NEW SMALL MOLECULE | NHI BI TORS OF MDM2 AND THE USES THERECF [0001] The---
present application clainms priority to U S. Provisiona | ication
Serial No. 60/841, 150, filed 08/ 30/2006, which is here“,mmm,mmmﬂ( ed by
reference in its entirety. BACKGROUND OF THE | NVENTION Fiel d O e

| nvention [0002] This invention is in the field of wedicinal bRemistry. In
particul ar, NE¥ SMAdd MOLEQUILE BNHIBITORSIOF MEINZ ANSY THEI USES THEREOR as

ant agoni sts of the interaction between p53 and MDM2 and their use

t herapeutics for the treatnent of cancer and other diseases. Related Art

[ 0003 aggressi ve cancer cel| phenotype is the result of a variety of
genet }@Bilnd ep?@@rﬁ?ﬁeﬁt %ﬂpﬁ%"rtlﬁf‘iclﬂfgs preeyy Ebetsopffé’Fsé?jﬁl BatersrrplicationSqgall | ul ar
si gnal i ng Ratéwe 3 50 nedeg/300806) Whichidhdah ifcoRRdiatdd by 3Er GRETPRALy. f or al |
cancer cells, however, is their failure to execute an apoptotic program
and | ack of appropriate apoptosis due to defects in the nornmal apoptosis
machinery is a hall mark ECAGK@HQOUNP’@F IT BioQoenesi s 21: 485
(2000)). The inability of cancer cells tgrl_elge%\t/gﬂén apoptotic program due
to defects_in the normal apoptotic machinery is thus often associated with
an i ncr eas@eldipfthedpeantigie to chenot herapy, radiation, or

i nmunot her apy-i nduced apoptosis. Primary or acquired:-resistance of human

cancer of different origins to current treatment protocols due to apoptosis
def ect®02s a nafhis inyentidneinin nhe field exfitmesiiined chérhistrapyin (phicelas tthainvention

pecor oi nol g Fusp mlc e el RRaS Blentaie o oot Rebioth g ng

new nol ecuMBM2 andgheir sgeahérhpentiontor themestinehi\ & camdee Snd Gthérdneddes, survi val and
quality of life of cancer patients nust include strategies that
specifically target cancer cell resistance to apoptosis. In this regard,

t ar geti ng Related Art negati ve regulators that play a central role in directly
i nhibiting apoptosis in cancer cells represents a highly prom sing

t herapeutic strategy for new anticancer drug design. [0004] The p53 tunor
suppr B983r pl ayheaaggesssivelcanaer el rphenotypeois thegreml bf aywdretypodgemsisi @ and
apopt osi s._ (Vogel stein e l ., ture . 408; 307 00))... It is an attractive
t her apeut i %’(geﬁabce?%ef%'ronﬁﬁﬁag’éﬁ e gi;regplabora 8 l“&ﬁce’gég"é aé%a'ﬁftgspactw Eensiskessor
activity cudufes/9t3361Reu1eN THe ommdeaRE) fORAIE cAndBOsells HowevérVRARLS Faluf: Bt al - .
Nat ure 408: 307 (2000? .. Chene, Nat. Rev. Cancer 3:102 (2003)). A new
approach t&¥e&4ts #RARIPIONE Pragsancand Jack f aprepidte apoptsis duthtoj defrictsiin themounali t s

interacti ok i i s pepti . L] .mp).

it by or Span 2l Rafy S IKEICor B e AR, | Ut B A 000 e

?03: 844 I( Z0@4in3bilityDifRaneed celfstoamxecytmarnt apatatio paogram rdagtd défocty inl‘ 'ﬁ.edrobﬁﬂk I ng
Wi et al. es v, 7:1126,(1993)). 1S transcription y.activate

by pE3 andPRERBS TRRRdrY S PRdR Beovisksd I piigatsy BOSPBSE P rmUbaap,

nmechani smeradidiorgtor thmundthérapy-induced apdgtdés. ( ARy ofichBired AEIMAndR tiRinian

directly binds ga&g{a}f p23 transactivati on domain and thereby inhibits

p53- medi at@8cH P BN IP. CUgERIDFAMIpHRIDtepplstdie fo apaptasisrdsiastsrisia major

export si : b J n export

of 553, " priaaae 8 YERGE cpRar SRRD (COPEL M, Cordinobenl LS CHROTHRGREy

prot ei n i NatweE7ZRI02000)h |1Acgerdinghn dured ranti fouire gfforts SArdssdeaighingtand

pronote p5 dat.i on nce, by functioning,as a potent endogenou

cel lul ar |(%H|8§§% grne?)vf mr?!fgtgf:g?rg?tfsé?mﬁlbﬂﬁtw@f’?eé%‘PFR?@F%/Q‘? ARPIAVE SupBval 788 at ed
apopt osi s, quakityl ofdife b cacerepdtients dnds\ircludp sirdtegids Mk EIpetibcal 5B ger ERAL&AE]IE
inhibitors that bind to MDNM2 and bl ock the interacti on between MDM2 and p53
can pr onot™ESIHHEC 48 13POPIOSIs ofin JB1S regardlargsting cricil megative gegulaters 3hairplay a
stimul at e R34 BRI At B O il S e o
apoptosis, or DNA rep%icrﬁ(l%%%elﬁgg, g%ap?&%gv#ﬁ%éﬁ%lelf%%ef%gF%%?ﬁ%@gﬁ ev et
al ., Sci erfh&apute gnategyXoougw anticgpesdrugdesignugh hi gh-affinity pepti de-based

i nhi by S hav igned i.n.the st rci a- Echeverri a
R e i e L B B R

nol ecul es dnd poptesio{Vogestein poarl., Velure pes:BEA(ROD0Y.Y Iaiar Bttditis@ therapeutic

bi oavai | aﬁi I i{%. g‘@ez‘gl tﬁ igg({ e.ns'bve efforts by the pharnmaceutical 1ndustry,
hi gh t hr oUB§BULT SVCARTET ALELCFIER QFTause WIPMOR SRPPIRSSSF ariivin @@ be stipwlated; tp

i dentifying potent, non-peptide snmall nol ecule inhibitors. Accordingly,
there is a need for non-peptide, drug-lilke, small "nol ecufe -inhi bitors of
the p53-MDWM2 interaction. [0006] The desi gn of non-pepty -l ecul e
inhibitors that target the p53-MDM2 interaction is cur,ﬂl@“ﬂmmmwm pur sued
as an attractive strategy for anti-cancer drug design ene, . Rev.
Cancer 3:102 (2003); Vassilev et al., Science 303:844 -(200#%%_The __
structural basis of this interaction has been established by x-ray
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[0007] 1t is generally accepted that the inability of cancer cells or their
supporting cells to undergo apoptosis in response to genetic |esions or
exposure to inducers of apoptosis (such as anticancer agents and radi ation)
is a mpjor factor in the onset and progression of cancer. The induction of
apoptosis in cancer cells or their supporting cells (e.g., neovascul ar
cells i ][1 ei'z{lﬁc_:atdlﬁﬁﬁTolr walqsslc:@luo@?meﬁo efl (fﬂ.f Naqu+g H08:807 bE)O@);lﬂHeH@U\‘Qz_&lJRJdVBCBﬁd‘Hrsm of
action for virtua all of the effectiye cancer erapeutj ¢ _drugs. or

radi at i on tHPUPDLA BA @RRORRY R SHMBIAURH I AGRH Y G g .@&@ﬁwétm or the
| nabi |t inf@facflort Ghth the pHAGRNIDMIPRAL RS plrftidd SHRATRARKIE Thridiers (¢Hehe,
suppressor activity of "p53, which in many instances is due to the

i nhi bi t orNatakev €ascepf3: IRNROGH); B&Bil¢wnertalnbeienvel303:846 RN MDPMIretdipddal p53.
The inhibition of acthNitycresults | terations hn 05| at hways
as well aa§é @gvloqc@ng?eo?g%ﬁ{g%i fc?ﬁ‘?gfl‘]ﬂfoﬁﬁﬁ’ he ﬁlreggeﬁ?"ﬁsnj\b/eevhta?? @%kc@%%e) | at es
t hat expadDM?2 Bftraasuripabmallyuttieatediey $53camd MDY irt i, lvehitsisgndB iactiityybyedtf ect i ve

amounts qf drug(s e.g.,.smll | ecul e ipcre he function(s) of
e g et e andshiists BT ¢lo Qe i FHaA{18hs) PRI BoendfemEr o i on
bet ween PRRIsQH tROFSY PARIAN ali6rOERhAS and) thedblYEntakitsMILméRAted BehsREREEIMS

(e.g., MDMX) will inhibit the growmh of cancer cells or supporting cells
out ri ght SesendoMIPMR @egtein sepfaing p nyclgar exPIbygah SeAANCEoAne 1POR BBANERP B0 t he

cel | deat;hsi (YA o : ot g A on
t her api eslgdﬁ‘cﬁgggelr W&%ﬂfw 61‘% )rélg(ﬁlg%\’hﬁg‘l%t%glpé rbgg t etblhl?ll\ll n??%ﬁq%éétg%rﬁ%%g t he
hal f - | i f eTtofd, YEBMB yprateinas re E8 mbiquitinHigasecand 3@oiv/bividingrio @6 3 ot dbbmtotpnernotaoul d

normal |y onot e _degradati,on. of . p53. The pr.esent invention ,cont enpl.ates
Chat i nhiTBRt SEOBTOTE R o8, SBobihg s, Balhe ogsons Setbler dptiites SEpss e and
MDM2 and dvBMRy, DM dffpitotigi inkibia i S-mediweduspopiosiseesll tyule hfiest tah@ DNENt  Of
mul tiple cancer ;t#pes, ei t her when adm ni stered as nonot herapy to | nduce

cel | gr oviERAs- dierstare.cynallapeiseds ihiiiony Bet bigfto MIAM2 and ek thiy IMGAKIOR cel | s,
or when aged, L NBMhrdhs3 kit RN the@bdilyTDB5 b ¥dik RviddOfuhbihal paasat () .
such as other cell death-inducing or cell” ctycle disrupting cancer

t her apeutstisnudate g83-mediatedi catlilanetfstsr weh s cglbeelsi areast. Gontesesy, KpIY) repss as to
render a t ' f : I ' cells

uscept | ey Nay RepRUEb 10 00O, CRIRET o B Serll sHLBRNMONE,

cor r @epsindi ng Alrhopgh highraffiditycpdplide-based intdlsitonahavierbeen edtcesafuyiywesipnddhie cancer

t herapeutjic drug ot diation th py., al ong 0 n, certajin enbodi nments
of b1 roERERRaRizchRIeHEte oh ahr Heenehe™ of LN e 4N RRrS SE R cal |
ef f ecti vedragiNe tmddécufes CRIRRY T théir (pB6r BlPpaticabilyeMd HNvidd BicavaRsilEe of an
anti cancer agent or radiation produces a greater tunpr response an :

clinical Bespd|intepsive wéiortanbydhe nhampsewisak induppy ehigh cthreughpytt sereching
conpound GRS vély iilel ReLRLS iANadi Bh nGHIPLRAE sHAY moRRERUSE the
corrpoundsé?lrve\lntl Ihovver t%ée;lyag[ggt ot?c Stlﬁr es gmé‘g g?t al11 cﬁe?%pl S, St emr())r oportion
of cel |l s inhiitomi Atcosdinglpstbéralid anesd deruton-rehedea poygtlikei snabrrogleeude inhibitexssponse
to the apopt 0Si.S,, cing.activity of anticancer drugs/radiation is
increased‘?fpti??ée;?wg&%éqt??mtoﬁe conmpounds of the present invention will be
usedjooosjal | ow BEndasight 6fhodpeptiie amatlRslecubn thhitiwfsethar earget the pOXMDIIRd noOr e
tol erabl e, dose of an ﬁ)r'] i,cancera(ggent and/ or radi ?.ti on to produce. the sane
I

tumor resPURSEPR IS FHIERHY BEMEMUSUES 2% A AWBPHNEPISER OB BT e Siftehcancer
agent/r ad{@khé}r}wﬁ' RBE-CarcBC 8100 20085 askitdv &l 41, 3RRLAY 905840 [200PF.LITHE UJS
and radiation treatnents are known, the present invention contenplates the
vari ous cerstuntbespof tiis trsantian hias beea epﬁaglssénd by aripo enystallogmaphy (Kyssice t he
conpounds  of bV ent | i - i 4l ati ng
the. pr o- BoRE Bt HaPar oAty PPh BPuamBEle bl 88F Bl BebuEhi M

p53-r el at ad MDM2Zispsimatihemedipied by ¢hred hyasphebic eesiduss éihe1 % djppsr dnidrigu2®l | s to

t herapeutcal Iy effective appunts. of .the ounds shoul d be_t.enporal |y

[ ked & oty e Selh ERERERRBRS G R AP MR IS Btthitebie AB RIS B RES) <
program i gtef f% RREIEMnE Grdall8nalBdul € aihdffors2Bhan tanOdisfupfl Rt pIBOMOMNET aiddractionus, 1 n
sonme enbodi ments, admi nistering the conpositions of the present invention
in connec(‘?‘@ﬂe:\h{afi@%e@‘t’%&?’@%@‘r&@%ﬁ- rel ationshi ps, provides especially

ef fi caci ous therapeutic practices. 100101l n other enbodi nents of the
invention, inhibitors of the interaction between p53 or p53-rel ated
proteins and MDM2 and MDMR-rel ated protzins may protect normal (e.g.,
nonhyperproliferative) cells fromthe toxic effects of certain

chenot herapeutic agents and radi ation, possibly through the ability of the
inhibitors to induce cell cycle arrest. In particular, the inhibitors of
the invention may cause cell cycle arrest in cells conprising wild-type p53
whi | e having no effect on cancer cells conprising nmutated or del eted p53.
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or a pharmaceutically acceptable salt or prodrug thereof, wherein: X is CH,
O, N, or S, wherein R8 is absent if Xis Oor S5 Yis 0, S or NR; R, R2,
R3, R4, R5, R6, and R7 are independently H or optionally substituted al kyl,
cycl oal kyl, al kenyl, cycl oal kenyl, al kynyl, aryl, heterocyclic, CO2R ,
OCOR , CONR R'," NR'COR, NR S2R', S@2NR R', (C=NR )NR'R', or NR R'; or R7
forns an aryl, cycloal kyl, SUMMARY OQFYTHE INYENTPOMi t h one of R5 or R6; RS
is Hor optionally substituted al kyl, cycloal kyl, al kenyl, cycl oal kenyl,

al ky aryl ,. heterocyclic, e CONR R', SOP2NR R'.. or

(orOhTe = 1 e Breied Rt MiiinRis o8 oSt ey 3 bapoaf e =

R' and R'undegoiapeigegihedigoysdtoenaiptiesiondlor ¥xgdstitto induedts af kpoptosisyelchal kyl ,
al kenyl, cycl oal kenyl, al kynyl, aryl, or heterocyclic, or Wand R', or R’
and R'', #SGRHFARCE3gents apfbrag] O@ﬂéaaamsf;%{?rdm € pRSENdBOSTessiod B 5aSE R and
R 1s an gpbh aRabs ¥t %Jép&%fstiﬁ‘&ﬁlgel%ﬁi Sah&y buppbink cOis (e.g., neovascular cells in
nonocycl o- het erocycl oal kyl group or a di hydroxyal kyl am no group not

cont ai ni rthe tunyrdrassajaturgr uiought toths Burpyrssal imsehapismt plcactipi Jor vyrteally all[@012] The
invention,relates to c ounds .represent ed Eornul.a | ich are.
e okt SRR dafocl MBS 4hER E RS b%%%’“o‘ggﬁ%% : O o ’é‘ﬁrk\éér]‘c’ft i faftice) \one
or NDMVR- rieli#it ebhexesor iftrsthe THabilitywicandellao unddrgd gptosistihe detseasoin thbenswnpounds
of the invention to induce cell cycle arrest ancﬂéor poptosis in cells
cont ai ni NYPPISHOE iPERAlY Rf5BO% rWiieBIN BRY MptaDess i 1€, oTthe THHRiERY ja6keny Ho

rel ates tQONIE oH$839h thil6r CIRROHAROhunttthal PYENTTHO MHiRtios 8N$53 hetivig cel |'s
to additional agent(s), such as inducers of apoptosis and/or cell cycle
arrest, angshlishieplbgpations ot 4nontosis PABWAYS as tvell|ag Cﬁlﬁﬂt‘/‘lﬁgﬁg\ﬂﬁ@n’r nduction of cell

cycl ﬁlOﬁﬁ f est t ﬁfl‘ie%restegtt &L%%%Qﬁte%fta%s (Errﬁé? Hrcrg;;gggrreao?%ﬁin s &HEHB& rﬁrgll’nnrr%ﬁgg(%el |

enbodi nment , e inventron relates of rendering a
r esi st ant tot themhanioslhe efigtive iamoapte rtf drog(s) (eamt smalt syolesolepr thef mgreesmthgct i ng

e cell Bkl OO0 80 L%y NERLIOR. o 95 sEBREE e el Ve o0

hyper pr ol bérwéert psseorPisseaard prddhd &R MDMXTosMbMBElfed froeinsqgniibepgpeut i ¢
agents or treatnents, cor}prl sing admnistering to said anipmal a conpound of

the i nvenvilbihibjtthegrpwtofcancer cellsionsHpReRing cellfcounant md/eendes suhcglly a8d t o
the treat yﬁﬁ%uiatﬁﬁd;@%%&éﬁi le, t'the e iBAth itihcAl a8l iR S@hsoer HlefiBeticidtdsS, oOr

condi tions use e ‘adm ni stration of chenotherapeutic agents to
nor mal noeradie@emtherapies. | & pagticatinithd ishibitprsf the invention may proheherthohalglife
chenot her compound of ..t o] i nyenti on I S
i sor dor sOaRE SondeTaie “wishaBe 5 AR, ERsR o AR Ry Gphore
| i mtati odegradatios bf pS3. The prkért iisventi@r csitamplates gas inhifitotsestt tha adterdetiomr der s,
and al opecia. [0013] The conpounds of Lnvent i are useful far_ the
FF eat mont beARI POy 4t PosreIgr Braven ErbMIRE arddnbRe Sl rois widy o
responsi vgnth&@ hedufet 180 RbmeRO i Ohiléipeetdncéiefipbs, &ther whéh SAnH@ESred as
characterized by dysregul ation of a_;t))_opt osi s, 1ncluding hyperproliferative
di seases mgaetherapy:tniaduce qell grevthainhibitienotnoptosis and/jop gel é}’%%ﬁiﬁ‘%fé ingacHe used
to treat, i : V, : ' - (&€ i stance
to cancer “FRarailelafipifiadd fy LRy BATRRohl i R AELRRS el 088 0
radi at i oncelkeddagt-mdecinghor cadneycleedisruptingt Gancardherapeutic Keigs ot radition therapies
enbodi men{s, the c ounds can be uged to treat h .Eer(ﬁrﬁll iferati v di seases
char act er ?5‘(‘?"\960% g o & Puid ?ro?nagrre%‘g:%pr(?f’o%l 3-Fel St €F°Pr&t&i¥Ws. In
ot her enmbagipbRive S cellsheusceptidly it0NexeChtitige shet @pbhesisiSogamt kempaspownds of the
invention to protect normal _ (e.g., nonhyperproliferative) cells fromthe
toxi ¢ si dEOTEPPYKIng REPPEHENh Iels apaé\ﬁmrealz;@étﬁg §“1é(ﬁﬂte't tﬁ@a%rwsrn grapgptic g
i nduct i onoﬁfadg%[{ thEBég&Floﬁé.res" in those cells. 100141The present invention
provi des pharmaceutical conpositions conprising a conpound of Fornula I in
a t héeMBkut i calnl gertainf erchadimeranolithe inveniiend yombupben teitmentrpfaaimals pithta
sensitize | lS. i r .S 0 L ! r
or ovi des. Rer-disafly HRHAEE ol cPRAMARIT or Hroteh bbbt ahd B0t LG
adm ni st eantivgndeh egeno bpradiation prodnceani gnesker tifher resgossenangd ohipicaldreatfityin cocht ai n
ot her therapeutic agent e.qg., . .anticancer agents.or apoptpsis- nodul ating
Sgents. | 160TBIioGRRRg dh tiesh e, S o BEerondl Dt Sre R RN SR alitee of
Formul a |. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
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[ 0017] The present invention relates to conmpounds represented by Formula I,
whi ch function as inhibitors of the interaction between p53 or p53-rel ated
proteins and MDM2 or MDMR-rel ated proteins. By inhibiting the negative
effect of MDM2 or MDMR-related proteins on p53 or p53-related proteins,

t hese . conpounds sensitize cells to inducers of apoptosis and/or cell cycle
arrest armht ahdthaong, btatitrhesompduadsellvieser the upeptatixothiesisold ofialtltells, thel |
cycle arrest. The{efore the invention relates taq nethods of sen3|$#2|ng

cel |'s to RTPRATERRY Qf esils dhyh peilh Specessfy FecHts fhe peptasis PROgEM JhifsRESe Mbds of

I nduci ng g \Aﬁ(%l?siﬁcﬁlcﬁ'x@d:{cﬁ(nt)c@f bntfc4fde? dﬁgsﬁﬁlaﬂoa 5 Shéréased O Mfehrintifdly, cmgt acting
the cells a conpound of Formuia | alone or in combination with

addi ti onadorrmgemS(Qi)ﬂle eregent inentierdwalk be usedatpblowsidministratiopetf|a loyet, @nd

di srupter [ I SHft

anel i or atthery%?e ie@é’ %1&& QFd frrH)ré tt"oqéra dlg’r géslgn faa% %ﬁltc%gis a Jnt tﬁfug/g} %eﬁigefst tﬂat ar e
responsi \modm'ze nhmhanteltmnomsmpmmmmalsbemﬁmrths cmgenadmalrﬂose ef thagnticant¢dne

animal a co nd of For |onaI en i.nducer of
oDt 05, SESRTEHAS oG SHAChE dESEHe Al ARraNe] SRTABETLPoE s PRI L on o
apopt osi sreafifkntd 128 ﬁn&mrﬂa&ﬁrefehmderbwntcbﬂeﬁbm{eb iR akib@codbitetibhSofak@h essi ng
functional p53 or p53-related proteins. In other enbodinents, the invention
rel ates tWithibepegent spmppwidscAlsagsingsithinsorirounds of thaRrasepiinkension may a¢t al e)

cells in mﬁgg ARGt gents
and treat%%ﬁ?gb%gb rP@Hhhggg%ﬁﬁFg?@#ﬁﬁbﬁ?gﬁﬁ%g gﬁfga h gﬁpoundkg?gFornula
|. [0018] ameﬁiieclntsd beonting thecaposagrerftcancendellsand suppnoing cdilatg therapsuticadly

her ei n, eutic h r ounds
and or” noteirarmpite s BEReRaS HiALS vbefruafil SRILI, BRBHLL BugPEP T

t her api esattefiptsSefr @il a exe&hertheapopmas prograth innrespoasd foetht ARtdancdr agent or
hyperprollferatlve dlseases such a% ﬁancer 8 Hlgﬁ.t,.in manmal s 6 %p
term " prdéd diglion thezanys e e iR iSpme (oo Enents. Admisterng s FeERPjons
derivati Vige®ht thvRRidiNIn céHnbGion Wit Cettfin tt AporAleRHLRshifR 9¥dv?d%§fe§15&?a‘il5'0n
(e.g., either spontaneous or enzymatic) within the target physiol ogical
syst em t cefiedcions gherapeuticpre@iseert (e. g., enzymatical ly, physiol ogically,
mech ally, el r

pr odtiad ar & dishEhe ’ﬂ?%”%%%%?;‘@%%v&‘%? Shatlitd ot MenbAtiA eV gnisst
toxicity, p53aelatedfpr®tpme afd D2 ameDl\mi-t@ded)proam|nha@mrbue¢tymrrEadegergl, amy

prodrugs e an active drug, nol egu tsel.f chenm cal nmaski ng

O oup. (o GypeTRioBRaREe et Fost ShE 1R Bt b cEiun BEmaBemory Bend rdar vg)

Some pr Odfaﬂﬁﬁoxﬁrlﬂ)sMBlryl Akdugh ShO abiliey oF &d Mﬁﬁm@fs ©OMRAENE Eytd akéy.e 1gr oups

cl eavabl e under netabolic conditions. Exenplary prodrugs becone

phar mac e Rarealary thednhipsors 1of yhe wveptionmay equse \ﬁﬂﬁ ﬁyqlfhéve ARSI OCOSPINS BBy s S

under phy@p@'t}g,q'r{fsg wif RNElvidg %Sef?erct Uﬂ@%&pca H@Eblﬁﬁqﬁﬂét@dj&t §88efpsPt her
or ation

bi ochem ca mat 1 on osph ory , rogenati on,
dehydr ogeTias |dnﬂﬁ¢rergiay¢)usgdnae w&n;t mE’y atlowdfer ofare nffgcfti‘vertr@ndmnmgemeofoy

SO|UbI|It% tis ti,bil,it of, del e} d re & i i an

or gant sm s TS uEERRanet gbickor lonh BeRBais of BipbBorefSa TR @

El sevi er, téea&ﬂ'sﬁtﬁﬁvdﬂdiﬂt(lrﬂ&&&hg g&gdxxglsxhveffednﬂrfd sudiheeabh@ani ¢ Chemi stry of 932;1)

Desi gn_and Drug Action 52-401, Academ c Press, n 1
m"rﬁ)r? 1k odr ugﬂ‘q H@P%é“g‘%“ﬁ“ delates i cRERPoRTdsh that ags Uss &'eﬂgﬁ’ét&i’ bf}‘ge

reaction pferRA6LFBEWaEH P53 ¥ p33-rRlafdir&tbih€ al KIPINE of mmm-raatwweuesl deanol ),
am des prepared by reaction of the parent acid conpound with an am ne, or

basi ¢ gr ongrsasieg eadnsiovityorfractn toaingieereef WB@S@@FWOBWW@C(WS‘ I nswer

al kyl am 1y acceptable salt," as used
herein, r é?g$?%%§é§m§EW§&%hmeaﬁko alnegﬁby reaction with an acid or a
base) of a conmpound of the present invention that is physiologically
tolerated in the target aninmal (e.g., a mammal ). Salts of the conpounds of
the present invention may be derived frominorganic or organic acids and
bases. Exanples of acids include, but are not limted to, hydrochloric,
hydrobrom c, sulfuric, nitric, perchloric, fumaric, maleic, phosphoric,
glycolic, lactic, salicylic, succinic, toluene-psulfonic, tartaric, acetic,
citric, nethanesul fonic, ethanesulfonic, formc, benzoic, malonic,

sul foni ¢, napht hal ene- 2-sul foni c, benzenesul fonic acid, and the like. Oher
acids, such as oxalic, while not in thetrvsel ves pharmaceutically acceptable,
may be enployed in the preparation of salts useful as internediates in
obt ai ni ng the conpounds of the invention and their pharmaceutically
acceptable acid addition salts. [0021] Exanpl es of bases include, but are
not limted to, alkali metal (e.g., sodiun) hydroxides, alkaline earth
nmetal (e.g., nmagnesium hydroxides annDnla and conpounds of fornula hNWt

~NAANnesn1 e I

]The



[ 0025] The term "dysregul ati on of apoptosis,” as used herein, refers to any
aberration in the ability of (e.g., predisposition) a cell to undergo cel
deat h via apoptosis. Dysregul ati on of apoptosis is associated with or

i nduced by a variety of conditions, non-limting exanples of which include,
aut oi nmune di sorders (e.g., system c |lupus erythematosus, rheumatoid
arthritis, graft-versus-host disease nM%§thenia gravis, or Sjogren's
syndrone), chronic inflamatory condRsi ns Re.g., psoriasis, asthnma or
‘Crohn's disease), hyperproliferatividi/s ng*s (e.g., tunors, B cel

| ymphomas, or T cell |ynphonmas), VIR i Jons (e.g., herpes, papilloma,
or H'V), and other conditions suchza eo®i hritis and at heroscl erosis.

- I't should be noted that when thRg iYon i s induced by or associ ated
with a viral infection, the viral ion may or may not be detectable
at the tine dysregul ation occurs or is gpserved. That is, viral-induced
dysregul ati on can occur even after the di%appearance of synptons of viral
infection. [0026] The term"functional p53," as used herein, refers to

wi | d-type p53 expressed at normal, high, or low levels and nutant p53 that

retains at |east 5%of the activity of wild- e p53, e.g., at least 10%
20% 309%°"4 ﬁ)s“calﬁyw%a ?S*\\Xﬁqf@-“{‘{/“b?e%sr&’{’%ﬁ"-[0027] The term
"p53-rel ak gdCRIONGidR S, whsrelhTeds BRemiinX i 6fogss to proteins that have at

| east 25% sequence honol ogy with p53, have tunor suppressor activity, and
are i nhi bY isd Hr NReraction with MDMV2 or MDMR-rel ated proteins. Exanpl es
of p53-re}ated fr gt eipgns pl.N , ; it : .

[ 0028] Thgfk't’ elgzr’n@i\/?)émz-ﬁrg’elda’t gg&géﬁo%xg:ﬁh?@’eg%éﬁgge% ipeg)lgl%r?td@% es?@s;ﬁ gﬂ {:}g ag( gt ei ns
t hat havecyatoalkghsikead)cgdoalemyl dlgmyl, agyl, hetelecydbiP COaR'd QGAR Y EONRRE, h and

i nhi bit " PRI-eha At 2l RS, wp! f,, MDMP-rel ated proteins

i ncl ude, plggt&%gégosp%hlé%gggl?o&i Mﬁ{d’ ?—fgﬁﬁ% [%029] The term

"hyper pr oR{ foerthgdd argl, cycieadiad, or hasroogeid gharpevith oreaff®sor Rg any condition in
which a | ocal jzed popul ati on of liferating cells jn _an anjmal is. not
gover ned By He‘_’ru%‘é’!“alllx ﬁ?ttsﬁf“fe@ngﬁﬁf c 94%911’ %FW’h‘?y‘: lealkypyl, aryl,

hyper pr ol &b @cii¥ TSRS TS’ SCORRIRIASOINRR! Sor (GEQRYRRMY; | ynphomas and the
like. A neoplasmis said to be benign if it does not undergo invasion or
met ast asi Bo wgpegsantsl 4 Gyakiano anfl aiStflupsegrovpitandr of these. A "metastatic" cell
nmeans t ha e el L man i est: ' [ r es.
Hyper pl as‘i&’lzcii;l ?s’ }g grlgm gflh{%ﬁgﬁgggﬁ ?reo}tgt% ?%13{ ”sﬁlhgg@gé hfgglalr%gkﬁﬁ%?%a%g&}% cel |
nunber i ncyaldalkssylgalkynydragdoretelveytlicsogni fi cant alteration in structure or
function. ,I\/btgﬁqu ats.%',,a i g,,,a formof controlled cell gromh in which one type
of fully RiFPER N APeR P adii8stitutes for another type of differentiated
cel . [O00RRdReoneaf IOl adi RAls CONRRN Al oastdf \Rab@HR! snaheptibnal®y bbs@futedn
results in an_autoi mune di sorder or a chronic inflammataory condition. As
used her egy¢loathybalky ehmongeysierheiprecyriaadivd group og f dihydiogyalky) SpvRIETPRRACL n

whi ch an hs AP iHe BAdS RSN OF this ATIAN I I's which recogni ze the
or gani sni égn%rmn ?ml g‘%ﬁ%?@@a I's g‘sr%t I gsues%%?ﬁli?m ting exanpl es of

aut o[0¥2he di sBredeventioncélatdetoatomponndsireprasents ybtyi Rormnlarti which areinhibirares
hepatitis erger's di.sease ] th N [ h I:C
fatigue s?/fng'reogr'ge,rac orcl)hbr?g’éeeai Iggaélg?s%gé?%[fg’%}gé? talﬁchﬁl%Z? §M%§P%’?g,refg%rd af t

ver sus hogprotefliss s nveti@y Rlatesdb siase of Hrsdmpotmlsof theyihoéntioh its induel eflat hi ¢

t hr onbocyt openi a rpura, lichen planus, nultiple scleragsis, /ast eni a
gravis, peBie e indior apeles R RE s en TR, Y nabp ¥ RSy €cled peafeite T

Sj i *rent SipS¥idh AR, reiés i@ MeCusk WP U @MPbIRITBIfARd mvelnoRSor sehbiabiag @8lls to
ulcerative colitis, vitiligo, and the |ike. [0031] The term "neoplastic
di sease, "additiapsle chghri(sdi such edseinduees aply apbprosisrmindprowelh excle eres!, basidng
ei ther bep - | | . rm
nor mal o aleHopkBRBof BEERERL ok Mol ORI AEF LR sl ARUE S ROme
abnor mal gitbwhematherdpentis i agents.Ndn mat eodblimeat, aha mventamceetatesstoanethedseofnot

part of arne%dehr}/n%eg %E)I%lxélfc%ilartelsi\s(tgntd{os&%%%thoegapgllltlsco rage%{s' or treatments, comprising

contacting the cell with a compound of the invention. In one embodiment, the invention




[ 0033] The term "anti-neopl astic agent," as used herein, refers to any
conpound that retards the proliferation, growh, or spread of a targeted
(e.g., malignant) neoplasm [0034] The ternms "prevent," "preventing," and
"prevention,” as used herein, refer to a decrease in the occurrence of
pat hol ogical cells (e.g., hyperproliferative or neoplastic cells) in an

ani mal . TioRteR teMRINIOS protécify KRl @lI€in &n-ghimal Wih b & S'?érp@bfeﬁﬁﬁ'e diskase
pat hol ogi cal cells in_a subject. The prevention nay so be partial, such

that the BRBuUteeiE §idepatieds i ehgmatharpreutic %gegtabpbdfeatr%enr%s@mwawgt hat
whi ch quﬁlﬁaxﬁag@%fdr&%watéaﬁgﬁmwsf BE SRMtior. mﬂ%gﬁ'ahfbﬂlar ehBOARLnt TR term

"apopt osi s- nodu I ng agents s used hereln, rs to agents which are
i nvol ved inventionlid ditected toé megreatmmﬂm:imeﬂmngpn d:ecprwasmqng;f dlswdewsﬂngffects

pronoting) a t05| S. np popt 0s agent s, i ncl u
Dt PRRRS e LS sOlR RO E oL BB hGhbs “FRRb e e

Fas/ CD95, no-ﬁE%ﬁNE}ouJ Odfis Bly adiaifisteridgdo abRBimaDidderddity coothefapdd compuridl df. Ot her
exanpl es of apopt osi s-nmodul at i n%p ents _include, but are not limted to,

TNFa, Fasthf PFasy InvaREgH fsaaples® dipsgders arfl eanditionsfguisedly shemothesaor s

TRAIL (al;3Quld) QoS ifiRe%n Lrhgéngsoﬁorﬁﬁﬁlgl—)(e-;&%rﬁﬂa; gRRbihROHaPEisd@erd BAUL- R or
TRAI L- R2, Bcl-2, p53, BAX, BAD, Akt, D, PI3 Icinhase, PPl, and caspase
prot ei ns.alapsddl at i ng agents broadly i ncI ude agoni sts and antagoni sts of TNF
fam h\\’nﬁecept 1% Ahobhis orf‘”ile' }’ntht%%”gé udeRP AL HheS ’@cﬁg ata}n'éﬁor%&?r{“ may be
sol u or rane Sound rece tor )tr I'S-nodul ati ng
agents i n@kvameor bﬁéxeomlkrs,céucmae thosdtespmslvefto a‘phpﬁmsofsa,popmnh ce&Bde‘E&F ecgr,

TNF-rel at ed | Fas/
TR 5 1 GnterS Biaceied by dutautantn ot st TG R R PR B fHgses”
i nhi bi t orgcRbs Ezﬂl@er‘ (18 &rnaﬁ\t nRbdRNE et ddmpoandd IYPVE usddao GRAD aH It atef orFor mul a

l: R4 RBR/I RRNIR5 ,R6 RO -Il X iZt3 | or a pharmaceutlcally accept abl e
salt or preRnbeancerehaas chapgetarigpdhby sistanesio cancenthergpies(e. gutbpwicanB cslls apsent

if Xis OwRh %re ShdnorSistant, xgaxaN)?l resf3tant, FOm&R re%@tanﬁ%nd % 1ied)d 1R7otRée

i ndependently H or optionally substituted alkyl, cycloal kyl, "al'kenyl,
cycl oal keﬂybodlrmm;yml}d comsm}lhds daefoerumtcltre@t hmllfeMIseammmtenm COR |

E}F;C F%F;y?ys%rgﬁéo[ %yc“’Fz %al 91%5§ \R,,g ﬁel}jgﬁég P(’g?tgl&gm f&éln;s c@Bodtinthts, the

invention relates to the use of the compounds of the invention to protect normal (e.g., non-

hyperproliferative) cells from the toxic side effects of chemotherapeutic agents and
treatments by the induction of cell cycle arrest in those cells.

