WO 2011/ 002523PCT/ US2010/ 001897 PHOSPHORUS CONTAI NI NG QUI NAZOLI NE COVPOUNDS
AND METHODS OF USE CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This

appl i cat iwo 20l1ziop3t he priority benefit of U S. provi si enaiuspabhantss?
application Serial No. 61/222,551, fil ed July 2, 2009, the disclosure of
whi ch is_incorporated herelnb efer e in i

OB SNSRI SR SEGLIS  obt QTN AS SN ThEHOSS 0k
cont ai ni ng phosphorus substitutions gype | receptor protein kinase

i nhibitors. These inhibitors are useful in treating disorders related to
abnormal protein kinase activities such as cancer and inflamrmation in
mammal s. The invent B A 18@qEsi tion cont ai ni ng
t hese inhibitors, ¢ gogmﬁ%ﬁg p@@%f@gﬁ%ﬁ@%@ i nhibitors and their
pharmaceutical ly accept abl e salts. BACKGROUND OF THE | NVENTI ON [ 0003] The
type | [00!k1¢ptfhis applestioreclkinmsathe phiarityl henefit afoldiS: pewisiorfal patgnt apptisation r el at ed

(Fini) Seitpale. 12220, B M 2 TRe Rshloe pL o e G PEBAt B an

ext racebtbihsd ind@@iifetyor |igand binding and, with the exception of HER3, an
intracellular catalytically active tyrosine kinase domain. These receptors
transmt extracellular signals throulgh the cytosol via a signal

transducti on cascade to the nJdEEDROF INYENEION el | ular signal is
transmtted by ligand binding to the dineric receptor, with the exception
of erb f ' I L0 gand dentifi ed.
After T gozgj:d ﬁy gperﬁlon %Qteggépggwetl %ﬁg@x&%’{l?{eﬁe}b 'IYOSI nggﬁéﬁglgée%ﬁ&f) pﬁmb

honodi RBeWstineions ah@&pe Il oebieprer iprateini Kitnse idtibicors.nEhézerinlubitors@rsutefidm | y  of

receptors . (L ! i men Resear ch 009 315,, 638- 648
e oED Septecsares TE Ao G SonTEL RO kHEbCr G TR PELE Gheo Ay oot 1) has
been sk Badn aﬁrrﬂﬁamhﬁ tme iNealish raste RS BE 99%&&%1 SSmpSYitisier

( Mehel so n Oncogene 2000). Dinerization |eads to activation of the ErbB
r ecept eostaiyngthessphbidbibis meshqd@ forghe prepatation af hiebaiinhtbitgomaridrtheirhi s

aut ophosphoryl atj,on re adapt or proteins and leads to a
phosph@ﬁ%‘?‘?ﬁ%‘&ﬁa &é&%‘f&ﬁaw Stransnits the signal throughout the cell. The
type | receptor tyrosine kinase famly (ErbB famly) signals through the

ras/ raf/ MEK/ MAPK pat hwayBaTKEROASDIGETAEIK VRN TIGNhway. WO
2011/ 002523PCT/ US2010/ 001897 These si gnaling pat hways lead to both cell

proliferation and cell survival throutgh inhibitio f 0004] It
has bedd003othetyns brsceniar tyroses kingse fhmi ée%mrwrése&o rfg‘HF Yaslated) es in

cancer . B‘i@@ B %ﬁ%@ EARGYMERSH d7E%B4 UBh

carci no&ngg{ogfi?%@/\g%@dﬁ\gﬁg{. n E an( r?g expr ess h| gh | evgl S O Eélg??.

Al so, cmepto'rsm’eitmad;membnahvglyEG}?ﬂatdnmwbebmomaurml exmrag¢lltdmak>,rna3n éoxsltgaoancer
and | un ancer

Critical. Revie Hemat
(1595 DY 5k vi3he Rk of HERa i nsGkiRE sl hy R ERIoE0
25- 79, d@ﬂﬁlmsm@s% rééttors Bahsol @Qt'i‘éd%llﬁl%r §ibndlh ARBYE e cg@ &l id 99¢khal 1198, 165-
184). ErbB2 overexpression occurs in approxi mately % of all breast cancer

(M1 an@znsdueuolacasca@xpéhq nWSeWWt@@gﬂl‘émla@io%ﬁr@snw@bw liggydyinding 7- 34) .

L e PRl ERE A eRe RO by DB P MBSt 1 8 AflncVar Y.

over ex Paep&it®Be hﬁﬁnﬁéds Q\ﬁbeeigaﬁ@brnel@t et tvpd hrepesor PE@MdGhases Bithernan
cancer, including netastasis, and early rel apses (Baselga J and Swai n SM

Nat ur e hreprRgrize ocheieradimonigsoyith gpather IEG‘?Eb?‘H)f t{l@?}&f}m’hﬁ@ TSFRRIOTS t yr osi ne

k

(0 Don L 6B Ui, Efherncifd CHROReBeREIIE TS e O TPRatinh B RS
sever alpracebs i hen¢rsdivterizhtor-Gr Facaridhisteersh@in iaghaiBhig thapiefayedhave
denonstrated cl.inical effjcacy jn_cancer atnent. and .a few nol ecul es have
been aéi ERALYCTRALIOR PARRFA (%QYSPESH gﬁ‘ﬁo%ﬁnﬁ\?bp@n mﬁﬂaat’é’(?rjrf)ar‘%ﬁ AGGHIOR Qhcer s,
there 'il?er@ﬁqﬁsre@e By anopHGMh%fylﬁt'fcﬁ%fWﬁ@¥nt€a@élltﬁm‘iaﬁn Spifd as smal |

nol ecul armaceuti cal s"wth better pharmacol ogi cal properties and/or

| ower taowph¢spyoryMOEI¥e<$uMMd%vtmrduelExs lantVieddts @\a phosphorylation cascade that
transmits the signal throughout the cell. The type I receptor tyrosine kinase family (ErbB
family) signals through the ras/raf/MEK/MAPK pathway as well as the PI3K/Akt pathway.
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[ 0006] This invention provides for phosphorus substituted 4-anilino

qui nazolines of Formula |, and pharnmaceutically acceptable salts and

pr odr ugs wbenrai2s28hat are useful in the treatnent of hypenseabiobmspati ve

di seases, such as cancer. Specifically, the present i nvention relates to
corrpounds of Formula | thaf act. a R and Er |nh| S, . Al.s rovi ded
are fofPRSF signahes %ﬁ‘f"?ﬂ togzﬂ%saha@ ifqratif co? |SUEYTR r{%‘toﬂﬁlaé“hbl?lgﬁ‘gi ng the
conpou Bg)sfsr eat a patlent in need thereof. In addition, there are

descri rocesses for preparing the inhibitory corrpounds of Formula (I)
or Forrrul a (A. W 2011/002523PCT/ US2010/ 001897 [0007] In one aspect,

provi didg04k & has peudeindnskeredhthat Brip: farmlwreqmtqralaz ipperfaniIplys McaReq.  ((A)

or 111 Gysbess A BresfniEaelbre 20U 2B 35770 SR SR gl 1 ©

hydr oggdtk, 41 1Q6E BxpredsHigh 1evelslof EGFR.f 1418y, Qﬁﬁéti’ﬂmﬁvel)dacfti\deHGEEthH)een
trifluoronet hoxy, difl uoronethoxy, C1 -C8 al Ky -C8 alkenyl, C2 -C8

al kynyfoundin glgmnasy bregsti Gapeer and lur@canegrc,(ﬁelézmeyt aq ghy pﬂ“ﬁé‘t%%%\w yl |

et e OB T 99T, (SRR s L0 B SR Rereg 0L 0L

- SO|2 R2(|2$£0?)- ?522'5 V@;}emé |Hynealaind Sterrd Bib icaadt icalAcyn(lioo4x; \d P aloRy| |
cycl oa a , heteraocyclyl and hetero l al kyl is unsu ituted or
opti onkVy s‘t"ef‘i}PEf‘dSI\RPtoﬁg‘Hb 1 @W?V@aﬁﬁ%gé&é q%ﬁﬁiﬁ@%a%?y@@web &l from

the gr ?u, @é@@ﬂ ?ﬂe%fewglogcu@@ké%ﬂﬁlégﬁm) @(4?&1 ﬁb&l' It had bédh Ad@iPlicateGdn C6

al kynyl, C8 cycl oal kyl cycl oa cyano, trifluoronethyl,
di f | uootheetungan/ganters ﬁﬂqlmmgremlhwar)abﬂ@hier stomrachmgphagusrlg@, utgzus Rd RI 3,

I CR:(ZI_S R&r%p@ tecgrq%&qoverexpr&@n%lag also 'gglerll corr lateR& With poor prog%solg ﬁlumaxNR(.)) g(R'O) NR

C( 0) NREahds3 mchgzxylg"_Jmeta@l(a% R, carly P618p¥k4 (Baseiladl, anldeSvedif S| Ndtu Rk view of

het er ocycl yl
Cancer (2009;1 9(7), 463-75)
[0005] The type I tyrosine kinase receptor family has been an active area of anti-cancer
research (O'Donovan and Crown Anticancer Res. (2007) 27(3A), 1285-94). Although several
inhibitors of the EGFR and the ErbB2 signaling pathway have demonstrated clinical efficacy
in cancer treatment and a few molecules have been approved by the FDA, due to the
prevalence and complexity of cancers, there remains a need for better treatment for cancers
such as small molecule pharmaceuticals with better pharmacological properties and/or lower

toxcitiy.
BRIEF SUMMARY OF THE INVENTION

[0006] This invention provides for phosphorus substituted 4-anilino quinazolines of
Formula I, and pharmaceutically acceptable salts and prodrugs thereof, that are useful in the
treatment of hyperproliferative diseases, such as cancer. Specifically, the present invention
relates to compounds of Formula I that act as EGFR and ErbB2 inhibitors. Also provided are
formulations containing compounds of Formula I and methods of using the compounds to
treat a patient in need thereof. In addition, there are described processes for preparing the

inhibitory compounds of Formula (I) or Formula (A).



T is a bond or a divalent radical forned by renoving an additional hydrogen
atomfroma C 1- C6 alkyl, C -C6 al kenyl, C2-C6 al kynyl, C3-C8 cycl oal kyl,
C3- C8 cycWwoabkwydoad28yl , aryl, arylal kyl, heteroaryl, het ecoarsgdialobysb7y

het er ocycl yl or heterocyclylalkyl wherein each said al kyl, al kenyl,

al kynyl cloal kyl, ary het er oar het r clyl is unsubstituted or
opti oneipq(!ﬂsdlﬁsoc“ﬁaﬁﬁeéa RR?Y‘ﬂe ﬁatcé’“i%u@& fgrr%{?b‘ga "ﬁéependent |y selected from
the group consisting of oxo, halogen, CI-C3 al kyl, C2-C3 al kenyl, C2-C3

al kynyl, cyano, trifluoronethyl, difluoronethoxy, trifluoronmethoxy, azido,
-NRI | SO2R12, -SO2 NRI |IR13, -C(0)R14, - O F11/ 002523PCT/ US2010/ 001897
C(0)OR15, -0C(0)R14, -NRI1 0R15 - NRllC( JR14, -C(O0)NRIIR13, -NR11R13,
-NRI'1C(0) NRI 1R13, -OR15, é% dw SR12; Qis a bond or Cl1-C6

/$ », -
al kyl, wherein said al kyl RPsyu B\%tl t ut IiDr gpti onal ly substituted with
up to three groups independentXy e ecped

romn t he group consisting of oxo,
hal ogen, ClI-C3 al kyl, cyano, trifl uor Bnet hyl, difl Kg orret hoxy,
trifluoronethoxy, - NR' R 3 and -0R15; Xi sOorS Y and’Z are independently O,
S, NR or a bond; RCis H Cl1-C6 alkyl, C3-C6 cycloal kyl, -SO2 NR3R1,

- C(0) R4vherdih0) OR5, - C(0)NRLR3, or--SO2R2, wherein each said al kyl and
cycloal-kyl is unsubstituted or optionally substituted with up to five
groups .i ndependent|y sel ected fromthe group consisting of oxo, hal ogen,
cyano, 2§ ¥@rafe—@REMUPRD is C -C8 al kyl, C3-C8 cycloal kyl, aryl,

aryl al kyl , heteroaryl, heteroaryl al kyl, heterocyclyl or heterocyclylal kyl,

wher el R FEWe@H&%cyC@MCI%@%%y r m@c)ﬁc rdflh@iekﬂryl &8, 8RLY hrylalkyl

het er oaryl a het er ocycly et erocy y al kyl 1s unsubstltute or
opti onardup; substituted with up to five groups independently selected from
the gr oup consisting of the group consisti ng of oxo, hal ogen cyano - OR15,

f di fl
LT OB Sy, Paloenes o, afteptilR SR, cig ot TSIty | 1
het er O@Eﬂﬁororﬂ@th@kﬁil'l}d@hhdjll,,czh@sﬁl@ﬁ)’l? béch)élk{j‘le)tleCle@ngy)tloalHwa Agher ei n

each said al k cycl oal kyl, aryl, aryIaIk hej er oar eteroar IaIkyI
het er o@ye;lpgllkyéﬂwl H@teéwy@w I}qt%rpfqu ylnkyly N%sSO@Rﬁ{ed S}zﬁﬁs 2 R,

substi td{bgéof’ t@ggpﬁo fN‘ff‘ ﬂ%g nt lé’(é)?{ﬁll{eﬁt edl\fﬁl t_he group

consi stin COI’ISI S cyano, -0R15, -NRI1R13,
- S2R1INR'CBBIRR 'R O &mW —$i®fR21mr—eSth h@}xqtelaredclh sdid hikgt, alkenkbhxy; or

wh R d th th', th to whjch th
At t achelionsl FEA oAb et oEbEREL ey R b S s Sbnal |y
subst i topheﬁial SBBTtHﬁ)teH Qift %ﬁoqmt@aumﬁeé%ﬁm&w ééle%?‘e'deﬁ;&ﬁ%é Solpt he gr oup

consi st ng o ogen,
Cl - C6 a&bhssting@F-o€86, lta}mgeoaCkﬂs alkyk,iG2Qalloerei, Kok Ce aikynM@GmMaJkyl C3—

triflu zi do r eroar. aIkyI
et er ol eryRalaE Eupg s arameliE S e B betomThSh) o ras
NR''SO,R"2, —S0,NR''RB, —C(O)R!*, —C(0)OR"*, —OC(O)R"*, —NR''C(O)OR'¢, —
NR''C(O)R!*, —C(O)NR!'R!?, —NR"'R", —NR!'C(O)NR''R", —OR"®, —S(O)R'?, —
SO,R'2, —SR!?, heterocyclyl and heterocyclylalkyl;

T is a bond or a divalent radical formed by removing an additional hydrogen atom from a Ci—
Csalkyl, C; —Cgalkenyl, C,—Cg¢ alkynyl, C3—Cg cycloalkyl, C3—Csg cycloalkylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl or heterocyclylalkyl; wherein each said
élkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl and heterocyclyl is unsubstituted or
optionally substituted with up to three groups independently selected from the group
consisting of oxo, halogen, C;—C3 alkyl, C,—C3 alkenyl, C,~C3 alkynyl, cyano, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, —NR''SO,R'%, —SO, NR''R", —C(O)R", —



or wherein RD and RE are taken together with Y, Z and the phosphorus atom
to which they are attached to forma 4 to 10 nenbered heterocyclic ring
whi ch i s wpt2zoommb32zg substituted with up to five groups iPatasendentsy
selected fromthe group consisting of hal ogen, oxo, - ORl5, -NR'R13,
-S2R12, -SRL2, Cl-C6glkyl, €l -Cocyelylalkyl, trifluorongthyl,

di 11 U0 CSREIREXy-OCFOR ot NRTHEIPR 271 dR UDR™, reCEOBIR TR, arYRUREY 1 |

het er oar yhai mgf12r 0 byl ihet ¢ | alleyd.; wherein: each Rl is
independ}eﬁ% @%I&%én, g - Cgﬁgﬂiyl §@%3qu§ c§c dal kyl , wherein each said
al kyl and cycl oal kyl is unsubstituted or optionally substituted with up to
five gQispdbonddeferCialitl ywhetiachrihlkylasmbdubstifutedpr optisnallyi substatfited wath

hal ogen, cyano, azidq and -0R15; each i s independently Cl-C6 al kyl,

G oo Shast Brgrabsgpsendry Pt ondroahyp CoRBTIE b abaigeen. Ci-C

het er OQM&Ué}raer, tHEGORCHS, Wi Bdr¥inet RS BilloRATIGE], LRRIR' ay clORIkY!
aryl, arylalkyl, heteroaryl, heteroarylalkyl, hetéfocyclyl and

heterocycl ylal kyl is unsubstituted or optionally substituted with up to
five grossol fidependently selected fromthe group consisting of the group
consi sting of oxo, halogen, cyano and -0OR15; each R3 is independently

hydr og - 2] , C -C6 alkynyl, C3 - C8 cycloal kyl,
C3 -CBGYE:]%PC ogﬁeggﬁi%e%%@yh%é’t%ﬁ@%yéﬁy (31 het er ocycl yl al kyl , wherei n each

sai d a!REyI , cycl oal kyl, cycl oal kyl al kyl, heterocyclyl and heterocyclyl al kyl
i s uns®yss H G4-atk abkyl pPi-iGaregtloglkylbs 806 MRER! wWi-IOMR', t-o-F(OYORJ-0upsS

i ndepe sel ec fromthe groyp.consistin f. oxo, hal ogen, cyano,
221 b R ESr _e—a"lcfﬁz%m‘”ﬁ%rﬂnrrae & @Hin?ﬁnmﬁlwabﬁ,{s ERSUBRIIIdAT or C3- B
cycl 0abfirbnal WG fitite® A5ih B30 ival s ARBEEH SRR KMkt SroA BBl ut od or
optionally substituted with up to five groups i ndependent|y sel ected from

t he gr copsigingoif oxo,rglagenosyano redidsgand, —€Rnop, azi do and - 0OR15; and each R5
is hydrogen, ClI -Cs alkyl, C2 -C8 al kenyl, C2 -C8 al kynyl, C3 -Cs

cycl oalloyl - | oal kvl al k r | vi r. h I l.v] al |,
Cor of RO 00 aliegd GG SRICIBLAL arviil . B Rat, RerBER BRI BBl Y
het er oey Bétyoaydylalkys, whtseiasheH s&i@dlk?r, coelbalRpiR by, &yilatityl tHetefaryi,t h up to

five groups independently selected fromthe group consisti ng of O)F(\g’ch
Y suippdifeech when

hal ogeReterppikuifetgsacyelyl andhheseroeydpiababscemnsubspiuted opamsna
R1 and r t Lacent atons,
RL and "1 G e S IndReh AT ARCRU MBS Ine Uy LIRRNGR of retthF T1

at t acheohsisting of bxe, haldgen]l&yanenbeOBY, helNB! 'R3; e 8O, R ng-St'? cthiflusrompdthydnal | y
substityted wifh u o three groups. independently selected fromthe group
consi sOHgr eth%’fyo%é#f,nﬂb‘%’,m%@ﬁﬁbfm‘?ri f1 uor onet hyl , difl uor onet hoxy,
trifluoronethoxy, azido, heterocyclyl and heterocyclylal kyl; or wherein

when RREand,-BFakyE BLEAGRRAIKYD, &ﬂl@a%ﬁ}ﬁ%&@ﬂoﬁfylﬁf&er@ﬁm@ﬂh&&oéﬁl cent

atons, R1L and R3"are taken together 'with the atom or e atons to ich

t hey apeheieroaydiplalkyd whereingach said albyheptlealissl, wed carplelkyl.ihgtarpargl,whi ch is
optionally s tituted with tg thre [.Qu i..ndependent | ¥ sal ed from
The. or priscaliaRet hHbRLy kL phd Rl Behetb B B3R AEE SRl SREAEE

di f | uokemiphe five grdupslindspendinkle sylecd ifthn tHegdr@upetsisyithg afthe group
heterocyclyl al kyl; or wherein when Rl and R4 are aptached to the sane atom

or ar eConsisipgofoxe halnesntyangt one@R "RtRd RRa =aP@2RakerSR odsiflyaronygtay. ¢ he
atom Oﬁitﬁ*a?orﬁ‘étf?&%r%a?t iugﬂ)rﬁé?ﬁé& re attached to forma 4 to 10 nenbered
yC n IC

het er oc Icri I's optionally substituted with up to three groups
i ndependently selected fromthe group consisting of hal ogen, oxo, cyano,

trifl uor oheeimRS ant RP acrtogetherowith i, 1Q 4nd.tbe atomstowhictathies are ateicbedtoycl yl  and
het er ogycl | kyl; aqr erein en Rl .and R5 are attached to the_.same atom
or - ar o L ol wisnBarel o Shenynidh dBoBHE AR REE RRIS AR he

at om oprduBgirepstRich@y ¥dle@éd frb@Ythe bRouptdonsibeth éfhal el oxd! ORI _RRER'ed

het erocycli g, ri n%éyvhl ch is optionally substituted with up to three groups

i ndepend®@iR y; -s8RecedCdalloth €h€'s gradegdkdomdflaarpmgthyl, dilnergmsthozxo, cyano,
triflugroneth di_f | uor omet hox trifl uo h i.do. heterocyclyl and
net er o SYRRT oS 2 BT P QRat e hl U Ry, R R R R ™Y &y
or C3- Réterygdignliey ;



each R12 is independently Cl1-C6 al kyl, C3-C6 cycloal kyl, aryl, arylalkyl,
het eroaryl, heteroaryl al kyl, heterocyclyl or heterocyclylal kyl; each R13 is
i ndependewol2g1impelizeagen, Cl -C6 al kyl, C2 -C6 al kenyl, CecT@B2@blyrsyt, C3

- C8 cycl oal kyl, C3 C8 cycl oal kyI al kyl, heterocyclyl or heterocyclylal kyl;

h R14 ' tl d C3- | l: WO
C b PRSI M B E0E 6 PPl on e R UL IR o
al kenylype ﬁché&&oéﬂ)ﬂfﬂ H)4|to 1@3nerﬁ§er€d’ Rétericktlc nr%igh@ icymiomaliy phisdtikotbd

het er ocycl yl or heterocyclylal kyl; and each S |ndependently Cl- C6
al kyl , mm06wlmnsyndemd&1@8 selgeted 4rday thel gegup cansisting ef balpgeryoxo, —

het er o yl Y; S:al t g2 g0l ention al so
provid nga{jn% e Fo ﬁul’g’ &V%lk hﬁ‘%@ﬁ&yla @PQﬁ%‘ly&ﬁﬁﬁ y- XRs' RB
For nul @iﬂuoromethoxy, trlﬂuoromethoxy, azido, aryl, heteroaryl, arylalkyl, heteroarylalkyl,

heterocyclyl and heterocyclylalkyl;

wherein:

each R' is independently hydrogen, C; —Cs alkyl or C3—Cs cycloalkyl, wherein each
said alkyl and cycloalkyl is unsubstituted or optionally substituted with up to five
groups independently selected from the group consisting of oxo, halogen, cyano,

azido and —OR">;

each R? is independently C;—Cs alkyl, C3—Cs cycloalkyl, aryl, arylalkyl, heteroaryl, .
heteroarylalkyl, heterocyclyl or heterocyclylalkyl, wherein each said alkyl, cycloalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and heterocyclylalkyl is
unsubstituted or optionally substituted with up to five groups independently selected

from the group consisting of the group consisting of oxo, halogen, cyano and —OR";

each R? is independently hydrogen, C; —Cg alkyl, C; —Cg alkenyl, C; —Cg alkynyl, C3— -
Cgcycloalkyl, C; —Cg cycloalkylalkyl, heterocyclyl or heterocyclylalkyl, wherein each
said alkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl and heterocyclylalkyl is
unsubstituted or optionally substituted with up to five groups independently selected

from the group consisting of oxo, halogen, cyano, azido and —OR"Y;

each R* is independently hydrogen, C,—Cgalkyl or C3—Cg cycloalkyl, wherein each
said alkyl and cycloalkyl is unsubstituted or optionally substituted with up to five
groups independently selected from the group consisting of oxo, halogen, cyano,
azido and —OR'’; and

each R’ is hydrogen, C; —Cg alkyl, C; —Cg alkenyl, C, —Cs alkynyl, C; —Cg cycloalkyl,
C; —Cgcycloalkylalkyl, heterocycly! or heterocyclylalkyl, wherein each said alkyl,
cycloalkyl, cycloalkylalkyl, heterocyclyl and heterocyclylalkyl is unsubstituted or
optionally substituted with up to five groups independently selected from the group

consisting of oxo, halogen, cyano and azido;
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or a salt, solvate, or physiologically functional derivatives thereof;
wherein: Wis Nor a CGCN group; RAis a substituted nonocyclic, bicyclic
or tricycvocoraropks2er heteroaryl noiety; RB is hydrogen, poalusgen/omsyano,
nitro, tri fI uororret hyI di fluoronethyl, trifl uororret hoxy, di fI uororret hoxy,

Cl -C8 al kyl, % th aI kynyl, %fé% C3 -C8

cycl oaﬂrl%‘ﬁhe&?IR)‘/‘f enr]ﬁataéfl %tfa"h todthg s3ref giogt RWG att ace BPTRR3RL,
-C(0) l’ %9 M%ﬁxer “Qﬁ:f(tﬁé %m orNBé %%sotgfivhlcm‘e% ﬁfﬁchecgﬁ)%m%%to 1ONRLR3,

- NRI R R2, or -SR2, Wherein said alk

al kenyrhcmhd:rkej{ hgterocyylad xmg w;ziCh ig 9pﬂ1@mﬂlk)sub3titytled V\h@ltleprtodbﬂtﬁb gtOUPand

het er ocycl yl. al subS|tu W t h uptofl ro

" ndepetiatien it eisckadtam B baty SRgeAT okt Sxprofo SRR | . o

al kynyd; cm%m hé:8/, akido Chictéroay iyl anki et kylt ri fluoronethyl,

di fl uoélglrlréa;t%ﬁg%lo%yt rifl uoregrr(\se;%%’hoxy? azi d? 3-”lNRI SCJSE%M%Y NR3R1, -C(0) R4,
-C(0)OR5, -0C(0)R4, - NI}%C( 0) OR6, -NRIC(0)R4, -C(0)NRLR3, -NRLR3,

- NRLC(®@)WRIS8, wheo (a0 #gachedstypthe same atogror arg @ftaghsd e pjipcens atpms,

het er 1yc| Al k here

et VR ke BB o e ol T S UEbBRL o

[ ndepe41d>em h¥mberee bkrebdytidaring W,ludmlb @gﬁﬂnalkyysabmtuezlwdm up toGREee glRiupss Cl- C6

al kyl ,  C3-C6 cycl oal kyl, aryl, yl al ky het eroaryl , heteroar El kyl ,

het er d@genepdently Sﬁ@F@ld(fEW: e epkwonseﬁtmawéhelog%wxaf Yo B9 lﬁ.fﬂ

cyclo t heterocyclyl and

A T e R P L B R P e e

i ndependently sel ect ed from t he group consi sting of oxo, hal ogen, cyano,

- OR5; cRBNheselhyvdteogb rand @’ axe{ﬁta;;hko}lto the:zame@tcmil Rearg laftacied to:edjacqoy atoms, C3 - C8

cycl oal k R coak ter I wher e
s;i d Z*k%}d ¥t Itagf1 etheé)‘fe ?/lofn?if”k@ﬁ t@r‘%l&lyl&p‘ e & #‘%‘%@C’F’#f‘ﬁ] kyl
can be4 glishthnbted hwemyumc hﬁ%m hicéh id rogu@muyrmaﬁmée mlﬂyupsei thfde@odpsom 0xo,

hal ogen, cyano, azido, - i s hydrogen, Cl-C6 al kyl or C3-C6
cycl oallnii@ﬂendqm]efr@epﬁé fmnkshe mum@nseﬁmgw hél@ﬁerb@xgu%ppﬂﬁ@éerqmthylup to

<y ol By RS AR e B SR R B sy HRER IR 77 5 T T

cycloalkyl C3 C8 cycloalkylalkyl het er ocycl yl , heterocyclylalkyl wher e
sai d adrkyﬁerelﬁwdienal‘lapﬂ Rsmy@hmhkqtmﬂmyMe Ia&meonazycattwhedheaéyawyatqmml kyl

ﬁ:lnoggwsubstg tUtaj(fp éﬂéfil ve %lp;%%ilsnde %%sel sc& ed from 0XO0,
cycl oa kyj (lengﬁﬁlbereh?l@@r&ﬁ%ﬁé ¥h mﬁé}ﬁ%%ﬁﬁgﬁﬂiﬂubﬁ tutealmﬁf'ﬁ’p B&hﬁe@%&@r with

the atons to which are attached can forma 4 to 10 nenbered
het eromglcpmdemlyruglecmdd}pmthevgmomcmmatmglocfﬂnalogyn,wbs@yamt?eldlumqnhﬁthxi to three

O oL SRR Rt B AR RS ralh ! oo

heterocyclylalkyl or Rl and R3 together with the atons to which they are
attached Cawh&@ﬁﬁ14 to 10 nenbered heterocyclic ring, each of which is
optionally substituted with up to three groups independently sel ected from
hal ogen, oxo, cyano, \frifluoronethyl, dlfluoro tri or onet hoxy,

th
azi do, heter ocyc?%?hRantle@ﬁpéP%?BIRMdé?g@?l Cirs 9% Qg Xhith the

atons to which they are attached can forma 4 to 10 nenbered heterocyclic
ring, each of whigh r'8iqpadRnadty GLeshikytiSdCytsdloalRylt &yl HEARIKGT,OUPS VO
2015 002803RCT] LEBh R0/ BafggRatly CHRSLIGHICGICKbodRyL iyl REARILY

heteroaryl, heteroarylalkyl, heterocyclyl or heterocyclylalkyl;

each R is independently hydrogen, C; —Cg alkyl, C; —Cs alkenyl, C; —Cs

alkynyl, C3 —Cgcycloalkyl, C; —Cscycloalkylalkyl, heterocyclyl or

heterocyclylalkyl;

each R'* is independently hydrogen, C,—Cs alkyl or C5~Cg cycloalkyl;



i ndependently sel ected from hal ogen, oxo, cyano, trifluoronethyl,

di fl uor onet hoxy, trifluoronethoxy, azido, heterocyclyl and

het er ocycwpl2alkopbs2zor R1 and R5 together with the atonsPprco/uskiohotshey are
attached can form4 to 10 nenbered heterocyclic ring, each of which is

optionally substltuteg wWith up to three %8‘61};8 i nde endenf(ly sel ted from
hal ogen, oxo, cy&aeh Re'riphydregemmin mirs alkyl. BPFEP}‘R)E? Cyal Y‘Dﬂlo@b hoxy,

azi do, heterocycl t WKV Ihet LS Ikl ., C2 -C6
al kenyl , C2-C6 al’ é“’?’m g %Q%C l%%ﬂ??”,heég‘i“ré@&@‘z é(}aﬁ%kﬁlg@(y? ar yI ,

aryl al kyl , heteroaryl, heteroarylal kyl, heterocyclyl or heterocyclylal kyl;
where each al kyl eaet Rgriyindeaédd;nw Cre§eliod] €yGe carlpalkyhdietaryl and

het er ocycl yl porti ional | tute th up to three groups

i ndependent |y sel® @@P%‘%}/Pﬁ%ﬁn*}%“%&fs‘ z‘ﬁ{er%y‘:&?\j\fé’flkyl C2-C3 al kenyl, C2-C3
al kynyl , cyano, trifluoronethyl, difluoronethoxy, tri £l uor oret hoxy, azi do,
- NR1SO03RZ sait SV tRbreof C( 0) R4, - C(0) ORS, -0C(0) R4, - NRLC(0) ORS,

-NRIC(0) R4, -C(0)NR1R3, -NRL1R3, -NRLC(0)NRL1R3, -0R5, - S(0)R2, -S02R2, or
-SR2; where Rl, R2, R3, R4 and R5 are the sane as Rl, R2, R3, R4 and R5 as
def i ned0008by eFherinwenfiopsisognayides eampatinds ghtediormpladhet er oat ons, whi ch

het eroatons nay be further substituted or oxidized; and mis an integer
fromO to 1; RCis H G -C6 alkyl, C3-C6 cycl oal I, -S2 NR3R1, -C(0)R4,
-C(0)0R5, - C(O)NRIR3, -S02R2, where the al ky-IN’ cycloal l cyl can be
substituted with up to fi \%EQJ’Z)U N{!‘\[ sel ected from oxo,

hal ogen, cyano, azi do, -O0ORY, , and R5 are the sane as
Rl, R2, R3, R4 and R5 as d f|Xeﬁ agove; ts a bond, Cl-C6 al kyl,
wher e the al kyl is optionally substiturR®d with up to three groups

i ndependently sel ected from oxo, hal ogen, Cl1-C3 al kyl, cyano,
trifluoronethyl, difluoromethoxy, tKdarfduleol onet hoxy, -NRLR3, -0R5; where R1,
R3 and R5 are the sane as Rl, R3 and R5 as defined above; X represents 0 or
S; Y awtlaZalgrelvardepsnditodiyalbefuacticad] derovatizegthetepf,of 0, S, NR, and a

di val ent bond; where Rl is the sane as Rl as defined above; RD and RE

i ndependently are selected from Cl-C8 al kyl, C3-C8 cycloal kyl, aryl,

aryl al et eroaryl, heteroaryl al kyl, heterocyclyl, heterocyclylalkyl,
trifluoromethyl, where each of the above al kyl, cycloal kyl, aryl,

aryl al kyks NReh&rogN broupet er oar yl al kyl , heterocyclyl and WO

2011/ 002523PCT/ US2010/ 001897 heterocyclylalkyl IS optlonally substituted

W th u Lo five groups |ndependently sel ected fromthe group consisting of
0XO0, " dga substipedmongrsic, Ry kY, or trigyzele aryl grbeterqarylimeieiret hyl |
difluoronethoxy, tr|fluoronethoxy, where R, R2, R3, and R5 ar et he sane as

Whl ch ﬁ?eyhgdr}ggg[?th gi?gg% 2 (ﬁ)}?dé]‘%%ﬂ%}{) g@% nefrlT‘g g%ﬂﬁl&?gg{??fé ng,

vvh: cht dgh?nmmetha;k)} ﬁlsmgatklyt lﬂgeRCSg/ulkdnyurCzt—@gglhyﬁygC@&ﬁscya&ﬁtﬂk&ﬁlﬂﬁ%i y oo
sel ecte I a en, O vy - - ) s - : _
Sycl anK‘g}Palg{’?ﬁF‘V‘ B Esrs R e bR D YR SO (1SR NE Ko 1O i
aryl, Raubc:(@w aLml‘q@rer oang!et c%d , R NReRE | YINFERS

het erocyc yl al k and are the sane as RI, R2, R3, and
R5 as IR TCHOINR ve—OBr,—RS( RES@zi@eohefSRM wherefresaid a1, etkenpli @ltkynﬁey are

hed d,h [
Subet i Euiaa Ry Yo dald). beregRREEL ARl e ek gt bBonall DB S ™ Y
0X0, -WUR% ﬁvé\@‘cﬁﬁs imdepeidéntly S#RectedFrofabdok Halogdd, CHaTyatkyl] @1-Ky hikenyl, Co-C
trifluoronethy di f |l uor onet hox % trifluoronethoxy, azido, aryl

het er oalkynyl, QBﬂS&V‘FJWlthébe%faX adlkydglkyl, |gpanos géthwme%h dhféwp@egh@m al kyl ,

wher e ) R3 8%0 &Rs ased (gypd
above; ﬁﬁ%l&%ﬁ“ ﬁgx%%grrfehoerrbogeséﬁf’s agB?m dgid is )cé %gl ror co (HjSI 'ng a
E:/c;brrpo;mdNRfcm)n)e)HﬁomRéC(@)R:‘, FQromR 1@3A>—If~IRAR3,, WC@@)NI@MI BORLAD),

1) or (L,Ac any vari oations thereo rmaceutically acceptable
sal t tﬁé@E{) 0$O’é{h aﬁl% detezenygiyt, @nﬁﬁ’@]"eé‘bqydﬁgg Yla phar maceutical |y
acceptable carrier. [0010] I n anot her aspect, provided is a nethod of
treating a hyperproliferative disease in a mammal (e.g. human), conprising
adm nistering to the mammal (e.g. human) a therapeutically effective anpunt
of a compound of the Forrmula (I), Forrmula (A), (Aa), (Aal), (Aa-2), (Ab),
(Ab-1) or (Ac), or any varioations thereof, or a salt or solvate thereof.

I n sone enbodi nents, the nethod is for the treatment of a Her2 positive
cancer in a mammal (e g. human). In sone enbidinents, the the Her2 positive
cancer .is breast cancer, gastric cancer, ovarian cancer.




[0011] Also provided is the use of a compound of the Forrmula (1), Formula
(A, (Aa), (Aal), (Aa-2), (Ab), (Ab-1) or (Ac), or any varioations thereof,
i n the nawofactawe®3of a medi canent for the treatnment of paT/US2010/001897 .
hyperproliferative di sease, such as a Her2 positive cancer in human (e.g.

b t trj L . 0
2011/ 08080 Bskhpdicbo 1r 6 TRG7 T T PIRI-SRY e or SYSoRIY! @BHRSr i si ng a
conMpouR@hsdiutbd &ithQp' T five grdups idePehdentiPseletto@ Yron{ Mo, hhlogbh\ydne, azi¥d) —

(Ab-1) .or, (Ac), or any varioations thereof, and instructions for use in the
treat m&Mof a hyperproliferative disease" such as a Her2 positive cancer
in human (e.g. breast cancer, gastric cancer, ovarian cancer). [0013]

g ovar : t
forth TR CRUANLRICS AT BANGH al T AN Herd el hBUFILY Rk EBleroRIEE
appar ](:,‘ _rméteiqzytllytwkyls&i \Ivlltl)ﬁd leiwh dfhge gbévehﬂﬂfbﬂ, @x:miik}a,t a;rpltn ﬁgrﬂglkjfiehft_eﬂolagxMTRg
speciticatlon,. .o ma e ear.ne ractilce_.o e 1 nventi on. e
agvant éeg@goa@ﬁaltkwé hFWyMGWéﬁnmt%%cyYFEVéﬁkbﬁéa ogtienally substuted Withan® fite ¢ he

instrugﬁg{pgl-' I i i kd rtigl arly
| ai d out |nlﬁ$2&3dggggg§g C g;a ﬁthegﬁﬁéfégﬁ%%%h%%%%?%g[ 0014]
Figure 1 shows the anticancer effect of Exanple 4 against NCI-N87 xenograft
i n Bal R ds hydtegen, €e-Cf 8BI5 > FCgalkenyl, Encdiealkymyl KadhCsnpélgalkyc Banfe of the

NCI - N87 xe raft .Bal b/ c de mice duyring adm.ni stration,of Ex le. 4.
DETA Lt B afkst R el ehoathy B el S sl St RS ks,
compou fh@&rdb@&lﬁl, %&Bodyégﬂhlle&ldﬁh)be isGbdtiteted twithalp t!difﬁ/eﬁg%h;ﬂﬁﬁ&bpéh@éﬂt@m S.
However phos% orus containing conpounds .are rarely used in pharnmaceuticals

becaus &elagtad from e halagen lesievh azidecm9Rand t he phosphorus cont ai ni ng
compounds are often difficult to synthsize. W descri be phosphorus

cont ai ry4 upds~t DRS I (Y AR invitro
and i n@iviqg%}?&g%gl’ %1—,[5(%6 Jfﬁgzll(??a I eéé %ﬁ@égﬁ %%rlg?éhcﬁrﬁlg%eéyt&loéisl&ﬁﬁg}ol?%i tions

[ 0017] stbstiepéd eithewppo €vs lgyoubs independenkig selested friohreotq hhlvgemgyded,iaaidol 6n of
terns senpl oyed throughout this specification. [0018] The term "al kyl" as

i
used h&¥n refers to a saturated |inear or branched-chain hydr ocar bon of
one to twel ve carbon atons, wherein the alkyl radical nay be independently

S:JEslt | RIteRyddbidn ggecpalkwmmaﬂ&yuwws deseyll edchskpmkyb@mees of

a roups 1 ncl uade,

Y %ycloflkylalkyl, heterocyclyl, heterocyclylalkyl, where said alkyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyclylalkyl can be substituted with up to five groups independently

selected from oxo, halogen, cyano, azido;
R® is C;—Cg alkyl or C3—Cg cycloalkyl, C;—Cg cycloalkylalkyl, heterocyclyl, heterocyclylalkyl;

R’ and R? together with the atoms to which they are attached can form a 4 to 10 membered
heterocyclic ring, each of which is optionally substituted with up to three groups
independently selected from halogen, oxo, cyano, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, heterocyclyl and heterocyclylalkyl, or R! and R together with the
atoms to which they are attached can form 4 to 10 membered heterocyclic ring, each of which
is optionally substituted with up to three groups independently selected from halogen, oxo,
cyano, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, heterocyclyl and

heterocyclylalkyl;

R' and R* together with the atoms to which they are attached can form a 4 to 10 membered

heterocyclic ring, each of which is optionally substituted with up to three groups



WO 2011/ 002523PCT/ US2010/ 001897 but are not limted to, nethyl, ethyl,

n- propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,

i sopent ylwoterttoopeat yl , hexyl, isohexyl, and the |ike. Woraspoiehersped al kyl
radi cal.s are Cl1-8 alkyls. Mirre preferred alkyl radicals are Cl-4 al kyl s.

