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[ 0001] CRES2d0EEERENCE TO RELATED APPLI CATI ONS [ 0002] ThpsT/oemegaresdssi onal
application filed under 37 CFR 1.53(b), clains the benefit under 35 USC
119(e) of U.S. Provisional Application Serial No. 60/971,773 filed on 12
Sept enber 2007, which is incorporated by reference in entirety. 100031FI ELD
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phosphorylated phosphomosmdes has been implicated in 2 vanety of cellular processes, e.g.,

malignant transformation, growth factor sxgnalmg, inflammation, and immunity (Rameh et al

- (1999) J. Biol Chem. 274:8347-8350). The enzyme responsible for generating these |
phosphorylated signaling products, phosphatidylinosito} 3-kinase (also referred to as PI 3-kinase
or PI3K), was originally identiﬁéd as an activity assoéiated_with viral loncopréteins and growth
factdr‘receptor tyrosine kinases that phosphorylate phosphatidylinositol (P_I) 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 (PI3K) are lipid kinases that phosphorylate
lipids at the 3-hydroxyl residue of an inositol ring (Whitman et al (1988) Nature, 332:664). The _
3-phosphorylated phospholipids (PIP3s) generated .by PI3-kinases act as second messengers
recruiting kinases with lipid binding domains (including plekstrin homology (PH) regions), such
as Akt and PDK1, phosphoinositide-dependent kinase-1 (Vivanco et al (2002) Nature Rev.
Cancer 2:489; Phillips et al {(1998) Cancer 83:41).
{6007] The PI3 kinase family comprises at least 15 different enzymes sub-classified by
structural homology and are divided into 3 classes based on sequence homology and the product
formed by enzyme catalysis. The class I PI3 kinases are compésed of 2 subunits: 2 110 kd
c'ataiytic subﬁnit and an 85 kd regulatory subunit. The regulatory subunits contain SH2 domains
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phar maceuti cal therapeutic @gonbinations including capecitabine and taxanes
for the treatnent of breagt cancer (Sawada et al (1998) din. 3 Cancer
Res. '4:1013-1019). Certaif doges and schedul es of onbhnation therapy of
capeci tabi ne and taxane ca nprove safety w thout|[ congronising efflcacy
(O Shaughnessy et al (2006)  din. Breast CanceézApr N(1):42-50).
Synergistic effects of “#nngal conbinationSyin v tro have been
correlated with cl®Rnh %synerg_y (Steinb (2003) din. Inf.
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[0011] Formula I compound, GDC-0941 (Genentech Inc.), is a selective, orally

bioavailable inhibitor of PI3K with promising pharmacokinetic and pharmaceutical properties -
(Belvin et al, American Association for Cancer Research Annual Meeting 2008, 99th:April 15,
Abstract 4004; Folkes et al, American Associaﬁox_: for Cancer Résearch 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).
[6012] Combinations of anti-cancer pharmaceutical therapeutics administered
simultaneously or sequentially in a dosmg regmen are now common in cancer tream;ent .
Successful combination therapy provxdes lmproved and even synergistic effect over mono-
therapy, i.e. pharmaceutical treatment limited to one drug. Combination therapy for the
treatment of hyperproliferative disorders such as cancer has been studied, including antitumor
activity of erlotinib in combination with capecitabine in human tamor xenogréﬁ models (Cuchi
et al (2006) Cancer Chemother. Pharmacol. 57:693-702), and erlotinib in combination
gemcitabine and cisplatin in non-small cell lung cancer (NSCLC) tumor xenograft models
(Higgins et al (2004) Anti-Cancer Drugs 15:503-512). Preclinical research has been the basis
for prediction of clinical stage synergy of anti-cancer pharmaceutical therapeutic combinations

including capécitabine and taxanes for the treatment of breast cancer (Sawada et al (1998) Clin.
3



and Il with anti-cancer activity, and nore specifically with PI3 kinase
inhibitory activity, admnistered in combination w th chenptherapeutic
agents to inhibit the growh of cancer cells. Certain conbinations of
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t her ap8upl 3:E@8BI2AAt i on as a conbined formlation or alternation to a
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| apatinib. 11 '10016] The disclosure also relates to methods of using
t he cofeosintcombmafions ¢fiFovintifad, and Al einppundneith shemobedpagrogents showr eat ment
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[0015] Inone example, the disclosure includes a method for the treatment of a
hyperproliferative disorder 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 or II, and a therapeutically
effective amount of a chemotherapeutic agent selected from erlotinib, docetaxel, 5-FU,
gemcitabine, PD-0325901, cisplatin, carboplatin, paclitaxel, bevacizumab, trastuzumab,

pertuzumab, temozolomide, tamoxifen, doxorubicin, Akti-1/2, HPPD, rapamycin, and lapatinib.
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{06016] The disclosure also relates to methods of using the compositions for in vitro, in

situ, and in vivo diagnosis or treatment of mammalian cells, organisms, or associated
pathological conditions.

[0017] An example provides therapeutic combinations comprising 4-(2-
(1H-indazol-4-y1)-6-((4-(methylsulfonyl)piperazin-1-ylymethyljthieno[3,2-d]pyrimidin-4-
yl)morpholine (US 2008/0076768; WO 2006/046031), also known as GDC-0941 (Genentech,



Inc.) and having Formula la and a therapeutically effective anount of a
chenot herapeuti c agent selected fromerlotinib, docetaxel, 5-FU,
gentitabine PD- 0325901, cisplatin, carboplatin, paclitaxel, bevaci zumab,
trast uﬂllé Rd hRGRE ‘F%Hﬁr\ﬁg la ﬁtﬁf@&@}a?%t%ﬂ teﬁ@&&e%%bun@@?@éﬂ@ﬁl&hé?apeﬁﬁ& hgeht 2,
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agent sel ected from erlotinib, docetaxel, 5-FU, gentitabine, PD 0325901,
cisplatin, carboplatin, pacldtaxel, bevaC|zunab trastuzunmab, pertuzumab,

t enozol om de, tanoxifen, doxo ubicin, Akti-1/2, FIPPD, rapanycin, and

| apatinib. [Ib [0019] An e %J | e provides therapeutic conbinations

conprising 4-(2-
(1Hi ndazol -4-y1)-64(4- (qethyl sul fonyl ) pi perazi n-1-yHnet hyl )t hi eno[ 2, 3-d] py
rimdin-4- yOnorphol | ( 2 758; WD 2006/ 046031) havi ng Foi nul a ha
and a therapeuti Ny e : mutifiof a chenot her apeuti ¢ agent sel ected
fromerlotinib, (docgtaxel, 5-FU, i tabi ne, PD- 0325901, cisplatin,

car bopl ati n, @acm axel , bevaci Ztue , trastuzumab, pertuzumab,

t enozol om de, ‘%ﬁnDX|fen doxorubi cin, Akti-1/2, HPPD, rapamnycin, and
lapatinib. Hg O la

- ‘['0018] An example provides therapeutic combinations comprising (S)-1-
(4-((2-(2-aminopyrimidin-3-y1}-7-methyl-4-morpholinothieno[3,2-d]pyrimidin-6-
ylymethyl)piperazin-1-yl)-2-hydroxypropan-1-one (WO 2008/070740} having Formula Ib and a
therapeutically effective amount of a chemotherapeutic agent selected from erlotinib, docetaxel,
5-FU, gemcitabine, PD-0325901, cisplatin, carboplatin, paclitaxel, bevacizumab, trastuzumab,

pertuzumab, temozolomide, tamoxifen, doxorubicin, Akti-1/2, HPPD, rapamycin, and lapatinib.
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[0019] An example provides therapeutic combinations comprising 4-(2-

(1H-indazol-4-y1)-6-((4-(methylsulfonyl)piperazin-1-yl)methyl)thieno[2,3-d]pyrimidin-4-
yl)morpholine (US 2008/0076758; WO 2006/046031) having Formula IIa and a therapeutically
effective amount of a chemotherapeutic agent selected from erlotinib, docetaxel, 5-FU,
gemcitabine, PD-0325901, cisplatin, carboplatin, paclitaxel, bevacizumab, trastuzumab,

pertuzumab, temozolomide, tamoxifen, doxorubicin, Akti-1/2, HPPD, rapamycin, and lapatinib.



Ha [0019a]ln a first aspect, there is provided the use of a therapeutic
conbi nation conprising a therapeutically effective anmount of a conpound
having Formula la, Ib, or Ha: Ia, Ha or stereoisoners, geonetric
i soners, tautoners, or pharrmgceutically acceptable salts thereof and a
therapeutically effective @gnount of a chenotherapeutic agent selected from
erlotinib, docetaxel, 5-FU i tabi ne, PD- 0325901, cisplatin,

carbopl atin, paclitaxel, ci zumab, trastuzumab, pertuzumab,

t enozol om de, tanoxifen, ubicin, Alcti-1/2, HPPD, rapanycin, and

| apatini b; for the Nedi cament for use in the treatment of
a hyperproliferats ‘ ined forrmul ation or by alternation.
[ 00201Fornmul a | &, ds are orally bioavail able and have

si ngl e agent @QEN nor activity mul ti pl e human cancer nodel s.
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10019a] In a first aspect, there is provided the use of a therapeutic combination

comprising a therapeutically effective amount of a compound having Formula Ia, Ib, or Ila:

)

H,C © Ia,

N
N” i\N
P
NTONH, o
)
N

B
o

HC O Ila



[0021] Formula | and Il conpounds include all stereoisoners, geonetric
i sonmers, tautoners, netabolites, and pharmaceutically acceptable salts

thereof Certain Fornula | and I corrpounds are potent inhibitors of PI3K
with drug-1Ii C in
A B A e e ol

cl ass lheredfranparthéreptusicalfyostfecties ﬁﬂldﬁht @tﬂa kBersothtiapenticlROR @l red: a’rcﬁlec ond
aspect, theg i s provyided a pharmaceutical formulation conprj sing

conpoufHoBRibEpestakel, pE U, |ggmeirbing PR 03358 borisbatin: §arb@@6%tﬂaﬂéta¥@o rre rs,
taut or 'B@\Fa%lzuﬁ[abﬁﬂﬁu%ﬁﬁ%t b&%ﬁﬁﬁa@%ﬁ@icﬁ&hﬁ Sai&o% £l %foﬁglfubg%%%aﬂ Ped

above; a chenotherapeutic agent selected from erlotini et axel, 5-FU,
genci t dAMY rafed @32 560 lla,paumhpﬂoathennmnﬁaduup loéit imediquachi foaxed in thehreaﬂnmﬂmb
tenmozol o Xl fen xor ubi cin, Akti-1/2,

trast t
HIrDI%E) ul%)gggw%gerhf%%%a PRS2 Co ”‘511@”6‘ HHBPQIB%%%%I cal |y acceptabl e
carriefgoag)i dant FodhddeRtn, QU z%nqjo%ﬁas ark QRARIOALITRNE Yhd Rile hsgrtpgri]@gg%w ons

and therapeutic conbi nations of the disclosuré conprise a che erapeutic
agent sgalidenetadivomiemubiplaibnandeoetraredels. 5- FU, genti t abi ne, PD- 0325901,
trastuzurnab ert uzumab,

ci spla carbo atin, i taxe bevaci.zumab

Cemp ok 2" PR Bhliy RET doh i fngs REKE o SRS iso s BR b AFHERR oY L

| apati m@emaa@qa%b"méma@Fﬁarﬁlabelﬁzeﬂgo@dc@t@m ks thBRofli GG BESITRY afdmt her
conprise a pharmaceutically acc]%%pabl e carrier. 100241Anot her exanpl e

provi deempeeisase patontinkibitory oAP Bpwith dotg-Hles phyisicechiimieal sad phamtiasokinetic
modul a&)?ogjep[}/es Pb%ftléfn%%ﬁla ICa%ml’ éo%!(l#}%n&gg‘(hnbl Ee% tl@gy&‘?r C?asn?m SI OQ’ Ingled of
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trastuzumab, pertuzumab, temozolomide, tamoxifen, doxorubicin, Akti-1/2, HPPD, rapamycin, and
lapatinib; and one or more pharmaceutically acceptable carrier, glidant, diluent, or excipient.
{0022] Pharmaceutical compositions and therapeutic combinations of the disclosure
comprise a chemotherapeutic agent selected from erlotinib, docetaxel, 5-FU, gemcitabine, PD-
0325901, cisplatin, carboplatin, paclitaxel, bevacizumab, trastuzumab, pertuzumab,
temozolomide, tamoxifen, doxorubicin, Akti-1/2, HPPD, rapamycin, and lapatinib.
[0023] Pharmaceutical compositions of the disclosure may further comprise a
pharmaceutically acceptable carrier.
[0024] Another example provides methods of treating a hyperproliferative
disease or disorder modulated by P13 kinases, comprising administering to a mammal in need of
such treatment effective amounts of a Formula I or 1T compound and a chemotherapeutic agent.
The Formula I or I compound and the chemotherapeutic agent may be co-formulated for
administration in a combination as a pharmaceutical composition or they may be administered
separately in alternation (sequentially) as a therapeutic combination.
0025} Another example provides methods of treating a hyperproliferative

disorder, comprising administering to a mammal in need of such treatment effective amounts of

the Formula I or If compound and a chemotherapeutic agent.
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[0026] In a further exanple the present disclosure provides a nmethod of
usi ng a phaini aceutical conposition of the disclosure to treat a di sease or
condition nodul ated by PI3 kinase in a mammal . [00271An additional exanple

ist heﬂ{i&m(ﬁ a 9&93@%}%@!@ {He ﬁf. &1‘585‘519@ p%o?ﬁia?gh%ét&ﬁyéﬁsh%é he

pr epar of a ne or the treatnent o i sease or condition
nodul apkaningelcdl kinyasgionnfshendimiedure oQO27 alisbasa of honditi@spedtlatetibePdl i s
provided an _article of manufacture for treating a hyperproliferative .
di sor d&na&‘b‘rﬁfrmé’i‘lﬁ@;- a) a therapeutic conbination as described above; and

b) i nstgoaef i onNS fAQaakiBEnal c:laBBRE! HOGINEE pRARINIBedl Bshédisn articl es of
manuf acture or kits conprising a Formula | or Il conpound, a

chenot REhEgistipTuEe iaderreragtipnefadpadisamentier topirsaBreit pLa dsprck ayditinsert or
l'abel ingi,6ald \opB WifRIBAamni#028a] In a fourth aspect, there is provided

a product conprising a conpound having Formula la, Ib or Ha:
[6627a] In a third aspect, there 1s provided an article of manufacture for treating a

hyperproliferative disorder comprising:
a) a therapeutic combination as described above; and

b} instructions for use.

6b



| a,

HRt-eCc NNI NN NNH2 fb, or 0O Ha

{6028] Another example includes articles of manufacture or kits

comprising a Formula I or Il compound, a chemotherapeutic agent, a container, and optionally a

package insert or label indicating a treatment.
{6028a] In a fourth aspect, there is provided a product comprising a compound having

Formula la, Ib or Iia:

HC © la,

/JL
=

7N
.../

N S =N
AL A
N I N
PR
N~ "NH, b, or
)
N

O N
Hie” O ila
or steroisomers, geometric isomers, tautomers, or pharmaceutically acceptable salts thereof, and
a chemotherapeutic agent selected from erlotinib, docetaxel, 3-FU, gemcitabine, PD-0325901,
cisplatin, carboplatin, paclitaxel, bevacizumab, trastuzumab, pertuzumab, temozolomide,
tamoxifen, doxorubicin, Akti-1/2, HPPD, rapamycin, and lapatinib; as a combined product for

separate, simultaneous or sequential use in the treatment of a hyperproliferative disorder.



or steroisonmers, geonetric isoners, tautoners, or pharmaceutically
acceptabl e salts thereof, and a chenot herapeutic agent selected from
erlotinib, docetaxel, 5-FU, gentitabine, PD 0325901, cisplatin,

car boph@bn,  PAClinbAXekamBE %3G G BBRmpliGiAS] nARBEt uzUMBD,
tenozol om de, tanoxifen, doxorubicin, Akti-1/2, HPPD, “rapamycin, and

| apat i Kobmulas onlicandy ehethqthasehestic fgmt sdpdedirem slotmih doetars], SeFlSequent i al

use in the trea a.hyperproliferati.ve di.sorder. 0029] Anot her
ARS8 S e keR IR CE T R R T T
chenot RefaReiib] ©nRE6RBMiIGE 8 fnf dxEnBidiRt AR-D/2, dOPES 2xRinychr; B lapatinib;

gencti t abi ne, PD-0325901, cisplatin, carboplatin, paclitaxel, bevacizumab,
t r ast u2tifrabnbised piepeirtipn farsapaecotitndbancoanedctiventiabieseon tlisi edamentlog i - 1/ 2,

HPPD, %ﬁg%?éﬁlfe%ti\%na%sgr atini b; as a conbined preparation for separate,
si mul t aneous of sequential use in the treatnent of a hyperproliferative

di sord 029alln fifth aspect, there i.s proyided a nethod for

det or 2881 corpin R apest BRER HrhviUBhbRCORT fOnTURBECRRMEE BF cancer
EO_WPV: %bélﬂﬂh c.@x)g@ﬁmil[?!l; &rehé ?&tﬁeﬁﬁ@c@aﬁ%ybbxﬁpﬁﬂ@' nation of a conpound having
oinmula |a, or a: a,

a) administering a therapeutic combination of a compound having Formula la, Ib or
Ifa: ”
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HOO0OC -NN C--NisN *c N 113, or ha and a chenot her apeuti c agent
to HER2-anplified breast cancer cells in lamnin-rich, reconstituted
basenent nenbrane nedia, wherein the chenot herapeutic agent targets, binds

to, or modulahesyambERApLARCRLA o 1N BHARASIEIAG okl LR hieel ul ar

proliferation whereln nonmal Irgnant an I gnant manmary ce are
di scri racoadtectedpasonentancimbraac pledizo twiptet tie chaenetheapselcagemdafgetnbiedd lo,

viabi Ity NS HI TorRhogses! s:

b) measuring inhibition of cellular proliferation wherein nonmalignant and
malignant mammary cells are discriminated by one or more phenotypic difference selected from
cell viability and acinar morphogenesis.

(6030} Another example 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 1 or 1], and a chemotherapeutic agent to HER2-
amplified breast cancer cells in laminin-rich, reconstituted basement membrane media, wherein
the chemotherapeutic agent targets, binds to, or modulates a HER2 receptor, and b) measuring
inhibition of cellular proliferation wherein nonmalignant and malignant mammary cells are
discriminated by one or more phenotypic difference selected from cell viability and acinar

morphogenesis.

[0030a] In a sixth aspect, there 1s provided a method for determining compounds to be
used in combination for the treatment of cancer comprising:

a) treating an in vitro tumor cell line with a K-ras mutation with a therapeutic

combination of a compound having Formula Ia, Ib, or [la:

@

.._.N\
NH
Ia,
B
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N NH, Ib. or
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[ 00301Anot her exanpl e includes a nethod for determ ning conpounds to be
used in conbination for the treatnent of cancer conprising: a)

adm ni stering a therapeutic conbination of a conpound having Formula | or
1, and a chenot herapeutic agent to HER2- anplified breast cancer cells in
| am nin-rich, reconstituted basenent nenbrane nedia, wherein the

chenot herapeutlc agent dargets binds to, or nodul ates a HER2 receptor, and

b) neasuring inhibiti f cellular proliferation wherein nonnmalignant and
mal i gnant mammary cel re discrimnated by one or nore phenotypic
di fference sel ected frd‘m cell viability and aci nar norphogenesis. 10030alln
a sixth aspect, there '\ rovided a nethod for determ ning conpounds to be
used in conbi nat]j r the tfFedt nent of cancer conprising: a)treating an
invitro tu Ncel e/tafrﬂ‘iras mutation with a therapeutic
conbi natlor( a corrpo g Fonnula la, Ib, or Ha: ha
0\ N
Hi' O Ila

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.
[0031] Another example includes a method for determining compounds to
be used in combination for the treatment of cancer comprising: a) administering a therapeutic
combination of the present disclosure to an in vitro tumor cell line with a K-ras mutation, and b)

measuring a synergistic or non-synergistic effect.

[0032] BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Figure 1-A shows a summary of in vitro cell proliferation assays of combinations
of Formula la compound and various chemotherapeutic agents, dosed simultaneously. The cell
lines are characterized by tumor type and presence of known mutation. The individual measured
EC50 values of the chemotherapeutic agent and the Formula Ia compound (GDC-0941) are
compared to the combination EC50 value and a combination index score is calculated by the
Chou and Talalay method {Chou, T. and Talalay, P. (1984) Adv. Enzyme Regul. 22:27-55). The
strength of synergy is scored using the ranking system and is listed in the last column.

[0034] Figure 1-B shows a summary of in vitro cell proliferation assays of combinations
of Formula Ila compound and various chemotherapeutic agents. The cell lines are characterized
by tumor type and presence of Ras mutation. The individual measured EC50 values of the
chemotherapeutic agent and the Formula Ila compound are compared to the combination EC50

value and a combination index score is calculated by the Chou and Talalay method (Chou, T,

Te



and a chenot herapeutic agent, and b)neasuring a synergistic or
non-synergi stic effect; wher eby a synergistic therapeutic conbination

for the f cancer is determ ned. [00311Anoth j.,ncl udes a
%Sgﬁé@@?&s?. ?ET%%?@?/&‘{%E%

met hod for m-ni ng conpounds to be used in conbination

t r eat méid Talplayahddv84) Svilyr Entymy Regnl 2dimni ot dhe sepngth ¢fsyapay is seorsd #iin®at i on
of theﬂ%x@ﬁlﬁﬁé@%&%‘f%ﬁx‘“@&&aﬁd%aﬁ _vi tro- tunor cell line with a K-ras
an

mut at i on, measuring a synergistic or non-synergistic effect.
[ 0032] BRI3BF DESCRighfd N $Bbwi biEubRAW MNGH vt ] drolffaradol akapdwfismbimtionsar y of

in vitro_cell proliferati pn assays of conmhinatio of _.Formul a | a conpound
and vaﬁggw%mg%f it Shructhergac 8P | HRaSARgS arg RRATRETZY | nes
ar e Chag a6hf tygeehddtedeHEDES RaERBANG. PIRSANCRIuA m @A EIb 3bluedof thbe

i ndi vi dual neasured EC50 val ues of the chenotherapeutic agent and the

For nul ghsmotbempotindggtaa! (g4 prmaledb compeunddirg eompreedctoribé erabingtioB&H0val ue

and a i Ion,. i ndex._score i.s cal.,cul.at ed th y a I net hod
(Chou, 0 ZhE LR afS nlE0kEe 5 ARUALL R T a1 F08ed BA2Y TP N0
of synendTalakyse.ql e8H) UsiviBntvie: Rk 7s35! eht anshgtitofl siyAdrgdis soofel @sih@st
col umm._ [0034] F}iﬁg@tjre 1-B shows a sunmmary of in vitro cell proliferation
assays U raplgnp sysan 5AE Groupsd hafaleyha conpound and vari ous chenot her apeuti c

agent s joghae cel | g}:&? ~ : (AT nce of Ras
mut at i cgn%he [ ngi Vi usé rrerg%gt? ggi@gg%@gﬁg&;&%@nﬁ%ﬁ@gg&nﬁ éersglé’eut i ¢ agent
and t h@réioega) bgahaing ombbacells ave veginacedentatibhe(stomiy 214X BOSEGOE0t tedéfue and
a conbi nat.d I.ndex score | ted by the ou T | ay. et hod
(chou, T bonBie fe SeteSmeintE G s dirombiraran f S5 B CrORA E Al
Enzyne NRoQUMB- 26: (Breafahmor HBe Sdeli€ B ttRaRE shlRh&slyStop iredostdivith t he
r anki n% system from Chou_and Tal al -%y. L . R
ormula la 4 hours before dosing with 5-FU (middle), and post-dosed with Fo_rmula Ia 4 hours
after dosing with 5-FU (bottom). ' '

- [6637] Figure 3 shows results of in vitro cell proliferation a.ésays (Cell-Titer Glo,

_ Promega) measuring viable cells over varying concentrations (starting at 4X EC50) right to Jeft
of gemcitabine, Formula Ia compound (GDC-0941), and the combination of gemcitabine and
'Formula [a. The Cal-51 (breast tumor type) cells are treated simultaneously (top), and post- |
dosed with Formula Ja 4 hours after dosing with gemcitabine (bottom).
[6038] Figure 4 shows results of in vitro cell proliferation assays (Cell-Titer Glo,
Promega) measuring viable cells over varying coucentratioﬁs (starting at 4X BC50) right to left
of gemcitabine, Formula Ia compound (GDC-0941), and the combination of gemeitabine and
Formula Ja. The MDA-MB-361 (breast tumor type) cells are treated simultaneously (‘tdp), pre-
dosed with Formula Ia 4 hours before dosing with gemcitabine (middle), and post-dosed with
Formula Ia 4 hours after dosing with gemcitabine (bottom). |
[00391 Figure 5 shows results of in vitro cell proliferation assays (Cell-Titer Glo,
Promega) measuring viable cells over varying conceﬁtrations (starting at 4X EC50) right to left
of erlotinib, Formula Ia compound (GDC-(941), and the combination of erlotinib and Formula
Ia.. The A549 (lung timor type with K-ras G12C) cells are treated simultaneously (top), pre-
dosed with Formula Ia 4 hours before dosing with erlotinib (middle), and post-dosed with |
Formula Ia 4 hours after dosing with érlotinib (bottom). | '
[0040] Figure 6 shows results of in vitro cell proliferation assays (Cell-Titer Glo,
_ Promegé,) measuring viable cells over varying concentrations (starting at 4X EC50) right to left
of erlotinib, Formula Ia éompound (GDC-0941), and the combination of erlotinib and Formula

B



[0035] Figure 1-C shows a summary of in vitro cell proliferation assays of
conbi nations of Formula | b conpound and vari ous chenot herapeuti c agents.

The cel | W BRSse Characterized by tunor type and presengeoedoRas
mut ati ¢ v, tic agent
and the” Fﬂl}@ %ﬂg%g‘éﬁar e%gsoép?‘g@edﬁ%%%?ﬁééfsco%}% é}ﬁﬁgn al ue and

a conbiwal, p@nddsadimhs?eﬁﬁﬂa 54 Bars béfateedbshig wikieerihiaib @nddiEnkad pyst-desedod
(Chou, T. _.and Tal al ay, 1984). Adyv.. Enzyne Regal . 22:27-55). The strength
of syn@?@f"i@‘ﬂéé@)ﬁéﬂuﬁﬁ@ﬁ asg Vr“ﬁ?ﬁd%’&‘%@@‘f‘@ﬁ%from Chou and Tal al ay.

[ 0036] {ﬂ‘il e 2 sp tl QI%WStrésuﬁé of 1 vid E 1fcra19i'; o laksda ?§ @éiigﬂtéi‘@@ys

(Cell-Titer do, Promega) neasuring via ece ovef varying

conce nﬁ’rca:ﬁagahmeéwhag viahly calls dvér EGYDIg aomgémratlonsl (afartmgfat EX MR S50Foehtub dfl a

VoA VOIS oP OB FomG 14 P el aCH bR hed e doRPralich e e fomidhy)
pr e- doggEiFntula f20 e ltes 7! (gllélnbwo% tﬁ;ﬁé? es1e #osbaa sﬁnhnaxﬁoﬁégz %tﬂ?})g fHeadosedand

post-dosed with Fornula la 4 hours "after dosing botton).

[ 0037] m@uﬁogmglaéh éheus dsfire dosste with temrazelosdds (npd@lp),ﬁeql Bestgpsed Sy s |
(Cell - i | s over varying

concen}ra '|lons ?s@a%@mmq% :h?d?ﬁ? tﬁﬁbl eft of gentitabine, Fornula
| a compeeap ( GDCFiga#4ls sho&mdaduheoﬁ:mrv&mmeéli molifetatioe ndayafiaieTien dléor nul a | a.
The Cal -51 reast, tu -t e) cells are treated sjnul t and
post - dé’é‘@%eg%??“ﬁaﬁﬂé‘i‘lﬁﬁ} elcgﬁg %ﬁﬁ%“t"é’?e‘ﬁrﬁg?’ Stgfing %éﬁﬁ@i%@%ﬁ%@ tom
10038] 5k B otbmIfO Warnh8s ¥ éo%mﬁafmd {GNCIO'QAIP ghd tii%rceﬂnbfxﬁﬁ@ﬂ bOBme2SaNifde
(Cell-Titer Ao, Pronmega) neasurinhg viable cells over varying

concentndFommga as {EaetA 374 (m@ianmnﬁwmr typey laells m tredted s;mugemmlﬁ fork preFor nul a
| d , h nbi t |
e VB b PR nof e oS ER AR B E PRIGRD AR pREEGT i ° |

pre- dowﬁnmqm&@irwﬁ@do@ngwhmué@oi&ézﬁfda(Bkﬂﬁmi)g with gencitabine (mddle),
and post dosed with Formula la 4 hours after dosing w abi ne
e

( bot t o§043] 0039] Figytr Lshovshespis pegure ol pnohfew{oﬁ@sw$ Pati on

assays gg%?
concen t%‘%‘%éo%gae% st agvli)dr? 5&%? é%%sﬁngﬁﬁaﬁbm%nﬁ%f& 2%%0% iﬁgﬁMFo rmula |a
conpound tefER6lo88dd Forrauiel I dvenmmond (GRCHHE 1 )gfanéﬂie@bmbmatlamdf Eworelpmidea. The

(top). 'af‘ié‘ﬁ el AR, MRar o (oo oL PR Tetse PRy cu EHEP BT b

(m.ddl ¢ des withTeduMili b hbas Bulore dairk er&o@él&aﬁﬁd&(&ﬁﬂm@) whd Post-
erlot|n| otton) 0040]F|gure 6 shows results of .in vitro cell
prolifée a(@&“lf&aﬁefé?s%‘bq temenzelpR)idetbelioming vi abl e celI's over

S e e et ERCIED

For mul @romega) measuring viable cells over varying concentrations (starting at 4X EC50) right to left
of doxorubicin,-?onnuié Ia compound (GDC-0941), and the combination of doxorubicin and
Formula la. The SKOV3 (ovarian tumor type) cells are treated simultaneously '(top) pre-dosed
with Formula Ia 4 hours before dosing with doxorubicin (middle), and post-dosed with Formula
Ia 4 hours after dosing with doxorubicin (bottom). '
{0045} . Figure 11 shows resuits of in vitro cell prohferatlon assays (Cell-Titer Glo,
Promega) measuring viable cells over varying concentrations (starting at 4X EC50) right to left
of docetaxel, Formula Ia compound (GDC—094.1),,and the combination of docetaxe] and
Formula [a. The PC3 (prostate tumor type) cells are treated sixﬁultaneously (top), pre-dosed
with Formula Ia 4 hours before dosing with docetaxel (middie), and post-dosed with Formula Ia
4 hours after dosing with docetaxel (bottom).
[0046] Figure 12 shows results of in \}itro cell proliferation assays (Cell-Titer Glo, -
Promega) measuring viable MDA-MB 361 (breast tumor type) cells over varying concentrations
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WD 2009/ 036082PCLUS2008/ 075883 la. The H23 (lung tunor type, with K-ras
012C nutation) cells are treated sinultaneously (top), pre-dosed with

Formul a | bef ore d th erlotinib (middl dosed
it For map R bRl O O o o Gasi haw L er 1 ot ai b (bg%f?ﬂﬁ%‘ﬂ PO Fi qur e
-7 showdstagiang|at 4X HC50hrightie defieai {toprof Vs Beravulote sempapmd and|the simplianeonsy

P | | t t 4X
cos0) paRRgHE FQ?-FW@%@%ﬁ%ﬁéﬁéﬂw&‘ﬂ%%elfﬁ&%%%#dﬁ%%ﬁ 0

t he corshz‘nﬁwriemm cofnbireutioz of duvereland Foanuls la; hl (bdhem) BetndigbineForinulmdia t ype)

cells are tre si mul t aneousl pre- sed ith Fornmula la 4 hours
bef or e “4BEP eﬁ%%?%%’@ﬁ“%’?%‘ﬁ%%?‘“%ﬁ BB’%‘“\’M fith Formula la 4

hours gh£r dOS' rwgdee msﬁo%r;%&ht%fﬁh%&@e&t ﬁf&fer&@ﬂ%&%& IETReXhEVS results

of invitrdo cell proliferation assays Titer Go orrega) msasurlng
vi abl e Pc@ht@)msurmr gzvp)gﬂdmwat(b@mtmor(@pa)rqellmgveawa@mmcmmahgm to

| ef t f 0941 t he conbi nat
of' | emssERAEAR T gAY AR PR B B SRR L o
treat ectombmalubﬁaﬂ@:u&taxcl(aha Phrmils HadasieBotibri hviksie msl’rqtgilimaﬂmhﬁw typebedlier e

dosing with tenozol om de (m ddl and post dosed with Formula la_4 hours
after dU& Ww&ww%wéﬁ%%@i Eory) night syisfief gmazolpmifie ierpwladiat s of in

VitrO @BlrpoBhehid B3l OlneSABARLEELY ok bRy R ATEAMI TRasur [ ng vi abl e

cells over varying concentrations (starting at right to left of
t enozol{6#d8e, Fofnpiral4 shoverpaitndf (n@ilfe odipifeasttbntabmys Cﬁ‘dii-’ﬁmrl(iin, of :

t l.pni d d For mi t |
£ oat o TSP ERbTE JAits 48751 (et R WORROPRL Pt iR et or e
dosi ng (Waitihgtae AR 2T DY HER: 16 TErOsH ?&vp) Apd, Pagtul£ng esmpdund, drarthasimult@nedudrour s

after dosing wth tenozol om de (botto I[}L0044] Fi gure 10 shows results of

in vit W@m@&aﬁw@péﬁﬂb@@tﬁmuﬁﬁaﬁd (betipm) GogegarelFormyte Brsgapoydagidting
vi abl e 4 elomtR bﬁ'gfi?&@%ﬁﬁtaﬂaﬁ%‘oﬁﬂ%i ? tarting at 4X EC50) right jto

left of xoru icrn, Fornu a conpoun -0941), and the conbination of
doxor uljDibdﬁ} and B?mgmmllﬁsiio&rs ampEK&/@méwqﬂommmunmmdbwné)eﬂoaﬂub andr e

treate |.t aneousl.y re-dosed vm la, |la bef ore
dosi ng \Hi”?l %BQWM(QW%P%Pe%f i]’ WSWFWEF%Iﬁ%FS4 hour s
after dagiodgRW flitaBOXORUPRET, meou qam b@%iz@gtmesleﬂss?mmmlts of in

vitro cell proliferation assay éé G o, Promega) measuring viable
cel | s oweptigre(Renlus Srptsntd, é@ﬁ@n (7§t&2,t1|4ﬁglﬁﬁ 4X EC50) right to left of

doceL 4fhan 0" Mol SOTRAUVL (5P ARAL ARl SRIE @351 pEoh doper !

si nul ta?mmuhaj Iy cOinpEind (GDES-006¢ dxirinfentsofiom Fagura 1A &gaitrsstubﬁ)froﬁlahﬂ@m ng with
docet axel dI e an dosed with Fornul.a_l h dosi ng
W Eh OUBeUBES THBHPBTIReS NODEBPR: Gl 2 RGus: Feabi Pesb ol fiSoree |
proli fe;saums?Si%Qﬁnc(&ﬁlk RasTfnhﬁho;@ @as Mut, Expts. 25, 30, 34, 35, 39, 56-58, 60, 62,

67, 68, 146 148, 150).

{0051} Figure 17 shows time-course rcsults of treatmcnt of a synergistic tumor cell line

MDA-MB-361 and a non-synergistic tumor cell line MT-3 with gemcitabine at EC80 dosing
~levels. pAKT levels were measured at T=0 (untreated, UT), 1 hr, 4 hr, 6 hr, and 24 hr,

j0052] - Figure 18 shows a dot plot of synergy (Combination Index) of docetaxel, 5-FU,

or gemcitabine and Formula Ta compound (GDC-0941) experiments from Figure 1-A against

tumor cell lines that shdw a pAkt increase or no pAkt increase.

{6053] Figure 19 shows results of flow cytometry FACS (Fluorescence Activated Cell
Sorter): (iop)'MBBSI cells are (left to right) untreated, treated with Formula Ia, 5FU, and first
with 5FU then Formula Ia compound (GDC-0941); (middie) PC3 cells are (left to right)
untreéted, treate& with Formula Ia, docetaxel, simultaneous with Formula Ia compound and
docetaxel, first with Formula Ta then with docetaxel, and first with docetaxel, then with Formula

10



Promega) neasuring viable MDA-MB 361 (breast tunor type) cells over varying
concentrations V\D 2009/ 036082PCT/ US2008/ 075883 (starting at 4X EC50) right

to left q{,ﬂz‘gdaf) FU Formul a Ha conpound, and the s
RN

o e Y R PR IBEL R e . o

conpoun

( bot t offiyst geficder@bilife thee itk Rorddalaggnpound, and the sinul taneous conbi nati on
of "gentitabine and Formula Ha. [0047 Fﬁ%ure 13.shows_results .of in vitro

cel | E&Qﬂ%erat.ﬁ%@%@bﬁ}l@w@émﬂm M1 qalls irsthzee dimsRiemehGD) ciliys- vi abl e
MT'3 ia;}q._ Nean 4X
EC50§ II:I g ?rto I ?%@?%g%ﬁegts%(&?{%ﬁ@/rw lel}gﬁcorrp I&)%&Bg?%ﬂ%g%gﬁ %I ?;neous
conbi natitofRIdf) idd 0¥ E®nedinch Wl and withiaut 1aid hédoglindrty tating wisB Tleftgb | oma
T B St SRR bR o2t R Rt O

conbi nabigita of cdnﬁf&ﬁ&’ t@ﬂcotsmp qugzreredhﬁlﬂaaon Lo B /B @B ubfhbs POUB/ml1esul t s

of in vitro cell proliferation assays I1-Titer d o, Prorrega) nmeasuri ng
vi abl epmmﬁb(@dé’égmMEﬂm 2 {prempound s over varyi ng concentratlons

(starti 61%5 t 4X %Pe)zlr wg tre:?tmc%I f@f‘fdlﬁlocf)ﬂlggr g&éﬂ%&%%ﬁ&gund

andth | t an€GUS cof |nat|ono U 'an and
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For mut 424 2 CBYIRERY = CaRHBHH. Experi mont s from Fl gure 1A agai st tumor
cell |ijgss] Wit hopi@m—mﬁ@m 2B8meRT BWL748 e Bs indBred dimetfiiodd, (383 - 33,
36-38, 01511§rure Acini growth and morphogenems is correlated with celiular ATP production in relative
light units (RLU) in 10% FBS medium with and mthout_ 1 nM heregulinl by treatment with (left
-to right): DMSO, combination of 20 pg/ml trastuzumab and ‘25 ugfml pertuzumab, 20 nM
Formula Ib compound, and the combination of 20 pg/ml trastuzumab, 25 pg/ml pertuzumab, and
20 nM Formula Ib compound. | -
[0057) - Figure 22 shows the mean tumor volume change over time in CD-1 nude mice
(Charles River Labs) with MDA-MB-361.1 breast tumor cell xenografts dosed on day 0 with:
MCT Vehicle (0.5% methylcellulose/0.2% Tween 80), 150 mg/kg Formula Ia (GDC-0941), 5
mg/kg docetaxel, and the combination of Formula la 150 mg/kg and docetaxel 5 mg/kg. Mice
were dosed with docetaxel on day 1, 5 and 9 (g4d x 3) intravenously while Formula 1a was |
dosed daily for 21 days by oral gavage. ' |
{0058] Figure 23 shows the mean tumor volume ch'ange over time in CD-1 nude mice
(Charles River Labs) with MDA-MB-361.1 breast tumor cell xenografts dosed on day 1 with:
| MCT Vehicle (0.5% methycellulose/0.2% Tween 80), 37.5 mg/kg Formula Ila , 5 mg/kg
docetaxel and the combination of 37.5 mg/kg Formula Ila and 5 mg/keg. Mice were dosed with
docetaxel on day 1, 5 énd 9 (g4d x 3) intravenously while Formula Ila was dosed daily for 21
- days by oral gavage. '
[6059] Figure 24 shows the mean tumor volume change over time in NMRI female
nu/mu (nude) mice with MAXF 401 primary breast tumor exﬁlant xenografts dosed on daj 0
with: MCT Vehicle (0.5% methycellulose/0.2% Tween 80), 100 mg/kg Formula Ia (GDC-0941),
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59, 61, 63-66, 85, 89- 98, 149, 161, 162) and with Ras nutations (Ras Mit,
Expts. 25, 30, 34, 35, 39, 56-58, 60, 62, 67, 68, 146-148, 150).

WO 2009/036082 PCT/US2008/075883
15 mg/kg docetaxel and the combination of 100 mg/kg Formula Ja and 15 mg/kg docetaxel. -

Mice were dosed intravenously with docetaxel on day 0 and day 11 while Formula Ia was dosed -
on day 0-4, 11-17 and 21-28 by oral gavage. . |
[0060] Figure 25 shows the mean tumor volume change over time in NMRI female
nu/nu nude mice with MAXFE 401 primary breast tumor explant xenografts dosed on day 0 with:
MCT Vehicle (0.5% methycellulose/0.2% Tween 80), 100 mg/kg Formula Ifa , 15 mg/kg
docetaxe] and the corﬁbination of 100 mg/kg Formula Ila and 15 mg/kg docetaxel. Mice were
dosed intravenously with docetaxel on day 0 and day.11 while Formula Jla was dosed on day 0-
3, 11-17 and 21-_28 by oral gavage.
[6061} ) Figure 26 shows the mean tumor volume change over time in NMRI female
nw/nu nude mice with MAXF 1162 primary breast tumor explant xenografts dosed on day 0
with: MCT Vehicle (0.5% metbycellul.ose/(}.ZZ% Tween 80), 100 mg/kg Formula Ia (GDC-0941),
15 mg/kg docetaxel and the combination of 100 mg/kg Formula Ia and 15 mg/kg docetaxel.
Mice were dosed intravenously with docetaxel on day 0, 11, 22 and 44 and Formula la was
dosed on day 0-5, 11-16, 22-27, 30-32, 42 and 44 by oral gavage. | |
[0062] Figure 27 shows the mean tumor volume change over time in NMRI female
nu/nu nude mice with MAXF 1162 primary breast tumor xenografts dosed on day 0 with: MCT
Vehicle (0.5% methycellulose/0.2% Tween 80), 100 mg/kg Formula Ila, 15 mg/kg docetaxel
and the combination of 100 mg/kg Formula Ila and 15 mg/kg docetaxel. Mice were dosed
intravenously with doce'imcél onday 0, 11,22 ahd 44 and Formula Ila was dosed on day 0-5, 11~
16, 22-23, 29-31.and 35-38 by oral gavage. | ‘
[0063] Figure 28 shows the mean tumor volume change over time in CRL female nu/nu |
(nude) mice with NCI-H2122 non-small cell lung cancer (NSCLC) fumor xenografts dosed on
day 0 with: MCT Vehicle (0.5% methycellulose/()Q% Tween 80), 50 mg/kg Formula Ia (GDC-
0941), 75 mg/kg erlotinib and the combination of 50 mg/kg Formula Ia and 75 mg/kg erlotinib.
Mice wérc dosed daily with erlotinib and Formula Ia daily for 16 days by oral gavage.
[0064] Figure 29 shows the mean tumor volume change over time in CRL femalc_:--nnfnu
(nude) mice with NCI-H2122 non-small cell lung cancer (NSCLC) tumor xenografts dosed on
day 0 with: MCT Vehicle (0.5% methycellulose/0.2% Tween 80), 50 mg/kg Formula I1a, 75
mg/kg erlotinib and the combination of 50 mg/kg Formula Ila and 75 mg/kg erlotinib. Mice
were dosed daily with erlotinib and Formula Ha for 14 days (end of study) by oral gavage.
[6065] - Figure 30 shows the mean tumor volume change over time with HRLN female
nw/nu mice with MCF-7 (PI3K mutant) breast tumor cell xenografts dosed on day 0 with: MCT
and PBS vehicle (MCT; 0.5% methycellulose/0.2% Tween 80 and PBS; phosphate buffered
saline), control IgG 5 mg/kg, mB20-4.1 murine anti-VEGF 5 mg/kg, Formula Ia (GDC-0941)
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[ 0051] Figure 17 shows tine-course results of treatnment of a synergistic
tumor cell line MDA-MB-361 and a non-synergistic tumor cell line MI-3 with
gernci t aky &80 dosi ng IeveI S. PAKT levels were npagyERekdLss] =0
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treatment wit left to right): onbi natj on of
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GDC- 0941)
g)er tuzur nag Wgﬁ%ﬁggﬁ& a af%%rlrggg{ %ﬂd %ggéﬁéé:ﬂgﬁ?semg%d %\f/(\)/s?%

t r eat medditiofal BT 4@ysNiotaletuinber of dalyroeestadiymeassi2onEdrm{u@{a end mbRe-4.1Avérmico-gr owt h
and norpho ene |.s | correl ated with cellular ATP production in relative
light & PYSRFEL S mediumwith and without. 1 nM heregulinl by

t r eat mpgg 7En t h (F e 3335}161@ o) mediB gy veROchaRE BV a3 IhORitR Hardbh fefilem
trastuzumab and 2 gg]p pertuzumab, 250 nisil Formul a Ha conpound, and the
iai1i3

conbi natfogrvigf UFTMG mmamdlmmaﬁaéossgpnﬂ@w otk Rermula kol GIXG-084D)
For mul Eioﬁ%g‘?l?gf,"?e%}gmmde 100 mg/kg, and the combination of Formula Ia 109 mg/kg and

temozolomide 100 mg/kg, along with mice receiving no drug (No Treatment group). Animals
were dosed with Formula fa orally daily for 21 days, and temozolomide orally daily for 5 déys.
[0068] .=~ Figure 33 shows the mean tumor volume change over time with CD-1 nude mice
with MDA-MB-361.1 breast tumor cell xenografts dosed on day 0 with: Formula Ia (GDC-
0941) 150 mg/kg, gemcitabine 100 mg/kg, and the combination of Formula Ia 150 mg/kg and
gemcitabine 100 mg/kg, along with mice receiving no drog (Vehicle group). Annnals were |
dosed with Formula Ia orally daily for 21 days, and gemcitabine intraperitoneal on days 1., 4,7
and 10 (q3d x 4).
{0069} Figure 34 shows the mean tumor volume change over time with Harlan femaie
nu/nu mice with BT474 breast tumor cell xenografts dosed on day 0 with: Formula Ia (GDC-
(0941) at 18, 36, and 73 mg/kg, trastuzuméb 20 myg/kg, and the combinations of Formula Ia at 18,
36, and 73 mg/kg and trastuzumab 20 mg/kg, along with mice rccciving no drug (Vehicle
group). Animals were dosed with Formula la orally daily for 21 days, and tréstuzumab
intravenously twice a week for 3 weeks.
[6676] Figure 35 shows the mean tumor volume change over time with Harlan feinale
nw/nu mice with BT474 breast tumor cell xenografis dosed on day 0 with: Formula Ib at 2.5
mg/kg orally daily for 3 weeks, Formula Ib at 2.5 mg/kg orally twice a week for 3 weeks,

- Formula Ib at 5 mg/kg orally daily for 3 weeks, trastuzumab 15 mg/kg intravenously once a
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[ 0056] Fi gure 21-A shows treatnent of BT474ML cells in three dinensional
(3D) culture. Acini growh and norphogenesis is correlated vm' th cellular
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oral gavage.
days, and the combinations of: Formula Ia at 36 mg/kg orally daily for 21 days and B20-4.1 5

mg/kg intraperitoneal twice 2 week for 3 weeks; Formula Ia at 73 mg/kg orally daily for 21 days

and B20-4.1 5 mg/kg intraperitoneal twice a week for 3 weeks; Formula Ib at 5 mg/kg orally
daily for 21 days and B20-4.1 5 mg/kg intraperitoneal twice a week for 3 weeks, and Formula
Tb at 2.5 mg/kg orally daily for 21 days and 820-4.1 5 mg/kg intraperitoneal twice a week for 3
weeks along with mice receiving no drug (V ehicle group).

[0073] 'Figure 38 shows the mean tumor volume change over tlme with Harlan female
nwnu mice with MDA-MB-231 breast tumor cell xenografis dosed on day 0 with: murine anti-
VEGF antibody B20-4.1 5 mg/kg intraperitoneal twice a week for 3 weeks, Formula Ia (GDC-
0941) at 36 and 73 mg/kg orally daily for 21 days, Formula Ib at 5 mg/kg orally daily for 21
days and Formula Ib at 7.5 mg/kg orally daily for 8 days, and the combinations of: Formula Ja at
36 mg/kg orally daily for 21 days and B20-4.1 5 mg/kg inuapeﬁfoneal twice a week for 3
weeks; Formula Ia at 73 mg/kg orally daily for 21 days and B20-4.1 5 mg/kg intraperitoneal
twice a week for 3 weeks; Formula Ib at 5 mg/kg orally daily for 21 days and B20-4.1 5 mg/kg
intraperitoneal twice a week for 3 weeksrg and Formula Tb at 7.5 mg/kg orally daily for § days
and B20-4.1 5 mg/kg intraperitoneal twice a wéek for 1.5 weeks, along with mice receiving no
drug (Vehicle group).
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100611Fi gure 26 shows the nean tunor volume change over tinme in NVR female
nu/ nu nude mce with MAXF 1162 primary breast tunor explant xenografts
dosed on day 0 with: MCT Vehicle (0.5% nethycel | ul ose/ 0. 2% Tween 80), 100
ng/ kg For MF}/%P”?/%?“%DC 0941), 15 my/kg docet axel and t WECEEMSIMHE4dn of 100
my/ kg Fof{0dTdh | a ah@&%alyﬁﬂcghdmcatmvolmehmc@vddmmthﬁﬁﬁ 5’@}§I y With
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erl otini BuARGh;iEOkIR 826 ﬁodiﬁhéwceil%ng]&neb%msbmﬁa{orgaymmﬁi@a&@]i Ghday e 29

shows the nean tunor vol une change over tinme in femal e ngl nu (ngjgxe)

mce wit 1§ widi: EFIQMZOMSMIY daily for 2 Ligaysdamasle Ip &@@(99 i ts
dosed on e ik T, HSPLELEAL0, S0l 92604304 Figsa Al 50

ng/ kg For a ha he co |nat|on of 5
For nul a Kailwnfud 275aysgﬁddghecdmiﬁmauohs of Femulede &3 dudlegioraly dailyviot ﬁd@iSIaQil ni b and

Formul a f udy. va 0 shows
the mean P S0 St ehate Tor £ remtiath T oy &R LD,
MCE- 7 (P|eagtnﬁyt5@ﬁih%)ckléﬂrﬂl%§&m@‘f&fm &9k and oeaa{d 8 Hokg drally ddﬁyfo@ 2bidbys:  MCT
and PBS vehicle ( 0. 5% net h¥ IuI ose/ 0. 2% Tween 80 and PB posphate
buf f er ed as@Filefab S matkgsralysels forgl dgys. Aigpg vah @lﬁWPﬁ&ﬂgﬁpuﬁf‘\ﬁégﬁ- hgleny/ kg,
For mul a f L(prC 0941) WD 2009/ 036082PCT/ US2008/ 075883 150 ny,/ kg, and the
conbi nat io Formula la 150 ng/ kg and nmB20-4.1 nurine anti-VEG: 5 ny/kg.
Ani mal s v{ﬁﬂ’kﬁ]dosedegutdﬁlcshnWs the megGtumnet voBRO: chanes ever Gime wWithdialap fepalf ce a

R R

on- st udy (neBh:@AbtinibS0 me/ia draltyaduily TR2Dwdeks, Barmaladb -at2l fring/les @riddaily for 21

similt aneous ll%rrmﬂa b at 5 mg/kg orally twice per week for 3 weeks, Formula Ib at 5 mg/kg orally
once per week for 3 week.s, and the combinations of: Formula Ib at 2.5 mg/kg orally daily for 21

- days and_erlotinjb 50 mg/kg orally daily for 3 weeks; Formula Ib at 5 mg/kg orally twice per

week fo_r. 3 weeks and erlotinib 50 mg/kg orally daily for 3 weeks; and Formula Ib at 5 mg/kg
orally once per week for 3 weeks and erlotinib 50 mg/kg orally daily for 3 weeks, along with
mice receiving no drug (Vehicle group).
[6077] Figure 42 shows the mean tumor volume change over time with Taconic NCR
female nude mice with NCI-H2122 non-small cell lhung cancer (NSCLC) tumor cell xenografts
dosed on day 0 with: erloﬁﬁib 75 mg/kg orally daily for 16 days, Formula Ib at 2.5 mg/kg orally
daily for 16 days, Formula Ib at 5 mg/kg orally daily for 16 days, Formula Ib at 7.5 mg/kg orally
daily for 16 days, and the combinations of: Formula Ib at 2.5 mg/kg orally daily for 16 days and
erlotinib 50 mg/ke orally daily for 3 weeks; Formula Ib at 5 mg/kg orally twice per week for 3
weeks and erlotinib 50 mg/kg orally daﬂy for 16 days; and Formula Ib at 5 mg/kg orally daily |
for 16 days and erlotinib 50 mg/kg orally daily for 16 days, along with mice receiving no drug

(Vehicle group).
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[ 0066] Fi gure 31 shows the nmean tunor vol ume change over tinme with FERLN
female nu/nu mce with MCF-7 (Pl 3K nutant) breast tunor cell xenografts

dosed on i th: MCT and PBS vehicle (MCT; 0.5% ne /0. 2%
Tween 80 "gﬁé%%@gog%hosi)hat e buffered saline), control %Eé ?thé@gﬁ nB20-4. 1
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woeks, ATCs PG FSTRABREO T Chenhnab Rish 83t sheld st et £8Y. '
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docetaxel 10 mg/kg intravenously weekly for 3 weeks, and the combinations of: Formula Ib 5

mg/kg orally daily for 3 weeks and docetaxel 10 mg/kg intravenously weekly for 3 weeks; and
Formula Ib 1 mg/kg orally daily for 3 weeks and docetaxel 10 mg/kg intravenously weekly for 3
weeks; along with mice receiving no drug (Vehicle group). o

[0082] Figure 47 shows the mean tumor voiume change over time \ﬁth Harlan female
nw/nu mice with SKOV3 human ovarian cancer tumor cell xenografts dosed on day 0 with:
Formula Ib 5 mg/kg orally weekly for 3 weeks, Formula Ib 10 mg/kg orally weekly for 3 weeks,
docetaxel 10 mg/kg intravenously weekly for 3 weeks, and the combinations of: Formula Ib 5
mg/kg orally weekly for 3 weeks and docetaxel 10 mg/kg intravenously weekly'for 3 weeks; and
Formula Ib 10 mg/kg orally weekly for 3 weeks and docetaxel 10 mg/kg intravenously weekly
for 3 weeks, along with mice receiving no drug (Vehicle group). '

[6083] Figure 48 shows the mean tumor volume change over time with female SCID
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[0071] Figure 36 shows the nmean tunor vol ume change over tine with Harlan
female nu/nu mce with MCF-7 breast tunor cell xenografts dosed on day O
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week foy.. ks.. For ' t. 10 nmg/ kg orally dajly f 4 days,, Formul a
o a | Seigh e Ees Wk FHOR 33 Plapdy nms et stnEE by h8lchoB31S 4ol ot y
dai |y foaidagaywethdddeetak@t 2 mg/ianidriveao h Bafsi 105 en@D (qddor I Famiua BH(GDT-nY/ kg
orally daily for 4 days._and 820-4. intraperitoneal tw ce a week

1 /K
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e e e et 11
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73 ny/ Hep&dl al | y Higurs4g ghowa thegmean tufor nolumelchange oxesimanwith fenggle EGLdral | y

daily fpr 21 n he pbi nati.ons of . Formula |a 3 / rally
dai 1y PeespagRice WP yEaEs S REnAebaRR Rhsmt Bl fme? ol sB e S 5
weeks; oh@amdivith: doattaxéBs My Hednedahbyslyiah Hyys 106 add 9 dggdsk 3NHoBRM: B 2155 ny/ kg
i ntraperitoneal tw : weeks; Formula |b at 5 ng/kg orally

k f
dai Iky feykoqraliy daily e@ﬁ&i?@“&%ﬁ?ﬁ(ﬁ‘%ﬂ*@ﬁéﬁ‘qﬂb@%& dayiad e week for 3
, i L : 4.1 5
wngf S ,c@ﬁ@mﬁﬁéﬂ?ﬁfﬁddcgtatﬁé\lj %%gggyéwdédggﬁ@ﬂsaﬁ m&égﬁgy% %ggg %ﬂ%ﬁn@ﬁ&nﬁggm

kg intraperitoneal th"mce recelving no
drug (\ehinglkg ogallyuisily f057BlyFpgfdecB8elshwwk gtittesvarpauslytanndays V.ol anded (@hdnge
over - ti Wi, th rl.ap_fenal e, nuy/. ] w th MDA- MB-231.hreast, tunmor cell
R emogr A& St IF e R G oT 6 Saht 1 0RE Mooty B8RS A5yt kg
i ntrapevehigReaduphWi ce a week for 3 weeks, Formila la (GDC0941) at 36 and 73

ng/ kg orally daily for 21 days, Fornula that 5 ng/kg orally daily for 21
days ad®085r nul aFrasrad0 shosys by mearoiugior yolygie|opangsover iy with§kd- female

520 4. Tou e it REENCE i fricd Rt GOt KPP Bimipat BBt | 75
ng/ kg di &9, yndld3 (gadfxof) With: dayesaxah @.BAGA4 idtrdvena@aglyk ornnila BpErmp@pesllyt wi ce a

B30 4. RaR st FA R Drrs oy G H R ek adesfitel 3 Belke TR PR | b a
7.5 ng/ﬁ@&n@lmwu%g NafiPbn &ﬂqza PR BRRAE x 1) 210y wigh miter@RfAind AN@aE twice

a week for. 1.5 wee along with mce receiving no drug (Vehicle group).
WO 2009VelBelsgrmml/ US2008/ 075883 100741Fi gure 39 shows the nean tunor vol une

h ti i | [ i i th nop-small cel |
Cing ol \SCERs T BT AT St il Bt SHERRR T &R P01 L 50
o/ kg it iyicel aithyPGONCR urday srim g ronestate banctnfiod SdlljenagrafkdBosal bk gayod al | y

daily far 6 days, Fornmula |a 50, ng/ kg oral]l aily faor 21 da Farmula | a
25y R ERPYbing 10) ke miraperjaieahsery S ﬁﬁ”ﬁ@@ﬁqﬁ@%@‘*ﬁ; 100
ng/ kg Qr i r G nfek | iR Ly for 6
days: Rop mifid Py blert 3ids & (OUORE SRS, R To2) BB SR EY B80! ko
oral | y (ad) fyr 4 tmes2 Forayls b & my/loorally evern3 28y figr # ¢imes.aintl sheckmnibjnations ¢f1  days

and erlotini,b 5 [kg.qrall.y dail oy 2 ys, alan i i_.ce receiving
no dr u&ew&t}%ﬁ @’@%@g}&aﬁ’%‘%ﬁ%’%’#é dj}‘ﬁs éﬁﬁgﬁﬁf‘? ﬁgd E%%%& k&é@%@k%ne change
over t iomlyvdvely Hadyls dor 4 £8d; etbitdbing00en ¥k b mttp&onaneeips dagpabt 4 titieg

cancer (NSCLC) tumor cell xenografts dosed on day O with: erlotinib 50

ng/ kg @ﬁﬁfplgmtéaﬁ g fag'kparaly peery Refaifos 4| tapescrymcyoling 18 mg&gnyg/ kg oral Iy
daily f; - , | i : mul
aily ArifhaY, e§5§§ﬁﬁ§@§d§ tgxtiesg.gs g%ggla?tg 3 gigscfkogggjlye‘_fewsa%yfs%wum ormul a

la 18 ng/ kg orall I mati ons Formula la 73
nmy/ kg erdFbynwait 0 igfkgdrdbyseanildaysifot 4 fimbs, abngufithgnioe adckivimgaiol drug or 4
days; F(gr a la.36 ng/kg orally daily for 21 days and erlotinib 50 ng/lcg
orally 5}’?@% 8?’%‘!-1’)21 days; and Forrmula la 18 ng/kg orally daily for 21 days

and er l[geg7i b 50 ek s Hodls!the Kladd tmloR FollelGRiiSoe Fe0fEe With MalbE ntEei Vi ng

no drug (Vehicle r-ouEg. IOO76 Flcgture 41 shows the nmean tunor vol ume change

over ti milqeﬁmﬂa%p 1838 was) NSCLC tumor cell xenografts dosed on day 0 with: PD-
0325901 6.3 mg/kg orally daily for 21 days, Formula Ia (GDC-0941) at 100 mg/kg orally daily
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nu/nu mce with H1299 non-small cell lung cancer (NSCLC) tunor cell
xenografts dosed on day O with: erlotinib 50 ng/kg orally daily for 3

weeks, &@{ﬁf‘%@?t 2.5 nmg/kg orally daily for 21 dayﬁgT%S%gg/b%?%b at 5

ng/ kg. ora er week for 3 weeks, Fornmula |b at |1y once

per wed Flotayg aﬂééh@swﬂﬁlwtioh@fd’&ﬁﬁﬁéﬁﬂ rismefke ordlyrdailn farR 1 daypamsl ny/ kg
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26 ESRBLakal 81 B B o J2h B, BBVt Alificdldhd bt bk
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group) .. 009 2P 0 75883 8] Figur mean
t unor - vo V\%@ %ar%(ég%ogera%vr dg ‘9 § aﬁ[sflgn%loée‘%nyaﬁﬁé%)c Q\Agetsftﬁrl?%g?S ‘human
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dai |y mervay ligisadso thevaethads andrmpaterialy dscrdhed. @ys@ at gne gy MR y daily

for 3 W T h

(01 3, RSO ERIGN b, L SUHnIAL M bl ookt SpRNBN

turmr vndludieg bitarogbmitedto defimed termb, téiar isape, idesvaibed reohmiquasi arehediker 44875 human
anona ]Icancer turlmr cell xenografts dosed on day O with: tenozol om de 100

ng/ kg SPRIFACREPTEPS or 5 days, Formula.lb at 10 mg/kg orally once weekly
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oral l'y ;o0 i(%gp& y for
5 days, %Wﬁ\]‘% én&z%é?‘}éﬁg’ﬁ?%gg r?%)ee rugéwsﬂ&lw pﬂ/ &%88 %%%O]f uFe 45
shows tﬂmegemanmpumns vDitopee butiheygd mﬂprectudmmredenﬂmrl additioe i bee mdmﬁ m ce
wi th SK h n ovar| an _cancer tunor cell %t?grafts dosed on day O with:

For mul &14 S PSRN ﬁ}F%SI’Pﬂ/gTB%’SI%?“F 3 weeks, Fornula ia 36

ng/ kg qmu}y dal |’I§&efte9fn '%uaweéssaseddwﬁhaeqsﬂs 4.9 sa¥itfaled Jindie! RRRAricheEan week| y
for 3 weeks, and the conbinations of: Formula la 73 ng/kg oraIIy daily for

3 weeksneeyalgeidedepearbon gadigpt ra@oneriprt‘ael@ﬁwbmyatmwlyermﬁhe@lmm Bl a |a

neckly PoPBl Bl Mo R e S R PRI 0ok an
ot it *02“1“’??‘2‘“@?23*’”“@“‘“‘*?‘%? srat Sppes
e g e S S A5 S0 LG
ovari an, g a8funl u@gcﬁ;bhz@ﬁ ORhRyt. 1%}]@5@ (pﬁmqaaaq@ mﬁzbﬂ(égg)?}llzaeub@ 5

nmy/ kg oral 'y dail 5, Formula ora dai
weeks, (BGses-hwal, - éﬁ(@'ﬂi)%bCHB)r évmﬁhwéZI-MDP@ékBy, tfbwl&%éﬁb) 1&!13&){1 fre

comD! MELBRS B CHEORTRTLD o KR ok 9 Ll poERR RSt e
dai |y froethd- mmys(-a(m{gmgm i&hylagbh@g@cm@memusﬁm \Beﬁ&hyi If-bmtyH
neeks: Ay MR, SSnebrit] HinpP 88, Atk SR EN S e R
CH,CHoCH,CH2CH,CH3), 2-hexyl (-CH(CH3)CHoCH;CHoCH;), 3-hexyl (-
CH(CH,CH;)(CH,CH,CHj3)), 2-methyl-2-pentyl (-C(CH;),CH;CH,CHj), 3-methyl-2-pentyl (-
CH(CH;)CH(CH3)CH,CHj), 4-methyl-2-pentyl (—CH{CH3)CH2CH'(CH3)2), 3-methyl-3-pentyl (-
C(CHs)(CHzCHs)z), 2-methyl-3-pentyl (-«CH(CH,CH;3)CH(CH;),), 2,3-dimethyl-2-butyl (-
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[ 0082] Fi gure 47 shows the nean tunor vol ume change over tinme with Harlan
femal e nu/nu mce with SKOV3 human ovari an cancer tunor cell xenografts

dosed on day O with: Forrmula Ib 5 ng/kg orally weekly for 3 weeks, Formula
b 10 ny/ WYj}/W%{M‘;S’PZ\NeekIy for 3 weeks, docetaxel 10 ng’f“k’rg’“?zﬁ?st“’é@?@%ously
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(Vehicle rou ) 08 u the mean t unor .ol e over
time wth° WE‘E BW%‘P ﬁ‘lﬂ‘?ﬁg.u rnf*@elgvﬁafrﬁ’? Wé’ﬂé%mﬂﬁ' %ﬁ ge cancer
t umor ceh&v.fs%mgfza&ézﬁs SRR UnaRsd RS emp'ie 39a birpelo 185, aisl, 15, @J)or\m 6h: |
docet axel intravenously, Fornmula Ib 10 ng/ kg orally 0510 [(%a6 s 1, 5,

9 and 13SYst a hl):yclmerbpméﬂ%éwpaaﬂr SHTIBE A1oRS SEh ‘a&erﬂnge S ADIRYS
'ntravengaiwt@,ﬂdmﬁ%ﬂa @ s BerhOs /akglcga@{g'zy gebtaﬁy&cﬁozo[@z ot ahd (q4d X

al on m ce receiving no drug group) OOBIFlgure 51
shows t héicyelaj3. liljnmanvolixmlcsmfmgmooypéc carbmyclms mimblﬁ eregioelimiiedhie. mi ce

wi th PC3-NCl human sed on
day .0 wi £H* Wﬁygﬁ“ﬁtgf 3?3’8 er |'{ydne37f:f6§éljlet?2x§§’?’gé%foﬁ %I?%4 tines,
IIzor rru: a Ileb fyl( @a@h&%n)-cyhﬁﬁemldﬁgl Nc@blgbexezﬁaw 13c3d:mf i-@ep&m, cya)mhexadlfnyb,lsb .
ormul a or.a ays or ti,me a

nmg/ kg or ayqi@%%rcyc Soﬁﬁy? CE’Pnﬁ %/3"’ eyl é‘%‘“ﬁ%%lo% fodlagise é{ﬁéﬂfgg‘ﬁ n;g%msl t abi ne
100 o/ kgggogj r aper"&r? %?elan@é/ ﬁfoﬁo@léﬁ@b&%m%@i hytrbdaiBs radiehl 6670 lcarbbRatb@ Mo/ kg
orally every 3 days times; gentitabine 100 ng/ kg i nt raperitoneal

every 3 daly@dfbaﬁhﬂtﬁmﬁﬁgifaﬁ@hmgﬁnla@m fom aemgb‘?/%(jw@raaqmy 2UFT} ag’“%iﬂé%}s for 4

tines, ' b Qpn j mes and
For rrul a %@Eg}trs n§0 or%ﬂ% é%ea?é;{eé%g%%glﬁ ssuglﬁgﬁéé%?rr%lt a 10 ng/ kg
orally evmﬂgdeﬁbﬂyxys rﬁdma‘isﬂcdmpmm,g aalamm@uwnmg ﬁmedea a stwnteimgrtiedy W%hl cle

gr oup) - L D08 I, Futhl: GarBBey el P néiliBey TR fng. fiRbical Siv FRoub AER8e, Pblie hbe™ W LN

limited to, radicals derived from benzene (phenyl), substituted benzenes, naphthalene,
anthracene, biphenyl, indenyl, indanyl, 1,2-dihydronapthalene, 1,2,3,4-tetrahydronapthyl, and
the like. Aryl groups are optionally substituted independently with one or more substituents

described herein.

