbleo(cqhb@ qd x21); and

Bor o1 ST ERABEE S e Brgfortngd i Band R B Bty PG 1901 Gas by

oral gavageing RRRAIME Tho¥@sn ﬂ@aeﬁtﬂeaﬁﬂe@vmmsltwos@ralr {6h thé,conadilod 4r [ 0055]
Figure 18 shows the nean tunor vol une change over days in cohorts of 10

m ce widisprdumgs pictias thapapranedo hevmothe gerbigernet @S@é@reu thgsedmyhohthe h Vehi cl e

0. 5% 80 in DI \at 6 myl k ,
cuic x. P g LI RBE s oL IR 0041 (por ad b, 1 v/ kg Formila 1b

(po qo[(mﬂ]) andA@ﬁij]&ltl’(bahiaﬁﬂﬁaldﬁ suc6es@ﬁﬂ1lygtréap<ahﬁoehrhemhmpomk x 3) and 60

ng/ kg Fornula la GDC 09%ﬁ5f§ qd xI 8);. .and 6 rapan%C|n (ip,.gwk x 3)
and 1 ! egaR ﬁv.ﬂhaasmen( ki W‘@ Omﬁoés%?r rgmlﬂg*ﬂﬂ@@ esmpuqfrﬂi thor ds

“conpri tﬁ@ra% eutd QBHIHHSJUHH aé:'jc #ﬂg tyde ’nll'ethdd@ o g{y dlﬂgentloﬁ ntﬂ ht[f%h UERes onphgn used

in this specification an ainms are i1 nten to speC| e presence of
statedrﬁ@ﬁ&ﬁﬂéﬂﬁmﬂﬁﬂﬁgenébrnmm&md@ﬂkﬁumhnnsuhpmnnhnmfbMEyrdﬂbmmhb@metlude
t he presence or 6£BOf ohe, or nore Otgﬂ .features, |ntegers

compondhile Caélf@pfg &1 Ehn inAkg Wtor siZg08 LEeplRR tospRg £XteRiypd
"t reat ROkrablyRdi6F) JrRakl Relt heNARRMILG Peti ?aérme&ga@nﬂclﬁaﬁg I @%auc‘ofor

preventative ‘neasures, wherein the object is to prevent or slow down

( | esserpnent infades itiser apﬁﬂognejl(og iigtabitioh dinyeslow talbannr erdent agdumﬁfnglwrsébpgr ow h,
devel opnent or Those, i e eat cl ude those

oY e et S iSRS R sORE e Fichl o Bt ot B T it Bl er o

those idxtaM@Nohd6r floEOSTURE syrlptbMis Resopfatideitiethe sP&ifiPLHNROS @i Rfind Ridgced

i nvention, ‘beneficial or desired clinical results i ncl ude, but are not

i mi t ednerbidity andynestalisneid isymecsrent Indiudinl efHenTo dic esens e Berapeyisase,
st abi | IC%%‘E)H{&L[IOE mayrbqgvewgl%%h nga/ofslglﬂteﬁlsahg cancer cells, it may be cytostatic and/or

cytotoxic. Reduction of these signs or symptoms may also be felt by the patient. The above
parameters for assessing successful treatment and improvement in the disease are readily
measurable by routine procedures familiar to a physician. For cancer therapy, efficacy can be
measured, for example, by assessing the time to disease progression (TTP) and/or
determining the response rate (RR). Metastasis can be determined by staging tests and by
bone scan and tests for calcium level and other enzymes to determine spread to the bone. CT
scans can also be done to look for spread to the pelvis and lymph nodes in the area. Chest X-
rays and measurement of liver enzyme levels by known methods are used to look for
metastasis to the lungs and liver, respectively.

[0060] The term "hematopoietic malignancy” refers to a cancer or hyperproliferative
disorder generated during hematopoiesis involving cells such as leukocytes, lymphocytes,
natural killer cells, plasma cells, and myeloid cells such as neutrophils and monocytes.
Hematopoietic Malignancies include the diseases listed in Table 1, the WHO classification of
Human Hematopoietic Malignancies; Tumors of Hematopoietic and Lymphoid Tissues (Jaffe
E.S., Harris N.L., Stein H., Vardiman J.W. (Eds.) (2001): World Health Organization

Classification of Tumours. Pathology and Genetics of Tumours of Hematopoietic and
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di sease, delay or slow ng of disease progression, anelioration or
palliation of the disease state, and rem ssion (whether partial or total),
whet her dwODeotoalos®sor undetectable. "Treatnent” can al seCEaESR01p/024900giI NQ
survival as conpared to expected survival if not receiving treatnment. Those

in nee f ment_ i ude those.al read tht ition or disorder
as wel | w@rﬁ&wd&éﬂ? %r%aJeVOPigl B shmotngs O@efcaggaf@s? ntgmatiogRde i n whi ch
t he condi{si@atieh o#D%‘éﬁéé@(Idlﬁd)oBQﬁax%reiM%B&&i% f&ﬂﬁﬁ%naﬁt t%HQJrﬁé&{d Qffoimanmal is
successfully "treated"” for a hematopoietic nmalignancy, such as

non- Hodgkoms of 1ow op hoeestain malgdraer poteseil.vi ng a t her apeuti ¢ amount of the
therap MCJ conbi nation according to the nethods of the invention, the

pati ent one or nore of: (i) observable and/or neasurable reduction in
t he nunber of cancer cells or absence of the cancer cells; (ii) reduction
in the tuyunoreREAAC MYELOPROLFERATIVE. DISBASMG t 0 sone extent and preferably
stop) of carresniceydiogenduslidukahibercd-otoa7peri pheral organs incl udi ng t he

spread of caiheanic nentrephdiofdukénis s ED-@E6IBDNe; (iii) inhibition (i.e., slowto
sonme extent Gwmehi l‘nenﬂdbl ksmle yp@feoslutmblﬂlCﬁmdm%sJCQOQ%\W i nhi b| tion, to
sone extent POb’Fyt &narerg r v) reI | ef to sone extent, of one or nore
of the sy %E'@Qﬁfh'%lﬁ‘éﬂo‘cw %%gﬁ Bfic cancer, including reduced

nor bi di ty a

life. To the extent
t he therﬁl d‘&)@,ﬁf’r 'Téaé'vﬂ/le\(%% asebué' %Sﬂ'auégﬁ\é@&?ﬁ kill existing cancer
cells g;(}( i€ |eggﬁ4 g e uctl on of these signs or
synpt ons rr9-3/At?d|c,%\pc |c;rﬁ)l'etioggb/ourshﬂﬁjké}ﬁ|5Lﬁfﬂ09§m3 above paraneters for

assessi Ng sURGaas élorhéajtidtdikerdiad IcMProoygeent in the di sease are readily
measur abl e yyefodydplagt /piiyeeaiife esivd disdabésaundaBsiiabpeDad 8a75/3For cancer

t her apy lil.ef fNNEEAODPYSRRABECIEYMOIROMES f or exanpl e, by assessing the tine to
di sease proﬁ@@PWﬁ%WP}CE&Q&ﬁ&Qﬁdeterm ning the response rate (RR).

Met ast asi s aﬁ@ry@é?f@'?‘M'thé'ﬂﬂeﬁwdﬁoéBFtﬁ Oc':b@ 88%hd by bone scan and tests
for cal ci um% FEPTY SHAPAh '@Htﬂ §W§F Q%Or%’ ¥Bread to the bone. CT

scans can al eéo%tgr;;g ?[B;;r\:v r<])me assomae aﬁedgel éa cfpgmc\)/slos a li]ormélr{phlﬁBvﬁes in

the area. rreasurerrent O nz nme

net hods ar e i3 a {Cog,tgdrg,% dﬁglggsﬁa%lggsg@ the |ungs and liver,
respectipyel YACth&%QElLo BectrEMAShemat opoi eti ¢ mal i gnancy" refers to a cancer
or hyper pr ol AdiemaleicitBeikemE Aath regainait ajt&fdnetitrdbRgmBRidat opoi esi s i nvol ving
cell s such asvl withe@ct(@22;qd2y, mphaEnoeICD-0 9896/3

AML with inv(16)(p13q22) or t(16;16)(p13;922), CBFb/MYH11 - ICD-O 9871/3

Acute promyelocytic leukemia (AML with t(15;17)(q22;912), PML-RARa and variants) - ICD-O

9866/3

AML with 1123 (MLL) abnormalities - ICD-O 9897/3

Acute myeloid leukemia multilineage dysplasia- ICD-O 9895/3

Acute myeloid leukemia and myelodysplastic syndrome, therapy related - ICD-O 9920/3

Acute myeloid leukemia not otherwise categorised

Acute myeloid leukemia, minimally differentiated - ICD-O 9872/3

Acute myeloid leukemia, without maturation - ICD-O 9873/3

Acute myeloid leukemia, with maturation - ICD-O 9874/3

Acute myelomonocytic leukemia - ICD-O 9867/3

Acute monoblastic and monocytic leukemia - ICD-O 9891/3

Acute erythroid leukemia - ICD-O 9840/3

Acute megakaryoblastic leukemia - ICD-O 9910/3

Acute basophilic leukemia - ICD-O 9870/3

Acute panmyelosis with myelofibrosis - ICD-O 9931/3

Myeloid sarcoma - ICD-O 9930/3

Acute leukemia of ambiguous lineage - ICD-O 9805/3

V.  B-CELL NEOPLASMS

Precursor hematopoietic neoplasm

Precursor B lymphoblastic leukemia / - ICD-O 9835/3

lymphoma - ICD-O 9728/3

Mature hematopoietic neoplasm

Chronic lymphocytic leukemia/ - ICD-O 9823/3

small lymphocytic lymphoma - ICD-O 9670/3

hematopoietic prolymphocytic leukemia - ICD-O 9833/3

Lymphoplasmacytic lymphoma - ICD-O 9671/3

Splenic marginal zone lymphoma - ICD-O 9689/3
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natural killer cells, plasma cells, and nyeloid cells such as neutrophils
and nonocytes. Henmatopoietic Mlignancies include the diseases listed in
Tabl e 1, wbeolWWH@s@Bassi ficati on of Hunman Henat opoi eti ¢ RRITUSp@0OR@®83 Tunors
of Henat opoi etic and Lyrrphoid Ti ssues (Jaffe E.S., Harris NX., Stein H
Var di man J d Health Organization CIaSS|f|cat|on of
Tunours. V'\_{a'r qﬁﬁl}ke{n e) é/é%} 5 Tunours of Henat opoi etic andLynphoi d
Ti ssues. F%%g maﬂy ebgpjﬂqihol ogy code of the International
Cl assifi cat |gﬂa&ge@3§%§§gcgd&ﬂacﬁ)c o@havior is coded /3 for malignant
tunors and /Exdraddabl rh&gihQR6nefenla@oiefic IHAGRIHaF MubdblagirRtedM@ipBbbiigdue Tabl e
1. | . CHRONMEL MyEpaRROL- ICERABDYE DI SEASES Chroni ¢ nyel ogenous | eukem a -
| CD- O 9875/ Nc@hirmpargical menst eophuipbietic IjrepHoeai-dCB-0l B0/ 9963/ 3 Chroni c

eosi nophi | i ddlieweymrioma R EEPS68/ hophili c syndrome - |1 CD- O 9964/ 3

Pol ycyt heni d/apée gelllynprbome)- %@/%7@?\ronl c i di opat hic nyelofibrosis - 1CD-O

9961/ 3 Esse 'fﬁ%iF' phomacpif Chronic Myel oproliferative
di sease, un %%as" *M”EC 9%@ nﬁoma cho YSPLASTI C /

MYELOPROLI F 7lg)éel ofTD ic | eukema - | CD- O 9980/ 3
At ypi cal chrg;g,rm,t @ GQH em a- |1Cb O 9876/ 3 Juvenile

nyel ormnocyt|élq(e,ln%u 826/ BCD- O 9946/ 3 Myel odyspl astic / nyeloproliferative

di seases, un@h@&;@buéﬁoqdwieeratiohma%%a?oigrhdnt potdAYiEL ODYSPLASTI C SYNDROMES
Refractory aysphanatoid GEnbHOS8Hd ICBed pEast10ry anem a with ringed siderobl asts
- | CD- O 998 Hc3t-tRebplard tyomjiopylifepemridgomet hleombrphit + 1I08a@89Wytpl asia - | CD-O
9985/ 3 Réf r alcEbiryANIANKIGELWNERPEABMEs bl asts - | CD- O 9983/ 3 Myel odyspl astic

syndrome asdUequERce fcall 1errlrget at ed del Sng chronosone abnormality - 1CD-O
9986/ 3 Precursor T lymphoblastic leukemia / - ICD-O '9837/3

lymphoma - ICD-O 9729/3
Blastic NK cell lymphoma - ICD-O 9727/3
Mature T-cell and NK-cell neoplasms
T-cell prolymphocytic leukemia - ICD-O 9834/3
T-cell large granular lymphocytic leukemia - ICD-O 9831/3
Aggressive NK cell leukemia - ICD-O 9948/3
Adult T-cell leukemia/lymphoma - ICD-O 9827/3
Extranodal NK/T cell lymphoma, nasal type - ICD-O 9719/3
Enteropathy type T-cell lymphoma - ICD-0 9717/3
Hepatosplenic T-cell ymphoma - ICD-O 9716/3
Subcutaneous panniculitis-like T-cell lymphoma - ICD-O 9708/3
Mycosis fungoides - ICD-O 9700/3
Sezary Syndrome - ICD-O 9701/3
Primary cutaneous anaplastic large cell lymphoma - ICD-O 9718/3
Peripheral T-cell lymphoma, unspecified -ICD-O 9702/3
Angioimmunoblastic T-cell lymphoma - ICD-O 9705/3
Anaplastic large cell lymphoma - ICD-O 9714/3
T-cell proliferation of uncertain malignant potential
Lymphomatoid papulosis - ICD-O 9718/1
VIl.  HODGKIN LYMPHOMA
Nodular lymphocyte predominant Hodgkin lymphoma - ICD-O 9659/3
Classical Hodgkin lymphoma - ICD-O 9650/3
Nodular sclerosis classical Hodgkin lymphoma - ICD-O 9663/3
Lymphocyte-rich classical Hodgkin lymphoma - ICD-O 9651/3
Mixed cellularity classical Hodgkin lymphoma - ICD-O 9652/3
Lymphocyte-depleted classical Hodgkin lymphoma - ICD-O 9653/3
VIIl.  HISTIOCYTIC AND DENDRITIC-CELL NEOPLASMS
Macrophage / histiocytic neoplasm
Histiocytic sarcoma - ICD-O 9755/3
Dendritic cell neoplasms
Langerhans cell histiocytosis - ICD-O 9751/1
Langerhans cell sarcoma - ICD-O 9756/3
Interdigitating dendritic cell sarcoma/tumor - ICD-O 9757/3 /1
Follicular dendritic cell sarcoma/tumor - ICD-O 9758/3 /1
Dendritic cell sarcoma, not otherwise specified - ICD-O 9757/3

IX. MASTOCYTOSIS
Cutaneous mastocytosis
Indolent systemic mastocytosis - ICD-O 9741/1
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Myel odyspl asti c syndrone, unclassifiable 9989/3 1V. ACUTE MYELO D LEUKEM AS

Acute nyeloid | eukem as with recurrent cytogenetic abnormalities AML with

t (8; 21) ((0;2qR2005008M_1/ ETO - |1 CD- O 9896/ 3 AML wit h i nv( PEX(Us28922990®r t ( 16;

16) (p13; g22), CBFb/ Nh(Hl 1 - 1CD-0 9871/ 3 Acute pr onyel ocytic | eukem a (AI\/L

Tia2s (ML) SRoErie® i esPefen gt Athplooky el g dteatt "
Qfﬂ

mul tili neageA VS sfmid ,gggt(ggyg,g,ga@b AGYL B3 rryel oid | eukem a and
nyel odyspl asméschm cee. chleed7apyg rel ated - 1CD-O 9920/ 3 Acute nyel oid

| eukem a notmgad: barsatcemac i o@7uged Acute nyeloid | eukema, mninmally
di ff erenti at BdracutdreBun8BatlothaAcch-© gry@t oi d | eukem a, w thout maturation -
| CD-O 9873/ 3 Acute nyeloid | eukema, with maturation - |CD O 9874/ 3 Acute

myel om)noc tic leukema - 1CD-O 9867/3 Acute npnobl astic and mnocytic
| eukenil80eT]) cp- o@s@fﬁ@ IRy BPBPIH 3t Bafuseneithia the hanpresrigsv ang inchises

megakaryll A5 LLE Ihéﬁ&‘gfﬂ &lr, oh%%rgt?égi ﬁ;lé%hlc%ugg‘fﬂé’ﬁ' llja%ﬁeﬁ{%%fﬂo al | CD-O

9870/ 3 Acute panmnye is wt sI's - O 99 Myel o1 d sarconma
- | CD- Or998oidigAenttRecdlbukem a of anbi guous | i neage - 1CD-O 9805/3 V. B-CELL

NECPL AR 20U S8 ISTFLORSI 4o 2Pl gem et sor B Lymphoplget 1o

neopl as@v&h rn%'o@lohéﬂrﬂﬂlﬁgﬁdﬁ%é, %i;@}&ﬁ@fﬂ@%m&,%@&%&& adtibodies (e.g. bispecific
antibodies) formed from at least two intact antibodies, and antibody fragments, so long as
they exhibit the desired biological activity.
[0063] The phrase "therapeutically effective amount" means an amount of a
compound of the present invention that (i) treats the particular disease, condition, or disorder,
(i1) attenuates, ameliorates, or eliminates one or more symptoms of the particular disease,
condition, or disorder, or (iii) prevents or delays the onset of one or more symptoms of the
particular disease, condition, or disorder described herein. In the case of cancer, the
therapeutically effective amount of the drug may reduce the number of cancer cells; reduce
the tumor size; inhibit (i.e., slow to some extent and preferably stop) cancer cell infiltration
into peripheral organs; inhibit (i.e., slow to some extent and preferably stop) tumor
metastasis; inhibit, to some extent, tumor growth; and/or relieve to some extent one or more
of the symptoms associated with the cancer. To the extent the drug may prevent growth
and/or kill existing cancer cells, it may be cytostatic and/or cytotoxic, as measured by TTP
and/or response rate (RR).
[0064] The terms "cancer" and "cancerous"” refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell growth. A "tumor”
comprises one or more cancerous cells. Examples of cancer include, but are not limited to,
carcinoma, lymphoma, blastoma, sarcoma, and leukemia or lymphoid malignancies. More
particular examples of such cancers include squamous cell cancer (e.g., epithelial squamous
cell cancer), lung cancer including small- cell lung cancer, non-small cell lung cancer
("NSCLC"), adenocarcinoma of the lung and squamous carcinoma of the lung, cancer of the
peritoneum, hepatocellular cancer, gastric or stomach cancer including gastrointestinal
cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder

cancer, hepatoma, breast cancer, colon cancer, rectal cancer, colorectal cancer, endometrial or
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animals, and zoo, sports, or pet animals, such as dogs, cats, cattle, horses, sheep, pigs, goats,

rabbits, etc. Preferably, the mammal is human.

[0067] Administration "in combination with" one or more further therapeutic agents

includes simultaneous (concurrent) and consecutive (alternation) administration in any order.

[0068] A "chemotherapeutic agent” is a biological (large molecule) or chemical

(small molecule) compound useful in the treatment of cancer, regardless of mechanism of

action. Classes of chemotherapeutic agents include, but are not limited to: alkylating agents,

antimetabolites, spindle poison plant alkaloids, cytotoxic/antitumor antibiotics, topoisomerase

inhibitors, proteins, antibodies, photosensitizers, and kinase inhibitors. Chemotherapeutic

agents include compounds used in “targeted therapy” and non-targeted, conventional

chemotherapy.

[0069] Examples of chemotherapeutic agents include: dexamethasone, thioTEPA,

doxorubicin, vincristine, rituximab, cyclophosphamide, prednisone, melphalan, lenalidomide,

bortezomib, rapamycin, and cytarabine.

[0070] Examples of chemotherapeutic agents also include: erlotinib (TARCEVA®,

Genentech/OSI Pharm.), docetaxel (TAXOTERE®, Sanofi-Aventis), 5-FU (fluorouracil, 5-

fluorouracil, CAS No. 51-21-8), gemcitabine (GEMZAR®, Lilly), PD-0325901 (CAS No.

391210-10-9, Pfizer), cisplatin (cis-diamine, dichloroplatinum(II), CAS No. 15663-27-1),

carboplatin (CAS No. 41575-94-4), paclitaxel (TAXOL®, Bristol-Myers Squibb Oncology),

temozolomide (4-methyl-5-oxo0- 2,3,4,6,8-pentazabicyclo [4.3.0]Jnona-2,7,9-triene-9-

carboxamide, CAS No. 85622-93-1, TEMODAR®, TEMODAL®, Schering Plough),

tamoxifen ((2)-2-[4-(1,2-diphenylbut-1-enyl)phenoxy]-N,N-dimethyl-ethanamine,

NOLVADEX®, ISTUBAL®, VALODEX®), doxorubicin (ADRIAMY CIN®), Akti-1/2,

HPPD, rapamycin, and lapatinib (TYKERB®, Glaxo SmithKline).

[0071] More examples of chemotherapeutic agents include: oxaliplatin
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| CD- O gystg/gneca), leucovorln (folinic acid), lonafarnib (SARASAR™, SCH 66336, Schering

Plough), sorafenib (NEXAVAR®, BAY43-9006, Bayer Labs), gefitinib (IRESSA®,

AstraZeneca), irinotecan (CAMPTOSAR®, CPT-11, Pfizer), tipifarnib (ZARNESTRA™,

Johnson & Johnson), capecitabine (XELODA®, Roche), ABRAXANE™ (Cremophor-free),

albumin-engineered nanoparticle formulations of paclitaxel (American Pharmaceutical
Partners, Schaumberg, 1), vandetanib (rINN, ZD6474, ZACTIMA®, AstraZeneca),
chloranmbucil, AG1478, AG1571 (SU 5271; Sugen), temsirolimus (TORISEL®, Wyeth),
pazopanib (GlaxoSmithKline), canfosfamide (TELCYTA®, Telik), thioTepa and
cyclosphosphamide (CYTOXAN®, NEOSAR®); alkyl sulfonates such as busulfan,
improsulfan and piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and
uredopa; ethylenimines and methylamelamines including altretamine, tricthylenemelamine,
triethylenephosphoramide, triethylenethiophosphoramide and trimethylomelamine;
acetogenins (especially bullatacin and bullatacinone); a camptothecin (including the synthetic
analog topotecan); bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and
bizelesin synthetic analogs); cryptophycins (particularly cryptophycin 1 and cryptophycin 8);
dolastatin; duocarmycin (including the synthetic analogs, KW-2189 and CB1-TM1);
eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such as
chlorambucil, chlornaphazine, chlorophosphamide, estramustine, ifosfamide,
mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosoureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine; antibiotics such as the
enediyne antibiotics (e.g., calicheamicin, calicheamicin gammall, calicheamicin omegall,
dynemicin, dynemicin A; bisphosphonates, such as clodronate; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein enediyne antibiotic chromophores),
aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinomycin, carabicin,

carminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin, detorubicin, 6-
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relieve to some extent one or nore of the synptons associated with the

cancer .clfpenithiee; eliptintum estade; wg cpathilpne vtaplucyd @atlinm nitrate; hydroxyurea;

lentinan; lonidainine; maytansinoids such as maytansine and ansamitocins; mitoguazone;
mitoxantrone; mopidanmol; nitracrine; pentostatin; phenamet; pirarubicin; losoxantrone;
podophyllinic acid; 2-ethylhydrazide; procarbazine; PSK® polysaccharide complex (JHS
Natural Products, Eugene, OR); razoxane; rhizoxin; sizofiran; spirogermanium; tenuazonic
acid; triaziquone; 2,2',2"-trichlorotriethylamine; trichothecenes (especially T-2 toxin,
verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine; mannomustine;
mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C"); cyclophosphamide;
thioTepa; 6-thioguanine; mercaptopurine; methotrexate; platinum analogs such as cisplatin
and carboplatin; vinblastine; etoposide (VP-16); ifosfamide; mitoxantrone; vincristine;
vinorelbine (NAVELBINE®); novantrone; teniposide; edatrexate; daunomycin; aminopterin;
ibandronate; CPT-11; topoisomerase inhibitor RFS 2000; difluoromethylornithine (DMFO);
retinoids such as retinoic acid; and pharmaceutically acceptable salts, acids and derivatives of
any of the above.

[0072] Also included in the definition of "chemotherapeutic agent" are: (i) anti-
hormonal agents that act to regulate or inhibit hormone action on tumors such as anti-
estrogens and selective estrogen receptor modulators (SERMs), including, for example,
tamoxifen (including NOLVADEX®; tamoxifen citrate), raloxifene, droloxifene, 4-
hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onapristone, and FARESTON®
(toremifine citrate); (i1) aromatase inhibitors that inhibit the enzyme aromatase, which

regulates estrogen production in the adrenal glands, such as, for example, 4(5)-imidazoles,
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Genentech), trastuzumab (HERCEPTIN®, Genentech), tositumomab (Bexxar, Corixia), and

the antibody drug conjugate, gemtuzumab ozogamicin (MY LOTARG®, Wyeth).

[0074] Humanized monoclonal antibodies with therapeutic potential as
chemotherapeutic agents in combination with the PI3K inhibitors of the invention include:
alemtuzumab, apolizumab, aselizumab, atlizumab, bapineuzumab, bevacizumab,
bivatuzumab mertansine, cantuzumab mertansine, cedelizumab, certolizumab pegol,
cidfusituzumab, cidtuzumab, daclizumab, eculizumab, efalizumab, epratuzumab, erlizumab,
felvizumab, fontolizumab, gemtuzumab ozogamicin, inotuzumab ozogamicin, ipilimumab,
labetuzumab, lintuzumab, matuzumab, mepolizumab, motavizumab, motovizumab,
natalizumab, nimotuzumab, nolovizumab, numavizumab, ocrelizumab, omalizumab,
palivizumab, pascolizumab, pecfusituzumab, pectuzumab, pertuzumab, pexelizumab,
ralivizumab, ranibizumab, reslivizumab, reslizumab, resyvizumab, rovelizumab, ruplizumab,
sibrotuzumab, siplizumab, sontuzumab, tacatuzumab tetraxetan, tadocizumab, talizumab,
tefibazumab, tocilizumab, toralizumab, trastuzumab, tucotuzumab celmoleukin,
tucusituzumab, umavizumab, urtoxazumab, and visilizumab.

[0075] The term "mammal” includes, but is not limited to, humans, mice, rats, guinea
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radical of two to twelve carbon atoms with at least one site of unsaturation, i.c., a carbon-
carbon, sp” double bond, wherein the alkenyl radical may be optionally substituted
independently with one or more substituents described herein, and includes radicals having
"cis" and "trans" orientations, or alternatively, "E" and "Z" orientations. Examples include,
but are not limited to, ethylenyl or vinyl (-CH=CH,), allyl (-CH,CH=CHy,), and the like.
[0078] The term "alkynyl" refers to a linear or branched monovalent hydrocarbon
radical of two to twelve carbon atoms with at least one site of unsaturation, i.c., a carbon-
carbon, sp triple bond, wherein the alkynyl radical may be optionally substituted
independently with one or more substituents described herein. Examples include, but are not
limited to, ethynyl (-C=CH), propynyl (propargyl, -CH,C=CH), and the like.

[0079] The terms "carbocycle”, "carbocyclyl”, "carbocyclic ring" and "cycloalkyl"
refer to a monovalent non-aromatic, saturated or partially unsaturated ring having 3 to 12
carbon atoms as a monocyclic ring or 7 to 12 carbon atoms as a bicyclic ring. Bicyclic
carbocycles having 7 to 12 atoms can be arranged, for example, as a bicyclo [4,5], [5,5], [5,6]

or [6,6] system, and bicyclic carbocycles having 9 or 10 ring atoms can be arranged as a
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bi zel esin synthetic anal ogs) ptophycins (particularly cryptophycin 1
and cr ygyelophdesih 08910dQﬂ9Pﬁlsﬁfé{1ihﬂ lii@uocar rryC| n (including the synthetic

car con a2 p Rl mildcsp B R AL I e BRRRAMR B T B

arc yi'n
C hl or naphetiafgsabBitlcdsin pﬂ@ﬁdﬁhﬁtmad@t,ureeéd ditad’rp@&“tlallbeunsaﬁ‘u@e&écalﬁ €lehaving one or

mechl or et ham ne, nmechl or et ham ne oxi de_hydrochl orj de, Eh al an,
novenblrEWerﬁiou'blﬁéH@@f BHlskonds Mt FgIiNeh 82r0p¢YsHe §3diAl aé3 tQ,f 4 ENE 24QMStiar d:

nitro ne,
B e R S R S S R

(e.q. remhmmtm aoms beaki(s lndan aicrorgasraink atarad is ohBammllyisnboitegal | |
dynem Ci d m ci.n A; bi sphosphonat h as ¢l odronate; an

capor ar GG G otkor B S BTG PAe i EH P o e et B

chrono l%@&d%&éle %a%ﬂg BN 73l RéAbdrS (LI PERBOLLEHY and ¢ ié8 hBRMLEI fSsclected

acti nog M aut hranyci n, "azaserine, bleomycins, cactinonycin, carabicin,

g arm nb 0O, é’aﬁlzd Slbtp‘m BiFyrle hmmgr%tfyt(? nngmeddi)@tsi (ﬁé@rﬁ@ﬂlﬂvondmm&mﬁbh toi n,
L
Cyanond BHaPrRES s P ERE N 00" 5 Pufr heThoR ot bistar foahi Sl .81, or (6.6)

deoxy dayeerbiEdtbey B drél BéseHibod RFegUEts LB Al d'@hﬂ@llpfds df MERIcEEHERPIGEIT:
m tonycins such as mtomycin C nycoghenol i c aci d, nogal anmyci n,

ol i vom/iardstrgeBY dmpeniamimdyey NorydORS), putiewpdy £hapiesi 1a|3ry45|6n 7, #n8dfbr ubi ci n,
o P A LA RO RS pEORLNy AOH 1
anal ogNsu¥hrlad e ropteninin paticidirexames 1 ptie oftlor am 2§; ranﬂmtAmxahem purine
anal OgsSoscu& 9685882f g5u6%arﬁ1%|t2r%i "hGeter;oecEyCc eptn(l)c gcqels Tl%fergcglcl%nfkoxy "Heterocyclyl"

also includes radicals where heterocycle radicals are fused with a saturated, partially

unsaturated ring, or aromatic carbocyclic or heterocyclic ring. Examples of heterocyclic

rings include, but are not limited to, pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl,

tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl, tetrahydrothiopyranyl, piperidino,

morpholino, thiomorpholino, thioxanyl, piperazinyl, homopiperazinyl, azetidinyl, oxetanyl,

thietanyl, homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl, diazepinyl, thiazepinyl, 2-

pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyl,

pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl,

pyrazolidinylimidazolinyl, imidazolidinyl, 3-azabicyco[3.1.0]hexanyl, 3-

azabicyclo[4.1.0]heptanyl, azabicyclo[2.2.2]hexanyl, 3H-indolyl quinolizinyl and N-pyridyl

ureas. Spiro moieties are also included within the scope of this definition. Examples of a

heterocyclic group wherein 2 ring carbon atoms are substituted with oxo (=0) moieties are

pyrimidinonyl and 1,1-dioxo-thiomorpholinyl. The heterocycle groups herein are optionally

substituted independently with one or more substituents described herein.
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t hi oguani ne; pyrim di ne anal ogs such as ancitabi ne, azacitidine,
6-azauri di ne, carnofur, cytarabine, dideoxyuridine, doxifluridine,

enoci t abiwe,2ofo/wzwsi di ne; androgens such as cal ust er one pCifusau9i26%03 one
propi onate, epitiostanol, nepitiostane, testol actone; antiadrenals such as
am nogl hi m de,, m,totane, trilostane; folic acid replenisher such as
ron milOa. acagt bigiies < iosgpHES R i eberdet Bt AT Th ¢ aci d:
eni | ur agdhs d@RAYY tRCrenRR AL SN Hyliogbh 8RRE f6RSs sifdatiBsAhem oef Rkam ne;
denecol ci ne; diaziquone; elfornithine; elliptiniumacetate; an epothilone;

et ogl ucirematgating system.t Serhearyhgaupx gngreresentadtin teergx cnpkirg stirwdtures as "Ar".

mayt ans| noi ds such as ytansi ne .and ansam t ocins; m toguazpne;.

m £ oxant POHTARE e Eal SRt an Arpdilisa P i B RUREE PR ubi ci n:
| osoxanink&iRied@e Bhxohiafit a6t lic dr ﬁéteﬁdcww@ég. dBypidl @@gﬁﬁ@h aRlud@SK(r)
pol ysacchari de conpl ex C§_JHS Nat ural Products, Eugene, ; razoxane,

r hi zoxilwt ainpptipated teprdieederaed digm bergay heeylhchptityted botzquesne;

2,2, 2" -t1] ' l. and pe:; ' iall t oxi n,
ver v acd PR R O el PRS2 T3 P e
mannonustahydionapthelh aadibedlke. Mryogracpsdre opiigraliy aubstitutghiMemsidas]y withbi nosi de

("Ara-C"); cyclophaspham de; thioTepa; 6-thioguani ne; mnercaptopurine;
met hot ra% & 8lore, pubstiights dRsarivge hestn as cisplatin and carbopl ati n:

vi nbl as[hbﬁhg; et opARide, ¢ éro%@)";refeﬁ%fa%ﬁcﬁéalem 5@%&1%{1& LG oV 5 NG I3 ne;
vi norel bine (NAVELBI NE(r)); novantrone; teniposide; edatrexate; daunomycin;
am noptmembgred bagw andaickideCRIFed ridg systqad @olvestame of nwhidhiis erontES) @0B0O0

di f I uor onet hyl orni t hi ne O ; retingids such as reili noic acid; and

phar mac&Uts¢ Pﬁaﬁ}ll%%‘be&ré"g‘%gﬁ%’z&ﬁaéo,m% %ngﬁf&fyd%&ic SR SRS REYEEN ¢ he
above. JQQd@)r Al:SeplRUrdRebarN gtr&ﬁ)s@?é%ﬁi&iﬁﬁ?in@fud'ﬁfgbmgﬁbﬁpgﬂti c agent”
are: (i) antihornonal agents that act to regulate or inhibit hornone action
on t undrysrasupiridisylarimidaphbgendizandidieylepyrinidin (inclgdmgr e eptroplenbdul at or s
taroxd PRSP} R BTl ST B S s A b T B e R R

tri oxi feagelyk 8RxdolNBothla¥blyl 81yl afiadlingt, Neguina iy FAREST O¥hzimifdenem f ne
citrate); (1i) aromatase inhibitors that inhibit the enzynme aromatase,

whi ch rbsgeefaraayl, evnpbgdningraodv cinfelizinyl. piibalagingnpyridgranbidriazndh as, for
a3} 5P DB P RSP R gt ot
( vor 0z deayofufazMARA{chYothloph &z, Bedzothiaysif, bsnzoxarudyl, quinazolinyl, quinoxalinyl,
naphthyridinyl, and furopyridinyl. Heteroaryl groups are optionally substituted
independently with one or more substituents described herein.
[0083] The heterocycle or heteroaryl groups may be carbon (carbon-linked), nitrogen
(nitrogen-linked) or oxygen (oxygen-linked) attached where such is possible. By way of
example and not limitation, carbon bonded heterocycles or heteroaryls are bonded at position
2,3,4,5, or 6 of a pyridine, position 3, 4, 5, or 6 of a pyridazine, position 2, 4, 5, or 6 of a
pyrimidine, position 2, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5 of a furan,
tetrahydrofuran, thiofuran, thiophene, pyrrole or tetrahydropyrrole, position 2, 4, or 5 of an
oxazole, imidazole or thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or isothiazole,
position 2 or 3 of an aziridine, position 2, 3, or 4 of an azetidine, position 2, 3,4, 5, 6, 7, or 8
of a quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline.
[0084] By way of example and not limitation, nitrogen bonded heterocycles or
heteroaryls are bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-
pyrroline, 3-pyrroline, imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole,

pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline, 1H-indazole,
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ARI M DEX(r) (anastrozole; AstraZeneca); (iii) anti-androgens such as
flutam de, nilutam de, bicalutamde, |euprolide, and goserelin; as well as
t roxaci t awpree10{@s®g 3- di oxol ane nucl eosi de cyt osi ne anal egx/USEIN2¢ODL ei n

ki nase inhibitors such as MEK inhibitors (WO 2007/ 044515) (v) lipid kinase
i nhibitors, ant sense oI onucleotld ticul a t hose,. whi ch

i nhi bi tPOéstlﬁPf-?rsﬂé.adﬁpla ol asoidoTr giaong HaimuRYRITarEid R T B Sber rant
cel |l pr@lyalskadd E‘arbif)lﬁ{e exanpl e, PKC-al pha, Raf and H Ras, such as

obli mersen (GENASENSE(r), Genta Inc.); (vii) ribozymes such as VEGF

expr esd0¥]i nhi bi K“@r@n(lmkgd moﬁh@@%ﬁ@(waryl”aﬁdrsmmivexmsézssriemberedhi bi tors;

Vil va C|n S, suc ene thera vac e e ECTINr
| EovECHT R RS G Sty Moo Ratsap ST HAFS bt oG BIRUE 2 S PR b o) &
such as{lek%ﬁlf@]iE% EndenMNBAREHSM6th N, IR §1 The 8stbbn BAIKdaEEIc§clagent s such
as bevaci zumab (AVASTI N(r), GCenent ech) and pharmaceutically accept abl e

sal ts, hetarersyiindtterdiet fathic\kes pesitiamgf te PYREIGBY Vg af@@@% tmf genulasdiaided in

the defj bodi es such
as al etz E@éﬁ ?0&10?&? r}?&nggg%fég}%geﬁ&n%%pfgﬂﬁl }b?ﬁ i nen %@Eé cet uxi mab

( ERBI TWs(droaryl ragical’ éncludeabit deeromlim tddcT2-BlXiy1) 3 p@cﬁgﬁn% ,pyfltiylum mab
(RITUXAN(r), Genentech/Biogen |dee),. pertuzumb RGM}[% rhuvab 2C4,
Genent dedipzoly} Asiparagarib (1FEFQ@EP‘1FIZN€TP§1%0©}%#&HP’@€FBI}’I éﬂ)é/racze Byieed¥k ar |

EJON;('L gr g%) 91 W{;ﬁl%aﬂa{zo 1%&&{&%&1@9&@%@6n.gﬁumﬂng@%&i@# 5-

Humani zed ant i'bodfes w t

t her apqufrnldazmyit .’é+p1yrlai1d1a§1 Ghﬁmndnayhpwmdmgbmmamﬂpﬁbxmﬂylph with the
PDK i nhi bi to

asel | ZLﬂ?‘&f’)Oly]ats’qu‘fﬁ%éjrﬁ 2- Béie}?]:’ngp i ngEt ]é%lclrz'flﬂf VQBE’ZLI Zunﬁ’g;st'ansi ne,

cant uzugpboler {- %ﬁ%kdil?h aﬁ&g%tkaéHIWbCal%%ﬁth‘ﬁkéc?ﬁﬁﬁﬁ&y@ﬁgHétero‘éfﬂsf Mo Itpuamb
ci dt uzunab, “daclizumab, eculizumab, efalizumab, eépratuzungb, i zumab

felviz uwrhiituted mdspendentip withone oz HW&@S@Z@@QM dseribpcberainurmab oz ogami ci n,
ot ovi A0, ' nat alEBHE X! CPORUEL lor OVEEGHIB Hnbrat LA™
oo 1 AT OTEL T o AT LM BRG] o
resl i virduogdn, oxyesh) azndrmkfur defSyronursatheir lammdncmhmbter,ramﬂ Ihazenvedrings fused
together, i.e. share a common bond. Carbon linked fused bicyclic heterocyclyl and heteroaryl
radicals are attached to the C-2 position of the pyrimidine ring according to Formulas I at any
carbon atom of the fused bicyclic C3—Cy heterocyclyl or fused bicyclic C;—Cy heteroaryl
group R? group. Carbon linked fused bicyclic heterocyclyl and heteroaryl radicals include,
but are not limited to: 1H-indazole, 1H-indole, indolin-2-one, 1-(indolin-1-yl)ethanone, 1H-
benzo[d][1,2,3]triazole, 1H-pyrazolo[3.,4-b]pyridine, 1H-pyrazolo[3,4-d]pyrimidine, 1H-
benzo[d]imidazole, 1H-benzo[d]imidazol-2(3H)-one, 1H-pyrazolo[3,4-c]pyridine, 1H-
pyrrolo[2,3-c]pyridine, 3H-imidazo[4,5-c]pyridine, 7H-pyrrolo[2,3-d]pyrimidine, 7H-purine,
1H-pyrazolo[4,3-d]pyrimidine, SH-pyrrolo[3,2-d]pyrimidine, 2-amino-1H-purin-6(9H)-one,
quinoline, quinazoline, quinoxaline, isoquinoline, isoquinolin-1(2H)-one, 3,4-
dihydroisoquinolin-1(2H)-one, 3,4-dihydroquinolin-2(1H)-one, quinazolin-2(1H)-one,
quinoxalin-2(1H)-one, 1,8-naphthyridine, pyrido[3,4-d]pyrimidine, and pyrido[3,2-
blpyrazine. Fused bicyclic heterocycles and fused bicyclic heteroaryls are optionally
substituted independently with one or more substituents described herein.
[0087] The substituent groups that alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl,
aryl, heteroaryl, fused bicyclic C4—Cy heterocyclyl, and fused bicyclic C;—Cy heteroaryl are
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si brotuzumab, siplizumab, sontuzumab, tacatuzumab tetraxetan, tadocizumab,
talizumab, tefibazumab, tocilizumab, toralizumb, trastuzumab, tucotuzunab
cel nol eukwo,20tues®8t uzunab, umavi zumab, urtoxazumab, an@CYits2é10DL6YRD.
[0075] The term "mammal " includes, but is not Iimted to, humans, nice,
rats, guinea s, daogs, cats, horses, cows, jogs andwsheep, and

poul t r)PP“PO@B&%%WBtG@é?Yl lnahur&F"Ch?ru%QaJ KdreiNOporarR t oC& 98t urat ed
| i near & ﬁ@ﬁmhaQ mRm)n &N@ycﬁmc pRoR, 18 atgku)al RﬁoRone to twel ve
A o) S R

car bon t he al cal e optional substi t ut ed

i ndependrRt{y 't hNRﬂéceaJY)mlé JN;U%@ quml%lzldewmiw@ml@eth 6rdpl es of
al kyl groups |ncI ‘ude, but are not I|mted to, met hyl (M, CH3) ethyl (Et,

- Cﬁ%?;mé( Sa)Rpr,op‘aﬂ(l YDQPr,—GCﬁ“F%}NR ’R- a@sr@amg; )zofB(eWDR(“b(@R“) i~ pr?pyl
(e OBk %ﬂoﬁ“g%ﬂ? B s DR E s O B Bl G BRY
2 et <G RiRPy! SR '—@%P&%‘”@@aésw&?? %Stﬂlﬁ ‘?m%:%%ﬁm) 2

2- met hydptidndluit S(l'bst(tu%@fl@hﬂ%@%@ptwﬁal@ﬁdmﬁm&d@ﬁwﬂ (C—CH(Spd3n&IH( CHB) 2) ,
3- rrethyl-l-butyl (- CH2CH2CH(CH3) 2), 2-Tethyl -1 -butfyl (- CH2CH ) CH2CH3) ,
1- hexysubstOred CHROHRGHPCHAGHB) o2l exlystityted IGHOEY Y O ZCHR ), 3-hexyl

CH CH. 2 CH3 th t 2CH2CH2CH3

foéH Erec:}:gﬁug%*l%')@ﬁ@wf* éz«@ﬁﬁfﬁf@é%ﬁ é}}iﬁﬂ%@en w%ﬁgﬂ; 3) pentyl 2
.15 16
2- met hyl - 3%)14(?(@?{?& %ﬁ(%g@ﬂﬁ%ﬁ%@% I962 3-di net hyl - 2- but yl
CHIY CH3 "m3taBeldkc friztayybdidet ked th @3 CiM3h 3he Hodyeyitay! ,

(1-(%tyl 1@8311( h)e??|mta ?0 7]argti'he tgtﬁdja"ecl(tkgﬂjflh" raet?gl S ?a&i ear gr
branchéae% W’r’é\laé)lféﬂf U9t okflgme[ﬁteﬁagﬁeamp%ndtw Qide U hon at ons
Wi th atroﬁ%%cl?ﬂ(gué ich&wRfn HRSALAA M diPfbtivitics deteﬂnfﬁ@& laaﬁ%@ésg%ch sPtmgqubl e

bond, wherein I kenyl radical nmay be optionall stituted
i ndepenhkembleyl heidith Suvd pooduvty mas tessit fd:rwamm;alecfasntheb:e«ﬂddmenaeductmmd i ncl udes

di cals h nd ."t ) tati t t I d
S oAb R SR BRGNS e AP e P DR  IEDRYP RSl or
V' nyl (th@l"Eé:'d? the a@hhbﬁ'stefe‘dqa%@dﬁ@‘lz)\cccﬁﬂ!ﬁgfyh thel ihk&@tioh QRTRIes Tht@atofitedlof

"alkynyl" refers to a |inear or branched ronoval ent hydrocarbon radical of
two to qompovedscadrthomvantims ingudingeonmpasds preduesidtby agfrocass gempasingn, i.e., a

car boncc%gl 2 ing a compound of this invention with a mammal for a period of time sufficient to

yield a metabolic product thereof.

[0089] The term "package insert" is used to refer to instructions customarily included
in commercial packages of therapeutic products, that contain information about the
indications, usage, dosage, administration, contraindications and/or warnings concerning the
use of such therapeutic products.

[0090] The phrase "pharmaceutically acceptable salt" as used herein, refers to
pharmaceutically acceptable organic or inorganic salts of a compound of the invention.
Exemplary salts include, but are not limited, to sulfate, citrate, acetate, oxalate, chloride,
bromide, iodide, nitrate, bisulfate, phosphate, acid phosphate, isonicotinate, lactate, salicylate,
acid citrate, tartrate, oleate, tannate, pantothenate, bitartrate, ascorbate, succinate, maleate,
gentisinate, fumarate, gluconate, glucuronate, saccharate, formate, benzoate, glutamate,
methanesulfonate “mesylate”, ethanesulfonate, benzenesulfonate, p-toluenesulfonate, and
pamoate (i.e., 1,1'-methylene-bis -(2-hydroxy-3-naphthoate)) salts. A pharmaceutically
acceptable salt may involve the inclusion of another molecule such as an acetate ion, a

succinate ion or other counter ion. The counter ion may be any organic or inorganic moiety
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sp triple bond, wherein the al kynyl radical may be optionally substituted
i ndependently with one or nore substituents described herein. Exanples

i ncl ude, wWotomw®s8t |imted to, ethynyl (-CCH), propynbe([m(upm«jyi,
-CH2CCH), and the like. [0079] The terns "car bocycl e", "carbocyclyl™

"car boc ic.rin nd "cycl oal kyl " refer t nonov Ient non aromatl C,
sat ur at! %f B’r%ﬂ ?'}e P ’Sﬁel?ﬁég? PATER LG MPOH 'h%‘\l}? &ngret 61’%“@8?15’(% %t ons as a

”Dnocyca!cbébtéﬂl@&ﬂ%a);hé\% hrcGRIPAR ALQYE aftn f R EMRIE TnkfABeesBiYS! 1 C
car bocycl es havin to 12 atons can be arranged, for exanple, as a bicyclo

[4 5], matiple, chp@eé]atoms drép8} obihs tpbanmamnatidally pedeptabasabgey bivesmhlépleng 9 or

t b d bi c , 6 6, 6 t
oc: oo B ETERS Dob 265 APESL BT YRR st bRl bR P s S) S e il
bi cycl q{na/ozoﬁé BeRdResouleaiml. es of nonocyclic carbocycl es include, but are

not limted to, cl opropyl cl obutyl, cyclopentyl, 1-cycl opent-l -enyl,
1- cycll8Mt - 2- erlfrhe qonwy@n%p%%@nweh% 1s ﬁ@e&ﬁ;ﬂlre mh@m@p@ﬁ@ﬁ y enyI

| -cycl 0*38%5}501@ 0%5? 5}&@&%{}%3 ﬁﬁ%biecﬁ%&%' gg@&iﬁg SPhe arf 8{3 and t he

cycl ooc oun

li ke. [tfHA&ﬂe}ntBh&letfﬁarerms hrﬁh@ﬁ(imygehﬁc acid rsatleamyydrydhlomld ﬂ@tiﬁibﬁﬁuml ic ring"
are used mterchan&;eably herein and refer to a saturated or. a partially
unsat ur¥tdedulfyricacid, Riie agidomethgpesyiipric dgeidppResabriIwicia #dihe hb%rﬂﬂé"lm §hin t he

ring) Ctﬁ%@‘ﬁ&é(&h's%cﬁ Qgéc% b aQl dl%?IteR 2, 5hAGhiehAABmAH N gﬂa ﬁlltn%a!rﬁaa%f one ring

atomis et er'oat om se ect e romni’'trogen, oxygen an

r emai nimgonicngidapymsicheidygxdic ashik gkycoheand, sabedicracily a pyomssidgl apt, smrhal |y
substituted i nde endentl with one o r’r?lr subst i t uent s. desc i bed bel ow. A
het or o) @USUHRNNC Had 8T BHHUEPRICEChIR ABNS YEoRY AFifg ISR ADEHILS $95 PEIAEARS bon

atoms afll, in LMith NGl %ﬁ@lﬁﬁsoﬁﬁarﬁ@lagiﬁto@%hft&rﬁf@aﬁd Gh al%ma%@(%lg) siRh a8 bBhAYC! e
having 7 to 10 ring nmenbers (4 carbon atons and to 6 heteroatons

sel ect egid ¢rcnmtrﬂm1®acui> a aﬁfﬂ)ns)acut @ucheasmﬂ@newlﬁ@nmld)ot[auh@]ewlf@,lcsa]qld [5, 6],

or [6,6 cl es escri be Leo A ;

Obr 1wt RS A e RoRGY e Ry Ret R SRRl Yol B S ionsl “ow vork,
1968) , hafhidetidiliyyusenapt fcsptdble Saltskror basie p@d}ﬁlaaeuncm%n@wﬁwéré y of
Het er ocycl i ¢ Conpounds, A series of I\/bvo(graphs (John Wley & Sons, New

York, %saeé for exwaily, byi Ih Ssatr cf dluCamilieds yees) Handopak of Bharmacewisal 28; and J
heﬁranr ocyc oa %Q)e/s( gg&e%%lf%ﬂcd?giﬁes Z'O-Bgf%{éﬂmpﬁés r é f?g & e\?v% &ﬁﬁ%ltoer ocycl e
r adi calPhaanscelitist $cishtds (29BB106(19t1ekd; Ppaotiidalntatnational J. of Pharmaceutics

(1986) 33 201 217; Anderson et al, The Practice of Medicinal Chemistry (1996), Academic

Press, New York; Remington’s Pharmaceutical Sciences, 18" ed., (1995) Mack Publishing

Co., Easton PA; and in The Orange Book (Food & Drug Administration, Washington, D.C.

on their website). These disclosures are incorporated herein by reference thereto.