0019] ."Al k " ref to th id but . havi
bi val eidspeidens setecied hamAposta. St uti: Gt Rty b ALBIRIRE b opyi ene
(- mzc'ﬁ@ﬁ@éﬁmthbﬂ?ﬁfa@]dfo?ﬂ&eﬁo@&ﬂ?f A KemtbeydARRYE of R lah@ 3 kogkhdphathched- chai n

hydrocarbon radical of two to twelve carbon atons, containing at |east one
doubl e atvarsdo vdueththey arstdtanldd caprfopedytd 10 ameinbened hétrrocyelivaiing, gachhel vahirkny |

radi cal. ) opti.onal | y. substituted independent | i r e

ubst | Lo SEBEE yolp BB 18 g B HEGRRIEEN iefee i BomBicen BT

"t rans’cysto, @ifharoraedyl, aifikréraéthaky, @ilioromethoxRdazido, heter@ychll andis. The

preferred al ker%l radicals are those with 2-6 carbon atonms. [0021] The term

"al kynyeterqcgelglatktlo a |inear or branched hydrocarbon radical of two to

twel ve carbon atons containing at |east one triple bond. Exanpl es include

et hynyk, |, the i I 8] || 1Re eal y be

opti on[arlrleglregu g's1at,j|1 tcl:JGt% e l’i@nzd_edﬁgﬁﬁg%ltl’\% %Etnhwt}ﬁ’e@opé %élgé sglbs ict:ggnts

?83 (2: r2 i bgﬁozﬂtteylellay'l', aﬂlfd@kaﬁl@flzllwm?myl, tieaadcbar{;allaﬁ(yﬂrﬂ;ct dtdnaco&l)ﬂiojﬁ hlctlardwnlyglqui .
ete yel o ef er 0 saturated or, partially unsaturate

ool 1o Wyt eRAlssh ey b &l FRGoR kU B BT i rEroei g potims

wher ei Bplibigig %abamhtkd witktip teeh&etgka@@mdeﬁémuyts%@@d ifogeaes daizty, @it h one

or nore subsfituents described hérein. The term "cycloal kyl™ further

i ncl udé€s alkpl, heGealkenyl s hlikyngla dyano; tifbloremethyl, defluopomethpxiat ur es, wher ei n

t he bi lic and tricycli tur Y1 NC a s ed fially
unsat u SRS RERP s A B O "SSP By o R ke Hopas

cycl oal kyR'ofo)ur’eraer &t @Ry -COYERER®, anN&' B, -oNRIE{ORIR/| —+ORY —Spi r 0

noi eties are al so,included wthin the sgope of this definjtion, Exanples of
cycl 0aSKQIR gro¥@eR’ erctiRe; Whene Bis B s R iand Rearerthe sapeproRrdoyR Byasdobut yi
cyclo 0 in &ekasaRLxl i ke.
[%023??’%%5?%1%1%’%%%%%1%§¥§+I%9?&B)r%énns an a+r%3}7ie teﬁ%lrtg@%/%gh ggtgf ngﬁn 4above)
subst i imtyed fuithdr sabgitated oporidiaed] arl tyi$ amrbitegey froal 8@ ks defi ned above). The
preferred cycl oal kyl al kyl radicals are cycloal kyl-C 1_3 -al kyls. Exanpl es

i ncl ude propy hyl, (1- cl ghexenyl)e 4 an ki ke. WO
2011/ 0%23%%&%&0&%&0?%%4]’ ggﬁﬁﬁzt ér’ﬁkﬂég%roﬁlﬁgwsﬁ efers to

sat ur at?é?l@R‘lﬁéLLS@iR wHERAhMERY ESk dylcRRARY] @4n BE ARNRELCRHAK Dp Y HVO sRAUBON
radi cal of one to twelve carbon”ators, wherein at |east qne, of, the carbon
atons indepersleaty selodtechframaoe halagemesaice ezidd, F+OR: swhae RorRS R aRdanhRr ei n
t he radical maé/ b%l 2C KQ{m Eiﬁ?;i C%Iﬁr(l)rdarb?)tve,roatom radical (i.e., the

het er 0&t% Iir%’i 3Sp ear’ ot K%M A€ B the end of the radi cal). The

het er oat om nmay be oxi zed, such as S(0), S(0)2. The heteroal kyl radical may
be opt iQpfeptdsents b bshd, IQ|t€shlkylgeherdrnilkyl isiobtiomlly substitoted veitibap o theset S
descri bed herein. The term "heteroal kyl" enconpasses alig%y and

het er o8FRps indenendently selegeb Epmero, halpgen, Carlerddiex cxpne, triflugramethyls sat ur at ed
or_par Ll dmURSA WG ImEEKlC g0l Ok: Sutle R MBI WB Heailagh at

| east one ring atomis a het el oat om s&l ect €d Tt omni trogen, oxygen and

sul f ur R't RkardeRrBdsndefiged abuyeat oms bei ng C where one or nore ring atoms nay
be optionally substituted i ndependently with one or nore substituent

descri g@d bel gw,. The radical may be a carbon radi cal or heteroatomradical.
"Het er SLiFRISIMS Q¥S5i ncl udes radical s where heterocycle radicals are fused
wWth aromatic or heteroaromatic rings. Spiro noieties are also included

wi t hi nyt el ZeeAdeendéiitly sdRtiediftdno B gréupadh, e NR', hed g dbaysl bahdsyherd RYs
include, but are pot limted to, pyrrolidine, piperidine, piperazine,

t et r ahjaithepypaayR, asdsfisRdrPONE; t hi onor phol i ne, honopi per azi ne, pht hal i ni de,
and derivatives thereof. [0026] The term "heterocyclyl al kyl" neans an al kyl

noi ety | ! i _(Qr 0 noi ety
(al so ffl{'(s gﬁggﬁggove;%ﬁ'ﬁﬂpﬁ({e?g&ﬁ' %éel? }ed?ggydé |°§F§F‘E§¥fi)§?’ga?‘§g“fr 1gyl’ar e
het er otytetoaryl(heterdaryddlkyll beteroxpetpl, beterangtlythikyl 2Ariflapromethbiylovherglepoteofiyl , ( 1-

pyrrolidinyl)propyl, d the like. [0027] "Aryl" ns.an aropati

car boc{® ‘?q’ V%) E](!ﬁig CH%K)?]EZ&I’ R ’i%@wﬂf t}‘?ber?%y bﬁe%fﬂ%ﬂ%ﬁyﬁ hﬁ{?F?"‘iyﬁ[;i aF‘ﬁngs

(e.g., biphenyl), or nmultiple condensed rings in which at |east one is
aromatic, (e.g., 1,2,3,4-tetrahydronapﬁ?hyl, napht hyl ), which is
optionally nono-, di-, or trisubstituted with, e.g., hal ogen, |ower alkyl,

| ower al kyl oxy, trifluoromethyl, aryl, heteroaryl, and hydroxy. [0028]
"Heteroaryl " nmeans a nonocyclic aromatic radical of 5 to 10 ring atons or a
pol ycyclic aromatic radical, containing one or nore ring heteroatons

. o N o oy —— T L



WD 2011/ 002523PCT/ US2010/ 001897 [0029] The term "aryl al kyl" means an al kyl
noi ety (as defined above) substituted with one or nore aryl noiety (al so as
defined awowe)1/003sze preferred aryl al kyl radicals are arpycT@s2o18/0018af kyl s.
Exanpl es i ncl ude benzyl, phenylethyl, and the like. [0030] The term

"het erogaryl al kyl" nmeans an al kyl ety (.as..defined abov substituted with
a het engistameirally® patorally Bheiru R vEh e B eeo i R R 3P et

radi calge @oflp Bonstin oFORD HaBskehedyne A YORE -LNR 'Ra| KO, RExagR’es i ncl ude
furfuryl ~—oxazol emethyl, pyridylethyl and the Iike, 031] ,The term "hal 0"
r epr esémnitleorpimgthyb diwdremethopy driflueromasiaexy, whreR s &, khand & arethe paaeas

refers giopa 3l uqrjs l.onine, bromine, or iodine substituent. [0032] In
one asget ,’%r%gi%ggd?é&g%gﬂgoundof Formula (A): HNI -RA (A wherein: W

is Nor a CGCN group; RAis a substituted nonocyclic, bicyclic or tricyclic
aryl oR“hed®begytherwitkthe, atoms enwaichlthdykark agadhep caiRBorinsa #yeli 0 gemberal ogen,

cyano, nitro, trifluaromethyl, difluyoromethyl, trifluoronethoxy,
d 1 uoPBsEReNBiS Tings Whieh niippallx subsestes) YR pp to oy BrORPSESPTeds _ cp

| oal - |_kyjretl KWir! I 2 | kyl,
"N So3HEt et g R AL QLIS IR AT RRORYE o B T SR

- NRI C( @y&dalkylc(teiflnRiorS:thyl NRfIRGrometiMRlyCrifJudiRbiRSthox ) RBidos 8yb)hRRroar@02R2 or

-SR2, wherein. each | d al kyl kenyl , al kynyl cl gal 3 5

cyol ol RIPHRDFEREN RSk feriteyaflmrib sy Bt ot BB trast or

opt i onghd sanfeURK" REIFED aNd RPadd:fined hbyw:; gr oups i ndependently sel ected from
the group consisting of oxo, halogen, Cl1-C6 al kyl, C2-C6 al kenyl, C2-C6

al kynyl’, ¢3-C8 cycloal kyl, C3 - C8 cycloal kyl al kyl, cyano, trifluoronethyl,
di f 1 uoodRetand R/, together| widh Bewterpxtp, whigh they are NFachpdsemrgpzm astplNR' R 3, R 3,

-C(0)R14, - - 0 e -

2011/ 5&%@%@%&%‘/38&%8@% is oBBBnalllg(sg%Qﬁ}tgd with L}QQO five groups
independently selected from halogen, oxo, —ORS, —NR1R3, —SOZRZ, —SR2, C-Cealkyl,
C,-Cecyclylalkyl; trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl and heterocyclylalkyl, where R!, R% R?, and R’ are

the same as Rl, Rz, R} ,and R’ as defined above;

[0009] In some embodiments, provided is a composition comprising a compound of the
Formula (I), Formula (A), (Aa), (Aa-1), (Aa-2), (Ab), (Ab-1) or (Ac), or any varioations
thereof, a pharmaceutically acceptable salt thereof or a hydrate or solvate thereof, and a

pharmaceutically acceptable carrier.

[0010] In another aspect, provided is a method of treating a hyperproliferative disease in a
mammal (e.g. human), comprising administering to the mammal (e.g. human) a ‘
therapeutically effective amount of a compound of the Formula (I), Formula (A), (Aa), (Aa-
1), (Aa-2), (Ab), (Ab-1) or (Ac), or any varioations thereof, or a salt or solvate thereof. In
éome embodiments, the method is for the treatment of a Her2 positive cancer in a mammal
(e.g. human). In some embidiments, the the Her2 positive cancer is breast cancer, gastric

cancer, ovarian cancer.

[0011] Also provided is the use of a compound of the Formula (I), Formula (A), (Aa), (Aa-
1), (Aa-2), (Ab), (Ab;l) or (Ac), or any varioations thereof, in the manufacture of a
medicament for the treatment of a hyperproliferative disease, such as a Her2 positive cancer

in human (e.g. breast cancer, gastric cancer, ovarian cancer).
10



NRI 1C(0)R14, -C(O)NR 'R 3, -NRIIR13, -NRL I C(O)NRLl IR13, -O0OR15,
-S(0)R12, - S2R12, -SR12, heterocyclyl and heterocyclylalkyl; T is a bond
or a di vaverviwmes2sal forned by renoving an additional rgarusgen/catsom from a
Cl- C6 alkyl, C2 -C6 al kenyl, C2-C6 al kynyl, C3-C8 cycl oal kyl, C3-C8

cycl oal kyl al kyl, aryl, arylallcy], heteroaryl, heteroarylal kyl,

het er odQHR]| Also ﬁ&@féﬁ/e%wcampﬂsenm%méaé thediarais by Foriy R

al kyny aalkyl l ¢ i Bat § d or
ot | o R ) A DL B e e r o
t he gr authectmasneit dfig hpperprodiferataveodjesase,Clsu@Basad Hyi2 pasitiveZangek amirimarc2 - C3

al kynyl , an trifl L{OI’OTTE'[ hyl , .di fl uoronmet hoxy, trifluoronethoxy, azido,
CNRI | SEpRPIcast seigpytRg Sancep 0y FEA Canceny 0y or15, - 0C( 0) R14, - NRL |
C(0)OR15, -NRII1C(0)R14, -C(O)NRI1R13, -NRI1R13, -NR [C(0)NRI 1R13, -O0OR15,

- S( 0) Rjdb13] SR Zora ddvanklipds akd héved fdx0uids 6f this inhtiahkyhll by tertiispdred al kyl
is unsubstituted or optionally substituted with up to three groups

i ndepeitibsidescriptipn thas doltavsandin Rarbp! besemeappargnie thess skileddn s arcl - c3

anc. - oA gmiblidd RO RTIoMthg oSicl RO TR R beebighd kPRRTRLIER e 28 | T

Cl-C6 adveytion. Che @dvantages af Kiel inverfion miiyBhd realitednB4ttain€d By dikans of Be0) NRI R3,

or -52R2, wherein each said al kyl .and cycl gal kyl is ynsubstituted or

opt i on&SHYMERBEHES GPRGINAHPRS, G%‘nPBSIPP%a’@ﬁ/ B ods H%fé‘ﬁ‘élﬁaééiﬁlayu%‘é‘ltéﬁt ed from
the grg n99@§15ﬁ+§.”9 of oxo, halogen, cyano, azido and -OR15; RDis G -C8
al kyl , -C8 cycloal kyl, aryl, arylal kyl, heteroaryl, heteroarylal kyl,

het erocycl yl or heterocyclylal kyl, wherein each said al kyl, cycl oal kyl,
aryl, arylal kyl, heter oBRYEE DESGRIBTIQNADKYHE RieRBSycl ylI and

het erocycl yl al kyl is unsubstituted or optionally substituted with up to

congi SHHAT o TEF TSR b A b AR P U RE DA Drbigge' 07 01

trifl usabrehdds micdi f | uor omet hoxy and trifl uoromet hoxy; and RE is Cl-C8

al kyl, C3-C8 cycloal kyl, aryl, arylal kyl, heteroaryl, heteroarylal kyl,

het erocycl yl or heterocyclyl al kyl, erei n eac | d al kyl cl oal kyl ,
aryl, i) Ejeure dshaws e fody g tdyﬁwa?ﬁp? Meﬁ@r Xpere)i Balhly nude mite

het er oguﬁ}%&ﬁmlﬁyslﬁa{ign _PEPaﬁﬁgf%IElAt. ed or optionally substituted WO

2011/ 002523PCT/ U8201070018 with up to five groups independently sel ected
fromthe group consisting of the %&oup consi st n% of oxo, hal ogen, cyano,
-0OR15, -NR11R13, - SCPRTAILEBRRESCRIPTION InEHEYNVENTIQNr onet hoxy and
trifluoromethoxy; or wherein RC and RD are together with Y, Q and the atons
to whi e [ 0] |G . ring
wni on TOI8bE P3RS SRRk BonBRdh tht BT VLT MR SHRENE dof dptd

sel ect eherhicsls) Howvegephosplvras Sdritdigingfcohfloagdyare eatoly uséRirbpharm&6qiRt2ls Cl - C6
al kyl; C3-C6 cycloal kyl, trifluoronethyl, difluoronethoxy,

trifl ubpEHEs maskyof themepse known toxcaseang 4hg Phosphqrus, pRRRININGAOMRORAYS AP Ky | |

het ero ] Cy vl - [WaZ %%, t aken toget her
W th Ygﬁ% g‘#&@ﬁ‘é’%ﬁ@ég 'o?&lbjés/&éa%tE }ébr% P%&%%Eeﬁteyﬁ% e t({ﬁggﬁgﬁt to forma 4 to
10 nendeneskthaeidentcyckt activitivg bokh mhviire angin vive) dnd witlbftviotalleed With up to
five groups inde endent.lgl selected fromthe group consisting of hal ogen,
oxo, - Pegdmgeologiepl prpperties. seoR12, SR12, C - CBal kyl, C - Céeycl yl al kyl |
trifluoronethyl, difluoromethoxy, trifluoronethoxy, azido, aryl,

het er o phitiops Y1 al kyl , heteroaryl al kyl, heterocyclyl and heterocyclylal kyl;
Wherein:” each R1L is independently hydrogen, C -C6 al kyl or C3-C6

cycl oal kyl , wherein each said al kyl and cycl oal kyl is_ unsubstituted or
option mqylgi s Hrsepttasiespregsly ﬁef@m:dt erwise, the following definition of terms is

employed throughout this specification.

[0018] The term “alkyl” as used herein refers to a saturated linear or branched-chain
hydrocarbon of one to twelve carbon atoms, wherein the alkyl radical may be independently

substituted with one or more substituents described below. Examples of alkyl groups include,
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groups i ndependently selected fromthe group consisting of oxo, hal ogen,
cyano, azido and -O0OR15; each R2 is independently Cl-C6 al kyl, C3-C6

cycl oal kywo 2arwdozs2ar yl al kyl , heteroaryl, heteroaryl al kylpcThst@ooaiset yl or
het erocycl yl al kyl , wherein each said al kyl, cycloal kyl; aryl, arylalkyl,

het er oaryl , heteroaryIaIkX het er ocycl yl and heteroc%il Iglkﬁl i% '
unsubsbrtare eet lmiteshd, sreamy ,;ﬁt%ﬂbeﬂq SEORPPY: By e50PRGs Sge-Supyd tert-butyl,

oo R S AR IS A A S e

al kyl , CI;gaH@ﬁ; a\lflkﬁ:rptéﬁerréﬂa}l@ﬁradidaysr@té C1GalkylsC8 cycl oal kyl -
cycloalkylalkyl heterocyclyl or heterocyclyl al kyl, mhereln each sai d

e B3 AR LS ol L5 TR VL 1

i ndepegaeink \ndgdeSd ot gbgmﬁl CH HPxo, hal ogen, cyano,

azi do aﬁg 0&15 201%/8%2?%% ? 010 }001§g$ eé%ﬁ R4 is |ndependently

hydr ogen, -C6 al kyl or C3-C6 cycloal kyl, wherein each said alk and
4 4

cycl oal[(mmu sThertemm Salkenyt erefers t@émaé@abrapcwa@ham hydracarbemradisal of pyote

groups d ng | { C en,
0 0uPS | JUERGAE: b, SPGB B WAHRR gLl i, S g
ﬁl kenylhke lG:’Ztlxeréiﬁ tlﬁé Hyenyll ;racfi‘c’etlnlia heyaﬁtmhlkykubsﬁﬁlﬁedﬁad?emﬂaaly«withbfqg/bnl ol
eterocyclyl ar heterogyclyl a ein each saij cycl oal ky
cycloaPKV?ﬂ#ﬁ?ﬂwnﬁéF§F3€9$$?WnéHQIW%Wg? ?h@ﬂk%l“?smﬁﬁ§ﬁﬁ§¥ltuted or

opt i onghL¥aGaRShe dithEHiy gt Enc? oz § bﬂ&tﬂm@m dﬁl@?e?%ﬁ%ﬁ&hwraﬁﬁhﬁ%@d from

the group consisting o al ogen, cyano an or “wherei n when R
and R2 tlarse watht2a6 kardboh atonise sane atomor are attached to adjacent atons, Rl
and R2 are together with the aton1or the atons to which they are attached

;3be1(:) |r {f‘}f@éb v;ﬁ} #eﬁ‘b eggyxpﬁr éezefgj g‘:‘%"%@%%ﬁﬂ%%ﬁ'@“’?éﬁ%%? aPP%)Jﬁ% Re group

consi styéde @zf:bb@hl‘éﬁ%rbon%ﬁn% ﬁM@ﬁ‘.@ oné kit BoR® Bxahiples 1ﬂd:lflliél@th9ﬂi§ﬂt Iblagjmyl

trifluoromethoxy, azido erocyclyl ‘and heterocyclyl al kyl ; erein

when Rendthe like, wherein the eheaykredichlemay ke ontienally subgtisutad @r&b’necﬂepﬁy Adthacent
t R and R3 h t h
They: B of PR S Geh S HERbQORLO, Bitiiel AGALOTUREISIS AhATRS bnY! ]

opti onatdnys. substituted with up to three groups independently selected from
t he group conS|st|ng of hal ogen, oxo, cyano, trifluoronethyl,

difl th trifl , d het | vl d .
et er oEBRY | AP bR, ot b saatedhorar S ase et prdrosben at om
or ar e il ARMAHe HOnPEkA0S8 HveREBFbon B{orﬁ‘sn@vlﬁfhﬁﬂ% cty%ifﬁﬂ(ytl ﬁﬁﬁtﬂéprtlﬁhé]Ef the

atom or the atom; to which they are attached to forma 10 nenber ed
het er osyhstituted indgpendently with ope bomakd wbsutusnﬁstdmoedvemhmlm g h@éemhr ee groups

i nd dent | | ected from.th f h
i g G A R A R S T e
het er ogwaivycliclandl trigiclivhgi@ines Wi Nndthid@s dattiatellr & patdaghedatufatdédre same at om

or are attached to adjacent atons, RI and R5 are taken together with the
at om oreyelpaketfgsas tp@ smr@tnd phpa,malnlseu@aatta@qqé ayelealkyl on heterogyslopdk il emg o ed

het er Or%]% S.m flete $ 1ro me%@gg.lleyal?o 1p1§ﬁ1d%d"{v?tﬂm\f’\fh% Qf(gﬂt dfThik *&Eﬁ‘ﬁiu% ou ps

i ndepe VP8R consi sting o OXO0,
trifl uekemplebyf cyd@zﬂkyl(grr@lmstlhﬂﬁ&e, bhf m*elmohm’med [TORY clopﬂjpgﬂq ,cyﬂebeuyncycl yI " and

heterocyclylalkyl wherein:. WO 2011/002523PCT/U82010/001897 each R' is
i ndepeGHEARINYHSHHAEEN, crsloheptylaadamangl, rosbergnes anddhe like-
[0023] The term “cycloalkylalkyl” means an alkyl moiety (as defined above) substituted
with one or more cycloalkyl moiety (also as defined above). The preferred cycloalkylalkyl
radicals are cycloalkyl-C |3 -alkyls. Examples include cyclopropylmethyl, (1-

cyclohexenyl)ethyl, and the like.
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each R12 is independently Cl-C6 al kyl, C3-C6 cycloal kyl, aryl, arylalkyl,
het eroaryl, heteroaryl al kyl, heterocyclyl or heterocyclylal kyl; each R13 is
i ndependewol2g1impelizagen, C -C6 al kyl, C2 -C6 al kenyl, C2prcTasadikypmgb7 C3 - C8
cycl oal kyl, C3 -C8 cycl oal kyl al kyl, heterocyclyl or heterocyclylal kyl; each
R14 is independently hydrogen, C-C6 alkyl or C3-C6 cycloal kyl; each R15 is
hydr ogd@024t] Thegemm émt‘?m@@(yl’@fﬁm feypfyrategtor pagially ppsajirateddine@tsorcy c| oal kyl |

C3 -C8 4 t i - R16 is
mclepoRATEPREEh Ridhbbarb e REARKE b olue B oA HEGals Bty PR RAE BT

het er oghecdayborodtote iseplayed withlakieterostomasekealet fivm dIOy ok 8, artbwhatinthO33] | n
sone enbodi nents, the conpound is of the Fornula (Aa): RE-Z4, A -.

, P Q Nradigabmaxdex qagbanyadicabgr iwt@%tpw rA%,cal e., e heferoatam ay apreaf b

t oget her: LY 8- ; , 51s
 ndepogidl ol ShR gnd oY B TECR) el HoRaiay SO rdl syt XOR%
A4 and héferdatkyd raditad noythenopiehalty subsfitutad intkepegdently witinoins 01 mgreofubstitudhts and

gi k;‘ Pgﬁg;[cgbg& g%fgiq(.)a' ﬁg %&A?}#Eﬁ%ﬂkﬂ?ienﬁﬂﬁagges%?kgxsy a%d%rete%_glkg(yi rsadgal_sps
[0025] The term “heterocyclyl” refers to a saturated or partially unsaturated cyclic radical
of 3 to 8 ring atoms in which at least one ring atom is a heteroatom selected from nitrogen,
oxygen and sulfur, the remaining ring atoms being C where one or more ring atoms may be
dptionally substituted independently with one or more substituent described below. The
radical may be a carbon radical or heteroatom radical. “Heterocyclyl” also includes radicals
where heterocycle radicals are fused with aromatic or heteroaromatic rings. Spiro moieties
are also included within the scope of this definition. Examples of heterocycloalkyl rings
include, but are not limited to, pyrrolidine, piperidine, piperazine, tetrahydropyranyl,

morpholine, thiomorpholine, homopiperazine, phthalimide, and derivatives thereof.

[0026] The term “heterocyclylalkyl” means an alkyl moiety (as defined above) substituted
with one or more cycloalkyl moiety (also as defined above). The preferred heterocyclylalkyl
radicals are heterocyclyl-C ;.3 -alkyls. Examples include (2-tetrahydrofuryl)methyl, (1-
pyrrolidinyl)propyl, and the like.

[0027] “Aryl” means -an aromatic carbocyclic group having a single ring (e.g., phenyl),
multiple rings (e.g., biphenyl), or multiple condensed rings in which at least one is aromatic,
(e.g., 1,2,3,4-tetrahydronaphthyl, naphthyl), which is optionally mono-, di-, or trisubstituted
with, e.g., halogen, lower alkyl, lower alkyloxy, trifluoromethyl, aryl, heteroaryl, and
hydroxy. '

[0028] “Heteroaryl” means a monocyclic aromatic radical of 5 to 10 ring atoms or a
polycyclic aromatic radical, containing one or more ring heteroatoms selected from N, O, or
S, the remaining ring atoms being C. The aromatic radical is optionally substituted
independently with one or more substituents described herein. Examples include, but are not
limited to, furyl, thienyl, pyrrolyl, pyridyl, pyrazolyl, pyrimidinyl, imidazolyl, pyrazinyl,
indolyl, thiophen-2-yl, quinolyl, benzopyranyl, thiazolyl, and derivatives thereof.
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to three groups independently selected fromthe group consisting of

hal ogen, cyano, oxo, - OR15 and Cl-C3al kyl; provided that Uis attached to
t he five-werbarvmeb2Bet eroaryl through a carbon atom on treThiSR@ooarsy? ; RF i s
hydr ogen, hal ogen, cyano, nitro, trifluoronet hyI di fl uoronet hyl ,
trifluoromet hoxy, difluorognethoxy C6 al

cycl odP@3Alal F@ﬁteﬁﬂe@’é’ﬁ%&ﬂ [gans m@dwbw&%(aé@éﬁped al?@l-:?ecg X OadlS(’%LRIP@,Rl

-C(0) ¥

0L By R U s ORI O8I -
Rs, RGlkyRDExashpkks indledeisendel, pharyldthyl, fud thellke( A) ; or a salt or solvate
thereof. In sone enbodi nents, the five-nenbered heteroaryl Is selected from

the gr sting of 34 orree d| one und i s of
e O 2 e oy e A PSSV I8 SRR b5 sGRIRRRTS L O
ar e as,geh haetdah?nd detlnBll ab¥e) AT HAprefedt d&@ty lalyeERRald 035br | N soNME
enbodi rrlents tﬁ{aﬂcorlr%gg%gd S o%a theg Forir)ml ae( -e @dr?a } . '
6-membered heteroaryl-C ;_; -alkyl. Examples include furfuryl, oxazolemethy pyridylethyl

and the like.

[0031] The term “halo” represents fluoro, chloro, bromo or iodo. Likewise, the term

“halogen” refers to a fluorine, chlorine, bromine, or iodine substituent.

[0032] In one aspect, provided is a compoundof Formula (A):

A
HN’R
E_
ng Z‘P’Q‘N/T \j"
RY—-y~u '
X RC N/

(A)
wherein:
W is N or a C—CN group;

RA is a substituted monocyclic, bicyclic or tricyclic aryl or heteroaryl moiety, or an arylalkyl
group;

R is hydrogen, halogen, cyano, nitro, trifluoromethyl, difluoromethyl, trifluoromethoxy,
difluoromethoxy, C; —Cgalkyl, C, —Cjs alkenyl, C; —C3 alkynyl, C3 —Cs cycloalkyl, C;—Cg
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, —NR'SO;R?, —S0O, NR'R?, —C(O)R",
C(0)OR®, —OC(O)R*, —NR'C(O)OR®, —NR'C(O)R*, —C(O)NR'R’, —NR'R’, —
NR'C(O)NR'R?, —OR®, —S(0)R?, —SO,R* or —SR?, wherein each said alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkylalkyl, heterocyclyl and heterocyclylalkyl is unsubstituted or

optionally substituted with up to five groups independently selected from the group
consisting of oxo, halogen, C;-Cg alkyl, C,-Cg alkenyl, C,-C¢ alkynyl, C3-Cg cycloalkyl, C;3—
Cs cycloalkylalkyl, cyano, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, —
NR''SOR", —S0,NR''R", —C(O)R", —C(0)OR", —OC(O)R'", —NR''C(O)OR"", —
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wherein W X, RA and RB are as defined for fornula (A); or a salt or

sol vate thereof [0036] In sonme enbodi nents, the conpound is of the Formula
(Ab): HN-WO2RD0023¢3" X RC N H (Ab) WD 2011/ 002523PCT/ US20ABLQ0L0883%7 wher ei n
Uis Cl-C3 al kylene optionally substituted with up to three groups

oras ¥ e MR URT, RS R AN R e e P g

defi nedyd @12 f ORI RetbALvclOl ard RBrbcRIylgRLVat e thereof wherein W Q X, Y,
Z, RA dsl%, RC, S%g’ar}d&R‘écglre as ée?}?'nyed or formula (A); HNRA (Ab- 1);

wherein U WX, RA and RB are as defined for fornula (Ab); or a salt or
sol vat & ishoadfor prdivadent radieal ferimpdshy remoyingeantadditinnal hydrogen atom from a C—

Cs alkyl, C; —Cs alkenyl, C,—Cg alkynyl, C5—Cs cycloalkyl, C3—Cs cycloalkylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl or heterocyclylalkyl; wherein each said
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl and heterocyclyl is unsubstituted or
optionally substituted with up to three groups independently selected from the group
consisting of oxo, halogen, C;—Cs alkyl, C,—Cs alkenyl, C,—C; alkynyl, cyano, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, —NR''SO,R'2, —S0, NR''R"”, —C(O)R", —
C(0)OR"*, —OC(O)R", —NR''C(0)OR", —NR''C(O)R'*, —C(O)NR''R", —NR"'R",
—NR'C(O)NR!'RB, —OR'5, —S(O)R"?, —SO,R'? and —SR"?;

Q is a bond or C,-C¢ alkyl, wherein said alkyl is unsubstituted or optionally substituted with
up to three groups independently selected from the group consisting of oxo, halogen, C;-C3

alkyl, cyano, trifluoromethyl, difluoromethoxy, trifluoromethoxy, —NR'R!? and —ORY;
XisOorS;
Y and Z are independently O, S, NR' or a bond;

RC is H, C;—Cg alkyl, C5~Cs cycloalkyl, —SO, NR’R', —C(O)R*, —C(O)OR’, —
C(O)NR'R?, or —SO,R?, wherein each said alkyl and cycloalkyl is unsubstituted or
optionally substituted with up to five groups independently selected from the group

consisting of oxo, halogen, cyano, azido and —OR";

RP is C;-Cgalkyl, C3-Cs cycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl
or heterocyclylalkyl, wherein each said alkyl, cycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl and heterocyclylalkyl is unsubstituted or optionally substituted
with up to five groups independently selected from the group consisting of the group
consisting of oxo, halogen, cyano, —ORIS, —NR“RB, —SOlez, —SRIZ, trifluoromethyl,

difluoromethoxy and trifluoromethoxy; and

RE is C;-Cgalkyl, C3-Cg cycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl
or heterocyclylalkyl, wherein each said alkyl, cycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl and heterocyclylalky! is unsubstituted or optionally substituted
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[0037] In sone enbodi nents, the conpound is of the Fornula (Ac): (Ac);
wherein T, WX, RA and RB are as defined for fornula (A); or a salt or

sol vat e tweneufoop2838] I n sone enbodi nments, the conpoun&ciraisediohsoFor mul a
(A, (Ad), (Aa-1), (Aa-2), (Ab), (Ab- 1) or (Ac), wherein RAis selected

erbodi WERTE 1 RA¢ FEbups deHerbiently Gledd Fab b aEroupropbuse) oF e

enbodi f HReE b4 1 ,
oy g s R o, O e R eser T oy oy rifthorofubin®)

sel ectérﬂlubmmthdwagldduﬂu@mnmitM)dyng of hydrogen, hal ogen, and -OR5; or a
salt or solvate thereof In sone variations, RBis hydrogen. RAis 0 Clor

group consi sti - 4

bod: b SRR TG 68 Rer ) REERnaa aropio wiidthey p 4Rse

(Ab), fot¥a-ald to010 ﬁl@ﬁﬂ)ereﬂ Ihewik)’cy‘éﬁé nﬁgw}@ﬂsls@@asmdllg&dlbktﬁueﬂnvit}v\tqefcﬁﬁ% is 0. In

sone WO 2011/ 002523PCT/ US2010/ 001897 enhodi nents, X is LRy SO ” 13

vari at &HBs ingdgpengently selected from the group consisting of halogen, oxo, —OR R"R",
—SOlez, —SRIZ, C:-Cgalkyl; C;3-Cg cycloalkyl, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl and

heterocyclylalkyl;

or wherein RP and RE are taken together with Y, Z and the phosphorus atom to which they
are attached to form a 4 to 10 membered heterocyclic ring which is optionally substituted
with up to five groups independently selected from the group consisting of halogen, oxo, —
OR', —NR'R!, —SO,R'%, -_SR'2, C;-Cgalkyl, C;-Cecyclylalkyl, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl and heterocyclylalkyl;

wherein:

each Rl is independently hydrogen, C; —Cg alkyl or C3—Cs cycloalkyl, wherein each
said alkyl and cycloalkyl is unsubstituted or optionally substituted with up to five
groups independently selected from the group consisting of oxo, halogen, cyano,

azido and —OR"’;

each R? is independently C,—Cg alkyl, C3—Cs cycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl, wherein each said alkyl, cycloalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and heterocyclylalkyl is
unsubstituted or optionally substituted with up to five groups independently selected

from the group consisting of the group consisting of oxo, halogen, cyano and —OR";

each R’ is independently hydrogen, C; —Cg alkyl, C; —Cs alkenyl, C; —Cs alkynyl, C3—
Cgcycloalkyl, C3—Cg cycloalkylalkyl, heterocyclyl or heterocyclylalkyl, wherein each
said alkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl and heterocyclylalkyl is
unsubstituted or optionally substituted with up to five groups independently selected

from the group consisting of oxo, halogen, cyano, azido and —OR";
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; RBis selected fromthe group consisting of hydrogen, hal ogen, and -OR5;
and X is 0. [0041] In sone enbodi nents, the conpound is of the Forrmula (A,
(Aa), (Aawonpii(has23), (Ab), (Ab-1) or (Ac), or any vari eariusesodessr i bed
herein, where Wis N. In sone enbodinments, Wis CCN. In sone varlatlons
RA is

sel ected f rﬁﬂqht%e‘%‘i‘q;@ﬁnq,e&% |h§fiT%§nocF "ﬁyau%b%cﬁﬁlcéf@]é?ﬂlkyhHﬂ‘er‘ﬁﬁg“@( i s 0

and Wis N t I
(s e o A eyl RN, Bl ol GpGRGATPANIAR vl iy fhr ml &

physi ol ogi cgfdups independsntly selected &om/ibs grigransistingef @i halogers ckamy, a G- ON

group; RAis g sug_ﬁgkl ed nnnocycllc bicyclic or tricyclic aryl or
het eroaryl A6 8 drogen hal ogen, cyano, nitro, trifluoromethyl,

di fl uoronet hyl , trlfl uor orret hoxy, difluoronethoxy, ClL -C8 alkyl, C 2-C8

al kenyl , C2 ea&‘a&{"als hy8oigen, @1 —-(§§&1 ¢ oal dajieny €, -cgamyﬁﬁp@g kgi @cl@éﬂkyl
het er ocycl yl, heter ocycl al -NRI SO2R2, -SO2 C(0) R C(0) OR5,
-0C(0) R4, ﬁfm—@e oyjadtk Kﬂ %mqgclyl o1 @tmgy@ylaﬂquh_ﬂz@rem each sald alkyl

cycloalkyl, cycloalkylalkyl, heterocyclyl and heterocyclylalkyl is unsubstituted or
optionally substituted with up to five groups independently selected from the group

~ consisting of oxo, halogen, cyano and azido;

or wherein when R! and R? are attached to the same atom or are attached to adjacent atoms,
R! and R? are together with the atom or the atoms to which they are attached to form a 4 to 10
membered heterocyclic ring which is optionally substituted with up to three groups
independently selected from the group consisting of halogen, oxo, cyano, trifluoromethyl,

difluoromethoxy, trifluoromethoxy, azido, heterocyclyl and heterocyclylalkyl;

or wherein when R and R? are attached to the same atom or are attached to adjacent atoms,
R! and R? are taken together with the atom or the atoms to which they are attached to form a
4 to 10 membered heterocyclic ring which is optionally substituted with up to three groups
independently selected from the group consisting of halogen, oxo, cyano, trifluoromethyl,

difluoromethoxy, trifluoromethoxy, azido, heterocyclyl and heterocyclylalkyl;

or wherein when R' and R* are attached to the same atom or are attached to adjacent atoms,
R! and R? are taken together with the atom or the atoms to which they are attached to form a
4 to 10 membered heterocyclic ring which is optionally substituted with up to three groups
independently selected from the group consisting of halogen, oxo, cyano, trifluoromethyl,

difluoromethoxy, trifluoromethoxy, azido, heterocyclyl and heterocyclylalkyl;

or wherein when R and R are attached to the same atom or are attached to adjacent atoms,
R! and R’ are taken together with the atom or the atoms to which they are attached to form a
4 to 10 membered heterocyclic ring which is optionally substituted with up to three groups
independently selected from the group consisting of halogen, oxo, cyano, trifluoromethyl,

difluoromethoxy, trifluoromethoxy, azido, heterocyclyl and heterocyclylalkyl;

wherein:
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WO 2011/ 002523PCT/ US2010/ 001897 NRI C(0) NRIR3, -0R5, -S(0)R2, -S02R2, or

-SR2, wherein said al kyl, alkenyl, alkynyl, cycloal kyl, cycl oal kyl al kyl,
het er ocycWwwol2p11zmoes2Bet er ocycl yl al kyl is optionally substiPCutusdomiodtsoup t o
five groups independently selected from oxo, hal ogen, Cl- CG aI kyI , C2-C6

al kenyl, C2-C6 al k ly, ! C 0 cyano,
trifl uoromnethyl, &ﬁldﬁ’gﬁéﬁ ?(é }Eﬁ‘?g%f:bﬁ@f%&w (éi’zﬁ °l° 802R2 - S
NR3RI, -C(0)R4, -C(0)OR5, -0C(0)R4, -NRIC(0)ORs, -NRIC(O)R4 C(O)NRI R3,
-NRIR3, - NRI C(0) NRhR8'? is idBependestlydd RG at%@ZtBZ(: eycloatkgl, teyaiye! yl, and
het erocycl yl al kyl ; Rl |ls E@%rog }O¢C1 ° al P yCS & a?ﬁl%gl kyl, where
the al kyl or cychetetoasy hqtemany Ll blsteroayadyl thewr@ﬂ)’cbéalkl’lve gr oups

i ndependently sel ected from oxo, hal ogen, cyano azido, - OR5; R2 is Cl1-C6

al kyl, C3-C6 cycloalkyl. , e rW , ~h lal kyl ,

het erocyclyl, he e;%oﬂécl ﬁlnﬁﬁ?df&[}zﬁr}?&mﬁén 519?1 tlﬁ_céﬁségﬁeﬁa?i_(?

cycl oal kyl aryl alk§ﬁyll @gkm cycltfalllejﬂcﬂ{—)@g cybleamymkm ledtéegtyclylatrer ocycl yl, and
het er ocycl yI al kyl 1s optl onally substituted with up to five groups

i ndependent |y sehatgiosyclyladenls he group consisting of oxo, hal ogen, cyano,
-OR5; R3 is hydrogen Cl -C6 alkyl, C2 -C6 al kenyl, C2 -C6 al kynyl, C3 -C8
cycl oal kyl, C3 - [h lmh énﬁ!er%l/}}hy&@%&r@?ﬁéﬂﬁylo?%%ﬁ%ﬂ @l kyl, where
said alkyl, cycloalkyl, cycloal kyla het er ocycl yl eterocyclylalkyl
can be substl tuted w tsh up to five groups independently sel ected from oxo,

hal ogen, cyano, eashdd is lpREogeRaCii sChiglilylo§enCs dikeros, Gi al]@fﬂ}’C§36§8

cycl oal kyl , where th I yl .can b t|tu up to
five groups |nde %aglﬁfl ?73/ %q@@f%@(y?aﬁgﬁggggrocg loorlehr?: rePa 91d1 |a3d - ORs;
R5 is hydrogen, Cl1-C8 al kyl, C 2-C8 al kenyl, C2 08 al kynyl CB 08

cycl oal kyl, C3 Effchdy'éhmﬂkpénaélhw CH‘[QtaH{yd),c(S@GCylcyclbﬂkglr a5yCkyl al kyl, where
sai d al kyl, cycloal kyl, heterocycl eterocyclylalkyl can be substltuted
with up to five Gyl P%bﬁéﬁ&@ﬂ?%&%@t@@%‘aﬂ@ k¥ oxo, hal ogen, cyano,
azido; R6 is Cl-C6 al kyl or C3-C6 cycloal kyl, C3 -C8 cycl oal kyl al kyl,

het er ogygga)ﬁorsgg;agertﬁgﬁég{ryl allgl; Rl and R2 together with the atons to which
they are attached can forma 4 to 10 menbered heterocyclic ring, each of
which is optionally substituted with up to three groups independently

sel ect BW38} odn bethogahodiments, theaeopound 15 efdhohemmlr (Aa):f | uor onet hoxy, WO
2011/ 002523PCT/ US2010/ 001897 tri fl uor onet hoxy, azido, heterocyclyl and
heterocyclylal kyl, or R and R3 together with the atoms to which they are
attached can form4 to 10 nember ed hetggrocyclic ring, each of which is
optional ly substituted W&, uRy t 0 f haeggs groups igpdependent |y sel ected from
hal ogen, oxo, cyano, tridly d,?om%‘th i fl uorBhet hoxy, trifl uoronet hoxy,
azi do, heterocyclyl and heteXocB A] v Rl

atons to which they are attached can for @‘ tg 10 nenbered heterocyclic
ring, each of which is optionally substl ed th up to three groups

i ndependently sel ected from hal ogen, o0, cyano, trifluoronethyl,

di fl uoronet hoxy, trifluoronethoxy, azido, het erocycl(QP and

het erocycl yl al kyl; or Rl and R5 together with the atons to which they are
attac h@/ﬁf&ﬁﬁ A QTR A‘OarPdOAhﬁgQﬂeﬁ%%h%&rtQ?&ﬁi 4 GivE nnbRaf Retloatfli E4thl S
optionally substltut ed Wth up to t groups i ndependently séel ect eg from
hal ogeA!, Axd’, AYambA’ tsrmdemodmm(‘hylmscﬁbt (B ormtidesixhat at déasi ersrafife't KXy,

o100, AR L OB M TSRS EL 5, SO il &

aryl al §xd of Aetar garad andh&‘it 810G yHalkl ;- @%lﬁil@ﬁé’@ét&’dnaﬂz sﬂmﬂt@@m»dgal kyl;
wher e each alkyi alkenyl alkynyi cycl oal kyl, aryl et eroaryl

het er otoythiep|greumstindapendengytselsaig Ifpms thisroun eangisiing ﬁf baJogen, cyianse oy, Otrps

d t |
DB 50l BB S s RLPR  iePhE oo B R ,
aZl do, &QBﬁQatonﬁ@tthﬁfoaryIQ(Kf)lRﬁydrogéIQ)h@RFgﬁn @@ﬁ@)rﬁ%ﬂo trlﬂﬁbﬁhﬁ&

-NRCO)RE, -COINRIRS, -NRIR3, - NRICLO)NRIR3, - ORS, - S(0)R2, _S02R2, or
- SR2: m@p@mthylmlﬂwmﬁhomdlfh@r@m@t PRE Wals AL ~GeeyelpalkyREiahd RS as
def i ”E% ﬁalk}lbﬂ@t%é ?%lgpfﬁ@ieté/cly?@’l‘%l RN_QGR! SUG;IRZ’W es@ﬁlgﬁﬁﬁat 0 IW" ch

het er oat ons "na r su > or X mi’s nf eger
f rom OC{@)AR>, —NR C(O)OR5 —NR'C(O)R?, —C(O)NR R3, —NR'R?}, —NR! C(O)NR R}, —
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R4 together with the




RCis H Cl1-C6 al kyl, C3-C6 cycloal kyl, -SO2 NR3RI, -C(0)R4, -C(0)ORS5, -
C(O)NRI R3, -SO2R2, where the al kyl or cycloal kyl can be substituted with
up to fiwsogooupss2Bndependent|y sel ected from oxo, hal ogem/USeyianaoissazi do,
-OR5; where RI R2 R3 R4 and R5 are the sane as R, R2, R3 R4 and R5 as

SSI: grfglﬁﬁbo Sséli%sﬁpb%'@d\”hﬁéégg{ %Eﬂ' Brf\c,}g@eﬁaaéﬁ géfect ed from

0Xo0, f&hﬁe&fbr f&?mﬁ@& F} kcyﬂasa @ervaierthéﬂeuprlamaﬁiexehabodlrﬁém@rtmwoxy,
trifl uoronet hox OR5; where R R3 and R5 are the sane as R, R3

and RBnaEb@edhﬁe@aaﬁmlwleCtm@OIM POPB 2ERENESE010/ 001897 X repr esents 0 or
S; Y and Z are independently selected froma group of 0, S, NR, and a

di val ent bond; where RI. is the sane as Rl as defi ned above; RD and RE
i ndependentRIFy are seIFgct ed frongk€l - Ca al kyF, ﬁycl oal kyl ,
ychM heterocy IaIkyI

aryl al ky et er oarﬁ| et er oa J\al kyl,
trifluo %{[ﬁr abovelal é 52:
aryl al k e’ro et er daryNlal Ryl , ¢ hé{e oby I ﬂe |yl al kyl

is opti onal I y substr tut ed with up to frve roups i ndependent ly sel ected
fromthe group consisting of oxo, halogen, cyano, -0OR5, -NRLR3, -SO02R2,
-SR2, trifluoronethyl, difluoronethoxy, trifluoronmethoxy, where RlL, R2, R3,
and RH0034] thesosrn@EniaslimBits, the comBolndis df Be Fasmadf (Awel): above; RC and RD
together with the atons to which they are attached can forma 4 to 10
menbered heterocyclic ring, which is optionally substituted with up to five
groups i ndependent |y seI ect ed from hal ogen, oxga -OR5, -NRIR3, -SO02R2,
-SR2, Cl1-C6 al kyl; C3-R6-&ychoa V. | riflubNonet hyl, difl uoronethoxy,
trifluororrethoxy, azi R®— \a% Lgetr 0 aryl al kyl , heteroaryl al kyl,

het erocycl yl and het erocycP%//Iaﬁ‘ yl Owhe , R3, and R5 are the sane
as Rl, R2, R3, and R5 as defined above; N7and RE together with the
atons to which they are attached canRbrma 4 to 10 nenbered heterocyclic
ring, which is optionally substituted with up to f(Aelyroups independently
sel ected from hal ogen, oxo, -0R5, -NRLRS, -802R2 -SR2 Cl Coal kyl ,

0, oMY . RSO o A o AIRROTBAPRY
het er ogwake/thadeky! ., where R1, R2, R3, and R5 are the sarre as Rl, R2, R3, and

R5 as defi ned above [0043] In one preferred enmbodi ment, T of For rruI al is

a heteroarylalkyl, and mis 1, as indjcated in F?rrrul a la.
[0035]" In some embodiments, the compound is of the Formula (Aa-2):

N a
) ©
X
(Aa-2);
wherein W, X, R” and R® are as defined for formula (A); or a salt or solvate thereof.