0697} The terms "heterocycie," "'hetercyclyi" and “heiemcycii_c ring" are used
interchangeably herein and refer to a saturated or a partially unsaturated (i.e., having one or
more double and/or triple bonds within the ring) carbocyclic radical of 3 to 20 ring atoms in
which at least one ring atom is a heteroatom selected from nitrogen, oxygen and sulfur, the
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nude mce wth NC -H2122 (K-ras) NSCLC tunor cell xenografts dosed on day O
with: PD-0325901 6.3 ng/kg orally daily for 21 days, Formula la (GDC- 0941)

at 100 ngjkgeRfyddeky daily WO 201)9/ 036082PCT/ us2008/ 0;5?,%@2059575&;1; days,
mele days and
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i nt endegk taw leped |t¢,3pytrhhd1pyle E'mhﬁimﬂurwhtdén’dfce“anauﬁe@mm@b@ﬂsl; conponent’s,
or ste t he resenc.e of one or nore
ot her B%%f‘n"ﬁ&’é’? %‘t&%&‘? ﬁg'ﬂ’tdéc’qg‘é)ggﬁgy %‘P% ?;3’2 ’E’ Athors [0092] The

ter m " ahibfbkpholifio, ttﬁx@faadge eﬁhzwl Hosdphefaril Uraidayl] dweeayl, dicthidnched- chai n
nonoval ent hydrocar bon radi cal of one to twelve carbon wggr ein the
e%mmlw

al kyl rhgamopineridiayl. srenspyli Gerprryl exaserinylydiazerinyd 2 or nore
i et PRl BRGP AL B, sIREIHBLE idtndh (oD plido e ailighaar € no!
n- EL ?plxdnhxoiéﬁﬁz@ﬂ%ﬁk@mml ldﬂvﬂsdthlémylmihydrew Ipw&ﬁ@@@%ﬁ%ﬁ 3843 ( 2 Bu,
2- but§|W@%§%ﬁﬁh‘$ @%@%&3’5}2 %PX l%ﬂ%}’ﬂﬁogyi (t-Bu, ( )2

t - butyl »3)7 hé;agﬂngml doma R Id24aki3 B p Qnﬁ&lﬂ'&yh also
(- m(cu—?é,zﬁﬁé Ter N -pentmdgéﬂlCI-l 6241%43) 2), 2nret hyI Sy e 20

(CHZCHZ p@iECHthin mer@ﬂthlip itipn.(Excmmen)ia egreyel cgltgmh %HSF‘FH(?“B%tyI (-
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CH( CH2 %ﬁ{cﬂﬁf&ﬁﬁﬂaﬁbﬂ]ﬁwﬂmyﬂb hydup? hpeit art opt@RIHYROMECHAGH_dently with

3- et hyl en %/thé %"%}PG{% CHZCHB) 4- et hyl - 2- pentyl

( CH( qugm PFIts SESRPIYATE pent yl (- C(CH3)( CH2CL- 13) 2),

- met hyjpgggjpent yl’Ih(e’t&EK el ORISR g)nongva'ier@ lafBRk 40 Tadcdb ot ¥, 6( or 18
membered rings, and includes fused ring systems (at least one of which is aromatic) of 5-20

- atoms, containing one or more heteroatoms independently selected from nitrogen, oxygen, and

sulfur. Examples of heteroaryl groups are pyridiny! (including, for example, 2-
hydroxypyridinyl), imidazolyl, imidazopyridinyl, pyrimidiny] (including, for example, 4-
hydroxypyrimidinyl}, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl,
thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl, isoquinolinyi, indolyl, benzimidazolyl,
benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyl,
pteridinyl, purinyl, oxadiazolyl, triazolyl, thiadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl,
benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, and
furopyridinyl. Heteroaryl groups are optionally substituted independently with one or more
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W0O2009/ 036082PCT/ US2008/ 075883 C( CH3) 2CH( CH3) 2), 3, 3-di net hy1- 2- butyl
(-CH(CH3) C(CH3) 3, 1-heptyl, 1l-octyl, and the like. 100931The term "al kenyl "
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t wel vesﬂgﬁggﬂtg%%ea\h%gnat | east one site of unsaturation, i.e., a
car bon-carbon, sp2 double bond, wherein the al kenyl radlcal may be
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one si i r rein
t he al E’%I%yqlgérjgg%ﬂéé{?ﬁ 30@ Ie6 (g\p pi}%anzg ?851“ t5'fog’t%r Ofta peh% TMTh one
or nor ensmtm; itﬁmha pghesie lok twdhjftﬁ‘bﬁjhfble E;mﬁph e§4,lon6 |c>lﬂd£oxd’.mle ﬁ:ﬁxeaz@mor -

limte et hyn , propynyl (proparg -CA2CFECH), and the
li ke. ?H%%{%?rf‘s‘”%afﬁb’é?ﬁ@lz@k PyTazld, eégﬁeﬁ%mlye PSHIBACYA P | ng" and

"cycl ogliliame. Jsﬁfo‘ﬁrz § Qord, JTAR QYA B&Qﬁ‘oﬁ QTRLS G, 7%5?‘%%1‘@@&0%@ partially

unsat ur at ed rlng having 3 to 12 cafbon atdnd as a nonocyelic ring or 7 to
12 car boitient hrﬁs4a55, 6a7mrc8wflan¢80|qumghn68| cyclic carbocycles having 7 to 12

F60er [BolE, BV ek B AP e i it Sobdelasrhg B ars oan be
ar r angaete®ards ﬁl‘e%)bﬁdl&a[t odifior0T o{&, e&lncﬁﬁ@ta@mmr pAfold)pyeeBdingysh@FEinsUCh as

bi cyel g 2. 2, 1]heptane i cycl o[ 2. 2. octane and bi cycl o[ 3. 2. 2] nonane.
Exanpl PYaelips Awedaar) Pclmé%azeb@%ﬂegmﬁ%ﬂwémmdﬁmh% PHGEOIR; rmrfer@an%@

| N
Y oyel BRRkolng KR BOMD) pipEEnEREMbine, LA LOBE, I EBole positon2 fa,
1- cycl vomdoR; embmd&imypdsﬁim%ﬁmyﬂphommhmm&nﬂa carhaedlolreft vy |

cycloocﬁ% cyclononyl cycl odecyl, cycl oundecyl, cycl ododecyl, and t he
i ke ol Aryl " means a nonoval ent aromatic hydrocarbon radical of 6-20

car bongnonp der kggadoPinkedensREPIR heRiodN1® rdT¥d iOH BRe-ArAR-MmeAMRBd S| N9l e
carbon atom of a parent aromatiC ring system Some aryl groups are

r epr es Eagubstifuiedon subsiiaiggdl moposychie betetoary! sasiwal\whwhmythms Ach.ddud rmgcycl ic
radi Cah@teﬁ%ﬂ}ﬁ{s' ﬁ&é}gn&'ﬁﬂg EB&:& ﬁox_rnll\rllqi) ® §dTBg Al tn?o@lbc ci’i ‘% |a¥(1

unsaturate carbaocyclic or erocycli
aryl gisatfashddno Ithm-z ﬂmﬂﬂloﬁbéth@(ptynhndlmé sidg h@prd’@ﬁo(f@l:ﬁuﬁei antbﬂ af airg’m benz ene

henyl substi t ut ed benzepes, n t hal ene,, ant hr acene, - bi phen i ndenyl ,
Py koS 3051 o s GramoRGs Biroa B grosp Laiben Rk aarerysie BoRsL | Moo
ATyl QLRSS RERJQM S0ab! FmRlDS! 2%3&@%1 ggdgsﬁmnﬂsﬂﬁ&ﬂ WsbRaBRE 20 nOre

substituents descri bed herein. terocycle lietercyclyl"
and " héoseasdylch-isoxagold. -améarwéseld4~lm1 olyl, 3-pyrazolyl, 4-pyrazolyl, 2-pyrrolyl, 3-

pyrrolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 3-pyridazinyl, 4-pyridazinyl, 5-pyridazinyl, 2-
pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 2-
furanyi, 3-furanyl,_2-thicnyl, 3-thienyl, 3-triazolyl, 1-tfiazo]yl, 5'-tetrazoly1, 1-tetrazolyl, and 2-
tetrazolyl. Carbon linked monocyclic heteroaryls are optionally substituted independently with
one or more substituents described herein.
(00102} “Carbon linked fused bicyclic C3—Cy heterocyclyl” and “carbon linked fused
bicyclic C;~Cy heteroaryl” containing one or more heteroatoms independently selected from
nifrogen, oxygen, and sulfur, differ only by their aromatic character, énd have two rings 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 and If at |
any carbon atom of the fused bicyclic C3—Cy heterocyclyl or fused bicyclic C1—Cayp heteroaryl
group R? group. Carbon linked fused bicyclic heterocyclyl and heteroaryl radicals include, but
21



i nterchangeably herein and refer to a saturated or a partially unsaturated
(i.e., having one or nore double and/or triple bonds within the ring)

carbocycly§ 68k of 3 to 20 ring atons in which at bepgtiedssédsng atom
is a heter el o X

2009/ O%O?g%’mﬁ’fh d@é“gg’é’%ﬁﬁ}%ﬂ% ,n1|g§0h1r-l H}g{gg%mﬁ%%%g O&ﬂg%{é one or
mor € T bagofd]PIE, 3]tGazf, llH%*rdzyﬂcﬁm,b&i}pytdtﬁM IH%emM&,md]yymidhlepﬁé- or nore

substituents described below. A heterocycle may he a ycle -having 3 to
1 g brepbideie et seai Cibons ipwerdobrbapaitiedFect ed rom N

1 t
0. s PGS A5 S bl ot S, Susgien ot o
“bi cycl aH-gyradolo[B 3 (ﬂbymtlﬂ;ilﬁ] SHmm[ﬁp,ﬁmmnemmw ipesn (S e | bed -

Paquette, ; Pr|n0| s of Modem Hetero Ch stry" (WA

Bery anHnoRB Rk ot 15@&5&5{)@ §O-58 LY, e 0 v he

Chem sigtnkdRisddali@ifq @m&ym nﬁi@%l , gMRRAGHK ofelohn Wiey &

Sons, Ne% Y(;%k 1950&?1(13 pr‘eesent H?Eartl(c ar ol unesa;{l{gm 14, 16, 19, and
)neB

28: an@umoxalma@ﬁéwe St naphilosd iding mﬂ@@&blémﬂﬁ%l udes
het het |
o car sl B b e AR o RlE Relfinyifae SR L he Brocvel e
arolrraglmde%axgctmﬂy%ﬂn?nf)br in?tegdﬁ?ﬁyﬁéﬂt&derscﬁi@d IEmmpI es of heterocyclic rings
include, but are_not limited to of ur.an

di hydr dPQA0Zhy| , Ta¢ P%VW%%?%Wﬁ%f @W@%ﬁﬁ ab&é ‘K{vﬁ?‘fﬁﬁé‘r"ﬂ}ﬁ‘yl
tetrah %@Qér %m& bické QFJm@zyﬂeterHWc&h%d%sedtﬂygﬂpﬁpr@ h&@noa.ltylﬂhx‘éx anyl

pi perazin era azetidin oxet anyl’, thi et’zt ny

gormpl rmi%ﬁbﬁhilwhbsm&pﬂzlﬁhmlmdalfeg&@dl mﬁepm@b olde &’?ﬁﬁ(@ﬂRl m:j azepi n?/l
rroliln ro | I OXan

1, gydl (Q((UYXQWO “@87 R%I (Cﬂqﬁ %) IIOR” @E‘WX é‘f@y R, nﬁqﬁzezg?géyranyl Y

di hyd i hyar | iy d gazol.i di nyl ,

S hyapiy CAOR'G 'E%‘y t%’?3@2@%“’@2@@&?%3@&@%@“R“'@R pzolidiny

azabi cyst@ehZR2, 2d>b@mymﬂ Bk RIguipsebi,zor), mmm‘%@n“yr—eas

Spiro noieties are al'so i'ncl uded within the %co pe of this d nltlbon

Exanpl @P(&Rl%(milhm&es«@)lzé‘} eag)mé?res(@)m RY- e%(ﬂc)@RaJr, oFED)AOR ), -

PRI it 1 SUL Y TS S i SR e A L R SN oo RTINS
substit R18{?a1b%ﬁﬁﬁ@gc‘r? glg(lr:%’)d"& 'E':Ts gpﬁoﬁ?ﬂ}y@Hﬁsﬁnﬁé@%ﬁﬂrﬂ[yl’@}Léu%%gﬁdl d herein.

f0098] S to"a nonova aromatic radical of 5-

6-, or sGbsilterdesrbobyclylgS-Caruptionadlyubstithtod aeterocngylsgst@peptiatlly east one of
which is aromatic) of 5-20 atons,_ containi-ng one ogs nore heteroatons

i ndeperiubsitiipd sel.&orEeb optionallyi subsiaied heisspgah, ~(GRd Rs ot ur . Exarrpl es of

het er ogryiz 14 Ii ndl n ieR g, for exanpl e, - 2-

hydr ox%% CM@? ﬁ| oI’ c}/ C‘ﬁ‘ﬁﬁiﬁ‘gygu di nyl, pyrimdi nyI (1 ncl udi ng,
for exqupie) 4- hﬂﬂﬁ&iﬁ‘épﬁédtﬂhﬂh 'ipthimenPYre o2 @ thhtﬁefapaz@ tyéannmtraﬁdl nyl ,
tetrazolyl furyl t hi enyl, isoxazolyl, thiazolyl, oxazoly hlazolyl

pyrr ol ypropfqﬂﬁcﬁé of Wyenwtgi@q%ﬁaﬁgpq, m}qereup ﬂ)@@pwct is R PEEV SRt 8&37181” OWntggﬁSfB} &y anyl
l 1,
<o PRt R B AR OB, P e Rernd o1 )

t hi adi aaatgrl Fof purpasanyf t}usbﬁvezmbngr‘t&naﬁmil or kimdtchmoqdhamgﬂs inchziaZnt aieaod| yl,

Fur opy ABIAe: AliseBP8 af pieg st S v | CHioet PRV uBBbndent |y

Wi th On@o@é reate YHQiLARD G836 B8AF%H: FARCRE QfrB&3ion asdliokaiRRtos paliskoni bed

herein.. 099) The heterocycle or heteroarylugrou ps may be_ carbagn

(car borp ﬂlmﬁxe@)se staiet mdgemw(swm(wbqbw namﬁkew)o ) vhsieedricciablorrnistaray
h "
car bon HBHREE: SHEdlsd BeRCASIRLfE s O A EHaM MR 851 07

5, or Gredividg watixﬂnﬂe'fhop@ﬁl feed 0f BeatdhentGnclade Hosefalmadyywitd tricosditipmst t | on 2
60fa rimdine, positjon 2,.3, 5, of 6 of a pytazjne osition
@S%ﬂe@sas* 25 85 ATon &4 R o wé’ﬁ,orfiﬁPEsf%ﬁ?fatﬁ?S@ﬁﬂ Pahe oGP0l ¢ or
tetrahy&{r&w&g&g@begﬁ@emcgn 2, 4, or 5 of an oxazole, imda7olc or
thi azole, position 3, 4, or 5 of an isoxazole, pyrazole, or isothiazole,
posi t i olf0P0Hr 3 GFheairase "herpeisicalpeffedtivn aRows! MErNSANFMAR! GfAGOmAoHed
position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or position 1, 3, 4, 5, 6,

7, or 8 of an |sopI|noI|ne [ 00100] By %py of exanpl e and not Ilnltatlon
nitrogen bonded heterocycles or




heteroaryl s are bonded at position 1 of an aziridine, azetidine, pyffole,
pyrrolidine, 2-pyrroline, 3-pyrroline, imdazole, imdazolidine,
2-imrl ay@h bddswseds2i M dazol i ne, pyrazole, pyrazoline, Zpcipys200smi7543e,

3. R0 203036082 T ol ; S St U1 chY e
posr 1 ki Pl PR Rl B PR 8RR G crb i B podenBErol  he, ana
posi ti eflerhaRf, atnetiorapaZed timifdtesRihe 0RO bydeptomd Of thi pafianiapdisdase) kedition,

nonocyclic hetergaryl” refers to a five- or six-nenbered, unsubstituted or
subst i PufiserdenyphGit\ryeatsfadglapathg onyeh af eng onipere syRplomgiohdepartizulas or 4 rjng

het er ogtoNE 1 NGERE I okder agécﬁﬁ%ﬁ%tr%iﬁf @em&cgseadﬁa%e%%&%memlﬂ nked

monocycl 1 ¢ heteroaryl Is atfac posi e pyrimdine
ri ng aeffestre agotnet dfdiendrii@ may radude the nambanyf @acdrenlla raimcothe timormimrocycl i ¢

b ot G2, PR G2 S BP0 S D SRS B 1 4
| soxaz @i@é%w; iiibi® Q%2 ZRW 1o, sl Rk @ AR e feRbRYEH Hudbr méa S HOK | {, {0 some

2-pyrrolyl, 3- pyrrolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl,
3- pyri €xi§m fror oVl dndérzireligive tossomeraxidng Phegy morg-of ghersympthinsydssociated

S5-pyri gLl - R DL LY . a.25 RyLaziny . 2z0xazol vl .4 L iy 3 -
2 Dty QBB medt Y LILALRhe orfe UG BRI aro PR ) i@ AR Ui it

1-tri azclfa!y)ble ﬁyﬁsﬁaﬁ& mallzm gytotoxie.t Iﬁirrcariit’dllk‘ yﬂeraéﬁn _éﬁizacyé&h Ibgmhsdcried, f@'ﬁrela&ﬁp}ﬁj nked
nonocyc¢l i c heteroaryls are optiona ubst i t.ut eq | ndependent one or
more st E§%$§%¥L§‘I@€§%ﬁﬁsﬁﬁéﬁpweé¥lﬂ?( Eﬁmé)foréatﬁmqaw@ép%% Reyclic
C3- C20 1R6] OCY Clre terhanGR” ARMchldBkRE" ife'ﬁ%%‘ ofaé‘sx rbd the -s;%@@gm,t‘ eroaryl "
contal Nl ng one or nore het er oat ons I ndepen ently sel ect fromnitrogen,
oxy gen couthigorsinlntammald ilfaf srtypiedlly chyrattnized b owegulagedéedrmovdy A Hngotfave t wo

rings fused together, i.e. shate-.a co bond. rhon |inked.fused

bi cycl FUBRRE PHELERD apGroB RS BRI care i oG lam ol BB G

pOSi Ui earchbmialIgmiphibin ] Wishend, sixGoras GaA fukBmiLorTom i@ alig@iies.| Make any
carbon atom of the fused bicyclic C3-C20 heterocyclyl or fused bicyclic

Cl - C20 PRdicelaneramplesof syrhrnearoinpludesgusaous petkeaacdrie 8¢ epifhelial spsamaisseldey el vl
and he r L | e, 83 are
ot 11 Rl ee ihs bR S fal e el AP bR bR ErEY

1- (i ndeti¢notiryipetnh af tiwdyngldddanzanfells [circhod]a ofi thzlohg, cancer of the peritoneum,

1H pyrazol o[ 3, 4-12 ridine, 1H pyrazolo 4% (rim dj ne .
Tbons SFEAIRIE ForE, ESE BTk ot senaise 4y gsine] ifer, pancreasc
1H pyr 2@fdet [cBoKlafdbml, deflidt® cantED ¥ drRh @hreed 1RleP¥drice, PRdder cancer, hepatoma,
3H i m dazo[ 4, 5-c] pyridine, 7H pyrrolo[2,3-d]pyrimdine, 7H purine,

1H pyr ¥HEFIGRACD-GI]qR/aenear dicstal caBfer mploTestal @noer (gnggmptralipriderine carcinoma,
" soqui RaT PnbHaACsabe Mifhey G Rl calfy, SR R A R e
3, 4- di hyphtioguaicinokianar2{ &.ar&iﬁ))m@,r;ﬁni:]qc@gimmhj as—vﬁe_(ﬂédsl%hgargmd neck g:an_cf:jr_. |

n 2(111) - , 4, 8-napht hyridine, .pyrjdo[3,.4- rjimgdine, an
oy of 7R | oy BhGhoteraadP Bey b eorne B asieat ¥ chduCatapel T ¢
het er 0g§o(dcicd tomBRINIRA] % tﬁé@&%&ﬂﬁo@@aﬁc@é@ SR neWhdntknPHEcAEn, MON €
substituents described herein. [00103] The ‘substituent groups that allcyl,

al keny[Clasats ddghgthotherapdysic ypetnyy inclnde,dub e ooy limited 1o alkjleting 2gentgl | f used
bi cycli_g.. CA- het.er.ocycl yvl,, arnd,f.used bicyclic Cl-C20.heferoaryl are
opt 1 ottt FHRLS Bitolptep At EFidftein i BRI gt
0X0, - Cimhihikdts, protéias ¥hRUies; ficroéeMiRlArd] dnd kinaddl i4RbEY:RN VR Rathdrdpeutic
-(CRI4R") 110R1, -NR1R', - NR12q, yzeRZI.O, NRug(_y)ORI 1, - NR 2E(=y)NRioRi i,
NRi 2sBgfthinciudggompquads used in “targefed therapy” and non-targeted conventional
chemotherapy. o
[60108] Examples of chemotherapeutic agents include: erlotinib (TARCEVA®,
Genentech/OS] 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(il), CAS No. 15663-27-1),

carboplatin (CAS No. 41575-94-4), paclitaxel (TAXOL/®, Bristol-Myers Squibb Oncolo»gy,

23



OC(=Y)R1, -0C(=Y)OR1l, -0C(=Y)N1211211, -0CS (0)2(OR1), -0P(=Y)(0OR10)(OR11),
- OP(OR1) (OR11), SR1, -S(0)R1l, -S(0)2R1l, -S(0)2NR1R11, -S(0)(OR15,

Sl(DO% 2( 0?‘1‘950 0on3emed =Y) RL, -SC(=Y)OR1, -SC(=Y)NRioRti, Péﬂu%@g/%éétsonal : Iy
substi tute i ona
substi ﬂ?@ Ttk %b?v?@&ﬁg&{é%g?gﬁ%ﬁ%? *{9}‘?. ?W&a@l?ocycl y 82 C20 d
opt i on@lehehtdhh peitixiingb (mmmm@yfmm Geptritarhy lidnyooidusite (%mthyhr yI

Cl - Gm opt P ehibet i ruted hot CRI 4R15) 1
N 70 S0F0CRAAR L PRRSSHCTSIo fha0| Crres) 2RI DA SOABHETHAS Y BEOIATbt » and

"treat pp p& Aﬁ%ﬁﬁﬁ&x@oﬂ%@v 'SRt A ggg&a(% ttazﬁ@;h%rt aazlg.@rza@seué@wq or

preventativé neasures, whérein ent or slow down -

(1 esseaﬂylﬁjhem&NJﬁddnﬂhylthn@maNmmEm IS:IT@BAB@I; VALGHPEX®)t he growt h,
devel ognent, .or n rposes of I S. I f| cial
or des PW@F‘P&R@M@N@ ?‘%ﬁ‘ﬂu‘g}h} T W HanﬁEr %Yf’%’kbﬁ% eV a%l on of
syrrptoggnmim)m shnent " of extent of di sease, stabilized (i.e., not

wor seni ng) stdte of disease, or slowi ng of disease. prQgressio
amel i o108 or Mer¢ exeminies ﬁﬁhqm@m@eeﬁxﬁég@%mudamak@m I%PMM her

partial, or t can.al so
nmean plsf)nl1 cmg?ﬁ'% %ﬂl}’rb%@%@%%ﬁgb@%g%@dﬁf gﬁael%ggg‘%tglgt(surww ggwgr ecei vi ng
tr egt MPfiger), 'Ektﬁ&ed lel (gENB‘adA@E Novads)rizmdtininmkodse (@bEEVEC?eNdym)t KiLtHé

condi tion_or. disorder .a t he ti,on or

di sor dmm{"r‘?&% Exﬁh’ﬂ/ﬁ Eﬁgﬁﬁgﬁ ‘f%ﬁg{o&%di"g%{] H’é’feblﬁ% 4%8 @p‘?‘g@% nt ed.

[ 001055161, Zteﬁé‘r! @@urm 13X BhitRct iS¢maRFOPRirmasRERSs @BEAMINt Of a
compoun WO 2009 03608 PCT/ US2008/ 075883 of th;ﬂpresent invention that (i)

t r eat s (PHE iphibito Mozartig, Xdakdd, (Pt%mhth:m Exglixig), 25711869 (npyliiytaragtednuat es,

anel i or. on r di sease,
cond: u%ﬁﬁd&"?@ﬁ%ﬁ%@ff 1yr)ec%3|§ er\;glﬁ)%éi f%}t}b&t{?eb%g%%ﬂéétg%% onia or
nor e S YFEAkRBEh) 04 BTIP63 PRI 1/Bbildr mﬂﬂﬁt@ﬁs@boetmwatc@ﬂs amt Gelieatzeller descri bed
herein. In the case of cancer, the thera %&&%Iy eff%c{&_l ve a t of the
drug nﬁ’ﬁ@é&@é@m&* ﬁfﬂﬁ%ﬁs)oﬁ'ﬂ"éﬁ?ﬁ’é@%@‘sg‘ AR H%?rVOEP m’icnhl bi t
(i.e., g%ﬁa @M@ﬁmgéﬁm@@r@ﬂ%@%@h)%&ﬁ&ﬁb @ekk ARHRE! T at i on

i nto- perl heral organs; I nhi to” sonme extent and greferably
st op) (RAYG43-BE6aBhmsilabs) pdfitinil cmESSAms@aZmaca), mnmangcm

cancer CHB DGz BhEr R L ARTEShag or shane S FO - apo e RREL O o

cancer gRhé)s ABRARNEDE (Cyinophdifie), &Mﬁnﬁﬁ-aﬁgﬁleéred(hmopﬁﬁbledam&mmhef apy,

efficacy can be neasured, for exanple, by assessing. the ti ease
pr ogr e<aFliaxd tAPprigand tarmersrisah P Hiess: tsﬁha‘%nﬂ%eﬁ% ﬁéevaﬂéﬁt@“? ﬁﬁ}rﬁ% %@é%f@] The
Lerms £APPRIAGAALAANGS! St LA 498, A5 (98 sHhE RONS] RlagbRAbs

condltlon I'n I's typi ca1 aracterized by unregul ated cell

gr ow h. (TQRI$EKD®; Wyemmmazqambdﬁa}mSmxnhKémch padosfurside éTEISCYka)a of cancer

and | oubishPa st SxcphespRenEr (GRIERIte NP AR ARl i B BRLEALT

cancer SyipRshHgleartiHAeEaNSn; @@ﬂrﬂdm@@mras G:Snﬂ)deji)@l@hﬁbb@ldné,' maﬁﬂé&@iwmd:e' !

cancer), Iung cancer including small- cell lTung cancer, non-snal] cell |ung

cancer t(reme@:gien@m@n@mﬂw mm@m@clwéwg alifrnaigeriehElepesmdamBin of the
o, SRRl hol e RRAL ORI dIERR RS A SRR IonIARR, SpfbgbR TRCD

cancer THEH GBTNG gas rorn pancreati c’ cancer l'ast o,
cer Vi calespeaiatie bullaacai imihbutianciabne)l 4 vaanptoﬁznma Kinchiig disr syothete anal&h@ pat oma,

o1t oriPAACGRK SFYSID: GURRHIH G S RN O g e NP RRRr
prostat ﬁgﬁl@@&&{aﬁog\é}“ y;gi &ﬁx?&ﬁ?(parﬁc%@' c@y;ﬁgﬁﬁefn 1 R IEpHG i @) Wiaatanal

carC| no peni | € Ca oma, as well "as 'h and neck cancer. [00107] A

" chenot dvecapeain (mcégm the Synthetigiaphlogs, &aV-2188 epe CRb A Lk é‘FU@PFOéH’e ni cal

(small nole f regardl ess of
mechani 2% ﬁq%tg% %gg%%ggn#mdﬁén}%er%%@%a}g%n I nc ude, but are
not |i r@m@ﬁaﬁh@zma,l dhﬁxbﬁiosplgnﬂ@ BétfamiBtihd, ﬁﬁhﬁb@dﬂ treshlo&mandﬂ:ee poi son pI ant

al kal oi ds, .cytotoxic/antituppr, antibiotics, Qi soner ase inhj bi t
pr ot ei nBechiprEthaBinesxid Cﬁﬁé{%‘g%ﬁé? tni“%%t?’ganv &ﬂ‘ff’ SRR

Chenot hﬁéfﬂﬁgﬁd@cuﬁgﬁﬂfu&a{&ﬁlﬂb@%@&%@ﬂmﬂﬁﬁﬁe' ﬂﬂorb%t&%ﬁ,@gteﬁﬁ@tﬁlﬁpy and

non-targete conventional chenot herapy. [00108] Exanpl es of chenot herapeutic
agents include: erlotinib (TARCEVA(r),o4



Genent ech/ OSI Pharm ), docetaxel (TAXOTERE(r), Sanofi-Aventis), 5-FU
(fluorouracil, 5- fluorouracil, CAS No. 51-21-8), gentitabine (GEMZARtI ,

Lilly), Ri»o@3bfed: (CAS No. 391210- 10 9, Pfizer), cispbetiugmelpisggdi am ne,

41575 SRt i ot ot ycbey Aptfit e PR Skt e 1o

2009/ memmlﬁﬂﬁﬁ&hﬁﬁi i,raktheRmidd dmbgamel\yammpne(mﬁmssr IN(r),
Genent% trastuzumab (HERCEPTI N Genent ech), pertuzunmab ( | TA
r huMab bISEROsPeensiss: e §S clpdivpals) vAsprIamicings Wyl gs peqsarzinosta it ¢ omophore

2,3, 4, CAS No.
85622- g%ﬁfﬂ& %EQN@%%M&%A (}lw‘%%ﬁ%’??“znd’% B0 JS} %ﬁfmgm Fahe Wm’
((2) - 24uthainy2ind apphemel bleompeny lcypivemyxinl eammmw MWMYGWMWMIMNG_VADEX

- aparny ERAIONAT BREPRATRC L RERDIS SER BN S e Fioy OS5 or o

exanpl e ohﬁbﬂﬂ]@&h@ibﬁ?@}hﬁﬁo%@ﬂﬁ@d@i&éﬁi : 2-ByadlinRl @fxofubidah HATI NC,
Sanofi), bortezom b (VELCADEC, M.l ennium Pharm), sutent (SUNI TI NI B ,

SU1124é30)PﬁPW1)1¢m) epirehigineese F@Am@m amﬁcgl)\omri’%tmlmw

hRRv- BEECTRER bl Bppegdhe %é%a%*&* P, S gﬁﬁ%ﬂ%ﬁ%’%ﬁ%&é f“‘%.l:%a
(PI 3K pnﬂwxbachpquelﬁeymﬁ,ec@arﬁ?ﬂnamnﬂm@mgaﬂ, siyeptdazin 2@bercials benitaeki t or,
e e e L o G gL
Labor at.pnb@ssuaigk c(é%ﬂ iR,GhdthotfRAte %géro& 5ib - #inRerbsatd; dudik BhAIGEs sudbRot t

Laborat ories and Genent ech) P1K7 584 (Novartl s), fulvestrant
( FASL OffEaraline. Asmens eippuriie, ﬂana@upxm; ﬂuogt(aﬁmle; mfr@md@m @)xalogmlah asdtigitabine,

SARAS SCl 33 er o} .
(BAY43 é\%é agéirzghfl%g 9 ?urt ?ng I&k@n fi%{?ﬂﬁ% EgAlgrl njcﬂ ecan
(CANPT@SM@m@EIdrbéensBﬁt}Z&r calusterqlief Mstﬁ&ﬂ%ﬁ RAddm, e.i)ﬁim&ﬁd‘)‘i & Johnson),
capeci t abi pe (XELODAC Roche %rp ABRAXANETM ( Cr enophor-fre
al buni AEBHGSHRS fetPlrionspant-népeals Bichut apinoRlieiinide, Filtoé%?éi m&%ﬁéﬁa fe%m
Phar ma | Sk déll\gm
ZACTI N%%Wi@t&lrméﬂagﬁﬁég % %I%Qgﬁdatgdué%%m&%l ald%’é%%@ o@‘s"g?c{fl & é@% Sugen)

t ensi r etidnemsutaTidRiSELMe; Wpetabycil; mmrnp@m tﬂa@@@m@fnfmmm daa;ecolcamf osf ani de

(1 ELCYTA Tel hi oLe a and c cI 0S Y TOXANC, NEOSARC)
Skl Striophte st iR pesle RS taRre R R T oo 1 nes
such a&y&@ﬁ?@é@@@mnmﬂ&ﬁaﬁﬁﬁ@; mﬂﬁaﬁshﬁﬂdmach adanindenad agldmiloensM nes and
met hyl anel am nes j ncluding altretam ne, triethyl enenel an ne,

tri et hPREREFBS IR aRTeRE; Mopjdanmel; @ﬁ@@ﬁ%mﬁ!@t@ﬁﬁf& Rhensanesyrarubicin; 4
trimeth .I t aci none) ;
s anpthepa e o ARGLCHGK, 388 eRRRRL i St SEE olthcRlIdR B NS
cal | ystatplex (EIS Netbal @’rcr&ubdem@ne t&R}ammsrhmoxuasmeﬁm; spirapeinanzel; esi n

Y ypt oBtER o Bt SRR A R e GYREREY T2 anal ogs.

KW 218%@19,%%@%&@'@55&@@9@& Lﬁ‘@tﬂ&{ %Edd%&zﬁé idgarBazBidt: ﬁﬁﬂh&ﬁﬁ’dﬂﬂe

spongi statin; nitrogen nustards such as chl oranbucil \ chl omapha2| rte,
chl or opHtsbrmiiel; aiolasiqlr pinelypmaes, zaryiosne erabinoside € Mirered:rymionbosphamide;

mechl or, erine,
or edni CRPRS BBl HOGRRR AL R TR iy BEER S & sl

car nustcizbeplatiin| m}:ﬂmhe;mtcrposifde (ePUS);iifoefamiWOnALM M 36 Qﬁﬁa@’ﬁmﬁmﬁ&bﬁ@ 5883

| omust i in and rapi nmustine; antibiotjcs such as_t enedi yne
ant i bi 5&@@%%5 W@@%amoﬁ‘ %5&1?% WO G AR IROPteTig Rl F“E‘ﬁ e cin
omegal |GP”IdYI‘%Bd§s!oﬂzera@¥ it RS, 2000 SANASBRCRH BS thifUEMPS); %tﬁﬂ)‘id%%ﬁ&lﬁas an
esperamcin; as wel | as neocarzinostatin chr onmophor e and reI at ed

chrono pﬁmog; aeidy me@phma@ﬁwpﬁimm@pt@tm sispivaiseny deditinecoframps thesbove.

R TR R R e R e eV A

det or ulpeiifithabact icz gulbte @ szhblﬂhtbrhﬁ)bl@ hétidn dﬁﬁﬁ:ﬁb@suﬂﬂasdmﬁwsubg@:s and
cyanonor phol i no- doxor ubi ci n, yrrollno doxor ybi ci n _and de&@ydoxorubicin),

epi r ubiSeleFHvesEBRarRireseRtor FQP&P@B?T% FER M) weludg, Or prample.capexi

it onY AL CADBIGORAB Bk AL Lol SORAL A6 kiflene O YO Ak Si R RIUE,

por firomycin, puronycin, quelamycin, orubicin, streptonigrin,
streptozocin, tubercidin, ubeninex, zigostatin, zorub|C|n anti-nmetabolites
such as nethotrexate and 5-f|uorouraci| (5-FU); folic acid anal ogs such as
denopterin, nethotrexate, pteropterin, trimetrexate; purine anal ogs such as
f | udar abi ne, 6-nercaptopurine, thiam prine, thioguanine; pyrimdine anal ogs
such as ancitabine, azacitidine, 6-azauridine, carnofur, cytarabine,




WO 2009/ 036082PCT/ US2008/ 075883 keoxi fene, LY117018, onapristone, and

FARESTON(r) (toremfine citrate); (ii) aromatase inhibitors that inhibit

t he enzyngq 5}609 e Whl ch regul at es estrogen product % 8@drenal
t.nl

VEGASELS @%%Z%W@ {8 S8R s, SRS Ot Bde R >“b§.%rr
f or mestighibigors ﬁaﬂﬁlﬁmltm exlRyMe S6dhdise] WEioh eguldidsNsirfpdnl fRbdEoh By thiNedeanal i S) |

and ARI'M DEX(r) (anastrozol e; . AstraZeneca); (il 3 ant i - andr ogens such as
fi ut amedands.spehasafer grample. 4P nimidazedss. mwime&ae caVEGbeEP dmpgestrgs wel | as

R B e e R A b =

ki nase EEmﬁARA@)(ﬂe!:roz()le; Nowhs)smms&wmﬁﬁ@({memm AspaZtnecajt an] anti hose

whi ch hi bi t t | d
abler:r alr?fqdrlé’e%‘”?‘s Sﬁ? Efsl 3 O‘JlAF 9@6‘55&%@‘%’%% k@fﬁf&a g%ﬁel g‘ﬁ S ! Quch as
obl i mrtﬁﬁﬁcﬂa%%ﬁ@%ﬁo)ane %&E@sldé&tdsme(aﬁbﬂo )1 ﬁ%ﬁﬁﬁnﬁb@ﬁhﬁﬁoﬁﬂg@l% '

expression inhibitors (e. HER2 expressi-on inhibitors,;

CuPT ©y NBBairaiors (V6 297601 ey apnﬁkm@méstors, ér) eksom s EEGEEH N )
LEUVE KINA L-2:. h
as L Ug&%@&ﬁ? %,%iéﬁﬁéLWRﬁ%gi% Of)gs%eﬁS £ %1 gi‘%:) IR nic §§ &b Iécq{s}:ﬁi c?é] Ei%rﬂ%ntg o

bevgcr zalrpholfAMAR] fdld(ercéx?piaelﬂeﬁ]faﬁﬂiﬁ) Rai«’gmd HoRas, madeaszb@adeksybn?cgegt abI ehsal ts,
aci ds ves Qo y..of the abo 00111 SO |n u in the

def i ni @gﬁiﬁﬁﬂ%&fﬁ%ﬁﬂa@éﬂm bogyeRt suchyas ‘}E@laﬁvéeeoe% T¥dr%s such as
al ent uzAg o X EHiEES taﬁaﬁmv k& HBR M}&Gz)ccm%ﬂﬁﬁfaﬁgéﬁe th&&hHxi mab

(ERBI TUX(r), | m:I one) urmmaglb%VECT rituxi-mab (Rl TUXAN
Genent e@bﬂ@so@m mM@WH@VﬁGEM&EUWEMW@R@&W Am® @&%ﬁ@ﬂm@ l-

tho. anch BURY B ARG B Geht i WS A3 B (IR et by

10011 2] drigivgeniz nOQ6c dstbahciAnhAHNRO] £STING, Gdnbpedpestid shapficeiidadly as
chenot herapeutic agents_in conbination with the PI3K inhibitors of the

i nvent i46¢FPtabl ﬁ&d‘é ac‘éﬁé‘#ﬁl@ﬁﬂ)’ﬁﬁﬁes ofgay pLtliprabrveasel i zumab, atli zumab,
bapi.neug B HRL i rtansi ne,
cedel i Lz{ublﬁgﬁ) cert |1§tipra pego mé?%m tu?&%g%!eﬂﬁc ?ualrllrgag a i zumab,
ecul i zuntibodiesfsath M&bmzmpatamanmaﬂabqevmw ASBINGD ﬂﬂmmpcmmmzbj mab,
gent uz amcin, inotuztu LpLli.mu zumab,
l'int uzmlw ?ﬂ'fiﬁ é) HggEBW ) Wﬁjar i zumab
ni ot UzZGeiRRtectIBloR¥i rdw)abem&uﬁﬁu (@NIRITARISMEDLCZ tmaiente@imjahasmmﬁb :
pal i vi zumab IJoascol i zunab, pecfusituzumab, pectuzumab, pertuzumab,

pexel i AWERSEFTINRY Gangrigsh), r%ﬁﬂr@pmhéﬁem’egmaimm greibpdy dig sonjugate,
b b, I b,
resyvi g\ég%ﬁgf@@@@an W rotuzunma sipliztuna

sont uz tacat uzum CI zunmab, talizumab, .tefi bazurrab
tocili z[ﬂﬁhllil tor éiummm&)mombdsna]mmmdmswﬁﬂhempmh pomlnmilaeul cin,

tucusi tuzu ,  unmavi zunmpb rtoxazy ), Sl
5005 0 SHEHI B PIS a8 ST B HeP RR imHEe R A en SO BAREIeE Lt | s not
Li i t edhiduz R BSoliz0es -asé1Bhushab qeuhﬂe@abpb euﬁrﬁﬁ&?%%vacﬂﬁgﬁb G dtSauntier ses,

cows, pigs, andseep and poultry. [00114] A " met abol i t e" |saproduct

pr oduc Seettansisagantaiaioneansing, qeﬁehzw@iv @f‘tohllgp@c@efgpbdld@@#pwm& or salt
ther eof ; 9 !iac?%urg%b %mﬁ‘%%% quer r \?@%‘Jm ! ‘;x%%bjnsxél??elv e

t echni ques nown | e vart e|r ac erm ne usirig tests
such aﬁohhhmmgmmmam@mlcuﬁmummdmbm fpﬁ&hhh:haﬁ tibexangt,e from

t he oxidation reductr on, hydrolysis,, am dation, deam datio
est eri fEUPSh, mpfugERab, mep éﬁwh meRyizHReb, mtp‘éla\ra@lé mféﬁamea%e like, of the
adnmi ni SligHaGuRATRBIRGuAB SREI DAY, JA8iLRYE b6, 4l %mﬁ% abol i tes of

conpounds  of the invention, including conpounds produced by a process
conpri snaﬁg:hwn@!a@mfngwumbmmmwmb pértuzuinab.cpexeldnmaebt talivizomathal for a

ot m » gtk TR AR ulel, ofulRid Rkl HRlizleat SRioriathot Lo

in siplizumab, sontuzumab, tacatuzumab tetraxetan, tadocizumab, talizumab, tefibazumab, -

(‘f‘

tocilizumab, toralizumab, trastuzumab, tucotuzumab celmoleukin, tucusituzumab, umavizumab,

urtoxazumab, and visilizumab.
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commer ci al packages of therapeutic products, that contain informtion about
the indications, usage, dosage, adm nistration, contraindications and/or

war ni ngs w@newluBdosy the use of such therapeutic produchsyEQRddREsEhe phrase

"phar call p salt" as used herein,,refers.to .

phar ITB.?EU;I Lal I-y)fgggeg%t g%%éﬁ%lr ﬁ’gh‘}dgs’i’ﬁl FASt HT"%{&S]&W@%’P‘C&’ ZEnB8td of the
I nvent ipdgs, mbxlesys) dugy, casl harsésDedvid Bigs isd sﬁé?,ﬁlﬂipdw.ﬂt?.ted; to sulfate,

cit ratj ai% tate, oxalate, chloride, bromde, iodide, nitrate, bisulfate,
phosphdP¥14hci d pndegitholies" is a sisduereduced thronghanetabotiamiie fhedody ofiei d
citrat %?e&ﬁécféoﬁ{éﬁ QbR herk oliPe%%tfgtcBi%lggﬁn%’ m%‘ 6&%&%:&%63’115@1?9&{‘51%@ €
succinate, maleate, gentisinaté, fumarate, gfuconat’e, grucuronate,
sacc| adgchnigues lovovat ie thdmenamiaher agivitiea riateeming® tbiag esulshanatiboss desyibat e,

et'hanesul fonate, benzenesul fonate, p-ioluenesyl fonate, and pampate (i.e.,
1 i o RO S T 0T el B e g aians EOutcpaNRESnT | cal | y
accept abli@itidal deafBdatibAMBleYiBiciltf, EQSIHELARLO R ARADEEVIRL SAMLR 18UCLF RS an

acetate ion, a succinate ion or other counter ion. T?fne cdounter 1on nmay be
any or gdminsstered corspepngi distefy. theainverntinhiinglRies metaboliten pHempoutdscofjtiar ent

AR
Chan. ot Rt SRR ComRCh AR bl e CR TR PR A T AL g

at ons  dlrie inyantionodith henapiied] Wercepttiod af livhc 3Rk 18eld alretaRlic hddact M| €.

counter 1qQns. Hepce, a pharmaceutically acceptable salt can have one or
nore c rﬁ%‘?‘agﬁ at oﬁge berry B?C%éﬁ%mé?ﬁ b peedde gferde mgmetiquecrsopamly ipddudedibound

of the chMRRYAIPAckagedo B DrciiSts F&f& P sal t
may be cpreparI-egﬁ(t:)y&%;'zlrjy sui eabI Z»r net‘?ﬂﬁ’o@gao\%glé]hg% e |{ﬁ&?%ﬂe0¥%?l'§?ﬁﬁ%?imé§anpl e,
t r eat miipageofosagre afmipésttation omntraindirations pydion waramigsl corsamimgabe hyedifeadt or i ¢
aci d, .o id, sulfuric acid, nitric acid, nethanesulfonic acid,
phosph(@?ﬁ%? Q{é‘?@(’gﬁ‘gg‘t he like, or with an organic acid, such as acetic acid,
mal el ¢ [60116] SUCE’l’l@bl&aﬁp’g}ﬂaﬂﬂm&ﬂﬁbﬂfa@:%bﬂblcfsblﬂ%ilﬁecﬂ?érgn, ©#RkOQi ¢ acid,
pyruvic_acid, -oxalic acid, glycolic acid, salicylic acid, a pyranosidyl -
aci d, Phamagertigrllcyceptablc srganicor inpagandq salte Af & cerppaind f theliptetipnidr oxy aci d,
such agiyehbral [ " L A Toy ' .