[0092] If the compound of the invention is an acid, the desired pharmaceutically

acceptable salt may be prepared by any suitable method, for example, treatment of the free

acid with an inorganic or organic base, such as an amine (primary, secondary or tertiary), an

alkali metal hydroxide or alkaline earth metal hydroxide, or the like. Illustrative examples of

suitable salts include, but are not limited to, organic salts derived from amino acids, such as

glycine and arginine, ammonia, primary, secondary, and tertiary amines, and cyclic amines,

such as piperidine, morpholine and piperazine, and inorganic salts derived from sodium,

calcium, potassium, magnesium, manganese, iron, copper, zinc, aluminum and lithium.

[0093] The phrase "pharmaceutically acceptable” indicates that the substance or

composition must be compatible chemically and/or toxicologically, with the other ingredients

comprising a formulation, and/or the mammal being treated therewith.
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unsaturated ring, or aromatic carbocyclic or heterocyclic ring. Exanples of
het erocyclic rings include, but are not limted to, pyrrolidinyl,

t et r ahydrwbunswipbqosdi hydr of ur anyl, tetrahydrothienyl, teCcrasgadoopsppanyl ,

di hydr opyranyl, tetrahydrothiopyranyl, piperidino, norpholino,

t hi onor i no, thioxanyl, piperazinyl, ho i perazi nyl, azet.idinyl,
s o BOgd o e ey B L RE oY el teas B 4 LA Coradion 1

di azepiyibh istbR%EREMM tharPtheRUATHQL bM¥dts oBhRYWH B hid¥d sinbiBdQEd:QY! .
2H pyranyl, 4H pyranyl, dioxanyl, 1, 3-dioxolanyl, pyrazolinyl, dithianyl,

di t hi olRetgimindidmyadrrcpyergnyib intekiabtyar xtweany Forndildl cmafamndnard, one or more
pyrazol idinylimdazolipyl,.imdazolidinyl, .3-.azabi cyco[ 3. 1. 0] hexanyl, 3-
Dyt cyerppienPariEfieh ey b ThsAE) cheiedil oo BEERDPIES Y BT

qui nol irekdiy| TROERLIBYSH tHWe abda§@8re aRRIyEQ] GhEthc €hod abd Takuyl ddedbisiednw t hi n
the scope of this definition, Exanples of a heterocyclic group wherein 2

ring cargbed andRascalided ustystsuyiEtCelicehyrosedtwatoin qrgerde obtimz EoppHIaiPEi nony|
and 1, 1- di.oxq-t hi 0l T et.er ocyel @, ! i are optionally
subst | e A EReT vt PRl S e R R Y, The

her ei n.FHa884ddologicay Revizeass(3: 61068V aCknt ardl Dataihy,Cl o8y 0A d¢ dnbome Ragduical  of

6- 20 carbon atons derived by the removal of one hydrogen atomfroma single

car bon Ztomdf Tacsarematignoirayided py Hys §lyspiéon hasg peceimuagdonpsyaplessay
repres i : AL i : i iC
Beitpedil it ol Sk R e RO R T et
unsat uradtlgoyisn,ragd aotageniemationg @atidxncyrcigents 0 Anteat@p ey ploigcant utilized Ty pi cal

aryl grou i.ncl yde, re.nqt limted.tq, radicals derived frombgenzene
(henyi s B5icHarand danbin it New e b e dRoneRetcacers Bhushany faeny!
i ndanyl A caliericdprRydi oA RHARLENECothbihaBoft IndeR WVaRBY H5OM@RVYihdicARE s ey, | ke.
Aryl groups are optionally substituted independently with one or nore

subst i tvadues gragees thranbled indesatd antagod38RIndTHéucs betweehéttetoda? yridicataeddditevet 0 a
nonoval %tt aronmat i Birk di g}gl of 5-. 6-,,0r 7- ,,rre%‘oer ed ri ng?%i wand thncl udes
fused rig sy Lf SHEOEAEOT DEtpy SWE 1BPVidhi DCTey” APOREYF ciY SFIco0 G it

cont ai nifRgt UARVed witeh ehchRties Datigntd malﬂﬁ%@dﬁﬂd esel @eh 8d stmnthd t rogen,
oxygen, and sul fur. Exanples of heteroaryl groups are pyridinyl (including,

for exedtfsris, that resyitsl fiopy g F agmpoundsiserizasFlyl A syfictstispsfiectmay be

Py OGRS A0 SESTETR SRRV TAILLy sPUTBRRLY,

oxazol Wimult&ebiNlazod ydmbipyd, valtyosagg fomallativ; (2)idetigered bl ahythatidoneldhy!

benzi mp%?eﬁlgll gsl separate formulations; or (3) by some other regimen. When delivered in
alternation therapy, a synergistic effect may be attained when the compounds are
administered or delivered sequentially, e.g., by different injections in separate syringes. In
general, during alternation therapy, an effective dosage of each active ingredient is
administered sequentially, i.¢., serially, whereas in combination therapy, effective dosages of
two or more active ingredients are administered together.
[0095] "Carriers" as used herein include pharmaceutically acceptable carriers,
excipients, or stabilizers which are nontoxic to the cell or mammal being exposed thereto at
the dosages and concentrations employed. Often the physiologically acceptable carrier is an
aqueous pH buffered solution. Examples of physiologically acceptable carriers include
buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic
acid; low molecular weight (less than about 10 residues) polypeptide; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone;
amino acids such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides,

disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating
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benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl,
pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl,
triazol ylwothicas@zol yl , thiadi azolyl, furazanyl, benzofParasanylo26903
benzot hi ophenyl benzothiazolyl, benzoxazolyl qui nazol i nyl, qui noxalinyl,

napht hyri di n ur o i nyl .. Heteroary ar.e tionall

subst | 1AEFRS ff%@éﬁgﬁ&%m Sioich ¥ i a s T b el T BB s e .

[ 0083] ghhe aé"@ofdﬁirﬁ%@lyo% n@ﬁlohf%ts%ffgéﬁﬁ‘tk SEEHOLPSW ERX @ epcﬁ?é’tt%[ﬂ@ne( gl%chQPEGb nked),
nitrogen (nitrogen-|inked) or oxygen (oxygen-|inked) acheéd where’’such is

possi blaad PBYJRANIGI®exanpl e and not limitation, carbon bonded heterocycles

or het yl's ar onde tign.2, 3, 4, 5 or 6 of a i di ne,

posi 1 ARl 4 B e dbaf RS i adiontt siren o 48 soufy FARL T 3

pyrim dhél@pelﬁl@%bﬁfbﬁﬁtlam cBectfre tOTtr&t'0f didedRY bAdistiRler MASIubjc@NoZmadmaft,nor 5 of
a furan, tetrahydrofuran, thiofuran, thiophene, pyrrole or

t et r ahytbe e4sg of sanser, Hapstherapentmally cffegtivs amouafrpfdhmw@mst maygedice thy
thi azoI 98f %ln%% c%ils %edﬁ)ce ée thno?'glze fﬁﬁl% g SIBXJ 8%81&1? th%ﬁt a{nﬁm hi azol e,

p05|t|on |ne poSIti an azeti di ne,

posi ti QﬂefzrabBy stép) dince@ ,ceH mfﬂfrataomhtoapampha@l d)ﬂgens:)ﬁnlﬁlﬁls (itel,Glowlto dmed, 5, 6,
7, or 8 of an isqQquinoline. [O By.way of exanple and not |imtation,

ni t rogeﬁﬁt%ﬁl&bereﬁé%téy 6*@92:’1“&01“6‘Fet B alélﬂ'gn & s1ee gderiemer epehi 39PTL of an
aziri d'rQﬁeve%§ d’gzo?t% ¢ (T Yl oPHE's ?ﬁnhﬂ}n%eass&l Pd/{%zftﬁltﬁé"&nce’f Qé/er el i ne,

i mdazole, im |ne 2- |n1dazo azo I ne, pyrazole,
pyr azol delﬁamoﬁ lmmlmzf)'rtreraéng 3Tpythaeatt e ampagoarst diaperevenpgoath at&i/on lndol e,
i ndol i ne, | Hindaz E ﬁ osi.tion 2 of 3@|50|ndole or isoindoline, position 4

of a norpis gpﬁgﬁrg yﬁPéﬁ“§U@*aﬁ LFH9P3I%, or b-carboline. [0085]

" Car bo qobmked rmm%r Weht mhhsiory fa6YY of @b eSafRtid chin¥Brutid issheniRgber ed,
unsubstituted or substituted, nonocyclic heteroaryl radical which contains

1, 2, $apablﬂ0f1nh@lmfé¢@mvdh®f pedlbpepereaiby tymos | cest @dcdrrcgth ditheOnantio 81 The
oyt il Pt hy e e s he AR Ao Tarmip RS phe " 7 11
nonocy GhhibithgtRbMastd ceR @ds\mmna@é @&&Tﬂlhéﬂ(ﬁﬂplﬁ@ﬂgﬁé&ﬁ' ih@ rbefiRr@aingt. radical s
i nclude, but are not limted to: %{Idy| 3-pyridyl, 4-pyridyl, 3-

i soxazdP98l 4-i sokageetpric aglqugbmzbﬁ PrapouticoaiZstpn IS an wmped £apaplc of

2 DY 258l kRS LRI ko UL o bRl o frfazol

5- pyri rmol!w]yl 6 -Thertemmgdicayder” ahrdpyetmetaig! ref@-toxadedcyibe thdptgziological
condition in mammals that is typically characterized by unregulated increase in cell number
(generally referred to herein as cell growth), which can be due to abnormal increase in cell
proliferation, abnormal decrease of cell death, or an imbalance of amounts of cell
proliferation and cell death. Examples of cancer include, but are not limited to,
hematopoietic cancers or blood-related cancers, such as lymphoma, leukemia, myeloma or
lymphoid malignancies, but also cancers of the spleen and cancers of the lymph nodes.
[00100] The term "hyperproliferative” refers to disorders that are associated with some
degree of abnormal cell proliferation. In one embodiment, a hyperproliferative disorder is
cancer.
[00101] "Tumor", as used herein, refers to all neoplastic cell growth and proliferation,
whether malignant or benign, and all pre-cancerous and cancerous cells and tissues. The

terms "cancer”, "cancerous", "cell proliferative disorder",

proliferative disorder" and
"tumor" are not mutually exclusive as referred to herein.

[00102] The term "non-Hodgkin's lymphoma" or "NHL", as used herein, refers to a
cancer of the lymphatic system other than Hodgkin's lymphomas. Hodgkin's lymphomas can
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5-oxazolyl, 2-furanyl, 3-furanyl, 2-thienyl, 3-thienyl, 3-triazolyl,
1-triazolyl, 5- tetrazolyl, 1-tetrazolyl, and 2-tetrazolyl. Carbon |inked
nonocycl iwohetoersmsyl s are optionally substi t ut ed i ndepentarskéig/omsph one or
nore substituents descri bed herein. [0086] "Carbon |inked fused bicyclic

C3- C20 het cycl.yl" a carb d fused bi c C O heteroaryl™"
Cont a 1 BB e it garoipdekRsapanbuny GEPESTEd o RSFn tr ogen.

OxygemSt@t‘ﬂger?éEfl;Ufn’ H&dgkfu% 1y9{yhxmlay aﬁch@ﬂe @b@e&l@@af daSd m@ﬁ@ﬁéﬁﬁodgﬂq shave two
rings fused together, 1.e. share a conmon bond. Carbon |inked fused

bi cycl |1Empb@raa&35y@myles ahdohBipdglan’s %hnplamnasahsoralmsqitb}atdnhwnt @ Wshkh@ein

01 "t he Pagts bt B R RE SRERDE P shifed (LN e yo i oPoi oo 1O

C20het giaeflodistPinodéBoraficOrih cleif@tioh keHeats kisef ibihe vl srhhetierReygdy! and
heteroaryl radi cal s include, but are not linited to: |Hindazole,

| H i nddtwopdapdmericap lomen oma((Bﬁefdr)ﬁﬁhqmws) deserhedrie Colqudiies of Clinical
Fu lpyr a@%+5t{3%?§,_'@11r& ﬁhlﬁé{%f}%] gv@{ogtl)—fh eﬁ?ﬁ Gd]n 'JQ@%]ZEO{’eet‘flt (eds.) (Harcourt

| H benzZabtibhond Daziedd- ﬂOEWse@ﬁﬁpaﬂtlbhlﬁyFEZdllcﬁ[ﬁlﬂég]aﬂd//bf di.5®), Mdrl@ypferctﬁoO[
23c]pyr|d|ne 3H i mdazo[ 4,5 yridi pe, yrraol o[ 2, 3-d] pyri m di ne,
7H- pur i $f&mp [osung)yde; Butgranal 1a]11ﬁfgdrq0rﬁeéﬁpﬁ%d Orsrpﬁrb«‘;t?rry&ﬁfé{ta r9ntd1nﬁ>lw #iene,
2-amin I ;

soqui ol ok DB Al R Emo B3 MR QUIERE SR & iGN O Pgmis

3, 4-di mpd/romdmnphﬂrmajsm@ll Ilj)mpimeythlmmﬁmniag B-c211 Ichi)onm‘igmpm@ymﬂalkenna?@ﬂdﬂ)r one,

1, 8-napht h di ne, ri.do ri n ri do[ 3, 2- Db] pyrazi ne.
Fuseq: Brebtiohec e afbiyt rado st P alos iy nPRomBerGEIyIGe ar e opt 1 onai 1 y
subst i tgibiethphpEdrRAPABREhY, 1M1ﬁo@§t6m@ranarﬂaf wiaﬁtalsﬁlu@ﬁfcqyﬁ R&hh Bedeher ei n.
[ 0087] Thé substituent groups that al kyl, "al'kenyl, kyny car bocycl yl,

het er ocapot i cellelmphorh@tselewrryargmrahm [pinplasha, @X@anod@tmammaé roesy SYIMILT and

fused tll C\p/ﬁ| i C rgégln%r%g Eoer éﬁagqm rtél(c(e)@e&%alaugats%%g%ed Wi h i ncl ude F,
Cb:Y) W&ell‘rﬁ%rﬁé%@ zNBlf@R&ulari kol IRie adé)dfélﬁ&ﬁﬂrJNHL

NR12C(=Y)R 10 , -NR 12c:c> ORI\ -NR 12c:c> NRIORI\ -RR 1252RI10 . =NR12
ORL0 , mantig(eejymplpma, felticke e bmnphomadfotigulrl.orermedise @yade dofus ) |

50 A R 3?@1‘%%‘3 geehro)e L pea b Wi o

- SQ=Y) NReINHRL 2l aggredivetiapsual NHLE INISL irdlaisereh stk yl refi@2tor{ch aﬁmlb@cnal ly

subst i t lfjt ege ?‘lr!a(nesn}/an’[atlon- rlcr:ne(l) ptnlle%g]a%lulla)l/l lgrug%terlngt%t gl%tlg Il kyril%lrna Crlrngr

opt i onal9™y p primary g p ymp p y
effusion lymphoma, high grade immunoblastic NHL, high grade lymphoblastic NHL, high
grade small non-cleaved cell NHL, bulky disease NHL, Burkitt's lymphoma, precursor
(peripheral) T-cell lymphoblastic leukemia and/or lymphoma, adult T-cell lymphoma and/or
leukemia, T cell chronic lymphocytic leukemia and/or prolymphocytic leukemia, large
granular lymphocytic leukemia, mycosis fungoides and/or Sezary syndrome, extranodal
natural killer/T-cell (nasal type) lymphoma, enteropathy type T-cell lymphoma,
hepatosplenic T-cell lymphoma, subcutaneous panniculitis like T-cell lymphoma, skin
(cutaneous) lymphomas, anaplastic large cell lymphoma, angiocentric lymphoma, intestinal T
cell lymphoma, peripheral T-cell (not otherwise specified) lymphoma and
angioimmunoblastic T-cell lymphoma.
[00103] Non-Hodgkin's lymphoma thus includes hematopoietic lymphoma, B cell
lymphoma, diffuse large B cell lymphoma, follicular lymphoma, small lymphocytic
lymphoma, malignant lymphoma, malignant T cell lymphoma, anaplastic large cell

lymphoma, and mucosal associated lymphoid tissue lymphoma.

30



substituted carbocyclyl, C2- C2Qoptionally substituted heterocyclyl, C -
C2Qoptional ly substituted aryl, G -C 20optionally substituted heteroaryl,
- (CR 14RNSDR20108RIME( =O) (CR 14R15) NR1IORp , and ( CRARSVNRPLORB201000883 A
"metabolite” is a product produced through netabolismin the body of a

speci fi conmpou alt t tabolites of a conpound may be
identiﬂﬁgUMUS!ngqggﬁvﬁﬁé%ﬁgéﬂﬁféﬁég) nown in the art and their activities
det er mpgrhsysi N9 TIRYrSscitipbeRROntiNA8EsIBSEHduRE SoMBIRlifns iRHIERinRTRAHER MRy
result for exanple fromthe oxidation, reduction, hydrolysis, amdation,

deam davoimpoundsviich haxsathe siyctategst eri f cation, enzymatic cl eavage, and the
i ke, of the adm nistered conpound. Accordingly, the invention includes
nmet abol ites of conpgu of the invention, including conpounds produced by
acting a conmpound of this invention with a nmanmal
Fficient to yield a netabolic product thereof.

e insert" is used to refer to instructions
onmer ci al packages of therapeutic products, that
t he indications, usage, dosage, adm nistration,
contraindi cation / war ni ngs concerning the use of such therapeutic
products. [0090] /The phras®&® pharmaceutical |y acceptable salt" as used
herein, refers @ pharnmaceutically acceptable organic or inorganic salts of
a conmpound of the invention. Exepgplary salts include, but are not limted,
to sulfate, citrate, acetate, oxalate, chloride, bromde, iodide, nitrate,
bi sul f 31068 NOSP A RredhnfrBRRGADRC Gsorh FOMAG ARG el Rty Sal | oyl ate,
acid citrate, tartrate, oleat’e, tannate, pantothendate, bitartrate,

ascor batcegptahle sdlsab@cofimahet e, genti sinate, funmarate, gl uconate,

gl ucur sacchar at e, rmat e | ut agat e, gt hanesul f onat e

f b :
"mesyl 38@{067] et har%lslﬁlﬁ?lﬁ‘ﬁ%fi 9%&&42@6&?@&1’ ,R/P?-h%iptjelﬁesnl fonate, and
panoat &- nﬁg;*wéyt%%ggimyk%@gg?iﬁNR@%ng%ﬂmo5&?§Hﬁ&ﬁg?%mage)) salts. A

phar mace abl'e may 1T nvol ve the i si on of anot her
mol ecul@RStRe), 5®)F'” aqeRAtRE ), Q0), R SREC0ROR IRIR UL —0t-heR ‘G oantejorYn.  The
counter ion may bhe any orggni ¢ or inorganic ngletythatk§ta9jh;zesu;Qe
char ge -€H{=YDERPR 6ntCEBMIBUAR ', FEtABYROBPED)R pHAFRAYBLIICR AR Y MBC ROt abl e

ol i o1 8 Gnakied Groe. anl Sart YR no RO YIKBUR) car Ty SPeEpranl 6 salt can

have Mk i2BHENRIRY, SR, ~S(0),R", -S(0),NR'R", “SC(=Y)R', ~SC(=Y)OR", C,~C},

for a period of tine
[ 0089] The term "pack
customarily included i
contain info {on

alkyl, C,—Cjs alkenyl, C,—Cy alkynyl, Cs—Cj; carbocyclyl, C,—Cy heterocyclyl, Ce—Cy aryl,
and C;—Cy heteroaryl;

[00108] R? is selected from H, F, CL, Br, I, CN, CF3, -NO,, —C(=Y)R'’, -C(=Y)OR",
_C(=Y)NRIR!!, J(CRMR!),NRI°R!!, -(CR™R'),0R"’, ~(CR"“R ")
NR2C(=0)(CRRNR'R!, -NR"*C(=Y)R'’, -NR"’C(=Y)OR"’, -NR"’C(=Y)NR'’R"!, -
NRSO,R", OR", —OC(=Y)R", —OC(=Y)OR'’, ~OC(=Y)NR'’R", —0S(0),(OR"), —
OP(=Y)(OR')(OR"), —OP(OR'*)(OR"), SR", —S(O)R'’, —S(0),R"’, —S(0),NR'’R", —
S(O)(OR'), =S(0),(OR'"), —=SC(=Y)R", —=SC(=Y)OR", —=SC(=Y)NR 'R}, C,—C;, alkyl,
C,—C;s alkenyl, C,—Cyg alkynyl, C3—Cj, carbocyclyl, C,—Cy heterocyclyl, Cs—Cy aryl, and
C1—Cy heteroaryl;

[00109] R*is a carbon linked monocyclic heteroaryl, a carbon linked fused bicyclic
C3—Cy heterocyclyl, or a carbon linked fused bicyclic C;—Cyg heteroaryl, where the
monocyclic heteroaryl, fused bicyclic C3—Cyg heterocyclyl, and fused bicyclic C;—Cy

heteroaryl are optionally substituted with one or more groups selected from F, Cl, Br, I, —CN,
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counter ions. Hence, a pharnmaceutically acceptable salt can have one or
nore charged atons and/or one or nore counter ion. [0091] If the conpound
of the irwernpionsis a base, the desired pharmaceuti cal | yCaasepakioes sal t
may be prepared by any suitable nmethod available in the art, for exanple,
treatnment_Qf ;the fyee basg witfh an iporgani c ,acid, such _as, hydrochloric

aci d, h§ﬂ$ogrpﬁpg»aéﬁﬂqﬂ%qrﬂﬂ$igagﬁﬁdf‘ (PR hﬁﬂ@?_ﬁ@?ﬂﬂ%e@uifonic.acidz
phosphqﬁkgéaféﬂwan€€%ﬂ%ﬂyoKgﬁgﬁgggyhm,%Qagﬁggﬁgg?éﬁ%gFﬁﬁﬂﬁﬂrgiRmcet|c aci d,

mal ei ¢ aci uctin aci d, C Aci oni ¢’ aci d,
pyruvi qogeiod, oxat’Pr'aah@R'Udr¥ eRlchndREilFH, €§1L¢ﬁ)é_lld'é/l:, @cty alk@nﬁ%@?«f@gﬂ dyl
acid, such as glucuronic acid or gal acturonic acid, an al pha hydroxy acid,
such asiiginyt.i(G—6ci @rimcyelal, CarCo hatsirekychh, GrriCacargle bdC1-slvs hetawagdpartic acid
or glutamc.acid, angar tic acid uch as benzojc acid or cinnamc acid,
2 sul 1 dMVHci o, ‘wdthER D oy R mtPe BHIoEsn i 1 6h O sl FO e i d, or
the |i ke, cAchdlsoWilie hind 0P iSRNET AblttuCaNTIKASH R nitt LARLE ideperddstf o mat i on
of pharmacéeutically useful or "acceptable salts from basic pharndceutica
conpoursdkctad droi exu $6Hd), ORIT, NiX'ART5| €F 3, By CR.BrSE,&0,RE, C4HO)RCANi | le G (eds.)
Handbook pf P

i cal ,Sal ts. P ties, Selecti d . (2002
Zar  ch By C6yUPOIG S G YANK Foal rohkPher et ba et bieds
1977) &6 1P | i f P ut i 1986) 33
201 217 SRl R e Bl G AL CR G RRERRER) ' (otey .
Acadenijgofrgss, NeWaY@RK arRaftiepétidenilpsdtbdd &AM, i AL, SakaneeSCHLBtdryled.

(1995) Mack Publishing Co,, Easton PA; and in The Orange Book (Food & Drug
Adnmi ni d00HE31on, \wadhi aet Bn to@tigr vath thhefomsiie hdiichethey Rigestackiiddermpgur es ar e

i ted, h .n, b f th to,. [0092] If th d of th
:ﬂgggfﬁ%ﬁwﬁgigﬁ&g QHTMP%@mﬁégﬁgé 28%%&%%88 gta}ly accgpfggrgugalg nayebe

prepar ggoPmany swihd@blig amgt hadnyl Sk yeNasmbsoyclyl,8RtEN 1y arfingnd r ee aci d
with an inorganic or organic base, such as an amne (primary, secondary or
t er t i arbgjeroaghil, arckapitionatist substitytpd oxithdencor regrk graupe inglgpericndy sgledigdifroxifde, or

the like. Il.lustrati examp]ies of suiot ah) ¢ s An @, 1but are not
Iinitegﬁtgﬁlo¢§%ﬁ?é'¥§?%gxﬁ ive _Fﬁ n15§+§96 Pd§k;§b§ﬁ Rs gl yci ne and
ar gi ni neR'gOPPRRER ' PLIERMR!)IHEONAIR YR "aDYRIRF(Livgr Y aRPeg-yamd 'cyclic
anines? such ‘as pipef?dine,)nnrpholine and piéerzgine, an iﬁggganic salts
deri vedNR PO B0 IR, c@RCTRIMNIOESGR UMNRAGDORY| wOC(HERIARaE=Y)ORY, —
copper, zinc, gjum num and | ithium 10 " " 1" "

OC(=Y)NR™R™, ~0S(0),(OR"), ~OP(=Y)(OR'*)(OR'"), ~OP(OR'*)(OR '), —SR"’, —

S(O)R", —S(0),R", —S(0),NR'’R", ~S(0)(OR "), —S(0),(OR'), -SC(=Y)R"’, —

SC(=Y)OR", —=SC(=Y)NR'R'!, C,—C}, alkyl, C,—Cj alkenyl, C,—Cs alkynyl, C—C»

carbocyclyl, C,—Cy heterocyclyl, C¢—Cy aryl, and C;—Cyg heteroaryl;

[00115] Yis O, S, or NR';

[00116] mis0,1,2,3,4,5 or6; and

[00117] nis1,2,3,4,50r6.

[00118] Exemplary embodiments of Formula I compounds include wherein R' is —

(CR™RP),NR"R" where m is 1, and R' and R" together with the nitrogen to which they
are attached form an optionally substituted C3—Cy heterocyclic ring. The C3—Cyg
heterocyclic ring may be piperazinyl, optionally substituted with one or more groups selected
from NR'°R", CF;, F, Cl, Br, I, SO,R ", C(=0)R'’, NR*C(=Y)R"!, NR*S(0),R"!,
C(=Y)NRRY, and C,—C); alkyl.

[00119] Exemplary embodiments of Formula I compounds include wherein R' is not

H.
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[ 0093] The phrase "pharmaceutically acceptable” indicates that the

subst ance or conposition nmust be conpatible chem cally and/or

t oxi col ogwoabiwiosmst h t he ot her ingredients conprising &Crarsauoazdoon,

and/ or the mammual being treated therewith.[0094] The term "synergistic" as

used herejn refers to a therapeutic. conbjnation ich is re effective
than ¢ HROLAN; ¢ i v esmmnkety sibpdihraty qfd ogmulsgameo Semg\a@w crepef ettt nat i on
of a sy i.SE1.Gal i 0 0 ]} d or nore
iy U1 XSO S AL 0o AR A R B R TR g
descr i bed hbtercaryl mafie o msubdysliohettivess gaaspaykectad droan2dpyrdy, Bipiyridylt e Chou

and Tal al gy, canbi natjon et hod and Dose-FEffect Analysis with Cal cuSyn

Sof t warlTioN JrioREce . éblﬁ%wg‘aﬂéolﬁ?wa@ ,@mlﬁmw(%%@%ﬁ, %*ayaé}zaﬁvi rends
Phar ma 2 G 454 ) bl ¢ ' gg@, | 0 lqal): eyl ews
68(3): 621681 oﬁ@g‘%ﬁ%&i’@%‘?% af‘ff%qy. 1E§%@§é5%18%5?§7¥55). The
conbi natyridasnyly @J\pié'déﬁlzumyél, Z-nwlsmildlgyelnﬁ ipynmhdivg, b@lefnnpdﬂaylu a{pefmZi(ljnyl,s%ver al
assay syst 4 and t ata ¢ e a ze iliz a .St anda progr am
For uakertyh kBl Sodft ety amenGyCRuREt arbisplbin s He Brioh M SAbT Broer
agent S-trié‘sfblﬁ2<m{@bwl,ﬂt@ﬁaﬁl}zly&ﬂd 2 z8fzblgl.descri bed by Chou_ and Talalay, in
"New Avenues in Devel opnental Cancer Chenotherapy," Academ c Pregss, 1987,

Chapt erl00121¢ombi ratcmhary gawgdipanires Hosmylatlvampousds ingludawbercsyResdy, val ues

greater, f. Pfl .1 adi cate antagoni sm and val ues between 0.8 to 1.2 indicate
addi ti vaéﬁlg&?ec @l.n $&!§ conbi nati on therapy may provide "synergy" and prove

"syner qoetiz", i .Exempldie cefvtbeicnacdt Fovadlathempohedsaativiewhagierl gat s used
together is greater than the sumof the effects that results fromusing the
corrpourm%v%glsﬁ%ﬁa@rlﬁmu@ ssipstaddran il H-iselazels, 1Haindple. indelin-detrenkéndelielact i ve

i ngr edi ; .at edar IrRi4S Mgl _

o1 il t Aqea P H BB, M B A B PO BB o by

al t er nat]pyimaulind, hHgsmad ldginidezoke pHr@heo[Hinmddzal-2 GRg-:onor 1 H-yraaglofhdre ot her
regi men. \When ivered jn alter i.on therapy, .a sypergistic effect my be
Ct e PG R EBS G e i G ot Al e ot e EpBeebtiont fal 1 y.

e. 9., RypPidhi@ient-JuMn8CTIQRRzbId[ S RAFRIRIIFN! 5IGRSrold[B 298 pEiRldindBr | NG
alternation therapy, an efféctive dosage of each’active ingredient is

adnm ni singned Hsparireodiany, quinadine, gunazalihg, quitvsalkngs isoquinold, ailionlither apy,

oot B2 e B R Py o e R B P i

accept aljl |)-6@¢, lquBiosalin-2(1H)-one, 1,8-naphthyridine, pyrido[3,4-d]pyrimidine, and
pyrido[3,2-b]pyrazine.
[00123] Exemplary embodiments of Formula I compounds include wherein R? is 1H-
indazol-4-yl.
[00124] An exemplary Formula I compound is named as 4-(2-(1H-indazol-4-yl1)-6-((4-
(methylsulfonyl)piperazin-1-yl)methyl)thieno[3,2-d]pyrimidin-4-yl)morpholine; registered as
CAS Reg. No. 957054-30-7; described and claimed in US 2008/0076768; disclosed in Folkes
et al (2008) Jour. of Med. Chem. 51(18):5522-5532;; Belvin et al, American Association for
Cancer Research Annual Meeting 2008, 99th:April 15, Abstract 4004; Folkes et al, American
Association for Cancer Research Annual Meeting 2008, 99th: April 14, Abstract LB-146;
Friedman et al, American Association for Cancer Research Annual Meeting 2008, 99th: April
14, Abstract LB-110; and has Formula Ia:
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excipients, or stabilizers which are nontoxic to the cell or mammal being
exposed thereto at the dosages and concentrations enployed. Oten the
physi ol ogvoabiwioamsept abl e carrier is an aqueous pH buf PeTa$2a0l02¢90HnN.
Exanpl es of physiol ogically acceptable carriers include buffers such as
phosphate, citrate, and otheb organi ¢ aci ds; antioxi dants including
ascorbi c acid; IOM/nDIecuI ight (less than about 10 resi dues)

pol ypepti de; proteins, suc %Tserun1albunln gelatin, or immunogl obulins;
hydrophilic pol ynmers such asNpol yvi nyl pyrrolidone; am no acids such as

gl yci ne, gl utam ne, aspagagl N argi nine or |ysine; nonosaccharides,

di saccharides, and ot her/°Caf boNydr i ncl udi ng gl ucose, nmannose, or
dextrins; chel ati agpdent C DIAH sugar al cohol s such as mannitol or
sorbitol; salt-fé?ﬁl g countlrio ch as sodi um and/ or nonionic
surfactants such VEEN(r)., p hyl ene egcoI (PEG, and PLURONI CS(r).
[ 0096] The te ﬁ%’therapeutlcally effective anount" refers to an anount of

the therapeuf< Xwnbi nation effective to Hﬁreat" a disease or disorder in a

subj ect or manmal . In the case of cancer, ‘fhe therapeutically effective
anount @612‘5’?3 am&&ﬁﬂér%&eﬁﬁbér{ BOWMARa | .Etﬁm%{ff‘f@% né?ﬁe&%"(@?rl (@f{p 8- T educe the
tunor size; inhibit (i.e., sl'owto sone extent and erab st op) cancer

cel | i reiinopyainiidim-5-yier- p@thyﬂ)ﬁemaﬂpholmgnlmsm[ﬁﬂhd]bmm(dmé yl)rs¢tby\l/)111persune
extent a ferabl to unor t ast agi. S; iRk hi 0_spne extent,
Cunor iR Gred R atF R SRR Lol B r i Firions
associ ghed with the cancer. See the deflnition herein of "treating". To the
extent the antagoni st may prevent growth and/or kill existing cancer cells,
it may be cyh ta(?c and/ or otoxic. [0097] A "growth inhibitory anmount™
of the therapey conblnatjgn |s an anDunt capabl e of inhibiting the
growth of a cell, Nspeciall cancer cell, either in vitro or
in vivo. A "gromﬂ |b|tory anDunt of t he therapeutlc conbi nation for
pur poses of inhibi¥-Ng ned NC cell growth may be determined enpirically
and in a routine mann .~(0 98] |A "cytotoxic anount” of the therapeutic
conbi nation is an anopunt p hre using the destruction of a cell,
especially tunor, e.g., cancer celll, gither in vitro or in vivo. [0099] The
terns "cancer" and "cancerous" ref tINaS desngbe t he physi ol ogi cal
condition in mammal s that is typically charact i zed by unregul at ed
increase in cell nunber &ﬂgnerall referred to hereln as cell growh),

whi ch dal12%¢ due REFERMRO NQI%EQ ‘eTLAnI E@MPOUN

[00127] The Formula I compounds may be synthesized by synthetic routes that include

processes analogous to those well-known in the chemical arts. Starting materials are
generally available from commercial sources such as Aldrich Chemicals (Milwaukee, W1) or
are readily prepared using methods well known to those skilled in the art (e.g., prepared by
methods generally described in Louis F. Fieser and Mary Fieser, Reagents for Organic
Synthesis, v. 1-19, Wiley, N.Y. (1967-1999 ed.), or Beilsteins Handbuch der organischen
Chemie, 4, Aufl. ed. Springer-Verlag, Berlin, including supplements (also available via the
Beilstein online database).

[00128] Formula I compounds may be prepared using procedures to prepare other
thiophenes and pyrimidines (US 6608053; US 6492383; US 6232320; US 6187777; US
3763156; US 3661908; US 3475429; US 5075305; US 2003/220365; GB 1393161; WO
93/13664); and other heterocycles, which are described in: Comprehensive Heterocyclic
Chemistry, Editors Katritzky and Rees, Pergamon Press, 1984.

[00129] Formula I compounds may be converted into a pharmaceutically acceptable

salt, and a salt may be converted into the free base compound, by conventional methods.
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proliferation, abnormal decrease of cell death, or an inbal ance of anmounts
of cell proliferation and cell death. Exanples of cancer include, but are

not | i m two 20w/106@8Aat opoi etic cancers or bl ood-rel ated eamasSeE /024900 as

| ynphona, | eukem a, nyel oma or |ynphoid nalignancies but al so cancers of

t he spl dcancesof t he | ynph nodes. 00], The ter :
"hyper pFe rcafmaney mRub S PG SHEC T 21 PSS TS et e
degr ee RfcRMIOLIR heﬁe%'dlnanQhé fienl ipRpertied s%ﬁas%&hﬂﬂht%&sohﬁlon
hyperproliferative disorder is cancer. [00101] "Tumoi", as used herein,

r ef er s hygraabdpineapicasnd phasmhtokgnaties hEzardplps of Phaenatcutical ywiveerialc mtsi gnant

R B S R A R N L A

di sor defkcid, simphuridva, mt@bacﬂacahd@ubmbhy a8y CAndsdr¥miascidefiRhragd to herein.
[ 00102] The term "non- Hodgkin's | ynphoma" or "NHL", as used herein, refers

to a céﬁ@b?neé‘ﬂlfqm‘éaq@ rbﬁﬁé‘tﬁe&ulﬁwl‘émlétfﬁﬁmctaﬁ@na‘l-%ld@thntflﬂllomﬁﬁ
Hod Ki h
e -

and t h&nﬂtt&&m; %rfblhc&ﬁldd citied 43d,iethanedid fdaitgicid) ‘aspaktyoatid neb glulxdopties Taé

non- Hodgki n' s | ynphomas enconpassed by the term as used herein |ncI ude any
that wodltdayede; ad@ﬁwéft? échygeoch web%/plawgh%tmbe@aeqeﬁulf%@t%rta udatg. S

oncol o I i t known
in thquﬁb%acﬁgéalg dt?%gs%%t\sn goelg&%upopean- A‘(ﬁr%? ig%gﬁg rh&{b %E%ﬁ&?{:herre
as desdhebsdnesrylaa)l or Atlas of dinical Hemat ol ogy, Th| rd Ed| tion;

Vi ct or L_‘flfrand []ﬂolhn E. Pttlt {teds gHarco rt Publlspygrs leted
2000) ([ 0Ti n par e d M ReE! Sf’il despl STEY 8O SXIT By Yfiat%‘)rso [ specific
exanpl §0i31¢! ude, prlutiidd & MR¢tidnh b rBhaPoeecBhddre bt @Fy NHL, front
l'ine Igw grgde NHIir Stlage I }nv HL&(%%erg)t hagr?apy resit ant "NHL, precursor

B | ynpHotsiraediptes ey kem@swﬁﬂlmprepa}rmulaslrmpduymwtmmd f¢Iy§npfhona B
cell chroni c I hoc tic Ieuk a .and/ roI ho | kem .and/ or
Sl 1 TR B WTERRS Mk s Ruies e RERey FROTGU wid i S

i Mmunoayé Mar@fi@lﬂ ﬁfetﬂonﬁmmt%ae%fﬁwrpr@te&twgogi@urm infTedghdeayl, #PRerd3c&sl, t-

| ynphoma, spl eni c marcgl nal zone nghoma extranodal margi nal zone- MALT

| ynphortioxyserapn B alpenzrslﬁéycraylmm (feB2)ar dyflucsenylmethterexycpibasyfacyt oma

Spgég; f(?h%?ﬁ Ae',\ﬁ’?@/reslugﬂ’ﬁrotéc?‘é’n%aegé?’& Rl GHl ATy Sy ROV, h BT Y at €

general description of protecting groups and their use, see T. W. Greene, Protective Groups in
Organic Synthesis, John Wiley & Sons, New York, 1991.

[00132] For illustrative purposes, Schemes 1-7 show general methods for preparing the
compounds of the present invention as well as key intermediates. For a more detailed
description of the individual reaction steps, see the Examples section below. Those skilled in
the art will appreciate that other synthetic routes may be used to synthesize the inventive
compounds. Although specific starting materials and reagents are depicted in the Schemes
and discussed below, other starting materials and reagents can be easily substituted to provide
a variety of derivatives and/or reaction conditions. In addition, many of the compounds
prepared by the methods described below can be further modified in light of this disclosure

using conventional chemistry well known to those skilled in the art.
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mantle cell |ynphoma, follicle center |ynphoma (follicular), internediate
grade diffuse NHL, diffuse | arge hematopoietic | ynphoma, aggressive NHL

(1 ncl udi /yoagyrws®sve fr ont |ine NHL and aggressive relpapasdoibioRgop3 NHL

rel apsing after or refractory to autol ogous stemcell transplantation,
primary nedi astinal |arge hematopoietic | ynphoma, primary effusion

| ynmphoma, hi gh grade i mmunobl astic N hi gh grade | ynphobl dtic NHL, hi gh
grade smal lgngoogR€aved cel | NHL, (i sease NHLFvBu tNs | ynphoma,
precur spt—{pdri pheral) T-cell R hona, adul t

tlc | eukem a“an
T-cel I | ynppongpgnd/ or [euken a, ceNT “ehroni ¢ 'ynphoc ptic N| etiReri a and/ or
prol ynphogyzic | eukem a, |arge gﬂ&nulgr d%nphocytlc | e enla @gCOSls
fungoi des and/ or 5Bezary syndrone, extran natural killer/T-c&ll (nasal
type) |ynphoma, enteropathy type T-cell |ynphoma, hepatosplenic T-cel

| ynphomghegcut aneous panniculitis Iike T-cell |ynmphoma, skin (cutaneous)
Iynphonas anapl astic |arge cell |ynphoma, angiocentric |ynphong,

i nt est i[ABI33T cel |SchgmpHohaws eeﬁmqyﬂenethodrfoeerdpa(aﬁlen @th%hwnemmémeﬂ ed)

: ))ng ho q%teangdlgteg %? hr ﬁarh%%s};e%t%r 3 g C tlﬁ%ﬁi?e rea@e[ﬁg% L?T'Bln rhall_lk{g gi(, fE? US e

us 1n
I arge ﬁ)rqeéﬂd RY @%HERIO fiul dsidefih@f fok YORRENR coBp@lds) oREesid 6r ﬂrmes)rra
mal i gnant Iynphona mal i gnant T cell |ynphorma, anapl astic |arge ce

Iynphoﬁhﬂf@nd nmucosal associated | ynphoid tissue | ynphoma.[00104] FORMULA
COMPOUNDS [ 00105] The present invention includes therapeutic conbinations

i ncluding Fornmula | conpound ch have the stryePures: | [00106] or

st ereoi sonmers, geonetric |SOHQ§§ taut omers, or thLaceutically accept abl e
salts thereof, wher [00107] IS selected from F, d, Br, I, CN, -(CR
14R15) M\R10Rp , 4R15)nNR1 C( =Y)R10 , -(CR1 XNR12 S(O) 2R10 , -(CR
14R15)nCR10 5)nS(C»2 - (CR 1ARLEXY( O )2NR1OR11, -C(OR 10)Rp
R14 , - % 1 Y%R IU“‘*EFY)NR 10R11 -E%EMhNR 120R10 , -C(=O NR
128(C»2R10 : %& O Nle@ 14R15) MNR10ORp , -NOR2, -NR 12Q=Y)R 1 1, -NR
12Q=Y)OR 1 1, R 12CF¥%NR 10R11 , -NR 128(C»2R10 , -55

Scheme 2

[00134] Scheme 2 shows a general method for selectively displacing a 4-halide from
bis-halo thienopyrimidine intermediates 54 with morpholine under basic conditions in an
organic solvent to prepare 2-halo, 4-morpholino thienopyrimidine compounds 55, wherein
Hal is Cl, Br, or I; and R! and R? are as defined for Formula | compounds, or precursors or

prodrugs thereto.

®
O .
)\ base R10 N/ Hal
R R
56 57
Scheme 3
[00135] Scheme 3 shows a general method for derivatizing the 6-position of 2-halo, 4-

morpholino, 6-hydrogen thienopyrimidine compounds 56 where R'is H. Treating 56 with a
lithiating reagent to remove the 6 position proton, followed by adding an acylating reagent

R'°C(0)Z where Z is a leaving group, such as halide, NHS ester, carboxylate, or

36



NR12SO2NR10R11 , -SR 10 , -S(O 2R10 , -S(O 2NR1OR11 , -SQ=Y)R 10 ,
-SEY)OR 10, G -G 2 alkyl, C2-Cg al kenyl, C2-Cg alkynyl, C-CG 2

car bocyclwb,20002t05@8Chet er ocyclyl, C - C2Caryl, and C - CreOUS@&no26993 ;
[00108] R2 is selected fromH F, d, Br, I, CN, CF3, -NO 2, Q=Y)R10,

14R15?311§1Rﬂf§@%3 é%%%%é)fﬂfﬂ?é%‘ 2 Rﬁlﬁgﬂv gé%g)%lf}%’f@le con%&%g%% “NR

12Q=Y) Ny 1081 :Br or INEQ@M 7arecﬁl&ﬁned %&B omp%d&gﬁgr@glrsors QP:Y) NR
10R11, -OS(O 2(OR10), - % ( OR10) : OP(OR 10X SR1I0 , -S(OR

10 , - Sr@rugRbereto. So@arﬁplemﬁ 0z tcﬂ@r@@r@éﬂb)myl-@mp)ouz@ aR1b=)H) is SQ=Y) R 10
-S 1, G-G 2 alkyl, C2- | k |, C2-
al kyg;&%dl%eﬂlﬁ”s%%%%@% C2- C2(nhet 2r oZycI yl, CgCGa C(ZarC]))e/lryI agg G-C

2Cheteroaryl; [00109] R is a carbon |inked rmnocyocl ic heter oaryl a carbon
| i nked fused bi cy 9 C3- COheterocyclyl, or a bon Iinked fused
bicyclic G -C 20n ter aryl where the m)nocycl i EH\E teroaryl, fused bicyclic
C3- C2Ohet erocycl yI'N" and fused bi cyclic G-C 20 teroaryl are optionally
substi t ut ed vvltl‘s r nore(n-B8UPR"xel ect ed fsr ca, Br, I, -CN -NR
10R11 , -ORR RlO , —NR-18C( O RLRY; C(JQZRp)Z -NR

10C(O) NR1OR1 1, B(aIO) 2Rﬂ?®cataly£( =OQ OR 10 / -®*EOMR 10R11, Cl1- Cl12 al kyl
and (Cl1- C12 aIFkaI) OR 10 ; [00110] R10 , RIRY and R12 are independently H,
Cl- Cl12 al kyl, - C8 di8kenyl, C2- C8 alkynyl, C - GB2 carbocyclyl, C2- C20
het er ocycl yl , C- C20 aryl, or Cl- C20 heteroaryl [00111] or RI10 and R11
t oget he%rchwmbh the nitrogen to which they are attached forma C2- C20

heteroc clic ring optionally substltuted vvlth Qne or npre group
i ndeperl®hialy se F@E PO agenerwlg Do Suzirtyipe gouplig-af a%ha@ Br, I,

SC2R12 C12

al kyl | &gl%gmﬂt%m Wlﬁ %%@fg%zﬁésg‘r@%lgpﬁq H‘%M’@C’IY%O

het er odysﬂdwlcyoﬁﬁheﬁﬁ@rﬁrbpkomtmho@néR (BI)rmrteeﬂeoéR E; all{ﬂ):)fbmge]nt Rigrepard tIRLS ar e
i ndependent ted fromH .CG-C. 2 alk 00113] or
R4 Ana- RS g RS oo h ERSRT PSP oy 54 PEPEITAE hdorbt il
sat ur atigd| qsr, BaY; tah@kﬂ YndIRS el AR dBr Fbrntuls REOARYAIdS Corrﬁrélﬂrsoho&ll‘l] wher e
sai d al kyl’, al kenyl, al kynyl, carbocyclyl, heterocyclyl

het er oaqrgdlrugsathere@ptfqrrrawb\ys oliths tSuguitiaehoion rreondisnrasab (t’gﬁ?%ﬁ ﬁshem ReV
I ndepengently, 35! 66489 A (AYo5s. Organomet. Chem. 576:147-168; Suzuki, A. in Metal-

Catalyzed Cross-Coupling Reactions, Diederich, F., Stang, P.J., Eds., VCH, Weinheim, DE
(1998), pp 49-97. The palladium catalyst may be any that is typically used for Suzuki-type
cross-couplings, such as PdCl,(PPhs),, Pd(PPhs)s, Pd(OAc),, PACl,(dppf)-DCM,
Pd,(dba)s/Pt-Bu); (Owens et al (2003) Bioorganic & Med. Chem. Letters 13:4143-4145;
Molander et al (2002) Organic Letters 4(11):1867-1870; US 6448433).
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d, Br, I, ON, CF3, -NO 2, oxo, RI0 , -G(=Y)R 10 , -C(=Y)OR 10 , -Q&EY)NR

10R11 , - (CRL4RL5)nNRLORp , -(CR 14RL15)nOR10 , -NR 10RL1 , -NR 12C(=Y)RL0
., -NR 12Q%®ROR/Ms®S - NRI2Q=Y)NR 10Rl 1, - (CR 14RI5VNR PRSTBRUO/02696NR12 |
OR10 , -OQ=Y)R 10 , -OQ=Y)OR 10, - OQ=Y)NR 10R11, -0S(O 2(OR10),

-OP(=Y) (OR 10)(CRp CP(%B %_% SR 10, - S(ORI0O, -S(O 2R10 ,
-S(O 2NR10RIAr, ISO)(GS Ry)NH. S(O)R -SQ=Y)R 10 , - SQ=Y)OR 10 ,
-SQ=Y) NR 10R1 1 G 2 arkyt C2- C8 al kerry!" C2- C8 al kynyl, C3-G 2
car bocyclyl, C2- O heterobgssl yl, C6- C20 aryl61 and C -C 20 het er oaryl ;
[00115] Yis O S, or NR12 ; [00116] mis 0, 1, 2, 3, 4, 5 or 6; and
[00117] nis i , 2, 3, 4, 5 or 6. [00118] Exenplary enbodi nents of Fornmul a
| conpounds includg wherein RL is - (CRL14R15) mM\R1ORp ere mis 1, and R10
and R11 together EA;E the nitrogen to which they arg attached form an
optionally substi d C3- C2Cheterocyclic ring. Th - C20 heterocyclic

ring may be piperazinyl, optlog%:Iy substltuted W th gne or nore groups
sel ected | TOYN : CF3, F R§pR10 S NR 10 , NRI12Q=Y)R 11
 NR12S(0) 2R1AN KNR 10RLL,—anmd™Ci - o 2 al kyT. 194 Exenpl ary

enbodi ments of for & conmpounds i nclude whereipz Rl i s ot H. [00120]
Exenpl ary enbogl rrents %fz Formula | conpounds include wheggin Ris H CH3, C
- Cl carbocyclyl, Cheterocyclyl, C - CCaryl, or Cl- COnheteroaryl.
The Cl-_ C2oheter oaryl may be a nonocyclic heteroaryl group selected from

2- pyri cﬁﬂh?—msipyri dyl, Apyridyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl,
2-im dazolg/l , 4-imdazolyl, 3- pyrazol K yrazol yl, 2- pyrrol yl,

3- pyrr d0§137] 2- th|S§b©III19I5 shetwsg hlgalmalyhet @f%lt@WWeSIS@f pWh@a(zll Wlllch can

Apyr | d%zel u%}!(& tozpreﬁ %Prf} ,Q‘ééﬂ ’d8rlvam(frels {ﬂ” ou’ndso F? yf’%o?a%:}lr éafn nes §¥¥H|1a? d' nyI

2- pyraziny xazol Xaz

2-t hi emytéparét IB}hte@dS‘tde, of Prdar cbhyﬁude 50 Wit @Zzﬁhmb of et fotriala <1?\I1 YNH
1-tetrazolyl, and 2-tetrazolyl. [00121] Exenplary enbodi ments of F(prrml a l
corrpour(&’éleieﬁbRu&@d\ﬁﬂe?@llﬁdeﬂ?sn¢eéltliﬁeléﬁi@ &9y Hnalkylnanyl gnd hqtergaryhjor Betrish ar y

embodi rggm tt(?geﬁfer G2 ﬁtﬂog&%%ﬁi@ﬁ %he%y%?é é{%%hm%'arhe%?foéﬁh@ ring) in the

presence of an appropriate base (Cs,COs or the like). For reviews of alkynyl amines and

related syntheses see Booker-Milburn, K.1., Comprehensive Organic Functional Group
Transformations (1995), 2:1039-1074; and Viehe, H.G., (1967) Angew. Chem., Int. Ed. Eng,,
6(9):767-778. Alkynes 61 may subsequently be reacted with intermediates 62 (X = bromo
or iodo) via Sonogashira coupling, to provide compounds 63, wherein R* and R* are as

defined for Formula I compounds, or precursors or prodrugs thereto.