[0014] The present invention provides pharmaceutical compositions comprising a
compound of Formula I in a therapeutically effective amount to induce apoptosis in cells or
to sensitize cells to inducers of apoptosis.

[0015] The invention further provides kits comprising a compound of Formula I and
instructions for administering the compound to an animal. The kits may optionally contain
other therapeutic agents, e.g., anticancer agents or apoptosis-modulating agents.

[0016] The invention also provides methods of making compounds of Formula 1.
DETAILED DESCRIPTION OF THE INVENTION

[0017] The present invention relates to compounds represented by Formula I, which
function as inhibitors of the interaction between p53 or p53-related proteins and MDM2 or
MDM2-related proteins. By inhibiting the negative effect of MDM2 or MDM2-related



Rg is Hor optionally substituted al kyl, cycl oal kyl, al kenyl, cycl oal kenyl
al kynyl, aryl, heterocyclic, CO2RI, OCOR, CONR R', SO2NR R', or

(C=NR )NR'Rm R9 represents a 6-chloro and a 5-fluoro group; and each R,
R' and R' is independently H or optionally substituted al kyl, cycl oal kyl,
al kenyl, cycl oal kenyl, al kynyl, aryl, or heterocyclic; or R and R', or KR

and R', fpétea ohi p83; o E—fﬁldﬂedoﬂ@tdﬂfs Ia%samamﬁéunds SGRRIRR cellanel imtueerofof R and
R is an optionall stituted cycl oal kyl -al kyl or

monocycl GPPRIPEY @e er @9.141 leyFle arsstoansh 1B sQMyasancss| hmsehyss nBdyse APPIQEE
contai ni ng4a, B )‘;Pﬂé’ n%rr%’f OYRerdford A% ﬁvé}f?l%htrél%s &f mEﬂﬂ@dsaM‘s)éhsﬂiﬂé‘@ells]tQO?’?] I'n

a nore partlcu i'ment, one of R2 of Formula | is a
subst i t utindhcers of raso;heshs amd/excbeﬁroyble(aaeg a,nd p@ma}ﬂo)h of inds¢ing apmﬂoscsrandfor

unsubstltu ed het er.oar cl .oal kyl str | branched, a 12 de or
oot or S | GGy R R SRR ontar B e s fin AL ARG r FmpE T,
group, e albne op Em@tﬁbmdtﬁ)ﬂmmiiadhltloﬁﬂ&g&u(sy le, g t&rlhdlhbﬁqﬂapoptsﬁsp@'rﬁ oell, cycle

cycl opentyl, norbonyl or adamantyl, or 6- nmenbered aryl
het er oar yf{ ISTRtER pl NETIDBEYIPR furdlis ks @rfﬁ?fh‘i"??é?ft“ea‘i‘% apiQTlifee 87 BW"V?*’(S‘P&UI al

have a st a r | | :
e 8 o {??%ﬁﬁm%R%mﬁ%%u%w £ 1?15565 nﬁmré '?esFQx'is'iW: %atddﬁgtgorggg LgFJ.’%%g‘“J‘

accept ablcompaking @dmpnsqunggtot the memral a F@Oﬂ@}nldrpfd‘r@@n@hﬁ @dﬂ raditional Iﬂéertt(éhpo unds

of For mJIeag ! an 1%31?% 8f 'Q‘L(j)pﬁ)sxs Such disorders include those characterized by a dysregulation

of apoptosis and those characterized by the proliferation of cells expressing functional p53
or p53-related proteins. In other embodiments, the invention relates to methods of
protecting normal (e.g., non-hyperproliferative) cells in an animal from the toxic side effects
of chemotherapeutic agents and treatments comprising administering to the animal a
compound of Formula 1.

[0018] The terms ‘“‘anticancer Iagent” and “anticancer drug,” as used herein, refer to any
therapeutic agents (e.g., chemotherapeutic compounds and/or molecular therapeutic
compounds), antisense therapies, radiation therapies, or surgical interventions, used in the
treatmerit of hyperproliferative diseases such as cancer (e.g., in mammals).

[0019] The term “prodrug,” as used herein, refers to a pharmacologically inactive derivative
of a parent “drug” molecule that requires biotransformation (e.g., either spontaneous or
enzymatic) within the target physiological system to release, or to convert (e.g.,
enzymatically, physiologically, mechanically, electromagnetically) the prodrug into the
active drug. Prodrugs are designed to overcome problems associated with stability, toxicity,
lack of specificity, or limited bioavailability. Exemplary prodrugs comprise an active drug
molecule itself and a chemical masking group (e.g., a group that reversibly suppresses the
activity of the drug). Some prodrugs are variations or derivatives of compounds that have
groups cleavable under metabolic conditions. Exemplary prodrugs become
pharmaceutically active in vivo or in vitro when they undergo solvolysis under
physiological conditions or undergo enzymatic degradation or other biochemical
transformation (e.g., phosphorylation, hydrogenation, dehydrogenation, glycosylation).
Prodrugs often offer advantages of solubility, tissue compatibility, or delayed release in the

mammalian organism. (See e.g., Bundgard, Design of Prodrugs, pp. 7-9, 21-24, Elsevier,



wherein R1-R9 and Y are as defined above. [0041]1n anot her enbodi nent, the
conpounds of Formula |V have a stereochem cal structure as shown in Fornula
V or Fornula VI: WI or a pharmaceutically acceptable salt or prodrug

t her eof . VI wherein RL-RO are as defined above. 100431l n anot her

enbodi nent, the conpounds of Fornula VIl have a stereochem cal structure as
shown i n Aasterdhd (ID83); and Rilvedtlad, THe Orparfidl RémREryNof DRfg Besign and Drug

Action, pp. 352-401, Academic Press, San Diego, CA (1992)). Common prodrugs include
acid derivatives such as esters prepared by reaction of parent acids with a suitable alcohol
(e.g., a lower alkanol), amides prepared by reaction of the parent acid compound with an
amine, or basic groups reacted to form an acylated base derivative (e.g., a lower
alkylamide).

[0020] The term “pharfnaceutically acceptable salt,” as used herein, refers to any salt (e.g.,
obtained by reaction with an acid or a base) of a compound of the present invention that is
physiologically tolerated in the target animal (e.g., a mammal). Salts of the compounds of
the present invention may be derived from inorganic or organic acids and bases. Examples
of acids include, but are not limited to, hydrochloric, hydrobromic, sulfuric, nitric,
perchloﬁc, fumaric, maleic, phosphoric, glycolic, lactic, salicylic, succinic, toluene-p-
sulfonic, tartaric, acetic, citric, methanesulfonic, ethanesulfonic, formic, benzoic, rhalonic,
sulfonic, naphthalene-2-sulfonic, benzenesulfonic acid, and the like. Other acids, such as
oxalic, while not in themselves pharmaceutically acceptable, may be employed in the
preparation of salts useful as intermediates in obtaining the compounds of the invention and
their pharmaceutically acceptable acid addition salts.

[0021] Examples of bases include, but are not limited to, alkali metal (e.g., sodium)
hydroxides, alkaline earth metal (e.g., magnesium) hydroxides, ammonia, and compounds
of formula NW,", wherein W is C; 4 alkyl, and the like.

[0022] Examples of salts include, but are not limited to: acetate, adipate, alginate, aspartate,
benzoate, benzenesulfonate, bisulfate, butyrate, citrate, camphorate, camphorsulfonate,
cyclopentanepropionate,  digluconate, dodecylsulfate, ethanesulfonate, fumarate,
flucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, chloride, bromide,
iodide, 2-hydroxyethanesulfonate, lactate, maleate, mesylate, methanesulfonate,
2-naphthalenesulfonate,  nicotinate,  oxalate, palmoate, pectinate, persulfate,
phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, tosylate,
undecanoate, and the like. Other examples of salts include anions of the compounds of the
present invention compounded with a suitable cation such as Na’, NH4', and NW,
(wherein W is a Cy4 alkyl group), and the like. For therapeutic use, salts of the compounds
of the present invention are contemplated as being pharmaceutically acceptable. However,
salts of acids and bases that are non-pharmaceutically acceptable may also find use, for

example, in the preparation or purification of a pharmaceutically acceptable compound.



Rgrj, 06 N VIII or a pharmaceutically acceptable salt or prodrug thereof.
1004411 n one enbodi nent, the conpounds of Fornula | have Fornula X: o O
N-R11 RIN7 R5 wherein: R, R5, R7, and RO are as defined above; R10 is H,
and R11 is an optionally substituted cycl oal kyl -al kyl or

nonocycl o- het erocycl oal kyl group or a di hydroxyal kyl am no group not

cont wopdjng a IThe ety thgiputicallly cffoaivd-apantl arused hdrbig, refeky/to tigt @mpuntaf R10
and R11 together forman gptionally substjtuted nocycl o- het er ocyc¢l oal kyl
group. [thoAranenticpgeat sefficient o Teslt ByaRgliaraliancgl ong wymowmom%ef dde Cl.6

al kyl “subgldy ch ?é%t &dplla‘y . a@Vank QRS o agdlé'-&'&raér GRSEd Qlox*ﬂ%f ﬁ{e”dlgtﬁ{ié?w pfpi ch i's

substitute y one or nore hydroxyl groups. Exanples o
het er ocycéxambk:y Ml@rmmst ton the utreatr@int @f adahger, wudrst embadgueritya gherapeutically

I d bed .h
F‘g (r)l Zgﬁ; a?et eegé)rg%,gwal é/fjlerct%g %n%tslrrt oglsaﬁt%iarageunﬁ%%ﬁéFllljg%ﬁcr{:zges the rate of

hydr oxycymhmpgrrotmi Xeérbaseatiinvd mass) dec&ee(sas thy dnmhma;fmhwa@ésyin)cwam@ythtll no
groups. The respective hydroxyl groups may have either the R or
conf i gur a¥MRBIOSTeSBAR OPATFAEEH HFVi é‘Fﬂ:S’I Rysitdeass s tileast Efondt tl%%Sbl:’w Bal kyl

groups i nl‘éis’t'g@%zat(léam L pﬁ@abt@d% at Rydtarviner 1B 40%, at least 45%, at least 50%,
3- (1- nor phol i nyl ) propyl am no rougo/ [0048] Particul ar exanpl es of
0

di hydr oxyailleast 2¥ona leasb 6@, atrleasti §e’oRatdaest 30%, 8t least 75%, at least 80%, at least
85%, at least 90%, at least 95%, or at least 100%.

[0024] The terms “sensitize” and “sensitizing,” as used herein, refer to making, through the
administration of a first agent (e.g., a compound of Formula I), an animal or a cell within an
animal more susceptible, or more responsive, to the biological effects (e.g., promotion or
retardation of an aspect of cellular function including, but not limited to, cell division, cell
growth, proliferation, invasion, angiogenesis, necrosis, or apoptosis) of a second agent. The
sensitizing effect of a first agent on a target cell can be measured as the difference in the
intended biological effect (e.g., promotion or retardation of an aspect of cellular function
including, but not limited to, cell growth, proliferation, invasion, angiogenesis, or apoptosis)
observed upon the administration of a second agent with and without administration of the
first agent. The response of the sensitized cell can be increased by at least 10%, at least
20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 100%, at least 150%, at least 200%, at least 350%, at least 300%, at least
350%, at least 400%, at least 450%, or at least 500% over the response in the absence of the

~ first agent.

[0025] The term "dysregulation of apoptosis,” as used herein, refers to any aberration in the
ability of (e.g., predisposition) a cell to undergo cell death via apoptosis. Dysregulation of
apoptosis is associated with or induced by a variety of conditions, non-limiting examples of
which include, autoimmune disorders (e.g., systemic lupus erythematosus, rheumatoid

- arthritis, graft-versus-host disease, myasthenia gravis, or Sjogren's syndrome), chronic
inflammatory conditions (e.g., psoriasis, asthma or Crohn's disease), hyperproliferative
disorders (e.g., tumors, B cell lymphomas, or T cell lymphomas), viral infections (e.g.,
herpes, papilloma, or HIV), and other conditions such as osteoarthritis and atherosclerosis.

It should be noted that when the dysregulation is induced by or associated with a viral



di hydrox ypentyl am no, and 4-hydroxy-3-(net hyl hydr oxy) butyl am no groups.
[0049] It is expected that when a hydroxyl group is not present at the
3-position of the alkyl group, the conpound rmay exhibit inproved stability
during its preparation. Wthout being. limted to any particul ar theory,
the inproved stability may result fromthe absence of a nucleophilic

3- hydr oxihfe@tidhy fheWitat thféohyn &ia§ ok a§ HobBe aémsblgatqu@n@k dyfregaiicheoctiy's
formng a 6- nenbered ester cont ainj ng ring is believed that

di hydr oxmwtrse@/@@uEbatn@twrebw@aqeﬁ.da@reg}ﬂeuw@ﬁgzngff@uﬁ*whq disAppeasancei ci pat e

in such qﬁrgﬁﬁ%hgg s iWeltlonbe nore stable and able to be nmade in higher
yi el d. [005 n a {urt her enbodi nent, the conpounds of Fornula |I have one

of HOP2A]l ae XITheXivi "funBtighaNphd, 1 rag lﬁdlhelein; IefNSRa"WiM'R?NﬁR?eXRRSSGRSat R9;
I | ol X

\Mrwer ein Fﬂomﬂsh%or 1&3 lé\fﬂi)an]darﬂlémﬁlp%%%?%'rsgfnagtf 16?15;5;36‘/21%%;\?5“ ]VY i1 anot her
enbodi menype p33ee.gQ BYIOANN UE% 0I0%E,B0MKE%| 50T8 Ve nture oDivild=eypeattaatyXXVI | and
Vi [|0|027] The term "pS53-related protein," as used herein, refers to proteins that have at least
25% sequence homology with pS3, have tumor suppressor activity, and are inhibited by
interaction with MDM2 or MDM2-related proteins. Examples of pS53-related proteins
include, but are not limited to, p63 and p73.

[0028] The term "MDM2-related protein,” as used herein, refers to proteins that have at
least 25% sequence homology with MDM2, and interact with and inhibit p53 or p53-related
proteins. Examples of MDM2-related proteins include, but are not limited to, MDMX and
HDM2.

[0029] The term “hyperproliferative disease,” as used herein, refers to any condition in
which a localized population of proliferating cells in an animal is not governed by the usual
limitations of normal growth. Examples of hyperproliferative disorders include tumors,
neoplasms, lymphomas and the like. A neoplasm is said to be benign if it does not undergo
invasion or metastasis and malignant if it does either of these. A “metastatic” cell means
that the cell can invade and destroy neighboring body structures. Hyperplasia is a form of
cell proliferation involving an increase in cell number in a tissue or organ without
significant alteration in structure or function. Metaplasia is a form of controlled cell growth
in which one type of fully differéntiated cell substitutes for another type of differentiated
cell.

0030} The pathological growth of activated lymphoid cells often results in an autoimmune
disorder or a chronic inflammatory condition. As used herein, the term *“autoimmune
disorder” refers to any condition in which an organism produces antibodies or immune cells
which recognize the organism's own molecules, cells or tissues. Non-limiting examples of
autoimmune disorders include autoimmune hemolytic anemia, autoimmune hepatitis,
Berger’s disease or IgA nephropathy, celiac sprue, chronic fatigue syndrome, Crohn’s
disease, dermatomyositis, fibromyalgia, graft versus host disease, Grave’s disease,
Hashimoto’s thyroiditis, idiopathic thrombocytopenia purpura, lichen planus, multiple

sclerosis, myasthenia gravis, psoriasis, rheumatic fever, rheumatic arthritis, scleroderma,

10



"R5(sR5 RO-7N XXVI I XXVII1 wherein RI, R5, R7, R9, R10, and Rl1l are as
defi ned above. 1005211 n anot her enbodi nent, the conpounds of Fornula | have

Formula XL VI11: R3B3 NR4 XLVI | | wherein: R, R3, R4, R5 and RO are as
defi ned above. [0053]1n a further enbodi nent, the conpounds of Formula I
have one of Fornul ae XLIX- LXIV: LVI RB R, NN R4 "R5 0 LX

Sj6gren's syndrome, systemic lupus erythematosus, type 1 diabetes, ulcerative colitis,
vitiligo, and the like.

[0031] The term “neoplastic disease,” as used herein, refers to any abnormal growth of cells
being either benign (non-cancerous) or malignant (cancerous).

[0032] The term "normal cell," as used herein, refers to a cell that is not undergoing
abnormal growth or division. Normal cells are non-cancerous and are not part of any
hyperproliferative disease or disorder.

{0033] The term “anti-neoplastic agent,” as used herein, refers to any compound that retards
the proliferation, growth, or spread of a targeted (e.g., malignant) neoplasm.

[0034] The terms “prevent,” “preventing,” and “prevention,” as used herein, refer to a
decrease in the occurrence of pathological cells (e.g., hyperproliferative or neoplastic cells)
in an animal. The prevention may be complete, e.g., the total absence of pathological cells
in a subject. The prevention may also be partial, such that the occurrence of pathological
cells in a subject is less than that which would have occurred without the present invention.

[0035]) The term "apoptosis-modulating agents," as used herein, refers to agents which are
involved in modulating (e.g., inhibiting, decreasing, increasing, promoting) apoptosis.
Examples of apoptosis-modulating agents include proteins which comprise a death domain
such as, but not limited to, Fas/CD95, TRAMP, TNF RI, DR1, DR2, DR3, DR4, DRS,
DR6, FADD, and RIP. Other examples of apoptosis-modulating agents include, but are not
limited to, TNFo, Fas ligand, antibodies to Fas/CD95 and other TNF family receptors,
TRAIL (also known as Apo2 Ligand or Apo2L/TRAIL), antibodies to TRAIL-R] or
TRAIL-R2, Bc1-2, p53, BAX, BAD, Akt, CAD, PI3 kinase, PP1, and caspase proteins.
Modulating' agents broadly include agonists and antagonists of TNF family receptors and
TNF family ligands. Apoptosis-modulating agents may be soluble or membrane bound
(e.g. ligand or receptor). Apoptosis-modulating agents include those which are inducers of
apoptosis, such as TNF or a TNF-related ligand, particularly a TRAMP ligand, a Fas/CD95
ligand, a TNFR-1 ligand, or TRAIL.

[0036] In one aspect of the invention, the inhibitors of the interaction between pS53 and

MDM?2 are compounds of Formula I:
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R3 );0 0 LXIV wherein: R, R3, R4, R5 and RO are as defined above.
1005411 n a further enbodi nent, the conpounds of Fornmula | have Fornmula LXV:
0 LXI 17 LXV wherein: R, R4, R5, RO, R10, and Rl11 are as defined above.
1005511 n a further enbodi nent, the conpounds of Fornmula |I have one of
Formul ae LXVI and LXVII: -,R5 R5 RO

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

X 1s CH, O, N, or S, wherein Rg is absent if X 1s O or S; |

Y is O, S, or NR";

Ri, Ra, R3, R4, Rs, Rg, and R, are independently H or optionally substituted alkyl,-
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, CO,R', OCOR', CONR'R",
NR"COR', NR'SO;R", SO,NR'R", (C=NR")NR"R", or NR'R"; or

R, forms an aryl, cycloalkyl, or heterocyclic group with one of Rs or Re;

Rs is H or optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl,
heterocyclic, CO,R’, OCOR', CONR'R", SO;NR'R", or (C=NR)NR"R";

Ry represents a 6-chloro and a 5-fluoro group; and

each R, R" and R" is independently H or optionally substituted alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, aryl, or heterocyclic; or

R'and R", or R" and R", form a ring;

wherein one of R3 and R4 is CONRR', and one of R and R' is an optionally substituted
cycloalkyl-alkyl or monocyclo-heterocycloalkyl group or a dihydroxyalkyl amino group not
containing a hydroxyl group at the 3-position of the alkyl group.

[0037] In a more particular embodiment, one of R; and R, of Formula [ is a substituted or
unsubstituted aryl (e.g., phenyl), substituted or unsubstituted heteroaryl, cycloalkyl, straight
or branched alkyl, amide or ester.

10038] In another embodiment, one of Rs and R is a Cs. g alkyl group, e.g., propyl,
isopropyl, sec-butyl, tert-butyl, isopentyl, cyclopentyl, norbomnyl, or adamantyl, or a 5- or 6-
membered aryl or heteroaryl group.

[0039] In another embodiment, the compounds of Formula I have a stereochemical

structure as shown in Formula II or Formula III:
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ROO LXVILXVI1 wherein: R, R4, R5, RO, R10, and Rl11 are as defined above.
10056] Parti cul ar enbodi nents of the present invention include, wthout
limtation, any one of the foll ow ng conmpounds: NH " ;0 NH\" C NC
oHCA /- (;?, - NHO

or a pharmaceutically acceptable salt or prodrug thereof.

[0040] In one embodiment, the compounds of Formula I have Formula I'V:

wherein Rj-Rg.and Y are as defined above.
[0041] In another embodiment, the compounds of Formula IV have a stereochemical
structure as shown in Formula V or Formula VI:

- Ry

or a pharmaceutically acceptable salt or prodrug thereof.

13



( OHNH NHNH/,, NNOC H- HOIOH OH OH\ CINNz) "OH\0 NH

[0042] In one embodiment, the Compounds of Formula I have Formula VII:

wherein R|-Ry are as defined above. _
[0043] In another embodiment, the compounds of Formula VII have a stereochemical

structure as shown in Formula VIII or Formula IX:

VIl IX

or a pharmaceutically acceptable salt or prodrug thereof.

[0044] In one embodiment, the compounds of Formula I have Formula X:
Rig
N-Ry4
O

N-R7

wherein:
Ry, Rs, Ry, and Ry are as defined above;
Ripis H; and

14



NH C

OHOHOHOHNH  OHIOH (OH /\ Z-mmee- I NOH (:)", ., --
OH O, NH NH

R, is an optionally substituted cycloalkyl-alkyl or monocyclo-heterocycloalkyl group or a
dihydroxyalkyl amino group not containing a hydroxyl group at the 3-position of the alkyl
group;

or R and Ry, together form an optionally substituted monocyclo-heterocycloalkyl group.

[0045) Examples of substituted cycloalkyl-alkyl groups include C, alkyl substituted by a
cycloalkyl group as described herein below which is substituted further by one or more
hydroxyl groups. Examples of heterocycloalkyl groups include C alkyl substituted by a
monocyclo-heterocycloalkyl group as described herein below.

[0046] Particular examples of  cycloalkyl-alkyl groups include 2-(3-
hydroxycyclopentyl)ethylamino; and 3-(3-hydroxycyclopentyl)propylamino groups. The
respective hydroxyl groups may have either the R or S configurations.

[0047] Particular examples of substituted heterocycloalkyl  groups include 2-(1-
morpholinyl)ethylamino and 3-(1-morpholinyl)propylamino groups.

[0048] Particular examples of dihydroxyalkylamino groups include R and S 4,5-
dihydroxypentylamino, and 4-hydroxy-3-(methylhydroxy)butylamino groups.

[0049] It is expected that when a hydroxyl group is not present at the 3-position of the alkyl
group, the compound may exhibit improved stability during its preparation. Without being .
limited to any particular theory, the improved stability may resulf from the absence of a
nucleophilic 3-hydroxyl group which may displace the amino group of the amide thus
forming a 6-membered ester containing ring. It is believed that dihydroxyalkyl groups not
containing a 3-hydroxy group will not participate in such a reaction and will be more stable
and able to be made in higher yield.

[0050] In a further embodiment, the compounds of Formula I have one of Formulae XI-
XXVI

15
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[\, NHNH ,,.0" € ON OH [/,--"\r- OH Nij Cl OH NH NHO NH

H
XXVi
wherein Ry, Rs, R, Ry, Ry, and Ry, are as defined above.
[0051] In another embodiment, the compounds of Formula I have one of Formulae XXVII

and XXVIIIL
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NHONC | [------ 4 NH ...__ /a..., NHNH ------ S R N A N N A (
a’_", oo /N H

Lo c( \\NH G H

wherein Ry, Rs, Ry, Ry, Ryq, and Ry, are as defined above.

[0052] In another embodiment, the compounds of Formula I have Formula XLVIII:

Z =0
XLVIit

wherein:
Ry, R3, R4, Rsand Ry are as defined above.
[0053] In a further embodiment, the compounds of Formula I have one of Formulae XLIX-

LXIV:

XLIX L Li L
Ry Rs Rs
Ry ;era Ry, /~N-Rs R4 N-Ra
o Rs X , Rs = Rs
Ro o/\o Rew o/‘ko Rew i /~o
L Liv LV LI
Ry Ry Ry Rs
R, /~N-Re Rio/ ~N-Ra Ri_/~N-R Ri. /~N-R
Re{j\%;as Rs{j\&g‘s Re D ~<;K0R5 Rs{j\go&)
7 Z=0 # >0 Z =0
L LVl LIX X
R; Rs R, Rs
Ry /~n-Ra Ri N~Ra Ry, ~n-Re Ri/~n-Ra
. I
S P A
T Ay O Z~0 R A Re 0
LXI LXH LX) LXiv
wherein:
R1, Rs, Ry, Rsand Ry are as defined above.
[0054] In a further embodiment, the compounds of Formula I have Formula LXV:

17
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OH NN7-"CHFNH , NHH Cl NHO H\CI\(:),-_ - NHOHF---..,1-

wherein:
R), R4, Rs, Rg, Ryg and Ry are as defined above.

[0055] In a further embodiment, the compounds of Formula I have one of Formulae LXVI
and LXVII:

R\w

LXVI LXVII
wherein:
Ri, R4, Rs, Rg, Ryg, and Ry, are as defined above.
[0056] . Particular embodiments of the present invention include, without limitation, any one

of the following compounds:
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any one of the follow ng conpounds: HOH 72. HII" /- 0 CIN HO C,
Fl----- /| ---/ 1 OH---- NHF...... ,16. . MAL L iN1-: Cl------- N-;---- 0)c
|l HHOCOHHC HO COHO NH

OH
OH

H
,OH
. OH
O o
N N
x—NH \ Oxo—NH
=/~ o/ ~""NH
F l AN o F\”/\l/‘——/ .
| —
/\O>< . | /\O>/
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;)H
OH /_\,OH
c .~ "OH
Ox—NH “ o
7 /\ 74 \ s
F SN . F O \.—/--.,
| /§0\>< | "/’§O —
cl & ﬁ cl Z N
;DH ,OH
(J,‘OH N/*\
c N O o o~ o
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especially nmethyl, ethyl, propyl, isopropyl, t-butyl, sec-butyl, 3-pentyl,

adamantyl, norbonyl, and 3-hexyl groups. [0059] Useful al kenyl groups

i ncl ude straight-chained or branched C2-18 al kyl groups, especially

et henyl, propenyl, isopropenyl, butenyl, isobutenyl, and hexenyl.

[ 0060] Usef ul al kynyl groups are C2-18 al kynyl groups, especially ethynyl

propynyl, butynyl, and 2- ynyI groups [0061] Usef cycl oal kyl groups are
8 cycl oal kyl . Tpr;ﬁJ IoaIkyI groups i ncl ude Qpropyl cycl obutyl,

cycl opent yki cyetohe and c9xl oh€ptyl .q OQ 2] Useful aryl groups include

C6-14 aryl, pecidii y phenyl, nap

i ndenyl, aZul . bi phenyl , blphe

[ 0063] Usefu eﬂgjgaryl groups inglu

napht ho[ 2, i-en t hi ant hrenyl | ?ury E%tanyl |sobenzofuranyl

chronenyl , xart-hen /\ phenoxant h 6§ olyl, pyrrolyl, |n1dazonI,

pyrazol yl, pyridyl, pyra2|nyl pyrlntdldyl pyri dazi nyl |ndotizinyl,

i soi ndol yl, 3Hindolyl, indonI i ndazol yl, purinyl 4H—quino|iziny|,

i soqui nolyl, quinolyl, ph ad2|nyl naphthyridinyL<:§U|nozallnyl

ci nnol i nyl, pterldlnfq/ IyIc 13- carbq}eﬁ PRerant hri di nyl |

acridinyl, € eri mdigyl, phena throllnyl‘lbhﬁma2|nyl i sot hi azol yl,
phenot hi azi \ |soxazonI furazaqig&thenoxa2|nyl
1, 4-di hydr J \iyne2, 3- dlone 7- saeounmarin,

. di n-4-one, 1, ZF aiﬁé 3-yl, benzim dazolyl,

I, enant hrenyl, ant hracenyl,
nd quorenyI gr oups.
ﬂb_enyl benzo[ b] t hi enyl ,

%/

yrldo[l z
2- oxi ndol yl | 3 d,ﬂqp eben2|n1dazonM heteroaryl group contains a

nitrogen ato iru g, such nite&iog be in the formof an
N-oxide, e.g., a pyrldyl N- oxi de, pyra2|nyl N- oxi de, pyrimdinyl N oxide,
and the like. [0064] Usef het erocyclic groups imel ude nonocyclic

het erocycl i c groups such™ et rahydrof uranyl , yr |, piperidinyl,

pi peri zi nylc| pyrgol idinyl |nPUazoDld|n¥J dazoI|n9F nmor phol i nyl

py¥rd linyl, and t hey
i ncl ude indol hs0|ndollnyl quin

tetronoyl gt Hr0|soqu|nollny¢
ogall _substituted

fused with tiﬁgéﬁii ring, e.g. X

5, 6- di hydge- triazolo[4,g8 Nzi groups. [0065] Optiona
substituents incfude one or nore alkyl; 'hal o; hal oal kyl; cycloal kyl; aryl
optionally substituted with opg or nore |ower alkyl, l,gwer alkoxy,

met hyl enedi oxy, hal o, hdl ol kyl, anlnosulfonylr/anyTT’or het er oaryl groups;

aryl oxy ophioqally subsﬁ%tuted mnth one or nora Lower al kyl, |ower al koxy,
met hyl enedi %aiNy, hal oal kyl, a nﬁif/ aryl, or heteroaryl groups;

pyrazolidin ti-cyclo heterocyclic groups
N nyl, chromanyl, isochromanyl,

.as mell as heterocyclic groups

)

ar al kyl ; hef e apyl optionally sub u uted with one or nore | ower alkyl,

| ower alkqx nﬁgby1ened|oxy, haI =halpafkyl, am nosul fonyl, aryl, or

het er oar yl PSa 2? roaryl oxy OEEZBQEIF ubstituted with one or nore

| ower alkgégi;gif Xoxy, methylg y, | o, hal oal kyl, am nosul fonyl,
aryl, or hetero groups; al koxy; alkYlthio; arylthio; anido; anino;

am noal kyl , aIkyIarnlno acyl@xy aryl acyl oxy optigonal |y substituted with
one or nore | ower aIkyI et _al koxy, nethylenedioxy, hal o, hal oal kyl ,

am nosul fonyl, aryl, M/Qéroaryl groups; di phepnyl®hosphi nyl oxy optionally
subst|tuteqnmnth one/oL/NeLe | oner ~al kyl, IQMEL/%Lkbxy met hyl enedi oxy,
hal o, hal oal | ,Osaminosul fonyl , aryl Foﬁ*heﬂeroaryl groups; heterocyclo
optionally & ituted with one or dokhe Lower al kyl, |ower al koxy,
nethylenedl alNg, hal oal kyl, anm=adsT| fRnyl, aryI het eroaryl, am no
aci d” substf 'su onyl, or anlﬁ erd vative subst|tuted squonyI
groups; het ﬁrnaéyf optlonallg ubs ﬁdﬂﬂ}ﬁfvmth one or 'nore | ower

al kyl , |ofter “al kexy, "net hyl enedi o%y, “hali, haloal kyl, ami nosul fonyl, aryl,
or heteroaryl groups; heterocycl oal koxy optionally substituted wi th one or

nore | ower al kyl, |ower al koxy, nethylenedioxy, halo, hal oal kyl,
am nosul fonyl, aryl, or heteroaryl groups; partially unsaturated
het er ocycl oal kyl optionally substituted with one or nore | ower al kyl, |ower

al koxy, nethyl enedi oxy, hal o, hal oal kyl, atninosulfonyl, aryl, or

het eroaryl groups; or partially unsaturated heterocycl oal kyl oxy optionally
substituted with one or nore | ower al kyl, |ower al koxy, nethylenedi oxy,
hal o, hal oal kyl, arni nosul fonyl, aryl, 2ér heteroaryl groups. [0066] Certain
of the compounds of the present invention nmay exi st as stereoi soners

i ncluding optical isonmers. The invention includes all stereoisoners, both
as pure individual stereoisonmer preparations and enriched preparations of
each, and both the racem c m xtures of such stereoisoners as well as the
individual enantloners that may be separated accordlng to nethods that are
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connection with the follow ng synthetic schemes which illustrate the

nmet hods by which the conpounds of the invention nay be prepared. Starting
materials can be obtained from conmercial sources or prepared by

wel | -established literature nethods known to those of ordinary skill in the
art. It wll be readily apparent to one of ordinary skill in the art that

t he corrpounds defi ned Y€ tan be synt hesi E\;ge}u substitution of the

appropri at & t Rpa d agep®s inC her Yt hown_ ¥ ow.

