WO 2007/ 084786PCT/ US2007/ 001708 PYRI M DI NE DERI VATI VES
USED AS PI -3 KI NASE | NHI Bl TORS HELD OF THE | NVENTI ON

wo b@9R4]-khe present invention relates to new  pcr1/US2007/001708
phosphatidylinositol (Pl) 3-1cinase inhibitor
conmpounds, their pharmaceutically acceptable salts, and
prodrugs thereof; conpositions of the new conpounds,
either alone or in conbination with at | east one
addi ti onal therapeutic agent, with a pharmaceutically
acceptable carrier; and uses of the new conpounds,
either alone or in conbination with at |east one
addi ti onal therapeutic agent, in the prophylaxis or
treatnment of a nunber of diseases, in particular, those
characterized by the abnormal activity of growh
factors, receptor tyrosine | dnases, protein
serine/threonine | cinases, G protein coupled receptors
and PYIRIBBDIN E DERRMAHYES HISE D A PhatidesS E BREKBIROURD
OF THE | NVENTI ON [ 0002] Phosphati dylinositol 3-1cinases
(P13Ks) conprise a famly of lipid and serine/threonine
ki nases that cat aryED e THROSVENTIONhosphate to the
D-3' position of inositol lipids to produce

{0001 ﬁ P gﬁ 22 %:l}g?pzésteg% %&gggg Fl)'lg]aa%ees t FI;IEE:) ﬁhc%lgggtgg)ﬂlu{]oos%ioi &JI_) %’-lé]i;lase
inhibitt%E ASRRGLARS it Al pRarfrrehlibANPRRBES1d £1183)nd PAddrupithereof,

rn, act as second nessengers In S|gnafing cascades by
compdhidaisng the atwicosymantdsj eithey adrecksinconttioapdrogyth F¥&4s! one
_Phox and ot her ghqspholipid-bind#ng do Hns into & fthe
additiqupl tRergPaRicIBgRRIY IHY 2 OORPPRSEYICBTY BRC R R EPIEs iRy uses ©
rane . Blhiohwi t JRVaddRi Qe @Brapeutic
new °$%5g§§&( f%ﬁg’?{‘gtﬁ £ g‘?’g‘gf".‘%&"’%n‘?ﬁl.‘ it Sl ok Dep. Biol .
agent, il 1B propRORL]s or hathfent bie nGides of dRe84es, in(pargisulap, those
P13Ks are heterodirners conposed of a catalyticﬁgﬁéo
charagiemizadi by (hg, abpormal aGHebhal Se8iR {3 9pEs; TRFp oA XS] gases,

W th a.requlatory_s L& PERRSipid ki
protelg §5‘8‘é$m5§‘g'3“8§mb%§§fﬁ %E%Jeé g@% I%E S 8@02% %g(g RGeS ong ¢ anases
and phéPhhdsdenber, a -1- WO 2007/ 084786PCT/ US2007/ 001708

het er odi mer conposed of a catalytic pl 10y subunit

associ ated with one of two regulatorylﬁggggits, pl01 or

p84 (Frunman etBACKGROUNRVF TBillBdNME JW81 (1998);

Suire eta)., Curr. Biol. .15:5 905 .. The nngul :id and
(00024 onai nsPIEﬁSP%‘ﬁ%dﬁf}WS‘Sf 308150 ﬁ%?’ggﬁ ﬁ(??’?i’é’geé‘r%”f—‘ﬁrr%{aﬂ j\j an
seﬁne(/érl_@nfiﬁj@ PRL.0% &lQLa&dthng tROQRNGL ¥f O5d sPBaleas el €83t Podtion of

Specific sequence context on activated receptor and
inositey tipidk as piaiucy phebpitoikbsias el phogdate (FID).iphoaphémasidrd.4-

and localization of Cass |A_PI3Ks. Ca B.PI3K.is
diphoaphato Kb Ba) 84 BERIRPOBYP oo &P EORBF IS BB b P iRafet o8
jnd.a di Lha BERhiz BRI QRNARGR! blBkstrin-
secor s Bl B B R B B e e et
homdbgy, FANME, PIReY and@etiler PhvspiRilidid-blFdi6g Bo67eny 200 #)vpriety of
Consequently, the resultant phospholipid products of
signaihasemplexes R enit thp BB PRRERESf ¥ AR CRIARRE £F Bt Rev.
ool bylat Vil 85ed f1Cl 4gln r ek A 7345 \(ko@)). Of th
T e T e e
two Gk APIRL OrYasN AR IBRIgire heespdingees companstef ptawiytaml 10
translation (Cantley et al., Cell 64:281 (1991); it that can be
subufit ¢obbdbisaftmad IconattivRiy aFseciagd gith p feg@ptorgsHpyniphat can

al .. Ce 69,413 92)). A ader, a
vSS%Pééar%%%ﬁ%sﬁﬂ?ﬁ S )6%0&%%%0%} gﬁﬁﬁﬁéﬁgﬁé%ﬁggﬁé of

the viral oncogene v-Akt, to-%he plasma nmenbrane where

it acts as a nodal point for many intracellul ar

signal i ng pat hways i nportant for growh and survival

(Fantl et al., Cell 69:413-4230992); Bader etal., Nat

Rev. Cancer 5:921 (2005); Vivanco and Sawyer, Nat. Rev.

Cancer 2:489 (2002)). Aberrant regulation of PI3K,

whi ch often increases survival through Akt activation,

is one of the nost preval ent events in human cancer and



Rl is selected fromthe group consisting of (1)
hydrogen, (2) cyano, (3) nitro, (4) halogen, (5)
wo SkibRkifEt ed and unsubstituted al kyl, (6) substctiagedorooi708
and unsubstituted al kenyl, (7) substituted and
unsubstituted al kynyl, (8) substituted and
unsubstituted aryl, (9) substituted and unsubstituted
het eroaryl, (10) substituted and unsubstituted
heterocyclyl, (11) substituted and unsubstituted
cycl oal kyl, (12) -CORI., (13) -CO2Rla, (14)
heterodiGNTRBNARIEd of 2 Thtal R AR Gy, suptitit asdRidte COREbeng 27 ywo regulatory

-NRI . SO2R1b, (1 8) -0Q00 1
subunitg, gyl Pf Papfﬁériﬁmrp@f pyal Ry Bodtions G 43 OO ite et al.

e t ,
curr RSB OB EMLIE, B B AP BUNA it
Homoﬁiﬁ@ﬁ@l—tﬂ}tcﬁﬂuﬁﬂﬁ tHa0 Bitisphdsphegradine resiliestin spedif@mgquence

unsubstituted heteroaryl, substituted and unsubstltuted
contexf @meac@w@ﬁypcepawm?ﬂam%%ﬂa Kusstireanige 1n activation and

locahwa ?#l&s’clngﬁ’cl)ﬁﬁs_s terl%s%t]ﬁg?gﬁgnng gﬂlelélr é’&ﬁ@e&%ﬁﬁifﬁb{b‘ﬂem coupled
receptSHBhi binigdiidBe vosdHEd diﬂaﬂ@ﬁd@blﬁWMﬂ;&fﬁﬂdE ligands (Stephens et
al., Cell 89:105 (1997)); Katso et al., dnnu. Rev. Cell Dev. Biol. 17:615-675 (2001}).
Consequently, the resultant phosphalipid products of class 1 P13K link upstream receptors
with downstream cellular activities including proliferation, survival, chemotaxis, cellular
trafficking, motility, metabolism, inflammatory and allergic responses, transcription and

translation (Cantley et al., Cell 64:281 (1991); Escobedo and Williams, Nature 335:85
(1988); Fantl et al., Cell 69:413 (1992)).

[0003] In many cases, PIP2 and PIP3 recruit Akt, the product of the human
homologue of the viral oncogene v-4Az, to the plasma membrane where it acts as a nodal
point for many intracellular signaling pathways important for growth and survival (Fantl
et al., Cell 69:413-423(1992); Bader et al., Nat Rev. Cancer 5:921 (2005); Vivanco and
Sawyer, Nat. Rev. Cancer 2:489 (2002)). Aberrant regulation of PI3K, which ofien
increases survival through Akt activation, is one of the most prevalent events in human
cancer and has been shown to occur at multipte levels. The tumor suppressor gene
PTEN, which dephosphorylates phosphoinositides at the 3’ position of the inositol ring
and in so doing antagonizes PI3K activity, is functionally deleted in a variety of tumors.
In other tumors, the genes for the p110a isoform, PIK3CA, and for Akr are amplified and
increased 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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wherein R2a, and R2b are independently selected from
t he group consisting of hydrogen, and substituted or
wo unswesisst ut ed al kyl; R3 is selected fromthe @graups2007/001708

consi sting of hydrogen, cyano, nitro, halogen, (5)

substituted and unsubstituted al kyl, (6) substituted

and unsubstituted al kenyl, (7) substituted and

unsubstituted allcynyl, (8) substituted and

unsubstituted aryl, (9) substituted and unsubstituted

het eroaryl, (10) substltuted and unsubstltu{ cers
have beb@Uesamea atlsigiiftintSrinuencias de Bnde dHeTHSE P rRgR a0

| oal kyl 12 oo
(Kang a?té%g%%qpéﬂz g,«ics%d Smohéégaz #@%?F%%guéﬂs%}l gl Scignce 304:554
2004);. uels Q% & ,1%) Ce‘ﬁ@ﬂBéﬁs7@(I®06?p)TheS@&iuaaaz|aﬁbps show that

erein R3b are i ndependently sel ected from s
deregufhtlén @E@Hﬁsﬂ(ﬁiﬁbﬁtdltﬁgkmﬁsefwtbg @nswmwﬁtwtr&ﬁm componen
unsubstituted al kyl, substituted

t Wi
of this SEphinaDEBN A G S5 MOTTTTD S TR A dsp Bt with

eroary
substitu SMBSELL Eieeh Rk &1 OMal¥I436aTIR(2005);
h““““§ﬁ5§???ﬂ% °§%%Mﬁ%§§%§%.tﬁied cycloalkyl: and R4 is
Hennc&%%r%gEﬁdNBfMHé@eD@ﬁ Piljis. AVRA-300NRBIL.1) hydr ogen, and
(2) hal ogen WD 2007/ 084786PCT/ US2007/ 001708 [0007] I n
anot her enbodi nent thereof, RI conprises substituted or

unsubstituted arylal g,g,- +itiegy pRtosubst i t ut ed
het eroaryl al kyl , substitute unsubstituted 3K
(0004 ]%ycl oakdyl ]ﬁleké/rlt,mOént&ﬂb;S;towtdetser&“ophumblsleQtl@d 3-kinase (PI3K)

inhibitoftcce)rrn(z)(;mldz,l ;ltal.(rg‘laccutical 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

useful in the treatment of cellular proliferative diseases.

[0006] One embodiment of the invention provides a compound having Formula I:
W.
HZN\I,// l Ra Rz
R
N - | .

Ry N¢§r,N

(J

or a sterecisomer, tautomer, or pharmaceutically acceptable salt thereof, whereln,
>

3



[0008]In a nore particul ar enbodi nent, Wis CH.
[ 0009] I n anot her enbodi nent, Wis N. In a nore

woRatdsetsear enbodi ment thereof, R3 is =0. [001@dmus2007/001708

anot her enbodi nent, RL is selected fromthe group
consi sting 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 cycloal kyl, (6) -0Oltia, and gY o of
PR @Rty Nyvbersin RRHs selgetefifo s e B4R ERaERPEy
selected fromthe group consisting of (a) substituted
ahd ulvEBe®§t-ut ed heteroaryl, and (b) substituted and
@subscyaggt ed -heterocyclyl. [0011] I n anot her enbodi nment
is substituted or unsubstituted heterocyclyl, or
gypst itdibgeh,or unsubstituted -0-heterocyclyl. In
anot her enbodi ment, Rl is substituted or unsubstituted
8y phorielpls nore particular still, R is unsubstituted
i nkeda. I FH’?][‘P}lri nyl . [0012] I n anot her enbodi nent
{%ﬁ&er eo %"f—'?rl}gcorrprli’ses substituted or unsubstituted
h@h er osyiebydraidoyl , or substituted or unsubstituted
heteroaryl al kyl . 1 n anot her,. enbodi nent, R, conprises
sRbistselastetifrgm thes@LP COUT &P &HBY phol i nyl : nore
part i CFJ ar setni I'1, mnorpholinyl conprises NIinked
pho ?'nycfg >WD 2007/ 084786PC4/ US2007/ 001708 [0013] I n
apgt hegygadodi ment, Rl is substituted or unsubstituted
tetrahydropyran or substituted or unsubstituted
t €)r ahydropyr anyl oxy. Mre particular still, Rl is
unsubs%&ut ed 4-tetrahydropyranyl oxy. [0014]1n anot her
efbodi M EYher eof, R~ conprises substituted or
upsubstd butigRed ehd ahyebsdpyedalkyl,n a nore particul ar
enbodi nent, tetrahydropyran conprises 4-
t g6y ahygibsiuted phoxpsulsgbtst PRt her enbodi ment, Ris
substituted or ungubstit. hydr of t uan or
sdBxt i tbsfrypd lﬁ‘ﬂédﬁﬂ?#‘ﬁtggat@?ghydr of uranyl oxy. More
pPagticu Bhteh land RhsiSstisnsd bsglj t ut ed
3??% %Lg%ﬂ.tl%t'eh an

t rahydrof uranyl oxy. [0016]In another enbodi nent
enbypdi natstitRedcodprisseyitagd SeITer¥Y or unsubstit ut ed

~ tetrahydrofuran. I n anpthe [ t thereof,
t dPhhy BPRTTREER AR ‘cétgu%flt%eg?c?g%% of ur anyl oxy.

[0 ]Ig] | QL ARALIES aihodbimaied Jy2ldaskdel ected from the
group consisting (1) hydrogen,

(12) -COR,g,

(13) -CO:Ru,

(14) -CONRi.R,

(15) -NRizRyp,

(16) -NR;zCORy»,

(17) -NR1.SOR1v,

(18) -OCORia,

19 -ORy,,

(20) -SRy,,



(2) cyano, (3) hythoxy, (4) halogen, (5) am no, (6)

methyl, and (7) trifluoronethyl. [0018]1n anot her

woeniragsteent, R2 i s hydrogen or hal ogen. In a nmE/us2007/001708
particul ar enbodi ment. R2 is hydrogen. [0019]1n anot her

enbodi nent, 123 is selected fromthe group consisting

of cyano, nitro, WD 20071084786PCT/ US20071001708 (3)

hal ogen, (4) hydroxy, (5) am no, and (6)

trifluoronmethyl. [0020]1n another enbodinent. R3 is

trifluoronmethyl. In another enbodi nment, R3 is cyano.
[(D021]-30 her enbodi nent of the invention provides a

compou §$¥in Formula Il: O Il or a stereoisoner,
ﬁgatoﬁg?? aﬁga

rmaceutically acceptable salt thereof,
%%g{elﬁchﬁﬁhﬁagﬁ" or N, wherein Rwis selected from
t group consisting of (1) hydrogen, (2) éyano, gs& of
hatlepgiarR 1. 2hd Ret dylindgmendenthy felert e Oy 1 gipyP GB)=110s
sul fonamdo; Xis 0, S, NI, or adirect bond; R2 is
d8) ectBfirPEPM t he group consisting (1)hydrogen, (2)

C(%?n 0, s&%hﬂﬂé& 6P 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

o8 hydrogen,

) cyano,

3 nitro,

@ halogen,

(5 hydroxy,

(6) amino,

) substituted and unsubstituted alkyl,

(8) -COR2,, and

® -NR2,COR2z,

wherein Raa, and Ry, are independently selected from the group consisting of
{2) hydrogen, and

(b) substituted or unsubstituted alkyl;

R3 is selected from the group consisting of

(1) hydrogen,

(2) cyano,

(3) nitro,

@ halogen,



(4) hal ogen, (5) hydroxy, (6) amno, (7) substituted
and unsubstituted al kyl, (8) -COR2a, and (9)

wo2NR2RECER2b7 wherei n R2a, and R2b are i ndependantiiys2007/001708
sel ected fromthe group consisting of (a) hydrogen,
and (b) substituted or unsubstituted alkyl; R3 is
sel ected fromthe group consisting of (1) hydrogen, (2)
cyano, (3) nitro, (4) hal ogen, (5) substituted and
unsubstituted al kyl, (6) substituted and unsubstituted

al kenyl , (7) substltuted and unsubstituted al kynyl, (8)
$s)pst |stu1bsenhteahd1dmwb§‘t1‘i‘-‘f‘m difyaryl, (9) substituted and

unsubsti t ut ed e ero {'u’t c£ )i ubstltut ed and

lﬁﬁ)s,ubs%quHFJé%d ‘é?%‘ i ;1% T?l substituted and

wubsmﬂ%%%%&y&mﬁib&mmﬂ%nyMa, (13) - NR3aR3b,
4 (15) 4' TR3aSQ2R3b, (16) WO

;(gpw O%E&&Réﬂ'éh&ﬁﬁﬁﬂsﬁ@&?@&}(hl?) -SR3a, (18) - SOR3a,

-S2R3a, arid 2%\ %NRBBRBR wherein R32, and
RSID ar@b%@ﬁ‘éﬁﬂ%ﬁﬂ?‘j}” EHELPEE H St t he group

isting of .h jdr&d\REy10r unsubstitut ed
a(lq@i %tbsgint‘ ?a%égé&g@%hlﬁgggét it u)?gi"él aryl, substituted
and) un§u|bs'iithttautaad vetisstivatesilcyckabstli t ut ed and

unsubstltut ed heterocyclyl, and substituted and
uggdbst+CORsed cycl oal kyl ;

(13) -NRizRa.
(14) -NR3,CORap,
(15) -NRi.5O02Rsp,

(16) _OR337
(l 7) ‘SR33)
(1 8) ’SORJa:

(19) -SO3R3a, and
(20) -SONRi:Rsp,
wherein Raa, and Ry, are independently selected from the group consisting of
(a) hydrogen,

(L) substituted or unsubstituted alky!,
(c) substituted and unsubstituted aryl,
{d) substituted and unsubstituted heteroaryl,

{e) substituted and unsubstituted heterocyclyl, and
(H substituted and unsubstituted cycloalkyl; and
R, is selected from the group consisting of
Q)] hydrogen, and
) halogen. '



R4 is selected fromthe group consisting of (1)
hydr ogen, and (2) hal ogen; and R5 is selected
wobnomsttse group consi sting of substituted and pcT/US2007/001708

unsubstituted cycl oal kyl, substituted and unsubstituted

het erocycl yl, substituted and unsubstituted aryl, and

substituted and unsubstituted heteroaryl. hi another

enbodi ment of Forrmula Il, R2 is selected fromthe group

consi sting of (1) hydrogen, (2) cyano, (3) hydroxy, (4)

am no, (5) hal ogen, and (6) substituted and. bstituted
[0007] UNS Ubsihi drettleet @abiieieky ther¢af, Bnoiomepr SHsRPHRHRd of unsuos

Formula I, R3 | Lected f i sti ute
acylalicyiy DHBHPESH7 BEAETORTET QSRR B JiBhcfiaia g D sticuted
cycloalfty Al Sﬁllaﬁsli‘imed bR hnhidsQ8RE héBlodictylaiky(.6)

substitute

and unsubstituted al kyl, (7) substituted
and unsubstituted al kenyl, (8) substituted and

[0008]unsubski ¢ mad paftioptplemialimepRIY s ) - NR3aR3b, (11)

-00R33;, and (12).-NR3a b, er el e R3dhic1aRdeRBBdid&ht thereof,
[0009]; ndepeltiah? f%‘@f"%‘é‘t‘%‘f Troﬁ¥¥1§l groug%(:%on%i sting of (a)
R, is = drogen, and (b) substituted or unsubstituted al kyl.
’ 0022] I n anot her enbodi nent of Fornmula Il, R3 is

trifluoronethyl. In another enmbodjpent, Wis CH .ln

[0010Janot heln enpder AEREAIENT; Ry 15 Sehﬁfé%ggﬁ‘ WFHRER eohsitdhg of
embodi nent. . of  For JtnteB2k3, Sel ected fromthe group
CQ:SSi st ngblFEd(%drHsHﬁEgt% tuted %’r unsubsti t ut ed

nXPholshBytutddandsitiabstitutedchrpl, unsubsti t ut ed

tefrahydropyranyl, and (3) substityted or unsubstituted
i €0r ahysdb@tﬁt@rtqﬂ':mﬂ unsubstituted heteroaryl,

4 substituted and unsubstituted heterocyclyl,

=)) substituted and unsubstituted cyclealkyl,

{6) -ORy;, and

(7 ~NRRib,

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

(b) substituted and unsubstituted heterocyclyl.

[0O1 1] 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.



[0024] I n a nore particul ar enbodi nent thereof, R5 is
N-Ii nked norpholinyl; nore particular still, Xis a

wothiesdyrdsl Nk. I n anot ber nore particul ar enbodig@ns200R001708

is 4-tetrahydropyranyl, nore particular still, Xis O
In anot her enbodi ment, R5 is 3-tetrahydrofuranyl; nore
particular still. Xis 0. WO

2007/ 084786PCT/ US2007/ 001708 [ 0025] I n anot her
enbodi nent, Wis N In a nore particul ar enbodi nent
thereof, R3 i S =0. [0026] Anot her enbodi nent of the
[0013]i NVentincanhevérdbedianatioimehbistiterh OFERFHRE TP tetrglyydropyran
st er eoi somer, _t aut

h ' | .

o A B o BRI R AR e .
lected f i sti f (1) hyd (2
msubsi@%%?%ﬁ%’;ﬁi%}o%gf%ﬁ&% ::Tgltnﬁly Is ing of (1) hydrogen, (2)

(5) trifluoronethyl,
and (6) sulfonam do; R2 is selected fromthe grqup bstituted
[0014]consi sin agothe) empddoge, thepf.cRp AHTIPEISYS ﬁliltfs[tlé'l;lteg HY unsubstitute
hal ogen, (5) hydroxy,. am,no,. i a . 4.
tetrahyghaRisapi it &d %p{gy@/aﬂ_l%@%r e“‘(‘%cjd“_‘%&}%@%ﬁ’gﬁ%%?“ B8mprises

- N wherein R2a, and R2b are i ndependently
te“ahygéﬁgeégé eg ?P’bmthe group consisting of (a) hydrogen,
and (b) substituted or unsubstituted alk

X l; .R3 i
[0015Fkel ect dd ahpgrartamebyhmapt Fonisi SPpiafyiesk of ﬂngap-ga‘%iﬁ:m(hgjimﬁran
or suggt?tﬂ‘?éd (03 urxlllmtl sqitugeﬁ) tg:?fjh%%hlranyloxy. More particular still, Ry is

unsubstituted 3-tetrahydrofuranyloxy.

[0016] fn 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,
4) halogen,
S) amino,
() methyl, and

(7) 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
) cyano,
(2) nitro,



(5) substituted and unsubstituted al kyl, (6)

substituted and unsubstituted al kenyl, (7) substituted
woandrasamsbst i tut ed al kynyl, (8) substituted andecT/us2007/001708

unsubstituted aryl, (9) substituted and unsubstituted

het eroaryl, (10) substituted and unsubstituted

heterocyclyl, (11) substituted and unsubstituted

cycloal kyl, (12) -COR3a, (13) -NR33R3b, (14)

- NR3aCOR3b> (15) -NR32S 02R3b, (16) -OR3a, (17) -SR3a,

(18) -SOR3a, (19) -S2R3a, and (20) -SO2NR33R3b,

viBer ei ml3s, and R3b are i ndependently sel ected from

t he group consisting of (a)hydrogen, WO

2697/ 0BYFEEPCT/ U S2007/ 001708 (b) substituted or

u<3§ubsglin§ﬁg,%gdal kyl, (c) substituted and unsubstituted
aryl, (d) substituted and unsubstituted heteroaryl, (e)
sighyst i trifhedormrethyinsubstituted hcterocyclyl, and
substituted and unsubstituted cycloallcyl; R4 is

[0020]? gl) eﬁ;;ﬁg afé{ﬁt?l%tﬁgq%oﬁﬁrﬂg& ¢ONS it hL8Sredth {1l Jin Rne g @fboditent, Rs

I'ts 1s selected fromthe group
iscyaﬁ:cp.nSiSti ng of (1) hydrogen, (2) substituted and
unsubstituted al kyl, and (3) substituted and

unsubstituted cycl gal kyl._ In .another e L Ment..A 4 havi
[0021For nmul aAnqther I?%dlg’gfl\éc?feahff P HHE d)rrgg%g%lggr%% e%c,)un vine
Formii 10" hydr oxy, hal ogen, am no,

HzN W R

\‘/ - R3 Ry
l x
N F T Rs
R4 NyN
)
O

I

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) 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

(1 hydrogen,



methyl, and trifluoronethyl. In another enbodi nent of
Formula U, 123 is selected fromthe group cyano,

woOlthé7/684748al ogen, hydroxy, WO PCT/US2007/001708
2007/ 084786PCT/ US2007/ 001708 (5) am no, and (6)
trifluoronmethyl. [0029]1n anot her enbodi nent of Fornula
Il'l, Reis selected fromthe group consisting (1)
hydrogen, (2) nethyl, and (3) ethyl. [0030] Anot her
enbodi nent provides a nmethod for inhibiting
phosphoryl ati on of Akt in a human or ani mal subject,
qQypri syang, adm ni stering to a human or ani mal subj ect
an effective anount of a conpound of any one of the
dAdodi P s provi ded herein. [0031] Anot her enbodi nment
pr,ovi d onposition, conprising a pharmaceutically
é%geptgafgmgarrier and an anount of a conpound of any
o3 of ntd@xenbodi ments provided herein effective to
inhibit P13-K activity in a human or animal subj ect
wean admw@.stered thereto. In a nore particul ar
enodi nent. .t her eof - ition is effective to
iﬂﬁibiP“?ﬁ§9§ﬁ§$§#nggg?gﬁﬁyﬂgﬁ’a human or ani ma

sy ecto@ren adm ni stered thereto. [0032] Anot her

enbodi nent provides a conposition, conprising a

pkr mactiRuCQREy acceptable carrier, an anount of a

compound. of one. of ' j cORi&ink of

B e G AT b

aniyral | amdnen adm ni stered thereto, and at | east

oggpgdéﬁg?%%g% agent for the treatment of cancer. In a

ngbe pasubkttsteal oryrsolbieid 2k¥keof , at | east one

addi ti onal ent. for the tr t of cancer is
véisaﬂﬁéﬁli%‘e(i%{?%ﬁmﬁ’r%ﬁsﬁ‘i ‘%go%?n gefitinib.

Akﬁfrna MLy, the at |east one additional agent for
t e’ treat ment "of cancer is selected fromthe kinase

I ik bi t eyaspo, ant i - estrogens, anti-androgens, ot her

I nhi bitors, cancer chenotherapeutic drugs, allcylating
agént s, odfel at i ng agents, bi ol ogi cal response
nodifiers, ncer vaccines, or antisense therapies
(d%éup35%9§%glisted bel ow. Further, the at |east one
adgiyt i og@bstiagedtand RSNVt RE4TREPCT/ US2007/ 001708 f or
the treatnent of cancer |is selected fromradiation,
nuedeos isdestinigi ggdaesuBiryifdiaF bt ¢ agent s.

[ 0033] Ang r ' . A 12 method for treating
a 8§ndifP %ﬁgvﬁgggﬂ#gﬁﬁ%ﬁgg?J%% -K activity conprising
adpgyni sts@pédigtcddand tsobstitotedanyhal subj ect in need of
such treatnent an effective amount qf a conmpound of any

oné)f  tsmbsEprdRemsePH T HRATE € n. In a nore
particul ar e i «Ras an I Cso val ue
of (}¥ss ﬁ“%%%tq‘g%gﬁ%e‘%ggvﬁb% ) F‘%g%g‘gi{% oi}i&nhi bition of

Pl 3Ky | N BRGIURET anissubatitutedibgrlogdkbdi nent, t he
condition is cancer. [0034] Anot her enbodi nent provides
a r@ehod-G@R1ib nhi biting P13-K activity in a hunman or
ani mal S%Rée t, conprising adm nistering to the human
or @GAl mat Hgf%ct a conmposition conprising an anount of
a qg oungr9iccry, one of the enbodi ments provided -
herein effective to inhibit P13-K activity the human or
animah sbReSREO035] Anot her enbodi ment provi des a

nmet hod for treating a cancer disorder in a human or

ani (W) sdBfReet, conprising adninistering to the hunan
or ani mal subject a conposition conprising an anount of
a conpound of any one of the-&&bodi ments provi ded
herein effective to inhibit P13-K activity the human or
ani mal subject. A nore particul ar enbodi nent further
conprises adm nistering to the human or ani mal subject
at | east one additional agent for the treatnent of
cancer _ I n anot her enbodi nent, the at |east one
addi ti onal agent for the treatnent of cancer is

vatal anib, imatinib or gefitinib. Aternatively, the at



WO 2007/ 084786PCT/ US2007/ 001708 cervi cal cancer,
pancreati c cancer, esophageal dancer, prostate cancer,
wolwat/os+Tmncer, or ovarian cancer. [0037] Anot herpcT/us2007/001708

enbodi nent provides a nmethod for nodul ating
phosphoryl ati on of Akt conprising contacting a conpound
of any one of the enbodi nents described herein with a
cell. Another enbodi nent provides a nethod for
nodul ati ng phosphoryl ation of Al ct conprising
contacting a cell with a conpound of any one of the
empodi 4srat,s described herein. In a nore particul ar
enbodi nent thereof, said nodulation is inhibiting. In a
¥k parf®Rzul ar enbodi ment, the conpound has an EC50
v%ue ofhgss, than about 1 1.1IMWth respect to
i( 1bit N 8f pAKT. In a nore particul ar enbodi ment
gbb | . -dbararpQund has an EC50 val ue of |ess than
about 0.5 nlV1 with respect to inhi %ti R of %AKT. ishifle of
amheeinReo red Bay piednfenendmpdysaenied T8 e HssR e RS &n
I%‘%SO vgl e %f | ess than about 0.1 LIDA with respect to
i @hi bi FYBIPESE pAKT. [0038] Anot her enbodi nent provi des a
C@YPOURgLAftuRAYr @Rsutatitdtbe ataodi nent s descri bed herein
for use in the treatnent of cancer. [0039] Anot her
efodi webstitpredindamspltitgted 4%l of a conpound of any
one of the. emhodi,ment i rein in the
nthuf act ?témgg? agdnuéla}l%sgﬂng%tﬁ 4‘%}%@? e treatnent for
caljcer ..uLa ARt iRcbarund eabcpelgliadds a net hod of
ul ating phosphoryl ati on of Akt conprising contacting
a(®onpoubstimfed dnal ysubetedRERAB Wi th a cell. In a
nore particul ar . enbodi ment. Ehgr&aof, t he compound has an
ER30s selrtied drom BGEPHR FORBSUTE T nM wi th respect to

i g | bi tljéﬁﬂ Pdn RAKT. [0041] Anot her enbodi ment provides a
c oun o? any one of the enbodi ments descri bed
hgpgei n, halagers apdckage insert or other |abeling

including directjons for trﬁ?ltigg a cellular
prBal s pelestad &0 ey BERPRPIENPRI %t eri ng a P13-K

i nhibitony,: B eyl WO
2335// osﬁ“%‘é‘%?‘f‘d%%dg%%g%g [0042] The inventi on
f yny her spsspivitde and anpastinitod detckdeysiylret hods of use,
and net hods of manufacture smgesc i bed in the detail ed
deSar | pwleﬁﬁmeiﬁdtaﬁ%upﬂ%ﬁé“ﬁ’f‘i‘tt‘iﬁ. DESCRI PTI ON OF THE

NGS 43], Th [ -~ and many of the
gﬁ?ﬂdaﬁ?é%&tglﬁﬁgg@%%ﬁ?%%ghi%ﬁé\?gﬁ)?on will becone nore
readi |y appreciated as the sane becone better . £
unBesmsitbadeyodiefest efifermwlatlheR § 1§ Selr g orey the (gEgup consisting o
description, when taken in conjunction with the
acconparty@fReer awi ngs, wher ei n: FIGUIRE1l is a
graph ilJyggrating tunmor growth inhibition for a
reg’gesen ative conpound of the invention at two dosages
coppar ethyldeoxy control vehicle; FIGURE 2 is a
graph illustrating tunmor growth inhibition for a
reffeser@¥Pve conmpound of the invention at three
do es to a control vehicle; FI GURE 3
[ s%%ggr al%ﬁggﬁgg?r ating tunmor growh inhibition for a
r epg s entidistivted amponsudhstifutehe splkebt i on at two dosages
conpared to a control vehicle; FIGURE 4 is a
graph illustratingt r i.phihit oup consisting of
r e@é@@mﬁﬁmdﬁﬁﬁo%ﬁﬁf?#é%ﬁg gﬁ?’ #ttg% %g?ﬁ?t'i V\?O%d 05 ages &
conpared to a control vehicle; and FIGURE 5 is a
graph illustrating tunor growtlhk inhibition for a
representative conmpound of the invention conpared to a
control vehicle. DETAI LED DESCRI PTI ON OF
THE PREFERRED ENMBODI MENT
[ 0044] Phosphoti dyl i nositol-3-kinase (Pl 3K) nedi ates the
signal fromvarious growh factors to regul ate cell
proliferation and survival. A Serine/ Threoni ne
(Ser/Thr, or SIT) protein kinase, ternmed Alct, is

— =



[ 0045] That these pat hways inpact cellular properties

proliferation, survival, notility and norphol ogy that
woaeneib@n disrupted in cancer, proliferative dSRasRS7/001708

thronmbotic di seases and inflanrriation, anong ot hers,

suggests that conpounds inhibiting PlI3K (and isoforns

thereof) have utility, either as a single agent or in

conbi nation, in thc treatnent of these diseases. In

cancer, deregulation of the PI3K. ./Akt pathway is

extensi vely docunented, including overexpression of the

PLK3CALgRegen, act i vating nutations of the PIK3CA gene,

over expressi on of Akt, nutations of PDK-1, and

d2) et iom@epi nacti vati on of PTEN (Parsons at al., Nature

436: 792.(2005); Hennessy et al., Nat. Rev. Drug Disc.

43p8s ¥005) ;. Stephens et al., Curr. Opin. Pharnacol.

41 (2088)en Borineau and Longy, Human Mutation 16:109

?‘2‘%00) ASen o Lo . J. Natl. (Jan. Inst. 91:1922

((3999) pitrdRecent findings indicate that PIK3CA is

frequently nutated (>30! i rious solid tunors in

H@h&nsS?Qé%%&@?§“§ﬁﬂ&¥?%%§égﬁ?1 Yr. Opm Oncol ogy 18:77

( 305) )Su@g{lﬁ,{eﬁednﬁqﬁisulﬁgtﬂﬁ]ﬂéﬂ&ﬁk@fyl,t hese mutations

pronote ce growt h and invasion (Sanuels et al.

Caycer s@pdmEdset R0bs)ttedrdkemd: t ransf orning (Kang et

al., Proc. Natl. Acad. Sci. USA 102:802 (2005), Zhao et

al®), Pro&®ssNail. Acad. Sci. USA 102: 18443 (2005)).

T , iphjbitors of PI3K, particularly of the pll0Oa

iggﬁornggkg%ﬂéd by WO 2007/ 084786PCT/ US2007/ 001708

P{BCA @R i.f andrut ati ons, will be useful in the

treatnment of cancers driven by these nutations and

détBgul -afRe@8R4$0046] The present invention provides

novel cgipounds that @é};& Asnt Vi1 Bitt @ Fondthsgfonpeonsisting of

t PSR ak?ﬁﬁ%@ég%ﬁ?pl nIcir%gses, and, nore

pqg)ti culllﬁ{r[)Fen,a@di nhi bi tors of phosphati dylinosit ol

3-Ki nase (PI'3K) function. The ionpounds provi ded herein

cap) be hﬁmﬁﬂhad@@upﬁﬂﬁuﬁﬁﬁ?ﬁﬁﬁ utical formulations that

are useful in treating patients with a need for an N

i.nhi bitor of Pl3 REeGi Aklpbrndula PRAIRY GailtbAafluoromethyl. In another
[002-Hnhodi n???ﬁF%‘%wgS?de conposi tions and net hods for
embd e, VY i€ elH . Uhaimofies lenftedanan Rangt ncr easi ng cel |

death in the treatnent of cancer. [0047]1n one aspect

of the present invention, n h Rat RdVisi 8a8étt@! from the group
[0023] ki nasdn (PotRgT FRTCHIPEH 8%0%&*%2% °t ﬁgilf

Eharq&ceutically acceptabl e salts, and prodrugs thereof
consigt8E 5t ovi ded. The PI 3K inhibitor conmpounds are

py iy disnestasetioconmpbstitied Maeohsyr ki di ne conpounds,

pharmaceutical |y acceptable salts gg Bﬁqgﬁpgs are

Pl 8K i nHubptBit ahH"%‘gét’ﬁléeéjf ﬁ?‘a%‘ﬁdrtoﬁ treating cellul ar

proliferative di Seas6siihRQiBlAaRyanguanbDd ment, the

phgé hat’?“g’ﬁ‘iﬁﬁ%%?fgﬁ 3 ki nase (Pl3K) inhibitor

conpounds of the invention have the for a, (L} q holinyl:
[008f) €l €0i ShTRr moratagtieriar Gﬂ%&ﬂﬁ’&%é‘ﬁ?%@ léag%:ém%(gglrgom oy

salt thereof, wherein, Wis HeNmpb §adlidult cirbodiment, Rs is
morgatastieddr FEENTY he 290t E8hsTsting of ( 1)‘%{ hydr ogen, d( 2) &

. ; ment, 5

4*“'"%89‘?"85’ yé%@.h%&ge%m(c@arﬁeﬁhylx {s5)0.t in f dnwhemsrrRad

‘onar ni do; R1 is selected fromthe group

3-1eBARS AR AGY Diméd) paniclogeil. X3 Ocyano, (3) nitro, (4)
hal ogen, (5) substituted and unsubstituted al kyl, (6)
substituted and unsubstituted al kenyl, (7) substituted
and unsubstituted al kynyl, (8)2substituted and
unsubstituted aryl, (9) substituted and unsubstituted
het eroaryl, (10) substituted and unsubstituted
heterocyclyl, (11) substituted and unsubstituted
cycloal kyl, (12) -CORI., (13) -OQ2Ri 2, (14) -CONRiaRi b
(15) -NRl aRi b,



(16) -NRI.CORi b, (17) -NRI.S02R4b, (18) -OQOR a, (19)
-ORlI., (20) -SRia, (21) -SORI., (22) -S02121", and (23)
wOo20R2NRRIs6Ri - 22-  wherein Rla, and Ri b are independembiyoizos

sel ected fromthe group consisting of hydrogen,
substituted or unsubstituted al kyl, substituted and
unsubstituted aryl, substituted and unsubstituted

het eroaryl, substituted and unsubstituted heterocyclyl,
and substituted and unsubstituted cycloalkyl; Ry is
sel ected fromthe group consisting

(1) hydrogen, (2
[0025]Cyano, In(&jotinért erobodifjeraPoisdN, I H Ay @,aagg){lar( @‘)ﬁbgﬂlﬁf—)&:ﬁ thereof,

_ g) substituted and unsubstituted al kyl, (8) -00R22,
R3is=jhd (9) -NR2aCOR2b, wherein R2a, and Ryb are

i ndependently selected fromthe group consisting of ]

(a) hydneaer, eaBddirhddt SEbgici insteationr pumsdddrsta togpmpund having
[0026] i RIS

al kyl; Ry 1s selected fromthe group consisting of (1)
FormulyHi:ogen, (2) cyano, (3) nitro, (4) hal ogen, (5)

substituted and unsubstituted al kyl, (6) substituted

and unsubstituted zﬂ F'gpyl il 7)Rasubst ituted and

unsubstituted al kynyi \“/ = Ra [/\0
N = o N\)
o |
4 N\\\I/N
@
o

1

or a stereoisomer, tautomer, or pharmaceutically acéeptable salt thereof, wherein,
W is CR. or N, wherein R, is selected from the group consisting of
() hydrogen,

(2) cyano,

3 halogen,

4 methyl,

5) trifluoromethyl, and

(6) sulfonamido;

R, is selected from the group consisting

¢)) hydrogen,

(2) cyano,

3) nitro,

€3] halogen,

(5) hydroxy,

(6) amino,

(7 substituted and unsubstituted alkyl,

-13-



WD 2007/ 084786PCT/ US2007/ 001708 (8) substituted and
unsubstituted aryl, (9) substituted and unsubstituted
wohebesadeyl , (10) substituted and unsubstitut edpcryus2007/001708
het erocyclyl, (11) substituted and =substituted
cycl oal kyl, (12) -00R33, (13) -NR3aR3b, (14)
- NR3aCOR3b> (15) -NR3. S02R3b, (16) - OR3a, (17) -SR3"
(18) -SOR3a, (19) -SO2R3a, and (20) - S2NR3aR313,
wherein R3a, and R3b are independently selected from
the group consisting of hydrogen, substituted or
ygpubsicori.eehal Kyl , substituted and unsubstituted
aryl, substituted and unsubstituted heteroar yl,
g@bst | INReEQRwe: unsubst i t ut ed het erocycl yl, and

supstij tuyted d unsu Rénks f
SEPFETETef PUM The ~gr ‘ﬁ% n@%ﬁ]@?é@%ﬁsg?c}wh‘e %@d}) oggn ngﬁg

((2d hahg&% en, [,&)@49] Subst ituted RI conprises substituted
unsubst T tuted arylal kyl, substituted or

uqmsubstsmttsmtadd henm@aﬁwtaﬁ@il‘{y substituted or
unsubstituted cycl oal k)él Kﬁ/ or substituted or
uRs totgetes & IR CPVTHIE T [0050]1n one

odi ?I‘E' Wis CH WO 2007/ 084786PCT/ US2007/ 001708
[ ©051] ar%]’ot'ner enbodi nent, Wis N. In a nore

pent i celyao,enbodi ment t her eof R3 is =0. [0052]1n one
enbodi ment, Rl is selected fromthe group consi sting of
(@) suBs¥e+t ut ed and unsubstituted al kyl, (2)

tltué[ﬁ% and unsubstituted aryl, (3) substituted and
u ubst 1t Ut et heteroaryl, (4) substitut ed and
ugSHbs tsubstitackdhaidenapetitpked alkyl,

(5) 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 unsuhstituted cycloalkyl,
(12) -CORas

(13)  -NRiaRsb,

(14)  -NR3.COR3p,

(15)  -NRz.SO:2Rs,

(16) -ORaa,

(17)  -SRsa,

(18) -SORa,,

(19) -SOz2R3,, and

(20) -SO;NRi3.R3b,

wherein R3,, and Ry are independently selected from the group consisting of

(a) hydrogen,

-14-



(5) substituted and unsubstituted cycl oal kyl, (6)

-ORlI., and (7) -NRiaRi b, wherein Ra and Rib are
woizoglepangdent |y sel ected fromthe group consi stimer/0§2008d01708

substituted and unsubstituted heteroaryl, and (b)

substituted and unsubstituted heterocyclyl. [0053]In

anot her enbodi nent Rl is substituted or unsubstituted

het erocycl yl, or substituted or unsubstituted

-0-heterocyclyl. In another enbodinent, Rl is

substituted or unsubstituted norpholinyl; nore

pBy ti cabarituséd df ynsebsiisitadhaliggbti t uted N-1inked

nor phol i n 0054]In a er enbodinent, Rl is
&QbstlﬂﬁF%H“%4 %%gF Fﬁ?gﬁngetrahydropyran or

stif L& tedets ydr opyr anyl oxy. More
ggftlcdfaﬁaggiﬁﬁyﬁHgﬁ%ghﬁnsu%stf%ﬁ?ed
4z} et r ahysdnopy badyhaxystinjtedSbickeryahdt o8t enbodi ment, R

IS substituted or insubstituted @g ahydrof uran or
Sibst i pehstiguted 2R FRHISHYPS §YEiop Lydrofuranyloxy Nor e

rtic sLil 4 tuted
Z %ﬁ ur%ﬁ§$%§§§0#ﬁ%5 In one enbodi nent, Rl
@gprlggguﬁﬁbs&kiuted or unsubsti tuted

heterocycl yl al kyl , or substituted or unsubstituted
heher ohaldgahkaxd In one enbodi nent, Rl conprises

substitute el nsubsti t phollnyl In one
eRbdRFSIEHEY (9B} %ﬁ °H9F°§%§%?§§£s N-1inked morpholinyl .
IE one ment, Rl conprises substituted or
u gubstltuted tetrahydropyran I n one enbodi nent,
t g2y ahytbepytealnensoumsubsdatedyikyl, and
2007/ 084786PCT/ US2007/ 00170 hydr opyr anyl oxy. I n
of® enbASHUHC AHBYTS St&?lgﬁis ‘f‘éf%"agfé{%‘gn ses
3- tetrahydropyraflyloxy I n one enbodi nent,
[0027?0“’“ SIeS assthst ichibo@ement vfsubystild-UllodR4 é¢ rsa}wmdofrl?mﬁhe group
n one enbodi nent, tetrahydrofuran conprises
comﬁﬁheirahydrofuranylCMY In one enbodi nent, Rl conprises
substituted or unsubstituted piperidine. In One
bdi O8ftperi di ne conprises 4- pi peridinyloxy. In
?herggﬂygdlnent pi peri di ne conprises
3-pi peridi nyl oXY. In one enbodinent. Rl conprises
sulsst i t uyédxgr unsubstituted pyrrolidine. In one
enbodi ment yrrolidine conprises 3-pyrrolidinyl oxy.
[d@%?] Pﬁoﬁﬁg'enbodinent, R2 is selected fromthe group
I Sti 1) hydrogen, (2) cyano, (3) hydroxy, (4)
genaﬂﬁg am no, (6) nethyl, and (7)
truﬁluo&mﬂﬁyhyhd In one enbodinment, R3 is selected from
the group consisting of (1) cyano, (2) nitro, (3)
ha(®gen triflupromethgky, (5) anmino, and (6)
trifluoromethyl. [0058]1n one embodinent, R3 is
[oo2&] 1 T UOMAMR{diér etBoTiRe@NBO Gommola IR3 Rasicyelgcted from the group

consisting of
e cyano,
2) nitro,
(3) halogen,
(4)  hydroxy,

-15-



[0059] I n one enbodi nent, the phosphatidyli nositol
3-kinase (PI3K) inhibitor conpounds of the invention
wohmygodubee formula (11): Il or a stereoi SONer,pCT/US2007/001708
taut omer, or pharnaceutically acceptable salt thereof,
wherein, Wis CL., or N, wherein R, is selected from
the group consisting of (1) hydrogen, (2) cyano, (3)
hal ogen, (4) nethyl, (5) trifluoromethyl, and (6)
sul fonamde; Xis 0, S, NH or a direct bond; R2 is
sel ected fromthe group consisting (1) hydrogen, (2)
Q$aNo, afpdo,ninklr o, (4) hal ogen, (5) hydroxy, (6) am no,
(7) substituted and unsubstituted al kyl, (8) -COR2a,
(oyiflngeomsd¥ln. wherein R23, and R2b are
i ndependently selected fromthe group consisting of
[0029]( a) hy dp 098 h &NEmbbBkedHISdf FutrealaOllLURS uiss¢dléate@ dfrom the group
al kyl; R3 1s selected fromthe group consisting of (1)
consistidgr ogen, (2) cyano, (3) nitro, (4) halogen, (5)
substituted and unsubstituted al kyl, (6) substituted
aﬂd undHEIE Ut ed al kenyl, (7) substituted and

ubsgh%ﬂ%ﬁ Ikynyl (8) substituted and

ubstl aryl ,
ethyl.
[0030] Another embodiment provides 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 the embodiments provided herein.

[0031] Another embodiment provides a composition, comprising a
pharmaceutically acceptable carrier and an amount of a compound of any one of the
embodiments provided herein effective to inhibit PI3-K activity in a human or animal
subject when administered thereto. In a more particular embodiment thercof, the
composition is effective to inhibit PI3-K alpha activity in a human or animal subject

when administered thereto.

[0032]' Another embodiment provides a compositi9n, comprising a
pharmaceutically acceptable carrier, an amount of a compound of any onc of the
embodiments provided herein effective to inhibit PI3-K activity in a human or animal
subject when administered thereto, and at least one additional agent for the treatment of
cancer. In a more particular embodiment thereof, at least one additional agent for the
treatment of cancer is vatalanib (PTK-787), imatinib or gefitinib. Alternatively, the at
least one additional agent for the treatment of cancer is selected from the kinase
inhibitors, anti-estrogens, antl:i-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

-16-



(9) substituted and unsubstituted heterowyl
_ , (10
;uBsLL;u:eg ang unsubstituted heterocycl?? (gl))
wo SHPakift ed and unsubstituted cycl oal kyl k12 CcTaCR3
) @,
(13) -NR3aR3b, (14) -NR32COR3b, (15) -NRSaSCEE%b, (165/001708
-OR3a, (17) -SR3a, (18) -SOR33, (19) -SO2R3a, and (20)
- SO2NR3aR3b, wherein R3 a , and R3 b are independently

selected fromthe group consistin
_ _ g of (a) hydrogen, (b
substituted or unsubstituted al kyl, (c§ lubgtitgted gné

unsubstituted aryl, (d) substituted and unsubsti
! t
for the ’ﬁe&tﬁ{e@.@by bandeg )is selbstet tfrpne dadiatipTy m@elﬁgﬁidﬁlﬁnééogdesy b Antimitotic

eterocyclyl, and WD 2007/ 084786PCT/ US2007/ 001708
agents.(f)substituted and unsubstituted cycloalkyl; R4 is

selected fromthe group consisting of (1) h
. . ydr ogen, and

[0033](2) ha}\ggt%%r Q‘?go&%érﬁ ﬁr%'vﬁféseﬂ fefiodt [fer greating 2 condition by
consisting of (1) substituted and unsubstituted '

modulzﬁisb?ﬂ @taPKyflK. adt)itys ubsiprisimgea raimisterivel S 8 i PRy ©F animal subject In
eterocyclyl, (3) substituted an i

ncmi(ahéu@n)ugﬁﬁgthﬂ%eﬂﬁﬁﬁﬂwuﬁgﬁBgifﬁh#ggg%%%gﬁggggfaby%me of the

embod} OO%g?%H@ﬁﬁ%%ﬂﬂlwhorWQaﬁic@ﬁr £Q06dihhéntpfiee compound has an

\ In a nore particul ar enbodi nent
[Cay vhI1ET6#aEss fRani sboed.1 LOOGEJH resped teribbiditiem©of BBK; dn another more

selected fromthe group consistin

particudyagrobodigeniyilie GR itionpis cancer. g of (1) hydrogen, (2)

[0034] Another embodiment provides a method for inhibiting PI3-K activity in a
human or animal subject, compnsing administering to the human or animal subject a
composition comprising an amount of a compound of any one of the embodiments

provided herein effective to inhibit PI3-K activity the human or animal subject.

[0035] Another embodiment provides 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 the embodiments
provided herein effective to inhibit PI3-K activity the human or animal subject. A more
particular embodiment further comprises administering to the human or animal 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, glioblastorna, lung cancer, hepatocellular

cancer, gastric cancer, melanoma, thyroid cancer, endometrial cancer, renal cancer,
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(4) amino, (5) halogen, and (6) substituted and
ynsublst | : uae? Cl-3hal kyl . [0063] 1 n one enbodi nent, R3

wo bs7eel8et e romthe group consisting of (1) keydrogeroo17os
(2) cyano, (3) -SR3a (4) halogen, (5) nitro, (6) o9
substituted and unsubstituted alkyl, (7) substituted
and unsubstituted al kenyl, (8) substituted and

unsubstituted al kynyl, WD 2007/084786pcvu S2007/ 001708
(9) -0R33, (10) -NR3.R3b, (11) -COR3a, and (12)
- NR33COR3b, wherein R33,

and R3b are independent]y.

cervicaB 8hRft efhricrentict ancgr.oeropbegesl SENFR- BFOYAS W‘&F‘bgbe‘%‘“ Yl
~ (b) substituted or unsubstituted alkyl. [0064]In one

ovariangg#beeli nent, R3 is trifluoromethyl. [0065]1n one

enbodi ment, R5 is selected fromthe group consisting of
[0037) (1) subfdihbrEsfboaimbms phsiddsud ettt Bofiagplatingpphosphorylation

substituted or unsubstituted tetrahydropyranyl, . and (3). .5
of AkiSedpriding enorctimgsuporiRaddot ey ém‘?d?gfgﬁ 5@1@“3‘“3 scribed
herein %)H?S}gLégcg%er%gP %f I’ecx:rﬁ?ljci,ac'il;m%q;o 0 g%:s therfefod Reorl Smodulating

: . e part still, Xis a
phospl}dolggfl%ﬁ%n lo'f[]!ﬁ(t déc@nﬁt@ﬁﬁ@ QlonfRlifg Paddll withar cempodidefitany REe of the
“Tetrahydropyranyl; nore particular still, Xis O, ,

embod'ixﬁe{;‘t!@ @felbcﬁibeﬂrfmdimélm o, M pastiglpepPRAGIRGT (RERpE sajhFigdulation

~ particular still, Xis 0 .[0067 i ’

is inhiphimep ba e mers ngictllﬂr %‘I}%dﬁ%‘?gt (tH g%@@ﬁﬁﬁ?’gﬁg 'oa?xeﬁtso {88e of less

than aﬁﬁu@flﬂxyswﬂltx rg&?eot RY eptbibafbNay BAKTE 1hos mubre fdrtiblar empbodiment
0 stereor'sonmer, tautoner, or pharnaceuticall L

still, t%@&ﬁf)@iﬂfﬁha&ﬁd EChevdot ,ofws@mhgquoss epg’l vﬁl‘.h Wspe(}/l to inhibition

er " or- N,
of pAKI). H.;ijqr:wog@ql’ rlnsorr:? %ldlgt?ctu?gr grgl gglitn{]e%t, rhg%n%?cﬂﬁ'ldshﬁglgn @afcso value of

less than about 0.1 uM 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 1n the manufacture of a 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 ECsp value of less than about 1 uM

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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(2) cyano, (3) halogen, (4) nethyl, (5)

grlflzg;onethyl, and (6) sulfonarnido; R2 is selected
wohieis group consisting (1) hydrogen, (2

nitro, (4) halogen, (5) hydroxy,y(6)gam'ng,)(glgtﬂngs’w()'3()“m8

substituted and unsubstituted al kyl, (8) -COR2a, and

(9) -NR2aCOR2b, wherein R2a, and R2b are i ndependently

selected fromthe group consisting of (a) hydrogen,

and (b) substituted or unsubstituted alkyl; 123 is

sel ected fromthe group consisting of (1) hydrogen, (2)

[0042]ﬁyano’ The) indkhtionh fidheBtRH8EL cédBpositibat, kitd,edietivds of use, and

nsubstituted al kyl, (6) substituted and unsubstituted

method$ kempnufcHreswistirinadad thn detailsd dssqrinticage BhRyRYANtiong)
substituted and unsubstituted aryl, (9) substituted and
unsubstituted heteroaryl, (10) substituted and

unsubstituted Brter eaKERPTICR )OS YRS DIRK ddNane
unsubstituted cycloal kyl, (12) -00R30, (13) -NR30R3b5

[0043{ 14) - NBR0G&Rbing b5)ectNRBASERRSbOT (t116) atta@RBnt afyFytages of this
invent-ioSnR.w?lcl) ’begg-rgé rr-xci'%]i%ascg)ily g&pgl'zeci;%?ﬁs thlcla smrxll% become better understood by
reference to the following detailed description, when taken in conjunction 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 to a 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'vth 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
$/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—S,4—biphosphate (PIP;), 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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(20) -SO2NR3aR313, wherein R3a, and R3b are
i ndependent|y selected fromthe group consisting of
wo hyehegesn, substituted or unsubstituted al kyl, pcr/us2007/001708
substituted and unsubstituted aryl, substituted and
unsubstituted heteroaryl, substituted and unsubstituted
heterocyclyl, and substituted and unsubstituted
cycloalkyl; R4 is selected fromthe group consisting
of hydrogen, and hal ogen; and Rb is selected fromthe
group consisting of (1) hydrogen, (2) substituted and
candid#RIURSE byl kb acandion &) ARubss idomtnst eamdo regulate additional
unsubstituted cycloal kyl. I n one enbodinment, R2 is .
kinasc$ eheny edf fwisicht hee dmplipatednisi selWgT (PRSP oligh, SP5°! survival,

__cyano, WD 2007/ Q84786PCT/
prohfefqg)oxh é‘{l%@ﬂhsrrx @ agﬁowg-L g%%%‘l%ﬁc{%?ﬁ? ’ ;c(r%% {1%% ARy 8@ Ytar processes
that mé:[a]'ct huﬂ%tgg%hxh - cdl RPEG b RfeRfitoe Rh adkaRMd], reRBan gement and survival
el ecte romthe group consisting of (1) cyano 2)
f.( é@t. Rev. Drug

throughi 4 pasal(eB)patiak ageimt doty doydwodlys AU8) (Faernsssy &hd

b St FEBR TS M TG I T 7 g e S
g ) 8 iy LADTB ol ket s
inducibBy kﬁiﬁl@é _RSGKhe (iedn mﬂnﬁmbfwhi&btm?qtg %ﬁ/{qqie{enﬁéenqglrgnmmt and
cell m%rt]i?i[(r)]r (fzafxl!'l cszfnr iyu%tcgcrn? Sas oncogencs when over-expressed, are also linked to the
RAS pathway. Thus, PI3K activity generates 3’-phosphatidylinositol lipids 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 inflammiation, among others, suggests that compounds inhibiting
PI3K (and isoforms thereof) have utility, cither 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-f, and
deletions/inactivation of PTEN (Parsons et al., Nature 436:792 (2005); Hennessy et al,,
Nar. Rev. Drug Disc. 4:988 (2005); Stephens et al., Curr. Opin. Pharmacol. 5:1 (2005);
Bonneau and Longy, Human Mutation 16:109 (2000) and AR et al., J Natl Can. Inst
91:1922 (1999)). Recent findings indicate that PIK3CA is frequently mutated (>30%) in
various solid tumors in humans (Samuels and Ericson, Cuwrr. 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. Narl.
Acad. Sci. USA 102:802 (2005), Zhao et al, Proc. Nail Acad. Sci. US4 102:18443