Cl RR"N
- R10R11NH o
A B
R™ 64 CuCl, base R 65
) )
N N
s A 65 RORUN . s SN
X —
N\ N/)\Rs > R14 k15 N\ N/)\R3
2
R? R
62 66
Scheme 6

[00138] Scheme 6 shows a general method for the synthesis of alkynes 65, which can

38



bi cyclic heteroaryl group selected froml Hindazole, |Hindole,

i ndolin-2-one, I-(indolin-lyl) ethanone, |H benzo[d][Il,2,3]triazole,
| H pyr azowo[28104t0bjopyr i di ne, | H pyrazol o[ 3, 4- d] pyri m di R€T/US2010/026903
| B benzo[ d] i m dazol e, | H benzo[d]i m dazol -2(3H)-one, |H pyrazolof3, 4-

H dine, 3H di
Dy e o b kT SRt P epsmneind 6 ~Obme AR bEUDRGENTE i ne.
5H-pyr rlialS62me) BY bl ASing A HRsd R WY 'Z@ra%@gﬂt 0 gﬁmwu\m&d M.,

qui nazol i ne, quinoxal i ne, isoquinoline, isoquing one
3, 4- di HydR&3Bs baeairdiok ﬁmstf(ezrm)é @Gm -diglkgl dﬂ@ly(th'@h(dﬁ nahd R zh(ret mémé?nﬂy

o e b, iy [ a8 RS b endtha G op JoinCSRRG bt ROR ey

enbodi nambidR ' FadRi! @elln@épammasi%elba@a adeh Mgkl fryRand Ictdrbhiydaz @' ardt v -
[00124] An exenplary Fornmula | conpound is named as
4-(2-( |H,]|_ tqggﬁ@()]w_ltl; tgq yitrgge to-which they are attached form a heterocyclic ring) in the

(et oy 3 g LTS 5 0318, AT Qb o gl 1

2008/ 0QX1& V6865 chinsied I@S@éﬁ W[’th lﬁﬁblk@ﬁile&és 62 (vi2Ssidpashardrcooplid o plﬁhﬁm

51(18):5522-5532;, Belvin , American Association for Cancer Research
Annual %@Pm& %@@ereygBh a%& PfefS defapsd tor Eornudhp b compppunds, s reguIso Rty i can
Associ gpncer Research Annual Meeting 2008, 99th: April 14,

Abstr act LB—14 Friedman et al, American Association for Cancer Resear ch
Annual Meeting 008 99th: April 14, Abstract, gﬁ 1 10; and has Fornul a
|'a: [ 00125] Anot hel\ exenpl ary ForRBRENH conﬁbdﬁ naned as
(S)-1-(4-((2-(2rn 14
aninopyrinidin-5-yt057-qﬁthyl-4-m§ﬁphol|nothieno[SRZid]%grln1din-6-y|)nethy
| ) pi perazinl - yl)-2-hydroxypropan-1-one; disclosed and ainmed in US

2008/ 0242665; and has Fornula Ib: [00126] PREPARATI ON OF FORMULA |
COMPOUNDS [00127] The Fornmula | conpounds nmay be synthesized by synthetic
routes that includ rocesses anal ogous to those melgiQ own in the chem cal

arts. Starting matlerifal s are generally avail able from comrerci al sources
such as Al drich Chegrcals (M kpaukee W) or are readrNy prepared using

met hods wel | kn those sKi'lled ifothg art (e.g repared by nethods
general ly d6§21é§¥kij1 Louis F. Fi esé? 3 ﬁ_E%L¢EEH%;§féjEEagents for

Organi c R" R15 N™ "R3
R2
69
Scheme 7
[00139] Scheme 7 shows a general scheme for the synthesis of alkynes 68, which can

be used to prepare alkynylated derivatives of compounds 69. But-3-yn-1-amines 68 (wherein
R'*and R" are independently H, alkyl, aryl, heteroaryl, or R'* and R'* together with the
carbon atom to which they are attached form a carbocyclic or heterocyclic ring) can be
prepared from reaction of alkynes 67 (LG = tosylate or other leaving group) with an amine of
the formula R"R'"NH (wherein R' and R" are independently selected from H, alkyl, aryl
and heteroaryl, or R'” and R"' together with the nitrogen to which they are attached form a
heterocyclic ring) using the protocol described by Olomucki M. et al (1960) Ann. Chim.
5:845. Alkynes 68 can subsequently be reacted with intermediates 62 via Sonogashira
coupling, according to the descriptions provided for Schemes 5 and 6 to provide compounds
69, respectively, wherein R? and R are as defined for Formula I compounds, or precursors or

prodrugs thereto.
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Synthesis, v. 1-19, Wley, N Y. (1967-1999 ed.), or Beil steins Handbuch der
organi schen Chem e, 4, Aufl. ed. Springer-Verlag, Berlin, including

suppl emrerw® 20a/®sooavai | abl e via the Beil stein online darabase)10/0ped0i28]
Forrmul a | conpounds may be prepared using procedures to prepare other

t hi oph nd pyrinidines. (US 6608053, US §492383. UUS 6232320; US 6187777;
us 3763@@%‘,0?US 36‘%@8%@“%”% gorspta %éa%G??) @OPM%%@B%F%B%‘B@ ofB 1393161:
VO 93/ 31 OB BRI HEUIRE oK EhASNal WhiRuAY CrARSALiREStobs cGaPRIAnensi ve

Het erocyclic Chem stry, Editors Katritzky and Rees, Perganon Press, 1984.
[00129pﬁﬁcngﬂwahmnmmnpmdmdyfﬁaynweI@@dﬂ@ﬁﬁe@ovmWﬁhaSphdﬂﬂanéuta@awbk

accept a L alt, and a salt nmay be converted into the free base conpound,
by conv@htfbnal net hods. Formul a | conpounds nmay be therapeutically

effectijggrag a frigend@deesorf & idvdliah ARESiHIGBOVY batheBPh@AMatios 8lep and
dependi ng on the desired Eropertles such as solubility, dissolution,

hygr os dbpPé-mirsliatedecrogmepuphiag fap bikicméace @gdermamt@galwnélﬁanw&@é pelladinmy
accept acta FysP ﬁlagh%e aﬁg k@?‘r’s@@c%llfyo%éeh B F@p% ﬁrao%é 9&33(: g? saa% fydrochl ori c

aci d, drooré I'C aci rrc acid and
phosp hdrd(nz(BBhgd;,, Tasdedacpgnigentds typscaiy cal’n)oaﬁlydﬁtiéq anesad NaBiH O Ak, NaBH,4 or
benzenesul phonic acid, formc acid, acetic acid, trifluoroacetic acid,
propioﬂﬁ%jggﬂé, oxalic acid, malonic acid, succinic acid, fumaric acid,
mal eic acid, lactic acid, malic acid, tartaric acid, citric acid,

et haned@02hi ¢ ac¢HEMASHAERALERDIY ApNgPut ami ¢ acid. The salt may be a

nesyla hydr . a sulfate.
Salts 0L§% nnngﬁggﬁ{gggyn%?g UEPPQ%S%%‘wggg%gﬁgﬁ&i%%&%%§§%%&e salt may be
t he n‘DI’t@rek@@}ﬁd%ir&p@ﬁestlheoﬁbﬁramWlt&itfeyrthQ]cBﬁ]pOEﬁXIsl‘mhlﬂlibitiﬁgl@’akhllﬁlds and
salts may al so exi st as hydrates or solvates [00131] Protection of

funct i dﬁ‘alll CHionpR vViFe. 3d,in psw.Orréfuy Bhea PP ARG aa?ﬁtﬁélf e: dpBeHBigt es may
be necefsdinp Al QoREhdf, O cﬁ&ﬁ%”hﬁlx %28512,}%{’1“ &ﬂnio% rﬁé‘lgﬂ%}% otection
will vary depénding on’the nature of th |onalliy t'he
cond|tHam&@oﬁumhbom@mpabaﬁpmmmnmuMddgmn$uwtabIe anlno protectlng groups
i ncl ud i fl uqgroacetyl, tbutox benz xycarbonyl
( CBz) iﬂ@fﬁi fl uorlé: RYIch 8 BRIFELEIHE C@F‘ﬁf%r)mé %Tgkoﬁé’e‘ﬁl “such
pr ot ectihAmndtdrE &t in&’mﬁiﬁsﬁﬁﬁ%@ﬁﬁit é%)iv@;{[ﬂ enSdticblogd, de'%aﬁn@ﬁa%nte s E Qkn & gener al
description of protecting groups and their us€, see T.W G eéne, Protective
Gr oups dancer patients undergoing chemotherapy, to counteract certain side-effects of their antitumor
treatment. Dexamethasone can augment the antiemetic effect of 5-HT3 receptor antagonists
like ondansetron. Dexamethasone is also used in certain hematological malignancies,
especially in the treatment of multiple myeloma, in which dexamethasone is given alone or
together with thalidomide (thal-dex) or a combination of Adriamycin (doxorubicin) and
vincristine (VAD). In brain tumours (primary or metastatic), dexamethasone is used to
counteract the development of edema, which could eventually compress other brain
structures. Dexamethasone is named as (8S5,9R,108,115,135,14S,16R,17R)-9-fluoro-11,17-
dihydroxy-17- (2-hydroxyacetyl)-10,13,16-trimethyl- 6,7,8,11,12,14,15,16-
octahydrocyclopenta[a]phenanthren- 3-one (CAS Reg. No. 50-02-2) and has the structure:

[00145] thioTEPA (tespa, thiophosphoamide, tespamin, tspa, tifosyl, THIOPLEX®) is
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Organi ¢ Synthesis, John Wley & Sons, New York, 1991. [00132] For
illustrative purposes, Schenes 1-7 show general nethods for preparing the
conpoundswof2oto@s@sesent i nvention as well as key inter reditst@s/024%03 a nore
detail ed description of the individual reaction steps, see the Exanples
section belgw. Those skilled in the art wl| preci ate that ot

synt heﬁnﬁlfyg%ﬂ%schﬁﬁv SEARGREGR B WAL B Ak SRy BHETAD S R SO %E%dder

Al t houghnsReMahh&h &Taﬁ(zfot)opcm%ﬁﬂe%{ ReRGl45.2802R! @S@%@Oﬁ@@' aligflsb NsddNR
Schenes and di scussed bel'ow, other starting materials and reagents can be
easily c@ud@bnmgtfeldocmrmrmwden&plan&muoeﬂ]hloTEﬂém; vané¢d/esNANFor reaction
condi ti an; In,a on of .t nds repar y the nethods
descri BE§ %Blgfl%t\l)}}ocp ﬂSpbgr%HaWéP hl?l% quwng m8’f° lh?sl di scl osure using
COnventph@ﬂﬂior&HEMtﬁ&zﬁMdM@KCAB'KBQ”NBOSZ Dw?a&khdshﬁ@sthfbtﬁrbe art. Schene 1
[00133] Scheme 1 shows a general nethod for preparation of the

t hi enopyri m di nt er medi ates 53 from 2-carboxyester, 3-am no thiophene
reagents 51, whegein Hal is A, Br, or I; and Rl, R2, and R10 are as
defined for Fornyla I onpounds, or precursors or prodrugs thereto. Schene
2 [00134] Scherep 2. a general nethod for selectively displacing a
4-halide from bi -haI t hi enopyrim dine internedi ates 54 with norpholine
under basic condytions in an organi c solvent to prepare 2-halo,

4- or phol i no th'ﬁeBopyri m di ne conpounds 55, wherein Hal is O, Br, or I;
and Rl and R2 s defined for Formula I corrpounds or precursors or
prodrugg ret 0. pANBRIA bq#i; r
deri vagl z%n t he 6 positi gn ﬁt ﬁ@@eﬁﬁd ;}ﬁ :P%I(;lﬁ)l - ?%)ngﬁﬁﬂa%tlflg

t hi enopirng widblyesedomrplematierapy wher the RO60ss IHis aiiraa&iraayghﬁﬁambtd"tlcaanldl thiating

r eagent r ve the 6 positio r n, | 1o ad an a ting
eagen e Bytstsgidp dourin. raud e gstiireS iR aborinb 6 Rpaibebe:

car boxylsad ﬁrth@’ﬁ@htﬁ{elﬁﬂ)%m%’raﬂgevcﬁ%aﬁ’ce?@ E@x&uWnHE'ﬁéﬂl&Pas (I@S%X"J 10-(4-

t hi enopyri m di ne conpounds 57, wherein Hal is , Br, and R and R are

as def |md0+5drydﬁuqyﬁ@rhwthylit@mbadm®d§1 pyranpd- Ebmy)eé,ﬁslldnhwroayﬁg@ thereto. An
ex arrpl {Orl?vﬁ%e %Tg %fémt)%k,g%af& te?ra O({rg%lracenrergollin&iloné %&RS Rel_gb Nlo 23214-

N, N -
92 8) and has the structure:

OH

0
0O OH :\ /
~mOH

O
O
O
I
O

- WOH

NH,

[00147] Vincristine (22-Oxovincaleukoblastine; leurocristine, VCR, LCR sulfate form:
Vincristine sulfate, Kyocristine, ONCOVIN® (Lilly), Vincosid, Vincrex), is a vinca alkaloid
from the Madagascar periwinkle Catharanthus roseus, formerly Vinca rosea (Johnson et al
(1963) Cancer Res. 23:1390-1427; Neuss et al (1964) J. Am. Chem. Soc. 86:1440). Along
with semisynthetic derivatives, vindesine and vinorelbine (NAVELBINE®, vincristine
inhibits mitosis in metaphase by binding to tubulin and preventing the cell from making
spindles necessary to move chromosomes as the cell divides. Vincristine is a chemotherapy
drug that is given as a treatment for some types of cancer including leukemia, lymphoma,
breast and lung cancer. Vincristine (leurocristine, VCR) is most effective in treating

childhood leukemias and non-Hodgkin’s lymphomas, where vinblastine (vincaleukoblastine,
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Schene 4 [00136] Schenme 4 shows a general nethod for Suzuki-type coupling
of a 2-halo pyrimdine internediates 58 with a nonocyclic heteroaryl, fused
bi cycl i ¢ wetercnoy®Byl or fused bicyclic heteroaryl bororartasSaciod2(RL5 = H)
or ester (R15 = alkyl) reagent to prepare the 2-substituted (Hy),

4rmrp no th 0 di he,. conpqunds 59 or rein Hal is d,
of LBLS b SaRgY o N austRat Bt war Ehsainber Storpp it o

precurssgql&uper prodrugs thereto. For reviews of the Suzuki reaction, see:

M yaura et al. (1995) Chem Rev. 95:2457-2483; Suzuki, A (1999) J .

Organonet. Chem 576: 147- 168p°Suzuki, A in Metal- Catalyzed Cross-Coupling

Reactions, Diederic g P.J., Eds., VCH Winheim DE (1998), pp

49-97. The palladiu ca{aly t may be any that is typically used for

Suzuki -t ype

PdC 2( dppf) - Pd2(|pdba) 3/ Pt-Bu) 3 (Onens et al (2003) Bi oorganlc & Med.

Chem Letter X 3

1):1867-1870;

Schenme 5 [00137] Sehe ]

al kynes 61, which can ﬁsed kyfyl at ed derivatives of

conmpounds 63. Propargylic an 5 R epared by reaction of

propar gyl bromi de 60 witfi&h ani ne de Illlfﬁ | a RIOR11NH (wherein R10 and

R11 are independently sel ected fromC o HU ky dryl and heteroaryl, or R10

and R11 together with the nitrogen t0 which they are attached forma

het er oq96148¢ ri ngaltdmhlb]eRImIHs&N@e GehertechdBippopideat MABEEER 882 Roshqr t he

| i ke). For reviews of éwéam nes and rel ated synt heses see

Booker -REPHIHHR®: KAS, Regd}%?pll Asi lvB 1R garsticalpaingshud chamstin

T f G
I et QB 3RS op R MG R paben KSRORATERL, Che

i nter nmﬂ'tihd)ctsscdﬁlzd( X2B8" blrld&ﬁ7bﬁfl37odht)uxune_d> 1ISombepashior dledmaphem@f pstenpy ovi de
g?g{gglrj 2 garp %4: gr(r)rlnee %tmfy g?vegaac?er oer f%ﬁic%ﬁlfr,l 8690-];)8sritive llaNh %lnr{a 7 Of
binds to cell surface CD-20 and results in B-cell depletion (Cartron et al (2002) Blood 99:
754-758; Idusogie et al (2000) J. Immunol. 164: 4178-4184; Grillo-Lopez AJ, et al (1999)

Semin Oncol; 26:66-73; US 5736137). RITUXAN (US 5677180; US 5736137) is the most

widely used monoclonal antibody in hematopoietic malignancies and is established in
widespread clinical practice. RITUXAN first received FDA approval in 1997 for the
treatment of relapsed or refractory, low-grade or follicular, CD20-positive, B-cell non-
Hodgkin's lymphoma (NHL). It was also approved in the European Union under the trade
name MabThera® in June 1998. In February 2006, RITUXAN also received FDA approval
in combination with methotrexate to reduce signs and symptoms in adult patients with
moderately-to-severely-active rheumatoid arthritis who have had an inadequate response to
one or more TNF antagonist therapies. The amino acid sequence of rituximab antibody (also
designated C2B8) and exemplary methods for its production via recombinant expression in
Chinese Hamster Ovary (CHO) cells are disclosed in US Patent No. 5736137.

[00149] Cyclophosphamide (Cytoxan, Neosar, Revimmune, cyclophosphane, B-518,
Cycloblastin, Cyclostin, Endoxan, Procytox, Sendoxan, cytophosphane) is a nitrogen mustard
alkylating agent, from the oxazophorines group used to treat various types of cancer and
some autoimmune disorders ("A Review of Cyclophosphamide”, D.L. Hill (1975) Charles C.
Thomas, Springfield, 340pp; IARC Monographs (1975) 9:135-156; Fraiser et al (1991) Drugs
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C . RIORLIIN\ _ , , RIORLINH\ R RT 64 CuCl , base R RT g5 Schene 6
[00138] Schene 6 shows a general nethod for the synthesis of al kynes 65,
whi ch carwe 20885408 prepare al kynyl ated derivatives of eoFEsSa10926063

Gem di al kyl propargyl ic amines 65 may be prepared usi ng nmet hods descri bed

by Zara 20 47: 2833, _A ing to Schene 6,
ggm di a‘&k‘éﬁ ngr?l’ ‘é%(g’EI/‘III?IL%%/ﬁ:&I“RgQ W&eqtnla%%%‘haéﬁ%%& hethyl , ethyl or

ot her %Mdfhgﬁﬁfdﬁhd&ﬁré P68 6 RekcWirt the R AR a!&ﬁv@forﬁ@%aft qryl a R1IOR1 1NH
(whereinm RIO and R11 are independently selected fromH, alkyl, aryl and

het er oahyinpthgrapRatic zotictitRl The oget irerof wiy¢lhphdsphamide @ﬂgegethcr with othet hey are
attache mn.a het er oc C i in.the pres

2ppr oprigPaILDy M ARG R riRby ey ShPS Ve e iy ABe a8Re ol kyne 65

can be soRaelBsks\(Bhdhafelttcd ANRID AL @cb21 i B: BoNogashick N g@gej Caxger t 0o provide
conpounds 66, wherein R and R are as defi ned for Fornu conpounds, or

precur s6(®):R—pk désugdicnethesany. drag Hemworks[booiagpg st peping celheiwsvth agner al

h I b d
21 Ky nylriegt g8 B AORLR P e B COR, Oartbl FOSEL 10 Lo hes 68 (wher ein R4

and R10er39]i ndep@ymtgmbhphahhldemskmhwdas MN—btsel-ellileﬁfeﬂiyl) bB,2R14 and R15
together with the carbon atomto attached faorm a carbocyclic

or het EP8E3RIPHRNIRANTF MNP~ %d?)riwablé(a qh %ﬁ?th@éfetralafﬁr%ﬂHaI Rynes 67 (LG =
I I f f I R10R11NH
t osy ato%a%gp egadhghn 1 2ANIMG -GEiaun) %Mg 1&§e@gﬁg{llgg9f1r E(;Jzng?% agé ?Iiy?

(wherein R11 are independe e aryl and
het er oanxyphosphOIRﬂlﬁ) namdhRikates lmg(étdiﬁmrowhylj mlb@hlanmdmcgehc pmpatmlaﬂmdemeger ar e

attached groc ri n using .t he protoc scrib A omnucki
v ot it Soaypetirmhiorerii N hg PV g aicss et et teireihe b et ec
With i %ﬁﬁﬁ@@h&%&m\ll@oﬁ@ﬂ&ﬁ@sﬁhb E@J&ﬁ&‘ép' ing, according to the

descri ptions provided for Schenes and to provide conpounds

//N
\/\

[00151] Prednisone (Meticorten, Sterapred, Sterapred DS, retrocortine, Colisone,
Cortancyl, Dacortin, Decortin, Deltacortene, Deltacortone, Deltasone, Deltison, Di-Adreson,
Encorton, Hostacortin, Meticorten, Orasone, Rectodelt, Sone, or Ultracorten) is a synthetic
corticosteroid drug (US 2897216; US 2837464; US 3134718; US 2579479). Prednisone is a
prodrug converted in the liver into prednisolone (CAS Reg. No. 50-24-8), an 11-hydroxyl
analog, and has a mainly glucocorticoid effect. Prednisone may be administered orally or by
injection. Prednisone is particularly effective as an immunosuppressant and is used to treat
autoimmune diseases, inflammatory diseases (such as severe asthma, allergies, poison ivy,
dermatitis, lupus, rheumatoid arthritis, and Crohn's disease, and to prevent and treat rejection
in organ transplantation. Prednisone is used to treat cancer, including acute lymphoblastic
leukemia, Non-Hodgkin's lymphomas, and multiple myeloma. Prednisone is named as 17-
hydroxy-17-(2-hydroxyacetyl)-10,13-dimethyl- 7,8,9,10,12,13,14,15,16,17-decahydro-6H-
cyclopenta[a]phenanthrene-3,11-dione; or 17,21-dihydroxypregna-1,4-diene-3,11,20-trione;
1,4-pregnadiene-17alpha,21-diol-3,11,20-trione; (CAS number 53-03-2), and has the

structure:
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69, respectively, wherein R and R are as defined for Fornula | conpounds,
or precursors or prodrugs thereto.[00140] A pharmaceutically acceptable
salt of awOhosmoppsi m di ne conpound of Formula | nay bePprasarien2a8s ng
conventional techniques. Typically the process conprises treating the

t hi enopyri mdine of Formula | as defined above with a suitable acid in a
suitabl e solvent. [00141] In tBe process of the invention as defined above,
both the amination step aRdi®hg Pdyrpdi at ed cross-coupling step take place
under conventional &agdit k€ pal | adi um catal yst may be any that is
typically used for & cross-couplings, such as Pdd (PPhS) . The
reduci ng agent i 2 &2 bor ohydride, such as NaBH(O Ac) 3, NaBH or
NaCNBH 4. [00142 HERAPEUTI C AGENTS [ 00143] Certai n chenot herapeutic
agents have deps surprising and unexpected properties in

conbi nati on w'th | compounds in inhibiting cellular proliferation
invitro and in vivo, Such chenotherapeutic agents include: dexanethasone,

t hi oTERR01Rdx or ubYlelphalay (Ixphenstlalgrane musiged: glapincdyEogspashiank #&M;

r edni I 2, i i it } cip:and cytarabi ne.
T D R L o g
i nf | anBaraiciorands 4 ninopasmppaeisdiayibtirmpcidgent type of cheantiadrggytic B 80%23%dsone i s

iven t cer tj ent s .under goi ng chenot her , 1o counteract certain
Si de- ef@%@@@é)-f RelrRalan s vierormerBaren @E&ﬁg@?lﬁa@o%ﬂ@aﬁaw@ﬁ% t the
ant i emghiignghd ﬁ%tRcoMoﬁb gﬁlipﬁse(q 995 1 @0t %E ‘Fﬂh%rf ot él'( Ki%()‘? @%ﬁé&qtréélnRep.

Dexanet hasone I's al so used in certain henatol ogi cal malignancies,
especi &4:36% 174 hddphadanme nemod an2ramiingl- &-[ 4d/e@b@raorpethyharoinothdeayhpt hasone i s

gi ven al one or tg h ith thalidgm d al.- dex conbi nati on of
Aar s ampepRp Gt AT ettt Rt -AEero g B Pef G RBU D& B ey
or net gHeaylbkhine EXSTRIHBBOMR-§ 53y gRIhdsahs qHRh@Eact the devel opment  of
edema, which could eventually conpress other brain structures.

Dexamet hasone i s named as (8;,?&105,1 15, 135, 145,16 , 17 )-9-fluoro-1 1,17-

di hydr oxy-17- (2-hydroxyacetyl))-10,13,16-trinmethyl- 6,7,8,1 1,12, 14, 15, 16-

oct ahydr ocycl opent a[ a] phenanfhren- 3-one (CAS Reg. No. 50-02-2) and has the
structure: N
NH. ~"c

HO

O
[00153] Lenalidomide (REVLIMID®, CC5013, Revimid, Celgene Inc.) is a derivative
of thalidomide and introduced in 2004 (US 5635517, US 6281230) to treat both inflammatory
disorders and cancers. There are multiple mechanisms of action, including a direct anti-tumor
effect, inhibition of the microenvironment support for tumor cells, and an immunomodulatory
role. In vitro, lenalidomide induces tumor cell apoptosis directly and indirectly by inhibition
of bone marrow stromal cell support, by anti-angiogenic and anti-osteoclastogenic effects,
and by immunomodulatory activity. Lenalidomide was initially intended as a treatment for
multiple myeloma, for which thalidomide is an accepted therapeutic modality, but has also
shown efficacy in the class of hematological disorders known as myelodysplastic syndromes
(Richardson et al (2002) Blood 100:3063; Bartlett et al (2004) Nature Rev. 4:314-322;
Mitsiades et al (2004) Curr. Opin. Invest. Drugs 5:635-647; Armoiry et al. (2008) J of Clin
Pharmacy & Therapeutics 33:219-226; List et al (2005) N. Engl. Jour. Med. 352:549-57).
Lenalidomide is named as 3-(4-amino-1-oxoisoindolin-2-yl)piperidine-2,6-dione; 3-(4-

amino-1,3-dihydro-1-oxo-2H-isoindol-2-yl)-2,6-piperidinedione; 1-0x0-2-(2,6-
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[ 00145] thi oTEPA (tespa, thiophosphoam de, tespam n, tspa, tifosyl,

THI OPLEX(r)) isan al kyl ati ng chenot herapeutic agent used to treat breast
cancer, owvarosmos@acer, and bl adder cancer (Maanen et alPCTAGRAY/OLANEer
Treat Rev 26(4):257-68; US 2670347). It is also used as conditioning for

bone ma.row.tr nspl ation T EPA .S, n d [ -

11 ot hy QAT GBG3 Db A T ISBE B KR, D91 1y ART P94 PR augiue) T 7
phosphor ot hi oWH,r i azi bl di n%R( CAS Reg. No. 52-24-4) and has the structure: N
N I [00146] Doior ub| (of | AMYCI N(r), hydroxyl daunorubicin) is a

DNA- i nt er act ¢ ) used in chenot herapy since the 1960s. It is an
ant hracycl i ng Ostructurally related to daunomycin, which al so
i ntercal at es DKA. oxor cinis commonly used in the treatnment of a wi de
range of cancers. Doxor ubi cinis named as (85,105)-1 0-(4-

ilm ? ?l ﬁg@f@ioxy 6Bzortezo brﬂ]ygé %4% %E&A%%é Ié//hlf)en}/lkm Sharrn ) is a boronic

hydr oxya%ﬁﬁsrks{ehsdmérﬁh{b%yaﬁpr&e% ihGhd €8 rf@m&rna%%l c&RAitpld drydiciand( CAS Reg.
No. 23214-" 92-8) and has the structure: |ncr|st|ne

(22- OxovinilcaicB ljophanst. (W) 96/d g2 U Ssﬂ&@é54 \1@608_3@&3 sUp0ap'e ot

e ViR Bl brd oy SO o L Ehe BRSO r oseus,
fornmer |Bbrt\{kdlﬁﬁ Hif&ade Cat@RNs Gife Stthalos pRAGkokanG@IhiResfinA3 add Hcifbd): Neuss
et al (1964) J . Am Chem Soc. 86:1440). Along with sem synthetic

der i vatlnyesnahgchedbg pretoapring fogslagds irefein(oxprzsHien NI fpctien bicfeesadatien oAhi bi t s

M LOSi §f n@‘@lé’f’t@ﬁ' GeiRY, Rl ?ﬂb @%attis%s% DT Bﬁbqnﬁf {Ltfélp?d ]%)Jﬂ?elﬁ;e” from

nmeki ng sp es n essary to nove chromosones as e ce

Vi ncr i gAidams bﬁale(zmmmhbﬁrlﬁmst m(agmmau Ben@nw(enoasLmﬁehﬁatm(amB%@n)sorre
types of cancer. including | eukem ma, hreast .and | ung cancer.

Vi ncri Stareopfiiamaeiee &4 [( 36) 3\Vm§1y1r1s({r4¥»&3-ahw&2r[W%HTZr eating chil dhood

| eukem
(vi ncal }gﬁi%gﬁ’a?sa ﬁ%}]dé[ﬂ%g %d}ll }zmtl}s{%n@mtg 1;03‘3{%:1_% éRL ? Ehi’cﬁ%t £ g(gg S PRIV st ne
(CAS n L(pjmaziHE -2-@2bokanhds)ptopenanidobutyl orofid @MS])r IR R ) 3-nmeltoy] { IRI[ASYANG 0,

%ngtzejsg{l P?i Ideeé‘ﬁ Ergmﬁwamégﬁeﬂhﬁag@%ﬁrﬁﬁcmg%ocl onal

anti bochy79g24 gg_tﬁgn@g@gt[]@gm;clﬂﬁe@ZO antigen. Rituximab is the
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[00155] Rapamycin (sirolimus, RAPAMUNE®) is an immunosuppressant drug used to

B(OH),

<

prevent rejection in organ transplantation, and is especially useful in kidney transplants.
Rapamycin is a macrolide antibiotic produced by the bacterium Streptomyces hygroscopicus
in a soil sample obtained from an island called Rapa Nui, better known as Easter Island
(Pritchard DI (2005). Drug Discovery Today 10 (10): 688—691). Rapamycin inhibits the
response to interleukin-2 (IL-2) and thereby blocks activation of T- and hematopoietics. The
mode of action of rapamycin is to bind the cytosolic protein FK-binding protein 12
(FKBP12). The rapamycin-FKBP12 complex inhibits the mammalian target of rapamycin
(mTOR) pathway through directly binding the mTOR Complex1 (mTORCI). mTOR is also
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anti body called "C2B8" in US 5736137. Rituxinmab is indicated for the
treatnent of patients with rel apsed or refractory | owgrade or follicular,
CD20- posiwoDweelo/Bs@el | NHL. Rituxi mab binds to cell surf&ce/uSEri1B026n3l
results in B-cell depletion (Cartron et al (2002) Blood 99: 754-758;

| dusogi e .e | ( J . l.munol , 164:. 417 4. Gl et a
(1999) oS5 FRORER B syt AS0galpAFEQSiY Or gﬁ%?&&wawgﬂs%*ﬁ% 4st5736137)
is the gy wnctﬁlabbgy?@& ARPOS h&we M8 RS K@Ch?@t\%?&%'v&oﬁﬁldsgnanc' es
and is establlshed in mndes read clinical practice first received
FDA apgRAR001i Not9gy), D@forollneu$ (/SRR IPE Bt MEF SG@L apiseMercky.eRamotysmyis | ow gr ade

R P Dt e AR B AL TN el il & S e R
June 19;9&) 14,03, Febr gany, 220866, 13, AR M, 34 5 Bexa86RhYEE-FDAIRRRIORYH-[ (1 R)-2-
conbi nation with nethotrexate to reduce signs and S%h nptons in adult

pat i entlélSR AR hbdedmxetymeboxeystobeyylhd tmetbylethelid: Di-dimethdxyi t i s who have

had an - F The
R e N AR e R e
exenpl ary,1nes IlQ@IQiSHBlHD@e@tbﬁd(CCAS RrRgVINA I38C388iMadiid tex pieessictune:i n Chi nese
Hanster Ovary (CHO cells are disclosed in US Patent No. 5736137. [00149]
Cycl ophospham de (Cyt oxan, Neosar, Revi mune, cycl ophosphane, B-518,

Cycl obl astin, Q/QJ, ostin, Endoxan Procyt ox, Sendoxan, cytophosphane) is a
ni trogen rrustgrd Iat| ng agent, fromthe oxazophorines group used to
treat variousiy cancer and sone autoi mune di sorders ("A Revi ew of
Cycl ophospham de" ) D. Hll (1975) Charles C. Thonas, Springfield, 340pp;
| ARC Monographs (197 9:A35 156; Fraiser et al (1991) Drugs42: 781-795;
Colvin, OrM (1999) % Phar maceut Desi gn 5:555-560). Cycl ophospham de
is a prodrug convert iny to active forns that have

chenot herapeutic jactivity i Th mai§ use of cycl ophospham de is together
with other chenot p 8ent§3| A% eat rent of |ynphomas, sone forms of
| eukem a, and sone solid tunors (Shanafelt et al (2007) Cancer 109(1 1):
2291-8; Brock % @ancer 78(3). It is a chenotherapy drug that
wor ks by sl ovvim oppi ng cell drowth and by decreasing the inmmune
system respo vari ous d| seases 0150] Cycl ophosphani de is named as

Lf, i V-bis(2- ch oro hyI - oxazaphgsphi nan- 2- am ne 2-oxide, L,
hyl etr hydrw\ /

-bis(2-ch|oroe
[00156] Cytarabine (cytosine arabinoside, Ara-C, CYTOSAR-U®, Upjohn) is used

or

wet’

primarily in the treatment of hematological malignancies, including acute myeloid leukemia
(AML) and NHL (US 3116282; Shen et al (1965) J. Org. Chem. 835); Capizzi, R.L. (1996)
Invest. New Drugs 14:249-256; Grant S. (1998) Adv. Cancer Res. 72:197-233). Cytarabine
is named as 4-amino-1-((2R,35,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)tetrahydrofuran-2-
yl)pyrimidin-2(1H)-one; 4-amino-1-beta-D-arabinofuranosyl-2(1H)-pyrimidinone; 1-beta-D-
arabinofuranosylcytosine; (CAS Reg. No. 147-94-4) and has the structure:

NH,
8!
N
HO O N\(
hog
N

HO OH

-

[00157] CHOP is an acronym for a chemotherapy regimen used in the treatment of

non-Hodgkin lymphoma comprising cyclophosphamide, doxorubicin, vincristine, and
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oxazaphosphori n- 2- am ne- 2- oxi de; |-bi s(2-chl oroethyl)am no-I|-oxo-2-aza-5-
oxaphosphori di n nonohydrate; bis(2-chloroethyl)-phospham de cyclic

pr opanol awDael0ews@8; or N, N- bi s(bet a-chl oroet hyl)-N , O pcosc@ndpivosphori c
acid ester dianmde, including hydrate forms (CAS nunber 50-18-0), and has

the structure: [0015 ni so d,. S red DS,
r et r ocAFE{IHRONC/ frqnga#]éle B rfﬁe(}@ oSN Enel Lﬁﬁééié(ﬁf‘?w?n@ 1 Qﬁ@i’oléne

Del t ac QiohRfhl dy RehiA3Q08 in BRIdsI0TANvecks - AdLRSh tréﬁﬁeﬁttr@@memﬁo%premtr@
Meti corten, asone, Rectodelt, Sone, or Utracorten) is a synthetic

corti cc&s’ﬂ@sm d drug (US 2897216 US 2837464; US 3134718; US 2579479).
Predni sone is a prodrug converted in the liver into prednisol one (CAS Reg.

No. 50- [aéls%ém sonebr%awy(g{)@&ﬁlgm X S@QIO nd has a nai nl y _gI uc_ocorti coid

effect. ered orally or by injection. Prednisone

i s partjoelsoqr |y efdredt Foenas] adinpdnﬁumbﬁlumpwﬁ@al@tto amﬁkmseu&ﬁdrrh@aﬂdr eat
aut oi nmune di seases, i nflamm severe ast

al | er gitBibitieq rrghferafipn af éymet Qeﬂlﬁ éUS I299$f9207r6§éu§4§t289§(09ﬁ4ﬁ91 USS and Crohn's
di seas %OO@)@@%%S‘OQ‘%;’%%/OW?ﬁg £RL20081024 6%” US”Z(WSQJ%'@?ﬁ @ho b{ﬁl‘ﬂt ation.

Predni sone i's usé treat ‘cancer, inc ng acute astic | eukem a,
Non- Hodgkmplasy Fymnha)rra@mp@.nﬂis hm\l'etli’IﬁKebindaag acnavityRCedvil sariessitlsanneded. as 17-

hydr oxy- 17- ( acety 10, 13- d| 10,12, 13, 1 5
16, 17- de&#y ﬁ@a@r@@%? éfveé]lﬁlﬁéﬁ% éﬁ%tl%tyaﬁén gryRRles ﬁha&%é&M
- di hy driggdge] e9na-ceats cBifars th&%pe%gc t&thaB&tions of Formula I cornpounds and

|, 4- pregnadl ene- 17al pha, 21-di ol 1,20-trione; (CAS nunmber 53-03-2), and
has t hehsmpthetapeetid §@a6lesdvibep ihalteanwéﬂg-qsmw faliamitreactvgy aganstalimoi ne

| NSC- 8806; 30
AL KERA TR 1 e it oty Bt e 671 0P ssian S SO g thin
al kyl aty ﬁ%r&ﬁ@l@tanh)éﬂ&w Qing Fehef‘%éﬁtt 1%%%%&%r ﬁnﬁgg‘%%ﬁ‘%n mdRs U308 R) -

Mel phal an 1s used primaril treat nul i ple nyel oma, ovarian cancer and
mel ano naoc(dlsARB:dvnhogyalfﬂrmmalD&Er)p@mdﬁmai 0 usddup rent edisese pdd8adeCancer

T t. 9- 574 Mel ph d . . S

2" ndraMEARBATOsTe U By Ty RAehSY g%gﬁwl%g sipelsgaRyp o igogpbination

4-[ bi s(tRerapy %ﬁ%w{ }n@fe aﬁhrolmd%mﬁ& abd. ne; or

p-di (2-chl or oet hyl ) am no- 8 enyl al ani ne (CAS Re No. 148-82-3) and has the

st ruct UP@161] 00 153‘]411@@91&3 in, SeNBRQVBRMFD(nd)PI AcgivaRéwp i the rapipyene
Inc.) m de a introduced in HS AgLSJuShSGSSS 17,

US 62 8@%8&% {r)rlle;é}até;é%go %fﬁraﬂ ant %poy?oc%lc signaling I cancer ¢e
mutations in these genes might constltute companion diagnostic tests for targeted agents that
inhibit key nodes in these pathways, since the presence of a mutation may serve as a sign of
pathological activation and dependence on a given pathway in a particular tumor. The
mutation status for these genes, and others, in a large panel of cell lines of diverse tissues of
origin may yield a correlation with response to selective inhibitors of MEK and PI3 kinase.
In addition, mutation detection may be conducted on clinical samples consisting of small
amounts of heterogeneous fixed tumor tissues, which may be analyzed using allele specific
Taqman assays for the most prevalent substitutions in KRAS, NRAS, BRAF and PI3 kinase.
[00162] Figure 1 shows reduction of pharmacodynamic (PD) markers measured by
FACS flow cytometry with Formula la (GDC-0941) treated (right column) and untreated (left
column) cells, DoHH2 (lymphoma cells), WSU-DLCL2 (lymphoma cells), OPM2 (multiple
myeloma cells), and U266 (multiple myeloma cells). Example 18 provides a FACS protocol
for intracellular detection of phospho-AKT (p-Akt) and p-S6 ribosomal protein (p-S6RP)
post GDC-0941 treatment. Cells were treated in vitro with 5 uM GDC-0941 for 4 hrs. Three

of the cell lines showed evidence of PI3K pathway activation as evidenced by high levels of
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di sorders and cancers. There are nultiple mechani sns of action, including a
direct anti-tunor effect, inhibition of the m croenvironnent support for
tunmor celwe,20emi@s@8 | nrunonodul atory role. In vitro, | emrafriuserogesdihduces
tumor cell apoptosis directly and indirectly by inhibition of bone marrow

stromal support, by anti-a c and. anti - ost.eocl effects,
and byH%ﬁf b oy %1191\9?959 IsRBREN VA AT ATORES THITHS ﬂ?ﬁyﬁ%ﬁq Yekee! as
treat %&ﬁﬁbﬁs@ﬂbéw%@g NEh @@ﬁal 1£%trm&&nrsfafehl QS Iﬁh@%gﬁ?&ﬁlﬁ&hﬁ’d

t herapeutic nodalit has al so shown efficacy in the class of

hemat olasls traate@wgberé@é)%hbm awlishyed| e d¥dpdigst ed syinddoorebolifhicd paS@ddn et

al (2002) Bl.ood 100: 3063; tt et al ) 14- 322:

v ¢ o adtaB R ermoigis agirior e e Sardsieht BRihan etk B ecliilel 002 o
(2008) prrtgf re%dﬂglbﬁ’@ﬁﬁ mfﬁgysho?s m@[aaﬂaﬁléwrﬁsc&&caﬂz&y%@se datasﬁldﬁhteahat(ﬂi’@%) N.
Engl . d. 352:549- 57§3 Lenal i dom de i s naned

3- (4 a3l prtheyapissastipeted ﬂmﬂIQS%e}lﬁVRféraméTh?é@%—ﬂ%bh@ pq&cn(tanhlb}ﬁﬁrﬁ@ctmty
1, 3-di %d[gggl%p%%%ﬁmg &tncggg 2-yl)-2, 6- p| perl di nedi one;
i

1- oxo- oxopl per| ‘yI') - 4-am noi soi ndol i ne (CAS Reg. No.

191732- [W}(B)] and H‘igl&etzh;ﬁo@s Fedatticreof jHaghacbldyidonicRDdarKehdp-2KIT, PSSR, 1,
VELCADE(r) M I | enj um Pha roni ¢ acid proteasomnme inhibitor

iappr (ﬁvéh Bag, apfdn EﬁleQﬂH@?’e\éfﬁanLp@?aggw g UPpP as mpeiusdbyatldSmant 1 e cel I
317;
ynp 0?1}@% Igﬁi/e %gl?égetr gﬁoé\gﬁgﬂé%ﬁ st%ﬁ lﬁg@ﬁg%c Hgneg%%}%azn VM‘% \9@%3

671344 67471 7 11908 oron atomin ortezom b
bi nds tfd @aCd9H ifer Shise E&arnpleel 726&vigesod mmmfowdeﬂacﬁimgby Wlebtern blgttmad

ifi t | at [
andf uriter S By A8gPdaaty i Bl brnpiiae-2a retecnsst Sidl €5 ol eanses
the celg, &6m§QélPﬁH@s| Q1 Wepd Qézﬁi@cﬁas%&‘fc%ﬂ‘%nd (ﬁ%@&na@}zeé'b (WOQ4h Hiemasr
| nvest 2%(2) 304 1; Bonvini (2007). Leukem’a )" g 42). Bortezom b

i s namdsktadcfig bloﬁ)\n@ndr@tam ppproXifasy c@uab adyie- Ozf IYS(arﬁ,% ruazaqh Igne. Three of

1 (7o) T AR 0 B e of BB I AP i) B PR -ac o

or [(l @K@'aﬁ'&hmfd)uﬂ shbw (c@Aente @distal pathway activation as evidenced by high levels of
3- phenyl - (pyrazi nyl carbonyl ) am no] propyl am no] butyl ]-boronic acid (CAS

Reg. NcP'S@RZ siznalgn unireafedicallysSigpas Saryhgst T pobn-SSRPRepamgeifisalty r ol i nus,
CAPAVNER I (o2 B SURBIEETAR IS 49: PR NI S
Rapany diean h&tivatdiea tiedse dellsaantdithit @GDC-094 b Hacgghibfiyarit hehibiawt activity ot thept onmyces
hygros Cogﬂvgauysm intact cells. Levels of both PD markers follow the same rank order and are well
correlated between Figure 1 and Figure 2.
[00164] Pharmacodynamic and pharmacokinetic properties of absorption, distribution,
metabolism, and excretion (ADME) were measured for certain exemplary compounds by
assays including: Caco-2 Permeability, Hepatocyte Clearance, Cytochrome P450 Inhibition,
Cytochrome P450 Induction, Plasma Protein Binding, and hERG channel blockage.
[00165] The invention includes a method for determining compounds to be used in
combination for the treatment of cancer comprising: a) administering a therapeutic

combination of a compound having Formula I, and a chemotherapeutic agent to an in vitro

tumor cell line and, b) measuring a synergistic or non-synergistic effect.

[00166] IN VITRO CELL PROLIFERATION ASSAYS
[00167] The cytotoxic or cytostatic activity of Formula I exemplary compounds was
measured by: establishing a proliferating mammalian tumor cell line in a cell culture medium,

adding a Formula I compound, culturing the cells for a period from about 6 hours to about 5
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in a soil sanple obtained froman island called Rapa Nui, better known as

Easter Island (Pritchard DI (2005). Drug Di scovery Today 10 (10): 688-691).
Rapanyci rwOrthiobios®st he response to interleukin-2 (I1L-2)Pamdseéienedy3 bl ocks
activation of T- and henat opoi etics. The node of action of rapamycin is to

bind the cytgsolic i ndi n FKBP 12). The

ey G ERAP LGBl D 6 np R SheGbIoet o S GeesBr e aRg o n ( nTR)
pat hwawnéa!aﬁ&ug&blﬁlﬂg EC ok iftlalgh (195§ N& b Rt FoBP! $%4nd il dWEERELY apoBtbSR | S

al socal | ed FRAP ( FKBP-rapanycin associ ated protein) or RAFT (pr apanycin and

FKBP t degpnse. act?a@imm?m n anal ogs (" Rapal ogs") incl ude Tensirolinus (CCl-779,

Wet h), oli i S foro p23573, 8669

A ad, R R TR iR B Bt REasR s e 1 ¢
19E, 2 |ch&n3‘?ne§, 26ic? ag’éﬁts’%va%‘}ﬁea@red%ylﬁb ééﬂ:ﬁr&lferatlon assay of Example 15; the

14, 21, 22, 23, 24, %§ 26, 27, 32, 33, 34, 34a- hexadecahydro-9, 27- dlhydroxy 3- [(I|7)

2- d[ (1 S TaterG"” humingsesey Call Yaathldry ey, shewyerdially avasleblp femhPromegao, 2
1- 1251 6-
Lyt s SR M e bR RTENIY mAR LRI, regambignt ¢ 4y

) - pent anerds§idSoRegleoplora 153&&3368($}$5583&M ®1S561478 3 sUS BG00G7) ahdO 15 6]

Cytarabjne (cytosine arabjnoside, Ara-C CYTOSAR-U(r), Upjohn) is used
pr i mar idejermines e nynaher ek MiablsroeHie reguiuirghased onavangiaiionioddhe AR PIFHgahcut e

ge' oi qnén)%é%%‘ﬂ ﬁetét?t‘)\ﬂc)au? 'a%h\lé'% 16 k@oﬁcl}é@ﬁ Ngl?99 Df@ ﬁlﬂmﬁlno@'Métﬂ%@ 8188 I% L9

Capi zzi1 , ugs 14:249-256; G ant
(1998) 6@@9677@aﬁhre€el%s:r-(ﬂa® AQFay2A88) conydted miflone 384 wmhﬁadnasmakmg it

4- I 2R, 35, 4S 34dhd nmet t df -2-
o ek % Sy asAa e hamanatt serasing. (TS LER BT SR An G T Lran
1H) - pyrmr;mggimo@ﬁm)l %@%ﬁé&ﬁ%%%&%ﬂh&%@ﬂb&%aﬁn@@e Ragle rgentl47- 94- 4)

and has e structure: i's an acronym for chenot her apy
r egi mer{CgH&der-Glot lF@agfrIé)adm@ﬁw t@f:ellrscmltumdgk serumysuphlsmentsd mpedigin el

E:)écl ?\pho% &%me%%b@g(? b| CI @’Wﬁﬁpn]%“ S&tl ne,t?ggld ‘%ﬁ%dm SO ell,glr edni so: one
i sher™ E5HABA y

adm ni sfeic8thsifBw Y ¢h ealmelﬂlxy@%«swem&ﬁ{mma @aicRifler L@DhFRAgEE ah@r at
l east 6 cycles. [00158] BI OLOG CAL EVALUATI ON [00159] Certain Fornula I

conpourdd&ing nd specifically to PI3 kinase isofornms and inhibit the

Dooe oG, Us DTRESu s *Bebhl 04 ket B SIbE 03803 Cor cai

generation of a luminescent signal proportional to the amount of ATP present. The amount of
ATP is directly proportional to the number of cells present in culture. The CellTiter-Glo®™
Assay generates a "glow-type" luminescent signal, produced by the luciferase reaction, which
has a half-life generally greater than five hours, depending on cell type and medium used.
Viable cells are reflected in relative luminescence units (RLU). The substrate, Beetle
Luciferin, is oxidatively decarboxylated by recombinant firefly luciferase with concomitant
conversion of ATP to AMP and generation of photons. The extended half-life eliminates the
need to use reagent injectors and provides flexibility for continuous or batch mode processing
of multiple plates. This cell proliferation assay can be used with various multiwell formats,
e.g. 96 or 384 well format. Data can be recorded by luminometer or CCD camera imaging
device. The luminescence output is presented as relative light units (RLU), measured over
time.

