WD 2007/ 084786 PCT/ US2007/001708 PYRI M DI NE
DERI VATI VES USED AS Pl -3 KINASE | NHI BI TORS FI ELD OF
WA R70887BENTI ON [ 0001] The present invention rePEr/@S2000001708
new phosphatidylinositol (Pl) 3-kinase inhibitor
conmpounds, their pharmaceutically acceptable salts,
and prodrugs thereof; conpositions of the new
conmpounds, either alone or in conbination with at
| east one additional therapeutic agent, with a
pharmaceutical ly acceptable carrier; and uses of the
new conpounds, either alone or in conbination with at
| east one additional therapeutic agent, in the
prophyl axis or treatnent of a nunber of diseases, in
particul ar, those characterized by the abnormal
activity of gromh factors, receptor tyrosine kinases,
protein serine/threoni ne ki nases, G protein coupl ed

o AN BRERTLES Lt KIAEHEISS

Phosphati dyli nositol 3-kinases (PlI3Ks) conprise a
famly of lipid and serine/threoni ne kinases that
catal yze the tranEkDJPF JhHE BNYENEION he D- 3'
position of inositol lipids to produce
ospho 03|tol hosphate (PIP g e
[OOOE{: osphoi %g{ef?ﬂt lgv%tlo&l rﬁ%%%spt% E) Ql}gls%tlda’haosuol (PI) 3-kinase

1nh1b@é39 SRHRLARR! i gc §cén1ﬁ1b£’l’f§’§é@%ﬂfa§le( f ltgeﬂndtﬂi“éﬁmg's Ii?hereof

turn, ct as messengers i n signaling cascades

com;méltﬁﬁﬁ loif Bt@ iFwDEGh ﬁ@urfdm tighdtialthepdran ksmbiratiohonit adyast one
FYVE, Phox and ot her phospholi pi d-bi ndi ng domains into

additionad theetpgutié aggitgwithiaphacoagsusicaldy @tfqeetab carher, pnéym of the
menbr ane (. anhaesebr oeck. et  al F
new V@nselsld(sz@ alopgiog dn gpmpinationyith até%%ft Ot% Pﬁidltbe’aalé gppeutic

b bR o o AP A Py o
charfdfgﬁﬂhtbly(tﬂe abrbrmal hét%%r 5B oSl Hc't&r@tﬂez«!@ﬂwr @%&% Ringks,

egul atory subunif that can be p8ba,
protdi® SérinepBiodim kindey, G Prételd enpldFesefion ﬁxﬂq;hbalshcﬂrp@d kinases
famly nmenber, a -1 WO 2007/084786 PCT/ US2007/ 001708
and pletsphasalieser conposed of a catalytic pl 10y subunit
associated with one of two regulatory subunits, pl0l
or p84 (Fruman et at., Annu Rev. Biochem 67:481
(1998); Suire BA%GROWOFEMNYE}@G@NZOOS)) The

oo o RS T B0 AG<SEMe§ BEHESe 58 an
sermeﬁﬁregﬁx%% léu{]aa@s &{Ag %tﬁg% zﬁegé)l/lr o(f& of%%g%@sgte R)nth@g V?&qﬁlon of

recep sine resu

1nosit(5‘1 18544 rb&’tﬂ:e%ﬂﬂ)s hAfsditcd - plutpRite @’B’P)Spﬂosﬁhﬁih&@ol 3,4-
Class 1 P13K'is activated directly by G

diphpspiiaed @120 apd pHosphedepitol-3,4, fratiphwisplhate (RiPyetheg in turn, act as
repertoire of peptide and non- pepti de |igands.
secopdeassrIgSsdn sigapling casoadgoby derkingprofgins geptaiging plgekstrin-

nomel3RY DS P~ pRT ohise b BIGERADIA Jsar bt b acadsp of
mgn&lkr?gscsonllplg)gé%%fleln% tﬁ’fpﬁltagﬁg B riaht AfBinhaesebroeck et al., 4nnu. Rev.
Biochem 70:535 (2001); Katso et al., Annu. Rev. Cell Dev. Biol. 17:615 (2001)). Of the
two Class 1 PI3Ks, Class 1A PI3Ks are heterodimers composed of a catalytic p110
subunit (a., B, 8 isoforms) constitutively associated with a regulatory subunit that can be

p85a, p55a, p50a, p85B or p55y. The Class 1B sub-class has one family member, a
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wi th downstream cel lular activities including
proliferation, survival, chenotaxis, cellular
WO e@f7fos4rké ng, notility, netabolism i nflanmmt oPgT/ERZNO7/001708
al l ergi c responses, transcription and translation
(Cantley et al., Cell 64:281 (1991); Escobedo and
WIllianms, Nature 335:85 (1988); Fantl et at., Cell
69:413 (1992)). [0003] In many cases, PIP2 and PI P3
recruit Akt, the product of the human honol ogue of
the viral oncogene v Akt, to the plasnma nenbrane where
heterbam‘?é}tc%xrgﬁ ﬁlﬂgé’a{talyﬁg b'ﬂlO}f fibufiR A¥sdctté @ Gahl ohe®T two regulatory
nal 1 ng pat hways inportant for growth and survival
subufita b1 ofp8alFrumalet a6 MiL3RA2 BidIR) 67B3d e(ﬂ%&) smr¢ et al.,
Nat Rev. Cancer 5:921 (2005); Vivanco and Sawy
CurrNBiol. Fe§66 CR06Hr Tmem@dr{lmf)ms Ab'énerpéﬁfw@gﬁnwté gncdpde Sre

P13K, which often reas s survival, throu
Homglogy (S AmPSE BHE PREPHESTOTHEVAIUHT ob edt frasence

conthgyglagtlvaaltﬁci r{ceﬁ{c}? 2(3 % gdgrél?@ g»@ 1}19 Jﬂ%&%&r Vﬁ%hlt:@él ih iagii@ation and
ocal%ﬂgﬂ Pt hal BBKRD C@IQROI MOk i dfsivated ifeclly YA bldtei-coupled
of the inositol ring and in so doing antagonizes P13K

recep6isi that Bind b diverseoepanaitd yf pipitidt @dd inongeptide hggndsf(Stephens et
t unor s. In other tunors, the genes for the
al., Gl 198 (IDORVCK atsared k- of g Rear GeléPﬁM Piobd Ja0L5-675 (2001)).

CondECSE S PoEARLARELIaP Ly s LR, R recptors
with downsg’% i ¢ gllul%gﬁfv&@&sﬁnﬂﬂgl ggﬁgﬁi‘e O T ogngﬁ\/g\ta@ %ﬂdﬂﬂls cellular

regul ate t have been

traffidRSG, bRty in@abWnd) Wi AARE 9 h8d affergdd tegponsed)ThduisCription and
m ssense nutations in Pl K3CA that activate downstream

transtatipma(Cangep at 41yaizd 64228401200%,/H84V8® PCTWUE206/Mae17 085:85
have been described at significant frequencies in a
(198%); diantlich al-sCel 691 B (K ancers (Kang at el ., Proc.
Nat|. Acad. Sci. USA 102:802 (2005); Sanuels et al .
Sci ence 304:554 (2004); Sanuels et al., Cancer Cell

o00f, 551 TS8R Elom e basrtph o, il mn

homHng&E R2MANFhI @ﬁ%ﬁéﬂé SARrCRONRS PRIIhE méhbidhieSvisdrg talcts 'y a nodal
athway is one of the nost conmon deregul ati ons

pomﬁﬁmﬂw mtravéltular shmng pativerys impdrtpntdior gryvathiapd survival (Fantl
di seases (Parsons et al Nat ure 436: 792

005 A
ot al AR Ae G PD): Rate & ke D By aicer S 920 83005p¥ivanco and

M INEH s Ay o g
mcr%a.Fs) Qrgn)apﬁ)!rm ALCRIRIHEESs oREBF IRGRSK! 'p‘f’é\lalent events in human

tions t i ncl ude 't he conmpounds, nethods of
candef Bhdhhd E@n&h@ﬁ’ﬁ habca;tlat nodiiplelleR®iki Thasmnid?aipressorgzene
met hods of treating proliferative diseases. [0005] In
PTEdR evlaglpémhogphqrhl@tepmggmtomm@iqma@fhe Fapgsition of the inositol ring

hosphat i dyl tol 3-k Pl 3
and i’rb?éﬁef%aén s 265 RIS A0 PeBSent W SR s vty pF camors.
miceutﬁll Cal l fO?&Pe]lel%@ ﬁg/f?’,%lﬁﬁt’ g’lﬂﬁgﬁg, LA YGP are amplified and

rOV|de
1ncreased protein expression of their gene products has been demonstrated in several

human cancers. Furthermore, mutations and translocation of p85a that serve to up-
regulate the p85-p110 complex have been described in a few human cancers. Finally,

somatic missense mutations in PIK3CA that activate downstream signaling pathways
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conmpounds, pharmaceutically acceptable salts, and
prodrugs are P13K inhibitors and are wuseful ’ in the

woe@ansesé of cellular proliferative di seases.P¢D08BP7/001708
One enbodi ment of the invention provides a conmpound
having Formula I: H2ZN\ /WR3 R~Jz NR RINNY
(N) O | or a stereoisoner, tautoner, or ’

pharmaceutically acceptable salt thereof, wherei -
WD 2007/ 084786 PCT/ US2007/ 001708 Wis CR ,, or RI °

wherein R is selected fromthe group consisting of

1) .hyd :
(o iy
(Kang(a%)@I“nP}t;B% By cad IIB;%:t S D02 (20P5)ySANRRRIRSL a(lgfcr@y%go4:554

Itro a
(2004)] Satthets dtid ed:aamyq:ec} 7:66)- Fhe00RD isss Andiiations show that

unsubsti t ut

deregtdntgcgmgf ]!)]pc;}pggmg:s‘igl%{(mase( aggd tﬁg g@%tlﬁta%% iwgd ﬁg\gmstream components
unsuhstituted ar

ot triyR I TS rP A SRRl fusny dpegetatherh

humat] ‘é&f&?{%ﬁ fﬁloh er(aéée dﬁé&ss (Fahiécfﬁd e, Navsrb4316:792@605);
¢ (13) -CRRia,
Hennessey at €l., Nature Rev Drug Dzs 4 988- 1004 (2005))

SUMMARY OF THE INVENTION

[0004] The present invention provides new phosphatidylinositol 3-kinase (PI3K)
inhibitor compounds, pharmaceutical formulations that include the compounds, methods
of inhibiting phosphatidylinositol 3-kinase (PI3K), and methods of treating proliferative
diseases.

[0005] In one aspect of the present invention, new phosphatidylinositol 3-kinase
(PI3K) inhibitor compounds that are pyrimidine-based compounds, their
pharmaceutically acceptable salts, and prodrugs thereof are provided. The pyrimidine
compounds, pharmaceutically acceptable salts, and prodrugs are PI3K inhibitors and are

aseful in the treatment of cellular proliferative diseases.

[0006] One embodiment of the invention provides a compound having Formula I:
HyN W.
DY
Nao Pz I R,
Ra NYN
)
(o]
1

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein,
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(14) -CONRlaRlb, (15) -NRIaR b, (16) -NRI aCORlb,
(17) -NRlaSO2R1lb, (18) -OCORla, (19) -ORta, (20)

WO 3R1a8478¢1 WO 2007/ 084786 PCT/ US2007/ 001708 (PQ¥/US2007/001708
-SCRi a, (22) -S2Ria, and (23) -SO2NRI aRt b, wherein
Ria, and Rib are independently selected fromthe group
consisting of (a) hydrogen, (b) substituted or
unsubstituted al kyl, (c) substituted and

unsubstituted aryl, (d) substituted and unsubstituted
heteroaryl, (e) substituted and unsubstituted

h ﬁré’qé{ 6k W, widhéln K.f ik selodisd ifitowt g sxoup aomsitsing afut ed
cycloalkyl; R2 is selected fromthe group consisting
(&) hydyeesgen, (2) cyan, (3) nitro, (4) halogen, (5)
hydroxy, (6) amino, (7) substituted and unsubstituted
alRyl , cyé®, - COR2a, and (9) NR2aCOR2b, wherei n Rea,
and R2b are independently selected fromthe group
cbhsi shrlpgeBf (a) hydrogen, and (b) substituted or
ug ubsti t th alkyl; R3 is selected fromthe group
cbtsi stPHG of (1) hydrogen, (2) cyan,

5 trifluoromethyl,

(6) sulfonamido;

R, is selected from the group consisting of

) hydrogen,

@ cyano,

3) nitro,

4) halogen,

) substituted and unsubstituted alkyl,

(6) substituted and unsubstituted alkenyl,

) substituted and unsubstituted alkynyl,

(8 substituted and unsubstituted aryl,

€)] substituted and unsubstituted heteroaryl,

(10)  substituted and unsubstituted heterocyclyl,

(11) substituted and unsubstituted cycloalkyl,

(12) -CORy,

(13) -COzRya,

(14) -CONRiRiv,

(15) -NRjaRib,

(16) -NR;,CORyp,

(17) -NR1.SO2Rip,

(18) -OCORys,

(19) -ORya,

(20) "SRI as
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(3) nitro, (4) halogen, -5 WO 2007/ 084786

PCT/ US2007/ 001708 (5) substituted and unsubstituted
w@bkdoylog478€6) substituted and unsubstituted al kergT/US2007901708

substituted and unsubstituted al kynyl, (8)

substituted and unsubstituted aryl, (9) substituted

and unsubstituted heteroaryl, (10) substituted and

unsubstituted heterocyclyl, (11) substituted and

unsubstituted cycloal kyl, (12) -COR3a, (13) -NR3aR3b,

(14) NR3aCOR3b, (15) -NR3aSO2R3b, (16) -OR3a, (17)

- , 8) - SOR3a, 19) -SO2R3a, d 20
S T8 L1 o, 9, L0

wherein R3a, and R3b are independently
sglgct esofr,graridhe group consisting of (a) hydrogen,
(b) substituted or unsubstituted alkyl, (c)
st i t3OSdRaRd»unsubstituted aryl, (d) substituted

and unsubstituted heteroar e td isting of
umdersin Row 8¢ Rietters W“g?‘?ﬂyaﬁ?ée c)tﬁ#&g} Eg #’}t cﬁ%t %glg and-
uzgubsb%tuted cycloalkyl; and R4 is selected fromthe
graup H§E§P1ng of (1) hydrogen, and (2) hal ogen. -6
V@ZOO%{}&&Z&@ RGRLMSR0AZd 03708 [ 0007] In anot her

e

odi nent thereof, Rl conprises substituted or

uRgHbstsubstitatkd amdyinalibstityted @ds i t ut ed or unsubsti tut ed
heteroaryl al kyl , substituted or unsubstituted
c\(d) oal sapbtitiied andgmsybgispted BECECHY unsubst i t ut ed

" e(te)e ro Cs}lll%lstxxltlutaeldk&{nld' unsubstituted heterocyclyl, and

® substituted and unsubstituted cycloalkyl;
R, ié selected from the group consisting

(D hydrogen,

(2)  cyano,

3) nitro,

@ halogen,

5 hydroxy,

6) amino,

@) substituted and unsubstituted alkyl,

(8) -CORg,, and

(9  -NRz.CORgy,

wherein R, and Ry are independently selected from the group consisting of
(2) hydrogen, and

(b) substituted or unsubstituted alkyl;

Rs is selected from the group consisting of

(D hydrogen,

(2)  cyano,

3 nitro,

@) halogen,



[0008] In a nore particular enbodi nent, Wis CH
[0009] In another enbodinent, Wis N_In a nore
w@aroriosarBar enbodi ment thereof, R3 is =0 [001B¢T/UR2007/001708
anot her enbodi nent, Rl is selected fromthe group
consisting of (1) substituted and unsubstituted
al kyl, (2) substituted and unsubstituted aryl, (3)
substituted and unsubstituted heteroaryl, (4)
substituted and unsubstituted heterocyclyl, (5)
substituted and unsubstituted cycl oal kyl, (6) -OR
LupdiRERER uifidssiutedRileyland Rib are
epengently sel ected fromthe group consisting of
(eé) sulgbdtitutce dndnosubstiwest alkendd heteroaryl, and (b)
substituted and unsubstltuteg het erocycl yl . [0011] In
aDt hersubstifoigil and ungubstitited, Yt ed or unsubstituted

het er ocycl yl ed or unsubstituted
- het éﬂb%‘&ﬁﬁte?landluﬂs"g’ﬁm%‘i ¥kbodi ment, RL is
stitu Hgﬁﬂh0|ln l; nore
p %ticdi gqgﬁdapa%a%gﬁghﬁﬁigggtltuted hzllnked
e 0l J B¥iutddORdAnststianted heferaiybhdi ment t her eof, Rl
c

ri ses substituted or unsubstituted
hqt ey ocgiwktyfueddkaid. unsabstisutbd cyeloakal.or unsubsti t ut ed

heteroaryl al kyl . I n another enbodi nent, Rl conprises

sy} i t#i@Wsor unsubstitut ed nnrphollnyl nor e

partlcular ﬁtlll nor phol i nyl conprises N 1inked
Bhol itH§gaRan: 7 WD 2007/ 084786 PCT/ US2007/ 001708

[O I er enbodiment, R is substituted or
HgégstltuFEgh?%trahydropyran or substituted or
uq?gP trmﬂtgdbkﬁtrahydropyranyloxy More particul ar
I's unsubstituted 4-tetrahydropyranyl oxy.

[Qgig] LmRapother enbodi nent thereof, R conprises
substituted or unsubstituted tetrahydropyran.,ln a
noﬂé)par$Raular enbodi nent, tetrahydropyran conprises
- tetra gé ropyr anyl oxy. [0015] In another enbodi nent,
R (48 sa ?uted or unsubstituted tetrahydrofuran or

|tu$8 adgnsubstituted tetrahydrofuranyl oxy.

par T réut*a r st|II RL is unsubstituted
Sngggrahggg Jg@yloxy [0016] In another enbodi nent

I ment conprises substituted or unsubstltut of
t etwhaboio Rof, tand Rav bre independentbnssdenterb from the gEJIP consisting
t et rahydr of uran conpri ses
(a) hydrogen,
(b) substituted or unsubstituted alkyl,
(c) substituted and unsubstituted aryl,
(d) substituted and unsubstituted heteroaryl,
(e) substituted and unsubstituted heterocyclyl, and
63 substituted and unsubstituted cycloalkyl; and
R, is selected from the group consisting of
) hydrogen, and

2) halogen.



3-tetrahydrofuranyl oxy. [0017] In another embodi ment

R2 is selected fromthe group consisting (1) ’
wogarogese (2) cyan, (3) hydroxy, (4) hal ogerCT/U§Z)7/001708

amno, (6) nethyl, and (7) trifluoronmethyl. [0018] In

anot her enbodi nent, R2 is hydrogen or halogen. In a

nmore particular enbodinment, R2 is hydrogen. [0019] In

anot her enbodi nent, R3 is selected fromthe group

consisting of (1) cyano, (2) nitro, -8 WO 2007/ 084786
PCT/ US2007/ 001708 (3) hal ogen, (4) hydroxy, (5)

m no, .
007 1§ 1&1&% elnbbdil et BRIV R, cbRp2ids bubsdnneher unsubstituted
(000 ﬁrrbod| rre%f1 lrns trifl uorodgyet F1yl I nkanot her
aryla QelbEBRted R uhsubsyimpngl He@Hdddylakigt henbstimarsofe nsypstituted
e invention provides a conpound having. Formula |1:
cyclodﬂZ)NaIWyE&r sWbétutetl] ox upsubstituted ieterqeyelmladkyly | or 3

st ereoi soner, tautoner, or pharnaceuticall
salt thereof p y acceptable

[0008%e| ect éaafmeﬁgqﬁtéc@?rcﬁ%bo 6’H§ Cﬁ']%sgco N, wherein Rwis

[0009] In another embodiment, W is N. In a more particular embodiment thereof,
R; is =O. '
[0010] In another embodiment, R; is selected from the group consisting of

)] substituted and unsubstituted alkyl,

2) substituted and unsubstituted aryl,

3) substituted and unsubstituted heteroaryl,

(€] substituted and unsubstituted heterocyclyl,

&) substituted and unsubstituted cycloalkyl,

©6) -ORj,, and

(M -NRiRmws

wherein Ry, and Ry are independently selected from the group consisting of
(@) substituted and unsubstituted heteroaryl, and

(b) substituted and unsubstituted heterocyclyl.

[0011}] In another embodiment R, is substituted or unsubstituted heterocyclyl, or
substituted or unsubstituted -O-heterocyclyl. In another embodiment, R; is substituted or
unsubstituted morpholinyl; more particular still, R; is unsubstituted N-linked

morpholinyl.

[0012] In another embodiment thereof, R, comprises substituted or unsubstituted
heterocyclylalkyl, or substituted or unsubstituted heteroarylalkyl. In another embodiment,
R, comprises substituted or unsubstituted morpholinyl; more particular still, morpholinyl

comprises N-linked morpholinyl.



(1) hydrogen, (2) cyan, (3) halogen, (4) nethyl,
(5) trifluoronethyl, and (6) sulfonamdo; X is 0, S,
WOR)07084786 di rect bond; R2 is selected from t hePQr/osmo7/001708
consisting (1) hydrogen, -9 WO 2007/084786
PCT/ US2007/ 001708 (2) cyano, (3) nitro, (4) hal ogen,
(5) hydroxy, (6) amno, (7) substituted and
unsubstituted al kyl, (8) -COR2a, and (9) -NR2aCOR2b,
wherein R2a, and R2b are independently selected from
the group consisting of (a) hydrogen, and (b)
[0013f ubst i %ﬁ"&aﬁ&h@f MBS SRS [ RuBbtuted orRhsiibstdrled deteahydropyran
romthe group consisting of (1) hydrogen, (2) cyan(i), .
or substtufdidt 1@, undubstiaéd gemahydBIp s aisoxy.udbereaparticular still, Rq s
unsubstituted alkyl, (6) substituted and
unsubstiitsitdass-tetuahgdropykanWexy- (7) substituted and
unsubstituted al kynyl, (8) substituted and
unsubstituted aryl,..(9 u id u [ abstituted
[0014fhet er o&F‘;ﬂn,Oﬁ‘e(fﬁ%i’ogﬁfég‘%ti tfl 4eak 'y %"q’ﬂ%‘?&g SR BENI: 18

uted an stituted
het er ocyclyl oStk tetipdiabel, URgubgdbbytard comprises 4-
tetrahé(%pé’ﬁi‘i\{y#‘,y a (T%gel-pcmslg, '
tetrahydropyranyloxy.

[0015] Tn another embodiment, R, is substituted or unsubstituted tetrahydrofuran
or substituted or unsubstituted tetrahydrofuranyloxy. More particutar still, R; is

unsubstituted 3-tetrahydrofuranyloxy.

[0016] Tn another embodiment embodiment, R, comprises substituted or
unsubstituted tetrahydrofuran. In another embodiment thereof, tetrahydrofuran comprises

3-tetrahydrofuranyloxy.

[0017] In another embodiment, R; is selected from the group consisting
1) hydrogen,
(2) cyano,
(3)  hydroxy,
(C)) halogen,
(&) amino,
©) methyl, and
¢)) trifluoromethyl.

[0018] In another embodiment, R, is hydrogen or halogen. In a more particular

embodiment, R is hydrogen.

[0019] In another embodiment, R; is selected from the group consisting of
(1) cyano,
2) nitro,



(13) -NR3aR3b, (14) -NR3aCOR3b, (15) -NR3aSO2R3b
(16) -OR3a, -10 WD 2007/084786 PCT/ US2007/001708 (17)
WO 3R3a84768) - SOR3a, (19) -SM2R3a, and (20) PCT/US2007/001708

- SO2NR3aR3b, wherein R3a, and R3b are independently

sel ected fromthe group consisting of (a) hydrogen,

(b) substituted or unsubstituted al kyl, (c)

substituted and unsubstituted aryl, (d) substituted

and unsubstituted heteroaryl, (e) substituted and
unsubstituted heterocyclyl, and (f) substituted and
E%Ubs%hk>E§d cycloalkyl; R4 is selected fromthe

up consisting of (1) hydrogen, and (2) hal ogen;
@@ R5 pyaroxgl ect ed fromthe group consisting of (1)
substituted and unsubstituted cycloal kyl, (2)
siipst i tamige, add unsubstituted heterocycl yI (3)
substituted a nsubstituted aryl, and (4)
sdﬁbtlﬁHﬂéﬂ“%ﬂ%mansubstituted heteroaryl. In another
enbodi nent of Forrmula Il, R2 is selected fromthe 4 LR
roup [ imbdt) RS eegestomed)yl cCnanmther (e)bodiment, R3
[OomﬂydroxégﬂE'g&&gﬁgﬁgnn *% Ighalogen, and (6) substituted ‘
is cyfod unsubstituted C1_3 aIkyI I n anot her enbodi nent of

Formula Il, R3 is selected fromthe group consisting
(002 10]f - 11Anvghg:ro Oeﬁl?c?d?;%gt F:)Cfrr{hUS%r?\%gugg 1;7>r%§ndes a compound having
Formula II:

\“/ > R,
N. = % l X\Rs
R4 NYN
)
O
II

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein,
W is CR,, or N, wherein Ry, is selected from the group consisting of

€)) hydrogen,

(2) - cyano,

3) halogen,

@) methyl,

€)) trifluoromethyl, and

6) sulfonamido;

X is O, S, NH, or a direct bond;

R, is selected from the group consisting

49) hydrogen,



(1) hydrogen, (2) cyan, (3) thio, (4) halogen, (5)

nitro, (6) substituted and unsubstituted al kyl, (7)

W@ 3847866 ed and unsubstituted al kenyl, (8) PCT/US2007/001708
substituted and unsubstituted al kynyl, (9) -OR3a,

(10) -NR3aR3b, (11) -COR3a, and (12) -NR3aCOR3b,

wherein R3a, and Rib are independently selected from

the group consisting of (a) hydrogen, and (b)

substituted or unsubstituted al kyl. [0022] In another

enbodi mnent of Forrmula Il, R3 is trifluoronethyl. In

appt heryq,gqrbodi ment, Wis CH In another enbodiment,
is H [0023] In another enbodinent of Fornula |1,

Rp3) s sekgcted fromthe group consisting of (1)

substituted or unsubstituted norpholinyl, (2)

s@bst i thalaggnor unsubstituted tetrahydropyranyl, and

(3% substituted or unsubstituted tetrahydropyranyl.

[ € 24]1Dﬁ“85h0re particul ar enbodi ment thereof, R5 is
N- i nked .morpholinyl; nore particular still, Xis a
dﬁﬁtct ??ﬁ@i I n anot her nore particul ar enbodi nent, R5
| g7y 4 t Gt AR neMsteBEEyhar ticul ar still, Xis
@] ?n anot her enbodi ment, R5 is 3-tetrahydrotranyl;

$ paigORy @d still, X is O -12 WO 2007/084786
PCT/ US2007/ 001708 [0025] In another enbodi nent, Wis

N.(9Yn a-NMRn€ORKawt i cul ar enmbodi ment thereof, R3 is =0.
r [0026]_ Anot

RS R R S R B e RS goug e o o
(a) hydrogen, and
(b) substituted or unsubstituted alkyl;
R; is selected from the group consisting of
) hydrogen,
2) cyano,
3 nitro,
4 halogen,
&) substituted and unsubstituted alkyl,
6) substituted and unsubstituted alkenyl,
@ substituted and unsubstituted alkynyl,
(8) substituted and unsubstituted aryl,
)] substituted and unsubstituted heteroaryl,
(10)  substituted and unsubstituted heterocyclyl,
(11)  substituted and unsubstituted cycloalkyl,
(12) -CORasa,
(13)  -NRzaRsp,
(14) -NR3.CORsp,
(15)  -NR3.S02Rsp,
(16) -ORa,
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RANINY CNJ O IIl or a stereoisomer, tautoner, or
pharmaceutical |y acceptabl e salt thereof, mherein’ W

WO 2000884786 or N, wherein RWis selected fron1thbcgU§upwmnﬂm
consisting of (1) hydrogen, (2) cyano, (3) halogen
(4) methyl, (5) trifluoronmethyl, and (6) sulfonanidb'
R2 is selected fromthe group consisting (1) ’
hydrogen, (2) cyano, (3) nitro, (4) halogen, (5)
hydroxy, (6) anino, (7) substituted and unsubstituted
al kyl, -13 WD 2007/084786 PCT/ US2007/001708 (8)

- a, c@nhd (9) -NR2aCOR2b, wherein R2a, and R2b are
|ﬁ§§gen etftly selected fromthe group consisting of
(ﬁ?)hydg@ggg, and (b) substituted or unsubstituted
alkyl; R3'I's selected fromthe group consisting of
(9hydsogry), arid?2) cyano, (3) nitro, (4) halogen, (5)
substituted and unsubstituted al kyl, (6) substituted
af@D)unsGaNReded al kenyl ,

wherein Rs,, and Ray, are independently selected from the group consisting of
(2) hydrogen,

®) substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,

(@ substituted and unsubstituted heteroaryl,

(e) substituted and unsubstituted heterocyclyl, and
® substituted and unsubstituted cycloalkyl; -
R, is selected from the group consisting of

1) hydrogen, and

2) halogen; and

Rs is selected from the group ponsisting of

1) substituted and unsubstituted cycloaltkyl,

2) substituted and unsubstituted heterocyelyl,

3) substituted and unsubstituted aryl, and

)] substituted and unsubstituted heteroaryl.

In another embodiment of Formula II, R; is selected from the group consisting of
§)) hydrogen,

2) cyano,

(3)  hydroxy,

(€)) amino,

%) halogen, and

6) substituted and unsubstituted C,_z alkyl.

In another embodiment of Formula II, R is selected from the group consisting of
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(7) substituted and unsubstituted al kynyl, (8)
substituted and unsubstituted aryl, (9) substituted
wapa7useebsti t uted heteroaryl, (10) substit utPdI/asm07/001708
unsubstituted heterocyclyl, (11) substituted and
unsubstituted cycloal kyl, (12) -COR3a, (13) -NR3aR3b,
(14) -NR3aCOR3b, (15) -NR3aSO2R3b, (16) -OR3a, (17)
-SR3a, (18) -SOR3a, (19) -SM2R3a, and (20)
- SO2NR3. R3b, wherein R3a, and Ri b are independently
sel ected fromthe group consisting of (a) hydrogen,
-&g % g5984786 PCT/ US2007/ 001708 (b) substituted
unsu tuted al kyl, (c) substituted and
gﬁubsg &H;ed aryl , (d) substituted and unsubstituted
heteroaryl, (e) substltuted and unsubstituted
hggeroﬂycjyl and (f) substituted and unsubstituted
cycl oal kyl ; R4 is selected fromthe group consi sting
of4) (1)palegénogen, and (2) hal ogen; and R6 is sel ected
fron1the(group consi sting of (1) hydrogen, (2)
(Pst i ¥FSd and unsubstitut ed al kyl, and (3)

SIBS! ! tbatuRAGHRRURSk I alkyLy ] oal kyl . [0027] In

her ment of Formula - 111, R2 is sel ected
f g@jﬂ t hebgHtatia andansitsstinrtgd @kenjly dr ogen, (2) cyano,
(3)" hydroxy,

(8) substituted and unsubstituted alkynyl,

(®)  -ORsa,

(10)  -NR3aRsp,

(11) -CORsg, and

(12) -NR3,CORap,

wherein Ra,, and Rap are independently selected from the group consisting of
(a) hydrogen, and

(b) substituted or unsubstituted alkyl.

[0022] In another embodiment of Formula II, R is trifluoromethyl. In another

embodiment, W is CH. In another embodiment, R, is H.

[0023] In another embodiment of Formula II, Rs is selected from the group
consisting of

M substituted or unsubstituted morpholinyl,

2) substituted or unsubstituted tetrahydropyranyl, and

3 substituted or unsubstituted tetrahydrofuranyl.

[0024] In a more particular embodiment thereof, Rs is N-linked morpholinyl;
more particular still, X is a direct link. In another more particular embodiment, Rs is
4-tetrahydropyranyl; more particular still, X is O. In another embodiment, Rs 1s

3-tetrahydrofuranyl; more particular still, X is O.
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(4) hal ogen, (5) amno, (6) nethyl, and (7)
trifluoronethyl. [0028] In another enbodi nent of
wo-ooomoB€r8d 1 |, R3 is selected fromthe group CcPEBEUS100TIOP1708

of (1) cyano, (2) nitro, (3) halogen, (4) hydroxy,

-15 WD 2007/ 084786 PCT/ US2007/001708 (5) am no, and

(6) trifluoronethyl. [0029] In another enbodi nent of

Formula 111, R6 is selected fromthe group consisting

(1) hydrogen, (2) nethyl, and (3) ethyl. [0030]

Anot her embodi ment provides a method for inhibiting
[0025@“03 Phes ¥hthbLEBBbdintisk, WiisaN urony patituiat esbbdisent thereof,

onprising admnistering to a human or ani mal subj ect

R, is 80, ef fective amount of a conpound of any one of the

enbodi nents provided herein. [0031] Another

enbodi nent provi des a conposifion, conpr.i,sing a :
[0026har nmadEntheralempoduneit ab| Be VPR MAVISRS i TRPoSF d jhaving
conmpound of any one of the enbodi nents provided
FOﬂnthﬁiin effective to inhibit P13-K activity in a human

or animal subject when adm nistered thereto. In a

nore particul ar enhodirentyt hggeof, the  conposition

is effective to inhibi tPL3™X al pga agti vty in a

human or ani mal subj ect y wheh _addi ni ngﬁ t her et o.

[ 0032] Anot her enbodi nent r ovifdes | conposi tion,

conprising a pharnmaceuti d&d | ynagccaptabl e carrier, an

anount of a conpound of any one %f the enbodi nents

provided herein effective to inhmMit P13-K activity in

a human or animal subject whe ggiLnistered t heret o,

and at | east one additional ageaqt r the treatnent of

cancer. In a nore particul ar enb&li ment thereof, at

| east one additional agent foerhe treat ment of

cancer is vatalanib (PTK-787), Tmatinib or gefitinib.

Alternatively, the at |east one additional agent for

the. I LEeRLIRMer ObufoRGehr piarsabaticelly hisceptablesati thaef, wherein,
W is CR,, or NI, wherein Ry, is selected from the group consisting of
)] hydrogen,
(3] cyano,
3) halogen,
C)) methyl,
&) trifluoromethyl, and
6) sulfonamido;
R, is selected from the group consisting
1) hydrogen,
(2) cyano,
3) nitro,
C)) halogen,
) hydroxy,
6) amino,

@) substituted and unsubstituted alkyl,
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inhibitors, anti-estrogens, anti-androgens, other

i nhi bitors, cancer chenotherapeutic drugs, alkylating
wa@o@nsi7s€hel ati ng agents, bi ol ogi cal responsePCT/US2007/001708

nodi fiers, cancer vaccines, or antisense therapies

(groups A-J) listed below. Further, the at |east one

addi ti onal agent -16 WO 2007/084786 PCT/ US2007/001708

for the treatnment of cancer is selected from

radi ati on, nucl eosi de anal ogues, or antimtotic

agents. [0033] Another enbodi nent provides a nethod

f treatinng condition by nodulation of P13-K

ag%)i Vi t’@bgaﬁpaﬁ?si ng adm ni stering to a human or ani mal

sw ectnry,coegd of such treatnent an effective anount

ol ‘a conpound of any one of the enbodinents provjﬁed £
hefeiein R,{) and Reg ercpadepiendentty ssheséesd emthe BHEPCEISSHRE ©
has an |1C50 value of less than about 1 Mwth respect
t @i nhilydrdgsh, @1 P13K. In another nore particul ar

enbodi mept, the condit.iqQn,i ancer. [0034] Anot her
erBbdi ﬁéﬁf‘ltﬁﬁeg\ﬂf 88%‘9D§¥1!tn"§?(}18%yg’or i nhi biting P13-K
Vi Ly i@l ofsubj ect, conpri sing
is sel %tﬁ&] ﬁl%n% igllé{%@uﬁ’ﬁo&'i‘éti& 0

S e human or ani mal subject a
cctqposiﬁ}i(g@géﬁonpri sing an anount of a conpound of any
one’ of the enbodi nents provi ded herein effective to
| nf2h bi teydhd; K activity the human or ani mal subject.
[ 0035] Anot her enbodi ment provides a method for
t r@at i ngt®, cancer disorder in a human or ani nal
subj ect, conprising admnistering to the hunman or
ant¥al g%}BF%Et a conposition conprising an amount of
nmpo Qe bSitutddaateyibodi ments  provi ded
herei n gl&gtelg{t?ve t‘g&i%nhi bi t é?%l?K activity the human
or (@Ni MekbsEitip@aid ursubstimtedolkenydul ar enbodi nent
further conprises adm nistering to the human or ani nal
subj)ect saltstitjtediand vrsbsdated gk¥Ylagent for the
treatment of canc In.ano({ he! enbodi nent, the at

r_
| ef®t  Gwestifiyed and HAFUPSERIE #%8F the treat nent of

cancer is t.al anj ' j 08 fitinib.

Al Eér naFP@%‘?@thflﬁ%Bg?dqgggdg%ﬁ g%tglroa di ti onal agent for
thﬁl(%)r ealh&itie@hiné AN6RstinBes Bbteaicgelyl,r om the ki nase
inhibitors, anti-estrogens, anti-androgens, other

i nhi P t eubstiterdasd unsitetibithécygedlkyls drugs, al kyl ating
agent's, chel ating agents, biological response

nodi2) er-€ORsancer vacci nes, or antisense therapies
(groups A-J) listed below. [0036] In another

e 3@33bany of the aforenentioned, the cancer is
br east C bl adder cancer, colon cancer, glioma,
al @%? ast ébﬁ&%g cancer, hepatocellular cancer,
gas(tlgj C Sa0ceO,RHAE! anomm, thyroid cancer, endonetrial
cancer, renal cancer, -17 W 2007/084786

PCI16520@R Q01708 cervical cancer, pancreatic cancer,
esophageal cancer, prostate cancer, brain cancer, or
ova(li’an ddheer .

(1 8) ‘SORBa>

a
a

(19) -SO;R3,, and
(20)  -SO2NR3.R3p,
wherein Rj;, and Rj;, are independently selected from the group consisting of

(a) hydrogen,
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[ 0037] Anot her enbodi nent provides a nmethod for

nmodul ati ng phosphoryl ati on of Akt conprising
w@onvagt’Bhg a conmpound of any one of the enbodP@EOER07/001708

described herein with a cell. Another enbodi nment

provides a nethod for nodul ati ng phosphorylation of

Akt conprising contacting a cell with a conpound of

any one of the enbodi nents described herein. In a

nore particul ar enbodi ment thereof, said nodul ation

is inhibiting. In a nore particular enbodi nent, the

Wougﬁbéﬁﬁﬁe@er%@w@kéﬁmﬁ,l ess than about 1 M
h

respect to inhibition of pAKT. In a nore
pant | CehBdiiteeiend oratbstisitéd drylt he conpound has an EC50
val'ue of |ess than about 0.5 Mw th respect to
i (d)i bi tsirostituted apAMmsubstituer BeieiP2REr e parti cul ar

enbodi ment, the co und h an E |l ue of |ess

t kan alsybstitpted aR‘/ﬂ\}WnF SF‘&%@?tefogy%gi%lﬂti on of pAKT.

[ 0038] ot.her. e [ bags1:a conpound of any
0 8 of g“@ﬁ%@ﬂﬁ%%%?%Eﬁggggg#bed§ﬁerein for use in

t . ﬁgnpﬁlgﬁgﬁﬁeondgmﬁgﬂf Anot her enbodi nent
p?%@%é@g&¥§r theeuse of a conpound of any one of the
enbpdi neytsgedeand i bed herein in the manufacture of a
medi canent for the treatnent for cancer. [0040]

Ar@) herhadogasdanent provi des a nmet hod of nodul ati ng
phosphoryl atjon _of Akt coenpristing contacting a
ccﬁm@&ﬁ]&"@aﬁ%%%&gﬂfoﬁlsﬁé\}gﬁ%&on with acell. In a
no parti ar enbodi nent thereof, the conpound has
aﬁﬁgcsdgv%P%%Lof | ess than about 1 M with respect to
i f“@gi)bi t L ifkedMEunsubSthtell aloylt fiet  enbodi nent

provi des a conpound of any one_ of the enbodi nents
de@yr i besbstiared and mibstipteskagloallder t or ot her

| abeling including directions for treating a cellular

proliferative disease by adm nisferin P13- ou
[0027hhi bi t & ypogthst Fm “PE‘gt °g ﬁﬁ%‘h‘{ﬁ‘dm’-%%q\?ékgec%f‘/ S g o

PCT/ US2007/ 001708 [0042] The invention further
consi5HBgi des conpositions, kits, nethods of use, and

mejRods ufacture as described in the detailed

de’?@ri pth?grno@g?’ the invention. BRI EF DESCRI PTION OF THE

NGZyha)43] The foregoi ng aspects and many of the

attendant advantages of this invention will becone

nmo(® r edgdioryappreci ated as the sane becone better

under st ood bx reference to the follow ng detail ed

deé®) i pthaREPwhen taken in conjunction with the

ac anyi.ng drawi ngs, wherein: FIGURE 1 is a graph
ill%gﬂPra%?l%g’tunDr growm h inhibition for a
rngfseqhahyM@ndconpound of the invention at two
dosages conpared to a control vehicle; FIGURE 2 is a
gr gph. itriflustana¢thylg t unor growth inhibition for a
representative

[0028] In another embodiment of Formula II, Rs is selected from the group
consisting of

(1)  cyano,

2 nitro,

3) halogen,

(4)  hydroxy,
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conmpound of the invention at three dosages conpared to
a control vehicle; FIGURE 3 is a graph illustrating
W0 aovss84g8oOwt h i nhibition for a representati ve PCDIRIOTICN1708

of the invention at two dosages conpared to a control

vehicle; FIGURE 4 is a graph illustrating tunor growh

inhibition for a representative conmpound of the

i nvention at two dosages conpared to a control

vehicle; and FIGURE 5 is a graph illustrating tunor

growh inhibition for a representative conpound of

t[)@ i n\égmlj)oghdcorrpar ed to a control vehicle. DETAILED
CRI PTI'ON OF THE PREFERRED EMBODI MENT [ 0044]

Pl@s phatifidytdniaiilt ol - 3- ki nase (P13K) nediates the

signal fromvarious growth factors to regulate cell

proliferation and survival.

A Serine/Thteoqni th
(0029 Sor / THn. ansithersembogimsing (4 RHaLa 1Ll gty Sappicd; fom the group
ddentified as a dowmnstreamtarget of Pl 3-kinase. This
consigif ei n kinase is recruited to the cell menbrane by
i nteracti its pleckstrin honology domain with
Prll%k pr c?’d%g%‘g phosphati dylinositol-3,4,5-tri phosphate
(Bth) , mefif], #dosphat i dyl i nosi tol -3, 4- bi phosphat e
(PIP2), whére it is activated by phosphoryl ati on of
i t@)catethyli c domai n by 3-Phosphoi nositide-dependent
Ki nase-1 (PDK-1). Akt is further activated by
hosphoryl ation of . a serine in._i 1. hosphorylation of
(0030l dr ophABPEHSPTROdR RSP HEFS el o Gl te ghosphory
PCT/ US2007/ O cGoBsthHdife Kihimserit g Ra Biumatve animal subject
Aktig g %ﬁ%ﬁarg%]&g?mg%f %@x\?\gﬁs reamto rggul ate _
an eff vk aRAINt okh B8S@sun@EYardf onstufthe am_bodixqmritszmoydiﬁa’dﬁlef em.
cellul'ar processes that control survival,
proliferation, netabolismand growh translation. Fr>r:1l3r1 ‘n a
[003CRN al soudithare cwitiodinaentpr PEREdRSs 3 hLLIIRSROR.  ©° pHSINg
transformation, cellular proliferation, t f the
pharmageyticalj¥nmosepiahly <Ipgl 93¢ 20 ﬂ?%‘ﬂ’gh"fga par 0@{5 %th way.
that does not.involy PY3-Rt a@lvity Mk hublew. or animal
embgllgbentq)pgoc‘{lc?% b%@%gfi‘éwfo%s; ; WO of 't hege pat hways o
are actiyation.0f heemah! a Ghre hjapdémer potogiment thereof, the
Sub]?ﬁc@%}én%&ﬁggf}eand activation of the serum and ) ,
com%gaﬁ% Qt tdFfRiite tb NahiBItPB-Ki aiplse a¢tBGK) in @dewnam 9 animal subject
cl, which regul ate cytoskel etal novenent and cell
wheftidinisteraxhtheedo. f uncti on as oncogenes when
over - expressed, are also |linked to the RAS pathway.
Thus, P13K activit ener at .z phosp, 'gg{-&&osicbﬁ rising a
[0032]pj ds tHRPtIGEL %}gg%cgnﬁgéalper%‘éﬁﬁ? t% s%iﬂl ate a P
di versi f st LLAR SiRAlouRg d¥ak hewysound0B45ny one of the
phaﬁ%ﬁeuflﬁ%@e%ﬁggﬂxmgys i mpact cellular properties ,
emBIaRhbAE bR MM affctive notiHibit PIAK agtivithan Gglumpmor animal
are often disrupted in cancer, proliferatijve
subfdics a@se administeredriieréte, aidsetdses oan @dpiramalragat Jpr the treatment of
anong ot hers, suggests fhat ¢o unds_ i nhi bi_t. 13t for th
can¢eandn iasBro6e PETH e?w‘y%a\%t ot gt east ghe'alihfinalagkht for the

singl e.agent .or in G Rabé-aNn: ina - MAMorefively, the at
eSS o8 o R sl sty eMeriivey, i <

Pl 3 i Vi Sor X @RaING Yol egnuee Niseskledtad | fucknthe kinase
leaséV%%%pggg%g\r@o? t he Pl K3CA gene, activating )
inhibitors, anti-estrogens, anti-androgens, other inhibitors, cancer chemotherapeutic

drugs, alkylating agents, chelating agents, biological response modifiers, cancer vaccines,

or antisense therapies (groups A-J) listed below. Further, the at least one additional agent
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mut ati ons of the PIK3CA gene, overexpression of Akt,
mut ati ons of PDK-1, and deletions/inactivation of
WEOTHER0§4786 sons et al ., Nature 436: 792 (2005); PENOENEY001708

et al., Nat. Rev. Drug Disc. 4:988 (2005); Stephens

et al., Curr. Opin. Pharmacol. 5:1 (2005); Bonneau

and Longy, Human Mutation 16:109 (2000) and Ali et

al., J. Natl. Can. Inst. 91:1922 (1999)). Recent

findings indicate that PIK3CA is frequently nutated

(>30% in various solid tunors in humans (Sanuels and

i cson, QUrr . NkibotddRsth @abiatidhi, AcleO@A08 Bhilognes, bhentimitotic

forth‘?%g%qm%fme%uent ero1 these nutations pronote cell growth
agentsand i nvasion (Sanuels et al., Cancer Cell 7:561

(2005), and are transforming (Kang et al., Proc. Natl.

Acad. Sci. USA 102:802 (2005), Zha t .al Pr oc. "
[0033Nat | . AcadherSembodBpentoproyaies32 ?‘Et%ﬁg) for {gpting @ condition by

I nhibitors of PLl3K, particul arl Ne LRrdan! orGRimal subject in
modulaion B GaBATthortas s 5 ) e G plmlen!or himal sub

PCT/ US2007/ 0017 KRCA3REN oF AUbcthpOitsl ofi hiy ime of the
need Lﬂgerfs'ﬁﬁ i(%heafrﬂeergtt (rggafﬁf!ént_ of 'cancers dri ven by these
embollth@lis BRSviaas neRiR I tnid28 parti 04 EIMBdEmenEgbatcompound has an

I'nvention provides novel conpounds that act_as h
ICso VA1l BE 1636 thaxf abswr | pd/ fifreraspens tRiipRibeion of PI3K. In another more

ki nases, and, nore particularly, as inhibitors of
partiquirspitedimyht, fes¢aneiticn RCAYEE (P13K) function. The

conmpounds provi ded herein can be fornulated into

har maceut . cal f rrﬂgé LAASs b b forisBibiing PI3-K activity in a
(0034} eat i ng'"B t° gﬂ’tbso%}l/vl t(’jﬂz;lrb_gineseé for an inhi bi tgor of _

. humdrL gt ﬁ%ﬁe&ib?éét,}’ cothPrifiag taddaiihigteridghodihesntean o animal subject a
provi de conpositions and nethods for reducing .
compition asmpfisingf &1 aim@mt arfda icovwennd rf @y (ongedf g fmbodiments

t he treatnent of _canc;er.ﬂ%OOM,l I n_one aspect .of terég
rovitlederdin effoetine torinhibi P13 o apvty the MR O S92l SRS E
p GINNG :

(P13K) inhibitor conmpounds, their pharmaceutically

accept abl e _sal t nd pra &8 8 tr SRR Qceledisorder in a
[003The P13M%Wﬁftﬂl?s%?ﬁ%‘gﬂg%fﬁ%éggr’%&gyr Fdr}n dine-based

CIRoun 06 R¥EipHsHicngisRiRaids tHhhiman eitt argadal pubject a
hmn%‘&crggpat"gg‘?reS%%Pcte[é, a dsprgcn)dr ugs are P13K inhibitors _
comABGidh @ouiafsitle afl dfeuitr efibi egnmeinkdudfenprasld péthg jembodiments

I seases. [0048] In one enbodi nent, the .1 subject. A more
providedSdein effédtive b tiohib3- KB ria seti{ipl Bie) hyrpsp BF ppfmal subject. A m

pmimggﬁiiugéqtﬁp&gﬁﬂﬁs%% gx\ix?iftteplrexg ftc? {hrgjlluﬁngﬂ 2)f atialil subject at

least one additional agent for the treatment of cancer. In another embodiment, the at least
one additional agent for the treatment of cancer is vatalanib, imatinib or gefitinib.
Alternatively, the at least one additional agent for the treatment of cancer is selected from
the kinase inhibitors, anti-estrogens, anti-androgens, other inhibitors, cancer
chemotherapeutic drugs, | alkylating agents, chelating agents, biological response

modifiers, cancer vaccines, or antisense therapies (groups A-J) listed below.

[0036] In another embodiment of any of the aforementioned, the cancer is breast
cancer, bladder cancer, colon cancer, glioma, glioblastoma, lung cancer, hepatocellular

cancer, gastric cancer, melanoma, thyroid cancer, endometrial cancer, renal cancer,
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g%) | or a srﬁreoisoner, taut omer, or
pharmaceutical |y acceptable salt thereof, wherein
WO 20008%¥78¢ N, wherein RWis selected fromthe g@ﬂubzooy/\(l)onos
consi sting of (1) hydrogen, (2) cyano, -21 WO
2007/ 084786 PCT/ US2007/001708 (3) hal ogen, (4)
methyl, (5) trifluoromethyl, and (6) sulfbnanidO' R1
is selected fromthe group-consisting of (1) ’
hydrogen, (2) cyano, (3) nitro, (4) halogen, (5)
substltuted and unsubstituted al kyl, (6) subétituted
cervma axbl{:gf %%H %I.H& %Qn@érk %Mh;a ed] QanSétb ptdstate eenaard brain cancer, or

unsubstituted al kyny (8) substituted and
ovaridiSHbst i t ut ed aryl (9) substituted and unsubstituted
heteroaryl, (10) substltuted and unsubstituted

het erocycl yl 11 b
[0037¢ycl oalgc}dtl?ller e(ml(zgdlzr@(sygyggvllt %E;se (rjne%?%;\)gns uBst lili.gmé %%osphorylatlon
CONR1
of Aktmr%%;itrgb gont t?@ N&%@Eﬂ}gﬂ o€ %83}’ ongqlﬁm&bodﬁrﬂeé}ls described

(20) -
heren'g \x}lth Rlay  Affer SBBBmefNOprovides a method for modulating

phosphorylation of Akt comprising contacting a cell with a compound of any one of the
embodiments described herein. In a more particular embodiment thereof, said modulation
is inhibiting. In a more particular embodiment, the compound has an ECso value of less
than about 1 pM with respect to inhibition of pAKT. In a more particular embodiment
still, the compound has an ECso value of less than about 0.5 pM with respect to inhibition
of pAKT. In an even more particular embodiment, the compound has an ECsp value of

less than about 0.1 pM with respect to inhibition of pAKT.

[0038] Another embodiment provides a compound of aﬁy one of the embodiments

described herein for use in the treatment of cancer.

[0039] Another embodiment provides for the use of a compound of any one of the
embodiments described herein in the manufacture of 2 medicament for the treatment for
cancer.

(0040} Another embodiment provides a method of modulating phosphorylation of
Akt comprising contacting a compound of the present invention with a cell. In a more
particular embodiment thereof, the compound has an ECsg value of less than about 1 pM

with respect to inhibition of pAKT.

[0041] Another embodiment provides a compound of any one of the embodiments
described herein, and a package insert or other labeling including directions for treating a
cellular proliferative disease by administering a PI3-K inhibitory amount of the

compound.
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(23) -SM2NRlaRlb, -22 WO 2007/084786 PCT/ US2007/001708
wherein Ria, and Rib are independently selected from

wo b@798408@ consisting of (a) hydrogen, (b) subST/USHB1708
or unsubstituted alkyl, (c) substituted and
unsubstituted aryl, (d) substituted and unsubstituted
heteroaryl, (e) substituted and unsubstituted
het erocyclyl, and (f) substituted and unsubstituted
cycloal kyl; R2 is selected fromthe group consisting
(1) hydrogen, (2) cyano, (3) nitro, (4) hal ogen,

(5) hyd .6 ' it
[0048]nt upgt Fig PPk R0 gy AR D 18 sthods ot wse, and
methMEs Al AmBeauredith B ia thodenaed asichiptise be tetidvéntiom

e group consisting of (a) hydrogen, and (b)
substituted or unsubstituted alkyl; R3 is selected

fromthe group consisting of 1) hydrogen 2) cya

(3) nitro, (4;3R55F®@c,1g@§§1@\26§t1 ISRAgImIGE Y

unsubstituted al kyl, 6 ubstit d d -
[0043Ihsubst Wbﬁt@ﬂsgﬂlkggﬁﬁl’?és 2‘“?; g‘ﬂﬂ%tﬁy ﬁfeeagg?i%fmt advantages of this

el RS o 0484 e s o
referBldd to (29 S1RRingt BtafefMdsiistiths twhen ekchelecomuydtion with the
accompanying drawings, wherein: -

FIGURE 1 is a graph illustrating tumor growth inhibition for a representative
compound of the invention at two dosages compared toa control vehicle;

FIGURE 2 is a graph illustrating tumor growth inhibition for a representative
compound of the invention at three dosages compared to a control vehicle;

FIGURE 3 is a graph illustrating tumor grox'zvth inhibition for a representative
compound of the invention at two dosages compared to a control vehicle;

FIGURE 4 is a graph illustréting tumor growth inhibition for a representative
compound of the invention at two dosages compared to a control vehicle; and

FIGURE 5 is a graph illustrating tumor growth inhibition for a representative

compound of the invention compared to a control vehicle.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0044] Phosphotidylinositol-3-kinase (PI3K) mediates the signal from various
growth factors to regulate cell proliferation and survival. A Serine/Threonine (Ser/Thr, or
S/T) protein kinase, termed Akt, is identified as a downstream target of PI 3-kinase. This
protein kinase is recruited to the cell membrane by interaction of its pleckstrin homology
domain with PI3K products, phosphatidylinositol-3,4,5-triphosphate (PIP;3), and
phosphatidylinositol-3,4-biphosphate (PIPz), where it is activated by phosphorylation of
its catalytic domain by 3-Phosphoinositide-dependent Kinase-1 (PDK-1). Akt is further

activated by phosphorylation of a serine in its C-terminal hydrophobic motif by another
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(10) substituted and unsubstituted heterocyclyl, (11)
substituted and unsubstituted cycloal kyl, (12)

w0 30R08478¢ 13) NR3aR3b, (14) NR3aCOR3b, (15) PCT/US2007/001708
- NR3aSO2R3b, (16) -OR3a, (17) -SR3a, (18) -SOR3a,
(19) -SX@2R3a, and (20) - SO2NR3aR3b, wherein R3a, and
R3b are independently selected fromthe group
consisting of (a) hydrogen, (b) substituted or
unsubstituted al kyl, (c) substituted and
unsubstituted aryl, (d) substituted and unsubstituted

candnH 3?8%{%/ @I& %é Sﬁ?s tit\/%%g ?9?31% gg@ RNt do regulate additional

and unsubsti tut ed

kinasgy Crlng.\"i'}r Kyt wlﬁ@ﬁj ax541 iciRlieqi eeihr@npilodessgs atig control survival,
consisting of (1) hydrogen, and (2) 'halogen. [0049]

prolifddtdn, &ﬁ@t&ﬁ’ol@m ﬁﬂd@fdvﬂh&raﬂsﬂlaﬁbmt PE3 can alsesdiben $allwlarprocesses
aryIaIkyI substituted or unsubstituted

that 1|nqiaet tran&;tbahktydn celliger prolifaration. cytpskeletal rearegeement and survival

thro c%gg{a}%l al kyl, It%r subst I‘%}‘l’J‘tbl?{g @ﬁbégﬁsubstl tvéleqvaé_lRev Drug
Disc, ﬁ&%ﬁ%%@%ﬁ)z tafva{c;\}/f L&%Q: ﬁ?e{tg\gl7g 8re I;'olgt@v'aajéﬂonl Of the small GTP-

re particular
bmdﬁm:%ggit%gt Ch@@! el Rad13 ah§ aBivhAORJf thie ea@@m and glucocorticoid-
nment is selected fromthe group consisting
indubible kibass QSSKL)t uCéct2amdl RasLbehichutegdlaid kyqoske(lg}il movement and

substituted and unsubstltuted aryl titu q
cell aedilitn snb san funePns FICeEs ?V%fﬁzﬁf  i° g linked to the

RASHE%E%;;: : ed ﬁj{g@%ﬁé@g%erates( @—pﬁ&kﬂﬁl&ﬁ&ﬁhﬁgn@pﬂplds that act as a
nodal point to stimulate a diversity of downstream signaling pathways.

[0045] That these pathways impact cellular properties proliferation, survival,
motility and morphology that are often disrupted in cancer, proliferative diseases,.
thrombotic diseases and inflamniation, among others, suggests that compounds inhibiting
PI3K (and isoforms thereof) have utility, either as a single agent or in combination, in the
treatment of these diseases. In cancer, deregulation of the PI3K/Akt pathway is
extensively documented, including overexpression of the PIK3CA gene, activating
mutations of the PIK3CA gene, overexpression of Akt, mutations of PDK-1, and
deletions/inactivation of PTEN (Parsons et al., Nature 436:792 (2005); Hennessy et al.,
Nat. Rev. Drug Disc. 4:988 (2005); Stephens et al., Curr. Opin. Pharmacol. 5:1 (2005);
Bonneau and Longy, Human Mutation 16:109 (2000) and Ali et al., J Natl. Can. Inst.
91:1922 (1999)). Re;cent findings indicate that PIK3CA is frequently mutated (>30%) in
various solid tumors in humans (Samuels and Ericson, Curr. Opin. Oncology 18:77
(2005)) and the most frequent of these mutations promote cell growth and invasion
(Samuels et al., Cancer Cell 7:561 (2005), and are transforming (Kang et al., Proc. Natl.
Acad. Sci. USA 102:802 (2005), Zhao et al., Proc. Natl. Acad. Sci. USA 102:18443
(2005)).  Thus, inhibitors of PI3K, particularly of the p110a isoform encoded by
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(6) -ORla, and (7) -NRlaR b, wherein Rla and RIb are
i ndependently selected fromthe group consisting of

w@ 2007984786 i t ut ed and unsubstituted heteroaryl , PErusion)/001708
substituted and unsubstituted heterocyclyl. [0053] In
anot her enbodiment R is substituted or unsubstituted
heterocyclyl, or substituted or unsubstituted

-0-heterocyclyl. In another enbodinent, Rl is
substituted or wunsubstituted norpholinyl; nore
particular still, Rl is unsubstituted N-Iinked

r 054l B usiit hetheerbagicne ot cafkters siriven by these
PIK3§% tsl Méa%érgunsubst |ut uted tetrahydropyran or

mutat%g%atdglte%qla@bnynsubst ituted tetrahydropyranyl oxy.
More particular still, R is unsubstituted bitors of
[00463-tetr Aecprepsyt anyénsion. prpwigss oYe coRavers dhal gt Ak bibitor

Rl is substituted or unsubstituted tet h fura ; £
serines thsroningt ddnases.urPihskeite F et FRES P u¥%ﬁ§ % tuhiBfiors o

o S oy TR

ment ,

ér?rjfﬁ% Ltidll 912G st iatdlueeful in treating patlents with a
1bnnﬁ%& HBé&%Py a * or sugstltuted or unsubsti tuted

need Nk €40 Q'hlﬂlﬁdok)/bf FIBKQ napedilibygi ive rparticilar @m’quilrg@rsts, to provide
substituted or unsubstituted norpholinyl. one i death in
compRBitiods aad tmethodspfos |r¢ang @@W, gggfeﬁpt}qrh mcreasmg ce
nmor pholinyl. In one enbodi nent, Rl conprises
theﬁg@b§¥¢9@?@ﬁﬁbr unsubsti tuted tetrahydropyran In one

erTbOd' Lets i i HohS 88w phdapN¥iidylinositol 3-kinase
[004§b07/08 g% ﬁﬁff%ggg%gﬁ%%l708 4otetrahydrgpyranyloxy

(PIBI%S1 OB gtRNds, tRiF nehamytiesllyc arepepislls salts, and prodrugs

tetrahydropyranyloxy In one enbodi nent, Rl d

thereo® AR ﬁﬁﬁﬁdeﬁu bEhé¢ PIRIE dnlobitomnearhgeundgtasel pynmldme-based compounds.
tetrahydrofuran. In one enbodi nent tetrg ydr of ur

The tpgrq:mdmes:omn@mdahgh'ﬁxg\amlgm]lb)@yceptgme SRS M Bmd%lrﬁs are PI3K
mhlhl'ﬁ)r%gpgj grgﬁggﬁﬁ ub t | t ut IBgch foluns%?%r%% §lesperi di ne.

rses

[004%3)'0' per i di 18’ ot 'p"%%%od e rﬁmﬁlehﬁﬁos%ﬁe@lmmhor Bl-lﬁﬁﬁs!ed(B‘IeK) inhibitor

nprls rperrdinyl oxy. I'n one enbodi ment,

comﬁglfmfs'o?f?ﬁe §NBstibt HARGhe formiNsUhst i tuted pyrr OI [ d| ne.
n one enbodi nent, pyrrolidine conprises

3-pyrrolidinyloxy. [0057] In one enbodlnént R2 is

sel ected fromthe groufeN LRg (1) hydrogen (2)
cyano, (3) hydroxy, (4) an en, (5)Ran1no

Y

N

.

I

|
Rs N N

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein,
W is CR,, or N, wherein Ry, is selected from the group consisting of

$)) hydrogen,

(2)  cyano,

21-



(6) nethyl, and (7) trifluoronmethyl. In one

enbodi nent, R3 is selected fromthe group consisting

wo@Roo708478€yano, (2) nitro, (3) halogen, (4) PgTUS2097/001708
(5) amno, and (6) trifluoromethyl. [0058] In one

enbodi nent, R3 is trifluoronethyl. In one enbodi nent,

R3 is cyano. [0059] In one enbodi nent, the

phosphati dyl i nositol 3-kinase (P13K) i nhibitor

conpounds of the invention have the fornula (11): -26

WO 2007/ 084786 PCT/ US2007/001708 H2NWR3 |1 R2 N |

5 NNCNO Il or a stereoisoner, tautoner, or
phg’sermcg%?gcal |y acceptable salt ther eof wherein, W
, wherein R is selected fromthe group

ﬁgRstl ng of (1) hydrogen, (2) cyano, (3) halogen,
( 4y5)ymet fifluorbMmpethiviidnduor omet hyl , and (6) sul fonami do;
Xis 0, S, NH or a direct bond; R2 is selected from
t h&s)gr os'pifmde;tl ng (1) hydrogen, (2) cyano, (3)
n %{rl is selected from the group consisting of

4y hydrogen,

(2)  cyano,

(3) nitro,

C)) halogen,

(5) substituted and unsubstituted alkyl,

(6) substituted and unsubstituted alkenyl,

(7) substituted and unsubstituted alkynyl,

(8) substituted and unsubstituted aryl,

©) substituted and unsubstituted heteroaryl,

(10) substituted and unsubstituted heterocyclyl,

(11)  substituted and unsubstituted cycloalkyl,

(12) -CORia,

(13) -CO2Ry,,

(149) -CONRi.Rjv,

(15) -NRiaRip,

(16) -NR;,CORyy,

(17)  -NRiaSO2R1p,

(18) -OCORj,,

(19) -ORu,

(20)  -SRia,

21) -SORia,

(22) -SO2Ry,, and

(23) -SO,NRizRib,
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(4) hal ogen, (5) hydroxy, (6) amno, (7) substituted
and unsubstituted alkyl, (8) -COR2a, and (9)

WO NRZaSXB2b, wherein Rea, and R2b are i ndependrait/Ug2007/001708
sel ected fromthe group consisting of (a) hydrogen,
and -27 WD 2007/084786 PCT/ US2007/ 001708 (b)
substituted or unsubstituted alkyl; R3 is sel ected
fromthe group consisting of (1) hydrogen, (2) cyano,
(3) nitro, (4) halogen, (5) substituted and
unsubstituted alkyl, (6) substituted and
unsubst it ut e oup consisting of
uneRBER é‘lﬂ’t egﬂf’ Eleg%}iep C“?Zg‘“ g%tﬁl %glgﬂgn% P 8

q?'bstﬁﬁﬂggglaryl (9) substltuted and unsubstituted
he eroarvyl (10) substituted and unsubstituted
Fr oC¥isituted drhihsulsutvsted talkydd and unsubstit ut ed
cyc oal kyl, (12) -COR3a, 13) -NR3aR3b, (14)
I\{IE’,BaC(Rﬁistltute(dl@d unqRBstEpER YL, (16) -OR3a, (17)
- SR3a, - SOR3a, 19 R3a and (20)
- JRNR3 B tqghadaisy E% %Q ‘ﬁgﬂykre i ndependent | y

é ghgglmfsf ﬁ.}te& D& @A’sﬁH%}B %rdsﬂe%érgg%lgl; fmd a) hydrogen,

ed or uns titute
(H substituted and unsubstituted cycloalkyl;

R, is selected from the group consisting

1) hydrogen,

(2)  cyano,

3) nitro,

4 halogen,

(5)  hydroxy,

(6) amino,

N substituted and unsubstituted alkyl,
(®) -COR2,, and

)] -NR2.COR2p,

wherein Ry,, and Ry, are independently selected from the group consisting of
(a) hydrogen, and

(b) substituted or unsubstituted alkyl;

Rj is selected from the group consisting of
(D hydrogen,

(2)  cyano,

3) nitro,

“4) halogen,

®)) substituted and unsubstituted alkyl,
(6) substituted and unsubstituted alkenyl,

(7N substituted and unsubstituted alkynyl,
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(c) substituted and unsubstituted aryl, (d)
substituted and unsubstituted heteroaryl, (e)

W@ 3847866 ed and unsubstituted heterocyclyl, arpdr/usf87/001708
WD 2007/ 084786 PCT/US2007/001708 (f) substituted and
unsubstituted cycloal kyl; R4 is selected fromthe
group consisting of (1) hydrogen, and (2) hal ogen;
and R5 is selected fromthe group consisting of (1)
substituted and unsubstituted cycloal kyl, (2)
substituted and unsubstituted heterocyclyl, (3)

L S Y 2 (9

ando L unsu S eteroaryl [0060] In

Rle"bg%s%ﬁ&d ax‘/&hx%su%tltu{emfeiéroéﬁmone embodi ment, W

In a nore particular enbodi nrent thereof, R3 is

—0(1OD 006l stihite® B exmnbstitedthetd@cydyk el ect ed from the

ar

hy@Irlox y substidted pidhuns

oup consisting of %1) hydrogen, (2) cyano, (3)
ubgEntddavslpacyland (6) substit ut ed

and unsubstituted Cl. 3 aIkyI [0063] In one

e

33 is selected fromthe group consisting

1%%%r§ﬁﬂ%%§ (2) cyano, (3) -SR3a (4) halogen,

substituted and unsubstit uted al kyl ,

E ubsiﬁgtégﬂi and unsubstituted al kenyl, (8)

stituted and unsubstltuted al kynyl , -29 WO

20@175{)084]7% $;Rk614)S2007/ 001708

[0049]

(16)  -ORas,,

(17)  -SRaa,

(18)  -SORg3,,

(19)  -SO2R3,, and

(20)  -SO>NRi3aR3p,

wherein Ra,, and Ray, are independently selected from the group consisting of
(a) hydrogen,

(b) substituted or unsubstituted alkyl,

(©) substituted and unsubstituted aryl,

(@ substituted and unsubstituted heteroaryl,

(e) substituted and unsubstituted heterocyclyl, and
§3) substituted and unsubstituted cycloalkyl; and
R4 is selected from the group consisting of

(D hydrogen, and

(2) halogen.

Substituted R; comprises substituted or unsubstituted arylalkyl, substituted

or unsubstituted heteroarylalkyl, substituted or unsubstituted cycloalkylalkyl, or

substituted or unsubstituted heterocyclylalkyl.

[0050]

In one embodiment, W is CH.
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(9) -OR3a, (10) -NR3aR3b, (11) -COR3a, and 12

- NR3aCOR3b, wherein R3a, and R3b are independént?y
waelgosses f rom t he group consisting of (a) hyREDYE007/001708

and (b) substituted or unsubstituted alkyl. [0064] In

one enbodiment, R3 is trifluoronmethyl. [0065] In one

enbodi ment, R5 is selected fromthe group consisting

of (1) substituted or unsubstituted morpholinyl, (2)

substituted or unsubstituted tetrahydropyranyl, and

(3) substituted or unsubstituted tetrahydrofuranyl.

[0051 0066] Ixé notl gﬁ%ﬁbgéﬁ{rﬁén@  Wyais M NRQOInGRNpartibelae efpo@bndns thereof,

linke nore particular still, Xis
a
R3“rqbrect link. I'n another nore particul ar enbodlnent
is 4-tetrahydropyranyl; nore partlcular stil
[0052Q I n aﬁcmhb@m‘mnltmdmtnﬁms SGR@teIdsfme-  ETOMR\FAPEF R %ﬂél

more particular still, [0067] In one
ertbodi m\}hﬁtltutqﬁ‘ea%‘ﬁ% ta P%(bsu tol  3-ki nase (P13K)

|nh|b|tor .c nds h venti o
(1B BBl B AN SN G aar o

a ere ceut [
243bo a%“ﬁ@ ﬁ?“‘sg‘é?fmﬁﬁéfme. R is r . o N

\M'gﬁﬁ ei nsdgsﬂmtécﬁatﬁﬁh&ﬁbﬁﬁuﬁ‘edmmamcyloup consi sti ng of
(1) hydrogen, -30 WO 2007/084786_PCT/ US2007/ 001708
( 2) cy asubstifi3ed had m@@hstﬁu(ed)cyﬁ@@w . (5)
trifluoronethyl, and

(6) -OR1a, a0

(7)  -NRiRip,

wherein R, and Ry are independently selected from the group consisting of

(a) substituted and unsubstituted heteroaryl, and

(b) substituted and unsubstituted heterocyclyl.
[0053] In another embodiment R, is substituted or unsubstituted heterocyclyl, or
substituted or unsubstituted -O-heterocyclyl. In another embodiment, R; is substituted or
unsubstituted morpholinyl; more particular still, R, is unsubstituted N-linked
morpholinyl.
[0054] In another embodiment, R, is substituted or unsubstituted tetrahydropyran
or substituted or unsubstituted tetrahydropyranyloxy. More particular still, Ry 1s
unsubstituted 4-tetrahydropyranyloxy.
[0055] In another embodiment, R; is substitﬁted or unsubstituted tetrahydrofuran
or substituted or unsubstituted tetrahydrofuranyloxy. More particular still, R; is
unsubstituted 3-tetrahydrofuranyloxy.
[0056] In one embodiment, R, 'comprises substituted or unsubstituted
heterocyclylalkyl, or substituted or unsubstituted heteroarylalkyl. In one embodiment, R,
comprises substituted or unsubstituted morpholinyl. In one embodiment, morpholinyl

comprises N-linked morpholinyl. In one embodiment, R, comprises substituted or

unsubstituted tetrahydropyran. In one embodiment, tetrahydropyran comprises
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(6) sulfonam do; R2 is selected fromthe group

consisting (1) hydrogen, (2) cyano, (3) nitro, (4)
whadosgetise (5) hydroxy, (6) amino, (7) substiPpcr/@s20arnc1708

unsubstituted al kyl, (8) -COR2a, and (9) -NR2aCOR2b,

wherein Rea, and R2b are independently selected from

the group consisting of (a) hydrogen, and (b)

substituted or unsubstituted alkyl; R3 is selected

fromthe group consisting of (1) hydrogen, (2) cyano,

(3) nitro, (4) halogen, (5) substituted and

unsubstitut ed al kyl s ' d aggan .
4-tet{?ﬁ§ gﬂa{na/[ogg al ker%}l , Q)g% 7 Qg%%g%r#%rg,t ogona dydropyran comprises

- LR, atrk ¥Ry bmbol@iersURS toingiises abdtituted or unsubstituted
3 te&ﬂ?ﬂ%@ﬁt 3?@% aryl, (9) substituted and unsubstituted
tetralir6fu@@l. Y In one SmhbAlinEA7 10 BUTBENPET LUSRO6H Dodrbgdrofuranyloxy.

(10) substituted and unsubstituted het eroce/cl yl, (11) In
In osabstbaditent, aRd aomaprinssi wbsagted, oF gapskhsiituted; pipendine. one
- COR3 1 -N 14)..- N . e -
embomg@( S’ine Eq%;ﬁg%;&g’gpe W&%&%ﬁdt{xf&%ﬁ%%gt, piperidine

comprises 3-piperidinyloxy. In one embodiment, R; comprises ‘substituted or
unsubstituted pyrrolidine. In one embodiment, pyrrolidine comprises 3-pyrrolidinyloxy.
[0057] In one embodiment, R; is selected from the group consisting

4] hydrogen,

(2)  cyano,

€)) hydroxy,

4) halogen,

©)) amino,

6) methyl, and

@) trifluoromethyl.

In one embodiment, Rj is selected from the group consisting of

43 cyano,

) nitro,

3) halogen,

(4)  hydroxy,

) amino, and

(6) trifluoromethyl.