(2005)). Thus, inhibitors of PI3K, particularly of the pll0o isoform encoded by
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within this specification can only represent one of the
possible tautonmeric fornms, it should be understood that
wot2oerasavgnt | on enconpasses any tautoneric formmeft/ukmo7001708
drawn structure. [0071] For the conpounds of fornulas
(1)-(111), representative substituted al kyl groups
i ncl ude aryl al kyl, heteroaryl al kyl, heterocyclyal kyl,
arni noal | cyl, al kyl arni noal kyl, di al kyam noal kyl, and
sul f onam doal kyl groups. Representative substituted
aryl groups include sul fonam doaryl groups. . by th
PIK3CRepRE SENatdtionss Wbt be ysefil ireths Sepimeyr ot Fanys (duygn by these
al kyl het eroaryl groups. WO
mutatiogaOSF $8ERETIES2007/ 001708 [ 0072] The synt heses of ]
repres al.| R algigel HoBPesgsuads tHif act as inhibitors o
[0045hnvent?@%lg?%gﬁééggﬁ%g‘I?zkgﬁe nethodg presented in the
sorine EXABBLIAS Bagistan Hyed owinaseh, t ed,pregrar axirbenlafly, as mhibitors of

representative conmpounds are described in . Exanpl .
phospltat B inpS0TZ} e BREA) TVRFPPSKI Ih ROBIRCSRIE SRS HRASog ™ oan be
fhe invention are ' Hd Re@ii@patients with a
formulatefd ipie p Waﬁ‘?‘é%%az?%lﬂﬂvgﬁ? E%Eﬂ]%r%r\?i%%gg met hod_slh%g)r _
need TENUGAGIIBRPT ofPIFAKKI, Ndtipbiiatly, donpaticdir kmbodiheptshdp provide
contenplated that, in addition to Ihe,coggﬁgnds of . cell death in
compdationd arsl (efhqds| foy reduping reliiat ROlTeRYop e, Increasing
corres ondinp nmet hods of syntheses are included within
the traafg=RePfd6F 't he i nvention. [0075] Anot her enbodi ment )
[0047@Ir oVi g, endRifRE oBfihé Phisbit invgniidraspivoppbaphaidybposikql 3-kinase
onprising adm nistering a conpound of Formnul a H II,d rodrugs
(PI3KOT irlHibité cemnovmdsi theieRharmaradicalyofHeaP Nbotft Ferft®d P
provi des, a ho .1 tin BV Hued compounds.
e rey R o BT BE-BRUAE /RPN it compounts
adm. ni: ' OpRAHNE c@fcafigr Mdeptable kshits,0and pradrugs are 4
The %drc{ﬂ“ﬁié‘?é Sopad or ovi des o hgd of i nhibiting
inhibRbewRaary hatfudim dfe téasingcshplar rolgfessitea¥6739§5a cel |
with a conmpound of Formula L, LI..or |]|. ( ANOBRST inhibitor
[004%8mbodi mERtenSr Wbeégﬂ%f“%%é’l’i“’&?haf“r%’ﬁ’ui‘ﬁf’ﬁk%lgquz‘gg RS inibito
hosph l.at i.or ' Ia§iyg oral ly adm ni stering
°°“‘gueggﬁgﬁ%ﬁggkgﬁgfﬁ%ﬁ%ﬁfsgﬁﬁﬁ gfplll to a human in need
thereof In a nore particul ar enbodi nent the human is
suffering fron1cancer.Hﬂﬁ\%/ Reagti cul ar enbodi nent
the cancer is responsive to tréatme mﬁéh a compound
that inhibits phosphoryl atiN . anot her
enbodi ment the conpound is oggl|yybi ogyail abl e.
[ 0077] Anot her enbodi nent provi des §ﬁﬂ% hod of treating
cancer conprising orally adm nisterigig a conpound of
Formula I, Il, or Il1l, wherein said c ound i s capabl e
of inhibiting activity of pAkt. [QQ78]Mn sone
enbodi nents of the nethod of inhibi®@ng Pl3K using a
Pl 3K i nhi bitor conpound of the invention, the 1050
val ue of the conpound is |less than or equal to 1 m vl
with respect to PI3K 1In other such enbodi nents, the
| C50 value is less than or equal to 100 uM _is | ess .
t hai aGfteregisamerptaRErudy, of harEwseugallvorcoeniRiC 138 thgreot, wherein,
p.M is less 2007/ 084786 Us2007/ : r
eqU¥lis (3 o WP Fhsgnccgérgrféoqﬁa G%Q%%Q%l%\}lh?%%ép
l e t ha ual to 0.050 p.M or is less than or
eq ﬁ? toﬁﬂgéfggpwl [ 0079] The conmpounds of the present
i nyemt i opya&fcg al so useful in assays evaluating relative
activity of P13 kinase inhibition. In such assays a
conpound of the present inventi-on can be used to
deternmine relative inhibitory activity of a compound in
conparison to a second conpound. Wen so enpl oyed, the
conpound of the present invention is enployed in an
anmount sufficient to allowthe skilled artisan to
detect inhibition of PI3 |cinase. Such an amount is
sonmetines referred to herein as an "effective
i nhibitory amount.” In a preferred enbodi nent the

—~ o~




WO 2007/ 084786PCT/ US2007/ 001708 [0081]In certain
enbodi nents, conponents of the present invention are
woeapadsiessof 1 nhi bition of phosphorylation of Akgct/LUB2007/001708
certain enbodi nents, conponents of the invention are
capabl e of inhibition of phosphorylation of Alct in a
human or ani mal subject (i.e., in vivo). [0082]1n one
enbodi ment, a nethod of reducing pAkt activity in a
human or ani mal subject is provided. In the nethod, a
conmpound of the invention is adm nistered in an anount
efdect inagoded, r educe pAkt activity. [0083]1n sone
enbodi ments of the nethod of inhibiting PI3K using a
PK4K i mhaetbyl.or compound of the invention, the EC50
ue aqf._t he co und is between 1 nlVI to 10 nlVI. In
o?#) §U%h °Enb %Bﬁen?s the ECso value is between 10
nlgﬂ t QPR nAMkido; between 50 riMto 100 n/vl, between
OniVl to 1 uM between 11.1.1\4 to 25 NNl or is
balmede%dmmahqemlw ¢ans{st084f The conpounds of the
present. i nvention are al so useful in assays eval uating
réﬂbt|V%W%85?%lty of inhibition of phosphorylation of
A%E |I1§%%Bh assays a conmpound of the present invention
can’ be used to determne relative inhibitory activity
of(3a comjp@ind in conparison to a second conpound. Wen
SO enployed t he conpound of the present invention is
e#ﬁpoyeﬁaPﬁmhn anount sufficient to allow the skilled
arfsh sang hQ et g aha ilBhbiddhia »AKT, phosphoryl ation. Such
an~amount 1s sometinmes referred to herein as an
" ef6h ect wstituthil bt ompulastivetet alkdnyl.a preferred
enbodi nent the inhibitor |s an anount that wll

1 nt

rdﬁ&ce ﬁ#ﬁ§ﬁﬁ6??Pgﬂ¥ﬁﬂb%¥“%R?' Ylvity by approxi mately
as ¢ Migdy i n the absence of a
ounaqg%?%gﬁa%gﬁ%%ﬁ% ga%an hen be eval uated as

pr@yl di pgbgieRliendamshesieteditehirbityilon at the sane

concentration so as to provide a ranklng of relative
act1|00| tyubsaﬁ%wdlaﬁﬂdﬁﬁﬁbi‘tlfﬁteﬂéwﬁ%@?m ¥}n det er ni ni ng

tur an t.h ations to the test
@3 unaa?éﬁvﬁ%ggwe i°t Eaggf V|tglhgﬁbordingly t he
pr nt _coggntion provides a nethod for inhibiting the
phosphorylatlon whi ch net hod conprises contacting a
CG(KﬂMﬁPﬁChH4£ffeCtlve i nhi bitory anmount of a conpound
of the pr i nvention, as discribed herein. Al so
préVﬁded | “RWD 2007/ 084786PCT/ US2007/ 001708 met hod
fog ynhi it igg, the activity of PI3 lcinase activity in
a cel'l, whi Eh fret hod conpri ses contacting said cel
mnthﬂan -, gCORye | nhi bitory anpunt of a conpound as
ai med herejin. [0085] In another enbodi nent, the
|n9bﬁt|oﬁuﬁr%9ﬂﬁ@s met hods of treating a Pl3K-medi at ed
di der oddrone method, an effective anount of a PI3K
i nhi'bi tor conpound is adn1n|stered to a patient (e.g.,
a lwyan -ar,gni mal subject) in need thereof to nediate
(or nodul ate) PI3K activity. [0086] The conpounds of the
nt'SﬁVention are useful in pharnaceutica
EP@ |t Sens for human or veterinary use where
ition of° PI3K is indicated, for exanple, in the
trQa;menSCQRJQQhﬁular proliferative di seases such as
tunor and/ or cancerous cell growh nediated by PI3K 1In
paf23)xul-80NkeRoenpounds are useful in the treatnent
of human or animal (e.g., murine) cancers, including,
for exanple, lung and bronchys, prostate; breast;
pancreas; colon and rectum thyroid; liver and
i ntrahepatic bile duct; hepatocellular; gastric;
gl ioma/ gliobl astoma; endonetrial; nelanom; kidney and
renal pelvis; urinary bladder; uterine corpus; uterine
cervix; ovary; multiple nyel oma; esophagus; acute
nyel ogenous | eukem a; chroni c nyel ogenous | eukeni a;
| ynphocytic | eukem a; nyeloid | eukem a; brain; ora



[0093] I n anot her enbodi nent, the invention is a nethod
for inhibiting | eucocytes, in particular neutrophils
and B and T | ynphocytes. Exenplary nedical conditions
wothetosqas be treated include those conditions pCT/US2007/001708
characterized by an undesirabl e neutrophil function
sel ected fromthe group consisting of stinulated
superoxi de rel ease, stinulated exocytosis, and
chenotactic mgration, preferably w thout inhibiting
phagocytic activity or bacterial killing by the
neutrophils. [0094] I n anot her enbodi nent the invention
| &vharoie RN dnfl @, diesindppémigntifecicatest from the soatreetisisiing of
and aneliorating a bone resorption disorder, such as
oéDeopdydrigsr, [ 0095] I n anot her enbodi nent, di seases or
c d't'°ﬁ§n&?'%%xﬂﬁ¥bﬁﬁu&ﬁgﬁﬁfg W th agents of the

i KVent i*83%1 Acude septic shoc all ograft rejection

f @byl owisagsdiaRsPlanisabitmtedwyt di sorders such as but
not limted to rheumatoid arthritis, ankyl osing

s pdndy | substimbst andaptshpstituted pfersiafy), rest enosi s,

di abet .g., di abetes.nel]it | i |
Gner evpsitFenbaraltigiod sodReyER d Ui e
dgﬁeas%%bm[n%@é%ﬁéﬂ&m%h_@ﬁnﬁﬁ)@ﬁﬂmm §. the PI3K-nedi ated
C

dition or disorder is selected fromthe group
c sk stleogd dfam dlag gicopaswaistingdi seases,
at heroscl erosi s, hypertensi on, deep venous thronbosis,
stdke, h¥AfBEHFdi al "i nfarction, unstabl e angina,
t Qpnnq%%ggolisnl pul nonary enbolism thronbol ytic
di'Seases, acute arterial ischem a, peripheral
t epnbohitw, occl usi ons, and coronary artery di sease,
reperfusion injuries, retinopathy, such as diabetic
r €& nopBt!R§eBr  hyper bari ¢ oxygen-i nduced reti nopat hy,
aqg conQ&&%ggs characterized by el evated intraocul ar
préssuré’ or secretion of ocul ar aqueous hunor, such as
gl @YCONMamind 0 2007/ 084786PCF/ US2007/ 001708 [ 0097] As
descri beed above, since PlI3K serves as a second
nme@3 engewbstiveied rpdunpisiigitad @d<ar al | el si gnal i ng
pat hways vi dence is emerging that the conbination of
a ¢§BSK r%ﬂ?’ﬁr%? with inhibitors of other pathways will
be(gysef uliriedrgat i ng cancer and proliferative diseases
i n"humans: [ 0098] Approxi mat el y 20-30% of human breast.
camberein Bvgred Ree st iHdepaidvatly selesizsl fromghe gropu cqusisting of
t he dru%atrastuzu b. Al though trastuzu.rnab has
deffdnst “Bu | e responses in sone patients
eX?J)eSSisﬂgsthﬁfea/&%sﬁwﬁamcmM; a subset of these
pati'ents respond. Recent work has indicated that this
| i Ri; ieckle@sp fosetheaireup gnngstingbEt antial |y i nproved by
t he conbinati on of trastuzumab with inhibitors of PI3K
or (bhe PYSRCESRT pat hiway (Chan et al ., Breast Can. Res.
Tr eat . %%ﬁé§7 (2005), Wods Ignatoski et al., Brit. J
Cancer 82:666 (2000), Nagata et al., Cancer Cell 6:117
(2004) ) nitrp0099] A variety of human nmalignanci es
express activitating nmutations or increased |evels of
He€4) EGIRIQBF® a nunber of antibody and small ol ecul e
i nhrpitaq . Qﬁﬁﬁ’ ainst this receptor
ty?gsiné&éﬁﬁgég'lnc J%?ﬁgbggf%ggg, gefitinib and
er pg} ux. subotve! andridudsfikdd alkhnil, t ors denonstrate
anti-tunor activity in_certain human tunors (e.g.,
NSETO) , $ﬁ@?“¥%ﬂ%ngkﬁ$%ﬁPE%§%a%WEVblI pati ent survival
inall patients with EGFR-expressing tunors. This may
be rationalized by the fact fphat nmany downstream
targets of Herl/EG-R are mutated or deregul ated at high
frequencies in a variety of malignancies, including the
Pl 3K/ Akt pat hway. For exanple, gefitinib inhibits the
growt h of an adenocarcinona cell line inin vitro
assays. Nonet hel ess, sub-clones of these cell lines can
be selected that are resistant to gefitirtib that
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i nhibition of the pathway in conmbination wth therapies
that drive apoptosis in cancer cells, including
wonradh/etihgr apy and chenot herapy, will result in papueMadoosiios
responses (Ghobrial et al., CA Cancer J. din
55:178-194 (2005)). As an exanple, conbination of PI3
ki nase inhibitor with carbopl atin denonstrated
synergistic effects in both in vitro proliferation and
apoptosis assays as well as in in vivo tunor efficacy
in a xenograft nodel of ovarian cancer (Westfall and
SkgnnersubMilutedCanc@isubbetelt drg64- 1771(2005) ). [ 0104]
in addition to cancer and proliferative di seases, there

i £9)accLﬂﬂbISﬁtqt%ar&/%P@hé‘é‘“W@alﬁetPWPt ors of Class IA
g{zﬂ%)rlsB %bgggégéggéu%%%ﬁg@@d @c@fo%@rgi#l' cally useful in

e ar eas. I nhibiti of p1100, the PI3K
| {1 I fhrREAAHE hn@findubetiRkdBSRI08Re], has been shown to
be 1'nvol ved in shear-induced pl.atel et activation
(JdzksorC@Raal ., Nature Medicine 11:507-514 (2005)).
Thus, a PL.3K inhibitor that inhibits pl1100 woul d be
uddpll '&gRa@%P’ngl e agent or in conbination in
arttl'g t hrgpbeidg. .t herapy. The isoforrn pl100, the
pro dct "ot he Bl K3CD gene, is inportant in B cell

f unsy i orNRBGQLREf,erentiation (Clayton et al., .1 Exp.
Med. 196; 753-763 (2002)), T-cell dependent and
i ldébendeRe=anti gen responses (Jou et al., Ml. Cell.
Bi(?? 22s§?80- 8590 (2002)) and mast cell
dif7erenti&tion (Ali et al., Nature 431:1007-1011
(2084) ) -SORyYs, it is expected that pll00-inhibitors
woul d be useful in the treatnment of B-cell driven
autl®) nmuBP-Biss8¥ées and asthma. Finally, the inhibition
of 1OQSOt iggof onn product of the PI3KCG gene,
resufts Tn redtuc® T, but not B cell, response (Reif et
al wherbin RAUNHAQR 3, ale/Bid2RaGeAR4GelecRGDAPI tha gronps consisting of
i nhibition denonstrates efficacy in ani mal nodel s of
auxdi mmhydregepeases (Canps et al., Nature Medicine
11;936-943 (2 v B t..@l;. ., Nature Medicine
11'%933- 53 sé‘i‘%%g%r)wsﬁ%%&ﬁc hael:ﬁsgf esent invention
prayi des; pbgduiRrait ikabstatgaaat,i ons conprising at
| east one PI 3K inhibitor conpound (e.g., a conpound of
f ofdul assubbtitugdd 49d) unsyhetitead hepgyoaryl,
2007/ 0847386PCT/ US2007/ 0017 WL h ceutically
acg@pt apiesEa s %‘}do i ﬁ%ﬁuge%f%?tgrgtgg‘ncﬁ)lﬂ:{tn :&gti on to a
huggn org aQiiARld SubiGbstiBidd\ecledIRgE 268 t oget her with
ot hér anti cancer agents. [0106]1n one enbodi nent, the
pr &séntelented it thpgmvpdessisingiefs of treating human or
ani mal subjects syffering froma cellular proliferative
di é@ase,h%‘imﬁerh@ ancer. The present invention provides
meihpds pfi LLeating a human or animal subject in need
of "such treatnent, conprising admnistering to the i
[0049Ubj ect Bubdiantap@utdoosirises ehbsgtiedeoramsyhstitgiedgarplaikyl, substituted
i nhi bi tor conpound (e.g., .,a.conpound of .farmnulas
or pRSUBSTiRSd  DEIFEYIN Y SRURC o i MAFTEN T h Copipaliylalkyl,  or
i : XerA irticular, conpositions
Subs\?\ﬁ@#tls&g?%ﬁé?@%g&%gﬁlﬁ%?at ed’tlglgggt her as a conbi nati on
roosofer apeuty enoembddintinst'@rsdCBeparatel y. Anti cancer
agents for use with the invention include, but are not
limted to, one or nore of the following set forth
bel ow. A. Kinase Inhibitors [0108] 1C nase inhibitors
for use as anticancer agents-gs conjunction with th..:
conpositions of the present invention include
i nhi bitors of Epidernmal G owth Factor Receptor (EGR)
ki nases such as smal| nol ecul e qui nazol i nes, for
exanple gefitinib (US 5457105, US 5616582, and US
5770599), ZD 6474 (WD 01/32651), erlotinib (Tarceva(r),
US 5,747,498 and WD 96/ 30347), and |lapatinib (US
6, 727,256 and WD 02/ 02552); Vascul ar Endot helial G owh

Ny g g— —)



t he conmpositions of the present invention include
flutam de, bicalutam de, finasteride,
woaninegisdt et ham de, ket oconazol e, and corti costrreuske7/001708
D. G her Inhibitors [0111] Gt her inhibitors for use as
anti cancer agents in conjunction with the conpositions
of the present invention include protein farnesyl
transferase inhibitors including tipifarnib or R 115777
(US 2003134846 and WD 97/21701), BMs-214662, AZD- 3409,
and FT1-277; topoisonerase inhibitors including .. th £
[0051]Mer bar Bngcaner ehbbdinehe dnis ((BNIgG0 ISy ParH qubtT] FnReHEEHf thereol,
spindle protein (KSP) inhibitors including SB743921 and
R3is =Kl - 833; protease nodul ators such as bortezoni b or
Vel cadg(r . ) =i/ 88in RBGrEYS Lomsiypanase 2
[0052]( COx- 2 (i”)r'ﬁﬁgrk%{?? gfrrééﬁh%f ﬂ%ﬁe}]e;&endoﬁ-é?t er ?d alf
gt i i nElpdinael and wisulgsitdted NBALDs) . WO _
2007/ 084786PCT/ US2007/ 001708 E. Cancer Chenot herapeutic
DeNgs p@dsti2iedrandimsupstitetse 8FYlehenot her apeuti ¢ agent s
for use as, ant.icancer [ junction with the
cGrpos F‘t‘l?%ﬁgtegfﬁi%huémﬁ?%g‘g%?%e'}}é\%%?f:mon i ncl ude
NSt 1 Qgolifulel il guBliniiaatabenige ((Casodex0).
bt eomycin sul fate (Bl enoxane0), busul fan (M eran0),
besul f anbitithest arshursBhstiffesqysioaliedpeci t abi ne
( Xel odaQ), N4-pent oxycarbonyl-5-deoxy-5-fl uorocyti dine,
céMbopl-tie %‘%r apl atin0), carnustine (B1CNU8),
chlorarniuckl (LeukeranO), cisplatin (Platinol(r)),
clﬁgdri b?‘ﬁg'“i(ktbéust atin0), cyclophospham de (Cyt oxans rg
Ok HYRE8 a0 and Bt arainidrpendeptiy seiseted i iBe ggup conslsting of
(Cytosar-U0), cytarabine tfi&cgﬁsome ilnjaggti on (DepoCyt0),

dé@ar baxibsBtesthed POSHRSY MR IS e fi” (Act i nomycin D,

COBIT0aLIu) i 240RA URL A RntysihoeRlegeiyde (Cer ubi di ne0)
datmorubicin citrate liposone injection (DaunoXome(r)),
[005 3§exam3t hisenBer detetanalt K Texaibetivled or Ugsg@@w,wgé‘@gargcyclyl, or
oxor ubi cin hydrochloride (Adria in(r), .Rubex) .. ;
substzetop R aTGUDVBPEE TP F P ot TR BROSHRAE TR Ak Sgyeuteted o
5-flugrouracil. (Ad r).Ef. Okyinf | 4, arigi dsubstituted  N-linked
unsulispipeRi (12yTP il?&@i {§|§ E‘fene?@gn‘%f(t )gg}lhek ! substitute e
morpfxgiiﬁ;vllﬁor odeoxyci tidine), hydroxyurea (Hydrea0),
darubi cin (ldanycinG, ifosfam de (1.FEX0),.irinoteca
[00541Canpt o$amnfiother embedihenty Rnds éu?ﬂt@pg@gr? SPBE}ttBQ%r tle%aﬁydropyran

cal ci um rnel phal an ker an0 - a urg itl, Ry i
or spimtipisdt 95| Hju’gtnﬁé@htsé flee)gaay%rai:%ﬁqlg)i(%gf %‘tg%x gr???%urllaér st | 1s

L4 QRERd et-ab@y. paclitaxel (Taxol0), phoenix
unsu%%iﬁ%:au{r%/ NLX}K!E%S}FEA))TEl p)ént ostatin, polifeprosan 29 with .
[00SSRI MUSt ilnemiotiprammbddiimieatidi els, subaiiked 8h uEFHshpged tetratiydrottr

(Nol vadex0), teniposi.d VunmonCl D - t\h| i0Qar still, R, i
or suRsiEpEsh, Ot i%ﬁa?ﬁm%e%ﬁ‘i&ﬁ%%fnﬁ% ,‘”’t"gpé‘?%%grf%‘aﬁa = ®

oL hL&j18edi on (HycanptinO), vinblastine

unsu?ég%g%%?%&%ﬁrﬁ%gﬁgﬂeﬁ%mcovi n10), and vj nor el bi ne bstituted
[00s6Navel bilne(op¢ . cmboMilyhiat g ‘AgeRFisey 0 FEBJHUIIEF aff nynsubstitute

agents for use in conjunctjon w.th the S{.ti di . R
heteqtaeC RS o7 S BN T G B s SRR R, i b EnBodiment. Ry

i ncl ude YNP- 40 : dreh88ny10X @ iopleadrhBodibint, morpholinyl
°°me’1%59?§"£§,“\7@ G SRy Ghal Sidphon 04505) , gl uf osf ani de, .
om0 2067184 SERETHAISN07 10 R0 Bmirafnénts iR d EONHTFES pbstituted o

US 5,041, 424), prednimustine; treosul fan; hu : :

unsubstfutad eteahxArepyadne) ;Inp&HE| oer%‘a?cﬁgf? rtgg%ﬁ %%%?Pj’&n ne OMmPTISes

(PD-115934); 06-benzyl guani ne; decitabine

(5-aza-2-deoxycytidine); brosgmllicin, mtonycin C

(MteExtra); TLK-286 (Telcyta0O); tenpzol om de;

trabectedin (US 5,478,932); AP-5280 (Platinate

formul ation of Cisplatin); porfiromycin; and clearazide

(mecloretharnine). G Chelating Agents [0114] Chel ati ng

agents for use in conjunction with the conpositions of

the present invention for anticancer therapeutics

i ncl ude tetrathionol ybdate (WO 01/60814); RP-697,



[0118] The conmpounds of the invention can al so be
conbi ned in a pharmaceutical conposition with
bronchi odi l atory or antihi stam ne drugs substances. Such
wo nenghkedi | atory drugs include anticholinergi eCT/US2007/001708
I pratropi tun brom de, oxitropiurn - brom de
adr enor ecept or agoni sts such as sal butanol, fornoterol.
Co-t herapeutic anti hi stam ne hydrochl ori de, clenastine
fumar at e, pronethazine, diphenhydrarnine and
f exof enadi ne hydrochl oride. [0119] The effectiveness of
an agent of the invention in inhibiting inflamatory .
4-tetraB PBpLiRYSoxyf Or exBNpl end n embbdimattor yiegRhydappyran  cOMpRSes
di seases, may be denonstrated jn an ani”aH;“gqglmnew%ubmhuwd
3-tetrahydnopyeanyioRat Isds| embpdig) 5 P APPSR TSREP Bt her
i nfl ammat or A b iQQl £QBtrahydrofuranyloxy.
w“ah%%%#ﬁr o) ?¥F5¥§%%§%5%g§§§§g§§%fibegggéhSzarka et al, o
In ond-erhBBMiARKe, Mt BOfricdd IdpstRakdd ox %su%ﬁt&ke@mimddim In one
Rev, Respir. Dis. (1993) 148:932-939; Tsuyuki et al., . - dine
embodimeg}, ipiperidine SOmMKriss Sy pOsTIduYIC0y 31 2notherambgqunegt: gipendin
(1999) Am_ ). Respir, Cell Bi ol R0: 1= . ted or
comprigsen SsPBEIIHY IO ent D% elc\%#’g%]%%é’f uﬁz‘ aém%png&lzﬂbmﬁl
unsubgt%ﬁéaeﬁﬁpﬁkﬁihe. 2YBAL SnftRtiHEeR, pPrrehdikratipserBtiyrosibnyloxy.
rug substances such as anti-inflanmatory, o
[00570r onc hadidratembodimeantRhisstErtadereamile SR ersed’ne
particularly in the treatnent of obstructive or
i A1) anfdePEehi rways di seases such as those mentioned
hﬁ5einq§agge, for exanple as potentiators of
t e}ape tic’ activity of such drugs or as a nmeans of
reggyci ngydregy) red dosaging or potential side effects of
such drugs. An agent of the invention may be m xed with
t Ké) ot hezlogemg substance in a fixed pharmaceutica
conposition or it nmay be adnministered separately,
b re,mgyﬁﬁltaneously with or after the other drug
sqﬁgtangﬁﬂmﬁgggidingly the invention includes a
conbi nation of an agent of the invention as
hef7@i nbeifdwerogweteyl bed with an anti-inflammatory,
br onchodi ] at.or ant i hi ALN& x said
ag@ RO P RS e ?f%ﬁ#%%%iéald ?%ggggﬁgfgﬁgggbeing in
th Jsangrg&Ldifferent pharmaceutical conposition. Such
anti-infTarnmatory drugs include steroids, in
pa¢2)i culnéro,gl ucocorti costeroi ds such as budesoni de,
becl anet hasone, fluticasone, ciclesonide or nonetasone,
LTER an@&&&ﬁ?sts such as those described i nUS5451700,
LTP4A ant nl.sts such as nontel ukast and zafirl ukast,
ant 2gosM » _ !
dopdm ne~“recept or agoni sts such as cabergoline,
br esyocr igphinbeand opi ni rol e and 4- hydr oxy-7424[ 21[ 3- ( 2-
phenyl et hoxy) propyl I -sul fonyl | et hyl kam no] ethyl]-2(31-1
)-5@hzoﬂﬁﬂ&?&ﬂ8ﬁgwﬁnd phar maceutical |y acceptable salts
ereof (th ; i de ibalimmoMAempl.- WsbhaZeneedjnent, Rs is
(0035 popd Bfte ESQGHAE, HE OXEolag (G axosnith
cyatd.i ne), Roflumlast (Byk Qulden), V-11294A (Napp),

BAY19- 8004 (Bayer), SCH 351591 (.Schey.i ng; Pl e
(005 of yI | i Ime opal e adimenio thes P Pﬂg)a% hr{jn 30188-%818956 (PI3K) inhibitor

Par ke- Davi.s) . hodi ry drugs include

CO“’;’HW‘&%{?‘%?%?“&%%?Q%%@%SCarlibzrﬁlg agents, in particul ar

i pratropi urn brom de, oxitropium brom de and ti otropi um

brom de, and beta-2 adrenoceptor agonists such as

sal butarnol, terbutaline, salneterol and, especially,

fornoterol and pharmaceutically acceptable salts

t hereof, and conpounds (in frgge or salt or solvate

form of formula I of PCT International patent

publication No. WD 00/75114, which docunent is

i ncorporated herein by reference, preferably conpounds

of the Exanpl es thereof, especially a conpound of

formula WD 2007/084786PCT/ US2007/ 001708 O



and pharmaceutically acceptable salts thereof
Co-t herapeutic anti hi stam ne drug substances incl ude

wo 8Rbhg478¢ ne hydrochl ori de, acetam nophen, cl emastiuseo07/001708
fumar at e, pronethazine, |loratidine, desloratidine,
di phenhydram ne and fexof enadi ne hydrochl ori de.
Conbi nations of agents of the invention and steroids,
bet a- 2 agonists, PDE4 inhibitors or LTD4 antagonists
may be used, for exanple, in the treatnent of COPD or,
particul arly, asthm,nConWi.natr,ons of agents of the
i nvention and anticholi erij orRanti nuscarini c agents,
PDE4 i nhi bitors, dopam N ;Sts or LTB4
ant agoni sts may be used, flor ekanplle, in the treatnent
of asthma or, particul arl ﬁ“ ca® M121 ] & her useful -
conbi nations of agents of the inyention with anti -
i nflammat ory drugs are those w t agoni sts of
chenoki ne receptors, e.g. CCR- (EZ CCR-3, CCR-4,
CCR-5, CCR-6, CCR 7, CCR 8, CCR®and CCR10, CXCR1,
CXCR2, CXCR3, CXCR4, CXCR5, particularly CCR 5
ant agoni sts such as Scheri ng- Pl ough ant agoni sts
SC- 351125, SCH 55700 and SCH Ry Takeda antagonists such

as .
N{{”%Jtéxlegis&?ér,h%ﬁ{&n&: bf phBihadeatiestyyl jocBhtabbnsrdterasifepherein,
en-8:

yixi ariooy N, artieneipphe s, SEhersech §ORt BEERYRIFEITERRGP et hy |
- 2H pyran-4-am ni um chl ori de (TALC-770), and CCR-5
afidagohydicgBescri bed in US 6166037 (particularly

clggi nms 18 and 19), WD 00166558 (particularly claim8),
afd Wo 807166559 (particularly claim9). [0122] The
cgggpoumﬂﬁjgaﬁ,the i nvention can al so be conbined in a
phar maceuti cal conposition with conpounds that are

uger ul hetbybhe treatnent of a thronbol ytic di sease,

heart di.sease , etc., (e.g., aspirin,
stPhpt ot??lﬁlggoe’?et?‘&%%glg pl asmi nogen activator, urokinase,
aragj' coagifoaBinido;ant i pl atel et drugs (e.g. PLAVIX

cl’opi dogrel bisulfate), a statin (e.g., L1P1TOR or
Atoiv/@s 8aNER o &l AragiPOnFOCOR (Si mvast atin), CRESTOR

(Rosuvast at i tc. | ocker (e.g., Atenolol),
NM%TH?"#%‘&‘EF eglgje‘g(i/. g%tgl)g,b and an ACE i nhi bitor
(e. g : h&&jo%@ﬁ’,” ). WO 2007/084786PCT/ U S2007/ 001708
[O(f 3] The conpounds of the invention can al so be

cogmyi nedyan®,a phar maceutical conposition wth conpounds
that are_ useful for the treatnent of antihypertension
ageits SEHr as, ACE inhibitors, lipid | owering agents
supjé as th hns, LIPITOR (Atorvastatin cal cium,

cal ci um channel bl ockers dush as NORVASC (am odi pi ne
begsy at ayydrdbhie conpound s of the present invention may
al so be used in conbination with fibrates,

bef@bl ock@™E; NEPI inhibitors, Angiotensin-2 receptor
ant.agoni : ti0ges ewdt,i on i nhi bitors.

[Ofg)?l] Fosiﬁ)?%%@‘?dr %g(?ﬁihﬁﬁof i nff&gmmt ory di seases,

i ngeydi ngcoReyeadoi d arthritis, the conpounds of the

i nvention may be conbined with agents such as TNE-O

i nHPi t oM$RaGEMms anti - TNF- U nonocl onal anti bodi es fing of
(such as REM : E,QQE- and sEREEd (fHdMtRAErcapdcoFISting o
rec‘@B‘TISF‘ W%&E% ul | ﬁ%ﬁiﬁeon?ml ecul es (such as

ENB@EL) , hldrdgehiidi tors, receptor antagonists or

sol-uble I'L-112c1(e.g. KINERET or |ICE inhibitors),
nonsterodi al anti-inflarnmtoeky- agents (NSALDS),

pi roxi carn, dicl ofenac, naproxen, flurbiprofen,

fenoprof en, ketoprofen ibuprofen, fenamates, nefenamc
aci d, indonethacin, sulindac, apazone, pyrazol ones,

phenyl but azone, aspirin, COX-2 inhibitors (such as
CELEBREX (eel ecoxi b), PREXI GE (| um racoxib)),

net al | oprotease inhibitors (preferably IvlMP-13

sel ective inhibitors), p2x7 inhibitors, 0 E

R AP I~~~ B




wO

WD 2007/ 084786PCT/ US2007/ 001708

- CH( CH3) CH( CH3) C11 ( CH3) 2,
2deHo§3784°H3) CH( CH3) CH( CH3) (CH2CH3) , and ot her s pcThusaodhe1708
phrase "al kyl groups" includes primry al kyl groups,
secondary al kyl groups, and tertiary al kyl groups.
Preferred al kyl groups include straight and branched
chai n al kyl groups having 1 to 12 carbon atons or 1 to
6 carbon atons. [0132]'' Al kylene" refers to the sane
resi dues as noted above for "al kyl," but having two
H?%ntSs@ﬁﬂﬁﬁ&d%ﬁmﬁﬁﬂmﬁEmEHmM@ﬂy al kyl ene groups incl ude
et hyl ene (- CH2CH2-), propyl-ene_ (-CH2CH2CH2-),

dR it dejeqped fyhethe grogppopEdmetp- ) and

c cIoh?} | propyl ene (- CH2CH2CH( C61- 113) -).

[ ?33]' t" refers to straight chain, branched, or
c%élic g&g&ps from2 to about 20 carbon atons such as
tHdse déscribed with respect to al kyl groups as defined
appve, mueept having one or nore carbon-carbon doubl e
bonds. Exanples include, but are not limted to vinyl,

- Ch=C( ieE98) | - CH=C(CH3) 2, - C(CH3) =C(H) 2, -

ng{'?’) Gkl RBIna i EERGER AR, cycl ohexenyl

C opentenyl, cycl ohexadi enyl, butadienyl,

pesy adi gmytintahshdensadisenytd alleng. ot hers. Preferred

al kenyl groups_incl ude strq%g@%pcpain and branched
aKﬁbnyIﬂgﬁbuﬁ§i§WH“%?%FPE“% ¥-groups having 2 to 12
c on ato } tonms. [0134]"Al kynyl "
rzégrs ?bSﬁ?ﬁ%éaﬁqhgﬂgF%?ﬁgggﬁghed, or cyclic groups
frem 2 Lesahaud aR@usautsdmutad oreresush as those descri bed

with respect to al kyl groups_as defined above, except
hatbhg ewhstioredpnd upsasbiNtEd PEHOTCIPI e bonds. Exanpl es

include, but are not |imi -f=xf(H, -CC(CHI3),

| B3 chorisy® 5o by el YR T o5 Y ane

'Qﬁ 2CSEORLCH3) anong others. Preferred al kynyl

groups include strai ght chain and branched al kynyl

gr@sps HERiL:ys2 to 12 carbon atons or 2 to 6 carbon

at ons. [OlS%%AIkyI, al kenyl, and al kynyl groups may be

suBi t cNB&:CY8hst i tuted al kyl " refers to an al kyi

gr asygefd above in which one or nore bonds to a
@b (s thﬂgg?bgen(s) are replaced by a bond to

noprd)ydr-ogan and non-carbon atonms such as, but not

limted to, a halogen atomsuch as F, d, Br, and I; an

ox¢gen ab&m-in groups such as hydroxyl groups, alkoxy

gr?H€§;_§8¥§oxy groups, and ester groups; a sulfur atom

in 2 ¥84786PCT/ US2007/ 001708 groups such as

t hicpdy gr@amR;.,a2bByl - and aryl sulfide groups, sulfone

groups, sul fonyl groups, and sul foxi de groups; a

ni (2Ayen-S&dMwRagr oups . such as amines, ami des,

al kyl am nes, digl kyl am 1108 $som the group consisting of

al RYTAFVY 3ttt %l}sds,ﬁ“’ | g%ﬁ%%ﬁﬁce@?ygl\?gii des, im %Ires,p and

engpj nespydogeh,i con atomin groups such as in

trial kylsilyl groups, dialkylarylsilyl groups,

al Ky di asytistinitgd ogpasHbstitiad atyibar vl si 1yl groups; and

ot her heteroato LN _varli er groups. Substituted

25 gr st e anp e i iea LA

grd I'nc u&%'groups in which one or nore
bmgﬁg t 05 F@EBARME hnibdNitaeagrfrsdrylt om i s repl aced by
a higher-order bond (e.g., a double- or triple-bond) to
a he er oatstitsted andamexhsuntedhegsracydyy BBAYI , car boxyl ,
and ester groups; nitrogen in groups such as imnes,
oxi mes, hydrazones, and nitrigs. Substituted al kyl
groups further include al kyl groups in which one or
nore bonds to a carbon(s) or hydrogen(s) atons is
repl aced by a bond to an aryl, heteroaryl,
het erocyclyl, or cycloal kyl group. Preferred
substituted al kyl groups include, anong others, alkyl
groups in which one or nore bonds to a carbon or
hydrogen atomis/are replaced by one or nore bonds to



alicenyl, and alk2 is alkyl or alkenyl. The term
"aryl oxyal kyl" refers to the group -alkyl O-aryl. The
wote6Mmsiadesal koxyal kYl " refers to the group
“al kyl eny1-0-aral kyl . VD 2007/ 084786PCT Us200%7 HEEygg 1708
[0142] " Al koxyal kyl am no" refers herein to the group
-NR- (al koxyal kyl' ), where R is typically hydrogen,
aral kyl, or al kyl. [0143]"Arninocarbonyl" refers herein
to the group -C(0)-NH2. "Substituted am nocarbonyl™
refers herein to the group -C(0)-NRR where R is alkyl
g‘i s'l.lﬁst%ﬁ%cpwm%ubéﬂrﬂﬁyed cybaticpE M
iyl am nocarbonyl ™ refers herein to the group
g@@g sd‘llE&R’ed\ﬂ‘mnehé?gsrcslpamybnsangioR i s hydrogen, alkyl or
1§ Aral kyl am nocar bonyl " refers herein to the
up -PodoeesiRR"where Ris aralkyl and R' is

hydr og aryl, or aral kyl.
[@44]%%{%%}“ onyl" refers herein to the group

- B(Q) 2108k froHURS pidupt chsBEiAgRESUl fonyl " refers herein
to the group -S(0)2-NRR where Ris alkyl and R is
hjrb} ogetwbstitugpd pnd TheubsERed @(Cd‘l)ﬂlﬂéyl’am nosul f onl yaryl "
ers h 0 he 2- NH- ar al kyl .

K g%“ﬁf/ ére ers8 e‘%ﬁc%r ?(c{%)e’nt group - C(0)-
[gﬂ()%] 'Sshanyh axy unt@sahic@angrald y to the group

0)-0. Such groups include esters, -C(0)-0-R, where R
i €4nl kyéqbsbytdbéah&}ahsul&ﬂwted bﬁtemﬂaykyl The term

"carbon k rs generally herein to both
(00603 carb %i%@aa %CWO and a

[0061:}06‘r bonﬁi XY REIRIRRYEY Q’@llgﬁ In a mBre pARRLEr RrhSodment thereof, R;
arbocy kyI or heferocycloalkyl respectively. The

is=0t erm "aryl carbonyl oxy" refers herein to the group
-C(0)-0-aryl, where ar i S _a nopno- pol cg

[006?(] ar bocy¥t} 9ag 91“‘38F‘"h%‘1‘e¥e%1%ﬂ/fm”ﬁ%‘§ :d 8\%1‘3 fisisting of

SI ky{lgl hepyl oxy" refers herein to the group

%{l ) ral y1 [0147]" Sulfonyl refers herein to the
gr@yp - 8Pzio, "A kylsul fonyl" refers to a substituted
sul fonyl of the structure -SQ2R- in which Ris alkyl.
AlRy| sub¥érepy: gr oups enpl oyed i n conpounds of the
present invention are typically al kylsul fonyl groups
havt ng 781?71 to 6 carbon atons in its backbone
st@syct UnRlogkRUand t ypi cal al kyl sul fony/ groups enpl oyed
i n conpounds of the present invention include, for
ex@ipl esuwtthwdwidflmﬁybst(mteé GCiaglleyle R is nethyl),

onef} PSSRl G el A R RE B e

atrﬁjl sulhfygpa/éen refers herein to the group -S02-aryl.
The term "aral kylsulfonyl refers herein to the group
- - ar alykgd.. The term "sul fonam do" refers herein to
OzZINHZ- WO 2007/ 084786PCI / US2007/ 001708
[O(.l_3 8] Cﬁ?lébnyl am no" refers to the divalent group
& Ohjardglthi ch the hydrogen atom of the am de
ni trogen of the carbonyl am no group can be repl aced
al g3l , aiyb, or aral kyl group. Such groups include
noi eti es such as carbanate est (-NIT-C(0)-0-R) and

anf@es SNPISrG!(“G‘?d rod wprybatimtedsal gy]st rai ght or branched
chai\n al r aral kyl. The term
" aﬁ?yl car¥)on %\c?n&ﬁcgwauggeﬁmg %/I car bonyl am no where
R (® al I@y;lbshauemgnd nognbititwedabliyhyl, 6 carbon atons in
its backbone structure. The term "aryl carbonyl am no"
refers to group -NH-C(0)-R whgre Ris an aryl.
Similarly, the term"aral kyl éarbonylanmino " refers to
car bonyl ami no where R is aral kyl. [0149]" Guani di no" or
"guanidyl" refers to noieties derived from guani di ne,
H2N- C(=- NH) - NH2. Such noi eti es i nclude those bonded at
the nitrogen atomcarrying the formal double bond (the
"2"-position of the guanidine, e.g.
di am nonet hyl enear ni no, (H2N) 2C=- NH-)) and those bonded



and unsaturated 3- to 8-nmenbered. rings containing 1 to
2 sul fur atons such as, but not limted to,
wodidndidi t hi enyl, di hydrodithionyl, PCT/US2007/001708
t et rahydr ot hi ophene, tetra-hydrothiopyran; unsaturated
condensed heterocyclic rings containing 1 to 2 sul fur
atons and 1 to 3 nitrogen atons such as, but not
limted to, benzothiadiazolyl, benzothiazinyl (e.g.,
2H 1, 4- benzot hi azi nyl ), di hydrobenzot hi azinyl (e.g.,
2H 3, 4- di hydr obenzot hi azi nyl ), unsaturated 3- to
nmbeprd,,ri ngs cont ai ni ng oxygen atons such as, but
not limted to furyl; unsaturated condensed
h@togr oeyy®siRksur i Ngs containing 1 to 2 oxygen atons such
as benzodi oxoyl. (e.g., 1, 3-benzodi oxoyl); unsaturated
3o 88ﬁ§ﬁ%é¥55 rings containing an oxygen atomand 1
t Suhur ms such as, but not limted to,
dﬁhydrooxé#ﬁ?S%VI; saturated 3- to 8-nmenbered rings
COhtRIMRAY ahdtRs, 2reiydppanddndlyseietedlirom thegubhip congtisting of
such as 1, 4-oxat hi ane; unsaturated condensed rings
ctait ai MysEPge™ 8nd sul fur atoms such as benzodi t hi enyl
0 nsahUALert, ondepsagqaker ocvel L ¢ i ngs containing
ah™“oxygen Atomand T to oxyygen atonms such as
[0064PENZ OX gh Rinkihbodhzhe R-£id thateroacyhyles incl ude, for
exanpl e: di azapinyl, pyrryl, pyrrolinyl, pyrrolidinyl,
[0065pyr azollplonemmbodian Rs lwﬁlgfgadi TRHRYDS errgeesyting of

i mdazol inyl ., imdazelj.dinyl, nidyl, piperidinyl,
p?fba.zi WP?H%T%L?%%%W S%‘%&Ec;}f/r%’toﬁ@%/o%g%ey azinyl

agef | digdpkiinhbd Bt hxdubaahitel fylahyd@yplyfandi,d

pyri dazi nyl, oxazolyl, oxazolidi nyl, isoxazolyl,

| §®Kaz clubdiinged onmonplislitusd tettahvdrodusanyl.t hi azol i di nyl

100661 goqui Bt PIFPIS BRROTFGAZORI M Beltttety Rrofty N mR& morpholiny
more B}%ﬁﬁ zoliy! 3 §L Ydiredt Nif&Mh: adoih@Z@b¥d padltfilar embodiment, Rs is
enzot i enyl . Fbterocyclyl_groups al so include those )
4-tetrflpaeopRadygbmoee i pamientd eiid, of ivoOe B anofteri entblediment, Rs is
ring é;@gggble-bond?g égypgg_qg two oxygen at oms
3-tetrglyyglre S TTHHE PEIRFB#MEEY: “FrPexanpl e, het erocycl vyl
roups jncl ud d | QQ% 1 elrahyde ol Ri gRARYEnhibit
[Omxﬁxide, an&“#é$P§§§%$%¥h?@%ﬁ@§e %?ygﬁgéﬁ%e. ﬁré?e?ﬁégﬁ et
compDELEY STME idberdlINSvCBB fainIua (IN): 6 ring menbers. More
preferred heterocyclyl groups include piperazine,
1,2,3-triazole, 1,2,4-triazole, tetrazole,

t hi onor phol i ne, hombsHp ;Roxazol i dim-2- one,
pyrrolidin-2-one, quinuckﬂdin and tefirahyjdr of uran.
[0153] Heterocyclic noietie = u ituted or

rnonosubsti tuted or disubst I Wil h various
substituents i ndependently selecfép’fron1hydroxy, hal o,

oxo WD 2007/ 084786PCT/ US2007/ 001498 al kylim no
(RN, wherein Ris alkyl or al koxy grpup), am no,
al kyl arni no, di al kyl am no, acyl aai noal kyl , al koxy,

t hi oal koxy, pol yal koxy, alkyl, cy®oal kyl or hal oal kyl .
“Unsubstituted heterocyclyl" ingjudes condensed
heterocyclic rings such as benzim dazolyl, it does not

i NG alsterdes R aC Yaltineg@ypanhbeduticalle actdpeablg selipsersaf wherein,
as al kyl or halo groups bonded to one of the ri.ng
nmeWber&Raor dbmbenstisRe ie belagted fiege A srenpicerasyBEyf are
su titﬁ% d heterocyclyl groups. [0154] The heterocyclic
gr'9dps g“ﬁ@nattached at various positions as will be
apparent to those having ski. b_in t he organic and
nmedi ci nal chem stry arts in ¢onjunction with the

di scl osure herein. where Ris Hor a heterocyclic
substituent, as described herein. [0155] Representative
het erocyclics include, for exanple, irnidazolyl,
pyridyl, piperazinyl, azetidinyl, thiazolyl, furanyl,
triazolyl benzimdazolyl, benzothiazolyl, benzoxazolyl,
qui nol i nyl, isoquinolinyl, quinazolinyl, quinoxalinyl,



WO 2007/ 084786PCT/ US2007/ 001708 [0163] Representative
heteroaryls include, for exanple, imdazolyl, pyridyl,
wohwagnky) . triazolyl benzim dazolyl, benzothia I
and benzoxazolyl. [0164]"Biaryl"™ refers to a gfgﬁ%sgpwmnﬂm
substituent to which two aryl groups, which are not
condensed to each other, are bound. Exenplary biaryl
compounds include, for
exanpl e, phenyl benzene, di phenyl di azene, 4- et hyl t hi o- 1| - ph
enyl benzene, phenoxybenzene, (2-phenylethynyl)benzene,
dkﬁpenxlahgtone, (4- phenyl but a- 1, 3-di ynyl ) benzene,
phenylb@hzy1anine, (phenyl net hoxy) benzene, and the
| i(ke. Riségan,ed optionally substituted biaryl groups
i ncl ude: 2-(phenyl arnino)-N-[4-(2-
pKéhy| emBis1) - phenyl ] acet ar ni de, 1, 4-di phenyl benzene,
N Ed- ( 2- phenyl e hynyl ] pheny1] -
2-(F{7en§t§¥{-1u§ﬁ1glﬁgﬁh- ace dam' de,
2+@M nosAmfrdaghenyl et hynyl ) phenyl | pr opanami de, 2-
am no- N44- ( 2- phenyl - et hynyl ) Phenyl ] acet am de, 2- (cycl opr
o ianeleoledNam (the group consisting
pﬂigyletﬁéné%i-phenylkacetarnide,z-(ethylanino)-N44-(2-
p KLE?Egﬁ ¥ 'phenyl ] acet ar ni de, 2- [ (2- net hyl - propy1) ani
n Cafio,
pﬁ%%ylethynyl)phenyl]acetanide,5-pheny|-ZFLbenzo[dI1,3-
di@xol emgro2- chl or o- 1- net hoxy- 4- phenyl benzene,
2- R m dazol yl rnet hy1) - am nOl - N44- ( 2-
pﬂgkyleﬁé?ﬁéFlphenyljacetarnide,
4152enyh1;bQ enoxybcri zene, N-(2-am no-ethyl)44-(2-
phe ylet%yny ) phenyl ] car boxani de, 2-
{[@©3- T | wairaphenyOnet hyl k-arnirt Ol -N-[4-(2-
phenyl et hynyl ) phenyl ] acet am_de, _2-
{[CA- netYBASHER PR MEEPOTITRAREPAN: [ 4- (2- phenyl et hynyl | p
2?%%L;i%§bggé%§§_4 phenyl-1-(trilluoromethyl)benzerie,
bepzene, Rr{LyorRahexyl am no) - N44- ( 2- phenyl et hynyl ) phenyl
Iacetafnide,z-%zthyl; o
nevheteimRen and Ray axoingrpendeatfyalected Heern tha geeums ersiging of
bu glargigp N44- 2- phenyl -ethynyl) - phenyl | acet ar ni de,
N4 -(2-pﬁen§?etﬁ§nyl)Phenyl]-2-(4-pyridyIarninoI- WO
20{3{9’/ 084(iSipirkitl U208 AfheaGiadet ani de,
N- 4-(2-pheny|ethynyl)pheny11-2-§quinuclidln-3-y|anino)
acBs &rselateed Nofmthezroup consisting o
phenyl - nyl ) phenyl ] pyrrolidi n-2-yl carboxam de,
2-§ﬁinog§8¥ﬁ%Thyl-hM4-(2-phenyI-
et?%nylkygngnyl]bUtanawide,
4- (4- phenyl but a- 1, 3-di ynyl ) phenyl am ne, 2-(di net hyl -
an{3o) - Nite,( 4- phenyl but a- 1, 3- di ynyephenyl | acet ani de, 2- (

et hyl am np) - Nd4- (4-

phE yIgbﬁgéf?s-diynyl)-phenyl]acetatnide, 4-ethyl -1
- PPNy | RERGRNEa L drduBSERYed aikyl,

et hynyl) - phenyl | et han-1 -one, N-O

- c&hbaneyistRuteddmobaypubpi@iett {I4eBieny| but a- 1, 3-

di yny1) - phenyThear box- ani. de,
N VB (L sBRe kA1 BREHAHa de

4- agt ho henyl - N- benzam de,
(tggt-b§¥g§§?¥#l|{4-ﬁﬁgﬁgﬁgﬁgﬁgg)-nethyl]- car boxam de,
2- (3r phengtinhenmd/edubateigdhxmat-d, aci d,

3- phenyl phenyl propanoate,

1- (4- et hoxyphenyl) - 4- net hoxy enzene, and

[ 4- (2- phenyl et hyny1) pheny1] Pyrr Ol e.

[0165] "Heteroarylaryl"” refers to a biaryl group where
one of the aryl groups is a heteroaryl group. Exenplary
het eroaryl aryl groups include, for exanple,

2- phenyl pyri di ne, phenyl pyrrol e,

3- (2- phenyl et hynyepyri di ne, phenyl pyrazol e,

5- (2- phenyl -ethynyl) -1, 3-di hydropyri m di ne- 2, 4- di One,



WD 2007/ 084786PCT/ US2007/ 001708
(3-pyrazin-2-yl1(4-pyridyWarnine, and
wo b kg { 242- (5- et hyl pyr azin-2-yl)ethynyl | (4-
pyridyl)} am ne. [0167]"Optionally substitut egcwuszummonus
"substituted" refers to the replacenent of hydrogen
wi th one or nore nonoval ent or dival ent radical.
Sui t abl e substitution groups include, for exanple,
hydroxyl, nitro, am no, imno, cyano, halo, thio,
sul fonyl, thioam do, arnidino, imdino, oxo, oxam dino,
ngltdgox%mag tlfd Mlg‘lsﬁgstltg{“@rﬁé%xﬁe%'cﬁw f onam do,
oxyl ornyl al kyl , substituted al kyl, hal oal kyl,
alkyar riubsjtubed ol doshbstitunel caldadikyl, hal oal koxy,
al koxy-al kyl, al kyl carbonyl, am nocarbonyl,
a(lﬂ)car'&m%m aral | cyl carbonyl, heteroaryl carbonyl,
h ! roakﬁjr ﬁ(l -carbonyl, al kylthio, am noal kyl,
cga oal Byl , benzyl , pyridyl, pyrazolyl, pyrrole,
tm@phe&q{hcm}qf}\zol yl, and the |like. [0168] The
substitution group can itself be substituted. The group
sb%t i t-INRedSOrR®- t he substitution group can be
cae gﬁxyl hal o, nitro, am no, cyano, hydroxyl, alkyl,
c};ﬁ‘ﬁ“’nocar bonyl, -SR, thioam do, -SO3H, -SO2R, or
faljgﬁ where It is typically hydrogen, hydroxyl or
aI Ky [Of%’9] When the substituted substituent includes
a (38 ai giidRehai n group, the substitution can occur
either wwthin the chain (e.g., 2-hydroxypropyl,
24 noﬁf?ﬁﬁ‘h’aﬁ‘ d the like) or at the chain term nus

et hyl, 3-cyanopropyl, and the like).
Sﬁ%s%ltute%ﬁi Eytltuents can be stralght chai n,
brahabrOR QI alyRhy @redndapegdeomiy selofted dncah elme ggou!ponmi@tting of

carbon or heteroatons. [0170] Representative substituted
arfﬂhocahld@fﬁﬁn’groups i ncl ude, for exanple, those shown

w. T ese .C stituted by heterocyclyl
gr(lg ang E“tFer bary b‘éﬁﬁﬂ&ﬁ ﬁﬁé’ i

ps groups wi Il be apparent to
t hese hawseutss hhd uhﬁhﬂshaneﬁgaﬁlc and nedi ci nal
chem stry arts in conjunction with the disclosure
hed@i n. blﬂrserhapdeddaﬂmbmrvé&qmmmfbups i ncl ude:

(((62 cyaﬁoet h¥l )c$r boxam d tﬁg&gterocyclyl and

(‘?’d Osﬁw&&éﬁhgﬁﬁﬁﬁﬁi%u’i{'cﬁ%ybmmy i sopropyl ) car boxa
m de, met hyl
2-Rais@hyctat fromoth8 -ghyaly ocrydstopaeilat e, N- ( 2- hydr oxypr opyl
) car bOxam_de,

N-{(12- hy&‘i”WcPsﬁﬁ' opyl ) car boxami de, N-[ 2- hydr oxy-1- WD
20%/ 084 £8RCTL1US2007/ 001708

r oxynethyeet hyl | car boxani de, N- ( 2- car bonyl ani noet hyl
) aagﬁmlﬁﬁed\lfr@ﬁﬂ(hz grpyp cdypsetity bl car boxam de,
éz pyri dyl nmet hyl ) car boxam de, N (oxol an-2-yl met hyl) -
cat'BoxafHEsR: (4- hydr oxypyrroli di n- 2-yl ) car bOxani de,
N4 25 ( 2- t X de,
N- %ZR hy %‘g{i%@("g ohexy g’%g%eog%?nﬁdgm
NA23)( 2- QubstitutediathdzMisubstivatddydytioatiaylboxar ni de,

car bonyl am nonet hyl Eacet ar ni de
oné g 9‘1W@F§VR3 %fregl ¢ group consisting

BM%Q(ca ﬁ(¥lan1nonethyl)pyrrol|d|n 3-yliacetam de,
nD 518z 4 yl et hyl ) car boxam de,

) 2- axapyy rolidinyl) PrOpyl ] car boxam de, 4-
nethyl 2- oxopi per azi necar bai dehyde,
N- ( 2- hydr oxy- 3- pyrrolldlnylpropyl)carboxan1de
N- ( 2- hydr oxy- 3- nor phol i n- 4- YTﬁropyI)carboxarnlde, N-
(2-[(5-cyano-2- pyridyl)am no]ethyl}carboxam de,
3- (di net hyl am no) pyrrolidi necar bal dehyde, N-[(5-
met hyl pyrazi n- 2-yOnret hyl i car boxam de, 2,2,2-tri fl uo
ro-N-(1-fo rnylpyrro |li din-3- ypacetam de,
[0171] Representative substituted al koxycarbonyl groups
i nclude, for exanple, those shown bel ow. These



WD 2007/ 084786PCT/ U82007/ 001708 f or mam de, acetam de,
trifiuoroacetam de, and benzam de; im des, such as
woRhMRlL4sg1 de, and dithiosuccinimde; and other scr/usao07001708
Exanpl es of protected sul fhydryl groups include, but
are not limted to, thioethers such as S-benzyl
t hi oet her, and S-4-picolyl thioether; substituted
S-met hyl derivatives such as hemthio, dithio and
am not hi o acetal s; and ot hers.
[0173] "Car boxy-protecting group” refers to a carbonyl
gr-Qup ' as been esterified with one of the
CG§nDnF§hﬁ§{d carboxylic acid protecting ester groups
el oye@idgenpl ock or protect the carboxylic acid
function while reactions involving other functiona
s{fes @mpRe conpound are carried out. In addition, a
carboxy protecting group can be attached to a solid
sﬁéporfn%W€L€8§ t he conpound renai ns connected to the
SQ+'d sHpPRRrdmedyl.he carboxylate until cleaved by
hydrol ytic methods to rel ease the corresponding free
[(0068hCi d. Represenbedingat, &arip sxipctsAdrertths §Gotpssine Ude,
for exanple al kyl esters, secondary am des and the
| {ke. [@FPR) Certain conpounds of the invention conprise
agyymet gipcal |y substituted carbon atoms. Such
asfnnetrically substituted carbon atonms can result in
t {®) conpdugels of the invention conprising mxtures of
stereoi soners at a particular asymmetrically
sufst i t BYF@*¥ar bon atom or a single stereoi somer. As a
r It 5@6EHhg m xtures, mixtures of diastereoners, as
mgﬁw as S|ngﬁggdia5tereoners of the conpounds of the
I egnt i afflwsrenderttluded in the present invention. The
terns "S" and "R' configuration, .as ysed herein, .are as
[006%ef i ned Lhgne FEbpiimaent Byl e MR R FoPH it | o
E, . FUNDAMENTAL STER_EOCHEM STRY, " Pure Appt Chem
45953 3§§§T§58i The ternms a and 13 are enpl oyed for
ri poshdth@nan®f cyclic conpounds. The a-side of the
reference plane is that side on which the preferred
su@titedntl- |ies at the | ower nunbered position. Those
substityents Jlyin nth it I rding to the
[007Qkf er enLci% s ?‘élﬁe{’%%éﬁgrs%?ogng%qulgcﬁgélg)?. 9‘%{1&2‘%%%5' d e F
invetIE thd P 3knivi thdipaasobddieos thummdérdah. f s tieckhenical structures
stereoparents, in which "a" neans "bel ow the plane" and.
withiethit gecifbmtiontcan oohf fegressnt ore ofthe Rassible puiprgeng forms, it should
configuration, as used herein re [Wal=To R hgf drawn
be ungREGial PRLAET AR SN AR TP Eres A AR b8 e
strucR@agraph 203, 1987. WO 2007/084786PCT/ US2007/ 001708
F%%?S]As used herein, the term "pharnmaceutically i
[007apcept abFer gl ¢ahpowiierel fomubes AOrTdki EePErsPAtagye substituted alkyl
al kaline earth tal salts. of the b\ din inoalkyl,
R B i
diau%}‘aﬂiﬁgal £ Jﬂa@ht‘d@%é&élﬁ% AR pRUTN R Epreadriianv o futidtieuted aryl groups
yrimdi ne compounds, or by separately reacting the ,
inc RS Bulgbnaniddafyingbipns Rémrbscatatine aubsiteiegdpqteragryl groups include
i norgani c acid or base, respectively. Representative
alky¥uiteroal @ 0@ but are not linited to, the foll ow ng:
acetate, adipate, alginate, citrate, aspartate,
benzoat e, benzenesul fonate, bisulfate, butyrate,
canphorate, canphorsul fonate, digluconate,
cycl opent anepr opi onat e, dodecyl sul fate,
et hanesul f onat e, glucoheptangﬁke, gl ycer ophosphat e,
hem - sul fate, hept-anoate, hexanoate, fumarate,
hydr ochl ori de, hydrobrom de, hydroi odi de,
2- hydr oxyet hanesul fonate, |actate, nal eate,
nmet hanesul fortate, nicotinate, 2-naphth-al enesul fonate,
oxal at e, panpate, pectinate, persulfate,
3- phenyl proi onate, picrate, pivalate, propionate,
succinate, sulfate, tartrate, thiocyanate,



prophylactic) and palliative treatnment or the act of
provi ding preventative or palliative treatnent.
woeokaR e term"Pl3K-nedi ated di sorder"” refers,t
disor%E? that can be beneficially treated by ?ﬁéﬁuénmwmnwm
i nhibition of PI3K [0183] The term "cellul ar
proliferative di seases" refers to diseases including,
for exanple, cancer, tunor, hyperplasia, restenosis,
cardi ac hypertrophy, imune disorder and inflammation.
[01841The term "cancer"” refers to cancer diseases that
[0072] can berRenshidsad | ¥ thepsetaiye t ABR NhiltibitoonccrhpdrBl, of the
i ncludi ng, "for exanple, lung and bronchus; prostate;
inventidit @msdescibad e s meticl raprtntescin e BrRpies Septigr peigngand the
I ntrahepatic bhile duct; Qggatoc%khu
7 .