[00170] The anti-proliferative effects of Formula I exemplary compounds and
combinations with chemotherapeutic agents were measured by the CellTiter-Glo® Assay
(Example 15) against the tumor cell lines in Figures 3-6. ECs, values were established for

the tested compounds and combinations. The range of in vitro cell potency activities was
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exenplary Fornula | conpounds have PI 3K binding activity | C50 val ues | ess
than 10 nM Certain Fornmula |I conpounds have tunor cell-based activity EC50
val ues | ewo 20toams@80 nM [ 00160] Certai n exenpl ary t her p@atsee 0062603 nat i ons
of Formula | conpounds and chenot herapeutic agents descri bed herein were

assayed for [ iyity against tunor cells (Exanple 15). Certain
For nul é‘bPu%Mﬁ‘ﬂgb%tﬁé“Me pi 10a isoformat 1C50 less than 1 micronole
and shqgppirnal e- aﬂfe%dﬂv{bluﬁl ¥iBash HIHEC T QM of AR IRI k@I d o fHRHECantegtaRe af t
nodel s.” Accordingly, Fornmula |I conpounds may be used to treat a di sease or

di sor deheanthsiapgutic agentigaorshtile pedidulagcothate, compacdito theoronBerivndiCHs si ngl e

agents o conbi n th py wi.th o che e |c agents.
001627 st SRe GREbRRERde CERRY o e bk TR ot T TP s o o o
pat hwayehogdr. aht malapyoPi 198 Af AN FaRgmaRebndPRRY B15). CASEIQBS%thHQO B indigii&er

cells. As such, nutations in these genes m ght constitute conpanion
di agnownfergt/eét Gl hesyeene-§and d. 2&@@6%‘@5 adehtiviih H 61 rdessy thigdles indicatdies e

pat hway; %ta(gg{]ﬂag tﬁfﬂ\}gsp%ﬁﬁ gP el e%’e% EQéEs%E'aQ&)rH%é 3 %%X&‘ ?%{STglalsakg ¢ efhin

pat hol ogi ence on a artl cul ar

t unor . th&epditicabmbdiasivad inFifaes 446@3ewglemaﬁpnam@| amt ﬁt&lxpectcbd'lplapéray ok panel of
cell lines of diverse tissues of orig ield a correlation with
r espons¥Ngrgy &xfhedn vifee Gelmrplifettign %Sélwwtaﬁwnm gk reiblees inqludingneton,

mut at i )| m@ ng of smal |
anount 2@0%@& Mg‘éﬁggﬁg@ ggéécltﬂ rB)t@?lgg}ngsh?ﬁlva\lh(l c rr?il ﬁh ?éyzed usi ng
allele I’B]Z)Eé():mﬁl (‘)tﬁléa(qmahmaemmysﬂnoﬁvoro slyhergmmtd qaﬂgslaivembr@adkiﬁtwmyuirl ons i n KRAS,
NRAS, BRAF and Pl 3 kina L0001 ure shows reduction of

phar macdGHREARN: (BB R 8? SO GROTE (IS RSP LRt For mul a

| a (G:)%tﬁ’e%lfrhé §3%%¥ eﬁ{dngﬂi‘zlted?ﬁﬂ tﬁé"fﬁ v1%%H @Mlﬁ@ttaﬁgn bdsgld @%Hem%as@se@ S,
DoHH2 (| ynphoma “cel 2 (I'ymphoma cel CPf\/d (multiple rryel oma

cells), examl algze‘eSp(on‘rdmglsm@gmﬂrmg@emla@pmem amﬂe@ ingugingyhud et Bmprars
protocal for intracellular d tectlon of spho- AKT (p-Akt) and p-S6

ri bosoni YBPBYER A B“’é@ﬁ?’}nyﬁ W@Eip?ﬁ%at ment. Cells were treated in
vitro wootv2p nv %&%ﬁﬁv@meﬂef&w@fﬁmm@lgﬁ agdaeinheilor| For@slaSAe@eeY-evi dence
of PI 3K pat hway activation as evidenced by hi %h | evel s of p- AKT and all four

show eVi9%&h@rd gt cambynation sithgeyamethpsoae (Bex )z @@M@h@éﬁ(wmrglﬁ N el s of
PRSPl B LRRREIT 5164 0,5l Al By B, LT LR 1
and r edtesgredvigbihotdlls beer yarGaRmhibitor concentrations (10 to 10 Relative Units of the
previously (approximately) determined IC50, Formula la, dexamethasone, doxorubicin and
combinations of Formula Ia and dexamethasone; and Formula Ia and doxorubicin. Note that
the extent of cell killing at the highest concentration of inhibitors varied from one agent to
another. In the case of Doxorubicin, the addition of GDC-0941 caused a modest shift of the
dose-response curve to the left, indicating an increased sensitivity of cells to the combination
treatment. A combination index (CI) of ~0.75 was calculated for this combination, indicating
additivity or synergy. The relatively impotent activity of dexamethasone single agent is
reflected as a higher IC50 value as well as weaker extend of signal reduction in the assay,
perhaps pointing to a cytostatic effect or only weak cytotoxic activity. In combination with
GDC-0941 however, a surprising and highly significant leftward shift of the dose-response
curve was obtained at all concentrations. The calculated CI value at the IC50 point was ~0.3,
indicating an unpredicted and unexpectedly strong synergy rarely seen between test agents.
[00173] Formula Ta (GDC-0941) is cytotoxic to many B lymphoma cell lines, inducing

robust apoptosis as a single agent, according to Table 2.
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]

Data in table 2 indicate that GDC-0941 is broadly cytotoxic and potent against

Experiments such as those in Figure 2 were extended to additional cell lines

and for combinations of GDC-0941 with thioTEPA, doxorubicin, vincristine, and

dexamethasone. Combination Index (CI) scores were calculated by the Chou-Talalay method

(Table 3). In no case did we find that CI values >1 which would indicate that GDC-0941

antagonized these other agents when tested in combination. In general, GDC-0941 combine

well with these other agents showing at least additivity. For combinations with
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Figure 5 shows the effect of a PI3K single agent inhibitor, Formula la (GDC-
0941), and in combination with doxorubicin, on primary diffuse large B-cell lymphoma
(DLBCL) cells from patient NHL640-A055. Cell viability was measured by in vitro cell
survival and proliferation assays (Cell-Titer Glo®) over varying concentrations (107 to 20
uMolar) of Formula Ia, doxorubicin, and the combination of Formula Ia and doxorubicin.
Anthracylines are the backbone of most chemotherapeutic regimens and as such are
considered highly active compounds. These results indicate that for this primary tumor
sample in vitro, that GDC-0941 was significantly more potent than doxorubicin and in
surprising contrast to the results obtained with cell lines in vitro, that the combination was not
significantly better than single agent GDC-0941.

[00178] Figure 6 shows the effect of PI3K single agent inhibitor Formula Ia (GDC-

0941), and in combination with dexamethasone, on multiple myeloma OPM2 cells by in vitro

cell proliferation assays (Cell-Titer Glo®) measuring viable cells over varying drug
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[00181] Table 6 shows the Combination Index scores, calculated by the Chou &

Talalay method, of treatment of various hematopoietic malignancy cell lines in the presence
or absence of growth factors IL6 and IGF-1 by the therapeutic combinations of Formula la
compound (GDC-0941) and dexamethasone. Certain combinations show synergy (CI<0.8),
additivity (0.8-1.2), or antagonism (>1.2). The data indicate that GDC-0941 combines quite
favorably with dexamethasone. The CI value is shown at three different points on the dose-
response curve, the ED50, ED75, and ED90 and the fact that similar CI values are obtained at
these different points on the dose response curve indicates that the data are robust and the
entire response curve has shifted to yield an increased biological response in the case of the
combination of agents. MM1.s cells are known to be sensitive to dexamethasone and
exhibited clear synergy when combined with GDC-0941. The MM .r variant of this cell line
is known to be dexamethasone resistant, and consistent with this property, overall lesser CI
values were observed. The cytokines IL-6 and IGF-1 are major growth factors in the bone
marrow microenvironment of multiple myeloma and involved in mediating signals via the
PI3K/AKT signaling pathway. The growth factors IL-6 and IGF-1 are generally thought to

provide chemoresistance and in each of the cell lines addition of cytokines increased the
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Table 7 shows the Combination Index scores, calculated by the Chou &

Talalay method, of treatment of various hematopoietic malignancy cell lines in the presence

or absence of growth factors IL6 and IGF-1 by the therapeutic combinations of Formula la

compound (GDC-0941) and lenalidomide. Certain combinations show synergy (CI<0.8),

additivity (0.8-1.2), or antagonism (>1.2). The data indicate that GDC-0941 combines quite

favorably with lenalidomide. The CI value is shown at three different points on the dose-

response curve, the ED50, ED75, and ED90 and for certain cell lines, the fact that similar CI

values are obtained at these different points on the dose response curve indicates that the data

are robust and the entire response curve has shifted to yield an increased biological response

in the case of the combination of agents. The growth factors IL-6 and IGF-1 are generally

thought to provide chemoresistance and in each of the cell lines addition of cytokines

increased the combination index values.
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[00185]

| ines addition of cytokines increased theconbination

Apoptotic responses to single agents Figure la and Ib compounds, and the

combinations of: (1) Figure la compound (GDC-0941) and rapamycin, and (i1) Figure Ib

compound and rapamycin in multiple myeloma and AML cell lines, including OPM2 and

H929, were measured by Annexin V-FACS analysis. The screening conditions to measure

absolute IC50s comprised: Dayl - Plate cells at 10,000 cells/well on a 384-well plate in

media with 10% FBS; Day?2 - Dose cells with indicated compound setup. When rapamycin

was used in combination with Figure la or Figure Ib compounds, rapamycin concentration in

the media was 0.1uM; and Day5 - Celltiter-Glo assay. The measured apoptotic populations

demonstrated synergy with combinations (i) and (ii).

[00186]

In blast cells from AML patients, the combination of Figure Ia GDC-0941 and

a chemotherapy agent cytarabine or daunorubicin showed enhanced anti-leukemic activity

compared to single agent GDC-0941, and enhanced apoptic efficacy with only 30% and 22%

live cells remaining, respectively.

[00187]
[00188]

IN VIVO TUMOR XENOGRAFT EFFICACY

The efficacy of the combinations of the invention may be measured iz vivo by

implanting allografts or xenografts of cancer cells in rodents and treating the tumor-bearing
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[00182] Table 6 Conbi nati on of GDC-0941 and dexamnet hasone [00183] Table 7
shows the Conbi nati on I ndex scores, cal culated by the Chou & Tal al ay

nmet hod, oWVotpnwatos@st of vari ous hemat opoi eti ¢ nmal i gnancyCeaiskoloion@®s3 i n t he
presence or absence of growh factors I1L6 and I G--1 by the therapeutic

conbi nations o ornmula lLa c ound -0941) and | enal [.dom de. rtain
conbi natHGHIS "OHAIF SYHERE) e ONCBA B roTafts P G 6 s e ingn Biicationt am
(>1.2) -lingbﬁle%%sﬁndeW'aB?cfn%e Bb@étaﬁﬂ:&n@%éﬁs ﬁQthﬁ?o'?rfcgﬂ'd,Tﬂ?e Jeﬁﬂ&fc@%lfy with

| enal i dom de. The CI value is shown at three different points on the

doser esydonsistrgionvag FormelaB0e0poERY H)d chethoBED&Ppeancagant, dosing aggimerl dnd| i nes,

the fact, that sig]ar, Cl values are.phtained at, t . different ints on
the dodtnd dRiis SubEmer e BRudl FisB A s 1 L3R hh b R RE o s T

I €SPONSey&EHI Weskh as nvikd fol ehsti tié 8h@ @ urhdicdoansed 16 @liagilcald tugsponse in the
case of the conbination of agents. The growh factors IL-6 and |G- are
gener alipkibitippfrempls 16).ovi de chenoresi stance and in each of the cell lines

addi ti cyt oki. i e i nat i i Tabl e
2 Combitaafiot of TBEE 35S AR e iimE T AR b e R S Bon s A0e o
si ngl e mgertit WiSguDeClLa lanphdba aonpadnsigaftadebed be depotwithavetdes (@6% (i)
Figure la conioound (GDC-0941) and rapanycin, and (i i]) Figure | b conpound
and r apdaipricallylasemfl 2 TopivecemiOIin ki WagD AR medig FarmykasTa (GRG0t ng® ol and
H929, WRLSnIBAEHICRY oY AN AT AN N ng I En BRARBANG 0Ll i Ons to
measure absol ute 1C50s conprised: Dayl - Plafe %e I's at 10, 000 Tcel'l s/ wel |
on a 38brmela lapBabgkg andrEHiOP. Wwide Wdd8ad&B8;wiDa§BOP ddoteg oeldhwOwinkdh i ndi cat ed

conmpound set up. We a cin was used in conbination with Figure la or
1 gar e B EHREBHASE. T 2Bamyor NI ONEUH Lo ol rhe A OBk B . SO and
Day5 - Ggbbtrbdiflen @yR1pRSMham]ie3 86 { RIxbfubRGR ¢ 273 Q) Tgastrated
synergy with %:ani r%;aetdi%gn?h( i )Jbz(ng%?g?lie% . [(%8?36] | n bl ag% cel ?é(g?m AML
pat i entxd), wineristioef). A ingfkgofv, il gl eradaisep 0B e&gdp@ qdhlxéirot her apy agent
cytar atlif ne o ql%un [ @bi CriuQi showed en aenceole (forslt& - | euoke ' Q q]([at irv' Lty conmpar ed
Lo si ngreaneraeres dgadbishmeimtRue Spstre! eaeabily LSNPS 006 and
22% | | w@asCRsédort @BIONT 'Y,3 dndsP @cthiv@biel, GBULEY1, hid VHED-TdIMOEO{ENGKERAFT
EFFI CACY [00188] The efficacy of the conbinations of the invention may be
neasur &diemathgrapy higg only modest activity. Rituximab treatment was significantly more different

from vehicle (p<0.01 by Control Dunnett’s t-test). The combination of GDC-0941 with

rituximab was significantly better than GDC-0941, but not different from rituximab alone by

log-rank analysis. The combination of GDC-0941 and CHOP gave a significant

improvement in efficacy compared to either agent alone.

[00190] Figure 8 shows the mean tumor volume change over 34 days in cohorts of 10

mice with DoHH-2 tumor xenografts dosed on day 0 with: Vehicle (0.5% methylcellulose :

0.2% Tween 80 in DI Water), 73 mg/kg Formula la (GDC-0941), 5 mg/kg rituximab, CHOP,

and the combinations of Formula la 73 mg/kg and rituximab 5 mg/kg, and Formula Ia 100

mg/kg and CHOP. Mice were dosed with rituximab on day 0, 7 and 14 (qwk x3)

intravenously, CHOP starting on day 1, while Formula Ia was dosed daily for 21 days by oral

gavage. CHOP regimen: cyclophosphamide (30 mg/kg, iv, qd x1), doxorubicin (2.475

mg/kg, iv, qd x1), vincristine (0.375 mg/kg, iv, qd x1), prednisone (0.15 mg/kg, po, qd x5).

Cyclophosphamide, doxorubicin and vincristine were dosed once on day 0 and prednisone

was dosed on days 0, 1, 2, 3 and 4. CHOP chemotherapy or GDC-0941 monotherapy cohorts

were significantly different than vehicle. Rituximab monotherapy was relatively more

effective causing 2 partial responses and 4 complete responses during treatment. GDC-0941

did not significantly antagonize rituximab activity, however, it did not provide additional
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inplanting allografts or xenografts of cancer cells in rodents and treating
the tunor-bearinganinmals wth the conbinations. Variable results are to be
expect ed weperdiongson the cell line, the presence or abgemas2aib/oee@ns ai n
mutations in the tunor cells, the sequence of admi nistration of Formula I

conmpound .and chenot her apeuti.c agent,. dosi regjnmen, ther factors.
Subj ectAMHHEPTASHEY: E%a? HRITLETY ei%g(t ?ﬁﬁ%—ﬂ?%wﬂ?@ﬁ@&cﬁsﬂl% g2RHni t or ed
OVer seueE alveMegkifiOmt m%&sé&ﬂﬁéﬁwsfer%ﬂ&chbﬂ?of éitlfek'ﬁﬁglquémlahﬂgy log cell
kill, and tumor inhibition (Exanple 16). [00189] Figure 7 shows the nean

t unor vobdured ¢ ipartipé rasperse® andiaigempleteaosyonses. of 10 mce with WSU-DLCL2

| ynpho r xenografts sed on da w t Vehic 0 5% yI IIuI ose
P oo BT 5o TERE Sl TR H ey vl frpis e ety

ri t uxi e Wil HED (ﬂurh&ex&ﬁgiﬁftﬁl abdcans dak/loReﬁmuvghlb@ @3 mekglo%ndlo@é t UXI mab
5 ng/ kg, Fornmula la 73 ny/k were dosed with CHOP starting

on day ©2%aeeeni80un Dhabaten. Vlg/k(g Formubanlg (8B C-09 1) CHOPrendthPa was dosed

daily f I phani de (30

ot kg, ool e el A sl REgng Fater iighlR L 7SRURPRREP BT CF, Ra” 0. 375
mg/ kg, dy¢lophiekpkhihidefpoatdgikg ofemuls 1h¥ 5myg/kg and doxoiabixin)2.4TOnglkegphespianm de,
doxor ubi cin and vincristine were dosed once on day 0 and prednlsone was

dosed o B&¥ke apd viperistined). 3 eng/ke, pl Formulakge) mg/éss)@ném?ﬂmsa% e khsed
conbi n I nt was
Yo 1 LB EOAERY AIAPHORAh $ O cJRAARLRGYbh ey B dXh/BRIn Bf 825 TP

t - t est )vincFlsene mmﬁay}@,tandrprﬁfm@é:dﬁlﬂ)ﬂdn daytsH)-4,ivwhilel Foamulzals vmsglnsefd dzalytfory
better th 1, b t different. fromrituxinm n r ank
ol i B B EE0 Bt ee: SO Cesponsgh oumn e RO he it o k5

i pr ovecﬁie)m) d&oﬁfbﬁdlﬁ@@ms:ﬁgn@r ﬁdqagu)alvmﬁ@m@@(@@ﬁ%gﬁ 5¥,[c99>11%01}re5ﬁ19%ﬁee 8

shows t mean tunor vol une C ange over INn CO e wth
DoHH- 2 (PdAvng/kemogadakds Tditsseetuemnemappnﬁrrw ami eX‘V@IdIS thegequdts 9 rpra§ kel | ul ose

i et Y R Don! e EElcR sk ST RO R oy bR R PREE i

5 ng/ kgAs @dfslreFGD@b%I @nﬂﬁﬂesrwmkgHmdtoC%r@% vih GRnVRaBt ide%edt Mahfi-tihbtiXi mab
on day O, 7 and 14 (gwk x3) intravenous CHOP starting on day 1, while

For mul aﬂctl‘éltm&lflﬂ .dathiy wep potpredigsg §r0§yl%vlﬁo cyparRRIS, oMOrtiz bl efn:

cyclop htﬁé %%@ﬂ%t&?@et@%{(@Dd-(Y% 1°a%’@ﬁ®1> qgﬁ( BL Ml&ltgh tgzthé1 {mbination of just
GDC-0941 and vincristine, whereas the other three components of CHOP tested pairwise
with GDC-0941 did not exhibit increased efficacy.
[00192] Figure 10 shows the mean tumor volume change over 25 days in cohorts of 10
mice with BJAB lymphoma tumor xenografts dosed on day 0 with: Vehicle (0.5%
Methylcellulose : 0.2% Tween 80 in DI Water), 73 mg/kg Formula Ia (GDC-0941), CHOP,
and the combination of Formula la 73 mg/kg and CHOP. Mice were dosed once with CHOP
starting on day 0, while Formula Ia and Vehicle were dosed daily for 21 days by oral gavage.
CHOP regimen: cyclophosphamide (30 mg/kg, iv, qd x1), doxorubicin (2.475 mg/kg, iv, qd
x1), vincristine (0.375 mg/kg, iv, qd x1), prednisone (0.15 mg/kg, po, qd x5).
Cyclophosphamide, doxorubicin and vincristine were dosed once on day 0 and prednisone
was dosed on days 0, 1, 2, 3 and 4. These data show in the BJAB lymphoma model that
GDC-0941 or CHOP chemotherapy have only modest activity and that the combination has
increased activity although no groups reach statistical significance.
[00193] Figure 11 shows the mean tumor volume change over 25 days in cohorts of 10
mice with BJAB lymphoma tumor xenografts dosed on day 0 with: Vehicle (0.5%
Methylcellulose : 0.2% Tween 80 in DI Water), 75 mg/kg Formula Ia (GDC-0941), 5 mg/kg
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mg/ kg, iv, qd xlI), vincristine (0.375 nmg/kg, iv, qd xl), prednisone (0.15
ng/ kg, po, gd x5). Cycl ophospham de, doxorubicin and vincristine were dosed
once on &Y 2010ar08008r edni sone was dosed on days 0, 1, 2, PBTArsd014/0263HOP
chenot herapy or GDC- 0941 nonot herapy cohorts were significantly different

than vehicle. Rituximap. nonot hera relativel re effective causing 2
par t1 SRS A ARy G sl BE kaary St FEHTHIRES. WS 0a1 o
not si gpiséd GARNYkiMAD BAARNZE 7 hi X4, RRRIcaGkinYial Y and QUBNRY werk ldoSidangt

provi de additional antitunor activity. In contrast, the conbination”of

GDC- 0940r i tdysCriordoi?d by el gpyeggateinaFigereyl Os sigglicfagetiDCHOA bhsdonly benefi t

over the activity.of .ei si.ngl e a and. produced arti gl responses
and 2 donprerdvY bRl B R CeRa I SRT BT R TR ki Vot e
change @uffared o ke 4gBntCQDOLGSB! 1 Qind Hhs Mot Rirthet idcldadddd vt dopbina@Ae@iaf t s dosed
on day with: Vehicle (0.5%nethylcellulose : 0.2% Tween 80 in D Water),

0
75 ny/ KePEh an this stabcalbgeps argisiapificandy dierens thsinvghicknly ©e-1mdf nul a 1 a 75

ng/ kg aalﬁg GHoP, Formula la 75 ng/ kg and cycl ophospham de 30 ngy/ kg, Formul a
la 75 ng ‘l?’g and doxorubicin 2.47 ng/kg, Fornmula la 75 ng/kg and vincristine

0. 38 ngoém4]and Haguglla shews the ek guabtvgudd shaRever A5d4ayg/ik gohdsoE 10er e
dosed with CHOP o ay 0, cycl ophospham_de on day 0, doxorubicin on day O,

: d . .

vi ncri SPicR& TN 9%:@19%? kel g lonsoreogfts losd My Oovish: ighigle (ieAful a 1a

d id g | : i :
oyl oproapfEs bRl cAno AR AR 0dRASPatciR I3 CRTDARSEIRrRE 7F) es
xI), vimgkgFormea(QGBIE094) (pg, qd ¥21)qt mg/Rg barteedmits@nex(wk £5), 8§ hegkg po, qd
5). This i i ment fi d ext th lts of  Fi 8 to.sh
Koni GRS UGAR - arceTbaeh Th A oSt (o 3 b eiues S We g ¢ he
model . Asmibef Qf @ CEIF QA HSQIWIas: M HdYs B Rall v alieY BRte¥Eiib whoMistd cant

increase in anti-tunor activity. "Surprisingly, as this was not predicted
from i nniyavenousty pediysehtds7, s dénand 47.| Lerlidomidet wias dopebemygaihofoed! deysween

GDC- 0941 .and CHOP trib dtoth j i i t -0941 d
STrors oAl RRe e Shhamithbant Rt Ao SREh IR 4o ) ald Tyo ok oy ae "
Wi th Gkpe@ddntdis@bRshed exdibilt abdi bERSEBLIRFHCIBAY as §iRALOR] thii gfur e 10 shows

t he nean tunor vol une change over 25 days in cohorts of 10 mice with BJAB
| ynphorenalidapidosisgiraethasone segleagefdycaneits, avhigepie cxcgaged by the efficacy

Met hyl goi'f')o%% B%rt%%&%ﬁ&lég Qgehptrgthrggl}lted ZI% 3 Mﬁgreﬁﬁédwi i tilﬁ

(GDC-0
study.

[00195] Figure 13 shows the mean tumor volume change over 24 days in cohorts of 10
mice with multiple myeloma OPM-2 cell xenografts dosed on day 0 with: Vehicle (po, qd
x21) (0.5% Methylcellulose : 0.2% Tween 80 in DI Water), single agent therapies: 73 mg/kg
Formula la GDC-0941 (po, qd x21); 0.5 mg/kg bortezomib (iv, 2x/wk x3); 25 mg/kg
lenalidomide (ip, 5 days on/2 days off/5 days on/2 days off/5 days on); and 3 mg/kg
dexamethasone (po, 5 days on/2 days off/5 days on); and combinations of: 73 mg/kg Formula
Ia GDC-0941 (po, qd x21) and 0.5 mg/kg bortezomib (iv, 2x/wk x3); 73 mg/kg Formula la
GDC-0941 (po, qd x21) and 25 mg/kg lenalidomide (ip, 5/2/5/2/5); and 73 mg/kg Formula Ia
GDC-0941 (po, qd x21) and 3 mg/kg dexamethasone (po, 5/2/5). Formula 1a GDC-0941 was
dosed daily for 21 days by oral gavage. Bortezomib was dosed intravenously on days 0, 3, 7,
10, 14 and 17. Lenalidomide was dosed on days 0-4, 7-11 and 14-18 by intraperitoneal
injection. Dexamethasone was dosed orally on days 0- 4 and 7-11. A reduced dose of
bortezomib in this experiment resulted in a sub-clinical response which was not different than
that of vehicle. Cohorts treated with single agent GDC-0941, lenalidomide, or dexamethasone
had an indistinguishable and moderate tumor activity, though the addition of GDC-0941 to
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and the conbination of Formula la 73 ng/ kg and CHOP. M ce were dosed once
with CHOP starting on day O, while Formula la and Vehicle were dosed daily
for 2 1 dwp=0tyios08l gavage. CHOP regi men: cycl ophospharcaas¢®o/oeapbkg, v,
gd xl), doxorubicin (2 475 ng/ kg, iv, qd xI) vincristine (0.375 ng/ kg, iv,
qd xI), predni sone . d x hos anlde oxQrubicin
I v) R EE RNt st Ru i e R aﬁw 0 %  SoRl s ersicei o days
0, 1, Zpe ﬁre@&Qnﬁm Vitg 2811 dad ﬁu&’@@%ﬂ bt bRl BABELMRIR TR GEbliHatn HC 0941

or CHOP chenot herapy have only nodest activity and that the conbi nati on has
i ncr eadéeratnet.i vity al t hough no groups reach statistical significance.

conor tJOBI0° o FARGRR shRRTR ROt VP Raag AdFt O B SRe B a8 wi .
Vehi ¢l anic@- Mm&lgwl rﬁﬁéld%ﬂdh qwm s c@u 2%, R36d b dB) 0 Wadhe r\)ehdégp'ﬁlgqag

Formula | a (GDC 094 rituxinm and the conbi nation o ormula la

75 mgéI lég?laﬂlﬁ% Mgthxlgelﬂulpm|% Twgen 80we D& Waised7 wmefkediormwlada o Rr-094ys o,
G o P T bR R, SECLEs 1SS P B ARG LB e P

nmodest [@ohpkildgxdmethddosie BbAB dby@iid drysofdeldaysidy. Bariiwd 1yGOIC-0941uxisrab was
nodest co ared to S|n8}e agent GDC-0941 _and was not further |ncreased by

combi natoseshdailytfar ehdexs zmoral gayags; Rorkzaenb wpt e it varisy rias Qanty
di f f er epf,f4han L\éﬁgﬁcgvlnﬂdp%ak aasegg,ﬂgigﬁg%rm'& skg%%ﬁk h&ﬂr e&%nﬁhom the

mean tunor vol une nge over In co th NCI - H929
mul ti plRexayetiorencxersotpsad dalld osceldys;(h Hand B 1WiThs eAp&ﬁhthes(cqjﬂn,shqﬁhMl) (0.5%

Met hyl cel | ul ose :. 0.2% 0 i.n.Dl d s Ie agent therapies:
N o) e aéth Dy BbeIe Tl P Byt waby ol o P EZBD o | v on ) vk
x3), 2ngghgga&@g§h§Q9ﬂkg@H&wﬁmngd x21), and 10 ny/ kg dexamet hasone (po, 5
days on/2 days off/4 days on). Fornmula la GDC-0941 was dosed daily for 2 1

days by0&+4ll gavaFggureBémh@vz@thebrlméumgswumn@hmmmswdm g eghwre,of 30 7,
10, 14 d
i r apdi it NG AR abETone STR el Rt Bt B Epdit PN b 4 ana

7-10. THivig(E3ReVEERRENIEsIR. 2%I'mbehr$e i8 DOV &cBoeftlc @géﬂt‘t!he'frévpl@f 768Xg/0941 as
simlar to that of |enalidom de or dexanethasone S|ggie agent treatnents,

whi ch viraulsde LddedB) (rhad &1 ). 82y Lbe bosezamib tivh 2x/Br ez bmgikegl e agent
treat rrec{&arglgtﬁbﬂotng%d, '3/235)?%& lC(ﬂhblElg‘&CHl% "Fe5s &Q/ktglﬁoﬁnula Ia GDC-0941 (po, qd

x21) and 0.5 mg/kg bortezomib (iv, 2x/wk x3); and 75 mg/kg Formula Ia GDC-0941 (po, qd
x21) and 3 mg/kg dexamethasone (po, 5/2/5). Formula 1a GDC-0941 was dosed daily for 21
days by oral gavage. Bortezomib was dosed intravenously on days 0, 3, 7, 10, 14 and 17.
Dexamethasone was dosed orally on days 0- 4 and 7-11. The MM1.s model was relatively
refractory to these single agent and combination treatments with one exception; consistent
with in vitro experiments, the GDC-0941 and dexamethasone combination had excellent
activity compared to the single agent components. Surprising and unexpectedly, during the
time that the GDC-0941 plus dexamethasone cohort were on combination drug treatment, the
tumors regressed producing 7 partial responses. No other groups in this study produced
objective responses. When dexamethasone treatment was discontinued on day 11, tumors
ceased to regress and grew at a rate consistent with continued GDC-0941. These data clearly
indicate the unexpected efficacy of the combination of dexamethasone and GDC-0941.
[00198] Figure 16 shows the mean tumor volume change over 33 days in cohorts of 10
mice with multiple myeloma NCI-H929 cell xenografts dosed on day 0 with: Vehicle (po, qd
x21) (0.5% Methylcellulose : 0.2% Tween 80 in DI Water) single agent therapies: 75 mg/kg
Formula Ia GDC-0941 (po, qd x21), 0.5 mg/kg bortezomib (iv, 2x/wk x3), 25 mg/kg

60



study. [00195] Figure 13 shows the nmean tunor vol unme change over 24 days in
cohorts of 10 mce with nultiple nyelonma OPM 2 cell xenografts dosed on day
0 with: Wwebielogofe, qd x21) (0.5% Met hyl cel | ul ose : 0. Pea/seen/03d03 n DI
Water), single agent therapies: 73 ng/kg For rrul a la GDC-0941 (po, qd x21);

0.5 / 25 d /2
days o TaaE G2 . S Selayio-Ry T Rant o noy Ky St sambe R L po_ s
days on/sZ,d@yForhfithIa aNS-00MM ¢ (poa?&jx@f)rﬁtﬂﬁ@aﬂf fn%}'k% %Hez&ﬁlbw kg xﬁ?rﬂw a la
GDC- 0941 (po gd x21) and O. bortezom™b (iv, 2x/wk x3); 73 ng/ kg

For mul ang/ag @J@QGQMGWOWQU(WZQC) X%ﬂr)danBS nr@/kgldn@lmrmdo(mdé/%ﬁ/%ﬁ) 51@/75/ 2/ 5);

(po, ' 5a7ss ForBiiis GriG oG mioud ~ Bangdndikalp a0 (R uRE ™
gavage. 1a39mcammv@s\@a§eop&$1«9¢oﬂmde%m?walg\ﬁvgg@ B ezOmibdwasldosdd, 14 and 17.

Lenal i dom de was dosed on days O and 14-18 by intraperitoneal

i nj ect iiBavepakdyel Hagdhe. %alsp dbged 1 or henajidemidgayas dpscdiompaysp-4, 7411 md educed

dose of, b p n I onse
b en e SR Risb ol o P BICK M L8 ek B dalbe PHPAS DL 6 711 PRI
agent @GhXHO99 hodke fial ddddivndd GIDC-094 K anthe Iaa@lbﬁﬁnh[agroaps sipdiifishnthgutishadl e and
noderat e tunor activity, thou?h the addition of GDC-0941 todexanet hasone

t r endedht BRAFISCHYibr e atiele agent bertsemy denpidgmideningd Jegampthayons. predi ct ed
from thgofyggcedi ng ﬁr@ 1‘7's56\9s glwheah'tﬂrﬁo?@di%ﬁgg% o@%%(ﬁér@gl&} able from

prior stu S publ PShed I'n t Iterature 4 shows the nean
t unor \ﬂxpumaembﬂacrmgertmufato @cedry group beatgy prs-esfablihediDpdI 2 hinmanulyniphloena

(b 506 WLy sera bagned b gag 440dn VaBRiaot smebho SE i et Tealed a
GDC- 09413\)&16(69(80 AP gc‘r)er) ginglglaﬁﬁltl?ﬁ’é’rﬁﬁé§m5l?né/kg/ or ?Odrﬂ‘gkg( Bolula 2GR G 1

| enal i dom de (ip, qd dexanet hasone (po, 5 days on/2 days
of f/ 5 dag.s1dor0), %mﬂkgaprl AarnQB@ H@mmlavléiqu@@e@%& thg/kg dkapamycid aips qiyy3Jor al

B d d 10, and 14.
Cenal donoaeiaeh Dobison BsF o BumoRehE R IM feranlpiod sa8kE nj oct i on.
Dexanmetigafieinias qdasgér Qrsahg/kg%nﬁamb @po /dld&ad) lud 6 Ing/IORSp LXRAT (iPENT

established the single agent activity of GDC-0941 as simlar to that of
| enal i diftiddeRangayycuzbaivp ity orgwxsigrotitnas efect on figner grgwit, whees theringle

agent treatments show dose-related inhibition of tumor growth while both combinations show
significantly enhanced suppression of tumor growth.

[00200] Figure 18 shows the mean tumor volume change over 25 days for
experimental cohorts of 10 mice per group bearing pre-established WSU-DLCL2 human
lymphoma cell line xenografts dosed on day 0 with: Vehicle (po, qd x 20) ) 0.5%
Methylcellulose:0.2% Tween 80 in DI Water); single agent therapies: 60mg/kg Formula Ia
GDC-0941 (po, qd x21), 1 mg/kg Formula Ib (po, qd x21), 6 mg/kg Rapamycin (ip, qdx21);
or combination therapies: 60 mg/kg Formula Ia GDC-0941 (po, qd x18) plus 6 mg/kg
Rapamycin (ip, qdx18), or 1 mg/kg Formula Ib (po, qd x18) plus 6 mg/kg Rapamycin (ip,
qdx18). The single agent treatments show little effect on tumor growth, whereas

combinations show significantly enhanced suppression of tumor growth.

[00201] PHARMACEUTICAL COMPOSITIONS

[00202] Pharmaceutical compositions or formulations of the present invention include
combinations of Formula I compounds, a chemotherapeutic agent, and one or more
pharmaceutically acceptable carrier, glidant, diluent, or excipient.

[00203] The Formula I compounds, and chemotherapeutic agents of the present
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[00197] Figure 15 shows the mean tunor vol une change over 40 days in
cohorts of 10 mce with nultiple nyelonma MM .s cell xenografts dosed on day
0 with: Wwebielogtofe, qd x21) (0.5% Met hyl cel | ul ose : 0. Pea/iseen/03®03 n DI
Water), single agent therapies: 75 ng/ kg Formula la GDC-0941 (po, qd x21),

0.5 /. kg bortezom b.(iv, K 2x/wk X anethaso e 0,.5/2/5
and corBTSIen Gy st m(r@nsmjﬂt@& G Sé Vate%%%af@%ih phygmaggy 5921 aéfeﬁ@abl )
g/ kg %Neﬁ%%ﬁ&pas(\lvé’ter {21, %R the HRE, azlé 1{7115/11!&911&&&%'% inerfdds e%%éce( po, qd

x21) and 3 ng/ kg dexanet hasone (po, 5/2/5). Fornula la GDC-0941 was dosed
daily ﬂmm1Qﬂmﬂdhyshb¥0bﬂaﬂfgmMﬁge Bortezonlb was dosed intravenously on

days 0, 10,14 and was d ays O-
ane7- 106204 e R R B SR e PSRt b @it e agent
and corhVdhdibh @byt @adxie M 8iffvtdnl tzAREn@KCRRhS, ARd all & HEHEHhrcWnibRaded Vi tro
experlnents thé GDC-0941 and dexanet hasone combi nati on had excel | ent

acti vi tWithip ﬁlmtceﬂe elothe Fwestiony| Ehedtgen {' tapiomss nelh taitorseigfore)’ fefersriel
Unexped I%Qtlu al i 1 erpcgf Gélﬁgre% émsa\%hlcp Gre r90%4g‘rtl%iebk$1a gi%(xg gﬁérgﬁ%%@%r cohort
wer e OI’I CO |na rea unors reg ressed

parti aleireﬁzliIﬁplls,qﬁothQalﬁbﬁEfs (QIko pswh Bs pﬂ@tcﬁro@mdytome@sjmﬁce@ueobj ective
responses. Wen, dexanet hasone treatnent was dlscontlnued on day 11, tunors
ceased P§TG0BYFEIOES KigdNigrann Af 2 frotan.suehpskate-enel apf iMInComRMAifed” GDC- 0941.

5252 rereﬂﬁ&lage B8 Wél&f@g%ﬁh&n%% aniéTQﬁBf‘e%o%@er@fo%‘s Bg?é/or?e{] niZdlien 0P Sho8F ﬂh@ n of

ne and 019 Figure 1 e nmean tunor vol une
change twwdmg3Bctays i n cohorts of 10 mice with nultiple nyel oma NCl - H929

cel l 3@& fts sed on.day 0 wi.th: Vehicle g 0 d%x2%% g 5%

Vet hyl ose :Phymsagettical Gomporitionsengamessy bohile Bk SSRtPoHER 44 es:

ng/ kg Redivtdual d@ag&lg%&pﬁ@éﬁ offorédan orfe- (8. g%gﬂplﬁ%ﬁé‘eﬁﬁmlg ddiive 2x/ V"k
x3), 25 ny/kglenalidomde (ip, 5/2/5/2/5), and ng/ kg dexarret hasone (po,

5/ 2/ 5) ;agamd isdudsnghatoomga b tompaundgind g dhgmmhempbatlmlomte(dﬁoomcql@b lis?d) and

0.5 ng/ bortezom b (i d.x3);. 7 / kg Formul a - 0941 (po, qd x21)
ana 28 HHPERA Sal diserlig holg AR ERAPaR Ma R Ao o . 0041
(po, qd:x&ipi’éntﬁﬁﬂuéﬁt%éﬂﬁﬁrsdBKgllli@h’fbaSIQl@Q)uﬂ@@bmlﬁfsﬁfoﬁ)and adiubividial %g®941 was
dosed daily for 2 1 days by oral gava Bortezom b was dosed intravenously

on daysingf, cag corpaingfgked pmogpts of the 4.@??&4‘13@5?‘@&?@6%”&1 oede agantdayse bulk, 7.1 1
R L R T
conbi natligratige dogage Shigin dn aralnddsygd wtr @@b adtablets, pills, capsules, and the like.

Similarly, the methods of treating a patient by administering a pharmaceutical composition is

also intended to encompass the administration of the bulk composition and individual dosage

units.

[00206] Pharmaceutical compositions also embrace isotopically-labeled compounds of

the present invention which are identical to those recited herein, but for the fact that one or

more atoms are replaced by an atom having an atomic mass or mass number different from

the atomic mass or mass number usually found in nature. All isotopes of any particular atom

or element as specified are contemplated within the scope of the compounds of the invention,

and their uses. Exemplary isotopes that can be incorporated into compounds of the invention

include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine, chlorine

and iodine, such as °H, *H, 'C, *C, "*c, "N, PN, 0, "0, '*0, P, **P, *’S, '*F, *Cl, '*1

and 125

I. Certain isotopically-labeled compounds of the present invention (e.g., those labeled
with *H and *C) are useful in compound and/or substrate tissue distribution assays. Tritiated
(*H) and carbon-14 (**C) isotopes are useful for their ease of preparation and detectability.

Further, substitution with heavier isotopes such as deuterium (*H) may afford certain
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t he nodest activity of single agent bortezom b, |enalidom de, and

dexanet hasone. [00199] Figure 17 shows the nean tunor vol une change over 40
days for weperw/wswsal cohorts of 10 mice per group bear iPag/yse@onsdadbl i shed
DoHH2 human | ynphoma cell |ine xenografts dosed on day O with: Vehicle (po,

gd x 20 0. 5% Met hyl cel | ul gse: 0. 2% Tween .80 jn. DI Water); singl ent

t her apitﬁ@)?p%wﬁ&%a%ﬁ T?S&bL‘j?é/ BEHI P&ta%ahe;eieb@%&{-%pla_,creéﬁ?dm&o%sﬁg g/ kg
or 4 nu{fkgr Fnd dshi &g&re £3928Y hefoc 4K FFRRAXY Gh Borkéd Bircyd¥¥adkes. OF

conbi nati on therapies: 75 ng/ kg nyl ala -0941 (po, qgd x20) plus 6

F
mg/ kg Rgstrepcinnittinggsotopus3yich o ~Q, glr\lnglﬁlcagldlf@? araluscfhibfof positro e8ionpl us 6
kg R j i-n, . R i h littl i gni fi t effect
o ¢ oropngrB AR s s R S S tined LABRBLIRER o
i nhi bi tdogipohds sMBE p@ENMVebidbd @nbgéh&aﬂggggg?hfe@ﬂ@ fENeNIngi patdctiineant | y

enhanced suppression of tunmor growh. [00z Figure 18 shows the nean
tunor \ioklggpuciRahere disglascdm thapshaags aadies in e dixamples erelsbdewaly ni ce per

group h i e- i h | ]ine xenografts
dosed ontush P UrpRobEE AP KSR ud PR ST AR rt e 0. 206
Tween §00207]D Wteempla ISdoRglo@ndoaidtichtmethapipestic H2nY/dkgfdmumddanl a GDC- 0941
(po, qd x21), 1 ng/kg Formula Ib (po, gd x21), 6 ny/kg.Rapanycin (ip,
qdx21) :aceprdangenyifhitiglard paraasaicalguaciye Ky use ﬂ%r@rqpauf@j@r@@aaﬂ%ﬂp‘éy qd x| 8)
plus 6 | i [es ot : x| 8) plus
B ma/ g RS R AR n g iRt i© et B ek Rl Rt

ef f ect mamtnalsonclgdioghhmansh eFteasvaviohipnat d@rsphehoaccsiigpiicbimpasitibty enhanced
suppressi on. of tunor ow h. 0020#]. PHAF%@CEUTI CAL OSI TI ONS [ 00202]
Phar mac@RAeRe 4 d%‘fﬁlb‘?igl{“i%‘ﬁ’é)u{% 1 BPAUREAT BN OBt O R ABERHEU G ENt i on

i ncl udey,ceQrii1nad tienN $1i@int FATRM, 8dditieQTPeKNgient. @ chenpt her apeutic agent, and
one or nore pharnmaceutically acceptable carrier, glidant, diluent, or

exci pi dA9208] 0020FuitFhle cButamuldduénts edgidivesd end exapichie arst Widt bpewn fodhesgent s of

e oSS N ST bl BRI EE, BELL PR spaaier ™,
and it gwellbblt @pHetkrs, hadrobhRicion hediop Rebi€ ataaB, Bakim, Dok waledtsargtet msP| vat ed
forns. 00204f he Formula |I conpounds, and chenot herapeutic agents of the
pr esentthe like. The particular carrier, diluent or excipient used will depend upon the means and

purpose for which the compound of the present invention is being applied. Solvents are

generally selected based on solvents recognized by persons skilled in the art as safe (GRAS)

to be administered to a mammal. In general, safe solvents are non-toxic aqueous solvents

such as water and other non-toxic solvents that are soluble or miscible in water. Suitable

aqueous solvents include water, ethanol, propylene glycol, polyethylene glycols (e.g., PEG

400, PEG 300), dimethylsulfoxide (DMSO), cremophor (¢.g. CREMOPHOR EL®, BASF).

and mixtures thereof. The formulations may also include one or more buffers, stabilizing

agents, surfactants, wetting agents, lubricating agents, emulsifiers, suspending agents,

preservatives, antioxidants, opaquing agents, glidants, processing aids, colorants, sweeteners,

perfuming agents, flavoring agents and other known additives to provide an elegant

presentation of the drug (i.e., a compound of the present invention or pharmaceutical

composition thereof) or aid in the manufacturing of the pharmaceutical product (i.c.,

medicament).

[00209] The formulations may be prepared using conventional dissolution and mixing

procedures. For example, the bulk drug substance (i.e., compound of the present invention or

stabilized form of the compound (e.g., complex with a cyclodextrin derivative or other known

complexation agent) is dissolved in a suitable solvent in the presence of one or more of the
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invention may also exist in different tautoneric forns, and all such forns
are enbraced within the scope of the invention. The term "tautoner" or

"t aut omerwo 2bovmwboosef ers to structural isomers of diffePemusenengises whi ch
are interconvertible via a | ow energy barrier. For exanple, proton

tautomers. (als as prototropi utoners) include intercon i ons
via ni gqxakpﬁ %Pcré %” BO¥R, Jf ﬁ@% eé’ﬁ%glemalﬁﬁel} Wﬁ%y&?&h}’ fymulat fied

i somer '1§t%tﬂh‘aﬁﬁace¥ﬁéa¢ 068k BHRTE Ii)?O\’lMﬂ"éil@ll% BoRFHAP RIoSARIT ttYdrug and to
reorgani zati on of sone of the bonding electrons. [0020 Phar maceutl cal

corrp05|etnabin$>a@¢nt@mpab@wbmlﬂlﬂlh@re{smb@dd@glp@sl tion and i ndi vi dual dosage

i d th t t
el udi I For mdts oGt ousit Canasi bt huPdRelRFaP b ERe bl eq from
the |i Sfaskaled e vaskdi bF oy dpeedihs uﬁ@ﬁsﬁﬂ’elnbﬁﬁiod"we@lf& adedifRErin: kit @Y.

pharmaceutically inactive excipients, diluents, carriers, or glidants. The
bul k cdapssilly sharials fendintribuHey ingludes dserigaciivingdanogisdttherainfihsed anount s

o, e AL RUHER T SO TR SRR 7,

mat er | 1Vl osag un|
i 11 ust rtadde\sRilbdsRges aurdnid 1h61ud>€ﬂm@feﬁhlsdﬁ&ﬁ%odﬂtﬂbst(pﬁtsltﬁ)d‘lamﬁglhﬁh|s€¢1&ts pl | | s
capsul es, and the, like. t he methods of .treating a patl ent by

admi ni SEHOUIS, %laiswd%a%é%@h Céféipd?%r?ﬁéélilq liksn Fhe cgnteyner maysd@dnelddenconpass
he adni t
the adrin Phatlsraafa%@emlag{@ nggwéﬁt ﬁﬂigéfb% 1dcR% ¢ ngveﬁ*e dneinyd Supl %%[%gfge[g“”' .

[ 00206] armaceut1 ca ositions a SO enbrace isotopic abel ed
conpourrdditoh, thheoprmsehds depyetetiitiareanhd helah& des@ritcs dal contentshdslee r eci t ed
fact that one or nore atons are replaced by an atom

herein, but for,t
havi ng QA e e [%Eglsm@falﬁ%\%%ﬁﬁeﬁopaﬂtﬁfmﬁssfromthe atoni ¢ MASS or nBss

nunber ger@all y f amadniRunéd $6ehulddns bf HeQBEDo R dsHTYhPFEdnE HvRAtiGH @/ or
el ement as specified are contenplated within the scope of the conpounds of

the i nwemrémncd fandatidisiroutas eyl typserfpidanyisirgtismo gios cxdraple galorelld heor por at ed
into commc ound(z1 car bon,

t
it rogoR T TgRyEaR g R SRR ARG Fir SRR bR TR ngA T700A | -ne.
sucUh gshagddeuticadytccoptablddilfentsUedtfiers lécigients br Sabilizers (Remington's

Pharmaceutical Sciences (1995) 18th edition, Mack Publ. Co., Easton, PA), in the form of a
lyophilized formulation, milled powder, or an aqueous solution. Formulation may be
conducted by mixing at ambient temperature at the appropriate pH, and at the desired degree
of purity, with physiologically acceptable carriers, i.¢., carriers that are non-toxic to recipients
at the dosages and concentrations employed. The pH of the formulation depends mainly on
the particular use and the concentration of compound, but may range from about 3 to about 8.
[00212] The pharmaceutical formulation is preferably sterile. In particular,
formulations to be used for in vivo administration must be sterile. Such sterilization is readily
accomplished by filtration through sterile filtration membranes.

[00213] The pharmaceutical formulation ordinarily can be stored as a solid
composition, a lyophilized formulation or as an aqueous solution.