[ 0068] Conp s have the general sty tur\e of for a X are synthesized by
using a as le on as the key step (Schene 1).
Schene 1. FLODQY gents and condif{] § s:\. 1), CH2C12- CH3CN, KF- Al 203,

m crowave, t)wtgl ~ pi peridine jef iu>’</f;§ A nol ecul ar sieves, toluene,
70C;, c¢) Pb( 0AC) 4, ¢ Me (1:1), 0C, or ammoni um
cerium V) ni tra e (CAN) CH3CN, K2CO3, T7.t. [0070] Conpounds having Formul a
LXV are prepared by a SI}IL\| ar method as the preparatipn of Fornmula X

(Schema 5) ¢ SCheiENM@N@Ldﬂ CHO 1|_63 /\,/NJ\{:/N'J{h N a+tH 4 0 17R55
7\ : (\\\/
o \\/\NH \
NN Fﬁ
cl |/ N/\o>< /\O>\/
o)
~ OH
c NOow ~
~

FO o]
F RN 5 ey F \___/
Wﬁox T
/\
c N CIAVJ\” °>(
OH
OH
~OH (" on
F Ox - NH Fo\\\/NH
7 \ 7 :
- \\/\/NH WNH
F I \ 1’.,,, FW‘J,‘
o ) Ao
o F o NF N



18LXV 100711Reagents and conditions: a) CH2C12-CH3CN, KF-Al 203, m crowave,
or nethanol, piperidine reflux; b) 4A nol ecul ar sieves, toluene, 70C «c¢)
amne, r.t.; d) Pb(0A04, CH2C12-MeOH (1:1), OC, or ammoni um ceriun(lV)
nitrate (CAN), CH3CN, K2C®B, r.t. (00721 One aspect of the invention
related to nmethods of preparing MDMR inhibitor conpounds. In one

enbodi nent, the invention rel atog_g to a method of preparif@a conmpound
havi ng for mul a X, conpri sing/a)condensi ng a conpound ormula 1 with a
conpound ofy Fornul a 2 /{/g’_{\@ sol vepf or a m'xﬁ—mérég sol.vents (e.g.,
CH2C12 and GH3CF qg,ndm m crowave i n theypref NAf talyst (e.g.,
KF- Al 203) { suitable solveHt to forma
conmpound of R R1 123 b) con . Nple conmpound of Formula 3
with a compound of ‘ormula 4 and a conﬁou 0 of\__prrrula 5 e.g., ina

non- pol ar sg@ {e. on, toluene) int e e'n\e dehydrati ng agent
(e.qg., 4A_ppleet E%Qiq;/e; at el evat ed_ tenperg /Ur@ ?gag about 70C) to
forma co%oundo Formula 6; and RL /S 0P hy.... . -........ / 10, _
RO-- 7°..N----NoP hR5 /'--- NH




3456 c) treating the conpound of Fornula 6 with an oxidizing agent (e.g.,
Pb(0Ac) 4, Ammonium ceriumnitrate) in a solvent or mxture of solvents
(e.g., CH2C12 and MeOH, CH3CN) at a suitable tenperature (e.g., about 0OC or
roomtenperature) to forma conmpound of Formula X X [0073] I n anot her
enbodi nent, the invention relates to a nethod of preparing a conpound
havi ng formula LXV, conprising a) condensing a conpound of Fornula 16 with
a conpound of Formula 2, epg., in a solvent or a mxture of solvents (e.g.,
CH2C12 and CH3CN) under rqg@ve in the presence of @Hcatalyst (e.qg.,

KF- Al 203) or in the presenc a base in a suitablefsolvent to forma

conpound Offt Formula 1 RO-, | R CHOR - | 0 16 ) ofgondensi ng t he
conpound of \Fofm@ha N7 with a corrpS nd rad F |la 4 and a conpound of
Formula 5, #€.g., iin a non-polar sol it (e g., toluene) in the presence of
a dehydrati a'ge/n\tNr(e g., 4A nol ecul |m4e) at elevated tenperature

(e.g., abé —to, forma conmpoe f \ fmula 18; and c) treating the
conpound of IFo/r!mJJﬁaol ith an oxidi|zi ;ag-_ga (e.g., Pb(0A04, Ammoni um
cerium nigira n a /ol vent or ngXt f solwents (e.g., CH2C12 and MeOH,

CH3CN) at a suitable tenperature (e.g., about OC or roomtenperature) to
forma conpound of Formnul @HLXV LXV wherein: Rl, R5, R9, R10 and Rl11l are

as defined above. [0074] i nportant aspect of the ;m-esent invention is
t hat conpounds of For rrul ?Phduce /—\
ci TN oH
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cell cycle arrest and/or apoptosis and al so potentiate the induction of

cell cycle arrest and/or apoptosis either alone or in response to
addi ti onal apoptosis induction. signals. Therefore, it is contenplated that
t hese conpounds sensitize cells to induction of cell cycle arrest and/or
apoptosis, including cells that are resistant to such inducing stimuli. The
inhibitors of the interaction between p53 or p53-related proteins and VMDW2

or MDMR-realted proteins 'Rﬁﬁ pr esent inventiopfqa%Pbe used to induce
apoptosis in qu di sor der can be treated aheVl Hhted, or prevented by
0

t he induct Con jof japo is. I'n onecenmbadj nent,~the i nhi bitors can be used
to induce ao-otosﬁs'*n cells conpri wrdtH onal p53 or p53-rel ated
proteins. . ' n anot her enbodifreRt, the invention pertains to

nmodul atin |s aSSOC|ated th i s associated with one or
~nore apopto OT ting agents. -of_ apopt osi s-nodul ati ng agents
i ncl ude, bu e ﬁﬁb ted to, Fa / 5f\5 , TNF R, DR1, DR2, DR3,
DR4, DR5,Ci P, TNFa, Ras gapd, I L, anti bodi es to TRAIL-RL
or TRAIL-R2, Bcl 2, p53 BAX, BAD, Akt, D, PI3 kinase, PPl, and caspase
pr ot ei ns. Clher agents ivolved in the initiati deci si on and degradati on
phase of apoptosis are. ‘\[T@%cluded ﬁkanpl:sdéi:bp t osi s-nodul ati ng
agent s i nctude agents\lfhe activitg pr enc change in concentration

of which, can fiodutMie apoptosis in '?e%t. Apopt osi s- modul ati ng agents
i nclude th se\mnyeh are inducers of 8si. s, such as TNF or a

TNF-rel ate |gang, partlcularly g h ;band, a Fas/CDO5 ligand, a
"TNFR-1 i ; OL\T L. [0076] 1 n {ony enpb i rents, the conpositions and
met hods g$ e i nvention S reat di seased cells, tissues,
or gans, pat hottogi cal conditions and/om di sease states in an anlmm
(e.g., a mammal i an subject including, but not limted to, humans and
veterinary animals). In t. regard, various disedses and pathol ogi es are
anenabl e tgltrpatnent prophyl axis §ing t re by et hods and

conposi tiofg. /ACQmd’i M ting exeon"ryIa\JN f these d|seases and

condi tions &l udes, but is not |ingFTRd to, breast cancer, prostate cancer,
| ynphoma, sk ganger, pancreatic 7ol on cancer, nelanona mal i gnant

mel anong, Fa r—cancer, brain c&rg lL.jmary brain carcinoma, head-neck
cancer, gli @ gl stoma, |iver ceh@ dder cancer, non-snall cel
| ung canozfr, 4ﬁ or/neck carci nots,; tht car ci nona, ovarian carci nomg,

| ung carcinoma, small-cell lung carcinoma, WIns' tunor, cervical
carcinoma, testicular carc' ma, bl adder carcino ancreatic carcinona,
stomach carci goma, col o il noma, pr stati;_gﬂggigﬁna, genitourinary
carci nomg, € h erd C rC|no Oésoph ng car ginoma Bl oma, multiple

/ eﬁilnona renaI Cf cai oma, endonetrial carcinonms,

i c insulinoma, malignant
,co,ls fungoi des, mal i gnant

hyper cal cem : Txf. hyper pl asi a] ruk ‘Eﬁﬁacute | ynmphocytic | eukem a,
chroni c | ynaphe ukem a, acuge gen s | eukem a, chronic

nyel ogenous IeuHénta, chronic granul ocytl c | eukenmi a, acute granulocytlc

| eukem a, hairy cell |euke ar{meuroblastona rhabdonygesar coma, Kaposi'

sarcoma, polycythem a ve Nessenti al thronbocytost_’Pbdgkin S disease
non- Hodgki nys Iynphonnf/§eif ti ssue_sarcong, heggenlc sarcone, primary
macr ogl obul 1nem ‘&—8nAd retinobl ast dfm, and Nthe like, T and B cell nedi ated
aut oi rmu di deasgs; ianannatordeVseases; i nfections; hyperproliferative

di seases; ARDS; geg@nerative condi t <o 1 wétscul ar di seases, and the |ike.
I n sone en% DEH tﬁe cancer celly glreated are netastatic. In
ot her enbaqdi §f‘@ cancer cell s Qe pQEfted are resistant to

antlcanceF agentB 10077] In son® embodi nents, infections suitable for
treatnent with the conpositions . and nethods of the present invention

i nclude, but are not limted to, infection's caused by viruses, bacteria,
fungi, nycoplasma, prions, and the |ike. [0078] Sone enbodi ments of the
present invention provide nmethods for adm nistering an effective anmount of
a conpound of Fornmula | and at | east one additional therapeutic agent
(including, but not imted to, chenotherapeutic antineoplastics,

apoptosi s-nodul ating agents, antimcr@bials, antivirals, antifungals, and
anti-inflammtory agents) and/or therapeutic technique (e.g., surgical

i ntervention, and/or radiotherapies). [0079] A nunber of suitable anticancer
agents are contenplated for use in the nethods of the present invention.

| ndeed, the present invention contenplates, but is not limted to,
adntnlstratlon of numer ous antlcancer agents such as: agents t hat i nduce
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[ 0083] I n sone enbodi nents, antinetabolites suitable for use in the present
conposi tions and nethods include, but are not limted to: 1) folic acid
anal ogs (e.g., methotrexate (anmethopterin)); 2) pyrimnmdine analogs (e.g.,
fluorouracil (5-fluorouracil; 5-FU), floxuridine (fluorode-oxyuridine;
FudR), and cytarabine (cytosine arabinoside)); and 3) w ne anal ogs (e.qg.,
mer capt opuri ne (6-ner captopur iﬁ;; 6- MP), thioguanine (6-thioguanine; TG,
and pentostatin (2 deoxycre‘f\ cin)). [0084]In stcﬁ |1 further enbodi nents,
chenot herapeutic agents syiitable for use in the ¢0 sitions and net hods of
the presentci nveg)tl on~nclde, but are not limted to: 1) vinca alkal oi ds

(e.qg., vi an e\{NH_B) vincristine); @) wpi podophyllotoxins (e.g.

et oposi de" osi de); 3) ant#b¥oRjics:(e.g., dactinomycin (acti nonyC| n
D), daunor I n (d 'dnonym n; rubi d\;tqymvrﬁ Hdoxor ubi ci n, bl eonyci n,
plicanycin n- , and mto —mtorrym n C); 4) enzymes (e.g

L- asparagi nasey! Ioglcal respansg_o Xers (e.g., interferon-alfa);

6) platinéh coor atl ng conpl exe&' (e’ g. N ci splatin (cis-DDP) and
carboplatin); 7) anthracenediones (e.g., mtoxantrone); 8) substituted
ureas (e.qg. | hydr oxyur ea)~pd) et hyl hydrazi ne de /&t\\ves (e.0.,

pr ocar bazi n% ( N- g by hydraw@ M‘F‘l)) ’\g_"drg\la;grf H suppressants

(e.g., mkQ (o;p' -DDD) and a ethlmde)
adrenocorti g gy (e.g., prednis .44} progesti ns (e.0.,
hydr oxypr o 1€ caproate medr px ro_§/t erone acetate, and negestrol
acetate); $t 1 e.g., dieth I I«h and et hinyl estradiol);
14) anti e+ 0gensN( e. g{ tam)X|fera; Za ens (e.g., testosterone
propi onate and fl'doxyrrester one); 16) antﬁhndr ogens (e g., flutamde): and
17) gonadotropi n-rel easi Pguhor none anal ogs (2&%\ oI i de). 100851 Any
oncol ytic ent that nf Out i ne Ltsed i car th apy context finds

i i e Hy ({]Er'iﬂ esenl\/i ntion. For exanple,

use in the Gonp8si-tions and-Tret

the U S ?‘m@%@d Drug Adm ni stratl on\ ngfu ns a forrrul ary of oncolytic
agents appg ove \f_(ﬁ‘r“' use in the Uniged Stlates. International counterpart
agencies to @ %O -D. A nmaintain Jsi I)@roxr mul ari es. Table 1 provides a
| ist of exe a |neopI astic @ mpproved for use in the U S. Those

skilled in the art will appreciate that Hhe "product | abels"” required on
all U S. approved chenot her ape@tl cs descri be approved indications, dosing

information, toxicity da d the_Iike, for/\/a\e&eﬁbl ary agents. Table
1. Al desl eu®jn (des- yI NSier i n%‘y 125 | euki n-2) Prol eukin
Chi ron Cogp mer yvi AI emt b (1 gGl K ant| CD52 anti body)

Canpath M| dILEX Partner ridge, MA Alitretinoin
(9-cis-retrnag C_IJ) Panretin Lig harmaceuticals, Inc., San Diego CA
Al | opuri nol @ -4 H -pyraz loT MWI m di n-4- one nonosodi um
salt) Zyl epriw Cl
OH
OH "'OH

c o~ ol

O -
- NH OH O~ NH
F@/ F\\)\\\\ ;
atl WNH

NN

-, F N ,_/.,,,
Dy PO EEYe
L o

29



G axoSm thKl i ne, Research Triangle Park, NC Altretamine (N, NN ,N 6 N',6N', -
hexanmet hyl-1, 3,5-triazine- 2, 4, 6-triamne) Hexal en US Bi osci ence, West
Conshohocken, PA Anifostine (ethanethiol, 2-[(3-am nopropyl)am no]-,

di hydr ogen phosphate (ester)) Ethyol US Bioscience Anastrozole

(1, 3- Benzenedi acetonitrile, a, a, a', a'-

tetranethyl-5-(1H 1, 2,4-tri a -1l-ylmethyl)) Arim dexqﬁst raZeneca

Phar maceuticals, LP, WImngton, DE Arsenic trioxide /Iri senox Cell _
Therapeutic, Inc., Seattle,/W8bHAsparagi nase (L- az‘w am dohydr ol ase,

type EC-2) El spar I\/Erglg/&JCo. , I'nc., Vi tehouse ion, NJ BCG Live
cl / OxNH
(@) N
F— > —
F ~ \:—J-.,, : : . F ‘ \‘ "', th
" by
= =
Ao .
Ci H
OH
/\/_C)H //<:
C
©\ O or y \ Oy-NH oH
F— : Y
\\ \/\NH F‘Q/ \\___/r'\lf'i
N Py
(T ~o Ao
cl / Cl H

P Cl
c H
OH OH
(\,OH
NJ Ct /\/_-N\/‘OH
7~ (0] H
F~( ; NH
\\\\/_\J NH =X ]
F ‘\‘ e WFOX
_ /\O/ ANFTN
N Cl
Cl
OH OH
(\AOH h_\
Aﬁ/ —on
cl c Ox-NH
7\~ F\%\\\ N
-~ \/\NH FIQ/\\\
NS T o<
‘/5 /\O>< Z N
N cl H
cl N



(l'yophilized preparation of an attenuated strain of Mycobact eri um bovi s

(Bacillus Cal m etteQuki
Tekni ka, Corp., Durham

n [ BCG,
NC bexar ot ene capsul es

substrain Montreal) TICE BCG Organon

(4-11-(5,6,7,8-tetrahydro-3,5,5, 8, 8- pentanet hyl-2-napt hal enyl) ethenyl]

benzoic acid) Targretin Ligand Phar maceuti cal s bexar ot ene gel
Bnyci n Bl enoxane Bri stol -
tidyotics produced by

Li gand Pharmaceuti cal s
(cytotoxic glycopeptide
bl eonycin A, and bl eonygy

B

B2)

(5' - deoxy- SﬂfIUO@o entyloxy)cambonyl
CarbopIaQ1n/ Iatlnun1 di anm ne [ cyéf‘
, (SP- 4- ~\(\ — \

| ~o o
o N A\

F

FOX

di

Targretin
Myers Squi bb Co. ,

Stre@tomyces verticillus;
NY, NY CapeC|tab”ﬁ

S| oda Roche

t anedi car boxyl at o( 2+0,

?H OH
\OH [
ol cl o “'OH
\)\\ o\\_/NH Y \/NH
" (;)A\/&NH “
~o0 KT f\o
o TN \
PH
OH
(\>‘OH /.__<
cl o N - N_~~0H
X—NH Ox—NH
= NH — NH
F X “_/' F RN \‘—JI
L o < L ?tojxi
(] N cl N
OH
Cl (L OH
/\/—\/‘
OQ‘—/NH CI\ O\\_/NH
F—~" : F—? :
AN \
= ¢ NH - < "NH
] I \| N N
= >/ I T~ >/
o TN °N CVA\47\Nr\o \
OH
N
cl ,»\/N‘J/ cl o /—~/ﬁ_—
Oxo—NH \J;\\ - NH
F—¢ \\\ R F—7 \\ :
-~ { NH EQ/’~</\pH
Ul T
~o)x SN
o a” "N
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Par apl atin Bristol -Mers Squi bb Carnustine (1 :

, 3-bi s(2-chloroethyl)-1-nitrosourea) BCNU, Bi CNU Bristol-Mers Squi bb
Carnustine with Polifeprosan 20 Inplant diadel Wafer Guilford

Phar maceuticals, Inc.. Baltinore, MD Cel ecoxib (as 4-[5-(4-nethyl phenyl)- 3-
(trifluoromethyl)- 1H pyrazol-1-yl]. benzenesul fonam de) Cel ebrex Searle

Phar maceutical s, Engl and Hnbuci |
(44bi s(2chl or et hyl ) am ng] benzenebut anoi ¢ acid) Leu d axoSm t hKl i ne
Cisplatin (PtCl2H6N2) Phatinol Bristol - Mers Sgui ad@bi ne
(2-chl or o- 2 - deayy- D’ adenosi ne) © OsNi '
M -

F N : F—7 1 :
~~"NH -~ G NH
AN Nt AN Nty
P b o~
Ay Jhymox
cl N cl N
O Do
Cl S~ Cl I~
Oxe—NH Ox—NH
F—/ \ : . F— \ :

WNH
F |\ ol Fﬁ—i,
~ —
~o T o)
o N N cl N
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Leustatin, 2-CdA R W Johnson Pharnmaceutical Research Institute, Raritan,
NJ Cycl ophospham de (2-[bis(2-chloroethyl)am no] tetrahydro-2H

13, 2- oxazaphosphori ne 2-oxi de nonohydrate) Cytoxan, Neosar Bristol-Mers
Squi bb Cytarabine (I -b-D Arabi nof uranosyl cyt osi ne, COHL3N305) Cytosar-U
Pharmaci a & Upj ohn Conpany cytarabi ne |iposomal DepoCyt Skye

Phar maceuticals, Inc., San/Diego, CA Dacarbazi ne
(5(33dir&ethy|-|-tr' en lmdazole4 car bo r‘r‘(DTIC)) DTI G Done
Bayer AG Lgver kugeg, Cermany Bact i n i nonycias D (acti nonycin
produced by/Sireptonyces parvul | ug\&l@ﬁmzow) Cosnegen Mer ck
Dar bepoeti nwa conbi nant pepti I
poet i | fe\/_(jqa pep Lanesp
I = ",\"’>/ F | X "
. H /\o T
R SR C,/\/LHF.OX
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Angen, Inc., Thousand Gaks, CA daunorubicin |iposoma
((8S-cis)-8-acetyl-10-[(3-am no-2, 3,6-tri deoxy-

6- L- 1 yxo- hexopyr anosypoxy] -7, 8,9, 10- tetrahydro-6,8, 11 -tri hydrox y-1
-met hox y-5, 1 2- napht hacenedi one hydrochl ori de) DanuoXom e Nexst ar

Phar maceuticals, Inc., Boulder, CO-Daunorubicin HC, daunonycin ((I S, 3 S
)-3-Acetyl-1,2,3,4,6, 11- he ydro-3,5, 12-tri hydr oxy=10- met hoxy- 6, 11- di oxo- 1
- napht hacenyl 3-am no-2/3,%6-t.rideoxy- (al pha)- I'vxe_- hexopyr anosi de

hydr ochl or i%e) @eyyi/di ne WePh Ay&ist, ddadygon, NI DBl eukin diftitox
(reconbi eptide) Ontak Seragens fnc.; Hopki nton, MA Dexrazoxane
((S)-4,4"-(\L: iiml, 2- et hanedi yOoi.S2<6-npi per azi nedi one) Zi necard

Phar maci a ® j \Z .onmpany Docet a R-33) - N- car boxy- 3- phenyl i soseri ne,
N-tert- TaxOtefe AveiTs Pharnaceutﬂcglsjﬁcﬁ ; Bridgewater, NJ but yl
ester, 13CiEster Wi th’ 5b-20- epoxy184, &7 7b) 10k, 23a- hexahydr oxyt ax- 11-en-9-

one 4-acetate 2-benzoate, trihydrate)

o Oﬁ l/\NMe
) h_ P O N Hal

HCI /NH
XL .
| \>>o A ‘>>o\§i
a” >N

cl ~— Hel
. O NH
E 2HCl
/~NSO,CF, /
F & 'w;>&\
\
o)

H CF,COOH and ©

[0057] Another particular embodiment of the present invention includes, without limitation,

any one of the following compounds:
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Doxor ubi cin HCl (8S, 10S)-10-[(3-am no-2, 3, 6-tri deoxy-a-L-

| yxo- hexopyr anosyl ) oxy] -8-glycolyl-7,8,9, 10- tetrahydro-6,8, 11-
trihydroxy- 1 -nethoxy-5,12- napht hacenedi one hydrochl ori de) Adriamycin
Rubex Pharmaci a & Upj ohn Conpany . doxorubicin Adriamycin PFS |Intravenous
i njection Pharmaci a & Upj ohn Conpany doxorubicin |iposomal Doxil Sequus
Phar maceuticals, Inc., Menlo park, CA dronostanol one propionate
(17b-FNdroxy-2a-nethyI-H@OaanQStan-S-one propi onate) Dronostano | one El
Lilly & Company, |ndianapgt$, IN dronpstanol of€ propi onate Masterone

i nj ection Syptex,O0Cong , Palo Alto,,CA Elliott' s~B S®ution Elliott's B
Sol uti on Orphay Medical, Inc Epirubilcin Ox NH

((8S-cis)-10 ampo-2,3,6-tride - L= arabi no-
hexopyr anog y)-7,8,9,10- tetrah HL1-tri hydrox y-8- (hydrox
yacet y1) - 1- ngt hgXy=5, D2- _napht hacef —hy.dr ochl ori de)
N 2N | /=0
Cl N a N
HO
- OH H% OH
c O Cl F /\/\/
X—NH 3 Ox—NH
7 \ A~ 7 \ :
=/ < /~"NH
F ] X F N \ ‘
/=0 I ~
c = >< cl Z /\O><
HO HQ

VS
~ oK o <
o N N o
HO OH : H(%

OH
cl ~ “Cl 0 /\/\/\
Ox—NH ! ~X—NH

F—~ \ : 4 \! S
~/~"NH '/~ NH
F I \| — F\|/v_—/,,
/Q — | — —
cl = ox CI/\/L”/\O>\

HO OH
; OH
cl o~ cl F‘*(j
\ NH OH

Ox—NH ' On-
et QQ/‘ﬁ(\NH
S NN
7o L =0
o \ o F N
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El | ence Pharnmaci a & Upj ohn Conpany Epoetin alfa (reconbi nant peptide)
~Epogen Angen, |Inc Estranustine :

(estra-1,3,5(10)-triene-3,17-diol (17(beta))-, 3-

[ bi s(2-chl oroet hyl)carbamate] 17-(di hydrogen phosphate), disodiumsalt,
nonohydrate, or estradiol 3-[bis(2-chloroethyl)carbamate] 17- (di hydrogen
phosphat e), di sodi um sal/,‘ohionohydrat e) Entyt Phargmci a & Upj ohn Conpany

Et oposi de phosphat e (4 =\Denet hyl epipodophyl | i n 944, 6-0-(R) -
et hyl i dene- é'bet aRQHch anosi dg\), 4" o iy en phosphate)) Etopophos
Bristol - We qui bb et oposiUt, VP-Z67' (4 -demet hy®epi podophyl | otox in
914, 6- 0- (R)\=_emayl I'fgne- (bet a) - D- gl\uc rangsi del ) Vepesid Bristol-MWers
Squi bb Exe ne_(6- met hyl enandr @st 3 1, 4-di ene-3, 17-dione) Aromasin
Phar maci a &J|Upjjohn-Cc y Fil grastim {jr - net CSF) Neupogen Angen, Inc
roxuridié] i N{Eﬁ) N al) (2'-%@%&%& ridine) FLTDR
H : H
cl ~, OH cl ~ "OH

¢ \ Ox-NH =
7\ ?NH OH %\\\ \ OH
et Sadt.
FY\/-_J'“. F X _/:
Ly AR
C H

= NH ~ “NH
F \_J F\\/\\/_i/
rex Jnpes
= N
N N
cl N cl N
HO
~—OH 1 OH
Cl /,’_\ﬁ Cl 0 /\/
F Ox—NH F Ox—NH
7 or 7
— \ NH = \ NH
F S F | \|
! /\OY /=0
>N ciNF A\
H
cl ~, OH cl ~/"OH
FOx-NH ) FOx~NH -
Y 3 OH /\« 5 OH
\\ ' \\ '
- NH . ™~""NH
F \ F \_/
I BN '_/,\"l \TI/\/"’, e
~o AL o
o >N \ e N



Roche Fl udarabi ne (fluorinated nucl eotide anal og of the antiviral agent
vi dar abi ne, 9-b - Darabi nof uranosyl adeni ne (ara-A)) Fludara Berl ex
Laboratories, Inc., Cedar Knolls, NJ Fluorouracil, 5-FU
(5-fluoro-2,4(1H, 3H) - pyri m di nedi one) Adrucil |ICN Pharmaceuticals, Inc.,
Humacao, Puerto Rico Fulvestrant (7-al pha-[9- (4 4,5,5,5-penta

f 1 uor opent yl sul phinyl) nonytRé&stra-1, 3, 5-(10)- S.D gx I PR
Phar maceuti cgl s, Guaya Puerto Rlco trlene eta di ol) :
GEHEitabineq? -de@xy, ~ori f | uord ytldev_ dr(bhlorlde (b-isoner))
CGenrar El iFLiA | F /
| = NH '\ NH :
j | = \T_A” R \7~~u .
/’§o>< | = >{
= O
Cl N c N
~—OH

X N
P~ \ /\ OH F\/\\\ : ©
o X F%NH
X N
l . ., i
~o ) T o
TN cr/\<¢“\”/\o
Cli 0 /\/\OH ‘ol H_/_\/\OH
F | | M \%H HCl
SN o
~N © P o)
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Gent uzumab Ozogami cin (anti-CD33 hP67.6) Myl otarg Weth Ayerst CGoserelin

acetate (acetate salt of [D Ser(But)6, Azgl y10] LHRH;

pyro-Qd u-Hi s- Trp- Ser-Tyr-D- Ser (But) - LeuAr g- Pro- Azgl y- NH2 acet ate

[ C59F184N1s014 . (C2H402). Zol adex | nplant AstraZeneca Pharmaceutical s

Hydr oxyurea Hydrea Bristol-Mers Squi bb Ibritunmomab Ti uxetan

(i mmunoconj ugate resulting froma thiourea co¥al ent bond between the

nonocl onal antibody Ibritynmomab and the |inker CIRE at or tiuxetan

[ N-[2-bi s(car box Mam no] - 3- ( pcsot hiwocyanappphenyl) - propyl] - [ N-[ 2-
nopH2- (net gyl -OxtNyT] gl yci ne) Zevalin Bi ogen | DEC,

1 | dar ubi cin (5, Napht hacenedi one. 9-acetyl - [(3-

i geQuy- (al pha) - L- NH

hexopyr ano )oxyl-7,8,9,10-tetrg 9; 11—4@ hydr oxyhydr ochl ori de, (7S-
cis )) | famyeipr-Phar i a & Upj ohnJConpansed f osf ani de

(3-(2- chIo V7=@-[(2- chi oro& yppammo] t et rahydro- 2H 1, 3, 2-
oxazaphogiphor’ ne}‘*l 2- oxi de) H
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| FEX Bristol -Myers Squi bb 1matinib Mesilate (4-[(4-Methyl- |

- pi perazi nyl ) met hy1] - N[ 4- net hyl - 34[ 4- ( 3-pyri di nyl) - 2-

pyri m di nyl ] am nol - phenyl ] benzam de net hanesul fonate) d eevec Novartis AG

Basel, Switzerland Interferon alfa-2a (reconbinant peptide) Roferon-A

Hof f mann- La Roche, Inc., Nutley, NJ Interferon alfa-2b (reconbi nant

peptide) Intron A (Lyophilige d Betaseron) Schering 4G Berlin, GCermany

irinotecan HC1 ((4S)-4,11-diethyl-4-hydroxy-9-[H64- piperi -

di nopi peri di no) car bonyT 6xyl - 1Hpyrano[3', 4': 6, 7Y indolizino[1,2-b]

. I one hydrochlkoride trihydrate) Canptosar Pharnacia
& Upj ohn Canpany Letr le (4,4 - azol - 1-yl met hyl ene)

di benzonit e) Femag@a Novartis Ley sd ut am ¢ aci d,
N[4[[(2am‘-foM| . 1,4,5,6,7, y 040X 06-
pteridi nyl\)et ; ’I&H(lzl))

[0058] Useful alkyl groups include straight-chained or branched C;s alkyl groups,
especially methyl, ethyl, propyl, isopropyl, t-butyl, sec-butyl, 3-pentyl, adamantyl,
norbornyl, and 3-hexyl groups.

[0059] Useful alkenyl groups include straight-chained or branched Cj.s élkyl groups,
especially ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, and hexenyl.

[0060] Useful alkynyl groups are C,3 alkynyl groups, especially ethynyl, propynyl,
butynyl, and 2-butynyl groups

[0061] Useful cycloalkyl groups are Cjjg cycloalkyl. Typical cycloalkyl groups include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl.

[0062] Useful aryl groups include Cg. 4 aryl, especially phenyl, naphthyl, phenanthrenyl,
anthracenyl, indenyl, azulenyl, biphenyl, biphenylenyl, and fluorenyl groups.