[0036] In some embodiments, the compound is of the Formula (Ab):

A
RE-Z_ Q. U HNR
RO—y~j  © x A
xR b
o
. N" H
R (Ab)
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Formula la WD 2011/ 002523PCT/ US2010/ 001897 where RA,BR RC, RD, RE, Y, Z
are the same as RA, RB, RC, RD, RE, X, Q Y, Z as defined above. at |east
one of AlwWO0ARBI1/003523A4, A5 is a heteroatom sel ected frompQr/ud201@n00188; and at
| east one of of Al, A2, A3, A4, A5 is a carbon atom U is a Cl-C3 al kyl,
and is optionall substltuted W|th 8 to three groups independentl|y

sel ect é@efer“%)H if S Sgakylengapgiongilpsubstiputed with vp 50 thyee 2raies ipderendeithiact ed t o
the fi $8e ﬁle@ g%@rc%ﬁgﬂxiué@m&is nac AHoP8%o, at R 108 d b@d;ﬁkgraam .QRF is

sel ect e nitro, | uor onet
di fl uoomeahw‘ RP,rR IRPourdrit dreay deﬂnefd ﬁoolfmrmnlm(ﬂ)y or Lhalt aesomanythere@ﬁ -C6
cycloal kyl, &4 -C6 cycl oal kyl al kyl , het erocycl yl, heterocyclyl al kyl,

SO SRR ik € 8) Rrs ROM e AN OB R A
R, R2, R3, R4 and R5 are the sane as RI R2, R3, R4 and R5 as deflned

above. In sone enbodi nents, the fi ve-rrenbere,daAheteroaryI containing A, A2,
A3, A4 and A5 is selected Rp-theggr oup dBhsi sti ng of: RERERFRFRFRE | S' |

-1-(3- -',,,34 , 0,-1-1,L_P<9-134}a Sw

/)

RS N
(Ab-1);

wherein U, W,X, R* and R® are as defined for formula (Ab); or a salt or solvate thereof. In

some variations, U is methylene.

[0037] In some embodiments, the compound is of the Formula (Ac):

A
HN’R

ATy
\x,?\) - N/)
(Ac);

wherein T, W, X, R” and R® are as defined for formula (A); or a salt or solvate thereof.

[0038] In some embodiments, the compound is of the Formula (A), (Aa), (Aa-1), (Aa-2),
(Ab), (Ab-1) or (Ac), wherein R” is selected from the group consisting of:
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FINd N s- )N/N I, H[0044] In sone enbodi nents, the conpound is of the
formular (la-1): HNRA nP R -y X RC 0 RB Fornula la-1 wherein RA, RB, RC
RD, RE, QoWw110023¢3 Z are as defined for Fornmula (1). [®0#AjS201w0/0a1301 her
preferred enbodinent, T of Formula | is an alkynyl group, and mis 1, as
[ ndi cat ed in Formula | b. WD 2011/ 002523PCT/ US2010/ 001897 , (:), HN-RA

N NN AN RN e O
mmﬁﬂﬁﬁﬂ\

or a salt or solvate thereof. In some embodiments, RAis

oo S

[0039] Insome embodiments, the compound is of the Formula (A), (Aa), (Aa-1), (Aa-2),

OoZ

2

; or a salt or solvate thereof.

(Ab), (Ab-1) or (Ac), or any varioations described herein, where R® is selected from the
group consisting of hydrogen, halogen, and —OR?; or a salt or solvate thereof. In some

variations, RB is hydrogen. R* is

oo S

group consisting of hydrogen, halogen, and —OR’.

"and R is selected from the

[0040] In some embodiments, the compound is of the Formula (A), (Aa), (Aa-1), (Aa-2),

(Ab), (Ab-1) or (Ac), or any varioations described herein, where X is O. In some
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X R RBH Fornmula I b where RA/, RB, RC, RD, RE, X, Q Y, Z, U are the sane
RA, RB, Rc, RD, RE, X, Q Y, Z, U as defined above. [0046] In yet another
pref erredvertbodion®at, RB in Forrmula | or Fornula |la or Parrmsk@olobisys

hydrogen or -OR5; where R5 is the same as R5 as defined above; [0047] In

still I n Formula | or Formula la or Formul a
lbis %&%Fgwg’?{ﬁg’g?e?{e}g%%% rlréent A3 in Formula la is a carbon,

and Uis a nmethylene (- CH2-) group, and is connected to the five- menber ed

het er ocycl e t hroug [0049] Pr efet ed exanpl es of RAin Fornula | or
Formula la For i ncl ude, mted to: [ 0050] In sone
enbodi nent he corrpourfd is sel ed t hé& group consisting of: WO
2011/ 002 S2010/ 001 7 | hi oro-4 (3

-fl uor obenzyl oxy) pheny1) - A(4-nethyl -1 azalghls Sg{écteg from the group

yl ) met hyl )furan 2-yl) qui nazol i n-4-am ne; 645

((2- (d'cHﬁlhﬂgWMg@ﬂ)&ﬁJ@éhaﬁWWM@G an-2-y1)-N-(4-(3

-fl uor obenzyl ox - chl orophenyl ) qui nazol i n- 4- am ne;
[0041] In some embodiments, the compound is of the Formula (A), (Aa), (Aa-1), (Aa-2),
(Ab), (Ab-1) or (Ac), or any varioations described herein, where W is N. In some

embodiments, W is C-CN. In some variations, R* is

oot S

consisting of hydrogen, halogen, and —OR% XisOand WisN.

: R® is selected from the group

[0042] The invention also provides compounds of the Formula (I):

A
HN'R
RE-Z P/Q\N/CT
RD_ “u h m
RB
Formula I

ora salt, solvate, or physiologically functional derivatives thereof;

wherein:

W is N or a C—CN group;

RA is a substituted monocyclic, bicyclic or tricyclic aryl or heteroaryl moiety;

R® is hydrogen, halogen, cyano, nitro, trifluoromethyl, difluoromethyl, trifluoromethoxy,
difluoromethoxy, C; —Cg alkyl, C , —Cg alkenyl, C; —Cg alkynyl, C3—Cs cycloalkyl, C; —Cs
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, —NR'SO,R?, —SO, NR’R!, —C(O)R?, —
C(O)OR’, —OC(O)R*, —NR!C(0)OR®, —NR'C(O)R*, —C(O)NR'R?, —NR'R?, —
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645 - (((di met hyl phosphi noyOnet hyl am no) met hyl ) furan-2-y1) - N- (4-(3

-fl uorobenzyl oxy)-3 - chl orophenyl ) qui nazol i n-4-am ne;

N- (13- chl owo-24t1(®2528uor obenzyl oxy) phenyl) - 6- (3 - (4- net hylP€I/usdetameshpsphi no-
1 -yl)prop- 1 - ynyl)quinazolin-4-am ne;

N A RO SO s R

-fluorg 8&1}(&10éyals)&lﬁﬂm@mh@&}@uylcm@ulHate@odyk)ﬁa{kﬂﬁs 3ptionally substituted with
yl ) met hyl am no) et h Iug oSphonat e;
p

N- ( 3- clibdo Gve graips i ndy bdIRstyd Fremyano, Balpgery, @-CaalkyldCmEs Alkenyly C3Cs

05 eRBRTE R Gy soaki 35 %@ﬁ%ﬁ%ﬁ@h@' %%x%e%?%@or s A DRE R RiefioRT, e
, 4- az aphPsRbinegrox, azuid mkhs@)K raBOZNRPRYU-CHOIR1, M(@r)ﬁmé,,—r@cc(@m“

-chl 6-
,Z 00, SR LTSt | UL A2 vl brehigny) aﬁkry}a)zm SR T

-(2-(dig g@%@%ﬁ@hwoc I?EtﬂéYéﬁ&:?ym)eﬂ{d%ferﬁ }ngNM (3

-fluoro Yl oxyj- 3 oro ) qui nazo N-(4-(3
-1l uorobenzyl oxy) -3 -chl orophenyl)-6-((E)-3 -(4-nmethyl-1 , 4- azaphosphi no- 1
-yl) Er ®) 1s hghrggdn) 0 rE€zakih Cév@amealkyl (wther6 theelkyllop ¢ ldalky Beapl bexy ) - 3
- et hy N 4 math aza hos
y Ot B i Pt s Reroh indeppndraf SREERE s Pwlsaﬂlﬂgswzv%wldg —
- chl or ggfeny1) - 6- (544- ((di met hyl phosphl noyl) - net hyppi perazin-
-yOnet hyl j furan- 2-yl ) qui nazol i n-4-am ne; WD 2011/ 002523PCT/ USZOlO/ 001897
N-(4-(3,-fluorobenzyl oxy)-3 -bromophenyl)-6-(5 44-nmethyl- 1
, 4- azapiosEhiGralkyl, 3—§a6)cmlpﬁl§ib’l> oy alipl )hﬁtﬂrmblhﬁwrwﬁikab -heterocyclyl,

22 BRI AT e s SARIOSRNIAN, i sl g

1 oXi d(heteN)a@lal-k@B hefekduyblyﬂ),emd)l‘)k)eroc@/clj-lalhjzlaz Obt-l&lallyib)lbﬁrt(lﬁéd 4athnat foyfive 1

A-az a%po%pi Fl)r?c{eggﬁde}ltlgl sglle():ted tfrg)r/rl hfe %;gle c20n31521ng op g)%oo Ihla oggn %r)par?oe —OR’;
R%is hydrogen, C, —Cg alkyl, C, —C¢ alkenyl, C; —Cs alkynyl, C3—Cs cycloalkyl, C3—Cg
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, where said alkyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyclylalkyl can be substituted with up to five groups independently

selected from oxo, halogen, cyano, azido, —OR?;

R* is hydrogen, C;—Cg alkyl or C3—Cyg cycloalkyl, where the alkyl or cycloalkyl can be
substituted with up to five groups independently selected from oxo, halogen, cyano, azido, —
ORS;

R’ is hydrogen, C, —Cg alkyl, C ; —Cgalkenyl, C, —Cg alkynyl, C3—Cs cycloalkyl, C3—Cg
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, where said alkyl, cycloalkyl, cycloalkylalkyl,
heterocyclyl, heterocyclylalkyl can be substituted with up to five groups independently

selected from oxo, halogen, cyano, azido;
RS is C;—Cs alkyl or C3—Cg cycloalkyl, C; —Cjs cycloalkylalkyl, heterocyclyl, heterocyclylalkyl;

R! and R? together with the atoms to which they are attached can form a 4 to 10 membered
heterocyclic ring, each of which is optionally substituted with up to three groups

independently selected from halogen, oxo, cyano, trifluoromethyl, difluoromethoxy,
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N-(3 -chloro-4-(3 -fluorobenzyl oxy) phenyl)-6-(5 -((4-ethoxy- 1 ,4-azapho
sphino- 1 - yl)nethyl)furan-2-yl)quinazolin-4-amne; (R)-6-(5-((4-nmethyl- 1
, 4- azaphosphonmo2se3- yl ) met hyl ) furan-2-y1)-N-( 1 - phenyl echyiSpauionmszn
lind-amne ; N-(3 -chloro-2- quorophenyl) 6 (5 44 rrethyl 1 ,4-azapho
sphino- 1 -yl)nethyl)furan-2- yl)qui nazol i

N- ( 4- Bitéfiusromethosy, sgilonhetyrogyelxl WWPWXlﬁlk}’hpéBaﬁh%gp frgsher with the

-yl)me [

hiord M&é‘ls) f’uor i e%y e%sﬂ%ﬂ:l?@z% Bt 44?‘16%\%%&%%%5@ ]ﬁ: rlrbg each of which

- yI') metsyptiohallypnibstitujegiwvitanpito thrée gmfupaemdépe(nﬂently selected from halogen 0X0,
R g B o S0
-fluor gbg 9&%,13 et hynyl pheny1)-6-(5 -((4-nethyl-1 ,4-azaphosphino- 1 -
yl ) met hyl )fura yl ) qui nazol i n-4-ami ne; 2-((2-chloro-4-(6-(5 -((4-nethyl-

, 4- azaphosphlno- 1 -yl ) methypfuran-2-yl)quinazolin-4-
yl ani n8) phéRAsaeethsr wjth)the aiemsty I\’ﬁwh ey erejatigghesicandann 4 2-todi0raemberptho

E1 ncing Bre@e e IEHWRIR obfonals hyihuds it o HRECRRIRY A 0 1)
H- i ndazgle éldeﬁﬂlﬁmlé’t‘;téd]ﬂbﬂﬂi’a@d)geﬁ 6x0) lcyind, aifubryingthg!, dyflyoromethoxy,

N (2- (di et hyl phosphi no) et hyDa th WO 2011/ 002523PCT/ US2010/ 001897
2- (N ( st 1(0401%/19 %Y, f%lltij@v é%éwquryn ;ﬁhe%g%gﬁlylslkyl é?ﬁﬁ%é%ﬁ?#& ther gL st ur an- 2

-yl)ne ?ma,ﬁg egﬂ% t,.?gémegg R
N-(1-( ggﬁ%tgr é}?nt?%g azoﬁggﬁ %))lg 4 étﬁ&) ﬁ?ﬁftﬁ@ ho%fpvﬁllllﬁ% 1-vyl
) pr op- is-optioyal]ysubsdmedd with up o tlﬁee gnoups mdépendentlsodemmi ﬁrdnartmhfgen [@@51] In
sonme enbodi ne oVi d IS SItI rising a c ound of the
For mul §Y3%°) mfg’é’F%&gly]( gittuorompget] OPAé Torof"ﬁﬂ" nl)zféﬁal)h,e%(%?f-c (Ac), or
any vahétg&;cgapﬁﬂgyher eof , a pharmaceutically acceptable salt thereof or a
hydr at e or vat'e ther eof and a phar naceut i cally acceptable carrier.
Met hods of maki ng conpo ounds of the Formul a E Formula (A), (Aa), (Aa-1),
(Aa- 2) T repasyenty Bir-Crpliol, Gad)s alksny b fp—Gealkonat.i seyadeallyl, Car@s al so
provi d(ca)(;lcloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl or heterocyclylalkyl;
where each alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl and heterocyclyl portion is
optionally substituted with up to three groups independently selected from oxo, halogen, C,—
C; alkyl, C,—Cs alkenyl, C,—C; alkynyl, cyano, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, —NR'SO,R%, —S0, NR’R!, —C(O)R*, —C(O)OR®, —OC(O)R",
—NR!C(0)OR’, —NR'C(0)R*, —C(O)NR'R?}, —NR'R?}, —NR'C(O)NR'R?, —OR’, —
S(O)R?, —SO,R?, or —SR?; where R!, R% R®, R* and R’ are the same as R!, R?, R, R* and
R’ as defined above; T may optionally contain one or more heteroatoms, which heteroatoms

may be further substituted or oxidized; and m is an integer from 0 to 1;

RC is H, C;-Cg alkyl, C5—Cg cycloalkyl, —SO, NR’R!, —C(O)R*, —C(O)OR’, —
C(O)NRIR3 ,—SO,R?, where the alkyl or cycloalkyl can be substituted with up to five groups
independently selected from oxo, halogen, cyano, azido, —OR?; where R, R?, R, R* and R®

are the same as R!, R, R®, R* and R’ as defined above;

Q represents a bond, C,-Cg alkyl, where the alkyl is optionally substituted with up to three
groups independently selected from oxo, halogen, C;-C; alkyl, cyano, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, —NR'R? , —OR5; where Rl, R? and R are the same as
Rl, R? and R® as defined above;
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[ 0052] In another aspect, provided is a nethod of treating a
hyperproliferative disease in a mammal (e.g. human), conpri sing

adm ni st ewpngittom232he manmal (e.g. hunman) a therapeuti calPcy/ustdembisvye anount
of a compound of the Formula (I), Forrmula (A), (Aa), (Aal), (Aa-2), (Ab),
(Ab-1)_or (Ac% or_any varioations thereof, or a salt or solvate thereof.
In soneTemessRs Pk, the method is for the treatment of a Her?2 positive
cancer in a nmanmal (e g. human). In sonme enbidinments, the the Her2 positive
cancery hgq Qra?@ﬁlﬁefe?aﬂﬁlﬁ[y se%‘ﬁédrfr@m@%tsqs of OYSINRH a8d AGKValerlt 08R8] wirs R
provided is the e ound the Fornul a (), Formula (A, (Aa),
(Aal) IS(MaBaQI)‘:aSmedef(mﬂab?V@r (Ac), or any varioations thereof, in the
manuf acture of a medi canent for the treatnment of a hyperprol iferative

di s .

qast i et Cinepdhabil Za Skl FrofRRESH aliBL WARBLe oot SFRBEIARICET.

((:Xb Wp%lﬁder@e%rxlt, hetefoaryalkel, hét)eroc{}@lwwet&rrléﬁ)clylill@ﬂ) glf(lﬂmrﬂl&th{(, Afhe&% each Alf) , o
or  (Ac), or any varioations thereof, and ipstructions for use in the

tr eat rtBpabYE 2 wlwe}oaﬁala.%lr ¥y i‘"&é‘/ld}i@%@é’é‘ IECEFéﬂaré{E‘ﬁ%Y ﬂ@eéo‘f%@f 1 cancer

in hu  gTOYR r G The
i nvenpfé %ﬁéﬁg&lalglqgggnﬁéngg?% E?tg& %glr gﬁ{el cal I 1h§é§)gﬁ tagl%leggalgt S,
phar methe gtoup abhsjstagadpixahaogemodyangs ; —@ﬂ?& PR Ric eftﬁ(i)xlhl 1—;Sl?act| ve

met abol.ites of th 11/ 00 23PCT UsS20 i €Q 14N eney al

For rrult‘a‘ﬂfloroﬁ?t?flﬁ'ﬁro‘gﬂ'é‘fmﬂﬁ e ﬁ?ff?’dé" fog ?ﬁu?a NH%' tl?lg(gg“(] g%l’l bed.
[ 0056]R Y R2 R ¥ dHdtHPek defiRkldbovkhe present invention provides conpounds that

i nhibit the activity of ErbB fam | y receptor tyrosine kinases, conprising
conpounds of the Formula (1), Formula (A), (Aa), (Aa-1), (Aa- 2) (Ab),

(Ab- 1)R oanckR\c)ogethﬁr with theptpwate viich they ér@fattafltm‘m form a 41010 msmbeiebct | t he
present . inv | cal
cona (e Rl HORBARY ORI GBI e (AT .tﬁ%‘iVEﬁﬁﬁ%E?%ﬁ By mor i ses
adm mssteefeurfgmi nalargmaks @A@Iét f—eNRI IRt —afOuY, -08RA cqaammdc@tzst he Fornul a

(1), Formula or or . any

var i odyrleakyt h@#f]é‘@fom%}rlyl d‘&h‘&?‘?’r’é‘é o @éﬂ‘l“}f"%’@@’g I“g’ an ’the)tesrB‘Fr\)’ te or in
vivo t y YRGByl WE&PIROI RE YPOMIR® &b nase
medi até{rglgﬁ%p |tp(;oa§:yltgﬂ(2ij hg&ré%@rﬁ%%%léeigﬁggcgr dlyng to the nethods of this

i nventthesamaad RIY&S, ]Rl pedBPastdéfme&itaboee di sorders, such as cancer of the head
and neck, lung, breast, colon, ovary, bl adder, stomach ki dney, skin,

| i | yph h
pancr o LSS ERy L TPIOTER PSR AR o EOZA B aromg o her
For mul @erhbared E&Ef@é&@hdxﬁig, wWhiéh is opfiandlly subf@uiEd, w1(h°~b;) to fidbgrbpipor (Ac), or

any varioations thereof, may be used adyvant aﬂ puslsé in conbination wth

ot her lnﬁ@mdquﬁlérsabé@ﬂlf@nab@ﬁg@l, or005$IR THeN mRal—SgRr’éJ?la({:@ékﬂ’o

phar
Sl coreat oS alib AR SRR R, EhBrhdRoR] agﬁ% AL
prodr lwylandyﬁmmmylan@l Ihgteaadyiclye aﬂd!hetbﬁicytlglallqd whae RAcRY R caid B zaecept abl e
salt thereof. é n% The |nv§ t%ll on. al so includes all salts, solvates, and
physi dhesimay § - Runkt 28R R 2814¢HRediabo¥S of conpounds of the Formula (1),
Formula (A), (Aa), (Aa-1), (Aa-2), (Ab), (Ab-1) or (Ac), or any varioations
descri [‘98&’3 herneada réféﬁled embBRIRCeE F&ﬁ{dléll AGORM Ry lISA| 4rdl MN6l 1 pgsodr ugs.
The inventi on aI i ncl udes any or all of the steredchem cal fornms,
i ncl udndlgatadlynEwmmlaImerl c or diasterioneric forns, and any tautomers or
ot her forms of the conpounds described. Unless st er eocheni stry is
explicitly indicated in a chem cal strugture or name, the structure or nane
is intended to enbrace a bs,@os%{ bIS Si4 i somariAof a conpound depl ct ed.
In addition, where a spegjfiPstaredy Q1ca| fHles depicted, it is
under st ood that ot her st reBc;herrRéal s are o enbr aced by t he

e

invention. Al fornms of the conpoundsAare raced by the invention,
such as crystalline or non-crystalline foynse A conpounds. Conpositions
conprising a conpound of the invention R¥e al so i ntended, such WD

2011/ 002523PCT/ US2010/ 001897 as aéf g@ﬁ %glon of substantlally pure
conpound, including a specific st ical formthereof Conpositions
conprising a m xture of conpounds of the invention in any ratio are al so
enbraced by the invention, including mxtures of two or nore stereochem cal
forms of a conpound of the invention inany ratio, such that racenic,
non-racem c, enantioenriched and scalem c m xtures of a conpound are
enbraced. [0061] The present invention also includes isotopically-I|abeled
conpounds of of the Fornmula (1), Fornmula (A), (Aa), (Aa-1), (Aa-2), (Ab),
(Ab 1) or (Ac) ~or any varloatlons descrlbed hereln The isotopically

o b o Y M - e 1 r



2H, 3H, HC, 13C, 14C 13N, 150, 170, 32p, S, '8F, 36Cl. Certain isotope

| abel ed conmpounds (e.g. 3H and "C) are useful in conpound or substrate

ti ssue diwonrbhwumwes2a study. Wherein certain heavier isotepe/useoig/ooldb) nmay
afford .certain therapeutical advantage resulting from possible greater

met abolic stability. ;[ 0062] The conpounds of thisginventign nma ssess one
or ror hess Rt iR > RenRerY; XaRel Ys dotie Hi5538157aR ¢ Bn» Re %raéﬁu&@/é{g% as
indiviquhaﬁﬂgweor (S)-stereoi somers or as m xtures thereof. Unless

i ndi cate erwi se, the description or namng of a particular conpound in
t he specification and clahns is intended to include both individual

enant i anteast candf ' xAtrASs A* r Atis i heteyoatomiseteateddyor 105 Ns ahd Ac end ati leagk yne t hi s
inventian.ahso inBcl ydes. racemat es and resol ved enantioners, and
diaste98838”§8%5hp6uﬁﬁ§5BFN%HBa mula |. The methods for the deternination
of stereochem stry and the separation of stereoisoners are well known in
the arty {s9aE,-di ARYS ah PR J ﬁoﬁll@pilﬂﬁtitﬁteqfwﬁ}l\/ﬁggfﬂqt'hﬁe vaprciadefehdedilyc

Chem stry", %t eghtion B. Smth and J. rchf&%ohn VWH§§ and Sons, New
York, 3elevtpd fipgospganncyandi e¥om P& conpoalkdlsand Utineormseted itathe fivene

[ ti I | ' I t abl d ,
phar SRS AR R0 4 B o BRFGTRERHICKERL Y, 00 2PT) "accept abi o ol i

of such conpounds. [0064] The term "sol vate" refers to an aggregate of a
mol eculRE inkdléctahfomrhydeogensiedlogent cyanbenittoesifluovinethyl, difluoromethyl,

Cs B cOmpOAEETIY: GAYOIEeR e b e ARers sy SErb - esnape ol by
50l vol ¥8jefd Qlyl,hl%te?&féﬂ){lilﬁﬂ SOUREBOAR’OL_$0, RRPRELIBYE), caldw)entent abl e

salt of such compound. 0966] A "anrnaceq Bcallylactlv? [reta gllte" is a
phar madR '6§OMART, y—AR LRt odGE)NR BauedR Rir-otdh' GEINBOR1, s7OR3, t+he body of
a specit) (of0) nd or..alt thereof_ s Mat abhalsites of a ¢ ugnel be
dent ) PRQEE ST RO o P alrir B Be Rnoudin R eitaie SemERSRUNET Fodb e L1 es
det er mMRigg defFidddibbest b ufentodiiens, tHe fveineshddal Bitéroaty? @rthinBigodll, uFs and
active .netabolites of a compound may be identified using routine techniques
known %, AhandAf is sglacted from dhengrowp consedinggd: are known in the art. For
exanpl es of such prodrug derivatives, see, for exanple, a) Design of

Prodrugs , edited by H Bundgaard, (Elsevier, 1985) and Methods in
Enzyrmol ogy rFVol. 42, gp. 309-396zF edited bgrK. Wddegs et al. (Academnic

Press, 198 b) Chaptlar 27, " p?nt Adva s, in gyl Prodrug Discovery”,
A Cho i n&u? &szﬁn { cingal cge%'% %d%}%b%%&. oé\
(Acadeni ¢ PPess,’ 2006}, 41* 395. N) *Prod ugh” Cal't enges™a > Part 1

and 2, edited by V. J. Stella, et al. (Springer, 2007). [0068] A
"pharmaceutically acceptable salt” is a salt that retains the biological

ef fectiveness of the free acids and bases of the specified conpound and

t hat i $00#d] Hncbmgieatlodimants, thehermpamdunofthe fadnidar (Fa-¢pnpound of the

i nvention may possess a sufficiently acidic, a sufficiently basic, or both
functional groups, and accordingly react with any of a nunber of inorganic
or organic bases, and i nog®gami chand_oggani C acysR'to forma
pharmaceutically acceptagbg ﬁre]JEx- plies of pHarmaceutically acceptabl e
salts include those salts prepar Rf by @eac ofWt he conpounds of the
present invention with a mneral or organig 'ﬁ/ an i norgani ¢ base, such
salts including sulfates, pyrosulfates, gsf sul es, sulfites, bisulfites,
phosphat es, nonohydr ogenphosphat es, di hydr ogenphosphat es, net aphosphat es,
pyr ophosphat es, chlorides, bron dd®muldiades, acetates, propionates,

decano . papyyl , pACHKY i S, caproates,

hept ang‘}aht%geél,1 Rp’P%p’i I?)dl’ g)éls{, ’ %k{gﬁgﬁ% Zc %%:Igﬁg‘?%eg ) ﬁggg@%{lﬁgggs , Suber at es,
sebacaf@ets) f Unanethesprefeted @bt dirhetity Ti-of Férmilila & i alkeng) Reoub, Gndlimoiatieas
benzoates, chl orobenzoates, nethyl benzoates, dinitronenzoates,

hydr ox ysspsesbindormpia IRoxybenzoat es, pht hal ates, sul fonat es,

xyl enesul f onat es, pheyl acet at es, phenyl propi onat es, phenyl butyrates,
citrates, lactates, 7-hydroxybutyrates, glycollates, tartrates,

met hanesul f onat es, propanesul fonates, naphthal ene-1 -sul fonates,

napht hal ene- 2- sul fonates, tosyl ates, besylates, acetate and nandel ates. WO
2011/ 002523PCT/ US2010/ 001897 [0069] If the inventive conpound is a base,
the desired pharmaceutically acceptable salt nmay be prepared by any
suitable nethod available in the art, f@6 exanple, treatnment of the free
base wi.th an inorganic acid, such as hydrochloric acid, hydrobrom c acid,
sul furic acid, nitric acid, phosphoric acid and the like, or with an
organi c acid, such as acetic acid, maleic acid, succinic acid, mandelic
acid, fumaric acid, malonic acid, pyruvic acid, oxalic acid, glycolic acid,

o .




[0071] The inventive conpounds nmay be prepared using the reaction routes
and synt hesis schenes as descri bed bel ow, enpl oyi ng the techni ques

avai | abl ewpreotie2:28t using starting naterials that are Preadiskyroavmspt abl e.
Preparation [0072] A conpound of Forrmula I, or a pharnaceutically
acceptabl e salt thereof, may be prepared by any process known to be
applicable to the preparagiop OB cn?n‘i cally reg R&d conpounds. Suitable
processes include, for exgml. e "thos Jystrate in W2001/004111, and in
Mastal erz, Harold, et al R EYoé'(rgamc Me f em stry Letters, 2007, 17,
4947. Such processes, when used to prepar odinds of the Fornula | are
provided as a further feature of the i ntTonN arfdl the groups A, A2, A3,
A4, As, RB, Rc, RD, RE Y, Z U are defihed the sanme as above. Necessary
starting materials nmay be obtai nedFénnuld Bndar d procedures of synthetic
organi c chem stry. The preparation of such starting materials is described

in conjunctiongwith 4 he {ollow representat i e _progess ithin the

acconp‘é(h?ﬂer%\’ %?aﬂpl%s.R A&? a8 S‘;Mté]gje‘?rﬁﬁlet%@en@é&sgr yﬁsﬁgr’xr@wéﬁ Pal's can

be Obt@éfﬂﬁgapé’ve.m 2011/ 002523PCT/ US2010/ 001897 anal ogous procedures to the
e

illustrated, which are within the ordinary skill of an organic chem st.
[0073] The follow ng@synt hetic schemes are meant to be representative
T

exanpl 946! yn petngther prsferradambaslimenti R~ imBormnile het Berma Fgripulasbhene 1
la-2 § 'I:i_yéfogénQbr E[bﬁs ;1\)51}%6:1)% ﬂles t?l(e same as R’ as defined above;

A [0047] In still another preferred embodiment, X in Formula I or Formula Ia or Formula Ib

is O.

[0048] In a preferred embodiment, A’ in Formula Ia is a carbon, and U is a methylene (—

CH,—) group, and is connected to the five-membered heterocycle through Al

[0049] Preferred examples of R” in Formula I or Formula Ia or Formula Ib include, but not

limited to:
i /Q/F /@[F /@\ F
X ‘ e
cl Br Br N
v©\ _Nﬁ\ _ Q\ Ov@
Cl, Me S
4 ] ~ 4
: 0 \N : (o) \N : (@) \l:l (o] \l:l
Cl, Me Cl, Me Cl, Me © Cl, Me ©
= N
4 H.,Me,Cl (o) —N
oA | ov[\] S ©
Joaaalioan O L
Cl, Me Cl, Me Cl. Me

[0050] In some embodiments, the compound is selected from the group consisting of:

27



II'la Alkylation Or redcutive amnation RE--Z, ,Q RDY-liil, HXR IllDb

[ 0074] Schenme 1 shows a representative preparation of a conpound of Formula
| a. ReducwoOweliznoe3?at i on bet ween conpounds of Fornul a | | pamdscanpoisats of
either fornmula Ma or fornmula Mo affords a conpound of Forrmula la-2 or

Formula la-1. In a further prospective, conpounds of formular la-2 can be
al ky| afN=(B-ohlore-43-AuRripbanzyhernBagge i 6- (5 (rmethylrb41azaphosplige- It o i el d

conpou Wl -1 AL tively, conpounds of Formula la-2. can
under gggfneeg{}'l f'?{/agliaﬂ?%gﬁzggﬁvﬁ %hﬂlgh al dehyde to afford conpounds of Formul a
la-1. The borohydride used for reductive am nation can be sodi um

t r i aceBaFy(bdimethytphogghine))ethythimino ghmathlyt) fuortxy-a+yil N -(4s@Hhaord barerpldse)-3-
di chl or t han or tetrahydrofuran (THF), or an al coholic solvent (e.g.
et hanol‘?g{g’?eﬂli‘énﬁé‘ﬁﬁ%ﬁn‘l“é Yi6i cal ly carried out at anbient tenperature.

[ 0075] The conpounds of general Fornula Il can be prepared by the

rocedgt { J i i R . L Sk . WO
D/ 06 T R e e o0

f r om c shlomanbgsylpfuiregolinidzaminea vi a al kyl ati on with 12c-halide (preferred
halide for the transformation is Br or 1). Alternatively, reductive

am nat i i | S Qrg ds. of mul a Ma
P e VL i S e et e s i L G S A
Schene yRyljquindrelisddarimef r i acet oxyl bor onhydri de or sodi um cyanobor ohydri de,
sol vent can be dichl oronet hane, or tetrahydrofuran (THF), or an al coholic

sol vené{_&?.@gb g%—gﬁﬁ-g%l Po'ber-lrzhy?ogygp Céxlin[]6-i(3s-(4I-fv1£ith%lill|,4¥azca% cl;sip%gno?ij—t at anbi ent

t enper
yl)propyl)quinazolin-4-amine;

dimethyl 2-((5-(4-(3-chloro-4-(3-fluorobenzyloxy)phenylamino)quinazolin-6-yl)furan-2-
yDmethylamino)ethylphosphonate;

N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(5-((2-(5,5-dimethyl-1,3,2-dioxaphosphino-2-
yl)ethylamino)methyl)furan-2-yl)quinazolin-4-amine;

N-(3-chloro-4-(pyridin-2-ylmethoxy)phenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine;

N-(3-chloro-4-((6-methylpyridin-2-yl)methoxy)phenyl)-6-(5-((4-methyl- 1,4-azaphosphino-1-
y)methyl)furan-2-yl)quinazolin-4-amine;

6-(3-(2-(dimethylphosphinoyl)ethylamino)prop-1-ynyl)-N-(4-(3-fluorobenzyloxy)-3-

chlorophenyl)quinazolin-4-amine;

N-(4-(3-fluorobenzyloxy)-3-chlorophenyl)-6-((E)-3-(4-methyl-1,4-azaphosphino-1-yl)prop-

1-enyl)quinazolin-4-amine;

N-(4-(6-methylpyridin-3-yloxy)-3-methylphenyl)-6-(5-((4-methyl-1,4-azaphosphinan-1-
yl)methyl)furan-2-yl)quinazolin-4-amine ;

N-(4-(3-fluorobenzyloxy)-3-chlorophenyl)-6-(5-((4-((dimethylphosphinoyl)-
methyl)piperazin-1-yl)methyl)furan-2-yl)quinazolin-4-amine;
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P(ORE)3 4- Br" IRE/ QN\ Br REEO 0O O v | 1) TMBBr 2) SO0 2 o YMO 1) n(RQO
VI1ZMp-N v, 11 z/sNH | 2 2) NH2NH2CL1' Cl 0 0 111 a-2Vi
WO 2011/002523 PCT/US2010/001897

N-(4-(3-fluorobenzyloxy)-3-bromophenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine;

2-((2-chloro-4-(6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-yl)quinazolin-4-
ylamino)phenoxy)methyl)pyridine 1-oxide;

N-(1-(3-fluorobenzyl)-1H-indazol-5-yl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine;

N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(5-((4-ethoxy-1,4-azaphosphino-1-
yDmethyl)furan-2-yl)quinazolin-4-amine;

(R)-6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-yl)-N-(1-phenylethyl)quinazolin-

4-amine;

N-(3-chloro-2-fluorophenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-

yl)quinazolin-4-amine;

N-(4-Bromo-2-fluorophenyl)-6-(5-((4-methyl-1,4-azaphosphino- 1-yl)methyl)furan-2-

yl)quinazolin-4-amine;

N-(4-Bromo-3-chloro-2-fluorophenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-

2-yl)quinazolin-4-amine;

N-(3-chloro-4-(pyrazin-2-ylmethoxy)phenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine;

N-(4-(3-fluorobenzyloxy)-3-ethynylphenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine;

2-((2-chloro-4-(6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-yl)quinazolin-4-
y1amino)phenoxy)methyl)-6-methylpyridine 1-oxide;

6-(5-((2-(dimethylphosphinoyl)ethylamino)methyl)furan-2-yl)-N-(1-(3-fluorobenzy!)- 1 H-

indazol-5-yl)quinazolin-4-amine;

2-(N-((5-(4-(1-(3-fluorobenzyl)-1H-indazol-5-ylamino)quinazolin-6-yl)furan-2-yl)methyl)-
N-(2-(dimethylphosphino)ethyl)amino)ethane;
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[0077] Representative preparations of conpounds related to Formula Ma are
shown in Schene 2. Trial kyl phosphites are reacted with brom de of formula
IV at temperatwmes280 to 150 C in an appropriate sol vent Pom/uspo0mats97
Deprotection of the resulting corrpounds of Formula V affords conpounds of

For mul 78 I

depr ot SOV CPRORbRAD: (iRt o B RRRAR Sl Bl R 2 RS-

inter WHCUZé(HBﬁetﬁj?lph@@beM)emyt)@mnhx)&aktmyindchI orides of formula VI when
refluxed with thionyl chloride. The phosphonyl chl ori des of Formula VI are

reacted with conpounds of For rruI V|l or la VIII he resul ting
i nt er Mol 8 dluosekengplyrl 5t wdagl- 5('151 BrPedcariby []ﬂgsazﬁP ‘ISBI“HB avl b?rloﬁ L oor

For mul Groups RD, RE, Q Y Z in Scheme 2 are defined the
sane gnjljoqglﬁqéo%gl S t le same as RF, as defined above, where n is integer

selected from0-3. "M is a netal, represented by but not Iimted to
magnesouasaltay shh@te theredBr or Myl ), sodi um potassium |ithi um Zinc (as
ZnCl or ZnBr or ZnI) Cu, and cesium The |inker connecting "Y' and "Z" in

SomoURY) i EIREYbBel oG b ot oL AR

het er opé@itHa (I5,- fgmNB (A)O(Aa$) (A, CAa PRV A, mt)har(Aaymvany vargshtiohs oxi di zed.
Compounds of Fornul a | Formula llla-2, or Fornula Illa-3 are

sub- c| tigEeohfa Rieﬁﬁmagalbfaacpe?tﬁwp alttherest 198 gy dratsrpraioljategthereof, qind 2\

+RH P\ - - I g(g,%;h I I 0080] A
repr es@ia{rgt {:\é\-/uglcglg}g%%re Q‘é‘b lSr? &g eq;c%ﬁ]t{lé:éssoéenéa]%ﬁgr &lﬁuﬁgs Bl%%ﬁ (I)I[’I Ib-11is
shown FornBddhehk (Ra), FAd-l(Aatd)] @), (4b-d) sufa)) myo;hnﬁmqmlthaerw, aRexdsst | on of
a phohsporyl dichloride of Formula I X with 2 equival ents of al kenyl netal

(e.g. B 91 Gignard reagents or al kenyllithiumreagents) of Fornmula X
gi ve di al kenyl phosphorus conpounds of Formula XI. Aza-M chael addition of

aa app[oRs aflﬁaﬂdtﬁél%,%&ﬁ' p’%mlaed (sea BhethR8RF YA e hy ek proli fbrA RIERREAGS inQf
Forrmul a Xl Deprot ection hydrogenol ysis with hydgroen at about 50

psi) amaomehl (ogpoumes, @frnmtsrngﬁd@xllmSIetnmg to the mammal (e.g. human) a
therapeutically effective amount of a compound of the Formula (I), Formula (A), (Aa), (Aa-
1), (Aa-2), (Ab), (Ab-1) or (Ac), or any varioations thereof, or a salt or solvate thereof. In
some embodiments, the method is for the treatment of a Her2 positive cancer in a mammal
(e.g. human). In some embidiments, the the Her2 positive cancer is breast cancer, gastric

cancer, ovarian cancer.

[0053] Also provided is the use of a compound of the Formula (I), Formula (A), (Aa), (Aa-
1), (Aa-2), (Ab), (Ab-1) or (Ac), or any varioations thereof, in the manufacture of a
medicament for the treatment of a hyperproliferative disease, such as a Her2 positive cancer

in human (e.g. breast cancer, gastric cancer, ovarian cancer).

[0054] Also provided is a kit comprising a compound of the Formula (I), Formula (A),
(Aa), (Aa-1), (Aa-2), (Ab), (Ab-1) or (Ac), or any varioations thereof, and instructions for use
in the treatment of a hyperproliferative disease, , such as a Her2 positive cancer in human

(e.g. breast cancer, gastric cancer, ovarian cancer).

[0055] The invention may also be directed to pharmaceutically acceptable salts,

pharmaceutically acceptable prodrugs, and pharmaceutically active metabolites of the
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[0081] RH and RI is independently selected froma group of C1 -C6 al kyl, C3
-C6 cycloal kyl, C3 -C6 cycl oal kyl al kyl, heterocyclyl,

het er ocycwel2alkpbs2aryl , heteroaryl, arylal kyl and het er eamryisadikpb1s97 OR5; R5
is defined the same as above. Mis a netal, and is the sarre as "M as
defined above, Therapeutic Aspects of the | nvent i on [0 her apeutical ly
ef f ect |°9@P8H%?ﬁ&en61fa?§ prana kMethads of makigethg campard ?rﬁg ‘tg%gﬁfet % r eat

d| seaseg Jipdhat ed by nodul at| on or reqgulation of ErbB fam |y kinases. An
"effective anount” is intended to nean that anount of conpound that, when
adm nistered to a manmal in need of such treatnent, is sufficient to effect
t r eat mg0056] orlna fuirtherspeatettic atexsdnttiyvdzrmenam\'ridﬂtqpnufouodteth@t inhibitgh€r bB family

Ki Th th tically effect f
conpou GBSkl G Respin furoring Rzt fomptaie amhinis SR ol @ g
t her eofforhglagAgu@RY, (A%- 1%“(/3(:1 g) @Alb% (AbMSE(ALE or iBOWrRfaBondthedebhi bi t the

activity of one or nore y ki nases such that a di sease condition
whi ch i's nedi ated by that act|V|ty is reduced or alleviated.