[00214] The pharmaceutical formulations of the invention will be dosed and
administered in a fashion, i.c., amounts, concentrations, schedules, course, vehicles and route
of administration, consistent with good medical practice. Factors for consideration in this
context include the particular disorder being treated, the particular mammal being treated, the
clinical condition of the individual patient, the cause of the disorder, the site of delivery of the
agent, the method of administration, the scheduling of administration, and other factors

known to medical practitioners. The "therapeutically effective amount" of the compound to
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Nt, 150 170, 180 32P, 33P, 35CS, 18F, 36 CI| , 123 T1 and I . Certain
i sotopi cal |l y-1 abel ed conpounds of the present invention (e.g., those

| abel ed wohBHoswd 14C) are useful in conmpound and/ or ®cbaSe@EDO2d0ZSUE
di stribution assays. Tritiated (3H) and carbon- 14 (14C) isotopes are
useful for, their ration and detect abi Furt her,

ease of pre ity..
subst i tHt4dBHIWeEH o PmEg Py e QREHCRE OB dP }Sith?ﬁ"%%lbunhﬁg}o‘&’ftf ord
cer t ai "HBRLARY biGAIYABEAFRSor RS tHcl RBdg 15N MEBRERE M ARRYC SatRbi ity
(e.g., increased in vivo hal flife or reduced dosage requirenents) and hence
may be goramersmeefeiablysaiew tha auemit gt sgoxiPes therhost @rendarnigeihesit opes such as
150, 13N, .11C and 18F are useful..for positron em ssion tonography (PET)
studie§“$5& &%Pﬁge§ﬁﬁ9Wﬁ%?§F@8%% "or occupancy. |sotopically |abeled

conpounge2i®| the THeasRAL phatmesiution | CErecl oo ettt \bf B RIireRes Bshnouh@! | owi ng
procedur es anal ogous to those disclosed in the Schenes and/or in the

Exanpl esinfieistered aselbooy; passnterably pendese wgll bain herajgeoarbaut 0ddel W9 mekgent for
chonor HEMSRRERL 0 b 3DH KL ERTEN vady RAR L BLTH b SBREIARS 43R or

phar maaeuipoaad ugpdaetngar3 tor5 mgtkeldaya Thebepelihé EouidI b@hpamdfadd the

therapeutic treatnent (including_ prophylactic treatpment) of
hyper prdsss peihg cherBOHFRBFHIErAERtO bR AHRMEStEISd Ay TAREHiGR 834, fromm 8beuidRg i on

provid ical |t i Gl rigy! in
P oot o oo RIA0NRACH LR UoCHTTAR, of BRnCATRL | hiitoBoliT bk bor SATRRUI Lt
di | uentfprrad@ht deses obForexda pcanpound @2 @3] chSuiotlwidpeutangdnemsy admlinistoted

addi tives, and.excjpients ar Il known to those skilled in th rt and
ol G DA ol So o SPE ot thents SEaest | 1B o pfout Afia ey
smellabbggmplyners, hydrophilic or hydrophobic materials, gelatin, oils,

solvents, "water and the like. The particular carrier, diluent or excipient
used wilP021b¢pend Agseptablealilvertnscasats, pacipats dndrstabflizets arheogorpdand of t he

i T e S R S R T A

adm ni sghekktd, Gitatd@iAher ok fhngeNeds2 bnticad@tsSiat ek as@irbicaei-dén@xi ¢ aqueous
sol vents such as water and ot her non-toxic solvents that are sol uble or

mi sci blrecthionigg: Bicsergfiveabiueh anodadrsykignetambsnayhemmpaivgackleridet hanol |

Propyl 6g. 4kmGRum &?&r}'cf‘et, Qé(dzgﬂ(%nﬂlln}/&ﬁbﬁde(, Bedhethohfoth chloride; phenol, butyl or
benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol;
cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues)
polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine,
histidine, arginine, or lysine; monosaccharides, disaccharides and other carbohydrates
including glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such as
sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™,
CREMOPHOR EL®, PLURONICS™ or polyethylene glycol (PEG). The active
pharmaceutical ingredients may also be entrapped in microcapsules prepared, for example, by
coacervation techniques or by interfacial polymerization, for example,
hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate)
microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes,
albumin microspheres, microemulsions, nano-particles and nanocapsules) or in

macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical Sciences

65



400, PEG 300), dinethylsul foxide (DVBO), crenophor (e.g. CREMOPHOR EL(r),
BASF) and m xtures thereof. The formul ations nay al so i nclude one or nore
buf f ers, woabio/i0zi08g agents, surfactants, wetting agent CTIUusko0O26900g
agents, emulsifiers, suspending agents, preservatives, antioxidants,

opaqui agents, I dan rocessi ng_aids, colorants, sweeteners,
per f umnl%éh g‘g@%’é}%ﬁ)m&wgﬁeﬁ%goé‘nggot her known additives to provide an
el egantjopsegent atSL@f&i&fd-&féﬁseCBrbkglréﬁon]?of Farme QAP esfo@fds hii§ RIR§RALI. 1 nvention

or pharmaceutical conposition thereof) or aid in the manufacturing of the
phar macsutableaixapples ot susdinesl-relepsdpreparatnnys indlod2@eiipeFnealilo mmttices o palidray  be

prepared ,using. conventional . dissolution.and m xi rocedures. .F exanpl e,
bhe. buriRdEpgtte pELImeR oinine = ommouta gt et b syebimpticRyaRds 815 Top

st abi | igfeHafcarafiés, tle GATRAWRGroCEpsles. TRAMbRY oMdsthiedChQo@xtiict
derivative or other known conpl exation agent) is dissolved in a suitable

sol ventinglnde palygntass drydeogsks (Eriexanplsopdy@rhidieexrtiybinethasrydesk or peld(vamdve.

The co f : ioh ' ' ' .y, f.or i

phar machatoau ol TaR! (o B oY E Pt BRI aci e Bz of 1 e
drug anguthmaenadi-dcgraddbendth demnglinghaetand, idbgrabigblpraesc idibetycodgheen. [ 00210]
The pharnmaceutical conposition (or fornulation) for application may be
package@pplymgrssauch as {hedfURRYN %é%@ﬁm gy cetplla mibespheresg@mposetl ¢fdpctic

adm ni sterin he. | V. rti fior di stri i an..i. ncl,udes a
cont ai risf-H SR EE U Rptari @A) BhERd O £ Bb bR p AT RGTI2D
appr opr[oe2 s8] f or mTHyhaabicut@h f@hmeitdnairlwelthods Roitabl¢ fortthosknigkirhli@d i n

the art and include materials such as bottles (plastic and glass), sachets,
anpoul é8utepdefailsdchasgins Thedermulatipns mcenvenigntlyths presgated thunitdores?d fFum my

al so i I t t. 4 0di t to the
ot ent o R R o Bt B R con
| abel tdndtfotedatidnb@sndrhléy erofownt is Refmingren's BhiraiaceuticallBechaabé8™ Bey(18D5)0

i ncl ude a rijat ni ng 00211]. Pharmaceutical .fornul ati ons .of the
compour o Easdri R An LG b GBSt 5P PORTHELRS BRSO and
types qfe Q&%%@%dli@ﬁt‘ With theQarrRX %Jjﬁl?dhecion%tg% BHE Br oD hEEék‘é&@z ihgnlngst e

desired degree of purity nay optionally be m xed with pharnaceutically

accept adsherabihk demtdationaard meparediy ipifantly and inginsidly briegisg (iRe pssogtation s

iP 2 a,[ g%ﬁ%@%‘%@%@%&%&cﬁﬁh fl&uglg 50211’r1‘]é1§st oq fﬁl%iyt (iiiglrzi’ed Ig/gl‘i:(i( cal?rl'llgrls or ggth; an ﬁter?, r%f PA) .
necessary, shaping the product.
[00219] Formulations of a compound of Formula I and/or chemotherapeutic agent
suitable for oral administration may be prepared as discrete units such as pills, hard or soft
e.g., gelatin capsules, cachets, troches, lozenges, aqueous or oil suspensions, dispersible
powders or granules, emulsions, syrups or elixirs each containing a predetermined amount of
a compound of Formula I and/or a chemotherapeutic agent. The amount of compound of
Formula I and the amount of chemotherapeutic agent may be formulated in a pill, capsule,
solution or suspension as a combined formulation. Alternatively, the Formula I compound
and the chemotherapeutic agent may be formulated separately in a pill, capsule, solution or
suspension for administration by alternation.
[00220] Formulations may be prepared according to any method known to the art for
the manufacture of pharmaceutical compositions and such compositions may contain one or
more agents including sweetening agents, flavoring agents, coloring agents and preserving
agents, in order to provide a palatable preparation. Compressed tablets may be prepared by

compressing in a suitable machine the active ingredient in a free-flowing form such as a
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| yophilized formulation, mlled powder, or an aqueous solution. Fornulation
may be conducted by m xing at anbient tenperature at the appropriate pH,
and at thwodernvmwewsdegree of purity, with physiol ogi cal PgTaSCEP29DE
carriers, i.e., carriers that are non-toxic to recipients at the dosages

and concentrations enpl.oyed. Th f. th ornul.ati on depends mainly on
t he par WelST o S1ge esdEgtl?%@yéﬁﬁﬁ‘iﬁ'ﬁ)&é‘t%%‘i?fﬁ#’%%6%581?11:?8{’ %ﬁf‘e?ﬁfvﬁﬂ?ﬁ%e %lr om
about 3Jyt@cahevt _oﬁdis{;é}%% 2bent N&1RARS IBICRULLCH mb@! BHndldifNin SsuRhigiEer abl y

sterile. In particular, Tornmulations to be used for in vivo adm nistration
must benatherd 4 mixt@gei thet rwderadaciivn ingsediand didisterd vottpdn whesdighid diluent at i on

t hrough_sterile filtration nmenbranes. ,[00213 he ar maceut i cal .

for mit abaro b gt g bt SERREETeg and el BsfgBLMRRES SR wegie i 2o
for mul aidwebr ent@fled el @Rb 8Pt as@ldinbRdient BRZFbm. The phar maceuti cal _
formul ations of the invention will be dosed and adm nistered in a fashion,

i.e., dAB¥Als, colrbisterapicansl apbpaepsretical tsmpldion pgficdpentigndayout e of

admini s ' WL i cal ~pr iGe, ct of - r

consi dar e Her GRALRAER bt BRR TSt BedhaE Ry EBE kR Bty

t r eat edabltth ®ifiatketaatsltaendoarapelthdabrytd bresd édyn inlesadll frugatntedaeillyi on of the
i ndi vi dual cﬁgti ent, the cause. of the disorder, the site of delivery, of the

agent , PeEidyat diyg pestickeamyhsnsit isdheeted anddrappisdin jep Gesolidionsind ebserPtn,  and
ot her f g i tt] Leal ly
ef fect i%%ﬁ%%?%o?ﬁstg ﬁi%gﬂo%f%ud%dﬁgc%%btgg?nﬁ ?\? go}-glr%g&tl %G[P?%Elghg%ver ned by

such consihdeicaltstrongth aaddoids thblet togethonaficanduas beeremagsessyd, tpoeyenereitt |
aneliorate, or.treat the coagul ati on factor medi ated di sorder. Such anount
s pr of BIB B F BB g nftﬁgmdérstdtwg Pﬁ%ﬂtéﬂl& HBRMSANG EHHBS s ¢ he
host sigRifihS dat {0 ro'if'éstﬁeeﬂédvéﬂiﬁttytd?ﬂ@ dA¢hakifApLat ab& dufthg i al
pharmaceutical |y effective amount of the Formula | conpound admi nistered
or al | y medyssipentubrighntyto gasurel hwethgitililctbag pawd¢ralocaneferdbéread theteq0ipdent 000

ng/ kg, nanely ahpu .1 to 20 my/ k atient bo Laht per _day, with
The Oy Redpe raffaleo ey ubife o didHha ne b Bt 45 B ST IR He G wifiay ™ The
dose ofthidngh Brpitdsas dndaaiipaiRdriaish dndereRage &f tht figistbemBIdieirapRetedCc agent
to be admi nistered may range for each from about 1 to about 1000 ng per

unit ddsagéaeummaet: Antsdheansaiunith fungton simdlesta thaod theyglidant.ypducingosage form

e, o366, 59U bSPTIR ELAREYA 6 AGED B

rati o ahe stpabf thekfblttalvainguiant@iclurEyFlavor incorporated into tablets to give them a
more pleasant taste or to mask an unpleasant one, and Colorant to aid identification and
patient compliance.
[00222] Tablets containing the active ingredient in admixture with non-toxic
pharmaceutically acceptable excipient which are suitable for manufacture of tablets are
acceptable. These excipients may be, for example, inert diluents, such as calcium or sodium
carbonate, lactose, calcium or sodium phosphate; granulating and disintegrating agents, such
as maize starch, or alginic acid; binding agents, such as starch, gelatin or acacia; and
lubricating agents, such as magnesium stearate, stearic acid or talc. Tablets may be uncoated
or may be coated by known techniques including microencapsulation to delay disintegration
and adsorption in the gastrointestinal tract and thereby provide a sustained action over a
longer period. For example, a time delay material such as glyceryl monostearate or glyceryl
distearate alone or with a wax may be employed.
[00223] For treatment of the eye or other external tissues, e.g., mouth and skin, the
formulations are preferably applied as a topical ointment or cream containing the active

ingredient(s) in an amount of, for example, 0.075 to 20% w/w. When formulated in an
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wei ght. [00216] Acceptable diluents, carriers, excipients and stabilizers
are nontoxic to recipients at the dosages and concentrati ons enpl oyed, and
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pol y- (et gfnethacylate) m crocapsul es, respectively, in colloidal drug
del i ver[902384t ens THearilyephaspodiahe binpbmres thisinention macbospletuesl, from

m cr oenul si ans, ,hano rticles and noca sules in macr | si.ons. Such
L echni GGY ARG CIFRE 8 BROYT THBRFn B W dtat s onSaTROR HaitA
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preparations of Formula | conpounds may be prepared Sui t abl e exanpl es of
sust ai rfegethes|vatiselipondplar ernrlleuﬁier whishuadts as ersiabdraen abdgsthentthe caslsdieresol i d

%t ne For i SRRERBNZERD Tufhd & GRTE R o O Be eliRE SRR 05 61

sust ai ngd-fitloapsee Hﬁb@hﬁﬁnﬂgmﬁﬁtﬁﬁﬁt RRE wasdhefobms ﬂl)édﬁl@gi@ﬂp%rséﬂ Phase % aRkLA,

pol y(2- hydr oxyet hyl - net hacryl ate), or pol y(vi nyl al cohol pol yl acti des
(US 3778mmygytionse r?éﬂﬂi}ﬁﬁfi@ agfl crufiiqn wishi izeae fuitahlsdorasera the II)QWUII@@P%@%‘#ﬁt e,

non- degp adaBh Sn AW HFOGRY 6018pafts Rb A Fost A RARBL, BehAF hicGhACh gLy col i ¢ acid

alcohol, glyceryl mono-stearate and sodium lauryl sulfate.

[00226] Aqueous suspensions of the pharmaceutical formulations of the invention
contain the active materials in admixture with excipients suitable for the manufacture of
aqueous suspensions. Such excipients include a suspending agent, such as sodium
carboxymethylcellulose, croscarmellose, povidone, methylcellulose, hydroxypropyl
methylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia, and
dispersing or wetting agents such as a naturally occurring phosphatide (e.g., lecithin), a
condensation product of an alkylene oxide with a fatty acid (e.g., polyoxyethylene stearate), a
condensation product of ethylene oxide with a long chain aliphatic alcohol (e.g.,
heptadecacthylencoxycetanol), a condensation product of ethylene oxide with a partial ester
derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan
monooleate). The aqueous suspension may also contain one or more preservatives such as
ethyl or n-propyl p-hydroxybenzoate, one or more coloring agents, one or more flavoring
agents and one or more sweetening agents, such as sucrose or saccharin.

[00227] Pharmaceutical compositions may be in the form of a sterile injectable

preparation, such as a sterile injectable aqueous or oleaginous suspension. This suspension
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of lactic acid-glycolic acid copolyner and | euprolide acetate) and poly-D
(-) 3-hydwoxytwmoyeosc aci d. [ 00218] The pharmaceuti cal fecwuisatiooe®03 ncl ude
those suitable for the adm nistration routes detailed herein. The

formul ati ons. may. conveniently be presented_in uni osage form and may be
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chenot i i f I nk-stratl e red as
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t r ochedixed@ilangels craploealiscding dyntheseaad-onsdiglgita s s ind dlitpmviteryacls
granul es, enul sions, syrups or elixirs each containing a predeterm ned
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agent may.be forpul ated .separately in a pill, capsule, soluti r
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agent s donploundadgysweretrmiopreptageheonyveticehaordungobgemergnaterd] ovliielymageatys and
preservin ts, I pder .t rovi de, .a | at,abl e aration, ressed
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m xed with a binder, lubricant, inert diluent, preservative, surface active

or di sFEPEIPIfgaREEIeEYs wviRRdntcaBrdios irﬁwewsm@@%wm@aﬁgfmm ahoufid toabl e
ot 158 5L G 0 R SR BT TSP I o 1 e
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[00229] Formulations suitable for parenteral administration include aqueous and non-
aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats and
solutes which render the formulation isotonic with the blood of the intended recipient; and
aqueous and non-aqueous sterile suspensions which may include suspending agents and
thickening agents.
[00230] Formulations suitable for topical administration to the eye also include eye
drops wherein the active ingredient is dissolved or suspended in a suitable carrier, especially
an aqueous solvent for the active ingredient. The active ingredient is preferably present in
such formulations in a concentration of about 0.5 to 20% w/w, for example about 0.5 to 10%
w/w, for example about 1.5% w/w.
[00231] Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usually sucrose and acacia or tragacanth;
pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or
sucrose and acacia; and mouthwashes comprising the active ingredient in a suitable liquid

carrier.
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slow or controlled release of the active ingredient therefrom [00221]
Tabl et exci pients of a pharmaceutical fornulation of the invention may

i ncl ude: Wol2bsviof@8 di |l uent) to increase the bul k vol umeCofusthe/opeyosier ed
drug making up the tablet; D sintegrants to encourage the tablet to break
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mechani cal strength and hold a tablet together after it has been

conpr ed86283] pr evdrrinnlptions suiehicipeakipgmboery drmasl pdminesrapondave powder s
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to press the tablet during manufacture. They inprove the flow of the powder
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mor e plROXElshdriRistation mey bewegpared agepyiweda spnvshtonal metheds spdmayds ai d
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active ingredient in a xi ¢ pharmaceutically acceptabl e
exci pi emtprophiytixisadisorders batdseribal baimmuf act ure of tabl ets are acceptabl e.

These | pients e, for le, inert diluents, such as cal cium or
cod umABbna: o, FriheRbbw St i GBS S TGRS | ng and

di si nt gLk JaABGRL Srearfil PR1s2fasiBl FBm3oREFHy (@8 bént@aind in RHMALRY
agents, such as starch, gelatin or acacia; and |ubricating agents, such as
magnesitothasictise atgesdigtt eneh auragh ds aic knawve .in tebiretodermppropaaigncoat ed or may be

coat ed own techni ques including, m cr.oen sulation . to dela

i o1 nt AT o o R BRons 54 A Ghe R SRR b PFucs eSS R ey
provi dexamphsdealicd @thpaties O AVB! ardl h&NBEstoRElh @dkeeFOlri @X@yapheized) t i me del ay
mat erial such as glyceryl nonostearate or glyceryl distearate alone or with

a wax reepdisien segyiaiienly floopidgionmdthe serde hgpid w@ridrhier eyemple vatdieior ext er nal
tiss ue%nj c&tidh i’rmﬁgd'f&tgly%r Y é}(?&nporaneous injection solutions and suspensions are
prepared from sterile powders, granules and tablets of the kind previously described.
Preferred unit dosage formulations are those containing a daily dose or unit daily sub-dose, as
herein above recited, or an appropriate fraction thereof, of the active ingredient.
[00236] The invention further provides veterinary compositions comprising at least
one active ingredient as above defined together with a veterinary carrier therefore.
Veterinary carriers are materials useful for the purpose of administering the composition and
may be solid, liquid or gaseous materials which are otherwise inert or acceptable in the
veterinary art and are compatible with the active ingredient. These veterinary compositions

may be administered parenterally, orally or by any other desired route.

[00237] COMBINATION THERAPY

[00238] Formula I compounds may be employed in combination with certain
chemotherapeutic agents for the treatment of a hematopoietic malignancy, along with pre-
malignant and non-neoplastic or non-malignant hyperproliferative disorders. In certain
embodiments, a compound of Formula I is combined in a pharmaceutical combination

formulation, or dosing regimen as combination therapy, with a chemotherapeutic agent that
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formul ations are preferably applied as a topical ointnment or cream
containing the active ingredient(s) in an anount of, for exanple, 0.075 to
20% w w. Wben1ofioseeal at ed i n anoi nt nent, the active i ngredirarsteomnespobe
enployed with either a paraffinic or a water-m sci bl e oi ntnent base.
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sodi umP 8P TR WeekP00226] Aqueous suspensi ons of the pharmaceuti cal
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w th excipients suitable for the manufacture of aqueous suspensions. Such
exci pi dermuladcongeund.snd pehdinaticrgertic agsncsslestedsodin desamethasone,

car boxy l.cel |l ul pse, croscarnellose, povidone,. methyl.cel |l ul.o
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regimen. When administered sequentially, the combination may be administered in two or
more administrations. The combined administration includes coadministration, using
separate formulations or a single pharmaceutical formulation, and consecutive administration
in either order, wherein preferably there is a time period while both (or all) active agents
simultancously exert their biological activities.

[00241] Suitable dosages for any of the above coadministered agents are those
presently used and may be lowered due to the combined action (synergy) of the newly
identified agent and other chemotherapeutic agents or treatments, such as to increase the
therapeutic index or mitigate toxicity or other side-effects or consequences.

[00242] In a particular embodiment of anti-cancer therapy, the therapeutic combination
may be combined with surgical therapy and radiotherapy, as adjuvant therapy. Combination
therapies according to the present invention include the administration of at least one
Formula I compound and one or more other cancer treatment methods or modalities. The
amounts of the Formula I compound(s) and the chemotherapeutic agent(s) and the relative
timings of administration will be selected in order to achieve the desired combined

therapeutic effect.
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of Formula I compound, such as about 100 mg to about 300 mg of the compound. A dose

may be administered once a day (QD), twice per day (BID), or more frequently, depending

on the pharmacokinetic (PK) and pharmacodynamic (PD) properties, including absorption,

distribution, metabolism, and excretion of the particular compound. In addition, toxicity

factors may influence the dosage and administration dosing regimen. When administered

orally, the pill, capsule, or tablet may be ingested twice daily, daily or less frequently such as

weekly or once every two or three weeks for a specified period of time. The regimen may be

repeated for a number of cycles of therapy.

[00246] METHODS OF TREATMENT

[00247] Therapeutic combinations of: (1) a Formula I compound and (2) a
chemotherapeutic agent are useful for treating diseases, conditions and/or disorders including,
but not limited to, those characterized by activation of the PI3 kinase pathway. Accordingly,
another aspect of this invention includes methods of treating diseases or conditions that can

be treated by inhibiting lipid kinases, including PI3. In one embodiment, a method for the
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aqueous and non-aqueous sterile suspensions which may include suspendi ng
agents and thickening agents. [00230] Fornul ations suitable for topical
admi ni st ra0i20r)/008he eye al so i ncl ude eye drops wher ei RCThiS2@0026903
ingredient is dissolved or suspended in a suitable carrier, especially an

aqueous sol ven or the actiye ingredient. The active ingredient. is
pref er él%ﬂaf}n?ﬂtégééﬁ?{fm QPLIGHR MRGRIANC PP@H%Squ?dﬁn%tﬁE’é%?ﬁ&f@%ﬁn‘b?ora .5 to

20% W s of @mbERATBHEuIAARS: 1 atchRitidR Y8 Wdmrh AT wRSeMRhEtRRYEA L. 5% W w.
[00231] Formul ations suitabl'e for topical admnistration in the nouth

i ncl udeohbrEtige sompripssiasthergpeutigali elfectivie agoedi aratcompoand hawog EombHsi.s,

| i t th: till i Si ti
o ear R PSR RELSr Solit 268 Bt Mar ot By BT PR PRl g
acaci a;deR i cthiRshBWARITEP AC @BRéTuBichy vinkEs@fe HuKir Mg coelbsi¥sphdmidesui t abl e
liquid carrier.[00232] Formul ations for rectal admnistration my be
pr esentisednasong, melppdai.tlenalidnide, horeromaly | repapagen, epdrpytrribiyg- flderapRetifpl e
b sal | R ' '
ot r apor b8t FRLLFALRE P PRI B SRR R R Beofmayb oy o

t he r angéleyeddodthe ared@fenibfs biaserfrotitrattlicnijscpsy dri didoeds] inelding tambange
between 0.1 and 500 microns in increnents mcrons such as 0.5, 1, 30
m cr onscanesss. and pepplastigiissue, alghg whthinsc-mahiemng ead aen-Bgonashic @T nekaIkEn Bt

througglggpﬁr&mhvp%@éﬁg 3 Ppa/eﬁlp&ﬁhéhé,gmugaggmtﬁmeammo as to reach

t he al r sacs. Suita ornmulations in e aqueous or olly solutions
of t he thatpanticicogibeitiemtnd &pharmlaatiiticaldy sedcp@ableeafrar, A@rvasglor echicdey powder

adm ni strat.i on e prepared according to.caonventional. met hods and may be
el | veruis ol crF Beteye | spipbdy s anaguis fetioh S ddtiats SHEPBROPDRe Lowd
in the JERat iTBALanRunPloARACAY) ihfHiSoB def8c a&ivilgscri bed bel ow. [00234]
Formul ati ons suitable for vaginal adm nistrati on may be presented as

pessar i[88248] anporlismappaetc mgkgrancigasichsle npodieslghin'sdpmalomardiibssetlngas
containing.in.addition t he active ingredient, such carriers as are known
U0t e Hehedngis T hRehnd i e Pt B TS S PR OmE g o bR iGea tn
unit-dqg@«ﬁﬁ&HﬂMﬁbbdﬂﬁﬂoﬁgnQHMDQﬂ§L for exanpl e seal ed anpoul es and vi al s,
and may be stored in a freeze-dried (lyophilized) condition requiring only
t he addP934%h of theotheraspaceof thipinvensign prevdestagthapnageptieal gameepsitigper

therapeutic combination for use in the treatment of the diseases or conditions described

herein in a mammal, for example, a human, suffering from such disease or condition. Also

provided is the use of a pharmaceutical composition in the preparation of a medicament for

the treatment of the diseases and conditions described herein in a warm-blooded animal, such

as a mammal, for example a human, suffering from such disorder.

[00250] METABOLITES OF FORMULA 1 COMPOUNDS

[00251] Also falling within the scope of this invention are the in vivo metabolic
products of Formula I compounds described herein. Such products may result for example
from the oxidation, reduction, hydrolysis, amidation, deamidation, esterification,
deesterification, enzymatic cleavage, and the like, of the administered compound.
Accordingly, the invention includes metabolites of Formula I compounds, including
compounds produced by a process comprising contacting a compound of this invention with
a mammal for a period of time sufficient to yield a metabolic product thereof.

[00252] Metabolite products typically are identified by preparing a radiolabelled (e.g.,
¢ or *H) isotope of a compound of the invention, administering it parenterally in a

detectable dose (e.g., greater than about 0.5 mg/kg) to an animal such as rat, mouse, guineca
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injection immediately prior to use. Extenporaneous injection solutions and
suspensions are prepared fromsterile powders, granules and tablets of the
ki nd prewousiolos@scri bed. Preferred unit dosage fornul aCirarsgo@oessohose

containing a daily dose or unit daily sub-dose, as herein above recited, or

an appropri ate fractlon ereof .. of the actlve i ngredie 0236] The

i nvent iM% TOHEH 1 IUH @L@N%%ﬁf C1raF Yme SerfBusteb aﬁgw@&ﬁl&rﬁ%mlﬁygfﬁ {lté&st one
active dREHIg e @(6‘1@101@1@) a%faqy&aﬂﬁgf 1't§k‘°oﬂv&1‘§ﬁ)ﬁtp|f'&‘duc¥§' ﬁ“chn %evﬁh%r bl@@ﬂ ¥r G@REF i er
therefore. Veterinary carriers are materials useful for the purpose of

admi ni dtielogiegl sahwplasofhosi rodurtsard eamlyy ipdatedkindg they gud ldbded (pabaoars mat eri al s
whi ch ar erw se i.nert .or he veterinary art.a are
conpat | BTEPTHS RE LAt tpaRs (P ER ek Sl iGa g § o RisbePlRons “nay be
adm ni stiRrBetaisne ety ¥re defetthlntd of c&%eﬁﬂ%a@fd@ﬂ%nd@%' bﬂws Qut/®iS ¢:00237]
COMBI NATI ON THERAPY [ 00238] Fornula | conpounds nmay be enployed in

conbi né‘ﬂMBanSW degenirdl. akdypbt tfeneiplalitesds ég@wlﬂlsth? M ey 8y comvariianabf a
hemat opg), abgﬁirh%%%r%%\%elﬁl 309 tX"'étI{erBﬁ ARl Q%Ht @Qﬁletﬁﬁg& 0;98!1&%& 8 or

non- nall erative sorders. n cer

conpou rldngn&s they ﬁmeln@t bthiesvisOfdund edvive, aae @Mlnﬁdmghmlalas@@mlrnmmmnc
formul ati on, or dosing regimen as conbi nation therapy, with a

chenot H@ﬁ%@tﬁf cccoyonid qq{gp@,ggfe%tmq hyperproliferative properties or that

is useful for treatlgﬂtthe hemat opoi etic malignancy. The chenot herapeutic
agent dP023} pharMRE E%QFMAM‘%&@THRFJ ormul ation or dosi ng reg| men

pref er afbysdias CHTLERENL A AN BOalital PufRL T RlrsRIPOYAgy, and such

that t not adversely a ect eac conmpoun

t her ap%htaﬂllﬁg)ﬁbﬂnﬁlﬁi [ eompaEyndb asedinonitstieatent of tiRlivehses hhadisardersef f ecti ve
for the purpaose intended. In one enbodi nent, a pharmaceutjcal fornulation
of t hi <depeiihsdabeye %@F@ﬂ@@eéﬂgn%mhmhalem éltﬁrﬂﬁbeﬂmpra%aaowﬁ@ﬁb%qmr ic

agent SheR,as éil)ﬁga Olhd S Ph D6 ﬁibg fuﬂtlﬁeogpﬁi &L o £BDAH \ﬂrf@?‘% 1ﬂ§8ﬁ apeutic

conbi nation is adm ni st ered regi nen I'n the rapeutlcally
ef f ect iaseocaralwith dic @nfaomarulTae termoippdiapd inssrtagmsed st refoe tb 1nﬂtmctroaﬂge from

twce daily to onc very thre eks 3V\,k and t he hera eutically

ef f ect | V&t Oé’r?ﬁ‘%hlﬁl ]b‘ﬁ ‘fﬁ’ecoérﬁﬁ?f:ﬁ’caﬁ@?\fl%ﬁ%‘?hq gheé@{ﬁ"ﬁlc PLOdygs Fts‘ioé‘Faé‘H separately,
in al t §hRALLOEh alot e iRBRIdhE ARLEMIES o8 3 dnYinfsRatRIIC @orﬁi’a‘?ﬁd{ca{tff&hﬁ%dﬂ@ﬁks
[00239] Therapeutic conbinations of the invention include a product

conpr i svargings concerning the use of such therapeutic products. Suitable containers include, for
example, bottles, vials, syringes, blister pack, etc. The container may be formed from a
variety of materials such as glass or plastic. The container may hold a compound of Formula
I or a formulation thereof which is effective for treating the condition and may have a sterile
access port (for example, the container may be an intravenous solution bag or a vial having a
stopper pierceable by a hypodermic injection needle). At least one active agent in the
composition is a Formula I compound. The label or package insert indicates that the
composition is used for treating the condition of choice, such as cancer. In one embodiment,
the label or package inserts indicates that the composition comprising a Formula I compound
can be used to treat a disorder resulting from abnormal cell growth. The label or package
insert may also indicate that the composition can be used to treat other disorders.
Alternatively, or additionally, the article of manufacture may further comprise a second
container comprising a pharmaceutically acceptable buffer, such as bacteriostatic water for
injection (BWFI), phosphate-buffered saline, Ringer's solution and dextrose solution. It may
further include other materials desirable from a commercial and user standpoint, including

other buffers, diluents, filters, needles, and syringes.
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Formul a | conpound, and a chenot herapeutic agent selected from
dexanet hasone, thi oTEPA, doxorubicin, vincristine, rituximb,

cycl ophoswbaniodes00er edni sone, nel phal an, | enal i dom de, POTtUS2@0i0RG903
rapamyci n, and cytarabine, as a conbined preparation for separate,

si mul t ent i e in the.trea of, a erpr Iiferative
ai sor daPES 0501 TGl Ehiiiat PURPERHEEYIY" e i COaREd s  a

si mul t aREMNeENP6F WI A, iff REHAE the SMBGTH RHRhIdRES ?&nﬁﬁﬁi&ntFO@EJ(éfmpIE he
conbi nati on may be admnistered in two or nore adm nistrations.

conbi netithadnt eeingirisest 4 Hrst coropasdes @owutFing stangauod of Egmmga éelpxha artcend
formul ati ons_or. S|n pharmaceutical formulatio ecutlve

nan ni QRS S Erb PR RGP cosPe b £8Ee FERIER per o
whi | e heglentiar ordkpara@GliniesRARMLOT tisd fildt ArRiNREdHE phatX &dclitiéN @bipbiibRdbGal
activities. [00241] Suitable dosages for any of the above coadm ni stered
agent s mlﬁlénttlh&@tb?@@éntly used and may be |owered due to the conbined

acti on \ggyaer 9Y) Rlnbhig, ORMAmbASHLIGASE RARL (8Nl BURRE, GRERRLDAr apeuti ¢

agents ‘or eat ment’s £’ I'Ncr 8ase peuti-t ex or mtigate
t oxi ci tfgrmy oftd dudiiposind @f Ebfnedlh $, sath aomBRGUEREEIICs| @Qé’mzkn Ipmefarab@rlhcladlésar
enbodi nent of anti-cancer thera ,. the therapeutic conbination my be

combi nédURRkes o8 Bl esares R jits afﬁam%eéﬁ 6@%@%915% the dayggenarntadda gy .
Conbi naf i Qn, el i g&'naé R&C %@é&%rgﬁ@oﬁ €h emﬁgggw@&?&gbo BliRG s &be

adm nistration o east one Formu one of 'more ot her
cancer welEatavenin thmpem'lidging indwsatabhnd are smdéll&msahfom paﬁagﬁlgqﬂlemﬁmmmdahuﬂnt

corpounBla. 1%, FR-SSIEHISL B SHRRLS) sl A 6 syl o
ther apquidr§ &B{@@h}amﬁy&]m&mm&%&m& RN GERTH GRL-tr CaBES! TI ONS

[ 00244] The therapeuti ¢ combinations of the |nvent|on may be adm ni stered
by any spb@;tuéelapzphlotptheaioeage@cmhbe abmidistareth to be treated. Suitable routes

i ncl ud ar nte ncl bcut aneo

e avatBE2 | PerRERRLR o SRl 6 D S8R O PR IBHABS v qurar
and i nfdesd éﬁﬁndl epmqtes&ontetlﬁm&%rmhd optﬁﬁiaﬂy (bnaseabnd Edpligdtwid acl udi ng
buccal subllngual) agi nal , |ntraper|toneal i ntrapul nonary and

intr ana@‘éﬂn Phepnessrticad fﬁ@rm atioatcopisned ihaipigowherowl the serad phamyectticans der mal
admi ni ﬁﬁ‘ﬁlh %%u%s@ a§d H&@S&g@k ﬁ‘%@m nh erbr%ﬂ%e?m%ra%ﬁbl%y devi ces.

Fornul on O I'Scuss
Alternatively, or additionally, the kit may further comprise a thlrd container comprising a

pharmaceutically-acceptable buffer, such as bacteriostatic water for injection (BWFI),
phosphate-buffered saline, Ringer's solution and dextrose solution. It may further include
other materials desirable from a commercial and user standpoint, including other buffers,
diluents, filters, needles, and syringes.

[00258] Where the kit comprises a composition of Formula I and a second therapeutic
agent, 1.e. the chemotherapeutic agent, the kit may comprise a container for containing the
separate compositions such as a divided bottle or a divided foil packet, however, the separate
compositions may also be contained within a single, undivided container. Typically, the kit
comprises directions for the administration of the separate components. The kit form is
particularly advantageous when the separate components are preferably administered in
different dosage forms (e.g., oral and parenteral), are administered at different dosage
intervals, or when titration of the individual components of the combination is desired by the

prescribing physician.
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Phar maceuti cal Sciences, 18th Ed., (1995) Mack Publishing Co., Easton, PA.
O her exanples of drug formul ati ons can be found in Liberman, H A and
Lachman, WoO,208d95008 Phar maceuti cal Dosage Forns, Marcel DPeTRS2010024908, 2nd
Ed., New York, NY. For |ocal imunosuppressive treatnment, the conpounds may
be adm nj red by_intral esj I 1 Nl i Qn, i ncluding perfusing or

ot hervm'[@b:f@int actq)’(%ﬁkﬁi gﬁ%ﬁg%ﬁﬁﬂpﬁ@¢ﬁﬁp§%&or before transpl antati on.

It willjopgs0arrr eci@l-ed Piodbulhe 1Pr ef edyge cipliggmay vary with for exanple

t he condl tion of The recipient. V\here t he corrpound is adm nistered orally,
it my be fornulated as a pill, ule, tablet, etc, with a

phar maceutical |l y aceerptable carr e . glidant, or e P jent. Were the
conmpound i s adm nied parent &aldy, it may be f rnﬂ ated with a
pharmaceutical | y acgeptabl e parenferal vehicle or diNGent, and in a unit
dosage injectable fgrm as detaig®e | ow. [0024 S o]

patients may_r gmje ‘
such as abou®
adm ni st ered onge a ayC(QD), tw ce per day (Bl B2,
dependi ng on t 8 phar macoki neti ¢ {PK)" and phar macodynam 'sx (PD) properties,

i ncl udi ng absorptiony distributiBhsatawet abol i sm and efcretion of the
particul ar conpound. In addition, toxicity factors may influence the dosage

and adriPO36M r at i ShhedBgikiglyPe R URbRE reARERAN HaHERI & e acf%&mbgﬁyc%lﬁe pill,

capsul %ete?is%;cf’ebdrqltete?@a)f g tﬁé‘ﬂ?é&&& 61"\*H8 E%\‘qiai(il e 1?%‘ sk¥ SQﬁenlm: dpf %&H?”t ly
such as weekly or once’ every two or a speci period of
tinme. 'lélubstrteigd amhlomyl inerphepeahedo[B3R- d@ynmmﬂlee Smxflaydge(doﬁﬁmm‘d wlhieit apy.

For mul BB AA (ST b H RBBGTEL 4L g 5 b P d et i ng

di seases, u?\ganéﬂtsr &38R 4858l assoe[ Aglofar! s@Fﬁltng'uf‘Q'atephﬁd aﬁpéqulal %lﬁﬁg of 0, those
characterl zed by activation of the PI3 kinase pathway. Accordingly, another

aspect asttonhiik. ilmeentdiga 7ivsipuctescdrstorddy tofthe methpdngl AP $60%883%H9; US

condi ti Cc r d. Ry,d.ahihiting |ipi I na |nclud|ng Pl 3.

I n one 2@@%@39&% %ﬁﬁéi"ﬂg@@o&t%@%ﬁ?@n fp%égﬁééh%fe %rS'i’l%Gtkf(E Hafy gnancy
conpri sl @ndust, O initie, 6w RRME pAlaaRDIA It UcREs @ conbi ned fornul ation
or by alternation to a mammal , wherein the t erapeutlc conbi nati on

corrpr i sbefs(travh@hﬁépbsvehtnphaallwu@{lﬂb@@mo@d%mn@dﬂedoﬁ wrigbhgpfdwrenihasiingr For nul a
, and b%r(% &%‘3#5}1 Bguie\é it f fa%g Bf g ifdD ngtbog)omg 0GerQhdilRES &ﬁ%%"e&%ﬁ e,ut Ic

age nts se
the nitrogen of the indazole may be protected, for example with a tetrahydropyranyl group.

reat human
a | conpound,

In some cases potassium acetate was used in place of sodium carbonate to adjust the pH of
the aqueous layer. The reaction was then heated to about 140-150 °C under pressure in a
Biotage Optimizer microwave reactor (Biotage, Inc.) for 10 to 30 minutes. The contents are
extracted with ethyl acetate, or another organic solvent. After evaporation of the organic
layer the product 8 may be purified on silica or by reverse phase HPLC.

[00262] General Procedure A-2 Suzuki Coupling:

() »
O
N B N
R! \S | o
2 R2 N
R 82 N)\NHZ

5
Pd catalyst
[00263] The Suzuki-type coupling reaction is useful to attach a monocyclic heteroaryl

at the 2-position of the pyrimidine ring (see Scheme 4). Generally, substituted 2-chloro-4-
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dexanet hasone, thi oTEPA, doxorubicin, vincristine, rituximb,

cycl ophospham de, predni sone, nel phal an, |enalidom de, bortezom b,

rapamnmyci rwoant)/wyioar abi ne. Therapeuti c conbi nati ons of : PCT)usaoiboeévos a | or
Il conpound and (2) a chenot herapeutic agent may be enpl oyed for the

treatnment of .a hy roliferatiyve disease.or disorder, .incl nor s,
cancer romRaBERaS B Doy Sl ¥ B g CRTD D Gl o CRHEHE RS Ao Top! a5t i ¢
or non-{gRlHERALE 3 bycﬁ&fa%ﬁhéﬁ @fy@bwﬁlcqh@%ﬂ% a, dod RRBVRIRPYLFRDLIentd ohUMaN
patient is treated wth a therapeutic conbination and a pharnaceutically

accept abtencerpdtasiumackroomai 3s aok mekdiiselugon whwater and drecqEal ke bf co rrpou nd,

armount £0BET i SBI) R BRCS PESTHIHaR din 6 PRy FongaayS R ARG &

mal i gnang pees/0Mloss! qné&ﬁomdgiylrsfeﬁenby Halam caalfyhu smolid, 6EMBRITBE PRAV et i C
I yrrphoma follicular |'ynphoma, mantle cell |ynphoms, chronic [ yrrphocytl o

| euk emivglengrppligdpine repgentosngh aAbLs(tnmnﬁmmg]le)mlﬁdm( Rslivddaridss ista|
| nventipg, R {tg‘ékﬁ&%n aBHf[% %8@1 ¢ %%rs EATRAREA a@e[ofttﬂ%g%o%' on? i nation

for use in reatnen | Seases oOr C 1 ONS” descri erein in

a mamehdicited. Alarmpemativelpuh@nitroptih bLthie @grlﬁﬁ@mﬁmﬁe@ha@ﬂﬁﬁlﬁoﬁéted%dl tion.
Al 'so provided js the use of a pharmaceutical conposition in the preparation
of a medPERlRNith Péﬁtrahﬁ@fowréaﬂrﬁé%p o SORE 1S O BEURIC BB RSB R}é%?cn bed

herein e, uﬂ@cra%&hfégg %Qj of ThiC I\/éEl'lI'sil B@'m_lﬂ%g’reJCEBn %@%h%e%

suffering from suc I sor 00250
[ 00251]cxAinpte tbabbmtri@OvﬂtSlOHCruntibteprsssumancafBlbtags Opthivendrinoorogvage tdaetorn Vi vo

nmet abol Formul a | npounds descrj hed _he Such pr.oducts
oy o ROl D 10 1 Bl THRRRER S PRHGIE G Ry drEFapLuoter
am dat i RpanideAMHA awf@fleva%;a%h ¥ ARtdr@hic HSESthepiddusEla @Ry bEPEYMRL b

cl eavage, and the like, of the adm nisteréd conpound. Accordingly, the

i nvent isdfcaiondy udessemdrsbdPLEes of Formul a | conpounds, i ncluding conpounds

pr oduc a process ¢o I Si g co t cti.ng a conpound of this invention
W th ae[ﬂ%% fo?é A i Llflgnt to yield a netabolic product
t hereof. [00252] Met abol ite product S typ| cally are i (El)entl fied by preparing
a radiol abeled (e.qg, AC or 3H) isotope of a conpo of the invention,
adm nistering it pa enjerallylna E(ﬁ

\N \ RNH2 @N
% A

[00265] 2-(1H-Indazol-4-yl)-4-morpholinothieno[3,2-d[pyrimidine-6-carboxylic acid
13 is treated with 1.5 eq HATU, 3 eq of alkylamine and 3 eq of DIPEA in DMF to
approximately 0.1 M concentration. The reaction is stirred until complete and extracted in
cthylacetate with saturated bicarbonate solution one time. The organic layer is dried, filtered
and concentrated to yield the crude intermediate. This intermediate is purified via reverse

phase HPLC to yield product 15.
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detect abl e dose (e.g., greater than about 0.5 ng/kg) to an animal such as
rat, nouse, guineapig, nonkey, or to man, allowi ng sufficient tine for

met abol i swot2o1000608 (typically about 30 seconds to 30 heorglS2@nd2¢9edl at i ng
its conversion products fromthe urine, blood or other biological sanples.
These pr ts are easily isolated sipce they are | abeled (others are

i sol at 88g§ﬁthe el P “es cadg%ﬁ@(gﬁ%ﬁpﬁﬂing epi topes surviving in
the netabolite). The netabolite structures are deternined in conventional
fashion, e.g., by OLC/ M5 or NWR analysis. In gen , anal ysis of
metabolites is dongTin he sane way as conventionalf%r g netabol i sm studi es
well known to those Skilled in the art. The netabol it products, so | ong as
they are not @thegw sg found in vivgyyare useful & nostic assays for
therapeutic dogigg @f t'he conpounds of fhe in i ofp. [j00253] ARTI CLES OF
MANUFACTURE [§02 FaagiRer enbodi nent  eé—Nihe hNogA~an article of
manuf acture, or "kit", co ning Formula | conpounds us fuI|for t he
treatment of the diseagessand di sorders described abovg i3jpfovided. In one
enbodi nent, the kit c ﬁﬁri es a container conprising a Fornmula | conmpound.
The kit Sz%mfurther conprise a | abel or package insert, on or associated

with tH8 t ai net-MomphwlinerZnipypdivkaybthionogd.2+d[pyginyday-q-earpesseic acil 13a

i nstruct| 4st0 LYt RC i / i@l t. tic

or oduct s RS AR e et SRV TR SR RS AR DIPEALE BMREY o
adm ni séppaixiaitelydNM edrivdhte@ionO Mhe audtion ismiried nge] eens ek ahd gxidrecdige of
such therapeutic, products. Suitable containers include, for exanple,

bot t | escthylgcgrade Wstg stepbed biggrpanads sqluiqn onertime. Thee g iaysr lsniagff‘dbr%tqr@ﬁ med
froma r i > S I 4G i ma
o 5 SYSR R BLEL pL R AR floss i Biashic dpnRON AL T
for trghhsnigPLGeo gehdpriodost 1dnd may have a sterile access port (for exanple,

the co h { ner may_ be i ntravepous solufion hag or a vial having a stopper
pierceg:&gﬂﬁy a H%%@ggﬁﬁﬁﬁiﬂﬁﬁﬁgtionﬁﬂg ﬁg¥wﬁﬂg'least one active agent in
the conposition is a Formula | conpound. The | abel or ckage insert
i ndi cates that the conﬁz§tjion is used for treating tE?%gondition of

I n

i

choi ce, such as cancer. one enbodi nent, the | abel ackage inserts
i ndi cates that the conp ion C3ﬂ£5BSi a Formula | qgompound can be used
abn

to treat a disorder Iesu ting fr | cell g ~NThe | abel or
package insert ma S |fh i cat e tTTarThe conpaosit\onl cay be used to treat
ot her di sorders. \ p N N~ ci
<f—N N~ ~cl <
— ~
H/ R—<

O

[00269] 2-Chloro-4-morpholino-6-((piperazin-1-yl)methyl)thieno[3,2-d[pyrimidine is
treated with about 1.5 eq of a coupling reagent such as HATU, about 3 eq of a carboxylic
acid (RCO,H) and an excess of an amine base such as DIPEA in DMF to approximately 0.1
M concentration. The reaction is stirred until complete and extracted in ethyl acetate with
saturated bicarbonate solution one time. The organic layer is dried, filtered and concentrated

to yield the crude intermediate.
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Alternatively, or additionally, the article of manufacture may further
conpri se a second container conprising a pharmaceutically acceptable

buf fer, swohorsiob@st eri ostatic vvater for injection (BWFIPLT/US2010/026903
phosphat e-buffered saline, Ringer's solution and dextrose solution. It may
further | ude of her terials desirable.froma commercial and user

st andpcﬂ)wll ncl m&;ggﬁéﬂr&iéers, dluﬁtéYﬁfgr,nnfai PPers, needles, and
syringes.[00255] The kit nmay further conprise diregiions for t he

adm ni stration of t onpound of Fornula | and, Eﬂ resent, the second
pharmaceutical fornul atlion. For exanple, if the k orrprises a first
conposition conpri SI a corrpﬁH'_Qd of Fornul a | and second pharmaceuti cal
fornulation, sthe qey further? conprise dire SNor the simultaneous,
sequential or\se ar t ehdni nistration of th a%second

phar maceutic C SIJ'JJ\OI’IS t a(@AQZH entR‘rP\ nee rewi. [00256] In

anot her enbodi nent, the dts are suitable fgar the delivery of solid oral
forms of a conpou mula |, such as tablets or capsules. Such a kit

pr ef er dBF7 LI ncl u@e@hg?rwﬂmph@m%mp@o[aéscﬂg}é%mldsarcﬁcrzﬁb@%iehw ip displued @ car d
havi ng | t@?%ﬁjg&?cgﬁﬁat%ﬁ ﬁ'&‘i&‘i’orb&h%g{%? 1%[ tﬂf‘sfsoﬁfnohh Mdeh'itseﬂa%@ﬁﬁﬁ%lex@o ﬁg”p' e

of such Is a I ster i ster sarewe own int
pac kaglmgnarpldusetcbydaiyldnﬁt[ee(MNHBJ abousﬁueqmalmgkﬁt@mmm&mmmﬁ iagdl unit

dosage forns. If desired, a. ry. aid can b ro for exa in the
f or m of2bAtbeguivalend of agedic aa#dnglimﬁéwﬂﬁ? 9 gﬁg %Wtfjﬁr g%élé?%“r{&%ﬂ to pdding
desi gna 4 e@lmaugamdwnMa%efo&%raﬁyr&n&c Irusﬁwvﬁlgl ) t%%%laultshﬁ sﬁf-}‘ﬁ@gﬁé can be

adm ni stered. [00257] According to one enbodi nent, a may conprise (a) a
first d@zmtlanrv@s pwiited iato catwpsedebdofm brrhohateland emﬁrmterde&stwmbmleemwlth thyl
opti onal

I nd.cont.ai ner nd ar ma i nmul at i on
cont ai MSEHE R B A R GH eI PR FRCb U Bl P A S8 bGhpr 1 ses
a secongdeq ompeuNge Wekthreaditoh- hyperproliferative activity. Alternatively, or
addi ti onal lzﬁ’ the kit may further conprise a third container conprising a

al

phar mad@027 | y-GensepPrdedung farfonamids Epsmperter | ostatic water for

i njection (BWI), phosphate buffered saline, R nger's solution and dextrose
solution. It mayfurtlber i nclude other materials d able froma

commer ci al and user dpoi nt, including other buig} di luents, filters,
needl es, and syri ngeg 00258] Wiere the kit conpri a conposition of

Formula | and aosecon t her apeyyre //\Qr

S O

PRI, T e M

P —
Cl N Cl R N\
R
17 18
[00273] 2-Chloro-4-morpholinothieno[3,2-d]pyrimidine-6-sulfonyl chloride 17 is

suspended in DCM before addition of about 2 eq of amine (HNR;) and about 3 eq of an
amine base such as DIPEA. The reactions are monitored by LCMS until complete. The
crude reaction mixtures are diluted with ethyl acetate, extracted with saturated ammonium
chloride and back-extracted once with ethyl acetate. The organic layers were combined and
concentrated to dryness. The crude sulfonamide intermediates 18 are used directly in the

subsequent Suzuki couplings.
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agent, i.e. the chenotherapeutic agent, the kit may conprise a contai ner
for containing the separate conpositions such as a divided bottle or a
di vi ded fwOl20pawk@8, however, the separate conpositi onsPoaSadinn2dye3
contained within a single, undivided container. Typically, the kit
conpri irections for the adnmnistration of the separate conponents. The
ki t foﬁﬁﬁ%@]partiéﬁm %‘é%@ Swl{b?ﬁlst he separate conponents are
preferably adm nistered in different dosage forng (e.g., oral and
parenteral ), are admnistered at different dos @ ntervals, or when

o

I

titration of the i[ndi Vi dual conponents of the nation is desired by the
prescri bi ng physi ckap/[ 00259] GENERAL PREPARAT PROCEDURES [ 00260]

General Procedure A-l Suzukit.@Bupling: catal y§¢ [00261] The Suzuki-type
coupling reacti g~ \eful-t-o—artachaf d Ricyglic heterocycle or

het er oaryl aHi ti o2 BeCERE pyri nfi di i 3‘:(see Schene 4).