{0058] In one embodiment, Rs is trifluoromethyl. In one embodiment, Rj is
cyano.
[0059] In one embodiment, the phosphatidylinositol 3-kinase (PI3K) inhibitor

compounds of the invention have the formula (II):
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(19) -SO2R3a, and (20) -SO2NR3aR3b, wherein R3a, and
R3b are i ndependently selected fromthe group
wa@ongiost’serg of (a) hydrogen, (b) substituted BET/US2007/001708
unsubstituted al kyl, (c) substituted and
unsubstituted aryl, (d) substituted and unsubstituted
heteroaryl, (e) substituted and unsubstituted

het erocyclyl, and (f) substituted and unsubstituted
cycloal kyl; R4 is selected fromthe group consisting
of (1) hydrogen, apdy(2) ypal ggen; and R6 is selected
fromthe group consi &ti 1R, hydrogen, (2)
substituted and unsubst iy ut I, yand (3)
substituted and unsubstit al k. In one
enbodi ment, R2 is sel ectedRyfropl group consi sting
(1) hydrogen, (2) cyano, -32 WO 2007/084786 '
PCT/ US2007/ 001708 (3) hydroxy, (&) halogen, (5)
amno, (6) methyl, and (7) triffluoyonethyl. [0068] In
one enbodinent, R3 is selected!{romthe group
consisting of (1) cyano, (2) nit®o, (3) hal ogen,

(4) hydroxy, (5) amino, and (6) trifluoronethyl.
[0069] In one enbodinent, R5 is selected fromthe
group consisting (1) hydrogeng

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, whereit?,
W is CR,, or N, wherein Ry, is selected from the group consisting of

¢)) hydrogen,

(2)  cyano,

3) halogen,

@ methyl,

(5) trifluoromethyl, and

(6) sulfonamido;

X is O, S, NH, or a direct bond;

R, is selected from the group consisting

) hydrogen, '

(2)  cyano,

3) nitro,

(C)) halogen,

(5)  hydroxy,

(6) amino,

)] substituted and unsubstituted alkyl,

(8) -CORj,, and

(9)  -NR2,CORzy,

wherein Raa, and Rap are independently selected from the group consisting of

(a) hydrogen, and
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(2) methyl, and (3) ethyl. [0070] It should be
under st ood that the inhibitor conmpounds according to

w0 b@7/08418€Nnt i on may exhi bit the phenomenon of PCT/US2007/001708
tautonerism As the chemical structures wthin this
specification can only represent one of the possible
tautomeric forms, it should be understood that the
i nventi on enconpasses any tautoneric formof the drawn
structure. [0071] For the conpounds of formulas
(1)-(1'11), representative substituted al kyl groups

ian. hude %s%kuﬁ%{é%mﬁggtﬁflﬁe&ra?{#ﬁl kyl, heterocyclyal kyl,

oal R am noa di al kyani noal kyl, and
sukf anad deekém indsRMBTonBeRR@sENt at i ve substi tut ed
aryf groups 1 nclude sul fonam doaryl groups.
Re@nesenyatoge, substituted heteroaryl groups include
al kyl het eroaryl groups. -33 WO 2007/084786
PARHUS2093®001708 [0072] The syntheses of
re&éesentative P13K i nhi bitor conpounds of the
i "\t | 8#™%re described in the methods presented in
t he, .Exa {e%nSection bel ow and the preparation of
regpese a5 Ve conmpounds are described in Exanpl es
1-%%. [ QQ¥ kB8 Rh& S8Rt kel BikgK i nhi bi tor conpounds
of "tthe invention are shown in Table 1. [0074] In
ot (@ aspbsitsiedtahé upswstintted atkenyli on pr ovi des net hods
for manufacture of P13K inhibitor conmpounds. It is
f ufDher sobstituteglaad aasubstituted allkyadi ti on to the

conpounds_ of faqrmylas .(1.)-(L11), intermedi ates, and
thgg} cdwpﬂgﬂﬁﬂ&gaﬁnﬁé'1GH§A8?%’syntheses are incl uded
W rr&gj.n tsﬁgst&ﬁeﬁ funbdSk g BbeRryl 0075] Anot her

e di nen

ph

provides a nmethod of inhibiting
SONOrbsithRA Al undiBstitasP hbskdtgcBdM ni stering a
conmpound of Forrmula I, Il, or IlIl to a human in need
t hgt Bof . suBstittedrandvinsabstigwted pydlealdiyl a nmet hod of
treating cancer responsive to inhibition of
phdtPhor¥@Ri=on of Akt, conprising administering a

co und ormula I, 11, or Ill. Another enbodi ment
prggghesaﬁ£ﬁ€%hod of inhibiting phosphorylation of Akt
co | Si QgL C cting a cell wwth a conmpound of
Fogﬁ%ia ?g‘*??hg? 1. [0076] Another embodi nent

pr qysylesmfisobRg, of inhibiting phosphorylation of

Akt conmprising orally adm nistering a conpound of
For(@@) a 4OR4:), or |1l to a human in need thereof. In
a nore particular enbodi nent the human is suffering
frddvtanc®®» In a nore particul ar enbodi nent the

can [ sponsive to treatnent with a conpound that
inﬁﬁg§tsig§%§phorylation of Akt. In another enbodi nment

thg169MPAHk,L Sn@ral Iy bioavailable.
(20)  -SO2NRzaR3p,
wherein R, and Rj, are independently selected from the group consisting of
(a) hydrogen,
(b) substituted or unsubstituted alkyl,
©) substituted and unsubstituted aryl,
(@D substituted and unsubstituted heteroaryl,

{e) substituted and unsubstituted heterocyclyl, and
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[0077] Anot her enbodi nent provides a nethod of
treating cancer conprising orally admnistering a
wa@oooposetss of Forrmula 1, 11, or 111, wherein saPdI/us2007/001708
conpound is capable of inhibiting activity of pAkt.
[0078] In sone enbodi nents of the nethod of inhibiting
P13K using a P13K inhibitor conpound of the
i nvention, the 1C50 value of the conmpound is |ess than
or equal to 1 mMwith respect to P13K. In other such
enbodi nents, the 1C50 value is less than or equal to
10 M i .ess.than I M is less than or
ocldul’ ¢ BbptiERpd e nRb R RN )2 ot
PGT/ Judtofis af to 1 M is less than
o?}{%&%&@g{)&%@%ﬁe#s@l ess ?ﬁ%n or equal to 0.050 M
or(1)s | agérobarandr equal to 0.010 jM [0079] The
conmpounds - of the present invention are also useful in
as@ays halpgkwaatidng rel ative activity of P13 ki nase
inhibition. In s%c_h assays.-a coppound of the present

i et sedsrtehiometng SERPPLOTFSIRE A ne rel ative inhibitory
Vit f. i ' t d
coboundubxitfisd R bl e QURRLADT L O SERON

ound. SO enplo e compound of the
prggent subdiiibiA8 uhsuiRkayRélelodyam,amount suf fi ci ent

to allowthe skilled artisan to detect inhibition of
P18)ki naabstithiedandnauhstintted arybemdt i mes referred to
herein as an "effective inhibitory anobunt.” In a

pr é9er r substithtedi and yosebsityteth hefPtdFY)- anount is an

amount that w_IIl  reduge. P ki nase activity by
[0068ppr oxi ﬂﬁt"é‘ﬁ?‘rw&rﬁ%mcgﬁnfacﬁd to the activity in the

[0062$Sence ford e‘}%@%ﬂ%@fk VRO 16 QRO iGAR: éMBHdiRRt thereof, R3
al uated as providing greater or 1lesser inhibition
is=@! the same concentration so as to provide a ranking
of relative activity. Such information is useful in
[00628t er M Mnngesiibieliment] Re esvipetedaiomdhs groupo@inpisiag pbns
to the test conpound to inprove its activity.
Ac€by di fyidgogdie present invention provides a nethod
for _inhibiting the activity of P13 ki nase whi ch net hod
cofpli sé¥®Bntacting said P13 kinase with an
ef fectiwve jnhibitory amount of a conmpound of the
préggnt‘$%$§ ’lon as disclosed herein. Also provided
I s @) Metypmhd, or inhibiting the activity of P13 kinase
activity in a cell, which nmethod conprises contacting
sai(d) cel halogerh aad ef fective inhibitory amount of a

conpound as cl ai ned herein. [0Q08 Sone enbodi nent s
pr d9) de sHbsHBHed apd Wpﬁftt‘?eﬂgcgp?ﬁgll}ﬂhor yl ati on of Akt

o0l 09 3, EROROUR el BRI %0

I nhyybi ti AKT. In another nore particular
1! Hfdrg ) P
errgdo& nment , %ﬁe conmpound has an EC50 val ue of |ess

t ham) abogyanb, gM wi th respect to inhibition of pAKT.

In a nore particular enbodi nent still, the conpound
has(3an E€HRnaval ue of less than about 0.5 Mwith
res&c}ect to inhibition of pAKT. In an even nore

par® cul B#logfbodi ment, the conmpound has an EC50 val ue
of JS?SS tt@n about 0.1 p.Mwth respect to inhibition
of nitro,

6) substituted and unsubstituted alkyl,
@) substituted and unsubstituted alkenyl,

(8) substituted and unsubstituted alkynyl,
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pAKT. -35 WD 2007/084786 PCT/ US2007/001708 [0081] In
certain enbodi nents, conponents of the present

WO pwe847861 are capable of inhibition of PCT/US2007/001708
phosphoryl ati on of Akt. In certain enbodi nments,
conponents of the invention are capable of inhibition
of phosphorylation of Akt in a human or ani nal

subject (i.e., in vivo). [0082] In one enbodi nent, a
nmet hod of reducing pAkt activity in a human or anima
subject is provided. - In the nethod, a conpound of

tgﬁ inv&g&ion is admnistered in an amount effective
t Peduce PAkt activity. [0083] In some enbodinents of
t th i nhi biting P13K using a P13K inhibitor
cgﬁggﬁngQgﬁg%ﬁe i nvention, the EC50 val ue of the
C 9uncbd)g34;)eh&veen 1 nMto 10 nM In other such
enbodi nents, the EC50 value is between 10 nMto 50 nM
be¢i@gen-NBGENRHo 100 nM between 100 nMto 1 pM

between 1 pMtgo 25 M .or is et 25 . pM to 100 \W-

[ OubapirRes oo aenspentEnBrslERR TRy EieiRdsing of

useful in assaxﬁulevaluating relative activity of

i ¥V bi t PSSP W Ssphoryl ation of AKT. In such assays a

cormounduhird B8 PLRSARticiay @Ryl on can be used o

detérmne relative inhibitory activity of a conpound
IDOGKE conpaf bfie embodinmascRAG tifmpemedhylWhen so enpl oyed,

t he conmpound of the present invention is enployed [n
[0068h anpudn osefmberiment; Bs 16 selaftadzom g g1odP £PPH1S ?}6

detect inhibition AKT phgsphoryl ati on. Such an anount

is(EbnEFP§%§“$8FEPPé§%h§%£P5’]“ﬁgggan "effective

i nhi\bi tqQr - ; diagent the

kP ¢ Soe Rt unshib il KethS PRI L e

phesphorsybaitha dfundiifstiagtd Wity fippyloxi mat el y 50%

as ‘conpared to the activity in the absence of a .
[0065pNpoundn Owher paripulan dsntpslimentethetrof, By ais Ritlakegdsmorpholinyl;

providing greater or |esser_inhibition at.tm

i ] i ligde. Jipj gother 1 B za'%g%)dé}'gent, Rs is
more paviarastilbnX g andireef L i RORETHATE PRYVGHAF |
activity. Such informtion._jssefpl 4n 11 :
-t GERIEORIEIT RS SO, AP Pbcter D o SSHEL efthdtiment, Rs 3o
) ] hbesBEtbt¥d ®y. Accordingly the
3te%§§¥§%€gl vﬁ%??%%ﬁg?%%f%es a method for inhibiting the
[006¥T  PhospBRs WnddReitdithé pHebftatidglingitos Sskinast 4E13K)ginhibitor
a'cell with an effective inhibitory anount of a
componpdasithe inventop hesetite formelat(idn, as di scri bed
herein. Also provided is a -36 WO 2007/084786
PCT/ US2007/ 001708 nethod for inhibiting the activity
of P13 kinase activi® B3 whic Hhod
celll wifeh ef flecti ve
her ei n.

conpri ses contacting sai
ention provides

i nhibitory anmount of a c
[ 0085] In anot her enbodi ne
nmet hods of treating a

III

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein,
W is CR,, or N, wherein R, is selected from the group consisting of
1) hydrogen,
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P13K- nedi ated di sorder. In one nethod, an effective
anount of a P13K inhibitor conpound is adm nistered
WO 00a/0peI8é ent (e. g., a human or ani mal subj ectPCT/HSWeBON1708
thereof to nediate (or nodulate) PI3K activity.
[ 0086] The conpounds of the present invention are
useful in pharmaceutical conpositions for human or
veterinary use where inhibition of P13K is indicated,
for exanple, in the treatnent of cellul ar
proliferative di seases such as tunor and/or cancerous
cell growth nediated by P13K In particular, the
co&%ounﬁgmgre useful in the treatnent of human or
anﬁ I ggogml murine) cancers, including, for exanple,
ILJ%;aan ronchus; prostate; breast; pancreas; colon
angyr echigmylt hyroid; liver and intrahepatic bile
duct; hepatocellular; gastric; glioma/glioblastoms;
en@net tifgromettyhand, ki dney and renal pelvis;
urinary bl adder; uterine corpus; uterine cervix;
ovEdy; ~ AwHenasNdoneel oma;  esophagus; acute nyel ogenous

| eykem a;  chroni 0 | eukem a; | ynphocytic

I egﬁésrﬁe ‘?Ct?‘f{/]%?rgitge E}éoﬁ*?e‘%)%gguggai n; oral cavity and
phay nx%yhﬁy RX; smal | intestine; non- Hodgkin

| ynphoma] nel anoma; and vill ous col on adenoma. [0087]
Agert s @kadd)e invention, in particular, those which
have selectivity for P13 kinase ganma inhibition, are
pal3) culmard,y useful in the treatment of inflammatory
or obstructive airways di seases, resulting, for
ex&Mbl e P2l98%Peduct i on of tissue damage, airways

i nf j bronchi al hyperreactivity, renodeling or
di§ggggq%?gg9%ssion. I nflammatory or obstructive
aiquysaghﬁgpses to which the present inventionis
applicable 1nclude asthma of whatever type of genesis
i nqi7udi ngbhratitedi antirinssbsititedplialll er gi c) asthma  and
extrinsic (allergic) asthma, mld asthma, noderate
ast(Bha, $&Reeadlst hna, bronchitic asthma,
exercisehbgggéﬁg ast hma, occupational asthnma and

ast®ha i1 Bl 1 owing bacterial infection
Tr 638 TBAtR Of 1 AN IPe irleptRRn) sO8ctdd &S {1ROG08S consisting of
enbraci ng Treat ment  of subj ects, e.g. of less than 4

or @) Yedhyr®gendghd exhibiting wheezing synptoms and
di agnosed or di agnosabl e as "wheezy infants”, an
est@pl i ssubdtipad enmspbstiyedyallof; maj or -37 WO

2007/ 084786 PCT/ US2007/ 001708 ngical concern and now
of tRyisisglepterffyomy thEsStoRR COPEMEY ear | y- phase

ast tigs, ("wheezy infant syndrone"). [0088]
Coﬁggﬁnd%w%§g?he invention that are selective for one
P1 Kinaéﬁmb§oforn1 (a, (3, y, 8) over a different

i sof orm are conpounds that preferentially inhibit one
| sof3gr m nitdopr exanpl e, a conpound may preferentially
i nhibit the al pha isoformover the gamma isoform

Al t@nat balegsn, a conmpound may preferentially inhibit

t he ganma i sof orm pver . t l.pha i sof orm
To.therﬁ#ﬁ@“ﬁﬂiﬂﬁgWWﬂﬁmggﬁ%ﬁ%§¥?vity, t he conpound's
actjpNity_l.S.. Ejgﬁﬂ ﬁ&ﬁgggk jto the Biologica
thﬁ%ds ﬁ%?%?ﬁ%%%ﬁ erein. For e%%&ble, the 1 C50

7 substituted and unsubstituted alkynyl,

(8) substituted and unsubstituted aryl,

(9) substituted and unsubstituted heteroaryl,
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val ue, or the EC50 value, of a conpound is determ ned

for two or nore P13 Kinase isoforns, e.g, alpha and
w@aoms478€cor di ng to Bi ol ogi cal Methods 1 and PCT/US2007/001708

respectively. The obtained values are then conpared

to determne the selectivity of the tested conpound.

Preferably, the conpounds of the invention are

sel ective for one isoformover a second isoformby at

| east two-fold, five-fold or ten-fold. Even nore

preferably, the conpounds of the invention are

se tive f.or,_one,]j - v, nd i sof orm by at
Iegg{ fFqugygf3%%#&%%8@¢%¥H%ﬁ?@gﬁﬁggre pref erably,

they GOMRALAe@hnd LRGbLANER! foakyl, sel ective for one
IS rmover a second isoformby at |east 1000-fold.
[0p881 QCbes,,inflanmatory or obstructive airways

di seases and conditions to which the present

i NEENt | eNRisdsappl i cabl e i nclude acute lung injury
(ALI), adult respiratory distress syndrome (ARDS),
chfbhi ¢ -DBstG@Rw» ve pul nonary, airways or |ung

di se CORD or- COLD), including pul nonary
figﬁ§5i§§ﬁ§P P¥ bronchitis or dyspnea associ at ed
th%{ mﬁtamhgnphysena, as well as exacerbation of

ai rways hyperreactivity consequent to other drug

t herapy,-SRy,, particul ar other inhaled drug therapy.

The invention is also applicable to the treatnent of
br ¢b®hi tSOFaf, what ever type or genesis including,

e.g., acute, arachidic, catarrhal, croupus, chronic or
pthQhor§C%?@n€W$tis. Further inflanmatory or

ob uct i I ryvays di seases to which the present

[ naé{l&i o‘r§\/)|%lsﬁé %fgg’l i cabl e i nclude pneunoconi osis (an

i NfJUPERtEOY VandFOER Ind et Rlenay selakd fidins trRsgons cotshwing of
| ungs, frequently acconpani ed by airways obstruction,
whehher lghiregang or acute, and occasioned by. repeated
i nhal ati on of dusts) of whatever type or genesis,

i ndbudi nepbstityted arzmsyigstiveigd AbA786 PCT/ US2007/ 001708
exanpl e, al ym nosi s, 3€thragosis, abest osi s,

chdf? cosTHsUed G UnsuRstipe &g silicosis, tabacosis
andpys sl A0fhed ARl bdRIAGlEGRYH L0 thel r |
ant -|nf?annatory actirvity, in parficular in relation

t0 dephi bidysammedd arOgisupgitiledatdrvgiciyinandigent s of the
i nvention are also useful in the treatnment of

eosifnophidbstinitat @d wissbstieted, cyeloglkydosi nophilia, in
particul ar eosinophil related disorders of the
ai rRaipsselested. fram ks gHoHY CABHBHRE ®bsi nophi | i ¢

infjltrati on of | ronary tissues) including
hyd@beos#ﬂ%ﬁﬁ?%?ggas it effects the airways and/or
Iungédashwg &¥%ﬁd for exanple, eosinophil-realted

di s ers of the airways consequential or concomitant

t 0 RLf JelRtedsirem ek grsmp ceasistingbf | i ¢ pneunoni a,
parasitic (in particular netazoan) infestation
(1 n€hudi hgdogemi cal eosi nophilia), bronchopul nonary

aspergillosis, polyarteritis nodosa, (including
Chuf®- st ﬁ%@t§‘§ﬂléf¥6‘iﬁ%’}’?n@6e§ fﬂlﬁ M4 ¢ granul oma and

eosijjophi |l -rel ated, disorder i ng the airways
oc cggi Snéﬁbsﬁ%“ gd P%%?Pé%ﬁ?dsf)%g%a%ﬁmgnt s of t hey
! nvﬁ{]&@&nﬂ&ﬁnﬂhﬁ ®,4S 81bdted Brohltheldro @ BBRMistitg
i nfllammatory or
0] hydrogen,

(2) cyano,
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allergic conditions of the skin, for exanple
psoriasis, contact dermatitis, atopic dermatitis,
W@bwpoei’ss ar eata, erythenma nultiforne, dernatiPCBHUS2007/001708
herpetiform s, scleroderma, vitiligo,,
hypersensitivity angiitis, urticaria, bullous
penphi goi d, | upus erythenmat osus, penphisus,
epi dernol ysi s bul |l osa acqui sita, and ot her
inflammatory or allergic conditions of the skin.
[0092] Agents of the invention may al so be used for
t2§ tregl&pnt of other diseases or conditions, in
Yi cul¥O¥>seases or conditions having an
a conmponent, for exanple, treatnent of
dqgéaggg g%chonditions of the eye such as
Q@) UnChinyd,i s, keratoconjunctivitis sicca, and verna
conjunct|V|t|s di seases affecting the nose including
al (63r gi enettylpartd s, and i nfl ammatory di sease in which
aut oi nmune reactions are inplicated or having an
auﬁﬁlnnﬂ%%u@ﬁﬁﬁgh%nt or aetiology, including
ut oi
[0068haeni a; B‘?%‘ﬁn@ anag%lsgélé%g%{oz%h% ouggglg%ta and
|dt9pat ?&m;hronbocytopenla) system c | upus
ery osus, polychondritis, scleroderm, Wgener
gr gnul omw@Si s, ‘der mat onyositis, chronic active
hepatitis, nyasthenia gravis, Steven-Johnson
sy(®r ondaldgdinopat hi ¢ sprue, autoi nmune -39 WO
2007/ 084786 PCT/ US2007/ 001708 inflammatory bowel
di&@ase IEY> ul cerative colitis and Crohn's disease),

Cri pthal nopat hy, G ave's di sease,
? 0|d5§?38 £¥&60|Itls chroni c hypersensitivity

pn%&pnnuhﬂ§0KQRMEnple scler05|s primary biliary
cirrhosis, uveitis (anterior and posterior),

[oogomt er st i Thicak eimbogdirhéridy Rsisselagtady fremithe arcupraonpisting d
gl onerul onephritis (with and without nephritic
syﬁﬂ)om®YQ$$Fllnclud|ng i di opat hi c nephritic syndrone

nmi nal cha nephropathy). [0093] In another

enﬁgﬁlnéﬁf P%ﬁdlnventlon is a method for inhibiting

cytgﬁ in particular neutrophils and B and T

ocy % Exenpl ary nmedical conditions that can be

[ooﬁd] eat ed jiNEbUriebé hpgerstadibiat ahs ishibitec tempaatishyccanding to the
undesi rabl e neutrophil function selected fromthe

invegtion pmey rexbitiit typ pherxmieneinaof dawfomerisn deby Hreeggnical structures

stimul ated exocytosis, and che ctic
withip dfig ﬁa«eﬂlﬁcwwr%a en} WPES??&@@F%HE@ BesHR Tk iometle forms, it should

bact eri gl b I awn
be an ‘?rﬁtgf’ge%go& Rehy e% e %ﬁg%nﬁsg%l%@adr‘rle@ﬁ%%c f%m of the dr
{upt|ng the function of osteoclasts and
aneliorating a bone resorption disorder, such as
[00PSt eopor Bst the cdriif@iniis lof fanattas r(Oe D diepessentative @abtéguted alkyl
or conditions which may be treated with agents_ of lievl
groupsvienhiderarylalidyl deteepriadkdhberrocy| Flyaloks anmgpikytiadey plifinoa Y

O 0, AR Lo oo
1nclaaong.¥ Igtaﬁmgdoapﬁgé‘ggés{ eﬁ?ée%vfnﬁgeé'stu&utﬁ%ﬂt ﬁél&%'aﬁyl groups include

tus t (Juvenil

alk}g\hgtggﬁl)gmglggd di abetes nellitus type I, di arrheal

I Seases

stru
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[0096] In other enbodi nents, the P13K-nedi ated
condition or disorder is selected fromthe group
w@ongiost78eg of : cardi ovascul ar di seases, PCT/US2007/001708
at heroscl erosis, hypertension, deep venous
t hronmbosi s, stroke, myocardial infarction, unstable
angi na, thronboenbolism pul nonary enbolism
t hronbol ytic di seases, acute arterial ischen a,
peri pheral thronbotic occlusions, and coronary artery
di sease, reperfusion injuries, retinopathy, such as e
di abeti¢_ret] t yiResiar PISKO xingitar ndoiopdunds o e
[0072Letinogg?hgbhgﬁggcgﬁd?%ggns characterized by el evat ed h
inventidi 5B A MedlinaBs widthats weenetl inrthoExenwles Sergigr dglow and the
umor, such as glaucoma. -40 WO 2007/084%%6
Jé?Lsince

preparRfidn bbrbasetative Sompoasds| arpdesrsibed ih ESamR

P13K serves as a second, nessenger nede.t.ha . hown in
[0073] nt egr Represpniative SBK; 1@%’5’11%&0%‘89}%9@ gf tt%evfngé’ﬂté%n s e
energi ng that the conbination of a P13K inhibitor

Tablei t h i nhi bitors of other pathways will be useful in

reati c ' 1i€ pebvieas artliods Honeragufacture
[0074ﬁ 0098] op@%m ‘:'<t§'tg’|Clt)1/1e 6?4§8£Aaﬁgv1§hhungn breast cancers.
of PISKELAABRES SolpbuRddeul &r hither tdraterapigted that, imerdditing to the
trastuzumab. t hough trastuzumab has denonstr ac{.ed methods of
compbuidtbb€ foaaplass@s(Iih, Sﬂiﬁﬁn%h{‘qe%nf’%d &W gareggoneme
: Her 2/ neu- ErbB2, only a su? et. of tt hese patients
syntheses ponincludsd avithigdhgksaRe Oof Hifi'BXYET ™t hat this lim ted
response rate can.be [ o FRAS dsporylation of
[0075dorrgi na?‘F‘B'ﬁ‘e’éFm?’P diyeny }@B%%ﬂ%ﬁ Ikc))i tor gﬁglfg b%llsg o?(

Akt ctP?rgpé}s@l% %ﬁ%@st&%&xg%ﬁ?’oﬁg‘? &t Fétmula By #str ITato 2 Resian in need

Ignatoski et al., Brit. i
theredf. KaBARF &RbEEMORROYidedNayanethed eff trealing crAnCEePSPONSIVE to

IR CECOD G RN AR AL
Her | / EGFR and a_nunber .qf antibody_ a ®n of Akt

IL, or Hhi Ahetbes enﬁﬁ@@%@ﬁo‘ﬁgﬁﬁé’bﬁgogégil nap ﬁ{% éhd}gié%%t}%r "o
tyrosi ne kinase .jng ' fi {1, Bt fi.and

COMRIIYRE 8‘?(‘.“‘3%"\‘/%‘?1! W&é?;éldéé)ﬂ&)@%gaﬁﬁ ifanin?%ré denonstrat e

oo7§gt i -t U gt dbddmieR SiRRidek T mbthisdnof initrisng phgsphorylation of

[ CLC), 'they fail to increase overall pﬁ%egrt s%\éio\%mnan in
kS Bhsinp &rh@y hemistehing GFRmppmdss Formulady &, o

Akt%e ?atlingngllsyz]ed by the fact that narg%aé.rdo Igt.r eqm - cancer. In a

needt thegof sinod midee [paeiGRir srebadimgptae du ‘égﬁvﬁ 188 "5t '

hi gh frequencies in a va

_ ] riety of | ' d that
mor¢ pattigdla TS IPEA A EANSE AR T ‘6%!‘%%%%%5’!} Wit a compound tha

Cnhi bi ¢ = | : din 1
s b YA 1 agencgas gL el Lopand s ool
. | ines can be selected that are resistant to
le.' ‘ . . .
bloagg]fblibt%nl b that denonstrate i ncreased activation of i
footAe P13/ AlssthpatemimdimSovprovstgs | aniaskod of| EHBE F8HOFOTPISITE
this pathway renders the resistant sul:-clone . d is
oralbendministering a6pTPPRRG of EHETYE 21 ﬂ;PF,UH’BrYV{q‘?m?“. s eegppound 1
92: 1711 . ,2005%&-. F};Ig%ger nore, in an in vitro nodel of
capaghl@ag;nhelg BEACHIHRO Y1 1ine that harbors a PTEN
100 fL by SRIA RS FREARLRS 6 tECRRad b ikhionirgf PI fusing = P
inhibitor compound of thé invention, the ICsp value of the compound is less than or equal
to 1 mM with respect to PI3K. In other such embodiments, the ICso value is less than or

equal to 100 pM, is less than or equal to 25 pM, is less than or equal to 10 uM, is less
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EGFR produced a synergistic effect (She et al., Cancer
Cell 8:287-297(2005)). These results indicate that
w0 b@7o84T86 nati on of gefitinib and Pl 3K/ Akt patP@EYS2007/001708

inhibitors would be an attractive therapeutic

strategy in cancer. -41 WO 2007/084786

PCT/ US2007/ 001708 [0100] The conbi nati on of AEE778

(an inhi bitor of Her-2/neu/ ErbB2, VEGFR and EGFR) and

RADOO1 (an inhibitor of nTOR, a downstreamtarget of

Akt) produced greater conbined efficacy that either

agent 13, 9N&! | K ENRAiRNitssTRAEbr c4fEUI81050 1M,
than gy égya o 1M, B R B 8haI (N8R (2005)) . f%lOl] a
Qrm@g&hﬁéggﬂgaggng{L@ypnN@s_taanifen, i nhi bit breast

cancer growth through induction of cell cycle arrest
[oomgat r eqlikr eSmpiendaCloif otheoprestret dteintiopchue iatvoi bis¢fol n assays

p27Kip. Recently, it has been shown that activation
evaludtinghrelafas -aREVitNGE BB fanwsejahibiiEan. aln sy agsgys a compound of the

phaosphoryl ation status of p27Kip such.that it. .
preshIR Mg oA ety R B i RERilaRY 2ctifly gf p gompound in

attenuated, the Nt GHRULN t eSSk A of the present
compIoT; 9 3 8“(’6@&5’3’%‘?“%% it oo kb Ry, ticEShBRAR of the
invepRGd )i 16){9&10{1{ af BolnawaBicat télallow Mhé Bkiliedna®iban to detect
lnveMAPKlséﬁgha ing through treatnment with MEK inhi bitor )
inhibitiéR oS PIB kinasabSuctami apbostik soyktimes nefeged to bersin goan “effective

in hornmone refractory breast cancer cell lines and in: h
inhiligory iyt 8 s Iroa eefered pphedyaent the yphibitory; peupt iy an amount that

o ALSELE S W AR 8] 05 ABRRISH 4 s
absecl}:{%g of 8¢ én%g}l&go %%ﬁ%r c di BQ then! e QRABuat@PREGlovidiRe greater or

onpoun ormul a may be used in the treatnent

less& inABATERNS: 116 Reme idnceiaitivarss, asst Prodide r wakingasfdelative activity.
pr ostate cancers, to reverse hor nbne resi stance

Such Ginfoanhtjon Heesefilnint deemninmgesrstuiak changay end jodirg modifications to

anti cancer agents. [0102]. I n hematol ogi cal cancers, .
the gngpprggomqlrt@%p@rﬁ% £t§ Q‘éﬁ%‘@é ASERSREY se’sent invention provides a

chronmosomal transl.ocat i LS responsi . .
metfosh PR GTAS (redEtv R (obd Taeeas, oy Pl Smplies copjacting said
PI3 %fil{alsé Klifh @Eféc‘?i@%sln%{)ﬁo RGBS % donpdiRill dTithe pReséitBhlention as

nol écul e yrosine kinase inhibitor, as a result of
disdloaiBidrdian AfsoAPlovidedamea agdthod tfyr intdbiriugrthe retiyity of PI3 kinase

patients with advanced stage di sease respond to .
activitpin atdll, iwhith adetlyod ¢uraprides gontabtng eaifl geld withyrpeffestive inhibitory

resi stance-conferring nutations in the Abl Kkinase
amepntaf A compownd aoclatef BIeWave  denonstrated t hat

- Abl I t.h -Raf Ki —

oofEE A, STBLUS T i HARE 3Nt b hhion o A
g

u.o,ixi;)g'f 8 ?g@tpbﬁnd BE uRAHR RILMGH haVifY adesCydditid @Nadss than about 10 pM

I on agal nst resistance-conferring nutations.
witACegpett gl ynhibifioAn of heAKds jec tnathet hgorei pugivniaynembpdiment, the
conpounds of fornula (1) are used in conbination wth
congouind dss an B s et of derslthayewut 190dvish respeehiadpiipition pf pAKT.
t he treatnent of henat i cal can

In Wﬁml%m%bm%gg%%ggggwgun& Rasan %&%p valie of ﬁ:%s than about
0.5 pM with respect to inhibition of pAKT. In an even more particular embodiment, the

compound has an ECso value of less than about 0.1 pM with respect to inhibition of

pAKT.
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chroni c nyel ogenous | eukemia (CM), to reverse or
prevent resistance to at |east one additional agent.
wQ 00B%47Because activation of the PlI3K/ Akt patP@EYS2007/001708
drives cell survival, inhibition of the pathway in
conbination with therapies that drive apoptosis in
cancer cells, including radiotherapy and
chenot herapy, will result in inproved responses
(CGhobrial et al., CA Cancer J. Cin 55:178-194
(2005)). As an exan‘pl e, conbination of P13 kinase
iphi bitor 't ' nql?cfHép t {iBlieBtibg are capable
[OOSE‘Pf ects%f h I w% it & roli Esrgﬁhgabr?r?geapopt 0Ssi s P

of irfiGitidn c?spﬁ&f)lllo fatibR dfMA¥LVdnt ¢éRin efiftiodagynts,ncamponents of the
xenogr af t of ovarian cancer (Wstfall and
investiéRRY capdble ofCanigbitiohhef phogph®aylation of 2086j) 2 hyrgarmaF animal
In addition to cancer and proliferative diseases,
subjd:dtéir@, ingie)cunul ati ng evi dence that inhibitors of

1A d 1B 3 ki d h
0o e RS R SRR S RB AP ELH ¥ o
100, t.h Pl . : minister
ani njﬁig lygcétr}se ov1 oﬁ]De Irlﬂéﬁ]ﬁ %%m% hd 8t tﬂ%l %38}6 difid&dministered

|nsear I nduced

in argm;,gg, eetffe@ﬁ\t,é Makhade et al., Nature Medicine
507-514 (2005)). %’hus a P13K | nh| bi tor that
[00830hi bi t 9n gpirte eRbadimehtbef Ubefrotthad of wihiglies é’ééﬁt ugpg a PIBK

in conbination in antl-thronbotlcth rap
inhibigasf commopd OOthe inEeTHaR (oq EGﬁo ‘t’ 'ée of (99%@891‘8‘1 i§ hetween 1 nM to
10 nlé\gjp gr;%@gi étltcrllnaqmt():oedjme g n&t 0 Vf E’gt‘%%%dz‘gglzt)g%o nM, between

I
ool o s i it —

25 MSb differentiation (Ali et al., Nature
431: 100 -1011 (2004)). Thus, it is ex ected t hat .
[008100 i rhtiebicommpeundslaf He ysesent inwentton tarecalsperisefil in assays
B-cell driven autoi mune di seases anpd. a

evalBptiag rglativehactivityi off ibahition 05112&9’613 ‘trbf@thgd?fg‘gﬁqur Gy sipgh assays a
corrg)f@p}lg %f E%S’g%@ )?r&gpt'imi}s 2 u{>e usejlnto dee(fI 1'1 ﬁg ;léla}g}été&@lgﬁtggh%cﬁvity of
a co&wro Qm%l)m %gr%]p | tghc{ Qicbh® eoﬁggmt Weﬁs.soeeﬁﬁﬂlg?&ﬂ thencompound of

aut ol nmune di seases Canps et al.

EheinVBstidnl i@% o P48 amdRabJuffiBnbes aHbwahe ,skllled artisan to
the BREACInVERIH BaniploRdbnbds e (2005)). [0105] The

detqat @sebitioh AT tphosphprplatides Sphh mmwm‘t smsoragtirpessTeferagsto herein
corrprl sing _at |east ope P13K | nh or co Wg‘bt tis
as s effective DI ATINDE or A RETPFSS PRPPJieR Qi HEjbitory gmoun
/08 86, PCT/ US2007 0
o PRSP TSRRATHN igy ppvimaty S0 s
rxg?a%c{] to &{eaéc'tlgﬁ LR the BHEEARE OF a @hPpGindS UOHRE lcomPotii@d can then be

ne or toget er wth other anticancer agents. [0106]
evaliht@N8s @rBadingBittatet lbe 1psses aitiibitioneatt thensapeo voukesmtration so as to
met hods of treating human or animal subjects
prosidef erfankingr ofnralative | agtiyitypr Such eindermasion; é%é%‘éful s‘Bcﬁeteﬂmmng

Stnﬁgggfgﬁ?gfgas Hglg}h%g?n%ﬂﬁgé}no\{lg Séjtﬁ%{eg}? ngggﬁn (o} ngalax{e 1ts activity.
Ac‘%%g?‘fﬁg‘z JeEc gfﬁs el | Silfl{’]‘g'{tfao%m ;pro§1d%£ | 09 pfetndd et Y l?élﬂﬁﬁm% the AKT

I've
phosphorylation which method comprises contacting a cell with an effective inhibitory

amount of a compound of the present invention, as discribed herein. Also provided is a
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amount of a P13K inhi bitor conpound (e.g.,
of formulas (I)-(lI11)), either alone or in
W@ oooiosTBé on Wit h ot her anti cancer agents. [01PZ1/Ub2907/001708

particul ar, conpositions will either be fornulated

together as a conbination therapeutic or adm ni stered

separately. Anticancer agents for use with the

i nvention include, but are not Iinmted to, one or nore

of the following set forth below. A Kinase Inhibitors

[0108] Kinase inhibitors for use as anticancer agents

in_conjpunct | | Cuasivityan s cefl, Wwhizhpnethed tomprises
metho?%?fe‘ﬁmbéﬁng %hglq‘ﬁ eﬁ?ﬁf;?%i 1tﬂglrgs of Edgi dermal Growth _
contacglﬁgtsgfd ﬁeﬁe&i@lﬂ’ﬁﬁ’ bffbEESeRhhibitoas amosniodf samnspraind agsiaimgd derem.

u

nazolines, for exanple gefitinib (US 5457105, .
[0085P616582 didthe)Srbyorimeny, , the Dngamraor( m*gi?%mh%fs’ of’ %eatmg a

erlotinib (Tarceva(& US 5,747,498 and \O.9 vinhibi
PI3K-aradidtep atisariles. (US ency methagh %}h&féﬁ“&%/%)& 40P inibitor

Vascul ar _Endot hel i al. h r i LYECREY thereof to
compw%é‘dﬂﬂﬁ‘ﬁ?ﬁ‘g‘i"ﬁ Sheictl G"\éé'h%ﬁg’ﬁltagﬂ 4%%%6’5? 80814) o

. SU 5416 113 and WO 99/ 61422), SU 6668 (US

med“’g? @’éé‘?‘l‘i‘égg%gl%g“gt%mzz), CH R-258 (US 6, 605,617 and .
[00865;3 6, 7 7he 3dhpovatsabiid peesenPTikensisn (48 @efidging ppyrmaceutical

E

G--Trap (WO 02/57423), B43-Ceni stei.n 6116).
compb&Lloas it Homén ot gﬂt?mn%m epepuhyir W@H@%ﬁﬁﬁ‘g)‘s Fiated, for
4! a5 1 ) I M 26 . Vv 1 r and/o
examplea sinj hl(q )tre@tmrgélpﬁ_o:\é\ggsa’r i&g@ *ffe é_ﬁfe%_gész %H@tp &' tumor and/or
met hy| sul f onyl pi ' t i a0k ful in the
cance(p\@s]_%ey}g%ro%g r%\eéfffgcg Egglgﬁ Btk 46e ¥drhpsitidaire nseful in

[r of bhina: @ld I ind&hBE sancéis, 304ubidg, Yayéian(ply,, lung and
“ea“%BA&s@%ﬁ?‘}Eé 004, &gl e e)?us 5,621, 100), Cands (WO .
brondfs O8r66@}e; bEBR pay¢reas; eloki andsectunt ithyreik: divey,anyl ipdrahepatic bile

pertuzumab (WO 01/00245), trastuzumab, and ri %%éin'lal%dney and
duct;Mdpapcetletan gistres eeliomy Bliekjagiomag gpACHRITR) F5FHOMe
Protei n Kinase (PK i nhi bi.tqr . - Sififle loma;
renal( wylvis; agingyy bigd f@é‘&%’é @c?%égﬁ‘g‘}? gg@%gév 95/ 1713’%) ee
nd perifosi 0031113 08oni RalyelMiphmKi deksmki; rigsphocytic
esop ?ﬁﬁsbiaf‘b‘Fsmyﬁr’lﬁ%énﬁfﬁg sor%?eni BII(BK/\? 43-9006) , o
leuképhi; ﬁ@%ﬁﬁd 1Rl AQNinBYE 35¢iB Snd\bEaryAs; lanard sprHdpigstine; non-
I'sélosed in WD 03/82272; Fibroblast G owh Factor
Hod Ha8apinghokGhBlankinaaael villnhé eelosadenaa?| Dependent
i nase (CDK) inhibitors, jncluding,CYC 202 . I3
[0087Dscovi tAgrats ighe 91?‘192’@)‘8’21’21“6%??6“9%38 élf??fl‘%lffh Have sclectivity for P
. Platel et - ived Gowth 3 hrebR@EHR) of ldfla@gRatory or
kinage, [gRBIRY r‘@%‘&‘é’ﬁ’ ELy Eﬂ?‘fﬁ}‘%@, ﬁgegﬁ %?&Aé 13736, )
SU..1124 d 33L0RE8 esfifhe, B -éMainpid, nias eeductibhi afotissue damage,
°b3t31ﬁalvfu%1?‘g%%pfi§t s such s STI-571 or d eevec(r) :
aim&'ymhhmnmaﬁos,. bAddhidEShymgenstifin 0gjmodeling or disease progression.
Strogen-targeting agents for use in _ anticancer . . .
Inflirheinaqy o pbstorgtive citees diseasesiia WHiEHHERIETn IVsptipp Is applicable
present invention include Selecti.v IFEaTcIToR e ; thm
inclivbriagthima rof WhatsyRR P HATETH E‘cﬁ%%g ib1l‘§-é1 ni,rn tore eﬁiee?élc) asthma

and reiltr?ri(siicf ((JaQI%i:gig)r gs?hﬂaﬁ'xg,srgilh %Qﬂ'hhié, QhSuerats las®3 severe asthma, bronchitic

asthma, exercise-induced asthma, occupational asthma and asthma induced following

a compound

bacterial infection. Treatment of asthma is also to be understood as embracing treatment
of subjects, e.g. of less than 4 or 5 years of age, exhibiting wheezing symptoms and

diagnosed or diagnosable as “wheezy infants”, an established patient category of major
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Arim dex(r) or anastrozol e; Estrogen Receptor
Downr egul ators (ERDs) including Faslodex(r) or
wo edovessBant . C. Anti Androgens [0110] PCT/US2007/001708

Androgen-targeting agents for use in anticancer

therapy in conjunction wwth the conpositions of the

present invention include flutam de, bical utam de,

finasteride, am noglutetham de, ketoconazole, and

corticosteroids. D_QOher Inhibitors [0111] O her

inhibitors for use * as anticancer agents in

.cqnjunction wth.th 414 f ) tics (“wheez
mediff aReT B AT RS LA P AREP ASIE R of el PLRLER A harios (“wheeey
. b Qb A 4@ including tipifarnib or R 115777 (US
mfangg’%%#%’%g 6 and WO 97/21701), BMB-214662, AZD 3409,
[008gnd FTI €3¥fiouhapet genmrationi thil b tselestivenfinatieriy3 Kinase isoform

mer barone and difl onotecan (BN-80915); mitotic . . )
(0., Bk, oivar s diffictent ispforai are cpapyundsha Rr@feger}t}ggllyda]pﬁt} ogg isoform.

743921 and MKI-833: protease nodul ators ,such.as
For ¢¥@mple: chFormBpunsk rr@é(défe%fe“(“@ y 1@*%8@12@ ha igpfosiy over the gamma
. cycl goxyagenase 2 - ' i cof
corfe SRSHARIESS et Rl b SR B s s over
the a az%gﬁér%47l%6d&%i§4§2ao%9&ﬁﬁ@§ selBetivii) @B¢ compound’s activity is
enot herapeut’ic Drugs [0112] Particul ar cancer
dete@HiQBD hb@rapeLioi the Biengical Methesle dascrivediheagive For gyanpls, the ICso
in conjunction with the conpositions qof the present 3 Ki
valugneethe BEsi velusdof 2 pempewh ik detspmiedetor iy, or more PI3 Kinase
. bicalutamde (Casodex(r)). blegmucin { ivelv.
1sofmseﬁg?( ﬁlﬂi’é‘@ra)“ﬂ 300, 405?}1)6'6%*0(5?5[%?%1)0?%&%&% fla?]nd 2, respectively.
e k) S S L g SERFASBAE QR SaRY. o th e
D Pbr@fdriblyPafeadhndiounds ¢ the Q@fdﬂiti&hiaf@se(l&it’ﬁbllﬂ()r 91 isoform over
comg orarrbugi I S,( Leukeran(r)), cisplatin (Platinol (D),
a se€orabisbRirAebY Lot Uetsatwofold) fivesfeldoprhisupfokdyi Bwen more preferably, the
(Cytoxan(r) or .Neosaigér)), cyt ar abi ne, cvyt 0Ssi ne d isoft by at
comgowarisnoftheeinyeyies are. wiegiye fef phe AR 9VFbaqFEone 1sotorm by &

cas BTl FOBAR | M e O h it RS BRIELE b eion e

-_hydrochl o j | di I0BbFoki. t rat e
Sele'lfl?/ eo%(r)r?% fsr(ﬁchr(é %ﬁ%@hﬂ%&%ﬁ%ﬂ mgaeé;gr(r)g? hasone,
[oogipcet ax ebtHe? GnASMt6Dy obDbsROGART 3RW4AYs disasssubid iconditions to
ydrochl oride (Adrianmycin(r), Rubex(lD), etoposide
whiél/ehespbsent) inventidar bizpeliqahbss pheltée . gomfadurg (ip)ury (ALD, adult
S-fluorouracil (Adrucil(r), Efudex rﬁé flutam de 1
respiEtArEdisiasy syndeosee (ARE) e?hre%lﬁc?ttsaéﬁ © puimonary, airways or lung

U e e i —
dys#.)ﬂé.an QL5524 CAIRLWRRT (dnighystmASRAr agiNage &abaBARD) of airways

eucovorin calcirum el phal an (Al keran(r)),
hypBrreRAR AR cORsEquRat (Rsthimdrup dherapy), in particular other inhaled drug therapy.

The invention is also applicable to the treatment of bronchitis of whatever type or genesis
including, e.g., acute, arachidic, catarrhal, cfoupus, chroqic or phthinoid bronchitis.
Further inflammatory or obstructive airways diseases to which the present invention is
applicable include pneumoconiosis (an inflammatory, commonly occupational, disease of
the lungs, frequently accompanied by airways obstruction, whether chronic or acute, and

occasionéd by. repeated inhalation of dusts) of whatever type or genesis, including, for
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nmet hotrexate (Folex(r)), mtoxantrone (Novantrone(D),
nmyl otarg, paclitaxel (Taxol(r)), phoenix
W@ Yaor 08478600/ MX- DTPA), pentostatin, polifeprosaPCROSX01/601708
carnustine inplant (Giadel(r)), tanmoxifen citrate
(Nol vadex(r)), teniposide (Vunon(r)), 6-thioguanine,
thi otepa, tirapazam ne (Tirazone(& ,h6 topotecan
hydrochl oride for injection (Hycanptin(r)),
vi nbi astine (Velban(r)), vincristine (Oncovin(ID),
and vi norel bi ne (Navel bine(r)). F. Al kylating Agents
ex 11§ m'e‘lnlééﬁ% atl,i9. @gt fbegﬁgisy%@laliaoﬁgnbﬁm& Ofidembdib, silicosis,
% EOWpPOsTti ons of the present invention for
[ inbdigr apeuti cs i ncl ude VNP-40101M or
taba el 1 pl at i 1 (US 4, 160, 846, WD 03/24978
[oosend VO BRWGASIEhrd g tHersfmaiminflemmatddy ADVAYO pa#izglgr in relation
PCT/ US2007/ 001708 maf osfam de, etopophos (US .
to imilsition 4sFAgosiprddh ativatione agents futheanveptien |arg fiso useful in the

i rofl uven acy] fu] vene): pencl onedi.ne; . . .
weat gL RSP HB TR 7, ORIy FBaRehlar cosinophil related
. decitahine. (5- -2+ 2 e .. 4 Al leioin
RS G SIS it of e
tissut(e%:‘ﬁgéﬁhﬁiﬁ. Bpert sARGHiRA bt (d88ch, the Rirda3} andidr 3REB as well as, for

tinate Tormulation of G splatin); porfiromnycin; .
exardpld, ebsinspidi-caltededisondetshofiriliee pirways Chesequenigpl Qrepaugomitant to
[0114] Chel ating agents for_use in conjupction with,. festati
Loffidyes syodysans, tep8inep lctméuw@éeﬁ%faslf‘lﬁ&lé‘ﬁ{%ﬂﬂf"o‘i“etma") miestahon

. anticancer, therapeutics include tetr ' .
(ncfymgoRvape! psngRmiebrtmarir oty FpRefiasy Bl nodosa
i f X ' ) X @€ manghd eosinophil-related
ins Y ST St PO g T B cosnopit el
disofd 2§ LFERARIZAhE Al waEE bt castdneBbg|dog-eadctiBesponse

Modi fiers [0115] Biol ogical response nodifiers, such

as i mune nodul ators, for use in conjunction with the
conpositions of the present invené‘i on for anti

A tlcancer
[0091er apeuhgeys of ﬁ'tq Wgn’rg?naqu @ésﬁrlfsﬁ 1 é%gxelﬁ%a}tc(ﬁ}&lﬁammatory or
e SRR S8 R Y . 580l i s,
04100, 2 e 23407l B3meM@rild, 0didbde, vitiligo,
Ao B SR o B gy .
hypSiRéds3p@by amelitidDuBBiL140BolousSruaptdgoidelupuOedyitheid@98ys; pemphisus,
DA- 9601 (WO 98704541 and US 6, 025, 387); al ent uzunab; ,
epidemetykisriorilosg ecquisikds nd other fpflpnematory of pllereiceamdiions of the skin.
[Oogﬁ_egl f lI Eglg!,ﬂ}l/tﬁ IL‘li’_%,%hqo Egygs!n%gﬁl_x;g}lﬂiqs_cg?)e\(fslelg, ?osxfl %%i%?annent of other
_1L-11, [L-12. and acli L ol ogi cal. variant : 0% farmmat
disqen R SR sed ERfh ARhA 5 cokBiioR R liP L Hnflammatory
UgRaBnet! &ff AlsdAidicandisaligions )9t tifsleye such as
°°“511%’tf|°}c{>1? QFM% de (MO 04/ 06834 and US 6, 331, 555) ; _
conjuticleRRIKéErAN doRRmcaiNit sicea anl gernabdonjemadivitis, qisensss affecting the
(US 4,689, 338, 5,389,640, 5,268,376, 4,929,624, . .
nosb i@ 6dibg B}lefzi® BAnitdy and inflammatory disease in which autoimmune reactions

are implicated or having an autoimmune component or actiology, including autoimmune
haematogical disorders (e.g. haemolytic anaemia, aplastic anaemia, pure red cell anaemia
and idiopathic thrombocytopenia), systemic lupus erythematosus, polychondritis,
scleroderma, Wegener granulomatosis, dermatomyositis, chronic active hepatitis,

myasthenia gravis, Steven-Johnson syndrome, idiopathic sprue, autoimmune
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5,494,916, 5,482,936, 5, 346,905, 5, 395,937, b5, 238,944,
and 5,525,612); and SM Ps, including benzazol es,
w@raohisLeé nones, thi osem carbazones, and ' PCT/US2007/001708
tryptanthrins (WD 04/87153, WO 04/64759, and WO
04/ 60308). 1. Cancer Vaccines: -47 WD 2007/ 084786
PCT/ US2007/ 001708 [0116] Anticancer vaccines for use
in conjunction with the conpositions of the present
i nvention include Avicine(r) (Tetrahedron Letters 26,
1974 2269-70); oregovomab (OvaRex(r)); Theratope(r)
. STn- KLH) ; l an acel ; sellies 1 ocrine
inflaastopy BOVoh 8 B bl Tuprayy S PRy S end
NS G v he I QhRblHosid | alvastitls, chMRdmyakypersensitivity
°pth%léf£?g‘k‘{|h§’(r)c}r%¥é%&%% = NG 95T 12660) - S gl E7/ LANP. 1. .
pneuditERe, Aoy tiV-stferodis, ;prividsy-RliMyodirhesig uvieBiEKagtagor and posterior),
94/ 05304) ; HER- 2VAX; ACTIVE, which stinulates T-cells .
interstitézdi lahg filnosisy peedaticGRrtEEHs cadc slomerelonsrhritign gvith and without

Listeria nonocytogenes-bhased. vacci nes. J..Ant]|

nephritisr SFPEoNe] 68 1Rﬁg‘id&%ﬂw g@ppg fIgPYIgc || syadrome of 'Hiffal change
conjunction with the conpositions of the present

nephrRRARY) i P

fon al so include anti sense conpositions, such as

[00 $G 35156 LiFES4DbodiRent 2000 iatehtdB- 1404 4method for inhibiting
GF- bet a2-speci fic anti sense oligonucl eoti des);

leuc%es‘}]iﬂ%arﬁbﬁlar 456iFoptAld addl B andbT i lympbesytes. Exemplary medical

nasense(r)); JFS2; aprinocarsen (WD 97/29780%; GTIH bl
condifidis (HRR can beritratesbinicdder kigse candiupnauehagA¢iPues Ry an undesirable

neut?q!,;;i)g]g S (tygh g%/ﬁ‘gtgg %f:%'a tge_:r :gsqzu%]g%ﬂqsésgl\ﬁg 2&/59?1171&2%)% stlperoxid.e r('elcf,a.se,
stin%ka:;%g i %%%%%Ale _Q%% S glgel? HEG& &%m@ﬂo }g‘gfeﬂﬂ?f)wn@ﬁg inhibiting

. erapeutic targeti ng VEG-FR-
pha%(i%%l& achA&18] babhgiat /AN BYShOhetthPhilavent i on can al so

e"conbinéd in a pharnmaceutical conposition with .
[oogjonchi ddi hmdthery entbodirhérti Hteainiveation Ugsa sugbednesdisrupting the
Such bronchi odil atory drugs include anticholinergic .
funafionafiosteaclests ianil emelierating 4 bpngdesqretipm Hisor F,aSPF}&ﬁ? gpfeoporosis.

brom de,_oxitropium.- bromide, and ti.otroppy j . :
(00514 0 2/ noBHd B GiArree O Saentint S el e teated with
agertggfo talin 'onsﬁllc%ﬁslreghc ahstk, gﬁ@&ﬁﬁqgje}f’eion i’(ﬁfdmhg ftRhsplantation,

fapeutic a tam ne drug substances include

bonk SibdriZk NGich dp@ChbolihiRd o @irasiaioie dithritisatskylosing spondylitis
pronet hazi ne, |oratadine, desloratadine . o

ostddaphend)wbesiny, nestamdist dicbbten s rbalarely melites ive I uyenidy diabetes)
The effectiveness of an agent of the invention in

andj dighetsstnelljtusriypaHnatasibgal d8738F%i ons, for exanple in

Lnfla ory airways diseasgs, . : ed in:
okl T LA A s SR S
fror?iitflé[\@yo%pi JhLSRRLEAr@bvalciRE disdhicRABEREYerodt, hypertension, deep

venous thrombosis, stroke, myocardial infarction, unstable angina, thromboembolism,

pulmonary embolism, thrombolytic diseases, acute arterial ischemia, peripheral
thrombotic occlusions, and coronary artery disease, reperfusion injuries, retinopathy, such
as diabetic retinopathy or hyperbaric oxygen-induced retinopathy, and conditions
characterized by elevated intraocular pressure or secretion of ocular aqueous humor, such

as glaucoma.
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WD 2007/ 084786 PCT/ US2007/ 001708 conditi ons,
exanpl e as descri bed by Szarka et al, J. |munol.
woRwhosiEssg 1997) 202: 49-57; Renzi et al, Am Re@T/US2007/001708
Respir. Dis. (1993) 148:932-939; Tsuyuki et al., J.
Ain. Invest. (1995) 96:2924-293 1; and Cernadas et
al (1999) Am J. Respir. Cell MI. Biol. 20:1-8.
[0120] The agents of the invention are al so useful
co-therapeutic agents for use in conbination with
ot her drug substances such as anti-inflammtory,
[0097]br onc h Rgl de?érﬁ{dd QAbovatindel BIB&Thdtecsdasug) ssqg:_lndtramsggger node that
particularly in the treatment of obstructive or - tion of 2
integrdﬁég bavanet I fﬂgﬁalﬁ}gr pahwasds,lseamesa t@mea_glnigﬁaéfeti?e?ﬂl%%w
erei nbefore, for exanple as potentiators.o .
PI3K irhébispewith dnbibitoxs efy odfer %@W%’ﬁuﬁgpg? “38'5“3 PgRlngcancet and
reduci ng required dosaging or potential side effects

prolifegétiva difeagesigshum@iSagent of the invention may be nixed

[OOQSﬂ,]t h the o%))gg‘]lrateqr UG 5B SSrAGHad Bréast taRérs overexpress Her-2/neu-
: arma

conposition or 1t may be adm ni stgred rated
r , tradtizich#) € QAIshoughi tristarunzett bas d@onstrate
ErbBZzSﬁgr&t&%t)gfors%ste{é%ce. Accordingly the invention £ these
durabLenfésﬂ&%%b ?an&egiai plaie Emgemfﬁmgagérﬁt/f_l@f@ﬁ%z’i(ﬁ?ﬁﬁt suhsegt thes
erel nbefore described with an anti-infl. ar b
patiers cras;iw?i |Iﬁmptyw@rk 16i mddﬁaéﬁﬁ H&atdﬁlh&ﬁg ?‘@?Fg??ﬁ%g? Bard >°
agent of the inyention and sai § ARG RoRE 3K or the
substangiatly dmpgensddry X’Gi@f‘%"é%l“p%@?%a%%bi‘g Conposi ti on, .
ant i -~ i nfhanmat oy Srues dhe! Ree Bear.0PTL87i (2005), Woods
PBKﬁp‘hljlglei B%#’glayg{dfjcoco{r?{léost eroi ds such as budesoni dei 4
Ignatgs‘?& lLpgE RS 9NCandel 8L 16682080), Napathes ahi @encer Cell 6_:1 7 (2004))-
nonet asone, LTB4 antagonists such as those described . o .
[Oogg]nd U55?§1 l?;af(ietyt bT([j]zlmam aeligransiosy ERPTEES rf’ﬁﬂf’ﬁ?‘ﬁfas‘f‘“
and zafirlukast, dopam ne recept or., agoni S inhibit
increasidrdh o Bler DIESTNE PRt & TGOS Sl PO B bhafi ffibleof® inbibitors

for

as

4- hydroxy-7-[ 2+ =[ [ 3-.(2- ine ki including tarceva, gefitinib and
have bﬁ%?ﬂé&l?%%%%ﬁ‘f%w?’% &b e e e A hol &t hyl ]~ 2( 3H
-benzot hi a

- QNG iniRbAGBESHtntatd ¥ndeaapt ablivity in certain
erbitity) ¢ o‘fvﬁ‘é?réggllgpﬁe hydrochl ori de bei ng Vi ozano - _ _
hum%g.ttfn@&g Res2INS@NG), REEA fiiltul inicteass oserel patieny Juryigal in all patients
axoSm th Kline), Roflumlast (Byk cul d%n)thv- 1%9t ’%t man
with ( NGB exBAin® 1800, ( BEisr Jnaysbrr pitipgalized Dy’ the 1ac Y
( Scheri ng- Pl ough Arofylline . (A mrall, Pr fag i
dowastctaPDIB2ES 91 ( LiecBh g )“?“%‘i?éh‘“b‘[g&“nﬂﬁ%t&aag?‘g% Helfidneies in 2
.drugs include antichol. ' R MESE 3k hmble, gefitinib inhibits
Va“eé@é’%f%a,hg?lﬁn‘ﬂﬁﬁ’ t‘?‘%‘b‘ﬁgg “.“egf%ﬁér/%é‘?g?n br grri de, ogi t ropi um
br

the Ol 48 18 0Heddcaldiithdl Brip1ia8Tial 6x varslasseya- Ronetheless, sub-clones of
g4 enoceptor agoni sts such -as sal butanol,

thest GERULRL IcAR beSstidtiidethat asncsistapde iggfifipib that demapsirate increased
and pharmaceutically acceptable, salt ere

.S, . .
activAHioRaIibis PLI/AKE pashwey. Hemm-tauisiopArdoly ’?}ﬁ“ %th‘rs%%ﬂ‘uvi'? renders
o P ht or nat] onal gﬁ?fitenh o}fclubgaétlche Mt h bancer 92:1711
y

the oistEt15pb-AAnesySPSHEYFelt BT L Ao porat ed ~her ei n

[l e e e L 6L §hap! QIR BESreaft dafi€erFs@iRlceH line that harbors a
(ZOQﬁgéréB‘F&,‘e %’c‘flaafllli2 %tr&conpound of fornula -49 WO ;
PTE%Q%&Q&?&Z &0a B@l&%@%& BOFTO&hibition of both the PI3K/Akt pathway an:
EGFR produced a synergistic effect (She et al., Cancer Cell 8:287-297(2005)). These
results indicate that the combination of gefitinib and PI3K/Akt pathway inhibitors would

be an attractive therapeutic strategy in cancer.
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OCH HNH HO/ I \ / OHFl and pharmaceutically

acceptabl e salts thereof. Co-therapeutic antihistam ne
waeleawg/oseebst ances i ncl ude cetiri zi ne hydrochl or¢T®S2007/001708

acet am nophen, clemastine fumarate, pronethazine,

| oratidine, desloratidine, diphenhydram ne and

f exof enadi ne hydrochl ori de. Conbi nati ons of agents of

the invention and steroids, beta-2 agonists, PDE4

inhibitors or LTD4 antagoni sts nmay be used, for

exanple, in the treatnent of COPD or, particularly,

[01o§]2t hma. ¢ n dn”t%ht‘i)&hs T FRORARL fan"fm{d?t%r'd?\ﬁé}t L3 /B/BR5B2, VEGFR

ti chol I'C or i muscartni c agents,

and E6 Rg AR ATRR 3T Mhibi€s S AT OFY ANiGK Sstidam tlairg’ei of Akt) produced
antagoni sts may be used, for exanple, in, the

greafel @dBNéd RffigilyNivat eitherpagent cilbrar firy 2 gﬁ&[bast{)mamqnograﬁ model

O her useful conbinati ons of %gent s of the invention
(Gouwndat bt @intifel. iGunkerihern iyl Odr UZs(28P8)t hose with

ant agoni sts of chenokine rec ors, . -1, CCR-
[0102] CCR FAntEeRiroEengCRics CB(D % glt %(rf?%g@%_%ogﬁ% through

mduﬁté?q g ﬁC§ ﬁyclecfﬁasg%t rg%j.lom i?%ﬁé ogs)t(ﬁégg%l c?r%lg _inhibitor p27Kip.
Rec%ltﬁ“ ?h@ﬁ%&%t@a&%@ﬁ ,of SeEHRR M-I BGlksD), pathway alters
e

antagoni sts such as N [ [4-[ |
the Iﬁtﬁ)sﬁh&rylratwrpstamé 4 peTKif plohrtik) it ishibigny ectivity ire prresting the cell
yl]

cyclealsbajtcyllu}am ﬁbt}rpbnemyp};lm@pquo] @@gﬁ%ﬂorqqls@;@pn@qmvan, et al,
a- 770
. Bigh Eé%%?gegaﬁ?ééé%éé R TeRoth B oty ippittn of MAPK

. cl.ai 1 lL.ag | horv
o b Bl TR L o s i
statlfsogpgg‘? 4% RémidiR ichveRty %Bea@ﬁﬂaﬂde‘ﬁ(behehﬁmmﬁﬂ sbndaing restored

phar imaceutical conposition with conpounds that are

horrd66d sdnsftbrityt heinditaelyt pkrﬁphorfylsalmib}pﬁj?'d{lythycAhﬁ alpm glarogates its role
heart disease, stroke, etc

to aesteipecielineysde (Viglistie emaasm‘aﬁ&é@ﬁ &l 55%08?» Accordingly, in one
B
ange PS*% Eﬁsuv%rgf g Eﬂc%ki“l% rem 1§bﬁ@’ Assh 4 dd) commonly

etc a Beta ocker (e.g.,
seeﬂr@tﬁ@é@éhcm\(&f{bﬁm|aﬁt16ﬁ1cbﬁ§g’éxﬂ§ e) and an ACE
inhibitor (e.g., lisinopril). -50 WO 2007/ 084786
[016T/ US208v hediidsicdl @2a8%s, EBueh @swhame sysiogeneus leukemia (CML),
i nvention can al so_be conbjned in a pharmceuti cal
chrospyewstlt frgnsiapatipnc Shpeweasbin der dhe SROSHTNIVER, affigated BCR-AbI

tyrots{neeafqnase O’I‘h %ﬁlcyegeﬁgt%ﬁ d A %%Qﬁﬁve to imatinib, a small molecule

tyrosine kinase inhibitor, as a result of inhibition of Abl kinase activity. However, many

patients with advanced stage disease respond to imatinib initially, but then relapse later
due to resistance-conferring mutations in the Abl kinase domain. In vitro studies have
demonstrated that BCR-Abl employs the Ras-Raf kinase pathway to elicit its effects. In
addition, inhibiting more than one kinase in the same pathway provides additional
protection against resistance-conferring mutations. Accordingly, in another aspect of the
invention, the compounds of formula (I) are used in combination with at least one

additional agent, such as Gleevec®, in the treatment of hematological cancers, such as

-42-



such as, ACE inhibitors, lipid |owering agents such as

statins, LIPITOR (Atorvastatin calciun), calcium
wa@baned7sbl ockers dush as NORVASC (am odi pi ne PCT/US2007/001708

besylate). The conpound s of the present invention

may al so be used in conbination with fibrates, beta-

bl ockers, KEPI inhibitors, Angiotensin-2 receptor

ant agoni sts and pl atel et aggregation inhibitors.

[0124] For the treatnment of inflanmmatory diseases,

including rheumatoid arthritis,” the conmpounds of the

L nvent 6 QERIDE do Wi dis@ ge Prevent césisigncENS- @ least one
chronig W%?éeglr%gmé‘b%ﬁuag an]?)ie- TNF- D nmonocl onal anti bodi es
additidnib&dtns REM CADE, CDP-870) and D2E7 (HUMRA) and TNF

receptor immunogl obulin fusion nolecules sﬁgilch aS..11 survival
[0103ENBREL Becduse lactivetioni tofr ghe RISEMET RAFERONIRYE S ’

soluble IL-1RD(e.g. Kl NERET.Qr .| CE.inRibiit: .
inhibithemof gho RV cqrﬂwpamtwa?fyth&@%’ﬁ%%“%ﬁ@%%"f’m"“s i canest

pi roxi cam diclofenas, i1l Webiprigf ghproved responses
cels, feslBpingt EHIORETEY; OFCis DU or e, 2 fre

fenamat es, nef ena}grj C . c

aci d, ., | AYQARE BAGH i, SYl1i7RCRE, (28PSPONRS aipyxampleopmsbination o
(th’bﬁ‘r?k:ﬁ%/?lﬁu?gzoné?ﬂgspi”rli n, COX-2 inhibitors Bl§fsuch as . .
P13 kiBSERRENithE QHAr exbbplatih RRMNSEAEH Layneeginsic Bifgots in both in vitro

net al | oprotease inhibitors (preferably 1Vi -a%S in a xenograft
prolif&@ties tandeapaphodis mevayy as ypslly af ini B P Lmpr FHcaY

G nhibitors, NEUROTIN, t eqgahal I S€1764-1771 (2005)).
modehef ONATIABCADEET Q%?%H@ﬂfi&%}“’%&g\?‘8%?é’ﬁ%‘gﬁui‘lne, (

d-penicillarni ne i RAFL Qi L, Gierorialaccumulating
[0104]¢) . F‘I@lﬁ‘@‘%ﬁ?ﬂeﬁ%%%%%ﬁ%é I%)}fd:itfeﬁe i nvention can al so
evideRe Hat D166 CRLd OA AMtIB PIE kirexésstouig behtergpeutically useful
. agents for the treatnent of osteoarthritis. uitablg t of the
in otRE8MNiSeds® A€asus@hei mhitgtomiofap 10k, thel BIBE dsodpiaa Ryoduct ©

_ non-steroidal anti-inflammtory agents (herei ot
PIK3NBAIgene,) hasidfeensshpwmox9 d’&m‘n"(ﬂl\‘ﬁdo?%r? gar 8(5':({]0 %Ifl%gl'ét activation

aci ds such as_naproxen I i righ®ftor that inhibits
(Tackien shAloMATv oGS CHap ST blea o r s, p VISR B Blor hat

aci d, .| pdonet haci.n,: ' in BMBBRAEon RY aad ahamasotic therapy.
Pllo&?‘,“’i‘?u‘lﬂ%gﬁﬁlé’ﬁé‘\l?bagutaa‘é’zlg‘%%%gseg??%ﬁ ates such as aspirin,
The S¥mPp 11 Db rsuRHEDIRSTRBIID grid is irapatembit B, cell function and

Pum racoxi b and et ori coxi b, anal gesics and dent and
diffe}akilraﬁaﬁt(bmham et By ApEgs Medhl 9750763 €423 of-gell Jrpenden

hyal uroni c aci ds such as hyal gan apd /D] -
indepAIeh0SATSE TPITRESAGOT POSa FR CPBBET. T Rsg, (g ffand mas

the invention ma so be,u | ARt I BfhsMttiB ted that
cell éxffqrwtraéwna(g“éhﬁ‘sX‘sfi&?f”’é%swiggéEp }P@‘ﬁgcycl c?vitr1 and ©

LELOW & HISEREE BeatRmP 08 Bselb divemsutymhmne diseases
pn({fg%%l%sewggﬁpr‘geun s of theepr esent invention my al SO,
and et Bi1$, 0B iAbitA o IDOCNE: &géerns perduRt akthe PI3KCG gene,
ant 1 depressants (sertraline), anti-Parkinsonian rUgS)536.2240
results Us e@sceddEpbenydt, BlLcetlp pespores (R@’f eMa}.aﬁ.ei%n’ MR :

O S e s oneah N A0 A5ad b Qffmmune diseases
Covaa vordsamiere AT A FEH bIEsofSE
(CaIrn(;lsJ pétaeil(l(i I a‘pllll‘g ! ﬁ/l%ﬁlscineNli/P:@36-943 (2005), Barber et al, Nature Med1_cme
11:933-935 (2005)).

[0105] The present invention provides pharmaceutical compositions comprising

at least one PI3K inhibitor compound (e.g., 2 compound of formulas (D-(1ID)) together
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ant agoni sts, N cotine agoni sts, Dopam ne agoni sts, and
i nhibitors of neuronal nitric oxide synthase), and
wa@paorAosd7ghei mer' s drugs such as donepezil, tacPCTES2007/001708

El O inhibitors, NEUROTIN, pregabalin, COX-2

i nhi bitors, propentofylline or nmetryfonate. [0128] The

conpounds of the present invention may al so be used in

conmbi nation wth osteoporosis agents such as EVI STA

(ral oxi fene hydrochloride), droloxifene, |asofoxifene

or fosomax and innunosuppressant agents such as FK-506

and. r efdm or
W‘thl%\?gﬁ‘i“?a&ggmf(al S {ﬁ%éfa |eng p%gﬁgﬂlg?ﬁﬁor e lﬂizsct)ltr?ggﬁr%gsa c}#l man

Ak Or RS m&@ﬂth&ﬁsfaﬁﬁﬂh@élgenﬂm ts
mnn&hgﬁgﬂégg&%pgﬁ |nﬁ|g$}or conmpound of gﬁé i nvention

[0106F- 0., & GaBpautstiment, ahenpresent iyveptibh)providds anghedsagh treating
|nsert or other |abeling including directions for
huméu e tiing! subjettsiusieripg drar ey ealiules R!PB%*&%‘E’%@‘S%SG, such as cancer.

d t P13K bi t nt of t.
The gg;qnggg;ug{tiogzg?fld?ﬁ glqsllajc?cr &ﬁt{:ﬁ%{l gﬁ%%&saxgwl subject in need of
3 SIpRsing’ ¥ 10 effective
such. meﬁtwen r SPPLSInE 2 a#x%n'flgtg}ﬁ ﬂl}f%&t thera n‘%e%éelﬂy fecti

gro ps t d6 not contain

moHﬁS{ QP 18RBinhititbt &ﬂﬁpmﬁlﬁr h"t@n&tﬂﬁx&dsdﬁ fir@fllasCIR(ID), either
al kyl groups such as nethyl, ethyl propyl, butyl,

alonP @R iyéombifigtiyn withephst antlomopk agaonyl , decy |, undec yl,
dodecyl and the Iike. The phrase al so i ncl udes

[0109] anc hednc haitieulas.o perpositions r will Heither abs fé’FIRl}}}atﬁif Jagther as a
comlbggvgrg Iég‘gl‘ﬁgg{t%ng ; ?érggr?‘lé%gq%gts(%b@q?%%mancer ggen s %]r Hfwith the

1nven@%%%w%%%&é&8§§ﬁ%%% ’set forth below:

- CH2CH( CH2CH3) 2, - CH2C( CH3) 3, - GH2C( CH2CH3) 3,
A. Jememwm( CH3) (CH2CH3) | CH2CH2CH( CH3) 2,

[0108d;|_|2(}|2 o C%)émc%ﬁ&% ge_lf‘zggggtg’in conjunction with the

COII]@&%!;IE%“Z 6%6(?{%0?)1%5% %@ﬁ(léﬁ%ﬁ%&?é@? %-Epldermal Growth Factor

Rec%ﬁgl( @E@ SER ei{%ﬁ%;%&gﬂ@ a1 (hb1e 618 Jquirelisds) ﬁfrsexam-ﬂw gefitinib (US

groups” includes primary alk

5459108 NIB 56R5580aid/US| SAT0599)0 APs647a(W Ct @1/BRET 1Y, aﬂ¢¢y11b (Tarceva®,
groups. Preferred al kyl groups incl ude stralg and
US (5, 247c4R8d andh aWVEO 9é¥3@9l47br%191plﬂphﬁmbnﬁj$ €.62%:25¢ Aoy O 02/02552);

Vasgwélg{nﬁggétgélé:gl?%%»ﬁgf %th&r &gﬁl})&ma%l Qg%lto{rsgﬁli?crludmg SU-
TS DHBPREAT St Bl PISTbas Motbinsy s s

5, 85(3 ﬁ?&i’@@@ 9b/614b PR AR SPYUS BG5S, Qﬁ@{@ﬂS)@mzw) vatalanib or
cycl ohexyl propyl ene (- CH2CH( C6HI 3) -) . [ 0133
PTKMgke(nm 6,2688e2) WBGETap gWO CR& 123 Bdieedistan (WO-09606116),

cyclic groups from2 to about 20 carbon atoms_suc
fentetiogle destipiberridi prhydsepmbenylamingdy (Ugr gtipd3: 38D, 62 (wo

02/82’{2;? &)a?%%f%ﬁﬁf to&‘zsslsltlg o@@s- f0u82) b&?RN'%I 3-[5-
(sl n__\[&lgﬁrfgln\él NWethy )y TS 4GB lone; CRESASES 2.and  AG-13925,

pyrroto[2,1-f][1,2,4]triazines, ZK-304709, Veglin®, VMDA-3601, EG-004, CEP-701

(US 5,621,100), Cand5 (WO 04/09769); Erb2 tyrosine kinase inhibitors such as
pertuzumab (WO 01/00245), trastuzumab, and rituximab; Akt protein kinase inhibitors,
such as RX-0201; Protein Kinase C (PKC) inhibitors, such as LY-317615 (WO
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C(CH3)=C(H) (CH3), -C(CH2CH3)=CH2, cycl ohexenyl,

cycl opentenyl, cycl ohexadi enyl, butadienyl,
w@ewwasizenyl , and hexadi enyl anong ot hers. PreP@r/psmo7/001708

al kenyl groups include straight chain and branched

al kenyl groups and cyclic al kenyl groups having 2 to

12 carbon atons or 2 to 6 carbon atons. [0134]

"Al kynyl" refers to straight chain, branched, or

cyclic groups from2 to about 20 carbon atons such as

those described wth respect to al kyl groups as

95“2‘3{21133??9‘8 a%gxg hSin @ﬁ§ p%o&ﬁ’h%gx?”ga?/&w K/Ras kinase inhibitors

onds es i'nclude, but are

i LErd€A! 354825 AMG-548,
1nc]u'a% %_écg ngh%(%@y 4@‘%@% ;) AR ﬁ:tﬁandr C(GEI)@E%—Q?ECI-IZCI-B
and GABRAiHIERE Sn W?DQBGHZZGQ E‘.ilitylﬁiykt Grosuth Facion Regeftor (FG R) kinase

strai ght chain and br anched al kynyl  groups haV|n%
inhiti@rgatdbDepewivst Hingset 1K) dehribiprsainsiding @1%%120 Wroscovmne

(WO gargz)gﬁ Sawh %40%16?)6%3%9%2%5%%3 oS b b ucgoraReceptor (PGFR)
kinageg{ngfﬁfog??\gc €l Y_‘r‘@ 258 g@% IBAb”%c‘i? 199&?‘%@‘11?48 and SU6668; and

rogen( are teplaced’by a bond to

Bcr—'r& ¥k hads %%to@@%@ﬁﬁi&ﬂfr@%ﬁlﬁﬁ&s SUe57asor (leévec®diimatinib).
Imted to, a hal ogen atom such as F, d, Br, and |

B. AAf-Bybgess atom in groups such as hydroxyl groups
al koxy groups, aryl oxy gg ups, and ester graqups; h th
[01090il f uEstzagsmtangeting agZeAts WPGBM%@DPWWEUGVF%&%Wn with the

comg{)g}t}lg)zs ng}'lpq: g%éérglrlg{ﬁ {o%g&s %%ﬁéllectlve %ré/ggn?uelp%% Modulators
(SEMS& Oééﬂﬁm%r %Rﬁmfe y ?Ireﬁﬁ%@ ﬂleﬁiﬂeﬁb HrBHAtase SHAIIRSs including

am nes, di al kyl'am nes,

Anrﬁfd)ék@m dre %nas@zlo%bﬂea r E!;t?d'gelﬁe &1ec€ptari' y mmme@latblrsa X(ERDs) including
imdes, and enamnes; a silicon atomin groups such

Faslodex® otfulaéétmhtsr |yl groups, dialkylarylsilyl groups,

al kyl di arylsilyl groups, and triarylsilyl groups; and
C. Awthdrdregersy oat ons in various other groups.