[0063] Useful heteroaryl groups include thienyl, benzo[blthienyl, naphtho(2,3-b]thienyl,
thianthrenyl, furyl, pyranyl, isobenzofuranyl, chromenyl, xanthenyl, phenoxanthenyl, 2H-
pyrrolyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyndazinyl,
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Vel | covori n, Leucovorin Inmmunex, Corp., Seattle, WA Levam sole HCl ((-)-(
S)-2,3,5, 6-tetrahydro-6-phenylimdazo [2,1-b] thiazole nonohydrochl oride
Cl | H12N2S. HC1) Ergam sol Janssen Research Foundation, Titusville, NJ
Lonusti ne (1-(2-chloro-ethyl)-3-cycl ohexyl-1- nitrosourea) CeeNU

Bri stol - Myers Squi bb Mecl oret ham ne, nitrogen nustard

(2- chl or ondbl{znyE hidﬁ{daﬁ,tl,hm—)ndurw,tiﬁddl?; fnana Nsuriyl s ECdHilizRe), idysihaygen
Merck . Megestrol acetate 17a( acetyl oxy)- 6- nethyl pregna- 4,6- diene3, 20-
di one Megitirolgy Phthaleiny}, craphtipidiny. QEIpEdingly cinnopy) pteridinyl, carbazolyl, f-

carbolinyl, phenanthridinyl, acndinyl, penmidinyl, phenanthro]inyl,. phenazinyl,

isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl, phenoxazinyl, 1,4-dihydroquinoxaline-

2,3-dione, 7-aminoisocoumarin, pyrido[1,2-a]pyrimidin-4-one, 1,2-benzoisoxazol-3-yl,

benzimidazolyl, 2-oxindolyl, and 2-oxobenzimidazolyl. Where the heteroaryl group

contains a nitrogen atom in a ring, such nitrogen atom may be in the form of an N-oxide,
. e.g., a pyridyl N-oxide, pyrazinyl N-oxide, pyrimidinyl N-oxide, and the like.

[0064] Useful heterocyclic groups include monocyclic heterocyclic groups such as
tetrahydrofuranyl, pyranyl, piperidinyl, piperizinyl, pyrrolidinyl, imidazolidinyl,
imidazolinyl, morpholinyl, pyrazolidinyl, pyrazolinyl, and the like. = Multi-cyclo
heterocyclic groups inciude indolinyl, isoindolinyl, quinuclidinyl, chromanyl, isochromanyl,
tetronoyl, tetrahydroisoquinolinyl groups, as well as heterocyclic groups fused with a
heteroaryl ring, e.g. optionally substituted 5,6-dihydro-8H-[1,2,4]triazolo[4,3-A]pyrazinyl
groups.

[0065] Optional substituents include one or more alkyl; halo; haloalkyl; cycloalkyl; aryl
optionally substituted with one or more lower alkyl, lower alkoxy, methylenedioxy, halo,
haloalkyl, aminosulfonyl, aryl, or heteroaryl groups; aryloxy optionally substituted with one
or more lower alkyl, lower alkoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl, aryl, or
heteroaryl groups; aralkyl; heteroaryl optionally substituted with one or more lower alkyl,
lower alkoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl, aryl, or heteroaryl groups;
heteroaryloxy optionally substituted with one or more lower alkyl, lower alkoxy,
methylenedioxy, halo, haloalkyl, aminosulfonyl, aryl, or heteroaryl groups; alkoxy;
alkylthio; arylthio; amido; amino; aminoalkyl, alkylamino, acyloxy; arylacyloxy optionally
substituted with one or more lower alkyl, lower alkoxy, methylenedioxy, halo, haloalkyl,
aminosulfonyl, aryl, or heteroaryl groups; diphenylphosphinyloxy optionally substituted
with one or more lower alkyl, lower alkoxy, methylenedioxy, halo, haloalkyl,
aminosulfonyl, aryl, or heteroaryl groups; heterocyclo optionally substituted with one or
more lovx;er alkyl, lower alkoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl, aryl,
heteroaryl, amino acid substituted sulfonyl, or amino acid derivative substituted sulfonyl
groups; heterocycloacyl optionally substituted with one or more lower alkyl, lower alkoxy,

| methylenedioxy, halo, haloalkyl, aminosulfonyl, aryl, or heteroaryl groups;

heterocycloalkoxy optionally substituted with one or more lower alkyl, lower alkoxy,
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(4-[bis(2-chloroethyl) am no]-L-phenyl al ani ne) Al keran G axoSm t hKl i ne
Mer capt opurine, 6-MP (1,7-di hydro-6 H -purine-6-thione nonohydrate)
Purinet hol d axoSmithKline Mesna (sodium 2-nercapt oet hane sul fonat e)
Mesnex Asta Medica Methotrexate (N-[4-[[(2, 4-di am no- 6-

pteridi nyl ) met hyl ) net hyl am noThenzoyl] - Lgl utam c acid) Methotrexat e

Leder| e Lndinyiateaioxes hie} MatsailyknatiBosaonglX Yaryli+druh@grdardt (rbuls; paniatipyr an- 7-
g? ,e)st (L)J?/ a(@gqrgrgga?hﬁ%%ocylcloalkyl 2)/;)\1%¥on51>1(;E gSBStIE?CdMW}ﬂ’? ong Iorr] rr?orlevliower alk)rrl lower
' alkoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl, aryl, or heteroaryl groups; or
partially- unsaturated heterocycloalkyloxy optionally substituted with one or-more lower
alkyl, lower alkoxy, methylenedioxy, '.halo, haloalkyl, aminosulfonyl, aryl, or heteroaryl
groups. _

[0066] Certain of the compounds of the present invention may exist as stereoisomers
including optical isomers. The invention includes all stereoisomers, both as pure individual
stereoisomer preparations and enriched preparations of each, and both the racemic mixtures
of such stereoisomers as well as the individual enantiomers that may be separated according
to methods that are well known to those of skill in the art.

[0067] The compounds and processes of the present invention will be better understood in
connection with the following synthetic schemes which illustrate the methods by which the
compounds of the invention may be prepared. Starting materials can be obtained from
commercial sources or prepared by well-established literature methods known to those of
ordinary skill in the art. It will be readily apparent to one of ordinary skill in the art that the
compounds defined above can be synthesized by substitution of the appropriate reagents
and agents in the syntheses shown below. |

[0068] Compounds have the general structure of formula X are synthesized by using a

asymmetric 1, 3- dipolar cycloaddition as the key step (Scheme 1).
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m tonycin CcM tozytrex SuperCen, Inc., Dublin, CA Mtotane

(1, 1-di chl oro-2-(o-chl orophenyl) - 2- (pchl orophenyl ) ethane) Lysodren
" Bristol -MWers Squi bb Mtoxantrone (1, 4-di hydroxy-5,8-bis[[2- [(2-

hydr oxyet hypam no] et hyl | am no] -9, 10- ant hr acenedi one di hydroch

| oride)

Novantrone | munex Cor porati on Nandrol one phenpropi onate Durabolin- 50

Or ganon, Ycheme 1Vest Orange, NJ Nof et unomab Ver | uma Boehri nger

I ngel heim

Pharma KG Germany Oprelvekin (1L-11) Neunmega Genetics,.| n%ti tyte, Inc.,

O

Al exandria, VA Oxaliplatin (cis-[(1R 2R)-1, 2-cyt&l ohexangdi aIne- N, N1
+ N
4

[oxalato(2-)-0,0/ pl ati nunm) El oxatin
RoTL | \ 0 4 rRcHO 8

(0
H O\
1 2 3 \—R5 5
R10\N1R11
S
b, ¢ Ry NH
X Rs
Rg_ Rg_| _ \ 6]
H
6 X
[0069]  Reagents and conditions: a) CH,Cl,-CH3;CN, KF-Al,O3, microwave, or methanol,

piperidine reflux; b) 4A molecular sieves, toluene, 70°C; ¢) amine, r.t.; d) Pb(OAc)s,

CH,Cl;-MeOH (1:1), 0°C, or ammonium cerium(IV) nitrate (CAN), CH3;CN, K,COs, 1.t.

[0070] Compounds having Formula LXV are prepared by a similar method as the

preparation of Formula X (Scheme 5).

Scheme 5.

R, 0 o} Ph
) X
=
% N~ Ph
| RQ%O RCHO —28 . g o + H
. O + 1 ] & | O 4
0
17 \_g

16 2 | s 5
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Sanofi Synthel abo, Inc., NY, NY Paclitaxel (513, 20-Epoxy-1, 2a, 4,713,
1013, 13ahexahydroxytax-11-en-9-one 4, 10-di acetate 2- benzoate 13-ester
with (2R, 3 S)- N-benzoyl-3- phenylisoserine) TAXCL Bristol - Mers Squibb
Pam dronate (phosphonic acid (3-am no-Ihydroxypropylidene) bis-, disodium
salt, pentahydrate, (APD)) Aredia Novartis Pegadenase

((mononet hoxypol yet hyl ene gl ycol succinimdyl) 11 - 17 -adenosine

deanjoyrge) Adq&Q%n@@gﬁé&ﬂaﬁm@ S Jo)- CHIZR DK PRI 0B GRiblona &, SO,r rhéiKanol,
Br i dgewat er egasg se (nonomet hoxypol yet hyl ene gl ycol succi n| m dyl

L- aspar agliprisey ez ph ﬁ@&ﬁﬁul%gmm relenem /R “ds%‘ﬁm%nbbnd) PROAC)s,
CH,Cl,-MeOH (1:1), 0°C, or ammonium cerium(IV) nitrate (CAN), CH;CN, K,COs, r.t.

[0072] One aspect of the invention related to methods of preparing MDM2 inhibitor
compounds. In one embodiment, the invention relates to a method of preparing a
compound having formula X, comprising '

a) condensing a compound of Formula 1 with a compound of Formula 2, e.g., in a
solvent or a mixture of solvents (e.g., CH,Cl, and CH3CN) under microwave in the presence
of a catalyst (e.g., KF-Al,O;) or in the presence of a base in a suitable solvent to form a

compound of Formula 3;

R4
-~ = /
Ro 2L | O  RryCHO Re— | o
N NN
H H

b) condensing the compound of Formula 3 with a compound of Formula 4 and a compound
of Formula 5, e.g., in a non-polar solvent (e.g., toluene) in the presence of a dehydrating
agent (e.g., 4A molecular sieve) at elevated temperature (e.g., about 70°C) to form a

com_pound of Formula 6; and

Ry
Y/, o) 0 Ph o
-~
Rg— I o T I \LRS
N N “Ph
H
H
3 4 5 6

¢) treating the compound of Formula 6 with an oxidizing agent (e.g., Pb(OAc)s, Ammonium
cerium nitrate) in a solvent or mixture of solvents (e.g., CH;Cl, and MeOH, CH;3;CN) at a
suitable temperature (e.g., about 0°C or room temperature) to form a compound of Formula

X.

43



(coval ent conjugate of reconbi nant nethi onyl human G CSF (Filgrastim and
nonomnmet hoxypol yet hyl ene gl ycol) Pentostatin N pent Parke-Davis
Phar maceuti cal Co., Rockville, NMD Pipobroman Vercyte Abbott Laboratories,
Abbott Park, I1. Plicanycin, Mthranycin (antibiotic produced by
Streptonyces plicatus) Mthracin Pfizer, Inc., NY, NY Porfimer sodium
Photofrin QLT Phot ot herapeutics, |ncRr,,Jarspuver, Canada Procarbazine
(N-isopropyl - p- (2-net hyl hydr azi no) - p- _t @f uam de nonohydr ochl ori de) Matul ane
Sigma Tau Pharmaceuticals, Inc., Gait sburg, MD Quinacrine (6-chloro-9-(
1 -nmethyl -4-diethyl-am ne) butylam rI]?O_ 2- NtHhoxyacri di ne)

1

Rs
Rg"‘" O
N
H
X
[0073] In another embodiment, the invention relates to a method of preparing a compound
having formula LXV, comprising
a) condensing a compound of Formula 16 with a compound of Formula 2, e.g., in a

solvent or a mixture of solvents (e.g., CH2Cl, and CH3CN) under microwave in the presence
of a catalyst (e.g., KF-A1203) or in the presence of a base in a suitable solvent to form a

compound of Formula 17;

16 2 17

b) condensing the compound of Formula 17 with a compound of Formula 4 and a
compound of Formula 5, e.g., in a non-polar solvent (e.g., toluene) in the presence of a
dehydrating agent (e.g., 4A molecular sieve) at elevated temperature (e.g., about 70°C) to

form a compound of Formula 18; and

R4
/ 0s_-0-_,Ph o
2] T I .
R9 O R5
= o ﬂ Ph
17 4 5 18
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At abrine Abbott Labs Rasburicase (reconbi nant peptide) Elitek

Sanof i - Synt hel abo, Inc., Rituxinmb (reconbinant anti-CD20 anti body) Rituxan
Genentech, Inc., South San Francisco, CA Sargranostim (reconbi nant peptide)
Pr oki ne I mmunex Corp Streptozocin (streptozocin 2 -deoxy - 2 -

[ [ (et hyl ni t rosoam no) car bonyl]am no] - a(and b ) - D - glucopyranose and
220 ng cid)rireatiagi fe AUMPBUAYOf EahfaAll 8 Phah NAC ofidéitdiagbt CRUPRRI0AR, C
(My3Si 401 (C]—i),g) Scl erosol Bryan, Corp., Wburn, lk% %am)xi fenngO ol

((2) 244- (Ammogiuphesiipm nitrate) &h g |splveH s axiFiureof selvingetelsy| Ci{dnand MeOH,

2- hydr OXyCﬂj(ﬁ‘d)Sét Qrﬁmﬁ‘l@tt@nﬁ@xj’a{ﬁ%ﬂ.gs %b&."llt: é"b or room temperature) to form a

compound of Formula LXV;

wherein:
Ri, Rs, Ry, Ripand R); are as defined above.

[0074] An important aspect of the present invention is that compounds of Formula I induce
cell cycle arrest and/or apoptosis and also potentiate the induction of cell cycle arrest and/or
apoptosis either alone or in response to additional apoptosis induction signals. Therefore, it
is contemplated that these compounds sensitize cells to induction of cell cycle arrest and/or
apoptosis, including cells that are resistant to such inducing stimuli. The inhibitors of the
interaction between p53 or p53-related proteins and MDM2 or MDM2-realted proteins of
the present invention can be used to induce apoptosis in any disorder that can be treated,
ameliorated, or prevented by the induction of apoptosis. In one embodiment, the inhibitors
can be used to induce apoptosis in cells comprising functional p53 or p53-related proteins.

[0075] In another embodiment, the invention pertains to modulating an apoptosis associated
state which is associated with one or more apoptosis-modulating agents. Examples of
apoptosis-modulating agents include, but are not limited to, Fas/CD95, TRAMP, TNF RI,

" DR1, DR2, DR3, DR4, DRS, DR6, FADD, RIP, TNFa, Fas ligand, TRAIL, antibodies to
TRAIL-R1 or TRAIL-R2, Bcl-2, p53, BAX, BAD, Akt, CAD, PI3 kinase, PP1, and caspase
proteins. Other agents involved in the initiation, decision and degradation phase of
apoptosis are also included. Examples of apoptosis-modulating agents include agents, the .
activity, presence, or change in concentration of which, can modulate apoptosis in a subject.

Apoptosis-modulating agents include those which are inducers of apoptosis, such as TNF or
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Nol vadex AstraZeneca Pharmaceuticals Tenozol om de
(3, 4-di hydr o- 3- net hyl - 4- oxoi m dazo[ 5, 1-d] - as-tetrazi ne-8-carboxam de)
Tenmodar Schering teni poside, VM 26 (4'-denethyl epi podophyllotox in
9-[4,6-0-(R) - 2- thenylidene-(beta)-D gl ucopyranoside]) Vunon Bristol-Mers
Squi bb Testol act one (13- hydroxy-3-o0x0-13,17-secoandrosta-1,4- dien-17-0ic
aci d [ dgra TNFaelhted &ante phraicully s TRIANIY digandSeHabCDPhilganth i TNER-611g6ad,
(2-am no- | 7-f-i hydro-6 H - purine-6-thione) Thioguanin e d axoSnithlai ne
Thi ot epa %EMI dine, 1,1', 1 "-phosphinothioylidynetris-, or Tris
(1- ago?qul nyl )in RHRE RRILBE nfels! th@%mﬁbﬁi@@{s%dhﬂ&hﬁt@%f@% pre&cit ienti@patecan

y

HC1 S)-10-[ (di nmet hyl am no) neth -4-ethyl-4,9- di hydroxy-IH pyrano[3',

4': 6, 7] usedits treat diseqdsed pells] tigsuesn ofgans o pathologiral opfitignssngd/or disease states

monohydr qg%%iing?ze.gl._!yacx%%}nqnan subject including, but not limited to, humans and veterinary
animals). In this regard, various diseases and pathologies are amenable to treatment or
prophylaxis using the present methods and compositions. A non-limiting exemplary list of
these diseases and conditions includes, but is not limited to, breast cancer, prostate cancer,
lymphoma, skin cancer, pancreatic cancer, colon cancer, melanoma, malignant melanoma,
ovarian cancer, brain cancer, primary brain carcinoma, head-neck cancer, glioma,
glioblastoma, liver cancer, bladder cancer, non-small cell lung cancer, head or neck
carcinoma; breast carcinoma, ovarian carcinoma, lung carcinoma, small-cell lung
carcinoma, Wilms' tumor, cervical carcinoma, testicular carcinoma, bladder carcinoma,
pancreatic carcinoma, stomach carcinoma, colon carcinoma, prostatic carcinoma,
genitourinary carcinoma, thyroid carcinoma, esophageal carcinoma, myeloma, multiple
myeloma, adrenal carcinoma, renal cell carcinoma, endometrial carcinoma, adrenal cortex
carcinoma, malignant pancreatic insulinoma, malignant carcinoid  carcinoma,
choriocarcinoma, mycosis fungoides, malignant hypercalcemia, cervical hyperplasia,
leukemia, acute lymphocytic leukemia, chronic lymphocytic leukemia, acute myelogenous
leukemia, chronic myelogenous leukemia, chronic granulocytic leukemia, acute
granulocytic leukemia, hairy cell leukemia, neuroblastoma, rhabdomyosarcoma, Kaposi's
sarcoma, polycythemia vera, essential thrombocytosis, Hodgkin's disease, non-Hodgkin's
lymphoma, soft-tissue sarcoma, osteogenic sarcoma, primary macroglobulinemia, and
retinoblastoma, and the like, T and B cell mediated autoimmune diseases; inflammatory
diseases; infections; hyperproliferative diseases; AIDS; degenerative conditions, vascular
diseases, and the like. In some embodiments, the cancer cells being treated are metastatic.
In other embodiments, the cancer cells being treated are resistant to anticancer agents.

[0077] In some embodiments, infections suitable for treatment with the compositions and
methods of the present invention include, but are not limited to, infections caused by
viruses, bacteria, fungi, mycoplasma, prions, and the like.
[0078) Some embodiments of the present invention provide methods for administering an

effective amount of a compound of Formula I and at least one additional therapeutic agent

(including, but not limited to, chemotherapeutic antineoplastics, apoptosis-modulating
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d axoSm t hKl i ne Torem fene (2-(p-[(Z)-4-chloro-1, 2-di phenyl-1-butenyl]-
phenoxy) - N, N-di net hyl et hyl am ne citrate (1:1)) Fareston Roberts

Phar maceuti cal Corp., Eatontown, NJ Tosi tunonmab, | 131 Tositunomab
(reconbi nant murine i mmunot herapeuti c nonocl onal | g&3 | anbda anti - CD20
anti body (I 131 is a radi oi nmunot herapeuti c anti body)) Bexxar Corixa Corp.,
Seattle, Adéntdr anfirdirtpadds, ( AREAEAR] Nakifungsls,0 ahd nadti-in@@Enmstpp dagehts) HnBDr

anti body) Herceptin Genentech, Inc Tretinoin, ATRA (all-trans retinoic

aci d) VedhsrapeytiRisehiawg (§&;-1sungtsel integvention iapd/prrediothsrapigsh ul es Roberts Labs

[0079] A number of suitable anticancer agents are contemplated for use in the methods of
the present invention. Indeed, the present invention contemplates, but is not limited to,
administration of numerous anticancer agents such as: agents that induce apoptosis;
polynucleotides (e.g., anti-sense, ribozymes, siRNA); polypeptides (e.g., enzymes and
antibodies); biological mimetics (e.g., gossypol or BH3 mimetics); agents that bind (e.g.,
oligomerize or complex) with a Bcl-2 family protein such as Bax; alkaloids; alkylating
agents; antitumor antibiotics; antimetabolites; hormones; platinum compounds; monoclonal
or polyclonal antibodies (e.g., antibodies conjugated with anticancer drugs, toxins,
defensins), toxins; radionuclides; biological response modifiers (e.g., interferons (e.g., [FN-
o) and interleukins (e.g., IL-2)); adoptive immunotherapy agents; hematopoietic growth
factors; agents that induce tumor cell differentiation (e.g., all-trans-retinoic acid); gene
therapy reagents (e.g., antisense therapy reagents and nucleotides); tumor vaccines;
angiogenesis inhibitors; proteosome inhibitors: NF-KB modulators; anti-CDK compounds;
HDAC inhibitors; and the like. Numerous other examples of chemotherapeutic compounds
and anticancer therapies suitable for co-administration with the disclosed compounds are
known to those skilled in the art.

{0080} In certain embodiments, anticancer agents comprise agents that induce or stimulate
apoptosis. Agents that induce apoptosis include, but are not limited to, radiation (e.g., X-
rays, gamma rays, UV); tumor necrosis factor (TNF)-related factors (e.g., TNF family
receptor proteins, TNF family ligands, TRAIL, antibodies to TRAIL-R1 or TRAIL-R2),
kinase inhibitors (e.g., epidermal growth factor receptor (EGFR) kinase inhibitor, vascular
growth factor receptor (VGFR) kinase inhibitor, fibroblast growth factor receptor (FGFR)
kinase inhibitor, platelet-derived growth factor receptor (PDGFR) kinase inhibitor, and Ber-
Abl kinase inhibitors (such as GLEEVEC)); antisense molecules; antibodies (e.g.,
HERCEPTIN, RITUXAN, ZEVALIN, and AVASTIN); anti-estrogens (e.g., raloxifene and
tamoxifen); anti-androgens (e.g., flutamide, bicalutamide, finasteride, aminoglutethamide,
ketoconazole, and corticosteroids); cyclooxygenase 2 (COX-2) inhibitors (e.g., celecoxib,
meloxicam, NS-398, and non-steroidal anti-inflammatory drugs (NSAIDs)); anti-
inflammatory drugs (e.g., butazolidin, DECADRON, DELTASONE, dexamethasone,
dexamethasone intensol, DEXONE, HEXADROL, hydroxychloroquine, METICORTEN,
ORADEXON, ORASONE, oxyphenbutazone, @ PEDIAPRED, phenylbutazone,
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Val rubicin, N-trifluoroacetyl adriamycin-14- valerate. ((2S-cis)-2-
[1,2,3,4,6,11- hexahydro-2,5,12- trihydroxy-7 nethoxy-6,11-dioxo-[[4 2, 3, 6-
tri deoxy- 3-

[ (trifluoroacetyl)-am no-a-L-/yxohexopyranosyl]oxyl]-2-napht hacenyl] - 2-
oxoet hyl pentanoate) Val star Anthra --> Medeva Vi nbl astine, Leurocristine
(CA6HS6NA0 r¥8iiQAdheEl preddidony, PREEONS | 4 (rmﬂl%dl?eﬁ%
Oncovin ElI |IIy Vgnore I'bine (3,4 -dideh dr o- 4' - deox

nor vi ncalcégn@ubtramuinne drees( Rée, 4R ) irmotecan| h@émﬁﬁﬁps)ne (Taltle (ﬂlldmabl@al t)l)

Navel bi n e |
i m dazo iFﬁjﬁ?ﬁyb l(')Bﬁlglete ﬁgﬁ&;}hos %%%gkeaglﬁl? aﬁtr gn‘]% 'gkgofret a vart i's
100861Antdlgpwm,ecaragﬂmr$ ofchli}ﬂditﬁf 5|-]Fid dxd@n[bmmogmdmtamm dHortiezonab bgefitinib,

o) e g ol B, LGN L SR o460,

& &% are
under goi ngrdRRk; Lg%f(gpoﬁrgrmmeméuﬁ@s Exanpl es include, but are not linited
to, 3-AP, 12-0-tetradecano /| phor bol - 13- acetate, 17AAG_ 852A, ABI-007,
ABR-[088820, AT stilk ethepginbeufiments, thacompasitionssand Fretiods & GentnEYeNne, AMG
706, anti t 5 Ce o iRl

atipri mﬁ&iﬁﬁ‘g{%@%ﬁ roggéﬁ@gﬁ?tagggg}eﬁsf’ﬁﬁﬁéﬁ g g%ffmscx- it optastic

bevaci zurezbnt sieged Gdm ztbk)daingt@nﬂltd,egntimwlﬂﬁﬁﬂd nisanat prodwitd(e. gbrh;dstaadl n-1,
buserelin citriol 914, cefixinme, cetuxi mab, CQ070,
c.|eng.tﬁH%fP¥P6?5¥éBPW§Ed88' f@?@g?§¥ }n' A4 phosphate, CP-675, 206,

CP- 7(0082]14, Cpxylaiiiy, agenis Guitabls fod@sd inahe ﬁlesenDENﬁﬁwinod@mr maﬂhscilsf iaclalle, E7070,
E7389, ecteinascidin 743, efaproxiral fI om tﬂl EKB- 569, zastaurin,
erloti ni Ut %S 80N hmred 1o ) pifrogegemustprdy ‘i)g r IMFGPO aﬂﬁ% ePMFIHEh“P M de,

fot enust i gk fanki wojn%gﬁn 1517@-[5&&)?‘_\!/5'1&3 ”ﬁﬂi &ﬂf)ﬂa}n'bﬂélﬁ 9?”&%&1@1&19“% and

gl uf osfam de, GI1-2040, histrelin, -272, honoharri ngt oni ne, HSPPC- 96,
hul4. 18- i methylmslakiines2(dgis |h9m1pﬁﬂm1@plmmme and thiotepa); 3) alkyl sulfonates (e.g.,

busulfan); 4) nitrosoureas (e.g., carmustine (BCNU); lomustine (CCNU); semustine

-a

(methyl-CCNU); and streptozocin (streptozotocin)); and 5) triazenes (e.g., dacarbazine
(DTIC; dimethyltriazenoimid-azolecarboxamide).

0083} In some embodiments, antimetabolites suitable for use in the present compositions
and methods include, but are not limited to: 1) folic acid analogs (e.g., methotrexate
(amethopten'n)); 2) pyrimidine analogs (e.g., fluorouracil (S-ﬂuorburacil; 5-FU), floxuridine
(fluorode-oxyuridine; FudR), and cytarabine (cytosine arabinoside)); and 3) purine analogs
(e.g., mercaptopurine (6-mercaptopurine; 6-MP), thioguanine (6-thioguanine; TG), and
pentostatin (2’-deoxycoformycin)).

[0084] In still further embodiments, chemotherapeutic agents suitable for use in the
compositions and methods of the present invention include, but are not limited to: 1) vinca
alkaloids (e.g., vinblastine (VLB), vincristine); 2) epipodophyllotoxins (e.g., etoposide and
teniposide); 3) antibiotics (e.g., dactinomycin (actinomycin D), daunorubicin (daunomycin;
rubidomycin), doxorubicin, - bleomycin, plicamycin (mithramycin), and mitomycin
(mitomycin C)); 4) enzymes (e.g., L-asparaginase); 5) biological response modifiers (e.g.,
interferon-alfa); 6) platinum coordinating complexes (e.g., cisplatin (cis-DDP) and
carboplatin); 7) anthracenediones (e.g., mitoxantrone); 8) substituted ureas (e.g.,
hydroxyurea); 9) methylhydrazine derivatives (e.g., procarbazine (N-methylhydrazine;
MIH)); 10) adrenocortical suppressants (e.g., mitotane (o,p’-DDD) and
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i ncl udi ngp, Haenau,s\e) of delivery systems that specifically tparget cancer
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animal, so long as the dose of radiation is tolerated by the animal w thout
unaccept abl e negative side-effects. Suitable types of radiotherapy include,
for exanple, ionizing (electromagnetic) radiotherapy (e.g., X-rays or ganma
rays) or partlcle beam rad| atlon therapy (e g., hi gh linear energy
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(r-metHuG-CSF)

Neupogen

Amgen, In_c

floxuridine (intraarterial)
(2'-deoxy-5-fluorouridine)

FUDR

Roche

Fludarabine

(fluorinated nucleotide analog of the antiviral
agent vidarabine, 9-b -D-
arabinofuranosyladenine (ara-A))

Fludara

Berlex Laboratbries, Inc.,
Cedar Knolls, NJ

Fluorouracil, 5-FU
(5-fluoro-2,4(1H,3H)-pyrimidiniedione)

Adrucil

ICN Pharmaceuticals, Inc.,
Humacao, Puerto Rico

Fulvestrant
(7-alpha-[9-(4,4,5,5,5-penta
fluoropentylsulphinyl) nonyl]estra-1,3,5-(10)-

Faslodex

IPR Pharmaceuticals,
Guayama, Puerto Rico
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[0111] 11-1 NVR (300 MHz, CD3CH), 8 7.74 (d, 1H, J = 7.5 Hz), 7.35-7.15 (m
3H), 7.11 (m 1H), 6.88 (d, 1H, J = 6.0 Hz), 5.22 (d, 1H J = 11.4 Hz),
4.33 (m 1H), 4.28 (d, 1H, J = 10.5 Hz), 3.67 (m 2H), 3.65-3.32 (m 4H),
2.05 (m 1H), 1.90 (m 1H), 1.56 (m 1H), 0.87 (s, 9H). EXAMPLE 3
6- CHLORO- 4" - ( 3- CHLORO- PHENYL) - 2' - ( 2, 2- DI METHYL- PROPYL) - 5- FLUORO- 2-
0X0- 1, 2- [hdi¥DRCeBRICBR] | NDOLE- 3, 3' - PYRROLI DI NE] - 5' - CARBOXYLJ C ACID (3
, 5- DI HYDRRYiabinENTYL) - AM DE HO OH (Clembdrl 7INEH@Iy CI N 10112] 1j1-1 NWR (300 MHz,
CD30H), f2-fecr@2(WdiflioReytidine 8. 4 Hz)| 7.35-7.15 (m 3H), 7.10 (m 1H), 6.88
(d, 1H, onohgdrpp mqe(bqomnd 150 =111 Hz) 465 (m 1H), 4.13 (d, 1H,
J =11.4 qu)uzungb@?gi'?ﬁmzH) 3. 65- 3 ’@? Wygh Ayso (m o 1H), 1.93 (m 1H),
1.56 (m D3it1P—6&6)/ e 1H) — 092 (4 a‘”’ EYAMPL =4
6 CHLORo ’ ‘éa t) ,Nvluq _21- (o EW "SREPPES LS UoRo- 2-
0X0- 1, 2- y Xﬁn ' - 3@% | DI N - CARBOXYL) C ACI D [ 2-
(3- HYDRO QX.Q; Q’ ,L,a: t@ kbMAM DE C , HCl

(C7H407)‘

Hydroxyurea Hydrea Bristol-Myers Squibb

Ibritumomab Tiuxetan Zevalin Biogen IDEC, Inc.,

(immunoconjugate resulting from a thiourea Cambridge MA

covalent bond between the monoclonal

antibody Ibritumomab and the linker-chelator

tiuxetan [N-[2-bis(carboxymethyl)amino}-3-(p-

isothiocyanatophenyl)- propyl]-[N-[2-

bis(carboxymethyl)amino]-2-(methyl) -

ethyl]glycine)

Idarubicin Idamycin  |Pharmacia & Upjohn

(5, 12-Naphthacenedione, 9-acetyl-7-[(3- Company

amino-2,3,6-trideoxy-(alpha)-L- lyxo -

hexopyranosyl)oxy]-7,8,9,10-tetrahydro-

6,9,11-trihydroxyhydrochloride, (7S- cis ))

Ifosfamide IFEX Bristol-Myers Squibb

(3-(2-chloroethyl)-2-[(2-

chloroethyl)amino}tetrahydro-2H-1,3, 2

oxazaphosphorine 2-oxide)

Imatinib Mesilate Gleevec Novartis AG, Basel,

(4-[(4-Methyl-1-piperazinyl)methyl]-N-[4- Switzerland

methyl-3-[[4-(3-pyridinyl)-2-

pyrimidinyiJamino]-phenyl}benzamide

-{methanesulfonate)

Interferon alfa-2a Roferon-A |Hoffmann-La Roche, Inc.,

(recombinant peptide) Nutley, NJ

Interferon alfa-2b Intron A Schering AG, Berlin,

(recombinant peptide) (Lyophilize |Germany

d
Betaseron)

Irinotecan HCI Camptosar |Pharmacia & Upjohn

((4S)-4,11-diethyl-4-hydroxy-9-[(4- piperi- Company

dinopiperidino)carbonyloxy]-1H-pyrano[3', 4"

6,7] indolizino[1,2-b] quinoline-3,14(4H, 12H)

dione hydrochloride trihydrate)

Letrozole Femara Novartis

(4,4'-(1H-1,2,4 -Triazol-1-ylmethylene)

dibenzonitrile)

Leucovorin Wellcovori |Immunex, Corp., Seattle, WA

(L-Glutamic acid, N[4[[(2amino-5-formyl- n,

1,4,5,6,7,8 hexahydro4oxo6- Leucovorin

pteridinyl)methyl]amino]benzoyl], calcium salt

(1:1))