| .
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[0073] gli OW%rEQQltM@%KQHﬂl%ﬂ%¥ bhRlpoufiBl JTQRB inkédiiey a@nthown in
renal pelvis; urinary bladder; uterine corpus; uterine
Table 1C€rvi x; ovary; nmultiple nyel oma; esophagus; acute
nyel ogenous | eukem a; chroni c myel ogenous | eukem_.a;
[0074]] yr nphlocythier abrgske e PrefFal B}V&g{‘%’&w Ryiges 6?%{#{3‘?5 §prgpanufacture
vity.and pharynx; l.arynx: dntéRbEREA NBat, in addition to the
of PI3KD ionibitgk; ST, i8] g’r?‘oh%a@ ubBbfifd Mat, in gaditi
compoBR& YFefork IO (Hh@ITY Efetnidtiifves,0nsd ahetrh cerrespoading methods of
: as described herein, can be administered in the form of
synthegsiale atdudédwithin the scppectHietisvar©conveni ent | y for med
by reacting a conpound. if..basi it 1 b 283 fation of
[0075lsuch aéTRIRRE PRk ‘Hbeggplr%velgesaééﬁﬁequﬁg lggﬁ)?{slﬁ%?’e st flation o
Akt co%d'?éﬁ#% JotinBteridy Ri @pdulidst BéroAmder, at ot EMMerahumes,in need
and often are prepared by nmerely isolating the conmpound.
thereof.I Aifothes Uktndbdenenti grevides? ascthpé ef Hegatdge STt FrEPOnsive o
synthesis. The salt-formng.acid.is .dissaolved ]

I a
inhibitqgpp GpREhErdRHER L ALGIPER S G ~AES TR Srganr b e o Formule !

n
I yen S&-‘&é}?cﬁﬁ ad %800k mARLORE iRRIbESHE Pho@hdrPation of Akt
1L, or g[?‘h‘)e(‘lr‘o iR s E:gl[’]gon'poundm[é)f this invention is
Comprgﬁﬁfg es?;a'bﬂ?g H%eﬂr\ﬁﬁh't basmpfonng]of ’lﬁbtrm%aihs dl,a:tré]H- fr omt a
astc final wash step, according to .ysyual practjce, ..
[0076A pr ef eknaetter emhqﬂqﬁ@“ﬂap‘%]ﬁéﬁaﬂeﬂ’g)dh9§f‘g8ﬁ1t‘6’lgi %*éos‘:“’p!‘%rylatm of
to di ssolve the free.base | Ui 501 VENdr BNeb drjfuman in
Akt C?W@%Egu?‘iagﬁ ?%W&%g%?@? cggqboo\q}'g?l ol ecul ar sieves,
need @L@féyffehbgbﬁbéaﬂﬂmmédrae@&rboatﬂuemi e tgasart by sullfiving fropt cancer. In a
w il also be recognized that it is possible to. 4 that
more @aiticlst @nbadiorgui Gl cirnemss BEPPREVPIBGHRFD; VP compound tha
. ]0186] The inventi | so proyides i Cald ¥ In;)‘pﬁ,l ad; ally
inhibi quHhWﬂ%*m,OWhS‘é‘r & cs’t}{lF ﬁc?ﬂirxz i yfmltdenti callto o
bioavtdﬁ&ﬁg. di scl osed above, but for the fact that one or
nore atons are replaced by an atom having an _atom c .
[0077TBSS Of AfBgs:r nembedintint frapeides fa omthad ot AP HESEYr COTPIISINE
mass nunber usual ly found in nature. of g d i
orally SATEPESEHal CSAPPBE HEAPEBPR bt ol Bomsards o CRpoun
anatAvenLon. include digpligpes of hydrogen, carbon,
CaPany f)rogen, Xxygen,” phosphorous, sulfur, fluorine and | -
[0078h! O i Ngn sBuEh catbodHneds, of tBcmetlisl of ShibiBog PI7l, using a PI3
31F, 32F, 35s, .18F and 36Cl, respectively. ndsq.af, 1
inhibithe compeund of m%m\iesmmptr\saﬁ?epg%ﬂ%?%?‘é‘b%‘f S g@{@%q trdh or equa
gceutt eal,! CEPLARE SudRbihBo@im&nt dhequROYS ialds than or
to 1 %ﬁé’é}nﬁﬂreﬁpgtz ?tl?gl}éls i %ﬁ contain thg af orenent i oned .
equai f04 _@@W,aﬂ;dfe@ﬁ tidrhef e@llm_ttofiésﬂm i@ﬁthi@rthap owgeaygbto 10 pM, is less
w thin the scope of this invention. Certain
i sotopically | abel ed corrpoun%_ of WO
2007/ 084786PCT/ 1.1 S2007/ 001708 the present invention,
for exanple those into which radi oactive isotopes such
as 31-1 and 14C are incorporated, are 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 wi th heavier



WD 2007/ 084786PCT/ US2007/ 001708 di - gl ycerides. In
addition, fatty acids such as oleic acid find use in
wo idaeopiepar ati on of injectabl es. The injectabl ect/us2o07/001708
formul ati ons can be sterilized, for exanple, by
filtration through a bacterial-retaining filter, or by
i ncorporating sterilizing agents in the formof sterile
solid conpositions which can be dissol ved or dispersed
in sterile water or other sterile injectable nmedium
prior to use. [0191]In order to prolong the effect of a
than of %glgal b1 k1, of IR0 tHRS bf aplA tb ©. 5|LdY i hessabsorgptcqonl 19f0.050 pM,
the drug from subcut aneous or intranuscul ar injection.
or is 1eBhitsamayeduel ac@OiPliMhed by the use of a liquid
suspensi on of crystallipe or anot ri ' :
[0079ho0r wdtEr °§B1H?H¥‘§?t % tgﬁeprreg T 6&@%2)8?%%?%4&9%1}@#%2 . assays
evaluaqlrn"é?rehﬂ% &%Rﬁlg'déf BPORiddsS iARbRIA] th SBEH ubin8 abérapound of the
Im=turn, may depend upon crystal size and crystalline _
preseﬁtQﬁ%nti‘Unt &innad wyed yo ddekmyredreddibor phitgrprygfacivity of a compound in

parenterally adm nistered drug for y.,be acco
comp@rysadi ©salsesany 6PPREpEndV g™t eefaP{?ag?n “hen‘:%‘i“P%q‘g‘#] nggg present
. i.nj ectable depot fof r dar RY LR skilled artisan to detect
nvenpp HBéW@§8¥ﬁ$é“n%?ﬁF%§§ﬁo f?ﬁ% drug in biod%ngQable ) _
inhibitShHTRIS kEMER. auchalnyimeiitde spakiigles cofdrtd. tolepeindisig “effective
upon the ratio of drug to polymer and, the nature, of %Q%untﬂuu
inhibipanyt draerrd’” 3o|ayprsferseh erpedimedhe ARRIPHPY ATPUPE 23S 8
... can be controlled anpl ef .big afdablie activity in the
witl (Eare B PR B b, PY APl Bielf 0%, agleonaat ot
abserRBloF ARy e sdhdPepaipduniie ik itied Boemlhatedongpraeiiing greater o
al' so be prepared by entrapping the drug in ILpos?nes_or divi
lesseMnbite 60m las tens3malebTeeETabioB Gept FO0ITE Ve i FHYHYE Of Lelgye acuvity.
[0192] Conpositions for rectal or vagi adlg phst Laldi8bati t
Suchgpforpagpa g sies up ?PBPF%%“RﬁPﬁﬁ?ggn Yo pregghegﬁ%; ons 1o
the &0 ’éLPn%oL % 1& QIRLAWIRs QEtidiby. S AlcBYRIHEIGNNGIdrBsSwiihadilion provides a
non-1rritating excipients or carriers such as cocoa ) .
methBHith £ nhikiGhyahb ykaniy @f Wb kimase avisigh poshpdropmppsehsPEReting said
ate solid at anbient tenperature.but 1iquid_.at bggg

| . .
PI3 Kinsmperith an e ntive EHBHEPLAMENS: 71 coaPPREd s PUagtdgyention =5

. cavj and rel ease. { he; | itil @ 493 hSV il of PI3 kinase
dﬁdaﬁ§gbéerrﬁ%E?&F%gF%%'gg%%%%g?gg??gﬁﬂgﬁgkgde capsﬁ?es,_ o
activi@h &lee1l, Whidismepibasaprisncogranukesid ¢ail witdanseffedve inhibitory

dosage fornms, the active conpound is mxed with at
amolustasfta @mepdunst as clpimaedBersiiti cal |y accept abl e exci pi ent
Qr carrier suc s sodi

d | b . osphorylation o
[OOSBEOSphat%)r%% §ee %{f‘e?ﬁsi l’}m'x{éllt:trﬁéjnSdé)Bf e phorylat f Akt

ers or extenders such as

using_taaé&ﬂﬁémcﬂ BEHRSBic SHEHOSE haPingCas ECsiamhiet of Jesanian about 10 u1
ilrcic acid, b) binders such as, for exang%e, WD bodiment. the

with? 0Esp08 43 S6R{HILIB200 71 ABIL7 08 @ReHky A Ry PERIP T 0§, :

al gi nates, _gel atjn, polyyiny r I Al BPRL e SUGiARBItion of pAKT.
C°“@ﬁﬂ“%ﬁ§%F55%é9v ﬁ?ﬁgﬁfgﬁ¥§n§%§ tggkgl§ceroP? dy
In aqril&ieg}aﬁ%lﬁ&i QbBGRRLS sBUC heaSordgaindagaran E@kcivalme of less than about

carbonate, potato or tapioca starch, alginic acid, bodiment. the
0.5 GBI WaiNrespédtaatiebibiten of pdikifn eamheyieR BX0TE PAgRFHR gRPOM™ENs

retardi ng agents such_ags paraffin SQERL FQBect to inhibition of
compoged gt BY %Cém MY O 3‘3&%‘% ra);’oélﬁT%)ni“%?n %@poug%%, 0gl)

tting agents such as, for exanple, acetyl alcohol and
p‘déﬁycerol nonost earate, h) absorbents such as kaolin and

bentonite clay, and i) lubricants such as talc, calcium
Stearate, magnesium stearate, solid pol yethyl ene
glycols, sodiumlauryl sulfates and m xtures thereof.

In the case of capsul es, table%s and pills, the dosage
formmay al so conprise buffering agents. [0194] Sol i d
conpositions of a simlar type may al so be enpl oyed as
fillers in soft and hard-filled gelatin capsul es using
such excipients as |lactose or m |k sugar as well as

hi gh nol ecul ar wei ght pol yet hyl ene gl ycols and the

l'i ke. [0195] The solid dosage fornms of tablets, dragees,



bronchi ol es. [0201] Aerosolized fornul ati ons of the
i nvention may be delivered using an aerosol form ng
wdlanbeessuch as a jet, vibrating porous plate Qr.
uItrasoﬁ?c nebul i zer, preferably selected to a?#gﬂﬁ?WQAMI“m
formati on of an aerosol particles having wwth a nass
medi um aver age di aneter predom nantly between 1 to 5
.1.111. Further, the fornulation preferably has
bal anced osnolarity ionic strength and chloride
concentration, and the small est aerosolizable vol une
roog@b! € topfeliNgenfid@nbhie <R8N (d8ne PIRRMP AR RtiochNe capable
i'nvention to the site of the infection. Additionally,
of inhibétiare b6 Phokledyationubatikan pr etasiabbybddesemat compandgnts of the
) negatively the functionality of the_airw%%i and does )
invengign arsucaPabledatiiphipitensjof phespherydation of in 2 human or animal

.Lpﬁ?ZLAero olization devices suitable for
sub_]ead i.€.:in Vivo).

Hi'stration of aerosol fornulations of the invention

[oogdjncl udein bRE BYRMMent,| £lnetNbdIodtrcAGCiARI ARt BétaliBs in a human or
ul trasoni c nebulizers and energi zed dry powder

animalngudlient 35 pravadedar &n Hisl methydp enempaundnef theriptiteiidrols eiministered

) the invention into aerpsol particle size predom nantly

n aniamqyng eHESiVe IR fheuES 28N Predoninantly in this

[oos?jﬁm | caly QBmEeaRSolfdntdlofl #RShedbd Bkﬂinil?i'b@tﬁr?g iy EQBE a PI3K

an 90% of all generated aerosol particles are within
inhibitob cpmippamdjef tha ingentiehuhe E€lso weluk Dfhe abmppred ssibetwieen 1 nM to
break a liquid solution intg aerosol droplets.
10 0N PR heigh BB SRS, MEkErorEHE (b 12 1 0o between
50 nVREHYE0 RV, elkulé)@ I{I@Ip{cﬂ |1 ™! IBE@E’éerﬁgl Q%%S2f’lu ,eo; ?s between
extrude a sol vent droplet through a porous plate. An A
25 pM for BXoMC nebul i zer works by a piezoelectric crysta
that shears a liquid into snmall aerosal droplets. A
[008¢hri ety The sompaprds dfyithe Praseat aiicPprears dtoudisafyll in assays
for exampl e AERONEB and AFROLOGE, YiRL&ll ou
cvalupal%g.lgere%télﬁzﬁlz}c?éf%ﬁy ? Axé)rhgagiﬁ’n cr n%lo’ E&éhﬁ?@%‘* g’g&@ﬁ' f1 such assays a
compeirdl At Presem TG SIREAMMNBE Uk & GetébileGehtide liflibitory activity of
st Sussex, England), PARI LC and PARS LC STAR j et
a compbund mergnpRimonito ResspondcompoEndi pieen so pmployed, the compound of
Ri chnond, Virginia), and AEROSONI C_(DeVi |l biss . .
the Byt RAYCotAR Breou bt b PO SH ORI SR da skilled arisan to
deter\@/qmﬂygn andr hilL RN 1B ( @BAhnHBALLACE B mdRSes referred to herein
ernon Hlls, Tll'inois) ultrasonic nebulizers. WO
as ar? 0T 084 186iBCoty his2067 OBy P8{FG20 $htonipmendtheahhithery amount is
i nvention may also be forpulated for use as topic

al
an apoRgk et Y Eerss Shemitorylatiorot KT aFAVEY B BRTOR IRl S0% as
com?é}g? Q4 RS aQI{ivihh P hd NN gyf aeé&hﬂbx%m.s CﬁH&hp@tﬁpounds can then be
actose, talc,” silicic acid, alum num hydroxi de,

eval@akbd iad preiidit@igesatandr fedsganndeipondethe aamel xdrweegaibn so as to

t hese substances. Sprays can additionally contain . .
Provids o RS rdpEFIPAYR SCEYEYN- aSUehl BHBFEAYY BN P tdl gBndetermining

Iransdear - - DAV, t ; .

sirud BRU AT SAR by BRGERRRYE (hOT SRR AN R0 it activiv
Acchrabaly Sueh slesage iheddionc afrobRiesnde thythdisgot vinhgpidng the AKT

di spensi ng the conpound in the proper nedium L
phosmhenlptioro whieth armiked cemprises sop@ctingd ¢9! iwith easdfqchiye inhibitory

flux.of the c nd _across the skin. The.rate cC . .
oyl bF B epiop)e Bl P BPB PR Tabzciont ajefhallsd rovided is o

menbrane or by di spersing the conpound in a pol ynmer

matri x or gel. The conpounds of the present invention

can also be admnistered in the formof |iposones. As

is known in the art, Iiposom§§'are general ly derived

front phospholipids or other Iipid substances.

Li posones are fornmed by nono- or nulti-Ilanellar

hydrated liquid crystals that are dispersed in an

aqueous nedi um Any non-toxic, physiologically

accept abl e and netabolizable |ipid capable of form ng

| i posonmes can be used. The present conpositions in



opposite fromthe direction in which the recesses were
formed. As a result, the tablets or capsules are

wo poddlbdi-g¢ial |y sealed or collectively seal ed, apcegshienirs
in the recesses between the plastic foil and the sheet.
Preferably the strength of the sheet is such that the
tabl ets or capsules can be renoved fromthe blister

pack by manual |y applying pressure on the recesses

wher eby an opening is formed in the sheet at the place

of the recess. The tablet or capsule can then be :
ethod RETBHAHYL thesaiidiQRATHIBGinds2bfiVity imayisl, whidly wisthod @mprIses

provide a"witten menory aid, where the witten MBADIY cein.
contactifk Gaidscedif with enteffsetivo ERPHOTFMPARY it TSP A B

instructions for_the physici.ap ArnBGHS! REMBEHRIF treating a
[0085] heal t An caoghssy ‘a%ba%?’?ep“é? %é'cfjtﬁ?\é% tgﬁe%g. , Inthe form ofnh_b_t

nynber s.. t Reet AkhiRias O <grpaut esnwber ebya (ARG nhiditor

PBK'"’n‘?g}r‘gg%c{r sdlgog)ré%lésgl%d With the days of the re

; ugi_ mgjn, whi éhc greof to
comporn¥Gistablinistered tcapsitsdeso shenpp csgnERYABI WY FriE 8y
or a card which cgontains the sane type of information.
mediatg\pgtrhedulased Bpte 861V ¥ ch a nenory aid is a cal endar

print on Of BreOpresdst [ldnbvE areFuseful Wegiarmaceutical
[0086]|\/bnda§?hel'§8}§g§§}?3£ “Second Week. Nonday, Tuesday, .. ...' . o
compodtiBaS fgtatrﬂuﬂ{/&in?gﬁ.vlafergﬁmwﬁ aﬁugemm}?lbg?r%rtag& t: mdicated,
ari parent. ai ose" cap_.be.a si.n et,s Ofium d/or
examplzapsultee dreatmenk é!fyﬁ‘élﬂ)‘f‘lé'f §r8ﬂf‘%{gt¢‘§%|%§ gs ba taken on a
gi ven day. \en. t he, Kitai€0Rt3lRGcagRanatenpoipasaid ansyl in the
1 ediated by . 2y ¢ .
s cer o Aot o s s
anot her one or nore con&os%&ggﬁg t%?%ﬁ _i%veg%dqgggﬁ%ﬂc bile
bronchals; p@sent&l breatt] BANCIERs; EAPT : 1 ot her Specific
ronc en‘O(t)di rlrfnt %fg %tglcl_(iﬁtgoin%s 5/ gi&glﬁg‘q@er@ggﬁemg mdatbapeRgmey and
duct; ' ? i
uc ??f{é‘e?‘é’l Wary of a‘bk t|£ le'n t h; or_iljergvof t helléié)le myclom;
renal poly s;qx%aﬁ%%]acﬁfe? fcgibl Yoorp Eapersenxi 9vVentipp
Wtha e ry- ai d, so as to further facili tzt e]ﬁcmia, lymphocytic
esophﬁ;@ﬁpﬁca@glylﬂdg@nbhﬁﬁfwnﬁlﬁhFhm*%%?%ew.s ﬁg z_ ’ b
nmenory-ajd is a mechanical c. Char e Gahiesnt e; non-
leukemigrivayelgid ggkennay H388> P t°ah‘§§g%§%’%‘ %i spensed. Anot her
exanpl e of . TR ¥indidcbenadeasmer y- pover ed
HOdg‘Fﬁngl&rgipgﬁfqba’z%%?(?nc’oupl ed with a liquid crystal tivity for PI3
(0087 €adout AgesitsafdhbirevenmnniderartPeiR| e BH!C BaveasehegivatY
feads out the date that {he | a dai by dasmefasbReAmmatory or
i BB PR IR T N R T |
TR A R X
obst"&‘"cm‘_pﬁi ) Y|_n 34t on to a Pl 3K__ti nrr1i bi t%a%g)gedggasrgog?ogmssim.
S T R By
) 2 . . i tion is applicable
TnflameahitoTomadbssNHYa ATaY'S SHRGPRET ' Cglﬁ itnﬁggﬁ Coror

L d f ish B i jergic) asthma
inclugg %Fﬁ%a}. 8‘8%\%# r\]rer %ﬁ)g; cgfl dgéngsﬂs g@hd m@edh in@hg Oemegig gl

di tional conpounds may be bronchitic
and sgﬁhgsics(taﬁe@qic)i Aukhe, sidestosageofenin shppespegkasthma,
Inhibitor or in different dosage farns. Li 1. S€indullBd following
asthraddiek éoimatinduerso @piesae a‘??CBBaté‘H%? rﬁsgf“é? eaa‘lldaF &t he sane .
tine as the Pl3K inhihi Qra1a 1dbé batentodd seanbracing treatmen
baCt?f(D‘EIE!fePH@nprjggélﬁ?e“t s Sl R

nvention wll be understood nore toms and
of s&%%c J by pEergace §05tferé off| apei wghdang Vel gHmP

are ptovided by way of illustration %{11)&11.3%;
diaghBtaneedidemobable jam MrgZBANERE pPBSEHY ive

EXAMPLES [0215] Referring to the exanples that follow,
conpounds of the present inventi on were synthesized
usi ng the methods descri bed herein, or other methods,
whi ch are known in the art. [0216] The conpounds and/ or
i nternmedi ates were characterized by high performance
'iquid chromat ography (HPLC) using a Waters M| | enium
chromat ogr aphy systemwi th a 2695 Separati on Mdul e
(MIlford, MA). The analytical colums were Alltima C 18
reversed phase, 4.6 x 50 mm flow 2.5 nL/mM from

?Q%rrl]t category of major
| .



[0223]1t should be understood that the organic
conpounds according to the invention nmay exhibit the
wobheneseaon of tautonerism As the chem cal strpgfg&k&R7/001708
within this specification can only represent one of the
possi bl e tautoneric forms, it should be understood that
the inventi on enconpasses any tautoneric formof the
drawn structure. [0224]1t is understood that the
invention is not limted to the enbodi ments set forth
herein for illustration, but enbraces all such forns
medicgi] e5,6Q%n a8d GOREo ML MR1ilERE a8 GRRSieal of &1 RAPANE asthmatics (“wheezy
I scl osure. Abbreviations ACNAcetonitrile
infaniBliyNARAN@")- bi s( di phenyl phosphi no) -1, 1' - bi napt hyl

[OOSSBL/EQd}\Lég%?)%ng ta? | amvggtion ]é.’t %&edlse e(t:tE]\PeX o?tol%%nﬁB Kinase isoform

P 4 B R | +RAGE LAYt one isoform.
(@, B’gcgféY%r EEFH%? hgﬁg Q%%@%?%%@%ﬁben?m c acid
For eRBaPtd) 08MEH6Ghd intdydprefyBiNiaTBt inHibi2-thy airdlai idofeerRGy@otine gamma

t enper at ure THFt et rahydr of uran General. Methods for |
isofo@yntAleasnativeg YPRIRIMMING PaY PEfRaHY PRI SFVETPREggsofomm over

r .prepari onmpound f FE I - . > ivity i

e o PEBRPL % FOPRGHR'S sBaRAY, Sideitn0] ohe broio sy
deterfhi@] fccdrdiBiRBahE BIPWEidH MiaRod ddscabsdbetdit utied example, the ICso

pyridinyl or pyrimdinyl group containing a reactive .
valueh arothiecE€st emlusy st 4 cgmmponnit nStcwéermlé@%r#%é tyo gr more PI3 Kinase

al | adi catalyst. In one e i en \ Stityt ctivelv.

isofofpt CErgP P P PR RO LDt OOl T ehd ¥ Rpecively

The %%Eiiﬂécﬂimﬁesgfa%&hem&ﬂﬁﬁﬂre& @ [eREHiNE thor @Mtivest ef the tested
subs

tituent has an -NI-12 group positioned para to the
compandniRre fesitey, tHerccamuiunds of thsodivretien archeeleiystipt gregpotorm over

pyridinyl or pyrimdin ou ont ai ni_ hg reactive
o sedprorpievms b ereret Thasiul b o0 bR e fggprabty. e
ara tg th | AN A8 RPRVRY drREBAd isoform by at
com ?}%@F i?ofuéelﬁtei “gg‘rslﬁq‘?’? %ﬁeggélggr;t% hoﬂjtro thggg%r omc ester. In o0t

leastCERT-EH1a SMDOCQIFARNt Eveh hiforeqreteyarlggere subptitdrenf thesinvention are

3, -CN, -NH2, halo, or substituted or Snsupstituted
seleq@veJonphy sofpm PEEY A seaeptrstioBRbyAt et 1 OPHdold-

4-hal0- 2- nor phal i nopyri m dj QP diti
005]h o 6. MVET OEgEryTRITh BT RERY T A, hsgasts, anf ponditions to
whidhdes 6o v@iton i ephiiballe 2mrDrdh eturoyng ninglinye (ALI), adult
group is a

respitatioay cirdsetsondoyne (ARDS R hrrphobEHBRYYS REURPRAYr 8iyays or lung
aiseap QL5 SARGT NEyPY 0% PO Tyl Ghgomie bronehitis ex
dysﬂﬁ%geragﬂfcﬂt@m RRerén/iml pmbhﬂéaélﬁgé_;i Ak diwgl gisOUgxackrbation of airways

anot her enbodi nent, the 4- 2- nor phol i nopyri m di ne
hyp@raitfivity cbnstrhemot@oied dme phoipynBpprtientr neheriphglpf drug therapy.
The?ir_?roqtqthjeog'q ;gg;]lb% ?ﬁta 1et trc])ethg ¥rre!f;1tgxller}xlof %?519(: lifis 68 Wifatdver type or genesis
inclga&% 4, 2, Schfd, ' ARLRAYL - dat 3 ZndicPnghB! Alrdonid- yt )iyhindid-bronchitis.
-am ne?’ I n anot her enbodi nent, the palladium catal yst L
Furthsr Re{gprfa)ci 2ot bblihativeetihane dideascs to which the present invention is
[ 0228] | nanot her enbodi ment, t he4- hal 0- 6- het er ocycl y1-2- . £
app it 1w R PHREPTRICYP Gl L STHRRISRY PGP OP SRS é‘“é“al’ disease o
et erocycl 0 R 4B i her chronic or acute, and
b bstruction, whethe »
the 1 gr? éuerrﬁoﬂ)b %(fciqgn%%qy}%ﬂi]n? dine ya r003|clirfl (I: F}o%\not her o ,
occRIIbRsH BPNepedtbe iAhslation @f 2ubts) dif kot NEEYeT BéTHiSIte including, for
group is prepared by reacting 4, 6-dichl oro- 2-
nor phol i nopyrimdine with nnrggoline. I n anot her
enbodi ment, the 4, 6-dichl oro-2-" nor phohnopyri ni di ne
group is prepared by reacting
2- nor phol i nopyri m di ne-4, 6-di 0Ol with POC13. In another
enbodi nent, the 2-norpholinopyrimdine-4,6-di0Ol is
prepared by reacting norpholine-4-carboxam dine with

diethyl malonate in the presence of a base, such as
sodi um et hoxi de.



[0229] I n anot her enbodi nent, the substituted pyridinyl
or pyrimdinyl group containing a reactive boronic
WERhehssMpsti tuent is prepared by reacting a supstjdeb@foros

pyridinyi or pyrimdinyl group containing a brono

substitucnt with a di boronic ester, such as 4,4,5,5

-tetranmethyl-2-(4,4,5 ,5 -tetramethyl-1 ,3 ,2-di ox

aborol an-2-yD- 1,3,2- WD 2007/ 084786PCT/ US2007/ 001708

di oxaborol ane. I n anot her enbodi nent, the substituted

pyridinyl or pyrimdinyi group containing a brono
examg}é?,sﬁlhhﬂﬁ&tis,' SnBaPSYi€d ab¥etb SACLh ML dshe pURSLH, t 4118Gsis, silicosis,

yridinyl or pyrimdinyl group with N bronmosuccini m de
tabacONNBSNd blyAaediAnot her enbodi nent of the present

i nvention provides a nethod of preparing a . : . .
[009G) ch or AN R ShReH BBy IR GOV & fy PREiSEla g reletion
nPRERNOIINE, M S bhif 2202k b, © e 1L, Btid Shiid LA in th
to iR o osthorhi? obubandd FRAIBY Y MhBRiof e A, 3t in the
treatrh 8ntdROLMopANIelted 8RbydR, c. dVibeinpahiliac il partisuldrleotinephil related
~solvent is THE. In another nore particul ar enbodi nent,
disortlers of diel airwazs ded iBYRNEIE ABEYYG AedneRNilS adME By ef pylmonary
. rigd,of at |east 10Q..m nuie I . j ]
issu i e R et B e In e SRS LT Bt o, for
exardPld, CERMdpHEl-Yeal feB edi¥BF RO bolf NAe | Sirvedide dofisqaesiddlubi 08ncomitant to
conprising 4-chloro-2,6- dinorpholinopyrimdine. Mre )
Loffigds siyudroare, sppinjophtlfreprayinamilparasice 6!“6@%@!16%\}_“26@9&%} infestation
(mc]g%:ng%g'}ggélag{)g?glgﬁﬁiagﬂcl}w%%}xg]%}%vgn% a'g/gér?gil (%rig,l gc%ilygrrt(lzlxt’is nodosa
(inclﬁ?iﬁgl %gié&aggmmq’&ﬁl@ﬁ PYSiRdsHiRE, glafBicohRd Uk eokfhophil-related
alowed t©O warmto greater than 20C, "or greater than
disodbfs, af(ctippaht airwtdyancdnddbadogherctambodi nent, after
t he nor phol i ne and 4-chl oro- 2, 6-di nor phol i nopyri m di ne
are conbi ned, the solution is quenched by addition of
aqueq L £ RLES AU [ iheledtBRal oAin t
[Oogﬁgurs, 5¥§%§9ngg?ﬂgﬁkﬁ%urs, or at Ieasf é% hourg,loﬁnunaoryor

allergic dofdftomdb B ERIN, @6r &lantipapboridkid)@onmet dermadditin, a®pic dermatitis,
ours after the norpholine and

alopdcie irerts. Zrptheimrp mpHBIRTre i MiEF Heerapiafosmihi flgrodppa, vitilieo,
solution is.guenched.b diti f - isu
et Y. “RE S bt bLAPnloif Bl sRiomatosus, pemphisus

e
epidSRhMLER Buli®sR ULy hisRE, 1) ABEURTaRRIOEB! OGi1EBlE. cdvditons of the skin.
particular still, the colum is silica gel. In another

(00%bodi mengentshef 4hetihversion, Gadi Alsppholysadplpri thediTAgmat of other
dise%%%é%égz?%mdi%%ﬁ% ﬁﬁ?é?%lggﬁ%r%gga%eg rorzég rcmi.gg? Xlralvmgd% inflammatory

or mul a
com%gggl'ilt] %mmepftréahﬁcﬁm\é? ikl € UHdALBhMioRs of the eye such as
yrimdine core, such as those of Fornula |, nmay be _
conjnneperiedkeraicegninmuiviiés siofa, medhodsalf@mincdiviis Bireset affecting the
noscfs E{?qu£ g]tlnggé‘% rr}télmlt:llsg §cr)1 eﬁ%tgprglg(ﬂ'brls Iactz\%g lt"% which autoimmune reactions

are ﬂn&i&&@h?ﬁ Vg zﬁpQ%MQWohmd;ﬂcﬂgonbMetWSE?,Oﬁllalddiﬁg autoimmune
aromati c substitution reactions or by a Buchwal dHartw g )
haefbgical diforiag (eeatihboo!tidartaainga,efpladtic, anfiemialmge opd cell anasmia
Letters 36, (1995) 3609), WO . lvehondritis
and2 00PPaBiT s BPCTTRISYPENEDL 7HE SIS PR SPERTBEGHTY IO ’
or, hetergaryl noiet] se LAY upl bdive hepatitis,
sol PR Sooker RuiiomarOHs P OURT b oRte " PP e her
mydstiilia ProduRl nSwvee Jehisat edyndidere, kndispationdi tprops  autoimmune
such as by treatnment with finctionalized boron c esters '
as in the foll ow ng schenes: N, Ari  HN, Ari
ANAr 2- B( OR) 2AN Buchwai d React?®nNi ThSuzuki Coupl i ngAr zN
[0232] From 2, 4, 6-tri bromopyrimdirte: SNAr (or Buchwal d)
reaction cf functionalized arylasnines with
2,4,6-tribronmopyrimdi ne gave preferentially 4 -
substitituted products. Morpholine substitution
reaction affords the final pyrimdine anal ogs: BrHN Ari
[0233]Alternatively, nultiple Suzuki couplings can be



WO 2007/ 084786PCT/ US2007/ 001708 CI Cl Ar2-B(OR) 2

-"---, CINNSuzuki CouplingAr2'"" -N, N -Th Suzuki
WO ﬁ@%@z’zi’;ﬂg Ar3-B(OR)22 N R R'NH NR R' SNAr [ 028é) Ma@7/001708
particul ar syntheses of conpounds of the present
invention, particularly those of Formula I, IL and I11I

are provided in the follow ng Methods and Exanpl es:
Method 1 [0235] Synthesis of e

5-(4,4,5,5-tetrarnethyl-1, 3, 2-di oxaborol an-2 rimdi
1 i 1 ) - = m dl
ne-2- ylamne NBr H2N 9 )1, H2N N {8%6] To a

mﬂa.rn%f% rgog%\gjzl&_)fdlﬁge VRS agdefhtide a8BIRGs anr QrElY S | dibclisak endocrine
nunol ), potassium acetate (16.9 g, 172
opthalﬁfokiﬂﬂﬂy) Ghade’s, 51-1$6Eltse,anﬁtrh§4@o@s,( 4alged] i, chronic  hypersensitivity
pneurr:g);tg_trga?rlrliégg{;- %‘.];ﬁés;j Il)gg}aﬂl%? {)%a?"g cl %3515 u\feztxs &an?exr?oqoz[n%l ;%%tenor)
interstitial lung fibrosis, psoriatic arthritis and glomerulonephritis (with and without
nephritic syndrome, e.g. including idiopathic nephritic syndrome or minal change
nephropathy).
[0093] In another embodiment, the invention is a method for inhibiting
leucocytes, in particular neutrophils and B and T lymphocytes. Exemplary medical
conditions that can be treated include those conditions characterized by an undesirable
neutrophil function selected from the group consisting of stimulated superoxide relcase,
stimulated exocytosis, and chemotactic migration, preferably without inhibiting
phagocytic activity or bacterial killing by the neutrophils.
[0094] In another embodiment the invention is a method for disrupting the
function of osteoclasts and ameliorating a bone resorption disorder, such as osteoporosis.
[00S5] In another embodiment, diseases or conditions which may be treated with
agents of the invention include septic shock, allograft rejection following transplantation,
bone disorders such as but not limited to rheumatoid arthritis, ankylosing spondylitis
osteoarthritis, obesity, restenosis, diabetes, .. diabetes meltitus type I (juvenile diabetes)
and diabetes mellitus type II, diarrheal diseases.
f0096] In other embodiments, the PI3K-mediated condition or disorder is selected
from the group consisting of: cardiovascular diseases, atherosclerosis, 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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di oxane (300 nL). Argon was bubbl ed t hrough the
solution for 15 mnutes, at which tine
wdlbehbe9l 1, 11- bi s(di phenyl phosphi no) ferrocene] ... ..
pal | adi um (11) di chl oronet hane adduct (Pd(dppf JELF32007001708
CH2C12) (2.34 g, 2.87 nrnol) was added. The reaction
m xture was refluxed in a 115 C oil bath for 4 hours

under argon. After cooling to roomtenperature, EtOAc
(500 nL) was added and the resulting slurry was

sonicated and filtered. Additional EtOAc (500 ni) was
[00971" used t gs\RsEiddea Movedsindd @IBKNnBthsor gaming mxtseagesnode that
89- WD 2007/ 084786PCT/ US2007/ 001708 wer e washed ¢
mtegraﬂél;Z@axélZadBQQnmr)g PR Y50 6VIdZ00° MFmeﬁliﬂgo‘hBR/ the rel g‘tﬁmon of a

dfiltere ou ad, S ; d
PI3K AR WD ERBASTAAL eRa B v o oo A T e ngpgmeer =0
prohfe?‘a‘ﬂ v\éecﬁgeay?émcmg%rat ed, the crude was treated with a
0

ture 1:3 dlchloronethane and hexane (40 nlL),
[0098]f ilter ad»pamrrmas:em M¥hohbrere Yicastdiangers PYYRYPEFes [FHgRr2/neu-
- solid (8.5 g, 759%. LCI\/IS( 40 (MKt of bqronic
ErbBZa(gymﬂ targgt |qu Hga fif"tﬁntrﬁi“b‘& hy@tl%ﬂo)‘fgﬁ(’ tr%sﬁuﬁ_ B % monstrated
durabl feshs d)sis %f %E%% éégﬁ%ﬁ%ﬁés%é Iﬁ&ﬁ/r?e'd)lﬁrbhﬁﬂorﬁ%a $2bdet of these

patlen% ﬂfﬂgﬁﬁﬂemﬁanﬁvmrﬁnmyﬁmdmﬂbﬁethat tBis hmlteld respgppg rate can be
Met hyl ami ne (2.0 Min nethanol, MT‘bt 13K or the
substanaﬂﬁvi’ )mmeédaeaxet@rsbmaﬁ%ﬁé“?SE‘HPB’P OYPR ARlgPiters 3t B

PI3K/§M’€V\?EHBW?1%I aalsegleécﬂjz echhagid:onugssel .184f tRI05), Woods

w m nutes, the vessel was
Ignato%ﬁ?&eﬁz, B?lta.ge@ml&f%lﬂlmebﬁﬁ cahe} ngutebmlar@bmat@dl §: hl”é(2004))

C oil bath for 48 hours. Upon cooling the, volati ‘?St s or
[0099\frver e r efvovadetyn of abu@anm@b@fﬂé?lﬁ%l eXPEESSHiASUYTIHRRE | Wu ation

increag%i:%\égs( Zgg)éfnl_f\)ﬁgglﬂg rzlged Fur { %&4}%%&&1@1{?‘1‘10%@16 inhibitors
have ?g‘%nt d%?o&gr@aﬂ%q 11915 FadUpRSr WesEndlkinasde Q\tﬂlﬁdlldgf?o@@pva, gefitinib and
ered "and concentrated yielding an off white solid
erbitukd. Hewe83%whileCHE HR1iphibitp88 dgrpRerate( Wptf-)‘.umor activity in certain
i tabore o S P LTS ek fagte 2ol L BIRLW i B it pavients
with EGFR-expressing tumors. This may be ratmnahzcd by the fact that many
downstream targets of Herl/EGFR are mutated or deregulated at high frequencies in a
variety of malignancies, including the PI3K/Akt pathway. For example, gefitinib inhibits
the growth of an adenocarcinoma cell line in in vitro assays. Nonetheless, sub-clones of
these cell lines can be seclected that are resistant to gefitinib that demonstrate increased
activation of the PI3/Akt pathway. Down-regulation or inhibition of this pathway renders
the resistant sub-clones sensitive to gefitinib (Kokubo et al., Brit. J. Cancer 92:1711
(2005)). Furthermore, in an ir vitro model of breast cancer with a cell line that harbors a
PTEN mutation and over-expresses EGFR inhibition of both the PI3K/Akt pathway and
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 aitractive therapeutic strategy in cancer.
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WD 2007/ 084786PCT/ US2007/ 001708 60 0:-"S NBr N--
[0240] To a dry 500 niL flask was added
wo Roiedhyd am no- 5- bromopyri m dine (9.5 g,
pot assium acetate (15.1 g, 154.4 nrnol),
4,4,5,5, -tetramet hyl- 2-
(4,4,5,5,-tetrarnet hyl -1, 3, 2-di oxaborol an-2-y1)-1, 3, 2-d
i oxaborol ane (14.1 g, 55.5 mol) and di oxane (280 nlL).
Argon was bubbl ed through the solution for 15 minutes,
at which tine 1,1 -bis(di phenyl phosphi no)ferrOcene
(o100P2! | aditgr( EDmbHkabh &g AlEhYO @R hibNer addict 22ndEbH2, VEGER
2.51 rnnol) was added. The reaction was refl| uxeg%}th duced
and EGER) Gndi RADMN (eorinkibionpf miFaRs azqygisiream Bedd 4 ﬁ produce
to roomtenperature, .Et0Ac (500 nl) was;. n el
reater gouTtENey SERGATY g TG HEs Calopiln #Rugddatafldehda mod
EtQ ( sgdof s shotyye solid. The conbi ned
(Goudgt agﬁré‘ggge‘?gé)"\ﬁas 4 ﬁp}l%q% (2X300 i), Nad (sat.),
(01011 300 MAntideirogerny enciNag SOhoxifehs eriubit dneast fRangey gy through
were renoved in vacua Purification by SiO s .
inductédyr offeelgrysih prreS OV ErOREEh &G ABLYD ;?%éﬁ’%l 8%” Syelsy Phipitqrp2 7P
solid (7, 66 649 i i KM 06 ek bEthway alters
Recently; 4t héfePF?}} gréo r o@lrrﬁui %%lémgggﬁgﬁh%dr ol ysi s on EC)_.
the phibbpdolflilon CERGIS 2B 6k (Bat ILLLIGY5ELY iarTesing the cell

, 3H), 1.32 (s, 12H). Method 3 [024 nt hesi
cycleab &tdmatrh, 4heesbhyy FPYFIPRRRE JPnBR DS i“?isésjtkl%/el, gpRran. et al

NHoN 084 T8BPCTI US2007 0242 Tonmbition K
1 Biclofierort S e Ry by Pt ARG B2y Gt re (Toa g 100 o AT
signa oudh GBAAHRk arith (MBR Mbibivasrexdrhed the aberrant phosphorylation

ronosucei nimde (17.8 g, 100 nmol ). The sql ution was tored
statusS bi [p2adin hotmendarfadtory bEeanbgracerateibipeh apfing $9 RS res

dded &0 o2&t (04, 1k hede w44 ates its role
hormggg ggpﬁigmbl %{l%]ly(aq%pﬁsy\,f\ﬁ%meo%\p/\ﬁ’}ﬁrp %%%gg}éo%gg tes its rol

50. 5 FONWS2007/001708

ried ove
[l tered, and C ad, Avk Q&N 1145 (2002)). Accordingly, in one
to m@s{)i 5t %}l-%ﬁglteh %;ﬁli?tlttér;n%gl ne- 2-tyl arnine (18.8 g, 99%.
aspet!-t% doMFIundb&T . FOMAGA. (O by B usdd i1 thdl tyepyegpef Byrmgne dependent
822 (s, 1H), 5.02 (bs, 2H), 2.44 (s, . -
cancrO2 4BJiSyn tteast AoAAPIoERLE FRUEry 18 %‘?,(’%Esﬁg@rg‘r?e’%eh‘ﬁs’(si‘i‘%f’ Lommonly
di gxabor ol an-2- vyl |y di-ne-2-ylbapne HZN N | ---
seen [p fpeRe cancqTy 4 %ﬁ%&}’é};&%ﬂt@% agkgwag added _ ,
[01 095-] br P”D'Iﬁ'}[@%ﬁh)ﬂdytfdl Rkt ene,—%Mzﬁmmegjgé@yglo?pnqmleukemla (CML),
chogﬂgﬁ%-ggﬁ?;?éﬂyig g-tssapto%Si(blc “for g{e consthﬂpwgly activated BCR-AbI

(4,4,5 5-tetranmgthyl.-L i b V% %5 Yikhtifib3, 2 séidX molecute
tyrosipy iNate (UK g%@‘?%fo%g?ﬁ%‘éid)apﬁﬁd%dc’?‘ oxane (500 ni).
tyrodthd %ﬂla‘yﬂ%nﬁ%heé& 4 Pesau@IT ibhibitsal uf Ao kise bEtivitnytégyever, many

a ich tine 1,1 -Dbis(di phenyl hpsphl_no_)ferz}en;h n relapse later
patiqat hadi adyadcedhitasd discaicclpRASht HARSIRIAHELY Rup g *52P

nmol ) was added.. The reactio f xeh4il. aldP6 studies have
due ¢p [reHERACEGPEETRB AP YA Under glre\é\%%.l kiifltsgr cool i ng to
dembIOMEE A BER-Ab1 EnAA6 y4 BROR #3-R aftcsnaad gechveandia lecit 1ts effects. In

CESUT T ng slurry was sonicated and filtered, Additional additional
addidoRAGnATRAng L horashas edet kingeas int e s3NE PFKAY RFPST 1T

organic extracts were washed w.th 0 - dmother aspect of the
protipi@s &EalPﬁb{stﬂE")I‘,ceb(:rolrléed—n(?&erP ut\'%ﬁalégmH’%ch é%iélg%?’f ated aﬁlél pl
. urified b ' cF qgRL@@r aphite (EeQAm ebutmigiion etidi my least one
mveglop gtggfc%lﬁ %‘?’quv\hifte solid. By 1H NML2. the nateri al ch as
addl¥Bshalt aBedt, TBush WseGidevaP oitathe E8atErenged hematological cancers, su

4- et hylpyrimdine-2-ylarnine as a W)

2007/ 084786PCT/ Li S2007/00170§,._



byproduct. The material was used as is i
Suzuki reactions- LCMS (nmfz): 154 (le+|2fsggfgﬂrgnt
CﬁﬁhQNHQQIKHS) 5 8.52 (s, 1H), [0245] Synt hesi spdericy
fromin situ product 5.14 (bs, 2H), 2.56 (d 3£€ fqggﬂunos
Met hod 4 hydrolysis on LC).11-1 NWR (s, 12%6 ne of
5-brono-4-(trifluoronethyl)-2-pyridylarn C F 3 CF3

Br I H2N H2N [ 0246] To a sol uti -am
trifluoronethyl pyridine of on 2-amno 4

chronic myelogenous leukemia (CML), to reverse or prevent resistance to at least one
additional agent.

[01063] Because activation of the PI3K/Akt pathway drives cell survival,
inhibition of the pathway in combination with therapies that drive apoptosis in cancer
cells, including radiotherapy and chemotherapy, will result in improved responses
(Ghobrial et al., CA Cancer J. Clin 55:178-194 (2005)). As an example, combination of
PI3 kinase inhibitor with carboplatin demonstrated synergistic effects in both in vitro
proliferation and apoptosis assays as well as in in vivo tumor efficacy in a xenograft
model of ovarian cancer {Westfall and Skinner, Mol. Cancer Ther 4:1764-1771 (2005)).
[0104] In addition to cancer and proliferative diseascs, there is accumulating
evidence that inhibitors of Class 1A and 1B PI3 kinases would be therapeutically useful
in others disease areas. The inhibition of p1100, the PI3K isoform product of the
PIK3CB gene, has been shown to be involved in shear-induced platelet activation
(Jackson et al., Nature Medicine 11:507-514 (2005)). Thus, a PI3K inhibitor that inhibits
p1100 would be useful as a single agent or in combination in anti-thrombotic therapy.
The isoform p1100, the product of the PIK3CD gene, is important in B cell function and
differentiation (Clayton et al., J. Exp. Med. 196:753-763 (2002)), T-cell dependent and
independent antigen responses (Jou et al., Mol. Cell. Biol. ~22-8580-8590 (2002)) and mast
cell differentiation (Ali et al.,, Nature 431:1007-1011 (2004)). Thus, it is expected that
p1100-inhibitors would be useful in the treatment of B-cell driven autoimmune diseases
and asthma. Finally, the inhibition of p1100i, the isoform product of the PI3KCG gene,
results in reduced T, but not B cell, response (Reif et al., J. Immunol. 173:2236-2249
'(2004)) and its inhibition demonstrates efficacy in animal models of autoimmune diseases
(Camps et al., Nature Medicine 11:936-943 (2005), Barber et al., Nature Medmme
11:933-935 (2005)).

(0105} The present invention provides pharmaceutical compositions comprising

at least one PI3K inhibitor compound (€.8., @ compound of formulas (D-(111)) together
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(10.0 g, 62.1 nmol) in chl orof orm (200 nL) was
added N-bronosuccinimde (12.0 g, 67.4 mol). The
solution was stirred in the dark for 2 hours, at which
wo biimsitsewas added to CH2C12 (200 nli) and 1N Nae@©H/(2007/001708
m.) Upon m xing, the |ayers were separated and the
organi c | ayer was washed with NaC (sat.) (100 nliL),
dried over Na2SO4, filtered and concentrated. The crude
material was purified by Si02 chromat ography (0-5%
Et OAc/ CH2C12) yielding 12.0 g (80% of
5-brono-4-(trifluoronethyl)-2-pyridylamne LCMS (nfz): -
with 2%hhddscdiMbidy .actbbtibie ¢LBCE Bpitabledf@Badmimipratiqn 77 (& human or
1H), 4.78(bs, 2H). i .
anima) g3 F¢tSyiteTadoROPHLoBether &vith phET MRGARGFABES. di oxabor o
an-2-yl1l))-4- (trifluor -2 i.d : f f treatin
(01063507 odBYSETEIEIBE dﬁélr?f’gg%%é‘i%‘?*{‘r’g %{403’?‘?/%82%15 s o #
humah lo@%iﬂﬁsstﬁgé’cﬁg saffoFiAUrdin (at ¢difiatopronieiasil ¢ d2sease, such as cancer.

pyridylamné (11.8g. 490 mmol ), potassium acetate =
The p(-&éntﬂr'glveﬁﬁ,ﬁn providos met}zg@,cg', tgeating a human or animal subject in need of
tetrarnethyl-2-(4,4,5, 5-tetranethyl-1, 3, 2-di . - :
such Stepiyent; SOPRISRADEIDIRHE PR 50 Y BIgt (3 EBRALEA etrective
di gxar i) -c AL SRS DUbRREbdAd 88gBmhliRs ()-(IID), either
amomsl%)?)}ljt%l %Eﬂégg&fggo%ncnut es, at Which tlgorre
alone:bﬁllh cbg&(zgﬁtmﬁ?nﬁhmmmﬁmﬂtinmz%eeﬂg@?gng pal ;adi un( | I| )
chl oride di chl oronmet hane, adduct .0 g; 2.45 nr wa
[0107dded. FhePardelerofOWRESHONE uREY FIPY Pfs f‘t“‘é'ﬁj‘?“ﬁ)at‘%ge%“e’ s
for. 8 hours r 4 e’ﬁ‘f§ Lra®Q9! 1AREichBcdrOfBnts for use with the
combination, ETR SPH? ﬂog %flﬁgggngr vvase%r eam)\?ed inovac u%g.g Et OAC
invert28Qndiuiie AR adéldedllimated th hener @sabtd ofthsIfalioyivgset forth below:
sonicated and filtered. Additional EtOAc (500 ni) was
4 K.usedlnthgbiy\gar§h the solid. The conbined organic extracts
- BT Cbnicént rated and the crude material was partially
[Oloﬂuri fi egibyseSiigbiebisofmt ogr aphyticBtbed 08B0 Aa/ ddetameion, with the
pon renoval of solvent, hexanes (75 nlL) vvas_(f\ddeg; h Fact
compafsttemssohileapresent tpeentesuinelusly SwbiteTarf Fpidemal Giryth Factor
dried on a .high vacuum for 3. days y] ' (/I inib (US
Recegiar (HAHHD 190 SR, o) o P e plica . forbxtinle Bffitinib
54572’%}85%6‘%%5@@!@%@ £80859AMb-6474 (WO 01/32651), erlotinib (Tarceva®,
-arnino-4-trifluoronethyl pyridine byproduct. The )
US SEERADal ambdV0s 86/08473 wmd danssidfudS SRTKESS eadt WEAL2/02552);

Vo s GO SRR SHD KBRSy E s -
112{%5%@%/@?%%2&%% rlﬁﬁi)gé i(‘éSi?,Sé@&BZH)d WOBHolE14203HEU 6668 ‘(US
5.885-1hB oma- W boie Hopy, SPETIRZER (YIS 6665612 aadi B8 CFEERY7)pyvatalanib or
ey (R ASER SRR SO R0:8D pag- genigsiy Qugigos0s116)
o PELEIT (SO Sl poseur s e ser (v

02/62806)16 BewdcizuBhb Whbeh Avawire@idi (Wehal 94/10202), KRN-951,  3-[5-
bronosucci ni m de (4.

0 9,.22.5 mmol) wa Af t.er
(mettisulfonylpfperadimeadaietighitdoly o relphe SR GR b AG-13925,
a G12. (200,41 tbxo1 Upaio04, CEP-701
YRk e AT BT var e e L0gs M i Qa0
U200 10838 6ESTIUSR00T /AT EB)3 Irber gankine| &jrersewdmhibitors such  as
washed wi'th Nad (sat) (100 nmL), dried over, Na2S(4,. . hibitors
perthilihal €W @il /002D tesuadmal; and| gk imRby 4t REpgingpnase mibitors,
5-bronmo-4-(trifluor th - 20 i dyl am 317615 (WO
sucl s, RX-DRH o 4f°(WET%}gisf{ ]‘%\l@ﬁ{)cb‘gi‘g’ i %g"h( ?gv% ¢
5.38 (bs, 2H). _44-
[ 0251] Synt hesi sof 5- (4, 4,5, 5-tetranet hyl (1, 3, 2- di oxaboro
| an-2-y1))-4- (trifluoromethyppyrimdine-2-ylam ne
[0252] To a dry 500 rilL flask was added
5-brono-4-(trifluoronethyl)-2- pyrimdylarnine (10.1 g,
41.7 mol ), potassium acetate (12.3 g, 125.2 nunol),
4,4,5,5-

. ~ 7 a ‘a P — . . ~ o~



WD 2007/ 084786PCT/ US2007/ 001708 Met hod 6
[ 0253] Synt hesi s of 5-brono-4-chl oro-2-pyridyl arnine

woGh&F st NH2N [ 0254] To a sol ution of PCT/US2007/001708
4-chloro-2-pyridylamne (6.0 g, 46.7 mmol) in
chl oroform (180 nlL) was added N-bronosuccinimde (8.3
g, 46.7 mol). The solution was stirred in the dark for
2 hours, at which tinme it was added to CH2C12 (800 nth)
and IN NaCH (100 ni). Upon mixing, the |ayers were
separated and the organic | ayer was washed wth

95/]7'1\@53 (2&d) f(r;lfggnéah)IS dobgdy om0, Wﬁ@ép/MEWRlaedkmnsb inhibitors
concentrat ed. The crude materi al was

i fi ed b
includihg comifagb ApyY @359BEY m&m&%ﬁ@ﬂg@@ ‘@?SQAMG -548,
380 of 5-br

S DR ot AU DR g o

inhi ' (PSoinald (cbR3 SrhiBrotdestwdafy CYC-202 or roscovitine

mhlblg & Héh Dép%ﬁle B A ranét hyl (1, 3, 2- di oxabor ol an- 2-y1

(wo)éwé’es@y amdiw@mamq:m], EPIateltHQII&lexhlvccb Gupth Facl@2Beparson (PGFR)
dry 500-nL flask was added 5-brom 4 ¢

s i st VR 3G, °55 BA . 4 aSUF P48 apg Spo0ss: and
Bcr—.«%lé]tlf;gﬁ%t Hé%ltlgés inc? Fuos)l(da &ri @1%({ Vi _ﬂ@??— ot Glferec® (1matm1b)

2- di oxabor ol ane
B A,{,;@Stlogensw 8 mmol ) and d| oxane (150 rrL) Argon was

bubbl ed through the solution for 15 m nutes, .at whic
[01090 2(EETyoR8d-T8EPINE BSOS FPBSEAnEtiCRRBCEr therapy in con_]unctlon with the

[ phenylphosphi no lators
compgitRdR O CRESTOBL PN S SEERGaPd ARl T ieehigr Modula
(SEI%@§%M§&% ¢ TREnd8Rm!t iterentidénd, ahldrifsle] ramatkse Gnhlbhtors including

for 6 hours under argon. After cooling to room
Arinfi¢ep®r at Unegstioheledi BrangenaBeeapter daovaresdaiars giddes) including
(500 rrLéﬂvvas then added and the resulting slurry was
Faﬂ%@%@a‘t VA ti | tered. Additional EtOAc (500 nl) was
c Ams /F'natr yash the solid. The conbined organic extracts
were %centrated and the crude material was purified

(01 1b¥ Si ﬁadfdyeﬁn&tgeghgmgen(s&dmmea& sitigentyr. thgpany fregpiianction with
sol vent, 3:1 hexanes/ CH2C12 dded (1
the gnppsition eEORIERb PEHOR G (b St Pieplithipidgy finesteride,
concetrate in v of a white solid.
H‘f‘!ﬂ\lﬂfd%e‘?%eg%&% Xﬁ(f“!:gtltx%gstgrcﬁdg

material was a 10:1 m xture of
D. d}gg,om;@“%ter and 2- am no-4-chl oropyridi ne byproduct.