(01 9o orAriteenderatting G2oS B B, oL S e AdETy [ ¥tbsion with
the F?mgsp %ﬁse gf Q% ﬁrég ANEReRGAL indeMd fluarlide, BicARiRhRYe, Bnasteride,

eteroatonrsuch as oxygen i n oxo,
amif&g10RMAmidE, a{eﬁ%‘éﬁhzolé%defoi'@éosgﬁoidps nitrogen in
groups such as imnes, oximes, hydrazones, and
D. Odner Intgkirorsubsti tuted al kyl groups further include
al kyl groups in which one or npre bonds to_a carbo

(01bH hyBhegeribyor: difs 1S ARCEEy SR FBUACIOn with the
oar het o} | | inhibitor
L

anong

mclﬁhﬁl%rﬁ 1fﬁ£ﬁ§/1)r G LR 7 mMoz)bnm 2hd Woe9w:zm¢61); BMS-214662,
car on or hydrogen atomis/are replaced by one or nore

AZDoit®), t andf | FIOED77; C hopéBomerasbr aﬂmbgbm,lpmmngennerbarone and
preferred subst i t ut ed al kyl group is th
diflbmiotdcan (BNe$0AL5);gnisoipc hmsmtqyg}dlgp;(ypmé}(&m dnkikiters including SB-

the trifl th
74333he maa%akmr&é%%u"e&oqy%%{rﬁ%@%ageﬁrrr%rr? obLEige® (US

s TRESRSREI ot SRS LIPS HERLARE on s

antiinflammatory drugs I (NSAIDs).
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substituted al kyl group contains a hydroxyl, alkoxy,
or aryloxy group. O her preferred substituted alkyl

w@re@apss7Beacl ude al kyl groups that have an am nBCT/082087/001708

substituted or wunsubstituted al kyl am ne,

di al kyl am ne, arylam ne, (alkyl)(aryl)am ne,

di aryl am ne, heterocyclylam ne, diheterocyclylam ne,

(al kyl) (heterocyclyl)anm ne, or

(aryl) (heterocyclyl)am ne group. Still other preferred

substituted al kyl groups include those in which one

or e bonds t bon(s) or hydrogen(s) atons is
E. C‘f”éﬁ??é’gﬁwgﬁfnéveuggz)ég‘?{).an aryl, heteroaryl,

teroc : CLIR@hdHraBE@Up agéntanpt ase afs anticancer

oL e t%%%hlaéﬁaﬁéfar R N BT T ChD) 3N o),
agents( {FHRbANHEESB WAt tHEHRGHPEHAPEDIHBe pre@ie Grva@ytor ade

- CH2S(=0) 2CH3, - CH2OCH2NH2, - CO2H. Exanpl es of .
anastsodaiie i t (feinilex®), sbivslutamided 4CRsades®); blggmycin gyifate

(Bleﬁgg%%Nﬁxku&BW%%@: :&F&M:i%&?g%%\?sulfex®),

ey SR R ke

platy i NH&Y . cHiébhabhicil (Leukeran®),
carbqlgggxgt' ﬁ%&ﬁl&%ﬂﬁé@m R-c cil (Leuke

al’kenyl " has the sanme nmeaning with
cisplafifi A@Titicd®R| Kaditing (Dagsatin@ptcysidphpsphanade 4Ciiaxan® or
groups had with respect to_unsubstituted aIk%L ghou S.
Neoshr@)psyiatabims cysdsingrabiosids (Grirsidd®y REATAPIYT Jape™e
_ . in which a non-carban shydrogen.. | S .
injeqtipra b SO BN EOR AR ¢ S RuR B LA RRES in
Ln which on i idRRIR)) e hAGaBicHM @ftEat
:D’(%ynﬁgﬁﬁgdgpgogE%%$g%ﬂﬂﬁ%¥ﬁ?%€ Jgguﬁn ébdouble bond
npoécﬁn@fiﬂfebﬁén ¢BERRXorh &8 B exatidhsisbhelt dsterikil (Pitotéra®, US
the sdanme nmeaning with respect to al kynyl gro%gs t hat.
20040739414, Utiegorabicil  hydmebdorfied (MdtiamyesEsc Rubex®), etoposide
unsubstituted al kyl groups, A substityted alkynyl .
(Veppsid®),i nitudagbine| Ryosphaigr ofadara®ivni 2RIUTRHERC! aﬁ%&ﬂ‘cb@’
non- hydrogen atomis onded to a,car. tripl
Efudex®hot heM @R8N an&E‘?lﬁ’é’él bn V\hlteg“ﬁmggﬁlgh- car gﬁ{&g}?ﬁﬂe
.Jron- hydr t ' e I BaRuBRIN | TURIVRIN®),
ahdﬁﬁngﬂ%gyﬁﬁgﬂggngﬂ%% éﬁggﬁeﬁHng%gﬁ? [0138f1"glkoxy" )
ifosERARES (FFEXRS), WiRh@hf Rhsprkk), Beppaagnbhst |(EESPAR®),
exanpl es of " al koxy groups include nethoxy, ethoxy,
leudovbtihoxylcint,i inelgratane t(Adkeran@hd Stinercapiepurifg 1@yyinethol®),
"Hal ogen" or "halo" refers to chloro, bro

£ .
methattesaselo (BolouPy. mhtexaniong, (NEVaifaas®: BpAStare, o Pagitaxel

al kyl radi cal . subst ANL . R0 with
(ool PTG (ST ROk org: HepsBlip] Mo g 88020 wi
tecal . ti i AR el cithitée 10865 ®)at temiposide
Cankg%%%?l Qﬁoiéﬁégggﬁahereinetocthe g?gtp -NH2. The
(VunSéi), al diivﬂi@%’daﬁﬁié, r gfiefepa, herapanarhimet HF igrong®)\RROpotecan
where R is alkyl and R is hydrogen or alkyl. The term
- hydrachlbdde ot injeteoers (Hem@mntm®¥,t yintjassing ( Qheyi@cpstine

is aryl and R is hydrogen, alkyl,
(Oncoving), and vinorelbine (Navelbine®). y

F. Alkylating Agents

[0113] Alkylating agents for use in conjunction with the compositions of the

present invention for anticancer therapeutics include VNP-40101M or cloretizine,

oxaliplatin (US 4,169,846, WO 03/24978 and WO 03/04505), glufosfamide,
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or aryl. The term "aral kyl am no" refers herein to the

group -NRR where Ris aralkyl and R is hydrogen,
wa@bdoylog4786 vyl , or aral kyl. [0141] "Al koxyal kyl "PeEUE2087/001708

to the group -al kl -O al k2 where al kl is al kyl or

al kenyl, and alk2 is al kyl or alkenyl. The term

"aryl oxyal kyl" refers to the group -alkyl O aryl. The

term "aral koxyal kyl" refers to the group

-al kyl enyl - G- aral kyl . -55 WD 2007/ 084786

PCT/ US2007/ 001708 [0142] "Al koxyal kyl am no" refers

elL,n to the - NR- (al ko fl
mafot;%mxéecﬂ Ttgp?éhﬂswg 04#\I %&glpre(ﬁl %é]lléﬁll %?&%ﬁn @s‘uﬁfan irofluven
f@o% afdfef er Qﬁﬁ@dcﬁdﬁ& t 01 131984); C( Os=tNriZylguanine;
(acyl &$ &Qgg%hgﬁgnoc bonyl refergﬁﬁereln %o t he
decxt%lﬁHpg ﬂa dBBB'/cyWBﬁE)z BRrdsmllidily micordydth Cs((MiyBroge nTLK-286
or al . The term "aryl am nocarbonyl” refers herein
(Teldyta®Y) ee@mu]pmm( cu)abmedm (}w&ﬁeﬂf& 932)aAPr5280d (Hlatinage formulation
hydr ogen, _al kyl or aryl A«alk n1no§frbonyl refers
Ofclﬁelraélph Polfﬁrqlﬁlé?“@r%r? gy is aral kyl and
is h rogen, al kyl , aryI or aral kyl . [0144]
G. G ﬁ(ﬁf’ﬁ%é%ﬂefiovnyl refers herein to the gr oup - S(0) 2- NH2.

ub acit RSl 8o urlcBbE Mth Bt dinpdkitidte® of the present
[0114f Séh%%ﬁ% RR’ v\,helrel R |Js gl kyl and R |lg hydr ogen

1nveﬁ)t'iorii|f&y hntiddieit Gfemapeatiad kx}dlmﬁﬂ rostthibowlytwiad (Wf03re0814); RP-
herein to the group -aryl- S (O 2-NH aralkyl

697;[ G]lﬂﬁiencCéF&ﬂoﬁﬁll (cTiB4168):s gaéof%éewvéﬂf BRI pfief@eé}mme, and
[0146] " Carbonyl f h
bleobrggiy drsons aﬁ%v%ﬁ%@tlfvﬁ e R RapRh 681y TR e o
I I kyl. Th
HB;olggzga}K%(s nggg,{ ggtgé aryl, or aral ky e term

onyl oxycyc refers generally herein to

[01189t N Bicl6 SO RYpONNE aﬁ&ﬁﬁléﬁ;' QRlckybs inBiighed modulators, for use in
car bonyl oxyhet er ocycl oal kyI i.e., where Ris a

conjaAa¢thac y»dﬁn&iekgdmlm‘smdnst i ﬂncy[memﬂt Kyyentioasfos cmtiganagr therapeutics
The term "aryl carbonyl oxy" refers herein_to r

includg( Spurospiind anduracEocaels apglogs Misrreh BIelyl Qfﬂﬁ i, Citb-701 and
car bocycl o e I

mxdos(;@gpk);fs%ea%{géngﬂg»ggﬂ, WREYEHRe. nwtoyg”\%éﬂgo'rg‘o US 5,621,100, WO

93/07755) WO 1704155, V\E%J(ﬁz@wﬁu hferedH8dt &ve 94306769 WO 00/27422,

the group sulfonyl™ refefs to a

WO B3 5 deUROWED! Bsﬂmm)péqaamnﬁle CAE0 01 £79256R Ao ALIGOM(WED 98/04541
Ris alkyl. Al kylsulfonyl groups enployed in
and COSP6,02638GF; alhmhmlmntmtemfﬁmns fmgaﬂéNta] piF&&b| ¢tc.); interleukins,

speq?éﬁa%iéfxéfa&%a%rl&%pria 3?%1' Sk e Johicay kbRt dhyt- 115
IL-]]% ﬁgﬁem ?% \fas LaHl sht%efér ?%ﬁ%ﬁ]g' z\.é\%ﬁgtécmq sequences

3 f Ln(ste Wﬁﬁfeearﬁ eSIRialEnR); SU 101
gre%er%ogﬁjs (Ho%{;m}y}l@iéqe, FPlv\!i%ere (EE |n§epr opyl ), § Z(rl;gtthe & >

lefldridftide KveOt @4/0683mr yhds WIS 643911, Sssygf mnéaqumrmlmes @uﬂh as resiquimod

group -S02-ar The term"ara | sul fon
andrigrigilichb(lﬂﬁe%/ GBS, SIR640. o, 2@;? 376];%93%152(} 5, 266 375, 5,352,784,

5405816 20385 6, 54 s fdlod P 5 FRME: ana 5,525,612); and SMIPs,

including benzazoles, anthraquinones, thiosemicarbazones, and “tryptanthrins (WO

04/87153, WO 04/64759, and WO 04/60308).

I. Cancer Vaccines:
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-56 WO 2007/ 084786 PCT/ US2007/001708 [0148]
"Car bonyl am no" refers to the divalent group -NH C(O) -
WO o486 t he hydrogen atom of the am de nitrpgEOSN7/001708
t he carbonyl am no group can be repl aced al kyl, aryl,
or aral kyl group. Such groups include noieties such as
carbamate esters (-NHC(O-0OR) and am des
-NH-C(O-R where Ris a straight or branched chain
al kyl, cycloal kyl, or aryl or aralkyl. The term
"al kyl car bonyl am no" refers to al kyl carbonyl am no
[011%6{5@%%§8%b5 oAV g, L Wﬁgﬁ?xgﬁ%ﬂ Uitk tha RbARIRIIE of the

one structure.

presel:ln‘;ll E W eBBE6R AR ATADR ind@ (Bétfahelroa dtfers 26} 10(7d)2289\1109) @refbvomab
I's an aryl. Simlarly, the term "aral kyl carbonyl am no

(OvaR k@) eTRerape@ (STyKak) b eidrene RacdizesaGai4000 sefign@gt4014, Gl-
“Quani di no" or "guanidyl" refers tq noieties deriyed

4015, mo G416 which ug Niregtefyty fiyezmuigfiers HothetRasprpifap falioVax-1;
t hose bonded at the nitr tom car fyi f ar.na .
MeTe)an ASSSITED Of IIGNP20b 6810 D3 250} REE R AHMERE, eng 8yl sev-16
_digm hyl eneam =Nk ) 1 TIVE, which
B7: YA ay BreRept ol (BT batar 30 LIALEVAL MCTIVE,  whic
stimL%E&alTé:élwl §‘pech?9f‘ Oidet B@mork: " GMIAISKE  cancepOvhddind)S a@ll  Listeria
the guanidine, e.g., HZNNC(=NH)-NH)). The hydrogen
mondt@BBeritls-basyd vdccids. ni trogens can be replaced with a
sul tabl e substituent, such as alkyl, aryl, or
J. Atisghsey/Therpp:50] " Ami di no" refers to the noieties
R-C(=N)-NR - (the radical being.at the, "N'' niit
o11FAq R?Pnhcal@sm B £5% U p AP TG yitiipg pgpobiioh@8E e present
ekt ogen er ey bg,daY 8 o0an.358b6 (IGEM-640); AP-
mvegtlw’aq%or }%{:rhg\&k?ﬁ t.lgé[“gg%gﬁpoﬁéi\%g F’ogllmElyl "“refers tt))tba ) _
12009004 AF-1P01 4 CYCFibataI§icRIfRe Ml sefiseObligaiclrotyed)] AVI-4126; AVI-
al kyl substituent. Representative cycloal kyl \%r ougs
4557TnAMIdRI7Cy obliprensnl (Geneyarise®t JHS2; eprinopassery (WO 97/29780); GTI-

cycl ohexyl, cycloheptyl, and cycl ooctyl and s I RQ
2048 (B2t iibartusiEofide redustasegMRNA A ERFE B r{&? Q %5@'{&9& BT1-2501
roups_as defjned above- Typj cal yeloal kyl . :
ovdoelPs it < edvempramee Rh BRubg RIS, olgpdegrymucieotides
at ' ' h 1958 RENANYSef tHbfenfidkReBisY VEGFR-
(LEéaf%‘e@\g %@ﬁﬁ}ﬁzﬁf ae?%gﬁggtger ocycl oal f(yl " reefuers Bety
1 mR&¥A).n to cycloalkyl substituents that have from1 to
5, and nore typically from1l to 4 heteroatons in the .
[0118]ng St r Th¢ vomposulst afitheirventom aaoalso bagbepéned;ip a pharmaceutical
conpounds of the present invention are ni

. itroge

conmesyion, Wi SUPREhiOTHERRestht AIVERERGr SRS GRPRgTces  Such
-857 WD, 2007/ 084786 PCT/ US2007/001708.. mi.et i

bro?%’&?%/}\gé?ryf g{ugg x’gﬁ‘gufdg , A, ?“Bﬁ%?r/ ho %Z pa?lgrer{rﬂggﬁﬂ)l}

ipratd digD¥ihidedn @xlthspitrh K SromiR, bagd C kidabisithm gbaitpilear énd  0-2-

lpr%f?ﬁggl ﬁ’?‘?(’hbdr c’)up)s( Pﬁnv\hi cﬁorgl | ring alt orrg are carbon. )

adritREceptisie dgdiiste OMREAC tak Osalnitirhol yiettnaalkyd, slibsteraluamd,sespecially,

the term "polycyclic" refers herein to )
formoterol. Co-therapeutic antihistamine drug substances include cetirizine

Fsagents, in particular

hydrochloride, clemastine fumarate, promethazine, loratadine, desloratadine

diphenhydramine and fexofenadine hydrochloride.

[0119] The effectiveness of an agent of the invention in inhibiting inflammatory
conditions, for example in inflammatory airways diseases, may be demonstrated in an

animal model, e.g. a mouse or rat model, of airways inflammation or other inflammatory
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fused and non-fused al kyl cyclic structures. [0152]
"Substituted heterocycle,” "heterocyclic group,"”
w0 b@vmesosycl e,” or "heterocyclyl,” as used hePE&I/nS2007/001708
refers to any 3- or 4-nmenbered ring containing a
het er oat om sel ected from nitrogen, oxygen, and sul fur
or a 5- or 6-nenbered ring containing fromone to
three heteroatons selected fromthe group consisting
of nitrogen, oxygen, or sulfur; wherein the

conditpmi e eraapF ah feRiibef 18 SAHD & abqnﬁﬁnﬁﬁal ti@hods (1997)

bonds: wher e| n tF 1 7. Clin.
202:4915 Y RGN el Asi [Revt Rasmmmay@@%bb"c& PPy vyl g

wherein 1he 0 and, sul f gtﬁ_ frednevol. Biol.
InvestoldOPah2: 224~ g%%l: aggrb Ml ?}5}1{;9 aﬁ%lbl cyclic
70:1-group in which any of the above heterocyclic rings is

fused to a benzene ring or another 5- or 6-nenbered
heterocyclic ring independently defined above.

[o1 2ofxa”p' cQfehts be BRCKGEMhorDire aps isaftil asleo-tixrapeutis ageats for use
Iimte t o:

unsaturated 3- red ring lat
in comloinaEemwith othar girug ﬁﬂhsﬁ%’(jéﬁs“ﬁo“&ﬁﬁgg uleﬁargmat&g ?ronchodl atory or

antxhlf)tarmrtleecgjmk QuPMELRLY, aI'tlg\!ﬂQMSj Ex@ﬂﬁéﬁtdi&thentp)ﬂdbnﬂrdgtive or

fetrazo e g., r azol
inflanzinlatoey am@wdlycasgs)méhoqmg%tmgl z’&f% eé¥r§C§ example as

potenﬁratt%y%) ?f[#l é\%tﬂ:' &leiytcg sﬁch Bhdck 9988 a aleali of t&ﬂilcﬁg redputed

I soi'n i ndol i nyl, _indolizinyl
dosagii 8Opotbntial istuga et of ayﬁg drugsgAsyegent pHthe 1 ﬁ-ﬂzﬁ{gpégay be mixed

with metq%g ?él'%&]%fa Ll de }rhg ?x%d mﬂ&eﬁﬁmoﬁlﬂgsﬂ;oh @r & may be

ons suc not limted to d bstance.
adrmﬂ?é&@lécﬁé’e@hmlel{/ daegone snm}ltanm afzt@gpﬂer the other rug subs

oxadi a | dgen Eahwhtidn ak O
Accogdlﬁgwg%( gaflepf gncg &§Sa| ¢ ngﬁ%ﬁcﬁ%&#éﬁzg & thl tidn a

to 2 ox 1czjﬁen atons. and .|
herelhgefgremésﬁﬁl%iﬂwﬂh Qﬂ&nﬁbﬂnﬂammatdum brepchodi

mor phol i nyl ; _ unsat ur.at ed, con
substgpesy Egld@gﬁ@t‘ﬁfﬁpﬁ B1an{18n 3nd, >S(%/1g g n %gs&ﬁgﬁg%§9ﬁ ke same or

diffeftink Eﬂﬁﬁ{hcé\hﬂfﬁ co@bsifisATBheh aftbibmadtary iggs 2nctude steroids, in
penzoxazi nyl ée.

., 2H1,4-Db d
partiGulax gugoqm exgl ,ngg a%faqﬂeggﬁﬁﬁ% a{nlr)(ét%ason Ngatddbes

sulfur atons

cicle &%deflﬂ fh;iﬁgbﬁé’gﬁ@%@@mﬁmm tiose deeo:nbadnnt[é%MSUOO

LTD4, amargonistmcmlé mqntelukasg apd gﬁﬁégllf adi Z O ne’ receptor agonists such
; &ﬁﬁ¢ﬁ,mha 8h qIEQZ{ln S
”C%’SFﬁoél ﬁ%ﬁéﬁk%é rggﬁ%ﬂﬁg@at oS an ?}:h gB ﬁn nitr orgee%
pheramhmmmlpyassulmmg@wl]rqrma&ahxl RGP U MR "
sat ur at @E] L2200 He@}l ViZanand
A e B
AstraBbfdtn), ahd PO BAwhititors pugh asebrifle] (FlaxeSpyl ), RSdimi Y

Gul @),ﬁgﬁ%%{‘ A o‘%ﬁ?@%&ﬂ%@?@ ?Hafeﬂ%{ BCH 351591 (Schering-Plough),

yran,

Arof1EfRd (Kiaiiedl Poddshaea) dnelRIp b&ﬂﬁép.(&'aqlqe@%vn% Such moﬁl@hqdllatory
druéﬁ%pglﬁag laq];tllijqrh tggx%ﬁ%or %ré 1m£%%ﬁnglr¥{§€ﬁ@9§{ba§‘ﬁm ﬁ)@:ﬁfhp@\&n bromide,

nzo ol yl',” benzot hi azi n

oxitk&pifim brorakdteland thﬂﬂﬂﬂhiml taainidd, pnd bptﬁ;&ja@ymﬁqq,aggmﬁ& such-as
salt{(u(t_angél;-,{g_eﬁggsléqf g2 L dérg %1? %tﬁl?elc w%r)notexldpﬁt?& gﬁﬁhﬁge\ﬁmally

ygen at ons
acc%&&ble Qhitd ﬂlhgieb? Cbnmonipbt"uyﬁi$ (mrfmtq:rrsatt edsalyadnaliof formula I of
eerocyc IC rings.con e ted
PCH dntetnationalingicsy puplicajton Ho @g/zgll %‘x §h 8o uﬁfggﬁ ;szftarkg@rpora e

heré?’m bglq'egermbﬂe?é}aﬁllyr&ﬁnﬁﬁﬂﬁﬁbflthlegimmmes thereof, especially a

compound of formula

‘t@@(d)rtaatlhlstamme drug
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oxygen atomand 1 to 2 sulfur atonms such as, but not
limted to, dihydrooxathienyl; saturated 3- to
w@2000be8@d rings containing 1 to 2 oxygen at oP€T/ERZN02/001708
to 2 sulfur atons such as 1, 4-oxathi ane; unsat urat ed
condensed rings containing 1 to 2 sulfur atons such as
benzodi t hi enyl; and unsaturated condensed heterocyclic
rings containing an oxygen atom and 1 to 2 oxygen
atons such as benzoxat hienyl. Preferred heterocycles
include, for exanple: diazapinyl, pyrryl, pyrrolinyl,
pyrrolidinyl, pyrazolyl, pyrazollny cn. Pyrazolidinyl,

i m dazoyl , i mi dazol i r |inidaz oinyL, pyridyl,

plperldlnyl pyr a®i pi per.az ~ N- et hyl

pi perazinyl, azetidi . N-met hyFaZetidinyl,

pyrimdinyl, pyrida 7, axazol yl, oxazolldlnyl,

i soxazol yl, |soxazoI|d|ny$ nDrphoIinyI t hi azol yI,

t.hi azal i.di pyl | ine dru
an YBRSHL T b BRI or RRb BB St g

subsbﬁnésoinbhﬂz ektitizinbbydmchiawldel acetamippphers clemgastine fumarate,
rjazol n al so
prorgn.ﬁt X?x’ﬁgg‘gucupg €s orattoxli} a\g a% ghenh'gjﬂ{‘ ige Y64 ¥dx TR

Scri ve I'n |ch one or nore S
hydt@bl@%&db ICorhbidatiomgof agedtudfithe hxmd‘e«m aml gareidy, beteo2 agonists,

n ato oxi des an sulf I
PD]’:H 6@%@&?1'18? 88{3?”{“5 35 a y )afrﬁvfeo gg@é@%@m of
COItI%E 35%)‘@6 0y, g@th?ﬁae G%rngﬁxatloﬂsndf dgehtsalfyhe mvhntiqnhemb

i oxid referre et s .can .
antigfolipeT gt SiFEREFOTIcVBEB oo EeY MR SYREOF g1 BRosgnists o
LTBAGI ki RRYBeiREd, for éxanple] mARE eatnden?, 4-tri azol e,

tetrazole, t |onnrghollne honopi per azi ne,
of aghmaciri pArHCW2eCO Byrrolidin-2-one, quinuclidine, and

t r ahy dy bl @) dddBihtidiat SiT-26Ms loif eheBiveitiswanntie
[Oléﬁsubstﬁ?uted or nnnosuéstltégﬁd or _disubstituted

inflavnmiatory diugssre tose Mitheantaganiie phehsaiakine epRicre §-8 C6rh-1> CCR-
(0]

2 Ly R RO R ety s cxen

CXCR2aCKyZIR3) ICRCROXGXGIRA prrticatarhoCCREk wtggq)rﬁgts such as Schenng-

d l k l y l l 1SIS such as IN-
Ployg a% aud ”Qgrﬁ%?g%/@ﬁﬁg%ol arfl @ Pﬂ&&ﬁ H@3bnists such as N
[[4- [[{m,smﬁydxbm-@dnhﬂwmm}yﬂi benmnlyulﬂndaspt@nf&iensed

het er gc C|IC ri e
yl]cﬁ{honly @%}1?{}1?“33\’8{1 pgc,l]ZI%I ]?l%él VE 0 dﬁ?‘g‘b’b‘é‘m
chl&;trérm-mby Yahd @cm iﬁ'lt@g(ﬁiﬂ:ﬂs désorited!int HS(ﬁi66637 {heeticularly

e

claiff OHPS. [0154] The heterocyclic groups nay be attached
at ‘various positions as will be apparent to t hose

BB "0, kB A U BE R LB o pmceuia
con%clgithkn with! cog}]o@lmt Qe Dseful for the treatment of a thrombolytlc disease,
heart disease, stroke, etc., (e.g., aspirin, strepto.kinase, tissue plasminogen activator,
urokinase, anticoagulants, antiplatelet drugs (e.g, PLAVIX; clopidogrel bisulfate), a statin
(e.g., LIPITOR or Atorvastatin calcium), ZOCOR (Simvastatin), CRESTOR
(Rosuvastatin), etc.), a Beta blocker (e.g., Atenolol), NORVASC (amlodipine besylate),

and an ACE inhibitor (e.g., lisinopril).

-50-



HNHCOHO\ ;\IO~S~O(_)I~SO~N NH2Z NH OONON\NH~NNY
~ S NRNR O R1N /N_ Owhere
WaR2003/08478¢ a het erocyclic substituent, as descP@bEs2007/001708

herein. [0155] Representative heterocyclics include

for exanple, imdazolyl, pyridyl, piperazinyl, ’

azetidinyl, thiazolyl, furanyl, triazolyl

ge_nm Im dalzol yl, benzothiazolyl, benzoxazolyl

ui nol i nyl, isoquinolinyl, quinazolinyl, uinbxalinl
pﬂghgha2|rylf i ndol yl, napht hpyridi nyl, ?ndazolyl a
o I n n . - ! he

0123£3 FUHASEhfpBihcs SRS e B i b 0 wolbiagt morlipaceutic
compd Y With @Mpduhas it backhtrlcor trdurtoentet antthypepersion agents

and | ncl udes both -60 WD 2007/ 084786 ’ :
such RCHCISAARBIOR] TR lowsting pesite suplyps §iainss LI OR (Atorvastatin

het erocyclic aryl groups. The - :
calciumgt I:alcimilt@@np@, bl@ﬂéﬁ?ﬁg‘iksbcﬁ Eﬁ%{?@ﬁg{ %fé}otggpe}rnlg llﬁesﬂllﬁte). The

ant hragenyl , napht henvl by : . i
compewidsbel i R{e%ng anaptaﬂ% ?ag’raé@%, ?Jegﬁg %g]glb?r;]at%xi vglrt]h glblrates, beta
blocké%nglél?éloﬁfﬂi{&)rg h&n@()%%p@ rbddpfbradRagcrastband Hleldt epgregation

eteroaryl” réfers herein to aryl groups having from

inhibilors® 4 heteroatoms as ring atons in an aromatic ring

wth the remainder of the ring atons hei .Carhbon . .
[01243t OB For|thé Srehtridm of nflanemetony disgpocs lﬁ‘t”:i1 iRBshgpRgield arthntis,

cont ai ni ng condensed ri L e
the catopeumistofi the FEKFENGR W%g%gﬁ%%g%ﬁ‘ag%%g% ﬂg:lrhe%?%Nu#piD inhibitors
such a5 %gnmgf YhorRidia] Bt BAUPEROPRLRENICADE, TDR-550) and D287

aryl  groups such as tolyl are

(HU1§,I§1§§> Iigié m NRESIoR irhfRBgRhEH ifisibre thodeopllesg(suaipas ENBREL), IL-

( low. A preferred unsubstituted aryl
1 inHiBitdi8erkptobagtagshistsubresblably II.g]r]%@p%gnK}NBgEH% RY é%ﬁ? iggibitors),
one or nore carbon aton(sé@m en at an(s)

nons'ﬁhbgﬁggzmtifigﬁgmfn?%nyg @g.elgf, 0 ot Wé%‘g nidigfg%nglgﬁga’aproxen,
ﬂurbinafaﬁelnng. fﬁfl?wogf‘égpelgqtg%% éJI} eqbl%erengr %H;mm, t REefédBic  acid,
indomethacin, sulindac, apazone, pyrazolones, phenylbutazone, aspirin, COX-2 inhibitors
(such as CELEBREX (celecoxib), PREXIGE (lumiracoxib)), metalloprotease inhibitors
(preferably MMP-13 selective inhibitors), p2x7 inhibitors, {101 Oinhibitors, NEUROTIN,
pregabalin, low dose methotrexate, leflunomide, hydroxyxchloroquine, d-penicillamine,
auranofin or parenteral or oral gold.

[0125] The compounds of the invention can also be used in combination with the
existing therapeutic agents for the treatment of osteoarthritis. Suitable agents to be used in
combination include standard non-steroidal anti-inflammatory agents (hereinafter
NSATD’s) such as piroxicam, diclofenac, propionic acids such as naproxen, flurbiprofen,
fenoprofen, ketoprofen and ibuprofen, fenamates such as mefenamic acid, indomethacin,
sulindac, apazone, pyrazolones such as phenylbutazone, salicylates such as aspirin, COX-
2 inhibitors such as celecoxib, valdecoxib, lumiracoxib and etoricoxib, analgesics and

intraarticular therapies such as corticosteroids and hyaluronic acids such as hyalgan and

synvisc.
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unsubstituted aryl groups that substituted al kyl

groups had with respect to unsubstituted al kyl
wQ@re@apsi7séowever, a substituted aryl group al SBCT/US2007/001708

i ncludes aryl groups in which one of the aromatic

carbons is bonded to one of the non-carbon or

non- hydrogen atons descri bed above and al so i ncl udes

aryl groups in which one or nore aronatic carbons of

the aryl group is bonded to a substituted and/or

unsubstituted al kyl, alkenyl, or alkynyl group as

eflned erein [ e@ﬁ&&ﬁbhﬂt th
[0126h: opy t ogS Cé)nk%)rllmg %ftﬂ]é: r#{ggﬁogﬁ{l;g gggai)erg{bg A jon wi

antivi \Qfa%’éﬂt@s s@n a8 Q’lnlﬁ)ﬂ:pt A KENWbyclovir adddy Micioug fml antlsepsm
de a fused ring system (€.g., dlhydronaphthyl or
cmnﬂ&&ﬁabwﬂfﬂﬂvahhhyl) Thus, the phrase "substituted
aryl" includes, but is not limted to tolyl, and
[0127dr oxy ﬂhelwmpmmd@ obthearresent [yestipn mayleq bepggy in combination

with SR Lfg%%/s ssh o BMAPE U T iRy PR s (such o

depréqe)g,ln,@gcf e%ﬁl ﬁoﬁiragé%) gﬁAdr_é‘ u?ﬁbﬁ%_f ﬁ%&ﬁyﬁé@&f‘ and rasagiline,
comp:kﬁlﬁﬁltﬁsk)éhch Gd TGomal, KQ—&leulfﬂar@@b@ere&pfﬁcblmhhbﬁdrs NMDA

aryl, haloal kyl, thioal koxy, amino, alkylamni no,
antagdrastk WRBtiAe agmmapbpammetargomstsam xcﬂnllbiedxy @€neuronal nitric oxide
car boxy, alkoxycarbonyl and -61 WD 2007/084786
syntiRGE), Us2d 0zt ddZisgmer s r dragansush. af nd%ft?@P%lﬂ’o frermgy BHEinhibitors,

bstit t het
NEGRO B RSoeEA O AR B BORAG IB 4T FIFM L on
[OlZ‘glt h aryhy, SHbs 6 g%tfgh %1%@ rh%@nti%ﬁlrﬁg)y Qﬂsb Gedls¥d in combination

fers hefeln use non-fused cyclic structures

withl %sﬁé’ﬁb&l&sﬁt ah&ﬁé‘?t sueReas YEVIST At (rifokifese Hysirauhboride),c droloxifene,
such as, for exanple, benzodi oxole (which has a
lasoftai 2he oy fdsomaxt andotmmmdsulsmdssanbagnmmas §Kobpp and gapamycin.

naphthyl, and the like. Exenplar or, het eraqar
(0129 et | eslneﬁpp@yédasﬁas @bstet Ué’ﬁfléoﬁl’n){%ténﬂ’éﬁrf&g{“gf g‘?\% or more
comﬁ§\%§ Qiﬁ ﬁ{‘;}ﬁ%g%:lliﬁt?cg)z stiré;;lrrggﬁﬁg O%%{)résen ‘iﬁX s’include a PI3K inhibitor
& Lyl ' Hi land k rt.
B o Bl (g ks
or QRGZ %@hﬁg Oi|n}f£iud1rtg3 ﬂZx@@tYdﬂsdwr, trea’:tﬁ@ b&fbﬂullﬂrdﬁxbdllfgthtlvamhisease by

the like. [0161] "Aralkyl" or "aryl al refers to an
adnaxhlkt)ehng ran (I3 Klilbbibitony amowittdf thmcmmun% roup.

I | kyl | d
{01 ?ﬁ{]els gﬁt %m g}r{ﬁqwﬁl}g ngﬁgl%%?lf g%pqg%g\e% Itcg B%t%%ﬁl%é fﬂ?% the 1nvcnt10n
ro1djcer por %ﬁ%‘ eteer'g la@?;fl 3%5%6 s B9 Bb B af, &&%&éﬁ%ﬂlﬁs Thus the

oup. oye I n conpounds

ERME b :Hiiﬁ f @EthyEXahydl @ropyl, butyl, pentyl,
phr%te Qll%d&;)?%%?ﬁt and t’ﬁ:egﬂ%e . a[80162 RepregerFt ative

hex Eh@;ﬁt@ﬁ roy:tylgﬁ@tmsdedynlumdeqylf drdeeyloandl the likhoTbe phasp also includes
el ow. These heteroar groups can be further

bralsﬂubétqham somens ofalyai t eltain SPURSa IRAUENE iy et Gpted to, the
he appar

e to those. havi
o i 205060 1, Hioog: g, Sehllab L8 o crmcrn
i g, LB REAS)T e.dlekBtiL),, -CH,CH(CHa),, -CH:CH(CH:)(CHaCHy),

-CH,CH(CH,>CH3),, -CH>C(CHz)s, -CH,C(CH2CH,)s, -CH(CH,)-CH(CH3)(CH2CH3),
-CH,CH,CH(CHas),, -CH,CH,CH(CH3)(CH;CHs), -CH,CH,CH(CH,CH3s)a,
-CH,CH>C(CHas)s, -CH,CH,C(CH;CHa)s, -CH(CH;)CH,-CH(CH3)2,
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A rNNJNC NNN-~1I~-p/~~0/1HN FF\NXNNN
NFNNFNNHINFF ON / NN\1) \NNH N -N

wObboriB4786 ~\ (N N -62 WO 2007/ 084786 PCT/ US20RCT/082090@ 1708
NN\N--ONNN NNNNHN N~N. I s NN _NH

[0163] Representative heteroaryls include, for
exanpl e, imdazolyl, pyridyl, thiazolyl, triazolyl
benzi m dazol yl , benzothi azolyl, and benzoxazol yl .
[0164] "Biaryl" refers to a group or substituent to
whi ch two aryl groups, which are not condensed to

_cﬂ(ﬁﬁﬂﬁﬁ@ﬁégﬂ?&?&%ﬁp '?Jﬁ% @H{cﬁgﬁ‘!ﬂdCH (ORMES, and others.

eny benzene, di phenyl di azene,

Thus @Qghméé “’QI 11 M};ﬁn}ih&lﬁdgseﬁt@marypiﬂlkgbgmz sevondary alkyl groups,
enyl et ynyl)benzene di phenyl ket one,

and thdiapP QI hutapsl , Prefiepng lalid rarews inshestey btsrighly paghpragched chain
(phenyl net hoxy) benzene, and the |jke. Preferred
alkyl (gmuprsmat/in,g Istebk2 parher atomsany tod} EATBRD PIOM S de:
phenyl am no)

( " ”
[01 3%Jhenyl etANRiAnS ﬁﬁg?[ﬁ/ |t§ é’E%F%‘HF JSSIdEeS as,. noﬁeedn )a/t eentz'oern ealkyl, but

P tkyl lude ethylene (-
hav1r§ h% nl%cillggam ngﬁalgg%)eé%xam%ﬁ%lary alkylene groups inclu

CHCHA | %Qoﬂ\héﬁ’e (CepheryCaLhy rdimkaiyeprybylene peAaiiceH:RCH,-), and
4-( 2- phenyl - et hynyl ) phenyl ] acet am de,
cycl(ﬂrﬁﬁ?m#?%urﬁ(lycﬂaﬁmpﬁ(pﬁﬂﬁl -2-
phenyl et hynyl ) - phen acetam
[0133} (et hy[ A enag" qufrgyt()zstr W?ﬂﬁh’s&hghﬁycjhc groups from 2 to

abouﬁ ﬁgﬁ?}{ e?}ﬂWS[ %’ﬁgnﬁ é%ee %s% g&i Wﬁésgé\‘ft[tgi I_:él%)élngzrgu sa ]as defined
abovE %)(c%h.lp gg\élggqinﬁg?lﬁ{%lbg gar%b%rgeﬁ‘ﬂl\nl_ﬁ[ﬁfbgﬁld)b@msl bExeepies include, but
are Iﬁhﬁnythetddy rtpl )yphehy I—CHc&(H ), -CH=C(CH3)p, -C(CH3)=C(H)2, -
C(CH3) C l((-le-I-3f) rl(eJr(](oJI)EI%%%ﬂz)SEle{z, cyc(lgﬁea}crgngl? cyclro]}golzz}texl;ﬁ, é)%lohexadlenyl,
butadienyl, pentadienyl, and hexadienyl among others. Preferred alkenyl groups include
straight chain and branched alkenyl groups and cyclic alkenyl groups having 2 to
12 carbon atoms or 2 to 6 carbon atoms.

[0134] "Alkynyl" refers to straight chain, branched, or cyclic groups from 2 to

about 20 carbon atoms such as those described with respect to alkyl groups as defined
above, except having one or more carbon-carbon triple bonds. Examples include, but are
not limited to -C=C(H), -C=C(CH3), -C=C(CH,CH3), -C(Hp)C=C(H), -
C(H),C=C(CH3), and -C(H)C=C(CH,CH3) among others. Preferred alkynyl groups
include straight chain and branched alkynyl groups having 2 to 12 carbon atoms or 2 to 6
carbon atoms.

[0135] Alkyl, alkenyl, and alkynyl groups may be substituted. "Substituted alkyl"
refers to an alkyl group as defined above in which one or more bonds to a carbon(s) or
hydrogen(s) are replaced by a bond to non-hydrogen and non-carbon atoms such as, but
not limited to, a halogen atom such as F, Cl, Br, and I; an oxygen atom in groups such as

hydroxyl groups, alkoxy groups, aryloxy groups, and ester groups; a sulfur atom in
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phenyl et hynyl ) phenyl ] car boxam de, 2-

{[(4-fluorophenyl)nethyl]-am no} -N-[4-(2-
web@npseshynyl ) phenyl ] acet am de, 2- PCT/US2007/001708

{[ (4- et hyl phenyl ) met hyl ] am no) -N-[4-(2-phenyl -

et hynyl ) phenyl ] acet am de,

4- phenyl -1 -(trifluoronethyl)benzene, 1-butyl-4-phenyl -

benzene,

2- (cycl ohexyl am no) - N-[ 4- (2- phenyl et hynyl ) phenyl ] acet a

m de, 2-(ethyl-

groulgs‘ze t(s{ll%ﬂ ;?? ;[Hc])x %&@%E@%‘P QT?CP )ék,ﬁt Mﬁ}ﬂs )g[}r)‘@;@,/ | uBoRE %bﬁiﬁs-, sulfonyl

e K AY! drokpeny! digestAk&IB, in groups. such as amines, amides,
g‘°“ﬁg[%¥d( f.ﬁ%%‘é‘nyl%?ﬁgﬁy] ) plhegyl 1= 2 (4- Byridyl am no) - -63
ally MERA) d120847 R B Gy 14500657 ARG laz Paminess tiarydeyines, N-oxides, imides,

N-[4- (2-phenyl et hynyl) phenyl ] -2-(quinucl i din-3-ylanine
and pameinasy aleilichih [aforfiZin groups such as In trialkylsilyl groups, dialkylarylsilyl
henyl - et hynyl ) phenyl rroljdin-2-yl carhox
grougs, ﬂéml}éﬁlﬁr&guw%gbﬁéggﬁ% &g_roups}lan other

ek AR S AT g ene 317 o bont
a c%@%o&%ﬁ%%ﬁ%}ﬁh?gﬂ( %E&teﬁl'akecﬁ b¥l &/ RighP BRIy [Hoaa aleqry 4ldouble- or

tripl&/bBRY) U Betdrodtohh wiloh Js @heey il azetanbatey], chrleety ard ester groups;
- phenyl benzene, 1-[4-(2-phenyl - . .
nitragiehyin\grpugsharehl Jseihiags,| 0x3mes, hydrazones, and nitriles. Substituted alkyl

N- (1- car banoyl - 2- hydr oxypr opy.l 4- (4-pheny] but a-1, 3-
gfo‘ﬁ’ﬁ)(/ﬁwthr b‘h‘é ]a_ﬁ%yé?/%ra}lp lri:ril : c?l[one( or F%norey {)on&s to a“carbon(s) or

N-[ 4- ( 2- phenyl | -
hydag%xhg# gtﬁﬁxésﬁg ep%e«i@g% d ‘gﬁ%ﬁ ; g%g%ﬁ 7 héref R Yor cycloalkyl
gro télr fer P05 tiREd drkph eripR s, -y bihers, alkyl groups in which

oxam de, 2-(3-phéenyl -phenoxy) et hanehydr oxam c
one &€ intbre Bofdietoyd ¢dyboy br hydrpogawatos) is/are replaced by one or more bonds to
1- (4- et hoxyphenyl ) - 4- net hoxybenzene, and . S th
fluoal- ¢oph eery beerhg ngiopphe r pgﬂf@'_req G;}_lggt}tuted alkyl group is the
_"Heteroarylaryl" refersg to a bi | gr.oup..wher
wiflpprometipn Gpond st stiopiupy i st ERuEh Fifugbhell group.
het er.oaryl ar ' i bonds to a
Othsr B]ﬁgmd}r; v?;ls%lluﬁ%f 91%&2 ﬁ%’/ﬁ%}% :fr?(g?%é RosE€%AWMiEh one or more bonds
: (8 RRBRYEAT MRy id R¥plagid 8y Dmvl Ry hazetyzen atom such that the
caﬂ§¥kgggﬁ%ﬂ¥%-ethyn;l)-%,B-diKydropyrinidine-2,4-dione,
subditifeanifkyl lgrauB-cohiatii ahgthexyR-aligoxy, or aryloxy group. Other preferred
phenyl et hynyl ) pyrazi ne, 2-phenyl thi ophene, . bstituted
subgtituted| allyyld g@@p@,lnqﬂugg_a&k}éegrggp%ypat F}ﬁé{ﬁyqr) aminge, of a su stituted or

3-(2,4-dich| or.ophe - 4-.met hyl.pyer ol | Lkey :
unsph QA BT Bl TR CLOR Tsor TN b Giorylamine,
LRSI ude: g lami Ikyl)(heterocyclyl)amine, or
het%-o fﬁ%ﬂjg%%’et hy n(%} ?Srff ?’?T%yﬂg?’z- yl aﬁli n)(,e,)( cterocyelyl) .
(arﬂ)(ﬂ%ﬁ%&b’lyg)aﬁ@né ttipy | SlEn@@eepreferred substituted alkyl groups include
1-'met hoxy-3-(2-thi enyl ) benzene, 5-nethyl-2-phenyl -
thogyyIn whivh, orfs-orembyd badshiersy barbo(@)y ot &ydrogen(s) atoms 1s replaced by a

2-[3-(trifluoronethyl)phenyl]furan -fluorq: 5- .
bondotor ay guy).- Itereanibxyetprasyelyl, 2r ygl SHBUP- %xamples of substituted

e A= T TSR
C%Cﬁ%?%ﬁ%ﬁ?%%%ﬁéﬁ g,:alel-rl%g—l 22%(2313%121’12,—C02H. Examples of substituents

of Jubditiel’ SRYEML) LIIOphenss, ({CHIGHL-®OH) - MOCH;, —OC:Hs, -OCFs,
[ (5-phenyl - (3-pyridyl))nethyl]carboxam de,
~OGEFD)H: N-OCH=PINHy, OGFONCIH)met-6N-] ~NPe geCEO)CHs, -CO:H,
2- (phenyl - et hyl t hi o) pyri di ne, and benzyli m dazol e.
[0166] "Heteroaryl heteroaryl” refers to a biaryl group
where both of the aryl grodﬁé’is a heteroaryl group.
Exenpl ary het eroaryl heteroaryl groups include, for
exanpl e, 3-pyridylimdazole, 2-imdazolyl pyrazine, and
the like. Preferred optionally

2%{&ecrig“atoms in various




substituted heteroaryl heteroaryl groups include:
2-(4-pi perazinyl -3-pyridyl)furan, diethyl- -64 WD
wQo@7/0884486 PCT/ US2007/ 001708 PCT/US2007/001708
(3-pyrazin-2-yl (4-pyridyl))am ne, and di net hyl
{2-[2-(5-nmethyl pyrazin-2-yl)ethynyl] (4- pyridyl) }
amne. [0167] "Optionally substituted" or
"substituted" refers to the replacenent of hydrogen
with one or nore nonoval ent or dival ent radical.
Sui tabl e substitution groups include, for exanpl e( 0)OCH
dr oxpner i @1&{: , | ITASO,CY¥RNONHEADEH hHISHC(= 3
'Cozd}%,ﬁ foﬁ’yl thﬁg% BEazm di no, 2| m di no, oxo,
@Hde_gg)Qcpgt.tmmgHm i m di no, guani di no,
su fonam do, carboxyl, fornyl, alkyl Sti t ed
[0136pl kyl , "Babsmuﬂegi|a1keaVkmmtbmsmnﬁmealal|n|$W*§H‘??Be° 4P 1%8%???’1 groups.
hal oal koxy, al koxy-al kyl, a I ca , A substituted
that slammuecawthmonps 5?<§/wet§rfsm+ %ﬂsé%f’??‘qr‘%d PSRyroups- A SubsH

car
het er oar ) O AN nohadaPsuty br nahihx'hf.dgleﬂ atom is
alken)g}ngrﬁggpg %‘%ﬁ 4 %Oﬁ{’segnr i, k*Ser?é)yl pyri dyl -
$£%0 RBLBR! o d‘éﬂ't@pliﬁiﬂ%r datbotaznt those emhi¢te one of the
bondél%yL a %%ii%ré & substitution group can itself be bond
on-ciHest b ﬁgrﬁﬂydrEQﬁm gonss dobded taus edrbopriag ipyeived m a double bon
substitution group can be carboxyl, halo, nitro,

to andthenaarbayano, hydroxyl, al kyl, al koxy, am nocar bonyl ,
- SR, t hi oam_do,

[0137]ls typi Quéqsp M]%wg'n % rsgm%rm%%{ﬁll) t{ﬁ% pg\%gg)]r Ak eyl groups

that sg‘ﬁﬁwye‘% aﬁ!‘kegll’% %ssﬁégs\;altﬁ HePLctitd %&Lﬂﬁﬁuﬂe@ hikgl glvups.hAi substituted

tirtution can occur either within the

EncBlades 2N @RUPsGRYWhicR -anomomboy|or nondhydragen atom is

alky"i%%@%r at et he chain termnus (e.g 2- hydr Qx

bondad &Y anP@pyiple bondddhe driofesy, cartguband ¢
substituents can be straight ch

h
non-ydrapgetom  bonded 6/ EheT 9omﬁ§iéaﬂe%?§%ﬁ‘e%%“8 o G¥éihbicarbon.
het t t 1 ¢
[013&}?,- ﬁgggrgg% éﬁ%go = ug&%ﬁﬁf RIS alk S RE}S’&@é}‘xtatwe examples 0

hope 4o wlug/heg IFr%n-carbon or

t hose
hown bel 9 C ﬁ-lﬁlw}sﬁi thrbtx glarilythe like.
anco’fpég‘éorugéy%ﬁ V\é? ’é?@%ﬁ %ﬂ%’gﬁﬁjgtu{e&rﬂgzryl gr oSps Zs will be

[013%8'9ar ent"HtaTb H®§?"1|ih3¢v'l fBJerSkm kchlore, tirhmop flyers. @nd feflo groups. The
di ci nal chem stry arts in conjunction with th

term0THEdAV6yll eefeey ®i m alky radieal subptiftsdaVBB RAC Yr @gbeshalogen atoms.

i ncl ude: N-(2-cyanoethyl)car 1

The Rerp8! "h@@ﬂbﬁ’f’ﬁ'rf?é‘%fﬁ)t% &Plﬁ’égfﬁ% r@@,lcaY]SI(;bgtlmted with one or more halogen
N-cycl opr opyl car boxam de,

atomg. ( 2- hydr oxy- i sopr opyl ) car boxamni de, net hyl

car bony, Qe R R AXMPARPHOORLBVH,. The term "alkylamino” refers
[O“@( 2- hydr%‘g{fpr ogylr) car boxam de,

hereth (6 -thY ?r@a;;y NI whete) R ais bilkgnandb R' s (hydrgggnogryelkyl. . The term
-65 WO 2007/ 084786 PCT/ US2007/001708 . vl
"aryﬂﬁyﬂib@)ryfmi M%WP]%@%HJM dg'lere R is aryl and R' is hydrogen, alkyl,

or apxlr %a;:ﬁ;xgg n%/;:aam o hﬁq%@%etrgrrp tg fhe ,clg\ll'o(lg -~ KR’ where R is aralkyl and
R'is h§(§roggn a(ijl¥yl P%lr)a.ga%)hoxam de, N-(oxolan-2-ylnmethyl)-

{0141] "Alkoxyalkyl” refers to the group —alk;-O-alk, where alk; is alkyl or
alkenyl, and alk; is alkyl or alkenyl. The term "aryloxyalkyl" refers to the group
-alkyl O-aryl. The term varalkoxyalkyl" refers to the group -alkylenyl-O-aralkyl.

-55-



car boxam de, N-(4-hydroxypyrrolidin-2-yl)carboxam de,
N-[ 2- (2- hydr oxyet hoxy) et hyl ] - car boxam de,
woR(a084786 oxycycl ohexyl ) car boxani de, PCT/US2007/001708

N-[ 2- (2- ox0-4-im dazolinyl)ethyl]- carboxam de,

N- (carbonyl am nonet hyl ) acet am de, N-(3-

pyrrolidinyl propyl)carboxam de,

N-[ 1- (carbonyl am nonet hyl ) pyrrolidin-3-yl]acetam de,

N- ( 2- nor phol i n- 4-yl et hyl ) car boxam de,

N-Eﬁ-fzéoxopyrrolidinyl)propyl]carboxanide, 4-

yl - 2-axopi per azi nec NR.
0143F ( 7 1y Ak atksainp! &?%%ﬁ%?%ﬁi“ﬁ?‘é%rgé%“y?ar%?’%e(,a”‘°"yalky”’ where
Ris%@&%Pg¥@%9§¥m3agﬂ5ahggngﬂ4;yIpropyl)carboxanide,Iw
-1 (5-cyano-2- pyridyl )am no] et hyl } carboxani de,
[0143} (di MetAYhiaBEABORNT refersl haeim b ahdefrpde, ~C(DASH,.  "Substituted
.nEthyIpyra2|n-2-y|)nEthyI]carboxanide, . .
a]mngp%rbanyrw fdfersr oerbin( to- ther gyaupy -E6D)-0BR 3where) Reds alvlend R’ 18
HN  HN HN HN -~ NH , N~ ? OQNH. 2 OHS 2, .. HNr OH NRR!

hydreggn orllyHNT e awlméﬁwcgwoflﬁll ffferﬁzBE‘iﬁé%é’n?’St%“i’/‘é’ '&o)-

substityte I . koxycar bonyl Suj : " i
whergsddn el oSt RHEREF Ok, S AR indcllnany” refers herein
to thd é@}ﬁﬁk‘ WhEREE iSHRKL hntl ROisas/dvédeh, SRyl appasremaliyl.
° tgﬁgﬁise aV|ng.skiIIlin t he organ?%laé% ned?c?ﬁgl Y
[014aien st MAmrosulfohyt'dr¢fenchéein tovthe grhep dis{O)odlike "Substituted

‘her ein. -66 WO 2007/084786 PCT/US2007/ 001708 [,Olﬁ%J y s
amirReplfosyit wefere chaseinstoi thet swPURl kSEQPeABBnYYhegt &ifg alkyl and R 1s

ey, oo MBS s oS A s Ain fo e group
oy  ermi ot ry arts i n conj unction with the.
[0143]SC| 0S WSk AY Feferd t8 the divalent group —C(O)-.

[0146] "Carbonyloxy" refers generally to the group —C(O)-O. Such groups
include esters, -C(Q)-O-R, where R is alkyl, cycloalkyl, aryl, or aralkyl. The term
"carbonyloxycycloalkyl" refers generally herein to both a "carbonyloxycarbocycloatkyl"
and a "carbonyloxyheterocycloalkyl,” i.e., where R is a carbocycloalkyl or
heterocycloalkyl, respectively. The term "arylcarbonyloxy" refers herein to the group
-C(0)-O-aryl, where aryl is a mono- or polycyclic, carbocycloaryl or heterocycloaryl.
The term "aralkylcarbonyloxy" refers herein to the group —C(0)-O-aralkyl.

[0147] "Sulfonyl" refers herein to the group —SOz-. " Alkylsulfonyl" refers to a
substituted sulfonyl of the structure —SO,R- in which R is alkyl. Alkylsulfonyl groups
employed in compounds of the present invention are typically alkylsulfonyl groups
having from 1 to 6 carbon atoms in'its backbone structure. Thus, typical alkylsulfonyl
groups employed in compounds of the present invention include, for example,
methylsulfonyl (i.e., where R is methyl), ethylsulfonyl (i.e., where R is ethyl),
propylsulfonyl (i.e., where R is propyl), and the like. The term "arylsulfony. " refers
herein to the group —SOs-aryl. The term "aralkylsulfonyl" refers herein to the group
-SO5-aralkyl. The term "sulfonamido” refers herein to ~SO;NH,.
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Ool O Oo0-"-~N I OHI ON ONOH 'J ~y 0o ON
~0O/~N OH DO OO OO~NJ [0173] The term

wO progersed” with respect to hydroxyl groups, BOT/NE2007/001708
groups, and sulfhydryl groups refers to fornms of
these functionalities which are protected from
undesirable reaction with a protecting group known to
those skilled in the art such as those set forth in
Protective Groups in Organic Synthesis, Geene, T.W,;
Wits, P. G M, John Wley & Sons, New York, NY, (3rd

dition,~1999). whi ch can pe.ad VREr chsin ich th

[0148he procgﬂ‘%’f’gglaggfmf B?Cigrr‘? {%hteh%e?%gle&msﬂg CE6)-"h which the

! £ I 5t the Ay lankiHb &1 be replaced alkyl,
hydr{)’ée% %é‘c? ?foﬁ%gﬁ[‘ﬁélx nét?%%’rﬂs such as %Jhose ogg?lg)i ned by

aryl,’ 8RCIrARY Odrodip hy BuekY brdubs Uipchuliet mactiasagecit wsu cirbamate esters

but not limted to, t-butyldinethyl-chlorosilane, )
(-NH-C(OROhR) ahd anoded ﬁﬁH;C&O)'rR,swapréﬁi isch ptaright qramanched chain alkyl,
h

triethylchlorosilane; substjtuted net and. et .hy|
cyclealkdy s o5 u@YlasOr batalRdt | i HhE edTR nﬁﬁﬁ\gf yﬁwmx refers  to

t her, . met hyt hi onst hyl. et her. | it

o BT RS TR g, AR TR Lo in i

backtbgfllé QM%WVT}?J% eLALShony1ShieX Yefehyio @bREENHRCI@)-R where R
et her, enzy et he

r; "esters such as, but not limted
is ad Q',yl.bSﬁﬁﬂMU,thrﬁl "drgikpeidbongaetiad & refers to carbonylamino where R
trichloroacetate, and trifluoroacetate. Exanples of
is arplkgt.ect ed am ne groups include, but are not limted

[014‘;:9&-/ agzg'g}%ag%g%’g%’rf"—&?%g "éxoqurlég ogﬁ;og ties derived from guanidine,

. _I | ) C . . R i . . . . ! §’ -é %1 . th

HN PR SR 515 R RBRERN ondr AGe nifdeh fom camying the
fornka APRILES bBhd REY eptgskio bhyek Buagidtie) <.¢.ndiantieombiliylencamino,

are not limted to, thioethers such as S-benzyl .
(Hzlgj}bsﬁfqm?)’ gndaf]ﬁ)sébéﬂ(tddam Iel';qthelt cbﬁhthe_tnhﬁqgen aiq_ams carying@ formal single

- met hy erivatives such as hemnithio, difhjio. At
bondrftreot " carsléent 53'sposatiens of Hier guaigipes £-2- WA ). The

" Car boxy- protecting .group” refers.to.a .car
o Bt O S o BB BB bt DA M A, suoh

sed r gém!'c acid protecting ester groups enployed
asangiﬁFg@onr 1btect the carboxylic acid function while
[015Ract i ONSARKALY kBrsOblBE méivfies RODEINFNRES(thé ridieal being at the

conpound are carried out. In addition, a carboxy

"N'phitopeh) agd REARH)C=N- (the radical being at the "N nitrogen), where R and R’
can be hydrogen, alkyl, aryl, or aralkyl.

[00151] "Cycloalkyl" refers to a mono- or polycyclic, heterocyclic or
carbocyclic alkyl substituent. Representative cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl and such rings
substituted with straight and branched chain alkyl groups as defined above. Typical
cycloalkyl substituents have from 3 to 8 backbone (i.e., ring) atoms in which each
backbone atom is either carbon or a hetefoatom. The term "heterocycloalkyl" refers
herein to cycloalkyl substituents that have from 1 to 5, and more typically from 1 to 4

heteroatoms in the ring structure. Suitable heteroatoms employed in compounds of the

present invention are nitrogen, oxygen, and sulfur. Representative heterocycloalkyl
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can be attached to a solid support whereby the
conpound remai ns connected to the solid support as
w0 b@7ost7BOXyl ate until cl eaved by hydrol ytic nmeCho8®01/a01708

rel ease the corresponding free acid. Representative

car boxy-protecting groups include, for exanple, alkyl

esters, secondary am des and the like. [01741 Certain

conmpounds of the invention conprise asymetrically

substituted carbon atonms. Such asymetrically

substituted carbon atonms can result in the conpounds
moieti@l Bk B dxAfhpld MRick oMol pibeneinybf pipeEsdsals sRer et

at a particular "asymetrically substituted carbon When
CarboR}@BAIRY! grosbf ateecyslailladigsawms in wkich aflasty HomsAR ffLoD-

m xtures, m xtures of diastereoner

|l i .
e T ainecsamariih ofcIoHEVE BHEBIAG. R WG PHVEIS o Sararerein o

on"are
i ncluded in the plr,esent i nvention. The ternms "S" and
fused 'amd newnfrseg sy licyRlC STCWYERG herein, are as defined by

t he 1 UP 974 " RE AT LERNR EGQRISE I"E, "heterocycle," or
(0152 NDAVERTATIE RE%%%&WRY, d Pﬁrée%ApplC%b em -
A2 h3r 30 hOTP heldif £c@ErBBtod aBPd3- j0B amaerebgkdydng fegntaining a
heterrOEXé%iosﬁsti ons gf cyclic conpounds. The a-side of the d ring
heterb 86T BN6@ed! fBoIR nitgemadxygete and WHEOR ReSpPEfGsMeRtpered ning

substituent lies at the | ower nunbered position,,.T
conta&li?g tfiolu ent lso ﬂyq‘:mgetgwafq%s @Fgﬁgg ggmé egrgflp tcﬂrésmt;;igjﬁtrogen,
reference plane .are assign C tQbh. S d th
oxygtis AbtHUEh XY ?ﬂPsﬁlstg'é‘gﬁﬁ%F’fe% HRCHLIOD. dblble .S~ anc 1he

ers omthat for cyclic
st ereopar ent s, i | 12 "wheFBRNthe  Higlogwn tahe salfanatom maybe
6-meg}?8“iﬂ1eﬁ8%§?5§%%o‘?b&%2é gg‘?ﬁ‘&faﬁﬁr ation. The terms a ar{}(ie[it_ ally
i | U5:3Lh-OWhefSn Uhe thitegei mndasefiars hdefdatends bpaylie option
Optioﬁ%‘g;erfgéga]l Abst reacts | ndex Guide," Appendix IV,b heterocyclic
R ST A LA
used herein e S
rings' i) afnseakc dat # dENEGNe FHE OF ANORS| P30T fIBF%‘BF‘&dt fbtocyclic ring
nontoxi c acid or al kaline ear Ofncidd®, but are not
indepgndentlyidedngd BNﬁ'dsgﬁ?mﬁﬁ% ?é]@eé%%g%l.ﬁs %I‘F%]%ss e salts
. _.can be prepared.ig_Si HhidRe dobgikihpal tol 4 aitaigen atamglsuch as,
llm“ﬁart?f‘?rif‘gﬁllr%ﬁé gf té_ Ee’ﬁé‘%‘yi"?m é{é%e co__npo%nds,__ or by =
but §GPRAER 8 pRAOLI, Min{dephias, pyriaddsl, frynagingndetwzelylale-8., 1H-
sui tabl'e organi ¢ or inorganic acid or base, o 1 to 4
tetra&@t@p,lem@t?ftedaz}oilylﬁeﬁ]m?sfltdlammg@ﬂthett?rtﬁéw}tfg_gm&taﬁ cogfayung 1 to
not lTimted to, e fol l.owing. ac e i pa - inolyl,
nitralegi atamne, such tasabat nak Haried: e iSRRI é’f‘d‘am Pindolizinyl, quinoly
benzenesul f on

e gl suld i oms an o3
indag_g]ybﬁg}sgwgftgq‘ gf ga, Smhépuﬁeg%% g’liné,? Wby flife 198 PRhG/RA 8t d1t

rSycl opent ropi guate: fpgeayksulokadiazolyl (e.g., 1,2,4-oxadiazolyl,
nitr eﬂaﬁ’goﬁsf ﬁéﬁgt ggp gl ucohept anoate, gl ycer ophosphate, _
1,3,33%56%1@%?1?2,51&@Hﬁ36@1)$ sathestedhBatee§-niey mared sings containing 1 to 2
hydrochl 6ri de, hydrobrom de, hydroi odi de, .. . dt orpholinyl:
oxyZeh thinx patihartes il Hibnaere atdrag tsele aspdup dros limited to, MOTPROINYS
nmet hanesul fonate, nicgtinate, 2- na&ht

- al f o
unsamedted eondraserhbeterosyelis FERWPS CoNBE gttg 2e BE5 ABAEEmd 1 to 3

.. 3-phenyl proi onat | or ' IN1QRIO A8 4-benzoxazinyl);
nitrogam R etorer i DEpLP Rl g BA fnBbEar AITEIONALA 4-benzoxa
- t ol uenes GGANOANE.3 AllAe, atbine dndsi to 3 nitrogen
uns‘ﬁ?‘lrﬁs(ggﬁ?%o%lﬁ{ngﬁﬁi%ﬁeg ﬁggotagg can be quaternized with . .
atord GHcIREE Hut nd s lititer |to Nhldditers]yl(agh 198, 3rtbiadiAzolds hy4;thiadiazolyl,

1,3,4-thiadiazolyl, 1,2,-thiadiazolyl); saturated 3- to 8-membered rings containing 1 to 2

sulfur atoms and 1 to 3 nitrogen atoms such as, but not limited to, thiazolodinyl; saturated
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propyl, and butyl chloride, brom des, and iodides;

di al kyl sulfates |like dinethyl, diethyl, dibutyl, and
waolc@mps478sal f at es, | ong chain hal i des such as dBCIIUS2007/001708
lauryl, myristyl, and stearyl chlorides, brom des and

i odi des, aral kyl halides |ike benzyl and phenet hyl

brom des, and others. Water or oil-soluble or

di spersi bl e products are thereby obtained [0176]

Exanpl es of acids that may be enployed to form

pharmaceutically acceptable acid addition salts

i ncl ude,such i norgani.c.aci ds,as. hydro
and YEEEHIGH P BETHORHTEE T et R AT L 2 aEhh S b as, Dut nor
11m1tQ(;~I 90 Qﬂ%’ §d1 r%l a&m%léﬂéﬁhh%gﬁl%t‘fa}ﬁ@r&ﬁl@ﬁené @&tFd-Hydrothiopyran;

id rifluoroaceti ¢ acid, fumaric acid,

unsaﬁﬁit&@rdoﬁd&%'ed hetdbydlicagihgs conmliihg lace @, sulfur atoms and 1 to 3
met hanesul fonic acid, succinic acid, malic acid

nitropei hacas Wutbnisg @adi nbt libdtede s sbﬁrfzgﬁu@dlwlﬂlf Wothlazmyl (e.g.,
p-tol uenesul fonic acid, citric_acid, C
261 Tpbenssiennybe AOpaRLEE-abIgRhd (b But h S d P YR Tpieiny).

addi_ti on, sal,ts can

R O e e R T
%gemlf%'t&?c&ﬂ@ﬂ%&%ero@&clﬁ?ﬁﬁ%@&&hﬂl { 30t biEken atoms such as
éar oxXyl1cC acid noleties wt

a suitable base such as
benZoBRxBYD(e0] T8 benasdionayly wisatirated Bota8-enahbered n‘@gs yentaining an
2007/084786 PCT/ US2007/ 001708 phar maceut i cal
oxygencaiptrabhé Intst A sl iasemarsugh 15, Arhat Hmitd on dé‘?bﬁ‘éﬂ?’&athlenyl

primary, secondary or terI

satunagged }rateeﬁj{qeggqef%g gsalgl?o( gor:x%qnu%}gms 5‘39 latroe2 %%1 atoms
sucl'x(:):«;‘,gnit %ed {tuzi.ns CALd §teg%§>ﬁgeﬁ%@d tnrﬁ%s @Hﬁ% din@ Do 2/detut Bdms such as

suc as so hium potassium’
ben&aftfnléﬁm B YRS+ @M%Mm&&obﬁclﬁiﬂngs%nkalkﬁg amsoxygen atom
as nontoxi ¢ ammoni um quaternary anmoni um and
and Amde ®afigenmsoms vodthuds hgnzdxathiomyl. | Preferesdl hegerocycles include, for
anmoni um tetramet hyl anmonium tetraeth Ianlnonhq
examplehy | diadapinyldi poTy| apydelinyl ¢ mmq%w n@yrazolyl,

e
! miay
A S P 8T gt i

pyn@éﬂﬁfrlazdxréﬁmlyp%ﬁiﬁbﬂ@mypl B6kaddtyl, i$dxaedlitngl anbupholing, thiazolyl,
i ke, and basic ami no acids such as argi nine,

thiazoliding, anidothiazbiyij nesothja@dlidihylis wgolylherqiimelinyhe tiggquinolinyl,
"pharmaceutically acceptable ester" refers, tg%dest

benmléwowldbwﬂéa@q% berzoxsgovhdrpdethisyld

{
R A £ 5 e B A e S st
the Hﬁlg 1l§%ubfeoﬁo FRYABRIR orf R@@%x? £é: ¥R%hs (s@lfbxides and sulfones). For

rnaceutlc 'y acceptable alrphatic carboxylic
exaa@uédsneterbaydlylc glcipk Vinelukaneirahydrbhéordiene, @mhwmpph@e oxide,
and al kanedi oi ¢ acids, in which each al k or al kenyl"
andrteireltydratiiepheng d dudioyideasPreserresh heteraexply g&a}pécﬁ?ntam 5.or 6 ring
atons. Representative exanples of art%cular ester

memBeysy d el\d%%t prgfeé'rqqloperqrﬂq tg60uqso Iumhl & PIRUALINE, SIS2 3-triazole,

r.opi gnat e yr es cci _
1 Z’P 01 ’Fhe%{“@ﬁi gh rmce I y @ccggéé}%%légpr og?%%?dm 2-one,
pyrfblidis Qdorﬁ?&ﬁhﬁcﬁ(ﬁﬁg,raﬁdtté’trahydroﬁlran

[0153] Heterocyclic moieties can be unsubstituted or monosubstituted or

pyrazolinyl,

nzothlenyl

disubstituted with various substituents independently selected from hydroxy, halo, oxo
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those prodrugs of the conpounds of the present

i nvention which are, within the scope of sound
wore@i7o8d478¢ udgnment, suitable for use in contactP@i/UR200Te1708

ti ssues of humans and |lower aninmals w thout undue

toxicity, irritation, allergic response, and the |ike,

comensurate wth a reasonable benefit/risk rati o,

and effective for their intended use, as well as the

zwitterionic forns, where possible, of the conpounds

of the invention. The term "prodrug" refers to

(-G DU MSTRLCUEBE, o iy atotamivo
dlalks/mom%élg%g5£kyls' aﬁkb:&rbhﬁeako;sr g nkghy, dillgausScvalkyl or

n Hi guchi |l a, "Pro-drugs
haloaﬁﬁyl’\b"ghs&%hhﬂéﬂ YetefyeSeBAS inclvdes. cfond&)ﬂ%}idmtmﬁém gngs such as
14, and in "Bioreversible Carriers in Drug Desjgn,"
benzilav6lyR00 Abes a8 HcRUE hysaooyyigh erues ithat giixg b @, groups such as
Roche (ed.), Anmerican Pharmaceut) cal soci ation

alkylper ghﬁ#@nglplué%§°nﬂ9%7t° onetH Hie WRBcHe gﬁ A% o PP RS such as
n.b rence W thin the
*m?f’a}ﬁ‘gs ‘"ﬁ? F’P’ arehgut gtﬁ%“g nv‘letﬁ Ig@@ %Ig)a S an alleviation
[01 552111 rrp¢ a%%%icagl%qurﬁiy Be GiiacHedest Wiriols SRRAdNS Gis will be
|t urt er progression or worsening of those
appa®Mitith AGse Iivin SKiR i iten oanier aphiylkedicing] ofierpistrydirtsdng@njunction
or disorder. For exanple, within the context of
withtthe dischuguredtereint s i n need of an inhibitor of P13K,
successful treatnent mayyinchude a reductin in tdhe

proliferation of capillarjes feeding a Lyngtjo

'
di segs®thti sstay"gn aluévﬂi;i synp rel‘#%a
to alﬁgi/:rous bgr, h o e |feBaELQﬁ> N
il 1ari S

capd| s, eased Ui ssue, a halti'ng in

capi Nl ar proklé ation, or a halting in the

pr og *bn of 'Eijsease such as cancer or in the

grow hl of cance Heells. Treatnent nmay al so include

adm ni stering the pharnaceut cal formul ati ons of the
NH,

pre nvention in% conﬁh ion with otSher
ther e or oynds 4
phar Uty cdﬂ<§f Don ofﬂ/h regent] i nvention

may be adn®n|ste e ore, durbPng,’ of after surgica
proced and/or radlatfbw ergﬁy The conpounds of

the-. | so be ber.e n con N ctlon
Wi th the a t|a$<ﬁcer dr ugs |n se u

anto%e and gene therapy [0181] ed ﬁ%re
“limt" ,oHtrea and "treatnent" are |nterchangeable

t er mn-4&s &g M ting" and "treating” and, as used
her ej ncl de reventative (e.g., prophylactic) and
pal Piatlve ment or the act of providing

prevenyﬁt+ve op palliative treatnent. [0182] The term

" Pl 3K-nedi at ed disorder” refers to dIS der. that can
be wheredt icHarr lyhetareeycdig sHysHHEnY §SFEPEHDFFIP1 3K

The 1 i f.erat
[01%} er]s { RSt ity RGeS P ROE ot A8 Bfidazoty, pyridyt
plperﬁ%%ll){ L gra %ylast!h?azofﬁ SUGRRSA,S ’tn%iﬁ' Ren2M@4Aol AP enzothiazolyl,

benzoxazolyl, quinolinyl, isoquinolinyl, quinazolinyl, quinoxalinyl, phthalazinyl, indolyl,

z

naphthpyridinyl, indazolyl, and quinolizinyl.
[0156] "Aryl" refers to optionally substituted monocyclic and polycyclic aromatic

groups having from 3 to 14 backbone carbon or hetero atoms, and includes both
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and inflanmmati on. [0184] The term "cancer" refers to
cancer diseases that can be beneficially treated by

wo b@7iosdtBbi t i on of P13K, including, for exanplRCT/US2097/001708
and bronchus; prostate; breast; pancreas; colon and
rectum thyroid; liver and intrahepatic bile duct;
hepat ocel lular; -71 WD 2007/ 084786 PCT/ US2007/ 001708
gastric; glioma/glioblastoma; endonetrial; nelanons;
ki dney and renal pelvis; urinary bladder; uterine
corpus; uterine cervix; ovary; multiple nmyel ong;

esgphagys; acute el NOMS | M &je GBLONefors to. but is not
Cafbwgfcoagﬂo%f? UuPB GRE r%l{%‘?m?)%?r%h% %/t%? %{ﬁﬁeuggﬁi 2 nyeloid '

il PK S Ars AFRIZE phOkyAl bipAMh 1Y artRFhcBiNT Haphithdrdl Biway of example.
hmltés,drsrfnadl)l’ %R}Lﬁa{sesgt i r?e%p no)ﬁ- I—llgdgk)i% | ynphoma; nel anoma; and
Carb¥dyclio syicglonps afteagharoups 185¢hidh ell Pir@atombiibitho pomyftic ring are

this invention, as described herein, can be
carbomd Fha tertre Flelerioarsl heeférs haredn toariydl seamps hipyingdigqme 4 to-firheteroatoms

salts are convenienfly forped by. reacting.a conpound
as ring ajpges én % HRIRHG TIGBIY e WA tfohRdi FRER°bBAs carbon
descri bed above. The salts are quickly formed in high
atomy; o| s at "‘noderate tenperatures, and often are

[Ole’Lepar ed RV HBRALY ahA®hRllhdtd drB8ps 6oMemNtE Esrddnsed rings such as
suitable acidic wash as the final step of the

naph&ialéree Sk doesThe: inalutle oyt rgrompsabitdhive ahgsgrbupsdstch agrplkyl or halo
appropriate organi c solvent, or aqueous organic idered
grougobeomdrd tosomeh oh hearing MGIRRATS, Actioh &IPS syelAs telyl pFfpconsidere

other hand, if t d.of . this i on i :
e o GRPHR Bly b FRILEA, bippios o

Dag! Genl] . ne or more carbon
grouB?iglcqcl}eél&i.nabn%?xﬁtﬁéc? Bryl g%%ﬁﬁg' He BdM@edlIH3bne o arb

. Apreterred te I'qgue for preparing

atondt¥)d 59%%@1102&5&%@, hitrdeen dicsx@), wadidreuffuestohggenithe parent compound,
suitabl e solvent and dry the solution thoroughly, as

howewees nol ecul ar sieves, before bubbling hydrogen

chloride gas through it. It wl] also be recognLﬁgd ¢t
[0158hat it "Sybgisytedplasyl Eragpn nast dhe afYPHhBITENRG, Wtyf respect o

ansulr e ) Sapisp i b GRE WPk RS i PPy o gpenbstied
‘ lYsul . hass! 0 ich one o
alkyﬁgli%uﬁ%{ F]?m aysub%?cmédcﬁh &Bup BRSEndL&G RFEL0BPOMEWhich one of

ct that one” or nore atons aie replaced
the BYorddticlcarbond VisNBomitdatdng dhske Gionhassom wirbeen-hydrogen atoms
different fromthe atomc mass or mass nunber usually
deschibaddbove aad alse indhidespirgk groips &b Miw@soneen megmanggatic carbons of

i ncorporated into conpqunds, of the_ invention include
the s @S SotoT 8 derRbsaagh Andlon PRFRSBR e enyf.or allynyl

go%%s%#lgg%eiﬁz ’ uSr‘Tngg%%‘?}ﬁ‘i%ga%gﬁ‘?&%% w%%fsi?w?;cérbon atoms

of aRAR1386hp af EERERH Y W -atdASBO R eBcyOfalkdig], Wir@sieyily] group to define
I nventi on, prodrugs thereof, and pharmaceutically

a € epigpblemald s, dihyadmhphtiyhountsabydtongfhtisd).d Thus, the phrase
prodrugs which contain the aforementioned i sotopes
"subgtitifted and'hincludsstto dsnesflinierkio tobl o haidgoxyphgpH aopRpe others.