2009/ 036082PC ’?‘i‘%giz’%(l)‘%f oyl bl do s E Bl affote, oralte, chiggide, 1 ¢ aci g,
an ar otputnide,dedids, nitath bissil fbe nphwisphaa iacid phospihatesisbricatiniatt, lastarysdlioviag, aci d,
such as .p-tol uenesul f.oni ¢ acid or ethanesulfonic acid, or the |ike. Acids
whi oh 478 YR FRRS e Rsarer b brgrat ecrbr kabrtRepmaleat,

phar magestisird, FymateRf liccbteastenbadtt, Sa&hhiate, frRMeDBS:6atP N REEUL | cal
conpounds _are di-scussed, for exar;pl e, by P. Stahl et al, Camlle G (eds.)
Handbo&thapemiansia cmasylaa]. ebanesylfomits benacnemlfosut. getolusnesalionats end ( 2002)

Zur i chip, Wy - VGH &b _tali. . JOoU of .\Phar mnpceut i cal. Sci ences
(1977) pae%%%@{l'ei’g!j ﬁﬂﬁgﬁ%ﬁs T"%@%%ﬁ?%%ﬂ%ﬁ%@@é%? 3@%@&?7‘%@?&986) 33 201
217; Andepsble selt naly,inviihe tRe antisive offandhei mbloalle Svbnk s koetdd RAG) sucligadeni c
Press, .Newoger ké) Rem ngton' s Pharmaceutical S¢iences, 18th ed., (1995) Mack
Publ i sHI™HY BT OEIRIGH PX CHRE 19 TR ReAnORITER e mrety gt stabilizes”
Admi ni i i B ASHEMSbRBoudd. @mtﬁghﬁcj?é'arph&fglg%%%tfﬁ%lfy Iﬁb%ﬁﬁbl‘é%él%%?o WS are

incorporated herein by reference thereto.” | t he® conpoun t he
i nvent imefe than ape eherged atore inlissitrustivg hastaaee wherahtlfipkcbageditbms awl ftartrolly  be

pr epar YR i thod, for e le, treatnent of ,the free acid
with aﬁgi IJr?llor gaﬁ?%éég&%géregtg%cs Sanhave lﬁ%‘ﬁﬁéﬁg ORISR (BF AEPemASE S y or
t erti angeptable salt kal havewhebr hptl daiode ainsahlal biCoraRérk Rovmérabn. hy dr oxi de, or
the |i E&p H I UStff ive exanples of suitable salts include, but are not

1i mi t edPRE7] or galfithe compnaund of the dry eptiomisarkia thecdesised phasmacgstiggilyci ne and

ar gi i BeepRBRQM thay Bk ipfR¥d bR Y R Y cyclic
am nes, sEch as piager P&&Le, b?o%%gﬁgﬁb%eemgﬁgd%ﬁ%}%&lgﬁtﬁg%gﬁ%afn r?jani‘c salts

der i vetreftment afabl freq base mdthumingetras siidmcheydsichlvric nmidgaiesteomicraef,

copper |.NC,,.: 7 hum. a lithium .]00119] The.phrase..'pharnpceutically-
accept %‘gﬁ'{erﬁ #lrﬁlg#njgra% %%&%%ﬁ%&’%ﬁ%ﬁg@p &“%%%‘@B%‘Ha'%%? B%gl‘?ﬂ?’l%ﬁé OESHSat i bl e
chemi cadillysualngly aetié ofil GRAIOQIaEHA| dudcini¥ dchi, kA8dHchRTd, FASHRARNhSIARMRId Sing a

formul ati on, and/qr the manmal being treated therewith. [00120] A "sol vate"
r ef er sPYYVE 35Ky 9xadig acils glyeoli acith salicybie pgif.axpyamosids! asid, rsrm[heasgbwmc

acid or galacturonic acid, an alpha hydroxy acid, such as citric acid or tartaric acid, an amino
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nol ecul es and a conpound of the invention. The conpounds of the invention
may exi st in unsolvated as well as solvated forns. Exanples of solvents

t hat for %égggfggf,%zi nclude, but are not limted to, wapEfysicsoPigaanol ,

et hanol ,..net hanol , ethyl. acetate, aceti.c acid,. an . lL.ne. The
term" ﬁ?&r%’t‘: as ?Wsac_{aoortgﬁg%ﬁl&ﬁﬁﬁeﬁn Gﬁ‘?g}a Cf”ﬂg’ Sélgkll gge%et%_z%ﬁ!%élgﬁ?gﬁﬁﬁéﬂﬂ\%at er.
Thi s phyai £ akifRESRE, 3ldhaR plieMRhdseF oM hid g eteatseiisniOicid, ot Jdrd Axddsal ent
bondi ng, including hydrogen bonding. In certain instances the solvate wl|

be capatfich ot g mqmﬁﬁerﬂéﬁﬁi@hbyfgt@emﬁéﬁ@f pharpereatiedlysntll ol ecul es are
o1 2o FPLERH I RS Bl ok 60 Yk B2 il o/ PRt & o

of solvates 1's genera
Phar maG @ansiid GSeids.) Hadd{tdpk ofPHarfaddenizflWh)ts. FBopdrtiar Sqlectiparad Usa(2¢(72)

Tondor Zatich WHRSS Hhrth BRIy g foutna of Prargag e SESns00a 11 A0 1681 ngham
et al, c%%@@m@ﬁﬁ{'m-i 7. §9Ra:808e200M086) A3 by P LRIANGRSH diali tHe PactiRE BEESS

i nvol ves di'ssol ving the Inventive conpound in desired anounts of the
“desi r edMsbhéinar{hefmsiyail Pe6)ohcatdamér PrewDiN200Y¢ B 3R osipEor/ s Ri8poasriabsg3 or

m xt ures. t her egf i .han anbie nmper. i the

sol ut i ﬁleaﬁesa?ga%de?@8@5@%@3{“"’{‘%%% t‘?{;érf gﬁg&%ﬁ@ﬁé Mﬁi@%ﬁ?ﬁ% ated by
st andargiygeidaaaErainakhiegbn,TR.CNBH GieaSvEiRe). Theseldcl@urypledntorporated
spectroscopy, show the presence of the solvent (or water) in the crystals
as a sdirean By rderenspdRet®) . [ 00121] The term "synergi stic" as used herein
refers t her J ienat:] Whi: i I fcielif } t he

addi ti \ﬁé@lelﬁl ect sqgﬁy%ﬁgp%%g%n%‘?%u\gﬁﬁg edc%gﬁr%tcgsﬁg I%%%dé%ﬁu%%??on of a
syner giastéptatiladabirmat heopredmesdineany suitdilermietholl, for example teatmrenf ofthel figmecidr nore

chenot her.apeuti c- agent nmay be based on.the .results _obtaipned fr assays
descri D& Heingregnic _8rga8’§¥?f’ffess & 1B SRS Wa?%ogﬁﬁﬁgﬁl%%%g Chouy
and Tal gliaVhyeRRdd 3 allQind BiARQ RN dERASE:, Bf 11 Gike ANRLYAIVE ewbrhipleCaf witthle

software in.order to obtain a Conbination Index (Chou_ and Tal al ay, 1984,

Adv. Ersgisimcidgdint arzmophmiey) to, quganis sptH deavediemBming #ads. BYchias ey cinsvBtht i on

have be a}! ua AN Sev l4,.as SHB afad e anal yzed
utili zia?i%ln%\ég ané%rg’cfJ “r%grsgér;n&f%&’ %ﬁtﬁﬁ?ﬁl ngess’%(g(r:%clﬁigm a‘%ﬂﬁa?\#sm and
ant agonjigaridans agritoline aniperazies) tad nbhesnpr aiys derived &ber sidium. weiciunzed i s t hat
described by Chou and Tal al ay, .in "New Avegaﬁes. i n \(ﬁilgo ment al Cancer
Chenpt TSN MAZRIFUR, MFBLASE, IHPYReOPPRY, A5 “Iﬁ?n-“@oa%i on | ndex val ues

| ess 1 hao11d18 | NAiRheSe SHHABhA N utichH BSpbea tificaddaat helsubRahdeai e

ant agoni sm A_n.d val ués bee't ween 0.8 ‘t_g 1.2 indicate additive effects. The
conbi natimpesitive musybaeynnstible ichemicananddgrtosipelogiealye with yheptherdpgredients o
the effect achieve hen ' igg' L ed together is greater
than t hcgmspl?%mgfaeﬁéﬁléd‘ﬂ%%éc &sjgrttﬁé{h res%;ﬂ?légggregtrgr? E'lg%%g@t he conpounds

separ at[@by20]A sy nef@ilsitd"eefefsite & physiyal besoaittion oradmplearofiohe oambreseivent
ingredients are: (1) co-fornulat e—dongg[glgadm' ni s d.or delivered.

i mul t AREISRRES ATdR SO HOBE TYRRYOT o GEmPBRHSIPA R dNeniS A R GERed by
al ter n%g@a@a 31; QR 3k aiébs&éd faﬁ?é CPAEAIEs S tHaPRtm sBlvafed IndRMieSBIRIOL her

regi men. en i In alternation therapy, a synergistic effect may be

)

elivere ic ¢
at t ai nembtWngtredtihevatonsopmprsoh ethanadningthener DY), ethyl dcptaie dcdisggishendl |y,

e.g., by, differe injegti.ons. i B _separate.syringes. : i ng

G Cer natPOinE oy ik BiaE e b BOEE SumPY bhER ol BuPREb DG s ey 0
admi ni stigk pHys0RbEhEdN Mvolvestaryiselddgadds vf iomlicindasvilent bondingdhétoding her apy,
effective dosages of two or nore active ingredi e@ts are adm ni stered

t oget hel#ydrpgso bopfipprmoerieip nakpeqstheralratt NBE Y GoY spiiielepen deifixamifent i on
i oh e o g s A D g b B o
st er eoi side Psgpagtionef sdleatésso geresllytiaotonir sxangle, M.aFamce at. | dHarmpacguticapt abl e
~ Sci., 93(3), 601 611 (2004). Similar preparations of solvates, hemisolvate, hydrates and the like
are described by E. C. van Tonder et al, AAPS PharmSciTech., 5(1), article 12 (2004); and A. L.
Bingham et al, Chem. Commun., 603 604 (2001). A typical, non-limiting, process involves

dissolving the inventive compound in desired amounts of the desired solvent (organic or water
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salts thereof, where: 100125]121 is selected fromH, F, d, Br, I, CN,
-(CR14R15) . NRIR11, - c(RtaRi s)nNR12.c(=yr io, _1 K(CR 4R15) NR128(0)2R1
(CR14R15;)0 Sdohdzcos2( CR14R15) " S( 0)21110 , - (CRI 4R15) S( 0) sNRI£ds/075883
ORl%BH:B%% %gfe()tw T B méé}é\'%&éohng tﬂso)ﬁdﬂﬁ%@@%k@ |
C(=0) NR12S —-O)N (C1214R| YMNRIORt 1, - R12C(=Y) R11,
- NRI 2 Coutfiy o1 ,fonrNRsz;ﬂ@ wHjdiREO®ed IsolatedNRI @@(@;@R&thodwmg@amimmqmes SR1,

~ oéﬁs oI e o B et Besanl W By, 2 kvt

Cl- C20¢ %ra@arsbﬂvate%&%kaﬁal@? I s selected from H F, d, Br, I, CN, CF3,
- NQ2, YYR, -CY)OR, - c(= )NRl oRi i, Ri aRi s) NRl oR 1,
10324510 KThe ferm ferm Cmergls(c 6 heremRe te@)tbmmmmsymmnﬁ@ which is

s LI VAl e M AN

-0P(0 R&ﬁﬁcf@ﬂﬂcﬂ:ﬁteraﬁﬁﬁn betB¢4) Flormui( D)r21 dbémpouBOgnaNme Iaiﬂn,ore cHefdHetRbutc

-S(0) 2(0R1
(0) ggent ;nay be %as*ejd on theresults obtained from the assays described herein. The results of

these assays are analyzed using the Chou and Talalay combination method and Dose-Effect
Analysis with CalcuSyn software in order to obtain a Combmaﬂon Index (Chou and Talalay,
1984, Adv. Enzyme Regul. 22:27-55). The combmatxons provided by this invention have been
evaiuated in several assay systems, and the data can be analyzed utilizing a standard program for
quantifying synergism, additivism, and antagonism among anticancer agents. The program
preferably utilized is that described by Chou and Talalay, in "New Avenues in Developmental
Cancer Chemotherapy," Academic Press, 1987, Chapter 2. Combination Index values less than

- 0.8 indicates synergy, .vaiues greater than 1.2 indicate antagonism and values between 0.8 to 1.2
indicate additive effects. The combination therapy may provide "synergy" and prove
"synergistic", i.e., the effect achieved when the active ingredients used together is greater than
the sum of the effects that results from using the compounds separately. A synergistic effect
may be attained when the active ingredients are: (1) co-formulated and administered or delivered

| simultaneously in a conibined, unit dosage formulation; (2) delivered by alternation or in
parallel as 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
sequenﬁélly, e.g., by different injections in separate syringes. In general, during alternation
therapy, an effective dosage of each éctive ingredient is administered sequentially, i.e., serially,

- whereas in combination therapy, effective dosages of two or more active ingredients are

administered together.
[00122] FORMULA I AND I COMPOUNDS
[00123]  The present invention includes therapeutic combinations including Formula T and

- 1I compounds which have the structures:
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SC(=Y)OR1, -SC(=Y)NR1R11l, C1-Cl12 al kyl, C2- C8 al kenyl, C2-C8 allcynyl,

C3- C12 carbocyclyl, C2-C20 heterocyclyl, C6-C20 aryl, and Cl-C20

bet er oar W Z&O@;{Qgﬁ%ﬁ R3 is a carbon Iinked nonocyclic hep@f/ggmygmsgg;;car bon

| i nked fused bicyclic C3- 0 het erocyclyl, or -a carbon |inked fused

bi cyclic Cl-C20 heteroarwg ere t he rmnocycl ic hetgroaryl, fused bicyclic
C3- C20 heterocyclyl, and bicyclic C1-C20 hetgroanyl are optionally
substituted with one or R-Groups sel ected from , dj, Br,!, .-CN, -NRLR3
1, OR1l, -C(O)RLl; -N12.1C(0)1711, -N(C(0O)R11)2, ; NRI R11, ‘

-NRI 25(0) 2171, - C(= _0) NRL RI%CI-CBZaI kyl and (Cl-Cl2 -
| Cl-C12 al kyl, C2-C8

al kyl)-0e; 100128 l{jand R12 are i ndepende
al kenyl, C2-C8 al kynyl? bocycl yl g1 0 hetui:;;cl yl, C6-C20 -
aryl, or Cl-C20 heteroaryl, 100 lor R1 and R e r with the ni trogen
to which they are attpehed forma C2- = WD 2009/ ¥3608RPCT 2008/ 075883 C20
het erocyclic ring optlonal |y substituted with one or fmre gr oups _

i ndependent |y sel ected ¥romoxo, (CH2)OR12, NR12n 12K CF3, F, d, Br, I,

SQ2R12 2[3,3121?@‘:?' 22% %@%%Em%ﬁlgé%%&neﬁ(m&bhﬁﬂsz armaceutzcall acceptabie

Cl--C1 enyl I'kynyl, C3-Cl12 car bocyc C2-C20
het er ocglis tHereof67HERO aryl and Cl - C20 heteroaryl; :

[00125] R! is selected from H, F, Cl, Br, I, CN, ~(CR"R**),NR"R", ~
C(RMRIS),.NRll(I(”Y)Rm (CRMRIS),,NRHS(O)QRIG (CR14R15)m Rw ——(CRMRU),,S(O)sz
(CRMRIS)HS(O)zNRmR” C(OR}O)RIIRM (_MY)RIO —~C(“Y)OR10 (MY)NRIORH, _
C=Y)NRORY, C ("“O)NR”S(O);R“ -C(—O)NR”(CR“R“)me“’Rﬁ ~NO;, -
NRIZC(ZY)R“, —NR12C(=Y)OR“, wNRlZC(IY)NRmR‘_l, -—NRHS(O);;RIO, —NRuSOzNRm;R”, -
SR -S(O);_R‘“, S(O)NRRY, —SC(=Y)RY, ~SC(=Y)OR'®, C1~Cy; alkyl, C;-Cs atkenyl, Co-

" Cyalkynyl, C5~Cia carbocyclyl, Ca—Cag heterocyclyl, Ce~Cag aryl, and C;—Cao heteroaryl;
[00126] R? is selected from H, F, CL, Br, I, CN, CF3, ~NOy, ~C(=Y)RY, ;C(zY)0R1°, -~
CEYNRIRY, —(CRMR),;NRIRY, —(CRMR!),0R", ~(CRMR')
NRZC(=0)(CRURPNRRY, ~NRZC(=Y)R!®, -NR*C(=Y)OR, NR”C("‘Y)N‘RWR”
NRIZS0,R ! OR?, ~OC(=Y)R!’, ~OC(=Y)OR"’, ~OC(=Y)NR'*R"., ~OS(0)(OR""), -
OP(=Y)(OR(OR), ~OP(OR)(OR™), SR'®, ~S(O)R'?, ~S(O)R", ~S(0)NR'R"", -
S(O)(OR™), ~S(O)(OR™), ~SC(=Y)RY’, ~-SC(=Y)OR", ~SC(=Y)NR"’R",, C;~C12 alkyl, Co-
Cy alkenyl, Co—C;y alkynyl, C3—-C12 carbocyclyl, C,—Cag heterocyelyl, Ce—Cap aryl, and C1~Cao
heteroaryl; | _

{60127] "R is a carbon linked monocyclic heteroaryl, a carbon linked fused bicyclic Cy—
Cap heterocyclyl, or a carboﬁ linked fused bicyclic Cy~Cyg heteroaryl, where the monocyclic
heteroaryl, fused bicyciic C35~Cap heterocyclyl, and fused bicyclic C;—Cao heteroaryl are
optionally substituted with one or more groups selected from F, CL, Br, I, -CN, fNRwR”, -
ORY, ~C(O)R®, -NR’C(O)JR !, -N(C(O)R ')z, -NR'*C(O)NR'R"!, -NR*S(O)R ", ~
C(=0)OR", ~C(=O)NR'R", C;—C1, alkyl and (C1—Ci alkyl)-OR'%

[00128] RY® RM and R!? are independently H, C,-C; atkyl, C;~Cs alkenyl, Co—Cs
alkynyl, C3~C 2 carbocyclyl, Co—Cap heterocyelyl, Co—Cap aryl, or C1—Cy heteroaryl,

[00129] or R and R" together with the nitrogen to which they are attached form a Co—

30



[ 00130] R14 and R15 are independently selected fromH, Cl-Cl2 al kyl, or
-(CH2) caryl, [00131]or R14 and R15 together with the atons to which they

are attaghgehob@iga saturated or partiall y unsat ur at ede@Bphakcagshoeyel i

ring; %ﬁe,m rocycl yl,
aryl, kqd“:kﬁet er oaryg%bg?%ng)éﬁsgﬁ% st i tut ég'm"\%§ gér?eale%é Sr?ollh‘r%ga%gr oups

i ndepe fenoko (€B})aORSY NR! FCFﬂ,,Cim;, 11 SOBY, @EGRZNR'CEROR'RL, - C( =Y) RL,

(5 LE@RS(@%%”C%W 2 b Az COCs i CoCa thh(@s-ﬁm ow 1
AR %%%P&gﬁ%ﬁ“gg%?%%@ﬁ%mﬁ CR1) (ORL1) , - S(0) RL,

- S(0) 2081307 S( ORZNRIARA'E are-ildddrfdandy sele@éd)ﬁraﬁl(mm)-cu 286, %Y%Rlﬂz)n&@@ =Y) OR1,
-SC(=Y)NR1R13, Cl-CL2 al kyl, - C8 al keny C2-C8 al kynyl , -Cl12 _
car boc;[@%}ll C2- epB "Hedd o@ﬁ@th?]mﬂ(ﬁﬁ@%ﬂsd@w C}afhébf@ﬂ@ﬁhﬁ@f%r yl;

[ 00133]

[0013515%'%““% “%‘f%@%?%iegg%é?g%ﬁﬁ%w}%hﬁod?meﬁt 55019 r Fgr nﬁlng | and I1
conpoungsi3znc| udevhekanri k¥R dlkenyl, alkynyl, carbocyclyl, heterocyclyl, aryl, and heteroaryl,
are optlonaily subst;tuted with one or more groups independently selected from F, Cl, Br, I, CN,
CF3, ~NO,, 0%0, R1° C(—Y)R“’ —C(=Y)OR, —C(=Y)NR'RY, «(CRMR'),NRIR", -
(CRMRU)HORIO «»NRIOR” __NRIZC(__Y)RIO’ __NRIZC(:Y)OREI, MNRlzc(zY)NRIORII’ _
'(CR"‘R‘S)mNRuSOzRIG =NR'%, OR", ~OC(=Y)R!’, -OC(=Y)OR", 0(:(—Y)NR""R“
OS(0)(OR'"), ~OPEY)(OR')OR™), ~OP(OR!%)(OR'), -8R, ~S(O)R™, S(O)ZR“]
S(0)NR'R!, —S(0)(OR'%), -S(0)(OR™®), ~SC(=YIRY, -SC(=Y)ORY, -SC(=Y)NR'R",
Ci—Crz alkjl, Cy—Cy alkenyl, C,—C;y alkynyl, C3~Cy, carbocyelyl, Co—~Cog heterocyclyl, Ce—Cag
aryl, and C~Cao heteroaryl; " -

[00133]  YisO,S,orNR%
[006134] mis0,1,2, 3,4, 50r6; and
[60135] nis1,2,3,4,50r6.
- [00136] Exemplary embodiments of Formula I and II compounds mciude wherein R] is—

(CRMRY¥)NRY¥RH where m is 1, and R'® and R together with the nitrogen to which they are.

attached form an opﬁonally suBstituted C3—Cap heterocyclic ring. The C;—Cy heterocyclic ring

may be piperazinyl, optionally substituted with one or more groups selected from NRRY, CFs,
F, CL, Br, I, SO:R™, C=O)R!, NRZC(=Y)R!., NR2S(0);R!, C(=Y)NR™R, and C;~Cy;

alkyl. _

[60137] Exemplary embodiments of Formula I and II compounds include wherein R'is
not H. _

[06138] Exemplary embodiments of Formula I and II compounds in(_:iucle wherein R* is.

H, CHj3, C3~Cy; carbocycelyl, Co—Cayg heterocyelyl, Ce—Cag aryl, or C~Cyq heteroaryl. The Ci— '
Cap heteroaryl may be a monocyclic heteroaryl group selected from 2-pyridyl, 3-pyridyl, 4- |
pyridyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-iridazolyl, 4-imidazolyl, 3-pyrazolyl, 4-
pyrazolyl, 2-pyrrolyl, 3-pyrrolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 3-pynidazinyl, 4- -
pyridazinyl, S-pyridazinyl, 2-pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 2-oxazolyl,
4-oxazolyl, 5-oxazolyl, 2-furanyl, 3-furanyl, 2-thienyl, 3-thienyl, 3-triazolyl, 1-triazolyl, 5-
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(CRI4R'),"NRIR" where mis 1, and Rl and R11 together with the nitrogen to
whi ch they are attached forman optionally substituted C3-C20 heterocyclic

ring. They&3ntheket erocyclic ring nmay be piperazinyl, p@Rts A 7sk3

substi or. ups selected from NR1R11 CF3, F, d, Br,
| soz%ggépnl&fwﬁ’wgw%ﬁ NRL2S(0) 2R11, C(=Y)NRI ORL1, and O -Cu
al kyl . [0®GeB7] EXEIil‘ﬂhleaiyy aitditheens &F cpfufadramd Thcdmponddd inclodepheneiiski w2+ ude

wherein Rl Is nagt [ 00138] Exenpl ary enbodi nents of Fornula | and I1
corrpouﬁa%nqm 5\7\}4erei n RR is H CH3, C3-Cl2 carbocyclyl, C2-C20

het er Ogmﬁ] L hCSESEgJQ émbo%m%x?tﬁ ot r%ﬁfaqra‘ﬁarlyéomﬂaﬁﬁdsc%@luh@%&@ﬁf Mis an be

a-nono etero group from?2-pyridyl, 3-pyrid
pyri dylb;ncyeha: baxazyl gﬁopp 4sle@akﬁmnllﬁ-md&qks di&hmdblpl mdelumi@a%dl-@h oim-l-

F e SRR Y B ET g R Y

S- pyri GadiRyidine; iHJbbﬁBo{’d][&szohﬁ IMdnﬁa)[ra mﬁdiazoﬁz(gm@ae rl)l—prr&zd)éi[éZ@' yl,

4- oxazolyl, 5- oxazol ur anyl , hi enyl t hi enyl ,

3-tri aﬁ&ﬂmdmealfrlmyg@é{%eﬁ-c Md1$MMGMW%%W%% tetrazol yl,
Lt RO L ARtk SO BHADbA STPOSLAF g, For i a
amino-1H-purin-6(9H)-one, qumohne quinazoline, quinoxaline, isoquinoline, 1soqumohn— _
1(2H)-one, 3,4—d1hydr01soqumolm«l(EH)—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. o
[00141] - Exemplary embodiments of Formula I and Il compounds include wherein RS is
1H-indazol-4-yl. | |
[00142] An exemplary Formula [ compound is 4-(2- (lH-mdazoi 4-y1)-6 -((4-
| (methylsulfonyl)piperazin-1 —yl)meﬂayi)ﬂueno[?:,2-d]pyr1m_1dm—4-yl)moxpholme having Formula

o

O
LN N
. P NH

@ N

o N

Ia:

H3C’ "o fa.
[060143] Another exemplary Formula I compound is (8)-1-(4«((2-(2-aminopyrimidin-5-
©oyD- 7-methyl~4-morphohnothmno[3 2-d]pyrimidin- 6-yi)methyl)p1perazm- ~y}-2-
hydroxypropan-1-one having Formula Ib;
HO O O
o
i

~N
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[ 00140] Exenpl ary enbodi nents of Fornula | and Il conpounds include wherein
R3 is a bicyclic heteroaryl group selected from 1Hinds7ol e, 1H i ndol e,

i ndol i n- Fe@BBe/0skodai ndol i n-1yl ) et hanone, 1H benzo[d][ 1, ZBidsisazedse, _
1H pyr ,4-b L dine, RS L, G Nen ; B
1H benmlg]hfm da]%g?_%% I%%—%Oéﬁ_zoi 5?@#@%@5&4 ﬁ?&%%dr%&ﬁgp Sﬂ%zol o[ 3, 4-
c] pyr i dmathylstlfbryy)pipetaingl -Shmpthyttldenof2, 3-dkpyirimidiaZo} Pmbrphp e hastingdrormula
7H-pyrrol o[ 2,3- d]pyrimdine, 7H purine, 1H-pyrazolo[4, 3-d]pyrimdine,
S5H pyrrI o[ 3, 2-d] pyri m di ne, 2- am no- 1H purin-6(9H)-one, quinoline,
qui nazol i ne, qui noxal i ne, igQquinoline, isoquinolinl(2H)-one,

3, 4- di hydr oi soqui nol i n-1( Q%ne, 3, 4- di hydr oqui nol i n- 20M one,

qui nazol i n2( 1H) - one, qui noxal#n-2(1H)-one, 1, 8-naphthyridi ne,

pyrido[ 3, 4-d] pyri m di ne, and pyrido[3,2- b]pyrazine. [00141] Exenpl ary
enbodi ments of Fornul a l~apexl] conpeunds include wherein R3 is

1H i ndazol -4-yl. [0044 a ypl gry \I\]:I_Prrml a | conmpound is

4-(2-(1Hi nda7okﬂt 1) - A7 :
(et hyl sul f onyl gi\gr azin-1-yp a@i hi eno[ 3, 2-d] pyri m di n-4-y1) no/ phol i ne
having Formula ¥~ la [00143] Ar gther exenplary Formula | conpound is
(S)-1-(44( 2-|-§ 27 nopyri mi di n-5- - .
y1) - 7- net hylHag- nor phol i not hi eno[ 3, 2- d] pyrign dt h- 6- yOret hyppi perazin-1-yl)-2
- hydroxypropand -one having Formula Ib: |b.

[00145] PREPARATION OF FORMULA I AND It COMPOUNDS

[06146] The Formula I and II compounds may be synthesized by synthetic routes that

A

: include processes analogous to those well-known in the chemical arts, and including WO
2006/046031. Starting materials are generally available from commercial sources such ‘a's
Aldrich Chemicals (Milwaukee, WI) or are readily prepaied 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—Verlég, Berlin, including supplements
(also available via the Beilstein online database).

{00147] Formula I and IT compound may be prepared lising 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
03/13664; ); and other heterocycles, which are described in: Comprebensive Heterocyclic
Chemistry, Editors Katritzky and Rees, Pergamon Press, 1984.

[006148} Formula I and I éompounds may be converted into a pharmaceutically
acceptable salt, and a salt may be converted into the free base compound, by conventional
methods. Formula land compounds may be fherapeutica]ly effective as a free base oras a
pharmaceutically acceﬁtable saﬁt, depending on the desired properties such as solubility,
dissolution, hygroscopic nature, and pharmacokinetics. Exampi'e"s of pharmaceutically
acceptable salts include salts with inorganic acids such as hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulphuric acid, nitric acid and phosphoric acid; and organic acids such as
methanesulfonic acid, benzéﬁeéuiphonic acid, formic acid, acetic acid, trifluoroacetic acid,
propionic acid, oxalic acid, malonic acid, suceinic acid, fumaric acid, maleic acid, lactic acid,
malic acid, tartaric acid, citric acid, ethanesulfonic acid, aspartic acid and glutamic acid. The

salt may be a mesylate, a hydrochloride, a phosphate, a benzenesulfonate or a sulfate. Salts may
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WO 2009/ 036082PCT/ US2008/ 075883 [ 00144] An exenplary Forrmula Il conpound is
4-(2-(1Hindazol -4-yl)-6-((4-

(et hyl sy d apyhispper azi n-1 - yHret hypt hi eno[ 2, 3- di pyri mp&hHsAosy@8@E phol i ne
havi ng, Formul g ha;. A5] P Tl F A Lo X
01203 el kst BB RGot B el STy e pleapbid e AT

r out esmkekiditei Nncl ude processes anal ogous to those well-known in the chem cal

arts, and including WO 2006/ 046031. Starting paterials are ge{i/?ral |y
avai | al10848lr om cismmeladi sar I umrosgds ipdksalismay glsp eRSTOYARISOT B GRaukee, W)

or 2SS Y PhERRal S RO b kot napefl 120 1 Lhe

art (e.g., ‘prepare scribed In'Louis F. Fieser and
Mary FintsmediaiRe agg bt sedessarOimgaraparingyiorinelsil sind Vi cotappOndswilhe yeed\foy such

y

1967- 1999 .ed, Bei | st ei ns. Handbuch d i sch ie. 4 Aufl.
. SpPRIRGHPT ol e Ao e U B ch eI Poa (4 B0 AT LBREo . 1§ he
Bei | st glethr&ataing nitdlabas@iabld Qﬁ%&ﬂ'ﬁ%t{ﬂ%'g@ﬁdps angudelaceQnROMURELATBY!, e

prepared using procedures to prepare other thiophenes and pyrimdines (US

660805@0@@&@92@2@0@%2@2%@%&5@29md? ?:ﬂvgsnshm:é@eow@aé@e;bos; us
3475420809 TR 707, 150 £R03ARE 05021 Fud ARG ool QAR 3004 bor gm0 ol her

het er ocycC are descri sive terocyclic Chenistry,
Edi t or gedéad] dedcrisyioraoithriReetng dPetgaimd thddy @sssee 1984 .Grp @] BdtdedverGtaupt inand | |

conpounds may be conyertied jnto phar tically acceptable salt, and a
salt nayeRE ﬁstggnﬁ){%‘gﬁ"i‘%@“?j%é”%ﬁg@? mpound, by conventional nethods.
For mul goghsgnd | | rGOIRRUAAS pipYse ,Q?c'h@ﬁ&@ﬂ?léhb@%Eﬁéfal%étﬁé‘d_slf&@r@iﬁﬁgftﬁeee base

or as a pharmaceutically acceptabl e salt, dependi S%SM t he desired
pr oper tompowne bf the pestniiiventign axwelbed i intarmediajeso Jospimorndetailed,  and

pharmagol ci petiGs. . Exanples of phar eutjcally I H.40ncl ude
Dot o SRR AR aein RUR (BRI AREIRIAE il ulified B0
hydr oi @i £t il ghpresidtepthatidtier aghtHetiootiles thaf bk dsald spithasleahd mvereivd, and
organi ¢ acids such as nethanesul foni ¢_acid, benzenesul phogéé?(&ci d, formc
aci d, &empeuwndscAlfhonghispeoifds Hartiag matertalend seagsnis aredericted, n gmegang,

ol ONi e ] o ) . ’ , . i) icacid malic
ol q CisBmstl bANE I SraRblemat IR b e ol A e S aEh T A
gl ut aniveriaig bfiderivhgves ahd/onmpctioe @ndiiops. aneddiiohydanyodfltoy ¢ategoundsiropsttat e, a

be n_z € n%}% %lefng&ﬁgcfs Reerfbed %clal]:)%tc%h b§ | _Ser gxao\éjﬁcd in light of this disclosure using

conventional chemistry well known to those skilled in the art.

!

B CORT S N R—CTN
R1 « I R'—\ - | /g N P
NH — . Ny — N “Hal
R2 R 0 R2 Hat
: CORW o | — 7/~ N
R?v-g/I 2 ' Ri—'gfﬁ o R‘l S l 4'\
g ' STNT N° "Hal
. NH, N _
Y4 54 56
Scheme 1 |
[60152] Scheme 1 shows a general method for preparation of the thienopyrimidine

intermediates 55 and 56 from 2¥carboxyester, 3-amino thiophene, and 2-amino, 3-carboxy ester

thiophene reagents, respectively 51 and 52, wherein Hal is Cl, Br, or I; and Rl, Rz, and RY are as
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WO 2009/ 036082PCT/ US2008/ 075883 be nono-salts or bis-salts. For exanple,
the nmesylate salt may be the nono-nesylate or the bisnesylate.

[ 001491 Favouboacksognd |1 conpounds and salts may al SO eltphisassdsgizat es or
sol vat %%ﬁnéd%}ﬁwnpgk ot i QB%Qéquy,f&néké%ﬂ?s&s%g)%;é/s‘?:h&eto. primary or
secondary am ne) of I nternedfates y be necéssary 1 n preparing Formula I
and |1 compounds. The need for .such protection mﬁbl vary dependi ng on the
nature of the remote functionad y and the condgglgEs of the preparation
met hods. Suitable anino-proteE}i g groups inclu etyl, trifluoroacetyl,
t but oxycar bonyl (BG&, benzyl okycarbonyl (CBz) an “ - .
9-fl uorenyl nmet hyd epgoxycar bonyld ( Fnoc) . The%n such protection is
readi |y det &'wi-Qed by one skilled,in the aRtT<E .QQ%eneral description of
protecting grou their use, see T. W GeeneN PFatective Groups in .
Organi ¢ Synthesizs, John Wley & Sons, New Yor®¥, 1991, 1001511For _
illustrative purposes, §6chenes 1-7 show general nethgﬁs for preparing the
conpounds of the present-invention as well as key internmediates. For a nore
detail ed description of the indbyidual reaction steps, see the Exanples
section bel ow. Those skilled in Bhe art will ap iate that other
synthetic.routes may be used t ynt hesi ze the inventive conpounds.

Al though speci gkc sfarting nategtials and reagént are depicted in the

Schenmes and di s¢us bel ow, other starting kgl s and reagents can be
easily substgtude | tg provide a vaklety ofR i Matlilves and/or reaction
conditions. In KT OAa many of the conpoundé;pﬂbpdﬁéd by the net hods

descri bed bel ow can be further nmodified iin light of this disclosure using
conventional chemistrysgell known to those skilled i #0the art. Schene 1

[ 00152] Schene 1 shows a general nethod for preparation of the

t hi eno®¢gheme di ne i nternedi ates 55 and 56 from 2-carboxyester, 3-amno

t hi oph z28Nd 2 no, .3- car boxy. ester. .t hi ophene..reagents, respectively 51
and 52 10083 of n” ShRem? gowiediih BRG] forRe RO a AT TR Y
2009/ 03618RRAIP DA 1l abdtites 57 and 58 with morpholine under basic conditions in an

organic solvent to prepare 2-halo, 4-morpholino thienopyrimidine compounds 59 and 66
respectively, wherein Hal is CL, Br, or I; and R and R? are as defined for Formula Tand II

~ compounds, or precursors or prodrugs thereto.

ol e

Q S

S >N R'°c(0yZ l ~N
H—\ i A T—— N\ /)\H i
' N" "Hal base R10 _ 12
RZ ) RZ

e ey

R'°c(0)z o
N A — ' oN
H— ] . P
: S N//I\Hal base rio & N)\Hal
62 - 64
Scheme 3
[80154] Scheme 3 shows a general method for derivatizing the 6-position of 2-halo, 4

morpholino, 6-hydrogen thienopyrimidine compounds 61 and 62 where R' is H. Treating 61 or
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defined for Formula | and Il conpounds,
Schene 2 [00153]Schene 2 shows a general

or precursors or prodrugs thereto.
met hod for selectively displacing

a 4-hal | hal o t hi enopyrim di ne internediat % ﬁ%z&%m@@s W th
nDrphoI %ﬂ? asic conditions in an organlc ol v to prep re 2-hal o,
4- rmrph at’l’i}i“% 4R BiTRBOYY élﬂ‘?ﬁ%“’%@“&% 2’;5 ?xﬁ‘%’rel n Hal

s d, B en@k%(o@%@e 29 1R Go® ST dsnalal @xr%s;@%éﬂ%egg ng?d%@ok'

COI’TpOUI’]dS or precursors or

eto

[00154rﬁcﬂmwﬂnuxﬁghaw@émkgéﬂgnahﬂnetﬁedﬁﬁbnm@gnnnéna@mngnmﬁEGEambé4t|on of

2- hal o,

wherein Hal is CI, Br, or I; and R® and R™® are as defined for Formula T and II compounds, or

precursors or prodrugs thereto. An example of R"C(0)Z to prepare 6-formyl compounds R =

" H)is N.N'-dimethylformamide (DMEF).

$

®

s (Hy)-B(OR™), 67 S
R /]\ —————— /k
N~ “Hal Pd catalyst
R? R?
{(Hy)-B(OR™), 17
)\ Pd catalyst S N)\
&6 68
Scheme 4
[00155] Scheme 4 shows a general method for Suzuki-type coupling of a 2-halo

pyrimidine intermediate (65 and 66) with a monoéyclic heteroaryl, fused bicyclic heterocyclyl or

fused bicyclic hetéroaryl boronate _acid R¥ =H)or ester (R15 = alkyl) reagent 67 to prepare the

2-substituted (Hy), 4-morpholino thienopyrimidine compounds (68 and 69) of Formulas ] and II

wherein Hal is Cl, Br, or I; and R! and R? are as defined for Formula I and II compouhds, or

precursors or prodrugs thereto, For reviews of the Suzuki reaction, see: Miyaura et al. (1995)
Chem. Rev. 95:2457-2483; Suzuki, A. (1999) J. Organomet. Chem. 576:147-168; Suzuki, A. in
| Metai-Cata.lyzgd Cross-Coupling Reactions, Diederich, F., Stang, P.J., Eds.; VCH, Weinheiﬁn,
DE (1998), pp 49-97. The palladium catalyét may be any that is typically used for Suzuki-type
cross-couplings, such as PdCLy(PPh;),, Pd(PPhs)y, PA(OAc),, PdClz(dppf)mDCM, Pd;(dba);/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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nor phol i no, 6-hydrogen thienopyrim dine conpounds 61 and 62 where Rl is H
Treating 61 or WO 2009/036082PCT/ US2008/ 075883 62 with a lithiating
reagent t he 6 position proton, followed by agg | at i ng
r eagent gﬁo g?@*ﬁﬁ%re Zis a leavin gquoup, such as ha? Je %ﬁg ester;

car boxyl ate, Bx dlalkylaﬁlﬁb’“blves , 4- or phol i no, 6-acy!

t hi enopyri m di ne;%&hpounmnd 64, whe Hal is d, Br, or I; and R2
and Rl .are as defi"ned for Femstrula | and |1 conpbunds, or precursors or-
prodrugs thereto. An exanple of RLC(0)Z to prepare 6-fornyl conpounds (Rl =
H is N N -dinethylforrnam de (DW). 6669 Schene 4 [00155] Schene 4
shows a general neghod for Suzuki-type coupling of ap2-halo pyrimdine
intermedi ate (65 {andy 66) with a nonocyclic heteroar fused bicyclic

het er ocycl yl or f bicyclic heteroaryl boronate (R15 = H) or ester
(R15 = al kyl) reag nt 67 to prgq:pare thqa gisubstit ted (Hy), 4-norpholino

t hi enopyri m ounds (68 and 69f} d Il wherein Hal is
c, Br, or ; E&k% pd RZ7are as defi ned for lLLsand I conpounds,
or precursors- pf ugs thereto. For reviews ohzthe Suzuki reaction, see:

M yaura et al. (1995) em Rev. 95:2457-2483; Suzuki, #¢ (1999) J.
Organonet. Chem 576: 1 7-168; Suzuki, A in Met al - Cat al yzed Cross-Coupling
Reactions, Diederich,«F., Stang, P.J., Eds., VCH ‘Winheim DE (1998), pp
49-97. The pal | adi gm cat aI yst may be any that is typhcal ly used for

Suzul d-type cross-couplings, such as PdCl12(PPh3)2, {Pd()PPh3) 4, Pd(OAc)Z
PdC12(dppf) - DCM dba)3/ Pt Bu) 3 (Onens et al 0 Bi oorgani ¢ & Med.
Chem Letters R3:4143-4145; MFPhnder et al Or'ganic Letters 4(11):1
867-1870; USX,gS WO 26694686082 PRTNUS2008), _ ‘

Schenie 5

[60156] Scheme 5 shows a general method for the synithesis of alkynes-71, which canbe -
used to prepare alkynylated derivatives of compounds 72 and 73. Pfopargyli'c amines 71 may be

- prepared by reaction of propargyl bromide 70 with an amine of the formula RMRY'NH (wherein

~ R" and R"! are independently selected from H, alkyl, aryl and heteroaryl, or R® and R™
togeﬂlcr with the nitrogen to which they are attached form a heterocyclic ring) in the presence of
an apprcpxjate base (Cs,CO; or the like). For reviews of alkynyl amines and related syntheses
see Bookér-MiIbu'rn, K.L, Comprehensive Organic Functional Group Transformations (1995),

“ 2:1039-1074; énd Viehe, HG., (1967) Angew. Chem., Int. Ed. Eng., 6(9):767-778. Alkynes 71
may subsequently be reacted with intermediates 72 (X* = bromo or iodo) or 73 (via Sonogashira
coupling), to provide compounds 74 and 75, respectively, wherein R? and R? are as defined for

Formula I and II compounds, or precursors or prodrugs thereto.
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Br\ RMR11NHR1R1114 =H=H 70base71 O 7375 Schene 5 100156] Schenme 5 shows a
general nethod for the synthesis of allcynes 71, which can be used to
prepare derivatives of conpounds 72 and 7 i.C am nes
71 may bgiié)‘{ )pargjgl by reaction of propar gé/l brom de 7%C'€mﬁ$%@%ﬁggéﬁ1 ne of

t he fornul a F@‘ RI I NH (wher ei Rodfigy and RR aﬁe“l ndependent |y sel ected from
H al kyl, % Heteroaryl, or R and R31, Her with the nitrogen to
whi ch they a t4 ached form h%terocycl [ cer 3 in the presence of an
appropriate base (CsJ€03 or tcﬁ’é: °P¥e) . For reviews o7 al kynyl amines and
rel ated syntheses see Booker-M I burn, K1, Conprehensive Organic

Functi onal G oup Transformtions (1995) 2:1039-1074; and Viehe, H G,

(1967) Angew. Che Int. Ed. Eng., 6(9):767-778. nes. 71 may '
subsequently be feadted with internediates 72 (X2 gﬂjorm or iodo) or 73
(via Sonogashira pling), to provide corrpounds 7 d 75, respectively,
wherein R2 and re as deflﬂed for Fropmyl a I angl I corrpounds or
precursors g(uggﬁf s thereto. - =Y /)\ 7 ‘

N R R NRD

RZ
78

0 _ o o
O e
g / )\ EE — RI0R! 1N>T_:__zji/i[\!_\
_ R¥ Ri5 STONTTR®
73 o 79
Scheme 6 . - ‘
j00157] Scheme 6 shows a general method for the synthesis of alkynes 77, which can be
used to prepare alkynylated derivatives of compounds 72 and 73. Gem-dialkyl propargylic
amines 77 may be prepared using methods described by Zaragoza et al (2004) J. Med. Chem.,
47:2833. According to Scheme 6, gem-dialkyl chloride 76 (R™ and RY are independently
methyl, ethyl or other alkyl group) can be reacted with a.n 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) in the
prese_ncé: df CuCl and an appropriate base (e.g. TEA or the like) to provide the alkyne 77. -
Alkyne 77 can be reacted with intermediates 72 or 73 (via Sonogashira coupling) to providé
compounds 78 and 79, respectively, wherein R and R? are as defined for Formula I and 11

compounds, or precursors or prodrugs thereto.
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00 Scheme 6 190157] Schene 6 shows a general nethod for the synthesis of
al kynes 77, which can be used to prepare allcynyl atecl derivatives of
conmpoundswg Zooamsbesh3. Gemr di al | cyl propargylic am nes 7FCmaszotse7pssepar ed
usi ng nethodE%descrlbed by Zaragoza et al,;, %@9@4 J. Nbd Chem, 47:2833.

d

According to ?t gen}dlaﬁﬂ&FNthorl and R15 are
i ndependent |y yT," ethyl or-—ether al kyl grrtép can be reacted with an
am ne of the formmba I INH (whgrein R and R' Bf% i ggependent|y sel ected

fromH alkyl, aryl and heteroaryl, or RI and R11 together with the
nitrogen to which they are attached forma heterocyclic ring) in the

presence of Cud and an .appropriate base (e.g. | EA o the like) to provide
t he al kyne 77. - cyne 77 can be reacted with in diates 72 or 73 (via
Sonogashir a couan ) to provide conpounds 78 and 19, Jrespectively, wherein
R2 and 12.3 are tefi ned fé’t Formula | and Il co unds, or precursors or

prodrugs thereto. Scherre 7 100158k Bghg X
synt hesi's ofyz 81, which can be use : ire)al kynyl at ed
derivatives of s 72 and 73. But R3 yRs1- an ned 8R° (wherein R14 and
R15 are indepexfdently H, alkyl, aryl, heter oaryl or Rw and R15 toget her
with the carbon atom ®» which they are attached forma %rbocycllc or

het erocyclic ring) can be prepared fromreaction of al kynes 80 (LG = _
tosylate or other |eaving group) with an amine of the fornmula RIRLINH -

7 sho neral scheme for the

(wherein RI and are independently selected fr , al kyl, aryl and
het eroaryl, or caéd R' together with the nitroge whi ch they are
attached form rocycll r| ng) using the prgtzoc descri bed by d onucki
M et al (196 Ar . AktsynR guently be reacted
with inter rre;gh or 73. (VI a Sonogashi lilng), according to the
descri ptions Rﬁ or Schenes 5 andr® tigspr oV deN'coRpounds 82 and 83,
respectively, vvherel n R2 and R3 are as defined for Forrmula | and 11 _
conpounds, or precurs@gs or prodrugs thereto. 83

Scheme 7 _

| [60158] Scheme 7 shows a general scheme for the synthesis of alkynes 81, which can be

used to prepare alkynylated derivatives of compounds 72 and 73. But-3-yn-1-amines 81
{wherein R!* and RY are independently H, alkyl, aryl, heteroaryl, or R and R® together with
.the carbon atom to which théy are attached form a carbocyclic or heterocyclic ring) can be
prepared from reaction of alkynes 80 (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 81 can subséquently be reacted with intermediates 72 or 73 (via Sonogashira coupling),

" according to the descriptions provided for Schemes 5 and 6 to provide compounds 82 and 83,

' rcspet:tively, wherein R? and R® are as defined for Formula I and I compounds, or .precursors or

- prodrugs thereto. |
[60159] A pharmaceutically acceptable salt of a thienopyrimidine compound of Formula 1
or I may be prepared using conventional techniques. Typically the process comprises treating
the thienopyrimidine of Formula I as defined above with a suitable acid in a suitable solvent.
[00168] In the process of the invention as defined above, both the amination step and the
Pd-mediated cross-coupling step take place under conventional conditions. The palladium

catalyst may be any that is typically used for Suzuki-type cross-couplings, such as PACL(PPha),.
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[ 00159] A pharnmaceutically acceptable salt of a thienopyrimdine conpound of
Formula | or Il may be prepared using conventional techniques. Typically

the process ,6RRBLksES treating the thienopyrimdine of pFei@thdolssas defined
above w@%? @ suyypre acgg in a sgﬁ abI§1Sﬁ$%§$k}'%o Silnb%gﬁ ‘ocess of
the i nvelftFOIF IR REE24b 6P BBEAS CRE R HE N s L 8F M 8 PRETPd- nedi at ed
cross-coupling step take place under conventional conditions. The palladium
cat al ysjporgy be avpTHOAS OB SEPRROATON used for Suzuki-type cross-couplings,
such as PdC12(PPh3)2. - WD 2009/ 036082PCT/ US2008/ 075883, The reduci hg agent

i s typil@4163) a bdrdwyasthers of prrpRriag thegmmperedsP! thig Bijentiqyy it H

[00161] éﬁgﬁ@@g [ '
conpounds o tﬁ%E!I vent|%#@$Fggﬁéék%glggsgﬁﬁggggﬁgq%%ﬁé%%gééggﬂ%ggg?fon

pr oductdesiredpnodwmes afitatiheep ansttios of stepm is sepatataicpndétr pudiBdds(hefErafteesi r ed

(her ei riapieied 2 B Seedes Hobomperpaly ebf LEhBaa nBgendn iy By DRst

t echni OHRE sGRARIRAs infolvE thudiphascdiMa6@br, ¥nEialla68PRbAt BREn drsalves mithid, phase
extraction, crystallization froma solvent or solvent m xture, :

di st i | | distiliation.sublimatian, erchremategmaphmt Shomgkngrapbyi camivelye aphyusbas of nvol ve
any nu . J ' i f exad ; [SE- ) %ggl _
phase; @?@88%%@@%@?,%%{ é’%%?%e!f C 5Sr? ﬁas%iégdh%lr%%loé hgg'r[ﬁ? 3%% e?%@v“’%‘r’ Zashgeﬁgra e riquid
chr onmat kigh apddiunrahd besprassdredjypdd elirusiatograhy nedalde amhaipatatcasmalbicaigl at ed

novi ng bed (SVB) and, preparat! thin or thick |ayer chromatography, as
wel | " Ssebek gimelile hevie ﬂi@i\?@ £ BIepags Rt *Qﬁ@rﬁv%hygwg?ﬂ%@%« Iﬁ%hiﬁ

[ 00163] REebREnd RS Sf Sha1FLRRIRhI 197 BRE ROGSHdAbMeshy r eat nent of a mi xture
wth a reggﬁent -selected to bind to or render otherw’'se separable a desired
product [00l&Fleact etinathenclasnof ssparetivmmethodpinvplyps satpewdd 8 mixtyre wiea | i ke.
Such reagent s.,incl.ude adsorbent s, or. .absorbents,_sugh ' [ bon,
ol ecul P SRl BHhaAR BREnEE iR BpeE o PRl Batef RNl

r eagent magahl, Pactsl Wprbduct, e tedie. Thcl rdagsitsinahide adwdlibentyas @bsorbentsiracicase of
an acidic material, binding reagents such as, antjbqdi es, bindjng proteins,

sel ect | YeAEREPAEBPY. BIRlaTuiE sisySviensrpange mefliguerdps ki 4BHVER: Péct i on
[ eagent fabdd<Don WD, thi KR fFUAGE InRRE bhQ iiPfhe A" RH bBHR REDRIS OF

separatlo?y pends on the nature o . : _
. binding reagents such as antibodies, binding proteins, selective chelators such as crown ethers,

5>

liquid/iquid ion extraction reagents (LIX), or the like. .

{00164] Selection of appropriate ﬁlethods of separation depends on the nature of the
materials involved. For example, boiling point and molecular weight in distillation and
sublimation, presence or absence of polar functional groups in chromatography, stability of
materials in acidic and basic media in multiphase extraction, and the like. One skilled in the art
will apply techniques most likely to achieve the desired separation. 7
[60165] Diastereomeric mixtures can be separated into their individual diastereomers on
the basis of their physical chemical differences by methods well known to those skilled in the

| art, such as by chro:ﬁatography and/or fractional crystallization. Enantiomers can be separated
by converting the enantiomeric mixture into a diastereomeric mixiure by reaction with an
appropriate optically active compound (e.g., chiral auxiliary such as a chiral alcohol or Mosher's
acid chloride), separating the diastereomers and converting (e.g., hydrolyzing) the individual
djastereoisomefs to the corresponding pure enantiomers. Also, some of the compounds of the
present invention may be atropisomers {(e.g., substituted biafyls) and are considered as part of
this invention. Enantiomers can also be separated by use of a chiral HPLC column.

{06166] A single stereoisomer, e.g., an enantiomer, substantially free.of its stereoisomer
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material s invol ved. For exanple, boiling point and nol ecul ar weight in
distillation and sublinmation, presence or absence of polar functional

groups i Ry§hERABeLr aphy, stability of materials in acpgigsapshRasi ¢ nedia
[ i i ke. One.skilled.in

in nmultiphase extraction, and the I. t art. wll ‘appl
t echni LD R arspign 3E heateriin il ing nplifpfh s fortation of | 2PP!Y
[ 00165 hifakmfdofleRA¥RIg dhtiBAIKt 4¢EiQS ra@@iﬁ}hig%ﬁéﬁﬁ) il ot ahdg1dnng] "Stdrétdhdh il

di astereonmers on the basis of their physical chem cal differences

b
met hod §f Wegapic) eomepmnds” {dhaskilek& Joas Inn, Ner Yark, 1984idiechmulisr, €hHo r&bﬂ%br aphy
and/ or f [ | 1 G | | Qn. Enant | 4 - by
conver tI i %%S{Dﬁ%%ghg%{%bﬁégﬁogi ﬁ’%’(ct%g]#%%aﬁ?%é g I als%%&é) gﬁ n%sfﬁ?f(%ﬁémg&%gzrog c%’f/
r ea.clt i ba s@}iai‘d‘ﬂ:r‘]:ﬁmdam)ﬁﬁpbj [ai)esllﬁmlﬁh iﬁ&lﬂkﬂ, metﬁidﬂg: ¢ lﬂ@guﬁﬁxla 6Ei.ogic,' _chiral
auxi ligry such as a chiral_alcohol or Msher's acid chloride), separating
Che. di SeHeroaEr S4B IO URTL TR DPLT RGPy TIeHgTA cRE A abon Ruatper
di ast CRRAUAONE] Rrhidd\t SRIFESRONDoRBoRHs SvifiHML] RERESindlaGnigOTe Of the
conmpounds of the present | nvention y be atropi soners Lﬁzle.g., Substituted
bi ar y| spazation af theckassiraharass] and corvetsior totliv mire siveenisomers, EdaB]) sepmstion ofan al so

be separat y.use of a.chiral HPLC calupn. [00166] A sj.ngl e st.efeoi somer,
o o P LR B Bt R g rpde? e Bor BRE SeficPrce

2009/ 036D Réalistdn 200y D88 thoi@undRhaaRhaitdded IBYing W8 AlathérORd.OMatdaf raceni ¢
m xture using a_nmethod such as formation of di astereoners using opti cal I_y

act i veDekks) Pradewgberk19%8)iel, E. and Wlen, S. "Stereochenistry of

Or gani oundsg.i ' é%@%[ 1@%“ hk, 4: ~Lochmul ler, C.
H, (1975 BTJ) m?gﬁ%ﬁéglgéwli’%?s%r: -C:fh%?an cem\é?tﬁir;é%%r%égfof chiral
conpouenkmtiometibadly puveditabhaseasuchas sapiicaganing ghedink pdtwdhiiye; anyetyi-g-abl e
met hod, _ i n¢l uqi ng: (1), formation of ionic, diastereoneri¢c salts with chiral
corrpouﬁh%nyg\eﬁ]@'. s (appsimye) rekibe karite ppapmetric sanpeds begingeridiet hods,

(2) T ORfiREibAMilutH AYAZOMPLAE 2 OMROHAEIANTHE dfllefBineflE Lhikahdyain
reagents, separation of the diastereoners, and conversion to the pure

st er eoirslvned t©,sepangte b3 frasepatl atystelizafont dréorieibiwbmatogmphy. Porrsepayaticenditched
stereoisonmers directly under chiral. conditjons. See: "Dru t er eochem stry,
Anal vt PEO FRPHSE AP SHBRED FAGYOR of S Haray U O deids N Dok
Inc., bewph@ekfonkRR) tarhBo d6d] basiRlic BEE M Gadid heid QR fls6l BORBRATNSTHeS can be
formed by reaction of enantionerically pure chiral bases such as brucine,
qui ni n81aSERRBKEF §EIS- st rychni ne, cc-met hyl - 0- phenyl et hyl ani ne

(anmphet@iyicae) , a ' j YITE fkd oS i eaki-A%i@ gl C
functi Eﬁg‘ﬁ?{ey s%‘c eltnggv%%lr% go% Jfhc(}zz’c.l d a%léég[gu oni c acllpgiéafﬁgmﬁ%?g

di ast eesaniemec ofSathiml nayphaditn fluneddibdersepericgtaér (By arfd Wilkn,dhal

crystal,Ljzatjon or ni C. romat ogr aphy.... For _separatiaon o he opti cal
i somer sé%feoﬁfﬁnﬁﬁt% B OHQ?HP&IQUﬁ%B%QV%%#épngi‘?‘b&gﬁ’l%g%é) sul foni ¢
aci ds, DaaidteditericABRIPRLSAL daf BE Cordifel by réRtih@bdyvinitrideoripReled Wihaci d, or
lactic acid can result in formation of the diastereoneric salts : -
1001 68ppantiomsaeallyaruge chiral derivagiging 29agenthsuchutsonenthd dedvasives, dalisweddyi s

/ . e ol ) st .
i ( et OF R RARL SRS o BuDt G TRMRE of s fS] 3 POV D
Sons, hmethod df98%rmining3iptipal poriasinesieemiiting clirmesad suclans Deefithyinsdr Ry,

reacting asymetric conpounds with enantionerically pure chiral '
der i vaf? Mg ehigotergatesin e pressnen phRrase, @s Masherioves o-methogved by separation

of the dj j ield r ' _

enant i (g?frfllgl?h%;l\%ﬁ%lﬁ gget%é%?%%zgé%pﬁl%] (%E?? %Egn oqf\?%'rsljarra Png chiral
est er s mistued) and arelyringt thy [H 8BMR rspectrug: for (he )prevemdehof kheaocstropisomate i n t he
presence of base,.or Msher_ester, a-neth -a(trifluoronethyl)phenyl

Dot at ERREED iitestonesty SEE At pB O Ao TBSIC GRIRNE SR bR ¢ i xt ur e,
and anakpszdtedardiGolheNMR NSRS fid e Rie-HHAS: MERRBERPDS fAIBRidoWRetBEdsFRE SONET i C
enantioners or. diastereoners. Stable diastereoners of at rgg soneric

conmpouseRarEnR ob atrepiprmaicawrhthpl-iseglinalings Gy ORe 1pdl 1). dhomeod (D e premie

rapht gt o0 RO PALE RS ] of BYBHRoRBN byt L SR bl e

t wo engiihinikigmica@rohatcxephy'aflodbw. &.lcaph K rChabmat ahdHalh Ndw Vatk;

Chaprra R AR RN RO BLATIS TED LERReh AT cpdoDy st 58 5. 375).
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WO 2009/ 036082PCT/ US2008/ 075883 di sti ngui shed by nethods used to
di stingui sh other chiral nolecules with asymmetric carbon atons, such as

opti cal e %69%9 oand circular dichroism [00169] OﬂENDTb‘g,%ggﬁ%g,hgﬁﬁGENTS
00170 4 h ti.C. ts, h d stra . d
Rets i R EE e e R

i nhi bi titos Gabh 8 SptichI Blakibe i diRAlak Bickidigw. and in vivo. Such N
chenot herapeuti c agents include: erlotinib, docetaxel, 5-FU, gentitabine,

PD- 0325@91g9jC! Sp'@ﬁEMOMI@QPE‘@ﬁ@AC@E@TQ taxel, bevaci zumab, trastuzumab,
o

pertuzumab, "tenozol om de, tanoxifen, xorubicin, Alch-1/2, HPPD, and
r apamy ci®17¢10017 1§ EtdiroeheniothetapaRiEageds ot datahstr@ed emposih] andunespeftedo t r eat

non-snal |l cell. |l ung.cancer SCLC), l.ung cancer ancreatic cancer and
Cover ai PISPEF nROEROE S EPmnyeL pe e rhoRiRds 3 imBaRFE ke iiERh ol
growt h ¥ia6tad id €66P5adh dhbabibrabsifil Sobi@s idchak eer{ddfith ddoedBRI, 5876900221,
Moyer et al (1997) Cancer Res, 57:43838; Pollack et al (1999) J. Pharntol.

Exp. Thesmcitabine 2J0-037580d scispbatiay cashoplptin, pegifyxel. bempaizpmabnaituzupeb3238; Kj m

et al ( r s | -3 1385 ; ackhallagt al (2005)
Export EpyatmpriEmotinide, iGRlen, Siichy, AP SRR AR cif

N- ( 3- et [#9RYi]phenyEjetimiy (T AR CE Vik €h O8)TE4 Neenehguh)ianedito trdatawhsmall CAlSIdRe g .
No. 183321-74- nd has the struycture: 0 O 00172%0%@% TAXO EREC,
Sanof i -_Wgﬁtw&@l’q&%&aﬁcﬁr’ PHISEALR FISET 20dGe Y CTAVRES cBhcers (US
481447 04pebiBcAk3RMAER: - ; 56d;; | et al
(1989) Sgtrgﬁedronaﬂ%%ﬁg?g%ﬁgoﬁgﬁal ( 6051@G§ﬁ§%§%&c1£&%gg?9| nst.

83: 288; SHT48%YS 690020 1; Mot pt A4 FR9T) Crmeer Res. AeiR38: Radlepks et b (1999) {.2003)

Cancer . 4072430 Dayi e : lbgo. QO

Phar mc%lﬁaﬁ%%gl. Egﬁa{%%g gé?k%)]l%gtz?;o Z‘%r e‘? sle(rt%g%g( églgfgﬁ%g %?lsklggc’;@_l%?(tya-l 3-

phenyl i @OSErCwe, Opik.tlavdst. Mty 3: 8385eY3951 Blaekliatlret Wl @005, Export €pdixy- 1, 2, 4, 7,
10, 13-hexahydrox -en-9-one.4-acetate 2-benzqate, trihydrate (US
4814470k a@ﬁ%&ﬁ?&ﬁ@&eggmﬁ@b ismemsdzs Nog-effiyiylepepdld-Ghe structure: ) CoHO
0 OH 0'\ﬁs@:\ethoxymethoxy)quinazo}in—4—amine (CAS Reg. No. 183321-74-6) and has the structure:

/O\/O N~§I
O N
~ oo >

[66172) Docetaxel (TAXOTERE®, Sanofi-Aventis) is used to treat breast, ovarian, and
NSCLC cancers (US 481447(0; US 5438072; US 5698582; US 5714512; US 5750561; Mangatal
et al (1989) Tetrahedron 45:4177; Ringel et al (1991) J. Natl. Cancer Inst. §3:288; Bissery et al
(1991) Cancer Res. 51:4845; Herbst et al (2003) Cancer Treat. Rev. 29:407-415; Davies et al
(2003) Expert. Opin. Pharmacother. 4:553-565). Docetaxel is named as (2R,38)»-N-carboxy-3-
phenylisoserine, N-tert-butyl ester, 13-ester with 5, 20-epoxy-1, 2, 4, 7, 10, 13-hexahydroxytax-
11-en-9-one 4-acetate 2-benzoate, trihydrate (US 48 14470, EP 253738; CAS Reg. No. 114977-
28-5) and has the structure: | |

CJ
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WD 2009/ 036082PCT/ US2008/ 075883 [ 00173] 5-FU (fl uorouracil, 5-fluorouracil,
CAS Reg. No. 51-21-8) is a thymdylate synthase inhibitor and has been used
for decaqgs ddoidig treatment of cancer, including col opegidgdidsancreatic

6
cancer 2802005;. \IS 2885396., Duschi et,.al 957 hem Soc.
79: 4555-1,([’5?@% en, 5 %Ul\#u?rfg@fﬁ @H‘@:@Pfaf’rlnr};ég ?Reg‘i Ig(g?l %2}1]2'@ 2 %@Bﬁﬁla{éamd as
5- 1 | uogBatels {rhitpiF bAd KlisNRerdudkd $rQidBaded Mlthd dgatnitar Sft dabiedr Libeluding colorectal
[ 00174]Genti t abi ne (GEMZARO, Lilly, CAS Re No. 95058-81-4) is as\% _
- ar i ous

nucl eosidigsnareatioesoatr (1% 28080053 85390 iDuaehingky ef 3l (1230 Tr ok phem

carci-ngpas:d4.hel udi P, o . ” YARhOERS: (YR 4808614,
05 Sacdiae rier RYPaPS) ks b ST BRI EF (Lo0o)
Cancerpgaﬁidim,%m,msmmm&as) Cancer Treat. Rev. 19:45- 55).

CGenti tabine is named as 4-am no-1[ 3, 3-di fl uoro-4-hydroxy-5- (hydroxynethyl)
tetrahydrofuran-g2-y1l]- 1H pyrimdin- 2-one, and has the structure: NH, HOF
[ 00175] PD- 0325 S RN 391210-10-9, Pfizer) .is a second-generation,
non- ATP. corrpeﬂ”ti e, allosteric MEK inhibitor for the potential oral tablet
treat ment of ncer (US 6960614; US 6972298; US 2004/ 147478; US

2005/ 085550)° P%se Il clinical trials have been conducted for the

potential treatnment of breast tunors, colon tunors, and mnelanqnma, _
PD- 03258074f s nafeunciabine (GEMZAR®, Lilly, CAS Reg. No. 95(358_—81-4) is a nucleoside

(5 G A RO 0 L O Bl LR it s,
" breast, NSCLC, and lymphomas (US 4808614; US 5464826; Hertel et al (1988) J. Org. Chem.
53:2406; Hertel et al (1990) Cancer Res. 50;4417; Lund et al (1993) Cancer Treat. Rev. 19:45-
55). Gemcitabine is named as 4~amino—1—[3,3-diﬂuoro»4~hydroxy-5-; (hydroxymethyl) -
tetrahydrofuran-2-yl]- 1H-pyrimidin- 2-one, and has the structure:
NH,

N

LA

[66175] PD-0325901 (CAS RN 391210-10-9, Pfizer) is a second-generation, non-ATP

| competitive, allosteric MEK inhibitor for the potential oral tablet treatment of cancer (US
6960614; US 6972&98; US 2004/147478; US 2005/085550). Phase I clinical trials have been
conducted for_t._he potential treatment of breast tumors, colon tumors, and melanoma. PD-
0325901" 1s named as (R)—N-(Z,B-dihydroxypropoxy)—B,4—diﬂuoro-2-(2—ﬂu0ro—4— |

jodophenylamino)benzamide, and has the structure:

H
N0
HO™ Y 07 y F
~ OH ﬂ\©\
F N
F

[08176] Cisplatin (cis-diamine, dichloroplatinum(JI), CAS Reg. No. 15663f27-1), isa
platimm-based chemotherapy drug used to treat various types of cancers, including sarcomas,
some carcinomas (e.g. small cell lung cancer and ovarian cancer), lymphomas and germ cell

43



[00176] Ci splatin (cis-diamne, dichloroplatinun(ll), CAS Reg. No.
15663-27-1), is a platinumbased chenotherapy drug used to treat various
types of cancers, including sarcomas, some carci honas cell lung
cancer aﬁ’&%%@%@aw cancer), Iyrrphomac and germ cel | 431(8(/\%5203%52&83 _
2009/ OMS@RWM%GBFK))?GB&& TreaoRsp. (6Qc138; Binado ¢tBO7I8) 8 Amc ErCaficegat . Rep.