Ceneral |y, subst y\%\&f chl or o- 4- nor phoR not hi eNo[ A

maybe conmbined with 1.5 equival ents of

4-(4,4,5 5-tetramgethyl -1, 3, 2-di oxaborol an-g-yl )| Hindazole 7, and dissol ved
in 3 equival ents of sodium carbonate as a 1 nolar solution in water and an

equal of ac L fyrd Ihe C i o the
ot nodd P08 s 2008 BERu4eee Pl BHEETES 7 R m R B haP R LR g itter

2008/ 020%&htrhtion ICDHPandtededio 156 Erinnciey heraettonitle bathddeférc addinp@nt , or
nore, of a |ow valent palladi umreagent, su as . :

bi s(t riIHEH Etﬁs%%i%@%ﬁ%ﬂ FERReH ?\f’fteailémlaﬁgbo@Plar SAHYHERS Ol G4HiCery of

bor oni Cac?ﬂiﬂét&fe JRQC JQS 83dRS AR IRBNUTRE réddtibh B5RindEd IQirlaPdRZe! R
boronic éster indicated. Also alternatively, the nitrogen of the indazole
may be Iph endthced) mbsfrcasosavgsladlowicd kb eometorHy.dWdiey tizawghctymasi pompletedpne cases
pot assi acetate was. used,in.place of sodium carbonate, to adjust the pH of
bhe agquiaud Papapecthis Patcded o dad et gt vl oo A Sa e thaer

Pr essurt@oitfing vaIPEADLc. OPhd dHo@EE |dVeF lsQORN@thRAGhAkithBIREREEs cruBSmixthRr 10 to
30 m nutes. The contents are extracted wth ethyl acetate, or another

or gani dousidicd entsilicasqrdhe pipdpesridtdonld bsrdissebyed igamisinmad pamountd agetouiticle 8 may

Rezpgﬂlz%llﬁffﬁff%@ptﬁ:r%{glg%ﬁ%&@g %%éﬁi%ﬁ%a?&%ﬁﬁ. HPLC. [00262] General Procedure

[00276] General Procedure E Removal of t-butoxylcarbonyl (BOC) Group
O O
Boc, [ j Boc, [ j
N’> N N’> N
«_ S (10eq) 4 N HCI «_ S
N\ in dioxane \
N7 R3 A N R

[00277] Ten or more equivalents of 4N HCl in dioxane, with or without

2- i]pyrimdine 5

dichloromethane as a co-solvent, are added to the starting material (general scheme shown
above but similar scaffolds also used). Heating up to 40°C for several hours is occasionally
required to remove the Boc group. The reaction is concentrated to dryness and may be used

crude in subsequent reactions.
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[ 00263] The Suzuki-type coupling reaction is useful to attach a nonocyclic
heteroaryl at the 2-position of the pyrimdine ring (see Schene 4).
Gener al | yWwo=otgtosdoat ed 2- chl or o- 4- nor phol i not hi eno[ 3, 2- PCrgré0i0Ckione 5
maybe conbined with 1.5 equival ents of 5-(4 4,5, 5-
tetra , 3, 2-.di oxabor Ia | ) pyrim |n 2-am ne 7a, and dissolved in
3 equﬁh&ﬁ S %ﬁﬁﬁ%‘—%ﬂg&%—a@ﬂ%ﬂu 4P 15:@%‘[105@ 04e Bl ar sol ution in
wat er and an equaJ golune of acetonitrile. ernmedi ate 7a was prepared
according to the ﬁﬁods of US 2008/ 0269210, U$ 2008/ 0242665, i ncorporated
O[iife, of a | ow val ent palladi um
diun(l1l) dichloride, is added.
*&an be used in place of the
pi nacol bord i ndi care® Al soRa atjlvely, the nitrogen of the
pyrim di n-2-am ne pPdtigcitred, f or gxampl e e Gith a tetrahydropyranyl
group. In soneRtases potassium acetate W8s used in pl ace of sodi um
carbonate to adjust {yhe pH of the aqueous |ayers. The reaction was then
heated, for exanple to about 100-150 Cjunder pressure in a Biotage
Optim zer m crowave reactor (Biotage, IEE.) for 10 to 30 m nutes. The
contents are extracted with ethyl acila , or another organic solvent.

After evaporation of the organic |ayerNthe product 8a may be purified on
silica or by revérse phase HPLC-_kizﬁfh; General Procedure B Am de
-yiD

by reference here
reagent, such as bi
A variety of b

A catal ytic amount, or

(trlphgnxgﬁhpsphlne)pal

NACI ds or O onl C_esxe

Coupl i ng: [00265-]—b(l H | ndazad' 4¢ mor pho Hnot hi eno 3, 2-

i ] pyrim di ne- 6+ ga lic acid 13 2

al kyl am ne and DI PEA in DRF to app mately 0.1 M concentration.
The reaction is stlrred until conplete and~exfracted in ethylacetate with
saturated bicarbonate solution one tinme. The organic layer is dried,

filterqgosyyg CO”Q?OEE@S%QO&94¥mﬁbQﬂhﬁﬁn&kﬂﬁgcﬂ @ Bt @cq)lhi s

|nterned|ate is purified via reverse to yi eld product 15.[00266]

Gener al phenybewniceachl or hadrekscabapiniawgic péel@m)z 1.1 cq) and

4- Mor p o n I 2 r| carbox c id 13a
o r oAty PRReh ettt FOHp g Y i RO P B S of

Dl PEA igy) BMFadetonatpid @sh b chaatdd.td 100 COME & Bdal @t hdiowahkRacd@cb dMtd 40 stirred
until conplete and extracted in ethylacetate with saturated bicarbonate

sol ut i dRINGAEME reUporheonyefi, d-(fdyded-tatemethydd 3. 3-dioxabaglaarddyldddtent rated to
yield hﬁfaa% egf’@i. | %H‘B%tg%&;ﬁi%y aﬁﬂoipﬁlﬁ&)sﬁlf@f?ﬁrﬁﬁﬁ dicuBHd bl BY) WER dag¥ehsSe

phase pro
the same pot. The reaction mixture was heated to 150 °C in a sealed microwave reactor for 10

1.5 eq HATU, 3 eq of

21

to 15min. The mixture was extracted with ethyl acetate (3 x 5 mL). The combined organic
layers were concentrated to yield crude 8.

[00280] General Procedure G Amide coupling reaction

S (]

CI” R S

HoN | N\ /L\
N N4i\CI Et;sN, DCM R_<
22 23
[00281] 2-Chloro-4-morpholinothieno[3,2-d]pyrimidin-6-amine 22 (leq), acid chloride

(about 2 eq) and triethylamine (2eq) in dichloromethane was stirred. The reaction was
monitored by LC/MS until complete. The mixture was evaporated to give the crude amide 23,

which was directly used for the next step reaction without purification.
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[ 00268] General Procedure B-2 Am de Coupling: [00269]

2- Chl or o- 4- nor phol i no-6- ((pi perazin-1 -yl)methyl)thieno[3,2- i]pyrimdine

i s treat esowntonoa®msut 1.5 eq of a coupling reagent suchpras/udamgozeddut 3 eq
of a carboxylic acid (RCO2H) and an excess of an am ne base such as DI PEA
in DMF proxipately 0.1 M centration. Th eactiagn is stirred until
conpl et[éﬁ) ext r@iﬁﬁéﬂﬁﬁ%&ﬁ@r%ﬁ% %agﬁaggf%f)g}zglan Pafonat e sol ution
one ti nBifoddigides ganic layer is dried, filtered and concentrated to yield
the crude internediate. [ 00270] Ceneral Procedure B-3 Reductive Am nation:

[ 00271] 2-Chl oro-4-nmpPphol i not hi eno[ 3, 2-d] pyrin e- 6- car bal dehyde is

di ssolved to a 0.2 ;Kco centration in did¢hl oroefhane. To this solution is
added 1.5 to 2.0 equiryal ents pri mary 6rRsecwidary am ne (R NH), about

10 equi val ent_§\||_pf Efri t hyl ort &%'or mat e, /and. ab yt 1 equivalent of acetic
acid. The mixtyre afNowed ta stir for 2 %o rsNprior to adding 1.5
equi val ents of so®y rﬂLiéallcet oxybor ohydri de. va& g 12 to 16 hours of

stirring the reacti on™as poured into saturated sodi‘glm bi car bonat e and
extracted several times with ethyl acetate to give the reductive am nation
internediate which is either purified on silica gel or used crude in the
next reaction. [00272] General Procedure CaSul f i de Formation: 17 18

[ 00273] 2-Chl oro-4-norpholinothieno[ 3, 2-_i]/pyri dijne-6-sul fonyl chloride
17 is suspended in DCM bef ore B88:%i on of=gbBut N"eq of anine (FINR2) and
about 3 eq of an am ne base such-as-DI PEAy Thg reactions are nonitored by
LCMS until conplete. The crude reaction m ref afle diluted with ethyl
acetate, extracted with saturated amoni um c i nd back-extracted once
with ethyl acetate. The organic |ayers were conbi ned and concentrated to
drynesq00283¢ cr ude $0126 omeudDdéd solntien of i Zcklerdt8-naorphelgmchicha[28t 1y in the

subsequent . Suzuki coupl i ngs. [ 00274]. Gener al procedure ghol synthesis 4
12 | GOZIBYrirs: -?zyﬂszrn_ YoHAaTABE T B YE, cpollipy 8ﬁ¥8&i65@§§4f?§qsqfs%%ded to
a 0.2 npliakeFONGRMU SR QbR 1374 1698) 8¢k Qi PO £4-Add EnifFide or
icelacetonitrile bath before adding 2 equival entys of"2.5 MnBuLl in
hexanesulfgfylelrlodde, wilnted .10 DV al he qrachan Bntisrcd it amlpywt] temparture and

monitored for completeness by LCMS. After completion, the reaction volume is increased

with DCM, and dilute aqueous sodium bicarbonate is added to the solution. The organic and

aqueous layers are separated. Finally, the organic layer is washed with brine and dried

(MgSO,). The dried organic solution is concentrated in vacuo and the product is purified by

silica chromatography if necessary.

[00284] General Procedure I  Amide coupling reaction for benzenamine
) @
N 0 N
S— Ny HO” "R s SN
L HATU HOAT o NP
N™ ~Cl DIPEA, DMF
HoN P—NH
R
24 25
[00285] 3-(2-Chloro-4-morpholinothieno[3,2-d|pyrimidin-6-yl)benzenamine 24 (1eq),

carboxylic acid (1.5 eq), 1-hydroxy-7-azabenzotriazole (0.2 eq), O-(7-azabenzotriazol-1-yl)-
(N,N,N’,N’-tetramethyluronium hexafluorophosphate (HATU, 1.5 eq), and N,N-

diisopropylethylamine (2.5 eq) in DMF was stirred at room temperature. The reaction was
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acyclic ketone (R Q@O is added to the solution. The reaction continued to
stir at -50 OC for 1 h and then in nost cases was allowed to cone to 0 C
When t he weaeotwiomoss conpl ete by TLC or mass spec it i sPquarse#e2dns o a
saturated amoni um chloride solution and extracted two tinmes with EtOAc.
The organi.c | ayer i s.concentrated and either used crud xture

pur i fi dBOYHPT fcg/ﬁérlmtlﬁ@%latauﬁtﬁle FoscioR ikt s LBt fhs! 4Gl
amount pfshaf G1tRRhdufdid EscRANEn bichiRhad aﬁ@ bFRODYE: 6:80RL MyREwal afidd fgrmateri al

4. [00276] General Procedure E Renoval of t-butoxylcarbonyl (BOC) G oup

[ 0027 7]MEB04, drltenmiramd ey arporatice slebifarmlrﬂb pl(ddupWSdl oxane, with or without

di chl or ane a sol.vent, ed to t ting,.material
(genera{ﬁ@c@ Mgﬁ Orqlo 3598%6? g?i ﬁosugg Heating up to
400C for sever aI hours i s occasi onaIIy required to re ve the Boc group.
The reaction is congentrated to dryness and nmay be u rude in subsequent
reactions.[00278] gGeBeral Procedure F Suzuki couplin }Ctl ons in one pot
[ 00279] 2-Chl oro- do- 4- mpARQ! dshes nbLed)3, 2- yrim lene 19 (leq),

phenyl boronic acid het ermyrph@@qn@m go@aml d (R*-BCH 1. 1y€eq) and

bi s(triphenyl phe ) pal I-adiuntt+t—dt chl or i deN(| effr) CGs

r

aqueous sol ut 3 /q) and) aced(erti; X, INab@ 4 3eq) was ¥Hea ! 0OCin a
seal ed m crowav r for CHICN %4040 1fimm t 0o gi ve 5. Upon | etion,
4-(4,4,5,5-tetranmet hyl -1, 3, 2-di oxabor ol an-2-yl)-1 Hi ndazol e (1.3 eq) and

bi s(tri phenyl phosph ne)pal |l adium(11) dichloride (O 12q) were added in the
sane pot. The reaction m xture was heated to 150 OC in a seal ed m crowave
react or[00287] 10 t oI'dlosalationldr2- mﬁluﬂou@-imdo%n@xﬁhoainbﬁdkm{lhdﬁiyhiymdmeavate (3 x

?og‘ééo]<3«'é§rg§i3§?'r%ﬁge%é&m O Seb adile famteptisnanbie Hofiono
2- Chl or. e SRR, I ?(*’2%,)‘5'@ i), o ahd])MTPH@'S"{‘I@nﬁﬁ%B‘eTg@r&&tﬁHQwasaﬂéa%d

chl ori de about 2 ‘eq triethylam ne (2eq) 1 n dichloromethane was
stirredo ITREC nmd@tprmsumas arﬁlmag@oydnizyr in@rdBaverreadtocionpl etie. Thheesuitingur e

ted t th | d for th
hoxt - erBpiBusEseon ROt "GP TS R R solmshe iRgrE st A e
Prepar ghoze8)of aagdmdl Peocch@Ra@nd-Aniifsalk@Recylatidd AHIEEAK coupling

O 0 O

[Nj 1) R)l\Cl
EtsN, CH.CI
N Sy i \_d
A
N “Cl 2) 7, Pd(PPhs)s, Na,COs,
CH3CN 140 °C 15 min
27
[00289] To a solution of (2-chloro-4-morpholinothieno|[3,2-d]pyrimidin-6-

yl)methanamine 27 (50 mg, 0.2 mmol) in CH,Cl, (4 mL) was added Et;N (84 uL, 0.6 mmol)
and the appropriate acid chloride or HCl salt thereof (0.3 mmol). The reaction stirred 18-48
hr at room temperature before being quenched with water. The aqueous layer was extracted
with EtOAc. The combined organics were dried over Na,SO4 and concentrated in vacuo. The
2-chloro crude product was coupled with boronate reagent 7 and palladium catalyst according
to General Procedure A to give 28 which was purified by reversed phase HPLC purification.
[00290] Alternatively, to a solution of (2-chloro-4-morpholinothieno[3,2-d]pyrimidin-
6-yl)methanamine 27 (111 mg, 0.39 mmol) in DMF (5 mL) was added 2,6-lutidine (48.2 uL,
0.41 mmol) and the appropriate acid chloride or HCI salt thereof (0.39 mmol). The reaction

stirred 18-72 hr at room temperature before being quenched with water. The aqueous layer
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RCOCI [00283] To a 0.25 to 0.40 M sol ution of

| - (2-chl or o- 4- nor phol i not hi eno[ 2, 3- d] pyri m di n-6-yl)-N-net hyl met hanam ne
i n DCM cosbediws®@80C was added 1.5 eq. of TEA, fol | oweaCoguseoie/oodop- w se
addition of 1.0 to 1.5 eq. of an alkyl or aryl-acid chloride or a

F erper YOG TAHA i B Ed T ForoERHE] BEaREes cBy risenst MeSCH EbABIEETBR! ¢ he
reacti qf WWaAlouMee BcH1He" @aReFodd lvaPeHp lé’d‘Qltﬁ' ibbnBtcAEMRALS a1 um

bi carbonate is added to the sol ution. T e organi ¢ and aqueous | ayers are
separ atcedllysFamlrdlyg tat Gencoal Fandedutealy &r givs 20msheft?8nivhich bwas perifiedibylr i ed (MySO
) . The dr| %B%ﬁ sol uttton is concentrated in vacuo and the product is
purlflef&VG&P hlaf’ el ]f?) phy i f necessary. [00284] General Procedure |

A de qoep1|ng r eg&ict PrdRiulenzemnay Sidsidtiedoh CROEGIyridine
3- (2-Chl or o- 4- nor phol 1 not h| enol 3, 2- i]pyrimdin-6-yl)benzenan ne 24 (leq),

carboxylic acid (1.5 eq),Od-hydroxy-7-azabenzotriazole (0.2

O (7-azabenzotriazol-1-yl)-{ (N,N,N , N R etranet hyl uroni um

hexaf | uor ophosphat e (HA 1.5 eq) H_aN{dN Ndi i sog{ opyl et hyl aniNte (2.5 eq) in
DMF was stirred at rogm tg rrperature He reaction nigor by LC/ M5
until conpl ete./ The r |t i xt tr-e—was—di | ut egh-ui/t h\ yl] acgtate, washed
wi th saturated | uM\bi ’iﬂﬁnateommme The o ic s dried
over MgSO , filteredand eva brated to yield am de produgt 25. [00286]

General Procedure J 6-1odo displacenment and 2- Suzuki coupling 3 mn 19 26

[ 00287][002924 sol uft\ imaxtued o%@Mbm@{@ﬂhm@pyﬁdim pihdhinogphblisstbiedo[3;2-
|]pyr|md|ne 19 (0.05 g, 0.13 mml)lnDl\/F 00 nL) was added the

appr oprdlayrénigng, bt fapearyRippts ofe ml@@mm( @@owy/&mmdﬁ(ﬁﬁa%% alfhyl %, and
XANTP 9 0 0 eina
Bi ot age | lglalkelz“él/%?n cgrovégl\Ye’c(If eg&car ggd_& %ﬁn%cylpé's[}? A ar%’olou fon was

concente ghedrdafyly agd abdi? t8b ¢g. dRopr@dbyleth fo@hihowi Ngn&tﬁﬂpyl%hcﬁﬁ@eem UkB ih

[ 00288]heg;tee?1$or g‘tl)ou?rl (3)((): elgl(l)J rCe 1nKa gea'lbgcril r?ll%?i'anIZ rea?ctolrafto; ?On~4%r}g1n fo?l%%v%lé IbyCoupl 'ng
removal of volatiles under high vacuum. The crude mixture is purified by flash
chromatography to give intermediate 2-chloro-6-(6-aminopyridin-3-yl)-4-
morpholinothieno[3,2-d]pyrimidine, which may be Suzuki coupled with a monocyclic
heteroaryl, fused bicyclic heterocycle or heteroaryl boronate reagent following General

Procedure A.

[00293] EXAMPLES

[00294] In order to illustrate the invention, the following examples are included.
However, it is to be understood that these examples do not limit the invention and are only
meant to suggest a method of practicing the invention. Persons skilled in the art will
recognize that the chemical reactions described may be readily adapted to prepare a number
of other PI3K inhibitors of the invention, and alternative methods for preparing the
compounds of this invention are deemed to be within the scope of this invention. For
example, the synthesis of non-exemplified compounds according to the invention may be
successfully performed by modifications apparent to those skilled in the art, e.g., by
appropriately protecting interfering groups, by utilizing other suitable reagents known in the
art other than those described, and/or by making routine modifications of reaction conditions.
Alternatively, other reactions disclosed herein or known in the art will be recognized as

having applicability for preparing other compounds of the invention.

84



[00289] To a solution of (2-chloro-4-norpholinothieno[3,2-d]pyrimdin-6-
yl ) met hanam ne 27 (50 ng, 0.2 mmol) in CH2A 2 (4 nL) was added Et 3N (84 nmi,
0. 6 mmol )wendiwtesooappr opri ate acid chloride or HO salt pCharse@b/0¢®03 nmol ).
The reaction stirred 18-48 hr at roomtenperature before being quenched

\(l)\jrzggn:ﬂﬁbﬁ lhgr ml %&B\Qﬁaﬁ%ﬁ {?ﬁgérffiﬁyé‘an %%;cugheTﬁgngl (r:]ﬁ?or o)

crude product was coupled with boronate reagent 7 and pal | adi um cat al yst
according to General Procedure A tg give 28 which was purified by reversed

phase HPLC pu | fi @@5¢@n [ 0029§ ernatively, tga tion of

(2- chl or o- 4- ol i not hi no[ C20d] 2{2 i di 6- tﬁan’i ne 27 ( 111 ny,
0.39 mol) | (5 nL -lutidine ( 41mm|)and

t he appropriate abHg chlori de or I—ﬁl st thereof (0 3 The reaction

stirred 18-72 hrlat roomtenperature Before being quenched W|th wat er. The
aqueous | ayerwas extracted with Et QAc. The conbi ned organi cs were dried

over MJ8B3%hd corftElitiuER amsthyhdramaio-rdorheaegashaxykitai b &l e 5\/W§§1090upl ed
ith b |
W 8@%5 e%@ 97'751%95‘%83 %@ﬂﬁﬁ%hﬁﬁow@ RELHYRL }F&Cg@[ r8189n W

Procedure ch was puri by rever sed@%hase HPLC
puri fi geuiairontd ﬁlﬁmﬁﬂl]hydi@n&ireabhﬁbmaadi aiyeinkolAbiemeat&idd stais trerho o bynfiltration.
Fl uoropyridj ne [ 00

2- chl or Jiegniggire W‘iﬁ‘é%ﬁﬂlﬁ@éﬁn ‘?ﬁf< @@»e%ﬂt%é?lsﬁa HeHd Erdpgripiding-prdipRt ne,

about fa@tarw@%rm{)@ﬁ& Swlﬁfzh @a@wr@w b@rﬁ@%&ﬁgﬁ% @ 4@5 660 lﬁlmvﬁ‘ét
al kyl , - enyl ynyl Cl2 carbocyc

het er oc‘&ft)@IMHz, dB DMSZD@PQ/(UH drJﬂizHZ)ZBHQt(éHoéJJSHS)ZH%)nUl é(béﬂJﬂOt(S&B @qi)

Tn0° 20 OB G e RO R E Ryl iR A8 it o Dot s58Hoy onoval
of vol ahoktorslRIRKcK1bal M@oﬂl@mwamgat@d Mdefli Fré'1e The reuetibh hﬁﬂu&vwaé ash

chromat ography to give internediate 2-chl oro-6-(6-am nopyridin-3-yl)-4-
mor pholthemeasilesadpoprad] qnje 1Cﬁ7iVCht¢TéVlthJ\ﬁg@Wuﬁr&fW1Dé ySlging i peesiiptaed Thet h a

nonocy h f tera ronat e
Feagent Sy S WA lered 3Bl 2aEEL R WROBLESH TRt S oY order <o
i 11 ust r@s o Neve. n\rENMR)momMHzf ODICOWI7IHg (@Kadp)-e%51E)es i1 B¢l Mdgd=5Hemaver , it
is to be understood that these exanples do not limt the invention and are

only  [00298] Example 2 2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine 4

. O E]
oo, — T

Cl
3

[00299] A mixture of 2,4-dichloro-thieno[3,2-d[pyrimidine 3, (8.68 g, 42.34 mmol),

morpholine (8.11 mL, 2.2 eq.) and MeOH (150mL) was stirred at room temperature for 1 h.
The reaction mixture was then filtered, washed with water and MeOH, to yield 2-chloro-4-

morpholin-4-yl-thieno[3,2-d]pyrimidine 4 as a white solid (11.04 g, 100%). "H NMR (400

MHz, de-DMSO) 3.74 (4H, t, /=4.9Hz), 3.90 (4H, t, /=4.9Hz), 7.40 (1H, d, /=5.6Hz), 8.30
(1H, d, J=5.6Hz).

[00300] Example3  2-Chloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-
carbaldehyde 10
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meant to suggest a nmethod of practicing the invention. Persons skilled in
the art will recognize that the chem cal reactions described may be readily
adapt ed twoppmp@s@sa nunber of ot her PI 3K inhibitors of pChaszomweedddn, and
alternative nethods for preparing the conpounds of this invention are
deened to be mﬁthhn t he scope of this invention. For exanple, the synthesis
of non-exenplif} onpounds according to i nventi on may be successfully
per formed by nDEzfiaations apparent to thqgse skilled in the art, e.g., by
appropriately p K ting interfering grou utilizing other suitable
reagents known inythe art other than those
routi ne nodi f$ RS of reaction .
reacti ons digcl gsed|her ei mor®known he|art wi |l be recognized as having
appl i cabi i ty~fornprepari ng ot her c@npo e invention.[00295]
Exanple 1 2,4-Dichlgro-thieno[3,2-d]pyrimdi nel(iS [ 00296] A m xture of

nmet hyl 3-am no-2-t hi ophenecarboxylate 1 (13.48 g, 85.85 mmol) and urea

scri bed, and/or by nmaking
ndi t3 X ternatively, other

5 eq.) was heated at 190 OC for, 2 hours. The hot reaction m xture

29.75 . (
\(NaS podﬁ%lﬂdmt o st SHPERPIIOK aehleierbrmosphodind-Entrisnabbt-dhvaintding A 17 was
o \ : ‘ any o ' Soas
| H o s ghisblh WATTUERS BPfHER- e high Ep M Bl dit builnibd, V1€ 5
col | ect(eBubi if h¢tanai3.dmlanegi)r Afidratrr{i®, 484 h, GEHYMFAFONVR UOGqMMas 6- DVBO)

6.90 (IH, ..J =5.2Hz)., 8.10 (IH, d, = , 1.60-1 1.10 (2H, b .
D 0050 e TR TR ink FikuEd B S 40t) Bt T b B Iy 60 g
56. 49%})61@@1%.%@@1&%@ XS W rh & afu 2O dachies nﬂﬁﬁ%eelﬂ)u%d sty ux for 6

h. The reaction mxture was then cool ed and poured onto ice/water wth
Vi gor ouse/waier yichgng i gtldhw greaippetec This tvets @ol | qthesd byi fikttatien apdairddand fd yitldred to

7ot SRR LS S QD SO0
=5. SHzZ)NMROQBRIHEXAIISOF 3.76 (4H, t J=4.9]), 3.95 (4H, t, J=4.9)[ %@ 519151 s& 10.20 (1H,

2- Chl or o- 4- hor phol’i n- 4-yl -t hi enof 3, 2-d] pyri m di ne 4 m xture of
2,4-di ol oro-thieno[3,2-d]pyrinmidine 3, (8.68 g, 42.34 mol), norpholine

(8.1 1 .2 e and, Ve 5 S i.,rred at . .roomt erature for 1
e The IR0 0" Hedanfiic o C R Prbod P Sn i R N RSP ET P and WecH 1 o
yi el d Z7gimidnc41 nor phol i n-4-yl -thieno[3,2-d]pyrimdine 4 as a white solid

( 11.04'g, 100%. 1H NVR (400 MHz, 6-DMBO) 3.74 (4H, t, J =4.9Hz), 3.90
(4H, t, J =4.9Hz),07.40 (IH d, J =5.6H), ﬁ@ﬁ) (IH d, J =5.6Hz).
N

(J

N
1) n-BuLi, THF S | NN
—_— |
2) 1, THF N N)\CI
Me
41
[00303] To a solution of 2-chloro-7-methyl-4-morpholinothieno[3,2-d[pyrimidine 39

(3.0 g, 11.1 mmol; prepared according to the procedure for the synthesis of 2-chloro-4-
morpholin-4-yl-thieno[3,2-d]pyrimidine but commencing with 3-amino-4-methyl-thiophene-
2-carboxylic acid ethyl ester) in THF (60 mL) at -78 °C was added »-BuLi (8.9 mL, 2.5 M in
Et,0). The resulting slurry was warmed to -40 °C and stirred 50 min. The reaction mixture
was then cooled to -78 °C and a solution of I, (5.6 g, 22.2 mmol) in THF (30 mL) was added.
The solution was warmed to room temperature and stirred 5 h. The reaction was quenched
by the addition of water. The organic layer was separated and the aqueous layer was

extracted with CH,Cl,. The combined organics were washed with saturated aqueous
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[ 00300] Exanple 3 2-Chl oro-4-norpholin-4-yl-thieno[ 3, 2-d] pyri m di ne- 6-

car bal dehyde 10[ 00301] To a suspension of

2- chl or o-wormoroptesios n- 4- yl -t hi eno[ 3, 2-d] pyri mi di ne 4 (1. PETQIS2608%90301 ) in
dry THF (40 rnL) at -78C was added a 2.5M solution of n-butyllithium

(nBuLl) 1. 2eq. After stirring for. 1 _h, dry (796
fwa@%ﬂi S8F ot e SBn e id ot e e PahIorod-o- 78 oc

and thepm K&Qn&lpﬁaﬂﬁbtﬁl@nd[g?@f@]bﬁ%ﬁfi@éﬂr@8@“824@/6 yRldyurther 2 h at room

tenperature the reaction nlxture poured onto |ce/mater yi el ding a yel | ow

preci pir Thi on

2-chl or[o 5él(ﬁtrlﬂ)rphCSITEIL)&ﬂfpilt_gI -t Zgﬁgll[%g g(g'%%%trz{lnmp %%h tgggglgfdeﬁggﬁ@é (1 50
0, 77%y)mddphdfRe(3000 MHz, 6-DVMBO) 3.76 (4H, t, J =4.9), 3.95 (4H t,
=4.9), 8.28 (IH, s), 10 20 (I'H, s) [ 00302] Exanple 4

2- Chl or 0- 6-i odo- 7- net ~- nor phol i not hi eno[ 3, 2- <i]pyrimdine 41 THF

[ 00303] To a sol uti on% - chl oro- 7- et hyl - 4- nor phol i not hi eno[ 3, 2- |
Jpyrimdine 39 (3.0 g, W1.1 nmol; prepared according to the procedure for
the synthesis of 2-ahl -4 m)rphol in-4-yl-thieno[3,2-<i]pyrimdine but
commencing with 3- 4I met hyl -t hi ophene- 2-carboxylic acid ethyl ester)
in THF (60 added /?-BuLi (8.9 nL, 2.5 Min Et O. The
resul ting slﬁy was warmed to -40 OC and stirred 50 min. The reaction

m xt ure was ,L"h cooled to -78 and a solution of 12 (5.6 g, 22.2 nmol)
in THF (30 m.) was added. The sdlution was warnmed to room tenperature and
stirredo6305] The A @defurosr 2aeisofpueniirgithlinyd-hthicnd(B, L idpiyrigdidik@teer . The
organi c | ayer was es(sdg)arat ed and the aqueous | ayer was extracted with

CcH2a 2. cathgidelpdnl hSd 8k daB@@sPlWé%n?Aé?s &) At AmsHyiprBoEmafédisne) S O
dried qygr uH%% ;Jléﬂl{y]r%éﬁgnen@r pho ﬁf@ﬁ%ﬁ t%mﬁ@t%i‘ifs t?oH{QWaQ%dde? -

2-chl or o- I eno yrim |ne
84% yi ebdium {rﬁ@&@ﬂjbolﬁ)&@ld‘pkie (592 g) and the reaction mixture was stirred for 24 hours at

30( [Zogrlgglil%ggﬁérg eél%gin?lx‘lurgl was the qzlenc eci‘| V\Atﬁ’b%m ]é)}% acted (\leltTl 4- yl)morpholine

2- chl oreiftoRRRAL] i éM_/gSUlg £00h3 s S Sl R¥Mb R T Rac . T‘B@"r&?ddé%%n%@d( 3.5
g), 1-BOC piperazine and trimethylorthoformate (4.

sti rredsing flask chlnoaitaltqgr@xéWHarY@lq 32-chloyo-flemorphélin-dtyltluom[8 éntﬁeymmuiuw To
this vva

eglyB -piperazine-1-carboxylic acid tert-butyl ester (3.4 g). Treatment with HCI in
dichloromethane /methanol yielded 4-(2-chloro-6-(piperazin-1-ylmethyl)thieno[3,2-
d]pyrimidin-4-yl)morpholine 30.

[00306] Example 6  (2-chloro-4-morpholinothieno [3,2-d] pyrimidin-6-yl)-N-

methylmethanamine 35

) Q

1. NH,CH3, THF, tol

Q, S | XN - )\
H \ N/)\CI 2. NaBH,, MeOH, THF
10 35
[00307] 2-Chloro-4-morpholinothieno|[3,2-d]pyrimidine-6-carbaldehyde 10 (2.0 g) was

dissolved in 50 mL toluene and 50 mL THF followed by the addition of 20 mL of 40%
methylamine in H,O. The reaction mixture was stirred at room temp under N, for 24 hours.
The solvents were removed in vacuo and the residue was dissolved in 50 mL methanol and

50 mL THF and the NaBH4 added portion-wise. This reaction mixture was stirred at room
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sodium tri acet oxyborohydride (3.92 g) and the reaction m xture was stirred
for 24 hours at roomtenperature. The m xture was then quenched with brine,
ext ract edwei20tv/ws@R| or onet hane, dried (MgSO 4) and t he ®orwseal002690yed in
vacuo. The residue was purified using flash chromatography to yield

4-(2-chl oro- t hi eno ri 1 di n-6-

yl met hy Frjlpblflgféf%hg“ o el Wplétea%?cam et BeMSs Thegplvenseat ment
Wi th HQlerk Rerflbvelllif R}@%ta!ﬂ@@ﬁ'e érﬁ@é ﬁ%ﬂ%t phki€led@ 89 flash chromatography

4- (2-chl oro-6-(pi perazin-| - t hi eno[ 37 2- d] pyri mdi n=4-yl) norphol i ne
30. [O(IEcraz]\c/Ex@HmtoeglaeQz:zcgﬂso(lsa%clylerldb pN& (IQ10t3ﬂ0éMd)[3 2-<i]

pyrim yl)- 307 . . .

DY o orlBOSLY o QP3O -y PR e o tiFiod? ) BERINS- o )
was di }a N\I@chyﬂn&ﬁ)dnﬁhuﬁ@jpene and 50 nmL THF foll owed by the addition of 20
mL of 40% net hyl am ne in H20. The reaction m xture was stirred at roomtenp
under N2 for 24 hour The sol vents were renoved in v and the residue
was di ssolved in 50 L t hanol and 50 nL THF and thgq NaBH 4 added
portion-w se. This keagtion mxture was stirred at ro np under N for 24
hours and conpl ete refction was gonfjirned by LCVS. The jsol vents were
removed in vgcuo @nd e crude ﬁ)rcf‘duct pur| fied by nehr omat ogr aphy

( Et OAc/ Et OH) 1%(2 g 35{53%yiet¥- M Mt) . [ 00308]
Exanmpl e 7 (2gchl | hi-eriH [ 3, i1 mdin-6-
yl)- N et hyl met hanam Ne 3‘?‘ [%glég’g‘] B fRE

2- Chl or o- 7- net hyl - 4- m)rph?%l nothieno-[3,2- i ] pyrimdi 39e- 6- car bal dehyde 36
was di ssolved in 20 nL toftiene and 20 nmL THF fol | owed by the addition of 15
L 40% ggigey! am The
reacti o[ tur e%\;\glslﬁédﬁ%ﬁpgé{'gﬁéh%%@é@ﬁ%oﬁg @tﬁé);—' rngglln 8{3 %?%s %géﬂ n 30
m. et haarscdlssahtéd 3020rin [TidFuche hhd2€ chIDYHF Hiellavakdi tyi the additledBbl 15 mist0%act i on

was stlrred at roomtenp for at |east 24 hours and product formation was
conf i r idethppmireNs Hopandde (raptien Wé%%lweérfex/%‘hﬁws vABGESAEHN PHREUE Mide pr oduct

purifi %npéﬁttfa{eﬂsl;? %yooa.'ﬁﬁttf?@fe%’@né( gfsgolgéd/ f 3% mP ngi‘hﬂa%of: M O3 Pml - TRE %ﬂow‘bd

nor phol i not hi eno -<i] pyrimdin-6-yl) yl met hanam ne 37 0%
yI el d) Hy8h¢ Qllc)ltléﬂil.df NWHzi- T[lﬁ@@abﬂ])n e wpired & room temp for at least 24 hours and

4-(2- Chplroéuct ?orgn ﬁoé vn\;%g Qgrlf?rynle]zi%g)ﬂél\%bp %gélolgerlltg \A)ere removed in vacuo and the
crude product purified by flash chromatography to give 2.53 g (2-chloro-7-methyl-4-
morpholinothieno [3,2-d] pyrimidin-6-yl)-N-methylmethanamine 37 (70% yield) MS (Q1)
314 M) +

[00310] Example 8  4-(2-Chloro-6-((4-(methylsulfonyl)piperazin-1-
yl)methyl)thieno[3,2-d]pyrimidin-4-yl)morpholine 31

)

S SN
A
(—N N ~ClI
"/
ONY
0=§
\ 31
[00311] Reaction between N-BOC-piperazine and methane sulfonyl chloride in

dichloromethane and triethylamine yielded 4-methanesulfonyl-piperazine-1-carboxylic acid
tert-butyl ester. Cleavage of the BOC protecting group using HCIl (2M) in dichloromethane
yielded 1-methanesulfonyl-piperazine HCI salt.
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met hyl ) thi eno [ 3, 2-d] pyri m di n-4-yl)norpholine 31 [00311] Reaction between
N- BOC- pi perazi ne and net hane sul fonyl chloride in dichloronethane and

tri et hyl anDree1yiosdoded 4- net hanesul f onyl - pi per azi ne- | - caPbTABRI10/026903
tert-butyl ester. Cleavage of the BOC protecting group using HO (2M in

di chl t.h |.ded - th | | - HC lt.[00312] A
it ur 0BT oh1 oA B SO PR B o RO DR e
car bal dghystenie {d 0 %,1 getgﬁ%mmug{@%gequﬁghwtﬂé £15@o Bkt

trimet hyl ort hof or rrat e di chl or'oet hane (30nl)
for 6 HB é%OanL)r\Mmtltr@dp@ﬂaZtcimldorOFdlanh (naifornd tischt seath tamperature. To this

hour s arevadgr riie desiesTo TR FE CRE 8 e fh ahu SR et >
ext r act®ithoid 4t rébrf iﬂérﬁp&amieharﬁ@ml%teexdas(t&{%@l&ncﬁmwm@nﬁ@Iemaéted emaved in

vacuo. The residue was triturated with hot ethyl acetate to yield

4- ( 2- cHlidHerogethane. (dred k) aS@4 ol by polyertaemavedinyvacuo. The residuewas

Fggg{githﬁlxgt%@théo%ﬁw 1Tl f3-3c1y ) BRI (8 (Rt RuBo¥lifiSershhd (1.01 9).
4- (4, 4,B)nretAdithrreBR -l plytim3didlddyipxalphobhedit & yivhitd sblidndadal)e 7 - route 1

[ 00314] Interrredl ate 7 was prepared according to the nethods of US

2008/ qui ; E%& @@76745 4,90 PORG] 33;2]&16§&f09&51@-2%£ﬂ) bm-lﬁ@etzareence
her ei n. 15] e 10 (Tet rahydro-2/f-pyran-2-yl)-4-(4,4 , 5
-tet rar?eﬂfylltell 3 2 d| oxaborol an-2-yl)-1 -indazole 40 [00316]

I nternedi ate 40 vvas prepared according to the nethods of US 2008/ 0039459;
US 2008/ 0076768; US 2008/ 0076758; US 2008/ 020761 1, incorporated by
reference h O[O0 ] Exanple 11

2- (I H I ndaz hol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne-

6- car bal dehyde [00318] A m xture of

2- chl or o- 4- nor phol i -yI -t hieno[ 3, 2-d] pyri m di ne-6- carbal dehyde 10 (100
ng, 0.35 nmol), 4-(4,4,5,5-tetramethyl-[I, 3, 2] di oxaborol an-2-yl) -1 H ndazol e
(70) (9150311241 0. 3%nméala@w%§sgﬁ n}{bﬁ‘é&@dcgﬁﬂi’éf%tﬁe IbehodB bf WEB08WaPeHRed in

t ol uene .5 nl), ethanol § and water (0.7 nmL). To this was added

bi s(tri é?@/ﬁ/@(mﬁgé&l W&) HHI6 (H@Dﬁuh(llllqo)‘pqrhﬂedlbb’d@fe(eﬂge Berpyg) and the reaction

veseel pfifis)| USNSd il 67 900y TRSAESAEH AT NAS S8R RERIEVSS. at 120

dioxaborolan-2-yl)-1H-indazole 40

3

40
[00316] Intermediate 40 was prepared according to the methods of US 2008/0039459;
US 2008/0076768; US 2008/0076758; US 2008/0207611, incorporated by reference herein.

[00317] Example 11  2-(1H-Indazol-4-yl)-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-
6-carbaldehyde 11
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bet ween DCM and water, the organic |ayer was washed wth brine, dried over
magnesi um sul fate, filtered and evaporated in vacuo. The resulting residue
was puri fweaougionsf | ash chr omat ography to yield PCT/US2010/026903

2- (I Hindazol -4-yl)-4-norpholin-4-yl-thieno[ 3, 2-d] pyri m di ne- 6-

car bal dehyde 11 (97 ng) [ 003 19] Exa le 12 4-(2-(

1H I ndazol - 4-yl) - (rret hyl sul f on i perazin- 1-

yl ) met hyl ) t hi eno[ ] pyri m di n-4- yg@rphol ine (Forrmula la, GDC0941):
[00320] A m xture N 4 (2-chloro-6-(( rrethyl sul fonyl ) pi perazi n- 1-

yl) met hyl ) t hpenog pyrlmdlcn 4 )LL\ne 31 from Exanple 4 (2.00
9), 4-(4.4,5%(€ra t-h*y-l-»[l d||ox
g), toluene 624 Stchanol (14 nl);

Ia|Q,=|2 yl)-l1Hindazole 7 (2. 26
), sodium carbonate (1.72 g)
and Pdd 2(PPh3) 2 (325 ng) was heated to 1 Cin the mcrowave for 90
m nutes (US 2008/ 0076768; WD 2006/ 046031, incorporated by reference
herein). [00321] The4peaction m xture wagqcool ed, diluted with chloroform
washed with brine, dried (MJSO ) and the solvent renoved in vacuo. The
resi duqoo®iss] pur i fA edxtusd ofR-Ehlamhehroppratlidgs- &pﬂhYenbfﬁh-yi pyaeetake-t hen 5% et hyl

e
(2437 %lzclaz% ﬂomfg @%139(@11%91 d(sﬁg':%%sé%ﬁ% %i('ﬂ 13 M) w%r@ﬁ;;ﬁ%ﬁedﬁ)té) &Z{l@a S. d93

J=8. 3) ,(28.12B), fthanold | 3UmE) &) wheO(®. T ). B) this@asi@lded H, br) [00322] Exanpl e

13, S b e LI Gde 3 5B et A Hghg

(For mulgitd Bbon [1HE3RR}ion mixture was microwaved at 120 °C for 1 h and then partitioned
2- Chl or o- 7- met hyl - 4- nor phol i not hi eno[ 3, 2-d] pyri m di ne- 6- car bal dehyde 36

(495 njetwees D@%&I@dxzwm theBoganyé b@clawam‘eashﬁéw@@dmmal driRdopetmagndBi@nt 0 gi ve
tert-but

chi or o et BEhenbrisRersAde A etolae Ul BTy Wi e Mg ot per azi ne- 1
- car boxkath@ogh [ ¢ HoidY40l-4-y1)-4-morpholin-4-yl-thieno[ 3,2-d dine-6-
4-((2-chl oroo% %%1?4 rr(:)rphol |0not hi er%?]g OHIZI] gyrllregll (;I n- gl?ynml e

yl ) net Hprbatdehsdakl (d-mekar boxyl ate (777 mgy) was subjected to General

Proced to h

> chi orB0Y et hyl SRuRIE L o1 At et Rarolet s pseom st
d] pyri r};il)ilild’ibyl)tfﬁeﬁoﬂﬁg dlpatitnidih-4- yl)rnorpholine (Formula Ia, GDC-0941):

2- chl oro- 7- met hyl - 4- nor phol i no- 6- ((pi perazin-lyl)

(

S | N N ’N\
\ NH
(\N N/
9] N\)
N
/ N\
H,C O Ia
[00320] A mixture of 4-(2-chloro-6-((4-(methylsulfonyl)piperazin-1-

yl)methyl)thieno[3,2-d]pyrimidin-4-yl)morpholine 31 from Example 4 (2.00 g), 4-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-1H-indazole 7 (2.26 g), toluene (24 mL), ethanol(12
mL), water(6 mL), sodium carbonate (1.72 g) and PdCIly(PPhs), (325 mg) was heated to 130
°C in the microwave for 90 minutes (US 2008/0076768; WO 2006/04603 1, incorporated by
reference herein).

[00321] The reaction mixture was cooled, diluted with chloroform, washed with brine,

dried (MgSOy) and the solvent removed in vacuo. The residue was purified using flash
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met hyl )t hi eno[ 3, 2-d] pyrim dine (590 ng) was reacted with lactic acid via
CGeneral Procedure B-2 to give
(S)-1-(4-Ww020mios008- 7- et hyl - 4- nor phol i not hi eno[ 3, 2- d] pPCirfsde 104086903

yl') met hyl ) pi perazin- 1-yl)-2-hydroxypropan- 1-one. [00325]
(S)-1-(4-((2-Chl oro-7-mnethyl -4-nor phol i not hi eno[ 3, 2- r.imdin-Q-

V1) et TR BERE (R STt g oRipar BisHne Megieol b s e Padefiedhsi «n so
g of Sclldd Porpnuda iaeédmhayd}r)b@@-(@lmogéam Qétﬁ.‘"(;E%‘I - MY sy dNR g&gi ne Vi a
General” Procedure A-2 to give 10 ng of Fornmula Ib (US 2008/ 0242665,

i ncor pdCREd): Byo7r 2T btdhar) 2.8VR3HQ)) 3293.3 @M, m1), 3.098U6]s)B&Mp198 (44, m),11Ca
(al pha) i ndi VNI 7] .Bi_ndin ys:._Lnlt l.arization
experi r’f}eﬁ%g%@ ’ ‘Bg?ﬁﬁﬁ@d@oﬂggﬁliﬁg_&g)’ Eﬁ%gﬁgﬁj—%%&&ﬁ@? dee_\7i; es Cor p,
Sunnyva @ (18As),-1038MpHesr)f or fl uorescencepol ari zation affinity measurenments
wer e pregared by addition of 1:3 serial dilutions of p i | Qal pha PBK

(Upst atlB0F21| si daampheyl S0l (-l AL (2-ChaminepyasidindeyD)-{myethyla-t i ng at a final

concent |.OF - i n: pol.ard ' far ' H 7.5 50 nV
e e Rt A L L
Salt Lakernfulb¥b):UT.) final concentration. After an incubation tinme of 30
m nutes at roomtenperature, the reactions were stopped by the addition of
GRP-1 and PIRg- TAMRA probe (Eghelon-Inc, Salt Lake Gty, UT.) 100 nMand 5
nM fi nal conceNLLQtions resgectyvely. Read with standard cut-off filters
for the rhodarg ne {Lluorophong ex =530 nm lem =590 nm in 384-well

bl ack | ow vol une [roxNpl ates QPerki nEl ner, Wellesley, MA ) Fluorescence
pol ari zati on valugéi:zre | otted as a function of the protein
concentration, and the_EZ50 val
4- paraneter equati on usi .
Readi ng, PA). This experi

es were obtained by fitting the data to a

h software (Synergy software,
concentration to use in subseguen @ tition experinments with inhibitors.
[ 00328] Inhibitor I C50 val ues were deterntned dp addition of the 0.04ng/ nL
p i |Galpha PI3K (final concentration) conbined with PIP2 (10rM fi nal
concent[08323pn) t @-Bkloks 7aREthAhidephblidotedinopd, 2-dijfyuinhidins-cofarbdlgctade 3goni st s
in a final concentration of 25mM ATP (Cell Signaling Technol ogy, |nc.

Danver S49MRE) Mg raRetedotity Bowpieriziaispencrtiispcesd Brdup atiedart tis 4df2-30
M NUt ey o RN, ARG BRH O thilddE3 b &AT BRIk -BEN o Bl IpASaNe- | RErboxylate,
[00324] Tert-butyl 4-((2-chloro-7-methyl-4-morpholinothieno[3,2-d|pyrimidin-6-

I

yl)methyl)piperazine-1-carboxylate (777 mg) was subjected to General Procedure E to give
the HCI salt of 2-chloro-7-methyl-4-morpholino-6-((piperazin-1-yl)methyl)thieno[ 3,2-
d]pyrimidine. The HCI salt of 2-chloro-7-methyl-4-morpholino-6-((piperazin-1-
yl)methyl)thieno[3,2-d]pyrimidine (590 mg) was reacted with lactic acid via General
Procedure B-2 to give (S)-1-(4-((2-chloro-7-methyl-4-morpholinothieno[3,2-d]pyrimidin-6-
yl)methyl)piperazin-1-yl)-2-hydroxypropan-1-one.