[o1 iﬁﬁgguﬁ&gst@%ﬁt&% gttelrcg)ar}yl"cgsr tuéael:c{] hlerse% ?QfePsalcl % llleﬁgr%la(r;ﬁ group as
defined herein substituted by independent replacement of one, two or three of the
hydrogen atoms thereon with Cl, Br, F, I, -OH, -CN, C;-Cs-alkyl, C;-Cg-alkoxy,

C;-Cg-alkoxy substituted with aryl, haloalkyl, thioalkoxy, amino, alkylamino,

dialkylamino, mercapto, nitro, carboxaldehyde, carboxy, alkoxycarbonyl and

-61-



WD 2007/ 084786 PCT/ US2007/ 001708 the present
i nvention, for exanple those into which radi oactive
w0 3@ opess such as 3H and 14C are i ncor por at edPCHIS2007/001708
useful in drug and/or substrate tissue distribution
assays. Tritiated, i.e., 3H and carbon-14, i.e.,
14C, isotopes are particularly preferred for their
ease of preparation and detectability. Further,
substitution with heavier isotopes such as deuterium
i.e., 2H, may afford certain therapeutic advantages
carbo{agﬁtldgt i NG fAiaMmdEY, eatyeronemetiphivhért stagbibki ey, afyby heteroaryl, or
anpl e increased in vivo half-life or reduced dosage

haemk9@bhm9n§ﬂh@ and, hence, may be preferred in some
Cl rcunst ances. Isotoplcally | a

e conmpounds "
[0160] nvent |Whemnaeqonwmg%tl%\¥rt€&ry gﬁstggﬁrg? tﬁﬁ FRLP ol%i’cﬁc aryl
pr epar ed b carryi
refersmegq;@@@f\@g A4 QY- @gﬁﬁls S‘&F{}H‘\ém‘ée%r egﬁI gnesd one cychc structure

aval | abl e

i sot opi cal | |.ab Which HagR- He‘&‘}ﬂ) licattuyture fused
is aropafic gﬁg EEE£§§3§I iﬁgﬂgggpoﬁnds of theQ?%ventlon
r

are useful |n<V| in vivo in |nh|b|t;Hg .
toa rﬂ{eﬁy\lt #ro@p, cance t L)snap]itt;yl,o"mﬁﬂjg Ads r@&ﬁ aqysaé'al or heteroary
al one or in conpositions oget
moietitraemployed e ambsylt%%sem Cé)@]l}‘é)uegf p? the Q)rpseég ér?ventxo{x include phenyl,
Phar maceut i c jon e 10 )
pyridyl n@frpggh%ylt %}é\aé Eptnég rﬁ“d?xg &h oXHdEolI, 'téﬁ“&ﬁ J1,0Pyrazinyl,

I've anount

1
m”‘ﬁ%‘gi‘ﬁr e er e (glr rr%frlgtl ‘ed t oget EHtHyDrbeﬁ@cﬁmmmjd benzopynidyl,

with one or nore

and gggyﬂgﬁahﬁﬂgageptable carriers. As used herein

the term  "pharmaceutical |y acceptable carrlg nganehan 1
[0168] noN- t OXialkyl' mer targalkiyl!, refessito 96 qﬂlﬂy]ogfoPP ?Fmt wi ary

filler, diluent, encapsulatln mat er h
groupudypicaily, aralley\ereypsecmlgyed i ﬁa‘i’?ﬁf"é‘% s ?foﬁ“" e%g% fivefflon have

whi ch_can serve as phar e 160108 the aralkyl group.
fromc 4 tpj (ercérbz?i“eatgﬁ’ﬁa‘r“gg a’{'a& “w %,%éég&ﬁ licose and

SUIt%)?CI‘ oeﬂl%yl %}OI%]B% lrngzplﬁy&f‘ 1@%0&196&@5 af @ke prdemoinatntion include, for

e and I1ts derivatives such as sodi um
exa%?ﬁ? JEbivolyIcahd tHeaB@, et hyl cellul ose and
e 1u|ose

acetate pomdered tragacanth; malt; gelatin hown
(o162l c; empptsentaavsuhﬂemrxdogwpﬁutftcétd af‘?ﬂ tﬂb %9 sno

waxes; oils such as peanu tonse
belos,af'flltqswélpte@qxetryl g@glaﬁgatb‘pq: %tm(;'ar Isr&lés %lllth ag r 12 OI attac ed at various
soybean | : &ﬁbﬁks " X
st b Pl Bt it

| aur at €; agar ;

(§§991§§hg§gpe5|unrhydrOX|de and
aﬂsgtﬁnﬁéﬁﬁt agﬁgyﬁhe alginic acid; pyrogen-free water:
isotonic saline; R nger's solutlon et hyl al coho

and phosphat e buffer solu as ot her
non\ |c conp ERl e Iub nts su;il%?gzodlu Pa ryI
sulf pand Wum stea ate |~

-73 \W2007/0 PCT/ us2 7/ 001788 agent s,

reIeaS|ngFageng§ﬁ<coat|n agents, swe -etlng \T*N
fl avqg pd erumng ag , pFS%ek%dtlvesu d
anti /g nts cg\xalso be nt i r71he conposityon,
acc@r ng to the' judgnent o the fornulator. O her
SU|tabhe pharnaceutlcally accept abl e exci pients ar e
desc\L_ d in "Rem ngton's Pharnmaceutical Sciences,

Mack Pub. Co., New J Y, 1994 N
N”N ﬁ N—N

ST S S S
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i ncorporated herein by reference. [0188] The conpounds

of the present invention nay be adm nistered to humans
w@r@7o841866 ani mals orally, parenterally, subliPguasiog7/001708

by aerosolization or inhalation spray, rectally,

intracisternally, intravaginally, intraperitoneally,

bucal ly, or topically in dosage wunit fornul ations

cont ai ni ng conventional nontoxic pharmaceutically

acceptable carriers, adjuvants, and vehicles as

desired. Topical admnistration may al so invol ve the

use of transdermal admw8tration such as transder nal

patches or iqnophoresis feyNces. The term parentera
as used herei m+®cl udes subcut aneoul™\nj ectio f\N
i nfx.awenous, ;Jn Nanmuscul arintrg nal i ngé€t¥i on,
or wiynfusi on techpi ques. [ 018N-—Metlhods of fo ation
are W&l | known ih the ar{ and are disclosed, for
exaqgggLNLn Rem ngton: T *'Science and Practice of
Phar y,%#@ck Publ i shi npany, Easton, Pa., 19th
Edi tion 9ar rraccal conpositions for use in
the present invention cafi be in the formof sterile,
non- pyrogenic liquid solutions or suspensions, coated
capsul es, suppositories, |yophilized powders,
[OIGE.’{[)anSde'ii'@L'esEﬁttaﬁb@Sh&Eroa{%HQ eihciudeTHok rexamplle) finidaaslyl, pyridyl,
[0190] Injectable preparations, for exanple, sterile
thiazolyletiaablyé beupieddrzoty], baizetidazoty] sarst spanxizodd- may be
formul ated according to the known art u

i.ng suitapl e hich
(01681 sper <Rl WS (R FGBRE SRRITUETE o ARRRD AT e Oups mhic
are gcg]tgqq%hgﬁqlehﬁggn %éﬁ%é%ﬁfﬁ%ﬁ%r aﬁk&rg 1al{7bi lscgcﬁrug orhds include, for

SUSp sSi'on 0O siIon I n
exaﬁ%]{éont O)ShEIIYIBQI{Z%HEer al lgp1RegRPIzeRE e di hugdthy@io-1-phenylbenzene,
S

Vent, for exanple, as a solution in 1,3-propanedi ol

phef¥xybdnznBut anedi ¢2-phénysgyhyigbarespt abl e véibhedyds and ketone,
solvents that may be enpl oyed are water, Rin%gr's
(4-phehylbuter,3-0iByDbenrmhe spheniibensxiaming ctrhspylgethoxy)benzene, and

solution. In addjtion, sterile, fixed qil re . _
the GlsmRusfarendAntipnakiy F‘&psél&“aé biarglcirowss mgﬁ“asLé';@hed’iy}?é’“n")‘N‘[‘*'@
dium .. For hi [ POSE: Ied_ Mol -
o ey g U TS PR 808 G Ol SNy hpheny )
2_[%8%%[&%{118?9(;3?%{&3,5290%91@N—Q&-(Z%hpﬁifl)éﬁ@h&?ﬁﬁen}ll]'propanamide, 2-
addition,” fatty acids such as oleic acid find use in
amih®N-P-EPpphatsil @hyaifyl)phehyldcatantde, The i 2iEytaprepylamino)-N-[4-(2-
formul ations can be sterilized, for exanple, b .
phefiylethyayl) ahenylhacetgmide.bact eri al - r et ai ni ng fizr(leﬁTXIaIB’lno)'N‘[""(z’
by i ncoypora rilizing agent e for

Phe%l’]émyl“bél)glb‘?qyiﬂian‘% 2 *tions which ¢ 'rf(g'ggegli“ Y nglj&girno]-l\r-[m(z-

o] k . i e WAt 910 $ l#oxolene, 2-chloro-1-
L e e T L
metRb9)-A0thehiBeidnect of a drug, it 2$(igidesplydesitndbiminod-N-[4-(2-

sl ow the ~absorption of the drug from subcut aneous or
phenpletiayBphdrai | acetpeids, ohphaiyl <l -plgnotspbenaena iy (2straimotsphyl)-[4-(2-

the use of a liquid suspension of crys aIane

(0] .
pheastistipmolehensiloptooxamiddy  poor- &L EHOLPREBY m}wﬁm@m}ﬂ*[“-@*
phe%i{e&y%&l)%ﬁg’n%]%tc'etgpni L the A Yl iSR 95REALTHRAB; N-Pa-(2-phenyl-

ethynyDphenyl]acetamide,  4-phenyl-1-(trifluoromethyl)benzene, 1-butyl-4-phenyl-

benzene, 2-(cyclohexylamino)-N—[4-(2~phenylethyny1)pheny1]acetamide, 2-(ethyl-

methyl-amino)-N-[4-(2-phenylethynyl)phenyl]acetamide, 2-(butylamino)-N-[4-(2~

phenyl-ethynyl)-phenyl]acetamide, N-[4-(2-phenylethynyl)phenyl]-2-(4-pyridylamino)-
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di ssolution which, in turn, may depend upon crystal

size and crystalline form Alternatively, delayed
wa@basnpt/BoOn of a parenterally adm ni stered drupCTt/O82007/001708

may be acconplished by dissol ving or suspending the

drug in an oil vehicle. Injectable depot forns are

made by form ng m croencapsule matrices of the drug in

bi odegradabl e polynmers such as

pol yl acti de- pol ygl ycol i de. Dependi ng upon the ratio of

drug to polynmer and the nature of the particul ar

aceta%ng%% Iﬁ{[f-ﬁ%‘-&%@mgﬁ%§&ggﬁ€-gqlgfl%%idﬁﬂs s@ifHicetiide, N-[4-(2-

egr adabl e pol ymers
phen;izlﬂé‘th&kgﬁ ﬂ?x@h%/l@;%hidlﬁﬁﬁ&eﬂsérbaﬁﬂni@pl yX-amined3 indesby1-NEep@t phenyl-
I njectable tornmul ati ons may al so be prepared by i
ethyr§/l). plegi|bgtahimidegr ug-(#phienpbytrb3-dynyhnbenrlamiae.ong (dimethyl-
whi ch are conpatible with body tissues. [O#%éh} n0)-N-[4-(4-
aminGphpBs (4 plommyltuss-1 dediyayDpheryAgrsraInide ni ni s 2r GHPAFIY

phenpionian o SHBGOAS B i s TA0EET PR AP ERREL, (e phent
ethyrga{li)ié%n’ryll%g%a;lgeﬁﬁ%ﬁc | PREAL SarBAmME AL WD xSPIpyRP4-CapBanylIbuta-1,3-

ene glycol or a Suppository wax

diyn%ﬁ-i fbnRA1-8a®ekisthiat, anpi-enphémiaeymi)phenilpropagamideat-methoxy-
o&& tenperature and therefore nelt in the rectum o

phenyhghaafl keetief phmd-hi@bemeidph@e@@ptw)%ﬁﬁ&oﬂrﬁdlﬂl{fﬂgé]methyll-
Solid dosage forns for_ qral adniniftrq%ﬁgn inq

l.ud
carbeasde e (o PAERRenpR SRR S5t GPHFRLCTI] propanoate
h i f h : , .
1etapate g e Fhart ML DU PRI P
[016§3<Ci pi emhe%{ﬁ%éé‘gﬁg%le refRRED @Sia?ﬂid%'rbﬂib @Hefebe Of the aryl groups is a

cal ci um e and/or a) fillers or extenders
hetef46)l agrowpar ChEsemplat osissiorsunilayge, grgipscobelude, for example,
mannitol, and silicic acid, b) binders _such.as, fq{ 1
2-phexgipytidine, - 7hviylppodle0ss 286-Fenyiedrovhrondings  phenylpyrazole,
carboxynethylcellulose,_algi

5-(2pmsiepyi-eiypy M-ﬂi@wﬁfﬂwr@éa%@%%??ﬂ.ﬂ?g %‘laa‘tae'c?g’é‘}’z’%')ﬂﬁadiaz°le’ 22
Pheigﬁ%ﬁgﬂté@%ggr?ﬁ{lu% g%]%?lelgl%l?[l'gllgé%nbt %g@%ﬁﬁiﬁﬁf&é,agl(ﬁ $ip&asingl-phenyl)-

ate, potato or
Lapi pra. el Hh EhoBivErol £ CRA@I theSilikecat Baefemed optionally
flmnsl’ogill %&‘(@%}g%%gt%@pe) SO %;yigron retardi ng agents such )
substfuted’ bfeldarylhyyl asaupst iincludec SH@rpitenystinmyt)pasimidine-2-ylamine,

quat ernary ammoni um conpounds, g) wetting agents su
1-mathoxfa-(2ethaamyldenzanet yl-r%ﬁtb@ﬁbﬁ-(gﬁlalen@lplgﬁg@%?, 5-me§1y(f-|}~phenyl—

nonostearate, h) absorbent uch.as kaagl i A s
oyeIBER OATRGNEY SpPeRO R b G o g Rt ran,  3-fluoro-5

cal.cium st ear at ' st ear j ) 1(2-thienyl))-
- TR G e A LS PP (- thiens)

metﬂ’aﬁ, Ufs‘ﬁ-E(4Irﬁah9fi>fiperﬁiinylbﬁeﬁ@ﬁ]ez@he@amm@ t 2k#ettsylphehyl)-thio-

pill's, the dosage formmay al so conprise buffering

pheAgeinsethyl0chin] -(SahiedyDbenzose.t 2-¢haitophangl)thionhieney gert-butoxy)-N-
may al so be enployed as fillers in s

of t _and .
[(5-pheny (G ivedyDineby Hoenesumide, LIPSO ROFR GPEigmethyl]-
lactose or m |k _sugar..as we]l as high, nol ecul ar
amigg; ?gmheﬁa{-yléfmﬁhé@gyﬁf‘Wo?‘é‘{ OspaTpmidaoles [0195] The
id do e for b ,+ad RSB, KWHe8S both of th 1
[Olégj l's, aﬁ%gtﬁfofﬁﬁlggtg%aggﬁ %gér%rtgp%r ed swg{ﬁﬁgoati ngs0 anod °
gm\gkgﬂigsa e @S] GRbEp.I C Eﬁ@ﬂﬁ,’ﬂ@gs@a&dagtlﬂmmoagdt grogps  include, for
example, 3-pyridylimidazole, 2-imidazolylpyrazine, and the like. Preferred optionally

substituted heteroarylheteroaryl groups include: 2-(4-piperazinyl-3-pyridyl)furan, diethyl-
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known in the pharmaceutical fornulating art. They may

optionally contain opacifying agents and can al so be
wo@Rooa/088posi ti on that they rel ease the acti vePCT/US2007/001708

ingredient(s) only, or preferentially, in a certain

part of the intestinal tract, optionally, in a del ayed

manner. Exanpl es of enbeddi ng conpositions that can

be used include pol yneric substances and waxes.

[0196] The active conpounds can also be in

m cro-encapsul ated formw th one or nore excipients

as .nqt ed,above,.. The_saql j,d fror/|E S.vhethvavii(4-
G- ap e Rl BRI 2T Ay LR 2y Dethymy
- - with coatings and shells such as enteric
p”“@%ﬁ??%ﬁ%, rel ease controlling coatings and ot her

[016%Pat i NgIOMEbhalkN QuBstititetih eorp Maubstiteed"| ofers foorthelIraplapgment of
art. In such solid dosage forns the active conmpound .
hydropsn déthasid oredor mhnenalenteastivalert radispl  SRitabde substigyfion groups
as sucrose, |actose or starch. Such. dosage fqr
inclugles for ceramnlee hydeoxyl ABFGe PG c PR, Py Mgl T, sulfonyl,
. _suhstances other.than in di | ue ino. GaBRkiRL. idino,
thio i R énoanlam_f}lnr?é r°’%°ab1§’éa§?‘%‘l°ai %tgﬁfs? ﬁ%ﬁ&gnﬂ’agnes}ﬁ u’m%gam o
sulf HEL €. aBGky1M &5rRGAY SRV, | Rab&ehied! C8Ryl, | haldafikytasslkyamino,
0 capsufes, tablets and pills, the dosage forns nmay
haloaik§124@n30 0IkOR 7 Sl RIS AU YO4IRAS  atklydearbanypy | sreinocarbonyl,

buffering agents. They may optionally contain .
arylopeaiyly | arglkatrarhenyhndictaparylgaseonyd drtegouatiybsabrgl, alkylthio,
_that they rel ease, the active jngredjent(s), opl [ -
amipaeghs YIRS, &V} Hoz e YT BOFEOBE PRESIey P ety imidazoyl
ract, optionally, in a delayed manner. Exanpl es of
and&ﬁ%@ﬁ%ing conpositions that can be used include
[016%2' YT i 1S URSARTRS gAY NEXRSelf bE GLBsitutedquiTtle dosay substituted
forms for oral administration include pharmaceutically
ontcatheenibatitueion aibsp oms be riadrcaginade,onto, swing, icyas, hydroxyl, alkyl,
suspensi ons, syrups and elixirs. In_addition tg the

alkoayt iavnsinoearboyidsSRy Hbioamide.d-HedhgeSPdbnsr ! aiypere R 1s
dnert diluentar c?nnﬁgly used in the art such as, for
typigalhyiydrose dyAraxy! 8t HEV sol vent's, sol ubilizing agents
d enul gikfli e c [ | chain group, the
[Olég’ﬂcohol , we}}eﬁyfh%c%gtﬁg?%%ﬁlg%&%&g{n 9%2%126% §§P{:o ol (?hal grotp
subRRBGEN che Bt StheP Wi BREcIghY (Ok., 21hylirbiiprbpyie 2-aminobutyl, and
glycol, dinmethylformam de, oils (in particular, .
the Gik) onsteatle chnimutedminus g n2-hydrenyetihily-cyarenropyl, agd ¢he like).
sesane oils), glycerol, tetrahydrofurfuryl al coho

Subgtatujesk Isybetiaenss yi@B| Be Avepighit e¥AR. Pranched frscyghic arfangements of
sorﬁihandcfndbnixt#res &pereof. Besi des i nert

covgleptlg hprdeq GRPY} Q1 PHFRBEEY i ons can  al so i ncl ude

[0176) UVant g SHELA%veMellsttted@ I0MNS carBIMISbloYibS dndlide, for example,
suspendi hg  agents, sweetening, flavoring, and

thode K s\ Mee1a@ e NtThesd @4A8he Dughge shigstitsted Osy theprroadcldr groups and
transdermal adm nistration of a conpound of this ..

hetéroaeh igraupsi asciilldee epprremtnosthogmbadng skillciantbe qraanie;gd medicinal
gel s, powders, solutions, sprays

. ' | ant .
RN KR L VNI I T -
. diti ith L, | i ide
e SRR ¥, LGSR gk Sborami,

N-cyclopropylcarboxamide, N-(2-hydroxy-isopropyl)carboxamide, methyl
2-carbonylamino-3-hydroxypropanoate, N-(2-hydroxypropyl)carboxamide,
N-(2-hydroxy-isopropyl)carboxamide, N-[2-hydroxy-1-
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requi red. Ophthalmc formul ati ons, ear drops, and the

like are al so contenplated as being wthin the scope
wW@Roowlos48é nventi on. [0199] The oi ntnents, pastB&T/US2007/001708

creans and gels may contain, in addition to an active

conpound of this invention, excipients such as ani nal

and vegetable fats, oils, waxes, paraffins, starch,

tragacanth, cellul ose derivatives, polyethylene

glycols, silicones, bentonites, silicic acid, talc

and zinc oxide, or mxtures thereof. [0200]

nveRt ix9 1k Epels aetmmidy ed N-2-(2-
e R N e %&;@?r 2lmethy)
e, 2ERQRYPyrid nﬂuhgncmbsxmmebe anzZylmethyl)-
pyrd a2 Gy e o Jpredom nantly
carbokdihi@ePA-{4-B @roxiypgsolidiai2- pvrrbexageies BB (- Bydmgyet oxy)ethyl]-
term nal and respirator bronchj o 0201] )
carboenisso IN-¢eHydroxpeycehesnicgbPox HaIde ﬁi& ﬁ% Tk %‘ymb‘dazolmyl)e‘hyl]

delivered using a form such as a N-(3-
Carbo}(@fndew brating poﬁ%& %‘I"}i’?%m R aggﬁal&rgﬁnebul i zer, ¢
r abl rhyMinfo@ B IRy redi d&n3-yl]acetam1de
pynoﬁgpggg?p |8§$&8%aV| gk%§?% ylpaﬁﬁ]&ss &%dlunwgverage
N-(2 ﬂi&ﬁ;ﬁhﬁ{ 4 &ﬁ?ﬂ&d}%btdrhﬁdb eNvyjge(2-dxdpyrislidnyIpeerilsarboxpaide, 4-
[ation preferably has bal anced osnDIarlty i.oni.c 4
meth§ltZ-0Rgbipednrthecbaldebipde; 0 M€ hydrayN -pyrralfwelprapyjqaghepcamide,

aerosol i zabl e volune able to- deliver effectlv 2.
N-(2-bfydtoxe- bmmnhﬁdﬂs“dﬂprf’ﬁél quh‘?/’é'i‘i‘? Bn to the site ?Q tstﬁ cyano
i nfecti on. t| onal | diU A afichode, N-[(5-
pyidyerieiy Cr e T S
nCt Lo ﬁhfd\é’ays anQ Apesflielo-NaUsermylpyrrolidin-3-
Inmhﬁ aghgh&ﬁ?g ects [0202] “Aerosol i zati on
me;Qth@s sui tabl e for adm ni stration of aerosol
ornul’ati ons of the invention include, for exanple,
jet, vibrating porous plate, uItrasoQ)c nebul i zers
and energized\sky powder |nhalers at are to

nebul i ze the fornul ation ? the IHN ntion
aer osql partlc si ze pr mnantly ipn the S|ze range
fram%% S\ﬁh1 Eq%?onlnantl in this applicatiag ans
t hatneat teast 70%but preferehly nore t'han 90% of Zal |
ge ed aerosol partlcles are within 1-5 mrange. A
jet pebulizer works by air pressure to break a liquid
sol ution"@nt o aerosol droplets. Vibrating porous plate
. NebyFiggers work by using a sonic vacuum produced by a
rapldly Vi Br tigpg porous plate to extrude a sol vent
dr opl t hrough a porous plate. An ultrasonic
kaizer wor by a piezoelectric crystal that
uusShearsya liquid jnto small aerosol droplets. A variety

supAabl e defiges are avail able, including, for
gKa :@ AERON nd AERODCSE vi brating porous plate

mebul zes end Aer den, Inc., Sunnyvale, California),
SI DESTREAM nebul i zers (Nbdic-Aid Ltd., West Sussex,
England) PARI LC and PART LC STAR jet nebulizers

[01 Parl ?Q}'nre dﬁiéfﬁ?%&ﬂsﬁﬁﬁéﬁ aldd¥§carbBhgh@RAgs include, for example,

r gini a
those shown below. These alkoxycarbonyl groups can be further substituted as will be

apparent to those having skill in the organic and medicinal chemistry arts in conjunction

with the disclosure herein.
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(DeVi |l bi ss Medi zi ni sche Produkte (Deutschland) GrbH,
Hei den, Germany) and ULTRAAIRE (Omwon Heal t hcare,
WO p@7/0847€6 non Hills, Il1inois) ultrasoni c nebuPCwESRN7/001708
-78 WD 2007/ 084786 PCT/ US2007/001708 [0203] Compounds
of the invention may al so be fornul ated for use as
topi cal powders and sprays that can contain, in
addition to the conpounds of this invention,
exci pi ents such as lactose, talc, silicic acid,
al um num hydroxi de, calciumsilicates and pol yam de

waer, L iehdd or ex
[017213 di te r ﬁ{%{)p{?nel)étgﬁ{ugissugsnmte Sek %b%'?lgﬁgg%x%y %gﬁ&gg ample,

(e} n-customary prop
thos?c1 Qh&[ﬂ? flohF OTYE ?ﬂm%n Dgdhbs ThabeifiiRl sBBH:EREE as will be
ave t he added advant'age of providing controlled
appad@ltity edse WavimpCaiNu sk s1gahidembadydiciat bhetosagerfscn menjunction
can be nade by dissolving or dispensing the conpound
withithe tilkelopurefhereimedi um Absor pti on enhancers can al so be
used to increase the flux of the conpound across the
skin. The rate can be controlled by either providing
a rate contgolling rane di spersing the
co ouad\$ﬁ a poly matri x ¢r gel. The npounds of
t he Wt esent_invention Jcan al so®ke~aqgni sfered ip the
formoaf |ippsones. As hguknown in the artO<Jiposbres
are generally deri drom phospholipids or other
l'i pid substances. tﬁ?@sonegmgre formed by nono- or
mul ti-1amell ar hydra‘ﬁg | yrquid crystals that are
di spe d in an agueou dium An on-t oxi c,
physijol ogi cal |y acceptaljl e and net aleQl i bLeHIipid
capaPre-0fF0Orpirhg |ipospres can be UsedY THe pr esent
conpositions ih |iposone $@rm can containFQA?
addy '@qmlo[ahcgnpound of the present invention,
stabbliz rsNdB;pservatives, exci pients, and the |ike.
The p er’e i pi ds are the phospholi pids and
phosphati dyl cholines (lecithins), both natural and
synthetic. Methods to formliposones are known in the

t. Se for " e " ds...i q
o185 o PR irREs 1 Byl YRR Sgb groups, an
sulfhydi§1 gPoupdSréibrsSRA foln @8] th&del @aictisRaiidl RiSciDlard eotected from

conpounds of the invention generally include any

undadipbid raufibh cvignh protadtbearaly nowhitbi thoRd Skillad tin whe prt such as
by any of the assays described herein, by, other P13K
thosgctet (arthyinalrwasosive Koweips & Oremec Ravheys.drtscAgr T Yk Wyes, P. G- M.,

B A LT T S —
usir%gﬁnieypqocédﬂgéses@t §8ith ttﬂé’kinnaﬂxé}ﬁ‘pl@? P ip?&gct‘é’htlﬂld}&@/l groups include,

rricer materials to produce a single dosage form

but Wd hoMBhitedRD NG GBetdsRAth b thoaesbtdiniebb e deaaridn bfie hydroxyl group
particul ar node of adm nistration. It will be

withuinder s¢agent, kosteves, bhat nohe liopitssi f ite, dbbutyldimsthyl-ghlorosilane,

cany particular patient will -79 W) 2007/ 084786 )
tr1 Iekdorpsiiamy 1o PraRYIeHar AT atr\?g}sf%glflyr%:p apg,  syfstituted methyl

andi er%ﬁylflueq}i)er}g 31tlc|]1easz:1 %tulc \rlllo% Mm‘ﬂfed ttct] reneﬁpogc%étﬁylceQH&? H{.]:%ythiomethyl ether,
benzyloxymethyl ether, t-butoxymethyl ether, 2-methoxyethoxymethyl ether,
tetrahydropyranyl ethers, 1-ethoxyethyl ether, allyl ether, benzyl ether; esters such as, but
not limited to, .benzoylformate, foﬁnate, acetate, trichloroacetate, and trifluoroacetate.

Examples of protected amine groups include, but are not limited to, amides such as,
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enpl oyed, the age, body weight, general health, sex,
diet, tinme of adm nistration, route of
w@oin7/08486 at i on, rate of excretion, drug conbiPEL/US2IV07/001708

and the severity of the particular disease undergoing
therapy. The therapeutically effective amount for a
given situation can be readily determ ned by routine
experimentation and is within the skill and judgnment
of the ordinary clinician. [0206] According to the
nmet hods of treatnent of the present invention, tunor
rowth ks red ¥ n L1y ahiB&t ind s, Such agphehalimide,

fom%ﬂ na%egaw{)d\%b?%ﬁ%ﬁl%epgﬁw@h%ﬁng%% ering to the pat i?ent

and cﬂﬁﬁ&‘ﬁﬁﬁﬁﬁh‘iﬁk?ﬂd ¥thefst etanydesabprotecsdd sulfodpdigrdup include, but
the i1nvention, in such anmounts and for such tinme as _.

are rict QResI6) yhibethaxshiwhe as Hebewni ribipethesyapd Sypigolyl thioether;

"therapeutically effective anount” of .a c ound .of i
substithtedi Sveethylodetigativearfuch asshgmithioe &%ﬁ%ﬁ“’gﬂ% acetals; and

conmpound to treat tumor growth, at a reasonabl e
othetsenefit/risk ratio applicable to any nedical

eat men W 8 gﬁkﬂﬁa"%?é?é*,t hpwaeehyl bfalp Wheh has been

[017% t al dgﬁb)%%?g%%c%g e conpoun?:ls and cgnposi tions

esterfied REIPORSEHR thd\¢BitimEHly Widell Earboeglidedid Ipyotebiing ester groups
attendi ng physician within the scope of sound nedical .

emp1oyd@ lﬁE?lock oh prcﬁprﬂ:tbé iclmrboKYiéq agié ;ﬁw&m \zhléﬁ ¥f‘§6‘t‘19%m68§'é“g other

evel for any particular patient_w|] .depend upon .

functiondl sitgs obthefeapinonad jafg F‘H"&Fit% gut i %4‘&3?’&& caﬂlélo’ﬁépm%eamg group
treated and t severi f ' nai fAsdcted thMhe solid

can b3 SE G300 B L oo i P e o
" Shiid t?d;%l e@ntill REea36€ bPOoHydroMRicdthethg@s etoalrelease the

SuPpﬁgtgﬁgh?ﬁésg%ran agiﬁyet of the pat?en%‘; - Y?he tine of

corr&pBhding tffedtdcal), Repiekentatdive @dbonj-stotedtingrgroupriinchide, & example,
excretion of the specific conpound enployed; the

alkytlestaisj sscondary tivedesrasdithebike. drugs used in conbi nation

or coincidental with the specific conpound enplo ; .
[0174dd | i keCortin 6PEPRARYS R B’kmn?"?flt’c%C%nEW‘%ea?sygﬁ%.mXﬁg substituted
[ 0207] For rposes_of. [ ti ; ult in the
carbpioptaet | SEiTT JRUrrRa P SR aRG CREER Rl i res
compBhid gﬁ“ Y R3S e RhSEEE Inbx@u@s heB Istdrévisomglse adra particular
drvi ded doses may be in anmpounts, for exanple, of from )
asyinfdftcall9 sLBOGurEY degbhodiormei ghsingllei dtgreqisdmepr eAs a result, racemic
preferred from.1.0 to 30 ng/ kg body wei ght dai l ds of
mixBoes geixtures ofbdingosoniesn s Wl assonglgidipstgrermerrdihe cgppounds o

submul tiples thereof to npke up t dai L y,med b .
the GeRBten & ip BT e RGBTSRy M GPS " Shang, Ry Sopfiguration,

i nyentiLon_CONMQLJ 1 N tai ' E,
o= M S P SR B0 DD LAO8 | aat Fan et o, uen "

i n need of. such
Fund SR NBRS TEREHCARRISIR EO Pilte t4pphnim. 20008-80, 176 HEhe terms o and

conpound(s) of this invention per day in single or
B arddiplpyel 10 sieg pokBidas bf byclmmonimundspdbe coside pEthe reference plane

invention, kits that include one or re con‘?ougds .an Those
is thatsidernnewhichihapreferes, substivuepiesealdhe AW Fauppieged position.

include a P13K inhibito . nd of .t in ' - ‘
subetét_uﬁx}t’s lgnggﬁﬁbfa ﬁap%slitefsbcietﬁﬁc tgg?%%x)'epff P}a)n)laeag{;] Eé’szgn{pégc g%sgnptor It

i rt r.of he eh-i | ' Jd1RCdtb@Bparkals, in which "a"
Sh°PP“Z§‘E inﬁbe%athgteﬁ% Pg%k%pérhg%?sf g?lgt é|1Il\%lce@gl[| g%d;r?e tby P > 1 WHe .
means "below the plane” and denotes absolute configuration. The terms o and B

configuration, as used herein, are as defined by the "Chemical Abstracts Index Guide,”

Appendix IV, paragraph 203, 1987.
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adm ni stering an P13K inhibitory anount of the
conpound. [0209] The term"kit" as used herein
W@ oivps486 a contai ner for containing the PCT/US2007/001708
phar maceuti cal conpositions and may al so include
di vi ded containers such as a divided bottle or a
di vided foil packet. The contai ner can be in any
conventional shape or formas known in the art which
is made of a pharmaceutically acceptable material, for
exanpl e a ~paper or cardboard box, a glass or plastic
ottl e bl ¢.08 XHtplBle bdlts" ROfeth to the
. [017§§ r efl 4h?rg¥)]| %ﬁ p cgcrfct{elﬁtegllbﬁt 0 a{agl fferent
nonto?(?d"&ﬂﬂ ¢ ra)kahﬁé et hle‘feil &altd 6&3 khevp frtmidimsliathplaialds dd skes invention.
pressing out of the pack according to a
Thesd Rehapantie prphrdulnesiniTHering dhe dinabrisalatmoyped puification of the

depend on the exact dosage forminvolved, for_ e nB ith a
pyrinadineonerepoinsisalor dar €eRaERELh E5ACHBE| He nRAse g¥n aFid) ?&P gas wi

used to hold a liquid ensi o I
suitahig 0583 HE AT HIREERBH A aégﬁeﬂ)ee"ﬂ%l ! BerriAtE sfid fifhude, but
P 96itraf, Wspdrfdite, benzoat
are ngk(ﬁ%sfe e %%E)llto n%% légétg%htagil e, %.Ilg,ﬁﬁit@bgtu{a A V\%I Chel Senzoa e,
benzérﬁ:sﬁ%ﬁ‘atec%&ﬁfd@@d Bﬁtﬁ&rﬁ i) @aldPMorald)2 tapAsrsaifangite difluconate,
such a kit is a so-called blister pack. Blister packs
cycloplefitaneplopidnatwn i niddeeylpatdtegi ng eﬂﬁd@%ﬂfoya@nd ar%uCOh“'P""moate

bei ng wi dely used for the packagi p arnaceu 8 hioride,
glycaraphospbstage hewi-melfgte.abh@aoatsp °a Snd k8yaroe

Bl i st ks general |y nsi.s et o
hydrqlg]ogpsg,,e (ikyldf dﬁﬁt eri %ﬂhygo‘{/xg i {élég gs‘ﬁ?ig%f Oi liac%ate, maleate,
mcthgng ueffo%Q{ey Lic8RsRar Shap Hh-AfdnleGulfBHabd, | Bkalatdir pAGoAtRE pectmate
acka agl ng’ process, recesses are forned in the pl astic
perlePité 3-phBRylpRESSAESpiaMe pivalase,zgropithatdh) sypeciobte, sulfate, tartrate,
|nd|V|éLaI tabl ets or capsules to be packed or may
thiodyaiiste} peaokienesudfiodatehand undeceswatproddi® tﬁﬁlttals}ﬁ’l ’é‘tfogen‘contammg
tabl ets and/ or capsules to be

groupasiaat e anaf@apéqﬁ Bathy ety PR %Snali?gleh@ﬁeés Sud'Ss methyl, ethy,
h

prOp%f%Fiqﬁ{n)gh cﬁﬂ &‘?IBS g?,ﬁ%}do °ﬁlé‘{eg% gltg ?ﬂfét%:& fike dhmethyl diethyl,

a a 8 1, and 1

Py s 8 A s

chloﬁﬁé.& hyrbkied ok @68 S6EEcsMREAk§Iialads liks banzydsmHtphenétbyl bromides, and

abl’ets or capsules are |nd|V|duaII{ seal ed or
otheﬁsol Weatdrior ellysobddé etidispersibis progyctsiape hﬁ edaiaed

between the plastic foil and the sh
[0171655e str eEP@"F‘PPlé?r of hacids, dhat mays ben e{nﬁ flhg %’fg bhé{'maceutwally

sTor
ul es, can.be rengov 0 Bnlch§icChci@CYs BWdrochloric acid,
acos Al T?dap 'Vrhﬁaﬂ?eggﬂﬁe g%&?he g?é%esg%s mhg¥%by an

hydBBRE:d %&&rdﬁﬁg shlfutib @cih&aft pRésphbic ptidCadofuchiwrganic acids as
recess. fhe tablét or capsule can then be renpved via

fornfioi &Li@peacdtiegacifi 0 Rifijorbicetinyied.dEshasbagid; dammuaa@l sexalic acid,
witten nenory aid, where the witten  nenory a

maleit #did, UWW@W‘HHQI avydsi pHCSiTaL I3h H}‘i‘éIiFoi"mfiné‘E‘?tth}eﬁ%lﬁ%mC acid,
n;ﬁ?)r@@ltplggpg g%iil gqu}) é%@gngs%@ﬁ{cls%lc? [?é%rcg??ﬁ afl acx g glrn%lo acids such
ne ullble or capsul es whereby the nunbers
as affrfis a5d AN B AR AT

ays of the reginmen which the

o1 ‘;ﬂb ! et S V\EESlE %Qéit'ioﬁssaﬁ@ caR ®ei frepdes vl dueingrie$inatlisolation and
contai ns the

punﬁcatlon of the pyrimidine compounds, or separately by reacting carboxylic acid

moieties with a suitable base such as the hydroxide, carbonate or bicarbonate of a
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same type of information. Another exanple of such a
menory aid is a calendar printed on the card, e.g.,
w@goo708478ms " First Week, Monday, Tuesday, " " SePOnUS2007/001708

Week, Monday, Tuesday, ..." Qher variations of

menory aids will be readily apparent. A "daily dose"

can be a single tablet or capsule or several tablets

or capsules to be taken on a given day. Wen the kit

cont ai ns separate conpositions, a daily dose of one or

nore conpositions of the kit can consist of one

tabl et or capsu L. e..a daj n i®@Mprimary,
phargyipeyioafl GEBRHaR il Mool bt Yo i Bbn N L oROR O primery
secoﬁ%ge&s téMfiaS2 BRI ES - PHaPAEdutiCaIy %Eed;ﬁﬂlg@i dlts include, but are not

e diment of a kit is a dispenser designed to .
limitddl $§,e%ens bhseddai thy alledeandsikaline earth metdls sueteappafipm, lithium,

of their intended use. Preferably, the dispenser _is .
potassijuing paltivwint magnesiny, yalamdnum osats epd fthe tJHeg, as well as nontoxic

facilitate conpliance with the regj.nen.. . ex I .
ammoBEHN o GHBEFHIFY ATYUPRILY, &?ﬁ‘%%cg%é%%ﬁat%?‘ﬁg\%r Db not YUmited to

i ndi cat es the .nunper. 0 ' hee, ine,
g LT A HER sty Rl e AR ok bR ettt
tﬁm%&fﬁ{iﬁé,p%flgm'ﬁleg lefhydtihe/RAB! he CIikeD| @thir tdprésentative organic

[1quid crystal readout, or audible rem nder signal )
amind3i alefull Offoe xiep Ifermatiwmd foas¢ hedditivn salts mpkde g gicthylamine,

dai | y dose has been taken and/or rem nds.one when the . .
ethylraetiagune | sthapolsming k efietippolpmyingh e PISFaZing  (pygidine,  picoline,

ma&%ﬂhﬁ%ﬁ[{% iﬁ?gb%@%&?i'crs?%}igg gglral:stssﬁ%lh g{‘a&ﬂ%&,il?&né Safornithine.
[Olggar mac %B ',ﬁsg!g Lﬁ;eééiﬁt kYeP tri TP celmi@iI9r A&RbMtablehgster” refers to

2 WO 6 PCI/ US2007/ 001708 additi onal
estefOWRRANGY dr81y28 Gk hab HliSikciudsithbieothao braakatdver readitpdurible human
useful to treat cancer, angi ogenesis, or tunor i
bodgnoe\tdve thhgaactdicoimpeahd oo @pwlintsraedy Syetablergsar greypsginclude, for
in the sane .dosgge formas the P13K i nmgbit r .or ig ” 4
exagiples cthesy dg¥ed dTqmrpharmarqutically aceppiable alinhay garboxylic acids,

co unds can be adni nister i e -
oo SRR R Rop R AETLMPHRLPR: B bASuSATE A 40508 Pcac sty
or AL&ERE HholellY ﬁmJLrQ&’geWhlﬂP P8 #H1dehR aRd fRhfboneabilsy Rypresentative
reference to the - fol I ow ng exanpl es, which are
exaRip®éi dedpdtvicwmy @ters | indhideatiupnarenaonrkémited tontforniatds, acetates,

to be limting of the present invention. EXAMPLES
propiofdIss, tReyretes) ayylatestand cipdsyscegtashat f ol | ow,

[o1 %é)}lnﬁ 8 U{‘ ﬂ i“hgr&?f}!fg % ! a&g@gﬁ%é Qz’ %g{;eia?%?le \g?(gcg?g%'?gsﬁgs?a E%ge:in refers to
tho%gqn%rfng?uagrsﬁciﬁﬂowépglfaﬂn&shgf tRE %ﬁesuagg&@]antﬂﬁ’? whtiPad NGsihin the scope of

erne es were aracterized by high

souR8 M i dBBEFerhéfUsftab Iy PRREO T edftyct (Wi Be tiisudddpofhumans and lower
Wat er s I\/IJI ['eni um chr onat ogr aphy systemwi th a 2695

anifaBawahowruidudubeicity) irfimtidn, MorgicTiespensal 3nd thel like, commensurate
colums were Alltima C 18 reversed phase, 4.6 x 50

withma reabeeble bemafitirisk, ratipopRdariieeiie {opdbey itegded use, as well as the

zwitterionic forms, where possible, of the compounds of the invention. The term

"prodrug" refers to compounds that are rapidly transformed in vivo to yield the parent
compound of the above formula, for example by hydrolysis in blood. A thorough
discussion is provided in Higuchi, T., and V. Stella, "Pro-drugs as Novel Delivery

Systems," A.C.S. Symposium Series 14, and in "Bioreversible Carriers in Drug Design,"
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IL). A gradient elution was used, typically starting
wWth 5% acetonitrile/95% water and progressing to
wao@rsewes onitrile over a period of 40 m nut esPCEIUB2007/001708

solvents contained 0.1%trifluoroacetic acid (TFA).

Compounds were detected by ultraviolet light (UVY)

absorption at either 220 or 254 nm HPLC sol vents were

from Burdi ck and Jackson (Miskegan, M), or Fisher

Sci entific (Pittsburgh, PA). In sone instances, purity
assessed by thin layer.chronatography (TLC) usi ng

o e, S LS PEHE ) BAT Sis, 1007

both 8?\3&?&% d %of;ﬁﬁ%eﬁ%eréﬁ‘@ﬁ? réf@f'é‘ﬁbéy det ected vi Sual Iy
Tt ravi I'ight,” or by enploying well known
[01 godi ne “mapig avithif tifedonteXt bOhe indtant mvegtiveoherng ge glleviation of
[(0217] Mass spectronetric anal ysis was perfornmed on
sympooras adsotiaedlvoiBa disesder ordisease, or gt ef £ PRgossion or worsening
Al'liance HT HPLC and a M. crona
of thémmm@mwr PIEBFIiioR: OrpEPRIyLR B%ﬂﬁq%seaﬁe pr disgeglef;, fFor example,

w1t1up%#¥ %%tg%%%&%}}ag p%é gg)o Peedso%mgéé gg ﬂﬁg@é successful treatment
may %{cﬁj&%@ %ﬁhétﬁm' 1H tHehRlifdhtidh & AApibatiEdfecting t[lﬂfoe or fiséhsed tissue,

l'ecul ar wei ght range 200-1500; cone Vol tage
an afiBvidiior® Qifugymﬁteimefewtw ¢o AQaderars graveh et mn@emkmhiferauon of
System (Series 1100 HPLC, Colum: Eclipse XDB-C18,
capillar’s8, nmdissesede tissuey @t balfing -ip5oapallasy oRP fqr?témp Pru e tmg in the
with 0.05% TFA;, flow rate

ProsisFgRe! A AHGES LS 88 EEB AEIVBF ERDETEY PG . Tresment may
also dfxcr;{ﬁﬁr AhLHESst gﬁ%g}x it JBEEES ﬁlaﬁ@ﬂ?é) bf Gk %&s%ﬂoﬁﬁenhon in

e’pro ona rons. [0218] GCMS analysis is
comﬁi?lﬁtfl&{ RRth Othé ﬁﬁﬂp@ést Rag Keathpld)S teU oBrhborrtd®6&AH0 pharmaceutical
Series gas chromatograph with a Mass Sel ective
formRiteat of tHxOpidsenit minemtion mayl henatministered paforg, alunea,l QI rﬁﬁer surgical
tenperature: 50 C, final colum tenperature: 1so b
procedurp aridfer. radigtion rfheragy- gagequqwé o Ih‘?TL?Yﬁnﬁon can also be

col um:. 5% I | oxane
a8 10 3G S S G LT S SA Frsl ELp Do used in amiisense
cl ear magneti c resonance (NWVR) anal ysis was
and%enefltglragg on sone of the conpounds with a Varian 300

o189z NVR APakéu Rbrem, "GANL", Tihear's pet trédinient earerinterchangeable terms
either TMB or the known chenical shift of the sol vent,

as Semelicoigdurdds drpites” wet,e as uasedt hefedw,ategiude preventative (e.g.,
tenperatures (e.qg 75 C) to pronote ingcreased s?rrg Iliati

propdullaghic) rng pallga@tzzdfeamentpferr fheyach ol JEpYIdE prryentative or palliative
nventi on conpounds i s assessed by elenental analysis

treamgert Anal ytics, Tucson, AZ). [0221] Melting points

[01 F]e det effd @ﬁlo'rPIQKLﬁQ&ﬁt%aniéoﬁ&‘t‘" Geferdrb- d ediforder that can be
appar at us (Ho i ston . [0222] Preparative

ben&ﬁ&@l‘lyﬂfrbﬁeébz»e;henﬁlausmbﬁdeIBtK .using a Flash 40
chr omat ogr ap system and KP-Si|l, 60A (Biotage,

[o187ar | ot t Ebw tdﬂre"ceMA}ar mphf@yatmegbppa@@g:" rs to diseases including, for

U

example, cancer, tumor, hyperplasia, resten051s, cardiac hypertrophy, immune disorder
and inflammation.

[0184] The term "cancer” refers to cancer diseases that can be beneficially treated
by the inhibition of PI3K, including, for example, lung and bronchus; prostate; breast;

pancreas; colon and rectum; thyroid; liver and intrahepatic bile duct; hepatocellular;
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chr omat ogr aphy using silica gel (230-400 nesh) packing

material, or by HPLC using a Wters 2767 Sanpl e
woRmwaget’se C- 18 rever sed phase col um, 30X50 nmPCT/USW07801708

nmL/ m n. Typical solvents enpl oyed for the Flash 40

Bi ot age system and flash col um chromat ography were

di chl or onet hane, nethanol, ethyl acetate, hexane,

acetone, aqueous amoni a (or anmoni um hydroxi de), and

triethyl am ne. Typical solvents enployed for the

reverse phase HPLC were varyi ng concentrations of

s LR d08 ST B B atiEpeis winars

bladdd}0 qjt%n&%e 8 sk £8RIx;t Bearyy Qﬁ\ﬂtlglcc aieluigls esophagus; acute
actording to the invention may exhibit the phenomenon

myeRgeh st l@iBdnhiachdfid gebigeniusaleukdmiac tympcyne tleuquamla myeloid
this specification can only represent one of th

leukpoisi biain;t awalowayity fwd npharynx;s foyng  sH2 I rigter a0 don-Hodgkin

t hat the |nvent|on enc es _any tautoneric form of
lymmh?éflﬁimﬁm‘%%sra@ tv %‘S‘{O?f’QE%fnanars under st ood that the

venti | t. d h I EBNiScS68d He&ihh b
1850y ai ' 13 PISSETATIES of Jisofpyiige' IFiGeaRte k! can be
admzﬂ] LeAfindhe GBAR oY ddidi RdBfRNSGORE TIRY sdlikeareldv@eniently formed by

osure Abbrevi ations ACN Acetonitrile Bl NAP
reacing ‘a-d¥nSiclinBh Erbdsieh esiftha sajtatle beidyisnetpashpbhve BedsAdescribed above.

di i sopropyl et hyl am ne DVE 1, 2-di met hoxyet hane DM
The Nltd i are tquydkiy rfremedi én Higppields at moderate” temperatures, and often are

p(]é.geé]tg?lgmseg[aep ?Mﬁ]os dIyte fe c%rgcgé]ﬂ?téap etaoclf\ ic %Yllas the final step

peroxy eNZOi

ac'ﬁ)g}ﬂh IélstSglﬁ;a bsraﬂ %‘ JUi g 08issWE in an a{)propnate organic solvent, or

yrroli RT room t enperature

aqu&ﬁfsrd} byE Qbivear) su@@'&@ra@ aldaionoeohobr Sytat. hesi thienghd? 13#kd, if the
I nhi br't or Cbnpounds [ 0225] Met hods for preparln?

conmpoipd i disis Oﬁveﬁfmomﬂlsalelsuemdi the fice dase Proviitiédisolafgdefrom a basic
met hods i nclude: reactin

finallvesh cstep, rmp?ﬁlﬁ‘wg HO By uriA Bectiget hAaPiedsed {qshaique for preparing
h dg%/ﬁrhiﬂ%dgg L}g el r(P g%xéq g{% é‘ﬁf: gorag% '?{1 Chag rslltn"f‘abrl]é "83nf GRE tdry She solution

thoroughly, as over molecular sieves, before bubbling hydrogen chloride gas through it. It

will also be recognized that it is possible to administer amorphous forms of the PI3K
inhibitors.

[0186] The invention also provides isotopically-labeled PI3K inhibitors, which
are structurally identical to those disclosed above, but for the fact that one or more atoms
ate replaced by an atom having an atomic mass or mass number different from the atomic
mass or mass number usually found in nature. Examples of isotopes that can be
incorporated into compounds of the invention include isotopes of hydrogen, carbon,
nitrogen, oxygen, phosphorous, sulfur, fluorine and chlorine, such as 2y, °H, 3c, e,
15N, 80, 70, *'p, 32p, *S, '®F and ’°Cl, respectively. Compounds of the present
invention, prodrugs thereof, and pharmaceutically acceptable salts of said compounds and
of said prodrugs which contain the aforementioned isotopes and/or other isotopes of other

atoms are within the scope of this invention. Certain isotopically labeled compounds of
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presence of a palladiumcatalyst. In one enbodi nent,
the substituted pyridinyl or -85 WO 2007/084786
weAN/ 82807/ 001708 pyrim di nyl group contai ni PQI/aES2007/001708

reacti ve boronic ester substituent has an -NH2 group

positioned para to the boronic ester. In another

enbodi nent, the substituted pyridinyl or pyrimdinyl

group containing a reactive boronic ester substituent

has an -NH2 group positioned para to the boronic

ester and anot her non- hydrogen substituent positioned ,

ortha to .thecbo ' r I dadi ReidpeskEch as “H and
R E A ST A L VS L v )

e :{}@l ReoPoratbtdShret b6l @ dragUbalorn wilerafsl tidsuwl Kistribution assays.
0226] "I'n anot her enbodi nent, the .
Tritiaﬁeclh a.bg}%; ad ad?rbbxix-rllép'gzw.i Hicd wao@s @cﬁppqrgzuiaﬂy preferred Ifor their ease

al 0- 6- het erocycl yl - 2- nor phol i nopyri m din roup. . In
of prapatation adbdeleetebility.t HBuhesq sBLSIHULAR SAE) F‘ﬁ%’éﬁfr Fﬁ?f‘&?eﬁ gsuch as
group.is.,a . . )
deuteximy| be-6. He 19 2JRrY 15575102 EIRSREP | dyavtages Fesulting from greater
roup.. .l n di JIRAked tHAe vi alf-life or reduced dosage
‘naaQQW%I%?ﬂﬁﬁgrgﬁgﬁ%ho f?i%1d|%%15?bdgw?sha 4- hal o- 6- s
requitéth&5t0 3] BEHdRO mery e EF&E&E@MEbﬁbCﬂiﬂR&n@t&nugﬁ. Isgtopically labeled
anot her enbodi nent, the 4-hal o-2- norphol i nopyri m di ne )
compsfudidp off $hid-iventipn -aBd Grodmgs thryeofmapygenatatiyre PrEpgred by carrying
I n anot her enbodi nent, the pyridLg¥J bor o Hc esﬁqh L&noicdl
out knofry pf refereopid mAcpdunss @nd byssubspifing fafqagily avariable isotopreally

1, 3, 2-di oxabor al an- 2- ¥l idin-2-amne. | n another
labelsﬁﬁ%%ﬁeﬁ%ﬁf 2 HOPHE&BBH%H?‘%E%‘% ©a %‘st't i s Pd(dppf) CL2
j chl or qygt dYEihe n922&In A8 vBBRL BEvin@ndiomliviein inhibiting
[018? e 4-hg$§- - epg?ocycﬁfl-z- é%rpholinopyriniding .
the g!'o?\ﬁﬁ dfScdiicepacrs bFhe easpbagdsanhgt By assd lajdnegenip compositions
Wi

a 4, 6- di hal o-2-norphol i nopyri m dine group. In .
togethiedt With enploatinmeetticallye adeeptabde caprig- or excipient. Pharmaceutical

di nmor phol i nopyri m di ne, group i.s prepare reactin
compoBReR Al Breobe BB GIOPSH B RaRa D e PR gmount of a
I n anaqt her ephodi nent.. .th - dj =2 lated togeth
phospRBRAITERUR, PP rEP Rt SoftiSua Wk R hercin formulated together
withz'oﬂgrc'ﬁh %&%g&%ﬁnﬂ&ﬁﬁ%ﬂ% Lcbptable VArBrsPOCAS.uskd herein, the term
anot her e diment, the o o
"phatmfABERNAILY ReEpLLTE diniier Y nfeads alnongogicepertewblidy semi-solid or liquid
reacting norphol i ne-4-carboxam di ne mﬁth_die&&yl
fillerraHidnaite encapshiatipg ematrrial ofr Zoryydadion apsiliags of oaRy, jype. Some

et hoxi de. [0229] .In anot her enbodi nen t he .
exatsiss of FRiEReI TSN A S By PRHRHETYICAlY S aRln eamisrs g e

a reactive.,borani ter.s it t . d r eghd tarch;
such 85??‘?tﬁ§e’ SRS talnt%u? ‘gcéggepysry%}g%énsy or agpi?@m&g?%yl g)rf’gbago S
celh‘sflg(g;%1 ngcg {0 deAvRRERuSH BS bbdiugNEarbbtyiné@h i delintusecethgl exllulose and

celldiode Bedtatb phavedezedthg Rrahth; 4ndli; Felasing tahetergipiantgsuchgspegoa butter
borol an-2-yl)-1,3,2- -86 WD 2007/ 084786

and REPPOISROP W3S K0B sugh as A5ane eihsottpRsesf Sil gpfflower oil; sesame oil;
_enmbodi nent, the substjtyted pyrjdinyl .or rimdi

oo bl A e Ay B KBTIl e o iy

oledts aag:ntdI g&yi qgur% e?sééa};u%ﬁ?feﬂxy Qéeﬂi@ s@h as magnesium hydroxide and

aluminum hydroxide; alginic acid; pyrogen-free water; 1sotonic saline; Ringer's solution;

ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic compatible

lubricants such as sodium lauryl sulfate and magneéium stearate, as well as coloring
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pyrimdinyl group with N bronosuccinimde (NBS).
[ 0230] Anot her enbodi nent of the present invention
w@e@viogsse a net hod of preparing a PCT/US2007/001708

4- chl or o- 2, 6-di nor phol i nopyri m di ne conpri sing

reacting norpholine with 2,4,6-trichloropyrimdine in

a suitable solvent. In a nore particul ar enbodi nent,

the solvent is a polar aprotic solvent. Mre

particular still the solvent is THE In another nore

particul ar enbodi nent, the :

4-chl oro- 2, 6-di nor.phol i nopyri m di.ne e :
sgenige PRGN AERE| BRUP AL BTN TEE S o Sy ERET Ay ¥iufing agents,
presem/eﬁweg%ndoarntiigid%&%aﬁsalg& b prodet P P O6TRposHidl] according to the

nmor phol1 ne. ternatively, the norpholine is added to
judgriestObitHeOfbriARSY. S Oliger4suitabler phatmficeutically acceptable excipients are

di mor phol i nopyri m dine. More particular still, the
descréldduini 'BRemingtod! BikrinetowicaDBricnges, nidagkPebCo o Nagef griey, 1991,

5C, or below OC. More particularly, during or after
incorpgriited beref by referenceh| or o- 2, 6- di nor phol i nopyri ni di ne,

e solytion is allowed to r, . Qr :
[018%{1 gr eaﬁ&‘n" ERPUDETOT Gie B elgl’%rﬁ%% rgg%% Iaﬁngﬁlg% ap [0 fumans
and %ﬁgﬁ%{r}%%orgﬁg% %eﬁt@ﬁllymmﬁ%hblgﬁ BW4krosolization or inhalation spray,

rphol I'nopyrim dine are conbined, the
rectadlq) iHti@ktérBall gUanevaindlly, anttigeriooneaily sbucatiyeoutopically in dosage
solution. More particularly, at |east 10 hours, orﬁgﬁ, .
unit Feastiatitshmmtainingreogventions! nggoxis pharmageugicallnacqepipyle carriers,
~hours, or at least 50 hqgurs,. or abqut. 64 hours a r
S AN 58 RS T O 525 B TOP ISR ARGy, P U= ©f

ﬁansgirﬁg'g%gg%hpn?gﬂa}ttogesucﬁo uﬁhﬁﬁeﬁﬁaﬂgﬁgﬁ&e& RhopHeiekisOdeviées. The

S SO i on. re partic rly, after
termAUSRERERT: akNQisE®! UbieD iftlRiesi fsuBCuthiyecns| tmjections, intravenous,
chr omat ogr aphy. More particular still, the colum is

intradidstelar, g etrastémahingéchien, @nbbioretethnifhes.
4-chl oro- 2, 6-di nor phol i nopyrimdine is reacte

i t.h
[0189] ani nopYletheys offormulation gy Fisfldgnovbitetiy 4 ey gisclosed, for
d of F la,l.ll. [023 f t .
e DT S, T ks S e R Pl gl e
Con?];{ea{lx,ggzrsls%rlé,amf’%i 1%@&?&0@(%@%@? @hﬁﬁhﬁ&uﬂcﬁ%ﬁ{osﬁfons for use in the

ar 'to one kill 1n the art. n one
presBRd RARntidH! EADIN¢ frimed ifeRal b2 etbrBd] Res-pyRgehie tiquid sdlutions or
w th 4, 6-dichl oro-2- norpholinopyrimdine by
suspetisibagpiviatddccapsalest suppssitosics £ yopbitized aowilensstrapsdgymal patches or
Buchwal d- Hartwi g cross-coupling reaction (Hartwi g et
otheg formsrigmqvah Ebths it et t ers 36, (1995) 3609), -87 WO

2007/ 084786, PCT/ US2007/ 001708 in r t
[01%y| or %‘é‘?cé?b %\r?fep%alZlgflls’es?r HOEHE Stté;l,e Zhectabte” hqueous  or

Subseqguen

olea%,g‘l;%lsit ﬁlgp§%k}nay e ArmulfBEMecGAMBID Hel BdSym 886 hising suitable

product may be effected under known )
dispefsisl b anatifiyclgets oy suspaidimnageatsh Thengeiiloniajdctabde preparation
boronic esters as in the follow ng schenmes: C HN\, )
mayAralsoHYeAm] stexjleRinjectabée NoMtRNR( FYRPENFIOLN OF emulsion in a nontoxic
parenterally acceptable diluent or solvent, for example, as a solution in 1,3-propanediol or
| 1,3-butanediol. Among the acceptable vehicles and solvents that may be employed are
water, Ringer's solution, U.S.P. and isotonic sodium chloride solution. In addition,

sterile, fixed oils are conventionally employed as a solvent or suspending medium. For

this purpose any bland fixed oil may be employed including synthetic mono- or
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G NN~ Buchwal d Reaction CI N~N Suzuki Coupling Are N

NI O~"O0O0 NRR'" NRR" | ~NRRNHN Ar2-B(OR) 2
wbhw/0€1786Guzuki Coupling ArZ N NI~ L' O v0 [ OPGRpSHnTm1708

2,4,6-tribronmopyrimdine: SNAr (or Buchwal d) reaction

of functionalized arylamnes with

2,4,6-tribronopyrimdi ne gave preferentially 4-

substitituted products. Morpholine substitution at

2-position followed with Suzuki reaction affords the

final pyrimdine analogs: H Br HN Arl NO HN. Arl

dl—glmﬁ% [a‘gg]\tlcgbcﬁ 2 édé suﬁfx O-IérCB%rg?}l\‘lgﬁlysg in e Biordfkation of

mjec%llj&l ' %e%ﬁeé&tﬂ@%ﬁh@ﬁnb@ %waﬂenﬁhécﬁrmtdx‘dﬁip%, by filtration
t1ple Suzuki couplings can be used to afford aryl

throuph a BQ&t@lelaxfeydm@lgOﬁll}Dﬁ' ap bgndaﬁpdratmgtsltgnltmng hgents in the form of
pyrimdine core at the 4 and 6 positions;

sterilerdolidagorngpnsitionscwhishi s lzeaﬂlssfévgcb oF @hﬁ?éaseﬂ dn ISEﬁK)é%I Wsjergor other
nucl eophili¢c aromatic substitution reaction or a

sterifgy te medipgh By I98€coupl i ng reaction, as shown in

[019}_1%-6r / [J%!Z gjgv_f\)llf SEh Eﬂmagdh S}j%f \égroi'z go‘g/u%? {4 g%fte desirable t_o slow the

absoﬁ%\lld}l' oPUYRS! lﬁru%%kﬁln' SibcftaBedls Br Bﬁﬁ'ﬁmﬁédﬂlleﬁ?eﬁ@édh@ﬁ Arﬂ:ns may be
uzuki Coupling N Ar3-B(OR)2 2 N N Lc

accopRshd DIRIIRY usNAT a AgeidNubpension of crystalline or amorphous material with
poor water solubility. The rate of absorption of the drug then depends upon its rate of
dissolution which, in turn, may depend upon crystal size and crystalline form.
Alternatively, delayed absorption of a parenterally administered drug form may be
accomplished by dissolving or suspending the drug in an oil vehicle. Injectable depot
forms are made by forming microencapsule matrices of the drug in biodegradable
polymers such as polylactide-polyglycolide. Depending upon the ratio of drug to
polymer and the nature of the particular polymer employed, the rate of drug release can
be controlled. Examples of other biodegradable polymers include poly(orthoesters) and
poly(anhydrides). Depot injectable formulations may also be prepared by entrapping the
drug in liposomes or microemulsions, which are compatible with body tissues.

[0192] Compositions for rectal or vaginal administration are preferably
suppositories which can be prepared by mixing the compounds of this invention with
suitable non-irritating excipients or carriers such as cocoa butter, polyethylene glycol or a
suppository wax which ate solid at ambient temperature but liquid at body temperature
and therefore melt in the rectum or vaginal cavity and release the active compound.
{0193] Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound is mixed with at
least one inert, pharmaceutically acceptable excipient or carrier such as sodium citrate or
dicalcium phosphate and/or a) fillers or extenders such as starches, lactose, sucrose,

glucose, mannitol, and silicic acid, b)binders such as, for example,
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[0234] More particul ar syntheses of conmpounds of the
present invention, particularly those of Fornula I,

wo Rgo7asud8é 1 1, are provided in the follow ng Mep¢mus20ameh1708
Exanpl es: Method 1 [0235] Synthesis of

5-(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl )pyrimd
ine-2- ylamne O | NBr NB,n H2ZN N H2ZN N [0236] To
a dry 500-nL flask was added 2-am no-5-bronopyri m di ne

(10 g, 57.5 mmol), potassium acetate (16.9 g, 172
mmol ), 4,4,5,5-tetranethyl -2-(4,4,5,5-

tetramet -1, 3, 2-di oxaborol an- - .2- d] ok ia,
carvopegbIce g, DL AR BT DR SHe Ao ey HERAE uag et
bubbl ed r S j filo hBenth NglicBSas aigamagah calcium
©) hupegtantg; %‘Lﬁ%org%%#lé'}@ﬁi gj(%ilg%%ebnytl pghogzhi no) f orr ocene]
carboﬂ@ie'cﬁgiaWbﬂ Joddi iRy sighiibacid, catido ciliqaRe( appsydem carbonate,
CH2O 2) (2.34 g, 2.87 mmol) was added. The reacti.on
€) soRitish wétardims agants $uched pamaffing beorptipn ggegiemanrs sugihiyy quaternary

under argon. After cooling to room tenperature t
ammoB00Y PRPREBIRRIGHIEAG 19505 Sueh ﬁ%éﬂ?ﬁiﬁm%agetﬁ 8bol and
' d and, {i|l . ddj t.i . .
glycqsyglgxlal%%éset%gﬁ%, Piébstggt%e%gs. s &Q ﬁ%ﬁ%&%ﬁ%ﬂl(égﬁyﬁﬁd ¥ya@bricants

e conni ned organi c extracts

-89 RlakhbSaR04L 00t/ 881id wel siie glyablsh sodium
S“Chﬁgda}(égé%%%?egﬁg’o (Zat.) (300 ni), TP oer _
lauryNgP4d, ainghittutdsahe@dof.t Ir theglasaobcapsusadtablets pnd pils, the dosage

gel . Additional EtOAc was used to flush product. After
formthey also cvmptisebsfferdrg 82antat ed, the crude was treated

with a mxture of 1:3 dichl aronet hane h .
01981 | 11 RebH SRR R A aRanESy PaP henGiBRped B lers in

soft %&c}, h%\ﬁ%tﬁgeléi; %lét%iegapgules Zl?i:% sul:%iﬁ%@ as 124Bsd Mthikfsugar as well

rrvi ng m product hydrolysis on LC).

1 i3hi & Ghddikes, 2H), 1.32 (s,
ashlfgfbwfgzl\%%l%t}[mgg% %%n%tbﬁ%g?aénof ikes H) (s

[01933 Ani noriiehydlidSddwagedpyms nff dablets, Bragresprcapsylesy Mjlyy gpd granules
o o2 L TS (2 G0 e o A0 T S0 g e
knows T0ehe PREFISeHORF PR EUPErRS Bt 5, SEfopady kN opacitying
agerﬁls %rcl:(? gal? Sﬂio rﬂ’g N3 asc‘%‘n%é/siécm ﬂagthey release the active ingredient(s) only, or
preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Examples of embedding compositions that can be used include polymeric substances and
waxes.

[0196] The active compounds can also be in micro-encapsulated form with one or
more excipients as noted above. The solid dosage forms of tablets, dragees, capsules,
pills, and granules can be prepared with coatings and shells such as enteric coatings,
release controlling coatings and other coatings well known in the pharmaceutical
formulating art. In such solid dosage forms the active compound may be admixed with at
least one inert diluent such as sucrose, lactose or starch. Such dosage forms may also
comprise, as is normal practice, additional substances other than inert diluents, e.g.,

tableting lubricants and other tableting aids such a magnesium stearate and

microcrystalline cellulose. In the case of capsules, tablefts and pills, the dosage forms may
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and heated in a 115 C oil bath for 48 hours. Upon

cooling the volatiles were renoved in vacuo. The
worenoe/08486 was di ssol ved in CH2A 2 (200 nl) andPeEEkzd7/001708

with 1M NaOH (40 nL). The aqueous | ayer was extracted

further with CH2A 2 (2x50 nlL). The conbi ned organics

were dried over MpSO4, filtered and concentrated

yielding an off white solid (5.1 g, 93%. LCM5 (m z):

188.0/190.0 (MHO . [0239] Synthesis of

met hyl [ 5- (4, 4,5, 5-tetranet hyl (1, 3, 2-di oxabor ol an- 2-

also é%%"i’%é[z égﬁf‘d L0 %%%lt; %Fé%?namg t}é?aﬂ%gg{n%ﬁﬁg%ﬁ:'fgi%agems and can

also ge %%&&?‘Igp&hl(rd ﬁﬁ{(th‘é@sreﬁggﬁdle active m%edlent(s) only, or preferentially,

m no- 5- br onbpyri m di ne 50.5 mmol ),
in a&@haﬁﬁgfa&m&&ﬁé ahtestinkb tfacg oplﬁ)ﬁalﬁly,nmdt )d,elayed manner. Examples of
-tetranet hyl -

embéddidg Borapesidonsatinat ¢apl belusgdzn@lu@sm@mna [Fubstgmoes pnd waxgs.
i oxaborol ane (14.1

, 55.5 dd
[0197) . Ar donuidadosses s HEotih 'drsP35pios SRCRgh Higrmaceutically
ac_ceglfa%kg %fsrglesgﬁg%méﬂvr%%%l% | n’of?heltrl?%sc Sus ens1olngl dsms a)nd elixirs. In
. i I fﬂiﬁ@'
w8 G0 U e, o iy St i
mhﬂﬁ)lllyflﬁéd ik theurtssushdsy, far geAMpRL tveaterc oo lothey sobvents rsolubilizing
tenperature, EtOAc (500 nlL) was added and_ the
agente sodl eimisiBensrsugh wasthsd @ﬂ@&pbdswapxlu 41@@10@&@1 carbonate, EtOAC,
Addi tional EtQAc, (500 ni) was us
benzple  aliRBPlne dPTYhni ROZRRTe WRISRE n‘V7v| tﬁlyﬁﬁ ; rﬁ’_’)g glycol,
dlmflf\%qiérquen So%lé ? Prdiculd!, | Stlofdeel, MRARG f;bllnt %Eﬁﬂ 8k, castor,

e Tenoved i n vacuo- Purificafion by

BREYaH, EuAGhduns lehdglicar amfiff: id
i SRS RGNl oy iigon iy

esteR06 Odorbitar add ndemms thgrebf.o Besides inett cbh@dmc the oral composmons can
hydrolysis on LC). "H NWR (CDCI 3): S 8.58 (s,

also5ibudes adjuppnts 351@ pel watipg agegts, egnulsx{gpg arp@etngzfnémg agents,
[ 0241] Synt hesi

Swesteﬂr%ﬁaﬂorh%& ﬁ?ﬁﬁ?‘iﬁl‘m‘%ﬁ PSSy amine NV N B H2N N
[OI%N N - gﬂ)oy%?tg%é ?%4%§§:af>g’;r ANEC g;%éf%ﬁgstrabggﬁ‘]a J&npound of

sol ution yrim am ne

thls%ml ihclufle ofitnehmf gz[sﬂés( ﬂ&@nﬁ@otfbﬁS g’bﬁkj@dwders solutions, sprays,
br onosucci nimde (17.8 g, 100 mmol ). The sol ution

mhalants or patches. The active component is admixed under sterile conditions with a
pharmaceutically acceptable carrier and any needed preservatives or buffers as may be
required. Ophthalmic formulations, ear drops, and '_the like are also contemplated as being
within the scope of this invention.

[0199] The ointments, pastes, creams and gels may contain, in addition to an
active compound of this invention, excipients such as animal and vegetable fats, oils,
waxes, paraffins, starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones,
bentonites, silicic acid, talc and zinc oxide, or mixtures thereof.

[0200] Compositions of the invention may also be formulated for delivery as a

liquid aerosol or inhalable dry powder. Liquid aerosol formulations may be nebulized
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was stirred in the dark for 15 hours, at which tine it
was added to CH2C1l2 (1400 nL), washed with I N NaCH
W@ 3002084786.) and NaC (sat.) (100 mlL), dried ovePCINHIHOH)01708
filtered and concentrated, yielding
5- br ono- 4- net hyl pyrim di ne-2-ylam ne (18.8 g, 999%.
LCVMB (mz): 188.0/190.0 (MHO. "H NMR (CDC13): S 8.22
(s, 1H), 5.02 (bs, 2H), 2.44 (s, 3H). [0243]
Synt-hesi s of
4-met hyl -5-(4, 4,5,5-tetranet hyl (1, 3, 2- di oxabor ol an- 2-

I ri.m di ne-2-vlanm,ne O . : :
pred gl gt ri s S8 P e GGl B P RAENN respiratory
brongﬁig{ nmo- 4- et hyl pyri m di ne-2-ylamne (18.8 g, 100

nmol ), potassium acetate (29.45 g, 300 mol ), )
[020%} 4, 5, 5A&bscAed ptmalations of the invention may be delivered using an
(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl)-1, 3, 2-di
aerost dbomol gadevic@,6sichgas 2058t nyibrAtingapRrods Glaif <ot Bitaseriy
Argon was bubbl ed t hrough the solution for .15 . m nute
prefegtblyeltpicd toraligwy theforpatiom oh AL FELSH i RIEHFIET PaYlgewIth @ mass
al | adi un(J.1) chl ori ' tih d ion
meafy o?iab dorhe Syt b AREE RN3 bk A Tormutad
prefel‘& G A baRatdh b8hoh8rh QS streREBr sl gBlBridéfdodtentration, and the
cooling to roomtenperature, EtOAc (500 nL) was added
smaldditl dehsolizsisie|violurge sibler toy debiwersefifictiat etbsared the | qompaynds of the

Addi tional EtOAc (500 nlL) was used to sh_the solid.
invefTtien trothsi siecdshajimfrtionx vrdsitianallys theagsrralized pmudyon preferably

(2%x300 ), .NaCl(sat. 0 . dried .
docsgish SBRE A SEN G AL P ety o S 2T Snd 5 Al undesirable
side%@e&%‘: eluent) yielding 18.1 g of an off-white solid.