The material was used as is in subsequent Suzuki

[011ndact Coher. inldbinps (fm z‘}se B33 a{‘WEF‘°8¥ WFOGhi @ gopgpnetion with the
der|V|ngffrom|n uct

Chrankfelase inhibitors
comﬂwh{a jhe Bregcg% n(v rmf lncé rp?!)%ﬁ‘l E‘Sﬂﬁs}l de HS ,} e inhibit

mcl%(ﬂ%)l thpiBn{ts or RRI 577 d26’03iﬁ%53]£;mtvh9893/20f701) BMS-214662,
?ormpyrl m di ne- 2, 4-di am ne NLN' NH2NI -12 1 H2N N Br 4
AZIDEABG] Tand sBTLLVGN bfposomerpsn ABPPHPTH dilrﬁ.‘éu(élilgo Tgnerbaronc an
diﬂc?m%tecan (&N-QOQCIhsl) orrn?to%crﬂmesm spindle protein (KSP) inhibitors including SB-
743921 and MKI-833; protease modulators such as bortezomib or Velcade® (US
5,780,454), XL-784; and cyclooxygenase 2 (COX-2) inhibitors including non-steroidal

antiinflammatory drugs I (INSAIDs).
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(30 nL) was added N-bronosuccinimde (1.62 g, 9.08
mmol ). The solution was stirred in the dark for 12
wo RRvhgs7s@t which tinme it was added to CH2C 2 ( 2b@/uskdor/en1708
and IN NaOH (50 nL). The solid that forned was
filtered, rinsed with water and concentrated in vacua,
yielding 1.4 g (74% of 5-bronopyri m di ne-2, 4-di arni ne.
LCVMS (mz): 189/191 (TAW. '"HMs/IR (DVMSO-a6): 8 7.78
(s, 1H), 6.58 (bs, 2H), 6.08 (bs, 2H). WO
2007/ 084786PC' 1/ US2007/ 001708 [ 0259] Synt hesi s of
- 5 Ji12NP | -1, 3, 2-di oxabor ol an- 2-yppyrim din
£ Came%f”( ?h%md%f%r’ﬁaﬁée N IHI%\Z&N NH2 NH2 9 | H2N N [ 0260] To
[ol1iz]a dry Pabtidulaskansas chduedherapeutic agents for use as anticancer

5- bronppyr.i m dj ne- 2, 4-di arni ne .0 5 Liude
agentspigt £981UBRHIGR SV HE PP zfé’.’%p‘bﬁ“‘%%."%%gr%? r%lgfejnl‘ fivEnfiR Ghdinde

4 5, bi f.et t hyl- 2 AeD, dex®), bl in sulfate
anas“??ecﬁ?anéﬁﬁé ? g ZY%F%)?EI%%@SI ag‘?gs-oy 8( i 3, _Z?Odnia)(;;abor ol an
(Blendkah3®)2 Gusdfidn?2 (Vipleran®yl dibwxakien (Sofeatiop.  APYeRIRED).

bubbl ed t hrough the sol ution for 15}”§i_nut es
C

i . v %o ¥=3 f?‘}(’%&hfq >
capecitatine 1, 1' Chilega®PhhenyFrRFONNF 7311 B e >pal ' ad| 1y
chl.oride (2.5.4q9, 3.1 Nek ) eNREe ambifil eR6hk&An®),
carboplgiin, Q?ﬁ‘ﬁé@fﬂ“@ﬂ’ gg—ﬂ"ist%reo?‘?)%at h )?g(?ﬁ?% hourlsqunder )
cisplaﬁ{lg@ﬂaﬁrﬁ;l@f cfaebidg (L anst-aor), ewpkm@pap@,mitdhe(%ﬁww® or

Neosds, ShowargantrophEt RaPEcRs CoHEsH T Bed v VRe op e
.. to the resulting soli é I GhJ QL iRaAARtiGdniykin
11y Sty Q?e%%ﬁix@t F%‘%I?Ehzéneggp? gc\;\%/g(g‘%? }Eﬁieretd.ogﬁ% gol_ilq was
Db, clhig-Aehr amRatedin hdadicARimRPECEmbiingD), mnbrtici eitrate
contal hing desired boronate ester was coar}geﬁ%at ed ENyus
liposmnileuaﬁc:ﬁom@a&ppgsm @,wﬁgm@&&l @ét ?ﬂ%e‘il‘l’ﬁﬂtf o AP
: er saonication, e, s j L8, etoposid
20049 T, \iernraltiny PR e R SEohy cipposice
sol.i.d oft aj Washdbhed WrdedaBRgh $atudibutaeilyi ehdrueh®,
Wep%%%@?bdﬂ%,a%-agglgr ni nogyri m'%gsl- 5- bor o_r%t_c est e;@é}%’gité%ne
Efud@x®@%7% . ftaihiide NM REHexim@er i al t4@ste 4.1 ni
u 2, 4? di ar ni_ nopyri m dyl-5- bmg?t e®rest1%r andn  (ldamycin®)
(difh@yrdd et eretidpek i rﬁﬂ@?@"ﬁ?‘ﬁ; glce;a he TREPER z}a Es %;&d@’
. .as.is se, u {Rakb], OnSaspafldindsal ZELS ,
‘fOSf?’th @?E%or bnl;g’lg]%%ﬁlg, g(geroi ng jfromasipn situ p(rfod.uctt][l ®)
Sotie0! 3434150 NrkeGhalabH (VR BR(] - EED3Oypurgeg, Paripsthol®),
e 1,34 (s, 12H). Method 8  [0261] Synthesjs of ..
methbtreenieo xGHoyei®, dirmtoxnoag ((BVC ShH N5ltard, paciitaxci
2007/ 084786PCPUS2007/,GQ1 HRNNLGL HRD: 262 T@oawith
(TaxglPy PgﬂBrBf‘ &%ﬁ?‘gél or o]-?)g-%équﬁ%}o pyrti rrngi r:ec%(zS. 0 g, .
Cmﬁgtiﬁcn%ﬁm. EddI@no| tafkBfent itrams BidewieR P s RMRARIC
met hoxide (6.59 g, 30.5 rnnol). The solitl on S opotecan
(VutiefiR)X e 6-thirguainsou tisotepr, WHIBIHZATRES t AL HEYIFAN0l WRS
renpved in vacug.

The resi ' | i t OfRristi
kBB S8R R ) SRR e

[ ReeNaMNadHe).fi |l tered and concentrat ed
(O“'%/‘?l‘gpg%éndﬁ@bg&(’gog/? of 4-ch)l or o-
F. ioneiihgxegpysi m di ne- 2-yl ami ne. [0263] To a sol ution of

4- chlor o- 6- met hoxypyri pi di ne-2- vl (44 €dmpositions of the
[01¥}lunol ) iMKERBRAR %g%ff E‘}_r) “Ihd” e%ﬁ@nol © 1%6&mg_1)e, vvag) o
Pres%glﬁel%gg“igg pfoqp%@éﬂgla%&%pé&x& MheluB5. FNBE0)08ND drogdoretizine,

pal | 'adium on carbon (2.9 g, 2.77 nunol). The tufosfamide
oxallplRFOIENSOUS 1 6BB4E.| OWaD3849 7 8edathdéYOCa BHPA30Y> € ’

at nosphere of 112 for 14 hours, at which tine the

solution was filtered throughyg Celite pad and the

vol atil es were renoved in vacuo. The residue was

di ssolved in Et 0Ae (200 nL), washed with Na2CO3(sar)

(100 n.) and with NaCl (sat.) (100 nmL), dried over

Na2SO4, filtered and concentrated yielding 3.1 g (90%

of 4-nmet hoxypyrim di ne-2-ylamne. LCVS (nfz): 126

(NEW. "H NWR (CDC13): 38.00 (d, J 5.7 Hz, 1H), 6.08

(d, J= 5.7 Hz, 1H), 4.98 (bs, 2H), 3.84 (s, 3H).

P~~~ A



Ol H2N N WD 2007/ 084786PCT/ US2007/ 001708 [ 0265] To
a solution of 4-nethoxypyrimdine-2-ylamne (1.84 g,
wolferfos®g30l ) in chloroform (600 nL) was added pcer/usz007/001708

N-bronosuccini mde (2.62 g, 14.7 nrnol). After stirring

in the dark for 5 hours, the solution was added to

CH2C12 (200 nL) and IN NaOH (100 nL). Upon m xing, the

| ayers were separated and the organic |ayer was washed
with NaCl(5.0 (100 nL), dried over Na2SO4, filtered and
concentrated yielding 2.88 g (96% of

mafosgzij‘g;c%n%_tc?q\ﬂﬁn)gg Wﬁ%‘f‘%%%ﬁﬂ n%ﬂgéﬁl%o ttl(eSQB'{ﬁ{eﬁm Iiz‘rsuggn irofluven

(acylfiR&ncEH) pedel@fieline; 3lpyipzolpd6HRSY nfiiedit §934); O6-benzylguanine;

4- met hoxy-5-(4,4,5,5-tetranet hyl (1, 3, 2- 2-
decitapine ;ﬁmzmzdnmmyflmem B g, [ THORCGh o NG P ERBR: \TLE-286

(Te]c%toégq,'edga Zogab:élktr%il aﬁ&ﬁs\é?ﬁ'/?g?%d n%'P (szzsg (Pé?tniadtf formulation
of Cuﬁ;mh)g EQ BB QN eHr8zi (4 (ﬂa@@lorétﬁm*ﬂurfﬁ)nol ),

tetramethylz (4,4,5, 5-tetrarnethyl-1, 3, 2-di oxab
G. Clotakrendgemyd) - 1, 3, 2- di oxaborolane (3.76 g, 14.8 nmol)

[O1 Itél 2? ut%}%ﬁg‘?’f% g&qént{r??%ll;ag Sm C(.f]’l_] %Gc'u b ul gzlk'letﬁjleté?)r%{gaj;'u&ﬂ of the present
mveni]h ?11&9' sdisliphenyilphnsnbs nedi.ee rt@&@ﬂmﬁ)maigbadtdj (WI1)01/60814); RP-

ori de di chl oronet hane adduct (0.58 g, 0.71 nrnol
697; Togimedet ﬂmﬁﬂas(chéﬂlﬁﬁledgadonS\@w \sPisyPh fdpferpxamine;  and

hours under, ar After I|n I o t
bleorpyian gmiRany o pRirsen i osE e R EE0 m) was
HB:??'%‘? ﬁﬂgp S AERitdANg sl urry was soni cated and

Add|t| onal Et0Ac (500 nlL) was used to wash
[o114jhe swiolskicdlheesponid neddidreganiedh \mr errluun@emmhtlét@r%nﬁ)f use in
the crude material was purified b Q2 chro

conjmlg;\cwgg @emgosﬁl%qsdpﬁéhengpsan fnvﬁﬂtIBf’f 0 18 Scb pthrapeuncs
metadf sk 1 REESG Rl s iy, P ent e
midodBSirisS @6kcasv s 023094 bs a0 BT /BOBUKIWO 89/07105, US 5,621,100, WO
93/07153, WO 01/04125, WO 02/30941, WO 93/08809, WO 94/06799, WO 00/27422,
WO 96/13506 and WO 88/07045); squalamine (WO 01/79255); DA-9601 (WO 98/04541
and US 6,025,387); alemtuzumab; interferons (e.g. IFN-a, IFN-b etc.); interleukins,
specifically IL-2 or aldesleukin as well as IL-1, IL-3, IL-4, IL;S, IL-6, I1.-7, IL-8§, 1L-9,
IL-10, TL-11, [L-12, and active biological variants thereof having amino acid sequences
greater than 70% of the native human sequence; altretamine (Hexalen®); SU 101 or
leflunomide (WO 04/06834 and US 6,331,555); imidazoquinolines such as resiquimod
and imiquimod (US 4,689,338, 5,389,640, 5,268,376, 4,929,624, 5,266,575, 5,352,784,
5,494,916, 5,482,936, 5,346,905, 5,395,937, 5,238,944, and 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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WO 2007/ 084786PCT/ 1.1 S2007/001708 reactions. LCMS
(mz): 170 (M#4' of boronic acid, deriving fromin situ
wol@ﬁtﬁﬂidﬁsshydm' ysis on LO. NIVIR (CDCL3): 8 8. 41(652007/001708

1H), 5.22 (bs, 2H), 3.90 (s, 3H), 1.34 (s, 12H). Method
9 [0268] [0269] H2N Synthesis To a sol ution of

5- brono- 6-fl uoro- 2-pyridyl anine (1.0 g, Br F 8.93
nunol ) in chl oroform FH2N of

6-f1 uoro-2-pyridyl arnine (55 nmL) was added
N- br onosuccinimde (1_59 g, 8.93 nmol ). The sol ution

[Ollﬁms Ahlitaedr i hdchfesdfdrkudedin onhaistion afithwthe kotripwsitions of the
s added to CH2C12 (200 nL) and I N NaCH 550 nmL

presermli(‘l/éi‘gwﬁI %:elddayx&vsm/@ ETeespedrarebietinra 26n 896t Q%ﬁ%-éf Oﬁ);dg,rggovomab
was washe th Na
(OvaR b AR s denk L B LM s Vaaahb e PHE00 e tbia014, GI-

pu br, t : .
4015, 30 Egi ‘?1‘31@/ b“r%'g% fdﬂlggt‘reggtgf&"il{)évyrﬁﬁg%é;ﬁlggﬁlz ?I,%hgﬁﬂﬁﬁﬁ) GlioVax-1;

Melaﬁ&x@ Ac_ilaé;l\ﬁ@( of zerNLQm samz)sglmam,, s@mmmnco¢;;@1@v 16
E7; ]Sq:{é@i]i(?[)g\ququlg of 2-)1917'5@'6 3 gqu,é %’#04), H]:-liR— \|7|4ZAX 1'?&(’,‘TIVE which
stimu.\izitjzs) i c&%r I( %ﬁf%f% ﬁf&r?%\ﬂ:@%ﬂ;aﬁ:;:Ml&EﬁFBt%gg%x]o#g@ghg%;?@na' Listeria
monos.:gkfgenéé gsdedsccatided 5- brono-6-fl uoro-2-pyri dyl am ne

J. Antisense Therapy:

[0117] Anticancer agents for use in conjunction with the compositions of the present
invention also include antisense compositions, such as AEG-35156 (GEM-640); AP-
12009 and AP-11014 (TGF-beta2-specific antisense oligonucleotides); AVI-4126; AVI-
4557; AVI-4472; oblimersen (Genasense®); JFS2; aprinocarsen (WO 97/29780); GTI-
2040 (R2 ribonucleotide reductase mRNA antisense oligo) (WO 98/05769); GTI-2501
(WO 98/05769); liposome-encapsulated  c-Raf antisense  oligodeoxynucleotides
(LErafAON) (WO 98/43095); and Sirma-027 (RNAi-based therapeutic targeting VEGFR-
1 mRNA).

[0118] The compounds of the invention can also be combined in a pharmaceutical
composition with bronchiodilatory or antihistamine drugs substances. Such
bronchiodilatory drugs include anticholinergic or antimuscarinic agents, in particular
ipratropium bromide, oxitropium - bromide, and tiotropium bromide, and 0O-2-
adrenoreceptor agomnists such as salbutamol, terbutaline, salmeterol and, especially,
formoterol. Co-therapeutic antihistamine drug substances include cetirizine

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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(370 ng, 1.93 nrnol), potassium acetate (569 ng, 5.8
mol ), 4,4,5 5-tetranethyl-2- WO
wo 209640884786 PCT/ US2007/ 001708 PCT/US2Z007/001708

(4,4,5,5-tetrannet hyl -1, 3, 2-di oxaborolan-2-y1)-1, 3, 2-d
oxabor ol ane (538 ng, 2.12 mmol) and di oxane (15 ni).
Argon was bubbl ed through the solution for 15 m nutes,

at which tinme 1, 1)-bis(di phenyl phosphi no)ferrocelle
pal l adiun(11) chloride dichloromethane adduct (79

conditio%rs,?t%r P;ﬁﬂiil)ehas%cﬁS%C bi GRatkASt BEIJ | Uwexhnioh I\iéegﬁsﬁl %ﬁ) .
a or ours under ,argo Lo @t al, J. Clin.
202:49-59] Rendi gbal; Ma%ﬁ‘é-, REWAijqf'rlk% 8%?‘{8-5%5@, Tsayukiet a 1

bOBHAS 08a S hed CeidilabR20al((3299) ). I Ries i | prot

Invest. @%%g}%%% dried over Na2SO4, filtered and concentrated.
20:1-8.Purification by Si02 chromatography (30% Et 0Ac/ hexanes)

yi el ded boronate ester (161 ngy, 35% . LCMS (In/z): 157

(MR of boronic_aci.d, deriyij f 158 oS lihbrapeedtiEents for use
[0120] hydr ol jsi ageghs idpe! ?T‘qﬁﬂlfﬁeg%&ﬁsgﬁla 7286 IQ? J = 8.4 o
in combhatidivithBotBr ¢, substangesisuch s app; inflpnmafony HrgRChodieiory

UML), 1.32 (s, 12H). . 40242 Sysdshestise of

antinisGIE P RSB OB BT DY Bt e : cor example as
inflamin@R 3 kiwRlye disues swichiadéhgseagentipned PEICRPRIGTS: 1768 %la%_]eg:

to a sgl uti 4ol | #QLaP Y Rigd ion ag aantaie cFffAdseihg r¢aéeE
potentigors g Hhsr e%p)c%rgﬁé%%é’? Shctpat Igg (4 n%z5 ifrgbr%g“%mmlwbe mixed
dosagih@iot pureappleddé pEEktsiaf s§ch g8t el 235§ he Teaction
with tl?egchtHLZrl ¢ WaSstihid fres aatd pRamhdcenpes abmmesitortar i maysbe

otirs. After evaporation of th d bst _
sdminotarc sqroeiab, SWES SRR BTy 1) 11 D5 OBy CLGT e osence
Accor?in%{ r{g% ﬁé‘b%:hhcﬁz nglrhrﬁieﬁ ggﬂ'o‘;‘lﬁ);ﬁa@mmalﬂ,ag?n{; oté the mven;zrfz: )
yridin-2- i WY MUt e drug
hereinb&foBdesprippd widlp 2y ARYHT aW?t?r)ph){of& géhmangfg.s_ u '
subste{ngé,%%ldsyggnla o8 isofrdohlion und Saifi4ig BulsstanaerRE H@ fh{PE-SEms

I'oxabor ol an-2- yl ).pyridin-2-anj ae Wy drugs include steroids, in
diffcr@go»marmpwwé‘?%%?ogf% @%30275] A a s eal abl e
particgbé.% SX.dBEERRBER @S SBth adbudesbuide.

gclamethasone, uticasone,
bromo-4-f| uor opyLi 1n-§§@§%§ REH £ohdBe dscHbedra)$5451700,
Ciclesﬂpﬁe&rsﬂf‘é‘f‘?%%y%&?ﬁ( PGEEILZ ¢ ot rarnet hyl- 1,

3, 2- .
LTD&E&&E&QE@'S&Eﬁ a2 motelbk85t2nd ERENERH (é(ﬁféan%l&lﬁ rﬁ%(%ptﬁr. ;igé)msts such
|

mol )., potassi.u - Ay dPo:02 7eeunei(]3-8hd di chl

as cagfrgopyge, r9%°§“{‘§‘.‘%ﬁ‘§h§f“§°ﬁ%?g‘%i n"0) ?%rér[o c ﬁ{i‘%fg" al

phen@RihoFiprbpyl)eiutfonytletrot hameoaeibe (¢ 1697570 010 nr hol )

PharE P JECRHT e e n i GReL o R eaE | o o UL Sran B
" .

Astritdneeagland PDES @hitgFors sREUPSATAR IPAERS R KR R EniRac: (5y

conp/ Scd ee ADy'14-CB4 (Bhger) RCH I SHilXSgheripgough),
cudgfiRLE B cuaines oY1

. enmperatu B, is). Such bronchodilatory

B e e e Tt e M

dmg\%ng&%ﬁﬁécg&]ﬁic%bﬁ%fgﬁc w?nﬂsmdcdrmis apeBgUBPRiGHRE jPgHgopIuMm bromide,
i thout further purificati Tk PO Re bRt dit ol ises such as

oxitypipitira DT DG o °(‘?%P§’)f’:ﬂ§ii5_7. 0 gNﬁ cf - %mtl N, tically

Salb%ﬁ%&m&gﬁtﬁﬁggﬁ’ sg?ﬁdggw apd:f%’}? g]:gdtgngzoghdf ’) oalf tforn‘m.l:a. Iof
y v orm

acceptahle FRitsthfTeSio? L ngdundsd g X

sonicotinonitrile 277]1n an.. . s ted
PCRlBinatifhd giakert publican o ok WQ Oé)f’asalrllge%: mggca.’lrgcnt is incorporate

2-am no- isoni cot L 16 bh€ds IEiAh s Bxhmpl@Shemof Despacially a
heremlHéﬂrjife\ﬂ%t?edP%es%%‘iabggg‘{’%‘f’gdé‘g onitril 2"?’3. 5 m). Solid
condpodham@Foesilai m de (89.2 ng, 0.501 nmmol) was added to

the stirred solution in one portion at RT. The reaction

solution was stirred at room-t8nperature in darkness

for WD 2007/081786PCT/ US2007/ 001708 90 m nutes. After

evaporation of the solvent, the crude material was

further purified by silica gel chromatography to give
2-arni no-5-brono-isonicotinonitrile (53 ng, 49%. LC M5

(m/z): 197.9 (M), Rt 2.92 mnutes. 102781Synt hesi s of
2-am no-5-boronic ester-isonicotinonitrile



[0279] I n a gl ass pressure vessel, a m xture of

2-am no- 5- brono- 150ni cOtinonitrile (25 ng, 0.126 nmol ),
wodndh/fesmet et rarnet hyl- 2- (4, 4,5, 5-tetranet hyl- 1, &Rvsiooxan170s

borol an-2- y1)-1, 3, 2-di oxabor0lane (38 ng, 0.151 nmol)

and potassium acetate (49 ng, 0.504 nuriol) were

suspended in dioxane (1.8 nlL). After purging the

m xture with argon for 1-2 mn,

di chl oro[ 1, 11- bi s(di phenyl Phosphi no) f errocene]

pal I adi un(11) dichl oromet hane adduct (16 ng, 0.019

ramol ) was added in onelportion. The—reaction vessel
was seal ed and heat ed| at |120 C\ stifrring for 2
hours. The crude -:@no sol S cooled to room

tenperature and used 3 her purification

assum ng a quantitative y,hel%l of the boronic ester

(0.126 mmol ). L/ MS (il z): 1640 MB+ of gf}gﬁ‘ oronlg
and phefrdadegtipglly B5FepiableiEaltn, mfy%?é JAPTUE)C AIgagyne drue

subst &'étlﬁ&udé\/gétn‘i’ﬂnégydrochlonde acetaminophen, clemastine fumarate,
nt hesi sof 3- flaoro

4 4 5 5-tet 1-1, 3, 2-
promeihu ol IR 1Py Ao 0T Rt o
hydr&\kt@éﬁdelt%rﬁﬁlbl@tﬁ@rm/cﬁf sHent2o puhBiimeentMl and steroids, beta-2 agonists,
2007/ 084786P [ US2007/ 00170 Pd f Cl

PDE& mhﬂzntorsggg_ T 6?@@])?’& samsyiafe &rSﬁ(é,SFBE e)( cy ng ﬁ{)e’wtrmeﬁpof
COPDg%mb&xxcgfaiig;d é@tnfﬁa) Cﬂ%m@ﬁgﬁbﬁs efagergs ot)tf%inmllzl? agih %)_f

. ’ . . MDD ). an = Joko .
sntichOPnTTEfe A aHBE B0 Y5 1| Tbf i Al rasgfor gt or
LTBmmtagoﬁmh @by pkasedefof tx@mple, lllﬁlerﬁﬁﬂﬁ)lemrhe m xture was
Ofasgrgﬂ u@%\ﬁ,téggﬁ and the pressure vessel was

e reaction was heated at 65-70 C
(0121 pr 16 I@hnsusefh@m@l@ﬁ@%ﬁﬁ%ﬁ@ﬁﬁ ofde iRy §Vithdtigh

mﬂa.ll:ﬁfgféntggh&&§ éfh%sé‘@-qtﬁ NG PaAsRT CHESORFicWetbtBEDAG. (XTR-1, CCR-
['vent was renoved under r educed ressur égl
2, CGRv® GCBroWCRH,. GCB¢. CERe7-ubied: &%%ﬁ%:%n \ﬁ' ‘fx

cxcgl/po%kb%é Hr@%@ﬁ,&ﬁﬂﬁ&’ulﬁh&'b@lﬂ—%ﬁﬁ@&ﬁ@t%ﬂ&h 4s Sbhering-

uct cont ai nl&? fractiaons re dilute

Ploughtah aBO0/As fé@oi‘ﬁ 11251 $Cahrd 5809 rat B Wb t hriedn ﬁlk‘fig"(“é%s&“‘;h as N-
[[4~["E§f)’f1dTl@%:@@U@%&%uaﬁbﬂérpylpsﬂdy&kowohmeﬂm-| zed to a

own sol
yl}cwbanyl;}arnsmlpw%bw:ﬂ\gﬂﬁﬂi%ﬁfﬂ LAk dietpd-gH Py P g
chiofadd T AL WE) @HH@CRlﬁ&itLgéMEG)desHﬁbdﬂ in 108 166837 (partlcularly

02 3 ] Synt heS| S 3-fluoro ami,n
ciaiths 1o 1% W7 CORSSRABIRBEYDUZBA] Ph SBfe pory 858 SO fpgpcvtany
claiB®)C (1. 23 g) was added to a sol ut| on of N-al 1yl- 3-
fluoropyridin-2-anmine (1.62g. 7.18 mmol) and BF3- Et 20
[o 12(2%00 UL, THe Q&HBH%AS bt i@¥edtidni2éhindlio BE cBhbiietein a pharmaceutical
nr'trogen. After stirring at 80 C for 2 days, the
comipeaitiononitivicotnpoandashdti dre eysely! o Yé’t?g‘ﬁeaélﬂﬁphgf afthrappelytic disease,

and the pad was washed w th Et0l 20 i cti
heasg qdsersFo SERKSY Fist (/&1 BRFT =|t“r%‘ft8k‘(6’ﬁ % HH%‘B Bl activator,
umma%%ea%gé&a rTa!ﬁ%s dﬁa%a&ééltet afugd(ekl HOMOW;iclbpiddzadTibiarlfase), a statin
['ess ati| han the free base. The filtrate was

(e.2GONCERITNOR edrundesrvasdis ecdapriesgur EOGRR sfimyasiitle CRESTOR
was dried in vacua _to (gi

ive 3- V\D .
(RoSOVEIATHEPCH B UM 1768 MBI Ub N OB HAS S, FRigdiping besyiaie).
lig vel l.ow SV (1.66 g, quant. yield). LC M
and(arﬁll‘gg::E T&?"@r?‘%\%’?%ﬁéhgl m nutes. [0285] Synt hesi s of

5- br ono- 3-fl uor opyri di n- 2- am ne and
3-fluoro-5-(4,4,5, 5-
tetramethyl-1, 3, 2- di oxabor ol agp2- yppyridi n- 2-arni ne
[0286] Solid NBS (750 ng, 4.2 rnnol) was added to a
solution of 3-fluoropyridin- 2-amine I-1Cl salt (1.66
g, 7.18 rranol) in ACN (30 nL) at RT with stirring. The
reaction was shielded fromlight and stirred under
nitrogen. After 1 h, an additional anmount of NBS (250
nyg, 1.4 mmol) was added to the reaction. After 1 h, the
sol vent was renoved under reduced pressure and the




[ 0288] Synt hesi sof 4-fl uoro-5-(4, 4,5,5-tetranet hyl-1, 3, 2-
di oxabor ol an-2- yppyridin-2-am ne [ 0289] Synt hesi s of
N-all y1-4-fluoropyridin-2-altine WO

w0 300/s084786PCT/ US2007/ 001708 [0290] To a pr af@roemor/001708
red- brown conpl ex of Pd(dppf)Cl2 (817 ng, 1.0 mol),
dppf (1.66g, 3.0 mmol) and NaGtBu (2.9 g, 30 mmol) in
toluene (30 nL) was added 2- chloro-4-fl uoropyridi ne
(2.16g. 20 mol) and allylamnc (1.2 ni, 15 mmol). The
m xture was sparged wth nitrogen and the pressure
vessel was capped and seal ed. The reaction was heat ed

fo123] at 120rHe&orfpb@idsldt the inentiohean atiodie epRiNSH s pharmaceutical
reaction was filtered thrqug

| ug of it 2
compogitidn weith eamipedndd that Efet)%&efﬂ(‘]eg’r?rﬁ .tre%ﬁ] g %ﬁjyaé‘lnlﬁyggrgEJS% agen-ts
such asEg,ﬁthg{Ey H{l}elgl\?é/fsg Il}l%ﬂfl %W&Eﬁ%] %E.gntg S8 WsCsthOng VP1ECR QAorvastatin

can su under vacuum The crude :

cateiunl XHLE AR AR Obibreks Widsh s NGRVASO @hjlodipine besylate).  The
mﬁ%op%l l'1zed to dryness to gli ve a brown IEo.wclgr as. t%%rates beta-

compotitd ssHlithe pldsencinydatipn sthyct sevag vpet 11 §9 AEETBR A ’

Et 0Ac_(100 nL) apd .sat.. N bnistNEnd PIflefet WRIpLegation
blockesseﬂziﬁgi aphiigts h‘g“%laﬁeé‘cﬁhngﬁl I"ay rtgﬁlagg&gxﬁsactgdqggai n\,@Ir
_nh.b.tvm'rsth Et OAc (100 nL). The conbi ned organic |ayers are
IndREshed with brine (100 nmL), dried over sadium ulfa%edarthl_itis
[o124f i | t er ebr aneltresmoem of @ Bammmitey disdstse PPPEESIPE TS ’

give a brown solid Nal]yl-4-.f] | (i RicR-AMNE-0 inhibitors
the cogeundy of WAQVGE&PW?)EJP%?"‘%?%QE@A%%% %,C 1,13 1 dlDlzm

m nut eSie PesiiSodiEs (such as REMICADE, CDP-870) an
such ﬁ%ﬁ‘@ﬁ%-@ uor %&‘i di n- 2- as;n'(?le ~[0292]In on(i1 ENBREL), IL-
(HUMIRIA) @it TRO%<RaptGr (BERirog)obudie Ggigamelserlcs ST FhEHPREL:

N-al | yl-4- fluoropyridin-2-anmn 0 HEE) inhibitors),
1 inhibitdr BREEIROr AORGNISS O%?‘Ol‘i‘b%)%ﬁ(fg(%agosi.an%ét %%%18{ 12 ) tors)

at RT under.nitr . eSS NGifdxi&in C didlofddheh, naproxen,
nonst?fé’é}tﬂli aﬂ“'r’fPQ?‘EF‘éaQ%Q aﬁé\f‘%eﬁz‘d thrsgugjﬁ a plug of Celite, .
ﬂurbigﬂ%ﬁhe Wosh, Waghegrofet h MMePreftd.00 fpgmatey,g7 mefgpgmic  acd,

0071084786PCT/ US2007/ 001708 6 N }-g &2 m_%{ Vvasﬁnaq%ﬁg:_i Shhibitors
indorhéBaciar kuliridats apagonpt RYraEHane PREFBRYVRER 4B E: “The
HC1 salt  of 4'f| uor Dy hf3ScdxSb ,Frhat:lzl otease inhibitors
(suchyey GEUYEBRER, (4o e¥tl)€1%)g¥&%’ﬁg %}I t ratjguwas e:& WEUROTIN
C ,ﬁh\a@t?ﬁ ungelc [Bebiead), pragsundiang MrilEdhintoradis! )
(pmfﬁrgig%gru & product Was purified by preparative HP“L%:t Onicillamine
pregfia¥ia, 4o ldise apythiotlienatz, sethneanide. BYHPEWHC BTy " TFAP ’
salt (162 n, Zscy%liﬁ MS (mz): 113.0 (ME'), R 0.40
aurang fyeeRACNFIY TS is of

 bromo-4, f SRV St the 2n@dHition @Rtklso be used in combination with the
[012251]- fl uoro- '1(64%9% 5 5S

existifl frRpRiduyit ageﬁﬁszédtmmlmma@f gutgopribgitisg SHtD1g AEgRts tofe used in

+ Br-N-5 NH2/>. 0 [0294] Soli.d NBS {: 2,43 8l Xnereinafter
compimetigrddpelpde o s@giad o “?te?-lg?luoarnct)lpgz/lr%l ine 2-$ar?lgﬁe HC1 .
[,t. (162 2 ATASfh é, AN (Aadilly sath RInaproRen, flurbiproten,
Ns‘éﬁ ﬁr%‘h‘% as?ﬁémgg%cfi on_ was ;bh‘iﬁgluded fromlight and . . . .
td foh e etdpelaen Rl ibgEfenhfferamates sheh ahmedemamiongid. ndome g
fenogrmunf of NBS (15 ng, 0.084 nunol)_ was Aot Qudig aspirin, COX
sulindzac bperencCPEEkP PGt Fach %%B‘ﬁ“&#‘%é’a‘?“ﬁ’ gfi?c g’? T 8“‘{1 an s

n
_addi tional anpunt MYymBadlidb rMnaokibricasibadaelesics and
2 inhgpifgrs FIERAS %%eﬂon)ﬁﬁ u?ﬁgéﬁg’rti ng material had been \oan and
intrERTISUIP thdiptetMach Af toaktidosteroids exndaiyadiTonig3cife five gs hyalean 2
under reduced pressure and the residue purified by
syn®iski ca flash chromat ography eluting w th 50% et hyl
acet at e/ hexane to afford
5- brono-4-fl uoropyridi 1-2-ani.ge-as a ivory solid (92
rug, 68%. LC/MS (mz): 190.91192.9 (N1H+), Rt 1.02
m nutes. [0295] The brom de was converted to the
pi nacol bor ane under conditions described in Method 1.
LOMS (mz): 157.0 (N1H+), R 0.34 mnutes. Method 14



[ 0296] Synt hesi s of

2-(5-nitropyridin-2-yloxy)-N, Ndi net hyl et hanam ne WO
wo 20966 P84786PCT/ U S2007/ 001708 [0297] M cr owave phgatd 081001708

To a solution of 2-(dinethylam no)ethanol (339 ngy,

mmol) in DM (5 nL) was added sodi um

bi s(trinmethylsilyHam de (4.75 nL, 1M solution in THF,

4.75 mmol ). The m xture was stirred at roomtenperature

for 15 rain. 2- Chloro-5-nitropyridine (500 ng, 3.16

inrnol) was then added. The vial was capped and

subj ec fhel fhvariiad | B0 Lukat id @ombination with
[0126]m nut eg;?lg %;%nﬂb&ic{%‘a?fé was di | ut gg@w th water (250 nl)
antiviraNthgehBAGuER58s MiracePhe AZT beydewirnerd Bapmaglavid,angngntisepsis

t he aqueous | ayer extracted two nore tines with EtOAc.
compofinds shgiant ¥adaittr act s were combi ned, washed with water

[o1 27@?3 o btr ! ec?c%élgg d, QU& th? %g‘?églr ﬁ{ueﬁﬁgﬁ r@%ﬂ 8% H0k3LHGH cofhbination

eria own oi | rification by
with éﬁbuﬁgén‘%‘sh EQ&atan{rﬂﬂEﬁre@&nﬁ (degaliysd), usiimgrbi#sonian drugs (such as
nmet hanol / net hyl ene ¢

| ori de vyiel ded . darasaglhne
deprexzyl( B -dbger, @wulm szawomqﬁ RefBie Ty Suahnah SHERIRCAT
i yell o 295 440
comP R OOFS 4R TSP, Ar3 AN Rr oy APt S BUAEASR, NnpA

antagclg_églg Rebotthe b onidtfabdpdrlind RRYHIAY Snd ediiBhyaraf neuaena ditric oxide
0 C a sol ution of 2-chloro5-nitropyridine (500
swthﬁ) and6 aﬂmbzhandexﬁs (duget $nrbars né‘)”éﬁtﬂ?&ﬁol taprg )} Hinhibitors,

n anh s tetrahydr a
eudaad i be OO el S ARG et
[01 ZBQenper atyL %oﬁ%uﬁﬁk bF etk HREerkGnlentidiemhbMidABe used in combination

vapor at ed, and water (100 nL) and Et0Ac (200 nL) were
with agtegordhe apnesusch aye E VS A xtrrled fede whydr OE’P@R@GI 2dpploxifene,

nmL), Sand the organic |ayers conbi ned,
lasofdyifane, Orcfpﬁ%'ﬂa{é\?é@ I@W%F?sé‘%a%%s E‘\é&‘caese’fd‘(y\"t&"](}a‘%d rapamycin.
(012 lve a LQI | agg# Ect@l'él ?tﬂe%gbﬁmh@qrtﬂmtlﬁ’&ﬁ@@ hyn®ror more

ilica u3|ng anol / met hyl ene chl ori de yi el ded
comp%unaé ofrﬁhé RSt oGh -ne2prysmmy) -ReNeiamedthnd kith anam”lme R{gKainhibitor

l'ight yellow solid (233 = , 359 L
compoMhi)of the, intemSmingt gsconmpzlglg] cg‘ ?Qm@g}ssﬂbélrﬂ)g( and a pac%:age insert.
or otﬂg@éﬁp( d#qrgetul;] lugmgng}rgét?cg)rz(sy}cﬁymegtlupg % @ENI@F pl}lofi?eratﬁ‘;g @kease by

B trRBYbhHhdodntyd aKY kolpuginet hyl et hanar ni n

admlk%g%g']gzmg 1. 4(1) rrung)ld) was di ssolved in 5 nL of

[0130et hanolTten@llphdng defindions armpwabﬁ‘éﬁomgﬁﬂ‘é?fémdv&? invention.
2007/ 084786PCT/ LUS2007/.001708 A cat Bhtoh@% Thus th

[013bhI | adi UMbt crﬁgﬁifﬁﬁo\ﬁg? e’ angd% l%&tﬁogen oton us the

phraz\?l%a E@%@fl 66l oht &&H%lﬁﬁa%bhpﬁ shdIAsK methg, fekl’ﬁ},&l}(pmﬁ@l butyl, pentyl,

ve times wth drogen and stirred at room
hexyl, efa@gylabwy?, rlwtidér%dwdnmglewlaﬂﬁ@%?h ene theokkquhE ghgzse g includes
solid was filtere met 4 N
branplpth ghgig 1 Mleiésvagap'g][gga\l\ﬁﬂa :} V\fe oupy el in -[) € not limited to, the

pressure yielding
( t B0 PYE iedliindi@ni QeI(E ST, bIGHV@GJI-Dj)(CH CH3),

follo \gi‘lﬂ;% g%%l?v%%gé@ % Z)yp 182M]r_1%( oL 1F)( I%t 2

-CH(@HHCHS)z, MeC{@H: 35 ~-CE3DE]H0s,a -Ftelit @ )2, soéﬁ}hr‘ﬁH(CHa)(CHzCHs)

_CHEQSIP@%@&};W gaﬁ(zé(%%hat I%{@@Mﬁ?ﬁigﬁépm) -CH(CH)(CH,CH>),
2 2CHai)a,
CHZC%{:E{;%?B}QH gf’?ﬁg%gl (Z%Ig(@iﬁﬁi g:ﬂ:@ ol ) @HQCH CH(CH;CHs)

r'nrnol )

_cHAORY A OuS).L et r ahydr afisGH,CECIIOHWas added d%@%@cm CH(CHs)z,
he reaction was heated reflux for 16 h. The THF was
evaporated and water (100 niL) émd Et OAc (200 nL) were
added. The aqueous |ayer was extract ed with Et 0Ac (200

m.). The organic | ayers were conbi ned, washed with
brine, dried over sodiumsulfate and concentrated to
give a brown oil. Purification by silica gel colum
chr omat ogr aphy usi ng 3% mnet hanol / met hyl ene chl ori de

yi el ded 2-(1-net hyl pi Peri di n-4-yl oxy)-5-nitropyridine
as a yellow solid, (367 ng, 49%. LC/MS (rtzlz): 238.0



02N [0306To a solution of tert-butyl
4- hydr oxypi peri di ne-1-carbOxylate (1 eq) in DV was

wo a9egRet assium bis-trinethylsilylanmide (1.5 egr/ddvior001708
solution in tetrahydrofuran). The solution was stirred
at roomtenperature for 10 m nutes, and 2-
chloro-5-nitropyridine (1.2 eq) was added. The reaction
m xture was subnmitted to mcrowave irradiation for 600
seconds at 145 C. Et0Ac and water were added to the
reaction and the | ayers separated. The organicﬁgEgi/‘erml "

J at.ef3(Cer,CrB)CH(CHE) N L Hs)ia | fag eothers.
‘CH(C%%@%%M&@)% (

rated to give brown crude material . uDS

Thus tRephidsedtalion grpups| insdudes| priviunMkeh B5HR% GESPP Y 814G s7ouPs,
10% Et 0Ac/ hexane_af f or de he pro N 8Ll chai

and teg@ry @_lk)ﬂcglmpfm 125gferg§ﬂ ?@CYE l\ﬁrﬂ‘-)l-lis, grt%?\gcé@ggé %h'rt] 81{31123}5/ chain

alkyl g‘?ﬁg’z aog_{xggg T%g‘ h3 c%.frbon atoms or 1 to 6 carbon atoms.

pr peridin-4-yl oxy)pyridi ne . "y
[0132] 0308] TAliky1eerOactets o aivd darfi§ resfyluamss aeried Fove o1 alkyl," but
sol ution of tert-butyl 445-

havingnittpopgiriteliof- 2EgFERGIP JRFTER AR, PUSPHIRGIRE PS¢
i n_di chl orornet I Kri 151 MO (.CH,C(CH3)2CH;-), and
CrnCHag RORRTSRPCHORBoTH b 1 (e Bt CH O CHe
ent (w@s,¢hsoHevapey-at ed, the residue brought to
°Y°1°h§§§1"?§“fo vvi(t h 2éat. ag. Na2CO3. sol ution and e>1ct rachesgl from 2 to
[0133 t h Et'@Akenylihactmgdnisiraighy ehaifa > HBSHE W ©F '6r¥Red
dried over sodi msL{L1

Lat P upes defined
aboutp?rooqflgtaq_n atorgs sp tasyeﬁeo%sgpiggf? \a‘dﬁw é'gli’%gt .t-'@ aﬁé)f(ljogrl\/s B n

Ine'solid. L
R b e e
I P : ey T2CH= JC(CH3)=C(H)2, -
are @3 10hired at%omelon'%ﬁ_wg@g)l)’c ggil c1é ﬁ%ﬁx?r{gt’ hanol e )2
add ANt os ERSLEE N2 da1h Oxephydyictbpemdnlyl ag)cl@rdadienyl,
le’%ﬁiﬁggﬁg@%%e?g%}égs g nggj %ﬁgc solution was stirred at 4
toom t empar atur e fiQr - dieROUimodd) 81Heea C Prefs migi kgl wasnps include
b“tadé%ﬁ'lwé’aﬂntq%ﬁﬁg% %ﬁ an i ce gat h a%d sodi um N
straighy AHARP0RY Brirdacd lalkeryd) swaps adubdyclin ealkerdt BEYPS having 2 to
m xture was then warnmed to roomtenperature and stirred
12 caflorn Sohsurrs2 toThsad WA NSwas evapor ated, the residue
br ought , Ha+ 10 W | Ucakendce, andyenkt rgetedfrom 2 to
(O34 th Et O‘%gk lerggsé%% Eﬁ?%ser wa$ washed with water,
bouPPORGLAY hi@thO¥Eh 56 dhase dsbiibede witmeespeetplor alkel gryips as defined
give the crude material. Purification Q¥ syélgg @chhxk but are
abovepkxtent biviogwngraphie %ngca‘%"ﬁéflﬁ%?a‘? i RIEPRTE lhanec’(H)
afforded. .the_pr t ag=a(yelh ow-eelg(@HICHNS (RTCE2)C= , -
not Zégyggkhﬁé4)fg, . 85 ninuées? [ 0311] Synt hesi s of 4 alkvnyl eroups
C(Hf%fécﬁcﬁ@fx apyl FCEBRIGHMCHATBR)Y FRpRBde e affpigrred alikynyl group
312 2-(1-Isopropy|p|per|d|n-4-y|oxy)-5-n|tzopbr|dgg{tg%sgr2t06
inchdt sta)ehiwahatti sisbbraghed abenihaorPakavingca P GATEr A
nitrogen atnosphere. A catal ytic amount of 10%
carbpaRigf-um WO 2007/ 084786PCT/ 1S2007/ 001708 on car bon _ .
01348 addegjand,geMydanganyngl beaps epnnes bwisktitotetlh dSubstituted alkyl
O3 dacti on } ask. e flask was flushed five tipmes wth arbon(s) or
refchy@ SOk yaRsowi s efingd abowmn shpe anacs FETe ROHEUPS ©
under hydrogen atnos

h  nail ] | such as, bu
hydyegshed ang f‘?Pqﬁ%ﬁquﬁ& 1_90 % t:io ??rr-flygl?)g'eg Q%Snéd-l:&%ﬁﬁ%t&ﬂg h but

was evapor at ed under N

.educed ' LWNg H, 118, BEOgHiCT; ansSoxydencmimai|groups such as
ot i ‘(’n?g‘je‘:ﬁ’séfgg?t%}n(e%\‘/lﬁéT), R0.38 minutes. Method 17 .
hy P, hexoscy Ofrotpae by hisscBsni ando gEIEh BIP RS 2 SWHur &0

[0314] To a refluxing m xture of

3-[ (3- et hylt hi ophenyf | am nols2-nitrOprOp-2- enal (2.3

g, 9.6 rrunol) and the HO salt of

3-met hyl t hi ophenylamine (2.7 g, 19.3 mmol) in acetic

acid (25 nL) was added thiophenol (0.2 g, 1.9 mol).

After being refluxed for 18 h, the m xture was cool ed

to roomtenperature and the acetic acid was renoved

under reduced pressure. To the remining dark col ored

solid EtOAc (50 nL) was added with stirring. Filtration



WO 2007/ 084786PCT/ US2007/ 001708 [ 03161To an ice-bath
chilled solution of 7-nethylthio-3-nitroquinoline (141
wom7/08468¢ nol ) i n di chl oronet hane (6 nlL) was agg%bz,,m,[,ms
MCPBA (221 ng, 1.3 nmol) in dichloronethane (3
After warmng to roomtenperature, the white
precipitate forned was filtered and rinsed with an
addi tional 10 nlL of dichloromethane to yield the pure
product (85 ng, 53%. LCOMS (mz): 252.9 (141-1+), R
1.82 mnutes. [0317] Synt hesi s of
groupé- &lcAChNYhisU | droiysl) 2By ubA0dyl @I grodf33 k8]fbae agroups, sulfonyl
suspensi on of 7-(nethyl sulfonyl)-3-nitroquinOline (85
groupsy ,an@, dulfroiy gInUES,OAcn(@gﬁm jtopmder gruge nsualiaes axidiegs, amides,

10% Pd rrun A H2 ball oan was
slky g acl Bl E PR FRBERPEn PLER T R PASRATHe O gdes mides
and éﬁ'a[rpné_slz tBh@@ntdt&ﬁsmaﬂa%ubgesufzﬁ%%t1hol@1anik%t:.1lﬂfrlegyéﬁ)%s dialkylarylsilyl
owed to stir under at nosphere for” 18 h. Unreacted
group&t aldyldigryisitydrgralips mmkidtriaeyla@drgmaps | amother thleerdabtosnm various
of the flask together with the catal yst, The solids
other\gapeps: TirEtrted gkt ﬁé"'—EtS(?A“é’ 06 g SRR 7Y VPt apoRf, more bonds to

o bSO 05, IR BEEE £l o e or

triple(B8ral) to Addtdtobtbnd dudhlas okYgeh. i x| babeayl, M%ﬂi’tﬁ@l,laﬂld ester groups;
[ 0319] Synt hesi s of 6-nmethoxyquinolin-3-am ne
nitro@@0iry GMPS@D@F/%SQ@'@W’O@’W% PE@‘Z@?@F%WU’P‘@‘GF Substituted alkyl

t.hox) ui nol i ne n
srougs, B Rotrrito s08To8ee g5, LERIERe &5 ahsmiasaio, Shptence) o
hydréée@i%) 2885 rdp'l‘ao%ﬁ%ca 6d=d tddn 488, H&%@ﬁyﬁﬂﬁét@fbcﬂctﬂl & cycloalkyl
hydrogen ball oon to give 6-nethoxyquinolin-3-anmne in
groujopu Entfietrat i swbstyjueddd alkyCiaBieribelude ] 2B0ng (NpersFhlkyl groups in which

one cé" rﬁémwggg R (f'\e/xbl}lta%g g’h épf %gr% ]é %{rllglgreesreplaced by one or more bonds to

0 t ro%‘lcﬁﬁéﬂ @ef@%gn%stll’alte@t 1 gréup is the
fluork %%Qrgmwsgg% 5%&591 8y Pt mg. 0.49 mnol) was
mﬂudtcssexlhylecgroup hydr ogen dikgnedaps afhat |c9nta(u47t%athﬂ®r6mmhy1 group.

2 M, heated and stirred at, 120C for 12lP ours.
Other PxeteTreh sHPXIed k! sEvIPEdnElYdF dBe gre o ThSie bonas 1o a

oIR8 W AP 5D 6088 LG

subsitdd LRl Ryody ashwizhi W&fcﬁ@'l &ﬁhyx‘!( Si02rylddy §836p. Other preferred
Et OAc/ hexanes), obtaini ng{ (78% of 6-hydroxy- 3-

subshhmcbquwhoarpn@s m@t% a(llﬁu zgroum%h@ g anpemipegor @ substituted or

323 1oS of
“m“g] tﬁmi r o-aéﬂ-;)? pyr r o n- - y1)ar¥1ﬁ6n>?3}? qlf_aLrlfg )ggyDamine, - diarylamine,
hetedd®34] Ll dr oxy Tf?’l‘lélbltdcggllg}'ﬂdﬁﬂlhbne ( 14&k%(11&c&&yﬂmja)nme or
was di ssolved in THF (18 nmL). 2-(Pyrrolidin-1-ypethanol
(aryl()@letbgqcmb,fl):enim avavol ) Stifldothey ph@ﬁ%éfﬁé@éhmw @d0d ggups include

thos? (x_)n I.glmg?n?}me V%Krerfso%rdﬂ%}css t(LJaaS tczluﬁangsl) g%/ égée?ne ?{ ?;93%;' r%})?aced by a
bond"tX ks ra%yl“@%t%ir%m‘i’et&%cg&l;[ GH Y0k e pRAIpAt Escempwa of substituted

2007/ 084786PCT/ US2007/ 0 08 for 2 hours. The sol vent
alkyi/\me't hé@Hehhﬁbnt +@IH0: NH(CHol a- (&) HE(C Hs )2 U‘é:%(*CHz)CI‘IzNHZ.

ST ke -
of %u%l\@]tég/”n t%l 288. 1C(}M,rlczlji§[ lefifof, nubes. —OCH3, ~OC;Hs, -OCF3,

esis of

-OCB=@)THI§ 0B PN, 0 HOLH(FOINYTHelh o g uHNEEI neC(=0)CHs, -CO:H,
[0326] 3-Nitro-6-(2-(pyrrolidin-I-ypethoxy)quinoline
(134 ng, 0.46 rnnol) was 54-




di ssolved in EtOAc (10 nlL) and the solution was sparged
wth N2 for several mnutes. Triethylamne (0.065 ni,
woGdbodm®) ) was then added followed by a catal ypi-fyszoern01708
anmount of 10% Pd/ C. Sparging with N2 was repeated after
each addition. A balloon of H2 was connected to the
reaction flask and the reaction m xture was stirred at
roomtenperature under H2 at nosphere for 48 hours. The

m xture was then filtered through a Celite pad and
concentrated to obtain crude

-CO,CB:, AI- T ONES; (2NERY-N(OIH b, n-NEMRCidxy y GO The, “MAIGRC)OCH:,

was used as is in_the next reaction. LOMS (mz): 258.1
“NHSQ-bEM, —$9:0H33-SPMHed2!Ret hod 20 [0327] Synt hesi s of

5- et hoX e 35 L LR ANl [ b&ct@b alkeny!
013613 (5. mer Ry Al i) 18 same RO KRS eb atens sowes.
that sugg%‘%i%{)yﬁg@ QTIOR8 ¢ QRAsTouted e IMICEroatst Ayfsubstituted

3- met hoxy-phenyl am.ne (4.6 g,. 28.9 nrnol) in IN Hgl torm is
alkeny{ 3p6uminclvdss aldey] Eroyps i MEHCHR BOHPEDLON QY BANDYEIREFE 2t°

2.7 g, .19. [) i 50 . £ th
s a1y Skt AP R 38 e o o v
non—cd?f}%xé @%F%i}oﬂg))l}cfi?oﬁ?@ﬁtb%nﬁ lbohdBded af irbdiBnbt gartval Bba gouble bond

g yel | ow green powder. LC/ M5 (mz):
to anod@dd cartioMH +Na), Rt 2.21 m nutes. [0330] Synt hesi s of

5- met hoxy-3-ni trogui noli ne and 7-met ro3- 0 ' 1
(0137he T 033 B rEEHY R Eares B SIETHE Aty e 9% eroups
{ JsMhadQy it gt 1o achstWatdaddederoups. A substituted
that S'%Sflgu-%ﬁ%taw%%%dgnyalam né%%z- nitro-proPenal (3.3 g, 14.9 .
alkyn§l Bhup. infhdes adiotiyd Erovpst i whivksa meateabew oF domghydrgggn atom 13
t hi ophenol (0.3 nL, 2.98 I s added. After rcarb
bondade + SabOPORH RtHe e tbg) Ges PaHy eeh%é’?‘é%‘ﬁfgé"%n‘"‘ on et
the sol yent, HAubh n¥pEHRIvACR 4 ir@fle 8bnd @ Bhother carbon.
non'hﬁgff’ﬁi’cenaax%mf]igﬁ?ﬁ%‘%‘?{éﬁygave sol i d b"),/pr odug?,yl 7- _
[01387et hoxy=2nddiktr ecfind rORMewhardh R i hkvat diemhsapative examples of
cont ai ned i nmpure 5-nmethoxy-3-nit ro_gw nol |tﬁe. Thest o like
alkoxlyigroves echals hethasy, Ghoxy DS EHPERmERT* ¥ Hteder Fém
5%to 25% Et 0A¢c iR Xard b Pah&o, 384 jodo groups. The
[013% nut es. ﬁ?@eﬂr%ﬂr& Seﬁe{t%%ﬁg%&%égé%ns’ wer e o8 &
term Gg&gnga}ggrs%daﬁ akem radichiositienned twish epeas mond helggen atoms.
0 - and 7-nethoxy substituted 3- nitroqui n&l i nes. halogen
The teGhMBaloulzdxy"2@%rs 10 Bplalkyxy Rdisal Aybgiipigh @it one or more halog
[ 0332] Synt hesi s of 5-nethoxyqui nolin-3-ani nc [ 0333] A
atompq xt ure of 5- and 7-net hoxy substituted

-Ni trogui i efrd K8RiNEs tid SAHuPUANH),. Vilise dirgs Ohlkgtimino” refers
(0148 G (JEmH" Fefrd ROR e

a) and the reaction m xture sparged w t@( [\|2 The t
hereifiofo 88V egralp ANRR'ewhert0B Pdlky! 3ad ) s HEAFORER Ydtiesd ™ ¢ term

and a H2 ball oon was conne Lo the.reagtl onef|ask  alkyl,
"arylFmane e BERTSFTRINPCUNE BRBSP spar geﬁgﬁepﬁ ' %gnd stirred at o
room - 117: w PARHO84EEORGEHNUISAN0 BrOGL 7B R evtpare & isragalkyl and
orarﬁ'ﬁdg}rwi% a%rgn\gsphelrg overni ght. Sol vent renoval in
el (10056 FL OAG), 3 for ded | he.tup, aeparaLad
silica'ge o Et 0Ac) afforde e .t Wo, Bk, is alkyl
[01413omer s B HernekyHuFstE!S; H’-éh%rﬁrﬂ‘épaaék‘v\% BRPAVALRCalk, is alky or

n

7- et hoxyqui nol i n-3- afideAs:. e desh rredyipkosiugl" refers to the group
amcgyﬁ%’ﬁo%‘ u}sngqélyﬁ-%- gfr}r%ﬁgl (80 ny, 123?ywag ogt ai ned as
_alk@ Bl DWERONESY "ardiRex galkyl trafees Watheamoipnaliy sy HANRRIKY1-

CD30D): 8 8.40 (d, 1H), 7.69 (d, 1H), 7.40 (d, 1H),

7.30 (t, 1H), 6.85 (d, 1H). LC/ M5 (desired isomer)

(mz): 175.0 (MJ 4), Rt 1.54 mnutes; LC/MS (undesired

isonmer) (mz): 175.0 (MH), R5-1.53 mnutes. Method 21

[ 0334] Synt hesi s of 24met hyl sul fonyl ) pyridln-4-am 1W

NaSCH3 . MCPBA THFH2N 00 NMPH2N



H2N- Cl [ 0335] Synt hesi s of

2- (et hylt hi o) pyri di n-4-am ne [ 0336] Sodi um

wol v oeRLeoxi de (140 ng, 1.98 nmrnol) was added tPCﬁuszmnmunos

sol ution of 2-chloropyridin-4-arnile (150 ng, 1.

rrunol) in NWMP (0.65 nL) in a pressure vessel. The

vessel was seal ed and heated in a mcrowave to 200 C

for 800 sec. Purification by silica flash

chromat ography eluting with 8% Me01- 1/ DCM af f or ded 2-

(met hyl t hi o) pyridin-4-arnine (435 ng, 50%yield). LC/ M5
[0142? n z): '1A9co%y£1'ié'§@1mln8¢' erett%ghéPeﬁU{cﬁﬁ}e £33 7119Rl (a th NGRIBA), where

780 nmg, 2-3'mmmdl) was slowy added in small portions

Ris tﬂncﬁilﬁbkdtdg&n arfall@l(areﬂlhyllthl o) pyridin-4-amne (435 nyg,

17 nrnol in THF th stirr )
[0143ﬂeact i onAﬂ%@"‘faé'I"Pr&()vedeWS If’é%naté’ e S d{gﬂr}gﬁérl afubstituted
t i '
amind@Podif reac.% BYerLin {oattlll@%ﬁ%ch BARRY | h&R 1as @ dand R' is

on mxture s then concentrate
hydrdded b2 S3k N dEfie fepfiURedami esSiticnyl Srdferschersimpor the o e@(O) NRR'
was purified by WO 2007/084786PCT/ US2007/001708 silica
wher¢ Raisteryhaoddt' dg bagtagen ety ﬂgawlt R /gadvbaRBepbopyl” refers herein

to meq%%ﬁgyd@ﬁ:)aﬁ_{lh%éﬁ%on | ;l&X gl{; ﬁf&%o@%hgﬁ%& %E/l or aralkyl.

[0144; nut es r AMBLBOE Fed1 [r@t%SeS]h%ydﬂﬁ hasufe @foup —S(O)-NH,. "Substituted

nmor phol i nopyri m di ne-4, 6-d10l ,0339] Sodi um :
amin¢QilfRH1'y refies® hemen) thgy-p gmup mS pW@G’é?s Rgjg alkyl and R’ is
sl ow y ded o EtOH o) b
nydrqg Rt e Bt oorag R Bl T e o e group
—aryl R )y_ qdyssol ved, norpholi nofor rrar ni di ne

hy fobrom de (52.5 g, 50 mmvol) and diethyl nal onate (40
[014%), 50 rrCansdiylWerfersdodendivalizat giotrur@(Was heated to

101485 oom " COMpEPATES o 8ifd EPRESGY nhare VEE P erBuaiC n Sk Eroups
mclud@cé'gg:é:rs E‘?@g%) ﬁawﬁérlél ngoalﬁki Woﬁﬂgﬁdﬁyp &xh%rélﬂajdt € The term

m t énperature. Thé solid initiall

"carbinSAOtgdloagiwi' Befets géreasilys bbtein om botther! ctd'b@n,ytca@ug{bocycloalkyl"
crashed out as a white solid, After 1 h at. room

and t enp@péxqmwéoxxm@rg@rqlwﬂwés f P+ erdiErendbhdtl i t Frrpapaioatiyl o

heter%ss%llpﬁ II i B ;%clr:tF\Fﬁ n?n{é}f ger§1 {ryp%agg%n;lf}x 6X¢§Eers herem to the group

-C(C&%@ryl l@ﬁerle SNV HE )2 midn6- 21 pulpsiictis, c[a.fbiaé@ﬂ:@ﬂf&lh@shsteofcycloaryl
6- di chl or o- 2- nor phol i nopyri m di ne

The RO670SAFEEPETLISEOUPLG TP fcn@mqmum-ﬁ@r)é? Gatkyl.