62: 239; 978 r 14: 1149; ' Ci spl atin, rrent

St at us Iéln Qﬁb\ff f?é%ﬁll gﬁﬁ@ﬁlﬁsg‘%mﬂl eC?) ?P]BWSH%P iaw P m@@g‘ ﬁ?‘a@gﬁ’i c Press,
New YorAcadd@8WBress eh vadk,N 96 PRI MBICDIP) ok SHte (RITRBHb& ot Slakd, 9dson Whi ch
now al so includes car bogﬁgtl n and oxal i pl at| n. [00177] Car bopl atin (CAS Reg.
No. 41%@&11@?111{1@@% tand oapiplatine drug used agai nst ovarian carcinona,

Chostor NEFET7BG, nREobABRTCAS e M0 ios P S Pl Bl R fle B Rl
Car bopl @atim d:eﬁcmﬁﬂf,dm%s heatioamiddeck cfm&é@ l(sz am&em;eﬁiw@xaemmazy Cafdesl;

platlnu&‘% Qh s the. structure: [ Pt_\ H3NO
emo armacol. 9:140; Harland etal (1984) Cancer Res. 44:1693). Carboplatm is

named as azanide; cyclobutane-1,1-dicarboxylic acid; platinum, and has the structure:

00178} 'Paclitaxel (TAXOL®, Bristol-Myers Squibb Oncology, Princeton NJ, CAS Reg.'
No. 33069-62-4) is isolated the compound from the bark of the Pacific yew tree, Taxus
_ brevqfolm and used to treat lung, ovarian, breast cancer, and advanced forms of Kaposi' 8
sarcoma (Wani et al (1971} 1. Am. Chem. Soc. 93:2325; Mekhail et al (2002) Expert. Opin. -
Pharmacother. 3:755-766). Paclitaxel is named as B-(benzoylamino)-a-hydroxy-,6,12b-bis
(acetyloxy)-12-(benzoyloxy)-2a,3,4.48,5,6,9,10,11,12,12a,12b-dodecahydro-4,1 1 -dihydroxy-
42,8,13,13-tetramethyl-5-0x0-7,1 1-methano-1H-cyclodeca(3,4)benz(1,2-b) oxet-9-ylester,(2aR-
(2a-0,4-B,4a-B,6-B,9-0 (a-R*,B-8%),1 1~u,12—0.,12a—a,2b-0:))-‘benzenepro’panoic acid, and has the
structure;

[668179] Bevacizumab (AVASTIN®, Genentech) is a recombinant humanized monoclonal
antibody against VEGF, vascular endothelial growth factor (US 6054297; Presta et al (1997
Cancer Res. 57:4593-4599). It is used in the treatment of cancer, where it inhibits tumor growth
- by blocking the formation of new blood vessels. Bevacizumab was the first clinically available
angiogenesis inhibitor in the United States, approved by the FDA in 2004 for use in combination
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[00178] Paclitaxel (TAXOL(r), Bristol-Mers Squi bb Oncol ogy, Princeton NJ,.
CAS Reg. No. 33069-62-4) is isolated the conpound fromthe bark of the

Paci fic yemsib c{ggﬁﬂszTaxus brevifolia, and used to treat f’é’f}?sz breast
cancer, .and advapced, forns f Kapo ar cong, (Wani %3

Chom " S5 Seogerd SpamoeRARM Ve rERTeB oY) AR P 1o Gaer B Boreronf

3t 755- @s ngﬁ% ax ebny luigemﬂ @ert [2he dlﬁ;ﬁﬂaﬂﬁ)ldl@s M%Mayﬁ) 12b-bi's
(acety enzoyl oxy)-- 2a, 3, 4, 4a, 5, 6, 11,12, 12a, 12b- dodecahydr o- 4

,11-di Idyﬁrmmy #asBetyand sffccémqurmﬁaﬁm@h'ﬁdwaﬁb&n%mﬁ&ﬂiﬁtw@ BFEREL3, 4) ben
fg} Rg lf i)?eggthc%ﬁ%e%rrgéta CB%H nﬁ é%g‘a:.grcﬁ&n in8iabedic gl?oblagtoma multlforme

enzenep opan0|c acCl has the
struct %&astauk%%ﬂa?ﬂ BRY¥AChanaai KohMASEH dNatlory ﬁ@ﬁ«mtcendfe), dnd neetas@tiowbi nant

hunmani zed nonocl onal anti body agai nst VEGF, va r ot gr ovvth
fact or uatgseaiiripoally advarge épé'ﬁ“%%c(c&%?g%%@f é«g@% g%‘égﬁﬂ%@@;f

used i n. §9He Or()ﬁ eat nent of cancer, where it inhibits tum)r growt h by bI OCkI ng
t he forrratl o1 of new bl ood vessels. Bevacizumab was the first clinicall y
avai | aljbe1sangi ogBeesizsmiablindiides mutated menaunigGd dr Buerak regigns ead afigsy- t he FDA

in 2004 for use_in cogbination W) 20 9/ 6082PCT/ / Z W th
st andartPEREHEEPRIG HeleFRneds LEG@ ?51%0 gglﬁ%elr and nost

forms ofyipRiyaskati ©a0bcie Bddingdi undat r\@@amw rece%tsrabvalcﬁt}malshage clinical
studies are underway to determne its safety and effectiv @Bess for patients

Wit h: amiwrémnd%s nbabori 1 45900 daiorsoand s glaprsylatedndiorasiaimad BPOLEL cancer,
metastgtlc o r eg 4-YBGF a‘ia?i%fhn?%@f%xﬂ:{’e ﬁEécﬁnQ‘fS 4354 ORBJiTbhA] bR NIRSF

et ast an cancer ornone-re ractor rostate Cancer
and nmetafibadiéCin€lnddihe QBS&Q’LEBJIN seriésmabbdies dyga firedl], B0es. ha(w(& 20035 Ferrar a

ot o R s CTreReR: Ol IA Ay SR SRR RO e woe! udes

conpl er?z,ﬁj}joa 9668%9199@8 BocE00dohE0: S DOwS/EUEER681VSGE monocl onal
anti bo A4.76. Yib_gtiﬁg@rog]%%tgs bi ndi'ng of hunman VEGF to its receBtors

Bevaci zzﬂ@amza@wswmn@wm%mlﬁa@s 2003/6253499; MQS@GQI%@PPBI@ e A2P

R e e A e W e

the G5 @HibBROMEEE uasvearﬁdnb@& Snce%f@e,BIBGmﬁbodﬁ&Cb Eza-dergmwﬁt@wmz%g VO
2005/ 044853:° US 7060269 US 65829 % &gg%o US 6%51297 8/ 45332:
WD 96/ mm@mg\ﬁ@ammm@cfzgu@ib%% 005 86208: US

2003/ 02 en %@jgjgé |
20051 02008 iSRRG SRS 7ot 2003020 0ol B0 AP Byt 2

ant i bod'a fusctionalapitbpaCRaart VBOH pombrsing eesifues TEY MW@W& B2l ¥eae@8df t he
B20 ant d ant I’dl n f
2726 ol il b3 229540 [ A VAR wPRRES PRt il PO & Kbhtiee
i ncor pogAioseen ekl WEGK dodfpeisha eesiduenF 0716 ESYIIHdL Yenwzﬂ;eszZDlsIétmeElOS
anti body binds to a functional  epitope_on human VEC%R’S%WQé Si ng%é]em dues
F17, M@ G4, oryalternatively, agmprising resiqees F 17,2043 Q23nY2 8t i - vEGE
ant i bod ncI u t hose ,t C%FSIQN & ﬁegg IHEPe (R ,ﬁgm aVEGF
conpris 0@381’ esi dglgr%stﬁuﬁab@R , @gll1 %Qggﬁd%? KlOl E103] and C104
or, alt geembind@IDNARAPE] Birfkghitedsigdildappel Fron¥@lbnal @Adbody25rsidDes theli@griznd
9. .
& HER2 antibody which selectively binds with high affinity in a cell-based assay (Kd_= 5 nM) to
‘the extracellular domain of the human epidermal growth factor receptor2 protein, HER2 (ErbB2)
(US 5821337; US 6054297; US 6407213; US 6639055; Coussens L, et al (1985) Science
230:1132-9; Slamon DJ, et al (1989) Science 244:707-12). Trastuzumab contains human

framework regions with the complementarity-determining regions of a murine antibody (4D5)
that binds to HER2. Trastuzumab binds to the HER2 antigen and thus inhibits the growth of
cancerous cells. Trastuzumab has been shown, in both in vitro assays and in animals, to inhibit
the proliferation of human tumor celis that overexpréss HER2 (Hudziak RM, et al (1989) Mol
Cell Biol 9:1165-72; Lewis GD, et al (1993) Cancer Immunol Immunother; 37:255-63; Baseliga
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[ 00181] Trast uzumab (HERCEPTI N(r), huMAb4D5-8, rhuMAb HER2, Genentech) is a
reconbi nant DNA-derived humani zed, 1gGl kappa, nonocl onal anti body version

of the r’r%b%)g)—t antl body which sel ectively binds WI /I%Fg)la ,@g‘%@m ty in a
I - t [ ] ul d 3

oty b e gg%anpt@ys%% s

605429 T@q#

230: 11%511§§§4§g%§y ;@ﬁggﬁ P T aranee st i I(’&11"%) pDVEREE An

cont ai rsssbruCeneef Resy8 g7 k ReggimolMd), wt aH19%% [wmt]ari’mm&%w@@mem{m, ng

o2 o iR kBRS04 CRGYSiRRh o DRboBAD B Subr TR S e e

Tr ast URHEMRWIRS M €ED 15 Namke Réﬁetb@Mb!bdiﬂéﬂGeﬁl%x@ﬁ)‘éﬁMﬁa@ﬂﬁﬂah Na2Rkif@y, Bid,t O
inhibit the proliferation of human tunor cells that overexpress HERZ

(Hudzi - Rig7-633 HERSGHTING wasdpprBied in $9981f051he treatment of i@pentewith| (1993)

5006, 0 DELRE YRR S byéatealPins HEREIAR atFoogy . ClinOnol 44732, )

Tr ast uzuaRIThe FDA\ sfpEh 2l MIEFCERITNGPRA006 P BAE 8N4 tréAinkat 18finfeX kok@Ming ty, ADCC
(Hotaling 1E, et al (1996) [abstract] Prgc Annndl Meeting Am Assoc’ Cancer

Res: - 3 AoAqrubicie gyclontvEphantidesand paddmye! forbe adivvant rentmentfivABeésWithncer Res:

var don R bt iRt TS A HaDFER MR st 1P URRIorty 070

Macmi | |farthdyBOIR Réisectddt dncer Viakapie: ﬂ&ﬁo%ﬁhen@ﬁﬁﬁ&%ﬁéxeﬂﬁ&ss&gpﬂmmdﬂ n
1998 for, t treatnent of patients wth ErbS2-overexpre tastatic
br east 0&%5&?@% Bﬂ&%ﬂt@%‘%ﬁb@m RZ epgession thagflp got reppogh, orir p?@%%x ©The FDA

appr ovege w L) 2006 as part of a treatnment reginmen containing
doxor ubi ci n, cyc op osp am de and paclitaxel for the adjuvant treatnent of

pat i ent[80142 h HER&H@W‘M(M’EM%M&/BC@ emastitechd iceclinichherege,i s a
significant. c i ni.c d for. devel further H rected c cer
©hor apitEeiZed FRHORY B A s DI FIBR FoeHe Kpr e B HER g |
di seas @aﬂﬁb@t@@k %h&hﬁﬁﬁ%@mw&& for {4 881186r2RO0KitH SRBOMER Qeptof'S pond
poorly, to HERCEPTI N&“B%Rt reat-ment . 82! Pertuzumab (QWNI TARGThl r huMab

2C4, leénr@ﬂt' &embefssig HEGER, EEE@eand @%69%14%@@58 ch Al 2008 Gﬁ%h |b In ak
tnﬁ\(,av g.bl iy’%’]%@?%&ﬁéﬁ%%é TE&‘%&‘ REL %%giolfgt ‘gﬁ%ﬁ %’Jhaﬁ g"t@eﬁ b%fgg r eclegt or o

famly Mrﬁ?ét&) in @ncdilkcklld, E@R:ndgERﬁ:\ P[ERd‘shHiéy(oLdSllﬁQﬁﬁB%ﬂx ofig $IBR aI
(2002) Cancer Cell 2:127-37; . Jack e 004) Cancer, Res 64: 601
Takai ~ SR oo blesks el Sighaling uﬁt} el e 10 gaapeerscell grp Wiy ahibiigny t

HER2' s aRidkith¥f i c&flel 8PS, Béfcztdae ot ta@ﬁ ublge Bﬁ‘ﬂb by adtRASRIO HR ﬁ&@xﬁkﬁo cel

signaling and may ultimately lead to cancer cell growth inhibition and
deat h oforkhea pagrcaricyelfitumess) iscludiog these thet de h@thvetmms&eﬂﬁﬁa Mglierggital on,

have t%o@ﬁﬁ&%'uﬁréﬁcm K m@ﬁﬁnlgéewy) iety of tunors, including those |

t hat do not overexpress al (2007) Mol ecul ar Cancer
Ther_apc(amolsag 6: 9FeAdBIomi ROUBS] imegcazc;alsemms wlmzar(]}kagli%mm:ﬂ%@@%-l g
EMODAR MODALQ, Sc er| ng Pl ou Is a . oral chenotherapy drug approve
by the ﬁ%ﬁm& lopgha 13 3 Fpreved Hy itho Y AdRmthe framsakotheen

studi e t I (Us
52602 9%&%%5 A %663?6 rgfL il H£854[§ec’§1 %B%Ed w%?’&l%’%ﬁ/ h%pdé BSRl gg’lggat%? 1997)
Cancer mulg&tme RS 52@@9353616135@&@?84&6 Ided. (@m)ﬂﬁﬁé,dﬁtwlmds et AnflP®Ancer

25 Eueba AR B AT adol L ATRG S bt e AR Bheratil

3, 4- di Ny zoBmiled R hméd exALALEAZD.0ES. 213 4):; saﬁent&bmydwpt Boraith eAMtpe{ US
5260291, CAS Ng. 85622-93-1), and has the structu
9-carboxam1de or 3,4-dihydro-3-methyl-4-oxoimidazo [3,1-d]-as- tetrazme-S-carboxamldc (US

5260291, CAS No. 85622-93-1), and has the structure:
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WO 2009/ 036082 0 PCT/ US2008/ 0 75883 [ 00184] Tanoxi f en ( NOLVADEX ,

| STUBAL(r), VALODEX(r)) is an orally active, selective estrogen receptor
modul at oryd SFRRMsodi ch is used in the treatnment of brepstycapoesksand is
currently the wgrld's largest selling drug for this indication. Tamwfen
(Nol vadex(r)) \Qﬁi first approved by the FDA (1 Cl Pharnmaceuticals, now

Ast r aZeneca)~|,R 8 for treatnment of netastatic breast cancer (Jordan VC
(2006) Br J Phpannacoly 147 (Suppl 1): S269-76). Tanoxifen is currently used
for the treathe both early and advanced estrogen receptor (ER) .
positive breast ‘cancer in pre- and post-nenopausal wonen (Jordan VC (1993)
Br J Phannacol 110 NHg07-17). It is al so approved by the FDA for the
prevention of breaSt cancer in wonen at high risk of devel oping the di sease
and fofoaiBe] re ?ut&rb@ﬁfcﬁfaﬁd@@ﬂIABEXﬁe [SITUBAD® NA LIPS ®) & dorcealbt actibe, east
cancer. Tanoxifen is nane S ' . e ‘ :
(2) - 2- pedeqire SStEneEh éeﬁsmwo@ﬁétﬁpiwmm-lwwWP‘I@PH%?&W}M(ICAS Reg.
No. 10240k 2edntyAREwOASs laifesBlld HLE forGhiS idOHER] Paokith Nofvadex®) was

(ADRI AMYCI N(r), "hydr oxyl datnorubrcin) 1s a DNA-interacting drug widely used
i n chefiot hpprapsd tgi the EDAHECIRIBORacauticals naw Asitafemecycini 1987 forttichiment ¢f and

t t | ] v | ated t i i ch al i nt DNA. .. .
Doxor uBTREIR LRl At (oGRbAC I op e {Rerdre” 6rPe et d e B B er s.
Doxor ubirédnftySed RFER t26tricBBoflR) edBddd advanced estrogen receptor (ER) positive
am no- 5- hydr oxy- 6- net hyl - t et rahydr o- 2H-pyr an- 2- y| 0x é 6,8, 11-tri hizd_r oxy- 8- (
2-  hydPEasisaesey i remandipesiymonapaisal omep Kéﬁ%‘é@ é19r9a{ nePhanmacqlildfed): (cas

2Rgg 9/ gg%%ggﬁé#?%ég 6@%1}38%%%@é Fﬁj}@fo?ttﬁé’ﬁ%wnﬁbn oM Qeast cancer in women at high

risk of developing the disease and for the reduction of contralateral (in the opposite breast)

breast cancer. Tamoxifen is named as (Z)-2-[4-(1,2-diphenylbut-1-enyl)phenoxy]-N,N- -

dimethyl-ethanamine, (CAS Reg. No. 10540-29-1} and has the structure:

*

N
DA.\/ “CH,

_ . “CHy, _
[060185] Doxorubicin (ADRIAMY CIN®, hydroxyldaunorubicin) is a DNA-interacting
drug widely used in chemotherapy since the 1960s. It is an anthracycline antibiotic and
structurally related to daunomycin, which also intercalates DNA. Doxorubicin is commonly
used in the treatment of & wide range of cancers. Doxorubicin is named as (85,105)-10-(4- .
amino-5-hydroxy-6-methyl-tetrahydro-2 H-pyran-2-yloxy})-6,8,1 1-trihydroxy-8-(2-
hydroxyacetyl)-1-methoxy-7,8,9,10-tetrahydrotetracene-5,12-dione, (CAS Reg. No. 723214-92--
8) and has the structure: ' :
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[00186] Al cti-1/2 is a cell-pernmeabl e qui noxali ne conpound that potently and
seIectiver inhibits Aktl/Alct2 activity: 1C50 = 58 nM 210 nM and 2.12

uM f or AI and Al ct 3, respectl vely, in in vj i assays
(Barnett 200?’”%%05) Bi ochem J. 385, :399; DeFeo-Jonieési,:/%%%ﬁbéa)ﬁgf‘SﬁOOS) Mol .
Cancer Ther. 4:271; Zhao et al (2005) Bi oorg. Med. Chem Lett. 15:905;
Lindsl ey et al (2005) Bi oorg. Med Chem Lett. 15:761; US 2006/142178; US

2005/ 1- ; 02360) |nhi b| |on r

honol 0358/&(?%!1-!) ég‘%zlf%espae%e%e% 0 ﬁg‘%‘ﬁ tﬁaé&?§teigﬁ%%cﬁt%l(§er%§}%e fect
agai nstm}HbitﬁQEﬂVM a@zivmsrgzc%esss i, :nnhw a@HQSIQI;Lle@i Altte dAKCCaridanittB y

| ci nases, PICA, PKC, and SAE C_, even at concentrations as_hi g)g as_50 p. M

Akt i - 1/795PsGiEYekh il vATe kinpseiassayéidarasteet ald200Y) echeme ) e rdih DEEsRsIteSs i n
t unor 0 '
pﬁosphorb%%t ?5(} ng%%Wgérf %?b%%éa{?%ﬁ? wgg%%glﬂg@%ﬁcﬂ% }églﬁcleslgioss invitro
and i n Dindsdeyi a1 al/{2065) Hbargt Med/ ChenENe)t. Bi:61k; TENM6/1R2 0TR) &1S MP5/15942218)8 i s

d
iy dr G B3360) s ThBhp o apprae A plok P i ioa PR 9D PPAResERi iy ) - 4- p
i peri cldoeyﬁat-exﬁilﬁnlaﬁ%hml a7 effecta Rguﬂm meﬁﬁwcﬁe%@n&mf bither clodeBORHHPPD i s
a selective B-Raf inhibitor (B-Raf IC50 < 2nM RK [.C50 87nM under
precl i n‘?ﬁ@ﬁlfamﬂve@ﬁ?egaﬁ%r%K@L@d%qy%QWFemﬁﬁW|h£hrf’ér§é’dﬂ\és 1-1/2

5- (1- ( -

3 (pyr DGR AR mediated st o ghemptheraperyics fn manor gels and s showm o
has t heblsdkriusiluné smhmated [gﬁas’p%x]ylfmmmamoﬁsf Ashth/ﬁhﬁ boMAMtdrNEGe)llm is an

i Mmunosy essant drug u e n organ tra tation,
and |5 Wepen mg?eae@?wiw}%@%%?sawgﬁ s p %ijs‘%ale ol i de
anti bi %hfdr& 1=(TUE-16 ﬂheﬁylﬂﬁfl-xﬂﬁcﬁ%{%%"-ﬁauﬁ&émw 91‘?;51&2:&1}?19&1‘3 99—4%?& )lg-“
Streptonyces hygroscopicus in a soil sanple froman island called Rapa Nui,
better onrimslagelSene. angl hasdhe strictietiar d DI (2005) . Drug Di scovery Today
10(10): 688-691). Rapanycin O 2009/ 036082PCT/ US2008/ 075883 i nhibits the
response to interleulcin-2 ) and thereby bl ocks activation-of T- and
B—ceIIs The | %f acti ok .'J NS to bind the cytosollc protein
r’rp)m n- FI CBP12 conpl ex inhibits the
1-* vy through directly binding the
& al so caI I e'dl FRAP ( FKBPr aparryC| n associ at ed
protein) or ! wd FI CBP target). Rapanycin i s nanmed as
(351,6R, 7 E,9R 10R, 12R, 148, 15E, 17E, 19E, 218, 23S, 26R, 27R, 34a8) -

0 10, 12084, 21 B3R Rieafe Bl it c3haP s A0 BRRKIES0 Byl o hyar ox
[(18 3RAfdr ﬁeﬁyﬂ&@@m&g&ﬁbﬁﬂ]ﬁ@ﬂ@ﬁ@h&%ﬂ} HPRBtihwdreddas B1-€11Q; 1 drakiyetbyItox y 6, 8

1 o e D P a2 b ydro T g 3r-?[ne 5 85 RGBS Reg.

No. 53123-88-9), and has the structure:
HO\

[09188] Rapamycin (sirolimus, RAPAMUNE®) is an immunosuppressant drug used to
prevent rejection in organ transplantation, and is especially useful in kidney transplants.

" Rapamycin is a macrolide lantibiotic ("-mycin™) first discovered as a product of the bacterium
Streptomyces hygroscopicus in a soil sainple from an island called Rapa Nui, better known as
Easter Island (Pritchard DI (2005). Drug Discovery Today 10 (10): 688-691). Rapamycin
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HO [00189] Lapatinib (TYKERBO GW72016, G axo SmthKline) has been
approved for use in conbination with capecitabine ()CELODA , Roche) for the

treat rrentw(ggﬁogmd gpt S WI th advanced or netastatic br eaﬁ(t:rr;ggd@m%ygaose

et acip s AR R R I A e PP AR SR RS I T B BRIE e
P- conpaiodt o¥ gotiRRiof efpaRlycigl ioWtHind @6 tPlbsdiGrReirokl-bilR Mo uzr(E:r@&Ba?)miual
tyrosijne |cinase inhibitor (US 6727256; US 6713485; US 7109333: US 6933299;

US 7084bampauscipdSai complexinhibitsthe ipamepalianiprse o rapeaysibimOR) pathway
aut Opg‘gﬁﬁ%&%}e@ﬁ%%ﬂﬁ@ ?@ﬁ‘rbﬁaéérﬁgﬁ@{apaﬁm? xﬁ'PoR@s?aiﬁoTE"uQa pRiapgrR@pket of

the E tern nase dona I S nanmed as
N- ( 3- clﬂépamém(asscfclamirmbtemz vt RAYY ghepamidinGnd FKEF2afpet Rypauydionypeietyd ar ni no

S O e R U EA LI Ve e BT leE\S/:[ArLllJJZEI':JE]i: [ 00181] Cer tai n
For mul @ 1k 1and, 1lal> 1coMBOI 1S A3 715h @%Mz{.ﬁ@éahycahgmﬁm @xa» %g s and
i nhi bif the ol’lferatlon of tunor cells 6/ 646031 S /0039459;

US 2008§(165R658k-hydsr20D81e00RENS Bhexyll- 2@@@1&&'@?&00 Ahglipehero73785).
6.8,12,14,20,26-hexamethyl-23,27-epoxy-3 H-pyrido[2,1-c][1,4]-oxaazacyclohentriacontine-
. 1,5,1 1,28,29(4H,6H,31 H)-pentone (CAS Reg. No., 53123-88-9), and has the structure:

HO

=,

[00189] Lapatinib (TYKERB@, GW57201 6, Glaxo SmithKline) has been approved for
use in combination with capecitabirie (XELODA®, Roche) for the treatment of patients with
advanced or metastatic breast cancer whose tumors over-express HER2 (ErbB2) and who have
received prior therapy including an anthracycline, a taxane and trastuzumab. Lapatinib is an
'ATP-competitive epidermal growth factor (EGFR) and HER2/neu (ErbB-2) dual tyrosine kinase
inhibitor (US 6727256; US 6713485; US 7109333; US 6933299; US 7084147; US 7157466, US
7141576) which inhibits recei)tor autophosphorylation and activation by binding to the ATP-
binding pocket of the EGFR/HER?2 protein kinase domain. Lapatinib is named as N-(3-chloro-
4-(3-fluorobenzyloxy)phenyl)-6-(5-((2-(methylsulfonyl)jethylamino)methylyfuran-2-

yl)quinazolin-4-amine, and has the structure:
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[00192] Certain Formula la and Ha conpounds bind the pll Ca isoformat |1C50
| ess than 1 m cronole and show single-agent in vivo tunor growth inhibition
in nouse xenograft models. Accordingly, Formula | and | may be
used to ﬂ?%é@g@“ﬁﬁ%ease or disorder arisin fronnabnorﬁép%ggﬁf&ggé
function or behavior as single agents or onbi nati on therapy mnth one or
nore chenot herapeutic agents. [00193] ger exenplary Formula | and |
conpounds descri bed herein were p# .re hafFact eri zed, and assayed for
their Pl 3K binding activity (Exanp %&) and in vitro activity against
tunor cells (Bxanpl e 14 The hithngé of Pl 3K binding activities (1C50) was

| ess than 1 nM | napealag) 44, about 10 uM (ten micromolar). Certain
exenpl ary For@p a Hand 11 ounds have PI 3K binding activity |ICso val ues
| ess than 10 nM Certain FOrF wgl and |1 compounds have tunor cell-based
activity ECso values l ess than 100 nM [00194] The cytotoxic or cytostatic
act|V|téﬂof Formyla_ | and Il exenplary conpounds was neasured by:

est abl i a p@wlgﬁ%vﬁ%wp tumor cell line in a cell cul.ture
medi umy 0@%&”9 a el FmlitaGTand 1 &%&}M&%m&%&m@wt&m kEfkd RofoPhs Andoer i od

f rom about hours to about 5 days; "and neas cell viability (Exanple
14) . Cednhiblsalsegptoliferation of tuass agis (NEOS00604603d; Iﬁéa?é’(]%/é(ﬁﬂ‘ié%; Ubty, i.e.

(caspacis R es DR ooBH R ot Lo Ado: ORISR or aper i o5 of

absor ptjg@pyz)di St r@dpidid kmuliBEk 8RO Th SBpakts B B h DIa(AAMR) aV¥E1S6 16 @pur ed
for certai n"exenplary conpounds by assays including: Caco-2 Perneabjlity,

Hepat ocymecr@mela reafdckow cpglocaes e vvasanENgrowit inbibitiogyin swhsoranogabgnodels.

| nd P di 511N
VI TRo cirrBndty Eauimhdh Ik AR B8 S BT HER Atioeief Ry biide™®
combi nafie IaBmﬁ“fnaF&lllr’gibﬁtH fiktiod ortipEsnaissivglé fpenttambd &tﬁxﬁlmmimhlthem;gewﬂs was

nmeasured by the cell_ proliferation assay of Exanple 14; the
Cel | Ti t&te- C@FW(T?? hamthesaResBHREBEY | Vi ability Assay, conmercially avail able

from Pr _ ed on
t he rec@ggg‘ﬁant exprg@%eo%&q%%nﬂ%&%ﬂ& g%@%%ﬁ?ﬁ%ﬁg&%%épéﬁ

Col eopt ércteniced, endswayddSosHEBOIK binirg6rd Vit(ExaspE 10D emDy: vine adtivitsr m nes

t he nurrber f viahle ceII ul ture u J

pr esent ? i 1%#2 |8%361ﬁ€1§%\’7%nn&% ggllhfiﬁgg@n tle%asl 93) J.
| munol th(Bﬁéhan&@@IaBﬂm&BoutLﬂS 106 02 fidrombie). Edrtaf éxefmilapy FornAsSs yndids
conducted in 96 or 384 well format, nmaking it anenable to aut&gtﬂ@@u

hi gh- t hesRRsHBd haye Padh brdingaveyity Esevaluss lags thapo M AReTiER FOER

Posgont Lt P AL TRAG BB AR PLOBRANES el YAPRAHE P0 T © 1

serum s[llﬂ[b!)ﬁnent e’ﬁlemymtm Getytosteshvictivity ofdromala Iahd mfmxﬁmmamwcbmmtmdi)l e

pi pettin ste n ui The system tect as. few.as, 15

cellsl/ 4- t and
reiiehiRg Al A AT AR O 671 Lk AP Sa

m Xi ng. medmm, adding a Formula I or I compound, culturing the cells for a period from about 6 hours

to about 5 days; and measuring cell viability (Example 14). Cell-based in vitro assays were used
to0 measure viability, i.e. pro!iferation (ICsg), cytotoxicity (ECsg), and induction of apoptosis
(caspase activation).— Pharmacodynamic and pharmacokinetic properties of absorption,
distribution, metabolism, and excretion (ADME) were measured for certain exemplary 7
compounds by assays including: Caco-2 Permeability, Hepatocyte Clearance, Cytochrome P450
Inhibition, Cytochrome P450 Induction, Plasma Protein Binding, and hERG channel blockage.

[00195) IN VITRO CELL PROLIFERATION ASSAYS

{60196] The in vitro potency of the combinations of Formula I or II compounds with
chemotherapeutic agents was measured by the cell proliferation assay of Example 14; the
CellTiter-Glo® Luminescent Cell Viability Assay, commercially available from Pfomega Corp.,

Madison, W1. This homogeneous assay method is based on the recombinant expression of
' 50 '



[ 00197] The honbgeneous "add-m x-nmeasure” format results in cell lysis and
generation of a lum nescent signal proportional to the anount of ATP

present. .\J@?@ﬂ iy of ATP is di r_ect |y proportional t%éﬁﬁsiﬁbﬁr@%ssof .'(':ell S
i noGeleipe Wi aRarb LR T e R AT b e e g

hal f - | if2Bleg@nemaiulticHaaml @ quah@Bidd MRhOATP SresSRPANGIRStoBf Relabolicsg and
medi um used. Viable cells are reflected in relative |un nescence units

(RLU) . active celipSirpunhet algd 893)d. ImpevmadrMath. 160:$heBYdS 000207 G Ehe befkliteat ed by

r econbj I I i i o {: | to AVP
and-: ger?gg;‘%‘ls%lﬁ ("%% ¢ p%dgl?tg?] ?ééﬁgggﬁ e!eﬂn%g%ﬁhwg ?tfag%g@%%n%?%rg&teﬁg@ﬁéed to
use re&g&fﬁhﬂ:ﬁaﬁt{ﬁﬁiﬁ@@@ﬂ?ﬂ(@i‘é@waﬂﬁm%) Afi*dii@d.ﬂcblltly?dgms:36m40#)ndﬁms or batch gode
rocessing of multiple ates. This c .proliferation a can be use

Wi th viem BROCH HTYCeR B RN Lyes adging % S _l%@ag%ffﬁeiﬁg%@?@ %E‘tgﬁmgan be
recor dgge R th WOQATELS in QrublhAARELE] B T aeViife, ERRVAILTMARGENCE

output I's presented as relative light units (RLU), neasured over tine.
[ 00198 hiheuliipld pipettihg ftepscre ves refuiredt Shosyskor deitcds 4s fawds 116 celicdwgll bray

compou a conmbi nations with chenpt her apeuti c agents were neasured by
t he Ce?g%“feg&@@aéﬁgmﬂ@éﬁ? aﬂ@%ﬁﬂgew%f‘g?gﬁ%}g'the tunor cell lines in
Fi gur e [60147] 1- B #h¢ihdmdgents Oadtambiemedire® fesiaaplsuiacbell dysis dnd depsbtinh
conpounds_and conbj nati ons.. The range of in vitro cell potency_activities

was ab8lit lgoesittstgnaliseporieng) tvhe oY of A uresent Abe ppgants ry of in
vitro ‘&ﬁ%ﬂg%%drﬁgﬂaﬁd 0 nfmBaoT cag Y 91 ABS THE CERTIR@* %fs%”po.“”d and
vari ous c¢cn t’herapeuti c agents. i'gure 1- shows a summary of I'n vitro

cel | peebdrites atdlon-tgss ysinedcenteidnal) atddoos! Wyf thEbicifutase tdactvonpbishdesnd

variou henot her apeutic agents. Figqure 1-C shows supar fed o vitro
ol | *p PR PeE TN ot PuRgTe COins| BT PRSP P B SN R

var i ougelehReRileek A ReMlaGe ARERESencE NBIEATNS! TiRIslbdrateBedtled eiTaimGs er i zed by
tunor type and presence of gene nutation. [00200] The i ndividual neasured

EC50 vakidasvelydeaathoxylgted by reqomblingnt fisfly lepiterase with cppgomitagt conyersig@f Ha

conpou f ' 3 ] onbi nati on
EC50 va%d%et.% e@%%&%&%ﬁ?ﬁ%@%ﬁ%l s(g%#hea?{lgfe%g culi%'?%é(igegglgf e Chou and
Tal al ayeageitlinidctor@n? POSAd:3 GR/BHBT fduS200A80 0y &BBR:h(rivde procEssiamaf fialtialeay, P.
(1984) Adv. _Enzy Regul,. 22:27-55). Cl less than 0.8 indicates nergy.
A C e %H'_a fifeson igrecnds “éﬁﬁﬂ%‘ FHEGS DIk By £t 25

i ndi catay BALAIREh bl R ofded B3 IMBRoMBeFLOIOC B atke Ry imlagﬁﬁﬂeﬁcé:‘ﬁﬁar e from
the EC50 concentrations (third point fromthe right). The strength of

syner gywhinespsneesnenit cprosedied @s redatCh dightundts TRLH), ayeasprad pPY&stiae- i n t he | ast

col um gf:bhe ta S... Certal.n c I.nati o i 0 R gur - = 1- C show
t he surig&rligrgrng- aﬁ‘égﬁtﬁ%‘ %@%%%Weﬁ%g%gf) f%/orggﬁas%/%gr%%nﬁﬁ?&ecapﬁ%nﬁ %‘gcel I

pr ol i f ecablratiomssiatyshevdotifrdpd iRy adeyevetehbasutadds thaCellTitangi16f Aasty, cervi cal ,

colon, endonetrial, gliona, |ung, .nelanoma,  .ovarj \ncreatic, and
pr ost at@’.‘m’éﬂlﬁéi‘)l GBS W%ﬂ%§eﬁ Hg‘FSi igdipgyae .&“AA,l Iivmﬂl g‘z.(’d §€5€V§1H?ﬁﬂ|"% syner gy;
and onl.y,5h@us f%rﬂ?e el &d%é&ﬁid&énd%&%%ﬂbﬁdﬁ THRELRIIP #ERFRIBRbbERAS, ar e

synergistic wth one or e tunor types, but not” others. The synergy
denonstacaitges was dbbat 100 nM ta abooel ¢ pMk ol i f erati on assays provides a basis to

expect cQlrespondi ng ,synerqy in treati cancers |.ncl udi ng, but not

1t ed RS br eaEtore A ShON ety Otan Al TP et ey s kgmomeli o,

ovar i anf Fpamnds @addntpoudd ehd¥ 2plid bieni dthdiapratic mgams%rglﬁ%&ue [ B020%k kisgrabr?ofs hows
S

results of in vitro cell proliferation assay ‘ -Titer Qdo,
in vitro cell proliferation assays of combinations of Formula la compound and various

chemotherapeutic agents. Figure 1-C shows a summary of in vitro cell proliferation assays of
combinations of Formula Ib compound and various chemotherapeutic agents. The cancer cell
Jines are characterized by tumor type and presence of gene mutation. |

{66200] The individual measured EC50 Valﬁes against the particular cell of the Formula
Ia, Ib, and Tla compounds and of the chemotherapeutic agent are compared to the combination

EC50 value. The combination index (CI) score is calculated by the Chou and Talalay method
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Promega) neasuring viable cells over varying concentrations (starting at 4X
EC50) right to | eft of 5-FU, Formula |la conpound, and the conbi nation of

5-FU d Th I\/DA- MB361 (b d
o ml tandb02 i} AT sgesed w e ;“F‘;r 4 1P eER R Betl ot o
2 (o p‘i ks GaB cdis Ervomsy ek 29 75310 &l lass ban B ot b 5.
FU (bot t h o C =
(P0LhREky R damavéaare}eg 412 RRSRE KBGL. AT T BEOLS i3I0 (

0.11) and post-dosing wt rong dosi ng order
( sequenmwigopisine dhe i veluseinitigurePi ¢, dd bmdyl il drb fioar i [EE 56 honeiritess (thirder gy

a = 67 0202] Fi re35 Wws results of in tro,cell liferation
gssays Qoﬁ?ﬁ “!’I"Q‘F Eé:‘l g,gu Yﬁ?ﬁ%ﬁlrqu?ﬁs‘?ﬁi 3&%3’?@%&? 059%4?@51 I F‘ﬁ‘f{; |
concent lisdd jamis 1ﬁﬁfcamnrtqt@é taBiks. Eéé%n Ebilthatidhs iR FlouRk IgﬁnﬁBtaﬁ@ur@shcﬁpr mul a

| a conpound, and the conbi nation of gencitabine and Fornula l'a. The Cal-51
( br eastth s¥BFsE ) m@émcseda:mwéﬁtsmr@ !mjh@ ridoo gﬁypr(olzfq@ﬂonamsfpwh dosed

wth F tto Snergyls
observ(e)t(qim\;lvlL ﬁﬁé g?iﬂn%% ncz%%ﬂsé %reasq‘n h? co - g@‘{gcme&i%aq’sg n%%?/

post - docsdaﬁgl,\pamdiledﬁnrmdl;&oét&e( Olher cofbitdtons i PRAZL A UT-B ﬁd&@%vﬁﬁ@m ts of
invitro ceII \F& ratlon ssays Cell-Titer o, Promega) neasuring

vi abl e qygfsqgg, PYiTREe 8d Elélﬁf 2 RBisTg (T iain RPMPNABRNERS SYNF It t o
left of wheskd sr%bdr@a,mcﬁ—q&;swlm It &R&PO’I‘HEC'S @;ggrr&eﬂl%ngméa iAdkd m:e&; el

gentitabine and Forrmulala. The MDA-MB-3 east tunor type)
t r eat edpraiiferation ﬁ@amryw(icmbaslsm @Xpb@tfecbmaspcbncﬁzg smbmlmu‘dathngwmetﬂef ore

dosi ng bl iy dd| e ost - d.wi,th r la 4 hours
orter bbbl MRS ARG bR S Bl S PR R T oL e BhE P e
si mul t asvadiesg pdmezmg, it@prestﬂegﬂ)umzﬁf}ﬁngﬁSI ng WI th Formul a. I a (C = 0.46),

and pos osing with Fornmula la (C WD 2009/ 036082PCT/ US2008/ 075883
0.28). [tf’@ 4] Fi digvee 5 shavsissylis FQ?“@FSH HTQ}EfQTﬁ'@P%FQYS;ﬁ@@}h fter'Gloi on assays

Cel | - T
Concent Tofiesdl ibpalfid TRAR) o TR ASU N Pnd L HREirfilthy By B MR igh et |
conpounef,5-Bdd daringlade ntynpatridoandothe emhhnnatmnbofeb’nﬂj Bod Fuinzuld B, THeVBA4AIB( | ung
t t K- 2C I t ed
b 60 ol et ittt e oF o mitpL SpRlEnesb B PRy P tored MG Rmh 0 s
and posteféle 3edngvivith QY (Midaleh, and phaldoSedliie Fohagh Nt WidrDafdr Id@&:h@mh 5-
S obser ved w fh sinmultaneous dosin

E)lrjce)t ook oo Maere avacwn @rsem@m)sumawae@wosmgcﬁg bl mirridadog a (O
= 0. 33) g[éP it tﬁl (@g"% ﬁ)%sﬁoéﬁ%n% ggwlaéurl (géc{?wﬁ%ﬁ) eﬁ'e&q% J;}bs@fvgli f’l%-cﬁ)gfng

assays ( romega s over var
concentwaluanaﬂff(smarﬂdﬂﬂsgsmerg@x&%mﬂr| ght to | eft of erlotinib, Fornula la

d the t f _erl.ot | The. H23 (I
Comor CORL HEREE BB Foviro ol Preiraien dsma b Tkt Giaousi y
(top), Mmbfe)aRdsuM hz;ﬂ% Bl dvbry afy RO R RIHORS (8RS 14t X EO5 Rt iorléﬂP

(mddle), and pos osed wth Fornula la 4 hours after dosing wth

erl ot i reftgemsisats lémfomsslﬁ&r@}ﬂnogn@lﬁ@éﬂwwmmmospﬁmrntataémgn@IBmga gl =
T (0 ey Obbninbleem Al bl Fulliiouf WoaR g pioaerie Wi " Tor e @
prol i f efcatitaria ddean afttCidsing Witlegendiabine (bottom). Synergy is observed with
~ simultaneous dosmg (CI = 0.59) and strong synergy with post-dosing with Formula la (Cl =
- 017, _
[00283] Figure 4 shows results of in vitro cell proliferation assays (Cell-Titer Glo,

Promega) measuring viabie cells over varying concentrations (starting at 4X EC50) right to left
of gemcitabige, Formula Ia compound, and the combination of gemcitabine and Formula a.
The MDA-MB-361 (breast tumor type) cells are treated simultanecusly (top), pre-dosed with
Formula Ia 4 hoursrbefore dosing with gemcitabine (middle), and post-dosed with Formula Ja 4
hours after dosing with gemcitabine (bottom). Synergy is observed with simultaneous dosing
(CI = (.27), pre-dosing with Formula Ia (CI = 0.46), and post-dosing with Formula Ia (CI =
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Promega) neasuring viable cells over varying concentrations (starting at 4X
EC50) right to |l eft of tenpzol om de, Fornmula |Ia conpound, and the

combi nat AR, @hnicesozol omide and Formula la. The U87 (gpdRii@obstiBdsst YPeE)
cells dfggtreated si mul t aneously (top), pre-dosed with Fornula la 4 hours

bef or.e ing with tenozol onmide (mddle), and post-dosed with Fornula la 4

hours 68294] dosi Fipué § Bhdveyrealk efirddb Rell pRiliferatnBsgy (Cal-Ohaadved with
si mul t aneous dosing (Cl = 0.004), but not with pre-dosing with Fornmula | a
(C = Pramsga) AeasusBSiankaeoHs oFvarRg @ﬁﬂc@ptraéwe&tamr@ %f?igE%b%ﬂ tpilflire 8

shows results %rﬁlmaxak @gﬁ aff 86 LSRR HorRSRAYS abPPbimuls §aerm§u£549

Pronega) neasuring viab S over varying concentrations (starting at 4X
EC50) . rihpbttuthaer tiyed, 'mtth-tr&rﬁlzlﬂ)maﬂﬂ&g n’éeteaimhxaﬂﬂaaeaushmtwm@wéwﬁdd twhih

mbi nat | d 7 ; t
ol s dioumilida ¢ G0 bR dorerstity orayy (mipie) GoS abdtuort! AT IR 4% hour s
before Hé;aﬁs,l @ Whshithl iRl BOARLO HoH8m. NG Hik8)is 0BRSS HRABREheSLS absﬁsgr(awaa la 4

hours after dosing with tenozol omi de (botton). Synergy is observed wth

si mul t&w@d@ed@wg\gﬂ@@m&m I@(ﬁ)” 05&1}, awbpoamdpmngmﬁhé?@mﬁg IagQli F3hnul a 'a
(ca = 0 5 and F?g%? o%vsnx%flﬁfspr i yirg celﬁaro%féﬂ%mn as a(yggﬁ)l?ll-ﬁ%?(ﬁg] Fi gure 9

shows s of fo ce eratton assays
Pr oneg al)roﬁem tifelafiFing x@etﬁleeceﬂle lob& \Qifﬁﬁg yétcyhthdiofO Geetiig AUNORCS () sight mllﬁg at 4Xx

EC50) right .to left of tenopzol om de, Formula Ja conp d,

conbi ndtfFBAIYP. Famylade srmaerndnncHbe fembinaten ofiElonmp r@vz:i'% ‘ﬁ%?aar?g%’?\em@
type)

2009 10%%'{6% 2 PCT%?OO%I% %S%QQF%?%%? éégg %&H%eﬁtreg g%‘fg%rﬁgalg 0 sﬁd}))’ ﬁ(@dosed

t enozol with Ekem(uuiﬁ adl lours Lafore dosing withedotinib Iﬁmﬁtﬁim Iioat dbshd)mtg Famﬂéa ladbsi ng

W|tht nozo i S _observed w | t aneous sin
(o " PO RPN W b0y BORSETY st R Bhierhd Vi icb QG RS 1
post - dqmm) mabﬁngwammoemha 14 @1 -039)231}1@&%853&&@%@@@1@@@%0 gpsul ts of
invitro ce proliferation assays (Cell-Titer G o, Prorrega msasurlng

vi abl e 1883468 oveFigue %SW&:T@W&@@@“ e el e@@rﬁm%@,ﬂswﬂ@@l =EtenGlp; ght to
left ofp

dgxorabl Cl ngzglﬂ%al@ﬂhﬁu‘{:%lwm?k WW&%@%&E unor tyﬁcg{g sttgrlzﬁ _
treat edofS&mdoﬂcamd@,Mxyxu(atI@ pdmpgmd; ﬂﬁﬂshdcambrhatﬁuraﬁnmodommﬁdhw@rmfadae

d t L.a.l

o ter b U GO R SF P T bEAORy TORHERD) (oL BRSEROL e R4
si mul t apeedsefste Abafy ¢ith tembkokihide ARARY Shd ﬁld&ged/\dvitlﬁl Fotiaitaat Rord &Bler =
0.18), but not with pre-dosing with Forrrula |l a, = 1.44). [00210] Fi gure

11 shoviosiggvilt tlgmerolpmidgi(betiorele |Syngrey is shsemed ésr@dweq@pmg T do,

P b t 4X
Fcs0) i opE s S bRl B Sl e IACH 135 308 BB R Ry R IED T o
of docef(@xel.4Bnd Formula la. The PC3 (prostate tunor type) cells are

t ted | t I t op), dosed F | a | bef

o e P oo S ekt ok SRR i T G o s
after C&%hl@&)%éaﬁuﬁ%cﬁﬂﬁé 8d11s(RBL 4P Xhe c%@%a&%ak &ﬁhﬁ%&t‘ﬂ@@E@G(& hight Ubf aneous

dosing (C = and post -dosi ng vvlt Formul a but not

with pref t@mgmhcgmmﬁpm@hﬁa |campan(d@ndﬁhqc®3§amatﬁmzf1qqaﬁogmlée ad Iresul ts
of in V'f'h ngSeemela%B%aItIu%&atyp%nceﬁss gr%%%aége xmult-:!l_}leto%lély%op), pre-dosed with

Formula Ia 4 hours before dosing with temozolomide (middle), and post-dosed with Formula la

4 hours after dosing with temozolomide (bottom). Synergy is observed with simultaneous
dosing {CI = 0.007), but not with pre-dosing with Formula Ia (CI = 0.99), and post-dosing with
Formula Ia (CI = 1.02). ,

[60208] Figure 9 shows results of in vitro cell proliferation assays (Cell-Titer Glo,
Promega) measuring viable cells over varying concentrations (starting at 4X EC50) right to left
of temozolomide, Formula Ia compound, and the combinatioh of temozolomide and Fcrmulzi la.

The MALME-3M (melanoma tumor type) cells are treated simultaneously (top), pre-dosed with
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Promega) neasuring viable MDA M) 361 (breast tunor type) cells over
varying concentrations (starting at 4X EC50) right to left of: (top) 5-FU,

For mJI a éblgg and the sinultaneous conbi nation Q%U% lémg For mul a
Ha; dﬁg g@t axel Forrru Ha copmpaq nd the si 55% 83
conbl naﬁoi“B B ioas & %ﬁ%ﬁ Fm%ol%mgea d@sb@@%ﬁw ‘wﬁb??{@ulﬁier mul a

Ha conpoiygy MH! n fon Q?ggd ormul a
Ha Syner gy ?@ﬁgﬁ‘ﬁ?b‘ﬁ% [ng;ﬁﬁ% t aneous @:frglg of 5-FU a Forungljl a Ha (C

= 0. 34)dosigg¢Et avdi), amdmﬁomm;bra-deng @lithF otm0R)[z (Glvel 1 g6)rend pdxit«desingvitFor mul a
Ha (a P@ﬂ; gggéif] Figure 13 shows results of in vitro cell .
prollfé:roazfl é‘% a Cell-Titer Go, Pronega) neasuring: (top) viable MI3
(br eastpbzowpr 9?1:5@@ kisov\edulid dF ¥ Vifto CANpRMFrAIdnARSayE B AL-Titd 18! 4X ECS0)
right to | eft etaxel , Formula Ha conpound, and the_ si nul t aneous

conbi naﬁrmﬁgaaﬂn%ermga&@le ealld oF g vRIYiAg FonEeniERi@ns Eswﬁmt 4% BEF® righytoeft | oma

t t { t
. EXRGgorabihl FESEIA Al Ae 38 h. e 86 Xt RO FARGEAL RLpARST ShEC ! N0
si mul t HEOVS (ewariph natdrayped telisendaedtahsideltardudto (o), @rekﬁk:se&yvuthll?gmuisla 4

20 o Sl by it NE G Bl RSt s eh e SRt
0.67). godf %@&%&%ﬁ@&%?%%?o%{&&@%%s&%%%l Mo&édmm &Q)wat s of

invitro cel | proliferation assays (Cell-Titer Ao, Promega) neasuring .
vi abl e a2RPBstidosingeadt Fctrmmbrlat(%ﬁp léélﬁué nefweth prafdpsmg witbrfoemlads (s
(starti n‘94at 4X EC50) right to left of: (top) 5-FU, -Fornula Ha conpound,
and the Si mJI t aneous conbi nati on of 5-FU and Fornul a Ha; and (bottom

docet a><{e¢}21(ﬁo r mulFigdra1c ﬁmu@dﬂts anth tike call protiferneaussage (OelRBltraioof
docet axel c% For mul a ]I)éner gy is observed with simultaneous dosing in
ZR75- 1 demega \Ml"caﬁ"@lglj[ﬁ’%@l SV BT 3y g cproentzatipng, (sjarting\af 4XEGp@)gight o lelt "\ ¢ h

docet axlaoBel S AR 1hBorkfdund, St cohBRZIHIFOBRAL! Bl diriIe! wREpCRRS

mut at1 ons a the In vitro synergy e isted In Figure TA(Expts. -
1- 248) (grostateotugontyipaptdleas mtﬁameﬁwlﬁmmmﬂﬂoaﬂddNﬂhEMMaM| c

cxpor R APuE Ry dreaitl oD eph Bosraied S riyPul A Sbehef vl

(Ras WijocetaxdRabottont)aSimdriRa s dwéﬂzemth sih\BtaBRRE ldf)é]ﬁ%(@{tﬁo HoNan sad

Figure 1A, _plotted agai nst the synergy effect i nati on I n

wher e. s%?@‘?ﬂqlﬁlﬁr@ag&3%mﬁﬂ@emﬂéﬁ@r m@marqu,ramla}aé@bﬁ 137) the Chou and

'2I'gl g|7a¥ 882&?@86??%&% Yéllf)ljtgcfg é syneragQ %'%T I nat| on | ndex)
of . erl dfmmelg?)ﬁxmﬁmmhlﬂe hﬁ)ﬁﬁ«@dﬁm@mmfxﬁﬁmﬁ céltsmveﬁagnn§ ;bzﬂeaigmfgg t
230 23 dtarcigat F vl SRRt odt OF (rebe B bSO NG ee s o BEPmaBAEET ot i ni b

and Formﬁamn%@wm RN RS (iddll)ldsB@ase Horh B gk co aﬂcﬁh&lﬂ;@fe 16
shows a dot plot of syner Conbl nation | ndex) of PD 0325901 and Fornul a

| a conpdmHtaneqpetdnipgtion gé@ﬁemxghw Hosmylgdiay and (hgtom) eemnsitabingelormuladlsand
B LS sl e B
PD- 032534rvadh mtﬁaﬂmﬂtaﬂedlﬂ dosinp CﬂM U ergh Fonasiaidd (@1 P}Q)M)p@ddetakﬂmﬁé Formula
1Ia (CI = 0.09), and gemcitabine and Formula Ifa (CI = 0.50).
[00212] Figure 13 shows resuits of in vitro cell proliferation assays (Cell-Titer Glo,
Promega) measuring: (top) viable MT3 (breast tumor type) cells over varying concentrations
(starting at 4X EC50) right to left of docetaxel, Formula Ila compound, and the simultaneous
combination of docetaxel and Formula Ila; and (Bottom) viable U87 (glioma tumor type, PTEN
neg mutation) cells over varying concentrations (starting at 4X EC50) right to left of
temozolomide, Formula Ila compound, and the simulianeous combination of temozolomide and
Formula Ila. Synergy is observed with simultaneous dosing in MT3 cells with docetaxel and
Formula Ila (CI = 0.69), and in U7 cells with temozolomide and Formula a (CI = 0.67).
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[ 00217] Figure 17 shows tinme-course results of treatnent of a synergistic
tunor cell |ine MDA-MB-361 and a non-synergistic tunor cell line MI-3 with

i t abi dosi | | s. pAkt | | T=0
Cunt e%‘gs z@%ﬁé?m OB e ona 24 hr - Consti tubtSLSEb S uci bi o
A ct acPollly i s Tiagass shpvimsrmisef inwiscalhpwlifaatiomaseys écelpy iten@last uzuni ab,
t I I : Ther.
) 7o e e SR Bjcef st ¥ e T Chver e ite MBLnfSEL, [0
dﬁs cr |t lﬁ(@ﬁiﬂﬂl‘lg EE)@X@IE@) tight tbdeft &f: (topy 5-@[3?615}:11%; EIbl cblhpmlej‘df a?ithiii;ﬂd(i?sz? .
chenot her apeut i ¢ nduce an .increase i .. Level s 0 er
wer o doruiiich o it ABHm Rk 12 AtBowd ghvetirel BSrrup 4 cobimyin,and
Lumi nexsiBuBarfdoeXcdmiihioh 6BiSceRae) andaldihBITa. @ hergFaBistARE BEhLBAL

| eads to increased pAlct levels in the synergl stic cell-ITne (MDA-MB-361)

P PR :
but . not d9singiR<R7Ad Gelnwith AdFlgpad Fernudd Ila [(Clre 06K ag] in ZRMHoheslls #fthng t hat an
i ncreas&cgﬁxﬁ%a Fl)x%i’lﬁégai(@liﬁﬁ@ nse to chenot-herapy is correlated and
y a

predi ctive of synergy Forntila | or H conpound and a chenot her apeutic
WO 200900256482 PCTTHeS2A 68 @b @ S reRy@ntutatiorsiaad teEn viteS sydarngeffect B8243] Fi gur e

18 shows a daqt plot. of synergy (.Combination |ndex) of docetaxel, 5-FU, or
genci t:%gwgq%]@pxp r ‘rﬁ%‘f@ 5 I EpRnREPne oh EemHinlacompepRdang phempikesageatis t

tunmor  oglehtslchBS disflafed YA PloRNelach BGEFAARNNAGRAKL g}{g@r@ﬁe@& fhdly F €SPONSE

to the chenot herapeuti c agent al one: I nes t hat an increase‘in
pAkt afXigeretlde athereaperivnents ato gotupsd by R&s wild-type (§enWiT) abRaemstaot(Ras Mutiger

syner gy,, / a.}l:a co u than cell.lines.w I hout Cct,.response.
1002191 eh{%ﬁg‘g‘{% |J<‘)‘r s olREn F e ﬁédpc'f’%?d BBt w&vcg’?ﬁaﬁﬁiww e used
i n conhindat, iCT)) where syhagy eadaRNitOdcceaBas Cl cOBNEIISEDBY tR)CIRAThATELRY I N a
therapeut%c Eé)nbl ation of a cor’?ound havi ng Formula 1 or Il, and a

chenot HEFERL (e fped Talalave Bt 484 . Enrons Rewil Bo¥etBxel , 5- FU,

genci t algppes PD-G3 SIH AL L [ a Ry oF=Yd I . i zt unab,
trast u?t?mab,] pert u%?ﬁ%g%,shot%es?r‘ﬁiz%‘ %’2%%@"’%3’@53&# F {e}lﬁ?&g%%%)u i gfﬁrlllgg%ﬂ%gt i-1/2,
HPPD, rksetada spmpmuhdleapainentdirom Figure A \sgaing ttmoneellditlel withnrad withbuta K- ns

mut at i and.b suri-ng i.stJ ¢.or non-synergistic effect.

[ 00220]° Sﬁ%‘%ﬁ%‘ﬁ%ﬁ%@ it T 3af23h: o6 oSG o6} S 1108 SERmE e

conbi najyheras bexRBP il dingflard'F drin@ia 18 SothPountiBhankGs wAAdyFd QHESs. 2- 14, the

results ﬁée consistent with Pl 3K inhibitors exertlrggldaﬁ% phase specific
€

ef fect B2%8le i nriBre {Gshosw ardaplot ebsymersy dCpmbinatie PEXI5Plgardn S

phase s hsfal | t.LQn. i.S,: i i xerting,an S phase

B oot 1Rl TE s BB AR M MALD TR ST ARIRE, RAG shd RRE, 28

speci f i Rasdewaticusi(Bepts. GA-36f 7488,y 108139 EL-1§400221}6; RENLCN TAN HBRYTHAGS

{ her apy "SRG HAFE oY S Rer RE G o BT T LI EPEPas comgont $on B3
erap n

breast rhywig-tpseteP@depr ostate tunor cells. The Annexin V/ Pl assay detects

early and | ate apoptotic events (Exanple 15). Cells that are Annexin V
posi ti VOB i n tigure b shpvwsttimpeeounse rapdis 0o eatmanicf alsysergistiatumar eelbliteh

a5, B0l y5ah DRk 1 1005R% 198 Rl b &k *
levels. pAkt levels were measured at T=0 (untreated, UT), 1 hr, 4 hr, 6 hr, and 24 hr. :
Constitutive and inducible Akt activity is known to promote resistance to chemotherapy, .
trastuzumab, or tamoxifen in brcést cancer cells (Clark et al (2002) Mol Cancer Ther, 1(9):707-

17). Phospho Akt (pAkt) levels can be measured by the method described in Example 18. Low

CI correlates with the effect of the chemotherapeutic to induce an increase in pAkt. Levels of
pAkt (Serd73) were determined using bead kits from Biosource (Carlsbad, CA) and the

Luminex Bio-Plex system (Bio-Rad, Hercules, CA). Gemcitabine treatment leads to incrcaéed' .
pAkt levels in the synergistic cell line (MDA-MB-361) but not in the the non-synergistic cell

iine (MT-3); demonstrating that an increase in pAkt levels in response to chemotherapy is

correlated and predictive of synergy by a Formula I or Il compound and a chemotherapeutic
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[ 00223] Figure 19 shows results of flow cytonetry FACS (Fl uorescence

Activated Cell Sorter): (top) MB361 cells are (left to right) untreated,

treated with F la la, 5FU, and first with 5FU t hen onpound,;

(m ddl e) %003@%%2 gre (left to right) untreated, trea@gg%g(@w%?rml a la,

docet a%&H! IFHMIUABEARE™i t h Fornul a | a conpound and docetaxel, first with

For mul then miehi 14QR6HAX 8t plANE st S (U EinARASHEXTHE ddde@RelNs Y, For mul a
a?g%]ttomwﬁx{égl (Iéﬁ B 4

| a; an 61 cells are o right) untreated, treated Fornul a
| a, gencgdnatiiabise ashBoriiulsl cnmpburglenpetinbite rorhEgusi thagaoshiyiner pell lines

00224].F | . d . t OXi h h £
Hosed HECHi Sob8 6ERE Spte P LG BuRRe 75 Sttt B pASHRBRHNE SRR Mot L2
(Fi xedCkRlingehht Bywla ikdrdabe il pAIE afiel thdatshatt vARN@ockaxl, R, B ger{cpiabiaeinds wer e

added either sinultaneoqusly, or separated by 4 hours, pre-dosing and
post - dekivnhgTamgersyRerewith Hogmuls dp enmepundiansted lingy withowlaph kb trsPaiPeect was

not ed maxi 2 i ter; . Tl%eusg i nations
r emai nﬁgﬁgﬁnergi%%vﬁﬁt%hg%%%%?%ggﬁmqggﬁégé outnggﬁiggﬂg@rs tOa ter&) osi ng.
Ther e asmbinsitorcfasths ticatreat dficanred compising e hdmirgstenngad therapeugie combimen@at | ons
Figure.19) when Farmula la is_conbined with the chempt her.apeuti.c..drug. A
o ah 6t ShrmporRf arape Epanls e L g achempiitaett e PIecit SRR IR 1 uiror
i nhi bi {hQkxkps sl oMb hese iR @&%gy; Ondclitaxly BevalR0R25] THREE
Di I\/ENSFbO\lAL %%%k%ﬁ%&\l&%égAY ng%%gﬁ]_%ﬁd andul%g_;ﬁ’gicssues svtjlch as the

br east irasthaumsbi piraizimab, iteraegoiamide, iamexifens feirahicinetikt-br2at B DesaprmEdr ul ar
mat ri x Wa a ) sl I {.% r - 2S5

nor el 2T TS S 48 YR buE S ARG 88 RE iR o) Bl e

r econsbot hati-Stherdidivieffest: ri ch baserment menbrane (1rBM to standard cel |

culture can recapitul ate the'gasi c acit3ar ‘a%chi tectuyre of the .mammary

gl and 4ME2Pk coné-#té@rgg&ﬂf@esn% RIS BEYIHTAR PG PPFEYFOR S CB LRt e t he
dynam ] ' RARTRAL f PR 1 wikPf®) Nat Rev
Cancer %X%E%gﬁ%g@%gg . w%ﬁégb¥%a Hspeceigs% gﬁ%@feﬁﬁfs“% %Jg?fmé% 3K signaling has
been i igHibiteat extriing 261 phasd epesifizmitent orothe BNMbigs2 of tunop ctllipraliftioastF{ unor

cells gro i Nl rBM whereby Pl 3K.d.nhibition was. suff] t restore -
ot cal Hiing oS phent A ARaR PO P PR P B Yang .
Bi ssel lspd¥ific digdPdon of ]ﬁeMs?;inh@lis, adbdoceRelleXprting avi & phde speciffrodepdlarization
contribution of PIBK to the initiation and devel opnent of breast cancer, 3D
cul t ur e myap@hles.pr ovi de a novel and conprehensive means of assessing the
efficacy of small-nolecule PI3K inhibitors such as Formula la conpound.