Yy

NVR the material was a 5:1 m xture of boronate

[ozdzgt er anfedbshBidivh Revices dhitedid forl afthinéstation of a8fs¥iDformulations
2007/ 084786 PCT/ US2007/ 001708 byproduct. The materi al

of theinventdnadaciude,i for submptpdett viluatikg porastplaigs nitraspgic nebulizers
(mz): 154 N H of boronic acid, deriv'.n% grofmin1 . £ th
and sinergiped @i¥ tPORYASF d@@p@, dpat LEF. able tmmbukl %)formu ation of the
iovegsing TRl Tooss] Vg haupigpl i B sik Mo fom 15 um
S v 4n Gk i “RYEd ' 1 than 90%
e
of afl- @fefifledhabrosbll pHRAEIEE ey Whltin tisnem (rifigd 8, jebActinlimepMjorks by air

in chloroform (200 nL) was added N bronosuccinirnide
presgii2. @o ghre6R . & liquid )solffive swpua¢repol droplets. Vibrating porous plate

ebulizer,

nebulizers work by using a sonic vacuum produced by a rapidly vibrating porous plate to
extrude a solvent droplet through a porous plate. An ultrasonic nebulizer works by a
piezoelectric crystal that shears a liquid into small aerosol droplets. A variety of suitable
devices are available, including, for example, AERONEB and AERODOSE vibrating
porous plate nebulizers (AeroGen, Inc., Sunnyvale, California), SIDESTREAM
nebulizers (Medic-Aid Ltd., West Sussex, England), PARI LC and PARI LC STAR jet
nebulizers (Pari Respiratory Equipment, Inc., Richmond, Virginia), and AEROSONIC
(DeVilbiss Medizinische Produkte (Deutschland) GmbH, Heiden, Germany) and
ULTRAAIRE (Omron Healthcare, Inc., Vernon Hills, Nlinois) ultrasonic nebulizers.
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was stirred in the dark for 2 hours, at which tine it

was added to CH2A 2 (200 nL) and 1N NaOH (200 ni).
wQp@n/0sd786 ng, the |layers were separated and t heCDU§ZNT/601708

| ayer was washed with Nad (,,,t.) (2100 niL), dried

over Na2SO4, filtered and concentrated. The crude

material was purified by Si02 chromatography (0-5%

Et OAc/ CH2A 2) yielding 12.0 g (80% of

5-brono-4-(trifluoromethyl)-2-pyridylamne LCVS (nl2z):

241/ 243 NH')-'H NWR (CDC13): 8 8.28(s, 1H), 6.77(s,

H, 4. i ' for use as topical
02087 3 EBulEpupdlbor TR hGSY TIZELE 1 formugated for joe as top
powderd bhl WRFRRBLAY kan Zoituin, dii| Adithe (- theCedmPourtits & this invention,

-H2N .N H2N N -93 WD 2007/ 084786 PCT/ US2007/001708
excidi&R4 8hcH as dadsse, 5416, silicit|amak aberminaiy dpdroxide, calcium silicates and

5-brono-4-(trifluoronethyl)-2- pyridy|amne (11,8 9, .
polyatgide pawdler, oponiduses pf dhescasudsianges Praviecy afgifiprally contan

4,4,5, 5-
custqraary FreRgilantssuch ag CROEAUAIPINAPGAIRONS- 3 5 _ i 5y ahor ol an-
cyl)-1 -d] (dha- fiing controlled
[0204] ¥ e TG e PR el b pintaeli o proiiting
delive® BF b Qdnt d%8 tH: BU&ES Sudh debdgehfotme®an be made by dissolving or
1,71" - bi s(di phenyl phosphi no) f errocene pal |l adi un(11) i
disp&tshy ihdeontionhtan dixepiopmemadinct Absoptign ephagrernpan also be used

dded. Th ti fl d i 5 C.oi .
o e a0 e LRl RSBl by i
tenperature, the di oxane was._r |
provtcg : q,r{%te Vgé)gtrgg%,megﬁ)&m%% 8%’ r é’sﬁgg%/rﬁglgsfhue\r/?émgoﬁ%ﬁ %% polymer
matiX r&% %?lg e‘il’hé%g 'olﬂi&lr Sfdtheﬁﬁgéetn't oRRhtibh @48 ik Blithini&isred in the

use wash the solid. conbi ned organi c extracts
form "R SiSRBARB! I Alkel Rfwhvii A the Udlg lipéseineal areagerpaalty detiyed from
purified by Si02 chromatography (30-40%
phodphGhpidsie wanether lipidn snlestancss. of Lipeseraes , areh xaids byygnono- or
nL) was added; after sonication, . the resulting soli dd. An
multdnpac BYdaed A CBUh B 367 GRSt i FTopI o aedium.  Any
son by sy SRl o Bl SRR of forming

ur e of "borona

liporg%r?%gr P%f Felfdeld! ug‘ﬁg?&é@(ﬁ cBiplSikiBas BY RERAbfte. forN€an contain, in

was use I'S 1 n subsequent Suzuki o
addiki8A&d h QBEpouBlBS (i prksen kehtibl; stdbilitxas,queseredives, excipients, and
deriving fromin situ product hydrolysis on LC). 1H L
the MR TEDEI3Prredligids@re the phopphadippds :(xgi" p}pqpl’latzgyg @h?me’s (lecithins),

2H), 1.34 (s, 12H). W©£ethod 5 24%4 S%nt. esi s of
bottEnpeana. PR, MSHOCRY? O TR HES ATrn G fieget See, for
! I\% : L F'Z N Q 1 L&ND nAQzIdemic Press, New
examp mPﬁ%?-cg[-t?FCll’ y Juﬂgér\éggrr%i Ay %13%?%1]0 ’ne\?? 707G, 491 mol)
York, 1976, p. 33 et seq.
[0205] Effective amounts of the compounds of the invention generally include
any amount sufficient to detectably inhibit PI3K aqtivity by any of the assays described
herein, by other PI3K activity assays known to those having ordinary skill in the art, or by
detecting an inhibition or alleviation of symptoms of cancer. The amount of active
ingredient that may be combined with the carrier materials to produce a single dosage
form will vary depending upon the host treated and the particular mode of administration.

It will be understood, however, that the specific dose level for any particular patient will
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in chloroform (300 nm.) was added N-bronosuccini m de
(8.9 g, 50 mol). The solution was stirred in the
wa@ a00rk/084786 16 hours, at which tine additional PCT/US2007/001708
N- bronmosuccinimde (4.0 g, 22.5 mmol) was added.
After stirring for an additional 4 hours the solution
was added to CH2C12 (200 nmL) and I N NaOH (200 ni).
Upon m xing, the layers were separated and -94 WO
2007/ 084786 PCT/ US2007/ 001708 the organic |ayer was
washed with Nad (,at.) (100 nL), dried over Na2SO4,
filtered_an | gledhbxgvityP .oF the( ﬁcofcompound
depend. Bphf Xafl?tlyl ?%rs%%?ﬁa{idmg gifrl m dg/}f)am ne. 812zé)ﬁﬁCI\/IS o of
z (?d%wél -) eneﬂa!l Mh( ERCHNt; tikeB@An(igistratin, route 0
empl(g)?y%?hf a%é% 251] Synthesis of {
admimstratich, Bafe- <t>iébitcﬁraﬁd>ﬂnydi1(ug ®r12bldamt%ldoﬂ’§n332’-¢§/‘9) )0f jbe particular
(trifluoromethyl)pyrim dine-2- CF
disea®) undérEinEANNapRN helthemp[é@t l]yy%gc&va ragF“%‘Hﬁsfﬂ{ fﬁ“éerks““atwn

was added 5-bronmo-4-(trifl uoroneth 11 and judgment
can b geaduyipteamingd By fPufl exﬁ‘im‘?e?&% X“%bstzvé'g}snunut}lne Skilapdgudem

125 2 mol ), 4,4,5,5-
Ofth?%%"éf’ﬁgm - (4, 4,5, 5-tetramet hyl - 1, 3, 2- di oxabor ol an-

[ozogd] yl)- 1A§¢<?rdﬁig0t@*ﬂ§€ el ensis(dfltrBatghent 45. tBe muredent dmcention, tumor

i oxane (150 nL). Argon was bubbl ed through the b

grow8P ligl reduted aor ﬂ&vemd uines patientwprichhag japhuman or lower mamma y
1,1' - bi s(di phenyl phosphi no)ferr cene g%l?l a{jl g %

admiofsteyimigte thel patignt Qﬂz@r%ﬁ?b\rlya %g Hechiie) ROPHRC PRALE9
was refluxed i

1nvergrqj1® H‘l ) l%%?l’il% 505 SgCh 't1me 1 nfe@é'ssg?' I}Q lé[:ﬁlevé' Wesued result.

room tenperatu t he di oxane

By %héxeraz) ?{%eaqla)gg iFoat?\}éoamogﬁt@A&f 6 SQn: dV\aﬁ ¢l deebnsind is meant a

urry was sonicated and filtered.
sufﬁ@%ﬂf binB0A! oEtKAEorhPOEhdTEY tremis imserdgtowthash atriesoneble dhenefit/risk
e conbi ned organic extracts were concentrated a

ratiot dpplicshld eo amy enechd:alvmtrpgm; It e'(jllﬁyz gp@steﬂqi,olpfquy& atgﬁtythe total
(30-40% Et OAc/ hexanes) yielding 4

dailywvhsage of dh¢ gompgundy PIEY wsmnérqfépe %exét Tvintlon w%ll be decided
by tgé a&gﬁr‘fgggt ?x?:{afe}r\yﬂﬁ)é} W' SF%:OP ound medica u]udgment The specific

ound of the

dhe bypr o
Gk‘@ tiSuZwki depend upon a variety
ther?peegg?a@n Sf@ﬁs—ﬁé#éﬁ% qé‘sél%%fo%lys of @%3 ronic agl?eél

of fa@%rk Vihdhekiify e diBordlet beipp O@aet ahy dhosguerisy gﬁth_e@)130r4¢q, the activity
VR (

CDC13): S 8.72 (s, 1H), 5,50 (bs, 2H),
of tﬂe’-hﬁemfi@liowommmw%t eckimgAetoR gy U see, body

welé}gzgglllerasly anli]t%s Isgx glf‘ld Santrofnt?le pa(t:l 1|.’1to "tRe %n?é/ Ek %ﬂn‘%ﬂ@ﬁmm route of

administration, and rate of excretion of the specific compound employed; the duration of
the treatment; drugs used in combination or coincidental with the speci.ﬁc compound
employed; and like factors well known in the medical arts. -

[0207] For purposes of the present invention, a therapeutically effective dose will
generally be a total daily dose administered to a host in single or divided doses may be in
amounts, for example, of from 0.001 to 1000 mg/kg body weight daily and more
preferred from 1.0 to 30 mg/kg body weight daily. Dosage unit compositions may
contain such amounts of submultiples thereof to make up the daily dose. In general,

treatment regimens according to the present invention comprise administration to a
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Cl C Br H2N N H2N N [0254] To a sol ution of
4-chl oro-2-pyridylamne (6.0 g, 46.7 mmol) in

wa@ kdoaoef’e6s m (180 nl) was added N-bronpbsucci ni PETHESZ087/®1708
g, 46.7 mol ). The solution was stirred in the dark
for 2 hours, at which tine it was added to CH2Cl12 (800
m.) and IN NaOH (100 nli). Upon m xing, the |layers
were separated and the organic |ayer was washed wth
NaCl(sat.) (100-mi), dried over Na2SO4, filtered and
concentrated. The crude material was purified by SiO2

patlexgtgrg(%élgég? gl?oglr%??lg\'ﬂﬁntﬁ(;%s %%C{& mg 0I g%ﬁu%ie(ﬁiodré%%f ?hnéfg’glgpound(s)
9/.208 6 8.18 1
of thig ué\ﬁmflgn pf%l&wﬁl sé%gl?b ﬁ; [0255] Synt hesi gsof v

[OZOZfﬁ) chl or 5 Smbtheft, Apectt Qifr e iiyentidon3 k2tsd tlest abshaleapng- yr more
2- pyridylamine C CIl 0 Br B, 'n HZN N H2N N
com;{dﬁﬁﬂ@]of Tiee ventjorb 8 plovideds kReyrsseatitivg kits include a PI3K inhibitor

5-brono-4-chloro 2-pyridylamne (7.3
comnmmdszf theninneation ée- s%l @T%PO rﬁqérp)llas W- (?fﬁ)) and 5 plxékage insert

t et r anet b

or ot 13hRd oy 1A Rooa S B o BRERS  oqufer, Prptfrive fiscase by
inf 9 hnoREof ik @3Ap8ukd.50 L) . Argon

adm;lmStér%nl?o%}ﬂIgIé%Pgodgh Il:l%]ng sol ution ? 15 m nutes, at

[02091i Ch 996 ¥eh 2Q07/438ksElChdreh/ w;ammtamaxner.fne containing the

1, 1' - bi s(di phenyl phosphi no) ferrocene_ pal | adi un
pharﬁiabelmcdb conpodivemnatdhmay adspdinetude (cbwg,gd g;on‘ggn@pg;s ﬁ“‘iﬂ §s a divided

was added. The reaction was refluxed in

bottlg o1 g digded @lhgzﬁﬂkgtd u%?oﬁ?lﬁ%can,&:ffi lé‘rané’(%’fwﬁ'élc{n% (s)hage or form as
knoxr(% gtgﬁm_sry V\é’:ﬁ t]ﬁzlrl] dae Ooﬁﬁhé’x&%x c%@@gg %]ccép@aﬁﬁ@%%cnﬁt fBGexample a

ting slurry was

pape?%ﬁ1 G At ﬁ&% d glhéseéxﬁﬂastﬁdgd)ﬂlb@i*q&r treka14ti0 Bagiorwaample, to

Used "t o was he  sol i The conbi ned organic extracts
holdWe refitionFanbleat fed paedmicheinto udd fimsne pomﬂalnna)s opuar bligtergpack with
by Si 02 Chromatography (EtQOAc as el uent).
individmuivadses fomploosng 0uE Of theRafesycoRHus 20 bBeRRat pglgghle. The

After soni n, the rez (Eﬁ)sl 0| ' dvgﬁ%d for fexample a

conthiet sRRIoNsk SEbrERRY Ao thd KD
L LGS id suspensi is
: comf_ﬁwa?lecag?oqbagdr %%g Wgt‘lrﬂ?ﬁ éeﬁ@rgﬁgtb%rdséél td/‘ﬁéldaa 11(9.1 & suspension. Iti

ester

feastHit ﬁQit SirB RN dottafSerRyRbedided togttier ik eirighd pavkage to market a
used as iIs in subsequent Suzuki reactions. LCVS

sing{émti@3age ¥dan ( Wdt eaxhmple, aahiletsaviydbe ¢entayiedgin & bettienwhich js in turn
product hydrolysis on LC). 1H NWMR (CDCl13): 6 8.36 (s,
conthifed wgithyp abox. 1H) , 4.70 (bs, 2H), 1.38

[0210] An example of such a kit is a so-called blister pack. Blister packs are well
known in the packaging industry and are being widely used for the packaging of
pharmaceutical unit dosage forms (tablets, capsules, and the like). Blister packs generally
consist of a sheet of relatively stiff material covered with a foil of a preferably transparent
plastic material. During the packaging process, recesses are formed in the plastic foil.
The recesses have the size and shape of individual tablets or capsules to be packed or may
have the size and shape to accommodate multiple tablets and/or capsules to be packed.
Next, the tablets or capsules are placed in the recesses accordingly and the sheet of

relatively stiff material is sealed against the plastic foil at the face of the foil which is
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(s, 12H). Method 7 [0257] Synthesis of
5-bronmopyrimdine-2,4-diamrie NH2 NH2 Br [ N!

WO doros4#N N H2N N [ 0258] To a sol ution of PCT/US2007/001708
2,4-diam nopyrimdine (1.0 g, 9.1 mmol) in chloroform
(30 nL) was added N-bronosuccinimde (1.62 g, 9.08
mmol ). The solution was stirred in the dark for 12
hours, at which tine it was added to CH2Cl12 (150 ni)
and IN NaOH (50 nL). The solid that formed was

f | |t er ed, rinsed with water and concent r at ed i n vacuo,
oopottneriitsitadof 5Mhichnf iR PRy e o
0 N o 2 .
cos b AR ISR st st Mg v
the pPrstié £l Bnd® tHetheaBidtlabl, tBe 3trehh Gk alf dicotimat 2-sybh fhyat it w@blets or

ine- 2,4-diamine NH2Z NH2 O N Br N BO H2N N H2N N
capsi182 68} BEOremaVeyt frorh the ddistenagmckduiethanually applying pressure on the

E b O e

recesgest %ggfagéra[@gnm%é{% 1? zfgngtlacgg &)g@gggtrﬁ%[;% Pla%:g %'f thggz%legs’. The tablet
4,4 5 5-tetranethyl-2-(4,4,5.5-

or caPé‘ﬁF&ﬁ’éf}f'ﬁﬂb-elr,egl,oﬁ-g(hﬁv’(?fg’bdo?%ﬁng}%z- yl)-1, 3, 2-di oxaborol a

[021 \?\gs( ol é‘ glélytg% Ueliri0PId ROFided MEARA hefBryTlald, Wh&enhe written

s bubbl rough the 'solution for 15 m nutes, at
mem¥ G id bfheltype cbh@{idhp hefoythatias phd/oo jdstuctoenr the physician,
pal | adium(11) chloride (2.5 g, 3.11 mml& was added.
pharfhiaeist enotliep hesliscare premider, on subjeats e@-dn|the fern phpumEers next to

h d . Af i _
e DULSInder argon. Ascr, cool g Lo, S SO LETRSLA R cimen
 Et 1 1), T i o F i ol i
iR o o8, B ATt BN S i e

sarné:i Iiﬁ%e&(’e %mﬂﬁ. (Andther HXBIPISONEEA 4 ienidl® #Holis d caRadar printed

red. The solid was. the debroninated
on tRs éadi, ag. nappliowisdiFist Wk, Nbndayt Guesinydi ¥Hesgnd d¥eele Monday,
boronate ester was concentrated in vacuo. To this .
Tuesdeyj dud Qeer addeiionsi aftthgmont #ds Willhg Trigily agraggnt. A "daily dose”
soni cation, the sol ution s filtered, ;rinsed with .
can be|aisinge ﬁb’lﬁioétcﬁwuk’e?ﬁ gqvegéal?.}gt)s of cAPYYEs to:t)gq taken on a given day.
obt ai.ned was_drie -hi ' -
WigObE K ep i i KRB B o VIR W P S otubigmppstdons of
the gift4c%171 WonstY of IndVibiEhS: BESAld Mhilvasddily! ddsdTbk bbbtBe0bne or more

0

- diam nopyri m dyl - 5- boronate ester and

comBoditidha st ek dani cdnsist dfjgereacilizbletTbecapanles. al

[0212] Another specific embodiment of a kit is a dispenser designed to dispense
the daily doses one at a time in the order of their intended use. Preferably, the dispenser
is equipped with a memory-aid, so as to further facilitate compliance with the regimen.
An example of such a memory-aid is a mechanical counter, which indicates the number
of daily doses that has been dispensed. Another example of such a memory-aid is a
battery-powered micro-chip memory coupled with a liquid crystal readout, or audible
reminder signal which, for example, reads out the date that the last daily dose has been
taken and/or reminds one when the next dose is to be taken.

[0213] The kits of the present invention may also comprise, in addition to a PI3K

inhibitor, one or more additional pharmaceutically active compounds. Preferably, the
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was used as is in subsequent Suzuki reactions. LCMS
(mz): 155 (MFl of boronic acid, deriving fromin
wa@ aoa/opt7eeluct hydrol ysis on LC). 'H NVR ( CDCL3rCDBED)7/001708
b 816 (s, 1H), 1.34 (s, 12H). Method 8 [0261]
Synt hesi s of 4-nmethoxypyri m di ne-2-ylam ne -98 WO
2007/ 084786 PCT/ US2007/001708 O C N N H2N N C H2N
N [0262] To a solution of 4,6-dichloro-2-anino
pyrimdine (5.0 g, 30.5 mmol) in nethanol (100 ni)
was added 25% sodi um et hoxi de (6.59 g, 30.5 mmol).

.The sol ution . was_ ref d_f.or i i
w5 TSR LI Bl N Bt g v
J F‘i&?ﬁ&s 20h The ARSHREA1 WbiaBoliZ thifP Be Athninistered
cancahgﬁ%ogﬁ%ﬁgdo sat . gl%(100 m.), dried ovg? NaZIﬁSOg, ° TSR
in thé khrh6 166k T QB GRS PIA! @tlibtioe lod imdiflerdntglog@Rfpros. Likewise, the
4-chl oro- 6-net hoxypyri m di ne-2-ylam ne. [0263] To a
additiaialicoorpoahds} cath bo radubnisterdoatyiby rsamediung -23-the ik dnhibitor or at
(4.4 9, 27.7 mol) in EtOAc (200 nL) and ethanol (150
diffepgnt timgss added dii sopropyl ethylamine (9.6 ni, 55.3

| % i- :
[OZIEHIZ ) h:t (];%é%%lglirllv%gh#ﬁrWﬂ b%atfrﬁgpst&% 3189%%%(611?; gmfe}ence to the

us 'solfution was stirre

fono?ﬁhg @Q ?iegpx%ﬁi&ﬁfa% ?fovh@edfw wh¢ oFemigiatioh anwhi<hottinteaded to be

e solution was filtered through a Celite pad and the

limiN®g 8f ihe@Bessnt mvemtimued in vacuo. The residue was
di ssolved in EtOAc (200 ni), washed with Na2C03(sat.)
(100 nL) and with Nad (sat EXANMPLES dried over

Na2SsO4, filtered d trated iel di . .
102138005 oRSAEFBIGDFEIRD B Rt 21ty p R 1 Fpsont savention
wer%gggﬂﬁ&fglﬁgzﬁtﬁ%n%%% l?eggi?l, %%)@Fgéé%d%%’ﬁvhi%@bafe known
in ile®264] Synthesis of '

5- br ono- 4- net hoxypyri m di ne-2-ylamine N Br N NN H2N

[0218] H2 - 9PheAC:@BRGUHIS 4 A86/oPCTiit328 O 0WPE characterized by high
performance liquid chromatography (HPLC) using a Waters Millenium chromatography
system with a 2695 Separation Module (Milford, MA). The analytical columns were
Alltima C-18 reversed phase, 4.6 x 50 mm, flow 2.5 ml/min, from Alltech (Deerfield,
IL). A gradient elution was used, typically starting with 5% acetonitrile/95%. water and
progregsing to 100% acetonitrile over a period of 40 minutes. All solvents contained
0.1% trifluoroacetic acid (TFA). Compounds were detected by ultraviolet light (UV)
absorption at either 220 or 254 nm. HPLC solvents were from Burdick and Jackson
(Muskegan, MI), or Fisher Scientific (Pittsburgh, PA). In some instances, purity was
assessed by thin layer chromatography (TLC) using glass or plastic backed silica gel
plates, such as, for example, Baker-Flex Silica Gel 1B2-F flexible sheets. TLC results
were readily detected visually under ultraviolet light, or by employing well known iodine
vapor and other various staining techniques.

[0217] Mass spectrometric analysis was performed on one of two LCMS
instruments: a Waters System (Alliance HT HPLC and a Micromass ZQ mass

spectrometer; Column: Eclipse XDB-C18, 2.1 x 50 mm; solvent system: 5-95% (or
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[0265] To a solution of 4-methoxypyrim dine-2-ylam ne
(1.84 g, 14.7 mmol) in chloroform (600 nL.) was added
wORM@7os8acci ni mde (2.62 g, 14.7 mol ). Aft erPGI/URI00TIYN1708
in the dark for 5 hours, the solution was added to
CH2C12 (200 nmL) and IN NaOH (100 niL). Upon m xi ng,
the layers were separated and the organic | ayer was
washed wth NaChsat.) (100 nlL), dried over Na2SO4,
filtered and concentrated yielding 2.88 g 'H (96% of
5- br ono- 4- nethoxypyrinidine 2-ylamne. LCM5 (m z):
4l 2 9BFALTIow rate
35_9% 95 g@ﬂ( a?%[@cg%&%l?hgrs I:legatgxs with0.05% 9BF
0.8 xﬁl‘rﬁlfﬁhh%vecﬁra&%éigﬂs BmeR0eTB0bY bdrk, BoRagh wafb@bhﬂrmmeﬂaperature
ypyrimdine-2-ylamne '--0 1--, O0 Br NB
40 °®¥m Hehitt PAdk26F BySoma(Seirigs PO HPLE; ggkmm@@m@amla -Cl18, 2.1

5- br ono- 4- net hoxypyri m di ne-2- ylamne(28
X Smmmi ) solysmt spysienmh a{—@é%ﬁ @ce(tgmpgle in yeater Wﬁtbl Og% JF%A flow rate

4,5,5-tetranet

0.8 oLy ) WAL A1 5950 SERGPIREE, S0 gyl teperature
30 ﬂto‘ﬁﬁbor oésa\ggre(r%géxg? Yas t§1§se80 toﬁﬂgd Lu%’@fb%s( 75

on was he solution for 15

[021%) nut eSvG@MS’\@:hél sis tid EiSrformed on a Hewlett Packard instrument (HP6390
171" - bi s(di phenyl phosphi no) ferrocene pal | adi un(I1)

Seriehgr diiemdioghipdr withtzhifaes Sdldaidre Deg:css 3730 1rlzqctmmq)l}une 1 pL;
The reaction was refluxed in a 115 C oil bath f

* initidlogelymmn a@nperaﬁug%n 5f€edingh gofurgn ¢ §PSHITEEe nﬁéga?u Agmp time:
the di
20 T‘&&S@&I g’?‘(ﬁ? He r?’tgsulqorf’ﬁgmg ar ruy(;rlljn \%asgé’%enﬁ{] qg&hgtgﬂ&@aﬁe Model
No. H;J {§H9‘i‘§ 44%dﬁirﬁér&%ﬁs 3EbRG 458G ¢Tbs s used to wash

e conbl hed organi cs were concentrat ed

[o2®@qd t he Nlﬁdl&.& e Eedticitesticd NMR  dndlysiSivids performed on some of
chromat ography (Et OAc as eluent) yieldin 2.4 g of an

the edhpovrids ewislolai Vanay30®-|1\/ﬂml\ﬂ‘ﬁ3 Rale Altg, dhe spectral reference
m xture of boronate ester

waseitper EFMW@WPW@ Sl e of P SPlFREy | SPmeSempeg samples

e A S PR RSB S o
[02#@&?2: §:/S| Sé gunﬁ)e§f ¥dnE|9 RI%\‘/ER%CB%?_%I{ HOIBEQ%EESE 1Ss asieﬁsed by elemental

anaBsi84Desrt Adhlytics, Bles¢s,AB)) , 1. 34 (S 12H). Method 9

0268] Synthesis of 5-brono-6-fluoro- yridyl am ne Br
[0221] Melting points are determined on a La oratory Devices Mel-Temp
apparatus (Holliston, MA). '
[0222] Preparative separations were carried out using a Flash 40 chromatography
system and KP-Sil, 60A (Biotage, Charlottesville, VA), or by flash column
chromatography using silica gel (230-400 mesh) packing material, or by HPLC using a
Waters 2767 Sample Manager, C-18 reversed phase column, 30X50 mm, flow 75
mL/min. Typical solvents employed for the Flash 40 Biotage system and flash column
chromatography were dichloromethane, methanol, ethyl acetate, hexane, acetone,
aqueous ammonia (or ammonium hydroxide), and triethyl amine. Typical solvents

employed for the reverse phase HPLC were varying concentrations of acetonitrile and

water with 0.1% trifluoroacetic acid.
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H2N N F H2N aNF [0269] To a sol ution of
6-fluoro-2-pyridylamne (1.0 g, 8.93 muol) in

wa@ kdoaef’e6 m (55 nL) was added N bronosucci ni mMP@EUSDOE®1708
g, 8.93 mmol). The solution was stirred in the dark
for 15 hours, at which tinme it was added to CH2C12
(200 nmL) and IN NaOH (50 nmL). Upon m xing, the layers
were separated and the organic |ayer was washed with
NaCl(sat.) (50 nL), dried over Na2SO4, filtered and
concentrated. The crude material was purified by Si02

[022%{]r omat ?1% r]?ac{) tl]é/ b(ezgx(ae%gt%g/ tIhQP picich %f%ag%& %t)gi.pggn/gs according to the

br ono- ioro- am ne
i i ) Mﬁ‘é}l n Jff YR 3) As Ghe 7ch59m(dl structures
‘nveﬁm’é)"‘/aylg’g“g{t]@g 'fé dd. J= 8.1, 1.2 Hz, 1H), 4.58
withf{P&is spebifichtiody€dn @Mytrﬂﬁﬁwﬁt ofe of the poss1ble tautomeric forms, it should
6-fluoro-5-(4,4,5,5-tetranet hyl (1, 3, 2-di oxabor.ol an-2-y
be m)d)efszoodpylnatdgueamwetlo:n @rcompassey any NpwiRmersnioe of the drawn
[0271] To a dry 50-nmL flask was added
struuigy onp- 6- f | uor o- 2- pyridylanmine (370 ng, 1.93 mmol),

{022 ?E‘ragSIsli al?zgng%tﬁoé ?l}a% tHg dﬁé&{ﬂ% ggg‘}l}obélwéed to the embodiments set

lﬂé%@ SR 99&319 %ut embraces all such forms thereof as come within the scope
fom{%pﬁ 5 testramsthyl- 3, 2-di oxaborol an-2-yl)-1, 3, 2-di

of tHYuB0E alsalesure538 ny, 2.12 mmol ) and di oxane (15 ni).
Argon was bubbl ed through the solution for 15 m nutes,

at Afibrextationsme 1, 1' - bi s(di phenyl phosphi no) ferrocene
paI | adi urr(l ) chI ori de dichl or onet. ne adduct (79 nmg,

The reaction was ‘t%HH in a115 C oil

4 hours under argon »Afil@ hreﬁ 84phfo)t NE-binapthyl
volg#\{%s in vacuo, EtQAc (150 mf§ vl\?as addecf the i

solifgon was washed wi th H2OdiR¥p@pylethylahine
NaCl(sat.) (300 mL), dried over Na2SO4, filtered and

cormueM® rated. Purification byl Eidﬁﬁeithhxmtm@gr aphy (30%
Et OAc/ hexanes) vyiel ded boronate ester (161 , 359%.
LONBMEM z): 157 (MH+ of bor ofi&¥ Qwﬁhylé‘mwﬁg from

t duct hydrol
'7”31%151(%] IOSQ 304 H)z/ rgHg/& S 031 %%gdlﬂlempi}%@)ﬁg&cene
HJO (bs, 1H), 1.32 (s, &@Y aeggghod 10 [0272]
sy et

ésis of 5-brono-4-fluoro -anmine F F NBS
Br o ! N acetonitrile HZN Nthanol

MCPBA meta-chloroperoxybenzoic acid
NBS N-bromosuccinimide

NMP N-methyl-2-pyrrolidone

RT room temperature

THF tetrahydrofuran

General Methods for Synthesizing PI3K Inhibitor Compounds

[0225] Methods for preparing compounds of Formula I and/or II are provided.
The methods include: reacting a 4-halo-2-morpholinopyrimidine with a substituted
pyridinyl or pyrimidinyl group containing a reactive boronic ester substituent, in the

presence of a palladium catalyst. In one embodiment, the substituted pyridinyl or
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z [0273] N-Bronosuccinimde (126 ng, 0.71 mmol ) was

added to a solution of 4-fluoropyridin-2-am ne TFA
wg@adoy/0§462 ng, 0.72 mmol) in acetonitrile (4 neQT/UR20aTI001708

al um num foil -wrapped flask in a darkened hood. The

reaction solution was stirred at roomtenperature in

darkness for 2 hours. After evaporation of the

solvent, the crude product was purified on a silica

gel colum eluting with EtQAc to give 5-brono-4-

fluoropyridin 2-amne as an ivory solid (92 ng, 67%.

pyrim déCN;}{B ?‘0 éafshgglggé 19249 (Ni#dic eddr dubddtuRhntibesn —NH; group

positié %d F‘&%Qo %1& Yorbnz. dbtdre Th afBiby bmbodindsni thx abltioitash pyridinyl or
di n-2-am ne -102 WD 2007/ 084786

ynmP&E&lUé&QQHcﬁﬁélﬁE& a FefvtiveBporonicRetpatstiprephes aRopliH2 group

posmé’lydfcbpgmo gg},&( 323@;52 gptle\:lr I;Znalq a?mlolt}'geg275 -hyc{}ogen s&\as?‘%e%t positioned

orhod bttt er s X APRIE 2yl et T
by o 40 mmy, 0. 16
on SN el b aors (10 5, &
(0224’ Ch' Ofﬁa[ &o%a@nﬂ%ﬁhﬁ@ﬁ@hd&ﬁ?ﬁmmhohm@}lémq gigpp is a 4-
I'1)- dichloronmethane adduct (16 ng, 0.019 Vas 4ol
halo-51peocetlyliRmdiphamepydmiding Brep e armﬂgg bmﬂ,;ment e 4-halo

pressure vessel was seal e

th t
sl e 24 R AR P g

groumvgin %gg{g{:lg%}rel?%g PJ mgtﬁg 4%31&'—%0rﬁﬂagn5ﬁﬁﬁﬁicﬁﬁe BlotpUk & 4-halo-6-

enper ature ‘an

heterg a‘fx%_fng - PirdotohiRopylifhdiadRibup. - In Andthei exmbdinatrantR- 4-halo-2-
??’ i'n-2-'am ne was used in subsequent reactions

morﬂMohH A upwuchmmmmma@hqhnwlémt itative

yield (0.13 mml) LC/MS (mz): 157.0 L{%ﬂﬂ omethyl)-
[022Bpr oni ¢ In anéttier embedinispt.the pyEEY HP’&% F%eroﬁ = Y
0. 34 Met hod 11 6 f :
BCEN TN IERN oM U R
tril 0 .
the p@ﬁflq(h?lm Qﬁé%lg% 1?'?%(&')p%)r¢1;a§1§ rln%e @Li&ﬁﬂc@um

Kene ood 2- am no-
[ozzgfon' cotg, noni Lrdth& TFA Gabdditmdag Ny, the 54 nhbilp-Gabsterocyclyl-2-
ssolved in acetonitrile (3.5 nL). Solid
morphdHrpPEtEdine igibwe i BEeparedgby Gemmgmmhe)erwag:lﬁcgegp twith a 4,6-
he stirred solution in fe 4-chloro-2.6-
dihalo-2-morpholinopyrimidine group. In another embodiment, the 4-chloro-2,

dimorpholinopyrimidine ~ group  is prepared by  reacting 4,6-dichloro-2-
morpholinopyrimidine with morpholine. In another embodiment, the 4,6-dichloro-2-
morpholinopyrimidine group is prepared by reacting 2-morpholinopyrimidine-4,6-diol
with POCl;. In another embodiment, the 2-morpholinopyrimidine-4,6-diol is prepared by
reacting morpholine-4-carboxamidine with diethyl malonate in the presence of a base,
such as sodium ethoxide. .

[0229] In another embodiment, the substituted pyridinyl or pyrimidinyl group
containing a reactive boronic ester substituent is prepared by reacting a substituted
pyridinyl or pyrimidinyl group containing a bromo substituent with a diboronic ester,

such as 4.4,5,5-tetramethyl-2-(4,4,5 ,5-tetramethyl-1,3 ,2-dioxaborolan-2-y1)-1,3,2-
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one portion at RT. The reaction solution was stirred

at roomtenperature in darkness for -103 WO
wWQoa70984486 PCT/ US2007/ 001708 90 mi nutes. AfPET/US2007/001708

evaporation of the solvent, the crude material was

further purified by silica gel chromatography to give

2-am no- 5- brono-isonicotinonitrile (53 ng, 499%.

LCMS (mz): 197.9 (MH), Rt 2.92 minutes. [0278]

Synt hesi s of 2-am no-5-boronic

ester-isonicotinonitrile i Pd(dPPfI Cl2, KOAc BOO Br

o SO, BB e i o
Sty v i : el 5 1264 .
o 25 APRUBER SORFASN o5 SrolPUm Mt priant o

pyriidih1ebas Mi@N DromdsuctindmtedNBS)Or 0l ane (38 ny,

0.151 mmol ) and potassium acetate (49 , 0.504 mol)
[0230kr e s ugpmibedeinbodinwnanel (e Present iAyqnEionppRayideg #H@ethod of
m xture wth argon for 1-2 m.n, .. . ) .
prepeit acf spipra-2. i STerPAKRBRBSIR FRFPEHPG JRifipe morpholine with

al Ladi um.1L). dichl or t agdyc : : ;
2.0 Gl linn ol SRERTEBRER 1 Shole B ifhaiment. he

solv%\%ta? é%@llaﬁgapﬁﬂg dé%%?q\défe petficiTaMétiiNthelsbvehi@ THF. I another more

crude reaction solution was cooled to room
partic@RP @hiodife thelis@Hlond-Litdimdrpholimepypimidinecatadded over a period

assumng a quantitative yield of the boronic ester ..
of af OeabR 60 rmiiu)es, lo€/ak/ARastn2) minpges, Er (0HMiY et e 2 9BHIH comprismg

morgﬁclﬁg}efe gltgeggqti?y)égl? g}%drijlgtglgg}/lgé@%%ﬁ#ga it(g g glf?ﬁ:x)tibn I§tomc;)>'ri§i7ng 4-chloro-2,6-
. 3-flyoro-5- 4, - t - =61 0 o

cimopg P m Mo SEAE il thy Sefpitio 1RSI ARncky 20°C, or

belogb c%’ddl 5:36d1bW OPeDYE ibicly 3°@NIMdEe paRA1aV), A0AHE B8 4TBS addition of

US2007/ 001708 F Pd(dppf) Cl12, dppf, NaGBu N C N
the MNchibrf-2, -3imbtphORAa]yrifoidinep tef sxintieh tsrallghedyte Wagpy to greater than
. conmpl ex of Pd( dg%‘ )Cl2 CH2C12 (41 mg, 0.05 rmgl .
20°@ppf greemthan 21 nemEyeaigidthra Gl G Tp120pter o ‘Pﬁ%ﬂle’f‘t’ after the
in THF (20 was added 2-chl or 0.3 | uor onxpidi ne .

morphiole #nd 6-GHRIPY. SAMEIYATR YIRS, oy ool solution is
queg%geg;?ﬁ( %1%%188}2%‘3 eeaglpaqll‘lg&?s %lﬁt@orﬂ'l@[@f@ﬁﬁﬁ@ﬂ%&b& REESRMASurs, or at .
least 20 hours, or at least 30 hours, or at least 40 hours, or at least 50 hours, or about 64
hours after the morpholine and 4-chloro-2,6-dimorpholinopyrimidine are combined, the
solution is quenched by addition of an aqueous solution. More particularly, after
quenching, the solution is purified by column chromatography. More particular stiil, the
column is silica gel. In another embodiment, the 4-chloro-2,6-dimorpholinopyrimidine is
reacted with a 2-aminopyridyl or 2-aminopyrimidyl moiety to form a compound of
Formula IIL

[0231] Compounds of the invention containing a pyrimidine core, such as those of
Formula I, may be prepared using a number of methods familiar to one of skill in the art.
In one method, suitably functionalized amines may be coupled with 4 ,6-dichloro-2-
morpholinopyrimidine by nucleophilic aromatic substitution reactions or by a Buchwald-

Hartwig cross-coupling reaction (Hartwig et al., Tetrahedron Letters 36, (1995) 3609),

i
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and seal ed. The reaction was heated at 65-70 C for 16
hours. The cool ed reaction was filtered through a
w@bkwg/oefiscCel ite and the pad was washed wi th EtEBTUSBRO7/001708
m.). The solvent was renoved under reduced pressure
to give a brown thick oil. The crude product was
purified by silica gel chromatography eluting with 5%
MeOH in Et OAc. The product-containing fractions were
diluted with EtQAc (100 nL) and extracted with 1 M
HCO (2x50 nlL). The aqueous aci di c product was
| yophi lized, to ' ] | ¢ YA ; ing (Suzuki
wherglhohy e By S Aeetbad BRR: SibscbiiBd Supuid coupline (
8 L : b £dYR) theRbinfl Prodiucuiinay. bd 6F83Ed under
o al$ﬁ%’si€éhﬁﬁg(ﬁbaa gg@ri di n- 2- am ne lﬁzr F + CZI + .
knovBE 30E8i%0nd Qe RdsChy treatmbhtNwithh fimotionalidd bddofiig2ed¢rs| ¢ in the
one portion, 10% Pd/C (1.23 g) was added to a solution
follosfing\scleings: 3- f | uoropyridin-2-amne (1.62 g, 7.18
nmol ) and BF3-Et 20 (900 uL, 7.18 nmmol) in EtOH (20
nmL) at RT under nitrogen. Aft‘grr stirring at 80 C for 2,
days, the reaction mixtureryas' filtered through a HN
ﬁw of Celit e’ the paifksw was he . Wisidr),Et OH (20 \)N\
i), 6 N HCO—was—added taithk |J h}_gel—}—ew—f—i’(tra P
cl ur%i\N/t\ne Sobhelddeadiens 21 diNc/F\ NT/[h\g pzugigoppling: - gf N N/\O
fluo idin-2-amne is nuch I%s's vol atile than the
free base. The filtrate was concentrated under
reéduced pressure. The salt residue was dried in vacuQggs
to give 3- -105 WD 2007/084 PCT/ US2007/ 001708
f Il uor opwrR"Kti N- 2- ani ne as af Tyht yel 1“5 CiRs sy sol i \/"t
(I'66 gssngrant. Yield). N’H‘\Z? . suhikBeoOplifdVH . Rin N
0.41 minutes. [0285] Synthesis lof o L_o
5- brono- 3-fl uoropyri di n:2-am ne and
f1 uor ol 424, sromopyrimidine:  SNAr (or Buchwald) reaction of
[023?& raneﬁ{élng 1,2%,’%% oxabor ol an- 2-y. 1) pyr(i di n-2-anine
fimdRoBhlidedr RiySdrpineac avitt oRdiGaitronOpBrifidine BrgaNe ~ preferantially  4-
acetonitrile N NH2 Pd(dppOCl 2 'N' N- N NH2 O [0236] ) .
subsEitited NBSdFB0 Mgrpholipe nebistitufios abiPeosition, QYpwedolyith Suzuki
of 3-fluoropyridin- ,(g-am' e HO salt (1.66 g, 7.18
reachiep [2fforgs nabpyrinydine a‘F?goﬁ't h stirring. The reaction
was shi el ded from-tght a tirreg.aunder nitrogen. A
/f&ker 1% an aﬂﬁ&ki onal nt of X Ar;—B(OR); ﬁN
lN//I\Br SNAr or IN//‘\ /)\ rd ‘N/

|
Br Br” N

[Pd]
Br Br N/\‘ Suzuki Coupling  Arg N/\
Reaetion o o
[0233] Alternatively, multiple Suzuki couplings can be used to afford aryl or

heteroaryl groups appended directly to the pyrimidine core at the 4 and 6 positions; or an
initial Suzuki coupling can be performed followed by a nucleophilic aromatic substitution
reaction or a Buchwald-Hartwig cross-coupling reaction, as shown in the following

scheme:
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NBS (250 ng, 1.4 nmmmol) was added to the reaction.

After 1 h, the solvent was renoved under reduced
w@e@3nsu7e6 and the residue purified by silica geCT/Ubm8mM001708
chromat ography eluting wth 70% Et OAc/ hexane fol | owed

by 100% Et OAc to afford 5-brono- 3-
fluoropyridin-2-amne as a yell owbrown solid (1.26 g,
92%yield). LM (mz): 191.0/193.0 (MH), R 1.18
m nutes. [0287] The brom de was converted to the

pi nacol borane ester under conditions described in

LAy
Methods 1. LC/MS (mfz): 157.0 (MH, Rt 0.36 minufes. HIN

Met h ,\13 [ 0288]-s@yt hesi s of E‘L HN"T /("

4-1 | (4-4-5-5-tetranet hy IFkK%N < di oxgborotan=2- ,. N~ N
yl § peri di’"g? :ﬂﬁ“ﬁ&‘[phﬁ‘zsg] Synfhesus% Buchwald Reaction L_o
N-al |yl uor opyri di n-2- am ne WO 2007/ 084786 Ars

tol uene, 120c CNIN H [0290] To P
conpl ex of Pd(dppf)Cl2 (817 ng, L.0 mBk)BORdppf (1.66~7 N "(/\I
g, 3.0 nmol) and NaGBu (2.9 g, Omml) in toluene
(30 m.) was added 2- chloro-4-fl oropyRRtNHhe (2. 16 g, /(NCR
|
N

PCT/ US2007/ 001708  F-F Pd(dppf)C 2! dppf,.. dagBu N C 'fN

20 mmol ) and allylamne (1.2 i, 15 mmshA.. The
m xture was sparged with nitrogen and the pressure ZINTY
vessel was capped and seal ed. The reaction was heat ed e
at 120-125 C for 18 hours. The cool ed dark brown _ _
[023ﬂﬁaCti OM&¥@S paftiduler eginthesesugh eomppaigdsf ofethiet presaat 1nvention,
e pad was washed with EtQAc (60 ni). The solvei/I d
partigalsriyehesoyof Bomwald Ludbiend ¥y seearprdes i the Hligias Methods an

brown thick oil which can sublinme under vacuum The
Examplese nixture was acidified with 6 N HO (10 ni) and

| yophilized to dryness to giyggghrown powder as the
HCl1 salt. The crude product was partitioned between

[023\%206‘0 ( 3Ry §inS- éaaIIS L5 NeHeEh (180 3[B-dioxdbi@olayByBpyrimidine-2-
separated an t he aqueous | ayer was extracted

ylangigai n with Et OAc (100 nlL). The conbined organic
| ayers are washed with brine (100 nl), dried over
sodiumsul fate, filtered and concentrated under
reduced pressure to give a brown solid Nallyl-
fl uoropyri di n-2-am ne (690 ny, -25% . LM (O
153. 0 (MI MBrl. 13 mnutes. [0291] Synt hé5| S

of N-al | yM- s uor opyridin-2-amine F R+ TEtOO0'10%
Pd/C | NiHag ethanol N NH2 - )\ P

H,N~ N H,N” N

[0236] To a dry 500-mL flask was added 2-amino-5-bromopyrimidine (10 g,
57.5 mmol), potassium acetate (16.9 g, 172 mmol), 4,4 5,5-tetramethyl-2-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2yl)-1,3,2-dioxaborolane  (16.1 g, 63.0 mmol) and
dioxane (300 mL). Argon was bubbled through the solution for 15 minutes, at which
time dichloro[1,1'-bis(diphenylphosphino)ferrocene] palladium (1) dichloromethane
adduct (Pd(dppf)Cl CH?_CIZ) (2.34 g, 2.87 mmol) was added. The reaction mixture was
refluxed in a 115 °C oil bath for 4 hours under argon. After cooling to room temperature,
EtOAc (500mL) was added and 'the resulting slurry was sonicated and filtered.
Additional EtOAc (500 mL) was used to wash the solid. The combined organic extracts
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[0292] In one portion, 10% Pd/C (552 ng) was added to
a solution of Nallyl-4- fluoropyridin-2-am ne (690
worgo78840% mol ) and BF3- Et 20 (0. 386 ni, 3. 07 nP@i/PSion7/001708
abs. EtOH (12 nL) at RT under nitrogen. After
stirring at 80 C for 24 h, reaction m xture was
filtered through a plug of Celite and the pad was
washed with MeCH (100 niL). -107 WO 2007/ 084786
PCT/ US2007/ 001708 6 N HC1L (2 nlL) was added to the dark
filtrate until the solution was acidic. The HO salt
of 4-fl ugropyridif: 2-am.nNg;i s e ' h ltered
werepshed st HRE O P EP L (R RIEETd B e hc1ala £
rLgdy - dAdEitRfhal PtYAE Was ubbe t6 Fugie pasdudtiCAfter the
e B S el B e e U
solvéht fWdédopppittdéd)-tBe apideewas trgated ovith pownikenre THHAL:§ alithloromethane
(162 ng, 23%. LCOMS (mz): 113.0 (M), Rt  0.40 )
and Iixan¢ &40 ml ) 28ikredand washed with hexane yielding a light yellow solid (8.5 g,

75%3.: }t_).&gg‘:io éﬁégl(&%iﬁ)\gﬁgég tl)onr;)rzxi_caar&cﬂ %egg{jng from product hydrolysis on LC).

r l.- 2-di r Ny 25 idin-2-amne F
IHN@%@@‘QQ 8%??8’3%’ %‘%5857(2{)%% ’o*'%%g%’?illa ron OB
acetonitrile Pd(dppf)Cl2 N Ni&n8ah NH2 N NI [ 0294]
Solid NBS (78 ng, 0.43 mmol) was added to a sol ution
0239 3- | wyhaRyisiod2rAmIn@ntthel-5Bromapyrithiide ny, 0. 72
nmol) in ACN (4 nL) at RT with stirring. The reaction
was shielded fromlight and stirred under nitrogen.
After 1.5, 8r additional anount %

15 ny,
0. 084 Nm)ﬁ‘ was added--to—the reactipn. ecki ng the
delﬁ\t' a

react i dhn inafter 1.5 h, aR_ anount of
NBE(15 My, 0.084 nmol) was add to Nhe reaction
until the starting material had™been consuned by

LCVMS. After 1 h, the solvent was renoved under
reduced pressure and the residue purified by silica

[ozsfgé ash Cri{/]rgx Lagx%ihgp@’of gxlgé‘ﬁli R thatlol, NaBRYC e8dWHmol) was added to 5-

et at e/

bror2s R QiBropyfili@he .6 8i 9D MMIIP iBSaasdatdly resaidmd vieS2l.  After
my, 68% . LC/MS (miz): 190.9/192.9 (M+), Rt 1.02 _
alloWirHoesent [fO29 Few Thimubrsp thedessvel svasoseatad; pliced behiad a safety shield

pi nacol borane under conditions_descr.ibed i‘ﬂ@hﬁt hod 1. di
and btk i w125 "C1ETboh (A5 howee. §nem ophnE & vaRRle &verg Femoved in

029 Synt hesi f . .
vacie ( SHsy PRGBS e o) SRR AROERY) apf e avich 1M NeOB

N N 16X 2 1th - X . e
(40 035 s rat s, J o8 Y s> Rirfet! Wit~ ERRCHD2x50 ). Th

combined organics were dried over MgSOs, filtered and concentrated yielding an off

white solid (5.1 g, 93%). LCMS (m/z): 188.0/190.0 (MH").

[0239] Synthesis of methyl[5-(4,4,5,5-tetramethyl(1,3,2-dioxaborolan-2-

y1))pyrimidin-2-yl]amine
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[0297] M crowave heating. To a solution of
2- (di net hyl am no) et hanol (339 ng, 3.80 mmol) in DWF
w@ 200mo3478@s added sodi um bi s(trimethyl silyl)amPdeus2bo7601708
m., 1M solution in THF, 4.75 mmol). The m xture was
stirred at roomtenperature for 15 mn. 2-
Chl oro-5-nitropyridine (500 ng, 3.16 nmol) was then
added. The vial was capped and subjected to m crowave
irradiation (150 C for 10 m nutes). The m xture was
diluted wth water (250 nL) and EtOAc (250 nmL), The
two | ayers were separated, and the .aqueous | dyer
extracted two nore tinmes with Et OAc. The or'gani
extract s wereBrconbi ned, washed with water gnd Ayimne,
dri ed er Jodi um su-fate—amd evapoidt e o g¥e' the
cryde tertal as brown oil. Purificgatiaog by col um
chr odat ogNaphy on silica gel wush
net hlano] met hyl ene chlori de vyi el def
2-(5-nitropyridin-2-yloxy)-N N dinethyl ethanam ne as
a light yellow solid (295 ng, 44% . [0298] Sodi um
hydri de and oil bath heating- To a m xture of sodium
[02461ydr i de To( 28&yn§00 L7 Jlagkoiys iaddedh Araedydamino- -5-bromopyrimidine

tetrahydrofuran (2 nL) at 0O tion Qf .
(9.5 - A0tY oypyel), dPﬁ@#‘B@O aﬁ@tate3 a% 1rﬁ’ml?§y gﬁlamoﬁ /-g 4 %hg Sletramethyl 2

2. (di net hyl |
o oS U SMIPERI 3 I, O 55 e
and d1 N@adef g%? gﬂﬂ)lmﬁﬁg.dwm%@ed fheQUBH BEREKGbH fer 8Mehinutes, at which

Irre The THE was evaporated, and water

time (11p-@)1§'(ﬁ)ph6ﬂﬂ@h&§;ﬂﬁib)f&%eﬂﬁalﬁnmﬁﬁc@&ndﬁ@ch@mg@me adduct
| ayer was extracted with EtQAc (200 nli),-and t

(2.0%g.02ilomhe)enes addpd.ncthe vrastied Was Fﬁfb‘ﬁ‘ieﬂem dr} 1éof Co @8y bath for
sodium sul fate. and_ concentrated to g .
4 howarirRieE BEoBn AT STAIGH PORBTLGPISFR 5n RO A 30 DAL s added and

the rgs?lggﬁls %%@?go'ﬁ{cg%hl ox@?ﬁ%&g&ggnﬁ lﬁﬂggﬁgnsaor% rg%) gvsas used to
wasl'g_ll_lgé g&lic}\ﬂqlhle% nfthd dodegdRids el wakh BCHVS @%32) mL), NaClga),

1.28 mnutes. [0299] Synthe5|s of
(3oo€‘mL? (cﬂliea%byﬂ ah,80) etfhiexsd mod dher-Shamineverkl Gmowgd in vacuo.
H2, /C N\ O~NII\/E(]—|I/02N\H2N[030gﬁ lid
Punﬂea@tmrby Sy rqhnhmatgglgapbxﬁO%hE@WbﬁW’@%M dnign eHgwhite soli

a. 6®gaéée¢)u O 200 L5 5534 Mr@d?)l On 4big el GS 3R iAW product

/084786 1 0 .
hydrfg)g/% spg?ﬁ‘a | urﬁiﬁﬂ?ﬁ@%@lﬁ 380k (Logt 8k {4 A BBt (dOBH), 1.32 G,

on’was addéd and a hydrogen
12H$alloon was connected to the reaction flask. The
| ask was flushed five tinmes with hydrogen and
stirred at roomtenperature Metkod hydr ogen at nosphere
for 16 hours. The solid was filtered and washed wth
nmet hanol . The filtrate was evaporated under reduced

ressure | el.di o
[024L)] 2- (di th??‘%ﬂf%‘&f‘@?ﬂ’é")’( g’y}?}a?rﬁl-dénea%ﬁy}%mase a brown
oil (250 ng, 999%.

Br
N~~~ N

BN
A " Al

H,N~ °N H>N
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LCMS (mMz): 182.1 (M#), Rt 0.36 m nutes. Method 15
[ 0301] Synt hesis of
wQ2qor/08shyl pi peri di n-4-yl oxy)-5-nitropyri di nePC™MUSI807/001708
+ HOO~ NaH, THE NON (::r N° / N 11 02N 02 [0302]
To a m xture of sodium hydride (189 ng, 4.73 mol) in
anhydrous tetrahydrofuran (2 nL) at 0 C, a solution
of 2-chloro-5-nitropyridine (500 ng, 3.16 mml) and
1- net hyl pi peridin-4-ol (455 ng, 3.96 mml) in
anhydr ous tetrahydrofuran (4 nmL) was added dropw se.

10243 apor adBaaaiien & Crogoiaidie? ihningg (] - 108 gmmot) in
chloregcgg-g #BW HIEQAUSY ha Fcﬁnm&ﬁﬁﬁfd@cﬁ & gM10D rﬁn@% The solution

i2
e organic ayers wer e conbi ned, washed
was ¥irréd R ke dardlr foe d SAtRiEs, HO G HIch Sittlel ﬂt\easamHieddnc@Hheht(ééloo mL),
to give a brown oil. Purification by silica g
washed|witin 1D Ne®&T (280 hg(L)dequaQ%amdﬂﬂgm),; ﬁlgpﬁyqvéhya2804, filtered
chloride yielded

nd ZQLEREURY] priptHRd wrbrompdripptylmyripiing Polaraings (4888 99%)-

LCA{%@W %&.P%@(m;ﬁ%&ﬁd%ﬁ’?hée glbg)(s B3P 502 (bs, 2H), 2.44

(s 3§?(1-nethylpiperidin-4-y|oxy)pyridin 3-amine N O N
? H2, Pd/C1 / -NMOHHN(:;r N 02N 2 [0304]
2- (1 -Methyl pi peridin-4-yl oxy)-5-nitropyridine (100 ny,
0.42 mmol) was dissolved in 5 nL of methanol and
[0248] aced haehesis ni of ogehmetdspif-S,5-Ktammey)(},3,2-dioxaborolan-2-
anount of 10% pal | adi um on carbon was added and a
YD) maidgenZ iy Mi®Sn connected to the reaction flask. The
flask was flushed five tinmes with hydrogen and stirred
room -110 WO 2007/084786 PCT/ US2007/001708
tenperature under hydrogen atnosphere. The SE%l
flltered and washed with nethanol. The fiIt te mas

evapor a Freduced pressure to vyi ia
rrethylp eridin-4-y n3amNe\sab
solld 989) . LC/I\/IS(rﬂz) 2o§li\2 , Rt 0.34
HoN N
[0244] To a dry 1L flask was added 5-bromo-4-methylpyrimidine-2-ylamine

(18.8 g, 100 mmol), potassium acetate (29.45g, 300 mmol), 4,4,5,5-tetramethyl-2-
(4,4,5,5-tetramethy1—1,3,2-dioxaborolan—2-yl)-1,3,2-dioxaborolane (26.7 g, 105 mmol)
and dioxane (500 mL). Argon was bubbled through the solution for 15 minutes, at which
time 1,1'-bis(diphenylphosphino)ferrocene palladium(I) chloride dichloromethane adduct
(4.07 g, 5 mmol) was added. The reaction was refluxed in a 115 °C oil bath for 18 hours
under argon. After cooling to room temperature, EtOAc (500 mL) was added and the
resulting slurry was sonicated and filtered. Additional EtOAc (500 mL) was used to
wash the solid. The combined organic extracts were washed with H,O (2x300 mL),
NaCla) (300 mL), dried over Na;SOs, concentrated and purified by SiO:
chromatography (EtOAc eluent) yielding 18.1 g of an off-white solid. By "H NMR the

material was a 5:1 mixture of boronate ester and 4-methylpyrimidine-2-ylamine as a
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Met hod 16 [0305] Synthesis of tert-butyl
4-(5-nitropyridin-2-yl oxy)pi peridine-I-carboxyl ate
wWORBGOS47TBVDS, DMF/ THF ~J | 'ON'Boc HO' N CI  (R@I/0R2407/001708

[0306] To a solution of tert-butyl

4- hydr oxypi peri di ne-|-carboxylate (1 eq) in DWW was

added potassiumbis-trinethylsilylamde (1.5 eq, 1M

solution in" tetrahydrofuran). The sol ution was

stirred at roomtenperature for 10 m nutes, and 2-

chloro-5-nitropyridine (1.2 eq) was added. The oy 154

regctd ' #H dubesinieat Stiuki ovwiens. LCMS (m/z):
byproglyy a;#h%?'fl %gﬁﬁ%lg!r;’ %6%\%asaég€nds gfh 145 C. Et OAc and_wat ef
(MEY6E BoRRGeAcido ddhiving Eaeit iiensiangraduet hagelysis epalgded H NMR

The organic | ayer was washed with water, brine, dried

(CDCMW)ES $Sads Lt Bl Fatbs, 2iH 263a(do P Hebi32 &:dPH: brown crude
material. Purification by sj ! i ca !gel col um
chr omat ogr aphy using 10% Et ane afforded the
roduct _as, a.li el | ' ® _I\[@ﬂ@ ed324. 3
(0243 | %ﬂl%?%ﬁ{'ﬁ?ﬁ?‘é%Ar@%‘?‘f&@%ﬁ‘P}ﬁ&i S 0 e
5-nitro-2-(piperidin-4-yloxy)pyridine N O TFA ON
CH2Cl 2 NH (!:OZN .Boc 02N [0308] Triflugmpacetic acid (5
eq) was agdeéd to a solution of tert-buty - (5-
ni tropyridin-2-yl oxy)pi peridine-1-c fe (1 eq)
i n di chljor onet hane—st++++ng—at r oo -111 WO
2007/ 084786-PCT/ US2007/ 001708 e for 1 hour.
Thel$bl veMN was t hen evapor at ed;2't he si due brought

to pH =10 wth sat. ag. Na2C33 sol ution and
extracted with Et OAc. The organic | ayer was washed

ith brine, I ed . [ . .
020 okt 5L O A 30 00 10 )
chloS é;la%Pog%{yﬁwﬂamaﬁ)i?d RbromdsyEtihimiBt (12.64, B7AULa®]). The solution

esl's o
was %ii(réd kS ORI QRY 8} Daidutl, At dhydtoNsp-ibwak tadded to €EhEL: QOO@L) and
cetone / ON O NI NH AcOH, 02N 2 NaCNBH3, MeOH .

1N NASAQR0T enls). SObont imiringf thEORyers stdre separatefl Anddhp Qregpic layer was
was added 5-nitro-2- (piperidin-4-yloxy)pyridin

washem) widlm a&igyndd 60 snlak Srisd @V?IEN%%P“’ %ngeé qogﬁen\%rlgge]d. The crude
stirred at_ropmgt.enperature f _§39 J. {RMinge 12.0

ratqriok AP R B oo Bigp s @528 oA SR Efuine 1208

80%Y f‘a?ﬁ?%rr%é?{-Ltgglugéoxﬁetﬁ%-z\t\ﬁ;%icﬁﬁmﬁﬂm TIOMS e@fk):0D41/243 (MET).

1 NMR (CDCls): 8 8.28(s, 1H), 6.77(s, 1H), 4.78(bs, 2H).

[0247] Synthesis of 5-(4,4,5,5-tetramethyl(1 ,3,2-dioxaborolan-2-yl1))-4-

(trifluoromethyl)-2-pyridylamine

Br
S _ B0
~ .
HoN™ N CH,NT N
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warmed to roomtenperature and stirred for 5 hours.

The sol vent was evaporated, the residue brought to pH
wW6e20/084786 sodi um car bonate and extracted w t hpE/08N7/001708
The organic |ayer was washed with water, brine, dried
over sodium sulfate, and evaporated to give the crude

material. Purification by silica gel colum

chr omat ogr aphy usi ng 2% net hanol / di chl or onet hane
afforded the product as a yellow solid. LOM (nfz):
266.3 (MH), R 1.85 mnutes. [0311] Synthesis of

[0248&( 1P'd/5 r°pyd,{§? ggﬂnﬁ, I@éﬁ{" %%) ?%de?d'ﬁqbl%n%%ﬂ%rg}nethyl) 2-

Sl 9BY |40l PRImdl), Npdtavdi@ny heatei (Y0P Yy i Wicremipdol), 4,4,5,5-

pynoé;l@%fs?g gg%ﬁ\?ed in )rrgt hanol and Iaf:ed under a

tetraficiHy2Qe®@, B5 Susphastyl-A i xpbomlanyi) l,afZ—QQ%aborolane (136 g,
pal I'adi um -112 WO 2007/ 084786 PCT/ US2007/ 001708

53.9 sambbn amvh liexigied (3A9dmb) hy dvrege nvasn Hubbledc Sirugh diet %Pluﬁon for

s e ey b D e
dich (r)gxgl%}h%g g&%uc Wé ) e% 95]4? ]{}H&?hang'}ddgae 'ﬁﬁe' FHci@S was refluxed in a

The filtrate was
115 e&%‘?ﬂgﬁﬁ oSk yﬁ&ﬁé uh@gxu 0D IR WoBlidg € ehoig téhperptupelthe dioxane
rown oil mz): 236.3 (M#4), RL 0.38
was Niefidlves . in Maiceed EYOAE:O(}S_’DB)]mB)I mrahsegqi@dofand the resultmg slurry was
7- et hyl t hi o-3-ni troquinaline s} %
sonicated -and - ﬁliered _Addmorﬁl @QA({)@QO@@ quggli 3}1 t? wash the solid. The

refl uxi m Xt ur
com@ntefiso H:yﬂctmcai) h‘%ﬂ”ﬁl j:%ﬁﬁeﬂgfteﬂ (% rt](l)% rccl)‘lrl)d i %tre]lélﬁl w2as partially
pun%bd %t\/ | Op %ﬁ%gﬁ @-4@% Et@f&c/l—?ee)’canes) Upon removal of solvent,

mrol ) " in acetic
hexﬁfé's d74 a& Ras aaagdadf&@dohm@@hen@fesﬁmn% 9lid wa filterkd and dried on
After be| ng refluxed for 18 h, the mixture was_cool ed

a higl vaaanm fenpdayt yieklimna.4 hef ag eﬁ'-whgg |sqhd\,a§3yr dEDMR the material
under reduced pressure. To_ the remaJ ‘?%P {< col.or
F ﬁtgy p

wassa)ﬁgldnmgtgzq;oi Borogaie qﬁaag HYJ AN - yridine %yproduct

ThefFrlpHe;lgt Iggst]l‘} V%T %d\é Et?cvg $1IIZLET<? éeactlgﬁg i(ﬁkﬂé Ifm/z) 207 (MH" of
boronic acid, deriving from in situ product hydrolysis on LC). '"H NMR (CDCl): & 8.50
(s, 1H), 6.72 (s, 1H), 4.80 (bs, 2H), 1.34 (s, 12H).

Method 5
[0249] Synthesis of 5-bromo-4-(trifluoromethyl)pyrimidin-2-amine
CFa CF,
0y A
‘ o
HzN)\N/ HN" °N
[0250] To a solution of 2-amino-4-trifluoromethylpyrimidine (8.0 g, 49.1 mmol)

in chloroform (300 mL) was added N-bromosuccinimide (8.9 g, 50 mmol). The solution
was stirred in the dark for 16 hours, at which time additional N-bromosuccinimide (4.0 g,
22.5 mmol) was added. After stirring for an additional 4 hours the solution was added to

CH,Cl, (200 mL) and 1N NaOH (200 mL). Upon mixing, the layers were separated and
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fromthe Et OAc sol ution upon standing. Filtration and

rinsing with cold Et OAc gave 330 ng crystalline
w@ewdogt7’se The yel | ow green solid was washed w pOT/BKRB0001708

nmL portions of dichloronethane. The dichl oronet hane

washes were concentrated to give an additional 150 ng

of product (23%. LM (nmz): 221.1 (MHl), Rt 2.54

m nutes. [0315] Synthesis of

7- (met hyl sul fonyl)-3-nitroquinoline O S~ N\ O S~

112272 =, - N 02N | i ~ -113 WO 2007/084786

PCT/ US2007/ 001708 . [.03 T i.cesh Il
the ogig 1177 o1 ARy T NGl (OgiEh e ST Egg fltered and
D)1 4d: i t I I . . ine.
cons B3 S04 SRt e i) o

LCM&A(rie)) gzmzmgn}n*)e NEENARI(EDC I B2 6, PHRC. P8 (o 2H).
formed was filtered and rinsed with an additional 10

nmL of dichloronethane to yield the pure product (85
539

, . LM (mMz): 252.9 (MH), . i nyt es. .
[025 %317] /a§yntl1¢§1§i s( opf )7 ( n%{‘hﬁiSg-‘txitq’%‘ﬁ}ﬂ%ﬂés%ér%?%%‘ﬁ’?ﬂ@'yl»““'
..NO SDNO.,K Q. H2N_[ 0318] To a suspensi on of
(mﬂhr@f@m%@ﬁi“?@w%%mﬁoqui ]nol i ne (85prrg, 0.4 mol)
in EtOAc (6 nmL,) under argon, was added 10% Pd/ C (22

ng, 0.04 mmol). A H2 balloon was connected to the
reaction fd;pgk, the flask was purged w

{
times and t he eaction m xture was all R@d o Xir
under H& ere for 18 h. Unreacte t arBi

tom

mat eri al|j couljd be seen setfltng to t bot t he
d frig

fl r wth the catalyst. Th sgli ds were

re m the Et OAc sol ution WyNfiltNation.
Evaporati on of Et OAc under reduced pressure yielded
7- (et hyl sul fonyl ) -3-quinolylamne (22 ng, 30%. LC/ MS

SCHEE S JUOAG L R P
pyrimaaViscna 010, PV 41 75hhol}0 ORI 4L8GPHY 5295 20R 6D 4,4,5,5-
tetramethy1—2-(4,4,5,S-tetramethyl-l,3,2-dioxaborolan—2—y1)—1,3,2-dioxaborolane (116g,
45.9 mmol) and dioxane (150 mL). Argon was bubbled through the solution for 15
minutes, at which time 1,1-bis(diphenylphosphino)ferrocene palladium (II) chloride
(1.7 g, 2.1 mmol) was added. The reaction was refluxed in a 115 °C oil bath for 6 hours
under argon. After cooling to room temperature, the dioxane was removed in vacuo.
EtOAc (500mL) was added and the resulting slurry was sonicated and filtered.
Additional EtOAc (500 mL) was used to wash the solid. The combined organic extracts
were concentrated and the crude material was purified by SiO» chromatography (30-40%
EtOAc/hexanes) yielding 4.40 g of an off white solid. By '"H NMR the material was a 1:1
mixture of boronate ester and 2-amino-4-trifluoromethylpyrimidine byproduct. The
material was used as is in subsequent Suzuki reactions. LCMS (m/z): 208 (MH" of
boronic acid, deriving from in situ product hydrolysis on LC). '"H NMR (CDCl3): 6 8.72
(s, 1H), 5.50 (bs, 2H), 1.34 (s, 12H).
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[0320] A m xture of 6-nethoxy-3-nitroquinoline

(Magnus, P. et al., J. Am Chem Soc. 119, 5591,
wad®7/08908d7 g, 0.83 mmol) and Pd/C (10% 80 nghCT/0S2007/001708

Et OAc (15 nL) was hydrogenated with a hydrogen

bal | oon to give 6-nethoxyquinolin-3-amne in

guantitative vyield. LM (nz): 175.1 (MH), Rt 1.54

m nutes. Method 19 [0321] Synthesis

6- hydroxy-3-nitroquinoline N i (>0O\NM iaCH 02N JI 02N J

[0322] 6- Met hoxy-3-nitroquinoline (Magnus, P. et al.,

J. Am Chem Soc. 119, 55913,1097¢ 100 ng, 0.49 movl)
. . F—6 ,
was di ssol ved i n hydrogen bM ge solution (47% aq,

[o2s5% > ., ng%eM of BARb8E-ABRloES-DIyyed yRimihe0 C for 16
ours. The reaction mxture was cooled to room
tenperature, neutralized with 6N NaOH, then extracted
with Et OAgy) (150 ni). The organic |aydil was dried over
Na2SO4 and purified by flash chromatograp r(Si 02,

40- 50% hexanes), obtaining 73 of

6- hydro [y-3- ni t roquimotine. >LC M5 ( 190.9 (M)
Rtl'ﬂl'}? j es. [0323] Synt hesi N

3-mfaNo- 60 2- (pyrrolidin-i-yl)ethoxy)quinoline N Jl
Da ' JXi \ 02N LOH 02N [ 0324]

6- Hydr oxy- 3-ni troqui noline (148 ng, 0.78 mml) was
i ssol ved | : < Ry i (@iong, koy? keddipindhloroform

[025%13). 091 e]nﬁég(?l;frgﬁjmgrg%)%hggﬁ%j 2t}$¥r§)dt?é%§/lﬁigh(gsp i ne (30% ny,
(180mEY WA e 8B -BrolsiRdcintaiiel (8,3 gli 48. hydmol). The solution was stirred

azodi car boxylate (0.184 nL, 1.17 nmmol) was added and
in tHehdark dfar 2 ihonrsyiak tinich time inWasvedded do SHHaCla(8Q0aky and 1N NaOH

tenperature -115 WD 2007/084786 PCT/ 007/ 001708 washed
(100iE.)-2 Wiy ixipge theolayerst Wkgss AL B bt PHABIF [aer was

..va an e resi.due wa [ fi fol
withy, bglr‘ifg??&l}( é}"&‘g) 0‘{66313‘}%5604’ A ger% a(ngO%ln:gPtrated. The crude
. Qi - G- 2 olyirgi +aphly) (@5 30y Ei0iARA] dx Bfes) bisidibg 3.63
mat%n?f&#%%’ﬁ/%{qﬁ%ﬂr%ﬁlaﬁ%a %(%ut es. [0335] Syn%l%[gsl,igg 5
(38 oB5 b8 FcKidrd-pyykidylatiine | LYIMS(hd)y)emdRo8 Or@HN. "HNMR
, Pd/GO2N (; (>0 -~ N EtOAc H2N / N [ 0326]
(CD&:t & 180-86(s( PHY,[6/62 G} 1H).#-52 (Hs) @Hhoxy) qui nol i ne (134
ng, 0.46 mmol) was dissolved in EtOAc (10 nL) and the
sol ution was sparged with N2 for several m nutes.

i ethyl ami ne.(0. : 2
o) £ SR ST S5y P o2

Wﬁﬁfaﬁuﬁ@ was repeated after each addition. A balloon of
P was .

Br
| X _ X B\O
~ p
HoN™ N ' H,N~ N
[0256] To a dry 500-mL flask was added 5-bromo-4-chloro 2-pyridylamine

(7.3 g, 35.8 mmol), potassium acetate (10.3 g, 105 mmol), 4.4,5,5-tetramethyl-2-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane (10.1g, 39.8mmol) and
dioxane (150 mL). Argon was bubbled through the solution for 15 minutes, at which
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connected to the reaction flask and the reaction
m xture was stirred at roomtenperature under H2
w@rwwospttes e for 48 hours. The m xture was thenp€T/US®OEE1708

through a Celite pad and concentrated to obtain crude
3-am no-6-(2-(pyrrolidin-1-yl)ethoxy)quinoline, which

was used as is in the next reaction. LC M (nlfz):

258.1 (M4'), R 0.33 mnutes. Method 20 [0327]

Synt hesi s of 5-methoxy-3-nitro-quinoline O OHH H2N

Ol HCl  NO2 HON O H2N\ I | 02N HC 02N O

time 3%84@5%6%55% gmogﬁ]rroc?nezpall lum&)nl)oc}l(le%% e dlcl]_lf%omethane adduct

07/, / 07 t °gabil bath fi
L PR oty A B o

6 hoﬁéo&lds;)arg@s asleiefl caobnd Wb iroomofenibeniturer- thiel dipedndeysi gemoved
(2.7 g, 19.3 mol) in 150 nL water. After 30 min, the
in vqmec.mmax €50RamL) iWasctherl addetl pndh sz regiitneDsLTy| WAS) S sonicated and

ﬁltel(eﬁg%d%mo%@l ﬁtéﬁ[% (ggf)r rﬁ;%g?%bsr)garép tg?_ @l%g 'T‘ 3; %Qb%ed organic
extrgtwﬁ?og&mcgnﬁ? C?alc,lll tﬁ S F?ud@‘xﬂ ﬁgﬁﬁl WL.Q ﬁ?t%ec%%!?é? 'cﬁro%atography

I ne
13 vap b E@veﬁ@@qlﬂlex-ﬁﬁeélbﬂzt@ wsahddeaf(100 mL).
(Etdﬁ%% g%t pﬁ?r?tfr%%ane (4.7 g, 29.7 mmol ) in 30 nL
AfteR GBhic &t itk MRsltagt@lid was filtered and concentrated in vacuo yielding 2.8 g
3- ( 3- net hoxy- phenyl am no)-2-nitro-propenal (3.
of alhige sofisl. ) By 'FhdMR dbe h@ﬁmﬁl wragrae 1\ smirdutecef ?%Onate ester and 2~

fl d_thi
oS SPOSARE o e YL 58 o s

RS O, NI B S 881

). TH RVIRYODEL R Brev3sig, net)i &6 @NUER 4.70 (bs, 2H), 1.38
hyd&ﬁfg#g‘tcv\hl ch con még |rrpurgg5 r%et hox(ga} 3-nitro-
(s, lggphol ine. The filtrate was | oaded on to silica colum

and eluted from5%to 25% Et OAc i n hexanes at 85

rrL/m' n for 30 m nutes. The pM.S‘&L@lenri ched fractions

concentra and take o..the. next step as a
[Ozﬁ'f]xt ure oM goi ?ﬁg?r%?w %’t"'l’?ﬁ?”be 3-

nitroqui nolines. LM (nfz): 205.1(MH), Rt 2.26
m nut es.