2011/ od@@ﬂapdwatfszqusgmgbv p{e(wgapvem'@nmvms %metéloguotgﬁatwﬁea@%r will
corres such as the
oort 1 onfelfcal Sorkiifdhs WeATBNBY oWt cetéblor RRRIRIDELRAY KBRS, SUTN, B
(e.qg., avlmxgkttn)mg)fo ﬁlhlﬁmﬁiwﬁiﬁlffdcﬂvél&mduﬁxfoﬂardb&ipmﬂﬂ of bletanlar(é)/Ebtrhﬂhess be
routlnela/édeterm ned lled in the art. "Treatin is |ntendedto

mean atAhd4dh (Aad)nfa %/P gA@n ?%li’ 13 OB AQa A oYAEIORTi RS ¢ ?feﬁigﬁﬁ such as a
human ackt?tuﬁil}r %@(t, thblalt, ﬁﬁ§ te loR iP@vb traB¥folgb18pEddrid theRof. Omﬁe premr e

Er bB fg y tyrosfin |nases and/ or serine, threoni ne kinases, and
i ncl uddseceptotr tyresmc)klnlasmmbdadted@pnqhmenehﬁtt |caugb¢ treatdd sexasding tmthiemieshodsrafm

occurring.in a nma n the manmmal is,found to b

pr edi sﬁlb‘géra’etlgorh mﬁ@é ]t‘%i? @geé% J‘Bﬁ%ﬁ?rﬁtﬂlcgﬁf CeesT %@‘P"@St‘{jt}té‘e‘}?cgi agnosed
as havilig, bleastTBslbh,avialig b%ﬁélo Stohf¥dh hh*élhéyg skifEpaHicERdIeuleaias, tymphonadd/ or
alleviating the disease condifion. [0084] In order to use a conmpound of the
For mul &saphagus, Htefkrc0TPECHYEL aemrtgyotherd@pdmﬁ hypsmprelifgrative disowders| eavabl e
prodrug thereof, for the therapeutic treatnent (including prophylactic

treat it J 0 I f I At in

accor gince vm?%sds an !rigc]&lp a?%gowggt F(%or?né% Ac')ém% Aa lg %e U(?\dog
CONMPOSi(Abal or & baryOvarivatitrissthaept Ghayte used adtfatﬁﬂgebmsﬂy ilhesmbinstiqar wuh ded a
pharmaceutical conmposition that conprises a conpound of the Formula |, or a
phar naé’&?fi‘ﬁ%‘l"??‘eé%éb‘t a88S-salt or in vivo cleavable prodrug thereof, as
defined hereinbefore in association with a pharnaceutically acceptable

di | Uem[O(W%C&T He ﬁ{lent{oggt%]rel-ﬁtk% t&BHBﬂ?chﬁt%?c&hy&%dsQﬁﬁﬁHs% ARffebfvd N 2
formsuitable for oral use (for exanple as ets, lozénges, capsules,
suspensginopst, Of@mﬂgsnmlﬁctedlfspa psmpbmqng@m;ul@rI ag raaxhanweutswluwcmtable

elixirs t opi ¢ eans,,; 0l nt e
aqueou%’}doqm%ﬂh?mg ?ﬁ’?azlhfc ve ?ﬁ%ﬁgfx@i’ Srn@)armfl eutlchlt?'atccf"]i’%& Cg?%&e&dafrrpl e as a
finely divided powder or a liquid aerosol), for adm nistration by

i nsuf f ljeagopn THeahveivaRple iacludesdinsity, sd;ilvdteigdlcpﬂmﬁﬂégledllyf ﬁlhctﬁlﬁfaent er al

adm ni stratjon éf or exanple as a sterile aqueous or oily solution

i nt r av&gBYAIVes aheampavegs of thSrFOFfﬁtﬂfaa(MJgeHP‘élP (4ddAay (Ba-1as(Ar-u b i(t\BTIQ for
rectal %&@”CO f%oﬁff&ﬁ%e@en&‘eﬁrﬂé@{l%@ﬂﬁs Bﬁ%ﬁig}?&ﬂlc&ﬂx} a&re@{ab}é%%ltw contain

one or sweet eni n ‘avorin or preservative agents.
[ 0086] pﬁuiru@bIIéaephwnmanalsbunahdlqs-mgmpﬂaiﬁlﬂm sarcoglieanta férans, inclwlhgany

formul ation i nclude, for ex le, inert diluents such as_| actose, sodi um
car bon&pAIORIEIiCiog qﬁt?&ggwgfgn%i eat 2Ry, R tomess AL pther %rfaaaf Qﬁ%‘?@’l’aﬁﬂ‘?

di si nt agtc%wguﬁ&@m@rew%@&y E@x@lxéﬁ@ﬁﬁﬁio%dﬂl 8 rficAGRhctupd Hhidge, AgENt S
such as starch; lubricating agents suCh as magnesium stearate, stearic acid
or tal cstruqruemmamwmt@gledlt@embmhe al pessilyle Stsreqmoaitfyt; ofa ngdp@xgdbbpzcm e, and

anti - uch as r bi aC| Tabl mul at i o uncoat ed
or contbiliohafiDa Fatis rReshentbehfom b Gosdh i Aragi e Bt gt

di si nt g@fedch&hicalNbrhh GreIddS@ABIAAd BHRikdn€ion Ol foema6f thé @ompeidli #8t

wi thin the %?strm ntestinal tract, or to inprove their stability and/or

appear alse embraced hydhe inypmtipne swaheastarprialling euRemerysghime 01&%°W9cedures wel |
known i r of
nard opapOidt; Conrbichs CRIBAShY b eORpbhe O Bl tHRGUITNd ikl LT P
solid diluent, for exanple, calciumcarB@dnate, cal cium phosphate or kaolin,
or as soft gelatin capsules in which the active ingredient is mxed with
wat er or oil such as peanut oil, or olive oil. [0088] Aqueous suspensions
general ly contain the active ingredient in finely powdered formtogether

W t h one or nore suspendl ng agents such as SOdI um car boxyrret hyl cel | ul ose,

o, o o .




WO 2011/ 002523PCT/ US2010/ 001897 [0091] The pharmaceutical conpositions of
the invention nay also be in the formof oil-inwater enul sions. The oily
phase maywbeon/meget able oil, such as olive oil or araclkrCcs/us2e10/001892

m neral oil such as liquid paraffin, or a mxture of any of these. Suitable

enmul si fying agents be, for exanple, n rally-occurrin such as
gum ai:%%?l%’ O%Blﬂ’ﬁotfrsﬁ aiaflx ,P“FFa‘i(qwné)ﬂ"i“Qa BEVGHE; an%’%‘ﬁ‘&éb#éﬁcﬂﬁégcgz@éﬁl as soya
bean, dhe&bf.f@d?mp@mo%f%&&@ﬂghg R3fikhiab oLESRPSUNdS bf HRAn{dreidh inhiyraticiads and

hexitol anhydrides (for exanple sorbitan nonool eate) and condensation
pr oducalso erthbrahed bythe ipeantionl ineldinggmixiturhs ef twa eraorssteteochgmirah forms of a

pol yoxyet hyl ene .sor bi t an .nmonool eat e, The enul si on i
D vent e tndien g e AP BBy AR G s M RORe e S Do SR Rng

may beschRidit hikekswitaltofidahe Megntzgadl s such as glycerol, propylene
gl ycol, sorbitol, aspartane or sucrose, and may al so contain a demul cent,
preservative, flavoring and/or caloring agent., [0093] The pha euti cal

r.nac
conposif0fbins Thapreseatdnysation ajsqdnelpdes isy O@cglgklaibf"lég cAineevads 053&\0115 or
oi |y sHsRERst ' bey L K [AIRIALD of ARYRamSRBRIUT €S
usi ng %ne Cl)rtlmogﬁg!‘ac(@g@%a,p oapgir’ g‘?&eé?:rf(%p?zﬁg‘?ng dc?;g \%\?étoti ng agents and
suspendbistdbatigemntia, Thhisotodically lhesded coompiumde dredtientizal th the eompeuridsjofttinbl e
preparation | so be.a sterile injectable sqlutiaon or s ension in a
P T GRVEN e Bt BF 1 gt B Bt e Y aoootois SARERHTE a
sol uti gembft. FxRndpird RO fRL that OAPYd indbRIPEd BitY cdiRpoHda L BlRSnv@itioRe prepar ed
by mxing the active ingredient with a suitable non-irritating excipient,
whi ch insludelisotbpes obhylirngeny catbaparitiogene oxygsn, phagpherustsulfvn ohlastng) such as
t enperat upenang wid 1 siherefigr exgmsid 14 3éhe rect um t | he_¢r ug.
Sui tabﬁ ggc%i tsdi cl de?s’f olgee arﬁ;l eé,]‘ (:C%(r:tglétl 1B%P§%¥a%8‘%§%§‘6’1&’9§‘%“ﬁy| ene
gl ycol @.g. PRGAGI“Gapé asdfulliacbipaindaSsubstiatd tissie Qi gdbBtionsitidyreWhsreirgel s and
aqueous or oily solutions,. or suspensions, may generally be obtained by
f or mul eeriaighesies dsoraps (P8gridloman affoqdiasrtaintherppeiiticaladvantag resylting fEgm ept abl e,
vehi cl ;1 di |1 ntional procedures well known in the art.
[0096]1‘?%%1%%%1{3 |gﬁg&?g$g§g%ﬂ¥??st ration by insufflation may be in the form
of a finely divided powder containing particles of average dianeter of, for
exanpl 0630 iThencompoursls df ¢lsis inviehtompmag @ossessaief orguoneraspnmgtrad ¢eméars,aodi ve

i ngredient alone,or diluted wth . on r r hysi ol ogi cal | y .accept abl e
carri oeh camROUIs SR PESEduERL AT KR o LR RO PO TSS B Reni ent | y
ret ai ngdreb 1Ph1ERRRAILERE BHeAVRE,NBe désefigﬁmma@mné ot @ paficitir ebmpehrid/ia

ingredient WO 2011/002523PCT/'US2010/ 001897 for use with a turbo-inhaler
devi cethespesfificationsind skaéms srintended tol includebeth indizidualenantigmers and dnigtwres,

cronogl ycate. [,0097 sitions for.admnistrat.ion.by inhalatipn my be
in ther21¥”2‘}7fllr‘f"1061"L ¥ vtgﬁ{glgﬁ ‘icof)df}'é%lgutﬁ’fszlgﬁe P e fl%lsynrﬁgdn %89%‘}&sjpense t he
act i verekflgé®ehanfibmeist Bl diafteRONREY @aPou@nbaihsiFdgmblarieThe thetiodedorahe i d or
liquid droplets. Conventional aerosol propellants such as volati]e

f 1 uor i deseratinaticarof starenshemistryrapd it sappeation ph yterroisesess ansvalhignond 8dBs  devi ce
i s conyenpi | r. ¥ I it f [

| mar ecirohet dspi el o SRRISE BB il Bl slRulk M,

conbi nBASmith land heMarchnivhe Wiley padefos, NewpY odtu2@07%. si ngl e dosage form wi | |
necessarily vary dependi ng upon the host treated and the particular route

of admni stration. For exanple, ormul ation int.ended.fqr,ora

o i 0063k | T ed o srenmaponnfe FAmmHB: B MPUST ARG G ilss ¢ o
act i vepiaganteutieAIRPAREREL W drbdra s, PRAMOREHREy ABGVCRBI4BBIiRE angmOUNt  Of
excipients, which may vary fromabout 5 to about 98 percent by wei ght of

t he t oplermecawpiosliy dcsaptablesalgeofisuch compowndsi | | general |y contain about 1 ng
to about 500 ng of an active ingredient. For further information on routes

of admpisiration and, dosage r.edi e; ' ' sage
For s STy e B RS el € UneRregB b TP WU e e

Ni chol @glegulefopovi ch, Lippincott Wllianms & WI kins, 2004. [0099] The size
of the dose for therapeutic or prophylactic purposes of a conpound of
Formula | will naturally vary according to the nature and severity of the
conditions, the age and sex of the animal or patient and the route of

adm ni stration, according to well known principles of nedicine. [00100] The
conmpounds of the invention are admnistered either singly or in conbination
to. a manmal to treat hyperproliferativézdisease, such as various types of
cancer, e.g., cancer of the colon, ovary, bladder, stomach, |ung, uterus,
and prostate. The compound nmay be adm ni stered via any acceptabl e route,
e.g., intra venous, oral, intra nuscular, via suppository, etc. The
conpounds can be formul ated as oral dosage forns, e.g., tablets, capsules,

. o o o v o o



[0101] The exanples below are intended to illustrate enbodi nents of the

I nvention, and are not intended to limt the scope of the specification or
clai ms i rwanyiv@ys2341l WO 2011/ 002523PCT/ US2010/ 001897 Bxamgsb@o0bo1897

N- (3-chl oro-4-(3-fl uorobenzyl oxy) phenyl) - 6- (544- et hyl - 1, 4- azaphosphi no- 1-
yl)methyl ) furan-2-yl)qui nazolin-4-amne Step A

1- benzﬁ%)él met hpharmageutisalby, accsRiaRlgRIodug y isfecqaraysd ihat mayhe qaavesd 1o a

vi gor o 5ib{ogftaP it A o BRIl CBBb Pl 8205 9, 50 rmol)
in TH Jzéf(%&rﬁgo%ata -/8 C \NE(I)S ggge l/)l\?lgnyl ma r?elsdﬁum Jg‘%l g‘?clﬁoe (al. 6 Min THF,
66 nlL, phfimaceatichllyaompiabld saltmfencl8@mpoundAf t er the addition is conpleted,
the reaction mxture was warned to O C over 1 hour, and to it was added

benzyl am (6.43 g, 60. [ ).. and .net.hanol (100 . The r.eacti,on m xture
was 1 nOOBE 1sierRr e Mt B EBIE o8 patiarRe e B HFAPIHES e

react i gfodited hESughasethIBdlisAtin the Body SEPHedifledRomipolid oL Mt thérbNg sat ur at ed
aqueous ammoni um chl oride (100 nlL), ethyl acetate (200 nL) and water (100

m) . Théetahalitesiof alcopwmound may bgadentidied using rowenedgelunaueskagwp indhe askandact ed
W th t hyl ene. chlori 1. t W T | organi c | ayer and
ext ra(qt%%ellb\;\%ﬁéﬁﬁg Fi%tgmcl)%g(ri S%%%&%rk%%lgwr?ggir?ées ?gsr%ﬁg%b%? 12;1,. filtered and
concentrated. The residue was purified by flash chromatography, eluting
w th 20866Tet raddugs andlaaive ancabmil iesne a ngpovad hiwg tdddentdftdpisoguottizes whi t e
crystalline solid (5.69 g,.51% . LCVMS ESI(+) m z: 224 (Mrl), Step B:

4- et hiAchaiquessonoymiashe atn¥anous,fpres phrRIPEyen areHingnds thett- F("é&ﬁidgalﬁﬂoﬁ. 2)
[ 0103] ' Zpladhs | Pk i A hi ' ) in
ot hans R0 e aed SR ¢ D RO aE LR s o' )
was hy {Elegaeral 285 )and d/d?bads is kakemolbgy , ¥dl. KdLp.S09:3960eqited. by TeWndderate was

filtere hr ough . Cel i a |1 solvents e renoyved under reduced,
|+ esouh ABHICPESS OB R RS cRime 1 Histn b oS TP VB LR a PERAEHD ur ¢ her
purifi aaiCheln ARhER Kepohrs IRBRHIAIMHNICIRAIHN AR d(H50APWeRE (Academi¥Press,
2011/ 002523PCT/ US2010/ 001897
2006), 41:395. c) Prodrugs: Challenges and Rewards, Part 1 and 2, edited by V. J. Stella, et

al. (Springer, 2007).

[0068] A “pharmaceutically acceptable salt” is a salt that retains the biological
effectiveness of the free acids and bases of the specified compound and that is not
biologically or otherwise undesirable. A compound of the invention may possess a
sufficiently acidic, a sufficiently basic, or both functional groups, and accordingly react with
any of a number of inorganic or organic bases, and inorganic and organic acids, to form a
pharmaceutically acceptable sale. Examples of pharmaceutically acceptable salts include
those salts prepared by reaction of the compounds of the present invention with a mineral or
Qrganic acid or an inorganic base, such salts including sulfates, pyrosulfates, bisulfates,
sulfites, bisulfites, phosphates, monohydrogenphosphates, dihydrogenphosphates,
metaphosphates, pyrophosphates, chlorides, bromides, iodides, acetates, propionates,
decanoates, caprylates, acrylates, formates, isobutyrates, caproates, heptanoates, propiolates,
oxalates, malonates, succinates, suberates, sebacates, fumarates, maleates, butyn-1,4-dioates,
hexyne-1,6-dioates, benzoates, chlorobenzoates, methylbenzoates, dinitromenzoates,
hydroxybenzoates, methoxybenzoates, phthalates, sulfonates, xylenesulfonates,
pheylacetates, phenylpropionates, phenylbutyrates, citrates, lactates, y-hydroxybutyrates,
glycollates, tartrates, methanesulfonates, propanesulfonates, naphthalene-1-sulfonates,
naphthalene-2-sulfonates, tosylates, besylates, acetate and mandelates.
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[0104] A solution of 2-am no-5-iodobenzoic acid (14.2 g, 50 mol ) and
formam de (100 nmL.) was refluxed for 10 hours. After cooling to room

t enper at we,20aes23( 100 nm) was added. The solid productcras2aolobmset ed by
filtration, washed with water. Further drying in a vacuum provi ded

6- 1 odo- 4- qui nazolinone (11 g, 81%. as a gray solid. Step D

4- chl or{go‘%li détwunyeiye iCﬁ@pewﬁme,fhmgt?su[eé Pby}n@sut&aﬁanaaﬁqp&blwah

6- | odo-.gui j - i ' [ was
added SO B B ftedicdneide SElablc R A E T oG RSl ofte I7% .
Heat i ndree dascomith anecbrgamic deid, soclhiashydrothlome dcibyhydochromie 4ad,rsotforic acid,
tenperature.. The reactio ] xture was. t hen evaporated under reduced. -

br e5su R acidy PsBEoTerasad ks . GEith i OreBHE Iy St 37 06N 196 THRFS and ¢
it vwas aRdafcihftl 4650 endnallifhdid, ARfArichRidimaldi€ad@SpyiriAD a6MapRlIR R A, under
reduced pressure to dryness. The procedure was repeated one nore time to
rid t hglysobeawd, salicylid asid;la mamﬁdgéamd sy¢heasglecwzonjc @oidyr gelactieenie acidpr oduct
as a tan lid, Step,E.  3-chl.oro-4-(3-fluoro-benzyl oxy)-phenyl anm ne.
(compodfaiiabitonias e RS s dioncidie e S ML MpRi Bia o5
Mol ) Weglutdssipasidesh hfdniifib ueidaush A Fer(ZoR 48id olif@imibiabidog ehlfaiie ati8uch
resulting mxture is cooled to 0 C. To above suspensi on was added :

dr opwi g&pyolugnesplierie apidon gthanegfieaicaacid, ordw like; 27 ol ), fol l owed by a
solution of 2-chloro-1-fluoro-4-nitro-benzene (4.2 g, 24 mol) in dry DW
(20 m e S oIA MY t t] ] or

anot heﬁ0%75mo&$§gq#té§&rv ggé#&ﬁﬂn\ﬁ%{l §) ?@E}%ndggﬁfgdrj%%ﬁl%gﬁ%@g%ﬁgg% mH{egsagbout 40
nmL, andnayds preparextiby aiyosu@blemhetbdd,iforexamipde, tredtmeent of thetfeart ackbivith anas
isolated by.filtrat.i %n, washed wit.h ter (50 n(la?&y and ajr dhii? dto yield
a yel | RPTEBYNT O OT821EA DB} U234 ARG LN ERZ Y| )< ﬂ’fief‘ba‘-@eﬁ% 1mactal o) .

The soli@roWRR op 'ji_ﬁ(%ﬁgé)d%ﬂ ﬂe%%r(&i@emr)th@Hﬂe.tlflﬁsﬁltaﬁ% WRimpI&s bt éu]g-‘ta()i@esglﬁs a

type, Aldrich, The flask is flushed wt ydrogen gas froma

bal | ooinchut, bitere netdirnited 19i suganie saksderivied femn améter adigsd suess ghydinoard f or 2
hours. The reaction m xture wacgaag‘,iltgégd through @ Oellite.ggl ug .and t he
sol venfr§uing.drimenia, IRy, seqoRdayy - And Jerlipny 4aings apd cEClLE amiges, SPeflas e v e

pr oductiperi®n@Pmbipholine and piperazine, and inorganic salts derived from sodium, calcium,

[ 3-chl oro-4-(3-fluoro-benzyl oxy) - phenylg] - (6-i0do-quinazolin- 4-yl)-am ne
hy dr oc BPBSSIHE, HAgRes{ued FgATesE. 591, cPPRYyFinc, aluminum and lithium.

3-Chl oro-4-(3-fl uoro-benzyl oxy) - phenylamne (3.1 g, 12 mmol) and

4- chl of [ L nazol | ' ' .

" opr op Ay (R R QbBolrlsheyic drtniio Pt B naBBlRS A HNbeSE ¢ ure
was r ekthexed af desciiBedhbelow, emiployag] thel tqghoidued avadsble dh thectreakidyy sthrtingr at i on,
washed with cgld is‘%gropan% (10 nL) and ether (20 nL), and air dried to

af f or d metegials thpt arg eadly a¥atlpble: red material. Step G

5-(4-(3-chl oro-4-(3-fluorobenzyl oxy) phenyl am no) qui nazol i n- 6-yl ) furan- 2-

car bal iGohconmpound 1.7) [0108] A m xture of

[ 3-chl oro-4-(3-fl uoro-benzyl oxy) - phenyl ] - (6-i odo- qui nazol i n- 4-y1)- am ne
hydrochl oride salt (5.05g, | Omol), 2-furylboronic acid (1.85g, 12mmwol) and
pal | adil®2t atAar9mBpe ormulanier § pharmegenticglly rocepible wMthereofymaytbeEt OH and

40nL 5 .l S- M
ShovedPiRared i 3p) SRS Rloyfmly sRRlicML LPAEB AR Lherlgu et ™
pr essucempnchdsaSheablé pcesss hichide] fon exahple, thasdllstgted reW QR0N/00d01 1,et her

100m) t lid(4.5g),.which df t st it hout
1£urt he)fin(é)&l%%telg{q?r Yol Oeélﬁﬂélfioorgg)anic Mécﬁcin\c,v\?ghe%igtry L(e)trter?,eZX007,sl7e',el9\am7. o

- - A= (3- - - hi no-
ot o eteshes, MR UARAD XY RARAUS pP e TPt bio dadr avaifept no- 4

feature of the invention, and the groups Al AZ A3 A% A° RB RERP RE X, Q,Y,Z  Uare

defined the same as above. Necessary starting materials may be obtained by standard
procedures of synthetic organic chemistry. The preparation of such starting materials is
described in conjunction with the following representative processes and within the

accompanying Examples. Alternatively, the necessary starting materials can be obtained by
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[0109] To a suspension of conmpound 1.2(169ngy, | mml) and the conmpound 1.7
fromstep (473ny, Inmmol) in DCE(5nL) was added DI PEA(1. 5mmol) and

HOAc( 1. 5rmwol2p11/08p328r stirring the mxture for 30 m nut e®CTAISGM10OBISIDF
NaBH( OAc) 3 was added followed by Stirring the m xture overnight. 1.0nL of
5M NaCH was added and the m xture was extracted with DCI\/EZXZOnL) Combi ned
or gani @salogans\prededuresite therHpsirates whigh ase it thgpgtinaryrskilt ehan erganiad
concen%é’;}}d pn fol | oned by purification through flash col unm chromat ography
on silica gel (10% net hanol in DCM to get pale brown powder. 1HNVR ( CD30D,
300 MHz) 6 8.67(d, 1H), 8.49(s,1H), 8.18(dd, 1H), 7.91(d, 1H), 7.63(dd,
1H), 7jewg3yd Th]el-ﬂ))llo%n’gzs@dthefld:-l}cheﬁleg Afecidedrtlto be reprdsentafii cﬂanﬁﬁies chly ahi}

6.98(d, 1H), 6. 51 @é d, 5.23(s, 2H), 3.82(s, 2H), 3.36(s,
1H), 3AFRAMEBPYO "211 %fﬁvemlﬁnmza&txﬂ?ﬁ 4H),1.58(d, 3 H). LCVB ESI (+) m z:
591 (Mtl). Exanple 2 WO 2011/ 002523PCT/ US2010/ 001897

6- (54( 2- (di net hyl phosphi no) et hyl am gwp¥pat hyl ) furan-2-y1) - N-(4-(3-fl uoroben
zyl oxy) - 3- chl orophenyl ) qui nazol i n-4-am ne Step A

N-benzyl- 2- (di met hyl phosphi noyl )et hanam ne (conpound 2.1) [0110] To a
vigorously sti r 'ﬁd sol uti gn of thyI phophoni c chl ormfe (6.65 g, 50 nmmol)
in THF (100 Q’t -78Hr€ &Qedp Wyl magnesi um chl e (1#8"Min THF,
33m, 52.5 B nikn. Akeer. the/additato onpl et ed,

t he reaction mpktu rrred tity 0 C ovegoly- -Roul, arll -@ S added
benzyl am ne (6. 43 I) and . hanol (108 nBj. The, £CTNONHM Xt ur e
was then refluxeﬁaforu36 hour s. A? cooled to remmte erature, t he

sol vent was rem)ved and t he resi due vvas poured into a separation funnel
containing ethyl, eBg,g,ggdenL) and water (100 nL)” The organic |ayer was
separ ated, and layer was ext r act edAW'3Uf net hyl ene chl oride (100
m.) tw ce. The %o%bxned organi c | ayer and extraciésredative dried over

anhydr ous nagnesi um sld f at e, filpel gd and gancent™@et®d. The resi due was
purified by flash chromatograp I ut i n@”w th 20% et hanol in

di chl or onet hane to gi R&% E 5| Ae x as V\/mte crystalline solid

(5.69 g, 51%. LCMS HSHYW 224 .St ep B:
2- (di net hyl phosphi noyl ) et anam ne k orrpou'?‘nd ¥.2) [0111] A solution of
conpound 2.2 (200 ng) in nethanol (50 m2) with palladiumon carbon (10% 50

was hydrogenated on a Parr shaker f hours at 60 psi. The m xture
) y g E Alkylation OFEE %4 P

was £ Qi P % NH
D_. 2 —_— RD— | '
RP=Y~ 5{ Or redcutive Y X RC
amination b

Illa

[0074] Scheme 1 shows a representative preparation of a compound of Formula Ia.
Reductive amination between compounds of Formula II and compounds of either formula

I1Ia or formula IIIb affords a compound of Formula [a-2 or Formula Ia-1. In a further
prospective, compounds of formular Ia-2 can be alkylated with an alkylating reagent, such as
RET or REIBr to yield compounds of formula Ia-1. Alternatively, compounds of Formula Ta-2-
can undergo reductive amination with an aldehyde to afford compounds of Formula Ia-1.

The borohydride used for reductive amination can be sodium triacetoxylboronhydride or
sodium cyanoborohydride, solvent can be dichloromethane, or tetrahydrofuran (THF), or an

alcoholic solvent (e.g. ethanol). The reaction is typically carried out at ambient temperature.

[0075] The compounds of general Formula II can be prepared by the procedures described
in pulished PCT application number W0O2001/004111.
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filtered through Celite and all solvents were renoved under reduced
pressure- to give a white crystalline solid, which was used w thout further
puri fi catworo110@¥M33ESI (+) mz: 122 (M+l). Step C PCT/US2010/001897

6- (54(2- (di net hyl phosphl no) et hyl am noyOnet hyI yfitran-2-y1)-N-(4-(3-

f 1 uor obenzyl oxy) - 3- chl or ophenyl ) qui nazol i n- 4- ani ne (conpaound 21) WO

2011/ oﬁ)é)jg]\; pEpmpopodseHiergota {B?LTZ}’ be prepared from compounds of Formula IlIa via

5- (4- 2-
car bal GsHGen SELIEERAMpRterc L ROD AT AR D B8 B AT IR

s uzpe ngbeldcm\{’e adm@hﬂtl@’r wgmhpﬁmprxétgalczdhydeﬁémmem d:qxré%mglds :)ﬁFanrmxd? (Badro Ps)
and sodi umtrj aget ox 0 e re. added at .rqo eeraure.
The m xepeins gt Epmiadiia | o biropedid tneth b BSve GHAT R B G A L BRP o

di sappgat&fium Mt BIMorGihyWRde gy%aﬁ&ﬁ@ywﬁaﬂar&%wamoﬁ%emesol ution and

extracted wth dichl"oronethane. The coibi ned organic | ayer and extracts

wer e ddlchhbrmeihamhyt}mehﬁdmﬁgmeéTIﬂlFﬂ Quarﬂ ahceholfq sotvent@.-@sthavohicdher at ed. The
resi due was puri.fi sh ¢ y, eluting with 20% net hanol in
di chl oFe&ﬁ‘é?’hfgﬁ%P“E%gfg‘ia&%e‘{% 8%‘%’?’ “as yel low crystalline solid.
LCVMS ESI(+) mz: 580 (Mr1l). | HNWR (300 M—lz, CD30D) 8 8.73 (d, 1H), 8.50 (s,
1H: 8.20 (m 1H), 7.92 (d, 1H), 7.%fBef®R 1H), 7.68 (m 1H), 7.46 (m 1H),
7.36 (m 1H), 7.30 (m 1H), 7.22 (m 1H), 7.11 (m 1H), 7.00 (d, 1H), 6.53
(d, 1H), 5.25 (s, 2H), 3.94 (s, 2H), 3.08 (m 2H), 2.15 (m 2H), 1.57 (s,

3H), 1.53 (s, 3H). Ex le 3
6- (5- (((di rretEhyI phosp | met hyl a W;é':r‘ r&HilﬁH 1) Rﬁl—(4,Q('5'Hle uor obe
-\4 &
|

nzyl oxy) -RORChI 6r o nazol |

5- (4- (4- (3-f1 uor dBenzyl oxy) - 3- chl or g m no) qui nazollnﬂf 9I53furan 2-
car bal dehyde (conpound @z 7) and (dIPTTE(Ph I &oaphl noyl ) met hananiaie '
(preparation: Mier, Ludw g Phosphorus 1 r and Silicon and the Rel ated
El ements, 53(1-4), 43- 67, 1990) were sus gd i n di chl oronethane (20 mi).
Sequentially, acetic aci d (3 drops) and sodiumtriacet oxyborohydride (2

Y mxture was StII’I’Ed at room

equiv.) were added at rog{(@{ ture. T
, rédR %’He rRAct i @nNKas

tenperaturg \r\lu t he ¢ mat eri al _di

quenchedn@ %@:ZN a.quaé(ﬂs_sfﬂ_“’btl on_3nt h db%‘h%oronet hane.
The conbi ned organi NMzayes) ansiHext r &R welfle d |e@)M7'é}'Hzanﬁyd¥o%s magnesi um
sulfate, filtepgg and concentrat ed. ?ﬁe r&lgue was purified, Pay flash
chromat ography, eluting with 20% net hanol in Wi chl or onet hane 't o gi ve the
desired product as yellow crystalline solid. WO

2011/ OQﬁﬁ?)]’S P@pk&%@&&@(l@&@ﬁ&&ions of compounds related to Formula Illa are shown in
Scheme 2. Trialkyl phosphites are reacted with bromide of formula IV at temperature 80 to

150 °C in an appropriate solvent or in neat. Deprotection of the resulting compounds of

Formula V affords compounds of Formula IlIa-1.

[0078] Alternatively, compounds of Formula V can be deprotected with trimethylsilyl
bromide (TMSBr), and the resulting intermediates are converted to phosphonyl chlorides of
formula VI when refluxed with thionyl chloride. The phosphonyl chlorides of Formula VI
are reacted with compounds of Formula VII or Formula VIII, and the resulting intermediates

are deprotected to give compounds of Formula I1la-2 or Formula IlIa-3.

[0079] Groups RD, RE, Q, Y, Z in Scheme 2 are defined the same as above. RY is the same
as RF, as defined above, where n is integer selected from 0-3. “M” is a metal, represented by
but not limited to magnesium (as MgCl or MgBr or Mgl), sodium, potassium, lithium, Zinc
(as ZnCl or ZnBr or Znl), Cu, and cesium. The linker connecting “Y” and “Z” in compounds’

of Formula VII or Formula I1IB-2 is a alkyl or heteroaldkyl diraticals, and may contains 0-3
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LCMS ESI(+) mz: 566 (Mrl). NWR (300 MHz, CD30D) 8 8.65 (s, 1H), 8.46 (s,
1H, 8.15 (m 1H, 7.91 (d, 1H, 7.75 (m 1H, 7.62 (m 1H, 7.40 (m -1H,
7.29 (m wl2p11/002€3(m 1H), 7.13 (m 1H), 7.08 (m 1H), p6éTAB2¢1d/0018b), 6. 47
(d, 1H), 5.20 (s, 2H), 3.97 (s, 2H), 3.08 (m 2H), 2.85 (m 1H), 1.57 (m
6H). Exanpl e 4 \ . . o
N ( 3- cReisFastomy 3.8 NRos %éhﬂlﬁkWMWémeréuP%‘t?t&d REO¥iized, Lompepndsthhi no- 1-
yl)pro Dl
Aot oA PAERU o A MEmSEEES arc syb classof compaunds of Fomulp o1 1.1
To a mIHaure of Cs2CO3(1.3g, 4.0mmol), Acetone (5.0nL)and conpound 1.2
(0.338ng, 2.0nmol )was added propargyl chloride(150ng, 2.0mmvl) .Stirred the
m xture at 50C overnight. Filtrati 8& and concentratl on afforded a yale
brown solid. No further purificati RS Jheeded for next step. Step B:
N-(3-chl oro-4-(3-fl uorobenzyl oxy) phenyl) - 6- (3- (4- met hy1-1, 4- azaphosphi no- 1-
yl') prop-1-ynyl)qui nazol i n-4-am ne gconpound 4) [Q115] A m xture of
am ne, .cogpound 41 (205ngy, 1. 2myaJ|=) | odi de, ¢ eL ound 1.6 (505ng,

ng

1. Onmol Ju_{PAC12( PRN3) 2(358 (3% ) , Et-3NCL. iy Raa%'XH n
10mL of DIVE,Was ated at under [t nosphere o n| ght Concentréu‘_ n and
purificakon through flash col dfn thomat ogr afhygon silica gell(b% NgOH in
DCM afforded the desirable product as brown povvder LCVS ESI (+) m z: 550
(M+l). I HNVR (CD30D, 300 MHz) 8 7.96(d, J=2.4Hz, 1H), 7.83(dd, J1=3.6Hz,
J2=8. 1Hz, 1H), 7. 71(d, J=8.4Hz, 1H), 7.60(dd, J127Hz J2=9.3Hz, 1H),

7 39( t cu008!)1 0A Tefirgsediative steparamppl of WQ@(SGconﬂﬂ?y Zhines Qfﬁonmllazhlélul igstpveryz,

8 el LB i il 5

H) @%@brﬂ%lﬁ thﬁula?xX"ﬁllth 2@@113%&(5%%5&3%@%1@3 Q1Ak&HA &RTgnafkrapds S
N-(3- chloro4 3-fl uorobenzyl ox )ghenyl -6-(3-(4-nmethyl-1, 4-azaphosphi no- 1-
y1) pr opy Pikerylhehrgn repgantghe fnllg/)rmu a X give dialkenylphosphorus compounds of Formula .

XI. Aza-Michael addition of aa appropriate protected amine (e.g. benzylamine) afford
compounds of Formula XII. Deprotection (e.g. hydrogenolysis with hydgroen at about 50
psi) afford compounds of Formula IIIb-1.

[0081] R" and R'is independently selected from a group of C;~Cs alkyl, C;—Cs cycloalkyl,
C;—C¢ cycloalkylalkyl, heterocyclyl, heterocyclylalkyl,aryl, heteroaryl, arylalkyl and '
heteroarylalkyl, —OR’; R° is defined the same as above. M is a metal, and is the same as

“M” as defined above.
Therapeutic Aspects of the Invention

[0082] Therapeutically effective amounts of the compounds of the invention may be used
to treat diseases mediated by modulation or regulation of ErbB family kinases. An “effective
amount” is intended to mean that amount of compound that, when administered to a mammal
in need of such treatment, is sufficient to effect treatment for a disease mediated by the
activity of one or more ErbB family kinases. Thus, for example, a therapeutically effective
amount of a compound selected from Formula I or a salt, active metabolite or prodrug
thereof, is a quantity sufficient to modulate, regulate, or inhibit the activity of one or more
ErbB family kinases such that a disease condition which is mediated by that activity is

feduced or alleviated.
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[0116] A m xture of the triple bond conmpound (conpound 4, 100ng, O0.18mmol)
and 10%d- C(10ng) in MeOH(20nlL) under H2 at nosphere at roomtenperature
for threewbaorigo2$8ltrati on and concentration foll owed poriUscaandmsar t hr ough
flash col um chromat ography on silica gel (5% MeOH in DCM afforded the
desirabl e Broduct as a_brown powder. LCMS ESI (+) rﬂz 554 QNH) 1HNVR
(CD30D[00830 NHe)angoumt 9fig given pgent ghat ayill cortpsppng g suchpnamqunt willjvaryz 75 dd,

151 g A Ay ity S g ol O

% 258 the 1iﬂH)t1ty (e.§ 4 dighd=H. thd-hamhtd)l i n&#{dﬁtrehhﬁcntﬂnﬁléﬁ ne’irtheleSs BS(s, 2H),
S

E;(?ng |r émgmely %tqu}mﬁ;ﬁ?i u R)Z)ie’gl 1%@}?&*2:’;}% i;‘r geéi@gfgfnfengiéi g(rgéé]n:%c:‘lzéa%’lt_gfe 3 H
-flu i | =2 -

yaret h?’tpﬁ%ﬁ%ln) i hy A @g}ltonalﬁg rgiﬁéglaAsﬁc ch ?%t e 42 fhat is affected, at least in

2- (1, 3paityoths cactndt)d ofronzoy imozr¢ Byt Fosifshtymestiae Kioasep @odydr serine, (hidonije A

m xture. of 2- m)t.l i soi.ndoline-1,.3-¢diope (7.6 30mol d.

[t ot Rsesn b e haes oD oL BE R e s tinett ResoSe o 80P grtugiRin
Concentigdnhagl, mkcul At RORRARETY 14938 10608 FoseAUs hhviaa Hiedisdaké ough

col um chromato rap on silica gel (100% Et 0Ac) gave the desired product as
a whi tgogbh@xubg pot yet been diagnosed as having it; modulating and/or inhibiting the

disease condition; and/or alleviating the disease condition.

[0084] In order to use a compound of the Formula I, or a pharmaceutically acceptable salt
or in vivo cleavable prodrug thereof, for the therapeutic treatment (including prophylactic
treatment) of mammals including humans, it is normally formulated in accordance with
standard pharmaceutical practice as a pharmaceutical composition. According to this aspect
of the invention there is provided a pharmaceutical composition that comprises a compound
of the Formula I, or a pharmaceutically acceptable salt or in vivo cleavable prodrug thereof,

as defined hereinbefore in association with a pharmaceutically acceptable diluent or carrier.

[0085] The compositions of the invention may be in a form suitable for oral use (for
example as tablets, lozenges, capsules, suspensions, emulsions, dispersible powders or
granules, syrups or elixirs), for topical use (for example as creams, ointments, gels, or
aqueous or oily solutions or suspensions), for inhalation (for example as a finely divided
powder or a liquid aerosol), for administration by insufflation (for example as a finely
divided powder) or for parenteral administration (for example as a sterile aqueous or oily
solution for intravenous, subcutaneous, or intramuscular dosing or as a suppository for rectal
dosing). For example, compositions intended for oral use may contain one or more coloring,

sweetening, flavoring and/or preservative agents.

[0086] Suitable pharmaceutically-acceptable excipients for a tablet formulation include, for
example, inert diluents such as lactose, sodium carbonate, calcium phosphate or calcium
carbonate, granulating and disintegrating agents such as corn starch or algenic acid; binding
agents such as starch; lubricating agents such as magnesium stearate, stearic acid or talc;
preservative agents such as ethyl or propyl p-hydroxybenzoate, and anti-oxidants, such as
ascorbic acid. Tablet formulations may be uncoated or coated either to modify their
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Step B: dinethyl 2-am noethyl phosphonate (conpound 6.2) [0118] Conpound 6.1
(2.83g, |Omol) was dissolved in 40nm. of ethanol and then 9.5nmmol of

hydr azi newoenoinpeli2at e was added. The resulting m xture wag/usedtoonmsdr f or
three hours. Filtered off the white solid formed fromthe reaction and

oxt USRI AGALE PSPl A BT gy b FpR the ° 1Sea Ter
2- ((5- % n%?mgé%@lrt%c@ &30 i&y&whws&mvy)mmwbwmbqﬁu a8, Uksing- 6-
yl) furan-2-yl)net hyl'am no) et hyl phosphonat e (conpound 6) [0119] To a

suspensdnyenodnat cogimgragents 2nd pBRadures web knowndn theerc onpound 1.7 (473nm,
I'mol ) in DCE(SnmL) was added DI PEA(1. 5mm|) and HOAc(1.5mml). After

fS E): lr(r)\lmgg, sztegq“)r‘(é".lﬁr%‘g’“% g(ger.O%m X1 trﬁlllrr%'eo(s)evuelr Irllé)ﬁs @%Aﬁ@%%%a%%ﬁ%ﬁadded and
the m xdtlileGngradichitxik mgécedmwmhndacmmmm), fo@xaimptaedalomgamrbmanas washed

with brine and dried over Mg504., Fi]Jtration a centra followed b
pur i i ealeiughphosplaiepr lff}‘ﬁlélho"c%ﬂ ot clating R Hey ‘&ﬁﬂ&‘ es"'icfw?: H‘g@%{] 199 3% et hangl

e oil CVEY ¥) mz: 612 (Mr1). 1HNVR ( CD30D,
300 "E‘%‘gﬁ%“?%%i%l%%‘£4§?(¥saﬁm° “Eegé(’(d) "7 s 4H§ 1)H) 7 89(&, 1H) .
7.73(d, J=8.4Hz, 1H),7.61(d, J =7.9Hz, 1H), 7.38(m_1H), 7.28(d, J=8.8Hz,
1H), 7[0088YH, AqBodsmispdridjons zenGaHy cdin the a0ive, mgreczlem finejy, p&Ydesed,

J 2. 7%&&1}& wgl(i ohe orl_pnore suspe(nsding e@ehts B 68 oty ca%boxygnr@thy%ce'll%ﬁdsez 10(m

N ( 3- Cmeﬁfi%e‘ﬁu(o%e fﬂyﬂ%@?ﬁiﬁlﬁh@t&?ﬂkﬁﬂﬂmﬂkocﬁuﬁl%élaa&%cﬁyﬁhyﬁpﬁydlrdbn&, gudli oxap

eth yl am no) net hyl ) furan-2 ul nazolin-4-amne Step A

hosphi no
2- (1, 3trdg@ﬂ0ﬁ¥l§®drg@m aoacia; QHSp@slng |opn@§m&ﬂgee sau@;lh%lﬁ?l&en OE 6PRSISOSAYION, 1) 49

products of an alkylene oxide with fatty acids (for example polyoxethylene stearate), or

condensation products of ethylene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters
derived from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or
condensation products of ethylene oxide with partial esters derived from fatty acids and
hexitol anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspensions
may also contain one or more preservatives (such as ethyl or propyl p-hydroxybenzoate, anti-
oxidants (such as ascorbic acid), coloring agents, flavoring agents, and/or sweetening agents

(such as sucrose, saccharine or aspartame).

[0089] Oily suspensions may be formulated by suspending the active ingredient in a
vegetable oil (such as arachis oil, olive oil, sesame oil or coconut oil) or in a mineral oil (such
as liquid paraffin). The oily suspensions may also contain a thickening agent such as
beeswax, hard paraffin or cetyl alcohol. Sweetening agents such as those set out above, and
flavoring agents may be added to provide a palatable oral preparation. These compositions

may be preserved by the addition of an anti-oxidant such as ascorbic acid.

[0090] Dispersible powders and granules suitable for preparation of an aqueous suspension
by the addition of water generally contain the active ingredient together with a dispersing or
wetting agent, suspending agent, and one or more preservatives. Suitable dispersing or
wetting agents and suspending agents are exemplified by those already mentioned above.