2- nor pho, im e46d0| 3 0.15 u "
[014&)(:13 ( 15”}?"1%@@1 %f(%rs (Trjaln Lo Elhn %x‘o gv 9%01 5 O @ﬁ ]1.6 ‘}1 refers to a
subshﬁﬁgd GAPLET bP thE strfteRSSSEBICL &h WakcH Sy &itkyt.o ngyBuH'onyl groups

sem -solid- The solid was gradually transferred to a
empBivetir lmg:oslmqmdgmﬁ)thwvat@pn( mrmgl ard tmlgap.]l)( ]fé]@ylml_l)fonyl grouLs

|1 d t t
Vi S A UL PY® PP LU URGERRLT SUr ROt oy S gffsutfon
BTUIJXQG\QQ’; Lyed@Ngh Hon§shidUsr oP2@° fRe@hyeinvention include, for example,

oro 2-nor phol i nopyrimdine (17.82 g, 50%.

metlh.ﬂétliﬁmﬁyﬂ 1j.c., 28R (RVEEL m)cthR), Zthgsnifpnyledl. enevhee R is ethyl),
[ 0342] r@ﬁnt hesi's of

pro;zyl@z.lgﬁ |(é,1f:0 wWhene Frylf @O%Ppﬁ{}? tHSpl)}% e: tena "arylsulfonyl” refers
hc[‘él %43&1% d&r Ché;@ Qi h O ¥ drnd rzlpeflﬁﬁghlfﬁﬂgﬂy Ieffdrgli it@eina® the group
by simfar procedure as

-soé} a@auiyp hrRé Gergr Yami folnahidwpefeshdiclipee (50:NEkhod 22)
usi ng di et hyl 2-
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met hyl mal onate in place of diethyl malonate. LC M
(mz): 248.1 (Mr). Method 24 [0344] Synt hesi s of
4, 6-di chl or o- 5- et hyl- 2- nor Phol i nopyri m di ne Cl
WO[2084®iHAs66- Di chl or 0- 5- et hy1- 2- nor phol i nopyri mi ddEUYAS 7/001708
prepared by siml|ar procedure as
4, 6-di chl or o- 2- nor phol i nopyrim di ne (in Method 22)
usi ng di methyl 2- ethylmal onate in place of diethyl
mal onate. L/ MS (mz): 262.1 (M-1+), Rl 3.59 mnutes.
WD 2007/ 084786PCT/ US2007/ 001708 Met hod 25
[ 0346] Synt hesi s of
[0148&” uorE2beRyiahehé Nedyrs fd did @iviléntd grlupORNNHZ(GINLINTIvhich the
OEt HBr CFH( CO2Et ) 2 [ 0347] Sodi um hydri de (60% i n :
hydrogen at@g of, the @ngdeniapgen eisthf e P heseaRean; b rpplaced alkyl,

round bagttom fl a nder argon an lLed whth. ap, hce t
o, B, o et By SR SRy 2Bk cser
(-NHIESHL HLEPakl Xk AT - @R OwherdR iaadnsidit e brid:@hed@hain alkyl,

mnutes.” To the base mXxture, diethyl 2-fluoronal onate
cycloé]&.y]zhg(l)x: 32:?2 nom| )a.l(‘jalla‘,el add@‘ai ft@onm';gﬂkglymbonzlmnlno refers to

nmor phal i nof orrnani di n robropi de (6. , o
alky IR THSEE ke BT MRV EH TB00. 5 268y Bredpen atggs in it

backt S ALGON TNk AR " 11086 Sylakie T REGE 1O g;rcy\@ﬁ—mpbgd)-twwhere R

roomtenperature and the EtOH was renoved in vacuo. The
is an RAALISiGryidietesol Talalipsationybinried | refost torcafixgufarpino where R
] and acidified with conc. HCl to pH = 3-4. A white
is arafelci pi tate formed which was col l ected on a Bil chner
[0145]! I ter, "&ﬁg&g%cw %F '%tal%ﬁyf"zmrm ;moidtied 88 AN LRE guanidine,
filter, and dried 1n vacud to give _
HN-BENIDENIR: uchhnbictiepinclutdedhoss dorGledi b Ith¢ 0it8igeg atdmprrying the
LOMS (mMz): 216.0 (man, Rt 0. 63 rrin&nes. . .
formftlogqlg}lsmrhiegqhgz 3"-position of the guanidine, e.g., diaminomethyleneamino,

(Hﬂ\f)l%é'——%?% irﬁ%xl tﬁ%gé g;ﬁééa%%ﬁ’%éé Lphdi Iﬁfrg'g¥x|1 Lf@ﬁ@@zﬁHfiHE a formal single

bondd¢tfik UQLO 22N PhOpbsINGYY bimies 4ubnidiind, €., 81.0§;C@NH)-NH-)). The
mmol ) and poci, (10 nL) was heated at 120C for 16 )
hydrigarr stomshatrarsoof g pigogas cabe replaced with a suitable substituent, such

2007/ 84786& / US2007/ 001708 Excess of POC13 was
as alkdn P HAEY r educed pressure to give a seni-solid

(01580 ch s drdigeh fareih@r themmyReea R-AKERN-NR -(tef radiedl Weing at the
drying, the solid was diluted in EtOAc ]7f0 ) and ,
"N washgeh)wrtdhREHR ) QNaFHADEe (Bhcatibeingastie 'dN T orfedcny vhsge R and R

t he wash and was di scajded with the aqueous |ayer. The
Ca“‘éﬁ%’f’&e‘lha%i}é)’l’ﬁ@g’ %ﬁ%ﬁ%ﬁagai n with sat. NaHCOB (2x30
[001r§i1 ), brine (3@yBlehikydll ir8@riMibha NawdaQd, of igol@iyedc amdterocyclic or

evapor at ed undei reduced pressure to give a crude
carbpeadiec hlkyThmbpriodutt Remepurithicedytipafdylsgroups include cyclopropyl,
chr omat ogr aphy el uti 1 th 25% Et 0Ac/ hexane to .giv .
eyl A6 SRR, SV HRDY bt PRFBP 2 10 NaR GG nc (4 g8e® 705"

0 . . .
bstuted 2\:/% é%ﬁ L Qanc%@&-&m%)h 1Rerodpg Zsnddfitie@Sabove. Typical
st Sql\}gl%ﬁod % i 0350] Synt hesi s of 2, 4, 6y-tr| bromopyri m dine
cyclBilkyl substituents have from 3 to 8 backbone (i.e., ring) atoms in which each
backbone atom is either carbon or a heteroatom. The term "heterocycloalkyl® refers
herein to cycloalkyl substituents that have from 1 to 5, and more typically from 1 to 4

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

present invention are nitrogen, oxygen, and sulfur. Representative heterocycloalkyl
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[0351] To a m xture of pyrimdine-2,4,6(1H, 3H, 5H) 4r 10ne
(2.66g. 20.87 rnnol) and POBr3 (25 g, 87.2 mmol) in
wotonbueiese( 35 nL) in a 200 nL flask, /V, N di net hydagkbdeRB8o170s

(4.52 nmL, 35.7 mmmol ) was added. The brick-red slurry

was heated to reflux for 3 hours. During the process a

bi phasic solution formed with a red gum at the bottom

of the flask and a clear yellow |liquid above. The

reaction m xture was cooled to roomtenperature and the

yel I ow organic | ayer decanted off. The red gum was .
moietidsl Ms@adgNéer wixampE, 0AeIPIHEG opiPerRZin gy GURFEdERtr f8flg the like.

were washed with saturated Na - (3%, or il
Carboclsrlie EROWRRERYS 930 (BRYP° B IR é°(“( “E‘%f‘%én%g%‘ﬁaé%%’? When
oTh@it%OJbﬂ:tleﬂyT"@.?osﬁmtﬁOtB@Q_Girhat;ﬁ;dy@’d:ﬂi_cd Ireffls herein to
gh vacuumto yireld 2,4,6-tribronopyrim dine
fused dnd - hse83Wy! cwbli€ lerinasressed wi t hout furt her

purification. LG M5 (mz): 316.8/318.7

My, ., R,..2 78 "
[0152]n nut e¥Subsiyniedo 7rB8erEeP: 1%8@665/‘7‘601%6%3%t heFSF o
.'heter%y%ﬁfl,)_"_ [z\ilgc»:_ ey_ _ﬁ[élﬁ*{ncgfé’g"' t%’(;l j%l%] g.';!ﬂ |TIr--me'rﬁbered ring containing a

( olution of norpholine
hcterogtl)Q(P sgl'ecﬂcdl%o@@!rﬁ&b%é& SRyEenal St syifin of HE 5-460 Ominpmigsed Ting
cooled wth an ice bath. A solution of . £ nitr
contaiRing, fertirérehioothody hétaicdtares sggctgd drom jthe grgjrugonsstipg of mirogen,

equi val ents) .in . THE (100 S. 2d QVeT 33.E! HQYiOfana th
oxyge30 I ARHRS . WASEBD 51?5 ]S\Rﬂ'iefrﬁet) Eﬁér,%cl? ﬁg‘g’e%f%r el dpon. - e e
6-meaSdLh 1180 Qhs -4 Rrubld GBheY; OPtédeld dha@itadigknt hed rsetfot jagmm maybe
mxture Tapidly thickened. The mxture was allowed to . 1
options@lfyMokidliznly whirefrertper sitegen ot FelhaMGRIORPIRE iPIdF optionally
for 64 hours (heating.the reaction mxture r af dJdxy, h
quartdroizEdinipe IERANAARM TS REOUR 1Y r"f’%lﬁﬁoalf%‘gpc)’/fl{hrﬁ fohetcrocycic
. leads Lo conpl 83 IPNakdth60 ITMbr Téigndrabéred Ohetdrdogclic ring
nngs HSV\g’sseénE%fgg)gg%&%'he mixtare was then filter ed and the
indepbhddr@ly Gakgedrasbee WEkimplidi ¢f bemkocHHE( 2roupsOgciwdy, but are not
The filtrate was concentrated on the.rotavap.. V\f;l'teeratoms such as
limited600 upsatusgied AdHed-BeaPeIsd FRSSTIHY F?? SEEY PrTen ’
for. 30 mnutes. The, soli re. i t 80Dt kdeFbiv@N(e.g., 1H-
but ‘\%éﬁ’é’gﬁe‘\wt‘? LY i B _‘é%(‘%?ﬁ%’% ﬁ% ar?{j dri edy_l)_
tetmz%‘l’ﬁ,r Qiﬂt&ra&@%ﬁ)’; doHdeHEBd Mxﬁsluﬁka&e&heﬂarocfi/blia gro(p9Fpntaining l1to 4
roduct was 87% a by hplc area percent; remainder .is P inolvl
nitrop 3534 sactohst het soulimites] fodl ispisdahdsBidpdgyl-nndphzigy > aunoty’
_ of CH2Cl2 and applied to 600 of . dr: | 1] §3xhBeRat d1to?3
indagollyls paeptgrased3t fPhipembea2ineld Bhiththgt 1d Sxe atoms wene
nitroD &% A6rrs EE%%@,”@uﬁ%tﬁmrﬁﬁ@ptmpnﬁxmmol(b@n acR,4Fx@diazolys,
&hal ySi's shows a to be present in fractions 1-7 and  _ . { 1o 2
13,440 EadilizwDyIph e, § noadiazhlyby opyaritah - 1o Srmgathesikrigeq pontaimng 1 1o
Fractions 1-5 were pool ed and concentr at LR YS dBfpholinyl;
oxygsni HETSORnd. | ¥P of QTIECTS YR Gitor e Bhed PP o) dipholiny

unsa%gt% %eﬁ.ﬁ:ﬁ%g%e)él 8@\@%%@?2/ R8BSR HHS2 A0%W Q0LAGEnMsbhechnd 1 to 3

nitrorkPQRREE Yo P REREIR, WedzosladiarpAN) BN OSYRIPHESE 8 » GH-T4gbanpoxazinyl);
x. ( 2- METHOXY- 4- Nl TROPHENOXY) PI. PERI DI

E- 1- CARB T . en
unsah @364 Fotca Brimamireredofings FEHEMTH o ﬁi‘iﬁl( ﬁtiﬁgﬁh?lf% 3 mitrog

nrnol) and diethyl dj; ¢.af; | @1 £ (2 Gnibdiakdly8, NMUPI-thiadiazolyl,
aton T a0 O P B o DAY G, 43 Haiad i, ol e
1,3, A3RUALOXNRI POl-tlhaRzbhyDasimbarie 1 B-00gbBdaings fopjRiviog 1 10 2

After stirring 10 mn, 2-nethoxy4-ni t@g@?(wol g_gloqg i%y . saturated
sulfbr bnermid) ] wad nétdean ATHE SHER AR, B Rh ATNFTY e fFFEY TRV

and the sol vent was evaporated under reduced pressure

to give orange oil. The crudesgaroduct was purified by

col utm chr omat ogr aphy on silica gel " using 25%

Et OAc/ hexane yi el ding t-butyl

4- (2- met hoxy- 4- ni t r ophenoxy) pi peri di ne-| -carboxyl ate as

a beige solid (1.70 g, 82%. LCMs (m2): 353.2 (NIEf),
I[tt 3.23 mnutes SYNTHESI S OF

4- ( 2- METHOXY- 4- NI TROPHENOXY) PI PERI DI NE

Na2s4 ..
used i, GEPEGH



[0355] Trifluoroacetic acid (5 eq) was added to a
solution of tert-butyl 4-(2-
wo BRI, 4- ni t rophenoxy) Pi Peri di ne-1| - car boxyl atg-1(@9807:001708
ng, 0.57 nmrnol, 1 eq) in dichloronethane, stirring at
roomtenperature for 1 hour. The solvent was then
evaporated, the residue was brought to pH 10 with sat.
aq. Na2CO3 sol ution and extracted with Et0Ac. The
organi c |l ayer was washed with brine, dried over sodium
sulfate and evaporated to afford the product
I}ﬁ{@)‘d@n@hﬂﬁf € tag @iﬁugahbm)seddchvms but not

and ufied 8@1%?%8?%%}*’%%% o T OB o (M 1),

nmnea, t8 mlnymmamenyn,znhydrwmrﬁ@:@xm,osttm@tmmmvrqmlmotmOPYTaﬂ
SYNTHESI S OF

unsanraled CRREPRES her R FiOTTES NOPREPHENDIY) PI PRRFDIRE @@ 1 ©© 2
nitroggp 3 %5}15 sug 2GELANs, g%%‘t@ngf Og%zcltﬁgéﬁ]z&r@lab%%dﬁhi&ﬁhyl (e.g.,

acelcaC| In et was added
2H-1,8- de%LH@&MMﬂ diRyirobphenaimil paeigdi 2H(3148linyrobeBthiazinyl),
‘mmol, 1 eq), anhydrous acetone (5 eq), and sodiu £n limited to
tmyaa&rdobotoo&ymm@%fe(l TIUESEPPainhg S8R VA RSE R 46y PRk
om tenperature for 24 h £6i&ME such
furyl; ‘5“383)“‘ nﬁd’ogg‘anﬁfr%}&%rﬁg gl}coﬁgg gﬁﬁ?lm q ydjﬁ\i\q}‘ékr%/ eg% added o
benzdfiGxd 18 g€ ACE beRzNBEX S¥1); rﬁr&dﬁfr@ﬂedm th 8- ﬂihmb@oehd/sngs wastaining an
evapor at ed, the residue was broug!)él:S to pH 1 5,}‘ hienyl:
oxygatuepnsansbod en? cal o PAPES A5vh e o 119y lmtﬁd éf’o& ydppratbienyl;
anic_| aye s.washed_w th W Lk fur at
Samf?‘fﬁgﬁeé‘? ﬁrﬂléﬁ?:’b?r e A e\g/iapo \ggtz?%c Y§P ‘? aftins dhd 3% ur Arome

such 45 ﬁslomﬁﬁﬁéﬁe%s%tdfﬁﬁsh%hdén{ﬂdtﬁmfmy%@ per 2diulfer agngs such as
yelTow oi | (163 ng, 97%. LCMS (ni/z): 295.2 (MIh, Rt
benzddiffenyln obd snsaBETddES relegped heterocychc rings containing an oxygen atom

4- (1- 1 SOPROPYLPI PERI DI N-4-YL tude. &
and [03527P§Y8%‘bf}?°6ﬁ/fu @2 br?é‘?ﬂ’f)%( ynl t rg}r:;'%eénoxy%ll Eélr"is iCaaaeine
(67 pl) pVaslidyssobyedlidinyet pardlol120 pyrazohnyl
examlﬁj dcfggf’m ed Sﬁﬁdrgr a nltrlogen g%iﬁrmsphere A catalytic
pyraZd TR, Qﬁna’%ynairhﬁldmmﬁydmd@m@dmlcamdml vRiperdied. pyrazinyl,

and a hydrogen bal | oon was connec ed to the r ctlon
pipebask,  FhEehPAsKPSS A e nadoRFEbY i Wﬁ?f’fﬁ%a“ Byeyrmidosl

pm%zwi% hg: : 0)53%8% S}ﬂ‘p%r?%%@l Uﬁ@iﬁ&zd*i)ﬂ%)qg &Horpholinyl, thiazolyl,

e reaction m xture was

thiaZolliai:Bned :a&lﬂld@aghed b thinzoBthanol indblylf i Iqtulnaitlmmas isoquinolinyl,
evapor at ed under reduced pressure. Acetopitrile ) grL&Z thienvl.

benmsdmtsé,db@r@oﬂnequéb ibgnaoxaggiyl Suvhdfiepyl fhpe b i otmeny

decant.ed away, e f iR draMeke S
GRS LUIIOPH o HORL PR CET LT Sottr & 1 CT g o rore S stoms i

the xél'né]is 'd%Q’QfeOMdétipt%r(bﬁH Br hwl&eg@earﬁtbhﬂs\/{lsaﬁomdbsm pilfones). For
ng, 87%. LC/MS (mz): 265.2 (MHH) %/E} . e,
exammutmmrocﬁqﬂ grmmszmwmmwéq%?@b?%otfmy thigghene oxi

and Aet( @%{YJ‘ gthS E‘I:DIIF’]E&}OﬁlIRE 4PYi%W)d }éet‘?\/ﬁ%?id&l RRoups 6 contain 50r6 ring
mer%é}g- HESU8: R Wr@@é(ﬁ%\(&oc yclyl groups include plperazme 1,2,3-triazole,

4- ( 2- METHOXY- 4- NI TROPHENOXY) P1PERI DLNE-  1- CARBOXYLATEld 2-one,
1,2,40358]1F0 atetiazdle e Uhttenombotines r i BREIPIRMBEPH ne OXazoldin-2-0

(3..10 11. 825 e zodlcarboxylate
PY“Pé‘dHBg onfiq’s‘?ﬁcmf’)“ﬁ: eﬁrﬁb %i%éu iL) was added
rt-but er g neel uﬁaﬁkkmxmlc:at @r ( 2Zafl0gpbstituted  or
o157 He)té}‘)%h‘%{g TR ng 10
disubsHBIED Xyt Nhiioep hanoitudrts @@degoeneengtbz seieptef fla@ hudregy: halo, oxo
The reaction stirred 16 h and evaporated under reduced
pressure to give an orange oikg_ The crude product was
purified by colum chromatography on silica gel using
25% Et OAc/ hexane yielding tert-butyl
4- (2- met hoxy4-ni trophenoxy) pi peri di ne-1-car boxyl ate as
a beige solid (1.70g, 82% . LM (mz): 3532 (M14),
Rt 3.23 m nutes SYNTHESI S OF
4- ( 2- METHOXY- 4- NI TROPHENOXY) PLPERI DETE
[0359] Trifluoroacetic acid (5 eq) was added to a



nmet hoxy- 4- ni t r ophenoxy) Pi peri di ne- 1- car boxyl ate (200
nmg, 0.5676 mmol, 1 eq) in dichloronethane, stirring at
wo RgMmdegperature for 1 hour. The solvent was thepusr007/001708
evaporated, the residue brought to pH = 10 with sat.
aq. Na2CO3 solution and extracted with EtO0Ac. The
organi c | ayer was washed with brine, dried over sodium
sul fate and evaporated to afford the product
4- (2- met hoxy- 4- ni tr ophenoxy) pi per 1di ne as a |i ght
yellow solid (137.3 nig, 96% . LC/ M5 (mz): 253.2( M),

(C=O§’meé§|ligh rc]]&_iﬁé; whdfLid0R740 %ﬂ%& 68 IC-Ehé&%O g?du@@,l &88no, alkylamino,

dialkylainSRPROPYMbrrdnd a2k NETARMY 4 t Mo TRORMENOX) PP PERIADENE cycloalkyl or
NeCNBH3, acetone NHAcOH, MeOH 02N (gﬁoﬂggé)] To a sqlution . .
haloalifyl.1 09 bt tet haterr Ykl hARgHdFa SO RCleIOfET Ik By such @

.ni.t r ophen i peri dine Aol ) h
v RROETPIAPIRE 003 18,8 oS, ol 8 s e
alkyl (dr Dalsl)grodpe boalbd | 9N oWBSeSithe Ntk ahember® henrenpdutids such as

for 24 h. Reaction is 85% conplete. Charged additional
2-metintyaivzimidazobl grresybstingyd Angreadhl @reyRinobor ohydr i de

1.5 eq).,and stirred for 24 h., T V. ; - .
[Ols‘évapor a%ré’a,q’elt?@c?(%lsﬁ BRSPS BRYIRE ‘?‘ga%%l“ ﬁ%“\?\ﬂwﬁ? Posiignsps Wit be
apparefi{ RORRSsE 1ARHhpeAdiNn AR tRE ovdnic Eh@NScdidiRgl SHegaBirg drdyiarconjunction

was washed with water, brine, dried with nagnesi um
with g diatleswaedeesinporated to afford
1-isopropyl-4-(2-net hoxy-\ﬁ- ni tr ophenoxy) pi peridine@s a

ellowoil (163 , 979% . N .C/ z): 295. ,
)1/. %@t eg. ESI ?EJ.FMQ R 23 WE)N)R%
4- (1 _S@ROPYLPLPERI.DI N-"4-~ 3- TI—Q@%&NI/M@EL\/N\

[0 -i-sopropyl- 4- (2- met hoxy- 4- ni t r ophenoxy) pi peri di n
e(l u 0. 57~,¢n‘ft>LI) was di ssolved in 20 nL of nethanol
and b‘lﬁced undef appj trogen atnosphere. A catalytic
amount’ of 20% palTadi um hydrgexi de on carbon was added

and\a)qﬁ/_ﬁrogen bal | ogn was gb?n]nect ed to the reaction

fl ask. e flask \Wasjlqrgshgd ) ve tinmes with fydrogen
and StisW OZEJGLS 8 T h @

at rospher e f orl 16 85 The reagti

filtered and washed with anol . The filtrate was
evapor dt e Nunde duced pre ure. Qeetonitrilesg )

was ded tolit he si due, swirl f ang
de awad’ fromwhite film The acetenifrils |

was evapew at edrunder WD 2007/ 084786PCT/ US20071001708
r edutiga<pr Bsg W el di ng

4-%1- sopropylpiperidin-4-yloxy)aniline as a brown oil
(1 8RY) . M5 (nz/z): 265.2 (M#), Rt 0.33

m nut es. ~Met hod 30 SYNTHESI S OF

N- ( 6- CH - 2- MORPHOLI NOPYR - YL) 4= :
S S ek R B s o
(0155 Pheny| RbpazelmdedHebdobdAdkshclilie] 16F nOlangle, 1@idwzobfl, pyridyl,

N, N-di net hyl acet ami de was added sodi um hydride (50 nu, )
pipeazinyinohdetaiinyloofimazehyler Btramy, Wfazalyl t heizimid lyglenzothiazolyl,

stirred at, that tenperature for 10 m . oo .

bengp PO GERPWT- HOIOT g e R b fphuntaziayt, indoiy,
! ' . Jeiing. stirred at room

napl%@ﬁ‘%é?%&{%ﬁ%&{lﬁiaﬁ%hlrﬁ?n addri%tgi onal sodium hydride (50 _
[0156, 2.1 MARgl yefwestoacidtithally substitussaomppacyrlictandepolypyclic aromatic

m xture was stirred for hour and un:ntched wi th 5, ludes both
grousts Rgving: &ieeni LirtPc bt PAHEOTHAPUL f PRGT M AU e WNas

extracted with ethyl acet ate_%ﬁ_ X 10 nL). The conbi ned

organi c |layers were washed w water (10 mL), brine

(10 nmL), then dried over MgSH4, filtered, and

evapor at ed under reduced pressure to give crude

product, which was purified by silica gel colum eluted

with ethyl acetate and hexane to give

N( 6- chl or o- 2- nor phol i noPyri m di n-4-y1) - 4-phenyl t hi azol -

2-amne. LM (mz): 374 and 376 (MH), Rt 3.40




[ 0363] 4, 6- Di chl or o- 2- nor phol i nopyri m di ne (prepared as
in Method 22; 3.0 g, 12.9 mmol) and
woo(Aedyd, S-tetramet hyl -1, 3, 2- di oxabor ol an- 2- yl gy k5eShoer7os
n-2-amne (3.43 g, 15.5 mmol) were dissolved in DVE
(130 mL). Aqueous Na2C338 (2 M 32 nL, 64 nu-nol) was
then added and the reaction m xture was sparged with N2
for several mnutes. Pd(OAc)2 (145 ng, 0.65 mmol) and
PPh3 (339 ng, 1.29 nrnol) were then added and the
reaction m xture was heated at 95 C for 1 h. The
carboéﬁﬁetir?[‘ P ER WRSerBb Y QWL drl1 Opr6Qpt. tPhd @A refers to, but is not
t'enperature, the solution was decanted away fromthe
limited 0b,i gronps sdcte aa pbemdnbiphenglt euthrateayk glapbthenyb by orsseaf example.

was_ separ at ed from he wat.er The, wat er _extract.ed
Carboqpslie EDBAEC BRSS! BTG YES B L EEE SRt Rb O iicens o

at f ¢ro9@Y QoA heteroatoms

cavoB R GBI bl 0P SSLGRE ASo
as ringtaﬁéﬁ]s ifn hﬁeﬁeﬂhaﬁam@/aﬁﬂr dteecerumdder of duic eghgpatessubeing carbon

to give the desired product. Additional product was
atomsgpt ai ned by concent rating the nother |iquor and

uri fy| s r Q

o157RY e B BRSO g tpl LU o s s o
naphcﬁaﬁa% of déé’&%diﬂﬁd:lﬁlﬂé apy1qguaps (HaChMBe bther lrrod@3suth as alkyl or halo

(M-1+), R 1.92 mnutes

groupp G@@d}emteear(ezoﬁtﬁ%p& MREBFT- 3% POf-OHRT B PhEPYE i gersidered
78
here‘%%a%%ﬁ%e{ 6@%5&]% g‘d’(%%c ?ggr%gﬁb&%@&ges‘? r%ggzﬁe%lo%ésumnmted aryl

group H‘Epﬁgnﬁ M WMBEEtudX Qe IWfdipS-may be bonded to one or more carbon
(6-chl or o- 2- nor phol i nopyri nai di n-4 Pyri m di n-2- am ne

atom(sL cequeamdorq(ﬂ)n@umqgegamlm e(r@j@'q‘aulg.rrw@)rﬁ{%}tlﬁ the parent compound,
heat ed under mcrowave irradiation for 10 m nutes at

howey§HC. The sol ution was filtered and concentrated under

{015 Sreduced“@ﬁ@siﬁweﬁ a.lfﬁl I\@O(lﬂ# Zhas 4t baeAampksnidg with respect to
B eparation of

unsuﬁ‘étl(tﬁefl&fﬁhwﬂﬂhﬂh subBtiwidd Alkyd Epdragts mashyvithniesBecd rip nensubstituted

[ 0366]
alkyl [&9@%"} Howers 3rybRitHdHTl BrevR- At ByM9e ard-ZouRs i Vich one of
the n'%;zrl{ilcag%'ﬂgns is| DG HE 4305 n't‘h)e ﬂgg-cﬁﬂ)onl\lﬁg% b¥Mogen atoms
%8 , mmll) were added to a gl ass pressure vessel
descréfdt @dVenghdtalbo dnahliar mﬂgtmrp;shn]whmﬁ’yomlemrdnm aromatlc carbons of
(prepared as in Method 22; 4. 22 al .
the afyl( ronp5s homeed dret HPEHinted znafoa%aﬁamtawd Ikyl, alkenyl, or alkyny
2-.am | I thd%carbon atoms
B S e e R e S
of anArVERSup Jﬂ&ﬂ:d}ﬁlﬁeahy Sivp atoms of an alkyl, alkenyl, or alkynyl group to define
di chl oro[ 1, 11- bi s(di phenyl phosphi no)ferrocen )1 he ohr
a fugedl Hagi seiqn) (el-c Kiprdsppdniing 9t deisahydionsehyl). shhus, the phras
" | others.
R
[015§}:’r 1 hoighbwitufed hicterbsigl" Wpaned dadréingrdfersRb, at lhltﬁer'ﬁdEyl group as
was renoved under reduced pressure to | eave a viscous
deﬁrreds bawen WbeUmt¢d3y mIcPERdetaiBacegrnii9f fafe tYAJRY three of the
0 rei,ng:f ef -2Hm nghesc, ! 1] @S -Cg-alkoxy,
hydrGEbE oSO Pk (€L N8 BT B O ALk (100 anI)Ek(34 [ -Coalkoxy
C,-CU-8RBk ¢ |sapefinwab separ atyed baidalidyt ahiediosl, ayeningas alkylamino,
extracted with Et0Ac -130- WO
diallR0ARIRS 4 7TREREPLGIS2 807, 00¢Rbexfidelyde, ) . caThrexys onplikqsycarbonyl  and
organi c |l ayers were washed with saturated NaCl sol ution
(1 x 50 nmL), dried with Na2S@4, filtered and evaporated
under reduced pressure. The crude material was further
purified by silica gel chromatography to give
5- (6-chl or o- 2-
nmor phol i n-4-yl -pyrimdin-4-yl)-pyridin-2-ylarnine (2.48
g, 44% . LC M (nfz): 292.1 Rt 2.06 m nutes.
[ 0368] [ 6- (6-am no-pyridin-3-y1)-2-norpholin-4-yl-pyrim
di n-4-y1] - (6-nmet hoxy- pyridin-3-yl)-am ne [ 0369] In a

P,



WD 2007/ 084786PCT/ US2007/ 001708
[ 0370] 546- (2-fl uoro-pyridin-3-yl)-2-norpholin-4-yl-pyri
\NOQ?Q#Mhﬂmyl]'pyfidin'2' yl am ne [0371] To a s@htitis@n7/001708

0

5- (6-chl oro-2-nor phol i n-4-yl - pyrim di n-4-371) pyri di n- 2-

yl anni ne, prepared as in Exanple 2, (252 ng, 0.87 mmol)

and 2-fluoro-3-(4,4,5,5-

tetramet hyl1l11, 3, 23cl i oxabor ol an-2-3/ 1) Pyri di ne (183 ny,

1.30 mmol ) in DME (4 nL) was added an aqueous soI%tion L or
carbox@hidea2CT8 additon] atsh)onef shbeEENDY ™ P oAb[ Ay Heteroaryl, ©

bi s(di phenyl phosphi no)
heterodystqedledr#aPPRd | adi um( 11) - di chl or omet hane (71 ngy, 0.087

nol ) . oZhe mogtlr & RS idie Rt thrl Neubs iuehesave tehor "palyayictic aryl”
(016015 120V%§éaﬁ$éﬁ5édgbus bhaséﬁagg separated from DME, and
cefers BXLIAG B8Nk nEh Feed dfeticsombiwmesdinorishiat ipnhews cyfiestructure

hed with brine, dried, filt d, d tr.at s

s srongnie seehide HesKReRI LT TG S Bat PGB o pare fsed

next step wt rther purification. LC/ M (niz?. N |

e, o N thy10 3P} like. Exemplary aryl or heteroary

to ap‘f%‘}%-%l‘é‘ﬁr%‘? no- pyri dpﬁ%eg)?lyl - 2-nor phol i n-4i}%l -eri. m'ld('ﬁen henvl

moietied eptipleyed @ subsBtyants inedrapRdsi 1aF RIGRENT (fention meluce pueiys,

- 20071084786PCT/ US200.7/.001708 . ] : It {26y, azinyl,

pyridy, panpzdmyl&oﬂb‘%?jﬁ’gdll".‘?f’gi]‘yi’)“-“lf-gﬁr??ﬁb:ﬁ;gf‘?‘ﬁ? Q{Wyl A n o

oAyl - IR 2 - WS I Epr20A, AEhhtRylS Benmhipzalydl benzopynayl,
triazofyl, thic é’s‘?ﬁﬁ"&%ﬁ‘n”gfe&ﬂ(’me )}r?rgl? e mol ) in NNTP (8 ni)

and b¥eSmaddetyl CaCaR: 118%2 ny, 1.1 nmmol ). The sol ution was
heated at 125 C for 4 _h

| urs. The_r i ' ith ]

(0161300l od ‘traliadarcipartoty e 14 ot SHS BOuTHpHiGfiRith an ary
reyerse, phas r LE dobnghhivas tdfant ipkdsent invention have

EroUR: o ’ﬁﬁld? T g((?fgr?é?&g%og)ég (M r)lj‘,]j Rt S1. 80 mi nutes.

from ElX?d-'W Earbon RItBRAN Ricbfbratkd within the alkyl portion of the aralkyl group.
N- (6- (

6- am no-4-fl uoropyridin-3-yl)_-2-norphqglinopvri
Suitable- &alkyd&milp@ldfwlgyéfing%etompoundg ¢ G000 NQRYSA Thélude, for
[ 0374] N- (6- br gno- 2- mor.phol i nopyri m di n-4-yl)qui nol i n- 3-
examghg. RENZYl, F’G@lﬁg] %‘;&%g&m i on of _
[016%‘]’04’ 6- t W D QERRYHeMhdichSarfD. ABugs ibdludeniol ) example, those shown
etonitrile (60 nL) was added qwr]ol|n-3-arn|ne.tfchcda_twurious
belof,OlRwe e tayodly Edrou®s 88n bE fupher sabsiitutedrpd may R g
m xture was heated tqQ 45C overpi AR ddemedichthl chemistry
poﬁﬁngsqﬂwélhﬁﬁP??ﬁ&%“iﬁ?ﬁegéﬂggf&gg Fﬁ% Feaction mi xture
arts ﬁcg,ﬁ.ﬁyn“c‘?ﬁng;?ﬁh i0afOlosfrdherdiie reaction mixture was

cool’ed to room tenperature, concentrated and
di ssol ved in Etake (about 500 mi), the organic solution

was washed with saturatednNaHCOB (3x), 0 (2x), i
(1xX)ynard dried Na2S The SO|;£g§EEM§S ngﬁiijna
evapgggred I n e Presence qf silic and I"f4ed

by col'unm _chr qmat ggr aphy (Si 02, 15-25% Et 0Ac/ anes)
to ieIdFFo\N"zg =Y i

A N
: -nnkgg%linopyFE@iE}n-4-§bﬁ&ﬁwholinﬁﬁféiine.
z): 386.1 (MH). ~ F

/ 084786PCT/ US2007/ 001708

[ 0378] Ny( 6- ( 6- ami no- 4- f | uor opyri di n- 3- y1) - 2- mor phol i nop
yri mdin-4- yDqui nol Ny-3-am ne. [0377] To a sokyt“Pn

™~ —N e N NH, N7 R "N
@ - (4, 4:1\5,/“5- tetfarnnet hyi%Mi oxaborM Sv
yl ) pyridi n-2-am ne (prepared as shown in Method 10) in
di oxane (1.7 nL, 0 13 mmol), '
N- ( 6- br ono- 2- nor phol i noPyri m-@in- 4- yDgqui nol i n- 3-am ne(2
0 ng, 0.052 nrnol), di chl oro[1 ,11-b i s(d
phenyl pho sphino)ferro c ene]lp al ladi un(ll)-dichl
or onet hane adduct (11 ng, 0.013 mml) and 2 M aqueous
sodi um car bonate solution (0.6 nL, 1.2 mmol) were added
under argon. The pressure vessel was seal ed and the
reaction m xture was heated in a mcrowave reactor at
120C for 15 mnutes. The crude product was partitioned




Exanple 5 Preparation of
2-ar ni no- 542- nor phol i n-4-v1-6-(quinolin-3-ylarnino)-pyr

wO bili7ihgirsd- Y11l-isonicotinonitrile WO PCT/US2007/001708
2007/ 084786PC / US2007/ 001708 [0378] To the crude
2-am no-5-(4,4,5,5-tetranet hyl -1, 3, 2- di oxabor ol an- 2-
yppyridi ne-4-carbonitrile (prepared as in Method 11)
(25 nmg, 0.13 mmol) solution in dioxane (1.8 inL) in a
pressure vessel, was added
(6- br ono- 2- nor phol i n- 4- I-Byrinidin4-y1)-quinoIin-S-yI-
amne (19.4 ng, 0.05 nn%WT'ﬁnd ag. Na2C&3 (2 M 0.6 nL,

1.2 mol). Af}tgr pur gi ng*t#e reactix n\rri xture\wH\\h
argon, dichlo ;o[O 1'- bis(diphenylp

oswphi no) f eky otene]
paly=aj um( | 1) Neischl or onet hang addyét™|(10. 3 nf 01
mitik ) was added \i n one portion.” Th ressure vresSsel was

seal ed and the m xture vva&rbeat ed in a mcrowave at 120

Cf j_\ seconds. The crludeN mi xture was filtered and
concent r AT & redupressure. The crude product
was purified b ever se pHase preparative HYLC to give

2- am no- 542- nor phol i n-4-y1-6-(qui nolin-3-yl am no) -
pyri m din-4-yl ki sonicotinonitrile (4.,4 nmg, 20%. LC/ M5
[0163(g)ni | 2) 1It<é;?r'éséhft£tMe hidteroRty12 . @31l Uog Sexdmpiep| Bniiazolyl, pyridyl,
reparation o .
thiazd 1Y tiimstohyl bedziToidononilierrkgthiazetylapydipen2opagobin- 4- v1) - 4
[0164’28%-7 / 8%‘%1%}@&5@7%3‘:2&’?/6%%&33%Q‘,\elbstyt\%l)ent to which two aryl groups, which
: thxhiebuahly FOopAFRY ERbmpiaalibigryl compounds include, for
are n%ggﬁ%%éfaﬂyér o- 2H }p/)yr an-4-amne (90 ng, 0.9 mmol ) was
examptijed tghenydoinzthgn of dipdrenmlddesiende (3?@@1@&}}{}@%-p}ppnylbenzcne,
water, 0.091 m, 1.13 I d acetic acid. (0,162 nl)
phenpXybReKETD. 8 nl) . aphEnyigt: Y‘Sﬂ@’%& 5 ni nutdéé‘}e“y§ ketone,
Na( GN) B3 _§£:60 3 o W8S aHH8d (bRt iR y)Bdhzene, and
(4'ph§f’§"§’l>|?‘d téelly" Xﬁﬁgrb%e?%éx%ﬂg‘lg Cs? Wa's (gddrgg to the
the 1ik820td @R Bbtibnafadeutakinated bearyrtoeps gtdludd: g (fheny gnino)-N-[4-(2-

m nutes, the reaction was filtered to re ol ids an )
phenleehygolveimnyélrapomited tdndieherdBerasacp FEER(F st onenyy

crude praduct, Nrethylietrahydr,o- VRME 195 ' MRfide, 2-
2'[bfi?§éga‘f“g‘?° f%é%’llélf:bvm%%ml |os]glrt§c(g'n%}2n%# W t%c% ﬁdytl er ) ;3[4 o
UL il @At 2R - ghé)aceldtBide, (Nan, R(OyQ@dpmipwareio)-N-[4-(2-
mnn.‘[gtb)llgél]&2I§ amgng%?@g]&l[ O%)E]Bazfi The crude o) N-T4-(2
pheniateyhykphemdhydetende.pyr an- 4- amine (104 ng, 20e8yRERe)N-14-(2-
was dissolved in NMP (0.8 nL). To 4 he._ i N-[4-(2-
phenyig Ry )Pheny a?ff‘ﬁ’i’?%‘i’ and 444, 6- 256 AldhlRBpy R0 h[ (1
' rgmea LeitBndad, ) MpREONIIR-bepEe paYletl daskdlene,  2-chioro-1-
phm%%%ﬂggﬂ'Z) ?g%gﬁg, 034 nr%o??imere added at roaqm TN Ao(2
metlicypepatuylecnEme, r eact i on m xt ur e 2nkEnieae wdmeidsapino]-N-[4-(2-
After 90 m nutes, the reactio i xture cQole _ T4-(2-
A SIL A o R e Y

rever se

&K@J LLMEERLGe Y el di ngr@dmimopRa%)abthyl)-amino} -N-[4-(2-

phe@%ﬁ‘?ﬁ?‘é- r‘r@ h})ﬁo 2- rm@?%:/’hol [ noglg((t etr gﬁyﬁ?%- 2H pyr an-4-
phedA}Byhi Dbl canintide, | @~ N(Sgshylphemvianethyigmingy Ny-[¢{2-phenyi-
m nut es. . ) Aohenvl
ethypgBabynelasermyiees- ndrpREPIHoRBLPOR YRR E e py oyt Phen!
Do 4 % 1o L s iRV RE: fEdonadetangen  2-(ethyl-

benYehk: 1 % (e BB A2 T4 R2 HrRAY Rk BBALTIL

Xt ure

met@yl4mthd)-18-{ b R el hythydy h@ngl ] eccaordt an- 2-(butylamino)-N-[4-(2-
ooy ieHbam o HOEEYRIEIE s p ST G HEe Ry phenyi)-2-(4-pyridylamino)-

2007/ 084786PC F/ US2007/ 001708s3-

(tetrahydro-2H pyran-4-yl)pyri m di n-4-am ne (12 ng,

0.038 mmol) in THE (0.8 nL), and aq. Na2CO3 (2M 0. 27

m.) in a pressure vessel, was added dichloro[1, 11-

bi s(di phenyl phosphi no)ferrocene] palladium (11) di ch |

oronet h ane adduct (8 ng, 0.0095 ranol) in one portion.

The pressure vessel was sealed and the mi xture was

heated in a mcrowave at 120 C for 600 seconds. The




Preparation of

5- (2-nor phol i no-6- (pvridi n-3-vl oxy) pyrimdin-4-yl|l Pyrim
wol 0 nesdrseam ne WO 2007/ 084786PCT/ US2007/ 001708p¢1/us2007/001708

[ 0386] 5- ( 6- chl or 0- 2- nor phol i nopyri m-4-yl ) pyrimdin-2-a

rnine(10 ng, 0.034 mmvol, prepared as in exanple 1),

potassiumtert-butoxide (6 ng, 0.051 nrnol),

pyridin-3-ol (5 ng, 0.051 mmmol) and DMSO (0.5 nlL) were

all conbined together and heated at 110C for 2 days.

The crude product was purified directly by preparative
acetankig¥ ERSRI-@hpBeEnyHRthEny Dpigingé]-2-(quinuclidin-3-ylamino)acetamide, N-{4-(2-

5- (2- nor phol i no- 6- (pyri di n-3-yl oxy) pyri.m dj n- 4- n )
phenyybywwl)pgerwl}mzroawm%ylesr.bwﬁﬁl}‘9%20 '.a”t‘éi’%s“(%’t‘%lylfl‘[“ (2-phenyl

392, 1 (MW, R 83,1,r (RRPLEINpRESARRLE, 0N 20fdimethyl-
°thwﬁ)'&9%§}ﬁ%warrp'rﬁd%di nf‘gl-‘;%;e?lgib#o%gﬁl l?r?g RE (ngl( pi per azi $1
a.rnin(Jt)—;ﬂrJ _lt [%b%uips"leﬁy?bﬂaﬂ-l Py8iyiySipRedylfdceiantide, [ 03 8AFylamino)-N-{4-(4-

phenyfbi(ts-1(B-d{@vadrphopy ldcmagiide 5 - ptyldorsmaltmEEy%i ni 1gF47{Zrphenyl-
- ylam no) pyridin-2

B S e e

diynyg'-[g@ényﬂl-(‘?z[rgé)g—'aﬂﬂﬂ@,h X[ NQRYhEMEIHAN$HYhIPITHrBp skt dinidearamethoxy-

e and comrerci ally avail able tert-butyl

phenyi-{iEngiTkenpyy pHemyl 2N sHenpupaieatierebutorar-Dob(sritcay Iy methyll-
0. 06 m’ml:zr wer e added

5 m of 4N HC1 i [
carbogmida i CH-oheBieniBary REREBIRPET fak- i iphéit Fropanoaic
07/ 084786 i rIhe
Re i Sl g e e

a 3:1 acetonitrile and water )
fo168nd | yophileraagidrgl"atfas to hlivdanybgiquedvbersdert of vyl groups 1s a
(mz): 435.2 (ME), Rt 1.52 m nutes. ExanEI e 1

heterPraparseipn of Exemplary heteroarylaryl group
4-(trif.l uoronethvl ) - 2, 65 di | ' Heted, n- 4o azole,

2-phf§f}31(13?’1i‘1-‘§?= aRfiF IP}_“%?G(' c&q_%ﬁwgm%?gﬁl [0388]4%0_ 3 yrdzoq

5d(2_géy%%ye@nﬁ)_m_aﬂ@htwnﬁﬁ@b-ahl-@impy Hiphiegiyhe .3 pribipdiazgle, 2-(2-

phenylethynyl)pyrazine, 2-phenylthiophene, phenylimidazole, 3-(2-piperazinyl-phenyl)-

mcpude, for example,

furan, 3-(2,4-dichlorophenyl)-4-methylpyrrole, and the like. Preferred optionally
substituted heteroarylaryl groups include: 5—(2-phenylethynyl)pyrimidine—2-y1aminc,
1-methoxy-4-(2-thienyl)benzene, 1-methoxy-3-(2-thienyl)benzene, 5-methyl-2-phenyl-
pyridine, 5-methyl-3-phenylisoxazole, 2-[3-(trifluoromethyl)phenyl]furan, 3-fluoro-5-
(2-ﬁ3ryl)-2—mcthoxy~1—prop-2-enylbenzcne, (hydroxyimino)(S-pheny1(2-thieny1))-
methane, 5-[(4-methy1piperazinyl)methyl]—2—pheny1thi0phene, 2-(4-ethylphenyl)-thio-
phene, 4-methyl-thio-1-(2-thienyl)benzene, 2-(3-nitrophenyl)thiophene, (tert-butoxy)-N-
[(5-pheny1—(3-pyridyl))methyl]carboxamide, hydroxy—N—[(S-phenyl(3—pyridyl))methyl]-
amide, 2-(phenyl-methylthio)pyridine, and benzylimidazole.

[0166] "Heteroarylheteroaryl"” refers to a biaryt group where both of the aryl
groups is a heteroaryl group. Exemplary heteroarylheteroaryl groups 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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Met hod 22, 2.0g. 8.54 nunol) in NWP (14 nli),
triethylarnine (1.43 ni, 10.25 mmol) was added. The
wobgiAseagneous m xture was stirred for 15 m nutgsyudheeotos

treated with norpholine (0.75 nL, 8.54 mol ). Upon

refiuxing at 85 C under argon for 2 hours, the solution

was cool ed, then added to EtOAc (160 nmi). The organic

sol ution was washed with 25 nL of NaHCO3(sat.) (2 x),

water (2 x) and brine, dried over Na2SO4, filtered and

concentrated. The crude material was dissolved in 200

d ahAr aHBbm 1 (BLOZsPAdthsh BI-2-yDethynyl}(4-

3- pﬂ%r}%%vmd% )I(g},&igﬁ@ylagl di ng 2.?{ ng (93/() o};gwah yhethyny

pynd)a)}“a:ndxlnﬁbr phol i no-6- chloropyrimdine as an off-white
solid. LCMS (mz): 285.

[0167@ s, 1|_|)"Og1qz§u]3r ?@?%mtfg'l'—éor 321§)ft1§1t5%u\§]e£eﬁ_bto he repalacement of
0389 trifluor h yeliens,
O A O OB B R 80y S o
included 3801 Ak apipigasydsyhubht&ed atineu g, heymmghabno uﬂno sulfonyl,
m xture of 2, 4- dinorpholino-6-chloropyrimdine ( %u
thioarhid@ mwddiop) iBMding, (44 f PXIRISHRR-h ot axamiging. ftdioo, Buanidine,
suoligidd ¢ Loty S OGRS O Al PR PoBCRIC ancyamino,

xyet ‘e an
haloahaa% 4,3 2o @r r%@oa{lkéw} eSalkcJ;c}lchyl alkylcarbonyl, aminocarbonyl,
Bi's(di phenyl phosphi no) f errocene pal | adi um (| chl ori de )
arylc¢®8aylyy ardikgBarhonol,) hatesoertiadbemd, thFéCWa@Hkié eubgRy,  alkylthio,

gl ass vessel containing the xture .
aunin o) SRRRAIEY b e e o) Sty Pho B PR Sioptfie, imidazoiyt
andtﬁ onlked and diluted with Et0OAc (300 ix-1L). The organic
ution was washed with 300 nL of a mixture of water: )
[msggazcoe( S'hie. JubistiADidnc gromp) can self be supshitned | CF bgﬂ?up substituted

and brine (2x), dried over 2 iltered and
onto ganeahtiRtien HaRett HaC I %mﬁgmp&m‘fﬂ. Py By dpgizoxyl alkyl
aIko{ygggl?l? ;[ Oc%r %Blh G%R ?.9) EQACé a”?,@qw tdy cf@aﬁgﬁ\) wherc R 1s

ng |n of 4-(trifl uoromnet yl)-5-

typlcﬁﬁ @lydmgynphpbﬁdstgpyﬂmﬁl n-4-y1) pyridi n-2-arni ne as an
¥ white solid. LCVMS (1n/z): 411.3 (ME-14)

[0169]:DC1 3) ‘Waes, the @@sh%d :@by‘gtu(agt li‘l“blde% ag§fr€u§lht 1%3111 group, the
subsrglg%ﬁl(cga?nliczc elt%er gvn%n? Qﬂ{%hégk&e g- ,32 q’l@dﬁby@};“@ﬁ)yﬁ b')ammobutyl and

reparation
the IIHEE()GOL( Lt HSORRARY IeRinpeld (H.§; 2-Bydroxyethyl, 3-cyanopropyl, and the like).
Oxv) PYri din-3-yl)-6-(6- anino -4- c
Subs(tlttwnueﬂl El‘dlfaﬁrmdﬂgllc)apybp dftrright. ¢hpging tpﬁgpghe(si jor cyclic arrangements o

[ no r| n di n- é'r ar n%J% Y\QHZOOW 084786PCT/ US2007/ 001708
COW‘[’?PS - PIYT S 8P ORI P Peri di n- 4-yl oxy) p yri din-3-y

[01 ? (6 ani{ efentative substituted aminocarbonyl groups include, for example,
7? rifl uororret hyl ) - pyridi n-3-y1)-2-nor phol i nopyri m di n-4
those Sitivie bdew! sViitehe siapebe afuthedi npstinteth dygdstaraeycly! groups and

hetefcéxgglte%%efa%rw}lpge %gggrveﬁlt go gheoas(e:tha%pngl ) 11':1)(1%%6 orézukﬁx and medicinal

& hﬁlﬁh&@x\g heékin: PrafiriRl {rpfmpearkecyl groups
hergustry (}Fiq’h O(Ja'l?lit%&iro\l?m%nh 4

mc]m or o- 2- mapctmbampy)pamm:me y1) - 4-Nt(BrhpihorgRiapcypoxamide,
yridi n-2-arni ne, LC/NIS 559. 2 2
N-cmlﬁmwlcqu?xmdﬁi ( DVBO)® %QI’SIW‘HR‘% Chr‘]l{iﬁ)m“‘g a1 Y
b 98 and 7. 94n( y@rdXypropyl)carboxamide,
2"“‘&% ﬁo %rg}@%&noaﬁ% confornmers); @?97 ({Ia pé)
N- (@h%rﬁgdlsap&;byq)wboacadoa@| ets, J= 9.0 Hz, 2 [2-hydroxy-1-
confornmers); 6.23 (1H, bs); 5.25 and 5. 15 (1H, 2
multiplets, 2 conforners); 3_8‘3_ (8H, bs); 3.44 (1H, m;
3.35 (2H, m; 3.10 (2H, m; 2 (2H, m; 2.03 (2H, mM;
1.27 (6H, overl appi ng doubl ets because of conforners,
app. triplet, .1= 5.7 Hz), Exanple 12 Preparation of
N-(5-((di ethyl am no)net hvQ hi azo
1-2-vl)-6-(6-anni no- 4-
(trifluoromethvl)pyridin-3-yl)-2-norpholinopyrim din-
4-am ne [0392]5-((diethylam no)nethyQ hi azol -2-am ne

P



Exanpl e 13 Synthesis of
6- (6-am no-4-(trifluoromethyl)pyridin-3-yl)-N(4-(2-
wo(z@lgﬁmyé(,ar ni no) et hyl ) t hi azol - 2-y1) - 2- nor phol i Ny [5sbo1708

n- 4- am ne

[ 0395] 2- (2- am not hi azol -4-y1)- N, N-di et hyl acet am de

[ 0396] A m xture of 2-(2-am nothiazol-4-ypacetic acid (1

cc), HOAT (1 eq), EDC (1.1 eq), TEA (1 eq) and HNEt2 (1

eq) in DVA was stirred at roomtenperature for 6 hours.

The reaction m xture was then quenched with H20 and -
(hydro£RHEER AL Abardhentias] dusl-gasatibsglainiedeihnDacgmmided N-(2-(2-

471 mxture of Et0OAc and NaH. 0C3020. Thg tvxﬁm&hagagls ethyl)-
pyridyDethel)sapaxamide, aid-E@Heyrishydmathy DsaaraBH Ga s N iedh %R

brine, dried, over and ] 849 _bHo, HH ¥RESE ethyl]-
carbo TN BN OSBRI i O T i i B P e o) "

dri. O Yy 196SivIR ARG, NS 2a(2abik d-8-isdtazblinyl)ethyl]-
Ca‘b"xﬁﬁ’ﬁfg lt(‘]orﬁd)z%"%’gi‘%b%c (I\/[lqu),% R 1.13 mnutes. WO N3
carbox2@0dé,084786PCT/ US20qF4rbadsnedinomethylyacetamide, -(3-

0397] 4- (2- (di et hylam no) et hyethlaz01- 2- . cetamide,
pyrrolingrwlmlpny C%Wi)é%H,N?H@CNE?‘E“W‘?NS%Y%%;‘J&T8‘33@?]&' tarid

suspensi pn ide, N-[3-(2- olidinyl)propyl]carboxamide, 4-
N—(Z-IEQI(P%PE{}% n %ﬁ%{l)é\lz%??%%/nﬂd-e N, I\Igdi(et0 )h? )éréet amde (1 c g in )
methyl2EoV@ipadeipecatbashgde,t aNa(vihgeauSpyselidingpropy carboxamide,

suspension of LAN (1 eq) in THF at 0 C. The m xtyre na -
N-(2-Isgdroxed-morphsdin-f éfz)a?f@"f‘%?“ ‘hours. At thi ?Jt{?&%? Eyano

. the resyltjng.mxture wag.: : NdinkcP®alddize, N-[(5-
Pyﬂdlflm'é\ﬂiﬂ{’?ﬁf)} C%br%(f'fn “i%%v%g an%gllntélg?} g"% part(:tfl—IZOeﬁgl i3
delegh e &®oxdiaien xt ur e2,2@strsflugrpdd-(fi gormplpyrrolidin-s-
et B e w0l 1 ' ool e vasshed wi th
yhacelhihide, The filtrate was collected and concentrated to
dryness. The resulting crude material was washed with
Et20 twice and dried to afford a vi\s%ous br own o'?l.
LC/ VB (1 z): 206 1, (wv\ﬁga 0.34 nilutes.  [d399] The
titl e conpoundnwas synt hesi zed accordhng to th#general
precedu ghown i n Exanpley2. LC MS (mhg)y: 523.1})(Mr),
Rt 211 mhutes. 1H NWR ( b 8.15 (1H, s); RO8N{LH,
s). 6596 (1M, s); 5.38 (1H, s): 3.78 (4H m); 3.65 (4H,
M Y331 (2H, m): 3.13 (4H, q, J- 7.2 Hz): 3.02 (2H,
m ;"M 20614, t, J= 7.2 Hz). Exanple 14 Preparation
of - met hoxyet hyl ) - 2- mOr phOl 1no- 46- di ani ne WO
20071 084 F86PCT/ 1552007/ 001708

e
\!\Jx, é,aﬂd SN | ,

[0171] Representative substituted alkoxycarbonyl groups include, for example,

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.

-66-



[ 0400] An argon sparged m xture of
6- chl or o- 2- nor phol i no-4, 5" - bi pyrimdln-2'- am ne (10
worgy /@488 nmol ) and 2- met hoxyet hanam ne (0. 018 g@kysRo2bhiios
rnnol) in MAY (0.8 nL) contained in a seal ed pressure
vessel was heated in a mcrowave at 155 C for 1000
seconds. The reaction mxture was filtered and purified
by reverse phase preparative EEPLC to give
N6- ( 2- met hoxyet hy1l) - 2- nor phol i n0-4, 5" - bi pyri mdine-2',6
- diamne as the TFA salt (4.0 ng, 30% . LC/ M5 (mz):
[01‘72g32- 2 (I%gr@éér}tat% sﬁb&ﬂut@ﬂ@k@ﬁyea@@fm| grol®s include, for example,

reparation o

those Zhenpbabivn hgs¢ 2lphemspbeny b briups 8andb futhery subetitited 24 will be

-amn 0401] argon spayged m xt ur f . . . .
sppargaiChI BPEE DEYIDR L £ 1o RS BByt TRt Serniiy st g conjunction

. - Cs2CM (27 ng, 0.09 nmmol) and

W““%Eﬁ%ﬁ%ﬁ‘ﬁ%ﬁ%@'i ne (11 ng, 0.068 nunol) in NVP (0.5 ni)

contained in a seal ed pressure vessel, was heated in a

m crowave at 170C f\QrVOGOO seconds. The reaction m xture

was fi héféjd and purd fied by rgverse phase preparative

1EPHE t0 @i ve 2-mor phyl i no- 6- (2<pheayL ool i no)r 4, 51-

bi pyxi m di n-2' - am ne olhe TEA sal t (7. Zon;g/\éLS/O(;\

LOMS (n/z): 420.1 I1), Rt 2.20 mnutes. WO

2007/ 084786PCT/ US200l7/ 001708, Exanpl e 16 Preparati on of

N6-tert-butvl- 2-m)rpcf1 [ ij , 51- bi yrign' di ne- 21, 6-di arn

in&f0[0402]An argon ‘spafged m xtu of

6- chilor o- 2- nor phol i no-4,[5" - bi pYri m d]LQ-/Z'\-N ine (10 ng
, 0. d tert-butyl amine (12,5 ny, O.:ﬂ_.7 nol )
in NM' (0.5 nL) contai neddin a seal ed pressdre vessel,

vvas\fré]abed [ m crowave at 175 C for 800 seconds. An
addid\idgvha\l,ra@.ﬂnt of tert-butylamne (50 ng, 0.68 nmol)
was added to the reaction. The reaction was again
heated in a mcrowave at 175 C for 800 seconds and
again at 175 C for 800 seconds until disappearance of
[017%he st afhertgrmaeetealed” Witk tasherd tai BatdipeyWeReuPs] EBRE@EToupS, and

sulﬂlgalgﬂgé%?lg% grre&%gcdtot %@%ﬁl% grfl t&xieseed f\kl)1¥ct1roen\£i 1%%:9? \Bﬂl%%e are protected from
undeMOai€ rhadidhy Vadr wrsﬁekigg%réuéheww Mctienaq2dd 6n dh@BA such as

Ine as the TFA salt (0.9 ngy, 7%9. LCOMS (mz): 330.2
those 8dt-forth R Pro@6tine Girveps irEQagptie SyithePise faeeand, JhVof Wuts, P. G. M.,

John ey 5 S DAL Dl o QSN YOI el 145 B TREENS! removea
usiné gﬁ:gé%og'eé%eg L0 5O K HBERD oﬂ(ﬁ}ﬁg)é%i d'f"br%té@tai “8?%7%@ AR include,

-145- WD 2007/ 084786PCT/US2007/ 0
but 4r 404 ]ibrianbnsipgnttaasi stclaes thst4dbtaged byli@atriomol p hydroxyl group
4- (2, 6-dichl oropyrimdin-4- yl)nprpholine repared.a .
withi 1 NEERERR 228485 4 3y, DB 0 i 1}“5&’1 DPEA ‘(‘éﬁ?‘@@g’rﬁﬁ‘,yl'ﬁﬁﬁ“"s“aﬂe’
i e d sl e Gn JiBh - dh et hvhi Qg d8nd, 6siBstituted methyl
mm%ﬁgmrﬂeog%%l?%n%’ so?%o [ g%y was stli rred at g(4OC for 40 ﬂourlsu.
and $thg] e@Red uh avasutnbulimdteditd ndfhOdomeHO0 ericr, muthwkiohwthyl ether,

with 0.5 MHC (40 m_?, wat er (40 ni), brine’&gmm el oth
benziipeanghyh Nabsor, Hhpteesiidnd SiFapor At ey gty ether,

olid. _Th rude r ters such as, but

e B Tty Y kit SO0 DAY oS
not ﬁi%igédvﬁ),%S?iforﬁa@; formate, acetate, trichloroacetate, and trifluoroacetate.

nor phol i nopyri m di n-4-yl arni no) Pentanoic acid as a .
Examipldseo$ pkatdcted S0ming, £800F . ingloffsbyhasy nogignged to, amides such as,

(1\41-1+), Rf 1.79 m nutes.