NH, NH,
Br
» - XY
By ] _
HzN)\N HoN N
[0258] To a solution of 2,4-diaminopyrimidine (1.0 g, 9.1 mmol) in chloroform

(30 mL) was added N-bromosuccinimide (1.62 g, 9.08 mmol). The solution was stirred
in the dark for 12 hours, at which time it was added to CH>Cl; (150 mL) and 1N NaOH
(50 mL). The solid that formed was filtered, rinsed with water and concentrated in vacuo,
yielding 1.4 g (74%) of 5-bromopyrimidine-2,4-diamine. LCMS (m/z): 189/191 (MHY).
'H NMR (DMSO-45): 8 7.78 (s, 1H), 6.58 (bs, 2H), 6.08 (bs, 2H).
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[0332] Synthesis of 5-nethoxyquinolin-3-amne N N~
ONHN/ / 2 O- o~ [0333] A mxture of 5- and
wQ@ 200208008y substituted 3-nitroquinolines (780 PGI/USBN8@1708

nmmol ) was dissolved in EtOAc (75 nL) and the reaction

m xture sparged with N2 for several mnutes. 10% Pd/ C

(54 ng) was then added and a H2 bal |l oon was connect ed

to the reaction flask. The reaction m xture was

sparged with H2 and stirred at room-117 WD

2007/ 084786 PCT/ US2007/ 001708 tenperature under H2

nosphegr e, over night MR Dy alo_ imidine-

[025 SL rific gﬁltgﬁm b)c}k cgl(ﬁ#ﬁ%zg\rgr om%tgg?g’g#yagﬁxgﬁﬁgg%gppm
2,4-@&991%0 Et OAc) afforded the two separated isomers

- met hoxyqui nol i n- 3-am ne and

7- met hoxyqui nol i n-3-am ne. The desired product

5- met hoxyqui nol i n-3-am ne (80 ngy, 12% was obtai/ned as

a yell ow pMiger. The structure was as g.% NVR
(CD30D) : 8.4%r(d, 1H), 7.69 (d, 1H, V. d,
7.30 (tN . {Boper

85 (d, 1H). LC/ M5 (deg
(mz): 1/5.0fRt 1.54 mnutes; LCO I\/B?iund sire
isg_gaq 7): 175.0 (M), Rt 1.53 A s. Method 21
[033%] Synthesis of 2-(rrethy|suI|T|zNyI)p§iridi n- 4- ani ne
N NaSCH3 N MCPBA N H2N CI NMP H2N S THE H2N 60
[ 0335] Synthesis of 2-(methylthio)pyridin-4-amne
0336] Sodi um t hi onet.hoxi de (14 1.98. mol,), .
[0268cod t o acOMA LoReh Wi ads Sy rapyiRidie 2 ke Gooe,
sl i : 6.7! r£53 W RuiARERI-2-(4,4,5,5-
158?&3““\9935"&%%“ s%g{&gég @%ﬁe%a@ﬁagprﬁg’%mve to 200(
tetrdmndtRy1- B99-d6€abobbEh 2 g13L1, D-diyxabsidlinma. (5B2lg, 202.2 mmol) and
chromat ography eluting with 8% MeOH DCM af f or ded 2-

dioxaRet(590 titi)0) Axgandivas dubbiedhtot@s thg,soBGiRny faa| I mipesst Which
mz): 140.9 (MH), Rt 0.59 m nut 337 lid

tm NS BD oD A e U PG L) SHBH 2 111 mmoD) was
ortions to a solution of o

aaab{ he Rorctfe oy PO T Bkt ey for P yper apeon. After

cooial'_l](:)fl‘%E fog 1\'7,?8 e}rlxﬂ{e%eégi’% %Jl‘idsihbf%ahfbgmafgﬁﬁl WeahitkRa, HAsed with EtOAc

e starting material was consuned

(1 18Y Thklok @i H1tied WabcBibentiStdd inaavias anditethetresuligg solid was added
reaction mxture, which was then concentrated to

dicllosoneskanendel). r edifiee domicaticurtks sslifli was dilisersk: t ckhec peligk was the
deb\rl\giing'gaiiiZ]C,jl—%gan?i%op{rr%r}lisdine. The filtrate containing desired boronate ester was
concentrated in vacuo. To this residue was added diethyl ether (100 mL). After
sonication, the solution was filtered, rinsed with additional diethyl ether (50 mL) and the
solid obtained was dried under high vacuum to yield the desired 2,4-diaminopyrimidyl-5-
boronate ester (10.13 g, 27%). By 'H NMR the material was a 4:1 mixture of 2,4-
diaminopyrimidyl-5-boronate ester and 2,4-diaminopyrimidine byproduct. The material
was used as is in subsequent Suzuki reactions. LCMS (m/z): 155 (MH" of boronic acid,
deriving from in situ product hydrolysis on LC). '"H NMR (CDCI3+CD3;OD): & 8.16
(s, 1ED), 1.34 (s, 12H).
Method 8

[0261] Synthesis of 4-methoxypyrimidine-2-ylamine
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WD 2007/ 084786 PCT/ US2007/001708 silica flash

chr omat ogr aphy, eluting with 5% MOHI DCM to afford 2-
w@ pwviogd7sal f onyl ) pyri di n-4-am ne (220 ng, quanPCT/US2007/001708

yield). LM (nlz): 173.0 (MH}), R 0.34 ninutes.

Met hod 22 [0338] Synthesis of

2-nmor phol i nopyrim di ne-4,6-diol OH NH2 | HN N NaOEt

HO NIN ~~ Br-H ~O CH2(CO2Et) 2 00 [0339] Sodi um (17.25

g, 150 mmol) was cut into small pieces and slowy

added to EtOH (500 nL) in a 1-L round bottom fl ask

under N2 and cooled with water. After all the sodium

was di ssol ved, norpholinof or mam di ne. hydr obr om de

(52.5 g, &2 mml) and diethyl malonate (40 g, 50

nmol ) vver added. The m xture was heatled to reflux for

t hree The reactlonmthureNa\coledto room
terrpera |ure and t he et hanol hov,e i n vacuo.
800 nL) was acM;N, tdNthe white

room tenperature. The solid initially
dlssolved, giving a clear solution, then the product
crashed out as a white solid. After 1 h at room

[0262ENPEr atfyl £ sofufionsstl 4.8-dielslofo-Lianniad  pyrissisiired (50 gh 30.5 mmol) in
water (3x), dried (air and then over P205) to giv 1
metkﬁnﬁb@l@bahme‘yaddvdc%ﬁ’e sodnummre@oxmz@é%g 396%/5‘an_b1?)§ solution

m 198. 0.51 034 t
was S;ﬁﬂé;)cq;l. gqrcm Bﬁ;lgs,za ‘ﬂbl %mﬁm, nu [ %?o%é &gﬂcﬁo The

T e R A

diiR@edtaft Sbentr@@d Fiel@ing5t.4rgl(PO%N &f 4-chloro-
(100%&2 &Tb?ld%épﬂé%d%l 61 nol) was ﬁgat edg?ﬁ 120 C for 16

6-méthok jipRingianleeztylamiRd. Excess POCI3 was renoved to

give a sem -solid. The solid was gradual l.y .transferred
[02630 a stiFaimg sedutien onf off-chiRioet- “(ef’](’fl?‘yﬂ’fmﬁii‘ﬂ‘e%t -Ygmine (4.4 g,

27. 7§é§}%&jn11_n) féﬁqé@'so Liéﬁ(ggﬁfxpgl wgf)gléfpfévez{s ad\é\ha gg éqqhbﬂethylamme
0% 5 R
©. 6\2@% % 2 m)r p ol ﬁ’%%%@l?‘?“m 6| ﬁe i gz'b-)%g Z.W%rﬂ:hlﬂr). Th

hetek%e%g?ﬁ%ﬁl%mgg %ihsgstlrféw'ﬁﬁder% bgHn&n ﬁhﬁ(blipﬂisre dEHhofbr 23 hours, at
whidh Gl 66/s6lutioh -watfilydre® througina G etitpyad midithgevolgjles were removed
in vacuo. The residue was dissolved in EtOAc (200 mL), washed with Nax;COssat)
(100 mL) and with NaClsa) (100 mL), dried over Na,SO,, filtered and concentrated
yielding 3.1 g (90%) -of 4-methoxypyrimidine-2-ylamine. LCMS (m/z): 126 (MH).

'H NMR (CDCL): & 8.00 (, J= 5.7 Hz, 1H), 6.08 (d, /= 5.7 Hz, 1H), 4.98 (bs, 2H),

3.84 (s, 3H).
[0264] Synthesis of 5-bromo-4-methoxypyrimidine-2-ylamine
Br
NS . N~ ™~
M - A
HoN N HoN N
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N C-11 NINA 00 [0343]
4, 6- D chl or o- 5- et hyl - 2- nor phol i nopyri m di ne was
w@e@paseds by simlar procedure as PCT/US2007/001708

4, 6-di chl or o- 2- nor phol i nopyri m dine (in Method 22)

usi ng di methyl 2- nethylnmalonate in place of diethyl

mal onate. LCO/MS (mz): 248.1 (MH). Method 24 [0344]

Synt hesi s of

4, 6-di chl oro-5-et hyl - 2-nor phol i nopyrimdine d | N C

N' N [0345]° i
02651 O~ D ﬂ»"agé&aééx%!@mtmammg?hﬁhidﬂmmlmmen@-&Oas, 14.7 mmol) 1n

prepared by simlar procedure as

chloroﬁygﬁxh(‘gbg:?ﬁng{ﬁﬁg a%@d%?ﬂg%ﬁm?@-@ g)ell%'{f Wg@p% ﬁlefter stirring
( ' OH
o et € puslyos( oy 52 Sy TR TGN
- hed
(100 nfIQ)34BpoByniHBS; the Jpyers were separateglan% thel\@gmg lgy'sbr was washe

.. 2-f ] uoro- 2- nor pholi nopyE] 8hdi Afeddbafll SncefiratedifZelBirg 2.88 g
with Naghe i g8 ik, P Clli%?)%zgggi(%o%a Y2 LO [ 0347]4{589 um,
oy 1YL | 0%k b xblrimRiife-0-y1@irde. THOMS Wagz) nae WM )-
(96A)h%tgé%g(gmg?ﬂl{?gk@ggggmgotlt%m}%I ask under argon and
NMR ¢€0Icas): W 8 hoas 1iDes vat(es, 2681 hooks.GHX 100 mL) was
slowy added. The resulting m xture was warned to RT
and stirred for 30 mnutes. To the base m xture,

di et hyl 2-fl uoronal opat 5. 2 S. rolan-2-
[0266] ol | owe%VT'é‘EPS‘Srmr%hﬁol 'ﬂ’gﬁbo&%{h(‘g?r??h%dr obr%l%x\%e (6.8
g, 32.2 rrErJI %n.e The m xture was heated to 90-95 Cwth
yl))pmm\dfffeﬁé“yﬁ%er argon. After 12 hours, the reaction was
cooled to room tenperature and the Et OH was renoved
in vacuo. The resulting white solid was dissglved in
wat er (250rL) and acidified with co HClo =
3-4. AV\,hitep('e,cipitate formed whi ch was! col ed
on a B ter, washed with 5] , air
dried Liqn the filTer, and dried imac} to give
5- Aor phol i nopyri m di ne-4,)6Ld' (0.87 g,
12%2. La/ M5 (mz): 216.0 (M#)H2B& 0.83 nminutes.
[ 0348] Synt hesis of
4- (4, 6-di chl oro-5-fluoropyrimdin-2-yl)norpholine OH
[026’5:]I To a dry 200-mL flask was added 5-bromo-4-methoxypyrimidine-2-

ylamine (2.88 g, 14.1 mmol), potassium acetate (4.16 g, 42.4 mmol), 4.4,5,5-tetramethyl-
2-(4,4,5,5-tetramethyl-1,3,2—dioxaborolan—2—y1)-1,3,2—dioxaborolane (3.76 g, 14.8 mmol)
and dioxane (75 mL). Argon was bubbled through the solution for 15 minutes, at which
time 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride dichloromethane adduct
(0.58 g, 0.71 mmol). The reaction was refluxed in a 115 °C oil bath for 21 hours under
argon. After cooling to room temperature, the dioxane was removed in vacuo. EtOAc
(500 mL) was added and the resulting slurry was sonicated and filtered. Additional
EtOAc (500 mL) was used to wash the solid. The combined organics were concentrated
and the crude material was purified by Si0, ch;omatography (EtOAc as eluent) yielding |
2.4 g of an off white solid. By I{] NMR the material was a 1:1 mixture of boronate ester

and 4-methoxypyrimidine—Z—ylamine. The material was used as is in subsequent Suzuki
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FF/NPOCI3 HON' N-) G NN "OO [0349] A
m xture of 5-fluoro-2-norpholinopyrimdine-4, 6-diol
W@ 008M8486 4.0 mmol ) and POCL3 (10 nlL) was heaP€rus1007/001708

120 C for 16 hours, then cooled to RT. -121 WO

2007/ 084786 PCT/ US2007/ 001708 Excess of POCl3 was
renoved under reduced pressure to give a sem-solid

which was dried further in vacuo. After 12 h of

vacuum drying, the solid was diluted in EtCAc (150

m.) and washed with sat. NaHCOG3 (60 nL). A solid

react&%{ie OS{S%QK?/Z} E? agf:l o‘@@sﬁc dé(ﬁ&ardgﬁgl g‘ tﬁ%n{ hg sztu product

rgani C ayer was washe agal n wt

F‘!‘fm 1P 9.82 (301 HY, )52 (bsg AFW 3.80 (s, 3H), 1.34
hydrﬁﬁélé&l\ﬁ eré?g@ﬂn(a@je(\:/g;or at ed( urfg?ér rg:juclém (

(s, 1PHESSuUre to give a crude product. The product was

purified by flash chromatography eluting with 25%
Et OAc/ hexane to give 4-(4, 6%4?3%&@_&0 5-

fl uoropyrimdin-2- I)rmr ine (4 m, 42% . LC/ MS
[0268}1 z) . Zynthesisf®- IREﬂOs %‘ ?f?fﬂ}{'@éf?“ﬁ?}gf’hod 26 [0350]
Synt hesi s of 2,4, 6- trlbrom)pyrirridi ne Br Br N-Br
[0351] To a m xture of
pyri m di 4,6(1H,3H,5H)-trione (2 %6 87 mmol )
and POBriB (2% g, ST‘Z—‘—I')_"ntquerfe(S m) in a
20 . N- di net hyl ani | ijne > 35.7
mngﬂi}%was dded. The brick-red @?D‘rry was hlgat ed to
reflux for 3 hours. During the process a biphasic
solution formed with a red gumat the bottom of the
[OZJn?b ask  apg, @oﬁlln%ﬂroffaeﬁlll&W—i ?ﬁ%ﬂaﬁm&@ .0 '893 aansl) dchloroform
xture was cooled to roomtenperature and the yellow
(55 L) aMdsCaddriiEN-HiegaBi@thinide (TT5%2 g 893 gumolyasTig $Tdet1|0n was stirred

once with EtQAc. The conbi ned organi c_extracts wer
in theaddrkdomil § hourst at m mmmaﬁ agdedoio GHetl2 (@PRmL) and 1N NaOH

| ut d nd
o o S sl s o
Gt ﬁ{;ogmﬂy gi\é'%%ug{%tl\gaﬁgbel ﬁlt&eé a8 Lbh Y 8 GLBE material was

used wt out urt her

/ Rbromo-68fluoro-2-
e

pyn&?lamme (386 mg, 22%). LCMS (m/z): 190.9/192.9 (MH"); 'HNMR (CDCL): &
7.59 (t, J= 8.7 Hz, 1H), 6.25 (dd, J= 8.1, 1.2 Hz, 1H), 4.58 (bs, 1H).

[0270] Synthesis of 6-fluoro-5 -(4,4,5,5-tetramethyl(1,3,2-dioxaborolan-2-yl))-2-

pyridylamine

/
o

[0271] To a dry 50-mL flask was added 5-bromo-6-fluoro-2-pyridylamine

(370 mg, 1.93 mmol), potassium acetate (569 mg, 5.8 mmol), 4.4.5,5-tetramethyl-2-
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(O C) CENNJ +CO G N _N+i N/~HCO I NN~

r---wWN C LI-10Q) a b [0352] A solution of
woreooplosd7serie (100 g; 1. 15 noles; 5.3 equival ent BOT/UR200HD1708

(450 nL) was cooled with an ice bath. A solution of

2,4,6-trichloropyrimdine (39.9 g; 217 mmoles; 1.0

equi valents) in THE (100 nL) was added over a period

of 30 minutes. A copious white precipitate forned

upon addition of 2,4,6-trichloropyrimdine and the

reaction m xture rapidly thickened. The m xture was

] owed to t o _anbi.en [
@t seRmre St PRI g kT SO FRAB RN, (528 me, 2.12 mumob
and g%}%%é pi &{wt WrEoRtwasHubbied thRue@Whe dofubien 381§ ntifutes, at which
,4,6-trichloropyrimdine | eads to conplete reaction
timd 1N1'6Rs(@iphenylphssphitid)eredcene pallddlinadDucidbadgdithlordinethane adduct
mxture was then filtered and the filter cake washed
(79 wigt b.08ddinbl)orEhe TedEtioR waslefluped in Thid 59G oHdrash g4 hours under

concentrated on_ the rotavap. Wter (60 was adde
argoandAfise reregvalt o thesyelatiles i svactrr %& O(SSQ%AI,% nae égaeg and the
The solid wer.e.d sol.at.ed N i0 ed -wi
st ERoH P LTt S LAY L A6l S soB G e her s,
te T abygy A3 bR Bt@%sc/h )
fil /% éi %‘i}&ﬁgﬁtegr i&%gﬁggrgfg}r%nai nder %rgﬁg?%%] 3?1 oxanes

" yiel@edborbhfte G51¢€l €1 Gl0igrl3 5843, ACMBI(wé): 1517 @UDT" f bofor@kacid2 deriving

and applied to 600 g of dry silica in a fritted gl ass
fromk il prothe terelysis wnd-@ i BAIRERGL): 817 B fiarle 34 e, 1H), 6.29

Et OAc and _300 ractjon e | ected. TLC
(dd.akrafyls P Iéﬁo\@?g"{o B’eh&"zg’gﬁ{s’ }#ﬂf ractions 1-7 and

4, 6- di nor phol i no- 2- chl or opynisgidiiRe i n fractions 6-10.

Fractions 1-5 were pool ed a‘l\gg&cWent rated to provide
[ozﬁzg\’\'h' te $Qlthahis ff Sbtbmed-BustopPr@durtmbes 98% a by

| c area percent). -123 WD 2007/ 084786

PCT/ US2007/ 001708 Method 28 SYNTHESI S CF

4- (1-1 SORROPYLPI PERI DI N- 4- YLOXYFANI LI NE SYNTHESI S OF

T- BUTYL 4k ( 2- VETHIEXY- 4- NI TROPHENOXYBP! PERI DI NE- 1-

QC

CARBOXYLATH OHoP(PRP8 O OH O+ OYCEONNIIO
O o0 aacetendrle ' of i yl phosphine (3.10 g,
11. %g"i‘nml"j and sz
[0273] N-Bromosuccinimide (126 mg, 0.71 mmol) was added to a solution of

4-fluoropyridin-2-amine TFA salt (162 mg, 0.72 mmol) in acetonitrile (4 mL) in an
aluminum foil-wrapped flask in a darkened hood. The reaction solution was stirred at
room temperature in darkness for 2 hours. After evaporation of the solvent, the crude
product was purified on a silica gel column eluting with EtOAc to give 5-bromo-4-
fluoropyridin-2-amine as an ivory solid (92 mg, 67%). LC/MS (m/z): 190.9/192.9 (MH"),

R, 1.02 minutes.

[0274] Synthesis of 4-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yDpyridin-2-amine
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di et hyl azodi car boxyl ate (2.06 g, 11.8 nmmol) under N2
in THE (40 nL) was added t-butyl
wd200y@88486¢/pi peri di ne-1-carboxyl ate (2.00g, 9. 9ECTI®S10)7/001708

After stirring 10 mn, 2-methoxy- 4-nitrophenol (1.00

g, 5.91 mmvol) was added. The reaction was stirred for

16 h and the solvent was evaporated under reduced
pressure to give orange oil. The crude product was
purified by colum chromatography on silica gel using

25% Et QAc/ hexane yielding t- butyl
4- ( 2- met hoxy- 4- ni t rophenoxy) pi peri di ne-1-car boxyl atge (lg
B

as a b_nge solid (\L. A0 g, 29%) . m zhae353.
(MH}) AR 3823 ni té:b_sgﬁT | b Ko O
4- ( 2- NETHDXY- 4- N ENOX PERI Dlax@neO TFA \ N/

&N Cl I / .70-H 02N Bbc 02N [ 0355] H2N

Trifluoroacetic acid (5 eq) was added to a sol ution of

tert-butyl 4-(2-

nmet hoxy- 4- ni t r ophenoxy) pi peri di ne-1-carboxyl ate (200

nmg, 0.57 mmol, 1 eq) in dichloronethane, stirring at

roomtenperature for 1 hour. The bf ¥8SomBe fluoropyridin-
[0275¢vapor alpeadﬁea%al‘?iee ?%rgr@a%ssv&sveﬁ?%u@ﬁ?*@“g% T0°W th sat

agq. Na20O8 salutionnand gyt £ 3Gtean¥hih Bt @;5-tdihemethyl-1,3,2-
2""‘m‘é‘ggani ig%ln rg'l\l%/as vwla)ghed wi th brine, dried over sodium
dioxaﬁu%cg%—g-ﬁfl@l,S,ell-am&'@él@thantlﬂfﬁlgr d.16memph)ogotessium acetate (51 mg,

- (2- met’hoxy-4-nit rophenoxy)(;()l[ peri di ne_as

X

light . ..
0.52 M@hdIPW SOkndl ( 13dichlarg[1.068% g_h@pmh?qﬁlgx}q)? _eg%w&?c}mm(ﬂ)-
fichl oot (16 mg 0,015 el wat suspended in dickhbe (974A8) under

1- ] SOPROPYL- 4- ( 2- NET - T A RERLENSEat 110 °C for
argoma@m%ss‘éf&éi%%iwés ﬁe@gﬁé% cOH MOH 02N [0356? To

a_sojut i 109 hfle@Gsqud hana$, theseadid@dmixture was
2h°‘1f-s'(én%ttﬁgié}{cﬂg,grﬁa?f%phlgﬁoxyggi %aﬂi@%i ne (148 ny, 0.59 )
cooldd B roorh @ fhperahiid)eld akis 4-dhko3e(4H5 ,éef}stramn@yl—é e‘agg-gﬁqxaborolan— i

cyanoborohydride (1.5 eq). The solution was stilred atﬁmumn
yl)pyrRi2t &njper atasr esddorin 28utisequend drearboRy Ve r gtjgrer purt ’

acetone (5 eq) and sodi um cya i .
s e e et L et “ASERE PS8 g booni
sol vent was, evapor.at.ed, thepr 8 s brought to pH
acid Sermigd by BQQREA D AP PR BA G 'S5 acted with |

um ca ate and extracted with
Et OAc. The organic |ayer wagsetheslhed w th water,
brine, dried with magnesi umsulfate and evaporated to
[027%ﬁ ford gSynthesis of 7 -amino-5-bromo-isonicotinonitrile

1-i sopropyl - 4-(2-met hoxy-4-ni trophenoxy) pi peri di ne as
ayellowoil (163 ng, 97%. LCM (mz): 295.2 (MH),
Rt 1.96 ™ nutes. SYNTHESIS OF N

4-(1-1S ROPYLPI PERI DI N- 4- YLOX

| N NBS

z onitrile
HN N acet H,N N

I- 3- METHOXYANI LINE \o
Br

[0277] n an aluminum foil-covered flask in a darkened hood, 2-amino-
isonicotinonitrile TFA salt (125 mg, 0.54 mmol) was dissolved in acetonitrile (3.5 mL).
Solid N-bromosuccinimide (89.2 mg, 0.501 mmol) was added to the stirred solution in

one portion at RT. The reaction solution was stirred at room temperature in darkness for
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H2, Pd(OH)2/C. / N 02N Ny McOH H2N [ 0357]
1-isopropyl -4-(2-met hoxy-4-nitrophenoxy) pi peridi ne
W@ 2@7/08a386 0.57 mmol ) was di ssol ved i n met hanoPCT/RS2001/)01708
and pl aced under a nitrogen atnosphere. A catalytic
amount of 20% pal | adi um hydr oxi de on carbon was added
and a hydrogen ball oon was connected to the reaction
flask. The flask was flushed five times with hydrogen
and stirred at room tenperature under hydrogen
at nosphere for 16 hours. The reaction m xture ﬁ;; \fied by
filter tsd1veRt hBo efudeihetefial was frthwapuriiie
90mlr§\5%spof’\%t%r%o \égém?fetg{lgcsgd pressure. Acetonitri I e (3 49%).
) HBSmAadeRHhYOtot River Raintne;5-swind-isanicoRnaIGrile (23 Beg *~7°
silica ?e C ?’
canted away fromwhite film The acetonitrile |ayer
LCMM&/@anDBE(I\M)uRdZ-}PZ npiedgged pressure yiel ding
4-(1-isopropyl pi peridin-4-yloxy)aniline as a brown oil
(131 ng, 87%. LM (mz): 265.2 (MH), Rt 0.33

(0278} gngﬁ(ﬁﬁﬁ*&h}%@é&%%%/ DR4/56- BELIISRRBHAARAMO8 Vet hod

4- (1-1 SOPROPYLPI PERI DI N- 4- YLOXY) - 3- METHOXYANI LI NE;
SYNTHESI § OF TERT- BUTYL

4- ( 2- METHOXY- 4- NI TROPHENOXY) Pl PERI DI NE- 1 CARBOXYLA'I"

\O HO F(Rh)s O pH t /THEd Ny, KBAN O f B
[ 0358] x#ure jundgrpN2 tri hlnel
(3.10g,ll 11,825 mo d -ethyl azdﬂ@’é%ﬂ%oxyl at e

(2. .825 rnmol’) in THE (40 nL) was added H2N

tert- butyl 4- hydroxypi peri di ne-1-car boxyl ate (2. OOg,

9.937 mml ). After stirring 10 mn, 2-nethoxy-

4-nitrophenol (1.00 g, 5.912 mmol) was added. The

reaction stirred 16 h and evaporated under reduced

ressur Lve an b ture T2 Srhitldes P odsondastinonitrile

[0275§ur| fie B;g %SIP ssm%%%?ﬁ?“t’gﬁgr aphy on silica gel using
25 158, (A3 o zarlﬁnl}S'Seﬂeﬁ‘bﬁgﬂiywt(Mi}ﬁte"*m@@hﬂbﬂW‘O"ab"mla“'z"
(25 it 15phenoy) pi per i di ne- 1- car boxyl ate as a bei 4t 2 (49 m
1508 dbrlabotfane 8238 &g,g/cz/gsx mngl)  BE3. PoERKY,  RPCIgLep3 (Y mes

m nut es
0.50MEEHIEN Yo eke NLTROBHENCHWX IR PILRE Afferpurgips digmipture with argon

for 1 %min, dichloro[1,1"bis(diphenylphosphino)ferrocene]  palladium(lh)

dichloromethane adduct (16 mg, 0.019 mmol) was added in one portion. The reaction
vessel was sealed and heated at 120 °C with stirring for 2 hours. The crude reaction
solution was cooled to room temperature and used without further purification assuming a
quantitative yield of the boronic ester (0.126 mmol). LC/MS (m/z): 164.0 (MH" of the

boronic acid formed by product hydrolysis on LC), R; 0.37 minutes.

Method 12
[0280] Synthesis of 3-ﬂuoro—5-(4,4,5,5—tetramethyl-1,3,2-dioxaborolan-2-
yDpyridin-2-amine
[0281] Synthesis of N-allyl-3-fluoropyridin-2-amine
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02N Boc CH GaN [0359] Trifluoroacetic acid (5 eq) was
added to a solution of tert-butyl 4-(2-
woreaohos4786l- ni t r ophenoxy) pi peri di ne-| - car boxyl aP€T/{2307/001708
ng, 0.5676 nmol, 1 eq) in dichloronethane, stirring
at roomtenperature for 1 hour. The solvent was then
evaporated, the residue brought to pH = 10 with sat.
aq. Na2CO3 solution and extracted wth EtOAc. The
organi c | ayer was washed with brine, dried over sodium
sulfate and evaporated to afford the product e
4- Fhoxy- 4-ni t rophep &, Repi, dbowuas a | i
yeillag sol Ta=¢T3MH3 ngﬁMkB—(—nd—zﬁ 25 =
Rt cimnutes. -126 W,R2@Qa7/ 084786 PCT/ USZOO??'OOfVOS
SYNTHESI S OF
1- | SOPROPYL- 4- ( 2- METHOXY- 4- NI TROPHENOXY) PI | ' ERI DI NE
NaCNBH3, acetone N 02N O T 1 NH ACOH, McOH 02N { Iv 1
[0280P360] T a.prefiritel oYigh-ybNBtvacehplex axfi Bd(dppHELh &ABICL: (41 mg,
was added 4-(2-net hoxy-4- nitrophenoxy) piperidine %148
0.05 oD, BApfT@A mgl Odd)mmabhyrst DOt dnelohe, 1§ regp)) g GHE (20 mL)
sodi um cyanoborohydride (1,5 eq)., . The solutjo S.
was opddedo - BRloFoArANAREIGRG U158 S MmolReand | Ay iRgings 1 2 mL.

conpl et e. arged addi i ([ d
R e e e

and 264&1% THE rSRk¥ARasVRatRQVARBLA & forl T&héws) die coolalighttion was
to pH = 10 with sodium carbonate and extracted with

filtefdQhoughne pligati Celitayad thagedwashedshad withaE&Ac (30 mL). The

brine, dried with nagnesium sul fate and evapor_aﬁed tor .
solveritf wasl removed under reduced pressure to give a brown thick oil. he crude

1-isopropyl -4- (2 et hqxy-4-njtropheno I-perh di
prodalcs, &as prHigd P§ éghq?g’gqu(}}%»mato%p %]Hﬁl)z{% ngbé/(gl\l%mii? EtOAc.

Rt _1.96 m nut ith EtOAc (100 mL) and extracted with
Thez?-r?%‘%ﬁ%§6§%&9§§f@§§ﬁ%§ﬁ%%§<ﬁq LB SIAR? T e

=1 xS0 NFEH EMs[R2fd broduct was lyophilized to a light brown solid

1M???ls,gg?opyl i\I4- ( S-a%et hgxy- 4- %i t rophenoxy) pi peri di ne .
givibd 6¥-alg]-3-Mudrdpymiding2-wamedas sol V8 Fait 0.6, 85%). LC/MS (m/z):

nmet hanol and pl aced under a nitrogen atnosphere. A

Y

153daMai ReOanmimesof 20% pal | adi um hydr oxi de on car bon

was added and a hydrogen balloon was connected to the
reaction flask. The flask was flushed five tines with

dr ogen I FRE HLERer at ure under
[02 drogensg!pﬁgééﬁgggﬂ*ogém&g Eours. The

F
F
| = + BF3.EL,O 10% Pd/C | oS
PN N” “NH
N Id ethanol 2
[0284] In one portion, 10% Pd/C (1.23 g) was added to a solution of N-allyl-3-

fluoropyridin-2-amine (1.62 g, 7.18 mmol) and BF3*Et;0 (900 uL, 7.18 mmol) in EtOH
(20 mL) at RT under nitrogen. After stirring at 80 °C for 2 days, the reaction mixture was
filtered through a plug of Celite and the pad was washed with EtOH (20 mL). 6 N HC1
was added to the light yellow filtrate until the solution was acidic. The HCI salt of 3-
fluoropyridin-2-amine is much less volatile than the free base. The filtrate was

concentrated under reduced pressure. The salt residue was dried in vacuo to give 3-
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reaction mxture was filtered and washed wth
nmet hanol . The filtrate was evaporated under reduced
w@r@3nsu7e6 Acetonitrile (10 nL) was added to tPET/US2007/001708

residue, swirled for 10 mn, and decanted away from

white film The acetonitrile |ayer was evaporated

under -127 WD 2007/ 084786 PCT/ US2007/001708 reduced

pressure yielding

4- (1-isopropyl pi peridin-4-yloxy)aniline as a brown oil

(131 ng, 87%. LCOMs (mz): 265.2 (MH), RL 0.33

m nut es. Met hod,. H 1d (1.66 g, quant. yield). LC/MS (m/z):
MluoroR PR 5 LEBHEE | NOBUREA o Ny g Vi) BEMS

P L meteBM NE ¢l s NaHHNN | C NN- 2N S
113-"&:’&%@@1&@“{‘@ 00 [03621 To a solution of the

4- phenyl t hi azol -2-amne (374 ng, 2.1 mmol) in 10 nL

of N, N-di net hyl acet am de was added sodi.um h dlé’ir#e 8%9(4455-
[02857y, 2. Symtidsis @f PdoemotkHBORYIFR2AMA Re i Xture. =~ ”

was stirred at that_ t erature.for 10 m nutes, the
tetrangiste i b 2gdorabasolag;2- S%PBT "NEY added-to the
reaction mxture. After being stirred at room
tenperature for 1 hour, additional sodium hydride (5
my, 2.1 nmmol) was added to the reaction m xture. T@L

N

R
m xture was stifred for 1 d chigpitdedatopibpian 5 il N\g-B T
offag aWhT&‘m;cﬁm The gesul ti ngg@pEYr € was U
he

extR Wit hyl acetate (" xNo nml). T

combi ned orgaﬂic | ayers were washed with water (10
m.), brine (10 nL), then dried over MgSOH, filtered,
and evapor at ed under reduced pressure to give crude
product, which was purified by silica gel columm

eluted with ethyl acetate and hexane to give N e
[0286B- chl 0Bol@NBS (H¥) meofhy @WPBiWﬁS&dgﬁsl g2 gﬁlgﬁyppﬁ 3-flugropyridin

2—am(2iq-1q~]a§{,‘3 g%ﬂt Eggﬁl\/% é q{fz‘)ﬁff@gﬂﬁag&g{qaﬁf?nﬁlh; %/tgk%éwlﬁrl s§m4% The reaction
was 3\2:;%%8 P%clgrlfl ;ﬁgg'llt %ﬂgn%ﬂr)edzlérgﬁ@%ﬂg& egl;) S%Ec%g‘é @4, Andadditional amount of
NBSP&H) %OIOZ H}Q&ﬁ QBis ddded & the reaction. After 1 h, the solvent was removed
under reduced pressure and the residue purified by silica gel flash chromatography
eluting with 70% EtOAc/hexane followed by 100% EtOAc to afford 5-bromo-3-
fluoropyridin-2-amine as a yellow-brown solid (1.26 g, 92% yield). LC/MS (m/z):
191.0/193.0 (MH"), R, 1.18 minutes.

[0287] The bromide was converted to the pinacolborane ester under cénditions
described in Method 1. LC/MS (m/z): 157.0 (MH"), R, 0.36 minutes.

Method 13
[0288] Synthesis of 4-fluoro-5-(4,4,5,5-tetramethyl-1,3 ,2-dioxaborolan-2-

yl)pyridin-2-amine

[0289] Synthesis of N-allyl-4-fluoropyridin-2-amine

~106-

NF



N CI NN NO HZN N [0363]

4, 6-Di chl or o- 2- nor phol i nopyri m di ne (prepared as in
wo/rdoss782; 3.0 g, 12.9 mmol) and PCT/US2007/001708

5-(4,4,5,5-tetranet hyl -1, 3, 2-di oxaborol an-2-yl )pyrimd

in-2-amne (3.43 g, 15.5 mmol) were dissolved in DVE

(130 nmL). Aqueous Na2C®B (2 M 32 nL, 64 muol) was

then added and the reaction m xture was sparged with

N2 for several mnutes. Pd(OAc)2 (145 ng, 0.65 nmol)

and PPh3 (339 ng, 129 mmol) were then added and the

read:tlon m xture was heated at 95 Cfor 1 h. The

re mxtur P ERREF 12 BPREHOPE r oom~x
e;rature %‘;\soﬁ ut

n_wa cant ed avvay fe ot he
sol cesi due and concg‘fﬁ‘fer“r’?\?'ég{.e The solid thué"fot‘,/\of/
was separated fromthe water. phase. The water
extracted with Et OAc and this organic | ayer was
conmbined with the precipitate. Renoval of the sol vent
(0296 VaCUQ*ogél)Zéﬁ‘efW ted-Brosindesimplek T R dppHCLUBAT eolg, 1.0 mmol),
w th about 20 nL of EtQAc, filtered and evaporated
dppfUN B8 g,red nmeel) pné MeadBut @-Y2vE0 tineol) detilvend @pcmld}:pvas added 2-
Addi tional product vvas obt aj ned b concent r.at he 0. Th
chlorgpé-fBrorenyaigéne é?rélﬁ ZpuAQ Mgty amﬁe ¥eming (d<nm Stn‘g}‘m) ©
trlturatlonvvl twWo Ccro
mixtyp Wps SpRysed @’8 E%%% and g?en%reaseug? rvg% pr gguc?ﬁgaL%psealed The
Lt Haufut [88fed] dark brown reaction was
react&gr% é)a(s %%dn%pﬂ%di-lm’zﬁ%?fo?%ﬁ) - 2- m)?%ﬁolgl nopyri m di n-4-y
ﬁltellehqaék Rphug 8fiCeEtdNahd \the Iphd Gas whished With B¥My (60 mL). The
\ N'N~"Ov0O H2N N H2N N -129 WD 2007/ 084786
solinﬁTWhiSQﬁﬂW 1BO0768 unfle3egcbpEsse to Biveapbroyas thigk oil which can
carbonate, THE (0.8 nL) were m xed

subl{rae GHFIGR BEGURbr F‘h‘éﬁy‘F‘PﬁWfdﬁ e syt Mty b A B f1ggnL) and
i d l roduct was
ool ST G B £ B o

! firdt esteNaDOE QBOGALY. at ERk 1 re
partlJt 8‘68; bet‘guce %%tgsgumpgﬂ EECE} l\é/lIS (mz): %?84 (yl\/|—|+) ayers e

separated and the aqueous layer was extracted again with EtOAc (100 mL). The

combined organic layers are washed with brine (100 mL), dried over sodium sulfate,
filtered and concentrated under reduced pressure to give a brown solid N-allyl-4-

fluoropyridin-2-amine (690 mg, 25%). LC/MS (m/z): 153.0 (MH"), R 1.13 minutes.

[0291] Synthesis of N-allyl-4-fluoropyridin-2-amine
F F
NS o RN
N ﬁ/\/ ethanol N7 NH,
[0292] In one portion, 10% Pd/C (552 mg) was added to a solution of N-allyl-4-

fluoropyridin-2-amine (690 mg, 3.07 mmol) and BF3+Et;O (0.386 mL, 3.07 mmol) in abs.
EtOH (12 mL) at RT under nitrogen. After stirring at 80 °C for 24 h, reaction mixture

was filtered through a plug of Celite and the pad was washed with MeOH (100 mL).
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Exanple 2 Preparation of N (6 (6
am nopyri di n-3-yl)-2-nornhol i nopyri mdin-4-yl)auinolin
W0 28asi7ee [ 0366] PCT/US2007/001708
5- (6-Chl oro- 2- nor phol i n-4-yl -pyrimdin-4-yl)pyridin-2-
ylamne G C BN HZNNNN C NN N 00
Pd(dppf)Cl2, H2N N Na2C03, THE [0367] THE (130 ni)
and ag. Na2C33 (2M 40 niL, 80 mml) were added to a
gl ass pressure vessel containing
4, 6-di chl or o- 2- nor phol i nopyri m di ne (prepared as in

6 N HEY L8 Sles fips o i )g%rléerg'r%e 88 the solurion was acidic. The HC salt

of 4-¥1|u2>f%|5)n‘?ﬁr(‘-2?ahﬁﬁé RE nhfn/1e8s valatde A the FBE Vags Ul THen@ltrate was
i Xt ure

was stirred and sparged wth argon for 1-2 _
concititb L andeki8dat ptassiire and dried in vacuo. The crude product was purified
di chl oro[ 1, 1' - bi s(di phenyl phosphi no) f err ocene]
by pplakailieuHiPIIA Yo divhHoferrepyradia-Zairg af 2 Doyl ppvgler TFA salt

mol ), was then added in portian. After sealin
(162 gy 23%ak thOMY Fu&8| ;1:«}.%1\&2’3&1 @ﬁb\%@“ﬁﬁat od at 85 C

for 1 hour with stirring. Upon cooling to RT, the THE

was renoved under reduced pressure to | eave a Vviscous
(0205 due:SaﬁhQ@i@ 66 5008kmo- 217tk 0p6 i dif Harfilnk wRd e4-aidasiS-(4,4,5,5-

er vigorously stirring for 1-2 mnutes, the solids

tetraMiRfif111 3 beti@dbofdianpd )pysidoa2vintine Et OAc (100 nL). The

organi c | ayer was separated and the aqueous | ayer was

extrracted with EtOAc -130 WO 200%/ 084786 _ % |

P 2007/,003.7 (100 ni). nbi PRENZsPFgR{beon o~ ﬁ
| ayler d_were washed W TRemdialr at soPdtprdfil2 (1 x N7
50 rf) ,Ndried Wth Na2SO4, filter¥d YR8 evapor at ed

under reduced pressure. The crude material was

further purified by silica gel chronmatography to give

5- (6-chl oro- 2- ' . e
[029br phol i FRILPS §78 M@ Bi43-mmpt) s pddpd e 2.5puian el 3 fuopgpyridin
2—an?1’6§§-§§,@ s'altL(C[‘/ 65/§ng(, r6")%2) mrra)?)zinlACNVw mL@tat ROl JhiSS - The reaction

1 @éflaﬁfb' ROr A ahdsBrrdd Yindier2niteBh O lA feer 4- 3 h; @y additidhal-adnount of

wms%@r{_ 6-net1%¥y- pyridin-3-yl)-amne ol-1 N O-1 1 HN
NBS (15 mg, 0.084 mmol) was added to the reaction. Checking the reaction again after
1.5 h, an additional amount of NBS (15 mg, 0.084 mmol) was added to the reaction until
the starting material had been consumed by LCMS. After 1 h, the solvent was removed
under reduced pressure and the residue purified by silica flash chromatography eluting
with 50% ethyl acetate/hexane to afford 5-bromo-4-fluoropyridin-2-amine as a ivory
solid (92 mg, 68%). LC/MS (m/z): 190.9/192.9 (MHM), R, 1.02 minutes.

[0295] The bromide was converted to the pinacolborane under conditions

described in Method 1. LC/MS (m/z): 157.0 (MH™), R; 0.34 minutes.

Method 14
[0296] Synthesis of 2-(5-nitropyridin-2-yloxy)-N,N-dimethylethanamine
| NGl N l\ll NaH l N O\/\T/
HO "~  "TuF _
OzN Z RT O2N
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Cl HZN N Ni Ilk NN~ Pd(QAc)2 BINAP N | Cs2C3, THE
O O HN NH2N N [0369] In a glass pressure vessel,
WEA(Deey78 (2. 0 ng, 0.0082 mol ), BINAP (6.4 neCT/OSBADM1708

mol ), cesium carbonate (20.0 ng, 0.0615 mol) and THE

(0.8 mL) were mxed and stirred at room tenperature

for 1-3 mnutes. To the resulting mxture was added

5- (6-chl oro- 2- nor phol i n-4-yl -pyrimdin-4-yl)-pyridin-2

-ylamine (12.0 ng, 0.041 mol) foll owed by

6- nethoxypyridin-S-yIanine (10.2 ng, 0.082 mml ). The

[02978' ass AT iR &%&QOPQQdﬁﬁéthﬂrﬁﬂnﬁé)e%nﬁ (339 mg,

'eacti on m xture ltered and

3.80 ﬁl%%?ﬁltl s SJME I 4se80iea o a6 swg(a-.lmmms@m)dum wads mL, 1M
purified by preparative reverse phase HPLC to give
solutic®rit 6FIEF] /195 mmoblli Thedmixtyrevasotipted| at moamytmperature for 15 min. 2-
pyrlmd|n4yl] ( 6- met hoxy yr|d|n3 ).- a
ChlorngS—xﬁﬁ%ynd_mt KEOQ mizz $: 1633@05 wz(l déE ’Jép? fmrg%gapped and
e 3 Preparatjqn
suquc %@%wmgmg 9p| a?@? ég‘ {/%5) nim%es?)ho}‘hengl_lxmre was diluted

with R FU%#@%EE@%B%%? ﬂ{ﬂ)n eThe 1%b me?& Qetd 84pa3fed, and the

~aque§ﬁ§ q EJ(&'&&&I RWEI Bofe Jiniés WAtHTEIOAQ). | NTHe Wrgmic i exitiicts were
-pyridin-2- ylamne N C ,B. O~D,, F \NF N
comlNNerd NNasheﬂ'lMH-ﬁNeNaix(DBﬁﬂé clﬁada:vsomﬂmmrﬁudﬁate and evaporated to give

5(6 chIoroZm)rpholln rimdin- '
the orhiderinmaserigrasprona @id. |anqg@a“?,q1 gyzco mzc )%y“ gll g 2!);11163 gel

wing " et e, gL TR b mpongidie o Nt
dlme(tgyl%&gi{ fa‘gl?%t \kgggﬁ%og?c%%tj%"ly ution of Na2CO3

[0298] Sodium hydride and oil bath heating. To a mixture of sodium hydnde

(189 mg, 4.73 mmol) in anhydrous tetrahydrofuran (2 mL) at 0 °C a solution of 2-chloro-
5-nitropyridine (500 mg, 3.16 mmol) and 2-(dimethylamino)ethanol (353 mg, 3.96 mmol)
in anhydrous tetrahydrofuran (4 mL) was added dropwise. The reaction was warmed to
room temperature and stirred for 16 h. The THF was evaporated, and water (100 mL)
and EtOAc (200 mL) were added. The aqueous layer was extracted with EtOAc
(200 mL),-and the organic layers combined, washed with brine, dried over sodium sulfate
and concentrated to give a brown oil. Purification column chromatography on silica gel
using 5% methanol/methylene chloride yielded 2-(5;nitropyridin-Z-yloxy)-N,N-
dimethylethanamine as a light yellow solid (23 3 =mg, 35%). LC/MS (m/z):
212.2 (MH"), R, 1.28 minutes.

[0299] Synthesis of 6-(2-(dimethylamino)ethoxy)pyridin-3-amine
LN;\FO\/\T/ Hy, Pd/C | Ny 0\/\1?/
MeOH
ON" ~F HNT
[0300] 2—(5—Nitropyridin-Z-yloxy)—N,N-dimethylethanamine (295 mg,

1.40 mmol) was dissolved in 5 mL of methanol and placed under a nitrogen atmosphere.
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bi s(di phenyl phosphi no)

ferrocene] pal l adi un(11)-di chl oronet hane (71 ng, 0.087
wonwips478dThe mi xture was heated in a m crowaveP€¢DUSRO7/001708

mn at 120 C. The aqueous phase was separated from

DME, and extracted with Et OAc. The conbi ned organic

phases were washed with brine, dried, filtered, and

concentrated to give crude desired product which was
carried on to the next step w thout further

purification. LCYWS (nmz): 353.3 NIT), 1.84 mnutes.

t of 10% palladium on carbon was added and a hydrogen balloon was
Acat%{%%g%lgu?ﬁo Am no- pyri di n-3-yl) - 2-norphol i n- 4-yl

t Cg dro en and
connegﬂeﬂ -6~k reactioni Nask2- Thy flaskstwiam 8ushado A% ’él’éesl\P"Nlh ydrog

N=OF N H NNNN N\ --) N .13

stlrreclg@([)gdd(hg 4?’18@61@@?# us@go hydreern 8atn1°915%f @?gqg o8t %8%138 id was
u

e S o R A

yieldigggs E;jgﬁ onam ??%%%Tn-g—aﬁumwa ibPoWYRbil §250ng, 99%).

The sol uti on was

gﬁl—ﬁ?fl@m%hﬁhﬁt@s The reaction m xture was
edtor ‘enperature, filtered and purified by
reverse phase preparatory BpetioddSgive the title
conpound. LC/Ms (mz): 428.3 (M#), Rt 1.80 m nutes.
Exanpl e 4 Preparation of N (6 (6 am no

(030441 ) gu richesss S AL Aot b IRRE) St opyfdine

N-(6-b -rmrBR n pynmmhm-T#LFyI)qum |ﬁ3
N N HZN ( N r_N\-Br 2 HAN= Br
a@dﬂutlon of 2,4, trlbrom)pyrlmdlne .40 g, 172
in acetonltrlle 0 d ) anhvdrous
[030Em noI i o382 FmPriEre of) §o 8&«‘5’8 %&rﬁ’%&l E gg 4nl3 mmo) m 7

con | o ! 45 Sne (500 ,
T

3.16 mmol) and 1-methylpiperidin-4-0l (455 mg, 3.96 mmol) in anhydrous
tetrahydrofuran (4 mL) was added dropwise. The reaction was heated reflux for 16 h.
The THF was evaporated and water (100 mL) and EtOAc (200 mL) were added. The
aqueous layer was extracted with EtOAc (200 mL). The organic layers were combined,
washed with brine, dried over sodium sulfate and concentrated to give a brown oil.
Purification by silica gel column chromatography using 3% methanol/methylene chloride
yielded 2-(1 -methylpiperidin—4-yloxy)—S—nitropyridine as a yellow solid, (367 mg, 49%).
LC/MS (m/z): 238.0 (MH"), R, 1.59 minutes.

[0303] Synthe51s of 6-(1-methylpiperidin-4 -yloxy)pynd1n—3 -amine
0. w0
ON" ~F N MeOH
[0304] 2-(1-Methylpiperidin—4-yloxy)-5—nitropyridine (100 mg, 0.42 mmol) was

dissolved in 5 mL of methanol and placed under a nitrogen atmosphere. A catalytic
amount of 10% palladium on carbon was added and a hydrogen balloon connected to the

reaction flask. The flask was flushed five times with hydrogen and stirred at room
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17.2 mmol ) was then added, and the reaction m xture
continued heating for 4 h. The reaction m xture was
w0 b@/o886 ed to room tenperature, concentr at edPEnusS2007/001708
di ssolved in EtOAc (about 500 nlL), the organic
solution was washed wi th saturated NaHCO3 (3x), H20O
(2x), brine (Ix) and dried over Na2SO4. The sol ution
was then evaporated in the presence of silica gel and
purified by colum chromatography (Si 02, 15-25%
Et OAc/ Hexanes) to yield
N- (6- br gno- 2~ nor.phal i I MgjNzdiid/ WRUEnRelddNand avashed with
temperatuf g jder W‘%’?’%"'@s %32?%62 -1%35(4\/1&5}/5(})%7/ 084786
meth %}/6 U(S’g 0 71%1@1%’367 Ofas [%ﬁé}ated under reduced pressure to yield 6-(1-

am no-4-fl uoropyridin-3-yl)-2-noxphol i nopyri m )

methﬁ}?%;eﬂiﬁir}lh)yﬂbﬂy)pﬁﬁdin&ammaeasl\a browmsolid (3§ Mg, 9%%&3&}01\45 (m/z):
H2N N [0377] To a solution of

208 . 2NTHL Re 034(mingtes; 5-t et r anet hyl - 1, 3, 2- di oxabor ol an- 2-

yl)pyridin-2-am ne (prepared as shown in Method 10) in
di oxane (1.7 nmL, 0.13 nmol),

N- (6- br ono- 2- nor phol i nopyr iWiefiga-#% Y! ) qui nol i n- 3-am ne
(20 nmg, 0.052 mmol), -

[030!;]'( chl or gl lindsis bf &kAbpieaybphesphidioRt dox pipépreidied-I wdihexylate
I'l)-dichl oronet hane adduct (11 ng, 0.013 nmol) and
2 M aqueous sodi um carbonate solution (0.6 nm., 1.2

nmol ) JBec qgﬁ ar gon sure vessel was
seal ed and t SN 1 Xt U@iﬁ\(ﬁ}&g&d in a

i e reac @t 120 Pfor 15 mi nute§? The crude
product was itioned between Et OAc (30 nlL) and

sat urated sodi um bi carbonat e (10 nmL). The organic
| ayer was separated, dried over sodium sulfate,

filtered and concentrated under . reduced.pressuyre.. Th .
[0306] oduct Teas seliticdr e W‘b@%f‘%@?‘é’?@’%&é‘%ﬁfﬁ?ﬁ\%yﬁ&@ eq) in

to give . o ) . e o
DMR} (%Y 629N R A2 HBr olb‘ﬁ"li?’aﬁeﬁ‘-yés-ﬂﬁh}@lffa rmgp% ovi n})l\p/nlyr i R

i n-4-ylJ gy nal{n-3-anl tlf&l)rh(}%’mg@m fo14 0finutes, and 2-

tetm%é’%o.%"%@‘ fr%)iz‘{h:o 4%%% gﬁ?él\/él-f) . Rt 2.31 mnutes. _
chlo?&@ﬁﬁ{r@pﬁ-itﬁﬁ@ R388q)0Wadf addledni MheSrdadtion mixture was submitted to

nor phol in-4-yl-6-(qui nolin-3-yl am no)-pyri m di n-4-
miciwaveSaaiiation fon560 séands 2844HPC2 0B Aganggvater were added to the

PCT/ US2007/ 001708 N N N HN HN 11 . . .
reaction and the layers separated. The organicwayer was washed with water, brine, dried

over sodium sulfate and evaporated to give brown crude material. Purification by silica
gel column chromatography using 10% EtOAc/hexane afforded the product as a light
yellow solid. LC/MS (m/z): 324.3 (MH"Y), R; 3.33 minutes

[0307] Synthesis of 5-nitro-2-(piperidin-4-yloxy)pyridine
N O TFA l Na e ©
| @ CH,Cl! - NH
OZN/\/\;\/ N‘Boc 2Ll2 O,N

[0308] Trifluoroacetic acid (5 eq) was added to a solution of tert-butyl 4-(5-

nitropyridin-2-yloxy)piperidine-1-carboxylate (1 eq) in dichloromethane, stirring at room
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~N' Pd(dppfl C12, Na2CO83 N B- + 1 10. NI Br N N--|

di oxane ~* O LO H2ZN N H2ZN N [0378] To the crude
WQ2@moss®- (4, 4,5, 5-tetranet hyl -1, 3, 2- di oxabor BCEOSB07/001708

yl) pyri di ne-4-carbonitrile (prepared as in Method 11)

(25 mg, 0.13 mmol) solution in dioxane (1.8 nmL) in a
pressure vessel, was added

( 6- br ono- 2- nor phol i n-4-yl - pyri m di n-
4-yl)-quinolin-3-yl-amne (19.4 ng, 0.05 nmol) and agq.
Na2CC83 (2 M 0.6 nm., 1.2 nmol). After purging the
reaction, m xtupe W ' [ =sidue brought to pH = 10
temp Bt B DR bR Tl f ST aeb G Al el ho i orouene P
with ZAC Q%.%Qz@ﬁ3%ﬂﬁicﬁldeﬂﬁﬁéxtfab&d3wﬁﬁ EtOA IThsotganitale yadisasiwashed
I'n one portion. The pressure vessel was sealed and the
with Briflelldied Wsr Rediuad sulfate anidcepardedito BHOIEC the prafygt as a light
seconds. The crude m xture was filtered and

yellogoaystellinatsetd u BEAMSy @tak: i 4pt EMELD R« HOAMIRYES pr oduct
was purified by reverse phase preparative HPLC to

gi ve .
-am noS- L 2-. . 0= 4o w1 6 Gauh NAhtWN-3r k-

10308] 7t qrqeesiFRE PRk e bR o St LY

LOMS (mMz): 425.0 (MW, R 2.03 mnutes. Exanple 6

PreparaW&\orb\olf;l%B nmet hyl N, O

2- nor pfolY noJl Vi -(t&&%@d&%pyr@l\)@ '

bi pyzni/ﬁi«;/ne- L di BR. MoHO N G~ T NJ,5 N N

' O 5 WO

| NH2ZNNC NN) HC N R~ NNNNIVp HZNN O -1
2007/ 084786 PCT/ US2007/ 001708 [0379]

N- Met hyl t et rahydr o- 2H pyr an- 4- am ne [ 0380]

[031-5$t r ahy G P-,2E510HER N4 169 A8eti® Aol in Gndthansll Jvasesided S-nitro-2-
added to a solution of formal dehyde (37% solution in

(pip¥adir4-yx9fpiridine (1 &®) mdl Jnhadcbwac a¢etenea €§ ¢q)- ( 0The zolution was
m.) in ACN (0.8 nL). After stirring for 5rrin(glt S, no .
stirrédh 4GNpBHBMPE Crtwng, for 1 hosr- ke Jeaghsn FuyEe Mas 67 eﬁ & 0i"Gypn an ice
at RT. After 1 hour,.excess Cs2 s . th
batty eGP EROITRERGT RD VAT COPote: I o Pl e was then
wangeg l&) er<s)bmt trérenprerea SE gyﬁ‘f’ecf k1 #56¢s! Orhe solvent was evaporated, the
| residue brought to pH =10 with sodium carbonate and extracted with EtOAc. The
organic layer was washed with water, brine, dried over sodium sulfate, and evaporated to
give the crude material. Purification by silica gel column chromatography using 2%

methanol/dichloromethane afforded the product as a yellow solid. LC/MS (mfz): 266.3
(MH), R, 1.85 minutes.

[0311] Synthesis of 6-(1 -isopropylpiperidin-4-yloxy)pyridin-3-amine
N. O N\ O
A \Q H2, PdIC U U“
0N~ \r MeOH HoN \(
[0312] 2-(1-Isopropylpiperidin-4-yloxy)-5-nitropyridine (1 eq) was dissolved in

methanol and laced under a nitrogen atmosphere. A catalytic amount of 10% palladium
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remove solids and the sol vent evaporated under reduced
pressure. The crude product, N
wOoredops476¢ r ahydr o- 2H pyr an- 4- am ne, was used fPRPCT/UR®07/001708
foll owi ng di spl acenment without fizrther purification.
LOMS (mMz): 116.1 (MH), Rt 0.34 minutes. [0381]
6- chl or o- N- net hyl - 2- nor phol i no- N- (t et rahydr o- 2H pyr an-
4-yl)pyrimdin- 4-am ne [0382] The crude
N-net hyl t et r ahydr o- 2H pyran-4-amne (104 ng, -0.9
nmmol) was dissolved in NWP (0.8 nL). To the sol ution,
argszgﬁg 21368 a8 y;lydwge&{myuboﬁrmnﬂcc(téd fo the reaction flask. The flask
on ¢ oropyrlmdln 2-yl) norpholine (prepared as in d
was fllYeldaosv e Bineb JGitHTHydr0 g amdrstijredvet eoonad@éwfa‘t‘“ff &frﬂ hours under

t enper at ur e. The reacti on m xture_was d t.,o
hydrogéit fmopherien (Thesolid was filteerdrangrvashet! a’flg‘ aE%‘oﬂg‘c? fﬁ‘r‘“e was

roomtenperature, filter A er m/z

evapopil’ﬁ% angerersdpesd P@Sﬂpﬁ@l Sléllgggﬁ dp %(iuct agdﬁgg%w ?H u]?g[MS (i)
h,la }:'1 net h - 2- nor phol i no-

2363W t HQT%II%HIE pyran-4-yl ) pyrim di n-4-ami ne. LC/ MS

(mz): 313.2 (M{}), R 2. 6Methddlives. [0383]

1V6 met hyl - 2- mor phol i no-1 V6- (ttrahydro-2H-pyran-4-yl) -
[0313? biyRithdsie off TimeRtiylthiclBanitroguipo@8] To an argon

I ushed m xt ure of
5-(4,4,5,5-tetranet h# -1, 3 2- di oxabor ol an-
2-yl)pyrimdin-2-am

Fg°~N0. 19 mmol ) ,
6- chl or ¢r N- et hyl - 2- rmro-N- -136 0 4786
PCT/ US2607,801 R m
(tetr hWran4yl)pyrlmdln& ny,
0.8 I n THE (0.8 nl) and ag. Na2Cx3 (2M 0. 27

) pressure vessel, was added dichloro[1,1'-
bi s(di phenyl phosphi no)ferrocene] palladium (I1)
di chl or omet hane adduct (8 nmg, 0.0095 ninol) in one

B il
enal Z%gg) ffie]ala% Ly 4. ﬁdtsﬁftgf*’ﬁﬁlem}jl&%;ﬁﬁnyﬁﬁﬁﬁem R @1; @8.3 mmol)

pressure and purifi'ed by reverse phase
in ac@ﬁg ﬁalda(tzzl‘j\fﬁLﬁalagaB@ecglh‘t’(ﬁ)hbH@l (0.2 g, 1.9 mmol). After belng reﬂuxed for
mor phol i no- N6- (t et rahydr o- 2H-pyr an-4-vy % 4 und
18 h; ﬂh'e R d dsecodledGoddan temperatige pgd tlgg%etlc@@q\)ga mr%gve under

redug;dzpfeéélrMég)WWrﬁ{Png ok lore%Xso% Et(;A r(ﬁp 1%"L§ltvl'£nadded with

yl)-2-rnomhol i nopyr i trate. The product crystallized
stirripgt FANEALORIZASP i Rp%l g?éreen s dl%{ﬂ\dla\l dagy filtrate, e PF i

from the EtOAc solution upon standing. Filtration and rinsing with cold EtOAc gave

330 mg crystalline product. The yellow/green solid was washed with 3x250 mL portions
of dichloromethane. The dichloromethane washes were concentrated to give an

additional 150 mg of product (23%). LC/MS (m/z): 221.1 (MH"), R; 2.54 minutes.

[0315] Synthesis of 7-(methylsulfonyl)—3—nitroquinoline
o P
ON"~F 0N~ ~F



N~ NN NNN1T HZNN Lo HZNN O [0385] The desired
conpound was prepared as described in Exanple 2:
w@ea(dns)78¢ Bl NAP, cesium carbonate, THE (0.8 nRQT/NE2087/001708
m xed with 5-(6-chl oro-2-
nmor phol i nopyrim di n-4-yl)pyrimdin-2-amne (1 eq.) and
5- met hoxyqui nolin-3-amne (2 eq), which was prepared
as shown in Method 20. The m xture was heated under
m crowave irradiation for 10 mnutes at 110 C. The
solution was filtered and concentrated under reduced
pressure. The crude product was purified by
preparative reverse phase HPLC. LCO/Ms (mz): 431.2

[031(%]0 B o 108 b@ﬁ‘h’ﬁl@l@d <5888 oF BmRusithi@ B imfto@iindlife2(141 mg,
rphollno 6 (pyridin 3

0.6 ﬁh&;yﬁpxaﬁdm&l@hmﬁmw X@wﬂ)rmds nadledaMERBA1§22 Vg, 1.3 mmol) in
/084786 PCT/ US2007/001708 N1 OGC LN~N N
dichibidvhethand KB @L). HdRey v.@mmg[@ggg]m temperature, the white precipitate

5- (6-chl 2= hol, | I d
formpd (“( " 3‘1 ! Wgé 0- & angd g,ggé’qﬁ‘?mhnag% hrfg §n1|¥ ﬁ’} g}/ciﬁoryf)mle%%qunyleld the

pure S‘W‘f“&ﬂ#@"t& % ?%@Mg g'g'(/fs; Eg% ?w ﬁrrplg)z n.lmuﬁ) wer e

all conbi ned together and heated at 110 C for 2 days.

The crude product was purified directly by preparative
[0317Ver se SghareiskRlZthethgisvionyl)-3-quino lylamine

5- (2-nor phol i no-6- (pyridi n-3-yl oxy) pyri m di n- 4-

yl) pyri mdin- 2- amne (5.1 ng, 32% . LCMS (mz): 352.1

(M), RL 1. 8P nfhut es. Exanple 9 Prepa?\a,‘Pl on of 6 (2

am nop ] ~y1 ) - 2- nor phol i pe - Piper azin-| -
yl)pyrjg//EI@I/)PWm—dﬁﬁamn rNHN N,) U

[0318] To a suspension of 7-(methylsulfonyl)-3-nitroquinoline (85 mg, 0.4 mmol)
in EtOAc (6 mL,) under argon, was added 10% Pd/C (22 mg, 0.04 mmol). A H; balloon
was connected to the reaction flask, the flask was purged with H, three times and the
reaction mixture was allowed to stir under H, atmosphere for 18 h. Unreacted starting
material could be seen settling to the bottom of the flask together with the catalyst. The
solids were removed from the EtOAc solution by filtration. Evaporation of EtOAc under
reduced pressure yielded 7-(methylsulfonyl)-3-quinolylamine (22 mg, 30%). LC/MS
(m/z): 223.0 (MH"), R, 1.10 minutes.

Method 18

[0319] Synthesis of 6-methoxyquinolin-3-amine

N N
o — LI
= = oM
O,N OMe H,N e
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HN' HN ~-" I N NN NN\~ H2NN 00 H2NN ~O [ 0387] To
tert-butyl
WA 2{03/0868¢ 2- am nopyri m di n-5-yl)-2-nor phol i nopRCT/HB2L0TI001708
4- ylam no) pyridin-2-yl)piperazine-1-carboxyl ate
(prepared as described in Exanple 1 from
5- (6-chl or o- 2- nor phol i nopyri m di n-4-yl) pyrim di n-2-am
ne and conmercially available tert-butyl
4- (5-am nopyridi n-2-yl) pi perazi ne-|-carboxyl ate, 30
ng, 0.06 nmol) were added 5 nL of 4N HCl in di oxane.
ter stire] - 0415 LRYAS. etal 38 A Chem.
10328507/ 0853:‘7%‘8! %%5%8% O%%%&dﬁg%oz?gméaktﬂe in vacuo.
Soc. 176, 4231 kg7, \WBE7 6 G:89masl) iand RAAC 11G86e3@Nig) tin E€OARLS mL) was
water and [I'yophilized to afford the desired product o
hydrbgéried(witz h hydiized Halbied to Bive b-BethexpatiaglinBxanipedn gpantitative
Preparation of 4 (trifluoromethyl)-5-(2
yields - IdCAS i Hopl VMKt B B2 IPRYIesdi n- 2- anine (0) C N
Cl WN~Cl N'N~ Lo Lo [0388] To a slurry of
2- nor phol i no- 4, 6-di chl oropyri mdine (prepared as in
Met hod 22, 2.0 g, 8.54 mmol )diodWM (14 nl),
triethylamne (1.43 niL, 10.2Z25 nnol) was added. The
t er 0geRaMesisB-KydbRyasinsthinbiae f or 15 m nutes, then
[OSjtiieat ed%\{/g,vlﬁth rmr%hol |yne (OF175 m., 8.54 mmol). Upon
refluxing at 85 C under argon for 2 hours, the

sol ution was cod.g hen added to Et QAc . The
ashed -wth»25 ni
@~ (2 x) and boiNTe, T | 0

organi c sol uti
NaHCCB(sato)tN s ,

Na2SO4, filtered an concentrated. The crude nateri al

was di ssolved in 200 nL EtOAc and filtered through a

Si 02 pad, further eluting wwth EtOAc, viel digﬁg 2.2 9
[03793% of6-Befhakyrdmitmodiinolie: (dageisody ritdl-di/ndmasChgm. Soc. 119,

off-white solid. LCVS (mz): 285.0 | + 1H.N .
559%@?@173)1_0(; ang, Q.g%n{rgc&))l; gpﬁs’ (ﬁ§oﬂqd3{n7l@8¥?gei%%o’mlde I\s/glutlon (47% aq,
| ) ! 2 . ti ixtu S
25 7 MudRbbL I FOR 2t 420G or e honss) erteapion e v

coo?g@#@?@%%@%@%a,’ %@%ré[ﬁ\gg]aqgl\)lﬂﬁ Q3¢ RHOH, then extracted with EtOAc

(150 mL). The organic layer was dried over Na;SO4 and purified by flash

chromatography (SiO», 40-50% EtOAc/hexanes), obtaining 73 mg (78%) of 6-hydroxy-3-
nitroquinoline. LC/MS (m/z): 190.9 (MH"), R, 1.97 minutes.

[0323] Synthesis of 3-nitro-6-(2-(pyrrolidin-1-ylethoxy)quinoline
N\\ N\\
O,N OH 0N o
[0324] 6-Hydroxy-3-nitroquinoline (148 mg, 0.78 mmol) was dissolved in THF

(18 mL). 2-(Pyrrolidin-1-yl)ethanol (0.091 mL, 0.78 mmol) and triphenylphosphine
(306 mg, 1.17 mmol) were added. Lastly, diethyl azodicarboxylate (0.184 mL,

1.17 mmol) was added and the reaction mixture was allowed to stir at room temperature
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NCF3 N \ NN N CF3 O~ C NNNB O 00OHNN
H2N N [ 0390] Argon gas was bubbl ed through a
whedagnsgeneous m xture of 2, 4- PCT/US2007/001708
di nor phol i no-6-chl oropyrimdine (4.1 g, 14.3 mol ) and
4-(trifluoronethyl)-5-(4,4,5,5-
tetranet hyl -1, 3, 2-di oxabor ol an- 2-yl ) pyri di n-2- am ne
(16.5 g, 57.3 mol) in 1,2- dimethoxyethane and 2M
Na2CO3 (3:1) for 20 mnutes. 1,1'-
Bi s(di phenyl phosphi no) ferrocene pal |l adium (11)
for 2 hlggsg 'uf]—ge %q%\zeég r&%ﬁé i 3(?% Uil v29R8Hhd BOSdR Wa8urified by

Sse ontalning the mxture was

S 21O Epat S(60beN oiedniteb-8t(29@yEolidin-1-
flashy gﬁ‘l@‘gﬂtﬂ%ﬁ‘s}; BIODOT I (158 ME(0ION o (300( ?r(L@).

y)etddI8)QhiasRAS BOMSI(A/E)NSSIA@MIED), B, 1 /8030ihutds. of a
m Xture of water: Na2CO3(sat.):NH40H(conc.) = 5:4:1,
then NH4Cl (sat.), and brine (2x), dried over Na2SO4,
filtered and concentrated. The crude paterial. )
[0338Lir i f i e@yBthess 0F 3B FyiRiR)diss, iylgg%xél TR ek anes
with 0.1% TEA) resulting in 5.62 g (95% of
4-(trif|u9|ronethyl)-5- N
(2, 6-di npr nopyr i n@-éﬁzyba;/@yri di ns an O
of f - whi S EAV SR ):W3 M F P K KIVR ~-N
(coc®dY: €837 (X, iH), 6.7 05 1H2 5.97 (s, 1H),
4.77 (bs, 2H), 3.59-3.80(m 12H), 3.58-3.61(m 4H).
Exanpl e 11 Preparation of N(6 (1 :
[oszést?opf 0IOyj-Nht?@m(ldi@yﬁpuhi@xymymodmu&qun)a- @3@6ugnDA6-mmol) was
rifluoromethyl)pyridin ) )
diss@vidl in FtOBepOlmbpayd ihe stilnticn avas spanged vorh Nz for sgyeral minutes.
FFF NHNHN FF Cs2C03, THF, NINI P .
Trieftgehing (B065arb.Cd-46 FEReD Vigs U Pé?\?q\y‘glow-ef% ‘?l\bgtalyt“’ amount of
2007/ 084786 PCI/ US2007/ 00170 0 s
10%Paé:-(TRaT8B8 By B’é‘?irSP??-Z?f???%&g?%‘]y?d.ddt.‘%r-"s-‘A;‘/ﬁa}lg?r(l 1 Ho was
conr?ergterhofoélthe reaction flask and the reaction mixture was stirred at room temperature

under H, atmosphere for 48 hours. The mixture was then filtered through a Celite pad
and concentrated to obtain crude 3-amino-6-(2-(pyrrolidin-1-yl)ethoxy)quinoline, which

was used as is in the next reaction. LC/MS (m/z): 258.1 m, R, 0.33 minutes.

Method 20
[0327] Synthesis of 5-methoxy-3-nitro-quinoline
o 0
HoN O
HMH HC) \©/
NO,

L
N o e
HoN oL — l ~ L
HCI O,N
ON"
o)

[0328] Synthesis of 3-(3 -methoxy-phenylamine)-2-nitro-propenal
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(trifluoromethyl)-pyridin-3-yl)-2-norpholinopyrimdin-
4-am ne was synthesized according to the general
w@e@cmesrse for the Buchwal d reaction in Exanpl BCRUB3007/001708
reacting 6-
(1-i sopropyl pi peridi n-4-yl oxy) pyridin-3-am ne
(prepared as in Method 16) with 5-(6-
chl or o- 2- nor phol i nopyri m di n-4-yl)-4-(trifluoronethyl)
pyridin-2-amne. LM (mz): 559.2 (M ), R 1.92
mnutes. 'H NWVR (DMSO): S 10 27 (IH, bs, NH); .-8.41
IH, bs 8 ; HCl
o) 22Fo gt b Sk I eaeA A0 41 oot i
QtﬁltrongloQaidéh de M pwerrﬁiml) in 150 mL
(300%[1%3‘@?&8@&%&% Sglu@[@Hkygnd 5.15 (1H, 32/ rru(:zlgt i%pl ets, 2
wate€ ORRRE BBIMH, thk Peciphte Wa) ﬁlt&‘edéhn@]rltnsed)wn}gogg\l (I-Q(Dl Air-drying
m; 3.10 (2H, m; 2.22 (2H, m;
in a Bdineo Vemrel Fpi h@h@u@ﬁéﬁg (7@8/9)1@%61 th"cbfﬁ’fod‘f/ﬁ’@teg pOWéiﬁb LC/MS
et é Ie 12 Preparation of
(m/Z)N%@](MétW)a%% HE’PW )t hi azol - 2-yl ) - 6- ( 6- ani no- 4-
(trifluoromethyl)pyridin-3-yl)-2-norpholinopyrimdin-4
-amine [0392] 5-((diethylam no) nmet hyl ) t hi azol - 2- am ne
{2 Oégn &RV 8ilbRE:- 3-nifroquinolile afd CNBox VB Ghitrbijiinoline
[033%2 [ 0393 ]hlleglsAm not hi a?ol e- 5qcar bal dehyde (1 eq) was
added to a stirring solution of diethylamne (4 eq)

i n anhydrous MeCH at 0 C. Sodi um c anob ride .5 A
[033&Y) Wag Ta HenHed gely of ﬁ'@éﬂ’ﬁ’?‘ﬁ%i‘eﬁy agge ?%ﬁ ggl&‘(lf‘{@ in 30 mL
m xture was, st ed.at 7 0~ h h
acetigj 3pid qufea@&fljt F{)H‘%§yd8‘§ﬂ¥{?gﬂ %a %ﬁl(i)%%mfnﬁg t gclt1 23 mmol).
The d'v%c?m%; % FY ﬂ)ege apidC ifdsHeABE $0. W%EE drigadmol) was

concentrat to afford a vi scous

addeiar OMﬁePQi b, e Mct{oi Aixturk8aleddtDlo rddim @arﬁ;ﬁarmﬂurmamtthe solvent
141 WO 2007/ 084786 PCT/ US2007/ 001708 f- N S

H
was Ferbvdd 2Nvdeud. @dgitidh 6f T miL EtQAnand [filieaiiraggrve splEd hyproduct, 7-
"KN N Pd (dppf)2 O - 2. 3
methoxy-3-nitro-quinoline, and a filtrate, which contained impure 5-methoxy-3-nitro-
quinoline. The filtrate was loaded on to silica column and eluted from 5% to 25% EtOAc
in hexanes at 85 mL/min for 30 minutes. The product-enriched fractions were

concentrated and taken on to the next step as a mixture of 5- and 7-methoxy substituted 3-

nitroquinolines. LC/MS (m/z): 205.1 (MH"), R, 2.26 minutes.

[0332] Synthesis of 5-methoxyquinolin-3-amine
—eer e Y /
0N~ ~F HoN
O O
[0333] A mixture of 5- and 7-methoxy substituted 3-nitroquinolines (780 mg,

3.82 mmol) was dissolved in EtOAc (75 mL) and the reaction mixture sparged with Na
for several minutes. 10% Pd/C (54 mg) was then added and a H balloon was connected
to the reaction flask. The reaction mixture was sparged with H> and stirred at room
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H2N N H2N N [0394] The title conpound was synthesized
according to the general procedure shown in Exanple

WQ 200084786 (m z) . 509.2 (MH), Rt 1.98 nmi nutes.PCHUNNRI/001708
(DVMSO): S 11.0, (2H, bs, NH2), 8.17 (1H, s); 7.63
(1H, s); 7.08 (1H, bs), 6.40 (1H, s); 4.48 (2H, bd,
J=4.2 Hz); 3.80 (4H, m; 3.68 (4H, nm); 3.03 (4H, bq,
J=6.9 Hz ); 1.30 (6H, t, J=6.9 Hz). Exanple 13
Synthesis of 6 (6 am no-4-(trifluoroneth
pyridin-3-yl)-N(4-(2-

tempe%mﬁret l},ﬁgﬁglﬂ n%})x%{)s?ﬁérydveﬁﬁﬁjlt BoWeht Zeri®FR R LMaBAP ¥Ad Butlification

é}?ﬁ%} A~ liagoN-(doeh Ei@ae) aaffouéedCOBH two separated

by e dgﬁy amone ~~%N- Hzfd S EDC, HOAT, DWVE, H2 d

isomers gﬂfethéx%mcﬂfh B@ﬁﬁﬁé #ndni %tmﬁtbm@fqumohn -3-amine. The desire
2- (2-am not hi azol -4-yl )acetic acid

produeny-metEBGqfinalinedpmi O(rggg % Was ;S&Efrge)d(af ae)ée)-[lo(v P‘BKIA“' The
structyrgaess TR 5 SRER CBROe Pl G BE: P, 7S, 740 (0. 11D,
7.30 (& %—f)mgwquf)-rg%&fse@eg i‘é@ﬁle@' (WQL vierd 6 VB IR, M BHminutes;

The two phases

LC/M@{uExdE&P&f Rbedpansk)t heso (MHT)Q Rs leatmmmtesas washed
W

rine, dri'ed over Na2SO4 and concentrated to
dryness. The resulting solid was washed twice with

Et20 and dried to yield the desired product as a
vvhltesolld LC/lvsymz M@i@a@vh pRt 1.13
86 01708 0397
[0334]. (2 (d$¥§? 9-?15}??%3 gkﬂ’%#{%ﬂ%ﬁé‘ﬁg%&%{e@cma 2 kEt 2 !