[ 00227]iddpa 1] ecepkpOW YYASIMETRY I FASe HERZ (Neu/ErbB2) is anplified and
over-expressed in approxi mately 20% of . human breast cancer and plays a

causal [#®23] i n nElvesyorsercivaoadesédtoveasuisthesfats aflicombitationdherzppofl)  Nat

Rev Mol Cel.l - Biol. 2:127-37 That, H . OVEer - eXnr, [ le in
nanan. BeEide Eihugn dRfset b o HiRin SR OUSCHABI AN BV B! 0 |
anti - 1pkdsBite filid® ¢4l althe 23inkkio AYPI dskfsdaiety ¢uly apHERCigopidio evémn@ixamplt) . | n
addition to hopodi neri zatjon,, HER2 can also function aﬁs&t@réo-rece t.or, for
ot her HER $elifithss apefmrexd V pREtHOHB & bR &rTRFpeSEd pPoRies %@E%‘@%bgﬂt he

HER2 digYRELinat mgogm@%tern%&a'ak uh B éf!!aﬁé%igﬂghlchan@&qbi kS 19IPT t he
recruitment of HERZ 1nto HER receptor-Iigand conplexes (Franklin et al
(2004) r@axivig cadd makeSy3hd “128) poffiliaticef. f i cacy of PI 3K i nhibition was

g . g | Sh i 0Lt on. as. f
R { alDEET gnaFion 1oy el pEn G P REE L E AR T Bestel 4R G
per r uzgerbr): (199 2283ihells BreaTri 10 Bight) ehttelesd, el hod Foahuld 84, SFUY, madirst

conpounds to be used in ; .
with 5FU then Formula Ta compound; (middle) PC3 cells are (left to right) untreated, treated

with Formula Ia, docetaxel, simultaneous with Formula Ia compound and docetaxel, first with

Formula Ia then with docetaxel, and first with docetaxel, then with Formula Ia; and (bottom)
MB361 ceils are (left to right) untreated, treated Formula Ia, gemcitabine, and first with
gemcitabine then with Formula Ia.

[60224] Formula Ia compound and a genotoxic, chemotherapeutic agent were dosed at
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WD 20091036082PCT1US20081075883 conbi nation for the treatnent of cancer
conprising: a) admnistering a therapeutic conbination of claim1l to

HER2- ampkéd bgloRo@ast cancer cells in lamnin-rich, reg@ngéisbsi-Sesbasenment
mb t

ol atsetah 2 afy ) Eal, HECS (EERLOPLAPRNIY (iF SES Lotk Brdihin Y fiEPAD. O

prol i f €laatponndsere atdedudherdiingitaisbusdy) r seargebin 4 hourgiry-dosidgd andgrost- :

di scrinm nated one or nore enoty c differen sel ected from cel |
vi abi | .@W&%ﬁ? sltalﬂa%%%&éﬁ ‘%bo"z m%%%ﬁ OYAS RSt VR HETEUR and

i CO”R%H}gf Mﬁ@réﬂéﬁb‘ﬁé lﬁ‘mﬁn’i“hé)&ﬁhtﬁﬁatm CerfMUSh&distiOwitE Bsmairps T 1 ed
BT474ML" ce (Exanpl e 16). s were cultured in"a 3- dinensional (3D)

| ami ni M&Sheﬂput De@bwafmudMgbé@em incemabasan eartyoanddato apaptésty intalghneo| e of
extracel [ X cul.es i.n.oncogene .Si. I|n nd bi I The
setie o RN A b S L R N
connot Qﬁmhf&ﬁ& Thial#78Y \laﬁxe%uggb’s@ 1 b s} Feaff RALEL I fufbr thiTbitio & lafely #Bay (as
conpared. to two-di nmensi onal (2D) cultures of cells on plastic) and can be

usef ul these dpugs arsroriRedrin ¥i% on of inhibitors and target genes. 3D culture
was used to assess HER famly signaling and neasure the synergistic

ef {1 caguonis | nf nhi BiganspIGENSISRAR! EOMBIRICIBN Aagaphenot ypes

(nor phogenesi s) were used as markers of drug efficacy (Exanple 16).
[ 00230] 16228} anp! il pleddBIAA4ME sod dsshabreast e dp1ﬂmhukaumcltambﬂ§mhfaaaw¢1yhzed

si gnal i D ture hen and sur S [ stic
ot 11 cacymabem et el 5P bR b bHETFa BRI o e eI L HEBH ERED! t he
| am ni Mok siinakRe6N8idd sibledy Ezﬁﬁ%ﬁig%nm &nﬁﬁdf @rdc@nsumted, laminin-rich’

Engel bret h- Hol m Swarm ertracel | ul ar matrix extract, commercjally avail able

as BD Nasymegérembrap (BBdBdP sedasg cellgnd heibresangsepiviaehehrsisacmanarchifectine
extracel Igiiél CEIPJ%)’ ‘éin ¥nd & (grg{de;\éﬁ 1§ H%Eﬂﬁﬁpfgé?%%@o BEaY, ﬁfﬁia@@th%' dney

epi t hel exenp ary phenof ypic erence Is- t e aci nar

archi t elyhamne rmtraenmammt ()fmhmgmémbxmﬂjw Bmogye i aQ00% NatBev Rebdegriaditsy cel | s.
[ 00231] 0 eS| core n addifi onal assay for drug
ef fi cac@‘f Q f Bgct‘%‘f“tyl F%ﬁ %‘agﬁﬁ@ﬁ’ée‘bg‘m BhétHacodynani ¢

( PD) rmerelsaa?me:ﬁ%&“mmm Thy @ﬁ@én%a@%m%h@agtgfm mﬁtmvﬂ AuEshy PRI bi t or
drug concentration was established that effectively i nhibits the target.

The suiinkibition s sefiicieat iogpstore aalcﬂdvmil reldrity aefl induescmptiarestdbidd cul ture
assays G ng, d siderati-on
For - udv B B WLAIE eSS, LU T CER piOlr L ERRL"0) TR8 M AL T cam
pat hwayoraitkgosof RIBEo alse mhmahm@da&bbﬁméiﬁTdﬂbreaaﬂtﬂnwnanaﬂmmsﬁmar

phenot ype.. The\léﬁii %t dr oncentr i on that §£ %vel R/Phl bh&ﬁ%g t he

t ar get RIGEYE fhBREH 2P FORER e&é’é’&;‘)ﬁ?a‘l@e@ CSHEERE cHP Sz%iﬁ‘i © | a and
ha comguBf e -kSRIFRrhEE 188ohiunfli nal working concentration for 3D culture
assays [00232] Direct inhibitors of HER2 such as trastuani ab and pertuzunab

have bd@M¥Mhown tldeireaeptor giresing kinasd GIR1 (NenfirhBE) v amipbfieddndoworeexpresiasy

effectar thvva in Pl 3KAKT .axi s ed | nh| bition of P13K
Snd rern pRp Rt abA S pielS ek pl RS oS ot e
2009/ 03ABAIRENs1IRARBNOT 588 owski MX. (2001) Nat Rev Mol Cell Biol, 2:127-37). That

HER?2 over-expression plays arole in human breast cancer is demonstrated by the therapeutic
efficacy of the anti-HER2 monoclonal antibody, trastuzumab (HERCEPTIN®, Genentech). In
addition to homodimerization, HER2 can also fumction as a co-receptor for other HER family

members. The monoclonal antibody pertuzumab targets the HER2 dimerization arm
(extracellular subdomain IT) and disrupts the recruitment of HERZ2 into HER receptor-ligand
complexes (Franklin et al (2004) Cancer Cell. 5:317-28). The efficacy of PI3K inhibition was
determined wsing Formula Ia and Ila compounds combined with inhibition of HER family |
signaling using the therapeutic antibodies, trastuzumab and pertuzumab.

[60228] The invention includes a method for determining compounds to be used in
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cancer cells may result in potent tunor cell inhibition. [00233] By
i mmunobl ot detection of phosphorylated AKT1 (pAlct), 250 nM Formula la

conmpound 80%@ Jo%f med to potently inhibit 1313K doms{,gﬁ%_ ﬂﬁél%@si ng
Exanpl e .. erapeuti c anti bodi es were used .at..satyrati concentrations
E)f 20 ﬁagﬁza%goz@%e@wt POFAnAE PGS @W&@%ﬁ#ﬁfﬁpe&*@s RRP8

Conbi Nl Ofo AERAUNIHRAI PR s daAsd Y2 TR Barh BiEtEIR GedoRstRBted Blctrete

suppression of the 3D 'growth of BT474ML acini cultured in Matrigel devoid
of HRGnhdnyjmamt. maba, ddteenn tHeichamdthdmpertidgagent HERStS HERS thearenediilatesra BEBAal i ng,

o addeatln PSS ReEtehg st RORc AL Bbukdet thRHE SO RRN s R e, o
HRG i ndkiRean mnrh abliite dBYriaHAREbyR8 or £rd pleabtypitdifitreivelelkomnt froa and

pertuzumab resulted in an additjive reduction of HRG induced acini growth
and ol EieHiEs ard achgr ogphogenesitas shown.to be statistical l'y significant

upon- Ll e repli S ! i ) i 3D
nerni Q0B ©, f o Bl Heng ocilfla 358 D Ethophd AR BHIIRY ke
t r ast uzuamhted & HERPamplificd BEG74MI aclisa Eaatdpledi6).uZelisabere Thisuredins hrat i on of

trastuzumab. an rmul a l.g conpound,jnhibit cell proliferation an
attenu e’?’?éq“é'g@ﬁ (ARG T566 _ﬂ&@%ﬁ@&@&m Wé%%l agequmh for g ’ioﬁaa& uzumab
and Forgpth@ilhRr £RFROHAd18E oS RAL sighdind Qe bidterye e ebBitpaf Pcarewtch in-

normal serum but no additivity was observed wi th.the combi nation on acini
gr owt h resapiteleisibyenregsnic micrpravirguinenicenratesdthafdtimay bramasvrebipbla predictast

R S e s S S S

t r ast uziefabfor gerdhurzurEibatioand iftébinu adltargeogaped D syinet ghs tdedad hysedstHHRI t S
BT474 i nj d wt h d Oh i .Fi gl i.n.both, .

e o S e ot e DA SRRSO AT, T RbS st at e (o
exam “%h@ﬁé@e%%oﬂﬁ%@%ﬁsﬁ@%ﬂ%&%ﬂ@ﬁ&r%f%@%ef@crakye(ﬁmrﬁ)?é jgyviability, and

aci nar "phen . _Thé lowest inhibitor drug concentfation that effectively
i nhi bi t{@e23%he t aFGR2-svaplifesht R TadHeatllameransed iodaedt blER fandip sisebysusing

[ 00235] Fi hows the guantification of. 7 r i

tir eo diovens et iihehpd G bl Sitetic BHIAS SR RdBs | oasuring
cel lul aﬁorﬁhegehes\i@dmcamPM‘@mn@ahb&meﬁ@fm Taphisif-rich, retdlaatutciseeenam or 10%
serumw th 1nM hdeire ulin and_subject to inhibitor conbinations i ndi cat ed

(left tBepbgpg e %gelm@ol@ma&mawlwrm%wﬁw% agwfw_égsand 25
PY/ ML DRE AR l\géﬁgfgm %s@ieh@esfolgﬁﬁgﬁgyx%%g It b RBRakh on of 20

ng/ mM trastuzumab, 25 p.g/nl pertuzuma M Fornmul a | a conpound.
Aci ni  gaxtratdiiubam thatmbr ({3 Eive $DsultsredpMadinaDathy wanihe kidhéyuérathelial eells: ction

inrelative light lim RL in 109 diumwth and wi thouyt 1 ri'M
hor equi R IpbEREp R Braed® Mede bt S Erone: Ropditrs APheibiRdeet, {1 U o
conpar ahiasleyndoWRlighant)tdaBs. pr esence of trastuzumab, pertuzumab or Formul a

| a conpound i ndivi dual I'y, but not in HRG WD 2009/ 036082PCT/ US2008/ 075883
treat edOfRtila. THRESRSITPROZERATISGRN bf sesred-ararpddivgnal sssayitar drae efiepdiund

i nhi.bit 8] pE Ok t.0n: Ny nesi s
| nor b SRR Ol Bk AR 0Bl BB Cs RSN Tl RIRP GG
nmor phogeiras plsenotypheThglovwest-inhibatrediugedicantrafiva ves ehiebiahedthabéfapevelnzt unab

o b SRS e i e S A
The trifkss %ﬁﬁét@ﬁﬁih@d‘b@ﬁdxﬁihﬁ%%ﬁ B inR Rlobd4ZMEEbnsiaBE i 5P fdFek éall @elE onmpound

synergistically inhibited BT474ML.cell proliferation and heregulin-induced
nor phogéailityspiampaendenais pheassspendingivamstreantpaiR@supiesteibdd nedia. The

conbi natyl I ] - SV i stical papi.lity in
ot sotsabhoR R AT et SRR Rhabbil, rhe HRRLFARESoREa il | Y
of BT47Mttivady irthibiiad tiad tapetdoad dhwbsadfobthe tabeayt.r A pbeceaondione12i50 nMaBordedzr m ned
t hrough. m ¢roscopi c jnspection. These data suggest. that the Fornula |a,
trastuﬁﬂﬁaﬁhaﬁam R cwﬁ%%r%@aﬁw w&%&vﬁw%&?@ﬁ%&a&%g& ef fi cacy
for tr e@bmq HERZjaaepidnfti®eh JHEast st RE fhsthAnibRE pPatigibdave been shown

[ 00237] Trastuztunab or Formula la significantly reduce acinar size in
nor mal teekedere yith downstream activation of several key effector pathways, including the PI3K-

AKT axis. Combined inhibition of PI3K and HER family signaling in HER2-amplified breast
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have limted effect on HRG induced norphogenesis. As a conbined treatnent,
trastuzumab and Fornmula |la can mnimze acinar size and noirbogenesis. By

Cel | TitelpR9epg@d ysis of cell viability, additivity p@%/ﬁgﬁ%/g7gﬁgt uzumab
s_in decreas grow h in nornmal nedia, but no

and Fornula la resul .cell

differ gﬁl&cgrf%g?éagr{ewhtiﬂpﬂ%tua’ﬂ“(ﬁ’??"? Wﬁg?uquG 1002381Pert uzunab conpl etel y
i nhi bi 48e23RG i NdBG eEmAMEHIBOALAESH B pNRBREIRFUITT] G AId), 050 ¥MVIriouRlTh Y
reduces the phenotype. Together, pertuzuinab and Fornmula |a abates cell
growt h camowﬁw@gég@squm iPAtepdY Mt MK dovastHR sigplingtBrarenie 4@di a. By -

eval uatd f.cel.d wviabilit s_.nmeasured by Cell . Jiter-d a decrease in
Corl ut ArSfioRliciflboddsapt ok R 3o IEAR Ll Rt b T b OhT Bndos BBFEGT P 1
as_ei t hefufinlad 88800 re@@emabagpl Coh@iafiyn bNFaleulils oA dhduziae t r eat ed
acini also show a simlar trend, but to a | esser extent. By eval uation of

Dunnet tesgiitqd inapiaddising arperspion f G130 growdl o4 T4dhl acinitcabiured irglatricrk

conbi nag.i . u : a 1St 1 nhi: hi t. ul-ar
ot v Lo Reb BB TR aeBi SRl Qe e HeRHERS ARl bt e

addi ti deemfugkestaiitb be Handfarnting bn huhipleuziltmbs, dniM PERG wak addad ix thadermsdys. Fi gure
21 shows BT474 growth in 3D cell. culture upon treatnment_of 20 g/ ml

trast uﬁﬁaﬂﬂaz@gdl}&ﬁw%ﬂm#fw 012?%%@%9@%9&0%5% risgy, co-

i ndi catR@mdnowi Farmtita B MR del Areb AN o8k AR reSlchiSn bIHROLABcoBAI &,

but as a single agent had l'imted effect on HRGIinduced norphogenesis. As a
conbi négini geathadmopbegeness. Hehis effect waz shavin wriw spsisticatly wigbifsagnipbi cant | y

reduce inar.q:Si.ze d n-torp e i S s d m.ned by neasurenment of
ot 1 CurnifpRponSes 18R dbb R RPRIRRARL fpSiont Tl Al et ST BRI "
conpourfollowiag tredtmetdowiCOR@elitla shd Stabighihab ds@8mpefeltiit6 86inalslagind250 nM bot h
as a single age (p=0. 0001, II)unnett@}'ls dT-test) and in conbination with

an

t r ast uPGFHEER2EN d bp o biRaRIL rezeY Fompogsprypiedbos/ 075883
Dunnet t . S;el=t: . L Glr: : S [ £ 1

i 1 G e B e e
gr owt h ahé FaBngela coppotud bavegetaneaisladditivepiacts ve 8Dngrowthaf ndnal serum, but
ug/raltra zumab, .25 ug/ rtuzumab or 20.nM Fpornul a.l b ca und, ..as
P carR At SRR ot SHBRRG PO AR o BNTAR O PR ey HeersEyi
HRG supphederiRd THe db@bindfiéh sDsnushAl fddFarthulagd ushpamdicBmdiaAed Si ze and
nmor phogenesi s, as_determ ned by neasurenent of cell viability using Cell

Tit er @ontly.dufpddiivets, Sl it izt ¢ nrsphageresisb The Fiple uzumab and

pertuz : gfﬂn'la%{,&lﬂlﬂ SNER EN@%@ 1 £F ' {4 cacy of
t he colr%bgfﬁl?g}?%%gs of t e!ﬂ%{?\?ent [ orlfZ< may eﬁlr?élgs? EJPg@& ﬁn‘“[”g%ﬁa%@%l&gf"gém i ng
al | ogr d3454b11 acen byt giotsh afd marphegeresk ([Sguna 20 pibertis HRGdsuppleaikentad atde

tum)r-bﬁa%ri ghe nimals with the conbinations. Variable results are.to be |
expe'cté G%FB ng on the cell line, the presence or absence .of certain

mut at | oe23uN t he EhdBhibRE! Wis tittd1es SRABANE eIRlan? fithRb blahbhQRyimiEePDY! a |
or Il conpound and chenot herapeutic agent, dosing reginen, and ot her
f act or $nATKRIpjceld Viahility and peintrpbspeiypeai The lawes dinhibitr deegrronedntrgtiasihal e) and

ron 0 U SHE] Bk PR R RS L BRI B LI Lo, 070 Coub) v
t he nmed®a3dhor vBlguree2(cdhang eheopantificatien ioNBTEY 4 growdieinthee-dimensional (3D)
culture. Cell Viébiiity was determined by measuring cellular ATP levels. BT474M1 cells were
cultured in either 10% serum or 10% serum with 1nM heregulin and subject to inhibitor |
combinations as indicated (left to right): media, DMSO, combination of 20 pg/ml trastuzmnéb
and 25 pg/ml pem:jmab, 250 nM Formula Ia compound, and the combination of 20 pg/ml
trastuzumab, 25 pg/ml pertuzumab, and 250 nM Formula Ia 'compound. Acini growth and

=

morphogenesis is correlated with cellular ATP production in relative light units (RLU) in.

- 10%FBS medium with and without 1 nM heregulin.
[66236] In standard media (without heregulin), cell activity is coniparaiively lower in the
presence of trastuzumab, pertuzumab or Formula Ia compound individually, but not in HRG-
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(Charles River Labs) with MDA-MB-361.1 breast tunmor cell xenografts dosed
on day 0 with: MCT Vehicle (0.5% net hyl cel | ul ose/ 0. 2% Tween 80), 150 ng/ kg

For mul a kgg 2deei8béeg docet axel , and the conbi nation of For/oteasd7ass350 no/ kg
and docet axel .5 m@/ kg, XFE & 99? ' &nﬁ%c huinfidyedeel® and 9
(q4d x%?tegmeggvgﬁgﬁgﬁn?/ﬁg\%ﬁﬁe ormu gg?%&l%/vas o%tggégai Iy forezci’:Le days. by
oral gayvageatdNed Bdniddiesmiindndicheé meephpgeimyis iFoomal serbm, oo dddigyitl hour
after docetaxel. The conbjnation of 150 / kq, of rmul.a J.a W th kg of
docet ave obsaREdFInAEH WA RT HEOFP]JIQE?{LCR)B-”B%%? 7 ‘?fg ‘??#‘fbr‘%r%’ bﬁnai%ﬁﬁrgfvo

greater H}bﬁ;@n | &boRRAy. AP 24 JNe igHiBRea BT47iM leqwinitel s dosed
with FEFmi aﬁ%gdﬁgggﬂrr‘gé% S owedb%%%% nhi bitiloérg?after 21 days, and 3

par t i algrovetyrand siooptmgemdistit Wothrtindandiang heregelin-supplempsted Trediag g ATBE 10

animal s dosed with docetaxel 5 mg/k ho 78% inhj kit o 2114 days,
and 2 ;98?3&3&?0‘? aé‘gjgi"%‘ﬁg’ 1% % Pﬁ?%rfnt\,\u?aglﬁ cg?jipgr 4%%5%@ ‘?ﬁfﬁ]‘gﬁ‘é’ﬁ%ﬂup of 9
ani mel yEgaRd dMitoliieneoml Ratduan-inducE® fmytagbresit §Pigmy/ 20y ircbudh dendtdxel 5
ng/ kg showed 90% i nhibitign after 21 days, _and 7 partial, r.?ea%r%?si ons and
83% i ntandiHR Grupplemesntefmeriy.s Theprantipationphpil %HG%P&%ECFYB%S‘PE SPEPFEREY i n
tunor inhi bt Tzl LGl fat ppared to each
single C&Blﬁbalbzi-%)?l:% &8%6%&%ﬁ%&xg&bgﬁgﬁ%g%&\%q%?%lﬁggf%) . [ 00245] Fi gure
23 showsorphepeneioftRIMIMMiotdlisavas Aian geolohed by tharipln c@pbipatinnis d5icERINGEhar | es
on d

Ri ver Labs) w,th MDA-MB-361.1 breast tunor | 1. xenQ e ay 1
wih GROHEROPDSvBRET USSR RS %ﬁ&é’ﬁ?@?%?‘%@t’rﬁ% thd

rnet hy L R3etid1e2YmbIYREB priadinéled cFsany @ tdatinSHBBagplifiedt axel
and t he conbi nat ?lgﬁc%ﬂ&%% %%/pﬁg Formul a Ha 5% 5 nmg/ kg. M ce were dosed

Wi th ddwedstseakern hmgn pati®tsand 9 (qg4d x 3) intravenously while Formula ha

o SO L ot i 000, Mepea L s e

day, Fo ha our . The group of 10 aninmals
dosed Widvb IigifteB cffed: log HROG Anduredimosthopersis 0 s iarchinbineil twatzedt, Zagrazunpag)and

i fter 21 days, Th f 10 .anj ml it h. 5.mof k
ooet axEmaHREHh DEURTARARA For o oBapsorsia BF b6l dderonsiah A BRH 9 ¢
The gr OH?téigérr ;@%We&q&@%mﬁmﬁmm@m Rbremensll grovah 37. 5 my/ kg

and doce kg showed 63% i nhi bition. The conbination showed better
ef f i cacyorinal mediasbut nhidiferénen insedn with the additionid&RG: si gni fi cant when

conpare each ;singl e .drug (D = .. S, t”g&@% %@,ﬂg = afz0r mul a
Ha) . [Og'?g%ﬁ}ﬁ gur%@%"%ﬁboﬁ%gm%@yﬁemgﬁﬁ%mggﬁﬁm 12 ngelsgyggéfzﬁr%ﬁli na NIVRI
femal e ppdristlerdibes eheviibehotieXFTobethet, peitpumabegd Forma)la frdbates gelbr east -
tunmor expl ant xenografts dosed on da i th:, MCT Vehi.cl 0. B%. .

met hy c e BioMitary morphpaspesn penth n‘i‘@ﬁﬁjﬁ%‘? %ﬁ%ﬂﬁpﬁnﬁeg?eﬁl‘ %&‘TX agtionofselll - and
the conbi pat | 26U Beiesean delhBar i fitisy is MpedrvediOa they e pri mary
br east n?fagn@?}lsﬁg?%sg%ggy%lg@%eﬁ%ﬁéo%c% p_atiZnt thatgyrlgsponded t o docet axel
and i npprsdnee ofprtutmae sndFyrmivie T aseitleer siNglesagpnte 98¢0 eIgpHIRPEly

subpopul atj on, of "tripl.e negative" patieits. whieh. ar | ive: ER
(est rog&?éﬁaeggﬁ'gﬁteé}gﬂ%‘tﬁqvgﬁ 0&%&%@(%&@9@%&% geE%G?F gtggg'ltﬁcz;{r 5 ne%%]%/i@fve. The
sensi ti yyhNett 9THOE 8éay@isoh o Cell Fitgelo Bplivae (€58)ythy combihateondipertunsmt

intravenously w th docetaxel on day 0 and &@_ﬁ %%%)whi |l e Formula | a was dosed
on day endiFormulzlz sigmificantiy mbiRits seliplarpctixiGe(P=AMA&} s were nonitored for an
addi tio dayg; f,ar1t bl bth hh81diAS] ofdRseuRMAOUMI a ha
(total m}ir%%%]rz of 131 ys Zén#%fgg\f/\ng% gf%{st udy was SOC)’ When adm ni stered on
the sameastasimdbanipeauiumahasathosiedFigusdlshaws BT4dbgrowsxis 3D qllecudusypoBf 10

ani mal s dosed w.th 10 /[ kg Fo l.a.la showed Y0010 L1 8.
The gr oﬁﬁatﬁ’fentl‘gzgﬁg%‘apgé%ﬁ@%&gvé{u W%pm\%&gﬁa&%@g’%ﬁ\%ﬁwgﬁﬁﬁ%ﬁ ition
at day 28caldieFenauPnebighicandyiisced asier sid i nbhieal eesiid, batdsarsingle #oninul a | a
150 ng/ kg and docetaxel 15 ng/ kg showed > 90% i nhj bition af{:er 8. days. At
t he end hed limifed sffesti pn FRdy-iBiyred maTRhagenetis s A8 2 RPIRGS FEAmeRh %fﬁﬁﬁng?’rrul ala
al one had .r s ?g&g B ar kDB ER] HbPRosREEiE as Beteiniined 95%
to 68% %%Em%’gé%%}tl%ﬂfg ) regpsé%' |veﬁ§/r.%&|§|8%/vever, kl%?hl?lhﬁelb@ggg%f 1t he steudy (day
50), theyessabiraatitef cel vidbitiet asted Celh @itdrdHou bacdmparisguivite foimalala t en

ani mal s havin ust ai ned tunor, .regressi on.{ >90% i nhbi i . 01

primary "B?lﬁa‘é‘:%’ ?%ﬁ%ﬁ%ﬁﬂm%‘énds‘ﬁ g?%@tyﬁ%géfa a?P‘é%?‘??QﬁW’%é%%%%@E%n to
each si RgleodhUBuhideSs Tt )Vehd 30 e&hBixSlonawith Pasfuznlb aud pérarzonbb (f<D)000G ven
t hat 401 ‘breast tunors are derived froma patient that responded to
t axane therapy, the inproved efficacy ghserved ex vivo suggests that the

conbi nation of Fornula la may have clinical benefits in breast cancer when
conbi ned with docet axel .




[ 00247] Fi gure 25 shows the nean tunor vol une change over tinme in NVRI
female WO 2009/ 036082PCT/ US2008/ 075883 nu/ nu nude mice with MAXF 401
primary r explant xenografts dosed on day Opmfitbs ehicl e
(0.5% get %gg’ 'io%féggs?e/ 0. 2% Tween 80), 100 ng,/ kg For nul EW?%OG%%/ kg
docet axXBP™ 8" conbi nation of 100 nmg/ kg Fornmul a Ha and 15 ng/ kg

docet ajphao]MAXF. FiQilrea €A BB Similiefft wWithtesadbitiopsf Bdmslils Betoldpal rom a
patient that responded to docetaxel and inplanted subcutaneously into mce.

The setreitzuriabynd periteseh wertmest. BaHaf gevth in 7 call gultus vas DRAEIRIPR dosed

i ntravenqusly it h. d ol Jf, yas dosed
on daygff&?,%ml%%f@é%g&%%g%% @d%?a&?é }" Fg%‘%g%.g@%m mal s O\}\hg‘rdé%m%?%r ed for an
addi t i gEalated? Féaysa Tomohotiupgreduidd safriaesiz¢ menormsttand GFERGohpeonenitd Ha
(total nupber of days.animals were on-study was 50).. Wen, adm Rpistered on
the samedigayhe paFtHAnAioag! ; ‘écnél%é‘b%f’“iarﬁgﬁﬁn‘gﬂoﬁwgﬁ%@tsa%?éaemwgglg@oup of 10
ani mal | i L2 18, r8RNUE BroR 2 Yrbirarirek bbbl Feruht  day
28. Thglegsﬁgﬁgeﬁw%llﬂ%lﬂn%‘%gﬁ%gym t-h‘Jl.mS' ng/'ka docet axel showed 95% t unor
i nhi bi 16, drastapukbard$ertTheadr oup of 10 ani mal's dosed with the conbination of

Formula Ila 150 ng/ kg and docet axel 15 ng/ kg showed 99% i-nhi biti on at day
28. At jattelpnd oIN MI€OSEUNDR BENCEBIRAFREFFETACHosed with docet axel and

For mul al one_had_.r egr h of .their nors_.and_t i.nhishi t

decr eai‘gbﬂ% 6894 B eFI&aw,0 %&scﬁwp@ghgﬁﬂ’\%wnIﬁ%y%éeéesg%dgkwtvﬁgyst udy
(day  S@plahfiey ARERINRAL k&R LPOandBY dells FrofodbihiRatdpraatidg iife tpbkbeatinget axel
resulted in sustained tunor regression (99 % inhihition) of F 401

pri mar ynirabswith therpombinstiensndarigblgresits gzl tp Pe s¥RfRiee B‘??E‘erk%ﬁpplé‘iﬁed to
each sisngl e dru = . V. t: = e ; ;

G ven ph%%rewﬂgﬁzgrﬁeng? 8ggs%¥é{nurrﬁr%trg§8r§r]g@e%§g%@f’r_tgﬁng%qg%%éﬁg g?&%? Ei1E%'Jtt-'t@mlrii{ielgﬁoonsed
t o t ax@eantlbebalonipbend mdrcheecthedspéwtieagembdmingadgimenyandotindaggers.s t hat the

nmbi nat i ¢ f formul Ha, e clipnj l fits i b t wh
oo bl mica SRt G MHDYRGLP: el DRI Rt mobRais YRR GRREEE: e
change ovet, hbiG-d fe MR feth dsutlitebe el @il T a6 @tupick MiAXE (hGmply IRr y

breast "tunor explant xenografts dosed on day O with: MCT Vehicle (0.5%
met hy c400243bs e/ 0 FRosadshovws (e ma:poiumgr vedyme shange gverdime i Glgrlagda set axel

1162 anehpiir apaun PR s bR P A ohBu Bl d8cdBR G R MO, o

docet axgb TR0, P chetiyidetinloeslo S U TwEay B0y g/l Bommiudela, Thee/k@esi st ance. to

docetaxel is retained ex vivgQ_in these mce. e wer.e dosed, j.ntravenously
with dolosetasedl andiherapinnatipn ,0?12%%?341&05%!16‘%6?%" tape) S e ko MitF ¥R day 0-5,
11- 16, dZ‘Z'Fh 3 dlafnd LAY AAEuslPRhIBFSVL €a WBNddsed ed f or
an addidt%lg%na égc g%gl?or pﬂﬁoﬁﬁdg)r(%ﬁ}ﬂk)after t?}seﬁlagst dose of Fornula_la.
(total dailpifer2lafaysiby erahgivaps. sWiven adromistaredion tha sasojlay, Weerpeladaas €96 dd on

t he same day, JForrmu | a was_dose hour after | oL of 10
ani nal O&BS%"G W?WeigghW%quPﬁﬁ#aqga & %gﬁt)/\%ldﬂ %@ml | Jgﬁoa t%}eé? 49
days. THRergle8 R RhibhQBALNE. 3610508kt Wirhdt gtowilith kiyodoemtrabua cacheingld 36%
inhibition"after 49 days. Th9 group of 10 animals dosed with the

conbi naagewirel@te. For nul a ha 100 ng/ kg and docet axel 15 ng/ kg showed 87%

i nhi bi tg fter tw%?%g N ABBRZ2PCT/ U
S2008/ O@%’S@ (daﬁ%&?@bﬁ%e\co |Sn(g(%§ig%ﬁ£t}1£§§?§%gg¥%ﬁs%gg g?%erd t-unor

r egr essinbibit{on aBiéPR1 ddyishinkdi3om)tiad nebrosaions arat 6656 inkélitign afiegdil ddaysanthegram

conpared. to each singl.e dru = .. 0005 cet axel .an =
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dai |y fusre é-adnysistanetl smhbsarienidy. 5 Thagrdug ob A A bhyofddidnimflpdosgd dedyen-stidy nul a | a
50 'ng/k ora 2 S a erlotinib 50 kg or dai'ly for
21 days %%Ilg%ﬁlhg%?;?% %ﬂ?%ﬂ Srr‘@??@n B IRETSYYP a‘?i% %é’ ﬁie ércf'%f)f nib 50
ng/ kg qoaiuwfmmmaiﬁ Qbseabndiaﬂ-ﬁmdﬁb@ﬂﬂm@h 1 HinGehelBESVIGR ghaveddioty (Vehi cl e
group). The conbination of 25 of Formul a Ia with 50 ng/ kg of

er| ot i AMEDEOR ARG f@aa&rsgr@wmnéuaﬁemz@gs néhe sioup pf Ebmimplsilgsedand op-studttor

wt h t-ad
Sur o 104eRE PR tLBRbARHACN 62 nfibliRhl Al B AR, GRHidE ST | 1
ng/ kg eyerTetdroipoidlsoinsandosgd zmﬂmh—studymﬁthlthe mbmlaubﬂxz;%omuﬁa BEnal | ceI I

| ung cancer t r owh in VIV ter than Fornula.l.a or. erlotinib al one
and°r o SHPRER FOCEA ) PR B AT Tstd AP BIPLORHFOERTe mean ¢ unor
vol ume rehaRgenOMRE 21 U8R W hithaliadds@wite PRl @ mibit{afbn BT E&nwil4 R 2H8 2B wont snal |
cell lung cancer (NSCLC) tunor cell xenografts dosed on day O with:

er | ot i mMBIBENHG/HGEE dhoared\p sigpifigant ighibBioneak sustFipedagergsyien ¢ldpmopgeyih 4t 73

days. Porfa S yhPlorhpdal Yond Sy i it T0 A R e B 0B o

Formula la 73 ng/ kg orally daily for %Sdays and erlotinib 50 ng/ kg orally
daily for 4 days; Fornmula la 36 ng/kg orally daily for 21 days and
erlotinib 50 ng/ kg orally daily for 21 days; and Fornula la 18 ng/kg orally
dgily for 21 days and erlotinib 50 ng/kg orally daily for 21 days, along
wWith mce receiving no drug (Vehicle group) The conbl nat| on of 18 ng/ kg of

T = NN




WO 2009/ 036082PCT/ US2008/ 075883 oral ly once per week for 3 weeks and
erlotinib 50 ng/kg oraIIy daily for 21 days, along with mce receiving no

drug (Ve . The conbination of 2.5 ng/ kg of osed
orally dalﬁz’{ﬁ)9g q rrrg%ég) %f erlotinib dosed orally daef@g%‘o?jgfb‘g &

syner gif 288 Péa T ilvs Sh-smal | cell lung cancer tunor 'grovvth |n vi VO
greaten 62'5@ For 310n8%vs e REdntRofl QRS e 2R%h. Og%%%&‘ﬁrﬁé’m‘%l‘é@ﬁalgr owt:h

del ay. [002 6] Fi gure 42 shows the nean tunor vol ume change over tinme with
Taconi auiGRuitewith &k éPEiKcmumm) foreds] mmzmﬂl mg@ﬁaﬁbsed@hlday i Ngthchiﬂﬁér
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my/ kg deal00ynglke, |a9d ﬂ@rcomnaayg ofiRermaiia He {04 meba and mBRot-Amuying ariyE@r 16

ora 1 y sl it Bt R0 4 85049 SRR RGBT RRIRCER T3 0
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cell | %@ﬁlﬁ?ﬁ&%@%lﬂlﬂtﬂi‘?&uﬂﬁf‘)% drbupy/ bV cﬁﬁ%ﬁl?émﬁﬁﬁmo@fsmd'oiusltﬂ qpider | otini b
al one and resulted in tufor stasis. [00267] Fi gure 43 shows the mean tunor

vol une vehighegbowsdel0% inhibitipn m%pmd regessianspfitnl davee The gleupslH eifehin

or ai |y 84T GAIF 68 bl SRA0H B prs REES Bttt DR BRCB ol B8O D)
for 3 mﬁi@regmdoﬁmﬁamﬁa%e@mfp ofR@aﬁﬁ&ﬁQ@dse&mﬁtgéﬂeg:udy arith)w{dmlo}’kg for 3

weeks and Forrrulala? ng/ Ilydllytr3weeks | 'on th mce
r ecei vilivguR W@PE’% dg/b‘tﬁ‘éim é?gr‘E?ﬁ“)B? a%%ﬁtjlﬂ%g nul a

la wit %f%w{&%%ﬁ%@&@é%@é Yk é&nsmioglo?y&%ﬁam@@fﬁ &BH%H&’”B

Y08
tumor growmh 1n vivo greater ?’E 1£—orrru or PD-0325901 al one and
resul t enBzMﬂwmme RegVE S aimvmd(ﬁltyumbrbﬁgmmmdﬁ ahaipdste refgOB268 T days44 shows

th h t f I th
x5 o haeioir B AR RPARI R S e R PR pu Bl o YR
t enozol spsifitentiaRibitn/akd da&frlid tn@aictowth @t d5y§me5 dodﬁqgrww ®@rmhibatad whéh o/ kg
orally once weekly for 3 weeks, Fornula | b at orally weekly for 3
weeks, CARdRreR& eshiingletdren® 61001 F’éfﬁﬂ%‘%ﬁﬂﬁ{?aﬂéﬁ bV ﬁﬁ%@@ Paily once weekly

for 3 a“d Fﬁ%?ezﬁ %@%&Qﬁ%v&h@ks an%'dv)!xtfnﬁéw'i_’th@%ﬂ%mféﬁ%ﬂe For mul a

| b at rrg/ g ora once week t enozol om de 100 nyg/ kg
oral |'y nieiu mzct' @-nthSJ&ﬂei@ ghaﬂn@mgnw el xehegraftsedvaed omdpyribwithuFormurdhlad G yr oup) .

syner oAl 105 FeRe urpomieraiaR 00 frelka e e bihiseoon SRR To 1GTREREIRT ¢ han
For mul aehBzddmide 10T SlefiE Sl6n@kom enidd fhokiofig!roBhugd (Nd TrehitEt oo ?WAhxﬂQﬂs ay.

[ 00269] Fi gure 45 showstunor vol une change over tine wth Har]an fenmale
were dosed with Formula Ia orally daily for 21 days, and temozolomide orally daily for 5 days.

The combination of 109 mg/kg of Formula Ia with 100 mg/kg of temozolomide synerglzed 1o
inhibit US7MG glioma tumor gréwth in vivo greater than Formula Ia or temozolomide alone
and resulted in tumor regression followed by tumor growth delay.

[60255] Figure 33 shows the mean tumor volume change over time with CD-1 nude
CR/Hollister mice with MDA-MB-361.1 breast tumor cell xenografts dosed on déy 0 with:
Formula Ja (GDC-094lj 150 mg/kg, gemcitabine 100 mg/kg, and the combination of Formula Ia
150 mg/kg and gemcitabine 100 mg/kg, along with mice receiving no drug (Vehicle group).
Animals were dosed with Formula la orally daily for 21 days, and gemcitabine intraperitonealy
ondays 1,4, 7 and 10 (g3d x 4). The combination of 150 mg/kg of Formula Ia with 100 mg/kg
of gemcitabine synergized to inhibit MDA-MB-361.1 breast tumor growth in vivo greater than
Formula Ia or gemcitabine alone and resulted in fumor regression followed by tumor growth
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WO 2009/ 036082PCT/ US2008/ 075883 nu/nu m ce wi th SKOV3 human ovarian cancer
cell xenografts dosed on day O with: Formula la (GDC-0941) 73 ng/kg orally

dai |y forygMBekss: Formula la 36 ng/ kg orally daily fngcigfﬂ‘é‘ﬁﬁé?&bs ocet axel
10 ng/ intravenously weekly for 3 weeks, and the conbinations of: Formula

la 73 H§fkg orally daily for 3 weeks and docetaxel 10 mg/kg intravenously
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| /
combi pae Tk 1 s R 48 TP aRstiPor iz LROPERET el OFBES g
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ani 1y faress iy SRRty e e Bredngd i tearny mraperBous & The
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to inhibit LuCa 35 V human primary prostate tunor growth in vivo reater

t han Fd fHmilgr Mﬂaw%% sffastem pdfiioh andinbibition gf pealiferation ey alpeghsemsd

100273 KRirgiBe ﬁfSQW QS H@%%?%@ \692!115”53 i ferral e
SC1D Bg ge nu méljge vvle&’h ﬁiajrran pri nar%}gpr osﬁlté%glr]i%\{g% t unor
cell xaragd. a‘E‘hesccdnismtlommf dta;'tuﬁmbt dmd Rdmnelhéa(mlulﬁts lpsgﬁifganm syaweirtuslyyinon

days 1 4 For I ora dai r 15 days

oy ool BT R BB ol en BTt B cBipBrive ATk Sa b demane B G SrsTa

docet a&@&wéfenmo%dg taatrtae/@@ﬂ&iﬁéﬁbn%m§mé mlﬁb@?feﬁe&%dxm and @nd For nula I'b
2.5 ng/kg orally daily for 15 days and docet ax 5 ng/ kg intravenously on

days 1, osmmmgqndewltg)g inndymogisi¢ effdchon thegrdliferstion pirasaizinpab sgnsitiBe day s

al ong \g* qc&?cel ving no drug (Vehicle group). The conbi nation of 2.5
ng/ kg o or nul B with 5 ng/ kg of docetaxel synergized to inhibit LuCap
35 V human primary prostate tunor gro%h in vivo greater than Formula | b or
docet axel alone and resulted in tunor regression. The conbination of 5.0
ng/ kg of Forrmula Ib with 5 ng/ kg of docetaxel also synergized to inhibit
LuCap 35 V human primary prostate tunmor growmh in vivo greater than Formul a
| b or docetaxel alone and resulted in tunor



regression. [00274)Figure 50 shows the nmean tunor vol unme change over tine
with CRL female nu/nu mce with PC3-NCI human primary prostate cancer tunor
cell xenggrafts dosed on days 1, 5, 9, and 13 (qg4d x 4 i / kg
docet axel“gc?ﬁ‘{”?’gvg%usl , Fornula Ib Z.qu;?/ kg. Formul.a %%%%ﬁ ,%/753 . 5 9
and 13 (048] x 4) Thespmbimationpitosigrrap srbionpublagdgiivaly induces apRptogis of g4d x
4), an R ' ' : kAR STHY ih %i‘o 1&]%?/ waad Fornul a
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ng/ kg o Oﬁ?l?né\?éﬁ%‘z‘?‘ a‘%‘_h ?%W%Sg%l ulﬁq? iﬂééésasé%r %E@%@#@&ﬁé%agﬁ% |y
every Jedel dih)iladl aytaf deckdtvimesfou- i dtigher dbsb of0BEnMY Bdrinnlelaadone3 days for
4 tinmes and the copnbi nat,ions of: genti tae%isne 108‘&%/ kg.i ntraB trhi tonegaly -
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(g3d) fasiditipne) ieal offunor sp@ificiiyider bF Phkinbibilsr Reraya b gi zed to inhi bit
PC3- NCI gnpa N PrEBEY 3@59%@&%%@%% il 92 QR B HiDaefenul a | a

or genc I'ne al'ohe and resu unor regression and tunor grow h
del ay. milieu euebiittaBToTY Wmbast Ginmy o4k gemforFordostdod daydosiid Boralulalbew @y 3 days

3d) for 4 ti With 10 / k i'tabi ne synerqiz t.o inhibit
b N @ﬁ@fﬁﬁal&ﬁ%@fﬂws@&*g@@%ﬁ?g%&/ﬁg PRy _eag‘@ggg?f AW For nul a La
or gentidARIA® A5MOKABHIY a8 089 videkd, WARL- IR BSRE/RE ilfgetildi®ily Sicd\et h
del ay. [00276£FI gure 52 shows the nmean tunor vol une chan%g over time with

Har | an Weskefoe rwlahs, and the wpmhingidmsiaf Barmule as §-Sesik e erally iéYfOTﬁl)’Yf‘@k%aEcer
NSCLC C . . it h: o F
or a1y 6 et | X GROY RAGARERY AP SRS e Boftiia ok £s el 19, |

ford21 &ﬁﬂ%mqaﬂ' dvslteblefatzrméelkammmimmﬁalk ; ll?&i@dﬁg}iﬁmﬁ;éﬂims@é]ygad no¢ alwielyk thaidl y 1;] or
21 days and Formula la at 100 orally daily for 21 s, ,along wt
T ce 1 cWER #15 FRoTAIAlg & veres iyt i) for e e PERELE 2868y kg of
For mul %Nkag%ééﬁct&ttég (?hcgg/“kegk Qfr R3S 2HLvRY BltGbaBing o HRI(WekicRiGhodf? 122

(K-ras) rowh in vivo greater than Forimula l'a or PD- 0325901
al one aflk eamshihatin df 2.3 mpfbe of Egmuss [todnsed dob7wilcEvEgleat testEnaaiERReD MOUSE

L T(%Jnce a VI\%E:EI scy:rAﬁg:rYgized to inhibit BT474 breast tumor growth in vivo greater than Formula Ia

or trastuzumab alone and resulted in tumor growth delay.

[00260] Figure 36 shows the mean tumor volume change over time with Harlan female
nwinu mice with MCF-7 breast tumor cell xenografis dosed on day 0 with: murine anti-VEGF
antibody B20-4.1 5 mg/kg ini:rapeﬁtonea&y twice a week for 3 weeks, or Formula Ib at 5 mg/kg
and the combinations of: Formula Ib at 5 mg/kg orally daily for days 0-3, 10-26 and B20-4.1 5
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[ 00278] Conbi nation therapy with Formula I conpounds and chenot her apeutic
agents was effective in treatnent of small cell lung cancer (SCLCO),
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survival as caonpared to contrqls, Treatnent with Fornula la.c ound in
conb na DR 45 FRE BN clar b et FEAA TogH SRS RLAERGRT Ahd

SUr Vi Vala @0y A ARG Bt § SISOl dhitefo18MAYE aRYAR ombRAlSRIVFSForkiufdh BEN!
with Forfula |la conpound in conbination wth nB20-4.1.1 nurine anti-VEG--A
resul t et ingkg oredlyalaily fat @4 depsand BRO-4hdrmgkg inttaperiidndatyctvaesseweek foud vi val  as

cbser vatF s ¥ T Rarri i PO R b AR Sheke BbbRoREr ©
dosed wiide 4 ekt for PheclapRbirad 1b0A Sahg/kg bl @aily for 21 days and B20-4.1 5 mg/kg
intraperitonealy twice a wéck for 3 weeks; and Formula Ib at 7.5 mg/kg ‘orally daily for 8 days
and B20-4.1 5 mg/kg intraperitonealy twice a week for 1.5 weeks, along with mice receiving no
drug (Vehicle group). The combination of 5.0 mg/kg of Formula Ib with 5.0 mg/kg B20-4.1

synergized to inhibit MDA-MB-231 breast tumor growth in vivo greater than Formula Ib or
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as corrparg troI s and al so rrar kedly i npacted sury(lr,,y t%k%s nodel .
[00282]%?*1 E)%C?P OSI TI ONS l0283] Phar maceuti ca corrp03| I ons or
f or nul f‘m?‘ﬁ\g‘é‘h"t’ﬁhéiﬁ #ncl ude conbi nations of Formula | or
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accept abl e car r| er ng idant, diluent, or excipient. [00284] The Fornula | or

Il co ice aidh 1 Hm@h@m}é@@ii hes seaet NHELE hamer eelbxanopisiia desed on fay

Sccopt 41T LGRS RalR Sl B Rl pERe S B
I nt endegalthadilytfbes ﬂmemrm@m Iambﬁamﬂa@bﬂaligdhﬂrﬁfoedlm Fsmtulzazaas thgkps.
[ 00285] The For rrul a | conpounds, nd chenot her eutlcwré of the

pr es entOrpiX AT WS%@WW%?’ Foamailad 46 qrally fesal |
such f%ﬁ%ﬂ@ﬁﬁb%ﬁ‘a{ “ ; gﬂ};ﬁf& RC0BEn Al 14 ﬁtﬁmkg)itg%wy%mm@ntcﬁ&mnd

"taut omer'™ or tauto ers to structdral 1Soners of dlffereht
ener gi eslowihibci? mg/kg brally deidmn e 24 |dbjfse and Boranulole 2rreg/ig otsdly rdlaJéY forliérdaiia@( anpl e,

7t or coa NGRSO SrerRe R broE P! e BB 5k Bt HEL e OBl Cighigte

i M ne- efaRpNThe §&ﬁﬁhhtlcﬁc£df@ﬂ&ng/k’@bﬁmﬂaaiutvﬂﬂﬁ@mgmgwéﬂothﬂb mﬁgﬁzbﬁrtcsl ons by
reorgani zation of sone of the bonding el ectrons. [00286] Pharmaceuti cal

conposi Mﬁﬁ@ﬂ% sepamall pal yng ﬁ@cb‘iﬂ“moégf?ﬁé% in Yléi?l ereawr thaaforplale Fosage
units COMRbIREGhedha RLRed BB okf Stlay. "MRoRIBAIRBS 8FL0 RNk B6thFIA0CN! S
r nu 0 Hd a Chem)tah

i ncluding a rr ound a erapeutic agent sel ected
from t heith 56 trg/kafofteretimd dlst: |smeag1zagtentlﬁbxdéﬁﬂ¥ﬁtﬁ@& nhessmiall celaluopgamier h any

pharmaceutical ly,inactive I e I carri | i d ts. The
bul k coNP&E ﬁol"%%ma‘ﬁﬂo %f&é‘ﬁf&*ﬁﬂ?&“aﬁ%f gﬁﬁ’é‘%@iﬂqﬂ aBQFFSﬁS% g%ﬁn anount s
of the ghgresaid pharmaceutically active agents. The bul k corrp05| t [ on i S

mat eri al that has not €\)/et been fornmed into individual dosage: unlts
i |l ust ri&ﬂ?% dos agred shm@ thhm@amttmmgfa@élmhﬁngesqwhmag withijfaslag f %@FI s

capsul edyn ke 1 hbduons RS PLE AR RS IR ol ing

apatle mnis erlngap ceu rrpostlon rese
i nvent i @ﬁm;hs eAbtEob Emlh%ﬂcgadampdﬁlycfom%skst Fernadaian(GHIC-694 10 at 6F mg/rk«g dnallyk

50 o °2fgra$§wo%rééf“a'ar§€ ek GG 21 A SPRGIALE PRGN whi ch

are i degliiygad o1 iyt NRE e ReltiffioRes B dtmulub 7@%%@&&9@&1}%@& d@j%fhnar mor e

atoms are’replacéd by an atom having an atom ¢ nass_or nass numnber

di ffer emotmﬂ:oﬁﬂ mpkg srathyi deilyrerst cbws fesmuladaBe makgemily daibiae2] days apfé:r e.
t ticul f t d
oo n e mBRE oY Ay Sl B A REMaE T, P GE N cR Yty PO DE 21 ©

and eriotnub 50 mg/kg orally daily for 21 days, along with mice receiving no drug (Vehicle
group). The combination of 18 mg/kg of Formula Ia with 50 mg/kg of erlotinib synergized to

inhibit FI520 non-small cell hung cancer tumor growth in vivo greater than Formula Ia or
erlotinib alone and resulted in tumor growth deiay The combination of 36 mgfkg of Formula la
with 50 mg/kg of erlotinib also synergized to inhibit H520 non-small cell lung cancer tumor -
growth in vivo greater than Formula Ia or erlotinib alone and resulted in tumor growth delay.
{00265] - Figure 41 shows the mean tumor volume change over time with Harlan female
nuw/nu mice with H1299 nbn-small cell lung cancer (NSCLC) tamor cell xenografis dosed on day
0 with: erlotinib 50 mg/kg orally daily for 21 days, Formula Ib at 2.5 mg/kg orally daily for 21
days, Formula Ib at 5 mg/kg orally twice per week for 21 days, Formula Ib at 5 mg/kg orally
once per week for 3 weeks, and the combinations of: Formula Ib at 2.5 mg/kg orally daily for 21
days and erlotinib 50 mg/kg orally daily for 21 days; Formula Ib at 5 mg/kg orally twice per
week for 3 weeks and erlotinib 50 mg/kg orally daily for 21 days; and Formula Ib at 5 mg/kg |
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i nto conpounds of the invention include isotopes of hydrogen, carbon,

ni trogenw®¥mesikosphosphorus, sul fur, fluorine, chlorigerapdod@edse, such

2H, _ . . o g 0;..: 18F,
soca, 19 eafeper S R yiRend g iR oS e Al Aol D0 o1
[ n\é ;a_nt mb&?i@?g n? ﬁﬂtgd\ﬁcghmt @dgwt The &mam@?mg{mgéfgmm (Ijisdnsmcbu nd ”

or substrate. tissue sfribufion assays. Tritiated. (| and carbon-
(140 Pedy Opbsah é?a%@kwl Fisrintoriopsd %@éﬁéé%?ry for %‘béwétsmgla%mg@elﬁgﬁggm ity.
FUTt Nehon SHAPEA tihk Bdhclh hubhol BRWIPI Vi LARRS 1M FBfidla PUH Sokit diiidani By

afford certain thefapeutic advantages Tesulting fromgreater netabolic
st abi | irgsyltgden gumor growdadeday. i n vivo half-1ife or reduced- dosage

requir ) a hence,may .be preferred in sone circums ces. Pasitron
't SRR opatielRCn SHE e ndi Fuh e gt SRS ot YERECT TFSRigSER ¢ on
em ssi gdndlOMREmRE With REID H3122H08Sndall BN AgAns PSECRUPninR S @Bl RéncRfedidpancy.
| sotopi cally | abel ed compounds of the present invention can _generally be

pr epar ddyneey Doy grpie é’lélgagé@f%#ga dsgisider 1odaymdicemladhbland Sang/ke oy
Csot op 15 86 dbsl, E RIS RPRID aRE RPICRS FORU 4 3% BBg opally

100288 Bkiby fonll & ddyspand the combinetivds oftFdrmilefothk 6 apgky oralladaht for & dayisandrul at ed
i n accordance. w th stan nmaceut i ractice for, .use in.a

t her apEUPTH g% mr%%%%oFﬂéhﬁmf%%é? FReiEe ¢ fiﬂr}i fﬁﬁ@?‘@ﬁﬁ‘?ﬁ actic

t r eat meAbdniRko Hngﬂ%' (ﬁél%l* H;LSW Bt lé’&ay@! SATFeh8lal 1P aﬂ’ﬁﬂ'@é@g d)r_ﬁ}}ﬂr &ﬂlyr!ﬁr hgigBas. The
i nventi on gbrow es a pharnaceuti cal conposition conmprising a Fornula | or

| | conpodierptingd Hxwmeticarslbrdaiyfor briays mlangrathpnice resading eadiug (¥eluept abl e

carrier, alidant. .di]l Qr ipient [0 it . rier iluents
and ex @{‘ 06’%&9‘ nﬁge %)Pl eb%ll\/\aéll%ﬁ%t%gv%g@%%%% é’i asrl?ivfl%%ﬁbg %ﬁ%ﬁﬁ?%&%ﬁtﬁ%%ﬁ:ﬁ%{i&%e

mi][ eri MbiﬁNﬁh&ﬁZ%ﬁ@zﬁ@hﬂﬂéﬁl leﬁgh cMﬁ%ﬁﬁb_ moYBloR Ih Miv?gﬁgﬁﬂmrom&.lﬁﬁhl e

pol ynmer s,  hydrophi|ic or, hydrophobic materials, gelatin, oils, solvents,
wat er ﬁﬁ@l‘mfgélop?@mﬁ%@dﬁ&%ﬂ%ﬁ%- carrier, diluent or excipient used will
depend j4ipgf the AR UIRROR thftbs WA AR GOFRAN WP FrallfiProRiafs ent
invention is being applied. Solvents are generally sel ected based on _
sol venmy/npavongwitz 43 7b pumen swhwomsk cadcercdllkenhgrafy dosad os dfiel GBRABD-t 0 be

adm ni to a mammal. Ln.general , safe vent.s € non-t oxi,c, agueous
ool von 01 eRe BT Baiy L AR SR 0 (PG HRRL w R RSBy B8

M sci blaewdeRs, W eHe.codbilafibh 6f: PALEINISOED Srallygditydfer Daleeks and Foandlk la
propyl ene gl ycol, pol yethyl ene glycols.(e.g., PEG 400, PEG 300), etc. and
mi xt ur €3 mg%@ sty daihefor & vagks loag withwyicareseivingaioes OYrbicls siosple THSf f er s,

st abi | i.z/09, AGPH A, %gfﬁg b RELANESTa WRE 4 ln\';ﬂ: -é32§99?%?¢%£é&% AAERE S

emul sifiers, suspendrng agents, preservatives, antioxidahts, opaquing

agent s A3§b ihdmat sielqpome desongowihds vivogrestartha Fewabt lewe PP-03269¢ luatomgandgent s,
fIavori%g}t%gents and ot.her c{mown addi tives to provide an el egant

present’ HOSFOPHSSTFFTGR f7¢ Tmor gro @hd of the present invention or

phar maqguteBral CpipRASi4 dHatis HRAheATmEr vaintle bhinbb Sverainy @Rk Hedlaofeafald he
phar maceutical product (i.e., medicanment) W) 2009/ 036082PCT/ US2008/ 075883
[ 00290]mwa npige with #4376 Ayman melrsope epeeer s icoll xenogtadi dpendaom day 98ithut i on and

M Xi NG temozolomide 100 mg/kg orally daily for 5 days, Formula Ib at 10 mg/kg orally once weekly for

3 weeks, Formula Ib at 5 mg/kg orally weekly for 3 weeks, and the combinations of: Formula Ib
“at 10 mg/kg orally once weekly for 3 weeks and temozolomide 100 mg/kg orally daily for 5

days; and Formula Ib at 5 mg/kg orally once weekly for 3 weeks and temozolomide 100 mg/kg

orally daily for 5 days, along with mice receiving no drug (Vehicle group). The combination of

5 mg/kg‘of Formula Ib with 100 mg/kg of temozolomide synergized to inhibit A375 human

melanoma tumor growth in vivo greater than Formula Ib or temozolomide alone and resulted in

in tumor growth delay. | ' | |

[00269] Figure 45- shows the mean tumor volume change over time with Harlan female
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procedures. For exanple, the bulk drug substance (i.e., conpound of the
present invention or stabilized formof the conpound (e.g., conplex with a

cycl odextyg nggﬁgéeyﬁt i ve or other known cornpl exati on agepizohgedisgsol ved in

a suitabl e sol vent..} i the presence of o or re of, t XChpken

desor | BRGSO S AR SER Creep FCsmosrG Sre ok b OYgpF EGRpJe

for nul aiageC-08410 78 m@gm?@au& 188 foel 9 agks, FefniBla I3 PMKedRalBNdFTod Y weeks,

control | abl e dosage {I)JG the drug and to enable patient conpliance with the
rﬁkg_

pr escridseefaxedp eaopsih wepl foracwenks cand thopqseinatioss of: Fermpdadutht i on)

f e | | . g ALl ¢
ot hod DG P2y AR IS PAEK BRI B (0HEL huly X3 ERE) Shetipon (1
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e R R
bot {1 eSulehleid Pwaskly B 35kks, SRHISHith mRATROUIGRy nPURSVEHBRGFoup PR

cylinders, and the I1ke. The confainer may al so include a tanper-proof
assenb| cgbinagiop o€ Femg/erigsatdadisof Fomews I with A8 mufke efrfosetatel symergiaesdage. I n
addi tion,.tl F | ner _has,deposited thereon | | t I t he
contentlgh-lgit%?%e C%’%?aarf Veapgn%%gé% ’%9’ S u‘%‘é‘“fé‘g%r‘%g?‘isea Spa\%%i}em ngs.
[ 00292] Mdaesniedint tumadtl cilooiinidiat. | DitScoafbiddion 0O NP aipficsofFonhbie Ipdesddhily

i nvention may be prepared for varioqus routes and types of adm nistration.