Levamisole HCI Ergamisol [Janssen Research

((-)-( S)-2,3,5, 6-tetrahydro-6-phenylimidazo
[2,1-b] thiazole monohydrochloride
C;H-N,S-HCI)

Foundation, Titusville, NJ
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\ NHC)\--- 10113111-1 NMR (300 MHz, CD3OH), 8 7.69 (d, 1H, J = 8.4
7.40-7.20 (m 3H, 7.10 (m 1H), 6.86 (m 1H), 5.24 (d, 1H J = 11 1
4.35 (d, 1H, J = 8.4 Hz), 4.09 (m 1H), 3.61-3.32 (m 2H), 2.96 (m 1
2.21-1.12 (m 11H), 0.85 (s, 9H). EXAWPLE 5 6-CH LORO-4'-(3 -CH
LORO PHENYL) - 2' - ( 2, 2- DI METHYL- PROPYL) - 5- FLUCRO- 2-
OX0- 1, 2- PoRRO SPT RO TNDOCE- 3, 3™ - FEéEL] ridetMyrs Sghbso OXY |C ACID [ 2-
- HYDROXY}{ QEGhiGR-eENF¥EskiofeTiNL] - AM DE CI O NH \ NH N [0114] NVR (300 Mz,
CD30H), [pitipso6@)(d. 1H J = 8.4 Hz)| 7.40-7.20 (m _3H). 7.10 (m 1H),
(m 1H), I\&clgmthgtdne, dbgegmesard ], 1 Hz) |Muu@@ (MerckiH, J = 8.4 Hy),
3. 64- 3. 32 wﬁw %?ychbzvc%)olﬁ 1H) 21 20-1.10 (m 11H), 0.85 |(s,
6 6- CHLORS hanafnip By grpghlopigy - MeFAE—RROPYL) FLUORO 2-
0X0- 1, 2- ' | PR Vs SR OxyLl ¢ ACI D [ 2-
(3-HYDRO’ DE r\-OH NH NHHCI
Melphalan, L-PAM Alkeran GlaxoSmithKline
(4-[bis(2-chloroethyl) amino]-L-phenylalanine)
" [Mercaptopurine, 6-MP Purinethol |GlaxoSmithKline
(1,7-dihydro-6 H -purine-6-thione
monohydrate)
Mesna Mesnex Asta Medica
sodium 2-mercaptoethane sulfonate)
Methotrexate Methotrexat | Lederle Laboratories
(N-{4-[[(2,4-diamino-6- e
pteridinyl)methyl}methylamino]benzoyl]-L-
| glutamic acid)
Methoxsalen Uvadex Therakos, Inc., Way Exton,
(9-methoxy-7H-furo[3,2-g][1]-benzopyran-7- Pa
. lone)
Mitomycin C Mutamycin |Bristol-Myers Squibb
mitomycin C Mitozytrex {SuperGen, Inc., Dublin, CA
Mitotane Lysodren |Bristol-Myers Squibb
(1,1-dichloro-2-(o-chlorophenyl)-2-(p-
chlorophenyl) ethane)
Mitoxantrone Novantrone [Immunex Corporation
(1,4-dihydroxy-5,8-bis{[2- [(2-
hydroxyethyl)amino]ethyl]amino]-9,10-
anthracenedione dihydrochloride)
Nandrolone phenpropionate Durabolin- [Organon, Inc., West Orange,
50 NJ
Nofetumomab Verluma Boehringer Ingelheim
Pharma KG, Germany
Oprelvekin Neumega |Genetics Institute, Inc.,
(IL-11) Alexandria, VA
Oxaliplatin Eloxatin Sanofi Synthelabo, Inc., NY,
(cis-[(1R,2R)-1,2-cyclohexanediamine-N,N’] NY
[oxalato(2-)-0,0’] platinum)
Paclitaxel TAXOL Bristol-Myers Squibb
(58, 20-Epoxy-1,2a, 4,78, 108, 13a-
hexahydroxytax-11-en-9-one 4,10-diacetate 2-
benzoate 13-ester with (2R, 3 S) N-benzoyl-3-
phenylisoserine)
Pamidronate Aredia Novartis
(phosphonic acid (3-amino-1-
hydroxypropylidene) bis-, disodium salt,
pentahydrate, (APD))
Pegademase Adagen Enzon Pharmaceuticals, Inc.,
((monomethoxypolyethylene glycol (Pegademas | Bridgewater, NJ
succinimidyl) 11 - 17 -adenosine deaminase) {e Bovine)
Pegaspargase Oncaspar  |Enzon
(monomethoxypolyethylene glycol
succinimidyl L-asparaginase)
Pegfilgrastim Neulasta Amgen, Inc
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CI'N [ 0115] NMR (300 MHz, CD3OH), 5 7.69 (d, 1H, J = 8.4 Hz), 7.40-7.20 (m
3H), 7.10 (m 1H), 6.86 (m 1H), 5.24 (d, 1H, J = 11 1 Hz), 4.47 (d, 1H, J
= 8.4 Hz), 4.11 (m 1H), 3.65-3.32 (m 2H), 2.96 (m 1H), 2.20-1.10 (m
11H), 0.91 (s, 9H). EXAMPLE 7

6- CHLORO- 41- (3- CHLORO- PHENYL) - 21- (2, 2- DI METHYL- PROPYL) - 5- FLUORO- 2-

0X0- 1, 2- [QlokAYdniRGhjale BOkJoNbXAnEmeticddl- PYRROLI DI NE] - 51- CARBOXYUI C ACI D [ 2-
( 3- HYDRO¥w @ OSLSERENRYM) a8 THYL] - AM DE . " OH 1011611H NMR (300 MHz, CD3CH),
7.72 (d, mpmmemomﬂyemzﬂz)glycor) 38-7 2P (m 3H) 7 10 (m ] 6.87 (m 1H),
5.23 (d, [PE¥psay = 11,1 Hz), 4.48 (dNER, ] “mkg 2y m acgutigsy ,
3. 56- 3. 26—(m—2H)-—2-98—{m—1H) 20 1140 Roc D g gg l(s, 9H). EXAVPLE
bbrgm . N _]E JAbb a§ xﬁ’w ﬂlw ’ )
8 6- CHLOR orgm f‘(‘s CHL ORO- 4- FLUORO PHERWE) - E;a ?E‘ VETRIE - IPROPYL) - 5-
FLUCRO- 2 R0 3 Y RO SPHRO T NDRIE R e o uNiYUN’S'E < :)J_ CARBOXYLI C ACI D
(4, 5- DI HY, éﬁm&,@%;gww;sw TINRR (éDE B, 30 ,7.73 (d, J=8.4
, Pérﬁﬂxér sbfum J=7.U HZ,1H),  /1phérotkikl, |QTORNtothifaperditd) an., 25 (d, J=11.3
1'4.49 (d, 3=6.6 Hz, 1H), 4|15 (d, |VerGudrHz, 1H), 3. 48-3.10 (m 5H),

1.94 (ddp_J=8.1, 15.4 Hz, 1H), 1. 70-1.10 QapadpH) , 0.92 (s, EXAMPLE 9

Procarbazine Matulane  |Sigma Tau Pharmaceuticais,

(N-isopropyl-p-(2-methylhydrazino)-p- Inc., Gaithersburg, MD

toluamide monohydrochloride)

Quinacrine Atabrine Abbott Labs

(6-chloro-9-( 1 —methyl-4-diethyl-amine)

butylamino-2-methoxyacridine)

Rasburicase Elitek Sanofi-Synthelabo, Inc.,

{recombinant peptide)

Rituximab Rituxan Genentech, Inc., South San

(recombinant anti-CD20 antibody) Francisco, CA

Sargramostim Prokine Immunex Corp

(recombinant peptide)

Streptozocin Zanosar Pharmacia & Upjohn

(streptozocin 2 —~deoxy - 2 - Company

[[(methyInitrosoamino)carbonyl}amino] -

a(and b ) - D - glucopyranose and 220 mg citric

acid anhydrous)

Talc Sclerosol  |Bryan, Corp., Woburn, MA

(Mg;Si40,0 (OH),)

Tamoxifen Nolvadex |AstraZeneca Pharmaceuticals

((Z)2-[4-(1,2-diphenyl-1-butenyl) phenoxy]-N,

N-dimethylethanamine 2-hydroxy-1,2,3-

propanetricarboxylate (1:1))

Temozolomide Temodar  |Schering

(3,4-dihydro-3-methyl-4-oxoimidazo[5,1-d]-

as-tetrazine-8-carboxamide)

teniposide, VM-26 Vumon Bristol-Myers Squibb

(4'-demethylepipodophyilotoxin 9-[4,6-0-(R)-

2- thenylidene-(beta)-D-glucopyranoside])

Testolactone Teslac Bristol-Myers Squibb

(13-hydroxy-3-0x0-13,17-secoandrosta-1,4-

dien-17-oic acid [dgr ]-lactone)

Thioguanine, 6-TG Thioguanin [GlaxoSmithKline

(2-amino-1,7-dihydro-6 H - purine-6-thione) (e

Thiotepa Thioplex Immunex Corporation

(Aziridine, 1,1',1"-phosphinothioylidynetris-,

or Tris (1-aziridinyl) phosphine sulfide)

Topotecan HC! Hycamtin  |GlaxoSmithKline

((S)-10-{(dimethylamino) methyl}-4-ethyl-4,9-

dihydroxy-1H-pyrano[3', 4" 6,7] indolizino

[1,2-b] quinoline-3,14-(4H,12H)-dione

monohydrochloride)

Toremifene Fareston Roberts Pharmaceutical

(2-(p-[(Z)4-chloro-1,2-diphenyl-1-butenyl]- Corp., Eatontown, NJ

phenoxy)-N,N-dimethylethylamine citrate

(1:1)
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6- CHLORO-

4!

- (3- CHLORO- 4- FLUORO- PHENYL) - 2'
FLUORO- 2- 0X0- 1, 2- DI HYDRO- SPI RO | NDCLE- 3, 3'
(3- MORPHCLI N- 4- YL- PROPYL) - AM DE 10118]iff NWVR (CD30D, 300 MHz),

- (2, 2- DI METHYL- PROPYL) - 5-
CARBOXYLI C ACI D
8 7.82-7.19

- PYRRCLI DI NE] - 5' -

(m 4H), 6.90 (d, J=5.56, 1H), 5.39 (d, J=9.9 Hz, 1H), 4.55 (d, J=6.9 Hz,
1H), 4.28 (d, J=9.3 Hz, 1H), 4.20-3.85 (m 4H), 3.70-3.40 (m 2H),
3.25-3.00 (m 4H), 2.20-1.85 (m 3H), 1.6P (d, J=15.3 Hz, |2H), 0.934 (s,
9H), 0. 7[Xoidimomht;11313rokkmmonddt]) . EXA arlQ |Corixa Cérp., Seattle, WA
6- CHL OROH#tompiBanChilr @RBwRadietdt® PHENYL) - 2' #2, 2- DI METHYL- PROPYL) - 5-
FLUORO- 2|"® mlonal BGpiapyERO-SPIORMPPOOLE- 3, 3] - PYRROLI DI NE] - 5'[- CARBOXYLI C ACI D
(4- HYDRO nohriapautionnibedny) Ian DE _H 101191H- (304 M4z CD30D),
8.56 (s grv H;nt go (lo = 6 [Hsreepiipy |Genenigshi fg 3 = 7 10 Hz, 1H),
(t, J = mod?&j’“?é%ipaﬂ B. 7 Hz, |1H), 6.95 (d, J |= 6.0 Hz, ,
5.22 (d,] i A (UlVeshnoid 1WRoenel Z, 1H), 4.34-4.31 (m 1H),
3. 51- 3. 4Qq1f msrém.cagd)sa 3.32 (m 2H), 2.08 (dd, J = 15.3, 7.5 Hz, 1H),
1.53- 1. 4l , 1. 33 (dd, J. = [ihacd, Z|RobééLablH), 0.93-[0.89 (m 1H),
0.86 (s,|[9H). EXAWPLE 11 [ 0120]Mdstag300 MHz CD30D), 5 d.56 (s br,
7.65 (t,| ) =6,.6 H, 1H), 7.45 (t, |Qpsudes7 P Hz 1H) 7. 26 (|t, J:78Hz
1H), 7.0[Va rdnchN@ﬂsortracWadnawm I, oyaper ] |Antgs o MggevarH) | o 14 (d, J
Hz, 1H), Z?.'cﬂst 234 % 5‘&1 4.26 {m 1H), 3.55-3.50 (m 2H),
gg ?SBL%’@“ dhoxysé ?oxog4£ 1H), 1.71-1.45 (m 2H), 1.35-1.23 (m 3H),
Xy-3- [(trifluoroacetyl)-amino-a-L-/yxo-

hexopyranosyl]oxyl]-2-naphthacenyl]-2-

oxoethy] pentanoate)

Vinblastine, Leurocristine Velban Eli Lilly

(CagHs6N40,0°H1504)

Vincristine Oncovin Eli Lilly

&H56N4010'H3504)

Vinorelbine Navelbine }GlaxoSmithKline

(3',4'-didehydro-4'-deoxy-C'-

norvincaleukoblastine {R-(R*,R*)-2,3-

dihydroxybutanedioate (1:2)(salt)])

Zoledronate, Zoledronic acid Zometa Novartis

((1-Hydroxy-2-imidazo!-1-yl-phosphonoethyl)

phosphonic acid monohydrate)

[0086] Anticancer agents further include compounds which have been identified to have

anticancer activity but are not currently approved by the U.S. Food and Drug

Administration or other counterpart agencies or are undergoing evaluation for new uses.

Examples include, but are not limited to, 3-AP, 12-O-tetradecanoylphorbol-13-acetate,
17AAG, 852A, ABI-007, ABR-217620, ABT-751, ADI-PEG 20, AE-941, AG-013736,
AGRO100, alanosine, AMG 706, antibody G250, antineoplastons, AP23573, apaziquone,

APC8015, atiprimod, ATN-161,

atrasenten,

azacitidine, BB-10901, BCX-1777,

bevacizumab, BG00001, bicalutamide, BMS 247550, bortezomib, bryostatin-1, buserelin,
calcitriol, CCI-779, CDB-2914, cefixime, cetuximab, CG0070, cilengitide, clofarabine,
combretastatin A4 phosphate, CP-675,206, CP-724,714, CpG 7909, curcumin, decitabine,
DENSPM, doxercalciferol, E7070, E7389, ecteinascidin 743, efaproxiral, eflornithine,

EKB-569, enzastaurin, erlotinib, exisulind, fenretinide, flavopiridol, fludarabine, flutamide,
fotemustine, FR901228, G17DT, galiximab, gefitinib, genistein, glufosfamide, GTI-2040,
histrelin, HKI-272, homoharringtonine, HSPPC-96, hul4.18-interleukin-2 fusion protein,
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EXAVPLE 12 6- CHLORO-4' - (3

- CHLORO- 2- FLUORO- PHENYL) - 2' - ( 2, 2- DI METHYL- PROPYL) - 5-

FLUORO- 2- 0X0- 1, 2- DI HYDRO- SPI RQ | NDOLE- 3, 3' - PYRROLI DI NE] - 5' - CARBOXYLI
(3, 4- DI HYDROXY- BUTYL) - AM DE (M -419) OH  [0121]H (300 Mz CD30D),
(s br, 1H), 7.66 (t, J = 6.6 Hz, 1H), 7.42 (t, J = 7.8 Hz, 1H), 7.28-
(m 2H), HuNiax-Cd, JileprBsty higigiikddd, miBGmab!, idtededkiD12iz, P14, Srofllvég, J =

10.5 Hz,

d, .J

1H), .4.53 = 10.5 Hz, 1H),.4.26 (m. .1 .52. (m 1H),
3. 40- 3. 33xp4epilong) | laé.tﬁ?;b’( fgnaljdgmids,’ #ESQPWIB"’( ﬁf“(Pﬁ%dF’ml%é:%. 12‘(3"\('}9;“’@1%
(s, 9H) . jokafAWIBL BudiBiximab, mafosfamide, MB07133, MDX-010, MLN2704, monoclonal
6- CHLORO- 4' - ( 3- CHLORO- PHENYL) - 2' - (2, 2- DI METHYL- PROPYL) - 5- FLUORO- 2-
OX0- 1, 2- Dintiy@iO- 38 Ropregbaak- atibod YRR | mpriEgiing' OMMAEMUEDILS-

MORPHOLI N-.
co3oH), &

[0087]

[0088]

[0089]

benzylguanine, oblimersen sodium, ONYX-015, oregovomab, OSI-774, panitumumab,
paraplatin, PD-0325901, pemetrexed, PHY906, pioglitazone, pirfenidone, pixantrone, PS-
341, PSC 833, PXD101, pyrazoloacridine, R115777, RADOO1, ranpirnase, rebeccamycin
analogue, rhuAngiostatin protein, rhuMab 2C4, rosiglitazone, rubitecan, S-1, S-8184,
satraplatin, SB-, 15992, SGN-0010, SGN-40, sorafenib, SR31747A, ST1571, SU011248,
suberoylanilide hydroxamic acid, suramin, talabostat, talampanel, tariquidar, temsirolimus,
TGFa-PE38 immunotoxin, thalidomide, thymalfasin, tipifarnib, tirapazamine, TLK286,
trabectedin, trimetrexate glucuronate, TroVax, UCN-1, valproic acid, vinflunine,
VNP40101M, volociximab, vorinostat, VX-680, ZD1839, ZD6474, zileuton, and
zosuquidar trihydrochloride.

For a more detailed description of anticancer agents and other therapeutic agents,
those skilled in the art are referred to any number of instructive manuals including, but not
limited to, the Physician's Desk Reference and to Goodman and Gilman's "Pharmaceutical
Basis of Therapeutics” tenth edition, Eds. Hardman ez al., 2002.

The present invention provides methods for administering a compound of Formula I
with radiation therapy. The invention is not limited by the types, amounts, or delivery and
administration systems used to deliver the therapeutic dose of radiation to an animal. For
example, the animal may receive photon radiotherapy, particle beam radiation therapy,
other types of radiotherapies, and combinations thereof. In some embodiments, the
radiation is delivered to the animal using a linear accelerator. In still other embodiments,
the radiation is delivered using a gamma knife.

The source of radiation can be external or internal to the animal. External radiation
therapy is most common and involves directing a beam of high-energy radiation to a tumor
site through the skin using, for instance, a linear acéelerator. While the beam of radiation is
localized to the tumor site, it is nearly impossible to avoid exposure of normal, healthy
tissue. However, external radiation is usually well tolerated by animals. Internal radiation
therapy involves implanting a radiation-emitting source, such as beads, wires, pellets,

capsules, particles, and the like, inside the body at or near the tumor site including the use of
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(m 1H), 6.88 (d, 1H J =6.0 ) 5.22 (d, 1H, J = 11.4 Hz), 4.55 (d, 1H,
J =9.6 H), 4.24 (d, 1H J = 6.3 Hz), 4.20-3.85 (m 4H), 3.70-3.40 (m
4H), 3.25-3.00 (m 4H), 2.09 (m 1H, 1.27 (m 1H), 0.934 (s, 9H). EXAMPLE
14 6- CHLORO- 4" - ( 3- CHLORO- PHENYL) - 2' - ( 2, 2- DI METHYL- PROPYL) - 5- FLUORO- 2-

0X0- 1, 2- DI HYDRO- SPI RQ [ NDOLE- 3, 3' - PYRRCLI DI NE] - 5' - CARBOXYLI C ACI D ( 3-
MORPHOL | Nefivefy sRRCRYihht spbtibEal S taJ\gelNHnéélr leelis (2., [u@ﬁlg:ﬁ]aﬁll:}ei aNMRe({ toxanéer 300(
MHz), 8 7. 38-7.22 m
1H), 5. 2§e{§mn<gns ﬁgandshlsacmk%as g4 k’%wﬂ?}oveﬁ 3%@“#% trmwenu OQéejftal thg = 9.3
l(-irzn, 3—1::?) lﬂ)dgom§ct§/'é (Fﬁylié]sH))f 1§te1¥191’ 3a<ﬁ§fom thgll?ﬂ)y ﬁclaée 3bLQOar€ nﬁot“llﬁl)'n’ted2 1@0 1.85
6- CHLORO- MHCh(YQle@IM,GR@T %HM?BEOHLZH@C@VMEW@IWQMUMW and the

0X0- 1, 2- QLHYDRO SPI ROUNDCLE- 3, 3' - PYRROLI DI NE1- 5' - CARBOXYLI C ACI D

(4, 5-Dl XY- PENTYL) - AM DE Cl OOH NHHCI | 10124111-1 NMR (CD30D, 300 MHz),

8 7.M099@d, 1HTh: =anfnal Hhiagdy, optRalll 2fxcéive B:Hl)o,ser%itﬂz@rs(-r(le.gll-&r,(lenﬁnﬂa)zdlm 1H),
5.24 (d, 1H, =11.1 Hz),, 4.51 (d, J = 10.5 Hz, . 1H), . 4.26 (m,k 1H),

3. 55- 3. 50'“{59?13%956 "ﬁrasaf‘ega‘sﬁugrnﬁ@mnou% lft]%dezxw%?ﬁk?lm) nirojpidezole; 3-m o) |
1. 35- 1. 235ub8AturdbB-nitbidldabsles, O2Di-isdmdoMaldred. 6 [(2-bromoet YKI) ammo]methy]]-mtro-

6- CHLORO-4' - ( 3- CHLORO PHENYL) 2'-(2,2-D VETHYL - PROP FLUORO- 2

0X0- 1, 2- Diiimrezop] ritpnelpotsanline denypwRes PNAEfsC hmst»dqgn@ AEptoXips -
halogenated DNA ligand, 1,2,4 benzotriazine oxides, 2-nitroimidazole derivatives, fluorine-
containing nitroazole derivatives, benzamide, nicotinamide, acridine-intercalator, 5-
thiotretrazole  derivative,  3-nitro-1,2,4-triazole,  4,5-dinitroimidazole  derivative,
hydroxylated texaphrins, cisplatin, mitomycin, tiripazamine, nitrosourea, mercaptopurine,
methotrexate, fluorouracil, bleomycin, vincristine, carboplatin, epirubicin, doxorubicin,
cyclophosphamide, vindesine, etoposide, paclitaxel, heat (hyperthermia), and the like),
radioprotectors (e.g., cysteamine, aminoalkyl dihydrogen phosphorothioates, amifostine
(WR 2721), IL-1, IL-6, and the like). Radiosensitizers enhance the killing of tumor cells.
Radioprotectors protect healthy tissue from the harmful effects of radiation.

[0091] Any type of radiation can be administered to an animal, so long as the dose of
radiation is tolerated by the animal without unacceptable negative side-effects. Suitable
types of radiotherapy include, for example, ionizing (electromagnetic) radiotherapy (e.g., X-
rays or gamma rays) or particle beam radiation therapy (e.g., high linear energy radiation).
Ionizing radiation is defined as radiation comprising particles or photons that have sufficient
energy to produce ionization, i.e., gain or loss of electrons (as described in, for example,
U.S. 5,770,581 incorporated herein by reference in its entirety). The effects of radiation can
be at least partially controlied by the clinician. In one embodiment, the dose of radiation is
fractionated for maximal target cell exposure and reduced toxicity.

[0092] In one embodiment, the total dose of radiation administered to an animal is about .01
Gray (Gy) to about 100 Gy. In another embodiment, about 10 Gy to about 65 Gy (e.g.,
about 15 Gy, 20 Gy, 25 Gy, 30 Gy, 35 Gy, 40 Gy, 45 Gy, 50 Gy, 55 Gy, or 60 Gy) are
administered over the course of treatment. While in some embodiments a complete dose of

.radxatxon can be administered over the course of one day, the total. dose 1s ideally

fractlonated and administered over several days. Desirably, rad:otherapy is administered
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HYDROXY- 3- HYDROXYMETHYL- BUTYL) -AM DE /

OHC VI AHHO I NJ/HD CI 10125] 111
NVR (300 MHz, CD3OH), 8 7.69 (d, 1H, J = 8.4 Hz), 7.40-7.20 (m 3H), 7.10
(m 1H), 6.86 (m 1H), 5.24 (d, 1H J = 11.1 Hz), 4.54 (d, J = 10.5 Hz,

1H), 4.34-4.31 (m 1H), 3.51-3.49 (m 4H) 3.36-3.32 (m 2H), 2.08 (dd, J =
15.3, 7.5 Hz, 1H), 1.53-1.49 (m 2H), 1.33 (dd, J = 15.3, 2.7 Hz, 1H),

0. 93- 0. 8%vefthe tblirse Of & Beassabofi- days@@hﬂﬂ&sﬂ? 1,20, R, 1331, 25,28, 32, 35(,33 R)
6- CHLORO- 4' - ( 3- CHLORO- 4- FLUCRO-

DI METHYL-43 Yﬁ%-@-ﬁ%ﬁdabmﬁ)éo I" H%R(Sf éVRb[dPﬂbéﬁ of rpdiation will

PYRROLI DI | 9
[0126] Ford#uﬁllpfe 7%1?% FINGOA C%b?uﬁgl alt)yfIBlwa(l\/R 2%%248%1;3 8

8.44 (m GH)3,2 Gy, 705 O, 3.81Gy, 3 Gy, 8.2 %0y 451Gy 101 g GyHp.g. 71 5121G(>')n Tlm}allye 90
gd]_ 41|(_| d, J sg Of. r?adt%%ﬁ gnolgéd)qoe( gfﬁzf#H to m@jﬁ% 41&: I_%grt dt?}.hd'%r_éegef c%“&l 51‘} étret%t i
1.57 (m o’lvbb a péno@?:m(dne eltipdinient) Ztadjain‘bn 1sltid)t admmls’tErediﬁveﬂ:y 8aytirhereb® aBdwing, 9H)
13C NVR (tl7le animal tcL\/EgP)am? th]é7gffe2c§s of1 tge therapy to be realized. For example, radiation
desirably is administered on 5 consecutive days, and not administered on 2 days, for each
week of treatment, thereby allowing 2 days of rest per week. However, radiation can be
administered 1 day/week, 2 days/week, 3 days/week, 4 days/week, 5 days/week, 6
days/week, or all 7 days/week, depending on the animal’s responsiveness and any potential
side effects. Radiation therapy can be initiated at any time in the therapeutic period. In one
embodiment, radiation is initiated in week 1 or week 2, and is administered for the
remaining duration of the therapeutic period. For example, radiation is administered in
weeks 1-6 or in weeks 2-6 of a therapeutic period comprising 6 weeks for treating, for
instance, a solid tumor. Alternatively, radiation is administered in weeks 1-5 or weeks 2-5
of a therapeutic period comprising 5 weeks. These exémplary radiotherapy administration
schedules are not intended, however, to limit the present invention.

[0093] Antimicrobial therapeutic agents may also be used as therapeutic agents in the
present invention. Any agent that can kill, inhibit, or otherwise attenuate the function of
microbial organisms may be used, as well as any agent contemplated to have such activities.
Antimicrobial agents include, but are not limited to, natural and synthetic antibiotics,
antibodies, inhibitory proteins (e.g., defensins), antisense nucleic acids, membrane
disruptive agents and the like, used alone or in combination. Indeed, any type of antibiotic
may be used including, but not limited to, antibacterial agents, antiviral agents, antifungal
agents, and the like.

[0094] In some embodiments of the present invention, a compound of Formula I and one or
more therapeutic agents or anticancer agents are administered to an animal under one or
more of the following conditions: at different periodicities, at different durations, at
different'concentrations, by different administration routes, etc. In some embodiments, the
compound is administered prior to the therapeutic or anticancer agent, e.g., 0.5, 1, 2, 3, 4, 5,
10, 12, or 18 hours, 1, 2, 3,4, 5, 0or 6 days, or 1, 2, 3, or 4 weeks prior to the administration

of the therapeutic or anticancer agent. In some embodiments, the compound is administered
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157. 03, 153.19, 139.65, 130.67, 129. 58, 129. 48, 128.46, 128.40, 124.54,
124. 44, 122.58, 122.33, 121.41, 121.17, 117.21, 116.93, 113.37, 113.03,
112. 41, 69.69, 66.05, 64.36, 62.93, 61.91, 55.48, 42.25, 36.99,

after the therapeutic or anticancer agent, e.g., 0.5, 1, 2, 3,4, 5, 10, 12, or 18 hours, 1, 2, 3, 4,
5, or 6 days, or 1, 2, 3, or 4 weeks after the administration of the anticancer agent. In some
embodiments, the compound and the therapeutic or anticancer agent are administered
concurrently but on different schedules, e.g., the compound is administered daily while the
therapeutic or anticancer agent is administered once a week, once every two weeks, once
every three weeks, or once every four weeks. In other embodiments, the compound is
administered once a week while the therapeutic or anticancer agent is administered daily,
once a week, once every two weeks, once every three weeks, or once every four weeks.

[0095] Compositions within the scope of this invention include all compositions wherein
the compounds of the present invention are contained in an amount which is effective to
achieve its intended purpose. While individual needs vary, determination of optimal ranges
of effective amounts of each component is within the skill of the art. Typically, the
compounds may be administered to mammals, e.g. humans, orally'at a dose of 0.0025 to 50
mg/kg, or an equivalent amount of the pharmaceutically acceptable salt thereof, per day of
the body weight of the mammal being treated for disorders responsive to induction of
apoptosis. In one embodiment, about 0.01 to about 25 mg/kg is orally administered to treat,
ameliorate, or prevent such disorders. For intramuscular injection, the dose is generally
about one-half of the oral dose. For example, a suitable intramuscular dose would be about
0.0025 to about 25 mg/kg, or from about 0.01 to about 5 mg/kg.

[0096] " The unit oral dose may comprise from about 0.01 to about 1000 mg, for example,
about 0.1 to about 100 mg of the compound. The unit dose may be administered one or
more times daily as one or more tablets or capsules each containing from about 0.1 to about
10 mg, conveniently about 0.25 to 50 mg of the compound or its solvates.

[0097] In a topical formulation, the compound may be present at a concentration of about
0.01 to 100 mg per gram of carrier. In a one embodiment, the compound is present at a
concentration of about 0.07-1.0 mg/ml, for example, about 0.1-0.5 mg/ml, and in one
embodiment, about 0.4 mg/ml. _

[0098] In addition to administering the compound as a raw chemical, the compounds of the
invention may be administered as part of a pharmaceutical preparation containing suitable
pharmaceutically acceptable carriers comprising excipients and auxiliaries which facilitate
processing of the compounds into preparations which can be used pharmaceutically. The
preparations, particularly those preparations which can be administered orally or topically

and which can be used for one type of administration, such as tablets, dragees, slow release
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32.59, 29.84, 28.40. EXAWPLE 18 (M-219) OH 71 EXAMPLE 19
6- CHLORO- 4' - ( 3- CHLORO- 4- FLUOROPHENYL) - 2' - CYCLOPENTYLMETHYL- 5-

FLUORO- 2- 0X0- 1, 2- DI HYDRO- SPI RO | NDOLE- 3, 3' - PYRROLI DI NE] - 5' -
(3, 4- DI HYDROXY- BUTYL) - AM DE ( MDM2- 319- 1)

CARBOXYLI C ACI D
[0127] 11-1 NMR (300 MHz, CD30D),

8 7.72 (d, 1H, J = 8.5 Hz), 7.46:7.40 (m 1H), 7.23- 7.12 (m 2H), 6.88 (d,

IH J = Go#en

(d,

1H,

21 (Nm'sﬁﬂp%sﬁaﬁes, as well as suitable solutions for administration by intravenous infusion,

[0099]

[0100]

[0101]

injection, topically or orally, contain from about 0.01 to 99 percent, in one embodiment
from about 0.25 to 75 percent of active compound(s), together with the excipient.

The pharmaceutical compositions of the invention may be administered to any
animal which may experience the beneficial effects of the compounds of the invention.
Foremost among such animals are mammals, e.g., humans, although the invention is not
intended to be so limited. Other animals include veterinary animals (cows, sheep, pigs,

horses, dogs, cats and the like).

[00100] The compounds and pharmaceutical compositions thereof may be administered by

any means that achieve their intended purpose. For example, administration may be by
parenteral, subcutaneous, intravenous, intramuscular, intraperitoneal, transdermal, buccal,
intrathecal, intracranial, intranasal or topical routes. Altematively, or concurrently,
administration may be by the oral route. The dosage administered will be dependent upon
the age, health, and weight of the recipient, kind of concurrent treatment, if any, frequency
of treatment, and the nature of the effect desired.

The pharmaceutical preparations of the present invention are manufactured in a
manner which is itself known, for example, by means of conventional mixing, granulating,
dragee-making, dissolving, or lyophilizing processes. Thus, pharmaceutical preparations for
oral use can be obtained by combining the active compounds with solid excipients,
optionally grinding the resulting mixture and processing the mixture of granules, after
adding suitable auxiliaries, if desired or necessary, to obtain tablets or dragee cores.