Additional excipients such as sweetening, flavoring and coloring agents, may also be present.
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WO 2011/ 002523PCT/ US2010/ 001897 [0120] 2.83g of conpound 6.2 (10mvol) was
di ssolved in 100n. of DCM and the solution was cooled to OC. 2.90g of
TVSBr ( 20rmwol2p1veass2dr opwi sel y added. The mi xture was sti PCedrsad10/00m307
tenperature for two hours. Concentrated the m xture and afforded a brown
resi due whi ch_was di ssolved in 100nL DCM . 10nL o hi.o chl ari.de was
added &90%bonhhe afeyt ?&HH‘PPWHO?% ??Wﬁnﬁﬁ‘?’k’f"tﬁ?’ésﬂg’@ m/erffo gf"l‘E}B'C for

two hoyy Wafkr eI AL by 89&&5@ BE XLebabicle rsuél?QéJ&l% Rl SS&hdIs & fpraded

sticky .o pur for next step. Step B:
2- (2- ( ‘miberdl miashdcjnhs lig8id2padaftin aprtrompttirecof 2ny bfdtehgtls}mtgblﬁwdmlwfy@n&agkntﬁ one

d,7 he sol uti f 10rmol
(188m°§?aytb&é)éﬁ% FRIE, Sl oS oA LB AR St T SHE (B EP et hy ! am ne

at  r oophiPIIREdRhMHIR: phb ahaéyédchrag sy XbdahCle¥i@fin Sdn dste@sl oPpartiblQsteror two
hours. Concentratl on fo y purification t hr ough col utmm chr omat ogr aphy

on si | dedvagefrom datty apldmglddfexaebarﬂ)e@n@?sd&rcqxa@@leasommengrmql@te)sepép C:

T S0y sP i aedics RS SREBRAGL Btere BT ATBRTLA: hERIR clortlicn®] 2]
4. SMDlsorbitahdhaaleste. Thy@hyldioat tanassoxdeesh S\Rwexﬁﬁg flalvbrigg A& presarviavig:
refluxed for three hours. Filtered off the white solid formed fromthe

react i 88Mhd concentrated the filtrate to give a sticky |liquid which can be
used for next step wi t hout further purification. Step D

- (3- Cp@p- Akl drdoA RRENEY ek ARSI Srd {fanfs MR iyberk 3. 2-

di oxap ant no) net hyl ) f uran-2-yl )qui nazol i n-4-am ne
(conpoq»mpyVe)xe [gQ&:BB]sor'detoh aspwpmr@ncmbe,candmym]sokc&(@@m@muuwnm ) and the

conmpound 1. é ﬁg? CH DCE(5nmL) was added DI PEA(1. 5mol ) and
HOAC ( 1 PEFBAY Ve Hpyeringsn |°r?3°rf’}$eagﬁf’ ture for 30 nminutes, 2.0mvl of
NaBH( QAc) 3 was added followed by Stirring the m xture overni ght. 1.0nL of

5M NaOhosas adiiqthanhsteutieal RbiipusiGonemag ¥lsb &6 i€ theVibirh oDEMedelifdclabléConbi ned
organi cs was washed with brine and dried over 504. Filtration and

concengaugous AT iy SuspeRpiosy Which may Be formulaied acsrding Shkeayyupiecedirentieg r aphy

i z: 689t PRRDY® O hRRRE RS Bﬁp%ﬁ"’gm%&@ﬁ%f%é% L S M

J1=0. 9ave béaehtionedlifiove 7A 3Gride inj repé.rlal)mn ihai&@sd) bela=Qerileldnj ectable
1H), 7. 62(dd, J1=2.4Hz,, WO 2011/ 002523 CT/ USZ 018970%‘,2 =9. OHZ
7 38( t golutjqn-pr syspensipp-in agign-toxigyparentera %rawfﬁ@ iluegigr s 025( ar exm fiz,

7.03(td, J1=1.8Hz, J2=8. 1Hz, 6. 92(d,
kY 3H291§£€"m]ﬂf?§£‘e‘3ﬂ’gb 3Hz, (1H) 5.20(s, 2H), 4.00(d, 4H) 3.og(m 1H),

2.30(m 2H), 1.04(s, 3H), O. 99(5 3H). Exanple 8
N- ( 3- cli0ab- Huppeysitody fpxﬁm}atms MWWQHW@Q bﬁnlémgihﬁeaqtlyb ingredigntapifog phi no- 1

suitable non-irritating excipient, which is solid at ordinary temperatures but liquid at the
rectal temperature and will therefore melt in the rectum to release the drug. Suitable

excipients include, for example, cocoa butter and polyethylene glycols.

[0095] Topical formulations, such as creams, ointments, gels and aqueous or oily solutions -
or suspensions, may generally be obtained by formulating an active ingredient with a
conventional, topically acceptable, vehicle or diluent using conventional procedures well

known in the art.

[0096] Compositions for administration by insufflation may be in the form of a finely
divided powder containing particles of average diameter of, for example, 30 um or much less,
the powder itself comprising either active ingredient alone or diluted with one or more
physiologically acceptable carriers such as lactose. The powder for insufflation is then

conveniently retained in a capsule containing, for example, 1 to 50 mg of active ingredient
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yl ) met hyl ) furan-2-y1) qui nazol i n-4-amne Step A

3-chl oro-4-(2-pyridyl net hoxyl)-nitrobenzene (conpound 8.1). [0124] To.a
sol uti on w0 28t1aiobs280- 1- f | uor o- 4- ni t ro- benzene (8.75 g, POTsRé/HODIRITr Y
Acetone (100 m) was added 10.0 g of K2CO3 and 5. 459 of

2- pyri dyl met hanol (50 The react.ion m xtur st rred at 65C
over ni tuse B tart&{hoo‘ggglﬁﬁd‘i%%é a1 BEFgau sy B%a}‘fq‘f‘ﬁ

recrys 1%%?&?62@ Give the desired product as a vvhlte solid (10.2g). Step
B: 3-chloro-4 %yrl dyl met hoxyl ) - phenyl am ne (conpound 8.2) [0125] 2.65g

of conpound 8.1 (10mmol) was suspended in MeOH g)gq m) and treated wet 5%
Pt/ C (8990 s & onygwsitions dor administratiay) by mhelafloramyl in thesfesd mmhnmpaglen gas

froma balloon and.the reactj.on_mn d_under I'l oon

for o RBaTeed ad0f anEnbared BRpE Ghdefyd Biredlent Fifer dh g heslieliBREMIAE, O

t he somggtdnhaed SR diguiti@bplead Toadertionslsdet ol pro ﬁél@drfﬂs dich ag vofatithe desired
product tep C [3- chloro 4- (2-pyridyl met oxyl enyl] - (6-i odo- quj nazol i n-

4-y1)- mm@tm@m@m@nsm hydrocarbebsixali he usech%}nd) the asrepolAirBieg ineoresmsBind 8. 3
(2 r””?in)m %H? §§§§% n%mé’ferr%ﬁ'q%ﬁn?o&“a&?veqyg&%ﬂ fine (2 mol) were dissol ved

in |sopro he reaction mxtdre was refluxed for 12 WD

2011/ 002523PCT/ US2010/ 001897 hours. The solid product was col |l ected by
filtraf0098] Whehahunt dfa omhpbdndm;fnhipa‘nwhti(nimams)coarbdhﬁt\hi&h of@6r mbye, and air
dried to afford 450 ecl an dﬁswed terl

o (2 SRS &0 BodESA F HRESOSISAIORE T TR ES AR PERGEERPAR BSOSt ur an- 2-
C ar bal ﬁ@zﬁ&g gnd ﬂ\q@ rﬁ&ﬂi&ﬂﬂir Sortte of lexglzﬁstﬁtlﬂh XFd%reﬁaxﬂf)leC ) Wl‘eﬂlo% iRtend&Pr

I'boroni ¢ acid (185ny, 2mol ) and pal [ adi um
cat al yetad idin@mgr;atlcn 1®hwroans may qqmmtn,fwrrei@tmk(ﬁoml‘@S mg tordig of addveRgemtd 4. OnlL

of d.at 75C f h h d
t he re&%‘f’P%‘W% %ﬁgﬁhgqneagprqgg% ear?fjpclgﬁlg%g?rﬁ D g"g‘rc?ﬁ%%‘ﬁ Y ruce pressu\rNS and

washedabdif 5&6%&11@834&&&@5} Gkigh2$Bthe adthl édwbsmanhmgage @ﬁtrmmé #A0om) to
get a gray solid (4 whi ch was used for next step w thout further
puri fi eeneraly. cogtaé@ alpout 1'mg to about 500 mg of an active ingredient. For further information

N- ( 3 Ch{l ﬁ(;l}cessfof(amqlél%%(% éﬁd%&%g@&%gmng/e@ Qse(l'?%a %L])}m‘lc bk sﬁé@?ﬁ asphi no- 1

gui nazo am ne
and Drug Delivery Systems, by Loyd V. Allen, Howard C Ansel Nicholas G. Popovich,

Lippincott Williams & Wilkins, 2004.

[0099] The size of the dose for therapeutic or prophylactic purposes of a compound of
Formula I will naturally vary according to the nature and severity of the conditions, the age
and sex of the animal or patient and the route of administration, according to well known

principles of medicine.

[00100] The compounds of the invention are administered either singly or in combination to .
a mammal to treat hyperproliferative disease, such as various types of cancer, e.g., cancer of
the colon, ovary, bladder, stomach, lung, uterus, and prostate. The compound may be
administered via any acceptable route, e.g., intra venous, oral, intra muscular, via

suppository, etc. The compounds can be formulated as oral dosage forms, e.g., tablets,
capsules, liquid suspension, etc, as suppositories, or may be prepared as a liquid for injection, .
for example. The skilled practitioner can select the appropriate route and dosage amount for

treatment of the specific hyperproliferative disease to be treated.

(0101] The examples below are intended to illustrate embodiments of the invention, and are

not intended to limit the scope of the specification or claims in any way.
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[0128] To a suspension of compound 1.2 (169ng, | mmol) and the conpound 8.4
(228ngy, 0.5mmol) in DCE(5nm.) was added DI PEA(1l. Ommol) and HOAc(1l. Ommol ).
After stiwoizng/toke3m xture for 30 mi nutes, 2.0mol of NaBHUSAc)Bosas added
followed by Stirring the m xture overnight. 1.0nL of 5M NaOH was added and
the m xture was extracted with D@/ééézﬂggi) Combi ned organi cs was washed
with brine and dried over MJSO4. Fi n and concentration foll owed by
purification through flash columm chromatography on silica gel (10%

met hanol in DCM afforded a brown powder. LCMS ESI mz: 575 (M+rl). 1HNMR
(CD30D, 300 MHz) 8.65(d, 1H), 8.55(d,1H), 8.4 (\iﬂﬁ@ 8.16(dd, 1H),
7.93(d, 1H), 7.89(dd, 1H), 7.76(d, 1H), 7¢7(d; > 7il(dd, 1H),

7.39(td, 1H), 7.16(d, & 6.96(d, 1H), 6. 49(d,_ 1H), 5.27(s, 2H), 3.35(s,
2H), 3.35(s, 2H), 3.05-2.88( aH) , 2.7Y-2701(@h 4H),1.58(d,3 H). Exanple 9
WO 2011/ 002523PCT/ US2 MQ189 XN '

N- (3-chl oro-4- ((6-net hyl pyridin-2- Im/ﬂoxy) phenyl1)-6-(5-((4-nmethyl -1, 4-az
aphosphi no-1-. yl)nethyl)furan-2-y azolin-4-amne Step A

3-chl oro- 4- (6- net hyl - 2- pyri dyl met hoxyl ) -ni trobenzene (conpound 9.1). [0129]

To a sol uti of, 2- 0-1-fluora-4-nitro-henzene (8. 75 0 ) in dr
acetone (1 é@ ?%Flgﬂ%g%%@ao]bf@zggx h@dﬁ?é?@@e@g& ) Sr azapgésl’gmomn g
6- met hyl - 2- pyri dyl met hanghte@pyRehl-2-yIRRi kL2884 40MmiAk Xt ure was then stirred
at 65C overnight. Filtration and concentration gave a solid which was
recrystallized to give the desired product as a white solid (9.5g). Step B:
3- chl oftspA.:(Isbengy h§-methylyk.4-agaphesplurane)4-prida (toapayad leldnpound 9. 2) [0130]
2.79g of conpound 9. 1(10mmvl) was suspended in MeOH (50 m) and treated wet
5% Pt/ I GR.: | as:ky i S: A\ dr ogen
gas 1 SORT RPN Rdrtity sl oot ofim By AR SRRt 108D o0 RPN,

bal | oon THF (200ail) %t -7BE wasaddedvinylmbgmesiumshibiilie ér.e M imTHEQH6 mICaDDt e

I dth I t i d d d t [ :
F hggdgg i p@%peibirgawevenly clgfseééggl?i\rll? Af?err] tl?er ac{d?t?ounci% c01F1)1r}.)‘f}e%esdl',j rtlﬁe regct'c;nexllg(tuzre %va% of

[ 3-chl or @-4- b Vo H-tRE '&g,pa-ng' i z ;M ne
hydr ochl gll’l éedzfgg?/ td C%%ﬁ,ﬁé;g?@%%&gﬁb&éo nmy g? @ﬁ%o&gﬂ%d%AI}% mol )

and 580nmetfand} (@00 arly- Ghegemstigninmmanot imae thed refiwiel foedehalirs.s dlfigedoadled to

i sopropanol (10 rﬂt&f he reacti.on m xture ya refl uxed 155‘1([.)}{‘ 12 hours. The
Sol | d_pr T empsEs, the grashon mirfirs W patred e noepaiian fuBhel CuBHBE anol (10
) dan ? %él?%fed(aagedﬂs)amrﬁ&ﬂuﬁai dhiHdeqd00 tmIdf EByIacéRe: D0 ALY 1 wateanodesi red
product . e

D
5- (4- (3- Uﬂl)og'be orgasicieydrywassepatited 2and theraqurexy Jayrewss extrastdguiithazol i n- 6-
ypf uran- r%_eﬁl%lie%%lcg &‘%&%‘?16& r%@?v%pcg %‘hg)combined organic layer and extracts were dried

over anhydrous magnesium sulfate, filtered and concentrated. The residue was purified by

flash chromatography, eluting with 20% methanol in dichloromethane to give the desired
~ product as white crystalline solid (5.69 g, 51%). LCMS ESI(+) m/z: 224 (M+1).

Step B: 4-methyl-1,4-azaphosphinane 4-oxide hydrogen chloride salt (compound 1.2)

[0103] A solution of 1-benzyl-4-methyl-1,4-azaphosphinane 4-oxid (5 g) in methanol (50
mL) and 3 M HCI (10 mL) with palladium on carbon (10%, 1.0 g) was hydrogenated on a

~ Parr shaker for 24 hours at 60 psi. The mixture was filtered through Celite and all solvents
were removed under reduced pressure to give a white crystalline solid, which was used

without further purification.

Step C: 6-lodo-4-quinazolinone (compound 1.3)
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[0132] A m xture of conpound 9.3 (502ng, 1.0mmol), 2-finylboronic acid
(185ny, 1.2mmol) and pall adium catal yst(73.0ng, 0.10nmmol) in 1.0nL of
K2CO3( 2. OMp,20fiyd@pd230f Et OH and 4. 0nL of DME was heat ed aCTABG 1000307
ni trogen atnosphere for 4hr. LS-MS showed the reaction conpl eted.

Concentrated the mi xture under reduced. sure and washed th i due with
wat er (0304 Hsplution of 2gmiRo-oggfoksnpeic a@g%ﬁg}@, 556‘“@8’92‘8 gﬁmg"f {13’%( 4001mg) ,
whi ch t ' ; t i £ oYl

2011/ 00708 BET RS ET B SHisE Hfer bt ol Bpirbtubabidaet (100%IL) was

N- ( 3- chl asided 4Th&satiet frydyxy wadicol&tgd hyritretiop) whebeg Withowtes Furtherdrying,in.-
azaphosphi no- 1- t furan-2-yl)qui ol pn-4-am ne npound 9) 101331 To
a suspe%Y%Hu@f&gﬁﬁﬁcggﬁﬂg%gﬂPfgéﬂ%@O emlg)kgﬁbast%%mgg%gund 9.4 from step
D(235nmg, 0.5mmol) in DCE(5n) was added DI PEA(1.Ontnol) and HOAc(1. Onmol).
After %buumdrbgs-m“Mﬁ&_oﬁ@é (c¥npoundtien, 2. Onmol of NaBH(OAc) 3 was added

followed by Stirring the mxture overnight. 1.0nL of 5M NaCH was added and

the m xture was extracted wi th DCM 2x20ni). Conbi ned organics shed
with bio1Ad Ena selufier obtdedavgamazoling4-pF 630 8nl Smmodondhiony aﬁhil‘fﬂfiefvﬁﬁ I“\?,ﬁed by

it . I ' N
ot hanor eSS BN DMESHs B U EORGERIBHARRY ififefila f6 @Rl HhMine | e
(7 ng?g), 7@?%&11;31 fox?.gﬁbghs, fbH)Izl)weB;)#ggelcianjd)rpo& ;mgdmgturi,l—’ljhe réagigtlgnixfmya ,
6. 50 d. "y hemeppGhYder ok presmiye lodyhiss. IBE proidsy wisshimpEctolyed

2. 08-2. O( Ma(E'b’rﬂ-])Sgﬁcijt i# s addedBlR_nd 50 mL), and the mixture was then
6- (3-( 2-1?1(Jlj@mat ylp (’)sphionloyl ?gt hyl am ﬁo)@spr%lp2 fn nyell)nfxl\l-(4-((13-fl uor obenzyl ox

y) - 3- chévapoptedrypndyoredneedqiressurt-tadirynesst ‘€pe procedure was repeated one more time

S o S e SRl G oSO B GRS b POBoAP S ULsaF Bloall b iPetf 2 Y 1

N- (4-(3-fluorobenzyl oxy) - 3-chl orophenyl) - 6-i odoqui nazol i n-4-am ne (1.52 @),

tri met $eh G0 8 QRtoto-WNB LX) DehANexy)bhénlamind (cospbyhd asy.ne (0.5 nl) in DV

(10 nL) was added Pd(PPh3)2C12 (106 ng), Cul (114 ng) and the m xture was

heated at 40 C overnight. The sol vent S I goved t hen net hanol (10 )
{Agn38i

and 4NOLe4] Jodipmhydade (6036 dispersion ipQle PP WasSUSRENAEER at r oom

t enper at : e : o0

rretrrﬁanol Hglﬁggotggi et hyqu%q%u%g&&gﬁ%e?%ﬁgé gtddegég%%?ﬂles crgg%g?iggnéfnT%ur e was
stirred atove ompensorpensadded dropwisely (BdinoroTthengdpmetirnohés9¢ s /edmoiD

2011/ 002%%135%’{)}9 §258 u(t)ljorq %%g?c loro-1-fluoro-4-nitro-benzene (4.2 g, 24 mmol) in dry DMF

(20 ml). The reaction mixture was then stirred at room temperature for another 4 hours.
The reaction mixture concentrated under vacuum to about 40 mL, and was poured into 200
ml of ice:water. The resultant solid was isolated by filtration, washed with water (50 ml),
and air dried to yield a Yellow solid, 2-Chloro-1-(3-fluoro-benzyloxy)-4-nitro-benzene (5.8
g). The solid was suspended in MeOH (50 ml) and treated wet 5% Pt/C (Degussa type,

| Aldrich, 1.5 g). The flask is flushed with hydrogen gas from a balloon and the reaction
mixture was stirred under hydrogen balloon for 2 hours. The reaction mixture was filtered
through a Celite plug and the solvent is removed under reduced pressure to yield 5.2 g of

~ the desired product.

Step F: [3-chloro-4-(3-fluoro-benzyloxy)-phenyl]-(6-iodo-quinazolin- 4-yl)-amine
hydrochloride salt (compound 1.6).

[0107] 3-Chloro-4-(3-fluoro-benzyloxy)-phenylamine (3.1 g, 12 mmol) and 4-chloro-6-iodo-

" quinazoline (3.28 g, 11.3 mmol) were dissolved in isopropanol (50 ml). The reaction

43



and the residue was purified by flash chromat ography, eluting with EtOAc to
give the desired product. LCMS ESI(+) niz: 434 (Mtl). Yield: 86% Step B:
3- (4- (4- (sof2buaneszanzyl oxy) - 3- chl or ophenyl am no) qui nazolPcmAB2y10pprseP- 2- ynyl
nmet hanesul fonate (conpound 10.2) [0135] To a sol ution of

3-(4-(4-(3-fluor obenzyl [0)'¢ 3-chlor ophenyl am no) qui nazol .n- 6- '

yl ) pr op- puxpprewasgeilpeddnfe & hours. he soid prgguct pyas 9 teadém ﬁléra fen4vashed i n

di chi o o ARG sod:B0artSH1 AL Dot WS @95, WfHir (fled f 4R BIlg bl | on

m xture was war om tenperatu e reaction was washed with
sat ur at edesidadiaf@ermfiueous sol uti on and extracted wi th di chl oronethane. The
conbi ned organi C Iayer and extracts were dried over anhydrous magnesi um

sul f at f ent ate e resi.due flash

chr omatBisprG-Cenepreneor v B R B Db Lo st (o
Mz  olBaadshk coYh}%lﬁild 148% Step C

6- (3-(2-(di met hyI phosphl noyl ) et hyl am no) prop- 1-yny1) - N- (4- (3-fl uorobenzyl oX
y)-3- chl orophenyl ) qui nazol i n- 4-am ne (conmpound 1(3 [0136] To a sol ution of
3- (4- (mlogmrumt@b@gi%fpmw%MhIpBrBW -ipdouinazglin- 4-yl)-

L o ot d R BRE il (20 T AR %E%”@%ﬁ?r. %%03 e, | PR 4 D7 T e
(83 ny) pahdivnh €attlEsC?30nmg, 1 OphmoD lmaemmfrmamez OM)plorhle o EtQHané 40mL

overni ght, The solvent wag renpoved and the res urifi by fl ash
chr omat o8 BNy watheatsdwy 7@@?‘%“%%‘%%&%&%’6@591}? OF aﬁ’bm&ﬂ %i ve the

d d | 538 (M Las 300 M,
C([a)SCI:Lg;a S%Q%Péon?ﬁitﬁ? é%e%%tb@the%g%ﬁé’i)redﬂea P é§l§' (aMﬂa) fl%mhé 85 (m

2f 1) 7. BRidgenwithdter (2x3@mLirthefyith Gacd8then({100KL,) t6 gm grsy sQlH;(4 54,25 (m

V\D 20?153 {Ybfg]zéﬁﬁ@??‘i}é%‘fét/%%ﬂ‘gg%bugﬁmgﬂ(? ifichhon, 1+ °7 (M OF). Bxanpie 11

N-(4-(3-fl uorobenzyl oxy) - 3- chl orophenyl) - 64(E) - 3- (4- net hyl - 1, 4- azaphosphi no
- 1-y1) BtepR: N-(R0MlotS14i(BFRRkdBEndyloRy pBenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-

yl)methyl)furan-2-yl)quinazolin-4-amine (compound 1)

[0109] To a suspension of compound 1.2(169mg, 1mmol) and the compound 1.7 from step

~ G(473mg, Immol) in DCE(5mL) was added DIPEA(1.5mmol) and HOA¢(1.5mmol).
After stirring the mixture for 30 minutes, 2.0mmol of NaBH(OAc); was added followed

- by Stirring the mixture overnight. 1.0mL of 5SM NaOH was added and the mixture was
extracted with DCM(2x20mL). Combined organics was washed with brine and dried over
MgSQ,. Filtration and concentration followed by purification through flash column

~ chromatography on silica gel(10% methanol in DCM) to get pale brown powder. '"HNMR
(CD;0D, 300 MHz) 3 8.67(d, 1H), 8.49(s,1H), 8.18(dd, 1H), 7.91(d, 1H), 7.63(dd, 1H),
7.42(td, 1H), 7.32(d, 1H), 7.27(dd,1H), 7.17(d, 1H),7.07(td, 1H), 6.98(d, 1H), 6.51(d, 1H),
6.51(d, 1H), 5.23(s, 2H), 3.82(s, 2H), 3.36(s, 1H), 3.05(m, 2H), 2.90(m, 2H), 2.04(m, '
4H),1.58(d,3 H). LCMS ESI(+) m/z: 591 (M+1).

Example 2
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Step A- 1-allyl-4-nethyl-1, 4- azaphosphi nane 4-oxi de (conmpound 11.1) [0137]
To a m xture of 4-nethyl-1, 4-azaphosphi nane 4-oxi de hydrogen chloride salt
(1.69 g),weadiwumei2edi de (150 ng) and Cs2CO3 (7.15 g) i nratatSene/00B97 nL) was
added allyl chloride dropwi se. The m xture was stirred at roomtenperature
overnight, filtered and concentrated to provide the. desired product as
white solid (1.45 g). Step B:

N-(4-(3-fl uorobenzyl oxy) - 3- chl or ophenyl) - 64(E)0-3: yl -1, 4- azaphosphi no
-1- y1)prop-1-enyl)qgoi nazolin-4-am ned 11) [0138] Under nitrogen
at nosphere, Pd(dppf) 2812 (8 jdethFo~@ ni xture of 1-allyl-

4-met hyl-1, 4- azaphospfbl\n/ i de (c pound 11.1, 400 mg),
-(4-(3-fluorobenzyl oxy)= 3-Thl®@r o 1) N6- i odoqui nazol i n-4-amine (1.4 g)
and triethyl amne (1 nli) in DVF ( 4 )4 The reaction nixture was heat ed
at 85 Cfor 4 h and cool ed down to roonltenperature. Ethyl acetate (100 niL
) was added and washed with water and brine. The organic |ayer was dried
over argasa(Rysintergnplisosphing)etliydafinol ety uran- @y eh (3-AtedberdyboxypSi due
was purified by flash chromatographa/ .elu |n w th 20% net hanol in ’

di chl oronet hane to give th&higepheRY)iRAFQLR- a%m%l | ow crystalline solid.
LCMS ESI(+) mz: 551 (M¢l). NMR (300 MHz, CDCL3) 8 8.70 (m 2H), 8.28 (s,

7 7 in 2H), 6.97 1H),
5 62 (sséé (H)'N bgrl'z'é/l 2 (dﬁ&etlgg[bhéslfih o}l)é&a&dﬂunég&om@&é A 5 E?; o H§ m ) ;DB

(m 2H), 2.02 (m 2H), m 2H), 1.50 (d, 3H). le 12 )
N- ( 4- (917@k Hyaprygqr@nw SIHW tiop- myﬂhplpélnpllqm@cl(lgn(lq ¢fegHA mmol) inzaphosp

hi nan- 1- ) a |naoI|n4a :

5 (2- ot FYT AT B G g S IS B s e R N o 33 525
2011/ 002@3}%@@6#’5&@%\2@9 318%in] (Afft%i?ihe'adﬁltm)iﬁ uérplefed, the reaction mixture was

1-chl oro-2-net hyl - 4-ni trobenzene_ (17. 26@1}%&6 nethyeﬁ%/rldln 3-0l (12 g) and

]gslzcoe (vxmgeﬂtp& §We(i®@umay Rl s ad nzylagmng d was
t 0
' eredm@rg egg&@dm&% 9 I dac AT ik QA wALHOn Pedux B ﬁf&gﬁ_g 3 angrafog&%c

| ayer was over “an ydr ous magnesium sultate,
concent r@battempbatiabfthé saldertaldsaemsotd ahdwhs rassde Wasrpouhesl inexa sepasgtion

d ly, S hyl | )= 3- | b d
15" 57" 1 gt GanGiniog o Breti (90 hgic H Rt (100 SHE L SERHE AT Bt | o ne
(Comouns\%géx%te%nz akPthBhqhdbul B3R 0Rk ek P4t tdd-Vithinldth Zygé"del bR @00 &AnRRAL( 10%

hydr ogenated on a Parr shaker for hour s at 60 psi. The
m xt ure V\hmcq‘mbm@i etgamh riwg Andextracts wierd daietl ove mdwumagnmm\s@tfa@nder

Furt hor B PROLE R BT ey By kS bzt g ShrofMalofpterlBfE with! MLt

20% methanol in dlchloromethane to give the desired product as white crystalline solid
- (5.69 g, 51%). LCMS ESI(+) m/z: 224 (M+1).

Step B: 2-(dimethylphosphinoyl)ethanamine (compound 2.2)

[0111] A solution of compound 2.2 (200 mg) in methanol (50 mL) with palladium on carbon
(10%, 50 mg) was hydrogenated on a Parr shaker for 24 hours at 60 psi. The mixture was
filtered through Celite and all solvents were removed under reduced pressure to give a
white crystalline solid, which was used without further purification. LCMS ESI(+) m/z:
122 (M+1).

Step C: 6-(5-((2-(dimethylphosphino)ethylaminoyl)methyl)furan-2-yl)-N-(4-(3-

fluorobenzyloxy)-3-chlorophenyl)quinazolin-4-amine (compound 2)
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Step C

N- (4- (6-net hyl pyri di n-3-yl oxy) - 3- net hyl phenyl) - 6-1 odoqui nazol i n-4- am ne
(conpoundwd208)00p2341] 4- (6- met hyl pyri di n-3-yl oxy) - 3- nerbylusesnpeomsai ne (812
ng, 3.79 nmol) and 4- chloro-6-iodo-quinazoline (1 g, 3. 4nnDI) wer e

di ssol Th t d for 12
nour . (6412} 3 AR A hentalox Tt e uieny smmdpinttalin G Bhetar ¢ h col d
i sopr 0paeglbaleéﬂydélahd@ncaxﬁétlh?rph()Qﬁnmy)l)etmdmﬁier(c&hb&dﬁ D2phvERIUsPendediPf the

cl ean desired materi al

5- (4-(4- @@hlmomyﬂhpm(wumLBSﬁq@Wl)aﬂsr geetit 9¢id 62 dsopahansoyodiimazol i n- 6-yl ) fur an
-2- carbalde 0 12.4 0142 rL.nitro t

Pd( dppf ) %?_",’f g%ggorgﬁ c{rycvf;etstaagawa \lrerL: a&éeci u?gx% ?mﬁr?%-g? g"_h% Mﬁgggfag stirred

met hyl py&i @l,bﬂrta bex)t: udtinhe hwmigexﬂu&hamlsqﬁ»@aud MBtEOReh dtioh W4l qentieds mg, 1
mmol e), 5-for uran-2-y1-2-boronic acid (170 ng) and 2M KZCCB (4 ) in
Et hanol MathdN a@éi mowsq#w}on andeextiagled iva %uﬁwtwa@ hbaembiged 75 C for

4 h and P;%fé%ﬂ&‘é(ﬁg%ﬁ?n&&?%k dgl%@rcﬁie%&ﬁrﬁg@g %@% uffalé ﬁlt(:%ri i ) was

added an wat er "an rine ayer was over
anhydr ou smmgmaed uTths rdsidake ayasfputitied égl flaskl chmmamgtrapﬁiyeellutﬁfg evitheXi%lue was
purifi ed r omat ogr aphy, ting w h 20‘V rret hanol

fi chl or offed ntddﬁgi)wleelr?@ea@gf/vteé FsFaH oFo %V?ta“lea%h%g) LCVB

A 8 6 O AR

?é iggfsm&m&m 1HY.1).92 () H)f msa(mzmj,)m (mazldl)i N46(ayil Hy, 1.3®(moLidy 758)

5- (4- (4- (B WL AP DT 31 (o kb 7300k AiAdhehifh ARmdY (% RE2o1-Ph(% 2809 f ur an
-2- carbal ) t X [ e 4-oxide hydrogen chloride
sal t andgIg;i;EEAQ\I?[\/L)a’rzeflssEfg’paj gdsﬁrﬁa%}?}égl of((g)rrﬂane (20 m). Sequentially,
acetic acid (3 drops) and sodiumtriacetoxyborohydride (2 equiv.) were
added at roomtenperature. The ni xtExemplea¥ stirred at room tenperature
until the starting material disappeared. The reaction was quenched with 2N
NaCH aqueous sol ution and extracted with dichloro ane. The conbi ned
organi c layer and extracts were dried over anhédr gnhesi um sul f at e,
filtered and concentrated. The residue wa gl ash
chromat ogr aphy, eluting with 20% net hanovl/wl chl or orret hane to give the
desired product as yelQ ovx4_,cry | 1ine BWTid CCVs ESI(+) ni/z: 554 (Ml).
[1-1 NVMR (300 MHz, 8.47 (s, 1H), 8.18 (d, 1H), 8.12
(s, 1H), 7.77 (d, 1H), 769(rTPl 6d"(d 111), 7.28 (m 2H), 6.99 (m
2H), 6.51 (d, 1H), 3.83 (s, 2H), 2H), 3.24 (m 2H), 2.95 (m 2H),
2.51 (s, 3H), 2.27 (s, 3H) 204(m 2H) , 158(m 3H). Exanple 13

N-(4-(3-fl uorobenzyl oxg@ 3-chl orophenyl& 54(4- %\(Td i met hyl phosphl b%
net hyl ) il péddimethylphasphipyhymy ldlﬁlﬁ’az%b’l) 44-4piflveraeapylpxy)benzy|
4- ((di net hyl phosphi noyl ) net yl ate (conpound 13.1)
[0144] To a solution of Chf@ﬁgﬁ@}ﬁ%ﬁﬁﬁgﬁ% oﬁ;%g‘%(chl oride (2g, 12 mmol e)
in THF (30 nL) at -78 C was added net hyl magnesiumchloride (8 nm., 3Min
THF) sl[@MBY SgAd4i(Bdluorobenzyloxy)-3-chlorophenylamino)quinazolin-6-yl)furan-2-

carbaldehyde (compound 1.7) and (dimethylphosphinoyl)methanamine (preparation:
Maier, Ludwig Phosphorus, Sulfur and Silicon and the Related Elements, 53(1-4), 43-67,
1990) were suspended in dichloromethane (20 mL). Sequentially, acetic acid (3 drops) and

sodium triacetoxyborohydride (2 equiv.) were added at room temperature. The mixture
was stirred at room temperature until the starting material disappeared. The reaction was
quenched with 2N NaOH aqueous solution and extracted with dichloromethane. The
combined organic layer and extracts were dried over anhydrous magnesium sulfate,
filtered and concentrated. The residue was purified by flash chromatography, eluting witﬁ

~ 20% methanol in dichloromethane to give the desired product as yellow crystalline solid.
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reaction mxture warnmed up to roomtenperature overnight. To the reaction
m xture was added benzyl piperazine-|-carboxylate (2.8 nlL) and potassium
car bonat ew020n)002s2d t he sol uti on was refl uxed over ni ght PCThS2@0l0089Mas
removed by filtration and the solvent was WO 2011/ 002523PCT/ US2010/ 001897

dto f h th due, ~whi ch f flash ch h
el uti ng ifwé”g'afémﬁ{/z}%@%ﬁﬁﬂ‘iﬁ g b afe OB e onis” S Va6 Gon B0LET

LCVS ESI

1= (i mebr Ghati At B 171 B B 262 0 DT 40 a@ F2 D325 11 ask
was char QﬁQIH\) Uh3t(ﬁﬂ21§‘l) 708 (1l ), 6yd3plalo SHN 614 (d) 1) 16,20 (6, PED, a9 Tés; 2H),

car boxyl ate (200 g and 10% aI I %dl um on carbon in nethanol (20 nmL). The
mxture W&$ @b?ﬁ?% %ﬁmﬂéé}ml &ure under H2 at nosphere. The m xture
was filtered through Celite and all solvents were renoved under reduced
pressure to give a white crystallimgasgld4#, which was used w thout further
purification. LCVS ESI(+) mz: 177 . Step C

N- (4-(3-fl uorobenzyl oxy) - 3-chl orophenyl) - 6- (54(4- ( (di net hyl phosphi noy1) -
met hyppi perazi n-1-yl)nethyl)furan-2-yl)qui nazolin am ne (conmpound 13)

[ 0146] o

5-(4-(4-(3-fluorobenzyl oxy) - 3-chl or ophen @ no) qui naz6l i n- 6- yl) furan-2-
car bal dehyde and 1-((di net hyJ phosphi n@?q e |) pi perazi ne were suspended

i n di chl oronet hane (26) )N Sejyenti al lly, acetlc acid (3 drops) and sodi um
tri acet oxybor ohydri de \‘(@ﬁw V.) added at room tenperature. The

m xture was stirred at lroom tenpe 4|l|ntll the starting materi al

di sappeared. The reacti on was quenc edN wi th 2N NaOH aqueous sol ution and
extracted with dichl oronet hane. The conbi ned organic | ayer and extracts
vere drinegs-gN@Fo- @Jﬁﬂmbﬁib%nﬁﬁgﬂﬁﬁhéﬂ?l)iéﬂ(j@-%etﬁylllt#&%h@%ﬂ@m@@)’ﬁré pied. The
resi due was purified by flash chromatography, uting with 20% net hanol in
di chl oromet hane to give the desybauingz @u@ﬂma@ yell ow crystalline solid.
LCIVS ESI(+) mz: 635 (Mrl). NWR (300 MHz, CD30D) 8 8.59 (s, 1H), 8.44 (s,

756 ( Siebshy bl (ol g1 ‘5#@“&4&&“&% 8“(7"3?3%&?3“@ (5. 21, 3 b6

(s, 211), 2.80 (m 211), 2.68 (m 811), 1.57 (d, 6H). Exarrple 14
[0114] To a mixture of Cs;CO;3(1.3g, 4.0mmol), Acetone (5.0mL)and compound 1.2

(0.338mg, 2.0mmol)was added propargyl chloride(150mg, 2.0mmol) .Stirred the mixture
at 50°C overnight. Filtration and concentration afforded a yale brown solid. No further

. purification was needed for next step.

Step B: N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(3-(4-methyl-1,4-azaphosphino-1-
yl)prop-1-ynyl)quinazolin-4-amine (compound 4)

[0115] A mixture of the amine, compound 4.1 (205mg, 1.2mmol), Iodide, compound 1.6

- (505mg, 1.0mmol), PdCly(PPh;),(35mg, 5%mol),Et3N(1.0mL) and Cul(64mg, 20%mol)
in 10mL of DMF was heated at under N, atmosphere overnight. Concentration and

* purification through flash column chromatography on silica gel(5% MeOH in DCM)
afforded the desirable product as brown powder. LCMS ESI(+) m/z: 550 (M+1). 'THNMR
(CD;0D, 300 MHz) 6 7.96(d, J=2.4Hz, 1H), 7.83(dd, J1=3.6Hz, J2=8.1Hz,1H),7.71(d,

o J=8.4Hz, 1H),7.60(dd, J1=2.7Hz, J2=9.3Hz, 1H), 7.39(td, J1=0.7Hz, J2=7.5Hz, 1H),

7.29(d, J=7.5Hz, 1H), 7.24(d, J=9.9Hz, 1H), 7.13(d, J=9.0Hz, 1H),7.05(td, J1=1.8Hz,
J2=8.1Hz, 1H), 5.21(s, 2H), 3.73(s, 2H), 3.35(s, 1H), 3.20(m, 2H), 3.00 (m, 2H), 2.00(m,
4H),1.62(d,J=13.2Hz, 3 H).
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N- (4- (3-fl uorobenzyl oxy) - 3- bronophenyl) - 6- (54(4- net hy1- 1, 4- azaphosphi no- 1-
y1) met hylwbuoamo2s5281) qui nazol i n-4-am ne Step A PCT/US2010/001897
(1-((2-brono-4-nitrophenoxy) net hyl)-3-fl uorobenzene (conpound 14.1) [0147]
The m xture of 2-brono-1-fluoro-4-pitro zene (5 9),

(3-fl uorophenyl ) net hanol (2.86 g) - (9.4 g) in Acetone (50 nmL) was
refluxed for 4h. The solid was filtered. and the sol vent was renoved. The
obtained yellow solid was recrystallized fromEtO xane to provide brown
solid (6.8 g). Yield: 92% Step B: 4-(3-fluor 8@@” - 3- br onbbenzenam ne
(conpound 14.2) [0148] A solution of F
(1-((2-brono-4-nitrophenoxy) et hyl ) - 3-fl dorahenzene (3.26 g) in nethanol
(50 nL) with palladiumon carbon (10%4™N300"ngf! was hydrogenated on a Parr
shaker for 24 hours at pST™NS—The ye was filtered through Celite and
all solvents were refed lnder red/ ressure to give a white
crystalline solid, whig s used wrthmat further purification. LCVS ESI(+)
mz: 297 (Mrl). Step C »

N-(4-(3-fluorobenzyl oxy) - 3-bronmpophenyl) - 6-i odoquj nazol i n- 4- ami ne (conpound
ARREIVE ew i bive et A SR i = el U R
4- chl or o- 6-i odoqui nazol i ne ( 0B u- di ssol ved in isopropanol
(50 ml). The reaction rrixturyg)p\%gps)q%qgﬁ uxed-hféoiﬁm% hours. The solid product
was collected by filtration, washed with cold isopropanol (10 nL) and ether
(20 nLj0116hA mixture of g ttipledfoind rcdmpoundy(compobad ¢) H¥mgidsli8nadobanéri al . Step

D 5-(4-(4-(3- orobenz -3-bro enyl am no) qui nazol i n-6- ¥yl )furan- 2-
car bal( deﬁ%ég-éi%w%&@ﬁ%bmﬂ“ @ggﬂpc’%’}‘?ﬁg&é é%?%éker’?ﬁ%eﬁ% eef,%r ﬁ’(ﬁ%ed ppf) 2C12
(80 mo) N@is. F9RRE L GndcdtcshivatonfolIbved plification through flash column

fl uor obenzyl oxy) - 3- brormpheny%ggg-l odoqui nazolin-4-amne (550 ng, 1 mole),

5-  f or nytirbmategraphy pnzilisereskp O imBPOMypfforded therdesnablerprodwatReEcs (4 nl)

in Ethangl (4 niL ) e agty ' at 75 C
For 4 n ERAmRssen TR rotVdbi sEhpa: IECAMR CRbE, Jd DR ST )
was addegHn R 3@ sHRET.88(d, =nate] 1)) d.15(dd)d1=TDHz g8 MHz, 1My &7 1(Was=&4Hed over
anhydrous magnesium sul fate, filtered and concentrated. T )e7r2e9%(i1due was

puri fi edlB)7PBuldh i Bt 6g9-AFRy 1 Hb 7:d%(idg 150 fH2dd5 7 ifz. 1
2011/ 002 1 US2 o dich i h
Gosit o0 et P SN ST TRANAd R0 B AL PRRAAD, S22 280 ' Vi el

89% St ep.4Ks, 2H), 3.35(s, 1H), 3.10-2.50(m, 8H), 1.99-1.95 (m, 6H), 1.56(d,J=13.2Hz, 3 H).
N-(4-(3-fl uorobenzyl oxy) - 3- br onopheny1) - 6- (5((4- net hyl- 1, 4- azaphosphi no- 1-
y1) net hyl ) furan- 2-y1) qui nazol i n- 4- %;(narrrllele(()corrpound 14)

dimethyl 2-((5-(4-(3-chloro-4-(3-fluorobenzyloxy)phenylamino)quinazolin-6-yl)furan-2-
yl)methylamino)ethylphosphonate

Step A: dimethyl 2-(1,3-dioxoisoindolin-2-yl)ethylphosphonate (compound 6.1)

[0117] A mixture of 2-(2-bromoethyl)isoindoline-1,3-dione (7.62g, 30mmol) and trimethyl
phosphite (100g) was refluxed under N, atmosphere for 10 hours. Concentration and
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[ 0151]

5-(4-(4-(3-fl uorobenzyl oxy) - 3- br onophenyl am no) qui nazol i n-6-yl ) furan- 2-
car bal dehydeo(4ds2ag, 0.86 nmole), 4-nethyl -1, 4- azaphosphirnsaeosensi de
hydrogen chl ori de salt (137 ng, 1 mmol e) and DI PEA were suspended in