For exatidh &) mg'kesit dapeiael gpo pmergdpdde NN RY Sineiaa Sy pranfuBep £ i purity
may  Opty;onalehiér Bi8n Fhoffla W dritoRRRLTBRAY bhFAkhIY-daR CERbARb Rtdiclayent s,
carriers, éexcipients or stabilizers (Rem ngton's Pharmaceuti ¢al Sciences
(1995) [08210]edi t iFigure MashovwRibé me@otumoEastuore, chPdde ovientimhavithddariapfleraale

| yophi | i zed: f | &b i i || ed. powd - ti For nul at i
oy be BERUTSE SR A A e i e R CP PR at done ShE YR e pry
and at Fdeubersis ke omio@aldy fRUdcks, Fiirhillaliby Shokoaiatialdhily g GemeRy)l € -

carriers, i.e., carriers that are non-toxic to recipients at the dosages

and corﬁ%ﬁwétm@gfk%%ﬁw@aﬁy Tisekly Eprot wesks. andrtheirenbiasfions EA@EDWAIRP y on

t he part.igul i WefalusololiTao rom
about S&F%ggg%lgt& gy ﬁ%o‘%%%f ‘cf'ﬁd;&%ﬁ%"%‘%égﬁ%@%é% or nu%g{%o i?gys{ee g%}a |y

st eri | efortmigdaritrnghf arallyfdeilyidr twaeeks atdddvetansleld hgkg imravenclsydvaekiydorait i on
must be sterile. Such steri.lization.is readil cconpl i shed..by filtration
bt ough™ SISy I YTk Troa P NG o oReY Hi GO TR BE FRAPHELE e k¥ 8F mal at f on
or di narFédpnubalb With B B6&E ofGotae] dysleGOB s inhilgSK eV heRih bivakd th@snul ati on
or as -an aqueous solution. [00295] The pharrmaceutical fornulations of the

i nvent i FAWHE in|vitegrayebanRermadiibrir soestete] plong andrepilisd in fumgor stagispunt s,
concent L-QNS, ; ' i f, - 1.5l I on,
cons: ot LT ch 2ARREMH] Son bR b GER Afled W BBl BOMARILLAL) T
cont ext mi/me mirdevitth#K OB thumiah avarilinsanche turbed cal] xencmtfediostéden dayr withel ar

MRl it b sS85 RS orall) weskly Ko £ ekt Rl (b FO malkg brally ettty Yo 3 weeks,
‘ docetaxéi 10 mg/kg intravenously weekly for 3 weeks, and the combinations of: Fomiula Ib _5 |
mg/'kg orally weekly for 3 weeks and docetaxel 10 mg/kg intravenously weekly for 3 weeks; and
Formula Ib 10 mg/kg oralty weekly for 3 weeks and docetaxel _10 mg/kg intravenously weekly
for 3 weeks, along with mice receiving no drug (Vehicle group). The combination of 10 mg/kg
of Formula Ib.dosed orally weekly with 10 mg/kg of docetaxel synergized to inhibit SKOV3
human ovarian tumor growth in vivo greater than Formula Ib or docetaxel alone and resulted in -
fumor grom delay. '
[06272]' ~ Figure 48 sdes the mean tumor volume change over time with fema}e SCID
Beige nude mice with LuCap 35V human primary prostate cancer tumor cell xenografts dosed
-~ on day-0 with: docetaxel 5 mg/ky intravenously on days 1;5and 9 {g4d x 3) Formula la (GDC-—"""""""

| 0941) 50 mg/kg orally daily for 18 days Formula la 100 mg/kg orally daily for 18 days and the
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condition of the individual patient, the cause of the disorder, the site of
delivery of the agent, the nethod of adm nistration, the scheduling of
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mat i ceSiERE PSR SR HOHHR %Wé‘i?e%s%‘i?rttﬂ% @gmugﬁg or ‘f’?eltaﬁigf,)al%l}s a%’ldé‘ﬁsglé%&pis%ul es.
Exanpl eMgrr'é%{ggsﬁjnned- rel ease matrices include pol yesters, hydrogels (for

y

exanpl e, poly droxyet hyl - net hacryl ate), or pol y(vinyl_alcohol)),
pol yl acfeass] (US Bigasdlghows tsahsargrmonyolume pWﬁpﬁeré’@iW@hQRfr}Smgle

-et hyl - L- gl t d dabl i t e : bl
Pact o e ugh PR LRERRIRED &Sl UL KR R R PR Y
m c; ots p%@@eﬁa‘ﬁw Sﬁde ; f“};"a Jbﬁea@gé\?ng]} ;ig@l(@;igd)émi %t;mg@ﬁbmmtét] Tee(6dP -84 r)o: i de
acetate) and poly-D (-)_3-hydrox yrig aci ar a
f or mul atiﬁﬁﬁ!g/fmgﬂbd@mﬁh%w 5&8354%1’%“%8? g?%ﬂ%ﬁ’rﬁ['gf%a?%qrg%n&re 8’[1?@? 835@?% | ed
herei . : . . 08 ciaibibisticins 4 for
a1y B R A o G D A B e O 0
Ip; Ear nac;ge{[n}:'ﬁﬂ::ﬁm m@esg/agli:h]f-zféifﬁnﬁggaﬁi’ ?E%y ydmoriar 4 fmas @an Rrumala ia 1ERMEA®t on' s

ar maceut j ca ences . . : :
Such rret%li’se‘?"ﬁac ‘aﬂi'é% THHIRES Eelgfm?ru?enfglb ﬁ%@lﬁ é?’g’ ldgésdst‘?j%a%vgﬁ' 3 %aggg%ﬁ%%é%

ingredient with the carrier which constitutes one or nore accessory
ingredients. In general the fornulations are prepared by uniformy and
intimately bringing into association the active ingredient with liquid
carriers or finely divided solid carriers or both, and then, if necessary,
shapi ng the product. [00300] Formul ati ons of a conpound of Formula | or II




[ 00301] Formul ati ons may be prepared according to any nethod known to the
art for the manufacture of pharmaceutical conpositions and such
conpositions may contain one or nore agents including SHee eni ng._agents,
f1avori ng*3g¥i¥%% 0l ori ng agent's and preserving, geni%,%@ 08’?’@8 Bt o

pr ovi dendFalult B Broglkepanili evsry 3 dexsfpred G@ES-128BCEY prepared by

conpressing.in sui tabl e i j i i .| fge- f 1 ow ng
form s ERPHEOBEALRYFEY ?g?ys&grz% ﬁlﬂ% g ,arg%%%ﬁﬂlg%dall%ﬁyﬁlﬁl&g gﬁ(gd@ﬁr%vﬁfy? ﬁyﬁder ,
| ubr i c@Bles, deRRIhbiAd | GPRALKgRAEGRIOALIlY evers Ardbpcior ddinies endFomtudpBr ¥l ng agent .

Mol ded tablets may be nmade by nolding. .in.a suit.abl e machi ] Xt 4 of
t he pomﬁk§@kﬁﬁﬁﬁT%ﬁ3idﬁbﬁr@ﬁﬁ@%tesrﬁ%‘?’ﬁ‘g‘l%@‘%rﬁ‘?ﬂﬁﬂg P%Q?@C(P:e%ﬁ%%“ﬁpﬁugﬁ_ The

tabl ets Iy ' I g |fbiy4 eifnes fvith 00 at ed so
as to 6?%\%&@8%%%%0‘1%@(%%%E‘So}ﬁlﬁegdlaﬁfe"r“ %gg}ém’g?@?ﬁg%qg%ogl 036082PC.. |

Tf US20044/07 5Bchabiny eyrergjzae enffvt RE3-AYG1dnmep po3BzY MRBREUBTBENs of a
] arrraceuhca' or ation of t .l nyentiqQn . : !

di | uentjva @8%&@%@%@ A5 IBRMGY © efesguﬁé%%ﬂ%%‘gﬂfe&fg&%%‘k?ﬁﬁé"% o the
tablet; Rvél:%lazg BB b SmbRaBAE ORI, 8@ /MheF FoahbieTh Heselioemly eteryrd days (3¢

fragrrer%rs eal |y individual drug particles,. L}, 1S Ingested d
pr onot et tithes wilpl &) wig&kgolf gemeitrbivdYBETEEFHII ‘Bh"bgm%gi h‘%f‘??d%rgn%-péor% l% re that
granul es _and tablets ca . i . LoF, Fesiedirc@amost r engt h
and hol H™g" g’éﬁﬁ%é‘tm{“éog%rte gfﬁéﬁéﬁﬁ%%%geﬁggﬁgﬁﬁgéﬁged, reventin it from
br eaki ﬂ@%@m dpattembi Soetme rThepowdérason uof §.6gngle afy ,alélﬁlpfﬁgi%%lyand |
routi ne handling; didant to.] ove the fi. bility. t:he: e ki ng
Up-t he <Dl SnaIRETH Batvb AL Tabeicl s Pt e o R RN T ng
powder 1{&1&?&1 ﬂ;%a,gg&%% duhot Eﬁwﬁmﬁ VAUE Bleatds 6n Formile sortdemcitaliihedlonhandng
cture. e e

manuf a 1 nprove t fl ow of "the powder m xes fte@r Oégh éf]e esses
and m niesdled if tinetr iregresaiod abd eakergEowd defy. flhaicanbdeio g FEC d from
t he equj ppent: Anti adhere ith,f.u Jo g b d@d i dant,
reduci %’ﬁﬁ%@? Y %Sn(tﬂ%y %5mgg%@ﬁgg%ﬁfeésﬁacbl etegﬁg@ﬁhﬁe, machi ne
that i siusedbdONDYAeRaplimbiershuep eudr grdvethtiabivetgrater ithag Feamulede pr e;

Flavor incorporated into tablets to give tg%a_ rm\&,ﬁlc(gcbeasant taste-or to
mask angemgitabing alene endresulind ICHIBIIRETISH! FEARPY #¥on and pati ent
conplia ol 003 Aot RGuRCEHawEe dvg adivett Hartanaddmblet ur e

W th noﬂﬁ‘?g@i C pg%#gr;gggﬁb?vgg I(]'t?:?e!:ftlgcept abl e exci %?ent whi ch arg sui ta%l:s)l e for
manuf achudeemiph wiNEEE2 K2aKaws ppirasadl ceitiuegcangeriSeht-d TG hd XeqogFats

exanpl e, inert, diluen caj ci I [ IRCI09518,
cal o unfieiedSBdrL RSSO BT A oHEY S Bt TS FORRaL & (X092 e as
mai ze Sta@fmgjgg,oﬁhlgidﬁjiff@@il@hy@iaﬂﬂfhﬁgoﬁgﬁ’ﬂﬁ&; ofs BDH0RS98Y 68 ate/kegyeklt i n or
acacia; and lUbricafing agents, such as nesj u tearate 'tﬁ&xﬁ&ri c acid or
tal c. Tdhilefos 2idgystrad iged éﬁaworﬁa%/k%@aﬂgg@ﬁ%%? pelhni'ques -

i ncl udi ng._ni.croe . g{g;n_, : Ongeed s chisi AbikerRf BothagBowiti 6.8n in the
gastroi ﬁ%ﬁﬁ%@&?ﬁﬁié@% t Se're yog}r}bg\%ugiéeg?gjsgg(?ned action over a |onger
peri od. nfgkg ERIABESI0A syergizetblodyhitm MNEHiE 122 (K HragddNYFlfe BRYAT f¥4Pate or
gl yceryl distearate al one_qr,.w wax , g . :[.00304JFor

t r eat negreayy thapdogyulads o ﬁ@ﬁ%@@?ﬂ?l@f@él&%ﬁm@é%%ﬁéﬂ and skin, the
for mul ey ar e prEier@AY \ABRGIREEREDMOUSEODHINTUBOR BFFKIAGH
containing the active ingredient(s)_in an anmount, 6 of, for exanpl.e, 0. 075 to
20% w/ w.[08378h f or Reknbinstion thesapyavift Fasmula ao@paupdsand i“{%ﬁ?%?g‘ff%r%)‘l&c fe"be

enpl oyed. w ei t.her (gl - $64-Bh 81 841N Bdncbase.

Al t er natt4é| ?tlvteﬁ]%% %’%’Fg{g&%%a!rueryglﬁg%{ s&nn%%k%ﬁeLgérﬁ%%t ed ilﬁlﬁ% creamwith an

oi | i n- WaNBICLL) e pane eatic[ AR atckforte@Drds, in Emﬁa@meﬂqéwuﬁﬁf mpdels cr eam

base na%dﬁnwcl u) (\jv%jc% rgc?alp%fcu at%rﬂugna%lﬁ%ggro Il)rbgression in an endogenous tissue micro-

_environment (Singh, M. and Johnson, L. (2006} Clin. Cancer Res. 12(18):5312-5328; US o
2007/0292948, both of which are incorporated by reference in their entirety). The surprising and
unexpected results from thesé experiments may predict the clinical response of certain patient
populations having select tumor types and mutations to such combination therapy with Formula

I and 11 compounds and chemotherapeutic agents.
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i.e., an alcohol having two or nore hydroxyl groups such as propyl ene
gl ycol, butane 1,3-diol, mannitol, sorbitol, glycerol and pol yet hyl ene

st ol o n et et e il
- | | .dgsigoablainkncl ude
a co-rrpmggjwni chugﬁfﬁﬁﬁegg‘g%ﬁsco{}gﬁv%%c%%k %legg@a(%% %%It%%lrﬁgr?e ‘act i 3e gnet

i ngr edipenhuib i RUSRMAE Blhdinahe pitear pafulaionskbramkds cobpamgl adenestid Beic h
dermal penetration enhancers include digﬁ%h I .sugf %ﬁ?e an%gr e[I ated
anal ogshovl eff@I6ATHENOD toyvth Rpssessid PSHBIE BRe Byt YeERVERTT on may be

constituted fromk i [ ' ‘ abaalviidithg a mi xture
g caaaﬁg;azéarnﬁ %g?} 61{1%%1%95&? %e@t&é&%b”@\ﬂﬁkﬁﬂs_ 3]

of at I(_% rfier wth a or an oil, or with both a fat and an
0i | . Prgheimbby of Forkylirie pbipiund end B X0-41. 1i murineaintiddeCY dgoneh ani t h a

| i pophilic enulsifijier which .acts: as a stabili.zefw. ' o
erul si FigaHicayt MIPHIBRANGFISFRIHPD 8?%1819’ @%W‘??‘?’ %ﬁ??fu%%gﬁl%’ehﬁ%?“s‘?"?ﬁ?aﬁeé t\?vax, and
the ve t@geLRerCificldhs Oftl ARifabn coTDmisEImpmUAMdMAG0-dilnawinet base
whi ch fornms the olly di spersed phase of creamformul ations. E |S(h\%{l grs and
el si aniSTBGFIA ey badsusatistivadly iamiisel ipeche PSR S FOBPFAD FUERt | on

i ncl ude, TweenO 60, ..Span(.r,) 80.. ceto &%y'amm,

nyri st ﬁmﬁ’ia@cﬁ%‘?d?m @’8&5@}% 9%0’?]18%%021{10?{5% Zﬁlgjﬁc}gggﬁmﬁ aur yl altlélfjl fate.
100307 1AM 1 @Rk SHENVFITE-anssoahowiita phasustideand dabiblé antivivmer resnanssfast he
invention contain the active nmaterials in adm xture w XCi R, '
sui t ableonfperedith sngigmasnitt Thedriple capbapHen g@@%‘?ﬁéfyolﬂ%mg%?ﬁ ié’%:i{yp‘?’g“h%fs? d |

| nol ude 2, SHSREAY! 8 rREAL La SHiGIbAS PO HplGagbex iRt debimbabe,
cr oscant 8I'PGSE, povi.done, net hyl cel | ul ose, hydroxy roFyI t hyl.cel .| ul ose,
sodi um gavghaed @mppeddyty ileydarbpplatih rod m 20ct himurigg %Waﬁdﬁl@tﬁﬂ%ﬁ’w& and
di spersj ng ,or tting,agents such as ' ‘ i Rhsskbabi de
OO R e e R S e A S R s AN
acid ( ere?ﬁnalﬂ?ﬂn%&ib{&%w& Rgivet WRinAdoRparel to contesisad cach pinglddeng. of et hyl ene
oxi de w a lTonhg chain aliphatic al cohol  (e.

hept ??iemaasmw enetzﬁwafﬁbmcreaﬂ%m@rﬁsﬁ@%ﬁ%#Wé?sgieﬁﬁgg%:ﬁ;%’i de with
P B B B s b (e'5.

pol yoxy an non e aqueous suspension [ay al so
cont ai NTRAE nite, Ried tpsied oith Foimds Iecmipasdathhyed e infiabdeggease m fumor

phydr oxybenzoate, one, or nore,colori nt s, @Wj}é}g agents
and oneZuvthiiealEaewndaticApPagd "so,nué)g%ﬁ%g@mé‘hec r}gosr&ge Vglrr’ tﬂgg%g%ch% in.

[ 003081 FhabiTace i Sile fRAMASIAIRAS FRIodRE (0 stasidally significanty efleck be
injectable preparation, such as a sterile inject ggt&lmg?gtis OF eol gggi nous
suspens samivallinitess aspe inicorirayhaf omaulp & M ACHIERLGR P 0 't REKHOWN art
using t uitable di.spersi (o} bRa 11908 Rlsas@R (B4sdaeiaeddig agents

whi ch hg@gﬁi)g‘ THERY Oﬁg%?&%&g{:}ag?s ﬁ'\’/éﬁé%%“rgl le 1n ecsft abl(,e‘@zre'par‘at i,on may be
a sol ut iyBRed85d Bics UEPHSAGe @pPerits) ag walhms b sighificeatriowacsoasyyiveé.cePRBBERONYI | uent

or solvent, such as.,a solution in 1. 3-butanpediol_ or | Af

| yophi | ﬁmﬁfﬂ&%é@?ﬁ“ﬂ%ﬁgﬁ% FeVEE e M?ga%ﬂ?éﬂs&gﬁﬁh@%ﬁ%ﬁﬁﬁﬂﬁf may be
ep! oyedy & Sl imBRERENS it OVBRGIBIEST 0 siusadhdroretivor do
solution. Tn~ addition, sterile fixed oils may conventionally be enpl oyed as
a sol verbmparesd usgemidiabige plodé.um For this purpose any bland fixed oil may be

enpl oyed. | udi ng synt het.i ¢ ) i [Wol:] 'Gdl Nefsd ripem 1ifatsy

aci ds sﬂg‘#@i ol ei%kagéﬁaﬂ' ?ﬁ?‘gg%cgéel\ltg&eghg%gﬁien t?%e 5]V\iD

2009/ 036Q82BCH AVE2RAPGRTEIBevelopment 15:3243-3248), Formula Ja compound treatment
alone minimally affected tumor growth as measured by microCT imaging, and had no effect on.

survival as compared to controls. Treatment with Formula Ia compound in combination with
erlotinib showed modest tumor growth inhibition and survival advantage as compared to the
single agent treatments. Treatment with Formula Ia compound in combination with mB20-4.1.1
murine anti-VEGF-A resulte& in a notable decrease in tumor growth and increase in survival as
compared to controls, albeit not significantly greater than the effects observed with mB20-4.1.1
murine anti-VEGF-A as a single agent. Animals dosed with the triple combination of Fomlula
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preparation of injectables. [00309] The anount of active ingredient that may
be conbined with the carrier material to produce a single dosage formw |

vary depgpgha@sen the host treated and the particul ap-rRe80brsss3

adm ni stration., Fo xanmpl g, tine-rel ease | ation 1 ntended for oral
2 i S FEEPEHIY GARRERS SHLPECGH LT Freapse B YA el POvebDGATIHC H | ve
Tt er | Aur AATRALARRH ibbike 30 cARPLOPI o Ild SR0 HERIAN! infABLA burofval@ikiL ef

mat erial which may vary fromabout 5 to about 95% of "the total conpositions
(wei ghtmodsglght ). The pharmaceutical conposition can be prepared to provide
easi |y neasurable anmounts for adm nistration. For exanple, an aqueous.

sol uti L ende Ii%l f'ﬂ us ~h i y contain fromabout 3 to 500
jig of O@Rﬁeﬁécti Vg,l ngregﬁ}%ﬁ%éw#ﬁﬁgﬁgf solution in order that
i nfusi 0j002ZE3}a suiftahh@etidalie@EnmisitRing 8 Hr@llatbedfl tBlpredehhinvedivon declude. -

[ 00310] For,nul ati.o suj tabl e for- parenteral adm nistration include aqueous
and norFOmRANSDSO %miulaé qr h SEROYRASs BIChePRtRETaRFHbC BEFRk AN ORE 8T oTe

anti - oxi - bt f %a&&grl at s:1.ar whi.ch render the

fornul a %ici%g%%g%iagéﬁmtb t he ’b@g%gkt’ g‘flﬁgﬁge&%?&%gtéd reci pi ent; and aqueous
aﬂpl Eoni_ﬁﬁ%ﬁﬁéous s%rﬁgf)}glfadgpﬂmfwn_sndmhmmbrher@bum‘ gpﬁspiéﬁdgm@e_mgents_ and
t hi ckeni ng .agents. . ormul ati ons sujtable.for topical, adm nistration
Lo he ae BAER s s ahatirmel R et fds Sk PhatRuiEa ek

di ssol veteats sattspengted efiBng Uindakd 18ke and it & inteREREGAGhE IhvaiticAGMaRats beal vent
for the active ingredient. The active ingredient is preferably present in

such f ofohi#ediang pesqlypted P8RRent ration of about 0.5 to 20% w w, for exanple

about 0 10% : u 9 E 1.0NS

i tabl SO { oo eonty e | L AR oBRR, indetiedio ook RAs PEDE A"
conpr i sinnghtivhenayclisoweist ingdiffelieantutomesric fbranspareichibash frme sweainibracedovithge and
acacia Qr tragaganth; .pastilles, conpri,sing the active ingredient in an
ner t D6 OSBRIV Spb The tamy “GRGRISE Tor, Vo Rei Om TaIRE WeTRR el ang
mout hveigiiasrs @Bkt BitkriBewRiEh bNGnicR@nOLHiBRIvid Nodv Gididydatfer! P kampar ri er.

[00313] Fornul ations for rectal adm nistrati on may be presented as a
supposi Pretop tejtemers (den knowinas prajetrepaiauianary indpdedpisrasneersiopoya BUgeten or a

salicyl ate. [0031; myl. at.iens. suj le for.inptra ; |
i sErrrioh bt RAE e iR b e ToorRlicn st RUIIRR B RES HEREE | 5
m cr onsinfercvaiergiong by seot daalzatici dasmenfhe mnggkticwesn 0. 1 and 500 microns in

i ncreney iCro such as, 0.5, 1, 30 mcrons,. 35_m.crons,. etc.), which is
i ni OBz by r W cAmRATORS %@mnaﬁfebqﬁlaglmb%%@%@%}l i nhal at i on
thr oughinaﬁwap&asbgéﬂ;i@%ohﬁ?&%@ %&@&aﬁ'oﬁ@(@. I m%ﬁﬁﬁann%bﬁlﬁiéﬁlﬁacﬁ% ations

i ncl ude - aqueous or oily solutions of the active'ingredient.” Fornulations
sui t abl @cludingadiosyula Ior Hehopppundiand achematisrapstioreneseldsted frompthe digtsa€ cor di ng

to. convignLh 8nda TRAROSARE IR, Bord Sl Sathd BubiP ol R BBHLLC agent s

diluents, carriers, or glidants. The bulk composition and each individual dosage unit can contain .

fixed amounts of the aforesaid pharmaceutically active agents. The bulk compésitien is material
that has not yet been formed into individual dosage units. An illustrative dosage unit is an oral
dosage unit such as tablets, pills, capsules, and the like, Similarly, the herein-described method
of treating a patient by administering a pharmaceutical composition of the present invention is
also intended to encompass the administration of the bulk composition and individual dosage
umits. - '
{60287} =  Pharmaceutical compositions also embrace is&opicaﬂy»labeled compounds of the
present invention which are identical to those recited herein, but for the fact that oné or more
atoms are rreplaced 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.
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WO 2009/ 036082PCT/ US2008/ 075883 such as conpounds heretofore used in the
treatnment or prophylaxis disorders as described bel ow. [00315] Fornul ati ons
sui t abl ef@tooyagbfral administration may be presented aspess@yiresss tanmpons,

| . fo |
Che R e R h Ry RS Ruet bR G R b o Bids BF e AR R BLE ok Bl ¢ 1 on €0
I o e s ik Lo ity Hipliv dmeﬁﬁ‘“‘m‘a‘?ﬁ?‘ﬂ’ﬁfﬁ“ﬁ? be
nu -
MR R B LR Jﬁ‘@@ﬁ‘% R AR LA s the "

addi tian,, caﬂ)? fabéfe? cb&lgoﬁﬂdggf ﬂlnga%séﬁt%ven{ﬂ?ﬁ J(e:% atﬂmqutﬂ@éde\ﬁrzth h9tnd ”C?&Ire' on

i nredi ate | or oraneous I njettion sol utions and
sus penaiecﬁuisn aasmpqamd[aad/edsdbmate fibsme idiseritpmion @ssays. ngmdde(éH}am dagobeltds of t he
kind prgyiously descrihed Preferred unit r myl re those
Cont ar LSRR B & ghert st SHBEPYE SR B aa TP it AoV PRC  rod, or
an appLRLALS ifddsssah dsRhRAtm (k) hieafdGl ic¥aih MRS Y dvalBQ3 kedulthg
invention further provides veterinary ‘conpositions conprising at |east one
act i vefiomggresterangtabodic stsbiliy (re.i inergased drevive halfilifhorredencd dpsrge yequiremprts)
theref par r.L ri &, pf
adm ni S cg}rlel n%intﬁﬂ oérfr%(%)%l |s§%ggﬁd§n Stancge I‘;‘oosﬁmgseg}ﬂing 15%%@%9%152%@@ erials
whi ch diCeandt' fredraiusefull foepdsiteon aeisdet @b:lo@raphy (II'ET)\satcberslmaxamme tubatrate ar e
conpatible with the active i ag)r edi ent . The %Svet eri nar rrp03| taiogs may be
adm ni SCEREHOSTHPRRY- erﬁ’fqPiFal Bt F"]Ie9 COFPERN éﬁg PEREFNT dRp %’Hc
[00318 g&@h I g@%@@% 4 &&q s disciBE ih kh %Mmﬂke 3
enpl oyg I n (%élgné)l natTon Wlt%] élhg emgt hescr:apeutlcge agents for the
t r eat mEmamples bertiyp helopr, by |sﬂksnaitmgen@hogm§y tebeleid sengartrfor 4 norl-isdiopigakhunor s,
canceri@Ff d neopl astic tissue, along with pre-nmalignant and non-neopl astic
non 5 hypetprollferatlve di sorders. In certain enbodinents, a
conpoungh288] For nidréndla Pér I EorhSorediriid @@miothetapbtidy 4568 utd foahuleedii nat i on
formul ati on, or_dosing regi men as conbi natlon therapy, with a second
conpoufgrordaace With standard phasmepnusicalirasciice 8 usy BiFdheTpRAItS COMMENIRIOTsef ul  f or
treati f.the
phar na(liz‘% %ﬁé\g%c{ﬂ%g:ﬁ t a’% i;ugfnn%;d r%@gﬁ‘?%%&%}m Eom}ﬁ)%@@ge%ggpg%@gg?a Iy has -
conpl e mlﬁnmig/mahnﬂmglmnmss t Bhe iheemiompmmits efphEoraveital compokition aprdpssied t hat
t hey do_not .adve af fect each ot Such o ounds..may be, adm ni stered
- amodreayRLer TEBmbe R st RGr P SBhPHHOR FATBRAREALY AR B BEE en
a phar @ﬁgﬁﬂ’td&l@,j‘t’{,ﬁxmﬁeﬁl on of this invention conprises a conmpound of
Formula | or I stereoj soner, geonetric isoner, tautorner, solvate,

et abol[9Q2§9 or bawm@marmmmammw@s gamutknewe@: thopeskaliedtin Fhetarton
with ag @@%ﬁ{dg %{at?emtshsh &sa\%a}%%& ﬂxbﬁk aw%méagﬂgﬁ&s

enbodi nen ner apeuti c CO na’t ron 1s adm ni S ere ng regl nen
wher ei myddoghilib er Eypizoghobit! thateredls, %elaun,mlanmmtspﬁvam mm@hhcd Tsevpanipuleor nul a |

[
RATNERCE ST RN MUV INRERTEN THALL G

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), etc. and mixtures -
thereof. The formulations may also include one or more buffers, stabilizing agents, surfactants,
wetling agents, lubricating agents, emulsifiers, suspending agents, preservatives, antioxidants,
opaquing agents, glidants, processing aids, colorants, sweeteners, perﬁmaing 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.e., medicament).
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WO 2009/ 036082PCT/ US2008/ 075883 t herapeutically effective anount of the
chenot herapeutic agent is admnistered in a range fromtwi ce daily to once

every threg,Weeiss, [ 00320] Ther apeutic conbinations of phgptRvERtian include
d d, havi F la | .or. Ll., d .

chemot HIPA0EuT 1 ¢ To) mdBioBe g oF Pismived Poee g en ot iy il griing

genti t gRbdBureEF H3228PMk, theibaR! c&ﬁ%’ albsﬁﬁéeb@@.l, @&zh?@una?& kel by inb@Niag oz umab,

trastuzumab, pertuzumab, ternozol om de, tanoxifen, doxorubicin, Acti-1/2,

HPPD, rstabdingd form efrible terppaundi(bg.asompleowith nedclodepan deivehve orothakaeane,

si mul t apeous or seguent.d al use. in . the treatnent of ayperprol i ative
di sor det’ mpkj%‘%%z},g?ﬁg % o}ﬁ%ﬁhﬁe;dt"ﬁgﬁmfaﬁ?%rsg Vfgﬁ%ly %%regcél ﬁ?ﬂ?%( er ecf)(y‘ﬂ’ats)%tglE _
si mul t adxepitmtslesc gl @Béved| The @ginfBihd i pragkit Miveitvnas typeglie fdrinalatad infohe
conbi nati on may be adnministered in twy o re. admni straé_iggns. The

r nNo ‘
conbi netearRATEice derreoforn & Rrawde aneasHy spatroliablegiosagsil iy drugapdipgnable

forrru! aiti%,%o Eaii@nc@!v{ri Ltﬁeggggﬁg\?\%&&gl formul ati on, and consecutive

adm nistration‘1n ei ein preferably there is a tine period
whi | e H66281for alllhp phatnacentmgeoutrgositiom (drdommulation) éxrepplitatien mapibel ogi cal

agent s BECEER UL AeEeeh R dSCOT T ROR DUOPOIT OF BB CS PR aehbi ned
acti on Gé&néRalyoan ar@itle fhedifavhton i98Rdds bhicodan@e Riviadgepatitarthabianid her apeutic
agents or treatnents, such as to increase the therapeutic index or mtigate
t oxi ci tBhagpacertral fosmylatien inan appepries ey udwieble copourmyayre el kpawn e thess:
e”_bOdi "B ed?f oRMH i INGEe hAEEAPYich 3 EHHROYRM O bind PEIY BeHetsOhmpoules,

plastic bags, metal cﬁinder_s, and the like. The container may also include a tamper-proof

assemblage to prevent indiscrect access to the .content.s of the package. In addition, the coﬁtginer _ |

has deposited thereon a label that describes the contents of the container. The label may also

‘include appropriate warnings. | _

| {00292} " Pharmaceutical formulations of the compounds of the present invention may be

prepared for various routes and types of administration, For example, a Formula I or II

compound having the desired degree of purity may optionally be mixed with pharmaceutically

acceptable diluents, carriers, excipients or stabilizers (Remington's Pharmaceutical Sciences

(1995) 18th edition, Mack Publ. Co., Easton, PA), in ihe form of 2 Iyophilizcd'fonmﬂation,

milled powdér, 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 physiolo gically -

acceptablé carriers, i.e., carriers that are non-toxic to recipients at the dosages and concentrations

employed. The pH of tfie formulation depends mainly on the -partiCular use and the

concentration of compéund, but may range from about 3 to about 8,

{00293] The pharmaceutical formulation is preferably sterile. In particular, fornu_llations _'

to be used for in vive administration must be sterile.' Such sterilization is readily accomplished

by filtration through sterile filtration membranes.

[06294] The pharmaceutical forml:lation ordinarily can bé stored as a solid composition, a -

lyophilized formulation or as an aqueous solution. _

[06295] - The pharmaceutical formulations of the invention will be dosed and administered

in a fashion, i.e., 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
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1, or a stereoisoner, geonetric isomer, tautoner, solvate, netabolite, or
phar maceutical ly acceptable salt thereof, may be conmbined with a

chenot heapabhweggent , i ncl udi ng hornonal or anti bodyp(agsgm@mmh as those
d ' _
sl | RISl pARiAE] LB, SRURLAGH M Sl SU! BLR ofIBIARYE et e\

radi ot herapy rapl es accor e pres
conpr i mﬁbﬁ@fa&iﬁmmmmatﬂnmhaiuhag of &BsihisaakorC @ﬁzpoahadfaabrsﬁmbvmltamcdml 1, or
a ‘stereoi soner, eorretrl c.isoner, tau ut oner sol vat e, ng%aglpl i.te,

phar rra@r@aiﬁwaw ;F%ﬁ ‘theppapically sifective amennt” obfhg comaowRddo w%%feéweihe ot her
cancery, rbhrsﬂ?ﬁ&ﬂféxdef’éﬁ AgpiRts. Rinihie SUERPHRE )y 9raftul a | or 11

and the ther phar maceut | ca y active chenotherapeutic agent(s) and the
rel ati mehoraiengs:reaf thadoagulaion dctamedidttd disordel. Socle dmpbwntds preferably bdeweve t he

desired conbi ned .t her ape c effe 0324 ISTRAT ON

PHARNA& ‘g@dﬁ/ﬁ& % ‘%’r@ %‘g“]‘sﬁl?g%@ hGety Flof%%ls’feﬁ’\t}grétt‘? Blseding be
adm ni F(KQWP by ARY, é&ﬂﬂ%r%l@fﬁ@ﬁﬁh@hﬁﬂ?hﬁ:ﬁﬁcmgﬂi bR 1iVO alBurit bE e d.

Sui tab routes include oral, parenteral (including subcut aneous,

i nt r anfemntaf or i sewageadmninistred asmllyariparenteraliynes doss vl |bﬁt11|‘t thasangsof
N “?%%Pé}gﬁ%??%ﬁa B0 08 JOSEDR AHGRen BB TRl ! SRR

i nt r apuipicahmitial aage Ioﬂbclixﬁ;ﬁtaﬁxalused'lhmmgdﬁﬁ teathinpikgtdagt Hbmdmmfﬁieé‘@mn}ad bve WO
200910 6082P§;’4¥§ﬁ£03107{g§€3 t he use of transder n%nl strati.,on such as
t r ans dErGRRIPO psei BT e A ad CROLRIN AT A e fysa

di scus ﬁoﬁhﬁ_ﬁﬁﬁﬁﬂiaﬁ 8de 19hh SRR atlo¥k N0 B to abckR 960

Publ i s%?’%lgd%g&@égg%%t %her exarrpel es of damé forrmgléa?laons ca[r?lgge

f ound iper unitxdssagerfornd. Ti d@nﬁofmeo?rI or |l confpaing amhthe ﬁh@@@hﬁe@ﬂuﬁ%g@ge
F M :
mmunodt greLirges s eiEof o malintd Rageist g Etbgu ito o

i ntral ged@nall omightst ration, including perfusi ng or ot herw se contacting
the graft with the inhibitor before transplanta |on It will be alggrem at ed

that t HIZIYLS er r dacepiibiecditnayis\aryerhick FPreg aés%a léerﬁﬁ@%??&rct%‘?f‘l 1§ he
reci pi gifhe Magg@% l&@%ﬂg@oﬂﬂ,@gﬁ'ﬁélﬁ&@ﬁfﬁ@&ﬂ biospiYe, Bfrateofiul at ed

as a pill, rmaceut i calTy accéptable -
carri eptheg brgdmntamdagrana&mdmtemludM@swrblhmd@n@@rwﬂdomse ahservegves (agh as -

par ont Gr AR SRy e foton ior %, bek Ehe R B SR 06 Bl BRAEY o o

det ai | egickHgé Qiélnze[tlﬁﬁﬁﬁ@hﬁoﬂ@@ @h&x@:l touBabr anaiac&ton elliys paralens am@asfmamhm about
10 ng to about 1000 ng_of Forpula I or Il compound. Aty dose be

about Pegromag maéabaaowecbel@rqsgrcah seelobesianeluAgentancload ﬂﬁﬁgﬁ%ﬁa\ﬁmﬂ? aér ed
once a I on the
har madarsht fekhad foP1PRLIGHAY phiFb e Clon RS hUPBERE] MoulRDEIEADS:

absor pbmmmnogiolsmﬂmsmtdmphmamﬂjahﬁh Bisnas @nﬁvnw@yebliwnmﬁmmacmsmqh@al ar '
i DI gL A i o SRR LA B GETIAPAc ARSI capsul e,
or tablsgy oﬂ%%a@@oﬁyﬂ%%tlﬁau gﬁc&&él xhxmogéuokneﬁfmg %ﬁ&aﬁ:%%@ﬂ@&thc}i asuch as,

weekly or -once every two or ree weeks for a speC|f|e period of tine. The
r egi nmeElNed: sygare eprbcas sucrpess manwtptshalese ensoriuw! éﬁttfwagawuﬂmm#w

OF TREA

conpouné_a/g%gn%%?z%gg&%é? %g?%ll g%? 1?1298 ?3’?“5‘1 ng%‘g%sne%l %%m?oﬁ%ﬁ%gsﬁ Ing di seases

condi t ITOWEENM/PQURDNICSIE 8 pbiRehvidhdgycdUPEGNt The armt/eﬁhmacemﬁme
characterized by activation of the PlI3 _kinase pathway. Accordl Bg}'oy anot her
aspect iegTedipnts miag RlsatE SATINREd iIFBEToRPTURISTORrads X ERHBPIE ycrRaesY

conditi g diadi ng PI 3.

T one R A e o B B e o D e

t her eofmzaroth;&ubpend pmiaJ(inytlgfm&@hﬁcyla&a) anorondpsoles, aespostpelynth wilofel druga | or
sterelso tI’ICIS ner., tautoner netabolite, or

phar BT ST S Tesaa e TR B i AR RSt Bhe. of - (1)

a For Myadicles@hd hbncfe%@&ldﬁ& iA AthcfodmudidiRe SRENRERAGU ke BGRREd RY be enpl oyed

for the treatment of  a hyperproliferative disease or disorder, including

t unor s Reseinglen's Pharmageisiopl Seaances 18ledivon, 41 9ayMeck Rubl conbpsioh &t and
I
o0 BB |, © oG ARL A0 AL AR FOIRIET 3 HEohoSHAH S b,

pharmaceutical |y acceptable carrier, adjuvant, or vehicle, wherein the
Formula | or H compound, or netabolite '




WO 2009/ 036082PCT/ US20081075883 t hereof, of said therapeutic conbination is
present in an anmount to detectably inhibit PI3 |cinase activity.

[ 00329] C%{;&(E@?ﬁ egfh can be heated according to the mﬁ@ﬂ%mﬂém%@ss

I nventi on , byt are nqt limted to, breast, ov . Cervi rostate,
Losti s, SHBRIESHRPks P urpiRes Teloes prangtrbons iap s Serjprratspt aces of solld

neur obl Rt HkBbic PoRIRE contiftifly 2 KEMBLERCHILHRER 1, WMBYmaQRLESEDHA 5@ 6f NOME,

| arge céll "carcinoma, -non-snall cell |ung carcinoma (NSCLC), snmall cell

car ci nosraped arfigesadgn ddms, o noemasaisules, Exashpdes ofaugrivehrelepanmrbipss include

adenocar ¢i noma hyr.0j follicu carci noma. .undifferent] hnong,
Dot 1 SRR PR B raBine, PR RERES B R S SRER LGS WERETI Ve
car ci nogRylafdicb{Us 37339p85 sa@imerk b DeNute@icCcRME, gafied-ahd-IdigRdngias, Son-
| ynphoid di sorders, hairy cells, buccal cavity and pharynx (oral), lip,

| 1 v
t ongue, dagEdeble epwlanoryinyl aepiate. degodable nstic sad-ghcple Rt FOnohRES Fithas thene,

oot um  UBROR BEFOPANGG Ly NETYANS BUSLEMLRIBL B 2 A0 EUKEM Fotmer

[ 00330] eraspect Is’in on provides maceu

conposi dridqeueslideleearpuid goleDnp) IayioRrytiuyrickasl.i n the treatment of the
di seases or conditions descri de herein in_a for, ex a human,

_ manmal , le, .

suf f eri 9828%om sJdrs Mrmresegica} foggrigripnsgpciudg hgssuiable &y theadmyaisfaipnor o
phar macgut.i : | 4 i : :l ' is .

P oat negries AR EATRAT, ThoRorkiahOfh BEPRANRYLAN X pris R iF P sk Clor ¥ s oded
ani mal , mayibhpmparad hnp Awpadf, thé methedamwel! &newh tnthe art o plicemaeyy Tecbniquescind

di sorder. 331] METABQLI.TES .0 COVPQOU OF F LA | R o 2, Al so
Far T nolcimb R bR G R TINEN PO as e S SRS b e (15801 MR

product Bubishing O3 Fastbn, . SilchdeatBsdshgcludehe bidp oBhidbiny @t asbseiaidy thesul t - f or
exanpl e fromthe oxidation, reduction, hydrolysis, amdation, deam dation,
est er i f3¢ae ingrediens sdihdbg sapierWiieh cansiipipsope crmem A sory Aeeredents. le, of the
adm ni st er , ' : ' | [ | hes of
compour el HESmA e 0 SRtk st iy UL By AL TR AROBAT S
conpr i saatige trunddait with) ligudicndanor fidely Giviied solehtarmers o bdth.candeimmaif for a
period of tine suffitgi en%i to yield a netabolic product thereof :

[ 00333] WSESATh SHARIMGBURICE t ypi cal |y are identified by preparing a

radi ol a{mkd;o‘:;d (€. EhrmiRGoRY dfEorRRUAE oFF GRNROURAL Afd/drt8ehbkenbddia agent
admnistering it parenterally in a detectable dose (e reater than

about  Osuitablg ierraliagapistagtionaasdiscepased andiscrs et syoh Mesillpiard TPk egs or t o
man, al ' fichent ti i t G LAl )y t 30
secondsé?q%ﬁrg%pﬁ%sf g%hgtg’dml;c% 0 %{@%&ﬁ@@%@@; ?Sc?(r%ﬁ%&rﬁ(q)sduc %&1@? r%);"’td egﬂri ne,
bl ood ograntibe embisidnegiyesds os alifitsech Thesainp rqaudetesmard amasnt of aicemipatreibfsi nce

they arge |abeled.(others are isolated by the use of antipodies pahl e of
bi ndi ngﬁ%‘ﬁc_f"?%i)%& é‘ﬂfb Viashg &ﬁr@ﬁ‘éﬂ‘hﬁeﬁb&hﬁ@)@%‘#&%’é’?ﬁ‘ﬁ&ﬁ%@gﬁﬁé ures
are det gidheeflohit of SRMEIthdratatic haSR B9 be Forthular®YinMpill Léapdde, @5 lulibAp@nal ysi's.

In general, analysis of netabolites iS done in the sanme way as conventi onal
drug mesusberisionras steauibined fsruldtieowd ltepag vely, the Formula I or I compound and the |

chemotherapeutic agent may be formulated separately in a pill, capsule, solution or suspension

for administration by alternation. _ 7
[00301] = Formulations may be prepared according to aﬁy method known to the art for fue
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 powder or granules,
optionally mixed with a binder, lubricant, inert diluent, preservative, surface active or dispersing
agent. Molded tablets méy be made by molding in a suitable machine a mixture of the |
powdered active ingredient moistened with an inert liquid diluent. The tablets may optionally be

coated or scored and optionally are formulated so as to provide siow or controlled release of the
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WD 2009/ 036082PCT/ US2008/ 075883 those skilled in the art. The netabolite
products, so long as they are not otherwise found in vivo, are useful in

di agnost i aweayss2f or t herapeutic dosing of the conpourmisuszhostohssgs nvent i on.
[0033411&%@1%15@ ACTURE [ 00335] I n anot her enbodi nent of the

i nvention, a arltglﬁé e of manufacture, or "kit", containing Fornmula | and II
conpour@isiadkef ul Thidet exhipientsed taphatmatutdabfodinskatee st te dovdnser dey michdscr i bed

above S Pr oV ded, I.n one e the kit conprises a cont iner
e ETHE (& ARG riberoe i HF SO Pme.gf T novidkBa e GhzAong 08 SRFTES | sorer
taut Onﬁﬁsmt%g}aﬁﬁtt@ enddBa@d Helthilet 19 brdaR ALWRGAH king A |ﬁ‘a§méﬁt§ %&ﬁl’?'lﬁ‘djﬁﬁh&l dhdger eof .
The kit naéQ urther conprise a |abel or package insert, on or associated

i

wi th t particssehendt is ingigsted émdrprt)pmtag@plmé@$qluthnand§b®m®nc€ﬁmg, Bénder io

AR AT o TR SR SRR

adm ni sdbl@atibgther CRMY Ik F&%{ﬁ@hﬂﬁéﬁe(ﬂ@dﬁ@ﬁﬂ&@t &bmgﬁezﬂ@tg:@m R ﬂ:she use of
such therapeutic products. Suitahle _containers_inglude, for exanple, -

bot t | e§°mPP%HD§P°‘§‘£"1‘§ paﬁlﬁgsttgeﬁ hippiag andtogtinerhandiing Glidsst toimprons teor ned
froma é‘%fg i may

hol d aﬂgg\rmbﬂ{?ydﬂh? Forrm eé%loergha oé%d@n?’lﬁoﬂr‘t& %ﬁ%gg\%}ﬁé‘%ﬁf’% :

ef f ect itakdet] fngrpowderaiqemgottaldhere mmﬂlcteqmpmnmsmw rassghatablee dinieg meawdgsrpor t

(for e 0 ner avenous ol.uti.on. b or, a vial
havi ng BOL PO B5 PR LB BN JURRRNE P 2 GHEIGUTEIoR 3 | enst one
acti ve bagade dsithd Mdsked TS hieQftcted ffons ERRGUIRhea, AnBiadhdrént wilifuddtion The | abel
or package I nsert indicates that the conposition is used for treating the

condi t isBRlastto BRbeidhe clidseh redycing ndession betwira tapieRmkingpahs ablet angy
packag ound of -
For nul gh Ba&ﬁl?%h%tggh%attgéﬁcf Rt ?’g%h&%m sor1 Q‘%ug& Su ntﬁ%waggu?rl:?)%mabnor mal
cel I grmstporatddhetd mbliets io @vpahdﬂag endrepleadannmayte at wanashdinaapleadahadnel drel
CONMpPOoSi d.to treat othe i sorders. Alternatively, or

[ an. h e di o
addi ti é?é?rwtoﬁﬁégﬁ%ﬁﬂoé‘wpﬁﬁ%F%Pm may further conprise a second

cont ai EF308PNPI | Thkiehs RoMBRIHFBEEMitE é/dxé}ﬁ(i@%ﬁz%ﬁe Quthngh-to:gsich as
bacterl ostatic water for injection ( ), phosphat e- buf fered sal i ne,

Ri nger 'Phamsesceiticoly mapta@mems@nts‘@hm agsuitsbie foamapufactiey of thidbtga@ ot her

mat eri gl n S gother
a1 or 2oCepfiBR [T ol S0 AL B Bing R heH el IR Mleiupt Bt

furt hlercaﬂmmtte; ls@os&;d d:aﬁcitmmm sodian phbﬁahaﬁngrﬁmglhﬁl%t arxdrmsiﬁtegﬂaéxllgcag@mtﬁwh @s‘

Formul a I, or an es t he secon armpceuti ca rrru ation. For
exanpl &Bai7g S"t‘fﬁlé F Akginic, 5’ aaseptsstuc K} g%fﬁmcfmﬁ%%.aﬁﬁ E¥M8ound of
For mul Gy Lnt@lsudd as%ﬂgn@sxﬁxﬁ“s&@&t@ @1%51‘?@&&&%% ar! 'IfanefElihf;} b%coﬁt@@ox‘ﬁh&y PRy

furt her corrgrlse ditections for the sinultaneous, sequential or ‘separate
admi ni seatad bp knedn tehlsmtuqssnchahng mwmmammlmmmyccmm@mosmd ons to a

patient need £ her | ? ]In angt her. .enmbodi t,..the Ki

sui t abl% esqrgtxoq%tlt:ed%als %f’ey Iafl%ﬂ%ef%y W%Vﬁﬁ%a 8%3!“’3{‘ gi aﬁ%%%%‘f?r ?0 %r mula- | or
|1, sughrias. FerehkehpleOd tina@sldy @ﬁterﬁugdahas Kiyterp! @bsssedakate bﬂgl%;ctwﬁshﬁeardw

2009/ 036082PCT/ US2008/ 075883 nunber of unit dosages. Such kits can include
a card%.%ﬂlﬁew%ag‘&%wmﬁ ed in the order of their |ntended use. An
exam! qoslnapuch Sokldahéntr iR dSbebnBAGKomaHh it Ae PRGHS A AGNGRL known 11
t he packagi hg industry and are used for ag| ng p ar maceut| cal

uni t dcfeugdatimmprd:fbraﬁbisapphcﬂ asauﬂmpmirqmmedt maanednecqaﬁnmngelmb acfir exanple in

the f Ornrpgrecfhex%;tl r)T?neig.nsémcl)u% E) tor examp e, 5' B75 t0 20% wiw. When formulated in an

ointment, the active ingredients may be employed with either a paraffinic or a water-miscible
ointment base. Alternatively, the active ingredients may be formulated in a cream with an oil-
in-water cream base. _ | |
[066365) If desired, the aqueous phase of the cream base may include a polyhydric alcohol,
i.e., an alcohol having two or more hydroxyl groups such as propylene glycol, butane 1,3-diol,
mannitoll, sorbitol, glycerol and polyethylene glycol (including PEG 400) and mixtures thereof.
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mar ki ngs or with a cal endar insert, designating the days in the treatnent
schedul e in which the dosages can be adm ni stered. [00338] According to one

enbodi MeRyg »auekikiogiy conprise (a) a first container webpa,eeeReaund of
For mul &L .or LI apn her gin; d optional .y ( ( t ai ner
w th = 0sGe SrER RERE R AP ReBh o B AR i Phabsf BSHRSREP 1 e
second pehafafvs 6fihe aetiveliogauik ot th@ngle dirpkins®otieer sfeasdiare sy Exanglasiof kuch
anti-hyperproliferative activity, Alternatively, or additionally, the kli t

may f urdered persiiaripR enhanegss ngluge Alngtnd sulddrige aad slpted analogs.

phar ma eal |y f ; : | 3G . ER%n

I nj ect ﬁg&%ﬁdg EV\FI )?ﬁgﬁgggﬁgégfgﬁfe ggséodﬁ ?gpFﬁgl&%%\ﬂgg%%%ﬁﬁ%gnd dextrose
sol ut i dngreditntsya Enovtrhmanden dhalgtingd méxturendfent leastond emufsiior avithradet er an 0il,
commerci al..and user stan i pt, .inclyding. ot her..buffe i | yent filters,
necdl et vaicpeny s ki ph 0% . Ao e iier tripr s Be A SR BENV A of

For mul giphpiitic EnaRicd WhRHGRE ab BeRBNREL I Togd@RN ke dm@sifiblls) vilesOIERuADPEUt i C
agent, the.kit may conprise a container for containing the separate
conposistabdirer(eatkear aa efulgifying wan ankthgwax tggshatadtbithe pil pad fabcomprisgeyer |
the separatg.co sition Ve al | 1.4 Nl ' undi vi ded
cont ai r?gﬂr ot §/n p% %r{gt%fe?% f)agﬁgv%n@tﬁ)%éssn%? ?g gggér?%d;&%cs)ér,]\%ﬂfh‘%alrﬁn ﬁ]@b%g%&hi stration
of t he Beyisifisisand empiiantabilizEaukatile fpruge Irsthp frbiutativa bf thednkeativragends when

the separate copponents are preferably adm pistered in. djifferent dosage
forms (& n® &y gﬁﬂ@@,ﬁawétﬁwiai?@zoﬁgﬁwiawpﬂ%w% a&fohaLeFYéFfé’ﬂ{ma%-sage
| nt er valSmtOindahint labfyakiigp of the individual conponents of the -
conbination is desired”by the prescri.bing physician. [00340] GENERAL.

PREPARA®3#] PROCRQURRES sjii085i0is@d ey plarPacsutichl fermalatidny okthe Gogplionggntain WO
20097 03R08RE HaH25R08 2202802 AP LFRNR Bhie B TH Falti Bt AlitouOUP! 1 NT:
suspensions. Such excipients include a susi)ending agent, such as sodium
carboxymétﬁylceilulose, croscarmellose, povidene, methyleellulose, hydroxypropyl L
methylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia, and )
dispersing or wetting agents such as a namurally occurring phosphatide (e.g., 'lccithin), a '
condensation product of an alkylene oxide with a fatty acid (e.g., polyoxycthyiene stearate), a
condensation product of ethylene oxide with a long chain aliphatic alcohol (e.g.,
heptadecaethyleneoxycetanol), a condensation product of ethylene oxide with a partial ester
~derived from a faﬁy acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan monoqlgate).
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 |
éweetenizig agents, such as sucrose or saccharin, -
[06308] Pharmaceutical compositions may be in the form of a sterile injectable |
preparation, such as a sterile injectable aqueous or oleaginous suspension. This suspension may -
be formulated according to the known art using those suitable dispersing or wetting agentsland
suspending agents which have Eeen mentioned above. The sterile inj ectable preparation may_be
a solution or a suspension in a non-toxic parenterally acceptable diluent or solvent, such as a
solution in 1,3-butanediol or prepared from a lyophilized powder. Among the acceptable
vehicles and solvents that may be employed are water, Ringer's solution and isotonic sodium
chloride solution. In addition, sterile fixed oils may conventionally be employed as a solvent or
suspending medium. For this purpose any bland fixed oil may be employed including synthetic

mono- or diglycerides. In addition, fatty acids such as oleic acid may likewise be used in the
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[ 003441The Suzuki-type coupling reaction is useful to attach a nonocyclic
heteroaryl at the 2-position of the pyrimdine ring (see Schene 4).

Gener al | Yy s4Paichdut ed 2-chl oro-4- nor phol i not hi eno[ 3, @-gE: @y i¥ketsne 5 or
substi tuted .2-chl or o-4- nor phol i not hi.eno[ 2, 3- a9pyrim dine 6 nay be conbined

with 1PEPEGREPREF BIFECE 5- (4, 4,5, 5-tetramet | ayl-1, 3, 2- |
di oxabggedoe)- 2- y Ry bmBineliof adndThdiedida thashytbeSsoaibyRe vith tBe eftibMmahiendls of
sodi umor potassium carbonate as a 1 nolar solution in water and an equal

vol une toproduea asingle dpsase formavilll wary derandinauponihe hovt&reaied and thewarigrlant
pal | ad'uéﬂ@ek?%@sﬁﬂﬁ%m%% &%x%gﬁtéﬁggﬁ%%%ﬁﬁﬁét%)i dAGLL e 1) di chl oride,
y O

i s added. varie oroni €t ‘acrds or boronic esters can be used in place
of t he apinirdstedtioh os itk ansesdyaioniaicippad-athate 5@ HI00 ergaflactred matetidde ni tr ogen of
the pyrimdirt-2-amne nmay be protected, for exanple with.a

tetr ahfﬂ%ﬁ%d&ﬁwgg@cﬁ&&"?zﬁte% onysuse el SHAG R N Ty n place

of sodigym HaRPeNMKut 95RYE iltofaNGriidsonk AP BAUAIYS). | BXSharffRButi@RCt i ON was

then heated, for exanple to about I00-150 C Under pressure in a Biotage -
Opt i mi zemppsitemerntes prepreadde pidBide cagidy mieawirgbld anounts fovadginisipieeorThe

contents are extracted. with.ethyl. acetate. .or _another or i C.s0l

At SYamBR. i Spimoh Mgt ford5 i sl Ry SonBlsriRgn il 35800
puri fi g@ PrheSdckive thofddiddy péranidiiiger ditaRtiohi §rded B 3IARLICR BE4 alitaBleoohah 2 B
Am de Coupling: WO 20091036082PCT1US20081075883 0 R-NH2 NHR - NH 13

R- NR2 mateg@agqlt 30 mL/hr can occur. :
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- aqueous sterile inj ecf_cion solutions which may contain anﬁ@xidants, buffers, bacteriostats and
solutes which render :ﬂ.-ae' féfﬁitﬂation isotonic with the blood of the intended recipient; and :
aqueous and nc_m-aquebus sterile suspensions which may include suspending agents and
thickening agerﬁs. | _ | | |

- [00311] Formulations suitable for topical administration to the eye also include eye drdps '
wherein the active ingredient is dissolved or suspcnded in a suitable carrier, especially an
agueous solvent for the active ingrédient._ The active ingredient is preferably preseﬂt 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 abouf 1.5% wiw. _ |

- {08312] 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 ingrédient in an inert basis such as gelatinl énd glycerin, or

~sucrose and acacia; and mouthwashes comprising the active ingredicn:[ in a suitable liquid
carrier. |
[06313] Formulations for rectal administration may be presented as a suppos_i}:ory with a
suitable base comprisihg for example cocoa butter or a salicylate. _
[60314] Formutations suitable for intrapulmonary or nasal administratioﬁ have a particle
size for example in .the range of 0.1 to 500 microns (including parﬁcle sizes in a range between
0.1 and 500 microns in increments microns such as 0.5, 1, 30 microns, 35 microns, etc.), which
is administered by rapid inhalation through the nasal passage or by inhalation through the mouth
50 as to reach the alveolar sacs. Suitable formulations include agueous or oily solutions of the
active ingredient. Formulations suitable for aerosol or.dry powder administration may be

prepared according to conventional methods and may be delivered with other therapeutic agents
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O 2-0H-i ndazol - 4-y1) - 4- nor phol i not hi eno[ 2, 3-d] pyri m di ne- 6- car boxylic acid
14 is treated with 1.5 eq HATU, 3 eq of alkylanmne and 3 eq of Di PEA in DVF
to approxi@8iehYsed> 1 M concentration. The reaction is g¢hiERessasds!

one 11 AP Bl T AEE BN b AR B B RBRE ol 0

t he crlhdh)wntermedl ate. This internediate is purified via reverse phase

HPLCto ield product. 15 or 00347 . P d B- JAm de Co
N o) e R Philtot Saomal dtasistion may be presented 4 pessaries, P! | "9

di n- 3- i hene .
009 IoMEE pc*rlu‘[s“%% gr‘% Loyl T ok Mo V6 BrfALRANM s cBftkRink IR aBlitiol the active

ingredient such carriers as are known in the art to be appropriate.