Suitable excipients are, in particular, fillers such as saccharides, for example lactose
or sucrose, mannitol or sorbitol, cellulose preparations and/or calcium phosphates, for
example tricalcium phosphate or calcium hydrogen phosphate, as well as binders such as
starch paste, using, for example, maize starch, wheat starch, rice starch, potato starch,
gelatin, tragacanth, methyl cellulose, hydroxypropylmethyicellulose, sodium
carboxymethylcellulose, and/or polyvinyl pyrrolidone. If desired, disintegrating agents may
be added such as the above-mentioned starches and also carboxymethyl-starch, cross-linked
polyvinyl pyrrolidone, agar, or aiginic acid of a salt thereof, such as sodium alginate.
Auxiliaries are, above all, flow-regulating agents and lubricants, for example, silica, talc,

stearic acid or salts thereof, such as magnesium stearate or calcium stearate, and/or
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Cl / 0ON/-OH NCO2Me 10 Cl EXAMPLE 22 |

6- CHLORO- 4' - ( 3- CHLORO- 4- FLUOROPHENYL) - 2 - CYCLOHEXYL- 5- FLUORO- 2-

0X0- 1, 2- DI HYDRO- SPI RO[ | NDOLE- 3, 3' - PYRROLI DI NE] - 5' - CARBOXYLI C ACI D (3
, 4- DI HYDROXY- BUTYL) - AM DE ( MDMR-319-4) CIOH N HCl \I A 0O [0128]

NVR (300 MHz, CD30D), 8 8.54-8.40 (m 2H), 7.56 (d, 1H, J = 8.4 Hz),

7.29 (m Methy?en%%lylollbrég& cBich are@prédddddwithl bhitaBleeoftinks Hiﬂch #.d98red; 86
1H), 4.21-4.01 (m 2H). 3.39-3.19 (m 5H), 2.50-2.40 (m  1H) . 2.00-1.

2H), 1.6Jesistant tp ,gixstqu_w.ucegL Eox shis porppss caigpntratqdieagghapde splutions may be used,
which may optionally contain gum arabic, talc, polyvinyl pyrrolidone, polyethylene glycol

and/or titanium dioxide, lacquer solutions and suitable organic solvents or solvent mixtures.
In order to produce coatings resistant to gastric juices, solutions of suitable cellulose
preparations such as acetylcellulose phthalate or hydroxypropylmethyl-cellulose phthalate,
are used. Dye stuffs or pigments may be added to the tablets or dragee coatings, for
example, for identification or in order to characterize combinations of active compound
doses. .

[0102] Other pharmaceutical preparations which can be used orally include push-fit
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer
such as glycerol or sorbitol. The push-fit capsules can contain the active compounds in the
form of granules which may be mixed with fillers such as lactose, binders such as starches,
and/or lubricants such as talc or magnesium stearate and, optionally, stabilizers. In soft
capsules, the active compounds are in one embodiment dissolved or suspended in suitable
liquids, such as fatty oils, or liquid paraffin. In addition, stabilizers may be added.

[0103] Possible pharmaceutical preparations which can be used rectally include, for
example, suppositories, which consist of a combination of one or more of the active
compounds with a suppository base. Suitable suppository bases are, for example, natural or
synthetic triglycerides, or paraffin hydrocarbons. In addition, it is also possible to use
gelatin rectal capsules which consist of a combination of the active compounds with a base.
Possible base materials include, for example, liquid triglycerides, polyethylene glycols, or
paraffin hydrocarbons.

[0104] Suitable formulations for parenteral administration include aqueous solutions of the
active compounds in Water—soluble form, for example, water-soluble salts and alkaline
solutions. In addition, suspensions of the active compounds as appropriate oily injection
suspensions may be administered. Suitable lipophilic solvents or vehicles include fatty oils,
for example, sesame oil, or synthetic fatty acid esters, for example, ethyl oleate or
triglycerides or polyethylene glycol-400. Aqueous injection suspensions may contain
substances which increase the viscosity of the suspension include, for example, sodium
carboxymethyl cellulose, sorbitol, and/or dextran. Optionally, the suspension may also

contain stabilizers.
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(MDMR-319-5) CIH N - Il NH HCO EXAMPLE 24

6- CHLORO- 4' - ( 3- CHLORO- 4- FLUOROPHENYL) - 2' 42, 2- DI METHYL- PROPYL) - 5-

FLUORO- 2- 0X0- 1, 2- DI HYDRO- SPI RQ | NDCOLE- 3, 3' - PYRROLI DI NE] - 5' - CARBOXYLI C ACI D
[ 2- ( 3- HYDROXY- CYCLOPENTYL) - ETHYL) - AM DE ( MDMR-319-6) OH 10129111-1 NMR
(300 MHz, CD30D), 8 8.52-8.49 (m 1H), 7.72 (d, 1H, J = 8.5 Hz), 7.40 (d,
1H, [9165]10.0 H=g, toﬁcaﬁlﬁco?npﬂ)ﬁti()m of2tts, inGerdidn (adle fdrhiulaled=inGoreé dri@Yodirher? As5. 23

1 4.49 (d, 1H J = 8.2 32432
gmlo SD 02”{%?”%@5 lotjongg ointrments ﬁ{‘aﬂ% 11%@1 birsc%fw%@f(%'é?omte L@@%m 1H),
0.92 (s, SHers Q\cﬁée Qeé@lab(e%r rhifkral om%egélaﬁm t% séht E@é%l—grag&ed
6- CHLORO-4' - (3- CH - 4- FLUOROPHE )-2' - CYCLOPE

chain fats or 01ls animal fats and hlgh molecular weight alcohol (greater than C,z). The
carriers may be those in which the active ingredient is soluble. Emulsifiers, stabilizers,
humectants and antioxidants may also be included as well as agents imparting color or
fragrance, if desired. Additionally, transdermal penetration enhancers can be employed in
these topical formulations. Examples of such enhancers can be found in U.S. Pat. 'Nos.
3,989,816 and 4,444,762.

{0106} Creams may be formulated from a mixture of mineral oil, self-emulsifying beeswax
and water in which mixture the active ingredient, dissolved in a small amount of an oil such
as almond oil, is admixed. A typical example of such a cream is one which includes about
40 parts water, about 20 parts beeswax, about 40 parts mineral oil and about 1 part almond
oil.

[0107] Ointments may be formulated by mixing a solution of the active ingredient in a

" vegetable oil such as almond oil with warm soft paraffin and allowing the mixture to cool.
A typical example of such an ointment is one which includes about 30% almond oil and
about 70% white soft paraffin by weight.

[0108] Lotions may be conveniently prepared by dissolving the active ingredient, in a
suitable high molecular weight alcohol such as propylene glycol or polyethylene glycol.

[0109] The following examples are illustrative, but not limiting, of the method and
compositions of the present invention. Other suitable modifications and adaptations of the
variety of conditions and parameters normally encountered in clinical therapy and which are

obvious to those skilled in the art are within the spirit and scope of the invention.
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0X0- 1, 2- DI HYDRO- SPI RO | NDOLE- 3, 3' - PYRROLI DI NEJ- 5' - CARBOXYLI C ACID (3 , 4-D
| HYDROXY- BUTYL) - AM DE (M -319-8) r"-OH CIH/ | ONOH I HCl | 101301NMR (300
MHz, CD30D), 8 7.68 (d, 1H J = 8.5 Hz), 7.40-7.37 (m 1H, 7.16- 7.11 (m
2H), 6.86 (d, 1H J = 6.0 Hz), 5.15 (d, 1H J = 11.6 Hz), 4.27 (d, 1H J
11.0 Hz), 4.15 (d, 1H, J = 11.6 Hz), 3.39-3.24 (m 5H), 2.30-2.28 (m 1H),

2.10-2.05 (m 1H), 1.62- 1.31 (m EXAMPLELS-1.12 (m 1H), 0.78-0.75 (m
1H). EXAWPLE 27

o T e e

(3,4-DIHYDROXY-BUTYL)-AMIDE

OH

% Oy N*/'\)\/
%@NH HCI

[0110] 'H NMR (300 MHz, CD;OH), & 7.70 (d, 1H, J = 8.4 Hz), 7.40-7.20 (m, 3H), 7.09
(m, 1H), 6.88 (d, 1H, J = 6.0 Hz), 5.22 (d, 1H, J = 11.4 Hz), 4.39 (m, 1H), 4.11 (d, IH,J =
11.1 Hz), 3.65-3.32 (m, 9H), 1.85 (m, 1H), 1.60 (m, 1H), 1.41 (m, 1H), 1.19 (m, 1H), 0.84
(s, OH).

EXAMPLE 2

6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-FLUORO-2-
0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-CARBOXYLIC ACID
(2,3-DIHYDROXY-PROPYL)-AMIDE

cl /OH

O*’NH OH
Ci
poas ﬁo%

[0111] 'H NMR (300 MHz, CD;OH), & 7.74 (d, 1H, J = 7.5 Hz), 7.35-7.15 (m, 3H), 7.11
(m, 1H), 6.88 (d, 1H, J = 6.0 Hz), 5.22 (d, 1H, J = 11.4 Hz), 4.33 (m, 1H), 4.28 (d, 1H, J =
10.5 Hz), 3.67 (m, 2H), 3.65-3.32 (m, 4H), 2.05 (m, 1H), 1.90 (m, 1H), 1.56 (m, 1H), 0.87
(s, 9H). |
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101311NVR (300 MHz, CD30D), 8 7.73-7.70 (m 1H), 7.58-7.51 (m 1H),
7.29-7.19 (m 2H), 6.93-6.89 (m 1H), 5.83-5.80 (m 1H), 4.70-4.68 (m 1H),
4.44-4.25 (m 2H), 3.98- 3.52 (m 3H), 3.36-3.22 (m 2H), 2.92-2.85 (m
3H), 2.40-1.89 (m 2H), 1.20 (d, 1H, J = 15.3 Hz), 0.95-0.90 (m 9H).
EXAMPLE 28 (M -319-10) EXAMPLE 29 EXAMPLE 30 EXAMPLE 31 (M - 319-12)
EXAMPLE 32 | EXAMPLE 3 |

' - ACETYL- 6- CHLORO- 4' - ( 3- CHLORO- 4- FLUOROPHENYL) - 2' -

i

, 2- DI METHYL-

(2
onh i b Elaih
S SRR S ST e o

10

1H, J = 10.2 Hz), 4.75 (dG:2H! ;15 MTOBIAMIBE m 1H), 3.78-3.30 (m
5H), 2.80-2.77 (m 1H), 2.23 (s, 3H), 1.76-1.64 (m 1H), 1.56-1.52 (m 2H),
0.92 (s, 9H). EXAMPLE 33

6- CHLORO- 4' - ( 3- CHLORO- 4- FLUOROPHENYL) - 2' +62, 2- DI METHYL- PROPYL) - 5-

FLUORO- 2-0X0-1 ' - OXY-1, 2, 4", 5' - TETRAHYDRO,SPI R | NDOLE- 3, 3' - PYRROLE] - 5' -

Ox—NH
7\ :
- ) < “NH He
| P
cl & H/\OX
[0112] 'H NMR (300 MHz, CD;0H), & 7.72 (d, 1H, J = 8.4 Hz), 7.35-7.15 (m, 3H), 7.10

(m, 1H), 6.88 (d, 1H, J = 6.0 Hz), 5.23 (d, 1H, J = 11.1 Hz), 4.65 (m, 1H), 4.13 (d, 1H,J =
11.4 Hz), 3.61 (m, 2H), 3.65-3.32 (m, 5H), 2.02 (m, 1H), 1.93 (m, 1H), 1.56 (m, 3H), 1.15
(m, 1H), 0.92 (s, 9H).

EXAMPLE 4

6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-FLUORO-2-
0XO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE}-5'-CARBOXYLIC ACID [2-
(3-HYDROXY-CYCLOPENTYL)-ETHYL]-AMIDE

0o
cl

O\‘/N'{'\\
@\/\ HCl
| ~0
cl = H ><
[0113] 'H NMR (300 MHz, CD;OH), & 7.69 (d, 1H, J = 8.4 Hz), 7.40-7.20 (m, 3H), 7.10

(m, 1H), 6.86 (m, 1H), 5.24 (d, 1H, J = 11.1 Hz), 4.35 (d, 1H, J = 8.4 Hz), 4.09 (m, 1H),
3.61-3.32 (m, 2H), 2.96 (m, 1H), 2.21-1.12 (m, 11H), 0.85 (s, 9H).



CARBOXYLI C ACI D (3, 4- DI HYDROXY- BUTYL) - AM DE (M - 319- 14) 101331 NMR (300
MHz, CD3Cl), 7.35-7.27 (m 1H), 7.09-7.07 (m 1H), 6.92-6.89 (m. 1H),
6.79-6.75 (m 2H), 5.55 (d, 1H, J = 11.0 Hz), 4.20 (d, 1H, J = 11.0 Hz),
3.67-3.65 (m 2H), 3.44-3.32 (m 3H), 2.80 (d, 1H, J = 13.1 Hz), 1.80 (d,
1H, J = 13.1 Hz), 1.70-1.60 (m 2H), 0.84 (s, 9H). EXAMPLE 34

116- CHLORO- 4' - ( 3- CHLORO- 4- FLUOROPHERXMPILZ 5 ( 2, 2- DI METHYL- PROPYL) - 5-

6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-FLUORO-2-
0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5-CARBOXYLIC ACID [2-
(3-HYDROXY-CYCLOPENTYL)-ETHYL}-AMIDE

[0114] 'H NMR (300 MHz, CD;OH), & 7.69 (d, 1H, J = 8.4 Hz), 7.40-7.20 (m, 3H), 7.10
(m, 1H), 6.86 (m, 1H), 5.24 (d, 1H, J = 11.1 Hz), 4.48 (d, 1H, J = 8.4 Hz), 4.12 (m, 1H),
3.64-3.32 (m, 2H), 2.96 (m, 1H), 2.20-1.10 (m, 11H), 0.85 (s, 9H).

EXAMPLE 6

6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-FLUORO-2-
0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5-CARBOXYLIC ACID [2-
(3-HYDROXY-CYCLOPENTYL)-ETHYL]-AMIDE

Ox—NH
/N
Sat. HCl
Fe
| ’/§O ul
c >\
[0115] lH NMR (300 MHz, CD;0OH), 6 7.69 (d, 1H, J = 8.4 Hz), 7.40-7.20 (m, 3H), 7.10

(m, 1H), 6.86 (m, 1H), 5.24 (d, 1H, J = 11.1 Hz), 4.47 (d, 1H, ] = 8.4 Hz), 4.11 (m, 1H),
3.65-3.32 (m, 2H), 2.96 (m, 1H), 2.20-1.10 (m, 11H), 0.91 (s, 9H).
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FLUORO- 2- 0X0- 1, 2- DI HYDRO- SPI RO | NDOLE- 3, 3' - PYRROLI DI NE] - 5' -

CARBONYL] - AM NO) - ACETI C ACI D (M -319-15) [0134]11i NWMR (300 Mz, CD30D), 8
7.64 (d, 1H J = 8.4 Hz), 7.38 (d, 1H J = 6.2 Hz), 7.27-7.21 (m 1H),
7.10-7.07 (m 1H), 6.90-6.84 (m 1H), 5.08 (d, 1H J = 9.9 Hz), 4.22- 3.88
(m 4H), 1.76-1.68 (m 1H), 1.12-1.06 (m 1H), 0.84 (s, 9H). EXAWPLE 35
(M-319-16) OH EXAMPLE 36 EXAMPLE 7

6- CHLORO- 41- ( 3- CHLORO- 4- FLUOROPHENYL) - 21- ( 2, 2- DI METHYL- PROPYL) - 5-

FL UORO- %g _F&g?ﬁ%u C ACID
2-1M D 0D), 8
g 99 (sAﬁ% gg;‘; iﬂr YLCALID 48 %m

o d
7.19-7.11 (m oH?, 1H, J = 11.4 Hz),
452(d 1H, J = 6.8 Hz), 441436(m 2H), 4.19 (d, 1H J = 11.4 H),
3.73-3.31 (m 2H), 1.99-1.91 (m 1H), 1.21-1.16 (m 1H), 0.92 (s. 9H).
EXAMPLE 37 7- |

{ [ 6- CHLORO- 41- ( 3- CHLORO- 4- FLUOROPHENYL) - 21&}';'9’j DI METHYL- PROPYL) - 5-

FLUORO- 2- 0X0- 1, 2- DI HYDRO- SPI DO_&-\;% PYRROLI DI NE] -51-
CARBONYL] - AM NO) - 3, 5- DI HYDROXY-AEPTARG'C ACI D (M - 319- 18)
: — \/\NH
| =S
Cl a ”/\O>'\/
[0116] 'H NMR (300 MHz, CD3OH), & 7.72 (d, 1H, J = 8.4 Hz), 7.38-7.22 (m, 3H), 7.10

(m, 1H), 6.87 (m, 1H), 5.23 (d, 1H, J = 11.1 Hz), 4.48 (d, 1H, ] = 8.4 Hz), 4.12 (m, 1H),
3.56-3.25 (m, 2H), 2.98 (m, 1H), 2.20-1.10 (m, 11H), 0.86 (s, 9H).

EXAMPLE §

6-CHLORO-4'-(3-CHLORO-4-FLUORO-PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-
FLUORO-2-0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID (4,5-DIHYDROXY-PENTYL)-AMIDE

HCI

[0117] 'H NMR (CD;0D, 300 MHz), 8 7.73 (d, J=8.4 Hz, 1H), 7.41 (d, J=7.0 Hz, 1H),
7.14 (d, J=6.7 Hz, 2H), 5.25 (d, J=11.3 Hz, 1H), 4.49 (d, J=6.6 Hz, 1H), 4.15 (d, ]=6.4 Hz,
1H), 3.48-3.10 (m, SH), 1.94 (dd, J=8.1, 15.4 Hz, 1H), 1.70-1.10 (m, SH), 0.92 (s, 9H).
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1013611H NVR (300 MHz, CD30D), 6 7.60 (d, 1H, J = 8.4 Hz), 7.37 (d, 1H J =
7.5 Hz), 7.08-7.06 (m 2H), 6.87-6.84 (m 1H), 4.84 (d, 1H, J = 10.2 Hz),
4.15-4.08 (m 1H), 4.00- 3.96 (m 2H), 3.80-3.75 (m 1H), 3.36-3.32 (m
2H), 2.49-2.43 (m 2H), 1.65-1.55 (m 6H), 1.04 (m 1H), 0.92 (s, 9H).

EXAMPLE 38 _
6- CHLORO- 4' - ( 3- CHLORO- 4- FLUOROPHENYXAMPLE(®, 2- DI METHYL- PROPYL) - 5-

FLUORO- 2- 0X0- 1, 2- DI HYDRO- SPI quNDOLE-s 3' - PYRROLI DI NE] - 5' - CARBOXYLI C ACI D
(2,3,4-TR - 137 oD), 8
7.83-7.66 {rl: %%%%%&g{gﬁ 3 P'(ran)
4.48-4.21 (m L3 ] 3.47 (m

2H), 3.32-3.24 ( A-Y5PROPYXTRAMIPE * 9 92-0.82 (m
9H). EXAMPLE 39 _

6- CHLORO- 4" - ( 3- CHLORO- 4- FLUOROPHENYL) - 2' - ( 2, 2- DI METHYL- PROPYL) - 5-

FLUORO- 2- 0X0- 1, 2- DI HYDRO- SPI RO[|ND%]§,3Y3\ RROLI DI NE] - 5' - CARBOXYLI C
ACI D (2- GUANI DI NO- ETHYL) - AMFD 20) ] NMR (300 MHz, CD30D), 5
7.69 (d, 1H, J = 8.4 Hz), 7.3 , 4AH, J Ev 7.14-7.04 (m 2H), 6.89
(d, 1H, J = 5.8 Hz), 5.24 (g -—N"iISHz) 444(d 1H, J = 8.0 Hz),
3.80-3.65 (m 2H), 3.08-3.00F - ~1.8ZHCM 1H), 1.71-1.64 (m 2H),

1.40-1.33 (m 1H), 0.91 (s, 9 wam 0 (M-319-21)
Cl g
[0118] 'H NMR (CD;0OD, 300 MHz), & 7.82-7.19 (m, 4H), 6.90 (d, J=5.56, 1H), 5.39 (d,

J=9.9 Hz, 1H), 4.55 (d, }=6.9 Hz, 1H), 4.28 (d, J=9.3 Hz, 1H), 4.20-3.85 (m, 4H), 3.70-3.40
(m, 2H), 3.25-3.00 (m, 4H), 2.20-1.85 (m, 3H), 1.69 (d, J=15.3 Hz, 2H), 0.934 (s, 9H), 0.70
(t, J=11.3 Hz, 1H).

EXAMPLE 10

6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-
FLUORO-2-0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID (4-HYDROXY-3-HYDROXYMETHYL-BUTYL)-AMIDE

[0119] H' (300 MHz CD;0D), § 8.56 (s br, 1H), 7.68 (t, J = 6.6 Hz, 1H), 7.42 (t, J = 7.2
Hz, 1H), 7.25 (t, J = 7.8 Hz, 1H), 7.05 (d, J = 8.7 Hz, 1H), 6.95 (d, J = 6.0 Hz, 1H), 5.22 (d,
J=10.5 Hz, 1H), 4.54 (d, ] = 10.5 Hz, 1H), 4.34-4.31 (m, 1H), 3.51-3.49 (m, 4H), 3.36-3.32
(m, 2H), 2.08 (dd, J = 15.3, 7.5 Hz, 1H), 1.53-1.49 (m, 2H), 1.33 (dd, ] = 15.3, 2.7 Hz, 1H),
0.93-0.89 (m, 1H), 0.86 (s, 9H).
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EXAVPLE 41 6- CHLORO- 4' - (3 - CHLORO- 4- FLUOROPHENYL) - 5- FLUORO- 2' - ( 2- METHYL-
PROPENYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RO | NDOLE- 3, 3' - PYRROLI DI NE] - 5' - CARBOXYLI C
ACI D (3, 4- DI HYDROXY- BUTYL)-AMDE /OH | CH/ O NOH | _ NH [0139] 111 NMVR (300
MHz, CD3Cl), 8 8.19-8.11 (m 1H), 7.28-7.19 (m 3H), 6.96-6.85 (m 2H),
6.68 (d, 1H J = 5.9 Hz), 4.97 (d, 1H J = 8.9 Hz), 4.60-4.55 (m 1H),
4.30-4.27 (m 1H), 3.82 (d, 1H, JEXAMPLEZ), 3.71-3.23 (m 4H), 1.58-1.54
(m 5H), 1.46 (s, 3H). EXAWMPLE 42

6- CHLORO- 4' - ( 3- CHLORO- 4- FLUQR

FLUORO- 2- 0X0- 1, 2- DI HYDRO- SP
(2- UREI DO- ETHYL) - AM DE 10140
Hz), 7.43 ( d, 1H, J = 6.0 H
(d, 1H, J = 11.2 Hz), 4.48 (d,. ) A1, 4.16-4.13 (m 1H),
3.32-3.23 (m 2H), 297289(m . A9 .90 (m 1H), 1.57-1.53 (m 2H),
1.23-1.18 (m 1H) 0.92 (s, 9HY~E

(272, 3S, 4' R 5R) - 6- CHLORO- N- ((S) - 3, 4- dﬂHYDROXYBUTYL) 5- FLUORO- 4' - ( 3-
FLUOROPHENYL) - 2' - NEOPENTYL- 2- 0XOSPI RQ[ | NDOLI NE- 3, 3' - PYRROLI DI NE] -

[0120] H' (300 MHz CD;0OD), & 8.56 (s br, 1H), 7.65 (t, ] = 6.6 Hz, 1H), 7.45 (t, ] = 7.2
Hz, 1H), 7.26 (t, ] = 7.8 Hz, 1H), 7.01 (d, ] = 8.7 Hz, 1H), 6.95 (d, ] = 6.0 Hz, 1H), 5.14 (d,
J =10.5 Hz, 1H), 4.51 (d, J = 10.5 Hz, 1H), 4.26 (m, 1H), 3.55-3.50 (m, 2H), 3.37-3.31 (m,
3H), 2.08-2.02 (m, 1H), 1.71-1.45 (m, 2H), 1.35-1.23 (m, 3H), 0.86 (s, 9H).

THYL- PROPYL) - 5-

DI NE] - 5' - CARBOXYLI C ACI D
0D), 8 7.71 (d, 1H, J = 8.4
'6.93-6.89 (m 1H), 5.19

EXAMPLE 12

6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-
FLUORO-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5"-
CARBOXYLIC ACID (3,4-DIHYDROXY-BUTYL)-AMIDE
(M1-419)

[0121] H' (300 MHz CD;0D), & 8.55 (s br, 1H), 7.66 (t, J = 6.6 Hz, 1H), 7.42 (t, ] = 7.8
Hz, 1H), 7.28-7.23 (m, 2H), 7.01 (d, J = 8.7 Hz, 1H), 6.95 (d, J = 6.0 Hz, 1H), 5.20 (d, ] =
10.5 Hz, 1H), 4.53 (d, J = 10.5 Hz, 1H), 4.26 (m, 1H), 3.52 (m, 1H), 3.40-3.33 (m, 4H),
2.03 (m, 1H), 1.71-1.45 (m, 2H), 1.35-1.28 (m, 1H), 0.86 (s, 9H).
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5' - CARBOXAM DE (M -519-1) OH HO,, 101411NMR (300 M{z, CD30D), 8 8.43 (m
1H), 7.72 (d, 1H, J = 8.4 Hz), 7.30-7.15 (m 1H), 7.06 (d, 2H, J = 8.88
Hz), 6.95 (d, 1H, J = 7.8 Hz), 6.88 (d, 1H J = 6.0 Hz), 5.28 (d, 1H J =
11.3 Hz), 4.51-4.40 (m 1H), 4.16 (d, J = 11.3 Hz), 3.50-3.20 (m 5H), 1.93
(dd, 1H J = 8.3, 15.5 Hz), 1.62-1.36 (m 2H), 1.23-1.13 (m 1H), 0.92 (s,

OH). EXAMPLE 44 EXAMPLE 13
(2'R 3S,4'S,5' R) 6- CHLORO- 4' - ( 2, 3- DI FLUOROPHENYL) - N- (( S) - 3, 4-

DI HYDROXY - FL

R S
CD30D) , 4172 )-S 4

7.23-7. 15 (m oH), 6.89 (&V‘O OJJN BYH-FHHYLEA DPd 1H, J =

4.64 (d, | H J = 11.4 Hz), 4.58-4.50 (m 1H), 350320(m5H) 193(dd,

1H J = 8.3, 15.5 Hz), 1.67- 1.36 (m 2H), 1.23-1.13 (m 1H), 0.92 (s, 9H).
EXAMPLE 45 (2'R 3S, 41R 5'R) - 6- CHLORO- 4' -(3%\@_ FLUOROPHENYL) - N- ( (5) - 3, 4-

Ci

/\/N
Ox—NH
7 \ :
P M 2HCI
i ‘Fo>/
a >N \

[0122] 'H NMR (300 MHz, CD;OH), & 7.74 (d, 1H, J = 7.5 Hz), 7.35-7.15 (m, 3H), 7.11
(m, 1H), 6.88 (d, 1H, J = 6.0 Hz), 5.22 (d, 1H, ] = 11.4 Hz), 4.55 (d, 1H, ] = 9.6 Hz), 4.24
(4, 1H, J = 6.3 Hz), 4.20-3.85 (m, 4H), 3.70-3.40 (m, 4H), 3.25-3.00 (m, 4H), 2.09 (m, 1H),
1.27 (m, 1H), 0.934 (s, 9H).

EXAMPLE 14

6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-FLUORO-2-
0XO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-CARBOXYLIC ACID (3-
MORPHOLIN-4-YL-PROPYL)-AMIDE

[0123] 'H NMR (CD;OD, 300 MHz), & 7.72 (d, 1H, J = 8.4 Hz), 7.38-7.22 (m, 3H), 7.10
(m, 1H), 6.87 (m, 1H), 5.23 (d, 1H, J = 11.1 Hz), 4.55 (d, ] = 6.9 Hz, 1H), 4.28 (d, J = 9.3
Hz, 1H), 4.20-3.85 (m, 4H), 3.70-3.40(m, 2H), 3.25-3.00 (m, 4H), 2.20-1.85 (m, 4H), 1.69
(d, J = 15.3 Hz, 2H), 0.934 (s, 9H).
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DI HYDROXYBUTYL) - 5- FLUORO- 2' - NEOPENTYL- 2- 0XOSPI RQ[ | NDOLI NE- 3, 3' -
PYRROLI DI NE] - 5' - CARBOXAM DE (M -519-3) OH HO',, 10143JH NVR (300 Mz,
CD30D), 5 8.43 (m 1H), 7.73-7.69 (m 1H), 7.27-1.10 (m 2H), 6.97-6.94 (m
1H), 6.90 (d, 1H, J = 6.0 Hz), 5.26-5.23 (m 1H), 4.49 (d, 1H J = 7.5 Hz),
4.16-4.13 (m 1H), 3.50-3.15 (m 5H), 1.96-1.88 (m 1H), 1.62-1.40 (m 2H),
1.23-1.13 (m 1H), 0.92 (s, 9H). EXMWMPEE46

(21R, 3S, 4' S, 51R) - 6- CHLORO- 41- (2, 5- DI FLUCRCPHENYL) - N- ((S) - 3, 4-

g ki

CD30D) Qob- 3 1AL

7.15-7.00 (m 2H), 6.8&9( ) . d 1H, J = 11.1 Hz),
4.63 (d, 1H J = 11.4 Hz) 50 (m 1H) 3.50-3.20 (m 5H), 1. 93 (dd,
1H, J = 8.3, 15.5 Hz), 1 1,36 (m 2H). 18(dd 1H, J = 1.9, 15.5 Hz),

0.92 (s, 9H) EXAMPLE 47
(2'R 3S,4'S,5'R) - 6- CHLORO N- (¢1S) - 3 DM—ND%(YBUTYL) 5. FLUORD- 4' - ( 2-

74 \\
= { NH
F | N
e -
P N/\O>\
Cl H

[0124] 'H NMR (CDsOD, 300 MHz), 8 7.69 (d, 1H, J = 8.4 Hz), 7.40-7.20 (m, 3H), 7.10
(m, 1H), 6.86 (m, 1H), 5.24 (d, 1H, J = 11.1 Hz), 4.51 (d, J = 10.5 Hz, 1H), 4.26 (m, 1H),
3.55-3.50 (m, 2H), 3.37-3.31 (m, 3H), 2.08-2.02 (m, 2H), 1.71-1.45 (m, 2H), 1.35-1.23 (m,
3H), 0.86 (s, 9H).

EXAMPLE 16

6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-FLUORO-2-
0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-CARBOXYLIC ACID (4-
HYDROXY-3-HYDROXYMETHYL-BUTYL) -AMIDE

OH

NH HCI

[0125] 'H NMR (300 MHz, CD;0H), & 7.69 (d, 1H, ] = 8.4 Hz), 7.40-7.20 (m, 3H), 7.10
(m,.1H), 6.86 (m, 1H), 5.24 (d, 1H, J = 11.1 Hz), 4.54 (d, J = 10.5 Hz, 1H), 4.34-4.31 (m,
1H), 3.51-3.49 (m, 4H), 3.36-3.32 (m, 2H), 2.08 (dd, J = 15.3, 7.5 Hz, 1H), 1.53-1.49 (m,
2H), 1.33 (dd, } = 15.3, 2.7 Hz, 1H), 0.93-0.89 (m, 1H), 0.86 (s, 9H).
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FLUOROPHENYL) - 2' - NEOPENTYL- 2- 0XOSPI RQ[ [ NDOLI NE- 3, 3' - PYRROLI DI NE] -

5' - CARBOXAM DE (M -519-6) OH 10145111-1 NMR (300 MHz, CD30D), 8 8.43 (m
1H), 7.70-7.64 (m 2H), 7.40-7.18 (m 2H), 7.01-6.94 (m 1H), 6.85 (d, 1H,
J=6.0 Hz), 5.25 (d, 1H, J = 11.3 Hz), 4.62 (d, 1H, J = 12 Hz), 4.55-4.52
(m 1H), 3.50-3.20 (m 5H), 1.91 (dd, 1H, J = 8.3, 15.5 Hz), 1.62-1.32 (m
2H), 1.18 (dd, 1H, J = 1.8, 15.3 IﬂthAMBLE27(S 9H). EXAMPLE 48

(2'R 3S,4'R 5' R) 6- CHLORO- N- ((3) - 3 - DI HYDROXYBUTYL) - 5- FLUCRO- 4 - (4-

FLUOROPHENY @T L6c§«“ s
6.87 (d. 1H EHHN 'CéR%) £y 4,12

(d, J:114Hz) 350320(m 5H)(M13é%)(dd 1H J = 8.3, 15.5 Hz),
1.62-1.32 (m 2H), 1.20 (dd, 1H, J = 2.0, 15.3 Hz), O. 92 (s, 9H). EXAWMPLE
49 CELL GROMH I NHI BITION [ 0147] One maj or advant age of non-peptide

smal | - nol ecul e inhibitors over peptide-basgg inhibitors is their superior
cell perneability. It is predicted that Egigngf*hon-peptide i nhi bitors of
the pS3-MDM2 interaction will Be effgct In inhibition of cell growh and
division in cancer cells mﬁtE % fldﬁtyﬁﬁ form of p53 through stinulation
of the activity of p53. Furt A gy are predicted to have selectivity
in cancer cells with either agl 3 or a nutated, non-functional form
of p53. To test these predictions Ta Q@I rowm h assay was devel oped using
human prostate cancer LNCaP ( ;E? and PC-3 (p53 null) cell Iines.
The toxic effects of conpoun of th% invention were tested. [0148]Cel Is
were seeded in 96-well flat bottomcell culture plates at a density of

3-4x103
[0126] Formula: C;7H3;ClFaN304.HCL (HCI Salt) 'H NMR (300 MHz, MeOD), 6 8.44 (m,

1H), 7.70 (d, 1H, J = 8.4 Hz), 7.41 (m, 1H), 7.14 (m, 2H), 6.90 (d, 1H, ] = 6.0 Hz), 5.20 (d,
1H, J = 11.1 Hz), 4.47 (d, 1H, J = 8.1 Hz), 4.14 (d, 1H, J = 10.8 Hz), 3.47 (m, 4H), 1.91 (dd,
IH, J = 15.6, 8.4 Hz), 1.57 (m, 1H), 1.43 (m, 1H), 1.21 (dd, 1H, J = 15.6, 1.8 Hz), 0.92 (s,
9H); '*C NMR (75 MHz, MeOD), & 176.28, 166.52, 157.03, 153.19, 139.65, 130.67,
129.58, 129.48, 128.46, 128.40, 124.54, 124.44, 122.58, 122.33, 121.41, 121.17, 117.21,
116.93, 113.37, 113.03, 112.41, 69.69, 66.05, 64.36, 62.93, 61.91, 55.48, 42.25, 36.99,
32.59, 29.84, 28.40.