[ 0405] 1- (2- chl or o- 6- nor phol i _rbgpyri m di n-4-yQpi peridin-2

-one 0 HN



ANl tc,L, CINN-Th Lo HATU, HOAT, DI EA chl orof orm
[ 0406] To a solution of HATU (304 ng, 0.8 nanol), HOAT

wo @088 0. 6 mmol ) and DI EA (0.209 ni, 1.2 mMmoOPYTIUS2007/001708
chl oroform (20 nL) under argon, a solution of 542-
chl or o- 6- nor phol i nopyri m di n- 4-yl am no) pent anoi ¢ aci d
(190 ng, 0.6 rrunol) in chloroform (10 nL) was slowy
added. The reaction solution was stirred at room
tenperature for 5 hours. After the reaction was
conpl ete, the solution was evaporated to dryness to .

fommsidl\é?aé’etmmeg 1S albsbaskiantidwesdcberomati dgr apides Bighgas phthalimide,

Si

ica gel colum by eluting with 40% Et QAc/ hexane t.
and digiosacdin{r@idehbod olsrep ﬁﬁﬁ.@‘qpﬂerfﬁc&q%g%ghyc(ry{s groups uqclude, but

are nozt/ lny)ugl)tgc? rztlggltg;oczsmogrrlﬁe s%%?a%@%ﬁ&z@?lthg)e‘lﬁgvm%d 8§5%hicdiid Meoether;

nrnut es.

200 7L PCTANS200 24,80 bZ0&mithio, dithio and aminothio acetals; and
Subsmf“%%os]qﬁ-é%g?(dgygr ni no-4-(trifluoromethyppyridin-3-yl)-6-
othersDr phol | nopy;i m di n-4- yepi peridin-2-one [0408] To a

suspensi on o i " hich has been
[017311- ( 2- cRCOPR-FROSSNGE BORYT TRt A2 £ FERCRaT &IPRP 2 M one

(16 0. 05,.trun 1 sed carboxylic acid protecting ester groups
esm“éffd( 1‘?‘% 55 tggte&lgng%aﬁilnﬁnﬂ 3 2 di oxab?(;r olall -2-y1)-4- 0
emplo(XEH e, bURIKQSTRSrBYC) By catbox Ricamin dufgicpahild raacansiaY ppe other

; 23 nmg, 0.08 mmol) and | o .
functidhaidites of thelcomPRYER BHesAT BHOYPhIhE FEPPLR §REOXY Protecting Broup
pal | adi.um (11), di 3RE c88¥Ghd (8mAThs ébr@Bied to the solid

can bgaipghed 1o %‘%Z}adnse“p ?’kq&ﬁgﬁi&z Mcaq%eous sodi um car bonat e
supporf! 44 1188 E&bbxPlate Owtilnebday edaby atigdublyd epeshepn toTRgease the
reaction m xture was heated in a nm.crowave 2 ilg%d% tfo%xampie

corresRBdirarfrondsid. TREPTEPTIE Y GHRY -RELCHNE FIIUBR AT erween

Et OAc (30 rri#_fnd a%gqi%ed sodi um bi carbonate (10
alkyl @ptprs, FeRONGAANME T &Er "Was separated, dried over sodi um
(017 %ul f at eefibdnt &8 BHo@E ONGERYEREQ congeise rassiogeetrically substituted

ressure. The crude product was purified by Pnrepar ative . e
carbdie\Wesise. phsd HRpGmarigile sipsugied carbon dtoms ‘can Tesu

am no-4-(trifluoronethyl ridin-3-ylk- 8. e i.n Iiparticular
comprivdiin- af mi*ﬁé@wwff%ﬁ%gé% *E‘%@fﬁsoa‘v}pg‘m&gﬁ%%ﬂé Ap Pestients
asyn%e(ﬁ:iﬁ?lbgfg@st&meézga}b&z%t&? (M 4 dingh¥ s@rfisdnBlit @8s a result, racemic

Feparation o _ I
mixtkres BmfBud diQtidstarcoidengrametthys yipghd diapregeaparspf the compounds ©

mor phol i nopyri nm di n-4-y1)-3-phenyl i.m dazol i.di - 2+gR jon,
(he E0ADBM P SIS GTTIBRB PO B AT e 312y ) SRgLguration

-phenyl et hane- 1. 2. (i afl pep A 974 "RECOMMENDATIONS FOR SECTION E,
as “Wé&%ﬁ%é&gg%l?% [0410] To a sol ution of

Fonfiak@nGadiss ke oRyisTRE MP2-eyd Yo CPROLAE X PPeliftedT g terms o and
E o e Bas hOd 22 3 Mt nu'FhC)l 21 aHQoPh%eference plane
B aré @mplaped for Bngropitiang oACKC (9PN et e &
is o) NS s e RANS: 2o 8l Bl 828 il towkQuiliBérkd pasition. Those
Is thy| W)?ndﬂwgg-tgﬁ'%e]f?réggtsﬁlggﬁﬂ%&x? 1ljerée \Evas 0st irred -z;t 70-80 It
subsatiGHe E){LH%B&)QQ@ BpphiiteLsid20f fatressrehdreplona ¢ oFsignsd fdgscoptor.
ed down,

Was Ccoo and the sol vent was rempved under . i, which "a"
shodlaobiC adtefirthss thie usTire dififers - Pn dBtfc oS TiPP o e ™

bet ween EtOAc_ (120 ni). and O, - thod Mphe TBANs o and P
means gHew| tfePlARAS L R0 cargliys bndigedon NaHODB
i 1 H ' 3 ul 3

con%‘xéﬁrSaQiogL)a% é%g& “%fe(iépmﬁ}%s’ détfrieadhy tid t@hemhi@dibstracts Index

centta to give

Appdrfti IV Opfragraphr2@3ol P&6pyri mi di n- 4-y1) - N2-
phenyl et hane-1, 2-di am ne, as an off-white solid (1.29
g, 96%9. LOMs (mz): 334.0 (Mere), R11.94 m nutes.
[0411] 1
- (6-chl or o- 2- nor phol i nopyri m di n-4-y1) - 3-phenyl i m dazol

i din-2-one 1) phosgene/di chl oronet hane 2) DI EA, 40c
N



CINN [0412] Toa sol ution
of - (6- chl or o- 2- nor phol i nopyri m di n-4-y1) - N2-
woRhengltikhane- 1, 2- di am ne (100 rag, 0.3 nrnol) dd/EMi7001708

(15 nmL) at OC under nitrogen, a solution of phosgene in
toluene (1.89 M 0.32 nL, 0.6 mMvl) was sl owy added.
After 20 mnutes, the reaction was allowed to warmto
RT. After 1S hours, D EA (0.42 niL, WO
2007/ 084786PCT/ US2007/ 001708 2.4 rrunol) was added and
the reaction solution was heated to 40-50C for 40

101751h0ur s. AthGehaRedihO el ihanascanizpiy akeebtubldedalts” refers to the
reduced pressure and the crude product was purified by .

nontoxs¢ hiridaorgskalitr ettt vgtad sals ef thd Py iwidiAe romPerpde of the mvention.

/ hexane to give 1-(6- . . ) . ) on o
These 33ty GrobRalBRGER gy AFRs e 92 dsglediam #0d gusification of the

imidi . . St nS 7 e bhéd MB 401l Zlunctions with a
pyri nglbeo rlégir%_%buj’%dé’ﬁ\’?b% %ﬁ %n%aﬁtttég,g .r ting . Ctl' wi
suitable0stE3hit-drGnbfeanin mod 41 (base, frespactivelyn yRyprgseniptiv@salts) inglude, but

are noggiggggd]{-gcggtﬂé [fgg]@%gr;%ﬁ_as%%ze: 3;.& pha?fp,yal.llgirr?age?zc?tlrétgl Qépza}t%?ee, benzoate,

1-(6-=chl or Q- 2= [ £ 10,6l - =3 . te
B A e
cyclop@n@éheﬂar&;ﬁn&t@,t r anetolydyldyidyie; ethanesulfonate, glucoheptanoate,

di oxabor ol an- 2- ylg- 4-(trifluoronethyl )tpyri di n-2- anhn$ hloride
glycerpphesriatel dieniedtfathedb AN o gD 2 PPy TG an YT RO

nd di chlogol1.12-.bi s(di ' £erroc

hydrog’écirflgdgi' um E‘V%ljdl%ﬁ}lg { og 0%421? ﬁg%eﬁg%ﬁ%l@%%% ny, l%8f.%](t)%4 ma{eat&
metha80h Yordte, DV dtiate, M2} naphtMadseeoifsnsedi annlgay bpmav@e, pectinate,

solution (0.4 nL, 0.8 nmol) was added under arg{on.ﬂ%he artrat
persulfatgc t3-phemiloigeteapicsie Pu@lae. PPRCRYE SUGRRfe, syifye. tarrals,

~crude prqQduct s partitioned we E - '.&Er&lﬁg .
oSt 4B SRR b ok SRR oo S a2
Vs, S eRakMiEgizdr Welh Y agedth um syl atatided,i budir sl mettyl, ethyl,
groupconcrgnt ?gt ed uznder reduced pressure. The crude product
propy\i\@?%cp?giyg Ircﬁlhbrll"gi)ez‘rprcepdlea,t andeiodiies; tipllgyhsulfates like dimethyl, diethyl,
dibutyl ppe KiRspe RS I8 diain Beldse.soohar Shary Sy E M. 424 st

Yibk - v L 829! Lo PnAkes 10 benzyl and phenethyl bromides, and
cmor%%’??%%% US21107/ 0%1708 as a pale yell ow powder

other§.8 WatBHor b Y%ombie at disyémsitdy pradbehBue titerpby piygrined-M HTh
3.29 minutes. Exanple 19 Preparation of ) .
[0176])- ( 4- ( 6Erem@hesHOL42918 | L SPREHe %;Fi‘jpgﬁ??’?% 18- Soypq ) phprmaceutically
rphal..Jin I M dh L Ne Ay VH.OXYPT Pioffdnidi feiklis VBetHYdadloric acid,
acc‘:pggblfofilg] ﬁgg}é{of: Sg&tiog?yf ation of g?ém)r phol i no- o
hydrédbdiidlhel] atapweidyisdifgcBeidadd pBbspHa@wlsjidond sygh argapic acids as
of N-Boc-4-hydroxy piperidine (2.58 g, 12.81 nmool).in_ .. .
formicepewhyatest (st HHIEPrea¢RtiFe iy Jﬁﬁﬁm‘%a%‘“édg%r&a%"o&%ﬁfm oxalic acid,
hydride (60% 0,04 2 B Liio b dia. ARLBE &84, bldiBade@filfonic acid,
maless) agy u?’(eeg?anogség Ut ocﬁ&’oF §%B-lfr{%‘r)p 0li no- 4, 6- o
benzSh &M @hPYdiH M pRolunésiifont: dddneinde hoid etd abiie afimey Aacids such
(20 inL) was added through a syringe. The sol ution was
as asphiticr @dd bod gitameupddas the ice bath warnmed to room
tenperature. At. this tinme, the r i Q LXhYfe WBS: isolation and
[017abencheoéjﬁ“f RIGICR S2S be 3%3 m\%gg&p%?f iﬁﬁso%ed'3 bet ween. ‘_Dn '
purifi G 633 e WyrirAlndRRGRASAL, br (sBpatitdly Hhecarganicarboxylic acid
ayer was separated, washed with brine (50 nL), dried  of
moidieRr with? SQdiitabld beseduclk orsc et badexidhdcarhensigspyhicapgnate of @
purified by Si02 chromatography (15-20% EtOAc in
hexanes) to yield ten-butyl g
4- (6-chl or o- 2- nor phol i nopyri m di n-4-yl oxy) pi peri di ne-1
-carboxylate as a white solid (2.64 g, 77%. LCMVS
(mz): 399.1 (MN. 1H NIVER (CDCl13): 66.00 (s, 1H),
5.18 (m 1H), 3.74 (s, 8H), 3.64-3.74 (m 213),
3.28-3.38 (m 2H), 1.86-1.96 (m 2H), 1.68-1.78 (m
211), 1.44 (s, 9H). WD 2007/084786PCT/ US2007/ 001708
[0417] Step 2: Suzuki reaction chloropyrim dine of



Boc [ 0418] Ami xt ur eof
tert-butyl 4-(6-chl oro-2-nor pholi nopyri m di n-4-
woybonoglmeper i di ne-1 -carboxylate (250 ng, 0.63 recamd2m7/001708
5-(4,4,5,5-tetrarnethyl-1, 3, 2-
di oxobor ol an-2-y1)-4-(trifluoromethyppyridi ne-2-am ne
(prepared as in nethod 4, 325 ng, 1.13 nmmol) and
Pd( dppeCl2- CH2C12 (25.6 ng, 0.031 mmol) in
di met hoxyet hane/ 2 M Na2CC3 (3:1, 8 nL) was heated under
m crowave irradiation for 15 mnutes at 120 C. The
pharnfa@a&dddly AtXdptitfe Wastad addtioni onedithedmeammidt Orien( gifanid_)primary,
and Na2CO3(sao (50 m.), the organic |ayer was
secondaparattediarvaagnag- wRbRTBRGGeicpBY %ﬁf)%?taarﬁi &fltpyrgiude, but are not

.. 2SS, filtered;.,concentr .anc i f.ied 3 . lithi

s oo ) S USRS R AR B, i

potassﬂﬁﬁ’lg'%ciﬁﬁ),a htSus0! dtm(RA0¥ sdts @380 theL GWB @BT &1l as nontoxic
525.2 (Mr). [0419]Step 3: Hydrolysis of N-Boc o

ammqTi e Giuiabgmgno aprmiu 20 0FYd0 81 PS6 RETP US20G ydug.7bgt not limited to
[0420] A mi xture of tert-

s g, (ST EHF NP PSP OREAYPTSPR) Reihy ying, dimethylamine,

i ! hFh e efiyal RinAeiHediik€ar 0wy @pfesé@4fve organic
mme@%ﬁthgn;%&gdﬂéng’g I\)Ibrl-|()’mc§z|2 oxanee(15 m., 6O.rrr3urg1’ol)_ ]
aminssasusifillovad e s femdhtian rdorhasenpddiditonr esafter induigydipthylamine,

Upon renoval of vol ati I$_s i n vacuo, diet gél.l et her.d$50 icoline
cthylpefiagpipen d b i itfat e PRPREE B5ni CREF8Rg PYIENS P ‘

i A gl di 06.:R0S Atk shlasAfgihhR, fesid & ornithine.
wienGo0GERE A thotgs, SBalRErfing B (rmiz): 1893 o
[0175{]][\/1 Zl?t )A_.sf l[lﬁékﬁh]eﬁs%iﬁ,plﬂv;h: ée@?gl"phziro}r]ncleg{icmg(z]gfr@maigg!Qﬁﬁf'c&rrefers ty

of 4-(trifluoromethyl)-5-(2-morpholino-6-(piperidin-4-,
esters MaYSH) PyATaiyen ﬁzuquﬁfrwl‘ﬁlﬁrfhﬁgef el Wk iy in the human

i i.sopr | et hyl arni e Ced VikaribleQtel dpk Bclude, f

o ESOF RV Y SRR 08 2 G2 AR KBl oot R, o
exampRIPRIRE Ud&idel fdnh @ERembbanically puepfdbéd alipheds |oprtpyxylic acids,

reverse- phaselHPLC_: an%ﬂl%l?phl'l [ Zq?dﬂgllggfidl'nggiylgegggg%g&ch alkyl
partisgbdly elkarivéc, plsehnie,.. cyslaadkHwi§ ¢ae ! Epe T

HPLC the free base of, the product ul.d ' e ;
o w5 Hae e S R B8 o Ao
exmrﬂfé%/gs%n?’\éﬁﬁcmlﬁz%@éergnﬂcﬁﬁﬁpvtﬂlt afe @ltatinliest !tﬂ, faghates, acetates,

(mz): 467.1 (MH). Exanple 20 Preparation of

propionlab( Bitypatperdcdylnteg-ant slw)suecHatghol i nopyri mi di n- 4-v1)

-4- (trifluorongthyl ridin-2-alThne " .
(0175071 op s R 1Y 5o PRt e ppsep feggin refers o
thos® P‘fﬁg:{rﬁgé 0??196 &HEBM NGB predmt inwlintidndwhihaXy,)Withinpthe scope of

efid ne-1 - car

oxyl ate was prepared as in Exanple 19,
soun@t@pdital fudiznidne, aiitkebie/foatisem epntact with the tissues of humans and lower

2-nor phol i no4, 6-di chl oropyrin.dine (87% . L Z ) bmmensurate
im0 WBLR P 4o BEt p P AL R i e s £ t

ithP bie' AL S NN el oDV E For 1ir EXaRgdeuds) sandell as the
w’th\/\%sf“s%é% %eelgaﬁ?t%ﬁoz clhr omateogfaphyo( 30- 60%

witkrAGé hexare Syhaf8 W ossibBiBof rhe Jcon@8uis( vB)the TRwentiqy.e¢ The term

conmpound was prepared by cleaving the N Bgc. protecti
"Progrtéﬂj'pr%gfss%ﬁﬁmipﬁ“@{lseﬁl% 25t TERIERD FAnTSTEENE Y f‘j yield the parent

425, ; . is in blood. A thorough
comppad fy Ml sBPPERESRy (O REREAS M Sprolye _
dischYdiba i@l Proiddd -id- Higdohi,fT .1 cmdndL. [Btelqy P dru2s azs Atovel Delivery

[0424] (R) -tert-butyl N ] . Desien.”
Sys@n{ss" dhTs SyzpmsiphSEriadpYr M Bl nBierGY gxiP)o FEPFaiRd2T e Desisn:

carboxyl ate was prepared as in Exanple 19, Step 1, for

t he al koxyl ati on of 2-norpholymo4, 6-di chl oropyri m di ne

(82% . LCVS (nmfz): 399.1 (ML-1). The Boc protected

i nternedi ate was prepared by Suzuki reaction as shown

in Step 2 of Exanple 19 and was purified by silica gel

chr omat ogr aphy (30-60% Et OAdhexanes, 54% . LCMS (tn/z):

WO 2007/ 084786PCT/ US2007/ 001708



526.0 (MH). The title conmpound was prepared by cleaving
the N-Boc protecting group as shown in Step 3 of
Exanple 19. LCM5S (mz): 425.1 (MH). Exanple 22
woRnepanasi on of PCT/US2007/001708
14(R)-3-(6-(6-am no-4-(trifluoronethyl)pyridin-3-yl)-2-
nor pholi nopyri m di n-4-yl oxY) PYrrOl i di n-1-ynet hanone
[0425] (R)-tert-butyl 3-(6-chloro-2-norpholinoP
yrim di n-4-yl oxy)pyrrolidinc-I- carboxyl ate was
prepared as in Exanple 19, Step 1, for the al koxyl ation
of 2-norpholino- 4,6-dichloropyrimdlne (41%. LCMS
in EdvdraD. RABL. @d(MimbYicah 0426k Ebeu Rt ApsotieabePergamon Press, 1987,
i nternedi ate was preparedngy Suzuki reaction as shown
both of wh8thegrednofrpBratng herctobyurefergmsepurifi ed by reverse
hase HPLC ang i.sol ated as free .bgse .after extr ' - £
1807 nt o £ bR BoN B FHTEREY: 955 PRRRE Ry BlehF ! Heviarion o
sympt&%lagsocgtéﬁmea Qicsofcfég o0 8P EOHLIE LF BGIYH PiPeréBSon or worsening
perforned as shown in Step 3 of Exanple 19. LCM5 (nifz):
of thodd dyrfiptoivid} pr pThentibh loe propipdanisl oftlse Bisessgrarddiaerdpn Bpeprample,
w1t}ur&gf?ﬁ§é§gglf gp%@lb%ggtﬁ/qs%%u%éed%sfs anlnSulbvl o]flo]f)PBEt, sgdc%gs'ful treatment
i) 3 Pl b0 Rl o feckdildnl $ AR AR Yeddog b dirAododidideaded tissue,
"mylﬁééé%%ﬁ?%ggégfﬁﬁlin?4-ny;V)PY?rOIidin-l-%llethanone_ ‘
an alMRaB0R 7608 ¢APERET /reldtéeP @O % @64ckO8us growth or tumor, proliferation of
[0427] (8)-tert-butyl o . ) ) ‘o in th
capill@iqs6-oe hdispasee - fitstiph 81PHERS riPnFa Ry PraG Y HOPr 8F 10 TRRE 1 the
pmgﬂ;gﬁfé?,g,ro%?ax %E?atsg ﬁﬁ‘@‘iﬁ%%&%% t&ld gﬁ&gg}%wgoi Sarfe¥ AR 8114 ITreatment may
also iMRIuAB Oddriisderfgd itgd Iphhopaceititdi foem(B8RHs HOVE presdt) invention in
385.0 (MH+). The Boc protected internedi ate was e
combpragpar withbgthgn ZbRTapPsa c tHos nexenfo e iemgogpds gpd pharmaceutica
anpl 9, purjfied.by rewver ] apdis Qralred ical
form %t“?r}ge(g ‘é%fé&gp t gVl 1)r(felr%: ?/boeng.clgﬁitq%h&%t%gﬁge lf%gbn. bag:’i fying SHreies

proce(l&x%(y%ndﬁe%dﬁdiﬂnz)therﬁ*ﬁ#- OThdEIdhpotlie dfBoe pnebteticwy also be
group was cl eaved as shown in Step 3 of Exanple 19.

admihiEMEd( i @rj udibrOw{tMather afbecanien druge pudi@aigse used in antisense
repared as in step 4 of Exanple 19. LCVMS (nfz): 453.1

72PRt 2.18. Exanple 24 Preparation of

[OISQ' (trifloramatydd ~Rale Mok oo khao1Bafrh et aly diiercRh gysble terms

n- 4- quoxyl nyrimdin-4-vbnyridin-2-arnlne _

as alD428}idingH - afd oYwedingt’ ebmdhypdr os@H pyeian- clidex prpyactative (e-g.
di n- 2- Anor phol i ne was prepared accordi ng. to Exanpl.e T

proplSylagtic) AP HES| KGIPER boHof oo B pETIE B oy ChRse bF paliiative
di chl oropyri m di ne with 4-hydroxytetrahydropyran (80% .

UeatPES (nz/z): 300.1 (nir). WO

[0182P07/ 0847R6 RGR ISABR A6AILTEES dved¢d't tefersompaurtisarder that can be
prepared by Suzuki reaction as shown in Step 2 of

benefiziatipltecatsl by Graviphibitiop of B53H<1 (NI H+), Rt 2. 26 i nutes.
[OIS%anpl € 1%153 term "cellular proliferative diseases” refers to diseases including, for

andg(p:

example, cancer, tumor, hyperplasia, restenosis, 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;

“71-



Preparation

5- (6((R)-tetrahydrofuran-3-yl 0xy) - 2- nor phol i no
WORMEA ¥ fhign- 4-y1) -4- (trifluoronethyl)pyridin-Z-@m&Boer01708

[0429] (R)-4-(4-chl oro-6-(tetrahydrofuran-3-yl oxy)pyrim

di n- 2-yl ) nor phol i ne was prepared according to Exanpl e

19, Step 1, for the al koxylation of 2-norpholino-4,6-

di chl oropyri m dine with (R)-3-hydroxytetrahydrOf uran

(81%. LCVMs (mz): 286.1 (Mn. The title conmpound was

prepared by Suzuki reaction as shown in Step 2 of

gastriEX BRGth&/g %%bla'signli@ édomhetridlt ZmdlabMnk] Kidndsx an@lrén@6pelvis; urinary

ﬁreparat|on of

bladdér; (B4(i6} -deprahyuriokuremig- gV oyy )moltiple rmbq:lpﬁ'@, esophagus; acute
pyrimdin-4-Y1

(trifl uoronget ridi
myelqabmans (SRR 6B BB B oy VB P 3 S S e veloid

OXY) Py im

1eukeligé,”§§%ﬁé! )1&%? PRl i MBS, SRAT qgrﬂ&c ogdhing uttestﬁaearrabs-uod gkin

or al’koxyl ati on of 2-norpholino-4, 6-
lmmpﬂ&ﬂihﬁ8AZSﬁBCHﬁdEmBﬁﬁkﬁ&ﬁiﬂ&mﬂn&hIoropyr|n1d|ne mnth
(S) - 3- hydr oxyt et rahydr of uran, (859 .

by g herdin, can b
[o1 85(]M Er) . ThinePiBk: | ehEviasdund thids “b‘feé‘b‘SPeoaSb crein, can be
r.eac n,.a fi o EX I A
‘ldm“h‘i'f eld I}\/quf)s forg(?% alcﬂl gggﬁ’ r%e%étrsat ?g% sgltsl%re Eg{l‘b@uém)z}‘ ed by
reactﬁ‘iF(é Ebthbo@i® mfll:lﬁy];) whtH 2 -sanaflb alcid) Gubh (a8i peei tehen- described above.

oxv)ovrim di n-4-v1)pyrimdin-2-amne Boc 0 NCF3
The NIN Fie quitkly fco);med rrbénaluw@#smt NRRRFIRE Rgrperatures, and often are

1]t
prepaErﬁ éyl}-_nljerﬁagf Hﬁ) I nop ; Iurrﬁg dfromq LhitdniononRt QARRYS HE $inal step

of thé syllltﬁééﬁa PiRe Ehl@f@x@n&g&&ﬁ@%ﬁia&ﬁl@e&\/&ﬁ afr=ipas|thtborguralsblvent, or
reaction of tert-butyl

aquedag( ergahmoscdv@nrmwpkheaudncﬁﬁlquh H?tﬁﬂﬂ Oyfeﬁ@y) gPpebe Athahand, if the
ar box as .sha

comp\u})upg %tj 1551[}\'&11}18%% %Ifrg)f(:a or é i)\ég)fa%:d from a basic

ﬁnal(»tr‘ri%lf Ltlég QE@rBM{Q 124 Eﬁé"\.lg!haﬁ eprgctYéear ™ @)@ef(:ﬂfeﬂpt%bﬁﬁiqas fon preparing

The Crude product was purified by silica ge

hydré&h’l&fmésogf ap kiysspBG BRY/EEE Qs hexaﬁ;@g;lblé’«GSﬁ)@’emL@NB dry the solution
(mz): 526.0

q({p FAN: I | e : na f:ll as}%%rou it. Tt
thoreyigihix i §VEREONE TG %?‘ﬁseﬁ? PhY ‘P% fgﬁ%‘iwﬁ E%ﬁ% gh

will a{soEt)a(e gtpco%nilz%d AL ‘sn'f;gs)sxblé 28- ik iM eet) am%i&'sefo%%s 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 onc 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 H, ’H, '3C, 14c,
15N, %0, O, 2'p, *?p, 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

T2-



Preparation of

542- nor phol i no- 6- ( pi peri di n-4-yl oxv) Pyri m di n-4- '
T I no yl)pyri
woRehnReRe4- di am ne WD 2007/ 084786PCT/ US2007/ QQ]]?@)@F(J)X'//(N)]'/()S
y - N, Doc NH2 ---- N NNN'----- 1 H2N N NH / N
l.L. NNN-----121.".".0 HZN N N CIN
[0432] tert-butyl 4-(6-(2, 4-di am nopyrim di n-5-y1)-2-norp
hol i nopyri m di n-4- yl oxy) pi peridi ne-1-carboxyl ate was
prepared by Suzuki reaction tert-butyl 4-(6-chloro-2-
mor phol i nopyri m di n- 4-yl oxy) pi peri di ne-1 - carboxyl at e,
the pr%%r(li Hﬁi@gtigﬂ, Hhrafxathpoé tixenplke whch mididnctive isotopes such as *H and
-(4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an- 2- yl i m di
MG ameiotpapted rmae (Redpa it Firag WW%tSHBﬁ“f?.“Sﬂ‘% %‘ixﬁ)ﬁ%ble“%q‘l assays.
. produ wa rified bywusrever ' 1
Tritiatgd, llteh’e. ’raé’zl c%gl%cg’"gg’t 8F° ex #?&‘?ﬁ?%?ﬁ%ﬂgﬁ c ué%’?iéﬂ Rcfleir case
of pr aAsddon B84 (E0%abikiVD kitiEdr; sABSitdtiéM wikth Haeidri tsbopes such as
onpound2 was prepared by cleaving the N-Boc protecting
deuterjiralip.cas’Bhowy RffoSt epridirothdEpgyiiceadntagerrespiiing) from greater

373.0 (Mr). Exangle 29. PreQ ration of
X
: |

metabslic 1 sObIIe. (o2, £XaTai WSBP P 0 no oy T2 for S d PGy 427

requir[:}n@lgsi &%,Me%&f,l ma@'etsé Hidteded RRBAROGACCUmstances. Isotopically labeled
compounds of this invention and prodrugs thereof can generally be prepared by éarrying
out known or referenced procedures and by substituting a readily available isotopically
labeled reagent for a non-isotopically labeled reagent.

[O187] | The compounds of the invention are useful in vitro or in vive in inhibiting
the growth of cancer cells. The compounds may be used alone or in compositions
together with a pharmaceutically acceptable carrier or excipient. Pharmaceutical
compositions of the present invention comprise a therapeutically effective amount of a
phosphatidylinositol 3-kinase inhibitor compound described hercin formulated together
with one or more pharmaceuiically acceptable carriers. As used herein, the term
"pharmaceutically acceptable carrier” means a non-toxic, inert solid, semi-solid or liquid
filler, diluent, encapsulating material or formulation auxiliary of any type. Some
examples of materials which can serve as pharmaceutically acceptable carriers are sugars
such as lactose, glucose and sucrose; starches such as cor starch and potato starch;
cellulose and its derivatives such as sodium carboxymethyl lcellulose, ethyl cellulose and
cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter
and suppository waxes; oils such as peanut oil, cottonseed oil; safflower oil; sesame oil;
olive oil; com oil and soybean oil; glycols; such a propylene glycol; esters such as ethyl
oleate and ethyl laurate; agar; buffering agents such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline:; Ringer's solution;
ethyl alcohol, and phosphate buffer solutions, as well as other non-toxic compatible

jubricants such as sodium lauryl sulfate and magneéium stearate, as well as coloring
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drug release can

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 exampie,
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carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and acacia,
¢) bumectants such as glycerol, d) disintegrating agents such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate,
¢) solution retarding agents such as paraffin, f) absorption accelerators such as quaternary
ammonium compounds, g) wetling agents such as, for example, acetyl alcohol and
glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and i) lubricants
such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate, and mixtures thereof. In the case of capsules, tablets and pills, the dosage
form may also comprise buffering agents.

[0194] Solid compositions of a similar type may also be employed as fillers in
soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar as well
as high molecular weight polyethylene glycols and the like.

[0195]} The solid dosage forms of tablets, dragees, capsules, pills, and granules
can be prepared with coatings and shells such as enteric coatings and other coatings well
known in the pharmaceutical formulating art. They may optionally contain opacifying
agents and can also be of a composition that they 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
Wwaxes.

[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, table:_ts and pills, the dosage forms may
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also comprise buffering agents. They may optionally contain opacifying agents and can
also be of a composition that they 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.
[0197] Liquid dosage forms for oral administration include pharmaceutically
acpeptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In
addition to the active compounds, the liquid dosage forms may contain inert diluents
commeonly used in the art such as, for example, water or other solvents, solubilizing
agents and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, EtOAcC,
benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol,
dimethyiformamide, oils (in particular, cottonseed, groundnut, corn, germ, olive, castor,
and sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylenc glycols and fatty acid
esters of sorbitan, and mixtures thereof. Besides inert diluents, the oral compositions can
also include adjuvants such as wetting agents, emulsifying and suspending agents,
sweetening, flavoring, and perfuming agents.

[0198] Dosage forms for topical or transdermal administration of a compound of
this invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays,
inhalants 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 Fhe 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 alsc be formulated for delivery as a

liquid aerosol or inhalable dry powder. Liquid aerosol formulations may be nebulized
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predominantly into particle sizes that can be delivered to the terminal and respiratory
bronchioles.

[0201)] Acrosolized formulations of the invention may be delivered using an
aerosol forming device, such as a jet, vibrating porous plate or ultrasonic nebulizer,
preferably selected to allow the formation of an aerosol particles having with a mass
medium average diameter predominantly between 1 to 5 pm. Further, the formulation
preferably has balanced osmolarity ionic strength and chloride concentration, and the
smallest aerosolizable volume able to- deliver effective dose of the compounds of the
invention to the site of the infection. Additionally, the aerosolized formulation preferably
does not impair negatively the functionality of the airways and does not cause undesirable
side effects.

[0202] Aerosolization devices suitable for administration of aerosol formulations
of the invention include, for example, jet, vibrating porous plate, ultrasonic nebulizers
and energized dry powder inhalers, that are able to nebulize the formulation of the
invention into aerosol particle size predominantly in the size range from 1-5 pum.
Predominantly in this application means that at least 70% but preferably more than 90%
of all generated aerosol particles are within 1-5 pm range. A jet nebulizer works by atr
pressure to break a liquid solution into aerosol droplets. Vibrating porous plate
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 liguid into small aerosol droplets. A variety of suitable
devices are available, including, for example, AERONEB and AERODOSE vibrating
porous plate nebulizers (AeroGen, Inc., Sunmyvale, 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, Dlinois) ultrasonic nebulizers.
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{0203] Compounds of the invention may also be formulated for use as topical

powders and sprays that can contain, in addition to the compounds of this invention,
excipients éuch as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates and
polyamide pbwder, or mixtures of these substances. Sprays can additionally contain
customary propellants such as chlorofluorohydrocarbons.

[0204] Transdermal patches have the added advantage of providing controlled
delivery of a compound to the body. Such dosage forms can be made by dissolving or
dispensing the compound in the proper medium. Absorption enhancers can also be used
to increase the flux of the compound across the skin. The rate can be controlled by either
providing a rate conirolling membranc or by dispersing the compound in a polymer
matrix or gel. The compounds of the present invention can also be administered in the
form of liposomes. As is known in the art, liposomes are generally derived fron.
phospholipids or other lipid substances. Liposomes are formed by mono- or
multi-lamellar hydrated liquid crystals that are dispersed in an aqueous medium. Any
non-toxic, physiologically acceptable and metabolizable lipid capable of forming
liposomes can be used. The present compesitions in liposome form can contain, in
addition to a compound of the present invention, stabilizers, preservatives, excipients, and
the like. The preferred lipids are the phospholipids and phosphatidyl cholines {lecithins),
both naturat and synthetic. Methods to form liposomes are known in the art. See, for
example, Prescott (ed.), "Methods in Cell Biology,"” Voiume XIV, Academic Press, New
York, 1976, p. 33 et seq.

[0205} Effective amounts of the compounds of the invention generally mclude
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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depend upon a variety of factors including the activity of the specific compound
employed, the age, body weight, general health, sex, diet, time of administration, route of
administration, rate of excretion, drug combination, and the severity of the particular
disease undergoing therapy. The therapeutically effective amount for a given situation

can be readily determined by routine experimentation and is within the skill and judgment
of the ordinary clinician. ]

[0206] According to the methods of treatment of the present invention, tumor
growth is reduced or prevented in a patient such as a human or lower mammal by
administering to the patient a therapeutically effective amount of a compound of the
invention, in such amounts and for such time as is necessary to achieve the desired result.
By a "therapeutically effective amoun " of a compound of the invention is meant a
sufficient amount of the compound to treat tumor growth, at a reasonable benefit/risk
ratio applicable to any medical treatment. It will be understood, however, that the total
daily usage of the compounds and compositions of the present invention will be decided
by the attending physician within the scope of sound medical judgment. The specific
therapeutically effective dose level for any particular patient will depend upon a variety
of factors including the disorder being treated and the severity of the disorder; the activity
of the specific compound employed; the specific composition employed; the age, body
weight, general health, sex and diet of the patient; the time of administration, 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 specific 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 meore
preferred from 1.0 to 30 mg/kg body weight daily. Dosage unit compositions may
contain such amounts of submuitiples thereof to make up the daily dose. In general,

treatment regimens according to the present invention comprise administration to a
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patient in need of such treatment frém about 10 mg to about 2000 mg of the compound(s)
of this invention per day in single or multiple doses.
[0208] In another aspect of the invention, kits that include one or more
compounds of the invention are provided. Representative kits include a PI3K inhibitor
compound of the invention (e.g., a compound of formulas (I)-(ITT)) and a package insert
or other labeling including directions for treating a cellular proliferative disease by
administering an PI3K inhibitory amount of the compound.
[0209] The term "kit" as used hercin comprises a container for containing the
pharmaceutical compositions and may also include divided containers such as a divided
bottle or a divided foil packet. The container can be in any conventional shape or form as
known in the art which is made of a pharmaceutically acceptable material, for example a
paper or cardboard box, a glass or plastic bottle or jar, a resecalable bag (for example, to
hold a "refill” of tablets for placement into a different container), or a blister pack with
individual doscs for pressing out of the pack according to a therapeutic schedule. The
container employed can depend on the exact dosage form involved, for example a
. conventional cardboard box would not generally be used to hold a liquid suspension. It 1s
feasible that more than one container can be used together in a single package to market a
single dosage form. For example, tablets may be contained in a botile which is in turn
contained within a box. _
{0210] An example of such a kit is a so-called blister pack. Blister packs are well
known in the packaging indusiry 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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opposite from the direction in which the recesses werc formed. As a result, the tablets or
capsules are individually sealed or collectively sealed, as desired, in the recesses between
the plastic foil and the sheet. Preferably the strength of the sheet is such that the tablets or
capsules can be removed from the blister pack by manually applying pressure on the
recesses whereby an opening is formed in the sheet at the place of the recess. The tablet
or capsule can then be removed via said opening.

[0211] It maybe desirable to provide a written memory aid, where the written
memory aid is of the type containing information and/or instructions for the physician,
pharmacist or other health care provider, or subject, e.g., in the form of numbers next to
the tablets or capsules whereby the numbers correspond with the days of the regimern
which the tablets or capsules so specified should be ingested or a card which contains the
same type of information. Another example of such a memory aid is a calendar printed
on the card, e.g., as follows "First Week, Monday, Tuesday,” "Second Week, Monday,
Tuesday, . . ." Other variations of memory 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.
When the kit contains separate compositions, a daily dose of one or more compositions of
the kit can consist of one tablet or capsule while a daily dose of another one or more
compositions of the kit can consist of several tablets or capsules.

[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 bcen
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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additional compound is another PI3K inhibitor or another compound useful to treat
cancer, angiogenesis, or tumor growth. The additional compounds may be administered
in the same dosage form as the PI3K inhibitor or in different dosage forms. Likewise, the
additional compounds can be administered at the same time as the PI3K inhibitor or at
different times.
[0214] The present invention will be understood more readily by reference to the
following examples, which are provided by way of illustration and are not intended to be
limiting of the present invention.

EXAMPLES
{0215} Referring to the examples that follow, compounds of the present invention
were synthesized using the methods described herein, or other methods, which are known
in the art.
[0216] The compounds and/or intermediates were characterized by high
performance liquid chromatography (HPLC) using a Waters Millenium chromatography
system with a 2695 Separation Module (Milford, MA). The analytical columns were
Alitima 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
progreésing 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 (TL.C) 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 Z() mass

spectrometer; Column: Eclipse XDB-C18, 2.1 x 50 mm; solvent system: 5-95% (or
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35-95%, or 65-95% or 95-95%) acetonitrile in water with 0.05% TFA; flow rate
0.8 ml/min; molecular weight range 200-1500; cone Voltage 20 V; column temperature
40 °C) or a Hewlett Packard System (Series 1100 HPLC; Column: Eclipse XDB-C18, 2.1
x 50 mm; solvent system: 1-95% acetonitrle in water with 0.05% TFA; flow rate
0.8 mL/min; molecular weight range 150-850; cone Voltage 50 V; column temperature
30 °C). All masses were reported as those of the protonated parent ions.
[0218] GCMS analysis is performed on a Hewlett Packard instrument (HP68S0D
Series gas chromatograph with a Mass Selective Detector 5973; injector volume: 1 pL;
‘ initial column temperature: 50°C; final column itemperature: 250°C; ramp time:
20 minutes; gas flow rate: -1 mL/min; column: 5% phenyl methyl siloxane, Model
No. HP 190915-443, dimensions: 30.0 m x 25 m x 0.25 m).
[0219] Nuclear magnetic resonance (NMR) analysis was performed on some of
the compounds with a Varian 300 MHz NMR (Palo Alto, CA). The spectral reference
was either TMS or the known chemical shift of the solvent. Some compound samples
were run at elevated temperatures (e.g., 75 °C) to promote increased sample solubility.
{0220] The purity of some of the invention compounds is assessed by elemental
analysis (Desert Analytics, Tucson, AZ).
[0221] Melting points are determined on a Laboratory Devices Mel-Temp
apparatus (Holliston, MA). 7
[0222] Preparative separations were carried out using a Flash 40 chromatography
gystem 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,
agueous 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% triflucroacetic acid.
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[0223] It should be understood that the organic compounds according to the
jnvention may exhibit the phenomenon of tautomerism. As the chemical structures
within this specification can only represent one of the possible tautomeric forms, it should
be understood that the invention encompasses any tautomeric form of the drawn
structure.

[0224] It is understood that the invention is not limited to the embodiments set

forth herein for illustration, but embraces all such forms thereof as come within the scope

of the above disclosure.

Abbreviations

ACN Acetonitrile

BINAP ' 2,2"-bis(diphenylphosphino)-1,1'-binapthyl
DIEA diisopropylethylamine

DME 1,2-dimethoxyethane

DMF N,N-dimethylformamide

DPPF 1,1'-bis(diphenylphosphino)ferrocene
EtOAc ethyl acetate

EtOH ethanol

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 1 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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pyrimidinyl group containing a reactive boronic ester substituent has an —NHz group
positioned para to the boronic ester. In another embodiment, the substituted pyridinyl or
pyrimidinyl group containing a reactive boronic ester substituent has an —NH- group
positioned para to the boronic ester and another non-hydrogen substituent positioned
ortho to the boronic ester. In certain embodiments, the non-hydrogen substituent is -CF3,
-CN, -NHj3, halo, or substituted or unsubstituted C;.3 alkyl.

[0226] In another embodiment, the 4-halo-2-morpholinopyrimidine group is a 4-
halo-6-heterocyclyl-2-morpholinopyrimidine group. In another embodiment, the 4-halo-
2-morpholinopyrimidine group is a 4-halo-6-heterocyclyloxy-2-morpholinopyrimidine
group. In another embodiment, the 4-halo-2-morpholinopyrimidine group is a 4-halo-6-
heteroarylamino—Z-morpholinopyrimidinc group. In another embodiment, the 4-halo-2-
morpholinopyrimidine group is 4-chloro-2,6-dimorpholinopyrimidine.

[0227) In another embodiment, the pyridinyl boronic ester is 4-(triflunoromethyl)-
5-(4,4,5,5—tetramethy1-1,3,2-dioxaborolan-2—yl)pyridin-2-aminc. In another embodiment,
the palladium catalyst is Pd(dppD)Cla dichloromethane adduct.

[0228] In another embodiment, the 4-halo-6-heterocyclyl-2-
morpholinopyrimidine group is prepared by reaciing a heterocyclyl group with a 4,6-
dihalo-2-morpholinopyrimidine group. In another ecmbodiment, the 4-chloro-2.,6-
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 ancther 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-di oxaborolan-2-y1)-1,3.2-
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dioxaborolane. In another embodiment, the substituted pyridinyl or pyrimidiny! group
containing a bromo substituent is prepared by reacting the substituted pyridinyl or
pyrimidinyl group with N-bromosuccinimide (NBS).

[0230] Another embodiment of the present invention provides a method of
preparing a 4-chloro-2,6-dimorpholinopyrnimidine comprising reacting morpholine with
2.4,6-trichloropyrimidine in a suitable solvent. In a more particular embodiment, the
solvent is a polar aprotic solvent. More particular still the solvent is THF. In another more
particular embodiment, the 4-chloro-2,6-dimorpholinopyrimidine is added over a period
of at least 10 minutes, or at least 20 minutes, or 30 minutes to a solution comprising
morpholine. Alternatively, the morpholine is added to a solution comprising 4-0h10ro—2,6-
dimorpholinopyrimidine. More particular still, the solution is cooled below 20°C, or
below 10°C, or below 5°C, or below 0°C. More particularly, during or after addition of
the 4-chloro-2,6-dimorpholinopyrimidine, the solution is allowed to warm to greater than
20°C, or greater than 25°C, or greater than 30°C. In another embodiment, afler the
morpholine and 4-chloro-2,6-dimorpholinopyrimidine are combined, the solution is
quenched by addition of an aqueous solution. More particularly, at least 10 hours, 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 still, 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 1IL

[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 30, (1995) 3609),
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wherein Ar represents aryl or heteroaryl moieties. Subsequently, Suzuki coupling (Suzuki
et al., Chem. Commun. (1979) 866) to form the final product may be effected under
known conditions such as by treatment with functionalized boronic esters as in the

following schemes:

Cl
LA
f\N HoN-T /f* /IN\ Arp—B(OR); ﬁN
i N”k@ Buc N7 N
O

hwald Reaction N7 Suzuki Coupling AT NTTNTTY

NR'R" NR'R
R'R"NH [N Ara—B(OR)z fw
SNAr cl N/)\N/\ Suzuki Coupling Arg N’/l\N/\|
O O
[0232] From 2,4,6-tribromopyrimidine: SNAr (or Buchwald) reaction cf

functionalized arylamines with 2,4,6-tribromopyrimidine gave preferentially  4-
substitituted products. Morpholine substitution at 2-position followed with Suzuki

reaction affords the final pyrimi(_line analogs:

H
N
Br Ar HN'N1 . E j I LAr, HN‘Ar1
=N HaN" oy o L Ar,—B{OR)2 L
IN/)\B SNAr LA l j\ [Pd] ! //T\
& " Blonwal Br N B Br~ "N TN Suzuki Coupling AT N N
Raactlon . le) K/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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[0234] More particular syntheses of compounds of the present invention,

particularly those of Formula I, II, and HI, are provided in the following Methods and

Examples:
- Method 1
[0235] Synthesis of 5-(4,4,5,5-tctrmnethyl-1,3,2-diolxaboroIan-?.-yl)pyrimidine-Z—
ylamine
B Q
r
—
-
HaN™ N HN" 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-
tctramcthyl—1,3,2—dioxab0r01anw2yl)—1,3,2-dioxaborolane (16.1 g, 63.0mmol) and
dioxane (300 mL). Argon was bubbled through the solution for 15 minutes, at which
time dichloro[l,1'-bis(diphenylphosph.ino)ferrocene] palladium (1I) dichloromethane
adduct (Pd(dppf)Cl. CH2C12) (2.34 g, 2.87 mmol) was added. The reaction mixture was
refluxed in a 115 °C oil bath for 4 hours under argomn. After cooling to room temperature,
EtQOAc (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
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were washed with H,O (2x300 mL), NaCl(gey (300 mL), dried over Na;SO4, and filtered
through a 5 cm pad of silica gel. Additional EtOAc was used to flush product. After the
solvent was concentrated, the crude was treated with a mixture of 1:3 dichloromethane
and hexane (40 mL), filtered and washed with hexane yielding a light yellow solid (8.5 g,
75%). LCMS (m/z): 140 (MH" of boronic acid, deriving from product hydrolysis on LC).
TH NMR (CDCly): & 8.58 (s, 2H), 5.74 (s, 2H), 1.32 (s, 12H).

Method 2
[0237] Synthesis of 2-Aminomethyl-5-bromopyrimidine
| —
- ~ .
CI/l\N N™ N
H
[0238] Methylamine (2.0 M in methanol, 40 mL, 80 mmol) was added to 5-

bromo-2-chloropyrimidine (5.6 g, 29.0 mmol) in a sealable reaction vessel. After
allowing to vent for a few minutes, the vessel was sealed, placed behind a safety shield
and heated in a 115 °C oil bath for 48 hours. Upon cooling the volatiles were removed in
vacuo. The material was dissolved in CH,Cl; (200 mL) and washed with 1M NaOH
(40 mL). The aqueous layer was extracted further with CH;Cl; (2x50 mL). The
combined organics were dried over MgSQO,, filiered and concentrated yielding an off

white solid (5.1 g, 93%). LCMS (m/z): 188.0/190.0 QMH").

[0239] Synthesis of methyl[5-(4,4,5,5-tetramethyl(1,3,2-dioxaborolan-2-
yl))pyrimidin-2-yljamine
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[0240] To a dry 500 mL flask was added 2-methylamino-5-bromopyrimidine
(9.5 50.5mmol), potassium acetate (15.1g, 154.4mmol), 4.4,5,5,-tetramethyl-2-
(4,4,5,5,—tetramethyl-1,3,2-dioxaborolan—2-y1}-1,3,2-dioxaborolane (14.1 g, 55.5 mmol)
and dioxane (280 mL). Argon was bubbled through the solution for 15 minutes, at which
time 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride dichloromethane adduct
(2.05 g, 2.51 mmol) was added. The reaction was refluxed in a 115 °C oil bath for
4 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 organics were washed with H,O (2x300 mL), NaCla),
(300 mL), dried over Na;SOs, filtered and the solvents were removed in vacuo.
Purification by SiQ; chromatography (50% EtOAc/hexanes) vielded an off white solid
(7.66 g, 64%). LCMS (m/z): 154 (MH" of boronic acid, deriving from in situ product
hydrolysis on LC). I NMR (CDCly): 8 8.58 (s, 2H), 5.56 (s, 1H), 3.02 (d, 3H), 1.32 (s,
12H).

Method 3
[0241] Synthesis of S-bromo-4-methylpyrimidine-2-ylamine
B
N7 _ N7
/“\ = /Ik =
H,N~ N HoN” N
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[0242] To a solution of 4-methylpyrimidine-2-ylamine (10.9 g, 100 mmol) in
chloroform (400 mL.) was added N-bromosuccinimide (17.8 g, 100 mmol). The solution
was stitred in the dark for 15 hours, at which time it was added to CH:Cl> (1400 mL),
washed with 1N NaOH (3x200 mL) and NaClgae) (100 mL), dried over Na;SOs, filtered
and concentrated, yielding 5-bromo-4-methylpyrimidine-2-ylamine (18.8 g, 999%%).
LCMS (m/z): 188.0/190.0 (MH"). 'H NMR (CDCl): & 8.22 (s, 1H), 5.02 (bs, 2H), 2.44
(s, 3H).

[0243] Synthesis of 4-methyl-5-(4,4,5,5-tetramethyl(1,3,2-dioxaborolan-2-
yl)pyrimidine-2-ylamine

B e
i
0 —
e
N HZN/'\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), 4,4,55-tetramethyl-z-
(4,4,5,5—tetramethy1—1,3,2-dioxab0rolan—2-yl)~1,3,2-dioxabor01ane (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(II) 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 (500mL) was used to
wash the solid. The combined organic extracts were washed with H;O (2x300 mL),
NaClgay (300mL), dried over Na;S0Q,, concentrated and purified by S5i0O;
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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byproduct. The material was used as is in subsequent Suzuki reactions. LCMS (m/z): 154
(MH" of boronic acid, deriving from in sifu product hydrolysis on LC). 'H NMR
(CDCl): & 8.52 (s, 1H), 5.14 (bs, 2H), 2.56 (d, 3H), 1.32 (s, 12H).

Method 4
[0245] Synthesis of 5-bromo-4-(trifluoromethyl)-2-pyridylamine
CFs Cka
S 5 SN Br
| s
HoN N HoN N
[0246] To a solution of 2-amino-4-trifluoromethylpyridine (10.0 g, 62.1 mmol) in

chloroform (200 mL) was added N-bromosuccinimide (12.0 g, 67.4 mmol). The solution
was stirred in the dark for 2 hours, at which time it was added to CH,Cl, (200 mL) and
1N NaOH (200 mL). Upon mixing, the layers were separated and the organic layer was
washed with NaClgsay (100 mL), dried over NazS0a,, filtered and concentrated. The crude
material was purified by SiO; chromatography (0-5% EtOAc/ CH2Cl) yielding 12.0 g
(80%) of 5-bromo-4-(trifluoromethyl)-2-pyridylamine L.CMS (m/z): 241/243 (MH).
1 NMR (CDClL3): & 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-y1))-4-
(triﬂuoromethy])-2-pyridy]amine

CFs 5 cFs O~
-
| S . S B“‘O
) D
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[0248] To a dry 500ml flask was added 5-bromo-4-(trifluoromethyl)-2-
pyridylamine (11.8 g, 49.0 mmol), potassium acetate (14.4 g, 146.9 mmol), 4,4.5,5~
tetramethyl-Z—(4,4,S,S—tetramethy1~1,3,2—dioxabor01an-2—yl)-1,3,2udioxaborolane (136 ¢g,
53.9 mmol) and dioxane (300 mL). Argon was bubbled through the solution for
15 minutes, at which time 1,1-bis(diphenylphosphino)ferrocene palladium(II) chloride
dichloromethane adduct (2.0 g, 2.45 mmol) was added. The rcaction was refluxed in a
115 °C oil bath for 8 hours under argon. After cooling to room temperature, the dioxane
was removed iz vacuo. FEtOAc (500 mL) was added, and the resulting sluity was
sonicated and filtered. Additional BEtOAc (500 mL) was used to wash the solid. The
combined organic extracts were concentrated and the crude material was partially
purified by SiO; chromatography (30-40% EtOAc/Hexanes). Upon removal of solvent,
hexanes (75 mL) was added; after sonication, the resulting solid was filtered and dried on
a high vacuum for 3 days yielding 2.4 g of an off-white solid. By '"H NMR the material
was a 5:1 mixture of boronate ester and 2-amino-4-trifluoromethyl pyridine byproduct.
The material was used as is in subsequent Suzuki reactions. 1L.CMS (rm/z): 207 (MH" of
boronic acid, deriving from in situ product hydrolysis on LC). '"H NMR (CDCl;): 3 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,4
Br
S
|
HZN/I\N/ HZN/I\N/
[0250] To a solution of 2-amino-4-trifluoromethylpyrimidine (8.0 g, 49.1 mmeol)

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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the organic layer was washed with NaClga, (100 mL), dried over Na;SO,, filtered and
concentrated, vielding 10.9 g (82%) of 5-bromo-4-(trifluoromethy!)-2-pyrimidylamine.
LCMS (m/z): 242/244 (MH"). 'H NMR (CDCl): § 8.52 (s, 1H), 5.38 (bs, 2H).

[0251] Synthesis of 5-(4,4,5,5-tetramethyl(1,3,2-dioxaborolan-2-yl))-4-
(trifluoromethyl)pyrimidine-2-ylamine

r
/l\]{\ = . /I\i s B“‘O
o
[0252] To a dry 500ml flask was added 5-bromo-4-(frifluoromethyl)-2-

pyrimidylamine (10.1 g, 41.7 mmol), potassium acetate (12.3 g, 125.2 nunol), 4,4,5,5-
tetraxncthyl-2-(4,4,5,S-tetramethyl—l,3,2-di0xaborolan-2—y])—1 ,3.2-dioxaborolane (11.6 g,
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 (1) chloride
(1.7 g, 2.1 mmol) was added. The reaction was refluxed in a 115 ®C o0il bath for 6 hours
under argon. After cooling to room temperature, the dioxanc was rermoved 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 organic extracts
were concentrated and the crude material was purified by Si0O: chromatography (30-40%
EtOAc/hexanes) vielding 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 (CDCls): & 8.72
(s, 1H), 5.50 (bs, 2H), 1.34 (s, 12H).
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Method 6
[0253] Synthesis of 5-bromo-4-chloro-2-pyridylamine
Cl Cl
S . | x Br
-y -
HoN" >N M,N"T N
[0254] To a solution of 4-chloro-2-pyridylamine (6.0 g, 46.7 mmol) in chloroform

(180 mL) was added N-bromosuccinimide (8.3 g, 46.7 mmol). The solution was stirred
in the dark for 2 hours, at which time it was added to CH,Cl; (800 mL} and 1N NaOH
(100 mL). Upon mixing, the layers were separated and the organic layer was washed
with NaClgay (100-ml), dried over Na;SQ,, filtered and concentrated. The crudc
material was purified by SiO, chromatography (25-35% EtOAc/hexanes) yielding 3.63 g
(38%) of 5-bromo-4-chloro-2-pyridylamine. LCMS (m/z): 206.9/208.9 (MH"). 'HNMR
(CDCl3): 6 8.18 (s, 1H), 6.62 (s, 1H), 4.52 (bs, 2H).

[0255] Synthesis of 4-chloro-5-(4,4,5,5-tetramethyl(1,3,2-dioxaborolan-2-yl))-2-

pyridylamine

[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 (10.1 g, 39.8mmol) and

dioxane (150 mL). Argon was bubbled through the solution for 15 minutes, at which
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time 1,1"-bis(diphenylphosphino)ferrocene palladium(ll} chloride dichloromethane adduct
(0.85 g, 1.04 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 (500 mL) was then 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
(EtOAc as eluent). Upon removal of solvent, 3:1 hexanes/CH,Cl, was added (100 mL).
After sonication, the resulting solid was filtered and concentrated in vacuo yielding 2.8 g
of a white solid. By '"H NMR the material was a 10:1 mixture of boronate ester and 2-
amino-4-chloropyridine byproduct. The material was used as is in subsequent Suzuki
reactions. LCMS (m/z): 173 (MH' of boronic acid, deriving from in situ product
hydrolysis on LC). 'H NMR (CDCL): 8 8.36 (s, 1H), 6.46 (s, 1H), 4.70 (bs, 2H), 1.38

(s, 12H).
Method 7
[0257] Synthesis of 5-bromopyrimidine-2,4-diamine
NH2 NHZ
N N N~ Br
/& = )l\ ==

HoN 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 (n/z): 189/191 (MH™).
'H NMR (DMSO-45): 8 7.78 (s, 1H), 6.58 (bs, 2H), 6.08 (bs, 2H).
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[0259] Synthesis of 5—(4,4,5,5-tetramethy1—1,3,2-dioxaborolan-2-yl)pyrimidine-

2,4-diamine

T
/ELLN\ . /EL \\ B“C)
~
-
[0260] To a dry 1L flask was added S-bromopyrimidine-2,4-diamine (30.0 g,

158.7 mmol), potassium acetate (45.8 g, 466.7 mmol), 4,4,5,5-tetramethy}-2-(4,4,5,5-
tetrarnethyl-l,3,2-dioxaborolan—2-yl)—1,3,2—di0xaborolane (51.2 g, 202.2mmol) and
dioxane (500 mL). Argon was bubbled through the solution for 15 minutes, at which
time 1,1'-bis(diphenylphosphino)ferrocene palladium(II) chloride (2.5 g, 3.11 mmol) was
added. The reaction was refluxed in a 115 °C oil bath for 16 hours under argon. After
cooling to room temperature, the solid inorganic material was filtered, rinsed with EtOAc
(1 L). The organic filtrate was concentrated in vacuo and to the resulting solid was added
dichloromethane (1 L). After sonication the solid was filtered. The solid was the
debrominated 2,4-diaminopyrimidine. 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 ' 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). TH NMR (CDCL:+CD;OD): 3 8.i6
(s, 1H), 1.34 (s, 12H).
Method 8

{0261] Synthesis of 4-methoxypyrimidine-2-ylamine
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[0262] To a solution of 4,6-dichloro-2-amino pyrimidine (5.0 g, 30.5 mmol) in

methanol (100 mL) was added 25% sodium methoxide (6.59 g, 30.5 mmol). The solution
was refluxed for 20 hours, at which time the methanol was removed in vacuo. The
residue was dissolved in EtOAc (350 mL), washed with H;O (100 mL) and with NaClgacy
(100 mL), dried over Na;SO, filtered and concentrated yielding 4.4 g (90%) of 4-chloro-
6-methoxypyrimidine-2-ylamine.