- [60316] The formulations may be packaged in unit-dose or multi-dose containers, for
example sealed .axnpoulés and vials, and may be stored in a freeze-dried (Iyophilized) condition - '
requiring only the addition of the sterile liquic_i carrier, for example water, for Vinject-ion '
immediately prior.to use. Extemporaneous injection solutions and suspcnsioﬁs are prepared
from sterile powders, granules and tablets of the kind previbusly’ 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. |
{00317} The invention further provides veterinary compositions comprising at least one
active ingredient as above defined togethei- with a veterinary carrier therefore. Veterinary
carriers are._materials useful for the purpbse of administering the composition and may be solid,
liquid or gasebus 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.

[00318] COMBINATION THERAPY _
[60319] - Formulal ahd 11 compounds may be employed in combination with other -
chemotherapeutic agents for the freatment of a hyperproliferative disease or disorder, includjng
tumors, cancers, and neoplastic tissue, along with pre-mali gnant and non-neoplastic or non-
malignant hyperpi'oliferative disorders. In certain embodiments, a compound of Formula I or Ii
is combined in a pharmaceutical combination formulation, or dosing regimen as combination
therapy, with a.second compound that has anti-hyperproliferative properties or that is useful for
treating the hyperproliferative disorder. The second compound of the pharmaceutical
combination formulation or dosing regimen preferably has complementary activities to the
“compound of Formula I or II, and such that they do not adversely affect each other. Such
compounds may be administered in amounts that are effective for the purpose intended. In one
embodiment, a pharmaceutical formulation of this invention comprises a compound of Formula
I or 11, or a stereoisomer, geometric isomer, tautomer, solvate, metabolite, or pharmaceutically
acceptable salt thereof, in combination with a chemotherapeutic agent such as described herein.
In another embodiment, the therapeutic combination is administered by a dosing regimen
wherein the therapeutically effective amount of a compound having Formula I or Il is
administered in a range from fwice daily to once every three weeks (q3wk), and the
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4- nor phol i no- 2- (pyridi n-3-yQ hi eno[ 2, 3-d] pyri m di ne- 6- car boxyl i [

: : , - 6- ic acid 14

is treated with 1.5 eq HATU, 3 eq of an allcylarnine (R-NHZ)yand 3 eq ofa

l[J)IﬂfﬁA [ n@/ﬁ)(}@;@g(mprom mately 0.1 M concentration. Thepgweshisansdss stirred
glﬁ”g?}ﬁ ﬁuﬁe&ﬁecﬁéé LAGLRLFHR BLAYhRGSEM ot adaintitatdin druogerfoomat e

sol-uti he organic layer is dried, fil
tered and concentrated to
yield tiee @ailyd&on@t@emﬂrmmekérhl S i nt er medi ate is purified via reverse

h
oo s ' S e oSt RGP RE o © 2o e
[ 00350} g (A)nd ity FRARANL b 0; érd(a(c@bﬂ@ﬁz@ﬁpeuﬂcagehmlebseﬁﬁom @m@s& 2-c] pyrinid

I ne or

chl or oddectaxel, HHAI, igameBatine PPedR2PHL |Cmyla}1ﬁﬁawmm1?xgl h‘T d
fﬁ,e%tl\e,d gsng%x%pp%gﬁ%ﬂ%m%zo %R)@E tGRLDERY hibiGorBti, M'ﬁ{f’mdra%aﬁgclng,fe :DIS PEA

concentration. The reaction is stirred
until GRARLALEL éd’@ccﬁ%&ﬁ@%r@ﬁhr&ﬁbrﬁbh@dpmsmmmm on sequendiabepern 8r bonat e

solution one tine. The or anlcl is dried, filtered
and concentrated t
yield tietmentefe hypewrolferaysdisor 2009/ 036082 [00351] General Procedure °

B- SREde&ésJZ\fF AM paL L Oination therapy may be administered as a simultaneous or sequential

‘ reglmen When administered sequentlally, the combination may be administered in two or more

admunstratlons The combined admmstmnon mcludes coadministration, using separate

‘ formulatlons or a single pharmaceutxcal formulation, and consecutive administration in either
order, wherein preferably there is a time period while both (or all) active agents smultaneously
exert their biological activities.
[00322] - 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 chemdthc;apelitic agents or treatménts, such 2s to increase the therapeutic index or
rﬁiﬁgate toxidi{y or other side-effects or consequences. |
[00323] In a partxcular embodiment of anti-cancer therapy, a compound of Formula I or
11, or a stereoisomer, geometric isomer, tautomer, solvate, mctabohte or pharmaceutically
acceptable salt thcreof, may be combined with a chemotherapcutic agent, including hormonal or
antibody agents such as those deseribed herein, as well as combined with surgical therapy and
radiotherapy. Combination therapies according to the present invention thus cémprise the
administratioﬁ of at least one compound of Formula I orIJ, or a stereoisomer, gedmetric'i_somer,
tautomer, solvate, metabolite, or pharmaceutically acceptable salt thereof, and the use of at least
one other cancer treatment method. The amounts of the compound(s) of Formula I or 11 and the
ofher pharmaceutically active chemotherapeutic agent(s) and the relative timings of

administration will be selected in order to achieve the desired combined therapeutic effect.

[00324] ADMNSTRATION OF PHARMACEUTICAL COMPOSITIONS

[006325] The compounds of the invention may be administered by any route appropriate to
the condltmn io be treated. Suitable routes include oral, parenteral (including subcutaneous, '
intramuscular, mtravcnous lntraanenal mhalatmn, intradermal, intrathecal, epidural, and
infusion techniques), transdermal, rectal, nasal, topical (including buccal and sublingual),
vaginal, intraperitoneal, intrapulmonary and intranasal. Topical administration can also involve
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)ONi O 0ONCN Rl-- R (1.5-2 eq) C(Ow)3 (10 eq) AcOH (1 eq) Na(OAc)3BH
(1.5 eq) Dichloroethane

[00352] 2\’%‘LG%B/§36§8 nor phol i not h| eno[ 3, 2-d] pyri m di ne- 6- g?g)g&% 10 or
2- chl t.hi di bal

di gsolOr %I“?ecf’ O : en B‘ﬂi %y“ n&ﬂﬁr:nglre%‘i Cai&%mm?B €856t i on was
added lr@pmbRitidn Qf &ﬂ?& M%ks%%s‘éd af R&&n?‘l@u@@’hﬁ&ﬁ%mal Sé&c@ﬂl{'ﬁ @de 1 eo59f -

trimet hyl orthof orma and 1 equivalent of acetic acid. The m xture was
al | owed\/ia@( %th@@ﬂoze’&@stmmﬁ; Ptheoexamplesddidmeg fnmsule‘qo,nsvan bafandfin sodi um

trlacet y Wi to 16. rs of. sti I on

was po Olg ‘g ?‘%ﬁgﬁ g‘&‘ gﬂ %%1 3’%%%?368%% 8?‘?(%3&0{[? cfg ?S\?%erra? tr mes

with eti?ﬁlEdaNawamktmg PoL ldchiemiashdsd v@s;maﬁmeﬁ@me%m@msaﬁ@ bshi ch was
ei t her purlfled on silica_gel_ or used crude in the next reaction.

[00353]@@41@15@1?3 Py deielerienabadpintsyrtion. deelybremtrsime Ormheﬂﬂwmacgng@ N (2

eq)o"p graft with the inhibitor before transplantmon It will be appreciated that the preferred route may

vary with for example the condition of the rempaent. Where the compound is administered
orally, it may be formulated as a pill, capsule, tablet, efc. with a pharmaceutically acceptable
carrier, glidant, or excipient. Where the compound is administered parenterally, it may be
formulated with a pharmaceutically acceptable parenteral vehicle or diluent, and in a unit dosage -

~ injectable form, as detailed below.
[00326] A dose to treat human patients may range from ébout 10 mg to about 1000 mg of - |
Formula I or Il compound. A typical dose may be about 100 mg to about 300 mg of the
compound. A dose may be administered once a day (QI)), twice per day (BID), or more
-ﬁequcnﬂy, depending on the pharmacokinetic (PK) and pharmacodynamic (PD) properties,
including absorption, aistlibutioh, metabolism, and excretion of the particular compound. In

~ addition, toxicity factors may influence rthe doséée and administration dosing regimen.. When
administered orally, the pill, cai)sule, 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 majr be repeated for a pumber of cycles of therapy.

-{00327] METHODS OF TREATMENT _
[00328] = Therapeutic combinations of: (1) a Formula I or Il compound and (2) a -

- chemotherapeutic agent are useful for treating diseases, conditions and/or disorders including,
but not limited to, those characterized by adtivation of the PI3 kinase pathway. Accordingly, .
another aspect of this invention includes methods of treating diseases or conditions that can be
treated by inhibitihg lipid kinases, including P13. In one embodiment, the method comprises
administering to a mammal in ‘need thereof a therapeutically effective amount of a compound of
Formula I or I1, or a sterecisomer, geometric isomer, tautomer, solvate, metabolite, or
pharmaceutically acceptable salt thereof. Therapeutic combinations of: (1) a Formula 1 or II |
compound and (2) a chemotherapeutic agent may be employed for the treatment of a
hyperproliferative disease or disorder, including tumors, cancers, an dneoplastic tissue, along
with pre-malignant and non-neoplastic or non-malignant hypefproliferative disorders. In one
embodiment, a human patient is treated with a therapeutic combination and a pharmaceutically
acceptable carrier, adjuvant, or vehicle, wherein the Formula I or I compound, or metabolite
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DIPEA (3 eq) CINC DCWIi-N,N Cl R2 1718
[ 00354] 2- Chl or 0- 4- nor phol i not hi eno[ 3, 2-d] pyri m di ne-6-sul fonyl chloride 17
was suspensiemonssodz M. of DCM before addition of 2 eq ofcmusnes/@sgs3 eq of

DI PEA. 1 Thes reagh! Wd n‘?ﬂﬂa o%t?ﬂr ?éﬁhy k bo SRETRIVE RinibhiTa3 Gindéde

reaction m’xtures re d ute acetate extracted wi th saturated
ammoni astivetgl ori de and back-extracted once with ethyl acetate. The organic

o o R oo e R St S B SR B B R o

2000/ 0BG0RRT TS990 086 %a | Q9RXPrnne okisPraReMaLy Badl GoHBlguSy Nt hesi <

iarynx glioblastoma, neuroblastoma, stomach, skin, keratoacanthoma, lung, epidermoid
carcinoma, large cell carcinoma, non-small cell lung carcinoma (NSCLC), small cell carcinoma,
lung adenocarcinoma, 'bone,-celon, adenomm pancreas, adenocarcinoma, thyroid, follicular -
c:an:itlcnntta.1 endifferent-iated carcittoma, papillary carcinoma, seminoma, melanoma, sarcoma,
“bladder carcinoma, liver carcinema and biliary passages, kidney carcinoma, myeloid disorders,
lymphoid dxsorders hairy cells, buccal cavity and pharynx (oral), lip, tongue, mouth, pharynx,
small intestine, colon-rectum, large intestine, rectum, bram and central nervous system,
Hodgkin's and leukemia.
[00330]  Another aspect of this invention provides a pharmaceutical composition er
therapeutic combination for use in the treatment of the diseases or conditions described herein in
«»; @mammal, for example, a humaxt, suffering from such disease or condition. Also provided is
the use of a pharmaceutical composition in the pre?aration of 2 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.

10(3331] METABOLITES OF COMPOUNDS OF FORMULA 1AND II

[00332] ~ Also falling within the scope of this invention are the in vivo metabolic products
of Formula I and II 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_compotmd; Accordingly, the invention includes
metabolites of compounds of Formula I and II, includirig compounds produced.by a process
comprising contacting a compound of this invention with a mammal for a period of time
sufficient to vield a metabolic product thereof.

[06333] Metabolite products typically are identified by preparing a radiolabelled (e.g., i
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, guinea pig, monkey, or o
man, aliowing sufficient time for metabolism to occur (typically about 30 seconds to 30 hours) -
and isolating its conversion products from the urine, blood or other biological samples. These
products are easily isolated since they are labeled (others are i,solatéd by the use of antibodies
capable of binding epitopes surviving in the metabolite). The metabolite structures are
determined in conventional fashion, e.g., by MS, LC/MS or NMR analysis. In general, analysis
of metabolites is done in the same way as conventional drug metabolism studies well known to
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0 DRI NCI , 12 [00356]2 Chl or o- 4- nor phol i not hi eno[ 3, 2-d] pyri m di ne 4 was
suspended to a 0.2 nolar concentration in THE and cooled to -50 Cin a dry

|hce/ acet E{Ob 1§ path before adding 2 IeqU| val fents of ZPéE/MﬁW,qugbn
exanes t . ket
s agabererkTenan e onmepRalt: GRH oy oLRR FrbBUSE gokeippaf Wi &g 71

and t hepe hRANHS HiaGRRAS ad@ss Bt {Hay@&ldccacﬁ&g%fm Rrfpourtiart thdiavéngian! i on was

conplete by TLC of nmass spec. it vvas quenched into a saturat ed anmoni um

chl ori c{g $Oh Ut | ony rariehy eXtaR s wth EtOAc. The organic |ayer was
concentrated and elther used as a crude mixture, purified on silica, or the
pr oductiﬂwﬁtoul d b enaths soibedihdnhottherinventidn, amatiote affnaaufictes, of IKiE, and

MRCEENORG, ST IEPIE HAK A e e ST
SNNN. descnbed above is provided. In oneembodiment, the kit comprises a container comprising a

compound of Formula I, or a stereoisomer, geometric isomei', tautomer, solvate, metabolite, or
pharmaceutically acceptable salt thereof. The kit may further comprise a label or package insert,
on or associated with the container. 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, administratibn, contraindications and/or warnings
.concerning the use of such therapeutic products. Sﬁmblé 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 FormulaIor I ora
formulation thereof which is effective for treating the condition and may have a sterile access -
port (for example, the container may be an intravenous'soluﬁOn bag or a vial having a stopper -
pierceable .by a hypodermic injection needle). At least one active agent in the composition is a
compound of Formula I or II. The label or package insert indicates that the composition is used
for treating the condition of choice, such as cancer. In one embodiment, the labe} or package
inserts indicates that the oomposmon compnsmg a compound of Formula I or II can be used to
treat a disorder resulting from abnormal cell growth. The label or package insert may also
indicate that the comp031tmn can be used to treat other disorders. Alternatively, or addmonally,
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. | ' _
[00336] - The kit may further comprise directions for thevadmirﬁstration of the compouﬁd
of FormulaJor II .and, if present, the second pharmaceutical formulation. For example, if the kit
comprises a first composition comprising a compound of Formula I or I and a second
pharmaceutical formulation, the kit may further comprise directions for the simultaneous,
sequential or separate administration of the first and second pharmaceutical compositions to a
patient in need thereof. |

[00337] - In another embodiment, the kits are suitable for the delivery of solid oral forms of

a compound of Formula I or II, such as tablets or capsules. Such a kit preferably includes a
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NRi n di oxane N R [00358] Ten or nore equivalents of 4N HCl in dioxane, with
or without dichloronethane as a co-solvent, are added to the starting

mat er i al woaeiRhgzscheme shown above but simlar scaffmﬂgsza{bgﬁﬁ:,g@ed)
Heat i ng U 4. I e the
Boc. or BupPer Rl Bl SRR, oML SR BRTHO B dobedk S A o S N 1 n
subseqtheitinteeRdius@nan exaikpl2 0608/ch 3GRTL PWHlists 2208/ BIstB padkd %Smlbexwmah

Procedure F Suzuki coupling reactions in an
8 the packaging industry ar?d are %ﬂdely used f!gr packagmg p}?armaceutacgl unit dosa7gc fgr%%z (Iipphs) 2

desired, a memory aid can be provided, for example in the form of numbers letters, or other
markings or with a calendar insert, demgnatmg the days in the treatment schedule in which the
dosages can be administered.
{003_38] According to one embodhneni, a kit may comprise (a) a first container with a
-compound of Formula I or II contained therein; and optionally (b) a second container with a
second pharmaceutical formulation contained therein, wherein the secoﬁd pharmaceutical
formulation comprises a second compound with anti-hyperproliferative activity. Alternatively,
or additionally, the kit may further comprise a third container comprising a pharmaceuticaliy-
aéceptaBle buffer, such as bacteriostatic \;vater for injection (BWFI), phosphate-buffered saline,
Ringér‘s solution and dextrose solutifm. 1t may further include other materials desirable from a
commercial and user standpoint, including other buffers, diluents, filters, needles, and syringes.
[00339] Where the kit coﬁﬁprises .a‘ composition of Formula for Il and a second
therapeutic agent, i.e. the chemotherapeutic agent, the kit may comprise a céntainer 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_siﬁgle; 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 combmation is desired by the

prescribing physician.

[00340} GENERAL PREPARATIVE PROCEDURES
[00341] General Procedure A-1 Suzuki Coupling:
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[ 00360] 2- Chl or o- 6-i odo- 4- nor phol i not hi eno[ 3, 2-d] pyrnni di ne 19 (Il eg),

phenyl boroni ¢ acid or heterocycl eboronic acid (R-B(OH)2 1.1 eq) and

bis(tri pw%@p}a%@iﬁl ne) pal I adi un(11) dichloride (0. legpctiighdNeaG3
o)

aqueous ution (3 eq) and acgtopitrile (3eq) was heated to 100C in a
seal ed m crowave reqa‘xﬁtor for 40 mn to gi Veoi Upon conpl eti on,
H-

444, 4,5,5° tetra 1-1, 3, 2-d;50x borol an-2-y1) ndazole 7(1.3 eq) and
bls(tr|phenylpho e) pal | adi us(T1) dichloride eq) were added in the
sane pot. The reactf on m xture was heated to 150Cjin a seal ed m crowave

reactor for 10 $ The @
5 m). The |nd rganlcl

[ 00361] General ge G Am de CO'flilpVI ng reacfi Oon
E13N, DOWN 0 ~R? —— R

Pd catalyst
®
) - R2 N o 7 R2
ST N S
6 .
- [06342] The Suzuki-type coupling reaction is useful to attach a fused bicyclic heterocycle

or heteroaryl at the 2-position of the pyrimidine ring (see Scheme 4). Generally, sﬁbsﬁtutcd 2-
chloro-4-morpholinothieno[3,2-d]pyrimidine 5 or substituted 2-chloro-4-morpholinothieno{2,3-
dlpyrimidine 6 may be combined with 1.5 equivalents of 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)1H-indazole 7, and c_iissolved in 3 equivalents of sodium carbonate asa 1
molar solution in water and an equal volume of acetonitrile. A catalytic amount, or more, of a
low valent palladium reagent, such as bis(triphenylphosphine)paliadium(Il) dichloride, is added.
A variety of boronic acids or boronic esters can be used in place of the indazole boronic ester
indicated. Also alternatively, the nitrogen of the indazole may be protected, for example with a
tetrahydropyranyl group. See compound 40. In séme cases potassium acetate was used in piace '
of sodium carbonate to adjust the pH .of the aqueous layer. The reaction was then heated 1o |
about 140-150 °C under pressure in a Biotage Optimizer microwave ré_actor (Biotage, Inc.) for

10 to 30 minutes. The contents are extracted with ethyl acetate, or another organic solvent.

Afier evaporation of the organic layer the product, 8 or 9, may be purified on silica or by reverse _
phase HPLC.
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2223 [00362] 2- Chl or o- 4- nor phol i not hi eno[ 3, 2- Apyri m di n-6-am ne 22 (leq),
Acid chloride ( 1.5-2 eq) and triethylam ne (2eq) in dichloronethane was
stirred. WHeofseagki on was nonitored by LC/ M5 until conpletp@ooditesss Xture

was evaggighed t HEMepIRELEE Wde am de, 230 Wi was directly used for the
next sta{gp 4?2 o‘n—weérﬂé‘)ur“mr?:fﬁ catron. \?\%615%89/ 036082PCT/ US2008/ 075883
[ 00363] General Pro dure >?Zepar ation of acet ainde benzam di nes, and

sul f onam des

.'1 \N-'
" N S "

(PO

Pd catalyst

O

O
/ )\ ‘21/1\/\(\

A

y NH, |
[060344] - The Suzuki-type coupling reactibn is useful to attach a monocyclic heteroaryl at

* the 2-position of the pyrimidine ring (see Scheme 4). Generally, substituted 2-chloro-4- '
morpholinothieno(3,2-d]pyrimidine 5 or substituted .2»chloro-4-morpholinothieno[2 3~
dlpyrimidine 6 ‘may be combmed w1th 1 5 equwaients of 5- (4 4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyrimidin-2-amine 7a and dlssolvcd in 3 equivalents of sodium or potassium - -
carbonate as a 1 molar solution in water and an equal volume of acetonitrile. A catalytic
amount, or more, of a 16w valent palladium reagent, such as . _
bis(triphenylphosphine)palladium(II) dichloride, is added. A variety of boronic acids or borbnic '
esters can be used in place of the pinacol boronic ester indicated. Also alternatively, the
nitrogen of the pyrimidin-2-amine may be protected, for example with a tetrahydropyranyl
group. In some cases potassium acetate was used in place of sodium car_bonate to adjust the pH
of the agueous layer. The reaction was then heated, for example to about 100-150 "C under
pressure in a Biotage Optimizer microwave reactor (Bﬁotage, Inc.) for 10 to 30 minutes. The
contents are extracted with ethyl acetéte or another organic solvent, After evaporation of the
organic layer the product 8a or Ya, may be purified on silica or by reverse phase HPLC.
[060345] Genera! Procedure B Amide Coupling:
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S---"-NCl [00364] To a 0.25 to 0.40 M sol ution of
1- (2-chl or o- 4- nor phol i not hi eno[ 2, 3- Thyri m di n- 6-y1)-N-net hyl net hanam ne in

DCM cool s added 1.5 eq. of |IEA followed b i se
%E@gﬁ%égﬁi"a )‘c%/gﬁboﬁ%/@f@séﬁ‘ |

addition o .5 eq. of an alkyl or aryl-acid hIor| e or a

sul fonyl chl ori de, dj ed in DCM The reaction is rred at anbient
tenperature and nonjtorged for conpl eteness by L fter conpletion, the
reaction volunme.is i ueous sodi um

reased with DCM and dilute a$
bi carbonate i adge o the qplutlmnHzThe (0] 270 afe|, aqugens | ayers are
separated. Fi y,|th. oroanr | ayersis mas»-e-mﬁhh/erl e apg dried
(MyS™4) . Then ' Aution i's coRcéht r at etnT M 0 and the .
product is purlfl ed by Si chromat ography i f necess [ 00365] Gener al
Procedure | Amide coupjing+eaction for benzenam ne 15 2%25

[ 00366] 3- ( 2- Chl or o- 4- nor phol i not hi eno[ 3, 2-d] pyri mi di n- 6- yCbenzenani ne 24
(leq), carboxylic acid (1 5 eq), 1-hydroxy-7-azabenzotriazole (0.2 eq)

0- ('7-azabenzotri azol - é‘ﬁ; (N, N, N, N -tetratnet hyl yoni um

hexaf | uor ophosphat e TU, 1.5 eq), and N, Ndii soprppykethylam ne (2.5 eq)
in DM was stirred room tenperature. The reacti s nonitored by LC/ M5

until conplete. The reaction mxture was dil ut ed w tNh et hyl acetate, washed
with saturate carnate &t br i ne.\Th gani c I r vvas dried
over N@Sat,-LB Se anf /yapomatedmﬁe»yleld a d l r du

14 . ' _ 16

(00346} 2-(1 H-Indazol-4-yl)}-4-morpholinothieno{3,2-4] pyrimidinc-»@carboxyﬁc acid 3

or 2-(1 H-indazol-4-y1)-4-morpholinothieno[2,3-d]pyrimidine-6-carboxylic acid 14 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 unti] complete.and extracted in ethylacetate 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 or

16. |

[60347] - General Procedure B-1 Amide Coupling:

N N
o s | N  R-NH, QS | SN
e N\ =
HO N\ N/ Z I R—NH N = I
. N
13a N 152 N
O O

[00348] 4-Morpholino-2-(pyridin-3-yl)thieno[3,2-d]pyrimidine-6-carboxylic acid 13a or
92 ‘ '



WO 2009/ 036082PCT/ US2008/ 075883 [ 00367] General Procedure J 6-1odo
di spl acenent and 2- Suzuki coupling 1926 [00368] To a sol ution of

2- chl or oy hfael@sedzonor phol i not hi eno[ 3, 2-a] pyri rai di ne LPpHaosdh7sdds 13 nmol )
DIVF i) 59

Irrgl %9, 4&0‘5@9 cﬁ:) fﬁgg gg‘eg/s, f) gﬁ%ﬁﬁ’gpﬁﬁfﬁg a}t{&g/gﬂg%?%ﬂgelg%f ?’tﬁ was sg\eat ed

to 110e£HWATURS eqroéaﬁlan@lajmin@(FBNHz)a@ﬁ Mmﬂﬁ}m&mm%mu@mmtedywm 30

mn. The resulting sol ution vvas concentrat d |n u ive 26, after
f ol | oWPHRGEREATEP-all DEFeseon if stimed urid seom &ﬁw@a e Afh St *ﬁ@ -

acyl at bonaRde 251 ie R4 P WA 1218012 @H@d, @i@t@%%ﬁ@éﬂe&%&ﬁ(e%@@&ﬁ |

crude intermediate. This intermediate is purified via reverse phase HPLC to yield product 15a

or 16a. o
{68349} General Procedure B-2 Amide Coupling:

Qo @)

N \ IN/)\Cl 'HOJJ\H /J\

}g;_) 0 HATU (15eq) (‘_)
Qe 7O

/;\j\ o '/-[.\i

- N STUNT e | ' N  S7Nal

S o
R—\{O

[00350]  2-Chloro-4-morpholino-6-((piperazin-1-yl)methy1)thieno[3,2-d]pyrimidine or 2-
~chloro-4-morpholino-6-{(piperazin-1-ylymethylithieno[2,3-d[pyrimidine is treated with 1.5 eq
HATU, 3 eq of carboxylic acid (RCO,H) and 3 eq of DIPEA in DMF to approximately 0.1 M
- concentration. The reaction is stirred until cdmplete and extracted in ethyl acetate with saturated
bicarbonate solution one time. The organic layer is dried, filtered and congcntrated to yield the

crude intermediate.
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HPLC purification. [00372] General Procedure L Am ne Substitution on
Fl uor opyri di ne [ 00373] A m xture of

2- chl or o5 gr opyri di n- 3- yI) 4- mor phol i not hi eno[ di ne or
2-chl or, V%E@ I% or o i di n- 1)-4- go phol i not I al eno?% éU %Jflérﬁsdl ne
corrpourﬂ out cb‘F O%econdary amne (R = H,

Cl-Cl2 al kyl, C2-C8¢o kenyl c2- C8 al | cynyl C3tp12 carbocyclyl, C2-C20
het er ocycl yl, C5- }ryl or Ci1-C20 heteroary ),})‘and about” two eq.

di i sopropyl et hyl ani .1 M is heated to about
130-140C in a seal ed m crowave reactor for 10-4Q min, followed by renoval
of volatil eso\un h vacuum The crude m % nis purified by flash

chr omat ogr aphy i );E\ i nter iate N\

2- chl or 0- 646- ani nop§ri di'n- 3ry0-#, nor pRot not hi M8 Xi2- di pyrinidine or 2-
chl or o- 6- ( 6- ani nopyb| di n- 3- y{l3-24gyror phol iffeot hi enpl 2, 3-d] pyri mi di ne

conmpound, which Suz uk1—ee+a19+- ed with a VTE% ycI ic heteroaryl, fused

in N-rre_thyl pyrrolicline

bi cyclic heterocyc r hetG@dak IO egbr onate re t followng Gener al

Procedure A [00374 XANVPL BGO GD%C?)S In or der t I l'ustrate the invention,
the fol |l ow g areN Ciln%'d ver %js to be understood t hat
these exanpl es—do ot |1 i ni PPNt i o re onI y meant to suggest a

nmet hod of practl%l ngl i nvention. P&sdns § INdcin the art will
recogni ze that the cherri cal reactions desﬁil bed may be readily adapted to

et hodd "SR pr op 2R HGrREBERIBURHES o TR S SRR Ge 0B A R

W thin Iﬁ&?haﬁfaﬁﬁex@tz Biaq YRS Afbal By dLXBWR] ssolRE 1Y 0N Soficeiration
non-exenpl i fi ed conmpoun according to the invention _nmay. be syg%\]@%sfully

per f or riedichlproatisAn | afcha@ﬁ@umspﬁ ed b.5ti ddecquivelens of pmaming (Bri

appr opr.j Maloyl i bl e

e agenia s BF Bsfihiato DRl Spi Tt BRs b fld, P M e BlloR

rout i neo sixdiof 2-Gdiounnsiopto ddeiagt 1.9 equivalelits bf)smﬂlmlﬂb'iaeﬁﬁ@thoméﬂyﬂmd&)tmébmg
reactions di clos d,herein or. known in_the art ni zed as havi ng
appl i capitPil @0%,0 PiEBa e EAKOR 82S PEMAS it s2TR te\f'%‘ﬁ%él}lﬁﬁ%ﬁﬁmg and

[ 00376] Exadrpd &vdrdi éma &A‘tﬁ% 1 431800 v el kit e inthab R n IntelrRQBAS Lufichi Xt ur e

of methyl 3-am no-2-thiop enecarbox ate 1(13.48 g, 85.85 rnnol) ‘

. was either purified on silica gel or used crude in the next reaction.

{(303531 - General Procedure C Sulfonamide Formation:
| 0. | | e
J 0, )
N  R{ R N
C0 s _(2e9) 0.0 8 B
S )\ DIPEA (3 eq) S )N\
c Cl DCM RN, Nl
_ Ry
17 18
[00354] _ 2-Chloro—4-morpholiﬁoﬂ1ieno[3,z-d]pyrimidme-é-mﬂfonyl chloride 17 was

suspended in 1 mL of DCM before addition of 2 eq of amine and 3 eq of DIPEA. The reactions
were monitored by LCMS until complete. The crude reaction mixtures were 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 were used directly in the subsequent Suzuki couplings.
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and urea (29.75 g, 5 eqg.) was heated at 190 C for 2 hours. The hot reaction
m xture was poured onto sodi um hydroxi de solution and any insol uble

mat eri al vy@%(,b/@m@g@ed by fi I tration. The m xture was t hgdrasiedfked (HCI

2N) to hi PV, g”{? 7o 4-dione 2 as a white

pr eci pi‘i@é“s@d herd] IJC% %k:%ﬁgi rat| on and air dried (9.49g, 66% .
11-1 NM R, OOI\/Hz d6D|VISO)690(1H d, J=5.2Hz), 8.10 (1H, d, J=5.2Hz),
11. 60-11. 2H, br s). [00378] A mi x Gre of :
1H-t hi enof B d] pyri m di ne-2, 4-dione( 2 (9.49g, 56.49mmvl) and phosphor ous
oxychl ori deN'( 150mni1) The aBlieat ed at ref NJx for 6 h. The reaction m xture was
then cogledis dpeu;—eel——en%—e i1/ wag.erw th vigorous stirring yleldlnga

pr eci p| at}eJt\ xtaﬂze vvast \f|I|te ed to yield
2,4-dic it eno d]pyrl R“asga white solid (8.68 g, 75%. H
NM S (400 MHz, CDC13) a:36(1H d J=5.5Hz), 8.13 (1H, d, J=5.5Hz).

[ 00379] Exanpl e 22- Chl or o- 4- m)rphol in-4-yl-thieno[ 3, 2-d] pyri_m' dine 4
[00380] A miyture of 2,4-dichloro-thigno[3,2-d]pyrimdine 3, (8.68 g, 42.34
mmol ), norpholine (8.11 n, 2.2 eq.) and MeOH (150nml ) was stirred at room

tenper ié(g{ f Or ?2 dl{loré-l ?n%&n%ﬁ cﬁﬂieﬂa 5@“{]&#&@%&#@@ kdsh&idedlto é’\@ié AehrWi t h

wat er I or o- 4-yl -thieno[ 3, 2-d] pyri m di ne

4 as a cmdmehﬁ*aﬁmi deF:lahd&Agledl@@w C MaMbRIO@la@(:IONHZ}e bab- h@fszmyd@ 2 (4H t,

j :g_ 2&;}1111\/?}6%% g%%%tij, in gexa)xés 7Af€er 1% mih 3%’ moIErSe:q%xlva}gn)ts 018:1 csyghé H eI

32- Chl O Peif-HERI R Ak hited 1 tel B8Rl Fnreddtiyn dotistiedas 6tir staflsal fhehycmd 10
then in most cases was allowed to come to 0° C. When the reacti.'o‘ti was complete by TLC or |
mass spec. it was quenched into é saturated ammonium chloride solution and extracted two |
timés with EtOAc. The organic layer was concentrated and either used as a crude mixture,
pﬁriﬁed on silica, or the product 12 could be dissolved in a minimal amount of acetonitrile and
filtered to remove remaining starting material 4. |
[60357] General Procedure E . Removal of t-butoxylcarbonyl (BOC) Gmup

801:5 [ ] (10eg) 4 N *";(fi DC\{:\? [ j

8
in dioxane N
/k N NA\R
[00358] Teﬁ or more equivalents of 4N HCl in dioxane, with or without 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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WO 2009/ 036082 0 [ 00382] To a suspension of

2-chl or o- 4- nor phol i n-4-yl -thieno[ 3, 2-d] pyrimdine 4 (1.75g, 6.85=01) in dry
THE (40 was added a 2.5M solution of n-buty uLi) in
hexane "@9%@9;{}3&%&1 After stirring for 1 h, dr ké’ﬁ@@}(@%&@ 1. 5eq.)
was add@@35%he ré&@%ﬁ%ﬁe%@@%@éd@%@%@n&m 78 C and then
warmed slowy to rogmtenperature. After a furpher 2 h at roomtenperature
t he reaction m xtyré™poured onto ice/water yifelding a yellow precipitate.
This was collected _byjfiltration and air-dri to yield '

2- chl or o- 4- nor phol i H4- yI-thlenogS 2-d] pyri m di ffe- 6- car bal dehyde 10 (1.50 g,
77% . 1H NWR (480 d6- Bk76 (414, s fﬁ.Q), 3.95 (4H, t, J=4.9),
8.28 (1H, s),;—X0. 0- H, s) —[-0G333] Ex '

2- chl or o- 4- nor ' i.enof yrim dites
92- CHI or - 4- r%ﬁ rIle'?not hi eg@[ 2,

a

G%K | dehyde 33 [ 003841To
a suspension o §’ dipyrimidine 38 (1.75g,
6.85mmol ) in dfy THF (40nL) at -78C was added a 2, 5M sol ution of .
n-butyllithium (nBuld® in hexane (3.3nlL, 1.2eq.).” After stirring for 1 h,
dry DMF (796 }IL, 1.5eq.) was added. Thg.Jreaction mxture was stirred for 1
h at -78 C and then warned slowy to rEg7 tenperature. After a further 2 h
at roomtenperature the reaction mxtu

a yellow precipitate which was coll ecte
yi el d 2-chl oro-4-7nor phol i not hi eno|

g) M5 (Ql) 284 {ir)ym- R
PACL(PPhy),

s poured onto ice/water yielding
by filtration and air-dried to
i m_diyne- 6- car bal dehyde 33 (1.50
\

[00360] 2—Chloro-6—iodo~4-morpholiﬁoﬁ1ieno[3,2-d]pyriﬁ1idine 19¢( qu), phenylboronic
acid or heterocycleboronic acid (RI-B(OH)z, 1.1 eq) and bis(triphenylphosphine)palladium(ll)

| ~ dichloride (O.Imj) in 1M Na,CO; aqueous solution (3 e&;) and acetonitrile (3eq) was heated to
100 °C in a sealed microwave reactor for 10 to 40 min to give 5. Upon completion, 4-(4,4,5,5-
tetra.methyl 1,3,2-dioxaborolan-2-y1)-1 H-indazole 7 (1.3 eq) and
b1s{’mpheny1phosp}nne)palladmm(ﬁ) dichloride (0.1eq) were added in the same pot. The
reaction mixture was heated to 150 °C in a sealed microwave reactor for 10 to 15min. The |
mixture was extracted with ethyl acetate (3 x 5 mL). The combined organic layers were

concentrated to yiéld crude 8.

160361 ] General Procedure G -Amide coupling reaction
) e
0] : N
N
S =N CE/U\R ' HN S |
HN—Q L I EN,DCM R A A
NT el 5
2 . 23 |
[00362] 2-Chloro-4-morpholinothieno|3,2-djpyrimidin-6-amine 22 (leq), Acid chloride (

1.5~2 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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WO 2009/ 036082PCT/ US2008/ 075883 [ 00385] Exanpl e 3b
2- Chl or o- 6-i odo- 7- net hyl - 4- nor phol i not hi eno[ 3, 2-d] pyrim dine 41 1) n-Buli,
THF 2) 12wJ ﬂlﬁwosa@éz [003ﬁ6] To a solution Of PCT/US2008/075883

2 AL o GBS AR A LB RS

2-chl or o- 4- m)rphol I N-&- yI-th| eno[ 3, 2- 4pyri md@but comTenC| ng with
I

3- anm no- 4- net hyl -t hifophiene- 2- carboxyI|C@C|d efhyll ester) in TI-1F (60 nl)

at -78 C was added Li (8.9 rriT s 2.5¢Msin 0). The resulting slurry
was warmed to -40 C and stirr®@%0 nmin. The readti on mixture was then
cooled to -78Ng | ution_ of 12(5‘@{‘%9?%1@) in Ti-1F (30 nl)
was added. The S was warmed to room ure and stirred 5 h. The

reacti on was quencshe NbyCt he addition of wat?8r. NTheClorganic | ayer was
separated and the aqueous |ayer was extracted with CH2Cl12. The conbi ned
organi cs were washed with saturated aqueous Na28203 dried over Na2SO4,
filtered, and concentrated in vacuo to pr VI de

2- chl or 0- 6-i odo- 7- net hy1- 4- nor phol i not hi efio gm}] pyri m di ne 41(3 8 g, 84%
yield). [00387] Exarrpl e 3c 4- (RsOafor o- 60-‘(73|—~|Rer

-yl-met hyl )t hi eno[ 3, 2-d] pyri m din- 4; —N

7 N
| s I
166364] To a 0.25 to 0.40 M solution of 1-(2—chior0—4—morphoiin0thien0[2,3—d]py1‘imidin—

6-y1)~N~methy1methanamiﬁe in DCM cooled to 0 °C was added 1.5 eq. of TEA, followed by the
drop-wise addition of 1.0 to 1.5 eq. of an alkyl or aryl-acid chioride or a.sulfonylchloride,
diluted in DCM. The reaction is stirred at ambient temperature 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 (MgS0O,). The dried organic solutlon 18
concentrated in vacuo and the product is purified by silica chromatography if necessary. -

{60365] General Procedure I Amide coupling reaction for benzenamine -
() ®
Y i - N
g HO” "R SN
HATU, HOAT 0 . //'1\01 '
DIPEA, DMF SnH
R
24 - .25
{00366} 3¥(2-Ch10r0~4-m01ph01ir10ﬁ1ien0[3,2—d] pyrimidin-6-yl)benzenamine 24 (leq),

carboxylic acid (1.5 eq), 1-hydroxy-7-azabenzotriazole (0.2 eq), O-(7-azabenzotriazol-1-yi}-

(N,N,N° N’ -tetramethyluronium hexafluorophosphate (HATU, 1.5 eq), aﬁd N,N-

- diisopropylethylamine .(2.5 eq) in DMF was stirred at room temperature. The reaction was
monitored by LC/MS until complete. The rcaétion mixtufe was diluted with ethyl acetate,
washed with sé,turated sodium bicarbonate and brine. The organic layer was dried over MgSOy,

filtered and evaporated to yield amide product 25,
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y1l) mor pholine 30 30 [00388] A m xture of
2 chl or o- 4- nor phol i n-4-yl -t hi eno[ 3, 2-d] pyri m di ne- 6- carbal debyde 10 (3.5

1- BOQVB &gfo pe (2.76 g) and trinethylorthoformtg QR /MHsbeas
stlrre roet hane for at , roo terrperature To
this '%‘ﬁﬁ? ed S%Mﬂf&ﬁ%ﬁ% qea]gnf‘%ndgés lﬂ% reaction

m xture was stirred for 24 hours at roomterrperatur The m xture was then
guenched with %rj)ne extracted wi th dichl oronet hagﬁ jirl ed (MySO4) and the

sol vent reno n vacuo. The residue was purifie ng flash
chr omat ogr ap y

yi el :
4- ( 2-chl or o- 4-Wor phol i § :g;ig gﬁggp??bffd] pyri mdin- 6 yI met hyl)- WO
2009/ 036082PCTAUS2008/ I%g}h c dci d ffekt - butyl ester
F et i eiNre

(3.4 9), t wt hehkQr onet :
4-(2-chi o razuB f" {gﬁ;g"% ‘eno[ 3, 2- d] pyrlNznl 4 n-B-yl ) mor phol i ne
30. [00389] Exa e'3d (2- c?1 or o- m)rphol i not hi eno[ 2, 3- d}\pyf i m di n-6-yl1)-N
[ 00390] To clilboro 4- mor phol i not hi eno[ 2, 3-d] pyri rigdl ne- 6- car bal dehyde 33

e

(2.0 g) in 50 1L toluene and 50 nil, THF was add 20 nL of 40% net hyl ani ne
in H20 Th reactjon m xtur d at. room,te der .N2 r. 24
hours. ol verkos? W@npémao- ‘O‘gfh‘glﬁf”ﬁh‘&mf’ @M@ﬁﬁg%ﬁled in
50 '@@*ﬂs%&ﬁoﬁ% FhE HEoaRd) 4 e daBiit a%gﬁi?ﬁaﬁ%ine 204 ﬁ@I%)TC!szEUﬁQ@t i on
m xture was stirred at roomtenp under or 24 hours and co | ete
reacti onol\‘}éa)s?éxﬁiﬁﬂbsr(ﬁmbi%)} and:ﬂB&N'ﬁ?iéOSéW@ﬁ)ﬁ%) wBhereagsien vead hegied el “and t he
crude praduct ur|f| d flash chr Al 12 g
34 (53% erélarass %ﬁ g %mggﬁr mlf%%&f%}%% ?(%/ 3%553 %g}&wmnrg%oﬂﬂtﬁ{ﬁw%s
(2- chl aopcehamahobdoas Bivens, didr Bikbwiyg ConethlPréeedie-A \

[60369] - General Procedure K 6-Aminoalky] acylation and 2-Suzuki coupling

SRS )
' o Zt N cc:;IH Cl.
HN  SeSy T
A o

Ct 2) 7, Pd(PPhy)a, Nazcog,
CH3CN 140 °C 15 min

27
[00370] To a solution of (2—chior0—4-morpholinothieno[3,2-d]pyrimidin—6-
yl)methanamine 727 (50 mg, 0.2 mmol) in CH,Cl, (4 mL) was added Et;N (84 pL, 0.6 mmol)
and the appropriate acid chloride or HCI salt thereof (0.3 mmol). The reaction stirred 18-48 hr
at room temﬁerature before Being quenched with water, The aajueous layer was extracted with
EtOAc. The combined organics were dried over Na; SOy and concentrated in vacuo. The 2-
chloro crude product was coupled with horonate reagent 7 and palladium catalyst according to
General Procedure A to give 28 which was purified by reversed phase HPLC purification.
[60371] Alterﬁatively, to a solution of (2-chloro-4-morpholinothienof3,2-d]pyrimidin-6-
yhmethanamine 27 (111 mg, 0.39 mmol) in DMF (5 mL) was added 2,6-lutidine (48.2 pL, 0.41
mmol) and the appropriate acid chlonide ér HCI salt thereof (0.39 mmol). The reaction stirred
18-72 hr at room temperature before being quenched with water. The aqueous layer was
extracted with EtOAc. The combined organics were dried over MgSO, and concentrated in
vacuo. The 2-chloro crude product was coupled with boronate reagent 7 and palladium catalyst

according to General Procedure A 1o give 20 mg of 28 which was purified by reversed phase
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met hyl met hanam ne 35

[ 00392] 2- Chl or 0- 4- nor phol i not hi eno[ 3, 2- ci pyri m di ne- 6-car bal dehyde 10 (2.0
g) was divs@gqb{mmkokm 50 nth toluene and 50 nL THF f ol | opethuioddressaddi tion
of 20 ‘é"%) >t hyl am ne in H20. The reaction m xture was stirred at
roomterrp u*ﬁ ‘for 24 hours. The solvents were renoved in vacuo and the
resi duqoesrg] di ssgeuadl frocdiiralll ABfike\Msti@ion 5 Filordpyidmed the NaBH4 added
portion-w se. This reactlon m xture was stirred at roomtenp under N2 for
24 hours and conp reaction was confirmed by LOVS.-Fhe solvents were
renoved i n vacuo \a/g; he crude product purified by fliashi chromat ography
(EtOAc/ EtOH) to 009/ 036(}82(»[5CT/ 118200%{ 075883 gi veN1. 12 g35 (53%

yield). M Ql) 00 M+) 3637 H | PN
[00394] : - 4- wor-photmot hi 3, R- PN
pyri mi d| n ca g e 30ipgas Nlirssol ved i1y kﬁlé@e and 20 L THF

fol | owed by thQ:{@.ddl tion of 15 nL 40% net hyl am ne g2n H20 and t he reaction
was stirred for 24 hours. The reaction m xture was concentrated in vacuo
and t hd0§38] due di mutry o612ichloB®6+(h- ﬂmtdmﬁdin-awa@onphomtdﬁﬁémw @wed by the

hour s SRR ot 2o B R e T e B AR e R ar T lenr o
r enovedoinp o&ﬁ%ﬂ&@%% vﬁéﬁtgéfﬁfpﬂﬂb!@torﬁwdnﬁh?wegié‘—%lf‘C?ft'iQHB@P%E@J‘y to

give 2:53 chloro met hyl - 4- nor phol i not hi eno [

pyri mi dikcnﬁh Qiacsmlqmvh ﬂsﬂ@u learbaaychd, GHCEOBotyioeyadyl, Ms—qzézﬂryl 314,04 +

[ 00395]]3%1‘0%1? 4511 atgout two & & %usopgopre ;l%hxseu&x &Om)éth%rl%yprg[x ne (~ (5 IM) is heated
to about 130-140 °C in a sealed microwave reactor for 10~40 min, followed by removal of
volatiles under high vacuum. The crude mixture is purified by flash chromatography to give .
intermediate 2-chloro-6-(6-aminopyridin-3 ~y1)~4;morpholinothienc[3 2-d}pyrimidine or 2-
chloro-6-(6-aminopyridin-3-yl)-4-morpholinothieno[2,3-d}pyrimidine compound, which may be
Suzuki coupled with a monocyclic heteroaryl, fused bicyclic heterocycle or heteroaryl boronate

reagent following General Procedure A.

00374  EXAMPLES |

[00375] In order to illustrate the mvenuon the followmg 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.

166376] Example 1  2,4-Dichloro-thieno[3,2-d]pyrimidine 3
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yl) net hyl ) t hi eno[ 3, 2-d] pyri m di n-4-yl) norpholine 31 (11N C O, / 31
[ 00396] Reacti on bet ween N-BCC-pi perazine and nethane sul fonyl chloride in

di chl oro d triethylam ne yiel ded

4- et hang(%;@%%‘f -pi perazi ne-1-carboxylic acid tertbu P(fTﬂéssztOOesr@’iss(?eavage of
the BOC protecting group using 1- 1 (ZM i n di chl or ofret hane yi el ded "

1- met hanesul fE?ny bp,gram ne HCl [00397] A ngxt of

2-chl or o- 4- oli'n | -t hiZen bal dehyde 10 (1 00
g), 1-nethan f onyl - pi peraz\ hof ormate (3.80
rnF) was stirred N 1, 2- di chl or oethan® (30nL) for 6 hrs at' room
tenperature. To 1his was added sodi undtri acet oxyborohyd‘T’l de (900 ny) and

it ur QOB hen ATIBHER S TR 51 e 2 R PRECEROWIAR L 61 G g SRaeR, i | e
104 | Wand QRS (9@.%’ §,2fP Qﬂ H%Q&%QJ $8BZC for 2 hours. The hot reaction mixture was poured-

onto sodium hydroxide solution and any insoluble material was removed by filtration. The

mixture was then acidified (HCI, 2N} fo yield 1H-thieno [3,2-d]pyrimidine-2,4-dione 2 asa

white preci;ﬁtate, which was collected by filtration and air dried (9.49g, 66%). 'H NMR 400

MHz, ds-DMSO) 6.90 (1H, d, J=5.2Hz), 8.10 (1H, 4, J“—-S.ZHZ), 11.60-11.10 (2H, br s).

[00378] A mixture of 1H-thienof3,2-d]pyrimidine-2,4-dione 2 {9.49g, 56.49mmol) and

phosphorous oxychloride (150mL) was hcated at r_eﬂl_nil for 6 h. The reaction mixture was then

cooled and poured onto ice/water with vigorous sﬁrring yielding a precipitate. The mixture was
then filtered to vield 2,4-dich16ro-thicn0[3,?.»d]pyrimidine 3 as a white solid (8.68 g, 75%). H
- NMR (400 MHz, CDCl3) 7.56 (1H, d, J=5.5Hz), 8.13 (1H, d, J=5.5Hz).

[00379] Examgle 2 2- Chloro-4-morphohn—4-yl-thzeno{3,2-d]pynm1dme 4

. O E]
C@L_“.—“ J\

N Cl
3

[0038(3] 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 ai 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 .soiid (11.04 g, 100%). "H NMR (400
MHz, d¢-DMSO) 3.74 (4H, t, J=4.9Hz), 3.90 (4H, t, J=4.9Hz), 7.40 (1H, d, J=5.6Hz), 8.30
(1H, d J=5.6Hz).

[00381] Example 3  2-Chiloro-4-morpholin-4-yl-thieno[3,2-d]pyrimidine-6-
carbaldehyde 10
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(MgS™) and the solvent renoved in vacuo. The residue was triturated with
hot ethyl acetate to yield
4-(2-chl q{,@z 4ok ret hyl sul fonyl ) pi pera7i n-1-yl ) met hy pphi,e80hss2sd]l pyrirnid
i n--4- @ﬁ #m 31 as a white solid (1.01 g). 1003981Exarrp?
52- Chl oro 6 (4- ;]?nesul f onyl - pi per azi n- t hy04--

e

mor phol i n-4-yl -t hi epo[ 2, 3-d] pyri m di ne 324 032{[ 00399] Reacti on between
1- net hanesi df on | perazine HCL salt an - ghl or o- 4-

nmor phol i n- 4- yI-thleno[2 3- d]pyr|n1d|ne 6 caf bal dehyde 33 u3|ng GEneraI
Procedure C
2-chl or o- 6- (%-
[2,3- d]pyrirai 3004001 Exanpl &
64-(4, 4,5, 5- Tetrane4hy141 3, 21di oxabor ol an- 2-¥&)-1FL|ndazole 7 - route 1
1004011Interned|ate 7 was prepared according to the nethods of US

2008/ 0Ggogaf:  US 120001 00K8/ 3> 102000 403 1 bSO PRARL il 4 6 FiSe

her ei n

81- ( Teterasmpplsipmihly IHF@OALY &) -74°CC radadich ot RS VIABREDY f A-bdtyBithium (nBuli) in

di oxabor ol an-2-y0- 1H i ndazol e 40 O®
hexane (3.3ml, 1.2eq.). After stirring for 1 b, dry DMF (796 L, 1.5eq.) was added. The

reaction mixture was sm‘red for 1 h at -78 °C and then warmed slowly to room temperature.

-1 ylﬁthyl) 4- nor phol i n- 4- yI-th| eno

After a further 2 h at room temperature the reaction mixture poured onto ice/water yielding a
yellow precipitate. This was collected by filtration and air-dried to yield 2~chloro~4~morpholip.~ |
4-yl-thienof3, 2-d}pyrimidiﬁe-6&carbaldehyde 10 (1.50 g, 77%). "H NMR (400 MHz, d;-DMSO)
3.76 (4H, t, J=4.9), 3.95 (4H, t, J=4.9), 8.28 (1H, 5), 10.20 (1H, s).

[60383] Example 3a 2-ch10r0~4~morpholmoﬁueno[2 3- d]pynm1dme—6—carbaldehyde 33

S ()

1. nBuLi, THF o
@ﬁ 1 X i
S N/ cl 2. DMF - H S _

38 33

[00384] To a suspension of 2-chloro-4-morpholinothieno2,3-d]pyrimidine 38 (1.75g, _
6.85mmol) in dry THF (40mL) at -78°C was added a 2.5M solution of n-butyllithium (nBuLi) in’ |
hexane (3.3mL, 1.2eq.). After stirring for 1 h, dry DMEF (796 uL, 1.5eq.) was added. The

reaction mixture was stirred for 1 h at -78 °C and then warmed slowly to room tempéraf:ure.

After a further 2 h at room temperature the reaction mixture was poured onto ice/water yielding

a yellov% precipitate which was céllected by filtration and air-dri ed to yield 2-chloro-4-
morphoiinothieno[2,B—d]pyrimjdine?6-carba1dehyde 33 (1.50 g) MS (Q1) 284 (M+).
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40 1004031llInternedi ate 40 was prepared according to the nethods of US
2008/ 0039459; US 2008/ 0076768; US 2008/ 0076758; WD 2006/ 046031,

iggzggfgx%gg?ﬂg)éi%g erence herein. 105 WO 20091036082P{;El’f@%g@@/s&@%?)

a ‘ .
2- (1H1 Wﬂ%&n%l - 4- yEpmpladly pRoThlprodt-jadot hinetis|-4-mporplqlipothigne{ ha-dfpyrimidine
car bal dﬁhyde 11 1011 , : -

® O
s 1) n-Buli, THF '

M
21, THF

[00386]  To a solution of 2-chlora~7~methy1-4-'morphoﬁnothieno[3 2-dJpyrimidine 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-ﬁr-methyl-thiophene-Z-carboxyiic
acid ethyl ester) in THF (60 mL) at -78 °C was added n-BuLi (8.9 mL, 2.5 M in Et;O). The
resulting shurry 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 quénched by the addition of -
water. The organic layer waé separated and the aqueous layer was extracted with CH»Cly. The

| combined organics were washed with saturated aqueous Na,§;0;, dried over Na;SOq, ﬁltére’d,
and concentrated in vacuo to provide 2-chioro—6-iodo—7-methy1—4~morpholi1mthieno[3,2-
dlpyrimidine 41 (3.8 g, 84% vield). | |

[06387] Example’ 3¢ '. 4—(2-Ch10r0-6-(pipera21n»l~y1mcthyl)ﬁ;ieno{3,2—d]pyrimidin~4-
yhmorpholine 30 |
®
N

N \ \N/'”\
;-{\:—) 30
[00388] A mixture of ‘27~chlofo-4—mozpholin—4-y1—thjeno[3 ,2-dJpyrimidine-6-carbaldehyde

16 (3.5 g), 1-BOC-piperazine (2.76 g) and trimethylorthoformate (4.05 mL) was stirred in 1,2«
dichloroethane (300 mL) for 1 hr at room tempcrafure. To this was added sodium

Cl

triacetoxyborohydride (3.92 g) and the reaction mixture was stirred for 24 hours at room
temperature. The mixture was then queﬁchéd with brine, extracted with dichloromethane, dried
(MgS0y) and the solvent removed in vacuo. The residue was purified using flash

chromatography to yield 4-(2-chloro-4-morpholin-4-yl-thieno[3,2-djpyrimidin-6-ylmethyl)-
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[ 00405] A m xture of 2-chl oro-4-norpholin-4
yl -t hi eno[ 3, 2- Thyri m di ne- 6-car bal del | yde 10 (100 ng, 0.35 ranol),
4- (4, 4, Sypobsdolo hy111, 3, 21di oxaborol an-2-y1) - 1H-i ndgé?,lugz{,()%@)%&% ny,
0.39 mol ). and g,dg?urp carbol%l\gte ‘2112 ng) re suspe%ﬁd LN toluene (2.5
mi.), SRR |-FarBORis agderfriiy] F(t%fﬁ%-%aﬂz%ahwt ¥ite Hid 4o dighlogpmethane
bi s(tri/pheryd hy..p% laghipudzd) - ' -q]gHhni - 2 i on
vessel was fl %ﬁdda V\A(??%’]m%%gggﬁ# The %ggghﬂgﬂ%ﬁ%ng%% g] was ﬂ?ﬂiqc)ﬁlgﬁm% g‘gﬁgt' 120
C for B8h and then partitioned between DCM and water, the organic |ayer was
washed i brin dri oMer, ,magnesi .sulfate,, filtered and evaporated in
Vacua, b 00| " ExaBbledd, Rl R Bl B RN R SAAING  aphy 1o
yi el d methylmethanamine 34
2-(1Him azol -4-y1)-4-nor pholin-4-ylthieno[ 3, 2-d] 8yri m di ne- 6- car bal dehyde
11 (97 ng). [O | Exampl e - 11 4-(2-(1H1nd '
a7ol-4-yl)-64 t hyl sul f onyl ) pi perazi n- 1- g
-d] pyri m di n4- yOnror phol i ne (FOx ala, GDbC0941): 0 la
of 4- ¢ ugBhorerSa( 4- (et hyl sul f onyl ) pi per azi n-1-

2-d] pyri m di n-4;)‘¥|b) nmot phol 4 nf rom Exanple 4 (2.00

5-[| t ety anethyr=TT, 3727 dPoxabor -y1)-1Hinda7ol e 7 (2.26

g), toldene g .N%\’Cl ebhadmel, (Mebiriphe wat@{ 6 &T) »NSodgum carbonate (1.72 g)
and PdC12(Wh3)2 (325 ng) was heated to 130C in_the m crowave for 90 m nutes
(US 2008/ 0076768 WD 2006/ 046031, incor porat ed3ﬂ)y ref erence herein).
[ 00408] The reaction m xture was cooled, diluted with chloroform washed

wi th briP#¥0] dri edo@wjeyt-mapholieotbicheldsitd]peimidét-6-narbaldenyde 3HE2.6 gbindue was
purifi 95% ngf ltorlgerfelaﬁﬁ @O mL THF was added 20 mL of 40% methylamine in HoQO. 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 MeOH and 50 mL THF and the NaBHj, added portion- ‘

wise. This reaction mixture was stirred at room temp under N, for 24 hours and complete -
 reaction was confirmed by LCMS. The solvents were removed in vacuo and the crude product

~ purified by flash chromatography (EtOAc/EtOH) to give 1.12 g 34 (53% yield). MS (Q1)300

(M) .
[06391] Example 3e (2-chl0ro—4—morpholinoﬂ1jeno [3.2-d] pyrimidin-6-yl)-N-
methylmethanamine 35 | |
| o | {Oj
G S
~ 1. NHLCH4, THF, & ' '
W, —— P
| > LA
- — =
HoN N*'\;i 2. NaBH,, MeOH, THF NH NT “cl
10 I 35
[00392] 2-Chloro-4-morphoiinoﬂlieno[3,2-djpyrimidj.ne—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 i H;0. Tﬁe reaction mixture was stirred at room temp under N, for 24 hours.
The solvents were removed in 'vaéuo and the residue was dissolved in 50 mL methanol and. 50
mL THF and the NaBH, added portion-wise. This reaction mixture was stirred at room temp
under Nz for 24 hours and complete reaction was confirmed by LCMS. The solvents were

removed in vacuo and the crude product purified by flash chromatography (EtOAc/EtOH) to
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WO 2009/ 036082PCT/ US20081075883 chr omat ogr aphy (ethyl acetate then 5% et hyl
acetate/nethanol) and then trituration with ether yielded Formula |a

d, 1.4 VS dat ESI ME+ 514. 13)
goggogn7 ?@ %‘5%2( g) iﬂ a36129(3 33)(4H ’ . 3. ggﬁFgﬁt“g"’"ﬁsgggcsg 3.93
(4H, rg)we 1 83§(‘—i32/o zalqi) MWQ ﬁOQiM )s), 7.51 (lH t, 7.60 (1H, d,
J=8.3 1H, 2 b le 12
., e b g 5

y1) et h\}'-lzr)dﬂm}mmhﬁxﬂa,nﬂndmyri m di n- 4- yl) nor phol i ne (Formul a Ha): Ha

[ 00410] 2- Chl or o- 6- (4- met hanesul f onyl - pi per azi n- 1-yl net yI) 4-mo holin-4-yl-
t hi eno[ 2, 3-dl-pyri m dithg 32 from Exanple 5 was react

4-(4,4,5,5-tetrarnet hyl| 1, 3. 2} cl i oxabor ol an-2-y1) - 1 n azole 7 and Ceneral

Procedure A to giv mul a Ha conmpound whi ch was pu ed using flash

chr omat ography (US 2008/ 0076 Ap8cHYWHROE6/ 046031, |ncororat ed by reference
herein). )L - CDC13: 2.67 (m_ 4H, 2 X R N 81 (s, 3H, CH3),
3.30 (m 4H .83 (35, ZI-I, T, 4H, 2 x CH2),
3.98-4.00 (rn, , )2;\733147 M&OH, I-r}HFArH)'NH7 90 (N CIATH, J =
7.81Hz), 7.59(d, /H, ArH, 8.31Hz), 8.31 (d, H 'ArH, J = 6.98Hz), 10.12
(sbr, H NH. M+ = 514. 1 [00411] Exanpl e 12a 37 ‘

(S)-1-(44(2-(2- amnopyrlmd|n5y1) 7- et hyl - :

nor phol {pecst4i eno[chaudj.p.ﬁatuyl-dL:ao@hmﬁﬁd@éﬁwm appﬁﬂilﬁm]a-&dakbﬂdémdé Bﬁypr opan

“l-one it 30 ml iotuene and 20 mL THF followed by the addition of 15 mL 40%
methylamine i in H>O and the rc_:actlon was stirred for 24 hours. The reaction mixture was
conicentrated in vacuo and the fesidue dissolved in 30 mL rnethanof and 30 mL THF followed by
the addition 6f NaBH,. The reaction was stirred at room temp for at least 24 hours and product
forinatibn was confirmed by LCMS. The solvents were removed in vacuo and the crude pfoduct _
purified by flash chromatography to give 2.53 g (2-chloro-7-methyl-4- morphoﬁnoﬂlieno [3.2-d]

yr1m1dm—6-y1)—N methyknethanamme 37 (7(}% yield) MS (Q1) 314 (M) + |
| [00395] Example4 4- (2-Chloro- -((4-(methylsulfonyl)piperazin-1-

yhmethyl)ythieno{3,2-d]pyrimidin-4-yl)morpholine 31

O

SN
AL
(—‘N) N el
O, /N .
0=§ -
\ 31
[60396] Reaction between N-BOC-piperazine and methane sulfonyl chloride in

dichloromethane and Memylamme yielded 4-methanesulfonyl-piperazine-1~carboxylic acid tert-

butyl ester. Cleavage of the BOC protecting group using HCI (2M) in dichloromethane yielded
. 1-methanesulfonyl-piperazine HCI salt. |

[603%7] A mixture of 2-chloro~4-morpholin-4-yi-thienof3,2-d]pyrimidine-6-carbaldehyde
- 18 (1.00 g), 1-methanesulfonyl-piperazine (750 mg) and wrimethylorthoformate (3.80 mL) was

stined- m 1,2-dichloroethane (30mL) for 6 hrs at room temperature. To this was added sodium

triacetoxyborohydride (900 mg) and the reaction mixture was stine_d for 24 hours at room

temperature. The mixture was then quenched with brine, extracted with dichloromethane, dried
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[ 00412] 2- Chl or o- 7- net hy1- 4- nor phol i not hi eno[ 3, 2-d] pyri m di ne- 6- car bal dehyde
36 (495 ngy) was reacted with Boc-piperazine via CGeneral Procedure B-3 to
give ter iyt (2- PCT/US2008/075883

L ool i B0 S A Mo SR e s e

442- chlytyld4-(2 Bl 8- (- (ﬂiﬁiﬂ@hﬁﬂﬂoﬁﬂ)ﬁlg&ﬂﬁftﬁir?f)ﬁhﬁﬂ)ﬂﬂﬁndﬁm-ﬁ]pynmldm-ﬂr-
yOret hyi)pl per azi ne- 1- car box Iateg& ng) was subjected to Ceneral

Pr ocedyp@morphobng Bl as & whiteelidg3(0d _ _ | .
2- chl orybpiret hY s g 0150 hob IS 4Bk BBEAR Rorky YR Y gk 3. 2- o] pyri mi

2- chIommxﬁhﬂn&hyﬂ&&mnﬁkbbﬂbhﬂm&ﬁe31piperazin 1-yQOret hyl) t hi eno[ 3, 2-

d] pyrim dine (590 nm) wag reacted with lactic acid via General Procedure
B-2 to give (S)-1-(4-

((2-chl oro-7-nethyl - 4- 4; ;hollnothleno[3 2- d]pyrlnldln 6- yetnethyoplpera2|n
-1-y1)-2- hydroxypropan- - one.