L1 acet GpBeHm0r1eb ephrerompi ey siake el DA T GRS Ral FE dedire
mx"”¢££§n§w§%§%ﬁe%h&9 %%tenperature until the starting materi al

di sappe e reaction s quenched with 2N NaOH aqueous sol ution and
extracted with dichl oronet hane. The conbi ned organic |ayer and extracts
wer e dSteeB: dmathyd Zrandinoethyiphgsphonatm(sempaind,6.2)i [ t ered and concentrated. The
residue was purified by flash chromatography, eluting with 20% net hanol in

di chl t t

(355 by O GEpeuad o il TRl il BisGHUR b ARl 80 ey PoimdBl )
(8 641|(_|)S oflﬂylhh;az&e‘h@or(oﬁydrbl‘é) wasSadHEd(Tfhe rkkl)lt1n§ nﬁ;@tu(ermas’hlﬂﬂuxgd Rﬁtl(rm; hd\H)Asf : (7d65
1|r_n|) 5 ;Fjgltfrgd 0&{.%1 w:lytggo %fonzlg%l frogl @g rez}ﬁnogmld cgnqggtr'(ltﬁg t]}ﬂr%lltraf tg-lleeda 3H) .
Ex I

spﬁirrﬁoe Sjtélareﬁ]ﬁ%glﬁm %OOZGAUS ‘@E‘grﬁ%ﬁ%&ﬁg tiilj?gm 1l%rdiléaé(%?gihcenoxy) nmet hyl ) pyri di ne
1-oxide Step A 3-chloro-4-(2-pyridyl met hoxyl)-N- Boc- phenyl am ne(conpound
15. 1) $te62finfeshyd 2s(@5(4-i(dwchlofo- 2 (3a@mbmydpnmuelazl@pmmgzolim6som of DCM

was ad 0 oc) 20 .a f DVMAP. The resulting m xture was
stirred 'Ean'r%g‘r)ﬁf‘?@&gé‘? ééﬁ?‘%’TR FPh AGITPEEED3pCT/ US2010/ 001897 fi ve
hours. Concentration and purification of the residue through flash colum

chr ongepg|aphy s@pesdion SEctouda 62 ¢1Bsn@§$mhﬁﬂ) fidatle eémp&ireil . B(473mg,
3- chIrTg{?o J NO]%ﬁdeEm@I drfgl(ﬂi met hoxy phenyl am ne TFA salt (conmpound 15. 2)

[ 0153] Tbmaoléom DGE{ ﬁ“@sa%edoDIBE Btlp? Mmoh). SHYINBCM was
dded 1. | t
Femer atths a0l 30 %ﬁ%gp?fﬁg%ﬁ?‘ﬁé@'%éﬁg BB Aty SREIE ] " hae

ext r act edixeirt bvdaiik. 0OnDCHE IV AN4Oid wadradéell andethe MjSide whs extraztedomitand
concentration gave a brown residue V\/m§<j16 di ssol ved .agai &@5& 100nL of
grat ¢

DCM 5. dAEMeEx In&@MPIREIPTEHUCT MRS W tnegnd,drigg © t enper at ur e
unti | L%l‘(ﬁuﬁﬂ?ﬁ@%ﬁé&ﬁu&ﬁﬂ{ QEIQ%B‘B? y aﬁ@étﬁinﬁﬂrou@ﬁ@ﬁ@l%élﬁhinon under reduced

pressure gave esired product a TFA salt "which was used directly for
next st efhrathathgraphy on sitiea gpl(ﬂr(]% inceahdnohin BCAM) tG.get pale brown powder. LCMS

42y1) - arSIeonys BEPAF b R ORI AR NERL] 5 e 8 % H R KRG une

15.2 (2 y=phpizang, 1.896, @H)#mhoramﬁﬂ QED; 7Bl @FZo1 YL 1HD), T138Lm, MY, e
di ssol ved in i'sopropanol . The reaction mxture was refluxed for 12

hours. Tha8(dol+ Hﬂd&ﬂ)c't'2 sJ'ciaﬂlﬂéc]t}éHﬂQ?(mi 1) -90d, JReBhedHhit 4t dol d
L obr ORaAs Tty DT a0 B 37 S Hocs 19, Aol 8 2! @l by 150 of the

cl ean desit
242-chl oro-4-(6-(5-fornyl furan-2-yl)qui nazol i n- 4-

Example 7

N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(5-((2-(5,5-dimethyl-1,3,2-dioxaphosphino-2-
yl)ethylamino)methyl)furan-2-yl)quinazolin-4-amine

Step A: 2-(1,3-dioxoisoindolin-2-yl)ethylphosphonic dichloride (compound 7.1)
49



yl am no) phenoxy) met hyppyri di ne 1-oxi de (conpound 15.4) [0155] A m xture of
conpound 15.3 (505ng, 1.0mmol), 2-furylboronic acid (168ny, 1.2mml) and
pal | adi-urwoabalopz32673. Ong, 0. 10nmmol) in 1.0nL of K2CO3( 2CONS2010/0018R7 of Et OH
and 4.0nL of DVE was heated at 75C under nitrogen atnosphere for 4hr. LS-MS

h dth ti Co . d th ] d d
o1 esulT20hd gt ampRENd G mma e giriored 28 8 08 oL THaH AR SRt her
(10.0m.) .0 .c?SlEd f @*@zg@g:Sif(&hhﬁﬁﬁﬁmmowmrms%%&&rm%m%%sw' t hout

further purification.
2- (( 2- chistmred #-ro6m(t&mpératume fdryrive hodrsaCapdemsptedribe fixthieramdaffoydadr albpro2my pqui n

l'in-. 4-;ylam. h t hyl L.di 1- 0X] d 15),[,0156] T
= Suspensiie Tt Wb ATEP TEDR LR o NGB FRInet PHeYE OOt 5468 o st ep
D( 23717, 1 Eitbekatlift AREFLSHHsU1E niRAEE daDbREA( & ST 78! dwortithrd10AC( 1. Ommrol ) .
62 WD 2011/ 002523PCT/ US2010/ 001897 After stirring the m xture for 30

m nut es, Caneentmationbf theBrikse naderaedurdd presswk labiardedisticlst oit whigh wasepwie xt ur e
over ni ght_. 1hOéJ§L of %M NaOH was added and the m xture was extracted with
DCM 2x 2098 8RBT &EPor gani cs was washed with brine and dried over MySO4.
Filtration and concentration foll owed by purification through flash col um
chr omaSegy Bythy2-(8)5-dirhéthdl- D8 2-diddphospHinnatyl)ethyDiddinddliner g dichebr own powder .
LCMS ESI(+) m z: 591 (M+1l). 1HNWR (CD30D, 300 MHz) 8 8.64(d, 111), 8.48(s,
1H), sl@mreundh2) 8 16(d, 1H), 8.13(d, 1H), 7.99(d, 1H), 7.80(d, 1H),
7.76(d, 1H), 7.70-7.65(m 2H), 7.52(m 1H),

[0121] To the solution of 2.92g of compound 7.1 (10mmol) in 100mL of toluene was added
xxx g of xxxalcolhol and 1.2mL of triethylamine at room temperature. The resulting
mixture was stirred at 100°C for two hours. Concentration followed by purification
through column chromatography on silica gel gave 3.00g of desired product as a white

solid.
Step C: 2-(5,5-dimethyl-1,3,2-dioxaphosphino-2-yl)ethanamine (compound 7.3)

[0122] 1.62¢g of compound 7.2 (5.0mmol) was dissolved in 40mL of ethanol and then
4.5mmol of hydrazine monohydrate was added. The resulting mixture was refluxed for
three hours. Filtered off the white solid formed from the reaction and concentrated the

. filtrate to give a sticky liquid which can be used for next step without further purification.

Step D: N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(5-((2-(5,5-dimethyl-1,3,2-
dioxaphosphino-2-yl)ethylamino)methyl)furan-2-yl)quinazolin-4-amine (compound 7)

[0123] To a suspension of compound 7.3(193mg, 1mmol) and the compound 1.7(473mg,
Immol) in DCE(SmL) was added DIPEA(1.5mmol) and HOAc(1.5mmol). After stirring
the mixture for 30 minutes, 2.0mmol of NaBH(OAc); was added followed by Stirring the ‘
mixture overnight. 1.0mL of SM NaOH was added and the mixture was extracted with
DCM(2x20mL). Combined organics was washed with brine and dried over MgSQ,.
Filtration and concentration followed by purification through flash column
chromatography on silica gel(10% methanol in DCM) to get pale brown powder. LCMS
ESI(+) m/z: 652 (M+1). '"HNMR (CD;0D, 300 MHz) & 8.66(s, 1H), 8.44(s, 1H), 8.1 1(dd,-
J1=0.9Hz, J2=8.4Hz, 1H), 7.90(d, J=2.4Hz, 1H), 7.75(d, J=8.7Hz, 1H),7.62(dd, J1=2.4Hz,
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7.20(d, 1H), 6.95(d, 1H), 6.48(d, 1H), 5.39(s, 211), 3.81(s, 2H),
3.08-2.90(m 41-1), 2.07-2.01(m 4H),1.58(d, 3H). Exanple 16

N-(1- (3- fwoarobwesy 1) - 1H-i ndazol - 5-y1) - 6- (5- ((4- net hyl - eCaAB2@phosphi no- 1-
y1) met hyl ) f uran- 2-y1) qui nazol i n-4-am ne Step A

AR T ol A AT

55 ol ) 13019 03¢, %%slsm 48, b@BaaeJmi%;}& 92=¢. 00z "D, b.92(4,3e8BPRAH)200 L) was

refluxed overnight. Affer reaction cooled to roomtenperature, the reaction
m xture Gas(ddi+ii3dg, I\H)L ﬁZG(ScHH&Lr%@ﬁ(ﬂh‘&rDa 30660, h), 2.30(m; 2Hadl 0HEh silica
gel (abogég(%tg)mg and rinsed with 1:1 ethyl acetate : dichl oronethane
(about 1 The residue after concentration was purified with colum
chromat ography eluting with 0-30% ethyl acetate in dichloronethane to give
the title conpound as a white crysEgahples solid (the first fraction, 5.69
g, 42% . LCVMS ESI(+) mz: 272 (M+l). Step B:

1- (3-fluorobenzyl)-1H i ndazol - 5- am ne (corrpound\lfi/.[/ZJj
o) |
/ﬁ"§ [Io SN
&N HN Cl

/|
0 SN

A

: N-(3-chloro-4-(pyridin-2-ylmethoxy)phenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yDmethyl)furan-2-yl)quinazolin-4-amine

Step A: 3-chloro-4-(2-pyridylmethoxyl)-nitrobenzene (compound 8.1).

[0124]) To a solution of 2-chloro-1-fluoro-4-nitro-benzene (8.75 g, 50 mmol) in dry Acetone
(100 ml) was added 10.0 g of K;CO5 and 5.45g of 2-pyridylmethanol(50mmol). The
reaction mixture was then stirred at 65°C overnight. Filtration and concentration gave a

_solid which was recrystallized to give the desired product as a white solid (10.2g).
Step B: 3-chloro-4-(2-pyridylmethoxyl)-phenylamine (compound 8.2)

[0125] 2.65g of compound 8.1 (10mmol) was suspended in MeOH (50 ml) and treated wet
5% Pt/C (Degussa type, Aldrich, 1.5 g). The flask is flushed with hydrogen gas from a
balloon and the reaction mixture was stirred under hydrogen balloon for 2 hours. The

~ reaction mixture was filtered through a Celite plug and the solvent is removed under

reduced pressure to yield 2.0 g of the desired product.

Step C: [3-chloro-4-(2-pyridylmetoxyl)-phenyl]-(6-iodo-quinazolin- 4-yl)-amine
hydrochloride salt (compound 8.3).

[0126] 470mg of compound 8.3 (2 mmol) and 580mg of 4-chloro-6-iodo-quinazoline (2

mmol) were dissolved in isopropanol (10 ml). The reaction mixture was refluxed for 12
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[ 0158] A suspension of conmpound 16.1 (2.71 g, 10 mml) and pal |l adi um 10% on
carbon (1.0g, wet) in nethanol (40 nlL) was hydrogenated under a hydrogen
bal | oon fwo 20di/doeszss. WO 2011/ 002523PCT/ US2010/ 001897 Phe/use@otd3a7 m Xt ur e
was then filtered through Celite (20 g), rinsed with

di chl or gnet hane/ net hanol (3/1 and ncentra e the ti conpound
as a mhi}loéfscrb%ﬁcél}q Prﬁéu‘ngqS&O%l?ctﬁgbb%Ri%’G%Wa‘#‘ﬁg "ﬁ&b‘gﬁ%fmpg’p&g@d i t hout
further Il i o Qesired L.

N-(1-(3- nﬂ:’){mr oeglgérl;zylgn%%n%xgﬁtgr%%rq g?ieo gggﬁ?'en%%fu n- 2 énnﬁtennea (conpound

16.3). [0159] Conpound 16.3 was prepared according to the procedure for
conpofiep D: &-(43whlocoAp(pymdiniZyBndthetyephenylaminmguimagolin-6-yDfwagiZve a pal e

yell o E WM z: 496 (M+l). Step D
5- (4- ("fﬁ?&l g#’%‘% B‘é’ﬂ%‘/ﬁ?“im ndazol - 5- yl ami no) qui nazol i n- 6-y1) f ur an- 2-
car bal dehyde (conpound 16.4). [0160] Conpound 16.4 was prepared accordi ng

to thqopreediixtrd 6f doxgithe 81 (48v8p, GOfI@rliol) Ilefupﬂb@@ha:tacﬂh(lcsﬁnrgorrpound 1
to give a yell ow crl;i/stal line solid, LCMVS

N- ( 1- ( 3-F3mebisad ppllgdiumy cateds(dp Osngfi))wem%‘) oy Lﬂwéwfﬁchag@ bephagréﬁ. no- 1-
y1) met hylf)EftHfIaandedxﬁ%%‘f'ljﬁﬁﬁlrdsrheéteaq}]‘??dﬁﬁfgpﬁl%%?ﬂ-gt)m& A&lor e 611 e

conpound Was prepar ed accor rocedure-for conpound 1 using
conmpoundv$ Ghéwedtdic eeattioh compmnm croﬁcehtratad the wextarqaider yaellubcﬂ/\plssﬂumjand_ CMS

+)
(o, 1 et vyt S e s ko o s sty by

(d, 1 |_|)(40(7r11_€)1W(h‘ijoh @as"ﬂsed?or?gex( %B%ﬂﬂ})ut Rm%&*;? urffatign. 3 H), 6.92 (d, 1 ,
5.73 (s, H, 2.27 (m 4 H, 1.58 (d, 3H).
WO 2011/ 002523PCT/ USZOlO/ 001897 Exanpl e 17

N-( 3- o‘he;mEoN43(czblcrrbdo@anémwmwmménml)séﬁ%(@(me@vhbﬁya@pmsahﬁlsrﬂosph. no- 1
-yl ”?)tnﬁ‘é{ﬂ}ﬂf‘d S0y dihgtiMeg ol EoRABbO% 8)

[0128] To a suspension of compound 1.2 (169mg, Immol) and the compound 8.4 (228mg,
0.5mmol) in DCE(5mL) was added DIPEA(1.0mmol) and HOAc(1.0mmol). After stirring.
the mixture for 30 minutes, 2.0mmol of NaBH(OACc); was added followed by Stirring the
mixture overnight. 1.0mL of SM NaOH was added and the mixture was extracted with

. DCM(2x20mL). Combined organics was washed with brine and dried over MgSOs.
Filtration and concentration followed by purification through flash column

" chromatography on silica gel (10% methanol in DCM) afforded a brown powder. LCMS
ESI(+) m/z: 575 (M+1). "HNMR (CD;0D, 300 MHz) & 8.65(d, 1H), 8.55(d,1H), 8.47(s,
1H), 8.16(dd, 1H), 7.93(d, 1H), 7.89(dd, 1H), 7.76(d, 1H), 7.72(d, 1H), 7.61(dd, 1H),
7.39(td,1H), 7.16(d, 1H), 6.96(d, 1H), 6.49(d, 1H), 5.27(s, 2H), 3.35(s, 2H), 3.35(s, 2H),
3.05-2.88(m, 4H), 2.07-2.01(m, 4H),1.58(d,3 H).

Example 9
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Step A: 4-ethoxy-1, 4-azaphosphi nane, 4-oxide [0162] The title conpound was

prepared according to the procedure in Steps A and B of Exanple 1, using

et hyl di chbanopiesphi te i nstead of met hyl phosphoni ¢ di clrlconisd@o/ov39gi ve t he
compound 17.1 as a clear viscous liquid. LCVMS ESI(+) mlz: 164 (M+l) Step B:

N ( 3-chl 4-(3-11 b I h 1)-6- 4-eth 4- h hi no- 1
S o o bbb, IR i b B b el

prepared according to thgaﬁrgﬁ,@)cﬂ%g_zfﬁz Qé{%gﬁqdmlﬂ neSi ng conpound
-‘oxi tea

4- et hoxy-1, 4- azaphosphin of conpound 1.2, to give a
pal e yellow solid, LCM5S ESI(+) mz: 621 (Mt1). 1HNWR (CD30D, 300 MHz) 8
8. 65 ( GteplA+- phIBrOM-(anethylHD Pyﬂd}ﬂﬁleﬂmyl)ﬂmufbben?er&dc()mpomd-g D.7. 77 (d, 1 H,
7 61 (dd, 1 H, 7.41 (q, , 7.34- 21 (m 2 H, 7.16 (d, 1 , 7.05 (dt,

7.
3 81 ( SOIQL%] I(_fd aﬁolg%brt ﬂ{ f' h%?d liﬂtg%é- I;HJ %Zenf (g%S §0 gn:ﬁélﬁ)er&rgr:%%%:t’gn

. (R)-6- (%ﬁdmm?amxaadédﬂea @M@@@Bhﬂ@ﬂﬁ;@mtmm §12 5»1-12 Mib)haﬂo((i@rﬁhﬁﬂbw et hyl
)qU| nazol i n- am ne 011/ 002523PCT/ US2010/ 001897 [0164] The title

conpound mgeqsh@@an@wea%%ﬁhan ﬁ@rr%attdﬁecwe@egmf%&%m@é;sgn@nérﬁ@orrga\@r

al o yol Fatiia Sich s eRORANLE) RERAR HIE R B IRET O 30y W) 5
8.62 (s, 1 H, 803 (s, 1 H, 7.95(d, 1 H, 7.83 (d, 1 H, 7.51 (d, 2 H,
7. 40 ( tStepBH)-chldra3s-(§-thetiylid-pyridylthethdxy)-phenylaiine@cdrdpouindy.2) 5. 72 (m 1 H),
3.79 (s, 2 H, 3.13 (m 2 H, 2.88 (m 2 H, 2.18-1.80 (m 4 H, 1.77 (d, 3

H. 1 l?6113(0? ’2.7?§gl_c|)f 'corrEl)IgglrlTxPcl &lﬁ%mmol) was suspended in MeOH (50 ml) and treated wet
5% Pt/C (Degussa type, Aldrich, 1.5 g). The flask is flushed with hydrogen gas from a
balloon and the reaction mixture was stirred under hydrogen balloon for 2 hours. The
reaction mixture was filtered through a Celite plug and the solvent is removed under

reduced pressure to yield 2.2 g of the desired product.

Step C: [3-chloro-4-(2-pyridylmetoxyl)-phenyl]-(6-iodo-quinazolin- 4-yl)-amine
hydrochloride salt (compound 9.3).

[0131] 500mg of compound 9.2 (2 mmol) and 580mg of 4-chloro-6-iodo-quinazoline (2
mmol) were dissolved in isopropanol (10 ml). The reaction mixture was refluxed for 12
hours. The solid product was collected by filtration, washed with cold isopropanol (10

mL) and ether (20 mL), and air dried to afford 450 mg of the clean desired product.

Step D: 5-(4-(3-chloro-4-((6-methylpyridin-2-yl)methoxy)phenylamino)quinazolin-6-
yDfuran-2-carbaldehyde (compound 9.4)

[0132] A mixture of compound 9.3 (502mg, 1.0mmol), 2-furylboronic acid (185mg,
1.2mmol) and palladium catalyst(73.0mg, 0.10mmol) in 1.0mL of K,CO3(2.0M), 1.0mL
of EtOH and 4.0mL of DME was heated at 75°C under nitrogen atmosphere for 4hr. LS-
MS showed the reaction completed. Concentrated the mixture under reduced pressure and
washed the residue with water (2x5.0mL) then with cool ether (10.0mL) to get a gray solid
(400mg), which was used for next step without further purification.
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N- (3-chl oro-2-fl uorophenyl) - 6- (54(4- et hyl-1, 4- azaphosphi no-1-y1) net hyl ) fur
an-2- yl)qui nazolin-4-amne [0165] The title conpound was prepared

accor di ngvoaotine22socedur es of steps G and H for exanpl @Cl/usse10001897
3-chloro-2-fluoroaniline instead of conmpound 1.5, to give a pale yellow

1 S T B R A TR A 7
g- Zg_ gq%afiﬂ?m ’irhcﬁIl_{)%n(léi'hSySI)'lf??hQé§?D§l§n§Ez§)éi#g?—gﬂli2n§3(céa§p&md $H, 2290 (m 2 H),
I\L (4- B-r ono- 2-fl uor bphényl) - 6 (5- (1( 4- et hyl - 1, 4- azaphosphi no- 1- yOnret hypf ur an
-2- yl JoA3Bhdpd suapensipni ol econipoaefl 132(e69me,| linmehhsad Hie m@oynéﬁa'réemaﬁ&pordi ng

to th t. f I '

4 br oo P 0 SR P sfds 8 HARBARL b it HOAS(] Omimgl) o,
solid, L@¥&rEfring)théinixtufed8r 36 diini{tbé; 2)0mhbNMANABINCI A¢); 306 abitted foBlo®ed6 (s, 1
H, WO 2011/ 002523PCT/ US2010/001897 8.41 (t, 1 H), 8.22 (s,. 1 H), 8.05
(d, 1H), by Stming thempypure-pverpighy. 19mly of gMAaQH was adfled andsihe mpixture pas 3 g
(E)S(:';tm?)l '(:) E)it‘?‘acjre% With D?Cl\ﬁbxﬁm?;g. é&ﬂ)bi%eﬁ%rga%ic%%a% wikhédWwitht bihe aftd dfled Gver3 H) -
N- (4- Br oS Rilwation2arfd concapiacioy foHdvedbel( gurifetatiyd throdghaiashhosphin no- 1-y1) me
2coor di ngheBE AP sERrE or il araCNDrastordsEafRaT i chg S
4-b - -&of &NV ' d ' | &
Vel | ow so ) T B R e D R LBt DS R
8.76 (s, 1H)H).93(8, B8), (7t80-2.78(m, 281)28.6( 61d, 1H})7.2KdOBH), d,164d:)1H)7698(d, dH).1 11),

51 (g shthapSs 286 (b 3 s 280396 D00k hap & 8ts (5 3.2 0ek® (M 2 9

 4H),1.58(d, 3H).

Example 10

6-(3-(2-(dimethylphosphinoyl)ethylamino)prop- 1-ynyl)-N-(4-(3-fluorobenzyloxy)-3-

chlorophenyl)quinazolin-4-amine

Step A: 3-(4-(4-(3-fluorobenzyloxy)-3-chlorophenylamino)quinazolin-6-yl)prop-2-yn-1-ol
(compound 10.1)

[0134] To a solution of N-(4-(3-fluorobenzyloxy)-3-chlorophenyl)-6-iodoquinazolin-4-amine
(1.52 g), trimethyl(prop-2-ynyloxy)silane (0.7 mL), triethyl amine (0.5 mL) in DMF (10
mL) was added Pd(PPh3)2CI2 (106 mg), Cul (114 mg) and the mixture was heated at 40
°C overnight. The solvent was removed, then methanol (10 mL) and 4N HCI (2 mL) were
added. The reaction mixture was stirred at room temperature for one hour and the solvent

~ was removed. Another 10 mL methanol and triethyl amine (2 mL) were added and the

reaction mixture was stirred at room temperature for one hour. The solvent was removed.
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Exanpl e 22

N- ( 3-chl or o- 4- (pyr azi n- 2-yl net hoxy) phenyl) - 6- (54(4- net hyl - 1, 4- azaphosphi no-
1- yl1) metwol2pfwm23z32- y1) qui nazol i n-4-am ne Step A PCT/US2010/001897

3-chl oro-4-(2-pyrazi nenet hoxyl ) - ni tr obenzene (conpound 22 1) [0168] To a

sol ution of 2-chloro-1-f|uoro-4-nitro-benzene (875 nglf in dry
Acet one fdithe residueisas pyaidied by . fiagh shrorptzaptiye ekus EtélAc g glve the

pyr azi ny{ié&&ﬁ'ﬂ{bﬁu&?ng)s (oIcen’tratﬁtM-pﬂ %&&Lg @,Was then stirred at 65C

overni gh atron an on ‘gave a $6lid which was
recrystallized to give the desired product as a red solid. WO
2011/ 08¢p B3 BLHHUS3ibTrOkhZ PI6x B}~ Bz-th)Iophenylammo)qulnazohn -6-yl)prop-2-ynyl

3-chl oro-4- (2- i nenet ¥,) - phenyl am ne (conpound 8.3) [0169] 265ny of
conpoufi§thenessite tpx Fni‘iﬂ“)‘ ‘Wé}gqé fdpended in MeOH (50 m) and treated wet 5%

Pt/ C (Degussa type, Aldrich, 1.5 g). The flask is flushed with hydrogen gas

from agyak| @etasanﬁom@zr(aqal(sqmo%%w@x cﬁﬁotdﬁheﬂymﬂw)%helnﬂmﬁe@ bal | oon
for 2 hours. The reaction m Xxture was tered throu lite plug and

t he sol vebprop2-yreiwl éepmpraad 10€d @@@mgarte@thyi aming (9|4emh) podichigraspethans

Ot or O3k S0 ¢ SR fidep ML (016 mL) 3nd the repstion mituge.vps warped o room

hydr ochl @ f.at@al The fasqmmgh Washd) wiflshtihted m@; aqueodongtiohtand (1.0
ol ) and 290ng of 4-chl oro-6-iodo-quinazoline (1.0 nmol) were dissolved in
i sopr opagstactedovigh dichtpremethans: Thp cerm}atr\@ﬂ@rgﬁasc lager and epftragip Wepe dagsh Qver The

solid pr b panol (10
nm.) and %ﬁﬁﬁ}ou%gré%lmcﬁlggta ﬁltéﬂrg %é&tkgﬁa% ;‘g%}%ﬁ 13’9% ﬂJ 98% desi red
mat er i al flashtehporhhitography, eluting with EtOAc to give the desired product LCMS ESI(+) m/z:

5-(4-(3-¢chl oro-4- razin-2-yl met hoxy) phenyl am no) qui nazol i n-6-yl ) f ur an- 2-
car bal deﬁ{}o@#@oﬁé@ﬁn@@l 4) [0171] A mixture of conpound 15.4 (489ny,
1.0mmol ), 2-furylboronic acid (185ng, 1.2mol) and pal | adi um

cat al 3 WSS nd
4. Om_yg{ef)-C 60@3(2 @é%?ggﬁg%sﬂ%hgy tlj)ggig;ﬁéllln ?r ogegl%lg? 1r?gsI ;g?l-é?-gh? E)orvéglzh}r;ré)Q}I?Ss-i

showedchlh@ph@wémuum@lmﬁ+am1@@l(cocmwedut(})at ed the nixture under reduced
pressure and washed the residue with water (2x5.0nL) then with cool ether

(0. PlohabPT8 8 spfhBh Bt 3381 L ok SbektBftoNs o8l BFopEitftarfiaith it " Ut Ner

puri f

N- ( 3-chl %pm?ﬁezemmmesufmilater(wmpwwz 369(rﬁg1)( IDIP?AI(QBH?IA})mzaphosphl no-
1- yOret uran ui_.nazalin-4-a 2 To

susgenm%‘% 18?"%%%&(5 mL)at 07Eowes 2 dﬁ%r()i“&‘ﬁ gw qming (%H’rﬁ)step
D( 2281y, o f% ROPDAcion ikt Wil i %ﬁ@&ﬁ%ﬂ&%&ﬁﬂgﬂ@ TRE S I ERGLaL- Ommol ) .

After stirring t%e m xture for 30 mnutes, 2.0nmo NaBH( CAc) 3 was added
f ol | owedremadygd Snd thei ragdmdqwasrpmﬁﬁﬂchb)oﬂmhruhgdmatograpm, ebftingWwila2¥Yowas added

and the m ure xtr Copbi ne S
oashed. virelrapgiinds E vt fhyclied protidsas SRTGwaohi S Sl
fol I ovedy by spgyii§ay Nmi Wo@lMﬁzI EB¥,)BOH UGS, 1H), 8.87 (s, 1H), 8.70 (s, 1H),
7.95 (m, 2H), 7.85 (m, 2H), 7.62 (m, 2H), 7.38 (m, 1H), 6.98 (m, 1H), 5.10 (s, 2H), 4.25
* (m, 2H), 3.87 (m, 1H), 3.58 (m, 1H), 2.05 (m, 2H), 1.57 (m, 6H).

Example 11



chromat ography on silica gel (15% nethanol in DCM afforded a red powder.
LCMS ESI (+) nmfz: 576 (M+l). Exanple 23 '

N- (4- (3- fwoanobeeszg| oxy) - 3- et hynyl pheny1) - 6- ( 54( 4- net hy PeTjus2@papitsosphi no- 1
- yl1) net hyI)furan 2-y1) qui nazolin-4-amne Step A

(2 e msbemer st oo S A S o
14( 2- brom) 4-ni t rophenoxy) rretﬂ%k))q&mﬁi&ﬁf%ﬁﬂﬂ@% (1 g)
ethynyltriisopropylsilane (1.03 pyrrolidine (0.3 nL) in DVF (20 ni)

was added Pd(PPh3)2C12 (501 ng), (117 nmg) and the m xture was heated at
80 C tep At gtallyl-4mecthyol wmphmaﬁunme@de(mmﬂd&é was purified by flash

chromat ography, eluting with 10% Et 0Ac in hexane to give the desired
?ng; é’ﬁz'lépz i&%ﬁ%“&f&%ﬁﬁylqu%?apﬁospm&ahgalH?é PRI ERA hidrideSaR(PBY o5 | ane
fl uor ob&aam&mioyd)deqwarr{gg rand CRCABY(7s1 I g)l ih at¢tymy(S0behywasadded allgbnmpound
23.2, 440 : ESI(+) mz: 42 8 Mr1) and LCVS ES%{%%FZ:%@QS (M+1).
Step B: il efquR}’V‘é?J iy “?S(Stzﬂf A IiOQH’ptPB’[Bﬂa%‘FF)?V? enami ne
(conpoungd ?ém%)ed[tg %)7 ZuldeT e Qleglkéﬁl%ﬁ'oél‘@c? aS Wt@ QELA L5 g).

(2-(2- (3 or oben oxy -5- nitrophenyl) et hyny )trllsopropyIS|Iane
(conpound 23.1, 472 ng, 1.11 nmole), Fe (309 ny 34 m.) and EtOH (10
m.). TStep Behle(t4r(6Fﬂunrabﬂnzelowmk31cbferNwYI‘)tﬁ*((§)Ia émetbwel $ERRhosphigad -
renove ﬁh% Iejne waz aéeded nd washqe w t h agueous NaHCO3. The organic

| ayer XUREORy eB¥DABZOMRRT APENS “PraEheEs sulfate, filtered and
concentrated. The residue was purified by flash chromatography, eluting

with qo&gsit@p&mrmmdgenaﬂﬁogp@e@; m(dpbgz(desssmg) pooddied taa nyiehireof taiigk-al | i ne.
LCVS ESI (+) m z: 398 (M

N-(4-(3 +m3wb&énwpb@@pﬁu@nfé O(X’qu ch’é‘ﬁ%‘ﬁfw ki 140908l n@r@&%?li‘)nzﬁloﬁéﬁboqw na
i n4- o,

4311 oorophaRRHsppon Ratlhe (FRET frf Wi Aot (AERE BIETOR 0,

2. 27 mmmuh).). dhe réactbh arigtube wasibeatpd ate&id’[] ﬁ0e4(h&51?l cngledzlom towodh  wer e

di | ved in i | Th fl df 12

nour o THEPSBIFG RO dsCr 00 851 | wer sadedpnnaEnel ik Vel e e ol o

| SOpr opaRelnié ﬂa?femvﬁs é’rnéi?lD@\teP 8hihydeSusthignediigh Qilfatél tilRebdt Mdabhedrratdde THeean

desired naterial. Ste
5- (4- (4-regdid wos mbdimiybmﬂgsﬁ c@rqmategnaphx@bnmgwléh PO enethendl ipheny! ami no) qui n
azol i n6- c}l aﬂgrro?nnethzan%?r tg)f’j\lle e esxre(g pro RN ye%l%w erstalhne solid. LCMS ESI(+) '

m/z: 551 (M+1). "H NMR (300 MHz, CDCls) & 8.70 (m, 2H), 8.28 (s, 1H), 7.86 (m, 2H),
7.63 (m, 1H), 7.36 (m, 1H), 7.25 (m, 2H), 6.97 (m, 1H), 5.62 (s, 1H), 5.38 (s, 1H),5.15 (s,
" 2H), 3.50 (s, 2H), 3.05 (m, 2H), 2.78 (m, 2H), 2.02 (m, 2H), 1.80 (m, 2H), 1.50 (d, 3H).

Example 12

N-(4-(6-methylpyridin-3-yloxy)-3-methylphenyl)-6-(5-((4-methyl-1,4-azaphosphinan-1-
yl)methyl)furan-2-yl)quinazolin-4-amine

Step A: 5-(2-methyl-4-nitrophenoxy)-2-methylpyridine (compound 12.1)
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[0176] Under nitrogen atnosphere, Pd(dppf)2Cl2 (48 ng) was added to a

m xture of N-(4-(3-

f1 uor oberl2oxy283(2- (triisopropylsilyl)ethynyl)phenylpectaisedoguisaazol i n-4
-amine (420 ny, 0.65 mmle), 5-fornylfuran-2-yl-2-boronic acid (108 ng, 1.2

it o 0GE TS f(ngrﬂ‘e?qr% peinﬂ%ﬁfgoﬁéa%é<ﬁf€ﬁ%m§%a%%@ v
Vet hyl eng ) &t ©5,0d8 51%939) mDMmasoaﬁcbadasa{edtew@sme@i°@nférmhmhegolamabrl ne. The

organi c l'ayer was dried over an‘&ﬁrous magnem umsul fate, filtered and

concent r fitengd amhaares 1 QLmLhard BifPA¢ (209 ) mersadidedr Dheeareaia favgr was dhigdg

Sol i d (3B tpes Rl SAFEL 1RBed fohEcrufed 5L HERRUIRYIGH B 01 L€

N-(4 (3 WaslosedlfemlyImxyéw;ﬁdﬁébﬂ@t riisopr opyI si | ypet hynyl )phenyl) 6- (54(4 met

hyl- 1, 4-azaphosphi no- 1-y1) net hyl)furan-2-y1)qui nazolin-4-am ne (conpound
23 5) [0177]
5- (4) (%teé’:? ArGomethepgidiyyloxy)3-pethy|beBrngmitsicrPPBrdh iAd] ) pheny! ani no) qui

nazol i n6-yl ) furan-2-carbal dehyde (573 ng, 0.926 nmol e) and

4-met h}’dl4b{é§s¥1ﬁﬂiﬂ% 20RBAy - b SiRn&EBD- M thylpyRidslicmpowed €2 3ygngnded in
di chl or onet hane pfﬂuentl ally, "acetic acid (3 drops) and sodi um

triacet oxytb@th@mldﬁ‘i) mL)(v?m jadium mp@rbauawazoormghwwempmnm onpRarr

m xt ure d at r erature t|| t he .s rt|n r

di sappea\,@%‘a’r ﬁ?ﬁ«g“ lcltrétait iﬁ Ha% ?{e‘iﬁu étﬁgggsaﬂgé u?t?%er%nd
extract egenvdvied udd@rhb@ﬁ&ﬁ@m@me to Eh@ Wi (19stalding 30iid, Widyle wasnskdexdticiet s
were dried over anhydrous na‘glnem um sul f at e, filtered and concentrated. The

resi due ftheppunifiatignph CMSK (EhmnGad o@Madhy, el uting with 20% met hanol in

di chl or onet hane to give the desired product as yellow crystalline solid

(452 ég,;d r%b;l@l h}l@{ 1@@6}1 éh 1#7-4-

N ( 4- ?gkeipl Lz‘(f@l éneﬁéo #eeh 1 eﬁy)S 1( 74 y1 1ar4rfm§zaphosph| no-
1- yOrrgtoqupo)lﬁdjﬂaB)Z yQOqui nazol i n-4-am ne (conpound 23) [0178] The m xture
of Conmpound 23.4 (50 ng) and CsF (52 ng) in DVF was stirred at 50 C for 2h.

ehr ot LRGSR T Aoy R by RR G S BRond P maRED B 4 ve t he
desired prigfNEiod®Squifdolivie gr %sz %hid&&@ldlséo(véa umb dfm (5®h{)rhel z: 581
(Mr1). "Yield: 86% 1HNMVR 8. 62 8. 43

8. 13 ( m TeBFfjon mixgure(wgs rgﬂ-yxedfor] 2 bmlrs 17|:])e sojnda:go%qﬁ vx@g £9 lec’yect:,‘tgr @l%gatlggm) 7. 29

1 23l o iy o o iy 50

2((2 Chl tHe@lehn (desitéatiateBitly 1- 1, 4- azaphosphi no- 1-y1) met hyl ) f ur an- 2- ypqui nazo
l'in-4- ylam no) phenoxy) met hyl ) - 6- met hyl pyri di ne 1-oxide [0179] The t| tle

d d di gt th d f
compounierds 3B CERupend ik TuaSocnpeli ey aming rivesh gy DT Po
solid, Cér%}g,gkgwn}ﬂg&d 1@04 (M+1) . 1HNMR (CD30D, 300 MHz) 8 8.68 (s lH),
8.49 (s, H, 8.00 (d, 1 H, 7.78 (d, 1 H, 7.73 (m 1 H,

7.68 (dd, 1H) 762750(m2|—|),722(d 1 H, 697d1|—f|) 6.50 (d,
1H), 5l[0432] Ynder mtrygereate@smlmre Mdpr@z@ (85 82) (s adigd toza Bixtpes of N-4-(6-2. 05

ém( 54( l(_i)zm(eé]y%fm BT’YE%’S’I% n%\f%gq}ﬁwl&r% WS?%?W}% u?‘mm 654 iﬁngN_l (nTn ?@’f | uor ob
enzyl) - 1ktforndaza-251 9 datbhidagid (IP04ngandeM K,COs (4 mL) in Ethanol (4 mL)
~ and DME (4 mL). The reaction mixture was heated at 75 °C for 4 h and cooled down to
room temperature. Methylene chloride (30 mL ) was added and washed with water and
brine. The organic layer was dried over anhydrous magnesium sulfate, filtered and
concentrated. The residue was purified by flash chromatography, eluting with 20%
methanol in dichloromethane to give the desired product as white solid (430 mg). LCMS
. ESI(+) m/z: 437 (M+1). Yield: 98%.
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5-(4-(1-(3-fluorobenzyl)-1H i ndazol - 5-yl am no) qui nazol i n- 6- ypf ur an- 2- car bal
dehyde. awd 28t1(deszet hyl phosphi noyDet hanam ne (conpound 2C2/Us8@ong)soner e
suspended in dichl oronet hane (20 nL). Sequentially, acetic acid (3 drops)

d di t t hydri d 237 d t t .
The. m Siea: NG GTIeR AR R POURTO S REH ROy Ui - R tBYAE 1 ng et er al
di sapp afargﬁgspthg&gi-%gﬁﬁﬁreg@f%%ﬁ ﬁﬁﬁ&ehmmm%%l(&%%@aq@?us sol ution and

extract e conbi ned organic |ayer and extracts
were dried over anhydrous magnesium sulfate, filtered and concentrated. The
resi du§0id@dp Sf(ﬂf(ﬂf(ﬁenletbypﬂlémkﬁ yhxmh&ﬁm@h)dphﬁnylmmp)qmglamhlh-620%lmm21ano| in

di chl | |

(138 o) Cbrinandey (péiyl g PhdophinBh R o W offten AT 4B PP PR im0 5
8.75 (d, wtH susﬁerﬂi@d (r§dlcﬁlb16metﬁa.r3¢§(2()fﬂlL)1S%duenﬁaﬂ)? acBiic le‘a € aroz)@ o 1H),

7.68 (m 111), 511 oH) . 6.02 (m 3H).

g (m d) 3 (m :
6.46 (d, @mtsac@@w owbvsindca(/?gmue\s) wzﬁ)a ded ggroem tewﬁyran;_re 1bhemixtyney 1. 52

(d 311) .,

o (bopn PR & Pl sepaugs el saing matersl Sisappsares. The spaction was, 4n 5
- y1) met hyjhgnchéd wath Qi mohydqnbmmlmmheinhwb{)rmma&thtdﬂaﬂﬁoh&ﬂ&h}e "lﬂm a
sol ution of 6- (54(2- (di met hyl phosphi noypet hyl am no) met hyl ) f urap-2-y1) - N-(1-
(3- f | uor epBPiRgd preppic lay apdiex a‘s}w&rf-‘rfg%‘iw ﬂﬂb)’ idrotts magrigsinmyiptfe (20 ng)

and two @007 88 c85&hiGtedC Tile ki dﬁeh@&g;un{fﬂsg biflasi@RroffhiGa iR BERENS GAtTD) -

The reaction mxture was stirre omtenperature for 1 R, The reaction
was quen2ofbdnethaiol 2iNdishOrbraethenut® gwd theidesiraiptodudt asgeldav witstalline solid.

Shﬁ?é?égﬂe CHS R a1 KB o e RS ég?s Wbz s
N e o R K 1

1) B A8H® S UG ). LB 2H).B93 8, TH), 624 (61 2JD, 27.98511(%1),%1, (s7316F (m

7.36 (m 09 - 7.13 (m 4H), 5.72 (d, 2H), 4.65
, 2H),g-32.(7§§32¢)?29 m%ﬁgol%m . 1.52 (d, 3H), 1.45 (t, 3H. WD
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Example 13
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N-(4-(3-fluorobenzyloxy)-3-chlorophenyl)-6-(5-((4-((dimethylphosphinoyl)-
methyl)piperazin-1-yl)methyl)furan-2-yl)quinazolin-4-amine

Step A: benzyl 4-((dimethylphosphinoyl)methyl)piperazine-1-carboxylate (compound 13.1)

[0144] To a solution of chloromethanephosphonyl dichloride (2g, 12 mmole) in THF (30
mL) at -78 °C was added methyl magnesium chloride (8 mL, 3M in THF) slowly and the

" reaction mixture warmed up to room temperature overnight. To the reaction mixture was
added benzyl piperazine-1-carboxylate (2.8 mL) and potassium carbonate (5 g) and the

solution was refluxed overnight. The solid was removed by filtration and the solvent was
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2-(N-((5-(4-(2-(3-fluorobenzyl)-1Hindazol - 5-yl am no) qui nazol i n- 6-yCf ur an- 2
-yOret hyl ) - N-(2-(di nmet hyl phosphi noypet hyDam no) et hanol Step A:

2- (N ((5-Wo-2011/0035281 uor obenzyl) - 1H i ndazol - 5- yl am no) quipaaamskemw/06sy1) f ur an-
2- yenet hyl)-N-(2-(di met hyl phosphi noypet hypam no) et hanol TBS pr ot ect ed

(conpound 27.1) [018 To g solution of . . .