[00325] (S)-1-(4-((2-Chloro-7-methyl-4-morpholinothieno[ 3,2-d Jpyrimidin-6-
ylh)methyl)piperazin-1-yl)-2-hydroxypropan-1-one (60 mg) was reacted with 50 mg of 5-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl )pyrimidin-2-amine via General Procedure A-2
to give 10 mg of Formula Ib (US 2008/0242665, incorporated by reference). MS (Q1) 499.3

(M)+.
[00326] Example 14 pl10a (alpha) PI3K Binding Assay
[00327] Binding Assays: Initial polarization experiments were performed on an

Analyst HT 96-384 (Molecular Devices Corp, Sunnyvale, CA.). Samples for fluorescence

91



addition of GRP-1 and Pl P3- TAMRA probe (Echelon-Inc, Salt Lake Cty, UT.)
100nM and 5nM final concentrations respectively. Read with standard cut-of f
filters fwo 20toe06088dan ne fl uorophore (lex = 530 nm | eCEUSIA0/02G903 N
384-wel | bl ack | ow vol une proxi plates (Per ki nEl mer, Wellesley, M)
Fl uoresc nce (E\g rization val ues were ttg(gl .as functl on .of the

‘6 t1

ant agoro%t HE DISERUTCIRARYS LS Eree%fe éﬁﬁ%?lr@é& i3 9h tting the

data t 1304 haUﬁBﬁT@hﬁ,fat@gb'@Eigﬂﬁhhggsﬁﬁﬁé‘ﬂ/s Eﬁml&feeclueom RingMPk fingRN Ranon,
CA ). [00328] Al'ternatively, 1nhibition of PI3K was determned in a

r adi omeoncantragemyt Udighy L pu poliiedionrbetiontiomait Tenpht e, éﬂanWa(éit 4aM

i nase Va5 DOR Asetibh a4 SEBTEY oot Rbt e bt el LB TR T eact  on

was t erfiianasentditidnh e feddh in@Bat@dn MBSof 3 ChMhita 4eSoreipsatheetieent | y
det erm ned usi ng signoi dal dose- resr,(gﬁc\)nse curve fit ar| abl e sl ope).

[ 00330]rcEskighpvercisonpsd by theaddiian @R Pl and PIBHTAMRY roosdrhclepfiicacy of
F | |
ol oy s 194k G PARPHR 4553 5% ARl Gl PrafolielnsBih ) KERL Ra@RaRY

62: 5485ub489)ltersTioe tHeahbddrhiae fIGb@phore (Léx 588 aenherel 390\Mirapin! jgtlywetﬂs say,
|nclud|ng reagents and_ protocol are connerC|aII§ avai | abl e (Pronega Corp.,

Madi sorPladylowTelng Bioxingips @erkinkiges gy cllafya Fliosessenes po Zattlﬁq ity of
conpounds Qe @]gl%gecg% % ﬁlg@{]&l bRk Efottelﬁ %Brllceﬂ{rﬁﬂldﬂ( g n%‘ﬁfe@(% 50 mﬁ

pr|n0|ple|s eterm hation of e nu vi ab ecells
pr esentobyngliznfiitihgthadptd toea Apiraprees eqoation uamlgd(abgéaf@mph asﬁ;\aglre\ﬁﬂﬁteegy

addition_of t II-T| r do.rea nt in cell SIS and generation
of a1 onfnas BErdEe o ThhsugimERaTP el PRt e BaEprios PRFE | umi pescent
si gnal doﬁcd@lwaaeﬁ td ®Rah sﬁB%e(ﬁlté%t é’d%ftloﬁfexﬁe?m&f@&/ﬁﬁlinhﬂBlQQé”?’2] Procedure: Day
1 - Seed Cell Plates (384-we bl ack, clear bottom mcroclear, TC pl ates

with |il80328m Fallnblhlt#BKBQBQ)leS were estminetl by ad&isien Oﬁéiel()s()‘kmg/moo cell's per

54m per 8 Pl at e I ture

vedi umb wERPh PR bR Babem Sost M RP VR PRI e SBrlio oty Ut e ne,
P/'S. | ngdiRaboftafdig &8 s3hallilubdhdéBhe ﬁ&@g&ﬁdts fPayfiral comtraidigoftzzn@amﬁp
Compound Dilution, DVSO Pl ates (seri al for 9 points), Add 20 ul

conpouri§s! Signatingrileshnolagy, Med RepyermMép l@éle\mllqﬂzpﬂl%t buffdepfioran serial 1: 2
acr oss 15&%aﬁ)grgflgle(olf%lnut%9 A ro&lglqgﬁl%@e,fﬂ?er refetfoRl @Jeréjgtolgpe}a%yntflé using

Preci sion
addition of GRP-1 and PIP3-TAMRA probe (Echelon-Inc., Salt Lake City, UT.) 100nM and

5nM final concentrations respectively. Read with standard cut-off filters for the rhodamine
fluorophore (Aex = 530 nm; Aem = 590 nm) in 384-well black low volume proxi plates
(PerkinElmer, Wellesley, MA.) Fluorescence polarization values were plotted as a function of
the antagonist concentration, and the ICsy values were obtained by fitting the data to a 4-
parameter equation in Assay Explorer software (MDL, San Ramon, CA.).

[00329] Alternatively, inhibition of PI3K was determined in a radiometric assay using
purified, recombinant enzyme and ATP at a concentration of 1TuM. The compound was
serially diluted in 100% DMSO. The kinase reaction was incubated for 1 h at room
temperature, and the reaction was terminated by the addition of PBS. ICs, values were

subsequently determined using sigmoidal dose-response curve fit (variable slope).

[00330] Example 15 In Vitro Cell Proliferation Assay
[00331] Efficacy of Formula I or II compounds were measured by a cell proliferation

assay employing the following protocol (Mendoza et al (2002) Cancer Res. 62:5485-5488).
The CellTiter-Glo® Luminescent Cell Viability Assay, including reagents and protocol are
commercially available (Promega Corp., Madison, WI, Technical Bulletin TB288). The
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Pl ates 96-wel | conical bottom pol ypropyl ene plates from Nunc (cat.# 249946)
( 1:50 dilution) Add 147m of Media into all wells. Transfer 3m of DWMSO +
conmpound woamogasiwswel | in the DVMSO Plate to each corregpons2eng/o2ebs on
Medi a Pl ate using Rapidplate. For 2 drug conbo studi es, transfer one
drugl.5 m of DVBO + ound fr meach the Pl ate to each

cor T s HEHRIANESRIT® BHTRHCamPPIEE SRsge &néﬂﬂ ‘elécell?%sﬁf Crtoin SNeAS$iot her
drug 1. |c1pt1é)1stﬂa%drfﬁfjt'hb' Hbt@hﬁitn@tlod SOES ttlm BEU VA &él@@)rés@nt@@ WntifgBhy Pl ate
(1:10 dilution), Add 6m of nedia + conmpound directly to célls (54nT of
medi a che AH® redehsingl osaadyghous| assaypehae 3ddags obthe @Elléf iteF %lCaREEN regults

i ncubat.or ofte 003 Day. 5 - vel Pl at es,
Thaw cdnee by e BRTorERT SERPESHMA SRa SRR PAIRER<camio dBso from 37
0C and |g@krickéddt SilRalliOplopOfioh @B ek Bdstht DPATRRAenB0 M nutes. Add Cell Titer
G o Buffer to Cell Titer Go Substrate g)bottle to bottle). Add 30 m Cell
Titer dP833agentPromdsraega Rt | # Sarb@olf Plagesd arwigh iblacks cleasiosompl ace on

plate s t I | at e
Reader ALk el O ARy o o San S oeah PR SR RRA se MRt Bhog il

conbi ngder Gmplma&ﬁ 1nt66|8|48N61\HI’3£1 Blagd €6k MayiaﬁkﬁyZQEﬁ (ﬁ&ﬂuireSMb&iukn IRPN3Béir- WE‘I |
plates for 36 nine serial 1:2 conpound dilutions were

in DlvscPM.El\éhg@ ghéqorsepl a(tEetah%w%%%@na@%r%lufwlpﬁé’r/sdJn%&b@a Q/Nead 3§r ovvt h
medi a ysifug c@oRapi dpl ate robot (Zymark Corp., Hopkinton, MA). The diluted
corrpounds were then added to quadruplicate wells in 384-well cell plates
and i nd0o3d3¢d at [3ay 2T-and B GO cllAfGommpodnd ®ykition dDEISIOVRlates Kdeeink 1 @ffotvi abl e

accor diTRPIPG) P 20 PmED by S 0 Gt Mg P R of CRor<H A RGP RN | e

Reader 1(?@&#6&&%& Bﬁl’fe (169§L e MQ doyd Dmpfovalt&ﬁpof\@%cﬁn@ akiay IPad@dot SMRGiaPr i sm

4.0 software (G aphPad, San Diego). Drugs in conbination assays were dosed
starti Yatas 961-)(]6&@5010@1&13@‘@)111 pdypropslenq placasion Wher @atH2436p (1050 dihgiody ug was

chenot it BT VBRI Rl ol Bued e d Pl VY S hour

(one b&h@wsmela@é fedabh cBr@pbn@sg W8 .on[MEES PlatNsiddrbjiipRRl FeXxemplary in
vitro cell proliferation assay includes the followng ste [00338] 1. An

al i quotcopfoonpnlies trassframe deygliu of POR Qitriionpornd frorm@gh c‘@ﬁl ig tlyeslalS

Plate to each corresponding well on Media Plate using Rapidplate. Then, transfer another

drug 1.5ul to the medium plate.

[00334] Drug Addition to Cells, Cell Plate (1:10 dilution), Add 6ul of media +
compound directly to cells (54l of media on the cells already). Incubate 3 days at 37 C, 5%
CO2 in an incubator that will not be opened often.

[00335] Day 5 — Develop Plates, Thaw Cell Titer Glo Buffer at room temperature.
Remove Cell Plates from 37 °C and equilibrate to room temperature. for about 30 minutes.
Add Cell Titer Glo Buffer to Cell Titer Glo Substrate (bottle to bottle). Add 30 ul Cell Titer
Glo Reagent (Promega cat.# G7572) to each well of cells. Place on plate shaker for about 30
minutes. Read luminescence on Analyst HT Plate Reader (half second per well).

[00336] Cell viability assays and combination assays: Cells were seeded at 1000-2000
cells/well in 384-well plates for 16 h. On day two, nine serial 1:2 compound dilutions were
made in DMSO in a 96 well plate. The compounds were further diluted into growth media
using a Rapidplate robot (Zymark Corp., Hopkinton, MA). The diluted compounds were
then added to quadruplicate wells in 384-well cell plates and incubated at 37 C and 5% CO2.
After 4 days, relative numbers of viable cells were measured by luminescence using Cell-

Titer Glo (Promega) according to the manufacturer’s instructions and read on a Wallac
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Figures IA-C for cell lines and tunor type) in nmediumwas deposited in each
well of a 384- well, opaque-walled plate. [00339] 2. Control wells were

pr epar ed worbavrosteg nedi um and wi t hout cells. [00340] 3PCThs2@ompeonhd was
added to the experinmental wells and incubated for 3-5 days. [00341] 4. The

P00sas Ml ke R parce g en Faers B rEbg e e At Pl Vo o Sl
cul L ur offRdi@RIAaRNar Dicgde Ditel In uthiasiRdksh 00343osby siThmgapukent s vere

m xed for 2 mnutes on an orbit shaker to induce cell lysis.” [00344] 7.
The pl di@S0emcemimibas. eldf cates mbiora the 80 af theedriigwad B2 4 w1 s highesit abi | i ze t he
| um nescenc i gnal,. 345] Lym.nescence s recorded. and reported in
g aphe LoCRa? PN N P SRR T SR Dt OO SRS G5 B8] g e
Chou angmiidmbayly 605ehhaedd 3 RRirh ashcartbrOaRthde] neglasdiial ysis with Cal cuSyn
softwareaé Bi osoft, Canbridge, UK) in order to obtain a Conbination |Index.

[ 00347][08337dr nat | Aierdditiensl pxerpplpry 18 e teerllatrobistationlasweneslvdesitie a 96 wel |

pl at e [ ed for 4 days in the presence of test compound. Al amar

Bl ue(t@ﬂ\o/\‘/g{s}l%%%éequently added to the assay nmedium and cells were

i ncubat[ee33spr 6 hi bef oxgaligadbNO0BLL F4AANuRXSE ichb@bindiy a0 RITE G8é on. EC50

val ues were cal cul ated using a signoidal dose response curve fit. 8100348]
Al t er ndtigwes YA-(Pfasiciet dings yrsiinmioabipe) mymogismayis| depesdted in eschaselhof ©0384dr ug
treat mep i l, Ti.ter glo reagent (Pronega Inc., Madison, W). DWVSO
treat ge%xr]f%ﬂ’\?\)gé{]%é\gﬁgeg pl%%ft rol in all viability assays. IC50 val ues were
cal cul goesogsi ng €L fiComsl wets actd foBRredba@nddiag niediurh @AS42thodthellAML cel |
lines AP- 1060, EOL-1, FKH 1, G--D8, HEL, HL-60, HNT-34, Kasum -1, KG I,
NVE- 1, NOOMAO NoL 313, "N@_qg;npggpd Wacideg_i}o th\gz@ppl:lmgﬁp].mﬂsgnd incubated for

3-5 days.
[00341] 4. The plates were equilibrated to room temperature for approximately 30
minutes.
[00342] 5. A volume of CellTiter-Glo Reagent equal to the volume of cell culture

medium present in each well was added.

[00343] 6. The contents were mixed for 2 minutes on an orbital shaker to induce
cell lysis.
[00344] 7. The plate was incubated at room temperature for 10 minutes to

stabilize the luminescence signal.

[00345] 8. Luminescence was recorded and reported in graphs as RLU = relative
luminescence units.

[00346] 9. Analyze using the Chou and Talalay combination method and Dose-
Effect Analysis with CalcuSyn software (Biosoft, Cambridge, UK) in order to obtain a
Combination Index.

[00347] Alternatively, cells were seeded at optimal density in a 96 well plate and
incubated for 4 days in the presence of test compound. Alamar Blue™ was subsequently
added to the assay medium, and cells were incubated for 6 h before reading at 544nm
excitation, 590nm emission. ECsy values were calculated using a sigmoidal dose response
curve fit.

[00348] Alternatively, Proliferation/Viability was analyzed after 48 hr of drug

treatment using Cell Titer glo reagent (Promega Inc., Madison, WI). DMSO treatment was
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0Cl - AML3, OCl-AML5, OCI-M, 0Cl-M, PL-21, SET-2, SIG M, SKMI|, THP-I,
UKE- 1, and UT-7 were obtained fromeither ATCC or DSMZ. Cells are

mai nt ai nedl0i2n10RAPR08 1640 nedi a with 10% heat -1 nact i vat ed PEB®S2010/026903

(Si gman- Al dri ch) and 2 nol /L Lglutam ne Anti bodi es for Western blotting

were purc sed omOeI nal chn , With the . e p of pi I
ant i bodgfeﬂ?m R ‘?IH&VdQSP%Yé ‘%9 S e ?a#ﬁﬂl%?f{] BN ESE fﬁfg*& WitkSs

synt hesiBgg, gl‘,anféggle@gpch Rapanycin, Ara-C, and daunorubicin were purchased
from Signma. Al conpounds were prepared as stock solutions in DVBO, and
di | ut ed003#%ssay BufAMIL ashdmes d&-1B0EOLekIAKH e GE-DE L. L 60 oHNAM 4,

basn' 1 epa T BPL R E e, BRPEMET: MPLEFTR BBartt S e OGPl 205, Fes™

and a qvcpkm% QKARILS, aﬁcnmloelm P G, ISETSERIGAMESSK VendTHR-13 URKE-10

ng/ mM each). 11 00350 Hunan nul t| el oma cell lines were all obtained
from t hle angrbF r%@/ﬁre]%@n@fr@weéth@bﬂg rd?}SMZ«T@@US Mgriasigaincd yaR PRl 640s o

t l, 1
ool AL EOR) Syl b (SRR ARG B LM RS

L- gl ut &mm&steﬁﬂbloﬂtﬁ@ VV@é ptrcﬁﬁgee;ﬁtom@eﬂ Signkl T@chﬁeb@y,abﬁgme cc@nidnlosl and, NY)
at 370C under . 5% CO2 0351] Exanple 16 In Vivo Muse Tunor Xenograft

Ef f i cady! 1 PoanEedy mhieh Wﬁfe%lﬁwée% 39@%)1% ﬁ@abyﬁqﬁﬁ%d@ﬂ# yag ﬁw hesiged 3t Fox
Chase C??%Il@ﬁf&h ﬁa]%nycjlﬂ %rliiid 1an5@51!11ﬁ)?&b1 tvﬁeégg y. &?{E) % %’ﬂd had a BW

range 15.1 to grans on Day O were fed ad
i bi t urnoweppends(wev ercpercsassiick ,soliltlpmnm(DMSé)n dnd\fliHitad in debadi uiffed uporduse.

Irradiated Lab Diet(r onsi sting. of 18 OfV u rot ein, 0% crude fat,
L s dbdeblion Pt AR, fic! ptrude oo Br B nareary (1)

bed- 0’ qQBS( {chata@BRT ARG Washith PBB 1@81@%%911& welsetc%lth&d% RPRIISIH48 X Fa &Hha
12-hour light cycle at 21-22 0C (70 OF) and 40-60% hum dity.

speci f i 94 FBScodplcye¥ing QOhkttdﬂu@S H@@S@tﬂﬁh&ﬁ@ﬁﬂb 868, GMGYe awl g at ¢p ngfamle and
Use of La@orat ory Animals with respect to restraint, husbandry, surgical
procedd?®€y; feed and fluid regulation, and veterinary care. The aninal care

and usqop33ngr am gukPRCmugipACakeiditacdil tpiyleg WercAsIstdindd Romfred AArsiessment and
Accreditation of Laboratoré Ani mal Care International (AAALAC), which

assur eshpsriplliveneellsgtion (AEEEpMagasspa i and also mentioned in earlier studies ().
Cells were cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum, 100

units/ml penicillin, 2 mM L-glutamine, and 100 mg/ml streptomycin (Life Technology,
Grand Island, NY) at 37°C under 5% CO,.

[00351] Example 16 In Vivo Mouse Tumor Xenograft Efficacy
[00352] Mice: Female severe combined immunodeficiency mice (Fox Chase SCID®,

C.B-17/IcrHsd, Harlan) were 8 to 9 weeks old and had a BW range of 15.1 to 21.4 grams on
Day 0 of the study. The animals were fed ad libitum water (reverse osmosis, 1 ppm CI) and
NIH 31 Modified and Irradiated Lab Diet® consisting of 18.0% crude protein, 5.0% crude
fat, and 5.0% crude fiber. The mice were housed on irradiated ALPHA-Dri® bed-o’cobs®
Laboratory Animal Bedding in static microisolators on a 12-hour light cycle at 21-22 °C (70—
72 °F) and 40—-60% humidity. PRC specifically complies with the recommendations of the
Guide for Care and Use of Laboratory Animals with respect to restraint, husbandry, surgical
procedures, feed and fluid regulation, and veterinary care. The animal care and use program
at PRC is accredited by the Association for Assessment and Accreditation of Laboratory
Animal Care International (AAALAC), which assures compliance with accepted standards

for the care and use of laboratory animals.
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for the care and use of |aboratory animals.[00353] Tunor |nplantation :
Xenografts were initiated with cancer cells. Cells were cultured in RPM
1640 nediwomswppbs@sent ed with 10% fetal bovi ne serum 2PaWiustavardne, 100
units/nL penicillin, 100 ng/nL streptonycin sulfate and 25 ng/ nL

O 1 T Sl SE S s PSS e e B

107 celdyfilifdd-in @PMIhI%M%Yed?JstH;SB?émérHPd @ith, loﬁﬁféﬁlb@%he ooyse2 hagei ved 1 x
10L7 cells (0.2 nL) inplanted subcutaneously in the right flank, and tunor

growt h gmgmmil@(bumd;/lab rehisilhv.el0Qge/milsecptppryoachbadtctane 26 algget range of 100

150 d d d Day O
B T g I Dt S R e B e

m ce wighbspHaeh wifebued salhu Bmu@aﬁcdh&a@ém@fﬁfmm dBts /b2 oahedag oBf@de Nean
tunor volumes from 120-1 (see gﬁgendl x A). Vol une was cal cul at ed

ESI ng tigwlagngrogeh test @Q’GJSEEIﬂqelVﬁdrﬂn% 1975 (QAwd)) i uaap Wdﬁub?"t@em@s%]hevmd ore \rllv
o I B TV 4 T, R S R v

Ther apesftlioo tA\g&insn3. ToEmyHoae Hayscabiep i ihpla0t0i94 1desiganed e Dhay Olofiche) was

supplied as a dry powder in salt form which contained 73% active agent
and wassttsthth@dma@ Wﬁ&ﬁ%ﬁ%ﬁ‘éﬁﬁf@r fQygraupy ek corsipting Sfan gice Wity ingivibieks wer e

pr epar 9 Y I d water
(D) TadimoF Geibe) Bnling TR 3 S 8 S 2 B vl 105! B0 2% act 1 ve
agent vmm3dmoﬁ\mieedhxffb)r Vaiumheva[malnu]lamiummgcthe f6rm@B3829 doses. Rituxi mab
(Ri tux m_ f |nj ecti o ntech, Lot #Mr9901) was purchased
as thea[@ﬁ% lcal "gﬁlﬁﬁor‘&ﬂ RWX%T‘DZ% wer e prepared on each day of

dosi ng [gy3ah! uti ngh@Owal wmtgtan@f =185 QR MaltBmSE. ermh@r wélkht¥Raf Be 9% Nadl ) .
Al'l doses were fornmulated to deliver the stated ng/ kg dosage in a vol une of

0.2 nl gsemaRg vgthatirs assiniptidy theeil ghg is(cyoivalehkig) L mpOoEsThoTydamaent = Al |
doses BT bt IGoRe AL b Mo i 8] GOGTELE g vere
Tunor s welrsappRisddraefty hoiveer 1ﬁ<’8@1|ﬂ foree k/hikhl dd@taGiddi 1384 Sctivilagentaidew abc@r ed
|nd|V|duaIIy, and each ani mal was eut hanij zed when its tunor. reached a

at room temperature protected from light. Drug doses were prepared weekly in 0.5%

methylcellulose: 0.2% Tween 80 in deionized water (MC/Tw80, “Vehicle”) and stored at

4°C. The salt form containing 73% active agent was accounted for in the formulation of G-

033829 doses. Rituximab (Rituxan® 10 mg/mL for injection, Genentech, Lot #M79901) was

purchased as the clinical drug. Doses of rituximab were prepared on each day of dosing by

diluting an aliquot of the stock with sterile saline (0.9% NaCl). All doses were formulated to

deliver the stated mg/kg dosage in a volume of 0.2 mL per 20 grams of body weight (10

mL/kg).

[00357] Treatment:  All doses were scaled to the body weights of the individual

animals and were provided by the route indicated in each of the figures.

[00358] Endpoint: Tumors were measured twice each week using calipers. Mice

were monitored individually, and each animal was euthanized when its tumor reached a

volume of 1500 mm3 or at the end of the study on Day 40, whichever came first. However,

due to the self-limiting growth of control tumors, the endpoint was reduced to 1000 mm3 for

analysis. The time to endpoint (TTE) for each mouse was calculated from the following

equation:
[00359] TTE (days) = [logyo (endpoint volume, mm®)-b]/m
[00360] where b is the intercept and m is the slope of the line obtained by linear
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vol une of 1500 nmB or at the end of the study on Day 40, whi chever cane
first. However, due to the self-limting growh of control tunors, the
endpoi nt we0reeesmed to 1000 mMmB for anal ysis. The ti nePCo/usSaapo2é3 ( TTE)
for each nmouse was cal cul ated fromthe follow ng equation: [00359] TTE

(days) = [l ogio. (endpoi nt vol une, )-b]/ m_[00360] where b.i e

i nt er céﬁ%‘le%ﬁﬁ‘g‘ o416 s rlaﬁcﬁtugfortgﬁ%%i%] bl i s]ﬁk/WP% 9%%91‘}8@@ PELEift of a
| 0g- t r 33 QRABRChhUTRECIIH U ﬁud%ﬁ‘é@ﬁi% vollAR adat® MRl MRS GNPSIseRdHs t he
first observation that exceeded the study endpoint volunme and the three

consec thatimniidsgely atdcodrsl thi attainmetdifahe¢ndpping veldow. tAremalsttkdt doeot regéh t he

dpoi . _Ani mal t t h t dpoi nt ar. i g TTE
eoe! e R R Rl BB DAL PSR RRE
(non- t rgaTre Monttedadheehre ARAY BSathlifcltd 286 64H ENTRANIRA)K 18knsWE cHRKNOWN causes
(NTRu) are excluded from TTE cal cul ati ons (and all further anal yses).

Ani mal dNJiRas 81 gxetidad from TTE salewhatiensr@ndield dyrthge anahysce) AR classified as

-t = t t i i I
caual ¢ LRahl SRt QLA S o P R AR e PGP R QR a 5r ot
del ay (abSNed ANMTERalus cqeadlittmad dag of death nCireast@ni dutédige wadevauaiddey tutor
endpoint (TTE) in a treatnent_group conpared to the control gr,ou;%: &90361]
TGD = Rrovih ct%%éﬁ%wﬁ#é@% gefincd agdssincisase4a the mediap Himgdge cedPdimd THEYi an TTE
of the Gan kg LAY coh1936%) ¥AGR (T / C x 100 [00364) where: T =

median TTE for a“tr nt group, 60: medi an TTE for the control group
(G oup [09361Tr eat E@D =Ry (Cause partial regression (PR) or conplete

regressi CR) of the tumor in an animal. In a PR p e, the tunor

ob ure ID8os o oot TRk bhy A Bt af e Frdiae TIoRSdRs taryiT erotp

neasur quesg3g dur ipgcohe(teyrsge 106 the study, and equal to or greater than
13.5 m®B for one or nore of these three neasurenents. In a CR response, the

tumor V803# i s |velsuetThametdBnsl Rpforfagreatrhend grawn Secoeilve Tridblontheraontrel
during the urse oﬁ. trge s[tud . An q{]i mal vvi.thpgaCR response at. t

t er mi nat PR GPUR bt de T AT PHEnETS) RSN Y ORSOBP PR YRR R vi vor
(TFS) . Athd®hfor WeiardTBal. tIAreeR F@pors@the $Ehe ol @& BILS or [cHISFGRIDakoKiI City
Animal s were weighed daily for the first five days of the study and tw ce

week! y vohene for thiee cansecuive ancpsirements duvieg thercoyise of e stusty, svdequakiogis of any

greater than 13.5 mm3 for one or more of these three measurements. In a CR response, the
tumor volume is less than 13.5 mm3 for three consecutive measurements during the course of
the study. An animal with a CR response at the termination of a study is additionally
classified as a tumor-free survivor (TFS). Animals were monitored for regression responses.
[00365] Toxicity: Animals were weighed daily for the first five days of the study
and twice weekly thereafter. The mice were observed frequently for overt signs of any
adverse, treatment- related side effects, and clinical signs of toxicity were recorded when
observed. Acceptable toxicity is defined as a group mean body weight (BW) loss of less than
20% during the study and not more than one treatment-related (TR) death among ten treated
animals. Any dosing regimen that results in greater toxicity is considered above the
maximum tolerated dose (MTD). A death is classified as TR if attributable to treatment side
effects as evidenced by clinical signs and/or necropsy, or may also be classified as TR if due
to unknown causes during the dosing period or within 10 days of the last dose. A death is
classified as NTR if there is no evidence that death was related to treatment side effects.
[00366] Example 17 Western blotting for detection of p-Akt, p-BAD and p-S6
ribosomal protein post GDC-0941 treatment of B cell and myeloma cell lines

[00367] Materials: All reagents for electrophoresis and blotting buffer stocks are from
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adverse, treatnent- related side effects, and clinical signs of toxicity
were recorded when observed. Acceptable toxicity is defined as a group nean
body wei g0 20B8Vpsd08ss of | ess than 20% during the studyPam@Saap/opene t han
one treatnment-related (TR) death anpbng ten treated ani mals. Any dosing

regi rreri that results in greater toxicity is considered above the maxi num
tol er at BY98eL (MID). A death is classified as TRif attributable to

treat myph3ey| de eff gat ﬁn@S(D%m@eﬁﬁe\s}s@yDEbm) &R MSERRR c’é[ldi'n% (mqaq%y, or
may al so be classified as TR if due to unknown causes during the dosing

peri od B266)imtend mamritkdyio RIMI-hed)/ B¥h Fdidsie .therprdecanch of BerdStagrsarfdi @ldtaasiniNTR i f
t here |ﬁ%£@ evi d%nce that death was related to treatnment side effects.
[00366][ rlrp 7° t\%%lt ern blotting for detection of p-Akt, p-BAD and p-S6

ri bosonml Sp#dot(BichllPesdackb¥lt Ad4ih for@BcIRiMe neddiBinCe dm @B dmelzcumlegedrl l'i nes
[00367] Materials: Al reagents for el ectrophoresis and blotting buffer

stocks ar éacﬁlrcﬁlhhmitrogen [00368] B cell Iines (DoHH2 and WSU- DLCL2) and

Wel o, € I | n ng 0FBS in
the pres e%cg 5o L %Z#%ﬁﬁ% Qg%kamﬁ g?gg%% oco?ﬂcuit&gég ﬁgaifé
cells of emcrugahd adld 5leL|DM$O tmthecmthéwlﬁl aBdingoi. n 10 cm Petri dish, 2

di shes for each cel X 5 uL of 10 nM GDC-Q0941 stock (in DVBO) to
one di sh Breenerelisat émgu?/écpérmwh%ﬂr for 4/hpugy beforetiredting uL DVSO to the

ot her %Sﬁaﬁ%s@&tﬂéﬁhmrei 315@9%&8'9';451 ce?rsé ?@sﬂ cdl'ﬁ?dé H%"ellét%d”f hour s

before harvestin 9 nmL cul tur equi valent to 9 106 cells) to
15 L conimkt cd:lhb)satamshtbékISéIS andalev’mkﬁﬁercﬁahsﬂey&mtod&rwmhof gacBBndiaopl e

buf fer. Transf r th i.ti.o uivalent to 1 x 106
cells) to(‘?@u}ﬂ? BENES i‘gh El%n%f%ipé%%m% b@ ri:&(fﬁgs once with cold PBS.
6. Measyr eydshecRdmE witkecod PBSI N sanpl es and prepare the sanples with
NuPAGE el ectrophoresis systemreagents to | oad 20 ug of each. 7. Mx each

pr ot ei rb. s ¥Mppbue thor OBlod tha ppteor swiessindiprensps bpsiuaples anblwP WEENUPAGE LDS
o @ LS R EEELS, AR SRRl T OC ot Tor 10, mn. B Load
4-12% 7. Mix each protein sample for electrophoresis with appropriate amount of NuPAGE LDS
sample buffer and Reducing Agent and apply 70 °C heat for 10 min.
8. Load 10 uL of SeeBlue Plus2 Pre-stained standard and 20 ug of each sample into 4-12%
NuPAGE Norvex Bis-Tris Gel and run with MES-SDS buffer in the presence of
antioxidant (135 volts for 1 hour in the XCell SureLock Mini-Cell apparatus).
9. Transfer gels to the blotting membrane using iBlot apparatus.
10. Wash 1x with 1X TBST buffer.
11. Block the membrane with 20 mL 1x TBST 5% non-fat milk for 2 hours.
12. Wash 3x with 1X TBST buffer.
13. Incubate membrane in 10 mL 1X TBST 5% BSA and primary abs (p-Akt, clone 193H12,
p-BAD, clone 185D10 and p-S6RP, clone D57.2.2D, beta-actin, clone 13ES5, Cell
Signaling) at appropriate dilution at 4C O/N. p-Akt and p-6SRP and beta-actin rabbit abs
are added to the same membrane and others each on a separate membrane (multiple gels
are generated early).
14. Wash 3x with 1X TBST buffer.
15. Incubate membrane with HRP-conjugated Goat anti-rabbit ab at appropriate dilution in 10
mL 1X TBST buffer/5% non-fat milk at room temperature for 2 hours.
16. Wash 3x with 1X TBST buffer.

17. Incubate membrane with 3 mL LumiGLO for 3 min, drain the excess solution and expose
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NuPAGE Norvex Bis-Tris CGel and run with MES-SDS buffer in the presence of
antioxidant (135 volts for 1 hour in the XCell SureLock M ni-Cell

appar at uswo 2910/iDs@8sfer gels to the blotting nmenbrane ugCmgISeBOL6903
apparatus. 10. Wash Ix with I X TBST buffer. 11. Block the nenbrane with 20
m. I x TBST 5% non-fat mlk for 2 hours. 12. Wash 3x with | X TBST buffer.

13. Incub?ﬁ’é‘r ‘ane in 10 nL | X TBST 5% BSA and prinmary abs (p-Akt, clone
193H12, %D ¢ |&1E@nét§r§[§1@0 AN RO R calll QMQitlR vete éBted%ﬁ @cn"i’?cﬁlht@ ; anfaI one
13E5, i gnal ing) at "appropriate dilution at 4C Akt ‘and p- 6SRP
and betcallamerentreraadﬂﬂsunaﬁECa@%ladlfd@dletl@smtee oslandldmnm and oandcommmw@neac h on

' TReT KR ERtmed e A e C o o T b B ) Do LBPSand TR - abbi ¢
ab at appOPKicatl gyl ﬂ)dﬂ"dr@(]elll s{%@hﬁywﬁnm Meﬂ?rm% mrbqfualt amdunk ofit room
tenperature for 2 hours. sh 3x with | X TBS f I ncubat e

menbr anBotgin wassreﬁa_lwdﬂmﬁl@_@mge Byshrig gelgd bvifragea, Gudsbad, %) u‘t\’leeiﬂrndﬂ@t
exposet 0 tAl

cond: 1 A e e Pt R OPARRIEMK R ing 73 PR 1B, g Rb iR SAD
GDC- ngl(iemféem)mmpﬁwpﬁo F@IXO E/Ga,l Bldg tledecd @ispase, tloavedroaiiust B iy, addviSO
treat nent was used as control were washed once with cold PBS and

| ysed udsavgd E%Ré’eanltlbmf@f» éc%lﬁlg%%h“(g&qchn@P@hzﬁei"%y Tehndr 8P Kipiidr 1y, M) .

A t T |
(vt t B LE RO R i G B3RP0 TP WRRRE SR 8031 g
anti - pjosphg- Akt HK-Sefpleies 4 TACS pﬂitd}coPIthhtra&ietlu}apaﬁsqam&@kamﬂipn% 36),

anti - phgspho- FoXO 1/ 3 a, Bi cl eaved caspase 9, cleaved caspase 3, p27,
and cl ghnsemplappteinposh (894 dssatmaitgnal i ng Technol ogy, Beverly, M. Total

ib\g;dl nghg%n? r ol stﬁ)F%!)%l?e%)tﬁég l dwggth%gi% ot 0c8 Fl%}éﬁlc%lll‘gﬁ%ggéﬁ?g agg

det ect i @26)wepe Alaintand ip-R3BMI- nm 00Pa|FB& mtthe prepast oGy D9gilatd @htaneint.

[ 00372] LT DoHH2 and WSU-DLCL2) and Myel oma cell lines (OPM2 and
0@3’;:3 Frllro occgl

1. Seed 107 cells of each cell line in 10 mL culture media in 10 cm Petri dish, 2 dishes for
cach cell line.

2. Add 5uL of 10 mM GDC-0941 stock (in DMSO) to 10 mL culture for final 5 uM drug
and add 5 uL DMSO to the other dish as control.

3. Keep cells at 37 °C, 5%CO2 incubator for 4 hours before harvesting.

4. Transfer 1 mL of each condition (equivalent to 10° cells) to 5 mL FACS tube (BD) and
spin at 1200 rpm for 5 min prior to fixation (harvest the other 9 mL culture-9 x 10° cells
to 15 mL conical tube for Western).

5. Aspirate the supernatant and fix the cells at room temperature with Fix/Perm Medium A
(CAT# GAS001S-100) for 15 min.

6. Wash the cells with PBS/2%FBS 1x

7. Aspirate the supernatant and permeablize the cells at room temperature with Fix/Perm
Medium B (CAT# GAS002S-100) for 15 min.

8. Wash the cells with PBS/2%FBS 1x

9. Resuspend cells with 300 uL. PBS/2%BSA and divide cells into 3 tubes 100 uL each (one
for isotype-Rabbit IgG Alexa Fluor-647 and one for p-Akt Alexa Fluor-647 clone
193H12 and one for p-S6RP Alexa Fluor-647 clone D57.2.2E, all rabbit abs are from Cell

Signaling).
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U266) were maintained in RPM- 1640/ 10% FBS in the presence of Pen/Strep
and G utam ne. [00373] Protocol: 1. Seed 107 cells of each cell line in 10
mL cul t urworzedi/@sas 10 cm Petri dish, 2 dishes for eachPcglus2010/026902. Add 5
uL of 10 nmM GDC- 0941 stock (in DI\/SO) to 10 nL culture for final 5 uM drug

and add 5 Oto.t ot her h as control . Keep cells 7 0C,
59002 | é@ﬁé%focﬁﬁaﬁl /Rﬁm gorbf‘ép PG ae }nﬁabatﬁat r?PlalﬁsmB?ram?%é each
condi ti onpfjgqui valent to 106 cells) to 5 nL FACS tube (BD) and spin at 1200

rpmfor 5 mn prior to fixation (harvest the other 9 nL culture-9 x 106
cells tld.l"SaShthétmﬁ'sa&aﬂhRRSjé‘Voﬂ:BlS Méstern). 5. Aspirate the supernatant and

fix th c | 1s at x/Per Medi T SO0 S-
100) 1o Respid AU RBRI S oot o o AR Sedin (i W
super nat agtl1@0est pRY; blize the cells at room tenperature with Fi x/ Perm

Medi um B ( CAT# S002S-100) for 15 min. 8 Wash the cells wth PBS/ 2%BS | x
9. ResuSpéndlyeepats ugjng il niegPRINduRBR YR Wilistegars] | s into 3 tubes 100

L f Akt Al
b A T S R R e S
al | rahbipbptodibandiv@blercey fisst IGIE-904l tr&gl)neﬁﬁ Add 50 ng of each Ab to

correspondl ng tube and.incubate at roomtenperature for 30 mn. 11. WAsh
the celll&lth peSopgtsndwiabie co¥ssvRpa1vasEe] Py ayganiitatye dlugresesmey 2%38A and

acqui r ng%@ uSiA %9%9@41{393&1&@ églssjo %g%éc(g?%ﬁta RE RO RISy mbdificalahyze data

usi ng 0 pr ram an Isplay data In . [ 00374] Exarrp e 19
FACS pr(Mmmgalaﬁecdda eredh $2008 ) iyl ody. l!éﬂfit Bto&tZ%(/B)f’?ll@bﬁéQ&)e N&eions nayhtgpt atyeonand

\\Ilvleratejl rGré% l J S%iplb% laggvgqrg?rggﬁp rg/? ﬂﬁ[&b Ov%glé?l conce t%a%tolng 0 %ulyel Ig%ﬁccel s
0941 for 24 hr, cells were then stained using Annexin-V-APC /PI kit (BD Biosciences, San

Jose, CA) according to the manufacturers instructions and analyzed by flow cytometry. In
case of primary multiple myeloma patient sample, 2 million nucleated BM cells were seeded
in a 6 well plate in 2 ml advanced-RPMI (Invitrogen, Carlsbad, CA) supplemented with 2%
heat inactivated bovine growth serum (Hyclone, Waltham, MA) and 2 ng/ml recombinant IL6
(R&D Systems Inc., Minneapolis, MN). Cells were treated with vehicle (DMSO), 1 uM or 10
uM GDC-0941 for 72 hrs and then analyzed by flow cytometry to evaluate drug-induced
apoptosis. The following reagents were used: CD45RA-FITC, CD38-APC and Propidium
Iodide (all from BD Pharmingen, San Jose, CA). Data was acquired on a CyanADP
instrument, (Dako Cytomation) and analyzed using FlowJo software (Tree Star). Live plasma

cells were identified as CD38hiCD45RA- and PI-.

[00376] Example 20  Cell cycle analysis
[00377] Cell cycle analysis was done using Click-iT™ Edu Cytometry Assay Kit

(Invitrogen, Carlsbad, CA) according to manufactures instructions. Fluorescence was
measured on BD LSR-II and data was analyzed using FlowJo software (Becton Dickinson).
[00378] Example 21  pAKT measurement in primary MM bone marrow
mononuclear cells using Meso Scale Discovery (MSD) assay

[00379] Bone marrow mononuclear cells (BM-MNC) from MM donors were cultured
overnight in 10 ml RPMI supplemented with 10%FBS. After incubation, the cells were
washed once with growth media and resuspended in 1 ml of media. For each donor, the cells

were split into 500 mL aliquots and were treated with either DMSO or GDC-0941 at 1 mM
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anal ysis using fluorescence-activated cell sorting (FACS) assay with m nor
nodi fi cati ons (Minugal avadl a et al (2008) MIl. Cell Biol.

28(23) : 780260285008 Var i ous nmultiple nmyeloma cell |ines @CI/US2010826908T €
treated with DMSO or various concentrations of Figure la GDC- 0941 for 24

hr, ce ai ned usi APC / PI i BD Bi Qsci ences,
Can Sou’t B B0 R e PRt P aTaet e (ollet P et | 0P ar BHS omed by
{1 0w Oy AR pUIERSR OB bRV PRCTHYBUARRCARKSRL Sampl e, 2

mllion nucleated BMcells were seeded in a 6 well plate in 2 nl
advanceusiRRNEd yith @DmldgéMesmaﬂeéhmvewwp@al&mbu@ Muirylan@pkybie buffer

tivat i h I
Feconbi e e Bl by shari ol f £y APl YOmARCs TR Phad e
Wi th vehile)stds RO hsed ko BMI4te Rogpivb é@&47—3)fa‘ﬁﬂ toftal nktsusafgommﬂt anal yzed by

fl ow cytorretry to eval uate drug- |nduce tosis. The follow ng reagents
wer e ugseerdop4s RRNpfaptoresapg8icAPe Witk npn@fgn@? ifiggtiondi de (all from BD

Phar m ngen, San Jose, CA). Data was acquired on a CyanADP instrunent, (Dako
Cytomation) and anal yzed using FlowJo software (Tree Star). Live plasm
cells were identified as CD38hi CD45RA- and PI-. [00376] Exanple 20 Cell
cycle analysis [00377] Cell cycle analysis was done using Cick-iT(tn) Edu
Cytometry Assay Kit (lInvitrogen, Carlsbad, CA) according to nanufactures
instructions. Fluorescence was neasured on BD LSR-11 and data was anal yzed
using Fl owJo software (Becton Dickinson). [00378] Exanple 2 1 pAKT
measurenent in prinmary MM bone marrow nononucl ear cells using Meso Scal e
Di scovery (MSD) assay [00379] Bone narrow nononucl ear cells (BMMC) from
MM donors were cultured overnight in 10 M RPM supplenented with 10%BS.
After incubation, the cells were washed once with grom h nedia and
resuspended in 1m of nedia. For each donor, the cells were split into 500
mL aliquots and were treated with either DVSO or GDC-0941 at 1nMor 1 hour
at 37C. After treatnment, the cell pellets were collected at 1200 rpm for
five mnutes and pellets were washed once wth cold PBS. The cell pellets
were resuspended with 60 mM | X Mesoscale Discovery (MSD, Gaithersburg,
Maryl and) lysis buffer and | ysates were cleared by centrifugation at 4C at
14000 rpm for 10 m nutes. The cleared cell lysates were used to eval uate
phospho- Akt (Ser473) and total Akt using MSD kit
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according to manufactures instructions with mnor nodifications. W claim
1. Anmethod for the treatnment of a hematopoietic malignancy conprising
adm ni st ewDreg10a1056e8r apeut i ¢ conbi nati on as a conbi ned f @CEIS2410026903 by
alternation to a mammal, wherein the therapeutic conbination conprises a
therapeutically effective amount of a conpound having Formula I, and a
therapeutically effective ambunt of one or nore chenot herapeutic agents
sel ected from dexanet hasone, thi oTEPA, doxorubicin, vincristine, rituximab,
cycl ophospham de, predni sone, nel phal an, |enalidom de, bortezom b,
rapamyci n, andctyharabi ne; where Fornula | conpounds have the structure: |
and stereoi soners, georretri c isoners, tautonmers, or pharnmaceutically
acceptabl e salts thereof, where: RL is sel ected fromH F, d, Br, I, CN,
(CR 14R15) nlNRloF&)methodcf’eﬁhﬂmsl}quﬁQ@%mWP@lmc maligiamncy 4PRBINHIE 2 S( o) 2R10

10 )Rp %%R%@qu{;%eﬁa%ﬁ%@%@%%m&% ﬁ&%ﬁ?ﬂ%@@ﬁ@ 120 OR10 ,

_ C( =0) NRrARS!, 2R1Dthe th@@pe@)lulaomz(mRﬂxﬁpm\asmmapeunbmychfecm 1@ R 1 1,
-NR 12Q=Y)OR 1 1, -NR 1 2R10 -. NR12SC2NR10R11
- SR 10%:fa %P@Pu%h&%ymg ﬂv‘@f’@;@ﬁl@é erapeug R%éa% ¢ am@@i?)f@&? oMOrGi - a2

al kyl, c@gmoﬁie?d&%%@t'iﬁgzgen@%elegeﬁ|f11&YIPé(éxan§tha@>neztlﬁ@f E@&Yd\dxﬁfublcqg ~vifte#{tine,

heterocyclyl O aryl, and 2Chet eroar yl ; is selected fromH,

F, d, rBoxinjab, GNJopBP$hhamhif®, Predn(Qeiyd, R phalan, @n}{bldiﬁmﬂe hortez@ui¥) KMRam@RbL]1, - (CR
14R15VNR 10R1 1. - (CR 14R15)nCR10 , -(CR 14R15)m NR12C(=0) (CR

14R15) ri¥y é’%‘ MENR 120=Y)R 10, -NR 12Q=Y)OR 10 , -NR 12Q=Y)NR 10R11, -
NR12SQ2R10 ,wl%ﬁomulmaﬁlﬁﬁﬁﬁshav%&)r@ﬁ@@ , -OFY)NR 10R11, -0O5(0 2(OR
10), -OP(=Y)(OR10)(ORp ), -OP(OR 10XOR11l), SR10 , -S(OR 10, -S(O 2R10 ,
-S(O 2NRIOR11 , - S OR10), -S(O 2(OR10 ), -SC(=Y)R 10 , -SC(=Y)OR 10 ,
-SQEY)NR 10R11, Ci- |C12 Al kyl, C2- C al kenyl, C2- C al kynyl, C - C12
carbocyclyl, C2- C2Cketerocyclyl, C - CQGaryl, and Cl- C20 heteroaryl; R is
a carbon Iinked rmnocW:I ic heteroaryl, a carbon linked fused bicyclic C -
C20

1 S | NN
R
A
R2

I
and stereoisomers, geometric isomers, tautomers, or pharmaceutically acceptable salts
thereof, where:

R' is selected from H, F, C1, Br, I, CN, «(CR"R"),NR'’R", —
C(R14R15)HNR12C(=Y)R10, —(CRMRIS)HNRIZS(O)QRIO, —(CR14R15)mOR10, _
(CRMR"),8(0):R", «(CR"R"),S(0),NR"R", —C(OR')R'"R", -C(=Y)R", -C(=Y)OR",
—C(=Y)NR'"R", —-C(=Y)NR"?OR"’, -C(=0)NR'*S(0),R"?, -C(=0)NR'*(CR"*'R"),NR'’R"",
—NO,, -NR"?C(=Y)R", -NR"C(=Y)OR", -NR"*C(=Y)NR'’R", -NR'*S(0),R ", —
NR'2SO,NR'R", -SR", —S(0),R", -S(0),NR'’R", -SC(=Y)R", —=SC(=Y)OR", C;—C}»
alkyl, C,—Cjg alkenyl, C,—Cy alkynyl, Cs—C; carbocyclyl, C,—Cy heterocyclyl, Ce—Cy aryl,
and C;—Cy heteroaryl;

R? is selected from H, F, Cl, Br, I, CN, CFs, -NO,, -C(=Y)R", —-C(=Y)OR", -
C(:Y)NRIORH, —(CRMRIS)mNRIORn, —(CRMRIS)HORIO, —(CRMRIS)m—
NR"2C(=0)(CR"R"),NR"R", -NR"C(=Y)R'’, -NR"’C(=Y)OR", -NR"*C(=Y)NR"R"!, —
NRSO,R", OR", —OC(=Y)R", —OC(=Y)OR'’, ~OC(=Y)NR'’R", —0S(0),(OR"), —
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het erocyclyl, or a carbon |inked fused bicyclic Cl- C20 heteroaryl, where
t he nonocyclic heteroaryl, fused bicyclic C - C20 heterocyclyl, and fused
bi cycl i ¢ VOD-20102105G08t er oaryl are opti onal |y substituted RCThISeNME/02690310r €
groups selected fromF, d, Br, I, -CN, -NR 10R11 , - OR10 , -C(OR 10 ,

o oo PG RE 8%@&50%1&0%@281153\%ﬁ(&%ﬁ&pm&l é@%@éﬁl 0 R0

Rl 1l a | v Hh10C ploky - C8

al kyny{goﬁﬁRaZS@a)dgﬂgyCI?F( @ C?g( E%r oCyg?g/%N&BR arlﬁ/?lk or Cl-
C20 het@/0amaWenyloC,- RO, RL1CYL A@eBdegElyWch hCl hRtdbdycBIAN1C9, ¥, ahd t hey are
attached forma C2- C20 heterocycl ic ring optionally substi tuted with one

or nDreC1g1C@mlpmerDald'épendently sel ected from oxo, (CH2)nOR12 ,NR12R12 , CF3,
F, d, Br,

SO2R , R 12 , N R12 NRl R12 NR12R12
d-a 2 a|1$3yﬁ ac Oné@k%ﬂ %@ﬂ%ych%:gete&ryl)wﬁmn lingegc %lseé ﬁﬁb&@&%ﬁ C2-

c20 het [ are

i ndepen%Ee?(?% 1rea((:é'?l léb Qﬁrﬁ{g%{{ ﬁlse%ggé%%gé%% th%lgora gﬁ(‘@—?ri)ﬁge%% Y¥Or R14 and
R15 tOg%téﬂ@éryWﬁlsBdbﬁ@cl@d ONRC,} GetehicGlyL, aﬁd/f@é@bi@pélﬁc@a@zé RétbRoarys atcur at ed or
partially unsaturated C3-C 2 carbocyclic ring; where said al ky aI kenyl ,

al kynyloptioaslbosstityted wigt erean yedry lgroups y¢lectectromet, érloBr. Y Cl&reNBp& omal |y
PO o, RS- S R, g&&@%%&%@@%ﬁiﬁ@@? S oR1
1(28:RY)1$1?)}5NR5‘ OIS R ARy R A Drepl 120N R 10 N

-O0FY)R 10 ,RY QY OR 1k indePEXNRHLORIQ, , alkyl, @S0 2&@31100:2 cgaﬁ(yﬂ‘ﬁ(ﬂ?
10) (ORp ), -OP(OR 10)(ORp ), -SR 10 , -S(OR'10 , -S(O
S( O) 2NFE6RL: rbocselg), ﬂod)eterOQS(cb)l Qf(ﬂawyi or Csal—zvr)hpatemryl SQ=Y) OR 10 ,

carbobyclyi 08 R ey GF nivisef R 0 el B ClGr v T v

is Q S‘[’letéi’JSCﬂélﬁ\él ?in% oﬁhétﬁll@suﬂstlt@ted amth‘lme or Hfor@%roﬁﬂsdmﬁeﬁe%déntlfsele’éted‘hroré or

6.2. The net'h cl alm wherein the g erapeut)c agent 1s
dexarretdxas(ﬁ{éz)mGR PTNR TR MY, BbeBallnS@z%e(E@lO)Rt R HBmODRET apeut i ¢ agent

IS thi QIERE0),R", C(=Y)NR'?R", C1—Cy» alkyl, Co—Cs alkenyl, C—Cs alkynyl, Cs—Cia

carbocyclyl, C,—Cy heterocyclyl, C¢—Cy aryl and C;—C, heteroaryl;

R and R" are independently selected from H, C,—Cy, alkyl, or (CH,),-aryl,

or R and R" together with the atoms to which they are attached form a saturated or
partially unsaturated C3—C,, carbocyclic ring;

where said alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl, are
optionally substituted with one or more groups independently selected from F, Cl, Br, I, CN,
CF1, —-NO,, oxo, R", -C(=Y)R", —-C(=Y)OR"’, —-C(=Y)NR'’R", ((CR"R"),NR''R", —
(CR™R"),0R", .NR"R", -NR"C(=Y)R", .NR"*C(=Y)OR", -NR"*C(=Y)NR''R", —
(CRMR)NRSO,R", =NR"?, OR", ~OC(=Y)R", —OC(=Y)OR'’, ~OC(=Y)NR'’R"!, —
0S(0),(OR'"), —OP(=Y)(OR'*)(OR™), —OP(OR'*}(OR'"), —=SR'?, —S(O)R'?, —=S(0),R"’, —
S(0),NR"R"!, —=S(O)(OR"), =S(0),(OR'?), —=SC(=Y)R", —=SC(=Y)OR", —=SC(=Y)NR "R,
C—Cy, alkyl, C,—Cg alkenyl, C,—Cy alkynyl, C3—Cy, carbocyclyl, C,—Cy heterocyclyl, Cs—
Cy aryl, and C;—Cy heteroaryl;

YisO,S,or NRIZ;

mis0,1,2,3,4,5 or6; and

nisl1,2,3,4,50r6.
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The met hod of claim 1l wherein the chenotherapeutic agent is doxorubicin.
The nmethod of claim 1l wherein the chenotherapeutic agent is vincristine.
The nmewbeadioafos@Bai m 1 wherei n t he chenot herapeuti c ag@emiuS2&10/0249%0Xi mab.