EXAMPLE 18

(MI-219)




cells/well and incubated in the presence of conpounds for 4 days. The rate
of cell growth inhibition after treatnent with increasing concentrations
of the compounds was determ ned using WST-8

(2-(2-net hoxy-4-ni trophenyl)-3-(4-nitrophenyl)-5-(2, 4di sul f ophenyl)-2Htetra
zol i um nmonosodi um salt (Dojindo Ml ecul ar Technol ogies Inc., Gaithersburg,
Maryl and). WST-8 was added at a final concentration of 10%to each well and
the plates were incubated at 37C for 2-3 hrs. The absorbance of the sanpl es
was neasured at 450 nmin a plat esé)ﬁﬁlgl?i %bl ecul ar Devi ce- TECAN ULTRA) .
The concentration of the conpound Fr% bited cell growth by 50% (1 Cso)
was cal cul ated by conpari ng absorbance in the untreated cells and the cells
treat ed w t6hCHh@ROeAIHIHISOR @=t-RHHIDROPHERNML) '-2Y GLIOP ENIMJAVEBETH Y& F 5t he

i nvention wer ELEDR@-2-©HX©!1¢2-DIHYDROG-SHRO[IND DB S-BYRBOLIDENES-5'Y nhi bi ti ng
cell growth in p53-QarRBOXYEIC NCIP (38!DIH YDROXVBUEYL)-aMIDE negati ve PC3
cells. 101491The conpounds of themrnsiem were simlarly tested agai nst
HCT116 (w | d-type p53), and HT-29 (nutant p53) colon cancer cell lines. As
shown in Table 2, the majority of the tested conpounds exhibited a higher
potency for cell growth inhibition in p53- p05|t|ve HCT116 cel ls as conpared
to p53-negative HCT116 cells, wnth the | argest OHi fference in pot ency bei ng
about 25-fold. [0150] Since nor mal® el Ii sovdyave wild-type p53, a
potential concern in devel op ibitors of the p53-MDMR interaction
as new anti-cancer drugs is th /\lmy Hoe nonsel ective and equal ly
active in killing normal cells_ a they jare killing cancer cells.
Conpounds will be eval uated in" i ostate epithelial cells
(PrEC) with wild-type p53 to co h}m her they display a good
selectivity for cancer cells. ClTabte $’|Corrpound | C50 SD LNCaP PC3 HCT116
HCT116 (.LM* 1Cso 1050 p53W p53K0 (Ki  SD)

[0127] '"H NMR (300 MHz, CD;0D), 8 7.72 (d, 1H, J = 8.5 Hz), 7.46-7.40 (m, 1H), 7.23-
7.12 (m, 2H), 6.88 (d, 1H, J = 6.0 Hz), 5.12 (d, 1H, J = 11.3 Hz), 4.39-4.35 (m, 1H), 4.14 (d,
1H, J = 11.3 Hz), 3.41-3.28 (m, S5H), 1.92-1.78 (m, 2H), 1.62-1.42 (m, 8H), 1.28 (d, 1H, J =
15.8 Hz), 1.10-0.90 (m, 2H).

EXAMPLE 20

(MDM2-319-2)

&
Cl H
- O%’/N—/— OH
N HCI
X /TNH =
. {
F ‘ \l\/ N
| o)
0
N
of N
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(p.-M (j.tM 1050 1050 (IIM  (I1M (I1M NMDMVR-319 0.076 (0.0063) 0.077
(0.006) 0.064 (0.005) 0.092 0.2738 0.1839 0.2291 0.2289 0.04 15.4 9.08
1.35 11.61 3.3 0.7174 0.6145

EXAMPLE 21

(MDM2-319-3)

EXAMPLE 22

6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-2'-CYCLOHEXYL-5-FLUORO-2-
0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5-CARBOXYLIC ACID
(3,4-DIHYDROXY-BUTYL)-AMIDE
(MDM2-319-4)

[0128] 'H NMR (300 MHz, CD;OD), & 8.54-8.40 (m, 2H), 7.56 (d, 1H, J = 8.4 Hz), 7.31-
7.29 (m, 1H), 7.16-7.11 (m, 2H), 6.82 (d, 1H, J = 6.1 Hz), 4.99-4.95 (i, 1H), 4.21-4.01 (m,
2H), 3.39-3.19 (m, 5H), 2.50-2.40 (m, 1H), 2.00-1.83 (m, 2H), 1.63-1.54 (m, 4H), 1.44-1.09
(m, 6H).
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0.2466 0.52 0.24 11.83 12.2 14.23 12.75 1.29 0.115 0.122

EXAMPLE 23

(MDM2-319-5)

Feo —d
(T =~o
N
Cl H
EXAMPLE 24

6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-
FLUORO-2-0X0-1,2-DIHYDRO-SPIRO{INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID [2-(3-HYDROXY-CYCLOPENTYL)-ETHYL]}-AMIDE
(MDM2-319-6)

N N_/ng

\diH ch
oL

[0129] 'H NMR (300 MHz, CD;OD), & 8.52-8.49 (m, 1H), 7.72 (d, 1H, J = 8.5 Hz), 7.40
(d, 1H, J = 10.0 Hz), 7.16-7.15 (m, 2H), 6.90 (d, 1H, J = 6.0 Hz), 5.27-5.23 (m, 1H), 4.49
(d, 1H, ] = 8.2 Hz), 4.14-4.07 (m, 2H), 3.24-3.22 (m, 1H), 3.10-3.02 (m, 1H), 1.93-1.83 (m,
2H), 1.75-1.18 (m, 7H), 1.05-0.93 (m, 1H), 0.92 (s, 9H), 0.85-0.81 (m, 1H).
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.18 0.17 0. 16

EXAMPLE 25

(MI-319-7)

o ’ /~OH
e N——/_\

P OH
%C Low

EXAMPLE 26

6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-2'-CY CLOPENTYL-5-FLUORO-2-
OXO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5-CARBOXYLIC ACID
(3,4-DIHYDROXY-BUTYL)-AMIDE
(MI-319-8)

Cl

[0130] 'H NMR (300 MHz, CD;OD), § 7.68 (d, 1H, J = 8.5 Hz), 7.40-7.37 (m, 1H), 7.16-
7.11 (m, 2H), 6.86 (d, 1H, J = 6.0 Hz), 5.15 (d, 1H, J = 11.6 Hz), 4.27 (d, 1H, J = 11.0 Hz),
4.15 (d, 1H, J = 11.6 Hz), 3.39-3.24 (m, 5H), 2.30-2.28 (m, 1H), 2.10-2.05 (m, 1H), 1.62-
1.31 (m, 7H), 1.15-1.12 (m, 1H), 0.78-0.75 (m, 1H).
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0.10

MDMR-319-1 0.194 0.2612 HCT116 0.9085 12.66 0.072 0.3602

10. 39 MDMR-319-2 175 3.474 14.39

EXAMPLE 27

6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-
FLUORO-5'-(4-METHYL-PIPERAZINE-1-CARBONYL)-1H-SPIRO[INDOLE-3,3'-
PYRROLIDIN}-2-ONE
(MI-319-9)

Cl NMe

F\ﬁ:o\’/N\/ HCI

I HCI

N /NH

F l \\i\

CIJJ\N o\\<
H

'H NMR (300 MHz, CD;OD), & 7.73-7.70 (m, 1H), 7.58-7.51 (m, 1H), 7.29-7.19

(m, 2H), 6.93-6.89 (m, 1H), 5.83-5.80 (m, 1H), 4.70-4.68 (m, 1H), 4.44-4.25 (m, 2H), 3.98-
3.52 (m, 3H), 3.36-3.22 (m, 2H), 2.92-2.85 (m, 3H), 2.40-1.89 (m, 2H), 1.20 (d, 1H, J =
15.3 Hz), 0.95-0.90 (m, 9H).

EXAMPLE 28

(MI-319-10)

N
Cl HCI
) /~NSO,CF,
NP
| /\o\.-\<
Cl ﬁ
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15.46 22.24 (16.43) 3.378 19.64 21.3 19.49 > 80 4.005 19.58 8.508 25. 44
3.61 17.87 15.08 22. 39

EXAMPLE 29

(MI-319-11)

EXAMPLE 30

(MI-319-11-A)

EXAMPLE 31

(MI-319-12)

F Ox-N
~ 2HC!
x /\II\JH /
F \/"’/>\
TT
o >N

H
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0.3 3.01 6.4 2.97 MDW-319-3 0.37 1.758 16.65 3.813 13.84 (0.034) 1.241
17.45 4.109 24.78 0.45 0.8472 22.16 2.826 16.72

EXAMPLE 32

1'-ACETYL-6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-2'-(2,2-DIMETHYL-
PROPYL)-5-FLUORO-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE}-5'-
CARBOXYLIC ACID (3,4-DIHYDROXY-BUTYL)-AMIDE
(MI-319-13)

[0132] '"H NMR (300 MHz, CD;Cl), & 8.08 (s, 1H), 7.19-7.12 (m, 1H), 6.93-6.77 (m, 4H),
4.93 (d, 1H, J = 10.2 Hz), 4.75 (d, 1H, 10.2 Hz), 4.00-3.98 (m, 1H), 3.78-3.30 (m, SH),
2.80-2.77 (m, 1H), 2.23 (s, 3H), 1.76-1.64 (m, 1H), 1.56-1.52 (m, 2H), 0.92 (s, 9H).

EXAMPLE 33

6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-
FLUORO-2-0XO-1-0XY-1,2,4',5-TETRAHYDRO-SPIRO[INDOLE-3,3'-PYRROLE]-5'-
CARBOXYLIC ACID (3,4-DIHYDROXY-BUTYL)-AMIDE
(MI-319-14)

[0133] '"H NMR (300 MHz, CD1Cl), & 7.35-7.27 (m, 1H), 7.09-7.07 (m, 1H), 6.92-6.89 (m, .
1H), 6.79-6.75 (m, 2H), 5.55 (d, 1H, J = 11.0 Hz), 4.20 (d, 1H, J = 11.0 Hz), 3.67-3.65 (m,
2H), 3.44-3.32 (m, 3H), 2.80 (d, 1H, J = 13.1 Hz), 1.80 (d, 1H, J = 13.1 Hz), 1.70-1.60 (m,
2H), 0.84 (s, OH).
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0.23 1.28 18.75 3.58 18.44 0.4 2.97 0.67 5.67 MDM2-319-4 0.71 1.417
18. 53

EXAMPLE 34

{[6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-
FLUORO-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBONYL]-AMINO}-ACETIC ACID
(MI-319-15)

[0134] 'H NMR (300 MHz, CD;0D), & 7.64 (d, 1H, J = 8.4 Hz), 7.38 (d, 1H, ] = 6.2 Hz),
7.27-7.21 (m, 1H), 7.10-7.07 (m, 1H), 6.90-6.84 (m, 1H), 5.08 (d, 1H, J = 9.9 Hz), 4.22-
3.88 (m, 4H), 1.76-1.68 (m, 1H), 1.12-1.06 (m, 1H), 0.84 (s, 9H).

EXAMPLE 35

(MI-319-16)
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5.03 13.13 (0.066) 1.294 23.38 5.801 26.48 1.16 0.8902 25.6 2.413 13
0. 46 : :

EXAMPLE 36

6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-
FLUORO-2-0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID (2-IMIDAZOL-1-YL-ETHYL)-AMIDE
(MI-319-17)

[0135] 'H NMR (300 MHz, CD;0D), 8 8.99 (s, 1H), 7.78 (d, 1H, ] = 8.4 Hz), 7.50-7.45 (m,
2H), 7.37-7.35 (m, 1H), 7.19-7.11 (m, 2H), 6.89 (d, 1H, J = 6.0 Hz), 5.32 (d, 1H, J = 11.4
Hz), 4.52 (d, 1H, J = 6.8 Hz), 4.41-4.36 (m, 2H), 4.19 (d, 1H, J = 11.4 Hz), 3.73-3.31 (m,
2H), 1.99-1.91 (m, 1H), 1.21-1.16 (m, 1H), 0.92 (s, 9H).

EXAMPLE 37

7-{[6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-
FLUORO-2-OXO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5"-
CARBONYL]-AMINO}-3,5-DIHYDROXY-HEPTANOIC ACID
(MI-319-18) |

[0136] - 'H NMR (300 MHz, CD;0D), 6 7.60 (d, 1H, J = 8.4 Hz), 7.37 (d, 1H, J = 7.5 Hz),
7.08-7.06 (m, 2H), 6.87-6.84 (m, 1H), 4.84 (d, 1H, J = 10.2 Hz), 4.15-4.08 (m, 1H), 4.00-
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1.21 22.5 4.41 17.6 0.29 3.61 1.77 7.6 MDMR-319-5 0.055 0.6020 9. 47
0.9927 10.52 0.040 0.4653 5.553 1.286 5.39

3.96 (m, 2H), 3.80-3.75 (m, 1H), 3.36-3.32 (m, 2H), 2.49-2.43 (m, 2H), 1.65-1.55 (m, 6H),
1.04 (m, 1H), 0.92 (s, 9H).

EXAMPLE 38

6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-
FLUORO-2-OXO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5"-
CARBOXYLIC ACID (2,3,4-TRIHYDROXY-BUTYL)-AMIDE
(MI-319-19) |

[0137] 'H NMR (300 MHz, CDs0OD), § 7.83-7.66 (m, 1H), 7.30-7.10 (m, 3H), 6.92-6.88
(m, 1H), 5.30-5.11 (m, 1H), 4.48-4.21 (m, 1H), 4.15-3.95 (m, 1H), 3.64-3.60 (m, 2H), 3.51-
3.47 (m, 2H), 3.32-3.24 (m, 2H), 1.95-1.88 (m, 1H), 1.23-1.13 (m, 1H), 0.92-0.82 (m, 9H).

'EXAMPLE 39

6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-
FLUORO-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID (2-GUANIDINO-ETHYL)-AMIDE
(MI-319-20)

[0138) 'H NMR (300 MHz, CD;OD), 8 7.69 (d, 1H, J = 8.4 Hz), 7.39 (d, 1H, J = 6.7 Hz),
7.14-7.04 (m, 2H), 6.89 (d, 1H, J = 5.8 Hz), 5.24 (d, 1H, J = 11.3 Hz), 4.44 (4, 1H, ] = 8.0

81



0.6341 8.711 1.502 8. 403 0.56 7.91 2 1.23 8.1 2.5 0.08 0.2
MDM2- 319-6 0. 59

Hz), 3.80-3.65 (m, 2H), 3.08-3.00 (m, 2H), 1.89-1.87 (m, 1H), 1.71-1.64 (m, 2H), 1.40-1.33
(m, 1H), 0.91 (s, 9H).

EXAMPLE 40

(MI-319-21)

EXAMPLE 41

6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-5-FLUORO-2'-(2-METHYL-
PROPENYL)-2-OXO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID (3,4-DIHYDROXY-BUTYL)-AMIDE

o | /~OH
N\
F\{i/jo\\\;”—/_ OH
N
N NH
o N
N
o] N
[0139] 'H NMR (300 MHz, CD;Cl), & 8.19-8.11 (m, 1H), 7.28-7.19 (m, 3H), 6.96-6.85 (m,

2H), 6.68 (d, 1H, ] = 5.9 Hz), 4.97 (d, 1H, J = 8.9 Hz), 4.60-4.55 (m, 1H), 4.30-4.27 (m,
1H), 3.82 (d, 1H, J = 9.2 Hz), 3.71-3.23 (m, 4H), 1.58-1.54 (m, SH), 1.46 (s, 3H).
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0.55 Flu 2.583 1.223 1.931 1.91 21.4. 20.83 14.15 18.7 4 5.452 7.41 5.957
6.26 14.29 16.06 14.58 14.97 0.6

EXAMPLE 42

6-CHLORO-4'-(3-CHLORO-4-FLUOROPHENYL)-2'-(2,2-DIMETHYL-PROPYL)-5-
FLUORO-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]}-5'-
CARBOXYLIC ACID (2-UREIDO-ETHYL)-AMIDE

[0140} 'H NMR (300 MHz, CD;0OD), § 7.71 (d, 1H, ] = 8.4 Hz), 7.43 (d, 1H, ] = 6.0 Hz),
7.15-7.12 (m, 2H), 6.93-6.89 (m, 1H), 5.19 (d, 1H, ] = 11.2 Hz), 4.48 (d, 1H, ] = 11.2 Hz),
4.16-4.13 (m, 1H), 3.32-3.23 (m, 2H), 2.97-2.89 (m, 2H), 1.95-1.90 (m, 1H), 1.57-1.53 (m,
2H), 1.23-1.18 (m, 1H), 0.92 (s, 9H).

EXAMPLE 43

(2'R,35,4'R,5'R)-6-CHLORO-N-((S5)-3,4-DIHYDROXYBUTYL)-5-FLUORO-4'-(3-
FLUOROPHENYL)-2'-NEOPENTYL-2-OXOSPIRO[INDOLINE-3,3'-PYRROLIDINE]-
5'-CARBOXAMIDE
(MI-519-1)

[0141] 'H NMR (300 MHz, CD;0D), 8 8.43 (m, 1H), 7.72 (d, 1H, ] = 8.4 Hz), 7.30-7.15
(m, 1H), 7.06 (d, 2H, J = 8.88 Hz), 6.95 (d, 1H, J = 7.8 Hz), 6.88 (d, 1H, ] = 6.0 Hz), 5.28
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1.0 0.9 ML-319-7 39.33 2.17 39.74 8.22 >30 1.917 34.29 7.954 >30 ML-319-8
0.34 0.9631 30.66 4.114 30.95 0.53

(d, 1H, J = 11.3 Hz), 4.51-4.40 (m, 1H), 4.16 (d, ] = 11.3 Hz), 3.50-3.20 (m, 5H), 1.93 (dd,
1H, J = 8.3, 15.5 Hz), 1.62-1.36 (m, 2H), 1.23-1.13 (m, 1H), 0.92 (s, 9H).

EXAMPLE 44

 (2'R35,4'S,5'R)-6-CHLORO-4'-(2,3-DIFLUOROPHENYL)-N-((5)-3,4-
DIHYDROXYBUTYL)-5-FLUORO-2'-NEOPENTYL-2-OXOSPIRO[INDOLINE-3,3'-
PYRROLIDINE]-5'-CARBOXAMIDE
(MI-519-2)

[0142] 'H NMR (300 MHz, CD;0D), & 8.47 (m, 1H), 7.73 (d, 1H, J = 7.2 Hz), 7.43-7.30
(m, 1H), 7.23-7.15 (m, 2H), 6.89 (d, 1H, T = 6.0 Hz), 5.29 (d, 1H, J = 11.1 Hz), 4.64 (d, 1H,
J = 11.4 Hz), 4.58-4.50 (m, 1H), 3.50-3.20 (m, SH), 1.93 (dd, 1H, J = 8.3, 15.5 Hz), 1.67-
1.36 (m, 2H), 1.23-1.13 (m, 1H), 0.92 (s, 9H).
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0.8928 20.72 4.732 25.48 0.6625 18.43 2.738 22.69 1.46 23.27 3.86 26.
1.13 6.5 1.02 4.2

EXAMPLE 45

(2'R,35,4'R,5'R)-6-CHLORO-4'-(3,4-DIFLUOROPHENYL)-N-((5)-3,4-
DIHYDROXYBUTYL)-5-FLUORO-2'-NEOPENTYL-2-OXOSPIRO[INDOLINE-3,3-
PYRROLIDINE]-5'-CARBOXAMIDE
(MI-519-3)

[0143] 'H NMR (300 MHz, CD3;0D), § 8.43 (m, 1H), 7.73-7.69 (m, 1H), 7.27-1.10 (m,
2H), 6.97-6.94 (m, 1H), 6.90 (d, 1H, J = 6.0 Hz), 5.26-5.23 (m, 1H), 4.49 (d, 1H, ] = 7.5
Hz), 4.16-4.13 (m, 1H), 3.50-3.15 (m, SH), 1.96-1.88 (m, 1H), 1.62-1.40 (m, 2H), 1.23-1.13
(m, 1H), 0.92 (s, 9H).

EXAMPLE 46

(2'R,35,4'S,5'R)-6-CHLORO-4'-(2,5-DIFLUOROPHENYL)-N-((S)-3,4-
DIHYDROXYBUTYL)-5-FLUORO-2'-NEOPENTYL-2-OXOSPIRO[INDOLINE-3,3'-
PYRROLIDINE]-5'-CARBOXAMIDE

' (MI-519-5)




ML- 319-9 3.58 2.866 20.91 7.48 9.711 2.7661.7 5.547 9.198 8.189
4.631 4.52 2.46 11.12
[0144] 'H NMR (300 MHz, CD3OD), & 8.49 (m, 1H), 7.71 (d, 1H, J = 7.2 Hz), 7.45-7.40

(m, 1H), 7.15-7.00 (m, 2H), 6.89 (d, 1H, ] = 6.0 Hz), 5.23 (d, 1H, ] = 11.1 Hz), 4.63 (d, 1H,
J = 11.4 Hz), 4.58-4.50 (m, 1H), 3.50-3.20 (m, 5H), 1.93 (dd, 1H, J = 8.3, 15.5 Hz), 1.67-
1.36 (m, 2H), 1.18 (dd, 1H, J = 1.9, 15.5 Hz), 0.92 (s, 9H).

EXAMPLE 47

(2'R,3S,4'S,5'R)-6-CHLORO-N-((S)-3,4-DIHYDROXYBUTYL)-5-FLUORO-4'-(2-
FLUOROPHENYL)-2'-NEOPENTYL-2-OXOSPIRO[INDOLINE-3,3'-PYRROLIDINE]-
5'-CARBOXAMIDE
(MI-519-6)

T~

C|/\/\”

[0145] 'H NMR (300 MHz, CD;0OD), 6 8.43 (m, 1H), 7.70-7.64 (m, 2H), 7.40-7.18 (m,
2H), 7.01-6.94 (m, 1H), 6.85 (d, 1H, J=6.0 Hz), 5.25 (d, 1H,J =11.3 Hz),4.62 (d, IH, ] =
12 Hz), 4.55-4.52 (m, 1H), 3.50-3.20 (m, SH), 1.91 (dd, 1H, J = 8.3, 15.5 Hz), 1.62-1.32 (m,
2H), 1.18 (dd, 1H, J = 1.8, 15.3 Hz), 0.92 (s, 9H).
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7.1 2.3 7.47 0.61 8.5 2.66 M-319-10 0.22 0.7764 10.47 1.411 11.58
0.26 0.8283 10.36 1.947 9.84

EXAMPLE 48

(2'R,35,4'R,5'R)-6-CHLORO-N-((5)-3,4-DIHYDROXYBUTYL)-5-FLUORO-4'-(4-
FLUOROPHENYL)-2'-NEOPENTYL-2-OXOSPIRO[INDOLINE-3,3'-PYRROLIDINE]-
5'-CARBOXAMIDE
(MI-519-7)

{0146} 'H NMR (300 MHz, CD;OD), § 8.39 (m, 1H), 7.70 (d, 1H, J = 8.5 Hz), 7.25-7.21
(m, 2H), 7.03-6.96 (m, 2H), 6.87 (d, 1H, ] = 6.0 Hz), 5.26 (d, 1H, ] = 11.3 Hz), 4.48 (m,
1H,), 4.12 (d, J = 11.4 Hz), 3.50-3.20 (m, SH), 1.92 (dd, 1H, J = 8.3, 15.5 Hz), 1.62-1.32
(m, 2H), 1.20 (dd, 1H, J = 2.0, 15.3 Hz), 0.92 (s, 9H).

EXAMPLE 49

CELL GROWTH INHIBITION

[0147] One major advantage of non-peptide small-molecule inhibitors over peptide-based
inhibitors is their superior cell permeability. It is predicted that potent, ndn-peptide
inhibitors of the p5S3-MDM?2 interaction will be effective in inhibition of cell growth and
division in cancer cells with a wild-type form of p53 through stimulation of the activity of
p53. Furthermore, they are predicted to have selectivity in cancer cells with either a loss of
p53 or a mutated, non-functional form of p53. To test these predictions, a cell growth assay
was developed using human prostate cancer LNCaP (p53 wild-type) and PC-3 (p53 null)
cell lines. The toxic effects of compounds of the invention were tested.

[0148] Cells were seeded in 96-well flat bottom cell culture plates at a density of 3-4x10°

cells/well and incubated in the presence of compounds for 4 days. The rate of cell growth
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0.4493 8.074 1.088 5. 454
5.13 2.846 17.29 13.5 13.38

0.68 9.63 1.48 8.9 0.2 1.350.4 3.1 M-319-11

inhibition after treatment with increasing concentrations of the compounds was determined
using WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4disulfophenyl)-2H-
tetrazolium monosodium salt (Dojindo Molecular Technologies Inc., Gaithersburg,
Maryland). WST-8 was added at a final concentration of 10% to each well and the plates
were incubated at 37°C for 2-3 hrs. The absorbance of the samples was measured at 450 nm
in a plate reader (Molecular Device-TECAN ULTRA).
compounds that inhibited cell growth by 50% (ICsp) was calculated by comparing

The concentration of the

absorbance in the untreated cells and the cells treated with the compounds. As shown in
Table 2, the compounds of the invention were about 5-fold to about 50-fold more effective
at inhibiting cell growth in p53-positive LNCaP cells as compared to p53-negative PC3
cells. _
10149] The compounds of the invention were similarly tested against HCT116 (wild-type
p53), and HT-29 (mutant p53) colon cancer cell lines. As shown in Table 2, the majority of
the tested compounds exhibited a higher potency for cell growth inhibition in p53-positive
HCT116 cells as compared to p53-negative HCT116 cells, with the largest difference in
potency being about 25-fold.
[0150] Since normal cells also have wild-type p53, a potential concern in development of
inhibitors of the p53-MDM2 interaction as new anti-cancer drugs is that they may be
nonselective and equally active in killing normal cells as they are in killing cancer cells.
Compounds will be evaluated in normal human prostate epithelial cells (PrEC) with wild-

type p53 to confirm whether they display a good selectivity for cancer cells.

Table 2
Compound ICsoxSD | LNCaP | PC3 | HCT116 | HCT116
(BM)* ICso ICso | pS3WT | p53KO
(Ki = 8D) (kM) (rM) ICso ICso
(uM) (nM) (nM)
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5.39 3.078 14.71 15.82 18 5.11 4.219 24.24 24.89 24.68 3.38 18.7 18.4
18. 85 . 0.73 4.9

MDM2-319 0.076 0.2738 154 0.7174 11.83
(0.0063) 0.1839 9.08 0.6145 12.2
0.077 0.2291 1.35 0.2466 14.23
(0.006)
0.064 0.2289 11.61 0.52 12.75
(0.005) +33 +0.24 +1.29
0.092 +0.04
0.115
0.122
0.13
0.18 .
0.17
0.16
0.10
MDM2-319-1 0.194 0.2612 | HCT116 | 0.9085 12.66
0.072 0.3602 1.364 10.39
MDM2-319-2 175 3.474 14.39 15.46 22.24
(16.43) 3.378 19.64 21.3 19.49
> 80 4.005 19.58 8.508 25.44
3.61 17.87 1508+ { 2239+
0.3 3.01 6.4 2.97
MDM2-319-3 0.37 1.758 16.65 3.813 13.84
(0.034) 1.241 17.45 4.109 24.78
0.45 0.8472 22.16 2.826 16.72
0.23
1.28 + 18.75 3.58+ 18.44 +
0.4 2.97 0.67 5.67
MDM2-319-4 0.71 1.417 18.53 "5.03 13.13
(0.066) 1.294 23.38 5.801 26.48
1.16 0.8902 25.6 2.413 13.39
0.46
1.21 + 225+ 441+ 17.6 £
0.29 3.61 1.77 7.6
MDM2-319-5 0.055 0.6020 9.47 0.9927 10.52
0.040 0.4653 5.553 1.286 5.39

0.6341 8.711 1.502 8.403

056 | 7912 123+ | 8.1£25
0.08 0.2
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5.9 5.45 ML-319-11-A 2.24 0.3078 1.765 2.153 3.966 1.64 0.5313 2.754 2. 816-
0. 4624 4.024 0.9753 4.182

2.627

MDM2-319-6 0.59 2.583 214 5.452 14.29
0.55 1.223 20.83 7.41 16.06
Flu 1.931 14.15 5.957 14.58
191+ | 187+4 | 626+ | 1497+
0.6 1.0 0.9
MI1-319-7 39.33 2.17 39.74 8.22 >30
1.917 34.29 7.954 >30
MI-319-8 0.34 0.9631 30.66 4,114 - 3095
0.53 0.8928 20.72 4732 25.48
0.6625 18.43 2.738 22.69
146+ | 2327+ | 386+ | 263+
1.13 6.5 1.02 42
MI-319-9 3.58 2.866 20.91 7.48 9.711
2.7661.7 | 5.547 9.198 8.189
5 6.09 4.631 4.52
246+ | 11.12% |7.1+23] 747+
0.61 8.5 2.66
MI-319-10 0.22 0.7764 10.47 1.411 11.58
0.26 0.8283 10.36 1.947 984
0.4493 8.074 1.088 5.454
0.68 + 9.63 % 1.48 + 8.9+
0.2 1.35 0.4 31
MI-319-11 5.13 2.846 17.29 13.5 13.38
5.39 3.078 14.71 15.82 18
5.11 4219 24.24 24.89 24.68
3.38+ 18.7 £ 184+ 18.85+
-0.73 49 59 545
MI-319-11-A 2.24 0.3078 1.765 2.153 3.966
1.64 0.5313 2.754 2.816 2.627
0.4624 4.024 0.9753 4,182
043+ | 284+ 198+ | 3.59+
0.11 11 0.9 0.84
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0.43 2.84 1.98 3.59 0.11 1.1 0.9 0. 84 M-319-12 2.30 2.96 1.974 2.571
1.931 2.15 0.35 22.35 20.89 13.31 18.85

MI-319-12 230 1974 | 2235 1237 | 1345
2.96 2571 | 20.89 13.2 17.84
| 1.931 1331 | 4365 | 14.13
215+ | 1885+ | 997+ | 15.14%
0.35 4.85 4.87 2.36
MI-319-13 5.87 3.663 17.2 3227 | 3264
5.04 2316 | 1448 | 6368 | 35.05
4.85 2028 | 1098 | 33.02
36+ | 1732 | 685+ | 33.57«
1.26 2.9 3.8 1.29
MI-319-14 2.04 4221 | 4008 | 8.008 >30
1.66 2.63 402 9.266 >30
1.979 >30 5738 | >30
2.94 % 7.67
1.1 1.7
MI-319-15 0.35 4522 >30 12.13 >30
0.18 4125 >30 12.89 >30
6.113 >30 13.89 >30
492+ 12,97+
1.05 0.88
MI-319-16 0.85 (Flu) | 24.07 >30 >30 >30
0.76 (Flu)
MI-319-17 0.39 1.098 14 2096 | 25.13
0.49 1.548 | 2202 | 3792 | 2233
1511 | 2363 | 3.148 | 25.14
MI-319-18 3.51 >30 >30 >30 >30
3.57 >30 >30 >30 >30
MI-319-19 0.50 1235 | 30.68 2.68 >30
0.49 2398 >30 5.981 >30
1.2 4165 | 459 | 77.64
MI-319-20 27.44 >30 >30 >30
3159 6612 | 93.54 | >100
MI-319-21 2838 | 21.87 | 4402 | 11.76
1.836 | 1407 | 3.884 | 1325

Calculation of K;: MDM2 [10 nM]; F-6 [1 nM]; New Sample MDM2 protein:
Kq4: 0.88 £ 0.41 nM (Hyperbolic equation; using 1 nM 6F)
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4.85 12.37 13.2 4.365 9.97 4.87 13.45 17. 84 14.13 15.14 2.36 M -319-13 5.87
3.663 17.2 3.227 32.64 5.04 2.316 14.48 6.368

K4:2.22+£0.93 nM (Klotz plot; using 1 nM 6F)

EXAMPLE 50

EFFECTS OF MDM2 INHIBITORS ON EXPRESSION OF P53 AND ITS TARGET
GENE PRODUCTS MDM2 AND P21

[0151] Cancer cells are treated with test compounds or 0.1% DMSO for 24 hours. Cells are
harvested by trypsinization and washed with cold phosphate buffer saline, pH 7.5
(Invitrogen, Carlsbad, CA). Cells are lysed for 30 minutes in ice-cold lysis buffer (50 mM
Trs (pH 7.5), 150 mM NaCl, 1 mM EDTA (pH 8.0), 25 mM sodium fluoride, 1% NP-40
and 0.1% SDS) containing 2 mM sodium orthovanadate, 1 mM phenylmethylsulfonyl
fluoride and protease inhibitor cocktail (Roche Applied Science, Indianapolis, IN). Next,
cell extracts are centrifuged at 12,000xg at 4°C for 10 minutes to obtain clarified lysates.
Protein is estimated by Bio-Rad dye. Cell lysates containing 35 pg protein are resolved on
a 4-20% tris-glycine gel (Invitrogen, Carlsbad, CA) and transferred onto poly(vinylidene
difluoride) membranes. Immunodetection of protéins on the transfer membrane is
performed by using anti-p53 (Ab-6, Oncogene Research Products, Boston, MA), anti-
MDM2 (SMP14, Santa Cruz Biotechnology, Santa Cruz, CA) and anti-p21 (BD
Biosciences, San Diego, CA) mouse monoclonal antibodies. Antibody to B-actin (Sigma, St
Louis, MO) is used to assess the protein loading. When RKO (wild-type p53) and HT-29
(mutant p53) colon cancer cell lines are treated for 24 hours with the compounds of the
invention, it is expected that the compounds will induce accumnulation of p53 and its target

gene-products only in RKO cells expressing wild-type p53.