6- (5- ( ( 219RAY ﬁ%bm%_ﬁbmeﬁ@y?,)%@ﬁ@ MaPHER L b s drematospppy Riyips with
(3-f1uor ‘P@%Qﬁé{ﬂ%ﬂolﬁi iRARFGhethand HPH e Aebifeddrrdi R EL CISSESH+) m/z: 311 _
But yl di net hyl si |yl oxy) acet al dehyde (0.017 nL) and two drops of acetic acid
in ethan@+{10 nL) was added NaBHACN (8 ng). The reaction m xture was
stirred at room tenperature for 1 h. The reaction was quenched with 2N

NaOH ague | ut i and. extragted. with dichlor . Th nmbi ned

or gani gyelpjéjjér' @‘Hb?t“@ﬁf’]‘?%feﬁ?%ﬁ?‘s&aﬁﬁ’?&%z&%%d‘:%WR%f‘g?s mggnesi 5mcgul :‘gte e,

filtered and concentrated for the next step. Step B:

g- (N- o%‘?ﬁs ;r() ﬁ:fgagkfv\?_sQh&%&:ﬂMélth)beﬁ.k&limd&ﬁﬁéﬂfn)‘)ﬂplﬂs@fﬁ)nbpbgﬂmthly@pmeim&g-l ) f ur an-
-y yl)- - (di net osphi.noypet amno)e 27

[ 0183] - TREbGFBate wgm%ﬁﬁ@aﬁwlwn{%aﬁ%qn laﬁaeth%@tl 6538'%%-§ﬁ?ernfg%ems)

stirred ' | ' id

vas. pur | PP A borh trmdedftukd bidRHORIRYE TrE A RAL s BEre 1BrobER it

LCVS ESI Ctliterahd allgdRentviviere redveNMRA¢BROudddpresSDBAD)Ei & Dwhide (rystallide, 8. 67

(s, 1H), 8,45 1H), .8..19 . 1H), .8. 08 . - 7,1 , 5.72 (d,
152 (1 sl whishlag bsed ittt Bistet Disissspe mRMSTARY Butizs 71 Bl (
N-(1-(3-fluorobenzyl)-1Hindazol -5-yl)-6-(3-(4-nethyl-1, 4-azaphosphi no-1-y1l
) Pr op- StepUMYN)@UB TR behztor |- B@hlorophenyl)-6-(5-((4-((dimethylphosphinoyl)-

rhethyl)piperazin— 1-yl)methyl)furan-2-yl)quinazolin-4-amine (compound 13)

[0146] 5-(4-(4-(3-fluorobenzyloxy)-3-chlorophenylamino)quinazolin-6-yl)furan-2-
carbaldehyde and 1-((dimethylphosphinoyl)methyl)piperazine were suspended in
dichloromethane (20 mL). Sequentially, acetic acid (3 drops) and sodium

. triacetoxyborohydride (2 equiv.) were added at room temperature. The mixture was stirred
at room temperature until the starting material disappeared. The reaction was quenched

- with 2N NaOH aqueous solution and extracted with dichloromethane. The combined
organic layer and extracts were dried over anhydrous magnesium sulfate, filtered and
concentrated. The residue was purified by flash chromatography, eluting with 20%

. methanol in dichloromethane to give the desired product as yellow crystalline solid.
LCMS ESI(+) m/z: 635 (M+1). "H NMR (300 MHz, CD;0D) & 8.59 (s, 1H), 8.44 (s, 1H),

- 8.11 (m, 1H), 7.89 (m, 1H), 7.72 (m, 1H), 7.57 (m, 1H), 7.38 (m, 1H), 7.26 (m, 2H), 7.08
(m, 2H), 6.90 (d, 1H), 6.46 (d, 1H), 5.17 (s, 2H), 3.66 (s, 2H), 2.80 (m, 2H), 2.68 (m, 8H),

1.57 (d, 6H).
Example 14
F o L
s ane
) "
N / \
(0] ~N
N/)
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[0184] The title conmpound was prepared according to the procedure of step B
for exanple 4 using conpound 16.3 instead of conpound 1.6, to give a pale
yel | ow- soWOodp11@d83ESI (+) m z: 539 (M1). 1HNWR (CDClS PBOAISMDN0BIB. 69 (s,
1H) 848(s 1H) 804(d 1H) 783(d1 ,773(d 1 H, 7.69 (d,
1 ,734§\§ thl (d, H.5.60 (s, 2
H, 3.74 ( (&(aaﬂuowbzméwy)é Mymoghwl)(én 5-2(4H)ﬂ l-b¢- fﬁ%PhQﬂH%mP b1 (d, 3
H). Exanple 29 Biologic i EGFR [ 0185] The extent
to which the conpounds a)ﬁﬁﬁgg{rig%ne%tﬁ \%‘%??’gﬁ Jrn@éul ate EGFR ki nase
activity can be determ ned using tinme-resolved Fret (TR-FRET) assay

( Lant haspreedh{(2-blomuas-aitarthenoxyymetylly3-filupmbehzent (cagenind 1#hle assay enpl oys
EGFR ki nase (PV3872 Invitrogen) Tb Py20 anti body (PV3552, Invitrogen) and

b Bl noligh Thembedr2 bRo- ot Frof et e Co PR 1Py
TR FRET B 8415y £4a @ddﬁ(@ 4(5\131A&%tonbr(5fo IO GRR)re MixAOE SN Thtsotid vials fltefadg/ Ml
as stock sol utlon and -fold serial diluted. Addition of 1 niM ATP

i ni tiat eandthe sralefa@ttwaﬁrremarvr@rl tTHi@ obeired yshlopssalidovasaeeystebized fopkact i on at
roomte %ﬁg/ﬁeﬁﬂet ro\pde T&lﬁgéée@d?w(lé TP | nvitrogen) + EDTA (from

I nvitrog prepare o each 'wel | of the assay plate and
m x briefly, and incubated for 30m n. The signal is nonitored by using M
m cr opB&pad: He@diiorOfenzylo} R Bbromubenz4Banime feunididdrip.2)Each conmpound i s
tested in dupl icate wells. EGFR wi t hout corrpound is used as control.

St f d.
i bi TR (oo B b Do B SRR g N D AR IF (3 20 8 Phout
conpoundyethikbiA88 MO0 g&tﬁ&é&%gw%%@@%, Eofmmgb waBdeIBg@Aa@ai 6@h pexanpl e:
Ki nase assay for ErbB2 187g_bThe assay is performed simlarly to the

ki nase aslségr foo24 HowBat é@ psie $be mixrenwyas/ Blterest dupugtecele ard ﬁH§@1V}§W{§t"@f‘h is
used i nstead ase tein.

i nhi bi tiBCWOVSgé{? ‘fro‘Fd‘E?‘FQ?ﬁesf%fg%F‘Vﬁuar%Eﬁ?l%?%gtaﬁ‘%Sasﬁ@ifr“’lﬁgr‘ﬁ%g G

cul tur edﬁirﬂlefpuy,@dau@ﬁslgcmg )Ifnel Dezimelipgi es 12320- 032) cont ai ning 10%
fetal bovine serum (FBS) at 37C in a humdified 10% CO2, 90% ai r | ncubator

Cells were harvested using trypsin/EDTA, cqunted usjng a haeno ter,
and pl 8teed: DohH03-Buprobaraiony) 3abromanbenyl ) predoquinazplin: gmrmar The
cells gf i ncubated for 24h at 37 C to all ow adherence. A serr aI s of
concenfrations of each conpound (ranging from30uMto 0.16nM 5-fold
dilution) in 96- well plate, and incubated for 72h. Each concentrati on was
t est ed[0149} 4+(§>4ﬂwatbenzgdbk3s) 3- btmm’cgnzdmnueet (1.4 8l5 mamlamﬂrﬂ alloro6-i@¥K474

| I I EBS, 5
gont am CRANREE 6 45607 PPERRSCTaROTAR arb A RO Tsaal P eure

aspi rati Qgs reffisted i 19qiolur§/ Tabisblid prodas: wWat eileadd by ﬂl'@étﬁﬁl Galhed wigh told
proliferation Kit. 0189!1 The bi ol ogi cal activities of EGFR ki nase
R

i nhi bi t i Apropaybz1q rER2d kthen 20 mhdhi a@dtarrcmwérrq affyedr2 7 grofithe elean fesired
i nhi b|t|on 130 E listed in Table 1

Step D: 5-(4-(4-(3-fluorobenzyloxy)-3-bromophenylamino)quinazolin-6-yl)furan-2-
carbaldehyde (compound 14.4)

[0150] Under nitrogen atmosphere, Pd(dppf),Cl, (80 mg) was added to a mixture of N-(4-(3-
fluorobenzyloxy)-3-bromophenyl)-6-iodoquinazolin-4-amine (550 mg, 1 mmole), 5-

. formylfuran-2-yl-2-boronic acid (170 mg, 1.2 mmole) and 2M K;CO3 (4 mL) in Ethanol
(4 mL) and DME (4 mL). The reaction mixture was heated at 75 °C for 4 h and cooled
down to room temperature. Methylene chloride (30 mL ) was added and washed with
water and brine. The organic layer was dried over anhydrous magnesium sulfate, filtered

and concentrated. The residue was purified by flash chromatography, eluting with 20%
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Table 1 Exanmpl e # EGFR i nhi bitiona ErbB2 inhibitiona BT474 proliferationb
I nhibition I1C50 (nM (8 points) i nhibit%at 100 nMor 1C50 (nM %
i nhi bi ti omoan1120e528M or | C50 (nM PCT/US2010/001897

methanol in dichloromethane to give the desired product as white solid (460 mg). LCMS
ESI(+) m/z: 519 (M+1). Yield: 89%.

Step E: N-(4-(3-fluorobenzyloxy)-3-bromophenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yDmethyl)furan-2-yl)quinazolin-4-amine (compound 14)

[0151] 5-(4-(4-(3-fluorobenzyloxy)-3-bromophenylamino)quinazolin-6-yl)furan-2-
carbaldehyde (444 mg, 0.86 mmole), 4-methyl-1,4-azaphosphinane 4-oxide hydrogen
chloride salt (137 mg, 1 mmole) and DIPEA were suspended in dichloromethane (20 mL).
Sequentially, acetic acid (3 drops) and sodium triacetoxyborohydride (2 equiv.) were
added at room temperature. The mixture was stirred at room temperature until the starting
material disappeared. The reaction was quenched with 2N NaOH aqueous solution and
extracted with dichloromethane. The combined organic layer and extracts were dried over .
anhydrous magnesium sulfate, filtered and concentrated. The residue was purified by
flash chromatography, eluting with 20% methanol in dichloromethane to give the desired
product as yellow crystalline solid (388 mg). LCMS ESI(+) m/z: 637 (M+1). Yield: 71%.
'H NMR (300 MHz, CD;0D) & 8.64 (s, 1H), 8.46 (s, 1H), 8.15 (m, 1H), 8.04 (m, 1H),
7.75 (m, 1H), 7.65 (m, 1H), 7.38 (m, 1H), 7.26 (m, 2H), 7.08 (m, 2H), 6.95 (m, 1H), 6.48 .
(d, 1H), 5.21 (s, 2H), 3.80 (s, 2H), 2.88 (m, 4H), 2.03 (m, 4H), 1.57 (d, 3H).

Example 15
]
’ 0]
) oy
N 7 \ HN Cl
O ~N
N/)

2-((2-chloro-4-(6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-yl)quinazolin-4-
ylamino)phenoxy)methyl)pyridine 1-oxide

Step A: 3-chloro-4-(2-pyridylmethoxyl)-N-Boc-phenylamine(compound 15.1)

[0152] To a solution of 2.35g of compound 8.3(10mmol) in 50mL of DCM was added 3.0g
of (Boc),0 and 2.5g of DMAP. The resulting mixture was stirred at room temperature for
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five hours. Concentration and purification of the residue through flash column

chromatography on silica gel gave the desired product.
Step B: 3-chloro-4-(N-oxidepyridne-2-methoxyl)-phenylamine TFA salt (compound 15.2)

[0153] To a solution of 1.34g of compound 15.1(4.0mmol) in 50mL of DCM was added 1.5g.
of m-CPBA(6.0mmol) and the resulting mixture was stirred at room temperature for two

~ hours. 10mL of 2.0N NaOH was added and the organics was extracted with 100mL of
DCM and then dried over MgSQ,. Filtration and concentration gave a brown residue
which was dissolved again in 100mL of DCM. 5.0mL of TFA was added and the mixture
was stirred at room temperature until LC-MS showed the deprotection completed.
Concentration under reduced pressure gave the desired product as a TFA salt which was

used directly for next step without further purification.

Step C: [3-chloro-4-(N-oxidepyridine-2-metoxyl)-phenyl]-(6-iodo-quinazolin- 4-yl)-amine
hydrochloride salt (compound 15.3).

[0154] 1.0g of compound 15.2 (2 mmol) and 1.2g of 4-chloro-6-iodo-quinazoline (2 mmol)
were dissolved in isopropanol (50 ml). The reaction mixture was refluxed for 12 hours.
The solid product was collected by filtration, washed with cold isopropanol (10 mL) and
ether (20 mL), and air dried to afford 1.5g of the clean desired product.

Step D: 2-((2-chloro-4-(6-(5-formylfuran-2-yl)quinazolin-4-
ylamino)phenoxy)methyl)pyridine 1-oxide (compound 15.4)

[0155] A mixture of compound 15.3 (505mg, 1.0mmol), 2-furylboronic acid (168mg,
1.2mmol) and palladium catalyst(73.0mg, 0.10mmol) in 1.0mL of K,CO3(2.0M), 1.0mL
of EtOH and 4.0mL of DME was heated at 75°C under nitrogen atmosphere for 4hr. LS-
MS showed the reaction completed. Concentrated the mixture under reduced pressure and
washed the residue with water (2x5.0mL) then with cool ether (10.0mL) to get a gray solid
(400mg), which was used for next step without further purification.

Step E: 2-((2-chloro-4-(6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-yl)quinazolin-
4-ylamino)phenoxy)methyl)pyridine 1-oxide (compound 15)

[0156] To a suspension of compound 1.2(169mg, lmmol) and the compound 15.4 from step
D(237mg, 0.5mmol) in DCE(5mL) was added DIPEA(1.0mmol) and HOAc(1.0mmol).
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After stirring the mixture for 30 minutes, 2.0mmol of NaBH(OAc); was added followed
by Stirring the mixture overnight. 1.0mL of SM NaOH was added and the mixture was
extracted with DCM(2x20mL). Combined brganics was washed with brine and dried over

| MgSO,. Filtration and concentration followed by purification through flash column
chromatography on silica gel (10% methanol in DCM) afforded a brown powder. LCMS
ESI(+) m/z: 591 (M+1). '"HNMR (CD;0D, 300 MHz) & 8.64(d, 1H), 8.48(s, 1H), 8.39(d,
1H), 8.16(d, 1H), 8.13(d, 1H), 7.99(d, 1H), 7.80(d, 1H), 7.76(d, 1H), 7.70-7.65(m, 2H),
7.52(m, 1H), 7.20(d, 1H), 6.95(d, 1H), 6.48(d, 1H), 5.39(s, 2H), 3.81(s, 2H), 3.08-2.90(m,
4H), 2.07-2.01(m, 4H),1.58(d, 3H).

Example 16

N-(1-(3-fluorobenzyl)-1H-indazol-5-y1)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine

Step A: 1-(3-fluorobenzyl)-5-nitro-1H-indazole (compound 16.1).

[0157] A suspension of 5-nitrobenzoindazole (8.16 g, 50 mmol), 3-fluorobenzyl bromide
(10.4 g, 55 mmol) and potassium carbonate (13.8 g, 100 mmol) in acetone (200 mL) was

~ refluxed overnight. After reaction cooled to room temperature, the reaction mixture was
diluted with dichloromethane (100 mL), filtered through silica gel (about 100 g), and
rinsed with 1:1 ethyl acetate : dichloromethane (about 100 mL). The residue after
concentration was purified with column chromatography eluting with 0-30% ethyl acetate
in dichloromethane to give the title compound as a white crystalline solid (the first
fraction, 5.69 g, 42%). LCMS ESI(+) m/z: 272 (M+1).

Step B: 1-(3-fluorobenzyl)-1H-indazol-5-amine (compound 16.2).

[0158] A suspension of compound 16.1 (2.71 g, 10 mmol) and palladium 10% on carbon
(1.0g, wet) in methanol (40 mL) was hydrogenated under a hydrogen balloon for 14 hours.
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The reaction mixture was then filtered through Celite (20 g), rinsed with
dichloromethane/methanol (3/1), and concentrated to give the title compound as a white
crystalline solid (2.40 g, 100%). The product is used without further purification. LCMS
ESI(+) m/z: 242 (M+1).

Step C: N-(1-(3-fluorobenzyl)-1H-indazol-5-yl)-6-iodoquinazolin-4-amine (compound 16.3). -

[0159] Compound 16.3 was prepared according to the procedure for compound 1.6 using
compound 16.3 instead of compound 1.5, to give a pale yellow solid, LCMS ESI(+) m/z:
496 (M+1).

Step D; 5-(4-(1-(3-fluorobenzyl)-1H-indazol-5-ylamino)quinazolin-6-yl)furan-2-
carbaldehyde (compound 16.4).

[0160] Compound 16.4 was prepared according to the procedure in Example 1, step G for the
preparation of compound 1.7 to give a yellow crystalline solid, LCMS ESI(+) m/z: 464
(M+1).

Step E: N-(1-(3-fluorobenzyl)-1H-indazol-5-yl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine (compound 16)

[0161] The title compound was prepared according to the procedure for compound 1 using
compound 16.4 instead of compound 1.7, to give a pale yellow solid, LCMS ESI(+) m/z:
581 (M+1). '"HNMR (DMSO-dg, 300 MHz) 3 11.95 (br s, 1 H), 8.88 (s, 1 H), 8.43 (d, 1
H), 8.23 (s, 1 H), 8.17 (s, 1 H), 7.96 (d, 1 H), 7.84 (d, 1 H), 7.81 (d, 1 H), 7.37 (m, 2 H),
7.18-7.02 (m, 3 H), 6.92 (d, 1 H), 5.73 (s, 2 H), 4.61 (s, 2 H), 3.39 (m, 4 H), 2.27 (m, 4 H),
1.58 (d, 3 H).
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Example 17

N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(5-((4-ethoxy-1,4-azaphosphino-1-
yDmethyl)furan-2-yl)quinazolin-4-amine

Step A: 4-ethoxy-1,4-azaphosphinane, 4-oxide

[0162] The title compound was prepared according to the procedure in Steps A and B of
Example 1, using ethyl dichlorophosphite instead of methylphosphonic dichloride, to give
the compound 17.1 as a clear viscous liquid. LCMS ESI(+) m/z: 164 (M+1)

Step B: N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(5-((4-ethoxy-1,4-azaphosphino-1-
yDmethyl)furan-2-yl)quinazolin-4-amine

[0163] The title compound was prepared according to the procedure for compound 1 using
compound 4-ethoxy-1,4-azaphosphinane, 4-oxide instead of compound 1.2, to give a pale

- yellow solid, LCMS ESI(+) m/z: 621 (M+1). '"HNMR (CD;0D, 300 MHz) 5 8.65 (d, 1
H), 8.47 (s, 1 H), 8.16 (dd, 1 H), 7.90 (d, 1 H), 7.77 (d, 1 H), 7.61 (dd, 1 H), 7.41 (q, 1 H),
7.34-7.21 (m, 2 H), 7.16 (d, 1 H), 7.05 (dt, 1 H), 6.96 (d, 1 H), 6.49 9d, 1 H), 5.22 (s, 2 H),.
4.08 (pentalet, 2 H), 3.81 (s, 2 H), 2.81 (m, 4 H), 2.01 (m, 4 H), 1.33 (t, 3 H).

Example 18
Q
/P/\ / HN
LN ) N
O N
N/)

(R)-6-(5 -((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-yl)-N-(1-phenylethyl)quinazolin-

4-amine
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[0164] The title compound was prepared according to the procedures of steps G and H for
example 1 using (R)-1-phenylethanamine instead of compound 1.5, to give a pale yellow
solid, LCMS ESI(+) m/z: 461 (M+1). 'HNMR (CDCls, 300 MHz) & 8.62 (s, 1 H), 8.03 (s,
1 H), 7.95(d, 1 H), 7.83 (d, 1 H), 7.51 (d, 2 H), 7.40 (t, 2 H), 7.33 (d, 1 H), 6.71 (d, 1 H), -
6.36 (d, 1 H), 5.72 (m, 1 H), 3.79 (s, 2 H), 3.13 (m, 2 H), 2.88 (m, 2 H), 2.18-1.80 (m, 4
H), 1.77 (d, 3 H), 1.54 (d, 3 H).

Example 19
Q
PN HN cl
K/N \ F
O ~N
N)

N-(3-chloro-2-fluorophenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-

yl)quinazolin-4-amine

[0165] The title compound was prepared according to the procedures of steps G and H for

~ example 1 using 3-chloro-2-fluoroaniline instead of compound 1.5, to give a pale yellow
solid, LCMS ESI(+) m/z: 485 (M+1). 'HNMR (CDCl;, 300 MHz) & 8.78 (s, 1 H), 8.44
(m, 1H), 8.23 (s, 1 H), 8.05(d, 1 H), 7.94 (d, 1 H), 7.20 (d, 1 H), 6.78 (d, 1 H), 6.39 (d, 1
H), 3.83 (s, 2 H), 3.18 (m, 2 H), 2.90 (m, 2 H), 2.20-1.82 (m, 4 H), 1.55 (d, 3 H).

Example 20
Br
o
/P/\ / HN
LN \ . F
o N
N/)

N-(4-Bromo-2-fluorophenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-

yl)quinazolin-4-amine

[0166] The title compound was prepared according to the procedures of steps G and H for
example 1 using 4-bromo-2-fluoroaniline instead of compound 1.5, to give a pale yellow

solid, LCMS ESI(+) m/z: 529, 531 (M+1). 'HNMR (CDCls, 300 MHz) 5 8.76 (s, 1 H),
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8.41 (t, 1 H), 8.22 (s, 1 H), 8.05 (d, 1H), 7.93 (d, 1 H), 7.39 (d, 2 H), 6.78 (d, 1 H), 6.39 (d,
1 H), 3.82 (s, 2 H), 3.15 (m, 2 H), 2.90 (m, 2 H), 2.40-1.90 (m, 4 H), 1.55 (d, 3 H).

Example 21

N-(4-Bromo-3-chloro-2-fluoropheny!)-6-(5-((4-methyl-1,4-azaphosphino- 1-yl)methyl)furan-

2-yl)quinazolin-4-amine

[0167] The title compound was prepared according to the procedures of steps G and H for

| example 1 using 4-bromo-3-chloro-2-fluoroaniline instead of compound 1.5, to give a pale’
yellow solid, LCMS ESI(+) m/z: 563, 565 (M+1). 'HNMR (CDCl3, 300 MHz) & 8.76 (s, 1
H), 8.36 (t, 1 H), 8.26 (s, 1 H), 8.05 (d, 1H), 7.93 (d, 1 H), 7.51 (dd, 1 H), 6.78 (d, 1 H),
6.39 (d, 1 H), 3.84 (s, 2 H), 3.15 (m, 2 H), 2.90 (m, 2 H), 2.40-1.90 (m, 4 H), 1.55 (d, 3 H).

Example 22

N-(3-chloro-4-(pyrazin-2-ylmethoxy)phenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine

Step A: 3-chloro-4-(2-pyrazinemethoxyl)-nitrobenzene (compound 22.1).

[0168] To a solution of 2-chloro-1-fluoro-4-nitro-benzene (875 mg, 5.0 mmol) in dry
Acetone (10.0 ml) was added 1.0g of K,CO3 and 545mg of 2-
pyrazinylmethanol(5.0mmol). The reaction mixture was then stirred at 65°C overnight.
Filtration and concentration gave a solid which was recrystallized to give the desired

product as a red solid.
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Step B: 3-chloro-4-(2-pyrazinemethoxyl)-phenylamine (compound 8.3)

[0169] 265mg of compound 22.2(1.0mmol) was suspended in MeOH (50 ml) and treated wet
5% Pt/C (Degussa type, Aldrich, 1.5 g). The flask is flushed with hydrogen gas from a
balloon and the reaction mixture was stirred under hydrogen balloon for 2 hours. The
reaction mixture was filtered through a Celite plug and the solvent is removed under

reduced pressure to yield 200 mg of the desired product.

Step C: [3-chloro-4-(2-pyrazinemetoxyl)-phenyl]-(6-iodo-quinazolin- 4-yl)-amine
hydrochloride salt (compound 22.3).

[0170] 235mg of compound 15.3 (1.0 mmol) and 290mg of 4-chloro-6-iodo-quinazoline (1.0
mmol) were dissolved in isopropanol (10 ml). The reaction mixture was refluxed for 12
hours. The solid product was collected by filtration, washed with cold isopropanol (10

~ mL) and ether (20 mL), and air dried to afford 200 mg of the clean desired material.

Step D: 5-(4-(3-chloro-4-(pyrazin-2-ylmethoxy)phenylamino)quinazolin-6-yl)furan-2-
carbaldehyde (compound 22.4)

[0171] A mixture of compound 15.4 (489mg, 1.0mmol), 2-furylboronic acid (185mg,
1.2mmol) and palladium catalyst(73.0mg, 0.10mmol) in 1.0mL of K,CO3(2.0M), 1.0mL
of EtOH and 4.0mL of DME was heated at 75°C under nitrogen atmosphere for 4hr. LS-
MS showed the reaction completed. Concentrated the mixture under reduced pressure and
washed the residue with water (2x5.0mL) then with cool ether (10.0mL) to get a gray solid

which was used for next step without further purification.

Step E: N-(3-chloro-4-(pyrazin-2-ylmethoxy)pheny!)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine (compound 22)

[0172] To a suspension of compound 1.2 (169mg, Ilmmol) and the compound 15.5 from step
D(228mg, 0.5mmol) in DCE(5mL) was added DIPEA(1.0mmol) and HOAc(1.0mmol).
After stirring the mixture for 30 minutes, 2.0mmol of NaBH(OAc); was added followed
by Stirring the mixture overnight. 1.0mL of 5SM NaOH was added and the mixture was
extracted with DCM(2x20mL). Combined organics was washed with brine and dried over
MgSO;. Filtration and concentration followed by purification through flash column
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++ + Synbol: "++" indicates >50% i nhibition at 100 nM or I1C50 < 100 nM for
EGFR or ErbB2 kinases; "+"indicates between 20%to 50% i nhibition at 100
nM or ‘| G80 2battose2s 100 and 1000 nM "-" indicates <20%Crrdsediooma7 at 100
nM Exanpl e 32 Pharmacoki netic studies of Exanple 4 in nouse, rat and dog
[0190] The dog PK protocol |s shown here, while PK study protocol of nouse
and rat ahrerr@tqarar&lw qn(flléf@gﬁ gn@%@klrb@cmaﬁ%@%re@w&dsr LEMBonth ol d
and wei ggggﬁg Exanpl e 4 was dissolved in 2%MA and 98%

(40%P- 1 (Snl zgd water) to yield concentration at 2 ng/nL for both
I nt ravenous (IV, a bolus injection via the lateral tail vein) and oral (PO
via oral gavage) adm nistrations. Bkaogge2dnpl es (approximately 1 nl) . was
coll ected via cephalic into tubes containing EDTA- K3 anti coagul ant pre-dose
and post-dose at 5 mn, 15 mn, 30 mn, 1 h, 2 h, 4 6 h, 8 h and 24 h.

Bl ood sanpl es were centrifuged at approxi mately 80 pmfor 6 mnutes at
2-8 C and the resulting plasna were separa O S Y* Fand stored frozen at
approximately -80 C. Pl asma sanpl es anal y§ [was performed by neans of

LC- M5/ MB. The anal ytl/@ﬂ\[ peh\Usi ng quality control
sanples for intra- assakua i afi o, 1] Pharmacoki nectic data for Exanple
4 are shown in Table 2. The or€l ail bility (F) for lapatinib is 32%
(nmouse), 29% (rat), or 63% (dog). 1/ 002523PCT/ US2010/ 001897 Table 2
speci es Route, A ose (ng/Kg)

N-(4-(3-fluorobenzyloxy)-3-ethynylphenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yDmethyl)furan-2-yl)quinazolin-4-amine

Step A: (2-(2-(3-fluorobenzyloxy)-5-nitrophenyl)ethynyl)triisopropylsilane (compound 23.1)

t0173] To a solution of 1-((2-bromo-4-nitrophenoxy)methyl)-3-fluorobenzene (1 g),
ethynyltriisopropylsilane (1.032 mL), pyrrolidine (0.3 mL) in DMF (20 mL) was added
Pd(PPh3),Cl; (501 mg), Cul (117 mg) and the mixture was heated at 80 °C overnight. The '
solvent was removed, the residue was purified by flash chromatography, eluting with 10%
EtOAc in hexane to give the desired product (2-(2-(3-fluorobenzyloxy)-5-
nitrophenyl)ethynyl)triisopropylsilane (compound 23.1, 472 mg) and 4-(3-

~ fluorobenzyloxy)-3-(2-(triisopropylsilyl)ethynyl)benzenamine (compound 23.2, 440 mg).
LCMS ESI(+) m/z: 428 (M+1) and LCMS ESI(+) m/z: 398 (M+1).

Step B: 4-(3-fluorobenzyloxy)-3-(2-(triisopropylsilyl)ethynyl)benzenamine (compound 23.2)

t0174] To a flask was charged with (2-(2-(3-fluorobenzyloxy)-5-

_nitrophenyl)ethynyl)triisopropylsilane (compound 23.1, 472 mg, 1.11 mmole), Fe (309
mg), HOAc (4 mL) and EtOH (10 mL). The reaction mixture was refluxed for 3 h and the '
solvent was removed. Methylene was added and washed with aqueous NaHCOs. The
organic layer was dried over anhydrous magnesium sulfate, filtered and concentrated. The
residue was purified by flash chromatography, eluting with 30% EtOAc in Hexane to give
the desired product as yellow crystalline. LCMS ESI(+) m/z: 398 (M+1).

Step C: N-(4-(3-fluorobenzyloxy)-3-(2-(triisopropylsilyl)ethynyl)phenyl)-6-iodoquinazolin-
4-amine (compound 23.3)
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[0175] 4-(3-fluorobenzyloxy)-3-(2-(triisopropylsilyl)ethynyl)benzenamine (900 mg, 2.27
mmol) and 4-chloro-6-iodo-quinazoline (657 mg, 2.27 mmol) were dissolved in
isopropanol (50 ml). The reaction mixture was refluxed for 12 hours. The solid product
was collected by filtration, washed with cold isopropanol (10 mL) and ether (20 mL), and

air dried to afford the clean desired material.

Step D: 5-(4-(4-(3-fluorobenzyloxy)-3-(2-(triisopropylsilyl)ethynyl)phenylamino)quinazolin-
6-yDfuran-2-carbaldehyde (compound 23.4)

[0176] Under nitrogen atmosphere, Pd(dppf).Cl, (48 mg) was added to a mixture of N-(4-(3-
fluorobenzyloxy)-3-(2-(triisopropylsilyl)ethynyl)phenyl)-6-iodoquinazolin-4-amine (420
mg, 0.65 mmole), 5-formylfuran-2-yl-2-boronic acid (108 mg, 1.2 equiv.) and 2M K,COs
(4 mL) in Ethanol (4 mL) and DME (4 mL). The reaction mixture was heated at 75 °C for '
4 h and cooled down to room temperature. Methylene chloride (30 mL ) was added and
washed with water and brine. The organic layer was dried over anhydrous magnesium
sulfate, filtered and concentrated. The residue was purified by flash chromatography,
eluting with 20% methanol in dichloromethane to give the desired product as white solid
(300 mg). LCMS ESI(+) m/z: 620 (M+1). Yield: 75%.

Step E: N-(4-(3-fluorobenzyloxy)-3-(2-(triisopropylsilyl)ethynyl)phenyl)-6-(5-((4-methyl-
1,4-azaphosphino-1-yl)methyl)furan-2-yl)quinazolin-4-amine (compound 23.5)

[0177] 5-(4-(4-(3-ﬂuorobenzyloxy)-3-(2-(triisopropy1silyl)ethynyl)phenylamino)quinazolin-
6-yDfuran-2-carbaldehyde (573 mg, 0.926 mmole) and 4-methyl-1,4-azaphosphinane 4-
oxide (185 mg, 1.5 equiv.) were suspended in dichloromethane (20 mL). Sequentially,
acetic acid (3 drops) and sodium triacetoxyborohydride (2 equiv.) were added at room
temperature. The mixture was stirred at room temperature until the starting material
disappeared. The reaction was quenched with 2N NaOH aqueous solution and extracted
with dichloromethane. The combined organic layer and extracts were dried over
anhydrous magnesium sulfate, filtered and concentrated. The residue was purified by
flash chromatography, eluting with 20% methanol in dichloromethane to give the desired
product as yellow crystalline solid (452 mg). LCMS ESI(+) m/z: 737 (M+1). Yield: 66%.

Step F: N-(4-(3-fluorobenzyloxy)-3-ethynylphenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine (compound 23)
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[0178] The mixture of Compound 23.4 (50 mg) and CsF (52 mg) in DMF was stirred at 50
°C for 2h. The filtration removed the solid and the residue was purified by flash

. chromatography, eluting with 20% methanol in dichloromethane to give the desired
product as yellow crystalline solid (42 mg). LCMS ESI(+) m/z: 581 (M+1). Yield: 86%.
'H NMR (300 MHz, CD;0D) & 8.62 (d, 1H), 8.43 (s, 1H), 8.13 (m, 1H), 7.81 (m, 1H),
7.75 (m, 1H), 7.66 (m, 1H), 7.38 (m, 1H), 7.29 (m, 2H), 7.05 (m, 2H), 6.94 (m, 1H), 6.48
(d, 1H), 5.21 (s, 2H), 3.80 (s, 2H), 3.74 (s, 1H), 2.88 (m, 4H), 2.03 (m, 4H), 1.57 (d, 3H).

Example 24
4
_ '5/ O \N
) SOl
N J \ HN Cl
O ~N
N/)

2-((2-chloro-4-(6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-yl)quinazolin-4-
ylamino)phenoxy)methyl)-6-methylpyridine 1-oxide

[0179] The title compound was prepared according to the procedures for example 1 using
compound 9.2 at step A instead of compound 8.2, to give a pale yellow solid, LCMS

| ESI(+) m/z: 604 (M+1). 'HNMR (CD;0D, 300 MHz) & 8.68 (s, 1H), 8.49 (s, 1 H), 8.17
(dd, 1 H), 8.00 (d, 1 H), 7.78 (d, 1 H), 7.73 (m, 1 H), 7.68 (dd, 1 H), 7.62-7.50 (m, 2 H),
7.22(d, 1 H), 6.97 (d, 1 H), 6.50 (d, 1H), 5.42 (s, 2 H), 3.82 (s, 2H), 3.10-2.80 (m, 4H),

"~ 2.59 (s, 3 H), 2.05 (m, 4 H), 1.58 (d, 3H).

Example 25
N
HN N
o) H
\B/\/N O\ SN F
| N/)

6-(5-((2-(dimethylphosphinoyl)ethylamino)methyl)furan-2-yl)-N-(1-(3-fluorobenzyl)-1H-

indazol-5-yl)quinazolin-4-amine
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[0180] 5-(4-(1-(3-fluorobenzyl)-1H-indazol-5-ylamino)quinazolin-6-yl)furan-2-carbaldehyde
and 2-(dimethylphosphinoyl)ethanamine (compound 2.2, 82 mg) were suspended in
dichloromethane (20 mL). Sequentially, acetic acid (3 drops) and sodium
triacetoxyborohydride (237 mg) were added at room temperature. The mixture was stirred
at room temperature until the starting material disappeared. The reaction was quenched
with 2N NaOH aqueous solution and extracted with dichloromethane. The combined
organic layer and extracts were dried over anhydrous magnesium sulfate, filtered and
concentrated. The residue was purified by flash chromatography, eluting with 20%
methanol in dichloromethane to give the desired product as yellow crystalline solid (138
mg). LCMS ESI(+) m/z: 569 (M+1). Yield: 43%. 'H NMR (300 MHz, CD;0D) & 8.75 (d,
1H), 8.40 (s, 1H), 8.18 (m, 1H), 8.12 (m, 2H), 7.76 (m, 1H), 7.68 (m, 1H), 7.61 (m, 1H),
7.30 (m, 2H), 7.03 (m, 2H), 6.92 (m, 3H), 6.46 (d, 1H), 5.69 (s, 2H), 3.91 (s, 2H), 2.99 (m,
2H), 2.10 (m, 2H), 1.52 (d, 3H).

Example 26
N
N :
0 g I\ " F
\'g/\/N o SN
| N/)

-2-(N-((5-(4-(1-(3-fluorobenzyl)-1H-indazol-5-ylamino)quinazolin-6-yl)furan-2-yl)methyl)-
N-(2-(dimethylphosphino)ethyl)amino)ethane

[0181] To a solution of 6-(5-((2-(dimethylphosphinoyl)ethylamino)methyl)furan-2-yl)-N-(1-
(3-fluorobenzyl)-1H-indazol-5-yl)quinazolin-4-amine, acetaldehyde (20 mg) and two
drops of acetic acid in ethanol (10 mL) was added NaBH4CN (8 mg). The reaction mixture
was stirred at room temperature for 1 h. The reaction was quenched with 2N NaOH
aqueous solution and extracted with dichloromethane. Thé combined organic layer and
extracts were dried over anhydrous magnesium sulfate, filtered and concentrated. The
residue was purified through the Preparative HPLC to provide the desired product. LCMS
ESI(+) m/z: 597 (M+1). '"H NMR (300 MHz, CD3OD) 8 9.20 (d, 1H), 8.66 (s, 1H), 8.45
(m, 1H), 8.18 (s, 1H), 8.07 (s, 1H), 7.85 (m, 1H), 7.66 (m, 2H), 7.36 (m, 1H), 7.21 (d, 2H),
6.09 - 7.13 (m, 4H), 5.72 (d, 2H), 4.65 (d, 2H), 3.95 (m, 4H), 2.60 (m, 2H), 1.52 (d, 3H),
1.45 (t, 3H).
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Example 27
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2-(N-((5-(4-(1-(3-fluorobenzyl)-1 H-indazol-S-ylamino)quinazolin—6-yl)furan-2-yl)methyl)-
N-(2-(dimethylphosphinoyl)ethyl)amino)ethanol

Step A: 2-(N-((5-(4-(1-(3-fluorobenzyl)-1H-indazol-5-ylamino)quinazolin-6-yl)furan-2-
yDmethyl)-N-(2-(dimethylphosphinoyl)ethyl)amino)ethanol TBS protected (compound 27.1)

[0182] To a solution of 6-(5-((2-(dimethylphosphinoyl)ethylamino)methyl)furan-2-yl)-N-(1-
(3-fluorobenzyl)-1H-indazol-5-yl)quinazolin-4-amine, (tert-
Butyldimethylsilyloxy)acetaldehyde (0.017 mL) and two drops of acetic acid in ethanol
(10 mL) was added NaBH4CN (8 mg). The reaction mixture was stirred at room

" temperature for 1 h. The reaction was quenched with 2N NaOH aqueous solution and
extracted with dichloromethane. The combined organic layer and extracts were dried over

anhydrous magnesium sulfate, filtered and concentrated for the next step.

Step B: 2-(N-((5-(4-(1-(3-fluorobenzyl)-1H-indazol-5-ylamino)quinazolin-6-yl)furan-2-
yl)methy1)-N-(2-(dimethylphosphinoyl)ethyl)amino)ethanol (compound 27)

[0183] The mixture of Compound 27.1 (20 mg) and CsF (20 mg) in DMF was stirred at 50
°C for 2h. The filtration removed the solid and the residue was purified through the
Preparative HPLC to provide the desired product. LCMS ESI(+) m/z: 613 (M+1). 'H
NMR (300 MHz, CD;0D) 8 9.20 (d, 1H), 8.67 (s, 1H), 8.45 (m, 1H), 8.19 (s, 1H), 8.08 (s,
1H), 7.89 (m, 1H), 7.66 (m, 2H), 7.36 (m, 1H), 7.21 (d, 2H), 6.09 - 7.13 (m, 4H), 5.72 (d,
2H), 4.75 (d, 2H), 3.95 (m, 4H), 3.78 (m, 2H), 2.60 (m, 2H), 1.52 (d, 3H).

Example 28
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3.80 7637 7716 100 Exanple 33 Anticancer effect of Exanple 4 against
NCl - N87 xenograft in Balb/c nude mce [0192] NCI-N37 cells were purchased
from ATCGvOand/one328 cul tured in RPM 1640 +10% FBS+1% P/ 8cantsedioobises.

Bal b/ c nude mice were nale, 6-8 week old, and weighed 182 g. The cells were
i npl ant ed subcutaneously into the nude mce (rlght flank) wth 5.0x106
cells in 0.1 mM PBS. Wen the tunor size ach me of 200 (150-200)
nmB, the tunor-bearing nude mce derived ells were randomy
assigned into four grou ' groups were dosed oral,

BID. One group were do: ﬁ2¥§n .\one group with Lapatinib (75 ng/kg
of free base, in the f@l f dito noydrate), and the rest two
groups with Exanple 4 950, 100 ng R70. Bid, respectively). The

adm nistration period | asted 4 weeks. The tunor vol unme were neasured tw ce
a week, and the body wei ght were neasured inmedi ately before nmeasuring the
t unor voN:ﬂe(%ﬂWIQWMD ttHrindaigel- & ybtasthy (4-msthylny 414233%;@5@?ﬂq0n1‘b’l)mqpoh of the
treatnment, the dosing of of Exa / kg was suspended, and the
dosi ng of the group was resunﬁam%hnﬁénﬁ& %ﬁ ggreduced dose of 75 ng/Kg.
The tunor growth inhibition rates were 85% and 88% for 50 ng/Kg and 100/ 75
ng/ Kg [#a84)0Ehgrifeipormpoundarasl frephredagporting tordht peoceturear sk farmemamglecint h

'232'1;) 'oglzgwmr at emqg%rélé/%titéwn' o & 75@3@%@?@%%%% Hﬁﬁ&% ERH) shown
Fi f
in Figur %?3%18101 é / %gfi powtglclé"eBWMHz‘?%ss SPNUET @ges 1§6§%Hy\@%4%5?med or

Exanpl e dosi ng“group on HoWwever™ af t er

dosi ng su8peddi ) 778r(d31 (ﬂﬁ’yi69|(ni1 Ir B} Uit ddoﬂl Ha)f7él@$i Adad.975myg/H)y 6. 8|Bo bi d

The-or oufd: | FBz (4 ¥6; 278 Cpadt Seltat oo 03t AL R elBl AR B ent s

pat ent . apl i cations and published patent appllcatlons are incorporated
herein by reference in their entireties.

Example 29

Biological example: Kinase assay for EGFR

[0185] The extent to which the compounds of the present invention modulate EGFR kinase
activity can be determined using time-resolved Fret (TR-FRET) assay (LanthaScreen®

. kinase activity assay, from Invitrogen). The assay employs EGFR kinase (PV3872,
Invitrogen), Tb-Py20 antibody (PV3552, Invitrogen) and fluorescein-poly GT (PV3610, In

vitrogen)

[0186] The assay is performed in a Black 384-well plate (available from Corning). EGFR
kinase (is diluted in TR-FRET Dilution Buffer (PV3189, InVitrogen) at concentration of

| 0.4ug/ml as stock solution, and then 2-fold serial diluted. Addition of 1 mM ATP
initiated the reaction, and the reaction is incubated for 1h reaction at room temperature.
10uL of the Tb-antibody (from Invitrogen) + EDTA (from Invitrogen) solution prepared

* was added to each well of the assay plate and mix briefly, and incubated for 30min. The
signal is monitored by using M5 microplate reader (Ex = 332nm, Em = 488nm and
518nm). Each compound is tested in duplicate wells. EGFR without compound is used as -
control. Staurosporine (available from Sigma) is used as positive control compound.