. The nethod of claim1 wherein the chenot herapeutic agent is

cycl ophosphgm de._8. The thod of claim 1l wherein the chenotherapeutic
agent is prodni soHE m R4 RECTNG hodeBi™ LR s bhar gl e OB Pipeut i c
agent is mnel phalan. 10, The nethod of claim 1 wherein the chenot herapeutic
agent is |enali dothedaethad of aipign hathgesin die chemptherrpGiis agent i o TEPA.
chenot herapeutic agent is bortezom b. 12. The nmethod of claim1 wherein the
chenot her apet i ¢ Higenethp&ot elpiam eiharein the cirpraothetapeeicofeent iadaxdrublssy. ei n t he
chenot herapeutic agent is cytarabine. 14. The nmethod of claim 1l wherein the
t her apeut i ¢ onbiFletmehod ofigains &svheser thelvbspbihatageyticdgrot s vinciistine.
vincristine, and prednisone. 15. The nethod of any one of clains 1-14
wherein Rl i6 - ( QRelddthsg ofNRAGRP wibesirethdchemdthe@peutiRl{Feand rikikimtoget her
with the nitrogen to which they are attached forman optionally substituted
C3- C20 het er ocyclticométhdd@of dfim Thecist thedhehotbaphutiagshekei n the C3- C20
heterocyclic ring is piperazinyl, optionally substituted wwth one or nore
gr oups elopbesphamidsm NR1IOR11, CF3, F, O, Br, I, SC2R10 , C(OR 10
, NR12C(=Y)R p , NR12S(O 2R11, C(=Y)NR 10Rp , and G -G 2 alkyl. 17. The
met hod of arfy onéllsfmethed akclainm i whiesiethe cRimpherapeutid agest is Pheelnsendod of any
one of clains 1-14 wherein Ris H CH3, C3- Cl12 carbocyclyl, C2-
C20net erocyd.yl , The-m&R&hofydlainot whtreGPthe vbtmotharaptuticl@entlibenaiptalemd of any
one of clainms 1-14 wherein R3 is a nonocyclic heteroaryl group sel ected
from 2-pyridyl., 3FHehétHYd of daidy T Wthtein SreichoniamhetapbuticdagestoX dahaliddmide.
5-isoxazolyl, 2-imdazolyl, 4-imdazolyl, 3-pyrazolyl, 4-pyrazolyl,
2-pyrrolyl, 3-pyrrRltéthodot Ohidg Phhbreifthelchb@é@bdbeutRs dd0h@ig Bbdézomib.
3-pyridazinyl, 4-pyridazinyl, 5-pyridazinyl, 2-pyrimdinyl, 5-pyrimdinyl,
6- pyri m di nyjl,, 2-pyr.azi = : 5= 3 2-furanyl,
b, 2-Fy hgq/{)%d%npf%g{eyﬂ the%h%ﬁtfﬁ%la}%uu@azggf@% ?A@Sé@tyg&.

3- furanyl, 2-thienyl, I eny triazo 1-tria trazolyl,

1-tetrazolyl I3, and]g‘_%;}fﬁh&?gpéléﬁh 1 %\%ereﬂ.'ﬁle rgﬁ&ggt%el%%elﬁicaaig%t]ig c%@aﬁbﬁlen Ris

2-am nopyri mdin-

Noohk

14.  The method of claim 1 wherein the therapeutic combination comprises

cyclophosphamide, doxorubicin, vincristine, and prednisone.

15.  The method of any one of claims 1-14 wherein R' is —(CR"R"),NR'’R"!
where m is 1, and R' and R" together with the nitrogen to which they are attached form an

optionally substituted C3—Cy heterocyclic ring.

16.  The method of claim 15 wherein the C;—Cy heterocyclic ring is piperazinyl,
optionally substituted with one or more groups selected from NR'RY, CFs, F, Cl, Br, 1,
SO,RY, C(=O)R", NR"’C(=Y)R'!, NR"*S(0),R"!, C(=Y)NR'R"!, and C;—C}; alkyl.

17.  The method of any one of claims 1-14 wherein R is not H.

18. The method of any one of claims 1-14 wherein R%is H, CH;, C3—Cy»
carbocyclyl, C,—Cy heterocyclyl, C¢—Cyg aryl, or C;—Cy heteroaryl.

19.  The method of any one of claims 1-14 wherein R is a monocyclic heteroaryl
group selected from 2-pyridyl, 3-pyridyl, 4-pyridyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl,
2-imidazolyl, 4-imidazolyl, 3-pyrazolyl, 4-pyrazolyl, 2-pyrrolyl, 3-pyrrolyl, 2-thiazolyl, 4-
thiazolyl, 5-thiazolyl, 3-pyridazinyl, 4-pyridazinyl, 5-pyridazinyl, 2-pyrimidinyl, 5-
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21. The nmethod of any one of clainms 1-14 wherein R3 is a bicyclic
het eroaryl group selected from| Hindazole, | Hindole, indolin-2-one,
| - (1 ndol iwel2e10/ipetokanone, | Hbenzo[ d][1,2,3]triazole, PCT/US2010/026903
| H pyrazol o[ 3, 4-b] pyri dine, | H pyrazol of 3, 4- d]pyrlnldlne | Hbenzol

d]i m dazol e benzo dazal - zoIo 4-C rjdine,
 Hpyr - dBE gL RIS - OReA T GapO o APy exazot: S Hibff. -
7H-pyr rglakR z%hféhg)y Bltmeﬁylnﬁatniﬂﬁ Ul kfBolyl.H-RYa2a91, @l B0t Pyl zmeqlaﬂﬁyl
5H g

pyrrol o 3,2-d] pyri m dine, 2-am no-| Hpurin-6( -one, “qui nol |ne

di'hydr of soquhol PP 8%@9%@%5%%%%%%}%@? e
qui nazol i n- ?ﬁ(ll H TG etﬁg 0P a)élay oln% oiqa%gli?rﬁ whe’rem'ikapht g]}ér Ill?%ﬁ]e?érrg%rp{od of

pyr|d0[3 4- pyrlnl b]pyra2|ne
cl ai m Zyrdu oeadrfrcﬂnuﬂ inumdn@]azpindé}ewndon obee1 atibiod 1 ofl )etayoms)@Hof cl ai ms
2-14 mhereln t he For ound_is

(2- (I Hheﬁa%[ﬁlﬂﬂié]gna)wle kfém{aﬁe ﬁ%»ﬂ@dmr@m YBrperzeie A.4rdlpyimding | F-hi eno[ 3, 2
-d | T f

of) Y TR LR R PRSIl e 20y RO 2 one
(S)-1I- (p%m(o(cﬂ%?c]pmdmwﬂ imidazo] $,53d]p yridtime 7 Hypyrébl of@r3pdipl timadihe, ghbp&Eine; d] pyr i

di -2- h |
o 25, THHEE HOR DD R AR TP DI e ATt ey S A M AT JBo el |y
accept ahli el dun?efzohﬂ@ qﬁﬁlrogﬂﬂll& 150&19%%%0h§m§§111 gepbdrgm a salt formed

wi th hydrochloric acid, hydrobrom c acid hydroi odi ¢ aci d, sul phuric acid,
nitric chhy(hiolsqnhmmihle]r(QH)-@oecB 4 détyklmawllmeirﬁild) -aied, munlaecvizei‘(éﬁt)mphoni c acid,
formc acid, a oroacet ropi oni c. a oxalic

nor a. sk e oG s byt i Rbl f MM S SRR S act ¢ aci o
nallc aAp Qamh@rtarlc acid, citric acid, ethanesulfonic acid, aspartic aC|d
and glutanlc acid. 26. The nethod of any one of clainms 1-14 wherein the

therapeutically eff&althyEoPdRuI1 RheRifRTRAYNM BAYIANG Formula I, and the
therapeutically effective anount of the chenotherapeutic agent are

d t I T t | ai
114 wher of % he THeaRahaE0r LIq Bl 2.f b B B AR g
For mul g24(1Handazohe- yﬂjae{(anp(mﬁthﬁ@ilfoﬁybf)n‘pemtzmvb yBﬂEﬂi‘yil)tlﬁénd[he dipwimidivedapeut i ¢

agent are ad istered to mamral by al ternati on.
d yl )rnorpﬁglpne haV1rng Formula Ia: Y

()

SUs
\ NH
Oy N
S N
/ \O
HiC Ia.
24.  The method of any one of claims 2-14 wherein the Formula I compound is

(S)-1-(4-((2-(2-aminopyrimidin-5-yl)-7-methyl-4-morpholinothieno[3,2-d|pyrimidin-6-
yl)methyl)piperazin-1-yl)-2-hydroxypropan-1-one having Formula Ib:
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28. The nethod of claim27 wherein the mammal is adm nistered with the
chenot her apeuti ¢ agent and subsequently adm nistered with the Fornula |
conmpound.wO2o10ftesooget hod of claim27 wherein the therapedarius2aionRinati on is
adm ni stered by a dosing regimen where the therapeutically effective anmount
of a compound havi ng Fornmul a I is admnistered in a range fromtw ce daily
to once evervckbiég weeks, he therapeutically effective amunt of the
chenot her apeut ['C ent is aizlﬁjstered in arange fromtwi ce daily to once
every three weeks The od of claim29 wherein the dosing reginmen is
repeat ed one or nﬂ{i» |nes The met hod of any one of clains 1-14
wher ei n admi ni stratidh ofS Kerapeutic conbination results in a

synergistic effect. 3 ellmet hod of any one of clains 1-14 wherein the
hemat opoi eti c nallgnancy S SHIeCYfed*Nir om non- Hodgki n' s | ynphoma, diffuse
| ar ge hemat opoi etic | ynphonma, foIIicu arl ynphoma, mantle cell |ynphoma,

chronic | ynphocytic | eukemia, nultifle M@@IonaquNL, and MCL. 33. The
nmet hod of any one of clainms 1-14 wherein the Formul a | conpound and the

chenot her apeytic nt,are.each a nls nmount about 1nmg to
cheur 100" por T St a8 st ey 1 Fh e hestn e SRR bfllhr ol i e
1-14 V\'fHéEﬁitziblé b8t SArEFb@nla P@JEE}?W@ 1§Me&$@fr§rﬂ%@ah *F&"n?d@%’fth Hycﬁrgél{lén@r €
adm ni stered in a ratio of about 1:50 to about 50:1 by weight. 35.

phar macsist hgdobroorprasidt lnxairﬁOIlemmds bl phuricasieh oifrie aoitl, Poysphari acid, a

chenot h erttﬁgnegul qmg ggg,tbe%%eln% ul lﬁomc dqﬁnﬁﬁ%ﬁag e a01dhjtnq}-{1%ﬁopa‘lce C ac% ubi ci n,
vi ncri stine, Uxi meb, aﬁl prednlsone

| enal i deopideic abtd[ 6>eamrmcm, nfa&n@cm;&di Rucdnid aGiil Amadeicneid, m@blem@d qactmrcﬁi
pharmaceutical |y acceptable carrier, glidant, dlluent or exci pient;
wher ei rmEsrasid rfaric ghido it adidrehanpumlOnic peids papartic apid sncdglumipatifs

geonetric isonmers, tautoners, or pharmaceutically acceptable salts thereof,
wher e: 26. The method of any one of claims 1-14 wherein the therapeutically effective

amount of a compound having Formula I, and the therapeutically effective amount of the

chemotherapeutic agent are administered as a combined formulation.

27. The method of any one of claims 1-14 wherein the therapeutically effective
amount of a compound having Formula I, and the therapeutically effective amount of the

chemotherapeutic agent are administered to a mammal by alternation.

28. The method of claim 27 wherein the mammal is administered with the

chemotherapeutic agent and subsequently administered with the Formula I compound.

29.  The method of claim 27 wherein the therapeutic combination is administered
by a dosing regimen where the therapeutically effective amount of a compound having
Formula I is administered in a range from twice daily to once every three weeks, and the
therapeutically effective amount of the chemotherapeutic agent is administered in a range

from twice daily to once every three weeks.

30.  The method of claim 29 wherein the dosing regimen is repeated one or more

times.

31. The method of any one of claims 1-14 wherein administration of the

therapeutic combination results in a synergistic effect.

32.  The method of any one of claims 1-14 wherein the hematopoietic malignancy

is selected from non-Hodgkin's lymphoma, diffuse large hematopoietic lymphoma, follicular
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Rl is selected fromH, F, d, Br, I, CN, -(CR 14R15) mM\R10Rp , - C(R

14R15) nNR12C(=Y)R 10 , -(CR 14R15XNR 12 S(O 2R10 , -(CR 14R15)nmOR10 , -
(CR 14R15y03010y102M80 , - (CR 14R15XS(O 2NR10R11, -C(OR POT)URR01RDZ6993 - C(=Y) R
10 , -C(=Y)OR 10 , -Q=Y)NR 10R11 , -C(=Y)NR 120R10 , -C(=ONR 12S(O 2R10 ,

-C(=O) R 12( CR 14R15 R10 , -NO. 2, -NR 12 R.1 1, -NR 1 Y) 11,
“NR 12 ﬁé&“a’dﬁaniﬁle,JeﬁNWH%a@fb@w%ympwﬂm@ ptiple %%a, ,A%é( o)
2R10 , gn§(1\QL2NR10R11 , -S&EY)R 10, -S@EY)OR 10, G-C 2 alkyl, C2-Cs
al kenyl, C2-Cs al kynyl, C -G 2 carbocyclyl, C2- C2Onheterocyclyl, C -

C2Caryl, and,G - : i I . CN,
3 INO 2, OI3-3Q:Y) ?8&1&! W&Se%qﬁﬁ&%ﬂﬁ%ﬁw@nﬁ@ C?Eﬁ’f?%ﬁh%m 1,
- (CR 14RiB)an@Ri@apeutit GRert ARG MRhATXtee) (ICR1 ARG NRBO Rpuf 1 -tNRoLDG(EY) R10 |
-NR 12%33) OR10 , .-NR 12CC=Y) NRIOR1\ - NR12SO2R10 , OR10 , -OC(=Y)R 10 ,

- OC( =) BROTRE Der UarEoyeRiRBIR1\ - OS(O) 2( ORL0), - OP(=Y) (OR 10) (ORp ), - OP(OR
10XOR11), SR10 , -S(OR 10, -S(O). 2R10 , -S(O. 2NRIORL1 , - S(O) (ORLO),
SS(O) 2(OR1GY) ,  Rhe(msthed afpny angof shpjrorl 1 whergmthevjouruizpigempagnd end 2

al kyl , - . - . - (3. - .

ot oy o TCT i S ERp ab i RlnfHered fy g ikdio B BRLD PO Ybou St ARkighe,
nonocyclic teroaryl . a carbon |jnked fused bicycli - 20 heterocyclyl,
oo bon Tt ki PHtymaBe fRADRAnlafST for B30 b S0l g FontFRINE L 05V L Y
het er oashymothictipeatidagptddetdd froedeheh@hBoNs ltyibTERAJdbxses cidl eietidtieD - C
2Cheteroparyl are optionally substituted with one or nore groups sel ected

f rom F,ritgximagy cyclophogpiamiggrpiagrisene, melpdam, lenalidampide. (prtezomk, 1apepoypng 1,

-N(C(0) - e S F 0., -QONR
10Re1 gy P GO Migmap i3y e R i i A o 5 G

i ndeperwteipidny, H, C -C 2 al kyl, C2- C8 al kenyl, C2- C8 al kynyl, C3-G 2
car bocyclyl, C2-. C20O heterocycl yl, - C20 aryl, or G -C 20 heteroaryl, or
R10 and R11 W%@PW@WWtIHOWﬁéu?dgthaﬁggﬁ S{YCHFf ch they are attached form a
C2- C20 heterocyclic (r?ng optionally substituted with one or nore groups

i ndependently sel ect om oxo, (CH2)nmOR12 ,NR12R12 , CF3, F, d, Br, I,
S2R12 , C(OR 12 ,NR12J =Y)R12 , NR12S(O 2R12 , C(=Y)NR12R12 , G -G 2

al kyl, C2- C8 al kenylNNC2- C8 al kynyl, C3-G 2 carbocyclyl, C2- C20

het erocyclyl, C6- C20jaryl and G -C 20 heteroaryl;

1 S | NN
R
LA
R2

I
or stereoisomers, geometric isomers, tautomers, or pharmaceutically acceptable salts
thereof, where:

R' is selected from H, F, C1, Br, I, CN, (CR"R"),NR'’R", —
C(R14R15)HNR12C(=Y)R10, —(CRMRIS)HNRIZS(O)QRIO, —(CR14R15)mOR10, B
(CRMR"),S(0),R"’, «(CR"R"),S(0),NR"R", -C(OR')R'"R", -C(=Y)R", -C(=Y)OR",
—C(=Y)NR'"R", —-C(=Y)NR"?OR"’, -C(=0)NR'*S(0),R"?, -C(=0)NR'*(CR"*'R"),NR'’R"",
—NO,, -NR"?C(=Y)R", -NR"C(=Y)OR", -NR"*C(=Y)NR'’R", -NR'*S(0),R ", —
NR'2SO,NR'R", -SR", —S(0),R", -S(0),NR'’R", -SC(=Y)R", —=SC(=Y)OR", C;—C}»
alkyl, C,—Cjs alkenyl, C,—Cy alkynyl, Cs—Cj; carbocyclyl, C,—Cy heterocyclyl, Ce—Cy aryl,
and C;—Cy heteroaryl;

R? is selected from H, F, CL, Br, I, CN, CF3, -NO,, -C(=Y)R"’, -C(=Y)OR"’, —
C(:Y)NRIORH, —(CRMRIS)mNRIORn, —(CRMRIS)HORIO, —(CRMRIS)t—
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R14 and R15 are independently selected fromH G-C 2 alkyl, or -(CH
2)n-aryl, or R14 and R15 together with the atons to which they are attached
forma sawvoratee®s®s partially unsaturated C3-C 2 car boegeluseowiongyp3 wher e
said al kyl, al kenyl, al kynyl, carbocyclyl, heterocyclyl, aryl, and

b L T I L R L I T

(S ar¥ ndh N D8R IR R T R o
12Q=Y) NP EGRIIR " OR('E%R?E%%? ‘2,5@2%@%(%9?& ,28%)3%% S(O)SREYRR, 10

-0Q=Y) OR 10, -o)n5=v) 0), - OR'10) (ORp ), - OP(OR
10) ( ORBD)(CRSR, 16(0)1(AR D), RSWY)R%(@C@R:L@RP), -—S@(ﬂ)méﬁm‘hlcmcw 8ko) (OR 10),

-S(O 2 0.), -S& 10, -SQY)OR 10 , -SQEY)NR 10R11, G -G 2 al kyl,
c2- C8 éﬁ%@?ylcéz—&%&@rél@r@CYé%&zﬁéﬁ%ﬁwqycgé-é’d@nwiﬁ%yc| yl,
C6- CZQjakxlheQBQ?Fi'C 2Cheteroaryl; Yis O S, or NRl12 ;mis O, 1, 2, 3,
4, 5 or 6; %né nrs 1, 2, 3, 4, 5 or 6. 36. The pharmaceutical formulation

of clai m 35 Righ@kfboh Ak RNALABEEHE herdtday Acaemsmiied Fald bdyctibe, Fogmul a |

conpound is selected froma salt formed with hydrochloric acid, hydrobromc
aci d, Hethredystil.coraciathondinkpth fuscd baytlek Cnilop hetemeiyd, windre tshoenasyeldd d,

met hanesul fonj ¢ acid, benzenesul phonic acid,  formc acjd, acetic acid,

Cri 11 iRk G PO bR PecRerayL: aad fiskd et Ie Gk onhEIRaRY e Ll i o
acid, f I I 0] i I I I i kd, ~arggrke aci d,
citric(gg?géggﬁﬁgﬂgggﬁkghﬁgqgc|J?ggg%gg??ﬁbgngﬁ%éﬁ’%ﬁaiéﬁ$b<§%igl’37. The
phar maagrt’] ca{o)RdY, PIRAtC@)ROT B @IOTRIS,, Wi '&C (D)NRE FEOr ik AS(0)sRitpound i s

4-(2-(1H i ndazol -4-yl)-6-((4- (et hyl sul fonyl)pi perazjin- 1-yl)nethyl)thieno
[ 3,( 2- ( @(ﬁﬂ)@ﬁq§odkﬁ(ﬂgﬁ%ﬂlﬁﬁrléﬁo§¢1élkéhmdﬂ(@ﬁérzl)ﬂgloﬂi%ﬂ(ﬁ% ’38. Tﬁe) phar )r/raz:eut i cal
formul ati on of ¢cliai m.35 wherein, the rmul a.l.c ound i.s -

Lo (o R SR DEleeteh I P T ikt AaE s BRI 6 8y by i i i n
-6- vyl P i i Nl - = 2= o)) -0n i Formul a |1 b: 39.
The %hggﬁgg%%%?%gﬁ"g%ng(g¥%%%%€pxg%§%%gé9g?Pg%é?%gw%%¥%ggconprising a

phar maceut i aalR'Y amEREpdgdvhe vath wtanttropeh ectvaidhftignars kitiched fatinaxC des,, powder ed

cel | ul ose,
heterocyclic ring optionally substituted with one or more groups independently selected from

0x0, (CH»)mOR'%, NR"?R'?, CF3, F, Cl, Br, I, SO,R", C(=0)R"?, NR"C(=Y)R",
NR'S(0),R"?, C(=Y)NR'’R"?, C,—C}, alkyl, C,—Cs alkenyl, C,—Cs alkynyl, C3—C,
carbocyclyl, C,—Cy heterocyclyl, C¢—Cy aryl and C;—C, heteroaryl;

R and R" are independently selected from H, C,—C, alkyl, or -(CH,),-aryl,

or R and R" together with the atoms to which they are attached form a saturated or
partially unsaturated C3—C,, carbocyclic ring;

where said alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl, are
optionally substituted with one or more groups independently selected from F, Cl, Br, I, CN,
CF1, —-NO,, oxo, R", -C(=Y)R", —-C(=Y)OR"’, —-C(=Y)NR'’R", ((CR"R"),NR''R", —
(CRMRP),0R", -NR'"R!!, .NR"’C(=Y)R'’, -NR"*C(=Y)OR"!, -NR"*C(=Y)NR"’R"!, -
(CRM™R"),NR"SO,R", =NR"?, OR", -OC(=Y)R", -OC(=Y)OR"’, ~OC(=Y)NR'’R"!, —
0S(0),(OR'"), —OP(=Y)(OR'*)(OR™), —OP(OR'*}(OR'"), —=SR'?, —S(O)R'?, —=S(0),R"?, —
S(0),NR"R"!, —=S(O)(OR"), =S(0),(OR'?), —=SC(=Y)R", —=SC(=Y)OR", —=SC(=Y)NR "R,
C1—Cyz alkyl, C,—Cg alkenyl, C,—Cs alkynyl, C3—Cy, carbocyclyl, C,—Cyg heterocyclyl, Co—
Cyo aryl, and C1—Cy heteroaryl;

YisO,S,or NRIZ;
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m crocrystalline cellul ose, netallic stearates, sodium alumnosilicate,
sodi um benzoate, cal cium carbonate, calciumsilicate, corn starch

magnesi urwoantyonsiog, asbestos free tal c,stearowet C, st acThys2emwaeebhs 1500,
magnesi um | auryl sul fate, nagnesi um oxi de, and conbi nati ons thereof. 40.
The pharnmaceuti cal formyl ation of any one of clainms 35-39 wherein the
Fornul a | cdﬂﬁﬁ@ﬂdzaﬁdﬂgﬁ%6cﬁghntherapeutic agent each conprise an anount
fromabout 1,3y 503 abgyt 61000 ny per unit dosage form 41. The

phar naceutical fornulation of any one of claims 35-40 for use in a method
of treat nent,of [, et | i - sel - ins
| ynmphona, df%fusgng rge ﬂ%h%%%gg?g¥%gﬁﬁgﬁ%ﬁ§?gsﬁ%%¥P?%: §§9%§#g%g§%, mant | e
cel | | ywpdpoatds sadtwfahe Eotnyuio hoaypoundlie st@ntdfromal salt pbrencayeitiohedrodbric and

MCL. 42. The use aof a .therapeutic cqnbination.of any one of clains 1-14 in
the S ogte A0 lﬁtac’fdof‘ﬁf’li*}glct*}‘ PHE‘ﬁtamgf PhOSRRST Htfoi et i c

mal i gNaRGYaRQhIGSHE 81l MRy AR MIFRABK AR StolHIRRRIMRe ctid la b ldUE B1U0RSQEtic acid, ,
hemat opoi etic | ynphoma, follicular |ynphoma, nmantle cell |ynphoma, chronic
| ynphoagyepieniceakieoxaic and, triafsinge anyd|sopmnic AMd, fuamaicMcid, midic And.deeticcdced, of

?ﬁQ?LE‘%ﬁ%ﬁcﬁac@c@ﬁg&%ﬁf‘#@ﬁ e 50 Ul SR e l%n%ﬁfahﬁ? il i ons for
. 44, A i sin [ For. l,
Cherot her apelt ¢ LisaBREELU T OHO0E S HOT HaQu e it sorpound

vincri st 'MRQJ(1Hi-ih&'a&ioII@-RI_,I)-G—Y@'—(‘i’i{b@%ﬁﬁﬂ%ﬁﬁipeﬁ&ﬁdﬂgﬁﬁ@&yl){m&@?ﬁbﬁ”,

| enal i domi de, bortezom’b, rapamyjcin, and cytarabine; "as a combined
f or mul atlpymmidor-4sgpeorphadinediavmitbansoladaor sequential use in the treatnent
of a hemat opoietic mali gnancy, sel ected from non-Hodgki n's | ynphoma, diffuse

| ar ge hemat opoi etic | ynphoryg, ol licular |ynphoma, mantle cell |ynphons,
chroni c | ynphocytic | eukenilg, I tiple nyeloma, AM., and MCL; where Fornul a
| conpounds have the structuNe: | or stereoisoners, geonetric isoners,
taut omers, or pharnmaceut ical accept abl e saltsthereof, where: Rl is
selected fromH, F, d rw |, NCN, 14R15) mM\R10Rp , -
N \ P NH
T
N\)
N/
N\
H3C’ "0 Ia.
38.  The pharmaceutical formulation of claim 35 wherein the Formula I compound

18 (S)-1-(4-((2-(2-aminopyrimidin-5-yl)-7-methyl-4-morpholinothieno[ 3,2-d[pyrimidin-6-
yl)methyl)piperazin-1-yl)-2-hydroxypropan-1-one having Formula Ib:

HO 0 0

X

T )
Q{ﬁ
PP
N I SN
N/)\NHZ

39.  The pharmaceutical formulation of any one of claims 35-38 comprising a

Ib .

pharmaceutically acceptable glidant selected from silicon dioxide, powdered cellulose,
microcrystalline cellulose, metallic stearates, sodium aluminosilicate, sodium benzoate,

calcium carbonate, calcium silicate, corn starch, magnesium carbonate, asbestos free talc,
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C( RL4R15) nNRL2C(=Y) RLO , - (CR 14RI5XNR12 S(O) 2R10 , -(CR 14R15)n0OR1O0 , -
(CR14R15) nS(0O) 2R10 , - (CR 14R15XS(0) 2NRLORL1, -C(OR 10)Rp R14 , -C(=Y)R 10
, - C(=Y) GRO2010/10s@6=Y) NR 10Rp , - C(=Y)NR 120R10 , - C(=OpNRUE280Q@RL0 ,
C( =0) NRL2( CRL4R15) "NRLORp , -NO 2, -NR 12Q=Y)R 1 1, -NR 12(:( =Y)OR p , -NR

C(=Y) NR10 NR 12S( Q) OR11 |, S(O 2R10 ,
S(0) 2NFeHERE € staeh ﬂ%ﬁﬁﬁféﬁl ma%@em%ﬁéﬁ %u%%%am@ne%u% e "6y al kenyl ,
Cg %oﬁﬁﬁﬁ/a!tlon@the@ofz carbocyclyl, C2- C20 heterocyclyl, C - CZO aryl, and

-C 20 heteroaryl; R2is selectedfromH F, d, Br, I, CN, CF3, N02

5 :“) oo 0 % e R BT R Ry X,

ZCRGFMﬁmldbmpouMRaﬂdZﬁé zNrhiRhOfRpeytic-aghiRlASORRMhPrise ddRbbunt frodd(ab¥pRl 10
R 10R O 2(OR10), - OP(=Y)(ORL0)(ORp ), -OP(OR

10xomf§1gt03%¥9t1‘%?@?%11%t&05a%€(§%2m0 ., -S(0O 2NR10R11 , - S(O (OR10),
-S(0 2(OR10 ), -SC( =Y)OR 10 , -SC(=Y)NR 10Rp , G -G 2
al kyl , C2- cdtlal keﬂw pha@acegtl%l pﬁ%yulatloe of eny Qn%ﬂcﬂwcﬁSﬁO foppse ig20
hetero r I Jked
rmnocyg?{&hg%g{tgd g%%ﬁf%gé %YSF g%tlﬁmﬁggﬁg}c& %E%?(%éc n& @d%%ﬁ@h%éycl yl,
or a califfose lhigalehafopsedc byraptmina fd]:helﬁaﬂ@mhema,amyﬂtle asHéymaphdrea, whromdy cl i
heteroaryl, fused bicyclic Chet erocycl yl, and fused bicyclic G-C
20het eﬁéﬁé?wcy&FZ ”cl)(ﬁ{nll H&‘r“illﬁ/leé‘%gmav@tlﬁé dtM&B’ne or nore groups sel ected
fromF, d, Br, CN, -NR 10R11 , - ORI10 C(OR 10 , NRlOC(O)Rll
“N(C(O)R p )2 @%@@p KIRTORItC compation ad(any pRa of clamsy-Leyiie0 . - 0=0) NR

10R11 are

ndeper R of Al i ta%trﬁ%%ﬂ‘%&%%fo%m&&%&gnﬁy RAIRE %

car bocymwinylodgkt's l@ﬁ@hhmhﬁdlffuyesﬂayge he@Gitopo@cadyiyiphorod, féllheﬁlaﬂ@n’qﬂabmapar yl, or
R10 and R1 er vm e njtrog nto which they are ached form a

C2- Czcﬁlﬁﬁée@feﬁgxi‘el’ Qi ch &Qtyr@hawt %%gv% TRIBHe T B L ﬁ%flgladfoups

i ndependently selected fromoxo, (CH2)nOR12 ,NR12R12 , CF3, F, d, Br, I,
SRR12 , O(GPR 12An nielEfyymuizzture fgrimsiing o kapatop@ely NRligpRe compyisiag: 2

al kyl, C2- &ﬁe@%ﬂepeﬁ coanﬁg%}{%¥g18/ﬁ ocf'clﬁm%e}rppﬁxgl yl, G- QO

DQ

het er ocycl yl, aryl teroaryl;
b) instructions for use.
44. A product comprising a compound having Formula I, and a chemotherapeutic

agent selected from dexamethasone, doxorubicin, vincristine, rituximab, cyclophosphamide,
prednisone, melphalan, lenalidomide, bortezomib, rapamycin, and cytarabine; as a combined
formulation for separate, simultaneous or sequential use in the treatment of a hematopoietic
malignancy selected from non-Hodgkin's lymphoma, diffuse large hematopoietic lymphoma,
follicular lymphoma, mantle cell lymphoma, chronic lymphocytic leukemia, multiple
myeloma, AML, and MCL;

where Formula I compounds have the structure:

@

1 S | NN
R
A
R2

|

or stereoisomers, geometric isomers, tautomers, or pharmaceutically acceptable salts
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R14 and R15 are independently selected fromH G-C 2 alkyl, or -(CH
2)n-aryl, or R14 and R15 together with the atons to which they are attached
forma savonatee@s@spartially unsaturated C - Cl car bocyeCiraseémng2eoher e

sai d aIkyI al kenyl , al kynyl, carbocyclyl, heterocyclyl, aryl, and

het er Oaé%r are optional ly substl tuted W|th one or nore groups

i ndepert ﬁ?ﬁ he¥f ected fromF, O, Br, I, CN, CF3, -NO 2, oxo, RLO ,

R 10 g~ R 1 15XNRLORL\ -
(CRLIRIS) nmlo%e“?‘%éﬁ%%g‘ﬂ R g %\TR oSN %mw o1l - R

12CC=Y) R R, NR ! Zocmyﬁéi@ TR SR RiQ(S(O QRNRSL RRRID Y)R 10 ,

10)(0?(513)1}%)@(0_1)@1 (&@h@o)%sé?é% 2@@@3{10)]11%3% O;é&m@éoo)% 0 - CP(CR
rG}IIOLyI ) S@_é&%ny—ﬁ( @@%g\fbgdo 8“—0%@& r%ogﬁy&ﬁla 1%@ 10 Ql C12

heterocwd)y '—qNR@ZC(@%R“aLNhUCgQ@)@“ &R @L?BIQI%WR“, NRISSé@)QK@O or NR12 § m
is O 1, 2, 6; nis 1, 2, 3, 4, 5 or 6. 45 "A method for
det er mNRHSOQNHBRuhdSRf ~BEOWRE(- S(@)M%msemmm‘) tpetyeat heht-Cof a
hemat opoi eti c mal i gnancy corrprl sin a) treating an in vitro hematopoietic

tum)r iyl Cie allionil, &2t Getlpeitt G D@ﬂﬁb%ﬁinrczoﬁzodleé%ﬁﬁ@bﬁoCh&@ﬁ@f Formul a
, and a t.h t t, and b i sti
an na&dg?eﬁo heg“?%gtj i c agen an ) measuring a synergistic or

non sy whereby a synergistic therapeutic conbination for

the treat nent? igtcIcaBE b 13, ERUEBAINEN; CRheRR).N_Fera Lo somRUnds have the
structures: | or stereoi SOI’TEI’S eorretr| cC Isoners, tautoners,

phar mad@ed)sal R/, ac(CRb“RéblnNRéoﬂli s(CRE‘RéSQIOR\Rhe((&”IRi)ﬁ s sel ect ed fromH F,

a, 1 )
14R15X|\11ﬁ112C§(@ﬂQ§1gR %fh'?]%%kw NR5 G{ﬁﬁi%Q(BNlﬁcBﬁ)%%q@%ﬁi Y)NR'()CR

" co=v) NEhoRaR o) EETEARID BCG R R 1B ki - "R ERR -

12( CRlA(Eii(&)yr)Nﬁi@}%@R“), ~OP(OR'%)(OR™), SR', ~S(O)R"?, —S(0),R"’, —S(0),NR'’R"!, —
S(O)(OR'), =S(0),(OR'"), —=SC(=Y)R", —=SC(=Y)OR", —=SC(=Y)NR 'R}, C,—C;, alkyl,
C,—Cs alkenyl, C,—Cg alkynyl, C3—C, carbocyclyl, C,—Cy heterocyclyl, Cs—Cy aryl, and
C1—Cy heteroaryl;

R® is a carbon linked monocyclic heteroaryl, a carbon linked fused bicyclic Ca—Cao
heterocyclyl, or a carbon linked fused bicyclic C;—Cy heteroaryl, where the monocyclic
heteroaryl, fused bicyclic C3—Cy heterocyclyl, and fused bicyclic C;—Cyg heteroaryl are
optionally substituted with one or more groups selected from F, Cl, Br, I, —-CN, —NRIORH, -
OR", —C(O)R", .NRC(O)R", -N(C(O)R'"),, -NR'"C(O)NR 'R, -NR"?S(0),R"?, —
C(=0)OR", —C(=0)NR"R'!, C,—C, alkyl and (C;—C}; alkyl)-OR";

RIO, R'! and R'? are independently H, C,—C, alkyl, C,—Cjs alkenyl, C,—Cg alkynyl,
C;—Cy; carbocyclyl, C,—Cyy heterocyclyl, Cs—Cyy aryl, or C;—Cy heteroaryl,

or R' and R" together with the nitrogen to which they are attached form a C,—Cao
heterocyclic ring optionally substituted with one or more groups independently selected from
0x0, (CH»)mOR'%, NR"?R'?, CF3, F, Cl, Br, I, SO,R", C(=0)R"?, NR"C(=Y)R",
NR'S(0),R"?, C(=Y)NR'’R"?, C,—C}, alkyl, C,—Cs alkenyl, C,—Cs alkynyl, C3—C,
carbocyclyl, C,—Cy heterocyclyl, C¢—Cy aryl and C;—C, heteroaryl;

R and R" are independently selected from H, C,—Cy, alkyl, or (CH,),-aryl,

or R and R" together with the atoms to which they are attached form a saturated or
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-NO 2, -NR 12CC=Y)Rl -NR 12CC=Y) ORI\ -NR 12CC=Y) NR1OR1\ -NR 12S(0O)2R10 , -

NR12SC2NR10R11 , -SR 10, -S(O 2R10 , -S(O 2NR1OR11 , -SC(=Y)R 10 ,

- SC(=Y) ORvOo10/1@5008 2 al kyl, C2-Cg al kenyl, C2-Cg al kym¢ir;usa10@e6983

car bocyclyl, C2- CZO het er ocycl yI C- CQOaryl, and G -C 20 heteroaryl; R2

IS selectedfromH CN, CF3, -NO 2, -C(=Y)R 10, -C(=Y)OR 10
ymp&;urated(%qmw@)%m@ (CR 14R15)nOR10 , -(CR 14R15)t-

(
A2~ (R Sy a@%g‘fﬁ%@ﬁ g Moo M
S%g Y)d}dg(oﬂﬂgﬁflgstit%d(@)nlﬂ((tﬂ?ik@r)qre grdiipé giNﬂ)éggﬂgf}@y éeﬂRp)e@ fromCngIDBrl (D,E(IOD)RI 12.% 10
5@ Ry, ovol B S cRiktp R 1§%°NRC¢@@NBI°I&51 AR ENR RS o

aI kenyl |10k |1q 1IC @i 74 11C2 (i:d yi CG C20
aryl, C%l{% %g ’ er oatry %2(5@ %aqﬂ) é( Y% d goﬂ]ngé(?/ i'c het eroaryl, a
car bon C'Rﬁ‘*‘{ééé) Nys%gbzkl%mﬁlé (§R31-0 @BAheet, l:beRé?r @@aypmlokilnked fused

bicyclic G 20neteroar |, ‘where the mnocy cI iC heteroar(y fused bi cyclic

C3- C2OBHOR/O yOP(%ﬁﬁ)dORus(élRlb) ePP(OB' ;ujORil)zeaB% er BRI, a0 R’ enal | y
Tom SOTRRR, o tur T S R B o G I 1oy RRY. Bei R Ry, "

10C( O 1 N g 2
e )and%?@k%& CHR b DA B et 5 %ﬂ’%&ly&%&ﬁ%ﬁﬁ tafki oy &

G -G Zghkyland@-Céhetdrkaiyl , C2- C8 al kynyl, C3-G 2 carbocyclyl CZ Cc20
heterocyclyl, C6- C0O aryl, or G-C 20 heteroaryl or R10 and R11 together

with the ni tY@‘g@rS,tO@N/Pm,ch they are attached forma C2- C20 het erocyclic
ring option stit h one or nore groups independently sel ected
from oxo, @ﬁ%&? § 4#&13%%1?1& CF3, F, d, Br, I, SO2R12 , C(OR 12 ,
NR12Q=Y) R 12}1151[\@128(5))02812 , @&Y)NR 12R12 , G -G 2 alkyl, C2- C8 al kenyl,
C2- C8 al kynyl, C3-C 2 carbocyclyl, C2- C20 heterocyclyl, C6- C20 aryl and

G - C 20 het efspar YA mcdd t@ﬂ@et&%ﬁnﬁ@%e@@@ﬂ%ﬂgﬁehbéﬁ inebediRdoh ¢, C -G 2
al kyl, or -(CH 2)n-aryl, or Rl4 and 5 together with the atons to which

t hey artecatmerd of e icmhatopvistie ataligansyl comppsingi al |y unsaturated C3-G 2

carbocyclic r)I g 'treating an in vitro hematopoietic tumor cell line with a therapeutic

combination of a compound having Formula I, and a chemotherapeutic agent, and
b) measuring a synergistic or non-synergistic effect;
whereby a synergistic therapeutic combination for the treatment of cancer is
determined;

wherein Formula I compounds have the structures:

()

1 S | NN
R
LA
R2

|

or stereoisomers, geometric isomers, tautomers, or pharmaceutically acceptable salts
thereof, where:

R' is selected from H, F, Cl, Br, I, CN, —(CR"*R") NR'’R", —
CRMRI%),NR2C(=Y)RY, ~(CR“R"),NR2S(O),R’, ~(CR'“R %), OR ", -
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where said al kyl, al kenyl, al kynyl, carbocyclyl, heterocyclyl, aryl, and
heteroaryl, are optionally substituted with one or nore groups

i ndependewol291s@b@st ed fromF, C, Br, I, CN CF3, -NO 2PCoAsS201RD6903 - C(=Y) R
10, -C(=Y)OR 10 , CC-Y)NRlORl\ -(CR 14R15VNR10R1\ - (CR14R15)nOR10 , -NR

0 q 1 \ 10 21 10
(1 CRLARIERIE e & (RS, SCORIR R o ORAETE C eSOy oR(T¥IOR "

10, 5 Rb R —%"‘-‘ZW%N (PRbd™ Q)T%R@?R’%S%R%como

), -SC(= W())Béﬁ{”c §§RHYH@R Z-t% Y)@ﬁ%‘NRW(iQENR "RCL-NRIZX @Ry, —

al kenyl , C2- 12 car ocyclyl c2 CZO heterocyclyl C C20
aryl, W' sxi)QNR:?@ %eSBr ‘oaB(LRY, iSSOBNFS,R 0r-9FEY R “m-$E(-O)OR . L1~ @u 4 5 or
6, and n

chemot HURRUGs g G Sk G Cir PR Ahet b charop TR sl

doxoru I, ne, rituxi mb, cycl ophospham de, prednlsone
rrelphalt%%ll?l(’nl G IF%%b%&f bortezom b, rapanycin, and cytarabine. 47. A

met hod for smzll@@élbagd ﬁ@ﬂmmc@ B IPENUSEY] -ND,goobiviRt'f owEwjor et r eat ment
of cancer conp ad nyylrterlng a th%r%Pqu combi nation of a
conpoudaFéaNBéﬁé —KCBnBﬁ%MNBIQ» a(@R&R#B#N& R dhd)a chenntherapeutlc

Pt fﬁ%ﬁﬁiﬁx%@@ﬁﬁiﬁﬁémﬁﬁ? ~YoRe: B! Shar B SN ik R T

R R

combi nadPEY )Wk CiORNbWSOR(GIRE RS, SR p-S@KR ' es@)sR'®, —-S(0),NR'R", -
S(O)(OR'), =S(0),(OR'"), —=SC(=Y)R", —=SC(=Y)OR", —=SC(=Y)NR 'R}, C,—C;, alkyl,
C,—Cs alkenyl, C,—Cg alkynyl, C3—C, carbocyclyl, C,—Cy heterocyclyl, Cs—Cy aryl, and
C1—Cy heteroaryl;

R* is a carbon linked monocyclic heteroaryl, a carbon linked fused bicyclic C3—Cao
heterocyclyl, or a carbon linked fused bicyclic C;—Cy heteroaryl, where the monocyclic
heteroaryl, fused bicyclic C3—Cy heterocyclyl, and fused bicyclic C;—Cyg heteroaryl are
optionally substituted with one or more groups selected from F, Cl, Br, I, —-CN, —NRIORH, -
OR", —C(O)R", .NRC(O)R", -N(C(0)R'"),, -NR'"C(O)NR 'R, -NR*S(0),R"?, —
C(=0)OR", —C(=0)NR"R'!, C,—C, alkyl and (C;—C}; alkyl)-OR";

RIO, R'! and R'? are independently H, C,—C, alkyl, C,—Cjs alkenyl, C,—Cg alkynyl,
C;—Cy; carbocyclyl, C,—Cyy heterocyclyl, Cs—Cyy aryl, or C;—Cy heteroaryl,

or R and R together with the nitrogen to which they are attached form a C,—Cy
heterocyclic ring optionally substituted with one or more groups independently selected from
0x0, (CH»)mOR'%, NR"?R'?, CF3, F, Cl, Br, I, SO,R", C(=0)R"?, NR"C(=Y)R",
NR'S(0),R"?, C(=Y)NR'’R"?, C,—C}, alkyl, C,—Cs alkenyl, C,—Cs alkynyl, C3—C,
carbocyclyl, C,—Cy heterocyclyl, C¢—Cy aryl and C;—C, heteroaryl;

R and R" are independently selected from H, C,—Cy, alkyl, or (CH,),-aryl,

or R and R" together with the atoms to which they are attached form a saturated or
partially unsaturated C3—C,, carbocyclic ring;

where said alkyl, alkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl, are
optionally substituted with one or more groups independently selected from F, Cl, Br, I, CN,
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CF3, —-NO,, oxo, R", -C(=Y)R", —-C(=Y)OR", —-C(=Y)NR'’R", ((CR"R"),NR''R", —
(CRMRP),0R", -NR'R!!, .NR"’C(=Y)R'’, -NR"*C(=Y)OR"!, -NR"*C(=Y)NR"’R"!, -
(CRMR)NRSO,R", =NR"?, OR", ~OC(=Y)R", —OC(=Y)OR'’, ~OC(=Y)NR'’R"!, —
0S(0),(OR'"), —OP(=Y)(OR'*)(OR™), —OP(OR'*}(OR'"), —=SR'?, —S(O)R'?, —=S(0),R"?, —
S(0),NR"R"!, —=S(O)(OR"), =S(0),(OR'?), —=SC(=Y)R", —=SC(=Y)OR", —=SC(=Y)NR "R,
C—Cy, alkyl, C,—Cg alkenyl, C,—Cy alkynyl, Cs—Cy, carbocyclyl, C,—Cy heterocyclyl, Cs—
Cy aryl, and C;—Cy heteroaryl;

YisO,S,or NRIZ;

mis0,1,2,3,4,5 or6; and

nisl1,2,3,4,50r6.

46.  The method of claim 45 wherein the chemotherapeutic agent is selected from
dexamethasone, thiocTEPA, doxorubicin, vincristine, rituximab, cyclophosphamide,

prednisone, melphalan, lenalidomide, bortezomib, rapamycin, and cytarabine.

47. A method for selecting compounds to be used in combination for the treatment
of cancer comprising:

a) administering a therapeutic combination of a compound selected from

()

Formula Ia and Formula Ib:

Oy N

S\

/ \O
H4C I
HO @) 0]

\\: N’> [Nj

\
C
N7 NH,

Ib
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and a chemotherapeutic agent selected from dexamethasone, thioTEPA, doxorubicin,
vincristine, rituximab, cyclophosphamide, prednisone, melphalan, lenalidomide, bortezomib,

rapamycin, and cytarabine to tumor cells;

b) measuring an decrease in p-Akt levels; and
c) selecting a synergistic therapeutic combination which shows a decrease in p-
Akt levels.
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