[0263] To a solution of 4-chloro-6-methoxypyrimidine-2-ylamine (4.4 g,
27.7 mmol) in EtOAc (200 mL.) and ethanol (1 50 mL), was added diisopropylethylamine
(9.6 mL, 553 mmol) and 10% paliadium on carbon (2.9g, 2.77 munol). The
heterogeneous solution was stirred under a balloon atmosphere of 1I; for 14 hours, at
which time the solution was filtered through a Celite pad and the volatiles were removed
in vacuo. The residue was dissotved in EtOAc (200 mL), washed with NazCOssar)
(100 mL) and with NaCla,) (100 mL), dried over NazSO;, filtered and concentrated
vielding 3.1 g (90%) of 4-methoxypyrimidine-2-ylamine. LCMS (m/z): 126 (MIT).
' NMR (CDCl): 8 8.00 (d, J= 5.7 Hz, 1H), 6.08 (d, J= 5.7 Hz, 1H), 4.98 (bs, 2H),
3.84 (s, 3H).

[02064] Synthesis of 5-bromo-4-methoxypyrimidine-2-ylamine
~0 ~0
Br
» - A0
| -
- ~
HoN /l\N HoNT N
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[0265] To a solution of A-methoxypyrimidine-2-ylamine (1.84 g, 14.7 mmol) in

chloroform (600 mL) was added N-bromosuccinimide (2.62 g, 14.7 mmol). After stirring
in the dark for 5 hours, the solution was added to CH:Cl (200 mL) and IN NaOH
(100 mL). Upon mixing, the layers were separated and the organic layer was washed
with NaClgay (100 mL), dried over Na;SO,, filtered and concentrated vielding 2.88 g

(96%) of S-brorno—4-methoxypyrirnidine—2—ylan1ine. LCMS (m/z): 204/206 (MH"). H
NMR (CDCl3): & 8.10 (s, 1H), 4.93 (bs, 2H), 3.96 (s, 3H).

[0266] Synthesis  of 4-methoxy-5 -(4,4,5,5-tetramethyl(1,3 ,2-dioxaborolan-2-
yl))pyrimidine—z—ylamine

e
Q . ~0 9@
r
YTyt
—
HN™ N HNT N

[0267] To a dry 200-ml. flask was added S-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—tetramethy1~1,3,2—dioxaborolanw2—y1)—l,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(1l) chloride dichltoromethane 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 maternal was purified by S510; ch;omatography (BtOAc as eluent) yielding
2.4 g of an off white solid. By 'H NMR the material was a 1:1 mixture of boronate ester

and 4—methoxypyrimidine*2—ylamine. The material was used as is in subsequent Suzuki
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reactions. LCMS (m/”z): 170 (MH" of boronic acid, deriving from in sifu product
hydrolysis on LC). 'H NMR (CDCl;): & 8.42 (s, 1H), 5.22 (bs, 2H), 3.90 (s, 3H), 1.34
(s, 12H).

Method 9
[0268] Synthesis of 5-bromo-6-fluoro-2-pyridylamine
S 5 | S Br
B )
HoN N F HoN N F
[0269] To a solution of 6-fluoro-2-pyridylamine (1.0 g, 8.93 mmol) in chloroform

(55 mL) was added N-bromosuccinimide (1.59 g, 8.93 mmol). The solution was stirred
in the dark for 15 hours, at which time it was added to CH2Cl, (200 mL) and 1N NaOH
(50 mL). Upon mixing, the layers were separated and the organic layer was washed with
NaClguy {50 mL), dried over N2a,80,, filtered and concentrated. The crude material was
purified by SiO2 chromatography (25% EtOAc/ hexanes) yielding 5-bromo-6-fluoro-2-
pyridylamine (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-ﬂuor0~5-(4,4,S,S-tetrame:thy1(1,3,2—dioxaborolan—2—yl))-2-
pyridylamine
Q
Br
B - BP0
P \
HoN N F G

[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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(4,4,5,5-tetramcthyl—1,3,2-dioxaborolan—2-y1)-l ,3,2-dioxaborolane (538 mg, 2.12 mmol)
and dioxane (15 mL). Argon was bubbled through the solution for 15 minutes, at which
time 1,1'-bis(diphenylphosphino)ferrocene palladium(Ii) chloride dichloromethane adduct
(79 mg, 0.09 mmol). The reaction was refluxed in a 115 °C oil bath for 4 hours under
argon. After removal of the volatiles in vacuo, EtOAc (150 mL) was added and the
solution was washed with H20O (3x40 mL), with NaClary (300 mL), dried over Na»S0s,
filtered and concentrated. Purification by SiO» chromatography (30% EtOAc/hexanes)
" yielded boronate ester (161 mg, 35%). LCMS (m/z): 157 (MH” of borenic acid, deriving
from in sitw product hydrolysis on LC) '"H NMR (CDCl3): & 7.86 (t, /= 8.4 Hz, 1H), 6.29
(dd, J=8.1, 2.7 Hz, 1H), 4.70 (bs, 1H), 1.32 (s, 12H).

Method 10
[0272] Synthesis of 5-bromo-4-fluoropyridin-2-amine
F F
I S NBS _ | - Br
HaN N7 acetonitrile HoN N
[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 sold (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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[0275] In a sealable Pyrex pressure vessel, a mixture of 5-bromo-4-fluoropyridin-
2-amine (25 mg, 0.13 mmol), 4,4,5,5—tetra1nethyi-2—(4,4,5,S—Ietramethyi—l,3,2—
dioxaborolan-2-yl)-1,3,2-dioxaborolane (40 mg, 0.16 mmol), potassium acetate (51 mg,
0.52 mmol) and dichloro[l,1'—bis(diphenylphosphino)ferrocene]pa]ladium(ll)-
dichloromethane adduct (16 mg, 0.019 mmol) was suspended in dioxane (1.7 mL) under
argon. The pressure vessel was sealed and the reaction mixture was stirred at 110 °C for
2 hours. After the reaction was complete as judged by LLCMS, the reaction mixture was
cooled to room temperature and the 4-ﬂuoro~5—(4,4,5,5-tetramethyl—1,3,2-dioxaborolan~2—
ylhpyridin-2-amine was used in subsequent reactions without further purification,
assuming a quantitative yield (0.13 mmol). LC/MS (m/fz): 157.0 (MH" of the boronic
acid formed by product hydrolysis on LC), R, 0.34 minutes.

Method 11
[0276] . Synthesis of 7_amino-5-bromo-isonicotinonitrile
N N
il -
| S NBS . l - BT
H,N N acetonitrile HoN N
[0277] In 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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90 minutes. After evaporation of the soltvent, the crude material was further purified by
silica gel chromatography to give 9 _amino-5-bromo-isonicotinonitrile (53 mg, 49%).

LC/MS (mfz): 197.9 (MH"), Ry 2.92 minutes.

[0278] Synthesis of 2-amino-5-boronic ester-isonicotinonitrile
N N
fll i 9/]§<
B O o Pd(dppfClz, KOAc
| BT+ :B—B( (. PPCla2, KOA B~
- o) o) dioxane | P
HzN N HoN N
(0279] In a glass pressure vessel, a mixture of 2-amino-5-bromo-isonicotinonitrile

(25 mg, 0.126 mmeol}, 4,4,5,5—tetramethy1-2-(4,4,5,5—tetramethyl-l,3,2-dioxaborolan—2—
yl)-1,3,2-dioxaborolane (38 mg, 0.151 mmol) and potassium acetate (49 mg,
0.504 mmol) were suspended in dioxane (1.8 mL). After purging the mixture with argon
for 1-2 min, dichloro[l,1‘-bis(diphenylphosphino)ferrocene] palladium(ID)
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
guantitative yield of the boronic ester (0.126 mmol). LC/MS (m/z): 164.0 (MH" of the

boronic acid formed by product hydrolysis on 1.C), R; 0.37 minutes.

Method 12
[0280] Synthesis of 3—f1uoro—5—(4,4,5,5-tetrame:thyl-—1,3,2—dioxaborolan-2-
yl)pyridin-2-amine
[0281] Synthesis of N-allyl-3-fluoropyridin-2-amine
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(02821 To a preformed bright-yellow complex of Pd(dppf)Ci. CH:Cl: (41 mg,
0.05 mmol), dppf (83 mg, 0.15 mmol) and NaO«+Bu (1.4 g, 15 mmol) in THF (20 mL)
was added 2-chloro-3-fluoropyridine (1.32 g, 10 mmol) and allylamine (1.2 mL,
15 mmol). The mixture was sparged with nitrogen and the pressure vessel was capped
and sealed. The reaction was heated at 65-70 °C for 16 hours. The cooled reaction was
filtered through a plug of Celite and the pad was washed with EtOAc (30 mL). The
solvent was removed under reduced pressure to give a brown thick oil. The crude
product was purified by silica gel chromatography eluting with 5% MeOH in EtOAc.
The product-containing fractions were diluted with EtOA¢ (100 mL) and extracted with
1 M HC1 (2x50 mL). The aqueous acidic product was lyophilized to a light brown solid
giving N-allyl-3-fluoropyridin-2-amine as an HCI salt (1.6 g, 85%). LC/MS (m/z):
153.1 (MH*), R, 0.5 minutes.

[0283] Synthesis of 3-fluoropyridin-2-amine
F F
s + BF3EO 10% Pa/C P
P
N" N/\%’ ethanol N NH,,
[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 BF;°Et,0O (900 uL, 7.18 mmol) in EtOH
(20 m1L) 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 HCl
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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fluoropyridin-2-amine as a light yellow glassy solid (1.66 g, quant. yield). LC/MS (m/z):
113.0 (MH™), R, 0.41 minutes.

[0285] Synthesis of $-bromo-3-fluoropyridin-2-amine and 3-fluoro-5-(4,4,5,5-
tetramethyl-1 ,3,2-dioxaborolan-2-yl)pyridin-2-amine

. e
(T[F + Brey Brﬁ': bis{pinacolato)diboron O’%
I > acetonitrile N/ Ny Pd{dppNCl, |
O

NZ TTNH,

[0286] Solid NBS (750 mg, 4.2 mmol) was added to a solution of 3-fluoropyridin-
2_amine HCI salt (1.66 g, 7.18 mmol) in ACN (30 ml) at RT with stirring. The reaction
was shielded from light and stirred under nitrogen. After 1 h, an additional amount of
NBS (250 mg, 1.4 mmol) was added to 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.

{02871 The bromide was converted to the pinacolborane ester under conditions

described in Method 1. LC/MS (m/z): 157.0 (MHM, R, 0.36 minutes.

Method 13
[0288] Synthesis of 4-fluoro-5-(4,4,5,5-tetramethyl-1 ,3,2-dioxaborolan-2-
yDpyridin-2-amine
[0289] Synthesis of N-allyl-4-fluoropyridin-2-amine
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[0290] To a preformed red-brown complex of Pd(dppf)Clz (817 mg, 1.0 mmol),

dppf (1.66 g, 3.0 mmol) and NaO/Bu (2.9 g, 30 mmol) in toluene (30 mL) was added 2-
chloro-4-fluoropyridine (2.16 g, 20 mmol) and allylamine (1.2 mL, 135 mmol). The
mixture was sparged with muoéen and the pressure vessel was capped and sealed. The
reaction was heated at 120-125 °C for 18 hours. The cooled dark brown reaction was
filtered through a plug of Celite and the pad was washed with EtOAc (60mL). The
solvent was gently removed under reduced pressure to give a brown thick oil which can
sublime under vacuum. The crude mixture was acidified with 6 N HC1 (10 mL) and
lyophilized to dryness to give a brown powder as the HCI1 salt. The crude product was
partitioned between EtOAc (100 mL) and sat. NaHCQO; (80mL). The layers were
separated and the aqueous layer was extracted again with EtQAc (100 mLl). The
combinet::l organic layers are washed with brine (100 mlL), 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
= =
NTON ethanol N7 NHy
[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 BF;*Et;0 (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 McOH (100 mL).
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6 N HC! (2 mL) was added to the dark filtrate until the solution was acidic. The HCI salt
of 4-fluoropyridin-2-amine is much less volatile than the free base. The filtrate was
concentrated under reduced pressure and dried in vacuo. The crude product was purified
by preparative HPLC to give 4-fluoropyridin-2-amine as a brown powder TEFA salt
(162 mg, 23%). LC/MS (m/z): 113.0 (MH"), R; 0.40 minutes.

[0293] Synthesis of 5-bromo-4-fluoropyridin-2-amine and 4-fluoro-5-(4,4,5,5-

tetramethyl-1, 3,2—dioxaborolan—2—yl)pyridin-2-amine
F Q C‘) F
[ \ + Brey \(Lj\ bls(pmacolato)dlboron O,B\“\)j
N acetonitrile Pd(dppﬂCb NP

{0294) Solid NBS (78 mg, 0.43 mmol) was added to a solution of 3-fluoropyridin-
2_amine HCIL salt (162 mg, 0.72 mmol) in ACN (4 mL.) at RT with stirring. The reaction
was shielded from light and stirred under nitrogen. After 1.5 h, an additional amount of
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 (MH"), R, 1.02 minutes.

[0295] ‘The bromide was converted to the pinacolborane under conditions

deseribed in Method 1. LC/MS (m/z): 157.0 (MH™), R 0.34 minutes.

Method 14
[0296] Synthesis of 2-(5-nitropyridin—Z-yloxy)—N,N—dimethylethanamine
l N Cl ! NaH | N O ™N"
- —
HO ~ T THF *
OzN = RT OzN =
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[0297] Microwave heating. To a solution of 2-(dimethylamino)ethanol (339 mg,
3.80 mmol) in DMF (5 mL) was added sodium bis(trimethylsilyl)amide (4.75 mL, |M
solution in THF, 4.75 mmol). The mixturc was stirred at room temperature for 15 min. 2-
Chloro-5-nitropyridine (500 mg, 3.16 mmol) was then added. The vial was capped and
subjected to microwave irradiation {150 °C for 10 minutes). The mixture was diluted
with waler (250 mL) and EtOAc (250 mL). The two layers were separated, and the
aqueous layer extracted two more times with EtOAc. The organic extracts were
combined, washed with water and brine, dried over sodium sulfate and evaporated to give
the crude material as brown oil. Purification by column chromatography on silica gel
using 5% methanol/methylene chloride yielded 2-(5-nitropyridin-2-yloxy)-N,N-~
dimethylethanamine as a light yellow solid (295 mg, 44%%6).

[0298] Sodium hvdride and oil bath heating. To a mixture of sodium hydride

(189 mg, 4.73 minol) in anhydrous tetrahydrofuran (2mL) at 0 °Ca 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 chioride yielded 2-(5 -nitropyridin-2-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-(dimethy]amino)ethoxy)pyridin-i!-amine
LN;\‘/O\/\N/ H,, Pd/C | N 0\/\N/
| MeOH - l
ON"T ~F H,N
[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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A catalytic amount of 10% palladium 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 solid was
filtered and washed with methanol. The filtrate was evaporated under reduced pressure
yielding 6-[2-(dimethylamino)e'thoxy]pyridin—3»amine as a brown oil (250 mg, 99%).
LC/MS (m/z): 182.1 (MH"), R 0.36 minutes.

Method 15
[0301] Synthesis of 2-(1-methylpiperidin-4-yloxy)-S-nitropyridine
OsN = N O,N = N
[0302] To a mixture of sodium hydride (189 mg, 4.73 mmol) in anhydrous

tetrahydrofuran (2 mL) at O °C, a solution of 2-chloro-5-nitropyridine (500 mg,
3.16 mmol) and 1-methylpiperidin-4-ol (455 mg, 3.96 mmel) in  anhydrous
tetrahydrofuran (4 mL) was added dropwise. The reaction was heated reflux for 16 h.
The THE was evaporated and water (100 mL) and EtOAc (200 mL) were added. The
agueous 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 (miz): 238.0 (MH"), R; 1.59 minutes.

[0303] Synthesis of 6-(1-methylpiperidin-4-y10xy)py.ridin-3-amine
N o N 8]
SO w50
O5N = N MeOH H,N = N
[0304] 2-(1-Methylpiperidin—4-yloxy)—S-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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temperature under hydrogen atmosphere. The solid was filtered and washed with
methanol.  The filtrate was evaﬁorated under reduced pressure to yield ©-(1-
methylpiperidin-4~yloxy)pyridin—3—amine as a brown solid (85 mg, 98%). LC/MS (m/z):
208.2 (MH"), R, 0.34 minutes.

Method 16
[0305] Synthesis of rert-butyl 4-(5-nitrOpyridin-2—yloxy)piperidine—l—carboxylate

.Boc N o

/@I LHMDS, DMF/THF U ji/\\
HO Ny Cl OzN = N-Bac
I .
O F

[0306] To a solution of rert-butyl 4-hydroxypiperidine-1-carboxylate (e In

DMF was added potassium bis-trimethylsilylamide (1.5 eq, 1M solution in
tetrahydrofuran). The solution was stirred at room temperature for 10 minutes, and 2-
chloro-5-nitropyridine (1.2 eq) was added. The reaction mixture was submitted 1o
microwave irradiation for 600 seconds at 145 °C. EtOAc and water were added to the
reaction and the layers separated. The organic layer 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™), R, 3.33 minutes

[0307] Synthesis of 5-nitro-2-(piperidin-4-yloxy)pyridine
N -© TFA ‘ Nu O
| \O CH,ClI \O\IH
O,N" N-Boc Ze ON" ~F

[0308] Trifluoroacetic acid (5 eq) was added to a solution of tert-butyl 4-(5-

nitropyridin-zuyloxy)piperidine—1-carboxylate (1 eq) in dichloromethane, stirring at room
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temperature for 1 hour. 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 as a light

yellow crystalline solid. LC/MS (m/z): 224.3 (MH™M, R, 1.64 minutes
[0309] Synthesis of ?.—(1-isopropylpiperidin-4—yloxy)-5wnitropyl'idine

LNj/ O\G Acetone - ‘ Nawr©
2

NaCNBHg, MeoH 92N

[0310] To a solution of 10% acetic acid in methanol was added 5-nitro-2-
(piperidin-4-yloxy)pyridine (1 eq) and anhydrous acetone (5 eq). The solution was
stirred at room temperature for 1 hour. The reaction mixture was cooled to 0 °C on an ice
bath and sodium cyanoborohydride (1.5 eq) was added. The reaction mixture was then
warmed to room temperature and stirred for 5 hours. The solvent was evapc;rated, 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 vellow solid. T.C/MS (mn/z): 266.3
(M), R; 1.85 minutes.

[0311] Synthesis of 6—(1—isopropylpiperidin—4-yloxy)pyridin-B—amine
Ny _-O Ny O
S U H2, Pd/C M \QI
0N~ ~F \1/ MoOH HoN Y
[0312] 2—(1-Isopropylpiperidin-4-yloxy)—5~nitr0pyridine (1 eq) was dissolved in

methanol and laced under a nitrogen atmosphere. A catalytic amount of 10% palladium
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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 temperature for 4 hours under
hydrogen atmosphere. The solid was filtered and washed with methanol. The filtrate was

evaporated under reduced pressure yielding the product as a brown oil. LC/MS (m/z):

236.3 (MH"), R 0.38 minutes.
Method 17

[0313] Synthesis of 7-methylthio-3 -nitroquinoline

H
e e
/
OzN% OzN
@]

[0314} To a refluxing mixture of 3—[(3—methylthiophcnyl)amino]-2-nitropr0p42—
enal (2.3 g, 9.6 mmol) and the HCI salt of 3-methylthiophenylamine (2.7 g, 19.3 mmol)
in acetic acid (25 mL) was added thiophenol (0.2 g, 1.9 mmol). After being refluxed for
18 h, the mixture was cooled to room temperature and the acetic acid was removed under
reduced pressure. To the remaining dark colored solid EtOAc (50 mL) was added with
stirring. Filtration gave a yellow/green solid and a dark filtrate. The product crystallized
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
N S N -y

1 — |

ONT ~F O,N~ ~F
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[0316] To an ice-bath chilled solution of 7-methylthio-3-nitroquinoline (141 mg,
0.6 mmol) in dichloromethane (6 mL) was added MCPBA (221 mg, 1.3 mmol) in
dichloromethane (3 mL). After warming to room temperature, the white precipitate
formed was filtered and rinsed with an additional 10 mL of dichloromethane to yield the

pure product (85 mg, 53%). LC/MS (m/z): 252.9 (MH"), R, 1.82 minutes.

[0317] Synthesis of 7-(methylsulfonyl)-3 -quinolylamine
O
Ny O\\S/I\ N g’
- — AT
O2N HoN~
[0318] To a suspension of 7-(methylsulfonyl)-3-nitroguinoline (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 Ho 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"), Ry 1.10 minutes.

Method 18

[0319] Synthesis of 6-methoxyquinolin-3-amine

JSelosel
.
ON" X OMe H,N OMe
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[0320] A mixture of 6-methoxy-3-nitroquinoline (Magnus, P. et al., J. Am. Chem.
Soc. 119, 5591, 1997; 0.17 g, 0.83 mmol) and Pd&/C (10%, 80 mg) in EtOAc (15 mL) was
hydrogenated with a hydrogen balloon to give 6-methoxyquinolin-3-amine in quantitative

yield. LC/MS (m/z): 175.1 (MH+), R 1.54 minutes.

Method 19
(0321} Synthesis 6-hydroxy-3-nitroquinoline
N\ N
| = ~ l ==
O,N o O.N OH
[0322] 6-Methoxy-3-nitroquinoline (Magnus, P. etal., J Am. Chem. Soc. 119,

5591, 1997; 100 mg, 0.49 mmol) was dissolved in hydrogen bromide solution (47% aq,
2.5 ml., 0.2 M), heated and stirred at 120 °C for 16 hours. The reaction mixture was
cooled to room temperature, neutralized with 6N NaOH, then extiracted with EtOAc
(150 mL). The organic layer was dried over Na;SO4 and purified by flash
chromatography (SiOz, 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-yDethoxy)quinoline
A N N
= =
oo, — oo D
O4N OH 03N o7 "
[0324] 6-Hydroxy-3-nitroquinoline (148 mg, 0.78 mmol) was dissolved in THF

(18 mL). 2-(Pyrrolidin-1-yDethanol {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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for 2 hours. The solvent was then concentrated in vacuo and the residue was purified by
flash chromatography (SiOz) to yield 134 mg (60%) of 3-nitro-6-(2-(pyrrolidin-1-
ylethoxy)quinoline. LC/MS (m/z): 288.1 (MH"), R; 1.80 minutes.

[0335] Synthesis of 3-amino-6-(2-(pyrrolidin-1-yl)ethoxy)quinoline
N“‘-.
BT N oWy
o ~N TEOAC HNT o ™~N
[0326] 3-Nitro-6 (2-(pyrrolidin-1-yl)ethoxy)quinoline (134 mg, 0.46 mmél) was

dissolved in EtOAc (10 mL) and the solution was sparged with N, for several minutes.
Triethylamine (0.065 mL, 0.46 mmol) was then added followed by a catalytic amount of
10% Pd/C. Sparging with N3 was repeated after each addition. A balloon of H; was
connected to the 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)cthoxy)quinoline, which

was used as is in the next reaction. LC/MS (m/z): 258.1 (MH"), R, 0.33 minutes.

Method 20
{0327) Synthesis of 5-methoxy-3-nitro-quinoline
o 0
HaN o
H)]\(u\H ‘ HCl \g ~
NO» H N
HaN O - N O - I
@ Y L0r o
OzN 6 O

[0328] Synthesis of 3-(3-methoxy-phcnylamino)—Z—nit:ro—prppcnal
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[0329] To the HCI salt of 3-methoxy-phenylamine (4.6 g, 28.9 mmol) in 1N HCI

(300 mL)'was added a solution of 2-nitro-malonaldehyde (2.7 g, 19.3 mmol) in 150 mL
water. After 30 min, the precipitate was filtered and rinsed with 0.1 N HCIL. Air-drying
in a Biichner funnel for 18 h gave 3.36 g (78%) of a light yellow/green powder. LC/MS
(m/zy: 245.1 (MH" +Na), R, 2.21 minutes.

[0330] Synthesis of 5-methoxy-3-nitroquinoline and 7-methoxy-3-nitroquinoline

[0331} To the HCI salt of 3-methoxy-phenylamine (4.7 g, 29.7 mmol) in 30 mL
acetic acid was added 3-(3-methoxy-phenylamino)-2-nitro-propenal (3.3 g, 14.9 mmol}.
The reaction mixture was heated to reflux, and thiophenol (0.3 mL, 2.98 mmol) was
added. After 22 h, the reaction mixture was cooled to room temperature and the solvent
was removed in vacuo. Addition of 70 mL EtOAc and filtration gave solid byproduct, 7-
methoxy-3-nitro-quinoline, and a filtrate, which contained impure 5-methoxy-3-nitro-
quinoline. The filtrate was loaded on to silica column and etuted 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
N N
I — l -
ONT ~F HoN™
O O
[0333] A mixture of 5- and 7-methoxy substituted 3-mitroquinolines (780 mg,

3.82 mmol) was dissolved in EtOAc (75 mL) and the reaction mixture sparged with N2
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 roo.n
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temperature under H> atmosphere overnight. Solvent removal in vacuo and purification
by column chromatography on silicagel (100% EtOAc) afforded the two separated
isomers S5-methoxyquinolin-3-amine and 7-methoxyquinolin-3-amine. The desired
product 5-methoxyquinolin-3-amine (80 mg, 12%) was obtained as a yellow powder. The
structure was assigned by ' NMR (CD;O0D): 6 8.40 {d, 1H), 7.69 (d, 1H), 7.40 (d, 1H),
7.30 (t, 1HD), 6.85 (d, 1H). LC/MS (desired isomer) (m/z): 175.0 (MH"), R, 1.54 minutes;
LC/MS (undesired isomer) (m/z): 175.0 (MH™M), R; 1.53 minutes.

Method 21
[0334] Synthesis of 2-(methylsulfonyl)pyridin-4-amine
= {\I NaSCHj = IN . MCPBA @L
HNT ¢ NMP HoNT g7 THF HaNT S s
. O
[0335] Synthesis of 2-(methylthio)pyridin-4-amine
[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-
(mcthylthio)pyridin—4—amine (435.mg, 50% yield). LC/MS (m/z): 140.9 (MHY), R,
(.59 minutes.

[0337] Solid MCPBA (780 mg, 2-3 mumnol) was slowly added in small portions to
a solution of 2—(methy1thio)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

-118-



++++ ++++ ++++ 135 N HataN jrQ MN 411 H 390.1, 1.85
9.52 L ++++ ++++ ++++ 136 HZt No-, HNNN' --""N N O

.76 ++
WO %@gf.ﬂ%m@ ++ ++++ ++++ 137 NH N HaN Hans Bearfgsdoddnerros

silica flash chromatography, eluting with 5% MeOH/DCM, to afford 2-
(methylsulfonyl)pyridin-4-amine (220 mg, quant. yield). LC/MS (m/z): 173.0 (MH™M), R,

0.34 minutes.

Method 22

[0338]) Synthesis of 2-morpholinopyrimidine-4,6—di61

OH
NH2 l — N

HNTNT NaOEt . NJ\N/\

Br—H >
' Lo CH,(CO,E), 0o

[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 P2Os) 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-morpholinopyrimidine
OH Ci
POCI
HO N'?l\N/\| ——=2 <l N/)\N’ﬁ
'\/O '\/O
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[0341] A mixture of 2-morpholinopyrimidine-4,6-diol (30 g, 0.15 mol) and POCl;
(150 mL, 1.61 mol) was heated at 120 °C for 16 h, then cooled to RT. Excess POC!H was
removed to give a semi-solid. The solid was gradually transferred to a stirring solution of
water (700 mL) and EtOH (100 mL) occasionally cooled with water. White solid formed
and was subsequently filtered, washed with water, 10% EtOH in water, and dried over
P,Os to give 4,6-dichloro-2-morpholinopyrimidine (17.82 g, 50%). LC/MS (m/z): 233.9
(MH™), R, 2.95 minutes.

Method 23
[0342] Synthesis of 4,6—dichloro-5-methyl—Z—morpholinopyrirnidinc
Cl
[ )
O
[0343] 4,6-Dich10r0—5-methyl-Z—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 (MH").
Method 24

[0344] Synthesis of 4,6-dichloro-5-ethyl-2-morpholinopyrimidine

Cl

[
c1” N O

[0345] 4,6-Dichloro—5-ethyl—fZ-morpholinopyrimidine ‘was prepared by similar
procedure as 4,6-dichlom—2—morpholinopyrimidinc (in Method 22) using dimethyt 2-
ethylmalonate in place of diethyl malonate. LC/MS (m/z): 262.1 (MH"), Ry 3.59

minutes.
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Method 25
[0346] Synthesis of 5-fluoro-2-morpholinopyrimidine-4,6-diol
OH
NH, £

=N
NN NaOEt |N¢'\N/\l |
wer  S©  CEH(COLED, L_o

[0347] Sodium hydride (60% in oil, 3.9 g, 96.5 mmol) was washed with hexanes
in a round bottom flask under argon and cooled with an ice water bath. EtOH (100 mL)
was slowly added. The resulting mixture was warmed to RT and stirred for 30 minutes.
To the base mixture, diethyl 2 _fluoromalonate (5.7 g, 32.2 mmol} was added, followed by
morpholinoformamidine hydrobromide (6.8 g, 32.2 mmol). The mixture was heated td
90-95 °C with stirfing under argon. After 12 hours, the reaction was cooled to room
temperature and the EtOH was removed in vacuo. The resulting white solid was
dissolved in water (25 mL) and acidified with conc. HClto pH = 3-4. A white precipitate
formed which was collected on a Riichner filter, washed with water (2x50 mL), air dried

on the filter, and dried in vacuo to ove 5—ﬂuoro—2-morpholinopyrimidine-4,6—diol

(0.87 g, 12%). LC/MS (m/z): 216.0 (MH"), R, 0.63 minutes.

[0348] Synthesis of 4-(4,6—dichloro—5—ﬂuoropyrimidin~2-y1)morpholine
OH Cl
F F

B e
HO N"LO ——PEEE—* ct N”LO

(0345] A mixture of S-ﬂuoro—?.—morpho1inopyrimidine-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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Excess of POCIl; was removed under reduccd pressure to give a semi-solid which was
dried further in vacuo. After 12 h of vacuum drying, the solid was diluted in EtOAc
(150 mL) and washed with sat. NaHCOs; (60 mL). A solid formed during the wash and
was discarded with the aqueous layer. The organic layer was washed again with sat.
NaHCO; (2x30 mL), brine (30 mL), dried with Na,SO,, filtered and evaporated under
reduced pressure to give a crude product. The product was purified by flash
chromatography eluting with 25% EtOAc/hcxane to give 4-(4,6-dichloro-5-
fluoropyrimidin-2-yl)morpholine (418 mg, 42%). LC/MS (m/z): 2519 (MH"), R, 3.22

minutes.
Method 26
[0350] Synthesis of 2,4,6-tribromopyrimidine
Br
ﬁ A
Br N/ Br
[0351] To a mixture of pyrimidine-2,4,6(1H,3H,5H)-trione (2.66 g, 20.87 mmol)

and POBrs (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 NaHCQ; (3%, or until CO;
evolution ceased), H>O (3%), 1;rine (2x) and dried over Na;SQ4. 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): 316.8/31 8.7 (MH", R,

2.78 munutes.

-122-



N-ANTh IL...,6, H2N 448.9, 2.76 145 I "cl..o0 .s

FF FNcH, NtLN ---1 496.0, 2.35 H NN 2.75 146 | P. Ni-lN
wo MY708P97- 2, 3. 12  ++++ ++++ ++++ 147 Co RN NHBcr/us2007/001708

Method 27

(0352} A solution of morpholine (100 g; 1.15 moles; 5.3 equivalents) in THF (450
mL) was cooled with an ice bath. A solution of 2,4,6-trichloropyrimidine (39.9 g; 217
mmoles; 1.0 equivalents) in THF (100 mL) was added over a period of 30 minutes. A
copious white precipitate formed upon addition of 2,4,6-trichloropyrimidine and the
reaction mixture rapidly thickened. The mixture was allowed to warm to ambient
temperature and mechanically stirred for 64 hours (heating the reaction mixture at reflux
following the addition of 2.4.6-trichloropyrimidine leads to complete reaction in 60 min.
‘The ratio of a to b was unchanged). The mixture was then filtered and the filter cake
washed with additional THF (2 x 100 mL). The filtrate was concentrated on the rotavap.
Water (600 mL) was added and the resulting slurry was stirred for 30 minutes. 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 :
EtOAc and 300 mlL fractions were collected. TLC analysis shows a to be present in
fractions 1-7 and 4,6—dimorpholino-2—ch10ropyrimidine 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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Method 28
SYNTHESIS OF 4-(1 ASOPROPYLPIPERIDIN-4-YLOXY)ANILINE
SYNTHESIS OF 7-BUTYL 4-(2—METHOXYA—NITROPHENOXY)PIPER]D]NE—1—

CARBOXYLATE
~ o
HO P{Fhly O
OH @ DEAD
+ N. O THF ON/@ \O\I o
e TE T e TF
[0354] To a mixture ‘of triphenylphosphine (3.10 g, 11.8 mmol) and

dicthylazodicarboxylate (2.06 g, 11.8 mmo!) under N; in THF (40 mL) was added t-butyl
4-hydroxypiperidine-1-carboxylate (2.00g, 9.94 mmol). After stirring 10 min, 2-methoxy-
4-nitrophenol (1.00 g, 5.91 mmol) 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 column chromatography on silica gel using 25% EtOAc/hexane vielding ¢-
butyl 4-(2—methoxy—4—nitrophenoxy)piperidine—1—caIboxylate as a beige solid (1.70 g,
82%). LC/MS (m/z): 353.2 (MH"), R 3.23 minutes

SYNTHESIS OF 4~(2—METHOXY-4—NITROPHENOXY)PIPERIDINE

~ ~
% ,O\O TFA o
No CHyCh . NH
QN Boc ON

[0355] Trifluoroacetic acid (5 eq) was added to a solution of tert-butyl 4-(2-

methoxy—4—nitrophenoxy)pipeﬁdine~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-ni1rophenoxy)piperidine asa
light yellow solid (137.3 mg, 96%). LC/MS (mv/z): 253.2(MH+), Rt 1.81 minutes.

-124-



1.78 +++A- ++++ ++4++ WO

2007/ 084786PCT/ US2007/ 001708 Coi n- pound Structure
wolk6yMeifshtH, Rt min) hplc 10mn (L =

45m n) Pl
Al pha, |C50 PSer473 AKT, EC50 Cellular Prol i fgpr&@%%’”“'"’“

EC50 159 F F IN N3 N2NN 495.0, 2.57 3.13 +4- +++ +
160 KW .

SYNTHESIS OF 1-ISQPROPYL-4—(2—METHOXY—4—NITROPHENOXY)PIPERIDINE

~ s
O\O NaCNBH,, acetone /é’o\o
ON NH AcOH, MeOH ON NY
[0356] To a solution of 10% acetic acid in methanot was added 4-(2-methoxy-4-

nitrophenoxy)piperidine (148 mg, 0.59 mmol, 1 eq), anhydrous acetone (5eq), and
sodium cyanoborohydride (1.5 eq). The solution was stirred at room temperature for 24 h.
Additional anhydrous acetone (5 eq) and sodium cyanoborohydride (1.5 eq) were added
and the reaction was stirred for 24 h. The solvent was cvaporated, the residue was
brought to pH 10 with aqueous sodium carbonate and extracted with EtOAc. The organi{:
layer was washed with water, brine, dried with magnesium sulfate and evaporated to
afford 1—isopropyl—4—(2-mcthoxy-4-nitrophenoxy)piperidine as a yellow oil (163 mg,
97%). LC/MS (m/z): 295.2 (MH ), R 1.96 minutes.

SYNTHESIS OF 4-(1-IS OPROPYLPIPERIDIN-4-YLOXY)-3-METHOXYANILINE

.
O
\Q H2, P(OH)./C \O
ON ' \l/ MeOH
[0357] 1-isopropyl-4-(2-methoxy-4-nitrophenox y)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 fimes 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 (MH"), R, 0.33 minutes.
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Method 29

SYNTHESIS OF 4—(1-ISOPROPYLPIPER]DII\I—4—YLOXY)—3—METHOXYANILII\TE;
SYNTHESIS OF TERT-BUTYL 4-(2-METHOXY-4-NITROPHENOXY)PIPERIDINE-
1-CARBOXYLATE

o HO P{Ph),
fj + U‘f’ﬁ/ T ﬁj \OT <

[0358] To a mixture under Ny of triphenylphosphine (3.10g, 11.825 mmol) and
diethylazodicarboxylate (2.06g, 11.825 mmol) in THF (40 mL) was added tert-butyl 4-
hydroxypiperidine-1-carboxylate (2.00g, 9.937 mmol). After stirring 10 min, 2-methoxy-
4-nitrophenot (1.00 g, 5.912 mmol) was added. The reaction stirred 16 h and evaporated
under reduced pressure to give an orange oil. The crude product was purified 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)PIPERIDINE

e
Jé’o
\O CHCh 0. \ONH
2

[0359] Trifluoroacetic acid (5 eq) was added to a solution of tert-butyl 4-(2-

methoxy~4-nitrophenoxy)piperidine—1—carboxylate (200 mg, 0.5676 mmol, leg) 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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SYNTHESIS OF 1-ISOPROPYL-4-(2-METI—IOXY—4-N1T_ROPHENOXY)PIPERIDINE

~

e
b/O\O NaCNBHj;, acetona /é/o
ON NH AcOH, MeOH O N\l/
2 N
[0360] To a solution of 10% acetic acid in methanol was added 4-(2-methoxy-4-

nitrophenoxy)piperidine (148 mg, 0.59 mmol, 1eq), anhydrous acetone (5 e¢q), and
sodium cyanoborohydride (1.5 eq). The solution was stirred at room temperature for 24 h.
Reaction is 85% complete. Charged additional anhydrous acetonc (5 eq) and sodium
.cyanoborohydride (1.5 eq) and stirred for 24 h. The 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 with magnesium sulfate and evaporated to afford
1—isopropyl-4—(2—methoxy—4-nitrophenoxy)piperidine as a yellow oil (163 mg, 97%).
LC/MS (m/z): 295.2 (MH"), R, 1.96 minutes.

SYNTHESIS OF 4-(1-1S OPROPYLPIPERIDIN-4-YLOXY)-3-METHOXYAN ILINE

O o
O H2, PA(OHYR/C _ \Q
OzN _ \l/ MeOH HoN j/
[0361] 1-isopropyl-4-(2-m ethoxy-4—nitrophenoxy)pipcridine (167 mg,

0.57 mmol) was dissolved in 20 mL of methanol and placed under a nitrogen atmosphere.
A catalytic amount of 20% paliadium 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 flm. The acetonitrile layer was evaporated under
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reduced pressure Yyielding 4.(1-isopropylpiperidin-4-yloxy)aniline as a brown oil

(131 mg, 87%). LC/MS (m/z): 265.2 (MH"), R, 0.33 minutes.

Method 30
SYNTHESIS OF N-(6-CHLORO—2-MORPHOLINOPYRIMIDIN-4-YL)-4-
PHENYLTHIAZOL-2-AMINE

S/>‘©
cl AN
>N NaH HN/IQ-N

|
cl N/AN/\| im ‘ =z )N\
L_o HNT N o N7 N
L_o
[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. After 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.
ammoniurn chioride. 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 column eluted with ethyl acetate and hexane to give N-
(6—chloro-2-morpholinopyn'midin—4-yl)-4-pheny}.thiazol-2-amine. LC/MS (mv/z): 374 and
376 (MH+), Rt 3.40 minutes.

Example 1

Preparation of N-(6-( 2-aminopvrimidin-5-vl)-2-rnorpholinopyrimidin—-4-
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[0363) 4,6-Dichloro—Zmorpholinopyrimidine (prepared as in Method 22; 3.0 g,
12.9 mmol) and 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pynimidin-2-amine
(3.43 g, 15.5 mmol) were dissolved in DME (130 mL). Aqueous Na,COs; (2 M, 32 mL,
64 mimnol) was then added and the reaction mixture was sparged with .Nz for several
minutes. PJd(OAc): (145 mg, 0.65 mmol) and PPh; (339 mg, 1.29 mmol) were then
added and the reaction mixture was heated at 95 °C for 1 h. The reaction mixture was
allowed to cool to room 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 (MHD, R, 1.92

minuies

[0364] N-(6-(2-aminopyrimidin-5-yl)-2-morpholinopyrimidin-4-yl)quinolin-3-

amine
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[0365] PAd(OAc)z, BINAP, cesium carbonate, THF (0.8 mL) were mixed with 5-
(6-chloro-2-morpholinopyrimidin-4-yl)pyrimidin-2-amine (1 eq) and quinolin-3-amine
(2 eq). The mixture was heated under microwave irradiation for 10 minutes at 110 °C.
The solution was filtered and concentrated under reduced pressure. LC/MS (m/z): 401.4

(MH™).

Example 2

Preparation of N-( 6-(6-aminopyridin-3-y1)-2-morpholinopyrimidin-4-yllquinolin-

3-amine
[0366] S-(6-Chlor0-2-rnorpholin-4-yl-pyrimidin-4-y1)pyridin-2—ylaminc
9’@
Cl > B\O
I "\-.N . l
HoN N
ct N’AN’H i -
L_o PA(dppNCla,
Na,COj; THF
[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)ferrocenc]
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 removed under reduced pressure to leave a
viscous residue. EtOAc (450ml.) and water (50 mL) were added. After vigorously
stirring for 1-2 minutes, the solids were filtered off and washed with EtOAc (100 mlL).
The organic layer was separated and the aqueous layer was extracted with EtCAc
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(100 mL). The combined organic layers were washed with saturated NaCl solution
(1 x 50 mL), dried with N2,;SOu, filtered and evaporated under reduced pressure. The
crude material was further purified by silica gel chromatography to give 5-(6-chloro-2-
morpholin-4-yl-pyrimidin-4-yt)-pyridin-2-ylamine (2.48 g, 44%). 1LC/MS (m/z): 292.1
(MH"), R, 2.06 minutes.

[0368] [6-(6-amino-pyridin-3-yl)-2-morpholin-4-yl-pyrimidin-4-yl]-(6-methoxy-
pyridin-3-yl)-amine

N.__O
/N oL, cad |
| S
cl N

\N .
~ | N/)\N/\l Pd(OAc), BINAP N')\N’ﬁ
| Lo Cs,C0;, THF L_o

HaNT N

[0369] In a glass pressure vessel, Pd(OAc); (2.0 mg, 0.0082 mmeol), BINAP

(6.4 mg, 0.0102 mmol), cesium carbonate (20.0 mg, 0.0615 mmol) and TIIF (0.8 mL)_
were mixed and stirred at room temperature for 1-3 minutes. To the resulting mixture
was added 5-(6—chloro-2-morpho]in—4~y1-pyrimidin-4-y1)—pyridin—2-y!amine (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 -vI}-2-morpholino-

pyrimidin-4-ylpyridin-2-amine
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[0370] 5-[6-(2-fluoro-pyridin-3 -yD)-2-morpholin-4-yl-pyrimidin-4-yl]-pyridin-2-

yiamine

~

s

. B_\ /
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H,N" N HoN
[0371] To a solution of 5-(6-chloro-2-morpholin-4-yl-pyrimidin-4-yDpyridin-2-

ylamine, prepared as in Example2, (252 mg, 0.87 mmol) and 2-fluoro-3-(4,4,5,5-
tetramethyl-[1,3,2]dioxaborolan-2-ylhpyridine (183 mg, 1.30 mmol) in DME (4 mL) was
added an aqueous solution of Na;CO; (2M, 1mL), followed by dichloro[1,1'-
bis(dipbenylphosphino) ferrocenc]palladium(II)-dichloromethane (71 mg, 0.087 mmol).
The mixture was heated in a microwave for 20 min at 120 °C. The aqueous phase was
separated from DME, and extracted with EtOAc. The combined organic phases were
washed with brine, dried, filtered, and concentrated to give crude desired product which
was carried on to the next step without further purification. LC/MS (m/z). 353.3 (M),

1.84 minutes.

[0372} N- {3-[6~(6-Amino-pyridin—3-y})-2-morpholin-4—yl—pyrimidin—4—yl]pyridin-

2-yl}-methanesulfonamide : 1
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{0373] To a solution of 5-[6-(2-flucro-pyridin-3-yl)-2-morpholin-4-yl-pyrimidin-
4-yl]-pyridin-2-ylamine (200 mg, 0.57 mmol) and methanesulfonamide (216 meg,
2.3 mmol) in NMP (8 mL) was added Cs:CO; (372 mg, 1.1 mmol). The solution was
heated at 125 °C for 4 hours. Thé reaction mixture was cooled to room temperature,
filtered and purified by reverse phase preparatory HPLC to give the title compound.
LC/MS (m/z): 428.3 (MH"), R, 1.80 minutes.

Example 4

Preparation of N-(6-(6-amino-4-fluoropyridin-3-vl)-2-morpholinopyrimidin-4-

Nguinclin-3-amine

[0374] N-{6-bromo-2-morpholinopyrimidin-4-yl)quinolin-3-amine
N /N
Br HaN T HN
o N |

| \/)N\ HN/\. | P
B~ "N° “Br 2} '\/o Br N @
: Q

{0375] To a solution of 2.4,6-tribromopyrimidine (5.40g, 17.2 mmol} in
acetonitrile (60 mL) was added quinolin-3-amine, followed by DIEA (8.99 mlL,
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 NaHCO; (3x%),
H,0 (2x), brine (1x) and dried over Wa;SQ4. The solution was then evaporated 1n the
presence of silica gel and purified by column chromatography (Si10;, 15-25%
EtOAc/Hexanes) to vyield N-(6-bromo-2-morpholinopyrimidin-4-yl)quinolin-3-amine.
LC/MS (m/z): 386.1 (MH").
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[0376] N—(6-(6-amino—4—ﬂuoropyridin—3—yl)—2-morpholinopyrimidin-4-

ylquinolin-3-amine

L1
F O =
7 J§< HN PA(dppl)Cla, Na;CO3
| N B"‘O + ‘ S
dioxane
s
HZN - [ Br NJ\N/ﬁ

(03771 To a solution of 4-fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDpyridin-2-amine (prepared as shown in Method 10) in dioxane (1.7 mL, 0.13 mmol),
N—(Gébromo-Z-morpholinopyrimidin-4-‘yl)quinolin-3—amine (20 mg, 0.052 mmol),
dichloroll,1 ’-bis(diphenylphosphino)ferrocene]palladium(ll)—dichloromethane adduct
(11 mg, 0.013 mmol) and 2 M aqueous sodium carbonate solution (0.6 mL, 1.2 mmol)
were added under argon. The pressure vessel was sealed and the reaction mixture 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 sodiwm sulfate, filtered and concentrated under
reduced pressure. The product was purified by reverse phase preparative HPLC to giva
N—(6—(6—arnino-4-ﬂu0ropyridin—3-yl)-2—mcnpholinopyﬁmidin-4—yl)quinolin-3-axninc 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-v1—6-(quinolin—3-vlamino)-nvrimidin-4-

vil-isonicotinonitrile
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[0378] To the crude 2-amino-5-(4,4,5,5-tetramethyl-1,3,2-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-bromo-2-morpholin-4-yl-pyrimidin-
4-yD)-quinolin-3-yl-amine (19.4 mg, 0.05mmol) and aq. Na,CO; (2 M, 0.6mL,
1.2 mmol}. After purging the reaction mixture with argon, dichloro[l,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-5-{2-morpholin-4-yl-6-(quinolin-3-ylamino)-
pyrimidin-4-yl}-isonicotinonitrile (4.4 mg, 20%). LC/MS (m/z):  425.0 MH), R,
2.03 minutes.

Example 6
Preparation of NG-methvl-Z-momholino—Nc'itetrahydro-2H—pwa.n—4-yl)-4,5'—

bipyrimidine-2'.6-diamine
3 o= e
- l
Cl /OO N /TB §
o “
N

oA —— © N/)\O )NLt Y
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[0379] N-Methyltetrahydro-2 H-pyran-4-amine

{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
(0.162 mL) in ACN (0.8 mL). After stiuring for 5 minutes, Na(CN)BH; (60 mg,
1.13 mmol) was added in one portion at RT. After 1 hour, excess Cs;CO;5 was added to
the reaction until made alkaline. After stirring for 15 minutes, the reaction was filtered 1o
remove solids and the solvent evaporated under reduced pressure. The crude product, N-
methyltetrahydro-2H-pyran-4-amine, was used for the following displacement without

further purification. LC/MS (m/z): 116.1 (MH"), R, 0.34 minutes.

[0381] G—Chloro~N—methy1—2—morpholino-N—(tctrahydro-2H—pyran-4-y1)pyr1midin‘
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,CO3 (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-fZH-pyran—4-yl)pyrimidin—4—arninc. LC/MS (m/z): 313.2 (MH"), R, 2.61

minutes.

[0383] N® —rnethyl-Q-morpht:)lino-]\f5 -(tetrahydro-2H-pyran-4-yl)-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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(tetrahydro-2H-pyran-4-yl)pyrimidin-4-amine (12 mg, 0.038 mmol} in THF (0.8 mL),
and aq. Na,COs; (2M, 0.27ml) in a pressure vessel, was added dichlorofl,1'-
bis(diphenylphosphino)ferrocene] palladium (1) 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 NC-
methylwz—morphc»lino-]\o’6 -(tetrahydro-2H-pyran-4-yl)-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-aminopyrimidin-5-yl}-2-morpholinopyrimidin-4-yl}-5-

methoxyquinolin-3-amine

_N

cl RN l
L — Y o
NTNTTY N

N7 STUONTNTTY
HZNAN/ \© A 0

[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-¢hloro-2-
morpholinopyrimidin-4—y1)pyrimidin-2—a:ninc (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. L.C/MS (m/z): 431.2 (MH"), R, 2.03 minutes.
- Example 8

Preparation of 5-(2—momholino'6-(nvridin—B—vloxv)n\flimidin—4—vl‘)nvrimidin-z-

amine
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[0386] 5—(6-chloro-2-morpholin0pyrimidin-4-y1)pyrimidin-2-amine (10 mg,

0.034 mmol, prepared as in example 1), potassium tert-butoxide (6 mg, 0.051 mmol),

pyridin-3-o! (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-yloxy)pyrimidin—4-

yI)pyrimidin-2-amine (5.1 mg, 32%). LC/MS (m/z): 352.1 (MH"), R, 1.83 minutes.
Example 9

Preparation of 6—(2-aminopyrimidin—5-vl)—2-m0rph01ino-N—( §-(piperazin-1-

vipyridin-3-yDpyrimidin-4-amine

[/\NBoc |/\NH

N\ N\/l N\ N\)
\ |
HNLJ =

HN
————
[ L BN
NS ONTTNTTY NS ONT TN
P o A 2 o
HoN" N HoN"T N
[(0387] To tert-butyl 4—(5-(6-(2-aminopyrimidin—5-yl)-2~m0rpholin0pyﬁmidin-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, 30mg, 0.06 mmol) were

added 5mlL of 4N HCI in dioxane. After stirring for one hour, the solution was
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concentrated in vacuwo. The residue was dissolved in a 3:1 acetonitrile and water and
lyophilized to afford the desired product LC/MS (m/z): 435.2 (MH™), R, 1.52 minutes.

Exampie 10

Preparation of 4-(trifluoromethyl)-5-(2.6-dimorpholinopyrimidin-4-yDpyridin-2-

amine
)
N

Lo — L2
@ @

[0388] To a slumry ~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 EtOQAc (160 ml). The organic solution was washed
with 25 mL of NaHCOjsa) (2 x), water (2 x) and brine, dried over Na;SO,, 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 (CDCls): §
5.86 (s, 1H), 3.71-3.76(m, 12H), 3.52-3.56(m, 4H).

[0389] 4-(trifluoromethyl)-5-(2,6-dimorpholinopyrimidin-4-ylpyridin-2-amine
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[03901 Argon gas was bubbled through a heterogeneous mixture of 2,4-
dimorpholino-6-chloropyrimidine (4.1 g, 14.3 mmol) and 4-(trifluoromethyl)-5-(4,4.5,5-
tetramethyl—l,3,Z—dioxaborolan—2~yl)pyridin—?.—amine (16.,5g, 57.3mmol) in 1.2-
dimethoxyethane and 2M Na;COs (3:1) for 20 minutes. 1,1%-
Bis(diphenylphosphino)ferrocene paliadium (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 diluted with EtOAc (300 mL).
The organic solution was washed with 300mL of a mixwre of water:
NayCOssa0y NH4OHcone) = 5-4:1, then NH4Cls), and brine (2x), dried over Na;504,
fijtered 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—yl)pyridin-2-arnine as an off-white solid. LCMS (m/z):
411.3 (MH); "H NMR (CDCls): 8 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(mn, 4H).
Example 11

Preparation of N-{6-(1 —isopropvlpiperidin—4—vl0xv)pyridin—3-yl)-6-( 6-amino-4-

(trifluoromethyDpyridin-3-yl) -2-morpholinopvrimidin-4-amine

N O
U\O
NO N
Ci “ HNT S \r

F / N F
BY NS L
= Cs,C0O,, THF g
l o= N N/\ Pd (dppf)zm "CH,Ct, ! = N fr\/
O
HaN" N™ Lo HaN" N7
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[0391] N-(6-(1-isopropylpiperidin-4-yloxy)pyridin-3-y1)-6-(6-amino-4-
(trifluoromethyl)-pyridin-3-y1)-2-morpholinopyrimidin-4-amine was ssynthesized
according to the general procedure for the Buchwald reaction in Example 2 by reacting 6-
(1-isopropylpipexidin—4-yloxy)pyridiﬁ~3-amine (prepared as in Method 16) with 5-(6-
chloro-2-morpholinopyrimidin-4-y)-4-(trifluoromethyl)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).

Example 12

Preparation of N-

-2-y1)-6-(6-amino-4-

(trifluoromethylpyridin-3-y1}-2-morpholinopyrimidin-4-amine

[0392] 5-((diethylamino)methyl)thiazol-2-amine
NEt,
OHC
\f/\N Diethylamine __ _ .\F’jN
s\< NaCNBH3, MeOH S‘(
NH2 NHz
[0393] 2_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 mixturc 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,SQ, 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):
5 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, J=6.9 Hz); 1.30 (6H,t,J=6.9
Hz).

Example 13

Svynthesis of 6-(6-amino-4-(trifluoromethyDpyridin-3-y1)-N-(4-(2-

(diethylaminolethylthiazol-2-y)-2-morpholinopyrimidin-4-amine

[0395] 2-(2-aminothiazol-4-yl)-N,N-diethylacetamide
GOOH CONE,
/E{ Diethylamine /z{
HNT g EDC, HOAT, DMF, HzNT ~g
TEA. r.L., 6h ‘
[0396] A mixture of 2-(2-aminothiazol-4-yhacetic 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,O and concentrated. The
residue was dissolved in a stirred 4:1 mixture of EtOAc and NaHCOj3(ar). The two
phases were separated and the organic solution was washed with brine, dried over
Na;SO, and concentrated to dryness. The resulting solid was washed twice with Et;0O
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-(diethylamino)ethyl)thiazol—2-amine
{CONEtz N NET
N 2
3 LAH, THF ,{\
HzNAS HZNAS
[0398] A suspension -of 2~(2-aminot_hiaz.ol-4-y1)-N,N-dicthy]acetamide (leq) 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 H20, 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, (ME), R, 0.34 minutes.

i N NEt,
E Ci ’E_{_\ NEt, E HN N
F—F & )P\ HNT s FF (7N
= Cs,C0;5, THF, =

| == N N/\ Pd (dpgf)zm. CH.Clo t = NT TN

<> O = K/O
HaN" N HoNT 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):
& 8.15 (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, q, J=7.2 Hz); 3.02 (2H, m); 1.20 (6H, t, /= 7.2 Hz).

Example 14

Preparation of N® —(2~methoxvethvl‘)-Z-momholino—4.S'-bipvrimidine-Z'.G-diamine
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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 rnm;)l) 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 purified by reverse phase
preparative HPLC to give Nc’-(2—methoxyethyl)—2-morpholino-4,5'-bipyrimidine-Z',G-
diamine as the TFA sait (4.0 mg, 30%). LC/MS (m/z): 332.2 (MH"), R, 1.44 minutes.

Example 15

Preparation of 2-morpholino-6-( 2—phenvlmomholino)—4,5'—bipvrimidin—2'-amine

G C

N
N

L -
S “ , |
P RS SRS
HNT N
[0401] An argon sparged mixture of 6-chloro-2-morpholino-4,5-bipyrimidin-2'-
amine (10 mg, 0.03 mmol), Cs2C0;3 (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-m0rpholino—6—(2-pheny]morpholino)-4,5'—
bipyrimidin-2'-amine as the TFA salt (7.2 mg, 45%). LC/MS (mi/z): 420.1 (MH"), R,

2.20 minutes.
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Example 16

Preparation of NP-tert-butyl-2-morpholino-4,5'-bipyrimidine-2'.6-diamine

<

[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 ters-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 disappearance of the starting material. The
crude mixture was filtered. The crude product was purified by reverse phasec preparative
HPLC to give N®-tert-butyl-2-morpholino-4,5'-bipyrimidine-2",6-diamine as tfle 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-( tr fluoromethyDpyridin-3-y-6-morpholino-

pyrimidin-4-ylpiperidin-2-one

{04031 5-(2-chloro-6-morpholinopyrimidin-4- ylamino)pentanoic acid

¥

S DIEA
HsN OH +
2 \/\/\nf l N//L /\ OMF, 80°% f‘-N
N
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[0404] 5-Aminopentanoic acid (140 mg, 1.19 mmol), 4-(2,6-dichloropyrimidin-4-
yDmorpholine (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:SOQy, 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"), Rr 1.79 minutes.

{0405] 1-(2-chloro-6-morpholinopyri midin-4-yDpiperidin-2-one

/\/\/(’)J\ El
HN OH L ATU, HOAT, DIEA N™ ~0
/(“l\“‘ N chloraform - ﬁ N
e
N

o L_o

[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-
ch10r0-6-morpho1inopyrimidin—4-ylarnino)pentanoic acid (190mg, O0.6mmol) 1n
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 (mfz): 297.0 (M), Ry 2.74

minutes.
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[0407] 1-(2—(6—a.mino-4~(triﬂuor0methy])pyr:idin-3-y1)-6-morpholinop yrimidin-4-
ypiperidin-2-one

C :
FaL-F
O
N + g& Pd({dppf)Cla. NayCOy,
= "N ST O
h\N’ﬁ\ ! = dioxane, 120%;, 1000sec

c N7 HNTON
L_o
[0408] To a suspension of 1-(2-chlor0-6-morpholinopyrimidin—4-yl)piperidin—2-
one (16 mg, 0.05 mmol), 5-(4,4,5,5—tetramethy]-l,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)ferroccne] palladium (II) dichloromethane adduct
(8 mg, 0.009 mmol) in dioxane (1.1 mL), 2M aqueous sodium carbonate solution
(0.4 mL, 0.8 mmeol) was added under argon. The reaction mixture was heated in a
microwave at 120 °C for 1000 seconds. 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 crude product was purified by preparative reverse phase HPLC to give 1-(2-(6-
amino-4-(triﬂuoromethy1)pyridin-3-yl)—6—morpholinopyrimidin-4—y1)piperidin—2-one as a
yellow powder (8.8 mg, 42%). LC/MS (m/z): 423.0 (MH"), R, 2.25 minutes.
Example 18

Preparation of 1-(6-(6-amino-4-{ trifluoromethy)pyridin-3-y1)-2-

morpholinopyrimidin-4-yl)-3 -phenylimidazolidin-2-one
[0409] N -(6--'::h1ort:1—2-rm:)rpho]inopyrin:.'tidin-él—yl)—N2 -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 NaHCOs (2x50 mL), brine (50 mL),
dried, filtered and concentrated o give N]—(6-chloro-z-morpholinopyrimidin—4-yl)-Nz-
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—m0rph01inopyrimidin-4—y1)—3-phenylimidazolidin—2—one
H N
N~ N q,] AO

\© 1) phosgene/dichloromethane
/ E ol
rj‘[\ 2) DIEA, 40° /{’KN
S L
" |\/ \N

[0412] To a solution of Nl-(6—chloro-2-morpholinopyrimidin-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 1o give 1-(6-
chloro-2-rnorpholinopyrimidin~4-yl)-3-phenylimidazo]idin—2~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)p yridin-3-yl)-2-morpholinopyrimidin-4-
y)-3-phenylimidazolidin-2-one

O

N FlF
( e O/L Pd(dppNCly. NazCOs.
N7 O + B -
-~
| DME, 95°¢
Z N HoN~ N7
2
cl \N)\ /\|

[0414] To a suspension of 1 -(6-chloro-2-morpholinopyrimidin-4-y1)-3-
phénylimidazolidin-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[l,1'-bis(diphenylphosphino)fcrmccnc]
palladium (@) dichloromethane adduct (3.2 mg, 0.004 mmol) in DME (1.2mL), 2M
aqueous sedium 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 (10 mL). 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-

(triﬂuoromcthyl)pyridin—B-yl)-iZ-morpholinopyrimidin-4—y])-3-phenylimid azolidin-2-one
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as a pale yellow powder (8.4 mg, 35% overall yield). LC/MS (m/z): 448.1 (MH), R,

3.29 minutes.