Inhibition was calculated as percentage of the EGFR activity (without compound)

74



[ 0195] Al though the foregoing invention has been described in sone detail
by way of illustration and exanple for purposes of clarity of

under st amsiongl1/aoes23s apparent to those skilled in the arCTiusat10oersbai n

m nor changes and nodifications will be practiced. Therefore, the
description and exanpl es should not be construed as limting the scope of
the invention. WD 2011/002523PCT/Ex22pI8A801897 What is clained is: 1.A
conmpoundof fornula A (A) wherein: Wis Nor a CGCN group; RAis a
substituted nonocyclic, Bilgll(%\{%;l bﬁa:ﬁﬁletkirﬁnx&£§s§y 8\trbes heteroaryl noiety, or
an aryl al kyl group; RBIs rogen, hal ogen, cyano, nitro, trifluoronethyl,
di fluoronethyl, trifluoronethoxy, difluoronethoxy, C -C8 alkyl, C2 -C8

al keny [018C}p ThC@ssay i@/pfyfo,rm@@ smm}arb/ytgukmklkgse assay fo@rbﬁ&;ayﬁsﬁq}pqﬂ abge,

heterocycl I | al.k R NR. .R3, -C(0)R4,

C(0) ORS, %&‘i %‘?’%?ek B L)k} Séd ‘ﬁgﬁiff %%FR k&aé? R NRIR3, -

NRI C(0) NRI R3, -O0R5, -S(O)R2, -802R2 or -SR2, wherein each said al kyl,

al kenyl, al kynyl, cycl oal kyl, cyclggéﬁmgglkyl, het erocycl yl and

het erocycl yl al kyl is unsubstituted or optionally substituted with up to
five groups |ndependently sel ect ed f t he gr si sting of oxo,

hal ogen, C,-C6 al kyl, F Q&?%ﬁ&gﬁgﬂ%S%S C8 cycl oal kyl, C3 -
C8 cycloalkylalkyl cyano trlfluoronethyl di f | uor onet hoxy,

trifl ugfl &‘ﬁ br@a%’t Qé?lcer B'NBM éé@%@s?oultm%@gn Wv &ﬁcgse DMEM ﬂ“e - (0) OR15,
-0C(0) R4, -NRI'TC(0)0 I'C(0)R14, -C(0) "R3,IR1

C( 0) NRI I R&Gmoldmsﬂ,232@@02)famtammg@2mﬁetal-bgm setyet @?Hfdyxt; BYyIC gmaj

het er Ocyﬁm%ld%lecy {O% C02,90% air incubator. Cells were harvested using trypsin/EDTA,

counted using a haemocytometer, and plated 10000 cell/well in a 96-well clear tissue

culture plate. The cells were incubated for 24h at 37 °C to allow adherence. A serials of
concentrations of each compound (ranging from 30uM to 0.16nM, 5-fold dilution) in 96-

. well plate, and incubated for 72h. Each concentration was tested in triplicate wells. During
the cell proliferation assay, BT474 cells were cultured in low-glucose DMEM containing '
5% FBS, 50ug/ml gentamicin, and 0.3% v/v DMSO. Tthe culture medium was removed

via aspiration, and the cell viability was detected by using CCK-8 cell proliferation kit.

[0189] The biological activities of EGFR kinase inhibition, ErbB2 (HER2) kinase inhibition
- and BT474 proliferation inhibition are listed in Table 1

Table 1
EGFR inhibition® ErbB2 inhibition® | BT474 proliferation”
inhibit% at 100 nM % inhibition at 100 | Inhibition IC50 (nM)
Example # or IC50 (nM) nM (8 points)
or IC50 (nM)

1 ++ ++ ++
2 ++ ++ +—+
3 ++ ++ +
4 ++ ++ ++
5 ++ ++
6 ++ ++
7 ++ ++
8 ++ ++ ++
9 + + +
10 ++ -
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T is a bond or a divalent radical forned by renoving an additional hydrogen
atomfroma C-C6 alkyl, C -C6 al kenyl, C2-C6 al kynyl, C3-C8 cycl oal kyl
C3- C8 cycWwoabiaydoad2Byl , aryl, arylal kyl, heteroaryl, het ecoarsgé@lobisby
het erocycl yl or heterocyclylal kyl; wherein each said al kyl, al kenyl,
al kynyl —cycloalky|l aryl heteroaryl i i or
optiopally hhbstlt ted V\Lthﬁﬁo to three gr nup*q‘*‘i ndependently selected {rom
the gtoup cbthsisting of oxo++hal ogen, |Cl-C3 atkyl. C2-/C3 alkenyl, C2-
al kynyl, cy#ho, tr|fluoronethyl, difl Joronethexy, trif|l uoronethoxy, azido,
-NR SOZRi{Z, -SO2 NR "R 3+ -C(0)R14, - WO+2011/002523PCT/ US2010/ 001897
C(0) ORTS, - PE( Oy RIF, - NRI TG URTS, - NRIICO) Ri4, -C(0) NRITIRI3+ - NRI 1R13,
- NR 1"’67NR{L61R13, FORTS,——S{Q)R12; -auzmz ang; - SRIZ; Q IS a bond or C|-C6
al kyl F—wher f,z‘i"u Satf—& —Ss—tmstbstttuted—ot +¥}JLI onatysubstituted with
al ogen, : a , ; t hoxy;
triflloromeloxy, INR "R 3*And -ORI5] Xis 0 dr S Y and 7 are
i ndependent®y 0, S| NR or abond; RClis H CHGC6 alkyl. C3-C6 cycloal kyl,
-SO2 NR3R1,21C(0)R4, -C(0)ORB, - C(0)NRLR3, or- -SO02R2,| wherein each said
al kyl ['and cygloal kyl 1s unsuybpstituted|or optienally substituted with up to
five groups,i ndependentTy sgl.ected framthe gipup consjsting of 0xo,
hal ogau Lyzl_lu, azido amdt QRIS RD T Cr=C8 @_I*_Kyl, C3C8 cympal Kyl, aryl,
yetyt—Q—heterogyctytatkyl ,

C1
gr\ll YN avi hot Ay anr vl
ctt ot e Cr— 0ot —

1
I
nnrlanf v calpdtad fram +hn ~r¢
orirTaoeTrioT ] ol OCOQU OO T T UliIrT vire u'
an .

<KoY -

aryl abHey—hgeteroeapyt—heteroar ;
wher el-h—each- sai-d Lkl cvel na r

o SLEELANS LI} Ty oot y y
het er paryl a?@vl het er ocycl 4‘I* and hpf ar ylalkyl isl unsubstituted of

optiohally 2Ubstitlted withtip to five_gL_o_up_sitnﬂﬂaandEntly sdffect ed fiom
the gtoup c?8isisting of thetgroup condisting v+ oxo, hial ogen, tyano,

- 0R15|-|5 $Pmbl: ;ngﬁiﬂ'&:,aéessﬁm% inHibition @t 0OEAKY br ICE( « 100 avefds BGFRorErbB2
trifluoronmethoxy: and RE is Cl-C8 alkyl, C3- clo aryl . aryl al kyl ,
het er okingses; W‘et‘@r‘%?%ﬁ’%‘i"ﬁ% 20% e é?%d?%l’lbylonoqicﬁg 3&%&’ 1¥ 10 ein
each sg yl“ 2b doyl; Whoat 200 hRL KY! . het eroaryl het eroaryl al kyl ,
het erocyéq dnﬁe%%goc@élm}flg{% 2 i gdunsubstl tuted or optionally

substi t ut ed Wi t h up to five groups independently selected fromthe group

consi sting of the group consistingExdmpled?2 hal ogen, cyano, -OR15,"R13,
SO2R12, -SR12, trifluoromethyl, difluoronethoxy and trifluoronethoxy; or

o hehed o for m ERhpdsSRGAe utel e RTS8 ABnd Bt o0 L REY 27

attached to form ere ocyclrcrin is optionally
substituted with up to five groups |ndependently sel ected fromthe group
consi s{0199] The da¢ P¥eprotoaxiois sh&M here; While PR ﬁudy;ﬁ@ﬁfhlZof m&Rb&nd@taﬁB al kyl ;

C3-C6 cycloal kyl, trifluoronethyl, diflu met hox ifl ne
azi do, afipilar Fogeg: dBgagle d %%Sg)f g!‘k?“ludy Pi‘é‘feegogrr?‘l’%hﬁ @?‘gﬁ?igfﬂ w &nd
het er Ocyﬁkﬁhﬁﬂelﬁy\kfas dissolved in 2%DMA and 98% (40%HP-B-CD in deionized water) to yield

concentration at 2 mg/mL for both intravenous (IV, a bolus injection via the lateral tail

~ T
&

<

4= =
)

" vein) and oral (PO, via oral gavage) administrations. Blood samples (approximately 1 ml).
was collected via cephalic into tubes containing EDTA-K3 anticoagulant pre-dose and
post-dose at 5 min, 15 min, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h and 24 h. Blood samples were
centrifuged at approximately 8000 rpm for 6 minutes at 2-8 °C and the resulting plasma
were separated, labeled and stored frozen at approximately -80 °C. Plasma samples
analysis was performed by means of LC-MS/MS. The analytical results were confirmed

using quality control samples for intra-assay variation.

[0191] Pharmacokinectic data for Example 4 are shown in Table 2. The oral bioavailability
. (F) for lapatinib is 32% (mouse), 29% (rat), or 63% (dog).
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WO 2011/ 002523PCT/ US2010/ 001897 or wherein RD and RE are taken together
with Y, Z and the phosphorus atomto which they are attached to forma 4 to
10 menberwd 2harmes2dyclic ring which is optionally subst ipCutusdomiodisoup t o
five groups independently selected fromthe group consisting of hal ogen,
oxo, - OR15, -NR' R13, -SO2R12, -SR12, C -Ceal kyl, C -GCé6cyclylal kyl,
trifluoronethyl, difluoronethoxy, trTlablel?ororret hoxy, azido, aryl,
het er oar yl , aryIaIkyI het er oaryl al kyl , heterocyclyl and het er ocycl yl al kyl ;
wher ei nf—eachTRI TS Tdepemyentty hydrpgen, ¢ C6at cor 59)
cycl oalkyl, wh&osien epChagal @14 kYL angveycl oA EO-ti sdgjg bsf’ét ytked qr
optional | y subgbid uted withjup to fivel groupsg indepen tly selgcted|from
t he grouﬁ%glg?] g@ f oxol hal ogen- Vv ano, azido d -0R15: each P2 s
i ndependent | y @ al "g/mL £hr o5 [ & ohlky! | |aedhr/mpy yﬂ%WWL hdt%ar odryl,
het er oaryl al k heteracycl ¥yl orlheterpbcyclyllal kyl —wherein eacl said
al kyl, kycl oal WJZ. af 1415 af 91591 k9B9 hE03% oalyP73 het drd8t vl al kyl|,
het erocyclyl and heterocyclylalkyl is punsubsflituted dr optionallly
subst i t uMedsen| PO, 4P t p2®BBve| gedups i ndependenB3p sel ¢c06d from t|3é grloup
I

consi stjng of |oxo, hal ogen, [cyan¢ and fOR15; |Jeach R3 |is i ndependent
hydrogen, CI {08,2l ky] 15622 108.9al keyl | 792 - C2138 kyny|121833 - , (8
cycloal kyl, CB -C8 cycl oal kyl al kyl, hefperocyd¢lyl or Hheterocyclyllal kyl|,

wher ei n| gach s@od1al kyl797cychoal kyl , cycl oal kwh7e2 kyl ,| 9%80er ocycl|\89.6and
het erocycl yl alkyl is unsubstitutéd or pptionally substituted witlh upjto
five grpups I ngependenti4y sebewgt ¢d Jar o he griagp corlsi4ygi ng of [oxo,
hal ogen, cyano, azi do| and -0QR15; |each R4 is ijndependgntly hydrogen, (, -C6
al kyl ord(%%- b pey Gboal k3do \WAgpel n each sai d|akkyl andzycl oal kyliops
unsubstjtuted|or optipnally|substituted withjup to filve groups

i ndependentty Setected fromthe group consisting of 0X0, hal ogen, cyano,
azido and -OR15; and each R5 is hydrogen, CI -C8 alkyl, C2 -C8 al kenyl, C2
-C8 al kynyl, C3 -C8 cycloal kyl, C3 -C8 cycl oal kyl al kyl, heterocyclyl or

het erocycl yl al kyl , wherein each saExanapleyB, cycl oal kyl, cycl oal kyl al kyl,
heterocyclyl and heterocyclylal kyl is unsubstituted or optionally

substltuted i.th u RS ... nadent |y sel. r e group
consi sting ‘8? rpqﬁéef‘i)%tle% aﬂ%g}g%ggglggﬂggf%? xe{)\@mﬁ lg%taﬁ)qc Lud)e%kg

2011/ 002523PCT/ USZOlO/ 001897 or wherein when R1 and R2 are attached to the
same a[almpN(}IrIeS’latdlhoimd plehasdd drmmn A TCQ,nd Wete amltur&? iraBRBEMIDGAI REI% W t h

t he atomor the t.o whi t hey are attach to.forma 4 .to 10.penbered
het er ocyEPSE] r/°|Pr(§ a%ﬁp’é’ﬂc? sB%JE{l Iwﬁsﬁmye ?fos@a]Fugg kt‘ﬁ tﬁ?ﬁ Vrighfdeld™ gl‘zoups
i ndependgpt kﬂlé&ér@%%pﬁniea%bid%&e%a %%@h&&é Ae WigMHRUF RithB@ 108y ano,

trifluoronet uor onet hoxy, |f uor onet hoxy, ~azi do, heterocyclyl and
het er ocyc¢lisl 1a|0k1yxlnl PBS. Wﬂihereuhn twhersiRlreactedrRGvauae af 20@ HlS@-209) nie’, ¢are” at om

or are attached .to adjacen are taken. together wi.th the
at om or flﬁ%mg%emg 8 c@ ef‘ﬁ%‘iggf‘bﬁ\é{ ?\Egg H:gﬁs 6% %‘Pﬁ‘?r&lﬁasg "ﬁ%ﬁ%’ér ed
het er ocy gldu ?s (107N 5olp). SARBEIPR e/ dS3aDIrall BII?dOffetgﬁ‘odiJOwE@ dobé@@ltgr oups
i ndependent [y sel ect ed ?romt e group consi sting hal ogen, oxo, cyano,

trifl uor vehdclhyone giphp withdrapatimwky7S merkg chfrmi@tshonyhe dlth@tlétﬁocycl yl and

het er ocycl yl al k r, wherei n _when and he sanme atom
or are a °§8¥1 ﬁebc?ngaﬁler(%wtwoa%r%%sw%]%ﬁ@p% 01 a gge CEe?r with the
atom or tdifectively®. THe adifRirhieypecd 1adted s hagks. qhmmﬁbavdlum widie rRabieeed
heterocyclic ri n% which is optionally substituted with up to three groups

i ndepend8¥ice ¢ week canddhe bednveight vgp@upe%f%hlm%a%l befare gregsurangghe cyano,
trifluor f | and
net er ooy ST apyme o iR S sl ' GG TT B it R e iefheR e o
or are atibmgleﬂoft]ixamblaaanw(atmgmg wBlsuspdldEB adah¢ déeng dHihetgharp wast h t he
atom or. theaoms V\/mchth ar tt oforma4 10 menbered

het er ocy ESHE® PREa @ha redly ﬁf&%ﬁzﬂ? I7$ tt\é‘ao{/\ﬁ’tol‘i"ﬂ&ﬂ’&’t‘lbmf’ﬂ FE8S groups

i ndependgptd g5 s %%@ﬁg%%t somgzkg afld @9@79%@%&@@@@5@9% 18%0, cyano,

trifluoronet | uor onret trifluorormnethoxy, azido, het erocyclyl and
het er ocycd)xypamdyiwiule it was 48% tumor growth inhibition rate for lapatinib at 75 mg/Kg. (See

- Figure 1).
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wherein: each R11 is independently hydrogen, Cl-C6 al kyl or

C3- Coeycl oal kyl ; each R12 is independently Cl1-C6 al kyl, C3-C6 cycl oal kyl,
aryl, arywael2kyloo2428t er oaryl, heteroaryl al kyl, het er ocyclpglr/useo10/001897

het er ocycl yl al kyl ; each R13 is independently hydrogen, Cl1-C6 al kyl, C2 -C6

oy oS el oSty S e S i e S UG O et
Ci- G5 al okl 1 E30 R EIABORE Yo ExHRICH 1 BORSAGPTH bRRAORIAEG, s RS

i s hydroge -C8 alkenyl, nYl
cycl oal ky0., Hﬁtﬁzev@&fteydbsmg $uspbxah¢¢yfo; 3ideyeamtresimption Of\@tsargmyélrygfhg,kyl and

oo L6 Sk DR IR s s M R S G R e B orat v o

thereof oypThe conpound of cI aim1, wherein the conpound is of the formula
(Aa): whereln Al, A2, A3, A4 and A5 are taken together to forma
five-nmenbered heteroaryl each Al, A2, A3, A4 and A5 is |ndependently 0, N,
s, C ol0184] Afreferenses threnghant, suehsas piblicafona patends, pagnt app ’éﬁ@l‘”)@@nﬂs a

one of - ATDUREAE GG bAoA FC BUBERE) Relithiptolendlip B GarllS 20 177

substituted with up to three groups independently selected fromthe group
consi s{019§] afthbagtothe foregyiap dnvention haObeh desatibel iC3ah& detail yovdydefd t hat U i s

attached_jo the five-ne red heteroaryl through carbon atom
et or oar JIASTaHRD 708 SemBIRAR BUROStHeR ety ob YR aned ot SEPPRFUIP SRyl
di f 1 uor Oslsnéa/in thé hitithdd @éﬁﬂﬁmamhaﬂgésl diﬁrrﬁ&ﬁhbﬁi%s w2l be GRacicky! , C3 - C6
cycloal kyl, C4 -C6 cycl oal kyl al kyl, heterocKR , heterocyclyl al kyl ,

cQf

- NR1S02RZherefo@2, thiRddReripti@{ @dRexampd¥sshomg, not somekss limitrel the Gyape, of

-C(0) NRIR3, - NRLR3, -NRLC(0) NRIR3, -OR5, -S(0)R2, -S02R2, or -SRe;
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or a salt or solvate thereof 3. The conpound of claim2, where the
five-nenbered heteroaryl is selected fromthe group consisting of: or a
salt or swbwatigoeszer eof. 4. The conpound of claim 2, whecgius2aieosenpound
is of the fornula (Aa-1): (Aa-1); or a salt or solvate thereof. 5. The
conmpound of claim4, wherein the conmpound is of the formula (Aa-2):

( Aa- 2) Whatis glayged isor  sol vate thereof 6. The compound of claim 1, wherein
the conpound is of the fornmula (Ab). HN-RA RE-Zsp,C) RD y-X11

1. A compoundof formula A:

A
HN’R
E—
RP—y-u o J
X R N
RB
(A)
wherein:

W is N or a C—CN group;

R” is a substituted monocyclic, bicyclic or tricyclic aryl or heteroaryl moiety, or an arylalkyl
~ group;

R® is hydrogen, halogen, cyano, nitro, trifluoromethyl, difluoromethyl, trifluoromethoxy,
difluoromethoxy, C; —Csgalkyl, C, —Cgalkenyl, C; —Cgalkynyl, C3 —C;g cycloalkyl, C3—-Cg
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, —NR!SO,R?, —SO,NR'R?, —C(O)R?, —.
C(0)OR®, —OC(O)R*, —NR'C(0)OR?, —NR'C(O)R*, —C(O)NR'R’, —NR'R’, —
NR!'C(O)NR'R3, —OR?®, —S(0)R?, —SO,R? or —SR?, wherein each said alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkylalkyl, heterocyclyl and heterocyclylalkyl is unsubstituted or
optionally substituted with up to five groups independently selected from the group
consisting of oxo, halpgen, C;-Cg alkyl, C,-Cg alkenyl, C,-Cg alkynyl, C3-Cgcycloalkyl, C3—
Cs cycloalkylalkyl, cyano, trifluoromethyl, difluoromethoxy, trifluoromethoxy, azido, —
NR!'SO,R'2, —SO,NR''R'3, —C(O)R!, —C(0)OR!*, —OC(O)R", —NR''C(0)OR'¢, —
NR''C(O)R™, —C(O)NR''R"?, —NR''R!3}, —NR!'C(O)NR''R", —OR'?, —S(O)R"?, —
SO,R'2, —SR!?, heterocyclyl and heterocyclylalkyl;

T is a bond or a divalent radical formed by removing an additional hydrogen atom from a C;—
Cs alkyl, C; —Cg alkenyl, C,—Cg alkynyl, C3—C;g cycloalkyl, C3—Cjg cycloalkylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl or hetefocyclylalkyl; wherein each said
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl and heterocyclyl is unsubstituted or
optionally substituted with up to three groups independently selected from the group
consisting of oxo, halogen, C;—Cs alkyl, C,~Cj alkenyl, C,—Cs alkynyl, cyano, trifluoromethyl,

difluoromethoxy, trifluoromethoxy, azido, —NR''SO,R'2, —SO, NR''R"”, —C(O)R", —
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R- re(H (Ab) wherein Uis Cl1-C3 al kylene optionally substituted with up to
three groups i ndependently selected fromthe group consisting of hal ogen,
cyano, oxwp200Rb32and Cl - C3al kyl; or a salt or sol vate trhEmsed1o/ovdy7

2011/ 002523PCT/ US2010/ 001897 7. The conpound of claim®6, wherei n t he

conmpound i s, of o mul a0 AD- 1) 5 is ), ;% ayisol 1§ her eof .

8. Th@@dQBouer(S@?O W aim ) Mn’ Uﬁ)% é}é‘? I’en 8&)@{ i{s dl vat e

'E Re; eof ]?1C(;BjﬁRGW,O—@fk‘@,f—@(gbﬂ‘z,l*—%&k”é&m _uﬁlb,orrpound is of the fornula
Q is a bond or C,-Cg alkyl, wherein said alkyl is unsubstituted or optionally substituted with
up to three groups independently selected from the group consisting of oxo, halogen, Ci-Cs

alkyl, cyano, trifluoromethyl, difluoromethoxy, trifluoromethoxy, —NR!"R" and —OR";
XisOorsS;
Y and Z are independently O, S, NR!ora bond;

RC is H, C—Cs alkyl, C5~C cycloalkyl, —SO, NR’R', —C(O)R", —C(O)OR®, —
C(O)NRIR3 , or —SO,R?, wherein each said alkyl and cycloalkyl is unsubstituted or
optionally substituted with up to five groups independently selected from the group

consisting of oxo, halogen, cyano, azido and —OR";

RP is C;-Cg alkyl, C3-Cg cycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl
or heterocyclylalkyl, wherein each said alkyl, cycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl and heterocyclylalkyl is unsubstituted or optionally substituted
with up to five groups independently selected from the group consisting of the group
consisting of oxo, halogen, cyano, —OR", _NR!'RB, —SO,R"%, —SR!2, trifluoromethyl,

difluoromethoxy and trifluoromethoxy; and

RE is C;-Cgalkyl, C3-Cg cycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl
or heterocyclylalkyl, wherein each said alkyl, cycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl and heterocyclylalkyl is unsubstituted or optionally substituted
with up to five groups independently selected from the group consisting of the group
qonsisting of oxo, halogen, cyano, —OR", —NR'"RB, —SO,R", —SR", trifluoromethyl,

difluoromethoxy and trifluoromethoxy;

or wherein R® and RP are together with Y, Q and the atoms to which they are attached to

form a 4 to 10 membered heterocyclic ring which is optionally substituted with up to five
groups independently selected from the group consisting of halogen, oxo, —OR"” —NR"R"Y,
-~ SO,R"2, —SR!%, C;-Cs alkyl; C3-Cg cycloalkyl, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, aryl, heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl and
heterocyclylalkyl;

80



or a salt or solvate thereof. 10. The conpound in any one of clainms 1-9,
wherein RAis selected fromthe group consisting of: or a salt or solvate
t her eof . Wo.20hoez2apound of claim 10, wherein RAis PCTAS@0BD7 sol vat e
t hereof 12. The conpound in any one of clains 1-11, where RB is selected

fromthe group,consisting of hydrogen, hal ogen, and -OR5; or a salt or
sol vatos wheesie 8P and R® are, Q@WS&?HW%I%M%ZP}‘WPE}SﬁthP? tﬁ@ﬁgen; or a

SR e SRHALE HHERS0D 10 emblies AORRRNOA: e KIS BBk ALBRithed

wher et oun |nayoneo wherein Wis
N. V@l&ﬂd{ii&@%%‘lﬁﬂlﬂ&&ﬁdaﬂ@&b&&%d from the group consisting of halogen, oxo, —

OR'®, _NR!'R", —SO,R'?, —SR", C-Cqalkyl, C;-Cscyclylalkyl, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl and heterocyclylalkyl;

wherein:

each R! is independently hydrogen, C; —Cs alkyl or C3—Cs cycloalkyl, wherein each
said alkyl and cycloalkyl is unsubstituted or optionally substituted with up to five
groups independently selected from the group consisting of oxo, halogen, cyano,

azido and —OR"?;

each R? is independently C,—Cs alkyl, C3—Cs cycloalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl or heterocyclylalkyl, wherein each said alkyl, cycloalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl and heterocyclylalkyl is
unsubstituted or optionally substituted with up to five groups independently selected

from the group consisting of oxo, halogen, cyano and —OR";

each R® is independently hydrogen, C; —Cs alkyl, C; —C¢ alkenyl, C; —Cgalkynyl, C3— .
Cs cycloalkyl, C3 —Cg cycloalkylalkyl, heterocyclyl or heterocyclylalkyl, wherein each
said alkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl and heterocyclylalkyl is
unsubstituted or optionally substituted with up to five groups independently selected

from the group consisting of oxo, halogen, cyano, azido and —OR"Y;

each R* is independently hydrogen, C—Cg alkyl or C5—C¢ cycloalkyl, wherein each
said alkyl and cycloalkyl is unsubstituted or optionally substituted with up to five
groups independently selected from the group consisting of oxo, halogen, cyano,

azido and —OR'?; and

each R’ is hydrogen, C; —Csg alkyl, C; —Cg alkenyl, C; —Cgalkynyl, C3—Cs cycloalkyl,
C3; —Cgcycloalkylalkyl, heterocyclyl or heterocyclylalkyl, wherein each said alkyl,
cycloalkyl, cycloalkylalkyl, heterocyclyl and heterocyclylalkyl is unsubstituted or
optionally substituted with up to five groups independently selected from the group

consisting of oxo, halogen, cyano and azido;
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16. A conpound is selected fromthe group consisting of:

N- (3-chl oro-4- (3-fl uorobenzyl oxy) phenyl)-6-(5-((4-nmethyl-1, 4-azaphosphi no-1
- y1) met hybyeburmes22- y1) qui nazol i n- 4- am ne; PCT/US2010/001897

6- (54(2- (di met hyl phosphi no) et hyl am noyQret hyl ) furan-2-y1)-N(4-(3-fl uoroben

| -3- chl | ),qui i n-4- : .
é}/( gi({%r(‘ﬂlil‘?ﬁ%flﬁﬁ{egﬁ{)‘esﬂgﬁi%%% ;az ﬁ‘l} P‘h\i’i"%r&n‘)"ggt% BF 3¢ aftached 19 adjapent @toms, | o ghen

zyl oxypt g £hheQ rt?%'ﬁf‘e?%%lﬂﬁé ?ﬁ)ﬁ?%l‘ fhe At d8vhibh Ry afdhtRicRed td Brm a 4 to 10

-fl uorobenzyl oxy)phenyl)-6-(3 -(4-nethyl-1 ,4-azaphosphino- 1 -yl)prop- 1 -
y?z 1) q?n'emlhmti hzteﬂo@uliiméngh Which ii optimraiLyABubﬁlitutbd wathokpetoAhites gpdumseny 1) - 6- ( 3

- (4- e - .1, 4-azaphg I no- - yl)pro ui | in-4-am ne; dimethyl
24 5- (Wfesndie IR o o Em SR P S PR RGy G AT R B F ur an- 2-
yl) met il e el 3y MHIRRASRAARY, @rido, heterocyclyl and heterocyclylalkyl; _

N- ( 3- chl oro- 4- (13- 1 uor obenzyl oxy) phenyl) -6-(54(2-(5,5-dinethyl-1, 3, 2-di oxap

hosphi no-2- yl) et S{II am no) met hyl ) f ur an- 2-y1) qui nazol i n- 4-am ne; N-(3
- chl or o-whereiprwheinR 2and Rieare attaohet énihe)same @pm prargaftached|to adiagent 8IS phi no-

1 - yl)ynethyd)funan-2- vl ' i n-4-amne: .

" et or BIICE dre AR gl AL S A oL GRS )W shey e atached 1 formpa
Z p? |3 n(()éé to(lij(} mej{ﬁk):il‘mtr?bwr?]dyurialﬁ;lg ﬂﬁ?tﬂh!d@&?ﬁdll@s&ﬁieﬁ%& ulz to tgr?el groupsb |
-(3-(2-(dine osphi noyl ) e am no) pr.op- 1- - - 3-

o1 3 ErbemapHBhsHoReh Rmats Houp SMRSmEIe! halResn oy brBB Iy msE )

-chl or - 04( B 5 olhetér vd3Qcvelvialkyl:
-yl) pr %@98%%%& ?zﬁ“@f?’ﬁéﬁ‘@m%g? ’ }l{ft?rg@%%ﬂwﬁﬁégﬁck %k %1’ -yl oxy)-3

- met hyl phenyl) - 6- ( 5l - ((Ai( nmet hyl -1 , 4- azaphosphi nan- 1 - )

yl ) met oyywhereiarwlenR ) apdi Riaare bitachdd amthesame awm poare/agadiB23PalyatiSe @IONH01897

I\I-(4-(éléj‘£dr prob enzyl ).-.3-chl orophenyl) - 6- (5 -((di hyl pho I no yl)-
net hyppi gz?fﬁ?ﬂ?n%%“%%t‘ﬂ% t?’?&foé]ﬁ-%ﬁ-ﬁ‘fl #%fﬂ? a?@%ﬁﬁée -aénggrt]aec?{legpo R 4
4 to 10 membered heterocyclic ring which is optionally substituted with up to three groups
independently selected from the group consisting of halogen, oxo, cyano, trifluoromethyl,

diﬂuoromethoxy, trifluoromethoxy, azido, heterocyclyl and heterocyclylalkyl;

or wherein when R' and R’ are attached to the same atom or are attached to adjacent atoms,
R! and R® are taken together with the atom or the atoms to which they are attached to form a
4 to 10 membered heterocyclic ring which is optionally substituted with up to three groups
independently selected from the group consisting of halogen, oxo, cyano, trifluoromethyl,

difluoromethoxy, trifluoromethoxy, azido, heterocyclyl and heterocyclylalkyl;
wherein:
each R'! is independently hydrogen, C; —Cg alkyl or C3—Cs cycloalkyl,

each R'? is independently C,—Cs alkyl, C3—Cs cycloalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl or heterocyclylalkyl;

each R" is independently hydrogen, C; —Cg alkyl, C, —Cg alkenyl, C; —Cs
alkynyl, C3 —Cjs cycloalkyl, C; —Cjg cycloalkylalkyl, heterocyclyl or
heterocyclylalkyl;

each R'* is independently hydrogen, C,—Cs alkyl or C5-Cg cycloalkyl;
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N-(4-(3 -fluorobenzyl oxy) - 3-bronmophenyl)-6-(5 -((4-nethyl -
, 4- azaphosphino- 1 - yl)nethyl)furan-2-yl)quinazolin-4-am ne;
2- ((2- chlwoaot/085265 - ((4-methyl -1 |, 4-azaphosphi no- 1 PCT/US2010/001897
-yl)met hyl ) f uran- 2-yl ) qui nazol i n-4- yl am no) phenoxy) net hyl ) pyri di ne
l-oxide; N(1 - (3-f|yorobenzy1 a 54 | -1

, 4- azaphosphi no- €ach. yls)}ﬁigf?ﬂﬂl) U‘é&\al_g g}ﬁ?‘ﬂgﬁ‘é’ (F%?ésé"hy%e‘él EI—TE%
-chloro4(3-fl y Phaialk ﬁé v SR ocytl lﬁlagﬁ@sphlno- 1
-yl )met hyl ) f ur a- égﬂ%’q%l%y%l REMRHIk A & eroR{’ % (544 ?r%yla ey

, 4- azaphosphi no- 1 yI )met hyl ) furan-2-y1)-N-(
- phenyl et hyl ) qui ¢esh®R '} rindsriendenthy € 3-Ce alkyl, C3—Cs cycloalkyl, C3—-Cs

o or 2 1 voroBBenafsdBeflot ) Whaghesugaaghose ro- 1

N- (4- Brono- 2-fl uorophenyl) - 6- (544-nmethyl - 1 , 4-azaphosphino- 1
-yl ) mephyaldf dtrseRatd-thatedfui nazol i n-4-am ne ; N (4-Bronp-3
-chloro-2-fluoropheny1) 6- (544- net hyl - 1 , 4- azaphosphino- 1
-yl) met hypf ur an2- yI) nazol i n- 4- anm ne;
-chl or &- 4-(59‘?‘&%1‘?9“2” fdeW’ﬁWé%Q‘f)co@I\o d - thefarpula(Aa). 57 aphosphi no-
1 - yl)nmethyl)furan-2- yI ) qui nazol i n-4- am ne;
N- (4-(3-fluorobenzyl oxy) - 3-et hynyl phenyl) - 6- (5 4(4-net hyl -1

, 4- azaphosphino- 1 - yl)get hyl)furan- &RFyl) qui nazol i n-4-am ne;
2((2-chl oro-4-(6-(5 4(4anztybfh _A-Atgaphosph
- yOnret hypf ur an- 2- yOqui relzoyiin- 4+ yIAa NQ) pheno y) nmet hyl ) - 6- met hyl pyri di ne
1- oxi de; 6- (542- (di met hyl phasphRRoy pat- A afpoy et hyl ) furan-2-y1)-N-(1 - (3
-fluorobenzyl)- 1 Hindazol -5-yl)qui nazol i arpjne WO
2011/ 002523PCT/ US2010/ 001897
2-(N-((5-(4-(1-(3-fluorobenzyl)-1Hi nd%zol 5- yI am n ui nazol i n-6-yl) furan-
2-yOret hyl ) - N-(2-(di met hyl phosphi no) et hyDami no) et h %);
2-(N-((5-(4-(2-(3-fluorobenzyl)-1Hindazol - 5-yl am no) qui nazol i n- 6-ypf uran-2
- yOnet Gbein: N ( 2- (di met hyl phosphi noyDet hypam no) et hanol ; and

Al, A2, N , A% and A’ are taken together to form a five-membered heteroaryl;

each Al, A2, A’ , A%and A’ is independently O, N, S, C or CH; provided that at least one of
Al, A% A’ A* and A’ is a heteroatom selected from the group consisting of O, N, and S, and
at least one ofA', A2, A3, A*and A’is Cor CH;

U is C;-C; alkylene optionally substituted with up to three groups independently selected
from the group consisting of halogen, cyano, oxo, —OR?" and C;-Csalkyl; provided that U is
attached to the five-membered heteroaryl through a carbon atom on the heteroaryl; and

RF is hydrogen, halogen, cyano, nitro, trifluoromethyl, difluoromethyl, trifluoromethoxy,
diﬂuoromethoxy, C,—Csalkyl, C;—Cg cycloalkyl, C4—Cg cycloalkylalkyl, heterocyclyl,
heterocyclylalkyl, —NR'SO,R?, —S0, NR’R', —C(O)R*, —C(O)OR?, —NR'C(O)OR’,
NR!C(O)R*, —C(O)NR'R?, —NR'R?, —NR!C(O)NR'R?, —OR’, —S(0)R?, —SO,R?, or
~SR%

or a salt or solvate thereof.

3. The compound of claim 2, where the five-membered heteroaryl is selected from the
group consisting of:
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N-(1-(3-fluorobenzyl)-1Hindazol -5-y1)-6-(3-(4-nethyl -1, 4-azaphosphi no-1-y1
)prop-1- ynyl)quinazolin-4-amne; or a salt or solvate thereof. 17. A
conposi t iwo 20ompes23i ng a conpound of any one of clainms PCTAIS2@0/001897
pharmaceutically acceptable salt thereof or a hydrate or sol vate thereof,
and a pharmaceutically acceptable carrier 18. A method of treating a
hyper pr ol if ative digease in a Jra cogprr si ng aFg;m ni steri ng to said

manmal a apeutr cgllhy effect am)unt a co nd of any cl ai s
1- 16, or s oré;@l e th 19 T 0 \ I a| wir ein the
manmal 1§ Mimah? et cI at rnsN

hyperproliferative di sease i's a Her2 posrt ve cancer 21 The net hod of
claim20, wherein the Her2 positive cancer is breast cancer, gastric °
cancer, ovarian cancer. 22. Use of a conpound according to any one of

cl ai M8 odj I drivolvage therrdfacture of a nmedi canent for the treatnent of a
hyperproliferative disease. 23. A kit for use in the treatnent of a
hyperproliferative disease conprising a conpound accordrn to any one of
cl ai ms41- 16 Theeompewidiofplaimal, weerein Hes eagppound as ofthe famulaAzil i m 23,
wherein the hyperproliferative disease is breast cancer, gastric cancer,
ovarian cancer. 25. The kit of claim 24, further corrpri sing instructions
for use in the treat rrent (y‘ a hyper Iifera:r"flm?\ di sease.

D_ pr@ N
P
RB
(Aa-1);
or a salt or solvate thereof.
5. The compound of claim 4, wherein the compound is of the formula (Aa-2):
-RA
HN
(N 7
N W
x J
RB
(Aa-2);
or a salt or solvate thereof.
6. The compound of claim 1, wherein the compound is of the formula (Ab).
A
RE-Z, Q. .U HN-R
RO—y~ 0 NC x N
* R A
. N H
R (Ab)

wherein U is C,-C; alkylene optionally substituted with up to three groups independently
selected from the group consisting of halogen, cyano, oxo, —ORP" and C,-Csalkyl; or a salt

or solvate thereof.
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7. The compound of claim 6, wherein the compound is of the formula (Ab-1):
A
_u HN-R
N QQ\ q
=P W
X AL
(Ab-1);

or a salt or solvate thereof.

8. The compound of claim 7, wherein U is methylene; or a salt or solvate thereof.
9. The compound of claim 1, wherein the compound is of the formula (Ac):
A
HN'R
(\ N/T W
\,P \) N/)
X RB
(Ac);

or a salt or solvate thereof.

10.  The compound in any one of claims 1-9, wherein R* is selected from the group

consisting of:
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’ Br ? Br 3
0\/©\ _NQ\ - \/©\ 0\/©\
F N F N F F
B(C[CI, Me ‘(& ’ k&y ’ }(KX .
4 4 4 4
o] \N o \N o \’}‘ o} \I:l
:{ : Cl, Me ’ :‘Z : Cl,Me » j{- : Cl, Me © ’ Cl, Me © ’

or a salt or solvate thereof.

11.  The compound of claim 10, wherein R* is

3(@01 or

or a salt or solvate thereof.

12.  The compound in any one of claims 1-11, where R® is selected from the group

éonsisting of hydrogen, halogen, and —OR?; or a salt or solvate thereof.

13.  The compound of claim 12, wherein R® is hydrogen; or a salt or solvate thereof.
14.  The compound in any one of claims 1-13, wherein X is O.
15.  The compound in any one of claims 1-14, wherein W is N.

86



WO 2011/002523 PCT/US2010/001897
16. A compound is selected from the group consisting of:

N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-
y)methyl)furan-2-yl)quinazolin-4-amine;

6-(5-((2-(dimethylphosphino)ethylaminoyl)methyl)furan-2-yl)-N-(4-(3-fluorobenzyloxy)-3-

chlorophenyl)quinazolin-4-amine;

6-(5-(((dimethylphosphinoy1)methylamino)methyl)ﬁlran-Z-yl)-N-(4—(3-ﬂuorobenzyloxy)—3- '

chlorophenyl)quinazolin-4-amine;

N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(3-(4-methyl-1,4-azaphosphino-1-yl)prop-1-

ynyl)quinazolin-4-amine;

N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(3-(4-methyl-1,4-azaphosphino-1-

yl)propyl)quinazolin-4-amine;

dimethyl 2-((5-(4-(3-chloro-4-(3-fluorobenzyloxy)phenylamino)quinazolin-6-yl)furan-2-
yl)methylamino)ethylphosphonate;

N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(5-((2-(5,5-dimethyl-1,3,2-dioxaphosphino-2-
yl)ethylamino)methyl)furan-2-yl)quinazolin-4-amine;

N-(3-chloro-4-(pyridin-2-ylmethoxy)pheny!)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine;

N-(3-chloro-4-((6-methylpyridin-2-yl)methoxy)phenyl)-6-(5-((4-methyl-1,4-azaphosphino-1- .
yl)methyl)furan-2-yl)quinazolin-4-amine;

6-(3-(2-(dimethylphosphinoyl)ethylamino)prop-1-ynyl)-N-(4-(3-fluorobenzyloxy)-3-

chlorophenyl)quinazolin-4-amine;

N-(4-(3-fluorobenzyloxy)-3-chlorophenyl)-6-((E)-3-(4-methyl-1,4-azaphosphino-1-yl)prop- '

1-enyl)quinazolin-4-amine;

N-(4-(6-methylpyridin-3-yloxy)-3-methylphenyl)-6-(5-((4-methyl-1,4-azaphosphinan-1-
yl)methyl)furan-2-yl)quinazolin-4-amine ;
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N-(4-(3 -fluorobenzyloxy)-3-chlorophenyl)-6-(5-((4-((dimethylphosphinoyl)-
methyl)piperazin-1-yl)methyl)furan-2-yl)quinazolin-4-amine;

N-(4-(3 -fluorobenzyloxy)-3-bromophenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine;

2-((2-chloro-4-(6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-yl)quinazolin-4-
ylamino)phenoxy)methyl)pyridine 1-oxide;

N-(1-(3-fluorobenzyl)-1H-indazol-5-y1)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine;

N-(3-chloro-4-(3-fluorobenzyloxy)phenyl)-6-(5-((4-ethoxy-1,4-azaphosphino-1-
yDmethyl)furan-2-yl)quinazolin-4-amine;

(R)-6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-yl)-N-(1-phenylethyl)quinazolin- '

4-amine;

N-(3-chloro-2-fluorophenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-

yl)quinazolin-4-amine;

N-(4-Bromo-2-fluorophenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-2-

yl)quinazolin-4-amine;

N-(4-Bromo-3-chloro-2-fluorophenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-yl)methyl)furan-

2-yl)quinazolin-4-amine;

N-(3-chloro-4-(pyrazin-2-ylmethoxy)pheny!)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine;

N-(4-(3-fluorobenzyloxy)-3-ethynylphenyl)-6-(5-((4-methyl-1,4-azaphosphino-1-
yl)methyl)furan-2-yl)quinazolin-4-amine;

2-((2-chloro-4-(6-(5-((4-methyl-1,4-azaphosphino- 1-yl)methyl)furan-2-yl)quinazolin-4-
ylamino)phenoxy)methyl)-6-methylpyridine 1-oxide;

6-(5-((2-(dimethylphosphinoyl)ethylamino)methyl)furan-2-yl)-N-(1-(3-fluorobenzyl)-1H-

indazol-5-yl)quinazolin-4-amine;
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2-(N-((5-(4-(1-(3-fluorobenzyl)-1H-indazol-5-ylamino)quinazolin-6-yl)furan-2-yl)methyl)-
N-(2-(dimethylphosphino)ethyl)amino)ethane;

2-(N-((5-(4-(1-(3-fluorobenzyl)- 1 H-indazol-5-ylamino)quinazolin-6-yl)furan-2-yl)methyl)-
N-(2-(dimethylphosphinoyl)ethyl)amino)ethanol; and

N-(1-(3-fluorobenzyl)-1H-indazol-5-yl)-6-(3-(4-methyl-1,4-azaphosphino-1-yl)prop-1-

ynyl)quinazolin-4-amine;
or a salt or solvate thereof.

17. A composition comprising a compound of any one of claims 1-16, a pharmaceutically
acceptable salt thereof or a hydrate or solvate thereof, and a pharmaceutically acceptable

carrier.

18. A method of treating a hyperproliferative disease in a mammal, comprising
administering to said mammal a therapeutically effective amount of a compound of any of

claims 1-16, or a salt or solvate thereof.
19. The method of claim 18, wherein the mammal is human.

20.  The method of claims 18 or 19, wherein the hyperproliferative disease is a Her2

positive cancer.

21.  The method of claim 20, wherein the Her2 positive cancer is breast cancer, gastric

cancer, ovarian cancer.

22.  Use of a compound according to any one of claims 1-16 in the manufacture of a

medicament for the treatment of a hyperproliferative disease.

"23.  AKkit for use in the treatment of a hyperproliferative disease comprising a compound

according to any one of claims 1-16, or a salt or solvate thereof.

24.  The kit of claim 23, wherein the hyperproliferative disease is breast cancer, gastric

cancer, ovarian cancer.

25.  The kit of claim 24, further comprising instructions for use in the treatment of a

hyperproliferative disease.
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