/ LAH, THF HzN~S 112N S [0398] A suspension -of

2-(2-am ot hi azq\laszk%l ) - NN- di )(1' acet agjcisA 1 eq) N
THF wa )‘g}:/q} '

ed dropwi Se to a vj_go ouslysi_l—r-ped
SUfy ef LANMPL eq) HiN ats”0 C.THRe mi xﬁz’Ne A
was“stirred at roomtenperature for 2 hours. At this o
time, the resulting mxture was cooled to 0 C and |
part H2O, followed by 1 part 10% NaCH and lastly 3
parts H2O, were added dropw se. The m xture was
stirred for 10 mnutes, filtered, and the solid

[0333ﬁ3| gg ° 9 he%dS o‘(’fz{-@ne FhmidfSriitd-blatige was col | ect ed

7

[0336] Sodium thiomethoxide (140 mg, 1.98 mmol) was added to a solution of
2-chloropyridin-4-amine (150 mg, 1.17 mmol) in NMP (0.65mL) in a pressure.vessel.
The vessel was sealed and heated in a microwave to 200 °C for 800 sec. Purification by
silica flash chromatography eluting with 8% MeOH/DCM  afforded 2-
(methylthio)pyridin-4-amine (435.mg, 50% yield). LC/MS (m/z): 140.9 (MH), R
0.59 minutes.

[0337] Solid MCPBA (780 mg, 2-3 mmol) was slowly added in small portions to
a solution of 2-(methylthio)pyridin-4-amine (435 mg, 1.17 mmol) in THF (7 mL) at RT,
with stirring. The reaction was followed by LCMS as the starting material was consumed
by titrating with MCPBA. Silica was added to the reaction mixture, which was then

concentrated to dryness under reduced pressure. Silica supported crude was purified by
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dryness. The resulting crude material was washed wth
Et20 twice and dried to afford a viscous brown oil.
wa.gioves47eg z) : 200.1, (MH), R 0.34 mnutes. |PCT/BSI007/001708

NEt2 F HN NEt2 N JI _k7c SFF N NHNF YNF ~J '
Cs2C38, THF, Pd (dppf)2 G. CH2C 2 N H2N 00 HZN N O N
[0399] The title conpound was synthesi zed according to
the general procedure shown in Exanple 2. LC M5

(n12): 523.1 (M), Rt 2.11 mnutes. "HNWR (DVMSO: S

.15 (IH, s); 7.08 (1H, s); 6.96 (1H s); 6.38 (1H,

sﬂlca( 4EFS% 7851‘0%}%%51;’ Caufids \mth Fo3l MedH/DOM, 31d3 afford  2-

3.02 m,; 1.20 (6H, t, J= 7.2 R
i8inl4lalti P @128trh ,I’m&ht WWEdY.2LC/MS (m/z): 173.0 (MH"), Ry
(metﬁ%%%%g rInI - rmrgzﬁ?g |%’o 4 S -bipyrimdine-2'

0.34 Brighitagn ne - 143 V\D 2007/ 084786 PCT/ US2007/001708 Cl

HN - O~ 11~z NN NN NN:k NHN\N v0O 10 2 H2N N
[ 0400] An argon sparged mixture of

6- chl or o- 2- nor phol i no- 4, 5 g Eﬁrélﬁ din-2'- am ne (10
ny, 003 mml)andsttho ne (0.018 nL, 0.20
WanPsm g?%%ﬂ&‘}%oﬁg@;ﬁirﬂﬁ%é . caispal ed pressure

ssel TPREare ronave at 155 C for 1000
seconds. The reaction mxture was filtered and
purified by reverse phase preparative HPIGBIto give
1V6- ( 2- met hoxyef, %I) 2- nmor phol i no-4, 5" - bi r md| ne- 2'
, 6- diam ne as TFA salt (4. O ny, 300

(rdz) 332. 2Hl 1.4 Les S’Wj
Preparati on Bi—2 ol 'é}Q (8d2%t)8hen Iy nor prLQ/ 0)-4
5 b g

-bi pyrimdin-2'- am ne /=

[033

[0339] Sodium (17.25 g, 150 mmol) was cut into small pieces and slowly added
to EtOH (500 mL) in a 1-L round bottom flask under N, and cooled with water. After all
the sodium was dissolved, morpholinoformamidine hydrobromide (52.5 g, 50 mmol) and
diethyl malonate (40 g, 50 mmol) were added. The mixture was heated to reflux for three
hours. The reaction mixture was cooled to room temperature, and the ethanol was
removed in vacuo. Aqueous HCI (1N, 800 mL) was added to the white solid, at room
temperature. The solid initially dissolved, giving a clear solution, then the product
crashed out as a white solid. After 1 h at room temperature, the solid was filtered,
washed with water (3x), dried (air and then over P,Os) to give 2-morpholinopyrimidine-

4,6-diol (42.5 g, 86%). LC/MS (m/z): 198.1 (MH"), R, 0.51 minutes.

[0340] Synthesis of 4,6-dichloro-2-morphqlinopyrimidine
OH Ci
O It
HO N/)\N/\ _POCk N
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OC (~r N NN N\ N1-t, NI ~ N~ | N N HNN
~0 2 H2N N [0401] An argon sparged m xture of
WG 20h1081786 2- mor phol i no-4, 5" - bi pyri m di n-2' - amPeEU§207/001708

ng, 0.03 nmol), Cs2CAB (27 ngy, 0.09 mmol) and
2- phenyl norpholine (11 ng, 0.068 mml) in NWP (0.5
m.) contained in a sealed pressure vessel, was heated
in a mcrowave at 170 C for 600 seconds. The reaction
m xture was filtered and purified by reverse phase
preparative HPLC to give

[034f) Morp n?‘l ' ”%56 of 3-RBSRYNTS ARl diAON 64d151 8l g0 g,014551;1()01) and POC]

I pyri amne-as t TFA sal t

aditdatell tNbio)C fra& 16%, i’libn%dﬁ)ﬂ,ﬁcbm RT1E4ct® POCl; was
(150 bz, Yo Floplosiehcls ANOPG Bt o Exanpl e 16 Preparation

remoQEd 10/Bive @rsemitgbld - Thesolpheias gradhally transferred to a stirring solution of
- bi pyri m di ne-2', 6-di am ne

watei\(?(]e hiN) ax@ BtGH 169 {rﬂz)(m:]:asn‘gnaé}ygqﬂq)lgdp\gpglgbatgﬁ XYVEI\}?W@ (SBPd formed
and Y?@f Iglgg)%gugﬂvgﬂo ijilogglg,l {\]l%h(edbﬁttg Vg%iﬂh 2['0@)(1 %téH 1naw8&?,7£1?cp dried over
ons\;gﬁgﬁ 4%@%@8 %ﬁpimh&%l%ﬂhﬂﬁ% RUA 2, %ﬂ%)d DCAIS (hik): 233.9

crowave at 5 Cfor 800

(l\mfé‘i@gcb%mﬂﬁtédd'“ onal anmount of tert- butyl am ne (50

mmol ) was added to the reaction. The

reacti on was agai n heat eMethod 28i cr owave at 175 C for

800 seconds and ain at 175 C 0..seconds,.unt i |
[0342] sappe&vathsaisof 4tﬁ%‘é‘°§l°&?15r%‘§t%‘12erflf’ﬁ1 oligppyriding,

m xture was filtered. The crude product was purified

by reverse phase preparative HPLC to give

N6-tert-butyl -2-nor phol i no-4, $-bi pyrim di ne-2', 6-di am

ne as the TFA salt (0.9 j\iLC/I\/S(rﬂZ) 330. 2

(M{), RL 1.96 m nutes.

[0343] 4 6-Dichloro-5-methyl-2-morpholinopyrimidine was prepared by similar
procedure as 4 6-dichloro-2-morpholinopyrimidine (in Method 22) using dimethyl 2-
methylmalonate in place of diethyl malonate. LC/MS (m/z): 248.1 (MHD).

Method 24

[0344] Synthesis of 4,6-dichloro-5-ethyl-2-morpholinopyrimidine

Cl

)
N//kN/\‘
L_o
[0345] 4 6-Dichloro-5-ethyl-2-morpholinopyrimidine was prepared by similar
procedure as 4,6-dichloro-2-morpholinopyrimidine (in Method 22) using dimethyl 2-

ethylmalonate in place of diethyl malonate. LC/MS (m/z): 262.1 MH), R, 3.59

minutes.
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Preparation of 1 (2 (6
am no-4-(trifluoronethyl)pyridin-3-vl)-6-norpholino-
W@0o708486- 4- | y) pi peridi n-2-one [0403] PCT/US2007/001708
5- (2-chl or o- 6- nor p4ol i nopyri m di n-4-yl am no) pent anoi c
acid 0 C DDEAHNOH CI N DWW, SOc ONCI N'N- O DO
-145 WD 2007/ 084786 PCT/ US2007/001708 [0404]
5- Ami nopent anoic acid (140 ng, 1.19 nmol),
4-(2,6-dichloropyrimdin-4- yl)norpholine (prepared as
in Method 22; 234 ng, 1.0 nmmol) and DI EA (0.530 ni,
3.0 nmol ) were dissolved iy.NJtss net hyl formam de (6
m.). The reaction solution was stirred at 40 C for 40
ours. : IR r¥@smeighetiadp i fe-@edicl 00 i)
(0346} 0" o STHE LS RED MR HCIhJ a0 m) . water (40 m),
brine (40 nL.), dried with Na2SO4, filtered and
evaporated to give a solid. The cfllde product was

chro ographed on a silica g um by el uting
vvitﬁh}%é}%EtOAc in hexane to givg| 5-(2-chl oro-6-

N,ﬂbplyri m dNaOkEty| ami n idas a
mte S Ii%(l?@W. LG M5 (M@S.O (M),
Rf HBr 79 hvhut esCFHIGOSE):

1- (2-chl or o- 6- nor phol i nopyri m di n-4-yl ) pi peridi n-2-one

0 HN OH HATU, HOAT, DIEA NO N chloroformd NIN- C

| NN~ ~OL 04061, To a ti {asbdWith hexanes
[0347). 8 moPgdiv %gg%,m .‘%%%1%1 ?@Bé’%‘o IE% (0. 209 i, = )
. 1.2 ' Bhé 2004 )withde iceawgen bath. EtOH (100 mL
in g, P 48 SPyEF A Bl e it

was s?é\bi(-}r BanorRhekineg wiktire was 4varredi tndy hend stiged faxd@minutes.
(190 ng, 0.6 mml) in chloroform (10 nlL) was %%OW%llowedb
To tha bdssimitaee, disilyliZoflucromalonsie (fad 8582 -2ragoRWasHifed: y

morpbahpErBamEdies SoioDRON Rcle L ibP APBIDL ol ATy Rag Vg heted o
R A R
oG 34 IR S0 i e i v
| dissolFdMB WAtz {25 BBY aftl 4diltifled wRth orfq HCl to pH = 3-4. A white precipitate
formed which was collected on a Biichner filter, washed with water (2x50 mL), air dried
on the filter, and dried in vacuo to give 5-fluoro-2-morpholinopyrimidine-4,6-diol

(0.87 g, 12%). LC/MS (m/7): 216.0 (MH"), R 0.63 minutes.

[0348] Synthesis of 4-(4,6—dichloro—5—ﬂuoropyrimidin—2—yl)morp}loline
OH Cl
POCI, _
HO N¢I\N/\| ——— a7 N N

o L_o

[0346] A mixture of 5-fluoro-2-morpholinopyrimidine-4,6-diol 0.87¢g,
4.0 mmol) and POCl; (10 mL) was heated at 120 °C for 16 hours, then cooled to RT.
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m nutes. -146 WO 2007/ 084786 PCT/ US2007/001708 [0407]
1-(2-(6-amno-4-(trifluoromethyl)pyridin-3-yl)-6-norph
w@bkdionopysé m di n-4- yl)piperidin-2-one F F N O PQI/051007/001708
Pd(dPPf)Cl12. Na2CO3. F F F N dioxane, 120c, 1000sec N

N--) G NH2NFN 1'0 O H2N N [0408] To a suspension

of 1-(2-chl oro-6-norpholinopyrimdin-4-yl)pi peridin-2-

one (16 ng, 0.05 mmol),

5-(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an-2-yl ) - 4-

(trifluoromethyl)pyridin-2-amne (prepared as in

Met A 9 | i i-solid which was
Excedf ¢hPOI} 1 BV o e By 2 87t & e sotid
driedpﬁlqh)@{j UM Lld) Adics ook QFRLDARE AYHIS the 68lidivasOdil&d in EtOAc
©mo in doxane (1.1 nl), 2 M aqueous sodium
(150 GANbATRHasEA withaat. NaEON(60 ALY, mrsblid fersnesdddiming ithgayash and

argon. The reaction m xture was heated in a m crowave.
was discdrd6d vitlorthd @@eeose dawris . Then erganitidaysF Stascyashigd agam with sat.

titi d bet t 30 d sat t ed
B G Bt 5 0% (28,1 < et S8t
ted, .dried ' | ' e as
conBEEALT A A EgEoHE Faeomdidd S ptea vy

chrofafy ;\f)&hyﬂﬁém@i&&gi fWwRE D5Rr an@Ad/haemeever sgivehases,BRlichloro-5-
to give 1l-(2-(6-

fluorepinien din{2-5i)fromstiotime t(4Y8 ey 2dbin- BOYMS- Gaarbr BAdI) A& R 3.22
i mdin-4-yl)piperidin-2-one as a yellow powder (8.8

minutes. 42% . LCMS (mz): 423.0 (M#), Rt 2.25 minutes.
Exanpl e 18 Preparation of | -(6-(6-am no-4-
trifluoromethyl)pyridin-3-vl)-2- nor

3hol i nopyri m di n-4-yl) - 3- phgfyhdd®gzol i di n- 2- one
[ 0409]

[0350f] - ( 6- Y \Riess oY, B atibRempyrmidine- 4- yI ) - N2- phenyl et ha
ne-1,2-di"am ne -147 WD 2007/ 084786 PCT/ US2007/ 001708
HC , HN.- N N+ HNDEAz ~/~/ N C -N-N~H
acetoni®rile, 70c ~OCl NO

SN

LA

Br N Br

[0351] To a mixture of pyrimidine-2,4,6(1H,3H,5H)-trione (2.66 g, 20.87 mmol)
and POBr; (25 g, 87.2 mmol) in toluene (35 mL) in a 200 mL flask, N,N-dimethylaniline
(4.52 mL, 35.7 mmol) was added. The brick-red slurry was heated to reflux for 3 hours.
During the process a biphasic solution formed with a red gum at the bottom of the flask
and a clear yellow liquid above. The reaction mixture was cooled to room temperature
and the yellow organic layer decanted off. The red gum was rinsed once with EtOAc.
The combined organic extracts were washed with saturated NaHCO; (3x, or until CO,
evolution ceased), H>O (3x), I;rine (2x) and dried over Na;SO4. The solution was then
concentrated and dried under high vacuum to yield 2,4,6-tribromopyrimidine (5.40 g,
82%), which was used without further purification. LC/MS (m/z): 316.8/318.7 (MH"), R,

2.78 minutes.
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[0410] To a solution of

4- (4, 6-di chl oropyri m di n-2-yl ) nor pholi ne (prepared as
walemais4ree i n Met hod 22; 932 ng, 4.0 mmol ) andPCI/E$2007/001708

(0.7 m, 4.0 mol) in ACN (40 nL), neat

N - phenyl - et hane- 1, 2-di am ne (0.523 nL, 4.0 mvl) was

slowy added. The reaction m xture was stirred at

70-80 C under nitrogen. After 20 hours, the reaction

m xture was cool ed down, and the sol vent was renoved

under reduced pressure. The crude product was

partitioned between Et OAge{pbd®71) and 0.1 M NaHCO3

(50 nL). The organic |ayer was washed with additional

0.1 M NaHCO3 (2x50 mL), brine (50@l), dried, o

filtered and concentrated to giv

r (6-chl oro- %rmrphollnopyrlmd -yl ) - N2-

p enyI et haneﬂsz di am ne, as an of

-white solid (1.29
. +L.C/ mz)—33470 ( )jlf& 1. 94 ¥ nut es. /l\
O
cl (6 lhI or o- 2- rmr phol i nopyrl nidi n-M- yI@phenyl |(\d
olidin-2-one HP HN---"~N O 1)
phosgene/ di chl oronethane N1 2) DI¥A, 40c ~N Cl eNN~

CI eN N~ ~O 00 [0412] To a solution of
-(6-chl oro-2-norphol i.no

dj
[035%i]henyl ef\Hwheion (foBP‘éWPHEeEJ s m H] g bé/ m”rg'lsqmvalm\)ll?fgm (450
C.under
mL) Pgh Y PEIES R POLS zggrﬁﬁ*‘t}ﬂé’féo‘i i loRpy BAEE T o1 217
. ' adrl dtaf 3faninute. A
mandl, © o R o s 0 3007/ 084786
copidifs WMEZHR éiptate/fdBmed uﬁommtdl)lowaﬁ 2 Adsteirhdergpyfimidine and the

reacti on solution was heated to 40-50 C.for 40 hou ¢
reactidremixtewczpiody thiskaped. Whs n@?ﬁﬁﬁ% wag oWRA LT VAET IR AR tn

pressure and t he_crude ct ur,i fi
tempgesturerfingimaedgPiEHy stiee P Ao Fomue B PRl mBlepdsR rothox
- leads t lete reaction in 60 min.
ooy i SR Gy R s eomptete rasction it

aSth filfetdd\ind(the fjter cake
B e

wasﬂe‘d(\ﬁrtﬁ adaiions-PHE (2 D(fﬂOSDan)TEThg ﬁ}tpgﬂ? [3c i3 ﬁOQCGylltI)alegl.q&,thﬁ Fotavap.
ol i nopyri m di n-4- 3- phenyl i m dazol.i di - one
Watér (d0QnEd) wpp a<|lct§d2mdmég (@Ithg was ﬁmre %) 1%%3 The solids

were isolated by filtration, washed with additional water (2 x 100 mL) and dried

overnight under vacuum. Yield a-+b: 61.3 g (99%). Product was 87% a by hplc area
percent; remainder is b.

[0353] 31 g of the crude solid was dissolved in 200 mL of CH,Cl; and applied to
600 g of dry silica in a fritted glass funnel. The silica was eluted with 1 : 1 hexane :
FtOAc and 300 mL fractions were collected. TLC analysis shows a to be present in
fractions 1-7 and 4,6-dimorpholino-2-chloropyrimidine in fractions 6-10. Fractions 1-5

were pooled and concentrated to provide a white solid. Yield: 28.2 g (Product was 98% a

by hplc area percent).
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HNNNNGOC NN-z HZN N OO 00 [0414] To a
suspensi on of
WA 2q06A0841BOT 0- 2- nor phol i nopyri m di n-4-yl) - 3- PCT/US2007/001708
phenyl i m dazol i di n-2-one (18 ny, 0.05 nmol),
5-(4,4,5,5-tetranet hyl -1, 3, 2-
di oxaborol an-2-yl)-4-(trifluoronethyl)pyridin-2-am ne
(prepared as described in Mthod 4; 18 ng, 0.06 nmol)
and di chloro[ 1, 1" -bi s(di phenyl phosphi no) f errocene]
pal I adium (11) dichl oronet hane adduct (3.2 ng, 0.004
mmol) in DME (1.2 nl), 2pMn@fpgous sodi um car bonate
solution (0.4 nL, 0.8 MD was added under argon. The
' eag&h@mgﬁfst OFa- (RS GPROPAT FAPERIDIN4oY LOXAOYANILING
crude product was partitioned between EtCﬁc_&ﬁ? nhb@
SYNTHESISURTERUTNI 4+(2 BVIETHHOX Xt 4 NITRORHENQReY JHEERIIPINE-1-
| ayer was separated, dried over sodiumsulfate,
filtered and concentr &ABBEREEEATEduced pressure. The
crude product was purified by preparative HPLC to give
1- (6-(6-am no- 4- -
(trifkqpronethyl)pyridin-3-ygF%g-nDrph i nopyrimdin-4

-yl ) - 3-]pheny! Hﬁi@lﬁiﬁg n- 2- GREp - 149}&26@@?4786

PCT/ U /0Q170 S I 0 r . o)

35<goN@EZ§|7| 3’i el d)” W?(mz“?: 2881 (M4+§, R::‘i?s.\ﬁ
4- (

m nutes. Exanple 19 Pteparation of 1 (4 (6 (6 am o- 4-
rifluor t hyl ).pyridin- 3- - - : . 11.8 1 d
(0358 phol ici[r{’gp@ri’%ﬁg‘g‘?rﬁ-ﬁrky|té’¥’l§‘}??ﬁﬁté?sﬁ’gf“ﬁ-|(3-1y?)§f hanonamed e
i : (Pb&exYl thRainder MR THH (M9 mL) was added ¢-butyl
d‘eﬂg?%z}’g%"?ﬁf°§?g%%ﬁné§i O A WY Boc / J O \Wb
4-hydbyPirfekiddedD cafbdd fale (P00CE, SRdumninmi). déftexstiging)l hydn.gkpethoxy-
piperidine (2.58 g, 12.81 mmol) in tetrah droﬂyranugk d th
4-niftoghemoli €r.0ggd A1 mmeoDayaeaddssd i%ﬁ@%%% gidggd £ypl6 h and the
ng, 12.81 nmpl), After .stirri for 20
solvew] wis Beperatesl vrsdep Fefucad PAESEreP &) eo?%‘ﬁ%‘?nf’ﬂiuidﬁ%‘ém?i pgpduct was
g, .8.54 mol ) 1n y o W86 a8 Gne vielding -
punﬁﬁql 3&'9??1 s‘%’f?lﬁattggﬁﬂilg %%?ﬁ%é%g%l V\(lé{s}lgg%?{\;%? For 14 T e

but °¥-gf-n%%h&ﬁy@4-hﬁ€oﬂ%h8xm{;{£ﬁdiﬁeolJz:@mkthme rabeige. sold (1.70 g,
this tinme, 'the reaction m xture was quenched with

829K/ ML (e):, 35818 (MEE), R, 3.23 minutes

SYNTHESIS OF 4-(2-METHOXY-4-NITROPHENOXY)PIPERIDINE

~ ™~
CH,Ch . NH
O.N N‘Boc OoN

[0355] Trifluoroacetic acid (5 eq) was added to a solution of tert-butyl 4-(2-

methoxy-4-nitrophenoxy)piperidine-1-carboxylate (200 mg, 0.57 mmol, 1 eq) in
dichloromethane, stirring at room temperature for 1 hour. The solvent was then
evaporated, the residue was brought to pH 10 with sat. aq. Na2CO3 solution and
extracted with EtOAc. The organic layer was washed with brine, dried over sodium
sulfate and evaporated to afford the product 4-(2-methoxy-4-nitrophenoxy)piperidine as a
light yellow solid (137.3 mg, 96%). LC/MS (m/z): 253.2(MH+), Rt 1.81 minutes.
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partitioned between EtOAc (350 nL) and Na2CO3(sat.)
(75 nmL). The organic |ayer was separated, washed with
whrioies{78® L), dried over Na2SO4, filtered, PCT/US2007/001708

concentrated and the residue was purified by Si02
chr omat ogr aphy (15-20% Et OAc i n hexanes) to yield
tert- butyl
4- (6-chl or o- 2- nor phol i nopyri m di n-4-yl oxy) pi peri di ne-|
-carboxyl ate as a white solid (2.64 g, 77%. LCMVS
(mz): 399.1 (MHO. 1H NWMR (CDC13): 6 6.00 (s, 1H),
5.18 (m 1H), 3.74 (s, 8H), 3.64-3.74 (m 2H),
3.28-3.38 (m 2H), 1.86-1.96 (m 2H), 68-

SYNZHESIS G 1 ISOPRIGPYE-H5(2- MHQOW&ME@KOPHENOXY)IQE’]ERDTNE
PCT/ US2007/ 001708 [0417] Step 2: Suzuki reaction of
2- nor photd no- 4- al koxy-substituted-6- chdoropyrim dine

N,Boc BOG Gh3 QOF3 / N BI-0 N --T / ANO c N
N~ H2N 0418] A nPRENP 3Pt - bud

4- ( 6g - 2- rori¥hol i By MeR di n-dn
yl oxy3 pi peridine-I|-carboxylate (250 ng, 0.63 mmol
5-(4,4,5,5-tetranet hyl -1, 3, 2-

[035%%?282? 8 itioh af o b1l YOROMThARkAGNT It 2 Aitrbnoxy-4-
nitr fp);@rﬁhx@'lzm 0£,5 06 9mgmal, OBg_q)mhydqqqs acetone (5 eq), and
di net
sodmtgl}a, anngnqﬁ)pgbgaﬁa (f? Iegme sghu(t*on]wi%stmﬁc])dn%’?ggrgg(%?grature for 24 h.
AddifiBRall £ ?Hfdi&g aﬁbthgél (& (eq)aSnc? ads<151um omedbomhyéade £1.58a) were added
an e o w
and &ﬁsre\g@%@} Xas Cptll‘{ﬁ&% % Tﬁ;xf: gte)(n,l) dv%L?\QJpg%ﬂé% {h@:yx%gldu as
brou%i??@%-% 16 Wlﬁaezfqﬁéouscs{bﬂﬁﬁﬂ icaioadtcaind eatmceted &dtlbﬁtCSﬁ\c)zThe orgamc

ography (50-75% Et.OAc/, ﬂgxanes to | d
layerpmagueashed velwhAs, LePPqdyish i ul st b vaporated to

23: )4 i—gl%@}{ﬂx BfRrophehibel) ip)éﬁtiﬁleoﬁs M- Benow oil (163 mg,
aff°f§r gtle(}&% 5 Krﬁ BocnglH SR N CE3 N o N N
97%). NCRMS (m/9): I-@Iﬂ NMHO, B2 N3¢ minues-\Wo 2007/ 084786

PCT/ US2007/ 001708

SYNTHESIS OF 4-(1-ISOPROPYLPIPER]D]NA-YLOXY)-?,-METHOXYANIL]NE

~
o
/é/ \Ql H2, PA(OH),/C /é/ \C

MeOH

[0357] 1-isopropyl—4-(2-methoxy—4-nitrophenoxy)piperidine (167 mg,
0.57 mmol) was dissolved in methanol (20 mL) and placed under a nitrogen atmosphere.
A catalytic amount of 20% palladium hydroxide on carbon was added and a hydrogen
balloon was connected to the reaction flask. The flask was flushed five times with
hydrogen and stirred at room temperature under hydrogen atmosphere for 16 hours. The
reaction mixture was filtered and washed with methanol. The filtrate was evapozated
under reduced pressﬁre. Acetonitrile (10 mL) was added to the residue, swirled for 10
min, and decanted away from white film. The acetonitrile layer was evaporated under
reduced pressure yielding 4-(1-isopropylpiperidin-4-yloxy)aniline as a brown oil
(131 mg, 87%). LC/MS (m/z): 265.2 (MHM), R, 0.33 minutes.
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[0420] A mixture of tert-butyl

4-(6-(6-am no-4-(trifluoronethyl)pyridin-3-yl)-2-
woreroplogd7seiopyr i m di n- 4-yl oxy) pi peri di ne-| - car bBXI/U81087/001708

(649 ng, 1.24 mol) and 4 M HA /di oxane (15 ni, 60

mmol) was allowed to stand at roomtenperature for 14

hours. Upon renoval of volatiles in vacuo, diethyl

ether (50 nL) was added, the material was sonicated

and concentrated yielding the bis HCL salt of the

desired product as an off white solid. LCM5S (nmlz):

425.1 (MH). [04211 Step/ gation 0 NHO G CF3

NCFN \ \NN~ 3 N\~ HZ I 1~10 [0422] To a

sol ution of

4-(trifluoromethyl)-5-(2-norpholino-6-(piperidin-4-
SYMITERRIS \OF Ai(diI8OPROY YLPIRERIANad YHOKY ) \IVM E THO XaGaREL INE;

di i sopropyl et hyl am ne (5 e and acetyl [
SYNEHESIS QF TERCE-BOIT Vi ﬁt(fz’,rM Y-t @Pﬁ%ﬁ*‘gﬁ’&ﬁﬁDM'

tengerature for 2 h and then was purified directly by
1-CARREXLphEse HPLC and | yophilized yielding the TFA

salt of the product. Alternatively, after reverse

phase HPLC the free base of the produet\o coul d be

i sol ated after extraction intgyft QAc uppn Pasi fying,
fol | owdd b drifii ver Na2$@doand r \@
vol at § in.vac N T Z}ae 2670. )- aﬁPPe](
20oRrepéafation of 5 (B ((S)piperidin 3- o
Xy) - 2- nor phol i nopyri m di n-4-yl) - 4-
riflu ek R¥HE NG - 3 RPh8Ry IphddpRindQ R 06/ 10882A8fHimol) and
03581 Lsaosh anbes e N B P Boe 6 Ct3 N CF3 Q)
dieWNi‘taibd‘)Nhte @.06p, H2BR®MmGl)HBNTHF [(@228)) was added tert-butyl 4-
S)-tert-butyl . . .
hydrdx yfipetilimecl-garhox yinte! (2 109y P 937 anmol. MK sHBNselq fiifred-prethoxy-

4-nil£rgn(a:1?qrngg)(( bﬁéﬁ;}@ﬁi,pgﬁg a&%?ﬁskgp%%{%kg sgilgrbd %téerp atd evaporated
undef%’rfgc_h%ge h}%?:%s?lg% Eolegvgla%eorgt?ge(ygii. ’fl%u@%@d'uc?’ A2s %;(JMfféll by column

chromatography on silica gel using 25% EtOAc/hexane yielding tert-butyl 4-(2-methoxy-
4-nitrophenoxy)piperidine-1-carboxylate as a beige solid (1.70g, 82%). LC/MS (m/z):
353.2 (MH"), R; 3.23 minutes

SYNTHESIS OF 4-(2-METHOXY—4—NITROPHENOXY)PIPERID]NE

~ ~,
. /é/O\O TFA /é/o\O
s
CH,Ch NH
O.N N~ O.N

[0359] Trifluoroacetic acid (5 eq) was added to a solution of tert-butyl 4-(2-

Boc

methoxy-4-nitrophenoxy)piperidine-1-carboxylate (200 mg, 0.5676 mmol, leq) in
dichloromethane, stirring at room temperature for 1hour. The solvent was then
evaporated, the residue brought to pH = 10 with sat. aq. Na;COs solution and extracted
with EtOAc. The organic layer was washed with brine, dried over sodium sulfate and
evaporated to afford the product 4-(2-methoxy-4-nitrophenoxy)piperidine as a light
yellow solid (137.3 mg, 96%). LC/MS (m/z): 253.2(MH"), R, 1.81 minutes.
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i nternmedi ate was prepared by Suzuki reaction as shown
in Step 2 of Exanple 19 and was purified by Si 02
wa@ baosst78gr aphy (30- 60% Et OAc/ hexanes; 78% . LEN3US2007/001708

(mz): 526.0 (M-f ). The title conmpound was prepared
by cleaving the N-Boc protecting group as shown in
Step 3 of Exanple 19. LCMS (nfz): 425.1 (MN. Exanple
21 Preparation of 5 (6 ((Rpiperidin 3
yl oxy) - 2- nor phol i no pyrim di n-4-y1l)-4-
(trifluoromethyl)p3ridin-2-amne sss'a Boc C .
,C]\I.BocC,,,CNHNCFSN/N-CF3\"/‘ N C N
NOO ~OH2N N H2N N [042 tert

SYNSHERIS DB L ASOPROPYBH- (fbbﬁllfﬂé) ??‘EW&?W@@INE
- carboxylate was prepared as in Exan'p\le 19, Step 1,
for the~g koxyl ation of 2-norpholino-
4, 6- di chl r ogyr i di ne ‘Eé%&e LCVS (m

The Boc tec ed} i Erwas p red by uk|

r each j\ora NHn SPe e8P Exaopi’e and
pur i fed by SI I i ca gel chromatography (30-60%
Et QAc/ hexanes, 54% . LCMB (mz): -153 WO 2007/084786

ECT/ US2Q07/ O 708 Thanhhdil Was admeaund -wiethoxy-4-
[036Q) epar eg S‘I‘ 0% §8‘?"h ekk ol)g Brotecting group e 4
nitro \Ma )plilpeiiicﬁpr J148 ﬂﬁgar@pﬂ% mgol, LD, (anb ﬁrougzg:e}_om eq), an

sodiygn am.quo ?b(y ?El gt éﬁg{‘ ]nbtiénl(\gls gtgsr(-eﬁl' at rgom temperature for 24 h.
ReacliBhRE &R %ﬁrplmed | Qhdrgpd wdyl)twyxak ehh)dirﬁus acﬁ}Pl)f‘e {hamoprd sodium

.cyanp\b@pcll:L)@WQ (_1)5 ﬂq)\fn}d ftlr’(%lgﬁ% h. %ﬁlzsmv%fw&e{r §te§:Fthe residue

brougﬁtl\!o I};I-QQ ][(p&ﬁﬁ] soliffim tabbniite taytl extracted w1th EtOAc. The orgamc layer

6- chl or o- 2- nor_phol i no |md|n4
was yuasbg} [msb),wgfeé, m§e, %lggx?q,?lugl( % E\gdtﬂogit&? 1o afford

it etz i (5 e
LC/VISA267): THS- BWB&@C?@@W‘HF% medi ate was prepared by

Suzuki reaction as shown in Step 2 of Exanple 19 and
was purified by reverse phase HPLC and i sol ated as

S et TS PR IR FY S MBS OYINTLINE

~
fj ’ fj ()
\Q H2, PA(OH),/C
2N , \T//

(M'H)

MeOH

[0361] 1-isopropyl—4-(2-methoxy—4-nitrophenoxy)piperidine (167 mg,
0.57 mmol) was dissolved in 20 mL of methanol and placed under a nitrogen atmosphere.
A catalytic amount of 20% palladium hydroxide on carbon was added and a hydrogen
balloon was connected to the reaction flask. The flask was flushed five times with
hydrogen and stirred at room temperature under hydrogen atmosphere for 16 hours. The
reaction mixture was filtered and washed with methanol. The filtrate was evaporated
under reduced pressure. Acetonitrile (10 mL) was added to the residue, swirled for 10

min, and decanted away from white film. The acetonitrile layer was evaporated under
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C eavage of the N-Boc protecting group was performed
as shown in Step 3 of Exanple 19. LCVMs (mz): 411.0
W@ haa7/084786 The title conmpound was prepared as i PCBUS®0OZ001708
of Exanple 19. LCMS (mz): 453.1 (M#4 ), R 2.18.
Exanpl e 23 Preparation of 1 ((S) 3
(6-(6-am no-4-(trifluoronethyl)pyridin-3-I2-
nor phol i nopyri m di n-4-yl oxy) pyrrolidin-1-yl)ethanone
-154 WD 2007/ 084786 PCT/ US2007/001708 N-Boc O _CN-BCC
0. CNHo" " N\O N CF3 N- CF3 CF3 NN-j | NNC N

bi | V|
ot L 1 AR o g
(131 g%gé%%‘{'?%g Sﬁ(er)%fkﬂéﬁﬁmaﬁwwtrﬁﬁutb@ Exanpl e 19,

oxyl ation of 2-
nnrphollno 4,6-di chl oropyrimdine (99%. LCVS (m z):
385.0 (M#). The Boc protected i nternedi ate was
prepared by Suzuki react@&ﬁJak_Qhomn in Step 2 of

nple 19, purified by reve
i mga&sai bt b2 MG Rp BB ISR pd ipas -+
upon basifying (7 ( MH+ The
N- Boc protecting gé&%ﬂggagé cleavé§%§§ﬁshomn)ln Step 3
of Exanple 19. LCMS (mz): 411.0 (MH). The g tIe

compoun@ was prepared as in step 4 of Exanpl &,
.1 W, Rt NagHig. Dmmﬂe24PHmraWon

(trifipor met hyl ) -5-(Z-porphol 1 no-6-(tetr o 2H r
an-d N X /?ﬁ|n1d|n 43 k n- 2- anrle O N P
Nl 44 | LoeN Ny32 NN Oof[aA

4-(4-ch|oro_6 (tetraﬁydro 2H pyr an- 4- onxy)pyr
-yl ) mor pholi ne was prepared according to Exanple 19,
Step 1, for the al koxyl ation of 2-norpholino-4, 6-

[0362] To a solution of the 4-phenylthiazol-2-amine (374 mg, 2.1 mmol) in 10
mL of N,N-dimethylacetamide was added sodium hydride (50 mg, 2.1 mmol) at room
temperature. After the mixture was stirred at that temperature for 10 minutes, the
dichloride (470 mg, 2.0 mmol) was added to the reaction mixture. Afier being stirred at
room temperature for 1 hour, additional sodium hydride (50 mg, 2.1 mmol) was added to
the reaction mixture. The mixture was stirred for 1 hour and quenched with 5 mL of aq.
ammonium chiloride. The resulting mixture was extracted with ethyl acetate (2 x 10 mL).
The combined organic layers were washed with water (10 mL), brine (10 mL), then dried
over MgSO4, filtered, and evaporated under reduced pressure to give crude product,
which was purified by silica gel colunmn eluted with ethyl acetate and hexane to give N-
(6-chloro-2—morpholinopyrimidin—4-y1)-4-phenylthiazol-2-amine. LC/MS (m/z): 374 and
376 (MH+), Rt 3.40 minutes.

Example 1

Preparation of N-(6-( 2-arninopvrimidin-5-vl)—2-morpholinopyrimidin—4—
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di chl oropyrim dine with 4-hydroxytetrahydropyran
(80% . LCM5 (mz): 300.1 (MH). -155 WD 2007/084786
wean/se807/ 001708 The title conmpound was pr eper/@8200%001708
Suzuki reaction as shown in Step 2 of Exanple 19.
LOMS (mMz): 426.1 (MH#), Rt 2.26 mnutes. Exanple 25
Preparation 5 (6 ((Rtetrahydrofuran 3
yl oxy) - 2-mor phol i no pyri m di n-4-yl11-4-
(trifluoronmethyl)p3ridin-2-amne O~o~ OOCF3 N C
-NIN~ N N~ 00 00 H2N N [ 0429]
(R) -4-¢ct-chl oro-6-(tetrahydrof uran- 3-yl ox
-yl ) morlpghol i ne  was prepared according t
Step |f, for the al koxyl ati on of 2- | ph< 4.6
di ¢ pr%/n' Ndi ne Wt (RI™- 3- hydr gxyt tr'é'hyo‘E of Ur an
(819% . L (z): 286.1 (MR"Jn title ¢ nd
was prepared by Suzuki reaction as shown in Step 2 of
Exanple 19. LCO/MS (mz): 412.1 (M3). Exanple 26
Preparation of 5 (6 ((S) tetrahydrofur i
[0368] 3- Y| 0x)6 PR:hisrohaiorpleolinapyyriniiding-(#repayed as in Method 22; 3.0g,
4-(trifluoronmethyl)pyri din-2-amne O N CF% l\{ NI N | .
12.9@melN- andl  O6\4,5,6-tehpmetyy}-0 Sadflioxaborolan-2-yl)pyrimidin-2-amine

a3 17 nemivns b SRR B Ny RGOS 2t

oL I . o1 . 5 1 >,V¥dr severa
64 n3nel s bR DR HOBYT BstGaf TR M dodtelt willh Raligr severa
mim{t%_.l: )39&&?3:[@;3(1@5 FADVI6DHREN #A50Ph; (EmignT12)9 md8s) were then

he'title conmpound was prepared by Suzuki .
addddeadt thenreactiomhmintuienwss dpatgd gt 95 °C for 1 h. The reaction mixture was

C|
Y oyri m din-2
anpl e 19,

allowed to cool to Toom temperature, the solution was decanted away from the solid
residue and concentrated. The solid thus formed was separated from the water phase.
The water extracted with EtOAc and this organic layer was combined with the
precipitate. Removal of the solvent in vacuo gave a solid residue which was triturated
with about 20 mL of EtOAc, filtered and evaporated under reduced pressure to give the
desired product. Additional product was obtained by concentrating the mother liquor and
purifying the solid crash out by trituration with EtOAc. The two crops were combined

obtaining 1.98 g (52%) of the desired product. LC/MS (m/z): 293.1 (MH), R, 1.92

minutes
[0364] N—(6-(2-aminopyrimidin—5—yl)-2—morpholinopyrimidin-4—yl)quinolin~3~
amine
N
_
cl HN
N =N
| —_— I
N7 NJ\N/\| N Nél\N/\|
P b X )
HoN™ N ) H,NT TN

-129-



Exanple 19. LCOMS (mz): 412.1 (MH F). Exanple 27
Preparation of 4
W@ 2oo7084786 onret hyl ) - 5( 2- mor phol i no- 6- ( pi peri di NP@F/US2007/001708
yl oxy) pyri m di n-4-yl)pyrimdin-2-amine O N Boc O-
IN,Bocr JJNHCF NCFs N \N~i N3 NN~ N WC 1 H2NN
00 HZN N ~, O [0431] tert-butyl
4-(6-(2-am no-4-(trifluoronethyl)pyrimdin-5-yl)-2-
nmor phol i nopyri m di n-4-yl oxy) pi peri di ne-1| -carboxyl ate
was prepared by Suzuki reaction of tert-butyl
4- (6-chl oro- 2- nor phol i nopyri m di n-4-yl oxy) pi peri di ne-|
-carboxylate, as shown in Step 2 of Exanple 19, with
[036%{ (4,4, 5‘@“{{ BIRAPY Léshu, Arbbroxa D |(@8-13LY Were dnixed with 5-
rifluoromethyl) pyr| m di ne-2-yl am ne (prepared as in
(6-cHibYobRshdrpholTpytimidia-pyhguctidins-amire (i @q) tApds |qmraoé.m-3 -amine
gel chromat ography (30-50% Et OAc/ hexanes) S{@ 110 °C.
(2 eq) M PYe mikR6e ag leated under mienodayg ﬁﬁé@l‘ﬁﬁo\)vafgr 3 &B&P@a o8 at

The gﬁ%&g%‘@k%@ c?fgl_%exﬁtaot}gg t].ﬂéezr) e e %e%ssﬁﬁs) %Sgﬁ/? 401.4

Mlﬁi Preparation of 5 (2

r phol i no- 6- (pi peri di n-4-yl oxy)pyrimdin-4-yl)pyrimd
ine- 2,4-dianmne -157 WO 28Q04k@84Y 86
PCT/ USZOO?/ 001708 N. Boc Boc NH q vl O NH2 N NH2 N

guinolin-
tert- but yl
4- (6- (2, 4-di am nopyri ni di r§-$‘-“—§&‘§) 2- nor phol i nopyri m din

-4- yl oxy) pi peridi ne-1-carboxyl ate was prepared by
Suzuki reaction tert-butyl 4-(6-chloro-2-

rphol i XYY PP dhneyhpgadiaacylaatia
o5 DL SR oM A B sty e
5-(4,4,5,5-tetranethyl -1, 3, 2-di oxabor oI an-2-yl)pyrimd

ine-2,4-diamne (prepared as in thod 7). The crude
product was purified by reverse e HPLC and

i sol atedtas the free base t é\gtractlon into Et
upon b fy| ng (709 . L (M z): 473.1 (MH).
title ound vvas Pr PR y cleaving the

pro as_sHown in Steps3 of Ex 1N NN
L (m Z) 0 ( M) pd(dppnClz, HONT SN Lo
Na,COs;, THF 2
[0367] THF (130 mL) and aq. Na,CO; (2M, 40 mL, 80 mmol) were added to a

glass pressure vessel containing 4,6-dichloro-2-morpholinopyrimidine (prepared as in
Method 22; 4.5g, 19.2mmol) and 5-(4,4,5,5-tetramethyl-1,3,2—dioxaborolan-2-
yDpyridin-2-amine (4.7 g, 21.2 mmol). The resulting mixture was stirred and sparged
with argon for 1-2 minutes. The catalyst, dichloro[1,1'-bis(diphenylphosphino)ferrocene]
palladium (II) dichloromethane adduct (1.26 g, 1.54 mmol), was then added in one
portion. After sealing the reaction vessel, the reaction was heated at 85 °C for 1 hour with
stirring. Upon cooling to RT, the THF was rempved under reduced pressure to leave a
viscous residue. EtOAc (450 mL) and water (50 mL) were added. After vigorously
stirring for 1-2 minutes, the solids were filtered off and washed with EtOAc (100 mL).
The organic layer was separated and the aqueous layer was extracted with EtOAc
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Exanpl e 29 Preparation of 1 ((R) 3 (6 (2
4-di am nop3gi m di n-5-yl)-2-nor phol i nopyri m di n-
wd 200 0847830i p eridin- | -yl)ethanone ~. ~N _ |, NEH/US2007/001708
O'NBoc O" NBoc Oz eNNH2 / NNH2 NHNeNN-) d
NNN I NNI N~HNNOHNNOHNN z [0433]
(R -tert-butyl
3-(6-(2, 4-di am nopyri m di n-5-yl)-2-norpholinopyrimdin
- 4-yl oxy) pi peridi ne-1-carboxyl ate was prepared by
Suzuki reaction of 4-(6-chloro-2-
rphgld n |l Giodnit- YW BieP @k evith eatuboed) NeC3, solution
100 ) E e b S e e
(1 x 5§1d1d), 4riRaSw s NAFEL ilterkd nd- cliapredsod ohder dprgdprassirg. The
i ne-'2, 4- diamne. The crude product was puri fl,ed840 hloro-2-
crude h@aterigewsh AxthdrRivE fed by sbrageldchiemateereplypto g8 {%‘3 oro=

2007/ 084786 PCT/ US2007/001708. base af ext [ .
morphalin B oREmigiom- BRSFAHG A FPAE, CLENG (D) LalPs (e 2921
(M#). The N-Boc protectin roup was cl eaved as
(Wb%v%)aoﬁﬁ“@i%% 3 of Exanpl e 100 LOVS (mz): 373.0
(MH). The title compound was synt hesi zed as shown in
step 4 of Exanple 19. LCMS (mz): 460.1 (MHL'), Rt
[0368F 51. EX R amind pihiaha-ghi dmortold- 4l porigiidn-d-yl-(E-methoxy-
r phol 1 no- 6- (N-acyl - ni peridi n-4-yl oxy) pyri m di n-
pyridé=3dyDpatning di n-4(3H) -one O ILL-, OBoc NH O ~10 9- N
NBO:iio/ - ONOHNNNHNNN- HZN NH NN LI~O
H2N' N ~O 2 [0434] A m xture of tert-butyl

N.__O

4- (6-chl oro- 2- nor phol i nopyr i/rE«ﬁlpe{. /\ | ~
Cl HoN X .
SN - B
LA NTNTY
Pd(OAc), BINAP
| \, N N/\(l) Cs,C0,, THF L_o
H,NT N
[0369] In a glass pressure vessel, Pd(OAc); (2.0 mg, 0.0082 mmol), BINAP

(6.4 mg, 0.0102 mmol), cesium carbonate (20.0 mg, 0.0615 mmol) and THF (0.8 mL) '
were mixed and stirred at room temperature for 1-3 minutes. To the resulting mixture

was added 5-(6—chloro—2—morpholin—4-yl-pyrimidin-4—y1)—pyridin-Z—ylamine (12.0 mg,

0.041 mmol) followed by 6-methoxypyridin-3-ylamine (10.2 mg, 0.082 mmol). The

glass pressure vessel was sealed and stirred at 95 °C for 90 minutes. The reaction mixture

was filtered and concentrated under reduced pressure. The product was purified by

preparative reverse phase HPLC to give [6-(6—amino-pyridin—3—yl)—2—morpholin—4-yl-

pyrimidin-4-yl]-(6—methoxy—pyridin-3-yl)-amine (5.0 mg, 32%). LC/MS (m/z): 380.1

(MH"), R, 1.82 minutes.

Example 3

Preparation of 5-(6-[2~( methylsulfonamide)pyridin]-3 -y1)-2-morpholino-

pyg'midin—4-yl )pyridin-2-amine
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yl oxy) pi peri di ne-r-carboxyl ate (500 ng, 1.26 mmol),

4- met hoxy- 2-am nopyri m dyl boronate ester (prepared
w@g007/08478¢ hod 8, 630 ng, 2.51 mml) and PCT/US2007/001708

Pd(dppf)d 2-CH2C12 (51 ng, 0.063 mmol) in

di met hoxyet hane and 2 M Na2CO3 (3:1, 12 nlL) was heated

under m crowave irradiation for 15 mnutes at 120 C

The reaction mxture was partitioned between Et QAc

(200 nL) and Na2CO3(sat.) (50 nL), the organic |ayer

was separated and washed with brine (50 mL). The

onbi ne GRS, B0y el4 din-2-
[037@% oac (%@% e Opgngnt?]gﬁ mg%g%r;&arﬁ)gillayer?m .
ylamg{l ed over Na2S™, filtered and concentrated. To this

material was added 4 M HCVdi oxane (20 nL) to renove
the Boc group. After standing for 12 hours, the

vol atil es were renoved in wacuo, and the residu
partitioned befween wa}ﬂ ynd IN NaOH {50

m.). Upon se br ati ng, the Ayer was extral tef

further wt 012 (200 and hen CHC13 (2x

nm.). The_conbi gani ct+ayers—were—®oncent r at g¢d )\

yi el di l5"&5/\022007/ 084786 PCT/ US200 7

di hyg met hoxy nmor phol i no- 6- ( pi PN = K/O
-yl oxy) pyrim di n-4-yl) pyri m di n-2- al ne (464

eri di n-
ng). The crude conmpound and norpholine (0.9 nL, 10.45
mml) in NWP (10 nL) were heated under m crowave

[03’}&ir adi atlloog éoq tid? JF g"('(%@ﬁlo?(;-ZZXQQrpgohﬁ—@Wﬁlﬁﬁﬁncﬁﬂﬂ—yl)pynd1n—2~

t hoxy pyri m Ine to e pyrimdone. Additional

ylaxﬁm ?%ﬂa&% (3. B NbxardPled5 (Z6RIng, VY rmcudyl amdd 2tfhwro-3-(4,4,5,5-

ion was heated under mcrowave irradiation for 15
tetrdﬁiidﬁllll)t'lqs 3aIl]dIO)¢abamldli}2ml)wnéglea&1 83mas.d - 3®WOQ%QM§ “@ mL) was

the material was directly |ed by. re ha .
addedPlaB. aqfie@ys |syb.k§mn| iof aNefr 3t n%/IF) gojhweé]f FE)tyhsd?chloro[l,l

bls(%:,gﬁwﬁlgﬂ% QWOSF %Eryfﬁg,eﬁy r}fé | n_ql_)g;}l Ibl)?lr'clvngr?t ane 571 me, 0.087 mmol).
r&]%ﬁl’ %%’%; ﬁgaé%f i (ch;dmet Br 20lth#h at ﬁﬁﬁ"(ﬂg Thé ':_a‘%ﬁmous phase was

The titl e conpound was

sepRLRAGH HVE, 6&id attratedfvithNBtGiee. o rkter gorabinrd ogganip phases were
shown i n Exanple 19, step 4. LCMB (mz): 416.0 (MH
washed Riithlbring, dﬁedrrﬁlltere@;]_am} eprneBirpigh tafgive crude desired product which

2- am no- 5- ( 2- nor phol i ho- 6 carb p ri
vasamed O Srytet et U g f LS PSS G o,
Of/ NB-O+O0ONON Il ~NHNNHNNN---1 HN
18‘?“’&1@‘352 Cl N H2NN HZN-N 0 [0435) The title conpound
was prepared as in Exanple 30, except utilizing

[0372] N- {3-[6—(6-Amino-pyridin—3-yl)—2—morpholin—4—yl-pyrimidin—4—y1]pyridin-

2-yl}-methanesulfonamide
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met hyl chl orof ormate i nstead of acetyl chloride in the
| ast step. LCMS (mz): 432.0 (MH), Rt 2.05. Exanple
W@ 200208486 ati on of 6 6 ami no-4-(tri PCT/US2007/001708

fl uoromet hyl ) pyridin-3-y11-N-f4-(1-isopropyl pi peridin-

4- yl oxy) phenyl | -2-norpholinopyrimdin-4-am ne -160

WD 2007/ 084786 PCT/ US2007/001708 O p HN X1 IN-Ir

C- H2NiN~ F FFFF GCs2003, THF, ° N N~ Pd (dppfh

C. CHRC21 N lip HZN N "I H2N N [0436] In a gl ass
pressure vessel Pd(QAc)2 (5.0 ng, 0.022 nmol ), BI NAP

17.0 ) ; ) idin
[037% mrlgf) 58 ) l?}?cxﬁj'{)_f? 2[15 0(2‘;‘@?&&;8')&@5?“ 9%%@ jﬁ(gx%gtg} i;II}}é}(al pa);nm n
4-y1] rﬁ%@i{m SNghAU g(rob alg, 1 03 TdIpSand Omietteneed fonbinide (216 mg,

ure was

2.3 b H-ifi PIPOEPmi) vsoddded s COpyBi7Ri rdgnl 4 rympl)py’,l“hg selation was
-ylam ne (40.0 ng, O0.-11 nmol) foll owed

heateﬁ- @ﬂl?%‘t@) rfmp:}l}mup%r iTdienteactjory ;gy):tuéﬁ |qusnré)o>((eod7 tq) ToRy™ temperature,
The | as ressure ve &
i n g Tl PRI TR e cproma

t t
LC/I%I%angzr)e Eg%oﬂ\?gﬁéehirggg;glgl Ee%ggrl o?etrjnu)éegrgr \gg:ure The

product was purified by mExepmletive reverse phase HPLC
to give

PrepAradtion aifiN: (6-06-ginind-#-fhopomiridjm-Bayl)-2emnarpholinppygmiding- j g
opropylplperldln 4-yl oxy) phenyl ] -
opyrimdin-4-amine (3.0 ng, 5% . LC/ M5

[037ﬁ epar a?? Z@l %%?m%)z(rgoxgﬁohrglgwﬁw %%1)@@658{ §_atrine

(trifluoromethyl)pyridin-3-yl)-N(4-(1-isopropyl piperi
di n-4- yl oxy)

3- net hoxyphenyl) 2ﬂor i rimdin-4-a /rﬁaw
p T" FCIFTIFFNZIFI HN Cs2CQRy

Pd (dppf)2 . CH2CI 22N

Br l N/)\Br 2) H'\ll\/ Br /‘\ ‘\/:I)

[0375] Te a solution of 2.,4,6-tribromopyrimidine (5.40 g, 17.2mmol) in
acetonitrile (60 ﬁL) was added quinolin-3-amine, followed by DIEA (8.99 mL,
51.6 mmol). The reaction mixture was heated to 45 °C overnight. Morpholine (1.50 mL,
17.2 mmol) was then added, and the reaction mixture continued heating for 4 h. The
reaction mixture was then~cooled to room temperature, concentrated and dissolved in
EtOAc (about 500 mL), the organic solution was washed with saturated NaHCO3 (3x),
H,0 (2x), brine (1x) and dried over Na;SO4. The solution was then evaporated in the
presence of silica gel and purified by column chromatography (SiOa, 15-25%
EtOAc/Hexanes) to yield N-(6—bromo-2—morpholinopyrimidin—4-yl)quinolin-3-amine.
LC/MS (m/z): 386.1 (MH).
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LO H2N N H2N N [0437] In a gl ass pressure vessel,
Pd(OAc)z (5.0 ng, 0.02 mmol), BINAP (17.0 ng, 0.028
wonw7ps478@€si um car bonate (72.0 ng, 0.22 nmmol ) BemuIidp7/001708
(2.0 m.) were mxed and stirred at room tenperature
for 1-3 mnutes. To the resulting m xture was added
5-(6-chl oro- 2-nor phol i n-4-yl -pyrimdin-4-yl)-pyridin-2
-ylamine (40.0 ng, 0.11 nmol) foll owed by
4- (1-isopropyl pi peridi n-4-yl oxy) - 3- met hoxyani | i ne
(46.6 ng, -161 WD 2007/084786 PCT/US2007/001708 O0.16
). | ass pr - MasorsiesiiRebyriftidinred,
03760 hedt A PR P S Tt 126,
1 t.hutes. The reaction mxture was filtered and
quu%%%géggggggd under reduced pressure. The residue was
purified by preparative reverse phase HPLC to give
6- (6-am no-4-(trifluorongt vridin-3-yl)-N(4-(1- N
i sopropyl pi p idin-4-y[gz%§ggiﬁethoxyphenyl)-2-nDrph8L/E;;E::j
e

i nopyriF m @im4- am nei'6. , p&&%bcwjﬁgﬁk(ﬂ1z):
588. 3 P 1*92 tes. Ex t i

l6 |

ambgho- AN (trifl uor t ’%nggpdin-B-yl)-z-nnrph

i mdin- 4-yl)-4-phenylthi Q2-amne CF3 QB N N sz

HNIT S H2ZNNCF3 N1 C N'N'-~ Pd(dppf)Cl 2, Na2CG3 N

N H2N N LO [0438] A sol ution of

N- ( 6- chl or o- 2- nor phol i nopyri m di n-4-yl)-4-phenyl t hi azo

|- 2-amne (15 ng, 0.040 mmol),

5-(4,4,5,5-tetranethy|-1,3,2-dioxaborolan-z-ygz-4: borolan-2
[037¢1 r i T | udroonretsbytiopy oif d#rlurendi-(et,  S3tergmethyhd P> idipyaborolan-2-

d 1,11- bis(di phenyl phosphi S
Jpidin Seipine (esrasiben o ShaE bR i, dgahe [ FHhE.13 mmob),

1, 4- di d 0.05.0L, of. 2. M: - )
N-(Gremie e RS R R g S A (T @RERECS. @052 mmo)
dichﬁgﬁg‘f['%B‘?sgg%%ﬁﬁhoé%&ogfﬁ%d‘ckﬁéjpmacﬁ%@lﬁaicnm@eﬂmep adduct

1 Mo{ 8-0168- Aol ardtt 611l ddusonosadiny Foponati moBititn) (026 mL, 1.2 mmol)
bt phol i nopyr i m di n- 4- yl ) - 4- phenyl t hi azol - 2- ani ne. .
werd- QA& (udez )argd00 ThivigedssuiR vasseiowagrpeplgdand eafpapiaen gyxture was

heated in a microwave reactor at 120°C for 15 minutes. The crude product was

partitioned between EtOAc (30 mL) and saturated sodium bicarbonate (10 mL). The
organic layer was separated, dried over sodium sulfate, filtered and concentrated under
reduced pressure. The product was purified by reverse phase preparative HPLC to give
N—(6—(6—amin0-4-ﬂuoropyridin—3—yl)-2-morpholinopyrimidin-4—yl)quinolin-3-amine as
yellow powder (14 mg, 26%)- LC/MS (m/z): 418.0 (MH"), R, 2.31 minutes.

Example 5

Preparation of 2-amino-5-[2-morpholin-4-yl-6-( quinolin-3-ylamino)-pyrimidin-4-

yl ]-isonicotinonitrile
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(Prepar ation of N
6- (6-am no-4-(trifluoronethvl)pvridin-3-yl)-5-nethyl-
WQ200m08478®©1 | noayri m di n-4-VI) -4-phen ylthi z\zgl P(ZF/HEQ(%’B’OOHOS
-162 WD 2007/084786 PCT/ US2007/001708 S HNFN/ NN
NN~ ~O H2N \ CF3 [0439]
N-(6- (6-am no-4-(trifluoronethyl)pyridin-3-yl)-5-methy
| -2- norphol i nopyri m di n-4-yl)-4-phenylthiazol -2-am ne
was prepared according to Exanple 35. LO M (nilz):
514 (M#), RL 2.62 minutes. TABLE 1 LCI M5 hplc P13

N
PSer473 Cellular Com | m n Ki nase AKT, /E/\l@
Prolifer Structure pou = Al pha, EC50 atjon, HN x

mn 45T'|n I ECsO 401.4, 2.00 N | N N~ N
LO +++4] ++OF \+pH+ N| 380. 1pd(@pH&i,, INay@0,1. 82 )N\
N O”N'10¢Uj4,%., - , . WNTY
+8% W HN 10 4 FOigx@ 1. 99. L_o
Lo HNT N

[0378] To the crude 2-amino-5-(4,4,5,5-tetra.methyl—l,3,2‘-dioxaborolan-2-
yl)pyridine-4-carbonitrile (prepared as in Method 11) (25 mg, 0.13 mmol) solution in
dioxane (1.8 mL) in a pressure vessel, was added (6-brpmo—2-morpholin—4-y1—pyrimidin—
4-yl)-quinolin-3-yl-amine (19.4 mg, 0.05mmol) and agq. Na,CO: (2M, 0.6mlL,
1.2 mmol). After purging the reaction mixture with argon, dichloro[1,1'-
bis(diphenylphosphino)ferrocene] palladium(If) dichloromethane adduct (10.3 mg,
0.01 mmol) was added in one portion. The pressure vessel was sealed and the mixture
was heated in a microwave at 120 °C for 900 seconds. The crude mixture was filtered
and concentrated under reduced pressure. The crude product was purified by reverse
phase preparative HPLC to give 2—amino-S-[2-morpholin-4—y1-6-(quinolin—3-yla;mino)-
pyrimidin-4-yl]-isonicotinonitrile (4.4 mg, 20%). LC/MS (m/z): 425.0 MEY), R
2.03 minutes.

Example 6

Preparation of NG—methyl-2-morpholino—]Witetrahydro-?_H—pvran—4-v1)-4,5'—

bipyrimidine-2',6-diamine
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[0380] Tetrahydro-2H-pyran-4-amine (90 mg, 0.9 mmol) was added to a solution
of formaldehyde (37% solution in water, 0.091mL, 1.13 mmol) and acetic acid
(0.162mL) in ACN (0.8mL). After stirring for 5 minutes, Na(CN)BH3z (60 mg,
1.13 mmol) was added in one portion at RT. After 1 hour, excess Cs;CO3 was added to
the reaction until made alkaline. After stirring for 15 minutes, the reaction was filtered to
remove solids and the solvent evaporated under reduced pressure. The crude product, N-
methyltetrahydro-2 H-pyran-4-amine, was used for the following displacement without

further purification. LC/MS (m/z): 116.1 (MHD, R; 0.34 minutes.

[0381] 6-chloro-N-methyl-2-morpholino-N-(tetrahydro-2 H. -pyran-4-yDpyrimidin-
4-amine
[0382] The crude N-methyltetrahydro-2H-pyran-4-amine (104 mg,-0.9 mmol) was

dissolved in NMP (0.8 mL). To the solution, Cs,CO; (366 mg, 1.13 mmol) and 4-(4,6-
dichloropyrimidin-2-yl)morpholine (prepared as in Method 22) (80 mg, 0.34 mmol) were
- added at room temperature. The reaction mixture was heated to 95 °C. After 90 minutes,
the reaction mixture was cooled to room temperature, filtered and purified by reverse
phase preparative HPLC yielding 24 mg (23%) of pure 6-chloro-N-methyl-2-morpholino-
N-(tetrahydro-2 H-pyran-4-yl)pyrimidin-4-amine. LC/MS (m/z): 313.2 (MHY), R, 2.61

minutes.

[0383] NS —methyI-Z—morpholino—N6 -(tetrahydro-2H-pyran-4-yl1)-4,5'-

bipyrimidine-2',6-diamine

[0384] To an argon flushed mixture of 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)pyrimidin-2-amine (42 mg, 0.19 mmol), 6-chloro-N-methyl-2-morpholino-N-
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(tetrahwdlrdl-'ZH-\lﬁyrtalfax- \))Pyrintibin-4atding *(12 mEB3GX383nhidl) GHETHF (0.8 mL),
and agq. NayCOs: (ZM, 0.27mL) in a pressure vessel, was added dichloro{1,1'-
bis(diphenylphosphino)ferrocene] palladium (I) dichloromethane adduct (8 mg,
0.0095 mmol) in one portion. The pressure vessel was sealed and the mixture was heated
in a microwave at 120 °C for 600 seconds. The crude mixture was filtered, concentrated
under reduced pressure and purified by reverse phase preparative HPLC to give NS-
methyl-2-rnorpholino-N6-(tetra.hydro-ZH—pyran-4-y1)-4,5'-bipyrimidine-2’,6-diamine

(4.6 mg, 32%). LC/MS (m/z): 372.2 (MH"), R; 1.76 minutes.

Example 7

Preparation of N-(6-( 2-aminopvrimidin—5-v1)-2—morpholinoovrimidin—4-vl)—5-

methoxyquinolin-3-amine

N
|
cl HNT S
=N N o<
LA - LA
NTSYTNTTNTTY NTSYONTTNTTY
i LS A LS
HN" N HoN" N
[0385] The desired compound was prepared as described in Example 2:

Pd(OAc),, BINAP, cesium carbonate, THF (0.8 mL) were mixed with 5-(6-chloro-2-
morpho1inopyrimidin-4—y1)pyrimidin—2—amine (1 eq.) and 5-methoxyquinolin-3-amine (2
eq), which was prepared as shown in Method 20. The mixture was heated under
microwave irradiation for 10 minutes at 110°C. The solution was filtered and
concentrated under reduced pressure. The crude product was purified by preparative
reverse phase HPLC. LC/MS (m/z): 431.2 (MHM), R, 2.03 minutes.

Example 8

~

Preparation of 5-( 2-morpholino—6-(nvridin—3—vloxv)pvrimidin—4-v1)‘ov1‘imidin-2-

amine
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[0386] 5-(6-chloro—2-morpholinopyrirnidin-4-yl)pyrimidin—2-amine (10 mg,

0.034 mmol, prepared as in example 1), potassium ferz-butoxide (6 mg, 0.051 mmol),

pyridin-3-ol (5 mg, 0.051 mmol) and DMSO (0.5 mL) were all combined together and

heated at 110 °C for 2 days. The crude product was purified directly by preparative

reverse phase HPLC to give 5-(2-morpholino-6-(pyridin—3-y10xy)pyrimidin—4-

yl)pyrimidin-2-amine (5.1 mg, 32%). LC/MS (m/z): 352.1 (MHM), R, 1.83 minutes.
Example 9

Preparation of 6—(2-aminopyrimidin—5-vl)-2-morpholino—N—( 6-(piperazin-1-

vDpyridin-3-y)pyrimidin-4-amine

'/\NBoc (\NH

jo e g
HNT HNT

—_—
] i
NS ONT TN NS ONT TN
AL 2 0 A~ 0
HN~ N HoN" "N
[0387] To tert-butyl 4-(5-(6-(2—aminopyrimidin—S-yl)-2-morpholinopyrimidin—4—

ylamino) pyridin-2-yl)piperazine-1-carboxylate (prepared as described in Example 1 from
5-(6-chloro-2-morpholinopyrimidin—4-yl)pyrimidin—2—amine and commercially available
tert-butyl 4-(5-aminopyridin-2-yl)piperazine-1 -carboxylate, 30 mg, 0.06 mmol) were

added 5mL of 4N HCI in dioxane. After stiring for one hour, the solution was
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Example 10

Preparation of 4-(trifluoromethyl)-5-( 2.6-dimorpholinopyrimidin-4-yl)pyridin-2-

amine
)
C! N
=N =N
——
NAN/\ NAN/\|
o o
[0388] To a shury of 2-morpholino-4,6-dichloropyrimidine (prepared as in

Method 22, 2.0 g, 8.54 mmol) in NMP (14 mL), triethylamine (1.43 mL, 10.25 mmol)
was added. The heterogeneous mixture was stirred for 15 minutes, then treated with
morpholine (0.75 mL, 8.54 mmol). Upon refluxing at 85 °C under argon for 2 hours, the
solution was cooled, then added to EtOAc (160 mL). The organic solution was washed
with 25 mL of NaHCOssa) (2 X), water (2 x) and brine, dried over Na,SQ, filtered and
concentrated. The crude material was dissolved in 200 mL EtOAc and filtered through a
SiO, pad, further eluting with EtOAc, yielding 2.2 g (93%) of 2,4-dimorpholino-6-
chloropyrimidine as an off-white solid. LCMS (m/z): 285.0 MH), '"H NMR (CDClL): §
5.86 (s, 1H), 3.71-3.76(m, 12H), 3.52-3.56(m, 4H).

[0389] 4—(triﬂuoromethyl)—5-(2,6-dimorpholinopyrimidin-4-yl)pyridin-2—amine
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[0390] Argon gas was bubbled through a heterogeneous mixture of 2,4-
dimorpholino-6-chloropyrimidine (4.1 g, 14.3 mmol) and 4-(trifluoromethy1)-5-(4,4,5,5-
tetramethyl—l,3,2-dioxaborolan—2—yl)pyridin-2-amine (16.5g, 57.3mmol) in 1,2-
dimethoxyethane and 2M  NayCOs; 3:1) for 20 minutes. 1,1-
Bis(diphenylphosphino)ferrocene palladium (II) chloride (292 mg, 0.36 mmol) was added
and the high pressure glass vessel containing the mixture was sealed. The reaction
mixture was then heated at 90 °C for 15 hours, cooled and dituted with EtOAc (300 mL).
The organic solution was washed with 300mL of a mixture of water:
Na;COs(saty NH4OH(coney = 5:4:1, then NH4Clsar), and brine (2x), dried over NayS0s,
filtered and concentrated. The crude material was purified by SiO, chromatography (50-
90% EtOAc/hexanes with 0.1% TEA) resulting in 5.62 g (95%) of 4-(trifluoromethyl)-5-
(2,6-dimorpholinopyrimidin'-4—y1)pyridin-2-amine as an off-white solid. LCMS (m/z):
411.3 (MH"); '"H NMR (CDCls): & 8.27 (s, 1H), 6.78 (s, 1H), 5.97 (s, 1H), 4.77 (bs, 2H),
3.59-3.80(m, 12H), 3.58-3.61(m, 4H).
Example 11

Preparation of N-(6-( 1—isopropvlpiperidin—4—vloxv)pvridin-3—v1‘)—6—( 6-amino-4-

(trifluoromethyDpyridin-3-yl) -2-morpholinopyrimidin-4-amine

N. O

~ ]
0
N

cl /LNj’ ° HN
J QO
F HoN P N\I/ F

BY S PY Qi
&~ CSzCO:;, THF, [
SN N Pd(dpph Cl. CH,Clz (NN
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[0391] N-(6—(1—isopropylpiperidin—4-yloxy)pyridin—3—yl)—6-(6—amino-4—
(tﬁﬂuoromethyl)—pyridin—3-yl)—2—m0rpholinopyﬁmidin—4—amine was synthesized
according to the general procedure for the Buchwald reaction in Example 2 by reacting 6~
(1-isopropylpiperidin~4—yloxy)pyridih—3-amine (prepared as in Method 16) with 5-(6-
chloro-2-morpholinopyrimidin-4-yl)~4—(triﬂuoromethy1)pyridin—2-amine. LC/MS (m/z):
559.2 (MH"), R, 1.92 minutes. '"H NMR (DMSO): § 10.27 (1H, bs, NH); 8.41 (1H, bs);
8.17 (1H, s); 7.98 and 7.94 (1H, 2 b doublets, J= 9.0 Hz, 2 conformers); 6.97 (1H, s);
6.90 and 6.84 (1H, 2 doublets, J= 9.0 Hz, 2 conformers); 6.23 (1H, bs); 5.25 and 5.15
(1H, 2 multiplets, 2 conformers); 3.66 (8H, bs); 3.44 (1H, m); 3.35 (2H, m); 3.10 (2H,
m); 2.22 (2H, m); 2.03 2H, m); 1.27 (6H, overlapping doublets because of confdrmers,
app. triplet, J/= 5.7 Hz).

(trifluoromethyl)pyridin-3-yl) -2-morpholinopyrimidin-4-amine

[0392] 5-((diethylamino)methyl)thiazol-2-amine
NEt,
OHC
\[4/\,\, Diethylamine N
s\< NaCNBH3, MeOH S\<
NH, NH2
[0393] 5-Aminothiazole-5-carbaldehyde (1 eq) was added to a stirring solution of

diethylamine (4 eq) in anhydrous MeOH at 0 °C. Sodium cyanoborohydride (1.5 eq) was
then added in portions at 0 °C. The reaction mixture was stirred at 70 °C for 10 hours.
After this time, the solution was quenched with H>O and extracted with EtOAc. The
combined organic extracts were dried over Na,SO, and concentrated to afford a viscous

brown oil. LC/MS (m/z): 186.2 (MH"), R 0.33 minutes.
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[0394] The title compound was synthesized according to the general procedure

shown in Example 2. LC/MS (m/z): 509.2 (MH"), R, 1.98 minutes. '"H NMR (DMSO):
8 11.0, (2H, bs, NH2), 8.17 (1H, s); 7.63 (1H, s); 7.08 (1H, bs), 6.40 (1H, s); 4.48 (2H,
bd, J= 4.2 Hz); 3.80 (4H, m); 3.68 (4H, m); 3.03 (4H, bq, /= 6.9 Hz); 1.30 (6H, t,J=6.9
Hz).

Example 13

( diethvlamino)ethvl)thiazol—2—v1)-2-morpholinopvrimidin—4—amine

[0395] 2-(é-axninothiazol—4-yl)-N,N-diethylacetamide

COOH CONEY,
N{ Diethylamine N{
7\ Y . 7\
HZN/k HZN/LS

S EDC, HOAT, DMF,
TEA, r.t., 6h

[0396] A mixture of 2-(2-aminothiazol-4-yDacetic acid (1 eq), HOAT (1 eq),
EDC (1.1 eq), TEA (1 eq) and HNEt; (1 eq) in DMA was stirred at room temperature for
6 hours. The reaction mixture was then quenched with H,0O and concentrated. The
residue was dissolved in a stirred 4:1 mixture of EtOAc and NaHCOj¢at). The two
phases were separated and the organic solution was washed with brine, dried over
Na,S0,; and concentrated to dryness. The resulting solid was washed twice with Et,O
and dried to vield the desired product as a white solid. LC/MS (m/z): 214.0 (MH"), R,

1.13 minutes.
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[0397] 4-(2—(diethyla.mino)ethyl)thiazol—Z-amine
{CONEtz N NEL
N 2
\ LAH, THF ,{\
HZN/QS HzN/kS
[0398] A suspension -of 2-(2—aminothiazol—4-y1)-N,N-diethylacetamide (1eq) in

THF was added dropwise to a vigorously stirred suspension of LAH (1 eq) in THF at
0 °C. The mixture was stirred at room temperature for 2 hours. At this time, the resulting
mixture was cooled to 0°C and 1 part H;O, followed by 1 part 10% NaOH and lastly
3 parts H,0, were added dropwise. The mixture was stirred for 10 minutes, filtered, and
the solid residue washed with THF. The filtrate was collected and concentrated to
dryness. The resulting crude material was washed with Et,O twice and dried to afford a

viscous brown oil. LC/MS (m/z): 200.1, (MH"), R, 0.34 minutes.

i 3\ NEt,

Ci N NEty HN N

F anL \ F
F——F # jj\ N8 F——F & /‘Nk
> Cs,C0O;3, THF, >
N N"™ Pd’(dppf)z CI. CH,Cly YN
Z l\/o = K/O
HN” °N H,N" N
[0399] The title compound was synthesized according to the general procedure

shown in Example 2. LC/MS (m/z): 523.1 (MH"), R; 2.11 minutes. 'H-NMR (DMSO):
8 8.15 (1H, s); 7.08 (1H, s); 6.96 (1H, s); 6.38 (1H, s); 3.78 (4H, m); 3.65 (4H, m); 3.31
(2H, m); 3.13 (4H, g, J=7.2 Hz); 3.02 (2H, m); 1.20 (6H, t, J=7.2 Hz).

Example 14
-2-morpholino-4.5"-bipyrimidine-2'.6-diamine

Preparation of N°-(2-methoxyethyl
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[0400] An argon sparged mixture of 6-chloro-2-morpholino-4,5'-bipyrimidin-2'-
amine (10 mg, 0.03 mmol) and 2-methoxyethanamine (0.018 mL, 0.20 mmol) in NMP
(0.8 mL) contained in a sealed pressure vessel was heated in a microwave at 155 °C for
1000 seconds. The reaction mixture was filtered and puﬁﬁed by reverse phase
preparative HPLC to give NG-(2-methoxyethyl)—2-morpholino-4,5‘-bipyrimidine-2',6-
diamine as the TFA salt (4.0 mg, 30%). LC/MS (m/z): 332.2 (MH"), R, 1.44 minutes.

Example 15

Preparation of 2-morpholino-6-( 2-phenylmorpholino)-4,5'-bipyrimidin-2'-amine

>

>
D,
>\_z
)

[0401] An argon sparged mixture of 6-chloro-2-morpholino-4,5'-bipyrimidin-2'-
amine (10 mg, 0.03 mmol), Cs;CO; (27 mg, 0.09 mmol) and 2-phenylmorpholine
(11 mg, 0.068 mmol) in NMP (0.5 mL) contained in a sealed pressure vessel, was heated
in a microwave at 170 °C for 600 seconds. The reaction mixture was filtered and purified
by reverse phase preparative HPLC to give 2-morpholino-6-(2-phenylmorpholino)-4,5'-
bipyrimidin-2'-amine as the TFA salt (7.2 mg, 45%). LC/MS (m/z): 420.1 (MHY), R,

2.20 minutes.
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Preparation of Nﬁ—tert-butvl-Z-morpholino-4,5'-bipvrimidine—2',6—diamine

‘ L
HN

N

N\'N//l\N/\| g |1
M o )Nl\\/ N N/\o

HoN" TN
H,N" N

[0402] " An argon sparged mixture of 6-chloro-2-morpholino-4,5-bipyrimidin-2'-
amine (10 mg, 0.03 mmol) and tert-butylamine (12.5 mg, 0.17 mmol) in NMP (0.5 mL)

contained in a sealed pressure vessel, was heated in a microwave at 175°C for

800 seconds. An additional amount of fert-butylamine (50 mg, 0.68 mmol) was added to

the reaction. The reaction was again heated in a microwave at 175 °C for 800 seconds

and again at 175 °C for 800 seconds until disappeérance of the starting material. The
crude mixture was filtered. The crude product was purified by reverse phase preparative
HPLC to give N6-tert-butyl-2—morpholino-4,5'—bipyrimidine-2',6-diamine as tﬁe TFA salt
(0.9 mg, 7%). LC/MS (m/z): 330.2 (MH"), R; 1.96 minutes.