[00414] (5)-1-(4-02- - met hy1- 4- nor phol i not hi eno[ 3, 2- d]pyrlnldln 6-

- hydr oxypropan- 1l-one (60 ng) was reacted with 50
ng of 5- (4,4, -1, 3, 2- di oxabor ol an-2-yl) pyri mi di n-2-ami ne vi a
General Proced re YA 2 to give 10 ng of Fornula |b (WD 2008/ 070740,

i ncor por at ed_byN-+ef erence). M5 (QL) 499.3 (lvl)+. [00415] Exanple 13 pl |Cce
(al pha) PISK*QLndlng Assay [00416[ Bi ndi ng Assays: initial polarization
experinments weye perforned on agp Anal yst HT 96-384 (Ml ecul ar Devi ces Corp,
Sunnyvale, CA.). Sanples for fluorescence polarization affinity

measur d0R3OL  wer Reprtiopdetieen ) -racthanesdforyl-ppegizing Gl sali andt2- Sierodk pl | Cal pha

Pl 3K

final - oA EF et Sel ek s SR SR el ppobl TGP 7
50 ni Mzb&ﬂiirw@(rlﬂ\.ﬂnl%@ﬁi@ulf&y%%e%ﬂpsyhﬁﬁﬁyn 4rgybripRdljn-4-91-tH¥neh2, P P2
(Echelon-Inc., Salt Lake Gty, UT.) final concentration. After an

i ncuba - of 30 ninutes at roomtenperature, the reactions were
st opped b the addl tion of 1 and PI P3- TAMRA probe (Echel on-1nc Sal t
Lake dil 9‘}1 Examph6and 444, ﬂMi—Tﬁéﬂm@bﬂdéﬁt%}éW&%olmégw&%ﬁWeﬁ'eerad

with sggg qrd cut off filters for the rhodam ne fluorophore (?.ex = 530 nm
Xem = in 384-well black | ow vol unme Proxiplates (PerkinEl ner,
Wl | esl ey, MA Fl uorescence pol ari zation values were plotted as a functi on
of the protei gncent. gation, and the EC50 val ues were obtained by fitting
the data to ara-t
sof tware, Readmng
protein concentrat
i nhi bi tors. '
| [00401] Intermediate 7 was prepared according to the methods of US 2008/0076768; US
2008/0076758; WO 2006/046031, incorporated by reference herein.
. [60402] Example 8  1-(Tetrahydro-2H-pyran-2-yl)-4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-y1)-1 H-indazole 40

[, equation using Kal ei daG aph software (Synergy
I:I!'hl s experinment also establishes the appropriate
to use in subsequent conpetltlon experiments wth

3
40
{904(}3] Intermediate 40 was prepared according to the methods of US 2008/0039455; US

2008/0076768; US 2008/0076758; WO 2006/046031, incorporated by reference herein.
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[00417] I nhi bitor 1C50 val ues were determ ned by addition of the 0.04ng/nL
pl 1 QGal pha PI3K (final concentration) conbined with PIP2 (10nM fi nal

concentration).to wells containing 1:3 serial dilution agoni sts
inafi n&’é%‘%’%gﬁﬁation of 25mM ATP (Cel | Signalin _T’Z%ﬁ%%igg%@,. ne ,
o Eranplslly | 2415 dpiagalr4-ub-4-morRi Dar-yINbienals RoHPY RIS

Danver $%0
m nut e tenperature, the reactions were stopped by the addition of
GRP- 1 gﬁg&%&/@‘@'&w probe (Echelon-Inc., Salt Lake City, UT.) 100nM and
5nM final concentrabjons respectivel Read with standard cut-off filters
for the rhodam nejfl uorophore (kex 53D urn; kern = 590 nnm) in 384-well

bl ack | ow vol une pl at es ( Per ki mer, Wellesley, MA) WO :
20091036082RCT1US20081075883 R uorescknce polﬁari zation values were plotted
as a functio nhe Rantagani s n pntNatiU"N and the 1C50 val ues were

obt ai ned by {i N EI dat a ti@ a4=pgfazEts gquati on in Assay Explorer
software (MDL, San Ranbn, CA.). [00418] Al atively, inhibition of PI'3K
was determned in a radiometric assay usimyg purified, reconbinant enzyne
and ATP at a concentfration of luM The cggnpound was serially dilutedin .
100% DVBO. The | cinat® reaction was i ncubated for 1 h at roomtenperature,
and th tion Scthre ot B il I@gm' : M RByqET €
subsqug%ﬁiglj:' det ?Y\%l ned Oggﬁﬁ}g?%ﬁgﬂn%r%@ﬁ@%g!s%%gﬁ%ﬁie Cl}lri%—%féi@ vé‘r‘diyibl e
sl ope) .10[(0OMhe] EXSmpiad), #44 40P, Setrameel 1. RRdivfabomtanehyhd $aindpdn(¥0) €61 i cacy

of For nul or C unds_.wer.e asured by a .l . proliferat.i sa

oo oy i Oieanpel) Bl MR it ((Poumonse Sppndd s C SatnL Bt 558,
Mendozqj 8tmiy ank 2R4e)(0 G E To IRAS wab 2d e & &1pBE)viphbEshifebaltadivindIT) Ehiorids say
reagents and protocol are commercially. available (Pronega). The, assay '

assessdb3- me) apd thetrgactipn vevsplovasdhishes Witk asern ol egpacdion FHXRUF WS icgqyyaved |

Ui abl o R0t &l d PSR pRER R Refichd TiCIR AV LE BB R P R MHERET O e
r eagentwitisigihef diied dvies mepaasiunt atlfaten filtbred iand avdporadglon vusioa$bazesuiting eeselddi ti on
Si gnal, VRABTGR Eries 1o e eeriy e v S PP RES Do s
o el e ASSTTERED and Ned! a Pl aies: 96-yel | con ca

] 51 9¢€
bot t omIB¥AGEbr opy Exampls 1t e§~(£1(L&hh\@ml—ﬁﬁf@ré—ﬁ(ﬂrim@w@)ﬂfonyi)pmemm1*

- yDmethyl)thieno(3,2-d]pyrimidin-4-yl)morpholine (Formula Ia, GDC-0941):

(]

o) N
TR Ia
[00407) A mixture of 4~(2-chloro~6-((4~(methylsu1fony1)pipe;azin—1—

yDmethyDthieno[3,2-d]pyrimidin-4-y)morpholine 31 ﬁbm Example 4 (2.060 g), 4-(;4,4,5,5- o
tetramethyl-{1,3,2}dioxaborolan-2-yl)}-1H-indazole 7 (2.26 g), toluene (24 mL), ethanol(12 mL),
water(6 mL), sodiuri carbonate (1.72 g) and PACL;(PPhs); (325 mg) was heated to 130 °C in the
microwave for 90 minutes (US 2008/0076768; WO 2006/046031, incorporated by refcrence "
herein).

[00408] The reaction mixture was cooled, diluted with chiorofonn, washed with brine,

dried (MgSQy4) and the solvent removed in vacuo. The residue was purified using flash
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[00423] Cel | Plates: 384-well black, clear bottom (mcroclear), TC plates
with lid fromFalcon (353962) [00424]Cell Culture Medium RPM or DMEM hi gh
gl ucose, wiPfmdeb@: Bovi ne Serum 2nM L-d utam ne, P/ S HOOA261sGeidks

;: ;te(ra‘-s g}:‘&éﬁa\ggg?({[ﬁg %ctﬁﬁaiceﬁte@z%7@% e{l@pé@@tgﬁl@%ﬂfﬂﬁ 8nd hORdAibiey with etheeed Cel |

, Seed s at 1000 cells gﬁ{ 54111 per weII into
384 welylelded| HonPhlatle sompour@, &@ﬁso%eﬁs(w )| Mudate:dESIN: *3?14CNM§6

L042510868, 3600 P L SRR Bt Py BSR4 B 2

wel | plaagges, 1?@H M sekek), ¥:52 (8ar 0557 Hheep( BLA, (208) 8:2810M, A 08Y5PVBO) for
a total of points using Precision. Media Plates (1:50 dilution) Add

14- 411 (B, M]&@mbﬂall wel I's. Transfer 3ul of DMBO + conpound from each

wel | 0 gagchie e ingy | ate using
o apl 281 For BERALE 180 £38 el R RN Bl e
comouwﬁﬁaﬂq@t&ﬁﬁﬂﬁ,ﬁﬁﬂ@ﬂﬁdﬁh@yl)m&pﬁﬁw (Fataaz Py US2008/ 075883 DVBO Pl at e
to each correspondi ng wel | gg Medi a Pl ate using Rapi de ate. Then, transfer

anot her drug 1.5ul to the um pl at e.

/_{ﬁN _.N‘NH
shaset
He O . i |

[00416] 2-C'hl.oro-«6-(4-methanesulfonyl—piperazin-1—y1methy1)—4-morpholin~4—yl~
thieno[2,3-d]pyrimidine 32 from Example 5 was reacted with 4-(4,4,5,S~tetramefhyl-
[1,3,2]dioxaborolan-2-y1)-1H-indazole 7 and General Procedure A to give Formula Ia
compound which was purified using flash chromatography (US 2008/0076758; WO
2006/046031, incorporated by reference herein). 400MHz 1H NMR CDCI3: 2.67 (m, 4H, 2 x
CH2), 2.81 (s, 3H, CH3), 3.30 (m, 4H, 2 x CH2), 3.83 (5, 2H, CH2), 3.92-3.94 (m, 4H, 2 x
CH2), 3.98-4.00 (m, 4H, 2 x CH2), 7.17 (s, H, ArH), 7.50 (t, H, ArH, J =7.81Hz), 7.59 (d. H,
ArH, J = 8.31Hz), 831 (d, H, ArH, J = 6.98Hz), 10.12 (sbr, H, NH). MH+=514.10
[60411]  Example 12a (S)-1-(4~((2-(2-aminopyrimidin-5-yl)-7-methyl-4-
morpholinothieno|3 ,2-d]pyﬁmidin-6-yI)methyl)piperazim1 -y1)-2-hydroxypropan-1-one
(Formula Ib):

[00412) 2-Chloro-7-methyl-4-morpholinothieno[3,2-d Jpyrimidine-6-carbaldehyde 36
(495 mg) was reacted with Boc-piperazine via General Procedure B-3 to give tert-butyl 4-((2-
chloro-7-methyl-4-morpholinothieno[3 ,2—d}pyrimidin-G—yI)methyl)piperazine-1-carboxy!ate.
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[00429] Drug Addition to Cells, Cell Plate (1:10 dilution), Add 6J11 of
medi a + conpound directly to cells (54pl of nedia on the cells already).

| ncubat e eﬁ,?%?( 5, 37 G, 5%CO2 |n an i ncubat or t hat éfmmgg{@%sgpened
ft h Ti t Buf t
R L

t enper ai ety pRfer2 iR Ul ca3th dwm c%@hsgeﬂalatzai@@ fekd PRMEE@E Fit ghelthe Ti ter
(Ho Su%g)ﬁateipgﬁgttle %o b)%;%tlee m)g} jaeII t'al'lter do Reagegﬁ? to each

wel | ofH@enrltof 21@h1@cce7mﬂpﬁlébmo amﬁ{@npmﬂ -yimeathyhihierof 3 Relipyrimidine.

| um ne te Reader [ _[00431] Cel |
vi abi | ?‘?’%%&S@S Y %‘%506 n%’?er‘%ha??%olﬁo gg@%oéé'@eéﬁmﬁ‘%gsg’%e&%)ﬁgg‘wp 1000- 2000

cel | s/ Vﬁﬂ)}h‘lﬂxlﬁlﬁ%%@(mﬁgj wid zamsd itk lak6ic Beid O (dmerzﬂweooeme Ber giad (S:12(4-
conmpound dilutions were nmade in DMSO in a 96 vveII :jlte The %a ounds wer e

f ur t herl(Zasllerogamehy b4 sranralingerngl & nyrigi ﬁ@q@] PEHEH Tk Corp.,

Hopki nt Thepdi luted conpounds were then added to quadruplicate
wel |'s |h%a50§%ﬁ\)§\)g hcg pl ates and i ncubated at ‘37 C and 5% CC2. After 4

days, r[éb4idive n(Sﬁbb(f‘e((@fCh}mrammeﬁlgl4@0@[@mnﬁmwf3e&dhy'nmdmfﬁescence usi ng
Cel | - G3,0. Pro ording. to t manuf act urer’. str tions and
read or}'tl)éi“e\@m ”F“I%gb’)esy%%’%’é? ﬂé?qe%ﬂg%as r?—aﬁlégge a’é 1%0 “C50 val ues
were cghaw atadmetiyng, 3@%@%&&@9&1) ﬁl&l@%ﬂﬁ@ﬁa GeatralDPega)me mes in

conbi nati on assays wer dosed starti ng at EC50_concentrations. cases

wher e tgite Hose obFompde EPrGYﬁO\RQQS/B@EOpmorPW@tqﬁhfyﬁéfsffené@né*é%ﬁﬁéla)ﬁ98r$ Q}@éd was
10 hibi t dded
Si ijI te\[ﬁg‘% I ;/no:‘—lg%l%i%t g @agﬁﬁgﬁésk(ongﬁxgq%orestwgrgt ﬁer;a in all

assays. [0(E432] ABiadad AkeRalnexerMiriaon Sxpéittentsaaird p@feinied on at konalystssay
I ncl.udes the foll ow BEQ)QStepS [00433] 1. An aliquat of 100 pil E cel l
cul t ur F1ESAGEF AVinkculpoRlevias £ aup) Sugmyédie (A §usasaplesiar @U?rswee‘iﬂno FZARA and

e B PR e s S g PR T
and wi t(lhlpatla.tec@lll Sign4lin@ $358nd KhadatmovilladV A stading etla fivaltchrceawpténmi ofent al
wells apd | nchba e S buttes (FPNR Tris pH 7.5, 50 mM NaCl, 4mM MgCh, 0.05% Chaps,
and 1 mM DTT) to 10mM PIP; (Echelon-Inc., Salt Lake City, UT;) final concentration. After
an incubation time of 30 minutes at room temperature, the reactions were stopped by the
- addition of GRP-1 and PIP3-TAMRA probe (Echelon-Inc., Salt Lake City, UT.) 100 nM and 5
nM final concentrations respectively. Read with standard cut-off filters for the thodamine
'ﬂuorophqre (hex = 530 nm; Aem = 590 nm) in 384-well black low volume Proxiplates
(PerkinElmer, Wellesley, MA.) Fluorescence polarization values were plotted as 2 function of
the protein.concenn*ation, and the Eng values were obtained by fitting the datatoa 4-parameter
equation using KaleidaGraph software (Synergy software, Reading, PA). This experiment also
establishes the appropriate protein concentration to use in subsequent competition experiments
_with inhibitors. ) .
[00417] Inhibitor ICsq values were determined by addition of the 0.04mg/mL p110alpha
PI3K (final concentration) combined with PIP; (10mM final concentration) to wells containing
1:3 serial dilutions of the antagonists in a final concentration of 25mM ATP (Cell Sigha]ing
Technology, Inc., Danvers, MA) in the polarization buffer. After an incubation time of 30
minutes at room temperature, the reactions were stopped by the 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 mil;
Zem = 590 nm) in 384-well black low volume proxi plates (PerkinElmer, Wellesley, MA.)
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[ 00436] 4. The plates were equilibrated to roomtenperature for approximtely
30 mnutes. [00437]5. A volunme of CellTiter-3 o Reagent equal to the vol une

of cell Guhbdsbmid0di um present in each well was added. pd-HO438 B sdkhe
conteng:f wer e me% for 2 m nut esi on, an orbjtal, shaker to 1 nduce cell 110

VO 2005/3B8asPErenEsaaples BEr Rldas o hectng) of emlageaisteapaialensat ed at
room t REeY.ALANE ek othBinkd Wﬁﬁﬁxgt e 3hak 4 &@%aaﬁﬁer LABGBR $E RBGS FabIRG! -

[ 00440] 8. Lum nescence was recorded and reported 1 n'graphs .as"RLU = relative
| um nesecitware (Mi)t, San Ramon, CA.). ' :

[00418] Alternatively, inhibition of PI3K was. determined in a radiometrié assay using

purified, recombinant enzyme and ATP at a concentration of 1uM. The éom_pound was serially
diluted in 100% DMSO. The kinase :eaction was incubated for 1 h at room temperature, and the
Teaction was terminated by the addition of PBS. ICs, values were subsequently determined

using sigmoidal dosa-résporise curve fit (variable slope).

[00415] Example 14 In Vitro Cell Proliferation Assay |
- {00420] Efficacy of Formula I or I compounds were measured by a cell proliferation

assay employing the following protoco} (Promega Corp. Technical Bulletin TB288; Mendoza et |
al (2002) Cancer Res. 62:5485-5488). The Cell-Titer Gid assay reagents and protocol are
commercially available (Promega). The assay assesses the ability of comj)ounds to get info
cells and inhibit cell proliferation. The assay principle is the determination of the number of
viable cells presént by quantitating the ATP present. Cell~Titer Glo is the reagent use.d for this
quanﬁtation. It is a homogenous assay where addition of the Céll—Titer Glo results in cell lysis
and generation of a luminescent signal through the luciferase reaction. The luminescent signal is

proportional to the amount of ATP present.

[60421] Cells: see Figures 1A-C for cell lines and tumor type
- [00422] | DMSO and Media Plates: 96-well conical bottom polypropylene plates from
Nunc {(cat.# 249946) - | - o _
[60423] Cell Plates: 384-well black, clear bottom (microclear), TC plates with lid from
Falcon (353962) | |
[00424] Cell Culture Medium: RPMI or DMEM high glucose, 10% Fetal Bovine Serum,

. 2mM L-Glutamine, P/S
[06425] Cell Titer-Glo: Promega (cat.# G7572)
[60426] Procedure:

, [00427} Day 1~ Seed Cell Plates, Harvest cells, Seed PC3 cells at 1000 cells per 54pl per
well into 384 well Cell Plates for 3 days assay. Incubate O/N at 37 C, 5% CO2.
[00428] Day 2 — Add Drug to Cells, Compound Dilution, DMSO Plates (serial 1:2 for 9

points), Add 20 ul compounds at 10 mM in the 2nd column of 96 well plate. Perform serial 1:2
écros_s the plate (10ul + 10pl 100% DMSO) for a total of 9 points using Precision. Media Plates
(1:50 dilution) Add 147ul of Media into all wells. Transfer 3pl of DMSO + compound from
each well in the DMSO Plate 10 each corresponding well on Media Plate using Rapidplate. For
2 drug combo studics', transfer one drugl.5ul of DMSO + compound from each well in the
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[ 00441] Al ternatively, cells were seeded at optinmal density in a 96 well
pl ate and i ncubated for 4 days in the presence of test conpound. Al araar

Bl ueT™M W&zq g@@ﬁfﬁggﬁnt | y added to the assay medi um an%&g}héz@%@gsi ncubat ed

for 6 h_ ing at 544nm excitation, 590nm em ssi val ues
ver e cANMBPRlatg taseach gomesgpaing wall oaddedis Blajsoning Rapidplate. then  tiymales| Exanpl e
15 FA /L : ]Cells (2 x 106) were placed in a 10 cm
ti ssuﬁ%ﬁqﬂ?‘ﬁ‘?@gglsgtgﬁﬁi‘?ftg%‘kg‘%géﬁburs, the cells were exposed to 0.1% DVSO
(cont r ¢b426§ For MrhaAbditioe anCelisnCal) Platd 0o TMB@tioh ) A ddSyh ofmedia Galompouvmst e

ot oot et berl (gl o ithpan e sRusiia L 1Rabal St TR e st B for (10
MM He pesd NaGriiTadtbe opdRABHENRCL, and 2.5 mM Cad 2) at |x 106 cel | s/ni

and i medi ately stained wth 5 gL annexin V-FITC (BD Pharm ngen; Franklin
Lakes, [436hnd 50B% Spropietipitinteanditee €4 TiterdHoBudier ¥onemitsirPRI2BE- gg/ nL P
(Sigma), 0.2 g/ se,s@l ution.{ Sigma 0. 1% Jrif. .S i n
bes. TG RO TREL ot cat PRl o e £ bR BBl 0
wer e arglyried Ol Baffer 128 Tt Gie s eistaBRb&te scbatiee # ddSnul JndieTiteEMlo

[ 00444] Exanpl e 16 Agi nar,_ mor phogenesis i n_3D cul éur,e of h@%+ BT474ML cel | s
[ 00445]Reagem i eashivied| of gelfs. Flasp appiese shekenior Bhaus /8 mipges: WRINEFERE | ve

t her apeut 4 i C famly inhibitors in I
HEm-a%lé%fl%g rﬁelg%tkg%%ﬁ erﬂggﬁ%‘;@ﬁdet ermned in 3D cell culture
per f or (84313 ng (el vinbdity assapedrdosmbimation kssaya Cdlspounseededat iH86-2860 a
suspensi i n.digret hyl sul f.oxide at .a concentrati.on of 50.mM . Heregulin
bet a- 1f§@§§’2ﬁ‘?%@?@§¥?§]&és L e@n_fiﬁ?' O, BRGseRAd” ?06‘%}?088%%““’&‘3 s“fcger age
concentratel iR DN 728 98 walVlp1ed 4TiMb 8s Wigre urkiieg afl@ed With Broddh rghial
trastuzumab, 25itg/ml pertuzumab, 250 nM Fornula |la conpound, or é?i‘g nl Vi

For mul ashg aRamnsie rabet Gmask Corre. HapkintoniMp)-| Ths/dilied epmrompdsingre
i | 0 ' Lil: Thiten- L haGed |
U a1 12 Se Gl BRGIT LS B A e ol incoAB8 300 HASRCOIY
repl i calags reletiveansehersadivitible olls wWdpe mhagexidsi lsmivescenoauting Celdt Tikgr Gl cul at i ng

the extent of_ bud-formation from phase-contrast inm o 1 iLni, in-each
ooay (BRSO o ATHAEr | TN B et ph A SR e AT iR daler oo
of budsptRidmale FobiBeCian] Bas0SMkd$Rre MbulddBusiRdirdn £0keftkas ethpRPAL Y 3

days. [00446]1n a titration curve, BT474ML cells were treated with

i ncr ensyndPiegys Egugsfin pombinkion 2552y whse deser wearting as AXi B0 wopedstions ibn t hat

ef fecti i nhj, bi t R f ) an

over al 1Ol ECS) g PP SUMTR Qeplss e bonBld HEE "

2009/ 0 FHCRAREDIvR Q0B HnBiR3apratie aghend werd afldedmnmimulBhddidlparsepdarated be b otk ne

pur chased %r oegtgh 'ttbhg.Agﬁeri can Type Culture Collection. Cells were passaged
Ofie BYEY

fthro_ugI{OPﬁ _ : ¥*&Bt e estrogen-dependent cell line suitable for
in vitrgegg i n VAYRidSidigl &Smplary in vitro cell proliferation assay includes the following

steps:

[00433] 1. Analiquot of 100 pl of cell culture containing about 10* cells (see Figures

1A-C for cell lines and tumor type) in mediom was deposited in each well of a 384-well,

opaque-walled plate.

[06434] 2. Control wells were prepared containing medium and without cells.
[00435] 3. The compound was added to the experimental wells and incubated for 3-5
days.

[00436] 4, The plates were equilibrated to room temperature for approximately 30
minutes.

[60437] 3. A volume of CeliTiter-Glo Reagent equal to the volume of cell culture
medium present in each well was added. '

[60438] 6. The contents were mixed for 2 minutes on an orbital shaker to induce cell
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[00447] AIl 3D assays were performed using the "overlay nethod" as descri bed
(Lee et al (2007) Nat Methods. 4:359-65). Forty-eight-well dishes were

coat ed evgiasoidsbdr 100 ul of growth factor-reduced MatpdgedzoqsBssss
Bi osci es) on ice. Plates were subsequently transferred to a 37 C

i ncubat®or”for 20 minutes to allow for matrix pol ymerization.” BT474ML cells
wer e h§pp4ast ed amnd 10ThOflaeeldssnan®hted veemsengeaduenion 1 Vatindteelo-stbiized

di shes., Cells were cultivated in growth nedi um suppl enented with 5%

Mat ri géie laminesesneesigiitdi ng drugs or |igand. Assays were typical ly 9-10 days

0 dur g andsar out b BREE VRS LGREPERGLAYRIN S S RFASEIE0D! T ast

i mages were recorded Wt ony Digita DXC- S500) adapted to a
Lei ca Dihioesweneeositepe. Cel|l viability was determ ned by neasuring cellul ar

A? e sing,the Cell Titer-d o, Lum nescent .Cel |l Vi.ahilit say

Cpr omediateL, 0 Aty ol St e A paline GPhb i s Rl Rk Ind TRy
aver agencabatdd fR Al dagainafie PRECIRS SAKsCARPolD NATaMaF BRRG¥ERES bishsv@entyadded f i ed
by cal cul ating the extent of bud-formation from phase-contrast ,inages. One

hundr e# theiapiay imedivaw lnd sellpywers instbaterhfagérhebedins readingst Stm RGHBEPS0f . buds
f d .gn.L he.aci f | .t al ' -
ot ogorouh 8RR IAC, WS GEre RS S SBhRUANAHARLIRS FELO L

canbi n§#d4ddF evaEuahpld 16n BRCSeldnexinV/BE AssayConbi nati.ons Target (s) 20

pg/ mMtrastuzumab 250 nM Fornul a |a Her2 (extracel l'ular bdomai n | V). Pl 3K
25 g/ MEAL uzunksleEo WE)‘F%’F pifced ing 1w %w&%&wl@-aﬁ?ﬁﬁ%ﬁ tel 1y pi3k

cells were exposed to 0.1% DMSO (control) or Formula Ia (containing 0.1% DMSO) for 48

~ hours. Céils Were then removed from the plate using trypsin and washed once with PBS. To
detect apoptosis, cells (MB361, PC3) were resuspended in binding buffer (10 mM_Hepes/NaOH N
[pH 7.4], 140 mM NaCl, and 2.5 mM CaCi;g) at 1x10° cells/mL and immediately stained with 5
uL annexin V-FITC (BD Pharmingen; Franklin Lakes, NJ) and 500 plL propidium iodide (PI)

. solution containing 50 pug/mL PI (Sigma), 0.2 mg/mL RNase solution (Sigma), and 0.1%

Triton-X (Sigma) in PBS. The mixture was incubated at room temperature for 30 minutes and
cells were analyzed with a flow cytometer (BD Biosciences; San Jose, CA).

100444} Example 16  Acinar morphogenesis in 3D culture of HER2+ BT474M1 cells
[00445] The biological activity of PI3K inhibitors and the most effective therapeutic

combinations of PI3K and HER family inhibitors in HER.?'—ampliﬁed breast cancer cells were
determined in 3D cell culture performed using the overlay method. Formula Ia compound was
uséd as a suspension in dimethylsulfoxide at a concentration of 50 mM. Heregulin beta-1;77.044
(hereafter referred to as HRG) was provided at a storage concentration of 225.8 uM. BT474M1
cells were treated with 20pg/ml trastuzumab, 25pg/ml pertuzumab, 250 nM Formuia la
compound, or 250 oM Formula Ila compound in 3D culture. Cell viability was determined by
measuring cellular ATP levels using the Cell Titer-Glo Luminescent Cell Viability Assay
(Promega). Readings were based on the average of 3 fep]jcates per assay condition.
Morphogenesis was quantified by calculating the extent of bud-formation from phase-contrast
images. 100 Acini in each assay condition, typically. 9 days in duration, were scored for the
number of buds formed on the acinar surface. Culture media is refreshed every 3 days.

[00446] In a titration curve, BT474M1 cells were treated with incremental doses of
Formula Ia to determine an optimal concentration that effectively inhibited markers downstream

of PI3K (AKT) and led to an overall decrease in cell viability (Cell Titer-Glo). BT474M1 cells
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20 ug/ mltrastuzumab 25 pg,/ nmlpertuzumab 250 nlV1 Fornmula la Her2
(extracel lular subdomain Il) Her2 (extracellular subdomain |IV) PlI3K

[ 00449] Ex‘gg% 67(}84 n Vivo Tunor Xenograft 100450] Ani naﬁ,é,ﬂ%giﬂg@wsg for

t be ob d f dard

G oups BFLERE i oA B AT el r°cv§w%Ea ARG 1B CUl| ant ed
subcut angRiaby. ¢ twb&e?ﬁé@%ﬁﬁ'ﬂ% Mt 128 e Ut ;g/lgdg;%d&f&@h%m ant)

breast cancer ce trigel and O. 3 ant's. per
nouse. @%bipﬁorohvitmmeienvmmﬂﬁ@/ 036082PCT/ U82008/ 075883 NMRI - -nu/ nu m ce

Janvi e re d th 1 n8.fragpent XF 401 .
Cor 2 b e OBt Bfegser s ottt ST PRI By Py B dercrioad o
(bi opsi gdm Nt Bl dthods! PIES-6H), Im&yseigm&eubﬁﬁ% efAaRE @iy QihIDOWM b

matri gel and 0. 36 rrg of estro en pellets per nouse.  Goups of femal e HRLN

nu/ nu (%8 ciE&Eﬁsi)m iescionces) orgiced Plates wemnbseq@mt@mmfeand)

ﬁ;ﬁgzt %oups o? ?or\@"rttﬂ) ?%ymc ar%]l?}”n%’ g’éx PF@?B%EO§§?7@§%8&%{% ory) wer e

i npl ant gavesteidfand 50 m)d) Eélﬁﬂvd}ﬁkrcrb‘igéeaé’d bifo m&mgut@meh dBBs. Salslwegebltila4tg
cancer ceIIs and mat r?pg per nouse. Mouse xenografts were dosed at day. 1
\&h

with driggroghgee ed with YeRvlariselsad sparsgnding ories stligard) Assgpeci 1 ed

ad ni Stac o, n?@gper. SPEE BRI, Ol P B LB S, PR e

by or al capérasigmagetwane r@emzieéwwhaéongﬁmgldaédlmm@mélﬁﬂ@a ademed tohelgour se of

the st Mo body, wei , ded t dth
were. ob Ul EDSHRRa ey VoG My ey esetre b A v ndPome " ™ ©¢
(I'engt hC@D@ltH%@'lfomur&iﬁés@&xt@eﬂﬂﬁa&ﬂﬂy’ﬂsaﬁ@*rbﬁ@ﬁa% Q{Mﬁés @&e&%egsé& MyEr ed V.

Fowl er Co._, I nc. ‘MA). and _analyzed uSing Excel v.11. crosoft.
Cor por a Inrdrometerchng ﬂvasedmﬁhe avgrage of A mnbucatﬁbner@swwgndm«p@ I}sﬁlomhpéwea@ iv3g

Kal ei da h I
vas cal e PG Bftind s GRS Qo BRLLIH Som DR Gl ihacel, Oal Wi o! U

shor t er actie ds eachresaly 2pndititn E'elfe@&%dfo%mhmmimﬁmdy b\t@i fohtal oxethe acieasurfedt. Usi ng
an Advepturera Prq AV812 scal e (OChaus rpooratl on; Pine Brook, NJ). G aphs
wer e gepéreswde W%W@?ﬁfé@%ﬁﬁewp@ -3, 53, Pepduds P%é‘icﬁ’ﬁt change was

| cul t ht !
cal cul a ;);%]SI g+ 0452] Cgmaﬁ{o?g%bl‘fﬁﬁ&ﬂelvﬁ%%@&ﬂ v.g wei g

new wei ose tunor vol une excee 0 rmB or
whose body viei gt

ltComc%unaﬁons Target(s)

20 pe/ml trastuzumab | Her2 (extraceltular subdomain IV) -

250 nM Formula Ia PI3K

25 pg/ml pertuzumab | Her2 (extracellular subdomain IT)

250 nM FormulaIa | PI3K

20 pg/mi trastuzumab | Her2 (extracellular subdomain IT)
3 25 pg/ml pertuzumab | Her2 (extracellular subdomain IV) -

250 nM Formula Ia PI3K

[60449] Example 17 In Vivo Tumor Xenograft _
[60450] Animals suitable for transgenic experiments can be obtained from standard

commercial sources. Groups of female CD-1 nude mice (Charles River Laboratory) were
‘implanted subcutaneously in the hind flank with 20 million MDA-MB-361.1 (PI3K mutant)

breast cancer cells with matrigel and 0.36 mg of estrogen implants per mouse. Groups of female
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was > 20% of their starting weight were pronptly euthani zed according to
regul atory gui dance. 100453] The percent tunor. growth inhibition (% 1NH) at

the end g Stdd¥soeECS) was cal cul ated using fornul a: %NEskede%sdsECS nean

I f J i.mal ' vehicle -E ' 4t Ul '
i mal R BB oG B PR R HE | 50 e SISk ven vehi cl e.
[ 00454](RDVER-APRAGBERLATH ) 160§ 8B ER WPRE] pRamedbeskt hiiord gﬁaﬁiedqiirect/&v ]

measurabpl e tunors remaining in each group at the end of the study. ,
part i alffyetpeindeviduaRprepgisagher patientsheith matggskend .36 ommefrastogeminsHets pert unor

vol ume, ' ' ' | LN SErve . of the
Ly ERERSo 8t fefhalelfr ek Aol tBla b Phbef QI o S EIE th SGBRK(CIRY OF
vol gne,@mﬁmmc) bﬂ:efshcdngﬁ ciegé tvitﬁixllahﬁg’ﬂ)énd/@.tiglf@of@btﬁt%;ﬁ@dll&ﬂpﬁhﬁyoﬁay of the
stuy ta were a e a -V UES Wer e eter ned usin t he rme_tt's
test wi ﬁupmfr fg%ﬂ%ﬁ@ﬁ%&ﬁﬂ@&ﬂ%@ﬂ%@%&@@@% &< &diitie 15 cary
NO) . | _1ibl A RS+ el _ - SEM

- I nginydoyel rb DI Yab ks nes,}gu%u%i%daéﬁ. Sg@%em@&anﬁ i gﬁ%_&i‘%ﬁ? SEM

val ues were cal cul ated using | statistic of tware, versi
2009/ 036082 RETER008L (ipS8ias dBot yitheirgh drufptambirationgrraphielt doawdihgonthehe

mean per age .of . change fromi.nitial. bad i ghts  'SEM [ 0045 m pl e
T8 phosigserer i i FB wesB oot dhlapis] MesgSiir e BEReti L0t

cel | s wedsadsRsteftdatirdpetoh@dy efd FSmied TaMlIT:0naE dkigRied feebé By ¥RI Savaf&at-ed
wi th an_ ECB0, of the chenpotherapeutic agent. Faollow ng treatnent, cells were

washed OHe siges Weredeepragvagedveakdseerer el cruseiof thesstadyc Mayse bedyFaeights om

Bi osour ) p ] knhi bi ﬁg?she, |
l\/lannhei‘?n‘%e @%ﬁ%ﬁ 1@%%%@’, &gﬁgéﬁ%sp r%ltla g%é‘pﬁtd ﬁrﬁé‘gi&g}g w‘%&éﬁ’["g’ﬁ’ﬁ S and 2
f rom Simgrrauesin tvicodinensib) (lenBdt awdrwidd) using OfltrpCalt-Bi calipens (eiotleldd- Rl Mas
erforned i.ng, the Pierce BCA Protein, Assay. Kit (Rackford, I11). Levels of
DAkt _( SaF4 Y35 sieh Coo i Siupiihe sl sl ead tu FicBaad NS B asour oo
( Car | sh@astporeon; Redmbhe, WUl TexoBnabilidXerapitveid blRkod Bﬁ&’gKﬂ%fdﬁG%a%ﬁ;_ CA) .
Version 3.6 (Synergy Software; Reading, PA). The tumor volume was calculated with fo:mula:

Tumor size (mm”)=(longer measurementx shorter meéasurement) x 0.5
[00451} Animal body weights wére measured using an Adventurera Pro AV812 scale
{Ohaus Corporation; Pine Brook, NJ). Graphs were generated using KaleidaGraph VerSion 3.6.
Percent weight change was calculated using formula: Group percent weight change=(1-(initial
weight / new weight))x 100. _‘
[86452) Mice whose tumor volume exceeded 2000 mm?® or whose body weight loss
was > 20% of their starting weight were promptly euthanized according to regulatory guidance.
{00453} The percent tumor grbwth inhibition (% INH) at the end of study (BOS) was
calculated using formula: % INH=100 x (EOS mean volume of tumors in animals given
vehicle ~EOS mean volume of tumors in animals given the drug)/EOS meaﬁ volume of tumors |
ﬁn animals given vehicle.

- [00454] Tumor incidence (TT) was determined based on the number of measurable tumors.
remaining in each group at the end of the study. A partial responsé (PR) was defined as
a > 50% but ._< 100% reduction in tumor volume, compared with the starting tumor volume,
observed on aﬁy day of the study. A complete response (CR) was defined as a 100% reduction
in tumor volume, compared with the initial tumor volume, observed on any day of the study.
Data were analyzed and p-values wefe determined using the Dunnett’s test with JMP statistical
software, version 5.1.2 (SAS hlsﬁtuté; Cary, NC). Individual tumor volumes at end of study and

mean tumot volume == SEM values were calculated using JMP statistical software, version 5.1.2.
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[ 00457] The foregoing description is considered as illustrative only of the
principles of the invention. Further, since nunerous nodifications and

changes wé#{iﬁplﬁ &eadily apparent to those skilled in theradhesurbssss not
0 the exact Q. 0cess shown

desired, t,o T he i nvent.i,on it onsts uct | .

05 dec BB S Bova Vet AR G S bf e Phori A oce Hosh BT BBGE CD SO
may be vegdsd dSERG to fall within the scope of the invention as defined by
the clains that follow . W claim 1.Use of a therapeutic conbination
conpri 404455h t he Expmpleil8al PRosphg AT ipduchigpasieyof a conpound having Forinul a

a, |b, a: 0 ~ ' | €. 11§D 1EY tomers, or
phar naégﬁﬁiﬁ al | yl%%géﬁfﬁﬁa S%ééﬁﬁjfegﬁl?tgggﬁé%‘?ergﬁ%@atﬁ g?égeﬁ%s?gﬁ ‘{V?Pef fective
anount oeérmight.hEalbs et apetiad withag &y, siahe clieedbtherapaudc bgdnt.nFdljowing treatment,
docet axe),, genti t abj ne, PD-0 1, cisplatjn,. carbaplati acl.i t axel ,
bevaci #6 Berorasty ﬁ&ﬁf?caﬁﬁqﬁgm%dﬂgﬁ»%ﬂ%%%? Bl R BB ui ci
AKt T - 1/ @arldthEREL ) SpPRMEGIR witi|Hol AR MU PR (R Qhe INEnIROHS G&Hidhe), Ohha

medi canent for use In the treatnment of .a hyperproliferative disorder, as a

conbi n&MS$Hrand PhespbatassrInbipitat €eokirdlsilomd 2 from Sigma)(St. iy YOt clai m |

wher ei i, the .phar maceut.i cal | cceptabl.e salt.is sglect ' .. fornmed
wt th e EBR AT R Sk st S Bl g dp S B, P AR 0T T
ni tric (Retidordplios plosti of peikidSef e} hrnealhkonére asebdd ubiap beasts fiuaoni ¢ aci d,
formc acid, acetic acid, trifluoroacetic acid, _ prapi (%%! C .aci 51' oxalic

aci d, rmRipnre Garlepad b band the humgexBiordiaxsysendBigripdierglesy C Pactic aci d,
malic acid, tartaric acid, citric acid, ethanesulfonic acid, aspartic acid
and gl utam c acid. . 3. The use of claim| wherein e therapeytically
ef f ect il0843hount 1he feregeing BensaPtRnp AgRsisFatas llysiratiygonly P% TE]S,P?‘&?I‘B%F At |

t her ap B _ L _ _ LG .

adm ni g%ﬁeirngg&?sﬁ' a co%b%lﬁge‘ed gor%l I%%?%%‘%Oﬁb h@ﬁé&_j&ﬁg Hgg%ﬁg? g%?&g%%tci :

wher ei rthedeekilled irthe attj it &l doy desfirfed ¢ iimi tanpuertionfto thecoap camsirunted ang For mul a

cherot EPEsbaierE S gEHEea B ahmiet el bRt iiad ol i Hieepts mey

be considered to fall within the scope of the invention as defined by the claims that follow.
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5. The use of claim1l wherein the mammal is admi nistered with the
chenot her apeuti ¢ agent and subsequently adm nistered with the Fornula | a,

| b or Ila conmpound. 6. The use of claim| wherein the therapeutic
conbination is adm nistered by a dosing regi nen where the therapeutically
effective ampephingf a conpound having Formula la, Ib or Ila is adm nistered
in arange fromtwice daily to once every three weeks, and the
therapeutically effective anpunt of the chenptherapeutic agent, is

adni ni stered-in &'se ahgEreransriie sprebingden spmmsisycethaippeyticely sleqive agount

7. The ' ' dosing reginen is repeated one or nore
tines.0?§%Oﬁkoﬁkﬁ#ﬁggﬁ§gﬁ%§fgﬁyggﬁggbf glaigs 1-7 mhergin adm ni stration of
the therapeutic conbination®esults in a synergistic effect. 9.
The use of any one of cIaiE% 1B wherein the hyperproliferative disorder is
cancer selected from breasts,€ervical, colon, endonetrial, glioma, |ung,
nmel anoma, ovarian, pancreatig, and prostate. 10. The use of claim9
wherein the cancer expr K- r asnmut ant . 11. The use of claim4
wherein the manmal i \Dr #ast | cancerypatient wherein the patient is HR2

negative, ER (esyr of§ &gdt 1 ve, and PR (progesterone receptor)
negati ve. 12,) The use of § m 11 wherein the patient is
adm ni st ered Fgr.ffuta | a and docetaXel 13. The use of any one of

claims 1-10 whekej n the Fornula |a, Ib or Ha conpound and the
chenntherapébpic agent are each adm nistefed in an anount from about | ngy

to about 1000 ng per unit dosage form 14. The use of any one of
clainms 1-10 whereipn the Fornula la,lb or | b compound and the
chenntherapéﬂ@'c gent are i stered in a ratio of about 1:50 to about
50:1 by wei ghtg 15. phprmaceutical fornulation conprising a
conpound of FOrnuWﬁ“ﬁg, | b, a or stereoi soners, geonetric isoners,
nmac, acceptabl e salts thereof as described in

tautomers, or pha{bT utical

claim1; a chenoth eut$ t selected fromerlotinib, docetaxel, 5-FU,
genti t abi ne, PD-0325904;%¢i 8pl akin, carboplatin, paclitaxel, bevaci zunmab,
trastuzumab, pertuzunmab, rentig0l &N tanoxi fen, doxorubicin, Akti-1/2,
HPPD, rapamycin, and lapatinib; a d_ghp or nore pharnaceutically acceptable
carrier, glidant, diluent, or excipientNH; Ib, or

0
®
f—mN —HN\NH

IR
HC O lla

Oy N

or stereoisomers, geometric isomers, tautomers, or pharmaceutically acceptable salts
thereof and a therapeutically effective amount of a chemotherapeutic agent selected from
erlotinib, docetaxel, 5-FU, gemcitabine, PD-0325901, cisplatin, carboplatin, paclitaxel,
bevacizumab, trastuzumab, pertuzﬁmab, temozolomide, tamoxifen, doxorubicin, Akti-1/2,
HPPD, rapamycin, and lapatinib; for the manufacture of a medicament for use in the treatment

of a hyperproliferative disorder, as a combined formulation or by alternation.

115



16. The pharmaceutical fornulation of claim15 wherein the pharmaceutically
acceptable salt of the Fornula la, |Ib, or Ha conpound is selected froma
salt formed with hydrochloric acid, hydrobrom c acid, hydroiodic acid,

sul phuric acid, nitric acid, phosphoric acid, methanesulfonic acid,
benzenesul phonic acid, formc acid, acetic acid, trifluoroacetic acid,

propi oni ¢ aei d, Gkahﬁaﬂamhﬂi“mmbbnhmmaﬂmdmusugckmﬂﬁm&nhmis%hnmdﬁvma&ﬂd
H?Jhglng £‘165‘1%F‘”g§5{i‘ ?% d?czilona gﬁg,rl{}?lglm ogn(:daCédn 8§Jda (I‘)ia(? cl%asg‘lgptgiccalcltd mg fic amf,ﬁhosﬁ}orlc
pharnaﬁemmnammﬁmnhmumaibanaa%dpMmunmmSmwmemednmmhewﬁoanMamkaqmﬁ@ or ha
conpound i s

4-(2-( ETEEOPH dsi gbcrxalzlc acic& ma &) “Zf atl s[uﬁci}llmsz a ? fumanc. ac;d mczxiieiﬁ aizdyﬁ% a?‘lld’l T%hﬁlagﬁO[ 3,2

- cli pyariarig ghid) ezﬂaqal:)dmh@ieai fionie aha,\asmud:&ardmnﬂ giultmlc adid . 18. The
pharmaceutical fornulation of claim15 wherein the Formula la, Ib, ha
conmpound i s3. The use of claim 1 wherein the therapeutically effective amount of a compound having

(S)-1I- 23 - -7-
d] %)y ri %%{u%a %ﬁ oAk p%%%’%mgﬁléigeuﬁlg%%%ﬁt%gtg? %JQ%I!E!% éf H? Ol%gﬁ) ieﬂ\%&h cﬁg 1 §rt For mul a
| b: Ibmnmgmﬁh@sphanhaﬁthmﬁamnfornulation of cIa|n115 wher e the Fornula

la, Ib, or ha conmpound is
4- (2- (111- i AdazolThdusg DY clgit( Ywlhierein theltsandpeaieplly gigeéresamionnt of g tpmeduhg paviizeno[ 2,

3- d] p¥011nmlad Iic{) IbA,' oY @Q;Kﬁhé’!lh@&euﬂ@a‘ﬁ'y NG dFRL Eprfr!)tﬁit Qfathe glemothelapeulm agent are

administered to a mammal by alternation.

5. The use of claim 1 wherein the mammal is administered with the chemotherapeutic agent

and subsequently administered with the Formula Ia, Ib or Ila compound.

6. The use of claim I wherein the therapeutic combination is administered by a dosing
regimen where the therapeutically effective amount of a compound having Formula la, Ib or lla 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,
7. The use of claim 6 wherein the dosing regimen is repeated one or more times.

3. The use of any one of claims 1-7 wherein administration of the therapeutic combination

results in a synergistic effect.
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ha. 20. The pharmaceutical fornulation of any one of clainms 15- 19
conprising a pharnmaceutically acceptable glidant selected fromsilicon
di oxi de, powdered cellul ose, mcrocrystalline cellulose, netallic
stearates, sodium al tuninosili.cate, sqdium benzoate, calcium carbonate,
Cal i um s | Poat e "EBEr PP CRIBHASTIILF BoRav el it § Fugst o)
st ear ow&ctdd, frbl BEGH cersicall @ion] &RIOmetal psial nkankiydoma Ldvhddre panuegiing sidum
oxi de, and conbi nations thereof 21.The pharmaceutical formulation of any
one of P&F&ins 15-19 wherein the Fornula la, |'b, or Ha conpound and the

chenot her apeytic ent each.c ri.se an amount f on1a$o t 1 ng to about
1000 ing pe?&unigﬂgg?dﬁgﬁl% &ngyfaﬁgm%%5?%%%%&#?8§P“zggnulation of any one

of clains 15;21f use i n.treatne r. he .of - i ca
fornulation§5f aﬁ%e% ‘%k%ﬂﬁé“”g?ﬁgh?%gﬁﬁg’%%ﬁ%?g%%ﬁ%ég%gigﬁﬁg ?%gﬁgﬁgkfor
t he tr &é#ERAmngatiof, FRapeepcsetpolededftivent) PRAsvgestemy regltor) cgdabye, endonetri al
glioma, lung, nelanoma, ovarian, pancreatic, and prostate. 24.An article of
manuf act ur e 12.or fTheatei sfglaan hy poerpn dhd ffaderais adairditeet Gemupdaprd dbeigrel. a) a
t herapeutic conbination of claim1; and b) instructions for use.

13. The use of any one of claims 1-10 wherein the Formula Ia, 1b or lla compound and the

chemotherapeutic agent are each administered in an amount from about I mg to about 1000 mg per unit

dosage form.

14. The use of any one of claims 1-10 wherein the Formula Ia,lb or lla compound and the

chemotherapeutic agent are administered in a ratio of about 1:50 to about 50:1 by weight.

15. A pharmaceutical formulation comprising a compound of Formula Ia, Ib, or lla or
stereoisomers, geometric isomers, tautomers, or pharmaceutically acceptable salts thereof as
described in claim 1; a chemotherapeutic agent selected from erlotinib, docetaxel, 5-FU,
gemeitabine, PD-0325901, cisplatin, carboplatin, paclitaxel, bevacizumab, trastuzumab, pertuzumab,
temozolomide, tamoxifen, doxorubicin, Akti-1/2, HPPD, rapamycin, and lapatinib; and one or more

pharmaceutically acceptable carrier, glidant, diluent, or excipient.
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25. A product conprising a conpound having Fornula la, Ib or Ha: 0 1la, CN
ON '"/S H3C O or steroisoners, geonetric isoners, tautoners, or
pharmaceutically acceptable salts thereof, and a chenot herapeutic agent
selected fromerlotinib, docetaxel, 5-FU, gentitabine, PD 0325901,
cisplatin, carboplatin, paclitaxel, bevacizumab, trastuzumab, pertuzumab,

tenozol om dgg, t ampXishihac8R%al #PhGialon OkEhivh 1 2 whtFEDihe RRAMEEH fbal1gnd
| apatinib; as a conbi ned product for separate, sinultaneous or seguenti al

use i natdeptablecaitmdthe Iofrmailh yg db,prr dlai doenmtind & sglesterd daem a sdefofmpdwhibd f or

rm nin Ln. i.n n for. .

ggt’rgr i Wﬂxaghl%g‘%gfﬂplgfdr&%ﬂg?c zlijc:su%%ydrou(): .1ggCId,astu.llpcflur1.fc%(r:1dE Qi%‘lct i ,tpﬁrlgglptho%]; cancer
acid, methanesulfonic acid, benzenesulphonic acid, formic acid, acetic acid, trifluoroacetic acid,
propionic acid, oxalic acid, malonic acid, succinic acid, fumaric acid, maleic acid, lactic acid,

malic acid, tartaric acid, citric acid, ethanesulfonic acid, aspartic acid and glutamic acid.

17. The pharmaceutical formulation of claim 15 wherein the Formula la, Ib, or lia
compound is 4-(2-(1H-indazol-4-y1)-6-((4-(methylsulfonylypiperazin- I -yDmethyl)thieno[3,2-

d]pyrimidin-4-yl)morpholine having Formula Ia:
@
N
NN | P NH

Q N

Oy N
\
H3C/ "0 la.
8. The pharmaceutical formulation of claim 15 wherein the Formula Ia, Tb, Ila

compound is (S)-1-(4-((2-(2-aminopyrimidin-3-yl)-7-methyl-4-morpholinothieno{3,2-
d]pyrimidin-6-y)methyl)piperazin-1-yl)-2-hydroxypropan-1-one having Formula Ib:
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a)adm ni stering a therapeutic conbination of a conpound having Formula Ia,
b or Il ai: NNHO"NNs H3C, |Ia,

19. The pharmaceutical formulation of claim 15 where the Formula Ia, Ib, or Ila
compound is 4-(2-(1H-indazol-4-yl)-6-((4-(methylsulfonyl)piperazin-1-yl)ymethyl)thieno[2,3-

dipyrimidin-4-yl)morpheline having Formula Ha:
)
N
P NH

Oy N
A
HaC O ila .
20.  The pharmaceutical formulation of any one of claims 15 - 19 comprising a

pharmacecutically 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 tale, stearowet C,

starch, starch 1500, magnesium lauryl sulfate, magnesium oxide, and combinations thereof.

21.  The pharmaceutical formulation of any one of claims 15-19 wherein the Formula
Ia, Ib, or la compound and the chemotherapeutic agent each comprise an amount from about 1

mg to about 1000 mg per unit dosage form.

22, The pharmaceutical formulation of any one of claims 15-21for use in treatment of

Cancer.

23.  The use of a pharmaceutical formulation of any of claims 15-22 in the
manufacture of a medicament for the treatment of cancer selected from breast, cervical, colon,

endometrial, glioma, lung, melanoma, ovarian, pancreatic, and prostate.

24, An article of manufacture for treating a hyperproliferative disorder comprising:
a) a therapeutic combination of claim 1; and

b) instructions for use.

25. A product comprising a compound having Formula 1Ia, Ib or lla:
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Ha and a chenot herapeutic agent to HER2-anplified breast cancer
cells in lamnin-rich, reconstituted basenent nenbrane nedia, wherein the
chenot herapeuti c agent targets, binds to, or nodul ates a HER2 receptor, and
b) measuring inhibition of cellular proliferation wherein nonnmalignant and
mal i gnant mammary cells are discrimnated by one or nore phenotypic
difference selected frgmcell viability and aci nar nor phogenesi s.

27. The nmethod of cl at 6 wherein the chenotherapeutic agent is an
anti-HER2 anti body. 28. The nethod of claim27 wherein the anti-HER2
anti body is selected m trastuzumab and pertuzumab. 29. The net hod
of claim 26 wherein thg chenotherapeutic agent is selected fromerlotinib,
docet axel , 5-FU, {tabi ne, 0325901, cisplatin, carboplatin,

b, pertuzumab, tenozol om de, tanoxifen
doxor ubi ci ¢, ti-1/2, NTIP apanycin, and |apatinib. 30. The
met hod of ai/n 26 wherein |l am nin-rich, reconstituted basenent

menbr an&sgedi a i s Engel br et h-"Hol m Swar m extracel | ul ar matri x extract.

31. A ‘hdg for determ ning conpounds to be used in conbination for the

paclitaxel, bevacixunab, .

treat ment of cancer conprising: a)tr@ating an in vitro tunor cell line with
a K-ras nutation with a therapeutic
HO O

<O

N S RN
N
N SN
A
N NH, Ib, or
)
N

O N

RN
HoC O Ha

or steroisomers, geometric isomers, tautomers, or pharmaceutically acceptable salts thereof, and
a chemotherapeutic agent selected from erlotinib, docetaxel, 5-FU, gemcitabine, PD-0325901,
cisplatin, carboplatin, paclitaxel, bevacizumab, trastuzumab, pertuzumab, temozolomide,
tamoxifen, doxorubicin, Akti-1/2, HPPD, rapamycin, and lapatinib; as a combined product for

separate, simultaneous or sequential use in the treatment of a hyperproliferative disorder.
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conbi nati on of a conpound having Fornula 1a, |b, or ha: and a

chenot herapeuti c agent, and b)neasuring a synergistic or non-synergistic
ef fect; whereby a synergistic therapeutic conbination for the treatnent of
cancer is determned. 32.The nethod of claim 31 wherein the

chenot herapeutic agent is selected fromerlotinib, docetaxel, 5-FU,

gencti t abi neyg PD- 32881 50r abephRlindcongRuR@Plode vied RAGIBiRRN, foP@¥aci zumab,
trastuzumab, pertuzumab, tenozol om de, tanoxifen, doxorubicin, Akti-1/2,
HPPD, tregiasyicifgancendothpipsaing:ni b.

a} administering a therapeutic combination of a compound having Formula Ia, Ib or
Ha:
)
N
\ NH
O N
Sy
FAER
H,C O Ia,
HO O 0

N S \N
N\
Nid N
A
N NHzlbﬂx
)
N

Oy N

Vs

HC O 1la
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and a chemotherapeutic agent to HERZ2-amplified breast cancer cells in laminin-rich,
reconstituted basement membrane media, wherein the chemotherapeutic agent targets, binds to,
or modulates a HER2 receptor, and
b) measuring inhibition of cellular proliferation wherein nonmalignant and
malignant mammary cells are discriminated by one or more phenotypic difference selected from

cell viability and acinar morphogenesis.
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27.  The method of claim 26 wherein the chemotherapeutic agent is an anti-lHHER2

antibody.

28. The method of claim 27 wherein the anti-HER2 antibody is selected from
trastuzumab and pertuzumab.

29.  The method of claim 26 wherein the chemotherapeutic agent is selected from
erlotinib, docetaxel, 5-FU, gemgcitabine, PD-0325901, cisplatin, carboplatin, paclitaxel,
bevacizumab, trastuzumab, pertuzumab, temozolomide, tamoxifen, doxorubicin, Akti-1/2,
HPPD, rapamycin, and lapatinib.

30. The method of claim 26 Wherein the laminin-rich, reconstituted basement

membrane media is Engelbreth-Holm-Swarm extracellular matrix extract.

31. A method for determining compounds to be used in combination for the
treatment of cancer comprising:
a) treating an in vitro tumor cell line with a K-ras mutation with a therapeutic

combination of a compound having Formula Ta, Ib, or lla:
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o, N
5S4
H,C © Ia
HO 0O O
e G
N\
N7 | >N
A
N NH; Ib, or
)
N
/’*(f P
(\N S N/ NH
O\\ /N\)
P
HC O Ila

and a chemotherapeutic agent, and
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b) measuring a synergistic or non-synergistic effect;

whereby a synergistic therapeutic combination for the treatment of cancer is determined.
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32.  The method of claim 31 wherein the chemotherapeutic agent is selected from
erlotinib, Idocetaxel, 5-FU, gemcitabine, PD-0325901, cisplatin, carboplatin, paclitaxel,
bevacizumab, trastuzumab, pertuzumab, temozolomide, tamoxifen, doxorubicin, Akti-1/2,

HPPD, rapamycin, and lapatinib.
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