Example 19

Preparation of 1-(4-(6-( G-amino-4-( trifluoromethypyridin-3-y1)-2-

mor'pholinopyrimidin~4-yloxy)giperidin—1 -ylethanone

[0415] Step 1: Alkoxylation of 2-morpholino- 4,6-dichloropyrimidine

.Boc
+ | _ =

HO cI N7 N /C‘\
N

L
3

[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 mmmol) in tetrahydrofuran (20 mL) was added through a
syringe. The solution was stired 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). T he organic layer was
separated, washed with brine (50 mL), dried over Na;SOQ,, filtered, concentrated and the
residue was purified by SiOz chromatography (15-20% EtOAc in hexanes) to yield zert-
butyl 4~(6—ch1oro—2—morphol'mopyrimidin-f-l—yloxy)piperidine-1—carboxylatc as a white
solid (2.64 g, 77%). LCMS (mn/z): 399.1 (MHD). '\ NMR (CDCly): 6 6.00 (s, 1H), 5.18
(m, 1H), 3.74 (s, 8H), 3.64-3.74 (m, 2H), 3.28-3.38 (m, 2), 1.86-1.96 (m, 2H), 1.68-1.78
(m, 2H), 1.44 (s, 9H).
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[0417] Step 2: Suzuki reaction of 2-morpholino-4-alkoxy-substituted-6-

chloropyrimidine

Boc N,BOC
Y
@)

O HaN~ N O

(0418} A mixture of  tert-butyl 4-(6-chloro-2-morpholinopyrimidin-4-
vloxy)piperidine-1-carboxylate (250 mg, 0.63 mmol), 5-(4,4,5,5-tetramethyl-1,3.2-
dioxoborolan-Z—yl)—4-(trifluoromethyl)pyridine—Z-aminc (prepared as in method 4,
325mg, 1.13mmol} and Pd(dppfH)CL,-CH2Clz  (25.6 mg, 0.031 mmol) in
dimethoxyethane/2 M Na;CO1(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
Naz;COs¢sy (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/fz):

525.2 (MH).
[0419] Step 3: Hydrolysis of N-Boc protecting group
O O
CF3; = {\! CFy ~ |N
HNT SN Lo HoNT N Lo
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[0420] A mixture of tert-butyl 4—(6—(6-amino-4-(triﬂuor0methyl)pyridin-3-yl)-Z-
morpho1inopyrimidin—4-yloxy)piperidine-1-carboxylate (649 mg, 1.24 mmol) and 4 M
HCVdioxane (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

[0422] To a solution of 4—(rriﬂuoromethyl)-S-(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 for2 h
and then was purified directly by reverse-phase HPLC and tyophilized 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

Na,804 and removal of volatiles in vacuo. LCMS (m/z): 467.1 (IVIH+)

Example 20

Preparation of 5-(6-(( S)—Diperidin-Bwvloxv)—2_—mornholinopvrimidin-4-v1)-4-

(trifluoromethyl)pyridin-2-amine
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[0423] (S)-tert-butyl 3-(6-chloro—2-morpho]inopyrlmidin-4-yloxy)piperidine-1 -
carboxylate was prepared as in Example 19, Step 1, for the alkoxylation of 2-morphotino-
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% EtOAcfh;f:xanes; 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-yl)-4-

{trifluoromethylpyridin-2-amine

8]
I
w
Z
2/
o
I
X
Z
/)
Zz
O

[0424] (R)-tert-butyl 3-(6—chloro—2—rnorpholinopyrimidin—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/Zz):
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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").

Examnple 22

Preparation of 1-((R)-3-(6-{6-amino-4-( trifluoromethypyridin-3-y1)-2-

morpholinopyrimidin-4-yloxy)pyrrotidin-1 -yDethanone

1
h

C :N“Boc N C :NH C “\(
~Bog o' N

Ie by
F3 — 7 cF3 PN
|
)\N/\l /kN/\l = | \N/kN/\l
O NN o
[0425] (R)-tere-butyl 3—(6-ch]0r0-2-morpholinopyrimidin—4-yloxy)pynolidine~1-

carboxylate was prepared as in Example 19, Step 1, for the alkoxytation of 2-morpholino-
4,6-dichloropyrimidine (41%). LCMS (m/z): 385.0 (MH").

[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 afler extraction into EtOAc upon basifying (71%). LCMS (m/z): 511.0 (MHE".
Cleavage of the N-Boc protecting group was performed as shown in Step3 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-((8)-3-(6-( 6-amino-4-(trifluoromethylpyridin-3-y1)-2-

morpholinopvrimidin—4—yloxv)pvrrolidin- 1-vllethanone
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[0427] (S)-tert-butyl 3-(6-chloro-2-morpholinopyrimidin-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): 511.0 (MH"). The N-Boc protecting
group was cleaved as shown in Step 3 of Example 19. LCMS (m/z): 411.0 (MI). 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-(triﬂuoromethvl)-5-(2-morpholino-6—(tetrahvdro—2H-pyran-4-

vloxy)pyrimidin-4-yDpyridin-2-amine

Cl N/\ ]
O =, o
H,N" N
[0428] 4—(4-chloro-G—(tetrahydro-2H-pyran—4-yioxy)pyn'midin&-yl)morpholine

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 (MI).
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The title compound was prepared by Suzuki reaction as shown in Step 2 of Example 19.
LC/MS (m/z): 426.1 (MH+), R, 2.26 minutes.

Example 25

Preparation 5-( 6-((R)-tetrahydrofuran-3 _vloxy)-2-morpholino pyrimidin-4-y1)-4-

( trifluoromethylpyadin-2-amine

O

A P
£y S
\N)\N/\' = \N/I\N/\l

Cl ]
o HoN \N o
[0429] (R)—4-(4—chloro-6-(tetrahydroﬁlran—B—yloxy)pyrimidin-Z-yl)morpholine

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 wa.é prepared by Suzuki reaction as shown in Step 2 of
Example 19. LC/MS (m/z): 412.1 (MED.

Example 20

Preparation of 5-(6-(( S)—tetrahydroﬁlran-3—v10xv)—2—morpholino pyrimidin-4-yl)-

4-(trifluoromethylpyridin-2-amine

O

; N
O\\‘C) A
cy  — L
Ay TS
© HoN~ N

[0430] (S)-4—(4—chloro-6-(tetrahydr0ﬁ1ran—3-yloxy)pyrimidin—z-yl)morpholine

was prepared according to Example 19, Step 1, for alkoxylation of 2-morpholino-4,6-
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dichloropyrimidine with (S)-3-hydroxytetrahydrofuran (85%). 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 (MH™).

Exampte 27

Preparation of 4-(trifluoromethyl)-5-(2-morpholino-6-(piperidin-4-

vioxy)lpyrimidin-4-ypyrimidin-2-amine

[0431] tert-butyl 4-(6-(2-amino-4-(trifluoromethyl)pyrimidin-5-y1)-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 Step 2 of Example 19, with 5-(4,4,5,5-tetramethyl(1,3,2-dioxaborolan-2-yl))-4-
(trifluoromethyl)pyrimidine-2-ylamine (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-rnorpholin0—6—(viperidin—4-vloxv)pyrimidin—4-v1)pvrimidine—

2.4-diamine

= r—
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[0432] tert-butyl 4—(6-(2,4-—diaminopyrimidin-5-yl)—?.-morpholinopyrimidin-4—

yloxy)piperidine-l-carboxylate was prepared by Suzuki reaction tert-butyl 4-(6-chloro-2-
morphol'mopyrimidin—4-y10xy)piperidine—1—carboxylate, as shown in Step2 of
Example 19, with 5—(4,4,5,5-tetramethyl—1,3,2-dioxaborolan-z-yl)pyrimidine-Z,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 titie compound was prepared by 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-diaminopyﬁmidin—s-vl)-2-momholinopvrimidin—

4-vloxy)piperidin-i-yhethanone

[0433] (R)-tert-butyl 3—(6-(2,4-diaminopyrimidin—S-yl)-2-morpholinopyrimidin-
4—yloxy)piper'1dine—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—tetramethyl-1,3,2-dioxaborolan—2—yl)pyrimidine—2,4-
diamine. The crude product was purified by reverse phase HPLC and isolated as the free

-158-



I HN 505.2, 1.76 +++1- N D +++ 270 , 0"--w2 6H, N 4
N N 1- HN 437.1, 1.56 1.44 ++++ N D ++ 271

WO B0rhg0H NN L 20H 1 1 N---1 440.1, 1.59 1.45pd#t¢
Y+ 272 Fthri C MPIRN L O 11, 14-11-N. - peTus20Rbi70s

base after extraction into EtOAc upon basifying (77%). LCMS (m/z): 473.1 (MH"). The
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.

Exampte 30

Preparation ’Bf 2_amino-5-(2-morpholino-6-(N-acyl-piperidin-4-yloxy)pyrimidin-

A4-vDpvyrimidin-4(3H)-one

[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,COs5 (3:1, 12 mL) was heated
under microwave irradiation for 15 minutes at 120°C. The reaction mixture was
partitioned between EtOAc (200 mL) and NaxCOjsgar) (50 mL), the organic layer was
separated and washed with brine (50 mL). The combined aqueous layers were extracted
further with EtQAc (2x100 mL), and the combined organic layers were dried over
Na,SOs, 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 CH>Cl, (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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dihydro-(S—methoxy-S-(2-morpholino-6-(piperidin—4~yloxy)pyrimidin—4-yl)pyrirnidin-Q-
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 purificd by reverse-
phase HPLC. After lyophilization, the bis TFA salt of the 2-amino-5-(2-morpholino-6-
(piperidin-4-yloxy)pyﬁmidin—4—yl)pyrimidin-4(3H)—one was isolated as an off-white solid
(325 mg, 45%). LCMS (m/z). 3741 (MH"). The title compound was prepared by
acylation of the secondary aminc 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-pipendin-4-

vloxy)pyrdmidin-4-yDpyrimidin-4(3¥)-one

)i
-
O,Boc /OH O o
T
o g& o o o
- +
oniie |
-
HoN" TN cl \N*N

(o} = !N — o == [N
HNT \N)\N H/NL | \NA\N/\‘
L_o HzNJ*‘N Lo HaN™ 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.

Example 32

Preparation of 6—[6-amino-4—(triﬂuoromethvl)vvridin-3 -v11-N-[4-(1-isopropylpiperidin-4-
vioxv)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 S—(6-chloro—Z—morpholin—4-y1—pyﬁmidin—4—yl)—pyridin—2—ylamine (40.0 mg,
0.11 mumol) 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-yl] -N-[4-(1-isopropylp iperidin-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-4-( trifluoromethyDpyridin-3-y)-N-(4-(1 -isopropylpiperidin-4-
vloxv)—-'_’:-methoxyphenvl)—2—momholinonvrimidin—4-amine

O/
Q
7 /©, @
HoN
F——F N ? T
o CSzCO:;, THF,
(SN N"™ Pd (dppha CL. CH.Cl

HaNT N7 o

[0437] In a glass pressure vessel, Pd(OAc); (5.0mg, 0.02mmol), 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—yl-pyrimidin—4-y1)—pyridin—z-y]amine (40.0 mg,
0.11 mmo)) followed by 4—(1-isopropylpiperidin—4—yloxy)-S~methoxyaniline (46.6 mg,
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0.16 mmol). The glass pressure vessel was sealed, stirred, and heated in microwave
under irradiation at 120°C for 10 minutes. The reaction mixture was filtered and
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—mcthoxyphcnyl)—z-morpholinopyrimidin—4-amine (6.6 mg,
10%). LC/MS (m/z): 588.3(MH"), R( 1.92 minutes.

Example 34

Svnthesis of N-( 6-(6-amino-4-(trifl uoromethvl)pvridin-3-vl)—2-morpholinopvrimidin-
4-y)-4-phenylthiazol-2-amine

e £ :
e
Sn HoNT N
LA~
Ci N N/\‘ Pd(dppfClz, NaCO, N/\
o L_o
[0438] A solution of N-(6-ch10ro-2—1norpholinopyrimidin-4—y1)-4—phenylthiazol—

2-amine (15 mg, 0.040 mmol), 5~(4,4,5,S-tetrameﬂ1yl—1,3,2—dioxabor01an—2—y1)-4—
(triﬂuoromethyl)pyridin—2-am1'ne {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-(6wamino—4-(triﬂuoromethyl)pyridin-3—yl)—2«
morpholinopyrimidin-4-yl)—4-pheny1thiazol-Z—amine. LC/MS (m/z): 500 (MHM), Ry 2.46

minutes.

Examples 35

Preparation of N-(B-(6—amr‘no-4-(triﬁuoromethvl)pwidin-S-vi)—S—methv!—z-
morpholinopvﬁmidin—4-vl)—4-Dhenvlthiazo!—2—arnine
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[6439] N—(6—(6-amino-4—(triﬂuoromethyl)pyridin—B-yl)-Swmcthyl-Z-
morphelinopyrimidin-4-yl)v4-phenylﬂ1iazol-—2-amine was prepared according to Example

35. LC/MS (m/z): 514 (MH"), Ry 2.62 minutes.
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[0440] The compounds in Table 1 were synthesized according to Methods 1-30

and Examples 1-35 provided above. PI3K ICso values and pSerd73 Akt ECsp values for
inhibition of Akt phosphorylation were determined according to Biological Methods 1
and 2, respectively. The cellular proliferation ECs¢ values shown in Table 1 were
determined according to Biological Method 3.

[0441] Table 1 shows the ICsq and ECsp values of the compounds as determined

by the Biological Methods 1, 2, 3 and 4 as described herein. In Table 1, “+” indicates
that the compound had an ICso or ECsp value of >25pM; 44 indicates that the
compound had an ICsp or ECso value of <25pM; «43.4 indicates that the compound had
an 1Cso or ECsp value of =>10uM; and *-++++"indicates that the compound had an ICso or
ECso value of >1pM. An «N/D” in Table lindicates that the values were not determined.
[0442] Each of the Compounds in Table 1 exhibited 1Cso values of less than 10
uM with respect to inhibition of PI3K. Many of the Compunds of Table 1 exhibited 1Cso
values of less than 1 pM and even less than 0.1 pM with respect to inhibition of PI3K.
For this reason, each of the compounds is individually preferred and is preferred as a
group. The PI3 kinase alpha ICs, values shown in Table 1 were determined according to
the ATP depletion assay as disclosed herein in Biological Method 1.

[0443]

Furthermore, many of the compounds of Table 1 exhibited an ECso value

with respect inhibition of pSerd473 Akt phosphorylation of less than 10 pM. Many of
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those compounds exhibited ECso values of less than 1 uM and even less than 0.1 pM with
respect to pAkt inhibition. Table 1 shows the ECso values for inhibition of
phosphorylation of pSER473 AKT. The assays were performed according to the
Biological Method 2 described herein.

[0444] In addition, many of the compounds of Table 1 were tested to determine
their inhibitory activity in a cellular proliferation assay according to Biological Method 4.
Many of those compounds exhibited ECso values of less than 1 pM and even less than 0.1
uM, demonstrating their potent ability to inhibit cellular proliferation. Table 1 shows the

ECso values for inhibition of cellular proliferation of an an ovarian cance cell line, A2780/

Biological Method 1:

Phosphorylation Assays

Assay 1: Homogenous solution phase assay
[0445] Compounds to be tested are dissolved in DMSO and directly distributed

into 384-well flashplates at 1.25 pl. per well. To start the reaction, 20 pL of 6 nM PL,
kinase are added inio each well followed by 20 uL of 400 nM ATP containing a trace of
radiolabeled ATP and 900 nM 1-alpha-phosphatidylinositol (PI). The plates are briefly
centrifuged to remove any air gap. The reaction is performed for 15 minutes and then
stopped by the addition of 20 pL of 100 mM EDTA. The stopped reaction is incubated
overnight at RT to allow the lipid substrate to bind by hydrophobic interaction to the
surface of the flashplate. The liguid in the wells is then washed away, 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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hydrophobic interaction to the surface of the flashplate. Unbound substrate is then
washed away. On the day of assay, 20 pL of 6 nM PI3 kinase are added into each well
followed by 20 pL of 400 nM ATP containing trace of radiolabeled ATP. Compounds
are added together with enzyme and ATP to the lipid-coated plates. The plates are briefly
centrifuged to remove any air gap. The reaction is performed for two to three hours. The
reaction is stopped by addition of 20 pL of 100 mM EDTA or by immediate plate

washing. Phosphorylated lipid substrate is detected by scintillation counting.

Assay 3: ATP depletion assay
[0447] Compounds to be tested are dissolved in DMSO and directly distributed

into a black 384-well plate at 1.25 pl per well. To start the reaction, 25 pL of 10 nM PI3
kinas¢ and 5 pg/mL 1-alpha-phosphatidylinositol (PI} are added into each well followed
by 25 pL of 2 uM ATP. The reaction is performed until approx 50% of the ATP is
depleted, and then stopped by the addition of 25 pLL of KinaseGlo solution purchased
from Promega. The stopped reaction is incubated for 5 minutes and the remaining ATP is
then detected via luminescence.

Biological Method 2:
pSerd73 Akt Assays to Monitor PI3K Pathway

{0448] In this method, an assay for measuring the PI3K-mediated pSerd73-Akt
status after treatrnent with representative inhibitor compounds of the invention is
described.

[0449] A2780 cells were cultured in DMEM supplemented with 10% FBS. L-
glutamine, sodium pyruvate, and antibiotics. Cells were plated in the same medium at a
density of 15,000 cells per well into 96 well tissue culture plates, with outside wells
vacant, and allowed to adhere overnight.

[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 concentratiéns. 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

~228-



544 e.c.)1/4"cH, FgCH N NM H NNC--.0 536.9, 2
1 1 1 ] . - ) . 47
3.38, (17.30) ++++ N D+4- 545 H)yc> =N i cy,
H2NArfL. ,..0 449.9, 3.44 ++++ N D++ WO
wo 288041884 786PCT/ U S2007/ 001708 Corn- pound St rRACIE/USWO7/001708

LCOMS (MMH, Rt min) hplc 10mn (L = 45mn) P '
( = |
Al pha, |C50 P8er473 AKT, ( ) PI3 Kinase

remoy'ed, the plates chilled and cells lysed in a lysis buffer (150 mM NaCl, 20 mM Tris
pH 7.5, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100) supplemented with phosphatase
and protease inhibitors. Afier thorough mixing, lysates were transferred to both
pScr473 Akt and total Akt assay plates from Meso Scale Discovery (MSD), and incubated
overnight with shaking at 4 °C. The plates were washed with 1 x MSD wash buffer and
the captured analytes detected with secondary antibodies. After incubation with the
secondary antibody at room temperature for 1-2 hours, the plates were washed again and
1.5x concentration of Read Buffer T (MSD) was added to the wells.

[0451} The assays were read on a SECTOR Imager 6000 instrument (Meso Scal=
Discovery). Ratios of the signal from pSer473Akt and total Akt assays were uscd to
correct for any variability and the percent inhibition of pSer473Akt from the total signal
seen in cells treated with compound versus DMSO alone was calculated and used to

determine ECso values for each compound.

Biological Method 3:

Pharmacology Target Modutation and Efficacy Study

in Ovarian Cancer Xenograft Model

[0452] A2780 ovarian cancer cells obtained from 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 propagaled as recommended by the Dr. Coukos and colleagues..
Female nu/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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tumor size reached to 300-400 mm3 for PK/PD studies and 200-300 mm3 for efficacy
studies. All compound treatment was administrated orally. Tumor volumes were
determined by using StudyDirector software.

[0453] For in vivo target modulation PK/PD time-course studies, tumor tissues
were resected from individual mice at different time points ranging from 30 min to 36 hr
after a single dose of compound (60 or 100 mg/kg) or vehicle was administrated orally.
For PK/PD dose-dependent studies, tumor-beanng mice were given a single oral dose of
compound at different concentrations (10, 30, 60 and 100 mg/kg or vehicle) and tumors
were resected at 10 hr or 24 hr after dosing. Blood samiples were taken by cardiac
puncture using a syringe pﬁmed with heparin sulfate. Resected tumors were snap frozen
on dry ice and pulverized using a liquid nitrogen-cooled cryomortar and pestle, and lysed
in cold cell extraction buffer (Biosource) containing protease inhibitor tablet (Complete;
EDTA-free, Amersham). Supernatants were taken after centrifugation of tumeor lysates at
300xg for 10min at 4°C and the protein concentration 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
phosphoAktsmn or phosphoAktThr30g (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 freatment) of target inhibition is used to present compound target

meodulation activity.
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[0454] For efficacy studies, A2780 cancer celis (5 x 10° in 100 pl of DMEM
culture medium) were injected subcutaneously into the right flank of each nuw/nu mouse.
When average tumor sizes reached about 200 mm3; mice were dosed orally daily (q.d.) or
twice a day (b.i.d.) at three different compound concentrations (typically at 10, 30 and
100 mg/kg) in 100 pl incipient. Tumor growth and animal body weight was measured
twice weekly with daily clinical observation to monitor potential toxicities related to the
treatment. Typically, studies were terminated when tumors in vehicle-treated group
reached 2500 mm? or adverse clinical effects were observed. Activation of the PI3K
signaling pathway results in the phosphorylation of the downstream signaling molecule
Akt at Ser'”® and/or Thr®®. Compound modulation of Akt57? 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 AKT>"
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 Akt>*™? phosphorylation by representative
P

pyrimidine compounds of the invention.

Compound| 60 mg/kg 100 mg/kKg
91 at 8 hr ' >50%
183 at 8 hr 50-75%
103 at 8 hr <50%
10 at 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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[0456] Efficacy of Compound 91 was tested in the A2780 tumor xenograft model.

Mice bearing A2780 tumors received oral administration of Compound 91 twice daily at
10 and 60 mg/kg. Tumor growth inhibition (50%) was observed at 60 mg/kg treatment,
while at 10 mg/kg no inhibitory activity was observed {FIGURE 1).

[0457] The modest tumor growth inhibition by Compound 91 at 60 mg/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 demenstrated 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 FIGURE 5, 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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{0460] The ability of the compounds of the invention to inhibit cellular
proliferation were determined by using Cell Titer Glo, a comrmercially available assay
from Promega Corporation. A2780 ovarian cancer cells were seeded in TC treated 96-
well plates at a density of 1,000 per well in DMEM, 10%FBS, 1% Sodium Pyruvate, and
1% Penicillin Streptomycin for a minimum of 2hrs prior to addition of compound. For
each concentration of test compound, 2ul (500x) aliquots of compound or 100% DMSQ
diluted in 500ul of culture medium for 2x concentration then diluted 1x on the Cells.
Cells were incubated for 72hrs at 37°C, 5% CQ.. Affer the 72 hour incubation, Cell Titer
Glo reagent is added to determine number of viable cells remaining after exposure to the
compound, and the ECsp value was calculated. The assay was performed according to the
manufacturer’s instruction (Promega Corporation, Madison, WI. TUSA). Each

expenmental condition was performed in duplicate. The results are provided in Table 1
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CLAIMS

A compound having Formula I:

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,

(2) cyano,

(3)  halogen,

(4)  methyl,

(5) trifluoromethyl,

(6)  sulfonamido;

R, is selected from the group consisting of

(D hydrogen,

(2) cyano,

(3) nitro,

(4)  halogen,

(5)  substituted and unsubstituted alkyl,

(6)  substituted and unsubstituted alkenyl,

N substituted and unsubstituted alkynyl,

8) substituted and unsubstituted aryl,
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| Gat 10 hr >75% >75% 84 at 10 hr 50-75% 76 at 10 hr
>75% >75% 66 at 10 hr <50% WD 2007/ 084786PCTi | |
S2007/ 001708 [0456] Effi cacy of Compound 91 was tested
in the A2780 tunor xenograft nodel. M ce bearing A2780
turmrs recei ved or al adrri ni stration of Conpound 91

ce d 10 a g. Tunor grow h inhibition
2‘6}) al%“%‘ﬁ%‘i?(/'él&ug%t ﬁ%ﬁ” g treatnent, while at 10

b d (FIGURE 1).
"'8@57] ét‘% L“%‘P‘{‘%Sr‘%ogér%hﬁt;é%m% nhi bi 1 on b§/ Conpoun)d 01

af(c(ij)ﬁ tgd %dmbgu&eaﬁet\eioarﬁhort-l i ved target
ul at on (50% i nhibition [asted for 8 hr). Therefore,

ag&)l t UREkstibtbd 8REYnsabstithies etefdagtly anpounds ( Conpound
10,” Compound 76, and Conpound 66), that denonstrated
| ghoer subdtitited behwiibAktted 4ydodlk@dPad nhi bition > 10 hr)
in A2780 tunors were evaluated in A2780 nodel .
Cauposuietsed\om the gloly cankistmgtr at ed dai |y when tunor
si zes reached to about 200 mm8. Conpound 10
déipnsthydtogdn.andose- dependent tunor growt h inhibition:
40% at 30 ngy/ kg, 70% at 60 ng/ kg and tunor growth
st(@si s haloge®0 ny/ kg (FIGURE 2). A sinilar

dose- dependent tunor growth inhibition was observed

wi th Conpound 76 treatnent at 30 and 60 ng/ kg in the
AZ780 t&lﬁﬁflp‘i’%ﬁ’éeqfc(l?iﬂtin%leﬁm\MPSIIg Conpound 84 was

found to possess weaker antitunor activity (<50% TG at

/ k F R I, t tivit f
Ogrrpoun’%%‘iré %%Ogﬁg%a‘me{ra‘l’ 5%‘A3£’gstaﬁg£ea?rle\éhe¥t odosi ng
regimen (b.i. As shown in FIGURE S, Conpound 10
gg?ggs %Iggo‘ﬁ}dlsdf{tg%lgﬂeg,%eragtﬁ k%{@{glt@f:mtnﬁlrtr%ér/ grgpggg%sisting of

i bi t "potent than wh
adibd 05%‘931‘%#%‘ PRt ey o ent. da 1y dose (60
Mk, sGbSREd 20d ulfiSsharRapnds vere wel | tol erated in

this study. This result indi'cated that a sustai ned but

| g35 Prsabaundd bad asdubbtitiiedihtiegsargicovering the whol e
dosi ng period, but with <75%target inhibition) in

AZ480 tsumrtﬁtebnnd:ﬁﬂmsﬁtdtewewa&yallyl e to induce
significant antitunor efficacy [0459] Wile the

pr(6} er rsatlstnted dhdremdubstitutedeycloslept, i on has been
illustrated and described, it will be appreciated that
vdb) ousORangds can be made therein without departing
fromthe spirit and scope of the invention. Biological
Mdfhod -WNR1.R3el | | ar Proliferation Studies in A2780 ceI | .
WO 2007/ 081786PCT/ US2007/ 001708 [0460] The ability,

t heherenfoumibRofare Mdepandanty %’H’Cff‘é fromp ths; grogreongis Pg of

prollfer tion were determ.ne using Cell Titer 4o,
bnneﬁ“g?t&PﬁBQ a&@&?? Btl‘té‘tegg'@ %)ll cgr onega

Co or at ar i ncer.cells were seeded in

Téwr easlubﬁfﬁ@@d PPS‘%F%?IECQ h er%{:yalé’ﬁ'si ty of 1,000 per

wel | in DMEM 10%-BS, 1% Sodi um Pyruvate, and 1%

PS%' ci l)\' P%%Blfrﬁf oIy @lﬁn{ @ r e?élﬂ' Ku”ls()fsugﬁf‘ﬁte r 'OPruﬁsgbstltuted

ition O onpound or ’each concentration of test
t Qpgund or 100% DVSO
hetergs PI utgk%lu R%g%%ggpgﬁsﬁhﬁtgﬁrgeén}%gﬁrﬁm ffor 2x concentration
then diluted I x on the Cells. Cells were incubated for
724rs ah 3dfapotd G2 .Clékt £r Wieeid 2RHOW substith@ti @R, unsubstituted
Cel | Titer Glpo reagent is added to determ ne number of
morphbR¥Ie cells remaining after exposure to the conmpound,
and the EC50 val ue was cal cul ated. The assay was
performed according to the manufacturer's instruction
( Pr.omega ceappondidf Olajm Khehereim, R Ws.unkigAjitutéhiyHinked morpholinyl,
experinmental condition was performed in duplicate. The
results are provided in Table 1 CLAIMS 1. A conpound
having Forrmula I: H2N.,..",437. . AT7 RBR2Z NRA NNNO
or a stereoisomer, tautoner, or pharmaceutically
acceptable salt thereof, wherein, Wis CIL or N,



(1) hydrogen, (2) cyano, (3) halogen, (4) nethyl, (5)
trifluoronethyl, (6) sulfonamdo; Rl is selected from
the group consisting of (1) hydrogen, (2) cyano, (3)
nitro, (4) halogen, (5) substituted and unsubstituted
al kyl, (6) substituted and unsubstituted al kenyl, (7)
substituted and unsubstituted al kynyl, (8) substituted

aRd unsy béchﬁ dﬂ\hﬁd oft! Mlaﬂ 4 9)Nh§1léH§th Uk egul%ﬂguted or unsubstituted

unsubstltute eteroary substltut

tetrahy@dpPdh ok viduhied & lﬁfémsdtiylhed (eir&h CO%W&M]M d and
unsubstituted cycl oal kyl, (12) - CO2R1a,

(14) -CONRi aRi b, (15) -NRIaRlb (16) -NRIaCORlb (17)

- NRI a S@ RKirthipoundi®Y Claa0Riveherdid 8) is- WiRubstit§ted }-tetERlydropfyahyloxy.

-SORia, (22) -SQ2Ri a, and (23) -S2NRi altib, wherein

RI., and Rib are independently selected fromthe group

cdfisi stA neprofounfaf hGthimglenwhéils)n sRibsisi suhstithted or unsubstituted

unsubstituted al kyl, (c) substituted and unsubstituted
tetrahgidspifurag gl subgtietadtariuasubshtntedsudydrafuragylonst er oaryl , (e)

substituted and unsubstituted heterocyclyl, and

11. A compound of Claim 10, wherein R, is unsubstituted 3-tetrahydrofuranyloxy.

12. A compound of Claim 1, wherein R; is selected from the group consisting
(1)  hydrogen,

(2)  cyano,

(3)  hydroxy,

(4)  halogen,

(5) amino,

(6)  methyl, and

(7)  trifluoromethyl.

13. A compound of Claim 1, wherein R; is hydrogen or halogen.

14. A compound of Claim 1, wherein R; is hydrogen.

15. A compound of Claim 1, wherein R; is selected from the group consisting of
(1) cyano,
(2) nitro,

(3)  halogen,
4 hydroxy,
(5)  amino, and

(6)  trifluoromethyl.

16. A compound of Claim 1, wherein R; is trifluoromethyl.

17. A compound of Claim 1, wherein R; is cyano.
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(f) substituted and unsubstituted cycloalkyl; R2 is
sel ected fromthe group consisting (1) hydrogen, (2)
cyano, (3) nitro, (4) hal ogen, (5) hydroxy, (6) am no,
(7) substituted and unsubstituted al kyl, (8) -COR2a,
and (9) -NR2aCOR2b, wherein R2a, and R2b are

g8t ogencomnB B EREC MR RS LD T L e kyt

R3 is selected fromthe group consisting of (1)
hygr ogeeorround@hatine Fodhulilt:r 0. (4) hal ogen, (5)
substituted and unsubst ituted al kyl, (6) substituted
and unsubstituted al kenyl, (7) substituted and
unsubstituted al kynyly ubﬁgl tuted and
unsubstituted aryl, 23) LSfbé\t itutrgd and unsubstituted
heteroaryl, (10) subst it "It nsupstituted
het erocyclyl, (11) substit nsifsstit ut ed
cycloal kyl, (12) -COR3a, (R3) -\ b, (14)
-NR3aCOR3b, (15) - NR3aSCRR3b, (1?@/- OR3a, (17) -SR3a,
)

(18) -SOR3a, (19) -SM2R3a, and ( - SO2NR3aR3b,
wherein R3a, and R3b are i ndepepdentily selected from
the group consisting of (a) hydrggea (b) substituted
or unsubstituted al kyl, o)

II

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

(2)  cyano,

(3) halogen,

4) methyl,

(5 trifluoromethyl, and

(6) sulfonamido;

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

R; is selected from the group consisting

(N hydrogen,

(2) cyano,

(3) nitro,

(4) halogen,

(5) hydroxy,

(6) amino,

(7 substituted and unsubstituted alkyl,

(8) -CORg and

(9)  -NR2.CORyy,
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(c) substituted and unsubstituted aryl, (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 (2) hal ogen. 2. A

1St g of : !
GBI oy Rt g BB Sl B BB bt

[ i | ected f th i sti f
(1 cuBePortt alfand tnsubstituted alkyl . (2 o
Sgkastikwsﬁﬁu@d]&maw@ﬁat&mwg aryl, (3) substituted and

unsubstituted heteroaryl, (4) substituted and
umm@ﬂéctéatfe&nm?bgﬁw@ﬂsygﬁngw) substituted and
unsubstituted cycloal kyl, (6) -ORia, and (7) -NR aRi b,
Wogr ei Ayfilogermnd Ri b are independently selected fromthe
group consisting of (a) substituted and unsubstituted
hé2)er oayato, and (b) substituted and unsubstituted

het erocyclyl. 5. A conpound of Claim4, wherein R is
sbst i niteed or unsubstituted heterocyclyl, or
substituted or unsubstituted -0-heterocyclyl. 6.A
cépouhdlogén.Cl ai m 4, wherein R is substituted or

unsubstituted norpholinyl. 7 A conpound of C aim®6,
Wk ei subpstityted andunsebstitedalkil | i nked morpholinyl. 8. A

d of im4, wh ' ' bstituted
Gk bs oretee Sl bk HRERg PR Subst: tut ed or
ol m aubsErapd! SRRt OB o SO
4-tetrah ; d of Caim 4,
Wb of AURREY AT e DT e

t h bstituted
L]y e b e e o ai m 20,

;"g?@k‘fic%uﬁiﬂmﬁ%d WAG Hisibititieg HerdcgélyRy dr of ur anyl oxy.

onpound of Claim1l, wherein'R2 is selected from
t @1 0" QUBstReE asd inabtitebydélogef, (2) cyano, (3)

hydroxy, (4) hal ogen,
(12)  -CORya,
(13)  -NR3aRj3p,
(14)  -NR3CORgp,

(15)  -NR3aSO;R3y,

(16) -OR3a,
(17)  -SRaa,
(18) -SORg3a,

(19) -SO2R3,, and

(20)  -SO;NR3aR3p,

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

(b)  substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,

(d)  substituted and unsubstituted heteroaryl,
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(5) amno, (6) methyl, and (7) trifluoronethyl. 13.A
conpound of Claiml1, wherein R2 is hydrogen or hal ogen.
14. A conpound of Claim1l1, wherein R2 is hydrogen. 15. A
conmpound of Caiml1, wherein R3 is selected fromthe
group consisting of (1) cyano, (2) nitro, (3) hal ogen,

(@moudfogg@ o mug;gﬁngmﬁet&ggcm igioromethyl. 16. A

trifluoronethyl.

f%%d @iy R3 is cyano. 18. A
ou%gﬁﬁ#m% am 2 Swhe?eelm 3 ))ljls =0. 19. A compound

hﬁY'lsn&lé(::%rdrﬂ’Hrﬁ‘tﬂel roWNﬁ%nsBﬂ%M or a stereoisoner,

taut omer, or pharnaceutically acceptable salt t her eof ,
wogr ei g drg\ééﬁsagm/v or N, wherein Rwis selected fromthe
gr oup conS|st|ng of (1) hydrogen, (2) cyano, (3)
h@j)ogeﬁalog&) aagt hyl , (5) trifluoronethyl, and (6)
sulfonamdo; Xis 0, S, NH or a direct bond R2 is
s@seﬁieeb&ta‘drfocﬁmtﬂreegrgnp)uqulsmngloﬁtl ng (1) hydrogen, (2)
cyano, (3) nitro, (4) halogen, (5) hydroxy,

N substituted and unsubstituted cycloalkyl

2) substituted and unsubstituted heterocyclyl,

3) substituted and unsubstituted aryl, and

(4 substituted and unsubstituted heteroaryl.

20. A compound of Claim 19, wherein R; is selected from the group consisting of
(D hydrogen,

(2) cyano,

(3) hydroxy,

(4 amino,

(5)  halogen, and

(6)  substituted and unsubstituted C;.; alkyl.

21. A compound of Claim 19, wherein R; is selected from the group consisting of
(1)  hydrogen,

(2) ¢yano,

(3)  thio,

(4 halogen,

(5) nitro,

(6) substituted and unsubstituted alkyl,
(7)  substituted and unsubstituted alkenyl,
(8)  substituted and unsubstituted alkynyl,
(9 -ORss,

(10)  -NRaaRap,
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(6) amno, (7) substituted and unsubstituted al kyl, (8)
-COR2a, and (9) -NR2aCOR2s, wherein R2a, and R2b are

i ndependently selected fromthe group consisting of

(a) hydrogen, and (b) substituted or unsubstituted
alkyl; R3 is selected fromthe group consisting of (1)

hydroge, 2 yano, (3) nitro, (4) hal ogen, (5)
sﬁ@gt [ t@?gg“’ é%ﬁ unsubstituted al kyl, (6) substituted

a unsyRsHi ed al kenyl, (7) substituted and
RGO kynyl , (8) substituted and

u Rt USSR Al indeSondembsdeldetidatbrafist ¢tosp b&isistivl ed
hgv?lg%zlglr{%/ﬂf, (1 *%ﬂlgsﬁnt utggl and unsubstglttﬁl?ed .
hgg)eroq;lz@ﬂoggn,aﬁal) substituted and unsubstituted

cycl oal kyl; (12) -COR3a, (13) -NR3aR3b, (14)

- W3 aCaltsnitutéd by unshbi3mde® Akbl. (16) -OR3a, (17) -SR3a,
(18) -SOR3a, (19) -SM2R3a, and (20) -SO2NR3aR3b,
wherein R3a, and R3b are independently sel ected from
t B2. gr dupompmsidsy iChggmok9, ediereiny B isgeiAvoepethshbst i t ut ed
or unsubstituted al kyl, (c) substituted and
unsubstituted aryl _(d{ substituted and unsubstituted
h@Ber oa gempoung)od §haim { Jupvdgreim tsdsdibst i t ut ed

het erocyclyl, and (1)substituted and unsubstituted
CyZ(é:ll. Oalﬁlf )c/clar'npound of Claim 19, wherein R; is H.

25. A compound of Claim 19, wherein Rs is selected from the group consisting of
(1) substituted or unsubstituted morpholinyl,
(2) substituted or unsubstituted tetrahydropyranyl, and

(3)  substituted or unsubstituted tetrahydrofuranyl.

26. A compound of Claim 19, wherein X is a direct link and Rs is unsubstituted

N-linked morpholinyl.
27. A compound of Claim 19, wherein X is O and Ry is 4-tetrahydropyranyl.
28. A compound of Claim 19, wherein X is O and Rs is 3-tetrahydrofuranyl.
29. A compound of Claim 19, wherein W is N.
30. A compound of Claim 19, wherein R; is =0.

31. A compound having Formula III:
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R4 is selected fromthe group consisting of (1)

hydr ogen, and (2) hal ogen; and R5 is selected fromthe
group consisting of (1) substituted and unsubstituted
cycl oal kyl, (2) substituted and unsubstituted

het erocyclyl, (3) s ityted and unsubstituted aryl,

and (4) substitute i&ute roaryl. 20.A

compound of C aim 19, whierei h R21fs gel edted fromthe
ano, (3)

N and (6) substituted

group consisting of (1)

hydroxy, (4) am no, (5) h

and unsubstituted Cl.3 al kyl. Ncorrpound of Caim

19, wherein R3 is selected fromthe group consisting of

(1) hydrogen, (2) cyano, (3) tEiU, (4) hal ogen, (5)
bsgﬂ

nitro, (6) substituted and uns tuted al kyl, (7)
substituted and unsubstituted é yl, (8) substituted
and unsubstituted al kynyl, (9) -0R3a, (10) 4' 4R3aR3b,
(11) -COR3a, and (12) -NR3aC03ﬁb, wherein R3a, and R3b
are independently selected fromthe group consisting of
(a) hydrogen, and (b) substituted or unsubstituted

By Bl Wt 8 i
SeRestef ey o e gom ey 1L 20
grepp qlc_,),aﬁjggltl,i ng of

(2) cyano,

(3) halogen,

4) methyl,

(5)  trifluoromethyl, and

(6) sulfonamido;

R, is selected from the group consisting

(1) hydrogen,

(2) cyano,

3 nitro,

(4) halogen,

(5) hydroxy,

(6) amino,

(7)  substituted and unsubstituted alkyl,

(8)  -CORy,, and

(9)  -NR,CORy,

wherein Rj,, and Ryp are independently selected from the group consisting of

(a)  hydrogen, and

(b)  substituted or unsubstituted alkyl;

R, is selected from the group consisting of
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(1) substituted or unsubstituted norpholinyl, (2)
substituted or unsubstituted tetrahydropyranyl, and (3)
substituted or unsubstituted tetrahydrofuranyl. 26.A
conmpound of Claim 19, wherein Xis a direct link and RS
is unsubstituted N-Iinked norpholinyl. 27. A conpound of

ﬂ iﬁsrv\,herm n Xis 0 and R5 is 4-tetrahydropyranyl.
ZéAc R¢ of Caim 19, wherein Xis 0 and R5 is

E tra %lg{ofuranyl 29. A conpound of Claim 19, wherein

|s N A conpound of Claim19, wherein R3 is =0.
'3&3 hpound having Fornula 111: R6 HNR3 RZ NN R4

or a ster eoi soner, tautomer, or pharnaceutically
aggept MlRenal t thereof wherein, Wis CR,,, or N,
wherein R™ is selected fromthe group consisting of
(1¥) hy dubgrined 6] ueynbsanted A)kyhal ogen, (4) nethyl, (5)
trifluoronmethyl, and (6) sulfonam do; R2 is selected
fr(ejnthabgnumﬂ)ambnssubsumtgd(amgenﬂydrogen (2) cyano, (3)
nitro, (4) hal ogen, (5) hydroxy, (6) am no, (7)
suBst i tsubsitutaddnd sttitedelgnyl. kyl , (8) - COR2a, and
(9) -NR2aCOR2b, wherein R2a, and Reb are i ndependent |y
se(B)sct aubstitated and ugnbsiusdatilst i ng of (a) hydrogen,
(b) substituted or ubstituted alkyl; R3 is

s e{Pb ct eubstitaied @pd W@W@Sk@é‘%qfﬂg of

(10)  substituted and unsubstituted heterocyclyl,
(11)  substituted and unsubstituted cycloalkyl,
(12) -CORs,,

(13)  -NRsaRa,

(14)  -NR3,CORap,

(15)  -NR3,S02R3p,

(1 6) 'OR3aa
(17)  -SRga,
(18)  -SORs,,

(19)  -SOzRj3,, and

(20)  -SO;NR3aR3p,

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

(b) substituted or unsubstituted alkyl,

(c) substituted and unsubstituted aryl,

(d) substituted and unsubstituted heteroaryl,

(e) substituted and unsubstituted heterocyclyl, and

(f) substituted and unsubstituted cycloalkyl;

R, is selected from the group consisting of

(D hydrogen, and
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(1) hydrogen, (2) cyano, (3) nitro, (4) halogen, (5)
substituted and unsubstituted al kyl, (6) substituted
and unsubstituted al kenyl, (7) substituted and
unsubstituted al kynyl, (8) substituted and
unsubstituted aryl, (9) substituted and unsubstituted

heteroaryl . (10Q) substituted and unsubstituted
nater odgikesy atd

erocy

aCoR3b, (1

11) substituted and unsubstituted

(16) - OR3a, (17) -SR3a,

?XN%QQQJI&X% fr&ﬂlé%ne gﬁ%(g%u&%%)of- NR3aR3b, (14)
: :

- $Pf@en,(19) - SO2R3a, and (20) - SO2NR3aR3b,
wherei n"R3a, and R3b are i ndependently selected from
t i) gr aubstie@ss hid wm@bstituted hlkyy dndgen, (b) substituted
or unsubstituted al kyl, (c) substituted and
urgdubstsubatitedd and/tinsubstjtutedbgeloalkiyled and unsubsti t ut ed
het eroaryl, (e) substituted and unsubstituted
het er ocycl yl, and éf_) substituted and unsubstituted

aie

cy3@l oalAkgempeind; of

3, achetain R isslegled fppre dresgraun srysisting

(1) hydrogen, and (2)halogen; and 1Z6 is selected from
t H&) gr dwpragsmsi sting of (1) hydrogen, (2) substituted
and unsubstituted al kyl, and (3) substituted and
uddUbstYefed cycl oal kyl . 32. A conpound of C ai m 31,

Wt o
4

R2 is selected fromthe group consisting (1)
dre¥y cyano,

}  halogen,
(%) amino,
(6) methyl, and
(N trifluoromethyl.
33. A compound of Claim 31, wherein Rj; is selected from the group consisting of
(I)  cyano,
(2)  nitro,
(3) halogen,
(4 hydroxy,
(5) amino, and
(6) trifluoromethyl.
34, A compound of Claim 31, wherein Rg is selected from the group consisting
(O hydrogen,
(2)  methyl, and
(3)  ethyl.
35. A compound selected from:

N-(6-(2-aminopyrimidin-5-yl)-2-morpholinopyrimidin-4-yl)quinolin-3-amine;
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(3) hydroxy, (4) hal ogen, (5) amno, (6) nethyl, and
(7) trifluoronethyl. 33. A conpound of Cl aim31l, wherein
R3 is selected fromthe group consisting of (1) cyano,
(2) nitro, (3) hal ogen, (4) hydroxy, (5) am no, and (6)
trifluoronmethyl. 34.A conpound of C aim 31, wherein R6
[ | eet e : : LSt .pviidin-3-
RGP SR RO bRy (B e pyiidn
yl)-ar§fné;5'(27 ani nopyr i m di n-5-y1)-2-nor phol i nopyri m di n-4-yl
qui nol i n- 3- am ne;
[ (N-Qﬁg@{%—ﬂ%iﬁé‘fp‘yﬂﬂ&ﬁy}ﬁ@m@?m[iﬂhoﬂrlLﬁyrﬂniﬂin-épyr]pyﬂicﬂhm-ﬁ}-
y1] - (6- et hoxy- pyri di n-3- yl)-am ne;
methdNeéBdfBahm@deAm no- pyri di n-3-y1) - 2- nor phol i n-4-yl - pyri m di
n- 4- Apyri di n-2-y1} - et hanesul f onam de; _ _
NN-65-(Baraitiond fldefopyidiadyyl) A mephylidodimidinkey awpelin-Aiatine;
i n-4-)71)qui nolin-3-amne; ] oo
2 2aarhino-35[L2morphotinidi-yi-64(qpincding ypliamdnd) rpyBimid -y - pyri m
i din-4-yl1]- isonicotinonitrile;
isonigov@emitrilay 1- 2- nor phol i no-/ V6- (t et r ahydr o- 2H pyr an- 4-y1) -

4,51-bi pyrimdi ne-2', 6- diam pe; Dy e ey

et sp e ey S st et ipsineidine 2 1
. )-5-nmet hoxyqui nol i n-3- am ne;

diamey 2. nor phol i no- 6- (pyri di n- 3-yl oxy) pyri ni di n-4-yl ) pyri m

idin-2-amne; . ... .
696 G AP TGiRr ) g o bR midia- Y psbegapinefin3
. %I )pyridin-3- yl)pyrimdin-4-am ne;
amin%. (thf 1 uor onet hyl ) - 5- (2, 6- di mor phol i nopyr i ni di n- 4- yQoyr
I dd Py 2- v TS imidin-4-vl cidin-2-amine:
I\I-dﬂ( @ %‘fﬂilﬂg gg? g p(yﬂ%fhg e3r Ylg f%)-piflilnll olgy) Hpryuné? 1nl-n:%- )?rln)lqeé- (6-a
M N8y 4inopyrimidin-5-yl)-2-morpholino-N-(6-(piperazin-1-yl)pyridin-3-
(t?%#ﬂ@?%‘%ﬁﬁ) e M M S r i
DpydHidif.4-amine;
yOPyRIER4-amine: | ami no) met hyl ) t hi azol - 2- 3/ 1) - 6- ( 6- ani no- 4-
( t4-{dhifueroarsaiyny 5 X Py digbphdlinopyrimidin-4-yl)pyridin-2-amine;
y1) - 2- nor phol'i nopyri m di n- 4- am ne; ,
6-XiG6amisvpropylgiperidindrdomt by d)-6-(6-agtipe-# (4- (2- (die
thyl am no) et hyl )t hi azol -2- _
(triflyckpmethy pidihi3agp2emonpo lnopyamidia:4-amine;
N6- ( 2- met hoxyet hyl) - 2- nor phol i no-4, 5" - bi Pyt{i m di pe-2',6
- dN#fi(fddethylamino)methyl)thiazol-2-yl)-6-(6-amino-4-(trifluoromet yl)pyridin-3-
2- nor pholi no- 6- ( 2- phenyl nor phol i no) -4, 5' - bi Pyri m di n-2'
yl)-2-merphelinopyrimidin-4-amine;

Elgé-t(gg;nit%%-%&fﬂ%b@nﬁ?tﬂﬁSplyrlli inL}B-S ?)_-IQl(R-)fﬁ-l((riri]eg'llypa?ﬁirzlo)egfy?)ltﬁalzrlnzo1-2-

1-(2-(6-ami.no-4-(trifluoronethyl)pyridin-3-34)-6-norpho
Yl)'zrfpﬂ@hﬁ}?qﬂﬂlmlwpzf{'awlﬁepi peri di n- 2- one;

1 NS BRI PRID PSRRI BipyHRNERE 2 diakibhe; >« MO PO
2-morpholino-6-(2-phenylmorpholino)-4,5'-bipyrimidin-2'-amine;

MN-tert-butyl-2-morpholino-4,5'-bipyrimidine-2',6-diamine;

1 -(2-(6-amino-4-(triﬂuoromethyl)pyridin-S-yl)-6-morpholino-pyrimidin-4-
yhpiperidin-2-one;

1-(6-(6-amino-4-(trifluoromethyl)pyridin-3 -y])-2-morpholinopyrimidin-4-yl)-3-

phenylimidazolidin-2-one;
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phenyl i m dazol i di n- 2- one;
1-(4-(6-(6-amno-4-(trifluoronethyl)pyridin-3-yl)-2-nor
Phol i nopyri m di n-4- vyl oxy) pi peridi n-1-ypet hanone;

2-am ne; 2-am ne;

5-(6- ((R) - pi peridin-3-yl oxy)-2-norphol i nopYrimdin-4-yl

R AT e oS M epnoprimidiny
yloxyjﬂ}? rRﬁ%llwﬁ%bﬁ@;d' n-4- yloxy)pyrrolidin- 1
14(®)S- Iﬁlgy &@39169@42 frlorpHoliuesyamidhypgy)rd-Qriftudroniethyypyridin-

or phol 1’noPyri m yl oxy) pyrrolidin- 1 -ypethanone;
2-amifte;( t ri fl uoromet hyl) - 5-(2-norphol i no-6-(tetrahydro-2H py
ran-4-yl oxY)pyri mdin-4- yl)pyridin-2-am ne,;

55(@- (K Rpiptedinahyloxg)-2anaumpllinopyynidia-re P 6irifvoromethylpyridin-
n-4-yl)-4- (trifluoronethyl)pyridin-2-am ne;
2-aminey 6- (( S) - t et r ahydr of ur an- 3- yloxy) - 2- nor Phol i noPyri ni di

11-4-y1)-4- (trifl t hyl d 2-
4-16(1(R%/-B z(ﬁéﬁafrégﬂ+(;r?f§fog§nﬁ%yﬁm{<ilmlé n}él %%%hq’lmomﬁrf%lw
)pyrimdin-411) pyri mdi n- 2-amne ;
yloxyép bry O (pi per i di n- 4-yl oxy) pyri mi di n- 4- 34) Pyr
di
R S i i By RIS 3y D2 BrRh BRSPS
di din-1- yl)eth
yioxygl‘? Al W'ﬁﬂ%}%?ﬁﬁﬁg: | Ing 6- (szagw aglog:rl di n- 4-yl oxy) pyr

e R o oo
1 481 r|md|n4 yI)pyrlmdln 4( 3H) - one;
yDpy 5%1 am no 4-(trifluoronmethyl)pyridin-3-34]-N44-(1- |sopr

s Eét%gdl%furan- -yloxy) -2-morpholinopyrimidin-4-yl)-4-
y oxy enyll- 2- nor pHol i'nopyri m di n-4-am ne;

(mﬂlﬁ)r&rﬁemm idtnOt4rhfpkuor onet hy1) pyri di n- 3- 371) - N44- 0
-|sopropy plperldln 4-yl oxy) - 3-

gp%@s phelidroRiram s phely)2epyrpholich pyridyidim-4vet)-4-
6-am no-4-(trifluoronethyl)pyridin-3-yl)-2-norpho
(tnﬂllldrﬁmeﬂ‘l&l)ﬁyrﬁﬂlﬁrzwlh)e 4- phenyl t hi azol - 2- am ne;

N-(6-(6-am no-4-(trifluoronethyflpyridin-3-3/1)-5-nmethy
| - 2¢teitinBtonistind)p §+2-matpholifo-6-(pipeidi érmxmpmrm r24afrlapﬁ@mldm-
or pharnmaceutically accept abI e salt thereof. 36. The

2-amgeppound of structure: NO "CHHN1 ANNNI H2N, or a

har maceuti cal |y acceptabl e salt, thereof , . . _
P 5-(2-morpholino-6- e;nperldmp-4 yloxy)pyrlmld}n E—yF)pyrlmldme-2,4-dlam1ne;

1-((R)-3 -(6-(2,4-diaminopyrimidin-5-yl)-2-morpholinopyrimidin—4-yloxy)piperidin—1 -
yl)ethanone;

2-amino-5-(2-morpholino-6-(N -acyl-piperidin-4-yloxy)pyrimidin-4-yl)pyrimidin-
4(3H)-one;

2-amino-5-(2-morpholino-6-(N -methoxycarbonyl-piperidin-4-yloxy)pyrimidin-4-
yl)pyrimidin-4(3H)-one;

6-[6-amino-4-(triﬂuoromethyl)pyridin—3-yl]-N-[4-(1-isopropylpiperidin—4-
yloxy)phenyl}-2-morpholinopyrimidin-4-amine;

6-(6-amino-4-(trifluoromethyl)pyridin-3-y1)-N-(4-(1 -isopropylpiperidin-4-yloxy)-3-

methoxyphenyl)-2-morpholinopyrimidin-4-amine;
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37. The conpound of structure: , or a pharmaceutically
acceptable salt thereof. 38. The conpound of
structure: , or a pharnaceutically acceptable salt
t her eof 39.
Theconpound4- (tri fl uoromet hyl)-5-(2, 6-di nor phol i nopyri m
idi n-4-_ vl i-di n-.2- anne.: 1:ar ical: by 4 .
e S R S O
LSl phar maceutically acceptable carrier and an
phm“@ﬁggékfg@gggconpound of any one of Clains 1-39
eN—@?G-é&ﬁinbm-(tﬂhh&loincﬁilﬁ)pﬁriaiﬁﬂ-yl)IsymbfhyBthmholirropyrimidin-4-
ani mal subj ect when administered thereto. 41.
yl)-4-i5ﬁtﬁh fRiApsISt-hingte, of claim 40, effective to inhibit P13-K
alpga activity in a human or ani mal subject when
adm ni stered thereto. 42The conposition of Caim40
f oF phemacanjoally acvgp@blelselgteremde addi tional agent for
the treatnment of cancer. 43. The conposition of
Caim42, wherein the at | east one additional agent for
the treatnment of cancer is vatalanib, imatinib or
gefitinib. 44. Use of a conpound of any one of
O34 ns Thezgmpewnd ofsStEREE act ure of a nedi cament for
inhibiting P13-K activity for the treatnent of cancer
in a human orMnrfedn, subj ect . 45. The use of
dai m 44 furilhed conprising adm nistering to the hunan
or animal "Wbjéct at |east one additional agent for the
tr eat ment ncancer . 46. The use of O aim45
wherein the At lLeast one additional agent for the
treathren o ¢ ﬁggr is vatalanib, imatinib or
gef i . 7. The use of Caim44, wherein the
cg%ge;ﬁis br east cancep€aBh%ﬂ@@ﬂ“@&ﬁ%@??mégﬁéﬁ“@Eﬁ?g},
glioma, glioblastoma, |ung cancer, hepatocell ul ar
cancer, gastric cancer, nelanoma, thyroid cancer,
endonetrial cancer, renal cancer, cervical cancer,
pancreati c cancer, esophageal cancer, prostate cancer,
brai n cancer, or o¥%ri?n cancer. 48. A conpound of any
on¥-of CICHORPOINSST FBICIEe i n the treatment of cancer.
medi canent for the treatnment for cancer. 50. A
kit, conprisigg nmpound of any one of Clains 1-39
and a packa or other |abeling including

Hﬁ‘i
di rectipons'for the treatnment of a cellul ar

prolif+¥g di sease by admi nistration of a P13-K

i nhi bi apghupt_of the conpound. 51. The use
of cl @ 44Nwh re%g t he conpound has an |1 C50 val ue of
l egsy N about tMw th respect., to inhibitign of

PI 3K. 52. A cofpdRRAMg ,‘1“861%?‘?%&%@"53“ theredt.

pharmaceutically acceptable carrier and an anount of a
conpound of any one of Cains 1-39 or pharmaceutically
accept abl e salt thereof 53. A conpound of any one

of ai 1-39 r ceutically acceptable salt
i eor The girigupdiof PORAHR

f maceuti cal

=N
Y

, or a pharmaceutically acceptable salt thereof.
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39. The compound 4-(trifluoromethyl)-5-(2,6-dimorpholinopyrimidin-4-

yl)pyridin-2-amine, or a pharmaceutically acceptable salt thereof.

40. A composition, comprising a pharmaceutically acceptable carrier and an
amount of a compound of any one of Claims 1-39 effective to inhibit PI3-K activity in a

human or animal subject when administered thereto.

41. The composition of claim 40, effective to inhibit PI3-K alpha activity in a

human or animal subject when administered thereto.

42 The composition of Claim 40 further comprising at least one additional agent

for the treatment of cancer.

43.  The composition of Claim 42, wherein the at least one additional agent for the

treatment of cancer is vatalanib, imatinib or gefitinib.

44. Use of a compound of any one of Claims 1-39 for the manufacture of a
medicament for inhibiting PI3-K activity for the treatment of cancer in a human or animal

subject.

45.  The use of Claim 44 further comprising administering to the human or animal

subject at least one additional agent for the treatment of cancer.

46.  The use of Claim 45, wherein the at least one additional agent for the treatment

of cancer is vatalanib, imatinib or gefitinib.

47. The use 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.

48. A compound of any one of Claims 1-39 for use in the treatment of cancer.
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49. Use of a compound of any one of Claims 1-39 in the manufacture of a

medicament for the treatment for cancer.

50. A kit, comprising a compound of any one of Claims 1-39 and a package insert
or other labeling including directions for the treatment of a cellular proliferative disease by

administration of a PI3-K inhibitory amount of the compound.

51, The use of claim 44 wherein the compound has an ICsg value of less than about

1 uM with respect to inhibition of PI3K.

52. A composition, comprising a pharmaceutically acceptable carrier and an

amount of a compound of any one of Claims 1-39 or pharmaceutically acceptable salt thereof.

53. A compound of any one of Claims 1-39, or pharmaceutically acceptable salt

thereof, for use as a pharmaceutical.
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