Example 17

Preparation of 1-(2-(6-amino-4-(txiﬂuoromethvl)pvridin—3-vl)—6-mornholino-

pyrimidin-4-yDpiperidin-2-one

{0403} 5-(2-chloro-6—morpholinopyrimidin-4-y1amino)pentanoic acid
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[0404] 5-Aminopentanoic acid (140 mg, 1.19 mmol), 4-(2,6-dichloropyrimidin-4-
yl)morpholine (prepared as in Method 22; 234 mg, 1.0 mmol) and DIEA (0.530 mL,
3.0 mmol) were dissolved in N,N-dimethylformamide (6 mL). The reaction solution was
stirred at 40 °C for 40 hours. The reaction was diluted with EtOAc (100 mL) and washed
with 0.5 M HCI (40 mL), water (40 mL), brine (40 mL), dried with Na;SO,, filtered and
evaporated to give a solid. The crude product was chromatographed on a silica gel
column by eluting with 80% EtOAc in hexane to give 5-(2-chloro-6-
morpholinopyrimidin—4-ylamino)pentanoic acid as a white solid (190 mg, 60%). LC/MS
(m/z): 315.0 (MH"), R¢ 1.79 minutes.

[0405] 1 -(2-chloro-6—morpholinopyrimidin-4—y1)pip eridin-2-one

HN/\/\/?J\ ENlo

OH  LATU, HOAT, DIEA

fjl\ chloroform > | ~N
c” N7 N ci N//kN/\‘

O Q

[0406] To a solution of HATU (304 mg, 0.8 mmol), HOAT (82 mg, 0.6 mmol)
and DIEA (0.209 mL, 1.2 mmol) in chloroform (20 mL) under argon, a solution of 5-(2-
chloro-6-morpholinopyrimidin-4-ylamino)pentanoic acid (190mg, O0.6mmol) in
chloroform (10 mL) was slowly added. The reaction solution was stirred at room
temperature for 5 hours. After the reaction was complete, the solution was evaporated to
dryness to give a white solid which was chromatographed on a silica gel column by
eluting with 40% EtOAc/hexane to give 1-(2-chloro-6-morpholinopyrimidin-4-
yl)piperidin-2-one as a white solid (62 mg, 35%). LC/MS (m/z): 297.0 (MH, R, 2.74

minutes.
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[0408] To a suspension of 1—(2—ch10ro-6-morpho1inopyrimidin—4-yl)piperidin—Z-
one (16 mg, 0.05 mmol), 5-(4,4,5 ,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-4-
(trifluoromethyl)pyridin-2-amine (prepared as in Method 4; 23 mg, 0.08 mmol) and
dichloro[l,1'-bis(diphenylphosphino)ferrocene] palladium (II) dichloromethane adduct
(8 mg, 0.009 mmol) in dioxane (1.1 mL), 2M aqueous sodium carbonate solution
(0.4 mL, 0.8 mmol) was added under argon. The reaction mixture was heated in a
microwave at 120°C for 1000 seconds. The crude product was partitioned between
FtOAc (30 mL) and saturated sodium bicarbonate (10 mL). The organic layer was
separated, dried over sodium sulfate, filtered and concentrated under reduced pressure.
The crude product was purified by preparative reverse phase HPLC to give 1-(2-(6-
amino-4—(tn'ﬂuoromethyl)pyridin-3—yl)-6-morpholinopyrimidin—4—y1)piperidin—2—one as a
yellow powder (8.8 mg, 42%). LC/MS (m/z): 423.0 (MHE"), R; 2.25 minutes.
Example 18

Preparation of 1-(6-(6-amino-4-( trifluoromethyDpyridin-3-y1)-2-

mornholinopyrimidin—4-v1)-3-phenvlimidazolidin—Z—one

[0409] N -(6—(:hloro-2~morpholinopyrimidin—4-yl)-1\]2 -phenylethane-1,2-diamine
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[0410] To a solution of 4-(4,6-dichloropyrimidin-2-yl)morpholine (prepared as
~ described in Method 22; 932 mg, 4.0 mmol) and DIEA (0.7 mL, 4.0 mmol) in ACN
(40 mL), neat N'-phenyl-ethane-1,2-diamine (0.523 mL, 4.0 mmol) was slowly added.
The reaction mixture was stirred at 70-80 °C under nitrogen. After 20 hours, the reaction
mixture was cooled down, and the solvent was removed under reduced pressure. The
crude product was partitioned between EtOAc (120 mL) and 0.1 M NaHCO; (50 mL).
The organic layer was washed with additional 0.1 M NaHCO; (2x50 mL), brine (50 mL),
dried, filtered and concentrated to give N‘-(6-chloro—2-morpholinopyrimidin—4-yl)-N2~
phenylethane-1,2-diamine, as an off-white solid (1.29 g, 96%). LC/MS (m/z): 334.0
(MH"), R, 1.94 minutes.

[0411] ' 1—(6-chloro—2-morpholinopyrimidin—4—y1)-3-phenylimidazolidin—Z—one
H N
HN/\/ N i (_ /EO
1) phosgene/dichloromethane N
Z >N >
J\ 2) DIEA, 40°% = )'N\
cl N’”\j o SN
L_o

[0412] To a solution of Nl-(6—chloro-2-moxpholinopyrimidin—4-yl)-N2-

phenylethane-1,2-diamine (100 mg, 0.3 mmol) in DCM (15 mL) at 0 °C under nitrogen, a
solution of phosgene in toluene (1.89 M, 0.32 mL, 0.6 mmol) was slowly added. After

20 minutes, the reaction was allowed to warm to RT. After 18 hours, DIEA (0.42 mL,
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2.4 mmol) was added and the reaction solution was heated to 40-50 °C for 40 hours. The
reaction mixture was evaporated under reduced pressure and the crude product was
purified by silica gel chromatography eluting with 70% EtOAc /hexane to give 1~(6-
chloro-2-morpholinopyrimidin-4—yl)-3—phenylimidazolidin—Z-one as a white solid (94 mg,
87%). LC/MS (m/z): 360.1 (MH"), R, 3.41 minutes.

[0413] 1-(6-(6 -amino-4-(trifluoromethyl)pyridin-3 -y1)-2-morpholinopyrimidin-4-

yl)-3-phenylimidazolidin-2-one

N .
{ *~NF o Pd(dppNCla, NazCOs.
(0] + 2

- N B. >

\ O °

[ DME, 95°%

N HoN" N
2

[0414] To a suspension of 1-(6-chloro-2-morpholinopyrimidin-4-yl)-3-
phényiimidazolidin-Z-one (18 mg, 0.05 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-4-(trifluoromethyl)pyridin-2-amine (prepared as described in
Method 4; 18 mg, 0.06 mmol) and dichloro[ 1,1'-bis(diphenylphosphino)ferrocene]
palladium (II) dichloromethane adduct (3.2 mg, 0.004 mmol) in DME (1.2mL), 2M
aqueous sodium carbonate solution (0.4 mL, 0.8 mmol) was added under argon. The
reaction mixture was stirred at 95 °C for 5 hours. The crude product was partitioned
between EtOAc (30 mL) and saturated sodium bicarbonate (10mL). The organic layer
was separated, dried over sodium sulfate, filtered and concentrated under reduced
pressure. The crude product was purified by preparative HPLC to give 1-(6-(6-amino-4-

(triﬂuoromethyl)pyridin-3-yl)-2-rnorpho1inopyrimidin-4—y1)-3-phenylimidazolidin—2-one
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Example 19

Preparation of 1-(4-(6-(6-amino-4-( trifluoromethyDpyridin-3-y1)-2-

morpholinopyrimidin-4-yloxy)pip eridin-1-yethanone

[0415] Step 1: Alkoxylation of 2-morpholino- 4,6-dichloropyrimidine

/I:::T,Boc
Ci
+ | =
HO cl \N)\N/\ /Ek/'Nk
o cl” N @
o}

[0416] To a solution of N-Boc-4-hydroxy piperidine (2.58 g, 12.81 mmol) in
tetrahydrofuran at 0°C under argon, was added sodium hydride (60%, 512 mg,
12.81 mmol). After stirring for 20 minutes, a solution of 2-morpholino-4,6-
dichloropyrimidine (2.0 g, 8.54 mmol) in tetrahydrofuran (20 mL) was added through a
syringe. The solution was stirred for 14 hours as the ice bath warmed to room
temperature. At this time, the reaction mixture was quenched with water (2 mL), and was
partitioned between EtOAc‘ (350 mL) and Na,COs(sat.) (75 mL). The organic layer was
separated, washed with brine (50 mL), dried over Na,S0,, filtered, concentrated and the
residue was purified by SiO; chromatography (15-20% BtOAc in hexanes) to yield zert-
butyl 4—(6-chloro—2—morpholinopyrimidin—4—yloxy)piperidine—1—carboxylate as a white
solid (2.64 g, 77%). LCMS (m/z): 399.1 MH). 'H NMR (CDCly): & 6.00 (s, 1H), 5.18
(m, 1H), 3.74 (s, 8H), 3.64-3.74 (m, 2H), 3.28-3.38 (m, 2H), 1.86-1.96 (m, 2H), 1.68-1.78
(m, 2H), 1.44 (s, 9H).
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[0418] A mixture of tert-butyl  4-(6-chloro-2-morpholinopyrimidin-4-
yloxy)piperidine-1-carboxylate (250 mg, 0.63 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-
dioxoborolan-2-yl)-4-(trifluoromethyl)pyridine-2-amine (prepared as in method 4,
325mg, 1.13mmol) and Pd(dppf)Cl-CH,Cl;  (25.6 mg, 0.031 mmol) in
dimethoxyethane/2 M Na;CO;3 (3:1, 8 mL) was heated under microwave irradiation for 15
minutes at 120 °C. The reaction mixture was partitioned between EtOAc (200 mL) and
NayCOssary (50 mL), the organic layer was separated, washed with brine (50 mL), dried
over Na,SO., filtered, concentrated and purified by SiO; chromatography (50-75%
EtOAc/hexanes) to yield the product as a white solid (207 mg, 63%). LCMS (m/z):

525.2 (MH)).

[0419] Step 3: Hydrolysis of N-Boc protecting group
O O
CF 2N\ CF ZZN\
AN SN
NN N ZY N N
HNT N Lo HNT SN Lo
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[0420] A mixture of tert-butyl 4-(6-(6-amino-4-(trifluoromethyl)pyridin-3-y1)-2-
morpholinopyrimidin-4-y1oxy)piperidine—1-carboxylate (649 mg, 1.24 mmol) and 4 M
HCl/dioxane (15 mL, 60 mmol) was allowed to stand at room temperature for 14 hours.
Upon removal of volatiles in vacuo, diethyl ether (50 mL) was added, the material was
sonicated and concentrated yielding the bis HCI salt of the desired product as an off white

solid. LCMS (m/z): 425.1 (MH").

[0421] Step 4: Acylation

. O
e JN\ CFs Z N
3
= N o |
7 N T\/?o N N/kN/\|
H,N N NS L_o
[0422] - To a solution of 4-(triﬂuoromethy1)—5-(2—morpholino-6-(piperidin—4-

yloxy)pyrimidin-4-yl)pyridin-2-amine in NMP, was added diisopropylethylamine (5 eq)
and acetyl chloride (1.5 eq). The reaction mixture was stirred at room temperature for 2 h
and then was purified directly by reverse-phase HPLC and lyophilized yielding the TFA
salt of the product. Alternatively, after reverse phase HPLC thé free base of the product
could be isolated after extraction into EtOAc upon basifying, followed by drying over
N2,SO, and removal of volatiles in vacuo. LCMS (m/z): 467.1 (MH").

Example 20

Preparation of 5-(6-(( S)—nineridin—3-vloxv)~2-momholinoovrimidin—4-v1)—4-

(trifluoromethyl)pyri din-2-amine
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[0423] (S)-tert-butyl 3 -(6-chloro—2-morpholinopyximidin—4~yloxy)piperidine-1 -

carboxylate was prepared as in Example 19, Step 1, for the alkoxylation of 2-morpholino-
4,6-dichloropyrimidine (87%). LCMS (m/z): 399.1(MH*). The Boc protected
intermediate was prepared by Suzuki reaction as shown in Step 2 of Example 19 and was
purified by SiO; chromatography (30-60% EtOAc/héxanes; 78%). LCMS (m/z): 526.0
(MH"). The title compound was prepared by cleaving the N-Boc protecting group as
shown in Step 3 of Example 19. LCMS (m/z): 425.1 (MH).

Example 21

Preparation of 5-(6-( (R)-piperidin-3-yloxy)-2-morpholino pyrimidin-4-y1)-4-

(triflucromethyDpyridin-2-amine

e O
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[0424] (R)-tert-butyl 3—(6—chloro-2—morpholinopyrimidin—4—yloxy)piperidine-1—
carboxylate was prepared as in Example 19, Step 1, for the alkoxylation of 2-morpholino-
4,6-dichloropyrimidine (82%). LCMS (m/z): 399.1 (MH"). The Boc protected
intermediate was prepared by Suzuki reaction as shown in Step 2 of Example 19 and was

purified by silica gel chromatography (30-60% EtOAc/hexanes, 54%). LCMS (m/z):
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as shown in Step 3 of Example 19. LCMS (m/z): 425.1 (MHH.

Example 22
Preparation of 1-((R)-3-(6-( 6-amino-4-(irifluoromethylpyridin-3-y1)-2-

morpholinopyrimidin-4-yloxy)pyrrolidin-1-yhethanone

E :N‘Boc [ jN‘Boc

\\ O“\CN\(
Z — 7 CcF3 N
cnr )\N/\l rj/(\ N/\| r\/’/(: fTCN\J\N
HNT SN

[0425] (R)-tert-butyl 3-(6-chloro-2 -morpholinopyrimidin-4-yloxy)pyrrolidine-1-

carboxylate was prepared as in Example 19, Step 1, for the alkoxylation of 2-morpholino-
4,6-dichloropyrimidine (41%). LCMS (m/z): 385.0 (MH"Y).

[0426] The Boc protected intermediate was prepared by Suzuki reaction as shown
in Step 2 of Example 19 and was purified by reverse phase HPLC and isolated as free
base after extraction into EtOAc upon basifying (71%). LCMS (m/z): 511.0 (MH").
Cleavage of the N-Boc protecting group was performed as shown in Step 3 of
Example 19. LCMS (m/z): 411.0 (MH"). The title compound was prepared as in Step 4
of Example 19. LCMS (m/z): 453.1 (MH"), R, 2.18.

Example 23
Preparation of 1-((S)-3-(6-(6-amino-4-( trifluoromethylpyridin-3-y1)-2-

morpholinopyrimidin-4-yloxy)pyrrolidin-1-yl)ethanone
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[0427] (S)-tert-butyl 3-(6-chloro-2-morpho1inopyrimidin—4—yloxy)pyrrolidine—1-
carboxylate was prepared according to Example 19, Step 1, for the alkoxylation of 2-
morpholino-4,6-dichloropyrimidine (99%). LCMS (m/z): 385.0 (MH"). The Boc
protected intermediate was prepared by Suzuki reaction as shown in Step2 of
Example 19, purified by reverse phase HPLC and isolated as free base after extraction
into EtOAc upon basifying (72%). LCMS (m/z): 51 1.0 (MH"). The N-Boc protecting
group was cleaved as shown in Step 3 of Example 19. LCM$ (m/z): 411.0 (MH"). The
title compound was prepared as in step 4 of Example 19. LCMS (m/z). 453.1 MHY, Ry

2.18.
Example 24
Preparation of 4-(trifluoromethyl)-5 -(2-morpholino-6-(tetrahydro-2H-pyran-4-
lox imidin-4-yl1 idin-2-amine
13 ]
O
j o
]
cl” SNTNTY
O
[0428] 4-(4-chloro-6-(tetrahydro-2H—pyran—4-yloxy)pyrimidin—2—yl)morpho1ine

was prepared according to Example 19, Step 1, for the alkoxylation of 2-morpholino-4, 6-
dichloropyrimidine with 4-hydroxytetrahydropyran (80%). LCMS (m/z): 300.1 (MH").
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LC/MS (m/z): 426.1 (MH+), R, 2.26 minutes.
Example 25

Preparation 5-(6-(( R)-tetrahydrofuran-3-yloxy)-2-morpholino pyrimidin-4-y1)-4-

(trifluoromethyl)pyridin-2-amine

o o
LD S0
o — LY
SNTUNTTY “ SNTONTY

>
o H.N” N ©

Cl

[0429] (R)-4—(4—chloro-6-(tetrahydrofuran—3-yloxy)pyrimidin-2-yl)rﬁorpholine
was prepared according to Example 19, Step 1, for the alkoxylation of 2-morpholino-4,6-
dichloropyrimidine with (R)-3-hydroxytetrahydrofuran (81%). LCMS (m/z): 286.1
(MH"). The title compound was prepared by Suzuki reaction as shown in Step 2 of
Example 19. LC/MS (m/z): 412.1 (MI).

Example 26

Preparation of 5-(6-(( S)—tetrahvdroﬁnan—B-vloxv%Z—momholino pyrimidin-4-yD-

4-(trifluoromethyl)pyridin-2-amine

0 H,NT SN

[0430] (S)—4—(4—chloro-6-(tetrahydrofuran—3-yloxy)pyrirnidin—2-yl)morpholine

was prepared according to Example 19, Step 1, for alkoxylation of 2-morpholino-4,6-
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PCT/ US2007/ 001708 LC/ MsS hplc P13 PSer473 Cel |l ul ar

Com (MtH, 10m n Kinase AKT, Prolifer pound Structure

dichiRopbHiniaie PR EPLnticRtetrallydibhirad (@54 COLEMRO (mz):  286.1
(MH"). The title compound was prepared by Suzuki reaction as shown in Step 2 of

Example 19. LC/MS (m/z): 412.1 (MH).

Example 27

Preparation of 4-(trifluoromethyl)-5 -(2-morpholino-6-(piperidin-4-

yloxy)pyrimidin-4-yDpyrimidin-2-amine

[0431] tert-butyl 4- (6—(2-amino-4-(triﬂuoromethyl)pyrimidin-S-yl)-2-
morpholinopyrimidin—4—yloxy)piperidine—1—carboxylate was prepared by Suzuki reaction
of tert-butyl 4-(6-chloro-2-morpholinopyrimidin—4-yloxy)piperidine-1-carboxylate, as
shown in Stei) 2 of Example 19, with 5-(4,4,5,5-tetramethyl(1,3,2-dioxaborolan-2-yl))-4-
(triﬂuoromethyl)pyrimidine—2—ylamin§ (prepared as in Method 5). The crude product was
purified by silica gel chromatography (30-50% EtOAc/hexanes) (63%). LCMS (m/z):
526.0 (MH"). The title compound was prepared by cleaving the N-Boc protecting group
as shown in Step 3 of Example 19. LCMS (m/z): 426.0 (MH).

Example 28

Preparation of 5-( 2—morpholino—6-(Diperidin~4-v10xv)pyn'midin-4—y1)pvrimidine—

2.4-diamine
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[0432] tert-butyl 4—(6-(2,4-diaminopyrimidin—5-yl)-2-morpholinopyrimidin—4-
yloxy)piperidine-1-carboxylate was prepared by Suzuki reaction tert-butyl 4-(6-chloro-2-
morpholinopyrimidin-4-yloxy)piperidine—1-carboxylate, as shown in Step2 of
Example 19, with 5—(4,4,5,5—tetramethy1—1,3,2—dioxaborolan—2-yl)pyrimidine-2,4-diamine
(prepared as in Method 7). The crude product was purified by reverse phase HPLC and
isolated as the free base after extraction into EtOAc upon basifying (70%). LCMS (m/z):
473.1 (MH"). The title compound was prepared byl cleaving the N-Boc protecting group
as shown in Step 3 of Example 19. LCMS (m/z): 373.0 (MH.
Example 29
Preparation of 1-((R)-3-(6-(2.,4-di aminopyrimidin-5-y1)-2-morpholinopyrimidin-

4-vloxy)piperidin-1-yl)ethanone

o]
2N — NH, 7 N NH; 7 N —— NHz = {\I
o | | < Z S
cn/(: N N Sy N N*N/\ N N N(})
I\/O HpN \N K/O HoN N © HoN N
[0433] (R)-tert-butyl 3—(6-(2,4-diaminopyrimidin—5-yl)-2-morpholinopyrimidin—

4-yloxy)piperidine-1-carboxylate was prepared by Suzuki reaction of 4-(6-chloro-2-
morpholinopyrimidin—4-yloxy)piperidine—1-carboxylate, as shown in Step2 of
Example 19, with 5—(4,4,5,5-tetramethy1—l,3,2—dioxaborolan—2—yl)pyrimidine—2,4-
diamine. The crude product was purified by reverse phase HPLC and isolated as the free
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N-Boc protecting group was cleaved as shown in Step 3 of Example 19. LCMS (m/z):
373.0 (MH"). The title compound was synthesized as shown in step 4 of Example 19.

LCMS (m/z): 460.1 (MH"), R, 2.51.

[0434] A mixture of tert-butyl  4-(6-chloro-2-morpholinopyrimidin-4-
yloxy)piperidine-I-carboxylate (500 mg, 1.26 mmol), 4-methoxy-2-aminopyrimidyl
boronate ester (prepared as in Method 8, 630 mg, 2.51 mmol) and Pd(dppf)Cl,-CH>Cl,
(51 mg, 0.063 mmol) in dimethoxyethane and 2 M Na,CO; (3:1, 12mL) was heated
under microwave irradiation for 15 minutes at 120°C. The reaction mixture was
partitioned between EtOAc (200 mL) and Na;COs(ar) (50 mL), the organic layer was
separated and washed with brine (50 mL). The combined aqueous layers were exiracted
further with EtOAc (2x100 mL), and the combined organic layers were dried over
Na,SOy, filtered and concentrated. To this material was added 4 M HCVdioxane (20 mL) |
to remove the Boc group. After standing for 12 hours, the volatiles were removed in
vacuo, and the residue was partitioned between CHz2Cl; (200 mL) and 1N NaOH (50 mL).
Upon separating, the aqueous layer was extracted further with CH,Cl, (200 mL) and then
CHCL (2x150mL). The combined organic layers were concentrated yielding 1,6-
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AKT, Prolifer pound Rt (L = Alpha, EC5p ation, nin
45mn 1C50 EC50 N OCH 3 FFF HN 449.0, 151 1 2.42 N

diny ot Duethory -2 dndrplidtins:s-pifRha-4 yloxy)pyrimidin-4-yl)pyrimidin-2-
amine (464 mg). The crude compound and morpholine (0.9 mL, 10.45 mmol) in NMP
(10 mL) were heated under microwave irradiation for 15 minutes at 200 °C to convert the
methoxy pyrimidine to the pyrimidone. Additional morpholine (0.9 mL, 10.45 mmol)
was added and the solution was heated under microwave irradiation for 15 minutes and
than 10 minutes at 200 °C. Upon cooling the material was directly puriﬁed by reverse-
phase HPLC. After lyophilization, the bis TFA salt of the 2-amino-5-(2-morpholino-6-
(piperidin~4—yloxy)pyn'midin—4-yl)pyrimidin—4(3H)-one was isolated as an off-white solid
(325 mg, 45%). LCMS (m/z): 374.1 (MH"). The title compound was prepared by
acylation of the secondary amino group as shown in Example 19, step 4. LCMS (m/z):
416.0 (MH"), R; 1.67.

Example 31

Preparation of 2 -amino-5-(2-morpholino-6-(N-methoxycarbonyl-piperidin-4-

vloxy)pyrimidin-4-yl)pyrimidin-4(3H)-one

N B 2N — o (@ N —_— o N
HzN/lN/ N NLN/\, HN NN AN S N
HoN~ o HzN)\\N Lo
[0435] The title compound was prepared as in Example 30, except utilizing

methylchloroformate instead of acetyl chloride in the last step. LCMS (m/z): 432.0
(MH"), R, 2.05.

vloxy)phenyl]-2-morpholinopyrimidin-4-amine
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[0436] In a glass pressure vessel, Pd(OAc); (5.0 mg, 0.022 mmol), BINAP

(17.0 mg, 0.028 mmol), cesium carbonate (72.0 mg, 0.22 mmol) and THF (2.0 mL) were
mixed and stirred at room temperature for 1-3 minutes. To the resulting mixture was
added 5—(6-chloro—2—morpholin-4-y1—pyrimidin—4—yl)-pyridin—2-ylamine (40.0 mg,
0.11 mmol) followed by 4-(1-isopropylpiperidin-4-yloxy) aniline (37.0 mg, 0.16 mmol).
The glass pressure vessel was sealed, stirred, and heated in microwave under irradiation
at 110°C for 10 minutes. The reaction mixture was filtered and concentrated under
reduced pressure. The product was purified by preparative reverse phase HPLC to give
6-[ 6-amino-4-(trifluoromethyl)pyridin-3-y1}-N- [4-(1-isopropylpiperidin-4-yloxy)phenyl]-
2-morpholinopyrimidin-4-amine (3.0 mg, 5%). LC/MS (m/z): 558.3(MH"), R; 1.90

minutes.

Example 33

Preparation of 6-(6-amino
loxv)-3-methoxyphenyl)-2-morpholinopyrimidin-4-amine

O/
O
g jo
o N
F ¢ y N/©/ \Ql F HN j/
F——F & /f\i i R /'Nk
Cs,COg3, THF, N

S SNTNTYY Pd’(dpph; CL. CH,Cly NN

HoN™ N7 Lo HNT N7 o

[0437] In a glass pressure vessel, PA(OAc), (5.0 mg, 0.02 mmol), BINAP

(17.0 mg, 0.028 mmol), cesium carbonate (72.0 mg, 0.22 mmol) and THF (2.0 mL) were
mixed and stirred at room temperature for 1-3 minutes. To the resulting mixture was
added 5-(6—chloro-2-morpholin—4—y1—pyrimidin-4-yl)-pyridin-z-ylarnine (40.0 mg,
0.11 mmol) followed by 4-(1-isopropy]piperidin—4—yloxy)-3-methoxyaniline (46.6 mg,
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concentrated under reduced pressure. The residue was purified by preparative reverse
phase HPLC to give 6-(6-amino-4-(trifluoromethyl)pyridin-3 -y1)-N-(4-(1-
isopropylpiperidin-4-yloxy)*3-methoxyphenyl)-2-morpholinopyrimidin—4-amine (6.6 mg,
10%). LC/MS (m/z): 588.3(MH"), R, 1.92 minutes.

Example 34

Svynthesis of N-(6-(6—amino-4-(triﬂuoromethvl)eridin-3—vl)-2—morpholinopyrimidin-
4-y1)-4-phenylthiazol-2-amine

CF3 O s
S 7
\ i )
HNW /“\/I\/l/ o : HN/I\N

S HoN™ N7 Y
o
ci N/)\N/\‘ Pd(dppf)Cla, Na,CO3 NN
(o) O
[0438] A solution of N-(6-chloro-2-morpholinopyrimidin—4-y1)—4-phenylthiazol-

2-amine (15 mg, 0.040 mmol), 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-4-
(trifluoromethyl)pyridin-2-amine (23 mg, 0.080 mmol) and 1,1
bis(diphenylphosphino)ferrocene palladium (II) chloride (6.6 mg, 0.0080 mmol) in 0.5
mL of 1,4-dioxane and 0.05 mL of 2 M ag. sodium carbonate was heated in the
microwave at 120 °C for 600 seconds. The crude product was purified by reverse phase
prep HPLC to give N-(6-(6-amino-4-(trifluoromethyl)pyridin-3-yl)-2-
morpholinopyrimidin-4-yl)—4-phenylt11iazdl-2-amine. LC/MS (m/z): 500 (MHY, R, 2.46

minutes.

Examples 35

Preparation of N—(6-(6-amino-4-(tn'ﬂuoromethvl)pvﬂdin-3-yl)—5—methvl—2—
morpholinopyrimidin-4-yl)-4-phenylthiazol-2-amine
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[0439]

N-(6-(6-amino-4-(trifluoromethyl)pyridin-3 -yl)-5-methyl-2-

morpholinopyrimidin—4-y1)-4-phenylthiazol—2-amine was prepared according to Example

35. LC/MS (m/2): 514 (MH"), R, 2.62 minutes.
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“and mai ntained in accordance with state and federa| 80/
ECsGMiue Fbriahibihon el hiargneliferasimnmsian aamyagan agge cell Line, A27
| aboratory animals and received food and water ad
libitum Cancer cells were harvested from m d-| og
phase cultures using trypsin-EDTA (lInvitrogen, Inc.).
Five mllion cells were subcutaneously injected into
the right flank of each nouse. Conpound treatnent was
initiated when -229 WO 2007/084786 PCT/ US2007/001708
tunor size reached to 3@ioWcabivBethod 1PK/ PD st udi es
and 200-300 mmB for efficacy studies. Al conpound
treat ment was admi ni st rRitosphonylation Assa¥for vol unes wer e

determ ned by using St UdKAD’i rector software. [0453] For
i n Assannlt ar gdomggenasisgitio % #¥&Y cour se st udi es,

tunor tissues were resected £r Lindiyi L BN distributed
(044811 T or orh TP NPT SR G R g PP a] AV andiitcdd disuibute
: Lel i f WNOT6 GO fhe 1QAtH, RO)UIOBS 6 nM PI3
imto tPer § Pl AET R, BEFRRMN IO SRkl kOO
kina30 Sk ARRENARNachtwill aslowadiy 20 adr ofivpOnMecA R roontpiviag a trace of
a single oral dose of conpound at different ofl
+adi6RBERALATR i2nd 9000V Belphamhapphatidylingitey (BD- vEb plates are briefly
and tunors were resected at 1Q hr or 24 hr .af .
cenfififegadgto BIBYE FUhHT E8Pvnet e TIRBAR B3 PRAEN cforptsﬁ]%t“bur%s and then
using a syringe orinmed | | 4Res81onSd incubated
Stoﬁpﬁﬁtﬂystgﬁéﬁglt’@%a drg; ec’r?/\f W%ﬁ%}g ?rlilg Sg(%}ﬁ’\‘/aeri zed mewhae
using g iths PHED sEH65 1 by thytraphdbizesitéraction to the
oveénﬁ%ﬁl %/tg%g t‘a'i éﬁl{j%vgltd g)ig’l | “extraction buf]l‘hgfj (Bi osour ce)
surGEO LAY NesHpIAteaR® fiqlitlintthe weilsliethdnOvagliedtaway, and the labeled

substrate is detected with scintillation counting.

Assay 2: One step solid phase assay
[0446] This method is similar to Assay 1 except that the lipid substrate (1-alpha-

phosphatidylinositol (PIP)) is first dissolved in a coating buffer and incubated on

flashplate at room temperature overnight to allow the lipid substrate to bind by
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EDTA-free, Anersham. Supernatants were taken after
centrifugation of tunor |ysates at 300xg for 10 mn
w@roo4/083786d t he protein concentration in each PCT/US2007/001708
supernatant was determ ned by BCA (Bi oRad). An equal
anmount of protein fromeach tunor |ysate was | oaded
onto 10% Tris-glycine gels (Invitrogen), for
sodi undoceyl sul f at e- pol yacryl am de gel
el ectrophoresis (SDS-PAGE) after which proteins were
transferred fromthe gel onto PVDF nmenbrane.
hydMYHIb RN Gitet¥Bfiéh R6 OB Csutabd ANiHebASKIRFaté Natnh6GR0
by phosphoAkt s, 473 or phosphoAkt Thr Soél%?aCel Itjglbgnal ?%%sj%ate is then
washedl laoxagd (ry tisednofiagsag sl pBrifi6 nvePI kinhglareaidided @ité Gach well
to HRP(Anersham . Positive bands were visualized by
follewhdbyed) Hk IﬁrﬁQWnéé"Bm@in\ingHr@Qer%fyfaﬁidlahelﬁ PﬂTlPar Compounds

cedur e used to determne.tota AKT in th
are B35 fogrBPT Wy spaEme god ALt e ﬁ‘@ih‘ff‘fﬁ?art%%i’ . e Rigespre bricfly
T
i bu e AR AR B e

readtdnIR! stdP g' Mifioh (ﬁ’af(t‘ nEOFPQUDINEEIPIRT &S B Cirrﬂ‘ﬁedlate plate
percentage i nhi bition by each conmpound conpared t

washély. dMesph@agtaahlipidAubstrdte b dteéctédiﬁﬁ%lnﬁﬂaﬁ'&?/@oﬁ?iﬁg/o
as conpared to vehicle treatnent) of target

i nhisggiayidon i s Addedentetigyassent conpound tar get
ulati gn acti -230. WO 2007/ 0847
04887 S oborBe Rl Pmeaqd s, Gstolyeehity DRISE: . dinesflydisributed

into 951‘581{ n)? §€é&ke§l 1;1%62% glg% ?'an ad US%PMEZ' e( 1%%{:%on s d‘hIT of 10 nM PI3

kinddel Phe/BACN -0 @ﬁh&@ﬁ%ykn‘é@ﬂ@l @1y hR0SIded Rio éicﬁeﬁeﬂ followed
reached about 200 nmmB, m ce were dosed orally dail

by 2§.1d. pf @ruMt MiPe Thedayadtioni isdperfaatmetihuai aipkées50Mt of the ATP is

corat()ound concentrati onsﬁitypl cally at 10, 30 and 100
depiigde ndi then skenper Ry Breetrdition ef2 wb\thKinsgeGloi spdution purchased

asured. .twice Wi th .. )
frorg At e HP St BAES ndhiioarea Bt Srminalesipy dbs femaning AT s
ther] 84BLES viQuiifscbigat ment . Typically, studies were
term nated when tundrs in vehicle-treated group
reached 2500 mm8 or adveBﬁﬂo% hinviedoges.f ect s were
observed. Activation of the P13K signaling pathway
results in the pBesiabaoXitllssaymntod¥lohiter PIBENBitheam

signal i nlg nmol ecul e Akt at Ser473 and/or Thr 308.
[04‘t§inpound it Frsﬁth% 2B a%ﬁklt’ der nrasying ﬁmﬂalﬁm@mwhs&rm -Akt

ned in Xenog ft tu s at tine
statf A G FPABIS 0V e IGRaRYS ARRBROR comS sy deyention is
desdfQ. at 60 or 100 np/kg. Table 2 summarizes nodul ation
of AKTsed473 phosphorylation by representative
[0449)mpoundAa2380 Beltd wake t0ltived tih MMENINuppldBReEREN WAME10% FBS. 1-
i nhibition was ranked as <50% 50-75% and >75% as
twainmrsed{iunbpmmﬂ end petiltinties. . Cell9088 plksdd im tBe same medium at a

ul.ation of Aktser473 phosphoryl ation by
denflebpéslérﬁ%qﬁ&lé peﬁywlhwaﬁ%% ith SisRes cRfure Hatepy withi side wells

vacsRRHAL W BUakdre RRnfgk9 91 atshr >50%
[0450] Test compounds supplied in DMSO were diluted further into DMSO at

500 times the desired final concentrations before dilution into culture media to 2 times the
final concentrations. Equal volumes of 2x compounds were' added to the cells in 96 well

plates and incubated at 37°C for one hour. The media and compounds were then
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183 at 8 hr 50-75% 103at8hr <50% 10 at 10 hr >75%

>75% 84 at 10 hr 50-75% 76 at 10 hr >75% >75% 66 at
wWQQ00m1084780% - 231 WD 2007/ 084786 PCT/ US2007/ 001FOBUS2007/001708

[0456] Efficacy of Conpound 91 was tested in the A2780

tunor xenograft nodel. M ce bearing A2780 tunors

recei ved oral adm nistration of Conpound 91 tw ce

daily at 10 and 60 ng/kg. Tunor growth inhibition

(50%9 was observed at 60 ng/kg treatnent, while at 10

ny/ kg no inhibitory activity was observed (FI GURE 1).

045 Th s
P G A P o
pH #’Eer gfl\tll' EOTASQ% MBI A PR Trivdhekl 100y s@pdlémented with phosphatase

antitunor efficacy of three other
and smdﬁmbﬁefgpoumeﬁaho@agpomdngﬁ lysated wEompmansferred to both
6), that denonstrated | onger inhibition of Aktser473
pSed¥5A% imthiobiltAlgrassaylglates from Nieap Pealetised ueryiéMSD), and incubated

| uat ed A2780 del d
RN T TR TR R T A——"

the f2300 P%Q%Tﬁnp% cBe]dtorvgtﬁlng%ggﬁﬁ& %Bﬁ)og?eﬁse’ A /oeigéw%%lon with the

secdgl)g LKt al AP om g&ﬁiﬂ‘érﬁﬂﬁé &5t 5.2 doudd) thdPllated wérk GdiRBed again and
A simTar dose-dependent tunor growh inhibition

1.5Wecemsgionest RéadBuErio (VMBD] fvasraddedrenthearclBO and 60

ng/ kg in the A2780 tunor nodel (FIGURE 3) while
[04TdnpoundTigxassays Weterigad onFo3EELo %\W 68 ?|1?‘~im=6?ent (Meso Scale

oo oS BB b5, S AL AR g v
con%%&%%éggfv%%?% d&j% cdrft GailiBitid é)bof' pSbr47 8K SHOMNthE Total signal

enonstrate signi fi1cant
seer@rﬂﬁ 'cEHMeaéﬁt Wﬁhtdbnﬂio&a VEEODWMSD £63d hasdagadated and used to
. Notably, tunor growh inhibition at 30 ngy/kg
detdiniméiECymﬁlmrfBrmmnﬁduad when dosed on a schedul e
at an equivalent daily dose (60 ng/kg, FIGURE 2). The
conpounds were well tolerated in this study. This
result indicated that a sustained but |ess profound
target inhibition (covering the whole dosing period,

but with <75% target inh ; %!] @9&780 tunors by
Conmpound 10 was able to BRbL 9Ql)Mlgnl icant antitunor
efficacy. [ 04ﬁ19&nﬂékbio?yt_x_hggd@m&ﬁﬂﬁm sbegicaegisnedy t he
i nvention has been illustrat ed and descrl bed, it wll
be appreci ated t aDwean §lag : yiode rrade

therein without departing fro t ' Spl rit and scog
[0452] t he | AERD|yeriamicapeey edls Ritamsd Hom George Coukos (Fox Chase

Cancer Center, University of Pennsylvania, Philadelphia, PA) were maintained in DMEM

(Invitrogen, Inc.) supplemented with 10% heat-inactivated fetal bovine serum with 1%
glutamine. Cells were propagated as recommended by the Dr. Coukos and colleagues..
Female m/nu mice (8-12 weeks old, 20-25 g, Charles River) were used for all in vivo
pharmacology studies. The mice were housed and maintained in accordance with state
and federal guidelines for the humane treatment and care of laboratory animals and
received food and water ad libitum. Cancer cells were harvested from mid-log phase
cultures using trypsin-EDTA (Invitrogen, Inc.). Five million cells were subcutaneously

injected into the right flank of each mouse. Compound treatment was initiated when
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Celllar Proliferation Studies in A2780 cell. -232 WO
2007/ 084786 PCT/ US2007/ 001708 [0460] The ability of
wo b@7osttpounds of the invention to inhibit celPai/ag2007/001708

proliferation were determ ned by using Cell Titer do,

a commercially avail abl e assay from Pronega

Corporation. A2780 ovarian cancer cells were seeded in

TC treated 96- well plates at a density of 1,000 per

well in DMEM 10%-BS, 1% Sodi um Pyruvate, and 1% '
Penicillin Streptonycin for a mnimumof 2hrs prior to

a0 SR, S0 SRty
studlgh.l UtAgfj Ehé)g)glgh latnihd Wa@ ﬁHinli’s!Haft&f ofa{lyE ONE@RbF dlol@hes were

x on the Cells. Cells weré incubated
detefrRfned Py ik SBd 1r5<9f®£§lﬁ'twaﬁét er the 72 hour
i ncubafion, Cell Titer Go reagent is added to
[045@%t er ni feornianbies takel irmdiktion) PRK/BLe tiierconysatugies, tumor tissues
exposure to_the conpound, and the EC50 val ue_was
weregdseeted e m@daglsragﬁe«/%@%@ﬁmwsdwg&e SHtping frog i gnin to 36 hr

aﬁerl\%a} auf %hgsgﬁ? (r)f S nst / @p To p e ?)5% hidpd Q'tals. %ﬁm‘mlstrated orally.

condi ti

r
B P S S g e

com'E&u?d WBdMburénti conGératativds (50, 3D, _60Amﬂomﬁmgdcghavv¢1gcle) and tumors
ormula l: RZNR3 R2 NR RANNT(N O 101 or a

wers trese@téds etrd0, hrt o 24 e raftesr dosing: nRloedt sasanlps) vere éﬁk%fb by cardiac

I
- TN SR T X T RN TE
on ({ryl)ufffc%rbcf B%Frﬁze[d( Bs;nghglhag%nmtrgég%n-ggc;lga ryogr@rtar and pestle, and lysed

in cold cell extraction buffer (Biosource) containing protease inhibitor tablet (Complete;
EDTA-free, Amersham). Supernatants were taken after centrifugation of tumor lysates at
300xg for 10min at 4°C and the protein concentrétion in each supernatant was
determined by BCA (BioRad). An equal amount of protein from each tumor lysate was
loaded onto 10% Tris-glycine gels (Invitrogen), for sodiumdoceylsulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) after which proteins were transferred from the gel onto
PVDF membrane. Membranes were probed with antibodies that recognize
phosphoAkt>™*” or phosphoAkt™3% (Cell Signaling) followed by secondary goat anti-
rabbit IgG conjugated to HRP(Amersham). Positive bands were visualized by enhanced
chemiluminescence with X-ray film. Simiiar procedures were used to determine total
AKT in the same tumor lysates to serve as normalization for total protein in each
determination. The density of the positive band on the X-ray film was scanned and the
target modulation for each compound was expressed as percentage inhibition by each
compound compared to vehicle treatment. A rank order (<50%, 50-75%, >75%, as
compared to vehicle &eaﬁnent) of target inhibition is used to present compound target

modulation activity.
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(6) sulfonam do; Rl is selected fromthe group
consisting of 20 (1) hydrogen, (2) cyano, (3) nitro,

W@ 2Q07/osd78gen, (5) substituted and unsubstitut eRCHUK3007/001708
25 (6) substituted and unsubstituted al kenyl, (7)
substituted and unsubstituted al kynyl, -234 WO
2007/ 084786 PCT/ US2007/001708 5 (8) substituted and
unsubstituted aryl, (9) substituted and unsubstituted
heteroaryl, (10) substituted and unsubstituted
heterocyclyl, (11) substituted and unsubstituted

cycl oal kyl , 1 - CORi -
[0454] )c/;m%?df:grbézfﬁcéq_)é)ftuﬁm g%ﬁg?)oca%\%g\g cglﬁ%{fx&éﬂ‘s bi,('llfl(zoly.}s of DMEM
cultur:egg:ecg’lslm (Rwlﬁ%e i%)%a%ég?lbéu@h?lg (iﬁl&l}lg‘?e ré%lfg&éﬂc(c{zf%&h nu/nu mouse.
Wher %%@ @EE#J}’ sioMa6E RN Fhsut 200GniRB imiveanérs depehetelly ldgily (q.d.) or
sel’'ected fromthe group consisting of (a) hydrogen,
twice(Dta$ (BS ) att ebeodiflaremti botmipbun@ doatdapationy (fypically at 10, 30 and
substituted and unsubstituted aryl, 25 (d) substituted
100 mgg)irs UDSt ilt meipienteTemenyowth ¥)d apal i(bl"GVe‘?ﬂe‘ ywas measured

bst i d i
ovicomgeigw T b ol BpEBRp bt 1 S PR bl bucd o e

treatrgern?ts'I P Tcy?)?csalﬂ%/E IsA%ies were terminated when tumors in vehicle-treated group

reached 2500 mm3 or adverse clinical effects were observed. Activation of the PIBK
signaling pathway results in the phosphorylation of the downstream signaling molecule
Akt at Ser*” and/or Thr'’®. Compound modulation of Akt>*"® phosphorylation was
examined in A2780 xenograft tumors at time points ranging from 30 min to 36 hr after a
single compound dose at 60 or 100 mg/kg. Table 2 summarizes modulation of AKTS™P
phosphorylation by representative compounds at 8 hr or 10 hr time points. Percentage

inhibition was ranked as <50%, 50-75%, and >75%, as compared to vehicle treatment.

[0455] Table 2. Modulation of AktS™" phosphorylation by representative

pyrimidine compounds of the invention.

Compound{ 60 mg/kg 100 mg/kg
91 at 8 hr >50%
183 at 8 hr 50-75%
103 at 8 hr <50%
10at 10 hr >75% >75%
84 at 10 hr 50-75%

76 at 10 hr >75% >75%
66 at 10 hr <50%
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(1) hydrogen, 30 (2) cyano, (3) nitro, (4) hal ogen,
- 235 WO 2007/ 084786 PCT/ US2007/001708 5 (5) hydroxy,
W@ 8)o7asd78®, (7) substituted and unsubstituted BECRYE2007/001708
(8) -COR2a, and (9) -NR 2aCOR2b, 10 wherein R2a, and
R2b are independently selected fromthe group
consisting of (a) hydrogen, and (b) substituted or
unsubstituted alkyl; R3 is selected fromthe group
consisting of (1) hydrogen, 15 (2) cyano, (3) nitro,
(gg halbog_en, (5) sgbstitut ed and unsubstituted al kyl,
substLtute nd un Stit . e

(0458 1bst 1 ¢ SEBA AT CHCRBE T sl iy RE S0 uffriachoprag model.

MicéHd lill%s d {aﬂ%&g r@creWed] 4 a@HPdddish St @pound 91 twice daily at
unsu itute eteroaryl, ?10) substituted and

10 aHd %@%%A(F.Utﬁﬁn&egr@‘i@l@ Yilivdtion (60%) veashsisetweled 6Andg/kg treatment,
unsubsti tfuted cycloal kyl, 25 (12) -COR3a, (13)

while BRBA Rk g né imibitdiiR3eOORBvas obdssyed (RCATERBL, (16)

-OR3a, 30 (17) -SR3a, 18) .- SOR3a, 19) -
[0457236 The( mo)dest tumor grcgwtkz inhibition by onzpoug ?Sﬁ’soarﬁg/kg q.d.

was due to its short-lived target modulation (50% inhibition lasted for 8 hr). Therefore,
antitumor efficacy of three other compounds (Compound 10, Compound 76, and
Compound 66), that demonstrated longer inhibition of Akt>™" (>50% inhibition > 10 hr)
in A2780 tumors were evaluated in A2780 model. Compounds were orally administrated
daily when tumor sizes reached to about 200 mm3. Compound 10 demonstrated a dose-
dependent tumor growth inhibition: 40% at 30 mg/kg, 70% at 60 mg/kg and tumor:
growth stasis at 100 mg/kg (FIGURE 2). A similar dose-dependent tumor growth
inhibition was observed with Compound 76 treatment at 30 and 60 mg/kg in the A2780
tumor model (FIGURE 3) while Compound 84 was found to possess weaker antitumor
activity (<50% TGI at 60 mg/kg) (FIGURE 4).

[0458]) Antitumor activity of Compound 10 was also evaluated at more frequent
dosing regimen (b.i.d). As shown in FIGURES, Compound 10 demonstrated a
significant antitumor activity at 30 mg/kg when orally dosed b.i.d. Notably, tumor
growth inhibition at 30 mg/kg b.i.d. was more potent than when dosed on a schedule at an
equivalent daily dose (60 mg/kg, FIGURE 2). The compounds were well tolerated in this
study. This result indicated that a sustained but less profound target inhibition (covering
the whole dosing period, but with <75% target inhibition) in A2780 tumors by
Compound 10 was able to induce significant antitumor efficacy.

[0459] While the preferred embodiment of the invention has been illustrated and
described, it will be appreciated that various changes can be made therein without
departing from the spirit and scope of the invention.

Biological Method 4:

Celllar Proliferation Studies in A2780 cell.
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WD 2007/ 084786 PCT/ US2007/ 001708 5 (20) - SO2NR3aR3b,
wherein R3a, and R3b are independently selected from

w0 b@798408 consisting of (a) hydrogen, (b) subST/US20®001708
or unsubstituted alkyl, (c) substituted and
unsubstituted aryl, 10 (d) substituted and
unsubstituted heteroaryl, (e) substituted and
unsubstituted heterocyclyl, and (f) substituted and
unsubstituted cycloal kyl; and R4 is selected fromthe
group consisting of (1) hydrogen, and 15 (2) hal ogen.

.« A co ung: ' ﬁ&ﬁ{ [ oS ; ; :hihi
m‘“%%rrpoun?% %f q%lg{' m&[%\%}hé‘?n& n Vc\f/%i g’ fvcﬁe i“eRtlggn&ulﬁglbgf cetlular
prolift@lifh lyerdiRic@nindd bi ushgl €6l ediek IGIG) ahenghetidally available assay

consisting of 20 (1) substituted and unsubstituted
fronfPlothega Caposatiost i AQTSQ osmdhrucmwhs teluwer: sgefed i JC treated 96-
substituted and unsubstituted heteroaryl 9;4 .
wellsplates pt adensitarad 1@%9@1W@ht’é@%%ﬂ@%ﬁ§%ﬁll, o S)Gé)um Pyruvate, and
o SR S L TR R AR U BT o
i t f . i St 100%
cacty SHBEIARM officSF e n, PRIMINR) Jfiftts SERDIoLD oP 100% DMSO
dilufdOst $6040 F Mtlrd! Bfdagh i forl DR OcdivbmEARyCileh. dilut@BTx\WA the Cells.
2007/ 084786 PCT/ US2007/ 001708 5 5. ‘A conpound of Caim )
Celld wenh ercabated®ifor 22bss1b53 70586 COx.. iariike 72 tioutiincubation, Cell Titer
het erocyc| yl, or substituted or unsubstituted
Glo reageat israsdgd It fetegming nupmbss @f yigtle eplls rropniggafisr fxpesure to the

IS substituped bst | hol | .
com&%wﬁ%@%tgltﬁe? Eép%féy%%%gﬁ%lfg%{anetda hlersraos{sJ :NA ‘S%Ls Bixlllfﬁlfng%i ﬁcordmg to the
m Jécitl%? d iﬂs@ru@ﬁ&gh?ﬂ’}oﬁ%ga TorPoBBROUNGIRLNC WIM $SA).  Each

rein Rt Is substituted or unsubstituted
experimental condition was performed in duplicate. The results are provided in Table 1

-233-



10

15

20

25

1.

t et rahydropyran or substituted or unsubstituted
t et rahydr opyranyl oxy. 9. A conpound of C aim 8,

WoR@re8418Rl i s unsubstituted 4- tetrahydropyrapgi/vg3007/001708

15 10. A conpound of Claim4, wherein R is
substituted or unsubstituted tetrahydrofuran or
substituted or unsubstituted tetrahydrofuranyl oxy. 11.
A conpound of O aim 10, wherein Rl is unsubstituted
3-tetrahydrofuranyl oxy. 12. A conpound of Claim1,
wherein R2 is selected fromthe group consisting 20
(1) hydrogen, (2) cyano, W;dr oxy, (4) hal ogen,
(5) am no, 25°(6) nethyl, ) trifluoronethyl. 13.
A compound of C aim 1, wher ei n i s hydrogen or '
Eﬁ%%&%’ﬁedlsm A conpound of C a| m1l, wherein R2 is
ydrogen. -238 WO 2007/ 084786 PCT/ US2007/ 001708 5 15.
A carpaipedndhavihgiFermhulatherein R3 is selected fromthe
group consisting of (1) cyano, (2) nitro, (3)

hal ogen, 10 (4) hydroxy, arri no, and (6)
trifluoronethyl. 16. A aiml, wherein R3
is trifluoronethyl. 17. Alco f daimli,
wherein R3 is cyano. 15 18N § daim?2,
wherein R3 is =0. 19. A congound| havij ling Formula |1:
H2ZN-TWR3 r, R2 N/ XRS5 R4 NM‘Y

o

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein,

W is CRy, or N, wherein R, is selected from the group consisting of
D) hydrogen,

(2)  cyano,

3) halogen,

4) methyl,
(5 trifluoromethyl,

(6) sulfonamido;

R, is selected from the group consisting of
) hydrogen,

)] cyano,

3) nitro,

4 halogen,

(5) substituted and unsubstitated alkyl,
(6) substituted and unsubstituted alkenyl,

@) substituted and unsubstituted alkynyl,
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(NN O 1l 20 or a stereoi sonmer, tautoner, or
phar maceutically acceptable salt thereof, wherein, W

w0 2002834766 N, wherein R h, is selected from t heRCOUS2007/001708

consi sting of (1) hydrogen, (2) cyano, (3) hal ogen,
25 (4) methyl, -239 WO 2007/ 084786 PCT/ US2007/ 001708
5 (5) trifluoronmethyl, and (6) sulfonamdo; X is 0, S,
NH, or a direct bond; R2 is selected fromthe group
consisting (1) hydrogen, 10 (2) cyano, (3) nitro,
(4) hal ogen, (5) hydroxy, (6) amno, 15 (7)

subst ituted a sub t| t I kyl, (8) -COR2a, and
- NR%‘M%‘F% a(}gf;d Reb are i ndependent |y

Cte LB &E&&Sﬁe‘@&b 1,0f (&) hydrogen,
g%%sglﬂﬂ%s?ﬁ%ed (lnr unsubst&lg]t uted alkyl; R3 is

Segl%t eguidiamd bl grabptinesiasiongelgf (1) hydr ogen,
(2) cyano, (3) nitro, 25 (4) hal ogen (5)
supgi t sﬁmwwammmntumde@cénalwg (6) substituted

and unsubstituted al kenyl, (7) substituted and
unéi®st r€ORed al kynyl ,

(13) -COxRy,,

(14) -CONRiaRib,

(15)  -NRiRip,

(16) -NR1,.CORyp,

(17)  -NR12SOzRb,

(18) -OCORj,,

(19)  -ORy,,

(20 -SRia,

(21)  -SORia,

(22) -SOzRis, and

(23) -SO;NRiaRip,

wherein Ry,, and Ry}, are independently selected from the group consisting of
(@) hydrogen,

(b) substituted or unsubstituted alkyl,

(©) substituted and unsubstituted aryl,

@ substituted and unsubstituted heteroaryl,
(e) substituted and unsubstituted heterocyclyl, and
® substituted and unsubstituted cycloalkyl;
R, is selected from the group consisting

¢} hydrogen,

(2)  cyano,

3) nitro,

4 halogen,
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(8) substituted and unsubstituted aryl, 30 (9)
substituted and unsubstituted heteroaryl, (10)

W@ 3847866 ed and unsubstituted heterocyclyl, PAWPs2007/001708

substituted and unsubstituted cycloal kyl, -240 WO
2007/ 084786 PCT/US2007/001708 5 (12) -COR3a, (13)
-NR3aR3b, (14) -NR3aCOR3b, (15) -NR3aSQ2R3b, (16)
-OR3a, 10 (17) -SR3a, (18) -SOR3a, (19) -SO2R3a, and
(20) -SO2NR3aR3b, wherein R3a, and R3b are

i ndependently selected fromthe group consisting of
15®a) Egrrogen, (b) substituted or unsubstituted

al ¥yl , % *&ubstituted and unsubstituted aryl, (d)
su@sititg_{n%qo and unsubstituted heteroaryl, (e)
substituted’and unsubstituted heterocyclyl, and 20
(f?7)3Ub§ﬁ15§tidﬁt@daﬁdﬂdnsifb&tibﬁédilkyled cycloalkyl; R4 is
sel écted fromthe group consisting of (1) hydrogen,
an(®)( 2) -GalRagend and R5 is selected fromthe group
consisting of 25 (1) substituted and unsubstituted
cy®oal kVI%,ZaC(?@)basubst ituted and unsubstituted

anttoEE Rababr R g e R B s BOHRE ehdpforSithe of
A agn’poq%qr%nquﬁi m 19, wherein R2 is selected from
t hg u

gro consisting of (1) hydrogen, (2) cyano,
-249)  substituted or unsubstituted alkyl;

R; is selected from the group consisting of

)] hydrogen,

(2)  cyano,

3) nitro,

4) halogen,

5) substituted and unsubstituted alkyl,

©) substituted and unsubstituted alkenyl,
(D substituted and unsubstituted alkynyl,
(8) substitited and unsubstituted aryl,

)] substituted and unsubstituted heteroaryl,
(10)  substituted and unsubstituted heterocyclyl,
(11)  substituted and unsubstituted cycloalkyl,
(12) -COR3a,

(13)  -NRzaRa,

(14)  -NR3.CORsp,

(15)  -NR3aSO2Rp,

(16)  -ORas,,

(17)  -SRas,,

(18) -SORaa,

(19)  -SO3Rg3,, and

-236-



10

15

20

25

WD 2007/ 084786 PCT/ US2007/001708 5 (3) hydroxy, (4)
am no, (5) halogen, and (6) substituted and

waie@aost7sé ut ed Cl. 3 al kyl. 21. A conpound of OPEi/ms2087/001708

of

wherein R3 is selected fromthe group 10 consisting
of (1) hydrogen, (2) cyano, (3) thio, (4) hal ogen,
15 (5) nitro, (6) substituted and unsubstituted al kyl,
(7) substituted and unsubstituted al kenyl, (8)
substituted and unsubstituted al kynyl, (9) -OR3a, 20
(10) -NR3aR3b, (11) -COR3a, and (12) -NR3aCOR3b,

R3b are i ndependently selected from
thgiogrougﬁamﬁ%"} i ng of (a) hydrogen, and 25 (b)
S UBSEdiA RS 280 RADSHDREL S Pédidtted Bm &Wisﬁﬁg of

aim 19, Wherein R3 is trifluoronethyl.
CO@OUI’]Chyﬁfog@hal m 19, wherein Wis CH 24. A conpound
of Caim19, wherein R2 is H 25. A conpound of Claim
19 (byhersebstitREdi ar tmetlssituted alkah t he group 30
consi sting of -242 WO 2007/ (084786 PCT/ US2007/001708 5
1)(‘3)sub§'1 ’EWP?G‘W‘HH%%@%F 8Ped nor phol i nyl, (2)

|tut ubst dropyranyl and

(3)kz bt bl nL e 20y

s tet’rahydr of ur anyl

6.eA C%B&%%Mndqrﬁhﬂét&&edweﬁf&iymﬁ il @ direct |ink
an R5 is unsubstituted N-Iinked norpholinyl. 10 27.

A qopousdstidutdd @idmrkabstited eyclodlkyl;Gmdnd R5 i s
4-t et rahydropyranyl .

R, is selected from the group consisting of

1) hydrogen, and

2) halogen.

2. A compound of Claim 1, wherein W is N.
3. A compound of Claim 1, wherein W is CH.
4. A compound of Claim 1, wherein R, is selected from the group consisting

)] substituted and unsubstituted alkyl,

(2) substituted and unsubstituted aryl,

3) substituted and unsubstituted heteroaryl,

4) substituted and unsubstituted heterocyclyl,

(5) substituted and unsubstituted cycloalkyl,

(6) -ORz, and

(7)  -NRpRi,

wherein R;, and R are independently selected from the group consisting of
(a) substituted and unsubstituted heteroaryl, and

(b) substituted and unsubstituted heterocyclyl.
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28. A conpound of Claim19, wherein Xis 0 and R5 is
3-tetrahydrofuranyl. 29. A conpound of C aim 19,
wobe@res4siVis N. 30. A conpound of Caim 19, WheT/E5200R®)1708

is =0. 31. A conpound having Formula I11: 15 R6HN. ~

IWR3 "If" R ~0 NN RANYINI (N O IlIl or a

stereoi soner, tautonmer, or pharnmaceutically acceptable

salt thereof, wherein, Wis CRWor N, wherein RWis

sel ected fromthe group consisting of 20 (1) hydrogen,

t(2_)f|cyano, t§13|) hal 8gen, (4) methyl, (5)

rifluorome , . a - 243, WO, 2007/ 0847886 +. .- .

fF>(i5r/ US26079mDRish Ol CIET 4 ST R 1° Forbstituted or, upsubstituted

rom.the grou onsj.st.i , (2) cyano, '
heteft‘@?% ?w,%smfﬁe%r‘f’“ﬁéf’%%%ﬁ? %%@%‘%?%29 (()6) ani no,

(7) substituted and unsubstituted al kyl, (8) -COR2a,

_ang{ 15 A9Lom&§83g&x&2 [Tlainh & @iberdfraR, andsuiRtiteed or unsubstituted

i ndependently selected fromthe group consisting of
morpholinyl.

7. A compound of Claim6, wherein Ry is unsubstituted N-linked
morpholinyl.
8. A compound of Claim4, wherein Ry is substituted or unsubstituted

tetrahydropyran or substituted or unsubstituted tetrahydropyranyloxy.

S. A compound of Claim8, wherein R; is unsubstituted 4-

tetrahydropyranyloxy.

10. A compound of Claim4, wherein R; is substituted or unsubstituted

tetrahydrofuran or substituted or unsubstituted tetrahydrofuranyloxy.

11. A compound of Claim10, wherein Ry is  unsubstituted

3-tetrahydrofuranyloxy.

12. A compound of Claim 1, wherein R; is selected from the group consisting
¢ hydrogen,

(2)  cyano,

(3)  hydroxy,

4 halogen,

©)) amino,

©) methyl, and

@) trifluoromethyl.
13. A compound of Claim 1, wherein R; is hydrogen or halogen.

14. A compound of Claim 1, wherein R; is hydrogen.
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(a) hydrogen, and (b) substituted or unsubstituted
al kyl; R3 is selected fromthe group consisting of

WQ@Q00¢/034786¢/dr ogen, (2) cyano, (3) nitro, (4) pel/0§®07/001708

of

(5) substituted and unsubstituted al kyl, 25 (6)
substituted and unsubstituted al kenyl, (7)
substituted and unsubstituted al kynyl, (8)
substituted and unsubstituted aryl, (9) substituted
and unsubstituted heteroaryl, (10) substituted and
unsubstituted het erocyclyl, 30 (11) substituted and

S A A R oo

-NR3aCOR3b, (15) -NR3aS2R3b, (16) -OR3a, (17)
-SR3a, (18) -SOR3a, 10 (19) -SO2R3a, and (20)
SE2NR3afyahe, wherei n R3a, and R3b are independently
selected fromthe group consisting of (a) hydrogen,
(b)Y2kubgtifteut ed or unsubstituted al kyl, 15 (c)
substituyted and unsubstituted aryl, (d) substituted
and3Unsuke8Put ed heteroaryl, (e) substituted and
ungugsthﬁk% het er ocycl yl , and (f) substituted and
ubst i ’cycl oal kyl ; RR is selected fromthe

grggp cofsingl it of 20 (1) hydrogen, and (2) hal ogen
an

©6) trifluoromethyl.

16. A compound of Claim 1, wherein Rj is trifluoromethyl.

17. A compound of Claim 1, wherein Rs is cyano.
18. A compound of Claim 2, wherein R3 is =0O.
19. A compound having Formula II:

H2N W R

3
TR
X.
N~ R

Ry Nao N
h

Nj
(o]
II

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein,
W is CRy, or N, wherein Ry, is selected from the group consisting of

) hydrogen,

2) cyano,

3) halogen,

(4)  methyl,
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R6 is selected fromthe group consisting of (1)
hydr ogen, (2) substituted and unsubstituted al kyl, and

WQ@2007834780bst i t ut ed and unsubstituted cycl oal kKpCT/USBO7/#01708

conmpound of Claim31, wherein R2 is selected fromthe
group consisting (1) hydrogen, (2) cyano, 30 (3)
hydr oxy, (4) hal ogen, (5) am no, -245 WD 2007/ 084786
PCT/ US2007/ 001708 5 (6) nmethyl, and (7)

trifluoronmethyl. 33. A compound of C aim 31, wherein
R3 is selected fromthe group consisting of (1)
cyano, 10 (2) nitro (3) hal ogen, (4) hydroxy, (5)
af®ho, tEfdorsyethyl P10 oret hyl . 15 34. A conpound of
G aim3l fmheQFLn R6 is selected fromthe group

coPsi st Y%ydrogen,  (2) nethyl, and (3) ethyl
2@(;’&3 & Bt BP4l afreét omai bi ting phosphoryl ation of Akt
in a hunman or animal subject, conprising

adyy iBissleeted Mbnh chesgrbupraonsstirgni nal subj ect an
effective amount of a conpound of any one of O ains
1(3%. 3wydragempnposition, conprising a pharnmaceutically
acceptable carrier and an anount of a conmpound of any
orf@) of €¥28Pns 1-34 effective to inhibit P13-K activity

iﬁé? Zgi uman or ani mal subj ect when adm ni stered
t et 0. The conposition of claim36, effective to.

i N3 bi t pRbgedS @l pha activity in a
(5) hydroxy,
(6) amino,
@) substituted and unsubstituted alkyl,
®) -COR2;, and
(9)  -NR2.CORgzy,
wherein Ry, and Ry, are independently selected from the group consisting of
(a) hydrogen, and
(b) substituted or unsubstituted alkyl;
R is selected from the group consisting of
(H hydrogen,
(2)  cyano,
3 nitro,
4) halogen, .
©)) substituted and unsubstituted alkyl,
6) substituted and unsubstituted alkenyl,
(7) substituted and unsubstituted alkynyl,
(8) substituted and unsubstituted aryl,
&) substituted and unsubstituted heteroaryl,
(10)  substituted and unsubstituted heterocyclyl,

(11)  substituted and unsubstituted cycloalkyl,
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human or ani mal subject when adm nistered thereto. 38.
The conposition of Caim35 further conprising at

wo e@3soee additional agent for the treat nentPOf/US2007/001708

cancer. -246 WO 2007/084786 PCT/ US2007/001708 5 39.
The conposition of Caim38, wherein the at |east one
addi tional agent for the treatnent of cancer is
vatal anib, imatinib or gefitinib. 40. A nmethod for
treating a condition by nodul ation of P13-K activity
conprising admnistering to a human or ani mal subj ect
in ed eg)gsuch treatnment an effective anmount of a
Q% und 3ny one of Cains 1-34. 10 41. The net hod
of ai n erein the conpound has an |1 C50 val ue of
Ieglg) tﬂgﬁgﬁi’%t 1 pMwth respect to inhibition of
P1gig) 42NREf®OR®L hod of O aim 40, wherein the
condition is cancer. 43. A nethod for inhibiting P13-K
ac{is)i t yNRa.SOMusran or ani mal subject, conprising
admnistering to the human or animal subject a
cofdfOsi tP&aconprising an 15 amount of a conpound of
an¥ @ne_ Clains 1-34 effective to inhibit P13-K
act! ity human or ani mal subject. 44. A nethod
foglgreagm a cancer disorder in a human or ani nal
e) 8o 9 > ,
subj éct conprising admnistering to the human or
anin® sBILReL amd conposi tion conprising an anmount of
a conmpound of any one of Clains 1-34 effective to
i N2y t -BOBNRsdstii vity the 20 human or ani nal :
subj ect. 45. The nethqd of ai 4. further conprisi.
AR A ERAHoRT Sh A OB oo BuRg of
one_addiqt | agent for the treatnent of cancer. 46.
Za)rret hﬁa’é’?‘g@“o aim 45, wherein the at |east one
ad%%iO%lbsﬁlﬂ%atorflﬁﬁuﬁs’ﬁi@ute&ﬁﬂ@ﬂﬂem of cancer is
vatal anib, imatinib or gefitinib. 25 47. The net hod of
d g&)n 44substitmteel andthvivsulssirtated aird, br east cancer, bl adder
cancer, colon cancer, glijonma, glioblastona, | ung

cader, wwbghirdandngHbREWEE e e@%‘gb’]”ic cancer,
carfEhr st sndiiap R B ARy o
Bhageﬁlbsﬁﬁl@&f_ 419{s3%§t%1%d B&lkylbrai n cancer, or

es
ovarl an cancer. 2007/ 084786 'PCT/ US2007/ 001708
5 48, isAcl¥RicaqehR the@aup abhsigimhesphor yl ati on of Akt

conprising contacting a conpound of any one of Cains
1- 33)wi t hydrogal, land49. The net hod of O ai m 48, wherein
t he conpound has an EC50 val ue of |less than about 1M
wi t®) r eshdeget @nhi biti on of pAKT.

R; is selected from the group consisting of

1 substituted and unsubstituted cycloalkyl,
(2) substituted and unsubstituted heterocyclyl,
3) substituted and unsubstituted aryl, and

@ substituted and unsubstituted heteroaryl.

20. A compound of Claim 19, wherein R; is selected from the group

consisting of

€3] hydrogen,
(2)  cyano,
-241-



50. A conpound of any one of Clains 1-34 for use in
the treatnent of cancer. 10 51. Use of a conpound of
waey7osgseof Cl ains 1-34 in the manufacture of BCT/US2007/001708

medi canent for the treatnment for cancer. 52. A Kkit,
conprising a conpound of any one of Clains 1-34 and a
package insert or other |abeling including directions
for treating a cellular proliferative disease by 15
adm nistering a P13-K inhibitory anount of the
conpound. 53. A nethod for inhibiting the activity of
KSP ki nesin which nethod conprises contacting said

5 kiBesi MYFPH>an ef fective i nhi bi tory anount of a

c ound of claiml1l. 54. A nethod for inhibiting the
agﬁ)vi t%/mlgf)’ KSP kinesin in a cell which nethod 20

fﬁﬁ?[,: ?yga?oé:émtaﬁ@t ing said cell with an effective
y anount of a compound of claim1. -248
6) substituted and unsubstituted C,.3 alkyl.
21. A compound of Claim 19, wherein R; is selgcted from the group
10  consisting of ‘
1 hydrogen,
(2)  cyano,
3) thio,
C)) halogen,
15 ) nitro,
(6) substituted and unsubstituted alkyl,
@) substituted and unsubstituted alkenyl,
() substituted and unsubstituted alkynyl,
©)  -ORg3,
20 (10) -NRazaRap,
(11) -CORj,, and
(12) -NRz.CORjp,
wherein Rs,, and R, are independently selected from the group consisting of
(a) hydrogen, and |

25 (b) substituted or unsubstituted alkyl.
22. A compound of Claim 19, wherein R3 is trifluoromethyl.
23. A compound of Claim 19, wherein W is CH.
24. A compound of Claim 19, wherein R; is H.

25. A compound of Claim 19, wherein Rs is selected from the group

30 consisting of

242-



10

15

20

WO 2007/084786

1)
@)
(3)

26.

PCT/US2007/001708

substituted or unsubstituted morpholinyl,
substituted or unsubstituted tetrahydropyranyl, and

substituted or unsubstituted tetrahydrofuranyl.

A compound of Claim 19, whefein X is a direct link and Rs is

unsubstituted N-linked morpholinyl.

27.

28.

29.

30.

31.

A compound of Claim 19, wherein X is O and Rs is 4-tetrahydropyranyl.
A compound of Claim 19, wherein X is O and Rs is 3-tetrahydrofuranyl.
A compound of Claim 19, wherein W is N.

A compound of Claim 19, wherein R is =0.

A compound having Formula III:

RgHN W\ R, o
T 1
Ra N\\\rlN
N.
.
IR

or a stereoisomer, tautomer, or pharmaceutically acceptable salt thereof, wherein,

W is CR,, or N, wherein Ry, is selected from the group consisting of

1)
2
(3)
)
(5)

hydrogen,
cyano,
halogen,
methyl,

trifluoromethyl, and
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(6)

sulfonamido;

R; is selected from the group consisting

1)
2
(3)
4
(5)
(6)
N
(8)
)

hydrogen,

cyano,

nitro,

halogen,

hydroxy,

amino,

substituted and unsubstituted alkyl,
-COR2;,, and

-NR2,CORgb,

PCT/US2007/001708

wherein R.,, and Ry, are independently selected from the group consisting of

(@
(®)

hydrogen, and

substituted or unsubstituted alkyl;

Rj; is selected from the group consisting of

(D
()
3)
“)
&)
(6)
Q)
®)
©)
(10)
ap
(12)
(13)

hydrogen,

cyano,

nitro,

halogen,

substituted and unsubstituted alkyl,
substituted and unsubstituted alkenyl,
substituted and unsubstituted alkynyl,
substituted and unsubstituted aryl,
substituted and unsubstituted heteroaryl,
substituted and unsubstituted heterocyclyl,
substituted and unsubstituted cycloalkyl,
-COR3a,

-NR32R30,
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(14) -NR3,CORGapb,

(15)  -NR3.SO2R3p,

(16)  -ORs,,

(17)  -SRas,

(18)  -SORs,,

(19) -SOzR3,, and

(20)  -SO;NR3aRsp,

wherein R, and R3p, are independently selected from the group consisting of
()  hydrogen,

) substituted or unsubstituted alkyl,

©) substituted and unsubstituted aryl,

(d) substituted and unsubstituted heteroaryl,

(e) substituted and unsubstituted heterocyclyl, and
H substituted and unsubstituted cycloalkyl;

R, is selected from the group consisting of

¢5) hydrogen, and

)] halogen; and

Rg is selected from the group consisting of

ey hydrogen,

(2)  substituted and unsubstituted alkyl, and

3) substituted and unsubstituted cycloalkyl.

32. A compound of Claim 31, wherein Rp is selected from the group
consisting

(41) hydrogen, ‘

2 cyano,

(3)  hydroxy,

“ halogen,

(5) amino,
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©) methyl, and

@) trifluoromethyl.

33. A compound of Claim 31, wherein Rz is selected from the group
consisting of

¢)) cyano,

) nitro,

3) halogen,

@ hydroxy,

&) amino, and

(6) trifluoromethyl.

34. A compound of Claim 31, wherein Re is selected from the group
consisting

§9) hydrogen,

2) methyl, and

3) ethyl.

35. A method for inhibiting phosphorylation of Akt in a human or animal
subject, comprising administering to a human or animal subject an effective amount of a

compound of any one of Claims 1-34.

36. A composition, comprising a pharmaceutically acceptable carrier and an
amount of a compound of any one of Claims 1-34 effective to inhibit PI3-K activity in a

human or animal subject when administered thereto.

37.  The composition of claim 36, effective to inhibit PI3-K alpha activity in a

human or animal subject when administered thereto.

38.  The composition of Claim 35 further comprising at least one additional

agent for the treatment of cancer.
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39. The composition of Claim 38, wherein the at least one additional agent for

the treatment of cancer is vatalanib, imatinib or gefitinib.

40. A method for treating a condition by modulation of PI3-K activity
comprising administering to a human or animal subject in need of such treatment an

effective amount of a compound of any one of Claims 1-34.

41. The method of Claim 40, wherein the compound has an ICso value of less

than about 1 pM with respect to inhibition of PI3K.
42. The method of Claim 40, wherein the condition is cancer.

43. A method for inhibiting PI3-K activity in a human or animal subject,
comprising administering to the human or animal subject a composition comprising an
amount of a compound of any one of Claims 1-34 effective to inhibit PI3-K activity the

human or animal subject.

44, A method for treating a cancer disorder in a human or animal subject,
comprising administering to the human or animal subject a composition comprising an
amount of a compound of any one of Claims 1-34 effective to inhibit PI3-K activity the

human or animal subject.

45. The method of Claim 44 further comprising administering to the human or

animal subject at least one additional agent for the treatment of cancer.

46. The method of Claim 45, wherein the at least one additional agent for the

treatment of cancer is vatalanib, imatinib or gefitinib.

47. The method of Claim 44, wherein the cancer is breast cancer, bladder
cancer, colon cancer, glioma, glioblastoma, lung cancer, hepatocellular cancer, gastric
cancer, melanoma, thyroid cancer, endometrial cancer, renal cancer, cervical cancer,

pancreatic cancer, esophageal cancer, prostate cancer, brain cancer, or ovarian cancer.
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48. A method of modulating phosphorylation of Akt comprising contacting a

compound of any one of Claims 1-34 with a cell.

49. The method of Claim 48, wherein the compound has an ECso value of less

than about 1 uM with respect to inhibition of pAKT.
50. A compound of any one of Claims 1-34 for use in the treatment of cancer.

51. Use of a compound of any one of Claims 1-34 in the manufacture of a

medicament for the treatment for cancer.

52. A kit, comprising a compound of any one of Claims 1-34 and a package
insert or other labeling including directions for treating a cellular proliferative disease by
administering a PI3-K inhibitory amount of the compound.

53. A method for inhibiting the activity of KSP kinesin which method

comprises contacting said kinesin with an effective inhibitory amount of a compound of

claim 1.

54. A method for inhibiting the activity of KSP kinesin in a cell which method
comprises contacting said cell with an effective inhibitory amount of a compound of

claim 1.
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