EXAMPLE 51

CELL DEATH AND APOPTOSIS INDUCED BY MDM2 INHIBITORS

[0152] RKO (wild-type p53) and HT-29 (mutant p53) colon cancer cell lines and CCD-
18Co normal colon fibroblast cells are treated with increasing doses of the compounds of
the invention for 4 days in 6-well Petri dishes. Trypan blue dye exclusion assays are
performed to determine the ability of the inhibitors to induce cell death. After 4 days of

treatment, floating and adherent cells are harvested and stained with 0.2% of trypan blue
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35.05 4.85 20.28 10.98 33.02 3.6 17.32 6.85 33.57 1.26 2.9 3.8 1.29
ML- 319-14 2.04 4.221 i

solution (Sigma, St Louis, MO). Each treatment is performed in triplicate and at least 100
cells are counted. Cells stained blue or morpholdgically unhealthy cells are scored as dead
cells. To evaluate apoptosis, sub-diploid DNA content in cells treated with or without test
inhibitors is analyzed by propidium iodide (PI) staining. After washing once with cold
PBS, cells are fixed in 70% ethanol for 1 day at -20°C. Ethanol-fixed cells are then washed
twice with PBS and stained with a staining solution containing propidium iodide (PI) at 50
pg/ml and RNAse A at 100 pg/ml in PBS, for 20 minutes in dark at room temperature.
Acquisition of cells and analysis of sub-diploid DNA content is performed by flow
cytometry using CellQuest software. It is expected that only cancer cells expressing wild-

type p53 will undergo apoptosis in response to administration of the compounds.

EXAMPLE 52

EFFECT OF MDM2 INHIBITORS ON CELL CYCLE PROGRESSION OF COLON
CANCER CELLS

[0153) Cell cycle progression is evaluated in RKO (wild-type p53) and HT-29 (mutant p53)
colon cancer cell lines and CCD-18Co normal colon fibroblast cells by determining S-phase
cells by incorporation of bromodeoxyuridine (BrdU) followed by staining with FITC-
labeled anti-BrdU antibody and the total DNA-content by staining with 7-
aminoactinomycin D (7-AAD) according to manufacturer’s instructions (BD Biosciences,
San Jose, CA). Briefly, cancer and normal cells, after overnight incubation, are treated with
or without test compounds for 22 hours, followed by an additional 2 hours of incubation
with 10 uM of BrdU. Cells are harvested, fixed and stained with FITC-labeled anti-BrdU
and 7-AAD. Cell cycle distribution is analyzed by flow cytometry. Cells are acquired and
data analyzed by using CellQuest software (BD Biosciences). It is expected that the
compounds of the invention will induce a dose-dependent depletion of S-phase in RKO
cancer cells and in CCD-18Co normal colon fibroblast cells, both of which express wild-
type p33. It is also expected that the compounds will have no appreciable effect on cell

cycle progression of HT-29 cells expressing mutant p53.
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40.08 8.008 >30 1.66 2.63 40.2 9.266 >30 1. 979 >30 5.738 >30 2

7.67

[0154)

[0155]

EXAMPLE 53

PROTECTION OF NORMAL CELLS FORM CHREMOTHERAPY WITH MDM2
INHIBITORS

PrEC normal prostate epithelial cells are seeded in 6 well plates and incubated with
compounds of the invention for 24 hours, then 1 pM TAXOL (paclitaxel) is added for 2
days. Trypan blue is used to determine cell viability. The data is expected to show that
when normal prostate epithelial cells are pretreated with the compounds of the invention,
cells are protected from TAXOL.

Having now fully described the invention, it will be understood by those of skill in
the art that the same can be performed within a wide and equivalent range of conditions,
formulations, and other parameters without affecting the scope of the invention or any
embodiment thereof. All patents, patent applications and publications cited herein are fully

incorporated by reference herein in their entirety.
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1.1 1.7 M-319-15 0.35 4.522 >30 12.13 >30 0.18 4.125 >30 12. 89 >30
6.113 >30 13.89

WHAT IS CLAIMED IS:

1. A compound having Formula I:

or a pharmaceutically acceptable salt or prodrug thereof, wherein:
Xis CH, O, N, or S, wherein Rg is absent if X is O or S;
Y is O, S, or NR";

. Ry, Ry, R3, R4, Rs, Rg, and R; are independently H or optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, CO;R', OCOR', CONR'R",
NR"COR/, NR'SOzk", SO,NR'R", (C=NR")NR"R", or NR'R"; or
R; forms an aryl, cycloalkyl, or heterocyclic group with one of Rs or Re;

Rg is H or optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl,
heterocyclic, CO;R', OCOR', CONR'R", SO.NR'R", or (C=NR")NR"R";

Ry represents a 6-chloro and a 5-fluoro group; and

each R', R" and R™ is independently H or optionally substituted alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, aryl, or heterocyclic; or

R'and R", or R" and R", form a ring;

wherein one of R; and R4 is CONRR', and one of R and R' is an optionally substituted
cycloalkyl-alkyl or monocyclo-heterocycloalkyl group or a dihydroxyalkyl amino group not
containing a hydroxyl group at the 3-position of the alkyl group.

2. The compound of claim 1, having Formula Il or Formula III:
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>30 4.92 12.97 1.05 0.88 M-319-16 0.85 (Flu) 24.07 >30 >30 >30
0.76 (Flu)

or a pharmaceutically acceptable salt or prodrug thereof.

3. The compound of claim 1, having Formula IV:

- or a pharmaceutically acceptable salt or prodrug thereof.

4. The compound of claim 3, having Formula V or Formula VI:
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M-319-17 0.39 1.098 14 2.096 25.13 0.49 1.548 22.02 3.792 22. 33 1.511
23.63 3.148 25.14 M -319-18

or a pharmaceutically acceptable salt or prodrug thereof.

5. The compound of claim 1, having Formula VII:

or a pharmaceutically acceptable salt or prodrug thereof.

6. The compound of claim 5, having Formula VIII or Formula IX:

Vil | IX

. or a pharmaceutically acceptable salt or prodrug thereof.
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3.51 >30 >30 >30 >30 3.57 >30 >30 >30 >30 ML-319-19 0.50 1.235 30.68 2.68
>30 0.49 2.398 >30 5.981

7. The compound of claim 1, wherein one of R; and R; is optionally substituted aryl or

heteroaryl.

8. The compound of claim 1, wherein one of R; and R; is cycloalkyl, straight or branched

alkyl, amide or ester.

9. The compound of claim 1, wherein one of Rs and Re i1s Cs.j5 alkyl, aryl, or heteroaryl.

10. The compound of claim 1, having Formula X:

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R o is hydrogen, and

R, is an optionally substituted cycloalkyl-alkyl or monocyclo-heterocycloalkyl group or a
dihydroxyalkyl amino group not containing a hydroxyl group at the 3-position of the alkyl
group;

or Ryp and R,; together form an optionally substituted monocyclo-heterocycloalkyl group.

11. The compound of claim 10, having one of Formulae XI-XXVTI:
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>30 1.2 41.65 4.596 77.64 ML-319-20 27.44 >30 >30 >30 31.59 66.12
93.54 >100 M -319-21 2.838

or a pharmaceutically acceptable salt or prodrug thereof.

12. The compound of claim 1, having Formula XXVII or Formula XXVIII:
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21.87 4.402 11.76 1.836 14.07 3.884 13.25 Calculation of K MW [10
nM; F-6 [1 nM; New Sanple MDWM2 protein: 1Q 0.88 0.41 nM (Hyperbolic
equation; using 1 nM6F) 1Q 2.22 0.93 nM(Klotz plot; using 1 nM 6F)
EXAMPLE 50 EFFECTS OF MDM2 | NHI Bl TORS ON EXPRESSI ON OF P53 AND I TS TARGET
GENE PRODUCTS MDM2 AND P21 [0151] Cancer cells are treated with test
conpounds or 0. 1% DMSO f or 24R pours. Cells are haRyested by trypsinization
and washed with cold phospha F@uffer sal i ne, pHrZ § (I'nvitrogen, Carl sbad,
CA). Cells are lysed for @(L,mnu es in ice-col ysi 8" buffer (50 nM Tris
pH 7.5), 150 mM NaC1, 1 nMEDTA pH 8.0), 25 sodi %I uoride, 1% NP-40
and 0.1% SDS) containing R ditm ort hovangdat/€; NT
phenyl met hyl sul fonyl fl uor | d prot ease | nhi' bik{ o ocktail (Roche

Appl i ed Sci ence, Indian &> | NRs Next , C@@it actfs are centri fuged at

12, 000xg at 4C for 10R5n—ﬂut s tB=@gbtain cIRngl | ¥sgges. Proteinis
estl mat ed by Bi o- Rad dye: N | ysat es cont aim¥ng PQS protein are resol ved
on a 4-20%tris-glycine gel (Hnwtrogen Car | sbad,H CA) and transferred onto

pol y(vinylidene difluori deXXrWr anes. | nmmunod Hn of proteins on the
transfer nenbrane is perfornmed by using anti - g\sx(vA!) 6, Oncogene Research
Products, Boston, anti MDM2 (SMP14, Santa Oruz Bi ot echnol ogy, Sant a
Cruz, CA)or@fibﬂarﬂﬁEémll@my 4&?@1@%& eRiug thareoDwdgRin: CA) nouse nonocl onal
ant i bod| es. Antibody to 13-actin ( igma, St Louis, M) is used to assess

t he prot é?lh‘sll‘t’!ﬁﬂ’igﬁ'ga“ en RKO (wild-type p53) and HT-29 (nutant p53) col on
cancer cegl id é:ﬂ@p%oﬂél?y §db§t%f‘é§ c§r&6all¥ﬁ ANHOS rﬁMnB&cIohl?eté‘rQéW%'dm%g@ﬁp bhe
invention, it Is expected t t he conpounds w’l |l 1 nduce accCumulation of
p53 and idikydrenyglsy! gemegprtmdw@ p@ntajmng 3 hydm@ gr@up gt g greesision §f thielalkvl y pe
p53. EXANPLE 51 CELL DEATH AND APOPTCSI S | NDUCED BY MDM2 | NHI Bl TORS

[ 0152] RKCgr?vﬁ’l d-type p53) and HT-29 (nutant p53) col on cancer cell lines
and CCD- orRgCandrion megetheofoan ah opticnall a substmted snanveydis-bettredyaleailyl groap.easi ng
doses of the conpounds of the invention for 4 days in 6-well Petri dishes.
Trypan bl ue dye excl usion assays are perforned to determne the ability of
the inhibitors to induce cell death. After 4 days of treatnent, floating

and adhergntrhe&mgound 6f HahVEShadg #0684 ALVEM: with 0.2% of trypan bl ue

R3
R NIR4
| ~ Rs
Rg_r _ 5 O

XLViIll

or a pharmaceutically acceptable salt or prodrug thereof.

14. The compound of claim 13, having one of Formulae XLIX-LXIV:
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solution (Sigma, St Louis, MDJ). Each treatnment is perforned in triplicate
and at | east 100 cells are counted. Cells stained blue or norphologically
unhealthy cells are scored as dead cells. To eval uate apoptosis,

sub-di ploid DNA content in cells treated with or without test inhibitors is
anal yzed by propidiumiodide (Pl) staining. After washing once with cold

PBS, cells are fixed in 70% et hamol for 1 da -20C. Ethenol -fixed cells
are then washed tR\j ¢ i i -8 St ai ni Rg /sMrRat i on

cont ai ni ng pr opi di Wi, odi ) 't,,R il _aAd RNAse Aap—-1Q0 Ag/ i in
PBS, for 20 mir 3 ’ B Uresg ACqug, op=@f cells and
anal ysi s of sub- i té@nt is perforfred by fl ow cytonetry using

Cel | Quest softwagg. It is expected that only cancer cel l, expressing

Wl d-type p53 will undergo apoptosis in response to admnistration of the
conpounds. EXAMPLER®2 EFFECT OF | NHI Bl TORS ON CELL CY®E PROGRESSI ON
OF COLON CANCER CEIL® f0153JCelt(cyct e proghessidn is evdlyane® in RKO
(wild-type p53) 2> HTe 29 ( “PR3) CO anger cel Pes;, and CCD- 18Co
normal col on Rigrobl/ast cel f3 by dee er miratn Ssphase &et | 8ol ncor porati on
of bronodeoxyuridiné (BrdU) followed by stainifng with FI TC abel ed anti - BrdU
anti body and theutotal DNA-cotvent by staimwng with 7- awi noactinonycin D
(7-AAD) according to manufacturer's instructions (BD Bi osci ences, San Jose,

CA). Briefly, cangeF?3 and nor maila ells, after fpvernight inclbation, are
treated with or V\n‘t%ﬁ‘test co

if¥ds for 2 mors, fol T "y an
additional 2 ho ~of “RncubaptenWi'g,h 10 AN r,Br dU. ~Ce}-\g are harvested,
fixed and stai"ﬂ@% Fl T@@ege ant ﬁﬁ‘B\gdUO ad 7- AAD, °cycle
distribution is analyzed by flow cytonetry. Cells are acquired and data
anal yzed by usi ngCel | Quest s&ftware (BD Bi%sciences). & is expected that

the conpounds of tRe invention wkl| induce a dose-dependent, depletion of
S-phase in RKO ca)c rN,FgeI | s aneh jmnBCD- 18Co; nar nrl col on g iar ghl ast cel | s,

both of which exprg&ss wild-typg p58, It is aksq expected tXaf the conpounds
wi Il have no g CNaff e efﬁigﬁé\g3 Sel | _cychepregr esgifom'o ¥ -29 cells
expressing nut'a °  EXAWP PROT NORMAL S FORM

CHEMOTHERAPY W TH MDM2 | NHI Bl TORS [ 0154] PrEC normal prostate epithelial
cells are seeded™ n 6 well pldt'es and i ncub8ted with conp¥unds of the

i nvent i onyrh@hardthcE@dhIBy adchstibld sdit dYlpfdired thefeag | i t axel ) is added for 2 days.
Trypan blue is used to determne cell viability. The data is expected to
show t hat when nornmal prostate epithelial cells are pretreated with the
conpounds of the invention, cells are protected from TAXOL. 101551Havi ng
now ful | y1 sdeRCEInRAng BEclhify B HaliaB FolfulM Xlv: be under st ood by those of skill
in the art that the sane can be perfornmed within a w de and equi val ent
range of conditions, fornulations, and other paraneters w thout affecting
the scope of the invention or any enbodi nEhb thereof. Al patents, patent
applications and publications cited reidrahe fully incorporated by
reference herein in their entirety. SEAMDIS 1. A conpound
having Forrmula |I: or a pharmaceutically\ acceptable salt or prodrug
thereof, wherein: Xis CH 0, N orFR mNefR4R8 is absent if Xis 0 or S
Yis 0, S or NR;

=0

LXV

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R is hydrogen, and

101



R, RR, R3, R4, R5, R6, and R7 are independently H or optionally
substituted al kyl, cycl oal kyl, al kenyl, cycl oal kenyl, al kynyl, aryl,
heterocyclic, CO2R, OCOR, CONR R', NR'COR, NR SO2R', SO2NR R',
(CGNR)NR'R'", or NRR'; or R7 forms an aryl, cycloal kyl, or heterocyclic
group with one of R5 or R6; R8 is Hor optionally substituted al kyl,

cycl oal kW, isadnkapitiphallycsubstivated eyefdalkydakyhyt momdcytlo- hhetc&ydoglkyligtoumzd?

OCOR, CONR R', S2NR R', or (C=NR)NR'R:; )?9 resents .a 6- anda
5-f | uor o dpdR¥YalkHArRiae |grqep noRsonigipinga hydrox o%ﬁ‘é“ﬁ%}é & P POsIQg 0@8 lal |y
substltugfgmalkyl cycl oal kyl, al kenyl, cycloal kenyl, alkynyl, aryl, or
het er ocy ‘ or R and R', or R' and R' forma ring; mhereln one of R3
and R4 | or RQNRE'R,, togetherferman ptipnallyRsubptisuted mope¢ysledictsyoayglogikyt grown
cycl oal kyl - al kyl or nonocycl o- het erocycl oal kyl group or a di hydroxyal kyl
am no group not containing a hydroxyl group at the 3-position of the alkyl
group. 2. The conpound of claim1, having Formula Il or Formula I[I1l: 148
L1111 or 14 Pheacomgoend dbLahimy] Saboeyg aislof Femtlaedc X Y andrlgVilher eof . 3. The
conmpound of claim1, having Forrmula IV: R4 or a pharmaceutically
acceptabl e salt or prodrug thereof. 4. The conpound of claim 3, having

Formula V or Formula VI: WI or a pharnaceutically acceptable salt or

d th f 5. Th f clai [ ;
prodrug ereo e corrpoun'?mo claiml, having Rabmﬂ a Vil

O N_R11

R1,' N’R4

A Rs

O o O
LXVI LXVIiI

or a pharmaceutically acceptable salt or prodrug thereof.

17. A compound of claim 1 selected from the group consisting of:

OH
OH
o o
o] o —N c o r——/N\)
X NH x—NH
2 : 7 3 :
" NH - NH
AL F \
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VIl or a pharmaceutically acceptable salt or prodrug thereof. 6. The
conpound of claimb5, having Formula VIIl or Fornmula I XX Rn" R4 N3,, R7T R2
,,2R2RN RS RR5 R RR9-2=-0R 7 1 6 _ON-- ---- NHHVHIX or a
pharmaceutically acceptable salt or prodrug thereof 7. The conpound of
claim1l1, wherein one of RlL and R2 is optionally substituted aryl or

heteroaryl. 8. The conpound of & aim11, wherein one of and R2 is
cycl oal kyl, straight or br?p&h | kyl, am de or ester. The conpound of
claim1l1l, wherein one of R5§an R6 is C3-18 al kyl, aryl,oryheteroaryl. 10.
The conpoung, of cl ai m 1, —hdwi Formul a X '
npoung N g | d o _N._
y : X—NH
\ PN 74 \ )
== NH ~/ NH
FYQ"—/: FY\/\—/
| FOX T LN
o AN Cl/\/'\{j/\o>\
T at
cl ' Cl N
\\ N \ :
Gt et
| ~ T F\I/Y\f_/"w
/§O>{ o >/
cr N o NF N 9/
H
cl N/\\ /\\ 0
o} N—~OH cl N
A §¢NH (N ) O N L\/NJQ
P\ g \.NH
o NN 0>( g P Ve
H
o)
o ~ /~OH
o NH o] o~
\

OH
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F10 0 NR' RINI-R7 R5 X or a pharnmaceutically acceptable salt or prodrug

t hereof, wherein: RLO is hydrogen, and Rl11l is an optionally substituted
cycl oal kyl -al kyl or nonocycl o- het erocycl oal kyl group or a di hydroxyal kyl

am no group not containing a hydroxyl group at the 3-position of the alkyl
group; or Rio and R11 together forman optionally substituted

nonocycl o- het er ocycl oal kyl up. 11. The conpound of claim 10, having one
of Fornmulae XI-XXVI: N' RL 1V R7 " "RSR5R5\R5 j__H0R 90RgORgN 0 H i |

; XI VXXVH vi or a phar tically acceptable salt ok_poedrug thereof. 12.
The conpouf of gl gy 1, haying Fornulaﬂg&N46§BhH rmul a XXVI 1|

N,
/ \\ - / N
~ ~~\/NNH (;}Lﬁ/\NH
F A _,/”\ F N \ .
| /=0 | ~ ><f
o)
o N o N
OH
OH F’%(_J
cl cl N\
O NH OH O-NH ™\
Z - 7% OH
\ A\
ot - \_JNH
F /. F .,
| \' "/'Eo u WFOY
o TN N A\
H
OH OH
cl o~ 4 o~
7 : H 7 3
\ /\ \\/\
F X \ , F X "
’,\ / ,/\
| | P /\o>\ o | /I N/\O><
c H H
OH
(\AOH OH
cl N~/ r\)’~4:}‘OH
QE/NH C\ Ox-NH
4 \ /\ 72 \ :
== \\ /NH =~ \/\NH
/=0 /=0
a N \ o
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or a pharnmaceutically acceptable salt or prodrug thereof, wherein: Riois
hydr ogen, and R11 is an optionally substituted cycl oal kyl -al kyl or
nonocycl o- het erocycl oal kyl group or a di hydroxyal kyl am no group not
containing a hydroxyl group at the 3-position of the alkyl group; or R10
and R11 together forman optionally substituted nonocycl o- het erocycl oal kyl
group. 13. The conpound o Hcla|n11 having Formula XLVIT1: XLVIII or a
pharmaceutically accept It or prodrug thereof. ,pﬁ4 The conpound of
claim 13, having one of | F rnu ae XLI X-LXIV: LVIIHS&FILIXLX

LXILXI 1 LXI &l LXI or,a\pHarnaceutlcally ccep. t'O8r prodrug thereof.
15. The conpaundofNE| ai m 1, havi ng) 25#&“ LXV or a pharmaceutical ly
accept abl e sa t/Q{ prodrug t her eof ¢/ eQQkEH RlO i s hydrogen, and

Iﬂox B SES

cl
OH
{>\OH <pH
—
cl o cl "'OH
) X—NH Oxy—NH
; 7 :
\ \
F AN ——/, F\/\/\J
Lok M=o
o N o N \
,OH ,OH
" \=OH NF_\
o r\/N\/ o 5 L N_~oH
Ox-NH ) x—NH
/ 7\
\ .
- \\/\NH F\/\\\/\/NH
F A —..
T oy Lo
' z
o N cl A\
PH
(\AOH /_/OH
\
ci cl ~ N\ TTOH
/ Ox—NH \_ OxNH
o A 4 ]
=~ \\/\NH — \/\NH
F NG \_/’ F: RS \._/-,,
| =0 X~ P FQX
o 7 o
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R11 is an optionally substituted cycl oal kyl -al kyl or

nonocycl o- het erocycl oal kyl group or a di hydroxyal kyl am no group not

contai ning a hydroxyl group at the 3-position of the alkyl group; or R10
and R11 together forman optionally substituted nonocycl o- het erocycl oal kyl
group. 16. The conpound of claim 15, having one of Fornulae LXVI and LXVII:
RIoRlo ONRLIN-Rii /'"N_ R LXVILX VII or a pharnmaceutically acceptable
salt or prodrug thereof. (17.\ A conmpound of claiml1 /eLQEt ed fromthe group
consisting @f: r. N7- O—IN\I;/ Cl N1.1 NH N/%"F // -1"." 0 X--

NCl'"'"'NH O cl
- ! NH ~ LA
\_j WNH

F .
S k N F AN \‘4"'1

' ! /§‘ e
cEN A C|/I\/LN/\°><
H

O NH Ox~NH
7 A A 7
F \_—-/. F \_/
T P
=0 S
N \ Cl/\/\N/\OX
H
or
OH
cl Q‘
Ox~NH cl —~
Y : \ Ox—NH
e NH 7\ A
—
F. N \ 3 F\ { NH
., " X - ey
| /=0 \ l =~
Cl ” cl Z >N °
H

Oxe—NH O N
7 \ N h
=~/ NH o M~ NH
F \
L s
/\ o >( . \/
== /=0
ci cn/\)\” /
cl Ve <j"’on-i ' O\
\ O\/NH o] /'—/ OH
7 | Ox—NH
— \/\ NH O\/\
' o FWJ,
A~y O i | =
o] CI/\/\N o
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OrN1OTr -

NH OHO/ \OH I

H OH oHoHOH G a"oH
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NHNH ZNNHZN NH 110 O CI'N ACH /- "OH\ /?2/--N/ A NH/7),,i----

N7, -~ OAHZNNH\./ ,, F-,, _r'1/Qa CHOOH I r 1---\
/™ [
.—\)-, ,—/—\/l\OH
cl / ov o
O NH -NH
: 74 \
y NH = NH
/
F. X \TJ' F- | \| \’—’
! FOX - Fo>/
o N N CIMH \
cl O"’OH cl / “OH
Ox—NH Ox—NH -
74 \ R 74 \
- NH </~ NH
F |\ ——/, F\|/§/—J
o o
o cu)\%ﬁ
cl N N
[ Ox~NH CF o N
7\ /\k H
< NH i~
= s WNH
P — F -
T~ T oy
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CI'NH NH CI 20. A pharmaceutical conposition conprising a conmpound of

clainms ‘1 or 18 and a pharnmaceutically acceptable carrier.
growt h and/ or divi sion,
coMpri sing contacting the cel
of claims 1 or 18. 22. A nethod of

i nhibiting cel

cell cycle arrest in a cel

21. A met hod of
i nduci ng apopt osi s and/ or i nduci ng
wi th a conpound
rendering a ca sensitive to additional

agent (s) conpri sing conyﬁt@ﬂng the cell with a compbund-of clains 1 or 18.

23. The negh

od of clarm22, furtheg,
addi ti onal "agent Ps).NR4. ~The met hod\of cOai N3,
agent (s) i gZa\chenot her apeufic

conpri si contacting the cell with

erein said additional

X ffective anount of a

age?ZiSEgBiThe met hd2H of cl ai m 23, wherein
sai d addi ti\an ¥~€©énm(s) is radiati\gn .My et hod of treating,
anel i orat iF prieventing a disgiﬁzigih_an ani mal, conprising
pe igg
Qd

or
adninisteriﬁéiiﬁr' i i mal a ther
conpound Q i P gn 18. 27. L

agent(s).

adm ni stering anHadditional

sai d additional agent(s)

cl ai m 26, ei nysdd Yjsorder

met hod of aNn1§Qu

The met hod cTai M27, wherein sa

agent (s).

is a chenotherapeutif$29gnt.
claim27, wherein saig-dddMional &gent(g) is di 2 on.
i IS ypen

I

Bf | ai m 26, further conprising
28H The nethod of claim 27, wherein
29. The net hod of
{ 30. The nethod of
Niifernati ve di sease. 31. The

wherein said hypen roliferative disease is cancer. 32.

3 of claiml1l is adm nistered
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36. A nmethod of inhibiting growh of a hyperproliferative cell containing
functional p53 or p53-related proteins, conprising exposing the cell to a
conmpound of clains 1 or 18. 37. A nethod of treating, aneliorating, or
preventing a hyperproliferative disease characterized by expression of
functional p53 or p53-related proteins in an animl, conprising

admi nistering to said ani /aPHa therapeutical |y effe@Hi ve anobunt of a
conmpound of~clains 1 qr’ﬁgf 38. A<gethod of remering a normal cel

resi stant to\chenBthenapelt Pt agent 3\ or t@gatNpents;—~conprising contacting
the cell pm conmpound of cl ai s . 39. The M¥thod of claim 38,
wher ei n sai ﬁll conprises \ rPeyS3. 40. A nethod of

prot ecti nggnNO =I\g§f s in an aningl W th\a/nyperproliferative di sease from
the toxic sifle gTfect $\of- chenot her apeuiT c~agents or treatnents, conprising
adni ni st erj ng Lo~§ai & ahi ml a conpoting /Eggﬁﬁé 1 or 18. 41. The nethod
of claim 40, where n said normnal I'ls cogprise w ld-type p53. 42. The

nmet hod of claim40, wherein said hyperproliferative disease is cancer. 43.
The method of claim42, whePlin said cancer conprises a nutation or

del eti on ofgp53. 44. thod for toe treatnenyr—andoration, or
prevention of_a d@spﬂﬁgf&BF\ggﬁditio causag-My t adm nistration of a
chenot her tic agent or tr 4

cynprisi ng co-adm ni stering a conpound

of clainms 1\Qr "™/tonan ani mal unde ! \trﬁatnent wi th a chenot herapeutic
agent or tF ~—/45. The nethodFQi/QLaLgpﬂA, wherein said disorder or
condition isjnugosikisy-stomatitis, xeragstoma, gastroi ntesti nal

di sorder, enigf M6. The nﬁm*ﬁmkégwclé? 4, wherein said conpound

of claims 1 or 18H s adninistered to saidHaninal prior to adninistration of
sai d chenot herapeutic agent or treatnent. 47. A kit conprising a conpound
of clai m?™ or 18. 48. The kit of claim47, further conprising instructions
for adm nistering saidagg?pgéﬁd to an aninmal. 49. The kit of claim47,
further conBtising an f'tiohal agent(s). 50. The kit of claim49, wherein
said additiopal agent{) isHa chenot herapeutic agent. 51. The kit of claim
48, where€l ipstructions are for administering said conpound to an

X

ani mal havi A hypeMNdtoi i ferative di sease. 52. The kit of claim 51,
wherein saFﬂthgarpréh'ferative di sease i s cancer. 53. A conpound of claim

1 sel ected frlomlt he=ghowp consisting of: OH
Cl/\)\ N

19. A compound of claim 1 which is

HO

B OH
Cl

F—?

WNH
Fe )

| e
DOy

20. A pharmaceutical composition comprising a compound of claims 1 or 18 and a

Ox—NH

~ pharmaceutically acceptable carrier.
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CCNMe HCl HO NCO 2HC NHii NC 54. A conpound sel ected fromthe
group consisting of: f"--CHCH' )ONCH licHCl 11--/1 , - HC
?2,/---NH?lH ( Owe \

21. A method of inhibiting cell growth and/or division, inducing apoptosis and/or inducing

cell cycle arrest in a cell comprising contacting the cell with a compound of claims 1 or
18.

22. A method of rendering a cell sensitive to additional agent(s) comprising contacting the

cell with a compound of claims 1 or 18.

23. The method of claim 22, further comprising contacting the cell with additional agent(s).

24. The method of claim 23, wherein said additional agent(s) is a chemotherapeutic agent.

25. The method of claim 23, wherein said additional agent(S) 1s radiation.

26. A method of treating, ameliorating, or preventing a disorder in an animal, comprsing
administering to said animal a therapeutically effective amount of a compound of claims
1orl8.

27. The method of claim 26, further comprising administering an additional agent(s).

28. The method of claim 27, wherein said additional agent(s) is a chemotherapeutic agent.

29. The method of claim 27, wherein said additional agent(s) is radiation.
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30.

31.

32.

33.

34.

35.

36.

- 37.

The method of claim 26, wherein said disorder is a hyperproliferative disease.

The method of claim 30, wherein said hyperproliferative disease is cancer.

The method of claim 27, wherein said compound of claim 1 is administered prior to said

additional agent(s).

The method of claim 27, wherein said compound of claim 1 is administered after said

additional agent(s).

The method of claim 27, wherein said compound of claim 1 is administered

concurrently with said additional agent(s).

A method of inhibiting the interaction between p53 or p53-related proteins and MDM?2
or MDM2-related proteins in a cell, comprising exposing the cell to a compound of

claims 1 or 18.

A method of inhibiting growth of a hyperproliferative cell containing functional p53 or

pS3-related proteins, comprising exposing the cell to a compound of claims 1 or 18.

A method of treating, ameliorating, or preventing a hyperproliferative disease
characterized by expression of functional pS3 or p53-related proteins in an animal,

comprising administering to said animal a therapeutically effective amount of a

compound of claims 1 or 18.
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38.

39.

40.

41.

42.

43.

44,

45.

A method of rendering a normal cell resistant to chemotherapeutic agents or treatments,

comprising contacting the cell with a compound of claims 1 or 18.

The method of claim 38, wherein said normal cell comprises wild-type p53.

A method of protecting normal cells in an animal with a hyperproliferative disease from
the toxic side effects of chemotherapeutic agents or treatments, comprising

administering to said animal a compound of claims 1 or 18.

The method of claim 40, wherein said normal cells comprise wild-type p53.

The method of claim 40, wherein said hyperproliferative disease is cancer.

The method of claim 42, wherein said cancer comprises a mutation or deletion of p53.

A method for the treatment, amelioration, or prevention of a disorder or condition
caused by the administration of a chemotherapeutic agent or treatment, comprising co-
administering a compound of claims 1 or 18 to an animal undergoing treatment with a

chemotherapeutic agent or treatment.

The method of claim 44, wherein said disorder or condition is mucositis, storatitis,

xerostomia, a gastrointestinal disorder, or alopecia.
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46. The method of claim 44, wherein said compound of claims 1 or 18 is administered to

said animal prior to administration of said chemotherapeutic agent or treatment.

47. A kit comprising a compound of claims 1 or 18.

48. The kit of claim 47, further comprising instructions for administering said compound to

an animal.

49. The kit of claim 47, further comprising an additional agent(s).

50. The kit of claim 49; wherein said additional agent(s) is a chemotherapeutic agent.

51. The kit of claim 48, wherein said instructions are for administering said compound to an

animal having a hyperproliferative disease.

52. The kit of claim 51, wherein said hyperproliferative disease is cancer.

53. A compound of claim 1 selected from the group consisting of:

N\
Feo L NS
o’ N © cl /u o\ﬁ
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